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KOMILIEKC 3AJIAY CUCTEMUY NIATPUMKHW PUHHATTS PIIEHHA HA
IIVIAHYBAHHS MAPHIPYTIB ITOJIBOTIB BE3IIJIOTHUX
JITAJIBHUX AITAPATIB

AHoTanisi. Bnpoamkenns iHpopManiiiHO-aHANITHYHUX CUCTEM y HMPAKTUKY JIFOJCHKOI JisIbHOCTI B YMOBaX CTPIMKOIO
PO3BUTKY iH(MOPMAIIHHUX 1 TEJIEKOMYHIKAIlIHHUX TEXHOJOriil 3abe3neduye pilleHHs KIIOYOBOI Uil KepiBHMKA 3ajadi -
3[1HCHEHHA e(EeKTUBHOrO YNPABIiHHA B MacluTa0aX BH3HAYEHUX I[IOBHOBA)XCHb. BUKOpHCTaHHS B POOOTI CydacHHX
TEXHOJIOTif MATPUMKHM NPUHHATTS pIllleHb J03BOJSAE 3HU3UTH PU3MKY, SIKi IIOB'SI3aHI 3 NPUHHATTSM HEOOIPYHTOBaHUX
pillleHb, KOperyBaTH IUIaHH 3aCTOCYBaHHs O3IUIOTHHX aBiallifHMX KOMIUIEKCIB B yMOBaX MIHJIHMBOi OOCT@HOBKH i
CHUTYALisIX HEBU3HAYEHOCTi. Y CTaTTi JIOBEJCHO, IO HIMPOKE 3aCTOCYBaHHs OC3IIJIOTHUX JHTAIPHUX arapariB J03BOJISIE
BUPIIIYBAaTH Pi3HI 3a[a4i B YMOBaX, Y SKHX 3aCTOCYBaHHs IJIOTOBaHOI aiawii HefouiasHO. Husbka BapricTh, IpocTora i
JIOCTYITHICTh TEXHOJIOril BUPOOHMITBA, TAKTHKO-TEXHIYHI XapaKTEPUCTHKH OC3IUIOTHUX JiTaJbHUX arapariB JO3BOJSIOTH
BUKOPUCTOBYBATH IX JUISl BUPIIICHHS LIMPOKOrO CIEKTPY 3aBlaHb, Y TOMY YMCIi 3 IHOLIYKY CTAal[iOHAPHMX Ta JUHAMIYHUX
00’exTiB. JlaHi 3aBlaHHsA BUMAratoTh PETENbHOrO IUIAHYBaHHS MapLIPYTIiB MOJBOTIB OE3MUIOTHHUX JITAIbHUX arapariB yis
TOIIYKY Ta MOHITOPHHIY CTaHy Pi3HUX 00 €KTiB, NPUHHSTTS ONTUMAIBHHUX PIllICHb 00 il 3 ypaxyBaHHAM Pi3HOMaHITHUX
(bakTopiB BIUIMBY Ha OE3INUIOTHMI JiTaNbHUI amapar, (GOPMyBaHHs YIPABIAIOUMX PIllleHb 3 BHCOKOIO ONEPaTHBHICTIO Ta
OOIDYHTOBAHICTIO, 10 MOXe OyTH 3a0e3NedeHO CTBOPEHHSM IHTENICKTYaJIbHOI CHCTEMH HiATPUMKH TNPUIHATTS PilLCHHS.
3acrocyBaHHS OE3MUIOTHUX JITAIBHUX AanapariB Irepejdadac BUKOHAHHS IUIAHYBAaHHA MaplUpPYTiB IIOJBbOTIB, IO
XapaKTepH3yEThCSI 3HAYHOIO YAaCOBOIO Ta OOUYMCITIOBAIBHOIO CKJIaAHICTIO. Ha TemepimmHili yac 3Ha4yHa yBara JOCIHIJTHUKIB
IPUCBAYCHA PO3POOKAM IHTENEKTYaJIbHUX CHCTEM MiATPUMKH NPUHHATTS PIiIlICHHS oneparopa Oe3IIOTHOro JiTalbHOIo
arapary I10 YIpaBJliHHIO TEXHIYHUM 3aC000M 3 ypaXyBaHHSIM MOXUIMBHX BIUIMBIB Ha arapar, OJHaK MOZEII Ta 3a/1a4i CUCTEMHU
NPUAHATTA PILICHHS HA IUIAHYBAaHHS MapIIpYTiB O€3MUIOTHHX JITaJbHUX arapariB He PO3KPUTI B y HOBHIH Mipi. Y crarti
po3pobiieHa CTPYKTypa KOMIUIEKCY 33/1a4 IUIAaHyBaHHS MapLIPYTIiB MOJILOTY OE3MUIOTHOrO JITAIBHOTO anapary, sKy JTOLUIBHO
3aCTOCYBATH IIPU CTBOPEHHI aBTOMATU30BAHOI CUCTEMH YIPABIiHHSA MiAPO3 inaMy Oe3MiIOTHUX JITAIBHUX alaparTiB.

Karo4dosi caoBa: Oe3niyorHuil nitanpHuil amapar, iHpOpMaliiiHI TEXHOJOrii, MapupyT, IUIAHYBaHHS, CHCTeMa

MATPUMKHU IPUHHATTS PillICHHS.

Beryn

IocTanoBka mpodsemu. HaykoBo-TexHiuHMi mpo-
rpec, oco0iauBO B obOiacti iH(OpMALiifHUX TEXHOJOTIH,
3abe3nevye MBUAKUA PO3BUTOK TEXHIKH 1 PO3LIMPEHHS Tl
(yHKIIOHANTBHUX MOXKITHBOCTEH. OnHaK repeBakHa Oinb-
LIICTh CYy4acHUX TEXHIYHHUX CHUCTEM 3aJIMIIAFOTHCS Opi€H-
TOBaHMMH Ha JIIO/IMHY, K KIIFOUOBY JIAHKY B YIPaBJiHHS
LIMMH cucTeMaMu. BruxonoM 3 Takoi cuTyallii € nepexiza 10
3aCTOCYBaHHSI CUCTEM, Y SIKMX HEraTHBHHI BILIVB JIIOJICH-
Koro (akropy OyB Ou 3BefeHuil 10 MiHiMymy. Takumu €
6e3minoTHi JiTaneHi anapaty (BILUIA). Bonn no3BossitoTs
BUPILITYBaTH Pi3Hi 3324l B YMOBaX, Y SIKHX 3aCTOCYBaHHS
IJIOTOBAHOI aBialli HeoIIbHO. Hu3bka BapTicTh, Mpoc-
TOTa 1 JOCTYITHICTh TEXHOJIOTiI BUPOOHHMIITBA, TaKTHKO-
TexHiuHi Xapakrepuctuku BITJIA no3Bonsttorh BHKOpHC-
TOBYBATH 1X JUISl BUPILIEHHS IIMPOKOr'O CIIEKTPY 3aBJaHb 3
TIOIIYKY CTAIliOHAPHHUX Ta JUHAMIYHHX 00 €KTIB, a TAKOXK
MOHITOpHHTY iX cTaHy. Cepell OCHOBHHMX IMBLUIBHUX 3a-
Baanb BIUJTA ciin BiJ3HAYMTH: MOHITOPHHI i KOHTPOJb
00’€KTIB KPUTUYHOI 1H(PACTPYKTYpH, MOXKEXK, CLUIBCHKO-
TOCMOJIAPCHKUX YTi/Ib Ta JIICHUX MacHBiB, KOHTPOJIb MOp-
CBbKOI aKBaTopii, 3aIi3HNYHNX Ta aBTOMOOLILHMX Marict-
pasieli, OTpUMaHHs IUIaHIB MICIIEBOCTI Ta KaJacTPOBUX
¢otorwaniB. OCHOBHMMH 3aBIaHHSAMH B cdepi 3abe3re-
YeHHsI HalllOHAILHOI OE3IIeKH JIep)KaBU € BEJICHHS TIOBIT-

PSIHOI, XIMIYHOT, pajiaiifHol PO3BIAKH, BOTHEBE YPaXKEHHS
00’€KTiB IPOTUBHHKA, KOHTPOJIb 32 CKYITYEHHSIMU HapOLy,
TIOIIYK 3JIOYMHIUB Ta TEPOPUCTHYHHX TPYII, TPUTTMHEHHS
koHTpaOGanau. [laHi 3aBJaHHS BHMAararTh PETELHOTO
IUTAaHYBaHHS MapLIPYTIB MONHOTIB OC3MITOTHUX JTITATBHUX
amapariB Uil TIOUIYKY Ta MOHITOPUHTY CTaHy pi3HHX
00’€KTIB, MPUAHATTA ONTUMAIBHHUX PIlICHb IIOAO il 3
ypaxyBaHHsM Pi3HOMaHITHHUX (hakTopiB BIUMBY Ha BITJIA,
(opMyBaHHsI YIIPaBJIAIOUUX PIllIEHb 3 BUCOKOIO OTEPATHB-
HICTIO Ta OOIPYHTOBAHICTIO, 1110 MOXKe OyTH 3a0e3redeHo
CTBOPEHHSIM IHTEJNIEKTYaIbHOI CHUCTEMH IMITPUMKH TpH-
WHATTS pillIeHHS.

AHaJni3 ocTaHHIX gocimxeHb i myOmikanii. He-
00XiZTHO BIAMITUTH 3HAYHY KIJBbKICTh MyONiKamid sk
BITYM3HSHHUX, TaK 1 3aKOPJOHHUX aBTOPIB BiJHOCHO
NPUHIOUTIB To0Yyn0BH, ynpaBiinHsa BIJIA, mo cBiuuTh
PO 3HAYHUH IHTEpPEC A0 IHOr0 HOBOI'O HAYKOBOI'O Ha-
npsiMKy. JliTepaTypHi mKepena, o Oyir BUKOPUCTaHi B
JIaHil CTaTTi, YMOBHO PO3ALIMMO Ha JIEKUIbKa TPYI:

Jlo mepiol rpymnu BiiHECEMO POOOTH 3 IHTEIICKTya-
JIBHOI 00poOKH 300paskeHh Ha O0opty BITJIA. V poborti
[1] mis aBTOMAaTUYHOTO BUSBICHHS JUHAMIYHUX O0'€KTiB
Ha 3HIMKaxX 3aCTOCOBYEThCS aJANTHUBHUI METON BiJHi-
MaHHs (oHy. B crarTi [2] po3po0nseThes aaroput™ BH-
SIBJICHHS i MOHITOPHUHTY PyXOMHX TPaHCIIOPTHUX 3aCO0IB
BITJIA 3 BukopuctanusM 00poOku QoHOBOI crieHH 1 ¢i-
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aetpanii Kamemawa. V crarti [3] !

BHUpilllyBaslacsk pooOiemMa eeKTUB-
HOI 00p0OKH 300paxKeHb 3 OLTBIIOID
PO3IUIBHOIO 3JATHICTIO 32 JIOTIOMO-

PospaxyHor 9acy FoTOBHOCTI
BHKOHAHHA 3aBLaHb 3
sactocysanuam BITITIA (h)

NoToYHHHA Yac BHABNEHHA THHAMMYERE ob exTIE,

Yac BHXONY BEMKOHAHHA of exTaMy sasmaHs,

A — Heobxarufl sanac Hacy AnA OpHAHATTA pIUEHHA 0o
of exran,

2

4ac roToEHocTi BIINIA go BunbOTY,

roro CNN st iHTEIEeKTyaJIbHOIO
UAV y pexumi peaipHOro 4acy
nporpamu it kamep. Jlani meroau
BIZIHOCSTBCS 70 CHCTEMH pPO3Mi3-

PospaxyHoK Hacy BHKOHAHHA
safadi mouryky (tz)

qac 3'ACYEAHHA 3agati,

yac GopMyBaHHA MapIUpPYTY,

Yac BHILOTY 1 BUXOAY B 3a0aHy TO4KY,
Yac BEREHHA MOWYKY (M0 MOXIHBOCTAM

HaBaHHA 00pa3iB Ta (opMyBaHHs
crienu Ha 6opty BILJIA.

Ho npyroi rpymm mxepen
BiIHECEMO POOOTH 3 ONTHUMAJILHO-
ro IuianyBaHHs monboTiB BITJIA.
Crij Bi3HAYUTH 3HAYHHNA iHTEpEC
0  TPYIOBOTO  3aCTOCYBaHHS
BIUJTA B X0ni BUKOHAHHS 3aBJaHb

EILIIA).

H

11 l

Bubip iHuz BHAE
POSBIGKH

I

3a IpU3HAYEHHSIM (Micii).
VY [4] po3risinaeThecsi KOOPIu-
HAI[isl TPYMU OC3MIOTHUX JIiTab-

PopMyBaHHA BHATHHX
AaHHK ANA OUIHKE 06 exTin
Ta MICUEBOCT

IligroToBka DONBOTHHE
RaHux Ta Mapupytie BILJLA

HHUX amaparis, OI0 PO3TOPHYTI IS 3

g |

MOIIYKY IUHAMIYHOI MeTH B 0e3-
MepepBHOMY MPOCTOPi 32 JOMOMO-
TOI0  QITOPUTMY MAaKCUMaJIbHOL

OnTHMBand MaplpyTE 2
ypaxyBaHHAM NpPOrHOSY Hift
OHHaMMHEE o6 exTE

OnTHMzALA MapLIpYTIE
EIILA 2 ypaxyBanHAM
MICLEBOCTI

cyMu. Y [5] npencTaBIIeHHH TiaXi =

0 :

o posnoainy 3amad UAV, mo Oe-
PYyTh y4acTh y Micii momryky i nii.
OnucaHo TpH aJTOPUTMH KOJIEKTH-

Bubip BIgKpHTHE AUIAHOK
MICLEBOCT], Ha AKHE
MOXIHEE BHABNEHHA
IHHaMYHHE ob exTiE

Pospaxynox sabesnedenna
BHKOHAHHA 3aBIaHb TOLIYEY

BHOTO TIOIIYKY HEOJHOPIAHOI KO-
manau UAV Ha mpocTopoBO po3-
mupeHomMy nom Ooro. Y [6] npen-
CTaBJieHA METOJIUKA IUIaHyBaHHS
TIOBITPSTHOI PO3BIKM HE3aKOHHHUX 30poiHHX (opMy-
BaHb, a B [7] MOKa3HUKK Ta KpUTEpii OliHIOBaHHS ede-
KTUBHOCTI TIOBITPSIHOT PO3BiIKH.

Jlo TpeTboi TpymnH JDKEpeln CiliJl BiJHECTH poOOTH
010 MOOYZOBH IHTENIEKTYAJIbHUX CHCTEM MiJATPUMKH
NpUHHATTA pileHb. B poGori [8] posrisaaersbes miaxina
1o (OpMyBaHHIO PEKOMEH/AIIH AJIsI CBOEYACHOTO MpH-
WHATTS OOTPYHTOBAHMX DillIeHb ONEPAaTOPOM TPH IHC-
TaHIIHHOMY KepyBaHHI O€3MiJIOTHUM JIITAJIbHUM arapa-
TOM IIpH pillleHHI pi3HUX 3anad. B [9] po3kpuBaeTbcs
MiAXig 10 TOOYIOBH CHCTEMH MIATPUMKH MPUAHATTS
piens moao ynpasninas BITJIA.

TakuMm 9MHOM, MOXKHA BIJIMITHTH, IIIO JaHi poOOTH
PO3B’SI3YIOTh 33/1auy OOIPYHTYBaHHSI CTPYKTYPH CHCTEMH
MITPUMKH TIPUHHSTTS PIlICHHST caMe JUIsl YIpaBIIiHHS
BIUIA (rpynoto BITJIA) npu BHKOHaHHI Micii, oHaK He
BPaxOBYIOTh KOMIUIEKC 3aBJaHb IUIAHYyBaHHS MapIIPyTiB
nonboty BITJIA 1Mo BUKOHAHHIO 3aBAaHb MiCii.

MeToro cTATTi € po3po0Ka CTPYKTYpH KOMIUIEKCY
3a/a4 CHCTEMH MiATPUMKH MPUUHATTS pillleHh Ha IUIa-
HyBaHHs MapuipytiB nonsoty BITJIA.

BukJiaj 0CHOBHOTO MaTepiajy

PosrisiHeMo anroputM pimieHHs 3ajadi iaHyBaH-
Hs MapuipytiB monsoty BIUJIA mis momyky auHamiy-
HuXx 00’ekTiB [8, 9]. IcHyroua cxema popMyBaHHS Map-
LIPYTiB MOLIYKY JUHAMIYHHUX 00’ €KTIiB 3 3aCTOCYBaHHIM
BITJIA Bumarae BHECEHHS 3MiH OCKIIBKM MapUIpyT
nonbory BITJIA moBuHeH BpaxoByBaTH ii MPOTHIEK-
HOI CTOPOHH, JOITYyCKaTH 3aCTOCYBaHHS IPHHAOMIB i
CHoco0iB MPOTHIIT PO3BIALI [UISi IPUXOBAHOT'O BUXOIY

Puc. 1. 3aranpHuii anropuT™ pillleHHs 3a1a4i INIAHYBaHHS MapIIPYTiB
nonbotTy BIUIA juist monryky quHaMigyHHUX 00’ €KTIiB

Ha OO'€KTiB BIUIMBY. 3allpollOHOBaHa cxeMma (puc. 1)
BKIIIOYA€ OCHOBHUH EIIEMEHT - MOPAIOK (OpPMYyBaHHS
MapuIpyTy BeACHHS MOBITPSHOI PO3BIAKH.

BigMiHHOIO PHCOI0 PO3POOJICHOIO alrOPUTMY €
HEOOXiTHICTh YpaxyBaHHS MHOXXHHHU BapiaHTIB Jii Au-
HaMIYHOTO O0’€KTYy 1 MHOXXHHM MapUIPYTiB IIOJIBOTY
BITJIA, mio notpebye pileHHs 3a1a4i ONTHUMi3allii Bapi-
aHTIB 3 BUKOPUCTAHHSIM KPUTEPiiB e(EeKTHBHOCTI Miif
JMUHAMIYHUX 00 €KTIB Ta BEICHHS MOBITPSIHOI PO3BIAKH.

Po3pobiieHa Meroauka OOIPYHTYBaHHS BHOOPY
pauioHansHOro Mapmpyty nonsory BITTA mist momyky
JTMHAMIYHUX 00’€KTIB BUMara€ 3aCTOCYyBaHHS Cy4acCHHX
iH(pOPMAIIfHIX TEXHOIOTIH.

OCKiIBKA po0O0Ta 3 KapTOK, OIIHKOK MIiCIIEBOCTI
3aliMac TpU TUIAaHyBaHHI MapuipyTiB monboTy BITJIA
3HAYHHUI Yac, TO HEOOXiIHO 3aCTOCOBYBATHU r'eoiH(opMa-
uiitai cucremu (I'IC), 1m0 BHKOPHCTOBYIOTH HE TLIBKH
€JIEKTPOHHI 0a3M JaHWX PO XapakKTep MiCUEeBOCTi, aie i
ITOPUTMH, IO 320€31eUyI0Th MPOBEJCHHS PO3PaxyHKIB
IO €JIeKTPOHHIN KapTi, aBTOMAaTHYHY TPHB'S3KY €lIeMeH-
TiB CHCTEMH B €IMHIN crucTeMi koopauHart. L{e no3Boise
MoeTHAaTH reorpadivHy abo TormorpadidHy KapTH 1 Belu-
KU MacuB BUPa)KEHOI B IU(MpOBid (opmi pizHOpiIHOT
iH(opMaIlii, CHCTEMaTH30BAHOIO 1 TPHB'SI3aHOI0 IO Bij-
TIOBIIHOT TOYKH KapTorpadivHoro 300pakeHHsL.

Jlst 3a0e3medeHHs Bi3yamisallii opraHaMm yIpas-
JHHSA Tpu (POpMYBaHHI MHOXKMHH BapiaHTIB il TUHA-
MIYHUX 00’€KTIB 1 BapiaHTiB Mapmpyty noisory bITJIA
JIOIJIFHO BUKOPUCTOBYBATH EJIEKTPOHHI KapTH, IO
TMIOJIETIIIYE 1HTEPAKTUBHY POOOTY KOpUCTyBaya HpH po-
60Ti Oe3nocepeHbO 3 KApTOIO Ta IIapaMu KapTH.
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HHUX 3aco0iB, 110 ABJIAIOTHE COOOIO I t
BENUKKI HaOip MOAYIIB, 3 SIKHX MO-  E—— - e .

' e ; ‘
JKHa TIOOYIyBaTH CKIAIHY CUCTEMY E — l'LgJ.cz_mTema | Excneprra

1 HHA HCTEM
JUIsI KOHKPETHUX 3aBIaHb, MPU LIO- i Easa nanux : Socpral I C_ __M___a _____
My CIIUPAIOYU Ha 3arajbHui iH(Op- T ’ / \
MalifiHuil QyHIaMeHT y BUI CTaH- ThncHcTema ThincucTema
JapTiB, oOMIiHHHMX (hOpPMATiB, KIIaCH- obpobiu OpeACTaBNEHHA |
¢ikaTopis.

. coe co o ¥ ¥
Jnst peamizamii ¢pyHKIii rwia- , i
X . IhigcucTema Komynmwauifina
HYBaHHS HEOOXIJHO CTBOPIOBATH 1 6 -
; . . 3bopy 3 CHCTEMA

MIATPUMYBATH ITU(PPOBI MOJCTI SK
OMEpaTUBHOI, TaK 1 TaKTHYHOI 00- Pospaxynin
CTaHOBKH, JUISI YOTO JOIIIBHO BHKO- BILIA

PUCTOBYBAaTH THIIOBY CTPYKTYpY
I'lC, npuBeneny Ha puc. 2.

HasiBHICTP mOKa3zaHMX Ha puC. 2 MiJCHUCTEM
BH3HA4Ya€ TIMOMHY iHTErpauii JaHuX 1 METOoHiB iX 00-
pOOKH, TO3BOJISE B OAHOMY (pOpMAaTi MpUMaTH Opra-
HaMH YIpaBIiHHS pillleHHs 1 peanizoByBaTH iX Kom-
IUIeKC 3a1ay IuTanyBaHHsa mapiipytiB BITJIA e ckmano-
BOI0 YAaCTHMHOIO CHUCTEMH MiITPUMKH HPUHHATTS
pimenHs Ha 3acrocyBaHHs BIIJIA 1 ckmamaerscs i3
CYKYITHOCTI B3a€MO3aJICKHUX 3a1a4 (puc. 3).

3amaua 300py iHpopmanii 1 dopmamizamii JaHUX
NpU3HaueHa Jyisi OTpUMaHHs iHdopMamii Mpo MOXKIH-
BUH padoH mouryky, ii ¢opmanizarii s aBTOMaTH30-

Puc. 2. Tunosa crpykrypa I'lC 1115 ninaHyBaHHS HOBITPSHOI pO3BiIKK

BaHOI 00OpoOku. [laHa 3amaua HEpO3PHBHO 3B'A3aHA 3
3a/1a4Cl0 yIpaBIiHHA iH(QOpMAIIHUM 3a0C3ICUCHHSM,
o npu3HavueHa it (opMyBaHHA iHpopMamii s
NpUAHATTA ~ pilleHHs, 1 OOMiHYy  HEOOXiIHOO
iHpopMaIi€l0 MK eleMEHTaMH CTPYKTYpH, IS
(dopmaitizaiii monpoTHOro 3aBaanHs BITJIA.

LeHTpanbHOIO 3a7auer0 KOMIUIEKCY 3a/1ad IUIaHy-
BaHHsA MapuipyTiB mifi BIUJIA e 3amada mMozearoBaHHS
MOXIIMBHX BapiaHTiB i JUHAMIYHHX OO’€KTiB Ta
nonbotiB BITJIA. Pe3ynbrar MozentoBaHHS BUKOPUCTO-
ByeThCs B 3aaadi Ne5 (puc. 3).

YVHpaBmHHA KOMUIEKCOM Safad
MNaHyBaHHA MapimpyTie BITJIA

¥
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I3 3amaui Ne5 (puc. 3) (hopMyBaHHS yIpaBIIsIOYO-
TO BIUIMBY), OOIPYHTOBaHMN BapiaHT MapUIpyTy Iiepe-
naetncs onepatropy BITJIA.

TakuM YMHOM, 3aNpPOINOHOBAHY CXEMY MAOLIJIBHO
3aCTOCYBATH MPHU CTBOPEHHI aBTOMAaTHU30BAHOI CUCTEMH
MIPOLIECIB MPUUHSATTS PillIeHHS IUTaHYBaHHS MapUIPYTiB
BITJIA.

BucHoBku

TakuM 4MHOM, Ha OCHOBI IPOBEJCHUX TOCIIIKEHD
MOXHa 3pOOHTH psil BACHOBKIB.

1. [Iupoke pPO3MOBCIOMKEHHSI Ta 3aCTOCYBAHHS
BIUTA Bu3Ha4aroThCs HEOOXiMHICTIO BUKOHAHHS ILIa-

HYBaHHS MapuIpyTiB IMOJbOTIB, IO XapaKTEPH3YEThCS
3HaYHOIO YAaCOBOIO Ta OOYMCIIIOBATIBHOIO CKIIAJHICTIO.

2. Ha Tenepimniii yac 3Ha4Ha yBara JOCiTHHKIB
MIPUCBSIYEHA PO3POOKAM IHTENIEKTYaJbHUX CHCTEM IIi[l-
TPUMKH TpUHHATTS pimieHHs omneparopa BIIJIA mo
YIIPaBJIIHHIO TEXHIYHUM 3aCO00M 3 ypaxyBaHHSIM MOXK-
JIMBHX BIUIMBIB Ha arnapart, OJIHaK MOJIEINI Ta 3a/1a4i CHc-
TEMH TPUAHATTS pillleHHS Ha IUIAaHYBaHHsS MaplIpyTiB
BITJIA He po3KpuTi B y MOBHIH Mipi.

3. B craTTi po3pobieHa cTpyKTypa KOMIUIEKCY 3a-
Jlad IUIaHyBaHHsA MapupytiB nomsoty BIUIA, sky no-
LIBHO 3aCTOCYBaTH IIPH CTBOPEHHI aBTOMAaTH30BaHOL
cUcTeMH yrpaBiiHHs migpo3ainamu BITJIA.
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Complex of tasks of the system of support of decision-making
for planning the route of unmanned aerial vehicles

A. Berezhnoj, I. Kryzhanivskyi

Abstract. The implementation of information and analytical systems in the practice of human activity in the context
of the rapid development of information and telecommunication technologies provides a solution to the key task for the leader
- the implementation of effective management on the scale of certain powers. The use of modern technologies for decision
support helps reduce the risks associated with making unreasonable decisions, and adjust plans for the use of unmanned aerial
systems in a changing environment and situations of uncertainty. The article proves that the widespread use of unmanned
aerial vehicles makes it possible to solve various problems in conditions in which the use of manned aircraft is inappropriate.
The low cost, simplicity and availability of production technology, the tactical and technical characteristics of unmanned ae-
rial vehicles allow them to be used to solve a wide range of tasks, including the search for stationary and dynamic objects.
These tasks require careful planning of flight routes of unmanned aerial vehicles for searching and monitoring the status of
various objects, making optimal decisions regarding actions, taking into account various factors affecting the unmanned aerial
vehicle, and forming control decisions with high efficiency and validity, which can be ensured by the creation of intelligent A
decision support system. The use of unmanned aerial vehicles provides for the implementation of flight route planning, which
is characterized by significant time and computational complexity. Currently, significant attention of researchers is devoted to
the development of intelligent decision support systems for the operator of an unmanned aerial vehicle to manage technical
equipment taking into account possible effects on the device, however, the models and tasks of the decision system for plan-
ning routes of unmanned aerial vehicles are not fully disclosed. The article has developed the structure of a set of tasks for
planning flight routes of an unmanned aerial vehicle, which is advisable to apply when creating an automated control system
for unmanned aerial vehicle units.

Keywords: unmanned aerial vehicle, information technology, route, planning, decision support system.
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XapkiBchbkuil HallioHanbHUH yHiBepcuTeT [loBiTpsinux Cuin imeHi IBana Koxeny6a, Xapkis, YkpaiHa

METOJIUKA ®OPMYBAHHS HABUAJIbHOI BUBIPKH
JIJISI HABUAHHS HEUITKOI HEUPOHHOI MEPEXKI
TP ABTOMATU3ALI NPOLECY IPUUHSITTSI PILIEHHSI
B 3AJJAYAX HABEJIEHHS ABIAIIIL HA HA3BEMHI (MOPCBHKI) ITLII

AHoTanisi. B crarri pospobieHo Meronuka (opMyBaHHsS HaBYAIBHOI BUOIPKY [UIs HABUAHHS HEUITKOI HEHPOHHOI Mepexi
P aBTOMAaTH3aLil npouecy NPUHHATTS pillleHHs B 33/1a4aX HaBe/ICHHS aBiallii Ha Ha3eMHi(MOpChKi) Limi. Jlyist HaBUaHHA He-
4iTKOI HEHPOHHOI Mepexi HeoOXiHO BUKOPHCTOBYBAaTH HaByaslbHY BUOIpKy. IIpH miAroroBli HaB4YaJIbHOI BUOIPKHU U1 Ha-
BYaHHS HEUITKOI HEHPOHHOI Mepexi Mpoliecy HaBeIeHHs aBiallii Ha Ha3eMHi (MOPCHKI) Il icHye mpobiema 300py JaHKX.
306ip cTaTUCTHKM HA OCHOBI NPUKIIAJIIB NPUIHATTS PillleHb B POLIECI HABEJICHHS B PEAIBHIX YMOBAX 3aCTOCYBaHHs aBialii 1o
Ha3eMHUX (MOPCBHKHX) IUISIX, 3aiiMae OaraTo Jacy, He JT03BOJIIE 3i0paTi HeoOXiTHY KUTBKICTh CTATUCTHYHUX JaHHX 1 (op-
MYyBaHHsI HaBYaJIbHOI BUOipku. ToMy cilifi 3aCTOCOBYBATH iMiTaliiiHe MOZIENIOBaHHS. AJle CKJIa/IHICTh, JMHAMIYHICTbh POLIECY
HaBeJ/ICHHsI, T HEBU3HAUCHICTh, 1[0 3yMOBJICHA XapaKTepOM IapaMeTpiB, SIKi BUKOPHCTOBYIOTECS IPH BUPIIICHHI 3a/]a4i HaBe-
JIeHHsI, He J03BOJISIOTH 3aCTOCOBYBATH IMIiTAIiiHI MOJIelli OOy/I0BaHI Ha OCHOBI TpaJULiHHUX MeToAiB. Lle 3yMoBIIeHO THM,
110 HaBYaJIbHA BUOIpKa HE BPaXxOBYe HEBH3HAUEHICTh. Tako iMiTamiifHi Mozeli mo0yjoBaHi Ha OCHOBI TpaJULIHIX METOMIB
HE BPaxOBYIOTh J0CBiJl Ta 3HAHHS [IEPE/IOBOr0 aBiaHaBiIHUKA, TOMY OTPHMAaHa B Pe3y/IbTaTi MOJIEIIOBAHHS HaBYaJIbHA BUOIP-
Ka, He JI03BOJIMTH 1100Y/lyBaTH HEYiTKOI HeHPOHHOI Mepexi Ta HaBYMTH 11 BIAIOBIAHO 10 MPOLIECY NPUIHATTS PIllIeHHS Nepe-
JIOBOT'O aBiaHABITHMKA IIPY HaBEeZEHI aBialil Ha Ha3eMHi (MOpchbKi) 1. ToMy npu moOymoBi imMiTamiifHOl Mozeni Citij 3acTo-
COBYBATH MOJIENi HA OCHOBI MAaTeMaTUYHOI'0 ariapaTy HeUiTKOI JIOTIKU Ta HEYITKUX MHOXKHH. B pe3yinbrari nmpoBeneHol poooTi
PO3po0IIEHO METOMKY (OPMYBAHHS HABUAIBHOI BUOIPKH U1l HABUAHHS HEWITKOI HeHPOHHOI Mepe:xi IpH aBTOMaTH3alii mpo-
Liecy IPUHHATTS PIIeHHs B 33[a4axX HaBeJICHHs aBiallil Ha Ha3eMHi (MOPCHKI) 1Tl Ta MOOYZOBaHO iMiTaniitHy Mozens. Jlana
MOIeIb JIO3BOJISE HAa OCHOBI BXIJHMX JIAHUX OTPHMYBATH IIapaMeTPH HaBEJICHHS, 1110 BU3HAYAIOTHCA N1EPEIOBUM aBiaHABIIHH-
KOM TIpY BUPIIIEHHI 3a]]a4l HaBeJCHHsI aBialii Ha Ha3eMHi (MOPCBKI I1iJ1i). 3aCTOCYBaHHS TaHOI METOJUKH JO3BOJIMIIO OTPHMA-
TH HaBYAIbHY BUOIPKY, Ha OCHOBI sikoi MoxkiuBe HaBuaHHs HHM s orpumanHzs iHdopMauiiiHoi TexHonorii aBToMaTH30Ba-
HOI BUpOOKHM peKOMEH/Ialliif II0J10 ITapaMeTpiB HaBeACHHsI aBialii Ha Ha3eMHi (MOpChKi) 1t Ha ocHoBi HHM.

Knaro4doBi ciaoBa: HediTki MHOXKHHY, HEUITKI HEHPOHHI Mepe:xKi, HaBeICHHs, aBiallisl, Iepe/IOBUIl aBiaHABIIHUK.

Beryn

IocTanoBka mnpoGiaemu. Jlocin 3acrocyBaHHS
YIApPHOI Ta apMIMCHKOI aBiallil B X0/ BUKOHAHHS OOHOBHX
3aBJIaHb ITi]1 Yac 30pOHHIX KOH(IIIKTIB TIOKa3ye, 110 edek-
THBHE ypakeHHsS HazeMHHX (Mopchkux) mimeit (H(M)LI)
JIOCSTAETHCS IPH TOYHOMY HaBelleHHi (IIijieBKa3aHHi) me-
penoBuM aBiaHaBimaukoM (ITAH). 3Bincu BurumMBae, 1o
IMTAH npu naBenensi aBiamii Ha H(M)L[ moBunen nobpe
3HATH cucTeMy OOMOBOIO YIpaBJIiHHSI, MaHEBpPEHI 1 OOHOBI
MOXJIMBOCTI JITAaKiB 1 BEPTONBOTIB, MpaBWia Oe3MeKu
TIOJILOTIB MPH 3aCTOCYBaHHI 030pOEHHS, TAKTHKY ITPOTHB-
HHKa, ioro 0oioBy TexHIKy 1 3acodu IO, TakTuky miz-
PO3IIUTIB i YaCTUH CYXOMYTHHX BIICBK, a TAKOX CIIOCOOU
LIJIEBKA3aHH] 1 HaBeAEeHHS 1 MaTW CTIKI HAaBUYKUA B
yOpaBlIiHHI JTAKaMHM 1 BepToiboTamMu. Hampyxkenwii i
HaIoJNerJIMBHIIA XapakTtep OoioBux aiii BuMarae Bing [TAH
YXBAIUTH CMUIMBE TPAMOTHE PillIeHHsI, YTPHUMATH B CBOIX
pyKax KepiBHHIITBO eKilnakamu (rpyramu) B palioHi 00'ek-
Ty ynapy i JOOWTHCS BUKOHaHHS 3aBJaHHA B OYIb-sIKii
CKJTafHii 00cTaHOBIN. JIMHAMIKA 1 IIBUAKOIUTUHHICT 00O
00MEXYIOTh 0c00y, o npuiiMae pimenns (OITP), 3a da-
COBMMH napameTpamu. GakTHYHO, HEABTOMATU30BAHHMI Ha
JlaHui yac npouec npuiHsTTs pimens OIP npu HaBenes-
Hi agianii Ha H(M)L] 3ymoBi0oe HEOOXiIHICTH PO3POOKH
BIAMOBIAHUX 3ac00IB aBTOMAaTH3AaLil Ta IX MaTEMaTUYHOIO
1 IpOrpaMHOr o 3a0€31eueHHSI.

dopmatizallisi 3HaHb Ha OCHOBI HEUITKHUX MHOXUH
Ta HEYITKOI JIOTIKH € OCHOBOIO NMOOYI0OBU MOJIEN TIPHIiH-
SITTSI PillIeHb, sIKa TO3BOJISIE BPaXOBYBaTH HEBU3HAUEHICTh
TIPY aBTOMATH3Allii TIPOIIeCy HABEACHHS aBiallii.

AuJle iHTeNeKTyalbHI CHCTEMH Ha OCHOBI i€papxiy-
HUX HEYITKHX MPOMYKIIHHUX MOeield moTpeOyroTh Ha-
JIAIITYBAaHHS BEJIMKOI KUIBKOCTI mapamerpiB. Tomy st
(dopmarizamii mporecy HaBEICHHS aBialii HEOOXiTHO
3aCTOCOBYBATH HEWITKi CHCTEMHU Ha OCHOBI HEUITKOI HEWH-
poHHOI Mepexi. OIHHM i3 eTamiB MMOOYIOBH HEYiTKOT
HEWpOHHOI Mepexi mporiecy npuiiHATTA pitreHs [TAH B
3aBIaHHsAX HaBeneHHs asianii Ha H(M)L] € 1i HaByaHHSL.
JIs bOro 3acTOCOBYIOTHhCS HaBYalbHA BHOIpKa, Ha OC-
HOBI SIKOi BiZIOYBAa€ThCSl HACTPOIOBAHHS HEWITKOI MEPEeXi.
[MpoGemMa BHKIMKaHa HEMOXKIMBICTIO 300py BETUKOI
KUIBKOCTI JaHHMX JUisi (DOPMYyBaHHSI HaBYAIBHOI BUOIPKH
3a pe3yJbTaTaMd PeaJbHUX CIIOCTEPEXKEHb. 3BIJCH BH-
IUIMBAa€E HEOOXITHICTh PO3POOKH METONUKU (HOPMYBAHHS
HaBYaJIbHOI BUOIPKU Ul HABYAHHS HEYiTKOI HEWPOHHOI
Mepexi nporiecy HaBeneHHs aianii na H(M)LL

AHaJIi3 OCTaHHIX AoCHiKeHb Ta mMyOJiKamii.
AmHai3 nitepaTypu nokasye [1-3], mo npoirec HaBeneHHS
asianii Ha HM)L] € ¢aktiaHO HE aBTOMATH30BaHNM. Alle
MaTeMaTH4YHO OMWCAHMI Mpoliec NpUHHATTS pimens [IAH
Jo3BOJIsAE (hOpMaITi3yBaTH PO3B’A3aHHS 3a7adi HABCICHHS.
B nitepatypi [4-17] npencTasieHo mporiec MO0yI0BH He-
YiTKUX HEHPOHHHX MEPEX I CHCTEM YIPABIIHHI Ta
TOKa3aHi aJITOPUTMH IX HaBUaHHA. AJie eran (popMyBaHHS
HaBYaJIbHOI BUOIpKH npu noOynoBi HHM daktnuHo He
OIKCaHUH. 3arpoIIOHOBaHI K METOJIMKH, sIKi 0a3yIOThCsI HA
MOOY/IOBI MaTPHITH BiJHOIIICHB a00 rpadiB cTaHy Ha OCHO-
Bi CTaTHCTUYHMX JaHUX a00 pe3yNbTaTiB IMITAI[iHHOTO
MOJIEIIFOBAHHS, HE JIO3BOJISIFOTH BHPIIIYBAaTH 3aBAaHHS
(opmyBaHHs HaBuajbHOI BHOipku it HHM mnpouecy
TIPUAHSATTS pillieHb IpK HaBeneHi asiatii Ha H(M)LL.

© Tumouxko O. L., Camokimr A. B., Apocnarkin O. O., 2020
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MeTor0 CTaTTi € TPEACTABICHHS METOMUKH (op-
MyBaHHSl HaBYaJbHOI BHOIpkM ans HaBuaHHs HHM
npoliecy NpUHHSTTS pillleHb NpU HaBeAEHI aBialii Ha
HM)L.

BukJiaJ 0CHOBHOTO MaTepiajy

l'onoBHOIO TepeBarol0 HEYiTKUX HEWPOHHUX Me-
PeX € MOXIMBICTh IX HaBYAaHHSA Ta amanrtamii. s ii
MoOYI0BA HEMOTPIOHO MAaTH IOBHI 3HAHHS PO 00’ €KT
ympaBiiHHA. Ha OCHOBI BXiTHHMX Ta 3aJaHUX (€TaJIOH-

Hux) 3HaueHb HHM Moxke HaBUMTHCS BHIABaTH PEKO-
MeHJanii 3 ynpaBIliHHI 00’ €KTOM.

3araneHy crpyktypy HHM mpouecy npuiiHATTS
pileHp HaBeZeHO Ha puc. 1.

3Bigcu BumuBae, 1o aasg Hasyanas HHM HeoO-
X1JTHO 3HATH Jinie 6a30Bi 3aJI€KHOCTI Ta OCHOBHI BEIHU-
YHHU TIpoliecy HaBeaeHHs apiarii Ha H(M)L[. ITAH y
npotieci HaBeneHHs aBianii Ha H(M)L{ noBuHeH omiHu-
TH OOHOBY OOCTaHOBKY Ta NMPHUHHATH PIlIEHHS IPO Me-
TOJ| HAaBEJICHHSI.

m Anfis Medel Structure

input inputmf

= =200

output

Logical Operations
and

‘. or

not

Click on each node to see detailed information

Update | | Help | | Close |

Puc. 1. HeuiTka HelipoHHa Mepexa IpoLecy NPUHHATTS pillieHb IIpU HaBeJIeHi aBiallii Ha Ha3eMHY(MOPCHKY)LIb

Cytb MeroniB HaBeneHHs asiamii Ha H(M)L] nosns-
rae y BU3Ha4YeHHI OpieHTHPY a0o0 BiAMOBITHOI TOUYKH Ha
3eMHii moBepXxHi a00 KapTi, BiIHOCHO SIKOI 3/[IIICHIOETh-
cs1 BuBenienHs apianii Ha H(M)L] Ta ¢popmyBanHns mapa-
METpiB HaBeleHHs (OOWOBHMI KypC, MAJBHICTh JO I,
xapaxrepHi o3Haku H(M)LI, nporuo3 HanpsiIMKiB BiJxo-
Iy BiI LTl Ta iH). BU3HaueHHA WX MapaMmerpiB Mae
3a0e3Me4YnTH BUCOKY IMOBIpHICTh 3HHIIIEHHS 00’€kTa. Y
3araJbHOMY BHUMAJKy IMOBIPHICTH 3HHILIEHHSI 00’ €KTa
JIOPIBHIOE:

W=Q17170 +W6ux+Wyp’ (1)

ne Opro - iMoBipHicTs nofonanHs I1I1O npoTuBHUKa;
W,

BUX

Wy, - IMOBIpHICTD ypa)KeHHsI LiJi.

IMOBIpHICTh ypa)keHHs IIiJIi BU3HAYAETHCS SK:

- IMOBIpHICTh BHUXONY Ha IIb 1 il BUABJICHHS,

Wy, =1-(1- Plo)"?, )

ne N, - KIJIBKICTh paKeT (CHaps/iB B uep3i); ® - Kilb-
KiCTh HEOOXITHUX BITy4aHb.
3 dopmynu (2) BHIHO, 1O W,, 3alexurs BiJl ma-

paMeTpiB, Ha sSKi HE BIUIMBA€ TOYHICTH HABCACHHS aBia-

uii Ha HM)LI. Tomy W, He 3amexuth BiJl TIporecy
npuitHATTA pimenas [TAH.

ITAH npu Harenensi aiarii Ha H(M)L] mae Bpa-
xoByBatu [1I10 mporuBHuKa B paiioni wimi. Tomy mis
PO3paxyHKy iIMOBIpHICTI 3HHUIIIEHHS 00’ €KTa Oyae BUKO-
pucroByBatucs imMoBipHicTs moponanus IO ( Opmo)

B paifoHi 1ini. Qo PO3PaXOBYEThCS SK:

n
o =1- N Wi » A3)

ne N - KUIBKICTb JIiTaKiB B TPyIi; 7 - KUIBKICTh aTak

ki 3aivicanTs 3PK; W - IMOBIPHICTh YpaKeHHS JIi-
Taka 3 OfIHI€l aTaku.

ImoBipHICTE BUXOY Ha LIk W, = NOPIBHIOE:

—( D2, - D?
Vo =P\ =5 kg ) @

neD

8Us6
D - HeoOXifHA MabHICTh BUSBJICHHS IUI BUKOPUCTAHHS
aBiallifiHMX 3aco0iB ypakeHHS; R - paziyc po3BOpOTYy
BEpTONLOTA; £ - HMOBIpHE JiHIHE OOKOBE BIIXMIICHHSI.

- (hakTHYHA TATBHICTD BUSBJICHHS 00 €KTa (IILT1);

8
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IMOBIpHICTh BUXO/y Ha LiJb 3aJISKUTh BiJ 0araThox
(axTopis:

— YMOBH CIIOCTEPS)KCHHS 3a MICIIEBICTIO 3 KaOiHU
(BHOUMICTB, Yac JJOOM, BUCOTa HOJIOTY);

— KOHTPACTHICTb, PYXJIUBICTh, PO3MIpH 1 JEMaCKYyIO-
4i 03HaKU 00’ €KTIB;

— ¢izuko-reorpadiuHi Ta KIIMaTHYHI YMOBH PaiioHY
Tii;

— epextuBHicTh 110 npoTuBHUKA;

— CKJIaJl TPYITH, OOMOBOTO MOPSAKY 1 PEXXHUM TOJTBOTY;

— XapaKTepy 3aCTOCOBYBaHHMX 3ac00iB ypaKCHHS
(BM3HAYalOTh TOTPIOHY NAIBHICTH BUSBJICHHS);

— PpiBEeHB MiArOTOBKU Ta OOMOBOTO JIOCBiY EKiMaxiB.

TouHicTh BUXO/Y Ha IUJIb XapaKTEePU3Y€EThCs IMOBI-

PHHM JTiHIHUM BiIXWJICHHSIM, K€ MOKHA OOUUCIIHUTH SIK:

E=0,118-G-5;,, (5)

e G — cepelHs KBaJpaTHYHA TMOMHIKA BIIJIKY i BH-
TPUMYBaHHS Kypcy eKimaxeMm (aist go0pe IiaroToBiie-

HOro ekimaxy BoHa He mepesumye 3°); S;, — Bid-
CTaHb BiJl KOHTPOJHHOI'O OPIEHTHPA IO .

3 popmyinu (5) BUILIHBAE, 110 YAM OJIFDKYE JO ITLTI
oOpaHMi XapaKkTepHUH KOHTPOJIBHHH OpIEHTHP, TUM
ToYHilIe Oyae BUXiJ HA IIJIb, a OTXKE, 1 BHIA HMOBIp-
HICTb 11 BusBjIeHHS. OMHAK B YMOBaX HOUI 1 B CKJIATHUX
METEOPOJIOTIYHUX YMOBAaX, a TaK CaMo IPH MOJIbOTI HAJ
0E30piEHTHPHOI0 MICIICBICTIO BUXIZl 32 KypCOM Bin 00-
paHOTrO OpieHTHpa HE 3aBXIH 3a0e3Ieuye BUCOKY WMO-
BiIpHICTb BUSIBJIICHHS IILJTi.

3 ¢dopmyn (2-5) MokHA 3pOOUTH BUCHOBOK, IO
[TAH npu HaBenenni aBianii Ha HM)L{ mae Bu3HauuTH
KOHTPOJIbHHUH OpIEHTHP Ta KypC BiJl HHOTO Ha IIb TaK,
mo6 D,,,, 14ac poboTu B paifoHi wini 3a0e3nedyBanu

BHCOKY IMOBIPHICTb 3HHUIIIEHHSI 00’ €KTa.

Aue 3acTocyBaHHsI TPaJULIHHUX ITIAXOMAIB JI0 MO-
JIEIIIOBaHHS yAapy He JI03BOJIsiE BPaXOBYBaTH HEBH3HA-
4eHicTh. lle 3yMOBIIOETBCS THM, IO 3HAYHA YacTHHA
BXIJJHAX JAaHUX JOCTYITHA Y BUIJIAAI 1HTEPBaJbHO-
OIIIHIOIOYMX Ta JIIHIBICTUYHUX 3HAauYeHb. ToMy mist ¢o-
pMyBaHHS HaBYaJbHOI BHOIPKM CJiJl 3aCTOCOBYBATH
METOJMKH, OCHOBaHI Ha 3aCTOCYBaHHI HEUITKHX MHO-
JKUH Ta HEYITKOI JIOTIKH.

CTpyKTypa METOIMKH 300pakeHa Ha puc. 2.

Tomy Oyno po3po0JIEHO HEYITKYy NPOAYKLIHHY
mozens (HIIM) Ha OCHOBI HEWITKMX MHOXUH TUMy |
(HMT1) Bu3Ha4YeHHsI iMOBIpHOCTI 3HUINEHHS Wi JUIs
MOJICTTFOBaHHSI yaapy.

CrtpykTypa Mozeii 300paxeHa Ha puc. 3.

Jl1s1 BU3HAYCHHS MPOAYKINMHUX MPaBUiI OyJI0 BHU-
3HAYEHO OCHOBHI 3aJIEKHOCTI BUXIJHMX BEIWYHUH Bij
BXIJHUX. 3AJIEKHICTh JAJIBHOCTI BUSBJICHHS LIl 3 3a/a-
HOIO HWMOBIPHICTIO BiJI METEOYMOB 1 BHUCOTH IIOJILOTY
HaBeJIeHO Ha puc. 4.

3anexHicTh iMOBipHOCTI moponanus [0 omHuM
JITaKOM, ITapol0, JTAHKOIO BiJ] 4acy 3HAXOMKEHHS y 30Hi
nopa3ku 3PK OmmxHBOT 1ii 300pakeHo Ha puc.S.

Jlyis BU3HAYeHHsI MIPpaBUII MIOJO MapaMeTpiB KOHT-

POJIHOTO OPIEHTHPY PO3IVIAHYTO 3aleXHICTh W, = Bin

JATTBHOCTI BUSBJICHHS Ta BiJICTaHI KOHTPOJBLHOTO Opi€H-
TUPY BiJ L. 3allexHICTh 300paXkeHa Ha puc. 6.

Buznauenns 3ajaexHocTeit BXiZ[HI/IX Ta
BI/IXiZLHI/IX 3Ha4YCHb

v

®GopMyBaHHS NPOAYKIIHHUX IIpaBUIl

v

TTo6ymosa HIIM a1 MofentoBaHHS
npotiecy IpuHHATTS pimenas [TAH

v
TTobynoBa iMiTailiitHOT MOJIENTi Ha OCHOBI
HITM mpotiecy mpuHHATTA pillieHHAS
TT1AH
) 4

IIpoBeneHHS iMiTAIIHHOTO MOJICTIOBAHHS

v

36ip Ta y3araabHEHHS Pe3yJIbTATIB.
dopmMyBaHHS HaBYATTLHO! BUOIpKU

Puc. 2. Crpykrypa Meronuku (popMyBaHHS HaBUaIbHOI
BUOIPKH U1 HABYAaHHS HEYiTKOT HEHPOHHOI Mepexi

Puc. 3. HIIM Bu3Ha4yeHHS iMOBIpHOCT] 3HUIICHHS 11T

W=035
cesssrieiseisesiiissis W=06

_______ W=07 .

s — — w— W =038
— . o= W =09 *

o e

1 2 3 4 5 H, KM
Puc. 4. I'padik 3anexHOCTI JaNBHOCTI BUSBIICHHS LTI

3 33/IaHOI0 IMOBIPHICTIO BiJl METEOYMOB
1 BUCOTH TIOJIBOTY

Ha ocHOBi oTpuMaHHX pe3yNnbTaTiB Oy po3po0-
JeHi mpaBwi it (GopMyBaHHS 0a3u TPOTYKIIIHHX
npasun HIIM, puc. 7.

IToBepxHs pimreHHs 300paxxeHa HITM Bu3HaueHHS
IMOBIpHOCTI 3HHMIIIEHHS 1IiJIi Ha puc. 8.
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Plot points: 14

H Help Close ‘

Puc.7. ba3za nponykuitinux npasuin HIIM
BH3HAYCHHSI IMOBIPHOCT1 3HUILECHHS ITiTi

Input: | 13.5:3.5:15)

‘ Opened system model, 27 rules

Ha ocHoBi orpumanoi HIIM Bu3HauyeHHs iMOBip-
HOCTi 3HUILIEHHS Wi M0OYZI0BaHO MOAETh NPUHHATTS
pimmenns [TAH momo naBemenHns amiarii ma H(M)LI.
CrpyKTypa oTpuMaHoi MoJielli 300pakeHo Ha puc. 9.

1 1
0,9 §\ 0,9 ,%%v
0,8 0,8
07 N~ e 07 N\ N —2xkm
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0,6 ] 0,6 ~
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01 \ 0,1
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5 10 15 20 25 30 1 2 3 4 5 6 7
Puc. 5. T'padix 3anexnocti Qo Puc .6. I'padix 3anexnocri W, Bin namsHocti
BiJl Uacy 3HaXOJDKEHHs y 30Hi BpaxkeHHs 3PK BUSIBJICHHS Ta BiJICTaHI KOHTPOJIBHOI'O OPiEHTHPY BiJl LI
File Edit View Options
Sok=3.5 D _sue =35 tnp=15 W=405
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3 ) ) ] [
i
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8
9
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i
i —— =
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17 ) ) ) [
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22
23
2
25
26
27

DEHB 0 0 t.p

Puc. 8. I[ToBepxns pimeHHs 300paxena HIIM Bu3HaueHHS
IMOBIPHOCTI 3HMILEHHS LI

[TobynoBana Mojenb AO3BOJISIE MIPOBOJAMUTH iMiTa-
uiiine MoneroBaHHs. B pe3ynbrari OTpUMaHO JaHi, sKi
MOXKHa 3aCTOCOBYBATH B SIKOCTI HABYaJbHOI BUOIPKH
Ju1st HaB4aHHs HHM.

¥, model * - Simulink S]E] =
File Edit View Display Diagram Simulation Analysis Code Tecls Help
ra-@ e 4G @ D m W
3
-
[FE
=
L]
([

HIM BmasaHHA
] IMOBIIHOCT] SHIMYEHHR 1N .

Puc. 9. CrpykTypa MOAesi NMPUIHATTS pillleHHS

BucHoBku

Po3pobnena meromuka no3Bossie (pOpMyBaTH Ha-
BUasbHy BUOIpKy s HaByanHs HHM npouecy HaBe-
neHHs apiarii Ha H(M)L. 3actocyBaHHS 1aHOi METOIHU-

KM JIO3BOJISIE OTPUMYBATH JaHi, 110 MaKCHUMaJbHO Bpa-
XOBYIOTh HEBHU3HAYCHICTh, 3YMOBJICHY CKIAQIHICTIO Ta
JMUHAMIYHICTIO, & TAKOX XapaKTepOM CaMOro IPOIECy
HaBeaeHHs asiarii Ha HMM)LI. ¥V pe3ynbraTi BHKOpHUC-
TaHHS JaHOI METOJUKH OTPUMaHO MOJENb MpPOIeCy Ha-
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BezieHHs aBianii Ha H(M)LL, 3a monomororo sSiKoi MO)KHa ~ JlaHi, SIKi MOXKHa 3aCTOCOBYBATH, SIK HABYAJILHY BHOIpKY
MIPOBOJIMTH IMITalliiiHE MOJEIIOBaHHS Ta OTpUMYBaTH  Juisi HaByaHHs HHM.
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The methodology for the formation of a training sample for training a fuzzy neural network
while automating the decision-making process in the tasks of guiding aviation to ground (sea) targets

A. Tymockho, A. Samokish, O. Aroslankin

Abstract. The article is devised a methodology for the formation of a training sample for the study of fuzzy neural net-
work when automating the decision making process in the tasks of aviation guidance to ground targets. To study fuzzy neural
network, you need to use a training sample. There is a problem of data collection in preparing the training sample for the training
of the FNN in the process of guiding AA in the ET. First, collecting statistics on the basis of decision-making examples in the
process of giving in real terms the application of the AA on the ET, takes a lot of time, does not allow to collect the necessary
amount of statistical data for the formation of the training sample. Therefore, you should use imitation modeling. But the com-
plexity, the dynamism of the process of guidance, and the uncertainty due to the nature of the parameters used to solve the prob-
lem of guidance, do not allow the use of simulation models built on the basis of traditional methods. This is due to the fact that
the training sample does not take into account uncertainty. Simulation models built on the basis of traditional methods do not take
into account the experience and knowledge of the PAN; therefore, the training sample obtained as a result of modeling will not
allow to construct the FNN and teach it in accordance with the decision making process of the PAN when the AA on the ET vare
given. Therefore, when constructing an imitation model, models based on the fuzzy logic and fuzzy sets mathematical apparatus
should be used. As a result of this work, a methodology for forming a training sample for the study of a fuzzy neural network
during the automation of the decision-making process in the tasks of aviation guidance to ground targets was developed, and an
imitation model was constructed. This model allows using the input data to obtain the guidance parameters determined by the
PAN in solving the problem of steering the AA in the ET. The application of this methodology allowed to receive a training sam-
ple on the basis of which it is possible to study the FNN for the information technology of automated development of recommen-
dations for the parameters of guidance of the AA in the ET on the basis of FNN.

Keywords: fuzzy sets, fuzzy neural networks, guidance, assault aircraft, advanced air gunner.
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IMPROVEMENT OF DRILLING RIG ELECTRICAL EQUIPMENT

Abstract. The article describes the electrical complex of a modern electric drilling rig. The structure of electrical
complexes is caused by a wide range of requirements for the drilling depth, purpose and operating conditions of the drilling
rig. The issue of the direct use of the engine, namely, the conversion of various types of energy into mechanical energy, is
also considered. Today, in leading industries, the ratio of the installed capacity of electric drives to the total installed
capacity of drives with engines of all types (Thermal, hydraulic, pneumatic) is approaching 100%. This is determined by
the fact that electric motors are manufactured for various capacities (from hundredths of a watt to tens of thousands of

kilowatts) and rotational speeds.

Keywords: alternating current, direct current, electrical engineering complex.

Introduction

Automated electric drive is the main consumer of
electricity. In industrialized countries, more than 60% of
the electricity produced is converted into mechanical
energy by electric drive. Since ancient times, people
have tried to replace heavy physical labor, which was a
source of mechanical energy. In modern drives, various
motors are used as a source of mechanical energy.
Solution of all, without exception, technological
processes of well construction is provided by electric
drive systems.

Formulation of the problem. The well
construction process requires uninterrupted operation
of the drilling rigs, in particular engines and pumps.
Interest is the well drilling on the electric drive, the
sequence of start-up of all machines and mechanisms,
as well as the layout of the DC and AC electrical
equipment [1-6]. Therefore, the development and
modernization of the electric drive contributes to
productivity growth and increase production
efficiency. Knowledge of the properties and
capabilities of the drive allows the electrical engineer
to ensure the rational use of the drive.

Basic material

The electrotechnical complex of a modern power-
driven drilling rig is a collection of subsystems that
provide for the generation (in the absence of centralized
power supply), the distribution, transformation and use
of electrical energy, as well as the control of all these
subsystems, and includes:

- high voltage switchgear;

- power and transformer transformers;

- AC and DC electric machines;

- complete thyristor devices;

- complete devices for control, protection and
distribution of low voltage electrical energy;

- cables and wires;

- electric light sources;

- mobile power plants.

Structures of electrotechnical complexes, despite
the variety of schemes of drilling rigs, due to the wide
range of requirements for drilling depths, purposes and
conditions of operation, can be reduced to two typical
schemes, the application of which on installations of
different versions reduces the parameters of used
electrical equipment.

A typical structure of an AC drive for plants with
centralized power supply (Fig. 1) is focused on the use
of partially adjustable actuators of the main mechanisms
that allow to form the starting characteristic and to
provide economic regulation of the speed of rotation in
a limited range.

The typical structure of a direct current drive for
plants with centralized and autonomous power supply
(Fig. 2) is focused on the use of deeply adjustable
actuators of the main mechanisms based on electric
motors and power thyristor converters.

The power block in non-electrified areas represents
a set of diesel-electric AC units, and in the electrified
ones a set of cells of the complete switchgear and
transformers that reduce the voltage to the required
level.

Electrical ~ equipment  included in  the
electrotechnical complex are either products of a
specific purpose, ie. Designed according to individual
technical requirements and having one basic variant of
application, or relates to products of general industrial
purpose.

The catalog usually only provides information on
the specific purpose electrical equipment

The set of electrotechnical means used on diesel-
powered installations of the main mechanisms is fully
included in the set of installations of the corresponding
class with the electric drive and usually refers to
products of general industrial purpose, so information
about this electrical equipment is not given in the
article.

To power the auxiliary drive mechanisms of a
diesel-powered drilling rig, the latter is usually equipped
with two 200-kW diesel-electric units each.
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Fig. 1. A typical single-line diagram of an electrotechnical complex of an AC drilling rig:
Ra - complete high-voltage switchgear; SW3,5,1 - power lowering transformers;
D1, D2, D3, - electric motors respectively winches, drilling pumps, rotor, bit regulator;
TRS - thyristor slider; TPD, TPP are power thyristor converters respectively of the rotor
and the feed regulator; Lc - thyristor activators; A2 - control cabinets for auxiliary mechanisms
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Fig. 2. A typical single-line diagram of an electrotechnical
complex of a drilling rig with electric drive: The drill rig's
power supply single-line diagram HVVSI1...HVVS4 -
high-voltage vacuum switches; PDT1...PDT3 — power dry
transformers; CT — current transformers; VF — frequency
converter; EM — electric motor; R — rectifier; CC — current
cutoff; OP — overcurrent protection; TD — top drive;
DW — drawwork; MP — mud pump.

The schematic diagram of the electrical equipment
provides for the possibility of using the full power of
each unit separately to power all electricity consumers,
and also provides for the parallel operation of diesel
generators. This ensures redundancy of power supply

when necessary to stop one unit, as well as the
distribution of load on two diesel generators when
connecting additional consumers. One diesel-electric
unit is installed for standby power supply of plants with
centralized power supply.

The generated electricity from the generator is fed
to the control panel and then transmitted to the control
cabinets of the actuators of the auxiliary mechanisms.
Power is supplied to the consumers through circuit
breakers located in control cabinets.

The article does not consider the electrical
equipment of individual production facilities for special
drilling conditions (except for electric machines for
offshore drilling rigs), as well as the equipment built
into complete control devices and the -electrical
equipment of the drilling process control systems.

Electrotechnical products for surface drilling units
are available in climatic versions B (for macro-climatic
regions with temperate climates) and UHL (for macro-
climatic regions with temperate and cold climates) with
air temperature during operation (at placement
categories 1, 2 and 3) from +40 to -45 C and from +40
to -60 ° C, respectively.

Height above sea level - up to 1000 m, relative
humidity 80% at + 20C.

The environment should not contain explosive and
fire hazardous, as well as a large amount of corrosive
gases and vapors in concentrations that destroy metals,
insulation, coatings.

Equipment placement categories (GOST 15150-
69) include outdoor operation, in rooms where
temperature and humidity fluctuations are not
significantly different from outdoor or indoor or indoor
fluctuations, with more natural ventilation without
artificially controlled climatic conditions.

Table 1 shows the degree of protection, as well as
some other features of the operating conditions and
design.
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Table I — Degrees of protection and operation of equipment

Category and type
Indicators KPY type fZ:rTesr_s Electric machines
AKbB AOKB
Altitude, m, no more. 1000 1000 1000 1000
Air temperature, C".
The maximum +40 +35 +40 +40
The minimum -45 -60 -45 -60
The relative humidity of the air at a temperature of 20 C° % 80 80 80 100
Degree of protection (GOST 14254-80) 1P34* 1P21 1P23 1P44
Resistance to mechanical factors M18 M25 M18 M18
Climate education and placement category XJI1 Y1(XJI1)** v2 YXI12

To indicate the degree of protection are used Latin
letters 1P and the following two digits (GOST 14254-
80). The first figure indicates the degree of protection of
personnel against contact with live parts and moving
parts. Inside the shell, as well as the degree of protection
against entry into solid foreign bodies. The second digit
indicates the degree of protection against water ingress.
The "dash" in table 1 means that this parameter is not
regulated by the specifications.

Conclusions

This article deals with the issues of operation, se-
lection and scheme of the drilling rig power engineering
complex deep wells.

Determined the sequence and correctness of the
connection of the main drives with AC and DC. Data on
the degree of protection and operation of equipment in
different climatic conditions.

A typical single-line diagram of an electrotechni-
cal complex of a drilling rig with a direct-drive electric
drive, as well as a typical single-line diagram of an
electrotechnical complex of a drilling rig with an elec-
tric drive.

The connection sequence and the issue of redun-
dancy of power supply in case of stopping of one unit
are determined, as well as the distribution of load on
two diesel generators when connecting additional con-
sumers.
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YaockonajieHHs1 e1eKTpoo0IagHaHHsl 0ypOBHX YCTAHOBOK
M. K. Bopoznin, C. C. HerouaTos, H. O. [Ipumayenko

AHoTanisi. B crarti oOnucyeTbcs eNeKTPOTEXHIUHMH KOMILIEKC Cy4acHOi OypoBOi YCTAHOBKM i3 €JIEKTPOIPHBOIOM.
CTpyKTypa eNeKTPOTEXHIYHUX KOMIUIEKCIB, 110 BUKIMKAaHA HIMPOKMM CIIEKTPOM BHUMOT 110 IIIMOMHU OypiHHSA, NPU3HAYCHHS Ta
YMOB eKcIlUTyaTalii 6ypoBoi ycTaHOBKU. TakoX pO3IJIAAacTbCsl MUTaHHS MIPAMOrO NPU3HAYCHHS JBUTYHA, & CaMe I1ePETBOPEHHS
€Heprii pi3HUX BUJIB y MeXaHiuHy eHeprito. ChOrojHi y IpOBiJHUX Tally3siX IPOMUCIOBOCT] BiHOIICHHS BCTaHOBJIECHOI MOTYX-
HOCT] €JICKTPOIPHBO/IB JI0 3arajibHOI BCTAHOBJICHOI IOTYXHOCTI NIPUBOJIB i3 JIBUT'YHaMM BCiX BHIB (TEIUIOBHX ,IiIpaBIidHUX,
[THEBMaTUYHUX) HabmmkaeTsest 10 100 % . e BU3HAUaeThCs TUM ,II0 €IEKTPOJBUTYHH BUTOTOBIISIOTHCS HA PI3HOMAHITHI MOTY-
JKHOCTI (BIJI COTHX YaCTHH BaT JI0 JIECATKIB THCSY KUJIOBAT) Ta IIBUJIKOCTI 00EPTaHHSL.

Karo4dosi ciaoBa: 3MiHHMI CTpyM, IOCTIHHUHA CTPYM, €IEKTPOTEXHIYHMN KOMILIEKC.
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AHAJII3 PAJIIOEJEKTPOHHOI CUCTEMM JIITAKA
SAAK OB’€KTA IMTPOJIOBKEHHSA TEPMIHY EKCILTY ATAIIII

Anotanis. IIpeqmMeTom BHBYEHHS B CTATTI € IpoLecH (YHKIIOHYBaHHs PaiOeJICKTPOHHOI CUCTEMHU Cy4acHOro JIiTaKa,
1 KOMIUIEKTYIOYHX €JIEMEHTIB Ta (YHKLIOHAIBHUX BY3JIIB 5K 00’€KTa €KCIuTyaTallii i BU3HAUCHHs 3aJIMILIKOBOIO Pecypcy.
Merto10 € POBEJECHHS aHANI3y ICHYIOYOI0 METOANYHOIO allapaTy, 10 3aCTOCOBYETHCS I PO3PaXyHKY HOKAa3HHKIB JIOBIO-
BIYHOCTI Ta MOJMJIMBOCTI HMPOJIOBKCHHS NPH3HAYECHUX TEPMiHIB CIIY)KOM palioeleKTPOHHOI CHCTeMH JiTaka. 3aBJaHH::
[POaHai3yBaTh CYNEPEYHOCT] B MPAKTHULI OLIHKU 3AJIUIIKOBOTO PECYPCY PaJlioeNIEKTPOHHOI CUCTEMH JIiTaKa; IPOBECTH aHa-
J1i3 HAyKOBO-METOJMYHOI'0 arapary, 110 3aCTOCOBYETHCS JUIsl HOro OLIHKH. AHalTi30BAaHUMU METOJAMM €: T1apaMeTpUYHi Me-
TOJM Ta IMOBIPHICHI METO/IM OLIHKY Oe3BiIMOBHOCTI podorr. OTprMaHi Taki pe3ysabTaTh. [IpoBeneHuii anai3 pajioeneKT-
POHHOI CHUCTEMH JiTaka Ta poOiT 3 NPoROBKeHHs ii pecypcy. BucHoBKH. B pe3ynbrati po3risigy iCHyIOUHX METOZIB po3paxy-
HKY HOKa3HMKIB JIOBI'OBIYHOCTI pa/jiOeJIEKTPOHHOI CHCTEMH JIiTaKa BUSIBJICHI (D)aKTOpH, SIKi BIUIMBAIOTH HA HEOOXIIHICTb BIOC-
KOHAJICHHS iCHYIOHOI'0 HayKOBO-METOIMYHOI0 arapary, IKUi 3aCTOCOBYETHCS [UIsl BUPILICHHS LUX 3aBJaHb.

Karo4doBi ciaoBa: 3aimKoByil pecypc, JiTak, IPOIOBKEHHS TEPMiHY CIIyXOH, PaJlioeIeKTPOHHA CHCTEMA, TEXHIUHHIA CTaH.

Beryn

IMocTanoBka nmpoodJieMu y 3arajbHOMY BHUIVISAI.
HayxkoBo-TexHiIYHHMI Iporpec i 1Mo’ si3aHe 3 HUM BIOCKO-
HAaJICHHSI €IEMEHTHOI 0a3u iCTOTHO 3MIiHIOIOTh XapakKTep
EKCILTyaTallil Ta TEXHIYHOTO 00CIyrOBYBaHHS PajIioeieK-
TPOHHHUX CHCTeM cydacHux JjitakiB. Illupoke 3actocy-
BaHHS arapaTypy BUTOTOBJICHOI 3 BUKOPUCTAHHIM MiK-
POENIEKTPOHHUX KOMITOHEHTIB, BIIPOBaPKEHHSI CYy4aCHUX
IU(POBUX TEXHONOTIH 3 BUCOKHM CTYIIEHEM IHTerparii
pOOHTH MPOOIEMATUYHNUM 3aCTOCYBAaHHS iICHYIOYOTO Ha-
YKOBO-METOJIMYHOTO anapary 4epe3 MpoJyKyBaHHS rpy-
OMX 1 3aBUILEHUX MMPOTHO3IB MIOKa3HUKIB OE3B1IMOBHOCTI
pamioeNneKTpOHHOI crcTeMH JiiTaka. Ile oOyMoBiioe He-
00X1IHICTh KPUTHYHOT'O aHAJTI3Y BiJIOMUX MOJIEINICH OIliH-
KU BiJ]MOB Ta PO3PaxyHKY ITOKa3HUKIB 3aJIUIIIKOBOTO pe-
CypCy pamioelIeKTPOHHHUX CUCTEM JIITAKIB Ta IX KOMIDICK-
TYIOYMX 3 METOIO OLIHKH 3aJIMIIKOBOTO pecypcy Ta Mpo-
JIOBXKEHHS TIPU3HAYECHUX TEPMIHIB CITy)OH 31 30epexeH-
HSM BiJITIOBITHUX MMOKAa3HUKIB SIKOCTI eKCILTyaTaryi [8].

AHaJi3 jgiTepaTypu. AHaJi3 JiTepaTypH IOKa3aB
[2, 4, 7], mo Ha cyyacHOMY eTarli He B IIOBHiH Mipi Bpa-
XOBaHO BIPOBA/DKEHHS B PAJiOENEKTPOHHY amaparypy
cydacHOl ememeHTHOI ©Oasu. Illupoke 3acrocyBaHHS
KOMIUIEKTYIOUHX €IEMEHTIB B MIKPOEIEKTPOHHOMY BH-
KOHaHHI TPHU3BOAUTH JI0 KapAWHAJIBHUX 3MiH ITOTOKIB
BiIMOB B pa/iOCIEKTPOHHUX CHCTeMaX. 3aCTOCYBaHHS
BIJOMMX TIapaMETPUYHHUX Ta IMOBIPHICHHMX METO/IB
OIIIHKM HAIIHHOCTI Ta 0€3BiAMOBHOCTI poboTH [5, 6] He
Jla€ 3MOTM OTPUMATH aJeKBaTHI pe3ynbratu. JlanHwii
(dakT TArHE 3a COOOK HEOOXIMHICTh BIOCKOHAJICHHS
ICHYIOUOI'0 HayKOBO-METOIMYHOIO amapary, 1o 3acTo-
COBYETBCS JIJIsl PO3PAXYHKY IMOKAa3HHKIB JIOBFOBIYHOCTI
Ta MOMJIMBOCTI TPOAOBXKEHHS NPH3HAYEHHX TEPMiHIB
CITy)OU paslioeIeKTPOHHOI CHCTEMHU JIiTaKa.

MeTo10 CTATTi € TPOBENIEHHS aHANI3Y iICHYIOUYOr0
METOJMYHOTO anaparty, [0 3aCTOCOBYETBCS UIsl po3pa-
XYHKY TOKa3HUKIB JIOBFOBIYHOCTI Ta MOJJIMBOCTI ITPO-
JIOBXKEHHsI TIPU3HAYEHNX TEPMIHIB CITY)KOU pajioeneKT-
POHHOI CHCTEMH JIiTaKa

OCHOBHA YaCcTHHA

Ananiz PEC gitraka sik 00’ekta excruryartamii i
BU3HAYEHHS HOT0 32JUIIKOBOr0 pecypcy

PanioenexkTpoHHa cucTeMa Cy4acHOTO JTaka SB-
J15i€ o000 CKIIAHUN PaioeIeKTPOHHUI KOMILIEKC, 1110
CKJIaa€ThCsd 3 (PYHKINIOHAJTBLHO IIOB’S3aHUX BHPOOIB,
MPU3HAYEHUX JUISI IJIECIPSIMOBAHOTO BUKOHAHHS €U~
HOT'O 3aBAaHHs a00 psAy 3aBAaHb, [OB’SI3aHUX 3 Tepe-
Jlauero, OTPUMAHHIM 1 IIEPETBOPEHHSM SIK IMOJIbOTHOL
inpopMmaii, Tak i iHopmanii npo NoBiTpsHy 00CTaHO-
BKy. B 1inomy, B cxiani PEC mitaka MOYKHa BUIITHTH
HACTYIIHI TPYIH 00JIaHAHHS:

— MUJIOTaKHO-HaBIraine o0aHaHHs;

— pamioTexHiuHe OOJaJHAHHS HaBirarii, MocagKu
Ta YIpaBJiHHS TOBITPSHUM PYXOM;

— pazio3B’s3HE 00JIaHAHHS,

— CNIEKTPOTEXHIYHE 0018 THAHHS;

— CBITJIOTEXHIUHE 00JIaIHAHHS,

— 3aCO0M KOHTPOJIKO pOOOTH CHIIOBOI YCTaHOBKH;

— OopToBi iH(pOpMalliiiHi cHCTeMU — cucTeMa Bijio-
OpakeHHs iH(opMaIrii, cucTeMa CHUrHaJIi3aIi i T.11.

Amnapartypa i ycraTKyBaHHS LIMX 3ac00iB pi3HOpI-
JIHI 3a CKJIaJOoM 1 BUKOHAaHHSAM. MO)XHa BHIUTUTH Ha-
CTYITHI TEXHOJIOTIYHO OJHOPIMHI TPYIH amapaTypH: pa-
nmioenektponHa amaparypa (PEA) B MikpoenekTpoHHO-
my BukoHanHi (MEB), PEA 3 BUKOpUCTaHHSIM HaBiCHUX
€JIEMEHTIB, EJIEKTPOMEXaHIuHI 1 MEXaHi4Hi BY3JH 1 IIpH-
cTpoi. Bee pamioenekTpoHHe 00agHAHHS JliTaka, HE3a-
JISKHO BiJl MPUHAJICKHOCTI IO Ti€l YM 1HIIOI 3 Tepepa-
XOBaHUX TPYI, YacTO HA3MBAIOTh aBiOHWMKOH. Boprosi
iH(pOpMAaIiifHI CHCTEMH TaKOXX HAJIEKATh A0 M€l rpynu
yCTaTKyBaHHSL.

Ckiiaz aBiOHIKM pi3HHHN IS PI3HUX KIJIACIB JIITAKIB.
Po3risiHeMo #ioro Ha mpHKIaAi MacaKUPCHKUX Marict-
paNbHUX JIiTaKiB, Takux, sk Ty-204, Airbus A-320,
Boeing 757, ne aBioHika mpejcTaBiieHa HAHOUIBII IIH-
poko. Ii MOXKHA pO3IUTH HA HACTYMHI FPYTIH:

— CHUCTeMH TIepBHHHOI iH(opMaIii;

— paioHaBiramniiiHi CHCTEMU;
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B 3arampHOMY BHUNaAKy CXeMY B3a€EMOJIIT EKilaxy,
BY3JIiB, CHCTEM 1 MEXaHi3MIB 3 PajiOCIeKTPOHHOI CHC-
TEMOIO JliTaka B 3arajlbHOMY BHUIJISAI MOXKHA IpeNcTa-
BUTH HACTYITHUM YHHOM (pHcC. 1).

— pajio3B’A3KOBI CHCTEMH;

— CHCTEMH aBTOMATHYHOI'O MJIOTYBAHHS;
— OopToBi iH(pOpPMAIIiFiHI CHCTEMH;

— 1HII MJTOTAQ)XKHO-HABITAIIIHHI CUCTEMHU.

Cucremn
pagfiosB’asky

CIKP CIMnH3

A A

HeasmoHomHi padioHasieauiliHi cucmemu
APK, VOR, DME, ILS/CI1, PCBEH, CHC, CriC

A *

A

PB ABLW3
/ /

J

A

EnekTpoHHi perynsatopu
ABUryHa Ta rBuHTa

A \ AAA

™ MogHuii iHchopmaTop —>| Anapatypa BHyTpiu.aloro 3B'A3KY | CucTema niTakoBOgiHHS -
Rt CucTeMn eneKkTpoHHOI \/ JL

p  iHAVKaUii Ta curHanisauii EKIM BaratodyHKLioHabH Cuctemu <

AXK NyNbTW YRpaBMiHHS aBTOMaTU4HOrO
ynpaeriHHA
[oBigkoBa enekTpoHHa
cuctema
PesepBHi npunagun
| OPTAHW YMNPABINIHHA —N BWKOHABUYI MPUCTPOI
CucTema aBapiviHol
curHanisauii 4£ 4;
| NBUMYHU | | NITAK |
A
y CUCTEMMW NITAKA Y y
[Lcena | v
c |

| Xporowmetp || cnc || 1H

I

Cy3Jo

A

Puc. 1. ABuonuka cyuacnoro nitaka: CITH3 — cucrema nonepeokeHHs Ipo HaOIMKEHHS 3eMIl,
CIIKP — cucrema nonepevkeHHs kpurndaux pexxumis, MHPJIC — meteonasirauiiina PJIC, PB — pagioBucoromip,
JIBII3 — nonmiepiBcbkuii BUMiproBad IIBUAKOCTI Ta KyTa 3HoCY, [HC — iHepiianpHa HaBirauiiiHa cucrema,
CIIC — cucrema nositpstux curHaiis, CIII — cucrema nepersopenns indopmarii, CY3JIO — cucrema ynpasiiHHS
3araJibHONITaKOBUM oOnagHanHsM, CK]l — cucrema konTtpons nsuryHa, CBIIJ] — cuctema BUMiproBaHHs IIapaMeTpiB JBUTyHA

BukopucTaHHs cy4acHOi eleMeHTHOI 0a3H iCTOTHO
BIUIMHYJIO Ha KOHCTPYKTHUBHI 1 (YHKIIIOHAJIBHI 0COOIH-
BocTi moOymoBu amapatypu. Skmo B PEC nonepemnix
MOKOJIIHb OCHOBHMMHU €JIEMEHTaMU JJIsl OOYI0BH Oyiu
eNEeKTpOpajioeIeMeHTH (PE3UCTOpH, KOHJEHCATOPH,
pene, TPaH3UCTOPH, €IEKTPOHHI JIaMIM 1 iH.), CYKYI-
HiCTh skuX Oyna ykiajgeHa B OJIOKHM, TO B amaparypi
PEC HOBHMX THIIIB €IEKTPOPaIiOCICMEHTH, IO YTBO-
PIOIOTH ENIEKTPUYHY CXEMY, PO3MillleHi B Oinbln Jpio-
HUX eJIEMEHTaX — KOMipKaX, CyOOJIOKaxX.

Ha cyuacHoMy eTarri po3BUTKY pi3Ko 3pociia HacH-
YCHICTh amapaTypu 3aco0aMu OOYHCITIOBAJILHOI TEXHi-
Kd. Y HOBHX BHPOOax 3acCTOCOBYIOTBCS CIIelliai3oBaHi
MAIIMHA 1 00YHCITIOBANIbHI KOMIUIEKCH, Pi3HI 00YHUCITIO-
Bayi. OOpoOKa i mepeaaya NepeBa)kHOi YaCTUHH CUTHA-

JIB 3/11HCHIOETHCS B U(PPOBOMY BUTIISIII.

VY 3B’s13Ky 13 3actocyBanHsM IMC Ta HasiBHOIO Te-
HJICHIII€I0 10 CKOPOUEHHS Ta0apuTiB anapaTypyu 3HaYHO
i BUIYETHCS KIJBKICTh PaIioeIeKTPOHHUX EJICMEHTIB,
IO NMPUNAAAITh Ha KyOIYHMII caHTUMeTp 00’eMy ara-
patypu, IO CTBOPIOE OJATKOBI TPYIHOILII B JOTPH-
MaHHI HEOOXiZHOr0 TEIUIOBOTO PEXHUMY TpH POOOTI
PEA. 3pocna QyHKumioHaNbHa 3HAYUMICTH OXOJIOIKY-
BayiB noBiTpsi B PEC i BuMoru 1o sikocTi ix QyHKIioHY-
BaHHA. CBIYEHHSM IIHOI'O MOXKE CIY)KHUTH YacTKa He-

miarBepmkennx BigMoB TE3 Binm 3arampHOro 4ymcia
TE3, ski nOpUCHIAIOTBCS HA PEMOHT Ha 3aBOJU-
BUPOOHHKH.

Takum umHOM, 10 ckinany PEC cywacHux JiTakiB
BXO/ISITh Pi3HOMaHITHI Tpynu obnanHanHsI: PEA 3 Bu-
KOPHCTaHHSIM JUCKPETHHX €JIEMEHTIB, €JIeKTpOMEeXaHi-
YHi, MEXaHIYHi Ta iHII PUCTPOI, 110 XapaKTEePU3yIOTh-
csl pI3HUMHU MEXaHi3MaMH BiJIMOB, Pi3HUMH pecypcamH i
TEepMiHAMH CITY>KOH.

Ha cydacHoMy ertarti BUMiproBaHHS O€3BiIMOBHOC-
Ti BUPOOIB €IEKTPOHHOI TEXHIKH 3BOIUTHCS IO OI[IHKU
IHTCHCHUBHOCTI BiJMOB a00 HMOBIPHOCTiI O€3BiIMOBHOL
poboru B intepBani (0-1000 romun) a6o (0-5000 ro-
IIUH), 10 CTAHOBUTH MaJly YaCTKy HAMpAIIOBAHHS BH-
pobiB enextponHoi Texniku B PEC miraka. [Ipu mpomy
BHUKOPHUCTOBYETHCS MAPaMETPUYHUI METOMI OIIHKU IS
A(t) = const , TOOTO OILIIHKM TapameTpa A BiIOyBarOTh-
Csl TIpU eKCIIOHEHUINHIH (YHKIIT po3nojiny, Mo Npu-
3BOJIMTH JI0 TPYOHX 1 3aBUILNCHUX MPOTHO31B MOKA3HUKIB
0C3BIZIMOBHOCTI Ta € HETMPUHHATHUM JUIS BHPIIICHHS
3aBaaHb npoaorxeHHs pecypcy PEC mitaka.

Binbin ajmekBaTHI JBOMapaMeTpUYHI MOJECNTI Bij-
MOB TaKOX HENPUUHATHI, TOMY IO BHACIIJOK MaJol
CTaTHUCTHKH OLIHKU JBOX MapaMeTPiB MOXYTh IPU3BEC-
TH 70 BEJTUKHUX MOXUOOK. 3 BUKJIA/JIEHOTO BUILUIUBAE, IO
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3aCTOCYBaHHS TaK 3BaHHX CTPOT'O IMOBIpHICHUX METO/IB
OLIIHKM BHCOKOHQIIHHUX KOMIUIEKTYIOUHX EJIEMEHTIB i
KOMIUIEKTYIOUHX BHUPOOIB JUIs BUPILIEHHS 3aBJaHb IPO-
JIOBXKEHHSI PECYPCIB HE MPEICTABISIETHCS MOXKIHBUM.

AHani3 po6it 3 npoaos:xkenns pecypcis PEC qi-
TaKa Ta METOAMK PO3PAXyHKY MOKA3HHKIiB JOBIoOBi-
yHocTi. CyKynHiCTh poOIT 3 TPOAOBXKEHHS PECYpCiB
PEC nitaka 0o0ymMOBIIcHa HEOOXiTHICTIO 3a0€3MCUUTH
BiamoBiAHicTh noka3HUKIB skocti PEC 3amanum BUMO-
raM B IIPOIIECI TPUBAJIOI eKCILTyaTallii Ipy BCTAHOBIIE-
Hill CHCTeMi TEXHIYHOTO OOCITYTOBYBaHHS 1 PEMOHTY.

CykynHicTh po0iT 3 mponosxeHHs pecypciB PEC
TIOBUHHA BKJIIOYATH B cele:

— 30ip, aHawi3 i y3araJpbHEHHs HasBHOI iH(opMarlii
PO JIOBTOBIYHICTh 1 30epiraHHst BUPOOIB;

—omiaky TC BUpOOiB Ha MicCIPIX eKcIuTyaTtarmii i
PEMOHTY;

— IPOBEJCHHS JOCIIKCHB JIITAKIB B IIJIOMY 1 OITi-
HKy ix TC B nporeci i micis BUNpoOyBaHb;

— po30upaHHs BHUPOOIB Ha CKIAIOBI YaCTUHH 1
KOMIUIEKTYIO4i BUPOOH 1 omiHKy TexHiynoro crany (TC)
JIEMOHTOBAaHHUX CKJIAJIOBUX YaCTHH 1 KOMIUIEKTYIOUYHX
BUPOOIB;

— MPOBEJICHHs] BUIIPOOYBaHb CKJIAJOBUX YAaCTHH 1
KOMIUIEKTYIOUHMX BUp0OiB 1 ouinky ix TC B mporeci i
TTiCIIsl BUIIPOOYBaHb;

— MPOTHO3YBaHHSI TEXHIYHOI'O CTaHy BHPOOIB Ha
Mepiol TMPOJOBKCHHS, OIliHKA TEXHIKO-EKOHOMIYHOT
e(EeKTUBHOCTI TPOAOBXKEHHS 1 PO3pOOKY IPOEKTYy pi-
LIEHHS Ha MPOJIOBXKEHHS 1 IJIaHy 3aXofiB 100 3a0e3-
TIEYeHHS! eKCIUTyaTallii JliTaka Ha Mepio] POJOBKEHHS.

B pe3ynbTari BUKOHaHHS IIUX POOIT NMPUHMAIOTHCS
pIlIEHHS] PO TPOAOBXKEHHSI PECypCiB (TEPMIHIB CITYX-
6u) PEC i po3po0JIsIroThest 3aX0aU 100 3a0e3MeueHHS
i ekcruTyararii Ha IPOIOBKYBAaHHH TIEpPioI.

[Tix nponoBXeHHsIM pecypciB (TEPMiHIB CIIY>KOM)
JiTaKkiB OyaeMO PO3yMiTH pOOOTH, SIKi CIIBHO MPOBO-
JITBCS MANPUEMCTBAMH Ta OpraHi3allisiMH 3aMOBHHUKA
(excruryaTaHTa), po3pOOHHKA i BUPOOHUKA TI0:

— BH3HAYEHHIO MOXKJIMBOCTI eKcILTyaTalii BUpoOiB
3a MEXaMH TIOIEpe/IHhO BCTAHOBJICHUX 3HAYECHb MpH-
3HAYEHHX PECYPCIB 1 TEPMIHIB CIIy)KOM /10 PEMOHTY i
CIHCaHHS;

— po3polii Ta peaiizalli 3aXxomiB IIoao 3ade3rme-
YeHHs eKCIUTyaTalii BUpoOiB Ha MPOAOBKYBaHUI TIEPIO.

s ipoBezieHHsT poOIT 3 TPOJOBXKEHHSI PECYpCiB
PEC niTaka He0oOXiTHO iX HAayKOBO-METOIUYHE 3a0e3-
neyeHHs. [lepemik OCHOBHUX 3aBJaHb MPOJOBKEHHS
pecypciB PEC niTaka Ta X HEOOXiTHOro 3a0e3reueHHs
HaBenieHO Ha puc. 2, 3. Tak, 30kpema, METOJMKa po3pa-
XYHKY TpU3Ha4YeHUX TepMiHiB ciyxOu (pecypcis) PEC
JiTaka Ta iHIIMX BUPOOIB HE ONpanbOBaHa B JIOCTATHIH
Mipi, BEJIMYMHH NPU3HAYEHUX PECYpCiB ab0 TepMiHiB
CITyOU 3a/1a10ThCs, SIK MPABUIIO, 32 IJAHUMH NTOKa3HHUKIB
JTIOBTOBIYHOCTI aHaNOriB. [Ipu TakoMy Mmigxomi HEMOX-
JIMBO BpaxyBaTH OCOOJIMBOCTI HOBOI KOHCTPYKIii BUPO-
Oy, Horo HOBOi €JIEMEHTHOI 0a3W, IO Ja€ B I[JIOMY,
rpy0i OIIIHKA CEpPEeIHBOr0 abo TaMMa-BiJCOTKOBOTO
TEpMiHIB ciIy)kOu BUpoOy. B pe3yinbraTi BUKOHAHHS IUX
pOOIT BCTAHOBIIOETHCS TPH3HAYEHHH pecypc (TepMiH
Cyx0u) 10 peMoHTy. TpHBaluii TOCBIJ €KCILTyaTarlii
MOKa3ye, IO IMPU3HAYEHI TEPMIHU CIyxXOu (pecypcu)

3aHWKEHI, 110 MPHU3BOUTD JI0 HEOOX1MHOCTI BUKOHAHHS
MIEBHOTO 00CITy pOOIT 3 MPOMOBXKEHHS PECypCiB, IO
BUBEJICHHIO JliTaka 3 eKCIUTyaTalii Ha 4ac BHKOHAHHS
LUX POOIT, O PIlICHHIO 3aBJlaHb PO3PAXyHKY H OIIHKH
MOKA3HUKIB 3aJMIIKOBOrO pecypcy. [yt BHpimeHHs
3aladi TPOJOBXKCHHS PECypCiB HeoOXigHa po3podka
METOJMYHOTO anapaTy 3 pO3paxyHKY IOKa3HHUKIB 3aJIH-
IIKOBOTO pecypcy Ha MoMmeHT BupobneHHs PEC mitaka
MPU3HAYEHUX PECYpCIiB (TEPMIHIB CIY)XOH) 32 JaHUMH
iX ekcIuIyaTamii i ampiopHoi iHdopMarllii, o po3pooii
mporpam BUNpPoOyBaHb 1 OOTPYHTYBaHHS TUIAHIB BUIIPO-
OyBaHb 1 OIIHKM MMOKA3HUKIB JOBIOBIYHOCTI 3a pe3yib-
TaTaMu BUNPOOYBaHb.

Oco0nuBicTio 3aBaaHb MpoaoBxkeHHs pecypciB PEC
€ HEOOXIJIHICTh OI[IHKW HE TUTbKHM MOKa3HUKIB 3aJTUIIIKO-
BOTO PECYpPCY i KOHTPOJIIO BiAIIOBIIHOCTI BUPOOIB BUMO-
raMm HaJifHOCTI, aje 1 BU3HAYEHHS 3aXOiB 100 3a0e3-
neyeHHst excruryatanii PEC niTaka Ha NpogoBXyBaHHUH
niepion (puc. 4). B pe3yabTaTi IpoBeJCHHS pO3paxyHKIB,
TUIAaHYBaHHsI 1 MPOBEJIEHHS BHUIIPOOYBaHb 1 O0OpOOKH ix
pe3yJIbTaTiB MOBHHHI OYTH BU3Ha4€HI poOOTH: MO 3aMiHi
koMIuiekTytounx BupoOiB (KB), dyHKIiOHAIBHUX BY3IiB
(®B) Ha BUpPOOYM MTOTOYHOrO BHITYCKY, a00 Ha iX cydacHi
aHaJIOTH; 10 PEMOHTY OKPEMUX CKJIaJIOBUX YACTHH, (yH-
kuioHaneHUX cucteM (PC), @B i KB PEC nitaka.

3apaui npoaoBKeHHs
pecypcy PEC NA
T

1 T
Bubip cykynHocTi
npnaaTHX Ans
KOHTpoOrio
napameTpis, Lo
BU3HavaloTb TC

BcraHoBneHHs
o3Hak [MC PEC A,
KOMMIEKTY lounX OC, OB, Ta npasun
BUPo6iB, CKNAAOBUX Knacuoikalii BUAi8
vactn PEC NA nc

AHanis mexaHismis

AHania cpakropis, .
o piB, BiMOB

Lo BMMBAIOTb HA
TC PEC A, idoro
CKIMafoBKX YacTUH

I""—F’oapo6|<a metoamk || [®
po3paxyHKy

Pospotka
nporpamn Ta

Pospobka nporpamu

Pospobka MeToank N
Ta nnaHis

npusHaueHnx  H
CTPOKIB cryx6un | H
(pecypey) Ta ix

PO3paxyHKY NoKasHUKIB
3aMMLLIKOBOro pecypey
PEC JIA Ta it

BunpobysaHb Ans [
OL|iHKU NOKASHUKIB H
3aMMLIKOBOTO pecypey

nnaHis oLiHkn TC
Ta MNC PEC NA Ha
MicLax

CKNaA0BUX YacTUH PEC NA

KoperysaHHs ekcnnyarauii

T

Pospobka mexaHismy

NOAOBXEHHS pecypcy

M | Ans ogHoTMNHUX PEC

TA HacTynHux
BUNYCKIB

PPospobka meToanK
OL|iHKW MOKA3HWKIB
3aMNLLIKOBOTO
pecypcy PEC JTA
Ta 1i cKnagoBux
YacTuH

Poapobka MeToguk
OL|iHKW TEXHiKO-
€KOHOMIUHOro
edekTy
NOAOBKEHHS
pecypcy PEC J1A

™ Pospobka nnany
3axogis no
sabeaneyeHHI0
ekcnnyaTayii PEC NA
| Ha nepioa NoAOBKeHHS
pecypey

Puc. 2. [lepernik OCHOBHUX 3aBlIaHb
npozoxerHs pecypcis PEC mitaxa

PilweHHs Ha
NOLOBKEHHS

pecypey
|
[ I 1

T Hoi aHaueHHst
NPU3HAYEHNX PECYNCiB
Ta (abo) cTpokiB cryKbu,
NOKa3HWKIB AKOCTI
BUpObIB Ha nepiog,

MO OBKEHHS

B3aemHi 30608'a3aHHA
po3pobHuKa, BUpObHMKa
Ta 3aMOBHMKa Ha Nepiog,

MOLOBKEHHS

QcobnusocTi
excnnyarayji PEC 1A Ha
NePiof, NOLOBKEHHS

7
TMopsiA0K PO3MOBCIOLKEHHS
PiLLeHHs Ha OfHOTUNHI BMPOBK
HaCTYNMHWX BUMYCKiB

Pe3ynbTaTh OLiHKM TEXHIKO-
€KOHOMIYHOro echekTy Bif,
MO OBXKEHHS

Puc. 3. 3MicT CHiJIBHOrO pillIeHHS 3aMOBHHKA,
po3poOHKKa i BUPOOHHUKA HA MPOIOBKEHHS Pecypey

Binomi HaykoBi po3poOku B 1i# ramysi [5, 6] 3a-
CHOBaHi Ha CTPOTO IMOBIpHICHHX METOAAX PO3pPaxyHKY
moka3HukiB qoBroeigyHocTi PEC mitaka. ¥ mux poborax
nepen0avyaloThCsl BIIOMHUMHM ILIUIBHOCTI PO3IIOALTY Ha-
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npaioBanb Komiuiektytounx enaementiB (KE) mo Bin-
MOB, a00 3HaXOIAThCA IapaMETPU IbOTO 3aKOHY PO3IIO-
Ty TI0 HAKOMMYEHUM CTATHCTHYHUMH JAHHUMH PO

BiIMOBHM 32 BCTAHOBJICHHI TEPMIiH CITYKOH.

3axoau no sabesneueHHio ekcnnyatadii PEC A
Ha nepio NPOAOBXEHHS pecypcy

[

TPo6om no samini KB Ta
CKIaZOBMX YacTVH 3a
pesynbTaTamm oLiHKM ix
TC Ha BUpobU NOTOYHOTO
BunycKy abo ix cyyacHi
aHarnorn

lMpoBeseHHs peMOHTY
OKPEMMX CKITaZoBUX
yactuH Ta KB PEC JTA

KoperysaHHs KomnnekTis
3aracH1X YacTuH 3a
HOMEHKNaTYpoIo Ta
KINBKICTIO 3anacHnx
4acTuH i enemeHTiB

YTouHeHHa ob'emiB Ta
NEePIOANYHOCTI TEXHIYHOTO
obcnyroByBaHHs Ta
PEMOHTY

5 -
KoperysaHHs AKiCHUX

AaHuX (BennuuH
NOKa3HWKIB AKOCTi) Ta
eKcnnyaTayiiHux gaHux
(ocobnusocTi
ekcnnyarauii Ha nepiog,

TexHiko-ekoHOMIuHa
oLjiHka edexTy
NPOA,OBXKEHHS Pecypcy

NPOAOBKEHHS )

Puc. 4. Cxiag poOiT miaHy 3axofiB 00 3a0e3MeueHHs
excruryaranii PEC Jitaka Ha npozioBxyBaHHit riepiof

Jaui mis BigoMuX HIJIBHOCTEH PO3MOLTY Harpa-
moBanb KE nmo BigMoB (abo HampaimoBaHb CXEMHHX
MO3UIIH MK BiJMOBaMH) PO3PaxOBYIOThCS MapaMeTpH
MOTOKIB BiZMOB. Po3paxyHOk mapamerpa MHOTOKY Bif-
MoB 1ieBHOI cxemHoi no3unii PEC miTaka 31iicHIOETBCS
LIJISIXOM BUpIIIEHHS piBHSAHHS Bonbreppa

oal-zﬁ(t)+j'j§-(t—r)co,-(t)dt, (1)

0

i fl(t) — IIUIBHICTh PO3MOJITY HANpAIlOBaHHA | -1
CXEMHOI MO3HIIiT Ha BiJIMOBY.

Taxwuii miaxix nependadae HeOOMEKEHE YHCIIO MO-
BHUX BiJHOBJIEHb KOXHOI cxeMHOI nosurii PEC mitaka
3a MpHU3HaueHuil pecypc abo TepMiH ciyxOu. Ane mi
MPUMYIIEHHS HE BUKOHYIOTHCS U AESKAX CXEMHHX
TIO3UIIIH 3 HACTYITHUX NPUYNH:

— YUCJIO BIJJHOBJICHb IEBHOI CXEMHOI MO3MMii Ha
PO3TIITHYTOMY IHTEpBaJIi eKCIUTyaTalii oOMexeHa;

— BITHOBJIEHHSI PECYpCy CXEMHOI MO3MLii MOXe
OyTH pi3HOI TJTHOWHM: TTOBHHM, HEIOBHUM, MiHIMaJib-
HUM.

Jaii B Bizomux Meroaukax [1] 3nificHIOETBCS pO3-
paxyHOK mHapaMeTpa IOTOKY BiJIMOB OJHOPIIHUX TPYI
KE i po3paxyHok mapamerpa noroky BigmoB PEC uira-
Ka B IJIOMY [UISIXOM MiJICYMOBYBaHHS MapaMeTpiB Io-
ToKy BimMoB Bcix rpyn omHotunHux KE PEC mitaka.
Taxwii migxia nepeadadae CTPYKTYpHY CXeMy HaJlidHO-
cri PEC mitaka mocmigoBHowo. [Ipu mpomy 3miHEHHS
Bu3HadaneHuX napamerpiB (BII) ®C abo He BpaxoBy-
etbes [3], abo 3aiicHoeThest Ha piBHi KE numsixom mo-
JIAaHHS [IUTBHOCTI PO3MOALTY HAIpalloBaHb CXEMHHX
MO3MIINA MIXK BiIMOBAMHU BUIJISII CYIIEPIIO3UIIT SKCIIO-
HEHIIIaJIBHOTO 1 YCIYEHOT0 HOPMAaJIbHOTO PO3ITOIITY

(1-c)exp(~(1-T;) /207

(o)

fi (1) =k exp(—;t) +

ne A; — inteHcuBHicTh BiaMoB KE i -ro TumoHo-

Mminany; T; Ta o;

; — TIapaMeTpu HOPMAJIBHOI PO3MOALITY

HalpanrOBaHHA KE a0 HOCTyHOBO.I. BiI[MOBI/I; C¢; — KoOE-

(IIieHT BiAHOCHOI KiJBKOCTI PanTOBUX 1 ITOCTYHNOBHX
BimMoB KE i -ro TumoHoMiHay,

1 u
d)(u)=(x/ﬂ)_2_'[oexp —; dt .

3HaveHHs mapameTpiB 7; Ta G; 3HaXOAAThCS ue-

pe3 MaTeMaTW4HEe OYiKYBaHHS 1 CepelHbOKBAJpaTHIHE
BigxuieHHs1 BI1 KOMIUIEKTYIOUHX €IEMEHTIB IS Pi3HUX
MOMEHTIB 4acy B NpUIYIIEHHI, o (yHKIis 3mian BIl
JiHIlHA, a HOro 3HaYeHHs B OyIb-SKUH MOMEHT 4acy
pO3IIoAiIeHi 0 HOPMaJbHOMY 3aKOHy. Takuii MeTon
nepeabavae HassBHICTh 1 MOKITUBICTD KOHTpoIro BIT ms
koxkHoro KE a6o rpynu ognopinaux KE B BianoigHux
4acOBUX MEPETUHAX, a TAKOXK 3HAHHS BETHUUHU C; , SKa,
mo-Tepiie, € QYHKIIEW 4Yacy, [0 HE BPaXOBYETHCI Y
¢dopmymi (1.2), i, mo-apyre, cHocoOU OLIHKH ¢; HE Bi-
JoMi, a epeadadyBaHi A1l KOPUCTYBaHHS KoeillieHTH
¢; [48] € opieHTOBHUMU 1 HE NPUAATHUMHM IS TIPOBeE-

JIeHHs pO3paxyHKiB moka3HukiB 3P. Po3paxyHok mokas-
HUKIB TOBMOBIYHOCTI IO TaKifl cXeMi He MPUAATHHHA IS
BHUpILIIEHHS 3aBJaHb NpoaoBxkeHHs pecypciB PEC irta-
Ka, TOMY HIO:

— Opi€HTOBaHHWW, B OCHOBHOMY, Ha IOCIHiJJOBHY
cTpykTypHy cxemy Haniiinocti (CCH), a6o Ha iHmy
CTPYKTYPHY CXeMY HaJIHHOCTI aje 3 BIJOMUMH Koedi-
HieHTaMH (DYHKI[IOHAJIBHOI 3HAYYIOCTi, TOYHICTh SKHX
HeBigoMa;

— OaratopiBHeBa cTpykTypa PEC mitaka BpaxoBy-
€TBCSl CIIPOIIEHO, TOOTO TIPEICTABISETHCS Y BHUIIISIL
CYKYITHOCTI NI€BHUM YHHOM 3’€HaHHX 3 TOYKH 30pYy
namitinocti KE;

— Ma€ BeJIMKI MMOXUOKH PO3paxyHKy mapaMeTpa Io-
ToKy BimMoB PEC JiTaka i MOKa3HHKIB JOBTOBIYHOCTI.

OCHOBHI BIIMIHHOCTI TIXO/Y /10 PO3PaxyHKy MO-
ka3HuKiB foBrosiyHocti PEC mitaka 10 oOrpyHTyBaHHS
o0csriB X TIIAHOBMX PEMOHTIB, 3alpOIIOHOBAHOTO B
[89], monsrae B eKCIEpUMEHTAIBHINA OIIHII IITEHOCTI
pO3TONIIY HampalfoBaHHsS IEBHOI CXEMHOI MO3MINT Ha
BiIMOBY 3a JIaHHMMH EKCIUTyaTalii y BUINISIl CYIepIio-
3MIIT TPHOX MILIBHOCTEH PO3MOIITY:

L) =ah(t)+efr(t)+ars(t), 3

xe f;(f ) — WinbHicTh PO3MOALTY KaJeHIAPHOT TpHBa-
socti pobiT KE 10 BiAMOBM mij Ji€t0 BUPOOHUYHX Jie-
¢exriB (i=1), BUNAAKOBUX EKCIUTyaTal[iiHUX HaBaH-
TakeHb (i =2 ) 1 crapinns (i = 3) BIANOBIAHO;
¢; — BaroBi Koe(illieHTH, 0 XapaKTepU3yITh Ya-
crky BimmoB KE mo mepmriif, npyriit i Tperiii npudyuHa-
3
MU BIAMOBIIHO, IPUIOMY ch- =1.
i=1
[l BigMOB, 00yMOBIIEHHX JleeKTaMKi BUPOOHHII-
TBa, IIIBHICTh PONOAILY f (t) MIPONOHYETHCS alpOK-
CUMYBaTH po3nojaiyioM Belidymia abo eKkCroHeHIlalb-
HHM 3 IIapameTpoM A, . 114 BigMOB, 00yMOBIICHUX CTa-

PIHHSIM, — HOPMaJIBHUI PO3IIOLT 3 MATEMaTUYHUM OYi-
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KyBaHHAM M3 1 CEpelHbOKBAJPATUYHUM BiIXUICHHAM
63 abo posnoxin Beitbymna. BinMoBu, 3yMoBIIeHi Hi€ro
BHUIIaJIKOBUX EKCIUTyaTalliiHUX HaBaHTaXKEHb, IPOIIOHY-
€TbCSl ONKMCYBAaTH EKCIOHEHIIAIbHUM DPO3MOIIIOM 3
apaMeTpoM A, .

TeopernyHa IIiIBHICTH PO3MOMLTY, MPEACTABICHA
y BUIJSIII CyMIllll €KCIOHEHIIaJIbHOTO 1 HOPMAaJIbHOTO
PO3IOALTIB, 100pe anpoOKCHUMYE eMITipUYHY HIUIBHICTH
posnoniny. IlpupomHO, MO OTPUMAaHI TAKHMM YUHOM
LIUTBHOCTI po3noainy HampamtoBanb KE 10 BiaMoB €
yCepeaqHeHUMMHU MO BCili MHOXuHI omHoTumHuX KE B
KO)KHOMY BHpPOOI 1 1o BCiX BHpoOax. Bigomo, 1m0 ymoBu
i pexxumu QyHkuionyBanus opHotunHUX KE B pi3HmX
(YHKIIOHAJBHUX BY3JIaX 1 CHCTEMax JIiTaka BiJpi3Hs-
10Thcsl. KpiM 11b0Oro, it OIIHKH MIXKPEMOHTHHUX TepMi-
HIB eKCIUTyaTallil JiiTaka MpH 3alaHiil TPUBAIOCTI eKC-
TUTyaTalii ¢, ciif 3aCTOCOBYBAaTH KOe(illieHT TOTOBHO-

CTi JIiTaKa, M0 PO3PaXOBYETHCS 38 (HOPMYIIOHO:

-1

k k
K, =14 T,o;(t)| -exp|—t, > 0;(t)], (4
i=1 i=1

Jle XapaKTepucTHKa ®(f) BH3HAYCHA IS OJXHAKOBHX
HAMpAIfOBaHb f; k — KINBKICTh OMHOTHITHHX TPYII
KOMIUIEKTYIOUHX eleMeHTiB; T,; — cepenHii Jac BigHO-
BieHHs i -1 rpymu KE.

Jns npusenenHsa koedinienta K, 00 KaleHIap-
HUX OJIMHHI[b YaCy BUKOPUCTOBYEMO HACTYIIHUH BUpa3:

k

exp —;{—EZ@I- ()], &

6 i=1

1

k)=
1+?ZT61'031' (%)

6 =1

e K, — xoedillieHT BUKOPUCTAaHHS anapaTypH Iij Ha-
BaHTa)KeHHsM, a ¢, = 1/K, .

3 HaBeleHWX CIHIBBIJHOIIEHb BUILTUBAE, IO BCi
rpynu KE 3HaxopmsiThbcsi OMHAKOBHH Yac il HaBaHTa-
eHHsM. Binomo, mo piyne HanpamoBaHHs pizHux ©C
BiJIPI3HSETHCS, IO 3yMOBJICHO 1X Pi3HOIO 0€3BiIMOBHIC-
TIO, PI3HUM BHUKOPHCTAHHSM, PI3HUM BKIIIOYEHHSIM TIPH
BITHOBJICHHI MpaIe3JaTHOCTI Ta 3 IHIKMX mpuduH. Kpim
ILOT'0, IHTCHCUBHOCTI BHKOpUCTaHHs pisHux OB, Oo-
kiB, KE Tak caMo iCTOTHO pO3Pi3HSIOTHCS.

Crij 3a3Ha4YMTH, O PO3PAXYHKH HECTAIllOHAPHUX
Koe(illieHTIB TOTOBHOCTI, IO MPOBOASATHCS 32 (opmy-
namu (4), (5), Tak caMo € HaOJIMKEHNMH, TaK K IIPOBO-
JIATHCS IO CITIBBIIHOIICHHIO IS CTaIliOHAPHOTo Koedi-
Li€EHTa TOTOBHOCTI, IUIS OJHOTO PEXUMY (YHKIIIOHY-
BanHsa KE, npu sikomy BimmoBa oxHoro KE npusBoauTh
JI0 TIPUMUHEHHs] (QYHKIIOHYBaHHS IHIIUX JO MOMEHTY
Bignosnenns KE, axuii BiIMOBHB.

[MoxnOku Takux po3paxyHKIB ITOKa3HUKA JTOBIOBi-
yHocTi PEC niTaka BaKKO OI[IHHUTH, i, OTXKE, BUKOpPHUC-
TaHHS TAaKOl METOAMKH JIsI PO3PaxyHKIB TOKa3HHKIB
sanuikoBoro pecypcy PEC e nmpobneMaTHUHUM.

TakuM 4YMHOM, BiIOMHM METOJHMKaM DPO3PaXYHKY
nokaszHuka aoBroeiuyHocti PEC mitaka Ta iHIIMX TeXHi-
YHUX CHCTEM IPUTAMaHHI HACTYITHI HETOMIKH:

— PO3paxyHOK MapaMeTpiB MOTOKY BIIMOB CXEM-
HUX TIO3UIH Tependayae MOXIMBICTE HEOOMEXKEHOTO
YyciIa IOBHUX BiJHOBIICHb 32 MPU3HAYCHHHA pecypc abo
tepMmiH ciyxOu PEC miTaka, mo He BUKOHYETbCS IS
6inemiocti tumis KE PEC;

— pO3paxyHOK mapamerpiB moToky BigMoB PEC mi-
Taka, mo momaerees cykymHicTio KE, mepembauae B
ocHOBHOMY, TociigoBHy CCH, aGo iHmy cTpyKTypHY
cXeMy HaJiHHOCTI ane 3 BijoMuMH KoedilieHTamu ¢y-
HKI[IOHAJIbHOT 3HAYYIOCTi, TOUYHICTh BU3HAYEHHS SKHX
HeBifgoma. [Ipu mpomy OaratopiBHeBa cTpykTypa PEC
JiTaka, pizHi pexxumu QyHkiionyBanns ©C, By3niB npu
BiJTHOBJICHHI MPAIE3IaTHOCTI, TPEHYBaHHSX OIIEPATOPIB
1 IHIIUX poOOTaX BPaxOBYETHCS CIPOLICHO;

—TIIpH pO3paxyHKaxX IIOKa3HUKIB JIOBTOBIYHOCTI
napamerpuyHa HafiHicTs PEC niTaka abo He BpaxoBy-
€TbCsl, a0 i BIUIMB BPaxOBYETHCS OPIEHTOBHO 3 BEIH-
KAMH MTOXUOKaMH Ha PiBHI KOMIUIEKTYIOUHX BUPOOIB;

— METO/IMKH PO3PaxyHKYy IOKa3HHKIB JIOBI'OBI4HO-
CTi, SIK TPaBHWJIO, OPIEHTOBAHI Ha 3aCTOCYBAHHS YUCTO
IMOBIpHICHHX Mojenei 6e3BimMoBHocTi KB 1 Hakomu-
YEeHHX JaHUX Npo X BiAMOBH 3a NMpHU3HAYEHHUH TEPMiH
ciyOu 0 BCbOMY HapKy OJHOTHITHHX cucteM. Hase-
JIeHl METOIMKU MAalOTh BEIUKI MOXMOKU 1 HE J103BOJIA-
I0Th KOPEKTHO ITPOBOAMTH PO3paxyHKH NMOKa3HUKIB 3P
PEC nitaka, 1o BUpoOHIN NPU3HAYESHUH TEPMIH CITYXK-
0w, 3 ypaxyBaHHsIM ix ¢aktrunoro TC i piBHS HajailHO-
CTi.

VY 3B’s13Ky 3 UM c(popMyiTbOBaHa OCHOBHA HAaYKO-
BO-TEXHIYHA 3ajaya pPO3POOKH HayKOBO-METOJMYHOTO
amapary sl pO3paxyHKY ITOKa3HHKIB 3aJIMIIKOBOTO
pecypcy PEC nitaka, mo BupoOHIM Npu3HauYeHUH Tep-
MiH CIIy)KOM, 3 ypaxyBaHHSIM iX (PaKTUYHOTO CTaHy i
PiBHSI HaTiHHOCTI.

BupinieHHs 1poro 3aBiaHHs 3BOJUTHCS O BUpI-
LIIEHHSI HACTYITHUX B3a€MOIOB’I3aHUX OKPEMHX 3a/1au:

1. Ananiz po6it 3 nponosxkeHHs pecypciB PEC mi-
TakiB 1 po3poOKa 3arajbHUX MOJIOKEHb MIOA0 pO3paxy-
HKY 3aJIMIIKOBOTO Pecypcy.

2. Po3poOka MaTeMaTHYHUX MOJEIICH IMOTOKIB Bi-
mmoB KB PEC miTaka, siki BpaXxoBYIOTh C(OpPMYIbOBaHi
BHIIC OCOOMBOCTI HOT0 (DYHKITIOHYBaHHS.

3. Po3poOka MaTeMaTWYHUX MOJENEH i po3pa-
XYHKY TIOKa3HHKIB 3QJIMIIIKOBOTO PECYPCY 1 3aJIMIIKOBO-
ro HanpamoBanus KB, ®B i ®C PEC nitaka.

4. Po3poOka METOIMKH PO3PaxyHKy IOKa3HHKIB
3anumikoBoro pecypcy PEC mitaka ta #ioro ©C, mpo
JIO3BOJISIE BUPINIYBATH 3aBJaHHS MPOJIOBKEHHS pecyp-
CiB.

3a3HayeHa MOCIIJIOBHICTh pIlllEeHHST HayKOBOI 3a-
Jlavi BU3HAYa€ CTPYKTYPY AUCEPTAIiiHOT poOOTH.

BucHoBku

1. [IpoBenennii ananiz PEC mitaka sk o00’ekra
eKCIUTyaTallil Ta BHU3HAYCHHS 3aJMIIKOBOTO PECypCy
JTO3BOJIMB BHUIUIUTH HACTYITHI OCOOIMBOCTI:

— pI3HOpIOHUI CKJIaJ aBIOHIKH JliTaka 3a KOHCTPY-
KTUBHUM BUKOHAHHSIM Ta CKJIAIy 3 IIUPOKHUM 3aCTOCY-
BaHHSAM CY4acCHOI €JIEMCHTHOI 0a3u;

— HAsABHICTh 3HAYHMX 3araciB HAMIMHOCTI, SIKI BU-
TpavyaroThCs B MPOIEC] TPUBAJIOI eKCILTyaTalii, i Tpy:a-
HOIII BUBYCHHSA (Di3HUHHX IPOIECIB, IO TMEPESIYIOThH
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BUHUKHEHHIO BiaMoB PEC, HeMOXJIMBICTH MOOYIOBH
YHIBEpCAJIbHUX MaTeMaTHYHUX MOJENEH BHUTpaTH Ma-
paMeTpU4HOI HaJMIpHOCTI;

— IIMPOKE 3aCTOCYBaHHs arapaTypy B MiKpoOenek-
TPOHHOMY BHKOHAHHI, II0 OOYMOBIIIOE TPYIHOIII BHMi-
proBaHHs ii 0€3BiIMOBHOCTI Ta POOUTH HENPUHHATHUM
3aCTOCYBaHHS CTPOrO IMOBIPHICHHX METOIIB OIIHKH
MMOKAa3HUKIB 11 HaMIHHOCTI;

— 30UTBIICHHS YACTKM CXEMHHUX TMO3MIIN (KOMILTEe-
krytounx enemeHtiB) PEC iiTaka, siki mporsiroM mnpu-
3HAYCHOTO CTPOKY CIIY)KOM HE BiIMOBJISIOTH, a0O0 Bil-
MOBJISIFOTH HE O1JIbIIIe OHOTO-BOX pas3iB;

— IIMPOKUH CHEKTP KOMIUICKTYIOUHMX EJIEMEHTIB 1
PI3HOMaHITHICTh MEXaHI3MiB BiIMOB ITiJl BILTHBOM KOM-
TUIEKCY eKCILUTyaTalliiHUX HaBaHTaXEHb.

2. [IpoBenenuii ananiz poOIT 3 MPOJOBKEHHS pe-
CypciB JliTaka MOKa3ye Ha BiJCYTHICTh B JaHHMH Yac ix
JIOCKOHAJIOTO ~ HayKOBO-METOAMYHOTO  3a0e3IeyYeHHsI.
[NokazaHo, mo M1 epeKTUBHOr0 B HOBUX YMOBaX BH-
pillleHHs] 3aBJaHb IPOJOBXKEHHS pPECypciB HeoOXimHa
PO3p0o0Ka METOAUYHOTO arapary:

— 3 pO3paxyHKY ITOKa3HHUKIB 3aJIMIIKOBOTO PECYPCY
Ha MOMEHT BUPOOJICHHSI ITPU3HAYEHOT'0 PECYpCY;

— 10 po3pol1i mporpaM BHUIIPOOyBaHb, OOIPYHTY-
BaHHIO IUIAHIB BUNPOOYBaHb Ta OLIHKH ITOKAa3HHUKIB 3a-

nuikoBoro pecypey PEC nitaka 3a pe3ynbTaTaMu BH-
poOyBaHb;

— TI0 PO3pOOIIi 3aXOiB ISl MiATPUMKH Mpare3aat-
HOCTI 1 HaJIMHOCTI JliTaka Ha MOMOBXKEHHI Mepios eKc-
IUTyaTanii Ta Mo OIiHIN 1X TEXHIKO-€KOHOMIYHOI edek-
TUBHOCTI.

3. AHaJi3 METOIHUK i METOIIB PO3PaxyHKy IOKa3-
HukiB noBropiydocti PEC miTaka Bkasye Ha Taki Hemo-
JKK:

— pO3paxyHOK MmapamMeTpa moToky Biamo PEC mi-
Taka Iepeabdavyae HEOOMEKEHE YMCIIO TOBHUX BiTHOB-
JICHb CXEMHHUX TO3WIIH 3a MpU3HAYEHHH pecypc ado
TepMiH ciyx0u, nocnigosHy CCH, cripomieHo BpaxoBye
OararopiBaeBy cTpykrypy PEC mitaka, pexxumu QyHk-
uionyBanss oro ®C, ®B npu BigHOBIEHHI Mpane3ia-
THOCTI, TPEHYBaHHSX Ta IHIIMX podoTax;

—TIIpH pO3paxyHKaxX IIOKa3HUKIB JIOBTOBIYHOCTI
napamerpuyHa HafiHicTs PEC niTaka abo He BpaxoBy-
€TbCsl, 200 T1 BIUIMB BPaxOBYETHCS TPYy0O, 3 BEIHKUMHU
MOXUOKaMHU Ha PiBHI KOMIUIEKTYIOUHX EIEMEHTIB;

— METO/IMKH PO3PaxyHKy IOKa3HHWKIB JIOBI'OBIYHO-
CTi HE JIO3BOJISIIOTH KOPEKTHO IMPOBOAUTH PO3PAXYHKH
MMOKA3HMKIB 3aiuiikoBoro pecypcy PEC mitaka, 1o
BUPOOMIIM TIPU3HAYEHUH TEpMiH CIIy)Ou, 3 ypaxyBaH-
HSM iX (pakTHYHOrO CTaHy i piBHS HaIIHHOCTI.
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Analysis of the radio electronic system
of the airplane as an object for extending the life

S. Haievskyi, S. Balakireva, D. Komarov, V. Yavtushenko

Abstract. The subject matter of the article is the functioning processes of the electronic system of a modern aircraft,
its components and functional units as an object of operation and determination of residual life. The goal is the analysis of the
existing methodological apparatus used to calculate the durability indicators and the possibility of extending the assigned
service life of the aircraft electronic system. The tasks: to analyze the contradictions in the practice of assessing the residual
life of the aircraft electronic system; to analyze the scientific and methodological apparatus used to evaluate it. The methods
analyzed are: parametric methods and probabilistic methods for evaluating the uptime. Analyzed methods are: parametric
methods and probabilistic methods for evaluating uptime The following results were obtained: The analysis of the aircraft
electronic system and work to extend its life. Conclusions. As a result of consideration of existing methods for calculating the
durability of the aircraft electronic system, factors were identified that affect the need to improve the existing scientific and
methodological apparatus used to solve these problems.

Keywords: residual life, aircraft, life extension, electronic system, technical condition.
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PO3POBJIEHHA CYYACHOI CHCTEMHU ABTOMATHUYHOI'O KEPYBAHHSA
EJIEKTPOIIPUBOAOM BETOHOPO3JJABAYA

AnoTanis. [IpoananiyBaBum ocoOIMBOCTI KOHCTPYKLIi, NPUHIMI POOOTH Ta €JICKTPONPHUBOA OETOHOPO3/aBaya THILY
CMIX-69A, aBTOpH NPHUILIUIM 0 BUCHOBKY, 110 HAHO1IbII rocTpo noTpedye MojepHizanii MexaHi3M NepeMillleHHs [IbOro
MPHUCTPOIO Ta cUcTeMa Horo kepyBaHHs. JIJist MiJBUILECHHS e(EeKTHUBHOCTI pOOOTH 3alPONIOHOBAHO 3aCTOCYBATH YaCTOTHO-
PEryIbOBaHUN €JIEKTPOINPUBOJ] MEXaHi3My nepeMileHHs Ha 6a3i A/ 3 KOpOTKO3aMKHEHHM poTopoM. PexomeHnoBaHoO 3a-
MIHUTH 3aCTapiInii IPUBOJ NEPECYBAaHHS Y BUIIIIl IBUI'YHA, PEAYKTOPA i JAHLIOTOBOI Iepeadi Ha MOTOP-PELyKTOp, 10
JIO3BOJIMTH 3BUIBHUTH MICLIE JUISl BCTAHOBJICHHS KOHTPOJIEPIB Ta 1HIIOro 00JaHAHHSA CUCTEMU aBTOMaTHYHOTO KEPYBAaHHS.
Jlnst MexaHi3My nepecyBaHHs 6€TOHOpO3JaBaua 0OpaHO Cy4acHUI MOTOP-PELyKTOp, PO3poliieHa cXxeMa KepyBaHHS elleK-
TporpusonoM Ha 6a3i IIJIK. IIporonyeTbcs 3acTOCYyBaTH TEH30METPUYHHIA METOI 3Ba’KyBaHHS OETOHHOI CyMillli, JUIS 4YOro
OyHKep 3 OETOHHOIO MacO BCTaHOBJIIOEThCS HA TeH30AaTuukax. Ilpu 3amoBHEHHI OyHKepa OeTOHOpO3aaBaya JI0 MEBHOL
MAacH CHI'HaJl 3 TeH30JaTUMKIB HaJIXOAUTh HA KOHTPOJIEP, MiCisA 4Oro INporpaMa MOYMHAE MpaloBaTi. BXigHUM curHaiom
€ Maca OeTOHHOI CyMmilli, IO NMOAAEThC B OyHKEp, a BUXIJHUM — HAIpyra, sIKa MOJA€ThCS HA KOHTPOJEp, a MOTiM, Yepe3
[IePETBOPIOBAY YaCTOTH, HA 00'EKT YIIpaBIIiHHS — IPUBiA IIepecyBaHHs OeTOHOpo3aaBaya. Kepyrounm BILIMBOM 00’ €KTa Ke-
pysanns (OK) siBisieTbCsl HaNpyTa, IO MOAAETHCS HA MOTOP-PEYKTOP, a 30ypIOBaJIbHIM BIUIMBOM — CHJIA CTATUYHOIO Ha-
BaHTa)XKEHHS BiJl Baru OETOHOpO3/aBaya, Bark OETOHHOI CyMilli B OyHKEpi Ta CHIIM OIOpY PO3PiBHIOIOYOro NpUCTporo. Po-
3pobseHa MatemarnuHa mozens OK, 3a momoMororo sikoi IpoBEIeH! DOCIIDKEHHs MepexXiHUX MPOoLEciB 00’ €KTy Kepy-
BaHHS [UISIXOM 3MiHH KEepPyIO4Oro Ta 30ypIOBAJILHOIO BIUIMBIB. AHaji3 MEpexiJHUX MpOIECIB JOBIB Ipale3faTHICTh Ta
SKICTh CHCTEMHU KepyBaHHA. Po3pobiieHnii aroput™ (QpyHKLIIOHYBAHHS CUCTEMU aBTOMaTUYHOI'0 KepyBaHHsA O€TOHOPO3/a-
BaveM, Ha 0a3i sikoro modynosana nporpama urst IIJIK. TlpoBenena Texniuna peanizanis CAK, oOpani HeoOXinHI erxeMeH-
TH Ta npuctpoi. PozpaxoBana aBropamMu eKOHOMIUHa €EKTUBHICTH BiJl IPOBEIECHOI MOJIEpHI3allii JoBena ii JOIUIBHICTb.

Karw4doBi caoBa: cucrema kepyBaHHs, O€TOHOPO3/1aBay, TCH30IaTYHK, MATEMaTHYHA MOJIEIIb, 30ypeHHSI.

IMocTanoBka npod.aemMu

MexaHni3allis Ta aBTOMaTH3AIlis MPOIeCy yKJIaaaH-
Hs OeToHy B (popMy O3BOJISIE 3HAYHO ITiIBUIUTH IIPO-
JlyKTUBHICTh, CIIPOCTUTH POOOTY JIIOJMHH, MONIMIIATH
SIKICTh BHPOOIB, IO BUIYCKaroThcsl. Hamr wac xapakre-
pHU3YEThCS MIMPOKUM 3IHCHEHHSIM aBTOMAaTH3alil BH-
poOHUNTBA Ha 0a3i BUKOPUCTAHHS IPOTPaMOBaHHUX
JoriyHuX KoHTponepiB. Llei mporpec TOpkHYBcs i
MIPOMUCIIOBOCTI  OyIiBENPHHX MaTepiajiiB, 30Kpema
0eTOHOPO31aBaYiB i BAPOOHUIITBA OCTOHHUX BUPOODIB.

[pupict BUpOOHHUITBa OETOHHUX BUPOOIB IOBH-
HEH BiIOyBaTHUCA 32 PaXyHOK €(EeKTUBHILIOIO BUKOPHUC-
TaHHS BHPOOHWYUX TOTY)KHOCTEH 3ai1i300€TOHHOTO
BupoOHuuTBa (36B), a moninmenHs SKOCTI NPOAYKINT —
3a PaxyHOK BIOCKOHAJICHHs TexHoorii. [l peamizarii
i€l MeTH HeoOX1MHO ocHACTUTH 3aBoau 3BB cywyacHuM
BHCOKOITPOYKTUBHUM TEXHOJIOTTYHUM O0JIaTHAHHSIM.

OcHamenss 3aBoniB 3bB mpoBoauthscs 3a paxy-
HOK NpuAOaHHS HOBOTO BHUCOKOIPOAYKTHBHOT'O TEXHO-
JIOTIYHOr0 O0JIaJIHAHHS Ta 32 JOMIOMOTOI0 MOJAEpHi3aii
3acrapiioro. MojaepHizarllisi MEXaHIYHOT'O O0JIaTHAHHSA 3
MOAAJBIIO aBTOMATH3AI€I0 TEPETBOPIOE 3acTapije
o0JiaJiHaHHS Ha Cy4yacHe 3 OULIBII HU3BKOI BapTICTIO Y
MIOPiBHSIHHI 3 HOBUM.

MopnepHizalisi POBOANUTHCS TaKUM YHMHOM: BCTa-
HOBJIIOIOTH IIPUBOIM 3 MEHIIOI EHEPrOEMHICTIO ale 3
OUIBIIMMU KPYTHUMH MOMEHTaMH, TOOTO 3aMiHIOIOThH
3aCTapuINil IPUBOJ] HA CYYaCHUH 3 BiJIIOBIIHOIO CHUCTE-
MOIO aBTOMAaTW3allii. 3MiHAa 3acTapiiuX MPUBOIIB JO-
3BOJISIE 3BIIBHUTU MicCIie /ISl BCTAHOBIICHHSI KOHTpOJIe-
piB, JaT4MKiB, MEPETBOPIOBAYIB YaCTOTH, THM CaMHUM
BJJOCKOHAJIUTH CUCTEMY.

AHani3 ocTaHHIX AocaigkeHb i myOaikanii. B
JIOCITIJPKEHHI BUKOPHCTaHA HU3KA JDKEPEN, B SIKUX PO3T-
JITHYTI OCHOBHI NUTaHHS yKJaJaHHS OETOHY Ta 3acTo-
CyBaHHSI HOBITHBOTO €JIEKTPOTEXHIYHOTO OOJIaIHAHHS.
B poGotax [1-3] pO3KpHTI NMUTaHHS BUTOTOBJICHHS Ta
BIPOBA/PKECHHS B OOIr HOBHMX BHJIIB OCTOpPO31aBadiB,
NIPUBENIEHI  XapaKTepUCTHKH CEpIHHOro  miTioMHO-
TpaHcropTHOro obyagHanHsa. OcobiuBa yBara IpHILIs-
€TbCsl 00JIa/IHAHHIO, PO3POOJICHOMY B OCTaHHI poku. B
JDKepenax JiaHi peKoMeHJanii mo BHOOpY o0JaTHaHHS
Ul MeXaHi3alil TPYIOMICTKHX 3aBaHTa)KyBaJbHO-
PO3BaHTaXYBAJIBHUX Ta TPAHCIOPTHUX podiT. B pobdo-
Tax [4-7] mocmimkeHi MOXIIMBOCTI aBTOMaTH3alii Tex-
HOJIOTIYHOTO MPOIECY YKIaJaHHs OETOHY, SK OTHOMY 3
Ba)UTUBHX JJISI PO3BUTKY Cy4acHOi Oy/iBeTbHOI IPOMHU-
cnoBocti. [Ipy oMy ocoOnuBa yBara NPHIUISETHCS
3aco0aM aBTOMAaTH3allii Uil pPealbHUX TEXHOJIOTTYHHX
PO3YMHIB Ta PEXUMIB poOOTH 00JIaJHAHHS B MPOIECI
BupoOHMLITBa. HaBeneHi cydacHi cUCTeMH KepyBaHHS, B
TOMY YHCIIi, 3 BUKOPHUCTAHHIM OOYMCIFOBAIBHOI TEXHi-
ku. Y mifpy4Hukax [8-9] po3KpUBarOTHCS MHUTAHHS elie-
KTPOIPHUBOJIa Ta aBTOMAaTH3allii POOOYMX PEXHUMIB TH-
MOBUX MPOMHUCIIOBUX MEXaHI3MIB HENEepepBHOI Ta IIUK-
JIYHOI 1ii. 3arajbHi MOJOKEHHS JOTIOBHIOIOTHCS aHai-
30M OKPEMHX CXEM €JIEKTPOIPHUBOAA MEXaHI3MIB Pi3HUX
MallliH, YCTAaHOBOK Ta TEXHOJIOTYHMX KOMIUIEKCIB. Bu-
KJIAJEHO OCOOJMBOCTI €ICKTPOMEXaHIYHUX CHCTEM aB-
TOMaTH3allii Ta X HalBaXKJIMBILIOTO BUAY — €JIEKTpOMe-
XaHIYHUX CHUCTEM aBTOMAaTHYHOTO KEpYBaHHS; OOTpyH-
TOBaHO HEOOXIIHICTh 3aCTOCYBaHHSI CUCTEMHOTO ITiAXO0-
Ity TiJ1 Yac BUBYEHHS LIUX CHCTEM 3 BPaxyBaHHIM 0COO-
JIMBOCTEH TEXHOJIOTIYHMX 00’€KTIB KEpyBaHHS, BIACTH-
BOCTEH pI3HHX BH[IIB €IEKTPONPHUBOAIB. Po3risHyTO
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B3a€MOBIUTUB TEXHOJIOTIYHUX O0’E€KTIB Ta eNeKTPOIpH-
BOJIIB y CHCTEMi aBTOMAaTUYHOTO KEpyBaHHS; KJIACHYHI
Ta Cy4acHi KepOBaHI EJIEKTPONPHUBOJM i3 3aCTOCYBaH-
HSIM HOBITHIX METOJIIB KepyBaHHS; 3arajibHi TEXHiKO-
€KOHOMIYHI Ta eKCIUTyaTalliiHi MUTaHHI: eHepro3oepe-
JKCHHS, 3aCTOCYBaHHS EKCTpeMallbHHX eHepro3oepira-
I0YHMX CHCTEM, 3aXUCTY, NIarHOCTUKU T4 MOHITOPHHTY.

[pu anamnizi JiTepaTypHUX JKepen Mo TeMi MOXKHa
3pOOWTH BHCHOBOK, IO NMUTAHHS MPOLECY YKJIAIaHHS
0ETOHY HEJOCTATHHO JOCIIKEHI, KOHTPOJIb KiIBKOCTI
O0eroHy a0o BiACyTHIH, ab0 HemocTaTHid. IIpakTH4HO
BiJICYTHI JJaHi PO BUKOPUCTAHHS 4aCTOTHO-PEryJIbOBa-
HOT'O €JIEKTPOIPUBOAY B TEXHOJIOTI] YKIIaJIaHHs OETOHY.
Mano iHdopmauii mpo 3ajexHiCTh HAAIWHOCTI YKia-
naHHs OETOHY BiJ SIKOCTI KepyBaHHS IEpeMIilleHHSIM
0eToHOpO3aBaya.

Meta cTatTi - aHai3, MOJIEpHI3allis Ta aBTOMa-
TU3Allisl JUITHKH yKIaJaHHs OeToHy B (opMHu Ta min-
BUIIIEHHS MTPOJYKTUBHOCTI pOOOTH 32 PaxyHOK MOZEp-
Hizanii 6eToHopo3naBada tury CMXK-69A, a came erne-
KTPOIPHBOJIa MEXaHI3MY HOI'0 MepeMilleHHsI.

OCHOBHA YacTHHA

BeroHopo3naBau — 1ie mpHUCTpil, 110 BUgae OETOH-
Hy cyMill y ¢opmy Ta pospiBHioe ii npu GopmyBaHHI
0araTonyCTOTHUX MaHeNel MEePEeKPUTTIB JKUTIOBUX OY-
JIBENb Ta IHIIMX OMHOIIAPOBHX 3a1i300€TOHHUX BHPO-
0iB. Pama OeToHOpO371aBava MpeaCTaBisie COOOO 3Bap-
HY KOHCTPYKIIiO MOopTanbHoro tumy. HiokHst yactuna ii
CKJIaJIa€ThCsl 3 YOTHPHOX MO3JIOBXKHIX IIBENepiB, Moma-
PHO 3B’s13aHUX MiX COOO0, 110 HECYTh JIBA ITPUBOJIHUX
Ta JBa XO/IOBUX KoJjeca. BepxHs yacTUHa paMu CKJajia-
€TBCS 3 TIO3/IOBXKHIX 1 morepeyHux Oanok. Ha BepxHio
00B’S3Ky paMH BCTaHOBJICHHH OyHKep Ta 0ak JUIsi BOIH.
VY BepxHiif YaCTWHI 3MOHTOBaHI HPHUBOJ IEpECyBaHHS,
MIPUBOJ KUBMWJIbHUKA Ta MEXaHi3M MiHOMY 3aCIIiHKH.

[TpuBoa mepecyBaHHs CKJIAJAETHCS 3 TBOLIBUAKIC-
HOT'O €JIEKTPOJBUTYHA, pEIyKTopa, rajbMa Ta JABOX Jia-
HIfOroBUX mepenad. [IpuBoj >KUBHIbHUKA CKOMIIOHO-

BaHUH 3 €JICKTPOJBUTYHA, PEAYKTOpa, 3y04YacTol mapu
Ta JIQHIIOroBOi Iepenadvi. Po3piBHIOWOYMI IPUCTPIi
BCTAaHOBJIFOETHCS T1iJ] KHUBUIBHUKOM, BiH SIBJISIE COOOFO
LIapHIPHO-3MOHTOBaHY Ha OOKOBHHAX IPUBOIHY ITOBO-
potHy uniliky. [TonoxeHHsS PO3PIBHIOIOYOTO IPHCTPOIO
PETYNIOEThCSL B 3aJIEKHOCTI Bl TOBIIMHH (hOPMOBaHUX
BUpOOIB. 3aciiHka OyHKepa BiJKpPUBAEThCS Ta 3aKpHUBa-
€THCS 32 JOTIOMOTOI0 ITHEBMOLIMITIH/IPA, IO MiJBIIIECHUH
1o OyHKepa.

[IpoanainizyBaBIIM KOHCTPYKIIIO Ta IPHHIMIT PO-
60Tn OETOHOpPO3/1aBayva, aBTOPH MPHUHIILUIN 10 BUCHOBKY,
10 HAHOLIBII TOCTPO MOTPEeOye MOMEPHI3AIT MEXaHI3M
MePEMITIIEHHS IOTO MIPHUCTPOFO.

MexaHi3M nepeMilleHHs OeTOHOpo3JaBaya Mae
HeperyJlbOBaHUI ENEKTPOIPUBO]], HIO HPUBOIMUTH [0
3HAYHOI TIEPEBUTPATU CJIEKTPOSHEPTii, TOMy MOTpeOye
TUIAaBHOT'O PEryJIIOBaHHS MBHUAKOCTI. Jlianma3oH peryito-
BaHHS 32 IIBUJIKICTIO 3MIHIOETHCS B ITUPOKUX MEXax Ta,
3aJIe)KHO Bijl 3aBaHTa)KEHOCTI OETOHOpO37aBaya, Mexa-
HI3M pyXaeTbes 3 pi3HO BUAKICTIO. CyTTEBO 3MEH-
LIMTH €HEpPro3aTpaTH MOXIIUBO IIPH 3aCTOCYBaHHI Yac-
TOTHO-PETYIHOBAHOIO €JIEeKTponprBoia Ha 0azi AJl 3
KOPOTKO3aMKHEHUM poTopoM. [Ipu BUKOpHCTaHHI Yac-
TOTHO-PETYIHOBAHOIO  €JIEKTPONPHBO/A 3’ SIBISIFOTHCS
HACTYIIHI TEXHIYHI MOXXJIUBOCTI: OOMEXEHHS CTPyMy Ha
PiBHI HOMIHAJBHOI'O B ITyCKOBHX, pOOOYHMX Ta aBapiid-
HUX peXHMax; IUIABHUHA PO3TiH Ta rajJbMyBaHHs OeTo-
HOpO3/aBaya; PeryJIroBaHHsS LIBHIKOCTI BiJl MiHIMaJb-
HOi 1O HOMIHAJBHOI Ta BHUIIIE HOMiHaJIBHOI. KpiM Toro,
MOHTa)X YaCTOTHO-PETYJIbOBAHOI'O EJIEKTPOIPUBOAA HE
noTpedye 3HAUHKX JIOAATKOBUX BUTpAT.

BpaxoByroun BHIIEonucane, 0yJI0 BUPILIEHO IS
peadizauii eHeprozoepirarouoro peKuMy poOOTH Mexa-
HI3My TepeMilllecHHs OeTOHOpO3aaBava o0paTu KepoBa-
HUMl enextpornpuBon 3a cxemoro [TU-AJl, sxuit q03BO-
JIUTh BUKOPUCTOBYBATH HAWONTUMAJBHIIIHNA PEXUM
po0OTH IIbOTO MEXaHI3MY.

Jlauuii pexuM pearizyeTbes CTAaHIAPTHOK CTPYK-
TypHOIO cxeMoro (puc.1).

Szawybay eneperl
zansMybaHHa
o Buxidnu
Brigwu dpocess gpocens
Jaxueruy abmoram ;rr;:: Bunpsn- Tpugaznud it- ‘r”rv;:‘
S LT —Jm—(\
2208 T o
0y
iz Lok Beni
Bxodu ma @
Buxady <:>
Kepybarns
(ucmema kepybarms

Puc. 1. CrpykrypHa cxema IT4-AJ]

Ipu MozepHi3allii 6eToHOpO3jaBaya 3aIPOIIOHOBAHO
IIPOBECTU 3aMiHy 3acTapiioro IpHUBOJA IEPECYBAHHA Y
BUIVISIl JIBUTYHA, PEIYKTOpa 1 JIAHIFOTOBOI Iepesiadi Ha

MOTOpP-PEAYKTOp 1, MO JAO03BOJMTH 3BUILHUTH MicCIE IS
YCTAHOBKU KOHTPOJIEPIB, MATUMKIB, MEPETBOPIOBAUIB Yac-
TOTH i, TUM CAMHM, aBTOMaTH3yBaTH CHCTEMY (pHC. 2).
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Puc. 2. 3anponoHoBaHa KiHeMaTHYHa cXeMa IPHBOAY IepecyBaHHs OeToHOpo3/1aBaya (1 — MOTOp-pesyKTOp;
2 — TeH301aT4MKY; 3 — m1atdopma; 4 — epeTBOpIoBaY YacToTH; 5 — KOHTpojep; 6 — Bai)

ByHkep po3milryeTbest Ha cTaneBuil miaTdopmi 3,
sika Oyle po3TalloBaHa Ha TEH30JaT4yMKax 2, MO 3'€l-
HYIOTbCsl B JlaHmror. [Ipu 3amoBHeHHI OyHKepa OeTOHO-
po3naBaya 10 MEBHOI MacH CUTHajl 3 TEH30JaTYHKIB
HA/IXOIUThH Ha TPOrPaMOBaHE pelie Ta KOHTPOJIEp, Micis
YOro CUCTeMa MOYMHAE MpaIfoBaTh. BXiTHUM cHrHAIOM
TYT € Maca OETOHHOI CyMillIi, IO MONAEThCS B OYHKep,
a BHXIJTHUM — HaIpyra, sika MoJaeThcsi Ha KOHTPOJIEp, a
TIOTIM, Yepe3 IepeTBOPIOBAY YaCTOTH, HA 00'€KT Kepy-
BaHHA (OK). Tak sik 00'eKTOM KepyBaHHS € NPHBIJ I1e-
pecyBaHHsI OETOHOpO3[aBaya, TO BUXIJIHUM Iapamer-
poM Oyjie ¥ioro JiHIHHA MBUAKICTS.

Kepyrounm BrmuBom OK  sBnsileThCsl Hampyra, 1o
MOAAETHCSL HA MOTOP-PEAYKTOP, a 30ypIOBAIbHUM BILIH-
BOM — CHJIa CTATHYHOTO HaBaHTa)KEHHS BiJ Baru Oero-
HOpO3aBaya, Baru OETOHHOI cyMilli B OyHKepi Ta CHIIH
OIIOpYy PO3PIBHIOIOYOro MpHUCTPor0. OCHOBHUM OOMe-
JKEHHSIM, [0 HAKJIAaJa€ThCsl Ha BUXIJHY KOOPIUHATY, €
IIBUIKICTh HAIXOMKCHHS OCTOHHOI CyMIII 31 CTPIYKO-
BOrO JKMBMWJIBHUKA 1 IIBHIKICTH PO3MOALTY OETOHHOI
cymii y gopmi.

IIpoBenenuit pozpaxynok [10, 11] nokasas, 1o 3a-
rajibHa MOTYXXHiCTh, HEOOXiTHA IJIs ITepeCcyBaHHA OeTO-
HOpo3aaBaya, ckianae Ny = 2,2 kBt. V 3Bs13Ky 3 TuM,
[0 MOTOPOPEIYKTOPIB y HAac Oynae MBa, MOTYXKHICTBH
KO)KHOTO TOBHMHHA Oyt He MeHIe, Hixk N = 1,1 kBr.
Tomy mis pearizariii Oya0 00paHO IBOCTYIICHEBHH U~
JHIPUYHUA MoTOp-peaykTop tumy 3MII-40 3 nsury-
HoM AUP 80BS5 motyxsicTio Ny =1,5 kBT, 3 HOMiHanb-
HUM KPYTHHM MOMEHTOM Ha BUXIiJHOMY BaJly piBHHUM
M, =375 Hm.

BakmBUM elneMEeHTOM sl KOHTPOJII0 Macu Oe-
TOHHOI CyMIllli € eJIEKTPOHHO-TEH30METPUYHI Baru, o
CKJIaJIAl0ThCS 3 HACTYITHUX OCHOBHHX €JIEMEHTIB: TEH-
30/1aTYMKIB (NIEPBUHHHUX IPWIALIB, IO MOKA3YIOTh) Ta
BTOPUHHHX IIPWIAZiB, & TAKOXK JiHIT 3B's3Ky. [Ipu Ten-
30METPUYHOMY METOJi 3Ba)KyBaHHS BHKOPHUCTOBYETHCS
SIBUIIIE TE€H30€(DEKTy — 3MiHA EIEKTPUYHOr0 OIopYy APO-
TSHOI PElITKH, HAKJIEEHOIO Ha MPYKHUH eJIeMEHT, TpH

i medopmarmii mig HaBaHTaXCHHAM. Jli elEKTPOHHHUX
TEH30METPUYHHUX Bar 3aCHOBaHA HAa iCHYBaHHI JIiHIHHOT
3aJICKHOCTI MiXk AedopMaIli€r0 BaHTAKOMPHUHMATIHHOTO
BHMIPIOBAJILHOTO €JIEMEHTA Ta 3MIHOKO HOTrO OIopY.

Ha 3BapHuX Tym0ax, siki 3HaXOJsThCS Ha pami Oe-
TOHOpO3/[aBaya i OyHKepoM, OyayTh pO3TalioBaHi
TEH30/IaTYUKH, Ha SKUX PO3MICTUMO IUIATPOpMY ISt
po3TairyBaHHsI Ha Hiii OyHKepa. BukopucroByemo TeH-
30/IaTYMKH B KOMIUIEKTI 31 CIIEIiaJbHUM MOJYJIEM BBO-
Jly CUTHATY TeH301aTuuKiB Seneca Z-SG.

[Ticns monepenHbOro 0OpaxyHKy IapaMeTpiB JBH-
IyHa Ta IHIIUX EJIEMEHTIB CHCTeMH Oyiaa po3pobiieHa
CTPYKTypHa CXeMa MaTeMaTH4YHOI MOJIei aCHHXPOHHO-
r'0 JIBUT'YHA 3 TEH30aTYUKOM (pHC. 3).

J71st mpoBeIeH s TOCIKSHb CUCTEMH Ha ITiICTaBi

CTPYKTYPHOI CXE€MH B MPOTPaMHOMY CEpPEIOBHIII
Matlab pospobnena  oOumcmoBanbHa Mozaeiab OK
(puc. 4).

3a IOmMOMOror Momen Oymu TpoBemeHi JoCIi-
JOKEHHSI TEepexiJIHUX TMPOLECiB 00 €KTy KepyBaHHS
IUIAXOM 3MIiHH KEPYIOUOro Ta 30yprOBaIbHOTO BILIUBIB.

Ilpu nocnipkeHHI Kepyrodoro BIUTUBY BXIJHUM
curHajom Ha OK Oyna Hampyra, 10 ITOJa€ThCs Ha CTa-
TopHy 00MOTKY A/l (puc. 5).

JlocmimKeHHsT TPOBOMMIIMCS Uil TPhOX 3HAYECHBb
gacrotu 104, 157, 314 pan/c B «MajoMy» Ta B «BEJHU-
komy». IIpu JocmimKeHHI B «MajOMy» 4acToTa MpUi-
Manacs sk 10% Bij cTayoro 3HaueHHS B «BEIUKOMYY.
Crpubok mokaszye 301UIbIIEHHS MIBUAKOCTI 32 paxyHOK
301IBIIICHHS YaCTOTH.

Ipu nocnimxenni OK 3a monomororo 3MmiHu 30y-
PIOBAJIHOTO BIUIMBY BXiJHMM CHUTHAJIOM MU 3QJTHIIHAIA
HAMPYTH TAKKX YK€ YaCTOT SIK i B MOMEPEIHFOMY BHITAI-
KY, a 30ypIOBaJbHUM BIUIMBOM TYT OyJa 3MiHa MacH.

VY HamoMy BUMNAIKy Iie Oyae 30UIbIICHHS Macu
(Bara OeroHOpO3MaBaya 3 OCTOHHOIO CYMIIIIIO). 3a
PaxyHOK 301JbIIIEHHS Macu 301IbIIUTHCSA CHJIA CTATHY-
HOT'O HaBaHTa)XEHHS Ta, BiJAMNOBiIHO, cuia TepTs. 1lIBu-
JIKicTh OeTOHOpoO3MaBaya Oyne magatu (puc. 6).
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AmHani3 nepexigHuX MPOLECiB MOKa3ye, IO CHUCTe-
Ma Ha BCIX YacTOTax Mae
HE3HAYHe TIepeperyoBaH-
HS, Maly KOJHBAJIbHICTb,
JIOCTATHHO BHCOKY HIBHUIKO-
0 Ta 3aJ0BOJBHIE BUMO-
raMm IepecyBaHHs OeTOHOpO-
3/aBayva.

Po3pobnennit anropurm ¢y-
HKI[IOHYBaHHS CHCTEMH aB-
TOMAaTHYHOTO KepYyBaHHs
6eroHOpO3aaBaueM (puc. 7).

TouaTok

V = const

Hi
aK

b 4
Touka 2
T

Viev,
POIBAHTAHREHHA
npu V1 .

P Hi

[Ipu HagXOMKEHHI CH-
THaJy 3 TEH30JaTYUKIB 1
3aMHKaHHI KiHIIEBOT'O BHUMH-
Kaya OCTOHOpO3/aBay IMOYH-
HA€ PyX 3 MOCTIHHOI IIBUI-
KicTio V 10 Touku 2 (moda-
TOK BUBaHTa)KCHHsI OCTOHY B
¢dbopMy) B skl BiZOyBa€eThCS
MIepEMUKAHHS KIHIIEBOT'O
BUMHUKa4ya Ta INBUAKICTE V
3SHHXKYETHCSA 10 IIBUIKOCTI

L 4

Touxa 3
Tak

PossanTamenta JaBEpPLUIEHD
Horepuenis Ao Toukn 1 3
wenakicnoe Y

V1, npu TOCATHEHHI TOYKH 3
3aMHKA€ThCS KIiHIICBHUIA BH-

MHKa4, PO3MHKAETHCS IILIS-
XOBHM BHMHKAa4, BKJIIOYa-
€TBCSl peBepc Ta OETOHOPO3-
JaBad 3 TIOCTIHHOIO TepBic-
HOIO IIBUAKICTIO V mOBepTa-
€TBCS JIO TOYaTKOBOI TOYKH
1. Ha 0a3i 11poro anropurmy
PO3p00IIeHO TIporpamy Uit KOHTPOJIEpa.

Puc. 7. Anroputm
¢bynkuionyBanus CAK

Texniuna peanizauisa po3podaenoi CAK

Ha BepxHIO pamy OeroHOpO37aBaya BCTAHOBIIIO-
I0ThCSl YOTHPH TeH3o4aTuuku tuy BAM350-2EB, ski
3'€HYIOTbC B Koyo. [loBepX AaT4MKiB BCTaHOBIIIO-
€TBbCSl CTalieBa IUIaTGOpMa, HAa SIKIH  PO3MILLYETHCS
OyHkep. JlaT4MKy MiAKITIOYAIOTHECSA MO MOCTOBIM cXemi
yepe3 Moayib Z-SG (puc. 8).

4. 20 mA
—)
O
i
[ |
N ModBus RTU
—_—

Puc. 8. Cxema miJKIIFOYEHHS BaroBOro MOAYJIs

Monynb BBEIEHHS CHIHaliB TEH30JaTYHMKIB S-
eneca Z-SG — 1ie PUCTPIiH, 10 IEPETBOPIOE CUTHAT Bij
TEH30J]aTYNKA B YHI(DIKOBAHHMI CHTHAJ IO CTPyMy abo
Hanpy3i. JlomaTKoBO nepeaya JaHuX 3AiHCHIOETHCS MO0
mudpposomy kanaay ModBus RTU, mio mo3Bonse 3 Bu-
cokoro mBuKicTio (o 115200 6it/c) Ta Ha KOCTaTHBO
BEJIMKI BIZICTAHI TepemaBaTH JaHi TEH30METPUYHOTO
JaTYMKa JI0 MPOrpaMyloduX KOHTposepiB. HasBHICTH
TAKOr0 KaHajy J03BOJISIE 3IIMCHIOBATH CBOEYACHHUH 3a-
IyCK Ta 3YNMHKY BUKOHAaBYMX MEXaHi3MiB B BaroBHMi-
PIOBAJIHHUX JIO3YIOUMX cHcTeMax. [loxubka mneperBo-

proBaya Seneca Z-SG He nepepuirye 0,01%. HasBHicTh
3oBHimHIX LED iHgukatopiB (>kuBiieHHs1, 30ii/moMu-
Ka, Tmepefavya NaHWX, NMPUAOM JaHMX) HA MOJIYNi BBe-
JICHHSI TTOJIETIIYE KOHTPOJIb CTaHy CUCTEMHU.

3 mepeTBOpIOBaYa CUTHAJIIB TCH30JATYHKIB CICKTPH-
YHHI CHTHAJI /e Ha POrpaMOBaHUM JIOTTYHUN KOHTPOJIEP
(TIUIK) cepii Master. Taki crerjanizoBaHi KOHTPOJICPH
xommaHil [acat CII0 3aCTOCOBYIOTHCS IS Oe3MepepBHOIO
Ta JIMCKPETHOTO BaroBOrO JO3YBaHHS CHITYYMX Ta PIIKUX
KOMITOHEHTIB. By3bka criemiamizamisi 1MX KOHTPOJEPIB,
BOY/JIOBaHi aJTOPUTMH BUCOKOTOYHOTO JIO3YBAaHHS J03BO-
JWIA JOCSITH JYXKE TapHOrO CIHiBBIAHOIICHHA ITi-
Ha/(yHKIIOHaNBHICTE. J[03yl0o4i Ta BaroBi KOHTpPOJIEPH
Master 3aCTOCOBYIOTHCS JUIsl aBTOMATH3allii CHCTEM JI03Y-
BaHHS: OJJHOrO- Ta 0araTOKOMIIOHEHTHOTO BaroBOro 0e3-
TIEPEPBHOTO JI03yBaHHSI; BarOBOrO BBEACHHS PIKAX KOM-
TIOHEHTIB SIK IMCKPETHOrO, TaK 1 OE3IepepBHOTO.

CurHan 3 KOHTpoJiepa HaJXOJHUTh Ha MepeTBOPIO-
Bau yactotn SEW-EURODRIVE MOVIMOT, mo
BOY/IOBaHUWI B CHeliaIbHUNA KIEMHUK JBUT'YHA, 3 SKOTO
CHTHaJ IMEBHOI YacTOTH HaJIXOOUTh Ha JIBUTYH, BHKO-
Hytoun nporec peryitooBanHs. MOVIMOT — ue 6a3o-
BUH KOMIIOHEHT [UIsi JEEHTPaJi30BaHUX IPUBOIHUX
CHCTEM, a TaKOXX I'apHa 3aMiHa MEXaHIYHOTO BapiaTtopa
200 IBOXIIBHJIKICHOT'O JIBUTYHA.

BimminHI 0coOMUBOCTI I1i€l cepii: HOMiHAJIbHA TIO-
TyxHicTh auryHa Bix 0,37 go 3 kB, >xuBnenns 3-
¢da3na mepexxa 380 B, miamazon perymroBanHs 1:5 abo
1:10 3 mocrifiaum MomenToM B pexxumi S1 100%, om-
TUMaJIbHE KEPYBaHHs JBUTYHOM 3 TAJIbMOM — HE IOTpi-
OHI JI0aTKOB1 KOHTAKTOPH Ta TaIbMIBHI BUIIPSMIISYI.

B sxocTi mudpoBoro mepersoproBaya 00paHo IHU-
¢dpoBuii enexrpoHHui migcwirosad ¢pipmu HBM (Hime-
yypna) AD 105, mo mMae 2-x npoBigHUI HamiBIYTIEK-
cHMIA mocinoBHUIA iHTepdelic RS-485, 3niiicHioe nud-
poBy GinbTpallifo i MacmTaOyBaHHS BHUMIPIOBAILHOTO
CHUTHATY.

Pexxum poboTH ABHTrYHa 3aJa€ThCsl MOYATKOBUM
HaJIAIITYBaHHSIMH YacTOTHOTO MEpeTBOproBaya Ta 30Yy-
PIOBAJILHOIO JIi€I0 TEH30JaTUYHKIB, SIKi BMUKAIOTHCS 4e-
pe3 aHaoroBo-1u@poBi MepeTBOpIOBayi, O MepPeTBO-
PIOIOTH aHAJIOTOBUI CHTHAJ B CUTHAN IM(POBHUX KOIIB,
KOTpi ITOCTYNar0Th Ha MOPT BBOAY MIKPOKOHTpOJUIEpa
Ta BOYJOBaHOTO ajropuTMmy InepemimenHs. [Ipu 3MiHi
Baru OETOHHOI CyMillli TEH30METPHYHI Baru repeiaoTh
CHTHaJ HAa YIOBUIBHEHHS Y 30UIBLIEHHS HIBUAKOCTI
JIBUTYHA, BUKOHYIOUYM TUM CaMHUM IPOIEC PeryJIOBaH-
v lle ¥ nmae MiABHINEHHS TPOJYKTHBHOCTI POOOTH
BCHOT0 OETOHOPO3JaBayva.

JloBeneHa ekoHOMiyHa €()eKTHBHICTH BiJ ITpOBe-
JIleHoi MojepHi3allii, OuiKyBaHHH E€KOHOMIYHHH e(peKT
cknagae Omu3pko 17500 TpH, a TEPMiH OKYITHOCTI —
6mm3bKo 2 pokis [10].

BucHoBku

1. [IpoBeneHuii aHasi3 Mokaszye, MO MTUTAHHS IIPO-
LIeCy YKJIaJaHHs OCTOHY HEOCTATHBO JOCIIDKEHI, KOH-
TPOJIb KUTBKOCTI OeTOHY abo BiICyTHi#, abo HemocTar-
Hiil. [IpakTUYHO BiACYTHI aHI PO BUKOPHCTAHHS Yac-
TOTHO-PETYIHOBAHOIO EJIEKTPOIPUBOLY B TEXHOJOTIT
ykianaHHs 0etony. [IpoaHamizyBaBIIM KOHCTPYKIO Ta
NPUHOUT poOOTH OETOHOPO3AaBavya, aBTOPH HPUHIILIH
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JI0 BHCHOBKY, IO HaWOULIBII TOCTPO MOTpeOye Mo-
JiepHi3allii MexaHi3M MepeMillieHHs! LLOTO MPUCTPOIO.

2. 3amponoHOBaHO MiJBUIIUTH CHEPTeTHUHY ede-
KTHBHICTh MPHUCTPOIO IUITXOM 3MECHIICHHS €Heprosar-
part IpH 3aCTOCYBaHHI YaCTOTHO-PETYIILOBAHOTO €JIEKT-
ponpuBOAa MexaHi3My nepeminieHHs Ha 0a3i A/l 3 ko-
POTKO3aMKHEHHM POTOPOM.

3. B pobGori mo MoxepHizalli OeToHOpO3IaBaYa
MpOBEZIeHa 3aMiHa 3aCTapijoro MpUBO/A IEPECYBaHHS Y
BUIJISAII JIBUTYHA, PEAYKTOPA 1 JIAHIIFOTOBOI TIepeiadi Ha
MOTOP-PEAYKTOp, IO TO3BOJISE 3BUILHUTH MicCle IS
YCTAHOBKH KOHTPOJIEPIB, MAaTYUKIiB, IEPETBOPIOBAYIB
YaCTOTH i, THM CAMHUM, aBTOMATH3yBaTH cHUCTeMy. Po3-
paxoBaHa MOTY)XHICTh MPUBOAY MEPECyBaHHSI OETOHO-
po3naBaya, 0OpaHO MOTOP-PEAYKTOpP, po3podiieHa cxe-
Ma KepyBaHHS eJeKkTpornpuBonoM Ha 6a3i [TJIK.

4. Po3pobnena wmaremarnuna monens OK, 3a mo-
ITIOMOT'OI0 K0T TPOBENEHI TOCTIKCHHS MepeXiaHuX
MPOIIECiB 00 €KTY KepyBaHHS IUIAXOM 3MiHH KepPYHOUO-
ro Ta 30YpIOBAJBHOIO BIUIMBIB. AHANI3 TMEPEXiTHUX
MPOIIECIB MMOKa3ye, IO PO3po0JIeHa CHcTeMa Ha BCiX
YacTOTax Mae He3HAYHe IIepeperyIoBaHHs, Mally KOJIU-
BaJIbHICTh, JOCTATHHO BUCOKY HIBHAKOIIO Ta 3a0BO-
JIBHSIE BUMOT'aM TIepecyBaHHs OETOHOpO31aBaya.

5. Po3pobiniennit anroput™ QyHKIIOHYBaHHS CHC-
TEMH aBTOMAaTHYHOTO KepyBaHHS OETOHOPO3IaBavyeM,
Ha 0a3i sikoro moboyaoBana nporpama s [JIK.

6. IIpoBenena Texniuna peanizanist CAK, oOpani
HEOOXIHI €JICMEHTH Ta IPUCTPOI.

7. Po3paxoBaHa aBTOpaMH €KOHOMiuHA E(EKTHB-
HICTh BijJl IPOBEAEHOI MOJEpHi3alil 1oBena i IOIiIb-
HICTb.
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Development of a modern system for automatic control of a concrete distributor electric drive
N. Yermilova, S. Kyslytsia, Y. Burkun, A. Goncharov

Abstract. Analyzing the features of the design, principle of operation and electric drive of the concrete mixer type
SMZH-69A, the authors came to the conclusion that the mechanism of movement of this device and its control system most ur-
gently needed modernization. In order to increase the efficiency of work, it is proposed to use a frequency-controlled electric
drive of the mechanism of movement on the basis of an asynchronous motor with a short-circuited rotor. It is recommended to
replace the outdated displacement actuator in the form of an engine, gearbox and chain drive on the motor-gearbox, which will
allow space for the installation of controllers and other automatic control system equipment. A modern motor-gearbox has been
selected for the mechanism of movement of the concrete spreader, a PLC-based electric drive control scheme has been devel-
oped. It is proposed to use a tensometric method of weighing the concrete mixture, for which a hopper with a concrete mass is
mounted on the strain gauges. When filling the hopper of the concrete spreader to a certain mass, the signal from the load cells is
sent to the controller, after which the program starts to work. The input signal is the mass of the concrete mixture fed into the
hopper, and the output signal is the voltage applied to the controller and then, via the frequency converter, to the control object -
the drive of the concrete dispenser. The controlling influence of the control object (CO) is the voltage applied to the gear reducer,
and the disturbing influence is the static loading force from the weight of the concrete spreader, the weight of the concrete mix-
ture in the hopper and the resistance force of the damper. An CO computational model was developed to investigate the transients
of a control object by changing its control and disturbance influences. Analysis of transients has proven the efficiency and quality
of the control system. The algorithm of functioning of the automatic control system of the concrete dispenser is developed, on the
basis of which the program for the PLC, is developed. The technical implementation of the ACS was carried out, the necessary ele-
ments and devices were selected. The economic efficiency of the modernization carried out by the authors proved its expediency.

Keywords: control system, concrete dispenser, load cell, mathematical model, disturbance.
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MOJEJIb INTAHYBAHHS EHEPTOCHHO’KUBAHHSI
METAJIYPTIMHOI'O NI AITPUEMCTBA

AHoTanisi. Po3pobieno OararopiBHeBY MOJENb CHEPrOCIIOKUBAHHA METaIypriiHOro MiJNPUEMCTBA, KA JIO3BOIIIE
OLIHUTU e(EeKTHBHICTh BiJiOpaHUX 10 peanizalii eHepro3oepiratouux HPOEKTiB, 00'€KTUBHO OLIHUTH YacTKy KOXHOIO
€Hepropecypcy B 3arajlbHOMy IOTOL, BU3HAYUTH €HEPrOEMHICTh OKPEMOIo BHPOOHHMILITBA, IEXY, BCOIO IiJIIPUEMCTBA,
CKOpETryBaTH CTPATEriYHUI HAIPSM B YIPABIiHHI eHepropecypcaMi. 3a JOMOMOIOK0 MOJEIi MOMJIMBE BUPILIEHHS LIJI0ro

psoy 3aBlaHb, Cepel SKMX OLIHKAa paliOHAIbHOCTI Ta e(eKTUBHOCTI

icHyto4oi Ha HiJNIPUEMCTBI CTPYKTYpH

€HEProClOKUBAHHSA, IPOrHO3YBaHHS OYIKYBaHMX DIBHIB €HEProBUTPAT IPU 3MiHI TEXHOJOril, COpTaMeHTy i SKOCTi
HPOAYKII{ Ta MOPiBHAHHS PI3HUX TEXHOJOTIH 1 00NaJHAHHA 3 TOUKH 30py €Heproe()eKTHBHOCTI, ONTUMAJIbHE YIPABIiHHSA
IIOTOKAMHU €HEProHOCIiB 3 ypaxyBaHHSAM 3MiHH YMOB BUPDOOHHMIITBA.

Kaw4yoBi cioBa: muaHyBaHHS €HEProCHOKHBAHHS, €HEPrOPECYPCH, IPOrHO3YBaHHS, MOPTQETh MPOEKTIB eHepro3oe-

PEXEHHS, MeTallypriiiHe ITiIIPUEMCTBO.

Beryn

IMocranoBka mpodaemu. MeranypriiiHi mianpu-
€MCTBA € BEJIMKUMH CIIO)KMBaYaMH €JIEKTPUYHOI 1 Tel-
JIOBOi eHeprii, TOMy BUpILIIEHHsI 3aBJiaHb eHeprosoepe-
KEHHS HEMOXJIIMBO 0e3 pO3pOOJIEHHs KOMILIEKCHOI
MpOrpaMH i MOpTQes MPOCKTIB 32 OCHOBHUMH HATpsM-
KaMU eHepro30epexeHHs 3 00OB'SI3KOBOIO KOOPIUHAILII-
€10 TX 3 IPOrpaMor0 PO3BUTKY OCHOBHOT'O BUPOOHHIITBA.
TocTpora BUpIIICHHS IIMX MUATaHb BHUKJIMKaHA HEOOXi]-
HICTIO MOJIMIICHHS €KOHOMIYHOI CTAaOUILHOCTI IMiAIpH-
€MCTB, IIiJIBUIICHHS KOHKYPEHTOCIPOMOKHOCTI MPOIY-
KIii Ta 3MEHIICHHSIM 3aJIeKHOCTI BiJ MOCTavaabHHUKIB
EHEepropecypcis.

[Ipn 1pOMy HasIBHICTH LUTICHOI MOJENI €Hepro-
CIIOXKMBAHHS JIO3BOJIMTH OIIHUTU C(EKTUBHICTH Bifi-
OpaHMX IPOCKTIB peaiizallii eHepro30epirarounx 3axo-
IliB, 00'€KTUBHO OIIHUTH YaCTKY KOXKHOT'O SHEepropecy-
pCy B 3arajJbHOMY IOTOIl, BU3HAYUTH E€HEPrOEMHICThH
OKpEMOr0 BHPOOHUIITBA, IIEXY, BCHOI'O MiANPHEMCTBA,
CKOpEryBaTH CTpAaTeriuHUi HampsMOK B YIpaBIiHHI
eHepropecypcaMu. B mijgomy, cTpyKkTypa CIIOKHBaHHS
eHepril Ha MeTalypriiHOMY IiAIIPUEMCTBI Opi€HTOBaHA
B OCHOBHOMY Ha BUKOPHCTaHHS MaJNBA, SIKE LIMPOKO
BHKOPHUCTOBYETHCS HAa BCIX CTafisiX METaJIypriifHOTO
BUPOOHULITBA.

VY Toii e Yac, Ha MiIIPUEMCTBAX, II0 BUILIABIIS-
I0Th CTaNb B JYroBUX cTajemtaBmwibHux nedax (JCII)
(sxum € TIpAT «Enekrpomeranypriiiauii 3aBoa «JIHir-
pocTIencTanby), B TOMY YUCII 3 HEMOBHUM IIMKJIOM BH-
POOHHMIITBA, HAMPHKIIAJ, MiHI-METATyprifHUX 3aBOJAX,
CTPYKTYpa MaJHUBHO-CHEPIETHYHOTO OaslaHCy 0a3yeThCs
B OCHOBHOMY Ha BUKOPHCTaHHI elIeKTpoeHeprii (puc. 1).
OjHaK Ha TaKUX IIIPUEMCTBAX TAKOK BHKOPHCTOBY-
€TBCSl 1 €HEprisl MPUPOTHOro MajkBa, MEPEeBaKHO MPH-
POAHOrO Ta3y, IKHi BUKOPUCTOBYETHCS B Ta30KHCHEBUX
MaJbHUKAX K I MiIITPIBY METaJoOpyXTy mepen 3a-
BaHTXXCHHSIM B 14, Tak i Oe31MOCepeHbO B caMiii medi
JUTSE IPUCKOPEHHS TIPOIIECY TUIABKH.

CTpyKTypa CIIOXKHBAHHS €JICKTPOCHEPTIi 1 KOTEIb-
HO-TIIYHOTO IMAJIMBa OCHOBHHMH BUPOOHHUIITBAMH TPEI-
cTaBJieHi Ha puc. 21 3.

TakuMm 4yrHOM, HAHOIIBII CHEPrOEMHUM € JOMECH-
HE 1 TpOKaTHEe BUPOOHUIITBA, B SKUX CIOXHBAETHCS 1
HaNOIIbIIA KUIBKICT IMIYHOrO HajauBa. Y TOM 4Yac SK
€JIEKTPOEHEPTisl B SIKOCTI OCHOBHOI'O PECYpCy BHKOpPHC-
TOBYETBCS JIJI BUIUIABKU CTaJli B €JIEKTpoIleUax i mpu
BUPOOHHIITBI KHCHIO.

B TennoBa eHepria
lFas gomeHHUNA 0%

7%

l'as npupogHuii

EneKkTpoeHepria

31%
‘ 62%

Puc. 1. Crpykrypa croxxuBaHHst eHeprii y %
Ha «J{Hinpocrencrans

‘ OuuLLeHHA CTOKIB
MNopauya sBoaun | 16%

=

Al
BanHo “HH’N

1% e
]|
CTMCHEHe nosiTps
4%

e

i||/8® EnekTpocTanb

47%

Puc. 2. CrpyKTypa CIIOKUBaHH:I Ta PO3IOLITY €IeKTPOSHEeprii
y % OCHOBHHMH BHPOOHUITBAMH Ha «/{HIIIpOCTIETICTATb)
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Bunan BanHa

Puc. 3. CrpykTypa ClIOKMBaHHS Ta PO3HOIUTY
KOTEJIBHO-IIIYHOr0 NAINBa y % OCHOBHUMU
BUPOOHULITBAMH Ha <«JIHINpocrencranb

Butparu eneprii Ha BHUpOOHHMITBO TPOAYKIII BU-
3HAYAIOTHCSl EHEPrOEMHICTIO, SIKa € OTHMM 3 HaHBa)IIH-
BIlIMX TOKA3HHWKIB BUPOOHUIITBA, OCKUILKH BH3HAYa€e
Horo e(eKTUBHICTD 1 O€3MocepeHbO BILIMBAE Ha codiBa-
PTICTh TPOMYKIII.

AHaJi3 ocTaHHIX AocaifkeHsb i mydaikaniii. Bu-
pileHHIO po0JIeMH IUTaHyBaHHS 1 YIIPaBJIiHHS €Hepro-
CHOKMBAHHSAM Ha TNPOMHCIIOBUX IiJIPUEMCTBAX IPHU-
CBSIUEHA BeJIMKA KUIBKICTh poOiT. HaliBaxiuBimmmu
3aBJIAHHSAMH TIpU IUIaHYBaHHI Ta YIPaBJIiHHI E€HEpro-
CHOKMBaHHSIM Ha METAIypriiHOMY ITIiJIPHEMCTBI € 3a-
BJJaHHS HOPMYBaHHS 1 IPOrHO3YBAaHHSI BUTPAT €JIEKTPO-
e”eprii. OOrpyHTOBaHI HOPMH CIIOXXHBaHHS E€JIEKTPO-
eHeprii JTO3BOJISAIOTH 3IIHCHIOBATH IPOTHO3 EJIEKTPO-
CHOXKMBAHHS Ul OKPEMUX MiJPO3/IiB 1 MiANpHEMCTBA
B IJIOMY, 3I1HCHIOBATH KOHTPOJIb €(DEKTHBHOCTI BHKO-
pHUCTaHHS €NEeKTPUYHOI eHeprii KOHKPETHHM ITipo3.1i-
oM (Ha KOHKPETHOMY arperari), a Tako)X BH3Ha4YaTH
JIUISTHKY Hee()eKTHBHOT'O €HeprocroKiuBanHs [1].

B poGori [2] Ha OCHOBI MaTeMaTHYHOI'O MOJIEIIO-
BaHHS BHPIIIYETHCS 3aBJaHHS HOPMYBaHHS EJIEKTPO-
CHOXKMBaHHSI 0araTOHOMEHKJIATYPHOTO XiMiYHOTO ITif-
MIPUEMCTBA TIPU 3MIHIOBaHUX 00CsTaX BUPOOJIEHOI ITpo-
IYKINi 3 JOCTATHHOIO TOYHICTIO TMPH MiHIMyMi iH(Op-
Mallii po CTPYKTYpy HiANPHUEMCTBA.

B po6oti [3] chopMynboBaHi OCHOBHI MPOOIEMHU
YIIPaBJIiHHS EJIEKTPOCIIOKUBAHHIM 1 €HEpro3depekeH-
HSM B METaIypriiHOMY BHUpPOOHMITBI, PO3IIISHYTI 3a-
BJaHHS HOPMYBaHHs, IUIAaHYBaHHS EHEPrOBHTpAT 3a
PIBHSIMU yIpaBJIiHHSA. ABTOpaMH 3alpoIIOHOBaHUH Me-
TOJ| TIPOTHO3YBAaHHSI BUTPAT EHEPropecypciB, 3acCHOBaA-
HUI Ha MOOYMOBI perpeciitHuX Mojenel 3 BKIIOYEHHIM
(dakropy yacy.

PinteHHs1 3aBmaHHS TPOTHO3YBaHHS EJIEKTPOCHO-
JKUBaHHSA Ha OCHOBI 0araTo()akTOPHOI'O perpeciiHoro i
KOPENAIIHHOrO aHaIi31B HaBeAEeHO B podoTax [4; 5].

B pobori [6] naHa maTeMaTH4YHa IOCTAHOBKA 3a-
Jladi ONTHMAJIbHOTO TPOTHO3Y CIOXKWUBAHHS Ta3zy Ha
MeTaJypriiHOMY MHiANPUEMCTBI MO TEXHIKO-EKOHOMiY-
HIX KpHTepisX, sika 3BeJeHa JI0 CIIelialli3oBaHoi 3aaadi
HEJHIHHOTO MaTeMaTHYHOTO IPOrPaMyBaHHSI.

OcraHHIM YacoM CTajJH MONYJISIPHI METOIU Ma-
IIMHHOTO HaBYAHHS UISA TOOYIOBH MOJEJICH MPOTrHO3Y-

BaHHS CIIOKMBaHHS eHeprii. JleTanpHMi OrJIsAa cydac-
HOT'O CTaHy MOjeJIell MallMHHOTO HaBYaHHS, SIKI BUKO-
PHUCTOBYIOTHCS JUISL 3aBAaHHS IPOTHO3YBAaHHS €HEPro-
CHOXKMBaHHS Ha MiJINPHEMCTBAX MPEICTaBICHUN B PO-
6oti [7]. Y poboti [8] HaBeJeHO CUCTEMY MOl s
MIPOTHO3YBaHHS E€HEPTrOCIIOKMBAHHS METaIypriiHOro
MAPUEMCTBA HAa OCHOBI BpaxyBaHHsS KOpEJSILiHHO-
perpeciiHuX B3a€MO3B'A3KIB TPCHIIB TMOKA3HMKIB JIJIS
(hopMyBaHHS NTUHAMIYHOI OIIIHKM SKOCTI OajaHCy INpH
peaizauii IpUHIUITY JOTPUMAHHS E€KOHOMIYHUX iHTe-
peciB i eniMiHyBaHHS HETaTUBHHX IPOIECIB MU Tepc-
MIEKTUBHOMY €HEPTOCIIOKUBAHHI.

PoGora [9] npucBsyeHa oOroBopeHHIO (aKTopiB,
IO BIUIMBAIOTh HA EHEProe)eKTUBHICTh Ta pIlICHHS
o0 30epexeH s, Ta HaHOUIBII MiJXOASAILY MONITHKY
ix mpocyBaHHs1. [ToHSTTS Ta pobIEMHU eHeproeeKTHB-
HOCTIi, TaKOX 3B'S3KH MiX KOHKPETHUMH TMPaKTHKAMH
YIIPaBJIiHHS Ta eHeproe(eKTUBHICTIO Ha PiBHI IMiANpPH-
€MCTBa BUCBITIIIOIOTHCA Y [10].

Jlesiki 0coONMMBOCTI MOJIENIOBaHHS €HEPTOCHOXKH-
BaHHS Ha BEPXHbOMY PIiBHI YIPaBIIHHS PO3TIISIAIOTHCS
B poboti [11]. ABTOpamMu BH3HA4YE€HO OCHOBHI 3aKOHO-
MipHOCTI (POPMYBaHHS €HEPIOCIIOKUBAHHS Ha METaITyp-
riffHuX mignpuemcrBax. B poboti [12] BHKOpUCTOBY-
10Thcsl TiOpuaHi Mepexi Iletpi mist MopentoBaHHS Ta
aHai3y MeTadypriiHUX mporieciB. J{MHAMIYHMIA MOTIK
MaTepiaiiB i 3MiHH B PEaJbHOMY 4Yaci KO)KHOI'O TEXHO-
JIOTIYHOTO CTaHy B METAIypriiHOMY Ipoleci HAO4HO
MOJIEITIOIOTHCS 32 JIOTIOMOTOIO I1i€T MOJIelTi.

Hapenenuii orjsin jiTepatypu IOKasye, MmO IMPO-
OJeMa MPOTHO3YBaHHS €HEProCHOKUBAHHS (B OLIbIIIH
MIpi eJeKTpOeHeprii) 3 BHKOPUCTaHHSIM MaTeMaTHKO-
CTaTUCTUYHHUX MOJENEH 1 METONIB aHaji3y JOCTaTHHO
BuBYeHa. OIHAK KOHKPETHO ISl METAypriifHOr0 BUPO-
OHUIITBA 3aBJIaHHS CTBOPEHHS MOJIENeH IIaHyBaHHS Ta
MIPOTHO3YBaHHS CIIOKUBAHHS BCIX BUIIB €HEpPropecyp-
CiB MPOIOBKYE 3AJTUIIATUCS BAXKIIMBOIO 1 aKTYaJIbHOIO.

Merta cratTi — po3po0IeHHs MOJIesi OaraTopiBHe-
BOTO IIPOTHO3YBaHHS €HEPrOCIIOKUBAHHSI, SIKa BPaX0OBYE
JIMHAMIKY CIIOKUBAaHHS PECYpCIiB 1 3aCHOBaHa Ha ONTH-
Mi3alii eHepreTHYHUX XapaKTEepUCTHK POOOTH TMiJIpo3-
TTIB MAIPUEMCTRA 3 33JIJAHOK0 TOYHICTIO 33 KPUTEPiEM
MIiHIMYMY TEXHIKO-€KOHOMIYHHX BTpAT.

MopaeJsib IaHYBAHHS €HEProcnoKMBAHHSA
HAa MeTAITYPriiiHOMY MiiNpUEMCTBI

Bupoouunrso crani Ha [IpAT «Enexrpomeranyp-
rifiauit 3aBom« Jlninpocnerncranby iM. A.H. Ky3pmina
MIPE/ICTABIIEHO YOTUPMA CTAJICIUIaBWIIBHUMHU LIeXaMu. Y
LIeXy MOPOIIKOBOI MeTalyprii BCTAaHOBJIEHA IHAYKIiIHA
miy. B OCHOBHOMY crajieruiaBiiIbHOMY IIeXy BHIUIaBKa
CTani BeleThCs Y BIJKPHTIH €NeKTpOMyroBii medi, 3 Ha-
CTYITHOIO TIPOAYBKOIO B aprOHOKICJIOPOJAHOMY KOHBEpTE-
pi 1 0OpoOKorO Ha ycTaHOBILI Mmiy-KiBUL J[jist moTped BU-
pOOHUIITBA 1 TOOYTY Ha ITiIIPUEMCTBI BUKOPHCTOBYETHCS
razonofiOHe i TBepae nanuBo. [IpupomHuii ra3 BUKOpuc-
TOBYETHCSI HA BUPOOHWYI MOTPEOU B SIKOCTI KOTEIBHO-
MYHOro manuBa. JJOMeHHHH Ta3 BUKOPUCTOBYETHCS IS
BUPOOHUYMX MOTPeO B CyMillli 3 TPUPOIHUM Ta30M.

BrnacHux mpkepen TemioBol eHeprii (mapa i raps4oi
BOJIM) Ul BADOOHUYUX MOTPEO MiANPUEMCTBO HE Mae i
orpumye ii 3 OOKy. ApProH BUKOPUCTOBYETHCS B CTalle-
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TUIaBWIILHOMY BUPOOHUIITBI NIPH BUIUIABII 1 pO3JTUBaHHI
cranu. [IpogykTy MOAiNy MOBITPSL — CTHCHEHE MOBITPS,
a30T, KUCEHb — BJIACHOTO BUPOOHMIITBA.

CrpykTypa BHpOOHUITBa «JlHimpocmercraiby,
BUJIY CIIOXKHBAHUX MaJIMBHO-EHEPIeTHYHUX PECYpPCIB Ta
€HepreTHYHi IOTOKY MpeCTaBIIeH] Ha puc. 4.

baratopiBHeBa Mopenb IUIAHYBaHHA EHEProCIO-
YKMBaHHS METaIypriifHOr0 IMiJIPHEMCTBA MPU peai3a-
uii moprdens MpoeKTiB eHepro30epekeHHs MpeCcTaB-
JIeHa Ha puc. 5.

OcCHOBHI pO3B'si3yBaHi 3aBIaHHS NPU YIIPaBIiHHI
noptgeneM MPOoeKTiB eHepro30epeKeHHsL:

- ONITHMI3allisl — PO3MO/LT PECYPCIB 3 METOI0 MakK-
cuMi3amii iHHOCTI MOpTQens 3 ypaxyBaHHSIM TaKHX
Horo MmokasHUKIB, sik peHTtadenbHicTh, ROI, NPV, IRR,
PH3HK i iH.;

- OanaHCyBaHHS — NOCSTHEHHsI OakaHOI PiIBHOBAru
pecypciB B IpOEKTax 4yepe3 Taki apaMeTpH K PH3UK i
ROI, KOpOTKOCTPOKOBICTH i IOBIOCTPOKOBICTh MPOEKTY
1 iH1II€;

I
E/E, M,T |
i ) = E = =-= ™ :
&l
1 npowsscpcmee ofpatiora HDEKA HE rarmipoesa
MHCTEYMIHTAMBOA | CTANW B FipECian METAMND E/E. TN rﬂ T
CTANM METOROM DKy MATOD I
MOPOLLIKDBOH BE, T i i
WY E/E, TN.T o=
I — I m = F ﬁ i F E- : 7
= EJE, NT | ] L Lk
Be#INABXA CTANK BHENe+as ofipathoa I MpOKATHE npoRaTl Cenag
S Sancoaron | Gens yerioie EJE, [TLFLT erana ke e E/E, IN,r4,T iz E/E, TN,T
mewax CILL-3 L T 1 crighe « 1050« HE CTAHE «2B]= NPOIYRLMK
E/E, TN,r4,T i |
DHE= - B
LT -
MOEroToea BLINNABKE CTRMM BHE IR KOBIKA MY MEOATHE TERPMAYRCHAR
Chips B anenTpomyToesn | Sdpadot MOMTE METANAA oBpatoTRE
MAATEAANG newax CNiL-2 CTan B E/E, TN,T w PR 1l CTAid =25 E/E, IT,TA,T
EEMMAT | EEMT | Voo BE MraT | _EEMIAT —
- KOEL , HHLEA,
@ L I J L
&L - — —i PRI
NOGIOTOEKE BoilnahEa BLINNAEKE CTRMM APHCT ORI NpoATRE rsALHER
LT ETEAANESLY ? BIDEraTe W BEKYYMHO-IYTO80A MgTANN ofipatiomia
E/E, M,T cnnasca : EE MT NEpENan Ha CTaHE =550= E/E, IN,T
B MHIYHLIMOHHOA ’ ’
i E/E, N, T E/E, TN,IA,T
E/E, N, T

Puc. 4. Crpykrypa BUpoOHHITBA «/{HIIPOCIIELICTaNIb» Ta CIIOKUBAHHS AJIMBHO-HEPIreTHYHUX PECYPCiB:
E/E — enexrpoenepris; I'TI — ra3 npuponuuii, I'J] — ra3 nomennuii, T — Temio

- CTpaTeriuHe BHPIBHIOBaHHS — rapaHTYBaHHS TO-
ro, mo (QikcoBaHU 00CAT pecypciB IpU BHKOHAHHI
MPOEKTIB MiANpUEMCTBA Oy/e BUTpayaTUCs BiJIOBIIHO
JI0 JTOCSTHEHHSM CTpaTeriyHuX IJIeH IiIpHeEMCTBA.
Tyt 3aiiicHIOETBCS TIepexi A0 OUIBII 3piIHX MOJenei
YIIPaBIiHHS MPOEKTaMU OCKIJIBKH, JO OCHOBHHUX IOKa3-
HUKIB IIPOEKTY — BapTICTh, YaC 1 AKICTh — OJAETHCS IIe
OJIH TIOKa3HHK — BIJIIOBIIHICT CTpaTerii;

- TpiopuTe3allis — paH)KyBaHHS IPOEKTIB mopTde-
JL ULl DOCATHEHHS HaWKpamoro OajlaHcy MiX IOTpe-
Oamu B pecypcax 1 iX HasBHICTIO. Y LbOMY 3aBAaHHI
PO3IIOALNT pecypciB MiXK IpOeKTaMH Oyze BinOyBaTHCS
BiJITIOBITHO 1O BCTAHOBJIEHUX IPiOPUTETIB MPOEKTIB. Y
HAMIIPOCTIIOMY BHIAJIKY, ISl TEXHOJIOTis BUILIIE pe-
CypCH NPOEKTaM 3 HaMOUIBIINM IIPIOPUTETOM BiIOBI/-
HO eHeproe(eKTUBHOCTI, a Ti HMPOEKTH, SIKUM pPECypCy
HE BHCTa4yae — IPU3YINHIAE;

- peaiizalist — rapaHTyBaHHS TOrO, IO B YMOBax
HasIBHUX TOTpPe0 1 JOCTATHOCTI OOMEXKEHHX pPecypciB

OyIyTh IOCATHYTI pe3yibTaTd MPOEKTYy Ta IUIAHOBI IO-
Ka3HUKH 33 TEPMiHAMH, BAPTOCTI Ta SIKOCTI.

VY ©OaratopiBHeBiii Mopeni IUIaHyBaHHS EHEPro-
CIIO)KUBAHHS METAIYPriffHOrO IiJMPHEMCTBA MOXKHA
BUIUIMTH TPH OpTaHi3alliifHUX piBHS (CIIOXMBaHHS €He-
prii Ha 3araJbHOBUPOOHHYOMY, 3araJIbLHOrOCIIONAPCH-
KOMY 1 TEXHOJOTIYHOMY piBHSIX) 1 JIBa PiBHSI THMYaco-
BOTO IJIaHyBaHHS (MiCsSYHE 1 JOOOBE MIIAHYBAHHS).

Ha nignpueMctsi € npunaau o0Jiky, siki BUMIpIO-
I0Th (paKTHYHE CIIO)KUBAHHS CHEPropecypciB. Y 3araiib-
HOMY BHIAJIKy ICHYe HEY3rO/KeHICTb abo HeOamaHC
MiX (PaKTHYHUM EHEpPrOCIIOKMBAHHSIM ITiIIPUEMCTBA 1
CyMapHUM (DaKTHYHUM EHEPrOCHOKHBAHHIM OKPEMHX
T APO3ALITIB.

Ha ocHoBi iHdopMmariii, 110 HaAXOIUTh BiJ BUPOO-
HUYMX IAPO3ALTIB, PO (HaKTUUHI JaHi MicsSYHUX 00Cs-
riB BUPOOHUITBA (3 YpaXyBaHHSIM HNPOAYKTUBHOCTI HPO-
KaTHUX CTaHIB KOXHOTO THILy; 4YHClIa TOAUH PoOOTH 1
HPOCTOIB KOKHOT'O CTAaHy TOIIO) i MiCSIMHOTO CIIO)KHUBAHHSI
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Puc. 5. bararopiBHeBa Mo/ie/Ib IUIaHYBaHHS €HEPrOCIOXUBAHHS IIPU peallizalii HopT(es IPOeKTiB eHepro3oepeKeHHs

eHepropecypcis (BUTpaTa €IEKTPOCHEprii BciMa CIOXHU-
BayaMH MiIIPUEMCTBA, CIIOKMBAHHS TPHUPOJHOTO 1 JIO-
MEHHOT'0 Ta3y B OCHOBHOMY BHPOOHHMIITBI, 1HIIIUX BUPOO-
HUILTBAX 1 BTPaTH, TEIUIOCIIOKHUBAHHS B BUIJISM TEXHO-
JIOTIYHOI MapH, Tapsyoi BOJM Ha CAHTEXHIYHI MOTpedu
TOIIIO) BU3HAYAIOTHCS XaPAKTEPUCTUKH TUTOMOTO €HEp-
TOCIIOKMBaHHS SIK QYHKIT Bi1 00CSTIB BUPOOHHUIITBA:

k.

Wi = 1Ny,
e W
enekrpoenepris; I'TI — ra3 npupoxanmii, I'J[ — ra3 mo-

— nuroMa BHUTpata eHeprii k -ro Bugy (E/E —

MeHHUH, T — Temi1o) i-ro BUPOOHMUYOro MiAPO3IiIY

N

MPOAYKIii, BAPOOJECHOI [ -M BUPOOHUYUM ITiPO3.I1IIOM
3a j -# IHTepBa yacy.

MANIPUEMCTBA 32 j - 1IHTEpBaJ 4Yacy; — KIIBKICTh

Ha ocHoBi iHdopmanii npo miaHoBi 00csru BUPO-
OHUIITBA Ta OTPUMAaHUX XapaKTEPUCTHK PEXUMIB pobo-
TH 00JIaJIHAHHS BUPOOHUYUX ITiAPO3/LIIB 3/1IHCHIOETHCS
MPOTHO3 MICSYHOTO EHEPrOCHOKUBAHHS IiIPO3IiJIOM.
OTpuMaHa po3paxyHKOBa BEJIMYHMHA NPSMYE B MOIYJIb
OLIIHKY 1 MPOrHO3yBaHHs. TyT BHUPIIIYETHCS 3aBAAHHS
MiHiMi3amii 3arajbHOI MOMUIIKU TPOTHO3Y CITOKHBAaHHS
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€Heprii KOKHOI'0 BUIY IIANPUEMCTBOM, SIKE 3aCHOBaHE
Ha HEY3rO/DKEHOCTI 3Ha4YeHb (PAKTUYHOTO 3aralibHOro
CHOXKUBaHHS €HEpTril MiIIPHEMCTBOM, II0 BU3HAYAETHCS
3a TMOKa3HWKaMH IPWIATiB OOJIKYy, 1 PO3paxyHKOBHX
CyMapHHX BHTpPAT €HEPropecypcib.

Minimizanist HeOanaHcy 3Ha4€Hb 31HCHIOETHCS Ha
OCHOBI KOpEKIIii CyMapHOI BHUTpaTH CHEPropecypciB
LUISIXOM PO3PaxyHKY KOPHTYIOUHX KOE(]Iili€HTIB METO-
JIOM HaliMeHIMX KBajapatiB. OTpuMaHi KOPHUTyKOYi KO-
edilieHTH TPSAMYIOTh Ha3zaj] B MiJCHCTEMY MIiCSYHOTO
IUIaHYBaHHS, a MPOTHO3HI OOCATH MICSYHOTO €HEpro-
CHOXKMBAHHS 33/1al0ThCS MiPO3iIaM SIK HeOoOXiHi Be-
JIUYMHKU. Y3TO/pKeHI MiApo3diiaMu Tpadika poOoTH
MepeatoThCsl B MOAYJb OLIHIOBAHHS Ta IPOTHO3yBaH-
Hs. TyT 3IIHCHIOETBCS 1HTETpaibHa OIHKA SIKOCTI rpa-
¢ikiB poOOTH MiAPO3/IIB HA OCHOBI BBEICHHX ITOKAa3-
HUKIB OIIIHKK €Heproe()eKTHBHOCTI.

B sKocTi KpuTEpiiB I OLIHKH CTYIIEHS 3aJ0BO-
JIeHHST C()OPMYINBOBAHMX BUMOI' €HEpProe()eKTHBHOCTI
BHUKOPHCTOBYIOTHCS HACTYITHI:

1. EHepretuunmii Kpurtepiii — mpuBeneHa BUTpaTa
MIOKYITHUX E€HEPropecypciB, CIIOKHUBAHUX METaIyprii-
HUM MiJNPUEMCTBOM, B TOHHAX YMOBHOI'O MajHBa, IIO
BU3HAYAETHCS 328 OPMYIIO0

Bpp =1.57-B%,+0.143-BX +0.123-E,

ze Bl — MicsuHa BUTpaTa IPUPOJHOrO rasy, wo Oes-
MOCEPEeTHHO BUTPAYAETHCS BCIMa CIIOKHBAYaMH ITiJI-

IpHEMCTBA, T; B, — MicsuHa BUTpaTa Temuia, IO BH-

TpayaeThcsl BCIMa CIIOXKHMBa4YaMH IiaNpHeMcTBa, ['kai;
E — MicsiuHe CIio)XKMBaHHSI ITiJIPHEMCTBOM €JIEKTPOEHe-
prii, Tuc. kBr-u.

2. ExoHOMIYHUIT KpuTepiit — cyma BUTpAT Ha MpHU-
Be/IeHY BUTpaTy YMOBHOTO MaJMBa, TPH/MIC, 1110 BU3HA-
4aeThes 3a GopMyInoro

Cop =B, -C,,+B,,-C,+E-C,,

e C,,, C,,, C, — BiINOBiTHO iHK HA PUPOJHUIA ra3,
TEIUIO 1 €JICKTPOCHEPTIIO.

Taxum 4MHOM, MOYKHA BUPIITyBaTH 3aBJaHHs MiHi-
Mi3alil BUTpaT €HepropecypciB, MiHiMi3amil BapTOCTi
CIIOKUBAHHs €HepropecypciB abo MiHimizawii npuBene-
HUX BUTPAT Ha BUPOOHUIITBO 331aHOT TUIAHOM MPOJYKIIii.

IHdopmaniss po MIiKOBI BETMYMHHU TEIUIOBOTO Ta
EJIEKTPUYHOTO HAaBaHTAXKEHHS, Tpadiku poOOTH MiApo3-
IITIB, X SIKOCTI HAJIXOIATH B OJIOK ONEPATUBHOIO IUIAHY-
BaHHs. TyT B3IiHCHIOETBCS CKJIaJaHHS OIEPATHBHOTO
PO3KIIay poOiT 32 KpUTEPIEM MiHIMyMY yXWJIEHHS TIOTO-
YHOTO €HEeProCIIOKHBAHHS BiJ 3asBiIcHOro rpadika. Ha-
MIPUKIIAJ], Ha ITiJBUIICHHS a00 3HIKCHHS 00CSTY CIIOXKHU-
BaHMX I'a3iB MOXKE BIUTUBATH 1 301l JOMOMIKHOro 00Jai-
HaHHSI, 1 IOCTaBKa MOTaHOI CUPOBUHHY, 1 3MiHa COpTaMeH-
Ty, 1 (POpPC-MaXKOp Y BUIIISA 3HAYHOTO MOPO3Y.

PimeHnss 3aga4yi MOJENIOBaHHS IOYMHAETHCS 3
BCTaHOBJICHHSI B3a€MO3B'sI3KiB MK OOpaHHMU Mapamer-
pamMu I ONTUMI3allii HA OCHOBI CKJIaJaHHS CHUCTEMHU
PIBHSIHb MaTepialbHUX 1 eHepreTHYHuX OanaHciB. bana-
HCOBI PiBHSHHS 3aITUCYIOTHCSI JUIsl PO3PaxyHKOBUX (Ma-
KCUMaJIbHUX) 3HAa4Y€Hb TEIUIOBHX HABAHTA)KEHb, €JIEKT-
PUYHOI MOTYXXHOCTI 1 BUTpATH IMaJMBa, SIKI BU3HAYAIIN
3a NOKa3HWKaMW, 33/IaHMMHU y BHUXIJHUX TaHUX 3a J0-
TIOMOT'OF0 YHCJIAa TOAWH BUKOPHUCTAHHS 3a3HAUYEHUX CHe-
PTeTUYHUX ITOKa3HHKIB.

[To6ymoBa Takoi MOl 1a€ MOXKIHUBICTh OOTPYH-
TyBaTH 3aJISKHICTh IMTOMHUX BUTpAT €HEPropecypciB
BiJl OYIIb-SIKOT'O 3 00'€KTHBHUX YNHHUKIB.

Pe3ynbTaTn excnepuMeHTiB

JluHaMika pO3paxyHKOBHX 1 (PAaKTMYHUX 3HAYEHb
JI0O0BOTO €JIEKTPOCTIOKUBAHHS Ta TOMICSYHUX BHTpAT
MIPUPOIHOTO ra3y Mo nexax i maposainax [IpAT «/uim-
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BucHoBku

3anpornoHoBaHo 0araTopiBHEBY MOJIENb IPOTHO-
3YBaHHsI €HEPrOCIIOKMBAHHS, 3aCHOBaHY Ha ONTHMAaJlb-
Hill TOOY/I0B1 €HEPreTHYHUX XapaKTEPUCTHK 13 3a/IaHO0
TOYHICTIO 110 TEXHIKO-€KOHOMIYHUM KPUTEPISIM.

3a I0mOMOrol0 MOAETI MOXJIMBE BUpIIICHHS -
JIOTO Psiy 3aBAaHb, Cepel SKUX OIiHKa palioHaJbHOC-
Ti Ta epeKTUBHOCTI iICHYIOUOi Ha MiANPUEMCTBI CTPYK-
TypH €HEpProCIIOKUBAHHSI, IPOTHO3YBaHHS O4iKyBaHUX
PIBHIB €HEPrOBUTPAT MPH 3MiHI TEXHOJIOTIi, COpTaMEH-
Ty 1 SIKOCTI MPOAYKIIi Ta MOPIBHSHHS Pi3HUX TEXHOJO-
Tiif 1 00JMasHaHHS 3 TOYKH 30py €Heproe)eKTHBHOCTI,

ONTHMANIbHE YIPABIiHHSA TOTOKAMH EHEPrOHOCIIB 3
ypaxyBaHHSAM 3MiHH YMOB BUPOOHHIITBA TOIIIO.

MogemnioBaHHS Ta OI[iHKa SIKOCTI TaJUBHO-
CHEePreTUYHOro OaNaHCy MiIIPUEMCTBA JO3BOJISE 3a
JIOTIOMOT'OF0 BHXITHHUX JHHAMIYHHX HOPMATHBIB OTpHU-
MaTH TIEBHY CHCTEMY TOXiTHHUX JHHAMIYHHX HOPMATH-
BiB JUIS aJalTHBHOTO PETYJIIOBAHHSI EHEPreTHIHUX
aKTUBIB METalypriifHOTO MiANPUEMCTBA, 10 3a0e3Ie-
yye peanizallito e()eKTHBHOI CTpaTerii eHeproMeHe K-
MEHTY METaJIypriiHOTrO MIiANPHEMCTBA TpPH BigOOpi
MPOEKTIB ISl CTPATETiYHOTO MIAHYBAHHS TMiABHUIICHHS
eHeproepeKTUBHOCTI Ta eHepro30epeXeHHsT BUPOO-
HUIITBA.

CIIMCOK JIITEPATYPH

1. MaxkapoB A.f. HopmupoBanue norpeGieHus TOIUIMBA U 3HEPIUH B 4epHOU MeTamtypruu [Enexrponnuii pecypce] // Kypnan
riiaBHOrO MHXKeHepa. — Ne 6. — 2019. — Pexxum noctymy: http://gl-engineer.com/articles/normirovanie-potrebleniya-topliva-i-
energii-v-chernoy-metallurgii

2. ®enoro AWM. HopmupoBaHue 3/IeKTpONOTPEONCHHS Ha OCHOBE MaTeMaTHdeckoro Mopenuposanus / A.M. Demopos,
I'.B. Baranos // U3Bectus By3oB. [Ipo6iems! sHepreruxu. — 2008. — Ne 9-10. — C. 130-133.

3. Huxudopos, I'.B. DHeprocOepexeHHe M YIpaBICHHE 3SHEPronOTPEOICHHEM B METATyprUYecKOM IIPOM3BOACTBE /
I'.B Huxudopos, B.K. Oneiinukos, b.11. 3acnasen. — M.: Oneproaromusnat, 2003. — 480 c.

4. Bianco V. Electricity consumption forecasting in Italy using linear regression models / V. Bianco, O. Manca, S. Nardini //
Energy. — 2009. — No 34. — pp. 1413-1421.

5. Dordonnat V. Dynamic factors in periodic time-varying regressions with an application to hourly electricity load modeling /
V. Dordonnat, S.J. Koopman, M. Ooms // Computational Statistics and Data Analysis. — 2012. — Ne56. — pp. 3134-3152.

6. Kasapunos JI.C. OnrumanbsHOe NPOrHO3UPOBaHUE NOTPEOJICHNUS TOILUIMBHBIX I'a30B HAa METAJUTYPTHUECKUX HPENpPUSTHAX /
JI.C. KazapuHos, JI.A. Konues, M. A. SAnpeinuesa / BecrHuk FOxHO-Ypanbckoro rocyapcTBeHHOro ynusepeurera. Cepus:
KoMnbloTepHbIe TEXHOIOTHH, YIIpaBlIeHHe, paanodiekTponuka. — Ne7(79). — 2007. — C. 24-26.

7. Mosavi A. Energy Consumption Prediction Using Machine Learning; A Review [Enexrponnuii pecypc] / A. Mosavi,
A. Bahmani // Preprints 2019. — Pexxum nocrymy: https://www.preprints.org/manuscript/201903.0131/v1/download

8. Koksharov V.A. Theoretical-methodological basis of formation of the enterprise strategy improving energy efficiency /
V.A. Koksharov // European Science and Technology: materials of the X International research and practice conference, Vol.
1. Publishing office Vela Verlag Waldkraiburg, Munich, Germany. — 2015. — pp. 143-148.

9. Linares P. Energy efficiency: Economics and policy / P. Linares, X. Labandeira // Journal of Economic Surveys. — 2010. —
Ne 24(3). — P. 573-592.

10. Anatomy of a paradox: Management practices, organizational structure and energy efficiency / R. Martin, M. Mudlls,
L. B. De Preux, U. J. Wagner // Journal of Environmental Economics and Management. — 2012. — Ne 63(2). — P. 208-223.

11. Shemetov A. Identification of the electricity consumption of metallurgical enterprises at the highest levels of management /
A. Shemetov. —2005. — pp. 135-140.

12. Yujuan R. Modeling and Simulation of Metallurgical Process Based on Hybrid Petri Net / R. Yujuan, H. Bao // IOP Confer-
ence Series: Materials Science and Engineering. —2016. — P. 157.

Hapniitmna no peaxonerii 14.11.2019
CxBasieHa 10 apyky 12.02.2020

Energy consumption planning model
of metallurgical enterprise

S. Kiyko, E. Druzhinin, O. Prokhorov

Abstract. A multilevel model of energy consumption of a metallurgical enterprise has been developed, which allows to
evaluate the efficiency of energy-saving projects selected for implementation, objectively assess the share of each energy re-
source in the total flow, determine the energy intensity of an individual production, workshop, the whole enterprise, and adjust
the strategic direction in energy management. In the multilevel model of energy consumption planning of a metallurgical enter-
prise are three organizational levels (energy consumption at the general production, workshop and technological levels) and two
levels of time planning (monthly and daily planning). The goal of an energy management strategy is to minimize overall operat-
ing costs, which include energy costs, recorded peak load costs, and incremental operating costs associated with load shifts. Us-
ing the model, it is possible to solve a number of problems, including assessing the rationality and efficiency of the energy con-
sumption structure at the enterprise, predicting the expected levels of energy consumption when changing the technology, as-
sortment and quality of products and comparing various technologies and equipment from the point of view of energy efficiency,
optimal management of energy carrier flows taking into account changes in production conditions etc. Modeling and evaluating
the quality of the fuel and energy balance of the enterprise allows using a source of dynamic standards to obtain a specific system
of derivatives of dynamic standards for adaptive regulation of energy assets of a metallurgical enterprise, ensuring the implemen-
tation of an effective energy management strategy for a metallurgical enterprise in the selection of projects for strategic planning
to improve energy efficiency and energy saving of production.

Keywords: energy planning, energy resources, forecasting, portfolio of energy saving projects, metallurgical enterprise.
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DEVELOPMENT GAUGE FOR CONTROL PARAMETERS
RADIATION ELECTROMAGNETIC FIELDS

Abstract.The subject study of the article is to measure electromagnetic fields to determine their impact on the human
body. The article is research process develop measuring devices for monitoring parameters of radiation of electromagnetic
fields. The problem to be solved — just ification of technical solutions and their implementation in practice allow accurate
measurements to know the presence and location of malicious artificial electromagnetic radiation and the extent of their
impact on the human body by applying a gauge to monitor the parameters of the radiation of electromagnetic fields. The
paper considered: the structure of the device control parameters of the radiation of electromagnetic fields; studied the work
of two-channel analog-to-digital converter; investigated electric circuit device using a Hall element and field instr-
?mentation amplifier; investigated circuit input stage device using silicon element Hall and operational amplifier; investig -
ted temperature compensation circuit with reference interchange power at the source voltage EX. Conclusion: The
proposed technical solution should be used when developing the measuring device to control the parameters of the
radiation of electromagnetic fields.

Keywords: electromagnetic, radiation device, element Hall.

Introduction

Formulation of the problem.

Monitor environment using special equipment
allows to accurately know the presence and location of
malicious artificial electromagnetic radiation and the
extent of their impact on the human body. In society
there is a need for a measuring device, which would
allow to receive and visualize information on
electromagnetic radiation around the clock without
uman assistance and fix it.

Thus, the issue of development of devices for
control of parameters of radiation of electromagnetic
fields is relevant scientific applications, due to the
onstant increase in requirements for obstruction of the
harmful effects of electromagnetic radiation on humans.

Analysis of the literature

Principles and organizational framework
etrological software and the role and place
metrological support in Ukraine, set out in the Act
Ukraine "On metrology and metrological activity" [1]
ISO 2681-94. Metrology, Terms and Definitions[2], the
ISO [3, 4].

The article [5] analyzed the most common types of
transducers magnetic field to determine the direction of
impact at the source of the magnetic field and
determined that the most common is ferozondovi
Converters magnetic field. The article [6] The possibil -
ty of using fiber-optic Fabry - Perot. In [7] proposed a
quantitative approach to assessing the impact of
metrological reliability of measuring instruments during
believe the eye works.

The literature [8 - 12] laid the foundations of the
operation of measuring instruments are set out in the
literature.

At the same time remain open issues related to
the development of devices to control the parameters of
radiation of electromagnetic fields.

The article is the study of the development
process measuring device to control the parameters of
radiation of electromagnetic fields.

Core material

Consider the development process measuring
device, including gaussmeters to control the parameters
of the radiation of electromagnetic fields. Determine the
structure of the device is as follows: sensor - the sensor-
MCC Hall 0.5A; input power - power from AD623;
Analog to Digital Converter - ADC based on the
ADS1286; software that manages a computer - a
program based on lab VIEW. Hall sensor creates a
voltage level mlV. Normalizing amplifier amplifies this
voltage to the operating voltage analog-to-digital
converter and shifting the working point to measure
bipolar magnetic field. Analog-to-digital converter
converts analog voltage level into digital code for
computer input via com-port using that operates on lab
VIEW. The program that controls, makes the necessary
changes and displays it on the screen. Consider a real
pilot scheme amp input for a specific instance of Hall
sensor MCC-0.5A. Where is:

- gain a scheme

G =1+ 100 ohms/R1 =23; (1)
- initial shift
U=1,8mV+*G=40mV=0.04 V. 2)
In this case estimated value of magnetic induction V/T is:
B=U-U0)/(K*IX/3)/ G=
(U-0,04)/(0,28+2,2/3)/2=3
=(U-0,04)/4,7=0,21U-0,01, 3)
where U - V of output voltage, X - current value, man-
aging mA, K - sensitivity B/ T (about 0.28 W/ T).
Variable resistance establishes an initial shift for
analog to digital converter (Fig. 1) to measure two polar
magnetic fields. In developing the two-channel analog
to digital converter chip used ADS1286, managed and
transmitting information via a serial port (represented
working circuit.
Gaussmeters is a modular design with capabilities

change as research probes with Hall sensor and
normalizing (incoming) amplifiers.

© V. Kononov, A. Chorna, S. Rak, 2020
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Fig. 1. Analog-to-digital converter

Define the benefits provided by a virtual model
gaussmeters over conventional models, namely a
complete understanding circuitry and features
gaussmeters; shell, fully customizable; ability to
measure not only the amplitude but also the temporal
characteristics of the magnetic field; using any statisti -
al analysis, algorithms, signal generation and analysis in
frequency and time domain procedures spectral analysis
and digital filters; lab VIEW - integrated development
environment virtual instruments. Consider circuitry
device using a Hall element and field instrumentation
amplifier and the circuit input stage device using silicon
element Hall and the operational amplifier (Fig. 2).

ﬂ T +Uy=(10-15)B
R3(0,5-3,0)
1
j —
Buxog
B> b
Obupsi
U, ={10-15)B

Fig. 2. Scheme input stage device
using silicon element Hall and operational amplifier

In the scheme shown in Fig. 2, as the magnetic field
transducer uses Hall sensor field that carries power from
the power source, performed by the operational amplifier
(DA2). As a signal amplifier using integrated circuit EX
instrumentation amplifier AMP-04 (or HNA118). The
magnetic sensitivity of the device is set resistor R7,
operating current of Hall elements - resistors R1 and R2.
0 Balancing held resistors RS and R6. The scheme
involves the modulation of the input signal by supplying
pulses that control (or modulate) the gate field sensor
Hall. The device provides bipolar power supply from the
power source. Current consumption is less than + 10 mA
at a voltage of 12 V (Fig. 2). In the scheme shown in Fig.
2, as the magnetic field transducer uses silicon Hall
element type MCC-0, 5, which is connected to the food
chain in two limiting resistors (K1, K2). As an EX signal
amplifier chip used in the operational amplifier
740UD2B without housing options. Sensitivity device
installed resistors and resistor lang K.1, K2. Temperature

compensation function conversion elements of the Hall
signal input circuit. When powered by the Hall element
source voltage stabilizes residual voltage Ilost, but there
is a temperature dependence of the sensitivity of the
device. The error caused by the temperature dependence
of the sensitivity is multiplicative in nature. Thus, the
compensation of such errors can be obtained nonlinear
operations, which limits the accuracy of the compensa.-
ion. When powered from the power source stabilizing
element sensitivity Hall, residual stress has a strong
temperature dependence, which, however, can be

ompensated linear ways. Another feature of the method
of compensation is that of compensating for signal input
circuit EX may not cause galvanic connection with its
input circuit because the Hall element is a quadrupole,
input and output that does not have a common point. The
quality and stability of galvanic isolation link in solving
some extent depends on the accuracy of the compensation
scheme. Next, consider the circuit temperature com-
pensation element in the exercise of power by the Hall
current source. In practice, the following schemes: optron
with galvanic isolation; with galvanic isolation in
Ratiometer; with galvanic isolation transformer; Hall ele-
ment powered by a pulsed power supply. Consider the
principle of the block diagram of temperature compen-
sation of Hall element optron EX interchange when
powered from a voltage source that is provided in Fig. 3.

. -

R4

Ut -) R2
4P i) -

t ax > DA1
Ua ]
El ; L

e

Fig. 3. Scheme temperature compensation of the reference
junction EX when powered by the voltage source

In the proposed scheme defined: DA1, DA2 - op-
erational amplifiers; E1, E2 - voltage source; Ul, U2 -
optocouplers; P1 - recording device.

In the Fig. 3 output from the EX comes to recording
device P1 through the signal amplifier DAIl. Gain
amplifier signal is determinedsupports negative feedback
operational amplifier DA1 -rezystorom R2 and output
impedance of the optocoupler Ul. Change the last part
multiplicative compensating temperature change output
EX compensation additive components made circuit
consisting of a voltage source El, the output resistance
optocoupler U2 and resistor R1.At the initial element
temperature and operating current Hall current generator
E2 amplifier output signal DA1 there, whose value
election mode of the amplifier DAI is set so that the
operating point optocoupler Ul was on the linear section of
transmission characteristics. Changing adjustable voltage
source E1, can ensure that the voltage drop across the
resistor R1 was equal in magnitude and opposite in sign
zero voltage Uost Hall element. Compensation temperature
changes Uost residual voltage is as follows. When the

34



Cucmemu ynpaeninua, nagizauii ma 36'a3ky, 2020, eunyck 1(59)

ISSN 2073-7394

temperature deviation from the initial electrical resistance
change element Hall successive voltage drop at the EX
optocoupler output impedance value and voltage offset the
resistor R1. Lanka, which limits the accuracy of the
compensation in this scheme is mainly optocoupler Ul,
which provides galvanic isolation compensation circuit
associated with the inputs and outputs of the Hall. Any
implemented only in a relatively narrow range of
temperatures, firstly, due to varying depending on
temperature resistivity semiconductor and compensating
element and, secondly, because of the contact resistance
EX depending on temperature. For example, India EX with
antimony (InSb) temperature compensation with an
accuracy of 2% is achieved by connecting the current
circuit to a DC voltage, taking into consideration the fact
that the material dependence of the Hall constant (CL) and
resistivity (p) of temperatures are almost identical.
Furthermore, temperature compensation for the departure
of Hall elements parameters used semiconductor thermis-
tors or metal included in parallel or in series or EX power
in its output circuit. The temperature error can be elimina-
ted thermostatic element and power it from AC power. For
this purpose element is provided heater and temperature
sensor. When separation circuit power frequency itself EX
can be used as a heater, and in some cases as a Sensor.
When designing magneto device should consider the
impact on peak current control parameters and characte-
ristics of the Hall element, which is particularly important
when using low-MCHE operating at FTI> 50 mA.

Maximum value of the current management is largely
determined by operating conditions EX, ie heat conditions
and ambient temperature and a maximum temperature of
heating magnetosensitive element. In the passports of the
unit is given the maximum value of the current case
management operation Hall element among the still air.
Excess indicated in the passport value of this current
without special measures to improve the conditions for
additional heat leads to overheating element and output it
down. Improvement efforts terms of heat can significantly
increase both nominal and maximum allowable value of
current management. For example, if the Hall element on
both sides to bring into contact with metal magnetic poles,
the current control can be increased by 1.5 - 2 times.

Conclusions

1. The article deals with the development of the
measuring device, the example gaussmeters.

2. The structure of the instrument: sensor - the
sensor-MCC Hall 0.5A; normalizing (input) power -
power from AD623; analog-to-digital converter - based
ADC ADS1286; program that manages the computer -
the program based on lab VIEW.

3. It is proved that the design magneto device
should consider the impact on peak current control
parameters and characteristics of elements Hall.

4. Proposed technical solutions should be used
when developing the measuring device to control the
parameters of the radiation of electromagnetic fields.
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Po3podka BuMipoBaJbHOr0 NpUIALy AJIs KOHTPOJIIO NapaMeTpiB BUIIPOMIHIOBAHHS €JICKTPOMATHITHHUX OB
B. b. Konownos, 0. I. Kymnepyk, C. €. Pak

Anotanis. [Ipeaverom BUBYEHHS B CTATTi € BUMIPIOBAHHS €JIEKTPOMAarHiTHUX IOJIB 1010 BU3HAYEHHS iX BIUIMBY Ha
OpraHism JoauHU. MeTor0 CTaTTi € JIOCHiPKEHHS POoLecy po3poOKH BHMIPIOBAIBHOIO IPMIALY Ul KOHTPOJIO NapaMeTpiB
BUIIPOMIHIOBAHHS €IE€KTPOMATHITHUX NOJIIiB. 3aJa4a, 0 BUPIIIYEThCS, — OOIPYHTYBaHHA TEXHIUYHUX pillleHb, BIIPOBA/KCHHS
SKUX B MPAKTUKY BUMiPIOBaHHs JJO3BOJIATH TOYHO 3HATH IPO HASBHICTH i PO3TALIYBAaHHS LIKIIVIMBUX IITYYHO CTBOPEHHX €JIEKT-
POMArHiTHUX BUIIPOMIHIOBaHb 1 CTYIIiHb iX BIUIMBY Ha OPraHi3M JIOANHH HUIIXOM 3aCTOCYBaHHS BUMIPIOBAJIBHOTO NPUIIALY, IS
KOHTPOJIIO [apaMeTpiB BUIPOMIHIOBaHHs €JIEKTPOMArHiTHUX IoJiB. B crarTi po3risimaerbes: CTpyKTypa MpUiiagy KOHTPOIIO
IIapaMeTpiB BUIIPOMIHIOBAaHHS €IEKTPOMArHITHUX I10JiB; AOCIiKEHa poOoTa ABOKAaHAIBHOIO aHAJIOr0-LH(POBOro MepeTBOPIo-
Baua; JOCII/KEHa eJIEKTPHYHA CXeMa MarHiTONPUHMAIbHOIO IPUCTPOIO 3 BUKOPUCTAHHAM IOJILOBOTO €JIEMEHTY XOiy Ta iH-
CTPYMEHTAJIBHOIO MiJICHIIOBAaYa; JOCHIPKEHa CXeMa BXIJHOIO KacKaay MarHiTONPUHMAIbHOrO MPUCTPOIO 3 BUKOPHUCTaHHAM
KPEMHI€BOro eeMeHTy X0y 1 onepaniiiHoro miJcuiroBaya; JOCIIKEeHa cXeMa TeMIepaTypHOi KOMIIeHcallil 3 OIIOPHOIO PO3B's-
3koro npu xuBieHHI EX Bin jokepena Hanpyru. BUCHOBKH: 3arporioHOBaHi TEXHIYHI PillICHHs JOLIBHO BUKOPHCTOBYBATH IIPU
PO3poO1i BUMIPIOBAIBHOTO NPHIIAY ULl KOHTPOIIIO NapaMeTpPiB BUIIPOMIHIOBAHHS €JICKTPOMAarHiTHUX IIOJiB.

Karo4doBi cioBa: enekTpoMarHiTHi BUIPOMiHIOBaHHS, MarHITONPUIHMAJIBHUN NIPUCTPIi, enement Xoima.
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JUSTIFICATION OF RECOMMENDATIONS FOR IMPROVING THE FUNCTIONING

OF THE ARMORED WEAPONS AND MILITARY EQUIPMENT RECOVERY
SYSTEM BASED ON THE STUDY OF THE GRAPHICAL NETWORK MODEL

Abstract. The subject matter of the article is the functioning process of the armored weapons and military equipment
recovery system during combat operations in modern conditions. The goal of the study is to justify of recommendations for
improving the functioning of the recovery armored weapons and military equipment under the order to reduce the time of work
and rational use of forces and resources. The tasks to be solved are: to present the process of functioning of the system of
armored weapons recovery and military equipment as a list of events and works that comprehensively reflect its essence and
the interrelations between individual actions; to build a network graphical model of functioning of the armored weapons and
military equipment recovery system of the assigned units; to analyze the critical path of network grapHhics; to identify critical
work requiring closer scrutiny and identification of issues and risks that may impact the functioning of the whole recovery
system, by analyzing and optimizing the network schedule make suggestions for improving the operation of the recovery
armored weapons and military equipment system. General scientific and special methods of scientific knowledge are used.
The following results are obtained. It was simulated the functioning of the armored weapons and military equipment recovery
system of military units in performing their tasks by constructing a graphical network models critical path. Analysis network
diagram allowed us to determine directions of improvement of functioning of system of recovery of armored weapons and
military equipment under the conditions of limited material and nonmaterial resources and regular information updates.
Conclusions. The network graphic model of the for restoring armored weapons and military equipment recovery of during
combat operations it possible to present the entire scope of work, their logical and chronological relationship and to adjust
plans taking into account the limited time and insufficient number and training of personnel. Analysis of the critical path of the
network schedule makes it possible to conclude that if there are several battalions in the brigade, the repair of samples of
armored weapons and military equipment with a labor intensity of more than 200 people / hour is on the critical path because
the forces and means for the restoration of armored weapons and military equipment not enough in modern conditions. The
network schedule for the recovery of armored weapons and military equipment with the functional distribution of the volume
and list of works is optimal for the length of the critical path. The practical implementation of proposals to improve the
functioning of the armored weapons and military equipment recovery system is possible by creating separate logistics units of

the appropriate hierarchy levels and implementing an interspecific territorial system for providing military units.

Keywords: recovery of armored weapons and milllitary equipment, network schedule, logistic approach.

Introduction

Formulation of the problem and research tasks.
The combat experience of the use of troops during the
Joint Force Operation indicates that the restoration of
armored weapons and military equipment (AWME) is
the main source of replenishment of its loss directly
during the hostilities (march) and consists in the
implementation of a set of organizational and technical
measures (works) aimed to bring weapons and
equipment samples out of order, ready for use with the
return to service, which as a whole forms a unified
system for the restoration of armored vehicles weapons
and equipment.

The goal of the recovery system is to provide the
necessary volume and rate of return to the units of the
damaged equipment and weapons and is achieved by
purposeful management of its operation and in the
general case is reduced to the creation of a rational plan
for carrying out a complex of works consists of the
interdependent actions of forces and means of troops,
repair units which are part of repair and restoration units
(subdivisions) of formations (parts) as well as
warehouses of armored property. The above testifies to
the relevance of the study and the need to formulate an
approach to the organization of the functioning of the
armored weapons and equipment recovery system based

on the combination of scientific methods and advanced
information technologies to calculate and justify the
decision made under the conditions of limited material
and nonmaterial resources and regular information
updates.

Analysis of recent research and publications on
the issues mentioned above, confirms the relevance of
this issue.

According to experts, the inconsistency of the
capabilities of the forces and means of repair and
restoration units of technical support to the goals and
tasks of the Land Forces logistical support system leads
to the fact that the existing AWME recovery system
doesn’t fully provide the needs of the military
departments in performing their assigned tasks,
therefore there is a need to improve the organizational
structure of the repair authorities, on the basis of the
system approach and the search for a model of
functioning which would provide optimal distribution of
forces and means in the shortest recovery time AWME
and return it into unit [1-6].

The goal of this issue is to justify of
recommendations for improving the functioning of the
recovery armored weapons and military equipment
under the order to reduce the time of work and rational
use of forces and resources. To achieve this goal the
following research tasks are solved: to present the
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process of functioning of the system of armored
weapons recovery and military equipment as a list of
events and works that comprehensively reflect its
essence and the interrelations between individual
actions, to build a network graphical model of
functioning of the armored weapons and military
equipment recovery system of the assigned units; to
analyze the critical path of network graphics; to identify
critical work requiring closer scrutiny and identification
of issues and risks that may impact the functioning of
the whole recovery system, by analyzing and optimizing
the network schedule make suggestions for improving
the operation of the armored weapons and military
equipment recovery system.

Main material

1. Building a graphical network model of
functioning of the armored weapons and military
equipment recovery system. Network planning is
considered to be the general tool of project management
allows you to make the most effective use of both the
production capacity of the repair and restore agencies
and the available stocks of military-technical
equipment. Based on the application of graph theory
using a network diagram, modeling the process of
AWME restoration of military units when performing
their intended tasks makes it possible to present the
entire scope of work and its logical and chronological
relationship. It also allow to create a solution to restore
AWME on different levels of the hierarchy; to
determine and mobilize time reserves;, to prevent
possible disruptions in the course of work, to implement
operational control of deadlines, and, if necessary,
adjust plans taking into account limited time and
insufficient number and training of personnel.

As you know, the graphical network model [7] is
represented as a directed graph (actually called a
network graph), whose elements are two logical
elements-work and event. The work expresses the
performance of a specific event and is divided into
work-action and work-expectation (fictitious work).

Work-action will be called a process that occurs
over time and is associated with the expenditure of time
and resources (material or non-material), so it always
has a beginning and an end. It translates one event into
another and is shown as a solid line with an arrow on
the network graph. To build a network schedule for the
operation of the AWME recovery system, we will
define the following actions:

— technical intelligence;

— evacuation of a sample of equipment;

— protection, security and defense measures;

— towing of damaged equipment;

— field repair of equipment “on the spot”;

— current repair of AWME samples;

— defects detection;

— simple average repair of AWME samples with a
labor intensity up to 200 people / hour;

— complex average repair of AWME samples with
a labor intensity more than 200 people / hour;

— overhaul of AWME samples;

—returning of the AWME sample to the division;

— military technical equipment resupply;

As military technical equipment resupply is time-
consuming, it is suggested that you enter a standby job
that carries the event over time:

— getting military-technical equipment from the
warehouse.

On the network graph such work is also
represented by a solid line with an arrow. Dependencies
(fictitious works) that show a logical relationship
between two or more events, but do not require resource
and time costs, are not considered in this model.

The initial and final work, that is, the beginning
and end of a certain event, is called events. An event is
indicated by a circle with a number inside that defines
its number.

Among the events, the initial and final events are
distinguished. The initial event does not have any
previous activities or events related to those reflected in
the network model of the work package. The final event
does not have the following jobs and events. The initial
and final work, that is, the beginning and end of a
certain event, is called events. An event is indicated by a
circle with a number inside that defines its number.

Among the events, the initial and final events are
distinguished. The initial event does not have any
previous activities or events related to those reflected in
the network model of the work package. The final event
does not have the following works and events.

Thus, the process of restoring AWME can be
described in a list of events and activities that
comprehensively reflect its essence and the relationship
between individual measures. The set of works to
restore AWME in the terms of the network schedule is
presented in Table 1.

As it is known, the armored weapons and military
equipment recovery includes, in the general case,
technical intelligence, evacuation, transfer of
undeveloped weapons repair stock (weapons and
military equipment that cannot be restored on their own)
to the funds of the senior chief, repair (restoration of
combat capability) of weapons and military equipment,
bringing them to a combat ready state, returning to
service (to units). owever, It is proposed to add to the
standard list of events that’ll take into account
necessarity of waiting for military-technical equipment
resupply.

The classic theory of network planning and
management allows to optimize the graph to reduce the
time spent on work and the rational use of forces and
resources. To do this, each work must be matched by
some numerical estimate that characterizes its duration.

Given the specifics of the subject matter for some
works, it is suggested to use the complexity of the
works as numerical estimates.

For example, the complexity of current repairs is
10 people / hours workload, simple average repair — up
to 200 people / hours workload, complex average repair
— more than 200 people / hours workload, etc.

The division personnel, data on the possibility of
repair and restoration units of the certain hierarchy
level, statistical data on the AWME failure are indicated
in the guidance documents [8].
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Table I — The set of works to restore AWME
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" number [umber of the works

1 1 0 Beginning

2 |2 1-2 Technical intelligence

3 13 2-3 Evacuation of a sample of equipment

4 14 3-4 Field repair of equipment “on the spot”

5 |7 7-4 Field repair of equipment “on the spot”

6 |5 3-5 Towing of damaged equipment

7 |6 3-6 Protection, security and defense
measures

8 |7 3-7 Waiting for military-technical
equipment resupply

9 |8 5-8 Defects detection

10 |8 6-8 Defects detection

11 (13 4-13 | Returning a sample of equipment to
the division

12 |9 7-9 Current repair of AWME samples

13 |10 7-10 | Simple average repair of AWME
samples

14 |7 8-7 Waiting for military-technical
equipment resupply

15 |7 7-7 Military-technical equipment
resupply

16 |9 8-9 Current repair of AWME samples

17 |10 8-10 | Simple average repair of AWME
samples

18 |11 8-11 Complex average repair of AWME
samples

19 |12 8-12 | Overhaul of AWME samples

20 |13 10-13 | Returning of the AWME sample to
the division

21 |13 11-13 | Returning of the AWME sample to
the division

22 |13 12-13 | Returning of the AWME sample to
the division

23 |14 13-14 |End

Evauation Q
Platoon
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2. Optimization of network schedule for
AWME recovery. As we can see, if several battalions
are part of a brigade, AWME samples repair with a
workload of more than 200 people / h is on the critical
path, and the forces and means at the level of a
operational grouping of troops (forces) are not enough
to restore AWME samples in modern conditions.

The given data unambiguously signify the
triviality of the work, ale to the given statutes are
indicated more detailed, to conduct such a work.

Fig. 1 shows a fragment of a network graph of
simulation of the process of reconstruction of a tank
(mechanized) battalion, which performs tasks as
assigned to the brigade. To simplify the presentation of
the material, we’ll assume that for each battalion that is
part of the brigade, the complex of BTOT
reconstruction works is similar to the accuracy of the
equipment of the armored tank (t) or mechanized (m)
battalion.

Waiting for military-technical equipment resupply
is time-consuming, so we will assume that its events are
fictitious.

An analysis of the constructed network schedule
makes it possible to determine what works are on a
critical path, that is, need more careful monitoring and
identification of problems and risks that may affect the
functioning of the entire recovery system.

Typically, network scheduling optimization is
offered by redistributing resources from non-critical
work to critical work, using additional resources, and
reducing the duration of some critical work by involving
other professionals [7], and the most “dangerous” for
“getting in” ”On the critical path are the events of
numbers 10, 11 and 12. In the terminology of AWME
recovery these proposals can be formulated as follows:

Crew

Mechanized bngadc
damaget—veh

collection naint

Crew

<200p/hour

repair
¥ regiment

7-30 days

Fig. 1. Fragment of the network graph simulation of the recovery pocess of the tank (motorized) battalion
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— to create separate units of operational command
logistics (for example, a logistics regiment, a separate
logistics battalion), which will consist of existing car
battalions, logistics battalions, and repair parts of
operational commands capable of deploying mobile
units in field and field environments, ensure timely
transportation of material resources, repair of weapons
and equipment;

— to introduce strict distribution of functions on the
volume and the list of works between the links of the
system in accordance with the technical equipment,
qualification and specialization of the personnel of the
repair and recovery units and the availability of the
required number of spare parts for the volume and the
list of works that are being performed.

Such distribution is proposed on the basis of
functional characteristics (technical service, logistics
service, supply service, transport service, medical
service, etc.), which in turn will lead to a decrease in the
number of intermediate supply units.

According to the authors, the reduction of the
critical path will be facilitated by the introduction of an
interspecific territorial system of providing military
units, regardless of their affiliation with one or another
type of armed forces, and concentrating their basic

2

3
intelligonce Defects
detection

Separate
logistics
battalion

4
Evacuation
M

efforts directly where material resources are spent - in
units.

It is advisable for the logistics regiment
commander to interact with the commanders of the
armored weapons and military equipment, maintenance
and repair, as well as issues related to the AWME
operation and recovery (eg through a senior brigade
repair officer).

To improve the functioning of the AWME
recovery system, it is proposed to clarify the norms and
order of separation of rockets and ammunition stocks,
transfer to the operational commands of certain arsenals,
security centers, bases and warehouses, to review the
nomenclature and composition of repair kits of spare
parts and to create additional repair kits (typical) with a
standard supply of severely deficient military-technical
equipment.

In addition, it is advisable to provide the
possibility of the repair and recovery units forces and
means operational and combat composition adjusting
according to the design of operations and the tasks
defined by it.

An example of a network graph of the simulation
AWME recovery pocess constructed taking into account
the comments, is shown in Fig. 2.

3 4
Repair Returning
obile damaged

vehicles collection
point

Fig. 2. Network schedule of AWME recovery with functional volume distribution and list of works

3. Optimization of the network schedule of
AWME recovery according to the principles of
functional volume distribution and the list of works
between elements of the recovery system. As you can
see, building a network schedule of AWME recovery on
the principles of the functional distribution of the
volume and the list of works between the elements of
the recovery system makes it possible to draw
conclusions about the advisability of repairing
equipment at the places of failure or at the collection
points of damaged combat vehicles based on:

the least time spent on evacuation damaged
vehicles;

close interaction and coordination of the work of
all forces and means of technical support;

performing repairs by the aggregate method.

In accordance with these principles, it is proposed
to build structures of forces and facilities for the
AWME field recovering.

The focus is paid to the recovering of the failed
AWME at the places of failure, so most of the forces
and means intended for the repair of weapons and
equipment are in the military rank.

To ensure high survivability and mobility of the
means of evacuation and repair, especially in units of a
company-battalion-brigade  operating under the
influence of enemy fire weapons, modern tanks and
other types of armored vehicles are used as a base for
repair and evacuation forces and equipment. The main

military evacuation vehicle operating directly behind
combat conducting units may be an armored repair and
evacuation vehicle.

Equipping troops with modern repair and
evacuation vehicles will significantly increase the
amount of repair work that is carried out directly in
combat orders of units, accelerates the return of
weapons and military equipment in order.

In the units, starting with the division, where it is
necessary to evacuate damaged equipment over a long

distance,  heavy-duty  vehicles  (trailers) are
comprehensively used.
Conclusions

1. The network graphic model of the for restoring
armored weapons and military equipment recovery
during combat operations it possible to present the
entire scope of work, their logical and chronological
relationship and to adjust plans taking into account the
limited time and insufficient number and training of
personnel.

2. Analysis of the critical path of the network
schedule makes it possible to conclude that if there are
several battalions in the brigade, the repair of samples of
armored weapons and military equipment with a labor
intensity of more than 200 people / hour is on the
critical path because the forces and means for the
restoration of armored weapons and military equipment
not enough in modern conditions.
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3. The network schedule for the recovery of armored
weapons and military equipment with the functional
distribution of the volume and list of works is optimal
for the length of the critical path.

4. The improvement of the functioning of the
armored weapons and military equipment recovery
system offered by the strict separation of functions in
terms of volume and list of work between the parts of
the system, by the correspondence of the technical
equipment, qualifications and specialization of the

personnel of repair and restoration bodies to the
availability of the required number of spare parts,
volume and list of performed work.

5. The practical implementation of proposals to
improve the functioning of the armored weapons and
military equipment recovery system is possible by
creating separate logistics units of the appropriate
hierarchy levels and implementing an interspecific
territorial system for providing military units in the
Armed Forces of Ukraine.
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OOrpyHTYBaHHSI peKOMeHJALil 11010 BAOCKOHAICHHS (PYHKIiOHYBAHHS CUCTEMM BiJIHOBJICHHS
OpOHETAHKOBOI0 030pO€EHHS i BiliCbKOBOI TEXHIKH Ha OCHOBI J0CJIizKeHHs1 rpadivHoi MepexeBoi Mogei

C. A. Kommatmmucekuii, O. B. CepmyxoB, O. A. Maxkoros, C. M. I'y6a, O. B. Icakos, 0. B. ba6kin, O. I1. Kiimos

Anotanisi. Ilpenmerom BHUBYEHHS B CTarTi € mpouec (YHKIIOHYBaHHA CHCTEMM BiJHOBJICHHS OpPOHETaHKOBOTO
030pO€HHS Ta BICHKOBOI TEXHIKH IiJi 4ac BEJCHHs OOHOBHX il B CydacHHMX yMoBaxX. MeTOI0 JOCTiTKeHHSI € BUPOOJICHHS
MIPOIO3HUMLIH 3 YAOCKOHAIEHHS (DYHKIIOHYBaHHS CUCTEMH BiJHOBIJICHHS OPOHETAHKOBOT'O 030pOEHHS 1 BifICEKOBOI TEXHIKH 33115
CKOpPOYEHHsSI 4Yacy IIPOBEAEHHsS poOIT Ta paliOHAJIBHOrO BUKOPHCTaHHS CWI 1 3aco0iB. 3amadi: IpeacTaBUTH IIpoLecC
(GYHKLIOHYBaHHS CHUCTEMH BiJHOBJIEHHS OPOHETaHKOBOrO 030pO€HHS W BIHCHKOBOI TEXHIKHM SIK HEpeNiK MoAidl Ta poOiT, 110
KOMIUIEKCHO BiZIoOpakaroTh HOro CyTHICTb Ta B3a€MO3B’A3KM MDK OKPEMUMH 3aXO/aMH; MoOynyBaTH MepexeBy rpadiuny
Mozienb (DYHKI[IOHYBaHHS CUCTEMH BiJHOBJICHHSI OpPOHETAHKOBOI'O 030pPOEHHS 1 BIMCHKOBOI TEXHIKH IiJPO3/ILIiB, SIKi BUKOHYIOTh
3aBJIaHH 32 NPU3HAYCHHSIM; IPOAHATI3yBaTH KPUTHUHMI LIUIIX MEPEXEeBOro rpadiky; BU3HAYUTH, SKi POOOTH 3HAXOAATHCA HA
KPUTHYHOMY LIUISIXY, TOTPEOYIOTH OiMIbII PETEIBHOr0 KOHTPOIIO Ta BUSABJICHHS MPOOJIEM Ta PU3MKIB, SIKI MOXYTh YUMHUTH BIUIUB
Ha (YHKI[IOHYBaHHsI BCi€l CUCTEMH BiJIHOBJICHHS; HA OCHOBI aHaJi3y Ta ONTHMIi3alii MepexeBoro rpadika BUpOOUTH MPONO3HLIT
o0 Horo BIOCKOHAIEHHS (YHKIIOHYBAaHHS CHCTEMH BiJHOBJICHHS OpOHETAaHKOBOTO O30pO€HHSI Ta BIiMCHKOBOI TEXHIKH.
MeToI0MI0rYHOK OCHOBOIO JOCIHIKEHHS CTAJIM 3arajlbHOHAYKOBI Ta CHELialbHi MeTOAM HayKoBOro Ii3HaHHA. OTpuMaHi Taki
pe3yiabTatu. Byno 3nilicneno mozenoBanHs () yHKIIOHYBaHHSI CUCTEMH BiTHOBJICHHSI OPOHETaHKOBOT'O 030pPOEHHS Ta BIHICHKOBOI
TEXHIKM BiMCHKOBHX MIiAPO3AITIB I Yac BEAEHHs OOHOBMX Iiil HULIXOM moOynoBH rpadidHoi MepexeBoi Moneri. AHami3
KPUTHYHOIO IIUIAXY MepekeBoro rpadika IaB 3MOry BHU3HAUYUTU HANPSIMKH YHIOCKOHAJICHHS (YHKI[IOHYBaHHS CHCTEMH
BiJTHOBJICHHsI OpOHETaHKOBOI'O 030pOEHHS Ta BiICHKOBOI TEXHIKM B YMOBaxX OOMEXEHHsS MaTepiajlbHUX 1 HeMaTepialbHHX
pecypciB Ta pEryjisipHOro OHOBJIeHHS iH(popMalii. BucHoBkM. MepexeBa rpadiuyHa MOJENIb CHCTEMH BiJIHOBIJICHHS
OpOHETaHKOBOr'O 030pOEHHS i BiiCHKOBOI TEXHIKH BIHCHKOBUX ITiJPO3IIIIB ITiJ] Yac BEACHHS HUMH OOHOBUX il Ja€ MOXKITUBICTb
MPEJICTABUTH BeCh 00CAT POOIT, X JIOriYHUI 1 XPOHOJIOTIYHUI B3a€MO3B’SI30K Ta 311HCHUTH KOPUTI'YBaHHS IUIAHIB 3 ypaXyBaHHAM
00MEKEHOr0 yacy Ta HeI0OCTaTHbOI KUIBKOCTI 1 HABUEHOCTI 0cOO0BOro cKJay. AHaili3 KPUTHYHOrO LIIAXY MEpexeBoro rpadiky
Jla€ MOXJIMBICTh 3pOOMTH BHCHOBOK, IO IIPM HAsABHOCTI y cKiIajxi Opuragu AekiibKox OarTaibHOHIB, PEMOHT 3pa3KiB
OPOHETaHKOBOIr0 030pO€HHS 1 BIHCHKOBOI TEXHIKH TpynomicTkicTio Gibiie 200 M101/To/. OMUHSIETHCA HA KPUTHYHOMY LULIXY,
OCKUIBKH CHII 1 3ac00iB ISt BITHOBJICHHSI OPOHETaHKOBOT'O 030POEHHS Ta BICBKOBOI TEXHIKM HEIOCTATHBO B CYYaCHUX yMOBaX.
MepesxeBuii rpadik BiZHOBIECHHS OPOHETAaHKOBOIO 030POEHHS i BIHCHKOBOI TEXHIKHU IPH (DYHKIIOHAJIBHOMY PO3IOALILY 00csry i
nepeniky poOiT € ONTUMAaIbHUM 32 JOBXHHOK KPUTHYHOrO HUIAXY. BlockoHaneHHs (YHKI[IOHYBaHHS CHCTEMM BiJHOBIICHHS
OGPOHETaHKOBOI0 030pPOEHHS 1 BIICHKOBOI TEXHIKM IIPOHOHYETHCS 32 PAXyHOK CYBOPOro po3oainy GyHKIH 3 o0cAry i nepeltiky
poOIT MK JIaHKaMH CHCTE€MH, Y BIAINOBIJHOCTI TEXHIUYHOrO OCHalleHHS, KBanidikauii i creuiamizanii oco0oBoro ckiany
PEMOHTHO-BiJHOBJIIOBAJILHUX OPraHiB i HAsABHOCTI HEOOXiZHOI KUIBKOCTI 3aIlaCHUX YacTHH oOcAry 1 mepeniky poOir, ski
BUKOHYIOTHCS. [IpakTiyHa peaizanis Ipono3uLlii, 010 BAOCKOHAIECHHs ()YHKLIOHYBAHHS CUCTEMH BiIHOBIICHHS OPOHETaHKOBOI'O
030pO€eHHS i1 BIHCHKOBOI TEXHIKM MOMUIMBA LIIAXOM CTBOPEHHS OKPEMMX I1iIPO3/ijiB JOTiCTUKY BiJIIOBIAHMUX PiBHIB iepapXii Ta
BIIPOBAKEHHS MIDKBHIIOBOI TEPUTOPiaibHOI cCHCTEeMU 3a0e3MeueHHs BiicbKOBHX YacTuH y 30poiiHux Cuinax YkpaiHu.

Karo4doBi ciaoBa: BiiHOBIECHHS OPOHETAHKOBOIO 030pPOEHHS 1 TEXHIKU, MEpeKeBUH rpadik, JIOTiCTHUHUM MiAXiA.
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HUMAN FACTOR IN THE QUALITY IMPROVEMENT SYSTEM
OF AIRCRAFT MAINTENANCE

Abstract. The subject matter of the article is the analyzes of the human factor in the quality improvement system of
maintenance markers, which are aimed to evaluate the completeness of amount of work completed by the responsible party
and technology of work performance as provided for by an engineering order, the goal is compare the results of the work
of various operators and teams with established standards or against each other, for justification of measures aimed at
quality improvement, evaluation of these measures effectiveness. On the basis of the purpose of the quality indicators and
the methods for their determination, there are distinguished — initial quality evaluation, composite quality measures and
overall quality level. Each type of maintenance quality evaluation has corresponding fields of application and calculation
procedure. The methods used are semi-Markov processes with a finite set of states, a generalized structured method, the
use of game theory, construction and analysis of cause and effect graphs, and situation assessment tree graph. Results.
Taking into consideration the constant complication of aviation technique (AT), by means of new technologies
introduction, new requirements are being put forward for the ground support personnel, and as the result, the price for
aircraft failure has risen. That’s why, the reduction of failures amount through the fault of maintenance personnel due to the
psychological characteristics of their activities is among the priority tasks with regards to flight safety. This goes to prove
that the influence of the human factor on the quality and effectiveness of aircraft maintenance has not been fully studied in
world wide aeronautical science. Conclusions. In general, the problem of improving the quality of professional activities of
maintenance operators is complex and research should concern the entire aspect of the factors affecting its performance.

Keywords: maintenance, maintenance personnel, aircraft maintenance facility, operator, quality indicators of

maintenance efficiency.

1. Methods of maintenance quality
evaluation with consideration
of maintenance personnel activity

Maintenance is a package of works (operations)
performed on AT during preparation for flights, after
flights, during storage and transportation in order to
maintain its serviceability and performance capability.
Maintenance products are not any new products, but
finished works anticipated by the production order. The
quality of maintenance reflects the quality of labor of
the maintenance personnel of the aircraft maintenance
facility (AMF) [1].

The maintenance quality is ensured by the quality
of maintenance personnel labor, the availability and
quality of technological equipment, measuring tools and
ground servicing, instruments and materials used when
working at AT, and the perfect organization of the
maintenance process. In the first place, the maintenance
quality reflects the labor quality of maintenance
personnel and AMF workers.

The quality of the operator’s work is assessed by
the degree of conformity with the received order of each
completed work and the requirements of the operational
documentation. Incomplete fulfillment of the order
(scope of work), failure to reveal malfunctions during
fault detection, performance of work with a faulty
treatment is considered to be a defect in work. Failures
and malfunctions detected during the flight also indicate
an insufficiency of maintenance if they were a
consequence of non-observance during maintenance.

A significant number of factors affect the quality
of labor. The main groups of factors that have a decisive
influence on the quality of maintenance personnel work
are shown in Fig. 1 [2].

‘ Factors affecting the quality of aircraft maintenance

‘ Maintenance organization | Maintenance personnel
qualification

Technical equipment
of production

Maintenance Quality
assessment methods

Production support  |—

‘ 3

Material-and-technical ‘—

Wage system ‘

| The level of employees’
‘ ] social development

Transport

|
|
‘ Technological-design '7 4{

Disciplinary situation ‘

Metrological }7

Informational ‘7

L Morale building activities

Fig. 1. Factors determining the quality of aircraft maintenance

Methods and models have been quite well
established that describe the processes of technical
operation, particularly, based on semi-Markov processes
with a finite set of states, a generalized structured
method, the use of game theory, construction and
analysis of cause and effect graphs, and situation
assessment tree graph. Existing methods and indicators
aimed at evaluation of maintenance quality, with the
consideration of the maintenance personnel activities,
are directly related either to evaluation of an aircraft
reliability in flight depending on the maintenance
quality or evaluation of the aircraft maintenance quality,
taking into account possible operators’ errors. The
mathematical expression connected with evaluation of
the reliability of aircraft system in flight, depending on
the maintenance quality, is as follows [3, 4]:
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P(t),e = (B, +(1-F,)F,,)x
x| Pu(t)+ (1= Po(0) Py (P + (1= Py )Py) |,

where p.(t) — survival probability; P,,-probability of
discovering trouble; P,,- troubleshooting probability;
P,,- detection probability of operator’s error; P,,-
probability of failure non-recording.

In research [5-7], the investigation of aircraft
reliability is reduced to considering the reliability of the
aircraft, taking into account the activities of
maintenance personnel.

Evaluation of the aircraft maintenance quality,
taking into account the importance of the possible
consequences of operator’s errors, is discussed in the
research. The evaluation formula is as follows:

1

7 N j

(1)

m
i1 CK I K> 2
where K ; - quality indicator of ‘j” maintenance

e

according to “4” maintenance form, meaning in its
physical essence the “weighted” probability of error-
free aircraft maintenance by operators; 77, -the number
of “k” errors made by the operator during the “i”
maintenance according to “j” form; K=1, m- is the
number of errors having the same weight coefficient.

Weighting factors with regards to the importance
of errors made by operators during aircraft maintenance
are determined in advance for the entire list of possible
errors by means of expert evaluation or by statistics of
consequences.

Under the conditions, of a maintenance quality
management system which is valid in companies’
aircraft maintenance facility, a generalized quality

factor [{f , is used to evaluate the quality of operators'

work. It is determined by summing the base coefficient,
and the coefficients of its increase K,; and decrease K,:

Wi j
Kop=A+2 m Kui=2 nj Kaus ()
i=1 =

where A- basic ration (4=100); n;, n- incidents
according to top performance and breakdowns.

For a department that does not have subordinate
subdivisions (squads, shifts, sections), the generalized
quality factor of work K,s; is defined as the arithmetical
average of the generalized quality factors of performers’

work and engineers included in the department [8, 9]:

K K
_Z 0b1+z ob2 (4)

K ob3 m + my ’

where m;, m, - number of performers and engineers in
the department.

The generalized coefficient of the work quality of
the department Kz, which includes structural
subdivisions (workshop, aircraft maintenance facility
overall), is calculated as the arithmetic mean value of
the generalized coefficients of work quality of structural
units which it includes:

Koga= 2 K53 /ms3 (%)

where mj; - the number of structural units in the
department.

2. The influence of a human factor
on flight safety during aircraft maintenance

The human factor (HM) is a uniquely complicated
problem, as far as it focuses on the sociopolitical, moral
- psychological, economic, biomedical, moral and legal
aspects. The HM components are expressed in the
specific conditions of the operator’s interaction with
technique, environment and represent the necessary
basis for the successful implementation of their
activities in the ergatic system ‘“operator-aircraft-
environment”.In any human activity, an operator’s error
has specific consequences. In aviation transport, an
operator’s error during aircraft maintenance in a number
of situations leads to aircraft accidents [10].

Nowadays, operator’s errors represent a potential
threat to aviation safety in many respects. The
commercial airline “Boeing” analyzed 220 documented
accidents and revealed that the three most common
causes of their occurrence are: nonobservance of
established procedures by flight crews — 31.82%;
maintenance errors — 15.46%; design defects — 15%.

In the 60s, when this problem first began to
considerably draw attention, the “contribution” of
operator’s errors to the set of causes of aviation
accidents was estimated at about 20%. In the 90s, this
index increased four times, and equaled 80%. There are
many reasons for such a steep increase, but the most
essential of them are [11]:

» over the past thirty years, the reliability of
mechanical and electronic elements has increased
substantially. Aircraft have become more automated and
more complex. The aircraft of current generation such
as the “Boeing 747-400” and “Airbus A340” have
double and triple redundancy of flight control systems.
This, possibly, reduces the load on the flight crew, but
increases the requirements for technical specialists who
carry out aircraft maintenance, many of whom received
basic training in the field of mechanical rather than
modern control systems based on the utilization of
computer technology;

» the increased complexity of the aviation system
creates the opportunity for aviation accidents due to
organizational shortcomings, errors made by operating
personnel.

One of the reasons for several well-known
accidents was the mistake of the operator during
maintenance. The American Airlines DC-10 crash in
Chicago in 1979 was as a result of a faulty treatment of
engine replacement. In 1985, the Japan airlines
“Boeing-747” crashed as a result of rapid
decompression during the flight. Then, as the result of
improper repair, the rear pressure bulkhead failed. And
as a result that ensued excessive pressure increase in the
tail section and the shock wave due to the explosive
rupture of the spherical rear pressure bulkhead, the
control system failed and the aircraft was destroyed,
resulting in a multifatality accident. In April 1988,
“Boeing 737" of Aloha airlines crashed as a result of the
breakup of the upper fuselage structure. After all, the
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aircraft has been landed, with one person dead. This
aviation accident was caused by a faulty treatment of
maintenance technology. Distribution of all accidents
for a variety of reasons during 1990-1999, on a
worldwide basis, is shown in Fig. 2. There from, about
19.8% occurred on technical and technological issues.

Fig. 2. Worldwide accidents for various reasons:
1 - Controlled Flight Into Terrain (CFIT); 2 —wind shear;
3 — Midair collision; 4 -icing; 5 —loss of control in the air; 6 -
fire / explosion on board; 7 -technical and technological issues

When analyzing 93 major global aircraft accidents
that occurred between 1959 and 1983, it was found that
in 12% of cases, shortcoming of maintenance was one
of the factors that led to the accident.

As a result of this analysis, ICAO proposes the
following list of basic causes of accidents shown as a %.

Accident cause:

= non-observance of standard proc. by a pilot, 93%;
= insufficient cross-check by a co-pilot, 26%;

= design defects, 13%;

= maintenance shortcomings, 12%;

= absence of approach guidance, 10%;

= when PIC ignores crew members’ messages, 10%;
= air traffic control error / failure, 9%;

= not correct actions of a crew, 9%;

= insufficiency or inaccuracy, 8%;

= runway hazards, 7%;

= incorrect decision to land, 6%;

= communication insufficiency, 6%.

Not only flight safety, but also the regularity of
flights and the economic performances of the operators’
companies, due to non-production demurrage of the
aircraft during their maintenance, control, replacement
and repair of products, depend on the effectiveness of
the maintenance specialists’ operation.

Thereby, the increasing of operators’ labor
intensity every year and the complication of their
activities during maintenance of new types of aircraft
affects the quality of preparation for flight and the
economic performances of aviation company.

This indicates the necessity of resolving the issue
of the main directions with the help of which can be
increased the reliability of operators’ performance while
ensuring aircraft flights.

3. The main aspects of improving the quality
and efficiency of aircraft maintenance

One of the main stages of scientific and
technological progress in civil aviation is the
commissioning of new, more advanced types of aircraft
and as the result the need to ensure appropriate
maintenance, ensuring minimal demurrage and a high
level of aircraft reliability. However, the steady increase
of aviation technique complexity, the increasing labor

intensity of the maintenance personnel with every year,
the complication of their activities leads to the fact the
problem of improving the quality and efficiency of
aircraft maintenance is increasingly dominated by the
operators’ human factor

This is due to the fact that an increase in the
aviation equipment complexity does not lead to a
corresponding change through time of the physical and
physiological abilities of the maintenance personnel
who is serving the technique.

In such a way, one of the main aspects of quality
improvement and efficiency of aircraft maintenance is
the removal of nonconformity between aircraft and
psycho physiological capabilities of people. This is
possible only as a result of solving problems in the
relationship of the system "operator-aircraft-
environment", which allows to increase professionally
important quality of operations and their psycho
physiological preparation.

Relationship aspects in the “operator-aircraft-
environment” system that affect the quality and
effectiveness of maintenance include the level of
automation and mechanization of maintenance
processes, as well as the degree to which automated
information systems are used. Among a large number of
factors affecting labor productivity, mechanization and
automation of production processes is of the utmost
importance. This is one of the most important tasks
solved by the aviation engineering service.

The concept of mechanization means development
aimed at maintenance can be formulated as follows: to
ensure aircraft maintenance with the lowest material and
energy costs while reducing maintenance time and the
number of employees.

The abovementioned concept can be implemented
in the following way:

= modernization of
means;

= transfer of all mechanization means to an
electrically actuated ones;

= development and implementation of stationary
systems for aircraft maintenance;

= add-ons to stationary systems with a device for
automatic connecting of ground and airborne systems.

In maintenance purposes, the advanced directions
can be reduced to the development of mobile and
stationary means.

The development and implementation of new,
improvement and modernization of existing means of
mechanization and automation of aircraft maintenance
processes is one of the main directions of reducing
aircraft demurrage during maintenance, increasing labor
productivity and the quality of aircraft maintenance. The
improvement of the information system is closely
connected with the built-in control systems, which, in
combination with the on-board information systems
assigned for maintenance, ensure the efficient utilization
of aviation technology with minimal effort and
resources. One of such integrated airborne system
(OMS) was created for Boeing's aircraft. On the ground,
the maintenance personnel may switch ON OMS to
obtain the necessary information with regards to trouble

existing mechanization
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shooting techniques or other data. OMS stores fault
information during all stages of the flight. Information
about all the faults that are currently available is reflected
on the display. In British Airways, the special
maintenance information system is widely used. It greatly
facilitates the organization and control of the timely
execution of maintenance works and the monitoring of
the state of aviation equipment at each unit.

Conclusions

Maintenance information systems are becoming an
integral part of the aircraft. On-board air monitoring
systems transmit information regarding the state of
aviation equipment so that, based on the data received,
it is possible to determine in advance the necessary
maintenance works and bringing the aircraft into a
working condition.

Thereby, the utilization of automated systems in
relation to the solution of maintenance tasks allows to
obtain the following results:

= reduce flight delays;

= carry out more accurate calculations of the
spare parts necessity and the composition of the work
shift;

» reduce the time which aircraft spends during
maintenance;

= use technicians of lower qualifications;

= control the technological processes of AT
maintenance.

Taking all things together, the problem of
improving the quality of maintenance operators’
professional activities is complex and research should
relate to the entire aspect of the factors affecting its
performance.
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JIroaceknii pakTop y cucTeMi MiABHIEHHS SIKOCTi TEXHIYHOI0 00CTyroByBaHHS NOBITPSHAX CyAeH
K. C. Hecroperxko, C. B. Parynin, O. M. lllapabaiiko

AnoTtanisi. IIpeqverom BUBYEHHS B CTATTi € JIIOACHKUHA (HaKTOp B CHCTEMI iJBUIIEHHS [TOKA3HHUKIB SIKOCTI TEXHIYHOIO
00CIIyroByBaHHsl, sIKi IpU3HAYEHi U OLIHKK IIOBHOTU JIOTPUMAHHSA BHKOHABIAMU OOCATY 1 TEXHONIOrIl BHUKOHAHHS pPOOIT,
nepe10a4eHNX 3aBIAHHAMHU Ha OOCIYroBYBaHHS. MeTOI0 € HOPIBHAHHS Pe3yJbTaTiB POOOTH PI3HUX ONEPaTOpPiB 1 KOJNEKTUBIB 3
BCTAQHOBJICHUMH HOpMaTuBaMH ab0 MiX cOOO0, JUIsl OOIPYHTYBAHHS 3aXOJiB, CIPSMOBAaHUX Ha IiJBUIIEHHS SKOCTi, JUIS OLHKH
e(eKTUBHOCTI IIMX 3aXO0AiB. 3aIEKHO BiJ| MPU3HAUYCHHS MOKA3HUKIB SKOCTI Ta METOAMKU iX BHU3HAYCHHS PO3Pi3HSIOTH I10YATKOBI
OLLIHKH SIKOCTi, y3araJbHeHi IIOKa3HUKH SKOCTI 1 3arajlbHUi piBeHb sIKOCTi. KojkeH BUJ] OLLIHOK SIKOCTI TEXHIYHOr0 00CIYTrOBYBaHHS
Mae BiJIITOBI/THI 00J1aCTi 3aCTOCYBaHHS i IOPSIIOK po3paxyHKy. MeToam: HarniBMapKOBCHKUX MPOIIECIB 3 KiHI[EBMM Oe3/iv4I0 CTaHiB;
y3araJbHEHOro CTPYKTYPHOI'O METOJy; BHKOPHCTaHHs Teopii irop; moOyloBU i aHaNi3y NPUYMHHO-HACIIIKOBUX rpadis, IepeB
OLIHKM cutyaliil. Pe3ymbrar. B 3B'13Ky 3 HeyxmibHUM yckiiagHeHHAM AT, BOPOBa/UKEHHSIM HOBHX TEXHOJOIIH BHCYBAIOThCS BCE
HOBI BHMOTH JI0 TIEPCOHATY Ha3eMHHX CIIY)XO, BiIOyBaeThcsl 3pOCTAHHS IiHM 3a BiJIMOBY aBiaTeXHIKW. TOMY 3HIDKEHHS YacTKU
BiZIMOB 3 BHHHU OOCIIYTOBYIOUOT'O ITEPCOHATY, OOYMOBIICHUX IICHXOJIOITYHHMH OCOOJHMBOCTSIMH HOrO JiSUTBHOCTI, BITHOCHUTBHCS 1O
YHCIa NPIOPUTETHUX 3aBlaHb (axiBuiB 3 Oe3nexu nonboriB. Lle CBIIUMTH IO Te, LIO BILUIMB JIIOACHKOrO (hakTopa Ha SIKICTb 1
e(eKTUBHICTh TEXHIYHOr0 OOCIYrOBYBAaHHsS IIOBITPSHMX CY/ICH HEJOCTaTHhO IIOBHO BMBYEHO B CBITOBIH aBialiiHii Hayi.
BucHoBku: B LijoMy mnpoOriema MifBUILEHHS AKOCTI HpoQeciifiHOl JisUIBHOCTI OHepaTopiB 3 TEXHIYHOrO OOCIYrOBYBaHHS €
KOMIUIEKCHOIO 1 JIOCJI[PKEHHSI TIOBHHHI CTOCYBAaTHCS BChOIO aCIEeKTY (haKTOpiB, 110 BIUIMBAIOTH HA HOrO MOKa3HUKU.

Kaw4yoBi caoBa: TexHiuHe oOCIyroByBaHHs, OOCIYroBYIOUMH IIepcOHaj, aBialliifHO-TexHiYHA 0a3a, oreparop,
MOKA3HHUKH SKOCTI €()eKTHBHICTh TEXHIYHOTO 00CITYrOBYBaHHSI.
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HOBMI MIAXIJ 10 BUSHAYEHHSA ITPOITY CKHOI 3JIATHOCTI
HEPEI'YJIBOBAHUX INEPEXPECTbD

Anotanis. IIpeqmMeroM BUBUCHHS B CTAaTTi € HOBUH MiJXi/l BU3HAYCHHS IIapaMeTpPiB PyXy TPAHCIIOPTHUX 3ac00iB 1 0co-
cTi Bu3HaueHHs nporyckHoi 3aatHocTi (IIC) HeperynboBaHUX IepexpecTb pi3HOro THiry. MeToro € po3podka crocody Bu-
3HaueHHs [IC MichKHMX HEperyabOBaHUX NMEPETHHIB, SIKUH 103BOJISIE OTPUMATH i JIONBHUI KOMIUIEKC KpPUTEpialIbHUX OLli-
HOK SIKOCTi ()YHKIIOHYBaHHS TaKHX IE€PeXpecTb. 3aBIaHHs JOCIIDKSHHS: aHai3 Cy-CyCIIBCTBOM 1 po3poOKa HOBHX IiJI-
XOZiB, METOIB 1 anropurMiB Bu3Ha4eHH: [IC HeperyaboBaHUX NEePeXpecTs, SKi BPAXOBYIOTh y HOBIH IPONO3HULIT HO3UTH-
BHHX SIKOCTEH BiZIOMHX DillICHb; PO3LIMPEHHS (DYHKIIOHATBHUX Bi3-MOXKHOCTEH BiZJOMHX pillleHb Il OTPUMAHHS IIMPOKO-
r'o KOMILIEKCY KPUTEPIiB OLIHKH AKOCTI ()YHKI[IOHYBaHHS NEPEXPECTh; MPOIO3HULIs i po3podKa TaKoro crocody, AKuii Bia-
I0Bi/1aB OM BUMOraM yHiBepcallbHOI aJalTUBHOI CUCTEMH, L0 JI03BOJIA€ e(heKTUBHO B JUHAMILI pearyBaTH Ha BCUIAKI 3Mi-
HH YMOB pyXy TpaHc-kpaBuiB notokis (TII) Ha nepexpecti. OrprMani HacTynHi pe3ynbraTu. Po3kpuTo neski ocoOiuBocTi
cydac-MeHHOH oprawizatii MoHiTopuHry TII Ha nokabHUX 00'€KTaX, a TAKOXK IIPOAHANII30BAHO TX OCHOBHI IIepeBary Ta He-
noniku. IIpencraBienuii HoBUi miaxin Bu3HaueHHs I1C HeperynbOBaHUX IE€PEXPECTb B yMOBaX AMHAMIYHOTO U3ME-HEHHS
napamerpis pyxy TII i ajanTUBHOrO pearyBaHHs CHCTEMH Ha JIOpOXKHIO cuTyauito. [TokazaHo ocobinuBocti peanizawii an-
roputMiB Bu3HaueHHs [IC it pizHOro THIly IepeTHHiB. BUCHOBKH. 3amponoHOBaHA TEXHOJOTIS U3ME PEHil0 KOMIUIEKCY
napamerpis pyxy TII onHOYacHO 1MO3BOJIAE 3AIHCHIOBATH OLIHKY SIKOCTI (DYHKIIOHYBAaHHS HEpEryJIbOBAaHUX INEPETHHIB 3a
kputepiem [IC 1 B tuHaMini KoHTposoBaTy ueit napamerp. Busnauenns I1C TakuM criocoOoM 3 BUCOKOH 4acTOTOIO CKaHy-
BaHHS 1 33 peaJIbHUMH 3HAYEHHAMH 4yacy po3'i3[y Ha Nepexpecti pi3HUX THUIIB TPAHCIIOPTHHUX 3aC00iB, J1a€ MOXIIUBICTD ic-
TOTHO HiJIBUIUTH TOYHICTh BUMIPIOBaHHS KiHLeBUX napaMerpiB. [Ipono3uuis i po3podka crocody BusHauenHs [1C nepe-
I'yJIbOBaHUX IIEPEXPECTb 3a TAKOK TEXHOJIOTIEI0 BiJIOBIa€ BUMOraM yHiBEPCAIbHUX aJlalTUBHUX CHUCTEM, Ki e(deKTuB-
HO B IMHAaMIlli pearyroTs Ha BCUIsAKi 3MiHKM yMOB pyxy TII Ha nepexpecti i Y/IC micra.

Karo4doBi cioBa: HeperynboBaHe NEpeXpecTs, TPAHCIOPTHUI MOTIK, TPAHCIIOPTHUH 3aci0, NPOIYCKHA 31aTHICTB, Ipa-

HUYHUHN 1HTEpBaJ, Ja3epHUI IPOMiHb.

Beryn

IMoctanoBka npodaemu. KepyBanHs TpaHCHOPT-
Humu notokamu (TTI) € HeoOXiTHOW YMOBOIO €EeKTUB-
HOro (yHKIiOHYBaHHS OLIBIIOCTI IEPEXPECTh BEIUKUX
MICT.

[TpuunHOIO 1BOTO € TOCTIHE 3pOCTaHHS PiBHS aB-
TOMOOILTI3aIli Ta YCKIATHEHHS YMOB PYXy TpPaHCIIOpT-
Horo 3aco0y (T3). BukopucTaHHS aBTOMaTH30BaHHX
CHUCTEM YIIPaBIiHHA TOopoxHBbOro pyxy (ACY-IP) no-
3BOJISIE BUPILIYBATH CKJIAJHI TPAHCIIOPTHI 3ajayi JIUIe
B YMOBaX iX NOCTIHHOTO YIOCKOHAJICHHSI.

Tomy cydacHi ACY-JIP BigHOCATBCS /10 Kiacy aB-
TOMAaTH30BAHOI'O YIPABIIiHHA TEXHOJOTIYHUMH IpOIIe-
caMHU 1 MaroTh yci CKJIAJOBI TaKUX CHCTEM: TEXHIYHI
3acobu BuMipy i 300py iHdpopmaii npo mapamerpu TII;
3aco0u mepezadi, 0OpoOKH 1 peecTparltii miei iHPpopma-
1ii, [0 YTBOPIOIOTh KEPYIOUHH OOYUCITIOBAILHUN KOM-
TUIEKC CHCTEMH Ta JIOKAIbHI 3ac00M KepyBaHHS (IOpo-
JKHI KOHTPOJIEPH).

AJte i 3a0e3neueHHs MOTPIOHOro PiBHA Kepyro-
YuX i Ta OpraHi3alliifHUX 3aXOiB Ha IEPEXPECTIX
MicTa MOTpiOHa CYKYIHICTh JaHHX, IO XapaKTepH3y-
I0Th SIK OCHOBHI napameTpu pyxy okpemux T3 i TII mo
yCiX HampsIMKax pyxy, TaK i MOXIIUBICTb OJJHOUYACHOTO
BHU3HAYCHHS OIIIHKH SKOCTI (DYHKITIOHYBaHHS Mepexpec-
TS 32 PI3HOMaHITHUMH MTOKa3HUKAMU.

IcHyroui kpuTepii OIiHKK epEeKTUBHOCTI KepyBaH-
HS Ta (YHKIIOHYBAaHHsS PETYJIbOBAaHMX 1 HEPEryJaboBa-
HHUX TIepeXpecTh 0a3ylOThCSl Ha TaKMX MOKa3HHKaX SK
CepefHs 3aTpUMKa TPAHCIIOPTHOTO 3aco0y, MPOINYyCKHA
3JIATHICTh, PiBEHb OOCIYrOBYBaHHsS Ta CTYIIHb HAacCH-
YEeHHsI CMYT PyXy Iepexpects. I, HaBiTh, SKIIO OJHUM 3
TOJIOBHUX KPHUTEPiiB BBAXKAETHCS CepelHs 3aTpumMka 13,
IpoTe B yMOBax JWHAMIYHOI 3MiHM NapaMmeTpiB pyxy
TII Ta noromHux ymMoB, oqHouacHa ominka 13 okpemux
HANpsSIMKIB Ta TEpeXpecTsi B LIIOMY I03BOJSE OiibII
SIKICHO OI[IHMTH YMOBH PYXYy 1 BHU3HAUUTH KOMILIEKC
KEpYIOUUX JiH.

ToMy akTyaJbHOIO BBAXA€THCS 3ajaya PO3POOKH
TaKOi TEXHOJIOTIi OJIHOYACHOTO BU3HAUEHHS HEOOXiIHO-
ro xomruiekcy napamerpiB pyxy TII i I13 nampsiMkiB
PYyXy Ta mepexpecTsi B LiJIOMY, SIKE J03BOJISIE B TUHAMI-
YHOMY PEXHMI JIOCSATTH METH KEpyBaHHSI.

AHaniz myoaikanii

3apa3 y mnpodeciiiHiii 3apyOixkHiN JniTeparypi
MOXXHa 3HaWTH psiJ PI3HUX METOJIWK BU3HAYCHHS Be-
nuunHu [13 perynboBaHHMX 1 HeperylbOBaHUX Iiepe-
xpectb [1-3].

Pospaxynok II3 i piBHIB 3aBaHTa)XEHHs Iepe-
XpecTh MOTPiOHI Uit BUOOPY HaWOUIBII pallioHaIbHOI
opraHizaiii pyxy NpH IHTEHCHBHOCTI TPaHCIIOPTHHX
MOTOKIB, IO CKJIanacs. Y OCHOBY po3paxyHKy I13 Hepe-

© JHenucenxko O. B., 2020
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T'YJIbOBAHMX 1 CAMOPErYJIbOBAaHHUX BY3JIIB Y sl JiTepa-
TYpHHX JDKeped [4, 5] mokiajeHa Teopist pyxy TPaHCIIO-
PTHUX MOTOKIB, III0 BUBYA€ 3aKOHOMIPHOCTI PO3IOILITY
IHTEpBaJIiB Mi’K aBTOMOOIJISIMH, 110 PyXarOThCA.

[porryckHa 371aTHICTH peryjibOBaHUX BY3IiB y Oi-
JIBIIOCTI aBTOPIB BH3Ha4aeThes 13 marictpaii B mepe-
pi3i cron-minii, To0TOo I13 OHIET CMYTH, KITBKICTIO CMYT
PYXY, OpTaHi3ali€eo pyxXy y By3JIi Ta pSKUMOM PETyJIIo-
BaHHA nepexpects [1, 2].

VY Toif ke Yac, ¢axiBlli BU3HAYAIOTh HEOOX1IHICTh
BUKOPHCTAaHHS CYYaCHHUX TEXHOJIOTiH CTBOPEHHS YHi-
BEpCaJIbHOI aJaNTHBHOI CHCTEMH, KA B YMOBaX MOX-
JUBUX OOMEXEeHb B JUHAMIYHOMY PeXHMi 3a0e3reuy-
Baja O e(eKTHBHUII MOHITOPHHI TakKOro OO0 €KTY SK
HeperyJboBaHe nepexpects [6].

Cepen BiIOMUX TEXHIYHUX DillleHb, sIKi O HaWKpa-
MM YHHOM BIiJTIOBiaNy BKa3aHMM BHIIE BHMOTaM,
MOXKHa BIJI3HAYUTHU PsiJi OPUTIHAIBHUX CIIOCOOIB BH3HA-
yeHHs sik napametpiB TIT y 30Hi mepexpects, Tak i na-
pameTpiB ONTUMAJILHOTO YIIPABJIiHHS, Y BiJIIOBITHOCTI 3
SIKUMH y ITIPOCTOPOBIH 30HI IEpexpecTs BiA0YBaeThCS
MOKPOKOBE  CKaHyBaHHS KOHYCHUM  BY3BbKOCHpS-
MOBaHHM JIa3epHUM IIPOMEHEM iH(pauepBOHOro Jiara-
30HY BCIiX MIIXOIB i BUXO/IB I[bOT0 nepexpects [7-9].

[Ipore, B HacTymHW 4Yac pilIeHHS MPaKTHYHUX
3aBJlaHb B 00JIACTI MPOEKTYBAHHS TaKUX 00'€KTIB IOB'sI-
3aHe 3 PAIOM O0'€KTHBHHX TPYAHOIIB 1 HEOOXIJHICTIO
3aCTOCOBYBAHHs y MPOLECI BUMIPY OMHOYACHO ICKLJIb-
KOX PI3HUX KPHUTEPIiB OIIHKK €(heKTUBHOCTI MOHITOpPH-
HTY NEepexXpecTb, IS MiABUIIECHHS iX (YHKIIOHAIBHOI
MOJKJIMBOCTI Ta TMEPCIICKTUBH BUKOPHUCTaHHSA [3].

[Ipu mpoMy BiJI3HAYAETHCS, MIO OJHUM 3 MUIIXIB
iIBUIIEHHS] SIKOCTI PEryJIOBaHHS NEPETUHIB € yTOY-
HeHHs1 HeoOximHux xapakrtepuctuk TII Ta po3poOka
TAaKUX CHCTEM, SIKi JIO3BOJISIIOTH BCEOIYHO OI[IHIOBATH
eQEeKTUBHICTH iX QPyHKIIOHYBaHHSI.

Merta i mocTaHoBKA 3a1ayi

ITocTaBieHOI0 METOIO € PO3podKa CrIoco0y BH3HA-
yeHHs [13 MiCbKUX HeperynboBaHUX IMEPEXpecTb, KU
JIO3BOJISIE OTPUMATH 1 JOTIOBHUTH KOMIUIEKC KpHTepia-
JBHAX OLIHOK PiBHS SIKOCTI (DYHKIIOHYBaHHS Iiepe-
XPECTb.

Jis migBuineHHs: e(peKTUBHOCTI (YHKI[IOHYBaHHS
nepexpecTb HeoOXiJHO OYII0 BUPIIIMTH TakKi 3a/1a4i:

- aHAJ3 ICHYIOYHX Ta pO3po0Ka HOBHX CIIOCOOIB,
METO/IiB Ta aJITOpUTMiB Bi3Ha4YeHHs [13 nepexpects;

- ypaxyBaHHS y HOBiH MPOITO3HIIT TO3UTUBHUX
SIKOCTEH ToTiepeIHIX pillleHb;

- PO3MIMPCHHS (YHKIIIOHATHPHUX MOMJIMBOCTEH Bi-
JIOMOT'O CITOCO0Y AJISl OA€PIKAHHS ITUPOKOT0 KOMILIEKCY
KPHUTEPIiB OL[IHKU SKOCTI ()YHKI[IOHYBaHHS IIEPEXPECTD;

- MIPOTO3HILISA Ta PO3pOOKa CrIocoly, KU Ou Bij-
TIOBiZIaB BUMOTI'aM YHIBEpCaJIbHOI alaliTUBHOI CUCTEMH,
mo eQeKTHBHO B JMHAMIIl pearye Ha BCUISAKI 3MiHH
ymoB pyxy TII Ha nepexpecri.

CyTb npono3uirii

Panimie aBTOPOM 3ampOMOHOBAHO paj CIOCOOIB
BH3HAYEHHS IIUPOKOr0 KOJIa MapaMeTpiB pyxXy OKpeMHUX
T3 i TII Ha migxomax i B 30HI MepexpecTs, a TAKOXK BU-
3HAYEHHs MapaMeTpiB CBITIO(OPHOI'O PETyITIOBAHHS,

00’€IHAaHMX 3arajbHOI0 E€IUHOI TEXHOJIOTIEI0 CKaHY-
BaHHS OJHOYACHO JIBOMa a00 TphOMa rOCTPOCHPSMOBa-
HUMU JIa3€pHUMU TIPOMEHSIMU 30HU Tiepexpects [7-9].

3riHO CYTHOCTI ITi€] TEXHOJIOTIT 30HY 1 MiIXOIU 10
MepexpecTsi MOKPOKOBO CKAaHYIOTh IPOMEHSMHU KOHYC-
HOI po3ropTKH (puc. 1), M0 Jae MOXIIUBICTH CHOpMYBa-
TH BXiZHI 1 BUXiTHI MEXi IBOX KOHTPOJBOBAHHX 30H
(K3) Ta 3a0e3meunT BU3HAYCHHS KOMILUICKCY HEOOXIiM-
Hux napamerpiB TII mo KoXHiH cMy3i pyXy B 3aJI€KHO-
CTi BiJl pe3yJIbTaTiB CKaHyBaHHSI.

PosropTka ma3epHOro MPOMEHIO 3iHCHIOETHCS
OJIOKOM CKaHyBaHHS 1, SIKMH PO3TAalIOBYETHCS HaJl Iie-
peXpecTsM Ha CICIialbHOMY KPOHINTEHHI B TOYII, IO
BIJIMIOBIJTa€ TCOMETPUYHOMY IISHTPY TIEPEXPECT.

VY Omolli CkaHyBaHHS, 3aJICKHO BiJl BHCOTH HOTO
PO3MIIIEHHSI, OTHY 3 ONTHYHHUX OCEH PO3rOpTKH MiIou-
paroTh Tak, o0 Mepunii Ja3epHUi POMIHb OIUCYBAB
KOHYCHY MOBEPXHIO 3 KOJIOM Ha HPOIKIDKIA 4YacThHi
nepexpects (R;) B o0macTi «cTon-iHii» BCiX WOTo M-
XOJIiB.

Brok ckaHyBaHHS Ma€  BIAMOBIAHUI ONTHYHUIMA
BiIXWIISIIOUNI NPUCTPIH (JUCKPETHUI CKAaHICTOp), KU
3a0e3neuye BiAXHWJICHHS OCI IEPUIOTO Ja3epHOro Ipo-
MEHIO Ha KOXXHOMY HAaCTYITHOMY HEpiofli CKaHyBaHHS B
HeoOXiTHe Jpyre MOJIOKEHHS, NMPHU SKOMY pajiyc Koia
(R,) Ha moBepxHi MpPOI3HOI YaCTUHU 3MIHIOETHCS Ha
3aJlaHy BEMYUHY (HanpuKiIaz, Ha 1 m).

TakuM YUHOM, B 30HI CTON-JTiHIH Ha MOBEPXHI Te-
pexpectsi GOpMY€EThCS J1Ba KOHIEHTPUYHI KOJa 3 Pi3HHU-
uero paniycis (R — R, = 1 M), siki 300paxkyloTh BUXIIHY
Mexy nepmoi K3.
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Puc. 1. Cxema, 1110 pO3KpUBAE OCHOBHI BiMiHHI
0COOJIMBOCTI 3aIPOIIOHOBAHOTO CIIOCO0Y

Jpyruii 1 Tperii ONTHUYHI MPOMIHI JIa3epHOI po3-
ropTKH HOPMYIOTECS BiNOBIAHO 31 3MimenHsam Ha 120°
0 KOJIy PO3TOPTKH IO BiTHOIIEHHIO Apyr Apyry [7-9] i
¢dopmyroTh BximHi Mexi nepmoi ta apyroi K3. i mpo-
MiHi, K 1 TEPIIUA, 32 JOMOMOIOK BiINOBIIHUX JIHC-
KpPETHHUX CKaHICTOPIB HA KO)KHOMY HacCTYITHOMY Tepiozi
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CKaHyBaHHS 3MIHIOIOTh OJIHY ONTHUYHY BiChb PO3TOPTKH
Ha iHOIy 1 (GOPMYIOTh JBa KOHIEHTPHYHUX KoJia 3 pi3-
HULIEIO paxiyciB 1 M.

Ha crierianbHOMY KpOHIITEHHI TaKOX pO3TaIlIOBa-
Hi onrtuuHi (ortonpuiimaui 2 (PII;), sxi B nporeci po3-
TOPTKH BiJITOBIIHHX JIa3epHHUX MPOMeEHiB 8, 8, Ta 8; 1o
OMHOMY 3 KiM Ha BXomax i Buxomax K3 mocmigoBHO
CIPUIMAIOTh CHTHAJIH, BiJOWTI BiJl TPAHCIOPTHOI'O 3a-
co0y, 0 PYXaloTbCs MO PI3HUM CMyraMm pyxy sIK Ha
miaxomax, Tak 1 Ha BUXOMAX IEPEXPEcTs, a 4Yacose 1
MIPOCTOPOBE PO3HECEHHSI JIa3ePHHUX MPOMEHIB JIO3BOJISIE
¢ixcyBatu oqauM OII BCi cHrHaNMM CKaHyBaHHS 10 Bif-
MOBITHIH cMYy3i.

®ikcaniro T3, mo B'HKmKaTh B 00uaBi K3, 3iii-
CHIOIOTH IO iX TepenHiX Oammepax IpH IepeciueHHi
OJTHOTO 3 KiJT Ha 1X BXO/I, IIPH LIbOMY 3aBJISIKH TI€PiOIH-
YHOMY CKaHYBaHHIO 31 3MIHOIO OITHYHOI OCl JJa3epHOr0
MPOMEHI0O HAa JAWCTaHWii | M BH3HAYa€THCSI MOMEHT
B 131y, IBUJKICTh, JOBYKUHA, TUII, KIJIBKICTh 1 MOCIIIO-
BHicTh T3, mo peansHo B’ixanu B K3 mo xoxHil cMy3i
pyXYy 3a nepiox BUMipIOBaHb.

Busnauenns I13 pi3HOTO THUIY MEpPEXpecTh Mae
cBoi crierdivyHi 0OCOOIUBOCTI.

Jly1s1 HeperynboBaHUX MepexpecTh MEPETHHY TOJI0-
BHOI Ta JPYropsaHOI JOpir alropuT™M BUMIpY 3.iHCHIO-
€THCSl HACTYITHUM YHHOM.

[Hdopmanis npo JOBXKHUHY, TUII Ta Yac MepeCcyBaH-
Hs T3 Ha Bxogax B K3 a00 B 30HI «CTON-MiHIN» 103BO-
JISIE TIOCJTIIOBHO BU3HAYHUTH pealibHI 3HaueHHsS Koediri-
€HTIB TPUBEACHHS JO JICTKOBOI'O aBTOMOOLIIO Kjpp; SIK
BiJTHOIIICHHS BEIMYUHU CEPEIHHOI0 3HAUEHHS YaCOBOTO
iHTepBany 1,; TmepecyBaHHsS KOHKPETHOIrO THILYy TPaHC-

HOpPTHOrO 3aco0y kona 3 Rs cmouatky nepenHim, a 1o-
TiM 3a7HIM OamIIepoM 1O BETUYUHU CEPEIHHOrO 3Ha-
YCHHSI aHAJIONYHOTO YacOBOrO IHTEpBANy [, IOI31y

JIETKOBOI'0 aBTOMOOLIIIO:
Koppi =14 / 1y (1

BumiproBaHHs 1IbOr0 TapaMeTpy Ha BXOJIi 1 BUXO/I
3 TepexpecTss MO3BOJISIE HE TUIBKU YITKO BU3HAYUTH
HaNpsIMKH pyXy KokHoro T3 o KoXHiM cMmy3i mepe-
XpecTsl, ajie 1 IpUB’s3aTh A0 IBOT0 MapaMeTpy KOHKpe-
THi 3HAaU€HHsA TPaHUYHHUX iHTEPBaNiB £,, B 3aJI€KHOCTI
Big Tumy T3, cMyT i HaNpsSMKIB iX pyXy.

[Hami B npoueci pyxy T3 mo koxHiit j — i cMmy3i
TOJIOBHOI Jioporu Ha Bxoai B npyry K3 3miiicHroeThes
BUMIp iHTEpBAIiB PyXy /,; MiX KOXHOI Mapor0 TpaHC-
MTOPTHHX 3ac00iB (m Ta m+1).

OpHOYAaCHO BIPOIOBXK BCHOrO 4Yacy BHUMIpY Tp
3IIHCHIOETBCA MTiApaxyHOK ycix T3, mo B’ ixamm B K3 mo
KOXKHIH j — i cMy3i 1 TOTIM BHIXaJH 3 30HH MEPEXPECTst
AK Y Qi3sHIHUX Ngy;, TaK i IpUBEAEHUX Nyp; OAUHULIAX

Nppj = KppiNy + Kpgpy Ny + .+ Kgpi Ny, (2)

ne N; - 4UCII0 TPAaHCHIOPTHUX 3aC00IB i-T0 TUMY Y MOTO-
1.

dikcarlisi TPaHCIIOPTHOTO 3aco0y, IO IOBHICTIO
TIOKMHYJIN 30HY IEpexpecTs 3/AiHCHIOETHCS 32 MOMEH-
TaMH MEePEeTUHAHHS 1X 3aJHIMHA OaMIiepaMu Kojia CKaHy-
BaHHA 3 pajilycoM R; Ha BHXOJI IEPeXpecTst OHOYACHO
IO BCIX CMyrax pyxy.

B mporieci po3’i31y TpaHCIIOPTHOTO 3aC00Y 31 CMYT
JIPYTOPSHUX AOPIT BU3HAYAIOTHCS PEabHI 3HAYCHHS
KPUTUYHHUX 1HTEpBAIIIB JUIsi TPAHCIIOPTHUX 3aCO0IB Pi3-
HOT'O THUILY, PI3HUX HAIPSMKIB 1 CMYyT pyXy, SIKi Bpaxo-
BYIOTh PI3HOMaHITHI 0COOJIHMBOCTI Tormorpadii KOHKpeT-
HOT'O IIePEXPecTsl.

3Ha4yeHHs TPAHUYHUX IHTEPBAIiB £,, BASHAYAIOTHCS
3a MOMEHTaMH MEPETUHY MEepeaHiM O0aMIepoM CIo4YaT-
Ky JIiHIi CKaHyBaHH:I [IEpIIOro NpoMeHro Ha Buxozi 3 K3
(manpuxnazx R,), a motiM 3amHiM GamrepoM wie€l xk JTiHii
CKaHyBaHHS Ha BHXO/Ii 3 TIEpEXPecTsi.

IpakTH4He BU3HAYEHHS peaNbHUX 3HAUYEHb f,, O
YMOB KOHKPETHOTO MIEPEXPECTS Ja€ 3MOT'y HAKOIMYyBa-
TH iHQOpMAIIO JJIs BCIX THIIB IHTEpBAIIB y 004HCITIO-
BaJILHOMY TIPUCTPOi CUCTEMH, IIO peaji3ye Leil crocio
[10] i mpr HEoOXigHOCTI 3 YacOM KOperyBaTH I 3Ha-
YeHHs TIPH 3MiHI YMOB PyXy (HampuKiIam, st 3uMu abo
OJKeJIeINIli, HAsSBHOCTI MIIIOXiJHMX IIOTOKIB). binbm
TOr0, MOXKJIMBICTh BUMIpY HIBHAKOCTI Ta THITY TPaHCIO-
pTHOrO 3aco0y Ha Bxoai i Buxoai K3 mae 3mory posnui-
JUTH 1 OKPEMO BHUKOPHCTOBYBATH 3HA4YEHHS f,, I
yMOB, Ko T3 1o ApYropsiiHUM JOpOoraM HpOiKDKa-
10Th K3 0e3 3ynuHKH, 1 KON BOHU 3yNHUHSIOTHCS MEpe/t
CTOM-JIHIEIO.

IIpouiec BusHauenHs I3 HeperynboBaHOTO mepe-
XpecTs 3a IPUHHATUH Yac BUMIpY 1 BKIIOYAE ITiApaxy-
HOK BCIX TpaHCIIOPTHHX 3aco0iB, 1110 3a 1€l Yac MoBHic-
TIO moclioBHO BWixanmu 3 K3 i 30HM mepexpectsi Imo
BCIX CMyTax SIK TOJIOBHOI, TaK i APYropsiIHOI TOpOru

n
Ny =Ny 3)
Jj=1

Je Ng; — KUTBKICTB YCiX TPaHCIOPTHUX 3ac00iB, 10 BUi-
XaJi 3 30HH MEePEeXpecTs o KOKHIH j — i cMy3i y ¢izu-
YHUX OJMHULISIX.

ITpu upomy, B npoueci pyxy TII mo ycim cmyram
sk Ha Bxoji B K3, Taki Ha ii BuXomi (30Ha CTOI-JIiHIi)
3IIHCHIOETBCS BHMIp IIBUIKOCTI, THUIY, KOEQIIi€HTIB
TIpUBENICHHS 1 iHTepBalliB pyxy Bcix T3. 3aBasku 1po-
My, y TII, mo pyxaeTbcs MO0 cMyraM T'OJIOBHOI JIOpOTH,
BU3HAYAIOTHCS BUIBbHI IHTEPBAJH /g7, SIKI 32 3HAUSHHSIM
Oinblle, HiX f, 11 JerkKoBUX T3 MpAMOro HampsMKy
pyXy IO CMYTaM JPYrOpsSgHHX J0pir (TOOTO MiHIMaib-

min
HUX [, )

Taxi iHTepBamu /iz; MO CMyraM T'OJIOBHOI JOPOTH
MOXIIUBO (iKCyBaTH y BUHAnKy BiacyrHocTi T3 B K3,
SIKIIO Yac TepecyBaHHs BianoBiaHux T3 mpu ix makcu-
min
p
(npu BigmoBimHOMY 3HaueHHI Rs, mo ¢opMmye BXimHy
Mmexy K3).

B upomy pasi, mpu Biacyraocti T3 B uepsi abo B
K3 no cmyram apyropsmHux IOpir, A0 3HaueHHA Ny

MaJbHIH MBUIKOCTI pyXy He OyJie MepeBUILyBaTH ¢

JIOAAETHCS IO OHOMY TPaHCIIOPTHOMY 3ac00i 3 KOXKHOT
CMYTH IpYTOPSITHOI JOPOTH.

Haitb y pasi, Ko 3 ApYyropsiiHOi JOPOTH Y Bilb-
Hui iHTepBan T3 31iiCHIOIOTE MaHEBp Yepe3 TOJIOBHY
JIOpOrYy, 10 3Ha4eHH Ny JOfa€eThes MO OAHOMY TpaHC-
MOPTHOMY 3aco0y 3 KOXXHOI BUIBHOI BiJl PyXy CMYrH
JPYTOPSIAHOL 1OPOTH.
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SIK1I0 BUTBHUIA iHTEpPBaJ /ig;; IO TOJOBHIN JTOpO3i

Oyme OLITBIIOI KPATHOCTI IO BiTHOIICHHIO O tzr;m , 10

3HAYCHHSA Nz JA0Oa€EThCA BEJIIMYHUHA
N op = d-y “4)

nie d — KiJIbKICTh CMYT pyXy Ha MiIXO/i 0 Mepexpects
TI0 IPYTOPSITHUM JIOpOTaM;
iHTEpBay.

TakuM 4MHOM, YIPOJOBX BChOI'O Yacy BUMIpY 7p
BCl IHTEpBaM pyXy, IO BiANOBIAAIOTH YMOBI

min
t,p <hpj IITYYHO 3aMOBHIOIOTHCA HoAaTkoBuMH T3

— KoeillieHT KpaTHOCTI BiJILHOI'O

ZT;I]’I ) i
3a0e3meuyroTh Oe3nepepBHuil TII MakCHMalbHO MOXK-
JIMBOI CYyMapHOi iHTEHCUBHOCTI, II0 HE MPHUBOJE 1O 3a-
TOPOBOT'O CTaHy Ha IIEPEXPECTi.

3HauenHs [13 B boMy BUTIAJKY 32 OJUHUINO YaCy
BuMipy T BU3HAYaETHCH SIK:

JIPYTrOpSIHUX AOpIT (TpPaHUYHUMH iHTEpBajaMu ¢

q
=

Jie g—KiJbKicTh BinbHUX iHTepBaniB B TII mo roioBHii
Jopo3i 3a yac BuMipy 7.

Busnauenns [13 HeperynboBaHOTO Iepexpects pi-
BHO3HAYHUX JIOPIr TPOXH BifpizHseTses [11]. dnst mpo-
ro B mporeci po3’izay T3 depe3 mepexpects BH3Haua-
I0TbCS peaibHi 3HAUEHHS 1HTEPBANIB MEPETHHY f4e, IS
T3 pizHOro THITY, pi3HMX HANpPSMKIB i CMYI' pyXy, sIKi
BpPaxXxOBYIOTh PI3HOMaHITHI 0COOJIMBOCTI Tomorpadii
KOHKPETHOT'O ITepeXpecTs, MBUAKICHI skocTi T3 1 HasB-
HOCTI ITIIIOX1HUX ITOTOKIB.

3Ha4yeHHsI iHTepBaJiB MEPETUHY f,., BU3HAYAIOTHCS
3a MOMEHTaMH IEpeTUHY IEepeHiM OaMIiepoM TpaHc-
MOPTHOT'O 3ac00y CIOYaTKy JIiHii CKaHYBaHHS IMEPIIOro
npoMeHro Ha Buxofi 3 K3 (Hanpukian R,), a morim 3aa-
HiM OammnepoMm 1€l X JIiHII CKaHyBaHHS Ha BUXOMI 3
MepexpecTsl.

Sk 1 B monepeaHbOMY BUIIAJKY, IPAKTHYHE BU3HA-
YeHHs peaJbHUX 3HAYeHb l,., I8 yMOB KOHKPETHOrO
MepexpecTsl 1a€ 3MOI'y HAKOIMYyBaTH iH(opMaIlito st
BCIX THITIB 1HTEpPBAJIiB Y 00YHMCIIIOBAILHOMY HPUCTPOT 1
IIPY HEOOX1AHOCTI 3 YaCOM KOPET'YBaTH 11i 3HAUEHHS TIPH
3MiHI YMOB pyXYy.

Binpm TOro, MOXJIWBICTH BUMIpPY MIBHIKOCTI Ta
tuny T3 Ha Bxomi i Buxomi K3 mae 3mory po3minuT i
OKPEMO BUKOPHCTOBYBATH 3HAUEHHS f,, U1 YMOB,
xomu T3 mpoixmkatote K3, a motiM 1 mepexpects 6e3
3YNIUHKY, 1 KOJM BOHHW 3YNHHSIOTHCS TIepe]] CTOI-
JIHI€IO.

IIpouiec BusHauenHs I3 HeperynboBaHOTo mepe-
XpecTsl pIBHO3HAYHHX JIOPIT 32 MPUHHITUI 4ac BUMIpY
T BKIIIOYAE CHOYATKY MiIpaxyHOK Bcix T3, 1o 3a mei
Yyac MOBHICTIO MOCTiIoBHO BHixamu 3 K3 i 30Hu mepe-
XpeCTs IO BCIiX cMyrax pyxy 3a dopmysoro (3). OmHo-
YacHO B NPOIIEC NIEPETUHY 30HU NEPEXPECTSI OKPEMUMHU
T3 BU3HAYAIOTECS CMYTU PYXY, 3 AKUX MOXJIMBUH OJI-
HOYACHHUH mapajenbHui pyx T3 3rigHO iCHYIOUMM mpa-
BWJIaM TIEPETHHY HEPEryJlbOBaHUX IepexpecTsb. llpu

HasBHOCTI TaKUX CMYT A0 3Ha4eHHA Ny (Tpu IepeTuHi
KO)KHUM peanbHuM T3) momaerbes mo oqHomy T3 3 KO-

JKHOI CMYTH, a 3HAa4YeHHs IHTEpPBAIiB IEPETUHY tlh/ep

(i-ro Tumy mo j-ii cMy3i) oOMparoThCs MiHIMAJILHUMU,
TOOTO ISl JIETKOBUX aBTOMOOLITIB.

3a omUHUINO Yacy BUMIpY T TaKHX JOJATKOBUX
T3 Moke OyTH HapaxoBaHEe Ny,y.

MoOMEHTH 3aBepIICHHS] MEPETHHY IIEPEXPECTs BU-
3HAYalOThcsl 200 32 MOMEHTaMHM NEPETHHY JiHIi CKaHy-
BaHHS TEPUIOro MPOMEHI0 R; Ha BUXOI 3 mepexpects
3anHiMu Oamnepamu T3, ab0 MO 3aKiHYCHHIO OIHOTO 3

IHTEpBAJIB MEPETHHY tlh’ep

JUIsi KOHKPETHOTO BUMAJKY), SIKIIO HOro 3HaYeHHs Oy/e
Oinbllie yacy rnepeTuHy peaibHoro T3. 3 MOMeHTy 3a-
KiHYEHHsI 1IbOro iHTepBaly, B pa3i BizcyrHocti T3 B
yep3i abo B K3 Bu3HawaeThcst cxema po3’izdy, 3a sIKOi
OJTHOYACHO T10 TIPaBHJIaM MOXKE PyXaTHCh MaKCUMallbHa
kinbkicTs T3 (TOOTO 3amisiHa HaOLIbIIA KITBKICTD CMYT
pyxy).

[Tpu upomy, 10 3Ha4eHHs Ny JOJAETHCS MO Ofl-

(MakcUMaJBHOrO 3 HabOpy

HoMmy T3 3 KOXKHOI CMYTH pyXy, IIO 3aJisiHa B po3’i31i, a

IHTEpPBAJIM MEPETUHY tlh’ep

00UPAIOTHCS MiHIMATBHUMU
(s nerkoux T3).

Haxonuyene 3HayeHHs N, IMX TPAHCHOPTHHX 3a-
co0iB 3a NPUIHATUH Yac BUMIpY T CKIIa/la€ MEBHY Yac-
TuHy BenuuuHu 113.

TakuM 4MHOM, YIPOJOBX BCHOI'O Yacy BUMIpY 7p
Bci BUTBHI Bi pyxy T3 iHTepBasn yacy mTY4HO 3aIOB-
HIOIOTBCS JopatkoBumu T3 (N,) mo BH3HaYeHiil cxemi
po3’i3my i 3a0e3mneuyroTh Oe3mepeprHuid TII makcuma-
JIBHO MOXJIMBOI CyMapHOI iHTEHCHBHOCTI, 1[0 HE IpH-
BOJIE JI0 32TOPOBOI'0 CTAHY Ha IIEPEXPECTI.

3HauenHs [13 B boMy BUTIAJKY 32 OJUHUINO YaCy
BuMipy T BU3HAYaETHCH SK:

P:NZ+N()0()+NH' (6)

Jlis yTouHeHHsS Ta BU3HAYEHHS CTaTHCTHYHO 3Ha-
yymux 3Ha4eHs [13 mepexpectsi, HEOOXITHO OOCTEKUTH
MiHIMYM 15-20 TOAMHHUX IUKIIB y HMIKOBI 4acH PyXy.
Aune onepatuBHe Bu3HaueHHs [13 mepexpects (B peaib-
HOMY MacuITadi 4acy) B yMOBaX MOXJIMBUX Pi3KUX 3MiH
I13 (3atopu, Xypaenuis ad0 OXEJICTUIld) Ia€ MOXKIIU-
BICTh OTPUMATH BaXAUIUBY i KOPHCHY iH(OpMalilo st
CHCTEM MEpPEXEBOr0 peryitoBanHs pyxy Ha B/IM micta
3 ypaxyBaHHSIM BCiX 0coOMUBOCTEH Tormorpadii i mimo-
X1JIHUX MOTOKIB KOHKPETHOTO MEPEXPECT.

BucHoBku

3anpornoHoBaHa TEXHOJIOTISI BUMIPY KOMILIEKCY
napametpiB pyxy TII omHowacHO 1o3BOIISIE 3MiHCHIOBA-
TH OIIHKY SKOCTI (PYHKIIIOHYBaHHS HEperyJIbOBaHUX
MepexpecTh 3a TAaKUM KPHUTEPIEM SK IMPOITYyCKHAa 37at-
HICTh IIepexpecTss Ta B JWHaMIlll KOHTPOJIOBATH LEH
napamerp.

Pospaxynok I13 i piBHIB 3aBaHTa)KeHHsS Hepery-
JILOBAHUX TIEPEXPECTh MOTPIOHI IJIsI BUSHAYCHHS OLIBII
SIKICHOI OILIIHKH YMOB PYyXY, PiBHS (DYHKI[IOHYBaHHS Ta
BUOOpY HaWOUIBII palioHaJbHOI oOpraHizamii pyxy i
KOMIUIEKCY KEepYIOUHX JIiH.
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Busnayenns [13 takum criocoO60M 3 BHCOKOIO Yac- [Ipono3uiiis Ta po3podka croco0y Bu3Ha4YeHHs [13
TOTOI0 CKaHYBaHHS 1 0 peajbHUM 3HAYCHHSM Yacy  HEperyJbOBaHHX IEPEXPecTb 3a TaKOK TEXHOJIOTIE0
po3’131y 3 MepexpecTsi pi3HUMH THIIAMH TPAHCIOPTHUX  BIANOBiJa€ BUMOTaM YHIBEpCAaJbHUX aJalTHBHHUX CHUC-
3ac00iB, Ja€ MOXKJIMBICTh CYTTEBO MiIBUIIUTH TOYHICTH  TeM, IO €(pEKTUBHO B JUHAMII pearyloTh Ha BCUISKI
BUMIpY KiHIIEBUX IIapaMeTpiB. 3mind ymoB pyxy TII Ha mepexpecri Ta B/IM wicra.
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Increase in effectiveness of definition of elements
of a cycle of traffic light regulation

O. Denisenko

Abstract. The subject of the article is a new approach to determining the parameters of the movement of vehicles
and the peculiarities of determining the capacity (DC) of unregulated intersections of various types. The purpose is to
develop a method of determining the DC of urban unregulated intersections, which allows to obtain and add a set of crite-
ria estimates of the quality of functioning of such intersections. Research objectives: analysis of existing and develop-
ment of new approaches, methods and algorithms for determining DC of unregulated intersections, taking into account in
the new proposal the positive qualities of known solutions; Broader functional capabilities of known solutions for obtain-
ing a wide range of criteria for assessing quality of functioning of intersections; Proposal and development of a method
that meets the requirements of a universal adaptive system allowing to respond efficiently in dynamics to all possible
changes in traffic conditions (TC) at the intersection. The following results are received. Some peculiarities of modern
TC monitoring organization at local facilities are disclosed, as well as their main advantages and disadvantages are ana-
lyzed. A new approach is presented for determination of DC of unregulated intersections in conditions of dynamic change
of DC movement parameters and adaptive response of the system to road situation. Features of implementation of DC
detection algorithms for different types of intersections are shown. Conclusions. The proposed technology of measuring
the complex of parameters of TS movement simultaneously allows to assess the quality of functioning of non-regulated
intersections according to the IR criterion and to monitor this parameter in dynamics. Determination of DC in this way
with visceral scanning frequency and by real values of travel time at the intersection of various typical transport means
makes it possible to significantly increase accuracy of measurement of final parameters. The proposal and development of
a method of determining the DC of non-regulated intersections according to such technology meets the requirements of
universal adaptive systems, which respond effective in dynamics to all possible changes in the conditions of TS movement
at the intersection and street roadnet (SR) of the city.

Keywords: unregulated intersection, traffic flow, vehicle, bandwidth, limit interval, laser beam.
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OBIPYHTYBAHHS HAIIPSAMKIB IIIJIBUIIIEHHS
TEXHIYHUX XAPAKTEPUCTUK BOMOBUX FPOHbOBAHUX MAIIIAH

AHoTanisi. B ocTaHHI poKH BOEHHO-TEXHIUHA MOJIITUKA TEXHIYHO-PO3BUHYTHUX KPaiH BiIPI3HAETHCSA BHCOKOIO JAMHAMIY-
HICTIO, F'HYYKICTIO, CKOHLIEHTPOBaHICTIO Ha MPiOPUTETHUX HANPSIMKAX BOEHHO-TEXHIYHOro OyniBHUITBA. OCHOBHUM ii 3a-
BIIaHHSM € CTBOPEHHS CHCTEM 030pOEHHS, 1110 31aTHI 32 PaXyHOK SIKICHOI IepeBaru 3a0e3eunTy yCIilliHe pillleHHs Hallio-
HaAJILHUMH 30pOHHNMH CHiIaMU OOHOBHX 3aBJaHb 3 MOXIIMBICTIO HaB’SI3yBaHHS IIPOTHBHHKY B XOJi OOMOBUX Hil BUTITHUX
Jutst cebe GopM i crocobiB BoeHHOT0 Ipotubopersa. boiosi nil Ha Cxoni YkpalHM BUMararoTh IMOCTiHHOTO BIOCKOHAJICHHS
TEXHIYHUX XapaKTePHCTUK 3pa3KiB 030pO€HHs Ta BIHCHKOBOI TEXHIKM 3 METOI SAKICHOI NPOTHIII KUIBKICHIH nepeBasi
30poiinum cumitaM Pociiicekoi @enepanii Ta iHIIMM (OPMYBaHHAM 3 HETHIIOBOIO OpraHi3alliifHO-IITATHOK CTPYKTYPOIO.
Benuki Brpary 3paskiB 030poeHHs Ta BilicbkoBoi TexHiku 30poiiHux Cuit YkpaiHu 00yMOBIIIOIOTE HOCTIHHUIA MOIIYK HO-
BUX €()eKTHBHHX IUIAXIB ITIBUILCHHS TEXHIYHUX XapaKTepUCTUK O0HOBUX OPOHBOBAHMX MallMH. B Xxozi npoBeneHoro as-
TOpaMH JIOCIIJUKEHHS PO3IJIIHYTO OCHOBHI HAIIPSIMKH ITi/IBUIIEHHS TEXHIYHUX XapaKTePUCTHK OOHOBUX OPOHBOBAHHMX Ma-
muH. B X071 npoBeseHOro aBTOpaMu J0CHiPKEHHST BUKOPUCTaHI OCHOBHI ITOJIOXKEHHS IIPOTUMIHHOI CTIHKOCT, Teopii »ku-
BYYOCTI Ta 3arajlLHOHayKOBI METO/M aHAJl3y Ta CHHTE3y. 3a pe3ylibTaTaMU IMPOBEICHOr0 JIOCIIKEHHS aBTOpaMU BU3HA-
YEHO, 1110 OCHOBHI HAIPSAMKH IiJBUILIECHHS TEXHIYHUX XapaKTepHCTUK 00HOBHX OPOHBOBAHMX MAILMH HAIPABJICHI HA: OI-
TUMI3allil0 KOMIIOHYBAJIbHUX CXEM; BIIPOBA/UKEHHSI 3aC001B MOCUIICHHS IIPOTUMIHHOI CTiMKOCTi; Pi3HI BUiM OpOHIOBAHHS 3
BUKOPHCTaHHSM CyYaCHUX BUCOKOMILIHMX MaTepiajiB; BIPOBAKEHHs MaTepialiB i HOBUX TE€XHOJOTiH, 10 3a0e31e4yroTh
CKPHTHICTB; ITi/IBUIIEHHS MOOINBHOCTI 00HOBUX OpOHBOBAHMX MAILIMH; 3MEHILIEHHS MacH 0OHOBHX OPOHbOBAHMX MAILIVH;
3MEHIIICHHsI BapTOCTI pO3pOOKH, eKCILTyaTallii, pEeMOHTY Ta yTHIi3awii 3pa3kiB O0HOBMX OpOHBROBAaHMX MamiuH. Peaizaris
3a3HAYCHUX HAIPSAMKIB I1iIBUIIEHHS TEXHIYHUX XapaKTePUCTUK O0HOBUX OPOHbOBAHUX MAIIUH JJO3BOJIUT 30€PErTH KUTTS
0c000BOro CKJIay Ta A03BOJIUTH 3a0€311€UUTH BUKOHAHHS [10CTaBJICHHUX 3aBIaHb.

Karw4dosi caoBa: crangapru, cnpomoxsocti, HATO, 36poitni Cunn Ykpainu, 60iioBi OpOHbOBaHI MallUHY, KUBY-

4iCTb, IPOTUMiHHA CTiHKICT.

Beryn

B ocTaHHI poKHM BOEHHO-TEXHIYHA MOJIITHKA TEXHi-
YHO-PO3BUHYTUX KpaiH BiJPi3HAETHCS BUCOKOIO JHHA-
MIYHICTIO, THYYKICTIO, CKOHIIEHTPOBAHICTIO Ha IPiOpH-
TETHUX HaNpsMKaxX BOEHHO-TEXHIYHOI'O OyIIBHHUIITBA.

OcHOBHUM ii 3aBJaHHAM € CTBOPEHHS CUCTEM
030pO€HHsI, 110 37aTHI 332 paxyHOK SKICHOI IepeBaru
3a0e3MeunTH YCIIlIHE PillleHHs Hal[lOHATLHUMU 30pO¥i-
HUMHU cHJIaMH OOHOBUX 3aBJaHb 3 MOXIIUBICTIO HaB’si-
3YBaHHsI IPOTUBHUKY B XO1 OOWOBHUX Miif BUTAHUX IS
cebe opM 1 criocoOiB BOEHHOTO IPOTHOOPCTBA.

Pazom 3 Tim, OoiioBi mii Ha Cxomi YkpaiHu BUMa-
rafoTh MOCTIHHOTO BIOCKOHAJICHHS! TEXHIYHUX XapaKTe-
PHUCTHK 3pa3KiB O30pO€HHSI Ta BIHCHKOBOI TEXHIKH 3
METOI0 SKiCHOI MPOTHAIT KIIbKICHIN NiepeBasi 30poitHuM
cunam PO Ta iHmmM GopMyBaHHSM 3 HETUIIOBOIO Opra-
Hi3aliHHO-IITaTHOI CTPpYKTyporo [1-3].

HaporyBanHs i OHOBIIEHHS TapkiB O0oloBUX Opo-
HpoBaHuX ManuH (BBM), Bkirouaroun 3akymismi, BMIT
i OOMOBHX pO3BIIyBaILHUX MallWH, BiJOyBa€cThCS B
KO)KHOMY perioHi cBity. Cromu BXOAUTH po3poOKa HO-
BUX CHUCTEM, MOJIEpPHi3allisl iCHYFOUMX CHCTEM 1 3aKyIIiB-
JIs1 HaJUTMIIKIB OOMOBMX OpOHBOBAHMX MAIIWH apMisIMH,
110 3MIHIOIOTh CTPYKTYPY CBOIX OpOHETaHKOBUX CHII.

BpaxoBytouu 3a3HaueHe, Memolo cmammi € 00-
I'PYHTYBaHHSI HAINPSIMKIB ITiJBUIIEHHS TEXHIYHHX Xapa-
KTEpUCTUK O00HOBUX OpPOHHOBAHHUX MAIIIWH.

BukJiajg 0CHOBHOT0 MaTepiajy

Po3Butok 036poenns BBM. 3apxau Oyino, € i
Oyne Oa)kaHHsI TiJBUIMTH BOTHEBY NOTYXHicTh BBM.
BriM, mis BEM Ha BiaMiHy, HampukiIam, Bil 3pa3kKiB
OpOHETaHKOBOI TEXHIKHM a0 CIIeIiai3oBaHuX OOHOBUX

MAIlIMH TUITY IIPOTHUTAHKOBOI YCTAHOBKH, € OUIBII CHITb-
Ha 3aJEeXKHICTH MDK pO3MipaMu 030pO€HHS 1 IHIIUMH
HEOOX1THUMHU MOKJIUBOCTSMHU.

BcraHoBieHHST aBTOMAaTHYHOI rapMaTd OUIBILIOrO
KajgiOpy B MHHYJIOMY BHMAarajio HAaceleHOi BeXi, 100
MOXKHa OyJs0 3a0€3MeYuTH KpIiIUIeHHs 110 BiJaNoBigae ii
kaiOpy, 30epiranns Ooenpwuacis Ta ix moxady. Bimgmo-
BiJiHA 33 XapaKTEPUCTHKAMH MPHIIIbHA cHCcTeMa 3a0e3-
neyyBasia JajbHICTh 1 TOYHICTh, HEOOXIJHI CTPINKY, i
SIKIIIO HEOOXITHO OYJI0 OJHOYACHO BECTH IMOIIYK I[iICH,
TaKOX 1 KoMaHaupy [2-4].

Bce ne o3znauano abo omHOMicHY, abo JBOMICHY
Bexy. Hacernenum OamitaM HEOOXiAHUH 3aXUCT, BOHH
3afiMaroTh MICIle Ha Jaxy, BOHM MAalOTh “KOIIUKA”, IO
3aliMaroTh BHYTpIIIHIHM mpocTtip B Kopmyci. Sk Hacii-
JIOK, ToJIaBaiacs Maca i 3MCHIITYBaBCsl BHYTPIIIHIN ITPo-
ctip. ToMy pilreHHs 010 “TiABHICHHS BOI'HEBOI IO-
TYXHOCTI” OOWOBOI MaIIMHU BHMAarajiao peTebHOrO
MIPOEKTYBAHHS | TAKTUYHHX IIEPEIYMOB.

B pesynbrari, Oiipmmil kamiOp cucreM 030pOoeHHS
OyB OOMEXEHHH 10 CYTi, PO3BiyBaJbHUMH MaIlIUHAMHU,
SIKUM He TIOTpiOHO OYJI0 IepeBO3UTH 0arato coijiaTiB, i
nestkumu BMI, siki Maimu MEHIIy JICCAaHTHE BiJTIICHHS.

Cama BMII € Bu3HaHHSAM HEOOXiIHOCTI MEBHOTO
OanaHcy. lle BUMarae Henerkoro KOMIpOMicy MiX OI-
TUMI3ali€ero Ay mimoro 0o i s 1ii Ha OOHOBUX Ma-
mMHax. Byny4yn HeBelIMKuM, MiXOTHE BiJUIIJICHHS BTpa-
THJIO TaKTHYHI MOXIIUBOCTI UII OKPEMOrO MaHEBpY,
TOMY TakTHKa miapo3airy Ha BMII cipsimoBana Ha 0Oe3-
MOCEpPETHIO MIATPUMKY MAallMHK a00 MiXOTH, L0 Ji€ y
MIIIIOMY TOPSIIIKY.

[MpuitHATTS KOMIpOMICY “IEecaHT MpOTH KajiOpy
rapmaty” no3Bonmiio 030poitu BMIT 25-mm, 30-mm,
35-mM abo HaBiTh 40-MM aBTOMaTHYHUMHU TapMaTaMH.
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Jlo TeXHIYHUX IHHOBAIIIH, 110 3MIHIOE IO JUHAMI-
Ky NPOEKTYBaHHS, BiTHOCUTHCS BIOCKOHAJICHHS TUCTa-
HIIITHO KepoBaHUX MoAyTiB 030poenus (JKMO). Y
HOBiTHIX JIKMO MOBHOIO MIpOI0 BHKOPHCTOBYIOTHCS
IOCATHEHHS B ONTOCJEKTPOHIII 1 BiJlcOKaMepax 3 THM,
00 BCTAHOBIIIOBATH OLJIBII BENUKe 030pOEHHS Oe3 KO-
JIUIIHIX 00MeXeHb [2-5].

®aktryno JIKMO - 11e 30BHIIIHSA CHCTEMa 10 BiJl-
HOIIEHHIO JI0 MallIWHHU, ONEPaTop PO3TALIOBYETHCS Bif-
JTAJICHO BiJl MOJYJIS, SIK TIPABUIIO, BCEPEIHHI KOPITYCY.

O30poeHHsT 1 OOEMPHUITACH PO3MIIIYIOTHCS 1032
KOpITYCOM, a TpPHIIIOBAaHHS BHUKOHYETHCS 33 JOIIOMO-
TOI0 KaMep BHCOKOT'O PO3IIMPEHHS, 110 BCTAHOBIIIOIOTh-
csl pa3oM 3 030pO€HHSIM, & BUMOTH JO BHYTPIIIHBOT'O
00’eMy OOMEXEHI IUCIUIeSIMH CTpiiKa 1 3acobamu
yIpaBiiHHSA Moayist. Hemae HeoOXiqHOCTI TPOHUKATH B
KOpPITYC, TOMY 3’SIBIIIETHCS O1NIbIIE BapiaHTIB YCTAHOBKH
MOJIYJISl Ha IaXy MalluHU.

Iepmri yemimmai JJKMO 6ynu 030po€eHi KpyITHOKa-
nmibepHuMu Kynemeramu. Moayns Protector HopBe3bkoi
kommanii Kongsberg mocsr ocobmuBoro ycmixy, KOJIu
OyJ0 TPUIHATO pillIeHHS TPO HOro BCTAHOBJIECHHS Ha
OpOHETpaHCIIOPTEpH aMepHKaHChkoi apmii  Stryker
M1126 Bupobuunrsa General Dynamics.

[lepeBaru nporo JJKMO mnonsratoTe B 3HaYHOMY
3HW)KEHHI MacH B TOPIBHSHHI 3 HacelleHoI OamToro i
3IATHOCTI BECTU BOT'OHb I10 LUISAX MTPH TOBHOMY 3aXHUCTi
orepatopa. o Hemoxmikie IKMO BigHOCATBCS 0OMe-
JKCHI CUTYyalliliHa 00i3HaHICTh 1 BHSBJICHHS IIJICH 1 He-
OOXiZIHICTD 3aJMIIATH KOPIYC MalldHH AJIs repe3apsi-
JOKCHHS 030pOEHHS.

IIporpec B xonctpykuii JIKMO no3sonmuB BBM
OTpUMATH ITIepeBaru IUCTaHIIHHOrO 030pOEHHS 3 rap-
MaTtaMH O1TBIIIOTO KaJiopy.

Heb6rot y 2009 poui BMIT PUMA po3pobku PSM
(cmimpHe mignmpuemctBo  Krauss-Maffei  Wegmann
(KMW) 1 Rhelnmetall) 3 Gesmogniii 30-MM Bexero
LANCE, ska iine Ha 3miny BMIT MARDER HiMerpkoi
apMii, po3IysiIaBcs Ha TOH MOMEHT JESKUMH SIK IIOCh
He3Bu4YaiiHe (puc. 1).

Puc. 1. 3oBuimmHii Burisy 6amru LANCE
3 30-mM rapmaroro Ha Himenpkiit BMIT PUMA

OpHak, ChOTOAHI B aBCTPANIiICBKOMY KOHKYpCi 3a
nporpamoro Land 400 GepyTs yyacTh MaIllMHH 3 HEXH-
TuMH Bexxamu. KpiM Toro, B pamkax MpPHCKOPEHOI Tpo-
rpamMu aMepHKaHChKa apMist 32 aKTUBHOI yJacTi KOMMAaHil
General Dynamics Land Systems posropHyna B 2-my

PO3BiyBaIEHOMY MOJIKY, PO3KBapTHpOBaHOMY B Himeu-
yuHi, MojepHizoBani OpoHemannan STRYKER 3 30-mm
JKMO MCRWS (Medium Caliber Remote Weapon
Station).

Kuydictb BBM. 3axucr, xonuch cHHOHIM Opo-
Hi, B JaHU{ Yac € MPOCTO OJHUM 3 IHCTPYMEHTIB, NPH-
3HA4YEHHUM JIJIs1 3a0€3IIeUeHHs )KUBYYOCTI 3pa3ka (coma-
Ta). bararo apmiii He TOTOBI HOCTYNUTHCS OE3MEKO0
ocoboBoro ckiany. JKuBydicTh € HaliBaXKIUBIIIMM (hak-
TOPOM, XO4Ya BiH HE TIOBHHEH IiJIBUIIYBATUCS 3a paxy-
HOK 3MEHIIEHHS MOOUILHOCTI, SIKa € Ba)KIIMBOIO CKJIAIO0-
BOIO 3aXHCTY CBOiX CHIL.

Ie nepenbavae BUKITIOUCHHS a00 3HIKCHHS TaKUX
¢axTopiB, sk [1-3]: 3a0pOHEBUI PO3ITIT OCKOJIKIB; BUOY-
XOBa XBWJIS; BTODHHHMH BIUIMB 1 HaBiTh IPEIMETH, IO
PO3IIITAIOTHCS, IO MiIBUIIYIOTH BPaskarody Jiro.

B pe3ynbTati 3’SIBIAIOTHCS PIIICHHS, SKI HE TITBKU
MIPOTUCTOATH 3arp03aM, ajie TaKOX 3HIKYIOTh Bpakalo-
4i (pakTopH Micis MONaJaHHs CHApsIa YU PAKETH, THM
CaMHMM TIBUIIYIOYH KUBYYICTh €KillaXy 1 MallWHH.
Hanpukian, y HoBiit BMIT PUMA Himenpkoi apmii (B
JTAaHWH Yac MPOIOHYETHCS JUIsi aBCTPAJIICHKOI Mporpa-
mu Land 400) BUKOpHCTaHUH 1IIe OMUH MiAXIJ 10 3aXU-
cTy ekinaxy. Komanmupa i crpiika-HaBiTHHKa TIepeMi-
CTWIM B KOPIYC i 3aMIHWJIM TPaJMIiiHy XKWy Oamry
oe3moanoro 30-mm Bexxero LANCE. Ile no3Boisie 30ce-
penuTUCs Ha MiJBUIIEHH] 3aXUCTY 1 JKUBYYOCTI IIaci, B
SIKOMY PO3MIIIYIOThCS eKilax 1 JecaHT. BoHn B 0CHOB-
HOMY ITOKJIaIAalOThCS Ha JaHi 3 KaMep, CCHCOPIB 1 Bizeo-
JIUCIUIEIB TIPH BEJIEHHI CIOCTEPEKEHHS 1 BHSBJICHHS
e (puc. 1).

SIKicTh, pi3HOMAHITHICTH 1 00cAT 1H(pOpMAaIii, 110
OTPUMYETHCS 3 CECHCOPIB, CHPOIICHUN OOMIH HEIO MiX
CHCTEMaMHU 1 YWJICHAMH eKilaxy - Bce IIe iCTOTHO CIIpo-
1ye poOOTY B TOIIYKOBO-yAapHOMY pexumi. OjHax,
cTapi MiJIXOAM 3MIHIOIOTHCS TOBIIBHO 1 Tenep 3’SICOBY-
€TBCS, IO BCI KaHAWAATH Ha OOHOBY pO3BiAyBajJbHY
MamuHy (OIUH 3 TPbOX THIIB MAlllMH) B paMKax Ipo-
rpamu Land 400 nponoHyIOThCS 3 ABOMICHOT BEXKEIO.

Kueyuicmov 3a paxynox cucmem eusagnenus. 3a-
BISIKM HOBUM TEXHOJIOTisM xHBY4icTh BBM 3a0e3meuy-
€THCS TENep He TUIbKU MAaCHBHUMH 3ac00aMH MPOTHIIT, a
1 cucremMamH, sKi OOPIOTBCSA 3 3arpo3aMH 3a PaxyHOK
MOpYIIEHHS X IiJIeBKa3aHHs. Y HUX BUKOPHUCTOBYIOTHCS
CEHCOpH BUSIBIICHHS HABEJICHHSI, SIKI TIONIEPEIDKAIOTh OIe-
paropa Ipo Te, 10 NPOTHBHUK HaMara€ThCs IPUIITHTH-
cs. OnHa 3 moAiOHUX CHCTEM BHKOPHCTOBYE MpuiiMadi
JIa3€pHOr0 ONPOMIHEHHS, SIKi BU3HAYAIOTh €HEprilo Jia-
3¢pHOTO BHIIPOMIHIOBAHHS JajJieKoMipa a0o IiJieBKa-
3aHHs / JaNeKkoMipa KepOBaHOTO CHapsia ado pakeTH.
[lpu BUSBIEHHI CHUTHaly CHUCTEMa HEraiHO BH3HAyae
HAINpSIMOK, IONepe/DKae eKimak i aBTOMAaTudHO abo
BpPYYHY pO3BEpTae 030pOEHHS B HAIPSIMKY 3arposu i
3alycKae JAWMOBI TpaHaTd. Jl[uMoBa 3aBica 3aKpHBae
0OCTpUTIOBAaTH MAIlIMHY BiJ BOPOXOTO CTpiJIKa i MOpy-
LIye KaHajl 3B’s3Ky KEPOBAHOI paKkeTH, IpU IIbOMY Bif-
KPHUBAETHCS IBUIAKHIA BOTOHB Y BiIOBIIH (pHC. 2).

Jo iHImMM pearye BiAMOBITHUM 3aco0aM HPOTUIIT
BiJTHOCSATHCS aKyCTUYHI CHCTEMH BHSBIICHHS ITOCTPLIY,
noxi6Hi Boomerang 111 Bix Raytheon. Bonu BusiBisitoTh
BUpOOJIEHUH MOCTPiN, MOIEpeHKAIOTh oleparopa i BH-
3HAYaIOTh HAIPSAMOK 1 BiICTaHb J0 CTPUIBIL (pHC. 3).
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Puc. 3. AkyctiuHa cucreMa BUSIBJICHHS TIOCTPLITY
Boomerang III, BcranoBneHa Ha 6poHeaBroMo0is HMMWYV

HogitHi cucremn, sk Hanpukian EARS Bix
QinetiQ North America, nenp BUAHI Ha MamuHi. BoHu
HA/IAI0Th HANpsMOK 1 ¢i3uunHi koopaunatu GPS crpin-
ka. Llg iHdopmMaliss MOXXe MOUIMPIOBATUCS MO BCHOMY
MiAPO3aiay, Ha OLIBII BUCOKI KOMaHIHI PiBHI 1 3a0e3e-
YYIOTh BOTHEBI 3aCO0M, SIKi MOXKYTh HaKPHTH BOTHEM Yy
BiAMOBiIb. MOKHA Ha3BaTH IIE OJHY CHCTeMY Acoustic
Shooter Locating System Big Rheinmetall Defense
Electronics. Bona aBromaruuno gosopauuBaer JJKMO
Ha BWSBJICHY IIiJIb, JO3BOJISIFOYM HEraiiHO BiNIOBiAaTH
e(peKTUBHIM BOTHEM.

Bzaemonis IeKiNbKOX OOHOBHUX MAIIUH ITiIBHUIIYE
MOXITUBOCTI OKpeMHUX OOpPTOBHMX CEHCOpIB, iXHIO coria-
JIbHY 3HAYUMICTh MiJIBUIYETHCS 32 PAXYHOK MHUTTEBOTO
posmoainy iHdopManii. B pe3ynbraTi migBHIIYEThCS
piBEeHb BOJIOJIHHA OOCTAHOBKOI) 1 CKOPOYYETHCS YaC
MPUHHATTA PillIeHb BiIKPUTTS BOTHIO y BIATIOBIAG [6, 7].

[Ile HanpsIMOK BUKOPHCTAaHHS CEHCOPIB - CUCTEMH
¢yHKIiOHaTBHOTO ypaxkeHHs (soft-kill), no skux BigHO-
CHUTBCS, HANPHUKJIAJ, CUCTEMA, IO BCTAHOBIIIOETHCS Ha
OCHOBHHMH OOWOBHMH TaHK YKpaiHCHKOTO BUPOOHHIITBA
“Omnot”. 1o ckiiaay KOMILIEKCY ONTHUKO-EIEKTPOHHOTO
nofasneHHs “Bapta” Bxogute IK-rmymHuk, npusHade-
HUH ISl TOAABJICHHSI aTaKyIOYHMX PakeT i 1iJeBKa3iBHU-
KiB KepoBaHOro 030poeHHs. CucreMa IHTErpyeThcs 3
JIATYMKAaMU TIOMEPEePKEHHS PO JIa3epHE OIPOMiHIOBaH-
HS 1 yCKOBUMH YCTaHOBKaMU a€pO30JIbHOI 3aBiCH.

OnTpOoHHI TJIYIIHUKA TaKX Oyiu oOpaHi po3poo-
HUKaMu pociiicbkux BBM 1 cramy BcTaHOBITIOBATHCS 1IIe
Ha MoYaTKy araHChKOro KOHQJIIKTY.

3a HasBHOIO iH(OpMali€ro, BOHU OyJIN BCTaHOBIIE-
Hi TAKOXX Ha KiJIbKa HOBUX POCIHCHKUX MAaIlUH. 3 1HIIIO-
ro OOKY, ONITHKO-EIEKTPOHHHI MTOJaBIICHHS! HE OTPHMa-
JIO BEJTMKOT0 MOMIMpPeHHs Ha 3axinHux BEM.

HuHimHi cucTeMu BUSBJICHHS € B OCHOBHOMY pea-
KTUBHUMH B TOMY, III0 BOHU PearyloTh Ha IO OIIOHEH-

Ta: MOCTPUI CHaimepa abo CTpiika iHIIIFOBAaB IPOIEC
3aXOIUICHHSI LI 1 BIAKPUTTS BOTHIO.

Jlesiki eKcriepTd BBa)KaroTh, 1[0 HACTYITHUM KpO-
KOM CTaHe BIPOBADKEHHS TEXHOJOTiH, sIKi 3aBYaCHO
OyIyTh BU3HAUATH MiClle PO3TALIYBAaHHS 1 MiATBEPIKY-
BaTH BOPOXY I1i1b. 1le MO3BOMUTH MaIlWHI, MEPIT HiX
o Hili OyJe BiIKPUTHI BOTOHB, BXKUBATH 3aXOiB MPO-
TUIT 3arpo3i Ha BJIACHUX yMOBax, a HE Ha yMOBax Ma-
UIMHYA NPOTUBHHKA.

B nanmii yac mpuUOiNAETHCS AOCTATHS yBara 3HH-
JKCHHS MacH aBTOMOOLISA TP 30€peKECHHI PiBHS 3aXHC-
Ty 3 METOI IiJIBUIIECHHS MaHEBPEHOCTI 3a PaXyHOK
PO3pOOKHM HOBHMX MIIHHMX JIETKHX MartepiajiiB ais Opo-
HioBaHHs. KpiM Toro, B iHTepecax 3HWKEHHS BapTOCTi
TEXHIYHOTO OOCITYroBYBaHHS 1 pPEMOHTY, THOTpeOU B
3alacHUX YacTHMHAX 1 CKOPOYEHHS 4Yacy Ha HaBYaHHS
0CcO0OBOrO CKJIaJy PEMOHTHHX IiIPO3JALTiB KOHCTPYK-
TOPH BEIYTh PO3POOKY CIMEHCTB MAIllMH, III0 MAIOTh 10
90% B3aeMO3aMiHHHX BY3JIIB 1 arperaTis.

KpiM miBHIICHHS )HBYYOCTI aBTOMOOLIIB BiiiCh-
KOBOT'O MPU3HAYEHHS BEAYThCsS HaYKOBO-AOCIIHI 1 J0-
CIITHO KOHCTPYKTOPCHKI POOOTH 13 3a0e3ICUCHHS He-
JIOITYIIEHHST BUBCICHHS 3 JIAAY BOMIIB 1 eKinmaxkiB. Y min
o0acTi BUAUTIOCS 1 IBUAKUMH TEMIIAMH PO3BUBAETH-
Csl HampsIMOK 110 CTBOPEHHSI POOOTHU30BAaHMX MAIWH 3
(YHKII€IO ITYYHOT'O 1HTENEKTY.

BucHoeku

TakuM YMHOM, HaBeAEHHH Yy CTAaTTI HAIpPSIMKH
MiJIBUIICHHS ©()eKTUBHOCTI OOHOBHUX OpOHHOBAHUX Ma-
LIMH HaHOJIMKYUM YacoM MOXKe OyTH JTOCSTHYTa HACTY-
ITHAMU 3aX0aMHU:

1) onmumizayiss KOMNOHYBATLHUX CXEM:

3aCTOCYBaHHS MOAYJIBHMX KOHCTPYKHIH Ha 0asi
yHi(IKOBAaHOTO IAci B 3alEKHOCTI BiJl BHPIIIyBaHUX
3aBJIaHb;

3MEHILEHHsI ra0apUTHUX ITapaMeTpiB aBTOMOOLIS;

2) 6nposaddicerHsi 3acodi6 NOCUNICHHS NPOMUMIH-
Hoi cmilikocmi:

3aCTOCYBaHHS PETYJIbOBAHOTO KIIPEHCY B CYKYII-
HocTi 3 F-oOpa3Hum, 31 30unblIeHOr0 CTiliKicTIO (Oara-
TOUIAPOBHMM) THHIIIEM;

3aCTOCYBaHHS OPOHBOBAHOI KaICyJIH;

3aCTOCYBAaHHS PI3HHX MaHENEeH, IO MOTJIHHAIOTH
€Heprito BUOYXY;

3aCTOCYBaHHS CHJIiHb, SIKI HE MalOTh YKOPCTKOTO
3B’SI3KY 3 ITiJJIOrOKO;

3) pisni 6uou OPOHIOBAHHS 3 BUKOPUCMAHHAM CY-
YACHUX BUCOKOMIYHUX MAmMepiania:

3aCTOCYBAaHHS HETpaIULiHHUX OpPOHBOBUX Matepi-
aiB;

3aCTOCYBaHHSI 3BapHOrO KOPIYCYy MAIlMHHU, IO
CKJIaZIA€ThCsl 3 OKPEMUX OpPOHBOBHUX JIMCTIB Pi3HOI TOB-
IIWHH;

3aCTOCYBaHHSl ONTHMAJIBHHX KYTiB Haxuiy Opo-
HBOBUX JIUCTIB;

3aCTOCYBaHHS JIOIATKOBOTO HaBICHOrO OpPOHIOBAH-
HS 3 BUKOPHUCTAHHSIM PI3HUX €KpaHiB i MPOTUBOKYM YJIsi-
TUBHHX PEIIiTOK;

3aCTOCYBaHHS OpPOHBOBHMH 3aXHCTYy NEPEIHBOI 1
OIYHMX YaCTUH KOPIYCY, IOCHJICHOI KepaMiuHUMHU
TUINTKAMU;
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3aCTOCYBaHHSI OPOHBOBHMI 3aXHCTY JAHHUINA KY30Ba,
JIBUT'YHA, TPAHCMICI1, po3/1aBasIbHOT

KOpOOKH i TaJIMBHOTO OaKa;

3aCTOCYBaHHS OPOHBOBAHHX BITPOBHX CTEKOII;

3aCTOCYBaHHSI OPOHBOBAHOT'O MOTOPHOTO BiJICIKY,
BHHECEHOT0 3a 0a3y aBTOMOOLIS;

4) enposadoicennss mamepianieé i HOBUX MEXHOJLO-
2itl, Wo 3a0e3neyyioms CKPUMHICIb.

3aCTOCYBaHHS MacKye (papOyBaHHS;

3aCTOCYBaHHS Pi3HHX CHUCTEM ITyCKy TUMOBHX (ae-
PO30JIBHUX) 3aBic;

3HW)KEHHSI TIOMITHOCTI B panio-, [U-i ontuyHOMY
Jiarna3oHax HUISIXOM YCTaHOBKH

3aXMCHHUX €KpaHiB, 3axMCHHUX (ap0, cremialbHIX
MmaHenen i T. 1 .;

3HW)KEHHS IIYMHOCTI pOOOTH JIBUTI'YHA;

3aCTOCYBAaHHSI BHCOKOE()EKTUBHOI CHUCTEMH OXO-
JIO/KEHHS! BUITYCKHUX Ta3iB,

KOMIT'FOTEPHOTO YIIPABJIiHHS BEHTHISTOPAMH OXO-
JIOJDKEHHS 1 TypOiHOIO HATYBY;

5) nidsuwernnst MOOIILHOCMI A8MOMODINSA ULIAXOM
3aCcmocy8anta.

Ti[pOMeXaHIYHNX 1 eIeKTPOMEXaHIYHUX TPaHCMi-

Ciif;

TiAPOITHEBMATUYHUX ITiJ[BICOK;

OLIBII MOTYXXHUX JBUTYHIB 3 TYPOOKOMIIPECOpaMHU
i3 3MIHHOIO TEOMETPIEI0 1 EJNeKTPOHHUMH OJIOKaMH
YIIPaBJIiHHS PEKUMOM POOOTH JIBUI'YHA;

MPOTUOYKCOBOYHUX 1 aHTHOJIOKYBAJIbHUX CHCTEM,
CHUCTEM YIPABIIHHSI MIXKOCBOBUMH 1 MIKKOJICCHUMH
nudepeHIragamy;

riOpUAHUX CHJIOBHX YCTAHOBOK, EJIEKTPHYHHX
MIPUBOIB KOJiC, MOAEPHI30BaHUX CHUCTEM aBTOMAaTHY-
HOT'O PETYNIOBAHHS THCKY IOBITPS B IIMHAX, a TaKOX
0O0€CTIMKUX IINH.

6) smenutents macu Oouo8uUX OPOHbOBAHUX Ma-
WUH.

7) 3MeHUeH sl 6apMOCmi pO3pOOKU, eKCIIyamayii,
pemonmy ma ymunizayii 3paskie O0uoeux 6POHbOBAHUX
MAUUH.

Peanizamisi 3a3HaYCHUI HANPSIMKIB ITiBUIICHHS
KMBYUYOCTI aBTOMOOIJTBHOI TEXHIKM BIiHCHKOBOTO MpH-
3HAYEHHs J03BOJIUTH 30€perTH )HUTTI 0COOOBOIO CKila-
Iy Ta JTO3BOJIUTDH 3a0€3IIEYUTH BUKOHAHHS ITOCTaBJICHUX
3aBJIaHb.

HampsiMkoM mofamnbIux JTOCHIPKEHb CITijl BBa)a-
TH PpO3pOOKY METOOUKH MiJBHUIIEHHS IMPOTHMiHHOL
CTiKOCTI 001OBUX OPOHHOBAHHUX MAIIWH.
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Justification of directions of improvement of technical characteristics of battle armed machines
O. Zelenyukh, A. Tymko, M. Pynchuk

Abstract. In recent years, the military-technical policy of the technically-developed countries is characterized by high
dynamism, flexibility, and focus on the priority areas of military-technical construction. Its main task is to create weapons
systems that are able, through a high-quality advantage, to provide a successful solution to the national armed forces combat
missions, with the ability to impose an enemy in the course of combat beneficial forms and methods of military combat. Combat
operations in the east of Ukraine require continuous improvement of the technical characteristics of weapons and military
equipment in order to qualitatively counter the quantitative advantage of the Russian Armed Forces and other formation with
atypical organizational and staff structure. The large losses of weapons and military equipment of the Armed Forces of Ukraine
cause a constant search for new effective ways of improving the technical characteristics of armored combat vehicles. In the
course of the study, the authors considered the main directions of improving the technical characteristics of armored combat
vehicles. In the course of the study, the authors used the main provisions of mine resistance, survivability theory and general
scientific methods of analysis and synthesis. According to the results of the study, the authors determined that the main directions
of improving the technical characteristics of combat armored vehicles aimed at: optimization of layout schemes; implementation
of mine action enhancement; different types of booking using modern high-strength materials; introduction of materials and new
technologies that provide secrecy; increasing the mobility of armored combat vehicles; reducing the weight of combat armored
vehicles; reducing the cost of developing, operating, repairing and disposing of samples of combat armored vehicles. The
implementation of these directions of improving the technical characteristics of combat armored vehicles will save the lives of
personnel and will allow to ensure the achievement of the tasks.

Keywords: standards, capabilities, NATO, Armed Forces of Ukraine, armored combat vehicles, survivability, mine
resistance.
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OBIPYHTYBAHHS TEXHIYHUX PIINEHD O10 NIJIBUIIEHHS )KUBYUYOCTI

ABTOMOBLJIBHOI TEXHIKH 35POMHUNX CUJI YKPATHU

AHoTanisi. B ocTaHHI poKM BOEHHO-TEXHIYHA IONITHKA TEXHIYHO-PO3BUHYTHX KPaiH BiPI3HAETHCS BHCOKOIO JIMHAMIY-
HICTIO, F'HYYKICTIO, CKOHLIEHTPOBAHICTIO Ha MPiOPUTETHUX HANPSIMKAX BOEHHO-TEXHIYHOro OyniBHUITBA. OCHOBHUM ii 3a-
BIIaHHSM € CTBOPEHHS CHCTEM 030pOEHHS, 1110 3/I1aTHI 32 PaXyHOK SIKICHOI IepeBaru 3a0e3eunTy yCIilliHe pillleHHs Hallio-
HaAJILHUMH 30pOHHNMH CHiIaMU OOHOBHX 3aBIaHb 3 MOXIIMBICTIO HaB’SI3yBaHHS IIPOTHBHHKY B XOJi OOMOBUX Hil BUTITHUX
Jutst cebe GopM i crocobiB BoeHHOT0 npotubopersa. boiosi nil Ha Cxoni YkpalHu BUMararoTh IMOCTiHHOTO BIOCKOHAJICHHS
TEXHIYHUX XapaKTePHCTUK 3pa3KiB 030pO€HHs Ta BIHCHKOBOI TEXHIKM 3 METOI AKICHOI MPOTHIII KUIBKICHIM nepeBasi
30poiinum cuitaM Pociiicekoi ®enepanii Ta iHIIMM (OPMYBaHHAM 3 HETHIIOBOIO OpraHi3alliifHO-IITATHOK CTPYKTYPOIO.
Benuki Brpary 3paskiB 030poeHHs Ta BilicbkoBoi TexHiku 30poiitHux Cuil YkpaiHu o0yMOBIIIOIOTh HOCTIHHMIA MOIIYK HO-
BUX e(eKTHBHMX LUIAXIB IiJABUIICHHS )KUBYYOCTi 3pa3KiB 030pOEHHS Ta BilicbkoBOI TexHiku 30poiiHux Cun Ykpainu. B
XO[Ii IPOBEAEHOr0 aBTOPAaMHU JJOCHIPKEHHS PO3IJITHYTO OCHOBHI HAIPSIMKH Ii JBUILCHHS KMBYYOCTi 3pa3KiB aBTOMOOIBHOT
TEXHIKU BiiCKOBOrO NpU3HAYCHHA. B X011 NpoBeIleHOro aBTopamMu JOCIIKCHHS. BUKOPHCTAaHI OCHOBHI MOJIOKEHHSI I1PO-
THUMIHHOI CTiHKOCTi, TeOpii )KUBYYOCTi Ta 3araJlbHOHAYKOBI METOIM aHaNi3y Ta CHHTE3y. 3a pe3yJIbTaTaMy IPOBEICHOIO
JIOCHII/KEHHS! aBTOPaMU BU3HAUYEHO, 110 OCHOBHI HAIPSMKH ITiJIBUILEHHS KUBYYOCTI aBTOMOOUIBHOI TEXHIKH BiHCBKOBOI'O
NPU3HAUYCHHS HAIpaBJIeHi HA: ONTHMI3allil0 KOMIIOHYBAJIbHUX CXEM; BIIPOBA/UKCHHs 3aC00iB IOCHJICHHS NPOTHMIiHHOL
CTIHKOCTI; pi3HI BUIU OPOHIOBaHHS 3 BUKOPHCTAHHSAM Cy4aCHHX BUCOKOMILIHMX MaTepialliB; BIIPOBA/LKEHHs MaTepialiB i
HOBMX TEXHOJIOTiH, 10 3a0€31e4y0Th CKPUTHICTD; ITiIBUIIEHHS PYXJIMBOCTI aBTOMOOLIA. Peanizanis 3a3HaueHUX HaNpsM-
KiB IIiJIBHUIIEHHS XMBYYOCTI aBTOMOOLIFHOI TEXHIKH BiICBKOBOTO IPH3HAYEHHS JO3BOJIUTH 30€PEerTH >KUTTS 0COO0BOTO
CKJIaJly Ta J03BOJIUTH 3a0€3MeYNTH BUKOHAHHS IIOCTABJICHUX 3aBJIaHb.

Karw4dosi caoBa: crangapru, cnpomoxksocti, HATO, 36poiini Cunn Ykpainu, aBTOMOOIJIbHA TEXHiKa, )KUBYYICTb,

MPOTUMiHHA CTiHKICTb.

Beryn

B ocTaHHI pOKHM BOEHHO-TEXHIYHA MOJIITUKA TEXHi-
YHO-PO3BUHYTUX KpaiH BiJPi3HAETHCS BUCOKOIO JHHA-
MIYHICTIO, THYYKICTIO, CKOHIIEHTPOBAHICTIO Ha IPiOpH-
TETHUX HaNpsMKaxX BOEHHO-TEXHIYHOI'O OyIIBHHUIITBA.

OcHOBHUM ii 3aBJaHHAM € CTBOPEHHS CHCTEM
030pO€HHsI, 10 37aTHI 332 paxyHOK SIKICHOI IepeBaru
3a0e3Me4nTH YCIIIIHE PillIeHHs Hal[lOHATLHUMU 30pO¥i-
HUMHU cHJIaMH OOHOBHUX 3aBIJaHb 3 MOXIIUBICTIO HaB’si-
3yBaHHs MPOTUBHUKY B XOi OOWOBHUX Miif BUTAHUX IS
cebe opM i criocoOiB BOEHHOTO IPOTHOOPCTBA.

Pazom 3 Tum, OoiioBi mii Ha Cxomi YkpaiHu BUMa-
rafoTh MOCTIHHOTO BIOCKOHAJICHHS! TEXHIYHUX XapaKTe-
PHUCTHK 3pa3KiB O30pO€HHSI Ta BIHCHKOBOI TEXHIKH 3
METOI0 SKiCHOI MPOTHAIi KIIBKICHIN NepeBasi 30poitHuM
cunam PO Ta iHmmM GopMyBaHHSM 3 HETUIIOBOIO Opra-
Hi3aliHHO-IITaTHOI CTPpYKTyporo [1-3].

BpaxoBytoun 3a3HaueHe, Memol0 3a3HAYEHO
cmammi € OOTPYHTYBaHHsI TEXHIYHUX pIlIEHb OO
i IBUILICHHS KUBYYOCTI aBTOMOOLJIFHOI TEXHIKH 30pOii-
HUX CUJ YKpaiHH.

BukJiaJ 0CHOBHOTO MaTepiajy

IcroTHe HapollyBaHHS OIEpaTUBHHUX 1 OOHOBHX
MOXITUBOCTEH 30pOHHMX CHJI MPOBITHHUX KpaiH CBITY 3a
paxyHOK 1X OCHAIlEHHS! BUCOKOE()EKTUBHUMH 3pa3KaMHu
030poeHHs Ta BilicbkoBoi TexHiku (OBT) mo3Bomnsie mo-
CSITaTH CBOIX MOJIITHYHUX IiJIEH CHJIOBUM CIIOCOOOM.

VY mepion m10 2030 poky OCHOBHI BHUAM Ta THIIH
OBT npoBigaux KpaiH cBiTy OyIyTh BIOCKOHATIOBATH-
csl TOJOBHMM YHHOM EBONIOIIHHAM NUISIXOM, IO He
BUKIIIOYAE TP I[bOMY MOKJIMBOCTI 3pOCTaHHS iX OKpe-
MUX SIKICHUX XapaKTepPHCTHK B KiJIbKa pa3i..

ABTOMOOIJIbHA TEXHiKa BIHICHKOBOI'O ITPU3HAYEHHS
(ATBII) BiZHOCHTBCS A0 OTHOTO 3 HAHYMCIICHHIIINX
BHIIB 030pOEHHS BIfiCHKOBOI 1 CIICIIaJIbHOI TEXHIKH, III0
3a0e3MeuyoTh MOOIIBHICTh BIHCHK apMii  Oymb-sKoi
nepxaBu. Hanpukinaz, Titeku B 30poitHux cunax CIIA
JIETKUX TI0 Maci aBTOMOOLIIB BIHCHKOBOT'O IPH3HAYEHHS
tuy “Xammep” Hamiuyerbes 200 THC. OAMHULB, B TOMY
yucini 160 Tuc. - B CyxomyTHUX BilicbkaX. 3pa3ku
ATBII mmpoko 3acTOCOBYIOTh HE TUIBKH JUISl TPAHCIIO-
PTyBaHHS 0COOOBOrO CKJIaay i BIICBKOBHX BaHTaxiB, a
i 51k 6a30Bi MIACI IMiJT MOHTAX Pi3HUX BUJIIB 030pOEHHS i
TEXHIKH, BKIIOYAIOUH CIICIiaJIbHI B YCiX BHAAX 1 pojax
Bilicbk. CaMe TOMY TEXHIYHHH pIBEHb OCHAIICHHS
ATBII mopsim 3 MOOUIBHICTIO YacTHH 1 MiAPO3ILTIB,
eQeKTUBHICTIO (DYHKIIIOHYBAaHHSI CHUCTEM iX Marepialib-
HO TEXHIYHOro 3a0e3IeueHHs, BU3Hayae OOHOBHI ImoTe-
HIlian BilickkoBUX (opmyBaHb. 3acrocyBanus ATBII B
SIKOCTi 3aco0y MOOITBHOCTI PI3HUX apTUIIEPIHCHKUX
CHCTEM, 3€HITHO-PaKETHUX KOMILIEKCIB, 3aCO0IB 3B 13Ky
Ta IHIIUX BUIIB 030POEHHS 1 TEXHIKU JO3BOJIMJIO 3HAY-
HO TiJIBUIIIUTH MaHEBPEHICTh 1 pyXJIHUBIiCTh Bilichk. On-
HaK IpY [IbOMY TOCTPO IocTana rnpobiiemMa 3a0e3rnedeHHs
3aXHUIIEHOCTI BiJl 3aco0iB ypa)KeHHs IPOTHBHHUKA HE
TIIBKH EKITIaXiB, ajie TAKOX CAMOT0 KOIITH PYXJIUBOCTI.
Tomy omHi€r0 3 OCHOBHHX 3a/a4 3a0e3IeucHHs OOHOBOI
edexriBHOCTI ATBII B apMmisix po3BHHEHUX KpaiH € M-
BUIIIEHH 11 )KUBYYOCTi. Takum 4MHOM, nepes; KOHCTPYK-
TOpaMHU aBTOMOOUTIB [TOCTAJIO 3aBJIAHHS MEPETBOPUTH 1X
B BHCOKOS(EKTHBHI OpOHEABTOMOOLT, B KOXXHOMY 3
SKUX OyIyTh IOeAHYBaTHCS (YHKIII TPaHCHOPTHOTO
3aco0y i OOMOBOI MAIIMHY ITiABHIIIEHOT )KUBYYOCTI.

Amnani3z po3BuUTKy OpoHeaBTOMOOLUTIB [1-3] moOKa-
3ye, 10 3a0€3IeUeHHs X YKUBYYOCTI BUPOOJSAETHCS 13
3aCTOCYBAaHHSM Pi3HOMaHITHUX TEXHIYHUX PillIeHb.
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3 MeTor0 3a0e3neyeHHs 3aXKCTy Bifl yIapHOI XBH-
JIi, BiI OCKOJIKIB MiH 1 CHapsiB 3aCTOCOBYETHCSI ONTH-
Mi3alisi KOMIOHYBJIFHOIO CXEMH aBTOMOOLIS. BOHA
nependavyae po3MilIEHHs €Kilaxxy, OCHOBHHX BY3JiB i
arperariB MaIllH B MICIISX, IO OOMEXYIOTh BIUIUB 3a-
3HAYEHUX BHUILE BPAXKAIOUUX (aKTOPIB.

ITpy 11bOMY OJHUM 3 MPIOPUTETHUX HAIPSIMKIB €
peasi3aliisi IPUHIMITY — YUM MEHIIE METa, THM Ba)kye B
Hei norpamutu. lleli NpPUHIUI BHUKOPHCTOBYIOTH BCi
BUPOOHHMKM aBTOMOOLNIB. Y Kiaci OOHOBHX KOJICHHX
MaIlInH 3pO0JICHUI aKLEHT Ha JIETKI 1 cepeiHi aBTOMO-
OiJti TOBHOIO Macoro 6-7 T. OnHak rabapuTH arperaris,
o0JiaJiHaHHS Ta BHYTPILIHI 0OCSATH HE JTO3BOJISIIOTH IT10-

BHICTIO BUKOPUCTOBYBATH BHIIEBKazaHUU miaxia. Tomy
KOHCTPYKTOPH HaMararThCsl ONTHUMIi3yBaTd rabapury,
MaKCHMAJIbHO 3MEHIIIUTH BUCOTY MAIIIUH, 3aCTOCOBYBa-
TH cXeMy “KIIipeHC + BHYTPIIIHIH 00csAT caony”.
PerynpoBana migBicKa JO3BOJISE MiTHIMATH 1 OMy-
CKaTH KOPITyC IHCTPYMEHTa B 3aJI€KHOCTI BiJl BUKOHY-
BaHUX 3aBAaHb. [liBUIECHHSA >XUBYYOCTI aBTOMOOLIS
3MIACHIOEThCS 33 PaXyHOK 3a0e3MeueHHs] HOro CKpHT-
HocTi. CKpHUTHICTH OpOHEaBTOMOOLIISI 3/1IHCHIOETHCS 3a
pPaxyHOK 3aCTOCYBaHHS MAacKyldoro QapOyBaHHsI

(puc. 1), BUKOpPUCTaHHSI CHCTEM IYCKY AUMOBHUX (aepo-
30JIbHHX) 3aBiC, 3HW)KEHHS TIOMITHOCTI B pajiojianaso-
Hi, iHppaYepPBOHOMY i ONTUYHOMY JiaIrla30Hax.

Puc. 1. [Ipuxax BUKOPUCTaHHS MAacKylo4oro ¢papOyBaHHSI aBTOMOOLITIO

JlocsirHeHHsT MajIol MOMITHOCTI Bij 3aco0iB pajio-
JoKalii Ha3eMHHX IiJIel JOocATraeThbcs 3acCTOCYBaHHAM
panio mpo30pux KOMIIO3MTHHX MaTepiasiB (KepaMidHa
a00 KOMITO3UTHA OpOHs1). 3HIWKEHHSI BUMMOCTI BY3JIB 1
arperaTiB 3 MeTaJy 3J1HCHIOETbCS TX eKpaHyBaHHAM.

CKpHTHICTh TiepecyBaHHS OpOHEaBTOMOOLIS 3a-
Oe3medyeTbesl 3aCTOCYBAaHHAM TATOBUX €IEKTPOIBHIY-
HIB, TEIUIOBE BUIIPOMIHIOBAHHA SKUX HE NEPEBHILYE 5-
15% Bix migBOAUTHCA A0 HUX €NEKTPOEHEprii, B TOH yac
AK y JIBUI'YHa BHYTPILIHBOI'O 3TOPSIHHS PO3CIIOEThCA Y
BUIJIAAI TEIUIOBOIO BUIIPOMiHIOBaHHA a0 70% eHeprii
3ropa€e B HbOMY IajuBa. 3BYK ABUTYHAa BHYTPIIIHBOI'O
3TOpPSHHS JIeMacKye aBTOMOOUIb, a eJIeKTPOABUTYHH
MOXYThb OyTH NpakTHYHO Oe3myMHMMH. be3urymHa
poboTa IBUI'YHA HOCATAETHCSA TAKOXK 3aBIIKH 30aIaHCO-
BaHOCTI JieTaliei, MaKCUMaJIbHO 3HIDKYE BiOpalliro, Kpim
I[LOTO 3aCTOCOBYIOTbCS BHCOKOG(EKTUBHI CHCTEMH
OXOJIOMXKEHHS BUIIYCKHHX Ta3iB, CHCTEMH KOMII'IOTEp-
HOTO YIpaBIIiHHSA BEHTUWIATOPAMU OXOJIO[PKEHHS 1 Typ-
0iHOIO HaTyBY.

3acTocyBaHHS pi3HUX BUAIB OpPOHIOBaHHS B 3HA4-
Hill Mipi BIUIMBa€e Ha 3a0e3MEUeHHs KUBYUOCTI aBTOMO-
Oinsi. CporosiHi iCHYIOTH JBa OCHOBHI BapiaHTH 3a0e3-
HEYEHHS 3aXUCTY BiJl KyJb, OCKOJKIB 1 KyMYJISATHBHHX
Ooempunacis. [lepmmii - BUKOHaHHS OpOHBOBHUIT KOHC-
TPYKUii 3 HE3MIHHUM piBHEM 3aXHCTy NpPU YMOBH 3a-
Oe3redeHHs1 BUCOKOI cTiiikocTi. [IpukiagzoM mMoxe ciy-
KHUTH OpPOHBbOBaHA KOHCTPYKIIisl HIMEIBKOro OpoHeaB-
ToMo01Is “Bokcep”, ska 3abe3neuye 3axuct Bix 30-mMm
OpoHeOiiiHO-TiiKaniOepHUX  CHApSIIB  aBTOMAaTHYHUX
rapmar npu Maci Mammnau 30 1. J[pyruii - 3acrocyBaHHS
0a30BOro piBHA 3aXMUCTy 3 MOXKJIMBICTIO ITOCHJICHHS
OpOHBOBUIT KOHCTPYKIIT B 3aJI€KHOCTI BiJ yMOB 00CTa-
HOBKH. JlomaTkoBa (HaBiCHa) 3aXUCT BCTAHOBIIOETHCS

Ha JIesiKii BiZIcTaHi BiJi OCHOBHOI'O KOPITYCY i BUTOTOB-
JISIETHCS, SIK TIPABHJIO, 3 KOMIIO3UIIIHUX MaTepiaiB.

Hamnpukian, kopmyc 6poneaBromobins VBCI Bu-
TOTOBJICHUH 3 aJIOMiHIEBOI OpOHI 3 HaKiIajaKaMu 3 Opo-
HBOBAHOI CTajli a0 TUTaHy, 110 3a0e3MeUy0Th 3aXHUCT
Big 14,5-MM OponeOGiitHuX Kyib abo 25-MM OpoHeOiii-
HUX CHapsiB BiAmoBigqHo. OZHUM 3 KOHCTPYKTHUBHHX
pillleHp € 3aCTOCYBaHHS [HHUIIA KOPIYCY, LI0 Mae
F-o00pa3uuii neperun (puc. 2), mo crpusie BigoOpaxeH-
HIO yzaapHoi xBuili abo ockodkiB. [Tizbip onTumanbHuX
KyTiB HaXmwly OpOHBbOBUX JIMCTIB JO3BOJISE ITiABULIUTH
3aXHCT eKiMaxy BiZl O0KOBOro 00CTpiTy 31 CTpiienbKoi
30poi (puc. 3). KpimM TOro, 3acToCOBYEThCSI 10J]aTKOBE
HaBiCHE OPOHIOBAaHHS 3 BUKOPHUCTAHHSIM PI3HUX €KpaHiB
1 IPOTHUKYMYJISITUBHUX PEIiTOK.

Puc. 2. BponeaBromobins “Jlinro-2”

B apwmii CIIA Ha GinbirocTi Mojiene aBTOMOOLTIB
3aCTOCOBYETHCSI OpOHIOBaHHS BHHECEHOro 3a 0a3y aB-
TOMOO1JIS MOTOPHOT'O BiJICIKY, SIKWi Ha MiaApuB Oepe Ha
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ce0e JIeBOBY YacTKy €Heprii BUOYXY 1 I03BOJISIE TIPOTH-
CTOSITU JIETKOMY 1 B&XKKOMY CTpiJIelbKoi 30poi 0oioBu-
KiB, IPAaKTUYHO NIEPEBAKHOMY B X 030pO€HHI.

Puc. 3. BponeaBromobinb “Iri-4”

VY 30poitHuX cuiax OaraTboX 1HO3EMHHX JAEp)KaB
3HAWIUIN NIMPOKE 3aCTOCYBAaHHS HETpaIuLiiHI OPOHBO-
Bi Marepiany (CTayb 3aMiHIOETBCS KEPaMiKOIO, aroMi-
HiEM 1 apMOBaHUMH IIACTMACaMH), TOCHIICHHS! OPOHBO-
BHI 3aXHCTY INEPEIHBOI 1 OIYHUX YACTHH KOPIYCy Ke-
paMIiYHUMH IUTUTKaMH, OpOHIOBAHHS CYIHUH BOMISA 1
KOMaH/Iupa 3HU3Y, OPOHIOBAHHS BITPOBUX CTEKOJ, OpO-
HIOBaHHS 3aXUCTy THHIIA Ky30Ba, JBUI'YHA, TPaHCMICII,
PO31aBaIbHOI KOPOOKH 1 MAJIMBHOIO OaKa.

Jlist mocsirHeHHsI BUCOKOi HMPOTHUMIHHOI CTIHKOCTI
IIPY KOHCTPYIOBaHHI OpOHEaBTOMOOLIIB IIMPOKO 3aCTO-
COBYIOTB TaKi pillICHHS:

BUKOPHCTAaHHS MiIHOI KaOiHHM-Kamncynu; oOnaj-
HaHHS 0OHOBOr0 BiIIICHHS OaraTolapoBUM IHHUIICM;

PO3MIIIEHHS 30BHIIIHIX ITaHeJel, 0 MOTJTHHAIOTH
eHeprito BUOyXy; 3aCTOCYBaHHS JTOJATKOBHX 3aXHCHUX
MaHeNel Ha IiITo3i;

301IBLIEHHSI JMHAMIYHOTO XOAY KOJiC; KOHCTPYK-
TUBHE BIJIUJIEHHS CUIIHb Bij| ITiJUIOTH.

Kabina-xaricyna mpu MiApuBI Ha MiHI CIYXKHTh
HaJiHHAM 3aXHCTOM JUIsl eKinaKy. 3MillHEeHHs He Bciel
MAIlIMHY, a TUTBKU KaOiHU JO3BOJIMIO TIOMITHO 3HU3UTH
3arajbHy Macy aBTOMOOLUIS 1 3a0e3MeUYHUTH 3 BEIHUKOO
CTyIeHeM HMOBIPHOCTI BUKUBAHHSI 0COOOBOTO CKIIATYy.

CuIiHHA CHCIiaJbHUX KOHCTPYKINH HE MAaroTh
YKOPCTKOTO 3B'SI3KY 3 MIUIOrOI0 aBTOMOOUIS 1 3aXwIia-
I0Th BiJl Ypa)kKe€HHS OIIOPHO-PYXOBHUH anapar JIIOAWHH.

HaiinommpeHimmM BapiaHTOM € KpiTUIEHHS! CHIHb
IO CTelli KOPIyCY aBTOMOOLIS 3a JTOMOMOI'OK THYUKHX
kpimnens. OOnagaHaHHS aBTOMOOLIS 30BHIIIHIMU NaHe-
nsMH  3a0e3nedye  po3CifOBaHHsS eHeprii BHOYXOBHX
NpUCTpOIB. BUKOpHCTaHHS MepepaxoBaHUX BHIIE KOHC-
TPYKTHBHUX pillleHb 3a0e3leuye BW)KUBAHHS EKIiNaxy
Ipy TiipuBi Ha (QyracHi NpUCTPOI MOTYKHICTIO 10 8 KT
B TPOTWJIOBOMY €KBIBQJIEHTI IIiJ KOJECOM i 6 KI Tix
JMHUIEM ManuHd. Ha >xuBydicTh aBTOMOOLIS B MEBHIH
Mipi BIUTUBA€E HOrO pyXJHBicTh. [1iBUILIEHHS! PyXJIHBO-
CTi aBTOMOO1JIS1 TO3BOJISIE IIBUJIKO 1 CBOEYACHO BUHTH 3-
Ii1 BOTHIO MTPOTUBHHKA. [1JIsl IbOTO HA CyYacHUX 1 po3-
pOOIIIOBaHUX 3pa3Kkax OpOHEaBTOMOOLUIIB  MPOCTEXKY-
FOTHCS TEHACHIIIT 3acTocyBaHHA [1]:

TiIpOMEXaHIYHUX 1 eJIEKTPUYHHUX TPAHCMICIH;

TiAPOITHEBMATUYHUX ITiJ[BICOK;

OLIBII MTOTY)KHUX ABUT'YHIB 3 TypOOKOMIIpECOpaMu
i3 3MIHHOIO TEOMETPIEI0 1 EJIeKTPOHHUMH OJOKaMH
YIIPaBJIiHHS PEKUMOM POOOTH JIBUT'YHA;

MPOTUOYKCOBOYHHUX 1 aHTHOJIOKYBaJIbHUX CHCTEM;

CHCTEMHU YIPaBIiHHA MiXKOCHOBUMH 1 MIXKOJIEC-
HUMH JU(epeHIiaaMu;

EJIEKTPUYHKX TPUBOIB Koiic (puc. 4), MOIepHi-
30BaHUX CHUCTEM aBTOMATHYHOI'O PETYNIOBAHHS TUCKY
TIOBITPS B IIMHAX, & TAKOXK OOECTIKUX IIHH.

Ha HoBHX OpoHeaBTOMOOLTI 3apyOiKHOTO BHUPOO-
HUILTBA BUKOPUCTOBYETHCS TiJpOMEXaHiYHa TPaHCMICis,
0 J03BOJISIE HA OpOHEaBTOMOOLI 3 KOJICHOK (opmy-
7010 8 X 8 3a paXyHOK 3MiHM Pi3HUIII HIBUAKOCTEN 00ep-
TaHHS KOJIC Ha TMPOTHISKHUX OOpTaxX 3MEHIIUTH Pajiyc
noBopoty a0 8-10 M, Ha BiAMiHY Bif KonumiHIX 25-30 M.

€ JOCHiaHI 3pa3Ky KOJICHUX MAIIMH 3 MOXIIUBIC-
TIO po3BOpoTy Ha Micui. OIHI€0 3 TEHAEHIIN € 3acTo-
CyBaHHS TiJIpOITHEBMAaTHYHOIO ITiJBICKH, 3a0e3nedye He
TIJIBKM BHCOKI IapaMeTpH IiJpecOpIOBaHHS, & W MOX-
JIUBICTh PETYNIOBAHHS JOPOKHBOT'O IPOCBITY 1 KYTiB
KpeHy MalluHH Ul JOCSTHEHHsSI BUCOKOI ITPOXIJAHOCTI.
Kpim nporo npu BuCOKi# IMOBIpHOCTI miipuBY OpoHea-
BTOMOOLJISI BCTAHOBIIIOETHCS MAaKCUMAJIbHUI TIPOCBIT, a
NIPY 3aBaHTA)KEHHI B BIHCHKOBO-TPAHCIIOPTHUH JITaK BiH
3MEHIIYETHCS 10 MIHIMyMY. AKTHBHO BEIYTHCS JIOCIIiJI-
HO-KOHCTPYKTOPCBKI POOOTH 110 BJJOCKOHAJIEHHIO aBTO-
MOOUTB 3 TiOpuaHUMH (KOMOIHOBaHMMH) CHJIOBHUMH
YCTaHOBKaMH. BIIPOBaKEHHS EJIEKTPOMOTOPIB B Maro-
YHHY KOYKHOTO KOJIeca 1 BIJICYTHICTh MPSIMOTO 3B'S3KY 3
JIBUTYHOM JIO3BOJISITH 30€perTH pyXJMBICTh B pa3i BUXO-
Iy 3 JIaJy OJHOIO 3 MPHUBOMIB. e mae MOXKIUBICTH Ma-
LIMHI CAMOCTIHHO BHWTH 3-TIiJ{ BOTHIO MPOTHBHUKA TPH
MiIpHUBi Ha MiHI 200 ypa)KeHHI 1HIIUMH BUAAMU 30poi.

JIns miABUINCHHS KUBYYOCTI Ta EKCILTyaTaIliHOL
HAIHOCTI OpPOHEABTOMOOUIA IHUPOKO 3aCTOCOBYIOTHCS
6oectiiiki mmnau [4-7]. Ix mucku ocHauIyloThCS T0mATKO-
BUMH BHYTPIIIHIMU 000/1aMU 3 KOMITO3MIIIHHUX Matepia-
JIB, 110 3a0e31evye TPy MOMIKOKEHH]I 200 PO3pUBI LIMHU
PYX MAIlIMHH T10 TIepeciueHiil MiceBocTi 31 mBHAKicTo 20
KM / TOJ Ha BijicTaHb He Oubiie 50 kM (puc. 4, 5).

-

Puc. 4. Bcraska 6e3mnexu

[lepcrieKTHBHUM HamNpsIMKOM PO3BUTKY KYJIECTild-
KAX IIMH € HelHeBMAaTW4Hi muHU (puc. 6). Y Takux
KOHCTPYKIIISIX THEBMaTHYHA PE3UHOMETAJIeBa 000JIOHKA
3aMiHEHA Ha KOHCTPYKIIIO 3 MoJiMepHuX MaTepiamis. L1i
LIMHYA TPAIO0Th 0e3 CTBOPEHHS BCEpEAWHI HUX Hal-
JIUIIKOBOT'O THUCKY, IO POOHUTH X HEUYTIMBUMH JI0
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npokony. Kpim Toro, mwuHu moxiOHOT KOHCTPYKIIT 1mo-
[JIMHAIOTH YaCTHHY €HEepril IPH MiIpuBi Ha BUOYXOBOMY
npuctpoi. OfHi€r0 3 PI3HOBUIIB HEITHEBMATHYHUX IIUH
e mad NPT (Non pneumatic tire).

Puc. 5. [THneBmatruna muHa Michelin PAX
3 €JIACTHYHOI KiJIbIIEBOI BCTAaBKOIO

Puc. 6. HenneBmatuune xoneco tuny NPT

[IIuHa Mae CTITBHUKOBY CTPYKTYPY 1 3/1aTHA BUKO-
HyBaTH CBOI (DYHKIIT pU PYHHYBaHHI CBOET CTPYKTYpH
10 30%. Taxoxx BoHa He BUMarae 00CIIyroByBaHHS IPO-
TSATOM BCHOTO TEPMIHY CITY)KOH.

OnHaK HEIOTIKOM HEIHEBMATHYHUX IIUH € HEMO-
KIIMBICTh 1X BUKOPUCTaHHA Ha BHMCOKHMX IIBHUJIKOCTAX
4yepe3 meperpis, MiJBUIEHA T'y4YHICTh, MEHII aemrdi-
pYIoui BIACTHUBOCTI, a TAaKOXX HEMOXJIMBICTb 3MIHH THC-
KY Ha IPYHT LIUIIXOM 3MiHHU THUCKY B IIHHI.

B nmanmii yac mpuaiIAeThCA OCTATHS yBara 3HU-
JKEHHsI Macu aBTOMOOLIIS ITpU 30epekeHHI PiBHS 3axHc-
Ty 3 METOI0 MiABUIIEHHS MaHEBPEHOCTI 3a paxyHOK
PO3pOOKHM HOBHMX MIITHHX JIETKHX MartepiajiiB mis Opo-
HioBaHHs. KpiM Toro, B iHTepecax 3HWKEHHS BapTOCTi
TEXHIYHOTO OOCITYroBYBaHHS 1 pPEMOHTY, THOTpeOU B
3allaCHUX YacTHHAX 1 CKOPOUEHHS 4acy Ha HaBUaHHI
0CO0OBOr0 CKJIAaJy PEMOHTHHX IiIPO3JALTiB KOHCTPYK-
TOpU BeIyTh PO3pOOKY CIMEHCTB MalluH, IO MAIOTh JI0
90% B3aeMO3aMiHHUX BY3JIB 1 arperaris.

Kpim mifBuIeHHS )KHBYYOCTI aBTOMOOLTIB BiliCh-
KOBOTO NPU3HAYEHHS BEAYThCS HayKOBO-JOCITIJHI 1 10-
CIIITHO KOHCTPYKTOPCBKI poOoTH i3 3a0e3nedeHHs He-
JIONYIIEHHSI BUBE/ICHHS 3 JIaJy BOJIIB 1 eKinaxiB. Y mii
00JacTi BUALTIIIOCS 1 IBUAKUMH TEMIIAMU PO3BUBAETh-
Csl HaIpSIMOK II0 CTBOPEHHS POOOTH30BAHMX MAIIMH 3
(YHKIII€IO IITYYHOT'O 1HTENEKTY.

BucHoBku

TaxuMm 4MHOM, IPOBEICHUM Yy CTATTI aHAJII3 IOKa-
3aB, 110 TEXHIYHI PIillIEHHS [0 3aCTOCOBYIOTHCS B apMi-
AX TPOBIIHUX KpaiH CBITY AO3BOJIIOTH 3a0€3MCUUTH
e(peKTUBHY 3aXHCT aBTOMOOIIS BiJ Pi3HUX BUAIB 30poi,
MiIBUIINTA HOTO JKUBYYICTh, € 3araJIbHUMHU 1 MOXYTb
OyTH po3/iieH] Ha KiJIbka OCHOBHUX HAIPSIMKIB:

1) onmumizayis KOMNOHY8ANLHUX CXEM.:

3aCTOCYBaHHS MOAYJIBHHX KOHCTPYKHIH Ha 0asi
VHI()IKOBaHOI'O IAci B 3aJIEKHOCTI BiJ BHpIIIyBaHHUX
3aBJIaHb;

3MEHILIEHHsI ra0apUTHUX ITapaMeTpiB aBTOMOOLIS;

2) enposadoicentss 3aco0i8 NOCUNEHHS NPOTMUMIH-
Hoi cmilikocmi:

3aCTOCYBAaHHS PEryJbOBAHOIO KIIPEHCY B CYKYI-
HocTi 3 F-oOpa3Hum, 31 30unblIeHO0 CTiliKicTio (Oara-
TOIIAPOBUM) JTHUIIEM;

3aCTOCYBaHHs OPOHBOBAHOI KaICyIH;

3aCTOCYBAaHHS PI3HUX IaHeNeH, IO IOINIMHAIOTH
eHeprito BUOYXY;

3aCTOCYBAHHS CHAIHb, SKIi HE MAalOTh JKOPCTKOI'O
3B 513Ky 3 MiAJTIOr0I0;

3) pizHi 6uOu OPOHIOBAHHS 3 BUKOPUCHAHHIM C)-
YACHUX BUCOKOMIYHUX MAMEPLais:

3aCTOCYBaHHS HETpaIULiHHUX OpPOHBOBUX MaTepi-
aJiB;

3aCTOCYBaHHS 3BapHOrO KOPIYCYy MAIIWHM, IO
CKJIaIA€ThCs 3 OKpEeMUX OPOHBOBHUX JIUCTIB PI3HOI TOB-
IIMHY;

3aCTOCYBaHHS ONTHMAJIbHUX KyTiB Haxuily Opo-
HBLOBHX JIMCTIB;

3aCTOCYBAaHHS J0JAaTKOBOI'O HaBICHOTO OpOHIOBAH-
Hs 3 BUKOPUCTaHHAM PI3HUX €KpPaHiB i IPOTUBOKYMYJIS-
TUBHUX PELIITOK;

3aCTOCYBaHHSI OPOHBOBUIA 3aXUCTY IepenHboi 1 Oi-
YHUX YaCTHH KOPILYCY, IIOCWJICHOIO Ke€paMiYHUMHM ILIH-
TKaMU;

3aCTOCYBaHHS OPOHBOBHUM 3aXHCTy JHHINA Ky30Ba,
JIBUT'YHA, TPAHCMICI1, po3/1aBaJIbHOT

KOpOOKH i TaJIMBHOTO OaKa;

3aCTOCYBaHHs OPOHbOBAHUX BITPOBHUX CTEKOJI;

3aCTOCYBaHHS OpOHBOBAHOT'O MOTOPHOTO BiJCIKY,
BHUHECEHOT0 3a 0a3y aBTOMOOLIS;

4) enpoeadoicenns mamepianié i HOBUX MEXHONO0-
2itl, wo 3abe3neuyroms CKPUMHICb:

3aCTOCYBaHHS MacKkye (papOyBaHHS;

3aCTOCYBAaHHS Pi3HUX CUCTEM ITyCKYy IMMOBHX (ae-
PO30JIbHUX) 3aBIC;

3HW)KEHHSI TIOMITHOCTI B panio-, [Y-i ontuyHOMYy
Jiarna3oHax IUIAXOM YCTaHOBKH

3aXMCHHUX €KpaHiB, 3axMCHHUX (ap0, cremiaibHuX
MmaHenenh i T. 1 .;

3HIDKEHHS IIYMHOCTI pOOOTH JIBUT'YHA;

3aCTOCYBaHHS BUCOKOE()EKTUBHOI CHCTEMH OXO-
JIOJUKEHHS BUITYCKHUX ras3iB,

KOMIT'IOTEPHOI'O YNPABIiHHA BEHTHIATOPAMH OXO-
JIO/KEHHS 1 TYpOIHOIO HA/ITYBY;

5) nidguwenns pyxausocmi agmoMoOiis WLISXOM
3acmocy8anta:

TiZIPOMEXaHIYHHX 1 eeKTPOMEXaHIYHNX TPAHCMICIH;

T1IpONHEBMATUYHHX ITiIBiCOK;
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OLIBII MOTYXHUX JBUTYHIB 3 TYPOOKOMIIPECOpaMHU
i3 3MIHHOIO TEOMETPIEI0 1 EJIEKTPOHHUMH OJIOKaMH
YIIPaBJIiHHS PEKUMOM POOOTH JIBUT'YHA;

MPOTUOYKCOBOYHUX 1 aHTHOJIOKYBAJILHUX CHCTEM,
CHUCTEM YIPAaBIIiHHSI MIXKOCBOBUMH 1 MIKKOJICCHUMH
nudepeHIagamy;

riOpUAHUX CHJIOBHX YCTAHOBOK, EJIEKTPHYHHX
MIPUBOIB KOJiC, MOAEPHI30BaHUX CHUCTEM aBTOMAaTHY-
HOT'O PETYNIOBaHHS THCKY IOBITPS B IIMHAX, a TaKOX
0O0€CTIMKNX IINH.

HeoOxinHo Bif3HaunTH, 10 B 0araTthbox KpaiHax 3
METOI0 30€peKEHHS JKUTTS BOJIIB 1 eKilaxiB BHILTHIO-
Csl IEPCIEeKTUBHUN HANpsSIMOK - PO3p0o0Ka AUCTAHIIIHHO
KEPOBaHUX MAIWH, a TAaKOX POOOTH30BAaHHX MAIHH 3
(YHKIII€IO ITYYHOTO 1HTENIEKTY.

Takum YUHOM, HEOOXIHICTD ITiBUIICHHS XKHBYUO-
cti ATBII o6ymoBiieHa 30iIbIICHHSIM 11 KUIBKOCTI B Biii-
ChKax sIK 3aci0 pyXJHMBOCTI 030pO€HHS, IO HAOIU3HIO
ATBII no micup BeneHHA aKTUBHUX OOMOBUX il 1 Imij-
BUIIWJIO HMOBIPHICTh ypayKeHHsI 30pO€I0 Pi3HUX BHIIB.
AHani3 TeXHIYHUX pIllleHb IOAO MiJABUIIEHHS KUBYYO-

cti ATBII, 3acrocoByBaHUX B apMisiX 1HO3EMHHUX Jep-
kKaB, TMOKa3ye, 10 3abe3neyeHHs] epeKTUBHOI 3aXUCTy
aBTOMOOIJIS Bil pi3HUX BHIIB 30pOi 1 MiJBUIICHHS HOTo
KMBYUYOCTiI TPOBOJMTHCS IO TAKUMH OCHOBHHUMH Ha-
MpsSIMKaMH: ONTHAMI3alis kKoMoHyBanbHux cxem ATBII,
BITPOBAPKEHHS 3aCO0IB ITOCWJIEHHS NPOTUMIHHOI CTiH-
KOCTI, 3aCTOCYBaHHsI Pi3HUX BHIIB OPOHIOBAHHS 3 BHUKO-
PHUCTaHHSIM CYYaCHHUX BHCOKOMIIIHUX MarepiajiB, Mija-
BUIIIEHHS CKPUTHOCTI 1 pyxsuBocti ATBIIL

BupizeHni HampsMKH € OCHOBHUMH 1 3arajbHUMU
JUIsl OUTBIIOCTI apMii IepeloBUX JepKaB, IO 3aiima-
I0ThCS TiIBUILIEHHM kuBydocTi ATBIL.

Peanizamisi 3a3HaYCHUI HANPSIMKIB ITiIBUIICHHS
KMBYYOCTI aBTOMOOIJTBHOI TEXHIKM BIHCHKOBOTO MpH-
3HAUCHHS J03BOJIUTH 30€pPErTH XKUTTA 0COOOBOTO CKIIa-
Iy Ta JTI03BOJIUTD 3a0€3IIEYUTH BUKOHAHHS ITOCTaBJICHUX
3aBJIaHb.

HampsiMkoM mofamnbIux JTOCHIPKEHb CITijI BBa)a-
TH PpO3pOOKY METOOUKH MiJBHIIEHHS TNPOTHMiHHOL
CTIMIKOCTI aBTOMOOIJIPHOT TEXHIKH BiHICBKOBOI'O MPHU3HA-
YEHHSL.

CIIMCOK JIITEPATYPH

1. Kynpinenko A. H., Tony6 B. A. Cuxre3 BapuaHTOB NPOESKTHBIX T'HIIOTE3 TEXHUYECKOro O0JIMKA IIEPCIEeKTUBHBIX THIIOB Ooe-
BbIX OpPOHMPOBaHHBIX MalluH // BilicbkoBo-TexHiunuMi 30ipHuK / Akanemis CyxomyrHux Bificsk. Ne 2(9). JIpBiB : ACB, 2013.
C. 36-42.

2. Global armoured vehicles market report 2016/ URL: Pexmm pmocrymy:
vehicles/articles/summary-of-global-armoured-vehicle-market-report-2.

3. Kympirerko O. M. OOrpyHTYBaHHsS HPUHIMIIB (OPMyBaHHS IEPCHEKTUBHUX THINB OOWOBMX OpOHHOBAaHMX MAaIivH //
CucreMu 030poeHHs 1 BificbkoBa TexHika. 2012. Ne 4(32). C. 40-46.

4. Kympinenko A. H., T'ony6 B. A. Bribop palldOHaJbHOrO BapHaHTa IMPOEKTHOM TUIIOTE3bl TEXHHYECKOro OO0JIMKa
MIEPCIICKTUBHBIX THUIIOB OOEBBIX OpoHHMpoBaHHBIX MammH // Cucremu 030poeHHs 1 BilichkoBa TexHika. 2013. Ne 3(35).
C. 24-28.

5. bicuk C. II., boiiko I'. O. Jleski naHi Cy4acHOro CTaHy i TEHICHIIH PO3BUTKY KOJNiCHMX OOHOBHX OpOHHOBaHWX MAIIUH //
O30poeHHsT Ta BIHCbKOBAa TEXHiKa : MIOKB. Hayk.-TexH. xypH. / IHJI OBT 3CV. 2014. Ne 3(3). C. 20-24.
DOT: https://doi.org/10.34169/2414-0651.2014.3(3).15-19.

6. Kysuenos, l0. OcHoBHBIE HampaBieHUs pa3BUTHs OOEBBIX KOJIECHBIX MAIIH 3apyOeKHBIX cTpaH // 3apy0ex. BoeH. 0003pe-
Hue. - 2013. - Ne4. - C.46-51.

7. JlurBunenko A. B., Tkauyk H. A., JIutBun B. 4., lleiiko A. M. O6muii noaxoxn K MpoOeKTHO-TEXHOJIOrHYecKoMy obecrede-
HUIO 3alUIIEHHOCTH OPOHEKOPITYCOB TPAHCIIOPTHBIX CPEICTB CIIENUAIBLHOI0 Ha3HaueHus // MexaHika Ta MalImHOOY/yBaH-
Hi. 2012, Ne 2. C. 221-229.

http://www.defenceiq.com/amoured-

Hapniiinuna (received) 08.01.2020
IpuitasaTa no npyky (accepted for publication) 12.02.2020

Substantiation of technical solutions for increasing living Car technology of the armed forces of Ukraine
M. Kovba, V. Riy

Abstract. In recent years, the military-technical policy of technically developed countries has been highly dynamic,
flexible, and concentrated on the priority areas of military-technical construction. Its main task is the creation of weapons
systems that, due to their qualitative advantage, are capable of ensuring the successful fulfillment of combat missions by the
national armed forces with the possibility of imposing on the enemy forms of military confrontation that are advantageous for
themselves in the course of hostilities. Fighting in the east of Ukraine requires continuous improvement of the technical char-
acteristics of weapons and military equipment in order to qualitatively counter the numerical superiority of the armed forces
of the Russian Federation and other forces with an atypical organizational and staff structure. Large losses of weapons and
military equipment of the Armed Forces of Ukraine are caused by the constant search for new effective ways to increase the
survivability of weapons and military equipment of the Armed Forces of Ukraine. In the course of the study, the authors ex-
amined the main directions of increasing the survivability of military vehicles. In the course of the study, the authors used the
main provisions of mine resistance, survivability theory and general scientific methods of analysis and synthesis. According
to the results of the study, the authors determined that the main directions of increasing the survivability of military vehicles
are aimed at: optimizing layout schemes; the introduction of means to strengthen mine resistance; different types of booking
using modern high-strength materials; the introduction of materials and new technologies that provide stealth; increase vehi-
cle mobility. The implementation of these directions of increasing the survivability of military vehicles will save the lives of
personnel and will ensure the fulfillment of tasks.

Keywords: standards, capabilities, NATO, Armed Forces of Ukraine, automotive equipment, survivability, mine resis-
tance.
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XapKiBChbKUI HalllOHAJIBHUN aBTOMOOLIBHO-TOPOXKHIN YHIBEpCHTET, XapKiB, Y KpaiHa

0 IUTAHHA BUSHAYEHHSA YACY 3HAXOI’KEHHSA ABTOMOBIJIIB
Y IYHKTAX HABAHTAKEHHSA TA PO3BAHTAKEHHSA

AnoTanis. Posrmsanarorecs 0coOIMBOCTI poOOTH TPAHCIOPTY Y JIAHIIO31 TOcTayaHb. B poOoTi HaBeneHe OOIpyHTYBAaHHS
IPHYMH BUHUKHEHHS HENPONYKTHBHUX IPOCTOIB TPAHCIOPTY y IIYHKTaxX HABAaHTA)XCHHS Ta PO3BaHTaXCHHs. BusHaueHi
CKJIa[IOBI BUTpPAT 4acy aBTOMOOLIS Ta (hakTOPHU 30BHIIIHBOIO CEpeIOBUILA BILIMBY HA HUX. B po0ori 3anponoHoBanuii mij-
XiJ] 10 BU3HAUCHHS Yacy 3HAXOKEHH: aBTOMOOUIIB Y IYHKTaX HABAaHTa)KEHHS Ta PO3BAHTAXKEHHS, SIKUI 103BOJIUTH OLiHU-

TH e(PeKTUBHICTH POOOTH TPAHCIIOPTY.

Kaw4yoBi ciroBa: nepeBi3HUK, Yac MPOCTOI, HABAHTAXKEHHS, PO3BAHTAXKECHHS, IPOIYKTHBHICTh aBTOMOOLIISI, TPaHCIIOp-

THHI 3aci0.

Beryn

Ha cboromi TpaHCIOPT € 3allOpYKOIO iCHYBaHHS
€KOHOMIKHM KpaiHH Ta JiepKaBH B IiyioMy. binbmia vac-
THHA TIEpeBEe3CHb NPHUNANAE caMe Ha aBTOMOOIIbHUIM
By TpaHcnopty. CKIIaJoBOI0 YacTHHOIO, BiJ SIKOI 3a-
JISKUTh 3HAYECHHS MPOJYKTUBHOCTI Ta 3arajJbHUX BH-
TpaT Ha BUKOHAHHS MPOLIECY ITEPEBE3ECHHS BaHTAXIB, €
HEMPOAYKTHBHI MPOCTOI TPaHCIIOPTHUX 3ac00iB, IO
BUHHKAIOTh, TIEPEBAYKHO, Y MYHKTAaX HABAHTAXKECHHS Ta
PO3BaHTAXKEHHSL.

CpOrofiHi pUHOK JTUKTYE TaKi YMOBH, B SIKUX aBTO-
TPAHCIIOPTHI TEPEBI3HUKU 3HAXOAATHCS Y ITOJIOXKEHHI
«3apydHHKa» cuTyanii. BUKOHYI0OUN 3aMOBJIEHHS TIepe-
BI3HHKHM HE MArOTh HisKOI BIICBHEHOCTI, 110 TPAHCIIOPT-
HUI 3aci0 Oyae 00CIyroBaHO B IMYHKTAaX HaBaHTaXKEHHS
Ta PO3BAaHTa)XEHHS B 3a3HAYCHUI B 3aMOBJICHHI TEPMiH,
IO Miclle IPU3HAYESHHS HE 3MIHUTBCS MICHs YKJIAICHHS
JIOTOBOPY Ta 3asBKW HAa TPAHCIOPTYBaHHS Ta, BPELITI-
pemIr, 3aMOBJIEHHSI He Oy/e cKacoBaHO B3araii. Y Ja-
HUX YMOBax IEpeBi3HMKAaM Maike HE MOXIIMBO CILIa-
HYBaTH pOOOTY TPAHCIOPTHHX 3aco0iB. I sKiCHOL
poOOTH aBTOTPAHCIOPTHOTO MiANPUEMCTBA, JIOTICT IO
AMTMCAHHS 3asiBKH Ha TIEPEBE3EHHS Ma€ 3HAWTH 3BOPO-
THE 3aBaHTAXEHHs JUId YHUKHEHHS BHTpaT 4dacy,
MOB’SI3aHUX 3 MPOCTOEM TPAHCIOPTY 4Yepe3 IOIIYK 3a-
MOBJICHHSI Ha repeBe3eHHs. [Ipu 1boMy Npy BUKOHAHHI
3aMOBJICHHS 3 BEJIMKOIO BIPOTiTHICTIO HA HUX YCKAIOTH
HENPOAYKTHBHI TPOCTOI y NMyHKTaX HAaBaHTAKEHHS Ta
PO3BaHTaXXEHHsI, Tepeapecallii Ta MOBEpHEHHS TOBApY,
4yepes sKi, He MalO4H 1HIIUX pillleHb, IEPEBI3ZHUKN 3MY-
IICHI BiJIMOBIIATHCS BiJ 3BOPOTHOI'O 3aBaHTAXKCHHS, a
1HOZII HaBITH 1 CIUTaYyBaTH WITpa(u 32 HEHaJAHHS TPaH-
CHOPTY ITiJ] HABAHTA)KEHHS B 3a3HAYCHUI TEPMiH.

Uepes HEsSKICHY OpraHi3allil0 MpoIeCy HaBaHTa-
JKEHHsI Ta PO3BAaHTA)KEHHS TPAHCIOPTHI 3aCO0U MOXYTh
MAaTH TMPOCTOI JI0 JEKIIBKOX Hi0 Yepe3 BiICYTHICTh BaH-
Taxy a00 BaHTa)XHUKIB, HESIKICHUI BaHTaX, BEJIMKY 4Yep-
ry tomo. CepemHs BapTIiCTh IPOCTOI0 aBTOMOOLISA II0
VYkpaini ckagae 500 rpH 3a 100y, IpU TOMY IO MEPEBi-
3HHUKY TOTPIOHO IIATHUTH TOOOBY 3apOOIiTHY ILIATy BO-
JTit0, SIKa MOXKE CKJIaaTh OUTBITY YaCTHHY ITi€] CyMH.

Curyanisi Ha pUHKY TPaHCIOPTHHX TOCIYT HOCUTb
CTOXaCTUYHHI XapakTep, IO YCKJIaIHIOE pOOOTy aBTO-
TPAaHCIIOPTHUX MiANpUEMCTB. Po3poOka Mopneni wacy
HABaHTA)KEHHS Ta PO3BAHTAXXECHHS JO3BOJIUTH 3MEHIIH-

TH 3arajibHi BHTpPAaTH BCIX YYaCHHUKIB TPaHCHOPTHOTO
MPOLIECY Ta SKICHO CIUIaHyBaTH POOOTY IepeBi3HUKaM.
Buxonsuu 3 Metu poboTH Tpeda BU3HAYHUTH IPyIy Ia-
pamerpiB, IO XapaKTepu3ylOTh yYMOBU II€pPEBE3€Hb 1
BIUIMBAIOTh HA ITOKa3HUKU POOOTH TPAHCIOPTY Y ITYHK-
TaX HABAHTAKEHHS Ta PO3BAaHTAXEHHS IPU IOCTaBII
TOBapiB Ha CKJIA]I.

Anani3 myouikaniil. BusHaueHHs yacy HaBaHTa-
KEHHs 200 pO3BAaHTa)KEHHSI B CUCTEMI JOCTaBKH BaHTa-
XKIB TIpeJICTaBIeHe B pOOOTax BUECHHX, TaKUX K Kypeii-
yuk B.M., Pokorsucekuii A.A., Mouania C.M., Bomo-
nina A.M., Tapacrok }O.B. Ta iH.

Hopmu uacy, siki BUTpayaroThbCsl TPaHCIOPTHUMHU
3aco0aMu MiJi HaBaHTKEHHSIM ab0 PO3BaHTAKEHHSM,
JUIl BU3HAUEHHS €KOHOMIYHHMX IOKa3HHKIB poOOTH Ta
JUIs. BU3HAYECHHS MPOAYKTUBHOCTI POOOTH TPaHCIOPTY
yacTo npuiimarotecs 3 Ilpetickypanra 13-01-02 [1], ane
BOHHM MaloOTh TiIBKA PEKOMEHAALIHUI XapakTep, Ta Ha
CBOTOJIHI € 3aCTapiIUMU, MaiKe He BUKOPHCTOBYIOTHCS
JIoricTaMu yepe3 MoxXUOKy (haKTHYHUX 3HAYEHb Bifl HO-
pmatuBHEX. L{i HOpME Yacy BU3HAYAIIUCh EMITiPHYHUM
nusixoM B 90-X pokax, TOMy uepe3 BEIHKHH MPOMIXKOK
Yacy MaloTh YTOYHIOBATHCh Ta KOpPEryBaTUCh. TakKox
HEBIIOMO, SIKUM YHWHOM (OpMYBaJHCS Ili HOPMAaTHBH,
HEB1JIOMa KUIBKICTh CIIOCTEPEKEHD Ta iX TPUBAJICTS.

ABTOp y po0oTi [2] mpuITycKae, IO CKOPOUYCHHS
TPUBAJIOCTI MIPOCTOI0 aBTOMOOLIS B NMyHKTaX HaBaHTa-
JKEHHsI Ta PO3BaHTa)XKEHHSI BAaHTAXXY MOXKE OYyTH JOCST-
HYTO 32 YMOBH:

- pallioHaJIBHOI OpraHi3allii Ta TEXHOJOrii HaBaH-
Ta)kKyBaJbHO-PO3BAHTAXKYBAIBHUX POOIT B MyHKTaX BiJ-
NpaBJIeHHS i TPUOYTTS BaHTaXY;

- migBuIIeHHSA piBHA MexaHizanii HPP nuisxom
3aMiHM PYYHOI ITpali Ha MeXaHi30BaHy Ta BIIPOBAKEH-
Hsl OUIBII MPOAYKTHBHOI KOHCTPYKILIi 3aco0iB MeXaHi-
3arii.

[IpoBeneHi MOCHiIKEHHS 3aJIeKHOCTI TPOITYKTUB-
HOCTi aBTOMOOLJIS Bifl 4acy Horo nepeOyBaHHs B ITyHK-
TaX HABAHTAKEHHS i pPO3BaHTAXKEHHs MOKa3YIOTh, IO
J000Ba TPOMYKTHBHICTH aBTOMOOLISA IPH HE3MIHHHX
Yyacy Ha MapuipyTi, HOMiHaJbHOI BaHTA)XHOCTI Ta CTa-
TUYHOTO KOE(II[IEHTY BUKOPHUCTAHHS BaHTaXKOITiIHOM-
HOCTI BUSIBIIIETHCSI Y 3BOPOTHIN MPONOPLIHHIN 3aex-
HOCTI BiJl TPUBAJIOCTI i3IKM aBTOMOOLJIS . 3BIJCH BUXO-
JIITh, 10 32 PaXyHOK CKOPOYEHHS 4Yacy Ha IOi3/IKy aB-
TOMOO1JISI MO>KHA 301TBIIUTH HOTO MPOJYKTUBHICTb.

© Kosuyp K. I',, IItuus H. B., ®enopos B. 0., 2020
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B.M. Kypeituuk ta A.A. PokoTsHckuit [3] mporio-
HYIOTh METOJWKY BH3HAUEHHS 4Yacy HaBaHTa)KeH-
HS1/pO3BaHTAKEHHS, SIKA BPAaXOBYE HACTYIHI (PAaKTOPH:
THUII TOBapy, YUCIO OIWHUIL TOBApY Ta YHCIO BAaHTaXi-
BOK. 3MIHHUMH Y JTaHOMY BHUIIJIKY € MOPSAIKHU Mia'i3ay i
Bin'i3my aBTOMOOLTIB. OTXE, 32 TYMKOK aBTOPIB, Yac
pobotu Oyzae HampsMy 3ajeKaTH BiJ WX IBOX Iepec-
TaHOBOK.

B poborax 6aratbox BUEHHX METOIMKA BU3HAYCH-
HSl Yacy HaBaHTa)KEHHsS/PO3BaHTa)KEHHS B SIBHOMY BH-
sl He pencrasieHa [4, 5]. Yacro B poboTax BUeHHX
3a[1a€ThCS Yac Ha OJHY TOHY NEBHOTO BaHTaXy, sIKi He
OOTPYHTOBYIOTBHCS, 200 K BUKOPHUCTOBYETHCS CEpPEIHE
3HaueHHs [7, 8]. Haiyacrimie qoCiiTHUKU POOJIATH MO~
cunanns Ha [9]. Leit nokymenT ckinamascs y 1987 porti,
o 3a (paKTOPOM Yacy TaKoXK Mae OyTH yTOUHEHHM Ta
MEeperJITHYTHM 3TiJHO CY4acCHHUX YMOB, IO BIUIMBAIOThH
Ha TpaHcnopTHuM npouec. ABtop [10] mpomonye Bu-
3HAYEHHsI 4acy OOCIYrOBYBaHHSI BUXOJSYHU 31 CIIOCOOY
W opraHizamnii HaBaHTa)XyBaJIbHO-PO3BAHTAXKYBAJIBHUX
poOIT, KiNBKOCTI BaHTaxy, LIO MiJUIArae HaBaHTa)KEeH-
HIO, 00CSTy MOMyTHOro 300py Ta BHTPATH Yacy Ha Ha-
BaHT)XYBaHHS Ta PO3BAHTA)XKyBaHHsS OJHI€l TOHU BaH-
Taxxy. @akTHuHUI Yac 0OCIYroBYBaHHS Ma€ HENOCTil-
HUH XapakTep, [0 CBIIYUTH MPO HOro KOJIMUBAHHS, THM
caMHM el croci0 BU3HAUEHHS JAHOTO ITOKa3HHKa He-
TONITBHUN, TOMY IO MOXUOKa € JOCHTh 3HAYyHOI. Y
[11] yac mpocToro aBTOMOOLJIS MiJ] YaC BUKOHAHHS BaH-
Ta)KHO-PO3BAHTAXXYBAJILHHUX OIlEpalliii BU3HAYAETHCS,
TepI 3a BCe, MPOAYKTUBHICTIO MEXaHi3MiB, 110 00CITy-
TOByIOThCsl. KO)KeH BaHTaXHHH ITYHKT SIBIISIE COOOFO
OKpeMO (PYHKI[IOHYIOUY CHCTEMY 31 CBOIMU BHTpaTaMu
Yyacy Ha OOCIYrOBYBaHHS, sIKi 3ajJexarh BiJ piny ¢ax-
TOpIB: OCHAIIIEHHS] MeXaHi3MaMH Pi3HOI MPOJYKTHBHOC-
Ti; BaHTaXi, 3alPOIIOHOBAHI /IO NEPEBE3CHHS, MOXYTh
CTaBUTHCS JO PI3HUX KJIACIB, 1 BIIIOBIJHO JI0 LIHOTO
Oyne pi3Ha CTYMiHb BUKOPUCTAHHS HOMIHAJIbHOI BaHTa-
JKOMITHOMHOCTI aBTOMOOILTIB; BUTpaTaMH 4acy Ha BH-
KOHAHHS CYITyTHIX orepalliii (MaHeBpyBaHHS, 3BaXKy-
BaHHI, 3aTIOBHCHHS HEOOX1THUX JOKYMCHTIB.

VY po6oti Mouanina C.M. [12] npoBeneHi HaTypHi
criocTepe)xeHHs (TMTaCMBHUIM €KCIEepHMEHT) 3a 3MIiHO0
Yacy IpPOCTOI0 CTOCOBHO OJTHOTO aBTOMOOLJS 3a KiJIbKa
JTHIB MICSIIB. ABTOp OIUCYE TEPMAHEHTHI KOJUBAHHS
Yyacy HaBaHTAXXCHHs, B PE3y/IbTaTi YOro 4ac MpPOCTOIO
i HaBaHTAXXCHHS/PO3BAaHTAXKEHHS II0 JAHAX. ABTOp
3a3Hayae, 10 SKIIO IUIAHYyBaTH poOOTY MO CEpeHBOMY
Yyacy MpOCTO0, TO i€ WOAHS OyJe MPUBOAUTH IO IIO-
MUIIOK. BCTaHOBUTH 3aKOHOMIpPHICTH KOJNHBaHb 4Yacy
MIPOCTOI0 aBTOMOOIISA 32 JOMOMOTOI BIOMHX 3aKOHIB
PO3IIOALTY HE BUSBHIOCS MOMJIMBUM, 3HAUCHHS BEJH-
YHUHA Yacy MPOCTOK € BHUIAJKOBUM IMOBIPHICHHM, a
MaTeMaTUYHUHA OIUC BHMAara€ YTOYHEHHs. Bennmuuny
MOMHWJIKY TPU IUIAaHYBaHHI MOXKHA 3MEHIIHTH, SIKIIO
moaHs (I03MiHM) NMPH BU3HAYCHHI MOXIJIUBOTO YHCIIa
i3m0k (00epTiB) BUKOPUCTOBYBATH CEpEIHE 3HAYCHHS
Yacy MpOCTOI0 aBTOMOOLIS IiJ] HABAHTAXKEHHSIM Ta PO3-
BaHTAXXCHHSIM, PO3PaXOBAHOI0, BUXOJSIYU 3 peabHUX
BUTpAT Yacy Ha BUKOHAHHS BAaHTAXXHUX OIEpaLliif, TOMY
IO Yac MPOCTOI0 3AJICKUTH BiJl TEXHIYHUX MOXKIIUBOC-
TeH BaHTAXXHUX MEXaHI3MiB, a TAKOK BiJ KIJILKOCTI BaH-
TaXKy, 10 MiUIArae HABAHTAXKEHHIO Ta PO3BAHTAKEHHIO.

VYci BuIe3razaHi aBTOpH BiI3HAYAIOTH CYTTEBHMA
BIUIMB Yacy 3HaXOPKEHHS TPAHCHOPTHOIO 3ac00y B ITyH-
KTi HaBaHTA)XCHHS / PO3BAHTAXXCHHA Ha €(PEKTHBHICTH
poOOTH TPaHCIIOPTY, ajie B HaBeAEHUX po0OTax He MpH-
BOJIMTHCS YITKMX METOJMK BU3HAYEHHS BIUIMBY (DaKTOpIB
Ha Yac 3HAXOJKECHHS TPAHCIIOPTHOTO 3aC00Y Y ITYHKTI.

Mera i noctanoBka 3aaavi. CyqacHuii cTaH pUHKY
HE Ja€ MOXJIMBOCTI MEpeBi3HHKAM IUIAaHyBaTH pPOOOTY
TPaHCIIOPTHUX 3aCO0IB 3 METOO 30UIBIICHHS X TPOIYyK-
TUBHOCTI. He MOXIIMBO CIIPOTHO3YBaTH, KOJIH aBTOMO-
OuTh Oyne HaBaHTaKEHO a00 PO3BAHTAKEHO: Opa3y Iic-
JIs1 IpUOYTTS A0 MicCIs TPpU3HAa4YeHHs 200 uepe3 JeKiIbKa
roauH 4M Ai0. BpaxyBaHHS MOXJIMBUX KOJHMBaHb 4acy
nepeOyBaHHs y IMYHKTaX HaBaHTa)KEHHs / pO3BaHTa)KeH-
HS JIO3BOJIWIIO O MiJBUIIUTH ¢(EKTHBHICTH MEPEBIZHOTO
npouecy. ToMy MeTOI0 poOOTH €: 3HAXOIDKEHHS Iapame-
TpiB, sIKi, TOBHOIO MipOI0, XapaKTePHU3YIOTh YMOBH Tepe-
BE€3€Hb 1 BIUTMBAIOTH Ha TIOKa3HUKHU POOOTH TPAHCIIOPTY Y
MYHKTaX HaBaHTa)XCHHS Ta PO3BAHTAYKEHHS TIPH JOCTaBII
TOBapiB Ha CKJIaJ, 0 JO3BOJIUTh IiBUIUTH TPOILYKTH-
BHICTB TPAHCIOPTY B JIAHII031 IOCTAYaHb.

CyTb npono3uirii

Yac 3HaXO/pPKEHHsI aBTOMOOLIS y ITyHKTI HaBaHTa-
JKECHHSI UM PO3BAHTA)KEHHSI MOYKHA TPEJICTABUTH SIK CYyMY
MeBHUX BifIpi3KiB yacy. Yac 3HaXomKeHHs aBTOMOOLIS y
MYHKTI HaBaHTQ)XEHHS (PO3BaHTAXKCHHs) BH3HAYAETHCS
LTEOBOIO (PYHKIII€10, SIKY MOYKHA MTPEACTABUTH SIK

L(p) =tu Flo Flogen T1, +1y = min, (1)
Iie t, — 4ac MaHEBpYBaHHS, TOI.; f, — YaC OYiKyBaHHS
0OCITyrOBYBaHHS, TOM.; foe; — Yac OOCIyrOBYBaHHS,
TOJ.; ¢, — Yac, SIKMI MOTpeOyEThCsl Ha TIPUIOM BaHTaXy
(npu HaBaHTaxxeHHi #,=0), Tox.; t;, — 4ac odopmIIeHHs
JIOKYMEHTIB, TOJI.

Yac npocToro aBToMOOLIS Y TYHKTI HABaHTaKEHHS
(pO3BaHTaXKEHHs) Ma€ y CBOEMY CKJIaJi 0arato Iokas-
HUKIB, II0 MalOTh BIUIMB Ha KiHIIEBE HOr0 3HAYEHHS
(puc. 1). Baromumu ¢axropaMu, 0 MarOTh BIUIUB Ha
Yyac 3HaXOJPKEHHS aBTOMOOLIIS il HaBaHTaKEHHSIM/PO3-
BaHTQXXEHHSAM € PUTM ckiany (R), BaHTaXHiCTh aBTO-
Mo0inst (q), mina Bantaxy (L), yac owyikyBaHHS HaBaH-
TakeHHs a00 po3BaHTaXeHHS (f,), 4ac O(OPMIICHHS
JIOKYMEHTIB ().

OpHi€r0 3 OCHOBHUX NPUYMH BUHUKHEHHS MPOCTO-
B pyXOMOTo CKJ1aJy B OYiKyBaHHI HAaBaHTa)XEHHs 1 PO3-
BaHT)XCHHs € HEBIAMOBIAHICTH PUTMY pOOOTH HaBaH-
Ta)KyBaJbHOTO MYHKTY 1 1HTEpBay pyXy aBTOMOOLIIB.
SIkuo iHTepBas pyxXy aBTOMOOLIIB MEHIIIE PUTMY poOo-
TH ITyHKTY HaBaHTa)XEHHs (PO3BaHTa)KEHHs), BUHHKA-
I0Th TPOCTOI PYXOMOT'O CKJIaJy B OUiKyBaHHI HaBaHTa-
KEeHHs (pPO3BaHTa)KEHHs), TP 3BOPOTHOMY CITiBBiJTHO-
LIEHHI BHHUKAIOTH IIPOCTOI BaHTAXXHUX MEXaHI3MIB.
Put™m cknajy € HeBil’€MHOIO YaCTHHOIO SIKICHOT OpraHi-
3anii TpancnoptHoro nporecy. Llei ¢akrop Bkazye Ha
e(peKTHBHICTh OpraHi3allii podoTH CKJIaay Ta Mae odep-
HEHO MPONOPLIHHMI BIUIMB Ha NMPOAYKTHBHICTH aBTO-
MOO1JIsl, TOOTO YMM MEHIIIE 3HAYEHHSI PUTMY, TUM IIpO-
IyKTUBHICTh Olnbira. Hanpukian, B ymoBax Oesmepe-
0ilfHOT pOOOTH 3HAYEHHS IHOTO TOKa3HMKAa BU3HAYA€E
KIUJIBKICTh TPAHCIIOPTHHX 32C00iB, 10 MalOTh OyTH 3a1i-
SIHI Y BUKOHaHHI [IepeMillIeHHS BaHTaXYy.
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Onmumizayia mpaHcnOpmMHUX cucmem

Yac 3Hax0mKEeHHs aBTOMOOLIIS y TYHKTI
HaBaHTa)KEHHS/PO3BaHTAKEHHS

v v

v

4_

v

Yac maHeBpy-
BaHHS

Yac ouikyBaHHS
00CITyrOByBaHHS

Yac o06cyroBy-
BaHHs

Yac odopmireHHS
JIOKYMCHTIB

Yac npuiiomy
BaHTaXy

: | v

o BaHTa)XHICTD;
o ["abapuTHi po3MipH;
¢ HasiBHicTh puuemny

(HamiBIpUYeIy); KYMEHTIB.
o Crioci0  pO3CTaHOBKHU
MOCTIR

/o OdopmiteHHs z[oxy\

MEHTIB M0 MOpHAOMY
(3maui) ToBapy;
o OcopmieHHs
HO-TPAHCTIOPTHUX JIO-

o [ImoMOyBaHHS BaHTa-

\ KY Ta Ky30Ba.

e BaHTa)kHICTD;

o Tum BaHTaxy;

e Crioci6o HaBaHTa)KEHHS
(pO3BaHTaXKEHH);

o [[ina BaHTaKYy;

e Crioci06 maxeTyBaHHsI BaH-
Taxy;

o Tum pyxoMoro ckiany. /

TOBap-

)

o KiNbKiCTh MOCTIB;

o KinbkicTh Ta npoaykTuBHicTs HPM;
e Putm ckiany;

e HasiBHiCTh uepruy;

o [[ina BaHTaKYy;

e HasBHICTH BaHTaXYy.

v

o Oruisaa BaHTaxKYy;
o [IepeBipka sSKOCTI.

Puc. 1. CprKTypa 4acy 3HaXOKCHHSA aBTOMOO1JISt Yy IYHKTaX HaBaHTAXXCHHS Ta PO3BAHTAXKCHHS

PutM po0OoTH NMyHKTIB HaBaHTa)KeHHs / PO3BaHTa-
JKEHHSI BU3HAYAETHCS

t L.
R= e 2)

n

ne X, — KUTbKICTh HaBaHTa)KyBaJbHO-PO3BAHTAXKYBAIb-
HUX MEXaHi3MiB, OJl.; # — HEpPIBHOMIpHICTH NPUOYTTS
aBTOMOOLTIB.

Bin BaHTa)XKHOCTI TpPaHCHIOPTHOTO 3aco0y 3aiie-
KUTh BETMYMHA YaCy MaHEBPYBAHHS aBTOMOOLIS y my-
HKTi HaBaHTa)XEHHs (po3BaHTakeHHs). Takox BaHTaX-
HICTh aBTOMOO1JIS BIUIMBA€E Ha MEPIIOUEProOBICTh 00CTyY-
TOBYBaHHSI.

Tak, HampuKIiaj, MajJOBaHTaKHI aBTOMOOLI 00-
CITyTOBYBATHMYThCS MEPIIHUMH, TaK SK TPYIOMIiCTKiCTh
Ta Yac IbOro 0OCITYTOBYBaHHs OyJie MEHIIUM, XO0Y IIe 1
He 3aBXIH € epekTUBHUM. Yac ouikyBaHHS 00CIyroBy-
BaHHS y Cy4aCHUX yMOBaxX MOXKE CKJIaJlaTH OUIbIIY Yac-
THHY BCHOT'O Yacy mepeOyBaHHs y MYyHKTI HABaHTaXECH-
Hs a00 pO3BaHTaKEHHS, B BUPOOHHUIITBI HOrO CIPOTHO-
3yBaTH IyX€ BaXKKO

1

2 n
Lo =togen Tlogen Tlobens 3)

1 2
o€ tosen,  Losen,  ogen 4Yac  HAaBaHTAXKEH-

HS1/pO3BaHTaKEHHSI aBTOMOOLIIB, IO OOCITYrOBYIOTBCS
Ta TUX, 110 00CIYrOBYBaTUMYThCSl HACTYITHUMU, TOJ.
Leii HeNMpOAYKTUBHUIA ITPOCTiil IPU3BOAUTH 110 Be-
JIUKHUX 30MTKIB Ta BTPAT TPAHCHOPTHOTO IiIPHEMCTBA,
KOMITCHCYBaHHSI SIKHX HEBPET'YJIbOBAHO, CyMa IIi€l KOM-
MeHcanii 3a3BUYail € He3HAYHOI Ta HE MOKPHBAE IIOB-

HOIO MIpOI0 BUTpAaTH NEPEBi3HUKA SIK B SIBHOMY BHII,
TaKk 1 ONOCEpPEeIKOBaHO. TOMy IEPEBI3HUKH Harepen
CTpaxyloTh CBili MPHUOYTOK MiJABUIIEHHAM (PpaxTy Ha
BUKOHAHHS 3aMOBJICHHSI, 1[0 HAcaMIlepe ] MO3HAYAETHCS
Ha BapTOCTI TOBAapy Ha MOJKAaX PO3JAPIOHOrO TOPTOBII.
Tobro 3a moraHy opraHi3oBaHIiCTh POOOTH MEPEBI3HOTO
MIPOLIECY «IUIATUTHY» KIHIIEBHI CIIOXKHBAY.

VY 3aieXHOCTI BiJl I[IHW BaHTaXy, MPUHHATOTO 10
MepeBe3eHHsI, 3aJISKHUTh CIIOCIO pO3BaHTAKECHHS (HaBaH-
Ta)KCHH:), Yyepra OOCIIyrOBYBaHHS, 30CpEIKCHHS BaHTa-
Ky, a TAaKOXK 4ac OOCIYroByBaHHs. Y IiHY BKJIIOYEHO
MaKeTyBaHHs BaHTaXy, HANPUKIIAZ, KapTOILUIA Yy CiTKaxX
3HAYHO JICUIEBIIA 33 Ty )X caMy KapTOILTIO Ha ITiJJIOHAaX,
a OT)Ke KapToILUId Y CITKax 3aBaHTa)keHa HABAJIOM He
MaTHMe MPIOPUTET Y YeProBOCTI, TPYIAOMICTKICTh Ta Yac
0o0CITyroByBaHHs Oy/e OULTBIIMM, a TAKOX Ky30B TpaHC-
MOPTHOTO 3aco0y MiCiIsl PO3BaHTaKEHHS MOTPeOyBaTHU-
Me TojaibpIoro ouumieHHs. LliHa BaHTaxxy BKJIIOYae
Taxi CKJIa/IOBi:

e co0iBapTICTh OAWMHHMIN MPOMYKIIIi;

e 0o0csTr BaHTaxYy;

® pHUOYTOK.

Takox 0AMH 3 HEBUIPABAAHHUX MIPOCTOIB Y MYHKTI
HaBaHTa)KEHHS Ta PO3BAHTa)KEHHS € OYiKyBaHHS o(op-
MJIEHHS IOKyMeHTIB. Lleii yac € MeHIIMM 3a Yac OviKy-
BaHHs OOCIYyroBYBaHHsI, ajie HOro BIUIMB Ha 30MTKHU Ta
BTPaTH aBTOTPAHCIIOPTHUX MIANPUEMCTB € 3HAYHUMH.
3a HOpMaTUBaMU 1iel 9ac CTaHOBUTH 15-20 XBUIJIMH, 110
Ma€ NPUHIUIIOBY BiJIMIHHICTb BiJ[ TOTO % CaMOTro 4acy y
(daxkTuuHOMY TIpencTaBiieHHI. [lepeBi3HUKH 3MYIIICHI
BiJIMOBJISITHCS Bi/I HOBOT'O 3aMOBJICHHS, TaK SIK KJIIEHTH
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MOTPeOYIOTh HETaiHOr0 HaBaHTA)KEHHS, a TPAHCIOPT- BuCHOBKH
HUI 3aci0 3HAXOJMTHCS Y CTaHi OYiKyBaHHS JOKYMEHTIB
1 TIPOMIXKOK Yacy J0 MOMEHTY OTPHUMaHHs TPaHCIIOPT-
HUX JIOKyMEHTIB NP0 MPUIHATTSI TOBapy € CTOXacTHY-
HOI BeIUUWHOI0. llei yac sk TeTepMiHOBaHY MOJICb
MOXKHa TIPEJICTABUTH TAKUM YHHOM:

B pesysibraTi mpoBeseHOro ociipKeHHs chop-
MYJIbOBaHI CKJIaJIOBI Yacy mepeOyBaHHSA TPAHCIOPTHOTO
3aco0y y MyHKTaX HaBaHTaKEHHS Ta PO3BAHTaKEHHS 3
ypaxyBaHHSM MOXJIMBHX TIPOCTOIB. 3a JOMOMOTO0
OTpUMaHOi MaTeMaTHYHOI MoJiesi 0OpaHi (akTopH, sIKi
Ly=bym Ym Yty (4)  BIIMBAIOTH HA TPUBANICTH 3HAXOMKEHHS aBTOMOOINA Yy
MyHKTaX, IO JO3BOJHThH IIiJBUIIATH €()EKTUBHICTH
i YChOTO TMEPEBI3HOro Imporecy. Y MoAaIbIIOMy IOMiTb-
am — Yac OpOPMIICHHS JOKYMEHTIB  pym ¢ po3pobKa perpeciiiHoi Mojelni, 10 CKIaJIOBHX
npuifoMy (31a4i ToBapy), Tof.; t,, — 4ac INOMOYBaHHS  sIKOi BXOIATH 00paHi (pakTopy, 10 JO3BOIUTH BU3HAYHU-
BaHTaXy Ta Ky30Ba, TO/I. TH CTYIIHb BIUIUBY IX Ha 3aJIEKHY 3MiHHY.

ae t,,, — 4Yac o(OpMIIEHHS TOBapHO-TPAHCIIOPTHUX
HaKJIaJHUX, T'OJ.; [
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About determining the time of vehicles
in the loading and unloading points

K. Kovtsur, N. Ptitsa, V. Fedorov

Abstract. The study in the article is the parameters of unproductive transport downtime at loading and unloading points.
The aim of the study is to identify the parameters that fully characterize the operating transport conditions at the loading and
unloading points during the delivery of goods between warehouses, the optimization of which will improve the productivity of
transport in the supply chain. Research problems: to identify the causes of unproductive transport downtime at loading and
unloading points; to determine the components of the time of stay the vehicle at the loading / unloading points and the factors of
the external environment impact on them, developing an approach to determine the time of stay the vehicle at the loading and
unloading points, which will allow to evaluate the efficiency of transport. The following results are received: a critical analysis
of existing approaches to determining the time of loading / unloading of a vehicle at the loading / unloading points made it possi-
ble to identify the absence of specific recommendations for the determination of the studied parameter of the transportation proc-
ess; the use of the proposed approach to determining the time of stay the vehicle at loading and unloading points is substantiated;
factors affecting the loading / unloading time were identified. Conclusions. As a result of the study, the components of the vehi-
cle's residence time at loading and unloading points were formulated taking into account possible downtime. With the mathe-
matical model obtained, the factors influencing the duration of the vehicle stay in the items were selected, namely the rhythm of
the warehouse, the vehicles load capacity, the cost of cargo, the waiting time for loading or unloading, and the processing of
documents. In the future, it is advisable to develop a regression model, the components of which are the selected factors, which
will determine the degree of their influence on the dependent variable.

Keywords: carrier, idle time, loading, unloading, vehicle performance, vehicle.
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0 IMIUTAHHSA OHIHKU AKOCTI HAYKHA

AnoTtanis. [lpeqverom craTTi € aHAI3 MiXOAIB 10 OL[IHIOBAHHS SKOCTI HAYKOBOI JisUTFHOCTI Ha OCHOBI aHai3y HaYKO-
BUX MyOiikariii Ta ix BIUIMB Ha akajemiune cepeznosuiie. Pe3yiabraTn. Po3risHyTo Ta NOpiBHAHO HAYKOMETPUYHI CHUCTe-
MU, SIK IHCTPYMEHTH JUTSI BUMIiPIOBAaHHS SIKOCTI HAYKOBOI JisUIbHOCTI. Jloc/ipKeHO, 10 MiXOAU 10 OL[IHKU HAayKOBOI JIisUTh-
HOCTI BIUIMBAIOTh HAa NOBEAIHKY yYaCHHUKIB HAYKOBOI'O IpoLecy (aBTOPH, BUIIABHUIITBA, 1HIII) Ta BUKIIMKAIOTh [0SIBY TAKUX
HEraTHBHUX SIBHUIL, SIK aKaJeMiuHe [1aXpaiicTBO, MaHIIy/IIOBAHHS HAYKOMETPUYHUMH ITOKa3HUKAMH, T1051BA XMKALBKUX BH-
JIABHUITB Ta CMITTEBUX BHAaHb. [IpoaHAI30BaHO MOHATTA SAKOCTI HAYKOBOI myOmikamii Ta ii KIIOUOBI XapaKTePUCTHKH.
BucHoBok. HaykoBa sIKiCTb € OZHUM TOJIOBHUX BH3HA4aJIbHUX (DAKTODIB OLIHKM HAayKOBOI HisIbHOCTI. SIKicTh HayKoBOI
JUSIBHOCTI BiZoOpaxyeThesl y IMyOniKalisX pe3y/ibTaTiB HAyKOBHX JOCHiIKeHb. HeKopekTHe BUKOPHCTaHHS IiIXOAIB JI0
BUMIPIOBAaHHS AKOCTI HAYKOBOI MisUIHOCTI NPU3BOIUTH 10 HEUECHUX IPAKTHK, HE 3a0e3Meuye aleKBaTHOI OLIHKH, a, Ta-
KOX, HE CIIPHUSE ITiIBUIICHHIO KOCTI HayKoBOro nporuecy. HeoOXifHO YHEMOXIMBUTH MaHIIy/IIOBaHHS [OKa3HUKaMH, 3a-
Oe3mnedyBaTy sKiCTh HAYKOBHX ITyOJlikalliif, BUBUaTH Kpallli CBITOBI IPAaKTUKH 3 OLIHKK HayKOBOI JIsUIBHOCTI Ta alanTyBaTH
1X J10 BJIACHOI'O HayKOBOI'O IIPOLIECY.

Kawuosi cioBa: orinka HaykoBoi nisutbHOCTi, Web of Science Core Collection, Scopus, Google Scholar, 6i6miomerpis,

XIKAIbKi BUIAHHS, SIKICTB ITyOJiKallil, OpUTiHAJIBHICTb.

Beryn

HaykoBi ekcriepTH 4acTO CTHUKAOTHCSA 3 BHPIIICH-
HSIM TIMTaHb, [TOB’S3aHHUX 3 OLIHKOIO HAayKOBOI JisUTBHOC-
Ti, OPIBHSHHSM Ta PEUTHHTYBaHHSM Cy0’ €KTIB HAYKOBOT
JUSUTBHOCTI 32 pe3ysbTaraMy iX HaykoBoi poboru. Ilpu-
WHATTS pillleHb 32 UMH MUTaHHIMU € YK€ BaXKJIHBUM,
BiJITIOBI TAJILHIM, Ta TIOBHHHO OyTH OOTPYHTOBAHKM.

I1ix OIIHKOI HAYKOBOI MisSUIBHOCTI PO3yMi€MO J0-
CJTIJPKEHHS SIKOCTI HAYKOBOT'O MPOILIECY, a caMme SIKICHOTO
MIPOBECHHS YCIX €TaIliB HayKOBOI pOOOTH, Y TOMY YHC-
Ji JJOCTOBIPHOCTI OTPHMaHHMX pE3yNlbTaTiB. PesymbraTu
JIOCITI/DKEHb YYeHUH BifoOpakae y HayKOBUX ITyOItika-
misix. [IyOmikaiis € BaKIIUBUM €IIEMCHTOM Yy CHCTEMI
HAyKOBHMX KOMYHIKaliii Ta Ma€ BIUIMB Ha PO3BHUTOK
HAayKH B IJIOMY. 3Ba)Kal04u Ha Te, IO KiNbKIiCTh iH(O-
pMartiii CTpiMKO 301IBIIYETHCSI, BU3HAUYEHHS iIXO/IB 10
iHTepIpeTanii Ta BUMipIOBaHHS SKOCTI HAyKOBOI Ty0JIi-
Kallil € BAKIMBUM Ta aKTYaJIbHAM 3aBJaHHSM.

Hayxomerpuuni cucremu (HC) Ta mokasHuku

VY cknazi 3arajabHOi OLIHKH 3aCTOCOBYEThCS 010-
JOMETPUYHUI METOJ, SIKMI 0a3yeThcs Ha KUTBKICHOMY
aHaJi3i 3B'I3KIB MK OMUHHUIIME iH(popMarii (00'ekT,
3micT) B iHpopManiiiHux cucremax (IC) 3a obpanummu
MOKa3HUKaMU. J[OCTOBIpHICTh ITOKAa3HUKIB 0a3yeThCs Ha
SIKOCTI JaHWX B iH(OpMaIiiHiili cuctemi, sika 3abe3rme-
YYEThCS YIIPOBAKEHHSIM KOPCTKHX BUMOT JI0 BU/AHb,
10 BKITIOYAIOThCs 10 6a3u ganux IC [1].

OpHUM 3 KPHUTEPIiB OLIHKU HAYKOBOI JAiSUIBHOCTI €
MOKa3HUKH YHIBEpPCaJIbHUX HAYKOMETPUYHHX CHCTEM:
Web of Science Core Collection (WOS CC), Scopus,
Google Scholar (GS). HayxoMeTpu4Hi MOKa3HUKU MUX
CHCTEM BHKOPUCTOBYIOTBCS Y CBIiTI IPH CKJIaZaHHI TJI0-
0aJbHUX aKaJeMiYHUX PEHUTHHTIB.

basu manux 1mx cucteM (QopMyIOThCS Ha OCHOBI
akageMiuHuX MOoKyMeHTiB. 11100 3abe3neuntu ix HayKo-

BY LIHHICTh KO)KHAa 3 CHCTEM BUCYBA€ BUMOTH JIO KOH-
TeHty. Bumoru mnst xypHamiB Web of Science Core
Collection Ta Scopus Ta 3aranpHi BuMorm Google
Scholar npezacrasneni y tabm. 1.

CaMe 3MiCT BHUMOT 10 KOHTEHTY 3ale3nedye 1o-
CTaTHIN pIBEHb SKOCTI aKaJEeMIiYHHUX TOKYMEHTIB, SKi
(GhopMYIOTh JaHI HayKOMETPHYHHX CHCTEM. Baromoro
BHUMOTI'OI0 € HAasBHICTh y BHJAHHS SKICHOIO HayKOBOTO
pelLieH3yBaHHs1, Ha sSIKe MOKJIAJAEThCS eKCIIEpTHUN aHa-
J1i3 (hopMaNBHUX Ta 3MICTOBHUX O3HAK ITyOJIiKaIlil.

CucremMu pi3HATHCS 32 TEXHOJOTIE0 (OPMYBaHHS
JIAaHUX, 10 Ma€ BIUIMB Ha JIOCTOBIPHICTH ITOKa3HHUKIB.
[IpoGiemn BHHHMKAIOTH Oe€3MocepenHbO TPH 1eHTU]I-
Kalii aBToOpiB, akaJeMIYHMX YCTAHOB, IMTYBaHb IyOJIi-
Kallii, 0 BIUIMBAE Ha PE3YJbTAT MiIPaXyHKY MOKa3HH-
kiB. Web of Science Core Collection Ta Scopus € moji-
OHuUMH 3a minxomamu A0 (GopmyBaHHs naHux. JlaHi B
LUX cucTeMax (POPMYIOTHCSI Ha OCHOBI OITMCOBHX JTAaHUX
myOsTiKanii (mepiopkepero — craTTs Ta ii MerajiaHi). B
000x 0a3ax MOXJIMBO IPHUIMHEHHS IHAEKcAIli, aje
KOHTEHT HE BUAAISETHCS (JIMIIE 332 MpaBUIIAMH), Hay-
KOMETPHUYHI IIOKa3HUKU HE 3MEHIIYIOThCSL.

Cucrema Google Scholar inmexcye noctymHi pxe-
pena, sKi BIATOBINAIOTH BHMOram a0 iHzekcarii. [Ipu
«3aKpHTTI» ab0 HEJOCTYIHOCTI caiity B mepexi, B GS
MOXJIMBE BUJAJICHHS KOHTEHTY (iHzekciB). lle BrumBae
Ha 3MEHIIECHHS HaYKOMETPUYHMX IMOKa3HUKIB, SKi Iepe-
PaxoBYIOTHCS] HA OCHOBI OHOBJICHUX (3MEHIIICHNX) JAHHX.

Baxnuum 3aBnanHsIM Oyb-skoi IC € migTpuMka
JAHUX B aKTyaJlbHOMY cTaHi. ToMy, KpiM Tpouenyp
BiI0OOpY, ICHYIOTH MPOLENYyPU\TEXHOIOTIi MOCTIHHOrO
MOHITOPUHTY BX€ BKIIOYEHUX BHUJAaHb JUIA 3a0e3Ie-
YeHHS MiATPUMKH BHUCOKOTO piBHA iX sikocTi. [lepemik
BUKJIIOYEHUX BHUAAaHb SCOpUS 3aBXAM JOCTYIHHH 3a
nmocwiaHHsaM [2]. 3a numu manumu y 2018 pomi Oy-
JIO BUKJIIOYEHO 126 BuAaHb, a 3a Tmepuie MHiBpivys
2019 poky — 4.

© TI'naBuera 0. M., 'nmaBues M. 1., 2020
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Tabnuya 1. — T1opiBHAHHSA BUMOT 10 BUAAHb I Bi10OpY 10 HAYKOMETPHYHHUX CHCTEM.

®  TIONITHKAa BUIAHHS;
KOHTEHT;

CTaH/IapTH BUJAHHS,;
PpeTyIsIpHICTE IMyOmiKariii;

Web of Science [porec Bin6opy (rpymu Bumor) [3]:

Core Collection ®  BHUJIABHUWYI CTAHIAPTH;
e  MDKHApOIHUH cKia (PeJaKTOPH, PELIEH3CHTH, aBTOPH, YNTaYi);
®  3MiCT BUJAHHS,;
e  aHaNi3 UTYBaHHS.

Scopus IMonituka mono 3micty Ta Bindip (rpymu Bumor) [4]:

JIOCTYIHICTb B [HTEpHET Mepexi.

Google Scholar
caiitiB Google Scholar [5].

[HCTpYyKIis UIst BeO-MalicTpa: TEXHIYHI peKoMeHalli 3 3a0e3nedeHH s iHAeKcallil akaJleMiuHuX BeO-

ABTOpH [6] HOCTIKYBaM SIK JKypHAJIM OHOBIIIO-
IOTh CBOI BeO-CaiTH, AJIs1 TOTO, 1100 MMOBIIOMHMTH YMTAYiB
PO BUKIIIOYEHHS Ta TPHUIMHEHHS iHAekcawii Scopus. Y
56 xypHauiB, siki Oyau BuKitoueHi y 2016 poui, Ha rmoya-
Tok 2018 poky Ha BeO-calTax 3aJHIIaNocs MOBiIOMIICH-
HA Tpo iHAekcariro Scopus. Kpim toro, me 20 xypHais,
SKi Texx Oynmu BukitoueHni y 2016 pori, 3anummmg Ha
caiirax Bimker Big SClmago. Takum unHOM, Oyia CTBO-
peHa HE3pOo3yMija CHTYaIlisl MIOA0 IMOTOYHOI iHAeKcallii
BUJIaHb Y HAYKOMETPUYHIN CUCTEMI.

[Micns Bunydenns Buganns 3 HC #oro iHgekcarris
MIPUTHHSIETBCA. AJle CTAaTTi 3 IOIepeHIX HOMEpIB, sIKi
Byke OyJIM BHECEHI JI0 CUCTEMH, JHIIaloThes. Lle nuran-
HSI PO3TIISIAETHCS Y BIIKPUTOMY JIUCTI [7].

Tabnuysa 2 — 3MiHN B aKageMiYHOMY cepeI0BHILi

Bukiagene B HbOMY JOCIIPKEHHS! BU3HAYWIIO, IO
3aJMIIeH] myOuikamii IpoJOBXKYIOTh BIUTUBATH Ha Hay-
KOMETpPHUYHI MMOKa3HUKH (3aBUIEHHsS MOKa3HUKIB). [o-
CIII/DKEHHSI YeChbKMX HAyKOBIIB ITiATBEP/UKYIOTh, IO
npoOyieMa YCyHEHHs HeZoOpOYecHHMX BHIABIIB Ta 3a-
Oe3reyeHHs! SIKOCTI HAyKOBHX BHUJAHb Ta IYONKalii B
HHX € IOOATHHOLO [8].

3MiHu y akageMiuHOMY cepeloBHUIi

HeoOrpyHToBaHe, HEKOPEKTHE, aKTUBHE BUKOPHUC-
TaHHS JJIS OI[IHKK HAaYKOBO-TEXHIUHOI MisIBHOCTI ITyO-
JKAiHHUX JaHUX TMPU3BOAMTE J0 3MiH B aKaJeMidHO-
My cepeaoBuiii. [IpuKiTamy Takux 3MiH JJIs1 aBTOPCHKUX
ITOKAa3HHKIB HABEJICHO y Ta0IM. 2.

TToka3zuux 3MiHu

Kinbkicrb my0mi-
Kalii

ITyGunikawii B )KypHasIaX CyMHiBHOI SIKOCTI («XIDKALIBKUX)).
3HWKEHHS HAYKOBOI IIHHOCTI ITyOJIiKanii (JyOIroBaHHS).
306iblIeHHS B IyOUTiKawii KiJbKOCTI CIiBaBTOPIB.
BuxopucranHs He4eCHUX NPAKTHK (aKaaeMidHHH muariat).

Kinekicts nuty-
BaHb

301IbILIIEHHS CAMOLIUTYBAHHSI.
MaHinynsmii 3 TUTyBaHHSIM.

h-unnexc 301IBIICHHS CAMOLIUTYBAHHSL.

Lli sBuIIa BiNOyBarOThCs He ymine B Ykpaini. Ta-
KOXK ICHYIOTB 1 TapHi €BpOIEWChKI MPaKTUKH, SIKi MiHi-
Mi3yioTh I1i siBumia. Hampuxman, ITosipma oOMexye
3BiTHICTH HayKoBIA 4 myOmikamismu. Ix ominka (6amm)
MiIPaxoBYETHCS BIJMOBIAHO JIO PEHTHHTY BUAAHHS, B
SIKOMY OIYOJIIKOBaHO JOKYMEHT. [H(opmariist mpo pei-
TUHT MICTUTBCS B IIEpellikaX BUAABHUILTB Ta XKYpHAJIB,
sKi omyOunikoBaHi Ha odiuiiinoMy caiiti MiHicTepcTBa
Hayku Ta ocBite [Tosbmai [9].

AJle, Ha *aJb, HCUECHI BUAABII MPOIOBXYIOTh ic-
HYBAaTH B aKaJEMiYHOMY CepeIOBHIII. 1X KypHAIM 0XO-
IUTFOIOTh HEJOCBIUEHUX HAYKOBIIIB, SKi Oa)KalOTh IIBHU-
JIKO omyOuTiKyBaTH cBoi podoTH. 11i sxypHamu, BigoMi sK
XIDKAIbKI.

MacmTaOHICTh I1i€l TPOOJIeMH € 3HAYHOI. 3TiIHO
3 pociimkeHHsM [10], KUTBKICTh XHM)KUX KYpPHAIIB 3pO-

cma 3 18 y 2011 pori go monan 1100 Ha kinerp 2016
POKYy.

Bnepuie mepenik xmkanpkux Buaanb «llepemik
Bimna» OyB chOpMOBaHUM aMEPHKAHCHKUM BYCHUM
Jxedpi biutom [11]. Bin € moctynHum y mepexi IH-
TEepHET. AJie HE 3BaXalO4yd Ha IIe, BEJIHMKa KUIBKICTh
aBTOpIB IyOJIKYEThCS y IMX BHIAHHsAX. Hampukian,
ommbko 5% 3 46000 iTamiichKHX JIOCIIIHHUKIB
MyOJIKYIOThCS B KypHaJlaX, BKJIIOYEHUX JIO YOPHOTO
CIHCKY MOTEHHIHHUX «XWKalbKUX» KypHaiiB Jxedpi
binmnaHd24oBe mocmipkeHHS HEMOXKIHUBO IPOBECTH,
MpoaHaJi3yBaTH Ta OMyONIKyBaTH IIy)Ke MIBUAKO, aje €
aBTOPH, sIKi TYOJIKYIOTh pPe3yIbTaTH JOCIIIKCHHS
KokHI 5 1i0. 3arangom y Scopus 0yno Bussiero 9 000
aBTOpiB, sIKi MyONiKyroTh Olnblie 72 crareil Ha pik
(2000-2016). [dns mocmiKEeHHs, 3 3arajJbHOI KiTBKOCTI
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aBTOpiB Oy/M BUIIy4deH] IPeJCTaBHUKH BEIUKUX HAYKO-
BHX KOJIEKTHBIB, Ta Ti, KOr0 HEMOXJIMBO YiTKO 1J€HTHU-
¢ixyBatu (Kuraiicbki Ta Kopeiicpki mnpizumia). Ha
OCHOB1 OTPUMAaHHUX JaHUX OyJI0 BH3HAUYEHO, IO KiJlb-
KiCTh aBTOIB, SIKi MyOJIiKyIOTh Oijblie 72 craTeil Ha pik
30inpmmnacs 3a 14 pokiB y 20 pasis: 2002 — 4 ocoba;
2016 — 81 ocoba [13].

VY pobori [14] onucaHo aHai3 UWTYBaHHS 3a Ja-
HUMHU aBTOPCHKHX MPOQiNiB 7 MiJbHOHIB BUYEHHX, SIKi
ormyOIikyBajau moHan 5 pobit y Scopus. Pesymbrart:
CepeiHill IOKa3HUK MeENiaHHOTO CAMOLMTYBAaHHS CTa-
HOBUTH 15,5%, ane y 7% aBTOpiB, y TOMY 4ucii 3 YKpa-
HY, piBEHb MeIaHHOTO caMOLUTyBaHHA BH1E 40%.

BitacHe nocinizpkeHHs aBTOPIB 1Ii€T CTAaTTI Ao Mo-
nioHi pesynpratu. 11100 nocmiguTH BIUTMB CaMOLUTY-
BaHHA, gociipkeHo 100 aBTopchbkux IpodiniB Hayko-
BUiB Ykpainu (Scopus, KOMIT'IOTEPHI HayKW) IIOJO

100,00
80,00
60,00
40,00
20,00

0,0

S

YaCcTKU CaMOLUTYBAHHS Y 3arajbHOMY LIUTYBAaHHA Ta
fioro BIMBY Ha h-iHaekc aBTopa. BusnaueHo:

e cepenHE caMOIUTyBaHHA — 35%;

MAX % camoruryBanss — 96%;
MAX % 3pocranns h-innexcy — 80%;
npodiiB Oe3 caMOIMTYBaHHS — 2;
h-ingexc 6e3 3miH — 12 mpodiis.

BifcoTok camouuTyBaHHSI 3 3arajbHOi KUTBKOCTI
uutyBaHb st 20 aBTOPChKUX HPO(DITIB MpeiCTaBIeHO
Ha puc. 1.

Posnonin npodiniB aBTopiB 3a MipolO BIUIMBY ca-
MOILMTYBaHHA Ha h-iHIEKC peacTaBIeHo Ha puc. 2.

3arasom, y 56 npo¢imiB BinOyrmocs 30iIbIICHHS
iHgexcy B Mexax Bin 1% mo 20%; y 24 npodiniB —
21%-30%; y 6 npodiniB — 31%-40%; y 6 npodinis —
41%-50%. Y 8 npodinis 30inbIeHHs h-iHgekcy BinOy-
nocs Ounblue HiX Ha 51%.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

B jgmi nurarty, %

B 3aranbHui % CaMOLIMTYBAHHS

Puc. 1. [lons camonuTyBaHb y 3arajibHii KiJIbKOCTI IUTYBaHb (Juist 19 aBTOpCHKHX MpoQiIiB)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 16

15 17 18 19

B migBuIeHHs h-1HAEKCY 3a paXyHOK caMOIUTYBaHHs, %o

B h-iHnexc 0e3 ypaxyBaHHsS CaMOIIMTYBaHHs, %o

Puc. 2. [lons migBumeHHs h-iHaekcy 3a paxyHOK caMonuTyBaHHs (Juist 19 aBTOpchKuX 1podisiB)

Bu3Ha4eHo, 110 caMOIMTYBaHHs BIUIMBA€E Ha Hay-
KOMETpHUYHI iHAeKcH aBTOpiB. Ha OCHOBI migpaxyHKy

CaMOLIUTYBaHb YK€ CKJIAJHO BU3HAYUTHU 3JIOBXHUBAHHSI
aBTopiB. CamMe aBTOpM BH3HAYAIOTh JIOLJIBHICTH Ta
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O6rpyHTyBaHHH BUKOPUCTAHHA LIUTATH, TOMY np06neMa
CaMOILIUTYBaHHA 3HaAXOAUTHCA Y eTUYHIH HJ'IOIJ_[I/IHi.

SAxicTh Ta ii KJII0Y0BI XapaKTepUCTHKH

KpiM yBarm g0 SKOCTI HayKOBOTO BHIAHHS B ITi-
JIOMY, OKPEMO JTOCHI/PKYIOTHCSI XapaKTEPUCTUKHU aKaje-
MIYHUX JOKYMEHTIB, SIKi MOXXYTh B1I0OOpa)KaTH SIKICTb.

SIKicTh HAyKOBHX JOCII/XKEHb BUKIIAJICHUX Y Hay-
KOBUX CTaTTAX — II¢ OaraTOBUMipHA KOHIleMIis. Bona
MICTUTh HACTYIIHI KJIIOUOBI XapaKTEPHUCTHKU: IIPaBJO-
MOJIOHICT / HAMINHICTh, OpPUTIHAJIBHICTH, HAyKOBa
LIHHICTB Ta CYCIIbHA IiHHICTE [15].

JlocmimkeHHsT 3a BHUIIEBKa3aHUMHU 3aBJAaHHIMU
oIyOJIiKOBaHO y 0araTb0X HayKOBHUX MpAIpIX, Y TOMY
YyuclIi B paMKaxX MIDKHApOJHUX MpPOeKTiB. OKpeMum
HaNpsIMKOM  €Bponedcbkoro  mpoekty  «European
Educational Research Quality Indicators», 3rigHO 3
MiJICYMKOBUM 3BiTOM, Oyna po3poOka i TecTyBaHHS
BHYTPIIIHIX Ta 30BHIMIHIX TOKa3HUKIB SKOCTI HAYKOBHX
nocikeHb [16]: BHYTpIIIHI  TOKa3HUKH  SIKOCTI

_|BayTpiniHi
"l imqukaropn
7y

Inaukaropu sikocTi
HayKOBUX JIOCJIJ)KCHb
(TexcTiB)

A 4

_|30BHImHI
IHIUKATOPH

(MOXyTh OyTH imeHTH(IKOBaHI B CaMOMY TEKCTi; 30B-
HIIIHI TIOKAa3HUKU SKOCTI (MerazaHi, OiOmioMeTpiuHa
Ta/abo BeOoMeTprYHa iHpOpMaIis).

Ha puc. 3 mpezacraBieHo BUIIEBKa3aHi 1HIUKATO-
pu.

Jlo BHYTpILIHIX iHOMKATOPIB BiJJHECEHI:

*  TOYHICTb;

*  OpWTIHAJIBHICTH;

*  3HAYMMICTh, BXJIHMBICTh (I IHIIUX JOCTII-
HUKIB, [TOJITHKA 1 PAKTHKA);

* HUTICHICTH (BKIIIOYAIOYM CIHPABXKHICTh, Yec-
HICTB 1 €THYHI HOPMU TIPH NPOBEAEHHI JOCIIIKEHb);

* CTWIb (BKIIOYAIOYU SICHICTh, KOMYHiKaOelb-
HICTh, KPACHOMOBCTBO 1 €JICTAHTHICTH). YCI IIi Xapakre-
PUCTHKH CKJIQAHO (hopMasli3yBaTH Ta BU3HAYUTU IS
HUX HOpMaji3oBaHi 3HaueHHsA. HaykoBuii mporec €
TBOPYUM Ta Ma€ Ha METi CTBOPEHHsI HOBOI'O 3HAHHSI.

Ha mamy nymKy HaWOUIBII CyNEpewIMBUM Ta
CKIamHUM i (opMaiizaimii Ta BU3HAYCHHS € OpPWIi-
HanbHiCTh [15, 17, 18].

TOYHICTB
OpUriHaIBHICTHh
3HAYHUMICTh, BYKJTUBICTh
LIUJIi CHICTB, CIIPABIKHICTH
CTIWIb

BebomMmeTpuyHa iHdopMallis
GibmomMeTpudHa iHbopMaltis (MeTanaHi)

Puc. 3. BHyTpimHi Ta 30BHIIIHI iHIUKAaTOPH SIKOCTI HAYKOBHX JOCIIDKEHb [16]

Jlesiki aBTOpHUTETHI HaYKOBI BUJAAHHS MYyOIIKYIOTh
IHCTPYKII Ui aBTOpiB, B SKUX BHKJIAJCHI BUMOTH
(crangapTH) 10 PYKONMCIB HAyKOBHX CTaTeil. AHai3
Mepesiky Takux BUMOT OIYOJIKOBaHMU y Marepianax
MixHapoauoi koHdepeHwii «Active Citizenship by
Knowledge Management & Innovation Proceedings of
the Management, Knowledge and Learning» [17]. Ha-
npuknan International Association for Computer
Information Systems Hazae HACTYIHI PeKOMEHIAITIT:

® yCi PYKONHUCH TIOBHHHI OyTH OpHTIHAIEHUMH,
Ta HEONYOJIIKOBAHUMH PaHIiIIIe;

® PYKOIUC HE CJIiI OTHOYACHO TIOAaBaTH ISl Y-
OJtikarii B iHIIOMY BUIaHHI;

® JIOCII/DKEHHS, ONMCaHi B pOOOTi, MOBUHHI Bij-
noBimati ernyauM npuHimaM AIS Code of Research
Conduct (Koaekc HaykoBO-I0CITiTHOT pOOOTH).

Ha mpakTuii KOHTpOIIb OpHIiHANBHOCTI 3a0e3rme-
YYyEThCSI PELIEH3YBAaHHSIM Ta BUKOPUCTAHHSM CIeIiai-
30BaHUX MPOrpaM JUls BHSBJICHHS MOJIOHOCTEH y aka-
JIEeMIYHUX TEKCTax.

ArTopu [18] MpONOHYIOTH BUMIPSTH OpUTiHAIIB-
HICTh OKpEMHX HAyKOBHMX Npallb Ha OCHOBI aHai3y
LUUTYBaHb (MTOJAJBIINA PO3BUTOK JOCIIIKEHHS) AOCHI-
JOKYBaHUX JOKYMEHTIB. PiB€Hb OpHUriHaJIBHOCTI IPYHTY-
€TBbCSl Ha JOKyMEHTaX, SKi LUTYIOTh (DOKYCHHUI ITOKY-
MeHT. [IpoBOANThCS OLIIHKA LIOA0 CHPUHHATTS aBTOpa-
MU [IUX IUTYBaHb (JOKYCHOT'O JIOKYMEHTY, SIK OpUTiHa-

JIBHOTO TIepiIokepena. ToO0To, Ui OIIHKA OpUTiHAIIb-
HOCTI BUKOPHCTOBYEThCS MEPEKa apryMEHTAIlil, a came
Mepexa CIPSIMOBAaHHX ITUTAT MK JOKYMEHTOM, IO
AHATI3YETHCS, Ta MOJAIBIIAM HOTro MUTYBaHHsM [ 18].

Ha mpaxTuii BigmoOBiZaJbHICTh 32 SKICTh CTaTTi
MOKJIATA€ThCS HAa HAYKOBOT'O PEIICH3CHTa, SKUH i€ 3a
MICBHUMH TIPABHJIAMH.

BucHoBok

HaykoBa sIKicTh € OZIHUM TOJIOBHHX Ta BH3HaYalb-
HUX (aKTOpIB OLIHKM HAyKOBOi [isuTbHOCTI. SIKiCTh
HAyKOBOI MisIBHOCTI BiZOOpPaXKyeThCsl y MyOiiKamisx
pe3ynbTatiB gociimkens. PopMmanizalis sIKICHUX Xapa-
KTEpUCTUK CTaTTi € CKJIAJHUM 3aBJaHHAM. Benerbcs
0arato JUCKYCiii CTOCOBHO MUTaHb: 10 POOUTH KOHKpE-
THUH TEKCT OPUTIHAIBGHUM; SIK IiIBUIUTH PiBEHb OpH-
TiHaJIBHOCTI B HAYKOBHX Ipaiyix. He 3Baxkaroun Ha Iie,
ICHYIOTh HEYECHI MPAKTHKH (aKaJeMidHe LIaxpaiicTBO)
y MyOJiKaIiiHii TisTBHOCTI, SKi MPU3BOIATH 10 MaHi-
Myl MOKa3HUKaMM Ta HETaTUBHO BIUIMBAIOTH Ha
OIIIHKY.

HaykoBi BuaBHUIITBA MPUIUIAIOTH YBary BUpILICH-
HIO MTUTaHb, MOB'SI3aHUX 3 3a0€3MEUEHHSM OPUTiHAJIBHOCTI
HAYKOBHX ITyOiiKaIliid. barato BHIaHb NpPUIHSIM TICBHI
HACTaHOBH YM IIOJNITHKY IOB'S3aHi 3 MUTAHHSIMH OpHTiHa-
npHOCTI. Benuka yBara 3apa3 npuaiiserbest 3a0e3nedeHHIo
SIKOCTI aKaJieMiYHUX MyOJTiKaI[iid: BUKOHAHHS HOPM €TH4-
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HOT'O KOJIGKCY HayKOBIIS, TIPOBEIEHHS HAYKOBOT'O PEIICH-
3yBaHHs, BUKOPHCTaHHs CIIEIiali30BaHUX MNPOTrPAMHHX
3aco0iB I BUSIBIICHHS O3HAK aKaJeMIYHOro IuIariary,
IHCTpYKLIl 1UIsi aBTOpiB 3 HamucaHHs crareid. OjHak,
OCTaHHIMH pOKaMH 30UTbIIMNIACS KUTBKICTH OITyOITIiKOBa-
HHUX JOCTIPKeHb IMOJ0 MAaHIMY/ISATHBHOI ITyOJTiKaI[iiHOTI
MOBE/IIHKM YYaCHHKIB HAYKOBOTO MPOILIECY.

HekopexkTHe BHKOpPHCTaHHS ITiIXOMIB IO BHUMipIO-
BaHHS SIKOCTI HAYKOBOI IisUIGHOCTI He 3a0e3reuye ajek-
BaTHY OIIIHKY Ta HE CIPUSIE ITiIBUILEHHIO SKOCTI HAYKO-
Boro mporecy. HeoOXigHO YHEMOXXIMBUTH MaHiITyIIIO-
BaHHS MOKAa3HUKaMH, 3a0e3NedyBaTH SKICTb HAayKOBHX
myOJTiKaIiif, BUBYaTH Kpalli CBITOBI MPAKTUKHU 3 OLIHKU
HAYKOBOI JTISUTLHOCTI Ta aJalTyBaTH 1X JI0 BIACHOI HAYKH.
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Evaluation of the quality of science
Yu. Hlavcheva, M. Glavchev

Abstract. The subject of the article is the analysis of approaches to the evaluation of the quality of scientific activity
based on the analysis of scientific publications and their impact on the academic environment. Results. Scientometric systems
have also been considered and compared as tools for measuring the quality of scientific activity. It has been researched that ap-
proaches to the evaluation of scientific activity influence the behavior of participants in the scientific process (authors, publishers,
others) and cause the appearance of such negative phenomena as academic fraud, manipulation of scientific metrics, the appear-
ance of predatory publishers and garbage publications. The concept of quality of scientific publication and its key characteristics
which were analyzed. Conclusion. Scientific quality is one of the main determinants of scientific activity evaluation. The quality
of the scientific activity is reflected in the publications of the research results. Improper use of approaches to measuring the qual-
ity of scientific activity leads to dishonest practices, does not provide adequate evaluation, and also does not contribute to im-
proving the quality of the scientific process. It is necessary to make it impossible to manipulate the indicators, to ensure the qual-
ity of scientific publications, to study the best world practices in the evaluation of scientific activity and to adapt them to their
own scientific process.

Keywords: evaluation of scientific activity, Web of Science Core Collection, Scopus, Google Scholar, bibliometrics,
redatory publications, publication quality, originality.
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XapKIBCbKUH HallIOHAIBHUM YHIBEPCUTET PaJlOeIeKTPOHIKY, XapKiB, Y KpaiHa
2 XapkiBchbkuii HaBuanbHO-HayKoBUH iHCTUTYT IBH3 YHIiBepcuTer 6aHKIBCHKOI cripaBu, XapkiB, YKpaiHa

JOCIIIZKEHHSA PE3YJIBTATUBHOCTI 3BACTOCYBAHHSA O3HAK PO3IIOALJIIB

JAHUX JJAA OBYUCJTEHHSA PEJJEBAHTHOCTI OIIUCIB 305PA’KEHD

AnoTtanis. IIpeqveroM mOCHIiIKEHb CTAaTTI € MOAENI O3HAK PO3IOALTIB JAHUX JECKPUITOPIB KIFOYOBHX TOYOK IS
BUpIIIEHHS 3a7a4 po3Ii3HaBaHHA Ta KiIacudikaiii Bi3yanbHHX 00’€KTIB y cHCTEMax KOMII'IOTEpPHOro 3opy. Meroro €
JociipkeHHs: Moaudikaii MeToy CTpyKTypHOI Kiacudikalii Ha miJcTaBl 3iCTaBICHHS PO3IOLIIB JaHUX Ul GparMeHTiB
JIECKPHUIITOPHOTO  OIMCY 300paKeHHs. 3aBAaHHA: pO3pOOJCHHA MaTeMAaTH4YHMX Ta MPOrpaMHMX MoJenel Juist
e(PEKTUBHOTO 32 MIBUIKO/IEI0 O0UNCICHHS PEJICBAaHTHOCTI OIKCIB Ha Ii/ICTaBl PO3MOALTIB JaHUX, BUBYCHHS BIIACTHBOCTEH
LMX MOJIEJICH, OLIHIOBAaHHS Pe3yIbTaTUBHOCTI y 3aj1adi kiacudikamii 300paxeHs. 3acrocoBani Meroau: nerektop ORB
Juist (OpMyBaHHS JIECKPHUITOPIB KIIOYOBHX TOYOK, CTATUCTHYHMI aHali3 JaHWUX, METOAM HOOYTOBH PO3MONLTIB OiTOBHX
JIAHMX, arapaT METPUYHOI0 BU3HAUCHHS PEJICBAHTHOCTI, porpamMHe mozentoBaHHsA. Otpumani pe3yiabTaTru. Ilepexin Bix
OIMCY SK MHOXHHM JECKPHMITOPIB JI0 PO3NOALTIB (pparMeHTiB, MoOyHOBa Ta 3iCTABICHHA PO3NOALTIB 3a0e3NedyroTh
JIOCTAaTHIO pe3yNnbTaTHBHICTh Kiacuikamii. Kinacugikariist BAKOHYeTbCsl y KiJIbKa pa3iB IIBHALIE, HDK IIPU BUKOPHUCTaHHI
6e3nocepeJHRO MHOXKUHH AecKpUnTopi. BucHoBkH. HaykoBa HOBU3HA JOCIIKEHHS IOIATAE B YIOCKOHAIECHHI METORY
CTPYKTYypHOI Kiacudikaii 300paxeHb Ha OCHOBI BIPOBAKEHHS OJIOUHOI CTPYKTYPH OHMCY i3 BUKOPHCTaHHSAM 3HAa4€Hb
posmoziny i (parMeHTiB MHOXKMHM AeckpunrtopiB. IIpakTH4Ha 3HAYYICTh — JOCSITHEHHS CYTTEBOTO DiBHS
MBUIIEHHS MIBUIAKOMII NpHM oOYMCIeHHI peneBaHTHOCTI Juid  Kiacudikauii, MiATBEPKEHHS pe3ylbTaTHBHOCTI
3aIPOIIOHOBAHOIO IPOCTOPY O3HAK HA NPHUKIANaX 300pakeHb, OTPUMAHHSA MPUKIAJAHUX INPOrPaMHUX MOAENEH Uit
JIOCHIIZKEHHS Ta BIPOBAKEHHS METO/IB Kiacudikamii y cucreMax KOMII FOTEPHOTO 30py.

Kaw4yoBi caoBa: koM roTepHUH 3ip, CTPYKTYPHI MeTOAM Kiacudikarii 300paxeHb, KIr04oBa Touka, nerekrop ORB,
JIECKPHIITOP, PO3IOLI IaHNX (pparMeHTy, peJIeBaHTHICTh OITUCIB, MAHXETTEHChKa METPHKA, MIBUJIKOAIS KiIacu(ikarii.

Beryn

[pouec 3icTaBneHHs 300pa)k€Hb 3 METOIO BU3HA-
YEHHSI CTYIIEHIO IX PEJIEBAaHTHOCTI Y CyJaCHUX CHCTEMaXx
KOMIT FOTEpHOT'0 30py IOTpe0ye BUPIIICHHS PsLy 3a/1a4
Ta € JOCUTHh CKJIaJHHUM SIK C TOYKH 30py KOPEKTHOCTI
KPHUTEPIO sl TOPIBHSHHS (MOUIYK PE3yJIbTaTHBHOTO
croco0y, mia0ip mapaMeTpiB), Tak i 3 TOUKU 30py edek-
TUBHOCTI IPUKJIaIHOTrO 3acTocyBaHHs [1-7]. Ha 1eit yac
pE3y/IBTATUBHUM € 3aCTOCYBaHHS CTPYKTYPHOTO ITiAXO-
Iy, OMHUM 3 BapiaHTIB SKOr'O € alpoKCUMAIlisl 00’ €xTa
MHOXHHOIO KitouoBux Touok (KT). Ilpu cyrreBomy
CKOpOYEHHI 00CATY MaHUX MOXJIMBO 3a0€3IIEUNTH BaK-
JIMB1 XapaKTEPUCTUKHU PO3Ii3HABAHHS, TakKi SIK JTOCTOBI-
PHICTB Ta CTIHKICTh IO 3aBaj, IHBapiaHTHICTH 10 adiH-
HUX TIEPETBOPEHBb 00 €KTIB, MOXJIUBICTH PO3Mi3HABAHHS
B YMOBax HEMOBHOro mojaHHs [6]. Onucu 00’€KTiB TyT
nojaloThes y Burisiai HabopiB nmeckpunropiB KT sk
CKIHUEHHOI MHOXXHMHHU YHCIIOBUX BEKTOPIB JOCTaTHBHO
BHCOKOiI po3MipHocTi [7]. [lepexix no mogaHHs naHUX y
BUTJISIIII CHCTEMH X CKJIaJIOBUX YaCTHH MEHIIOI PO3Mi-
PHOCTI CIpHsiE CIPOLIEHHIO MPUKIIAIHOTO 3aCTOCYBaHHS
[2,4,8,13].

OCHOBHUMH HaIlpSIMKaMH NOOYIOBU METOMIB Kia-
cuikamii 300pakeHb Ha MIAIPYHTI BU3HAUEHHS pelie-
BaHTHOCTI € 3aCTOCYBaHHSI METPHK Ha MHOKHHAX Jie-
ckpuntopiB KT Ta rojocyBaHHs, lie IiJpaxOBYEThCS
KUIBKICTh 200 JIOJIS CJIEMEHTIB OMKCY 300pa)KCHHS, IO
MICTATBCS y €TAJIOHI.

Bukinkae iHTepec 3HIKEHHS 00’€My OOYHCIIO-
BaJbHUX PECYPCIB TP BHKOPUCTaHHI CTPYKTYpPHHX
METOJIB i3 3aCTOCYBaHHSIM CYYacCHOTO CTATHCTHYHOT'O
aHaJIi3y JaHMX, SIKMH BUSIBIISIE 3HAHHS Y JIAHHX, & TAKOX
KUJIBKICHO ONHCYE MaHi Yepe3 OCHOBHI CTATHCTHYHI

MOKa3HUKH. Y TeXHIKax pO3Mi3HABaHHS ITONIMPEHOO
MPaKTHKOI0 € (OpMyBaHHS Ta CIiBCTAaBIICHHS 3HAYEHb
posmoainiB neckpuntopiB KT, a Tako BUKOpHUCTaHHS
amapary IMpOCTOPOBO-CTATUCTUYHOIO aHaJi3y JaHHX,
SIKMA B aCIIEKTI PO3Mi3HABaHHA 0a3yeThCs Ha y3arajib-
HEeHHI omucy 00’ekTa y BUIJISIII OOYMCIICHHS HOBHX
O3HaK IS CyKyIHOCTI (pparmeHTiB [2, 7].

Meroto cTaTTi € IOCIHiIKeHHs e(eKTHBHOCTI BH-
KOpPHCTaHHSl CTaTHCTHYHUX DPO3MOALUIIB JIECKPHIITOPIB
KT 3amis npuidHsTTS KiacudikamifHOro pillleHHs Ha
IiICTaBl OOYKMCIIEHHS PEIEBAHTHOCTI OIKCIB Ta IOpIiB-
HSHHSL pe3yJbTaTHBHOCTI 3aCTOCYBaHHS PO3IIOJLTIB
JIAaHUX 3 MOJAENSIMH TOJIOCYBaHHSL.

3amayaMu JOCTIDKEHHS € PO3pOOJICHHS MOJei
JUIsl BU3HAYEHHS PEJIEBAHTHOCTI 300pakeHb Ha ITiJCTaBi
CTaTUCTUKH iX CTPYKTYPHHX OINHUCIB, €(DEKTHBHUX 3a
LIBHIKOMI€I0 0OPOOJICHHS TaHWX, aHajli3 BIACTUBOCTEH
LUX MOJIeJield, MOPIBHSHHS Ta OLIHIOBaHHS PE3YJIbTaTH-
BHOCTI 3alpONOHOBAHMX IiJIXOMIB IUIIXOM €KCIIepH-
MEHTAJILHOTO 00POOJICHHS 300paXKCHb.

CTaTuCTHYHA MOJIEJIb OMHUCY
y MPOCTOpi 03HAK

Bitosuit Bun neckpunropie KT y mpocropi B” 6i-
HApHHUX BEKTOPIB (77 — CTYIIHb ABIMKN) A€ MOXKIIUBICTh
3arpoBagiTH OOpOOJIEHHS AECKPUNTOpA SIK KOPTEXKY
TIOCITIZIOBHAX €JIEMEHTIB, Jialla30H 3HAYeHb SKUX BiJO-
muii. Lle nae 3Mory pos3risiiaTu HassBHHHA CTPYKTYPHHI
OITUC, 1[0 € MHOXHHOIO OIHAPHUX BEKTOPIB, Y CHHTE30-
BaHOMY IPOCTOpI JAaHHX Ta 31HCHIOBATH CTATUCTUYHUIM
aHayi3 4K KiIacudikamio 300pakeHb 3 ypaxyBaHHIM
BJIACTHBOCTEH 3MICTY €TaJOHHUX OITUCIB.

Onuc 7 po3Mi3HABAaHOTO Bi3yaJbHOI'O 00 €KTY
BHU3HAYMMO Yy  BHIVISINI  CKIHYEHHOI  MHOXHHH
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Z={z,}3_1, z,€B", Zc B" i3 5 GinapHuUX IeCKpH-
nropiB KT, Hanpuknaza, copMoBaHUX JETEKTOpaMH
BRISK, AKAZE, ORB [8, 13-18].

st pikcoBaHOro umcia n omwc 00’ €KTY MOAaMo

Ginaproto matpuueio D = {{d; ;};-1}j, cdopmopamy

MIOCITIJIOBHICTIO OTPUMAHUX JIETEKTOPOM § JECKPHUIITO-
piB KT. Jlns crpomieHHs: aHami3y BBa)KaeMoO 3Ha4YCHHS
s OIHAKOBUM JUIS BCIX €TaJIOHIB, LBOTO HECKIAIHO
JIOCSITTH IIJIECTIPIMOBaHUM BiOOPOM HEOOXiTHOT Kilib-
KOCTI JIECKPHIITOPIB.

KoxxHuit psaox Matpuii D , 110 € IeCKPUIITOPOM
KT, momamo y BuIi m HemepecidyHux gpparMmeHTis (0710~
KiB), IIIO TOCIIJOBHO CIIIIYIOTh OIMH 3a OXHHM [2, 7].
OTprMaeMo HOBHUIT POCTIpP NaHHX, MEPEBATOI0 SKOTO €
MOJKJIMBICTh aHAJi3yBaTH BHYTPIIIHIO CTPYKTYpy Ta
CTaTUCTUYHI BJIACTUBOCTI ONKCY, HA OCHOBI YOrO HOro
MOXHa OyJie BiTHECTH JI0 OJTHOTO i3 €TaJOHHUX KJIaCiB.

3acTocyeMo Mepexxy OJIOKIB SIK OCHOBY IJISl  Kiia-
cudikarii 00’ekry. Takuii crocid GhopMyBaHHS O3HAK
HA/a€ JIOJATKOBY THYUYKICTh HpH 00poOJsieHHI. Takoxk
MOAaHHSI IECKPUIITOPIB Y BUIIISAI PO3IOALTIB ()parMeH-
TiB JIa€ MOXJIUBICTh OymyBaTu Mojeni kinacudikalii Ha
OCHOBI TOJIOCYBaHHS, B SIKOMY KOXHa 3 m JUISHOK
He3aJISKHO T'OJIOCYE 3a TOW YW 1HIIMH Kiac 3 0asu era-
noHiB [3, 4]. Pimenns npuiimMaeThes Koajiliero adbo 3a
JIOCSITHEHHSI TTOPOTY.

Ilicns po3durrs Vz,€Z Ha m HeNepeciuHux

OMOKIB 711 KOXKHOTO JECKPHUIITOPA Z, OTpUMYeMO (ik-
1 2
COBaHy CTPYKTYPY 7, =z, & z, &...& z)) «3UEIUICHUX»

. k .
B JIAHIIOKOK €JIEMEHTIB, e Z,, — k-ii OIOK JecKpuIl-

Topa z,. KoxHHmil i3 neCKpunTopiB Temep CKIagaeThCs
i3 m ONHOTHITHHX OIHApHHUX IAaHUX, 3HAUYEHHS SKHUX Y
TIOCITIZIOBHOCTI MOXKHA 3alMCcaTd KOPTEXKEM IUINX YH-
cen. Y pesynbrari onuc Z HaOyBae BUILY Marpuii D
13 s PAAKIB IIO m €JIEMEHTIB Y PSIKY.

3BakarouM Ha BIPOBA/KEHY PIBHOILIHHICTH Jiamna-
30HIB JIJIsI 3HAYEHb KOXKHOT'O 13 ()parMeHTiB Ta BigoOpa-
JKEHHsI CYKYITHICTIO JECKPHUIITOPIB BIIACTHBOCTEW aHaIi-
30BAHOTO 00’€KTy, MOOYAYEMO PO3MOAUINA NAaHUX Ha
migcTaBi aHamizy martpuui D [2]. [ mporo 3amamo
Bimobpaxenus Q: Z —>Q, Z < B" i3 muoxunu Gina-
PHHX BEKTOpPIiB Y MHOXHHY () IIJIOYHCEITHHUX BEKTOPIB
MOTY)KHOCTI W < 1, 1[0 MICTATh CTATUCTHYHI PO3MOIi-
JIM 3Ha4YeHb (parMeHTiB. BimoOpaxkeHns Q 3abe3neuye
ineHTH(IiKalilo Ta PO3pi3HEHHsS O0’€KTIB Yy MTPOCTOpI
3HAYCHb PO3ITOJILTIB.

BusHaunMo po3mofin (peHTHHT 3yCTpidabHOCTI)
g €Q SK BEKTOp ¢ ={qy,....q,,| LWIHX dncen, 1e ¢; —
IIe YUCIIO 3HA4eHb Ul k-To (parMeHTa, 110 AOPiBHIO-
I0Th i, i =1,w, cepex BIOIOBIIHUX (QparMeHTiB yciei
MHOXXUHU Z :

q =card{z* ez,, z,e2|F =i}, (1)
Toxi BUKOHYETBCS yMOBa ziq,- =S, TaK sK cyma

3HAYeHb JIAHOK JUIS PO3MOMAITY ¢ MOPIBHIOE YHCIY §

JIECKPUMITOPIB OMUCY Z . 3ayBaXkKMMO, IO w — II€ YUC-
JIO JIAHOK pO3MOAUTY, SKi HaJIeXaTh iala3oHy
[0,..,w—11.

JI1st koKHOTO 13 m (DparMeHTiB MOOYAYEMO PO3-
IO/ qz{ql,...,qw}, BeIMYMHA w BU3HA4YeHa Jiama-
30HOM 3HAuYeHb JaHWX sl (parmenta. Hampuxman,
neckpuntop ORB i3 256 6iTiB MOXXe TPEACTaBIATUCS

KUIbKOMa BapiaHTaMH TOCIIJOBHOCTI i3 m = 24 ¢par-
MeHTIB, e d = 0,8 .
3arajoM omuc Z Tia Jdi€r0 BigoOpakeHHS

tpancopmyerses y marpumo Q= {{q; ,};%;}yry , mo
MicTUTh po3noaian. KoxHe 3HaYeHHS ITiJpaXxOBYEThCS
SIK KUTBKICTh TOTPAIUIIHHSA BIAMOBIAHOTO 3HAYCHHS
(parMeHTy cepesl MHOKUHH YCiX ECKPUIITOPIB.

Martpurst O BIATBOPIOE CTATHCTUYHI BJIACTHBOCTI
omucy Z 'y BUIISAII KOPTEXY PO3IOJLTIB 3HAYEHb HOro
cknafoBux. CTaTUCTHYHI PO3MONUIM JNaHHUX Yy3araib-
HIOIOTh 3HAaHHS Y BIQIOBIAHOCTI 10 (yHIaMEHTaIbHOI
KOHIICTIIIIT MaIIMHHOTO HaBYaHHA [6, 14].

Bu3zHaueHHs pesleBaHTHOCTI 300pa:keHb
3a po3moJiIaMu JaHUX

OmpaifoeMo MaTpumo D OHHCYy, OOYHCIHMO
3HAYEHHsI CYM B3JIOBXK II CTOBIILIB, IO BiJIIOBia€ aHa-
i3y 1-6iTOBOrO (pparMeHTy, OTPUMAEMO BEKTOD:

t=(ttysnty,) ty =2 dii, j=ln. (2

Le OynyTh O3HAKM HaWHMXKYOI'O PiBHS, IO Yy MO-
BHil Mipi 30epiratoTh iHBapiaHTHI BIaCTUBOCTI MHOXXH-
HU JIECKPHIITOPIB OIHCy Z .

Ha 6asi o3HaKk t; MOXHa OOYMCIMTH O3HAKHU BH-

COKOTO PiBHS ), A7 OnoKiB 6iTiB [7]

k+b-1
Ug :zj':k Ly €)

ne b=n/m —posmip, a k=1,b+1,2b+1,...,n—-b+1 —
HOMep (parMeHra.

Osnaku (3) peanizyroTh KpOc-KopeJsiliiine 00poo-
JIeHHSI MaTpulli D 3 NPSMOKYTHOIO MacKOK pO3MipoM
bxs [2]. Y pesynbrari obuucneHHsi (3) OTpUMYeEMO
JIOUNCENbHUH BEKTOp U pO3MipHicTI0 m . Ilapamerp
m  XapaKTepusye cucreMy (parMeHTiB, 31 30LTbIICH-
HSIM po3Mipy gparmenTa Bijx 1 10 n 3Ha4YeHHS m 3Me-
Hiryetses Bix n 1o 1. [Ipu m =1 maemo b = n, TOOTO
KO)KHHU JECKPUITOP MIiCTUTh OJWMH (hparMeHT, a BEJH-
Y{UHA ¥ BU3HAYAETHCS OJHMM 3HAUCHHSM i JOPiBHIOE
cymi 0itiB ycboro omucy. Ilpy m=n wmaemo iHIIy
TpaHMYHY CHTyalito: »1-0iToBUX ¢(parmeHtiB, a u;
0OYHMCITIOETCS SIK CyMa CTOBHIS MaTpuii D .

3Ha4YeHHs] BEKTOpA U = (Uy,...,U},...,U,,) MOXKYTh
OyTH BHKOpHCTaHi SIK CAMOCTiHHI CTPYKTYpHI O3HaKH
CTaTUCTUYHOTO BHIY. 3Ba)KalOUW Ha JIOCTATHHO MPOCTY
MoJieNib 00urciIeHHs QYHKIIH (3), BCi BOHU IS JOBLIb-
HOT'0 po3Mipy (hparMeHTa /m BU3HAYAIOTHCS HECKIIAIHO
(sroriyHo abo J0AaBaHHAM IINX YHCeEN), 0a3ylounch Ha
1-6iTOBUX 3HAYCHH:X (2).
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Ha ocnoBi noganus (3) Moke OyTH 3aCTOCOBaHO
TaKOX lepapXiyHuil crocid po3mi3HaBaHHS, M0 BUKOPHU-
CTOBYE AJIA 3ICTaBJIEHHS 3 €TaJOHAMH CHCTEMY O3HaK
), 3 PI3HUM CTyTEHEM iHTEIpYBaHHS NaHUX [7].

Jliama3oH LiMMX 3Ha4YeHb M O3HAK i), Oe3moce-
pEeIHBO MOXKHA BH3HAYHMTH 32 PO3MIpOM (parMeHra siK
uy, €40,...,sb}. 3aramoM BEKTOp u € IHTErPOBAHONO

XapaKTEepPUCTUKOIO, Ky MOKHa HOPMYBAaTH 3a KiJbKic-
TIO JICCKPHUIITOPIB a00 pO3MipoM (parMeHry.

O6po6iienns Buay (3) € pi3HOBHIOM IPOCTOPOBO-
ro aHajily 3Ha4YeHb JUIi MHOXUHH JECKPHUIITODIB
B3JIOBXX KOOPJIHHAT 1X KOMIIOHEHTIB. [HIIMMH BapiaHTa-
MU TakKoro oOpoOJIeHHS € (UIbTpallis 4u po3KJIaj Je-
CKpHUITOpa 32 CUCTEMOIO OPTOTrOHAIBHHMX (yHKLiH [4,
51

Jlis BU3HA4YEHHS PENEBAHTHOCTI OINHKCIB 3acTOCO-
BYIOTh BiJICTaHb a00 Mipy OnusbkocTi. Lli moHsTTS Bin-
PI3HSIOTBCSI piBHEM BUMOT: Mipa OJHM3BKOCTI IMOBHHHA
OyTH CHMETPUYHOIO, MaKCUMAaJbHOIO ITIPH TOPiBHSIHHI
00’ekTa 13 caMuM c000I0, a TAKOK MOHOTOHHO CHagaTH
mpu 301TBIICHI 3HAYCHHS BIAMOBIAHOI MeTpuKuU. Bin-
CTaHb TaKOXX TOBHHHA OYTH CHMETPUYHOIO, 3a/I0BOJIb-
HSTH HEPIBHOCTI TPUKYTHHKA Ta JOPIBHIOBATH HYIIIO
TIpY TIOpiBHSHHS 00’ €kTa 3 camuM coboto [1].

O06epeMo METPUKY I OOYUCIICHHS PEIeBaHTHOC-
Ti R y BUIJIAAI BIACTaHI MK MATPHUILIMH JJIs OMHUCIB
O nBox 300paxkeHb. BuOip MeTpuKy HaldacTilie rpyH-

TYETBCS HA OCHOBI aHali3y mpocropy Aanux [1]. Haii-
O momyssipHi MeTpuku: EBkiima, MaxananoOica,
I'emMinra, MaHXeTTeHChKA. 3aCTOCYEMO MaHXETTCHCh-
Ky BiJICTaHb 7 Ui BEKTOpiB BUAY (3), II0 BU3HAYAIOTH
PO3TIOMIIIH:

rlu(a),u(b)] =3 u;(a) -u; (b) |, (4)

i=1
ne a,b — OmHOTHIHI PO3MOILIH JaHUX.
Ternep BU3HAYMMO PEJIEBAHTHICTE R OMUCIB 4 Ta

B Ha mifcraBi criiBcTaBieHHs (4) MHOXXKHUHH 1X PO3MO-
IJTIB 1100 BBEIACHOI CUCTEMHU (PparMeHTiB K BiJCTaHb

mix Matpusvi: O(A4) ta Q(B):

R[Q(A)’Q(B)] =ii r[‘b‘,j (A)’qi,j (B)] (%)

i=1j=1

MinimasbHe 3Ha4eHHS R, JopiBHIoe 0 3a ineH-
TUYHHUX PO3MONLTIB. MakcuMaibHe OOYMCIIOETHCS 3a
bopmynow R =2%wm.

Oco0yuBiCTIO OOYHCIIEHHS peeBaHTHOCTI (5) €
MOXITUBICTh 3YIIMHUTH MPOLEC JONABAHHS, SKIIO KOHT-
pONbOBaHe 3HaUCHHS R TEPEBUIIUTH AESKUI Mopir &,
mo (ikcye BiACYTHICTH MOAIOHOCTI omuciB. Takox st
OLIIHIOBAHHS OOCATIB OOYMCIIOBAJILHUX BHUTPAT BaXKIIH-
BO, 10 Y Bupasi (5) miCyMOBYIOThCS BUKIIOYHO MLiJi
HEBiJ’€eMHI yHcIa.

OpHUM 13 HAHBXIIMBIIIMX ITapaMeTpiB MPH TOpi-
BHSIHHI pO3IOJIIB € noBxuHa (parmenty. [Ipu ii Bu-
3HaYeHI MOTPiOHO, y mepiry 4epry, 3a0e3neynTH Heoo-
XiHUH piBeHb PO3Pi3HEHHS 00 €KTIB, a Y IPYry — OIli-
HIOBAaTH 3araJibHUN 00CsIT 00YHMCIIEHb.

Mertpuka B (5) oO0uucmoerbcss m*w pasiB. s
3aCTOCYBaHb 3 OOMEXEHUMH pecypcaMu OakaHO BHKO-
PHUCTOBYBATH SIK MOXKHA MEHIII 3HAYEHHS m . 3 1HILIOTrO
00Ky, iH}popMmarii BiJ po3moisiB OkpeMux OITiB U map
0iTiB MOKe HE BUCTAUUTH IS IOCSTHEHHS JIOCTaTHBOT'O
PiBHSI BIZIMIHHOCTI OIIHCIB.

Pe3ynbTaTn eKCiepuMeHTAILHOTO
JOCTIIKeHH A

Jlns BU3HAuYEHHS PENEBAHTHOCTI 300pakeHb Ta
OIIIHIOBAaHHS ¢()EKTUBHOCTI 3aIpPONOHOBAHOrO IMiIXOMY
OylIeMO BUKOPHCTOBYBATH TECTOBI 300pa)kK€HHs YOTH-
pHOX MOHET (IIPHUKJIAa Ha pHUC. 1), 3MIHIOIOYH KUTBKICTh
KT y omuci. Po3mip 300paxkens ckinamae 635x640 [12].
Bubpano nporpamue cepenosuie Intellij IDEA 2019.
AJITOPUTM pealli3oBaHO MOBOO Java i3 BUKOPHUCTaHHIM
3aco0iB Oibmioreku Open CV [10-13]. Bumipu mBun-
KoJii POBOIMINCH Ha KOMIT FOTEepi 3 mporecopoM Intel
Core i5-4510U 2.40 I'T1.

Ha puc. 2 HaBenmeHi rictorpaMu pO3MOMALIIB 3HA-
yenb OiTy (0 Ta 1) mis mepuioro 300pakeHHst puc. 1
(1000 KT). 3HaueHHs CTOBIIII BimoOpa)ka€ KiIbKICTh
JIECKPHIITOPIB 3 BiJIOBIIHMM 3HaYECHHSM Y [ -My Qpar-
MeHTi. /Iy pparMeHTiB y OJI1H OiT — 1ie KiJIbKICTh HYIIB
Ta O/IMHULIb.

Puc. 1. [Ipuxianau TecToBUX 300pa’keHb
3 BuAUIeHUMH KoopauHatamu KT

Puc. 3 neMoHCTpye MOPIBHAHHS YaCTOTH 3HAUCHHS
1 y BigmoBinHux (pparmenTax 300paxens 1 ta 2 (puc. 1)
it iepux 20 ¢parmenTiB. 3 ricTorpamu puc. 3 Bu-
HO, IIO 3HAYEeHHsI PO3MOMLTIB, X0U 1 Jy)Ke CXO0Xi, 3aTe y
JIOCTATHIH Mipi BIIPI3HAIOTHCS MaiKe Y KOKHOMY OiTi.

VY Tabnuui 1 HaBeneHi HopMoBaHi Ha uncio KT Big
0 mo 1 BincraHi, MO po3paxoBaHi ISt ap eKCIIepUMEH-
TaNbHUX 300paXkeHb i3 pizHOIO KinbkicTio KT 3a dop-
Mysoo (5).
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Puc. 3. Posnoainu 3Ha4eHs U151 300paskeHb puc. 1
Tabnuysa 1-O6uncaeni BixcTani aiist map 3o00paskens (1 6iT)
Hapu
KT 1-2 1-3 1-4 2-3 2-4 34
100 0.0657 0.0823 0.0731 0.0849 0.0632 0.0813
300 0.0492 0.0518 0.0507 0.0546 0.0502 0.0657
500 0.0408 0.0453 0.0411 0.0407 0.0453 0.0534
1000 0.0275 0.0321 0.0297 0.0316 0.0350 0.0393

Sk Gaummo, aJst ycix map 300pa)<eHb BiJCTaHb He
nepesuntye 10% Bix MakCHMajbHOI BiACTaHI Ta 3MEH-
uryetbes 31 30ubinenHsaM uuciaa KT. Takuit pesynbrar
BBOKAEMO NPHUAHATHUM, OCKIIBKH 300paKeHHs, IO
MOPiBHIOIOTHCS, Bi3yalbHO JoBom cxoxi (puc. 1). Ha
IiJICTaBl BOTO JOCIIKEHHS MOYKHA BKa3aTU Ha HasBHI
YiTKi IIO3UTHMBHI BJACTUBOCTI O3HAK CTAaTUCTUYHHX
PO3IIOALIIB 100 3aBJaHHS PO3PI3HEHHS OITUCIB.

OuiHuMO, FK BIUIMBA€ Ha 3HAYCHHS BiACTaHI JOB-
xuHa (parmenty. Y TaOmuii 2 HaBeJeHI 3HAYCHHS
BiJcTaHel Ayt map 300pakeHp 13 pizHoro KinbkicTio KT
Ta JIOBXXHMHOIO (pparmenTa 2 OiTH.

MokHa TOMITHTH, IO BiJCTaHi Al map 300pa-
JKEHb Yy MOpIBHsHHI 3 Tabn. 1 memio 30inpmminck. e

(baKT CBITUMTH TPO Te, 110 Ha MiJCTaBi 2-0ITOBUX PO3MO-
JIITIB 300pakeHHs] PO3PI3HSAIOTHCS Kpallle, HiXK i3 BHKO-
puctanusMm 1-0iToBux. 3i 30imbmieHHsM kimbkocti KT y
OITUCI BIJICTaHBb, SIK 1 y BUMAJKY 3 (hparMeHTaMH JIOBXKH-
HOIO 1, 3MEHIIYETHCS, TOOTO AaHi «30JIIKAIOTHCS.

3 aHanizy ricrorpamMu 3Ha4eHb (PparMeHTiB sl 2
0iTiB, aHAJIOTIYHOI JI0 TicTOrpaMH Ha PUCYHKY 3, crae
MIOMITHUM TpeHJ 10 30iNbIIeHHs pi3HULI 3Ha4YeHb. Ll
BJIACTHBICTh CTa€ OULIBII BUPa)KEHOIO TPH 301JIbIIECHHI
po3Mmipy ¢parmenty. Tabmumi 3 Ta 4 MicTaTh BijcTaHi
JuIs ap 300pakeHb 13 goBkuHOW 4 Ta § OiTiB (1o 1000
KT). 3 nux qaHux MO)KHa BUBECTH, 110 Y OPiBHSHHI 3 2
Oitamu BijcTaHi y TaOMUIsAX 3 Ta 4 30UIBIIMINCE ¥ 2 Ta
5-6 pasiB BiAMOBITHO.
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Tabnuya 2 — Bigerani o151 map TecToBHX 300paxkeHnb (2 6iTm)

MMapn

KT 1-2 1-3 1-4 2-3 2-4 34
100 0.1095 0.1298 0.1223 0.1316 0.1076 0.1289
300 0.0800 0.0813 0.0811 0.0883 0.0811 0.1043
500 0.0629 0.0707 0.0653 0.0678 0.0693 0.0837
1000 0.0442 0.0507 0.0486 0.0506 0.0543 0.0595

Tabnuys 3 — Bincrani a5t map TecToBUX 300paskeHs (4 6iTn)
Mapn

KT 1-2 1-3 1-4 2-3 2-4 34
100 0.2328 0.2477 0.2444 0.2491 0.2370 0.2550
300 0.1548 0.1519 0.1515 0.1600 0.1592 0.1830
500 0.1218 0.1291 0.1241 0.1247 0.1307 0.1485
1000 0.0911 0.0956 0.0948 0.0921 0.0962 0.1030

Tabnuys 4 — Bincrani o151 map TecToBUX 300paskeHb (8 06iTiB)
apn

KT 1-2 1-3 1-4 2-3 2-4 34
100 0.6709 0.6691 0.6541 0.6797 0.6750 0.6728
300 0.4793 0.4719 0.4685 0.4843 0.4742 0.4988
500 0.3906 0.3915 0.3864 0.3984 0.3916 0.4049
1000 0.2917 0.2916 0.2954 0.2939 0.2907 0.2945

Sk 6ayrMoO, BUKOPHCTaHHs 8-0iTOBUX pO3IOMiIIB
CYTTEBO 301JIBIINYE BiJICTaHh MIXK OIMMCAMHU 300pa’kCHb,
00 OiHapHi 3HAYEHHs JaHUX TEIep YXKe «po3MazaHi» y
niamasoni Big 0 mo 255. Sk mokaszanmu mpoBeneHi HaMU
JIOAATKOBI €KCIIEPHMEHTH, 3aCTOCYBaHHS TaKUX PO3IO-
nimiB 3 gocuth Benukooo (1000-2000) ximbkictio KT
JIAIOTh 3HAYHI MOKA3HWKH BiJICTaHi JJIsl pi3HUX 300pa-
KEHb Ta 3HAYHO MEHIII JUIS OJHAKOBHX 300paKeHb 3
T€OMETPUYHUMU TPaHCHOpPMAIIiIMHU.

[IpoananizyBaBiy oTpuMaHi TaOIHI, MOXKHA CKa-
3aTy, Mo s 3a0e3nedeHHs] e()eKTUBHOTO PO3PI3HEHHS
300paxkeHb 3 MpuUKIagHoi 0a3u eranoHiB (puc. 1) Haii-
OLbII Ji€eBUMH OyIyTh BapiaHTH 3 po3mipoM (parmeH-
Ta 4-8 6itiB Ta 1000-2000 KT. JInsa noBigbHUX 300pa-
KeHb KoH]irypauisi ¢pparmentiB Ta uyncio KT obupa-
€TBCSl EKCIIEPUMEHTAIBHO 3aJUlsl JIOCSTHEHHS HeoOXif-
HOT'O CTYIICHIO PO3PI3HEHOCTI.

[IpoBeneMo BUMiprOBaHHSI IIBUAKOIT OOUUCIEHHS
peneBaHTHOCTI 3 BUKOpUCTaHHAM zerekropy ORB i
¢parmenTiB po3mipom y 1 Ta 8 GitiB. bynemo ¢ikcysa-
TH CyMapHHUIl 4ac poOotu nerekropa (aist JBOX 300pa-
KEHb), MOOYIOBH PO3MOALIIB Ta MiApaxyHKy BiJcTaHi
(tiptal > taiss )» @ TAKOXK OKPEMO Yac MiAPaXyHKy BiACTaHi

(t4 )- Pe3ynpTaToM BBa)kaTHMEMO CepElHE 3HAUECHHS

cepell TPbOX 3aMyCKiB MPOrpamMHOl Mopedi. 3amipu
3aHeCeMo y TaliI. 5.

Tabnuys 5 — Bumipn mBuIKoaii

1 GiT 8 6iT
Yucno | giss | Yotar | Bine- | HYucno t it HC Yotal | Binc-
KT | gc | mc | Tams | KT st He | TaHb
100 65 |3569910.0632| 100 29 123433(0.6750
300 59 138966(0.0502| 300 45 34934|0.4742
500 | 48 [44001(0.0453| 500 50 [39757(0.3916
1000 | 52 [54105(0.0350| 1000 49 137950(0.2907
2000 | 47 [91111(0.0258 | 2000 46 |443981(0.2144

3rifiHO 3 OTPUMaHUMH [TOKa3HUKAMH BHUTpAT 4acy,
3actocyBaHHs jaerekropy ORB neMoHCTpye mocTaTHbO
BHCOKY UIBHJKOMIIO, SIKa MPAKTHYHO HE 3MEHIIYETHCS
npu 30inbpmenHi kinbkocti KT B Mexax Big 100 mo
2000. Lle poOHUTH HOro HAWNIMNIIUM BHOOPOM IIPH BU-
3HAYEHHI PEJEBaHTHOCTI 300pakeHb Ta BHPILIECHHI
MPaKTHYHMX 3a/1a4, OB’ I3aHUX 3 HEOOX1IHICTIO 00p00-
JIeHHsI y peaibHOMY 4aci. [Ipu MOpiBHSHHI ITOJOBUH
TabJI. 5 MOMITHA CYTTEBA PI3HHI MK 3HAUCHHAMHU 11y
pu ToMy, 1o Kibkicts KT He 3MiHWIACK, a l4, 3MiHU-
JIUCh HECYTTEBO. Tak Tpammioch, 00 3 TOBKHHOKO (pa-
rMeHTy y 1 OiT umcno ¢parmentiB y 8 pasiB Oinblie,
TOMYy O€3MOoCepeIHbO IMOOyIOBa PO3MOAUTY 3aiimMae
3HA4YHy YacTKy 4acy. Ha BenmuuHy yacy oOYHMCIEHHS
BiJICTaHI Maibke He BIUIMBa€ KiabKicTh KT, a BU3HaYHY
POJB BiZirpae TiIBKU PO3MIp AECKPHUIITOPA.

BucHoBku

JlocmimKkeHHsT TOKa3aio, 10 MOJaHHS 300paxeHb
Bi3yaJIbHUX 00 €KTIB y BHUIJISI CTATUCTUYHUX PO3IIOII-
JB U (parMeHTiB JIECKPHUITOPIB IX ONHCY Ta TOja-
JIbIlIE 3ICTABJIEHHS LUX PO3MOALTIB y MOOYJIOBAHOMY
MPOCTOpi O3HAaK 3a0e3nedyye HEOOXIJHY pe3y/IbTaTHUB-
HICTh pO3Ii3HABaHHS Ta JA€ MOXIMBICTh NpPUIMATH
PILIEHHS TIPO PENIEBAaHTHICTh 32 OKPEMHUMHU €IIEMEHTaMH,
10 BKJIMBO y MPUKIAAHOMY CeHCi. Take oOpoOieHHS
peani3yeThesl 3HAYHO IIBHIIIEC, HIXK HA IMiJCTaBI TPau-
LIHUX TPOLETyp TOJIOCYBaHHS.

OO0poOIeHHsT 32 3HAUYEHHSMH 3TPYNOBaHUX PO3IIO-
IUTB (OpMy€E CTPYKTYPY JAaHHX 31 3MIHIOBaHUM Tapa-
METpPOM JeTaji3alii Ta 3HaYUMUMH BIACTUBOCTSIMH
omucy. KiodoBuM mapamerpoM MpU I[bOMY € PO3Mip
(parMeHTy, 110 BU3HAYAE BUPA3HICTh PO3MOALTY.

HaykoBa HOBHM3Ha JOCIiIKEHHS IOJNATaE B YIO-
CKOHAJICHHI MeTOJIy Kiacuikarlii 300pakeHb Ha OCHOBI
BITPOBAKEHHSI OJIOUHOI CTPYKTYpPH i3 BUKOPHUCTAHHIM
IHTETPOBAaHHUX 3HA4YEHb PO3IMOJTY Uil CHCTEMH Qpar-
MEHTIB MHOXXHHH JIECKPHUIITOPIB OITHCY.
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[MpakTiyHa 3HAYYIIICTH POOOTH — JOCSATHEHHS [epcriekTiBY MOCIIIKEHHS TIOB’ sI3aHi 13 BUKOpHC-
CYTTEBOTO PIBHS IiJBHIICHHS IIBUAKOAII MpH OOYMC-  TaHHAM pO3POOJICHOr0 METOAY SK MiAIPYHTS NpHU
JICHHI PeJIeBaHTHOCTI, MiATBEPKEHHS pe3yIbTaTUBHOC-  PO3B’s3aHHI 33/1a4 Kiacuikarii, 1e Ha MHOXHUHI (par-
Ti 3alpOINOHOBAHOI CHCTEMH O3HAK Ha NPHUKIAAaX 30-  MEHTIB JIECKPUITOPIB aHANI3YeThCs CTPYKTYpa, y SIKid
OpakeHb, OTPUMAaHHS MPUKIAJIHUX IPOrPaMHUX MOJe-  IIAMHOXUHH (PparMEHTIiB MOXYTh HiATPUMYBATH CyIie-
JIeW ISl IOCHIJDKEHHS Ta BIPOBADKEHHS METOJIB Kia-  PEUIMBI PillIEHHS.
cudikalii B CHCTEMax KOMIT FOTEPHOTO 30Dy.

CITUCOK JIITEPATYPU

1. TopoxoBatckuii B.A. (2014) CrpykrypHblil aHaJIN3 U UHTEIJIEKTyalbHas 00pabOTKa IaHHBIX B KOMIIBIOTEPHOM 3PEHHH,
XappkoB, Komnanus CMUT, 316 c.

2. Topoxoarcekuii B.O., I'agenpka C.B., ITonomapenko P.I1. (2018) CrarucTuyHi po3noainy Ta JaHIIOKKOBE MOJAHHS JTaHUX
IIpY BU3HAYCHHI PEJIEBAHTHOCTI CTPYKTYPHHX OINKUCIB Bi3yalbHHUX 00’€kTiB. CucTeMu ynpaBiliHHs, HaBirauii Ta 3B’43Ky, Ne6
(52), c. 87-92.

3. Gorokhovatsky, V.O. and Gadetska, S.V. (2019) Determination of Relevance of Visual Object Images by Application of
Statistical Analysis of Regarding Fragment Representation of their Descriptions, Telecommunications and Radio Engineer-
ing, 78 (3), pp. 211-220. — doi: 10.1615/TelecomRadEng.v78.i3.20.

4. Topoxosatckuii B.A., Epecbko 10.H., ITyrarun E.I1., Crpensuenxo B.H. (1990) Jlokanu3sanus 0o0beKTOB HAa N300paskeHUAX
BU3YaJIbHBIX CLieH. ABTOMeTpusl, Neo, c. 3-7.

5. Gorokhovatsky V.A., Gorokhovatsky A. V., Berestovsky A.Ye. (2016) Intellectual Data Processing and Self-Organization
of Structural Features at Recognition of Visual Objects. Telecommunications and Radio Engineering, vol. 75, No 2. —
P. 155-168.

6. Gorokhovatskiy V.A. (2011) Compression of Descriptions in the Structural Image Recognition. Telecommunications and
Radio Engineering, vol. 70, No 15. —p. 1363-1371.

7. Topoxosarcekuii B.O., Pynenxo [1.0., Cipux T.O. (2019) docnimkeHHs CUCTEMH i€papXidyHUX O3HAK IpU OJIOYHOMY ITOJaH-
Hi ONUCy y CKJIaJi MHOXKMHHM KJIFOUOBHX TOYOK 300paxkeHHs. CHCTeMH yrpaBiliHH:, HaBirauii ta 38’s3Ky, Ne2 (54), c. 69-73.
—doi: 10.26906/SUNZ.2019.1.003.

8. Rublee, E., Rabaud, V., Konolige, K., and Bradski, G., (2011) ORB: an efficient alternative to SIFT or SURF, IEEE
International Conference on Computer Vision (ICCV), Proceedings, pp. 2564-2571.

9. Bamsunckuii P. (2008) Crarucruueckue Berancnenus B cpene EXCEL. bubnuoreka mons3zosatens, CI16., 608 c.

10. ITpoxopenok H.A. OpenCV u Java. (2018), O6paborka n3odpaxenuii 1 komnsrorepHoe 3penue, CI16., BXB-ITerepOypr, 320 c.

11. OpenCV Open Source Computer Vision [Enexrponnnit pecypc] — Pexum pmoctymy 10  pecypcy:
https://docs.opencv.org/master/index.html.

12. 3o0paxenns HoBux MoHeT HarioHansHoro Ganky VYkpaiuum [Enexrponnmii pecypc]. — Pexxum moctymy 1o pecypey:
https:/telegraf.design/news/natsionalnij-bank-prezentuvav-novi-obigovi-moneti.

13. Vinay, A., Cholin, A.S., Bhat, A.D., Murthy, K.B., Natarajan, S. (2018) An Efficient ORB based Face Recognition frame-
work for Human-Robot Interaction. Procedia Computer Science 2018, 133, 913-923.

14. Y Zhang, C Li, C Cao et al. (2018) An Improved ORB Feature Point Matching Algorithm. Proceedings of the 2018 2nd
International Conference on Computer Science and Artificial Intelligence, pp. 207-211.

15. Bian J, Lin W Y, Matsushita Y et al. (2017) GMS: Grid-Based Motion Statistics for Fast, Ultra-Robust Feature Correspon-
dence. IEEE Conference on Computer Vision and Pattern Recognition (CVPR).

16. Mapunomenko A. I1. (2018) Mcnonb3oBanue METO0B OCOOBIX TOUEK C LEIbI0 YIYUIICHHUS HICHTU(QUKALMN U IeTeKTUPOBa-
HMSI HABUTAIMOHHEIX CUTHAI0B. Monoauid BueHuid. — 2018. — Ne4.,

17. T'opoxoBarckuii B.A. (2008) Mepapxus npocTpaHCTBEHHBIX OTHOIICHUH CTPYKTYPHBIX IPU3HAKOB B 3aJja4axX CONOCTABICHUS
BU3YaJIbHBIX 00bekTOB. CHCTEMHU YIIpaBIliHH, HaBirauii Ta 38°s3Ky: 30. Hayk. np., 3(7), c. 85-89.

18. Porter, F.C. (2008) Testing Consistency of Two Histograms. ArXiv e-prints, pp. 1-35.

Received (Hamiia) 19.12.2019
Accepted for publication (ITpuitasiTa no apyky) 29.01.2020

Investigation of the effectiveness of data features distribution for image relevance estimation
V. Gorokhovatskyi, A. Zaporozhchenko, T. Siryk, O. Tarasenko

Abstract. The subjects of the paper are the models of data attributes distribution of key point descriptors for recognition
and classification of visual objects in computer vision systems. The goal is the investigation of the modification of an image
structural classification method based on the matching fragment distributions of image descriptor set. The tasks include the
development of mathematical and software models of efficient relevance estimation based on the data distribution, investigation
of the properties of these models, evaluation of the effectiveness of image classification. Methods below are used: an ORB
detector to form the key point descriptors, data mining, methods for construction of the bitwise data distribution, a method of
metric relevance estimation, software modeling. The following results were obtained. The transition from the sets of descriptors
to distributions of fragments, the construction and matching of distributions provide the decent classification performance.
Classification is performed several times faster compared to the usage of descriptor sets directly. Conclusion. The contribution of the
paper is the improvement of the structural image classification method with the description of a block structure using distribution
values for fragments of the set of key point descriptors. The practical significance of the paper is the increase of image relevance
calculation speed, verification of the effectiveness of the proposed attribute space with image examples, obtaining of an application
software models for research and implementation of classification methods in computer vision systems.

Keywords: computer vision, structural image classification methods, key point, ORB detector, descriptor, fragment data
distribution, descriptive relevance, Manhattan metric, speed of relevance estimation.
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OCHOBHI ACIIEKTHU CTBOPEHHS MOBIVIBHUX JTOJATKIB
TA BUBIP IHCTPYMEHTIB iX PO3POBKH

AHoTtanis. Y poboTi onucaHO OCHOBHI XPOHOJIOTiYHI aCIEKTH PO3BUTKY MEPEXi, HABEJCHO OIMUC OCHOBHUX Bij-
MiHHOCTEH HaTHBHOI 1 GararomiardgopMHOI po3poOOK MOOINBHUX MOAATKIB, MOAAHO IX MOPIBHIBHUI aHali3, apry-
MEHTOBaHO €()eKTUBHICTb MOEAHAHHS IUX JBOX TexHonoriil. Ha nymky aBTOpiB cMM0i03 IMX PO3po0OOK € yHiBepca-
JBHHUM Ta aJIFTEPHATUBHUM BapiaHTOM [UIS CTBOPEHHS Pi3HOMAHITHHUX IPOEKTIB, SKi, 3a3BU4ail, po3polisioTscs abo
HaTUBHO abo Gararomiar¢opmHo. [ToeqHaHHS TEXHONOTriH pO3poOOK PEKOMEHAYETHCS aBTOpAMU caMe sl THX HPOeE-
KTiB, AKi He IOTPeOyIOTh BUCOKOI IIPOJYKTHBHOCTI, ajle € JOCTaTHbO MACIITAOHUMM, HAIPUKJIAJ, HAaBYalbHI J10JaTKU
Ul OCBITHIX 3aKia/liB. ABTOpaMH IOJaHO ONTUMAJIbHUN aJlrOPUTM Bi1OOpPY 3ac00iB CTBOPEHHS MOOUILHUX JIOAATKIB.
IMonynsapHicTs MOOiINBHUX MIATGOPM Ta MOOUIBHHMX JONATKIB HEBIMHHO POCTE 1 TOMYy PUHOK MOOUIBHHUX JOZATKiB
Mae€ TIOCTIHO OHOBJIOBATHCS 1 BiJIIOBIIaTH CydaCHUM BHMoraM. MojiepHi3allisi TEXHOJIOT1# po3po0KH € aKTyaJILHOI0
TEeMOI0, 1110 BUKIIMKA€E IUPOKUH iHTepec 3aMOBHUKIB, po3pOOHUKIB 1 kopucTyBadiB. IIpeamerom nociimpkeHHs pobo-
TH € 3aco0u peanizanii CTBOpeHHS MOOUIBHHX H0o/aTKiB. MeTa pofoTH — HalaTH peKOMEH/AII] 110 sSKiCHOMY BHOOpY
Cy4aCHHMX TEXHOJIOTiH Ta iCHYIOUMX i IIMPOKOBKUBAHUX 3ac00iB PO3pOOKH, 10 € HAWOUIBII MOMYIIPHUMH IS CTBO-
peHHS MOOINBHUX AOJaTKiB. Pe3yabTaTH — npoaHanizoBaHO CydacHi TEXHOJIOTIT Ta IHCTPYMEHTH PO3pOOKH MOOiib-
HUX JIOJATKIB, HABEJIEHO iX MOPIBHSUIBHUHN aHali3. AHAII3yI0UN MIPOBEACHE B pOOOTI JOCTIIKEHHS, KOPUCTYBaY MOXKE
CTBOPMTH BIACHUN MOOIJIBHUH JI0AATOK, HAPUKIIAJ, HABYATIbHUH.

KawuoBi caoBa: ¢peliMBOopk, MOOINIBHMH [01ATOK, HATUBHMH, OararoruiaTrOpMHHUI, MOBa IpOrpamMyBaHH:,

JavaScript, React Native, Java, Kotlin, Objective C, Swift, Android, iOS.

Beryn

EdexriBHe icHYyBaHHSI KOXHOI 13 Cy4acHHX raiy-
3el HeMOXUIMBe Oe3 3acToCyBaHHS iH(OpMaiiHUX
texnonorii (IT). Yei chepu misutbHOCTI CydacHOi Jro-
JMHY: CIIJIKYBaHHS, XapdyBaHHS, MENUIIMHA, TpaHC-
MOPT, MOCIYTH T4 iHIE BHKOPHUCTOBYIOTH IHTEpHET.
Mepexa crae HEBiI’€MHOI0 Ta HEOOXiTHOI YMOBOIO
yCIiIHOro (YHKIIOBAaHHS BCIX JaHOK EKOHOMIYHOTO
npoctopy. KoxkeH 13 Hac € kopuctyBaueM Mepexi i 1e €
O3HAKOIO CY4acHOTO CBITY.

Anaji3 npoojaeMu
Ta NOCTAHOBKA 3a/1a4i

[HTEepHET BUHHK OibIlle HIXK MIBCTOJITTS TOMY SIK
pe3yiBTaT pillieHHs 3aJadi KOMYTaIlil makeTiB ATeHTc-
TBa MEPCICKTUBHHUX JOCITITHUAIBKUX MPOEKTIB MiH-
ob6oponun CIIA [1]. ¥ 1969 poui B KanidopHilickkomy
yHiBepcuTeTi OyJ0 BIieplle BCTaHOBJIEHO 3’ €IHAHHS,
mo gopiBHioBano BiacraHi 640 kM (CreHdopachKuii
YHIBEPCHUTET), (hiHAIBLHOIO KPATKOIO 100 PO3B’SI3aHHS
3amadi koMmyHikamii craB 1971 pik. 3ayBaxumo, 10
came y IIbOMY pOI IodYaja MpaIoBaTh Iepiia Mepe-
’KeBa CUCTeMa eIEKTPOHHOI momTH [2].

BaxnuBuM eranoM po3BUTKY iHTepHeTy € 1984
pik, ToIi cTapTyBaja Ieplia KOMIT'IOTEpHa CHCTeMa
pO3MONTY TOMEHHHX IMEH, SKa J03BOJISUIa OTPUMATH
iH(opMaIrito mpo obacTs calTy B Mepexi [1].

VY 1988 pori ctBopenns nporokony IRC (Internet
Relay Chat) 3akyiaigo 0CHOBY MEpIIOro 4aty, mo 3ades-
MIEYUIIO CITUIKYBaHHsI KOPHCTYBadiB MiX co0Or0 B pea-
npHOMY Haci [1].

OCHOBHUM TMOCTauaJlbHUKOM JIaHHX IJ100ajbHa
Mepexka craia ymiie y 1995 poumi, konu i Tpadik (3a
oOcsiroM iH(opMalii, 0 MEPECUIIAETHCS) MEPEBUIIIHNB
nomMpeHuit  mpoTtokon mnepenadi ¢aimie FTP (File

Transfer Protocol) [1]. Ile Hamano mio0anxbHOrO 3HA-
YEeHHS! TEpMiHaM «iHTEPHET» 1 «BCECBITHS Mepexa» Ta
craJio nomtoBxoM st ctBopeHHss W3C (Koncopuiymy
BcecriTHbol maByTHHM) [3].

Po3BuTOK iHAYCTpil MOOIIBHUX MPUCTPOIB CIPU-
YMHUB CNaJ| aKTyalbHOCTI BUKOPHCTAaHHS MEPCOHAb-
Horo koMmIr torepa. CydacHUil CBIT Io4aB IIHUPOKO 3a-
CTOCOBYBATH MOOLIBHUIT iIHTEPHET 1 MOOLJIBHI JOJATKH.
OYHKINOHAIBHICTh MOOITPHUX JONATKIB € HaJ3BHUYAM-
HO Pi3HOMAaHITHOIO: BiJl irOp Ta CEepBiCiB BUKIMKY TaKCi
1o opicHUX mporpam Ta QiTHeC-TpeKepiB.

I3 pO3BUTKOM CydacHHX TEXHOJIOTiH 3pOCTaE poib
MOOUTBHUX JONATKiB, iX BHUKOPHCTaHHS CTa€ OuIbII
yHiBepcasbHUM. KopucTyBad xoue 6a4uT BUKOPUCTO-
ByBaTH Tele(OH, pOJIb IMEPCOHAIBHOTO KOMII IOTEpa
B)Xe He Taka BaxiuBa. KoMnaHii TakoX HanaroTh Oi-
JIBITYy TIEpeBary BUKOPHCTAHHIO MOOUIBHUX JOJATKIB Y
nopiBHsHHI 3 caiiramu. J{ist npuknany, y Tinder [4] oo
2017 poxky He Oyno BeO-cepBicy, a yKpaiHCBHKHI
Monobank [5] iHTerpyBaB I1iauii 0aHK B OMUH JTOAATOK,
npu oMy y Monobank icHye caiit, ane ioro poib B
OCHOBHOMY O3HaiioMua, TaM IOAaHO ITIOCHJIAHHs Ha
CKauyBaHHS Ta yYMOBHM OTPUMaHHS OaHKIBCHKHX IIO-
CITyT.

HeBnuHHUIT pyx BIepea pO3BUTKY MOOLIBHHX
MIPUCTPOIB MOPOAMB 1/1€10 YMOHTYBaHHS 110 Teiae(oHy
opaysep. lle cramo moxxnusuM 3apaskun WAP (Wireless
Application Protocol) B 1998 pori [6], pe3yabrarom
MOSIBU SIKOT'O CTajo 00'€MHAHHS IHTEPHETY Ta MOOILIb-
HOTO 3B's3Ky. AJle TOJIOBHHM JOJIAaTKOM Y CHCTEMi BCE
K 3aJTUILIABCS JUIIe Opay3ep.

VY 2001 poui onepauiiina cucrema (OC) Symbian
cTaJa BiIKPUTOIO 1 B 11ie# ke uac 3'smwiacs Nokia 7650
3 MOXIIUBICTIO BCTAQHOBJIOBATH NOJAaTKU CTOPOHHIX
po3pooHuKiB. Ile OyB 3HaYHMII KPOK BIIEpel Ta BCE XK
cMapThOHU I11e Maju 0OMEKEHI MOKIHBOCTI 1 BUKOPH-
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cranHsg MoBM C++ CTBOpIOBAJIO IEBHI CKJIAIHOCTI Yy
po3podi [7].

VY wmeii yac BigOyBa€ThCcs CTapTOBUIl PO3BHTOK
punky Java-momaTtkiB. MoBa Java HaOyBae momymsp-
HOCTI Ta 4acTO BHUKOPHUCTOBYETHCS NPHU PO3poOI 3a-
crocyHkiB st Windows Mobile, Android, Bada, Palm
OS i BlackBerry OS. 3ayBaxxumo, 110 y ollepaliiiHiii
cucremi Symbian, Ha TOW MOMEHT, iCHyBana MOXIIH-
BiCTh MATPUMKH TiAMHOXHHU Java — J2ME, ane yH-
KIIOHATBHICTh TAKMX TporpaMm Oyia Aemo oOMexeHa
[8].

VY 2007 poui CriB JI»x0o0c mpencTaBuB CBITY Tep-
mmii iPhone, ne Oyao0 mogaHO JOCTaTHBO TOBHUH Tie-
penmik nmomarkiB. Apxirektypa iOS Oyma cxoxka Ha
MacOS, ame cuctema Oyila IOBHICTIO 3aKpUTOIO.
C. I)xo0c HE XOTIB HaJaBaTH JOCTYIl CTOPOHHIM pO3-
poOHukaMm 10 mporpam mis i0S, a oTke, He 30UpaBcs
BimkpuBat SDK (Software Development Kit) [9].
Xoua npu 1pomy C. JI>xoOC CrpusB MOJANBIIOMY PO3-
BHUTKY iHIycTpii BeO-momatkiB mis iPhone i ToMy BiH
JlaB MOXXJIMBICTh CTBOPIOBATH Opay3epHi 3akiaJKd Ha
JIOMalTHbOMY €KpaHi. AJie JONUTIUBI 37amMaiu ¢aii-
JIOBY CHCTEMY, IIOYQJIM ITHCATH 1HCTAJSTOPH ISl JOAa-
TKIB 1 3207JHO — caMi qopaTku. Tak 3'SBHBCS JKEWno-
pedik (Bigkputts QainoBoi cuctemu iOS-mpucTpois).
[MizHimme pama mupektopiB Apple Bce x TNepekoHaB
JIxoOca neramizyBaT CTOPOHHI JOAATKH. Y MiJICYMKY
B Oepesni 2008 poky Habip 3aco0iB po3pobku iPhone
SDK cTae HOCTYITHUM BCIM Oa)KalouuM, a B JIUIHI CBIT
OoTpuUMaB MarasuwH aonatkiB App Store. Ile o3nawao,
mo Apple opranizoBye AUCTpUOYLIiIO MPOMYKTIB PO3-
poOiieHuX KopucTyBadaMu. App Store cTaB IOIITOBXOM
JI0 PO3BUTKY 1HIYCTpii PO3pOOKH NONATKIB, Ta BCE XK
MoBa nporpamysaHHs Objective-C 3anumianacst npo-
6iemHuor0 [9].

Objective-C mias i0S kapAUHAIBHO Bipi3HAIACS
BiJl MONYISIPHUX TOIlI CKpUNTOBMX MOB JavaScript i
Flash Action Script. ¥ Toif 4ac 3pocTae momyisipHiCTh
MOOUTBHUX irOp, IO MPHU3BOAMTH O 30UIBIICHHS I0-
MUTY Ha iX pPO3pOOKY, a 3HAYMTH 1 301IBIIECHHS TPUOYT-
KiB BiJ HUX. Ta Bce Xk, MOMUT HA PO3POOKY CEPBICIB i
OJATKIB UIsl Oi3HECYy Ile HE € JNOCTaTHBbO BEIUKHUM.
Tineku 3 mosBoto y 2008 pomi Android Market, a B
2010 poui — Windows Mobile Store pisHOMaHITHICTH
nofatKkiB cyrTeBo 30impmmnacs. Lli muctpuOymiiini
TUIATGOPMHU Ay MOIITOBX JUIsi PO3POOHHKIB HE Tijb-
KM ITPOBHX JOMATKiB [8].

Po3BUTOK MOOIIBHOTO IHTEPHETY HAaOHpae BUCO-
KX 00epTiB 1 pa3oM 3 IIMM PO3IIUPIOETHCS HAOIp iH-
crpymentiB SDK, pi3HOMaHiTHI IuaTQopMu OTpUMY-
IOTh IIiKaBi pimieHHs 3 Oe3meku Ta iHTerpamii. Ile OyB
HOBHH eTar pO3BHTKY B pO3poOIIi JOAATKIB: BiJl po3Bar
PO3POOHMKH MEPEHIIIN O BUPIIICHHS 3aBIaHb Oi3HE-
cy.

HIBunkuii mapanensHuii pozsutok i0OS 1 Android
CTBOPHB JIBOIOJSIPHY CHUCTEMY, IO HOPOKYE Iepen
pO3pOOHMKAMHU HOBY 3aJiady, a came: HiATpUMaHHSI
KiJbKa miat¢opm omHodacHo. Ha Toii MmomeHT 3 Oara-
TOIAT(OPMHUX IHCTPYMEHTIB BHUKOPHCTOBYBAJIHCS
mume Flash i 3BuyaiiHuii MoOiTBHMIA Opay3ep, mpudo-
My B 2010 poui Apple BiaMOBWIHCS BiJ HiATPUMKH
texnonorii Adobe Flash B i0S. Po3B’si3anns wiei 3ana-

4i, HABITh B IPOCTOMY pillIEeHH] ISl Pi3HUX IUIATPOPM
BIHpAJIacs B JIIOACHKI, YaCOBI Ta MaTepiajabHi PECYPCH.
Ha momomory mnpuinuin OiONMiOTEKH KOMITOHEHTIB 1
¢peiimBopku Xamarin, Cordova, Phonegap mist cTBo-
pennst ponatkiB Ha Android i iOS Ha 6a3i Opay3epHUX
TEXHOJIOT1H 0e3 BUKOPUCTAHHSI MOB IIPOTrpaMyBaHHSI.

@peiiMBOpkH — II€ TPOrpaMHi TPOAYKTH, SKi
CHPOIIYIOTh CTBOPEHHS 1 MIATPUMKY TEXHIYHO CKJIAM-
HHUX 200 HaBaHTa)xeHHUX NPOeKTIB [ 10]. dpeiiMBOpK, sK
MPaBMIIO, MICTUTh TUTBKH 0a30Bi MpOrpaMHi MOy, a
BCi crenudiuHi Uil NPOEKTY KOMIIOHEHTH peai3y-
IOTHCS PO3POOHHUKOM Ha iX ocHOBI. Illo Hamae He Tib-
KM BUCOKY IIBHJKICTh PO3pOOIIi, a i TapaHTye BEIUKY
MIPOIYKTUBHICTh 1 HaAIWHICTD pillleHb. 3a JI0TIOMOTrO0
(pelMBOpPKIB CTBOPIOETHCSI MOOIJBHUN CalT, 3BEpXY
HAKJIAJAa€ThCsl IUIATGOPMHUN KO, SIKMH TPaHCIIOE
JIBOCTOPOHHI BUKJIMKH MiX CHCTEMOIO Ta JTONATKOM. 3
nosiBor0 mepuux ¢peiimopkiB (Xamarin, Cordova,
Phonegap) Oyno po3B’s3aHO nesiki mpoOiemMu Maje-
HBKHX JONATKIB 3 HEBEIUKHM (YHKIIOHAIOM. Ta Bce
K, IpOOJIEMH IPONYKTUBHOCTI, CIIOXKHBaHHS PECYPCIB,
YyTIUBOCTI OaratomnarGopMHHUX AONATKIB 1 «4yKOpi-
JTHOTOY» TU3aiHY 3aTHINWINCS BIAKpUTUMHU [8].

VY 2015 poui pozpoonnkamu Facebook Ha koH(e-
pentii React.js Conf Oyio npencTaBieHo CBiil iHCTPY-
MeHT s OaraTormnarOopMHHX pillleHb — (perMBOPK
React Native [11], 7e KOMITOHEHTH POrpaMH, HaIUCa-
Hi Ha JS, TpaHcmioroThes B HatuBHI Android 1 10S. Ilei
IHCTPYMEHT NPWHIMIIOBO BIAPI3HSAETHCS BiA 1HIIUX
CHUCTEM JUIsl CTBOPEHHS 0araroriar)OpMHUX JOAATKIB:

— BigcyrHicTio WebView i HTML-texHomnorii;

— Bigyamizamieto iHTepdeticy. ¥ RN ii Bukonye
OC mpucrpoio, a He Opaysep;

— BIJCYTHICTIO JOJaTKOBOi «OOTOPTKU» KOIY —
3amicTh Hei JS B3aemopie 3 OC uepe3 creliagbHHMA
MICT.
3aBISIKM UM BiJMIHHOCTSM JIOJIaTKU 3 BUKOPHCTaH-
HsiM React Native MakcUManbHO CXOXiI Ha HAaTUBHY
PO3pOOKY Ta MEHII KOH(IIIKTHI 3 IPOJYKTUBHICTIO.

VYV ne#t wac 3’SBISIOTBCS MOBH IPOTrpaMyBaHHSA
Swift i Kotlin sik pimenHs 3amadi MiHiMizanii ckman-
HOUIIB IPpH po3poOLli HATUBHUX JOmaTKiB. Swift Oyio
NpeACTaBiIeHo KommaHiero Apple Ha KkoH(pepeHuii
WWDC (Worldwide Developers Conference) B 2014
pomi. Ils MoBa mMae Garato cmisibHOrO 3 Objective-C,
ajie BOHA MpAIIOE 33 aHAJIOTIEI0 31 CKPUIITOBHMHU MO-
BaMHu. [1 KO/l BU3HAYAETHCA TMTIAMHU 3MiHHHX, a HE TI0-
kaxkunkamu. lle poOuts BuBueHHst Swift mpocrtinmm
IUTSL TUX, XTO BXKE BOJIOIMIE OYIb-SKOIH CKPHUIITOBOIO
MOBOIO.

Kotlin 3 2010 poky po3po0Oisuia KOMMaHis
JetBrains [12] 3 MeTOr0 CTBOpEHHS OLIBIN JAKOHITHOI 1
MPOCTOI MOBH B TOPIBHAHHI 3 Java, sika B)Ke€ HaKOITH-
yyBasna Oarax Hepanux pimenb. 3 2017 Kotlin odi-
uiiiHo pexoMeHayeTbess Matikom KiiepoHoM — onHuM 3
nmupektopiB Google mist Android-nonaTkis.

Cporoasi, 99,9% cmaprdoHiB QyHKIIOHYIOTh Ha
omepauniiiHiii cucremi i0S ab6o Android [13]. binb-
IICTh KOMITIAHI BHUKOPHCTOBYIOTH MOOUIBHI JOHATKH
SIK KaHaJl iHpOpPMYBaHHSI KOPUCTYBAa4iB, a HE SIK CIIOCIO
BefleHHs! Oi3Hecy. ExoHOMIYHMI pPO3BHTOK KOMMaHii,
iX craOiNBHICTh Ta YCHIIIHE ICHYBaHHS ITiJKPECIIOE
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aKTYaJbHICTh CTBOPEHHS HATHBHUX abo OaraToriat-
(hopMHHUX pO3pOOOK 1 B OCBITHI# ranxysi Takox. Po3po-
OKa NOAaTKy Ja€ MOXJHMBICTb HAaBYAJHHOMY 3aKIIaay
MTOKPAITUTH SIKICTh OCBITH Ta HabaraTto IIMpIIE mpe3e-
HTYBaTH CBili HAaBYAJbHUI [MMOTEHINAT: EJICKTPOHHI
010JT10TeKH, KHUTH, TOJATKHU JJIs CIIPOIICHHS HAaBYaHHS
YH TECTYBaHHS.

VY mid po0OOoTi MOAaHO OMUC OCHOBHHUX BiIMiHHOC-
Tell HATMBHOI Ta 0araToruiaTpOpPMHOI po3poOOK MOOi-
JBHHUX JIOATKIiB, IPOaHaJi30BaHO X IepeBard Ta He-
JTOJIKH.

Tema BHOOpY NpaBWIBHUX I1HCTPYMEHTIB JUIS
CTBOpEHHS MOOITBPHUX JOJAaTKiB BHUKIUKAE I1HTEpPEC
Oararbox po3poOHUKiB [14-18]. [lepeBaru HaTHBHOI UK
0araToraThOpMHOI CUCTEM Cepell PO3POOHHUKIB MTOPO-
JUKYIOTh aKTHBHY JIHUCKYCIFO.

ABTOpH 1i€] poOOTH BBAXKAIOTh, 110 TOUITBHO BH-
KOPHCTOBYBAaTH MOEAHAHHS 000X TexHomorii. Llei
cuMb0i03 Briepie Oyio 3ampornoHoBaHo Mapkom Ilyke-
pOepromM — MPE3UIEHTOM 1 T€HEepaNbHUM JTUPEKTOPOM
Facebook Ta JIxopmanom Bonkom — iHXEHEpOM MIpoO-
rpamHoro 3abesmedeHHs Facebook y 2015 pormi sk
¢peiimBopk React Native [19]. [Io ChOrOAHINIHLOTO
ITHS BiH 3HAXOAMTHCS IIIe Ha CTafil po3pOOKH, aje BiKe
BCTHT 3aBOIOBaTH JOBIpYy 0ararbox po3poOHUKIB MOOi-
JBHOTO TpOrpaMHOro 3abe3neueHHs. PexoMeHmoBaHa
TEXHOJIOTISI PO3POOKH € ePEKTUBHOI JUIsI CaMe THX
MIPOEKTIB, SIKi HE MOTPEOYIOTh BUCOKOI MPOIXYKTUBHOC-
Ti, aJle¢ MOXXYTh OyTH MacIITAOHUMH, 30KpeMa, TOJaTKU
JUTSL HABYAITBHUX 3aKIIaiB.

Y po0oTi pO3ISIHYTO alNTrOpUTM BiIOOpPY 3ac00iB
CTBOpEHHs1 MoOinbHOro noxartky. IIpeamerom mocmi-
JOKEHHsI € 3aco0u peainizanii CTBOpeHHS MOOLIBHOTO
JIOIaTKY.

Meta po00oTH — HaJgaTH PEKOMEHIAIIIT 10 BUOOPY
IHCTpYMEHTIB IJIsi pO3pOOKH J0JaTKy HaBYAIBLHOTO
3aKiany.

BukJiag 0CHOBHOTO MarTepiajy

Po3risiHeMo Ta MOpIBHSEMO OCHOBHI IHCTPYMEHTH
Il PO3POOKH OAATKIB, HANPUKIIAZ, HABYaJIbHUX. Mo-
OUTBHI JOMATKM MO)KHA TIONIJIMTH Ha JB1 Kareropii: Ha-
THBHI Ta GaraToriathOpMHi.

HaruHi nogatku [19] — e mogatku, mo po3poo-
neHo s koHkpeTHoi margopmu (iI0S um Android) 3
ypaxyBaHHsIM ii crenudiku Ta IOCTYNOM IO BCIX pe-
CypCiB.

Bararomiargopmui noxatku [19] — ne yniBepca-
JIBHI JIOAATKH, IO CTBOPEHO Uil KIJBKOX IUIaThopM
oflpa3y i MarTh aHAJOriYHy (PYHKIIOHAJIBHICTH He3a-
JISKHO BiJ caMoi riardopmu.

3a3Buyaii 1ie BeO-caliT y 3BUYHOMY (popmaTi MoOi-
JILHOTO JIOAATKY.

Po3poOka HAaTHBHOTO AOAATKy — II€ TEXHOJOTIs,
sIKa BIJIIIOBIIa€ BUMOTaM si[pa OIepaliiiHOi CUCTEMH 3
BukopuctanHsiM SDK (a Takoxk 3 HaJaHHSIM MOXJIUBOC-
Ti poOOTH 3 Mam'sATTIO, BHYTPIIIHIMKA JaTYMKAMU TIPH-
CTpOI Ta IHIIMMHU BCTAHOBJICHUMH AojaTkamu) [19].

[epeBary HATUBHHUX JOATKIB BKIIOYAIOTH B ce0e:

—  BHCOKY IPOJYKTHBHICTb;

— OCHOBHUI IpU3HAYEHUH JJIsI KOpPUCTYBaya Jo-
CBif;

—  BENWKY BUIUMICTh B Mara3uHax JOJaTKiB.

3a nmonomororo "pimHUX" KOXKHIH matdopMi iH-
CTPYMEHTIB CTBOPIOETHCS BEIHMYE3HA KUIBKICTH JOAAT-
KiB, aJie BOHH HE € i/1eajIbHi.

Henosixy HATUBHOTO JOAATKY IMOJSTAIOTH B TOMY,
10 B H0oro po3poOiIri OymyTh 3aisHi IeKiTbKa KOMaHII, B
HEMOJKJIMBOCTI TIEPEBUKOPHUCTAHHS KOJY, SIK HACIIIOK —
OlJIbIIIa BUTpATA Yacy.

Po3poOka OGaratoruiathOpMHOrO JONATKy — IIE
TEXHOJOTIs, sKa CyMicHa 3 Oe3Jiu4io omnepamiiHuX
CHCTEM 1 TAKMM YMHOM IIPAIIIOE Ha Pi3HUX cMapT(oHaxX
i mranmerax [20].

Icnye nBa Tunm peamizanii GararorutatdopmHOi
po3poOku: HaTHBHI OaraTtoruiat¢opMHi Ta TiOpuaHi.
OnumemMo KOXeH 3 HUX.

HatuHi O0aratoniatdopmui nomatkm. Koxna
omepariiiHa cucreMa mae BiaacHud SDK 1 TexHiUHWMIA
crek (Java mist Android i1 Objective-C / Swift gis 10S).
JlocBimuenuit po3poOHUK MOXKE CTBOPUTH €auHuil API,
o ¢yHkIioHnye Ha native Software Development Kit i
BHUKOPHCTOBYE OZIHY 1 Ty X KoJ0BY 0a3y mist Android i
IOS. HaruBHi 6araroruiaTopMHi mporpamu 3a3Buyaii
CTBOPIOIOTBCS 3a JormoMoror Xamarin, React Native,
NativeScript.

liopumanic HTMLS5 nomatok. Xowa, MOOiUTBHI
JIOAATKH PO3POOIISIOTHCS [Tl CMapTQOHIB 1 MUIAHIIETIB,
X OeKeH]| cepBepH CIPABISIOTHCS 3 JIOTIKOKO IPOrPaMU.
3 tux mip gk I0S i Android SDK modanu xapakrepusy-
BaTHCsl K IPOCYHYTI BeO-KOMIIOHEHTH, KBali(ikoBaHi
PO3POOHHUKH TPOTrPaMHOI0 3a0€3MEUEHHS YacTO BHKO-
pucroBytoth WebView, 100 CTBOPUTH pi3HI YaCTHHH
nporpamu GUI (Graphical User Interface) 3 Buxopuc-
tanasim HTMLS, CSS i JavaScript.

Haii6inpim momyisipHuM 3acodoM € (peiiMBOpK —
Apache Cordova (panimte Bimomuii sik PhoneGap).

OnuieMo OCHOBHI 1HCTPYMEHTH OaraToruiatgop-
MHHX PO3pPOOOK.

Apache Cordova. Texniunuii crek Apache
Cordova ckmamaetscs 3 HTMLS, CSS3 i JavaScript.
MexaHi3MHu po3poOKH MOOUTBHUX JONATKIB AalOTh JO-
cTyn a0 BOYIOBaHOrO akxcejIepoMerpy cmapTdony,
cxoBuma (aiie, GPS, KOHTaKTHUM HaHUM, MYJIBTHU-
Memia Ta omopimeHHsIM. Apache Cordova Takox Moxe
MOXBAJIMTHUCS KIIbKOMa IlepeBaraMM BKIIIOYAIOYU JIO-
cuth mpoctiit APl 1 MOXITMBICTIO BHUKOPHCTOBYBaTH
Oynb-sikuii JS dperimBopk. [Ipore, mnardopma ssisie Ul
(User Interface) imrepdetic mnporpamm dYepe3 BeO-
Opay3ep (sikuii, 3BUYaliHO, MOYKE 3aBHCATH TPH BETUKUX
JoJaTKax).

Xamarin. Jlomatku Ha Xamarin CTBOPIOIOTBCS 32
nonomororo C# 1 .Net. Xamarin 103Boiisie po3poOHUKaM
MOBTOPHO BUKOPHCTOBYBATH KOJ| 1 TOJIETUIYE IPOLEC
CTBOpCHHs JuHaMigHoro mMakera st 10S. OgHak KoM-
noHenty Ul He MoxxyTh OyTH 31ificHeHi Ha MonoTouch
i MonoDroid, 3 THX mip SK BOHH MOKJIAJIKCS HA CICIU-
¢iuni ocobmuBocti Android i [OS.

React Native. Pimmenns Bix Facebook, sxe € nori-
YHHUM TIPOJOBXKCHHAM React, ane 111 MOOLIBHOT po3po-
OKM Ta BUKOPHCTOBYE:

— MOBY IporpamyBaHHs JavaScript;

— nartuBHuid Ul s koxHOI miatdopmu;

— Ul sk GyHKIiFO OTOYHOTO CTaHy.
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Ul BUIISETBCS B OKpEeMi KOMITOHEHTH JUIsi 3a0e3-
TIEYESHHS POMAaJIbOBYBAHHS CTaHy.

Jly)xe BaJIMBO TpaBHJIBHO opraHizyBatu data-
flow (mOTIK AaHMX), @ TaKOX HAJIATOMUTH B3aEMOJIIO
MiXK KOMIOHeHTaMu. Lle HeoOXiaHO I X0poIoi opra-
Hi3alil CTPYKTYpHU KOIY.

[30oapoBanicTe Ul mae MOXIMBICTH BEIUKOrO Tie-
peBHKOpHCTaHHs Koxy Mixk Mobile- i web-pinieHHsM.

Native Script. ®peiiMBOpK BUKOPUCTOBYE:

— HaTuBHHH peHaepHHT 0e3 WebView;

- (peiimBopk Angular 2;

— CTaHJapTHUI TBOCTOPOHHIMN OIHIMHT.
3ayBakumo, 110 NativeScript y mopiBHSIHHI 3:

— Phonegap He noTpebye *KOAHUX IUIATIHIB IS
BHUKOpPUCTAaHHA HaTUBHUX API;

— ReactNative BukopucroBye Angular2.

OnwuireMo OCHOBHI TepeBaru Ta HeJOoJiKH Oararto-
TUIATQOPMHHX JIONATKIB.

[epeBaramu po3poOku OaratoruiaThopMHOi mpo-
rpamH €:

1. Binpm xopotkuit yac po3poOku. SIkmio obpatu
MPaBUILHUN TEXHIYHUH CTEK i PO3IUIAHYBAaTH PETENHHO
MIPOEKT, MOXKHA TiepeBUKopucTatu 10 80% Komy.

2. PenrabenbHicth. Po3poOka HATUBHOrO MOOLIB-
HOT'0 JIONATKYy € OUTBII BapTiCHA Yy MOPIBHSAHHI 3 PO3PO-
OKo10 OaratormiaTGopMHOTr0 MOOITBHOTO JOJATKY.

3. BB Ha BeNuKy KiJIbKiCTh KOpHCTyBauiB. ba-
raro GararoruiaTOpMHUX JOAATKIB mpamiooTh Ha [0S
i Android cucremax (Takox Ha Windows, Linux, Tizen i
HaBiTh Symbian).

4. CuHXpOHI3alliss OHOBJICHb. Y CBITI, J¢ po3po0-
HUKH JIOJIATKIB BIPOBAKYIOTh OHOBJIEHHS HPHOIN3HO
4 pa3u Ha Micsllb, TEXHIYHE OOCITYyrOBYBaHHS 3a0Hpae
OLIbIly YaCTUHY MPUOYTKIB, IO MiJKPECIIIOE BUTpAIl-
HICTh OaraToruiaThOpMHHUX PO3POOOK.

Hemonikamu po3pobku GaraToriathopMHOI Tpo-
rpamH €:

1. I[Ipo6nemu 3 mpoxykTUBHICTIO. OOYHCTIOBaTbHA
MOTY)XHICTh CMapTQOHIB BigHOCHO Mana. CHpHsSHHS
MaTtepiajbpHO-TexHiuHOro 3abe3meueHHss HTMLS / CSS
Ul, naBnaku, Bumarae 6arato pecypcie GPU (Graphics
Processing Unit) / CPU (Central Processing Unit) i
MOJKE 301TBIIIMTH Yac BiATYKY MPOTPaMHU.

2. [Mpobnemu 3 nuzaitnom. Ioemnanns UX (User
Experience) BUMOr 70 qu3aiiHy ABOX IUIATPOPM MOXKE
BUKJIMKATH ckiaaHomii. Apple Bimomi cBoiM Human
Interface Guidelines i BigXuisitoTh BeO-CaliTH B HATUB-
Hiii ooroptmi. Oxgnak 20% BigMoB y App Store mpura-
JaroTh Ha Oaru (MOMMWIKM B rporpami) i moranumid Ul
nmu3aiiH. Ta 1o mpoGiieMy JIETKO MOXKE YCYHYTU Haiid-
Ha KOMIIaHisl 3 po3poOKU TiOpUAHUX OararoruaTdopm-
HUX JIOAATKIB.

Bubip Mik HATUBHOIO 1 OaraTomiaTGopMHOO po3-
POOKOI0 IPOrpaMHu 3aJICKUTh BiJl HA00pY GYHKIIIH ITpo-
rpaMH Ta ii IpU3HAYEHHS.

Skmo nependavyaeThes, IO JOJATOK CTaHE CaMo-
CTIHHMM Oi3HecoM (Hampukiaj, GiTHEC TOAATKH, J0Ja-
TKH 110 TypOOTI IpO 3/10pOB's1), TO CIiJl OOMPATH HATHUBHI
crocobu po3poOku. [l KoMmaHid, sSKi 3aMOBISIOTH
cyto iHpopMaTuBHI JomaTku (a00 MOJATKH JIs TIOIIHU-
peHHs iHQOpMaIlii), Kpaiie BHKOPHCTOBYBAaTH Oararo-
mw1aTHopMHi po3pOoOKH.

3ayBa)xMMO, IO BapTICTh MPOEKTY CYTTEBO 3pOC-
Ta€e, MPH PO3pOOI MOBHICTIO HATHBHOI'O JIONATKY Ha
Android Tta iOS okpemo. Tomi € naBa BapiaHTH
PO3B’si3aHHSA ITi€1 poOIeMHU 3aMOBUTH a00 TiOpHIHMI,
abo HartuBHuMU Oaratomardopmuuii gomatok. Ilpu
LLOMY, Yy MEPIIOMY BUIAJKy, BUTPATH Ha PO3POOKY €
MiHIMAJIBHUMH, MPOTE TOJATOK MOXKE OYTH HEHaIiHHUM
(#ioro yerko 3JaMatH) Ta MOBUTEHUM y podorti. Il{omo
JPYroro BUMAJKy, BapTiCTh Oiiblla y IOPIBHSIHHI 3
BUTpaTaMu Ha CTBOPEHHsI TiOPHIHOTO IOMAATKy, aje
3HAYHO MEHIIIA 33 BapTiCTh MOBHICTIO HATUBHOI pO3p00-
k. OTpuMaHuil TaKUM YWHOM JIOAATOK € IMPOJYKTHB-
HHUM Ta JOCTaTHHO OE3MEeYHUM, OCKIJIBKH BCSl HOTO JIOTI-
Ka CKOMITUJTIOETHCS Y TIOBHICTIO OiHApHMI KOJI.

IcHye Oarato pi3HHX MmIaTdOpM, Ta BCE K OCHOB-
HuM € iardopmu: Android ta iOS. IHm 3 yacom BTpa-
TUJIA CBOKO aKTYaJbHICTh 1 TOMY 3aCO0M PO3POOKH MO-
OUTbHUX JONATKIB MaloTh 0a3yBaTuCS Ha LUX ABOX
wiathopmax. Lle € MpOAYKTUBHO i HE 3BYKYE KOJIO
KOpPHCTYBaUiB.

OpHUM i3 BOXJIMBUX KPUTEPIiB MOITYJISPHOCTI MO-
OUTPHUX JOJATKIB € eproHoMika. EproHomika 3acrocy-
HKY — 1€ 3pY4YHICTh KOPHCTYBaHHS. 3amopyka eproHo-
MIYHOCTI OyJb-IKOI MOOUIBHOI PO3POOKH MOJNIATAE Y
BUKOPHCTaHHI 3BHUYHOro i Iuiatrgopmu au3aiHy,
HATHBHUX CJIEMCHTIB Ta JIOTIYHOIO yrpamiiHHA. Ha
3pYYHICTh JOJATKY BIUTMBAE BiIMOBITHICTH HOrO MU3aii-
Hy Tiif miatdopMi mij sIKy BiH CTBOPIOETbCA. Alle TIpH
cTBOpeHHI TiOpumHoro goxatky 100% «cxoxocti» i3
m1aTHhOPMOIO TOCATTH Bakko, ockiibku HTML Hisik He
3MOXKE 3aMiHMTH HATUBHI KOMIOHEHTH. |HKOIH
PO3B’s13aHHS 1i€l MPOOIEMU MOXIIMBE, ajie 1 TPHU3BO-
IUTh 10 30UIBIICHHS PO3MIpy AOAATKY Ta 3HWKCHHS
HOro mBHUIKOIII.

[Tpu po3poO1i HATUBHOTO AOAATKY MLi€l MpolIeMu
He BUHUKAE. [Ipu cTBOpeHHI HaTUBHOrO Gararoratdo-
PMHOTO JTOJIATKY CTaHAAPTHI KOMIIOHEHTH BIXKE IPHCYT-
Hi B (peiiMBOpIi, a Ju3aifH JOMYyCcKae HaJIallTyBaHHS
BIJIMIOBITHI 10O KOHKPETHOI TIATOPMH.

[IpoBeneHuit MOPIBHAIBHUNA aHATI3 TEXHOJOTIH
PO3pOOKH, TTOKA3YE II10:

1. Po3pobka TiOpHIHOTO MOMATKY € JOIIIBHOO
NpU OpraHizaiii HEBEIMKHX 332 MacIITabOM MpPOEKTIB,
SIKi He MOTPeOYIOTh CKJIAIHOI JIOTIKM Ta au3aiiny. Ha-
TIpUKIIaJ], iHpOpMaIiiHUN TTOpTAJL.

2. Po3poOka HATMBHOTO AOAATKY € MAOLIJIHHOO
NIpY OpraHizanii MBHIAKOAIHHUX, Oe3reuyHnx Ta OaraTo-
CTPYKTYpHHUX 3a CBOIM AM3aliHOM mpoekTiB. Harmpu-
KJaJi, collialibHa Mepeka YM JOJATOK JUisi OaHKY.

3. Po3poOka HatuBHOro OaraTomaaTdopMHOro
JIOJIATKY € HAWOLIBI yHIBEpCAIbHO. Pearizye 0CHOBHI
3a/adi MacIITaOHUX IPOEKTIB, TapaHTYE IIBUAKOIIIO,
Oe3reKy Ta Iu3aiiH BigmOBiMHO 0a30BOi IUIATGOPMH.
Hamnpukian, 101aTok HaBYaIbHOTO 3aKiaiy 3 BIACHUM
(OpyMOM Ta MOKJIUBICTIO ITOZIABATH HOBHHH, TIPOBOJIH-
TH OHJIAWH TECTYBaHHS UM ONUTYBAaHHS.

BucHoBxu

[Nonanwmii y poOoTi aHasi3 iIHCTPYMEHTIB Ta 3ac00iB
MOXXHA MPAKTHYHO peai3yBaTd B IPOIECi CTBOPCHHSI
MOOUIFHOTO JIOJaTKy, a caMe MpU BHOOpI iIHCTPYMEHTIB
po3poOKku. Pexomennartii, mo momaHi B poOOTi, Jal0Th
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MOXKJIMBICTh IIBUJIKO Ta €(EKTUBHO CTBOPIOBATH MOOi-
JIbHI 3aCTOCYHKH, IO BOJNOJIIOTh  IIBHIKOIIHHICTIO Ta
YHIBEpCAIIBHICTIO, € JICHIEBUMHU B PO3POOIIi, IIPOCTUMH B
MIATPUMIT, HECKJIATHUMHU B 0OCITyroByBaHHi. [IpaBuib-
HUH aHaJi3 PO3MITHYTHX METOJIB Ta 3aCO0IB J03BOJIHTH

o0patu paBUIbHY PO3pOOKY KOHKYPEHTOCIIPOMOXKHOTO
MOOUIBHOTO JONATKY, sika Oyie MiHIMaJbHOI 110 Yaco-
BUM Ta MaTepiaJlbHUM BUTparam, aje BOIHOYAC JACTh
Oe3IeYHn i, THTYITUBHO 3pO3YMUTHIA Ta IIBHJIKOIIFOYHN
JIOJIATOK.
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Main aspects of creating mobile applications and selecting the instruments
for their development

N. Ichanska, S. Ulko

Abstract. The paper describes the main chronological aspects of network development, describes the main differences
between native and multi-platform development of mobile applications, presents their comparative analysis, shows the effective-
ness of combining these two technologies. According to the authors, the symbiosis of these developments is a universal and
alternative option for creating various projects that are usually developed either native or multi-platform. The combination of
development technologies is recommended by the authors specifically for those projects that do not require high productivity, but
are large enough, for example, educational applications for educational institutions. The authors presented the optimal selection
algorithm for creating mobile applications. The popularity of mobile platforms and mobile applications is constantly growing,
and therefore the mobile application market must be constantly updated and meet modern requirements. Modernization of devel-
opment technologies is an urgent topic, which causes widespread interest of customers, developers and users. The subject of
research is the means of implementing the creation of mobile applications. The purpose of the work is to give recommendations
on the high-quality selection of modern technologies and existing widely used development tools, which are the most popular for
creating mobile applications. Results - modern technologies and tools for developing mobile applications are analyzed, their
comparative analysis is given. Analyzing the research carried out in the work, the user can create his own mobile application, for
example, a training one.

Keywords: framework, mobile application, native, multi-platform, programming language, JavaScript, React Native,
Java, Kotlin, Objective C, Swift, Android, iOS.
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TonoBHU# HEHTP CIEIiaIbHOr0 KOHTPOITIO [lepKaBHOIO0 KOCMIYHOTO areHTCTBa Y KpaiHH,
cmt [oponok, Pagomunibebkuii patioH, JKutomupcerka odinacth

BUBIP METO/IA JIHT'BICTUYHOI C:FEFéHOFPA(DIi _
JJ1sA BUKOHAHHA 3ABJJAHD 3 PEECTPALII CEUCMIYHUX TOAIN

AHoTanisi. BajxiBuM 3aBIaHHAM ChOTOZICHHS B 00JacTi 3axucty iHdopmarii € BIpOBaIKEHHS KPUITOIOIYHUX METO-
niB. OnHaK Ha IIbOMY LUISIXY 6araTo HEBUPIIIEHUX NPOOJIEM, NOB'SI3aHUX 3 PYHHIBHUM BIUIMBOM Ha KPUITO3aCOOM TaKUX
cknanoBux iHdopmauiiiHoi 30poi, K KOMI''OTEpHI BipycH, JioridHi 60MOM, aBTOHOMHI PeIUTiKaTUBHI Nporpamu. Meroro
CTaTTi € BUBYEHHS OCOOJIMBOCTEH CHHTAaKCHYHUX METOJIB JIHIBiCTHYHOI creraHorpadii. Y Xoxi AOCIIJUKeHb BHpillyBa-
JIMCh 3a/1a4i e)eKTUBHOI0 3aCTOCYBaHHI CHJI Ta 3aC00IB I'OJIOBHOI'O LIEHTPY CHELIaIbHOr0 KOHTPOIIIO MiJl Yac nepeadi s
00pOOKH JTAaHMX peecTpallil CeUCMIYHUX SBUI y OMIDKHIN Ta HanbHii 30HaXx. O0’€KTOM NOCHTIDKEHHS B pOOOTI € IMyHKTY-
aliiHMIA MeTo]] PUXOBYBaHH: iHpopMaNii y TEKCTOBUX KOHTEHHepax. 3aIpOIOHOBAHO BUKOPUCTOBYBATH MOIEINb IIPUXO-
BYBAaHHs IOBIJIOMJIEHb Y TEKCTOBHX KOHTEHHEpax 3 BIAKpPUTHUM aocTynoM. Lle MOXJIMBO Ha OCHOBI OJIOKYBaHHS He-
CaHKLiIOHOBAHOTO JIOCTYITy 10 iH(opMaLlii NUIAXOM MH(PYBAHHS 3MICTY IIOBiJOMIIEHb. [IpeMeTOM HOCIIDKEHHS € NIPUH-
Uy BOYJIOBYBAHHS Ta BHJIYYEHHS IIOBIiJJOMJICHb 3a pealli30BAHMM aJI'OPUTMOM. MeToau JOCHipKeHHs: (dopMaizanis
TeopeTHYHOI iH(popMaii, MOopiBHAIBHUI aHali3, po3podKa METOMIB peaizauiil. PO3risHyTo TakoXk aTaku Ha CTeraHorpa-
GbiuHi cucTeMu Ta BUALICHO 0COOIMBOCTI Beix arak. [lepeBary Oyno0 HaJlaHO CHHTAKCHYHOMY METO/Ly Ha OCHOBI ITYHKTYallii
JUIS 3/iFICHEHHs IPUXOBYBaHHSA iH(pOpMaLi mix 4ac nepenadi AaHUX BiJ nepudepifiHUX LEHTPIB 10 TOJOBHOTO LEHTPY
npuiiMaHHs 1 00poOku iHopManii. KiHneBuMu pesyiabraTaMu HNpoBeieHOi poOoTH mependaueHa peanizauis Hporpamu
BOYZIOBYBaHHS Ta BUIIy4CHHs II0BiJOMJICHH: B/3 KOHTelHepa. byiio poBeeHo MOpiBHIBHUN aHai3 110710 BUKOPHCTAHHS
TUIIIB TEKCTOBUX KOHTEHHEPIB Ta 37iHCHEHO aHajli3 YacOBUX PaMOK HpoLexyp BOYIOBYBaHHS Ta BUIIyYECHHS [OBiJOMIICH-
Hs1.Bka3aHO Takoxk i Ha MOXUIMBI HEJONIKM IyHKTyauiiiHoro merony. Taki, K CKJIaJHICTh IPOrpaMHoOi peanizauii, micius
SIKOI 3aIIOBHEHUI KOHTEHHEp IOBHHEH BiJIOBiaTH yCiM BUMOI'aM HOPMaJILHOI CTETaHOCHCTEMH, 1 . TPYAHOLLI JOTPUMAaHHS
BUMOT JI0 IIPOITYCKHOI CIIPOMOKHOCTI.

Kaw4yoBi ciaoBa: niHrBictnuHa creraHorpadisi, CHHTaKCHYHI METOIM, TEKCTOBI KOHTEHHEPH, BapiaTHBHICTh PO3ILIO-

BUX 3HAKIB, ITHKTYaIlisl, KOJyBaHHS.

Beryn

VY cydacHOMY CBiTi HacCTUIBKM CHJIBHO BCe 3aje-
JKUTP BiJ iH(opMaIli Ta [HTepHeTy, 10 HIKOrO He 31U-
BYEII BUKIJIQJAaHHAM aBTOPCHKUX MEPEKIa/iB BiIOMHUX
XYIOXKHIX TBOPIB YW BJIACHHX JYMOK Ta PI3HOMaHITHHUX
OITUCIB, SIK Ha TPOCTOpi IHTEpHETY Ul 3aKadyBaHHS
IHIIUMH, TaK 1 JUIsd onmyOJIiKyBaHHS y OJorax Ta pi3HHX
couianeHuX Mepexax. ToMmy st 3actocyBanHs y ['ono-
BHOMY llentpi Creriansaoro Konrpomro (I'TICK) mpo-
MIOHYETHCS. MOZEIb IIPUXOBYBAHHS ITOBiIOMJIEHb CaMe y
TEKCTOBHX KOHTEWHepax, 3 BiIKPUTHM AOCTYyNoM. 3a-
XHCT iH(opMalii BiJi HECAHKI[IOHOBAHOTO JOCTYITy -
OJlHa 3 HaWJaBHIIIMX MpodieM. SIK BiOMO, LiIb KpUII-
Torpadii momnsrac B OJIOKYBaHHI HECAHKI[IOHOBAHOT'O
noctyny no iHgopmanii nusxoMm mmppyBaHHS 3MICTY
moBimoMieHb. [lime creranorpadii - mpUXOBaTH cam
(axT iCHyBaHHs CEKpPeTHOro moBimomieHHs. [Ipu mpo-
My 00HBa clIOCOOH MOXYTh OyTH 00'€/IHaHI i BUKOPHUC-
TaHi IS MiABUIICHHS ¢()eKTUBHOCTI 3aXKCTy iHPOpMa-
uii (Hanpukiazg, uis nepenadi KpunTorpadiyHux KITko-
yiB). KoMm'toTepHi TeXHOIOrii 10Jaqy HOBUH IMITYJIbC
PO3BUTKY W yJOCKOHAIIIOBAHHIO cTeraHorpadii, 3'sBuB-
csl HOBUH HampsMOK B 00JacTi 3axucry iH(opmarii —
JIHrBICTUYHA cTeraHorpadis Ha OCHOBI TEKCTOBHX KOH-
TeitHepiB. JIOCHiKEHHsT HUHI BiTOMHX CHHTAKCHUIHHX
METOJIB JIIHIBICTUYHOI cTeraHorpadii 00yMOBIIOETHCS
CBOEIO PI3HOMAaHITHICTIO BUKOPUCTAHHS Ta € 3aII0PYKOIO
yCIiXy Ha LUISAXY A0 PO3YMIiHHSI CTPYKTYpH HPUXOBY-
BaHHS Ta CTEroaHalli3y, Ui CTBOPEHHS BJIIACHUX pealli-
3aIliif aJIrOPUTMIB, B 3aJIKHOCTI BiJ MOCTaBJICHUX ITi-
neii. [IpuxoByBaHHs iH(pOpMALl Yy TEKCTOBUX KOHTEH-

Hepax 3a JOIOMOrOI0 MyHKTYalliHHOrO MeTOHdy Hece 3
c000r0 psJT pO3POOOK 1 MPOMO3HUITIH MO0 TOKPAICHHS
aITOPUTMY Ta MOXJIMBOI B3a€MOJIi 3 1HIIMMH METO/Ia-
MU JIIHTBICTUYHOI creraHorpadii. AKTyanbHICTh airo-
PUTMIB OOYMOBIIIOETHCSI ICHYIOUOIO TMOCTIHHOIO HEOO0-
XIJHICTIO y TIepeiadi CeKpETHHUX IMOB1IOMJICHb, a AOCTi-
JOKEHI CHHTaKCHYHI METOJH JIIHIBICTHYHOI CTeraHorpa-
(il MalOTh BHCOKY CTIHKICTh JO BUSBIICHHS, IO YK€
LiHyeThCsl Y cydacHild mudpoBiit creranorpadii. Heo6-
XiJIHO TIPOBECTH aHaJi3 aTak Ha CTeraHorpadidHi cuc-
TEMH Ta OLIHUTH OCOOIMBOCTI BCIX aTak, MI0 PO3yMi-
€ThCS SIK BIACYTHICTH Moau(ikaiii BOyIOBaHHX IMOBIJI-
OMJICHb Uil 3a0e3ledeHHsT HEMOMITHOCTI CBOET ii.
JlocmipKeHHsl, 10 TPOBOISATHCS B XOII BHKOHAHHS
nocraBieHux 3asaans [1] Ha ACII «XAPKIB» nonoma-
rafoTh BUSBUTH NIEPEBard Ta HEONIKA METOJIB IPHXO-
BYBaHHs, CKJIAIHICTh pealizalii Ta OIIHUTH poOOTYy
naHoro Merony [2]. Peamizarist anropuTMmiB NpHXOBY-
BaHHS Ta BHJIYYEHHS Hece 3a CO0O HEOOXiTHICTh y
JIETATbHOMY BUBYEHHI MyHKTYallifHUX HOPM Ta HaaMi-
pHOCTEH YKpaiHChKOI MOBH, IO TaKOX AONOMAarae mpu
aHaJi3i BIAMIHHOCTEH MDK IyCTHM Ta 3alOBHEHHM
KOHTEHHepaMu.

ITocTanoBka 3agaui

OpHUM 3 OCHOBHHX 3aBJaHb, IOB'S3aHUX 3 BHPI-
LIEHHSM IUTaHb IepeAavi iHPOpMAIlHUX IOBiJOM-
JICHb 3 TepU(epiiHUX MYHKTIB CITIOCTEPEKCHHS Ha BCIl
TepuTopii YKpaiHu 10 HEHTPaJIBHOrO MyHKTY MPUHOMY,
00pOOKM MaHWX 1 MPUHHATTS PIlIEHHS MIONO 3aCTOCY-
BaHHg cua Ta 3aco0iB I'LICK, € 3abe3meuyenns Oe3me-
pPepBHOCTI (YHKIIIOHYBaHHS KaHAy Iiepeaadi JaHuX 3a
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YMOB JIOCTOBIPHOCTI, OIEPATHBHOCTI 1 TIOCTAHOBIII ITe-
pelKo B po3Mi3HaBaHHI 200 PO3KPUTTI 3MICTy MPHXO-
BaHMX moBizomiieHb [3]. OcTaHHS yMOBa BHKOHAHHS
3aBJIaHb € aKTyaJbHOO Ha 1ei aens i ['TICK.

OcHoBHMii MaTepian

Creranorpagiyna abo, CKOpOUEHO, CTErocucreMa
— CYKYIIHICTb 3acC00iB Ta METO[IB, SIKi BUKOPHUCTOBY-
10ThCs 1Sl (POpMYBaHHSI HEMOMITHOT'O KaHaJy repeaadi
indopmarii. Ii merolo € He o6MexyBaTH HOCTYN 10
KOHTEHHepy, a B 3HaYHIi Mipi rapaHTyBaTH, 10 BOYAO-
BaHi J]aHi 3aJMIIAThCS LIJTMMHU | HEMOIU(IKOBAaHUMH Ta
3 MOJAJTBIIIOI MOYIIUBICTIO BUITydCHHS [4].

ITpu noOynoBi creraHOCHCTEMH TTOBUHHI BPaxoBYy-
BaTHUCs HACTYITHI MMOJIOXKEHHS [5]:

1) creranocucreMa IIOBHHHA MAaTH JIOMYCTUMY
00UYHMCITIOBANIFHY CKJIQJHICTh peami3amii — KiUIbKICTh
KPOKiB 200 apu(METHUKO-JIOTIYHHUX omepalii, HeoOXi-
HUX JUIsl BUpIiLIeHHS npoOiemu. B maHomy Bumanmky —
NpolleCy IPUXOBYBaHHS/BHIYUYeHHsI KOH(QIACHIIHHOI
iHpopMarlii B/3 KOHTEHHEPY;

2) moBWHHA 3a0e3MevyBaTHCS HEOOXiHa mporryc-
KHa CIIPOMOXKHICTB, IIO € OCOONHMBO aKTyaJbHUM JIJIS
CTETaHOCUCTEM CHCTEMH IMPHXOBAaHOI mepemadi iHGop-
Maltii;

3) noBWHHI 3a0e3reuyBaTHCSl aBTEHTUYHICTH Ta
LUTICHICTh CEKpeTHOI iH(opMalii 11 aBTOPHU30BAHOTO
KOpHCTYyBaya;

4) NOTeHIIHUI CTEroaHaJiTUK Mae IOBHE YsB-
JICHHS MPO CTETOCHCTEMY Ta JeTajlIX il peanizarii, €au-
He, 0 WOMY HE BiJioMe — IIe KJII0Y, 32 JOIOMOTO0
SIKOTO MOJKHAa BU3HAYUTH (DaKT HAIBHOCTI MPUXOBAHOTO
MTOBIJOMJICHHS Ta HOTO 3MICT;

5) sxmo (GakT HasBHOCTI IMPUXOBAHOI'O IMOBIIOM-
JICHHSI CTa€ BIJIOMHUM CTETOAHAJITUKY, 116 HE MOBUHHO
JIO3BOJIUTA OCTaHHHOMY BHJIYYHTH HOTO JO THUX Tip,
TIOKHY KIJIIOY 3aJIMIIAETHCS CEKPETHUM;

6) TOpYIIHUK HE TMOBHHEH MaTH OyIb-SIKHX TeX-
HIYHAX Ta IHIIMX TIepeBar B po3Mi3HaBaHHI a00 po3-
KPHTTI 3MiCTy IPUXOBAHUX HOBITOMJICHB.

XapakTepucTHKU MeTOAIB

OOuparouu alropuT™, 3a JOIMOMOI'OI0 KOO BHpI-
LIYBaTUMEThCS TIOCTaBJIeHa NpodiiemMa, HeOoOXiHO OIH-
parucst Ha O00OB’SI3KOBI IIepeBard HACTYITHHX XapakTe-
PHCTHK:

1) mpomyckHa CIIPOMOXKHICTh — 1€ MaKCHMaJbHa
KUIBKICTh 1H(pOpMAIil, 10 MOXXE€ MICTHTHCS B OIHOMY
KOHTEHHepi; NMpH I[bOMY, IPUXOBYBaHI IOBiIOMIICHHS
MOBUHHI OyTH OE€3MOMMIKOBO TEpeaHi NMpUHMalbHIH
CTOpOHI (OTPUMYBAYEBi) Ta 3aXUIIEHI BiJl aTaK HECAHK-
LIOHOBAaHUX KOPUCTYBAuiB, TAKUX SK CHPOOM BHSIBJICH-
HSl HASIBHOCTI KaHATY MIPUXOBAHOTO 3B’SI3KY, BHJIYUCHHS
MPUXOBYBAHUX IIOBIJIOMJIEHh Ta HaBMHUCHE BBEICHHS
XHOHMX AaHuXx abo pyliHYBaHHSI BOYIOBaHOI B KOHTEH-
Hep iHdopmarii [6];

MPOITYCKHA ~CIIPOMOXKHICTh  BIJKPUTOTO KaHAITY
3B’S13Ky BHU3HAYa€ThCsl SK KUIBKICTH iH(OpMaIi, ska
MOXe OyTH OE3OMMIIKOBO TiepefaHa 3a OIWH CEaHC
BUKOPHCTAHHSI KaHaIly 3B’SI3KY;

MPOITYCKHA CITIPOMOYKHICTh KaHATy PUXOBYBAHOTO
3B’3Ky 3HAYHO MEHINIA 3a MOIEpeIHIo, a/Ke TYT 3a

OH CEaHC BUKOPHCTaHHS KaHaly HPUXOBYBAHOTO
3B’SI3Ky TIE€PENAETHCS OJMH EIEMEHT KOHTEHHepy, B
SIKM BOYZOBaHa MPUXOBYBaHa iH(opMartis [7];

2) SIKICTh MPUXOBYBAaHHS — L€ Mipa CIIOTBOPEHHS
KOHTEHHepy, afpke Oylb-SKe MPUXOBYBaHHS IOBiJOM-
JIEHHSI TaK YM 1HAKIIE 3MIHIOE CTPYKTYPY KOHTEHHEpYy
[81;

3) 10 XapakTepHCTHKY HEMOXIIMBO BHPAa3UTH B
YHcax, TOX HaWKpammi croci® ii BUMIpSITH — camo-
CTiiHO a0o0 3a JONOMOrO TPYIH JIIOJEH HAarJsIHO
OLIIHUTH KOHTEHHEp 0 Ta Micisl NPUXOBYBAHHS; SKIiCTh
MIPUXOBYBAHHSI 3QJICKUTD BiJl CHPUHHATTS JIIOJUHU 200
rpynu Jrojei. Bucoka mpomyckHa CIpOMOXKHICTb, 3a-
3BHYaM, MOTIPIIYE SIKICTh IPUXOBYBAHHS;

4) pobacTHICTh — II€ Mipa 3aTHOCTI METOAY 30e-
piraTé MOBIOMIICHHSI HaBiTh MICIs AESIKHX IEPETBO-
peHb HaJ KOHTCHHEpPOM, TaKWX, SAK JIiHIHHA Ta Hei-
HiliHa QinpTpamis, J0AaBaHHS BUIAIKOBOIO IIyMY,
CTHCHEHHsI 3 BTpaTaMu Ta BIJHOBJICHHS abo Jesiki
BHIU 00poOKH [8];

5) CTIHKICTh 10 CIIOTBOPEHb — YHEMOKJIMBJICHHS
3MiHM TOBIZOMJICHHS HECAHKLIOHOBAaHMM KOPHCTYBa-
4YeM y pasi CrpoOu CIIOTBOPEHHS 3aMicTh 3HUIIEHHS [8];
aITOPUTMHU, IO JOTPUMYIOTHCS 1€l XapaKTEPUCTHKH
YCKIIAJHIOIOTh 3a/ady 3MiHH BOYIOBaHOTO ITOBiIOM-
JIeHHs a00 Horo 3aMinm,

6) CTIHKICTh /0 BUSIBJICHHS — YHEMOKJIMBJICHHS
HECaHKI[IOHOBAHUM KOPHUCTYBAa4e€M BUSBJICHHSI HasBHO-
CTi B TEKCTi IPUXOBAHOI'O MOBIIOMJIEHHS HIISIXOM CTa-
TUCTUYIHOI 00pOOKM KOHTEWHEpY, HAPUKIA, Miapaxy-
HKY MMOBIpHICHUX KpHUTepiiB OYyKB IUIsi 3aaHOI MOBH,
KUIBKOCTI TIPpOOLTiB a00 pericTpis yitep[6];

7) CHiBBiTHOMIEHHS «CUrHAJ/IIym» [9]; us Benwu-
YMHA € MIpOI0 SKOCTI NMPUXOBYBAaHHs Ta CTIHKOCTI IO
CIIOTBOpPEHb; B OCHOBHOMY, BENMKI 3HAY€HHs CITiBBiJ-
HOIIEHHSI € 1JIeaJlbHUMH JUIS CHUCTEM KOMYHIKallii, a
Mauti — Juis creraHorpadii, apke KOHTeiHep — 11e yM, a
TIOBiZIOMJICHHS — CUTHAJL.

[IponyckHa CIPOMOXKHICTh, CTIHKICTh O BHSB-
JIeHHsI Ta poOaCTHICTh BiAIrPaIOTh TYT B3a€EMOIIOB’ SI3aHY
pOJIb — TIOKpAILlEHHS OJHIET 3 XapaKTEPUCTHK aJITOpHT-
My, noripurye inmn [10], came ToMy >KOTHHH 3 aiIropu-
TMIB HE MOXKE OYTH aOCONIOTHO CTIHKUM JIO BHUSBJICHHS,
TIOBHICTIO POOACTHUM Ta MaTH MaKCHMAJIbHY MPOITYCK-
HY CIIPOMOJKHICTh. 3aJIeKHICTh METOJIIB BiJl XapaKTepH-
CTHUK TTOKa3aHa Ha puc. 1.

wmd [1PONYCKHA CNPOMOKHICTD

*"HaiBHi meTogu"

wd CTIMKICTb 10 BUABNEHHA

*"npoasuHyTi MetToaun”

i

emeToau AnA poboTH 3 BOAAHUMM 3HAKAMM

Puc. 1. B3aemornos's13aHa cxeMa XapaKTEpPUCTUK
JITOPUTMIB JIIHIBICTHYHOI creranorpadii
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Ingpopmauiiini mexuonozii

Knacudikanis meTonin
JIHrBicTUYHOI cTeraHorpadii

1. Cemarpamu — NpUXOBYIOTH iHQOpMaIlifO, BH-
KOPUCTOBYIOUH CIICIiajibHI TO3HAYKH, SAKI JICAb TTOMITHI
JIIOJICBKOMY OKOBI Ta CIPUAMAIOTHCS SK YHHHI peui,
HAIPHKJIIA/, 3aBUTKU HA PYKOITUCHUX JiTepax abo TPOXH
3MiHEHI Kpalkd Yy JpyKOBaHOMY BapiaHTi. TeKcToBi
ceMarpamy IPHUXOBYIOTH TOBiOMJICHHS, MOAU(DIKYIOUH
KOHTEIHHep, 3MIHIOIOYH PO3Mip JiTep abo mpudr [5].

2.  BukopucTaHHS «KaproHI3MIBY» - IESIKUX CIIiB
abo CIIOBOCIIONYYEHb, 3PO3YMUIUX JUIS TEBHOI TPYIH
JIIOJIeH Ta HEe HAOYTUX OCMHUCIICHHSM IS iHIIMX. Buko-
pPHUCTaHHS TIEBHOTO «KAaproHi3My», IONEPEAHbO 3HaMi-
JIEHOTO B TAOJUIII 3 ITiJICTAaBJICHUMH OiTaMH JOIOMAarae
MPUXOBAaTH HEBEJUKI IIOBIJIOMJICHHS] HE BU3UBAIOYH
TpuBOIH [5].

3. Meron 3minu perictpiB cuMBoiB [5]. [anuii
METOJI TIPOIIOHYE KOIYBaHHSI HYJIHOBOTO OiTa MOBiJOM-
JICHHSI HIDKHIM PEricTpoM, a OAWHHYHOro OiTa — Bepx-
HiM. BMmict ¢aiina-koHTeliHepa 34UTYETHCS TOCHMBOITb-
HO Ta 3MIHIOETHCS 3TiHO 3 TOBiZOMIIeHHSM. KokHa
OyKBa MOKE MICTHTH ofvH OiT iH(opMmarii, Tox mporry-
CKHa CHPOMOXKHICTh TYT JIOCSTA€ CTa BiJCOTKIB. AJTO-
pUTM € 0a30BHUM, TOX CTIHKICTH JI0 BUSBIICHHS TYT OJH-
3bKa J10 HyJ . PoOacTHICTh Takoxk He 3a0e3neYyeThest —
Ipu HalnpocTimoMy (¢popMaTyBaHHI — IIEPEBOI TEKCTY
B OJIMH PETICTP — MOBiJOMJICHHS] pYHHYETHCSL.

4. Merox pmonaBaHHS KIHIEBUX INPOOLTIB. —
3IIHCHIOETBCS O/IaBaHHS B KiHEIb CTPOKH JPYroro
npoOiTy JUTs KOAYBaHHS OJMHUYHOTO OiTy Ta 3aJIUIIEeH-
HS OJTHOT'O MPOOLTY JUIs KOJAYBaHHS HYJIBOBOIO OiTY [6].
[IponyckHa CHOPOMOXKHICTh 3aJISKUTh BiJl KUIBKOCTI
PAIKIB Y KOHTEHHEpI Ta € JIOCUTh HU3BKOIO — MOPSIAKY
0.05 - 0.1%.

CrTiliKicTh 10 BHSIBIEHHS BUCOKAa — 3allOBHEHHM
KOHTEHHEp JI0CTATHHO HEMOMITHHH Uil HE030pOEHOTr0o
oka. PobacTHiCTh He 3a0e3reuyeThesi, aJpKe HaBiTh MPH
JPYKYBaHHI ITOBIIOMJIEHHS PYWHYETHCS, HE KaKydH
BXE PO aBTOMaTudHe (OpMaTyBaHHS Ta BHIAJICHHS
3aliBUX MPOOLTIB.

5. MoaudikoBaHuii MeTOn qOJaBaHHS KiHIIEBUX
poOiTiB — B KiHII KOYKHOTO PSIKA JOAAETHCS BiJl HYIS
JI0 T SITHAAUATH NpoOiiB, KoAyrouu miB Oait [6]. [Ipu
MPaBUILHOMY (OpMaTyBaHHI KOHTEHHED 3aJIMIIAETHCS
HEMiZ03pIIUM, a MPOITYCKHA CIPOMOXKHICTH 3pOCTaE y
TIOPiBHSIHHI 3 TIOIIEPEIHIM METOIOM.

6. OHAKOBICTh HANMCAHHSA CHUMBOJIB. — psA
YKpalHCBKUX Ta aHIJIHCHKUX CHMBONIB Bi3yaJbHO He
BiJIPI3HSETHCS, aj€ BOHM MAaIOTh Pi3HE MO3HAYEHHS Yy
ASCII-tabmuusx [6]. [IpomyckHa CHpOMOXHICTH BH-
3HAYAETHCSA KIUTBKICTIO CXOXKHMX CHMBOIIB, a iX Maibke
TMIOJIOBMHA, TOOTO, MOPSIAKY I’ ATAECITH BifcOTKiB. CTild-
KICTh JIO BUSBJICHHS BHU3HAYA€ETHCS XapaKTepoM 00po0-
KU — 3aMiHa y TEKCTOBUX PEAaKTOpax MOXKe IiJICBiuyBa-
TUCS SIK TIOMWJIKA Yy HanucanHi. PobacTHicTh 1OCHTBH
BHCOKa — TIPOCTi aTaku Ha (opMaTyBaHHS HE 3pYyHHY-
F0Th TIOBimoMITeHH: [11].

7.  JlomylIeHHS TIOMHWIIOK B TEKCTI — BCTaBKa B
TEKCT TOMHJIOK HaBMHUCHO JJIsi KOIYBaHHS KOXXHOTO
HENpPaBUIBHO CJIOBA OJIMHUYHHUM OiTOM, MOKHA 3MiHIO-
BaTH CJIOBA SIK HA THUIOBI TOMWJIKU, XapakTepHi s

YKPaiHCBKOT MOBH — «e/W», «UI/Iy, «Y/IO», «3/c»,
«H/HH», TaK 1 HA CHMBOJ, IO 3HAXOMUTHCS TOpsA 13
3aMiHIOBAaHUM Ha KIIaBiaTypi, MPH HEBEIUKUX 00’eMax
MIPUXOBYBAHOTO TOBIJIOMJICHHS 1€ 3aJIMIIAETHCS HEIOo-
MITHUM I JroAckkoro oka [8]. Ilpu BimcyTHOCTI Ko-
POTKHX CJIB Y KOHTEHHEpi € MOXJIMBICTh MPUXOBYBaH-
HS OTHOT'O OiTa B OJIHE CJIOBO.

JI1s 1IbOTO METOJy XapaKTepUCTHKH «SKICTh MpH-
XOBYBAHHSD) Ta «CITIBBITHOIIEHHSI CHT'HAJ/IIyM» € o0e-
PHEHO TPONOPLIi HTHUMHU.

8. BukopuUCTaHHS CHHOHIMIB — MAHOUH BEJTMKHA
CIIOBHUK CHHOHIMIB Ta 3pO0OJIEHY 3 HBOTO IPaBHIBHO
migiopaHy TaOIHIIO ISl PI3HUX BUIMAAKIB, MOXHA 3aMi-
HATH CJIOBA 3TiJHO 3 Ii€I0 TAOJUIICI0 HA TMOTPIOHI st
MIPUXOBYBaHHSI ITOBiIOMIIEHHS [8].

3MiHIOBaTH MOJKHAa XO4Y KOXKHE CJIOBO, IO 3a0e3-
MeYyl0 BUCOKY MPOITYCKHY CIPOMOXKHICTb, BHSIBJICHHS
HEMOJJINBE 0€3 SIKOro-HeOy/b HETOYHOI'O0 BUKOPUCTaH-
HS CHMHOHIMIB, 1[0 MOYE IMiJIITOBXHYTH Ha TYMKY PO
HasIBHICTh ITPUXOBAHOTO TIOBIOMJICHHSI B TEKCTI, aje Ie
JIUIIE Y TeKCTax, chOpMOBaHMX OCOOMCTO, HANPHKIAL,
OyIb-sKi 3aMiHM Yy 3arajJbHOBIZIOMHX JITEPaTypHHX
TBOpax OJpa3y * po3Ii3HaroThCcs. PobacTHiCTh BHCOKA,
a/pKe OyIb-siki 3MiHM KOHTEiHepa He TpPU3BEAYTH [0
3MiHHU TEKCTY.

9. 3acrocyBaHHS eMOJI3i — IIKTOrpam, IO 30-
OpaxytoTb emoii [9]. YV koxHOI eMO3i € CBOE KOJIOBE
YABJICHHS, TaKOXX Ha OJHY M Ty caMmy €MOIlii0 JIOBO-
JIUTBCS TIOPSAKY TPHOX — YOTUPHOX emomsi. llnsaxom
BUSIBJICHHS CHHTAKCUYHO - €MOIIIOHAJBHOI CKIJIaI0BOI
pEeUYeHHS] MOXKHA B KiHIII TPOCTABIATH AESKI 3 HUX, B
3aJIeKHOCTI BiJ] IPUXOBYBAHOT'O TIOBiIOMIICHHS, BiACYT-
HICTbh K€ €MOJI31 Bi3HAUaTH HyJIb0BHM OiToM. [Ipomyc-
KHa CIIPOMOXKHICTh JTOCUTH BUcoKa. 11lofo BUsBIEHHS —
e MajoiMoBipHO. PoOacTHICTh 3aleKUTh BiA THITY
BiJOOpa)KeHHSI Ta KOIYBaHHS OIEPaIliifHOI CHUCTEMH:
JIesiKi eMO/I31 MOYKJIMBO 3aMiHHMTH IPOCTO Ha KBaJpaTH,
10 [TPU3BEIE 10 3HUILEHHS ITOB1IOMIICHHSI.

10. IlyskryauiiinHa BapiaTUBHICTb — NPUXOBY-
BaHHS JaHUX y KOHTEHHEpI NUIIXOM BHKOPUCTAHHS
MpaBWJI YKPaiHCHKOI MOBH TIPH IepepaxyBaHHsIX, y3a-
raJbHIOBaHHUX CJIOBaX Ta MPH 3MiHI CTPYKTYPH TEKCTY,
HAIpHKIAA, - pOo3OMTTS pEueHHs Ha JBa MPOCTHX 3a-
MICTh OJIHOI'0 CKJIATHOTO, MI00 NpHUOpaTH KOMY, Ta,
HaBMAaK{, BCTABUTH 1[I0 KOMY, 00’€JJHAaBIIN NPOCTi pe-
yeHHs [9].

Takox nieBUM crocoOOM € 3aMiHa KOM Ha CIONY-
YHUKU TIpY TIepepaxyBaHHSAX Ta HaBlaku. [IpomyckHa
CIPOMOXHICTh JIOCHTh HEBENINKA, a/PKE Y MOPIBHSIHHI 3
KIUJIBKICTIO CHMBOJIB, KUIBKICTh PO3/JIOBUX 3HAKIB €
HE3HAYHOIO, aJle 11€ KOMIIEHCYETHCSI BUCOKOIO CTIHKICTIO
JIO BUSBJICHHS Ta POOACTHICTIO.

Ouinka aaropuTmis
JIHrBicTUYHOI cTeranorpadii

BukonaeMo aHani3 iCHyIOYHX METOIB Ta 3aHece-
MO Pe3yJIbTaTH y TaOJHIo (Tadi. 1), BUKOPHUCTOBYIOUH
TaKi KpUTepii:

1. Axicmo npuxosysanns:

«2» — pI3HHILI MK 3aIlIOBHEHHM KOHTEHHEPOM Ta
KOHTEHHEpOM 0e3 NMPHXOBAHOrO ITOBiJOMJICHHSI HE BiJ-
YyBa€ThCS;
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«1» — pi3HULA mOMiTHA, SKIIO 11 mrykatu. «0» —
HasIBHICTh MPUXOBAHOT'O TIOBIZOMJICHHSI MO)KHA 1T00a4u-
TH HE030pPOEHUM OKOM.

2. Pobacmuicmo:

«2» — micns i HaJ KOHTEHHEPOM ITO0BiIOMIICHHS
30eperyiocst y MOBHOMY 00CsI3i;

Tabnuya 1 — Ouinka aJropuTMiB JiHrBicTHYHOI cTeranorpadii

«1»- micnst 3MiH KOHTEHHepa MOBiJOMIICHHS MOX-
JIMBO BIWJIYYUTHU Ta MPOYUTATH, aje 3 HEBEIMKUMH CIIO-
TBOpEeHHAMH. «0» — ITOBIJIOMJICHHS 3pyl{HOBaHe.

3. Ilponyckna cnpomosicnicms:

«2» — nopsaky 61-100%.

«1» — mopsaky 41-60%. «0» — nopsinky 11-40%

Ha3sga anroputmy Ouinka 1 Ouinka 2 Ouninka 3 3arajbHa oniHka
Cemarpamu 1 0 2 3
BuxopucranHs «kaproHi3misy 1 2 1 4
MeToz 3MiHHM pericTpiB CUMBOIIIB 0 0 2 2
Merox nonaBaHHs KiHIIEBUX MPOOLIIB 2 0 0 2
MopudikoBaHuit METOZ T0aBaHHs KIHIEBUX MPOOLTIB 2 0 1 3
O1HaKOBICThL HAIIMCAHHS CUMBOJIIB 1 2 1 4
IMpurymeHHs IOMUIOK B TEKCTI 1 1 1 3
BuxopucranHs CHHOHIMIB 2 2 2 6
3acTocyBaHHS eMOI3i 2 1 2 5
ITyHKTyaniliHa BapiaTUBHICTb 2 2 1 5

Kaacudikania arax
HAa JiHrBicTHYHI MeToAU cTeraHorpadgii

1. Haii0inpm po3moBCIOPKEHA Ta IPOCTa aTaka
— cy0'ekTMBHa, a caMe, CIpo0a BHSBHUTH HASBHICTh
MIPUXOBAHOT'0 MTOBIJJOMJICHHSI «Ha OKO». MoOJKe 3aCTOoCO-
BYBATHUCS JIMIIE JJIs1 aOCONIOTHO HE3aXUIIEHUX CTEraHo-
cucreM. TUM He MeHII, BOHAa HAMOIIBII PO3MOBCIOIKE-
Ha Ha HaYaJIbHOMY erami [9].

[NepiioyeproBuii aHasiz MoXxe MiCTUTH y coOi Ha-
CTynHI myHKTH [12]:

1.1) nepBuHHE COPTYBaHHS CTETAaHOCHUCTEMH 32
30BHIIIHIMU O3HAKaMU;

1.2) BUIINEHHSI CTETAHOCUCTEMH 3 BiJIOMHM ajro-
pUTMOM BOYIOBYBaHHS;

1.3) BU3HaYECHHSI BUKOPHUCTAHUX aJITOPUTMIB;

1.4) mepeBipka OCTaTHOCTI 00CATY MaTepiaiB
JUTSL CTETOAHATI3Y;

1.5) mepeBipka MOXIIUBOCTI TIPOBENCHHS aHATI3Y B
OKpEMUX BUITAJIKaX;

1.6) dHamiTHYHAa pPO3pOOKAa cTeroMarepiaiiB Ta
METO/IIB 3J1aMy CTETaHOCUCTEMH;

1.7) BUIINEHHSI CTETOCUCTEMH 3 BiIOMHUMH ajro-
pUTMaMH IPUXOBYBAHHS aJie HEBIJIOMUMHU KIFOYaMU.

2. Araka Ha OCHOBI BiJIOMOrO 3allOBHEHOTO
KoHTeliHepa [6]. Y 1IbOMY BHIIAJKY HECAHKIIIOHOBAaHUIMA
KOpHCTYBa4 Ma€ ojiHe a0 AEKiJbKa CTEro, MpH LEOMY
MIPUXOBYBaHHS MOBIJOMIICHHSI 3/1IHCHIOBAJIOCS OHUM i
THM CaMHM CIIOCOOOM. 3ajaya IOJsIra€ y BHSBIICHHI
(baKTy HasBHOCTI IMPUXOBAHOTO IMOBIJOMIICHHSI Ta HOTO
BIJIY4eHHS! a00 3HAaXO/KEHHI Kifoua. 3HAIOYM KIIOY,
MOXITUBO TIPOBECTH aHAJIi3 HACTYITHUX TTOBI1IOMJICHb.

3. Araka Ha OCHOBi BiZIOMOr0 BOYIOBaHOTO IIO-
BimomsieHHs1 [6]. Llelt Tum aTaku € XapakTepHUM ISt
CHCTEM 3aXHUCTy IHTEJEKTYalbHOI BJIACHOCTI, KOJIH B
SIKOCTI BOJSHOTO 3HaKy BHKOPHCTOBYETHCS BIJIOMUIA

sorotun ¢ipMu. 3aavero aHajizy € OTpUMaHHs KITIoYa.
SIKII0 BIATIOBIMTHHIA TPUXOBAHOMY ITOBIJIOMJICHHIO 3a-
MTOBHEHUI KOHTCWHEP — HEBIIOMIH, TO 3ajadya IOCHUTH
Ba)KKO BHPIIIYETHCS.

4. ATtaka Ha OCHOBI OOpPaHOTO CEKPETHOr'O TOBIJ-
oMJieHHA [6]. ¥V 1pOMYy BHIIAAKY NPaBOMOPYUIHUK Mae
3MOTy IIPOTIOHYBATH CBOI TIOBiIOMJICHHSI Ta aHAII3yBaTH
OTpUMaHi CTEero.

5. AnanThBHA aTaka Ha OCHOBI BHOPaHOI'O CEKpe-
THOT'O TIOBimOMJICHHS [6]. LI aTaka € 4acTKOBUM BHIIa-
JIKOM TIOTIEPEAHBOI, Y IIbOMY BHIAJKy MPaBOIOPYIITHHK
Ma€e 3MOr'Yy HaB’s3yBaTW IIOBIJIOMJICHHS, BHUXOASYH 3
aHaJIi3y IOIMEepEeHiX CTero.

6. Araxka Ha OCHOBI BHOpPaHOro 3allOBHEHOT'O KO-
HTeliHepa [6]. CreroaHaliTHK Mae AETEKTOp CTEro y
BUTJISIIII «4OPHOI CKPUHBKI» Ta JEKiNIbKa cTero. 3aaada
TOJIATAE y 3HAXOKEHHI KITIoYa.

7. Araxa Ha OCHOBI BiZJOMOrO IyCTOI'0 KOHTEHHe-
pa[6]. LlnsxoM mOpiBHSHHSA ITyCTOTO KOHTEiHEpa 3
CTEro, CTErOaHATITUK 3aBXKAU MOXKE BCTAHOBUTH (PAaKT
HasIBHOCTI MPUXOBAHOT'O MOB1TOMJICHHS.

8. ATtaka Ha OCHOBI BUOPAaHOTrO IIYCTOTO KOHTEH-
Hepa[6]. 3a3BuYall BUKOPUCTOBYIOTHCS TaKi KOHTCHHE-
PH, IPUXOBATH HASIBHICTH MTOBIJJOMIICHHS B SIKHX JIOCHUTb
Ba)KO.

9. Araxa Ha OCHOBI BiZIOMOI MaTeMaTHYHOI MOjIe-
7l KoHTelHepa abo Horo vactuuu [6]. Ilpu upomy He-
00XiZIHO BUJIUIUTH PI3HULIO ITiA03PIJIOro IMOBiIOMIICHHS
Bi BiZoMoOi Mopeni. 3amava MPUXOBYBAHHS IOJISTAE Y
TOMY, 1100 HE NOMIKOAUTH CTATHCTHYHY CTPYKTYPY
KOHTeiHepa.

Bci ni aTaku MaroTh OfHY OCOOJHMBICTH: BOHU HE
3MIHIOIOTH TTOBIJIOMJICHHS Ta HE CHPSMOBaHI Ha MPOTH-
Iit0 JekoaepoBi. B oMy iX MO3UTHBHA CTOpOHA: BOHH
HaBpsZ YU MOXYTh HACTOPOXKUTH BiJIpaBHUKA Ta
OoTpUMyBaya.
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CreraHocucreMa BBa)KAETHCSI 3JIaMaHOIO, SIKIIO
MOPYIIHUKY BAAJOCS, NMPHHAWMHI, J0BeCcTH (DaKT iCHY-
BaHHS MPUXOBAHOTO ITOBIJIOMJIEHHSI B IMEPEXOILIEHOMY
koHTeiHepi [13]. [lepenbavaeTbesi, MO MOPYIIHUK 37/1a-
THUM 3IiHCHIOBaTH OyIb-sAKi aTaKd 1 Ma€ HEOOMEKeHi
00YHUCITIOBAIIEHI MOMKJIMBOCTI. SIKIIO HOMY HE BIAETHCS
MATBEPAUTH TIIIOTE3Y MPO Te, IO B KOHTEHHEPI MPHUXO0-
BaHE IOBIJIOMJICHHS, TO CTETAHOCHUCTEMa BBAXKAETHCS
CTIHKOIO.

EdexruBHicth po3pobieHoi creraHocuctemMu Oy-
JIEMO JIOCITIDKYBATH 32 HACTYITHUMU ITOKa3HUKAMHU:

1. 3a MOoKa3HUKOM E€MKOCTI — Li¢ CIiBBiJIHOIICHHS
po3mipy (daiTy-OBiIOMJICHHS A0 po3Mipy daiiny-
KOHTEHHEepY.

2. 3a 9acoM NpUXOBYBaHHS.

3. 3ayacoM BWIIy4EeHHS.

4. 3a cy0’eKTUBHOIO OIIIHKOIO Di3HMII MiXK THO-
POKHIM Ta 3aIIOBHEHUM KOHTEITHEpaMHu.

5. 3a mNOKa3HUKOM e(QEeKTUBHOCTI — JOOYTKOM
TIEPILIOrO Ta TPETHOIO MOKa3HHUKIB.

KoHreiinepu knacudikyBaTUMEMO 3a CTHIISIMH CY-
YacHOI YKpaiHCBKOI JIiTepaTypu:

1. Xyooorchiti cmuns. Y HBOMY TTOETHAHO €MOITIH-
HICTBh, 00pa3HICTh Ta eKCIPECHBHICTh. B HhOMY 30cepe-
JDKYETBhCS BCe 0araTtcTBo yKpaiHChKOi MOBH 3 BUKOPHC-
TaHHSM HEOCSHKHOI KIJIBKOCTI PO3[INIOBUX 3HAKIB Ta X
HEO/IHO3HAYHUM BUKOPHCTAHHSIM.

2. Hayrxosuii cmunb. OCOONUBICTIO € BHUKOPHC-
TaHHS TEPMiHIB, TOYHOCTI Ta JoriyHocri. MeHm Oara-
THI Ha MMyHKTYAIli0 32 TONepeaHii CTHIIb.

3. Odgiyiuno odinosuri cmuaw. 1le MoBa IiIOBUX
TarepiB Ta 3aKOHIB, i X04Y PO3/IIOBUX 3HAKIB TYT J0OCTa-
THBO, Ta 1X 3MiHa Oyjie TOBOJII IMiJ03P1JIOLO.

4. Ilybniyucmuynuii cmuis. 3a3BUYall BUKOPHC-
TOBYETBhCSA B 3ac00ax MacoBoi iH¢opmarii i3 3acTocy-
BaHHSM BEIIMKOIO 00CATY MOTPiOHMX HaM PO3[IIOBHX
3HAKIB.

5. Enicmoaspnuii cmuns. OCOONUBICTIO € BUKOPH-
CTaHHSI BEJIMKOI KUJIBKOCTI BCTABHHX CJIiB Ta ()OPM BBIUWIH-
BOCTI, 1110 30UTBIITYE KUTBKICTh ITYHKTYAIiiHUAX 3HAKIB.

[epetinemo 10 OIIHKU €(DEKTUBHOCTI 3aCTOCYBaH-
HSI IPEJCTaBJICHUX IMyCTUX KOHTEHHEPIB 32 MOKa3HUKOM
emkocti. ['padik 3a1ekKHOCTI MOKHA TMOOAYUTH HA PU-

CYHKY (pHuc. 2).
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Puc. 2. 3anexHICTh MOKAa3HUKY €MKOCTI BiJ] 301IbIIIEHHS OBiJOMJICHHS

Po3muBHBIIMCH YBAXKHO LI PUCYHOK, MOYKHA 3pO-
OWUTH BHCHOBOK, IIO JUIS HEBEJIMKUX MOBIJOMIIEHH [0
JIBA/ILSITH CHMBOJIIB OJTHAKOBO €()EKTHMBHO MOXKHA 3a-
CTOCOBYBaTH Oy/b-sIKWil 3 OOpaHMX 3a CTHJIEM ITyCTHI
KOHTeHHep. 3 pPOCTOM BOYIOBAHOTO ITOBiTOMJICHHS
MOXXEMO BHSBUTH 3aJISKHICTh, a caMe, 10 HaHOimbII
CIPUHUHSTIMBAM IJIsl TIPUXOBYBAaHHS € KOHTEHHEp XYy-
JIOKHBOT'O CTHJIIO, Ha JIPYTOMY MiCIll — KOHTEHHep I1y0-
JIIMCTUYHOTO CTHIIIO, HA TPETHOMY — EMICTONISIPHUM, Ha
YETBEPTOMY — HAYKOBHH, 1 OCTaHHE, IT’SITE MicCIle IOCi-
Jla€ KoHTeHHep o(iliiHO-T1IOBOTO CTHITIO.

Yac npuxoByBaHHs iH}popMmaii — e yac B Minice-
KyHJaX, uyepe3 sSIKUH MyCTUil KOHTeHHep cTaHe 3alloBHeE-
HUM. OCHOBHMMHU KOMIIOHEHTaMH € CKJIQJHICTh pealli-
3amii, TOOTO yac Ha OOpOOKY NpaBHiI BOYIOBYBaHHS,
TMIONIYK PO3JIJIOBHX 3HAKIB IPH 3UNTYBaHHI KOHTEHHEPY
Ta 3aMiHa HEOOX1THUX ITyHKTYaIliHHUX 3HaKiB (puc. 3).

PosrmsinyBIIM yBaXkHO Wi rpadiku, MOXKHA 3poOH-
TH BUCHOBOK, IO THIT KOHTEiHEpYy Maiike He BILIMBAE
Ha Yac NMPUXOBYBaHHS, aJKe MpoIeaypa BOyIOByBaHHS
OJTHAKOBA JUIS BCIX THUITIB KOHTEHHEPIB, PI3HUIIIO CTAHO-
BUTH JIMIIE 3UUTYBaHHS KOHTEHHEpY, a came, HOro He-
00XiHA KUIBKICTH CHMBOJIB JUIS MPUXOBYBaHHSA. Pi3-
HUIS Ha HEBEIMKUX 00CATax IPUXOBYBAHOTO IMOBiJOM-
JIEHHSI B3araji He BiJIYyBaeTbCs i CTAHOBUTDH IMOPSIAKY
CEKYH[H, 3 POCTOM 00’€MY TOBITOMJICHHS IS BEJTHYHUHA
MOXE CSITaTy MOPSAKY O HiBXBUIIMHU.

[Iporiemypa 34yuTyBaHHS BiZOYBA€THCS ILIIXOM
MOCHMBOJIPHOTO 3YHTYBAaHHS KOHTEWHEpPY Ta JEKOAY-
BaHHS PO3AUJIOBUX 3HAKIB i3 MOAAIBIIMM IEPETBOPEH-
HAM OiTOBOI MOCHiZOBHOCTI y TekcT. Ha pucyHky
(puc. 4) nokasaHo rpadik 3aJIeKHOCTI Yacy BiJl po3Mipy
MIPUXOBYBAHOTO TTOBIJIOMJICHHS JJIsl YCIX THITIB KOHTEH-
Hepy OJHOYACHO.
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Puc. 3. Anani3 4acoBux paMok IpoLeaypu BOY0BYBaHHS

[IpoanamnizyBaBIy 4ac, HEOOXiTHHMA JTs BUTYdCH-
HS TIOBIJOMJICHHS IIpU BHUKOPUCTaHHI pPI3HUX THIIIB
KOHTEHHEPiB, MOKHA 3POOMTH BHCHOBOK, IIO THUI KOH-
TeiHepy HE BIUTUBA€ Ha INPOLEAYPY BUIIYYEHHS, ajKe
IpolLelypa 3YMTYBaHHS Ta JAEKOIYBaHHS € OIHAKOBOIO
IS BCIX THUIIB.

Cy0’€eKTHBHE OIIHIOBAHHS CTETaHOCHUCTEM € Hali-
MIOUIMPEHIIINM BUJIOM aTakK 1 MOJISATae y CaMOCTIHHOMY,

0e3 BUKOPHCTAaHHS TEXHIYHOro abo IPOrpamMHOro 3a-
Oe3IeueHHs], aHalli3yBaHHI Ta MPUUHATTS PIlIEHHS II0-
JI0 HasIBHOCTI IPUXOBAHOT'O MOBIOMJICHHS Y KOHTEIHe-
pi.

Jlnst aHamizy pi3HHUII IMyCTOr0 BiJ 3allOBHCHOTO
KOHTEHHEpiB OyII0 3alpoIlOHOBAHO CaMe II0 MOJENb
BUSIBJICHHS TIPHXOBAHOT'0 MOBIOMIICHHSI.

1000000
800000
600000
400000
200000

0

yac, Mmc

100

AHani3 4yacoBUX pamoK
npoueaypu BUTYYEHHSA

KinbKicTb BOYAOBYBAaHUX CUMBOIB

1000 10000

Puc. 4. I'padik 3a1e)KHOCTI YaCOBHX PaMOK BiJ] KUTBKOCTI
MIPUXOBYBAaHUX CHMBOJIB UIsI HPOLIEYPH BIITYUSHHS ITOBIIOMIICHHS

[IpoBeneHHs MOpPIBHSAHHS 3MiHCHIOBAJIOCS SIK ca-
MOCTIHHO, TaK i3 3aJy4eHHSIM TPYIH Jronei, O0yio Bu-
SIBJICHO JICSIKiI 3aKOHOMIPHOCTI:

1. Tun KoHTelHepy BIIMBA€ HA BUSABJICHHS NpH-
XOBaHoi iH(popMaIii.

2. BusiBnennst ¢QakTy HasBHOCTI TIOBiJIOMJICHHS
«Ha OKO» TMPSMO TMOPLIHHO 3aJEKUTh BiJl CTYIEHIO
3HAHHS ITYHKTYaI[IHHUX HOPM YKpaiHCHKOi MOBH JOCIi-
JTHUKOM.

3. CriliKicTh 10 BUSBIIEHHS 3aJIEXXUTh BiJl KIJILKOC-
Ti POOLTIB Ta PO3JAITIOBUX 3HAKIB Y CAaMOMY MPHUXOBY-
BaHOMY ITOB1JIOMJICHHI.

[poro3uiiero mOAO MiABUINEHHS CTIHKOCTI 10
BUSBJICHHS MOXC CIYT'YBaTH OUTBII NETATbHHUN IIiAXin
JI0 BUOOPY THITy TEKCTOBOTO KOHTeHHepy abo K, camo-
CTiliHE HOT'O CTBOPEHHS

Bucnosku

XapakTepHOIO0 TEHJICHIIIEIO B JaHUi yac B o0nac-
Ti 3axucTy iH(opMallii € BIPOBaKEHHS KPUIITOIOTIY-
HUX MeToAiB. OfHAK Ha IbOMY IUIAXY OaraTo e He-
BUpILLIEHUX NPOOJIeM, NOB'A3aHUX 3 PYHHIBHUM BILIH-
BOM Ha KPHIIT03aCOOM TaKUX CKJIaJOBHX iH(OpMalliii-
HOi 30poi, SIK KOMITIOTEpHI BipycH, JIOTi4HI OoMOH,

84



Ingpopmauiiini mexuonozii

aBTOHOMHI perutikaTuBHI nporpamu. OO'eHaHHS Me-
TOMIB JIIHIBICTUYHOI cTeranorpadii i kpunrtorpadii €
3alpONOHOBAHUM BHXOZOM 3 IOJIOKEHHS, 110 CTBOPH-
socst. Y 1bOMY BHIAJKy MOXHa YCYHYTH ClIaOKi CTO-
POHH BiTOMHX METOMIB 3aXHCTy iH(opmarii i po3po-
Ooutu Oinbln epeKTHBHI HOBI HETPaaulliiiHIi MeTonn
3a0e3meyeHHs iHpopMariiiHoi Oe3meku. [IpoaHamizy-
BaBIIM BCi, HMHI BiJOMi, METOIX JIIHTBICTHYHOI CTera-
Horpadii Ta OIiHMBIIIK 3aCO0U TXHHOI'O BUKOPHUCTAHHS,
Oys0 00paHO CHHTAKCHUYHUH METOJ Ha OCHOBI IIYHKTY-
amil Juis 31iMCHEHHS NMPHUXOBYBaHHS iHpoOpMamii mij
yac rmepenayi AaHWX Bif mHepuepiiiHUX IEHTPIB 0
TOJIOBHOT'O LIEHTPY NpUiMaHHs i 00poOKu iHpopmMarii.
JlocmipkeHHs BCIX METO/IB Y HMOJAIBIINX JOCTIIKEH-
HSX JIOTIOMOXKE XapaKTepU3yBaTH Ta CTPYKTYPYBaTH
MEXI 3aCTOCYBaHHS 3allpOIIOHOBAaHUX METOIIB Yy
I'TICK, BUSABHTH HENOJIIKH Ta MEPEBaru OKPEMHUX aj-

TOPUTMIB Ta BHOpaTH IiKaBUH Ta HEOpIWHAPHHUHA Ha-
MPSAMOK JUISI TIOJAJIBIIOr0 HOTO peatizallii Ta 3acCToCy-
BaHHS 32 NPU3HAYEHHIM. AHaNi3 IMyHKTYalliiHOI Bapi-
aTHBHOCTI YKpPaiHCHKOI MOBH Ha APYroMy eTari JoCii-
JOKeHb 3MOXKE JaTH IOIITOBX JUIsi BUOOpY METONLy
KOJYyBaHHS Ta BHOOpPY OKpPEMHUX pO3IIJTOBHX 3HAKiB
JUIi BUKOPHUCTaHHs y TpOLENypax MPUXOBYBaHHS Ta
BWJIyYEHHs TOBimTOMJICHHS [IpakTHUYHA I[iHHICTH BHKO-
HaHOI pOOOTH MOJISATaE Y BUKOPHCTaHHI PEKOMEHAIIIi
i1 yac po3poOKH aJropuTMiB BOY/ZIOBYBaHHS Ta BHITY-
4YeHHs 1HpopMalii 3 MOXKIIUBICTIO IXHBOT'O TOJAJIBILO-
ro BIOCKOHaJeHHs. [IpoBeneHui aHaji3 JOMOMIT BH-
SIBUTH MOXJIMBI HEIOJIKH IMYHKTYaliiHOTO METONY.
[lo-mepmre, me CKIATHICTH MPOrPaAaMHOI peasizarlii,
Mmicysl SIKOi 3alTOBHCHMI KOHTCWHEp MOBHHEH BiIIOBi-
JIaTH yCIM BUMOT'aM HOpPMaJIbHOI cTeraHocucremu. [lo-
npyre, 1e 60poTh0a 13 MPOITYCKHOIO CIIPOMOXKHICTIO.
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The choice of linguistic steganography method for seismic events registration tasks
T. Koshel

Abstract. Today an important challenge for information security is the introduction of cryptological methods. However,
there are many unresolved issues related to devastating impact on the cryptocurrencies of such components of information weapons
as computer viruses, logic bombs, and standalone replication programs. The purpose of the article is to study the features of
syntactic methods of linguistic steganography. In the course of the research the problems of effective use of forces and means of
the MainVcenter Of Special Control during transfer for processing of data of seismic phenomena registration in near and far zones
were solved. The object of the study is the punctuation method of hiding information in text containers. It is suggested to use a
message hiding model in open-source text containers. It is possible by blocking unauthorized access to information by encrypting
the message content. The subject of the study is the principles of embedding and removing messages by the implemented algo-
rithm. Research methods are the formalization of theoretical information, comparative analysis and development of implementation
methods. Attacks on steganographic systems are also considered and features of all attacks are highlighted. Preference was given to
a punctuation-based syntactic method for concealing information while transmitting data from peripheral centers to the main
receiving and processing center. The final results of the work provided for the implementation of the program embedding and
removing messages to and from the container. A comparative analysis was conducted on the use of text container types and an
analysis of the timeframe for embedding and retrieving procedures, and the possible disadvantages of the punctuation method.
Such as the complexity of the software implementation, after which the filled container must meet all the requirements of a normal
quilting system, and. difficulties in meeting bandwidth requirements.

Keywords: linguistic steganography, syntaxic methods, text containers, variativity of single signs, punctuation, coding.
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HarionansHuii TEXHIYHHN YHIBEPCUTET «XapKIBCHKUH MONITEXHIYHUI IHCTUTYT», XapKiB, YKpaiHa

CHUHTE3 MEPEXEBOI MOJIEJII KON{H’IOTEPHOi CUCTEMU
HA 'NMTEPKOHBEPI'EHTHIM IIVIAT®OPMI

AHoTanisi. MeToro cTarTi € po3podka METOly CHHTE3y MEPEKEeBUX MoJieneil Ha 0cHOBI yacoBux mMepesx Ilerpi. Po3pob-
JICHa MOJIENb JI03BOJIUTH MOOYyBaTH MOJEb, 110 T03BOJISAE JIOCSITH CTYIEHS aJleKBaTHOCTI [UIsl IPOrHO3YBAHHS MPOAYK-
TUBHOCTI IIPOrPaMHOI'0 KOMILIEKCY 3 HEOOXiIHOIO 10CTOBipHiCcTIO. Pe3yiibTaTn AociKeHHsI. 3apONIOHOBAHO METO] CH-
HTe3y 4acoBoi Mepesxi Ilerpi, mo 6a3yeTbest Ha TpacyBaHHI AaHHX. JlaHWi MeToq OyB BUKOPHUCTAHHI IPU MOJEIIOBAHHI
nporecy (QyHKIiIOHYBaHHS KOMILIEKCY mporpaM. OCHOBHUM HEIOJIKOM 3aIllpOIIOHOBAHOIO IiIXOAY € HeoOXijHiCTh moc-
TiliHOrO 300py BUMIipIOBaIbHOI iH(pOpMaLil B KOMITtOTepHil cuctemi. [TokazaHo, 110 Bil TOYHOCTI BUMIPIOBaIbHOI iH(Op-
Mallii 3aJIe)KUTh CTYIiHb aJjeKBaTHOCTI Mojeni. [IpoananizoBaHa aleKBaTHICTh OITMCY AMHAMIKH JIOCIIIXKYBAHOTO ITPOLIECY.
JInst oniHKM epeKTHBHOCTI 3aIPOIIOHOBAHOI MOJIENl BOHA Oyia BUKOPHCTaHa sl IPOrHO3Y MPOAYKTUBHOCTI MAKeTa KOM-
MO3UTHUX 3aCTOCYHKIB, 1110 BAKOPUCTOBYIOTHCS IIPH MPOJIaXi aBiakBUTKiB. BuCHOBOK. /11 IPaKTHYHKX 3acCTOCYBaHb y Oi-
JIBIIOCT] BUIAJKIB JIOCTATHBO CHHTE3yBaTH MEPEXKEBY MOJIENIb KOMIT' FOTEPHOI CHCTEMH Ha riNepKOHBEPreHTHil miardopmMi Ha
ocHoBi 30-35 BuMiptoBaHb. BuGip OLIbIIOr0 3HaueHHS 3 METONO 3MEHILIEHHS PO3MIPY JOBIPYOro iHTEpBaly OAEPKYBaHHX

OLIIHOK He OyJie BUIPaBIaHMM, SIKIIIO OCHOBHE 3aBJIaHHS IIPOrHO3YBAHHSI - MiHIMIi3aLlisl IOMHJIKU IIPOTHO3Y.

Kawou4oBi cioBa: rinepkoHBeprenTHa miardopma; Monens, Mepexa Iletpi.

Beryn

IMocranoBka 3aBnannsi. KoHBepreHTHi Ta rimep-
KOHBEPTCHTHI pillleHHA I 0a30BHUX KOMITIOTEPHUX
MEpexX 3a PaxyHOK IEHTpali3alii ynpaBIiHHS CYTTEBO
3MEHIIYIOTh BUTpaTH Ha obOciyroByBanHs [1]. Ilpu Ta-
KOMY TEXHOJIOTIYHOMY pillleHH] nepeadadaeTsest 00'e-
HaHHS MaM'sATi, 00YHCITIOBAILHUX, POrPaMHUX 1 Mepe-
JKEBUX PECYPCIB B Iy, 3a3Jalieriib 00 €IHAHUX It
poborn B nmata-uieHTpi [2]. YmpaBiiHHS BigOyBaeThCs
yepe3 3arajibHy KOHCOJNIb aaMiHicTpyBaHHs [3]. Ase Ha
CBOTOJIHI HEIOCTaTHHO MOCTIDKEHI NUTAaHHS aHaizy
SIKOCTI KOMIUIEKCIB Mporpam, o (yHKI[IOHYIOTh B Ti-
MEpKOHBEPIeHTHUX cepenoBuinax. OCoOIUBO BaXKIIH-
BUM ISl TAKUX CHCTEM € aHali3 MPOXyKTUBHOCTI. J[iist
0araTbOX KOMII'IOTEPHHX CHCTEM HEOOXiaHO 3abe3re-
YeHHs. HeoOXiJHOro piBHs IbOro Mmoka3Huka. Ha erami
po3pobku Software Iie € BaXXKOI MPAKTUYHUAM 3aBJIaH-
HAM. HaBiTh HajaromkeHi BiITECTOBaHI Ha KOPEKTHICTh
NporpaMu B pEaJIbHUX YMOBaX MOXYTh IOKa3yBaTH
HE3aJ0BIIbHY TPOIYKTUBHICTh. Ile BimOyBaeThcs BHa-
CIIJIOK TOTO, IO TPU CKJIAJaHHI Ta BUKOHAHHI TECTiB
HEOOXITHO BPaXxOBYBATH MapajeiizM OO0YHCITIOBAIBHUX
nporieciB. Takox yac HaAXOKEHHS 1 00pOOKH BXiTHUX
JAHUX Ma€ OyTH JONAaTKOBUM IapaMeTpoM KOXXHOTO
tecty. lle BUMarae HeMpUUHATHO BEJMKHUX OOCATIB Tec-
TYBaHHS 1 3HAYHO YCKJIaJIHIOE IHTEpIIpeTaIlifo foro pe-
3ynbpTaTiB. OJHUM 13 NUISAXIB BUPILIEHHS 3a3HAYEHOTO
BUIIIE 3aBJIaHHSI € BUKOPUCTAHHS MOJIENIEH POrpaMHUX
cucreM. Mojzienb T03BOJIsIE BpaxyBaTH crierudiky opra-
Hi3alii HmapaJelbHUX OOYMCITIOBAILHUX IPOIECIB B Ti-
MIEpKOHBEPIeHTHUX cucreMax. KpiM Toro, Mozmenbp Mo-
)K€ BpaxyBaTh ocoOnMBoCTi peanizauii Software.

AHai3 Jjitepatypm. 3araJbHUM MiIXOAOM JO
aHaJIi3y CKJIQJIHOi CUCTEMH € OI[IHKa MOBEIiHKH i Mojie-
JIi i BIUTMBOM ITOJIi#, 110 T€HEPYIOTHCSA MOJEILIIO 30B-
HilmHIX BmBiB [4-7]. JIns KOMITIOTEPHUX CHCTEM
MHO)KMHA BXIJTHHX 3aBJaHb Ha3WBA€ThCI POOOYHMM Ha-
BaHTa)XKeHHsIM [8]. 3ayekHO Bix MiJeH JOCTIHKSHHS i
poOOYMM HaBaHTaXEHHSIM MOXYTb PO3YMITHCS SIK BXiJ-

Hi AaHi, Tak i nporpamu [9]. Ins BCix BIZOMHUX METO/IB
MOJICTTFOBaHHSI IIPOIPAMHUX CHCTEM JOCHTH CKIIJHUM €
omuc Mozeni podouyoro HaBaHTaxkeHHs [10-14]. Tlpu
LIOMY HEOOXiJHO BHUPINIYBaTH OKpeMe 3aBIaHHs, IIO-
B's3aHY 3 OI[IHKOIO iX TOYHOCTI Ta aaekBaTHocTi [15].
[Iupoko mommpeHi rpadoBi Mozeni mporpam OyayIoTh-
Csl HA OCHOBI BUBYEHHSI CTATHYHUX CTPYKTYp iX HOYAT-
KoBoro TekcTy [16, 17]. OgHak BOHM HE BPaxOBYIOTh
peasbHOI IUHAMIKU MOBEIIHKU MPOIIECIB, a Bimobpaxa-
I0Th MODJISA JAOCHTITHHKAa a00 po3poOHMKA Ha mependa-
yyBaHy MOBEHiHKY cucremu [18]. HaiGinbm Bigomi
TpacoBi MoJeINi, 3aCHOBaHI Ha JaHUX BHMIpIOBaHb pea-
JBHAX CHCTEMH, SIK BKa3yBaJlOCSl paHille, HaaMipHO
00'eMHi 1 HemoctaTHRO THYUYKI [19, 20]. OqHak Bei posr-
JISTHYTI IIXOJHM HE B MOBHIM Mipi BpaXxoBYIOTh 0COOIH-
BOCTI TIPOEKTYBaHHS Ta peastizalii CydacHUX Mporpam-
HUX I1aTHOpM, 30KpeMa TilepKOHBEpreHTHUX. BHacii-
JIOK [BOTO HEJOCTATHHO JOCTIDKEHUMHU 3aIHIIMINCS
MTUTAHH, TIOB'sI3aHi 3 aHAJII30M SIKOCTI KOMIUIEKCIB Mpo-
rpam, o (QyHKIIOHYIOTh B TilIEpKOHBEPIEHTHUX Cepe-
moBumiax [21, 22]. OcobmuBO I TMO3HAYAETHCS IPU
PO3paxyHKy TaKoro MOKa3HHKA, SIK IPOAYKTUBHICTb.

Merta cratTi. Ba)XuBUM 3aBIaHHAM IIPH PO3pO0-
Ii IPOrpaMHUX KOMIUIEKCIB € TMPOTHO3YBAaHHS MPOAYK-
TUBHOCTI. MeTOI0 CTaTTi € po3poOka METOJy CHHTE3Y
MepeXeBUX MOJIEJIeH Ha OCHOBI yacoBuX Mepex Ilerpi.
Po3pobnena Mozpenb J03BOJIMTH MOOYIyBAaTH MOJETb,
IO JTO3BOJISIE JTOCSTTH CTYIEHs afeKBaTHOCTI IS Mpo-
THO3YBaHHS MPOAYKTUBHOCTI IPOrPaMHOIO KOMILIEKCY
3 HEOOXIHOIO JOCTOBIPHICTIO.

1. Cunre3 yacoBoi mepe:ki Iletpi,
10 0a3ye€ThCs HA TPACyBaHHI IaHUX

Jlnst moOymoBH MoOJeNli BUKOPUCTOBYETHCS KOH-
LenTyajbHa MOJENb (DYHKIIIOHYBaHHS MPOrPAaMHOI CHC-
TeMHu. MeToJ] 3aCHOBaHWI Ha MOJAaHHI Tpac IMOMIiH, 110
BiIOYBAIOThCS B CHUCTEMi, YaCOBUMH Mepekamu I[letpi.
JI71s1 BU3HAUCHHS Yacy KOXKHOTO IMEPEeXOay BUKOPHUCTO-
BYIOTbCS BUIANKOBI BenmuunHH. KOo)KHa BHIIaIKOBa Be-
JIMYMHA OIHCYETHCS 3aKOHOM pO3IOMALTY 3araJbHOrO
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BUIUIAAY. BBeneMo MOHSTTSA aHCaMOI0 mepexomiB. Bin
OITUCYEThCS TIOBHOIO TPYIOI HecyMicHUX mofii. Ko-
JKCH TIepeXiJl B CKJIaJi aHCaMOJII0 BU3HAYAETHCS HMOBI-
pHicTIO BigmoBinHOI moxii. Peamizamnis ancamOmro nepe-
XOJIiB JIO3BOJISIE OpPTaHi3yBaTH BUOIp HAIIPSIMKY PO3BHT-
Ky mnpotecy. [IponoHYETbCS METON CHHTE3y YacOBOI
Mepexi [leTpi 3 BUKOpUCTAHHSM TpacyBaHb AaHHX. Me-
TOJI BAKOPUCTOBYE aHcaMOJIi MIEPEXOiB 1 CKIaIa€ThCs 3
TaKUX KPOKIB.

Kpok A. Buninennss N tumiB yacoBux momii. LIi
noAii iCTOTHI 3 TOYKH 30pYy Lijel MOneNoBaHHs: BoHu
CKJIalal0Th MHOXKUHY Q!

Q={0)1,(1)2,...,0)N}, (1)

Je ®; — i -/ TUI yacoBoi mofii.

Jlnst moOynoBu Momeni poOOYOro HaBaHTAKCHHS
Mepexi B SIKOCTI MO pO3IIISAalOThCS HaIXOIKEHHS
3asBOK Ha OOpoOKy. Iyt MOENIOBaHHS KOMILIEKCY
mporpam  po3INISJaloThCS IMPOIECH OOpOOKH 3asBOK
KOHKPETHUX THUIIIB 3a 3aJ]aHMU aJITOPUTMaMU.

Kpox B. Opranizamis 30opy indopmMariii mpo ma-
pametpu mofii 3 Q ; BUAUIEHHS Tpac MOIiH.

Kpoxk C. BupineHHs cTaHiB MpOrpaMHOI CUCTEMH.
MHoxuHa cra”iB S (OpMYyeTbCS Ha OCHOBI aHaizy
OTPUMAaHUX Tpac:

S ={S1,S2,...,SM}, Sj =((0jl ,(L)jz,...,ﬁ)jk ) , (2)

J€ j; — KUIbKiCTh YaCOBUX IMOJiH, 10 BU3HAYAIOTh BEK-

TOp §;; §; — BEKTOp OMUCY nofii .

Kpox D. Onwuc Tpacu chpsMOBaHMM 3Ba)KEHUM
rpadomM. MHOXHHA BepIIuH naHoro rpada I' - Bumiie-
Hi craHW, Oyrd rpada BimOOpPaKaIOTh IOCIHIJOBHOCTI
MepexoliB BiJ OMHOTO CTaHy A0 iHmoro. Bara koxxHOi
nyru rpada BU3HAYAETHCS SIK IMOBIPHICTh BiANOBIAHO-
IO Hepexoxny.

Kpox E. TlooynoBa gacoBoi Mmepexi Ilerpi. Mepe-

xka NP OynyeTbcsi Ha OCHOBI rpada mofiil Takum 4u-

BUKOHAHHS IOA1i{i; BOHA BU3HAYA€ThCS HASBHICTIO BXiA-
HUX Iyr rpady mofii; L — KUIbKICTb BXIJHUX AYT;

Q,, MHOXHMHa IepexoJiB, IO BiJINOBIJAIOTH
MHOXHUHI romiii Q ;

PNQ, =0 ; PUQ, 20 ; 4

F:PxQ, — {0,1} — OyneBa (yHKIIS Hepeny-
BaHHA MHOXHHH MO3MIIH P u mepexomiB €,.; GyHk-
U BU3HAYAETHCS BXIMHUMHM JyraMu rpada moii;

H :Q, xP—{0,1} — GyneBa dyHKuis ciixyBaH-
HS MHOXXHHM TepexofiB €. u mosumii P ; QyHKis
BH3HAYAETHCS BUXIHUMU TyraMu rpada moii;

Gy :Qu xRy = f (ZV) — (GYHKITS BiAIOBIIHOCTI
Mi’K MHO)KUHaMHU TepexofiB ), U MHOXHHOI BUIAJ-
KOBHX BEJIMYUH Yacy BUKOHAHHS MOAiH Ry ; eneMeHTH
Ry pO3NOINAIOTECA 32 3aKOHOM PO3MOMINY Zj ; 3aKOH
po3moniay i Horo mapaMeTpu BU3HAYAIOTHCS HAa OCHOBI
JAaHUX TPaCH;

Gg : Q. xPg—> {0,1} — (yHKIA BIAMOBIIHOCTI
Mi’K MHOXKUHAMHU TiepexofiB €Y, ¥ MHOXHHOIO KMOBI-
pHOCTel iX crpalpoByBaHHA Fg; €1eMEHTH MHOXHUHU
Pg nopiBHIOIOTH BaraM rpada momii;

My :P—{0,1,2,...}

MapkepiB dacoBoi mepexi [lerpi; B oxHiil BepuHi Me-
pexi Moxke OyTH OLTbILIE OTHOTO MapKepa.

— TIOYaTKOBHHA PO3MOILI

2. 3acTocyBaHHs cuHTe3y 4yacoBoi Mepe:ki IleTpi
NpU MO/IeJIIOBAHHI KOMILJIEKCY porpam

PosrnssHeMo mpuKIaz 3acTOCyBaHHS 3aIlpONOHO-
BaHOT'0 MiJXOAY JUIsS MOZETIOBaHHS HAMITPOCTIMIN ITpOo-
rpaMHoi cucteMu. Hexall makeT KOMIIO3HUTHHX 3acToO-
CYHKIB BUKOPUCTOBYE IT'SITh Pi3HUX 3aITUTIB JI0 CXOBHIIA
JTaHUX. 3alUTH YTBOPIOIOTh MHOXHUHY

HOM: Q={0)1,0)2,0)3,0)4,(,05},N=5. (5)
NP ={P,Q,. .F,H,Gy,Gg,M,},, (3) _
B pe3ynbraTi e€KCIEPHUMEHTAIBHOIO BHKOHAHHS
ne P= { D1>D2s--s P L} — MHOXMHA IO3MIIH yMOB  TakeTy Oyna oTpuMmaHa Taka Tpaca (puc. 1):
Track = (0y,03,0,0,,03,04,0,,0),05,0,, 03,04 ), card (Track ) =12. (6)
2 3 (O]} M2 (OF} [OF] 2 m (OF [OF) 3 [OF]

0 1 2 3 4 5 6

- t
7 8 9 10 11 12

Puc. 1. IToxie-yacoBa Tpaca

[MocnigoBHicTh MOAIH (6) € MapKIBCHKUM JIAHIIIO-
romM. Y [IbOMY BUIIQJKy MHOXHHA S CTaHIB CHCTEMH
i3omop¢Ha MHOXuHI Q . I'pad, BignosinHuii Tpaci (6),
HaBEACHO Ha puc. 2. BimsHauumo, mo ayru rpada Ha
pHC. 2, sIKi BUXOJITh 13 BEpPIUUH S4 1 S5, PEalizyroThCs
3BHYaWHUMHU 4acoBUMH mepexonamu. Jlyru rpada, ski
BUXOJIATh 13 BEPIIMH Sy, S, 1 S5, PEaNli3yroThCs aHCAM-
Oomsimu mepexoniB. KinbkicTe mepexoxaiB B ancamOui
BU3HAYAETHCS KUTBKICTIO BUXIIHUX Ayr. IMOBipHiCTB
CIIPAIfOBAHHA IEPeXony 3 aHcaMOJII0 BH3HAYAETHCS
Baroro BiJIMIOBIIHOT TyTH.

81
0.5
025 0,67
0,5
S5 » 52 » 53
1 0,75
0,33 1
84

Puc. 2. I'pa¢ tpacu puc. 1
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BimnosimHo 10 KpokiB A - E HaBeneHOro BUIIE aj-
TOPUTMY, TIOOYAyeEMO YacoBy Mepexy Ilerpi (dhopmymna
(3) ta puc. 3).

IToyaTkoBHil Mapkep HOTPAIUIIE B BEPUIMHY p,,

TOMY IO MO ®, O3HAYA€E TOYATOK OOpPOOKH Makera
KOMITO3UTHHX 3aCTOCYHKIB.

JonaTkoBo BBeNEHA BepIIMHA p,. BoHa Biamosi-

Jla€ YMOBI «3amyck Tpacuy». Ilepexin m, reHepye BHIIa -
KOBE 4ac 3allyCKy MaKera.

IlpoBenemMo aHadi3 3ampONOHOBAHOIO METONLY
CHHTE3y 4acoBoi mepexi [leTpi 3 BUKOpHCTaHHSM Tpa-
CyBaHb JIaHUX JIJIsI MOJICTTFOBaHHSI KOMIUIEKCY TIPOTPaM.

Puc. 3. Yacosa mepesxa [lerpi Tpacu Ha puc. 1

HeoOximHi yMOBH 7151 3aCTOCYBaHHSI METOAY:

a) HasBHICTH iH(oOpMalii NMpo MOCIIIOBHICTH 1
TPHUBAJIOCTI MEPEIKEBUX O

b) 3acTocyBaHHs BUMipIOBAIEHIX MOHITOPIB;

C) MPHIYIIEHHsS MPO CTAI[iOHAPHOCTI HMOBiIpHOC-
Tel nepexoiiB CUCTEMH 3 OOpaHHUM CTaHiB.

[epeBaramu 3anpOIIOHOBAHOT'O METO/IY €:

a) OpIEHTOBAHICTh Ha JOCIIKEHHS MapaelbHUX
MIPOIICCIB;

b) MOXITUBICT BUKOPHUCTAHHSI PI3HUX PIBHIB JeTa-
Jizamii i iepapXi4HOrO MOJICTTFOBaHHSI;

C) MOYJIMBICTh JOCIIIXKCHHS 32 JOIOMOTOI0 OJTHi-
€1 MozieNi SIK poO0YOro HaBaHTAKEHHSI, TaK 1 KOMILIEKCY
nporpam;

d) MOXXJTMBICTh JEKOMITO3HIIIT 1 CKIIaJaHHST MOJICIICH;

€) MPOCTOTa BpaxyBaHHs CTaHIiB 30BHIIIHBOTO Ce-
penoBuILa.

OCHOBHHUI1 HEHOJIIK METOAY - HEOOXIJHICTH Ioc-
TiHHOrO 300py BUMIpIOBANBHOI iH(OpPMAaLii B KOMII'O-
TepHii cucreMi. Bix TouHOCTI BUMiproBajJbHOI iH(Op-
MaIlii 3aJIC)KUTh CTYITIIHb aJICKBATHOCTI MOJIETI.

3. Ouinka ageKBaTHOCTI MepeskeBOi MojeJi

OcHOBHaA BMMOTa JI0 MOJENI — aJeKBaTHICTh pea-
npHOT cucteMi. [Ipouecn (yHKIIOHYBaHHS peasbHUX
MPOrpaMHUAX KOMIUIEKCIB HEMOXKJIMBO OITMCATH ITOBHO i
neranbHo. 1le, B mepury yepry, 0OyMOBIIEHO iX 3HAYHOIO
cKiajHicTIo. ToMy MOXKHA TOBOPUTH JIMIIIE PO CTYIiHb
azexkBaTHOCTI Mozenmi. [liZBHUINEHHS CTyIeHs aleKBaT-
HOCTi MOKe OyTH JOCATHYTO 32 PaXyHOK BUKOPUCTaHHS
Ppi3HUX piBHIB Jeramizawii. s OliHKM CTyNeHs aqeKBaT-
HOCTI MOJIeJTi HeoOXiTHO BUOpAaTH KpUTEPiH, BIANOBITHUI
PO3B's3yBaHil 3a7a4i. B mgaHiit craTTi omiHKa ajgeKBaTHO-
CTi 3aCHOBaHA Ha CTYIIEHI BiJIIOBIHOCTI TIOBEHIHKH MO-
Jiei cucteMu. [HIMMMU CIOBaMH aHai3yeThCsl aJIeKBaT-
HICTb OIUCY JMHAMIKH JOCIIHKYBAHOTO TIPOLIECY.

Ha xpoui C 3ampornoHOBaHOrO BHIIE aITOPUTMY
BU3HAYEHO HACTPOIOBAEMHH mapameTp M — KiNbKiCTh
craHiB cucremu. Lleli mapamerp 3aJIeXUTh BiJl TPUBAJIO-
cti mepexicropii D . Ilpy D=0 MaeMO MapKiBChKUI
npouec 6e3 mepeaicTopii. Bukopucranus rimores3u npo
MapKOBICTh JOCIIKyBaHUX TporeciB (D = 0 ) npusBo-
JIATH 70 OTPUMAaHHS HAHOIIBII KOMITAKTHOI CTOXAaCTUY-
HOT Mozeni. 30inbiieHHss D ax 10 PO3TISAAY JOBKHHH
icTopii Bci€i Tpacu, gae Ourbin TouHUE pesynbrar. On-
HaK IPH [bOMY 1ICTOTHO 3pOCTa€ CKIIAJHICTh TpacyBaH-
HS MOJIETII.

BepxHs Mexa MOXJIHBOTO YHCIA CTaHIB CHCTEMH
PO3PaxoBYETHCS SIK

M, =CR -D!= NV (N-D)! (7)

max

[Tpu MozpentoBaHHI KOMILIEKCY MPOrpaM HeoOXis-
HO BHPIIIUTH 3aJady BHOOPY KOHKPETHOT'O 3HAYECHHS
TPHUBAJIOCTI BpaxyBaHHs NepenicTopii pO3BUTKY Ipolie-
ciB. [Ipu 1iboMy Tpeba OLIHUTH JOCTOBIPHICTh MTOJAHHS
TIOBE/IIHKM CUCTEMH TPACOBOIO MEPEKEBOIO MOJIEILIIO.

3amaM0 MHOKHHY MOXITUBHX MOYaTKOBUX CTaHiB
CHCTEMH TAKUM YHHOM:

So = {sl(o), sgo), oy sg\(,))} . (8)

Binmitumo, mo S, € i3omopdHMM O, mpHuoMy
D=0.

ITepaTiBHO 30ibIIyIOUN 3HaUYEHHST [ MOXKHA JI0-
OuTHCS HEeOOXiMHOrO PiBHS ajeKBaTHOCTI Mojeni. [Ipu
IIbOMY 3POCTa€ Po3MipHiCTh MHOXUHH S(. Tomy HeoO-
X1HO HE TEPEBUIIUTH JOIMYCTUMUI PiBEHb CKIIAJHOCTI
MOJEIi.

Hexaii Ha xporti & iTepaniiHOro mporecy po3ris-

JAETHCSA MHOMKHMHA TIOIH Sg. JInst naHoi MHOXKWUHU BU-

3HAYMMO WMOBIPHOCTI MEPEXOAy CHCTEMH 31 CTaHy i B
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CTaH j 3a n KpokiB (n € N — HaTypaJbHE YHUCIIO) —

f;l(.”’g) . PosrisiHemMo mMatpuifo mepeximHux WMoBipHOC-

0® [0

|9
posmipHicTh p . Toni P(0 8 _ ql(l ) ]

Beememo BI/IpOGJ'IHIO‘Iy GbyHKIIIO TIpotiecy

135&")(@) Z p(n D¢

n=0

Tl MapKiBCI)KOFO JJaHmrora — , JAKa Mae€

. Jgl<t. )

[TomHOXMBIIM 00WIBI YacTuHHM piBHOCTI (9) Ha

qu-(/é) 1 MACYMOBYIOYH TIO izﬁ, OTPUMYEMO CIIiB-
BIiIHOIIICHHS
P
£) 5(8
SE:qg)f§ IGE
= (10)
1_ pl& 0
_ZZ%(M¢+ p@%%%
n=01i=l1
SIKE BU3HAYAE CUCTEMY PiBHSHD BUIVISAIY
P
_ @%ﬁ) PO
ngy 5 (6) P> (11)
k=Lp, j=Lp.
Ix pimennsamu mpu dikcoBanux k i { € dyHkmii
BUIIISAY
= G; (©)
Iol;i)(g):’-/_. (12)
D(C)
Jpi0 (12) po3kinamaeThest Ha IPOCTi APoOi
)
5() o8
B (6)=2] , (13)
i 1=6n

Je 7, — BIIACHI 3HAYEHHS MaTpHII Q(g) MepeXiTHIX

)

HWMOBIpHOCTEH; g - Koe(ilieHTH, OTPUMaHI IpH

PO3KIJIaaHHI.
Hexaii & — mOBUIbHUIA JIIBUI BIACHHUI BEKTOp Ma-

TpHI Q(g) , TOOTO
(14)

PosrisiHeMo cyMy eneMeHTIB BEKTOpIB JIiBoi 1 mpa-
BOI YacTHHU piBHOCTI (14).

p P p p
Zzhiqll Zhlqul Zhizrkzhz” (15)

j=li=l j=1 =l = =

hQ®) = h.

3a ymMOBH, 11O BCi /; € MO3UTUBHUMH, 75 =1 BU-

3HAYa€ CIICKTPAJIbHUN paiyc MaTPHUIl Q(g). OT1xe, Bce
11 BIaCHI 3HAYCHHS 3aJ0BOJIBHSIIOTH HEPIBHOCTI

|n|<1, (16)
1 0

ToMY =2.5" (17)
1=Cn. g

a3 (13) crmiaye, mo

P(” &) _ Z g(x) n (18)

Jlnst 3HAXOMKEHHS 3HAYeHb KoedillieHTiB gl(/)‘)

CKOPHUCTAEMOCS ITepAIliiHICTIO TPOIIECY:

(n+1,8) _ @)H (8) p(n.e) _
Pn Z n kzqk Pk/n —
1

p p p (19)
- (W) n )
_qu Zglg Zr Z Dik gk/ :
k=1 A=l A=l k=l
I3 (19) orpumaemo:
p
A A
gl(l ) Z 9ik gl(q) ' (20)
3 iHmmoro OoKy,
e (n8) (8) _
B ! Zg 4 Z@kn 9y =
k=1 (21)
PP p
_ A),n o (
- Zzglk rx qk/ _Z Z ik qk/ :
k=1A=1 A=l k=l
OTXKE,
p
A A
gl(,) Z z(k )‘lk, (22)

VY MatpuuHii (bole Bupasu (20) i (22) MOXyTh
OyTH 3amucaHi siK

M) = G0 |
0™ =, ™.

(23)
(24)

TakuM 4MHOM, CTOBIIII MaTpHIIi ™ e IIpaBUMU
BJIACHUMHU BEKTOpaMHU MaTpHII Q(g). Bonu BusHaua-

I0TbCS TIPH ¥ = 7) HEHYNbOBHMH PillICHHSIMHU CHUCTEMH
PIBHSHB

(&)

G Xk —7% =0; i=1p.

Mo

(25)
k

Il
—_

Psnxu matpwurni G™ ¢ niBuMu BIAacHMME BeKTO-
pamu. BoHM BH3HAUYaIOThCS HEHYIHOBUMH PIIICHHIMHU

yg?‘) CUCTEMU

P -

k=1
Toxl 3 TOYHICTIO O MOCTIMHOIO MHOMHUKA c®

BU3Ha4Ya€EMO

) _ oMy (7\) (7»)

8i (27)

3navenns CM PO3PaXOBYIOTHCS BUXOISIYH 3 Op-
TOHOPMOBAHOCTI JIIBUX 1 IIPABUX BJIACHHUX BEKTOPIB:

P
c® -Zx,(:”)y,(:”) =1 =
k=1
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-1
P
A *) )
=M = Y Myt (28)
k=l
TakuM YMHOM MOXHA pPO3paxyBaTH TEOPETUYHI
3HAYCHHS TEePEXiIHUX HMOBIPHOCTEH f;l(.”’&) .
3a JaHUMHU CIOCTEpIraeMoi Tpacw CTaHIB pe-
aJBHOI CHCTEMH OOYHCIIOIOTHCS YacTOTH IEPEXony

CHUCTEMH 31 CTaHy i 1O cTaHy j 3a k=1,N KpOKiB.

BoHu mnpencTaBisitoThCSI MaTPHUIIEIO = {v(k)},

bOMY

(29)

Tl = p®

)

HpI/IHyCTI/IMO 1o KiJIBKOCTI CIIOCTCPECIKECHD I’l(k)

JIOCUTB IS 3acTocyBaHHsl kputepito Ilipcona. Toxi B
SIKOCTI CTATHCTHKH, L0 XapaKTePHU3ye BIIXUICHHS eKC-
MEpUMEHTAIBHUX YacTOT BiJl BiANOBITHUX TEOPETHIHUX
3HA4Y€Hb, MOXKHA NPUHHATH BEIUYNUHY

[V k) _ (k) (k)]

l

k k
n})-P.}>

THAEDI=
)
! (30)
(k)]
a0,
® . p®

=2
(IR

3amamocs piBHEM 3HAUYymOCTi o. Tomi rimore3a
PO TOBEAIHKY CHCTEMHU 3 KIJBKICTIO CTaHiB L BiJIKu-

. 2
JIA€ThCsl TIPU NEpEBUILEHH] BenuuumHu ., (V;). Jana
. 2

BENMYMHA PO3MOALIEHa 3a 3akoHOM ¥~ 3 L —1 cryme-
HAMHU CBOOOAM. BoHa BinmoRBizae TaOJIUYHOMY 3HAYCH-

2
HIO ¥j—q,L-1-

[Ipu BeTUKHUX 3HAYCHHSAX L MOXHA BUKOPHCTOBY-
BaTH iH(pOpMaIiiHUN KpUTEpil

8O M (H®)

JC = s (3 1 )
JDH*)
Jae:
RGN
R = (32)

i l]
Bk AR
20O

CTaTUCTHYHA OIIHKA EHTPOIIi eMITIPUYHOTO PO3ITOILTY;

k k k
MHSY =1 —(L-1)/n® - (33)
MaTeMaTUYHE CIIOJ(iBaAHHS;
L
k k 2 k k)2
D(H! >)=_(k) > P (B -1 | - (34)
=1
JTUCTIEPCis SHTPOITIT TEOPETUUHOrO PO3ITOIITY;
L
k k k
B == PO in(pM) (35)

J=1

Cratucruka J- pO3INOAiieHa HOPMalbHO 3 HYy-

JHOBUM MAaTEeMAaTHYHUM CIOMiBaHHAM 1 OJHHHYHOKO
nmucrepcieto. J[ist 3agaHoro piBHS 3HAYYIIOCTI O 1 KBa-
HTHUJIA PO3MOJINTY U)_, BUKOHYEThCS PiBHICTH

|Jc| < Ml_a . (36)

[ndopmaniiinuii kpuTepiii 3a MOTYXHICTIO Mpak-
TUYHO HE MOCTymHaeThess kpurepito Ilipcona. Y HboMy
WMOBIPHICTh BIJIKUHYTH BIpHY TilIOTE3y IpU BEITUKIH
KIUJIBKOCTI CIIOCTEPEKEHb 3HAYHO HIDKYE.

[Ipu Benwmkili KUTBKOCTI CTaHIB CHCTEMH CKJIAHO
OTpUMATH BHpPa3H JUIS TEOPETHYHUX HMOBIPHOCTEH

f}l(.”) . Y 1IbOMy BHIAJIKy B SIKOCTI QJIbTEPHATHBU aHaJIi-

TUYHOMY IIXOJy 3HAYCHHS TEOPETHYHHX WMOBIpHOC-
Teil MOXyTh OyTH oTpuMmani meropoMm Monre-Kapio,
TOOTO MPH IMITALIHHOMY MOJCIIOBAHHI IMOBEIIHKH Bij-
MOBIZITHOTO MapKiBCHKOro JaHIyora. [Ipu 1mpoMy 3aB-
JIAaHHSI TIepEeBIPKU TIIOTE3W MPO BIAMOBIIHICTH EKCIIe-
PUMEHTANBHUX 1 MOJEIBHUX IMOBIPHICHUX PO3IOILTIB
MOXe OyTH BHpIllIeHa Ha OCHOBI KPUTEPIilO0 BUTIISTY

k k 2
v oy e
P l
xn ) = k)z R IRC

) l] l]

(37)

) _ qacron Hepexofy MOojeni i3 CTaHy i H0

crany j 3a k=1, N KpoOKiB; Zool_(-f) = ml-(k) .
)

TakuM 4YMHOM, 3aNPONOHOBAHUH IIXiJ TO3BOJISIE
OIIIHUTH CTYIIHb AJEKBATHOCTI PO3POOJICHUX Mepexe-
BUX MOJeNieil Ha OCHOBI THMYacoBHX Mepex Ilerpi,
BpaxyBaTd NEPeiCTOpilo MOAil 1 MmpoleciB Ta 00rpyH-
TYBaTH BUOIp IOBXKUHH TPACH.

z[e(o

4. ExciepuMeHT

Jmst orinku e(h)eKTUBHOCTI 3alpOITOHOBAHOI MOjIe-
Ji BOHa Oylla BHKOpHMCTaHa Ui MPOTHO3Y MPOJYKTHB-
HOCTI ITaKeTa KOMITO3UTHUX 3aCTOCYHKIB, 1[0 BUKOPHUC-
TOBYIOTBCS TIPH MPOAAXKI aBIaKBUTKIB.

Jlis nobynoBu MepexeBol MOJIeNi, sSiKa ONHCYE Ta-
KeT KOMIO3WUTHUX JOJATKIB, BUKOPHUCTOBYBAIIMCS Tpa-
cyBanbHi nasi. [lani Oynu orpumani npu 400 TecToBHX
MIPOTOHAX PO3POOJIETHCA MiJACUCTEMH. 3arajbHa Kijlb-
KiCTh BUKJIMKIB 3anuTiB ckiano 75000.

Mogens makera 3amaHa momieBuM rpadom. I'pad
OITUCYETHCS MaTPUIICIO MepexiHUX HMOoBipHOCTEH. Ma-
Tpuns Oyia moOymoBaHa Ha pe3yibTaTax aHallidy Tpa-
cyBaHb AaHuX. Ha 0a3i marpuni Oyna chopmoBaHa ya-
coBa Mepexa [lerpi, mo ommcye mpouec (QYHKIOHY-
BaHHS MAaKeTy KOMIIO3UTHUX 3aCTOCYHKIB.

s mepeBipkHM aleKBaTHOCTI TEPBHHHOI MOJENi
OyJso mpoBeleHO iMiTaliiiHe MozentoBaHHs. B pe3ysb-
TaTi OyJaM OTPUMaHi YaCTOTHI XapaKTEPUCTUKH Hepexo-
Jly CHCTEMH 3 OOpaHOro CTaHy B YCi iHIN cTaHu 3a K
KPOKIB.

JIisl OLIHKM a/IeKBaTHOCTI MOJIeNIi BUKOPHUCTOBY-

BaBCsl KpHUTepiil Xi-KBaapar xfl (k), ne k(kel,_K) -

KIUJIBKICTh KPOKIB.
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Juns K =10 Oynmu oTprMaHi Taki pe3yibTaTu:
M) =11, x2(2) =13, x23)=125, y2(4) =158,
x2(5)=26.1, x2(6)=109.4, %2(7)=133.0,

22(8)=226.1, x2(9)=279.1, x2(7)=413.7.

Ha mincrasi 1ux ganux OyB 3poOieHHI BUCHOBOK
PO iCTOTHE MOpyIIeHHs anekBaTHOCTI mpu K > 5. Oc-
HOBHA TIPUYMHA - MPUIYIIEHHS I[IPO Te, M0 MPOLECH
nepexofiiB € MapkKiBcbkuMHu. [isi moOymoBu OibI aje-
KBaTHOI MOJIeJTi B JAHOMY BUIIAIKy HEOOXiTHO BpaxyBa-
TH TepenicTopito BUKIMKIB. OIliHKa BiIXWIEHHS Iapa-
METpIB 3aKOHY PO3MOALIY Yacy BUKOHAHHS 3aIUTy TPH
MOJICITIOBAHHI BiJ] peajbHOTO HaBeAeHa B Ta0. 1.

3acTocyBaHHs KpPUTEpiio ) I03BOIMIO OTPHMATH
KUJIBKICHY OLIHKY BIiJIIOBIIHOCTI ITOBEMIHKH MOJENI
peanbHOiil cucteMi. [TiBUILIEHHS CTYyIIEHS JOCTOBIpHO-
CTI pe3yJbTaTiB MOJEIIOBAHHS MIiATBEPIKYETHCS EKC-
MepUMEHTANGHIMU JaHUMHU, OTPUMAaHUMH IIPU Pi3HUX

09 -
08
07 4
06 1
05 1
04 -
03 1
02
0,1 4

MIPUITYIICHHSAX TPO Yac rMepeOyBaHHSI CUCTEMHU B PI3HHUX
cranax. [IpoBeneHI eKCIIEPUMEHTH CBITYHUTH PO MOXK-
JIUBICTh HAJATrOHKEHHS ONTUMAJILHUX MapaMeTpiB Po3-
poOJIEHOr0 METOQy Ha OCHOBI KOHTPOJIBHOI BHUOIpKH.
Ipu npoMy cItii BpaxoBYBATH 3aJIEXKHICT pO3Mipy R,

JIOBIpUYOTO 1HTEPBAIY OLIHKU £ — naxuna IIPOTHO3YIO-
4ol MpsIMOI Bijx 3HaUYeHHS N — KUIbKOCTI BUMIpiB. ['pa-
¢ik Takoi 3aJeKHOCTI IPU PI3HUX IOCTIHHMUX 3HAYEH-

HSX OILIIHKU JAUCIepCii 52 MpeicTaBjIeHnui Ha puc. 4.
Tabauys 1 — OuiHKka MaTeMATHYHOTO CTIOiBAHHS
i Aucnepcii yacy BUKOHAHHSI 32
pe3yabTaTamMu iMiTaliliHOr0 MoOJIeJII0BAHHS

. Peanbna
3akoH po3noainy yacy Mogens
BUKOHAHHA 3anuTiB T cherema
M D M D
JerepminoBannii, 7= 0.01 ¢ 1.86 |2.65 [1.99 |3.85
PiBnomipnuii, 7= [0, 0.01] 0.93 10.52 |1.01 [0.97
Excnionenmiinnid, M(7) = 0.01 1.86 [2.68 |1.95 |3.72

0 T T T

T
0 5 10 15 20

T T T T \]V

25 30 35 40 45 50

Puc. 4. 3anexxHicTs po3Mipy 10Bipuoro inrepBaiy Big KilbKocTi BuMiptoBass rpu o = 0,05

Omxe, sk 6a4nMo 3 TpadikiB, B OUTBIIOCTI MPAKTHY-
HHX BHIAJKIB MPOrHO3YBAHHS YaCOBHX PsIIB MOXKE OyTH
pEKOMEHIOBaHO 3HaueHHs N, 1o He nepesuinye 30-35.
Bubip OLIBIIOro 3HAYEHHS 3 METOK0 3MCHIIICHHS PO3MIPY
JIOBIpYOr0 IHTEpBAy ONEP)KYBaHHMX OILIHOK He Oyne BU-
TNpaB/aHUM, BPaxOBYIOYM OCHOBHE 3aBJaHHS METOY IIpo-
THO3YBaHHS - MiHIMi3aIlif0 TIOMHJIKH IPOTrHO3Y.

BucHoBku

3anporoHOBaHO METOJ CHHTE3y YacOBOi Mepexi
[letpi, mo 6a3yeThcs Ha TpacyBaHHI MaHuX. JlaHuil me-
ToJ| OYB BHKOPHCTAaHHI MPH MOJIEIOBaHHI Tporecy dy-
HKI[IOHYBaHHsI KOMIUIeKcy nporpaM. OCHOBHUM HeEJOMi-
KOM 3aIpOIOHOBAHOTO MiJX0Ay € HEOOXIJHICTh TOCTIM-
HOTo 300py BUMIpIOBaJIbHOT iH(OpMarii B KOMITIOTEPHIH
cucremi. [lokazaHo, IO BiJ TOYHOCTI BHMIPIOBaIBHOI
iHpoOpMalll 3aJeKUTh CTYNiHb aJEKBATHOCTI MOJIEII.
[IpoananizoBaHa aJaeKBaTHICTh OIUCY JWHAMIKH JOCIIi-
JOKYBaHOTo mpouecy. Jlnst omiHky edeKTUBHOCTI 3arpo-
MOHOBAHOI MOJIeJi BOHA Oyiia BUKOpUCTaHa JUIsl IPOTHO-
3y TMPOAYKTHBHOCTI TMaKeTa KOMIIO3UTHHX 3aCTOCYHKIB,
[0 BUKOPHUCTOBYIOTBCS TPHU MPOAAXKI aBiakBHUTKIB. [Ijis

MPaKTHYHUX 3aCTOCYBaHb y OUIBIIOCTI BUMA/KIB JOCTAT-
HBO CHHTE3YBaTH MEPEKEBY MOJIENIb KOMI IOTEPHOI CHC-
TEMH Ha TilepKOHBEPreHTHil miatdopmi Ha ocHOBI 30-
35 BumiproBaHb. BuOip OULTBIIOro 3HaYEHHS 3 METOO
3MEHIIECHHST PO3MIpY JOBIPYOro iHTEpBaTy OepKyBaHHX
OLIIHOK He Oy/e BUIIPaBIaHKUM, SKIO OCHOBHE 3aBJaHHS
MIPOTHO3YBaHHSI - MiHIMi3allisi TOMUJIKH MIPOTHO3Y.
HanpsimMok moaaibImmX A0CTiIZKeHb: MTPOBE/CH-
Hsl TIOPIiBHSUIBHOTO aHAlli3y Pi3HUX METOJIB MiHIMi3alys
TIOMHJIKH [TPOTHO3Y Y TiIEPKOHBEPIeHTHUX CUCTEMAX.

BasianicTh

Iro poboty Oyso yacTkoBO MpogiHAaHCOBAHO €B-
poneiicbkum CorozoM y koHTekcTi npoekty «dComkFra
— Digital competence framework for Ukrainian teachers
and other citizens» (Project Number: 598236-EPP-1-
2018-1-LT-EPPKA2-CBHE-SP) 3a nporpamoro ERAS-
MUSH. ITiarpumka €Bponelicbkoro Komiciero cTBopeH-
Hs €] poOOTH HE O3HAaYa€e IMOBHOI'O CXBaJICHHS i1 3Mic-
Ty, SIKHHA BiIJ3EPKAIIOE JIAIIC MOMISIIH aBTopiB. Komi-
cisi He MOXKe HECTH BiAIOBINAILHOCTI 3a Oynb-siKe BU-
KopHCTaHHs 1H(opMallii, Ky po3MillIeHo B Iiii poOoTi.
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Synthesis of computer system network model on a hyperconverged platform
N. Kuchuk

Abstract. The purpose of the article is to develop a method for synthesizing network models based on Petri time net-
works. The developed model will allow to build a model that allows to achieve the degree of adequacy for forecasting the per-
formance of the software complex with the required reliability. Research results. A method of synthesis of a Petri time network
based on data tracing is proposed. This method was used in modeling the process of functioning of a complex of programs. The
main disadvantage of the proposed approach is the need to constantly collect measurement information in a computer system. It
is shown that the degree of adequacy of the model depends on the accuracy of the measurement information. The adequacy of the
description of the dynamics of the studied process is analyzed. To evaluate the effectiveness of the proposed model, it was used
to predict the performance of the composite package used in airline sales. Conclusions. In practical applications, in most cases, it
is sufficient to synthesize a network model of a computer system on a hyper-converged platform based on 30-35 measurements.
Selecting a larger value to reduce the size of the confidence interval of the estimates obtained will not be justified if the prediction
task is to minimize the prediction error.

Keywords: hyperconvergent platform; model, Petri net.
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H. B. Jlagal, C. B. Pynuunpkuii 1, B. M.3axxoma2, 10. B. Pyaauipka

1Yepkachbkuil iepKaBHUN TEXHOJIOTIYHUH yHiBepcuTer, Yepkacu, Ykpaina
2YepKkachbKuii IHCTHTYT MOXKEXKHOI Oe3mneku iM. ['epoiB UopHoOusist, Uepkacu, Ykpaina

JOCJIIKEHHSA I CUHTE3 I'PYIIM CUMETPUYHUX MOJJUPIKOBAHUX
OIIEPALIIX ITPABOCTOPOHHBOI'O JOJABAHHSA 3A MOAYJIEM YOTUPU

AHoTanisi. B crarri npezicraBieHO OCHOBHI Pe3yNnbTaTH JOCTIPKEHHS 1 CUHTE3Yy I'PYIH JBOXONEPAHIHUX JBOXPO3PsI-
HHMX CHMETPUYHMX OIEpalliii MPaBOCTOPOHHBOI'O J0/IaBaHHS 32 MOJYJEM YOTHPHU IUIIXOM BUKOPUCTAHHS I'PYIH JBOXPO3-
PSIIHUX OJHOOIIEPAHIHUX ollepaliil Kpunro neperBopeHHs. CHHTE3 rpynu onepariii Ha OCHOBI oneparii paBoCTOPOHHBO-
o JIOJIaBaHHA 3a MOJyJeM YOTHPH, paHille He JOCHiKyBaBcs. BcTaHoBeHO, 10 00YI0BaHa Ipyna onepauiil kpunro-
rpaiuHUX NEePeTBOPEHb BIIPI3HAETHCS BiJ] TPyl KpUIITOONEpaNiii no0yn0BaHUX Ha OCHOBI J0aBaHHA 3a MOJYJIEM JiBa Ta
KJIaCHYHMM JIiIBOCTOPOHHIM J0JaBaHHAM 3a MOAYJIEM HOTHPU. BUKOpUCTaHHS HOBOI CHMHTE30BAaHOI I'PYNHU Ja€ 3MOTy Iiji-
BUIIUTH SIKICTh NOTOKOBOTO MM(PYBAHHA 32 paxyHOK 301IbIIEHHS BapiaTUBHOCTI KpUNTOrpadiyHuX nepersopeHs. Bera-
HOBJICHO, 110 32 PaXyHOK CHMETPUYHHMX CHMHTE30BAHHX Olepaliil B CHCTeMax IOTOKOBOro I pyBaHHs Oyie BUKOPUCTO-
BYBATHCS OJATKOBO [0 IBAJALATH YOTHPHOX TAOIUIIb ITiICTAHOBKH.

Karw4dosi caoBa: kpunrrorpadiuna oneparist, Moaudikanii onepauiii, MaTeMaTnyHa rpymna oneparii, 101aBaHHs 3a MO-

JtyJieM, MoJieli onepallii, TOTOKOBE MU(PyBaHHS.

Beryn

IMocTanoBka mpodsemu. Ha choromuimHii neHb
Hi Y KOrO HE BUKJIMKA€E CYMHIBIB, 110 iH(pOpMalis noci-
A€ TIPOBITHE MicClle B JKUTTEIISUTBHOCTI JIFOACTBA. B
CBOIO 4epry Ha/liHHUI 3aXUCT iH(pOPMaLITHUX pecypciB
€ 3arnopykoro iHdopmamniiiHOI Oe3NeKkn K KOXKHOI JIto-
JIMHU TaK 1 JepxaB B LinoMy. TeHIeHIisl MOCTiHHOro
30inblIeHHsT 00cATiB iH(OpManii, mo 00poOISETHCS,
30epiraeTbes Ta InepenaeTbes B iHGOpMaNiiHUX cUCTe-
Max BHUMarae BUPIIIEHHS NPOOJIEMHU MiIBUIIEHHS IIIBHU-
nkomii cucreM 3axucry iHgopmanii [1, 2]. OxnauMm 3 oc-
HOBHHX HaIpsMKIB 3axucTy iH(opmamuii Oymm i 3anu-
malThes Kpunrorpadiyni meromu ii 3axucty [3, 4].
Oco0JIMBO aKTyaJbHUMH B Halll 4Yac CTalOTh JOCHi-
JDKCHHS CIPSMOBAHI Ha 301JIbIICHHS MIBUAKOAII Ta Ha-
niitHOCTI 3ac00iB KpunrorpadivHuX 00YMCIIeHb, IPU/a-
THHX JIO0 3aCTOCYBaHHS B TIOCTKBAaHTOBI# KpurTorpadii.

OpHi€r0 3 TEHAEHIIH MOKPaLIeHHs! SKOCTI aJropu-
TMIB CYYacHOi KOMIT FOTepPHOI Kpunrorpadii crae 30i-
JIBILICHHS. BapiaTUBHOCTI KpHITOrpadiyHUX omeparii,
MPUAATHUX 10 MPAKTUYHOTO 3acTocyBaHHs [5-7]. I xoua
JTAHOMY HampsAMY HPUAUIIETbCSA BCe OiIbIIEC yBaru, M-
TaHHS TOOYIOBH HOBUX JIOTIYHUX OIEpalliii KPHIITO-
rpadigyHOro MepeTBOPEHHS 1H(OpMAIIii, TOCHTiHKEHHIM
ix moOy 0BM a00 BUKOPUCTAHHAM apU(pMETHYHHX OIle-
partiii 3 pi3HUMH MOIYJISIMU BCE IIE TOTPEOYIOTh OLIBIIT
JIETABHOTO JTOCIi/PKeHHs. PO3BUTOK MaHOTO HAIPSIMKY
€ JIOCUTH PI3HOBEKTOPHMM, BUMara€e cucTeMaTrusailii ta
KOMILUIEKCHOT'O TiIXOY.

AHaJi3 ocTaHHIX JocCHiIKeHb i myOsikamii.
[IpoRiBIIM aHai3 OCTaHHIX JOCIIIKEHb Ta MyOJIiKaIii,
B SKHX IPOBENEHO JOCITIPKEHHS CHPSMOBaHI Ha PO3-
LIMPEHHSI CIIEKTPa HOBHX KpHUOTOrpadivHUX oreparii
3aMiCTh KpHUNTOrpaiqyHOro JOAaBaHHS 3a MOIYJIEM,
BapTO BUIUIMTH HACTYIHI podoTtu. B pobori [8] 3ampo-
MOHOBAHO BHIIIEHHS JaHOI MPOOJIEeMH 332 PaxyHOK 3a-
CTOCYBaHHsI 0araTopo3psiHUX omnepauiid kpunrorpadi-
YHOI'O0 KOJYBaHHsS IiJl yIpaBJIiHHAM KpHITOCHCTEM. B
poborax [8, 9] noBeneHO, 110 3aCTOCYBAaHHS MATPHYHHUX

orepaniii KpunTorpagiyHOro NepeTBOPEHHS MiJBHIILYE
IIBUIKO/II0 OOpOOKH JaHWX B KPUITOCHCTEMAx 3a pa-
XYHOK I1apajiefIbHOr0 TIpOIleCy BUKOHAHHS —oOmeparii
KPHIITOIIEPETBOPEHHS, @ CKJIQJAHICTh BUKOHAHHS MaTpH-
YHUX Omepamniil KpUNTonepeTBopeHHs iHdopmMarii Ha-
NPSIMY 3QJIEKUTD BiJl KIJTBKOCTI OIIEpPaH/IiB.

B poGoti [10] mpencraBiieHO pe3yiabTaTdh JOCI-
JOKEHHSI B32€MO3B’SI3KIB MDXK OIEpallisiMd B MaTPUUIHHX
MOJIeNIAX KpunTorpadigyHoro mepersopenns. Ilocmigor-
HICTh KPOKIB TEpEeXOoAy Bil pe3yabTaTiB KOMI IOTEp-
HOT'O MOJICNTIOBAHHS JI0 NMPUAATHOI B iIH)KEHEPHIl Mpax-
Ul (popmaizoBaHOi oreparii KpUITo MepeTBOPEHHS
inpopmanii HaBeneHa B [11]. CuHTe3y HOBHX OIepariii
MOTOKOBOro MH(pyBaHHS Ha OCHOBI Moaudikaii ore-
pauiii JomaBaHHS O MOAYJIO 3 TOYHICTIO JIO IepecTa-
HOBKH TaKOX MpHUCBsueHa podora [12]. OcobnuBoi yBa-
TH 3aCIyroBYIOTh JOCTIDKEHHS TPYN CHMETPHYHHX
MOM(DiKOBaHUX OIepalliii JOJaBaHHsS 32 MOMYJIEM JBa
ta Moaynem dorupH [13-18]. CunrezoBani Mmoaudikamii
JIBOXPO3PSITHOT JIBOXOTIEPAHAHOI orepanii 1oJaBaHHs
3a MOIyJIeM YOTHPH, HaBezeHi B Tabi. 1 [18].

MeTo0 po0OTH € IOCTI[PKEHHS 1 CHHTE3 rpymn
JIBOXOIIEPAHIHUX JBOXPO3PSIHUX CHMETPUYHHMX MOJIH-
(hikoBaHMX orepaliii JoAaBaHHs 32 MOIYJIEM YOTHPH Ha
OCHOBI BUKOPHCTaHHS JIIBOCTOPOHHBOTO Ta IPaBOCTO-
POHHBOT'O PO3MOBCIOKCHHSI TICPSHOCIB TS ITiABUIIICHHS
BapiaTUBHOCTI aJITOPUTMIB KOMIT FOTEPHOI KpHrTorpadii.

OcHoBHU# MaTepian

IMpn nobymoBi MomudikoBaHMX omepamniii aoxa-
BaHHA 32 MOAYJIEM YOTHPH OyJI0 BCTAaHOBJIEHO 110 CHH-

TE3 MPOBOAUTHCA 3a YMOBHU:
y]:.)C2'k2®k], (l)
Y2 =ky.

Onepattist 10JaBaHHs 32 MOJIYJIEM Ba OIHCYETHCS SIK
x, @k,

2
x, ®k,

mod2 __
o™ =
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Tabnuys 1 — Pe3yIbTaTH AOCTIIKeHHSI CHHTEe3Y Moau(iKkaiii ABOXPO3pPS/HOI ABOXOMEPAHIHOI onmepaii
JIBOCTOPOHHBOTO JOABAHHS 32 MOAY/1eM YOTHPH

Knacugikatop
onepamii

Omnepaunii inBepcii

0
0

0
1

o !

1
0

1
1

s |

Basosi onepanii [ m®xhok L8, kek BELE A2 A2 . n®x, -k &k ®1
b X, Bk, - Yn,®k®1 - x, ® k, ¢ x,®k 81
o - x, ®x, -k, ©k ®F, _ X, ®x, -k, Ok &k, o - x®x, k ek ok ®1 _| e k®k ek el
* |y, @k, Ty, ok @1 Y, @k, lnekel
e Y ©x, -k, ®k % ®x -k Ok (% ®x, Bk 81 X ®x, -k, @k @1
oy ey -kekek Yo xney-Lekekel o xex-Lekek 2y, @1, F, Ok, Ok, ©1
Onepanii 0. x, ®k, o X, Dk, x, ®k, ®1 7 x, &k @l
MEPECTAROBOK | 17| s @, -k, Ok B s ex koK el |5 ®x, -k, ©k Ok, ey hokokel]

x, @k, x, ®k,

0n®x -k ekek,

18 =

|

|

5@, F, 0Bk & J

Y, ®k ®1
0O x-kek

Y, @k ®1
0Oy kLol

T

X, ®&x, &k, Ok ®k,
X Ox,-khek

217

renen ™

x,®Bx, -k, Bk, Bk,
X, Bx, -k, @k @1

.YIGBVJ-JFJ&EkIGBkJ@l}

N 8x, -hLokhekel
X, ®x, -k, Bk

X ©x, k, &k @1

IS |

Omeparrisi TomaBaHHs 3a MOAYJIEM YOTHPH OIHCY-
€ThCS BUPA30OM

€)

SAxmo X5, ky - momommi pospsmu omepaHziB, a

x|, ky - crapmi pospsinu onepauzis, To ymosy (1) Mo-
JKHa PO3IVISZIATH SIK TpaBHia (GOpMYBaHHS MEPEHOCY 3
MOJIOAIIIIOTO PO3psiy B crapmuil. JlaHwii anroputm
KpurnrorpadiyHoro Jo0AaBaHHA 332 MOJIYJIEM YOTHPH
Ha3BEMO JIIBOCTOPOHHIM JIBOXPO3PSIHUM JOJaBaHHS 3a
MOJIyJIEM YOTHPH, TOMY IO TPaaULiiHO nepeHocu ¢o-
pMyBaJICSL B CTOPOHY CTapLIMX PO3PsiAiB, TOOTO BIIBO.

. . mod 4«
Jlany Moaudikaliro ornepariii mo3Ha4nMo K O] .

SIkm10 B ormepamisx KpUOTOrpaQiqHOro T0aaBaHHSI
3a MOZYJIEM YOTHPH BHALICHO JIBOCTOPOHHE JONABaH-
Hs, TO TIOBUHHO ICHYBAaTH 1 IPAaBOCTOPOHHE JOJaBaHHS,
sIKE TIOBUHHO OIHMCYBATUCS BUPA30M:

x, @k,

4
x, Dk, Dx, -k

mod4— __
Ol

Buxonsuu 3 Bupa3sy (4) HaBeIeMO YMOBY JUIst
CHHTE3y MOIU(]IKOBAHHUX OIlepalliii TPaBOCTOPOHHBOTO
KpuITorpagiyHoro gonaBaHHs 3a MOJYJIEM YOTHPH:

=k,

. )
V2 =ky @ xp -k

IepeBipuMO KOPEKTHICTh MPUMYILICHHS, IO Ha
OCHOBi yMOBH (5) MOXIIMBO CHHTE3yBAaTH IPYILy CHHTE-
3y Moau(hiKOBaHHX OIepalliii MPaBOCTOPOHHBOTO KPHII-
TorpaivHOro A0JaBaHHs 328 MOMyieM 4oTupH. CHHTe-
3yeMo Tpu 0a30Bi omepariii A To0yJOBU TPYIH MOJIH-

(ikoBaHMX oOmepaliii IpPaBOCTOPOHHBOTO KpHITOrpadi-
YHOT'0 JI0JIAaBaHHS 32 MOAYJIEM YOTHUPH.

Tak sk mepmia 6a3oBa omepariist JiBOCTOPOHHBOTO
JTOJTABaHHS 32 MOAYJIEM YOTHPH OyJia oTprMaHa sk [18] :

X, ®x, k, Dk,
x, ®k,

Xy Vi
)

TO 1 omepallis MPaBOCTOPOHHLOTO JNOJABAHHSI 33 MOIY-
sieM OyJie CHHTE30BaHA TAKUM YHHOM:

Y1 x, @k,
¥, x,®k,®x, -k,

Jpyra 6a3oBa omepaiiist JiBOCTOpOHHBOTO [18] Ta
MIPaBOCTOPOHHBOTO JIOJABAHHS 3a MOJYJIEM YOTHPH
MIPEJCTABIICHI BiIIOBITHIUMHU BUPA3aMH:

mod 4« __
0,

® . (6)

X

X

S (7N

mod 4— __
0,
x2

Oredie _ X @ x, @ Oy | [x®x
! = =

X X

2 Y2 ) 2 . (8)
® x, -k, ®k Dk, _ x®x, -k, ®k Dk,

k, x,®k,
0§n0d4—> :|:x1 @XZ}@|:)’1 @yZ} _
X2 » (9)

{xl T ®x, Dk @kﬂ

Xy kl @ Xy @ k2
Tax sik cuHTE3 TpeThoi 0a30BOI omeparii JTiBOCTO-

POHHBOTO JTOJABAHHS 332 MOAYJIEM YOTHPH IPEACTaBIIC-

Hu# Bupazom [18]:

N

OénOd4<_ =|: ; @y
1 2

X1 (‘BXZ
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Ingpopmauiiini mexuonozii

.xl@xZ'];z ('Bkl ('Bkz
XZ<'Bk2

, (10)

TO i TPETA 6a3oBa onepauiﬂ IIpaBOCTOPOHHLOI'O0 A04a-
BaHHA 3a MOAYJIEM 6yz[e CHUHTEC30BaHa TaKUM YHHOM:

X 2N

@
Dy,
X1 (‘DXz '/;2 (‘Dk] (‘Bk2

X (‘Dkz

Oénod4ﬁ _
X &) Xy

(11)

PosrisiHeMO cHHTE3 iHIMX MoOAU(iKaIliil ome-
pauii MpaBoCTOPOHHBOTO KPUNTOrpadiuHOro IoJaBaH-
Hs 32 MoayJeM 4otupu. Ha ocHOBI Mozeneii Mmoandika-
uii 6a3oBoi omepauii rpynu MOAU(IKOBaHUX OIEparii
JIBOCTOPOHHBOTO KpUNTOrpaivyHOro [0JaBaHHS 3a
MOJIyJIeM YOTHPH, IO OMUCYIOThCs Bupazamu (12-14)
[18] cunTesyemo BigmoinHi iM onepanii (15-17)

Omedie _ X Vi _ x ®@x, k, Dk, - (12)
? x,®1 |y, x, ®k, D1
0§n0d4<—= x @1 N
X
2 2 : (13)
X]@X2'k2®kl®l .
X2@k2 ’

Om0d4<—_ x @1 N
4 B Xy @1 %) B
(14)
xl@x2~k2®kl®l .
Xy (‘Bkz @1 ’
05nod4—>= xxéBl ® JJ:] _
2 2 (15)
X1 @k] .
)C]'k]@)(fz@kz@l ’
O;nOd4_)= xl(-Bl yl _ xl(-Bkl(-Bl . (16)
Xy 2 x1~kl(-Bx2(-Bk2 ’
modd—s _ | %1 D1 o
04 B Xy @1 %) a
(17)
xl(-qu@l

X1 'kl @XZ (‘Bkz @1 ’

ITo anasorii Oyno0 cMHTE30BaHO iHII Momu(ikamii
JIBOXPO3PSITHOI  TBOXOIEPAHAHOI Oreparii mpaBocTo-
POHHBOTO JOIaBAHHS 38 MOIYJIEM YOTHUPH.

3BeneH] pe3yNbTaTH TOCTIIKCHHS CUHTE3Y MOJIU-
¢ikanii TBOXpO3psaHOI ABOXOIEPaHIHOI Omeparllii mpa-
BOCTOPOHHBOI'O JIOJ[dBaHHS 3a MOJAYJIEM YOTHPU HaBe-
zeMo B Ta0. 2.

Tabnuys 2 — Pe3yIbTaTH AOCTiIKeHHSI CHHTe3y Moau(iKkaiii ABOXPO3ps/IHOI ABOXONMEPAHIHOI omepaii
NMPaBOCTOPOHHBOTO J0IABAHHS 32 MOLYJIeM YOTHPH

Omepanii insepcii
Kaacudiratop
omepamii Y Y . :
0 1 0 1
&k - Bk - 5 = - &S
ozt _ |18/ ozt _| 188 ome _|1E9mS ozt _| 187 81
. . 1 = . . = . s = . .
X-58x, 8k X -G8 8L sl x-58x, 8L xn-HSxne8hL el
Basosi Ot _ n-ReneLek _ 0Ok ek oF -5 S x, Ok Sk @1 oz n-henekekel
5 = - - (] = - . T = - - : = - -
omepani l0-R8nEN ] |l 6-R8n8LS] | Y-8 & Yn-he@xg &L el
r L _ L == T L 7
e x, & o n nehg x, &5 el o n &L el
o = o o 0 = = 1 = j - 2 = - .
- BREK 4RO RSLS] |5 - E@x, @&k | 0n-REME8LS L S]]
L | MRex8k o= X Sx, 8k e N-khEx, 8k a1 o= G -REex8LS]
C’E‘s i 4 =l.. . 15 = . ] = z
n< X SR S1 nER | &g 21
r & &k 7 r F&Sy. &8k T - FSy. S & T [ E - E T
Onepanii Olm‘”_’— N-nBxn 8k Olm"”'_’— RSB, Cﬁmﬂ_’ N8x8 31 ot _ n-ROLESLS]
. T = - . [ = - Lo ] - g h = = s
TepecTAHOBOK RN BRER X885 8581 NnBn RSN o n-REnEREORS1
(v Eexnokak ) (v Eexr,okak | (v Eoxv,0kak ol [+ E®x,0kak o]
oot _ | AR B oot _ [T AR B Eg gEets _|[T1TAEREREL modds |1 R EREG S
21 < Bk A N BT oz Oy = - @ kel
Rt _ i i N n i | f =g & J

3a pe3yabTaTaMy MOPIBHSIHHS CHHTE30BaHOI TPYITH
orepaliif 3 rpynaMu oreparii 101aBaHHs 38 MOAYJIEM
nBa [17] Ta MBOCTOPOHHBOTO KpUNTOrpadivHOro 10/a-
BaHHS 32 MOJIYJIEM YOTHpH, MPEACTABICHOTO0 B POOOTI
[18] BcTaHOBICHO: CHHTE30BaHI MOJICIII HOBUX OIEparlii
BiJIPI3HSIOTHCS BiJ| BiIOMHX orepariif; Tabnuiyi icTuH-
HOCTI CHHTE30BaHUX OIlEpalliii Ta pe3ylbTaTu iX BHKO-
HaHHS TAaKOX BiJPI3HIIOTHCS.

Onepatisi KPUIITOIEPETBOPEHHST Oy/ie CUMETpUY-
HOW, SKIIO IOBTOpHE 1i BHUKOPHCTAaHHS IIPHUBEIE M0
posumpyBanHs iHbOpMAIIi.

Ol_mod4—>

Sxmo x)=y,

To Ol_mod4—> (Ol_mod 4— (x)) = x,

Je x 1 y - BXiAHI JaHi 1 pe3yJabTaT BUKOHAHHS i -O1
orreparii KpUITOIepeTBOPEHHS Bi IIOBIIHO.

[epeBipka cMHTE30BaHUX ONepaliii Ha CUMETPUY-
HICTh NPOBOAMJIACH HA OCHOBI OOYMCITIOBAIBHOTO €KC-
nepruMeHTy. Pe3ynbTaTH eKCHepHMEHTY ITiATBEp.IHIIH,
10 Bei Moau@ikaiii ornepartii mpaBOCTOPOHHLOTO J10/Ia-
BaHHS 32 MOJYJIEM YOTHPH BiJIIOBial0Th BUMOTaM CH-
METPUYHOCTI Oreparii.

Tax sIk MpakTUYHE 3aCTOCYBAaHHs I'PYIU OMepamii
JIBOCTOPOHHBOTO KPUNTOrpaiyHOro J10JaBaHHs 3a
MOJIyJIeM YOTHPHU 3a0€3MeUMIO IIiBHUIICHHSI BapiaTHB-
HOCTI TOTOKOBOT'O MIM(PYBAaHHs, TO MOXXKHA CTBEPIUKY-
BaTH IO 30LJIBIICHHS KUIBKOCTI OIMEpaliii 3a paxyHOK
BHUKOPHCTaHHS HOBOI CHHTE30BaHOI I'pYNMU TaKOX ITi[-
BUIIUTDH BapiaTHBHICTh TIOTOKOBOTO MK (pYyBaHHS.
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BucHoBku

1. CuHTe30BaHa Tpymna JBOXONEPAHJHUX JBOX-
PO3PSIIHUX CUMETPUYHHX OIepaliidi MpaBOCTOPOH-
HBOTO JIO/IaBaHHs 32 MOAYJIEM YOTHPH. BcTaHoBIEHO,
o mo0yaoBaHa rpymna omnepanii KpunrtorpadiuHux
MEPETBOPEHDb BiJPI3HSAETHCS BiJ TPYyN KpUNTOONEpa-
1iii moOyIOBaHUX Ha OCHOBI JOAaBaHHS 332 MOAYJIEM

IBa Ta KJIACHYHUM JIIBOCTOPOHHIM JOJaBaHHAM 3a
MOJYJIEM YOTHPH.

2. BcraHoBIEHO, 10 BCi CHHTE30BaHi omeparrii 3a-
0e31euyIoTh K MpsIMe TaK i 00epHEHE KPHUITTOIEPETBO-
PEHHSI, [0 3HAYHO CIIPOIIYE iX BUKOPHCTAHHS B MOTO-
koBuX miudpax HeBemuka CKIagHICT HAaBEIEHHX MO-
nenielt omepalliii 3a0e3mnedye MpocToTy IX peasisariii sk
Ha arapaTHOMY TaK i IPOrpaMHOMY PiBHSX.
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Research and synthesis of a group of symmetric modified operations of right-handed addition by module four
N. Lada, S. Rudnitsky, V. Zazhoma, Y. Rudnytska

Abstract. The main results of research and synthesis of a group of two-operand two-bit symmetric operations of right-
handed addition by module four by using a group of two-bit single-operand cryptocurrency operations are presented in the article.
Synthesis of a group of operations on the basis of operation of right-handed addition by module four has not previously been
investigated. It is established that the constructed group of operations of cryptographic transformations differs from cryptocur-
rency groups built on the basis of addition by module two and classic left-handed addition by module four. The use of a new
synthesized group allows to improve the quality of streaming encryption by increasing the variability of cryptographic transfor-
mations. It is revealed that up to twenty-four substitution tables will be used due to symmetrical synthesized operations in stream-
ing encryption systems.

Keywords: cryptographic operation, operations modifications, mathematical group of operations, addition by module,
operation models, streaming encryption.
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ONIHIOBAHHSI KIVIbBKOCTI BTOPUHHUX JE®EKTIB IPOI'PAMHHUX 3ACOBIB
HJIAXOM KOMIVIEKCYBAHHA MOAU®IKOBAHUX MOJEJIEA POCTY
HAJIMHOCTI JKEJTHCBKI-MOPAH/IA 1 HIUKA-BOJIBEPTOHA

AHoTanisi. BukoHaHo aHai3 MHOKHMH MoJIeJIel OLIHIOBAaHHS HaJiifHOCTI nporpamuux 3aco6iB (MHII3) abo 3a iHO3eM-
HOIO Ha3BOIO Mojenel 3poctanns HaiiHocti [13 (Software Reliability Growth Models — SRGM). ocimimkeHo HMOBipHic-
Hi MHII3 3 MeTOor0 BCTaHOBJICHHSI TAaKHX, 110 MOXYTh OyTH BUKOPHCTAHO I BpaxXyBaHHS (DaKTOPy IPOSBY BTOPHHHHUX
nedexris. ITig BropuHHUME leheKTaMu PO3YMIIOTECS TaKi, 110 BHOCAThCA B [13 micis yCyHEHHS IIEpBUHHUX, SKi IPOSBIIS-
I0THCSl Ta YCYBAIOTBhCS B IPOLIECI HAJIAro/UKeHHs Ta TectyBaHHs [13. [Ipoanani3oBaHO NpUITyIIEHHS Ta aHAIITHYHI BUPa3U
Mozienield pocTy HaJlliifHOCTI mporpamMHux 3aco0iB Jxenincbki-Mopanny, I1luka-BonBepTona, 1010 nuraHHs ix 3acTocy-
BaHHsI 11 BpaxyBaHHs ()aKTOpy BHECEHH: Ta IPOSIBY BTOPUHHUX Je(DEKTiB IPOSKTYBaHHS IPOrpaMHUX 3aco0iB. 3anporio-
HOBAHO ITiIX1/T 00 KUTBKICHOI OLIHKH BTOPUHHUX Ae(EKTiB, M0 nomsrae B Moxudikamii GpyHKIii pu3nky Mozeneil BHe-
CEHHSIM JI0 HUX HapaMeTpa, AKUi BU3HAYa€e YUCIIO BTOPUHHUX Je(EeKTiB Ta KOMIUICKCYBaHHS MOANU(IKOBaHUX QyHKUIN py-
3uKy. [IpoananizoBani NpoGJIEeMH] NUTaHHS, 110 BUHUKAIOTh PH KOMIUIEKCYBaHHI MOJM(IKOBaHUX IPOCTOI €KCIOHEHIIia-
nbHOT Mozenti 1 mozenti JlxeniHebki-Mopanau. Po3risHyTi niaxoau, Mpu KX MOMXJIMBE KOMIUIEKCYBaHHS MOAN(IKOBaHUX
MHII3 — y3romkeHicTb NPUITYIeHb, IPUHHATTS 10JATKOBUX MPUITYIIEHb, 110 Y3TOJUKYIOTh MOJEII, CIIBCTABICHHS Mapa-
METpIB LI0JI0 YMOB 3/i/ICHEHHS aHAIITHYHUX IepeTBOpeHb. [loka3aHi nepeBarn KOMIUIEKCYBaHHS MOAM(IKOBaHUX MOe-
neit pocry HaaiitHocTi Jxenincbki-Mopanny i [Iuka-BosnBepToHa y OpiBHAHHI 3 KOMIUIEKCYBaHHAM MOZH(iKOBaHOI MO-
neni pocty HagiHocti [xeninceki-Mopanay i Moau(ikoBaHOI IPOCTOi eKCIoHeHIiabHoi Mozeni. [IpoBeneHo ciiBcTaB-
JICHHs TapameTpiB MoaudikoBaHUX Mozeneit pocty HaaiitHocti [xenincbki-Mopanau i Illuka-BonseproHa, B pe3ynbrati
4Oro BUSIBJICHO CIIiBIIaJiaHHs OunbInocti 3 HUX. JlomaHo mpumymieHHs Mozeni pocty HafiiHocti Illuka-Bonseprona mpo
TIPOMOPIIHHICTh (PYHKIIi PU3HKY TPUBAIOCTI TECTyBaHH, IO He Biamoinae mpumymenHo MHII3 [xeninceki-Mopanmy,
OCKIJIbKH Bi/IIOBIJHHI ITapaMeTp BUKOPUCTOBYETHCS B aHAIITHYHUX NEPETBOPEHHSX NP KOMIUIEKCYyBaHHI Mozesei. OOrpyH-
TOBaHa MOXIUBICT KoMIutekcyBanHs MHIT3 [ixeninceki-Mopannu i [lluka-Bonseprona. IToka3ana nociiioBHICTh aHAIITH-
YHHX HepeTBOPeHb 00’ eHaHOI Mozeni MomdikoBanux Mozeneit xenmincpki-Mopanau i 1luka-BonseproHa Ha OCHOBI AKX
ozniepkaHa GpopMyia Juis OLHIOBAaHHS KiJIbKOCTI BTOPUHHUX JIe(eKTiB IporpaMHuX 3aco0iB. OneprkaHuii BUpa3 CIPOILLYE OLi-
HIOBaHHS KUIbKOCTI BTOpUHHUX JeexTiB 13, y nopiBHAHHI 3 X OLIHIOBaHHSM HAa OCHOBI KOMIUIEKCYBaHHS MoaupikoBaHHX
Mogeneit JxeniHcpki-MopaHmu i ipocTol ekcrioHeHnianpHol Mozeni. Onepixana Gpopmysta y moexHanti 3 MHII3 iHmmx xia-
cuGikauiiiHUX O3HaK JI03BOJISE CIPOTHO3YBATH 3HAYEHHS (YHKIII PH3MKY Ta JaJli BUKOPUCTOBYBATH ii 1JI1 KOMIUIEKCHOI'O
OLIIHIOBaHHS IOKAa3HHKIB HaIHHOCTI Ta PyHKIIOHATHHOI OE3MeKH CKIIaJHIX CUCTEM, Y TOMY YHCII CUCTEM, SIKi MOXKIIUBO Bill-
HECTH JI0 KJ1acy KPUTHUYHUX (HAIIPUKIIAJ, IIPOrPaMHO-TEXHIYHUX KOMILIEKCiB iH(opmatiitHo-kepyrounx cucreM AEC).

Kaw4yoBi ciroBa: HajilHICTh IporpamMHoro 3abe3nedyeHHs], JeeKT, BTOPHHHUH eeKT, MOJIeIb OLiHIOBaHHS Ha i fHO-
cTi mporpaMHux 3aco0iB, Mozmens Jxemincbki-Mopannu, Mozens Illuka-BonBeproHa, KOMIUIEKCYBaHHS MOZEINEH,
00’ennana mozens Jxenincoki-Mopannu i llluka-BonseproHa.

Beryn

BrnpoBamkeHHst iHpOpMaIifHIX TEXHOJOTIH y pi-
3HOMAHITHI Tay3l JIFOJCHKOI YKUTTEMISUIBHOCTI BUMArae
3a0e3MeueHHs] BUCOKOi SIKOCTI HpOrpaMHOro 3abesrie-
YEHHS, 1110 BUKOPUCTOBYETHCSI.

JocmimkeHHs: mpobiaeM HaIiiiHOCTI MPOrpaMHOro
3a0e3IeUCHHS BEAYThCSA BEIHKOI KiJIBKICTIO BITUM3HSA-
HUX Ha 3aKOpPJOHHUX BYEHHX, TaKUX HANPUKIAZ, 5K
Jlinaes B.B., Maepc I'., Myca Jx. ta iH. OgHuMH i3
OCHOBHUX PE3YJIBTATIB Li€l AiISTIBHOCTI € PO3pOOIeHHS
MHOXKUH MOJIeJield OLIHFOBAaHHsI HAAIHOCTI IPOTpaMHUX
3aco0iB (MHII3) abo 3a iHO3eMHOIO HA3BOK MOJCICH
spocranns HagiitHocTi I13 (Software Reliability Growth
Models — SRGM). 1li Mmozeni y BiANOBITHOCTI 10 MpH-
WHATUX TOpU IX po3poOli MNpPUMYIIEHb JO3BOJSIOTH
OTPUMATH OIIHKH TaKOl BIACTUBOCTI [13 sk HamifHICTS.
AKTyaJbHICTh Ta HEOOXIIHICTh OLIHIOBAHHS Ili€l Biac-
tuBocTi 13 miATBEpMKYETHCS PAIOM JEpKaBHUX Ta

MDKHApPOJHUX CTaHmapTiB, Hampukiax ISO 25010 [2].
Mopeni OLIHIOBaHHS HaJiHHOCTI NPOrpaMHUX 3aco0iB
0a3yloThCsl Ha MPUIYIIEHHSX, SKI BU3HAYAIOThH IX aHa-
JIITHYHI BHpa3H, IO MOB’A3YIOTh MapaMeTpu MOJETICH.
AJle IpUIyIIEHHS HE 3aBXIH aIEKBATHO BiJ00paKaloTh
peadii erarmiB >KHTTEBOTO LUKIY NPOrPaMHHUX 3aco0iB.
Jane pocmimkeHHst crocyerbes wactuHn MHII3 i3
MHOXXUHH #iMOBipHicHUX (/kenmiHchki-Mopanau Ta
[Iuka-Boneeprona). OQHUM 3 IPHITYIIEHbB, IO MICTUTH
psin Mozenei, € IpUIyIIeHHs npo Te, Mo JAedeKTH mo-
CTIHHO KOPEKTYIOThCS 0€3 BHECEHHs HOBHX (Mozeni
Jxeninceki-Mopanmu  [3], 1luxa-Bonseprona [4],
IpocTa eKCIOHeHIIalbHa MoJeib [5] Ta iH.). B psani
IHIIIMX MOJENe 1ed (akTop B3arajii He 00YMOBITHOETh-
ca. [Ipote mocBia po3poOKH, HAJIArOPKEHHS Ta TECTY-
BanHsa [13 moBoxe, mo B mporeci ycyHeHHs! e(eKTiB
MOXKe OyTH BHECEHO HOBi (YMOBHO Ha3BEMO 1X BTOPHH-
Humu). HeBpaxyBanHsi (pakTopa BHECEHHSI Ta IPOSIBY
BTOPUHHHX JIeEKTiB y MpOIEC] OLiHIOBaHHS MOKa3HH-
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KiB HaJIHHOCTI MOXX€ NPUBECTH /IO OAEP)KaHHS HETOY-
HUX pe3yNbTarTiB, ab0 3HAYHMX BiJIXWIEHb OJIEpP)KaHUX
PE3YABTATIB BiJl peAIbHUX.

OpHUM 3 MPUHIMINB KUTBKICHOI OLIHKH BTOPHH-
HUX JIedeKTiB € Momudikamis GYHKIIH pU3UKY MOJIeNeH
LIUISIXOM BHECEHHS JI0 HUX Mapamerpa, [0 BU3Hayae ixX
yucno. [lpu 1bOMY NPOBOAUTHCS aHANi3 IMPHITYIIEHb
MoJIeIel Ta aHAJNITHYHUX BHPA3iB (YHKLIH PU3HMKY Ha
MpeaMET MOKIHBOCTI Takux Momudikamid. B [6-9]
MoKa3aHa MOXJIMBICTh Momudikamiii monenei [xenin-
ceki-Mopanau, 1lluka-Bonseprona, JlinmoBa Ta mpocroi
eKCIIOHeHIIHHOT Mozeni. OnmHak TpH 3HAXOIPKEHHI
napameTpiB (QyHKIIH pU3UKY MojeNed OIep:KyHThCs
CHCTEMH PIiBHSHB, IO MICTATh Ha OJIHY HEBIIOMY OLJb-
11e, HiXK KiJIbKICTh piBHSIHB [8]. ToMy 0HO3HAYHO KiJib-
KiCTh BHECEHHX JIe()eKTiB BU3HAUYUTU HEMOXJIHBO. Mo-
JKIIUBE KOMIUIEKCYBAHHSI 3 MOJEISIMH 1HIIMX Kiacudi-
KaliiiHUX TpyN IS 3HaXODKEHHS Mapamerpa — rmovar-
KOBa KUTBKICTh Ae(EKTIB y IpOrpami.

OpepxaHHsS CUCTEMU PIBHSHb Y SIKiH KiJIBKICTh pi-
BHSIHB 1 HEBIJJOMHMX OJIHAKOBAa MOJKJIMBE HPU KOMILIEK-
CyBaHHI JIBOX MOIU(]IKOBAaHUX MOJENEH, K 1€ ToKa3a-
HO Ha TpUKIaAI 00’eqHaHHS MOTU(IKOBAHOI Mojeni
Jlxenincpki-MopaHmu Ta MoJu(iKoBaHOI MPOCTOi eKc-
noHeHniiHoi Moneni [8]. Ilpore po3’si3yBaHHS ozep-
KaHOI CHCTEMH Yy 3arajllbHOMY BHWIJISII IIOB’S3aHE 3
npo0JieMaMy TEXHIYHOTO XapakTepy: PiBHSHHS ITOJaHi

y HEIBHOMY BHIJIAII BimHOCHO 3MiHHOT K — Koedilri-

€HT TPOIOPLIHHOCTI, IIyKaHa HeBiloMa nBH _ xinp-
KiCTb BHECEHHUX JIe()EKTIB 3HAXOAUTHCS SIK Y BEPXHBOMY
IHJEKCI 3HaKa CYMH TaK 1 IiI 3HaKoM audepeHinaia.
CKJIaJHICTh OJIEpPXKAHOI CHCTEMH PIBHSHB IMOSICHIOETHCH,
TIepIl 32 BCe, JOCTATHHOIO CKJIAHICTIO CUCTEMH PiBHSHB
JUTSl 3HAXOJKEHHsI TIapaMeTpiB MPOCTOi €KCIIOHEHIIHHOT
Mmojeri. CTpyKTypa CHCTEMH PIBHSHB JUIsl 3HAXOJDKEHHS
napamerpiB mozeni 1lluka-BonBeprona Oinbmn mpocra,
HDK JUTS TPOCTOI €KCIIOHEHIIIHHOT MOJIENTI.

IMpun komIiekcyBaHHI MOAM(IKOBAHUX MOJEINEH
OIIIHKM HAJIHHOCTI IPOrpaMHKX 3aC00iB KPiM CITiBCTaB-
JICHHSI TTapaMeTpiB MoOJieJiell I10JJ0 MOXKIIMBOCTI IX aHa-
JITHYHUX TIEPETBOPEHb BAXKIIMBOIO YMOBOIO € Y3rO-
JOKEHHSI TIPUITYIIEHb Mojeield. Y LboMy ceHcl 00’en-
HaHHA MomudikoBaHol Mozaeni JkeniHcbKi-MopaHau Ta
MoH(ikOBaHOI MPOCTOi EKCIIOHEHHIHHOI Mojeni 00-
IPYHTOBYETHCS 30irOM MPUIYIIEHb MOJIENEH 32 BUKIIIO-
YEHHSAM TPHIYIIECHHS TPO BUIJIAA (GYHKIII PH3HKY B
iHTEepBajlax MDK MNposiBAMU JedeKTiB, 10 B AaHOMY
BUIIAJIKYy HE € MIPUHIUIIOBHM.

Meta crarTi — Oflep)KaHHS aHAIITHUYHOTO BHPA3y
JUTSL OLIHIOBAHHS KUTBKOCTI BTOPHMHHUX JS(PEKTIB MPO-
rpaMHUX 3ac00iB Ha OCHOBI MOAM(IKOBaHHX MOJENEH
pocty HamiinocTi Jkeminceki-Mopanau 1 Illuka-
BonBepToHa NUISIXOM 1X KOMILIEKCYBaHHSI.

OCHOBHA YaCcTHHA

Mopneas xenincbki-Mopanau. IlpunymeHas
Moxeri [5].

1 InreHcuBHicTh BUsiBIEHHS AedexTiB A(f) (pyHk-
1Sl PU3UKY) NPOIOPIiHHA TOTOYHIN KITBKOCTI 1e()eKTiB
y TMporpami, Jie MOTOYHA KiJBbKICTh 1€ PI3HHULS MiX
kibkicTio JIIT I13 oriHeHa micis 3aBepIICHHS PO3POOKH

13 Ta KiTBKIiCTIO YCYHEHHX (NEpBUHHUX) ITiJ] 4ac HaJla-
TOJDKEHHS Ta TECTYBaHHSI.

2 IlposiB nedexTiB piBHOWMOBIPHUH 1 iX MpOsB He
3aJIeKHUTH OJIMH BiJ OHOTO.

3 VYci gedekTn MaroTh OHAKOBY CKIIAHICTb.

4 Yac 1o HACTYNHOI BiIMOBH PO3MOMIIEHUH €Kc-
HOHEHLIaJILHO.

5 JedexTu mocTiiiHO KOPUTYIOTBCSI O€3 BHECEHHS
HOBUX.

6 Ilporpamuuii 3aci® (YHKIIIOHYE B CepelOBHII
OJM3bKOMY JI0 peasIbHUX YMOB.

7 M(t) = const B iHTEpBaJi MiXK JBOMAa CYMIKHUMH

MOMEHTaMH MpOsIBY Ae(EKTIB.
BianoBigHO 10 IMX HPUIYIICHb (DYHKIMSA PH3UKY
MOJIAETHCS Y BUTIIAI

A(t)=K(B-(i-1)), (1)

Ie ¢ — JOBIJTHHUNA MOMEHT 4Yacy MiX BUSBJICHHIM [ —1 -
ro ta i -ro aedexry; K — koedilieHT nporopuiiHOCTi;
B — nouartkoBa (HeBizoMa) KiIBKICTh Ae()EKTIB y TIPO-
rpaMHOMY 3ac00i.

Takum yuHOM, SKIIO 32 Yac ¢ Oyio BUSBIEHO (i-1)
nedexris, To B 13 mie 3anumaersest ix B-(i-1).

Beaxaroun X; =t —t;_4 (i = 1,n) i BUKOPHCTO-

BYIOUM YETBEPTE MPHUIIYIICHHSI MOXKHA CTBEPKYBAaTH,
0 BCi X; MarOTh €KCIIOHEHI[iaTbHUH PO3MOIiI.

Mopneas llluka-Boaseprona. [Ipunymenns:

1. ®yHKLis pU3KKy TpoIopLiliHa KiNbKOCTI nede-
KTiB y MpOrpaMHOMY 3aco0i, a TakoX, BEIWYHHI 4acy
TECTyBaHHSL.

2. IposiB neekTiB pIBHONMOBIPHNIA 1 HE3AJIEKHUH.

3.¥Yci neekTn MaroTh OHAKOBY CKJIQJIHICTB.

4 TIporpaMHuii 3acid mparroe B yMOBax, OJU3bKHX
JI0 peaJIbHUX.

5 Jedextu mocTiiiHO KOPUTYIOTBCSI O€3 BHECEHHS
HOBUX.

OyHKLis pU3NKY Ma€ TaKUH BUTIISL

A(t)=K(B-(i-1))X;, ()

Jge X; — Jac TecTyBaHH:, IO MUHYB Bill MOMEHTY f;_|
BUSBJICHHSA (i —1)-ro nedekTy 10 MOTOYHOrO MOMEHTY

i
(HeBioMa) KUTBKICTB Ne)eKTiB y IporpaMHOMY 3aco0i [4].

[Mpunymennss moneneit JxeniHceki-Mopanan 1
[Iuka-BonBeproHa GpakTUYHO CIIBIAJAIOTh, 32 BUKIIIO-
YEeHHSM TPHUITYLHICHHS NP0 MNPONOPLiHHICTh (QyHKIIT
PU3HKY BEIMYHHI Yacy TECTyBaHHSI.

®opmymu (1) i (2), mo xapakTepu3yroTh QyHKIIT
pmsuky Mopnenei JlxemiHcbki-Mopangu 1 Illuka-
BonBepToHa MICTATH OJHAKOBI Mapamerpu, 3a BUKIIIO-

4eHHAM mapameTpa X;. B o0’ennaniii momemi cmin

, K — xoediuienT mponopuiiHocTi; B — modaTrkosa

NPUAHATH MPUIYIIEHHS MPO MPONOPLiHHICTh (QyHKIIT
PHU3UKY TPUBAJOCTI TECTYBaHHSA, OCKUIBKHM aHAJiTHUHI
BUpPa3H MICTATH LIeH MapaMeTp, a TaKoX, IPHITYIICHHS
Ipo Te, 0 Ha KO)KHOMY 4YacOBOMY IHTEpBaJl BUSBIIS-
eTbesl o7MH AedexT. Bua posnoziny yacy Mix BHUSIBIICH-
HAM [ —1-ro Ta i -To AeeKTy y KOHTEKCTI 3amadi, o
PO3IIISIAETHCS HE € TIPUHIMIIOBUM.
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Bukonanwuii anainiz npumymieHb Mojenen Jxemnin-
ceki-Mopanau i luka-BonsepTona mo3Bossie chopmy-
JIIOBaTH BUCHOBOK TIPO iX Y3TOMIKEHICTb.

VYpaxyBaHHsS BTOpUMHHUX JAe(eKTiB mependavae
YTOYHEHHS IT’SITOT'0 MPUIYIIEHHSI MOJIeIel y HACTYITHIH
penaxuii: nedexTr moctiiHO KopuryroTbes. Kpim toro,

y (yHKIIT pU3UKy MoAeTIeH JAONAEThCS MapaMerp nBH

— KUIBKICTh BHECCHUX Ae(eKTiB, BHACTIIOK 4oro ¢op-
mynu (1) i (2) BianoBigHo HAOYAYTh BUTIISLY

M) =K (B=(i=1)+n"") 3)

M) = K(B=(i=1)+n™" ) x;. )
Ha ocHOBI Ipyrux HpHUIyIIeHs MOJIETEN OfepKaHi
CHUCTEMU piBHﬂHB JUIA 3HAXOJXKCHHA OI_[iHKI/I MaKCHuma-

JILHOI TIpaBAoNoaiOHOCTI BennunH K , B, nBH MoJie-

neii Jlxeninceki-Mopanau 1 1lluka-Boneeprona Biaro-
BimHO [7].

K = n+7’lBH
n+nBH ’
> (B—i+1+nBH)Xl-
i=1
- ninH (5)
ninBH (i’l+7’l ) Z Xi
1 _ il
. BH BH
-1 B—i+l+n ntn
l > (B—i+1+nBH)Xl-
i=1

i’l+i’lBH

n+nj

2
B—i+1+n®" A
;'( ) 2 (6)

n+nj n+nj

1 K
2w, Zl X7
pn

i-1 B—i+l+n

3 ypaxyBaHHSM IpPUMIYIIEHHS PO BHSBJICHHS OJI-
HOro JedeKkTy Ha KOXKHOMY 4YacOBOMY IHTepBalli, B
cucreMi piBHAHb (6) y BEpXHbOMY iHIEKCI CyMH n

saminserbes ma nb

K = n+ T’lBH
- s
n+nBH

2
B—i+1+nBH X—’
;' ( ) 2 (7
BH

n+n 1

BH
RN X-.
S B-i+1+a81 2 ;‘ l

Koxna 3 cucrem (5), (7) cknagaeTscs 3 IBOX PiB-
HSHb, y SIKUX MICTUTBCSA TPH HEBIJIOMHX, IO CBIIYUTH
PO Te, IO iX PO3B’SI3KU HE MOXKHA 3HAUTH OTHO3HAYHO.

B 00’eHaHiit MOIENI MAEMO CHCTEMY PiBHSHB, IO
CKJIaIA€ThCs 3 PiBHIHB cucteM (5), (7).

BH

n+n
(B—i+1+nBH)X-
1

1°

K:(n+nBH)

i=

n+nBH

BH (n+nBH) Z X;

n+n
1 -1

. BH BH ’
-1 B—i+1+n n+n
: 5 (B—i+1+nBH)X-

i
i=1

n+nBH
K=—70-" , (®)
n+n X_2
> (B—i+1+nBH)—’
i=l 2
BH BH
n+n ;zfrﬁnz X_2
= B-i+1+a87 2 5 l

OpneprxaHa cucTemMa piBHSIHb Ma€ YOTUPH PiBHSIHHS
TIPU TPHOX HEBIJOMHUX, IIPOTE BUPA3

n+nBH 1

— 9
i=1 B—i+1+nB1

IIPY NIEPETBOPEHH] CUCTEMH CIIiJI BUKIIFOUUTH, OCKUIBKH
HEBIZIOMi, SIKI BiH MICTUTh HE MO)XHA BHUPa3UTH 4Yepe3
1HIII HEBIIOMI.

[pupiBHSABIIK Apyre i YeTBEpTE PIBHSHHS CHUCTE-
Mmu (8) Bukirogaemo Bupas (9). Maemo

K- n+nBH
n+nBH ’
> (B—i+1+nBH)Xl-
i=l
BH n+nBH
(n+n ) Z X; Kn+nBH
i=1 _ 2
nanBH _? Z Xi ., (10)
. BH i=l
Z (B—1+1+n )Xl-
i=l
n+nBH
K= .
BH
n+n Bl X_2
Z (B—i+1+n ) L
i=l 2

Buximogaemo K , CHiBCTaBISIOYM MEpIIE i TPETE
piBusiHHS cuctemu (10). Maemo

n+nBH n+nBH

2y (B—i+1+nBH)Xl-= 3 (B—i+1+nBH)Xl-2. (11)
i=1 i=1
IIporogumo meperBopenHs piBHocti (11). Omep-

’aHa QopMylla MICTHTh LIYKaHy BEIHYHHY nBH y

BEpPXHBbOMY iHzeKci cyM. ToMmy nomaBaHHS Mae 31iiic-
HIOBAaTUCS J0 BHSBIECHHS OCTaHHBOro aedexty. IHmia
HeBiZloMa B — Mo4yaTKoBa KiJIBKICTh Je(EKTiB y Impo-
rpaMHOMY 3ac001 BU3HAYAETHCSI 3 BUKOPHCTAHHIM MO-
Jienield MporHo3y MOTEHIIHHOT KUTBKOCTI JedeKTiB mpo-
rpaMHUX 3ac00iB (HampuKiIa, Monet Xomacreaa [10]):

BH BH
n+n n+n
-2 > in»+2(B+1+nBH) X; =
i=1 i=l1 (12)
n+nBH n+nB

H
=- > iXi2+(B+1+nBH) > X2

i=l1 i=1
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n+nBH n+n®

H
(B+14n™) 2 3 X- Y X7 |-
i=l1 i=l1

BH BH
n+n n+n
=2 Y - Y it (13)
i=1 i=1
n+nBH n+nBH
> oixA-2 Y i
BH i=1 i=l
nB = -B-1 (14
n+nBH n+nBH ( )
X2 -2

D X
i=1

Otpumanmii pe3ynbrat (14) OKpyrIIIOETBCS 10 LITUX.

i=1

BucHoBku

OpepxaHO aHANITUYHUNA BHpa3 Uil OLIHIOBAHHS
KIUJIBKOCTI BTOPHHHHX JIeEKTiB MPOrpaMHUX 3ac00iB Ha

Jxeninceki-Mopaumu  1a  Illuka-Boneeptona. Ileit
BHpa3 3HAYHO CIIPOIIYE OI[iHIOBAHHS KIIBKOCTI BTOPWH-
nux nedekriB 13 , y mopiBHSAHHI 3 TX OLIHIOBaHHSIM Ha
OCHOBI KOMIUIEKCYBaHHS MOJU(]IKOBAHUX MOJENeH
Jlxenincbki-MopaHIy 1 TPOCTOi  €KCHOHEHIIaIbHOT
mozeni. Jlanmii Bupa3 y noennanni 3 MHII3  inmmx
KnacudikamiiHuX o3HaK [S5] J03BOJSIE CHPOTHO3YBaTH
3HavyeHHs (QyHKuii pusuky (iHTeHCHBHOCTI mposiBy JI1
13, sx QyHKUii yacy) Ta nani BUKOPUCTOBYBATH 11 IS
KOMIUIEKCHOTO OLIIHIOBaHHS TIOKa3HHUKIB HaJiHHOCTI Ta
(yHKIIOHATbHOT OE3MeKM CKIaJHUX CHUCTEM, Y TOMY
YHCIII CHCTEM, SIKi MOXKJIMBO BiJJHECTH IO KJIACy KPHTH-
YHUX (HANpHUKIaJ, MPOrpaMHO-TEXHIYHUX KOMILIEKCIB
inpopMmariiHo-kepytounx cucreM AEC).
MonansmmMu HANPSIMKAMU A0CTiAKEeHb, CIIps-
MOBaHHX Ha OJIep)KaHHs aHATITUYHUX BHUpPA3iB IS OLli-
HIOBaHHS YHCJIa BTOPMHHHUX JAe(EeKTiB NpOrpaMHUX
3aco0iB € aHai3 MOXKJIMBOCTI KOMIUIEKCYBaHHS 1HIINX
MoJieNiei, 30KpeMa MOJENICH, 110 HaJeKaTh JO IHIINX

OCHOBiI KOMIUTGKCYBaHHs MOAU(DIKOBaHUX Mojenel  Kilacu(ikanifHUX O3HAK.
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Assessment of the number of secondary software defects based on combining the parameters
of the Jelinski-Moranda and Shick-Wolverton software reliability growth models

0. Rudenko, O. Odarushchenko, Z. Rudenko, O. Odarushchenko

Abstract. Software Reliability Growth Models (SRGM) have been investigated to identify those that can be used to ac-
count for the factor of manifestation of secondary defects. The secondary defects are those that are introduced into the software after
the removal of the primary ones, which are introduced and eliminated during software debugging and testing. The assumptions and
analytical expressions of the Jelinski-Moranda, Schick-Wolverton SRGM on the question of their application for the consideration of
the secondary defects of software design are analyzed. An approach is proposed to quantify the secondary defects, which is to mod-
ify the risk functions of the SRGM. The problematic issues arising from the complexisation of the modified simple exponential
model and the Jelinski-Moranda model are analyzed. Approaches in which the modification of SRGM is possible - consistency of
assumptions, acceptance of additional assumptions that agree on models, comparison of parameters regarding the conditions of
implementation of analytical transformations are considered. The advantages of combining Jelinski-Moranda and Schick-Wolverton
SRGM compared to combining a modified Jelinski-Moranda model and a modified simple exponential model are presented. The
resulting formula, in conjunction with SRGM other classification features, allows to predict the value of the risk function and further
use it to comprehensively evaluate the reliability and functional safety of complex systems, including systems that can be attributed
to the class of critical (eg, Instrumentation and Control Systems for Nuclear Power Plants).

Keywords: software reliability, defect, secondary defect, Software Reliability Growth Models, modified Jelinski-
Moranda reliability growth model, modified Shick-Wolverton reliability growth model, model aggregation, combined Jelinski-
Moranda and Shick-Wolverton model.
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CIIEHIAJII3OBAHA KOMIT'IOTEPHA CUCTEMA JJISA PO3PAXYHKY
3 NIABUIINEHOIO TOYHICTIO MEXAHIYHUX XAPAKTEPUCTHUK
3AJAY HAIIPYKEHO-AE®OPMOBAHOT'O CTAHY TOHKOCTIHHHUX
NUWITHIPUYHUX OBOJJOHOK 3MIHHOI TOBIIIUHHA

AHoTanisi. Y CTaTTi NPONOHYETHCS HOBITHIN MiaXix 1o moOynoBu criemianizoBanoi komir torepHoi cuctemu (CKC) Ha
OCHOBI IPYHTOBHOI'O aHaJIi3y OCTaBJICHOI 3a/1a4i, i3 BpaXyBaHHAM CIiJIbHOI poOOTH OOOJIOHKH 3 BHYTPIIIHIM HAIlOBHIOBA-
4eM, KpaiioBUX YMOB, BIaCTUBOCTEH TOHKOCTIHHOI LIMJITHAPUYHOI OOOJIOHKH, IO 3HAXOAUTHCS IiJl €10 HABAHTAXKEHHs, Ta
pa3oM 3 IIMM 37aTHa 30epiratu movyaTkosi naHi. [IpoBeneHui OriIs JiTepaTypHUX JHKEpEN 1Mo TeMaruil cratti. OOrpyHTo-
BaHO HeoOximHicTh ctBopeHHs1 CKC, sk ycminmHOl aJlbTepHaTUBH TPaIULiHHAM KOMIT FOTEPHAM CHUCTEMaM, OCKUIBKH MOE-
HaHHS alapaTHOrO Ta MPOrPaMHOro 3a0e3IeUeHHs Pa3oM 3 MEXaHIYHMMHM a0o IHIIMMH YacTHHAMM, A€ MOXJIUBICTH 3Ha-
XOJMTH PillIeHHs MIMPOKOro KIacy 3a/ay NpuKiagHoro xapakrepy. ChopmynboBani 3aranbHi Bumoru 1o crpykrypu CKC,
sKa MPU3HA4YEHa JUII BUPIIICHHS HaHaKTyalbHIIIMX MpoOieM MeXaHiku 1e(opMOBaHOro TBepIoro tina. JleranizoBaHuii
aNropuT™M pobOTH pO3paxyHKOBOro 00Ky i3 mixBumeHoro TouHicTio CKC, sikuii 3Bomuthbest 10 po3B’s3aHus CJIAP i3 Bu-
KOPUCTAHHSAM iTepaliiiHUX METOJIB, a caMe METOy 3eHiens.

KawodoBi cioBa: crenianizoBaHa KOMIT'IOT€pHA CUCTEMa, TOHKOCTIHHA IIUTIHIPHYHA OOOJIOHKA, KpaioBa 3ajaqa, a-

TOPUTM, MeTOJ 3eii/ielisl, iTepamniiiHa cxeMa, MaTpHILs, 301KHICTb METOLY.

Beryn

IMocranoBka mpo6iaemMu. ['0lIOBHUM iHCTpYMEH-
TOM Cy4acHHX iH(opMauiiHUX TEXHOJIOril € OGaraTodo-
pmarthi koMt orepHi cucremu (KC), siki MoxHa Kiacu-
¢ikyBaTH 32 iX OCHOBHHMH XapaKTEpPUCTUKAMH Ta I10-
TYXHOCTSIMH. 32 JOIOMOI'OI0 HasBHUX KOMII IOTEPHHX
CHCTEM MOXKHA PO3B’S3aTH BEJIWKY KUIBKICTh 3aj]ay Ha-
YKOBO-TEXHIYHOT'O TMOXOKEHHs, IPOTe, Mepea HayKo-
BIIIMHU TIOCTAIOTh K OKpEMi 3aiadyi, Tak i mpoQiIbHUMA
migoip 3a/1a4, sIKi MaOTh BOXKJIMBE MPAKTHYHE 3HAYCHHS,
ajsie 00YMCIIOBAJIbHI MOXITUBOCTI ICHYIOUHMX anapaTHHUX
komiutekciB KC € HemocraTHIMH A7l iX yCHIIIHOTO BU-
piwenns [1-8].

Bucokuii piBeHb pPO3BUTKY CYy4acHHX IHXKEHep-
HHUX TEXHOJIOTIM BuMarae 30epekeHHS HaAiHHOCTI Ta
MIITHOCTI KOHCTPYKTUBHHX CHUCTEM, IIO MPHU3BOAUTH 110
BUHHUKHEHHS HOBUX TEOpiil Ta KOMIT'IOTEPHUX METO/IB
PO3paxyHKy, sIKi Jiokami3ytoTbes Ha 0a3i CKC npusHa-
YEeHHX U1l PO3PaXyHKOBOI POOOTH 13 MiIBUILIEHOIO TOY-
HICTIO JI €JIEMEHTIB 000JIOHOK, 0ajIoK, IUTACTHH.

TOHKOCTIHHI UMIIHAPUYHI KOHCTPYKIii, € OJHUMH
i3 HaWOLIBII MOMIMPEHNX KJaciB KOMOIHOBaHUX KOHC-
TPYKIIH, SIKI YCHIITHO BUKOPHUCTOBYIOTHCS B HaMpi3HO-
MaHITHIIIKUX oOJacTsAX cy4acHoi TexHiku. lle MoxHa
MOSICHUTH THM, IO 3aBISIKM CBOiN KPUBOJIHIIHIN CTPY-
KTypi Taki IWTIHAPUYHI OOOJOHKM JO3BOJSIOTH HaM-
OLIBII palliOHAFHO PO3IOAUIMTH MaTepiall B pi3HOILIA-
HOBUX CIIOPY/XKEHHSX Ta, KPIM LLOr0, BUKOPUCTOBYBA-
TH HOr0 BJIACTMBOCTI MIITHOCTI MPH 3aJ0BOJICHHI YMOB
MIITHOCTI 1 cTitikocTi [9].

[Tpu npoBeneHH1 AOCTiKEHb B raiy3i Teopii 000-
JIOHOK, 1X Kiacu(ikalliro BU3HAYAIOTh 32 1X CepeMHHOI0
MOBEPXHEI0, sIKa Mae BCl HEOOXiJHI TeOMEeTpUYHi Ta
(i3nU4HI BIACTHBOCTI, IO XapakTepHi [Uis ii TOBLIMHH.
AXTyaJIbHICTh JTOCITI/DKEHHSI B paMKaX TEMaTHKU JaHOi
crarTi, crocoBHo modoynosu CKC, monsArae B Tomy, 1110
TOHKOCTIHHI IMJITHAPUYHI OOOJIOHKH € TIEPIIOOCHOBOO

OLIBIIOCTI BIIOMUX MPHUPOIAHUX KOHCTPYKIIH, a TaKOX,
THUX, SIKi BJIOCKOHAJIIOBAJH Ta MPUCTOCOBYBAJIN JIO BH-
KOPHCTaHHSl Y TOBCSIKIECHHOMY JKUTTI JKUTENI HaIIol
TUIAaHETH.

Sxmo no tpamuiitinnx KC npuiiHATO BHCYBaTH,
IepII 3a BCE, YMOBHU YHIBEPCAJIBHOCTI Ta MOXKIIUBICTH
MacoBoro nomupenss, 1o g CKC, ronoBHuMu BUMO-
raMd € — YyHIKaJlbHI OCOOJIMBOCTI aJTOPUTMIYHOI Ta
amapaTHOi CKJIAZIOBOi, a TAKOXK HAINHHICTh Ta CTIMKICTB
IpU HaKJIaJaHHI ITOYATKOBHX OOMEXCHb Ha BUXITHI
napameTpu cuctemu oo [10].

[MpoBiBun ananiz Bukopucranus icHytounx KC ta
KOMITOHEHTIB MOKHa BHOKPEMHTH TaKi OCHOBHI Tepe[-
YMOBH [yl HEOOXIJHOCTI PO3BUTKY NPOEKTYBaHHS Ta
3actocyBannsa CKC:

1) po30iXXHOCTI MK MaTeMaTHYHOIO (opMaiza-
Ii€r0 3a7a4i Ta 11 TEXHIYHOK Peaji3allielo 3 BUKOPHC-
TauHIM MoxkimuBocteit KC;

2) BukopucranHsi CKC nmae 3Mory mnpaBHJIBHO iH-
TEpUpeTyBaTH OTPUMAHUI pe3ylnbTaT Ha MOTPIOHY
MIPEeMETHY 00J1aCTh;

3) rayukicts peamizauii KC, TodTo ycmimnme noen-
HaHHS Ta IepeMIIieHHs B 10 cuctemu [2, 10].

YcnimHe BUPINIEHHS 3a7ad Teopii TOHKOCTIHHUX
UUTIHAPUYHUX OOOJNIOHOK, HEMOXKIUBE 0€3 po3poOKHU
CKC, sk mpaBwio, MOMIOHOTO POAY OOYHUCIIIOBAIBHI
MIPUCTPOI MIPU3HAYCHI 1 MPOodiIbHOI poOOTH B Till YU
IHIIIH ramy3i HAyKH 44 TEXHIKH.

VY 3B’s3Ky 3 IIM, 3HA4HA yBara MpUAIISEThCS M-
TaHHIO cTBOpeHHs CKC mns MonentoBaHHS 3aMKHEHHX
000JIOHOK 3MIHHOI TOBIIMHH Ta 00paxyHKy 1X MexaHid-
HUX XapaKTEePUCTUK, 3 METOI0 ITOAAIBLIIOr0 BHKOPHUC-
TaHHS PO3PaxyHKIB ITiJBHIIEHOI TOYHOCTI JJIsi BHPOO-
HUITBA TOHKOCTIHHUX  IWJIIHAPUYHUX OOOJOHKOBHX
KOHCTPYKIIiH, sIKi BOJIOJIIOTh HaIBAXKJIMBUMH BIIACTHBO-
CTSIMH Ha MIIHICTb, JKOPCTKICTh, CTIHKICTH TOIIO [4].

AHaJti3 octaHHIX gocaizkeHb i myOmikamiii. Bi-
noMmi TeopernuHi Oararonpodinbai MoximBocTi KC Ta
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KOMITOHEHTIB CTOCOBHO PO3PaxyHKY €JIEMEHTIB Harpy-
KEHO-J1e()OPMOBAHOT'0 CTAaHY TOHKOCTIHHMX OOOJIOHKO-
BUX KOHCTPYKIIIH, PU MpaKTH4YHIA peainizauii, y Oiib-
IIOCTI BUITAKiB, MAIOTh 3HAYHI O0YHMCIIIOBAIIbHI.

IcHyIOYI HOCTIPKEHHS B Tany3i Teopii MuTiHIpUY-
HUX OOOJIOHOK Ta METOIIB PO3PaxyHKYy TOHKOCTIHHHX
000JIOHKOBUX KOHCTPYKIII MOXKHa BHOKPEMHUTH Y JIBa
HAIPSMKH: TIEPIIHA HAIPsAM — KOMOIHOBaHI aHATITHYHI
Ta HamiBaHAJITUYHI METOHM, SIKI IPYHTYIOThCS Ha KOH-
TUHYaJIBHIN crenudikoBaHii MOJEIi PO3paxyHKy, Ta,
JPYTHH HampsiM, KU 0a3yeThcsi HAa AUCKPETHOMY MO-
JIaHHI pO3pPaxyHKOBOi MOJENi, 3 METOI0 BUKOPUCTAHHS
JI00pe BiIOMUX YHCEIBHUX METOJIB.

AHani3 HayKOBHUX Hpallb, TAKMX BiJIOMUX BUEHHX,
sx: I'puropenka . M., I'puropenka A. ., Bnaiixosa I'.
I'., Tumomenka C. I1., Bacunenka A. T., Crebasuxka IT.
0., KinpueBcbkoro M. O., 1ae miJcTaBu CTBEPIKYBATH,
10 KOKEH 3 IUX HAIPSMKIB YCIIIIHO PO3BUBAETHCS Ta
JONOBHIOE ofuH oxHoro [1-10]. OOunBa HanpsiMKu Ma-
IOTh B CBOEMY apceHalli MOTYXHiI OOYUCITIOBAIbHI KOM-
IUIEKCH, TIPOTE TP THpaKTHYHINA peaiizauii iCHyIOUHX
METO/IIB ISl CKIIaJHUX OOOJIOHKOBHX KOHCTPYKIIH BH-
HUKa€ psifl MpoOieM 00UUCITIOBAHOTO XapaKTepy.

Kpim mporo, BuHUKaE HEOOXiqHICTH MOOYAIOBH 3a-
TaJIbHUX MiJIXOMIB JJIsl pO3paxyHKy 0OOJIOHKOBHX KOHC-
TPYKIIH, sIKi O CTBOPWJIM YMOBH JISl IUPOKOT'O CIEKT-
py 3actocyBaHHs. ToOTO BHHHMKAaEe HEOOXITHICTH 1O
PO3B’si3aHHS 3aJad y TMPOCTOPOBiM MocTaHOBII. [lpu
BOMY 3’SIBJISIOTBCS MATEMATHYHI Ta OOYMCIIIOBAJIBHI
TPYIHOIII NPU BUKOHAHHI T'PaHUYHUX YMOB 3 JIOCTAat-
HBOIO TOYHICTIO.

OmnucaHi mpo0aeMH, sKi 3 IBUINCS Ha HOBITHBO-
My LUIIXY PO3BHUTKY € HACIiJIKOM HEJOCTaTHHO PO3PO-
OJICHOr'0 METOJMYHOIO anapaTty Juls PO3paxyHKY IIWi-
HIPUYHUX 00OJIOHOK.

Ha choroaHi, cepen npoBiHUX JTOCIHIHUKIB TeMa-
TUKH JJaHOT poO0TH MOOYTYyE AYMKa, 1110 3HAYYIIHHI MPOo-
rpec, MOKIIUBHIMA, ITPH MOOYOBI CIIEIiali30BaHUX 00YH-
CIIIOBAJIBHUX KOMIT'IOTEPHUX CHCTEM Ta 1X KOMIIOHEH-
TiB, HA OCHOBI BHKOPHCTAaHHS YMCEIBHUX METOIIB, alie
IIPU YMOBI YCHIITHOTO TOEJHAHHS Ta BJIOCKOHAJICHHS
arapaTHOro KOMILICKCY aHAJITUYHUX Ta HalliBaHAJiTH-
YHHUX METOMIB [9].

MeTtorww poGoTH po3poOKa  CremiaTi3oBaHOl
KOMIT FOTEPHOI CHCTEMH, SIKa JIO3BOJIUTH MOJENIOBATH
3aMKHEHI TOHKOCTIHHI IMTIHAPUYHI 00OJOHKH Ta 3iH-
CHIOBATH PO3pPaxXyHOK MEXaHIUYHMX XapaKTEepUCTHK 3a-
Jad  MpYXHO-Ie(OPMOBAHOTO CTaHy OOOJOHKOBHX
KOHCTPYKIIH 13 I JBUIIEHOIO TOYHICTIO.

OcHoBHu#i MaTepian

HeoOximnicte mooynoBu CKC MoOXHA MOSICHUTH
oM, mo CKC BXomaTh A0 CKJIamy MpoOJieMHO-
opienToBanux KC, sxi MaloTh OaraTorpaHHi MOXKJIUBOC-
Ti BIIHOCHO IPOEKTYBaHHS BOYIOBaHUX Ta PO3MOJIiie-
HHUX CYYaCHUX KOMII'IOTEPHUX CHCTEM B MEKaX pealib-
Horo yacy. OUeBHIHUM € Te, 110 MePEIOBi CydacHi Oara-
topyHkuioHansHi CKC moBuHHI OyTH OCHallleHi BHCO-
KOpIBHEBHM IIPOrpaMHO-ariapaTHUM KoMmruiekcoM [10].

OCKIJIBKM TIpH PO3PaxyHKY KOMIIOHEHTIB HaIpy-
KEHO-J1e()OPMOBAHOI0 CTaHy HWJIIHAPHYHHUX OOOJIOHOK,
SIK CKJIaJJHAX CHCTEM, BUHHUKAIOTh OOYHMCIIOBAJIBHI TpY-

JTHOIII 13 BPaxyBaHHSIM BCIX MOXIIUBHX XapaKTEPHCTH-
YHUX BIACTHBOCTEH, a JUIsi 3HAYHOI KITBKOCTI 3a7a4
Teopii 000JOHOK Maike HEMOXKIIMBO OTPUMATH JIOCTO-
BipHi pe3yJbTaTH.

Ix ycrmimme BupileHHs MOXKIIHBE, 32 YMOBHU MO6Y-
noBu HoBux CKC, ski MaTUMyTh B OCHOBI: 1) HEOOXiHi
MOJIETIbHI YSIBIIEHHS; 2) KOMOIHOBaHI Miaxoau; 3) MeTo-
U PO3PaxyHKY 3 MiJABHIICHOI TOYHICTIO; 4) TOCTOBIp-
Hy MPaKkTHYHY pealli3allil0 MPONOHOBAaHUX aJTOPHUTMIB.
Onucani Bumoru 10 cTpykrypu cydacHux CKC ta xom-
MOHEHTIB € OJIHIEIO 3 HaWaKTyaJlbHIIINX MpOOJIeM Me-
XaHiKH 1e(OPMOBAaHOIO TBEPAOr'O TiJia i MpPEACTABISE
0e3CyMHIBHMI MPAKTHUHUN iHTEpec. Y 3B’S3Ky 3 THM,
IO TOEAHAHHS alapaTHOro Ta MpOrpaMHOro 3adesre-
YEeHHs pa3oM 3 MeXaHIYHUMHU a00 HIIMMU YaCTHHAMH,
JIa€ MOXJIUBICTh 3HAXOAWUTH DILIEHHS Ui IITUPOKOTO
KJIacy 3ajia4 MpUKIaJJHOTO XapaKTepy.

JocmimkyeTbess HanpyKeHO-1eOpMOBAHUI CTaH
HECUMETPUYHO HaBaHTa)XEHOI ITOBEPXHi 13 HaBaHTa-
KEHHIM — ¢y, 4,4 LTI HIPUYHOI OOOJOHKH KpYyro-

BOTO TIOIIEPEYHOro Mepepizy pajiycy R Yy cepeauHHIH
NoBepxHi. B (GopMynroBaHHI IOITyCKa€ETHCS, IO TOB-
myHa /s OOOJIOHKH MOYKE 3MIHIOBATHUCH B OKPY)KHOMY 1
MEpUIiOHAILHOMY HampsiMKax. KIro4oBUMHU HeBio-
MUMH JaHOi 3aJadi €: u,v,w — NepeMilllecHHs 3a TBip-
HOIO, HANpaBISIIOYOI Ta HOPMAJUIIO JIO CEPEIUHHOI
MOBepXHi [2].

AmHajgiTH4Ha MOJENb 3a4a4l TOHKOCTIHHOI IMIiH-
JIPUYHOT 0OOJIOHKU Ma€ TaKUi BUTIIS;

oU w
1) —=——+¢;
6x Rl
2) a—V=—6—U+812; 1) Ny =cpp81 +cx08
ox oy
ow ,

3) — =W 12) My = Dypyy +Dapa s
ow' oM
4)—x=—X1; 13) Oy =H'+—2%;

oN, &S 1
=—— 14) ¢y =—(N;—cp&y ) s
5) — o o ) € 01( | —C12€7)
ON.
6)—:——2; 15) Szza_V K
oy ay Rz
oM OH S
) 1 ——+Q]; 16) € ="
€66
OH 1
8) —=H'; 17 =—(M;-D ;
) o ) %1 Dn( 1=Diyx2)
0 00, N o*w
9)ﬁ=_&+_2_qz; 18) %y =——>;
Ox o R oy
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0 oy
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ER ., ERH(x)
Do = ———— Do =————>
24(1+v) 8(1+v)
., ER’b,
% " 81+v)’

e TOBIIMHA OOOJOHKH 3MIHIOETHCS 3a JIHIHHUM 3aKO-
HOM

h(x)=ay +byx, h'(x)=1by.

Crpykrypa CKC 0a3yeThcss Ha BUKOPHCTaHHI
CKIHUEHHO-PI3HHUIIEBUX alPOKCUMAIIH MOXiTHHUX. SIKIIo
MpOaHaJi3yBaTH BIUIUB OKPYIJICHHS HA alpOKCHMAIIi0
MOXiHOT 13 BUKOPHCTaHHIM PI3HHUIIEBOI alpOKCUMAIIi,
TO MU 1M00aYUMO, IIO ITPU 3MEHIIEHHI KPOKY anpOoKCH-
Mallii HaOJMMOKEHHS 10 TOXIMHOI PI3HUIICBUMU CITiBBiJI-
HOIIICHHSAMH, CIIOYATKY IMOKPAIIYEThCS, ajie TOTIM IOTi-
pIIYETBCS, TOOTO MOXUOKA OKPYIJICHHS Y PI3HUIIEBOMY
CIIBBITHOIIICHHI 3POCTAE i3 3MEHIIICHHAM KPOKY.

AJBTepHAaTHUBHUI CIOCIO OTpUMaHHS Kpamol arm-
pOKCUMAIIl ToJsirac B TOMY, OO 3alpOIIOHOBAHUM
CrocoOOM 3HU3UTH HEYCYBHY HOTPIIIHICTH OKPYTJICHHS
IIPH THX )K€ 3HAYCHHSX Ha JaHOMY KpoIli. OYeBHIHUM €
Te, 10 3HAWTHU YCIIIHUN BHUXiJ 3 i€l CUTyaIlil MOXKHa,
SIKIIIO BUOpaTh OLTBII TOYHINTY (opMyITy ISl alpoKCH-
Marii. Y ocHoBi po3podnenoi CKC 3akmaneHO Takuii
METOJI PO3pPaxyHKy 3 ITiJBHIICHOI0 TOYHICTB, KU 3BO-
muTbes 10 po3p’s3anHs CJIAP i3 BHKOpHUCTaHHSAM iTe-
pauiiHuX METOAiB, a came MeTony 3eizens. [3 Bpaxy-
BaHHSAM BHIIE CKA3aHOTO, PO3PaxyYHKOBI (GopMymau s

MPSIMOTO (U ;) Ta 00CPHEHOr0 (V/\‘}) X0y METOdy

MIPOr'OHKY, 13 BpaxyBaHHSIM YMOB CTiHKOCTI Iporecy
PO3paxyHKy y MeToAi 3eiiens, MaTUMYTh BHTJISI

1 _ _ _
Ulkz—(6hfk YUy + kUM — kU 1);
k2 10 3
U§ A (6hfk ]+k4U0 +k5 +k0U§_]);
6
kL (k- k-1 k-1 k—l)
Us = (6hf]2 kU kU kU )
uf =~ (6hfk L kUM kU kU ‘)
6
12h k-1, k=1 g k-1
Uk, = f] +Ur (U - );
g i i
Uk =£h(3fk—1 k- 1)+2( Uk )__ kel
N 17 IN-1 ]N 17 N 2) 17 N-3
pk =—£h[ J+2(Vk 1 Vk—l)_in—l;
0 17 20 17 2 17 3
ko1 k-1 k- .
Vj—l ( 12hf (V1+ V ) V}+l j;] =2,
o

ij k6 ( 6hfk ! + koVk ]] +k5Vlk+ll +k4 j

1 _ _ _

V]G_z =—(—6hfk 1 +k0V£_13 +k5V]]\$_% +k4VN),
ke 2N-1
1 _ _

Vroi =—(—6hfle ~ VNS + IV +k1VN);
2

VN = V* .

IlepeBaroro 3actocyBaHHS MeTOAy 3eijiens € Te,
[0 TpoleC iTepamiii moOpe 30iraeThcs, TOOTO YHUCIIO
HaOIKeHb, SKi HEOOXiMHI Al OTPHUMaHHS PO3B’S3KY
BUXIZHOI CHCTEMM 13 3aJaHOI0 TOYHICTIO, HEBEJHUKE,
SIKIIIO €IEMEHTH MaTPHIl MaJii 10 aOCONIOTHIN BETUYH-
Hi. baxxano, 1100 iTepaniiHuii npolec He TiBKK 30iras-
cs1, ane 1 30KHICTh Majla MOHOTOHHHMH XapakTtep, a He
konuBHUH [1-3].

[HoIIMMU croBamu, Ui YCHIITHOT KOMIT IOTEPHOI
peasizauii iTepamiiHOro Mpouecy MoAyi JiaroHaJIbHUX
KOe(iIiEHTIB BUXITHOI CUCTEMHU TIOBUHHI MAaTH TepeBa-
Iy, TOOTO OyTH OUIBIIMMH y TOPIBHSHHI 3 MOIYJISIMH
HeJiaroHaJIbHUX KoedilieHTiB 1iei cucremu (BiNIBHI
YJICHH TIPH [[bOMY He OepyThCs 10 yBaru).

He MeHII Ba)KJIMBUM €TarnoM IpH MPOEKTyBaHHI
crpykrypu CKC, ska 3ocepemkeHa Ha BUPOOHHIITBI
000JIOHKOBUX KOHCTPYKIIIH — € OliHKa HaJiHHOCTI KiH-
LEBOro pe3ynbrary BupoOHuUnTBa. [lpM mpoBeneHHI
OLIIHKU HaJIHHOCTI, Ba)XXJIMBO BPaxOBYBAaTH IMOYATKOBI
XapaKTEPUCTUKH ISl MOJIENIOI0YO0] CHCTEMU OOOJIOHOK,
a TaKoX 3IMCHIOBATH aHaJi3 poOOTH HABEICHOI po3pa-
XYHKOBOI CXEMH Ta i1 CKJIaJI0OBHUX KOMIIOHECHT, OCKIIBKH
BOHM MaroTh Oe3locepe/iHiil BIUIMB Ha PE3YJIbTATHUB-
HICTh pOOOTH CHCTEMHU.

[Tpu He3aqoBINEHOMY PE3YNIBTATI OLIHKH HaJiiHO-
CTi CUCTEMH, HEOOXIZTHO CKOMIIOHYBAaTH MHO)XHUHY PO3-
paxyHKOBUX TOTpilIHOCTEH 1i eJeMeHTiB Ta copmyBa-
TH JIOTIYHY CXEeMY B3a€MO3B’sI3KiB MK HHMH. Takoro
poAy MHOXHWHA, Na€ TOTPIOHY XapaKTepUCTHKY ISt
MPOBEACHHS TONAIBIIOTO IOCHTIHKEHHSI Ta YHCIOBOTO
BH3HAYCHHS IapaMeTpiB JIOTiYHOI cXxeMu. BimMmiTumo,
0 SKICHA XapaKTepHCTHKa HATIHHOCTI BHXITHOL
KOMIT FOTEPHOI CHCTEMH, MOXJIMBA 32 YMOBHU YCIIIIHO]
MPaIe3JaTHOCTI KOMITOHEHTIB JIOTIYHOT CXEMH.

UYucrnosi 3HaYeHHsI HEOOXiJHUX MapaMeTpiB Ta KO-
e(iI[iEHTIB JIOTIYHOI CXEMH TPEICTABJISIOTHCS 3aBISIKH
anapatHiii yactuai CKC, a came 0y10Ky BUMipIOBaJIbHOL
CHCTEMU KOHTPOJNIO 32 CTaHOM JOCHiJDKYBaHOTO
00’eKTa.

bes3anepeunumu nepesaramu Bukopuctanas CKC
€, T€ [0 BOHU CIYT'YIOTb 3aCO00M JUIsi BUIPOOYBaHHS B
TECTOBOMY PEKUMIi HOBITHIX METONIB I poOOTH 3 iH-
(opMaliifHUMK TaHUMH, B OCHOBY SIKMX 3aKJIaJIeHi Ma-
TEMaTH4HI PO3PaxyHKOBI CXeMH. BimoMi migxomu, Taki
SIK: pO3IapaJIeNIOBaHHs, BUPIIIEHHS 33/1a4 y ITPOCTOPO-
Bili MOCTaHOBLI Iepea THM SK BHKOPHUCTOBYBATHCSI B
KC 6ynu geransHo nepesipeni B CKC. Takox 1o nepe-
Bar MOXKHa BIJIHECTH 3JIaTHICTh ONTHMi3aliiHUX METO-
niB mocmimkyBaTi CKC Ta BUABJISATH HEMOJIKHY 1 BiaCTi-
JIKOBYBATH 3B’S3KH MK IapaMeTpaMy BUXIIHOI 3a1adi,
3 METOI IIPOBE/ICHHS OIHKH €(QEeKTUBHOCTI pPOOOTH
CKC B TOMY 4M iHIIOMY HarpsiMi.

[Hakmie kaxyuw NpH NPOEKTYBaHHI Ta CTBOPEHHI
CKC nepen po3poOHHKOM CTOITh 3aaaya ctBoputd KC,
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sika Oyjie NMpu3HaueHa Uil BUPILICHHS ONTHMi30BaHUX,
PI3HOIUTAaHOBHX 3a/1a4, SIKi BXOISTH O BY3BKOTO Kiacy
3agauy. CKC nmae 3mory orpumaru y 4ucioBiil (opmi
3HAYEHHs PO3MOALTY JUIsl TAKUX IIOJIIB, SIK: TEMIIEpaTyp-
He, epeMillieHHs, nedopmalliii, HalpyXeHb Ta iH.

Takoro poay indopmaniiiHi JaHi B HOAANBLIIOMY
BHUKOPHCTOBYIOTBCS JUIsl TIPOBEIEHHS OLIHKM Ha Mill-
HICTbh, JKOPCTKICTh, JTOBTOBIYHICTh €JIEMEHTIB KOHCTPY-
KIi.

BuchHoeku

VY cTarTi NpOMOHYETHCA HOBUH MiAXia JO MpPOCK-
TyBaHHA cTpykTypu CKC, sixa mpusHaueHa il Moje-
JIIOBAHHS TOHKOCTIHHMX IQWJIIHAPHYHUX OOOJIOHOK Ta
PO3paxyHKy MEXaHIYHHX XapaKTePHUCTHK 3ajad IpyK-
HO-1e()OPMOBAHOTO CTaHy OOOJOHKOBHMX KOHCTPYKITIH
3MIHHOI TOBIIMHY 13 ITiJBUIIECHOI TOYHICTIO.

3anpomnonoBana crpykrypa CKC nonsirae y Bu-

moxiguux. [IpencraBicHHIl aaTOPUTM PO3PAXYHKY
AHAJITUYHOrO MOJAHHSA MOJEI TOHKOCTIHHOI LIMIIHI-
puuHOi OOOJIOHKH, SIKMH Tependadyae BiJUIyKaHHS
po3B’si3ky CJIAP i3 BHKOpPHCTaHHSM KOMOiIHOBaHHX
iTepamifHUX METOJiB. 3HAYHOI TEPEBArOK METOAY €
Te, M0 MOXXHAa OTPUMATH PE3yJIbTATH MAaKCHMAaJbHO
HAOJMMKCHI IO TOYHUX 3a PaXYHOK IHUCKPETHOIrO IO-
JAHHS alpOKCUMAILI.

TakuM YUHOM, MO’KHA CTBEPJDKYBATH, IO PE3Ylb-
TaTH BUKOPHUCTAaHHS MATEMAaTHYHUX METOJIB JUIS ONTHU-
Mizanii podotr CKC nosisraroTe y BUKOPUCTaHHI BelU-
KOMacCIITaOHHX iTepaliiHuX MpOoLeayp, SAKi IpeacTaB-
JIAIOTBCS Y BHIVIAIAI KOMOIHOBAaHMX METOMIB, SIKi OITi-
HIOIOTH SAKICTh Ta HAJIHHICTh BUXIAHUX JaHUX.

VYcnimua peanizaris pobotu CKC Bigkpue HOBI
MIEPCIICKTUBY ISl BUKOPUCTAHHS PO3PaxXyHKIiB IPU BU-
POOHMIITBI TOHKOCTIHHUX HMTIHAPUIHUX 000JTOHKOBHX
KOHCTPYKIIiH, SKi BOJIOMIIOTh HAIBAYKIIMBUMH BJIaCTHBO-

KOPUCTaHHI  CKIHYCHHO-DI3HHUIIEBUX  aNpOKCHUMAIliif  CTAMH Ha MiLHICTb, )KOPCTKICTb, CTIMKICTh TOILIO.
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Specialized computer system for calculating with increased accuracy the mechanical characteristics
of stress-strain state problems of thin-walled cylindrical shells of variable thickness

V. Rudnitsky, V. Dzyuba

Abstract. The article proposes the latest approach to building a specialized computer system (SCS) based on a thorough
analysis of the task, taking into account the joint work of the shell with the internal filler, boundary conditions, and the properties
of a thin-walled cylindrical shell under load, and at the same time is able to save the original data. A review of literary sources on
the subject of the article. The necessity of creating SCS as a successful alternative to traditional computer systems is substanti-
ated, since the combination of hardware and software together with mechanical or other parts makes it possible to find solutions
to a wide class of applied problems. The general requirements to the structure of SCS, which is designed to solve current prob-
lems in the mechanics of a deformable solid, are formulated. A detailed algorithm for the operation of the calculation unit with
increased accuracy of SCS, which is reduced to solving SLAE using iterative methods, namely the Seidel method.

Keywords: specialized computer system, thin-walled cylindrical shell, boundary value problem, algorithm, Seidel
method, iterative scheme, matrix, method convergence.
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AHAJII3 TA EKCHEPUMEHTAJIBHE JOCIIZKEHHSI CASE - 3ACOBIB 151
MOJAEJIOBAHHA BAPIABEJIBHOCTI B ITPOINECAX PO3POBKU JITHIMOK
INPOI'PAMHHUX ITPOAYKTIB

AnoTanis. [Ipexverom BuBueHHA B cTaTTi € iHCTpyMeHTaNbHI 3aco0u (CASE — 3aco01) Ta METPUKH 11 MOJEIIOBAHHS
Ta JIOCII/UKCHHS XapaKTePHCTUK BapiaOeIbHOCTI apXiTEKTyp Ta OKPEMHX KOMIIOHEHTIB JIHIHOK HMPOrpaMHHX NPOAYKTIiB
(JITIIT). MeToro € aHayiTHUHUIA O QyHKIIOHAIBHOCTI Ta BU3HAUCHHS KpHUTepiiB BuOopy Bianosiguux CASE — 3aco6iB
Juist MozentoBanHs apxitextyp JIIIII 3 ypaxyBaHHSIM KOHKPETHHMX HOKa3HMKIB IX SIKOCTI, SIKi OOYMCIIIOIOTHCS Ha OCHOBI
OLLIHKH PiBHSI iX BapiaOeIbHOCTI 13 3aCTOCYBAaHHSM KUJIbKICHUX METPHK, 110 Ma€ 3a0€3M1eUUTH MOXKIIMBICT POOMTH BHCHOB-
KU 0J10 e()eKTUBHOCTI T00Y0BU Ta nojaibliuoro 3acrocyBanss JIIIII. 3aBaanns: npoaHanizyBaTi cydacHi iHpopmMamiii-
Hi JpKepesia 3a TeMOO JIOCHIiKEHHS, IPOBECTH MOpiBHIbHUM aHaii3 nekinbkox CASE — 3acobu Ta 06paTn THX, 10 YMOX-
JIMBIIIOIOTH MOZIGJIIOBAHHS XapaKTePUCTHK BapiabenbHOCTi y pisHux Tunax JIIII, 3anpornonyBaT METpHKH JUIs IX KiJIbKiC-
HOI'0 BU3HAYEHHS Ta NPOBECTH BiJNIOBi/IHI €KCIIEPUMEHTAJIbHI JIOCHiPKeHHS. BUKOpHCTOBYBaHUMHU METONAMH €: CTPYKTY-
pHuii aHani3 ocobuuBocteit nobynosu JIIII; KinbKiCHI METPUKH BU3HAYEHHS PiBHS BapiaOeNbHOCTI apXiTEeKTYpH Ta OKpe-
mux komrnoneHTiB JITIII. Orpumani Taki pe3yIbTaTH: IIpoaHai30BaHO QyHKIIOHAIBHI MOXJIMBOCTI cydacHuX CASE — 3a-
co0iB /U MOJICITIOBaHHS XapakTepucTHK BapiabensHocti B JIIIIT, MoTHBOBaHO 00paHO METPUKH ISl KiTbKICHOTO BH3HA-
YeHHS PiBHA BapiaOesIbHOCTI Ta €KCHEPUMEHTAIIBHO JOCIIPKEHO MOMIIMBICTD iX 3aCTOCYBaHHsI JUIS aHall3y e()eKTUBHOCTI
HpoLeciB po3poOku Ta nopansioro sukopucranss JIIII. BucHOBKH: NpoBeCHI €KCIIEPUMEHTANIBHI JIOCIIJUKSHHS JUISl Te-
croBux mozeneii JITII nokazany, 1o 3a yMoB po3mmpeHHs ¢pyHkiioHansHocTi HasBHUX CASE — 3aco0i nuisixoM 3acrocy-
BaHHS KUIBKICHUX METPHK JUIS BU3HAUCHHS PiBHS BapiaOeNbHOCTI MOXIIMBO Ha/laBaTH MPAKTUYHI peKoMeH amil om0 mij-
BUIIEHHS e(peKTUBHOCTI NMOOYNOBH Ta MOJANBIIOro BuKopucTaHHs BianoBinHux JIIIII. HanpsMkoMm moaajbmmx aocii-
JKeHb € pO3po0Ka IMPOrpaMHUX PIlIeHb ISl BIOCKOHAJICHHS (pyHKIiOHAIBHOCTI icHytounx CASE — 3aco0iB Ta mpoBeieH-
HS 3 X BUKOPUCTAHHSM OLTBIIOI KUTBKOCTI €KCIIEpUMEHTAIIBHUX JIOCIIKEHb e)eKTHBHOCTI 3aIIPOIIOHOBAHOIO MiAXO/Y.

Kar4dosi caoBa: niHilika nporpaMHUX NPOAYKTIB, BapiaOelbHICTb, apXiTekTypa, komnoHeHT, CASE - 3aci6, MeTpuka.

Beryn

AKTyaJbHIiCTh NP00JIeMH aBTOMaTH3aLii 3aCTO-
CYBaHHSI METONiB JAOMEHHOTO MOJEJTIOBAHHA TPH
po3pobui Jiniilok mporpamMuux mpoaykriB. CydacHi
MeToau po3poOku mporpamHoro 3adesmeueHHs (I13)
MOBUHHI YMOXJIMBJIIOBATH 3MEHIICHHS BUTpAT Ha pea-
J3aIlii0 BiJIIOBITHOTO TPOEKTY 3 ypaxyBaHHIM (yHK-
LIOHAJIBHUX BUMOI' Ta aTpuOyTiB skocti no I13, a Ta-
KOXK CKOPOYEHHS 4acy, HOTPIOHOrO Ui BUXOIY Ha pH-
HOK HOBHX INpOrpaMHHUX HpoAykTiB [1]. [dns mporo B
cydacHii imkeHepii [13 mMPOKO 3aCTOCOBYETHCS KOH-
LM MpeIMETHO-OPiEHTOBAHOr0 MpoekTyBaHHs (do-
main-driven design), B siKiii LeHTpajJbHE Micle 3aiiMae
MOHATTS. JoMeHHoi Mojeni (domain model) sk 3aco0y
JUTsl KOHLIENTYali3alii 3HaHb 111010 PeJMETHOI 001acTi
(ITpO) pozpodkwu I13 [2].

Takuii miaxig M03BOJsiE TEPEHTH BiJ PO3POOKH
okpemux nporpamuux cucteM (I1C) no cTBopeHHs JiHi-
HOK mporpaMHHX MpoxaykTiB (software product lines -
SPL) [3].

CTBOpeHHsI  JIHIHOK TPOrpaMHUX  HPOAYKTIB
(JIITIT) mepenbauae modynoBy aoMeHHOI Monmenm (JIM)
st 3aaaHol [IpO, Ha OCHOBI SIKOi, 13 BHKOPHCTaHHSIM
BIJIMOBIMHUX iHCTpYMeHTanbHUX 3aco0iB (CASE-tools),
MOXIIMBA TeHepallisi KapKacy MpOrpaMHOr0 KOIy
(source code framework), sikuii OTIM Mae OyTH OCHO-
BOIO Ul CTBOPEHHSI NMPOrPaMHHUX KOMIOHEHTIB HOBTO-
pHOro BUKOpHUCTaHHS (reusable software component),
siki 3actocoBytothest B JITIIL. Tlpu 1ipoMy icHYe MOXKITH-
BiCTh KOMIUIEKCHOTO 3aCTOCYBaHHS SIK PI3HUX METO/IB
mooynou JIM mis 3amanoi IIpO, Tak i BimOBIIHUX

TEXHOJIOTIYHUX CEPEJIOBHI JUIsi CTBOPEHHS, HAaKOIH-
YeHHs Ta KOHTpouto pizHux Bepciit JIII, i ni muraHHs
OCTIKYIOTECS B [4-5]. 30kpeMa, B ITUX POOOTax IMOKa-
3aHO, 10 Ha €()EeKTHBHICTh ILMX IMPOIECIB BIUIMBAIOTH
Taki YMHHUKH SIK: (1) CTYMiHb NOBTOPHOIO BUKOpPHC-
TaHHS [IPOTrPaMHOTO KOAY, SIKMH MOXe OyTH 3reHepoBa-
HUA Ha ocHoBi meBHoi JIM; (2) crpykTypHO-
(yHKIIOHaTIBHA CKIaIHICTh camoi JIM.

He MeHII BakKJIMBOI HAayKOBO-IIPHKIJIAIHOI TPO-
6memoro po3pobku cydacHux JIIIII € 3abe3neucHHS B
HUX BIJIIOBIMTHOTO PiBHA BapiabenmpHOCTI (variability).
Ile moHATTS B CydyacHId NpOrpamMHid iHXXeHepii
(software engineering) y3arajJpHIOE Taki IMiIXOOU [0
po3pobku Ta cympoBony 113 sik: po3poOka Ha OCHOBI
moxeneit (model-driven development), agantusHe mpo-
exTyBanHs (adaptive design), mooymora IIC, siki 3maTHi
MIPUCTOCOBYBATHCS JI0 3MIiH B CEPEIOBHIII 1X (hYHKIIiO-
HyBaHHs (self-adaptable software), mo Moxyts OyTH
JIOCTaTHBO JIETKO 3KOH(IrypoBaHI Ta HAIAIITOBaHI Ha
HOBI BUMOro KopucTyBadiB (configurable software), a
takox Takux I[IC, ski mpHCTOCOBaHi A0 X HMOAAIBIIO
eBonmolii  (software evolution) Ta peimXHHIPUHTY
(software reengineering) [1-3,7]. [ns aBToMaTu3ariii
IUX TPOILECIB HAa PI3HUX CTAdiIX JXUTTEBOIO IIHKIY
ctBopeHHs1 Ta cynpoBony JIIIII Ha TemepimHiii vac ic-
Hy€ CHelialli3oBaHuil Ki1ac 1HCTPYMEHTAJIbHUX 3ac0o0iB
(CASE-3aco0iB), siKi 103BOJISIOTH MPOBOIUTH MOJEIIO-
BaHHsA BapiabenpHOcTi kKommoHenTiB JIIIII, 3 Mmeroro
BU3HAYCHHS TIEBHUX MMOKA3HUKIB SKOCTI iX MOOYI0BH Ta
nojajbpmIoro 3acrocyBanus. Came TOMy TeMa JOCHi-
JOKEHHS, TIPEJICTABIICHOI0 Y LiH CTAaTTi, € aKTyaJIbHOIO 1
MPaKTHYHO 3HAYYIIOIO.
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MeTtorw po0OTH € aHATITHYHUN oIV (YHKINO-
HAJILHOCTI Ta BU3HAYECHHs KpUTEPiiB BUOOPY BiAIMOBif-
Hux CASE — 3aco0iB [ MOACTIOBAHHS apXiTEKTYp
JITIIT 3 ypaxyBaHHSIM KOHKPETHHX MOKa3HUKIB X sKOC-
Ti, sIKi OOYHCITIOIOTHCS Ha OCHOBI OIIIHKM PiBHSA 1X Bapi-
a0eNbHOCTI 13 3aCTOCYBAaHHSM KiIBKICHHX METPHK, IO
Mae 3a0e3MeYUTH MOXKIIUBICTh POOUTH BHCHOBKH OO
eeKTUBHOCTI MOOYJOBU Ta MOJAJIBILIOIO 3aCTOCYBaHHS
JITITL. [l mporo HeoOXiMHO BHPINIMTH HACTYIHI 3a-
BIAHHS: IIPOAHANII3yBaTH CydacHi iH(pOpMaIiiHi IKe-
perna 3a TeMOIO JOCIiPKEHHS, IPOBECTH MTOPiBHSIBHUH
anaui3 aekinbkox CASE — 3aco0u Ta 00paTH TakuXx, 10
YMOXIIUBIIIOIOTh €(DEKTHBHE MOJENIOBAHHS XapaKTepH-
cTHK BapiabenbHOCTI y pizanx tunax JIIII, 3anponony-
BaTH METPHKHU JJIsI iX KUIbKICHOTO BH3HAYEHHS Ta IPO-
BECTH BiJNOBiIHI €KCIIEPUMEHTAJIbHI JOCHTIPKEHHSI.

CTucauii orjsiy ocTaHHIX myoOJtikanii
32 TEMOIO TOCTiIIKEeHHS

Ha rtenepinmHiii 4ac, mopsii 3 BEIMKOI KUIBKICTIO
MyOJiKaIiid MO0 TEOPSTUYHMX INIXOMB 10 MOOYIOBU
JIIT 3 ypaxyBaHHSM XapaKTEpHCTUK iX BapiaOenbHOCTI
(namp., B [1, 3, 6]), 3HauHa yBara JIOCIIJHHKIB IIPUBEPHY-
Ta JI0 IUTaHb Po3poOkH Ta 3acrocyBanHs CASE-3aco0iB,
SIKI TO3BOJISIIOTH aBTOMATH3YBATH I MPOLIECH HA PI3HUX
CTaJlisSIX )KUTTEBOTO IIMKITY CTBOPEHHSI Ta CYIPOBOLY TaKHX
JITITT. 30kpeMa, B OCTaHHIX POOOTax 3a INE€I0 TEMATHKOIO
CJTiJT 3a3HaYMTH TaKi OCHOBHI OTPUMaHi B HUX PE3YJIbTATH:

—B [7] HajmaHO CTHCIWN OIS KOHIENTYyalbHUX
3acaa po3pooku JIIIIT i3 ypaxyBaHHSIM BJIaCTHBOCTEH
Bapia0eIbHOCTI TX KOMIOHEHTIB, BKJIIOYAIOUU OITUC (o-
PMaJIbHUX MOB ISl MOJICTTFOBAHHSI IIMX IIPOIIECIB, TAKUX
sk TVL (Text-based Variability Lenguage), CVL
(Common Variability Language), SXFM (Simple XML
Feature Model), a Takox 3p00JIC€HO OTJISII BiAIOBIIHUX
IHCTpYMEHTaJILHUX 3aC00IB;

— B [8] 3pobneHo cucreMaTH30BaHUN aHAIITHIHHMA
ornsix Outbl HiK 50 THCTPYMEHTANBHHX IIPOTPaAMHHX
3aco0iB JUIsl MATPUMKH (QYHKIIIH yripaBIliHHS BapiaOeb-
HicTIO B npouecax po3pooku JIIIII, npu npomy Haibib-
LIy yBary IpHIJIEHO TUM, SIKI BUKOpUCTOBYIOTh FODA
(Feature Oriented Domain Analysis) — MozeiroBaHHsI,
IIPH [IbOMY HAaBEJICHI IiKaBi CTATUCTUYHI JaHi 10O OIli-
HKH SIKOCTi OKPEMHX 3ac00iB iX KOpHCTyBa4aMH 3a TaKH-
MU KpPHUTEPISIMU sIK TpoxykTuBHIcTH (Performance), ma-
cmraboBanicte  (Scalability),
3MaTHICTh A0 iHTerpamii 3 iH-
mmMu cucreMamu (Integration)
Ta 3PYYHICTh BUKOPUCTaHHS
(Usability);

- B [9] nomano Haii HOBiT-
Hi#l (ctanoM Ha 2019pro) orysin
npo6uiem JITIIT Ha ocHOBI Mozie-
JBHO - KeoBaHOro mimxoay (),
IpH 1[bOMY 3HA4YHYy YBary IMpu-
JIJIEHO 3ac00aM Ta TEXHOJIOTISM
JUIE MOJIETIIOBaHHsI BapiaOernb-
mocti B JIIIII, a came Mozensm
BnactuBocreil (Feature Model),
MOJIEJISIM BapiaOebHOCTI apxi-
TEKTYpH (Product Line
Architecture Variability), opto-

ABTOMETHYHWIA aHanis

Napaxpachl DEMEHEHHRA
AepEBE

Npurnagwy Ta iHCTRYRUIT
Fenaktop mogensi

Basa mogenen
lFopAyi KNaBilwK
IHTErpauin s Hogom
JocTynHicTs oHNaHH
Koudirypauia npoayxry
InTepdenc

-80

TOHAJIPHMM  MomelsaM  BapiaOensHOCTI  (Orthogonal
Variability Model).

AuJte cniji 3a3Ha4MTH, 11O B IUX Ta y OLIBIIOCTI iH-
IIMX HAssBHUX ITyOJIiKaliil, MPaKTUYHO BiJCYTHI JaHi 110~
JI0 MOXKJIMBOCTI Ta JOLUILHOCTI 3aCTOCYBaHHSI Y TaKUX
IHCTPYMEHTAJIBHUX 3ac00aX KUIbKICHHUX METPUK IS
BU3HAYEHHS DPIBHA BapiaOenbHOCTI, Ta JOCIIHKEHHS
MOXIIUBOCTI HaJaBaTH NMPAKTHYHI pPEeKOMEHJIAIi MI010
MiABUIIEHHST €EKTUBHOCTI MOOYAOBH Ta IOAANBIIOTO

BUKopHcTaHHs BixnoBianux JITII.
OcHoBHa YacTHHA

1. AHasi3 OCHOBHHX BJIACTHBOCTEH JIesIKMX
CASE - 3aco00iB i1 Moe/TI0BaHHS BapiadeabHOCTI
B JIIII. Ogud 3 HaWOUIBIN 3MICTOBHUX OIJIANIB JDKeE-
pern 3a TeMaTHKOK PO3poOKM Ta 3aCTOCYBaHHs Cydac-
Hux iHcTpyMeHTanbHuX CASE-3aco0iB, skuil HaBeJIeHO
B [8], Bu3HauuB O1m3pko 40 TakUX CUCTEM ISl PO3PO0-
K1 Ta MonemoBaHHs xapakrepuctuk JIIIII. Ha ocnosi
00pOOKHM CTATHCTHYHUX JIAHUX HIONO BiJI'YKIB KOPUCTY-
BayiB, OJIH 3 NPUKJIAAIB SKMX HaBEJCHO Ha pucC. 1, Mo-
MKIIUBO C(OPMYIIFOBATH TIEBHI KpHUTEpii BUOOPY BiJIIOBI-
nuanx CASE-3aco0iB, a TaKOX 3pOOUTH TIEBHI BUCHOBKHU
IIO/I0 1X MepeBar Ta HeHOJIKIB.

[InsxoM aHaii3zy Ta y3araJbHEHHs TAKUX arpero-
BaHUX JaHUX 3 [8] Oyi10 BU3HAYEHO, IO ISl TOAAJBIIO-
TO JIOCHIJDKEHHS B Hil poOoTi Oyau oOpaHi Taki KOHK-
peri CASE-3acobu sk SPLOT, FeatureIDE Ta
VariaMos, pe3ysbTaT MOpiBHUIBHOTO aHaIli3y (YHKIIO-
HaJIbHUX MOJIMBOCTEH SIKMX HaBeJeHO B TaOI. 1.

YMOBHI no3HaueHHs B Ta0s.1 € HACTYMHUMH: «+»
- BiAmoBigHa (QyHKIIOHAIBHICTH IPUCYTHS, «-» - BIICY-
THS, «+/-» - TPUCYTHS 4YacTKoBO. Hmkue HaBeneHO
ORI JeTaIbHUHN OMKC IUX cucTeM [7, 8].

SPLOT (Software Product Line Online Tool).
Ie#t iHCTpyMEHTANBHUH 3aci0 € HEKOMEPIIHHUM IMpo-
TpPaMHUM IPOIYKTOM 3 BIJIKPUTUM BHXIJIHHM KOIOM,
SIKMH po3pobisieHo Ha tuiatdopmi Java [7]. disa omucy
nobynoBanux mogeneii JIIIIT BUKOpUCTOBYETHCS MOBa
SXFM (Simple XML Feature Model), nist goro crBo-
peHo crerianbHuil rpadivanii Web- pemakrop. s
SPLOT cnin BigMITUTH Taki TpU HAWOUIBII CHIIBHI CTO-
pOHU: HasBHiCTh perakTopa Mmomeneit JIIIII, apTomaTh-
YHMI aHai3 BIACTHBOCTEH BKe MOOYIOBaHUX MOJICICH
Ta HasBHICTh OHJIAMH- MOCTYILY JUIsi BCiX OCHOBHHUX pe-

BHegonicm nepesary
544 76%
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41%
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37%
76%
63%

TR 2%

3%
60 -40 -20 0 20 40 60 80

Puc. 1. [Ipuxiax craTUCTHYHUX JAaHUX IOZI0 IiepeBar Ta Hexoiikis 3acody SPLOT [8]
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KUMIB pobotu. J[o c1abKuX CTOpIH CHCTEMH MOXKHA
BiJTHECTH: HEIOJIKU iHTepdelicy KOpucTyBada y penax-
TOpi MOJIENeH, HETOCTATHIO KITBKICTh MPHUKIIAIIB 3aCTO-
CYBaHHS I[OT'0 IPOIYKTY y WOT0 HasABHIN TOKYMEHTAIIil
Ta BIJCYTHICTh MOXJIMBOCTI I'eHepalii BHUXiTHHM KOAY
Ha OCHOBI BKe HasBHUX moxenei JITIIT.

Tabnuys 1 — Pe3yIbTaTH NOPiBHAJILHOTO AaHAJIZY
oopanux CASE-3aco0iB

Buaacrusicre Feature- | Varia-
SPLOT

3aci6 IDE Mos
Hanamrysanns n n
KoH(pirypamii
30epexeHHs MoJeneil + + +
IMinTpumka ta n n -
OHOBJICHHS
ABTO'MaTI/I'-IHI/II/i n n n
aHaJi3 Mozieie i
Cumysuis npouecis ) ) n
4acy BUKOHAHHS
3acobu iHTerpauii
3 IHIIMMU IIPOrpam- - + +
HHMH CUCTEMaMU
MoxIMBiCTh ) n )
reHepatiii Kogy

FeaturelDE. Incrpyment FeaturelDE (Integrated
Development Environment) € Takok HeKOMepIiHHHM
MPOJYKTOM, sIKMi cTBopeHo Ha Tuardopmi Eclipse i
SIKMH TIepe10ayae MOXIIMBICTh BUKOPHCTaHHS MOB ITIPO-
rpamyBanns C / C++, Java, Haskell, a Takoxx craHgapt
XML nns onmcy Ta 30epiranHs crienmgikalii Mojenei
JITIII [8]. MoxnuBo CTBEpIKyBaTH, L0 HOro mnepepa-
ramMu aonatkoBo 1o xapakrepuctuk SPLOT e rtaxi sik:
HASBHICTH BIAMOBIAHUX MoaymiB (plug-in) s cepemo-
Buma Eclipse Ta MOXJIHMBICTh reHepallii BUXiTHOTO KOy
Ha Pi3HUX MOBax IIPOrpaMyBaHHSI Ha OCHOBI MO0y 0Ba-
Hux Mopenel BnactuBocreit JIIII.

SIK OCHOBHHUI HENOJIK OUIBIICTh KOPHUCTYBadiB
FeaturelDE (npu0n. 64%) 3a3Haumiu npodiaemu rpadi-
YHOro iHTEepdeicy, 30KpeMa, CKIAJHICTh HaBiraiii B
CHUCTEMI MEHIO JUIsI aBTOMATHYHOT'O aHai3y MOIENTi Ta
KoHQIrypamii npoxykry. Y IbOMY KOHTEKCTI IOCHUTB
BXJIMBUMHU € IHTEPAKTUBHI MeXaHi3MH (HAIPUKIA,
aHiMaIlil, KOJIbOPOBHI BIATIHOK Ta MiJCBIYyBaHH:), IO
BHUKOPHCTOBYIOTBCS JUIS MiATPUMKH POOOTH KOPHCTYBa-
4iB, SIKi MepeMilIyloThCs y JepeBi npoekty Eclipse, Bu-
OupatoTh (PYHKIIT Ta MalOTh BCTAHOBJIIOBATH B3a€MO3a-
JISKHICTh MIXK HUMHU.

VariaMos (Variability Models). 3aci6 monero-
BaHHs BapiabenbHOCTI VariaMos Takoxk po3poOIeHo 3
BUKOPHCTaHHIM MOBHU Java i TOMy HOro MoXxHa 3acTo-
COBYBaTH B pI3HHMX omepauidHux cepenosumax (MS
Windows, Mac OS and Linux), a a7t cTBOpeHHS! KOH]i-
rypauiiinux QainiB Ta ekcnopry / IMIOPTY JaHHX B
HBOMY BHKOpHCTOBYEThCs hopmat JSON [10].

Sk nmepeBary VariaMos citijJi Ha3BaTH MOXJIUBICTh
NMoOyIOBH JBOX THIIB TONEPEIHFO BU3HAUEHUX MeETa-
mozeneit JIIIT: Tak 3BaHMX aJanTUBHHUX Ta (YHKIiOHA-
JBHUX Mojeineil. BiamoBigHo 1o oOpaHOro THIy MeTa-
MOJIeJTi, MOTIM B Il CHCTEMi MOXIHBO MOOYAyBaTH
JoKanmpHI Mojeni BimnosigHol JIIIIT: mMomens Bapiabe-

npHOCTI (variability model), Monenb koHTEKCTY (context
model) Ta Moxens aktuBiB (assets model). VariaMos
Takox 3abe3neuye iMiTamiifHi onepariii, Taxi sIK MOBTO-
PEHHS BCIX pillleHb YacTKOBOI KOH(Iryparii, Bizyaiiza-
0 MOXJIMBHX AJONTAaIlili CUCTEMH, OILIHKY DPIllICHHS
KoH(QIrypaii Ta npono3uiito anbrepHatus [10].

Ha ocHOBi pe3ynbTariB MpOBEJIEHOrO HOpPiBHSUIb-
HOro aHamizy Oysio BusBieHo, mo FeatureIDE mae mo-
TYXKHIIII MOXIIHUBOCTI [T CTBOpeHHs Feature momernet,
ajie He Ma€ MOXKJIMBOCTEH ISl MOJICIIOBAHHS Ta CUMY-
nsmii crBopennst JUJITII, sixki mae VariaMos. OGunsa
CASE 3aco0u MaroTh MOXIIUBICTB IHTErpalii KOMITOHe-
HTIB MOJEJICH 3 BUXIIHUM KOIOM ISl YIIPaBJIiHHS PO3-
pobxoro JIIII, ne MokHA MOOAYUTH SIKi MOy BCE PO-
3pobneHi, a siki Hi, sikoi Opakye SPLOT. [lomatkoso,
FeatureIDE mMae MOXIUBICTH reHepallii Koxy NpoayKTy
3 BUXIJHOTO KOIYy OKPEMHUX MOXYJIIB BiAMOBITHO [0
BuOpaHoi kKoHQirypauii npoaykty. OTox, Oya0 mpuiiH-
SATO  pIlIEHHS  BHUKOPUCTaTH Ta  IPOTECTYBaTH
FeatureIDE ta VariaMos Ta mmpoBecTy IpakTHYHE MOpi-
BHSIHHSI pe3ynbTatiB 3acrocyBaHHs 1ux CASE-3aco0iB
IUISL MOZEJIFOBAHHS NOKa3HUKIB sixocti JITIIT.

2. Metpuku sikocti JIIIII 3 ypaxyBanHsIM noka-
3HuKiB ii BapiaGenbHocTi. Ciij 3a3HauunTH, 1O OLIb-
LIiCTh 3arajlbHOBIIOMUX METpHUK skocti I13 (auB., Ha-
mp., B [11]), sxi 6a3yroThcs HAa OOYMCIICHHI MTEBHUX Xa-
PaKTEpPUCTUK BHUXIJHOTO KONy, € HEJOCTATHIMU JJIsl BU-
3Ha4YeHHs1 nokasHuKiB sikocti JIIIII. Bonu He no3Bons-
I0Th BU3HAYUTHU piBEHb BapiaOenbHOCTI, SIK OfHieT 3 oc-
HOBHHUX MOKasHUKIB sikocti JITITI. Cnig 3a3HauyuTH, 110
cama konterniist creoperss JIIIT nependavae nBa piBHs
ormucy ii moOynoBy, a came [12]:

(i) piBeHb OMHCY MEBHOI E€TAJIOHHOI ApXITEKTYpH
tux [IC, siKi € OKpeMHMHU MPOrPaMHHUMH MPOIYKTaMH,
a6o wienamu y BiamosimHii JIIIIT (SPL members), 1e
TaK 3BaHa apXiTeKkTypa npoaykrosoi niHii (Product Line
Architecture - PLA);

(i1) piBeHB OIMKMCY OKPEMUX IPOrPaMHUX KOMIIOHE-
HTIB, IO BXOIATH 10 ckiaay okpemux I1C, sxi € unena-
mu JIIT.

CaMme TOMY BIJIOBiJIHI METPHKH BapiaOeIbHOCTI
MOBUHHI BpaxOBYBaTH XapakKTepPHI OCOOJMBOCTI Ta
KinbKicHi mapamerpu onucy JIIIIT Ha mmx piBHIX (i) —
(i1), 1 mesiki 3 HUX TpencTaBieHi Hwkde [12].

Koedimient BapiadeabHocTi cTpykTypHm (Struc-
ture Variability Coefficient - SVC) nns mesnoi JIIII
MOJKe OyTH OOUHCIICHHH 32 POPMYJIONO:

sve = |cp|/(lcc]+[ey|)- @)

ne |Cc| — kinpKicTh cninibHUX, a |Cy| — KUTBKICTh 3MIHHUX
(ToOTO BapiabenbHUX) MPOrPaMHHUX KOMIIOHEHTIB B YCIX
NpoayKTax, siki Hanexats no uiei JIIII. BigmoigHo mno
uiei GopMysH, 3HAYEHHSI IIOTO TIOKa3HUKA HAJISKHUTH 10
inTepBaity [0,1] i YMM BOHO € BHUII[IM, TUM OLITBII eeKTH-
BHUM € TTIOBTOpHE BUKOpUCTaHH: Takoi JITIIT.

YacToTa NOBTOPHOr0 BUKOPUCTAHHS KOMIIOHE-
HriB (Component Reusability Rate - CRR) mist meBHoi
JITIIT BU3HAYA€ETHCS HACTYITHOO (hOPMYIIOI0

CRR =7 Ex(M;)/|M], 2)

ne M — e 3aranbHa KUIbKICTh IIPOrPaMHUX MPOAYKTIB Y
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uiit JIIIL, a Ex (M;) € OyneBa ¢GyHKIs, K BU3HA4Ya-
€TBCSl 32 HACTYNHUMH mpaBwiamu: Ex (M;) = 1, sxmio
KOMITOHEHT € BHYTPIIIHIM KOMITIOHEHTOM jist M; mpo-
nykra JIII, inakme Ex (M;) = 0. SIKkumo Bci KOMIIOHEH-
TH TPOrPaMHi KOMIIOHCHTH € CIIJIBHUMHU Y BCIiX MPOAY-
krax wiei JIIII, to CRR = 1.

KoedinienTta xopucHOCTI NOBTOPHOI0 BHKOPH-
cranns (Reuse Benefit Rate-RBR) kommonentis JIIIII,
SIKMH BU3HAYAETHCS 32 HACTYITHOIO (hOPMYIIOLO:

RBR=Zl_Size(Ml-)/ZjSize(Cj), 3)
ne Size (C;) — xinbkicTh psnxis (line of code) Buxignoro

kony xoMmnonenTa C; y mesHiit JIIII, szize(C j) _

e cyMa pAAkiB Komy Bcix kommoneHtiB y JIIII, a
Size (M;) — ule KUTBKICTh PSAAKIB KOAY Y MPOAYKTY M,
uiei JIIIII. ¥V cBoro uepry, 3HaueHHst Size(M;) Takox
MOXe OYTH pO3paxoBaHO K

Size(M;)=Y L Size(Cp) 4)

ze z kSize(Ck) — IIe PSAJKU KOAY BCiX KOMIIOHEHTIB Y

kony y mpoaykry M; miei JIIIII. Cning 3a3Ha4uTH, IO
3HaueHHs1 MeTpuku RBR He € HOpMOBaHUM, TOOTO MO-
e OyTH OLTBIIE OMUHHUIII.

3. ExcnepumentanbHe aociaigxennsa CASE —
3aco0iB Ta aHaJI3 OTPUMAaHMX pe3yJbTaTiB. s exc-
nepruMeHTaNbHOro aociimpkenHs oopannx CASE — 3a-
co0iB (11. 1) i3 BUKOPHCTaHHSIM BHIIIEHABEICHUX METPUK
(1) = (4), y cepenoBumii FeatureIDE Oynu moOymnoBaHi
TectoBi Mojeni 2-x ymoBuux JIIII, a came:

1) JIIII, uneHaMu $IKOi € TPOrpaMHi PeIaKTOPH
¢ororpadiii;

2) JIIII, uneHaMu $IKOi € TPOrPaMHi PeJaKTOPH
300paxxeHsb (puc. 2 Ta 3 BiJIOBIIHO).

Ha nux miarpaMax mpejicTaBJieHi ix 3araibHi KOM-
MOHEHTH (BOHHM MAIOTh 3B’SI3KH, 11O MIO3HAYECHI YOPHUMHU
KyJIbKaMH) Ta 3MiHHI KOMIIOHEHTHU (TI03Ha4yeHi Mpo30-
puMH Kyiabkamu). DOYHKIIOHANBHICTE OKPEMHX KOMIIO-
HeHTiB tux JIIII e mimkom 3po3yminoro 3 ix HaiiMeHy-
BaHb, Hamp., Ha puc.2 ue: ¢opMar 300pa)KeHHs
(Format), 3mina po3mipy (Change size) Ta iH.

Fhoto_editors
17—

e 1 —
e 1 —

- — 4 —

MOJIIOHOI0, 1 TAKMM YMHOM, iX PiBEHb BapiaOEIbHOCTI €
JIOBOJII HU3BKUM. Y pealbHOMY IPOCKTI TaKuil pe3yiib-
TaT € MiJICTABOI0 3POOUTH BUCHOBOK IOO JOIUIBLHOCTI
00’ennanns 1ux JIIIT B omHy HibOBY cUCTEMY.

Jnst nocnimkenns merpuk JITIII, sxi BU3HAYAOTh-
¢ 3a Gopmynamiu (2) — (4), y cepenourni CASE — 3a-
co0y VariaMos, B pexumi cumyssuii Mojeineld Bapia-
oenpHOCTI, Oyau modoynosani FODA — momemi mist 3-X
pisaux mponykTiB (SPL - members) y ckmami TecToBOl
JITITI, sixka Oynma paHimie mpejacTaBieHa Ha puc. 3 (i
MOJIEJ HaBeJleHi Ha puc. 4 — 6 BiJNOBITHO).

Image_editors

T

T —

o —
Text | Change_size | | Work_with_colr |

-Fu rrn;-t__
e

=" .,-' ' o .
Format | Change_size | | Work_with_color | | Red_eyes comechon |

T
/ | H,HH’ II H“x
JPEG || PNG || BMP Brightness | | Color | | Contrast
e

| simple | | wih_ayers |

Puc. 2. Mognens JIIII penaxropis ¢ororpadiit

BuxopucroBytoun ¢opmyny (1) Mu MoxxeMo po3-
paxyBatu kKoedimieHT BapiadenbHOCTi cTpykTypH (SVC)
qutst nux mopnenew JIIIII, siki matoth 11 crinbHUX (QyHK-
i# Ta 3 BiAMIHHMX BigIOBigHO, TOOTO:

SVC=3/(11+3)=3/14=0,214.

Lleit pe3ynbTaT € MIJIKOM 3PO3yMIJIHM 3 TOYKH 30-

py IpO 3acrocyBanns mux JIIIII, 6i3Hec-10TiKa SKHUX €

- ,”T"“a.
/f/ | J,“H‘. LT
JFEG | | PG || BitP | | with_format | | Brighiness | | Coler || Contrast
Y
/,/ \\\

| simpke | | with_tayers |

Puc. 3. Mogens JIIIII penaxropis 300paxeHb

BoHu BiJpi3HAIOThCS BapiaOeTbHUMH KOMITOHEH-
TaMH, sIKi MaloTh CIelialibHI Bi3yasbHi [TO3HAYKH - Opi-
€HTOBaHI MpPaBOPYY TPUKYTHUKH Yy CBOIX BEpXHIH Yac-
TuHaX. [l mux 3-X Momeneld 3HaYeHHS Koe(ilieHTy
MOBTOpHOro BukopucTanHs komnoHeHTiB (CRR) o6uu-
CIIOETRCS 3a (opMyNor (2), 1 HIKYE HABEACHO HOTo
3Ha4eHHs1 11 HacTymHuX KommoneHTiB JIIIIT: «Tekcr,
«Dopmart - PNG» ta «Komip - nmpocTuii», a came:

CRR(«Tekct») = (0+1+0)/3=1/3=0.33 ;

CRR(«Dopmat - PNGy») = (1+0+1)/3 =2/3 =0.67;

CRR («Komip - mpoctuii») = (0+0+0)/3 = 0.

3 TOYKHM 30py MporpamMHoOi peamizamii BiIIOBIIHIX
JITIIT e mokasye Te came koMmoHeHT «Dopmart - PNG»
Mae HaiBHIIK piBeHb BapiaOeIbHOCTI, TOOTO HOTO BU-
KOPHCTaHHS € JIOUILHUM Y BCiX HasBHHX Ta IepCIIeK-
TUBHHX nponykrax miei JIIIL.

Js oOuncnenHst koedilieHTa KOPUCHOCTI IOB-
TOPHOTO BUKOPHCTAaHHS BapiaOeIbHUX KOMIIOHEHTIB
(RBR) y mux FODA - mopensx moTpiOHO MaTu AaHi
IIOJI0 KUTBKOCTI psinkiB koxy xommnoHenTis JIIII, ymo-
BHUI MPHKJIaJ SKAX TPH peastizalii Ha MOBI Iporpamy-
BaHHA Java npencraBieHo y Ta0m. 2:

Tabnuya 2 — TecroBi naHi npo KijibKicTh psiakiB Java
KOy y KO:kHOMY 3 komnoHeHTiB JITIIT

Ha3Ba KOMIOHEHTAa KinbkicTb psiakiB Koxy
«Dopmar» 343
«@Dopmar — PNG» 258
«Popmar — BMP» 177
«Popmar — JPEG» 202
«TekcT» 44
«DopmaTyBaHHs TEKCTY» 663
«3MiHa po3mipy» 50
«Pobora 3 KOJIILOpOM» 36
«IckpaBicTb» 48
«Komip» 89
«Komip — npoctuii» 101
«Komip — 3a mapamun» 209
«KonTpacm» 73
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Ingpopmauiiini mexuonozii

DoOpMATYEIHHA

PofioTa 3 koneopo

3mina poamipy

AckparicTs

3a wapamu

Puc. 4. Ilepmmii npoxykr y JITIT

AckparicTs

33 wapamn

Puc. 5. JIpyruit mpoxyxkr y JIIII

PepakTopw soBpaxeHs

GopMaTyEaHHA

PoBoTa 3 konsopo

3wMiHa poamipy

Puc. 6. Tperiii npoxyxr y JIIII

[Ticns oTpuMaHHS LMX JaHWUX, BUKOPHCTOBYIOUH
¢dopmynu (3) i (4), 3 ypaXyBaHHSIM XapaKTEPHCTHK Ba-
piabeabHOCTI KOXKHOTO 3 BHIIC3a3HAUYCHUX KOMITOHCHTIB
«Texcry, «®opmat - PNG» Ta «Kounip - npoctuii» (aus.
ix FODA — moneni Ha puc. 4-6), OTpUMYEMO TaKe 3Ha-

YCHHS 100 KOeQillieHTY:
RBR = (1010+1459+1308) / 2293 =3777 / 2293 = 1.65,

IO MiATBEPPKYE AOUIIBHICTh 1X CYMICHOIO BHUKOPHC-
TaHHS B OKpeMuX npoxykrax miei JIIT.
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BucHoBKH i HANPAMKH
NOJAJBIINX JOCTIIKEeHb

B po0ori mpezcraBiieHi pe3yabTaTH MOPiBHSIBHO-
ro orsiay (QYHKIIOHATBHUX MOXKIIMBOCTEH CydacHHX
CASE — 3aco0iB il MOJETIOBAHHS XapaKTEPUCTUK
BapiabenbHocTi B JIIIII, MOTHBOBaHO OOpaHO METPHUKH
JUTST KUTBKICHOTO BH3HAUCHHS PiBHS BapiaOeNbHOCTI Ta
€KCIIEPUMEHTAJIBHO JIOCIIDKEHO MOXIIUBICTB iX 3aCTO-
CyBaHHs IS aHaNi3y €pEeKTUBHOCTI POLIECIB PO3POOKH
ta nonansioro Bukopuctanus JIIII. [ToGynoBani Tec-
toBi Mozeni ymoBHux JIIII, mpoBeneHi ix excriepumeH-
TaJbHI JOCNIHKEHHS, SKi TOKa3ajid, IO 3a YMOB pPO3-

mmpeHHst ¢yHkiioHanbHocTi HasBHUX CASE — 3aco0i
LIISIXOM 3aCTOCYBaHHS KUIbKICHUX METPHUK [UIsi BH3HA-
YeHHs PiBHs BapiaOeNbHOCTI MOXKIIMBO HAJaBaTH MpakK-
TUYHI pEeKOMEHJalii MO0 MiJBUIICHHS e(eKTHBHOCTI
MoOyIOBH Ta IMOJAJBIIOIO BUKOPUCTAHHS BiIOBITHUX
JITITL.

HanpsmMkoM mogaNibImMx TOCTIIKEHb € po3poOKa
MPOrpaMHUX pillleHb /IS BJIOCKOHAJIEHHS (DyHKIiOHA-
npHOCTI icHytounx CASE — 3aco0iB 3 ypaxyBaHHSIM
KUIBKICHUX MeTpUK BapiabenbHocTi koMmoHeHTiB JIIIT
Ta TPOBE/ICHHS 3 IX 3aCTOCYBaHHSIM OLIBIIO KIJIBKOCTI
EKCIIEPUMEHTAJIbHUX JOCIIKEHb e()EeKTUBHOCTI 3aIpo-
ITOHOBAHOTO ITiIXOY.
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Analysis and experimental research of CASE — tools for variability modeling
in software product lines development

M. Tkachuk, R. Gamzayev, O. Tovstokorenko, I. Martinkus, K. Nagorni

Abstract. The subject of study in the article are CASE - tools and metrics for modeling and research the variability charac-
teristics of architectures and particular components in software product lines (SPL). The goal is to provide an analytical review of
functionality and determination of selection criteria of the appropriate CASE - tools for modeling SPL architectures taking into ac-
count specific indicators of their quality, which are calculated on the basis of assessing their level of variability using quantitative
metrics, which should provide the opportunity to draw conclusions about the effectiveness of the construction and further use of LPP
. The tasks are: to analyze modern information sources on the research topic, to conduct a comparative analysis of several CASE -
tools and to choose those to provide effective modeling of the variability characteristics in various types of SPLs, to propose metrics
for their quantitative determination and conduct relevant experimental studies. The methods used are: structural analysis of the de-
sign features of SPL; quantitative metrics for determining the level of variability of the architecture and particular components in
SPL. The following results were obtained: the functional capabilities of modern CASE - tools for modeling the variability character-
istics in SPL were analyzed, metrics for quantitatively determining the level of variability were selected, and the possibility of their
usage to analyze the effectiveness of the development processes and further utilize of SPL was experimentally investigated. The
conclusions are: the experimental studies were conducted for testing SPL models, and they showed that under the conditions of ex-
panding the functionality of the existing CASE-tool, it is possible to formulate practical recommendations for improving the con-
struction efficiency and further use of the corresponding SPL by using quantitative metrics to determine their variability level. The
direction of further research is the development of software solutions to improve the functionality of existing CASE — tools, and
performance with their usage more experimental studies on effectiveness of the proposed approach.

Keywords: software product line, variability, architecture, component, CASE - tool, metric.
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XapkiBchKUH HalliOHANBHUI YHIBEpCUTET Micbkoro rocrnogapcersa iM. O. M. bekerosi, Xapkis, Ykpaina

TH®OPMAIIMHA EHTPOIIA SIK TIOKA3HUK HEBU3HAYEHOCTI
Y 3ABE3IIEYEHHI BE3IIEKHU HA POBOYUX MICIAX
IMPAIIIBHUKIB I3 IHBAJIITHICTIO

AHoTanisi. Mera. AHai3 MOXIMBOCTI BUKOPHCTaHH: iH(OpMaLiliHOI eHTpOMNii SIK ITOKa3HHUKA, 10 XapaKTepH3ye He-
BU3HAYEHICTh Y NPUHHATTI YIIPaBIiHCHKUX PIiIICHb CTOCOBHO NPALIEBIIAIITYBAHHS OCOOH, SIKa Ma€ CTiiKi (hyHKIIIOHAIbHI
3MiHHM y CTaHi 3710pOB’s, Ha poboue Micle. 3a noka3HuKoM iHdopmaniiHoi eHTponii ocoba, sika npuiiMae yrnpaBiiHCbKI
pIlICHHS, Ma€ MOKJIMBICTh BH3HAYaTH HEOOXiTHICTH BIIPOBA/UKEHHS OpraHi3aniiHO-TEXHIYHHX pIillleHb 100 afanTamii
pobGodoro micus i3 ypaxyBaHHSIM OOMEXEHb JKUTTENISUIBHOCT] MpalliBHAKA 13 iHBamigHiCTIO. MeToauKa HOCIi/IKeHHs.
MeronuKa IPDYHTYEThCS Ha aHali3i HasBHOI CTaTUCTUYHOI iH(opMalii 1010 IpUYNH TPaBMATH3MY, [1OB’SI3aHOT'O i3 BU-
POOHMIITBOM, Ha IiANPHEMCTBAX IepepoOHOT raysi, 3a/uls BU3HAYEHHS BipOriIHOCTI HACTAHHS HEI]ACHOIO BUIIAJKY 3a
KOXXHOIO I'PYIOIO SIK iHIMBiAYyaJIbHOrO pU3MKY TpaBMyBaHHs. Ha 0a3i nporo BusHaueHo indopmaliiiHy enrtpormito. Bpa-
XYBaHHS CTaHy 3/10pOB’s 0ci0 i3 iHBaJIiAHICTIO IPOIOHYETHCS 31 CHIOBATH 32 IHTErPaJIbHUM ITIOKa3HUKOM (YHKIiOHA-
JIBHOI 0OMEXEHOCT] JKUTTENISUIBHOCTI, SIKUH BIUIMBAE HA 3Ha4EHHA iHQoOpMaliiiHOI eHTpOIil, 10 Hajla€ MOXIIUBICTh BU-
poOusaTH eeKTHBHI yIPaBIiHCHKI pilIeHHS 1010 ii 3MEHIIEHHS Ta MiJIBUIIEHHS PiBHS OXOPOHH Ipalli Ha poOOUUX Mic-
IPIX HPaLiBHUKIB 13 iHBaJNiAHICTIO Ta MignpueMcTsi y ninomy. HaykoBa Hou3Ha. Ilomsrae y pospoOui migxomy 1o
HNPUHHATTS yHIPaBIiHCBKUX PillleHb CTOCOBHO 3a0€3M€UeHHS OXOPOHM Mpalli NpPaliBHUKIB i3 iHBANIJHICTIO B yMOBax
IINPHEMCTBA HA OCHOBI BpaxyBaHH: iX 0COONMBHX 1OTPed 3a iHTErpaJbHUM [TOKA3HUKOM () yHKIIOHaJIbHOI 0OMexKeHO-
CTi XMTTEAISUIBHOCTI, 10 BIUIMBAE Ha PiBeHb iH(OpMaLiiiHOI eHTpormii, sika BinoOpaxae epeKTUBHICTb peanizamii 3a-
BIIaHb 1110710 3a0e3neueHHs Oe3nexyu Ha poOounx MiclsxX 1iei kareropii npaniBHukiB. IlpakTuyne 3Havenns. [londarae y
HaJaHHI 0co0i, sfika MpUiiMae yNpaBIiHCBKI pilIeHHs, iH(opMaliiHOI 06a3u aJIs BU3HAYCHHS NPIOPUTETHHX HAIPSMIB
IiIBUIIEHHS piBHA Oe3nexku Ha poOOoYMX MiCLSIX BIANOBIAHO 10 1MoTped MpariBHUKA, SKMH Mae CTIHKi (yHKIiOHAJIbHI
3MiHHU y CTaHi 3/10pOB’sl, 3 METOO MONEPEPKEHHS 3DOCTaHHS PiBHS BUPOOHUYOI0 TPABMAaTU3MY. SHM)KCHHS PH3UKY Tpa-
BMYBAHHsI NIPalliBHUKIB 13 iHBAJIIJHICTIO CIPHUATHME ITOCHJICHHIO IO3UTHBHOIO CTAaBJICHHSA JO NHMTAHHS IPAalEBIAIITY-
BaHHJ L€l KaTeropii HaceseHHs 3 00Ky poOOTOABIIB, 10 HAIACTh 3MOI'Y OTPHMATH CYTTEBHH COLIaTbHO-€KOHOMIYHHUN

e(eKT Ha epKABHOMY PiBHI.

Kar4doBi ciaoBa: eHTponis, HeBU3HAYEHICTb, PU3KK, [IPALliBHUK, IHBAIIJHICTb, TPaBMa, Oe3IeKa.

IIpo6sema Ta ii 3B’5130K 3 HAYKOBUMH
Ta NPAKTUYHUMH 3aBAAHHAMH

[panesnamryBanHs oci0 i3 cTilikumu (yHKIiO-
HAJIbLHUMH TOPYIICHHSMH Y CTaHi 3/I0pOB’s Ha Iif-
NpHUEMCTBA YKpaiHM € BaXKJIUBUM COIIabHO-EKOHO-
MiYHHUM 3aBaaHHsIM. Hu3bKuil piBeHb TPyIOBOI 3aiiHsI-
TOCTi 0Ci0 13 iHBaNiIHICTIO NMPU3BOJUTH IO HEraTUB-
HUX CKOHOMIYHHUX HACIIJKIB, ITOB’SI3aHUX 13 BTPATOIO
po0OYOi CHITH, a TaKOXK COLIANBHUX MPOOJIEM, BUKIIHU-
KaHUX HU3BKMM pIBHEM J0XOAY Ii€i Kateropii Hace-
JICHHSI.

KBoTHHMI NpWHIUI TpaneBiallTyBaHHS oci0 i3
0OMEXEHUMH MOXIIUBOCTSIMH, IO 3arpOoBa>KECHHH
3akoHoM Ykpainu «IIpo ocHOBM comiaibHOI 3axwHie-
HOCTI 0Ci0 3 IHBaTiIHICTIO B YKpaiHi» [1], ycTaHOBIIOE
HOPMAaTHUB pOOOYMX Miclb ISl TpaleBIallTyBaHHS
oci0 3 IHBaJTIJHICTIO y PO3MIpi YOTUPHOX BiJICOTKIB
CepeIHbOOOIIIKOBOI YHCENBHOCTI MITATHUX TpaIliBHH-
KiB OOJIIKOBOTO CKJIaay 3a DiK, a SKIIO MpAaIroe BiJ 8
10 25 ocib, — y KIIBKOCTI OJJHOrO poO0YOro micus Jyis
MiANPUEMCTB, YCTAHOB, OpraHi3amii, y TOMy uYuCIi
MiAIPUEMCTB, OpraHi3allii, TPOMaJChKUX OpTraHi3alii
oci0 3 iHBamigHICTIO, (i3UYHUX OCIO, SKI BUKOPHUCTO-
BYIOTh HaliMaHy Mpailro TOIIO.

HesBaxatoun Ha IIi BUMOTH, piBeHb OQiLiiHOTO
MpaleBJalITyBaHHsA oci0 i3 iHBaJIiAHICTIO B YKpaiHi
3aJMIIa€ThCs BKpail Hu3bkuM (O6mu3pko 0,5 % Bix 3a-
raJIbHOI YHCENBHOCTI 0¢i0 i3 IHBaiAHICTIO) [2].

OCHOBHOIO TIPUYUHOI0 HU3BKOT'O PiBHS BKIIIOYEH-
Hs 0¢i0 13 1HBaJII THICTIO Y BUPOOHUYHII MPOIIEC € CKiIa-
IHICTh y 3a0e3meueHHI Oe3mekr Ha poOOYOMY MicIii
MpaliBHUKa 13 OCOOJIMBMMHU TOTpeOaMU Ta BHUCOKHM
PiBEHb PU3UKY, ITOB’SI3aHOTO i3 BUKOHAHHAM TPYAOBUX
000B’I3KIB I[i€1 KaTEropii MpaIiBHUKIB.

AHaJi3 gocaigxkenn i myosaikauiii. 3akoH Ykpa-
ian «IIpo oxopoHy mpami» 3000B’13y€ pOOOTOAABIIS
BIIPOBaKYBATH 3aXOAH IIOA0 Oprasizamii 0e3rmedyHux
Ta HEUIKI[UIMBHX YMOB Ipaii Ha poOOYMX MicIsX Tpa-
uiBHUKIB [3]. BpaxoByloun BHCOKWH DiBeHb PH3HUKY,
OB’ s13aHUH 13 BHKOHAHHSM IPAlliBHUKOM, SIKHH Mae
CTIMKI (yHKIIOHAJBbHI 3MIHM y CTaHi 3I0pOB’s, TPO-
¢eciitHuX 000B’sI3KiB, pOOOTOAABENb MPAarHe YHUKHY-
TH J0/aTKOBOi HEOE3NEeKH Ta CTBOPIOE IEBHI mepe-
LIKOJM TMpaleBIallTyBaHHIO IIpalliBHUKA 13 1HBaJi IHi-
cTio ab0 TPONMOHYE «yMOBHY» 3alHATICTh, 3a SIKOi
MpaliBHUK (AKTHYHO HE € BKIIOYEHUM Y TPYAOBUX
nporiec. 3 OISy Ha Cy4acHi €BPONEHCHKI MiIXOAN 110
MpaleBIalTyBaHHs 0ci0 13 iHBaJIiIHICTIO Taka Gopma
3alHATOCTI TNPHUITYCKAETHCS JIMIIE y THX BUIAJKaX,
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KOJIM CTaH 3/I0pOB’s NpalliBHUKA € OCOOJIMBO CKJIA-
HUM 1 BiH Malke He 3JaTHHH 0 CaMOOOCIyTrOBYBaH-
HA. Y BCIX IHIIMX BHUIMAaJIKax poOOTOAaBEIlh Ma€ IIyKa-
TU NUIAXY 3TYYCHHs OCi0 13 1HBaJiIHICTIO Ha podOoUi
MicIsl, 3a0e3euyloYd MpU I[bOMY HaJeKHUH pPIBEHb
Oe3meKu.

B Ykpaini Bxxe TpuBajuii uac 30epiraeTbcst BUCO-
KU piBEeHb BUPOOHUYOTO TPAaBMaTHU3MY, 110 TIOB’ I3aHO
i3 HEJOCTaTHHOI €(EKTUBHICTIO CUCTEMHU KepyBaHHS
OXOPOHOI0 TIpalli, 3HaYHUM (HI3UYHUM Ta MOpPaAJbHUM
3HOCOM OCHOBHHX (DOHIIB BHPOOHHUIITBA Ta HU3BLKHM
piBHeM yBaru 3 OOKy pOOOTOIABISI IO MUTaHb OXOpPO-
HU npani. Ha puc. 1 HaBeACHO CTATHCTUYHI NaHi 1O
MANPUEMCTBAX MepepoOHOl Tamy3i, o BiToOpakaroTh

KUIBKICTh ~ ITOTEPIUIMX BiJl HEIIACHUX BHIIAJIKIB,
OB’ sI3aHUX 13 BUPOOHHMITBOM, 32 TpyNaMu MPUYHH
3TiJIHO aKTiB po3ciiayBaHHs [2].

3 HaBeNEHUX NaHWUX BHUJIHO, IO OLIBIIICTH Ipa-
LIBHUKIB TPAaBMYETHCS 3 MPUUUH OpraHi3alliifHOro xa-
paxrepy (77-79% Bix 3arajbHOI YUCEIBLHOCTI MOTEPIIi-
JIHX).

ToOto Hemoniku y oprasizamii mpari, a Takox
HEeBpaxyBaHHS TEXHIYHUX I ncuxodizionoriyHux Qak-
TOpIB y oprauizamii TpyJOBOT'O MpoLecy, 00YMOBIIIO-
I0Th HACTaHHS HENIACHUX BUMAJKIB, IO € IIOB’s-
3aHUMH 13 BUPOOHHIITBOM, JJIS TPAIliBHUKIB, SKi HE
MalOTh BHPAXEHUX CTIHKUX (YHKI[IOHAIBHUX IOpY-
LIeHb y CTaHi 3/J0pOB’sl.
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Puc. 1. KinbkicTs NOTEpHiNuX Bij TPaBMaTU3MY, OB SI3aHOT'O 13 BUPOOHULITBOM,
Ha HiJIIPUEMCTBaX NepepoOHOI ramy3i YKpaiHu

3abe3neuenns Oe3nexku oci0 i3 iHBaNIAHICTIO Ha
poboYMx MiCISX IMOB’si3aHe, y MepIly 4epry, i3 BHpi-
IICHHSM IUTaHb IIOJ0 OpTraHi3amii poooyoro Mic Ta
TEXHOJIOTIYHOTO TPOLECY i3 BpaxyBaHHSAM Mcuxodizi-
OJIOT1YHUX OCOOJIMBOCTEH, OOYMOBJIEHHX CTaHOM 3J10-
POB’sl IIpalliBHUKA i3 OCOOJIMBUMH OTpeOaMu.

[lizBumenHs piBHS 1H(GOPMATHUBHOCTI Mpolecy
NPUAHATTS YIPABIiHCHKHUX DIllleHb 1010 BUOOpY po-
0040ro MicIs, BUpOOHUYOr0 HaBaHTA)XKEHHS Ta Bpaxy-
BaHHs 0COOJIMBHUX MOTPEO OCi0 13 1HBANIIHICTIO T03BO-
JUTH 3HU3UTH PU3WKHU Ta IIJABUIIUTH PiBEHb OE3MEKH
TPYAOBUX IPOIIECIB.

3aKop/IOHHI BYEHI BK€ TPUBAIHMH Yac JOCITIIDKY-
I0Th MUTaHHS MIONO BKJIFOYEHHS OCi0 13 0OMeKeHUMHU
MOXIIUBOCTSMH y BHUpOOHHMUMU mporec. OpHaK IpH
FOMY HEOOXiIHO BpPaxoOBYBaTH, IO mpodeciiiHa mis-
JIBHICTB Li€] KaTeropil NMpaliBHUKIB Mae OyTH opraHi-
30BaHa i3 ypaxyBaHHSAM OCOOJHBHX BUMOI OE3IEKH,
00yMOBIIEHUX 1X (DI3MYHUMHU YU HEPBOBO-TICHXIYHUMHU
OOMEXKEHHSIMH, HAsABHICTh SKHUX IMIJBUIIYE WMOBIp-
HICTh HACTAaHHS HEIIACHOTO BUIAJIKY UM aBapii.

[Ipu mpuiioMi Ha poOOTy poOOTOABEIH 3aIliKaB-
JeHUH y oTpuMaHHI iH(opMamii npo ¢yHKIiOHATIbHI
MOXIIUBOCTI TIpaliBHHUKA 13 IHBANIIHICTIO Ta HOTO pi-
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Hueinvna 6e3nexa

BeHb NpodeciiiHOl Mpale31aTHOCTI, OCKIIBKY BiH Mae
OyTH BIEBHEHUI y TOMY, 11O HPAIliBHUK 3/aTHUNA 0e3-
MeYHo Ta e(eKTUBHO BUKOHYBATH BHPOOHMYI 3aBJlaH-
Hf, 10 oMY opydaTumyThes [4].

BusHaueno, mo y mporeci HaiiMy Ha poOoTy
MpaliBHUKA 13 OCOOJUBHUMH TMOTpeOaMu mepen podo-
TOJABIEM ITOCTA€ HU3KA NMHUTaHb, BUPIIICHHS SIKUX I10-
TpeOye meBHOrO iH(pOpPMAIliHHOrO 3a0e3MeyUeHHs: OIli-
HKa piBHS KBajidikalii Ta mparne3gaTHOCTi; cymMa BH-
Tpart, HEOOXITHUX Ha MEPEOCHAIICHHS POOOYOro MicCIs
i1 TOTpeOu MpaliBHUKA 13 1HBAIITHICTIO; 0COOJIIMBOC-
Ti iHTerpamii mnpaiiBHUKA i3 IHBaJIITHICTIO Ta BILIUB Ha
KOJICKTHUB; MUTaHHs 3a0e3MeucHHs Oe3reku Ha podo-
YOMY MiCIIi.

Bpax iHdopmarmii 3 [ux NUTaHE HE JO3BOJISIE PO-
O0oromaBueBi opraHizyBaTH e(ekTuBHY mnpodeciiiny
IHKJTF03110 1 Oe3MeKy Ta IiJBHUINYE BpPa3JIUBICTH Ipa-
IiBHUKA 13 1HBAJIIHICTIO BHACIIOK BIUIUBY (haKTOPiB
BHPOOHUYOr0 CEPEOBUINA Ta TPYIOBOTO mporecy [S].

Tomy KepiBHUKY, SIKUI TpUiiMae pillleHHS OO0
MpAaIeBIANITYBAHHS OCOOM 13 OCOOJIMBHMH MOTPEOAMHU,
migbopy Ta amanramnii podo4oro Micus, BaXXJIUBO OTPH-
MYyBaTH MaKCHMaJIbHO MOBHY iH(OpMaIlio y KOHTEKCTI
TPYIOBOI 3aHHATOCTI, OCKUIBKY i HecTauya MPU3BOIUTH
JI0 3pOCTaHHS CTYIEHsS HEBU3HAUYEHOCTI MpOLEeCy TpH-
HHSTTS yIPaBIiHCHKUX PILICHB.

BinnosigHo 10 [6], HEBU3HAYEHICTh O3HAYAE CYyM-
HIB, HATIPUKJIA]] y TOCTOBIPHOCTI PE3yJIbTATIB BUMIpIO-
BaHb, 1[0 OOYMOBIIOETHCS BiICYTHICTIO TOYHOT'O 3HAH-
HS IIOJIO 3HAYEHHs BEJIMYHMHH, 10 BUMIiptoeThes. [Ipu
BUKOPHUCTAaHHI JaHOTO TEPMiHY y KOHTEKCTI Teopii
iHpopMarii, HEeBU3HAYEHICTh XapaKTEPU3yE CHUTYaIlilo
Opaxy iH(popMalii CTOCOBHO 00’€KTY YIpPaBIiHCHKOT
¢ yHKII. 3a JOMOMOroI0 TaHOTO TEPMiHY cTaHAAPT [7]
Ha/la€ BU3HAYEHHS OJHOMY 3 KIIOYOBUX MOHATH Yy
chepi Oe3nekn — TEPMiHY «PU3UK», KU BU3HAYEHO
SK BIUIMB HEBU3HAYEHOCTI Ha MeTy. TakuM YHHOM,
MOHSTTSI HEBU3HAUEHOCTI TICHO IOB’S3aHE 13 MHTaH-
HSIM O€3MEKH SIK y acleKTi OI[iHKHM yMOB Mpali IMpH
MIPOBE/IEHHI METPOJOTIYHUX BHMIPIOBaHb, TaK 1 y CH-
Tyauii NpUHHATTS YOPaBIiHCHKHX pillleHb B YMOBaXxX
HEIOCTaTHhOI 1HQOpMAIii IM0I0  JTOCHTIKYBAHOTO
00’€eKTa.

IMocTanoBka 3agayvi. 3aBJaHHAM HAyKOBOi CTaT-
Ti € JOCIIPKEHHs PiBHA iHpopMamiiiHoro 3a0be3nedeH-
HS TIpOLIECY NPUHHATTS YNPaBIiHCHKUX DillleHb 100
3HW)KEHHS PU3MKY TPaBMaTH3My Ha poOOYMX MiCIsIX
MIPAIiBHUKIB 13 iHBaJIi THICTIO.

BuxaagenHsi Mmatepiany Ta pe3yjabTaTH

TpaBMaTtu3sM Ha poOOYMX MICIPIX, BiJIOBIIHO IO
[opsaky po3ciigyBaHHS HEIIAaCHUX BHIAAKIB [8], BHU-
3HAYA€THCSl HACTYITHUMH TPYIIaMH PUYHH:

1) TexHiYHI PUYUHH, 10 OOYMOBJIEHI KOHCTPYK-
€0 Ta €KCIUTyaTaIliiHUM CTAaHOM BHPOOHHUYOro 00Jia-
JTHAHHSI Ta TEXHOJIOTIYHOTO ITPOIIECY;

2) opraHizaniiiHi MPUYHMHH, IO XaPaKTEPH3YIOThHCS
0COOJIMBOCTSIMU (DYHKIIIOHYBaHHSI CHCTEMHU YIPaBIIiHHS
OXOPOHOIO Tpalli;

3) nmcuxo(i3ioIoriyHi MPUYUHHN, BUKIHKAHI BILTU-
BOM (Di310JIOTIYHUX Ta TICHXOJIOTIYHHUX OCOOJIMBOCTEMH
MpaliBHUKA.

I'pyna TeXHIYHUX MPUYHH BUPOOHUYOTO TPaBMATH-
3My, 1110, B OCHOBHOMY, XapaKTepH3Y€EThCS CTAHOM BHPO-
OHMYOro 00JaHAHHS, 3aC00iB BUPOOHHUIITBA, TPAHCIIOP-
Ty Ta CepeNOBHIIa, MOXe OYTH 3alucaHa y BUIJISII

Xy ={x1,x2%3}, (1)

Jie X;; — KOHCTPYKTHBHI HEIOJNIKH, HEJOCKOHANICTh
3ac00iB BUPOOHHMIITBA, IO MOXYTh TPU3BECTH /IO TPaB-
MYBaHHs TIpalliBHUKA, TPAHCIOPTHHUX 3aCO0iB;

X;2 — HEBIIMOBIAHOCTI TEXHOJOTIYHOIO IPOIIECY,
[0 CTAHOBHUTHL HEOE3MEKY IS MpaIliBHUKA,

X;3— HE3aJOBIJIPHAN TEXHIYHUN CTaH BUPOOHUIHX
00’€KTiB, IH)KEHEPHUX KOMYHIKallild, TepUTOpii, 3ac00iB
BUPOOHMLITBA, TPAHCIOPTHUX 3ac00iB, BUPOOHUYOrO
cepeoBHILa.

I'pyna opranizamiiiHUX NpUYMH BKIOYAaE B cede
HeNOJiKK (DYHKIIOHYBaHHS CHUCTEMH YIIPABIIiHHS OXO-
POHOIO Tpalli, MOpPYIIEHHS BUMOT' O€3IEKH, TPYIOBOI Ta
BUPOOHUYOT TUCHIUTLTIHHU:

Xy ={x1,%20.%3,X24 } 2

Jie Xy, — HEJONKH (DYHKLIOHYBaHHS CHCTEMHU YIpaB-
JIHHS OXOpPOHOI0 Mpalli, HEBUKOPUCTAHHS 3ac00iB KO-
JIEKTUBHOT'O YH 1H/IUBITyaIbHOTO 3aXUCTY;

X;; — HENONIKM MiJ| 4ac TPOBEACHHS MEIUYHOrO
obcrexxeHHs (podeciitHoro BiAOOPY) NpaliBHUKA;

X3 — HEJOMIKA HaBUAHHS 3 MTUTaHb O€3IEKH, CKIIa-
JIaHHS IHCTPYKIIIF 3 OXOPOHH TIpalli;

X4 — TIOPYIIIEHHS] BUMOT O€3MeKH, TPYAOBOi Ta BU-
POOHHMYOI JUCITUTLTIHU.

[Ncuxodizionoriydi TPUYUHA BUPOOHUYOTO TpPaB-
MaTu3My, TOB’sI3aHi 13 BIUTMBOM JIFOJICBKOr0 (hakTopa,
XapaKTepU3yIOThCS SIK:

X3 ={x31,%30, X33 | 3)

Jie  X3; — He3aMOBiJbHI ()i3UYHI YU HEPBOBO-IICHXIYHI
XapaKTEePUCTUKH ITPaIliBHUKA;

X3; — AQIKOTrojbHE, HApKOTHYHE
(c’siHIHHS), 0cO0HCTa HEOOEPEKHICTD;

X33 — HE3aJ0BUIBHUH MIKPOKIIMAT Yy KOJIEKTHBI,
MIPOTHUIIPaBHi Aii 0cio.

VY pa3i po3risAaHHs BUNAAKIB TpaBMaTH3MY 3a
OKpEMUMH TPYNaMH MPUYUH SK TUCKPETHUX IMOMIIH, 1110
€ HECYMICHUMHU, IMOBIpHICTh HACTaHHS TPaBMU 3a IIEB-
HOIO IIPHYMHOI0 MOXe OYTH 3arucaHa y BUTIISII

PIY X =Y p(x) =" (@)
i=l i=l

OTPYEHHS

M=

Xij

| L

ne X; — i-rpyna Npu4uH TpaBMaTu3My, HOB’SI3aHOTO i3
BHPOOHHUIITBOM;

X;; — j-¥ HelacHUil BUIMAJOK 3a i-10 TPYTIOLO;

N — cepeHbOCIHCKOBA YUCENBHICTh MpAIliBHUKIB
3a rajty33io, 110 PO3IIIAAEThCS.

BpaxoByroun 11e Ta BUKOPHCTOBYIOUYH HasiBHI CTa-
TUcTHYHI AaHi (puc. 1), BU3HaYMMO BiTHOCHY MOBIp-
HICTh HACTAHHS HEUIACHOTO BUMAIKY 32 KOXXHOIO T'pY-
TIOI0 SIK 1HJMBiMyaJIbHUW PU3UK TPaBMYBaHHS, OTPUMY-
€MO TakKi pe3yJbTaTu:
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p1=09510"
p>=637-10"
p3;=0,8410".

VIMOBipHiCTh OTpHMATH TPaBMy 3pOCTA€ i3 36iMb-
LIEHHSM CTyNeHs iH(OopMaliiiHOi HEeBU3HAUEHOCTI II0-
110 HeOe3IeK, MOB A3aHMX 13 TEXHOJIOrIYHUM 00J1a HaH-
HSM W TpolecaMy, (PYHKIIOHYBaHHSM CHCTEMHU YIpaB-
JIIHHS OXOPOHOIO TIpalli, a TAaKOXK IMCHXO0(]i310J0rTuHIM
CTaHOM TIpalliBHUKA.

[ndopmaniiina HeBU3HaYEHICTH MOXe OyTH BUpa-
KeHa depe3 eHTporito 3a ¢opmyrnoro K. IlleHnona, 3a
KOXKHOIO TPYIIOI0 MPUYUH

H(X)==) p(X;)log, p(X;), )

i=1

Jie p; — AMOBIPHICTh HacTaHHs HeOa)kKaHOTO HACIIJIKY Y
BUTJISIII TpaBMYBaHHS TpalliBHUKA BHACHIJOK Opaky
iHpopMamii Il NPUHHATTS YHPaBIIHCHKOTO pillIEHHS
LIOJI0 TTOTIepe/KEHHsI BUPOOHUYOr0 TpaBMaTu3My 3a i-
10 TPYIOIO TIPHYHH;

a — OCHOBa Jiorapudmy, 10 0OUpa€ETHCS 3aJIEKHO
BiJl KUTBKOCTI MOXJIMBUX CTaHiB (y JaHOMY BUIAIKy
PO3IIISIAIOTHCS IBA CTAaHHW: OTPUMAHHS YU HEOTPUMAaH-
HS TPAaBMHU TPALiBHUKOM Ha POOOYOMY MicCIli).

BpaxoByroun 1e, iHpopMaIiiHa HEBU3HAYCHICTb,
10 BUPa)KEHA Yepe3 EHTPOIIil0, MO0 TPYI MPHUUHH, 110
MIPU3BENN JI0 HEN[ACHUX BUIAJKIB, BiJIOBIJHO CTaHO-
BUTHME!

H(x)=0,00127;
H(x2)=0,00676;
H(x3)=0,00114.

VY BuUNajKy npareBialTyBaHHs NpalliBHUAKA i3 iH-
BaJIiTHICTIO Ha MEBHE PoOOYe Micle CIOCTEePIraTUMETh-
csl 3pOCTaHHS HEBH3HAYEHOCTI, IO OOYMOBIIOETHCS
OpaxoM iH(oOpMaIi MOAO0 BIANOBIAHOCTI POOOYOro
MIiCIIsI, TEXHOJIOTIYHOTO MpoIiecy, (pakTopiB OTOUYIOYO-
IO CepeIOBHINA Ta iH. OCOOJMBUM BHMOTaM ITi€l KaTero-
pii MpamiBHUKIB, SIKI MOXXYTh OYTH 3rpyNoBaHi HacTyII-
HUM YHHOM:

a) CTYMiHb BIAIOBITHOCTI BHPOOHHYOrO 00ajI-
HaHHA Ta TPYAOBOIO IIPOIECY ICHXO0(]i3i0I0riuHUM
OCOOJIMBOCTSIM TIpalliBHUKa 13 I1HBaNiJHICTIO (Y KOH-
TEKCTi HEBIAMOBIAHOCTI MapaMeTpiB BUPOOHHYOro 00-
JIaIHAHHS Ta TPYIOBOTO MPOLIECY);

0) 34aTHICTH CHCTEMHU YIPaBIiHHA OXOpPOHOIO
mparni 3a0e3MevnTr TOCTaTHICTh OpraHi3aliifHuX 3axo-
IiB MO 3a0e3MeUYeHHI0 Oe3MeKH Ha poO0YOMY MicIli mpa-
LIBHUKA 13 1HBaI IHICTIO;

B) BIJIOBIIHICT MNCHXO(]Ii3i0JIOTIYHOIO CTaHy
MpaIiBHUKA 13 IHBAJIITHICTIO 3MICTY BUKOHYBaHOI pO0OO-
TH.

[HBaniHICTH MpamiBHUKA, 110 BCTAHOBIIOETHCS 32
BHCHOBKaMH MEJIMKO-COLIANbHOI EKCIIEPTH3H, XapaKTe-
PHU3YETHCS MTOEHAHHSAM KaTeropiii OOMeXeHHs )KUTTE-
Jis7IBHOCTI U, Ta CTYNEHS BHPaKEHOCTI KpHTepito 00-
MEXEHHs )KUTTEIISITBHOCTI k; [9]

Epj = {“p’kj}’ 6)

Je u, — KpuTepiii oOMEXeHHs MXMUTTEMisNIBHOCTI, IO
XapakTepu3ye 3IaTHICTb JIIOAWHH J0 CaMOOOCIYroBY-
BaHHs, NEPECyBaHHs, OpI€HTAlii, KOHTPOJIO CBOET
TIOBE/IiHKY, CITIJIKYBaHHS, HABYAHHS, BUKOHAHHS TPYAO-
BOI IistIbHOCTI 3rigHo[10];

k; — cTymHiHb BHPa)XE€HOCTI KPHUTEpil0 OOMEKEHHS
xurtenisibHocTi (I — momipHo Bupakenuit, 11 — Bupa-
skenutt, [11 — 3HayHO BUpakeHuit 3rigHo[ 10]).

3 METOI0 ypaxyBaHHS 00OMEKEHb KHTTEMISIIBHOCTI
MpaliBHUKA 13 1HBAJIIIHICTIO BUKOPHCTOBYE IHTErpalib-
HUH TTOKa3HUK (YHKIIOHAIBEHOT 0OMEKEHOCT] KUTTETI-
SITBHOCTI [, , 110 XapaKTepu3ye 3arajbHuil piBeHb 00-
MEXKCHHS JKUTTEASUTLHOCTI [9]

u7
I, = [ f)du. @)

|

AHaJti3 CKJIaJJOBUX OCHOBHUX MPHYUH BUPOOHUYO-
ro TpaBMaru3my 3a ¢-mu (1-3) nokasas, mo BB Qy-
HKI[IOHAJIbHOT 0OMEXEHOCTI JKUTTEMISIILHOCTI Ha 3pOC-
TaHHS PIBHS TPaBMaTH3My MOXKE OYiKYBaTHCS 3a yciMa
rpynamMy IpHUYMH BUPOOHHYOro TpaBMaTH3My. Bpaxo-
BYIOUH 1I€, 3aITHIIEMO HMOBIPHICTh HACTAHHS HEIACHO-
ro BUMNaAKy 3a ¢-1o (5) y Burisi

Mz

n
Xij

p(X)_#

a P
N+ 1 No,
k=l

-
Il
—_

) ®)

ne N; — 4UCeNbHICTD MpalliBHUKIB 0€3 CTIHKNX (yHKII-
OHAJILHUX 3MiH Y CTaHi 3JJ0pOB’S;

N> — YUCETIBHICTh MPAIIBHUKIB 13 1HBAITHICTIO k-
i rpynu 3a iHTerpajsbHUM ITOKa3HUKOM (DYHKITIOHATBHOT
00MEKEHOCTI KUTTETIATBHOCTI .

BpaxoByrouu Te, 1110, 3TiIHO CTATUCTHYHUX JaHUX,
B YKpaini nonaz 14 % HaceneHHs Mpane3iaTHOrO BiKYy
MaloTh IHBAJIIHICTh, Ta BHUKOPHUCTOBYIOYHM BHpa3 (8),
BHU3HAYMMO HMOBIpHICTh HACTaHHS HEIIACHOTO BUIIAIKY
y BUNAJKY, 32 SIKOTO i3 3arajbHOI YHMCEIBHOCTI MpalliB-
HUKIB Tany3i 10 % matots iHBanignicts I rpynu. [1pu-
HMaeMo iHTErpajbHUI MOKa3HUK (DYHKIIOHAIBHOI 00-
MEXEHOCTI XuTTeMisubHOCTI [, = 0,8. 3a Takux yMOB
WMOBIpHICTh HAaCTaHHS HEIIACHOI'O BUIAAKY 13 OTpH-
MaHHSIM TPaBMHU CTAHOBUTHME!

pr=1,03-10%
p>=1692-10"
p3;=0,94-10".

B peanbHuMX yMOBax Ha MiIANPUEMCTBAX MOXYTh
OyTu mpaneBiamToBaHi npauiBHuky He e 111, ane i
II rpynu iHBanmigHOCTI, 1O 301IbIIyE HMOBIPHICTH Tpa-
BMaTH3MYy.

IndopmaniiiHa HeBH3HAYEHICTh HACTAHHS Hellac-
HOT'O BHIIQJIKY, BUpa)K€Ha 4Yepe3 €HTPOIIito, BiJIIOBIIHO
CTaHOBUTHME:

H(x)=0,00136;
H(x»)=0,00726;
H(x3)=0,00126.
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TakuM 4uMHOM, BpaxyBaHHs (DYHKIIIOHAJIBHUX 00-
MEXEHb JKUTTEMISIIBHOCTI TPALiBHUKIB IPH3BEIO 10
3pOCTaHHS PiBHS HEBU3HAUEHOCTI CTOCOBHO OpraHi3arii
Oe3meky mpaili Ha poOOYUX MICIIX MPAI[iBHHUKIB i3 1H-
BayimHicTio. [Ipu npoBeneHHI aHai3y poOOYHMX MiCIb
MTOKAa3HHUK SHTPOIIIi TO3BOJISIE Y 3pYUHiil A1 ocoow, sika
npuiiMae pimeHHs, Gopmi orpuMaTH iHpOpMaLiO IS
BUpILIEHHS MHWTaHHSA IOJ0 NPIOPUTETHOCTI aHANII3y
cTaHy Oe3NeKd Ta BIPOBAKECHHS BiIIOBIIHUX 3aXOJIiB
3 OXOpOHU TIparfi.

BucHoBKHU Ta HAPSAMOK
NOJANBIINX JOCTIIKEeHb

BHaci1i 1ok HasIBHOCTI XpOHIYHOTO 3aXBOPIOBAHHS,
BPO/DKEHUX BaJl, HEIIACHOI'O BUIAJAKY JIIOJMHA MOXeE
oTpuMartu CTiliki (QyHKIIOHANBHI 3MIHM Yy CTaHi 370-
por’st. Ilpu npuitHATTI Ha pobOTy OcoOM 13 iHBaJIIIHIiC-

TIO TIepe]] poOOTOAaBIEM MOCTAE MUTAHHS 3a0e3neyeH-
HSl HAJISKHOTO PiBHS O€3MeKH MpalliBHAKA Ta MiHiMi3a-
1ii PHU3WKIB, MOB’A3aHUX i3 BUKOHAHHIM IPAIliBHUKOM
npodeciiiHux 3aBnanb. Lle Moxke po3rismaTucs SK NpH-
KJaJx MpUHHATTS pilleHHS B yMOBaxX HEBU3HAUYEHOCTI,
0 iICTOTHO BIUIMBAa€ Ha PiBeHb O€3MEKU Ha OKPEMOMY
pobOYOMY MicIli, Y CTPYKTYPHOMY MiAPO3MLIi 1, HABITh,
Ha piBHI ITiANPUEMCTBA.

3 Merol BH3HAYEHHS IPIOPUTETHOCTI 3aBAaHb
LIOJI0 TIONEPEKEHHS] BUPOOHHYOTrO TpaBMAaTH3MYy Ha
pobouux MicusX MpalliBHUKIB i3 1HBAJIIHICTIO Y CTATTi
3aIpOIIOHOBAHO BUKOPUCTOBYBATH iH(OpMaIiliHy €HT-
POIIIO SIK ITOKa3HHK, 10 XapaKTepU3ye HEBU3HAUYCHICTh
CTaHy Oe3IeKH Ha PoOOYOMY MicIli. 3a 3HAUYCHHSIM CHT-
pomii poboToiaBenb MOXKE NpUAMATH OOIPYHTOBaHI
pIlIEHHST MIOAO0 TNPIOPUTETHOCTI HAINPSIMIB BIOCKOHA-
JICHHSI OXOPOHH TIpalli Ha MiANPUEMCTBI.
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Information entropy as an indicator of indefiniteness
in ensuring of safety at workplaces for disabled persons

K. Danova, V. Malisheva

Abstract. Purpose. Analysis of the possibility of using informational entropy as an indicator characterizing the in-
definiteness in making managerial decisions about the employment of a person who has stable functional changes in the state
of health at the workplace. According to the indicator of informational indefiniteness, the person who makes managerial deci-
sions has the opportunity to determine the necessity and sufficiency of organizational and technical solutions for adapting the
workplace taking into account the limitations of vital activity of an employee with a disability. Research Methodology. The
methodology is based on the analysis of available statistical information about the causes of injuries associated with produc-
tion at the enterprises of the processing industry to determine the probability of an accident for each group as an individual
risk of injury. Based on this, the informational entropy is determined. It is proposed to take into account the health status of
persons with disabilities by the integrated indicator of functional limitations of vital activity, which affects at the value of
information entropy, and provides the ability to make effective management decisions to reduce it and increase the level of
occupational safety at the workplaces of workers with disabilities and the enterprise as a whole. Scientific novelty. It consists
in developing an approach to making managerial decisions to ensure the occupational safety of workers with disabilities at the
enterprise based on taking into account their special needs using the integral indicator of functional limitations of vital activ-
ity, that affects on the level of information entropy, which reflects the effectiveness of the implementation of issues of ensur-
ing safety at the workplaces of this category of workers. Practical value. It consists in providing to the decision-maker the
information base for developing effective actions for selecting and adapting a workplace in accordance with the needs of an
employee who has stable functional changes in his state in order to prevent an increase of the level of occupational injuries.
Reducing the risk of injury of workers with disabilities will enhance the positive attitude towards the problem of employment
of this category of the population by employers, and will allow to obtain a significant socio-economic effect at the state level.

Keywords: entropy, indefiniteness, risk, employee, disability, trauma, safety.
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3ATAJIBHI 3ACA/IU ITPOEKTYBAHHSA _
EJIEKTPOMATHITHUX EKPAHIB TA EKPAHYIOUUX KOHCTPYKIIHN

AHoTanisi. B ymMmoBax ckiagHOI el1eKTpOMarHiTHOI 0OCTaHOBKH, 110 ()OPMYETHCS 32 PaXyHOK BIUIMBY 30BHIIIHIX Ta BHY-
TPIIIHIX DKEpeJl, a TAaKoX BHACIINOK IIMPOKOro 3aCTOCYBaHHS O€31pOTOBHMX cucTeM nepenadi iHdopmarii, 3aBaaHHS,
II0B’513aH1 i3 3aCTOCYBAHHSAM EKPaHYIOUMX KOHCTPYKILiH 3HAUHO YCKJIAJHIOTHCA. 30KpeMa, HeoOXiJHICTh 3a0e3NeueHHs
cTabinpHOi pobOTH MOOLIBLHOrO 3B’S3Ky HaKJIa/la€ NeBHI 00MeXXeHHs Ha Koe(illieHTH eKpaHyBaHHs 3aXHUCHHUX MaTepiaib.
Ile morpebye BH3HAUEHHS 3arajlbHUX MiJXOMIB O 3alPOBA/LKEHHS €KPaHYBAHHS Ha IPHHLUIAX PO3YMHOI JIOCTAaTHOCTI,
BPaxOBYIOUH SIK 3aXHCT JIFOJIEH BiJ] €JIEKTPOMArHiTHUX BIUIMBIB, TaK 1 BUpOOHMYI moTpedu. BeraHoBieHO, 1110 HEOOXiTHUM
€ pO3pOOJIEHHS CXEMHU IPOESKTYBAHHS €JIEKTPOMArHITHUX €KPaHIB 3 YpaxyBaHHIM CKJIAIHOCTI €JIEKTPOMAarHiTHOI o0cTaHo-
BKH. MeTa poGoTu — po3po0IIeHHs 3arajlbHUX 3acajl IPOSKTYBaHHS €KPAHYIOUMX MaTepiajiB Ta KOHCTPYKLIH 3 ypaXyBaH-
HSIM I'PaHMYHO JIOIYCTHMMX PIiBHIB MarHiTHUX Ta €JIEKTPOMArHiTHUX IIOJIB Pi3HOTO MOXokeHHs. OOIpyHTOBAHO, IO IS
MPOEKTYBAHHS MarHiTHUX Ta €JICKTPOMArHITHUX €KPaHiB JIOLIJIbHO BUKOPUCTATH EKCIEPUMEHTANIbHI IaHi I0J0 3aJICXKHO-
CTi KOoe(illieHTiB eKpaHyBaHHS BiJl TOBLIMHHU 3aXUCHOIO MaTepially, BMICTY €KpaHyroUuOl MeTaleBoi Ta METaJIOBMICHOI Cy0-
cTaHLil y noiiMepHiii Marpuui Toio. BusHaueHo koedilieHTH eKpaHyBaHHS MarHiTHOTO II0JIs IIPOMUCIIOBOI 4acTOTH, eJie-
KTPOMarHiTHoro nosns yacrororo 1,8 I'T'1| Ta reoMarHiTHOro rnosst KOMHO3UIIHHUMH METAIONONIMEPHUMH MaTepianaMu pi-
3HOI TOBIIMHY Ta XapaKTePUCTHK. BcTaHOBIEHO, 1110 ONTHMI3allis apaMeTpiB MaTepiaiiB IO/I0 BIUIMBIB MOMIB UX TPHOX
MOXO/UKEHb HeMoXkuBa. HaBeznieHO cxeMy, sika Moxke OyTH BUKOPHCTaHA 3a HAasBHOCTI €JIEKTPOMArHiTHUX MOJIB Pi3HOrO
MOXOJDKEHHS Ta LIMPOKOT0 YaCTOTHOIO CIEKTpa. Ajie IepelyMOBOIO TaKUX POOIT € MPOBEJECHHSI MOHITOPUHTIY €JIEKTpOMa-
THITHOI 0OCTQHOBKHM y BUPOOHMYMX IPUMILIEHHAX 3 BU3HAUCHHAM aMIUTITYHO-4aCTOTHUX XapaKTEePUCTUK €JIEKTPOMAarHi-
THHX I0JIiB Pi3HOTO MOXOKEHHS. 3IiIICHEHHs IPOEKTHUX Ta BIIPOBAKYBAIBHUX POOIT 3a pO3POOICHOI0 CXEMOIO € Haii-
OiJIbII TOLIBHUM ITiZIXOZIOM ILIO/I0 IPOEKTYBAHHS 3aXMCHUX MarepialiB Ta eKpaHyrOUMX KOHCTPYKUid. Takuii miaxin MiHi-
Mi3ye BUTPATH Yacy Ta KOIUTIB Ha pOOOTH 3 eJIEKTPOMarHiTHOI Oe3neKxu.

Karo4doBi ciaoBa: enexkrpoMmarHiTHe mose; eJIEKTPOMarHiTHa OOCTaHOBKA; Koe(illieHT eKpaHyBaHHS; aMILITYIHO-

YaCTOTHI 3aJIeKHOCTI; eKpaHyoui MaTepianu.

Beryn

Po3BuTok ramy3i po3poOJeHHS Ta 3aCTOCYyBaHHS
MaTepiajiB Uil eKpaHyBaHHS €JIEKTPOMArHITHUX MOJIB
JIO3BOJISIE CTBOPIOBATH €KPaHyBaJbHI KOHCTPYKIII, SIKi
e(eKTUBHO 3aXHILNAIOTh BUpOOHMYE U MoOyTOBE cepe-
JIOBHIIIC Bijl BIUTUBY CNIEKTPUYHHX, MATHITHUAX Ta €JIEKT-
POMAarHiTHUX IOJIB. AJie B yMOBax CKJIATHOI €JIeKTPO-
MarHiTHOi OOCTaHOBKH, IO (DOPMYIOTBCS 3a PaxyHOK
BIUIMBY 30BHIIIHIX Ta BHYTPILIHIX JDKEpel, IIMPOKOro
3aCTOCYBaHHS OE3I[POTOBHX CHCTEM Tepenadi iHpopma-
1ii, 3a/1a4i, MOB’sI3aHi 13 3aCTOCYBaHHSAM EKPaHYIOYHX
KOHCTPYKIIN 3HAYHO YCKJIQJHIOIOTHCS. 30KpeMa, HeoO-
XiTHICTh 3a0e3MeueHHs cTabiIbHOI POOOTH MOOLIBHOTO
3B’13Ky HaKJajae TeBHI OOMEXeHHS Ha Koe(illieHTH
eKpaHyBaHHS 3aXuMCHUX MatepiaiiB. Lle morpedye Bu-
3HAYEHHs 3arajbHUX MiIXOJIIB JO 3alpOBa/DKEHHS €K-
paHyBaHHS Ha MPUHIMIAX PO3YMHOI JOCTATHOCTI 3
ypaxyBaHHSIM SIK IOTPeO 3aXUCTy JIIOAEH Bif €JIeKTpo-
MAarHiTHUX BIUTMBIB, TaK i BADOOHUYUX MOTPEO.

AHaJti3 ocTaHHIX Jocaimkens i myomikaniii. bi-
JIBIIICTH AOCII/KEHb 1100 CTBOPEHHS MaTepiaiB s
eKpaHyYBaHHS €IEKTPOMArHiTHUX IOJiB MalOTh KOHKpe-
THE CIPSIMYBaHHS, TOOTO MPH3HAYEHI ISl 3aXHCTY Bif
TOJISl BU3HAYCHOI YaCcTOTU (CMYT'M 9acTOT) a00 MEBHOrO
okepena. Tak, pobdoty [1] mpuCBsUEHO AOCITIIHKEHHIO
€KpaHyBaHHS MarHiTHOTO TOJISI MPOMHKCIIOBOI YacTOTH
CITYaCTHMH CTPYKTypaMu. Y poboti [2] po3pobieHo
3aci0 3aXWCTy BiJ BIUIMBY EJIEKTPOMArHITHHX OB
3ac00iB OOYKCITIOBAIbHOI TeXHIKH. Y cTatTi [3] HaBeme-
HO PEe3yJIbTaTH PO3POOJICHHS Ta JTOCIHIPKEHHS 3aXUCHUX
BJIACTHBOCTEH TKaHMHU JJIsl €KpaHyBaHHS eJIeKTpoMar-

HITHUX TOJIB YJIBTPAaBUCOKOI 4acToTu. binbin yHiBepca-
JILHUH 3aXUCHUI eKpaH MPOIOHYEThCS Y poOoTi [4].
3acrocyBaHHs ()EpOMArHiTHUX HAHOKOHCTPYKILH
JIO3BOJISIE OTPUMATH TPUIHATI KOe(DillieHTH eKpaHyBaH-
HSl SIK MarHiTHOTO ITOJISI TIPOMHCIIOBOI YacTOTH, Tak i
€JIEKTPOMATHITHOTO ITOJIS YJIBTPAaBUCOKOI YaCTOTH. Y cCi
PO3IIISTHYTI JTOCJIJDKEHHSI CIPSMOBaHI Ha OTPUMAaHHS
MaKCHMAaJIbHUX KOe(DIlliEHTIB eKpaHyBaHHS.

Aue y 6araTboX BHIaJIKaxX BEJHMKI 3HAYEHHS IHMX
Koe(illieHTIB € HaUTMIIKOBUMH. Hanpukian, Hanpyxe-
HOCTI MAarHiTHOTO MOJIsSI MPOMHMCIIOBOI YacTOTU Maibke
HIKOJIM HE MEPEBUIYE TPAHUYHO JIOMYCTUMUM PiBEHb y
2-3 pa3u. A LIUIBHICT TOTOKY €Heprii oOJagHaHHS
MOOIUIBHOTO 3B’SI3KY HIKOJIM HE JOCATAaE TaKOro PiBHS
(10 MxBt/cM?) y 30HaX MOXIIHBOrO HepebyBaHHS JTHO-
neid. B Toit jke yac y 6araTbox BHNAJKaX KPUTUYHUMH €
Koe(illieHTH BINOWUTTS E€NEKTPOMATHITHUX XBHIIb, IO
BKJIMBO JJIs 3a0€3MCUCHHS €JIECKTPOMArHITHOI CyMic-
HOCTI €JICKTPOHHOI'0 O0JIaAHAHHS [S], IpH OMY iCHYE
YUHHUN MIKHApOJHUN HOpPMAaTHB [6], sIkMH 3a00pOHSE
3HW)KEHHS HallPYXKEHOCTI IPUPOAHOI'0 MArHITHOT'O MOJIS
y BUpOOHMYHMX YMOBax Oublle, HX yaBidi. Bimomo, 1m0
Maibke TIOBHY HalpYKEHICTh I'€OMarHiTHOrO MOJsi Yy
cepeHIX IIMPOTaxX CKJIaJae TOPU3OHTAIbHA CKIIaJ0Ba,
IO HaKJIaJa€ OOMEXEHHS Ha €KpaHyBaHHS CTiH MPHUMi-
nieHb. ToMy po3po0OJIeHHs 3aXUCHUX MaTepiaiiB Ta eK-
paHyBaJbHUX KOHCTPYKLIH 3 HHUX NOBHHHO OYTH IIEB-
HUM YMHOM QJITOPUTMIi30BaHE 3 ypaxyBaHHSIM YCiX KpH-
TUYHHUX (DAKTOpIB BIUIMBY HAa €JIEKTPOMArHiTHy oOcra-
HOBKY.

Aunroput™, HaBesneHui y [7], He BpaxoBye HeoO-
XiTHOCTI 3a0e3MeueHHs MiHIMaJIbHO JOIMYCTHUMOIO CHI-
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Halry 0a30BHX CTaHIIH MOOLIFHOTO 3B’3KYy Ta TpaHUY-
HOT'O PiBHSI T€OMAarHiTHOT'O TIOJISI.

TakuM YUHOM, HEOOXiTHUM € PO3POOJICHHSI CXEMH
MIPOEKTYBAHHS EJIEKTPOMATHITHUX €KpaHiB 3 ypaxyBaH-
HSIM CKJIQJHOCTI €JIEKTPOMAarHiTHOI OOCTaHOBKH, IO
noTpedye HassBHOCTI TOCTOBIPHUX E€KCIIEPUMEHTAIBHUX
JMAHUX MO0 KOeQIIIEHTIB EKPaHYBaHHSI IMOBEPXOHBb
PI3HUX KOHCTPYKIIH.

Meta po6oTH — pO3pOOJIEHHS 3arajbHHUX 3acal
MPOEKTYBAHHS EKPaHYIOUHX MaTepialliB Ta KOHCTPYKIIIH
3 ypaxyBaHHSIM TPaHHUYHO JOMYCTUMHX PiBHIB MarHit-
HUX Ta eJIEKTPOMATHITHHUX IOJTIB PI3HOTO MOXOKEHHSL.

BukJiajg 0CHOBHOT0 MaTepiajy

Hagite mis mo0pe AOCHIHKEHUX 3 TOYKH 30Dy
€JIEKTPOMArHITHOI Oe3MeKr MeTalleBHX MarepialiB Ta
HasIBHOCTI BiJIIOBIIHOTO MaTeMaTHYHOI'O anapary, BH-
0ip TOBIIMHYU €KpaHa HE MOXKHA 3pOOHUTH OHO3HAYHUM.
Tak, anst ¢epomarHiTHOro marepiany TOBIIMHA CTiHH
BH3HAYAETHCS YACTOTOIO EJIEKTPOMArHiTHOIO MOJIs, elle-
KTpOoGi3MIHUMHU 1 MarHITHUMH BJIACTHBOCTSIMH MaTepi-
aiy, 3aJaHol0 e(eKTUBHICTIO eKpaHyBaHHs Toulo. [Ipu
LBOMY CIIiJI BpaxyBaTH HACTYITHE: 31 3pOCTaHHSAM 4acTO-
TH TIOJISl 3HIKYETHCSl MarHiTHa POHUKHICTD MaTepiaiy,
y (depoMarHiTHAX MaTepiajiax IIiJl BILTHBOM BHCOKOYAC-
TOTHOTO MAarHiTHOTO ITOJISI TIPOSIBIISIETHCSI [TOBEPXHEBUI
edekT, mo morpedye 30iIbIICHHS TOBIIUHHU CTIHKH.
[TpUHIMIIOBIM HENOJIIKOM METaJIEBHX EKPaHIB € BEJIHKI
KOe(II[iEHTH BiIOWUTTS, IO MAa€ HACTIJAKOM BiTOUTTS
€JIEKTPOMArHITHUX XBWIb y HeOakaHUX HampsiMkax. Lle
HeOaXkaHo K 3 TOYKH 30pY €JIEKTPOMArHITHOI Oe3IeKH,
TaK 1 eJIeKTPOMArHITHOI Cy4acHOCTI 00JIaTHaAHHSL.

By, MxTa

Takux HemoMiKiB 1M030aBiieHI KOMIO3UIIHHI MeTa-
JIONIONIMEpHI MaTepiain. Aye PO3paxyHKOBHH METOH
patioHamizamii mapaMeTpiB TakMX MaTepiajiB mpooie-
MaTUYHUH.

Icnyrounit MaTemMaTH4YHUH anapat, OTpUMaHuUil BU-
XOJISTYH 31 CIIBBITHOIIEHD €IEKTPOIMHAMIKU CYIIUTBHUAX
cepenoBUIl, 0a3yeTbCs Ha EKCHEPUMEHTAIBHHUX JTAHHUX
(IpOBiHICTB, Ji€JEKTPUYHA T4 MArHITHA POHUKHICTH)
i 100pe po3pobeHuil i eKpaHiB chepUIHOI Ta IHJIi-
Hapu4yHoi gopm. Tomy, uisi TPOEKTYBaHHS MarHiTHHUX
Ta eJNIEKTPOMATHITHUX €KPaHiB JOIIIEHO BUKOPUCTATH
EKCIIEpUMEHTAIbHI JJaHI MIONO 3aJIeKHOCTI KoedilieH-
TIB €KpaHyBaHHs BiJ| TOBIIMHU 3aXMCHOTO MaTepiaiy,
BMICTY €KpaHYIOUOi METaJeBOI Ta METaJIOBMICHOI CyO-
CTaHIi y mosiMepHii Matpuui Tomo. byino BH3Ha4YeHO
Koe(illieHTH eKpaHyBaHHS MAarHiTHOI'O IOJS IPOMHC-
JIOBOI YacCTOTH, €IEKTPOMArHiTHOTO MOJIst 4acToToro 1,8
I'T1y Ta reOMar”iTHOro moJisi KOMIO3ULIMHUMHU METaJIO-
MOJMIMEPHUMHU MaTepialaMH Pi3HHUX TOBIIMH Ta Xapak-
TepucTuK (puc. 1).

Jlani, HaBeeHI Ha PUCYHKAX, CBiAYaTh, IO OMNTHU-
Mi3allisg MapaMeTpiB MarepialiB IOI0 BIUIMBIB IIOJIB
LUX TPHOX MOXO/KEHb HEMOXKIIMBA. Y TEpIIy 4epry Iie
MOSICHIOETBCSL THUM, IO MAarHiTHE II0J€ IPOMUCIOBOI
YaCTOTH Ma€ MaKCHMalbHE T'PAaHUYHO JONMYCTHME 3Ha-
YEeHHsI, 2 TEOMarHiTHE — MiHIMAJILHO JIOIYCTHUME.

[{ono omHOYACHOTO eKpaHyBaHHS MarHiTHOTO MO-
JIS1 TIPOMUCIIOBOT YaCTOTH Ta €JIEKTPOMArHiTHOTO MOJIS
YABTPABUCOKOI YaCTOTH, TO BHXOISYH 3 TOTO, IO IS
OCTaHHBOTO ICHYE HWKHS MPUUHATHA MEXa IHTEHCHUB-
HOCTi, KepyBaTHCSl MOTPIOHO T'PaHUYHO JOMYCTHMHUM
PIBHEM TIOJISI IIPOMHKCIIOBOT YaCTOTH.
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Puc. 1. 3anexHicTs eeKTUBHOCTI €KPaHyBaHHsI Bijl TOBILMHY €KpPaHa Ta BMICTY €KpaHYHO40i CyOCTaHIii:
a — MarHiTHE I0JIe TPOMHUCIIOBOT YacTOTH; O — FeOMarHiTHe IoJie; B — eJIeKTpoMarHitHe noie gacrororo 1,8 I'Tig

VY Bumanxy, 1o BiANOBiJa€e AaHUM puc. 1, BUMO-
raM IOJI0 MarHiTHOTO ITOJIsl BiANOBiga€ €KpaH TOBIIH-
HOI0 8 MM Ta BMICTOM eKpaHyrood4oi cyOcraHmii 5 % i
BignosigHo: 7 MM — 10 %; 5 MM — 15 %.

[Ipu nbOMY HIUTBHICT ITOTOKY €HEPTIi eleKTpoMa-
THITHOTO 1oJist 9acToToro 1,8 I'T'Il He 3HMKYETHCS HIK-
e 3a 0,4 MkBr/cMm’.

Tomy y naHoMy BUIIagKy NpH OOMpaHHI Mapamer-
PIB 3aXMCHOIO Marepiany CiiJi KepyBaTHCS BAMOTaMH
J10 OE3IMEYHOro PiBHSA MATHITHOTO IMOJISA Ta €KOHOMIYHHU-
MU MipKyBaHHSIMU.

AuJle HaBeJieH] CTYIEHI eKpaHyBaHHS I€OMarHiTHO-
TO TOJIsl OTPUMaHi B 1a0OpaTOPHUX yMOBaX JUIsl CYIJIb-
HOT'O eKpaHa, SIKMi € 000B’SI3KOBHM JUIsl CTalllOHAPHUX
Ta KBa3iCTAI[lOHAPHUX MArHITHHUX ITOJIIB.

Y peanbHHX yMOBaxX HaWOULIBIIA 3a MOIYJIEM
cknazioBa MarHitHoro nons (6inst 40 MxTin) mae Hanpsi-
MOK CHJIOBHX JIiHI T€OMarHiTHOTO HOJS 3 ITBHOYI Ha
miBaeHb. ToOTO 3a iHIIOI Opi€HTAIll IUIACKOrO eKpaHa
3HW)KEHHSI PIBHS MPUPOTHOrO MAarHiTHOrO moisi Oyze
Ha0araTo HIWKYUM. TakuM YMHOM, CTYIEHI eKpaHyBaH-
HSl TEOMAarHiTHOTO TIOJISi BPaxOBYIOTHCS IMICJIs BH3HA-
YeHHs ITO3ULII0BaHHS €KpaHa JUIsl eKpaHYBaHHS TEXHiY-
HOT'O HMU3bKOYACTOTHOTO MAarHiTHOI'O TOJIS. Y BUIAIKY,
IO PO3MIAAETHCS U IHOTO JTOCTaTHBO 3aCTOCYBATH
MaTepiaa 3aBTOBIIKHA 4 MM 31 BICTOM €KpaHYHOYOi CyO-
cranmii 15 % abo 7 MM 31 BMiCTOM €KpaHyrOuoi cyocTa-
HIT 5 %.

Sk 3a3HayaNoCs BUILE, €IEKTPOMArHITHI BUIIPOMi-
HIOBaHHSI 4aCTOT MOOUTBHOTO 3B’SI3KY HIKOJNU HE JOCS-
rafoTh MaKCUMaJILHOTO JAOMYCTUMOrO 3HAUESHHS, aje, K
mmokazaHo y [7], 3a mijgpHOCTEH moTokiB eHeprii 0,15-
0,20 MkBr/cM® 3 Goky 6a30BMX CTaHIiH MOOGIILHOrO
3B’13Ky PI3KO ITiABHIIYIOTHCSI PiBHI BHIIPOMiHIOBaHb
caMHX MOOITbHUX TelleoHiB, TOOTO iCHYE HIDKHSI Me-
kKa, 10 SKOi MOYKHA eKpaHyBaTH 30BHIIHI BHIPOMIiHIO-
BaHHSL.

TakuM YMHOM, MOXKIIMBA ITICBHA palliOHATI3aIlisd
e(peKTUBHOCTI €KpaHa, sika TOJIrae y OOMpaHHI Mex
napameTpiB MaTepiaiy, sKi 3a0e3nedyloTh MPUHHATHY
€JIEKTPOMArHiTHY OOCTaHOBKY. Y TaKMX yMOBax Haii-
OLIbII JOUIIBHUM € MPOEKTYBaHHS Ta BIIPOBAKEHHS
€KpaHyBaHHSI MarHiTHUX Ta €IEKTPOMAarHiTHUX IOJIB 32
MIEBHOIO CXeMOIo (puc. 2).

JlociimKeHHsl eleKTpoMartiTHol o0cra-
HOBKH Y BUDOOHHUUOMY CEpEIOBHIII

Vv

Bu3HaueHHS aMIUTITYAHO-YaCTOTHHX Xa-
PaKTEepPHUCTHK €JIEKTPOMATHITHOTO OIS,
sIKe TIOTpe0ye eKpaHyBaHHS

\

Kopurveanus. v nasi mornedu TeXHOI0TiT BUDOOJIEHHS Ta KOHCTDVKIIT eKpaHa

Po3po0ieHHS TEXHIYHOTO 3aBIaHHs Ha
3ac00M eNeKTPOMArHiTHOIO eKpaHyBaHHS

V

OOupaHHs TEXHOJIOTIT BUTOTOBIICHHS
€KpaHyBaJIbHOI'0 MaTepialy

\

Bu3HaueHHS TeOMETPUYHHX MTApaMeTpPiB
€JIEKTPOMArHiTHOI'O eKpaHa

\4

[TporHo3yBaHHs €EKTUBHOCTI EKPAHYIOUOT
KOHCTPYKIIT JJIs1 HEOOXiTHUX YacTOT Ta
aMIUTITY]l €JeKTPOMArHITHOTO MOJIS

V

ITporHo3yBaHHs BIUIMBY €KPAHYHOYOI KOH-
CTPYKLIT Ha PiBHI €JIEKTPOMAarHiTHUX MOJIiB
3ac00iB 0€3/IpOTOBOr0 3B’ 3Ky Ta reoMar-
HITHOT'O TIOJISI

V

BurorosieHHs AOCTIIHUX 3pa3KiB eKpaHy-
BaJIbHOT'O MaTepially, TECTyBaHHS Ha yCiX
KPUTHYHUX 4aCTOTaxX

v

BuroToBsieHHs Ta MOHTaX €KpaHYIO4O0i KOH-
CTpYKIIi

\%

KoHTponbHi BUMIpIOBaHHS PiBHIB €JIEKTPO-
MAarHiTHUX I10MiB

Puc. 2. CxeMa NpoeKTyBaHHS Ta BIIPOBAKEHHS
€KpaHyBaHHS MarHiTHUX Ta €JIEKTPOMarHiTHUX

IOJIiB Y BUPOOHUYMX TPUMIILCHHAX

118




Hueinvna 6e3nexa

HaBenenuii mopsimok Moxe OyTH BHUKOPHCTaHHH
3a HAsABHOCTI €JICKTPOMATHITHUX IOJIB 1HIIOTO MOXO-
JOKEHHS Ta IIUPOKOTO YaCTOTHOT'O CIEKTpa.

EdexruBHicTh MaTepiany Moxxe OyTH po3paxoBa-
Ha, BUXOASYU 3 EKCIIEPHUMEHTAJIbHHUX JIAHUX Ta EKCT-
panoysiii, HaBeneHux y po6oti [5]. IlepemymoBoro
TaKuX poOOIT € MPOBEJCHHSI MOHITOPHHTY €JIeKTpOMar-
HITHOI OOCTAHOBKHM y BUPOOHMYMX MPHUMINICHHSX 3
BU3HAYEHHSM aMILUTITYAHO-YaCTOTHUX XapaKTEPHUCTUK
€JIEKTPOMATHITHHUX ITOJIIB PI3HOTO TOXOIKCHHSL.

BucHosku

1. B yMoBax BIUIMBY Ha €JIEKTPOMAarHiTHY 00-
CTAaHOBKY Y BUPOOHUUOMY Ta TOOYTOBOMY CEPEIOBHIII
JOKEpe TOJIiB PI3HOTO MOXOPKEHHS 3/IIHCHEHHs eKpa-
HYBaHHS CNEKTPUYHMX, MArHITHUX Ta €IEKTPOMATHIT-
HUX TIOJIB TOTpeOye NeBHOI paltioHamizaiii.

2. OcoOnuBicTi0O QOpMYBaHHSI €JIEKTpPOMarHi-
THOTO TOJISI Ta MiAXOJIB 10 HOTO eKpaHyBaHHsS € Ha-
SIBHICTh SIK MaKCHMaJbHOTO TPAaHUYHO JIOMYCTHMOTO
piBHs (MarHiTHe TOJIE MIPOMUCIIOBOI YacTOTH), TaK i
MiHIMaJbHO JONYCTUMHUX DPiBHIB (T€OMarHiTHE MoJe,
€JICKTPOMAaTrHITHE ToJIe 3aC00iB MOOUIBHOTO 3B’ SI3KY),
o 00YMOBIIOE MOXKJIMBICTH OOWMpaHHs TUIBKH TIEB-
HOTO IHTEpBaJy 3aXHCHHX BIIACTUBOCTEH (mapamer-
PiB) eKpaHYIOUHMX KOHCTPYKIiH, y MeKax SKUX MOKa-
3HHUKH 32 PIBHAMHM TOJIB PI3HOTO MOXO/KEHHS € TPH-
WHATHUMH.

3. Haii0inpm JOUINBHUAM MiAXOIOM JIO TPOEK-
TYBaHHsl 3aXMCHHX MaTepialiB Ta €KpaHYIOYHX KOHC-
TPYKLIH € 3AifiCHEHHS MPOEKTHHUX Ta BIIPOBA K YBaJIb-
HHUX pOOIT 32 po3poOIieHHs anroputMoM. Takui miaxiz
MiHIMI3ye BHTpPaTH dYacy Ta KOWITIB Ha pPOOOTH
ITOB’sI3aHi 3 €ICKTPOMArHITHOK 0E3TEKOI0.
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General principles of design of electromagnetic screens
and screening structures

O. Tykhenko

Abstract. Under the complex electromagnetic environment created by external and internal sources, as well as the wide-
spread use of wireless information transmission systems, the issues of shielding structures application are complicated. In par-
ticular, the need to ensure the stable operation of cell communications imposes certain restrictions on the shielding factors of
protective materials. This requires determination of the common approaches to reasonable screening, taking into account both the
protection of people from electromagnetic exposure and production needs. It is established that it is necessary to develop the
pattern of electromagnetic screens designing taking into account the complexity of the electromagnetic environment. The purpose
of the work is to develop general principles for the design of shielding materials and structures, taking into account the maximum
permissible impact levels of magnetic and electromagnetic fields of different origin. The use of experimental data, regarding the
dependence of the shielding factors on the thickness of the protective material, the content of the shielding metal and metal-
containing substance in the polymer matrix and the like, is substantiated and recommended for the design of magnetic and elec-
tromagnetic screens. The shielding factors of composite metal-polymer materials of different thickness and characteristics were
determined for the industrial frequency magnetic field, electromagnetic field with a frequency of 1.8 GHz and geomagnetic field.
The optimization of material parameters with respect to the effects of the fields of these three origins is defined to be impossible.
The scheme which can be used in the presence of electromagnetic fields of different origin and wide frequency spectrum is pre-
sented. However, the prerequisite of such work is the monitoring of the electromagnetic environment in the production premises
with the determination of the amplitude-frequency characteristics of electromagnetic fields of different origin. The design and
implementation of protective materials and shielding structures based on the developed pattern is the most appropriate approach.
This approach minimizes the time and expense involved in the work on electromagnetic safety.

Keywords: electromagnetic field; electromagnetic environment; shielding factor; amplitude-frequency dependencies;
shieling materials.
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PI/I3I/IK—OPI€HTOBAHI/[I‘/JI HIAXIA 1O BUSBHAYEHHST YMOB ITPALL
OKPEMUX KATET'OPIA ITPAIIBHUKIB TPAHCIIOPTHOI T'AJTY3I1

AHoTanisi. B naniii craTTi po3ryIsIHYTI NUTaHHS IO/0 aHAJI3y NPUHLMIIIB, METOMIB I KPUTEpIiiB OLIHKK pu3HUKy. [laHO
BU3HAUCHHS MOHATTIO NPOQECiIIHOro pu3MKy, K HAHECEHHS IIKOAHU 3/10POB't0 JIIOJMHU YMOBaMHU IPodeciiiHoi AisIbHOCTI.
BcranoBiieHo, 1110 OCHOBHMM HAIIPSIMKOM ITiJBHIIEHHS O€3II€KN YMOB TIpalli € CHCTEMHUH i JIX1]], 3aCHOBaHHUI Ha aHaJi3i Ta
OLHII PU3MKiB, 00yMOBIEHHX CIIELI(IKOI MPOLECIB Y TPAHCHOPTHIiH raiysi. BusBieHo 00'eKTHBHI 3aKOHOMIPHOCTI BU-
HHUKHEHHs HeOe3NeK y npodeciiHii MisipbHOCTI MPaliBHUKIB 3a1i3HUYHOro TpaHcropTy. CydacHa TeHIEHLIs riodanizanii
CBITOBOI €KOHOMIKH Ta perioHaibHOI iHTerparii miaBUIMIa HEOOXiHICTb y CHIBHPALl MK PI3HUMH KpaiHaMM, OCKIIBKH
00'eKTUBHO iICHYIOTb CIIUIBHI LU 1 MiAXoau B cepi MPOMHUCIIOBOI Oe3NeKH Ta TirieHu npaui, HeoOXiAHICTb B3aEMOIIT MK
npodeciiiHo 6e3MeKoro 1 3MiHaAMK B HaBKOJIMIIIHBOMY CEPEJIOBHIL, a TAKOXK MIXK Iiri€HO0 i IPOAYKTUBHICTIO mpani. Me-
TOIO TaKOI CUCTEMHOI MOJIITUKH € TONePEKEHHS HeIIACHUX BUIAJIKIB 1 MPOQeciiHUX 3aXBOPIOBAHb MPALIIBHUKIB B PE3YIIb-
TaTi BUHUKHEHH: HeOe3leyHUX CUTYalill i aBapiii Ha TpaHcrnopTi. OTPUMAHO €IMHUI MiAXiA 10 PO3PaXyHKY BUPOOHUYOr0
PHM3UKY B 3aJI©XKHOCTI BiJl HapaMeTpiB poOo4oi 30HM 3 ypaXyBaHHSAM 4dacy nepeOyBaHHs IPaLOIOUYMX Y 30HI 1ii HeOe3neu-
HUX (aKTOpiB, KU He MOTPeOye BBEACHH MHOXKHHU IIKaJl JUIS XapaKTePUCTHKH SKOCTi cepenoBuina. Ha ocHOBI anropu-
TMY [I€PETBOPEHHSI IapaMeTpPiB CEPENOBHIIA B ITOKa3HUK BUPOOHUYOro pu3UKy OyB NPOBEJCHUI aHAIIi3 KapT yMOB Hpalli
3a pe3yibTaTaMu arecrauii pobounx Micub perioHansHoi ¢inil «liBnenna 3amizuuie» ITAT «Ykpaincbka 3anizHunsy. Ot1-
pHUMaHi IOKa3HUKU 1HTErPaJIbHOrO PU3KKY CBIAYATh PO CyO €EKTHBHICTD OLIHKM (PaKTHYHUX YMOB Ta XapaKTepy Iparii 3ri-
JIHO ICHYIOUOTO 3aKOHOZABCTBAa. BHABIEHO NMpoTHpPiuYsl yKpaiHCHKOrO 3aKOHOZABCTBA CBITOBMM HOpPMaM OO0 OXOPOHU
3[0pOB s Ta OE3IeKH Ipalli Ul CTBOPEHHS KOHTPOJILOBAHUX YMOB, SIKi MiHIMI3YIOTh MOXJIMBI HACHIiJKM IIKIJUIMBUX Ta He-
6e3neynux (akTopiB BUPOOHMYOr0 CEPeOBUIA Ta TPYLOBOrO IpoLecy. 3aMPONOHOBAHO METOJ BU3HAUCHHS PIBHS He-
6e3mneKu It NpaliBHUKIB y poOouiil 30HI 32 yMOB CyMICHOI Il IIKiIIMBUX (HaKTOPIB PI3HUX KIIACIB, AKUH repenbdayae, 1o
OTpHMaHI Ha OCHOBI PH3HK-OpPIEHTOBAHOIO IiXOAY 3aJIeKHOCTI MOXKHA 3aCTOCOBYBATH ISl aTeCTallil poOOUNX MicIb, IPU
BU3HAUCHHI IPiIOPUTETY IO/0 3aXO/iB 3 OXOPOHH Ipalli 3 ypaXyBaHHAM PiBHS BUPOOHUUOrO i MPOQeCciiHOro pu3HuKis.

Karw4dosi ciaoBa: TpaHcnopt, npodeciiHuii pu3uK, BUPOOHUUMI PU3MK, IIKIUIMBUH (akTop, HeOe3neuHuid Qakrop,

npodeciiiHa Oe3nexa Ta 310poB s, 0XOPOHa Mpalli, ririeHiYHU HOPMATHB.

Beryn

[Ipu inTerparii B CBiTOBE CIIBTOBAPHCTBO, PO3PO-
Oka 1 peamizallisi OCHOBHHX IOJOXEHb T'apMOHi3amii
MPUHLUIIB, METOMIB 1 KPHUTEPIiB OLIHKU PH3HUKY JUIS
3JI0pOB'S TPAIIBHUKIB 3 MIXHAPOIHUMH ITiIXOTAMH €
HEOOXiTHOI0 YMOBOIO 320€3MeUYeHHs COLiaIbHO-EKOHO-
MIYHOT'O pO3BHUTKY AeprkasH [1]. Ile no3BomuTh nepeiTu
JI0 TapMOHi3allii TirieHiYHUX HOPMATUBIB, PO3POOIICHUX
Ha 0a3i KpuTepiiB pPH3MKYy IS 3A0pOB's, YKpaiHu Ta
kpain €Bporneiicbkoro Corozy. B pokymenTtax €Bpo-
MEHCHKOI KOMICIT IMiIKPECITIOETHCS, M0 HAYKOBO 00Ipy-
HTOBaHA OIiHKA PU3UKY BiJlirpae BUHATKOBY POJb IPH
MiJOTOBIN Ta YJOCKOHAJICHHI 3aKOHOMABCTBAa B cdepi
3axHCTy IIpaB TPOMaJISH 1 0cOOIMBO iX 310poB'st [3, 4].
OKpeMO BHAUISETHCS TOJIOXKEHHS TPO Te, IO IPOBe-
JICHHS OI[IHKU PH3WKY BiIIOBITHO 1O MIiKHApPOIHO-
BU3HAHUX MPOLENYp A€ MiICTaBY IS 3aXUCTY BIACHUX
IIpaB IPOMAJSIH y CyJOBOMY HOPSIKY [2].

OxopoHa mpaili Mae OyTH OTHHM 3 HaWBaXKJIHBI-
IIMX 3aBJIaHb COLiAJIbHO-EKOHOMIYHOI TOJIITHKH JiepiKa-
BH, & TAKO)XK OKPEMOTO IiANPHEMCTBA a00 OpraHi3allii.
3axomy MO0 TOMNIMIICHHS yYMOB Mpaii Ui Iomepe-
JOKEHHST BHPOOHUYOrO TpaBMAaTH3MYy 1 THpodeciitHux
3aXBOpPIOBaHb B YMOBAaX CY4acHOrO BHPOOHMIITBA BH-
SIBUJINCHh Hee(eKTUBHUMH. HeoOxinHe 31iiCHeHHsT KOM-
IUIEKCHOTO aHajli3y yMOB Tpalli, a TaKoXX CTBOPEHHS
MiJICHCTEMH YNpaBIliHHA O€3MeKOI0 Mpalli Ha OCHOBI
MPOEKTHUX MiJXOMAIB B 3arajibHii CHCTEMi KepyBaHHS
BUPOOHHULTBOM [6]. YTIpaBIiHHS MTPOEKTaMH 3 OXOPOHH

mpani BKJIIOYAae 110 ce0e IUIaHYBaHHS, NMPUHHATTS pi-
LIeHb Ta peaji3allilo 3aX0iB, SKi CIIPIMOBaHI Ha 3a0e3-
medeHHs Oe3meky, 30epekeHHs 3J0pOB’S 1 mpare3aar-
HOCTI JIIOJAMHHU Oe3mocepeslHhO B mporieci mpari [7].
OTKe, MaeMO B HassBHOCTI MHOXXHHY (pakTOpiB BHUPOO-
HUYOT'O CEpEeNlOBHINA, SIKi € MEepeayMOBOIO MIOAO CTBO-
peHHs 3a7a4l A1l BU3HAYCHHSI 1HTErpajbHOrO IMOKa3HHU-
Ka piBHS HEOEe3MeKH /ISl MIPaIliBHUKIB.

AHaJti3 ocTaHHiX Aocigkens i myoaikanii. Ilo-
HATTS «PU3MK» HE Ma€ OJHO3HAYHOTO BU3HAYCHHS.
BincyTHs 3araibHOBH3HAHA CHCTEMa TEPMIiHIB Y OIIHIO-
BaHHI pu3UKy. Haifuacrime 3acTOCOBYIOTH ITOHATTS
«Hebe3nekay» 1 «pu3uK». JlKepenom HeOe3NneKkn 1 pU3UKy
JUISL 3/I0POB’S JIIOJAMHA MOXYTh OYTH CyCHUJIBCTBO, Ha-
BKOJTUIITHE CEpPE/IOBHIIIE i TeXHIKa pa3oM abo KOXKHHH i3
mux (akTopiB OKpPeMoO, TOOTO MOXKHA BiJIOKPEMUTH
JoKeperia HeOEe3MeKH 1 PU3UKY MPUPOTHOIO, COIialbHO-
1o a00 MPHUPOHO-COIIAILHOIO PO3BUTKY [3].

3a cTyreHeM HpUITYCTUMOCTI PU3UK OyBa€e HaaMi-
PHHM, TPAaHUYHO JONMYCTHMHUM, TaKUM, SKUM MOXKHA
3HeXTyBaTH [4]. SIk CBIAYMTH MpaKTUKa, JOCATTH abCco-
JIIOTHOI O€3MeKH - HYJIbOBOIO PU3UKY, HeMOXJIHuBO. Ha
TEHEpIlIHIA Yac HaWOLIBIIC IONUPEHHS OTpUMaa
KOHLIETisl IOMyCTUMOro (TIpUHHATHOTO) pr3uKy. CyTh
JaHOi KOHIENMii Mojisrae y CTBOPEHHI TaKOro piBHS
0e3IeKH, SIKMH CYCIIBCTBO MOXKE MPUHHATH, TOOTO
€KOHOMI4HO BUTpaBaaTy. JlomycTiMuil pu3nuK BU3HAYa-
€TBCSl SIK TaKWil, 1[0 peajbHO ICHYE Yy MEBHOMY BUJI
IUSUTBHOCTI, 1 SIKWA HE YTpUMYe O0i3HaHY JIIOIUHY Bij
Iifi, TOB's3aHMX 13 IMOBIPHOK HeOe3mekow. Takum
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YHHOM, MO>KHA BU3HAYHUTH JIONMYCTUMUI PU3HK, K KOM-
MPOMIC MiXk piBHEM O€3IEeKH Ta peali3alli€lo MOJiTHY-
HHUX, COIIIaJIbHUX, €EKOHOMIYHHMX 1 TEXHIYHUX MOXJIMBO-
CTeH epikaBH.

Cucrema ynpaBiliHHS OXOPOHOIO TIpalli, MOJiTHKA
MANPUEMCTBA B Taly3l OXOPOHH IIpali IpPEeACTaBIIsE
co0O0I0 CKJIQJIHUI B NPOEKTHO-OPI€HTOBAHOI JiSUIEHO-
CTI B CHCTEMI «JIIOJMHA — MallhuHa — poboYa 30HaY.
O3HakaMu Takoi JisUTbHICTH MOXYTh OyTH MeTa, TOOTO
piBeHb BUPOOHHYOI O€3IeKH, i MeBHI TEPMiHU BUKOHAH-
Hs (MOYATOK 1 3aKiHYEHHs), a TaKOXX BCTaHOBJEHI (i-
HAHCOBI, MarepialbHi Ta TPYAOBI peCypcH; IpOIECH,
3aX0MM Ta OMepalii, sKi HEOOXiAHI IS JOCSITHEHHS
et [11].

AJle TIPOEKTH 3 OXOPOHHM Tpalli MaloTh CBOI Bif-
MiHHOCTI. be3neka, a 1e mijapoBa (BYHKIISA MPOEKTY, MO
CyTi, HEe MOB'A3aHa 3 NPUOYTKOM BiJ| BUTOTOBJICHHS Ta
peanizanii nponykry abo HamauHs mociayrn. CrociO
YTBOpEHHs] HeOe3neuyHux (akTopiB Ta BIACTUBOCTI
YUHHUKIB MIKIJIJMBOIO BIUIMBY € YHIKAQJIBHUAM IS
OKpEMOr0 BHPOOHHYOIO CepeloBHIIa abo TpPYIOBOTO
nporecy. 1l{lomo yMOB peanizallii MPOCKTIB 3 OXOPOHH
mpali, To BOHH, CIIPSIMOBaHI Ha 3a0e3reueHHs1 Oe3neKu
MIpaliBHUKIB y TPOIIEC] Tpalli.

Teopernunor 6a30r0 1010 GOPMYBaHHS KOHIICH-
mii Oe3leKkd B OpraHi3aliiHO-TEXHIYHHX CHUCTEMaxX €
akcioMa Tpo MOTEHINHY HeOe3meKky, 3akoH Bebepa-
dexnepa, npuHIUn MiHiMymy JIibixa, 3aKoH ToNEpaHT-
Hocri Illendopna, npunipn dapmepa [8]. a1 Bu3HA-
YEeHHSI PU3UKY CKOPOUEHHS TPHUBAJOCTI JKUTTS MpH il
WIKIUIMBUX (akTopiB y poOouiil 30HI MiIIPHUEMCTB
OepeMo 3a ocHOBY 3akoH BeOepa-Dexnepa [8]. Inumi
IiIXO/IM OLIIHKU PU3UKY PO3TIIHYTI B podotax [10, 11 —
13]. PiBeHp BIUIMBY (akTOpiB cepeloBHINA HA CTaH
JI0/Ie MOYKHA BU3HAYUTH 3a JIOMIOMOTOI0 JaHUX y (op-
Mi 3aJIeKHOCTI «Jo3a — edexkm [10]. B oxoponi mpari
B3araji AESKUH MPOMyKT ado mociyra, I0 XapaKTepu-
3YIOTBCSI LIIHOIO 1 MIPOIO PU3UKY, 1 € PE3YJIBTATOM TpOe-
KTiB.

B ocHOBHOMY, OIliHKa PU3UKY MPOBOIUTHCS IMOBI-
PHICHOIO XapaKTEPHUCTHKOIO 1 € 6e3pO3MIPHOI0 BEIUYH-
Hoto Big 0 0 1. Ane MOXXIIMBE BUKOPUCTAHHS 1 YaCTOTH
peaitizanii pu3uKy, sSKa € YUCIOM BHITAAKIB MOKIUBOTO
NposIBY HeOe3NeKH 3a MeBHHi mepioa 4acy. Skmio, Ha-
TIPUKIIAJ], YUCIIO BHUIAJKIB MOXIIMBOIO IMPOsIBY HeOe3-
MeKH Ha piK, TOAI OIWHUII BHUMIPY PHU3UKY MOXYTh
Oyru Takumu — [ 1/pik] abo[mroneit/pik].

Ha panwmii wac, icHyloTh JBi JaBHO C(oOpMOBaHi
TOYKH 30pYy Ha PU3HK. TEOPETUYHUI PH3HK € MEPIIO0
TOYKOIO 30py Ha PH3HK, sKa 0a3yeThCsl Ha HAYKOBHUX 1
TEXHIYHHUX OIIHKaX. BiAIOBIiAHO, 1HIIIOI TOYKOIO 30Dy
Ha PU3HK, SKa 3aJIKHUTh BiJl JIOJCHKOTO CHPUHHATTS
PH3HKY, € Tak 3BaHui eeKTuBHUN pu3uk [11].
BusnaueHnHsi MeTH Ta 3aBJaHHsS JOCTiTKeHHs. Po3-
poOka MeToAy BU3HAUEHHs PiBHS HEOE3NEKH IUIsl pa-
LIBHUKIB y poOoUiil 30Hi 32 yMOB CYMiCHOI Jii IIKiTH-
BUX (haKTOPiB PiI3HUX KIIACIB.

OcHoBHU# MaTepian

Hebe3nexku 3a CBOIM NMPOSBOM MarOTh ITOTCHITIH-
HUHA, TOOTO CKpUTHH xapaktep. [IpuumHamMu € ymoBH,
NIpU SKUX PEali3yIoThCsl MOTEHILINHI HeOe3neku. 3ara-

JIOM, BOHHM XapaKTepU3ylTh CYKYIHICTb OOCTaBHH,
4yepe3 sIKi MPOSBIISIOTHCST HEOE3MeKH, a OTKE BUKIIMKA-
I0Th Ti 4M iHIII HeOakaHi HAaCHigKK a00 HAHOCSATH MIKO-
ny. 3a popmoro mikoaa abo HebaXkaHi HACIIIKIB MAalOTh
pizHoMaHiTHHH mposiB. Lle TpaBMH pi3HOi Ba)KOCTI,
3aXBOPIOBAHHS, SIKI BU3HAYAIOTHCS CYYaCHUMH METOJIa-
MH, IIKOJa JOBKULTIO Tomo. OTxe, MOCIiJOBHICTh «He-
Oe3rieka — NPUYMHM — HEOaKaHHI HACIIIKH» SBIISIE
co0O0r0 JIOTIYHHH TPOLEC PO3BUTKY, IIO peaji3ye more-
HI[IHHY HeOe3IeKy y peanbHi Hachiaku. <« Kutremisuib-
HICTh JIFOJUHH IOTEHIIIHHO Hebe3meuHay - e akcioma,
sIKa LTFOCTPY€E HasIBHICTh MOTEHIIHUX HeOe3Iex.

00’exTOM aHai3y HEOE3IMEK € CHCTEMa «TFOIUHA —
MallliHa — HABKOJIUIITHE CEPEIOBHIIEY, JIe 00 €HYIOTh-
Csl TeXHIYHI 00’ €KTH, JIFOAU 1 HABKOJIUIIIHE CEPEIOBHUIIIE,
SIKI B3aEMOJIIIOTH MiX coboro. [1in moreHmiiiHo0 Hebe3-
MeKOI0 200 IIKiTMBICTIO BUPOOHUYHX IIPOLECIB MAIOTh
Ha yBa3i HasBHICTh HEOE3MEYHUX 1 MIKIITUBUX (PaKTO-
PiB, sIKi IiI10YM Ha JIOJUHY MOXYTh IPU3BECTU 0 BUPO-
OHMUOi TpaBMH 200 PO(ECiHHOrO 3aXBOPIOBAHHSL.

IcHyrO4iI MeTOM BU3HAYCHHS PIBHS HEOC3MCKH Bif
cyMicHOI Aii MIKiUIMBUX (PaKTOPiB Yy BUPOOHHYIHX YMO-
Bax 3aCHOBaHi Ha NpuHIMII MiHIMyMy Jli0ixa, ane #oro
HEJIOJIKOM € ypaxyBaHHs (pakTopiB, IO MalOTh MaKCH-
ManbHUi BIUIHMB [8,9]. Arne icHyroTh iHIII (akTopH, sKi
HE MaroTh MEPEeBHUIICHHS IOMyCTUMUX HOPMATHUBIB,
X0ua TeX CYTTEBO BIUIMBAIOTh HAa CTaH 3/I0POB’S Tpa-
HiBHUKIB. Take MpOTHUPIUYs MOXXHA YCYHYTH 3acO00M
BIIPOBAPKEHHSI IMOBIPHICHHMX OI[IHOK piBHS HeOe3MeKH
BUpOOHHYOro cepenoBuina. [IpornonyeTbcs BUSHAYCHHS
piBHs HeOe3rekn y poOodiil 30HI 3a JOMOMOrow (GyHK-
il pU3UKY, IO O3BOJIUTH ABTOMATHU3yBaTH IIPOLIEC
arecrarii podouux micip [10].

®opMoI0 BUpaKEHHSI TEOPETHYHOTO PU3UKY € CTa-
TUCTUYHHI NTOKA3HUK, 3BEJCHUH 10 IMOBIPHOCTI JEsSKO1
HeOaxkaHol noxii. Hamani iMoBipHICTE Takoi moii, se-
sIKa OIIHKA OYiKYBAHOI IIKOAU OO'€IHYIOTHCS B OIUH
MMOKa3HMK, a OTXe, KOMOIHYEThCSA HaOip MMOBIpHOCTEH
pU3UKy 1 mKOAM abo BUHArOpoau. B craTHCTUUHIN
Teopii NPUHHATTS pillleHb, (YHKIIIO PU3UKY OIHKH
o(x) st mapamertpa 6, o oO0YuCIIeHa MPH IEAKUX CIIO-
CTEpEeXKYBaHUX IApaMeTpax X, BU3HAYAIOTh SIK MaTeMa-

TUYHE OYiKyBaHHs (YyHKIIT BTpat L (O,S(x)) :
R(0)=[L1(0,8(x))- /(x| 0)dx, (1)

e L(9,5(x)) — (yHKLIs BTpAT Bix mapamerpa OLiHKA
0 1 3HaYeHHs OLIHKH O(X);
£ (x|8)— iimoBipHicTs HeGaxaHOi MO,

Ha mnpaktumi, sK mpaBwio, BUKOPUCTOBYIOThH
okpemi opmu Bupasy (1). ITo cyTi, IX METOIO € ICTOTHE
CTPOUIEHHS 3aJIeKHOCTI, TPH BPaxyBaHHI KOHKPETHHX
YMOB BHUKOHAHHSI OI[IHKH pU3HKY. TakuM 4MHOM, iMOBI-
pHiCTh HEOaXKaHOI M1 MOXKHA BU3HAYHUTH Yepe3 4acTy
peaitizaiii HeOe3MeK:

P=f(x6)= )

ne N(t) — uucino HebakaHUX MOIIH 3a 4ac ¢, O(x) — 3a-
raJibHEe YUCIIO TOIIH Y CUCTEMI.
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O1iHKM pU3MKY Y pOOOUiil 30HI 32 YMOB BILIHBY
(akTOpiB CepeloBHINA BHKOHYIOTHCS, SK IMPABUIIO, i3
MPUIYIIEHHSM, IO piBeHb 3a0pyxHeHHs Bimomuii [11].
Ie o3Hayatume, o moist 3a0pyTHEHHS BXKe BiI0YIach,
T00TO P = |.

3asBuualii, s QyHKIT BTpaT L(9,8(x)) npuiiMa-

I0Th JIESIKY BapTiCHY Mipy OJMHUIII PU3UKY, IO XapaKTe-
pH3ye HaCHiKu SKoi-HeOyab mmoAii. 3 ToYkH 30py podo-
TOJIaBILIsl BAPTICHA Mipa PU3UKY MPUHMATUMETHCS TAKOIO,
10 JOPIBHIOE PO3MIpPY IT'STUPIYHOrO 3apOo0ITKY MpalliB-
HHMKa, 3T1IHO 0 3aKOHOJAaBCTBA. BCTaHOBIEHHS MOII0HOT
BapTICHOI OLIHKA MOXe OyTW JOpeYHHM 1 JUIs IHIIHX
PIBHIB TSDKKOCTI HEO2)KaHHUX MOJIH.

BimnosigHo 10 3akony BeOepa-DexHepa, npu 3a-
Opy/aHEeHHI aTMOC(epHOro MOBITPS B 3arajJbHOMY BHUIIA-
Ky, Ma€ MiCIe ICHyBaHHA MAESKOi (HYHKIIIOHATBHOT
3aJIeKHOCTI MiX piBHEM 3a0pyIHEHHs, BiTUyTTAM i
PHU3HKOM:

A 3
kG
e r — piBeHb pu3UKy; C — KOHIICHTpAIlis IIIKiITMBUX
PEUYOBHH B TOBITpi, MIr/M’; k — KoedillieHT mporopiiii-
HocTi; Cy— HaliMeHIa KOHIEHTpAllisl, MpH SKid BiA4y-
Ba€ETHCS JIisl.
SIKIo B3STH 32 OCHOBY HOPMATHBHI MOKa3HHKH,
SKI BU3HAYAIOTHCSl EKCIIEPUMEHTANIFHO JUISi  KOXKHOL
OKpeMOI pEeUOBHMHH, MOKHA BCTAHOBHTH JIBI 3aKpiIlIEHI
To4KH 3anexxHocTi (3). BukoHaemo 3aminy//k Ha A mus
CHPOLIEHHS EPETBOPEHB!

1-107° = 1-Ig (IAK 1 /Gy );
0,5=}ng(ﬂK50/C0), (4)
r= k~lg(C/C0).

Po3B’si3anHs cucteMu piBHSHB (4) IUI KOHLIEHT-

pamiii 3a0pyJHIOIOYMX pPEYOBUH, IO IEPEBHUIIYIOTH
I'’IK,, mMatume Takuil BUIIIAL;

0,5-1-107°
A=~ 5
e JIKs, )
INK ey
IIKcy
CO = 5 B
107 Ky
100,5—10‘6 Kcy
1 C
6 grﬂKcﬂ 107
r=(0,5—10_ ) (6)
JKsg  0,5-107°
ITK ey
[— . _6
po3-110 lg € 1110, (7)
JKso ~ ITTKcy
Ky

[linTBepIKEHHS TOMY, IO HACIIAKU Mil XIMIYHHX
(baxTOpiB Ha JIIOAWHY B Tpoleci il TpyaoBoi AisUIBHOCTI,
BIMOBIAIOTh 3aKkoHy BeOepa-dexHepa, 3HaHmEHO Yy

piBusiHEAX (5) — (7). BigminHicth (6) BiJl KJIacHYHOTO
BUpa3zy I 3anexHocTi Bebepa-Dexnepa moisrae B
ToMy, 1m0 (6) MicTuTh BinbHHIT wien 10°, sKuit xapak-
TEpU3ye BEPXHIO TPAHMIO [ii. [HIIOW BiAMIHHICTIO
BUpasy (6) € BBEICHHS HOPMYBAHHS PU3UKY B KOOPIH-
HaTax JIKso i [ 1K, sIke TO3BONUTH OOYMCIUTH TAaHTCHC
KyTa HaxWily JIHIHHOI 3aJIe)KHOCTI PU3MKY BiJl JIOrapu-
¢ma HOpMoOBaHoro BigHocHO I'JIK., nirouoi pedyoBUHH.
3arajiom, OTpHMaHa 3aJIeXKHICTh (6) € y3araJbHEHHSIM
3akoHy BebOepa-dexHepa B yacTHHI Jil XIMIYHHX pevo-
BUH Ha OpPTaHi3M JIIOINHH.

AHAJOTIYHIM YHHOM BU3HAYAEMO 3aJIGKHOCTI pH-
3WKY JUIS MY, 10HI3YIOUOTO BUIIPOMIHIOBAHHS Ta €JIEK-
TPOMArHITHUX KOJIMBaHb IS PO3paxyBaHHs MOTEHIIIHHO-
T'O PU3UKY IIpH i1 pisHOpigHMX (akTopiB (Tadm. 1).

[Ipu ouiHmi piBHSA HEOE3NEKH OCHOBHOIO JI€I0 €
NepeTBOpeHHs iHpopMalii Mpo JAEKOTPY BIACTHBICTH
rapameTpiB CepeIoBHINA Yy IMOKa3HUKU PU3HKY. AJe Ha
Ii# cTazfii BHMHMKAE CKIIaJHICTh, KA IIOB'S3aHa 3 THUM,
IO ITOTIEPe/IHI JAOCITIHKEHHS XapakTepy il IIKiATHBHAX
peyoBMH 1 iHmWMX (akTopiB mpoBoxmiucs 0Oe3 ypaxy-
BaHHS B3a€MHOI'0 BIUIMBY (akTopiB. ToMy muTaHHS 1po
MepEeTBOPEHHST «103a — edexT», Mae BHPINIYBaTUCH,
BUXOISYM 3 HASBHUX EKCIIEPUMEHTAJIBHUX JIaHUX
Tabn. 1. TakuM 4YWMHOM, BKa3aHe IMEPETBOPEHHS MOXKeE
3MIACHIOBATHCS BIJHOCHO KOXHOI €JIEMCHTapHOI BJac-
TUBOCTI 3 ITOJAJIBIIUM 3BE/ICHHSIM OKPEMHUX MOKa3HHKIB
JI0 €IMHOTO KPUTEPIIO SKOCTI CHCTEMH B LIOMY. AJe y
3araJbHOMY BUNA[KY, PO3IIISAAI0YH XapaKkTep MpHYHH-
HO-HACJIIKOBOTO 3B'SI3Ky B IMOCTIIOBHOCTI «Jis — BiJ-
YYTTS — peaKilish», 1ie He Mae IPUHIUIIOBOTO 3HAUYEHHSI.

Jlanmi po3riissHeMO ajrOpUTM IIEpEeTBOPEHHs Iapa-
METpIB CEpe/IoBUINA B TOKa3HUK BUPOOHUYOTO PH3HKY.
Bupasu 1uist po3paxyHKy MTOTEHIIHHOTO PU3UKY TPH Aii
pi3HOpigHKX (akTopiB mnpuBeneHi B Tabdi. 2. Bubip
koe(ilieHTiB b BiAOYBaeThCA Il KOXKHOI /110401 pevo-
BUHH, QHAJIOTIYHO KoedillieHT k& — I BiANOBIAHOTO
IHTEpBAaJLy YacTOT €JIEKTPOMArHITHUX KOJIUBAHb.

BiamnosimHO, 3a YMOB, TPH SIKMX 3HAYCHHS (DAKTO-
pa Mae MeHIIe 3Ha4eHHs BiJ MPUHHATHOrO HOPMATHB-
HOT'O, BEJIMYMHY PH3MKY MOXXHA PO3paxyBaTH i3 NpH-
MyIIEHHSM, [0 3MiHa HOro BEJIMYWHU BiJl 3HAYCHHS
(baxTopa € niHiiHOIO:

n=o-F, )

ne a=10°%TJIP; F — Benuuuna daxropa, F < [IP.

Hanani, mpoBoanTbCSL pO3paxyHOK CyMapHOTo pH-
3WKY B Takiil mociinoBHocTi. Hacammepen po3paxoBy-
I0ThCSl 3HAYECHHS BEJIMYMHHU PIYHOTO PU3UKY JUIS KOXK-
HOro (akropa r;, a TOTIM OOYHCITIOETHCS BEITHUHMHA
IHTErpaJIbHOTO PH3HKY:

R=1-T](1=r), ©)

1=1

OTXe, Bce BHIIICHABEACHE CBIMUUTH PO OTPHMAaH-
HS €JMHOTO MMiIXOAY 10 PO3PaXYHKY OIIHKH ITapamMeTpin
po00oYOi 30HH, AKUU HE MOTPEOYE BBEIACHHSI MHOXXUHU
IIKaJI JUI XapaKTePUCTUKHU SIKOCTI CepelOBHINA. 3ara-
JIOM, BHWKOPUCTAHHS OIIIHKH Yy BHIVIAAI BiTHOIICHHS
JIBOX BEJIMYHH CKBIBAJICHTHO MEPEXOAY BiJl IHTCHCHB-
HOCTI JI0 €eKCTEHCUBHOI XapaKTEPUCTHKH BIUIHBY.
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Tabnuysal — Po3paxyHOK MOTEHUiiiHOro pU3MKY NpH Jii pisHOpiTHNX (akTOpiB

IMapamerpn sxocTi OpnHni Hopmarus npmniin- Haamipanii ®opmynaa JJ1s1 pO3paxyHKy
cepeoBUINA BHUMIpPIOBaHHS SITHOT'O PiBHSA piBeHb PM3UKY
R 3 I'’IK.,, 3anexuTh 16 )
XimiuHi peyoBUHH Mr/M Bijt peHOBHH JIKsy r=107"+b-1g(C/IIK)
Iym 1nBA rape 130 nbA r:1076+0,038~1g(]/]0)
Ionizytoue . Jlimit no3y, —10°6 1 Dg
BUIIPOMiHIOBaHHS M3B piK I'1P=20 =30 r=107+0.3581g /P
EnexrpomarniThi B/’ TAEE, sanexrs > 500 =107+ k -1g(E/ [JEE)
KOJIMBaHHS BiJl 4aCTOTH
Tabnuysa 2 — Po3paxyHoOK OL[iHKH apamMeTpiB po6o4oi 30HU
Ne | PoGoue micue, npodecisi, Knac | ®akropn Bnpoﬁml'- Hopmarune | ®akrny- l'[ouTenum- IHTeI‘pfl-
a3/ ex (b HuIsI, BUIiT) YMOB | 4Oro cepeIoBHIIA i 3HAYEHHSI He 3HA- | HUM PH3HUK, | JBHMHI
tex it 101, BUUL npaui | Tpyaosoro npouecy | (IAK), (TAP) YeHHS rp pusuk, R
IIkimmBi XiMigai
pe4oBUHU 0,2 0,31 0,02164
B (Mapranens)
JIEKTPOra303BapHUK, I 6 E—
1 | Mexaniuni mMaiicrepHi 3.1 H?ggﬁiggogiz]::)l Al 6 6,5 0,004434 | 0,204081
(npuUMILEHHST)
IndpauepBoHe BU-
MIPOMIHIOBAaHHS, 1o 140 223 0,182853
Br/m?
IIxkimmBi XiMigHi
pEe4OBHHY, 0,2 0,33 0,024727
E MapraHelb
JIEKTPOra303BapHUK, I 6 E—
2 | MexaHi4HI MaiicTepHi 3.1 Hng;igf l;)?(}éi(}:)[l At 6 6,3 0,002703 0,223607
(BymHs) IndpauepBoHe BU-
MIPOMIHIOBaHHS, 1o 140 234 0,201765
Br/m?
MammHicT He3HIMHOT
3 | mpesunn AL 1A, 3.2 Iym, nBA 80 83 0,000609 0,000609
MEXaHi4Hi MalcCTepHi
K [ym, nBA 75 92 0,003373
OBaJIb Py4YHOT O KyBaHHS,
. o IndpauepBoHe BU-
4 | mex MexaHIYHUX MalcTe- 33 . 0,326984
[IPOMIHIOBAHHS, 1o 140 320 0,324706
PEHBb, Ky3Hs B/l
TpakropucT, MexaHiuHi IMun ¢piGporenHoi il 4 4,3 0,003834
o . 2 .2 bl bl
> MaiicTepHi 3 IIym, 1BA 80 88 0,001574 0,005402
MammuHicT 3a1i3HIYHO-0Y-
6 | niBenbHoi Mammu TIMT, 3.2 IIym, 1BA 80 85 0,001001 | 0,001001
MEXaHi4Hi MalcTepHi

Takox BiZIOMO, 1110 /1032 € IHTETPAIBLHOI0 BEITHYH-
HOIO 1 BU3HAYAETHCS 3 ypaxyBaHHsIM vacy aii. OtpumaHni
3aJICKHOCTI TPU 3aCTOCYBaHHI JUIs aTecTallii pododnx
MICIIb 3HaYHO IOJIErIIaTh OL[IHKY (paKTOpiB BUPOOHUYO-
T'O CepeioBHIIa 1 TpymoBoro mnporecy. Takox, i3 ypaxy-
BaHHSM B32€EMHOT'O BIUIUBY (haKTOpiB MOKHA BU3HAYHUTH
MIPIOPUTETHICTH 3aXOIB 3 OXOPOHHU IIpalli 3 ypaxyBaH-
HSIM PiBHS BUPOOHHYOTO i PO(EeCiHHOr0 PU3HKIB, YTO-
YHEHHS! PeKOMEH/IAIli{ 010 MOKPAIEHHS! YMOB TIpalli.

Ha ocHOBI anroputMmy nepeTBOpeHHs IapaMeTpiB
cepeloBUIla B TOKAa3HUK BHPOOHUYOI'O PH3HMKY OYB
MPOBEACHHUH aHalli3 KapT YMOB Tpalli 3a pe3yJibTaTaMu
artecTauii poboYux Micip perioHanbHOI ¢imii «IliBaeH-
Ha 3amizHuis [IAT «YkpaiHceka 3amizHuip»y. Otpu-
MaHi JIaHi HaBeJeHi y Ta0. 2.

[IpoBenena omiHka yMOB Tpalli CBITYUTH MPO TE,
o podoui mictt Ne 1, Ne 2, Ne 4 migHOCATBHCsS 10 3.1
KJIacy 3rifiHo [5], aje nMoKa3HUKH iHTErpaabHOI'0 PUUKY

3rigHo [4] € HamMipHUMEU. Poboui Micist Ne 3, Ne 5, Ne 6
BIMHOCATBCA A0 3.2 Kiacy, Mal4d 3a PO3paxyHKaMH
TNOKA3HHKH iHTerpatbHoro pusuky 10 107 i 107 Bin-
MIOBiZIHO, TOOTO TPAaHWYHO — JOMYCTUMUMH 1 Buie [4].
OTKe, MaEMO J0BEJICHY CYO €KTUBHICTH OI[IHKH (DaKTH-
YHUX YMOB Ta Xapakrtepy mpami 3rigHo [5]. [TokasHuku
IHTErpaJIbHOTO PU3UKY CBIMYAThH MPO MPOTUPIYUsS YKpa-
THCHKOTO 3aKOHOJIABCTBA 3i CBITOBMMHU HOpPMamH ILIONO
OXOpOHHM 30pOB’Sl Ta OE3MeKH Ipari Ui CTBOPEHHS
KOHTPOJILOBAaHUX YMOB, SIKi MiHIMI3YIOTh MOXKJIMBI Hac-
JJKK IIKIJUTUBUX Ta HEOE3MeuYHUX (hakTopiB BUPOOHHU-
YOro Cepe/IoBHINa Ta TPYAOBOro mpoiiecy [3].

Xo4a TaKWi MiIXix HE MOXKHA BU3HAYUTH SIK a0CO-
JIIOTHO BIpHHUH TOMY, III0 HE Ma€ BpaxyBaHHs iMOBipHO-
CTi mepe0yBaHHs MPALIOI0YOro y 30Hi1 il i-ro HeOe3re-
yHOro (hakTopy. BpaxoByrouu 1e, iMOBIpHICTH HasiBHO-
CTi i-ro HeOe3neyHoro (akTopy B poOOUill 30HI MOXKHA
BU3HAYUTH 32 TAKOIO (OPMYIIOI0:
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(10)

ne P — imoBipHicTh aii i-ro HeGe3neyHoro (axropy;
P/ — iMOBipHiCTh HIepeGyBaHHs HPAIFOIOYOro Y 30Hi Iii
i-T0 HeOe3MMeYHOro (haKkTopy.

Takox, IMOBipHicTb Aii i-ro HeGe3meuHoro (akTo-
py Ta IMOBIpHICTH mepeOyBaHHsS MPAIIOIOYOro y 30Hi
Horo 1ii BU3HAYA€ETHCS 332 OPMYIIaMu:

B =fiv/TCM;
, (11)
PP =tip/TCM’

ne t” — vac mii i-ro HeGe3neuHoro axropy; ¢/ — 4ac
nepeOyBaHHs MPAIIOIOYOro Y 30Hi Aii i-ro HeOe3rneyHo-
ro ¢daktopy; Ty — TPUBATICTD 3MiHU.

[MincraBnsroun nani Bupasu y ¢opmyny (10),
OTPUMYEMO IMOBIPHICTB [Iii i-T0 HEOE3MEeYHOTO PaKTOpy
Ha TPALOI0Y0ro:

B,

i

~B'-B.

: (12)
Tem
[Mpu mHasBHOCTI 2, 3, ... n mWKiAIMBHUX (aKTOPIB,

IMOBIpHICTb iX i BU3HAYA€THCS HACTYITHUM YHHOM:

P,(2)=B, +P, —P, Py;

v

P,(3)=PR,+P,~P,-R,; . (13)

v

P,(n)=FR, +P,  —PR, P

v 1 Yoo " Vn-1'

Ha puc. 1 HaBezeHa 3a1exHICTh IMOBIPHOCTI i1 Ha
MIPAIFOIOYOTro 7 IIKIATHBHUX (DaKTOpiB.

Py}
1.0
;

1, =3rop

P
I 2rog
08 ‘

0.6

J,r 1rop

04

0.2

0 1 2 3 4 5 6 n

Puc. 1. 3anexHicts Py (1) nii i-oi 4rceTbHOCTI

LIKIZIMBUX (aKTOPiB IPH t;’ =const .

3a yMOBH, IO BiIOMa IMOBIPHICTH Jii IIKiITMBHX
(bakTOpiB HA MPAIFOIOYUX, TO BU3HAUCHHS IIIKiIJIHMBOCTI
BHPOOHHYOrO TMpPOIECY B IJIOMY BiZOYBaTUMEThCS
HACTYIIHUM YHHOM:

p0 MR ()+NoFy (2)+..+ Ny By (n)
nn N s

(14)

ne N;, N, ... N, — KUIBKICTb MPAIfOOUuX, sKi Iimaaa-
oTh mig giro 1, 2, 3, N IKMBHX  (HaKTOPIB;
Py(1), Py(2), ... Py (n) — IMOBIpHICTH Aii HA NPAIFOIOYNX
1, 2, 3, ... n mkimmBuX (HakTopiB; N — 3arajbHa 4uce-
JILHICTB TIPAITIOI0YHX.

OTKe, MOXKHAa pO3paxyBaTH WIKIUIUBICTH BUPOO-
HUYOTO IMPOIECY B IIOMY JJISI BUPOOHUYOTO ITiIPO3Ii-
Ty perioHansHOI ¢inii «[liBreHHa 3ami3HUALS:

0,96075+0,972244+0,732736 +
0 +0,80067+0,751262 +0,2809 15
o (15)
6
=0,7497603.

IMoBipHICTE Hii j-r0 HEOEe3MEYHOro (HaKTOpy MOXKE
OyTu BH3Ha4YeHa 3a (POPMYIIOI0:

By, =P} P[P, (16)
e ij — IMOBIpPHICTh HasIBHOCTI y poOouiii 30HI j-rO
HebesmeyHoro (akropy (peuoBunu); P/— iMOBIpHICTH
nepeOyBaHHs JIIOMWHMA Y 30HI Iii j-r0 HeOEe3IeYHOro
¢axropy(peuoBunn); P/~ Bpaxaroda 3[aTHICTb j-TO
HeOe3neyHoro (akTopy (pe4OoBUHH).

IMOBipHiCTH HasiBHOCTI y poOo4ili 30Hi j-r0 HeOe3-
NeyHoro (axropy (PEYOBHUHM) Ta IMOBIPHICTH mepedy-
BaHHS JIIOJAWHH Y 30HI Jil HOT0 (paKTopy BU3HAYAETHCS
3a ¢opmyrnoro (11). A Bpakaroua 31aTHICTh j-TrO HeOe3-
neyHoro (hakTopy (PeuOBHHU) BU3HAYAETHCS SIK:

. d;
pre =L,
J D/

(17)

d; — dbaxkTHuHMil piBeHb (BMiCT) j-ro HeOe3neuHoro Qak-
Topy (peuoBUHH); D; — rpaHUYHUN piBeHb (BMICT) j-rO
HeOe31meqHoro Gakropy (PeUOBUHHM).

I'pannunmii piBeHs (BMicT) j-ro HeOe3neuHoro (a-
KTOpy (PEYOBHHH) — II€ TAKHW, MPH SKOMY IMPAIIOI0Yi
MiJUIATal0Th HAWMIBHIIIIA eBakyallii 3 HeOe3meuHol
30HH.

Sxmo nincraButu y popmyay (16) Bupasu s ij,
P} i P/, orpumaemo:

17 d;
Tem - D;
ImoBipHicTh mKianuBOi Aii m QakTopiB BU3HAUA-
€TbCA 32 (POPMYIIOLO:

Pb(m)zl—ﬁ(l—ij). (19)
I

Ha puc 2 HaBeneHa 3aI€KHICTh MOMIIUBOCTI [IiT Ha
JIIOIMHY M IIKIIJTUBUX (DaKTOPIB.

Skmio BimoMa IMOBIPHICTh il MIKIAIHBUX (HaKTO-
piB Ha MPAIFOIOYUX, TO MOXKHA BU3HAYUTH IIIKIIJIMBICTH
BHPOOHUYOTO MPOLIECY B I[IOMY:

pb _ MB ()4 NoFy (2)+.+ Ny (m)
nn — N

., (20)
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Py (m)1
10 . dfﬂf)f.
Lo

.8

08|

08

0.4

0.2

-—'"-.-

0 1 2 3 4 5 6 m

Puc. 2. 3anexHicts Py(m)
BiJ m-01 KUIBKOCTI LIKIJUIMBHAX
daxropis ta dy/D; (1"t} = const)

Pe3ysibpraTi IpoBeAEHUX PO3PaxXyHKIB KiIbKiCHOT
OIIIHKH MOTEHITIHHOT IIKIITUBOCTI BUPOOHHYHX TIPOIIe-
CciB Ha 0a3i JaHUX OLIHKU (haKTOPiB BUPOOHHYOIO cepe-
JIOBUIIIA 1 TPYJOBOT'O MPOLIECY 3 KapT YMOB IIpalli perio-
HanbHOI il «IliBnenHa 3amizauip» [TAT «Ykpaincs-
Ka 3aJIi3HULID TPUBEIEHI Y TadI. 3:

b
B =
0,294519+0,326391+0,467824 +
+0,294519+0,339346+0,183665

6
=0,317711.

21

[IpuBeprae 10 cebe yBary Toi (hakT, IO YMOBH
mpari  MamyHicTa  3aJi3HMYHO-OYIiBENFHOI MallHHH
[IMI, sKi XapaKTepU3yIOThCSl IHTETPAIEHUM PU3UKOM
1-10” i ymOBH mpali TpakTOpHCTa, sKi XapaKTepu3y-
FOTHCSl IHTETPAJILHUM PH3UKOM 5,4-10'3 BIJIIOBIAHO 10
[5], Bu3HauUeH] sAK MIKIIIUBI 3a KiIacoM 3.2, a YMOBHU
mpani eJeKTpora3o3BapHHKIB, SKi XapaKTEePU3YIOThCS
IHTETPAJILHUM PHU3UKOM 2,04:-10" i 2,23-10" sk wkin-
JIUBI 1o Kitacy 3.1.

Tabnuya 3 — KijpkicHa oniHKa MOTeHUiifHOI IIKiIMBOCTI BUPOOHHYHX NpoleciB

Poboue micue, ImoBipHicTsb aii Ha ImoBipHicTs Aii j-ro InTerpan-
Ne npodecisi, MPAIII0Y0ro 1 K- He0e3mevHoro Gpakro- -
3m | uex o amBux dakropis, P, Py, I}, pusuk, R
(AinabHULA, Bigai)
| | Buemporasosapits, 0,96075 0,294519 0,204081
MexaHiuHi MaiicTepHi (mpumitieHHs) 3.1
o | Buexrporasossapiiic3.1 0,972244 0,326391 0,223607
MeXaHi9HI MaiicTepHi (BYIHIIS)
3 | Maumuicr neshiMiof apesitit AUJL1A, 0,732736 0,467824 0,000609
MeXaHi4H1 MaiicTepHi 3.2
4 KOBaJ'[Bpr'-IHOFO KyBaHHsI, IeX MeXaHi4- 0.80067 0.294519 0.326984
HHUX MalCTepeHs, Ky3Hs 3.3
5 Tpaxropuct, MexaHiuHi MaiicrepHi 3.2 0,751262 0,339346 0,005402
6 Maruusict 3aJ'[13HI/I'-IH0'-6}.ILLIBeuJ'[BH01 ' 0.2809 0.183665 0.001001
mamuey [IMI', mexaniuni MaiicrepHi 3.2

AHani3 oTpUMaHuX JaHUX CBIIYMTH, IO Halliie-
HICTh 3aKOHOJABLIB Ha YCYHEHHS IIKIIJIMBHX a0o He-
Oe3neyHUX (PakTOpiB BUPOOHUYOrO CEpelOBHINA 1 TPY-
JIOBOTO TIPOIIECY € TOBEPXOBOIO, a TAKOX MPO CyO €k-
TUBHICTH [5] B 4acTHHI BU3HAYEHHS HIKiUIMBOCTI BUPO-
OHMuoOro mporecy B mijomy. Ha ocHOBI mpoBeneHHX
PO3paxyHKIB JOBENEHO HEOOXIIHICTh meperiaay [S] Ha
BIJIMIOBITHICTH CBITOBMM HOpPMaM OXOpPOHH 3JIOPOB'S Ta
Oe3rekH Tpali I0J0 CTBOPEHHS KOHTPOJIbOBAHUX
YMOB, sIKi MIHIMi3yIOTh MOKJIMBI HACIIIAKH IIIKiITHBHX
Ta HeOe3neyHHx (HaKTOpiB BHPOOHUUOIO CEPEIOBHIIA
Ta TPYOBOT'O TPOLIECY.

Jlauwii miaxix JOIUIBHO 3aCTOCOBYBATH Yy TOIO-
rpagiuHOMY METOJi aHalizy BUPOOHUYOTO TpaBMAaTHU3-
My, SIKUH [TOJISIra€ y BUBUSHHI MPUYMH HEIIACHUX BHIIA-
JIKIB IO/I0 MiCLsl IXHFOI'O BUHUKHEHHS. AJie METOJ Jlae
3arajbHy KapTUHY CTaHy TPaBMAaTH3MY 3a JaHUMH PO
BUIIAJIKH, SIKi BXKE CTaJIUCS.

Pusuk-opieHTOBaHMH IMiaXiJ JacTh 3MOTY Ha CTail
IMOBIPHOCTI BUHHKHEHHS MOINEPEANTH HEIIACHI BHUIIA]I-
KM 3 OIJIBIIOI0 TOYHICTIO Yepe3 BHSBIICHHS B IPOIIECI
JIOCTIPKSHHST IMOBIPHHX MICIIb 30CEpPEIKCHHS TpaBMa-
TU3MY.

OTKe, MiATBEPPKEHO EKCICPUMEHTAIBHO pealib-
HICTh 3HIDKCHHS TUHAMIKH BUPOOHHUYOrO TPaBMATHU3MY
Ha eTarli YyCyHEeHHs BXK€ iCHYIOUHUX 3aJIe)KHOCTEH.

BucHoBku

OTpUMaHO €IMHUN MiJXiJ 10 PO3paxyHKy BHPOO-
HUYOT'O PU3UKY B 3aJISKHOCTI BiJl mapameTpiB podoyoi
30HU 3 ypaxyBaHHSM 4acy HepeOyBaHHs MPALIOIOYNX Y
30HI Aii HeOe3meuHUX (akKTOpiB, SKMHA HE MOTpedye
BBEICHHS MHOXKWHH HIKAJ JUIs XapaKTEPUCTUKHU SKOCTI
cepenoBuina. OTprMaHi Ha OCHOBI PHU3UK-OpIEHTOBA-
HOTO MIJXOMy 3aJISKHOCTI MOYKHa 3aCTOCOBYBATH JIJIS
arecrallii poOOYHX MiCIlb, IPU BU3HAYCHHI MPIOPUTETY
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IIOJI0 3aXOJ[iB 3 OXOPOHM TIpalli 3 ypaxyBaHHSM pPiBHS
BUPOOHUYOTO 1 MPo(heciiHOTO PU3HKIB.

[Ipu3HavyeHHs] CUCTEMH MEHEIKMEHTY OXOpPOHH
310pOB'st Ta Oe3leKku Ipami IoJsIrae B TOMY, IIOO
3a0€3MEeUUTH CEepeJOBHINE IS YIpaBJIiHHS 3amodi-
TaHHSIM CMEpTENbHUX BUIAJKiB, TPOdeECciiiHUX TpaBM
1 IIKOIW JAJIsl 3]I0pOB's, YAOCKOHAIIOBATH 1 3abe3me-

yyBaTH O€3Ie4Hi 1 3/JI0pOBi yMOBHW Mpali JJIs CBOIX
MpaliBHUKIB Ta IHIMIHUX OCi0, SIKI MPALOOTH IiJl KOH-
TpoJIeM opraHizamii.

Omxe, BH3HAueHHs HeOe3MeK i PU3MKIB B 00JacTi
OXOpPOHHU 370pOB'sl Ta OE3MEKU Mpailli, MOB'I3aHHUX 3
IisUTBHICTIO OpraHi3aimii € MpPIOPUTETHUM 3aBIaHHIM
JUTSL THTErpalii y CBITOBE CIIIBTOBAPHCTBO.
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A risk-oriented approach to determining working conditions of certain categories
of the workers in transport industry

O. Tretyakov, B. Harmash, B. Khalmuradov, Ye. Biletska

Abstract. This article discusses the analysis of the principles, methods and criteria of risk assessment. The definition has
been given to the concept of professional risk as harm to human health by the conditions of professional activity. It has been
established that the main direction of improving the safety of working conditions is a systematic approach based on the analysis
and assessment of risks caused by the specifics of processes in the transport industry. Objective regularities of the occurrence of
hazards in the professional activities of railway workers have been identified. The current trend of globalization of the world
economy and regional integration has increased the need for cooperation between countries, since objectively there are common
goals and approaches in the field of industrial safety and occupational health, the need for interaction between occupational
safety and environmental changes, as well as between occupational health and productivity. The purpose of such a systematic
policy is to prevent accidents and occupational diseases of workers as a result of dangerous situations and transport accidents. A
unified approach to calculating production risk depending on the parameters of the working area has been obtained, taking into
account the time spent by hazardous factors working in the affected area, which does not require entering multiple scales to
characterize the quality of the environment. Based on the algorithm for converting environmental parameters into an production
risk indicator, an analysis of working conditions maps was carried out according to the results of certification of jobs at the re-
gional branch of Southern Railway, PJSC Ukrainian Railway. The obtained integral risk indicators show the subjectivity of the
assessment of actual conditions and the nature of labor in accordance with the existing legislation. The contradiction between the
Ukrainian legislation and the world standards for the protection of labor health and safety for controlled conditions that minimize
the possible consequences of harmful and dangerous factors in the working environment and the labor process has been revealed.
A method is proposed for determining the danger level for workers in the working area under the conditions of the joint action of
harmful factors of various classes. The method provides that the dependencies obtained on the basis of the risk-based approach
can be used to certify jobs when determining the priority of labor protection measures taking into account the level of production
and occupational risks.

Keywords: transport, professional risk, industrial hazard, harmful factor, unsafety factor, occupational safety and health,
labor protection, hygiene standards.
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EKOJIOI'TYHA BE3INEKAKAPIIATCBKOI'O PETTOHYB YMOBAX
TEXHOI'EHHOTI'O IMTMJIOBOT' O 3ABPYIHEHHAATMOC®EPHOI'O INIOBITPSA

AnoTtanis. Crarrs npucBsdeHa exonorignii 6esneni Kapmarcekoro periony Ha OCHOBI MOHITOPHHTY JDKEpEN TEXHO-
TEHHOTO IMJIOBOTO 3a0pyaHEHHs. BuzHaueHo peasbHi yMOBH (hOpMyBaHHS €KOJOri4HOI HeGe3NeKn 3 ypaxyBaHHSM BTO-
PHHHOT'O ITHJIOBOI'O 3a0pyHEHHs aTMOC(EPHOro MoBiTps.. BCcTaHOBIICHO MiJICHIICHHS BIUIMBY IIPOSIBIB €KOJIOrivuHOI HeOe3-
IIEKU Ha CTaH 3aXBOPIOBAHOCTI HACEJICHHS CTOCOBHO IEBHUX HO30JIOIYHUX (DOPM B 30HaX Oe3nocepeHboi Aii jukeper BTo-
PHHHOT'O ITHJIOBOT'O 3a0pyHEHHsI aTMOCc(epHOro NnoBiTps. MeTor podoTH € po3B’sI3aHHS HAYKOBO-TIPAKTHYHOI'O 3aBJAHHS
3 YHpaBJIiHHS €KOJIOTIYHOIO OE€3IEKOIO IIiJ| I€I0 YMHHHUKIB TEXHOTEHHOTO IMMJIOBOrO 3a0pyIHEHHS Ta pO3POOKH KOHKpET-
HUX TEXHIYHUX pinreHb. O0’€KT mociKenns € iHQopMariifHi TEXHOIOTIH JUTs JIarHOCTHKY 1 OLIHKK CTaHy TOBKUUISL Ta
TEeXHOreHHHX 00’ekTiB. CHCTEMa YIpaBIIiHHS €KOJOTiYHOIO OE3IIEeKOI0 B PETiOHI 3 IHTEHCHBHUM BTOPHHHUM IIMJIOBHM 3a-
OpYIHEHHSIM aTMOC(EPHOro IOBITPS BKIIOYAE KOMIUIEKCHY CHCTEMY TEXHIKO-T€XHOJOTIYHOrO YIpPaBIIiHHS €KOJIOTi4HOO
6€e3MeKO0 B yMOBaX 1HTEHCUBHOI Aii JPKepesl BTOPUHHOIO MHJIOBOT0 3a0pyaHeHHs aTMocdepHoro nositps. TeopeTHyHUM
0a3nucoM MoOYIOBH 3a3HAYEHOI CUCTEMH € CYKYIHICTh IPHHIIMIIB, pO3p0o0JeHNX Ha OCHOBI BCEOIYHOrO aHAIII3y Ta y3a-
rajJbHEHHS Pe3yIbTaTiB MONEPE/HIX TEOPETHYHUX JOCIIDKEHb Ta IIPAKTUYHOI0 JOCBIly 3 YNpPaBIIiHHS €KOJIOTi4HO0 0e3-
IIEKOI0 Ha perioHaibHOMY piBHI. BcraHoBneHo crenmdiuni ocobnmBocti GopMyBaHHS eKosoriyHoi HeOesneku mpu Ail
YUHHUKIB ITMJIOBOTO 3a0pyaHEHHs, OOIPYHTOBaHO Ju(epeHLialito [pKkepen HeOe3neKkH 3 BUIUICHHAM HMEepBUHHOIO i BTO-
PHHHOTO (CTOCOBHO OCHOBHOT'O TEXHOJIOI'YHOTO POLIECY MPOMHUCIOBOr0 BUPOOHHIITBA) IMIIOBOTO 3a0pyAHEHHs aTMocde-
pHOro noBiTps. Po3pobiieHo MeTO0IOr10 OLIHKY BIUIMBY Ha CTaH aTMOC(HEPHOro MOBITpS JLKEpe BTOPMHHOTO MTHIOBOIO
3a0pyIHEeHHs. 3alpOIOHOBAHO METOAWYHHN Mi/IXiJ IIOJI0 OIL[IHKU CTaHy €KOJIOriYHOI Oe3MeKH B yMOBaX IHTEHCHBHOI'O ITH-
JI0BOro 3a0pyaHEHHs aTMOC()EPHOrO MOBITPS, SKUH 0a3yeThCsl HA 3aCTOCYBaHHI MOAM(IKOBAHOIO METOLY KOMIUICKCHOI
OLIIHKH PiBHS TEXHOICHHOI HEOE3MEKH IIPOMHCIOBUX 00’ €KTIB.

Kar4doBi croBa: TexHoreHHa HeOesneka, MUIoBe 3a0py/HEHHs, BTOPHHHE 3a0pyIHEHHs, aTMOC(EpHe MOBITPs, TeX-

HIYHI pillIeHHs, eKOJIOTiYHa Oe3IeKa, 3aXBOPIOBAHICTh HACETICHHS.

Beryn

Cepen 3HauyHOI KiJIBKOCTI PI3HOBHIIB BIUIMBY Ha
JIOBKIJUISL ICTOTHY HeOe3IeKy CTBOPIOE MHJIOBE 3a0pya-
HEeHHS1 aTMOC(EPHOro MOBITPsI, 10 POPMYETHCS K BHA-
CIIJIOK HaJXOMKEHHS 3 JDKEpeNl BUKHIIB HA IPOMHUCIIO-
BUX IiIPHEMCTBaX (IIEPBUHHE), TaK 1 NIISIXOM (hi3HUKO-
XIMIYHHUX IPOLIECIB B MICHSX CKJIaJyBaHHS IHJIONO/IO-
HUX BiZIXOZIB BUPOOHHUITB (BTOPUHHE), CEPEl SIKUX OCO-
OnuBe Micle 3aiiMaroTh ToHKoAMcrepcHi (<100 Mkm)
BiJIXOJIY THJIOOYHIIICHHSL.

AKTyalbHiCTh TeMH. EKcliepuMeHTaNbHI J0Ci-
JOKEHHSI TEXHOTCHHHUX YMHHHKIB OB’ S3aHUX 13 MIJIOBHM
3a0pyIHEHHSM IPYHTYIOThCS Ha BUKOPUCTaHHI METOMKU
€KCIIEpTHOI OLIHKH Ta iHpOpMaliifHuX TexHonorii. Hay-
KOMETPHYHUI OIVIf)] MOKa3aB, N0 Ha JaHiil TepuTopil
iCHYE psiJi €KOJIOTIYHHUX MpoOJeM, sIKi MOTpeOyIoTh BHpI-
LIeHHs. AHaJI3 MONEPeaHiX JOCHiPKeHb I03BOJIsE KOHC-
TaTyBaTH, IO POJIb BTOPUHHOTO MIJIOBOTO 3a0pyIHEHHS
y (opMyBaHHI EKOJOTIYHOI HEOE3NEKH PErioHy BHBYA-
eThcsl HaykoBIsIMH: Anmamenko O.M., Apxunosa JL.M.,
3opin J.0., Mauapuk O.

MeTta Ta 3aBHaHHsA po6oTH. MeTor poOOTH €
PO3B’s13aHHSI HAYKOBO-IIPAKTHYHOT'O 3aBJIAHHS 3 yIpPaB-
JIHHS €KOJIOTIYHOI0 Oe3MEeKO0 Mifl Ai€l0 YNHHUKIB TeX-
HOT'€HHOT'O MUJIOBOTO 3a0pyJHEHHs Ta pO3POOKH KOHK-
pEeTHHX TeXHIYHHX pimeHb. OO0’€KT HOCTiTKEeHHS €
iH(OopMaIlifiHI TEXHOJNOTIH IS IarHOCTHUKH 1 OIIHKH
CTaHy MOBKLUISA Ta TEXHOTCHHUX 00’ €KTIB.

BukJiaJ 0CHOBHOTO MaTepiajy

Crparerist 0oCiDKEHb CTOCOBHO (hOpMYyBaHHS He-
0e3IeK pi3HOro T'eHEe3UCy OCHOBaHA Ha BH3HAYCHHI Mic-

I TIEBHOTO BUAY YH MiABUIY €KOHEOE3MeKH B 1i iepap-
XiuHi#i cTpykTypi [1]. 3abe3neyeHHs exoioriyHoi Oe3-
MeKH B YMOBAaX IHTEHCHBHOTO ITMJIOBOTO 3a0pyIHEHH:,
SIK TIPABHJIO, AOCSTAEThCS MUISIXOM 3aCTOCYBaHHS 1 BJO-
CKOHAJICHHSI TUIJIOOYUCHOro o0danHaHHs. [loGiuHnM
e(peKTOM BIPOBA/DKCHHS IUX 3aXOMIiB € 30UIbIICHHS
00CATIB BIAXOJIB, IO YTBOPIOIOTHCS B IPOIECI MUIO-
ounnieHHs. HeedekTuBHe ckiaayBaHHS 3HAYHOI KiJib-
KOCTI TaKUX BIAXOIIB CTBOPIOE 3arpo3y BTOPHHHOTO
3a0pynHEeHHS aTMOC(hepHOro MOBITPs. 3a3HauyeHi 00-
CTaBUHH OOYMOBIIIOIOTH HEOOXIAHICTH nudepenmiamii
JOKEpeN eKoHeOe3eKH 3 BUIIJIEHHSIM IIEPBUHHOTO 1 BTO-
PHHHOTO 3a0pyIHEHHS aTMOC(HEPHOTO TTOBITPSL.

[epBuHHE MMIIOBE 3a0pyAHEHHS PO3TIISIAETHCS K
MpoLIeC HaIXODKEHHS MIONOAIOHNX 3a0pyIHIOBAYiB B
aTMoc(epHe TOBITPS 3 CTallioHapHUX (OpraHi30BaHUX
Ta HEOpraHi3oBaHHMX) Ta (a00) MEpeCYBHUX JKEpeNl B
MeXaX TEXHOJIOTIYHOTO MPOLECY MPOMHUCIOBOTO BHPO-
OnunrBa [2]. kepenamu BTOPHHHOTO IHIJIOBOTO 3a-
Opy/IHEHHsI € MicClsl 30Cepe/KEHHsI ITPOMUCIIOBUX Bif-
XOJIiB JAHOT'0 BUPOOHMIITBA, HA TEPUTOPIi SKUX MOXKIIHU-
B€ CKJIaJyBaHHS MUJIONOAIOHMX PEUYOBHMH 1 Martepialis,
sIKI BUBEZICHO 33 MEXi OCHOBHOT'O TEXHOJIOTIYHOI'O IPO-
Hecy 1 Js yTwiaisamii Ta peKkymeparii sSIKux Ha el gac
BiJICYTHI e(h)eKTHBHI TEXHOJIOTI].

HeBpaxyBaHHs JpKepesl BTOPHHHOTO MTUIJIOBOTO 3a-
Opy/AHEHHsI TIpU NPOBENIEHHI MOHITOPUHTY CTaHy €KO-
HeOe3meku (0 Ha TEMEpINIHIA Yac CIOCTEPIraeThCs
MOBCIOJIM) HE JA€ MOXJIMBOCTI 00 €KTUBHO OILIHUTH
BHECOK 3a3Ha4€HOro MiIBUAY Yy (POPMYBaHHS €KOJIOTid-
HOi HeOe3IeKH Ha PEeriOHATBPHOMY PiBHI.

Excripec-ominka BHeCKy JpKepen 3a0pyIHEeHHs at-
MOC(EpHOro NoBiTpsl y GOpMyBaHHS PiBHS TEXHOI'€HHOI

© Tpuchrok B. M., lllymeiiko B. O., Tpuchrok T. B., Kypuno A. B., I'onosan 0. M., Muponuyk B. B., 2020 127



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 1(59)

ISSN 2073-7394

HeOe3IeKH MTPOBOIUTHCS HA OCHOBI YHCENIFHUX 3HAUCHD
nokasHuka T:

N
T=Tr Ky Ky 2 KuaiM; [N 1
i=1
(1)
N
T=Tr Ky Ky 2 KuaiM; [N ¢,
i=1
ne T — moKa3HUK TeXHOTEeHHOI HeOe3meku, chopMOBaHOT
YUHHUKAMHU THJIOBOTO 3a0pyIHEHHS aTMoc(hepHOro
noBiTps; K7 — perioHanbHui KoedillieHT rocrnoaapch-
koi audepenuiamii Teputopii; Ky, — KoedilieHT, 110
3aJIKUTH Bl YHCEIHLHOCTI MELIKAHIB, K1 I IIal0ThCS
BIUIMBY ITPOSIBIB TEXHOTEHHOI HeOe3meku; K p koedi-

I[i€HT, 110 BpaxoBye penbed MicueBocTi; K,

— koedi-
LIEHT, SIKUHA 3aJISKUTh BiJl XapaKTEPUCTHK JKepea BU-
KUJiB; @; — MOKA3HHUK, 10 BiToOpaXkae CTyMiHb HEraTH-
BHOT'O BIUTUBY OJIMHUIII MacH BU3HAYEHOr'O iHIPEi€HTa,
110 MICTHTBCS Y BUKUIAX B aTMOc(epy, Ha HABKOJIUIITHE
cepenoBuie; M; — pidHa Maca iHTPEHi€HTIB, IO Mic-
TATHCS Y BUKUAX B atMocdepy, T /pik; N — KiJIbKICTh
IHTPEIEHTIB.

I'panmamniro paHriB MpoMHCIOBUX MiJNPHEMCTB 32
PiBHEM TEXHOICHHOI HEOE3IEKH 3alpoIOHOBAHO IPO-
BOJIUTH BiJIMOBITHO J0 3HAYCHb MOoKa3HuKa 7 (Tadi. 1).

Tabnuya 1 —I'pagauii TexHOreHHOI HeGe3NMeKH MiANPUEMCTB

3HayeHHs PiBeHb TeXHOreHHOI Panr
nokasHuka T He0e3neKu MiAnmpueMcTBa
0-102 Haitamxunii 1
102 10° Husbkii 2
103 - 10* ITigBuienuii 3
> 10% Bucokwuii 4

MeroquyHui TiOXig A0 JOCHIKEHHS BIUIMBY
YUHHHKIB TMJIOBOrO 3a0pyIHEHHS Ha CTaH 3JI0pPOB’S
HaCEeJIEHHS IOJSIra€ y TOMY, IO HAJAEThCS KIUIbKiCHA
MIPOCTOPOBO-YAaCOBa XapaKTCPUCTHKA IPOSBIB EKOJIOTI-
4yHOi HeOe3MEeKH Ha TEpUTOPIsX, IO JOCITIDKYIOTHCS i
3IIHCHIOETBCS BHBYEHHS CTaHy 370pOB’S HACEJIEHH:.
3axBOPIOBAHICTH HACENEHHsI 0OpPaHOi TepUTOpii oxapak-
TEPU30BAHO CYMapHUM IOKa3HUKOM P (KIJIBKICTh 3a-
XBOpLIMX Ha | THC. HACENEHHs) Ta 1HIEKCOM 3JI0pPOB’S
HaceJneHHs H:

H=1-Ng /N, F=(1+j)" )

ne N — 3arajJbHa YHCENBHICTH OOpaHOi I'pYIH Hace-
JIEHHsI Ha TepUTOpii, 1O JOCHiIKyeThcs; Ng; — dHce-

JILHICTh HACEJICHHS, 3aXBOPLJIOr0 3a 00paHHi TIepioJl.
[Tpu aHami3i MposiBiB €KOJOTiYHOI HEOE3MeKU BHU-
KOPHCTaHI 3HAYeHHs CepeHbOPIYHHX KOHICHTpaLiil

Ccp IHI'PCOIEHTY, AKUHW KOHTPOJIOETHCA Ta 1HACKC TCX-
HOT'eHHOI Oe3neku [

F=(1+j)" 3)

nie j — 0e3po3MIpHUIl HOPMOBAHHI MOKa3HUK €KOJIOTiY-
HOI HeOe3MeKH, KU y BUIAJIKy HEraTUBHOI Jii OHOTO
3a0py/AHIOBaYa Ha OJMH KOMITOHEHT reocepu (armoc-
(epHe TOBITPS) BUPAKAETHCS BiTHOIICHHIM (BaKTHIHOT
KOHIICHTpAIlii PEYOBHHU B MPU3EMHOMY IPOIIAPKY aT-
Mocepu 10 TpaHHUYHO JONYCTHMOIrO 3Ha4yeHHS Iiel
koHueHTpawii (1 /[Ky, p ).

KoeoginienT F Moxxe npuiiMaTu 3Ha4eHHs Big 0 10
1 i #ioro 3pocTanHs Oyae BKa3yBaTH Ha ITiJBUILCHHS
PIBHS TEXHOTCHHOI OE3IeKH.

3a yMOB 30iry y Yaci TSHACHIIIH 3MiHU MapaMeTpiB
H, F, P, a Takox TIpH BCTAHOBJICHHI KOPEJSAMIHHUX 3a-
JISKHOCTEH MK HUMH, MOXKHAa 3pOOUTH BHUCHOBOK, IO
MIPOSIBU CKOJIOT1YHOT HeOE3IeKH, MOB's13aHi 3 MPUCYTHIC-
TIO TaHOTO IHIPEi€HTA B MEBHUX KOHIICHTpAIIisIX, 1CTO-
THO BIUTMBAIOTH HAa PO3BUTOK aHANII30BAHOI I'PYMH XBO-
po6 Ha oOpawniii Teputopii. HaBemeni MeTomonoriusi
aCIIeKTH € MiIPYHTSIM JUIS POBEJCHHS EKCIIEpUMEHTa-
JIBHUX JTOCHIDKEHb, 30KpeMa, AeTaJbHOI'0 MOHITOPUHTY
(hopMyBaHHs], PO3BUTKY Ta IMPOSBIB EKOHEOC3ICKH,
c(OpMOBaHOI YHMHHUKAMH TEXHOT€HHOTO MHJIOBOTO
3a0pynHeHHs atMochepHoro nositTps. Ha ocHOBI aHati-
3y craHy 3a0pyaHEHHs NPU3EMHOTr0 MPOIMIapKy aTMOC-
(depu B Mekax 30H CEIITEOHOI 3a0yIOBH BCTAHOBJICHO
HEMPUHHATHUHA CTaH €KOJIOriYHOI HeOe3NeKH CTOCOBHO
3a3HAYEHOr0 YMHHUKA (B CEPEIHbOMY, IO POKax, KOH-
neHtpauis nuny nepesumye [ /[K,;p B 1,3 pasu). Bu-
3HAYCHO BKJIaJa Y (POPMYBaHHS PiBHS HEOE3IEKU OCHOB-
HUX JDKEPEN MUJI0BOTr0 3a0pyIHEHHSL.

CucTteMHUH aHaNi3 MOBOPKEHHS 3 TOHKOAUCIIEPC-
HUMH TMWIONOMIOHUMH BIiAXOJaMHM BHPOOHMIITBA Ha
MIPOMHUCIIOBUX MiIIPUEMCTBAX B IBaHO-DpaHKIBCHKIH
o051acTi /I03BOJIMB BH3HAYMTH JDKEpeJIa BTOPUHHOTO
MTJIOBOTO 3a0pY/IHEHHS, OCHOBHUMH 3 SKUX € MICIA
CKJIaJlyBaHHS BIJXO/IB IMUJIOOYHIIEHHS 3071 Ha bypm-
tuHchKid TEC. CyMapHa KijbKiCTh 3a3HaUEHUX MPOMH-
CJIOBUX BIJXOMIB, IO HA CHOTOMHI BHBO3SAThH Yy BiJBaJIH,
B perioHi gociimkeHns ckiuaaae 2500-3000 ToHH Ha pik.

Bypmtunceka TEC € MOTY)XHUM JKepeoM BUKH-
JIiB HIKiUIMBUX XIMIYHUX PEYOBHH y aTMochepy. Buku-
a3 aBoX 250-merpoBux # oxniei 180-merpoBoi TpyO
PO3HOCSThH MAaHYIOUi B Iili MICIIEBOCTI 3aXigHi ¥ MiBHIY-
HO-3axiZHi BiTpM Ha Binacrani o 100 kimomerpiB. Y
2015 porri 3adikcoBaHo BUKuA¥ 191 THC. TOHH IIKiITH-
BHUX PEYOBUH — I1€ KOHKpEeTHO 20,5 THC. T TBEpAUX Yac-
TUHOK, 159,9 THC. cipuucroro aHrigpuay, 9,4 Tuc. miok-
cuny aszoty i 0,93 tuc. T okcuny Byriento (puc. 1).

& =

Puc. 1. Bukuz B arMoc(epy MIKIAIUBUX PEUOBHH 3 IBOX
250-meTpoBux it oxnniei 180-meTpoBoi TpyOU
Byprtuaeskoi TEC B cXiJHOMY HAalpAMKY
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Hueinvna 6e3nexa

Jlnst owiHKM AMHAMIKM exocucteM Kapmartcekoro
perioHy B yMOBaX TEXHOTCHHOTO IIMJIOBOTO 3a0pyIHEH-
Hs1 aTMOC(epHOro MOBITps Oy0 chopMoBaHo 6a3y reo-
JAHHUX, B SIKY BBIAIIUTH KOCMIYHI 3HIMKH 3 KOCMIYHHX
anapartiB Landsat 7 (puc. 2); tonorpadiuni kaptu, 1ud-
POBi Mozeni penbedy pi3HOI AeTaizarii.

Puc. 2. TBep/i yacTHHKY Bif ClIAJIIOBaHHS BYTiUIs (30014,
BYT'UTBHUIL IHJT) SIKI HE BIIOBUJIO TA3004HCHE 00JIaIHAHHS,
ociatoTh y 30-KiIoMeTpoBOMY pafiyci HaBKOJIO CTaHII{

OCKIJIbKY TEXHONPUPO/IHI SBHUILA 1 MPOILIECH B TIe-
peBaxkHil OinbmiocTi € GaraToakTOpHUMHM, TPENCTaB-
JSAIOTH pe3ynbTaT Ail HaI3BHYAMHO BEIMKOTO YHCIA
(baKkTOpiB, CTYMiHb BIUIMBY KOXKHOTO 3 SIKHX Ha (OpMY-
BaHHS SIBUIIA, [0 PO3IVLIIAETHCS, TOBHOLIHHO Bpaxy-
BaTH IPAKTHYHO HEMOXJIMBO, TO OLIBII aJeKBaTHUM
HiXOOM IO TPOTHO3YBaHHS EKOJOTiYHOI HeOe3HmeKH
CJIiJ] BU3HATH IMOBIPHICHHMH MiJIX1Jl, IO IPYHTYETHCS Ha
oOyoB1 MoJieNeH-iHTepIpeTaliii i MoJeelH-eKcTparno-
TSN 328 TAaHUMHU MOHITOPUHTY (PSIIB CIIOCTEPEXEHb) 3
BUKOPHCTaHHAM METOIIB MAaTeMAaTHYHOI CTATUCTHUKH if
Teopii imMoBipHocTeit [3] (puc. 3).

3x SIx

Puc. 3. Poza BiTpiB Ta iMOBipHICHHI HiJIXi/] 10 IPOrHO3YBaHHS
ekonoriyHoi Hebesnekn bypmtuacekoi TEC

30KkpemMa, HaWMpOCTINIO 1 HAHOLIBII MOMmyJsp-
HOI0 MAaTeMaTUYHOIO MOJEIUII0, sSKa 3aCTOCOBYETHCS
IIpY POTHO3YBAaHHI MAaKCHUMAaJbHUX €KOJOIIYHHUX Xapa-
KTepUCTUK (piBHIB Oe3neku, 3a0pyaHEeHb KOMIIOHEHTIB
JIOBKIJIUISI) B paMKax iMOBIpHICHOTO MiAXOJY, € MOJEJb
BumakoBoi Beamuunn [4]. Ti BukopucToByIoTH y BUMa-
JIKaX, KOJIM JiaHi MOHITOPHHTY ()OPMYIOTH CTalliOHapHi
psAnu AMHAMIKY, A€ 31 30UIBIICHHSM 4YuCia CIIoCTepe-
XKeHb CepelHill iX pe3yabTaT MPaKTUYHO IepecTae OyTH
BUIIQJKOBUM 1 Mo)ke OyTH Iepe0aueHUM 3 BEIHKUM
CTYNICHEM BU3HAYEHOCTI.

Cipuucruii aHriipuj B aTMoc(hepHOMY MOBITPi
BCTYIIa€ B XiMiYHI peakIii 3 BOJOIO i BXKe y BUIIISIAI KH-
CJIOT MOXKE MIPOJIUTHCS 3 JoleM Ha 3emito. Hapasi, Bu-
KUY CIpYMCTOr0 aHT1PUAY € HaHTOCTPIlIo mpooiie-
MOIO 1 HE Bi/IMOBiAal0Th €BporeiickkuM HopMaM. OKCHT
BYIJIEIIO TOCHITIOE TApHUKOBHH edekT (puc. 4).

Puc. 4. iokcun azory bypmrunacskoi TEC cnpudnnsie cmor

s aHanizy OpUPOAHOrO CTAaHy Ta aHTPOIOTEHi-
3amii JOCTIPKyBaHUX €KOCHCTEM BHKOPHCTOBYBAJIHCH
kocMmiyHi 3HIMKH 3 KA Landsat 7 (puc. 5).

Exonoriuny curyamnito He IuIIe B CaHiTapHO-
3axHCHIH 30HI MiANPUEMCTBA, a i y Bypuituni, cyciaHix
cenax, Ha JiBOMy Oepe3i BomocxoBwuiia, KacoBiii ropi
MOCTIHHO BiJCTEXYE BiiI OXOPOHH HABKOJHIIHBOTO
cepenosuina TEC. Jlo ckiagy 1poro BiJiny BXOAUTH
caHiTapHa J1abopartopisl, sika KOHTPOJIOE MPU3EMHI KOH-
LeHTpallii 3a0pyIHIOBAIEHUX PEYOBHUH B aTMOC(EpPHO-
My TOBITpi, @ TAKOX ONaju 1 Oepe Ha aHasi3 mpooH Ipy-
HTY, IPYHTOBHX, IOBEPXHEBHUX Ta CTIYHUX BOJI.

Puc. 5. Kocmiunnii 3niMok KA Landsat 7
3 po3ainbHOIO 3narHicTio 30 M Bix 18.07.2015 p.

opiuno bypmruacbka TEC ckumae y p. ['Huna
Jluna 6:1u3bKk0 2,11 MyTH. M? 3BOPOTHHX BOJ. 32 JaHUMH
€KOJIOTiYHOro macnopty IBaHo-®PpaHKiBChKOI oOnacti
CepeAHbOPIYHA KOHIIEHTpALlis 3a0pyIHIOIOUNX PEYOBUH
(mr/mv’) 3a 2015 pik y BypIITHHCHKOMY BOJOCXOBHILI
craHoBmnia: 3aBucii pedoBuHu — 17,0; BCKS — 2.2;
cynbparu 130,0; xmopuau — 21,0; a3or amMoHIHHME —
0,55; mitpatn — 2,9.

[Tpu xomm’toTepHilt 0OpoOLi 3HIMKIB Oe3mocepen-
HbO BUKOPHCTOBYIOTh IIU(POBI €KBiBaJEHTHU SICKpaBOC-
Ti, 30HAJBHOI SICKPABOCTi. BuXimHMMHU MaTepiazamu
TEMaTUYHOI 0OpPOOKHM KOCMIYHHUX 3HIMKIB € 3HIMKH pi3-
HOTO TEMaTUYHOro 3MicTy. ToMy OCHOBHI HpoOLERypH
TEMaTUYHOI OOPOOKH KOCMIYHHX 3HIMKIB HOJISTAIOTH Y
cerMeHTalii 300paxeHb, 3 METOI0 ifeHTudikamii mio-
LIMHHUX 1 JTIHIHHO MPOTSHKHUX 00’ €KTIB.

Jns bypmtuaceekoi TEC Ham3BuyaifiHO akTyanb-
HOIO € Ipo0JieMa CKJIaAyBaHHA Ta NEpepoOKU TBEPIUX
BIZIXOIB — MAJIMBHOI'O IINIAKY 1 30JIU — SIKi 3aJIHIIAI0Th-
cs micIisl crianmoBaHHs Byrijuis B Tornkax TEC.

Pe3yipraT MOHITOPUHTY OOYMOBHJIM HEOOXi-
HICTh BCTaHOBJIEHHSA pEaJbHUX YMOB ()OpMYBaHHS Ta
MIPOSIBIB €KOJIOTTYHOT HeOE3MeKH 3a3HaYESHOT0 MiABUIY 3
ypaxyBaHHAM JDKepel BTOPUHHOIO IMIIOBOTO 3a0pya-
HEHHS aTMOC(EPHOr0 MOBITPSI.

3 MEeTOI0 BCTAHOBJIEHHSA OCHOBHMX XapaKTE€PHCTHK
paHillle HEBPaXOBAHUX JKEPEJ IIMJIOBOIO 3a0pyAHEHHS
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MIPOBO/IMIIUCH E€KCIIEPUMEHTAIIBHI JOCIIKEHHS B J1a00-
pPaTOpHUX YMOBAX Ta IIUIIXOM HATYPHHX CIOCTEPEKEHb.
Haii6inpi BaroMMMu YHMHHUKaMH, 110 BIUIMBAIOTH Ha
KUIBKICHI TIOKQ3HUKU OOCSATIB HAJXOKEHHS MUITY 3 3a-
3HAYEHHX JDKEpell 3a0pyIHEeHHS], € IUCIIEPCHICTh YaCTOK
ATy, IIBUKICTH BITPY, BOJIOTICTH aTMOC(EPHOT0 TOBi-
Tpst, ona ¥ (Y BUIJISIL AOILY 1 MOKPOT'O CHITY).

[Mpu mBuaKocTsx BiTpy 7-10 M/c yac, HeoOXiaHMI
Ha BIJHOBJEHHS 3/yBaHHS IWIYy 3 IOBEPXHI MICIb
CKJIaJlyBaHHs, 3MIHIOEThCSI HE3HAUHO 1 CKJIa/1a€ ONU3bKO
3 romun. [Ipu BigHOCHIH Bomorocti 99% IHTCHCUBHICTD
3yBaHHs MUY 3MEHIyeThest Ha 25%, B TO# camuil dac
BOJIOTICTh Bigxofy 30iibmyersest B 16 pazis (3 0,11 mo
1,69%).

Mix pe3ynpTaTaMH €KCHEPHUMEHTANBHUX JOCHiJ-
KEHb Ta PO3PaxyHKIB 3[yBaHHS NIy BCTaHOBJIEHO
po30iXHICTB, sika He nepeBuiye 20 % (puc. 3, 6).

Ie miaTBep/pKye MOUIIBHICTH MPAKTHYHOT'O BUKO-
pHUCTaHHS METOJIB, PEKOMEHJOBaHHX Jlepkkomriapo-
METOM, JUIsl OfEPYKAaHHS YUCENbHUX 3HAY€Hb ITUTOMOTO
3JIyBaHHS Ty HeopraHiqyHoro 3 BMicroM SiO; > 70%.

Tabnuya 2 - TexHoreHHa Hede3neKa MPOMHUCJIOBHX 00’ €KTiB

NuneHb CiyeHb

MK MH
18,0

18,0 i 14912 e

3x ! Cx 3x 58 Cx
204 4.8
104 i b

’ 8.0

1.3 14,074 4

Mg Mg

Puc. 6. Po3a BiTpiB Ta po3paxyHOK IPOrHO3yBaHHS
exosorigHoi HeGe3neku bypmtuneskoi TEC
B JIITHI{ Ta 3UMOBUH ITEPioA.

OpepxaHi pe3yJbTaTH J03BOJIHIA BCTAHOBUTH OC-
HOBHI XapaKTepUCTUKH (T/C, T/piK) JHDKEpeI BTOPUHHOTO
nioBoro 3a0pynHenHs B KCITP.

Ha ocHoBi (opmynu 1 BCTAaHOBJICHO YHCENbHI
3HAYEHHs MOKa3HUKA TEXHOI'eHHOI HeOe3rneku 7 IpoMu-
cnoux mignpuemcts KCIIP 3 ypaxyBaHHSAM BHECKY
JDKepesl BTOPUHHOTO 3a0pynHeHHs (Ta0ut. 2).

3 YPaxXyBaHHSIM BHECKY [7Kepesl BTOPMHHOIO NMJI0BOr0 3a0pyIHeHHs

3na4yeHHs nokasHuka T B 3aj1e:KHOCTI Bij A7KepeJ1 BTOPMHHOIO 3a0pyIHEHHS

IIpomucioBe mignprueMcTBO
0e3 BpaxyBaHHsI

3 BpaXyBaHHAM

[TAT «IBanO-®paHKiIBCHKIIEMEHT) 772.,8 1074,7
Bypmtunceka TEC 2027,3 3090,2
ITAT MukomnaiBIIEeMEHTY 245.1 8139

JIsl OLIHKM BIUIMBY TIPOSIBIB HEOE3MEKH Ha CTaH
3MI0POB’ST HACEJIICHHSA y PETiOHI JOCHIIKCHHS BHALICHO
30HH CETITEOHOI 3a0YTOBY 3 MiABUILICHAM PiBHEM KOHIICH-
TpaIlii CLITIKO30HEOE3MEYHOr 0 MUY, SIKi PO3MIIIICHI TOOJTH-
3y MPOMHCIIOBHX ITiNIPUEMCTB — OCHOBHHUX JKEpEN BTO-
PHMHHOTO TIMJIOBOTO 3a0pYIHEHHSI aTMOC(EPHOrO TOBITPSL
Po3mipy Bka3aHHMX TEpHTOpIH BCTAHOBJIEHO 3a pe3yJbTa-
TaMH po3paxyHKy po3citoBaHHs BUKHIIB HAa EOM 3 Buko-
PHCTaHHAM IporpaMHoro komruiekcy «EOJD».

I3 3acrocyBaHHSAM  METONYy  KOpEJAIIHHO-
PErPECUBHOIO aHAJIi3y YacOBUX PsIIiB HA OCHOBI BHU-
BueHHs 3anexxHoctedt H(t) Ta F(t) (puc. 3, 6) BctaHOB-
JICHO JOCTaTHHO BHCOKI 3HAYCHHS KOE(QIIIEHTIB KOpe-
msiii (0,70 — 0,95) mo BuaineHux 30Hax.

3a pe3yabTaTaMu IMPOBENCHHUX JOCHTIHKCHb BCTa-
HOBJICHO:

1. Ilpu BpaxyBaHHI BHECKY IKepel BTOPHHHOTO
3a0pyAHEHHS CIIOCTEPIraeThCs IiJBUIICHHS PIBHS TeX-
HOT'€HHOI HeOE3MeKH MiAPUEMCTB

2. B 30Hax 0Oe3mocepenHbol 1ii HKepea BTOPUHHO-
ro IWIOBOTO 3a0pyJHEHHS AaTMOC(EpHOro MOBITPS
BCTAHOBJICHO IIICHJICHHS BIUIMBY INPOSBIB €KOJOTIYHOI
HeOe3MeKN Ha CTaH 3aXBOPIOBAHOCTI HACEJIEHHS CTOCO-
BHO IIEBHUX HO30JIOTIYHUX (OpM.

Pe3ysipraTi pOBEAEHUX OCHTIKEHb € MPAaKTHY-
HUM IAIPYHTSM Ui PO3poOKM Ta peasti3allii cucTeMu
YIIPaBJIiHHS €KOOE3MEKOI CTOCOBHO Kepesl BTOPUHHO-
ro MHUIOBOTO 3a0pyIHEHHs aTMOC(QEpPHOro MOBITPS y
3a3HAYEHOMY paioHi.

Cucrema ynpaBIliHHS €KOJOTIYHOIO O€3MeKOI0 B
perioHi 3 IHTEHCUBHUM BTOPHHHHMM IHJIOBUM 3a0pyn-

HEHHSIM aTMOC(EpHOTo IMOBITPS BKIIOYA€E KOMILIEKCHY
CHCTEMY TEXHIKO-TE€XHOJIOTIYHOI'O YIPaBIiHHS €KOJIOTi-
YHOIO OE3IEeKOI0 B YMOBaX IHTEHCHUBHOI i1 JKepel BTO-
PHHHOTO MUJIOBOTO 3a0pyIHEHHS! aTMOC(EPHOrO MOBIT-
pal7, 8]

Teopernunum Ga3zucoM MoOYAOBH 3a3HAYECHOI CHC-
TEMH € CYKYITHICTh MPUHITHITIB, PO3pOOJICHUX Ha OCHOBI
BCeOIYHOTO aHaNi3y Ta y3araJbHEHHsI Pe3YNbTaTiB I10-
MEePeHIX TEOPETHYHHUX MOCHIIKEHb Ta MPAKTHYHOTO
JIOCBIlY 3 YIPaBJIiHHS CKOJOTIYHOI OE3IIEKOI0 Ha Peri-
OHAJILHOMY DiBHI .

3a pesyabTaTaMu MOHITOPHHTY (hOPMYBaHHS 1 Mpo-
SIBIB Y TEPUTOpPIaJbHUX MiJIPUEMCTBAX IIABUIY EKOHe-
0e3IeKH, 10 JOCHTIDKYEThCS, 3aralibHy CHCTEMY YIpPaB-
JIIHHS €KOJIOTIYHOI OE3MEKOI0 JIeTali30BaHO Ta KOHKpe-
TH30BaHO CTOCOBHO PETiOHANBHOI JTOMIHAHTH ITiBHIY
eKoJoriyHoi HeOe3rekH, c(hOpMOBAHOI JHKepeslaMy BTO-
PHHHOTO ITUJIOBOT'O 3a0pyIHEHHS aTMOC(HEPHOIO TOBITPS
— MiClb CKJIQ/IyBaHHS MIIOMOMIOHMX BIIXOIB TIHIIO-
OYHIIEHHS BUPOOHHIITB TPAHITHOTO IIEOCHIO.

PesynpraTom peamizaiii pimeHs 3amodiraroyoro
XapakTepy € THMYacoBe MNPUMUHEHHS HAIXOKCHHSI
MUy B arMocdepHe MOBITPS 3 JOKEpen BTOPUHHOTO
3a0pyIHEHHS TPU HECTPHUATIMBUX METEOPOTOTIUHHUX
yMoBax. PesynabpraToM peainizamii yHpaBIiHCBKHX pi-
IIeHb OOMEXYIOUOro XapakTepy € BCTaHOBIIEHE 3a pe-
3yJbTaTaMH IHCTPYMEHTAIBLHUX 3aMipiB 3MEHIIICHHS Ha
50-60% oO0cATiB HaJIXOMKEHHsI Y aTMocdepHe MOoBITps
TOHKOJIMCIIEPCHUX MUJIONOJIOHUX 3a0pyJIHIOBAadiB 3
MIiCITb CKJIaJlyBaHHS BiIXOIIB 1 BiAMOBITHO, PIBHS TEX-
HOI'CHHOT HeOE3IeKH 3a3HAUCHOTO ITiIBUTY.
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Peauizariist yrpaBiiHCBKOTO pillIeHHsI B PETioHi J0-
CIIJDKCHb JO03BOJISE 3MEHIIUTH KUIBKICTh 3a3HauCHHX
BIIXOJIB, IO y TEMEPINIHIi Yac BHBO3ATHCS y MICIA
ckianyBanns, Ha 2500 — 3000 1/pik ¥, BiAMOBINHO, 3HU-
3UTH PIBEHb TEXHOTEHHOI'O ITHJIOBOIO 3a0pyIHEHHS
aTMOoC(hEepHOro MOBITPSL.

BucHoBku

Bcranosneno cnenudiuni ocodnmuBocti GopmyBan-
HSl €KOJIOTIYHOI HeOe3NeKH NpH il YMHHHKIB MUJIOBOTO
3a0pyIHEHHs, OOIPYHTOBAHO TU(EPEHINAIII0 JHKepel
HeOe3MeK: 3 BHAUICHHSM IEPBUHHOTO i BTOPUHHOTO
(CTOCOBHO OCHOBHOTO TEXHOJIOTIYHOTO MPOIIECY MPOMH-
CITIOBOTO BUPOOHHMIITBA) MHJIOBOrO 3a0pYIHCHHS aTMOC-
(depHoro TOBITPs. P0O3p00JICHO METOMOJIOTII0 OLIHKH
BIUTMBY Ha CTaH aTMOC(HEPHOTO TIOBITPSI [KEPES BTOPHH-
HOTO MHJIOBOTO 3a0pyIHEHHS. 3aTPOMOHOBAHO METO Y-

HUH i IX11 010 OIIHKK CTaHy eKOJIOTiuHOI Oe3re-
KA B YMOBaxX IHTEHCHBHOTO ITHJIOBOTO 3a0pyJHEHHS at-
MOC(EpHOTo MOBITPSL, IKUH 0a3yeThCs HA 3aCTOCYBaHHI:

1. MonudikoBaHOr0 METOy KOMIUIEKCHOI OLIHKH
PIiBHSI TEXHOT€HHOI HEOE3IEKH MPOMHCIOBHX 00’ €KTIB —
JUTsl BU3HAUEHHS peasIbHUX YMOB ()OpMYyBaHHS eKoHeOe-
3TEKU MiJ Ji€l0 YHHHUKIB MHJIOBOTO 3a0pYyIHCHHS at-
MOC(EPHOTro MOBITPS;

2. Merony KOpesIiHHO-PETPECUBHOIO aHATI3y
YaCOBHX DSMIB — Ul BCTAHOBJICHHS BIUIUBY KOHKpPET-
HUX TIPOSIBIB €KOJIOTIYHOI HEOE3IeK: Ha CTaH 3/I0pPOB’S
HaCEJICHHSI.

BcraHoBiI€HO MiJICHIICHHS BIUIMBY IPOSIBIB €KOJIO-
riyHOi HEOE3IMEeKH Ha CTaH 3aXBOPIOBAHOCTI HACCIICHHS
CTOCOBHO TICBHHMX HO30JIOTIYHMX ()OPM B 30HaX Oe3Io-
cepeqHbOl il JHKepen BTOPHHHOTO ITHIIOBOTO 3a0pya-
HEHHS aTMOC(EPHOTO MOBITPSI.
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Ecological safety of the Carpathian region
in the conditions of technogenic dust pollution atmospheric air

V. Trysnyuk, V. Shumeiko, T. Trysnyuk, A. Kurilo, J. Holovan

Abstract. The article is devoted to the environmental safety of the Carpathian region on the basis of monitoring of
ources of man-made dust pollution. The real conditions of ecological hazard formation with consideration of secondary dust pol-
lution of atmospheric air are determined. The influence of manifestations of ecological danger on the state of morbidity of the
population in relation to certain nosological forms in the zones of direct action of sources of secondary dust pollution of atmos-
pheric air is established. The purpose of the work is to solve the scientific and practical task of environmental safety management
under the influence of man-made dust pollution and to develop specific technical solutions. The object of study is information
technology for the diagnosis and assessment of the state of the environment and man-made objects. The system of environmental
safety management in the region with intensive secondary dust pollution of the air includes a comprehensive system of technical
and technological management of environmental safety in the conditions of intensive action of sources of secondary dust pollu-
tion of the air. The theoretical basis for the construction of this system is a set of principles, developed on the basis of a compre-
hensive analysis and synthesis of the results of previous theoretical studies and practical experience on environmental safety
management at the regional level. The specific features of the formation of environmental hazards under the influence of dust
pollution factors are established, the differentiation of sources of danger with the allocation of primary and secondary (in relation
to the main technological process of industrial production) dust pollution of atmospheric air is substantiated. A methodology for
assessing the impact on sources of secondary dust pollution by atmospheric air has been developed. A methodological approach
is proposed to assess the state of ecological safety in the conditions of intensive dust pollution of the air, based on the application
of the modified method of complex assessment of the level of man-made hazard of industrial objects.

Keywords: technogenic danger, dust pollution, secondary pollution, atmospheric air, technical solutions, ecological
afety, population morbidity.
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METOJJAYHUAM NIIXIJ 3 ONIHKA EGEKTUBHOCTI
CUCTEMM 3B’A3KY CIIEIIIAJIBHOI'O ITPU3HAYEHHA

AnoTanisi. HaiiGinbn xapakrepHuMu 0COOIMBOCTAMHU IOOYIOBH CHCTEM 3B'SI3KY BifiCBKOBOIO NPHU3HAYEHHS € BUCOKHIA
CTYIiHb aNpiOpHOI HEBU3HAYEHOCTI CTOCOBHO OIEPATHBHOI OOCTAaHOBKH Ta MAIMH OOCAT BHXIJHHX JaHUX I IUIaHYBaHHS
3B’s3Ky. Y TAKHX yMOBax BaKJIMBUI NpaBUIbHUN BUOIp anapary OLiHKH NPUHHATHX YIPABIIHCHKHX PIlICHb, SKHI 103BOIUTH
0CaJIOBUM 0CO0aM OPraHiB YIPaBJiHHS CHCTEMOIO 3B’A3Ky OYTH BIEBHEHHM Y IPABHJIBHOCTI PillleHb, IO NPUHMAIOTHCSL.
IpuitHATTa pineHHs Ha MOOYI0BY CHCTEMH 3B’ 13Ky Oy/Ib-SIKOrO PiBHS, SIK IIPABHIIO, BKIIOYA€ BU3HAYECHH MeTH il yHKIio-
HyBaHH:I, BUOIp NOKa3HUKIB i OOIPYHTYBaHHS KPUTEPIiB OLHKH, CUHTE3 aJbT€PHATHBHUX CTPYKTYP 1 HOLIYK PalliOHAIBHOIO
BapiaHTy PO3rOPTaHH: CUCTeMH 3B’ s13Ky. [IpakTika 60HOBOro 3aCTOCYBaHHS YaCTHH Ta IMIAPO3/LIB 3B’ A3Ky HEPEKOHIMBO I10-
Ka3ana, 110 B Teopii Ta MpaKTULl opraHizauii 38’43Ky BUHUK/IA HEOOXIi/IHICTb B yIOCKOHAJIEHH]I HAYKOBO-METOANYHOrO arapa-
Ty, 110 Oyzie BiINOBiaTH cyyacHUM yMoBaM (YHKIIOHYBaHHS CUCTEM YIpPaBIIiHHSA Ta 3a0e31euyBaTi OUIbII aJIeKBaTHY OLIiH-
Ky e(heKTHBHOCTI cuCTeM 3B’S3KY, IO PO3rOpTAIOThCs. B 3a3HaueHill cTaTTi aBTOpaMu 3alpOIIOHOBaHO METOIMYHUM MijXix 3
OLIHKH e()eKTUBHOCTI CHCTEMHU 3B’S3KY CHELIaIbHOI0 IPU3HAYEHHs. 3alpOIIOHOBaHUI MifIXiZl 3aCHOBaHMH Ha BUKOPHCTaHHI
HOKa3HHKA JIOCTYIHOCTi CUCTEMH 3B’ 13Ky CIELialbHOr0 NPU3HAUEHHs 3 IIEPLIOro pasy. B Xo/i 3a3Ha4eHOro 10CIiKEHHS aB-
TOpaMH BUKOPUCTaHI OCHOBHI IOJIOXKEHHs Teopii 3B’ 43Ky, Teopil 3aBafocTiikocTi Ta po3BiazaxuieHocri. HoBusHa 3anporio-
HOBaHOI'0 METOJMYHOIO I1i/IXO/y, Ha BiIMIHY BiJl ICHyIOUHX IIOJISATAE B TOMY, IIJO0 CUCTEMA 3B SI3KY CIIELiaIbHOTrO NPU3HAUCHHS
OLLHIOETBCS 110 y3araJbHEHOMY HOKa3HUKY JIOCTYITHOCTI KAHAIBHUX Ta MEPEKEBUX PECYPCIB CUCTEMH 3B’ 3Ky CHELIaIbHOIO
MPU3HAUEHHS, 110 € 3TOPTKOI0 YaCTKOBHMX IOKa3HUKIB OLHKHM €()eKTMBHOCTI CHCTEMH 3B’SI3KY CIELIaJbHOrO MPU3HAYEHHSL
IpakTruHe 3HaYEHHS 3aIPONOHOBAHOI0 METOAMYHOrO MiZXOY HMOJSATaE B TOMY, IO 3alPONOHOBAHMIT ITIJIXiJ] IO3BOJISIE OLi-
HHUTH CUCTEMY 3B’ 13Ky I10 OUIBIIIH KiJbKOCTI YACTKOBHX ITOKa3HUKIB, BUSHAYUTH 3aXO/1 II0JI0 PO3TOPTAaHHS CUCTEMH 3B’SI3KY
Ta BUPOOUTH 3aXO0U CTOCOBHO ITiIBUILIEHHS €()EKTUBHOCTI CUCTEMH 3B’ 513Ky CIELIaIbHOTO IPH3HAYCHHS.

Kaw4yoBi caoBa: OIIHIOBAaHHS CUCTEMH 3B’SI3KY, €(EKTHBHICTB, 3aBaJI03aXHIIEHICTh, PO3BIJ3aXHUIICHICT, CHCTEMa

3B’ S3KY cneui AJIBHOI'O IIPU3HAYCHHSI.

Beryn

Haii6inpin xapakTepHUMH OCOOJIHBOCTSIMH T100Y-
JIOBU CHCTEM 3B’SI3Ky CIICLIaJIbHOrO MpPU3HAYCHHS €
BHCOKHUI CTYIIHb anpiopHOi HEBU3HAYEHOCTI CTOCOBHO
OMEepaTUBHOI OOCTAaHOBKM Ta MaJiii OOCAT BHXITHUX
JIAaHUX JJIsl TUTAaHYBaHHS 3B sI3Ky. Y TaKHX yMOBax BaK-
JUBHH NMPaBUWILHUN BUOIp amapaTy OLIHKH MPUHHITHAX
YIIPaBIIHCBKUX PIllIeHb, SKUA JIO3BOJIUTH I10CAJOBHM
oco0aM OpraHiB YIpaBJIiHHSA CHCTEMOIO 3B’SI3Ky OyTH
BIIEBHEHHUM Y PillIEHHSX, 1110 IPUHMAIOTHCS.

[puitHATTS pilieHHss Ha OOYAOBY CHUCTEMH
3B’S3Ky Oy/Ib-SKOTO PiBHS, SIK MPABWIIO, BKJIIOYAE BH-
3HA4YEHHs1 MeTH 1i (PyHKI[IOHYBaHHS, BUOIP ITOKa3HMKIB i
OOTpYHTYBaHHSI KPUTEPIIB OIIHKH, CHHTE3 aJbTepPHATH-
BHUX CTPYKTYp 1 IOUIYK PalliOHAJLHOTO BapiaHTy PO3-
TOPTaHHS CUCTEMH 3B SI3KY.

[pakTika BiHCbK NEPEKOHJIMBO IOKa3aja, IO B
Teopii Ta MpaKTUIll opraHizauii 3B’s3Ky BUHUKJIA HEOO-
XIHICTh B PO3BHUTKY ICHYIOYHX IIAXOIIB Ta HAYKOBO-
METOJIMYHOTO arapary, 1o Oy/e BiIIOBIAaTH Cy4acHHM
yMoBaM (YHKIIIOHYBaHHSI CHCTEM YIPaBJIiHHSI Ta 3a-
OesrieuyBaTH OLIbII aJleKBaTHY OIIHKY e(eKTUBHOCTI
CHCTEM 3B’SI3KY, 1[0 PO3TOPTAIOTHCS.

[Ipu upOMy OIWH 3 TOJIOBHUX HANpPSMKIB iX y1o-
CKOHAJIIOBAHHS Ta PO3BUTKY € BUKOPHCTaHHS HOBOT'O
MiIXOAy MO0 BHW3HAYCHHS ITOKA3HUKIB 1 KPHUTEPIiB
OLIHKK e(EeKTHBHOCTI, IO BiANOBIAAIOTh CyYacHUM

ymMoBaM i (akTopam OoiioBuX niii (MeTu omeparii), a
TaKOX BUMOTaM, L0 BUCYBAIOTHCS JIO CUCTEMH 3B’SI3KY
31 CTOPOHH CHUCTEMH YIPABIiHHSI.

BianoBigHO 10 TaKOro miaxony eQeKTUBHICTD CH-
CTEMU 3B’5I3Ky € OJIUH 3 MMOKa3HUKIB ii poii Ta ibOBO-
ro npu3HayeHHs. He3Bakaroum Ha Te, IO CHUCTEMa
3B’SI3Ky HE 3[iICHIOE Oe3MocepeHFOr0 BIUIMBY HA BU-
KOHAHHS ITOCTAaBIICHUX 3aB/IaHb 1 HAHECEHHS MPOTHBHU-
Ky MaKCUMaJbHUX BTpaT, ii pONIb y JOCSTHEHHI METH
6oro (omeparii) Beauue3Ha. J[js1 BU3HAYCHHS i€l poii
BBEJICHE MOHATTS €(DEKTUBHOCTI CHCTEMH 3B’S3KY, IIiJ
SIKUM PO3YMIETBCS CTYMiHb peaizamii 11 MOXKIMBOCTEH
mono oOMiHy iH(poOpMaIii B KOHKPETHHX YMOBax 00-
CTaHOBKH [1, 5].

Po3paxyHOk TOKa3HHMKIB €(QEKTUBHOCTI IPSIMO
MOB’SI3aHMI 3 BU3HAUEHHSM DPE3YJbTaTIB PIllICHHS, IO
omiHeThCs. [IpH 1IbOMY MalOTh MiCIIC IBa BapiaHTH:

NepHIMii OB’ sI3aHUN 3 €KCIIEPUMEHTAIBHOIO Tepe-
BIPKOIO YIIPaBJiHCHKUX pillleHb, 1 TOMY BU3HAYECHHS
pe3yNbTaTy 3BOMUTHCS JIO OLIHFOBAHHS;

YUl BUHHUKAE IIPU anpiopHil OLiHII e(eKTHB-
HOCTI, KOJIW Pe3yJIbTaTy IOKH Ilie HEMae, aje HOro Ciij
nepen0avYnTH, BHACHIJOK YOTrO pE3YJIbTAaTH PpillIEHHS
BU3HAYAIOTHCSI METOJIaMU MTPOTHO3YBaHH [5, 6].

BpaxoBytoun 3a3HaueHe, Memol0 3a3HA4EeHOV
cmammi € po3poOKa METOAUYHOIO MiIXOAY 3 OIIHKH
€(EeKTUBHOCTI CUCTEMH 3B’SI3KYy CIENialbHOIO NpU3Ha-
YEHHSL.
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BukJiaj 0CHOBHOTO MaTepiajy

Juis Teopii HaWOUTBII BaXXIIMBHUA TEpIIMN BUIA-
JIOK, a ISl IPaKTHKU — OPYTHH, OCKUIBKU OIliHKa edeK-
TUBHOCTI TIOBUHHA OYTH TEPIIOK YXBAJIECHHIO PillICHHS
Ta BU3HAYaTW Horo wiHHICTE. CTOCOBHO CHUCTEMH
3B’S3Ky CIIEIiaJIbHOrO TpU3HA4YeHHs ii e(EeKTHBHICTH
MOBUHHA OLIHIOBATUCS HAa OCHOBI XapaKTEPHUCTHK ii
BracTuBocTeil. OCKIIBKM CHCTeMa 3B’SA3KY CIeIlialib-
HOTO NpU3HAuYeHHS Mae Oe3iY BIaCTHBOCTEH, MepertiK
MOKA3HUKIB, MO SIKMX JOIUJIBHO IPOBOAUTH OLIHKY
SIKOCT1 CHUCTEMH 3B’SI3KY, CJIiJI 0OMEKYBaTH.

Ha mpaktuni nie o3Havae, mo OIHKA SKOCTI ITO-
BHHHA TIPOBOJMTHUCS Ha 0a3l He BCIX, a TIIbKYA HaHO1IbII
ICTOTHUX TIOKa3HHKIB, 110 BU3HAYAIOTh OCHOBHI aCIIEKTH
€(EeKTUBHOCTI CUCTEMH 3B’SI3KYy CIENialbHOI0 NpU3Ha-
yeHHs a0o i okpeMux ejeMeHTiB. Takuid Mmiaxix nae
MOXIIUBICTh aKIEHTYBaTH yBary Ha T'OJIOBHHX ITOKa3-
HHUKaxX CHUCTEMH 3B’sI3KY, SIKI JIO3BOJISIIOTH il BHpilIyBa-
TH HalKpallle CBOE OCHOBHE 3aBJ/IaHHS B IIPOrHO30BaHUX
yMOBax (YHKIIOHyBaHHs. ToMy KOMIUIEKCHa BceOiyHa
Ta 00’€KTHUBHA OI[iHKAa €(EKTUBHOCTI CUCTEMH 3B’SI3KY
Moxxe OyTH 3JiiiCHEHa 3a JIOTIOMOTOI0 CHCTEMH ITOKa3-
HUKIB 1 KPHUTEPIiB, IO BKIIOYA€E TOJOBHHUH 1 JOJATKOBI
MOKa3HUKH TI0 OCHOBHIH Ta YaCTKOBUX BIIACTHBOCTSIX
BiamosimHo [1, 5, 10].

VY SIKOCTI OCHOBHOI BJIACTUBOCTI, 3 ypaxyBaHHIM 11
0COOJIMBOI 3HAYMMOCTI ISl CIIEIIAIbHOTO TPU3HAYEHHS
[10, 11], mpomoHy€eThCS MPUHHATH TOCTYIHICTH CHUCTE-
MU 3B’SA3Ky Ta ONIEpXKaTH ii 3aJICKHICTh BiJ IHIIHX
YaCTKOBUX MOKa3HHUKIB. OCKUIBKH JIOCTYIHICTh CHUCTe-
MU 3B’SI3Ky XapaKTepu3ye 3[aTHICTh CHCTEMHU BiHCHKO-
BOMY 3B’sI3Ky 3a0e3MeuyBaTH OfEp)KaHHS OpraHaM¥ yI-
paBitiHHS (OIlEpaTHBHUM CKJIJIOM) HEOOXiIHUX M pe-
cypciB cucremu 3B’s3Ky (ii BHIIB, CEpBICIB, MOCIYT),
MalOyTh, IO TOKAa3HHWK JOCTYIHOCTi, 3 OXHOrO OOKY,
TIOBUHEH BiJI0OOpakaTH MPOCTOPOBUHN aCHEKT, a 3 1HIIO-
ro OOKy - BpaxOBYBaTH KIHIIEBY 00 €KTOBY CTIHMKICTBh
€JIEMEHTIB CHCTEMH 3B’SI3Ky B YMOBaX KOMILIEKCHOI'O
BIUIMBY NMPOTHBHUKA. [Ipy 1bOMY MiJi IPOCTOPOBHUM ac-
MIEKTOM MAa€ThCS Ha yBa3i Take 00'€KTHBHE (IIPOCTOPOBE
Ta TOIOJIOTIYHE) IIOJIOKEHHSI KOPUCTYBadiB CHUCTEMH
YIPaBJIiHHS LIOA0 EJIEMEHTIB CHUCTEMH 3B’SI3KY, KOJH
BOHM 3aBXAM B CTaHi CKOPUCTATHCS CTBOPEHUM HEIO
KaHAJIBHUM DPECypCcOM, Maro4yl Yy CBOEMY pPO3MOPSI-
JKCHHI TITaTHI W J0aHi 3aco0u 3B 3Ky [3, 4].

3a3HavyeHi ocoOnMBOCTI (OpMyBaHHS y3arajibHe-
HOTO TOKa3HHWKa JOCTYIHOCTi, BUHUKAIOTh TOMY, IO
BOHU MAlOTh NPUHIIMIIOBE 3HAYEHHS caMe JUISi CUCTEMHU
3B’S3Ky CIIEIiaJIbHOrO TPU3HAYECHHS, NMOBUHHI 3HAWTH
CBOE BiJJOOpa)K€HHS B BiJIIOBITHOMY YIOCKOHAJEHOMY
METOJMYHOMY Mi/IXO/i 3 OI[IHKU €(peKTUBHOCTI CUCTEMH
3B’S3KY CHELIJILHOTO MpU3HaueHHs. Pa3om 3 TUM citif
PO3YMITH, IO AOCTYIHICTh CUCTEMH 3B’SI3KY 3aJICKUThH
HacaMIepes Bii CTPYKTYpH i po3MIIIeHHsI 11 elIEeMEHTIB
y onepaniiHOMY MpPOCTOpi, MiCIE3HaXOKEHHsI KOPHUC-
TyBadyiB, JOBXUHHU JIHIH J0CTymy, (i3uko-reorpadiy-
HHUX YMOB MICIIEBOCTi, HasIBHOCTI CHJI i 3aC00iB 3B’SI3KYy
[11]. Came ToMy B yIOCKOHAJICHIH METOMMIII AJIS OIiH-
KU JIOCTYITHOCTI CHUCTEMH 3B’SI3Ky BUKOPUCTaHUH 1MO-
BIPHICTB JIOCTYIly KOpHCTyBauya JI0 PECypcy CHUCTEMH
3B’A3Ky 3 Mepmioi crupoOu, [0 OOYHCITIOEThCS 3a
¢ynxiionazom [10, 11]

PA =a(D,Pl/7). (1)

3a3Ha4yeHnid TOKa3HUK 3aJeXKHUTh SK BiJl KIIBKOCTI
€JIEMEHTIB CUCTEMH 3B’SI3KYy CIIEliaJbHOrO MPU3HAYCH-
HS, SIKI TIOTEHIIHHO 3JaTHI HAJaTH KOPUCTyBayam
KaHAJIBHUH pecypc i MOXKYTh OyTH BUKOPHUCTaHI HUMU 3
palioHIB CBOEI MUCIIOKAIl 3a JOMOMOTOI HasIBHUX
3ac00iB 3B’S3KY (TOOTO BiJ YHCEIHLHOI'O 3HAYCHHS KOM-
MOHEHTIB BEKTOPY IOCTyHmHOCTi D), Tak 1 Bij iXHBOI
00'eKTOBOI CTIHKOCTI Pl-ﬂ . [Ipn oMy KpaTHICTH HO-
cTyny i (MOXKJIMBICTh HaJlaHHSI KOPUCTYBA4€eBi OHOYAC-
HO OJIHOTO, JIBOX 1 OLNBII HE3aJIe)KHUX MapUIPYTiB Iie-
penadi iHdopmarlii) JO3BOJIIE TOBOPUTU TPO OLIBII
BHCOKY HWMOBIPHICTh OJEpXaHHS JOCTYIy MO KaHalb-
HOT'O pecypcy 3 Iepuioi cnpoOH.

OCKIUIBKM CMyTa OIEpaliifHOro MmpocTopy creri-
aJPHOTO TIPU3HAYEHHS BUMAra€ CyIJIHOTO HOKPHUTTS
BiJTHOCHO 3B’5I3KY, TIOKa3HHUK MPOCTOPOBOI JOCTYITHOCTI
MOBUHEH BiZ0Opa)kaTd TPHUHIMII ““TEPUTOPiaIbHOI”
CHPSIMOBAHOCTI CHCTEMH 3B’s13Ky. [Ipu TakoMy mmiaxosmi
MIPOCTOPOBY JOCTYITHICTh HAWOUIBIIE MOUIIBHO OLIHIO-
BaTH BeKTopoM D = {d;}, KOMIIOHEHTaMH SIKOTO € JEesIKi
CKaJISIpHI 3HAYeHHS d;. 3MICT CKaJISPHOI BEIUYUHU
d;=0...1 nonsrae B TOMy, 110 3 d;-0i YaCTHHU ILIOIII
OIepaliifHOrO MPOCTOPY MeperKa CIeliaIbHOTO ITPH3HA-
YEeHHS PaaioNOCTyITy 3 L eJIeMEHTIiB, 3/1aTHa 3a0e3Ieyu-
TH Oyab-sIKOMY KOPUCTYBa4eBi OTEHIIIHY MOXJIUBICTh
ofep)kaTH HEOOXiHy YacTUHY KaHAJIBHOTO pecypcy
CHCTEMH 3B’ 513Ky 110 / HE3aJISKHUX MapUIpyTax:

D={d,dy,d3,...d},...dp }, 1 =1,L, )
ne L —3arambHa KUIBKICTh €JIEMEHTIB CHCTEMH 3B'SI3KY,
PO3TOPHYTHX U1 3a0C3MCUCHHS  KOPUCTYBadiB
KaHaJILHUM pecypcoM. [Ipu npomy

m
L= Z k=l Ny, (3)

Jie m — KUIBKICTh elIeJIoHiB (PiBHIB) y CUCTEMI 3B’S3KY;
Ny — KUTBKICTB €JIEMEHTIB B k -My elesnoHi (piBHi).

Tyr i pmami mig emenoHamu OyaeMoO PO3YMITH
Jiama3oH BUCOT IMITHATTSA aHTEH CTAHIIH paaiomoCTyITy
i perpaHciaTopiB 3B’ a3Ky. [y Bu3HaueHHs B (2) KOM-
TIOHEHT BEKTOPY DD HeoOXiTHO 3HAWTH BiJHOLICHHS ILIO-
i, 3 SKOi KopucTyBau (aOOHEHT) 3AaTHHUH OJepIKaTH
JIOCTYT J0 €IEMEHTIB CUCTEMH 3B’SI3KY, JI0 BCi€l IuIom
CMyTH 000pPOHH CIIeliaIbHOro Mpu3HaYeHHs. Toxmi

dl = Sl/Saae > “4)

Iie S; — TIola 30HU Pajio0CTyIy Bl / €IeMEHTIB CHC-
TEMHU 3B’ 513KY; Sy, — IUIOIIA OTEPALitHOTO IPOCTOPY.
OCKIJIBKH TIPOCTOPOBA JOCTYIHICTh XapaKTepu3y-

€ThCA 3HAYEHHSIMH KOMITOHEHTIB {dlmin} BEKTOPY HO0-

cTynHOCTI D, TXHii B3a€MO3B’ 130K MOXKHA MPE/ICTABUTH
y BUIISAL KoedillieHTa MpocTOpPOBOi AOCTYITHOCTI

= Sl/Ssaz npu l:lmin' (5)

3a xapakTepoM cBO€ET MOOY0BU Mepexka pasionoc-
TYIy € 30HOBOIO. 30HU MOKPUTTS SBISIOTH COOOKO Yac-
TUHY TEpHUTOpii (CMYTH OIepamiiHOro MpocTopy), IO
3’€[HaHI 3 OHUM 3 €JICMEHTIB MEPEXki PalliooCTyITy, a
TaKOX 30HU iX nepernHy. Po3mipu IuX 30H 3ajexaTh

Kdocm.np
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BiJl TaKTUKO-TEXHIYHUX XapaKTEPUCTHK pajio3aco0iB,
BHCOT MITHATTA iX aHTEH, pOOOYOI 4acTOTH, 3aBaIOBOI
00CTaHOBKM Ta IHIIMX (pakTopiB, MO BIUTMBAIOTH Ha
SIKicTh paniosB’sizky [10].

BuxiHUM NpOIyKTOM 3aIpOIIOHOBAHOI MOCIIIOB-
HOCTI pPO3paxyHKiB ITOKa3HHKa JOCTYIHOCTI CHUCTEMH
3B’SI3Ky CIICLIAJIbHOTO MpHU3HAYCHHA € Marpuist A(i)
BULYy M xN (me M i N—1e KinbKicTb d;-i 4acTuHH
TUTONII 1O ()POHTY Ta y TIHOMHY ONepaniiHoro mpocTo-
Py BIIIOBITHO), €IEMEHTH SKOI a,,,() SBJISIOTH COOOFO
OJIMHUYHY TUTOIILY B MPUAHITOMY O €EKTPOHHIH KapTi
Macmitadi. Y pe3yapTarTi po3paxyHKiB JJIs i-TO €lIeMEH-
Ta CHUCTEMH 3B’SI3Ky €JIEMEHTH MAaTpHIl NpUHMaloTh
3HAYEHHS d,,({)=1 y BUNAagKy MOXIHUBOIO JIOCTYITY
KOPHCTYBAYa 3 d,,(7)-1 JUISHKY TUIONI 1O i-TO €IEMEHTY
cucreMu a0o a,,,(i) = 0 y 3BopoTHOMY BUmanky [10].

BukopucTaHHs reornpocTOpOBUX TAHUX IPU PO3pa-
XYHKaX JIOCTYITHOCTI pecypcy CHCTEMH 3B’S3KY CIIeIliab-
HOTO TIPU3HAYEHHs JI03BOJISAE OIIBII TOYHO, HIX PaHilIe,
BU3HAYATH pealbHY IUIONLYy 30HU IOKPHUTTS KOXXHOTO
eJIEeMEHTa CHCTEMH 3B’sI3KY S; BIJIIOBITHO 10 BUPA3y

S; = Z,A,L] Z,],\;] Lnn (i)’ (6)

ne M xN=S,,, —3arajbpHa (110 TOKPUBAETHCS) TUIOIIA

3az2
olepaliifHoro MpocTopy.

3Halouu, MO CTPYKTYpa CHCTEMH 3B’SI3Ky CKJIaJia-
€Thcs 3 L eNeMeHTIiB, 10 MepeOyBaroTh y PI3HUX B3ae-
MO3B’sI3KaX, MO)KHa pO3paxyBaTH BEKTOp JOCTYITHOCTI
D nns Bciel cuctemu B 1iiomy. Jlis 1s0ro HeoOXigHO
MaTtu L Matpunp A(7) A7 KOXKHOTO i-T'O eJIeMEHTa OK-
peMoro MOKpUTTA S;, 10 BH3HAYAIOTh MO CYTi IUIOINII,
JUTSL KOXKHOTO eJIeMEHTa CUCTeMH 3B’s3Ky. Tomi ruroma
30HM MEPETHHY HE MEHII HiXK / 11 elTeMEeHTiB S; mpormo-
HYETHCSI PO3PaxXOBYBATH SIK

) .
S,=U(ﬂﬂ...ﬂSl-j,(i=1, JI=LL),  (7)

=1\12 |/

fe €, — umcio koMGiHarii 3 L 10 / OTEeHIIHO MOYH-

BHX KIJIBKOCTEH, 110 BiJ0Opakae, 30HU EPEKPUTTS Kpat-
HicTIO /, sike MOke OyTH CTBOpEHE B OIlepalliiHii 30Hi
MaioyTHbo1 omeparii [11]. Takum ynHOM, BU3HAUYMBIIN
3HAYEHHS BEIMYMH MHOXHHH {S;}, TpEINCTaBISETHCI
MOXJIMBUM BIiANOBIAHO 10 BupasiB (2) i (4) 3Haiitn
3HAYEHHS BCIX KOMIIOHEHTIB BEKTOpY JOcTymHocTi D.
Jlnst mpoBeneHHsT pO3paxyHKIiB MPU OIHIN ITOKa3HHUKa
JIOCTYITHOCTI Ta BEKTOpY [ IPOMOHYEThCS BUKOPHUCTO-
BYBaTH HACTYIHUH ITiIXiJ] 10 HOro OOYKCIICHHSL.
BuxigHumu qanuMu Ui pO3paxyHKiB €: yucio L
€JIEMEHTIB CHCTEMH 3B’SI3Ky BiANOBiTHOI cTpyKTypH G;
MakCHUMajlbHe 4YWCIO0 M  psamkiB  MaTpumb  A;
MakcHMalbHe 4ucio N CTOBHUIB Marpullb A4; Oe3miy
MaTpHLb {A} , ©JIEMEHTH SIKHX pO3paxoBaHi BiIMOBIAHO
o Bupasy (6), 3BelleHI B TPUBUMIPDHHH MAacUB JaHHX
A[l...M,l...N,l...L]. Juis 30epiraHHsi TPOMIKHHX 1
BHXIJIHUX JaHUX HEOOXiHO MAaTH 3MiHHY S, JIYMIbHUK
KpaTHOCTI k 1 OJHOMIpHHI MacHB S[l...k] [5, 10, 11].

[Ticns BBeneHHs BUXIJHUX JaHUX BH3HAYAETHCS
3arajbHa IUIOIIA OIEpaIliifHOi 30HU 1 BiAOYBAETHCS

OOHYJTIHHS MAacCHBY BXITHUX JaHHX. [IOTiM MOCIIZOBHO
MIepeBIPSIOTHCS OMHAKOBI €JIEMEHTH BCIX MaTpHIlb Ha
MOXIIUBICTh JOCTYITy. Y BHIIQJIKYy 3a/I0BIJIbHOI BiIIO-
BiJll 3MIHIOETHCSI 3HAYEHHS JIYMIbHUKA KPAaTHOCTI Ta
BIMOBITHE 3HAUYCHHS MacuByY S;. [licis 3akiHYCHHS ITe-
PEBIpKHM BCIX €JIEMEHTIB MPOBOIITHCS PO3PaXyHKH Bijl-
HOUIECHHSI BIAMOBIAHOCTI IUIOLII JO KPAaTHOCTI IOCTYIY
JIO0 3arajibHOi IUIONII Ta BUBiJ| OTPUMAaHHUX pPE3YJIbTATIB.
BuxinHi gaHi mOKa3yooTh, 3 SKOI YaCTKH ILIOIII orepa-
LiHOT 30HK € MOXKJIUBICTh TOCTYIY 10 /[ €ICMEHTIB Me-
pexi 3B’s13Ky, TOOTO CTBOpPEHHS [ HE3aJIEKHUX MapIIpy-
TiB [5, 10, 11]. OTxKe, 3HAYCHHSA KOMITOHECHTIB BEKTOPY
JIOCTYITHOCTI JIO3BOJISIIOTH 3pOOUTH BHCHOBOK TIPO Te,
HACKITBKYM aHAaJI30BaHWI (3aIIaHOBaHWI) BapiaHT IIO-
OyIOBU CHCTEMHU 3B’SI3Ky 3a0€3MeUUTh JOCTYIl KOPUCTY-
BayiB 70 11 KaHANbHOTrO pecypcy. OQHAK OIHHUX TUIBKH
OTPUMaHUX 3HAYEHb KOMIIOHEHTIB BEKTOPY JOCTYII-
HOCTI HEIOCTaTHBO ISl TOTO, 100 OJJHO3HAYHO BH3HA-
YUTH HEOOXiJHY KUJIBKICTh HE3aJeXHUX MapUIPYTiB
JoCcTymy. B yMOBax KOMILIEKCHOTO BILIMBY ITPOTHBHHKA
HEOOXiTHO MaTH iH(OPMAIIIFO PO MPOrHO30BaHY 00’ €K-
TOBY CTIHKICTh €JIEMEHTIB CUCTEMH 3B’sI3Ky, IO 3a0e3-

He4yloTh JOCTyI. SIk6u ixHs crilikicte P,,; Oyna ige-

anbHoto (P,,; =1,i=1,L), TO JUIsi rapaHTOBAHOIO 10-

CTYNy 1O KaHAJIBHOTO PECypCcy KOXKHOMY 3 KOPHUCTY-
BayiB Oys0 O JOCUTH OJHOTO aOCOJIOTHO HAIHHOTrO
MapuIpyTy /0 OJHOMY E€JIEMEHTY CHUCTEeMH 3B's3Ky. B
IHIIOMY BWITIQJIKy BHHUKA€E IJIKOM OOIPYHTOBaHE IH-
TaHHS MPO T€, CKIJIbKY K y TUITAHOBOMY 10 peastizaiii Ba-
piaHTi cHCTeMH 3B's3Ky HEOOXiJHO CTBOPIOBAaTH He3a-
JIOKHUX MapHIPYTiB, 1100 3a0e3meunT 11 HEOOXiTHY
cTilikicTh. PO3B’sI3aTH naHe MHUTaHHS MOXKHA B TaKWid
cnocid [6, 11]. Hexali kopucryBau, nepeOyBarouu B
MIEBHOMY MICIli OINEPaiiHOrO MPOCTOPY, Ma€e MOXKIIHU-
BiCTh PO3TOPHYTH HAassBHUMHU B HBOI'O 3acobamu / JiHiH
3B’S3KY BiJIIIOBITHO JIO / €IEMEHTIB CHCTEMH 3B’ S3KY.
Takox BigoMi 3Ha4eHHS MOKa3HHKIB 00’ €KTOBOI

CTIMKOCTI Ti €JIEMCHTIB {Pcmi}. Jlns mpoctoTH pospa-

XYHKIB IIPUHMEMO, IO BCl €JIEMEHTH CUCTEMH 3B’SI3KY,
o0 3a0€e3IeYyI0Th AOCTYIl KOPUCTYBadiB, PIBHO3HAYHI:

{Pcmi} = Pl-ﬂ . Toni AIMOBIpHICTh HACTAHHS MOMIT P3e06 s

110 MOJISATa€ B TOMY, 1[0 KOPUCTYBA4 OJEPKUThH JTOCTYII
JI0 KaHAJIBHOTO PECypcy CHCTEMH 3B’S3Ky, MOXKHa
3HaWTH 3 BUpasy [11]:

P}(t)eo6 =1_H5=](1_Pio)' (®)

BusnauuBIm 3HaYeHHS P-a

»” ¥ 3a71a109MCh BUMOTI'OI0

PS MOKHA 3HAWTH MiHI-

J0 3HAUYCHHA ITOKa3HUKa €06

MaJIbHO YHUCIIO [ €JIEMEHTIB CUCTEMU 3B’H3Ky, J0 AKHUX

min
KOpHCTyBaueBi IIOBUHEH OYTH 3a0e3MeYeH i TOCTYII:
- A
Lnin = lOg(l_Pﬂ) |:1_PH€O5:|' ©)

BusHauyuBIM MiHIMaNbHUH piBEHb KUIBKOCTI He-
3aJIEKHUX MapUIPYTIB i1 KOPHCTyBada B KOHKPETHHX
YMOBax BIUIMBY IPOTHBHUKA, BIANOBIIHHUH J0 BHUMOT 3i
CTIMKOCTI CUCTEMH 3B’SI3KY, OLIHIOIOTHCS 3HaY€HHSI KOM-
MIOHEHTIB BEKTOPY JOCTYIMHOCTI (4) 1 poOuThCst 00TpyHTO-
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BaHMH BHMCHOBOK TIPO JIOCTAaTHICTH ab0 HENOCTaTHICTh
3HAUeHb JaHOI CTPYKTYPHOI ~XapaKTePUCTHKH  JUIs
KOHKPETHOrO BapiaHTa peaiizamii cucreMu 3B’s3Ky. Ha
BiIMiHY BiA Bigomux Mmeromuk [1-3, 5-7], mpu po3spa-
XYHKaX IPOCTOPOBOI JIOCTYITHOCTI CUCTEMH 3B’SI3KY Bpa-
XOBYETBCS 00’€KTOBA CTIMKICTh €IEMEHTIB, 1[0 HAJIAIOTh
noctyn. Buxossiuu 3 BUMOT 110 BUCYBAIOTHCS 110 CUCTeE-
MU YIIPaBJIiHHS, KOXKHOMY KOPUCTYBa4€eBi, MOPS]] 3 MOX-
JIMBICTIO OJIEp>KaTH IPOCTOPOBUH JOCTYII, TIOBUHEH OYTH
Ha/laHWi HEeOoOXiJTHWH (IOCTaTHIM) pecypc MpOITyCKHOT
3IATHOCTI CHCTEMH 3B’sI3KY, SIKWMH, SIK [IPABHIIO, JUIs aHa-
JIOTOBOTO BapiaHTy i1 NMpakTHYHOI peasti3amii KUIbKiCHO
BUpPAXa€ThCsl B KaHaJax 3B’s3Ky, a Ui 1udpoBoro - y
HIBHAKOCTI nepezadi indopmaii (6it/c). Takum uynHOM,

4; =min(B (10)

npue Cpa()io 5 Zsac )’
. oy , )
ne B,,,, — KaHalbHA EMHICTh JIiHI OPUB’3KH; Gy —
YHCIIO KaHaliB pajiofoctyny (kanansHa emMHicts CPJ]);

Z ., — HasSBHICTb allapaTypy 3aCEKpeuyBaHHS.

3ac

Jly1s1 BU3HaYeHHsI [TOKa3HUKA JIOCTYITHOCTI CHCTEMH
3B’S13KY JOLIJIFHO BBECTH KOE(]ILi€HT JOCTYIHOCTI IO
MIPOMYCKHIHN 3AaTHOCTI Y BUIJISII

Ky, =min{V,, [V, .1}, (11)

ne V,, —ImaHoBaHa (peani3oBaHa) IIBHAKICTH Iepe-

naui; Vmp — HeoOXi1/IHA IBUAKICTh TIepenadi.

II .
HKH_[O 3HA4YCHHA K()Oim IO BCJIIMYKHI MCPCBUIITYE

1, TO MPOBOIATHCS PO3PaXyHKH pe3epBy iHPoOpMalliii-
HUX MOXXJIMBOCTEW MEpEexi:

Opes (12)

Ockinbku Koe(illieHTH, pO3paxoBaHi 3 BHKOpHC-
tanasM (5), (11), (12), BinoOpaxaroTs Qizu4HUI 3MicT
JIBOX PI3HUX BHIIB JOCTYIHOCTI - IPOCTOPOBOI (IO
CTYNEHIO TOKPUTTS TepUTOpii) 1 KaHanbHOI (110
MOKA3HUKOBI MPOITYCKHOI 3[]aTHOCTI), BUMOTH MO SIKHX
MOBUHHI OYTM BHWKOHaHI CIIJIBHO, Ma€ CEHC YBECTH
y3arajJbHEHH TIOKa3HUK e()EKTUBHOCTI CHCTEMHU 3B'SI3KY

K13 } (13)

docm

3 MeTOI0 MiJBHIIECHHS OOIPYHTOBAHOCTI MpHUIHS-
TOr0 PO3B’sI3KYy Ha BHOIp BapiaHTy CTPYKTYPH CHUCTEMH
3B’3Ky BIAIIOBIJHO JO BUMOTM MO Ii OCHOBHOMY
LIJThOBOMY IPH3HAYCHHIO - OOMiHYy iH(popMaIli€, a
3HAYUTh 1 JOCTYIY JO HEi MOCaJoBHX OCi0O OpraHiB
YIPaBJIiHHS, KpHUTEpialbHI 3HAYCHHS Yy3arajbHEHOTO
moka3Huka (13) ci1ix BCTAHOBIIIOBATH Y BiJOBIIHOCTI 31
CTYIEHEM 3aJIOBOJICHHs MOTPe0 CHCTEMH YIpaBIIiHHS
MO IPOITYCKHIM 3[aTHOCTI SIK TOJOBHOMY IOKa3HHUKY
epeKTUBHOCTI, IO BigoOpaXkae HaHOLIBII ICTOTHY
BJIACTHBICTh CHCTEMH BiHiCbKOBOMY 3B’si3Ky. CTpyKTYpa
3aMpPONOHOBAHOTO MIAXOMY 1O OMIHKH e(pEKTUBHOCTI
CHCTEMHU 3B’SI3KYy IIpEJCTaBlIeHO Ha puc. 1. 3ampomnoHo-
BaHUM MiJXiJ 10 OIIHKK €()EKTUBHOCTI CHCTEMH 3B’53-
Ky BHTIIHO ¥ OUYEBHIHO BIiJpi3HIETHCS Bill BiIOMHX
[1-9]. Tak, BUKOPHCTOBYBAHI B IICH Yac OKpeMi METOIH-
KM OIIHKA e(PEKTHBHOCTI CHCTEMH 3B’S3Ky BimoOpa-
KAaOTh, SIK IPABUJIO, OJTHE 3 ii YaCTKOBUX BJIACTHBOCTEH,

KB

docm

Kcc = min {K()ocm.np
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KIHELb

Puc. 1. MeroanaHuii miaxiz 3 OliHKK e)eKTHBHOCTI
(bYHKLIOHYBaHHS CUCTEMH 3B'I3KY

HaAIPUKJIaa pO3Bia3axuIIeHOCTh [1, 5], crilikicTs (B ac-
MEKTI CTPYKTYpHOI KuUBYy4ocTi) [6, 8] ab0 mpomyckHy
3MaTHICTH [2, 7], M0 3 MOIVIAAY CHCTEMHOTO IMiIXOAy €
HEIOCTATHIM, OCKIJIBKM OKPEMO B3STi BJIIACTHBOCTI, HE-
Xall HaBITh ICTOTHI, aJie¢ PO3IJIAHYTI MOPi3HO, HE BiIO-
Opa)karoTh IXHHOTO B3AEMHOT'O BILTUBY OJUH HA OJHOTO.
3 i€l npuuuHU OIiHKa €()EeKTHBHOCTI CUCTEMH 3B’ SI3KY
(hopMabHO TPEICTABISETHCS PI3HOCTOPOHHBOIO, ajie He
€ KOMIUIEKCHOIO. B yJ0CKOHaneHOMY K MiIXO/i MoKa3-
HHUK JOCTYITHOCTI TIOB’SI3aHUI 3 OCHOBHUM IOKa3HUKOM
MPOMYCKHOI 3aTHOCTI Ta IHTErPAJILHUM IOKa3HUKOM
CTIMKOCTI, SIKMH BKJIIOYac B ceO€ YaCTKOBI IMOKAa3HUKH
YKMBYUYOCTI, 3aBaJIOCTIHKOCTI Ta HaJiHHOCTI, IO 103BO-
JII€ KOMIUIEKCHO OIlIHUTH CHCTEMY 3B'SI3KY, a sSK HacJIi-
JIOK, TIPUHHATH OOTpYHTOBaHe pillieHHsI Ha 11 MOOyI0BY.

BucHoBku

1. B 3a3HaueHiil cTaTTi aBTOpaMH 3ampOIOHOBAHO
METOIMYHHUN MAXiA 3 OLUIHKK €PEeKTUBHOCTI CHUCTEMH
3B’S3Ky CHELaJIbHOTO MpU3HAYeHHs. 3alpOIOHOBAHUM
IiIX1/1 3aCHOBaHWI HA BUKOPHCTAaHHI TTOKa3HHUKA JIOCTY-
ITHOCTI CHUCTEMH 3B’SI3Ky CIELiaIbHOTO MPU3HAYSHHS 3
nepIoro pasy. B xoni 3a3HaueHOro JOCIiKEHHS aBTO-
paMu BUKOPHUCTaHI OCHOBHI ITOJIOKEHHS Teopii 3B’SI3KY,
Teopii 3aBaIOCTIMKOCTI Ta PO3BIA3aXHIIEHOCTI.

HoBu3Ha 3ampornoHOBaHOro MiAXOMy, Ha BIAMIHY
BiJl ICHYIOUHX TOJISITA€ B TOMY, IIIO CUCTEMA 3B’ 3Ky CIIe-
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LiaJIbHOTO MPU3HAYEHHS OLIHIOETHCS 110 y3aralbHEHOMY
MOKa3HHUKY JOCTYITHOCTI KaHAaJbHUX Ta MEPEKEBHX pe-
CYPCIB CHCTEMH 3B’SI3KY CIIELiaJIbHOTO PHU3HAYEHHS, 1110
€ 3TOPTKOI0 YaCTKOBHX MOKa3HUKIB OLIHKH €EeKTHBHOCTI
CHCTEMHU 3B’SI3KY CHELiaIbHOrO PU3HAYESHHSL.

2. BusiBiieHi npoTupivys MiX motpedaMu CHCTEMH
YIIPaBJIiHHS Ta MOXXJIMBOCTSIMH CHUCTEMH 3B'S3Ky, a Ta-
KOXX po30i’HOCTI B OIlIHKaX i1 MPOrHO30BaHOI Ta peaib-
HOI e()eKTUBHOCTI 32 OCHOBHUMH ITOKa3HUKAMH MOXYTb
OyTu BUpIIIEHI TaKUM YMHOM: OpraHi3aliliHO — Ha oc-
HOBI 3aCTOCYBaHHS IPHHIUITY CUCTEMHOCTI, OOTpYHTY-
BaHHS Ta peaizallii HOBOI TEPUTOPiaIbHO-PO3IOAIIEHOT
CTPYKTYpH, L0 BKJIFOYAE MEpEeXka pajioJOCTyIly Ta CTa-
LiOHApHOI OMOpPHOI MepeKi 3B’SI3KY; TEXHIYHO — 3a pa-
XYHOK MEpPEOCHAIIEHHsI CUCTEMH TEXHIYHO JIOCKOHAIIHU-
MU 3ac00aMU 3B’SI3Ky 3 HaJlaHHSAM IepeBard BHKOPHUC-
TaHHIO 3aC00IB 3B’A3KYy BITYM3HSHOTO BHUPOOHHIITBA;

JMUYHUX MiIXOIB 3 OIHKY ii e()eKTUBHOCTI Ta po3po0-
K{ HayKOBO-OOTPYHTOBaHMX PEKOMEHJAIN i MpakTuy-
HOi peamizamii Ta (OPMYBaHHIO CTPYKTYPH CHUCTEMH
3BSI3KM, IO BiJMOBINAE CY4acCHHMM 1 HEPCIEKTHBHUM
BHUMOT'aM JIO yIpaBJIiHHs BiiChKaMHU.

3. IIpakTuuHe 3HAUYEHHS 3alpPOIIOHOBAHOI'O METO-
JIMYHOTO ITiAX0/1Y IOJISIrae B TOMY, IO 3alpOIIOHOBAHUH
MIiJX1i TO3BOJISIE OLMIHUTH CUCTEMY 3B’SI3KY IO OUTBIIIH
KUJIBKOCTI YaCTKOBUX ITOKAa3HUKIB, BU3HAYUTU 3aXOIH
IIOJI0 PO3TOPTAaHHS CHCTEMH 3B’SI3Ky Ta BHPOOWTH 3a-
XO/IM CTOCOBHO ITiJIBHIIEHHS €(EKTHBHOCTI CHUCTEMH
3B’S3Ky CHELIaIbHOTO Mpu3HadeHHs. [Ipu mpomy ciin
LIYKaTH He ONTUMAaJIbHE, a pallioHaJIbHE BUPILICHHS MiX
HEeOoOX1THOI0 e(DEeKTHBHICTIO Ta MPUHHSATHOIO BAPTICTIO.

HanpsmkoM nogajasImmx J0CTiTKeHb € po3po0-
Ka HayKOBO-METOJUYHOTO arapaTy OIiHKU epEeKTUBHO-
CTi CHCTEMH 3B’SI3KY CIIEIiaIbHOTO IIPU3HAYCHHSL.
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Special purpose communication system methodological approach
A. Zinchenko, R. Pikul, K. Zinchenko, K. Liubarchuk, E. Yusukhno, A. Maksymenko, Yu. Sokol, Yu. Rindin

Abstract. The most characteristic features of building military communications systems are a high degree of a priori uncer-
tainty regarding the operational situation and a small amount of input data for communications planning. In such circumstances, it is
important to choose the right apparatus for evaluating managerial decisions that will allow officials of the governing bodies of the
communication system to be confident in the correctness of the decisions made. Making a decision to build a communication system
at any level, as a rule, includes determining the purpose of its functioning, selecting indicators and substantiating assessment criteria,
synthesizing alternative structures and finding a rational option for deploying a communication system. The practice of the combat
use of communication units and subunits has convincingly shown that in theory and practice of organization of communication there
is a need to improve the scientific and methodological apparatus, which will correspond to modern conditions for the functioning of
control systems and provide a more adequate assessment of the effectiveness of communication systems, are unfolding. In this arti-
cle, the authors proposed a methodological approach to assess the effectiveness of a special-purpose communication system. The
proposed approach is based on the use of the accessibility indicator of a special-purpose communication system the first time. In the
course of this study, the authors used the basic principles of communication theory, the theory of noise immunity and security protec-
tion. The novelty of the proposed methodological approach, in contrast to the existing ones, is that a special-purpose communication
system is evaluated by a generalized indicator of the availability of channel and network resources of a special-purpose communica-
tion system, which is a convolution of particular indicators for evaluating the effectiveness of a special-purpose communication sys-
tem. The practical significance of the proposed methodological approach lies in the fact that the proposed approach allows us to
evaluate the communication system by more private indicators, to determine measures for the deployment of the communication
system and to develop measures to increase the efficiency of the special-purpose communication system.

Keywords: communication system assessment, efficiency, noise immunity, communication system for special purposes.
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STUDY OF DETECTION AND RADAR STEALTH PINPOINT AIR OBJECTS

Abstract. The subject study of the article is to identify radar stealth and pinpoint aerial objects used in the national
economy during their operation. The article is research process efficiency in detecting radar stealth and pinpoint aerial
objects. The problem to be solved — just ification of technical solutions and their implementation in practice of detecting
radar stealth and pinpoint air objects will improve efficiency in their radar detection by applying detection device using
stealth and pinpoint lights overhead objects used in the national economy, which is offered. The article reviewed: promising
ways to improve the detection of small aircraft and stealth objects of the simultaneous use of its properties and effective
surface scattering algorithm using optimal processing signals reflected stealth and pinpoint objects in the air and block
diagram using backlight stealth and pinpoint multiple objects overhead space-spaced transmitter block diagram detection
device using the backlight stealth and pinpoint multiple objects overhead space-spaced transmitters, which corresponds to
one volume and one separate speed channel being developed. Conclusion: The proposed technical solutions should be used
as the modernization of existing radars and in creating advanced radar designs.

Keywords: subtle and pinpoint Air facilities, the effective surface scattering algorithm for optimal signal processing.

Introduction

Formulation of the problem. Considering the
importance of stealth and pinpoint aerial objects in the
economy in recent years has increased the need to
study traditional methods of determining efficiency of
small and inconspicuous air objects that will help
determine the number of radar stations, in order to
reduce power consumption and, consequently, to
reduce the cost of creating and maintaining regular
radar field. Resolving the contradiction between the
tendency to reduce radar visibility stealth and pinpoint
aerial objects and features of existing radars on their
detection requires the development of new alternative
and non-traditional methods of radar stealth and
pinpoint overhead objects, confirming the relevance of
research and application.

Analysis of the literature. Principles and
organizational framework radar described in the literature
[1 - 14]. Evaluating the effectiveness of the use of
diversity reception of signals in radar observation stations
upon detection of small air objects brought in [15].
Method of increasing the detection zone of small objects
in the air radar observation stations set out in the theses of
the report [16].

The question of improving the efficiency of
detection of small objects overhead by combining
methods Injection and diversity reception of signals
contained in the theses of the report [17]. The basic
principles of the use of modern radar world explored in
[18]. At the same time remain open issues related to
solving the contradiction between the tendency to reduce
radar visibility stealth and pinpoint aerial objects and
features of existing radars on their detection.

The article is a research process efficiency in
detecting radar stealth and pinpoint targets.

Core material

Currently, promising ways to improve the detection
of small and inconspicuous air facilities are [15]:

- the use of energy sources other radiation modes
and implementing diversity reception;

- the use of resonant reflection properties of
electromagnetic waves and subtle air of small objects
when using wavelengths that are comparable to the size
of the object;

- the benefits of diversity reception.

The use of multiposition radar system compared to
the radar Injection [18] together with certain shortcom -
ngs have several advantages. As a Multi-transmitter
radar can be used as a special (characteristics of the
classical radar) and unconventional (external)
transmitter that is not part of the system. With this
construction  system provides minimal energy
consumption for the system.

At present the existing radar systems performing
detection of stealth and pinpoint aerial objects in the
field of illumination sources other radio and take
advantage of diversity reception. As such sources are
used transmitters broadcasting systems, cellular and
others. In order to detect stealth aircraft and pinpoint
objects with simultaneous use of its properties and
effective surface scattering is necessary to provide a
radar implementing their detection algorithm with its
irradiated multiple transmitters. For this radar
processing channels need to implement echo signals
caused by the radiation of their own and third-party
transmitters [7]:

- channel processing the echo signals reflected
from stealth and pinpoint aerial objects at its irradiation
transmitter, which combined with receivers (using
properties effective surface scattering);

- channels of processing the echo signals
reflected from stealth and pinpoint aerial objects at its
irradiation transmitters are spaced (using properties
effective surface scattering).

For processing the echo signals from each
transmitter in the reception center must implement
separate processing channels. The signals emitted by
transmitters spaced, in general, can be incoherent with
each other. As shown [7], the fluctuation amplitude of
the reflected signals in monostatychnomu and
bistatychnomu modes correspond to different distribu,-
ions, so independent.

© Kovalevskii S., 2020
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Algorithm for optimal processing signals reflected
stealth and pinpoint objects in the air and regime should
be based on the principle of non-coherent summing
results agreed with appropriate compensation
rocessing time and frequency shifts that would allow
radar, to improve the quality of detection of small and
inconspicuous air objects to realize multi incoherent
detection method of union channels. This can be done
by using additional outside sources of radiation. That is
not possible without the improvement and
implementation of multi-detection method stealth and
pinpoint aerial objects incoherent union channels.
onsider this method using radiation else.

Determines that while in stealth aircraft and
pinpoint objects in the field of radiation transmitting
multiple positions reflected from it echo signals at the
location of the receiving position can be represented as:

Yk(t,i)={Slk(t,Xl),...sl-k(x,Xl-)...s,vk(x,X;)} (1)

where Y (z, 7:) - the combined signal to the receiving

position at the location, which is caused by signals
eflected from stealth and pinpoint aerial objects located

in the k-th separate volume; S;; (¢, Xi,) - and the second

type of signal due and th transmitter and reflected by
stealth and pinpoint aerial objects located in the k-th

separate volume; L - vector informative parameters
total signal composed of vectors Xl-; Xl- - vector
informative parameters of the echo signal and the
second type; i=1,2...N - the number of types of

signals due to the number of gear positions, irradiated
stealth and pinpoint aerial objects.

Each signal Sy (¢,A;,) which is part of the total

signal (1) at the location of the receiving positions are
mutually  uncorrelated and can be accepted and
processed according to individual receiving channels.
Therefore, to enable processing of the entire set of

signals Y}, (t,%), Reception center should consist of a
combination of certain processing channels. Each
eceiving channel operates algorithm [8]:

T
Zig = [{Te@. ) =Dy (03| Xy (L hi)de ()
0
where Z;. - the result of coordinated processing the
echo signal and the second type received from stealth
and pinpoint aerial objects located in the k-th separate
volume; Y} (t,i)- the combined input signal at the
output of the receiver, which is reflected by stealth and
pinpoint aerial objects located in the k-th separate
volume; Dy, (t,Xi) - standard grade component input,
which is formed at the exit barriers for the equalizer and
Channel processing and for the first separate volume;
X (t,Xi) - Expected (reference) signal and the
second type for k-th separate volume.
Optimal aggregate processing signals, which is
based on the principle of non-coherent summing results

coherent processing echo signals in the receiving
hannels and generates corresponding likelihood ratio
has the form [7]:

m A-2 )
L =2z 3
1 ;Nl_2|, , (3)
m 1 ~ 12
and Ly, = Z—|Zl-| “4)
i=l N;

where L1, L2 - likelihood ratio of weak and strong
ignals, respectively; 4;; =F/R - the ratio of average

1

power signals in the i-th and the first channel; N; -

sided power spectral density of white noise in the i-th

channel; Z; - the result of coherent processing of

received signals in the i-th channel; m - number of non-
coherent processing channels.

Optimal treatment (2), (3), (4) which provides
etection of small and subtle air of irradiation facilities
with multiple transmitters is reduced to a coherent
rocessing received echo signals quadratic detection in
each channel processing and weight summing outputs of
detectors all channels. The weights depend on the
ignal / noise ratio and noise spectral density in the
channels of processing. While processing channels are
in a reception center, but emitters probing signals that
cause the echo signals corresponding processing
channels, separated in space. Thus, the echo signals
reflected from one stealth and pinpoint air conditioned
facilities and probing signals emitted from spatially
separated positions, the receptionist positions will have
different time delays and Doppler frequency. Therefore
incoherent summation according to (3) or (4) must be
implemented for each separate volume radiolokatsinoyi
station prior to compensation of time delay and Doppler
frequency for each reception channel to a separate
volume radiolokatsinoyi station. With this in mind, the
expressions (3) and (4) take the form:

L] (dkaBkagkaFaK) =
A7 (di B oer . FO, )

)

i=1 le (dk,Bk,Sk,FaK)

2 (5

ZNI- (dkaBkagkaFaK)

and

L2 (dk,Bk,sk,FOK) =

m
1
=2

im1 N (di, By -k FOy)

where L] (dk,Bk,sk,FdK), la(dk,Bk,Sk,FaK) -
ikelihood ratio of weak and strong signals in the k-th

2 (6)

E

|Z~i (di>Br-ex- FOy)

separate volume coordinates (dy,By,€; ) and for the first

Doppler frequency Fo, respectively; d;,B;,e; - range,
azimuth and elevation responsible for th separate volume
station; Fo, - Doppler frequency, which is responsible
for th

Ay (dy By &x. FO, ) - the ratio of average signal power

separate  channel Doppler frequency;
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in the i-th and the first channel for the k-th separate
olume and for the first Doppler frequency resolution

station; N; (d,By.&;,F0,) - sided power spectral density

of white noise in the i-th channel element, which is
responsible for th separate volume and for the first

oppler frequency resolution station; Z; (dy,By. ¢y, Foy )

- the result of coherent processing of received signals in
the i-th channel element, which is responsible for th
separate volume and for the first Doppler frequency
resolution station. As seen from expressions (2), (3), (4)
each receiving channel and signal-type must be multi-in
range (time delay) and speed (Doppler frequency).
Each channel compensation range operation

erformed pereshkodovyh signals and channels formed

Fdl i speed ... Fdm_i. The output of the high-speed
amplitude detection channels after forming coherent
processing results echo signal and the second type
received from the software, which is a k-th separate
volume for k-th speed channel (Zj;). Results coherent
processing the echo signals arriving at the weighted
summation. The weights (Qy) are formed for each
signal-type and each channel k-th distance and speed.
The input adder come outputs of each channel signal
and the second type, which correspond to the
eponymous eponymous separate volume and channel
speed. Some structural diagram of the device detection
using stealth and pinpoint lights overhead objects more
space-spaced transmitters that meets the eponymous
separate volume and speed channel shown in Fig. 1.

» tk,m = de,m > D

i

=

ka

\ 4

M-channel signal type

The signal is

—»  Fdi; »{ D [»

Channel signal i-type

Fdy, (» D

Detection
Qui > > device
Signal
do not have
Threshold
le

Channel signal type 1

Fig. 1. Block diagram of the detection device
using the backlight stealth and pinpoint multiple objects overhead
space-spaced transmitters, which corresponds to one volume and one separate speed channel

As shown in Fig. 1, the construction of the radar
system consists of a receiving and transmitting multiple
positions, the optimal detection device is multi-channel.
Signals receiving channels are aligned to the delay
according to the delay values k1 ... thkm, which is caused
by the different distances between the receiving and
transmitting positions. Aligned to delay signals are
coherent Doppler processing and filtering (Fdkl ...
Fdkm), detected and summed with weights (Qk1 ...
Qkm). The coefficients depend on the signal / noise ratio
in the channel processing.

The output of the adder gained through the signal
(calculated likelihood ratio) is fed to a threshold device,
which is compared with the threshold value depends on
the selected detection criteria (minimum average risk,
minimax, Neyman-Pearson, ideal observer, etc.).
epending on exceeding or not exceeding the threshold
decision on the presence or absence of stealth and
inpoint aerial objects in the k-th separate volume and
speed k-th channel.

Conclusions

1. The paper identified ways to improve detection
of subtle and objects.

2. To identify and pinpoint subtle objects in the air
radar stations by using radiation sources is necessary to
ensure third-party reception processing coherent echo
signals outside sources, differences in compensation for
the delay and Doppler frequency relative volume
separate radar, incoherent weighted summation.

3. In evaluating the performance of small and
detect stealth aircraft objects using third-party sources
of radiation necessary to consider the nature of the
fluctuations of the amplitude of the echo signals
resulting from the properties and effective surface
scattering stealth and pinpoint aerial objects.

4. The proposed technical solutions should be used
as the modernization of existing radars and in creating
advanced radar designs.
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JocaigkeHHs1 BUABJICHHS PafioJOKaNiifHUMH CTAHIISIMH MAJIONIOMITHAX Ta MaJIOPO3MiPpHHX NMOBITPAHMX 00’ €KTIB
C. M. KoBaneBcbknit

Anortanis. IIpenMeToM BUBUEHHS B CTATTI € BUABJICHHS PAiONIOKALIIHUMY CTaHIISIMH MAJIOIIOMITHUX Ta MaJIOPO3MipPHHX
MIOBITPSIHUX 00’€KTIB, 10 BUKOPUCTOBYIOTHCS B HAPOAHOMY I'OCIIONAPCTBI B Ipoleci iX ekcruryararii. MeToro cTarTi € nocii-
JUKEHHS TIPOLEeCy MiJBUIICHHA €()EeKTUBHOCTI paJlioNOKalifHUX CTAaHLIN NPU BUSBICHHI MAJONOMITHHX Ta MaloOpO3MipHHX
HOBITPAHMX 00’€KTiB. 3amaya, 0 BUPILIYETbCH, — OOIPYHTYBaHHS TEXHIYHHX PIlllCHb, BIPOBA/KCHHS SKUX B IIPAKTHKY BUSB-
JICHHS Da/lioNoKalliiHUMU CTaHLIIMU MaJIONOMITHUX Ta MaJIOPO3MIpPHHX MOBITPSHUX 00’ €KTIB I03BOJATH HiJBUILUTH edexTu-
BHOCTI pa/liOJIOKAIIIHKUX CTaHLiH Npy IX BUSBIEHHI NUIAXOM 3aCTOCYBaHHs IPWJIALy BUSABICHHSA IPY BUKOPHCTAHHI ITi/ICBIdy-
BaHHs MaJIOHOMITHHX Ta MJIOPO3MIPHHX MOBITPSIHUX 00’ €KTiB, 1110 BUKOPUCTOBYIOTHCSI B HAPOIHOMY I'OCIIONAPCTB, SAKiH IPOIOHY-
€TbCsl. B cTarTi posmisnaerses: NepeneKTUBHI LUISXH ITiIBUILCHHS e)EeKTUBHOCTI BUSIBJIICHHSI MAJONOMITHUX Ta MaloOpO3MipHUX
HOBITPSHKUX 00’ €KTIB i3 ONHOYACHUM BUKOPHCTAHHSAM BIIaCTHBOCTEH HOro 6icTaTM4HOI Ta MOHOCTAaTUYHOI €()EKTHBHOI MOBEPXHI
PO3CiIOBaHHS, BUKOPUCTAHHS aJITOPUTMY ONTUMAJIbHOI OOPOOKM CUI'HAJIIB, AKi B1IOUTI MaJIONOMITHHX Ta MJIOPO3MiPHHUX IIOBIT-
PSIHUX 00’€KTiB B MOHOCTATHYHOMY Ta OiCTATHYHOMY PEXHMax, CTPYKTypHA CXeMa BUSBIIIOBada IPU BUKOPHUCTaHHI ITiJICBIdY-
BaHHS MAJONOMITHUX Ta MaJIOPO3MiPHHUX MOBITPSHUX 00’ €KTIB JIEKIbKOMa IPOCTOPOBO-PO3HECEHUMH TIepe/iaBadaMy CTPYKTYp-
Ha cXxeMa IpuJIaJly BUSBJICHHS IPY BUKOPHCTAHHI IiJICBIYYBaHH MAJIOINOMITHUX Ta MJIOPO3MIPHUX MOBITPSAHUX 00’ €KTIB JEKiJIb-
KOMa [IPOCTOPOBO-PO3HECEHUMH TIepe/laBayaMH, SKa BiANOBIJa€ OZTHOMY PO3JUILHOMY 00'€eMy Ta OZHOMY LIBU/IKICHOMY KaHaly, ,
IO PO3pOOIIsIETHC. BHCHOBKH: 3anpONOHOBAHI TEXHIUHI PIICHHS JOLIJIbHO BUKOPUCTOBYBATHU SIK IIPU MOZEPHi3alil iCHYHOUUX
PpazioNoKalifHUX CTaHLIN, TaK i PU CTBOPEHHI NEPCIEKTUBHUX 3Pa3KiB Pa/lioNIOKAIiHHUX CTaHLIN.

Karo4oBi c/10Ba: MajonoMiTHI Ta MaIOPO3MIpHI HOBITPsAHI 00’ €KTH, €)EeKTUBHA IOBEPXHS PO3CIIOBAHHS, AJITOPUTM OII-
TUMAJILHOT 0OPOOKH CUTHAIIB.
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CONTROL AND CORRECTION OF DATA ERRORS IN A RESIDUE CLASS

Abstract. The subject of the research in the article is the methods of control and correction of single errors of integer
data are presented in the residue class (RC), which allows to increase the efficiency of using RC when building com-
puter systems and components. The purpose of the article is to develop a method for correcting single data errors in
RC. Tasks: to study the code structures presented in RC to determine the possibility of control and correction of data er-
rors; to investigate the effect of RC properties on data control and correction operations; to develop a method for cor-
recting single data errors in RC. Research methods: methods of analysis and synthesis of computer systems, number
theory, coding theory in RC. The following results are obtained. An analysis of the correcting capabilities of codes in
RC showed the high efficiency of using non-positional code structures, which is due to the presence of primary and sec-
ondary redundancy in such structures. The article presents a method for correcting one-time data errors in RC. Exam-
ples of detecting and correcting data errors in RC code are given, which confirms the theoretical results obtained. Con-
clusions. Studies have shown that the use of codes in RC makes it possible to build an effective system for monitoring
and correcting data errors with the introduction of minimal code redundancy. That is, when certain conditions are met,

the introduction of one control base allows not only monitoring, but also correction of single data errors.

Keywords:
control coding, data control and correction.

Introduction

In general, in order to verify, diagnose and correct
errors a code structure requires a certain error-correcting
capability. In this case, code is required to be introduced
to data duplication, i.e. information redundancy should
be implemented. All of the above fully refers to a non-
positional code structure (NCS) in residue classes (RC)
[1-3]. For each random RC the amount of redundancy
R=M,/M uniquely determines correction capability
of a non-positional error-correcting code. Error correct-
ing codes in RC can have any given values of minimum

code distance (MCD) dRO

min °

which depends on the

value of redundancy R . The acquainted theorem [1-2]
establishes a link between error-correcting code redun-

dancy R, the value of MCD dr(n[ff ), and the amount of
RC check bases k.

Error-correcting code has MCD values dR in

min
case when the degree of redundancy R is not less than
the product dr(n[fnc ) —1 of RC bases.
On the one hand we get
d\RO [

R >H min

but on the other hand

R= MO/M Hn+k /Hll 11

In this case, it’s correct to state that

dRO 1=,
or
dRO =41, (1)

There are two approaches to solve the problem of
providing NCS with all required error-correcting prop-
erties in RC.

non-positional code structure, residue classes, positional numeral systems, minimum code distance, error-

The first approach. If the requirements for error-
correcting properties of NCS are known, for example,
depending on amount of errors being detected #4, or
corrected ¢, required information redundancy R
should be introduced, using the amount of & or the val-
ue {m,,} of check bases. Redundancy R determines

minimum code distance d‘®¢) of NCS in RC. Then,

min
according to the error-control coding (ECC) theory for
an ordered (m; <m;,;) RC we have that

<dgl -1, @
tier. <k 5 3)
RC
teor <[ (4587 -1) 2], o)
Leor. S [k/z] : (5)
The second approach. For a given NCS
Apc =
=(allay [l @iy 1@ | gy 1oty 1]l @)

(for a given value k) its error-correcting capabilities
(determined by the dRO

min
fined by the expressions (3) and (5).

Note that, if an ordered RC is extended by adding
k check bases to n information modules, then MCD

value) of RC code are de-

dr(n[ff ) of the error-correcting code is increased by the

value & (see expression (1)).
The values of dr(n[ff ) can be also increased by de-

creasing the number 7 of information bases, i.e. by tran-
sitioning to less accurate calculations. It’s clear that in
RC between error-correcting R properties of error-
control codes and calculation accuracy W inverse pro-
portion exists. The same computer can perform arith-
metical calculations or any other math operations both

© Krasnobayev V., Koshman S., 2020
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with high W accuracy but a low error-correcting R
capability and with lower W accuracy, but with a
higher capability R of error detection and correction
in order to verify, diagnose and correct data faults, as
well as to demonstrate higher data processing perform-
ance (the time to execute basic operations is inversely
proportional to n information bases in RC) [2-4].

The purpose of the article is to develop a
method for correcting single data errors in RC.

The main part

Now we’ll analyze the process of single-error cor-
recting data capability in RC given the minimal infor-
mation redundancy by introduction of a single (k=1)
check base.

In this case, according to the error control coding
theory in RC [1, 5], MCD is equal to the value

dB) =41,

min

If k=1, then MCD is d*9) =2, which, as ac-
cording to the general error control coding theory, en-
sures any single-error detection (an error in one of the
residues a; (i=1,n+1)) in NCS.

In general, just as in the positional numeral system
(PNS), the process of data error correction in RC con-
sists of three stages.

The first stage — data checking (correctness or in-
correctness verification of the initial number Ap-). On

the second stage diagnosing the false IZRC number (de-

tection of a single corrupted residue g; of the number
Agc to the base m; in RC). And, finally, on the third

stage correcting the invalid residue g, to its true value

a; of the number, i.e. correcting false Ap- number

(getting the correct number Ape = 4, ).
The degree of information redundancy R (code

error-correcting property) is estimated by the value of
MCD  d,;, "%

min

MCD is defined by the ratio dRO =k +1, where k is

min

. As previously noted, the value of

the amount of check bases in an ordered RC.
Let’s start with the NCS

Ape = (@ [lag || Ny |l 1 a; [ @iy 1]l @y ||l @)

in RC having a minimal (k£ =1) additional information
redundancy. In this situation it’s considered that
(RC) _
de ' =2.
According to the error control coding theory in
PNS if the minimum code distance is granted to be
(PNS) _
dmin =2 ’
a single error in a code structure is ensured to be de-
tected. In PNS a single error is understood as a corrup-
tion of a single information bit, for instance 0 —1 or
1— 0. In order to correct this single error it’s required
to ensure the condition, when

(PNS) _
i =3.

Contrary to PNS, a single error in RC is under-
stood as a corruption of a single residue @; modulo m; .

Inasmuch as the residue a; of the number Ap- modulo
m; contains z = {[log,(m; —1)]+1} binary bits, then it’s

formally correct to be considered that if

dRO =2 (k=1)

min
is within limits of a single residue g;, an error cluster

can be detected in RC, with its length not exceeding z
binary bits. However, in RC, as it is shown in literature
[1, 2, 6], there are some cases when a single error can be
corrected while
RC
df) =2
In the light of specific features and properties of
NCS representation in RC an error-correcting capability
given
RC
dr(nin ) =2
can be explained in the following manner.
1. A single error in PNS and in RC are different
concepts, as it was shown before. With that being said,

MCD dr(n}ijévs ) for PNS and dr(n[ff ) for RC has different
meaning and measure.

2. Existing (implicitly) intrinsic (natural, primal) in-
formation redundancy in NCS, being stored in residues
{a;} due to their forming procedure, has a positive effect

(from the perspective of increasing data jam-resistance,
transfer and processing reliability) that kicks in only with
the presence of a subsidiary (artificial, secondary) infor-
mation redundancy.

An artificial information redundancy in NCS is be-
ing introduced by using (additionally to » information
bases) k£ check bases in RC. A distinguishing feature of
RC is its significant display of the intrinsic information
redundancy only if the subsidiary one is also present, due
to introduction of check bases.

3. As shown in [6-8], error control code in RC
4RO

min

with mutually prime bases has the MCD value of
only if the information redundancy level is not less than
the product of any dr(n[fnc )1 bases of a given RC.

The availability and interaction of primary and
secondary redundancies during the subsidiary tests (time
redundancy usage) of error-correcting process, which
may provide a single-error error-correcting capability in

RC, while d'f) =2 (given k=1).
Indeed, according to the expressions (3) and (5) for
an ordered RC following conclusions can be made: with

a single (k =1) check base m,,; in RC, the NCS

A=(a|lay || My 1 a; @ 1] -1l @, |l @pp)

(RC)

can have several values of &, . In this case, it de-

pends on the value of check residue m,.. If, for every
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different RC modulus condition m; <m, ; (i =1,n)is

met, then conclusion can be made that dr(nlff ) =2, as
according to the expression (1), and #4,, =1, according

to the expression (2). If the condition m;-m; <m,,

(i,jzl,_n; i#j) is met across the totality of {m;}
information bases for a random modulus pair, then

dBO =3 and 14, =2.

min
Thus, for the NCS in RC given k=1, the MCD
dRO

i can vary, depending on the value of RC check
base m,,;. Assume, RC is given information bases

m=3, my=4, my=5, my=7 and moreover
my =m, ; =ms=11. In this case error verification of

any single corrupted NCS residue can be ensured.

Number representation specificity in RC in some
cases allows not only to detect an error, but to find a
place of its occurrence with the use of a single check
base, which would be impossible to do in the PNS,
utilizing existing methods of detecting and correcting
errors.

Let’s assume, that in the corrupted (A4 > M ) num-
ber

A=l ay |-l g 1 | @z |l Nl ay [l @ppr)
the error
a; =(a; + Aag;)mod m;

is verified to be present in the residue ¢; modulo m; .
We’ll take a look at the ratio, which makes it pos-
sible to correct an error in a given residue 4, [1].
It’s clear that:

A=(A4+Ad)mod M, (6)

Basing on that the error magnitude can be equated
to

A4=(0[[0]|...[[0]| A [|O]... | O1}0),

then the correct (A<M ) number A4 can be expressed
as follows:

A=(A-Ad)mod M, =
=[(“1 lay Il My a1l ay Il a, || an+1)—
—(0110]|...110]| Ag ||0||...||O||0)}modM0 =
=l llay||...I1 ;1 || (@; — Aa;)modm, || ;. ]...

|| a, || an+1]mOdM0.

We’ll quantify the value of A . Inasmuch number

A is correct, i.e. is contained in numerical interval
[0, M) , then the following inequality will be fulfilled:

A=(21—AA)modM0<M. (7)

Basing on the value of the error A4 is equal to

AA=Aaq;-B;,
then the inequality (7) will be expressed as:
A—Aa; B, —r-My<M or

A=Aa;-B;—r-My<My/m,, (r=1,2,3,.),

A—(G;—a;)-Bi—r-My<My/m

n+l»

,Zlf(al.fdl.)-Bi—r~M0<M0/m

n+l>
(al-f dl-)-Bl- <M0/mn+lf;1+r-M0,
a;—a; <(My/my,,,)/B;— A/ B;j+r-M/B;,
a; <a;+(My/my,,)/ B;— Al B;+r-My/B;. (8)

Since the orthogonal base of RC module m; takes
the form of B; =m;-M,/m;, then the expression (8)
shows up as:

a; <a; +(m;+r-m;-m, )/ (m;-m,,)— A/ B; or
a; <dl-+ml-(1+r-mn+1)/(n_1i-mnﬂ)f;l/Bl-. 9)

Inasmuch as the value of the residue ¢; is a natural
number, then the value of

my (L4 r-m 1)/ (7 -m,, )~ A1 By,
as shown in the expression (9), should be an integer.

Thus, taking an integral part of the last ratio, the
formula for correcting error in the residue & of the

number 4 will be:

.(1+r-mn+1)
(1 -1,y41)

a; = (@; +[m —A4/B;)modm,]. (10)
We’ll have a look at the examples of error correc-
tion in RC.
Example Nel.
number

Perform data verification of the

Arc = (O 0[|0][0][5)

and correct it if required, when RC was given informa-
tion m;=3, my=4, my=5, ms=7 and check

my =ms =11 bases.
Thereby,

n 4
M =Hmi =Hml- =420
i= i=l
and
My=M-m,, ; =420-11=4620.

Orthogonal RC bases B; (i=1,n+1) and their
weights are equal
By =(1||0[|0[|0[[0)=1540, my =1;
By =(O[[1[[O] 110]/0)=3465, my =3;

By =(0[[0[[1][0]]0)=3696, m3 =4;
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By =(0[[O[| O[] 0) =2640, iy = 4;
Bs=(0][0]/0]|0[1)=2520, in5s =6.

I. Data verification of Ap-=(0|/0]|0]0]5). Ac-

cording to the control procedure [1] the value will be
defined as:

n+l 5
Apys = (Z a; -B,.JmodMO = [Zai ~Bl-JmodM0 =
i=1 i=1
=(0-1540+0-3465+0-3696 +0-2640 +
+5-2520) mod 4620 = (5-2520) mod 4620 =
=12600(mod 4620) = 3360 > 420 .

Thus, in the process of data verification it was
evaluated, that

Apc =3360>M =420.

In this case, with the possibility of only single er-
rors appearing, conclusion is made that the number in

question Az =(0[]0[0][0][S)  is incorrect
(3360 > M =420).
In order to correct the number

;13360 =(0]|01]|0]|0]|5) data is required to be verified
first, i.e. corrupted residue G; has to be detected. Once
done, the true value of the residue a; modulo m; needs
to be defined, whereupon the corrupted residue g;
should be corrected.

1. Data diagnosing of 43350 =(0]/0]0]/0]5).
According to the mapping method [1, 2], possible pro-
jections ;lj of the number ;13360 =(0]|0]|0]|0||5) are:

A =0]0]0]5), 4 =0 0[0]5),
A;=(0][0]| 10]15), 44 =(0]0]/0]|5)
and A5 =(0/0/0]/0).

Computational formula for the values A4 ipns of

PNS number projections is written as [1]:

n

Aipys=| 2 (#-By)|modM;. (11)
i=l; j=1, n+1.

According to the expression (11) we’ll compute all

the values of A i pns - Once done, we will make (n+1)

comparison of the ;1]- pys numbers to the number

M =M/ m,, . If there are any numbers not being con-
tained in the informational numeric interval [0, M),
which contains & correct numbers (i.e. Zlk >M),

among 4;

; projections, then conclusion is made that

these & residues of the number A are not corrupted.
Only the residues among the rest [(n+1)—k] number

Agc residues can be false.

The set of and the totality of the quotient B; or-

thogonal bases are shown in Table 1 respectively.

Table 1 — The totality of the quotient orthogonal
RC bases

—'—IB}“ i 1 2 3 4
J
1 385 616 1100 980
2 385 231 330 210
3 616 693 792 672
4 220 165 396 540
5 280 105 336 120

Now then (Table 1):

4
Aipys =(Zai -BﬂJmodMl =(0-385+0-616+

i=1
+0-1100+5-980) mod 1540 =280 <420 .

Arriving at conclusion, that the residue a; of the

number ;11 is possibly a corrupted residue a; ;

4
Ay s =(Zai ~Bl-2JmodM2 =(0-385+0-231+

i=1
+0-330+5-210)mod 1155 =1050 > 420 .

Hence, the residue a, is ensured being not cor-
rupted;

4
Asps =[Zai -BI-3JmodM3 =(0-616+0-693+

i=1
+0-792+5-672)mod 924 = 588 > 420 .

Deduced, the residue a; is ensured being not cor-
rupted;

4
Aypns = [Z a;- Bi4Jm0dM4 =
i=1

=(0-220+0-165+0-369+5-540)mod 660 = 60 < 420 .

Conclusion: the residue a4 modulo m, of the

number ;14 is possibly a corrupted residue ay .

4
Aspys = [Z;, 4; 'BistOdMs :
i=

Since M5 =M =420, the residue as of the check
module m; =ms will be always among the totality of
possibly corrupted residues a; of RC number.

Overall conclusion. During data diagnosing of
A=(0]|0][0][0]|5) in NCS, the residues a, =0 and
a3 =0 were ensured not being corrupted. The residues
to the bases m;, m, and ms might be corrupted, i.e.
the residues @; =0, a, =0 and a5 =5.
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In this case it’s required to correct the residues a,
a and as.

III. Correcting data errors ;13360 =(0]/0]|0]|0]5) .
According to the acquainted [1] expression:

[—{Mgﬂmm (1)

My =My i

we will correct possibly a;, a, and as corrupted resi-
dues a;, a, and a5, where r=1,2,3,....

AD modm; =
B

+[3.(1+r.11)_3360Dmod3=1;

It turns out that:

alz(—l{w_

My =My

0y = 54{w_i} modm, =
My -1y By
=0+ 7_12_@ m0d7=0’
11-4 2640

as =(55 +{mn+1 (L+7-my,) _BiDmOdm”H =

(=]

11-1 1540

My g - My 4 5
(54 11-(1+11)_3360 modl1=0
11-6 2520

With accordance to the computed residues a; =1,
ays =0 and a5 =0 we are correcting (recovering) the
corrupted number ;13360 =(0]|01]|0]|0]|5), i.e. the cor-
rected number becomes ‘Zlcor. =(1]]0]10]10]5) -

To validate corrected data, as according to the ac-
quainted [1] expression, we’ll define the value of the

number ‘Zlcor. =(1/]0]|0]|0|5) in the following way:

5
Acor pNs =(Z“i ~BiJmodM0 =(a;-By+ay B, +

i=1
+0-3465+0-3696+0-2640+5-2520) mod 4620 =
=14140(mod 4620) =280.

Thus 280 <M =420, the number
Aygo =(1]]0]10]| 0] 5) is correct.

In order to validate correctness of the number
4360 We'll make a computation and comparison of the
values to the correct residues a, =0 and a3 =0. In this
case they are

ay =[ 04| LD 3O 0449
11-3 3465

and

as =[ 0+ 2D 300N 45
11-4 3696

The resulted computations a, =0 and a; =0 of
the residues modulo m, and mj; in RC verified correct-
ness of the corrupted number ;13360 =(0]/0]|0]|0]5) .
Thus, the original number Agzc=(00[/0]0]5) is
corrupted Ay, Wherein the single error Ag; =1 oc-
curred modulo 7, . This error made the correct number
Aygo being corrupted Ass¢p -

In order to verify if the correct number A,gq, is

true, subsidiary tests on the process of corruption and
correction of the number A4,g, modulo m =3 are re-

quired. The amount of possible N - incorrect (cor-
rupted) IZRC codewords (if only a single error occurred)
for each correct A~ number are

n+l

NCC =Zmi—(i’l+l).

i=1

Test results have shown that corruption of the resi-
due a; modulo m; =3 of the correct number A,g, can
produce only two incorrect numbers:
A3360=(0110]|0]]0]|5) and Ay =(2]]0]|0][0]5).
This points to the fact that the corrected number
Aeor. = Ar30 =(1]01]]0]|0]|5) is both correct (is con-
tained in the interval [0, 420)) and true. The trueness of
the resulted number A,g, = (i [|0]|01]|0]|5) is confirmed
by the fact that the single error Ag; =2 to the base
m =3 converts (A= (A+Ad)mod M, =
=(1[[0][O[[0][5)+2[[0]|0]/0]10) =[(1+2)mod 3|0
10110(/5]1=(0]/0]|0]|0]|5)) this number to the unique
incorrect number A;350 =(0/0(/0]/0]5) .

Example Ne2. Assume, the correct number is
Aygo =(1]]0]]0]|0]|5) and assume that Ag; =1. In this
case

A=(A+A)mod My =(1]0]0]/0[|5)+(1[0] 0]
10110)=[(1+1)mod3][0[[0][0]|5]= 2]]0[|0[0] 5) .

This RC number is relevant to the number 1820 in

PNS, i.e. the number ;11820 is incorrect. We’ll correct
the number ;11 g20 NOW.
Data diagnosing should be made ahead of correcting the
number Ajg,,. To do this we’ll map projections
4;(j=1,5) of the number Agy=(20[0]0]|5)
first. Resulted RC code structures are:

A =0]0]0]5), 4 =(2]0[|0]5),

A =(2)10[015), 4, =(2[10]|0]|5), 45 =(2]/0]]0]0).
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All the projections of A i pns are:
4y pys = (5-980)mod 1540 = 280 < 420 = M ;
Ay pys =1925(mod 1155) =770 >420= M ;
Ay pys =4592(mod 924) =896 > 420 = M ;
Ay pys =3140(mod 660) = 500 > 420 = M ;
As pys =560(mod 420) =140 <420 =M .

Inasmuch as A, pyg, A3pys and Agpys > 420,
the conclusion is made that the residues a, =0, a; =0
and a, =0 of the number A5 =(2]/0]/0]|0]|5) are not
corrupted. Only the residues a@; and a5 can be cor-
rupted @; =2 and a5 =5.

We obtain, that:

=(2+[3,27-1,18])mod 3 = 4(mod3) =1.

Hence, the corrected residue modulo ny is a¢; =1.
In a like manner the residue a5 =5. Applying the re-
sults @, and as the corrupted number

Aigoo = (210]]0][0]15)
is corrected. As a final result the corrected number is
Aygp =(1]|0]|0]O]5).

Conclusions of research

Contrary to PNS (positional numeral system),
arithmetic RC (residue class) codes feature additional
correcting properties. Thus, NCS (non-positional code
structure) involves both intrinsic and subsidiary infor-
mation redundancies, that in some cases results in al-
lowing to correct single errors in RC, while MCD is

R . . .
dr(ninc ) =2 However, correcting single errors requires

performing subsidiary tests of data checking, i.e. time

redundancy usage, additionally to information redun-
dancy. Examples of specific implementation of a single
error correcting procedures were introduced, that prove
reviewed method is possible to be implemented in order
to correct data errors in RC.

My =My

a =(—1+|:m1'(1+r'mn+1)_

iDmodmlz
B

_[ gy 301D 1820 4} s
111 1540
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KonTpoJb Ta Kopekuisi NIOMIJIOK JAHUX Y KJaci JJMIIKIB
B. A. KpacHobaes, C. O. Kommvan

AnoTtanis. [IpeamMeToM m0CIiPKEHHS y CTaTTI € METOIM KOHTPOIIIO Ta KOPEKIi1 OJHOPAa30BHX IMOMIJIOK LIJIOYHMCIIOBHX
JIaHKX, AKi npencrasieHi y kiaci aumkis (KJI), mo no3Bonse nigsumuty edexrunicts Bukopuctanus KJI npu noGynosi kom-
MTFOTEPHHUX CHCTEM 1 KOMITOHEHTIiB. MeToI0 CTaTTi € po3poOKa MeToy Kopekuii oHopa3oBux nomMmwiok nanux y KJI. 3aBpanns:
MIPOBECTH aHaJIi3 KOOBUX CTPYKTYp npeacraBieHux y KJI s BU3HaueHHST MOMKIIMBOCTI KOHTPOJIIO Ta KOPEKIii TOMUIIOK JaHHX;
nociizuty BruuB BiaactuBoctedl KJI Ha mpoBeieHHs onepaliiii KOHTPOITIO 1 KOPEKIii TaHNX; PO3pOOUTH METO KOpeKLii ogHopa-
30BHX NoMIIOK gaHuX B KJI. Meroam mociskeHHsi: METOIM aHANi3y Ta CHHTE3y KOMI'FOTEPHHUX CUCTEM, TEOpisl YUCell, Teopis
konyBaHHs y KJI. OTpuMmani HacTynHi pe3yabTaTH. AHaJi3 KOpUTyBaJIbHUX MokimBocTel koniB y KJI mokasaB BUCOKy edeKTu-
BHICTh BUKOPHCTAHHSI HETIO3ULIITHUX KOZOBHUX CTPYKTYP, sika 00yMOBJICHA HAsIBHICTIO B TAKMX CTPYKTYpax MEPBUHHOI 1 BTOPHH-
HOI HaaMIpHOCTI. Y CTaTTi MPEACTAaBICHO METOJ BHIIPABJICHHs OIHOpa30BUX nommiok nanux y KJI. HaBexeno npukiagy Buss-
JICHHSI Ta BUIIPaBJICHHS] IOMWIOK MaHux y koai KJI, mo miarBepmKye oTpuMaHi TeopeTidHi pe3ynsratu. BucnoBku. IIpoBeneHi
JIOCTIJKEHHS TIOKa3ajd, 110 BukopucranHs koaiB y KJI nae MoxnuBicTs 1o0ynoBr epeKTUBHOI CHCTEMH KOHTPOJIIO Ta KOPEKIIii
TIOMIJIOK JTaHUX IIPY BBEJICHHI MiHIMaIbHOI KotoBoi HaaMipHOCTI. ToOTO, IpH BUKOHAHHI IIEBHUX YMOB, BBE/ICHHS OJIHI€T KOHT-
POJIEHOT OCHOBM JIO3BOJISIE HE TUTBKH MPOBOIANUTH KOHTPOJIB, & i BAKOHYBATH KOPEKIi0 OHOPA30BUX IOMUIIOK JIAHHX.

Kaw4yoBi cioBa: Henmo3uuiiiHMX KOJOBa CTPYKTypa, Kiac BiJpaxyBaHb, MO3WIIIHA CHCTEMa YHCIICHHS, MiHIMaJIbHA
KOJIOBa BiJICTaHb, 3aBaJIOCTiIHKe KOYBaHHS, KOHTPOJb i KOPEKLIis JaHMX.
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' Tlonrascekuit incruryT Gisnecy IIBH3 «MiKXHapoHuUil HAYKOBO-TEXHIUHMI yHIBEpCHTET iMeHi

akanemika FOpis Byrasy, [lonraBa, Ykpaina
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MATEMATUYHA MOJAEJIb ®OPMYBAHHS CUT'HAJIIB
3 AJANITAIIETO IO MIBUAKOCTI NEPEJABAHHSI TH®OPMAIIII
HA OCHOBI JOCKOHAJIUX JIBIMKOBUX MATPUIb

AnoTtanis. [Ipexverom mociiKeHHS € METOM Ta MoJielli (popMyBaHHS CHTHAJIIB alalTHBHUX BHAIB Monysiiii. MeTa:
3a0€3Ie4eHHs BUCOKOI IPOITYCKHOI 3[JaTHOCTI Ta CIEKTPAIbHOI ePEKTUBHOCTI, 11 JaHUX YMOB PO3IIOBCIO/KEHHS pajio-
XBWJIb, IUIIXOM BUKOPHCTaHHS 3aIIPOIIOHOBAHOI MOJeNi (JOpMyBaHHS CUTHAJIIB 3 a/laNTalli€ro MO MIBUAKOCTI NepeaaBaHHs
iH(opmanii Ha OCHOBI OCKOHANIMX JBIMKOBUX Marpulb. Pe3yabTaTn pocaizkens. B poOoTi npencraBieHo pesyiabraTu
aHaJli3y HaNpsAMIB PO3BUTKY Ta OCHOBHHX BJIACTHUBOCTEIl OE3IIPOBOIOBUX MEpex nepeaadi faHuX. BeraHOBIICHO, 10 M1
y pasi 3a0e31e4eHHs KOMILUIEKCY PO3IIISHYTHX BJIACTUBOCTEH, O€3MPOBOIOBA MEPEKa MOXKE BUKOHYBAaTH CBOE (DyHKIIiOHA-
JIbHE NPU3HAUCHHS — 3a0e3MeuyBaTy JOCTaBIISIHHS HOBIZIOMIICHb y HEOOXiJHOMY 00cA3i i 13 3a1aHor0 sKicTio. Po3risHyTO
NPUHIMIN peanizalii MEeTOiB afaNnTHBHOI MOLYIALIT B HEPCIEKTUBHHUX 3aco0ax 0e3qpoToBoro 3B s3Ky. BukopucranHs
a/1aNTUBHOI MOZYJIAILIT O3BOMISE 3a0€3IeUNTH HalKpallly POIYCKHY 3/aTHICTb Ml JaHUX YMOB PO3IIOBCIO[KEHHS paJiio-
XBWJIb, PO3IJIIHYTA B POOOTI CX€Ma aJalTUBHOI MOIYJISLIT JO3BOIUTE 3BECTH HMOBIPHICTh BUHUKHEHHS IIOMUIIKU B IIepe-
Jladi 10 MiHiMyMy. 3aIpOIIOHOBAHO MaTeMaTH4YHY MOZEJb (POPMYBAHHS CUTHANIB 3 aJalTalli€lo 110 MIBUIKOCTI MepeaBaH-
Hs iH(opMaLii Ha OCHOBI IOCKOHAIMX JABIHKOBUX MaTpHLb. PO3IIISIHYTO OCHOBHI IPUHLMITK (YHKIIOHYBAHHS HPHCTPOIO
yIpaBIiHHS Mozei ()OpMyBaHHs CUTHANIIB 3 aJalTalli€lo 0 MBUAKOCTI NepeaBaHHs iHGopManii Ha OCHOBI JOCKOHAINX
JIBINKOBUX MaTpHllb. BUCHOBKH Ta 00JaCTh 3aCTOCYBaHHSI Pe3y/bTaTiB AOCTiIKeHb. 3alpOIIOHOBaHA MaTeMaTHYHA
Mozenb (GOpMyBaHHS CHTHAIIB 3 aalTallielo Mo MBHIKOCTI repenaBaHHs iHGopMaIli Ha OCHOBI JOCKOHAJIHMX IBIHKOBUX
Marpullb. BUKOpHUCTaHHS 3alIpONOHOBaHMX CUTHAJIB 3 aJIaNTalli€ro MO MIBUAKOCTI IepesaBaHHs iHpopMallii Ha OCHOBI J10-
CKOHAJIUX JIBIHKOBUX MaTpHIb JIO3BOJIUTH 3a0€3MEUYNTH BUCOKY IIPOITYCKHY 3[[aTHICTh Ta CIEKTPaJIbHY €(EKTHBHICTb, JUIS
JIAaHUX YMOB PO3HOBCIO/DKEHHS PaliOXBHIIb, EPCIIEKTUBHUX panioiHTepdeHcCiB.

Kaw4yoBi ciaoBa: Mepexi 6e31poBoOBOr0 3B 53Ky, MOAYJISLIS IUKIIYHAM 3CYBOM KOZY, aJallTHBHA MOAYJIALIS, JO-

CKOHaJIl IBIKOBI MaTpHIIi.

Beryn

IMocTanoBka mpo6aemu. BinmosimHo mo [1] oc-
HOBHMMH HalpsIMaMH PO3BHUTKY TEJIEKOMYHIKalild B
VYkpaiHi €: CTBOPEHHS Cy4acHHX IIMPOKOCMYTOBUX MY-
JIBTUCEPBICHUX TPAHCIOPTHUX MEpPEX Ha OCHOBI €H-
HHUX IPOTOKONIB, CYMICHHX 3 IHTEPHET-IIPOTOKOJIAMH;
PO3BHUTOK HNIMPOKOCMYTOBOI'0 aDOHEHTCHKOTO JAOCTYITY 3
BUKOPHCTaHHSIM TMEPCIEKTHBHUX TEXHOJOTIUYHHUX pi-
LIEHb; IMPHUCKOPEHE 3alpoBaDKEHHs PaJiOTEeXHOJOTIH
PYXOMOTO 3B’SI3Ky Ta BUKOPHUCTAHHS CHCTEM aOOHEHT-
CBKOTO PaJiofAO0CTyIy; MOAEPHI3allisl Ta PO3BUTOK CIIe-
HiaTbHUAX TEIEKOMYHIKAIlIHHUX MEPEX IS 3a10BOJICH-
Hs TOTpeO HAI[iOHABHOT Oe3MeKu Ta 00OPOHHU JepIKABU
— Mepex JlepKaBHOI CHCTEMH YPSIOBOTO 3B’SI3KY, Halli-
OHAJIFHOI cHCTeMU KOH(IICHIIHHOrO 3B’sI3Ky, crelia-
JBHOT T03aMIiChKOI Mepeki 3B’s3Ky, Mepexx BoeHHOT
oprasizaiii Jep)kaBH; 3a0€3NEUeHHS] MEPEXK PYXOMOTrO
TeNe)OHHOTO 3B’S3KY 32 JOIIOMOIOI0 MOCTYIIOBOTO Iie-
pexoay A0 Mepe HACTYIHHX IMOKOJIHb 3 KOHBEPreHIIi-
€10 iH(pOpMAIIHIX, MYJIbTUMEIIHHNX, TElEeKOMYHIKa-
LIHHUX Ta KOMIT FOTEPHUX TEXHOJIOTIH 1 MOCIIYT; 1HIIIE.

[Tin yac nepenadi JaHUX OE3NPOBOIOBIMH KaHAIAMU
BUHHKaE 0araTo TPY/AHOILIB, OB S3aHUX 13 BIUIMBOM TIPH-
POIHMX, TPOMHUCIOBUX Ta HaBMHCHHX 3aBaj (IIyMOBa
3aropopKyBasibHa 3aBajia, IIyMOBa 3aBajia B YaCTHHI CMY-
T'd, 3aBaJia y BiNIOBi/Ib, TIOJIrapMOHiifHa 3aBajia, KOMOiHO-
BaHa 3aBajga Tomo). Tomy, st 3a0e3nedeHHs] PO3BUTKY
TriepepaxoBaHKX HalpsMiB BUHUKAE HEOOXIHICTh Y ITOIIY-
Ky HOBHX IiJXOAIB LIOJI0 OpraHi3allii nepeiaBaHHs iHpo-
pMarlii B Meperkax 0e3 IpOBOIOBOT'O 3B’SI3KY.

AHaJli3 ocTaHHIX Aoc/imkeHb 1 myOaikamii. VY
npotieci GyHKIIOHYBaHHS Ha Oe3 IPOBOJIOBI Mepexi (K
3araJbHOr0 KOPUCTYBaHHS, TaK 1 CIIEIiaIbHOTO MTpHU3HA-
YeHHs) Ta ii eJICMEHTH BIUIMBAIOThH Pi3HI (hakTOpH, IO
MOPYIIYIOTh 1I HOpMaJibHY poOOTy. BoHM mpu3BOIATH
IO TIOPYIIEHHsI POOOTH JIiHIN 3B’SI3KY, (PI3UIHOrO BUXO-
Iy 3 JIaay eJIEMEHTIB OC3MPOBOJOBUX MEPEX, 1HIIHMX He-
TaTUBHUX HACIIJIKIB, Y Pe3yJIbTaTi 4Oro BOHH IEpexo-
JIUTH JI0 TAKOT'O CTaHy, 3a SIKOrO BOHA HE MOXe 3ade3Ie-
YyBaTH IPOLEC JOCTABKH IOBiOMIIEHb (200 HE B 3M03i
3a0e3MeYnTH Lei Mpolec 3a 3aJaHiMHU IapaMeTpaMu).
Takum 4nHOM, Mepexa MOBUHHA MATH 3/IaTHICTh POTH-
CTOSITH BIUIMBAM, SIKi MOPYIIYIOTH 1 poOoTy, 10 3a0e3-
MeYyeThCS BIACTUBICTIO CTiliKocTi [2-8]. BaximBo Bin-
3HAYUTH, I10, JHIIEC MAIYH HEOOXINHY CTIHKICTh, 0e€3-
MIPOBOJIOBA Mepexa MoKe 3a0e3MeUnTH 3ajjaHy CBOe€vac-
HICTB 3B’5I3KY, CTIHKICTh 1 O€3MIEpEepPBHICTh YITPaBITiHHS.

Kpim Toro, mij yac QyHKUIOHYBaHHS TOCTaBIISTHHS
TIOBIZIOMJIEHP MOXKE IIOPYIIYBATUCS HE TUIBKU (haKTo-
pamu, 1o Ge3rnocepenHbO BILUIMBAIOTH HA POOOTY CHC-
TEMH 3B’S3Ky B IJIoMy. B IMx ymoBax mepexa IOBH-
HHa MaTH 3JaTHICTh aJanTalii 10 BCiX 3MiH sIK 30BHill-
HiX, TaKk 1 BHYTPIIIHIX (aKTopiB, OCOOIMBO CTPYKTYp-
HHUX 3MiH, 1[0 BU3HAYAIOTHCS THUM, 32 SKUMH MOKa3HH-
KaMH Mepeka Ma€ BJIaCTUBICTh MOOLTBHOCTI [2-8].

Ha mincraBi BHKIIaJIeHOTO, MOXKHa 3pOOMTH BUCHO-
BOK, 1110 TUTBKH Y pa3i 3a0e31eueH s pO3TIISIHYTHX BHIIIE
BJIACTHBOCTEH, OE3IIPOBOIOBA MEPEKa MOKE BUKOHYBaA-
TH CBOE (PYHKIIIOHANbHE TPU3HAYEHHS — 3a0€31eYyBaTH
JIOCTABJISIHHS TIOBIIOMJIEHb Y HEOOXiTHOMY 00csi3i i 13
3aJJaHOIO SIKICTIO.
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Meta crarri. BpaxoByroun 1e, Meror crarti €
3a0e3MeueHHs] BUCOKOI MPOIYCKHOI 34aTHOCTI Ta CIIEKT-
paybHOI e)eKTUBHOCTI, Ui JaHUX YMOB PO3IOBCIO-
JOKEHHSI PaJlioXBHJIb, IIISIXOM BUKOPHUCTAaHHS 3aIpoIio-
HOBaHOI Mozeni (OpMyBaHHsS CHUTHANIB 3 aJanTali€ro
0 MIBUAKOCTI TepenaBaHHs iH(opMarllii Ha OCHOBI H0O-
CKOHAJIUX JABIMKOBHX MaTpHIIb.

Peanizaunis MeToaiB ananTUBHOT MOXYJIAILT
B IIepPCIEeKTUBHUX 3aco0ax
0e3MpoBOAOBOIO 3B’A3KY
[IpuHIMI AMHAMIYHOI agaNTHBHOI MOAYJALI MO-
qsArae y HacTynmHoMy. Ha nepenaBaui BiOyBaeThCs aHa-
Ji3 mapaMeTpiB KaHaiay nepenadi iHgpopmamnii. ITorim

repeaBay aBTOMAaTUYHO aJIalITye CXEMY MOAYIISIT 1Ist
OTPUMAaHHS MaKCHMaJbHOI MIBUAKOCTI mepenadi iHdop-
Mallii JyIst JaHUX YMOB.

BapianT mpaktuuyHOi pearizauii AaHOTO MiAXOAY
npencraBieHuit Ha puc. 1. IIpuiiMansHO-TIepenaBab-
HUH NPUCTPIi, IO peai3oBaHuil Ha 00YHCITIOBATEHOMY
MPUCTPOI, TpUMae BXiAHUA CUTHAI BiJ BY3Ia, SKOMY
HeoOXimHO mepenatH iHpopMmaniro. OOpa3 BXigHOTO
CUTHaJy BiIOMHMH 3aBuacHo. Llel BXimHwii curaan o0-
pOOIIOEThCS HA Y3rO/PKEHOMY (iNbTpi, B pe3ysbTaTi
4yoro (hOpMyeThCs CIIBBIAHOLICHHS CUTHA/Irym. [Ipu
OIIIHIOBAHHI JAaHOTO CITIBBITHOIICHHS B IPUIMAaIbHO-
nepeaBaibHOMY TPUCTPOI 3iHCHIOEThCST BUOIp MOPSII-
Ky MOJYJIALIT BUXIHOTO CUTHAITY.

OBUHC.JIHOBAJIBHHII IIPHCTPII

VaromxeHHH
diteTp

TTpHAMAaTEHO-
HepelaBalbHHIT

Ormigka
CIiBBi THOIIeHHA
CHTHAT/TITYM

Mogvaatop

HOpHCTPiH

Puc. 1. BapianT cxemu aanTHBHOT MOITYJISILIT

BukopucTaHHs aaanTUBHOI MORYJISLIT JO3BOJISIE 3a-
0e3MmeynTy HalKpaly NpOIyCKHY 3MaTHICTh IS JaHUX
YMOB PO3TOBCIO/DKEHHS PamioXBUiIb. Taka cxema ajar-
TUBHOI MOJIYJIAII JO3BOJUTHh 3BECTH HMOBIPHICTH BHU-
HUKHEHHS TIOMUJIKH B IIepeaadi 10 MiHIMyMY.

MaTtemaTuuHa MoaeJib (OPMYBAHHS CUTHAJIIB
3 afanTauicro no MBUAKOCTI epeaaBaHHA
ingopmanii Ha OCHOBI K0CKOHAINX
ABIHKOBHX MaTpPUIlb

VY 3aranbHOMY BUIIISAII MOeNb (POPMYBaHHS CHUT-
HAJIB 3 aJIalTalli€l0 MO IBUIAKOCTI MepeaaBaHHs iH)O-
pMamii Ha OCHOBi JIOCKOHQJIMX JIBIHKOBUX MAaTpPHUIb
(JAM) npencrasieHa Ha puc. 2.

I'eneparop AJIM ¢dopmye NBOBUMIpHY TOCKOHAITY
JIBIHKOBY MAaTpPUIIO PO3MIPHICTIO nX7, Ie¢ 1 — KiJb-
KICTh CJIEMCHTIB Y CTOBOIISIX 1 pSIKaX MaTPHIII.

INopsinox cuHTE3y JOCKOHAIMX JBIHKOBUX Mart-
PHILb PO3MIPHICTIO 72X 1 TIPUBEIEHO B [9].

VY npucrpoi GopmyBaHHs andaBiTy CHUTHAJIB Bif-
OyBarOThCS JBa MEPETBOPEHHSL:

— IBOBUMIpPHI IMKJIIYHI 3CYBH CHHTE30BaHOI [O-
CKOHAJIOl JIBIMKOBOT MaTpPUIIl PO3MIpPHICTIO 71X 7

—IIepEeTBOPEHHSI OTPUMAHUX MaTpHIb B OJHOBH-
MIpHI TIOCJTiIOBHOCTI.

JIBOBUMIpHI LUKIIIYHI 3CYyBH CHHTE30BaHOI JJOCKO-
HaJIoi NBIMKOBOI MaTpHIli PO3MIpHICTIO nxn BigOyBa-
I0ThCS TTOCTIIOBHO TI0 psiikaM 1 croBmisM matpui [ 10,
11].

[TopsamoK IHUKITIYHOI TMEPECTAHOBKU JTOCKOHAIOL
NBIMKOBOI MATPHII 110 CTOBITYMKAX 1 PSIKAX MPEACTaB-
JIEHO Ha puc. 3.

Ha puc. 4 HaBeneHo npuKiIam IMUKIIYHOI Mepecra-
HOBKH MAaTpUIll po3MipHicTIO 4 x4 .

T'EHEPATOP JUIM

:

MMPUCTPII ®OPMYBAHHSA
AJIPABITY CUT'HAJIIB

:

SATIAM’ ITOBYIOUUM ITPUCTPIN

2l & 2 8 2 @ g &2 & 2l 21 2 ¢

MPUCTPII YIPABJIIHHA

Puc. 2. Moznenb ¢popMyBaHHS CUTHAJIIB 3 aJIaNTaLli€l0
IO MIBUJIKOCTI nepeaBanHs iHpopmMauii Ha ocHoBi JJJIM

=)

3a pe3yabTaTaMd IUKITIYHUX IEPECTAHOBOK Mat-

pHILi PO3MIPHICTIO 71X 7 MOXXHA OTPUMATH n? K-
HUX IIEPECTaHOBOK.
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Puc. 3. I[Topsnok nukniynoi nepectanoBku JI/IM 110 CTOBIYMKAX i psiaKax

Co0Co1C02Co3
C10C11C1aCrz
C20C21C5:C3
C30C51C50Cs3

icmcmcmcm
1 C11C12C13Ch0
C21C2:C53C50
1C31C5C5:5C5

icmcmcmcm
1 C12C13C10Cry
ECIICZECZOCZI
1 C32C33C50Csy

C03C00C01Coz
1 C12C10C11Cro
C2:C0C5Cr
1 C33C30C51Csa !

t C20C21C2nCos

: CZOCZICZZCZS i CZIC::CZBCZO

| C:OCZICZZCZS

C10C11C12C13 C11C12C15C0
ECZICZZCZBCZO
§C31C3:C33C30
1 C01C02C03C00

$ C21C2Ca3Ca0

i C12C13C10C11
: C22C23C20Ca1
§C3:C33C30C31
icmcmcmcmf
1 C22C23C5Cry
1 C32C33C50C51
Co0Co01C02C03 { C01C02C03C00 | Co2C03Co0Co1
C1oC11C12C151 C1iC1C3Cao i C1oC13C10C,
C50C51C32C53 1 C51C52C55C50
CooCo1C02C03 C01Co2C03C00
C10C11C12C 151 CiCraCraCyg

C30C31C32C33
COOCOlcOECOB

Puc. 4. [Tpuxian nuKIIivHOT IepeCTaHOBKU MaTpUILli
posmipricrio 4 x 4

TobTo,

OTPUMAHO 4% =16 WMKIIYHIX IIEPECTAaHOBOK.

Jlaii BinOyBa€eThCsl MEPETBOPEHHS OTPUMaHHUX Ma-
TpHIb B OMHOBUMIpHI mociigoBHocTi [10, 11]. g npo-
Leaypa BigOyBa€eThCs MUIIXOM PO3TOPTaHHS MATpPUIIL 11O
psaakax. Ha puc. 5 npuBeneHuil npuxiaj po3ropTaHHS
MaTpuili 4x4 1o psaKax

JUTs  TIPUBEIEHOrO Tpukianay (puc. 4)

Haui, n? OTPUMAaHUX OJAHOBHUMIPHUX IOCIiIOBHO-
CTeHl 3amlMCYIOThCS Yy 3amaM SITOBYIOUMH IPUCTPIi
(puc. 2).

B npuctpoi ynpaBiiHHs, B 3aJIeKHOCTI Bij OIliHe-
HOT'O PiBHSI CHiBBIIHOIIEHHSI CUTHAJI/TITYM, IPUHMAETHCS
PIlIEHHS PO MBHUIKICT TIepeaaBaHHs iHpopMalii.

s mpukiagy, nNpuBeNeHoro Ha puc. 2, chopmo-
BaHO 16 KOIOBUX TOCIIZOBHOCTEH pO3MipHicTIO 16 OIT
KOXKHA.

: C00C01C02C03 |
1C10C1C12Cr3
C20C21C22C33

1 C30C31C32C33 |

C23C50Co1Crn
C33C50C51Cs, }
Co3C00Co01Co2 |
1 C13C10C11Cr2 |
C33C50C5,Css
i Co Cp3CooCo1Coz
§C1:C13C10C11 C1:C10C1iCra
1 C22C3C50C01 1 Ca3CrpCriCon

$ C13C10C1Cha
C23C50C01Cr2 !
C33C;50C31Cs:

MaxkcumainbHa MIBHIKICTh MepeaaBaHHs iH(opMa-
i1 /175 JaHOTO BUTAJKY CKIIAJIAE:

VmaleogzN/(t~N), (1)

Jie T — NPOTSDKHICTh ummia; N — JOBXKHHA ITOCIITOBHO-
CTI pPO3IIUPEHHS CHCKTPY CUTHANIB, V — IIBHIKICTh
niepenaBaHHs iHpOpMaIii.

MinimManpHa IMIBUIKICTH NepenaBaHHs iH(popMarlii
JUTSL TAHOTO BHIAJKY CKianae (2):

1
TN
Jl71s1 HaBeZeHOT'O BUINE MPUKJIAAy, MaKCUMaJIbHA 1

MiHIMaJIbHA IIBUAKOCTI IepeaaBaHHi iHpopMarii Bia-
MTOBITHO CKJIATyTh:

Vmin -

)

Vv =log2N=10g216= 4 _ 1 Sit/c:
M N .16 116 1-4 ’
1 1 .
V.. =——= oit/c.
e N 1616

[Ipu BUCOKOMY CIiBBiTHOIIEHH] CHT'HAJ/IIYM, BXi-
JTHAH TOTIK 1HQOpMAIHUX OIT pPO30MBAETHCS HA YeT-
BipkH 0iT. KoxHil, 13 16 MOXIMBHX BapiaHTIB, YeTBIpI
BIMOBiIa€ OHA 13 16 KOMOBUX IOCIITOBHOCTEH ainda-
BITYy cWrHaigy. Y BiAIOBIMIHOCTI JO YeTBipKU iH(OpMa-
uifiHMX OiT, O HaIiHIUIM, B TIPUCTPOI YIpaBIiHHSI
00UPAETHCS CYBOPO 3aKpillJICHA KOIOBA IOCIIOBHICT 1
3IIHCHIOEThCA 1T TIepeaBaHHsL.

[lpn 3MeHmIEHHI piBHS CHiBBIiJHOIIEHHS CHUI-
HaJI/IIyM, O Hamepen 3aaHoi MeXi, BXITHHHA MOTIK
iH(pOpMaIifHUX OIT pO30MBAETHCS HA TPIMKH OIT.

KoskHil, 13 8 MOXKJIMBHX, TPiilli OIT BiAMOBITA€E B
KOJIOBI TIOCITIZIOBHOCTI 13 ajidasiTy curHaiiB. Bigmosin-
Hi KOJIOBI MOCITITIOBHOCTI JUISI KOXHOT TPIWKU € YHiKaJIb-
HHUMU 1 HE TIOBTOPIOIOTHCSL.

Puc. 5. [Ipuknazn posropranss Marputi 4 x 4 1o psikax
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VY BIAMOBIAHOCTI O MPHUUAHATOI TPiliku iH(OpMa-
UiiHUX OIT, NMPUCTpPiH YIpaBIiHHSA OOUpaE /B KOMOBI
TIOCITIZIOBHOCTI 1 3[1MCHIOE X TOCIIIOBHE NepeaBaHHsI.
[Ipu mopanbmIOMy 3MEHIIEHHI PIBHS CITiBBiIHOLICHHS
CHTHAJI/IIyM, 10 HACTYITHOI Harepes 3a1aHol Mexi, BXi-
JHUHA TOTIK 1HpOpMaNiiHUX OIT po30UBAETHCSA HA IBIi-
ku 0iT. KoxkHiii, i3 4 MOXKIUBUX, OBIHII OIT BiAMOBigaE
TpH KOJOBI MOCIIAOBHOCTI i3 andasiTy curnamis. Bin-
MOBiAHI KOZOBI MHOCIIZOBHOCTI IS KOXXHOI ABIMKH €
VHIKQJIBHUMH 1 HE TIOBTOPIOIOTHCS. Y BIiJIOBITHOCTI 110
NpUiHATOI JBiMiKM iHpOpMaUiiHUX OIT, TNPHUCTPIH
YIIpaBJIiHHS OOMpaE TPU KOAOBI MOCITIJOBHOCTI 1 3AiMcC-
HIOE iX TMOCHiJIOBHE IepeaaBaHHsA. [Ipu momanmbiioMy
3MEHILIEHH] PiBHS CHIBBIJAHOIIEHHS CHUTHAJI/IIYM, ajro-
PHUTM pOOOTH MPUCTPOIO YIIPABIIiHHS 30€piraeThCsl.

iH(popMaIii Ha OCHOBI JJOCKOHAJIMX JIBIHKOBUX MAaTPHIIb.
[IBuakicTe mepenaBaHHs iH(OpMAIli IS JaHUX CHI-
HAJIiB JIEKUTE B Jiana3oHi

L oy <log
TN TN

BukopucTaHHs 3alpONOHOBAHMX CHTHAJIB 3
aJanTalieo Mo MIBUAKOCTI mepeaaBaHHs iH(popMarii
Ha OCHOBI JOCKOHAJIWX JABIMKOBHUX MAaTpHIh J03BO-
JIUTh 3a0€3MEUUTH BUCOKY IMPOIYCKHY 3JaTHICTH Ta
CIIEKTPaJIbHY €()EeKTHBHICTb, I JaHUX YMOB PO3IIO-
BCIO/DKCHHSI PaliOXBHJIb, IEPCICKTHBHUX paaioiH-
Tepdeiicis.

HanpsMxoM MogaNibIIuX TOCTIIKEHb € po3poOKa
MOPSIIKY KOPENSALIHHOI 00POOKH 3aIpOITOHOBAHMX CHI-

N

HaJIiB, MOCITIKCHHS 3aBaJIOCTIHKOCTI, CTPYKTYpHOI Ta
€HepreTUYHOI CKPUTHOCTI CHTHAJIB 3 aJalTamli€lo Io
LIBHJKOCTI Niepenadi iHpopmallii Ha OCHOBI JIOCKOHAJINX
JIBIHKOBUX MaTpPUIb.

BucHoBku

3anpornoHoBaHa MaTeMaTHYHA MOJeNb (hOpMyBaH-
HSl CUTHAJIIB 3 aJalTalli€lo 1Mo IBUAKOCTI ITepeaaBaHHs
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Mathematical model of signal generation
with adaptation speed of information based on perfect binary matrices

A. Moskalenko, G. Sokol, Y. Gluhovets, V. Varich

Abstract. Methods and models of signal generation of adaptive modulation types are the subject of the study. The pur-
pose is providing high bandwidth and spectral efficiency for these radio wave propagation conditions by using the proposed sig-
nal generation model with adaptation rate information based on perfect binary matrices. Research results. The paper presents the
results of an analysis of the development directions and basic properties of wireless data networks. It is established that only in
case of providing the complex of the considered properties, the wireless network can fulfill its functional purpose - to provide
delivery of messages in the required volume and with the set quality. The principles of the implementation of adaptive modula-
tion methods in advanced wireless communications are discussed. The use of adaptive modulation allows to provide the best
bandwidth for these radio wave propagation conditions, the adaptive modulation scheme discussed in this paper will minimize
the probability of a transmission error. A mathematical model of signal generation with adaptation in the speed of information
transfer based on perfect binary matrices is proposed. The basic principles of operation of the control device of the model of sig-
nal generation with adaptation on the speed of information transfer on the basis of perfect binary matrices are considered. Con-
clusions and scope of research findings. A mathematical model of signal generation with adaptation in the speed of information
transfer based on perfect binary matrices is proposed. The use of the proposed signals with adaptation in the speed of information
transmission on the basis of perfect binary matrices will allow to provide high bandwidth and spectral efficiency, for these condi-
tions of propagation of radio waves and perspective radio interfaces.

Keywords: wireless networks, loopback modulation, adaptive modulation, perfect binary matrices.
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XapkiBchKUH HAIlIOHANBHUI YHIBEPCUTET PaIioeIeKTPOHIKH, XapKiB, YKpaiHa

HNIABUIEHHA E@EKTUBHOCTI OIITOBOJIOKOHHUX KAHAJIIB 3B’ AA3KY

AHoTanisi. BoJIOKOHHO-ONTHYHI CUCTEMH € OJTHUM 3 HAHOLIBII MepCHeKTHBHUX HANPSMKIB IIPU PO3poO1i (i3ndHOI OCHOBU
iH(opManiiiHoro npocropy. Ilpu peasisanii ONTOBOJOKOHHYX JiHIH 3B'I3Ky 4aCTO BUHHMKAE HEOOXIJHICTh Y3IOJPKEHHS OIITO-
€JICKTPOHHUX KOMIIOHEHTIB 3 Pi3HUMHU HONEPEYHNMH NIepPEeTHHAMHU BHIIPOMIHIOIOUHX 1 IpUHMaro4ux obnacteil i pisHUMHU Ymc-
JIOBUMHU aneprypaMu. BapiaHToM Takoro 3aBJaHHsA MOXe OyTH 3'€IHAHHS OZIHOMOZIOBOIO 1 6araToMo0BOro BOJIOKOH a00 BU-
TIPOMIHIOBaYiB 1 (hOTOIPHIMAYIB 3 BOJIOKHAMH Pi3HHUX THIIB. OHAM 3 METOJIB TAKOT'O Y3TOPKEHHS € CTBOPEHHS KaCKaIHIX
BOJIOKOH, B SIKHX JIIH30BE€ BOJIOKHO 1 KUTbKa JIUISTHOK I'Pajli€eHTHUX BOJIOKOH 1HTEIPOBAHO B OZHOMOIOBE BOJIOKHO. [Ipeqmerom
JIOCITIJIPKEHHS € TEXHOJIOTI] €JIEMEHTIB BOJIOKOHHO-OIITUYHUX CHCTEM Iepesiadi. MeToro 1aHoi poOOTH € CTBOPEHHS KOMIIOHE-
HTiB BOJIOKOHHO-ONTHYHHUX JIIHIH 3B S13KY, IO JJO3BOJISIIOTH IiJIBUIIYBaTH €()eKTUBHICTh BBOY BHIIPOMiHIOBAHHS BiJI JUKepea
B ONTUYHUX CBITJIOBOJ, 30KpeMa OXHOMOMOBHIL. [l NOCSATHEHHS MOCTaBIEHOI METH HEOOXiJJHO BUPIIICHHS HACTYITHUX 3a-
B/JaHb: PO3MVIAHYTH (DaKTOpH, 110 BIUIMBAIOTH HA BTPATH €HEPrii IIpH reHepallii i BBOLY BUIIPOMiHIOBAaHHS JUKEpela B ONITHYHE
BOJIOKHO, a TaKOX PO3POOUTH 1 BIIPOBAUTH CHCTEMY Y3TOUKYIOUHMX €IEMEHTIB 1 JaTH MOCIIOBHICTH il [UIsl epEeKTHBHOrO
BBOJly BUIIPOMIHIOBaHHS JUKEPEJIa B OZIHOMOJZIOBE BOJIOKHO. BHCHOBKH. 3anporoHOBaHa TEXHIUHA 1 TEXHOJOrYHA peati3allis
porecy poOUTh MOXJIMBUM BBOAUTH OLIBIIY MOTY)XKHICTh B ONTOGJIEKTPOHHI JIiHIT nepefadi iHpopMalii, mo mnimsuirye edek-
THBHICTh BBOXY BUNpOMiHIOBaHHs 10 20 nb. Bu3HaueHHs TOYHOCTI pO3TallyBaHHS CIIONYYHOI IUIOMMHY B TIPUCTPOSIX y3ro-
JUKEHHS Ta B3aEMHOT'O PO3MIIIIEHHSI BUIIPOMIHIOBAYiB Ta ONTHYHOI'O BOJIOKHA JIa€ MOMKIIMBICTh 3HU3UTH BTPATH B 3'€/IHaHHI 110
0,1 b, nepenaBatu iHpoOpMAIIito 3 OLIBIIOK HAAIHHICTIO Ha Ol BiJcTaHi Oe3 pereHepanii i 30epertv npare3aTHicTb BO-

JIOKOHHO-OIITUYHOI CHCTEMH B YMOBAX BILUTMBY MEXaHIYHUX, KIIMATHYHUX i pafialliiHux Qakropis.

Kar4doBi ciaoBa: onTuuHe BOJIOKHO; BUIIPOMIHIOBAY; IIOTY)KHICTb; €(EKTHBHICTb Nepeadi.

Beryn

Jis mijBuiieHHsT epeKTUBHOCTI ONTOBOJIOKOHHHUX
JHIH nepenadi HeoOX1THO KOMIIEHCYBAaTH BTPATH OITH-
YHOI eHeprii IUIIXOM IiIBUILIEHHS MOTYXHOCTI I'eHepa-
TOpiB, YYTIMBOCTI INpUMadYiB, MiIBUILEHHS €(pEKTHB-
HOCTiI BBOJy BHIIPOMIHIOBAHHSI BHCOKOIIOTY)KHHX JDKe-
pen B ONTHUYHE BOJIOKHO, OCOOJMBO OJHOMOJOBE, 30i-
JIBILICHHS BiJIHOLICHHS CHWrHAN/3aBajga. HeoOXimHo or-
TUMI3yBaTH TEOPETUYHO OOIPYHTOBAHI BTPATH ILIIXOM
PO3paxyHKy B3a€MO/Iii BUIIPOMIHIOBAHHS 3 MaTepiaaMu
1 KOHCTPYKIISIMA ONTUYHUX BOJOKOH [1-3].

TeopernuHe 00IpyHTYBaHHSA

KoeoginieHT BBOMY BHUIPOMIHIOBaHHS B BOJIOKHO
00MEXYEThCS TAKUMH (hakTopamu (puc. 1):

— OOMEXEHHSIM TIOBEPXHEBOT'O MPHUITYCTUMOTO Ky-
Ta OKp BHYTPIIIHIM TOBEPXHEBUM BiJIOUTTIM;

— @dpeneniBcbKe BiI0OpakeHHs BiJ MOBEPXHI po3-
JILTY TIOBITPS - HAITIBIPOBITHUK;

— IOTVIMHAHHIM TOMDK TOYKOIO TeHepallii BUIpo-
MIiHIOBaHHS Ta BUIIPOMIHIOIOUOIO MOBEPXHEIO: (OTOH 3
eHepriero, OUIBIION 3a MUPHHY 3a00pPOHEHOI 30HH E,
MOXe 30YIUTH €JIEKTPOH y 30HI MPOBIAHOCTI, TIPH IHO-
MY (POTOH CaMOMOTIIMHAETHCS.

Bunpo M Hi®aHHs
. IIID BUXO0IE 30BH
Kpuruunmii
Tpo M Hb To i Tps
>
0 Hani BnpoBoaHuK
TloBHe
@pe HeJi BCbKe BHYTH 11He
Bi XOHTTS Bi 10UTTHA

Puc. 1. CiTnoBuii NOTiK JpKepelia BUIIPOMiHIOBaHHS

OT1xe, BiZICTaHb JI0 TOBEPXHI Mae OyTH CKOpOUECHa,
OmHAK OuNsg MOBepXHI 0arato BITBHUX «MACTKOBUX)
PIBHIB, IKi 3MiHIOIOTh OE3BUIIPOMIHIOBAJILHUI Yac JKHUT-
TS Ta 3HIKYIOTH BHYTPIIIHIO KBAHTOBY €(EKTUBHICTb.

CBITJIOBHI TOTIK BU3HAYAETHCS I1HTErPYBaHHSIM
TIOTY>KHOCTI, 1110 BUIPOMIHIOETHCS B OJMHHIIIO TLIECHO-
ro KyTa B HalpsIMKY ITiJi KyToM 6 0 HOpMaii 0 Horo
nioBepxHi I = [ycos6:

n/2
@y = [ Iycos0-2m-sin0d6 =l . (1)
6=0

YacTrHa CBITJIIOBOTO IMOTOKY JDKepesia BHIIPOMi-
HIOBaHHS, IO MTOTPAIUISE B ONTHYHE BOJIOKHO OOMexe-
Ha YHCIIOBOIO alepTypor0 BONOKHA NA=sing¢,, Ta

BU3HAYAETHCS IHTETPAJIOM:
¢Kp
D= j Iy cos0-2m-sin0d0 = 1l sinzd)Kp =d, - N4
0

1€ @, — alepTypHUI KyT BOJIOKHA.
O1xe, epeKTUBHICTh BBOAY Y BOJIOKHO TOPIBHIOE

/Dy = NA*. 2)

KoeoginienT edekTMBHOCTI BHBOLY BHIIPOMIiHIO-
BaHHS 3 JDKepesa 3 ypaxyBaHHIM KPUTHYHOTO KyTa 0.
CBITJIOBHI TOTIK BUIPOMIHIOBAHHS B OIMHUYHO-
My KyTi y HanpsiMKy O BiZJHOCHO HOpMalli 10 TIOBEpXHi:
n/2
D, =2 j 1,c080-2m-sin0d0 =271, .
6=0
Jlons 3arajbHOI MMOTY)KHOCTI, OOMEXeHa KyToM Oc.
0,
] . 1.9 np
j Iy cos®-2m-sinBd0 = —sin” 0, =—
0 2n

/=20ty =3
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SIKIO pO3MIISIHYTH TNPUKIIAJ BUKOPHCTAHHS IS
BUIIPOMiHIOBaYa apceHify rajiito npu n = 3,7 ta ng=1
f=0,036 To mpu manux 6<6c 3a paxyHok DpeHeniBCbKO-
ro BiOMTTS YaCTUHA €Heprii R BiAOMBA€THCS, OTHKE MPHU
MIepIEeHIUKYJIIPHOMY TTa liHHI POXOIUTh YaCTHHA £.

t =1—-R= 4nyn/(ny+n)*=4n/(1+n)’, 3)
aKkmo np=/. Tlpu OiIbII MOXWIUX TNPOMEHAX YacTHHA
€Heprii 110 BUIIPOMIHIOETHCSI, 3MIHIOETHCSI MaJIO 1 JTOpiB-
HIOE HYJIO, ko Oc = 0. Omxe, koeillieHT eheKTHBHO-
CTi BUBOAY 3a paxyHOK DpeHeNBCbKOro 0OMEXEHHS s
GaAs t = 0,67. Lle#t koedinieHT Moke OyTH 301IbIICHUIH
3a paxyHOK IPOCBITJIEHHS, TIPH IOMY i€aJibHe 3HaueH-
Hs opiBHIoE (ngn)"” xomu ¢ psmye 110 1. TIpocBiTnenHs
3a3BUYail BAKOHYETHCS TAKUMH MaTepialaMu:

— xopyHz 1 = 1,76;

— OKHcen KpeMHiro 7 = 1,9;

— HiTpHJ KpeMmHito 1 = 2,0.

3arajpHUlN KoeQIIliEHT Tepenadi Mae BHpas:

ft=2/n(1+n)’=0,24. 4)
OTxe, eeKTUBHICTH BUBOAY BUIIPOMIHIOBAHHS 32 MEXi
KpHCTaja JpKeperna (30BHILIHS KBAaHTOBA €(pEKTHBHICTD):

Ms06n = Nenymp St ®)
a eeKTHBHICTh BBOJY Y BOJIOKHO:
2
Ngor = Nsoen *NA™ -

Ngoy A4 BonokHa ¢ NA = 0,17, mxepena GaAs 3

/0,024 1a ng,,,,, = 0,5 craHOBUTH M, = 0,00035.

3arasibHa MOTYXXHICTB, SIKa T€HEPYETHCS B JKEpedi
BUIIPOMIHIOBAHHS:

-1
q)enymp = Nzoen *€ 'E(ﬁomona (6)

npu ctpymi / = 100MA, eneprii GpotoHa Eypmon= 1,4€B,
Dyymp= 70MBm, a ONTUYHA MOTYXKHICTb, KA BUIIPOMi-
HIOETBCS Y TIOBITPS:

-1 _
Do = Nsosn. "€ Epomona = 1,74 MBm,

A€ N306n = Nenymp St
HOTy)KHiCTB, sIKa IoTpaIruisa€ B ONITUYHE BOJTOKHO!:

-1 _
q)(io,fl =MNgon '€ - E(ﬁomm_m =49 MKBm,

2
A€ Mgon = Nsgen - NA™

EKCHepI/IMeHTaJIbHe BIIPOBA/IZKCHH S

[Tpu peamnizanii oNTOBOJOKOHHUX JIiHIH 3B'SI3KY 4a-
CTO BHHHKA€ 3aBJIaHHS Y3TO[DKEHHS ONTOENEKTPOHHUX
KOMITOHEHTIB 1 BOJIOKOH 3 PI3HUMH IONEPEYHUMH Tiepe-
TUHaMHU BUIIPOMIHIOWOYOI 1 TpuiiMarodoi oOmacti Ta
PI3HUMHU YHWCIIOBUMH anepTypamMu. BapiaHToM Takoro
3aBJIaHHS MOXKe OYTH 3'€ZJHAHHS OJHOMOJOBOrO i Oara-
TOMOJIOBOTO BOJIOKOH 200 BHIIPOMIiHIOBadiB 1 oTor-
puiiMadiB 3 BOJIOKHAMH Pi3HUX THIIB [4, 5].

Hanpuknaa, npu BHUKOpUCTaHHI JIa3epHOrO Jioja
JUISL TIepeqadi BEJMKOi ITOTY)KHOCTI uYepe3 OJHOMOOBE
BOJIOKHO HEOOXiJIHE Y3TOKEHHSI TIOJIB, 1110 T€HEPYIOTHCS
JII0ZIOM 1 BUHMKAIOTh B TIOB'S3aHOMY 3 HUM OTHOMOJIOBO-
My BOJIOKHI. JIOBOIUTHCS TIOTO/PKYBAaTH MapaMeTpu eje-
KTPOMarHiTHUX KOJIMBaHb i, OTXKE, TEOMETPHYHMX Mapa-
MeTpiB eneMeHTiB. OJHUM 3 BapiaHTIB CHUCTEMH [UIS

Y3TO/KEHHS MTOJTiB MOXYTh OyTH BOJIOKHA, B SIKUX MPHIA-
MaJIbHE BOJIOKHO CIieniasibHOi (pOopMH 1 JIJISTHKY TpajieH-
THHUX 0araToMO/IOBHX BOJIOKOH 1HTETPOBaHI B OJIHOMOJIO-
Be BOJOKHO [7-9]. IlpM BHUIOTOBJICHHI Y3TOIKYHOYOI
ceKuii y BUIVISAI KIMHOMOAIOHOrO0 6araToMoJI0BOro Ofl-
TUYHOTO BOJIOKHA TOCJIJIOBHO 3pOIIYIOTH JBa BiIpi3Ku
0araToMOIOBUX TIPAJIEHTHUX ONTHYHUX CBITIIOBOMIB 1
OJTHOMOJIOBOT'O BOJIOKOHHOT'O CBITJIOBOMY [2, 6].

B nmanmii yac BTpaTH npu 3'€qHaHHI MOXYThH CTa-
voutH 0,03 nb. JIns 3HAXOMKEHHS CIIONIYYHOI TUIONIH-
Hi B BOJIOKHI HEOOXiTHO BUKOPHCTOBYBATH MiKPOCKOIH
3 BHCOKOKO PO3IUILHOI0 3AaTHICTIO. [ OIiHKY MicIs
pO3TallyBaHHs CHONYYHOI IUTOLIMHI CIOCTEPEKEHHS
MIPOBOJISATHCA ITiI MIKPOCKOIIOM 3i 30iibmeHHsM 360X.
OpHak BificTaHb MiK BOJIOKHOM 1 00'€KTHBOM B MiKpOC-
KOIaXx 3 BUCOKOIO PO3JIIIBHOIO 3AaTHICTIO YK€ MaJia.

Y BUPOOHHMIITBI KacKaTHOT'O BOJIOKHA, MPOIEIypa
CKOJIIOBaHHSI BHMAra€ BEJUKOTO MPOCTOPY, B SIKOMY
BIJICTaHb M)XK BOJIOKHOM 1 JIIH30F0 TIPUCTPOIO KOHTPOITIO
NnoBUHHO OyTH Oinbiie 4 cM. OTke, METONl BU3HAYECHHS
TIOJIOXKEHHST CHIOYYHOI TUTOLIMHU 3 BEJIUKOI0 POOOYOI0
BijgcTaHHIO (> 40 MM) i 3 HU3bKHM 301nbIIeHHM (<8X)
KOHTPOJILHOI CHCTEMH € KIIFOUeM IO MOJIMIIeHHS Mpo-
LI€CY BUTOTOBJICHHS KacKaJHUX BOJIOKOH [2].

3anpornoHOBaHUil METOJ] KOHTPOJIO JO3BOJISIE
3MIHCHUTH 3HAXOIDKEHHS TOJIOKEHHS CIOJYYHOI ILIO-
mmHA. JIJ1s criocTepekeHHs: BUKOPUCTOBYEThCS HETPS-
MU METOJT i3 3aCTOCYBaHHSIM SIBHIIA iHTEP(EPEHINT s
BU3HAYEHHS IUIOMIMHY 3'eqHanHs. HactynHi po3paxyH-
KM 1 MOJICITIOBAHHS JTO3BOJISIOTH iICHTU(IKYBATH MICIIE
po3TairyBaHHs CTHKY. B peanmbHOCTI TeMHI JIiHIT npu
MPOXO/DKEHH] CBiTJIa dYepe3 0araToMolIoBE BOJOKHO
CKJIaalOTh OJIM3BKO 3 MKM, 1[0 3aJ€KHUTh Bl IUIOIIHMHI
(oKycyBaHHsI i po3TallyBaHHs, a TEMHI JIiHIT TIPH TPO-
XOJKEHHI CBITJIa Yepe3 OJHOMOJOBE BOJIOKHO, SIK TIpa-
BMJIO, CTAHOBJIATH ONU3bKO | MKM. TakuM 4MHOM, MOX-
Ha MPOCTO BHKOPUCTOBYBATW TEMHI JiHiI, 00 BH3HAa-
YHUTH CHONYYHY IUIOMIMHY, SKIIO JO3BLI KOHTPOJIHHOTO
o0JiajiHaHHs OUTbINE IUPUHKA TeMHOI JiHii B 1 MKM. Sk
npaBwio, [13C-maTuuku 3 8-KpaTHUM 301UTBIIECHHSM
JIH3M MOXYTh MaTH JO3BLI 300pakKeHHs BHIIE, HIX 1
MKM. [[pOro 10CTaTHBO ISt KOHTPOIIIO.

IMpn Bemukux poOOYMX BIACTAHAX KOHTPOIIO
SIBUIIIE CBITJIOBOI iHTep(epeHIii BIUIMBAE Ha 300paKeH-
HSl, IO POOUTH CIOCTEPEIKEHHS TEMHHX JIHIH CKpYT-
HUM. [HTEHCHBHOCTI 1 KINBKICTh iHTep(epeHIiitHIX
CMYT' B IIMX JBOX CEKI[iSX BOJOKHA OYyIyTh Pi3HUMHU.
TakuM YHHOM, CHONYYHY IUTOLIMHY MOXKHA 3HAWTH
LUISIXOM CHOCTEPEKEHHsS ICTOTHHX BiJMIHHOCTEH B
inTepdepeHIii Mixk ABOMa AiSSTHKaMHU BOJIOKHA (puc. 2).

e CronydHa ruIom MHa

0B
BB -

g T r
Temri mimii BB Touxet TemManx miuift Tews mind OB
Puc. 2. TemHi JiHIT B 0AHOMOIOBOMY 1 6araToMo0BOMY
BOJIOKHAX JJIsl BU3HAYEHHS CIIOITYYHOI [UIOIINH
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[HTepdepenuiiina kapTHHa MOJIEIIOETHCS HA OCHO-
Bi mapamerpiB iHTepdepeHiinux cmyr [9]. s 3Haxo-
JOKEHHSI TIOJIOKEHHS CMYT BHKOPUCTOBYETHCS METOJ
TpacyBaHHsS NpPOMEHIB. Bci mpomMeHi cBiTia mo4HHa-
FOTHCS 3 OMHIET TOYATKOBOI TUTONIUHM 1, HAPEIITI, T0Cs-
rafoth QokanbHiH TwiomuHy. [Ticast BUXomy 3 OCBITIIIO-
Baya, TNPOMEHi CBiTIa OyayTh mNapaielbHUMH, ITOKH
BOHH HE TOPKHYTHCSI 30BHIIIHBOTO KPalo BOJIOKHA.

I'eomeTpuyHi pPO3MIpU Y3TOMKYIOUUX EIIEMCHTIB
Ta iX B3a€MHE PO3MIILEHHS MiITPUMYIOTHCS TIPH BHUIO-
TOBJIEHHI Ta ekciuryarauii. [Ipu morpedi BU3HaYEHHS i
3a0e3MeueHHsT PO3MIpiB OKpEMHX CKIaJOBUX  Y3rO-
JOKYIOUOTO TIPHCTPOI0 Ta iX B3a€MHE pO3MillleHHS (3
TOYHICTIO JI0 MIKPOMETPIB)  INPOIOHYIOTHCS HLISIXH
JIOCSITHEHHSI TAaKO1 TOYHOCTI 1 TEXHOJIOTISI BUT'OTOBJICHHS
MIPUCTPOIO B LIJIOMY.

BUroroBneHHs1 y3rODKYIOYOi CEKIil ONTHYHOTO
BoJiokHa [10], mossirae B ToMy, 110 Y KIMHOIIOAIOHOTO
6araToMoI0BOrO ONTHYHOIO BOJOKHA, SIKE OTPHUMYIOTh
MOCJTIIOBHO 3POIIYIOYH JBa BIiAPI3KM 0araToMOJOBUX
IPaJiEHTHUX ONTHYHUX CBITJIOBOMIB pI3HUX BHUIIB 1
OJTHOMOJIOBOTO BOJIOKOHHOTO CBITJIIOBOAY BHM3HA4YalOTh
MEXY PO3IIJICHHS MK Pi3HHUMH AUITHKAMH 3’ €THAHUX
OINITHYHHX BOJIOKOH. [[}0 MeXy BU3HA4YaroTh 3a JJOIOMO-
TOI0 MPOEKIi Ha JBOXKOOPAUHATHHH (OTOENEKTPHY-
HUHA mpuiaj] 300pakKeHHsI KapTHHH, IO SIBJISIE COOOO
CYMEPIO3UIII0  EIIEKTPOMATHITHUX XBWJIb ONTHYHOTO
niamazoHy. KapTuHa yTBOPIOIOTBCS HPH HPOXOKEHHI
Yyepe3 ONTHYHI BOJIOKHA MapaJielbHUX CBITJIOBUX IPO-
MEHIB, sKi B3a€MOIIIOTH MiX co0oro. Taka kapTuHa
OTHO3HAYHO BiZ0Opa’kae pO3MOMiJ €Hepril BIAMOBIIHO
JI0 ONTHYHUX Ta T€OMETPUYHUX MapaMeTpiB BOJOKOH.
[Ticns mporo curHai 3 (OTOCIEKTPUIHOTO TPUIATY Y
BUTJISIIII MAaTPUIIl 3HAUYEHb CHTHATY 3 KO)KHOTO €IEMEHTY
MpWIIaAy ONPalbOBYIOTH IS BU3HAYEHHS MEXI pO3JIiTy
MiX BOJIOKHAMU.

[Ticnst BU3HA4YEHHS Micls PO3MOALTY MiXK BOJIOK-
HaMH Ta YTBOPEHHS HACKpPi3HOTO CKOJy, 3a3BHU4Yai, He
BU3HAYAETHCS BiJTHOCHE TIOJIOXKEHHS JKEepesia BUIPOMi-
HIOBaHHS 1 y3rODKYIOUoi CeKiii, sike 3abe3reuye Mak-
CHUMaJIbHY KUIBKICTh €HEprii, 0 MepelacThesl Bijl HKe-
pena B JIiHIIO nepeaadi.

Jlnst ontumi3artii  koedilieHTy nepenadi HeoOXiI-
HO BUPINIMTH 3aJlaqy BH3HAYEHHS BiJHOCHOTIO IIOJO-
JKEHHs JDKepelia BUIIPOMiHIOBaHHS (HAIIPUKIIA]] HAIliBII-
POBIZIHUKOBOrO Jla3zepa) 1 Y3TOKYIOUOI CeKIlii, sKe
3abe3neuye MakCHMaJlbHY KiJIbKICTh €Heprii, 1o repe-
JIAE€THCS BiJ JPKEpena B JIHIIO Mepenadi. 3aBAsKd TOMY,
IO Ha BXiJ| Y3rOJDKYIOUOi CEKIl MOAAETHCS ONTHYHE
BUIIPOMIHIOBAaHHS Bifl JDKEpeia BHUIIPOMIHIOBAHHS, IO
MOXe€ IepeMillaTHCs Ha OJHAKOBiH BiJCTaHI MO KOOp-
JMHATaX. BHU3HAYEHHS ONTHUMAaJIbHOIO BiIHOCHOI'O MO-
JIO)KEHHS JDKepea 1 Y3TOoIDKyrouoi cekuii 3abe3meuye
MaKCHMAaJIbHY KiJBbKICTh €HEeprii, IO MepelacThes Bif
JDKepena B JIHII0 nepeaayi.

TexXHONMOrIYHO y3TO/KEHHSI MOXKHA peaizyBaTH
HACTYITHUM YUHOM. [licisi BU3HaueHHs Miclsl 3’ €HAHHS
BIZIPi3KiB oNTHYHUX BoOJoKOH 1-BI'Clta 2 — BI'C2
(puc. 3) (HampuKIaz, 3a TOMOMOTOI0 3BapIOBaHHs) YTBO-
PIOIOTH HACKPI3HUWA CKOJ JUIS MOAANBIIOrO 3’€IHAHHS 3
3- OBC. Ha Bxix y3ro/pKyr0o4oi CeKIlii MOIaeThCs ONTHY-
HE BHIIPOMIHIOBaHHS (HAINPUKIIAJ HAITBIIPOBITHUKOBOTO

nazepa) 4, IKUA MOXKE ITePEMIIIaTHUCS Ha OIHAKOBIH BiJIC-
tadi (R) mo koopawHaTi B IUIOMIMHI p-n TEPEXOIy
(puc. 4, a), B NepIEHIUKYISAPHIN IUIOIINHI p-N IEPEXOLY
Ha Bigcrasi (R) (puc. 4, 6), a Takox Npu THepeMilleHHi
JOKepesia BUIPOMiHIOBaHHs 1o Bijcrani (L) B miomuHi
p-n mepexony (puc.4,B). [lpu 1pOMy BH3HAYAETHCS
BiJIHOCHE ITOJIO’KEHHS JKepelia BUMPOMiHIOBAaHHS 1 y3To-
JOKYIOUOI CeKllil, sike 3a0e3reuye MakKCUMaJIbHY KiJIbKICTh
EHepril, 0 MepelacThes B JIiHIIO mepenadi. /xeperno
BUIIPOMIHIOBaHHS 4 TIEPEMIIAETHCS BITHOCHO Y3TOIDKY-
FOYOi CEKINi 3 JOMOMOrOI0 MPHBOAY 5 Ta TPHOXKOOPIH-
HaTHOro croiy 6. [Hdopmaris 3 poronpuitmaya 7 ompa-
LLOBYETHCS MIKPOKOHTPOJIEPOM 8, SKUH Kepye MpHBO-
JIOM TIEpEMIIIIEHHsI JDKepesia BUIPOMIHIOBAHHS Ta BUpa-
XOBYE ONTHMaJIbHE BiJHOCHE IIOJIOXKEHHS JDKepelia BH-
MIPOMIHIOBaHHS Ta y3ro/Kyro4oi cekii [12-14].

4 1

(]
w
]

Puc. 3. BuzHayeHHs Micus 3’ €JHAHHS BiJpi3KiB
ONTHUYHHMX BOJIOKOH

4 1

(%)

3
a — [epeMilleHHs! B IUIOLIMHI P-N Mepexony
3
R ; Oj
0 — nepeMilleHHs B epHeHIMKY/IAPHIHN IUIOMINHI pr epexoy

el

1 1 2

L

B — IIEpeMIIIeHHs 10 BiJICTaHi

Puc. 4. BuzHa4yeHHs BiTHOCHOTO HOJIOYKEHHS JUKEpea
BUIIPOMIHIOBAHHS 1 Y3TODKYIOUOI CeKILil

BucHoBku

B nmpencrarneniii poOOTi MPOBENEHO TOCIIHKCHHS
TEXHOJIOTIT €JIEeMEHTIB BOJIOKOHHO-ONTHYHUX CHUCTEM
nepenadi, a caMe CTBOPEHHS! KOMIIOHEHTIB BOJIOKOHHO-
ONTUYHUX JIHIM 3B’S3KYy, 1[0 JO3BOJSIOTH ITiIBHIIUTH
eQeKTUBHICTh BBOJY BHIIPOMIHIOBAaHHS Bif JKepena B
ONITUYHHX CBITJIOBOJ, 30KpeMa OIHOMOIOBHUH. bByimo
PO3TIISTHYTO (DaKkTOpH, 1110 BIUTUBAIOTH HA BTPATH €HEpTil
Npu TeHepalii i BBOJAY BHIIPOMIHIOBAaHHS JKepeia B
OIITHYHE BOJIOKHO, & TAKOXK PO3POOJICHO 1 BIPOBA/IXKEHO
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CHUCTEMY Y3TODKYIOUHX eleMeHTiB. HamaHo mocimimor-
HICTh Jifi I e()EeKTUBHOIO BBOIY BHUIIPOMIHIOBAHHS
JoKeperia B OJHOMOJIOBE BOJIOKHO.

[Tpu BukoHaHHI poOOTH JOCIIIKEHO PaKTOPH, IO
BIUIMBAIOTh Ha TapaMETPH BBOIY BUIPOMIHIOBAHHS B
BOJIOKHO Ta 3alPONOHOBAHO KOHCTPYKIIIIO PE30HAHCHOT
cucreMu 111 (POPMYBaHHS MOTOKY €JICKTPOMArHITHOTO
BHITPOMIHIOBaHHS HAWOIIBII MPUIATHOTO IS BBOAY B
OTHOMOJIOBE BOJIOKHO, & TaKOXK 3aIllPOIIOHOBAHO IMOCIIi-
JIOBHICTH Ti¥l JUIA BU3HAYEHHS HAHKPAIIOro B3a€MOPO3-
TallyBaHHS BUITPOMiHIOBaYa Ta BOJIOKHA.

B poGoti 0OrpyHTOBaHO BHMKOPHCTaHHS METOAY
MiJBUIICHHA €()EeKTUBHOCTI BBOJY BHIIPOMIHIOBAHHS
MOTY)KHUX JDKEPEJI B ONTHYHI BOJIOKHA. 3alpOIIOHOBaHA

TEXHIYHA 1 TEXHOJIOTIYHA peaji3allis MpoIrecy poOuTh
MOXIIUBHM BBOJHTH OUIBIIY MOTYXHICTh B OITOENIEKT-
poHHi JiHii mepenaui iHGopMarii, mo miaBUILye edek-
TUBHICTh BBOJLYy BUIIpOMiHIoBaHHs 10 20 ab.

OkxpiM BHIIEHABEJCHOI'O BapTO BiI3HAYUTH, WIO
BH3HAYEHHS! TOYHOCTI PO3TAalllyBaHHS CIOJYYHOI ILIO-
LIMHA B TPHUCTPOSX Y3TO/DKEHHS Ta B3aEMHOIO PO3Mi-
LIEHHs BUIPOMIHIOBAdYiB Ta ONTHUYHOIO BOJOKHA Ja€
MOXIIUBICTh, B JJaHUH Yac, 3HU3UTU BTPATH B 3'€THaHHI
1o 0,1 nb i nepexaBatu iH(opMalito 3 OLIBIIOW HAIIN-
HICTIO Ha OibIIi BigcTaHi 6e3 perenepanii. lle, B cBoro
4yepry, JacTb 3MOry 30eperTH Mpale3iaTHICTh BOJO-
KOHHO-ONTHYHOI CUCTEMH B YMOBax BIUIMBY MeXaHid-
HUX, KIIIMaTUYHUX 1 pafialiiiHux (paxTopis.
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Increasing the efficiency of fiber optic communication channels
L. Nevlyudov, B. Malik, O. Tokareva, V. Nevlyudova

Abstract. Fiber optic systems are one of the most promising areas in the development of the physical basis of the
information space. When implementing fiber-optic communication lines, it is often necessary to match the optoelectronic
components with different cross sections of the emitting and receiving regions and various numerical apertures. A variant of this task
may be the connection of single-mode and multimode fibers or emitters and photodetectors with fibers of various types. One of the
methods of such matching is the creation of cascading fibers in which the lens fiber and several sections of the gradient fibers are
integrated into a single-mode fiber. The subject of the study is the technology of elements of fiber-optic transmission systems. The
objective of this work is to create components of fiber-optic communication lines that can improve the efficiency of inputting
radiation from a source into an optical fiber, in particular single-mode. To achieve this goal, it is necessary to solve the following
tasks: to consider the factors affecting the energy loss during generation and input of radiation from a source into an optical fiber, as
well as to develop and implement a system of matching elements and give a sequence of actions for efficient input of radiation from
a source into a single-mode fiber. Conclusion: during the work, the factors affecting the parameters of the radiation input into the
fiber were investigated and the design of the resonant system for the formation of the electromagnetic radiation flux most suitable for
input into the single-mode fiber was proposed, and a sequence of actions was proposed to determine the best relative position of the
emitter and the fiber. The paper considers the problem and reasonable ways to increase the efficiency of radiation input into an
optical fiber by using a resonator and studying the optimal conditions for the mutual arrangement of the fiber and the source. The
proposed technical and technological implementation of the process makes it possible to introduce large power into the
optoelectronic information transmission lines, which increases the efficiency of radiation input up to 20 dB. Determining the accu-
racy of the location of the connecting plane in the matching devices and the relative position of the emitters and the optical fiber can
reduce the loss in the connection to 0.1 dB, transmit information with greater reliability over long distances without regeneration and
maintain the operability of the fiber-optic system under mechanical, climatic and radiation factors.

Keywords: optical fiber; emitter; power; transmission efficiency.
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METO/I 3ABE3IIEYEHHSI 3ABAJIOCTIMKOCTI PYXOMOTI'O 3B’SI3KY
INPU BUHUKHEHHI BHYTPIHIHBOCUCTEMHUX 3ABA/]

Anortanisi. [IpeamMerom BUBUECHHS € TmpouecH 3a0e3ledeHHs Oe3NpOBOAOBOI 3aBaJOCTIMKOI mepenadi AUCKPETHOI
iHpopmanii Ha TpyHTI HAIIIMPOKOCMYrOBHX CHUTHATIB 3 BHCOKON0 iH(opmauiiiHoro emHictio. Mera — po3poOka
peKoMeHalii Mmoo 3a0e3MeueHHs eJICKTPOMArHiTHOI CyMICHOCTI HaAIIMPOKOCMYI'OBOI CHCTEMH 3B’S3Ky HpH Ilepenadi
JIUCKPETHUX IIOBIZIOMJICHb KAHAJIOM 3B’S3KYy 3 aIJUTHBHHUM IayCOBUM ILIyMOM. 3ajgaya — 3a0e3NE4eHHS YCTaJIeHOI Ta
HaJiiHOI poOOTH HAJUIMPOKOCMYIOBOI CUCTEMH 3B’SI3Ky B YMOBAX BHYTDIIIHBOCHCTEMHMX 3aBajl. Bukopucrani meromu:
METOJM aHATITHYHOTO, IMITAIIITHOr0 MOZIETIOBAHHS Ta IU(POBOro KOAyBaHHS cUrHaiiB. OTpuMaHi HACTYIHI pe3yJIbTaTH.
IMoxazaHo, 10 BUNaIKOBI 3MiHH €HEprii Ta aBTOKOPEISILiiHHOT QYHKIIT NIPUHHATHX HAaIIUPOKOCMYTOBHX CUI'HAJIIB B IOTO-
i 6iTiB iH(opMaLli € NPUINHOIO BUHUKHEHHS BHYTPILIHBOCHCTEMHHX 3aBajl. Y CBOIO UEpry 1i¢ BUKIMKAE 30UIbIICHHS Oi-
TOBOI NOXUOKH Ta Jerpajalito iIMOBIpHICHUX XapaKTEePUCTUK CUCTeMH 3B s13Ky. OTpHMaHi XapaKTepHCTHKH OiTOBOT MOXHO-
KU CBiJUaTh IPO BUCOKUH PiBEHb NPUXOBAHOCTI Ta €JIEKTPOMATrHITHOI CyMICHOCTI HaJIIMPOKOCMYIOBOi CHCTEMH 3B’SI3KY
IIpY 1epeiadi JUCKPETHUX MOBIJOMIICHb B KaHaJIl 3B’A3Ky 3 aJIMTUBHUM I'aycOBOM OinuM mrymom. IIpuuomy, 3a yMoB BH-
KOPUCTAaHHS HEKPAaTHUX 3aTPUMOK KOAYIOUMX IMITYJbCIB B IPOLECI KOJOBOI CIEKTPAIbHOI MOAYIIALIi, OTPUMY€EMO iMOBIp-
HicTh GiToBOT MOXMOKH Ha piBHi 107 - 10 npH CyTTEBO MEHIIMX ONMHUII BiIHOMICHHSX CHrHAI/ITYM. BucHoBKH. Briko-
PHUCTaHHS TEXHOJIOT] HAJIINPOKOCMYTOBUX CHUI'HAJIIB J03BOJISE 3IIHCHUTH O€3IPOBOJOBY NPHXOBAHY nepenady iHpopma-
1ii 3 MaJIOK MOTYKHICTIO BUIPOMIHIOBAHHS Ha ITBHKOCTI 1-2 M6/c 3 iMoBipHicTIO moxu6Ku Ha Git Menm, Hik 107, Ta-
KHM YMHOM CHCTEMa Ha/IIMPOKOCMYT'OBOT'O Pa/iio3B’s13Ky 3 KOJOBOIO MOAYJISLIEIO B Iepe/iaBadi Ta CEKTPaIbHOK 00po0-
KOIO B IIpUiiMadi Ma€ BUCOKY 3aBaJIOCTIHKICTh, IO AO3BOJISIE 3AIHCHIOBATH HA/AIHHY mepenady u¢poBoi iHpopmamii mpu

IOsIBI BHYTPIITHBOCUCTEMHHUX 3aBal.

KawuoBi ciroBa: pyxomuii 3B’ s130K; 3aBa/IOCTIHKICTb; CIEKTpaIbHa 00poOKa; KOPEJISILIis.

Beryn

Po3BUTOK TeXHOJOTIH MOOUTLHHX MHPUCTPOIB, JIO-
kaipHuX Mepexx (WLAN) Ta crpimke 3poctanns Inter-
net BUKIIUKAE BCe OUIBII 3pOCTal0uy MoTpedy y 301iib-
LIEHHI €EMHOCTI MOOUTEHUX Mepex. O/IHaK iCHYIoUi TeX-
HOJIOTIi HE MalOTh 3MOTH 3aJI0BOJILHUTH HOBUX MOTpPEO
IT0 EMHOCTI MEPEX Ta MIBUIKOCTI mepenaui [1-4].

B peanpHHX cHCTeMaX pyXOMOro 3B’SI3Ky TOYHA
iHpOpMaIlisl PO XapaKTePUCTHKH KaHAy 3B’SI3Ky He-
JIOCTYIHA. 3a HasBHOCTI B KaHAJi IIYMiB i 3aBMHPaHb
CHTHAJY, TapaMeTpH KaHaJdy MOXKYTh 3MIHIOBATHUCS Yac-
Tilme, HIK YacOBMH IHTEpPBaJl MiX CYCIOHIMHU IIiJIOT-
CHUTHaJIaMU.

[Tix yac npuiiomy Ta nepenadi iHpopmarii B cuc-
TEMax PyXOMOTro 3B’sI3Ky OaraTonpoMeHEBe PO3IMOBCIO-
JOKEHHSI CUTHAJTY CIIPABIIsiE CYTTEBUH BIUTUB HA NPUIAHS-
TUH CUTHAJ, IO YCKIIAJHIOE HOro Mmomaibiry o0poOKy
Ta BUMarae OUTbIIEe O0UHCITIOBAILHUX PECYpPCiB.

3MCHIIMTH OOYMCITIOBAJIbHY CKJIAHICTH Ta ITiIBHU-
IIMTH TOYHICTh OLIHIOBAHHS 3/IaTHI AJTOPUTMH, SIKi
TPYHTYIOTBCSl Ha TIOCIIIOBHIH Oaratopa3oBiii 00poOii
MPUIHATOrO CUTHAIy, SIKUH OTpUMaHO 3a OAWH IHTEp-
BaJ CIIOCTEPEKECHHS Ta BUKOPHUCTaHI NpPU OLIHII He
TIJIBKU €HEprii MiJIOT-CUTHAJIIB, a TAKOXK CHEprii iH(Op-
MaI[ifHUX CHTHAMNIB. [CHYIOUI ajIropuT™MH eKCTParoIsii
He 37aTHI i3 HEOOXiJAHOI0 TOYHICTIO alpOKCHMYBaTH
00YHCIICHI 3HAYCHHS MapaMeTpiB KaHaldy Ha Bci iH(Op-
MaIlifiHi 9acoBi IHTEpPBaJIH, 1[0 BUKJINKAE 3HAYHY ITOXHU-
OKy OLIIHIOBaHHS Ta XapaKTepU3ye IUCIEPCII0 MTOXUOKH
OLIIHIOBAHHSI.

CyTTEBO MOKPAIIUTH CHEKTPAIIbHY €PEeKTUBHICTD 1
3aBaJIOCTIMKICTh CUCTEMH, Yy TOPIBHIHHI 3 TpaJMIiiHU-
MH CHUCTEMaMH, 3JIaTHA TEXHOJIOTISl HaAIIMPOKOCMYIO-

BOTO 3B’SI3KY, sIKa IOJISITAE Y Tepeadi MaJoMoTyXHUX
KOJIOBaHHX IMITyJIbCIB B JyX€ LIMPOKIH CMy3i 4acToT
0e3 Hecydoi yacToTH [5-7].

AHaJi3 TeXHIYHUX pillleHb

HInpoKOCMYXHICTh CHCTEMH BH3Ha4Yae He abco-
JIIOTHA BEJTMYUHA NIMPUHHA BUKOPHCTAHOI CMYT'H 4acToT,
a CHIBBI/HOIIEHHSM CIIEKTPY IOBIJIOMJICHHS, SKUH BU-
3HA4YEHO LIBHJKICTIO OTpUMaHHs iH(opMarii, Ta mupu-
HOIO crekTpa curHana. Hexait AF € IIMPUHOIO CIIEKT-
py noBinomieHHs, W — IIMpUHA CIIEKTpy curHaia, a T —
TpuBanicTh curHana. JJooyrok B =WT e 6a3010 curaa-
ny. 3a3BUYail Ui NIMPOKOCMYTOBUX CUCTEM W > AF
Ta B>1 . Posmuproroun cmyry vactor i3 AF mgo W
BHHUKAE MOXKJIMBICTh 30UIBIICHHs IIBHIKOCTI Mepenadi
iHpOpMaIii, YKOPOUYIOUH INepeiaHi CUTHAIU 3 BEJINYH-

HH T;yAF o 1 ;%V , mpuuomy 1} < T . Taxum

YHHOM JI0 TIEPEaHOr0 CUTHAIY BBOIATH ACAKY HaJAMip-
HICTh, BEIMYMHY SKOI BU3HAYAE KOCQII[ICHT PO3IIUpPEH-

HsI criekTpy K = % . Came HasBHICTb I1i€i HAAMIp-

HOCTi BU3HAYa€ TaKi BIACTUBOCTI HAIIMPOKOCMYTOBHX
CHCTEM, K MOXIIMBICTH nepeOOpeHHs siBHIa OaraTto-
MIPOMEHEBOCTI, YCTaJIEHOCTh JI0 3aBaj, Ta MOXJIHBICTH
€(eKTUBHOTO BUKOPUCTAHHSI CIIEKTPY i/l Yac BUKOPHUC-
TaHHS TIEPEBAHTAXKEHOT'O YAaCTOTHOI'O Jliala3oHy Ta IH-
(GbpoBoi 00pOOKH CUTHAITY.

Jlis Ge3mineH31iHOr0 BUKOPHUCTaHHS HaAINPOKO-
cmyroux (HIIC) curnaniB npuctposiMu B €Bpocoro3i
BuaiteHi miamazonn 6 — 8 ITn y CIIA — 3,1 —
10,6 I'T1 [8,9]. Jlo3BoJsieHI CMYTH YacTOT Ui OpraHiza-
uii HIIC 3B’sa3Ky y pi3HHX KpaiHaxX CBITYy HaBeIEHO Ha
puc. 1.

© CepxoBO. A., Tpyouaninosa K. A., JIazypenxo b. O., 2020

155



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 1(59)

ISSN 2073-7394

Kananma | | aas 106 | 2009
- T T T T - :
Kurai | @, ¢ a8 | so0 9.0 ! 2009 g
dromn | T : . ’ ' =
oH| o s 1025 005 &,
L 1 L L 1 T
Pocis | 2.85 10,6 | 2009 %[
I 1 I | [
€spoma | | ! | 60 85 : 2004 5
1 1 1 E
. | 1 | Y
Cigramyp{ ! ! 6.0 9.0 2003
C]_I_[A : 3.1 10.6 I 2002 -
I | 1 | | I | I -
25 ‘ 35 45 ‘ 55 ‘ 65 | 15 ‘ 8,5 ‘9,5 | 10,5 Hacrora,
My

30 4.0 5.0 6.0

, o

80 90 100

i

Puc. 1. Jlo3Boneni cmyru mist opranizanii HIIIC 3B 513Ky y pi3HHX KpaiHax CBITY

3MeHIIeHHIO 1HTepdepenIIii MiXk yciMa cucTeMaMu
3B"3KY, ski npamtotoTe B HIIC cnekrpi wacror, cnpusie
obMexxeHHs X moTyxHocti: 41,3 nbM/Mri 8 CHIA Tta
€Bpocoro3i. [l KOHKPETHUX 3aCTOCYBaHb PO3pOOJIEHI
Ia0JIOHN JTO3BOJIEHUX IIOTYXKHOCTEH B CMYy31 NpoOIyc-
kanHsg HIIC cucrem. Bun miaGroHiB Takoxk 3aJIeXdTh
BiJl KpalHU 3aCTOCYBaHH;I.

Ouinka BILIMBY 3aBaj
HA AKiCTH BilHOBJIeHH iH(opmanii

3rigHO Teopii MOTeHIiaIbHOI 3aBaocTiiikocTi [10]
XapaKTepPUCTUKH 1H(OPMALIIHHOIO CHTHATY 3allekaTh
BiJl BIIHOIICHHS MOMBIWHOI eHeprii curHany E 1o crie-
KTpaJbHOI IIIIBHOCTI MOTYXHOCTI IIyMy N Ta CKia-

Q=2%0=2q03,

e qo = % / (NOW) — BIJTHOIIICHHS CEPEIHBOI MOTYXK-

JIa€ BEJIUYHHY:

HOCTi curHainy Fp =% JI0 TOTYXHOCTI UIyMY

Pyo =NoW na Bxoni npuitmaua, a B=WT e 6asor0
CHTHAILY.

Posnonin ingopmariiiinoro ity Tpusaiictio T Ha
€JIEMEHTH, TPUBAICTIO T, SIKI MAIOTh TaKy K aMILTIITYLY,
o i iH(pOpMAaNiAHUIA OIT, TO3BOJNSIOTH OTPUMATH CHI-

Han tpuBaiictio T i3 cmyroo W ~ % IIpH 3HAYCHHI
6asu B>>1. Uucno eneMEeHTapHUX IMITYJIbCIB (YiMiB) B
iHpopManiiiHoMy OiTi BU3HAa4YaeThesl K N = % . Ipu

LLOMY MOXKJIMBICTD PO3JIJICHHS EPEKPUTUX y Yaci CH-
THAJIIB TIOB’s13aHa 3 HAsIBHICTIO Y KOpEJSIIidHIA QyHKIii
NPUAHATUX CUTHATIB €INHO MOXIIUBOTO MaKCUMyMY
3HAYHOI aMILTITYIH i UIAPUHH TOPSIKY

~ 1 ~ . .. . .
’Ee¢¢ = AV =7, IO € MKOM CIICKTPaJIbHO1 HILJIBHOCT1

notyxHocti. Takuil BUTIISII KopensuiiHol QpyHKii Ma-
IOTh BiJIPi3KU MIyMY i3 cMyro W i IeTepMiHOBaHi CHr-
Hally, SIKi micns oOpoOKHM B KOpeNsiHOMY NpuiimMadi
MPUIMalOTh BUIIISA IMITYJIbCY TPUBAJICTIO T 3 aMILTITY-
noto NS, ne S — amIniiTyga eneMeHTapHOro IMITYJIbCY
MOCIiIOBHOCTI. MakcuManbHi OOKOBI TENIOCTKH KOpe-
JAiiHOT (yHKINT, sIKI BU3HAYAIOTh HeOaXKaHWH BIUTUB
Ha TPaBUIBHUN NPUHOM CHTHANTY, MAalOTh aMILTITYIH

nopsiaky NS . 3a yMOB IOCTaTHBO BEJTMKOI'O 3HAYEH-

Ha N, Hanpukiaa, moHaa 100, mi MeTroCcTKA 3HAYHO Me-
HIIi 3a ronoBHU MakcumyMm [6]. Ilpu iHTepdepenmii
noBHicTio HekorepenTHux HIIC curHamiB criekTpaibHa
UIUTBHICTh MOJYJTIOETHCS TapMOHIYHOIO (DYHKINEIO B
3aJIeKHOCTI BiJl 4acTOTH f 3 MacmTaboM IepioauyHOC-

|i, SIKAN ):[OpiBHIOe
1) t)= y .
f] 0 () Ti 0

IotyxHicte cymapnoro HIIC curHamy zjo(t)
BH3HAYa€ HOro qucrepcis c§ 10 JTOPIBHIOE MOABIHHOT

MOTYKHOCTI c§ = 203, OIIOPHOTO CUTHANY 7() 32 yMOB
MOBHOI HEKOT'€PEHTHOCTI OMOPHOro Ta 3aTPUMAaHUX iH-
(hopMaIliifHuX CUTHAIIB.

KommapaTop 3xilicHIOE TIOpiBHSHHS iH(pOpMAIIii-
HMX KOpENAIiHHNX MiKiB i3 3cyBoM 1] un Tj, BUITydae 3
HUX HaWOUIBIIHNIA 32 BETMYMHOIO KOPEISUIHHUA MK, 1110
BiJnoBiae nepenanomy 0ity «1» un «0». Takum unHOM
3IIHCHIOIOTh OJHO3HAYHE BIJHOBJIEHHS NepenaHoi Oi-
HapHoI iHdopmaii.

BruivB 30BHINIHBOI 3aBalyd B KaHATi 3B’SI3KY CY-
MIPOBOJIXKYETHCSI 3DOCTAHHSAM BUIIAIKOBUX BHKUJIB IS
aBTOKOpesAiiHol (yHKIIT B 00nacti iH(opMariiHux
MiKiB 203,Rn (t—Tjp) i3 3cyBoM , T =T ILIO NPU3BOJE
0 30UIbIIEHHS IMOXWOKW ITIPH BIJHOBJIEHI mepeaaHoi
6inapHoi iHpopmarii [11-13].

3a pe3ynbTaTaMH CIIEKTPaIbHOI 0OPOOKH MmiJ Yac
HAJIXOJDKEHHS KOXKHOro OiTy iH(popmalii BH3HAYAIOTH
KBaJpaTypHi KOMIIOHEHTHU JJIsl KOMIUIEKCHOI aBTOKOpe-
JAiAHOT (YHKINI, MOIY/Ib SKOi OOYMCITIOETHCS K Ce-
pelnHe KBaapaTHYHE 3HA4YeHHs BijJ JIMCHOI Ta ySBHOL
YyacThH. BumajxoBy OIIHKY Ul MOIYJIsl aBTOKOPEJISILIi

R, (‘t)‘ BH3HAYa€EMO Yy BHIJISI CYMH CEPEIHBOI'O 3Ha-

4yeHHs M, (T) Ta QIyKkTyaniiHOl KOMIOHEHTH [i,.(T) :

R, (0| =71, () + 1, (3).

3a pe3ysibTaTaMH yCepeIHEHHs 3a BEIUKHM aHCa-
m6em (K = 10° ) He3anexHUX peanmisaiiii r(#) npuiins-
TOTO CHT'HATY BU3HAYAEMO:

— CEepelHE 3HAYCHHS:
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JIUCIIepCiro GykTyamii:
% (1)= -2 [u].
: K k=1

Koe(illieHT B3a€EMHOI KoBapiawii uist QIyKTyartii-
HOI KOMITOHEHTH ﬂ(,k) (Tlo) B MiCIi pO3TamryBaHHs
iHdopmarniiiHoro miky i3 3aTpumkor 7j, Ta GOKOBHX
BUKUJIIB ﬂ(,k) (Tlo + r) , 3CYHYTHX Ha 4ac (Tlo + r) :

Gﬂ (TIVO’TIVO +T) =
1 1
= = .
TG ) a1, )

k=1

Koeginient B3aeMHoi KoBapialii oka3ye cTyrneHb
CTaTUCTUYHOI 3aJIeKHOCTI Uit (IyKTyauwid MOIYITIo
aBTOKOpEJISLii B Micli po3TamryBaHHs 7q( iHopmariii-
HOrO MiKy Ta Ha MicIi (TIO +r) 3CYHYTHX OOKOBHX
BuKuiB [14].

Iepenaua indopmarii Ha rpyarti HIIIC curaamnis B
KaHaJi 3 aJJUTHBHOIO I'ayCOBOIO 3aBajlOl0 3iHCHIOBa-
Jacs IS BU3HAYEHHs IMOBIPHOCTI MOXHMOKM Ha OIT
(BER) B 3anexnocti Bix criBBigHomeHHs (SNR)
MOTY)KHOCTI TNPHUHHATOTO CHTHAIY [0 IIOTYXKHOCTI
30BHIIIHBOI 3aBajiy B KaHAJI P Pi3HUX 3aTpUMKax 71j,

T, indopmamiitaux curHamis. Hexall crekTpu moryx-

Hocti, cymapaux HIIIC curHamiB, sKi HagXOmATh i
yac mepenadi MBIHKOBHX CHMBOJIIB, OOYHUCIICHI 33 KiH-
ueuii yac T = 1MKcC, JOPIBHIOIOTH TPHUBAIOCTI OITY iH-
¢dopmarii, Ta € BunagkoBumu Qyskuismu. CMmyra vac-
Tor crimamae AF =1,0 I'Tn, Ta 4Yac KOrepeHTHOCTI

TR yA F= 1 He. Ilig yac mepenadi IBIHKOBOTO CUMBOITY

«1» 3aTpumKa curHana ckinazgae 7; =9 He. Toai nepion

MOJYJIAIT oyne

o = % =111MI"y . Tlpu mnepemaui «0» 3arpumka
1

CHeKTpaJ'H)HO.I. I[OpiBHIOBaTI/I

curHana cknajgae I =6HC, a Mepiof CHEKTPaIbHOL
Moxymsnii  Oyme ckmagath - Of =% =16TMIy .
0

IMOBipHICTP TOXMOKM BH3Ha4ajacs CTaTUCTUKOIO
XHOHMX pilmleHb mpu 0araTopa3oBOMy BHKOHAHHI
HE3ISKHUX EKCIIEPUMEHTIB 10 mepenadi JABIHNKOBHX
0iTiB B KaHaJI 3 aJJIMTUBHOIO I'ayCOBOIO 3aBajo0. [Ipu
3cyBi Ha kpaTHuii yac 1= jTy = 12; 18; 24 He (j=2,3,4)
CIOCTEPIraloThC CTATUCTUYHO 3HAYMMI KU IS
CepeAHbOro 3HaueHHA m,.(T) (puc.2) Ta cepeaHbo
KBAJpaTHYHOrO Biaxwienus o, (1) (puc.3). Bonnu
MIEPEBUINYIOTh Y NEKiJIbKa pa3iB CYCiHI OOKOBI BUKHIH
mux QyHkniil npu HekpaTHHX 3cyBax T = jT. 3aTpuM-
Ka curHana cknagae 7T =6 He. Ilpu npoMy ciif 3a3Ha-
YUTH aHOMAJIBHO BEJIMKI KM IS CTAaHJapTHOTO BiJIXH-
JICHHS cu(r) IpU KpaTHUX 3cyBax t= jTy = 12; 18;
24 uc. KoedirieHT B3aeMHOI KoBapiallii mpu 3CyBi Ha
qac iHdopMariiiHoi 3aTpuMku T =7 =6 HC 32 paxyHOK

PE30HaHCY 3pOCTAE 10 AMILTITYAI Y JECSATKH pasiB, cTae
HETATHBHKUM Ta JIOPiBHIOE

GH (To,zTo) = —0,49 .

7 (2)
1.0

0.8
0.6
0.4
0.2
0.0

] 10 20 a0 40 &(
3arpuMKa, HC

Puc. 2. 3anexHicts m,.(T) Bin3CyBy T

0, (1)
1,0

0 10 20 30 40 &C
3arpuMKa, HC

Puc. 3. 3anexHicts 6,,(t) BixscyBy t

3a pe3ynbTaTaMM YHCEIBHOIO MOJEIIOBAHHA
(puc. 4) BU3HaUeHO €(EeKT MOTYKHOI aHTHKOPEIISIIT [UIst
o ~(k
¢arykTyaiitHol },t(, ) (Tlo)
aBTOKOpEJsALii B MicIli po3ranryBaHHs iH(opMaliitHOro
miKy i3 3cyBoM 7 =6 HC Ta OOKOBUX BHKHUIIB i3 IIO-

KOMITOHCHTH MOOYJIA

JBOeHUM 3cyBoM 27 =12 He.

G,u (7—2)’27—2))
1,0

05

0,0

0.5

24 30 36 42 48
3arpuMKa, HC

Puc. 4. 3anexHictp Gp(TO’ZTO) BiJI 3CYBY T

AHOManbHO BeNHKI (IyKTyamii

l%,(t)‘ Ipu KpaTHUX 3CyBax tT= j1j,

UL MOJIYNA

aBTOKOPEJISLIT

j=2,3,4) Ta cuIIbHA AaHTUKOPEIIALIISA
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GH (To,zTo) = —0,49

MiX (UIyKTyalisiMA 13 KpaTHUMH 3CYBaMHU INPHU3BOISTH
JI0 TIOSIBU JIOJNATKOBMX BHYTPIITHHOCHCTEMHHX 3aBall,
110 POOUTH CYTTEBHMI BIUTMB Ha JIOCTOBIPHICTH mepena-
BaeMoi OiHapHoi iHpopmarii B cucremi HILIC 3B°s13Ky.

0,01

Ha pwuc.5 wHaBeneHi pe3ynbTaTH YHCETBHOTO
EKCIIEPUMEHTY IIOA0 3aJICKHOCTI IMOBIPHOCTI MTOXUOOK
Bix SNR — BIiJHOIIEHHS CHTHAJI/IIYM TIPH Pi3HUX
HIBHIKOCTSX Tepenaui 0OitiB iHopmanii C=1 Mo/c,
2 Mb/s, 5 Mb/s, 10 Mb/s. Yci 3anexHOCTI pO3paxoBaHO
it HIIC curnany 31 emyroro yactor AF = 1,0 [T

=\
BLA

e 1E-4 5
73] ]
M ]
1E-5 = -
11 -\\*
] a Ie \ ~
1 1b 2a
1E-6- T
-4 0 4 8 12
SNR, dB

Puc. 5. 3anexxHocti iMoBipHicTi moxuOku BER
BiJI CITiBBIIHOIICHHSI CUI'HAJI/IITyM B KaHAJIi IPH Pi3HIH MIBUIKOCTI nepeaaui:
1-C=1 Mb/s.;2 - C=2 Mb/s.; 3 — C=5 Mb/s.; 4 — C=10 Mb/s.); a — HexpatHi b, ¢ — KpaTHi 3aTPUMKHI

3 MiJBHIIEHHSM IIBUAKOCTI Tepeaadi OiTiB mpu
¢ikcoBaHili cMmy3i AF  4YacTOT CIIOCTEpIraloTh 3CyB
BrpaBo BER - 3anexxHocreil Tak, 1m0 iMOBIpHICTh TTOXH-
Oku 3pocTae. XapaKTepUCTHKH, 110 MTO3HAYEHO OYKBOIO
a, BIJNOBINAIOTh OOpPaHHIO HEKPAaTHUX 3aTPUMOK
Ty =6nc , T} =9nc Hc. XapaKTEpUCTHKH, 1O NO3HA-
4yeHo OykBoIO b, BiIMOBIIAIOTH 3aTPUMKaM 3 TIOJIBiHHOIO
kpaTHicTio Tj) = 6uc, T} =12nc, a ¢- 3 HoTpiiiHO0O Kpa-
THicTIO 1) = 6rc, T) =18nc . KpaTHicTh 3aTpuMok (3a-

nexHocti b, €) MpU3BOMATH A0 30LTbIICHHS MOXUOKU
npuitomy OiTiB Ta 3cyBy BipaBo BER — 3anexnocreii. 13
301IBIIEHHSM IIBHIKOCTI mepeaadi 0itiB Bix 1 Mb/s no
10 Mb/s (3anexnocti 1 — 4) pizke 3poctanHs OITOBOI
MOXMOKK 33 PaxyHOK HEKpaTHUX 3aTpuMok. IlojpiiiHa
Ta MOTpifiHa KpaTHICTh 3aTpuMok 7| Ta T, BUKJIHKAE

JIeTpaalilo iIMOBIPHOCHHX XapaKTEPHCTHK JUI CUCTEM
3B’s13Ky. [IpH 1IbOMY 3aJIeKHOCTI HE3HAYHO 3CYBAIOTHCS
3a SNR BigHomennsm Ha Benmnuuny 0,3 — 0,5 1b npu
Mauniii GitoBii mBuakicti C = 1-2 Mb/s, Ta iMOBipHOCTI
noxu6ku BER=10". Benuka ferpajartis iMOBipHOCHHX
xapakrepuctuk HIIIC cucremu 3B’S3Ky BUHHMKA€E 3a
PaXxyHOK KpPaTHOCTI 3aTPUMOK IPH BEJIMKiH IMIBUIKOCTI
nepenaui 0itiB C = 5-10 Mb/s. Y upomy Bunaaky BER
— 3QJEKHOCTI CYTTEBO 3CyBarOThcs BIpaBo mo SNR
BiJTHOIIICHHIO Ha BenuuuHy 3 — 6 b 3a Ti€to x iMOBip-
pictro moxu6ku BER=107, TakuM 4MHOM 3aBamOCTiii-
kicte HIIIC cucremu 3B’S13Ky 3HAYHO ITiJBHIIYETHCS 3a
HasIBHOCTI HEKpPAaTHHX 3aTPUMOK B IpoIeci KOJOBOi
CHEKTPaJIbHOI MOMYJISLII.

Anaiais

I3 anamizy IMOBIpDHOCHHX XapaKTEpPHUCTUK BHUXO-
JIUTh, IO TPH MIBUAKOCTI nepenadi 6iTie C = 1-2 Mb/s
3ajexxHocTi la Ta 2a 3HaXOISIThCS B 00JIACTi HETaTHB-
Hux SNR Bizg -4 no -1 ab. [Ipu oMy iMoBipHIicTB OiTO-

Boi moxubkH ckimagae Benmunny BER= 107°-10°. 3a
TaKUX YMOB 3JIIHCHIOEThCS mepenava indopmarii B Iu-
¢poBux cucremax 3B’sa3ky. Takum ymaoM B HIIIC cuc-
TeMi 3B 3Ky 3[IIHCHIOIOTh HaliliHy Hepenady iHopma-
1ii B yMOBaxX BHYTPIIIHBOCHCTEMHUX 3aBaJ 3 BUCOKOIO
3aBaI03aXHUINCHICTIO Ta MPUXOBAHICTIO.

BucHoBku

Buxopucranns texnonorii HIIC curnamis no3Bo-
Jsi€ 3OIMCHUTH O€3NPOBOAOBY IPHUXOBaHY Mepenady
iH(pOpMaIii 3 MaJIOO MOTYXHICTIO BUIIPOMIHIOBaHHS Ha
mBUAKOCTI 1-2 MO/c 3 IMOBIpHICTIO TOXHOKH Ha OIT
MeH, Hix 107

IToka3zaHo, 10 BHIAJKOBI 3MiHU €HEpPrii Ta aBTO-
kopensuiinoi ¢ynkuii npuiinatux HUIIC curnaniB B
MoTOIl OITIB € NPUYMHOIO BUHUKHEHHS BHYTPIIIHBO
CHCTEMHHUX 3aBajl. Y CBOIO 4epry I BUKIUKAE 3011Ib-
1IeHHs1 0iTOBOI MOXMOKM Ta Aerpajalifo iMOBipHICHHX
XapaKTEePUCTUK CUCTEMH 3B’SI3KY.

Po3paxoBaHi XapaKTEpUCTUKH OITOBOI IMOXHOKH
CBIIYaTh TPO BHCOKUH DPIBEHb MPUXOBAHOCTI Ta EJIEKT-
POMarHiTHOI CyMiCHOCTI HaJIIIMPOKOCMYIOBOI CHUCTEMH
3B’SI3KY TP Tlepeadi JUCKPETHHUX TOBiIOMJICHb B KaHa-
J1i 3B’5I3KY 3 8JJTUTUBHUM T'ayCOBOM OitnM 1rymoM. [1pu-
4OMy, 32 YMOB BUKOPUCTaHHS HEKPaTHHUX 3aTPHMOK B
IpoIieci KOMOBOI CHEKTPaIbHOI MOIYJISILIi, OTPUMYEMO
iMoBipHicTh GiToBOI MOXMOKKM Ha piBHi 107 - 10° npu
CYTTEBO MEHIIHMX OAWHHMIL BiIHOIIEHHSX CUTHAI/TITyM.

OTpHuMaHi pe3yNnbTaTh JI03BOJISIOTH OOTPYHTOBAHO
o0upaTu HaWKpaml 3Ha4YeHHs 3aTPUMOK B TPOIECi KO-
nmoBoi Moxyisaii iHdopmartiitaux 6itiB HIIIC curnamy
Ta OLIHIOBATH CITIBBIIHOIICHHS CHTHAJI/IIYM TIPH 3a]a-
HHUX IMOBIPHOCTSIX 01TOBOT MOXHOKH.

Taxum uuHOM, cuctema HIIIC panio3s’s3ky 3 Ko-
JIOBOI0O MOJYJISALIEI0 B TepeqaBadl Ta CHEKTPaJIbHOO
00poOKOI0 B MpHiiMadi Mae BHCOKY 3aBaJOCTIHKICTh,
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10 JTO3BOJISIE€ 3IIMCHIOBATH HaAiIWHy mepenady nudpo-
Boi iH(opMallii B yMOBaX BUHUKHEHHS BHYTPiBIIHbOCH-
CTEMHHX 3aBa]l.

BasianicTh

o poboty Oyn0 4acTKOBO MpodiHaAHCOBAHO E€BPO-
neifickkuM Coro3oM y koHTekcTi npoekty «dComFra —
Digital competence framework for Ukrainian teachers

and other citizens» (Project Number: 598236-EPP-1-
2018-1-LT-EPPKA2-CBHE-SP) 3a MPOrpamoro
ERASMUS+. Iliarpumka €Bporneiicbkoto Kowmiciero
CTBOPEHHS 11i€i pOOOTH HEe O3HAaYa€ ITOBHOTO CXBaJICH-
HS i 3MICTY, SIKUH BiJI3ePKAITIOE JIUIIE TOTJISAH aBTO-
piB. Komiciss He MoOXe HECTH BIANOBIIAIBHOCTI 3a
Oynb-sike BUKOPUCTaHHs iH(opMallii, IKy po3MillleHO B
i poOOoTi.
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A metod of providing interference immunity to mobsle communication
in the case of intra-system interference

A. Serkov, K. Trubchaninova, B. Lazurenko

Abstract.The subject of the stady is the process of providing wireless noise-resistant transmission of discrete informa-
tion based on ultra-wideband signals with high information capacity. The goal is to develop recommendations for ensuring elec-
tromagnetic compatibility of an ultra — wideband communication system when transmitting discrete messanger over a communi-
cation channel with additive Gausssan noise. The task is to ensure stabile and reliable operation of an ultra — wideband commu-
nication system in the condition of intra-system interference. Methods used: methods of analytical & imitative modeling and
digital coding of signals. The following results are obtained. It is shown that random changes in the energy and autocorrelation
functiov of received ultra-wideband signals in the information bit stream are the cause of intra-system interference. In turn, this
causses an increase in bit error and degradation of the probabilistic characteristics of communication systems. The obtained char-
acteristics of the bit error indicate a highlevel of secrecy and electromagnetic compatibility of the — wideband communication
system when transmitting discrete messages over the communication channel with additive Gausssan noise. Moreover, when
using non-aliquot delays of coding pulses in the process of code spectral modulation, we obtain the probability of a bit error at a
level of 10 - 10 with a significantly smaller unit signal-to-nois ratio. Conclusion. The use of ultra — wideband signal technol-
ogy allows wireless cover transmission of information with low radiation power at speed 1-2 Mb/s with a probability of error per
bit of at least of 10, Thus, the system of ultra — wideband radio communication system with a code modulation it the transmitter
and spectral processing it the receiver has higs noise immunity, which allows reliable transmission of digital information in the
event of intra-system interference.

Keywords: mobile communication; noise immunity; spectral processing; correlation.
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