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PO3POBKA 3ATAJIBHUX ITOJIOKEHb
3 PO3PAXYHKY IIOKA3HHUKIB 3AJIMIITIKOBOI'O
PECYPCY PAJIOEJIEKTPOHHOI CUCTEMM JIITAKA

Anotanis. IIpeqmMeTom BHBYEHHS B CTATTI € NpoLecH (YHKIIOHYBaHHS PaiOeJICKTPOHHOI CUCTEMHU Cy4acHOro JIiTaKa,
11 KOMIIEKTYIOUMX €JIEMEHTIB Ta (D)YHKIIOHAJBHUX BY3IIB SIK 00’ €KTa BH3HAYCHHS Ta PO3PaXyHKY 3AJIUIIKOBOIO PECYpCY.
Merto10 € npOBECHHS aHalli3y iICHYI0UOro METOJUYHOrO arnapary, 10 3aCTOCOBYETbCS I PO3PAXYHKY HOKA3HHKIB 3aJIH-
IIKOBOT'O PeCypCy paslioeNIeKTPOHHOI CUCTEMH JIiTaKa Ta MOLIYKY IUIAXiB HOro BAOCKOHaleHHs. 3aBaanHs: Po3pobutu 3a-
rajbHi HOJOXEHHS 110 PO3PaxXyHKY IOKa3HHKIB 3aJIMIIKOBOIO PECYPCY PaioeeKTPOHHOI CUCTEMH JliTaka. AHaIi30BaHUMU
METO/IaMH €: PO3PaXyHKOBO-EKCIIEPHMEHTAIbHI METOM OOYMCIIEHHS HaJiHHOCTI, 3aJIMIIKOBOIO pecypCy Ta MOTOKY Bi-
MOB Pa/Ii0eIeKTPOHHOI cucTeMH Jitaka. OTpuMaHi Taki pe3yabTaTi. Po3pobieHo iepapxiuHy cxeMy po3paxyHKy THILY Je-
peBo: "pazioesieKTpOHHA CHCTEeMa JliTaka — (YHKIIOHaJIbHA CHCTeMa — (DyHKIiOHAIBEHHUI BY301 (0JIOK) — KOMIUIEKTYIOUHid
BUpi0", npouesypy po30MTTS CXEMHHX MO3MIIIH Ha HEBIIHOBIIOBaHI Ta BiHOBIIOBaHI 00’ ekTH. BucHoBKH. Chopmyrbo-
BAaHO 3arajbHi MOJIOXKEHHS 110 PO3PAXyHKY I1apaMeTpa II0TOKY BiZIMOB Ta OLIIHKH TEXHIYHOI'O CTaHy Pa/liOeIeKTPOHHOI CHC-
TEMH JIiTaka JUIs BUPIIICHHS 3aBAaHb IIPOJOBXKEHHS PECYpCIB.

Kaw4yoBi ciaoBa: 3aMImKkoBuid pecypc, JIiTak, MOKa3HUK, TPOJOBXKEHHS TEPMIHY CITY)KOH, pa/iioeleKTpOHHA CHCTEMa,

TEXHIYHMN CTaH.

Beryn

IlocTanoBKa Mpo0iaeMH y 3araJibHOMY BHUIVIAI.
HaykoBo-TexHiuHHMH nporpec i 1MoB’s3aHe 3 HUM BJOC-
KOHAJICHHS €JIEMEHTHOI 0a3¥ iCTOTHO 3MIHIOIOTh Xapak-
Tep eKCIUIyaTalii Ta TEXHIYHOrO OOCIIYrOBYBaHHS pa-
nioenextponHux cucreM (PEC) cyuacnux mitakis. 111u-
POKe 3aCTOCYBaHHSI arapaTypy BUTOTOBJIEHOI 3 BUKOPH-
CTaHHSM MIKPOEJIEKTPOHHUX KOMIIOHEHTIB, BIIPOBa-
JOKEHHSI CyYacHHMX LU(QPOBUX TEXHOJIOTIH 3 BHCOKUM
CTymeHeM iHTerpauii poOuTh MpoOIeMaTHYHUM 3aCTO-
CyBaHHS ICHYIOUOTO HayKOBO-METOAWYHOIO arapary
JUIs PO3PaxyHKY 3aJIMIIKOBOTO PECYPCY Ta MOKa3HHKIB
0€3BiIMOBHOCTI PaJiOENIEKTPOHHOI CHCTEMH JIiTaka.
Bkazani GakTi 00yMOBIIIOIOTH HEOOXITHICTE KPUTHIHO-
T'0 aHaJT3y BiJOMHUX IiIXOMIB Ta METOIUK VIS PO3paxy-
HKY TTOKa3HHKIB 3aJIUIIKOBOI'0 PECYPCY PaiOeNeKTPOH-
HUX CHCTEM JITaKiB B IIJIOMY Ta iX CXEMHHX ITO3HUINIH
30kpema [1].

AHai3 giteparypu. AHani3 niteparypu [2-7] mo-
Ka3aB, II0 HAa Cy4aCHOMY €Talli He B TIOBHIl Mipi Bpaxo-
BaHO BIIPOBA/DKEHHS B PpaJiOCIEKTPOHHY amapatrypy
cydacHOl enmemeHTHOI ©Oasu. Illupoke 3acrocyBaHHS
KOMIUIEKTYIOUHX €IEMEHTIB B MIKPOEIEKTPOHHOMY BH-
KOHaHHI TPHU3BOAUTH JI0 KapAWHAJIBHUX 3MiH ITOTOKIB
BIIMOB B paJiioelIeKTpOHHMX cucTteMax [8-19]. 3acTocy-
BaHHS BiJIOMUX MapaMEeTPUYHUX Ta IMOBIPHICHUX METO-
IIiB OI[IHKK HaJIWHOCTI Ta OE3BIIMOBHOCTI POOOTH HE
Jla€ 3MOTH OTPUMATH aJIeKBaTHi pe3yibratu [20, 23].

Januit gaxr TiArHe 3a co0O HEOoOXiTHICTh BIOC-
KOHAJIEHHS ICHYIOYOT'0 HayKOBO-METOANYHOIO arapary,

II0 3aCTOCOBYETHCS IS PO3PaxyHKy IOKAa3HHUKIB 3ajIH-
IIKOBOT'O peCypCy palioeNeKTPOHHOI CUCTEMH JIiTaKa.
Merta cTaTTi — IPOBEJICHHS aHAIi3y 1CHYI0UOro Me-
TOIMYHOTO anapaTy, 10 3aCTOCOBYEThCS IS PO3PAXYHKY
MOKA3HUKIB 3aJIMIIKOBOTO PECYpCy PpamioeleKTpOHHOL
CHCTEMH JIiTaKa Ta MOIIYKY NUISIXiB HOro BJJOCKOHAJICHHSL.

OCHOBHA YacTHHA

3arajbHi TOJIOJKEHHSI TI0 PO3PaxXyHKY 3aJIMII-
koBoro pecypcy PEC giraka. J{ist po3B’si3aHHs 3a1adi
nponoxenHs pecypcy PEC rnitaka npornonyeTbcs iepa-
pXiyHa cxemMa pO3paxyHKy MOKa3HHKIB 3aJHIIKOBOTO
pecypcey (3P). PamioenekTponHi 3acobu jitaka, abo ¥o-
T'O CKJIAJIOBI YaCTHMHU PO30MBAIOTHCS HAa (DYHKIIIOHATIBHI
cucremu (®C), koxna ®C — Ha (HYHKITIOHATBHI BY3JIH
(®B), OnokM, sKi, B CBOIO 4Yepry, po30OHBAIOThCS Ha
komIutekTytoui Bupo6u (KB). Ilpu upomy, sik mpasuio,
PEC mnitaka mpencTaBisieThCsi YOTHPUPIBHEBOI i€papXi-
YHOIO cTpyKTypoto tumy "nepero”: PEC nmitaka — ®C —
®B (6mokn) — KB (puc. 1). Ha koxxHOMY piBHI yTBO-
PIOIOTBCSL CBOI IJCHCTEMH BIJIOBIZHO 10 TPHHIUITY
nekomnosunii. Taka cxemMaTH3alist JO3BOJSIE TOCIIIKY-
BaTH IIJCUCTEMH OKPEMO, BUKOPHCTOBYIOUH JUISl PO3-
paxyHKy TMOKa3HHKHM HaIiHHOCTI iX CKJIaJOBUX YacTHH
MPOCTi BOPIBHEBI CTPYKTYpH THUIY "cHCTeMa — elieMe-
utr". [Ipu oMy, MOYMHAIOYH 3 HW)KHBOTO DIBHS, pe-
KYPEHTHO OOYHCIIIOIOTHCS XapaKTEPUCTHKUA HAIiHHOCTI
Bcix enemeHTiB cxemu Bix KB 1o PEC miTaka B 1inomy.

Ha xoxxHOMY HOBOMY erami pO3paxyHKIB CHCTe-
MO0 Oylie OMUH 3 CJIEMCHTIB CXEMH OLTBII BHCOKOTO
i€papXigyHOro PiBH, a ii CKJIAJOBI YACTUHH — C€JIEMEHTH
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HAMOJIMKYIOro HIDKYOTO 1€pApXiYHOTO PiBHS, TOKA3HUKH
HAJIMHOCTI SKUX BU3HAYCHI Ha IMOINEPEIHHLOMY CTalli.
Taka cxema po3paxyHKy 3aJIUIIKOBOTO PECYpCy 103BO-
Jisie OLIbII TTOBHO PO3PaxOBYBATH 1 aHATi3yBaTH IOKa3-
Huku gosropiuHocti PEC mitaka i OinbIl e(pEeKTUBHO
BHPIIIIYBAaTH 3aBJaHHs MPOJOBKEHHS ii pecypcy. ITops-
JIOK pPO3paxyHKiB TOKa3HHKIB 3aJIMIIKOBOTO PECypcy Ta
IHIMX TIOKa3HWKIB HamifiHocTi PEC mitaka mpexacrag-
JICHI Y BUTJISAI OJIOK-CXEMH PO3paxyHKY Ha pHcC. 2.

Puc. 1. 3aransna crpykrypsa cxema PEC sitaka (OC,,
DC,, ..., PC,, - pyrkioHanbHI cucremu; ®B,;,PB,,,...,
®B,, — dyakuionansai By3nmu; KB 231, KB 232,...,
KB 23p — kommiexryroui Bupobdu; 3KB232 — 3anacui KB)

Hwxde BUKIIaeHI 3arajibHi MOJIOXKEHHS IO po3pa-
XYHKY ITOKa3HHKIB 3aJIMIIKOBOI'O PECYPCY Ta MOSICHEHHS
1o 6s10K-cxeMu (puc. 2).

Indopmaniiina 6a3a (610x 1) hopmyeThes Ha oc-
HOBI 300Dy, aHANI3y Ta y3arajJbHEHHs HasBHOI Ha IoYa-
TOK poOOIT 3 TPOAOBXKEHHs pecypcy iHdopmamii mpo
0€3BiIMOBHICTb, JIOBrOBiUHICTh Ta 30epiranns KB, ©B i
®C PEC nitaka. Iadopmarriiina 6a3a IpyHTYeThCS Ha
crcTeMaTH3allii Ta y3arajJbHeHHX JaHuX IO HaJliiHICTh
KB, ®B, ®C, oTpMaHuX Ha BCiX eTanax iX )XKUTTEBOTO
LUKy Y PO3pOOHMKA, BHPOOHHKA Ta EKCILUTYyaTYIOUHX
opranizamiit PEC nitaka. /o HIX MOXXHA BiJHECTH:

— CHCTEMAaTHU3allii0 JaHUX TIPO YMOBH €KCILTyaTaIlii
JIiTaka i Horo CKJIagoBHX YaCTHH;

— CHCTEMAaTH3allif0 JaHUX TPO MPOLECH CTapiHH,
MOJIETl BiZIMOB, MOJEJI JOCATHEHb I'PAaHUYHHUX CTaHIB
komiutekTytounx enemenTiB (KE), KB, ®C PEC niraka;

— y3araJlbHeHHsI HAaBaHTaXXyBAJIBHUX pexuMiB KB,
®B, ®C PEC miTaka i iH.

JonaTtkoBi maHi mpo mokasHMKHM HafiiHOCTI KB,
OB, ©C oTpuMyIOTh 3a pe3yJIbTaTaMM IX PECYpPCHHUX
BUNpoOyBaHsb 1 BurpoOyBanb PEC miTaka:

— moniepe/iHi (JOBOJIOYHI) Ta NMPUHMAaNbHI BHIIPO-
OyBaHHS,

— KOHTPOJIbHI BUNPOOYBaHHS, METa SKUX IONATaE
B IIepeBipLi BiaNOBiAHOCTI BUpOOiB BuMoram TV, 3aia-
HUM piBHEM HAIIHHOCTI;

— JIOCIiZIHI BUMPOOYBaHHS, SIKI OXOILTIOIOTH cepy
€KCIIEPUMEHTAJIBHOTO BHBYEHHS BUPOOIB 1 (akTopiB,
10 BIUIMBarOThL Ha HafifHicte KB, ®B PEC mnitaka;

— eKCIUTyaTalliliHi CIOCTEPEKEHHs, 5IKi, B CBOIO
4epry, IOLIFHO PO3PI3HATH 3a BUAAMH EKCIUTyaTalii:
OITUTHI, IiIKOHTPOJBHI, JIiIepHi, IITaTHi.

VY 3ajaui IPOAOBKEHHS PECYPCIB BAXKIHMBOIO 1H-
¢dopmariero € iHopMaIis Mpo pe3ynbTaTd JiAEpHOI i
MiIKOHTPOJIBHOT  €KCILTyaTamii, a TakoX pe3yJabTaTH
JOCTIPKEHb BUIPOOYBaHb, IO MPOBOIATHCS IICIA Ha-
npamtoBannsa PEC Jitaka mpu3HavyeHHX pecypciB i (a00)
TEPMIiHIB CIY)KOM 3 METOI0 BH3HAYCHHS IOKAa3HHKIB
3aJIMIIKOBOT'O PECYpCY.

Bimznaunmo, 1o g0 ckiany PEC mitaka BXOIATH,
SIK TIPaBWIIO, iAeHTHYHI ckiamoBi vactuau, ©C, OB
(6moxm) Ta KB, 1o nonermurye 3aiavy OLIHKY TOKa3HH-
kiB HaxiitHocTi PEC niTaka.

T
IHcbopmaLiina 6asa
npo HagiliHicTb KB,
®B, ®C PEC nitaka

3

[MNoka3HUKN HagiAHOCTI
KOMMAEKTYIOUMX BUpobiB

ﬁ BcTaHoBReHHd o3HaK

(kpuTepiis) FC PEC
BusHaueHHda KB, ©B,

niTaka
®C, aki obMexyloTb

HagiiHicTb PEC niTaka l

= . N
MokasHukn 6e3BiAMOBHOCTI Ta
KOMMMEKCH MOKasHUKMA

HagiiHocTi OB, ®C

4 Po3uTTa KB, OB

(6nokis), ®C Ha
BiAHOBNIOBaHI,

Mogeni npouiecis ang

pospaxyHKy pecypciB

HEeBiAHOBMNIOBaHI Ta iHLLi B
KB, ®B Taix
KoperyBaHHs 5

MuToMi Ta cymapHi BUTpaTh Ha
‘7 Mogeni BigmoB 6a30BUX
KB, ®B PEC nitaka r

Mpu3sHayeHuii pecypc (CTpok
cnyxéu) ¢C PEC nitaka

nNiATPUMKY NpaLessaTHoro
MporHosyBaHHa TC KB

cTaHy ¢C
3a AaHUMK NigepHol Ta
NiAKOHTPOMbHOT l

ekcnnyartauii,
BUNpo6GyBaHb, TolLjo Mogeni ®B, ®C PEC P
nitaka [MoKka3HUKM 3anMuLLKOBOTO
. ; pecypcy ®C PEC nitaka
Pecypc ®CPEC }
niTaka 3a TexHIiYHUM o
KpuTepiem Pecypc ®C PEC nitaka 1
3a eKOHOMIYHWUM

MapameTpn Moaeni 3MiH cTaHy
PEC nitaka nig yac
ekcnnyaTauil

KpuTepiem
™ Pecypc ©C PEC

niTaka 3a TexHiKo-

€KOHOMIYHWUM T piie

KpUTEpiem 3anMLLKOBMI pecypc TMoKkasHUKM 3aMnLLKOBOTO

pecypcy cknafoBUX YacTuH
PEC nitaka

‘7 ®C PEC nitaka

Cxema cTaHis ®C
PEC nitaka nig yac
ekcnnyataui

[

M3aJ'|1z|Lu1<ot31m7| pecypc
PEC nitaka

Puc. 2. biiok-cxema po3paxyHKy I1OKa3HHUKIB
3anumkosoro pecypcy PEC nitaka

Jl1s1 po3paxyHKy MOKa3HUKIB AoBroBiunocti PEC
JiTaka HEOOXiHO 3HAaTH O3HAKM T'PaHUYHHUX CTaHIB
(I'C). BcraHOBIEHHS YiTKUX O3HAK T'PAaHMYHHUX CTAHIB
PEC nitaka (010K 2) — 000B’sI3KOBHH €1EMEHT HE TiJIb-
KA METOAMKU PO3PaxyHKy ITOKa3HUKIB 3aJIUIIKOBOTO
pecypcey, aje i eKCIuIyaTallii JiTaka.

AHani3 naHnx ekcrutyaramniiHoi HaaiiiHocti PEC mi-
Taka TOKa3ye, 0 Y KOXHOTO JIiTaka B MEBHUX YMOBax
eKcIuTyaTanii npu (iKcoBaHOMY HaTpalllOBaHHI € oOMe-
skene uuciao KB, ski uvacriime 3a iHIIMX BiJMOBIISIOTh.
Came i BUpoOH, B OCHOBHOMY, BH3HAYAIOTh MaTepiaibHi
Ta TPYAOBI BUTPATH HA MiATPUMKY JIiTaKa B IMpare3JaTHO-
My craHi. Taki elleMeHTH OTpUMali Ha3By "0OMEKYIOUHX
HaJiiHICTE", 800 KPUTUYHKX IO HAMIMHOCTI. [3 3aragpHOI
kibkocTi KB PEC mitaka 6museko 6% (10 10%) Marots
TEpMiHM CITYy)KOM MEHIIe, HK JITaK, aje TiUIbKH OJIU3bKO
0,5% (o 1%) 3 HUX € KPUTHYHUMU T10 HaJIHHOCTI.
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Bussiaenns KB, "oOMexyroumx —HamiiHIiCTH"
(6710k 3), Mae TPUHIMIOBE 3HAYCHHS I BIOCKOHA-
JICHHSI METOJIIB PO3PaxyHKy HAIIHHOCTI, 30KpeMa, TOoKa-
3HUKIB 3P, 3 HACTYITHUX NPUYNH:

— JI03BOJISIE CKOPOTUTH OOCAT OOYMCIICHb 1 BHIIPO-
OyBaHb;

— IIpu Mayux oOcsirax BUNPOOyBaHb, HEBU3HAYEHO-
cTi amnpiopHuX AaHuX Hpo pecypcu Bcix KB, ®B PEC
JIiTaKka JO3BOJISIE 3a0€3MCUUTH IPUAHIATHY TOYHICTH PO3-
PaxXyHKIB 1 OITIHOK ITOKA3HUKIB 3aJIHIIIKOBOTO PECYPCY.

Po3paxyHKH MOKa3HUKIB JOBIOBIYHOCTI JOIITBHO
MIPOBOJIUTU 3 YPaxyBaHHSIM IIPOBEJCHHUX BiJIHOBJICHD,
TEXHIYHUX OOCIYroByBaHb, NMOTOYHHX peMOHTIB PEC
miTaka. Y 3B’s13Ky 3 UM HeoOxinHe po3outrs KB, ®B
(6710kiB), ®C PEC nitaka Ha BiTHOBJIIOBaHI 00’€KTH 3
MTOBHUMH, MiHIMaJbHUMH 20O HEMOBHHUMH BiJHOBJICH-
HAMH, KOHTPOJIBOBaHI MEPioanvHO abo (Ta) y 6e3mepep-
BHUH CIT0Ci0, 1 HEBITHOBIIIOBaHI 00’ €KTH (OJIOK 4).

Haui nnst Bigomoro po3outrtst KB, ®B (6nokiB) Ha
BIJIHOBJIIOBAHI 1 HEBIAHOBIIOBaHI 00’€KTH HEOOXIIHE
3aCTOCYBaHHS BIZJIOMHX MOjEICH HamiiHOCTI, abo po3-
poOka HOBUX 1 iX KOpUryBaHHS Ha IOYaTOK DPOOIT 3
MIPOIOBKEHHS pecypciB (OJIOK 5).

Bingomi po3paxyHKOBI MaTeMaTH4YHI MOJIENI J03BO-
JISIFOTh BU3HAYUTH TOKA3HUKU HAAIHHOCTI B OIHOMY 3
enemenTiB KB a0o BupoOy B IJIOMY, SKIIO KOMILICK-
TyIOUHH BUPIO BiJMOBIISIE 4Yepe3 ONUH JerpaialiitHuii
npouec. Oxnak, mst Oinpiocti KB, ®B xapakrephuii
nepeOir AEKiIBKOX THINB JIerpaaliifHuX MPOLECiB, IO
MIPU3BOJATH 10 BIIMOBU. Y IIMX BUIAJIKaX COPOOH PO3-
paxysatu pecypc KB, BUAiIMBIIM TiIBKK OJIMH 3 JIeTpa-
JIAIIHUX MTPOIIECIB, SIK MIPABUIIO, HE AAIOTh TO3UTUBHUX
pe3yabTaTiB. Y JOCKOHAJICHHS METOJIB PO3PaxyHKy pe-
cypcy KB MoximBe Ha OCHOBI aHamizy NPUYHHHO-
HACJIIKOBHX TEpEIyMOB 1 MPOBICHUKIB BiJIMOB 1 moja-
T po3po0ii Mozeni BigMoB (010K 6).

AHaJti3 pe3yJabTaTiB CIOCTEPSIKEHb 332 BiIMOBaAMHU
enemenTiB, KB B ekcrutyaTanii i MOXIIMBHX CXeM BHHH-
KHEHHS BiJ]MOB €JIEMCHTIB, IOKAa3ye, 1[0 B OCHOBY MO-
nerneid BigMoB eneMeHTiB, KB MoxxyTh OyTH mokiaaeHi
TaKi TUIM 3aJIGKHOCTEH MiX JerpamallifHAMH Mpolie-
caMmu:

— JerpajauiiHi npolecH, 10 MPOTIKAI0Th B Pi3HUX
eJIeMEHTaX KOMIUIEKTYIOUHX BHPOOIB, MPU3BOAATH IO
BUHHUKHEHHS HE3aJIOKHUX BiJIMOB;

— nerpaaaniviui npomecu &;(f), MO HE MPUBOIATH
JI0 BI]MOBH KOMIUIEKTYIOUMX BHUPOOIB MpHU IOCSITHEHHI
TPaHUYHUX CTaHIB, € NMPUYMHAMHM BUHWKHEHHS 1HIINX
TpoLECiB 1M(?), Ki IPU3BOAATH JIO BiJMOB;

— JerpajamniiHi mpoIeCcH, IO MPU3BOAATH 0 Bij-
MOB, PO3BHBAIOTHCS B 3aJIEKHOCTI BiJ| TOrO, YU JOCSTa-
IOTh MICBHOT'O CTAHY iHIII JerpajaliiHi MpoIecH, 10 He
MIPUBOASATH JIO BiJIMOB.

Ha migcraBi BUILEBHKIAIEHOIO MOXKHA CQOpMY-
JIIOBaTH OCHOBHI €TaIlll METOIUKHU PO3PaXyHKY pecypcy
KB PEC nitaka:

— BusBieHHs KB (abo Tak 3BaHUX "CXEMHHUX I03H-
wiit"), sKi OBMHHI IiAJaBaTUCS PO3PAXyHKY Ha JIOBIO-
BiuHicTbh. 30ip iH(opManii npo X HagiHHOCTI;

— pO30OHTTSI KOMIUIEKTYIOUNX BUPOOIB Ha HEBiIHO-
BJIIOBaHI Ta BiJHOBJIIOBaHI i3 3a3HaYEHHSM TIJIMOWHU
BIJHOBJIEHHSI,;

— BU3HAYEHHS IIEPEBAYKAIOUUX BHIIIB Jerpajaiiii-
HHUX TIpOIeciB, BUOIP BIANOBIIHUX PO3PaXYHKOBHX MO-
TeJIeH;

— BU3HAYEHHS BUXIJAHUX JaHUX IS PO3PaXYHKY
MOKA3HUKIB JOBrOBIYHOCTI KOMIUIEKTYIOUHMX €JIEMEHTIB,
KOMIUIEKTYIOUHX BUPOOIB;

— (opmyBanHs Mozeneli pecypcy KB, ominka mo-
Ka3HUKIB pecypcy KB, iX KopuryBaHHs 3a JaHUMH Jii-
JIepHOI Ta MiJKOHTPOJBHOI eKCILTyaTallii, a Takox 3a
pe3y/nbTaTaMi TEXHIYHHX OIJIS/IIB MICNs BHUPOOJIEHHS
MIPU3HAYEHOr0 pecypcy i (ab0) MOCSATHEHHs MpU3Haue-
HOTrO TepMiHy ciyxOu. Kpim mporo mpu npoBeneHHi
PO3paxyHKIiB TOBHHHI BHKOPUCTOBYBATHCSI Mojeii Oa-
30BuX (ocHOoBHMX) KB, ®B, ®C PEC nitaka (610KiB),
X HECYYMX KOHCTPYKIIiH, CTPYMOIIPOBIJIHUX €JIEMEHTIB.

ITpu upomy 10 ymcna 6a30BUX HEOOXIAHO BiJHO-
CHUTH BY3JIH, [I0 BU3HAYAIOTh PECYPCHI BiIMOBH, B TOMY
YHCIII CTPYMOIIPOBIHI €IEMEHTH, HeCydi KOHCTPYKIII,
3axXMCHI MOKPUTTS Ta iH. sl po3paxyHKiB MOKa3HHKIB
noeropiunocti ®B i ®C PEC mniTaka BUKOPHCTOBYIOThH
BiJIoMi 200 po3poOJISIFOTH HOBI MOJei BiIMOB (010K 8).

Po3rnsitHeMO Terep HACTYIHI €Tany IPONOHOBAHOI
cxemu pospaxyHKy rokazHukis 3P PEC mitaka. 3rimHo
OJIOK-CXeMH PO3pPaxyHKY (pHC. 2) HACTYIHHUI €TaIl oS-
rae B IporHo3yBaHHi noroky BiamoB KB, ®B, ®C PEC
nitaka (6soku 7, 8). [Ipu nporHo3yBaHHI IOTOKY BiIMOB
@B, ©C (65ok 8) MOBUHHI BpaXxOBYBAaTHCS OCHOBHI OCO-
6muBOCTI (hOPMYBaHHS EKCIUTyaTallifHOTO IMOTOKY BiJ-
MoB 1 BigHOBIeHr KB PEC mitaka. JlaHi 0COOIHMBOCTI
00yMOBJIEHI PI3HUMH PIBHAMH iX O€3Bi]MOBHOCTI, HIpO-
BEJICHUMH TIPU eKCIUTyaTallii BiIHOBIECHHSMH Pi3HOI TJIH-
OvHM (NOBHMMHM, HETOBHHMH 1 MiHIMaJIbHUMHM), KiHIIe-
BUM YHMCJIOM BiJTHOBJIEHb NIEBHUX cxeMHuX no3uiiii PEC
JIiTaka, HasBHICTh YCIYE€HMX TOTOKIB BiZIMOB, 00yMOBIIE-
HUX TPOBEACHUMH KalliTaJbHHM, CEpPEeIHIM PEMOHTOM;
HeoOXifHicTIo BpaxyBaHHs Biky KB i iH. Baxxnusum npu
MPOrHO3YBaHHI TexHiyHOro cTany KB € BuKopucraHHs
KpiM JaHUX MiJKOHTPOIBHOI 1 JIiJEpHOI eKCIUTyaTarii
JiTaka pe3ysbTaTiB NPOBENEHHS BUIPOOYBaHb 3 JiJep-
HUMU BUpOOaMHu, sIKi BUpOOIH NIEBHI pecypcH abo Jocs-
[JIY IPU3HAYEHUX TEPMiHIB CITYXKOM.

HacrynHi eranu po3paxyHKy — BH3Ha4eHHS pe-
cypcy ®C PEC nitaka 3a texHiuHuM (010K 9) 1 eKOHO-
MiyauM (610K 10) xputepismu. s peasnizauii mporo
eTanmy IpOBOAATHCS PO3PAaXYHKH IapaMeTpa IIOTOKY
BIIMOB, HECTaIliOHAPHOrO KoedillieHTa TOTOBHOCTI, i,
KpiM IIbOr0, pO3paxyHKH BUTPAT Ha MOTOYHI PEMOHTH,
TexHiuHe oOciyroByBanHs (TO) (muromi, cymapHi BH-
Tpatu Ta iH.) (biok B).

st 3saxomkenns pecypey @C PEC mitaka 3 Tex-
HIYHOTO KPHUTEPIEM MOXYTh BHKOPHCTOBYBATHCS Taki
TOKA3HUKH: TIapaMeTp TOTOKy BiIMOB «,(f), HecTario-

HApHUH Koe(IIiEHT TOTOBHOCTI, a00 IHINI MTOKA3HUKU
rpanuyHoro crany. [Ipu npomy min pecypcom PEC nita-
Ka 33 TEXHIYHHM KpPHUTEpPIEM DPO3YMIETHCS CyMapHe Ha-
MpaIfOBaHHS JI0 MOMEHTY 4acy, KOJIH 3HAUeHHS Iapame-

Tpa MOTOKY BiIMOB @, (¢) (ab0 HecTamioHapHOro Koedi-

LI€HTA ONEPATUBHOI T'OTOBHOCTI K, d(t,tﬁp)) JIOCSITHE

TPaHUYHO JIOMYCTUMOI BEIHYHMHH wnpuni(t) (abo 3HH-

3UTHCS JI0 TPAHUYHO JOIYCTUMOI BETTHYUHU Ky, (1)).
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Iin pecypcom PEC niTaka 3a ¢KOHOMIYHHM KpH-
TEpiEM PO3YMIETHCS TaKUi pecypc, MPH SIKOMY JIOcsTa-
€THCSl MIHIMYM IIUTOMHX BUTPAT Ha HaOYyTTS Ta MiATpH-
manasi PEC B mpanes3gatHoMy cradi, TOOTO MiHIMyM

¢GyHKIiT
C(t) =7 (1)

ne Cs (t) — CyMapHi BUTpaTH Ha IMOKYNKY 1 TEXHIYHY
excruryaraniro PEC niTaka 3a HanpaitoBaHHs f .

OCHOBHa CKJIaJ0Ba 4YacTHHA JiTaka, abo OKpeMi
@®C PEC niTaka miusiraloTh peMOHTY, SIKIIO ii 0a30Bi
(OCHOBHI) YaCTWHM MiUIATaloTh peMOHTY (abo 3aMmiHi),
o Bumarae pozoupanss O@C, npuaomy npare3iaTHiCTh
®C, a6o PEC nitaka B wmijoMy He MOXke OyTH BiJHOB-
JICHa TTIOTOYHUM PEMOHTOM, a00 Ti BiIHOBJICHHS MOTOY-
HUM PEMOHTOM E€KOHOMIYHO HenouinbHe. OTxe, KpuTe-
piit nocsruenHst rpanndHoro crany ®C PEC mitaka i
PEC miTaka B IIOMy € TEeXHIKO-€KOHOMiIUYHUM (OJI0K
11), ToOTO BHITaJKOBY BEIMUMHY PECYPCY A0 TPaHHUYHO-
T'O CTaHy MOYKHA 3aIMCATH Y BUIJISI

R:min(Rm,Re), (2)

ae R, ,R, — Bunaakosi pecypcu ®@C 3a TeXHIUHHM Ta
€KOHOMIYHUM KPHUTEPiSIMH.

3 (2) BumuBae, Mo (QYHKIi0 PO3NOAILY pecypey
i-i ®C F;(R) MOXHa 3HAHTH Ha OCHOBi BiToMuX (y-
HKI[I pO3MOJTY pecypciB 3a TEeXHIYHUM le.(R) Ta

exoHOMiuHUM F,; (R) KpuTepisMuL:

Foi (R)=1-[1-F (R)][1- Fs (R) ]

[Ipu po3paxyHKy BUTpAT MOXKHA BHIUIUTU MTUTOMI
(mudepeHtianbhi) i cymapHi BUTpaTh Ha MiATPUMKY
npane3raTHocTi 1 3amanoro piBHs HagiiHocTi PC PEC
mitTaka. 3MiHHI BUTpaTd Ha nOTOYHHH peMoHT OC
BKIIIOYAIOTh BHUTPAaTH Ha 3alacHi eJeMEHTH, TPYIOBi
BUTpaTH 1 Marepiaiu i MOXYyTh OyTH TpENCTaBIEHI y

BUIVIA nuToMuX (andepenuianshux) N, (¢) abo cy-

maprnx Cy (¢) BuTpar:

N;
Csi(1)=K; D 0, (1)C),
j=1
o 3)
Cs (1)=>.Csi (1) A,
i=1

ne @ (¢) — mapaverp moroky Biamos j-ro KB Ha

inteppani Hanparoanns (2,7 +At); C; — onrosa mina
j-ro KB; N; — xinekicts KB, mo niMiTyroTs Hafiii-
HicTh i -1 ®C; K; — KoedillieHT, 10 BpaX0OBYye CIiBBiJ-
HOIIEHHSI MDXK BUTpaTaMH Ha 3alacHi eIeMEHTH 1 1HIIH-
MH BHTpaTaMu IpU MMOTOYHOMY PEMOHTI (TPYIOBI BU-
TpatH, marepiany, Burpata pecypcy @C Ha HMOTOYHMIA
PEMOHT).

YTOYHUMO MOHSATTS MUTOMHX 1 AudepeHIiaTbHIX
BHTpAT, sSIKi BU3HAYAIOTHCSA B PE3yNIbTATI MOMALTY BUTPAT

Ha HanpaifoBanHs PEC i MaroTh 0IHaKOBY PO3MIpHICTb.
SIKIIO o3IO BUTpPAT IPOBOJUTHCS HA iHTEpBaJ Ha-
npamtoBanHsa PEC nmitaka, To Taki BUTpATH CJIiJ BBaXka-
M audepeHIaTbHIMU. 3ayBaXuMo, 1o AudepeHiiia-
JIbHI BUTPATH MOXYTh OyTH OTpUMaHi Ha IiJCTaBi AW-
(epeHIliaTbHUX 3aJICKHOCTEH, HANPHUKIIAL, 33 TOMOMO-
T'OI0 TIapaMeTpa MOTOKY BiIMOB. SIKIIIO pO3MOAiI BUTPAT
MPOBOAUTLCS Ha cyMapHe HampatoBanusi PEC, To Bu-
Tpatu OyIeMO BiTHOCHTH J0O MUTOMHUX. JudepeHiriaib-
Hi 1 MUTOMI BHUTPaTH TOTOXHI TUIBKH B pa3i JiHiIHOT
3aJIeKHOCTI bOro nokasHuka. CriBsigHomeHHs (1) s
nuromMux ButpaT O@C MOXKHA MpeACTaBUTH Yepe3 aude-
peHIIaIbHI BUTpATH

t
Co; +1.Cs; (7)dt
C;(1)=— I‘)f’() :

ne Cy; —uina i -i ©C.

3a TEeXHIKO-€KOHOMIYHUM KpPUTEPiEM pO3paxoBy-
10ThCsl (1 KOPUTYIOTBCSL B TIPOLECi eKCILTyaTallii) mpu-
3HaveHi TepMiHu ciayxou (pecypc) ®C PEC mitaka i
PEC nitaka B 1inomy (6s0k I'). Jlami mpu BCTaHOBJICHUX
BEIMYMHAX NPU3HAYEHUX pecypciB (abo TepMiHIB Ciy-
x0u) PC po3paxoBYIOTbCS MOKA3HUKH 3AIUIIKOBUX
pecypciB ®C, @B, 6nokiB PEC mnitaka (6mok 12). Haii-
MTOBHIIIIOI0 XapaKTepUCTUKOIO 3P € (QyHKIIA po3moaiTy
3P; HaWOUIBII YacTO MPOBOIITHCSA PO3PAXYHKH Cepel-
Heoro 3P, pimiie — cepelHHOr0 KBaAPATHYHOTO BiIXHU-
neHHs 3P, s BUCOKO BIATOBIAaIBHUX BHPOOIB PEKO-
MEHJYEThCS po3paxyBaTi ramMmma-nporeHTHuit 3P (610K
). Binbmr neranbHo noka3Huku 3P i OCHOBHI po3paxy-
HKOBI CITIBBiTHOIIICHHS PO3IJITHYTI B po3Aiii 3.

[Micns po3paxynky nokasHukiB 3P @C Oynyerbes
HOBa a0 po3IIIsIaeThCs BijloMa IMOBIpHa cXeMa CTaHiB
PEC mitaka B excruryarauii (0mok 13), crocoBHO sIKOi
MIPOBOIUTHCS po3paxyHok nokasHukiB 3P PEC mitaka.

Hwxde OinbIn AOKIaIHO PO3MIIAOAIOTHECA OKpEMi
(parMeHTH B TNpEJICTaBJIEHIH CXeMi po3paxyHKy (puc.
2) mokas3HUKIB 3anmumkoBoro pecypcy PEC mitaka, siki
a0o He pO3MIAAAIOTHCS B HAYKOBO-TEXHIYHIN JIiTEpaTy-
pi, a00 He po3pO0JICHI TOCUTH MOBHO JJIS TPOBEICHHS
PO3paxyHKiB OKa3HHUKIB 3P.

2. 3arajbHi NMOJOXeHHSl 100 OLMIHKH TeXHid-
Horo ctany PEC nitaka i 00IpyHTYBaHHS 03HAK Ipa-
HHYHUX CTAHiB [JIs BHUPIlIEHHsS 3aBJaHb NPOJOB-
JKeHHsI pecypciB (TepMmiHiB ciry:k0m). Pimenns 3amgay
excrutyaranii PEC miTaka, B TOMy 4HCIi 3aBIaHb IMPO-
JIOBXKEHHSI pecypcy, MOB’s3aHe 3 HEOOXIIHICTIO BH3HA-
YEeHHS TaKUX TEXHIYHUX 1 TPAHUYHHUX CTaHiB: CIPaBHHH,
Mpane3aTHU 1 HerpaHuYHWUH, Henpale3aTHUH 1 He-
TpaHUYHUM, TPaHUYHUH.

Jst migrpumky nipane3narHocti PEC mitaka i 3ama-
HOTO PiBHSI HaAifHOCTI HEOOX1THO Ha MICIISIX eKCIUTyaTarlii
BU3HAUaTH HE TUIBKM CIpaBHICTh a00 Mpale3JaTHICTh
00’€eKTa, aje i MOKIIMBICTD HOro eKCILTyaTallil Ha 3aJ1aHo-
My iHTepBaii (HamnpHKIal, iHTepBaji NpoaoBXeHH:). Pi-
IIIEHHS 3a/1a4 TIPOJIOBKCHHS PeCypCiB BUMAarae Jetati3ariii
rpannuHux cradiB PEC mitaka. BBakaerscst 3a nomisibHe
JUTsl BUPIIIEHHS 3aBIaHb TPOJIOBKEHHST PECYPCIB BU3HAYA-
TH HACcTyMHI BUAM rpaHiyHuX crais (I'C):

— rpannynuii crad 1 (I'C1) — Hempane3naTauii abo
Mpane3laTHUi BUPIO 3 HENPUITYCTHMUM 3HIDKCHHSIM
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e(peKTHBHOCTI eKcIUIyaTamii. PeMOHT cmiamu i 3acoba-
MU eKCIUTYaTylo4ol OpraHi3aiii HEMOXKJIMBUH, MOXITUBE
BITHOBJICHHS TPAIE3MaTHOCTI Ta PECypCcy Ha MiCIX
eKCILTyaTallii i3 3aJy4eHHSM BUI3HHX PEMOHTHHX OpH-
raJl pPEMOHTHHX IMiANPUEMCTB. TPyIOMICTKICTh PEMOHTY
BH3HAYAETHCS OOMEKCHUM 00CSITroM 3aMiH OJIOKIB, BY3-
JIiB, SIKi IIBHJKO 3HOIIYIOTHCS, Ta MOPIBHAHHA 3 CyMap-
Hoto TpyaomictkicTio TO i pemoHTy 32 1 pik ekcrurya-
tarii. [Ipu 1poMy 3amac pecypcy BUpOOY IICIs peMOH-
Ty 3a0e3nedye NpOJOBKEHHsI eKcILTyartanii Ha 3-5 po-
KiB;

— rpannyHui cral 2 (I'C2) — Henpane3naTauii abo
Npane3laTHUi, aje rpaHu4YHUN cTaH BUpOOy, JUIs Bif-
HOBJIGHHSI PECYpCY SKOr0 HeoOXi/JHe 4acTKOBe po30u-
paHHSl OKpeMHX (YHKIIOHAJIFHHX CHCTeM, OJIOKIB, iX
JIaTHOCTYBaHHSA Ta BIAHOBJICHHSA. TpPYIOMICTKICTH 1
TEXHOJIOTIS BHKOHAaHHS PEMOHTHHX pOOIT BKa3ye Ha
JIOLIBHICTh CEPETHHOr0 PEMOHTY B YMOBaX PEMOHTHO-
IO MiJNPUEMCTBA;

— rpannynuii cran 3 (I'C3) — Henpane3aaTHuii a00
Ipane3aTHe, aje TPAHUYHUI CTaH BUPOOY, AKUH BHPO-
OVB TIpU3HAYeHI TEPMiHU CIyXOu. {1 BiTHOBIICHHS
pecypcy HeoOXiHa MOBHE po30UpaHHsA (YHKIIIOHATIBHI
cucreM, OJIOKIB, IX MIarHOCTYBaHHS Ta BiTHOBJICHHS.
TpyaoOMICTKICTh i TEXHOJIOTisl BUKOHAHHS PEMOHTHHX
POOIT TTOKa3yIOTh HA MOUIIBHICTH KaIliTAJBHOIO PEMOH-
Ty B YMOBaX PEMOHTHOT'O ITiJIIPHEMCTBA.

Bimznaunmo, o s craniB [1C2 1 I'C3 B pasi Bu-
KOHAHHS BiJITIOBIIHOTO CEPEIHBOrO i KaliTaJbHOIO pe-
MOHTY 3a0€3Ieuy€eThcs TPOAOBKEHHsI eKCIuTyaTanii Ha
TEpMiH He MEHIIE 5 POKiB.

— rpannyHuii ctan 4 (I'C4) — Bupi6 BUpoOUB npH-
3HAYEHI TEPMIiHM CIY)KOH, KUTBKICTh CEpeHiX 1 KariTa-
JIBHAX PEMOHTIB TEPEBUIYE BCTAHOBJICHY, BUKOHAHHS
cepeqHbOro abo KamiTalbHOrO PEMOHTY €KOHOMIYHO He
JoliIbHe. BUpi0 miisrae crrcaHHo.

Jlnst Bu3HaueHHs Takux BuaiB ['C HeoOXigHa po3-
pobka BiamoBiguux KoHTpouiB TexHiuHNX (KTC) i rpa-
unuHux craHiB (KI'C). Peaxnizamis Takux KOHTPOIIB
no3Boyiiia O e(heKTHBHO BHUPIIIYBAaTH 3aBIaHHS MPOJO-
BKeHHs pecypciB PEC nitaka B eKCIUTyaTYIOUHMX Opra-
Hi3aIisgX, 30KpeMa, 3aBAaHHs IUIaHyBaHHS eKCIUTyaTalii
i peMOHTY Jitaka. Hwkde oOIpyHTOBYIOTHCS O3HAKH
rpannunux craHiB PEC itaka, HeoOXimHi s BHpi-
LIEHHS 3aBJaHb PO3PaxyHKY Moka3HuKiB 3P. 3aBmaHHs
PO3pOOKH BiJIOBIMHUX KOHTPONIB TPAaHUYHHUX CTaHIB
I'C1 ... I'C4 Tyt He po3rIagaeThes.

BaknuBuM 3aBIaHHSIM HpPU PO3pOOLI METOTUKH
KTC i KI'C PEC nitaka s BUpilIEHHs 3aBJaHb IPO-
JIOBXKEHHsI pecypcy € (OpMyBaHHsS CYKYITHOCTI O3HaK,
10 XapaKTepU3yIOTh 3MiHy TEXHIYHOTO CTaHy B IpOIeCi
EKCIUTyaTallil il BIUTMBOM Pi3HUX (akTopiB (puc. 3).

Jlo HMX BiTHOCHTHCSA cHCTeMa (YHKIIIOHATIHHOTO
BHUKOPHUCTaHHA JiTaka, cucremMa TO i peMOHTY, KiIiMa-
TUYHI YMHHUKH 1 MeXaHiuHi [ii, 4acoBi 1 KOHCTPYKTHUB-
HO-TEXHOJIOTIYHI YMHHHUKH. B CBOIO Yepry, BIUTHB cuC-
TeMH (YHKIIOHAIBHOTO BHUKOPHCTaHHS BU3HAYAETHCS
(muB. puc. 3) pexknMaMH eKCILTyaTallii Jlitaka, a came:
TPUBANICTIO BUKOPUCTAHHS 3a IPU3HAYEHHSIM, TPUBAIi-
CTIO O4YiKYBaHHSI BUKOPUCTAHHS 32 PU3HAYCHHSM, TPH-
BaJiCTIO 30epiraHHs, TEXHOJOIIYHOIO OOCIYrOBYBaHHS
Ta IHIIMMH OIepallisIMU BUKOPHCTaHHS 332 NpPU3HAYCH-

HsaM. Excroryaraniiina TokyMeHTalis JliTaka periiaMeH-
Tye PEXKUM eKCIUTyaTtallii, orepaiii BUKOPHCTaHHs 3a
MIPU3HAYEHHSM, KBamidikaIito ekinaxy i T.1.

BrumuB cucremun TO i peMOHTY BH3HAUYAETHCS
(puc. 3) nepembayeHOO BIAMOBIIHO MO IHCTPYKIIT IO
eKcInTyaralii cykymHictio pobiT mo TO i1 peMoHTy, BH-
KOHaBIIIMH 1 3acobamu TO 1 peMOHTY Ha Pi3HHX eTarnax
eKCIUTyaTallii JiiTaka, MexaHi3MOM (DYHKI[IOHYBaHHS
cucremu TO 1 peMOHTY.

VY 3B’s3Ky 3 PI3HOMAHITTSM YHHHHKIB, IO BIUIU-
BaroTh Ha ctaH PEC niTaka, HEOTHOPIMHICTIO MEXaHi3-
MmiB BigMoB KB, ®B, ®C, 010KiB i CKIad0BUX YaCTUH
OLIIHKY TeXHI4HOro 1 rpannyuHoro cradniB PEC nouinbHO
MPOBOJIMTH TI0 BEKTOPHOMY IOKa3HUKY. KOMIOHEHTH
TAKOr0 BEKTOpa MOBHHHI XapaKTepHU3yBaTH 3MiHH, IO
BiIOyBarOThCcs B cKiamoBux vactuHax PEC miTaka B
MpolLIeci eKcIuTyaTamii I BIUIMBOM HaBeleHUX (hakTo-
piB (puc. 3), i OyT NPUCTOCOBAHUMH JI0 KOHTPOJIIOBAH-
HS 3aJIaHMMHU 3aco0aMu KOHTponto. [lpu BupimieHHi
3aBJaHb MPOJIOBKEHHS PECYpPCiB 000B’I3KOBOKD KOMIIO-
HEHTOIO0 I[bOr0 BEKTOpa IOBHHHI OyTH ITOKa3HHWK Oe3-
BIIMOBHOCTI a00 KOMIUIEKCHUN MMOKAa3HUK HaIIMHOCTI.
[Tpu dpopMyBaHHI KOMIIOHEHTa BEKTOPA, 110 XapaKTepH-
3ye cran PEC mitaka, cmig BpaxoByBatH, 1o TC
00’ekta BH3HauaeThess cranoM KB, ®B, ®C, 60kiB, i
ckagoBux yactud PEC miTaka.

Jlyis OLIHKM TEXHIYHOTo Ta rpaHn4Horo craxHie KB
BHIUIAIOTH TaK 3BaHI OAHOPIAHI Ipymu eneMeHti: TE-
3u, BUpOOU ENEKTPOHHOI TEXHIKHU, €JIeKTpOopaaioBUpO-
OM, CJICKTPOMEXaHiuHi BY3JIH, CYOOJIOKH, OJIOKH, IO
BXOJATh 10 ckiany pisaux ®B i ®C PEC mitaka. 3i-
Opana iHQopMallis Ipo pe3ylnbTaTd IX BUIPOOYBaHb i
eKCILTyaTallii BAKOPUCTOBYEThCS JUIsl aHaJi3y HaJiifHO-
CTi BUpOOIB.

BaknuBuM 3 TOYKH 30py €(EKTUBHOI'O BHUKOpHC-
TaHHS IUX JaHUX € MOXJIUBICTh BUKOPUCTaHHS iH(Op-
Malii po pe3ylbTaTH BHIIPOOYBaHb 1 EKCIUTyaTallii
PI3HUX MPHUCTPOIB, O MicTsITh 3aranbHi KE i By3mw.

TexHiuHMi cTaH BYy3iiB, cy00iokiB, 610kiB PEC
JiTaka BU3HAa4YaeThcsi craHoM BiacHe KB (ememeHtiB),
3aXMCHHUX €JIEMEHTIB (KOpIyC, KpiIUIeHHs, IUIaTu, BiO-
pOIOrIMHAYi, BOJIOTOMOIIMHAY] 1 iH.), CTPyMOIIPOBi-
HUX EJIEMCHTIB (JIOpIXKH ILUIaT, APOTH, TOIIO). Tomy
omiaky TC By31iB, cyO0JIOKIB, OJIOKIB 1 TOKa3HHUKIB Ha-
MIMHOCTI HEOOXIAHO 31HCHIOBATH, BBAXKAIOUHM, IO B iX
ckiaj HapiBHi 3 KB BXogsTh cTpyMONpOBiHI 1 3aXHCHI
€JIEMEHTH.

Texuiynuii cran PEC niTaka 3ajIeXuTh, 30KpeMa,
BiJl CTaHy KaOeJbHOI Mepexi JiTaka, KaOesiB i MpoBoO-
niB. Jlo kaOeNnbHUX BUPOOIB BiIHOCATHCS: CHIIOBI Kade-
i, xabeni 3B’s3Ky, Kabemi yrnpaBiiHHS, IPOTH HAMOTY-
BaJIbHI, paJiovyacTOTHI Kabeli Ta MPOBOIU 3 TYMOBOIO,
IUIACTMACOBOIO 1 IHIIMMH BHIAaMu i3oismii. Tepmin
ciyOu kaOenbHUX BHPOOIB B 3HAYHIM Mipi BH3Haua-
€THCSl 30BHILIHIMHU (haKTOpaMH, BEJIMYHHA iX TEPMiHY
ciryx6u uist PEC nitaka cranoBuTb 5,5-12 pokiB.

Texniunuii 1 rpannunnii cran PEC miTaka BU3HA-
YaeTbCs TAaKOK CTAaHOM MEXaHIYHUX 1 eNeKTpo-
MeXaHIYHHUX BY3JIB 1 MPUCTPOIB (B OCHOBHOMY MEXaHi-
YHUX PEAYKTOpiB oOepTaHHs). TexHiYHMI cTaH IHX
BY3JIIB 1 IPUCTPOIB Oarato B YOMY 3aJISKHUTh Bifl pery-
nsipHOCTi Ta sikocti TO.
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Puc. 3. ®akropu, mo BruMBaioTh Ha TexHiuHNH ctaH PEC mitaka

Bimznaunmo, mo rpanudnoro crany PEC mitaka
MOXe€ JJOCSITTH Yepe3 HU3bKY JIOBTOBIYHICTh MaTepialib.
HenmocraTHst CTiHKiCTh TOJTIMEPHUX MaTepialiB JO CTa-
PiHHS Mae, sIK TPaBHJIO, HETATUBHI HACHIIKH B pasi ix
cyciacTBa 3 MetanaMu. [Ipu 1boMy B OUTBIIIOCTI BUIIAI-
KiB aKTHBI3YIOTHCSI KOPO3iiiHI mponecu. BaxmuBum st
Mpollecy CTapiHHs TONiMepiB € Oionoriynuii Qakrop.
Crij 3a3HaYUTH, IO HA BiAMIHY Bijl METaiB, OJIMEpHI
MaTepiajiu pYHHYIOTHCS MiJl 30BHIIIHIM BIUTUBOM He
TIJIBKH 110 IOBEPXHi, aJie 1 3a 00’ eMOM BHPOOY.

CraH mepepaxOBaHHX KOMIIOHEHT HEOOXiTHO Bi-
J00Opa3uTH B CUCTEMI NMOKA3HUKIB TEXHIYHUX 1 TpaHUY-
nux craniB PEC mitaka.

Cepen Ha3BaHHMX CKJIAJOBUX KOMIIOHEHT BEKTOpa
I'C 000B’I3KOBUMH CKJIAJOBUMHU MOBHHHI OyTH IMOKa3-
Huku HaxiHocTi KB, ®B, npucrpois, ®C, ckiamoBux
yactuH 1 PEC nitaka B mizomy. 3aje)Ho Bij pi3HOBHIY
aHaJIi30BaHOro 00’ekTa (BiIXHOBIIOBAHHI, HEBIJHOBIIIO-
BaHHM, TOH 10 0OCIYTOBYETHCS 1 T.J.) JOILIIEHO BHKO-
PHUCTOBYBATH BIiJIOBIAHI IMOKA3HUKU OE3BIAMOBHOCTI 1
KOMIUIEKCHI ITOKa3HUKH HaJIIHOCTI.

3 BUIllE HABEAECHOTO BUILINBAE, MO KOHTPoib TC i
I'C PEC niTaka AouijbpHO 3iHCHIOBATH 32 CYKYITHICTIO
MMOKa3HMKIB, 10 BimoOpaxaroTh ctan KI, @B, 6okis,
KaOeNpHUX BHPOOIB, MaTepialiB, iX MOKAa3HHWKIB Hamii-
HocTi. KpiM 110r0, HEOOXITHO IF0 CYKYITHICTH IMOKa3-
HukiB TC i I'C 1OmMOBHHUTH MOKa3HUKAMHU, IO XapaKTe-
PHU3YIOTH CTaH JOMIOMDKHHUX TPHUCTPOIB 1 YCTaTKyBaHHS:
KOMIUIEKTIB 3allaCHUX €JIEeMEHTIB 1 3alacHUX YacTHH,
eKCILTyaTalliifHOi JOKYMeHTallii.

Ha muoxuHi chopmoBanux mokasnukie TC i I'C
PEC nitaka HeoOXiJqHO OOYIyBaTH HPOCTip O3HAK IIHX
CTaHIB B MEBHI METpHIli, HAPUKIIA, eBKIIigoBii. dani
B MPOCTOpI BUAIJIEHUX O3HAK HEOOXigHO OyJe BUpiNIy-
BaTH 3a/1ady kiacudikauii paxkruunoro crany PEC -

taka 3a pugamu TC i I'C. J]is miporo momnepensro HeoO-
ximHO MHOXUHY BCix MoxiuBux TC i I'C po3dutu Ha
T IMHO>KUHH, SIKi BiAMOBina0Th pisHuM Bugam TC 1 I'C.

Jlns BUpilIEHHS 3aBIaHb IIPOJIOBXKEHHS PeECypCy
PEC mitaka AONUIBHO O BCTAHOBJCHUX B EKCIUTyaTa-
uiitHiil moxymenrauii BuaiB T3 (cnpaBHHH, HECTIpaBHUIMA
i mpane3natHuil) gomatu rpanuyHi cranu ['Cl, I'C2,
I'C3, I'C4. Ilpu upomMy rpaHUYHI 3HAUYEHHS TTOKa3HUKIB
TC i I'C Bu3HauaroTbcs:

— TexHiuHuM ctanoM PEC miTaka, o0csiroM po0iT 3
pozoupanns ®C, ®Bi T.1.;

— TEXHIYHUMHU MOKIIMBOCTSIMH YCYHEHHs Jie(DeKTiB
i BIIMOB B yMOBax eKCILTyaTalii 3 BUKOPHUCTaHHSIM
mratHux 3aco6iB TO 1 MOTOYHOrO PEeMOHTY, IO JIO1a-
FOTBCS JI0 JTiTaKa,

— O4YIKYBaHOIO TPYIOMICTKICTIO 1 BapTiCTIO BUKO-
HaHHS pOOIT, a TAKOX OUIKyBAaHOI TPHUBAJICTIO BHBE-
JICHHS JTiITaka 31 CTaHy TOTOBHOCTI JIO €KCIUTyaTaIlil.

Jns knacudikauii craniB § PEC mitaka mouineHO
BHUIUIATH BIAMOBIAHI MiAMHOXUHHU cTaHiB S(I1;), mns
SIKHX BUKOHYETHCSI yMOBa!

4

Us(m)=s: [15(1)-2.

i=0
ae S(I1I) — I'C;, npuuoMy HerpaHWYHUM CTaH IO3HaYe-
Ho S(11y).
HeoOximHa po3poOka METOIUKH OIMIHKYA TEXHIYHUX
1 TpaHUYHUX CTaHIB, IO JO3BOJIAIOTH 33 Pe3yJIbTaTaMHU

KOHTpOJIIB TEXHIYHOTO CTAaHy Ha OCHOBI BEKTOPHOTO
nokaszHuKa BigHect ¢axtuunuii cran PEC nitaka no

OJIHOIO 3 BU/IB CTaHIB S (17[ ),i = (),_4 .

CdopmoBana maoxuHa nokasuukiB TC i I'C, a ta-
KOXX BHIIJICHI O3HAKH CTaHIB JO3BOJIAIOTH MPOBOIUTH
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PO3paxyHKH TOKa3HUWKIB 3anumikoBoro pecypcy PEC
JiTaka.

IIpu po3paxyHkax i omiHkax rmokasHUKIB 3P Baxk-
JUBO BpaxoByBaTH Bci mapamerpu crany PEC mitaka.
I'pannuni cranu PEC miTaka BH3HAYAIOTHCS CYKYITHIC-
TIO TEXHIYHUX XapaKTEepUCTUK, SIKI BKIIOYAIOTH B cede
KUJIBKICHI MOKa3HUKH (MOKA3HUKH HAAIHHOCTI, IO Xapa-
KTEpU3YIOThCS 3AJISKHICTIO MapaMerpa MOTOKY BiJIMOB

a)(t) BiJl HampaioBaHHs, a00 KoedillieHTa rOTOBHOCTI

K

- (t) , TIOKa3HUKY NapaMeTPUYHOl HaliHHOCTI) 1 SIKiCHI
MOKA3HUKH, IO XapakTepH3yIOTh CTaH Marepialis,
KOHCTPYKIIiH Ta iH.

BusHaueHHs1 HanpalfoBaHHs IO PECYPCHOI BiaMo-
BH € 3aBIaHHAM NPOrHo3yBaHHs pecypcy PEC mitaka.
[IporHo3yBaHHsS pecypcy 3a KiTbKICHUMHU TTOKa3HUKAMU
MOXKHa MTPOBOAUTH PO3PaXyHKOBO-EKCIEPHUMEHTAIEHIM
METOJIOM, 30KpeMa, 10 IapamMeTpy IMOTOKY BiJIMOB, KO-
e]ilieHTy TOTOBHOCTI Ta IMOKa3HUKaMH MapaMeTpU4HOl
HaJIAHOCTI.

IIpornosyBanns TC 3a moka3sHMKaMM NapaMeTpu-
YHOI HaJIHOCTI Ma€ IPYHTYBAaTHCS Ha AaHUX BHMIpiB
BIT ®C i ®B PEC nitaka i ix peryntoBaHHI B mporeci
nepiogumyanx TO. [lns BupinieHHS 3aBIaHHS IPOIOB-
JKEHHsI PecypciB JOUiIbHO MaTtu Mozeni 3minu BIL, 1o
MOAAIOTHCS Y BUIVISII BUITAJIKOBHX MPOILECIB 1 3aCHOBA-
Hi Ha IepiOIMYHUX BUMipax iX peamnizariii. Taki craTuc-
TUYHI MOJIENi JI03BOJISIIOTH 3HAXOAWTH TOYKOBI 1 iHTEp-
BaJIbHI OLIHKM mapamerpuyHoi HajailiHocti PEC mitaka
3a pe3y/bTaTaMu MepioJuIHNX BUMiproBaHb BII.

3. 3araabHi MO0XKEeHHSI MO PO3PAXYHKY mapa-
MeTpa MOTOKY BiIMOB KOMILIEKTYIOYUX BHPOOIB i
¢pynknionanpunx By3aiB PEC agitaka BignosinHo no
BUKJIAJICHOI BHIIE OJIOK-CXEMH PO3PaxyHKY MOKa3HHKIB
3anunikoBoro pecypcy PEC nitaka HeoOXigHO po3paxo-
ByBaTH napamerpu noroky BimmoB KB, ®B PEC nitaka.

BimoMi aHamTHYHI METOAU PO3PaXyHKY IMapameT-
pa moroky BinMoB PEC miTaka i CKTagHHX TEXHIYHHX
CHCTEM 3aCHOBaHI Ha MOOYI0BI MATEMAaTUYHUX MOJICIICH
MOTOKIB BiIMOB TPYI OJHOPIJHMX €JIEeMEHTIB 3 Moja-
JBIIUM PO3PaXyHKOM Iapamerpa noTtoky BimMoB PEC
JiTaKa y BUIIISII CYMH:

(1) =§:niwi(t), “4)

ne M — KUIBKICTh THIIB I'pYI OAHOPIAHUX €JIEMEHTIB B
PEC nitaka; n; — KiIBKICTh JJIEMEHTIB i -rO THIIy B
PEC nitaka; o; (t) — TapaMeTp MOTOKY BiJIMOB eleMe-
HTA i-T'0 TUILY.

PospaxyHOK mapamerpa IMOTOKy BinMoB @ (1)

BiIOYBAETHCS, K BiZIOMO, 3 BHKOPHCTaHHSIM PIBHSHHS
BomasTeppa

()= f O+ o, ©)
i fl(t) — IOUJTBHICTH PO3MOJUTY HAMPAIIOBAHHS [0

BIIMOBH €JICMEHTIB [ -I'O THITY Ha TEBHIA CXEMHOI IO-
3unii B PEC nitaxka.

[pu po3paxyHKax MPUHHATI TaKi JOITYIIEHHS:

— YHUCJIO BiJIHOBJICHb €IEMEHTa Ha TEBHIN CXeMHiHl
MO3UINT 332 JIOPEMOHTHUIT 200 MIKPEMOHTHHH TepMiH
ciryxOu PEC nitaka € HeCKiHUEHHO BEJIMKa BEJIMUUHA;

— BITHOBJICHHSI PECYpCy €JIEMEHTa IOBHE, TOOTO
PO3TIISIAETHCS] MOJIEIb TTOBHUX BiHOBJICHD;

— cymapHi HampamtoBanus pisaux ®C PEC nitaka
JI0 MOMEHTY MPOBEJEHHS TUIAHOBUX POOIT (1100 Tpo-
JIOBXKEHHS PECYpCiB, PEMOHTY 1 T.I.) € OXHAKOBUMH 1
JIeTepMiHOBAaHUMU;

— mapametp noroky BiaMoB PEC mitaka pospaxo-
BYETHCSl IIUISIXOM ITiJICYMOBYBaHHS MapaMeTpiB MOTOKY
BiMOB pizHOpimHUX rpyn KB, siki MOXYTh iCTOTHO Bif-
pi3HSATHCS 32 piBHEM 0€3BiJIMOBHOCTI.

[epepaxoBaHi nomyIieHHsl, K TPaBUIIO, CIPOILY-
I0Th PO3PaxyHKH, 3HIKYIOTh 1X TPYIOMICTKICTb, IPOTE
B OUTBIIOCTI BUMIAJIKIB ICTOTHO 3HMXKYIOTh 1X TOYHICTb.

Iporiec BigMoB i1 BimHOBICH, KB meBHUX cXeMHHX
nosuniii PEC nitaka npeacTaBisioTh IOTOKOM BiIMOB 1
BiJTHOBJICHb, BUBUEHHIO SIKUX IIPUCBSYEHA TEOpis Bil-
HOBJICHb. HaiO1IbIIOro MOIUpPEHHs B MPAKTHUI po3pa-
XYHKIB OTPHMaJH J[Ba THUIIM BiJHOBJEHB: "IPOCTHHA",
IpU SKOMY Bci (YHKIIT pO3MOJITY HAampalfoBaHb 10
niepiioro F(f) i Mk HACTYITHUMU BiTMOBaMHU OJTHAKOBI;
i "3aranpHUR", IpH SIKOMY BCi (pyHKIIT po3noainy oaHa-
KOBI, KPIM IepILIOL, TOOTO F; ;) (1)=F,i=12,u.

Peanpni npornecu BinHoBieHs PEC iitaka xapak-
TEPU3YIOTHCS ICTOTHO OUIBIIOK PO3MAITICTIO TOTOKIB
BIZIMOB 1 BiJHOBJICHb, IIOB’S3aHHUX 3 MPOBEIACHUMH B
npoueci excruryatanii PEC pisHUMH BUIamu BiJHOB-
nens KB (moBHMMH, MiHIMaJIbHUMH i HEIOBHUMH), KiH-
LIEBUM YHCIIOM BigHoBieHs i T.4. Tak, B PEC mitaka mis
BigHoBneHHs: ®C BukopucroByotsest TE3wu, inmmn KB,
sKi B mporieci ix 30epiranus B komiuiekrax 3111 go mo-
MEHTY YCT@HOBKH MOXYTh BTPaTUTH YacTUHY CBOTO
pecypcey. Kpim Toro, TE3u MoxxyTh OYTH BiIHOBIIIOBA-
HUMH €JIEeMEeHTaMu, o xapakrepHo a1t KB 3-ro moko-
JHHSA (Ta BUIIE), SKi, NPUPOIHO, O MOMEHTY iX ycra-
HOBKHM B amaparypy Hicjs 4eproBOrO BiJHOBJIEHHS Ma-
I0Th TIEBHY BEJIMYWHY BUTPA4YEHOrO pecypcy. 3TigHo 3
HOPMAaTHBHO-TEXHIYHOIO JOKYMEHTAII€I0 IOMYCKAETHCS
noctaBisTi KB, BUpoOM eeKTpOHHOI TEXHIKH, EJIEKT-
POTEXHIKH, sIKi POHIIUTN BUIPOOYBaHHS Ha 0E3B1IMOB-
HICTb, SIKIIO TPHBAJICTh BUIPOOYBaHb HE MEPEBHIIYE
20% ix rapaHTii{HOrO HaINpaIFOBAHHSI.

VY 3B’s3Ky 3 IIUM BEJUKHUHA 1HTEpEC INpPEICTaBIIsIE
(kpiM BioMuX B TeoOpii BiIHOBJIEHb NMPOCTUX 1 3arab-
HUX TIPOIECCIB MOBHUX BiJHOBIICHB) PO3IJISAA IPOIECY
BiJTHOBJICHb 3 DPI3HUMHU (QYHKI[ISIMA PO3MOJIITY Hampa-
LIOBaHb MiX BiIMOBaMH, KU HA3BEMO CKJIQJIHUM ITpO-
necoM BijHOBIeHb. CKIIQHUIA MpoIEC BiHOBIEHb Xa-
paKTepHHUIA A1 HEMOBHHMX 1 MiHIMAJIbHUX BiTHOBJICHB,
konu mapamerpu pecypcie KB mo mepioro pa3sy (3ami-
HH) 1 HACTYIHUMH BiMOBaMu po3pi3Hsrorhes. Lli ma-
pameTpu sl CKJIQJHOTO HPOIECY BiJHOBIEHb MOXYTh
OyTn OTpHMaHi Ha OCHOBI OOpOOKM PETPOCHEKTUBHOI
iHpopManii, HanpuKiIaj, NUITXOM OTPHMaHHS 3a pe-
3yJAbTaTaMH CTaTUCTUYHOI OOpOOKM JaHUX JIiIepHOI
exciuryaranii PEC jitaka KopensmiiiHuX 3ajJe)HOCTEH.
Tak, 3MeHIIeHHS cepelHixX HampaioBanb KB micis
3aMiHM MOXXHa OOTPYHTOBYBATH 32 JIOIIOMOI'OI0 MOJIe-
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nei pecypciB KB, 1 po3risimy cepeiHix HampaioBaHb
KB no neprroi BigMoBH, Mixk 1-M 1 2-M BimMoBaMu, 2-M
i3-MiT.0

Po3paxyHOK MOIIIBHO TPOBOJUTH IS JIHIHHOL
3aJIeKHOCTI, a KOe(illiEHTH KOPEJSILiHHAX 3aIeKHOCTEH
BH3HAYaTH METOJOM HalMEHIIHNX KBaJpaTiB.

[Hmmii crioci6 o0miky 3MiH B Ge3BiamoBHOCTI OC
PEC nitaka 3acHOBaHuMi1 Ha 00JIKY BiKY BiJJHOBIIIOBAHO-
ro KB Ha nieBHiii cxemHiit mo3unii ®C ado PEC mitaka.

AmHaJti3 poOIT 3 BU3HAYCHHS MTOKa3HHUKIB JJOBIOBiY-
Hocti PEC mnitaka, 30kpeMa NpU3HAUYEHUX TEPMiHIB
CIy)KOM 10 PEMOHTY, 3aCHOBaHMH Ha 3aCTOCYBaHHI
cniBBigHOMmEHHS (4). TouHICTh HAOMMKEHHS! CYMapHOTO
MOTOKY BiJIMOB MOJIEIIIIO HECTAIllOHAPHOT'O MTyaCCOHOB-
CKOT'0 TIOTOKY 3aJICKUTh BiJ YMCIIa €IEMEHTIB, BiJIMiH-
HOCTI 3aKOHIB pPO3MOALTY Yacy O€3BIAMOBHOI PoOOTH
OKpEMHUX EJIEMEHTIB BiJI €KCIIOHEHI[IAJILHOTO 1 OYiKyBa-
Horo uucia BiaMoB. 11{06 BinmMmiHa iHAMBIAyaNnbHUX 3a-
KOHIB PO3MOJTy Majo BIUIMBajda Ha (DOPMY IOTOKY
panToOBUX BIJMOB, HEOOXiJHE BHWKOHAHHS CITiBBIIHO-
LIEHHS:

nl-/M[n]>10(ﬂo/l—1) , TIpH M[n]>1, (6)

ac M [I’l] — MaTCMaTH4YHC CHOI[iBaHHH quciia BiI[MOB Ha

PO3ITIAHYTOMY iHTEpBali 4acy; A, — 3Ha4YEHHs IHTEH-

CHBHOCTI BiJIMOB B IIOYaTKOBHI MOMEHT 4acy (Ha moya-
TKY Nepiofy HampalfoBaHHs); A — cTaje 3HauYeHHs iH-
TEHCUBHOCTI BiJIMOB.

CeHc HaBelIeHOI HEPIBHOCTI IOJISIra€ B HACTYITHO-
My. IIpu Manux 3Ha4eHHAX BiIHOIIEHHA 7 / M [n] KO-

JKEH CJIEMCHT MO)KE BIJMOBUTH KiIbKa pPa3iB 1 3aKOH
pO3IIOALTY 4YHClIa BiIMOB CyMapHOTO IOTOKY Oyne B
3HAYHIN Mipi BU3HAYaTHCS 1HAWBIAYaJIbHUMH 3aKOHAMH
pO3TONiTY HAMpaIlOBaHb MIXK BiJMOBaMH CJICMCHTIB.

Ilpy BemMKUX 3HAYEHHSIX BiIHOCHHHU #; / M [n] KiJIb-

KiCTh Bi]MOB KOKHOTO €JIeMEHTa B 3araJlbHOMY ITOTOIIi
HEBEJIMKa i TOMY 1HIUBIIyalbHI 3aKOHU PO3IOLTY ele-
MEHTIB He BIUIMBAIOTh Ha 3aKOH PO3IOJTY YHCia Bil-
MOB B CYMapHOMY MOTOIIi.

Bce ckazaHe BITHOCHTBHCS OUIBIIOI MIpOHO 1 JI0
MOCTYIOBUX BiJIMOB. BiIMIHHOCTI MOJNATarOTH B TOMY,
[0 MOTIK ITOCTYIIOBUX BiAMOB eieMmeHTiB @B abo Ha-
BiTh ®C MOXXHa PO3INIANATH SK CyMY MOTOKIB BiJIMOB
BEJIMKOTO YUCIIa EIEMEHTIB.

KpiM mporo, criBBigHOmEeHHs (4) Mae micue st
BiIHOBJIIOBAHMX BUPOOIB 3 MOCHIIOBHOK CTPYKTYPHOIO
cxemoro HazuiitHocti (CCH) 3a ymoBu, 1o ioro KE ¢y-
HKI[IOHYIOTh HE3aJIeKHO i, B pa3i BIIMOBH OKPEMOIO
KE, iHmi nponoBXyoTh (YHKIIOHYBAaTH, MPU LBOMY
notik BimmMoB KE € opauHapHUM 1moTokom 0e3 micisiii
a00 3 0OOMEXEHUM MICISAIEI0, CyMapHi HalpalfoBaHHs

KE BupoOy onHakoBi (a0 TpUBAJICTh BIJHOBJICHHS
JIOPIBHIOE HYI0). Y pO3pO0JICHUX METOIUKAX PO3paxy-
HKY TMOKa3HHUKIB 3aJIMIIKOBOTO PECYpCy IPOIIOHYETHCS
BUKOPHCTOBYBAaTH PO3PaxyHKOBE CIIiBBiTHOMIEHHS (4)
TIIBKH U1l 3HAXOKEHHS IapaMerpa MOTOKY BiJMOB
KB, sxi BiAMOBiIaIOTh BUINE3ralaHUM YMOBaM 1 € eJe-
MeHTtamu nociigosaoi CCH.
[Tpu upOMy pe3ynbTaTH OLIHKH ITapaMeTpa MOTOKY Bif-
MOB BHUKOPUCTOBYIOTBCS JIJIsl PO3PaXyHKY HecCTallioHap-
HOro KoeQillieHTa TOTOBHOCTI ab0 KoedilieHTa omepa-
TuBHOI TroTtoBHOCTI KB, ®B, Oy0KiB, 10 CKIaAy SKHX
BXoaTh nani KB.

Hmxue po3misiatoTbess MaTeMaTUdHi MOJIENI TIOTO-
Ky BigmMoB KB PEC Jmitaka, opieHTOBaHi Ha iX BHUKOpHC-
TaHHS TPH PO3pPaxyHKax IMOKA3HHKIB 3aJIUIIKOBOIO pe-
cypcy 1 BUIBHI Bii COPMYIBOBAHUX BHIIE HPHITYIIEHb.
HaBomutbcst y3arajbHEHHs BIIOMHX MOJENEH IOTOKIB
BiIMOB 3 YypaxyBaHHSM cCIElHIKH (YHKIIOHYBaHHS
PEC nitaka. [Tpu upomy Oarato BioMHX MoJeeld MOX-
Ha PO3IJISIATH SIK OKPEMIi BUTIA/IKU y3arajJbHEHUX.

BucHoBku

1. Po3pobneHi 3aranbHi MOJOKEHHS MO PO3paxyH-
Ky TOKa3HHKIB 3aiuIikoBoro pecypcy PEC mitaka, 1mo
BKJTIOYAIOTh 1€PApPXiUHy CXEMY PO3PaxyHKy THITY Jepe-
Bo: "PEC nitaka — ®C — ®B (6510K) — KB", nponenypy
pozoutts ®C, ®B i KB Ha HeBiTHOBIIOBaHI Ta BiIHOB-
JIIOBaHi 00’€KTH 3 MOBHUMH, MiHIMAJIbHUMH a00 HEIOB-
HUMH BiJHOBJICHHSAMHU, KOHTPOJHOBaHI IEPIOIUYHO 1
Oe3mepepBHO, a00 HEKOHTPOJILOBAHI 1 T.J.; MPOIEAYPY
PpO3pO0OKH HOBUX 200 BUKOPHUCTAHHS BiIOMHX MaTeMa-
TUYHUX MOJEJEH IPOIeCiB BiAMOB 1 BiJHOBJIEHb IS
BIANOBIAHMX 00’ €KTIB, 1HIII 3arajbHi HOI0KEHHS.

2. ChopMysIbOBaHO 3aralibHi TOJOXKEHHS IIO0/I0
OIIHKM TEXHIYHOTO CTaHy Ta OOTIPYHTYBaHHS O3HAK
rpannunux ctaHiB PEC nitaka [uis BUpileHHS 3aBAaHb
MIPOIOBKEHHs pecypciB. [TokazaHo, 10 OMIHKY TpaHHY-
Hux craHiB PEC mitaka IoIiibpHO 3iHCHIOBATH 3a CY-
KYITHICTIO MTOKAa3HUKIB, 10 BimoOpaxaroTh ctaH KB ®B,
®C, cKITamoBUX YACTHH JIiTaka, KaOCIbHHX BHPOOIB,
MaTepiaiiB, JOMOMIKHUX IPHCTPOIB, YCTaTKyBaHHS Ta
X TIOKA3HUKIB HaXiHHOCTI.

o cykynHicTh IOKa3HUKIB HEOOXiHO BPaxoBY-
BaTH IPU PO3paxXyHKax i1 OMIHKAX MOKA3HUKIB 3aJIHIIKO-
BOTO pecypcy. BuiineHa cyKymHICTh TEXHIYHUX Xapak-
TEPUCTHK 1 03HAKU TPAHUYHUX CTaHIB, IO JO3BOJSIIOThH
BHPIIIIYBAaTH 3aBJaHHSA PO3PAXyHKY IMOKA3HUKIB 3aJIHII-
KOBOT'O Pecypcy.

3. CchopMynbOBaHO 3arajibHi MOJIOKEHHS I10 PO3-
paxyHKy mapametpa motoky BigmoB KB i ®B PEC mi-
Taka, 3 PO3POOKH MaTeMaTHYHHUX MOJEICH MPOIECiB iX
BIZIMOB 1 BiJIHOBJICHb UIS BHPIIICHHS 3aBIaHb IIPOIOB-
KEHHS PECypCiB.
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Development of general provisions
for calculating residual resource indicators radio electronic aircraft system

S. Haievskyi, S. Balakireva, 1. Kulakov

Abstract. The subject matter of the article are the functioning processes of the electronic system of a modern air-
craft, its components and functional units as an object for determining and calculating the residual resource. The goal is the
analysis of the existing methodological apparatus used to calculate the indicators of the residual life of the aircraft electronic
system and search for ways to improve it. The tasks: to develop general provisions for calculating the indicators of the resid-
ual life of the aircraft electronic system. Analyzed methods are: calculation and experimental methods for assessing reliabil-
ity, residual life and failure flow of an aircraft electronic system. The following results were obtained: A tree-type hierarchi-
cal calculation scheme has been developed: "aircraft electronic system — functional system — functional unit (block) - compo-
nent product” and the procedure for splitting the circuit positions into non-renewable and renewable objects. Conclusions.
The general provisions are formulated for calculating the parameters of the flow of failures and assessing the technical condi-
tion of the radio-electronic system of the aircraft to solve the problems of extending resources.

Keywords: residual life, aircraft, indicator, service life extensions, electronic system, technical condition.
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PO3POBKA MOJEJI 3HAHD JIJISI IHOOPMAIIMHOI CHCTEMHA
HIITPUMKHU NPUMAHSTTSA PIIIEHD ABIAIIIMHAM OINEPATOPOM
NP BUHUKHEHHI OCOBJINBUX BUITAJKIB B I1OJIBOTI

AnoTanisi. IIpeamerom BUBYEHHS B CTATTi € METOH, 11O J03BOJISFOTH BUPILUTH NPOOIEMY HEBU3HAYEHOCTI B Iporieci nody-
JIOBH CHCTEM ITiITPUMKH IIPHITHSATTS pillieHb aBiaucIieTdepa Py BUHUKHEHHI OCOOIMBHUX BUITAZIKIB B NONBOTI. MeTOI0 € aHati3 i
00IPYHTYBaHHS BUOOpY MaTeMaTH4HOro anapary uist mooynosu CIIITP aBiajmcnieTdepa. 3aBaaHHs: aHaI3 psLy BIIOMIX METO-
B IHTENEKTYaJIbHOrO aHai3y JJaHHX, a CaMe: eBONIOLIHHNX aIrOpUTMiB, HEHPOHHUX MEpeX, HEUiTKOI JIOTIKU Ta OalieciBChKHUX
MepeX 3 TOUKHU 30pY JOLIBHOCTI iX 3aCTOCYBaHHs IPU MOOYI0BH CUCTEM HiATPUMKU NPUHHSTTS PillieHb aBiaJucreTdepa yrpas-
JIHHS TOBITPSIHAM PYXOM IIpY BHHUKHEHHI OCOOJIMBYUX BHIIAJIKIB B TIOJIBOTI. BUKOPHCTOBYBaHNMYI METOAMH €: METOIM aHAMI3Y i
CHHTE3y CKJIaJHMX 1H(OpMAIIHHAX CHCTEM, METOIM IMITalliifHO-CTaTUCTIHYHOro MozemoBanHs. OTpuMaHo Taki pe3yIbTaTn. B
pe3yIbTarTi IpoBeIeHOr 0 aHati3y OyIio BcraHOBJIeHO, st nooynor Mozeni CIIIIP aBiagucnerdepa HaiOUTHII €(EKTUBHIM € BU-
KOPHCTaHHS arapary O0aleciBCbKUX MEpex, KU NpeCTaBisie coO0K0 MepCleKTUBHNM HMOBIPHICHUH 1HCTpyMEHTapii, 1o 10-
3BOJISIE MOJIEITIOBATH CKJIA/IHI i€papXiyHi CTaTU4HI Ta JUHaMiuHi cucreMu. Lle 00yMOBIIEHO THM, 1110 Ha BiAMIHY Bijl IIOITYJISIPHUX
Ha JIaHui1 yac Mozienel "1OpHUX CKpUHBOK OaiieciBChbKa Meperka JI03BOJISsIE OTPUMATH 3pO3yMiJIe MOSICHEHHS OJICPXKaHUX BHCHOB-
KiB, Ma€ iX JIOriuHy IHTepIIpeTallito, Ha/la€ MOXUIMBICTb BPaXyBaHHs HEBU3HAYEHOCTEH MTapaMeTPHYHOr0, CTATUYHOIO 1 CTPYKTYp-
HOT'O XapakTepy i, 1110 € 0COOIMBO BaXUIMBUM, IPYHTYEThCS Ha (hyHIAMEHTAIIBHUX ITOJIOKEHHSX Teopii HMOBIpHOCTEH, sika po3po-
Oistach He onHe cropivyds. BucnoBkn. HanpsiMkoM nopaiblmx JOCIIIMKEHb € 100Yy/10Ba CHCTEMH MiATPUMKU IPUHHATTS pi-

IIIeHb aBiaJCIIeTyepa 3 BUKOPUCTAHHIM 0alieCiBCHKIX MEPEX 1 TEXHOJIOrii HMOBIPHICHOTO NPOrpaMyBaHHL.

Kawuosi caosa: CIIIP, aBiamucnieTyep, eBOMIOLINHHI alNrOpUTMH, HEHPOHHI MepeKi, HediTKa JIorika, OaieciBcbka Mepexa.

Beryn

IlocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVIAI.
Jlucnierduep ympaBiIiHHS TOBITPSHAM PYXOM BHKOHYE
HalBaXNUBINTY (YHKIIIO 0e3M0CepeHbOr0 BIUIMBY Ha
pOOOTY JILOTHHX eKiMaxiB, O€3IeKy Ta CIAYIIHICTh PYXy
iX TOBITPsIHUX CyneH. 30UIbIIEHHS IHTEHCHBHOCTI Ta
LIUTBHOCTI MTOBITPSIHOTO PYyXY, HEPEBHIICHHS HOPM
MPOITYCKHOI CIIPOMOYKHOCTI CEKTOPIB YIIPABIIiHHS TOBI-
TPSIHUM PyXOM HEMHHYYE ITPU3BOJUTH 10 HECTaul 4acy,
MOTPIOHOrO aBiaaucrieTdepy Ui BCEOIYHOro aHasizy
TIOBITPSIHOI OOCTAHOBKM Ta NMPUHHATTS TPaMOTHHX pi-
mieHs [ 1]. [is 3a0e3nedeHHs miATPUMKH ONepaTopChKOi
JUSUTBHOCTI, OCOOJNMBO TPH BUHUKHEHHI I103aIITATHHUX
MOJBOTHUX CHUTYAIii, JUIsl SIKICHOTO NMPOTHO3YBAaHHS Ta
CBO€YACHOI BHUJA4i NMPaBWIBHUX PEKOMEHJalild 3acTo-
COBYIOTh CHCTEMH WIATPUMKH TNPHUHHATTS pillleHb
(CIIITP), mro SIBNSIIOTH COOOKO IHTEPAKTHBHI CHCTEMH,
SIKi BUKOPUCTOBYIOTh 00JIafHaHHs, ITporpamMHe 3a0e3re-
YeHHs, JaHi, 0a3y Mozesei i poboTy omepaTopa 3 Me-
TOIO TIATPUMKH BCiX CTaAil NPUUHSTTS pimens [2-4].

Oco0uBicTIO 3a/1a4i YIIPaBIiHHS HOBITPSHUM pYy-
XOM € MIPUIHATTS pillleHb B YMOBaX 3aBaJl, BiJICYTHOCTI,
HecTaui a00 HETOYHOCTI iH(opMallii Ha MOTOYHUI MO-
MEHT 4acy, TOOTO BOHa BiJJHOCHUTBCS NIO KJacy 3ajad,
o crnabko ¢opmaiizyrotecs. Ha nanuii MOMEHT icHye
PAA METOJIB, IO JO3BOJSAIOTH BHUPIINIUTH MPOOIEMY
HEeBH3HAYEHOCTi, nmoOyayBatu sikicHy momens CIIIIP,
OTpUMATH NPUHHSATHI IPOTHO3H 1 BiANOBIAHI PillIEHHSI.

Meta craTTi — OOTpyHTYBaHHSI BHOOpY Marema-
TUYHOTO amnapary IpeCTaBJICHHs 3HaHb JJIs TOOYA0BH
CIIITP aBiagucnerdepa NpH BHHUKHEHHI OCOOJIMBHX
BUIAJIKIB B MOJIBOTI.

AHaJi3 ocTaHHIX JocaizKkeHs i myOaikaniid. [Tu-
TaHHS 1HTEJEKTYaIbHOI MIATPUMKU NPUHHATTS pillleHb
B aBTOMAaTH30BAaHHUX CHUCTEMaXx YIPAaBJIiHHS MOBITPSIHUM
PYXOM 3 €JeMEHTaMH IITYYHOrO iHTEJIEKTy PO3IJisijia-
I0TBCS B poboTi [5], 3a0e3medeHHs (HYHKI[IOHATBHOL
CTIHKOCTI aBTOMaTH30BaHUX CHUCTEM YIIPABIIHHS IOBIT-
psHAM pyxoM B pobori [6]. [ToOynosa CIIIIP aBiasmwc-
rer4yepa 3 BUKOPUCTAHHSIM IITYYHUX HEHPOHHUX MEPEexX
3 NpPOrpaMHUM 3a0C3IMCUCHHSAM Ha OCHOBI Bi3yaJbHOL
cucremu nporpamyBanHs Delphi 5 3 BukopucTaHHIM
texHounorii BDE 3amnporonosano B po6ori [7]. Ane nu-
TaHHS MiJABUIICHHSA €(PEKTHUBHOCTI MiATPUMKHU HisUTEHO-
CTi aBiallifHOrO oreparopa NMpH BUHUKHEHHI ITO3aIlTaT-
HUX CUTYallil, NOTPEOYIOTh MOJABIIHNX JIOCHIPKEHb.

OCHOBHA YaCcTHHA

Haii6inpn nommpeHnMy BUIaMHi HEBU3HAYEHOCTI
B MPOIIeCi MOOYIOBH MAaTEMaTHIHUX MOJICIICH MPOIIECIB 1
00’€KTIB Pi3HOI MPUPOJAH € CTPYKTYPHi, CTATUCTUYHI i
rapaMeTpu4Hi HEBU3HAYEHOCTI, SIKi TPHU3BOIATH 1O
YCKJIQJHEHHS TIPOLleCy aHalidy AaHUX 1 HOTIPIIYIOTH
SIKICTB OLIIHOK MPOTHO3IB Ta/a00 SIKOCTI aBTOMAaTH30BaHO-
ro kepyBaHHs. J{J1st Toro, mo0 moOynyBaTH BUCOKOSKICHY
MOJIETb T4 OTPUMATH TNPHHHATHY OLIHKY ITPOTHO3IB Ta
BIZIMOBIZIHMX 1M pilleHb a0 KEepyHO4HX BIUIMBIB HEOO-
XiIHO MIHIMI3yBaTH BIUTUB HeBM3HaueHOCTI. Ile mocsra-
€THCS IIUISIXOM BHKOPHCTAaHHS iX MaTeMaTU4HOTO OIHUCY
a0o BBEIEHHS EKCIEPTHHX OLIHOK, sKi 3a0e3NedyroTh
ypaxyBaHHs HEBHU3HAYCHOCTI y Mojensx. Ha nanwii yac
HE iCHY€E YHiBepCaIbHUX IPOLEAYP I BpaXyBaHHS BCIX
BHIIB HeBM3Ha4YeHOCTI. Tak, Hampuwiaza, ¢pineTp Kamma-
Ha JIa€ MOXKJIMBICTh BPaXOBYBAaTH Ta MiHIMi3yBaTH BILIUB
30ypeHb CTaHIB Ta IIYMIB BHMIpIiB 1 3aBASKU IIbOMY,
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OTpUMAaTH ONTUMAJbHI OIIHKK CTaHy JOCIIHKYBaHOTO
mporiecy Ha (OHI HEraTMBHUX BHUIIAJKOBUX BIUTUBIB [2].
Ile cnipusie He TUTBKM MMOKPAIIEHHIO OIIHOK CTaHy, ajie i
ITiJIBUIIICHHIO SKOCTI OILIHOK IPOTHO3IB CTaHy THHAMIY-
HUX CHCTEM 1 SIKOCTI KEpyBaHHS HUMH.

3HaYHUI BKJIAJ] Y TIO/IOJIaHHS MTPOOIeMH HEBH3HA-
YEHOCTI HAaJar0Th METOAW IHTEJIEKTYaJbHOrO aHallizy
JAaHKMX, a caMe: HeHPOHHI MEpeXi, HEUiTKa JIOTiKa, HEeH-
PO-HediTKi cucTeMHu, OaleciBChbKI Mepexi Ta iHII Moje-
i OaifeciBCHKOrO TUIY, €BONIOLINHI MeTOIH, iHPOpMO-
BaHHH (EBPUCTUYHUI) MOUIYK Ta JOCITIHKEHHSI TPOCTO-
piB, CHpsMOBaHI Ha PO3B’sI3aHHS ONTUMI3aAIHUX 3a-
Jlad, MaTeMaTHYHY JIOTIKY, IepeBa pillieHb TOMIO.

[IpoBenemo aHai3 psity METOJIIB iHTENEKTyaIbHO-
T'O aHali3y JaHUX METOMIB C TOYKH 30pY JOLLIBHOCTI 1X
3aCTOCYBaHHS JUIsl TIOOYIOBU CUCTEMH HIATPUMKH MPH-
WHATTS pillleHb aBiaJucIieTdepa Mpu BUHUKHEHHI 0C00-
JIMBOT'O BHIQJIKY B MOJBOTI — BiIMOBI IBHT'YHa Ha MOBI-
TPSIHOMY CY/IHI B IOJIBOTI.

Eeomoyitini memoou. Kiacudasi MeToau, 1110 BUKO-
PHUCTOBYIOTHCS [UIsl MPUHHATTS pillleHb, OCHOBHY 4Yac-
TUHY SIKMX CKJIaJAl0Th METOIM ONTUMI3allii, He € iHBa-
plaHTHUMHU 0 PO3MIPHOCTI 1 3MicTy oOJacTi JaHuX,
CTPYKTypH 1 mapamerpiB 1inboBoi ¢yHKIii. st pocsr-
HEeHHSI JaHOi MeTH, OYJIM CTBOPEHI METOIM E€BOJFOLIH-
HOro (TEHETUYHOT0) MOJICTIOBAHHI, IO 0a3yrOThCs Ha
ifesx 1 mpuHOumax npupoaHoi epomonii. Jlo eBoito-
LiHHUX aJrOPUTMIB BiIHOCATH Taki [8-10]: esotrouyitine
npoZpamyeanHs, MO OPIEHTOBAHE HAa ONTHMI3aIlil0 He-
MepepBHUX (YHKIIIH 0¢3 BUKOPUCTAHHS PEKOMOIHAIIIN;
€6OoIoUIiHI cmpamezii, 10 OPiEHTOBaHI Ha ONTUMIi3a-
LiI0 HerepepBHUX (DYHKIIH 3 BUKOPUCTAHHSAM PEKOMOi-
HAllil; ceHemuyuHi anzopummu, 1O TPU3HAYEHI IS
onTuMizamnii QyHKIIH TUCKPETHUX 3MIHHHMX, B HHX aK-
LIEHTYETHCS yBara Ha peKOMOIHAIlisIX TEHOMIB; 2eHemu-
YHe NpozpamyeanHs, MO BUKOPHCTOBYE €BOJIOLIHHHN
METO/I JUTsl ONTHMI3allil KOMITIOTEPHUX MPOrpam.

EBomroriiiauii momryk BKJIOYa€e B cebe rpymy Oa-
raTOBUMIPHHMX, CTOXaCTUYHHMX, €BPUCTUYHUX METO/IB
onTHMI3alii, o 3acHOBaHi Ha ifei eBomiomii 3a JOIO-
MOT'OI0 MIPHUPOIHBOro Bifgbopy. Taki MeTomu orpumai
LUISIXOM y3araJbHEHHs Ta HACIiyBaHHs TaKuX BIIACTH-
BOCTEH MPHUPOAM B INTYYHUX CHCTEMax sIK: MPHPOIHIH
BiJ0Ip, MPHUCTOCOBAHICTh A0 3MiH HABKOJHUIIHHOTO Ce-
peloBMINA, CHAIKOEMHICTh HAIaJKaMH BiJ OaThKiB
KHUTTEBO BAYKIIMBHUX BIACTUBOCTEH.

dopMasbHO €BOMIONIIHI METOJM TOIIYKY MOXKHA
MIPE/ICTABUTH Y BUTJISIII HACTYIHOI (DYHKITIT:

I'M =I'M(Fy,N,L, [,Qy,9,T), (D

ne B = {Hlo,Hzo,...H]?,} - TI0YaTKOBA TMOMYJIAISA —
MHOKHHA DIillleHb 3aJ1adi, 0 MOJaHI Y BUMIAII XPOMO-
com; H) ={ 10/_, f/_,...H?/_} - j-Ta XpOMOCOMa MOMYJISILii,
P, - HaOlp 3HaueHb HE3aNEKHUX 3MiHHMX, NOJAHUX Y
BHIJISAI TEHIB; hl.(])_ -i -f TeH j-1 XpOMOCOMH TOIMYJIAIT
P, - 3HaUeHHs i -TO ONTUMi30BaHOTrO MAPAMETPY 3ajadi,
10 BXOJUTh B j -T€ pillleHHs; N - KiIBKICTh XPOMOCOM

B MomyJisiwii; f - minboBa ¢yHkuis; () - oneparop Bigoo-
py; T - xpuTepii 3yNMUHKH.

KokHuii eBONIOLIHMI aNroput™M € iTepariiHiuM
MeronoM. Ha koxHill iTepamii MeTos mparoe He 3 €Iu-
HHUM PILLIEHHSIM, a 3 JESIKOI0 MHOXKHHOIO pillleHb (CyKyI-
HicTIO XpoMocoM). HoBa MHOXHHa pIllIeHb 3aJIEKHUTh
JIMIIE BiJ| TIONEPEHBOI, B 3arajlbHOMY BHUIAJIKy, € Kpa-
oo 3a nonepezni. Cepey nepeBar €BONIOLIIHUX METO-
IB CIiJ 3a3HAYUTH HACTYIHI: BIJICYTHICTH OOMEXKEHb,
LIOJI0 BUIVIAY HiTbOBOI (DYHKIIi; 3MATHICTH IOUIYKY
pillieHb Y TPOCTOPi BETUKOI PO3MIPHOCTI; 3pO3yMUIICTh
cxeMH 1 0a30BHMX TPHHIIMIIB €BOJIOIIHHUX OOYKCIICHB;
IHTETpallisi eBOIOIIMHIX OOYKCIICHD 3 1HIIMMHU Tapaju-
IMaMH¥ IITYYHOTO iHTeJeKTy. HemonmikaMu eBONIOIIHHIX
METO[IIB €: JOCTaTHHO BUCOKA OOYHCITIOBAJIbHA TPYIOMi-
CTKICTb; BiZICyTHICTh TapaHTii ONTUMAJILHOCTI OTPHUMaHO-
'O PIlICHHS; BiICYTHICTh YiTKOI BIITIOBI I HA TaKi MUTaH-
HA: SIKUMU € HEOOXIiJHi 1 JJOCTaTHI yMOBH 301KHOCTI KO-
JKHOTO 3 METOJIIB; HACKIJIbKHM 1HBapiaHTHUMHU € €BOJIO-
LiifHI QJITOPUTMH TI0 BiJTHOLIEHHIO 10 BUIVISY CTPYKTYp
1 BUIVISY MOYAaTKOBUX [AaHUX; CAMOAJANTallisl €BOJIO-
LiHHUX aJITOPUTMIB; BiJHOCHA HEBEJIMKA €(pEKTHBHICTH
Ha 3aKITI0YHUX (ha3ax MOJECIIOBAHHS EBOJIOLIII.

Hetiponni mepeoici. TIepCieKTUBHUX ITiIXOIOM IO
oprasi3aiii 0OpoOku HesIBHUX (OpM IOJaHHS 3HAHb €
3aCTOCYBaHHSIM IITYYHUX HEHPOHHHX Mepex, siki Oy-
JIIOTBCSI IO MPUHIMITY OpraHi3amii Ta (yHKIiOHyBaHHS
010JIOTTYHUX HEHPOHHHUX MEPEX - MEPEeX HEPBOBUX KJIi-
THH KHBOT'O OpTaHi3My.

HeiipoHHi Mepexi BHKOPHCTOBYIOTH JUIS BUpI-
LIEHHs CKJIaJHMX 3a]ady, 10 MOTPeOyIOTh aHAIITHYHUX
PO3paxyHKIB, MOJIOHUX IO THX, IO BHKOHYE MO30K
moauHd. HailOinpm dacto HelpoMepexi BHKOPHCTO-
BYIOTB JUIsl BUPIILIEHHS] HACTYITHUX 3aJa4: po3Ii3HaBaH-
Hs1 00pa3iB, y SKOCTI SKUX MOXYTh OYTH CHUMBOJIU TEK-
CTY, 300pa)KeHHs, 3pa3ku 3BYKIB TOIIO; Kiacugikaris -
PO3IIOALT TaHKX 32 TapaMeTpaMu; MPUHHATTS PIllIeHb i
YIIPaBJIHHS; KJIACTEepU3allisl, TOOTO pO3MOMi MHOXKUHH
BXI/IHMX CHTHAJIIB Ha KJIaCH; IPOTHO3YBaHHS; alPOKCH-
Mallisl; CTUCHEHHSI JaHHX 1 acOIliaTUBHA IaM'sITh.

[Ityyna HellpoHHa Mepexa — Mepeka NPOCTHX
€JIEMEHTIB - HEHPOHIB, SIKi OTPUMYIOTh BXiJI, 3MiHIOIOTb
CBIill BHYTPIIIHIH cTaH (30y/KEHHS) BiIMOBITHO 10 IO~
T'O BXOJY, 1 BUPOOJISIOTH BUXiJ, 3aJI©KHUAHN Bl BXOAY Ta
30ymKeHHs. Taka Mepeka YyTBOPIOEThCS  3'€/IHAHHSM
BHXOJIB OJHUX HEHPOHIB 31 BXOJAMH 1HIITUX HEHPOHIB 3
YTBOPEHHSIM 3Ba)KCHOI'O OPIEHTOBAHOTO rpady.

Heiipomepexa ckiamaerbcs 3 ACKIIbKOX IIapiB:
BXi/JHM{, BHYTpilIHI (MPUXOBaHi) Ta BUXITHUH IIapu.
BHyTpimHix mapiB Moxxe OyTH JAeKkijgbka. B koxHOMY
mapi yTpUMYEThCS JEKijbKa HEHpOHIB, sKi IOB’s3aHi
MiX 0000 3B’I3KaMH - BaraMu.

B mponeci ¢yHKIIOHYBaHHS IITy4yHa HEHpOHHA
Mepexa popMye BUXiIHUN CUTHAJ Y 'y BiIIOBITHOCTI 3
BXiIHUM curHaioM X, peanidyoun Jesky (yHK-
miroz: Y =z(X).

Skuro 3aaHa apXiTeKTypa MEpexi, TO BUA (yHK-
Uil z BHU3HAYAETHCS 3HAYCHHSIMH HEHPOHIB (CHHANTHY-
HUX BariB i 3Mimens) mepexi. [Ipuiimemo 3a Z MHO-
JKUHY BCIX MOMUIMBUX (DYHKIH z, sKi BiAIOBIIAIOTh
3aJlaHill apXiTeKTypi Mepexi.

Po3p’s13anHsIM  Jeskol 3amavi Oyae GyHKmiS k.

Y=k(X), mo 3amaeThcsi mapaMH BXOMIiB-BUXOJIB
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(X, 1)e(X,,Y), g sxux Y, =k(X;), ne

j=1---N. E — ¢ynkuis noMunku (QpyHKIiOHAT SKOC-

Ti), siIKa TOKa3ye Uil KOXHOI (yHKOii z CTymiHb Ha-
OMYDKEHHS 710 K .

Jlis BUpilIeHHs 3a/1a4i 3 BUKOPHCTaHHIM Helpo-
Mepexi 3aaHol apXiTekTypu Tpeba mooyayBatu (QyHK-
uito z € Z, miniOpaBmM napaMeTpy HEWpOHIB TaKUM
YuHOM, 00 (YHKIIOHAN SIKOCTI TEPETBOPIOBABCS B
ONTUMYM 1714 Beix map (X,,Y)).

3amaua HaBYAHHS HEHpOMEpPEXi BU3HAYAETHCS Cy-
KYITHICTIO II’SITH KOMIIOHCHTIB: (X,Y, k,Z,E). Ha-

BYaHHS IIOJISITa€ B TOMYKY (YHKINT Z , ONTHMaIbHOI 32
E 1 sByse coboro iTepaniiiHy mpoueaypy, Ha KOKHOMY
KpOIIi SIKOi BiTOYBa€THCS 3MEHILICHHS TTOMUJIKH.

OyHKIiA £ MOXKe MaTd JOBIIBHUN BUTIIAA. SIKIIO
oOpaHa MHOXKMHA TIPHUKJIANIB [l HaBYaHHS i 3aci® 00-
yucieHHs (YHKIIT MOMUIIKK, TO HaBYaHHS HeHpoMepe-
K1 3BOJUTHCA IO 3a7adi 0araTOBMMIPHOI ONTHUMI3allil.
[Tpu BupimeHH] JaHOi 3a7avi mepeBara BiIJa€ThCsl TUM
Metoaam, ski 3aatHi HapuuTH [ITHC 3a HeBenuky Kijib-
KiCThb KPOKIB 1 MOTPeOYyIOTh HEBEIMKOTO YHCIA JI0AAT-
KOBHX 3MIiHHHX. Y TOPIBHSHHI 3 TPaJMIifHUMH METO-
JlaMH TiepeBaraMu HeHMpOHHUX Mepex € Taki [7, 10,11]:

1. PimenHs 3agady B yMOBaxX HEBH3HAYEHOCTI.
HeiipoHHa Mepeka J03BOJISIE BUPINIYBATH 3aBJaHHS 3
HEBIIOMUMH 3aKOHOMIPHOCTSIMH 1 3aJI©KHOCTSIMH MiX
BXI/IHIMU Ta BUXIJIHUMU JIAHUMHU, 3aBJISIKH 3J]ATHOCTI 110
HaBYaHHSI.

2. CridKiCTh 10 UIYMIB Yy BXiIHUX JaHUX. 3aBIsi-
KU 3/1aTHOCTI HEHPOHHOI MEpEeXi CaMOCTIHHO BUSIBIISATH
HeiH(OpMaTHBHI JJIs aHAITI3Y MTapaMeTpH Ta BiJCIIOBATH
iX, BiAmazae HEOOXIMHICTh y MOMEPEIHLOMY aHawi3i
BXIJIHUX JaHUX.

3. I'HydKicTh CTPYKTypH HEHPOHHHUX MEpEXK.
KoMIioHeHTH HEWpOKOMI'IOTEpIB - HEHPOHH 1 3B'S3KH
MiX HUMH - MO’KHa KOMOIHYBaTH pi3HUMH CIIOCOOaMHU.

4. Apanranis 10 3MiH HaBKOJUIIHBOT'O CEpeNo-
Buina. YuM BHIIE aganTUBHI 3110HOCTI CHCTEMH, THM
OinbII CcTiMiKOIO Oyze i1 poboTa B HecTallioHapHOMY ce-
PEIOBHIIII.

5. Bucoka mBuakonis. BxigHi maHi 00poOIsSIOTE-
csi OaraTbMa HEHpOHaMM OJHOYACHO, 3aBASKU YOMY
HEWpOHHI MepeXi BHUPIIIYIOTh 3aBJaHHS MIBUALIE, HIX
OLIBIIICTD 1HIIUX ANTOPUTMIB.

6. BiaMoBoCTIHKICTh HEHPOHHUX Mepex. Y BH-
MaJIKy HECTIPUATIIMBUX 3MiH YMOB HelipoMepexa pearye
JUIIe HE3HaYHUM 3HWKEHHSM IPOAYKTHBHOCTI, IO
00yMOBJIEHO PO3IIOIIIEHNM XapaKkTepoM 30epiraHHs
iHnpopManii B HelipoHHOI Mepexi. Ha mpanesnaTHicTh
HeWpoMepexi ICTOTHO MOXYTh BIUIMHYTU TUIBKH Cep-
HO3HI MOMIKOPKEHHS CTPYKTYPH.

[Ipore Heilipomepexi MaroTh i psA HEAOIKIB, IO
00MeXye IX BHUKOPHCTaHHS MJIsl BHUPIIICHHS NEBHOTO
Koina 3amad [7]:

1. CxyagHicTh 3MICTOBHOI iHTepHpeTanii Hew-
poHHHX Mepex. HelipoHHI Mepexi IpalforTh K "dop-
Ha CKpPHMHBKA", OCKUIBKM OTPUMAaHUI pe3ylbTar (HaBiTh
HAWTOYHIMIMK TPOTHO3) HIiSK HE IOSICHIOEThCS. [Ipo-
OJieMM iHTepIpeTalii MPU3BOIATH 0 3HWKCHHS I[IHHO-
CTi OTpUMAaHUX PE3yJIbTaTiB.

2. TpymoMicTKicTh i TpHBaJicTh HaBuaHHs. Jlis
TOro o0 HeHpOHHA Mepeka MOrJia KOPEKTHO BUPIIITyBa-
TH TIOCTaBJICHI 3aBJaHHsI, MOTPIOHO MPOBECTH ii HaBYAH-
HS Ha IECATKAX MUJIbIOHIB HAOOPIB BXiTHUX JaHHX.

3. He3nmaTHiCTb NPUIAHATTS pillleHb B KiJbKa eTa-
miB. HeiipoHHa Mepexa He MOXKe BUPILITyBaTH 3aBJaHHS,
SIKI BHMAararoTh IIOCIiJIOBHOI'O BHKOHAHHS JEKIJIbKOX
KpOKiB; BOHA 3[aTHa BUPILIYBaTH 3aBJaHHS TiJbKH "B
onuH 3axin". Tomy Helipomepexa He MOXKe, HaPHUKIIAL,
JIOBECTH MAaTEMAaTHYHY TEOPEMY.

4. Biamosiap, mo Bumaethess HM, 3aBxau € mpu-
Onm3HOI0. HelipoHHI Mepexi He 34aTHi JaBaTd TOYHI 1
OMHO3HAYHI BIAMOBiAI. AJie 3aBIaHH], B SKHX Tpebda
3actocoByBaTh HM 1 omHOYacHO OTpUMYBATU TOYHI
BIiJIMOBIli, 3yCTPIYalOTHCS JOCUTH PLAKO.

Heuimka nozixa. Meroqu HEHiTKOI JIOTIKH PH MO-
JIEIIIOBaHHI TEXHIYHUX CHCTEM JIOLJIBHO BHUKOPUCTOBY-
BaTH y TAKHX BHIIAJKaX, KOJH 00’ €KTH, 1110 MOAECIIOIOTh-
¢ [9]: € cRIaAHUMU IS aHATI3Y 3a JOMOMOTOI0 3arajb-
HOBITJOMHUX KIUIBKICHUX METOMIB; JDKepena iHgopmarii
IHTEPIIPETYIOTHCSl HETOYHO, B SIKICHOMY BUTJIsII abo He-
BH3HAYEHO (HANPUKJIaJl pEYEHHs Ha IPUPOIHII MOBI).

ba3oBMM MOHATTSAM HEUITKOI JIOTIKH € eleMeHTap-
HEe HEYiTKe BHCIIOBIIIOBAHHS, LIO MPEACTABISIE COOOO
MIEeBHE PEYEHHs, LIOJI0 SKOT0 MOXKHA CYIUTH MPO HOTro
ICTHHHICTh UM XUOHICTB 3 JISSIKOI0 MipOIO BIICBHEHOCTI.

OO0OpoOka HewiTKOi iHpOpMaii 3AIHCHIOETHCS
LUISIXOM MEPETBOPEHHS OTPUMAHUX JaHUX (HANPUKIIAM
Bl JAaTYMKIiB) B 3HAYCHHS JIHTBICTUYHUX 3MIHHUX Y
creliagpHoOMy OJtomi, 1o Mae Has3By '"dasudikatop”.
[MoTim peamni3yroThesi POLIEAYPH HEUITKOTO BUBOAY Ha
MHOXKHHI NPOIYKUIHHUX NpaBWiI, IO CKIagaroTh 0a3y
3HaHb TEXHIYHOI CUCTEMHU.

JliHrBicTUYHI 3MiHHI BUKOPUCTOBYIOTHCS IJISL Ki-
JIBKICHOTO TPEACTABIICHHS BXIMHUX Ta BUXIJIHUX 3MiH-
HUX CHUCTEMH Yy BWIVISIZI HEYITKHX MHOXHUH (T€pMiB).
TepMu JIHTBICTUYHUX 3MIHHHX HPEICTABISIOTECS Y
BUTJISII (DYHKIIH PUHAIIEKHOCTI PI3HOTO BUIIISIY.

Ha puc. 1, a, 6, a1s npukiagy, HaBeneHa JiHTBIiC-
TUYHA 3MiHHA, TPEJACTaBJeHAa 3a JONOMOrOK TEPMIB
("Hm3pka", "cepenns", "BHcOKa") 3 TpameuienogioHO0
Ta TayCOBOIO (DYHKI[ISIMHA TPHHAIEKHOCTI.

"HisbKa” "cepemin’ "BHCOKa"

i} 2 4 [ 3
a — tpanenienoniona OI1

"mpka” "cepemqHa” "BHcoKa"

L
DEl 5 10

6 — raycosa OII

Puc. 1. JlinrBicTHYHA 3MiHHA 3 TpareniemnoioHoo
Ta raycoBo0 (PYHKIISIMH HPHHAISKHOCT] TEPM-MHOXHUH
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TpaneuienoniOHa (GyHKIS IPUHAIEKHOCTI BU3HA-
YaeThes SK:

0, x<a;
x—a, a<x<b
b—a
px) =11, b<x<c; (2)
=X cy<a:
d-b
0, c<ux,

ne a,b,c,d - TOBUIbHI YHCIIOBI TApAMETPH.
layciBcbka (DyHIIisSI MPUHATIEKHOCTI € TAKOIO:

He0 =exp(~(x=b)/(27)). 3)

e b,c — IOBLIBbHI YHCIIOBI TAPAMETPH.

B pe3ynbrarti BUBOIY )OPMYIOTHCS HEWITKI BHXIJI-
Hi MHOXXUHH, SIKi MTOTIM TEPETBOPIOIOTHCS B YiTKi 3HA-
YeHHs pe3ynbTaTiB y Omoumi, Mae Ha3By "nedasudika-
top". Ilpoleaypu MOJEIIOBaHHS Ha OCHOBI HEUITKOI
JIOTIKH ~ XapaKTepU3YIOThCSl BIJIHOCHOIO TPO30PICTIO
(TIPOCTOTO0) Ta MOMKITUBICTIO 1X aJamnTallii 10 MpoIeciB
BU3HAYeHOro kimacy. Jlo HeIoNikiB MOXXHA BiIHECTH
HEOOXiTHICTh T€HEpYBaHHSI BEJIMKOi KUIBKOCTI MPaBHII
MIPU JIOCITIKEHH] 0araTOBUMIpHHUX TPOIECIB 1 HEMOXK-
JIUBICTh CTEXKEHHS 32 1X BHUKOPUCTaHHSIM OCO00I0, 1110
npuiimae pimenss (OI1P) npu popmyBaHHI ocTaTOYHHX
BHCHOBKIB.

baiieciscoki mepeoici. OmHuM 3 epEeKTHBHUX METO-
B, 1110 CHIPSIMOBaHI Ha OOPOTHOY 3 HEBU3HAYECHOCTSIMH,
€ NIMPOKHI KJIaC METOiB MOJIENIOBAHHS, ITPOTHO3yBaH-
HS 1 KepyBaHHS, SIKi IPYHTYIOThCS Ha OaleciBCbKOMY
migxoni [2]. BukopucranHs 0aHe€CIBCHKHX MEpEX st
aHaII3y MPOIECIB Pi3HOI MPUPOIH, MiSITBHOCTI JIFOIUHH
Ta (QYHKIIOHYBAaHHS TEXHIYHHUX CHUCTEM JO3BOJISIE Bpa-
XOBYBaTH Ta BUKOPUCTOBYBATH EKCIIEPTHI OLIHKH 1 CTa-
TUCTUYHY iH(OpMallito.

3MiHHI, IO BUKOPHUCTOBYIOThCS Y OaileCiBCHKHX
Mepexax, MOXKYTh OYTH TPEICTaBJIEHI y TUCKPETHOMY
Ta HENepepBHOMY BHIJISII, a 3a CIOcoOOM iX Hajxo-
JOKEHHSI BOHM MOXKYTh OYTH: B PEKUMI pEabHOIO 4acy,
y BHUIUISAI CTaTHCTHYHHMX MacuBiB iH(popmamii ta 06a3
nanux. [losHaunmMo Q - MHOXKHHY MOAIH (BCI MOXIIMBI
3HAYEHHs BUIAJKOBOI 3MIHHOI) BHNAJKOBHX EKCIIEPH-
MEHTIB. SIKII0 3MiHHA OTpUMaja KOHKpPETHE 3HAYEHH:,
TOBOPSAATH, 110 KOHKPETHA MOis (CIOCTEPEKEHHS) Majia
Miciie. PosristHeMo 1Bi momii mpocTopy MOid, o BiJ-
MOBIIAIOTh CIIOCTEPEXKEHHIO Ta Timore3i: EF e Ta
H € Q Bignosigno. s o04MCICHHS HMOBIPHOCTI TO-
ro, mo nofis £ BimOymeThCs 3a YMOBH, IO BiAOyIach
noxis H , Tooro ymoBHOi HmoBipHocTi P(E\H) Bu-

KOpPHCTOBYIOTH (hopMmyity baiieca:

_ P(EUH)
P(E\H)= —P(H) . 4
Jnst momii H:
mepf%%@. )

BpaxoByoun BIacTHBICTH KOMYTAaTHBHOCTI CYKY-
THOT MOBIPHOCTI MOKHA 3aricaTy paBmio baiieca:

P(E\H)-P(H)

P(H\E)= E)

(6)
WmoBipHOCTI y 4uCTiBHUKY (6) € anpiopHuME (3a-
JlaHi 10 MOYATKY CIIOCTEPEXKEHb), Y 3HAMEHHHKY — aroc-
TepiopHuMu. JlaHuii BUpa3 JEMOHCTpYE NPUYUHHO-
HACITIJIKOBUH 3B'SI30K MIXK CIIOCTEPEKEHHSM 1 TINOTE3010.
3a yMOBH, IO MO/ € BUMEPITHUMH 1 HE MEPETHHAIOTHCS,
n o . . o
TOOTO U (H,=Q , iiMoBipHICTb noAii £ MOXHA 064H-
i=

CJIUTH 32 JIOTIOMOTOF0 YMOBHHX HMOBIpPHOCTEIA:
P(E)=Y P(EnH,)=) P(E\H,)-P(H,)). (7)
i=1 i=1
[lincraBuMo naHmii Bupas B (6) i OTpUMAEMO Ha-

CTYITHHMI BUpA3, IO € OCHOBOIO JJIS MOOYIOBH MEPEK
Baiieca:

P(Hk\E)z ’IP(E\H/{)'P(H/{) ,

ZP(E\Hi)'P(Hi)

i=l1

®)

ne H, - 6ynp sika rinoresa 3 7 MOXIMBHX.

BaiieciBchka Meperka — 11e rpadoBa WMOBIpHICHA
MOJIETIb, 1[0 Ma€ MHOXKHHY 3MIHHHX 1 X HMOBipHOCTEH
no baiiecy. ®opmanbHo, OaiieciBchbka Mepeka BU3Ha4a-

€ThCS SIK Mapa (G, B). Ilepma cknagoBa — G, 1€ Ha-

NpaBJeHUH alMKIiYHAN rpad, Mo BiANOBiIae 3MIHHUM
TpoLecy, MO JOCIIIKYEThCS 1 OYAYEThCS Yy BHIVISIL
MIPUYMHHO-HACIIAKOBOI Mepexi. Jpyra ckimamosa - B,
MHOXKHHA TTapaMeTpiB, 110 BU3HAYAKOTh MEPEXKY 1 Mic-

TUTH mapameTpu: © =P D\ par(X")) nns

X\ par(x*'
KO)KHOTO ~ MOXiuMBoro 3Hauenns x e X ra
par(X")e Par(X"), ne Par(X") — mabip Gatbkin
(parents) 3minHOi X € G, KO¥kHa 3 AKUX MPEICTABIIA-
eTbesl y Burisii BepimHy [2]. [ToBHa crinbHa HMOBIp-
HicTh Mepexi balieca 00YHCITIOETECS 32 BUPa30OM:

n
Py(X', X X =[[B (X" \Par(X)).  (9)
i=l1

Cepen nepeBar 0ali€CiBCBKUX MEpPEX CIiJ 3a3Ha-
YHUTH: YiTKE PO3YMIHHS CyTi B3aeMoii (haKkTopiB mporie-
cy Mk co0010, 3aB/IIKM BHCOKOMY PiBHIO Bi3yaui3arii,
SIKMH JTOCSATAETHCS MPECTABICHHAM B3a€EMOIIT MiX da-
KTOpaMH TIPOLECY Y BHUIJISAAI HPUYMHHO-HACIIIKOBUX
3B’S3KiB; MOXJIMBOCTI BpaxyBaHHS HEBHU3HAYEHOCTEH
CTaTUCTUYHOT'O, CTPYKTYPHOTO 1 TapaMeTpHyHOro Xxa-
paxTepy; HasiBHICTb JOCHTh THYYKHUX HPOLEAYP OILiHIO-
BaHHS MapaMeTpiB 1 CTaHiB JOCIIXKYBaHUX IPOLIECIB;
MOETHAHHS B ONTHIM MOJIENi BEIHMKOI KUTBKOCTI pi3HOpI-
JMHUX 3MIHHHX; MOOYI0Ba MOJENEH 32 HAsABHOCTI NpHU-
XOBaHMX BEPIIMH 1 MPU HEMNOBHHUX CIIOCTEPEKEHHSX;
HasIBHICTh LIMPOKOI'O CIIEKTpa METOIIB (OpPMYBaHHS

TOYHHX 1 HAOJNM)KEHUX BUCHOBKIB.
Cepen HENONIKIB CJiJl 3a3HAYMTH TPYJHOINI 3
OTPUMAaHHSM arpiopHoi iH(opMallii Ta BiIHOCHY CKJIaJi-
HICTb JEIKUX OOUMCIIOBAIBHUX TPOLEAYD, TOB'I3aHHX 3
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YHCIIOBUM IHTETPYBAaHHSM, OILIHIOBAaHHSAM IapaMeTpiB i
(opMyBaHHSM IMOBIpHICHHX BUCHOBKIB. Mepexi baiieca
— IIe BUCOKOPECYPCHHUI METOo]] IMOBIPHICHOTO MOJICITIO-
BaHHS MPOIIECIB JOBUIFHOI MPUPOIH 3 HEBH3HAYEHOCTSI-
MU PI3HUX THIIIB, KU 3a0e3reuye MOXKIMBICTh JJOCTAT-
HBO TOYHOTO OMHUCY iX (DYHKIIOHYBAHHS, OLIHIOBAHHS
MPOTHO3IB Ta MOOYJOBY CHCTEMH YIpaBiiHHA. MeTomo-
Jiorist 0aifeciBCHKOro aHali3y JaHUX Ta eKCHEPTHHX OIli-
HOK IIIJIKOM Y3TO/IKYEThCS 3 JIOTIKOIO i ocoOu, 1o
npuiiMae pileHHs py aHali3i MPoLeciB JOBUILHOI MpH-
poau, GopMyBaHHI albTEPHATHUB 1 MPUHHATTI pillieHb [2].

BucHOBKH i HAPAMKH NOJATBIINX J0CTIIKEHb

B poborti npoBeneHo aHami3 psiay BiJOMHX METO-
QB 1HTEJEKTYaJbHOI'0 aHaTI3y JaHUX C TOYKH 30Dy JO-
LIBHOCTI X 3aCTOCYBaHHS IS MOOYAOBH MOJIENI CHC-

Bynu mpoaHai3oBaHi: €BOJIOIIHI METOIHU, IITY-
YHI HEHPOHHI MEpEeXi, HEYiTKa JIorika Ta 0aleCiBChKi
Mepexi. B pesynbraTi npoBeneHoro aHanisy 0yJo Bcra-
HOBJIEHO, 1t moOynoBu moxeni CIIIIP aBiamucnerdepa
HaKOIbII epEeKTUBHUM € BUKOPHUCTAHHS anapary Oaiie-
CIBCBKHX MEpeX, SIKHH MPEeACTaBIsie cOOOI0 MepCIeKTH-
BHUI WMOBIpDHICHHH I1HCTpyMEHTapiid, IIO JI03BOJISIE
MOJICITFOBATH CKJIAJIHI i€papXiuHi CTATHYHI Ta JUHAMIYHI
cucreMd. Ha BiaMiHy Bl HONYJISIpHUX Ha JaHWi 4ac
MoJieiel "HOpHUX CKPUHBOK" OalieciBchKa Mepexka Jo-
3BOJISIE OTPUMATH 3PO3YMUJIE IOSCHEHHS OJep)KaHMX
BHCHOBKIB, Ma€ ix joriuHy iHtepmperamnito. Kpim Toro
MepeBarol0 TAKMX MEPEeX TAKOK € MOXIIUBICTH Bpaxy-
BaHHS HEBM3HAYEHOCTEH MapaMeTpuYHOr0, CTATHYHOTO
1 CTPYKTYPHOTO XapakTepy i, Mo € OCOOJIMBO BaXIIU-
BUM, BOHU IPYHTYIOTbCS Ha (YHIAMEHTaJIbHUX IOJIO-

TEMH IATPUMKH TPUHHATTS pillleHb aBiaaucrierdepa
MIPY BUHUKHEHHI OCOOJIMBHUX BHIIAJIKIB B TIOJIBOTI.

KEHHSX Teopii WMOBIpHOCTEH, sika po3polisiiack He
OJTHE CTOpIYYSL.

CIIMCOK JIITEPATYPH

1. Xapuenko B.II. TlpuilHATTS pilmieHHS onepatopoM aepoHasirauiiiHoi cucremu: MoHorpadis / B.IL  Xapuenko,
T.®. IImensosa, FO.B. Cikipza . — Kiposorpan: KJIA HAVY, 2012. — 292c.

2. 3rypoBcekuii M.3. BaifeciBcbki Mepexi B cucreMax HiATPUMKH npuifHaTTs pimeHs / M.3. 3ryposcbkuii, I1.I. Bigrok,
O.M. Tepenrses, T.1. IIpocsukina-Kaposa. — Kuis: TOB "Bunasaude nianpuemcrso "Enensseiic”, 2015. — 300 c.

3. Tepenuk /., Kyayk I'.A. Tlopiasaas SQL i NOSQL 6a3 manux Ha npukiaai IpoekTyBaHHS addineiit peropt cucteM. Paodio-
enexmponni i komn'tomepni cucmemu. 2020. Ne 1(93). C. 83-89.

4. Kuchuk N. Method for calculating of R-learning traffic peakedness / N. Kuchuk; O. Mozhaiev, M. Mozhaiev; H. Kuchuk //
2017 4th International Scientific-Practical Conference Problems of Infocommunications Science and Technology, PIC S and
T 2017.-2017. —P. 359 —362. URL : http://dx.doi.org/10.1109/INFOCOMMST.2017.8246416

5. Henensko C.H. Ouenka 3¢ppekTHBHOCTH HH(POPMAMOHHON NOIIEPKKH ONepaTopoB aBTOMAaTH3UPOBAHHBIX CUCTEM O0OCITY-
xwuBaHus Bo3aymHoro aswkenns / C.H. Hepensko, B.H. Hexenbko // Bichuk KMVYIA. — K.: KMVYIA, 1999. — Ne 2. —
C. 184-186.

6. Heninsko C.M. OcHoBH Teopii QyHKIIOHAIBHOI CTIHKOCTI aBTOMaTH30BaHOI CUCTEMH YNPAaBIIiHHS HOBITPSHUM PYXOM: MO-
Horpadist / C.M.Heginbko. — KipoBorpan: JIJIAY, 2011. —218c.

7. Cikipga }O.B. MozentoBaHHS cHCTeM MiATPUMKH NPUHHATTS pillleHb aBiaJucIieTdyepa B MO3ATATHUX JbOTHUX CHTYalLlisx
Asroped. muc. kaHa. TexH. Hayk : 05.13.06 / FO.B.Cikipna. — K., 2004. — 19 c.

8. Toxwmii O.II. Anroput™Mu iHTeneKkTyanbHUX cucTeM: HaBuanbHo-MeTomumyHuil mocioHuk. — Mukonais: Bun-so HAYKMA,
2001.-28 c.

9. IMros6a C. [I. IIpoexrupoBanue neuerkux cucreMm cpeacrsamu MATLAB / C. [I. Illtos6a. — M.: T'opsiuas nunns — Tene-
KoM, 2007. — 288 c.

10. Kyuyk I'.A., Caatcasos b.I'. PacriozHaBaHHe 4enoBe4ECKUX SMOLMHI € HCIIOIb30BaHUEM HEHPOCETEBBIX TeXHONOrHN. Cucmemu
ynpasninns, nasieayii ma 3¢ ’a3xky. [lonrasa : [IHTY, 2017. Bum. 4(44). C. 64-69.

11. Bonnapes B. H. HckycrBeHHbIi MHTEIUIEKT: ydeOHoe rocodue juist By3oB / B. H. bonnapes, @.I'. Ane. — CeBacromnons:
M3a-Bo CesHTY, 2002. — 615c.

Received (Hapniiinua) 28.02.2020
Accepted for publication (ITpuitasiTa mo apyky) 15.04.2020

Development of a knowledge model for an information decision support system
by an aviation operator in case of special cases in flight

A. Kolesnyk, A. Boyko, T. Mishchenko, V. Rudenko

Abstract. The subject matter of the article is methods that allow solving the problem of uncertainty in the process of
constructing decision support systems for air traffic controllers for special cases in flight. The goal is the analysis and
justification of the choice of mathematical tool for constructing a DSS model of an air traffic controller. The tasks are: analysis
of a number of well-known methods of data mining, namely: evolutionary algorithms, neural networks, fuzzy logic and Bayesian
networks from the point of view of the appropriateness of their use in constructing mathematical models of decision support
systems for air traffic controllers in case of special cases in flight. The methods used are: methods of analysis and synthesis of
complex information systems, methods of simulation and statistical modeling. The following results were obtained. It has been
established that the most effective way to build a DSS model of an air traffic controller is to use a Bayesian network tool. It is a
promising probabilistic tool, that allows you to simulate complex hierarchical static and dynamic systems. This is due to the fact
that, in contrast to the currently popular “black box” models, the Bayesian network provides an understandable explanation of the
findings, has a logical interpretation, makes it possible to take into account the uncertainties of a parametric, static and structural
nature and, which is especially important, is based on fundamental provisions of the theory of probability, which has been
developed for more than one century. Conclusions. The direction of further research is the construction of a DSS model of an air
traffic controller using Bayesian networks and probabilistic programming technology.

Keywords: DSS, air traffic controller, evolutionary algorithms, neural networks, fuzzy logic, Bayesian networks
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JIroTHa akanemis HamionanpHoro aBiamiiHoro yHiBepcuTeTY, KpornuBHUIIBKMIA, YKpaiHa

METO/ AI[AHTAI.[Ii MOBEJIIHKHW ATEHTIB B IHTEJEKTYAJIbHINI
HABYAJIBHIN CUCTEMI IIIATOTOBKU JUCIIETYEPIB
YIIPABJIIHHA IMTOBITPAHUM PYXOM

AHoTanisi. B paMKkax areHTHO-OPi€HTOBAHOrO MiAXOMY 3 METOI MiJABUIIEHHS BapiaTUBHOCTI CEPEOBHUILA IirOTOBKU
JIUCIICTYEPIB YIPABIIiHHSA MOBITPIHUM PYXOM y CTaTTi YJOCKOHAJICHO METOJl aJlanTauii IOBEIIHKN areHTiB HaBYaJIbHOI'O
CEepeIOBUIIA IHTENEKTyallbHOI HABYAIbHOI CUCTEMH, 10 IPYHTYEThCS Ha 3HAHHAX PO pe3y/bTaTH B3aeMoii areHriB. Ha
eTari BHECEHHS 3MiH JI0 HapaMeTpiB MiJICUCTEMH IIaHYBaHHS IIPH HACTOIOBaHHI CHCTEM MOJICIIOBAHHS IIOBE/IIHKH areHTIiB
3aIPOIIOHOBAHO BUKOPHCTOBYBATH MEXaHI3M CaMOHACTPOIOBaHH. JIJIs yIpaBiliHHA NPOLECOM CaMOHACTPOIOBAHHS IOBE-
JUHKY 1HTENEKTyaJIbHUX areHTiB B CTAaTTi po3po0JIeHO IHCTpyMeHTapiil ananTalii cuCTeMHU IUIaHyBaHHS [OBEIHKH areHTa.
3acTocyBaHHs MOZEJICH MMOBEJIHKY areHTIiB i3 METOJaMM IUIAHYBAaHHS JI03BOJIUTh 301JIbIINTH ITOKa3HUK YCHILITHOCTI peai-
3a11ii 04iKyBaHOI IOBEIHKH areHTiB MpH Mo0yI0BI iHTEJICKTYalbHUX HABYAIBHUX CUCTEM. 3allpOIIOHOBAHUN y CTATTI Mif-
XiJ ajganranii MOBEJiHKH areHTiB HABYAJILHOTO CEPEOBUIIA iHTENIEKTYaIbHOI HABYAIBbHOI CUCTEMH JI03BOJIUTH ITiJBUIIUTH
Horo BapiaTHBHICTb. SIK HACIiJIOK, TaKa iHTEJEKTyaJlbHAa HaBYaJIbHA CHCTEMa JJO3BOJIMTH BUBECTU HA SIKICHO HOBHH PiBEHb
IiIrOTOBKY JAMCIETYEPIB YIPaBIIiHHS MOBITPSHUM.

KawuyoBi caoBa: areHr, aganrarisi, JUCIETYep yIPaBIiHHS IOBITPSIHIM PyXOM, CEPEJIOBHILE 1HTEIEKTYaIbHOI HaBYaJIb-
HOI CHCTEMH, MYJIbTHATeHTHI CHCTEMH, INTAHYBaHHS, CAMOHACTPOIOBAHHS, TEOPisl HEYITKUX MHOKHUH, e(DeKTUBHICTh HAaBUaHHSI.

Beryn

IMocranoBka npo6iaemu. Po3BUTOK MeTOAiB MITY-
YHOTO IHTEJCKTY Ta alapaTHUX 3aco0iB JO3BOJSIE 3pO-
OWUTH BHCHOBOK IPO TEPCIIEKTHBY BHUKOPUCTAHHS iHTE-
nekTyaipHuX HaBuanbHuXx cucreM (IHC) y miarorosui
JCIeTYepiB  yHpaBiliHHA MOBITpsHUM pyxoM (YIIP)
JUTS. TIABHUINCHHS e(eKTHBHOCTI iX HABYaHHSA Ta BIOC-
KOHAJIEHHS HaBYaJIbHOTO Iporecy. IlinroroBka aucrer-
yepiB YIIP norpedye ocobiamBoi yBaru uepe3 BHUCOKY
“HiHy mOMIWIKH” . BiIoMO psi MPUKIAIHUX TOCTIIKEHb
peasizauii Mofenell Ta METO/IiB aJalTHBHOTO HAaBYaHHS
aBiariiHux ¢axiBuis. [IpoTe onHi€O 3 TOJIOBHUX IPO-
6neM pociikeHb B cdepi MoOYAOBH IHTEIEKTyalbHUX
HaBYAIBHUX CHCTEM 3QJIMINAETHCS CTBOPEHHS HaBYaJb-
HOI'O CEPEJOBHIIA, IO BiAMOBINAE pPEaTbHOMY CBITY.
YcyHeHHs JaHOT TPOOIeMU MOXKIIMBO MUISIXOM 33aCTOCY-
BaHHS arcHTHO-OPIEHTOBAHOTO ITiJXOMY Ta YIOCKOHA-
JIEHHSI MOJIeJIeil 1 METO/IiB ITaHYBaHHS TOBEIIHKU areH-
TiB.

AHaNi3 ocTaHHIX AocjiIxkeHb Ta MyOJiKkamii.
JlocimimKeHHsl, o PO3TIIAAETCS Y CTATTI IPYHTYETHCS
Ha BiJIOMHX METOJaxX Teopil HEUiTKMX MHOXXHMH Ta He-
4iTKOI JToTiKM [1, 2].

Cepen BiioMux poOiT y rajiy3i mo0ya0BH MYJIbTH-
areHTHUX CHUCTEM Ta aJanTalii IUIaHiB CIIiJ| BiA3HAYUTH
nmocmimkenns K.C. Amenina [3], A.Il. Kaprnenka [4],
M.T. Komsimu [5]. Teopist amanranii po3kpura B po0oTi
[6], a 1i mpuKkIagHe BUKOPUCTAHHS B HaBYAJbHUX CHC-
Temax B [7-12]. JlocmipkeHHST METOIB TOOYJOBH MYIIb-
THAreHTHUX CHCTEM KOPHUCTYIOTHCSl yBarom i 3akop-
JIOHHHX aBTopiB [13-16].

MeTo10 €TATTi € YIOCKOHAJICHHS] METOly a/IalTa-
1ii MOBEIIHKU arcHTiB HaBYAJIBHOTO CEPEIOBHIIA iHTE-
JIEKTyaJbHOI HABYAJIbHOI CUCTEMH MiJrOTOBKH JHCIET-
4epiB YIpaBIiHHS MOBITPSHUM PYXOM, KU IPYHTY€ETh-
Csl Ha 3HAHHAX PO PE3YNIbTATH B3AEMOJII areHTiB, IO
JIO3BOJIMJIO TMiJBHIIUTH BapiaTHBHICTH CEpelOBUINA Ta
MPaBUWIBHICTh TPUHHATTS  PIMICHHS JUCIIETYEpaMU
YIIPaBJIiHHS MTOBITPSIHUM PYXOM.

BukJiag 0CHOBHOTO MaTepiajy

OnHi€ero 3 HaWBaXXIUBIIUX 0COOJIMBOCTEN 1HTEIE-
KTYyaJIbHOI TIOBEJIHKH € 3[]aTHICTh 00'€KTa MPUCTOCOBY-
BaTHCsl J0 3MiHM CTaHy HaBKOJHIIHBOTO CEPEJIOBHIIA
(cepenoBuia #oro QpyHKIIOHYBaHHS) 1 TApaMeTpiB, IO
XapaKkTepu3yloTh Horo BracHui cran. OqHUM 31 croco-
0iB 3a0e3Me4eHHs TaKoi MOBENIHKY € HAIJICHHs 00'eKTa
BJIACTHBOCTSIMH ajanraiii. Y pamMkax METOAY CHHTE3y
IHTEJIEeKTyaIbHIX AareHTiB HaBYAJIILHOTO CEepeIOBHIIA
mucneryepis YIIP 3a BnactuBocTi ajanrarii nponoHy-
€THCS Peai3yBaTH B MOJIEN TUIAHYBAHHS iX TOBEIIHKH.
TakuM 4yMHOM, alalITUBHE TUIAHYBAHHS - [1€ METO]I TlIa-
HYBaHHS ITOBEIIHKHU, IO JO3BOJISIE TPHUCTOCOBYBATHUCS
0 3MIHMA TapaMeTPiB CHUCTEMHU MNUIIXOM MOTU(iKarii
aITOPUTMY IUTAHYBaHHS 32 PaXyHOK KOPETr'yBaHHSI CTPY-
KTYpH MiJICUCTEMH TIJIaHYBaHHS.

KoperyBaHHsI CTPYKTYpH MiICUCTEMH TJIAHYBaHHS
MIPOITOHYETHCSl 3a0€3MEeUUTH 32 JOMOMOTOI0 MEXaHi3My
CHHTE3y HOBHX HEYITKHMX MPABWJI Ha OCHOBI iICHYIOYHX,
BHUKOPHCTOBYIOUH ITOTOYHI 3HAYECHHs MapaMeTpiB cepe-
noBuia (QyHKIIOHYBaHHS 1 camoro arenra. Omepariito
CHHTE3y BHPIIIEHO BUKOHYBATH 32 PaxyHOK 3MiHM Ta-
KHX TapaMeTpiB sK (QyHKIIT NMpUHAIEKHOCTI HEYITKUX
MpaBWI IUTaHyBaHHA. JIJi1 peajizalii NaHOTrO IiIXony,
HEYITKOMY IPaBWIY CTAaBJIATHCS y BIAMOBIIHICTH JBI
pi3Hi QYHKIIT TPUHAIEKHOCTI ISl Pi3HUX CTaHIB MoJe-
JIi, TOOTO ISl IESIKOTO TMapaMerpa X , IO MPEeCTaBIIsIe
co0OI0 XapaKTEepPUCTUKY areHTa, 3aJaeThCsl JBa TPaHUY-
HUX ctaHu (x1), (xp). [ maHWX CTaHIB y HEYITKOMY
MpaBWIi BU3HAYAIOThCS (DYHKLIT MPUHAJIEKHOCTI, Bil-
HOBIZHO (L;),(M,) . 3 METOIO OLIHKM MOTOYHOTO CTaHy

* . . o
areHTa X BUKOPHCTOBYETHCS MiJIX1JI, IO PO3POOIEHUIH
B [1], sKuii monsirae y BU3HAUSHH] CTYIEHs OJM3BKOCTI

* .
® CTaHy X JO CTaHiB (X;),(X,). SJkmo ®w=0 y Bu-
najKy craHy (X;) Ta @ =1 y BUNAAKY CTaHy (X,), TO

. . *
q)yHKHlIO MPUHAJIC)KHOCT1 JId CTaHYy X Yy 3arajJJbHOMY
BUITAJKY MOXHa BU3HAYUTH AK:

© Copoka M. 10.,2020
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b3
po=p(-0)+po, (1)
abo B rpadiyHOMY BUIIIAII, SK II€ TPEICTABICHO Ha
puc. 1.
Ha puc. | GyHKIiS NpUHATEKHOCTI | HpaBHia
IUIaHYBaHHS 3MIHIOEThCS OE3MEPEepBHO Bif L) OO L, Ta

TIPONOPLIifHO 3MiHI IapaMeTpy CTaHy areHTa X Bif X
0 xp. TakuM YMHOM, HEUiTKe aJaNTHUBHE IJIAHYBaHHS
MOXKHa TPE/ICTaBUTH K METOJ IUIAaHYBaHHS, B SKOMY
3IIHCHIOETBCS allanTallis ITapaMeTpiB IpaBWII IUIaHY-
BaHHS Ha ocHOBI (opmynu (1) y BimmoBigHOCTI 31 cTa-
HOM areHTa Ta 30BHILIIHIM CEPEIOBHIIIEM.

CTtaH areHTa
x *
1 X X,
=0 ® _ l1-o ®=1
K p Ha
MapameTp npasuna
nnaHyBaHHs
X, mpa 1 . .
ajanTauis X opu M
X, mE

Puc. 1. Mexani3m ajanranii HEUiTKOro paBuia

HaBenemo mnpukiaa HediTKOi ajanramii IDIaHy.
Hexaif neskoMy HEYiTKOMY MpaBWIly Uil TPaHHYHUX
CTaHIB areHra 3ajaHi (QYHKIII NPUHATEKHOCTL L IO

Ly , AKi 0a3yloThes Ha QYHKIIAX S Ta T Kiacy, Biamo-

BigHO 110 [1, 2]. [l BU3HAa4UeHHS || 3alUIIeMO BUpA3:

)

ge pHa(X) — ¢yHKUOiA NPHHAJIEKHOCTI A0 HEYITKOL

1 (X) = Hp~B (X) =min{u, (X), u (X))},

MHOXHHE A C X ; Ug(X) — GYHKLIS IpUHATIEKHOCTI
10 HEe4ITKOI MHOXKHHU B X .
[epenuemo ¢opmyiny (2) y Buai:

p(x) =min{pp (x),up(X)} 3)
Ac “’A (X) = S(X;as bs C) s (4)
OyukIio § 3anmmemMo sk y [1, 2]:
0,x<a;
x—a)
2-( j ,a<x<b;
c—a
s(x;a,b,c) = L )
1—2-( J ,b<x<gc;
c—a
1,x>c;

e a,b,c — mapamerpu QYHKIIIT MIPUHAICKHOCTI.

[l Bu3Ha4ueHHS Ug(X) BHKOpUCTaeMo (GopMyiTy:

(6)

Toni, s 3HadeHHs ® = 0,8, HEUITKY MHOXHHY 3

Hp(X) = Ha (X) % (l-0),

(GYHKILIE€I0 NPUHATIEKHOCTI Mg (X,) MOXHa MHpeacTa-
BUTH, SIK II€ TIOKa3aHO Ha PHUC. 2.
AHaJOriyHO, OTPUMAEMO JUIA [, !

Ha (x) = min{uc (x), up (X)), (7
ae pe(x) =mn(x,b,c).

Jst 3armicy ¢yHKIIi T BHKOpUCTaEMO, 3rifHo [1, 2]:

p
1yey)
0T Hy(x)
08 —+
06 - Hp(%)
04
02 -+
0 1 1 1
a b c
Puc. 2. HeuiTka MHOXHHA
3 (DYHKILII€I0 IPUHATEKHOCTI [y (X, ®)
s(x;c=b,c=b/2,¢);x<c;
n(x;b,c) = (8)
1-s(x;c,c+b/2,c+b);x 2,
e b,c — mapamerpu QyHKINT MPHUHATICKHOCTI:
Hp(X)=pc(x)xo, ©)

Toni, Hanpukitan, a1l 3HaueHHS o = 0,8 HewiTka
MHOXHHY 3 (DYHKII€I0 HNPUHAIEKHOCTI [, (X,®) Mae

BUTJISII, HaBeJeHHi Ha puc. 3. OTxe, aganToBany ¢GyH-
KL O TPHUHAIEKHOCTI MOYKHA TIPEJICTABUTH SIK:

“* (X,0) =1 (X, 0) U, (X,0) = (10)
= max{p.l (Xa(’))a 2%) (Xs(’))}’

®opmyny (10) nepenuiemo y BUIISIII

b3
1 (%, 0) = max fpp ()% (1-0)) ke ()X @)}, (1)
Toxi rpadiuyHO HeUiTKy MHOXHHY 3 (YHKIi€IO

. b3
MIPUHANEXKHOCTI I (X, ®) I NPUKIATy, 10 HaBEAECHO
Ha puc. 2, 3, MOXHa IpeacTaBUTH Gopmoro (puc. 4).
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A =
ke
10
pe(x)
08 —+
06 —+
04
02 —+
0 1 } T >
cb a ctb
Puc. 3. HeuiTka MHOXKHHA 3 QYHKII€I0 IPHHANEKHOCTI [y (X, )
ke
1,0 H(x)
He(x)
08 -
06 — ]le()C)X(l-(D)
04 -
02 -}
[

0 I 1
c2-b2 at

b3
Puc. 4. OTpuMaHna B pe3y/ibTati aianTaii HediTka MHOXKHHA 3 QYHKINEIO MpUHAIEKHOCTI U (X, M)

B yMoBax 3HauHMX 3MiH Y CEpPEIOBHII 1HTEIEKTY-
aJbHOI HABYAJBbHOI CHCTEMH MiATOTOBKH JMCIIETYEPIB
VYIIP MOXIIMBO OTpUMATH HeOa)kaHy MOBENIHKY areH-
TiB, 110 BXOJATH JI0 11 ckany. Y JaHUX BUMAIKax 3MiHY
TIOBE/IIHKM areHTIB IIPOMOHYETHCS 3IIHCHIOBATH LLIS-
XOM TIEpEHACTPOIOBAHHS iX MapaMeTpiB. Y pamMkax pos-
pOOJIEHOTO TiAXO0/Iy OMEepallil0 HACTPOIOBAHHSA CHCTEMHU
MOJICTIOBaHHS TIOBEJIHKH IHTEJIEKTyalbHUX areHTIiB
MIPOITOHYETHCST BUKOHYBAaTH aBTOMAaTHUYHO 32 pPaxyHOK
BHECEHHsI 3MiH JI0 TapaMeTpiB MiJCUCTEMH TJIAaHYBaHHS,
SIKI HAJIAIITOBYIOTHCS, 32 JOIMIOMOI'OI0 MEXaHI3My caMo-
HACTPOIOBaHHS. 3 ILI€I0 METOI0 J0 MHOXXHHU Iapamer-
piB CHCTEMH IUIaHYBaHHsS HEOOXiIHO BKJIIOYUTH IIij-

MHOXHHY IapaMeTpiB Vp <V, fKi HaCTpOIOIOThCA Ta
i IMHOXKHMHY HOMpPaBOK [0 IUX MapaMeTpiB V., < V.
Jani 1 IMHOXKUHA MIPEICTaBUMO Tak:
V1 =1{Vitier> Veor = {AVi}ier» A€ Vi — mapamerp, suid
HACTPOIOEThCSA; Av; — ToNpaBKa [0 IapaMerpy
v;;. I={,..N} — mHOxuMHa iHOekciB; N — KUIbKIiCTb

TaKUX MapaMeTpiB.

SIk iHCTpYMEHTapiii ynpaBIiHHS HPOIECOM CaMo-
HACTPOIOBAaHHS B POOOTI BUKOPUCTOBYETHCS i IMHOXKH-
Ha IPaBUJL, sIKa IIPENCTABIETHCS K RgT cR, e R -

MHOXHWHa ITpaBUJI CUCTEMHU IJITAaHYBAHHA l'IOBeI[iHKI/I iH-
TCJICKTYAJIbHOT'O arc¢HTa.

BignoBimHO 10 po3poOIEHOro iHCTPYMEHTapiro,
ajlanTamis CUCTEMH IUIAHYBAHHS MOBEIIHKM areHra Io-
YMHAETHCS, KOJIM BUKOHYETHCS MTPaBUIo st <0 :

(12)

Jie st — mapamerp, SIKUi BiIXWICHHs CTaHy CUCTEMH BiJI
CTAIOHHOTO 3HAYCHHSA; [ip P®) 3HaueHHS (QyHKIT

st =min{pp, (P), 1y (Py),....pp, (PL)},

MIPUHAISKHOCTI, SIKa XapaKTepH3ye Mipy BIIXMJICHHS 1 -
r0 KOHTPOJIOEMOro mapamerpy arenra P, i={l,...,L}
Bix erasoHHoro P, ; L — KijbKiCTh KOHTPOIIOEMHX Ia-
pamerpiB; ® € Vg — MHOKHHA CITy>KOOBHX MapaMeTpiB.

BignoBimHO, TPUITMHCHHS CaMOHACTPOIOBAHHS
BIIOYBA€ETHCSA Y BUIMAIKY, KOJH BUKOHYETHCS Taka yMO-
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Ba: st>0. HacrporoBanHs mapamerpiB Mozemni 3miiic-
HIOETBHCS YEProBO, NI00 YHUKHYTH X B3a€EMHOT'O BILUIUBY
Ha KOHTPOJIOBAaHI XapaKTEPUCTUKH areHTa. Buoip
IepIioro mapaMmerpy (Mpu Mo4aTky poOOTH CHUCTEMU)
a00 HAaCTYIHOro mapaMeTpa BHUKOHYETHCS Ha OCHOBI
BHUIIaIKOBOTO 3HAYEHHSI, OTPUMAHOT'0 3 3aJIaHOTO IHTEp-
BaJy, PO3MOALJICHOrO MO HOpMalbHOMY 3aKkoHy. Kinb-
KiCTh HAaCTPOIOBaHb, 3pOOJICHUX MiJPsJ, OJHOTO Iapa-
MeTpa CUCTeMHU (IKCYeThCS, 1 Yy BHMAAKY HOTO IepeBu-

IHTEJIEeKTyalbHOI HAaBYaJIbHOI CUCTEMH ITiJITOTOBKH JIUC-
MeTYepiB YIPaBIliHHS HOBITPSHUM PYXOM, SIKHH IPYHTY-
€ThCSl Ha 3HAHHAX NPO PE3yJIbTaTH B3a€EMOJii areHTiB,
110 JO3BOJIHJIO TiIBUIIMTH BapiaTUBHICTH CEPEIOBUIIA.

Ha ocHoBi oTprMaHHX 3HaueHb Oyna HpOBeaeHA
peKoMOiHaIis PO3pOOJICHOTO CepeIOBUINA IHTEIEKTYa-
JBHOT HAaBYAIBHOI CHUCTEMH IiJIOTOBKH JHCIIETYEPIB
YIIPaBJIiHHS MTOBITPSIHUM PYXOM.

OTpuMaHi eKCIIEPUMEHTAIbHI JNaHi JOCIIIHKCHHS

IHTEJIEKTYyaIbHIX HAaBYAJbHUX CHCTEM.

3acTocyBaHHSI MOJIeNIeil IOBENIHKY 3 BUKOPHCTaH-
HSIM METO[IB IUTAHYBAHHS TO3BOJWIO 30UIBIINTH TTOKa-
3HUK YCHIITHOCTI peaji3allii O4ikyBaHOI MOBE/IIHKY are-
HTIB IOJO ICHYIOYOI CHCTEMH IiATOTOBKH JHMCIIETYCPIB
YIIPaBJIiHHS MTOBITPSIHUM PYXOM.

IIEHHs KOHCTaHTH k € Vg BUKOHYeThcs BUOIp HAacTyM-
HOT'O IIapaMeTpy HalallTyBaHHS.

BucHoBku

B crarti oTpuMaB MHOAAJBIIUN PO3BHUTOK METOJ
ajanTarii OBEIIHKY areHTIB HABYAJIBHOTO CEPEIOBHUIIA
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Agent behavior adaptation method in intelligent training manager preparation system air traffic control
M. Soroka

Abstract. In the framework of the agent-based approach, in order to increase the variability of the training environment
for air traffic control dispatchers, the article improves the method for adapting the behavior of the agents of the learning envi-
ronment of an intelligent learning system based on knowledge of the results of agent interactions. At the stage of making changes
to the parameters of the planning subsystem, when insisting on agent behavior modeling systems, it is proposed to use the self-
tuning mechanism. To manage the process of self-tuning the behavior of intelligent agents, the article developed a toolkit for
adapting the agent behavior planning system. The use of agent behavior models with planning methods will increase the success rate
for the implementation of the expected agent behavior in the construction of intelligent learning systems. The approach proposed in
the article for adapting the behavior of the agents of the learning environment of the intellectual learning system will increase its
variability. As a result, such an intelligent training system will bring to a new level the training of air traffic controllers.

Keywords: agent, adaptation, air traffic control manager, intelligent learning system environment, multiagent systems,
planning, self-tuning, fuzzy set theory, learning efficiency.

20



YnpaBniHHA B CKNagHUX cUcTeMax

VIIK 621.432.01

B. b. Kononos, O. A. Kononoga, 1O. JI. MycaipoBa

doi: 10.26906/SUNZ.2020.2.021

XapkiBchbkuil HallioHanbHUH yHiBepcuTeT [loBitpsinux Cuin imeHi IBana Koxeny6a, Xapkis, YkpaiHa

OBI'PYHTYBAHHSA BUMOI 1O CYHACHUX CIIOCOBIB TA 3ACOBIB
BU3HAYEHHS 3AI'AJIBHOTI'O TEXHIYHOI'O CTAHY BEH3UHOBHUX TA
JIA3EJIbHUX JIBUT'YHIB BINCHbKOBUX EJJEKTPOCTAHIIINA TA CUJIOBUX
YCTAHOBOK 3PA3KIB O35POE€HHSI TA BINCbKOBOI TEXHIKA

AHoTanisi. Po3mmigaroTbcs BUMOrM IO CHUCTEM Ta HPHUCTPOIB [IarHOCTYBAHHS IPHUBIJHUX IBUTYHIB BiMCHKOBHX
€JICKTPOCTAHI[IH 1 CHJIOBHX YCTaHOBOK OpOHETaHKOBOi 1 aBTOTPAaKTOPHOI TEXHIKH, OOIPYHTOBYEThCS HEOOXiJHICTh
BpaxyBaHHs JIOJATKOBUX IIOKa3HHUKIB, SIKi 3a0e3IeuyroThb HEOoOXiZHy IJMOMHY Ta IOBHOTY KOHTpomro. Ha mpuxiani
PO3pO0IEHNX OPHUIiHAIBHUX TEXHIYHMX DIIIEHb OOIPYHTOBYIOTBCS CHOCOOM Ta IPUCTPOI OLIHIOBAHHS TEXHIYHOI'O CTaHY
JIBUT'YHIB BHYTPIIIHBOrO 3TOPSHHS IUIAXOM BHU3HAUCHHA CTYIEHS HEPIBHOMIPHOCTI KyTOBOI YacTOTH OOEpTaHHS,
PO3IIIAAIOTHCS LUISXH MiABUIIECHHS TOYHOCTI IPOLieCy BUMIPIOBaHb MUTTEBOI KYyTOBOI YacTOTH OOEpTaHHs, 3aCHOBaHI Ha
BiMOBI BiJ] BHKOHAaHHsS orepamii IudepeHmiloBaHHS Ta Ha BIPOBA/PKCHHI CHUCTEM aBTOMAaTHYHOTO (pa3oBOro
I ICTPOIOBAHHS, [IPY BU3HAUCHHI IIBUKOCTI i IPUCKOPEHHS, OpraHi3alii 6e3repepBHUX BUMipIOBaHb, BAKOPUCTAHHS IIPU
NPOBEJCHHI BUMIPIOBAaHb BMKIIIOUCHHS OJHOIO 3 IIPALIOIOYUX IMIIHAPIB JUIA OLIHKKM HOro BHECKY B PE3yNbTYIOUY
BUPOOJIIEMY TOTY)XHICTb, BPaXyBaHHI B IIPOLECI BUIIPOOYBaHb KPYTWIIBHUX KOJIMBaHb, 1110 BUHUKAIOTh B IIPYXKHIH cucremMi
BAJIONPOBOJY i MOXYTb BIUIMHYTH Ha TOYHICTh BU3HAUCHHS KYTOBHX BiJIPi3KiB.

Kar4dosi ciaoBa: npusinHuil IBUTYH 00’ €KTIiB BiliCBKOBOI TEXHIKH, [iarHOCTYBaHH:, CTYIiHb HEPIBHOMIPHOCTI KyTOBOL

4acTOTH 00epTaHHS.

Beryn

IMocranoBka nmpodaemu. [Ipu Bu3HaueHH] TeXHi-
YHOI'O CTaHy MPUBIJHUX JBUI'YHIB BiICHKOBHX €IEKTPO-
CTaHIlIi 1 CHJIIOBMX YCTAaHOBOK 3pa3KiB 030pO€HHS 1
BIlICHKOBOI TEXHIKM MOXIJIUBO BUKOPHUCTOBYBATH O€3JI14
napamertpiB [1-4], cepen sIKUX yacTilie 3a Bce BUKOPHUC-
TOBYIOTh TakKi SIK IMTOMI BUTPATH NaJllBa, THCK Ta TEM-
neparypa ra3iB B IJIIHIApaxX ABHIYHIB, TeMIeparypa
BUXJIOMHUX T'a3iB, MUTTEBE 3HAYEHHS YaCTOTH 00epTaH-
HS BaJla JIBUTYHA TOIIO, IPUYOMY 3 METOI YTOYHEHHS
MOIITYKY MICIII HECIPABHOCTI KpPIM 3arajibHOI OIIHKH
cTaHy 00’€KTa IiarHOCTYBaHHS HPOBOJISTH OIiHIOBAHHS
CTaHy OKPEMHUX CHCTEM Ta arperaTiB qBUryHa. J{ist mo-
PIBHSIHHS DI3HMX BapiaHTIB CHCTEM JiarHOCTyBaHHS
NPUHHATO [5-7] BUKOPUCTOBYBATH TaKi MOKa3HHUKH:

- IMOBIpHICTh TIOMWJIKUA pE3yNbTATIB J1arHOCTY-
BaHHA Pj;, TOOTO iMOBIPHICTH TOrO, IO 00 €KT 3HAXO-
JIUTHCS B TEXHIYHOMY CTaHi 7, a 0 pe3yJIbTaTaM JliarHo-
CTYBaHHS BBR)KAETHCS TAKUM, 1110 3HAXOAUTHCS B TEXHi-
YHOMY CTaHi J;

- IMOBIpHICTh NPaBUJIFHOTO BU3HAYEHHS JIHCHO-
IO TEXHIYHOI'O CTaHy 00’ €KTa;

- CepemHIO ONEpPaTHBHY TPHWBAJICTh JIarHOCTY-
BaHHS Ty, SKa JOPIBHIOE MAaTEMaTHYHOMY OYiKYBaHHIO
TPUBAJIOCTI OTHOKPATHOT'O JIarHOCTYBaHHS;

- CepemHi BUTPATH Ha JiarHOCTyBaHHA C,, SKi J10-
PIBHIOIOTH MaTeMaTHYHOMY OYiKYBaHHI BUTpaT Ha OJHO-
KpaTHe IIarHOCTYBaHHS;

- cepenHi NMpalEeBUTPaTH HA BUKOHAHHS J[iarHOC-
TyBaHHS Sy, sIKi JOPIBHIOIOTH MaTEMaTUYHOMY OUYiKyBaH-
Hi TIpaLleBUTPAT TIPH MPOBE/ICHH] OTHOKPATHOTO JliarHoc-
TyBaHHSI.

3a3HaYeHUX TMOKA3HHKIB B DS/ BUMAIIKIB HEOCTA-
THBHO IIPU NPOBEJICHHI AIarHOCTYBAHHS IPUBIIHUX JIBH-

T'YHIB BiHCBKOBHX EJEKTPOCTAHIIH 1 OCOOIMBO CHIIOBHX
YCTaHOBOK 3pa3KiB 030pPOEHHS 1 BIHCHKOBOI TEXHIKH, a
came OpOHETaHKOBOI 1 aBTOTPAKTOPHOI TEXHIKH.

AHaJi3 ocTaHHiX aocaigxenn i myoaikaniin. YV
poborax [1, 2, 5-7, 16 —20] HaBoAATHCS BigOMIi Teope-
TUYHI 1 TIPaKTHYHI pe3yJbTaTH, SKi OTPUMAaHi 1HIIMMHU
aBTOpaMHU 3a JIaHUM HarpsMoM. Pa3oM 3 TuM, B BimoMux
Mpamsx HEJIOCTaTHHO yBarW NPHUALICHO BHOOPY Ta 00-
I'PYHTYBAHHIO JTOJJATKOBHX MOKA3HUKIB, SIKI CIIiJ Bpaxo-
BYBaTH TIPU PO3POOII CUCTEM HiarHOCTYBaHHS 3pa3KiB
030pOo€HHS Ta BiHCHKOBOT TEXHIKU.

Merta cratTi — OOIpyHTYBaHHS JIOJATKOBHUX MOKa-
3HUKIB, SIKI CJIiJl BpaXOBYBaTH IPH BUOOPI CHCTEM Jiar-
HOCTYBaHHS! BIHCHKOBHX TPHBIIHUX IBHI'YHIB, 1 OOTpYH-
TyBaHHS TEXHIYHHX PillleHb, SIKi T03BOJISIOTH MPH 1X pea-
Ji3amii JOCATHYTH 0a)KaHOTO pe3yJbTaTy 1 3abe3mednTn
OTPUMAaHHS MiJ Yac NMPOBEIEHHS [[IarHOCTyBaHHs HEOO0-
XiTHUX MapaMeTpiB, sKi JO3BOJISITH OTPUMATH BUMAraemMy
TJTMOMHY, TOBHOTY Ta ONEPaTUBHICTH KOHTPOIIIO.

BukJiag 0CHOBHOTO MaTepiajy

[Ipu npoBeneHHI AiarHOCTYBaHHS TPHUBIIHUX JTBH-
T'YHIB 00’€KTIB BIHICHKOBOi TEXHIKH, KpiM B)Ke 3a3Hade-
HUX TIOKa3HUKIB, TpeOa OTPUMATH TIOKa3HUKH, SIKI JO3BO-
TSTH 320€31IeUUTH HEOOXiJHY TIIMOMHY Ta IIOBHOTY KOHT-
pois. I'muOuHa KoHTpomo A (TIHOMHA MONIYKY Hecmpa-
BHOCTI) XapakTepu3ye Ty CKJIaJOBY YacTHHY 00’€KTa
JIiarHOCTYBaHHsI, 3 TOYHICTIO /IO SIKOT BU3HAYAETHCS MiCIIe
nedekry. [ToBHOTA KOHTPOINIO 1) OILIHIOETHCS SK BiTHO-
LIEHHsI KUTBKOCTI iH(opMmalyii, sika OTpUMyeThCsl TIPH Ki-
JIBKOCTI TlapaMeTpiB N 10 KUTBKOCTI iH(opMalii, sKy
MOXJIMBO OTPHMATH TI0 pe3yJbTaTaM AiarHOCTYBAaHHS 110
BCIM JiarHocTHYHMM mapamerpaMm N . [lpu oriHroBanHi
TJTMOMHU KOHTPOIIIO B SIKOCTI TIOKa3HUKA IPOIIOHYETHCS
IMOBIPHICTbh IPaBUIILHOTO JIIarHOCTYBaHHS

© Kononos B. b., Kononosa O. A., Mycaiposa 0. /1., 2020

21



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 2(60)

ISSN 2073-7394

NS}

q=1-%

1

2
By j#i, (1)

—_

j=1
ne i € {1,2} - KUTbKICTh TEXHIYHHUX CTaHIB 00 €KTa Ji-
arHOCTYBaHHsA, IO PO3TIAAAIOTHCH; j € {1, 2} - KiJib-
KiCTh pe3yNbTaTiB OI[IHKA TEXHIYHOTro CTaHy 00’€KTa,
IO PO3MIIAalOThCA. F, - IMOBIPHICTH MOMMIIKH Jiar-
HOCTYBaHHSI IIEPIIOT0 POy, TOOTO IMOBIPHICTh OJJHOYA-
CHOI TOSIBM JIBOX TOii: 00’€KT mpare3 aTHHid, a B pe-
3yJbTATI IIarHOCTYBAaHHsI BBAXKAETHCS HEMPAIe3aTHUM,

k
 pd pb
Ry =) P PLR>,, (2)

e=1
ne P, - anpiopHa iMOBIpHICTb 3HAXOIKEHHs 3aco0y

JiarHOCTYBAaHHA B TEXHiYHOMY cTaHi e € {1, k}; Py, -
YMOBHA IMOBIPHICTh OTPUMAaHHSI PE3YNIBTATY MPO TE, 110
00’€KT 3HAXOAWTHCSA B HENpale3JaTHOMY CTaHi IpH
YMOBI TOrO, IO 3aci0 MiarHOCTyBaHHS 3HAXOIUTHCS B

TEXHIYHOMY CTaHi e; P]%e - YMOBHa IMOBipHICTb 3Ha-
XOJKEeHHsI 00’€KTa B Mpale3aTHOMY CTaHi MPH YMOBI,
110 OTPUMAaHUH pe3yabTaT Ipo Te, M0 00’€KT Herparie-
3IATHUH 1 3aci0 MiarHOCTYBaHHs 3HAXOAUTHCS B TEXHIY-
HOMY CTaHi e; F5- IMOBIpHICTb NOMMIKH IPYToro
poay, TOOTO IMOBIPHICTh OMHOYACHOI MOSBU JBOX IIO-
Iidi, a caMe 00’ €KT Hempare3IaTHHM, a 10 pe3yIbTaTaM
JIIarHOCTYBaHHsI BBa)KAETHCS Ipale31aTHUM,

k
 ba pb
Py =Y KRR, (3)
e=1

ne B. - yMOBHa IMOBIDHICTb OTPUMAHHS Pe3yIbTary
PO Te, 110 00’ €KT 3HAXOAUTHCS B TPAIE3]aTHOMY CTaHi
NpU YMOBI, IO 3aci0 JiarHOCTYBaHHS 3HAaXOIUTHCS B
CTaHi e; P2ble YMOBHa IMOBIPHICTh 3HAXOPKEHHS
00’eKTa B HeMpare3NaTHOMY CTaHi IIPH YMOBI, IO
OTpUMaHUI pe3yNnbTaT Mpo Te, MO 00 €KT IMpare3aat-
HUH, a 3aci0 IiarHOCTyBaHHS 3HAXOJHUTHCS B CTaHi €.

IToBHOTa KOHTpOIMIO I1}, € TAaKOIO
N, k N
m.=>1,/>1,, 4)
n=1 n=l

ne ne (l,N ) - 3arajibHa KiUJIBKICTH JIarHOCTHYHHUX I1a-
pamerpiB; N; - KiJbKiCTh IapaMeTpiB, AKi KOHTPOIIO-
10TbCs; [, - KiJBKiCTh iH(oOpMaIii, fKa OTPUMYETHCS
IIPH J1aTHOCTYBaHHI 00’ €KTa IO MapaMeTpy 7 .

B sKOCTI 3arajgpHOro MOKa3HUKA MPU BHOOPI CHC-
TEMH JiarHOCTYBAHHS CIiJ| BUOpaTH iMOBIpHICTb OTpH-
MaHHs IMPaBWIBHOTO JiarHo3y V , sika mHporopuiiiHa
iMOBipHOCTI (pyHKIIOHYBaHHS TEXHIYHUX 3aco0iB iar-
HOCTYBaHHS P,,., IOBHOTI KOHTPOJIO [1; i IMOBIpHOCTI
MIPaBUIILHOTO AiarHOCTYBaHHs /{ , TOOTO

V=P, -II.-1. 5)

Buxonsuu 3 BHUKIaEHOTO, OOIPYHTYEMO 3aIpoIo-
HOBaHi TEXHIYHI pillIeHHS 3aCO0IB TEXHIYHOTO JiarHOCTY-
BaHHS TIPUBITHUX JBUTYHIB 00 €KTIiB BICHKOBOI TEXHIKH.
[py BU3HAYEHHI SIK 3arajbHOTO TEXHIYHOI'O CTaHy IPUBI-

JHUX JBUTYHIB 00’€KTiB BIICBKOBOI TEXHIKH, TaK 1 CTaHYy
HOro OKpeMHX IWIIHIPIB, BUXOSIYM 3 HEOOXiJHOCTI Tpa-
BWJIBHOT'O JiarHO3y 1 Maro4u Ha MeTi 3a0e3neynTr Heoo-
XiJIHY TIOBHOTY KOHTPOJTIO B SIKOCTI IlarHOCTUYHOTO Mapa-
MeTpa JIOUUTbHO BHOpaTH BEIMYMHY HEPiBHOMIpPHOCTI
00epTaIbHOIO0 MOMEHTY JIBUTYHA, SIKa TPOSIBISETHCS B
HEpIiBHOMIPHOCTI YacTOTH oOepTaHHs Baja JBUryHa. Lleit
JIIarHOCTHYHHI TapaMeTp XapaKTepu3ye YIOCKOHAIEHICTh
TIPOIIECIB ITEPETBOPEHHS XIMIYHOI €Heprii NanuBa B TEIUIO i
JlaJTi TIepETBOPEHHS Tellla B MeXaHi4Hy poOOTY B KOXHO-
My 3 LIWIHAPIB JBUT'YHA, XapaKTepH3ye MaKCHUMaJIbHi
ra3oBi i IHEpIiHHI 3yCHIUIs, Ha 1[el IOKa3HUK BIUTMBAIOTh
0e3Jiu YMHHUKIB, SIKi BH3HA4aroTh poOOTy IBUTyHa. B
SIKOCTI MIpH TSl OLIiHIOBaHHSI HEPIBHOMIPHOCTI 00epTab-
HOTO MOMEHTY IIPOIIOHYETHCS OOMpaTH CTYIIHb HEpiBHO-
MIpHOCTI 4acTOTH OOepTaHHs Bajly O, Il BH3HAYCHHS
i€l BEMMYMHU B [8] MPOMOHYETHCS BUMIPIOBATH TPHPO-
LIEHHST KYTOBOI 4acTOTH OOEepTaHHs BiJl MiHIMAaIBHOrO ii
3HAYEHHS 10 MAaKCHMMAaJbHOTO B TaKTi POSLIMPEHHS ISt

KOXKHOTO | -T'0 IWIiHIpa ABUTYHA A(o;- , BUMIPIOBATH 3Me-
HIIICHHS KYTOBOI YacTOTH OOCpPTaHHSA Baly BiJl MaKCHMa-
JIBHOT'O ii 3HAYEHHS 10 MiHIMAJIBHOTO B TAaKTi CTUCKYBaHHS
JUT KOXKHOTO 3 1-TO LIIUTIHIpa IBUTYHA A(ol"- 1 3HAXOOUTH
CTYIIHp HEPIBHOMIPHOCTI IIUIIXOM BHM3HAYCHHS BiHO-
[IeHb CyM BEIUYUH A(o;- Ta A(ol"- JIO KUTBKOCTI IMTIHIIPIB
7, a3HaYeHHS O 3HAXOMUTH SK BIJHOIICHHS MaKCUMAllb-
HOI pi3HHUII 3 A(o;- abo A(ol"- JI0 CEpPEAHBOr0 3HAYCHHSI Li€]
PI3HUII, TOOTO BU3HAYKMTH & 3 TAKUX BiHOIIICH:

n n

i=1 i=1
[lpu oTpumaHHI TakUM YHHOM OIIHKH CTaHy
OKpeMHUX IHJIIHIPIB OO0OB’S3KOBO CIiJi BPaxOBYBaTH
BEIMYMHY TPUCKOPEHHS KYTOBOI YacTOTH OOEpPTaHHS
BaJy €, UUISIXOM BH3HAYEHHS TOXiIHOI
v dAw; o dAo; 7
- 5 €= ( )

dt dt

OTtpuMaHi B Takuid crocio pe3yabTaTH MaloTh HHU-
3bKY TOYHICTB, IOB’SI3aHY 3 HEJOCTATHHOIO TOYHICTIO

€

BU3HAUEHHS 3HaueHb Aw;, Aw;, € , € , 00YMOBIECHOO

BUKOHAHHSIM oOmepanii JUCKPETHOTo TU(epeHIiFOBaHHS.
Ha Ham mormsin, mpy BU3HAYEHHI CTYIEHsI HEpiBHOMIp-
HOCTI poOOTH LWIIHIPIB ABHI'YHA CIIiJI BHMIPIOBATH
IHTEpBAJIM Yacy Ha MPOTsI31 SKUX BiAOYBAETHCS ITOBOPOT
BaJly Ha 3a/laHUH KYT, SIKUI JIOPIBHIOE KYTY MOBOPOTY
BaJly Mi>kK MOMEHTaMH BIPUCKYBaHHS MAJIMBA B CYCIAHIX
3a MOPSAKOM pOOOTH IMJIIHAPIB

li = en /(’)i > (®)
SKIIO BUMIPIOBATH BEJIMYHMHY #; LUISIXOM IiIpaxyHKY
KUIBKOCTI IMITYJIBCIB V;, SIKI MOCTYIAOTh 3a Yac f; 3 BU-
X0y TeHepaTopa IMIYJbCIB, YAaCTOTa f, IKOTO CTa0iJIb-
Ha, Ta BelnuuHa N; Oyae JOpiBHIOBATH

t:

Ny ==ty ©)

2 4
ne T, - mepiox ciiyBaHHS IMITYJIbCIB 3 BUXOIYy I'eHepa-
Topa iMIyabCiB. OCKIJIbKM 3HAUYEHHS! MUTTEBOI YacTOTH
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oOepTaHHs Bajia, SKi BIJMOBIAAIOTH POOOUOMY XOIY
TIOPIIHS B TOMY YH 1HIIOMY LIWJIIHIpI JIBUTYHA HEO/HA-
KOBi, OCKIJIbKH TIOTY)KHICTb, sIKa PO3BUBAETHCS IMIIH/I-
pamMu HEOJHAKOBa, TO Yac IIOBOPOTY Bajla f; HEOJHAKO-
Buil. TakiM YMHOM, ITPY MOPIBHSIHHI BeTHYHH N; Ta N4,
y BIAMOBITHOCTI J0 MOPSIIKY POOOTH LWIIIHAPIB BU3HA-
YaeThCsl BEJTMYMHA BIJHOCHOI CTYIIEHI HEpiBHOMIPHOCTI

4acToTH 00epTaHHs
8= N; = Niyy = 0o (@11 — ;) /(- 0141) , (10)

OCKIJIbKH 8=(0)l-+1 —(ol-)/obl- ,a g=8'fz/(”i+l .

3HaueHHs & 3a3BHuAil MOBHHHI 3HAXOQUTHUCS B Ji-
anasowi Big 1/150 mo 1/300 [2], o Bumarae 3aGe3me-

YyBaTU BUCOKY IHCTPYMEHTAJIbHY TOYHICTH TPH pealti-
3amii BJIACHE Mpolecy BUMiproBaHb. KpiM Toro, 1ie Bu-
Mara€e BpaxOBYBaTH iHII YHHHHKH, SKi MOXYTh BIUIH-
BaTH HA pPE3yJbTaTH BHUMIPIOBaHb, a caMe IOMUIIKY,
MOB’sI3aHY 3 MOXKJIMBUM 3aKpy4yBaHHSIM BaJIOIPOBOIY
i1 €10 BUHUKAIOYMX KPYTHJIBHUX KOJMBaHb.

Po3risiHEeMO OCHOBHI NIPHHIIMIIOBI  ENIEKTPHYHI
CXEMH BHMIPIOBAUiB CTYNEHsI HEPIBHOMIPHOCTI YaCTOTH
o0epTaHHsl, SIKi JO3BOJSIOTH OTPUMATH BUMAaraeMy ToY-
HICTH pe3ynbTariB BuMiptoBaHHs [9-14]. Ilpu mpomy
OCHOBHY yBary IpHIiIMMO OOIPYHTYBaHHIO OpUTiHAIIb-
HUX TEXHIYHUX PYLIEHb, MPUHAHITUX MPU pO3poOLi BU-
MIprOBa4iB MUTTEBOI KYTOBOI 4aCTOTH OOEpTaHHS Bajy.

Ha puc. | npuBenena npuHIMIIOBA EEKTPUYHA CXe-
Ma IPHUCTPOIO IS AIarHOCTUKH u3enst. [Ipuctpiid MicTHTh
y CBOEMY CKJIaJi JIaTYUK ITOJIOYKEHHS BEPXHBOI MEpTBOL
TOYKM TMOpIIHS JBuryHa 1, dopmyBay iMIynbCiB 2,
T-tpurep 3, mudepenirorounii 010k 4 3’€HAHI MOCITIT0B-
Ho. [Ipu npomy mudepeHiorounii 0110k 4 TIPUETHAHUH 10
YCTAaHOBOYHOT'O BXOAY PO3IMOALIPHUKA IMITYNIbCIB 8 Tiep-
IIMM HEPyXOMHM KOHTaKTOM IepeMukaua 26. B mpuctpoi
BUKOPHCTOBYETBCSI JIATYMK KYTOBOIO ITOJIOXKEHHS KOJiH-
yatoro Bajia 6, skuii depe3 (opmyBad IMIyJabCiB 7
3’€IHaHKUH 31 BXOIOM MHOKHHKA YacTOTH 8 Ta 3 CUTHAJIb-
HUM BXOJIOM pO3MOIUIEHOrO OJyioka 5. BuXia MHOXHHKa
yacToT 8 3’€mHaHuil 3 S-BxofoM RS-tpurepa 9 ta mep-
mmM BxozoM Joriyaux enemedtiB ABO 10 R-Bxix RS-
Tpurepa 9 3’€JJHaHMI 3 BUXOJIOM I'eHeparopa iMITylbCiB 12
, a Buxin RS-tpurepa 9 3’enHaHuii 3 BXOJOM aKTHBHOTO
¢ineTpy 13 y cknazai TppOX MOCHIIOBHO 3’€IHAHKUX 1HTET-
PYIOUHX OrepaliiHuX miaciwioBadiB 14, 15 ta 16, oxon-
JIEHUX 3BOPOTHUMH 3B’S3KaMH. BuXoam po3noijbpdoro
O110Ka 5 3’€JjHaHI 3 TphOMA IHIIIMMH KOHTAKTaMH [EPEMU-
Kaya 26 Ta 4OTHpMa HEPYXOMHUMH KOHTaKTaMH MepeMHUKa-
ya 27. PyxoMmi KOHTakTH mepemukada 26 3’eqHaHi 3 R-
BxogoM RS-tpurepa 25 Ta 3 yCTaHOBOUHMUMHU BXOIaMH
mumieHUKIB 28 Ta 29. Ha dopcyHkax nBUTryHa ycTaHOB-
neHi gatauku 17-20 , siki 3’€HaHI 3 HEPYXOMUMHU KOHTAK-
TaMU nepeMuKayda 21, pyxoMui KOHTaKT SKOTO 3’€IHaHUH
31 BXOZIOM MificKTIoBava 22, BUXIJ[ IKOTO 3’ €IHAHMIA 3 CHT-
HaJBbHAM BXOJIOM TIOPOTOBOrO eeMeHTa 23 i uepe3 [Iijib-
HUK Hampyru 24 3’eHaHUN 3 TOJATKOBUM BXOJIOM IOpO-
TOBOro ejeMeHTa 23, BHUXIiJ TOpPOrOBOro eneMeHta 23
3’emHaHuil 10 Apyroro Bxony enemeHta AbBO 10 Ta mo S-
Bxoxy RS-tpurepa 25. Buxin RS-tpurepa 25 3’eananmii 3
npyruMm  Bxomom enemeHta ABO 11, Buxixm skoro
3’€IHaHUH 31 BXOJIOM JIUHMIIbHUKA 29.

» Ut}
<SR

(%]
(%)
iy
y

10

L\

Yy

=
Lh
—

?”—0|_' g X

Puc. 1. [TpunuunoBa enekTpuyHa cxema IpUCTPOIO
JUTSL IarHOCTHKH TU3EIIsT

[Mpucrpiii npamtoe Takum yrHOM. [lepen mouarkom
BHMIpIOBaHb MOPUIEHB MEPIIOro HMTIHAPA BCTAHOBIIIO-
€THCS B TIOJIOXKEHHSI, SIKE BiJINOBia€ HOro CTaHy B Bep-
XHIl MepTBill Toulli. B 1IbOMY MOJIOKEHHI 3I1HICHIOETHCS
CHIBIAiHHS MTOJIOKEHHS JaTYMKa KyTOBOTO MTOJI0KEHHS
KOJIIHYaToro Baja 6 3 OJHI€I0 3 KYTOBHX MITOK Ha KOJi-
HYaToMy Baii. KimbKicTh KyTOBMX MITOK K 3a OIUH
o0epT Bally MOBHMHHO OyTH BHOpPaHO TakuM, 100 BOHA
Oyna KpaTHE KUIBKOCTI HWTIHAPIB ABHTYHA 71, TOOTO
K=m-n,ne m - 1iie 4ucio.

Jatuuk 1 Ha cBoeMy BuXOAi (OpPMYe IMITyIbCH
TP 3aXO0[i MOPIIHS B BEPXHIO MEPTBY TOUKY. IMITynbcH
BiJ gatuuka 1 4epe3 ¢opmyBau iMIynbciB 2 mocryrma-
10Th Ha BXia T-tpurepa 3, mpu 1bOMY KOXXHHUI Hemap-
HUH IMIYJIbC BCTAHOBIIIOE Ha BUXoAi T-Tpurepa 3 cur-
HaJl BUCOKOT'O PiBHS, @ KOXXHUI MapHUH IMITYJIBC BCTa-
HOBJIIOE Ha BUX0Ji T-Tpurepa 3 cUrHaja HU3bKOTO PiBHSL.
B MomeHT 3MiHM curHany Ha Buxoni T-tpurepa 3 3 Hu-
3BKOTO PIBHSA Ha BUCOKUHN mudepeHIrorounii 0ok 4
¢dopMye iMIysabc, SKHH IOCTyNae Ha YCTaHOBOYHHI
BXij Onoka 5. TakuM YMHOM Ha BHXOIi IU()EPEHIOIO-
yoro 0j10ka 4 GOpMYEThCSA OUH IMITYIIBC 32 IBa 00CPTH
Baiy, a came (pOpMyeETHCS IMITYJIbC B MOMEHT 4acy KOJH
MOPIUIEHb MEPIIOro LWIIHAPA 3aXOJUTh B ITOJIOKEHHS
BEPXHBOI MEPTBOI TOYKH B TAKTiI CTUCKYBaHHSI.

ImMmynben 3 BUXOMy AaTurKa 6 ONOKEHHS KOJliHYa-
TOro Baily 4epe3 (opMyBad iMIynbCiB 7 MOAAIOTBCS HA
BXiJl MHOKHHKa YacToTH 8. YacToTa CinigyBaHHs iMITyTb-
CIB 3 BUXO[Y JIaT4MKa 8 BU3HAYAETHCS KyTOBOIO YaCTOTOFO
o0epTaHHs BaJy 1 3MiHAa YaCOBHX IHTEpPBAIIB MK IMITyIb-
caMH 3 BHUXOAy (OpMyBaua iMITYNIbCIB 7 XapaKTepu3ye
HEPIBHOMIPHICTh KYTOBOi 4acTOTH 00epTaHHs Baiy. Imiry-
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JIbCHA TIOCIIZIOBHICTH 3 BUXO/y MHOKHHKA YacTOTH 8 T10-
nmaeThes Ha S-Bxinm mepmroro RS-tpurepa 9, Ha R-BXin
SIKOrO TIOZIAIOTHCS IMITYJIBCH 3 BUXOJLY TeHEpaTopa IMITyJIb-
ciB 12, yacrora ciigyBaHHS SIKUX OOMPAETHCS TAKHM YH-
HOM, 11100 BOHA JIOPiBHIOBaJIa JOOYTKY HOMIiHAJIBHOI Yac-
TOTH 00EpTaHHs Ha KUIBKICTh MITOK K KOJIHYAaTOro Baily
i Ha Koe(illieHT MHO)KEHHS MHOYKHUKA JacToTH 8. Tpua-
JICTh IMITYJBCIB 3 BUXOLY RS-Tpurepa 9 mpomopiiiiHa
KyTY 3CYBY 3a (ha3010 MK AIHCHHUM 1 O4IKYBaHUM IIOJIO-
JKEHHSIM KOJTIHYaToro Bajly IBUT'YHA.

BiaMiHHOIO OCOOJTUBICTIO PO3IVISIAEMOTO MPHUCTPOIO
BiJl BITOMUX MPUCTPOIB TAKOTO THITY € HASBHICTH B IIbOMY
MPUCTPOi akTHBHOTO (inbTpa 13, KU MICTUTH TPH TI0-
CITIJIOBHO 3’€[THAHI IHTETPYIOUl OINEpaIiiiHi ITiICHITIOBaYl
14, 15 Ta 16, oXOIUIeHI 3BOPOTHUMH 3B’SI3KAMH TaKHM
YMHOM, MIO0 iX pe3yibTyroda mepenatHa QyHkuis W(p)
Bi/INOBiIa€ repenaTHiid QyHKIIT JJAaHKK TPETHOTO MOPSIKY

W(p)=K1/(ap3+bp2+cp+l), (11)

ne K; - xoedilleHT MiJCWIEHHS; d,b,c — KoedilieHTn
TIpH 3MIHHHX; p - onieparop TudepeHIitoBaHHsI.

OCKUTbKH J1aHKa, TepefaTHa (QYHKINsS SKOI OMUCy-
€TbCsl BUpa3oM 11, Mae eBHy BU3HAY€HY CMYTY IpOITYC-
KaHHA , 1l MOKHa po3nsiiaty sk ¢ineTp. Hampyra Ha Bu-
XOIIi OTepaIiifHOrO MiJCKITIOBaYa 16 IPpOIopITiiHA TOTOY-
HOMY KyTY 3CyBY 3a (ha30r0 MK JIHCHMM W OYiKyBaHUM
TIOJIO’KEHHSIM KoJliH4aToro Bany. Lle o3Hauae, 1o Hanpyra
Ha BXOJi IHTErpyIuoro ornepamiifHoro mifciioBaya 16,
TOOTO Hampyra Ha BUXOJI IHTETPYIOUOrO OIepaliiiHoOro
migcuioBada 15 mponopuiiiHa pi3HUII MDK JAIHCHOO i
PO3paxyHKOBOIO KYTOBOKO YaCTOTOK OOEpTaHHS Bally.
OCKUTbKH 1Ie TaK, TO Halpyra Ha BXOZI IHTErpyKuOro
onepalliifHoro miacuioaya 15, To0To Hampyra Ha BHXOI
TIepIIOro  omnepariiiHoro mincumoBaya 14 mpomnopiiiHa
MIPUCKOPEHHIO KOJNIHYAaTOro Bally, a aKTHBHUI (uIBTp €
BUMIpIOBaYeM KyTa, KYTOBOI IIBHKOCTI 1 KYTOBOTO TpH-
CKOpEHHsI, B SIKOMY HE BHKOPHUCTOBYIOTHCS OJOKH Iude-
PEHIIIFOBaHHSI, L0 MiABUIIYE TOYHICTH BUMIPIOBAHb.

Bulip mwiiHapa s MpOBENEHHS JiarHOCTYBAaHHS
3MIHCHIOETHCSI YCTAaHOBKOIO TiepeMuKkadiB 21, 26, 27 y Bia-
TIOBiZIHE TTONIOKEHHST . [I7isl JiarHOCTyBaHHS TEpIIOro 3a
TOpSIIKOM po0OTH IpUTiHApa nepemukaui 21, 26 ta 27,
BCTAHOBJIIOIOTH B TIepiie monokeHus. [1ix yac momauyi ma-
JMBa B TEPIIMH IWUTIHAD ABUTYHA AATYMK BiOpamiit 17
BCTAQHOBJICHMI Ha (POPCYHII LBOro INUIiHAPA, (hopMye
CUTHAJI SIKMH TTOAacTheA Ha BXix migcwmrosaua 22. ITincu-
JoBaY 22 MiJICHIIOE CHTHA, 0 HaIXOIUTh 0 HOro BXO-
Iy 1 3/iHCHIOE HOrO CEJIEKIII0 B CMY3i 4acTOT, SIKa BiJIIIo-
BiJla€ MaKCUMAJIbHIM IHTEHCUBHOCTI KOJMBAaHL, 1110 BUHH-
KaroTh TpU crpaiftoBaHHi (opcyHku. CHrHam 3 BHXOIY
miacwioBada 22 MOJAEThCS HA CUTHAIBHIA BXiJ TIOPOro-
BOI'O €JIEMEHTY 23 Ta Ha BXiJ JUIBHHKA HANPyru 24, BeJH-
YypHa KoedillieHTa Tepenadi SIKOro BU3HAYAEThCS MaKCH-
MaJIbHAM 3HAUCHHSM ITMKIOBOI HECTaOlTBHOCTI BiOpaItiii-
HOT'O CHTHAJITY 1 3aBXau MeHIne oaunuii. [Toporosuii ene-
MeHT 23 crhpanboBye 1 Ha HOro BUXOl 3 SIBISETHCS TpS-
MOKYTHHH IMITYJIbC, TiepefHid (PpPOHT SIKOro BiATIOBigaE
MOMEHTY IT0YaTKy I10/[ayi MajvBa, a 3aaHid QpoHT 3akiH-
YeHHIO IpOoro mpouecy. CUrHam 3 BHXOAY MOpPOTrOBOTO
eJIeMeHTy 23 TOa€eThCs JI0 APYroro BXOAY HEpIIOro ere-
menty ABO 10 i mo S-Bxomy mpyroro RS-tpurepa 25. Ha

nepumii BXig nepmoro enementy AbO 10 mocrymae iM-
MyJIbCHA ITOCIIZOBHICT 3 BHXOJY MHOKHHMKA YacTOTH 8.
Ha iHTepBai vacy, KOJNHU iCHye CHUTHAI 3 BHXOIY ITOPOro-
BOrO eJeMeHTa 23, KOXKEH UYeproBUil IMITYJIBC 3 BHUXOIY
MHOXXHHKA YacTOTH 8 TIOMA€ThCS Ha CHTHAJIBHHUH BXiJ
TIEPIIOTO JIYMIBHHKA 25, B SIKOMY 3alIUCYETHCS YUCITO, 110
TIPOMOpLIiiiHE TPUBAIOCTI MOAAY] ManuBa B 1-1 IAMIHIP.
Cursai 3 BUXOIYy IIOpOTrOBOrO efleMeHTy 23 mofa-
€ThCsl Ha S-BXija apyroro RS-tpurepa 25, nepeBonuth ekt
TpUrep B ONWUHUYHHWIA CTaH 1 4epe3 Jpyry JIOrYHy CXeMy
ABO 11 xoxHHIT YeproBuil IMITYJIbC 3 BUXOJY MHOKHHKA
YacTOTH § TMONAETHCA HA CUTHAIBHUN BXiJ| APYroro JHyu-
nbHUKA 29. 3anmc B JIYWIBHUKY 29 TPUTMHSETHCS B MO-
MEHT MpUXo/y iMIyJbcy Ha R-Bxin 2-ro RS-tpurepa 25.
[epmmii 28 Ta mpyruit 29 NiYUIBHUK BCTaHOBIIIO-
I0TBCS B BUXIIHMH CTaH TpH TI0SIBI CHTHATY Ha YETBEPTO-
My BHX0i O110Ka 5, 10 BXO/1Y SIKOTO TTOAAETHCS IMITYITLCHA
TIOCJTITOBHICTh 3 BUXOY IPYroro popMyBaya iMITyJIbCIB 7.
Cursanu Ha NepiioMy, Jpyromy i TpeTboMy BUXOI
PO3MOAUTEHOrO OJIOKY 5 3’ SBIISTIOTHCS TOI, KON KiTbKICTh
IMITyJIbCIB, 110 TIOHAETHCs Ha Horo BXin nopisioe K/2,

K Ta 3/2K . CurHaim Ha 4eTBepTOMyY, I’ ITOMY, LIOCTO-

My Ta CbOMOMY BUXO/Iax OJIOKa 5 3’SBISFOTHCS TOMI, KOITH
KUTBKICT IMITYJIBCIB, SIKi TIOCTYTIAIOTh Ha HOTO BXiJT BiJIIO-
BifiHO sopiBHIoe K /4, 3K /4, 5K /4, 7K /4 . CurHanu Ha
YeTBEPTOMY, I’ SITOMY, IIOCTOMY, ChOMOMY BHXO/Iax OJIoKa
5 3a0e3nevyroTh CKUIaHHs Tepiioro 28 Tta apyroro 29
JHYWIBHUKIB. TakMM YMHOM B 3alpOIIOHOBAHOMY MpH-
CTpOI 3AIHCHIOETBCS AIarHOCTYBaHHS MMAJIMBHOI anaparypy
J3eNsl, a BBEACHHS 10 CKIIay MPHCTPOIO aKTHBHOrO (i-
JIBTPa JJO3BOJISIE 3/1IFICHIOBATH OLIIHKY CTYIICHS! HEpiBHOMi-
pHOCTI 4YacToTH OOepTaHHs, TOOTO JaTh OLIHKY CTaHy
OKPEMUX LIWTIHIPIB ABUTYHA.

OpuriHaibHe TEXHIYHE pillleHHs] TO0Y/I0BU BUMIpIO-
Baya 4acTtoTd OOepTaHHsS MPHUHATO MPU PO3POOII TMpH-
CTpOIO /IS OLIIHIOBAaHHS HEPIBHOMIPHOCTI poOOTH TMITIHA-
PIB IBUT'YHa BHYTpilIHBOTO 3ropstaus [ 10].

[pHHIMIIOBOIO OCOOHMBICTIO 1ILOTO TIPUCTPOIO, IO
JIO3BOJISIE CYTTEBO TMiJBUINMTH TOYHICTh BHUMIpPIOBaHHS
KyTOBOI 4acTOTH OOEpTaHHs € BUKOPHUCTaHHS B IILOMY
MIPUCTPOi CHCTEMH aBTOMAaTHYHOro (pa3oBOro MiACTpoOro-
BaHHS YaCTOTH TIPY BHMIPIOBaHHI MHTTEBOI KYTOBOi Yac-
TOTH OOEpTaHHS Baly.

Edexr migBumeHHss TOYHOCTI MPH BHUKOPHCTaHHI B
MPUCTPOSIX JIIarHOCTHKU CHCTEM aBTOMAaTUYHOrO ()a30BOro
TTTHAJIAIITYBAaHHSl YaCTOTH JOCSATAEThCS 3aBIIKH TOMY,
IO B IIUX CHCTEMaX KyTOBY YacTOTY KEPYeEMOrO IeHepa-
TOpa IMITYJIbCIB TIPH BIICYTHOCTI KEpYIOUOI HAmpyrd Ha
foro BXofii @y OOUpPAalOTh CBiZIOMO MEHILOIO KYTOBOI Jac-
TOTU AIarHOCTYEMOTO JIBUT'YHA. 3aBJSIKH [IbOMY KYTOBHH
BiJpi30K NpOMOpLiiHMiA Pi3HAUILI YaCTOT ®,,,,, — ) 3pOc-
Ta€ 1 MiABUIIYETHCS TOUHICTh BU3HAUCHHS IHTEPBAITY Yacy,
3a SIKMI BaJl IOBEPHETHCS Ha KYT MiX ClajlaxaMH B CYCiI-
HiX 1tiHapax. 1{e 0coOIuBO BaKIMBO TOMY, IO JOIyC-
KaeMe 3HAUEeHHsI CTYIIeHs] HEPIBHOMIPHOCTI O AyXKe MaJie i
JexuTh B mianasoHi 1/300 + 1/150.

Crerugiynoro ocobnusictio criocody [11] Bu3Ha-
YeHHsI TEXHIYHOTO CTaHy JBUTYHA BHYTPIIIHBOTO 3rOPSH-
HS Ta TIPHUCTPOIO, KU peaizye 1el croci0, € Horo BUKo-
pHCTaHHs JUIsl IBUTYHIB, Y SIKMX € MOXJIMBICTh BUKITFOYA-
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TH TiJ1 9ac BUIPOOYBaHb ITIHIPH JBUTYHA. 32 LIUM CIIO-
coOoM BHNPOOYBaHHS BHKOHYIOTHCSI TIPH TMOCITIZOBHOMY
BUMHUKaHHI OJIHOTO i3 mpamorounx mwtHapi. [lix gac
BUIPOOYBaHb BUMIPIOIOTh TPUBATICTh LIUKITY JUIS OJHOTO
BUMKHEHOTO 1 PEeIlITH MpAIOuuX IWIHAPIB . Bumipro-
€ThCSl TPUBAIICTH Yacy Bil MOMEHTY, LIO BifNOBIJA€ TIO-
JIOXKEHHIO BaJla B BEPXHIA MEPTBIN TOYIY B TaKTi CTHUCKY-
BaHHS Ha KYTOBOMY IHTEpBaJi, IO BIIIOBIIAE KyTy MiX
YEeproBUMH CIiajlaxaMH B MWTiHApax. Jlami 3HaXOIsITh 3po-
CTaHHs TPUBAJIOCTI LUKIY MPU BUMKHEHOMY LWIIHIApI Y
TIOPIBHSHHI 3 CEPEIHBOI0 TPHUBAIICTIO POOOYOro IHMKIY
pH BCIX Tmpattorounx nuiiaapax. [1o pe3ynsraTax mopis-
HSIHHSI pOOJISITH BUCHOBOK IIIO/I0 TEXHIYHOTO CTaHy JIBUTY-
Ha Ta BBKAIOTH IIHIP HECIPABHHUM, SIKIIO BEIUYUHA
3pOCTaHHs TPUBAJIOCTI IUKITY TIPY BUMKHEHOMY IHITIH/IPI
MEHIIIE BEUYNHH CEPeHbOI TPUBAIIOCTI LIUKITY f,, 3MEH-

1meHoi B (7 —l)(l +800n) pas, e n - KilbKiCTh IMTiHA-

piB OBUTYHA; §,,, - CTYNiHb HEPIBHOMIPHOCTI B BiIHO-
CHHX OJIMHUIISIX, sIKa JIOMyCTHMa JUIsl JTAHOT'O TUIA JIBH-

ryHa. Bubip Benmdaunu tcp/((n —1)(1 +%)) B SIKOCTI

MOKa3HHUKA JUIsl OLIHIOBAHHS TEXHIYHOTO CTaHy JBUTYHA
TMOSICHIOETBCSl HACTYNMHUM. Koy BCi IMJTIHIPYU JBUTYHA
3HAXOJAITHCS B CIPAaBHOMY CTaHi Ta X BHECOK B poOOTY
PIBHOBENMKHH, TPUBAIICTh LUKIY f, B 71 -MY BiJKJIIOYe-
HOMY IMTIHAP] BU3HAYAETHCS SIK

1, =(n/(n—1))-tcp, (12)

IIPY LIbOMY BENUYMHA 3POCTAHHS TPUBAIOCTI LIUKITY Af !

At=tg, —t, =1y, [(n-1). (13)

CyTTEBOIO OCOOJIMBICTIO TMPHUCTPOIO JJIs BH3HA-
YeHHs HEPIBHOMIPHOCTI POOOTH HWITIHAPIB JBUTYHA
BHYTPIIIHBOTO 3ropsiHHS [12] € miABUILEHHS TOYHOCTI
IIPY BU3HAYEHHI TEXHIYHOI'O CTAaHY OKPEMHX LHIIiHPIB
3a paXxyHOK BpaxyBaHHs IPH IPOBEACHHI BUNIPOOYBaHb
BIUIMBY Ha PE3YJIbTAT BUMIPIOBAHHS Yacy MPOXOHKEHHS
KYTOBHX BIJIPi3KiB IPH MOBOPOTi BajJy JIBUTYHA KPYTH-
JIBHAX KOJIUBaHb, SIKI BUHUKAIOTH B INPYXKHIH cUcTeMi
BaJIONPOBOAY JIBUT'YHA IIiJ] Yac HOro poOOTH.

OpuriHanbHe pillleHHs KOPEeKILil pe3ysibTaTiB BHMi-
PIOBaHHS KYTOBOi YacTOTH OOEpPTaHHsI 3alpONOHOBAaHO B
TIPUCTPOI TSl BU3HAYEHHsI HEPIBHOMIPHOCTI pOOOTH IIHITi-
HJIPIB JIBUTYHA BHYTPIIIHBOrO 3ropsiHHs [ 13].

OcoONUBICTIO POOOTH TIPUCTPOKO IS OI[IHIOBAHHS
HEpIBHOMIpHOCTI pOOOTH IMIIIHAPIB NIBUT'YHAa BHYTPIII-
HBOTrO 3ropsiHHs [14] € memro iHIMK NUIIX BpaxyBaHHS
BIUIMBY KPYTHJIBHHUX KOJIMBAHb Ha Pe3yJIbTaTH BU3HAYCHHS
MUTTEBUX 3Ha4Y€Hb KYTOBOI YaCTOTH OOEPTaHHSI.

Jlo cxiiamy mpHUCTPOO TSt OLIHIOBAHHS HEPIBHOMIp-
HOCTI pOOOTH IWIIIHPIB IBUT'YHA BHYTPIIIHBOTO 3rOPSTHHS
BXOZIATH JIATYUK TIOJIOXKEHHS KOJIIHIATOTO BaJly, TeHepaTop
IMITYJIBCIB, CENIEKTOpPH, BUXIJHI HIMKAaTOPU Ta €JIEMEHT
3aTPUMKH, BBEJICHI JIATYMK [UKIIB, TATYMK BEPXHBOI Mep-
TBOI TOYKH, KUTBKICTh SIKMX JOPIBHIOE KITBKOCTI IIFUTiHIPIB
JIBUTYHA, TIEPIIHI 3 TPhOMa BUXOJAaMH Ta JPYTuii 3 Iic-
ThMa BHXOJIAMH PO3IOJUIGHUKA IMITYJIBCIB, TEpIIMA 3
SIKUX TIOCITIZIOBHO 3’€JTHAHUI 4epe3 Tepiuuid Ta apyrui T-
TpUrepy, SIKi yTBOPIOIOTH MM(pAaTOp IaT4MKa IUKIIB,
BJIaCHE 3 JIATYMKOM YacTOT, a IPYruil pO3MOALTEHUK IMITY-

JIBCIB 3’€MHAHMN dYepe3 ITSATh IOCIIIOBHO BKITIOUCHHX
T-Tpurepis, siki yTBOPIOIOTH HIM(paTOp JAaTYMKA IIOJO-
YKEHHSI KOJIIHYaTOr0 Bally, BJIACHE 3 UM JIATYHKOM.
Pobora mpuctporo nosnsrae B HacTynHoMy. Buxons-
Yy 3 PIBHSHHS PyXY BaJly IIBHT'YHA, SIKE B HAHIPOCTIILIOMY
BUIAJIKY NPEJICTABIICHO PIBHSHHSM TEPIIOro HOPSIIKY

(14)

ne J - MacoBHil MOMEHT iHepmii; M p,MO - MOMEHTH

Jzsz—Mo,

PYXy Ta omopy, clifye, 10 y BUNAJKy HE3MIHHOIO MOMe-
HTy onopy (He3MiHHOTO HaBaHTa)KeHHs) HEPIBHOMIPHICTb
4acToTH 00EepTaHHS Bally JBUTYHa ® OOYMOBJIEHA HEpiB-
HOMIpPHICTIO MOMEHTY pyXy, ToOTO, siKmmo M p <My,

KyTOBa 4acTOTa () 3pocCTa€ i HaBmaku mpu Mgy > M »

KyTOBa 4acToTa (@ IIajiae.

[NopiBHIOOYI MHTTEBI 3HAYEHHS KYTOBOI YacTOTH
oOepTaHHS Ha IHTEpBaJiaxX dYacy, IO JOPIBHIOIOTH Yacy
MOBOPOTY BaJly B TaKTi poOOYOro XOmy Ha KyT, KWW Bij-
TIOBIZIa€ KYTY MiX CIajlaxaMy B IIJTIHpax 3a MOPSIKOM 1X
Ppo0OTH, POOUTHCSI BACHOBOK PO CTaH KOKHOTO 3 TMITIH/-
piB. BunpoOyBaHHs POBOIATH NPH HE3MIHHOMY HaBaH-
TakeHHi. KoniHyaTHii Bas IBUTYHa BCTAHOBIIOIOTH B TaKe
TIOJIO’KEHHSI, KOJIM 3yOellp JIaTuMKa TOJIOXKEHHS KOJiHYa-
TOTO BaJly CyMIIlIEHUH 3 OHIEFO i3 BIMITOK, SIKi 3aKpiruie-
HI Ha PO3MOAUILYOMY Balsli JBHTYyHA. TakT poOOTH TpH-
CTPOIO BU3HAYAETHCS IATYMKOM LIUKIIIB, SIKUH CIIPAIbOBYE
micnst pikcarii MOMEHTY Toziaui rajiMBa B MepIInii, 3a 11o-
PAIKOM POOOTH, LIUTIHIP BUTYHA.

BucHoBku

1. Ilpu Bu3HAYEHHI TEXHIYHOrO CTAaHY HPHBITHHX
JIBUTYHIB BIFICbKOBHUX €JIEKTPOCTAHIH Ta CUJIOBUX YCTa-
HOBOK OpOHETaHKOBOi 1 aBTOTPAKTOPHOI TEXHIKH B TPO-
neci BUOOpY MIarHOCTHYHMX MapaMeTpiB, sIKi JTO3BOJIS-
I0Th 3’CYBaTH CTaH 00’€KTY, IO JIarHOCTYEThCS, KpiM
3araJbHUX BEMOT JI0 CHOCOOIB 1 3aC00IB /iarHOCTYBaHHS
CJIiil BpaXOBYBAaTH TaKi BUMOTH SIK TIOBHOTY, IJIMOMHY Ta
OIEPaTUBHICTh KOHTPOJIIO.

2. Taxwuii JIarHOCTUYHHHN MapameTp SIK HEPiBHOMi-
PHICTh KYTOBOi 4acTOTH OOEpTaHHs Bay JO3BOJSE OLli-
HUTH JOCKOHAJIICTh IIPOIECIB MEPETBOPEHHS XiIMIUHOI
€Hepril maJuBa B TEIUIO 1 ajli B MEXaHIYHY poOOTY, TOO-
TO J03BOJISIE OLIHUTH HE TUJIbKY 3arajbHUI CTaH IBUTY-
Ha, a TAKOX 1 CTaH HOro OKPEMUX HWIH/PIB.

3. Jlng MiIBUINEHHS TOYHOCTI PE3YJbTAaTiB BHUMIPIO-
BaHHS CTYIICHS HEPIBHOMIPHOCTI YacTOTH OOCPTaHHSI BATY
TIpY PO3POOLI TIArHOCTUYHKX MPHUCTPOIB JOIUIEHO YHHKATH
orepariii Ju(epeHIFOBAaHHA TIPA BUMIPIOBAHHI YacTOTH 1
TIPUCKOPEHHSI, BUKOPHCTOBYFOUH TPH IIHOMY aKTUBHI (DLIBT-
pyY, MOOYAOBaHi Ha IHTErpYFOYMX OIEpalifHKX ITiICKTIOBA-
yax, a00 U1 BUMIPIOBAHHA KYTIB Ta KYyTOBHX INBHIKOCTCH
00epTaHHsl BUKOPHCTOBYBATH CHCTEMU aBTOMATHYHOrO (pa-
30BOTO ITiICTPOFOBAHHS YaCTOTH.

4. Jlng TiJBUIIEHHS OINEPATHBHOCTI JiarHOCTY-
BaHHS NpPH POo3poOIl NPHUCTPOIB MiarHOCTYBAaHHS CJIiJl
3alpoOIOHYBaTH TaKy OpraHi3allifo MMPOBEIEHHs JiarHoc-
TyBaHHS, SIKa JO3BOJISIE 3MIMCHIOBATH BHUMIpIOBaHHS Ha
MPAIOI0YOMY JIBUTYHI 1 OZIHOYACHO OTPUMYBATH iH(OP-
MAITiFO PO CTaH KOXKHOTO 3 IWITIHAPIB TBUTYHA.
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5. JlieBUM cnocoOOM OIIHIOBaHHS CTaHy poOOTH 6. HaBeneHi TexHiuHi pillleHHs TIPUCTPOIB IS OLTi-
OKpEeMHUX LWIIHIPIB € MPOBEIEHHS BUMIPIOBAaHb MUTTE-  HIOBAHHS CTYIIEHs HEPIBHOMIPHOCTI pOOOTH JIBUTYHA J0-
BUX 3HAa4YeHb KyTOBOi YaCTOTH OOEPTaHHS MijJ 4Yac Bii-  3BOJSIIOTH PO3POOHMKAM HOBHX IPUCTPOIB TiarHOCTYBaH-
KJIFOYEHHSI OZIHOTO 3 IMITIHAPIB IBUT'YHA. HS CIIPOCTUTH PO3POOKY IPUCTPOIB, IO CTBOPIOIOTHCSL.
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Substantiation of requirements for modern methods and means of determining the general technical condition
of gasoline and diesel engines of military power plants and power installations of weapons and military equipment

V. Kononov, O. Kononova, Yu. Musairova

Abstract. In this article the requirements for systems and devices of diagnostics of driving engines of military power
plants and power installations of armored and autotractor engineering are considered, the necessity of taking into account addi-
tional indicators providing the necessary depth, completeness and efficiency of control is substantiated Based on the example of
the original technical solutions, methods and devices for estimating the technical state of internal combustion engines by deter-
mining the degree of non-uniformity of the angular rotational frequency are substantiated, which allows to evaluate the perfection
of processes of conversion of chemical energy of fuel into heat and further into mechanical work, is not only the state of motion
as well as the condition of its individual cylinders, the ways of improving the accuracy of the process of measuring the instanta-
neous angular rotation speed are considered, based on the refusal of performing the differentiation operation and on the introduc-
tion of systems of automatic phase frequency tuning in determining the speed and acceleration, organization of continuous meas-
urements. It is proposed to perform measurements on the running engine and at the same time to obtain information on the status
of each of the engine cylinders, use when measuring the shutdown of one of the working cylinders to evaluate its contribution to
the resulting power output, taking into account in the process of testing the torsional vibrations that may occur in the system.
affect the accuracy of determining the angular segments. It is suggested to use the technical solutions of the devices to evaluate
the degree of unevenness of the engine, which allow to simplify the development of the devices being created.

Keywords: the driving engine of military equipment, diagnosis, the degree of irregularity of the angular rotation speed.
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KEPYBAHHS BOJIOTI'O3ABE3INIEYHEHICTIO
CIJIbCBKOI'OCIIOAAPCBKUX KYJIBTYP
IIPU KPAIIEJIbHOMY 3BOJIOKEHHI HA OCHOBI HEYITKOI JIOT'TKA

AHoTanisi. CucreMu KparneiabHOr0 3pOLICHHS MIUPOKO BUKOPUCTOBYIOTHCS U1l BUPOILYBaHHS PI3HOMAHITHUX CiJIbCh-
KOI'OCIIOJAPCHKUX KYJIBTYP K Y TEIUIMIIX, TaK 1 Ha BIAKPUTHX IUISHKaxX Pi3HOrO po3Mipy, BiJj HEBEIMKUX NMPUBATHHUX
CaJIOBUX AUISHOK 10 epMepchkux rocroaapcrs. OcoOaMBiCTh JaHOrO THILY 3pOLICHHS Y TOMY, 110 BOAA HOBUIBHO IIO-
JTAE€THCSI KpAIUISIMK a00 CTPYMEHAMH y 3a[JaHui Jac 1 y 3aJjaHill KUIBKOCT] 6e31mocepeIHbO 1O KOPEHIB KOXKHOI POCIIHHU.
Ilpu npomy BuTpaTa BoaM 3MeHIIyeThest Ha 20-50% y NMOpiBHAHHI 3 MOBEPXHEBUM IOJIUBOM 1 JIOIIYBaHHAM, HOIEpe-
JUKA€ThCS HAUIMIIKOBHUHM MOJIMB 1 BHACHIJOK I[bOrO MiAHATTS PiBHS IPYHTOBUX BOJI Ta 3aCOJCHHS IPYHTY, HE YIIUIBHIO-
€ThCSl BEPXHsI YaCTHHA IPYHTY, 3HWXKYETbCS PiBeHb po3pocTaHHs Oyp'sHy. IIpu npoBeneHHi 3polIeHHs HEOOXiJHO Bpa-
XOBYBATH BIUIMB BUIIAJIKOBO 3MiHHHX IOIOAHMX (pAKTOPIB 1 IOICHHO KOPUI'YBaTH HOMMBHY HOpMY. CTpYKTYpHa cxema
aBTOMaTn30BaHOi cucreMu kepyBaHHs (ACK) Bosoro3abe3nedeHicTio MOAYJIBHOI JUISHKY 32 JJOIIOMOT'O0 KPareIbHOTr0
3pOLICHHS SIBJIsIE COO00 KOMOIHOBaHY CHCTEMY KE€PYBaHHS 3 PETYJIATOPOM, SKHI CKIAJA€ThCA 3 ABOX IOCIIJOBHO 3'€]l-
HaHUX JlaHOoK. [leplua naHKa BU3HAYa€ JOIYCTHMY 4acCTKy HEIONONMBY POCIMH Y BiJICOTKAX, BpaXOBYIOUH JIaHI METEOII-
POrHO3y Ha HACTyNMHHH AeHb. OUEeBHUAHO, 110 JOIMYCTHMA YacTKa HEJONoIuBYy Oyne THM Oinblia, 4uM Olblle 3HAUCHHS
MPOrHO30BaHMX omnajiB. Jlpyra jnaHka oOpaxoBye 3aBJaHHA BCMOKTYIOUOTrO THCKY (BOJIOI'OCTI) Ha IIOTOYHUMH JIeHb, Bpa-
XOBYIOYHM PEKOMEHALLI] epIIOro peryyiaTopa, i Mojae Kepyodi BIUIMBY Ha BUKOHABYi MEXaHi3MU. MeTO CTaTTi € po3-
poOKka MeTo/y KepyBaHHS BOJIOTICTIO IPYHTY 3a JIOIIOMOrOI0 KPamlejbHOro 3pOIICHHS Ha OCHOBI HEUiTKOI Jioriku. s
BU3HAYEHHS YaCTKU HEIONOJIMBY BUKOPUCTAHO AITOPUTMH HEUITKOI JIOTiKH. B siKocTi BXiZHOI 3MiHHOi BUKOPUCTOBY-
I0ThCS JaHI METEONPOrHo3y 110 ONajax Ha HACTYIHHUH AeHb. BUXilHOIO 3MIHHONO € JOMyCTHMa YacTKa HEJIOIOJIUBY pOC-
JIMH Ha NOTOo4YHHMi neHb. 3anpornoHoBaHa ACK BonorosabesnedeHicTio CilibCbKOrOCIOAAPChKUX KYIBTYpP IPH Kparelb-
HOMY 3pOLICHHI J03BOJISE MiJABUIIUTH TOYHICTh KEPYBAaHHS BOJIOTICTIO 3aBJSKH OINEPaTHMBHOMY BPAaXyBaHHIO 3MiHHHX
30ypeHb Ha 00'eKT i1 3a0e3MeYnTH OTPUMAaHH INIAHOBOI BPOXKAHHOCTI IPU palliOHATbHOMY BUKOPUCTaHHI €HEPreTHUHUX
1 BOIHUX pecypciB. HampssMkoM momanbIiux JOCIIKEHb CIIiJl BBOXKATH PO3pOOKY KOHIIETIIT 3aCTOCYBaHHSI IHTEIEKTya-
JIBHUX METOJIB MiATPHUMKHU NPUHHSTTS pillleHb B yMOBaX 0araTOKPUTEPialbHOCTI B 3a7lauaX ONTHMaJIbHOTO KEpYBaHHS
BOJIOr03a0€3MEYEHICTIO ClIIbCHKOrOCHOAAPChbKUX KyIbTyp. Lle 103BONNUTh €KOHOMUTH BOJHI Ta €HEPreTHYHI PEeCypcH 3
OJJHOYACHHUM 3a0€3IeUCHHIM OTPHMAHHS INIAHOBOI'O BPOXKAIo0.

Kaw4doBi caoBa: cucremu KparieJIbHOro 3pOILICHH, aBTOMAaTH30BaHa CUCTEMA KEPYBAHH BOJ'IOFO3a6e3He‘-IeHiCTIO, all-

TOPUTMH HEUiTKOI JIOT'1KH, TEPM-MHOXKHHH, JIIHIBICTUYHI 3MiHHI, 0232 HEUITKUX JIIHIBICTUYHHX IIPaBHIL

Beryn

IHocTanoBka mpodiaemu. CucreMu KpaneibHOTO
3pOIIEHHS] HMIMPOKO BUKOPHUCTOBYIOTHCS JUISi BUPOIILY-
BaHHS PI3HOMaHITHHX CUILCHKOI'OCHOAAPCHKUX KYIBTYP
SK y TEIUTMISX, TaK 1 Ha BIJKPUTUX AUISHKAX pPi3HOTO
PO3MIpy, BiJ HEBEJIHMKHX IMPUBATHUX CAJOBUX MIIISHOK
110 (hepMepChKUX TOCIIOapPCTB.

Oco0MBICTh JJAHOTO TUITY 3POILICHHS Y TOMY, IO
BOJIa TIOBUTLHO TOJAETHCS KPAIUIAMHU a00 CTPYMEHSIMHU Y
3aJaHuil Yac 1 y 3ajaHiil KUIbKOCTI Oe3mocepenHbo 10
KOpEHiB KO)KHOI POCITUHH.

Ilpu upomy BuUTpaTa BoAM 3MeHIIyeThbcss Ha 20-
50% y MOpiBHSAHHI 3 TIOBEPXHEBUM IIOJMBOM 1 JIONIY-
BaHHSM, IONEPEHKAETHCS HAUIMIIKOBUN IOJIMB 1 BHA-
CHIJIOK [BOTO IJAHATTS PIBHS IPYHTOBHX BOJ Ta 3acCO-
JICHHSI TPYHTY, HE YIIUTBHIOETHCSI BEPXHSI YaCTUHA IPyH-
Ty, 3HHXKYETbCS PpiBEHb pO3pocTaHHs Oyp'sHy. I[lpu
MIPOBEACHHI 3pOIICHHS HEOOXiAHO BPaxOBYBAaTH BILTUB
BUIIAIKOBO 3MIHHUX IOTOAHUX (PaKkTOpiB 1 IIONEHHO
KOpUT'YBaTH MOJUBHY HOpMY [1 - 3].

AHaJi3 ocCTaHHIX JocCaiIKeHb i myOsikamii.
CTpyKTypHY CXE€My aBTOMAaTH30BaHOI CHUCTEMHU Kepy-
BaHHa (ACK) Bonoroza0e3mnedeHicTIO CiIbChKOrOCIO-
JAPCHKUX KYIBTYp y MeXKax MOAYJIbHOI IUISHKH 3a
JIOTIOMOT'OI0  KpaIleJIbHOTO  3pOIIEHHS HAaBEIEeHO Ha
puc. 1, e BBeieHI Taki MO3HAYEHHSI:

Wz - 3amaHa BOJIOTICTh IPYHTY,

W - peajibHa BOJIOTICTh IPYHTY,

E,, =W, —W - po3y3romxeHus,

C, - perynsaTop 4aCTKM HEJIOINOIUBY POCIIHH,

d - YacTka HEeJJOTOJIUBY POCIIHH,

Cw - peryisarop BCMOKTYIOYOT'O THCKY (BOJOroc-
Ti) IpYHTY,

Uc - xepyrouuii curHai,

AM - BUKOHABUYMI MEXaHI3M,

RB - perymorounii oprat, npu IIbOMY 3a3Ha4UMO,
IO Y JAaHOMY BUMAJKy 00'€KTOM KEPYBaHHS € MOAYJIb-
Ha JIUISTHKA IPYHTY,

LE1 - naBad mosiBM JI01ILY,

ME1 - naBad BCMOKTYIOHYOTO THCKY (BOJIOTOCTI)
IPYHTY,

ME? - naBa4 BOJIOTOCTI TIOBITpS,

TE - naBay TemIiepaTypH MOBITpS,

LE?2 - maBau omamis,

RE - maBad OCBITJIIEHOCTI,

SE - maBad IIBHIKOCTI BITPY.

Jlana cxema sBIsie COOOI0 KOMOIHOBaHY CHUCTEMY
KEpYBaHHs 3 PEryJsITOpOM, SIKUH CKIaJaeThCsl 3 JIBOX
MOCITIZIOBHO 3'eiHaHuX JaHOK [4, 5]. Tlepmia naHka BH-
3HaYae JOMYCTHMY YacTKy HEJOIONUBY POCIUH Y Bif-
COTKaX, BpaxOBYIOUM JIaHI METEOIPOTHO3Yy Ha HacTyI-
HUH JEHb.

© JlesiJI. 1., 2020
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Puc. 1. CrpykrypHa cxema ACK Booro3a0e3neyeHicTio CillbCbKOrocrnoAapchbKux KyabTyp
y MeXax MOIY/IbHOI JiJISIHKM 32 JOIOMOI'OI0 KPAIeIbHOr0 3pOIEHHS

OueBUIHO, IO JONMYCTHMa YacTKa HEIOIMOIHBY
Oyne TuM OiNbINa, YUM Oijbllle 3HAYCHHS MPOTHO30Ba-
HUX OIAJIiB.

Jpyra nanka oOpaxoBye 3aBAaHHS BCMOKTYIOYOT'O
TUCKY (BOJIOrOCTi) Ha IIOTOYHUI [€Hb, BPaXOBYIOUH
peKOMEHaIlli MepIIoro peryisaropa, i moaae Kepyrodi
BIUIMBY Ha BUKOHABYI MeXxaHi3Mu. [Ipu oMy OBUHHA
BHUKOHYBAaTHCSl HEPIBHICTb:

W >Ww.

wilting + 8l > (1)

ne W — BOIOTiCTh IPYHTY,
W,

1 '
wilting — BOJIOTICTb 3aB'SIaHHs POCIHH,
§; — ricrepesuc (IEBHUH pe3epB).
To6TO, BONOTICTh IPYHTY IMOBHHHA TPHUMATHUCS B
Mexax:

We [Wwilting +3;; Wz] : 2

)IOHyCTI/IMa YaCTKa HCIOIIOJMBY IIpU IIbOMY CTa-
HOBUTb.

Se [o; W, ~(Witing + 8 )} . 3)

OcCKiJbKU BENMMYUHA 3aJlaHOi BOJIOrocTi W, 3aie-
JKHUTB BiJl BULY POCIUHU i pa3u 11 po3BUTKY, TOOTO 3Mi-
HIOETBCS B 4Yaci, TO 3pYy4Hillle CIIOYaTKy BH3HAYATH
BEJIMYUHY HEIOMOJMBY Yy BIJICOTKax (x, %) , a TOTIM

MepeBOANTH B aOCONIOTHI OMWHUIN 32 TaKOK 3aJIeK-
HicTIO (4):

X AW, =W, itiine — 0
5= ( wilting l)’ . )
100

Bupas (4) € oJHaKOBUM IS BCIX BUIIB POCIHUH i
¢a3 X poO3BUTKY. 3MIHIOBATUMETHCS JIHIIE 3HAYCHHS

w,.
MeToro cTaTTi € po3poOka METOy KepyBaHHs BO-
JIOTICTIO TPYHTY 3a JOHOMOIOI0 KPaIelIbHOTO 3POIICHHS

Ha OCHOBI HEYITKOI JIOTIKH.

OCHOBHA YaCcTHHA

Jlis BU3HAuUeHHS YAaCTKH HEIOMONIUBY Xx,% IIpo-
MTOHYETHCS BUKOPHCTOBYBATH QJITOPUTMH HEYITKOI JIO-
riku [6-12].

B sKOCTI BXiHOI 3MiHHOI BUKOPHCTOBYIOThCS JaHi
METEOIPOrHO3Y IO ONajax Ha HACTYIHHUU JeHb. Buxin-
HOIO 3MIiHHOIO € JIOIYCTHMa YacTKa HEeIOMOJIUBY POCIHH
Ha TIOTOYHUH JICHb.

VY SKOCTI TepM-MHOKHUHU BXiJHOI JIIHI'BICTHYHOI
3MiHHOI OyJeMO BHUKOPHUCTOBYBATH HIDKYEC HABCACHY
MHOHUHY

T+ = {"pyxe mana kinbkicTb onagis”,
“HeBenwki onagu”, “ioMipHi”, )

“cunbHi”, “gyxe cuUnbHi’},

a00 y CHMBOJIbHOMY BHUIJISIII
I, ={NB, NS, Z, PS, PB} (6)

3 (pyHKIISIMH HaJIeKHOCTI, 300payKeHUMH Ha puc. 2.

VY sKOCTI TepM-MHOKUHH BHXIJTHOI JIIHI'BICTHYHOI
3MIHHOI (BEJIMYMHA HEAOMONUBY Y %) OymeMo BHKOpHC-
TOBYBAaTH MHOXXHHY

T, = {*ayxe mana”,
“HeBenwka’, “cepeaHs’, (7

“Benuka”, “nyxe Benuka’},

a00 y CHMBOJILHOMY BHUIJISIII
T, ={NB, NS, Z, PS, PB} (8)

3 (DYHKLISIMH HaJEXKHOCTI, 300pa)KeHHS] KOTPUX HaBeJie-
Hi Ha puc. 3.

ba3a HEYITKUX JIHTBICTHYHHUX TPABUI IS BH3HA-
YeHHs JOMYCTUMOI YacTKU HEIONOJIMBY POCIHMH HaBe-
JIeHo y Tabu. 1.

3 naHoi TabmuIl 0aYMMO, MO YMM CHJIBHIII MPO-
THO3YIOTBCSl OIa/Id, TUM Ha OUIBIY BETMYMHY & MOX-
Ha HEJIONIOJIUTH POCITUHH.
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Puc. 2. OyHKuii HaJIEKHOCTI 3MIHHOI «IIPOrHO30BaHA KUIBKICTh ONaliB»
/| B NS 7 PS 7B
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1
) iz % B % 48 54 66 77 G4 v o

Puc. 3. OyHK1iT HAJI)KHOCT] 3MIHHOT «4acTKa HEJOIIOIHUBY»

Tabnuya I - ba3a HediTKUX JIHIBiCTHYHHX NPaBHJI VIl BU3HAYCHHS YaCTKH HEONOIHBY POCJIHH

NIPH KpaneJIbHOMY 3POLIeHHi

IIporuo3oBana kinbKicTh onagis P, mm YacTka HeI0MOJIUBY POCTUH X, %
NB NB
NS NS
V4 Z
PS PS
PB PB

KpiM onanis, Ha 00'€KT KepyBaHHS (IUISHKY IPYy-
HTY) BIUIMBAIOTh HACTYITHI 30ypeHHs: COHsYHA paiia-
1isi, BiTEp, TeMIlepaTypa MOBITpPsl, BiTHOCHA BOJOTiCTh
TIOBITPSI.

BruinBaroun Ha BHIIApOBYBaHHS 3 MOBEPXHI poC-
JUH Ta IPYyHTY, NpHBeAeHI 30ypeHHsS BIUTUBAIOTH HA
BOJIOCTIOKMBAHHS, a, OTXKE, 1 Ha Pe3yNbTyIOuy BOJO-
ricte IpyHTy. JlaHi mapameTpu He BXOAATH Oe3rocepe-
IHBO y 0a3y HEYITKUX JIHIBICTUYHHMX MpaBWI, aie
BPaxoOBYIOThCSI CHCTEMOIO KepyBaHHs. Tak, HalpHKIIa,
MU HEJIOTIOIHIIN POCIVHY Y IeHb k Ha BeluuuHy PS,

PO3paxoByIOUM Ha CHIbHI omagu y news (k+1). Ha-

crpaB/i BeJIMYMHA OMAJiB IOTpariia y AianasoH Z ,
OyB TIOMipHHH BiTep i BUCOKa TemIeparypa moBitps. B
pe3yabTati

Wk+l # Wz,k+1 .

BpaxoByrour mNpOrHo3 IO oOmagax Ha JEHb
(k+2) , Oyme 3miHCHEHO TIONUB, SKHUH KOMIICHCYE

30ypeHHs 0 TeMIlepaTypi, COHSUHIN pafiamii, HecTayi
oma/iiB Ta iHIi 30ypeHHs y aeHsb (k + 1).

Jlis cuHTE3y CHCTEMH HEUiTKOTO BUBEICHHS BU-
kopuctano pemaktop Fuzzy Logic Toolbox cucremu
Matlab [13, 14]. Pozpaxynok 3aBaanus mist ACK Bo-
JIOTICTIO TPYHTY NPH KParelbHOMY 3pOIICHHI 3/1HCHIO-
€ThCA 10A000BO.

[Tpu mosBi nOILy MOMMB HEOOXITHO 3YIMUHHTH, a
Ticyist Horo 3aKkiH4YeHHsI 3HOBY 3MIHCHUTH IepepaxyHOK
3apraHHs. [1oauB MOTPiOHO 37iHCHIOBATH BOIOKO TIEB-
HOI TeMIlepaTypH, TOMY Y CTPYKTYpPi CUCTEMH 3POLICH-
HS TiepeadayueHa HAKONMMYyBallbHA €MHICTh, JIe BOJa
Oyne HarpiBaTHCs IIiJ] JI€I0 COHSYHOI pamiaiii. 3 me-
TOI0 MiHIMI3allil eKCIUTyaTallifHNX BUTpPAaT €EMHICTh
HAIIOBHIOETHCS BOJOIO Y MEPioan OO, KOJIHU eIeKTPO-
€Hepris Haliiemesa.

BucHoeku

SanporonoBana ACK  Bosoroza0e3mneueHicTo
CIJIBCHKOTOCITOIAPCHKUX KYJIBTYpP TIPH KparelbHOMY
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3pOIIEHHI J03BOJISIE MiJBUIIMTA TOYHICTh KEpyBaHHS
BOJIOTICTIO 3aBJISIKA OIIEPaTHBHOMY BPaxyBaHHIO 3MiH-
HUX 30ypeHb Ha OO0'€KT i 3a0e3MeunTH OTPUMAaHHS
TUIAHOBOI BPOXKAHHOCTI TP pallioHATEHOMY BUKOPHUC-
TaHHI CHEPIeTUYHUX 1 BOJIHUX PECYPCIB.

HampsiMkoM moJanbIvX JOCHTIKEHb CITiJl BBa-
KaThu po3pOOKY KOHILIEMIii 3aCTOCYBaHHS iHTENEKTya-

JIBHAX METOJIB MIATPUMKH MPHUHHATTA pillleHb B yMO-
Bax 0araTOKpHUTEpiaJbHOCTI B 3aJjayax ONTHMAaJIbHOIO
KepyBaHHs BOJIOr03a0e3NeYeHICTIO CIIIbChKOrocoAap-
CBKHX KYJBTYP.

Ile 103BOMUTH EKOHOMUTH BOIHI Ta €HEPreTU4HI
pecypcu 3 OAHOYACHUM 3a0e3NEeYeHHSIM OTPUMAaHHA
IUIAaHOBOT'O BPOJKAIO.
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Water supply management of agricultural cultures with dropping hydrogen
L. Lievi

Abstract. Drip irrigation systems are widely used to grow a variety of crops both in greenhouses and in open areas of
varying sizes, from small private garden areas to farms. The peculiarity of this type of irrigation is that water is slowly supplied
with drops or jets at a given time and in a given amount directly to the roots of each plant. In this case, water consumption is
reduced by 20-50% compared to surface irrigation and sprinkling, redundant irrigation is prevented and, as a result, raising the
groundwater level and salinization of the soil, the top of the soil is not compacted, and the level of weed growth is reduced. Irri-
gation should take into account the influence of randomly varying weather factors and adjust the irrigation rate daily. Structural
diagram of the automated control system (ACS) of the moisture supply of the modular section by means of drip irrigation is a
combined control system with a controller, which consists of two series-connected units. The first link determines the permissible
percentage of under-consumed plants as a percentage, based on the next day's weather data. Obviously, the more permissible the
share of imperfections will be, the greater the value of predicted precipitation. The second link calculates the intake pressure
(humidity) task for the current day, taking into account the recommendations of the first regulator, and provides control effects on
the actuators. The purpose of the article is to develop a method for controlling soil moisture by drip irrigation based on fuzzy
logic. Fuzzy logic algorithms were used to determine the fraction of imperfectly. Weather input data for next day precipitation
are used as input variable. The baseline variable is the permissible proportion of underexposed plants for the current day. The
proposed ACS of moisture of crops at drip irrigation allows to increase the accuracy of humidity management by promptly taking
into account variable perturbations on the object and to ensure the planned yield with rational use of energy and water re-
sources.The direction of further research should be considered the development of the concept of application of intelligent deci-
sion support methods in multicriteria conditions in the problems of optimal management of moisture content of crops. This will
save water and energy resources while ensuring planned yields.

Keywords: drip irrigation systems, automated moisture management system, fuzzy logic algorithms, term sets, linguistic
variables, fuzzy linguistic rules base.
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BUBYJIOBYBAHHSI YACOBOI IPSAMOI )KUTTEBOTI'O IIUKJTY 3PA3KA
TAHKA T-645 TA BU3SHAUYEHHSI OITUMAJIbHOI TEPIOJUYHOCTI
MOI0 TEXHIYHOTI'O OBCJIYTOBYBAHHSI

AnoTtanis. [IpexMeToM BHBUCHHS B CTATTI € XXKUTTEBUI MK 3pa3ka TaHKa T-645. MeTolo qocaiqKeHHsI € BU3HAUCHHS
OITUMAJIBHOI NEPIOMIHOCTI TEXHIYHOrO 00CIIyroByBaHHs 3pa3ka TaHka T-64b, fioro ckiajabHUX OJAMHUIL Ta CUCTEM.
3amaui: BU3HAYNTH 3aKOH HAAIHHOCTI Ta aHAJITHYHI 3aJIEKHOCTI MiXK IMOBIPHICTIO 0€3BiIMOBHOI pOOOTH Ta IHTEHCHUBHIC-
TIO BIZIMOB OKPEMHX CKJIaJaJIbHUX OJMHUIIb Ta chcTeM TaHKiB T-64b; npoaHani3yBaTu cepe/jHE HalPAIIOBaHHS Ha BiIMOBY
OKpEMHUX CKJIaJaIbHUX OMHUIb Ta CUCTeM TaHKiB T-64b, sKki exciuryaryBanucs B HaBUalIbHO-OOHOBIH rpymi y nepiof Bij
HOPMaJIbHOI €KCIUTyaTalii 10 CTapiHHs 1 KaIliTallbHOr0 PEMOHTY; IIPOBECTU KOPUI'YBaHHS T€PMiHIB YeProBOro TEXHIYHOIO
00cITyroByBaHHs; BUOYIlyBaTH 4acoBY IPsMY KUTTEBOro LMKy 3pa3ka T-64b Ha OoCHOBI onTuMi3auii LUKIY TEXHIYHOrO
00CITyroByBaHHs 1 peMOHTY. MeTOI0JIOriYHOI0 OCHOBOIO JIOCHIDKEHHSI CTalM 3arajlbHOHAYKOBI Ta CIeliajibHi MEeTOXH Ha-
ykoBoro ni3HaHHA. OTpuMaHi Taki pe3yJbTaTH. bynu f1ociipkeHi craTUCTHYHI 1aHi HAPOOITKU HA BIIMOBY CKJIaJaIbHUX
OJJMHHIb Ta CHCTEM TaHKiB T-64b, sKi excIulyaTyBanucs B HaBYaJIBHO-OOMOBIH Ipymi y Hepion BiJ HOpMaJbHOI €KCILTya-
Talil 0 KaIiTaJbHOrO PEMOHTY. 3a pe3ysIbTaTaMM JOCIIKEHHS 00paXOBaHi ONTUMAJIbHI CTPOKH TE€XHIYHOTO 0OCIYroBY-
BaHHs CHUCTEM 3pa3ka TaHKy T-64b 1o kamitainbHOro peMoHTy. IIponoHyeMuil LUK TEXHIYHMX OOCIYroByBaHb 3pa3ka
T-64b npoTarom 1oro >KUTTEBOro LUKIY CIPUATUME 301IBIICHHIO 3araJIbHOTO 4acy eKcIutyaranii 3paska T-64b 36inbimu-
BCs Ha 4% 3a mepioz Bij NOYaTKy HOPMAaJIbHOI €KCIUTyaTalii 10 TeXHIYHOro o0ciyropyBanHs -2. BucHoBku. TepmiH uep-
rOBOr'0 TEXHIYHOIO OOCIYrOBYBAaHHS MO)Ke OyTM BH3HAYEHHMH SIK IHTEpBal yacy 3HaXODKEHHs 00'eKTa B Hpale3JaTHOMY
cTami i3 3a/1aHOKO HMOBipHicTIO. IMOBIpHOCTI yacy HampalFOBAaHHS JI0 BiJIMOBH BY3JIiB Ta cHCTEM 3pa3ka TaHKa T-64B y
Hepiof] KUTTEBOrO LKLY 10 KaliTAIbHOIO PEMOHTY € BUIIA/IKOBOIO BEJIMYHMHOIO, SIKA MiJKOpeHa 3akoHy BeitOymna, npu
HaOIKEHH] H0ro /10 eKCIIOHEHLIAILHOTO 3aKOHY Y I1epiojl HOPMaJIbHOI €KCIUTyaTalii 0 CTapiHHS 1 KalliTalbHOIO PEMOH-
Ty. AHQJIITUYHI 3aJIeKHOCTI MiX IMOBIpHICTIO 6€3BiIMOBHOI POOOTH 1 IHTCHCHBHICTIO Bi/]MOB JaI0Th 3MOT'y BU3HAUHMTH OII-
TUMAJIBHI CTPOKM TEXHIYHOIO OOCIIyrOBYBaHHS CHCTEM 3pa3ka TaHKy T-64b 1o kamiTalbHOro peMOHTY Ta HEOOXinHO-
JIOCTaTHIN yac eKcIulyaTallii MaIlluHU NpH 3ajaHiil HagiiiHoCcTi. BuOynyBaHHs 4acoBOi MPAMOI XKUTTEBOrO LIUKIY 3pa3ka
TEXHIKM Ha OCHOBI ONTUMi3alil MKy TEXHIYHOr0 00CIyroBYBaHHs i PEMOHTY CIIPUATHME ITiATPUMAHHIO HA HOPMATHBHO-
MY piBHI [OKa3HHKIB EKCILTyaTaliifHOI Ha[IFIHOCT] MPOTArOM BCHOI'O HOro JKMTTEBOIO LMKy 3 OAHOYACHUM CKOPOUYCHHSAM
MarepialbHUX, TPYAOBUX Ta (hJiHAHCOBUX BUTPAT.

Karo4dosi cioBa: TexHiuHe o0CIyroByBaHHs i peMOHT OPOHETAHKOBOIO 030POEHHS 1 TE€XHIKH, KUTTEBUH LUK 3pa3ka

TEXHIKH, 3aKOH Ha [II{HOCTI.

IMocTaHoBKA MPOOJIEMH Ta 3aBIaAHHSA
JOCJTIIKeHH A

3a0e3neueHHsT BUCOKHX IIOKa3HUKIB HaJiiHOCTI
OpOHETAaHKOBOTO 030pO€HHS 1 BIHCHKOBOI TEXHIKH
(BTOT), MonepHi3aiis Ta MPOIOBKEHHS TEPMIHIB CIIy-
x0u icayrouoro napky bTOT, po3BUTOK YMHHOI cUCTe-
MU TeXHIYHOro obciyroByBaHHs i peMoHTy (TO 1 P)
MOXKHa BB)KaTH NPIOPUTETHUMH HAINpPSIMKaMU PO3BHT-
Ky 36poitnux Cuin Ykpainu (3CY).

HaykoBo oOrpyHTOBaHa 3a BiIIOBIJHUMH KPHTE-
pisiMu panioHanbHa (hopMa OpraHizallii Ta BAKOHAHHS 1X
TO i P € ronoBHOIO MepeyMOBOIO 3a0€3MeYeHHs He00-
X1THOTO piBHA eKcIuTyaTtaniiHoi HaaiitHocTi OBT.

CyuacHUii TaHK SIBJISiE COOOI0 CKIIAIHY CHUCTEMY,
10 € CYKYITHICTIO CYMiCHO JIIFOYMX €JIEMCHTIB — BY3JIIB,
MeXaHi3MiB, 3’€JJHaHb Ta arperaris, siKi 3a0e3NeYyIOTh
BUKOHAHHS HHUM 3aBJaHb 3a npu3HaueHHsM. Crpas-
HICTB 1 TOTOBHICTh TaHKa JI0 BUKOPUCTaHHS 32 MPH3HA-
YEeHHSM 3a0e3MeuyIoThCsl HOro TEXHIYHUMH CTaHOM.
3MiHu TexHiyHOrO cTany 3pa3ka bTOT Ta ioro cknana-
JBPHAX OIMHUIL 1 CHUCTEM B TIpoIeci eKcIuTyatamii
TOB’sI3aHi 3 BIUIMBOM Ha HBOT'O DI3HUX MEXaHIUHHX,
¢i3nyHuX Ta KIiMaTHYHUX (akTopiB. TexHiuHa eKCIuTy-
aTtalfis Ma€ Ha METI BU3HAYUTH DalliOHAJIBHUN HaOOp
JIIarHOCTUYHUX Ta NPO(]IJaKTUYHUX Orepauii, mo no-
3BOJISIE OIIIHUTU TPYAOMICTKICTh TE€XHIYHOIO 0OCIYyro-
BYBaHHsI, 3/1iHCHIOBATH IIAHYBAaHHS ITOCTIiB Ta IIEPCOHA-

my. BcraHoBieHHst onTtumaneHOI mnepiogumyHocti TO
JIO3BOJIUTH 3HU3UTH TPYJIOMICTKICTh TIOTOYHOTO PEMOH-
Ty, KUIBKICTh omepauiii Ta yac mpocroto bTOT.

BuieBkazaHe cBiJUUTH [P0 aKTyaJbHICThH JOCITi-
JOKEHHSI Ta HEOOXIJHICTh BCTAHOBJICHHS ONTHUMAaJIbHOL
nepioguyrocti TO NO3BONMUTH 3HU3UTH TPYJOMICTKICTh
MIOTOYHOI'O0 PEMOHTY, KUIBKICTh orepariii Ta 4ac mpoc-
toro BTOT.

[TianTpumMaHHs HAa HOPMATUBHOMY PiBHI MOKa3HHKIB
eKcITyaraliiHoi HagiiHocTi 3pazka BTOT mnporsrom
BCBOT'O HOr0 YKUTTEBOTO LUKIY 3 OJHOYACHUM CKOpPO-
YEeHHSM MaTepiallbHUX, TPYIOBHUX Ta (PIHAHCOBHX BH-
Tpat OyJIO 1 3aTUIIAEThCS aKTyalbHUM 3aBJaHHs y TeX-
HiyHii nomitumi 3CY Ykpainu.

AHaJti3 ocTaHHIX HocaiKeHb 1 myOaikaniii cTo-
COBHO 3a3HAYEHHMX BHIIE IUTAHb 3aCBIMUYE aKTyallb-
HICTB 11i€T TPOOJIEMATHKH.

3a3BUYaii, KiJIbKICTh Ta TPYAOMICTKICTh Omepamii
NpU Pi3HUX BHAAX TexHiuHOro obciyroByBaHHs BTOT
sk 1 cama nepioguynicth TO BH3Ha4YeHa KepiBHUMHU
nokymentamu [1-3]. Onnak, icHyroua cucrema Texo0-
CIIYTOBYBaHHS B CYYaCHHMX yMOBaX Majio ¢()eKTHUBHA i
MopalibHO 3actapina. OCHOBHUMH Ii HeJoNIiKaMu Oyie-
MO BBa)KaTH TaKi: MEpPiOANYHOCTI MPOBEIECHHS Ta 00cs-
riB po6itT TO € 3aBHIIEHUMY 1 HE 33]IOBOJBHSIOTH BUMO-
raM ix MIiHIMaJbHOI HEOOXITHOCTI JUIA IiATPUMAHHS
HeoOXigHoro piBHsA TexHiuHoro crany bTOT; Hemocra-
THSI OOTPYHTOBAHICTh 3HAY€Hb JIarHOCTUYHUX Iapame-
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TpPiB CKJIaJAIbHAX OJMHUIIb T4 CHCTEMH 3pa3Ka TEXHIKH,
rapameTpiB OOCITyrOBYBaHHS Ta IEPiOJUYHOCTI HOTro
npoBeeHHs; crpaterii Ta Buau TO € equHUMH 1718 3pa-
3KiB TEXHIKU Pi3HOTO IIJIbOBOT'O PU3HAYECHHST; BiICYTHI
orepanii, siki BAKOHYIOTBCSI 32 TEXHIYHUM CTaHOM; TIPH
oprasi3ailii TeXHIYHOTO OOCITyrOBYBaHHS, HE B IOBHIH
Mipi BpaxoBYIOTH crienudiuni ocoOnmBoCTi i (axTopH,
IO BIUIMBAIOTh HAa HAJiHHICTh 3pa3ka TexHiku abo ii
OKpEMHUX CKJIJIAIbHUX OJMHHUI i CHCTEM; HE B MOBHIH
Mipi BpaxoBYyeThCs HomycTUMUi yac nposenaeHHs TO Ta
BITHOBJICHHS TIpaIle31aTHOCTI 00’ ekTa [4—7].

MeTo10 cTATTi € BU3HAYEHHS ONTHMAJBHOI Iepi-
OUYHOCTI TEXHIYHOI'O OOCIYrOBYBaHHS 3pa3Ka TaHKa
T-64b, ioro ckimaganbHUX OMWHUIL Ta cucTeM. Jlnis
JIOCSITHEHHSI TTOCTaBJICHOI METH BH3HAa4YeHI 3aBIaHHA
JAOCJIiIKeHHS:

— BU3HAYUTH 3aKOH HAJIHHOCTI Ta aHANITH4HI 3a-
JISKHOCTI MK HMOBIpHICTIO 0€3BiIMOBHOI poOOTH Ta
IHTEHCHBHICTIO Bi]MOB OKPEMUX CKJIQJIaJbHUX OJMHUIIb
Ta cucteM TaHkiB T-64b;

— IIpOaHaNi3yBaTH CEPEAHE HAIPAIfOBaHHSI Ha
BiIMOBY OKpEMHX CKJIaJAIbHUX OJUHUIL Ta CHCTEM
taHkiB T-64B, ski ekclulyaTyBalucsi B HaBYaJbHO-
0OMOBIN Tpymmi y mepiod BiJ HOPMAJIBHOI €KCILTyaTamii
JI0 KalliTaJlbHOrO PEMOHTY;

— IIPOBECTH KOpeTyBaHHs TepMiHiB yeprosoro TO;

— BHOYlyBaTH 4YacoBY NPSIMY JXHTTEBOTO IUMKITY
3paska T-64b Ha ocHOBi ontumizauii mukiry TO i P.

BukJiaJ 0CHOBHOTO MaTepiajy

3akoH HagifiHOCTI Ta AHANITHYHI 3adeKHOCTI
Mik  iiMoBipHicTIO  0e3BiZMOBHOI poloTm Ta
IHTEHCUBHICTIO BiIMOB OKpPeMHX CKJAJAAJIbHUX OTU-
HHMIb Ta CUCTeM 3pa3ka TaHka T-64b. 3 ypaxyBaHHIM
IHAMBIAYaJbHUX BIACTHBOCTEH KOHKPETHOI MAIMHH,
YMOB i eKCIUTyaTallii, xapakTepy Ta rpadika HaBaHTa-
JKEHHSI, 1HIIMX (AaKTOPiB TEMII 3HOCY SIK OKPEMHX BY3JIiB
1 IeTayieil Tak W MiJCHCTEM TaHKa MOXE MOMITHO Biapi-
3HATHCS BiJl TIOKAa3HUKIB, BH3HA4YE€HHX I 00'eKTa-
anasora. ToOTO, B pe3ynbTaTi TEXOOCIYrOBYBaHHS MO-
XKYTb IIPOBOJANTHCS JI0 BUUEPIIAHHS 3aracy Mpaue3iat-
HOCTi arperaTtiB, a00 30UIBIIMTBCS YHCIO BiJIMOB, IO
BHMAraroTh aBapiiHO-BiJHOBIIOBAJbHUX PEMOHTIB. B
TOMY 1 B iHIIOMY BHIaJKaX 3017IbIIYIOTHCS MaTepiaibHi
BTpaTH, IOB’sI3aHi 3 HEOOIPYHTOBAaHMMH BUTpaTaMH Ha
PEMOHT 1l Tpale3aTHOro oOJyiajHaHHs abo X 3 He-
TUIAHOBUMH BUTpAaTaMU Ha BiJHOBJICHHS ITiCJIS BiIIMOBH,
IO SIK HACKIJIOK, TPHU3BOAUTH JI0 3HMKEHHS OOEroTOB-
HOCTI TEXHIKH, B IILJIOMY.

Jlist BUpilIeHHs 3a3HAY€HOl MPOOJIEeMaTHKHA aBTO-
PH IIPOIIOHYIOTH CKOPUCTATHCSI METOIUKOIO KOPUTYBaH-
HSl TEPMIiHIB TEXHIYHOTO 00CITYTOBYBaHHS 00'€KTIB IpO-
TSATOM KHTTEBOTO IUKIY 00'€KTY 3 BUKOPUCTAHHSM iH-
¢dopmariii Ipo HaiHICTE HOTO OKPEMHX CKJIaJabHUX
OJIHUIIb Ta CUCTEM.

B OCHOBI METOIMKH JIOKHUTH 3aJIEKHICTH MIX iMO-
BipHiCTIO 0€3BiIMOBHOi pOOOTH 1 IHTEHCHBHICTIO Bij-
MOB.

IMOBipHICTh 3HaxOmKeHHs 00'€ekTa B mparesnart-
HOMY CTaHi Ha IUTAHOBaHMH 1HTEpBaJ HAIPAIfOBAHHS T,
OyneMo BH3HA4YaTH 32 (POPMYJIOI0 EKCIIOHEHI[IaJbHOIO
3aKOHY PO3MOIICHHS

T]+Ty
P(r]+rn)=exp - j?»(t)dt , (1)
0

Jle T, — HampaloBaHHS 00’€KTa JO MOMEHTY IpOBe-
JICHHSI OCTAHHBOT'O TEXHIYHOT'O 00CITyTrOBYBAHHS;

AMt) — IHTEHCHBHICTh BiJMOB.

IuTepBai yacy T, GakTHYHO BU3HAYAE TEPMIH Uep-
TOBOTO TEXHIYHOI'O OOCITYTOBYBaHHS, MPOBEIACHHS SKO-
ro 3a0e3neunTh 30epeKeHHs Mpale3laTHOrO CTaHy 00'-
€KTa 13 3aJ]aHOK0 HMOBIPHICTIO.

[{ro WMOBIpHICTh MO’KHA BHPA3UTH YEPE3 YMOBHY
HWMOBIpPHICTh 3HAXOIKCHHS 00’€KTa B IpaIe3qaTHOMY
CTaHi:

T,
2
P s :P(r]/rn):exp — le)de |’ &
T
1

ne P,,, — BU3Ha4YeHe (AMPEKTUBHE) 3HAYCHHS HMOBIp-
HOCTI 0€3BiIMOBHOI po0OTH 00'€KTa.
[Ticns norapumyBaHHS MaeMO

T,+Tn
InP, .=~ [A(t)dt . 3)
T/

SIKIIO UIAXOM CTATHCTUYHOI OOpPOOKHU pe3yibTa-
TiB KOHTPOJIO 32 0€3BiIMOBHICTIO 00’€KTiB OTPUMaHO
HOBE 3HAUCHHS IHTEHCHUBHOCTI BIIMOB A,,4(?) 1 € mijcra-
BH BB@J)KaTH, IO I1¢ HOBE 3HAUCHHS MPOTATOM IUIAHOBO-
IO HANPAITIOBAHHS T;; HE 3MIHHUTBCH A0, (1) = A, TO 3 OC-
TaHHBOT'O BUPA3y BUILUIUBAE

InP

3a0 A Tn- )

3BiaKku

1
T =——InP_ .. 5
n by 3a0 ®)
TakuM 4MHOM, TIpH BiZJIOMOMY 3aKOHI HaIiHHOCTI
00'ekTa Ta HASIBHOCTI JJUPEKTUBHOTO TEPMiHY TEXHIYHO-
ro obciyroByBaHHs (PeMOHTY) 7, MOXKHAa BH3HAYHUTU
9ac 4eproBoro peMOHTY 3a (HOopMyIIOL0

Tp
T = (j) P(t)dt, (6)

ne P(t) — fimoBipHiCTE 0e3BiIMOBHOI poOOTH 00'ekTa
[8].

AHaJi3 cepeIHHOr0 HANIPAIIOBAHHS HA BiAMOBY
OKpeMHX CKJIQJaJIBHUX OAWHHIB Ta CHCTEM 3pa3Ka
Tanka T-64b Ta kopuryBaHHs TepMiHiB 4eproporo
TO. CepenHe HapaitoBaHHSA Ha BiIMOBY CKJIaJaIbHUX
OIMHUIIG 3pa3ka TaHka T-64b, ski ekcruryaTyBamucs B
HaBYaIbHO-OOMOBIH Tpymi y Imepiox BiJl HOpPMaibHOI
eKCILTyaTallii 0 KaliTalbHOrO PEMOHTY HaBelEHi, B
Tadm. 1.

Ontumaneai  crpokn  TO — OkpeMHX — cuCTeM
T-64b, oOpaxoBaHi 3TiJHO 3aNPOIIOHOBAHOI METOIUKH
HaJaHi B Ta01. 2.
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Tabnuys 1 — Cepenne HAMPAIIOBAHHS HA BiAMOBY CKJIaJaILHUX OIMHUIB 3pa3ka Tanka T-64b

(S T P p— Cepemn_", HaNpaLioBaHHs Pecype Yac no KaHiTa.H?)HOFO
Ha BiIMoOBY 3a pik PeMOHTY, pik
Xonosa yactuna (XY) 3000 xm 7000 kM ~2,3
JIBuryn 230-285 ron. 500 rox. =2,0
IMymixa 60-80 mocrpinis 700 noctpinis ~6-7
Cra6irizarop 24 rop. 250 rogx. ~10-11
Tabnuya 2 — OntumanbHi ctpokn TO cucrem 3paska Tanky T-64B 10 kaniTaJbsHOro peMOHTY
HaiimenyBaHHs cucTeM 3pa3ka Tanka T-64b Tep, TOR A Q(Ty) Tp, TOR Ty, TOI
CVB 1100 0,0001 0,82 230 160
Ccy 400 0,0025 0,6 250 240
ECO 1500 0,00067 0,64 1700 600
TiX4 510 0,004 0,79 420 107
CIT 140 0,0071 0,74 400 89

CTaTUCTUYHOMY JOCII/DKCHHIO IiUIATald  TaKi
CHUCTEMU:

— cucremu ynpasiiaas BorHeM (CYB);

— cuosa ycraHoBka (CVY);

— enektpocrernoonaananns (ECO);

— TpaHcMicis 1 xomosa yactuHa (T 1 XY);

— cuctema noBitpeouncTku (CII).

IIpu pospaxyHkax Oyno 3poOJieHI NMPHUITYIIEHHS,
IO BCl BiIMOBU OYy/IM OZHOKPaTHUMH Ta BiAOyBaiucs
HE3aJIe)KHO OTHA BiJl OTHOI.

KpiM Toro, BBa)kanocs, 10 BiIMOBH, sIKi BUHUKA-
IOTh Y CHCTEMI 3pa3Ka TeXHIKHU, MPOSBIAIOTHCS MUTTEBO;
a TICIIs 3aKiHYCHHS OY/Ib-SIKOT'0 BUIY BiIHOBIIIOBAIBHUX
pOOIT MOYAaTKOBI BIACTUBOCTI 00’ €KTa MOBHICTIO BiJIHO-
BIIIOIOTHCS [9].

T,, = HOK (160,240,600,107,89) ~

~ HOK(160,240,600,100,80) = 2400.  (8)

3a3HaYyuMO MPO HEOOXIAHICTH OKPYIJIEHHS MpocC-
TUX YHUCEI JI0 CKJIAJIOBHX MPH MPOBEIECHHI PO3PaxyHKIB
JUIsS. OTPUMaHHS Pe3yJIbTaTiB, SIKi 3HAXOMATHCS B MeKax
peajbHUX 3Ha4YeHb. Pe3ynbTaTu JOCITIIHKEHHS MOXYTh
OyTH BUKOpHCTaHi JUls BUOY/ZIOBYBaHHS YacOBOI MPSMOI
KUTTEBOTO IUKITY 3pa3ka TaHka T-64b, puc. 2.

1.5%107°

PesynpTaT HOCHIIKEHHS MPOLTIOCTPOBaHi puc. 1.
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Puc. 1. Onrtumanshi repmini TO 3pa3ska ranka T-64b
JI0 KaIlliTaJIbHOTO PEMOHTY

[IpupoaHO BBaXKaTH, IO B TEPMIiHU BiJ IOYATKY
eKCIUTyaTallii 10 KamiTaJbHOrO PEMOHTY ONTHMAlIbHUMA
crpok TO 3paska TexHiku T*,, oOuHCIsA€TbCS K Haid-
MEHIIIEe CITiIbHe KpaTHe T*, KOKHOT HOro CHCTEMU

T, =HOK(Tm.). (7)
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Puc. 2. lllinbHicTb iiMOBipHOCTI Yacy
HaIpallOBaHHA [0 BIZIMOBHU BY3JIiB Ta CUCTEM 3pa3Ka
taHka T-64b y nepion HopMaJIbHOI eKCILTyaTalil
1— enexTpocrienobaiHaHHs; 2 — CHIIOBOi yCTaHOBKA;
3 — cucrema yrpaBJiHHS BOTHEM; 4 — TPaHCMICIsI Ta
XOJI0Ba YaCTHHA; 5 — CUCTEMa IIOBITPEOYHUCTKH

Sk BUAHO 13 pHCYHKa, HaWIMOBIpHIIIMI 30ir Bif-
MOB Tpunajgae Ha mepiox ekcruryatanii 3 520 go 800
roauH pobotH 3pa3ka TexHiku. Came 1ell mepiof] eKc-
TuTyaTarfii MpOMIOHYETHCSI BBAKATH ONTHMAIBHAM IS
npoBeneHHs TO.

3a mepioj eKcIuTyaTalli 3pa3ka TEXHIKH y Mepiox
Bil “O0KaTKW” 10 KaIiTaJbHOIO PEMOHTY IIIbHICT
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HWMOBIpHOCTI BiZIMOB BY3JiB Ta cucTeM 3paska T-64b
HPOLITIOCTPOBaHA PHUC. 3.
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Puc. 3. lllinbHicTh IMOBIPHOCTI BiZIMOB BY31IiB Ta CHCTEM
3pa3ka TaHka T-64b y nepiof ®UTTEBOro LUKITY:
1— enexrpocnenodnajHaHHs; 2— CUJI0BA YCTAHOBKA,;
3 — cucrema ynpaBiliHHA BOrHeM; 4— TPaHCMICisd Ta X0[0Ba
YaCTHHA; 5 — CUCTEMa IOBITPEOUUCTKH

3 puc. 3 BUIUIMBAE, IO Pi3HI BY3JIM arperata ta
cucremu Tanka T-64b MaioTh pizHe MareMaTHYHE OYi-
KYBaHHS 4Yacy HAIPaIlfOBaHHS JO BiIMOBH i, BiJIOBIJI-
HO, HIMOBipHICTH 0e3BiIMOBHOI pobotu. BpaxoByrouw,
110 HMOBIPHICTE 0€3BIIMOBHOI pOOOTH 00pPaxXOBYETHCS
BHPa30M

ne A(t) — IHTEHCHBHICTh BiJIMOB, MOJKHA BH3HAYUTH HE-
00XiZIHO-IOCTaTHIN Yac eKcIUTyaTalii TeXHIKH Mpu 3a-

JaHii HafiftHocTI P, (f) = P;aa JUTSL KOYKHOTO BY3JIiB Ta

cuctem 3paska T-64b.
Psa()

6no
BiIMOBiZIa€ 3HAYEHHIO yacy f,, =95 TOAUH.

Taxk, =0,95 g CUCTEeMH TMOBITPEOYHCTKU

3a3HaynMo, 110 HMOBIPHOCTI Yacy HaIlpallfoBaHHS
JI0 BIIMOBH BY3JIB Ta CHCTeM 3pa3ka TaHKa T-64b y
Mepiofl )KUTTEBOTO IUKIY JI0 KaliTAIFHOTO PEMOHTY €
BHUIIaJIKOBOI0 BEJIMYMHOIO, SKa ITiJKOpeHa 3aKoHy Beii-
Oyiia, Tpu HAOMMKEHHI HOr0 O E€KCIIOHEHIIaJbHOTO
3aKOHY y MepioJ] HOpMaJIbHOI eKCIUTyaTallii 1o Karmita-
JIHOTO PEMOHTY.

AHanoriydi po3paxyHKH OyJau MpPOBEIEHI JUIsl iH-
IIMX CUCTEeM TaHKa T-64b. Po30iKHOCTI po3paxyHKIB i3
JIAHUMH, HaBEJICHUMH Y TaOJ. 2 3HAXOJSThCS B MEXKax
5%.

BpaxoByroun, reoMeTpUYHHIA CMHUCT HMOBIpPHOCTI
0€3BiIMOBHOI POOOTH LIISXOM 3iCTABJICHHS PiBHOBEIIH-

KUX BEJINYUH P(fl-aa JUTSE KOXKHOT i-1 CHCTEMH TaHKY MO-
’KHA BU3HAYUTH onTtuManbHuil yac TO MammHu

*

_ 3a0 _ p3ad __ p3ad _ p3ad __ p3ad
Ty —afg{Pno ~ Feyp = Fey = FPgco = TXTJ}~ (10)

3a pe3yibTaTaMu
P =0,92..0,95, i=15

PO3paxyHKiB pu

OTpHUMAHO 3HA4YCHHA

T, 3’;,1 =260 rogTa T, ;;2 =800 rox poboTu. JlomiabHICTh

t
~[M@)dr MIPOBEACHHS y TaKi TEPMiHH XHUTTEBOTO LUKITY MAITHHH
P(t)=e © , (9) mpoimoctpoBani Ha prc. 3 mo3Haykoro (*) Ta puc. 4.
CcO | CcO | CcO | CcO | TOIl | CcO | CcO | CcO | (¢l0) | TO2 i1 TO
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 kM
CO | co | co | co | TO!1 | co | co | co Jco |T102 | BHATO .
2600 5200 KM g

Puc. 4. [Tukn TexHiuHUX 00cIyroByBaHb 3paska T-64b a) icHyrounii; 6) npononyemuit

3 puc. 4 BUAHO, IO 3araJIbHUN Yac eKCILTyaTarii
3paska T-64b 30inbmmBes Ha 3,94% 3a mepiox Bix mo-
YaTKy HOpMaJIbHOI ekcrutyaTamnii 70 TO-2.

UYac HampaitoBaHHS Ha BiIMOBY J0 KaliTaJIbHOTO
peMoOHTY 3pa3ka TaHka T-64b mpoTAroM >KHUTTEBOTO
LUKy TAKOX € BUIAJIKOBOIO BEIUYHHOIO, MiIKOPEHOO
3akoHy BeliOyia.

[TapaMeTpu 3aKOHY CBiT4aTh MPO HAOIMKEHICTH
Horo 10 HopMaibHOTO (pHC. 5). SIK BUIHO 3 PUCYHKY,
MaTeMaTH4He CHOMIBAHHA m,, > Myp; > Mypy [10, 11].

BucHoBku

1. TepMiH 4eproBoro TEXHIYHOr0 OOCITYTrOBYBaHHS
MOXe OyTH BU3HAYECHUI SIK IHTEpBaJl 4acy 3HAXOJDKEH-
Hs 00'eKTa B Mparie3IaTHOMY CTaHi i3 3aaHOI0 HMOBIp-
HICTIO.

2. ViMoBipHOCTi yacy HATIAIlFOBaHHS 0 BiAMOBH
BY3JIIB Ta CHCTeM 3pa3ka TaHka T-64b y nepiox >xutre-
BOrO HHUKIY JIO KaliTaIbHOTO PEMOHTY € BHUIIaIKOBOIO
BEIMYMHOIO, sKa IiJIKOpeHa 3aKkoHy BeliOymia, npu

HaOMKEHHI HOro /0 EKCIOHEHIIAIFHOTO 3aKOHY Yy
nepiosl HOPMAaJIbHOI eKCIUTyaTarii 0 CTapiHHS 1 Karli-
TaJBHOTO PEMOHTY.

1.540']

fitt)
RNty
[0

540

40 540

Puc. 5. Yac HanpairoBaHHs
Ha BIIMOBY JI0 KaIliTAJIbHOT'O PEMOHTY
3paska TaHka T-64b npoTsarom KHUTTEBOro MUKITY
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3. AHaniTHYHI 3aJ€KHOCTI MiXk IMOBIpHICTIO O€3-
BIIMOBHOI pPOOOTH 1 IHTCHCHBHICTIO BIiIMOB JalOTh
3MOTY BHW3HAYUTH ONTHMAJIbHI CTPOKH TEXHIYHOIO
00CIyroBYBaHHS CHCTEM 3pa3ka TaHky T-64b mo kami-
TAJIBHOTO PEMOHTY Ta HEOOXiJIHO-AOCTATHIN 4ac ekc-
IuTyaTanii MalliHy Tpy 3a1aHii HaJIHHOCTI.

4. BubynyBaHHs 4acoBOI MpPSIMOI KHUTTEBOTO IIH-
KITy 3pa3Ka TeXHiKU Ha OCcHOBI ontumizamii nukity TO i

P crnpusiTuMe miaTpUMaHHIO HA HOPMAaTHBHOMY PiBHI
MOKAa3HHUKIB EKCIUTyaTalliiHOl HaJIHHOCTI MPOTIroM
BCHOT'O MOT0 JKUTTEBOTO LUKITY 3 OJHOYACHHM CKOPO-
YEHHSIM MaTepiallbHUX, TPYAOBUX Ta (hIHAHCOBUX BH-
Tpart.

3a pe3ynbTaTH JOCHIJDKEHHS, 3aCTOCYBaHHS 3a-
MIPONIOHOBAHOI METOJHMKHU JIO3BOJIUTH 30UTBIIUTH 4Yac
0e3BiIMOBHOI poOOTH 3pa3ka TaHka T-64b Ha 3,9%.
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Building a time line for the tank t-64b sample lifecycle and determination
of the optimal periodicity of its maintenance

H. Makogon, S. Guba, S. Mashchenko, O. Horbov, O. Martynenko, I. Kovalev

Abstract. The subject matter of the article is the T-64B sample life cycle. The goal of the study is to determinate
the optimal maintenance period of the T-64B sample tank, its assembly units and systems. The tasks to be solved are: to
determine the reliability law and analytical dependencies between the probability of failure-free operation and the failure
rate of individual assembly units and T-64B tank systems; to analyze the average failure time of individual units and sys-
tems of T-64B tanks operated in the training-combat group during the period from normal operation to aging and overhaul;
to adjust the time of regular maintenance; to build a time line of the T-64B sample life cycle based on the optimization of
its maintenance and repair cycle. General scientific and special methods of scientific knowledge are used. The following
results are obtained. The statistics on the failure of the assembly units and systems of the T-64B tanks operated in the
training-combat group during the period from normal operation to aging and overhaul, were investigated. The proposed
maintenance cycle of the T-64B sample over its life cycle will increase the total life of the T-64B sample by 4% over the
period from the start of normal operation to the Maintenance -2. Conclusions. The term regular maintenance can be de-
fined as the time interval of the facility in working condition with a certain probability. The probabilities of time to failure
of units and systems of the T-64B sample tank during the life cycle to overhaul is a random variable that obeys the
Weibull law as it approaches exponential law during normal operation and aging and overhaul. Analytical dependencies
between the probability of failure-free operation and failure rate make it possible to determine the optimal time for main-
tenance of the T-64B tank sample systems before overhaul and need-sufficient time of operation of the machine at a given
reliability. Building a time line for the sample equipment lifecycle based on optimization of the maintenance and repair
cycle will help maintain sustainability performance throughout its life cycle while reducing material, labor, and financial
costs.

Keywords: maintenance and repair of armored weapons and equipment, the lifecycle of the sample equipment, the reli-
ability law.
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1 . o . o . . o . . o . . .
HanionanpHuii TEXHIYHUIN YHIBEPCUTET « XAPKIBCHKHUM MOMITEXHIYHUI IHCTUTYT», XapKiB, YKpaiHa
2 . o o . . . o
YKpalHCBKUH JepKaBHUH YHIBEPCUTET 3AJII3HUYHOIO TPAHCIIOPTY, XapKiB, Y KpaiHa

JIO IUTAHHSI BUBOPY EJIEKTPHYHOI TPAHCMICI.:I'
TA Il CUCTEMHU YINPABJIIHHA JJIAA CIIEINAJIBHOI KOJIICHOI MAIIMHAU

AnoTtanis. [IpeaMeroMm crarTi € ZOCHIIPKEHHS TPAHCMICIH 1 CHCTEM YIPaBIiHHS CHELiabHUX KONICHHX MAIlMH Ta iX
MOpiBHsUTBHUI aHaui3. [IpoBenena pobora mokasajia, IO OCHOBHUM THUIIOM TPaHCMICIi, sSIka 3aCTOCOBYETHCS B KOJIICHUX
MaIllFHaX CIIeIiaJbHOr0 IPU3HAUCHHS € TiipoMeXaHiyHa TPAHCMICIs, sIKa Ma€ psj mepesar. Aue, B TOH ke Jac, il mpura-
MaHHI neBHi Hepomikd. OCTaHHIM 4acoM HaMITHJIACS TEHJISHIISI IEPEXOoay 10 eJIeKTPOMEXaHiqHOI TpaHCMicil, sika repeBe-
pIIye TipOoMEXaHIYHy MO €KOHOMIYHOCTI, PeryJIIOBajJbHUM BJIACTHBOCTSM i KOMIIOHYBJIBHOIO THYYKICTIO. 3’SIBISIETHCS
MOXKJIMBICT B KO)KHOMY KOJIECI MaTH TSTOBHH €JIEKTPOIBUTYH (MOTOp-KoJieco). BUKoHaHO MOPIBHSHHS Pi3HUX BHKOHAHb
€JIEKTPOMEXaHIuHOI TpaHCMicii. 3 ypaxyBaHHSIM HasBHHX HAIPALIOBaHb 1 JOCBIZIOM €KCILUTyaTalii aCHHXPOHHUX TSTOBHX
JIBUTYHIB Ha PyXOMOMY CKJIai, 3p00JIeHO BUCHOBOK IPO HOro HaHOLIBII peanbHy 3aCTOCOBHICTh B TPAHCMICISIX KOMNiCHOT
MaruuHy. [ KOTicHOT MaIlMHY CHeiajIbHOTO IPU3HAYESHHS IPOIIOHYETHCS BUKOPUCTAHHS €JeKTPOMEXaHIYHOI TpaHCMICi
3 aCHHXPOHHHMMH TSTOBHMH JIBUT'YHAMH, MIKPOITPOLIECOPHOIO CHCTEMOIO YIIPABJIiHHS Ta HAKOTUYyBayeM eHeprii.

Kar4doBi ciaoBa: enekrpoMexaHiyHa TPAaHCMICis, CUCTEMa YIPaBIiHHS TPaHCMICIl, HAKOIMYyBay eHeprii.

Beryn

CyuacHi cneuianbHi koiicHi Mamuan (CKM) mo-
BUHHI HaJifHO NpamOBaTH TPH Pi3HUX JOPOXKHIX Ta
KJIIMaTUYHUX YMOBaX 1 BOJIOJITH BHUCOKHUMH Iapamer-
pamMu MaHeBpEHOCTi Ta eKoHomiuHocTi. [lpu 1pomy
BYEHI Ta KOHCTPYKTOPH HOCTIHHO BUPILIYIOTH HAYKOBO-
TEXHIYHI 3a/adi, SKi CIPsIMOBaHI Ha IIiJBUIICHHS TakK-
TUKO-TeXHIYHUX xapaktepucTuk CKM. Pimenns manux
3aa4 MOMJIUBE 33 PAXyHOK SIKICHOTO MOJIMIIEHHS
KOHCTPYKIIii €HEpreTUYHOI YCTAHOBKM 1 KOHCTPYKIIi
TpaHcmicii. Citii 3a3HaYUTH, 10, SIK [IPaBUIO, B JTaHHUH
yac Ha Bcix CKM 3acTocoByeThCsl TU3ENBHUN JABHUTYH,
SIKMH HaWOUTBII 3aJI0BOJIBHSE 32 CYKYITHICTIO PSIy BH-
MOT, TOMY OCTaHHIM 4acoMm MojepHizamiro CKM Bupo-
OJIIOTH 32 PaXYHOK PO3pOOKH TPAHCMICIH 3 HalKpaIu-
MU TapaMmeTpamH. TakuM 4YHHOM, HAayKOBO-TEXHIYHI
3aja4i JOCHI/PKEHHS Ta BJOCKOHAJICHHS KOHCTPYKIIH
tpancmiciit it CKM € akTyallbHUMM 1 B IaHHH 4ac.

Ananiz mgiteparypu. Tpancmicis cyqacaoi CKM
SIBIISIE COOO0 CYKYIHICTB BY3JIB, SIKi ITOB’SI3YIOTh KOJTi-
HYaCTUi BaJl JBUTyHA 3 BEAYYMMH KOJE€CAaMH MAallHHH
U TIepefadl IOTYXKHOCTI, 10 BUPOOISETHCS JBHUTY-
HOM, 1 pO3MOALNY I MiXK NMPOBIAHMMHU Konecamu. B me-
plIy 4epry BoHa ITOBHHHA 3a0e3redyBaTH BUCOKI TSIO-
BO-IIBUIKICHI Ta MaJMBO-€KOHOMIYHI XapaKTEPUCTHKH,
Bucokuii koeginienT kopucnoi nii (KK/I), minimansHi
rabapuTHi po3MipH 1 Bary, BHCOKY HAIiHHICTh B €KC-
IUTyaTanii, Majauid o0CsAT 0OCITyroBYBaHHS Ta PEMOHTO-
npuAaTHICTb [1]. Y 3B’S3Ky 3 1IMM BUEHHMHU 1 KOHCTPYK-
TOpaMu po3pOoOJIEHO, JOCIIIKEHO Ta BIPOBAKEHO Be-
JIUKY pI3HOMaHITHICTh KOHCTPYKIiH TpaHcMicii. [lpu
LOMY, JUTS 3a0€3MeUYCHHs ITiBUIIEHOI MPOXiTHOCTI Ta
MaHeBpeHocti Ha CKM BHpoBaKyIOTh TIUIBKU Ti KOHC-
TPYKIIi TpaHCMICIH, SKi pO3IAIOTh MOTIK MOTYXHOCTI Ha
Bci Kojieca. Takok YacTHHA THITIB TPaHCMIiCId HE M-
XOIATh 4Yepe3 IOTYXKHICTh AM3EIBHOIO [BUTYHA, IO
3actocoByeThest HAa CKM [2, 3].

OCHOBHUM THITOM TPaHCMICIi, SIKa 3aCTOCOBYEThCS
Ha KOJNICHHX MallWHAaX CIEI[iabHOrO MpPU3HAYECHHS, €
rinpomexaniuna (I'MT). OcraHHiM yacoM HamiTHIIACs

TEHJISHIIIS TIePeXO0Iy 10 eNEeKTPOMEXaHIYHOI TpaHCMicCiT
(EMT). BuOip tumy tpancmicii Ta ii cuCTeMH ynpas-
minas (CY) posrisiaaeTbes K pileHHs1 0aratogaxTop-
HOI 3a/1a4i, sSiKa BPaXOBYE MPU3HAYECHHS MAIIUHU, YMOBH
eKCIUTyaTallii, HeoOXiHi TSArOBi Ta raJlbMOBiI Xapakre-
PHUCTHKH, TOKa3HUKU HAAIHHOCTI, BUTpaTy NalldBa Ta
PA IHIIMX YHHHUKIB.

I'MT sBinsie co00I0 €MHUI arperar, KU CKiaaa-
€ThCS 3 Y3TO/DKYBAJIBHOI Tepesadi, TimporpaHcdopma-
TOpa, KOpoOKH nepenad 3 GpuKifHuMu Mydramu, ria-
POAMHAMIYHOTO TajibMa-yHoBiJIBHIOBAYa Ta BY3JIB Tij-
pasiiuHoi cucremu. CtpykrypHa cxema ['MT mist yo-
TUPUKOJIICHOI MAIllMHU 3 TIPUBOAOM Ha JIBa Kojieca Ha-
BelleHa Ha puc. 1 [4].
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Puc. 1. CrpykrypHa cxema IiipoMexaHiqHOl TpaHCMICii
3 IIPUBOJIOM Ha JIBa KoJleca

I'MT, y nopiBasuni 3 EMT, mMae mMeHmy merano-
MICTKICTh, BHUKIIIOYAE CIIOKMBAHHS KOJIbOPOBHX MeTa-
JIB, 110 BXOAATH A0 CKIIaAy TATOBHX T'€HepaTopiB i ene-
KTPOIABUTYHIB. Y TOW e 4ac, HeoOXimHICTh 3abe3re-
YEeHHSI BUCOKHX TSATOBHMX BJIACTUBOCTEH MAaIMHU BHMa-
rae YCTaHOBKY 3 TiIpOTpaHC(OpMaTOpOM JONATKOBOI
KopoOku mepenad. Cucrema yHpaBiliHHS IEpeMHKaH-
HAM Ta OJIOKYBaHHSM TiapoTpaHc(HOpMaTopa BKIIOYAE B
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ce0e BHKOHABYI Ta PETYIIOI0YI MEXaHI3MH TiIpOCUCTe-
MH Ta €IEeKTPOHHUH OJIOK YNpaBJIiHHS, SIKMHA B3aEMO-
OB’ SI3aHUH 3 €JIEKTPOHHUM OJIOKOM YIIPaBJIiHHS JBH-
ryHa (Iau3ens).

[Tpu 30inbIIeHH] HABAaHTA)KEHHSI HA MAIIUHY Pi3KO
samkyetbest KK rigporpancdopmaropa, Tomy niama-
30H EKOHOMIYHOI'O PEryJIIOBaHHS MOMEHTY Y TiApoTpa-
HcopMmaTopi BUSBISETHCS 3HAYHO HU)KYE HEOOX1THOTO.
KK]I MexaHiuHOT YaCTUHU TPaHCMIcCii BU3HAYAETHCS SIK

nM :nrMT +nnM’ (l)
1e My — KKI ITMT, 1, — KKJI nposiasoro mocra;
nnM = nonx > (2)

N, — KK/ romosnoi nepenadi, n, — KKJ| xomicHoi
nepeaui.

[Tpu 3abnokoBaHOMY riapotpanchopmaropi KK/
I'MT nigsumyerbes Ha 10-12%. I'MT y nopiBHsAHHI 3
EMT mae GinbII HU3BKHH pecypc 0 KaIiTaJbHOro pe-
MOHTY, III0 BEJE J0 3POCTaHHS 3araJlbHUX BUTPAT B IIe-
pion eKcInTyaTallii, OB’ sI3aHUi 3 OpPraHi3aIlier0 TeXHIU-
HOT'0 00CITYTOBYBaHHSI Ta PEMOHTOM BY3IIIB.

MeTo0 po6oTH € TPOBEICHHS MOPIBHSUIEHOTO
aHaJIi3y OCOOJIUBOCTEH TPaHCMICIH, IO 3aCTOCOBYIOTHCS
Ha CKM, a Takox IPOMO3HUIlS HOBOI'O PIIICHHS IS
PO3POOHHKIB TPAaHCMICIH, sSKa TO3BOJHUTH MOKPAIIUTH
xapakrepuctuku CKM BiTYM3HSIHOTO BUPOOHUIITBA.

OCHOBHA YaCcTHHA

EMT € camocTiiHUM HamnpsIMKOM Yy pO3BHUTKY
TpaHCMICIH I KOJICHHX MamuH. MOXIIMBI KiJTbKa
BapiaHTIiB BHKOHaHHA cxeM EMT: 3 reHepaTopom mo-
CTiiHOTO CcTpyMy Ta TAroBuMu asurynamu (T[I) mo-
CTIHHOTO CTPYMY, 3 TEHEPAaTOPOM 3MIHHOTO CTPyMY,
BumpsmisiaeM T1a TJI MOCTIHHOTO CTpyMy, 3 TeHepaTo-
poM 3miHHOTO cTpymMy Ta T/l 3MiHHOTO CTpyMYy.

I'eHepaTop MOCTIHHOTO CTpyMy MOXXe OyTH BHUKO-
HaHUH JOCHTh KOMIIAKTHO IIPH BUKOPHCTAaHHI CBEpXMa-
THITIB, OIHaK, IIbOMY BapiaHTy BHKOHAaHHs IeHepaTopa
BJIACTHBI HACTYITHI HEJIONIKH:

— Y CBOEMY CKJIaJli CBEpXMArHiTH MaroTh piiKo3e-
MeIbHI eJIeMeHTH (camapiii, kobanbT Ta iH.), Touka Kio-
pl y SIKMX MOXeE JIeXKaThH B pOOOUOMY Jiana3oHi HU3bKUX
TEeMIIepaTyp, TOOTO MOXIIMBA BTpaTa MarHiTHHX Biac-
TUBOCTEH 1 reHepaTop He BHKOHYBaTUME CBOi (DYHKIII.
Kpim Toro, cBepxMarHiTi BUKOHYIOTHCS Ha OCHOBI Me-
TaJIOKepaMiK{ Ta HECTiHKi 10 yAapiB i BiOpauili, mpucy-
THIf TakoX e(peKT «MarHiTHOrO CTapiHHS» Ta 3MiHH
Mar”iTHux BiactuBoctedt Bix 1% mo 10% B pik. Tomy
npu crBoperHi EMT nepeBara BijnaeTbcs reHepaTopam
3MIHHOTO CTPYMY, sIKi OLITBII HAAiWHI B eKCILTyaTarii Ta
MpOCTi B 0OCITyrOBYBaHHI.

CY EMT mnoBuHHa 3a0e3nievyBaTH MMOBHE BHKOPHC-
TaHHs MOTYXXHOCTI JM3eNsl B YChbOMY IHTEpBaJl IBHAKO-
CTel pyXy MAIllHH NP Pi3HUX HaBaHTaXEHHSX (puc. 2)
[5]. 3 miero meroro CV ausens ta EMT MaroTh CHiibHHIA
perynsaTop (MexaHiuHHMA a00 eleKTpoHHMIT). HanOibImo-
My KK]I Bimmosizae o0nacTs peKUMiB poOOTH, OOMEKeHa
KpuBOIO 1, KpuBi 2, 3 Ta iHIII € JIIHISIMU TTOCTYTIOBOT'O 3Me-
umenns KKJI. Pearnizanis neskoi 4acTKoBOi eeKTHBHOL
MOTYXHOCTI Pe MOXJIMBA TPH PI3HUX KYTOBHX ILBHIKO-

CTSIX, HAINPUKJIaA TIPH /] Ta M, 33 PaxyHOK BiIIOBITHOL
3MIHM T07ayi manuBa. BHACTimOK Toro, 1mo Touka A je-
JKUTh Ha JIiHIT Obimoro 3HayeHus KKJI, pobora ausens
TIPH KYTOBI# IIBUAKOCTI 71, OLIBII €KOHOMIYHA.

PZ -~
PZHOM_
Pe]

e

~

7

NN

| | | i
n My Ngom n

Puc. 2. 3anexnicts notyxHocti qusens (Pe) Bix KyroBoi
HIBHAKOCTI (1) mpu mocTiiHux 3HaueHHsx KKJ|

Touku A, B Ta iHII, B AKAX TOPU3OHTAIBHI JIiHIT €
JIOTUYHHUMH JI0 JIiHiH 1-5, BIJNOBIAIOTH peXUMaM Haii-
OLIBIIOT E€KOHOMIYHOCTI, TOMY IO 3MiHa KYyTOBOI
IIBUIKOCTI B OOWIBI CTOPOHHU BiJ KOXKHOI TOYKH TpPHU-
3BoauTh 1o 3HmwkeHHs KKJI. Tomy minis AB, sika
3’€¢Hy€E Il TOYKH, € JIHI€I0 HAHOUIBII EKOHOMIYHHX
pexxumiB poboru auzens. Takoxx EMT moBunHa Biaro-
BiJaTH TaKUM BUMOTaMm: 3a0e3leuyBaTH MaKCHMAaJbHE
TSATOBE 3yCWUIS MPH PYIIaHHI 3 MICISl Ta PO3TOHI, 3a-
Oe3revyBaTH MaKCUMAaIIbHY HIBUAKICTh MAITHHH.

TsroBa xapakTeprCTHKa MAallMHU JUIsi MaKCHMa-
JILHOT TIOTY»KHOCTI TU3es MoKa3aHa Ha puc. 3 [4].

F A

FIHGX‘

»
»

VoV

Puc. 3. Tsroa xapakTepucTHKa KONiCHOI MaIlIMHU
(Faxs Pmaxs Vinax — MAKCUMaITbHI 3HAYCHHSI TSTH,
TIOTY)KHOCTI Ta IIBHAKOCTI BiJIIOBiTHO)

OcHoBHuMHu miepeBaraMu EMT y mopiBHsHHI 3
I'MT e: maBHiCTh XOAy 1 BiZICYTHICTH PHBKIB MallliHU
NpY TIEpEMUKaHHI Tiepead, eJIeKTpUYHe TajlbMyBaHHS 3
MiHIMQJIbHUM 3HOCOM JIETAJICH, IMPOCTOTa B OOCIYrOBY-
BaHHI Ta MOXJIMBICTH J[IarHOCTYBaHHS KOMIUIEKTYIOUHX
BUpOOIB B IpoILIECi eKCIUTyaTallii, eKoJI0riyHa YNCTOTa, He
MOTPiOHI CHeIialibHI CXOBHINA I BIAIPaIOBaHsb [6, 7].

EMT no3Bosnse 3abe3mneuyBaTi poOOTY MAIIUHA 32
CXEMOIO «EJEeKTpUYHOro nudepeHiiata», B SKid BUKO-
HYETHCSl IPUMYCOBA PIiBHICTH CTpYyMIB (/) Ta MOMEHTIB
(M) T/1, mo nokpaiiye KepoBaHiCTh MAIIHU B PEXUMI
MTOBOPOTIB, 3MEHIIIYE 3HOC MIMH 1 miaBuIIye pecypc T/I.
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s cucremun EMT 3 1BomMa 0OMOTOpeHUMH KoJTe-
camu 3 T]] mocTiiiHOTO CTPYMY Iisl 3a/1a4a BHPILIYETHCS
LIUISIXOM X TOCHiIoBHOTO 3’ €qHanHs (puc. 4) [4], ne

M]EMzz(D'l, (3)

e ®=/7-0, ® — marnitamii morik TJ, ® — Kiib-
KIiCTh BUTKIB 0OMOTKH 30ymkenns, [ — ctpym T/I.

— - m;"‘r ]
—TﬂllPJ

Puc. 4. Crpyxrypna cxema EMT nocriiiHoro crpymy:
CI" — cunxpoHHuit rereparop, B — Bunpsmsy, 11 — mada 3
eJISKTpoanaparaMy Ta CHCTEMOIO YIIpaBIliHHs, P — rainsmMoBi

pesucropy, TJ] — TAroBi ABUI'YHH IOCTIHHOIO CTPyMY

T2

Jis MammHU 3 OUTBIIMM YHCIIOM OOMOTOPEHHX
KOJIIC I1i TIUTaHHS TOBUHHI BUPILITYBATUCS CIIEI[IaJIbHOO
CY EMT. EMT Ha 3MiHHOMY CTpyMi IPE/ICTaBIISIE MO-
XKIIUBICTh BUKOpHCTaHHs Oe3konekropHux T/, BuOGIp
HaMKpamoro BapiaHTy NOCUTh CKiIajgHe 3aBaaHHsA. J[o
YyciIa HAWOUTBII BiJIOMHX, IO 3aCTOCOBYIOTBCS, Bapia-
HTiB TJ] MOJKHA BiJIHECTH: aCHHXPOHHHWH, CHHXPOHHUH,
IHAYKTOpHHH, BeHTWIbHUH. KoXeH 3 HUX Mae cBOI Ie-
peBaru Ta Hemodiku [6]. OXHUMHU 3 TEPCIEKTUBHUX €
BEHTWJIbHI JABHT'YHH, SIKi MarOTh XOpOLIi TATOBI Xapak-
tepuctuky, Bucokuit KKJI i mpuiiHsaTHI Maco-rabapurHi
nokazHukH. Cucrema 30yIKeHHS! BUKOHYETHCS 3 BHKO-
pPHUCTaHHSIM CWJIBHHX MAarHiTiB, MarHiTONPOBIJ poTopa i
cTaTopa — 3 MIMXTOBAHOI €JIEKTPOTEeXHIYHOI cTami. JKus-
nenHst TJ] 37iHCHIOETBCS Bil BHIIPSAMIICEHOI HANpyru
reHeparopa uepe3 aBTOHOMHI 1HBEPTOPU CTPYMY, MOXK-
JIMBE 3aCTOCYBaHHS PiJMHHOTO OXOJOKEHHs. Bukopu-
CTaHHS MOCTIMHUX MATHITIB MiABHIIYe TOKa3HUKH T[],
MpoTe 3HWXKYE iX HAAIIHICTD B eKCILTyaTallii.

[HnykTopuuit (BenTHIbHO-iHAYKTOpHUHA TI) Mae
MPOCTY KOHCTPYKIIIO, & 3HAYUTh 1 BHCOKY HaJiHHICTh
[8]. B Toii ke yac CTBOprO€ MpoOJIeMH i3 3a0e3MeCUcH-
HSIM TATOBOI XapaKTEPUCTUKH B 30HI MaJIUX IIBHIKO-
cTel 1 peani3ali€ro eNeKTPHYHOr0 rajbMa.

CHHXpOHHMH JBUTYH BUpIIIYE IIi MpoOiieMu, aie
Ma€e B CBOEMY CKJIaJli KOB3HHMH KOHTAKT, SIKMH 30LIbIIyeE
rabaputu i Macy TJl. 3 ypaxyBaHHSM HasiBHUX Harpa-
LIOBaHb Ta JOCBIJIOM €KCIUTyaTtallii acHHXpoHHUX T/] Ha
pyxoMomy ckiafi [4, 7], MokHa 3pOOWTH BUCHOBOK PO
Horo HaiOuIbI peanbHy 3actocoBHicTh B EMT cremja-
npHOI KomicHOT Mammau. EMT BKIIOYae CHHXPOHHUIMA
reHeparop, acuHXpoHHI TJ[ 3 KOPOTKO3aMKHEHHM pPOTO-
pOM, BHUIpPSMIISY, aBTOHOMHHWH I1HBEPTOp HAIpyrd Ta
MIKpOIIPOLIECOPHY cucTeMy ynpasiinHsi. Cxema 3a0e3-
Trevye MycK JABHUT'YHA BiJl CHHXpOHHOTO reneparopa EMT:
31 CXeMH BHUKIIIOYAE€ThCS MPHBIJ CTapTep-reHepaTopa,
SIKMH CKJIaJIa€Thes 3 TiApoMyTH 1 ppuKiiHol MydTH, a
TakoXX caM craprep-rereparop. Ha puc. 5 nmokazano: CI'
— cuHXpoHHHU# reneparop, Al1-Al8 — aBToHOMHI iHBEp-
topu HanpyrH, TJ[1-T/I8 — TsTroBi acCHHXPOHHI JBUTYHH,
HE — makommmuysau eneprii, CY EMT — mikpomnporiecop-
Ha cucteMa ynpariinast EMT, U, f; — Hanpyra Ta 4acro-
ta Hanpyru CI', Uy, I; — BUNIpSAMJIEHa HaIlpyra Ta CTpyM,
Ui...Ug, fi...fg — HamIpyTH Ta 4acToTH sxuBjeHHs T/

; U, = var,
Uy Yarla -
Ttusers || €T » B An =Yl o
? : L)
P/l E — P
— [y
EMT
— HE
I
L
| Uy = var,
|‘: atg =yl g

Puc. 5. EnexrpomexaHiuHa TpaHCMICist SMIHHOTO CTPyMY

Enextpuuni mammuu: renepatop ta Tl MOXYTH
OyTH BHKOHaHI 3 PiIMHHUM OXoJopKeHHsM. T/] po3mi-
LIyeThcs Oe3rnocepeiHb0 B KOJNECI MaldHu (MOTOp-
koneco). Tlonepenne ompamtoBanuss EMT mns crerria-
JBHOT MAIlMHU 3 TOTYXHICTIO JBHUI'YHa Onu3pko 600
K.C. Tokasaio, mo maca EMT Oyne menme Ha 250 kr B
nopiBHsiHHA 3 [MT, 1m0 gae MOXJIHUBicTh O€3 301JIbIICH-
HS Bark MalllMHYA BBECTH B CXEMY TPaHCMICil HAKOIN1Y-
Bay eneprii (HE). HE moxe npairoBati sik 107aTKOBe
JOKEpEeNIo Ta JO03BOJUTH BUKOPHUCTOBYBATH MOBTOPHO
€Heprito TanbMyBaHHA. SIK TNpHKIax HaBEeJEHO [aHi
€JIEKTPOXIMIYHOIO KOHACHCATOpa, 3O0BHIIIHIA BHIJISA
SIKOTO TIPUBENIEHO Ha puc. 6: Hanpyra U = 45 B, emHicTh
C =400 @, P, =48 xBt, maca G =40 kr, Temnepary-
pHuit miamazon pobotu -500°C...+600°C, Tepmin ciyx-
6u — Oinbie 15 pokiB 06e3 00CITyroByBaHHS.

Puc. 6. 30BHIIIHII BUTIIST KOHIEHCATOPHOTO MOTYJISt

EMT creniansHOI KOJICHOI MAlllMHU ITIOBUHHA Bij-
TIOBIIaTH KOPCTKUM BHMOT'aM YIIPaBIiHHS MOMEHTOM SIK
B CTAaTUYHHX TaK 1 B IMHAMIYHUX peXHUMax. Y 3B’S3KY 3
UM, HalOLTbII npuitHATHUM THIIoM CVY € cucrema mpsi-
Moro ynpagiiHas MomenTom 1o turry DTC [9, 10].

CTpyKTypa CHCTEMH NPSIMOTO YIPaBIiHHSI MOMEH-
tom T]l HaBeneHa Ha puc. 7.

BenuyuHa MomeHmy

= Obyncniosay
TUHLHE NOMOKGIYENneHHs
noTokos4en-
Kym momoio- | neHHA Ta
3aadans ; SHEMNERAA MOMEHTY
ROMOKD- A Perynatop i
TR Ll notoko- |
IYENNeHHs
OBupay
3aadanHs y CTaHy
MOMEHTTY 4 L Perynatop
—{ > — -
MOMEHTY
InsepTop o | Taroewi
ABUIYH

Puc. 7. Crpykrypa cucTeMH IPsIMOTO YIIPaBIIiHHSI MOMEHTOM
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[udposa peanizauis cucremu ympasiinai EMT
KOJICHOT MAIIMHU CIEIialbHOTO MPH3HAYCHHS MOTpe-
Oye Bij oO4MCIIOBaYa BUCOKOI MPOXYKTUBHOCTI. Binb-
micts CY npUBOaMU MPOBIAHUX 3aXiTHUX (ipM BHKO-
HYIOTBCS Ha TIporiecopax mu)poBOoro oOpOOJICHHS CHr-
nainiB (DigitalSignalProcessor, DSP). Ha punky € cre-
miamizoBani  Mmikporpouecopu — DSP,  Hanpuxian
ADMC300 ¢ipmu AnalogDevices, TMS320C(F)240
¢ipmu  TexasInstruments, 180196MC ¢ipmu Intel,
MC68HC908MR24 ¢ipmu Motorola [11, 12].

BukopucTaHHsS HaBeICHUX MiKpPOIPOIECOPHHX 3a-
co0iB ympaBiiHHS 3a0€3MeUNUTh peaizalilo ajJropuTMiB
MPAKTHYHO OY/b-SIKOT CKIATHOCTI Y peaJbHOMY MACIII-
Tabi yacy, 110 JO3BOJUTh peali3yBaTd 3ajaHi TEXHIYHI
xapakrepuctuku Mamumau. OuikyBanuii KKJ[ EMT,
SIKMH BUKOHAHO I10 cXeMi Ha puc. 5 — He Hikue 0,8.

BucHoBku

VY poboTi HaBeEHO aHaI3 PI3HUX THIIB TPAHCMICIH
JUTSL CTICIHAbHAX KOMICHUX MamiuH. OCHOBHHM THIIOM
TpaHCMICIH € TigpoMexaHiuHa, sKa MpEeICTaBIsie OO0
€JIMHUNA arperaT, KU BKIIIOYAE MOTO/KYBaJbHY IMepe-
Jady, riapoTpaHchopMaTop, KOpoOKy mepeaad, IiIpoIu-
HaMiYHe TaJIbMO Ta BY3JIM TiIPaBIivHOI CHCTEMH.

lNapomexaniuna TpaHcMicist 3a0e3reuye HeoOXiqHi
BUMOTH PyXy MallHHH, Ma€ MEHIIIy METAIOEMHICTb, BiJI-
CYTHICTh KOJILOPOBHX MeTaniB. Y Toif ke uac, [MT mae
pAA HemoOMiKiB, TakuxX sk HU3bKUi KKJI npu BKIFOUEHO-
My TigporpaHcopMaTopi Ta CKJIaJHOCTI HpH ii KOMIIO-
HyBaHHI B 00cs131 MamuHu. OCTaHHIM 4acoM HaMiTHIIACS
teHaeHis nepexoay 1o EMT. Bubip tunmry EMT e Gara-
TO(AKTOPHOIO 3a/auer0, PIIICHHS SKOI 3aJCKHUTh Bij
NpU3HAYEeHHs] MAllMHK, YMOB EKCITyaTalii, HaJii{HOCTI,
€KOHOMIYHOCTI Ta psiy 1HIIMX YMHHHKIB. [lopiBHIOBaNH-
cs1 pi3Hi BapiaHTi BukoHaHHs EMT. 3 ypaxyBaHHsIM Ha-
SIBHUX HAIpalfoBaHb Ta JIOCBIJIOM EKCILTyaTallii acHHX-
ponnux T/ Ha pyxomMomy ckiaji, HAaHOLIBII peasbHOIO
Bupaetbcs EMT 3MIHHOTO CTpyMy 3 TSATOBHM CHHXPO-
HHHUM T'€HEpaTOpOM, BHUIIPSIMIITYEM, IHBEPTOPOM HaIIpy-
", acHHXpoHHMMH T/] 3 KOPOTKO3aMKHEHHM POTOPOM Ta
Mikporporecoproro CY npsiMoro KepyBaHHS MOMEHTOM.
TJ] moxytb OaTb BOynoBaHi B kosieco; EMT BUKOHYETB-
csl 3 PIAMHHUM OXOJIODKEHHSIM, JTO03BOJISIE 3IIHCHIOBATH
MyCK JU3elsl BiX reHepaTopa (31 CXeMH BHUKIHOYAETHCS
cTapTep 3 CHCTEMOIO TIPUBOY). 3HIDKEHHS MacH BCTaHO-
BJICHOTO OOJIaJIHAHHS JJa€ MOXKJIMBICTh 3acTocyBanHs HE
JUTSE MOYKJTABOTO BUKOPHMCTAaHHSI BTOPHUHHOI €HEepriil rajb-
myBaHH. KKJ[ EMT cknane He memie 0,8.
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To the issue of electrical transmission selection and its control system for a special wheel machine
V. Noskov, V. Blyndiuk, M. Mezentsev, H. Heiko

Abstract. The subject of the article is the study of transmissions and control systems of special wheeled vehicles and a
comparative analysis of them. The work showed that the main type of transmission, which is used in wheeled special vehicles, is
a hydromechanical transmission, which has several advantages. But, at the same time, it has certain disadvantages. Recently,
there has been a trend towards a transition to electromechanical transmission, which is superior to hydromechanical transmission
in terms of efficiency, adjusting properties and layout flexibility. There is an opportunity in each wheel to have a traction motor
(motor-wheel). Comparison of various versions of the electromechanical transmission completed. Taking into account the exist-
ing developments and experience in operating asynchronous traction motors on rolling stock, it is concluded that it is most prac-
ticable in transmissions of a wheeled vehicle. For a special purpose wheeled vehicle, the use of an electromechanical transmis-
sion with asynchronous traction motors, a microprocessor control system and an energy storage device is proposed.

Keywords: electromechanical transmission, transmission control system, energy storage.
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METO/ TA MOJIEJII BUBOPY IPA€KTOPIT PYXY HIAITPUEMCTBA,
1O PO3BUBAE€THCHA 1O HAUBJINKYOI HIJII PE©OOPMYBAHHA

AnoTtanis. [IpeqveTom mociipKeHHs B IyOJiKawii € mpomec MoepHi3amii mamprueMCTBa, [0 PO3BUBAETHCSI B YMOBaX
00MEKEHHX MOXKIMBOCTEH (BUTpAT, CTPOKIB, PU3HKIB). MeToro poOoTH € po3poOka METOJIIB Ta MOAEJICH, CIPSIMOBaHUX Ha
JIOCHI/DKEHHS JOCATHEHHS HalOIIKUMX Linel pedopMyBaHHs mignpueMcTBa. B cTaTTi BUPILIyIOTBCS HACTYNHI 3ajadi:
aHaJI3YIOTBCS Ul PO3BUTKY MiANPHEMCTBA Ta POOMTHCS BUCHOBOK BiTHOCHO PEANIiICTHYHOCTI JOCSTHEHHS HaHOIMKINX
LiJIeH, SIKi BOJIOAIIOTH MiHIMAJIBHUM PU3HKOM B YMOBaX OOMEKEHHX MOXIMBOCTEH MianpremMcrBa. PopMyeThCs TPaeKTOPis
PYXY 10 HAHOIMKYOI 1ii, SIKa CKIaJaeThesl 3 KPOKIB, OB’ A3aHUX 3 OOMEKEHUMH MOXIMBOCTSMU Hignpuemcra. Koxkauii
BUKOHAHUH KPOK IIOB'I3aHUI 3 BUOOPOM OZHOIO 3 MOXJIMBHUX HANPAMIB PyXy 10 HalOMDKYOI LI Ta OLIHKOK BUTpAT,
CTPOKIB Ta PU3UKIB JUI HOBOI'O KPOKY. ITepaTUBHUIA MOKPOKOBHI MPOLIEC 3aKiHUYIOThCS JOCATHEHHAM HaHOIMDKJOl iy
3arnporoHoBaHi TOKa3HUKH Ta (PaKTOPH, OB’ sI3aHHI 13 JOCATHEHHSIM HaWOIIKJOT 1iTi. PO3TIIsIHYTO 1BI MOCTAaHOBKHM 3a/1a4i
JUISL ONITHMI3aLii BUTPAT, CTPOKIB Ta pU3MKiB. [lepia nocraHoBKa 3aadi, OB’ s3aHa 3 sIKICHUM IIPEJICTABICHHIM 3Ha4€Hb
MOKA3HUKIB Ta (akTopiB. 3aIpONOHOBAHO METOA JIEKCUKOrpa)idHOr0 BIOPAAKOBYBAaHHS «CIIBY», AKi CKIAJAIOThCA 3 JIHT-
BiHICTUYHHX 3MiHHHX. [1I151XOM BIIOPSIIKYBaHHS «CIiBY», 31IHCHIOETHCS BUOIp BapiaHTy 3aX0fiB peopMyBaHHS 3 ONTHMA-
JIbHUMH 3HaYEHHSAMH [OKa3HUKIB. J[JIst Ipyroi OCTaHOBKY Ta pillIeHHs ONTUMI3aLiiHOI 3a/1a4i BUKOPUCTAHO METOJ Ha OC-
HOBI KiJIbKICHUX OLIIHOK 3 3aJIydeHHAM OyneBux 3MiHHUX. [IpoBOIUTBCS OnTHMI3aLls OKpeMUX (JIOKJIbHUX) IIOKA3HUKIB, a
TaKOXX KOMIIPOMiCHA ONTHUMi3allisi B yMOBax MPOTHPIYYsl HOKA3HUKIB. 3alIPOIIOHOBAHO METOJ JUISl OLiHFOBAHHS BasJIMBOCTI
MOKA3HUKIB y BUIAJIKY CYNEPEWIMBUX IIPE/ICTABIEHb EKCIIEPTaMK BEJIMKOI OYaTKOBOI HEBU3HAYEHOCTI. B MeToni Bukopu-
CTOBYETBCS BEJIMYMHA PO3KUJY OLIHOK IOKA3HUKIB JUIS PI3HUX BapiaHTiB 3aXO[iB, IO MPOBOIATECS BiJHOCHO pedopMy-
BaHH MiANpueMcTBa. B pobOTi BUKOPHUCTaHI HACTYIHI METOIM: CUCTEMHMI aHai3 Ul IIPECTaBICHHS CTpaTeriii Ta Tpae-
KTOpiil pyXy 10 HaHOIMKYOI il pe)OpMyBaHHS; IIOCHIZOBHI METOIM ONTHMIi3alii, 3aCHOBaHI Ha iTepaliiHOMYy Hpoleci
PYXy 20 LiJli; METOJ SIKICHOrO OLIiHIOBaHHS BapiaHTIB 3a JOIOMOTIOO JIIHTBIHICTHYHUX 3MiHHHUX Ta JICKCHKOrpadiuHOro
BIIOPSIIKYBaHHSI BapiaHTIB; METOJ IIJIOUMCENBHOI ONTHMI3alii Ta iIOYHCEILHOr0 BUOOPY BapiaHTIB pedopmyBaHHS; Me-
TOJ, OLIHKM BaXKIIMBOCT] MOKA3HMKIB, 3aCHOBAHUI Ha BEJIMYiHI PO3KUIY 3Ha4YEHb ITOKA3HUKIB IUIsI MHOKHHH JIOCIIJDKYyBa-
HHX BapiaHTiB 3aXO0/iB, 0B’ A3aHUX 3 pe()OpPMyBaHHIM BUPOOHHULTBA; METO/ OaraToKpuTepiabHOI ONTUMI3aLii [UIs rory-
Ky KOMIIPOMICHOTO pillleHHs IIp1 BUOOp1 BapiaHTy pedopMyBaHHs IianpueMcrBa. bynu orpuMani HacTynHI pe3yiabTaTu:
00IPYHTOBAHO TPAEKTOPIIO PYXY 0 HaHOIMKUOI Lii pe)opMyBaHHs MiANPUEMCTBA Y BUIIISAAL iTepaliifHOro mpouecy J10-
CSICHEHHsI 11UJ1i; TPEACTaBJICH] MOKAa3HUKHM Ta (AaKTOpH, sIKi BIUIMBAIOTh HA JOCSHKHICTH HaHONMK4OI 1idi pedopMyBaHHS
IINPUEMCTBA B YMOBaX 0OMEXKEHUX MOMIIMBOCTEH; 3aIIPOIOHOBAHO METO] SIKICHOI'O OLIHIOBAaHHS Ta ONTHUMi3allil OCHOB-
HHX IOKa3HUKIB MiJIIPUEMCTBA, IO PO3BUBAETHCS; MIPEJICTABICHO ONTHMIi3aLiiiHy Mozelb Ul BUOOpY Hailminmoro Bapia-
HTY 3aXOJIiB, IO IPOBOAMINCH BiTHOCHO pe)opMyBaHHs, 3aCHOBAHHX Ha IIJIOUMCENbHIN onTUMi3aLii 3a Jornomororo Oyse-
BUX 3MIHHHUX; 3aIlPOIIOHOBAHO METOJ Ul BHOOPY «Baru» (3HaUMMOCTI) IOKa3HUKIB, 3aCHOBAHMH Ha BEJIUYMHI PO3KHUAY
OLIIHOK TOKa3HUKIB HA MHOXHHI MOMJIMBUX 3aXOAiB 11010 pedopMyBaHHS BUPOOHMIITBA; 3alIPOIIOHOBAHA ONTUMIi3alliiiHa
MOZIeNb 1711 BUOOPY KOMIIPOMICHOT'O PIllIEHHS 3 YPaxyBaHHSIM OTPUMAaHMX 3HAUCHb «BAaI'» OKPEMUX ITOKa3HHKIB

Kar4dosi ciaoBa: Tpaekropis pyxy 110 HalHOJIMKJOI L MiANPUEMCTBA, 1110 PO3BUBAETHCS; BUOIP palliOHAIbHUX Bapia-
HTIB 3aXO0/iB, 1110 IPOBOAMINCE BiIHOCHO pe(hOpMyBaHHS; SAKiCHI Ta KUIbKICHI OLIIHKH IIOKa3HUKIB Ta (h)aKTOpiB B ONTHMIi3a-
1ii; nexcuxorpadiyHe BHOPSIKYBAaHHS BapiaHTiB; BU3HAUYCHHsS 3HAYUMOCTI ITOKA3HUKIB 32 JIOIIOMOIO0 BEIUYMH PO3KHUAY
OL[IHOK ITOKA3HMKIB; NOLITYK KOMIIPOMICHHX DIIlICHb.

rHeHHs 1im [7-9]. Hanpukian, HaiiOmmkda iab Imij-

Beryn
y HpI/IGMCTBa HPEI[CTaBJ'IHG HOKpaH_[eHHH KOHKypeHTOCH-

I'mobanizauis Ta TypOyJIEHTHICTH EKOHOMIYHHX
MIPOLIECIB IMpUBeNa 10 HEOOXiTHOCTI TUIaHYBaHHS IPO-
LIeciB B YMOBaX KOPOTKOCTPOKOBOI MepcrieKTusy [1, 2,
3]. Jlunamika 3MiHM BHMOT, BEJIMKA HEBH3HAUCHICThH TEC
Herepen0adyBaHiCTh PUHKIB 30yTy BHCOKOTEXHOJIOTTY-
HOI MPOJIYKIIi BUMAararoTh NEPEryisily CTpaTerii BHUKO-
pHCTaHHS TOBFOCTPOKOBHX IIPOTHO3IB, SIKI MalOTh BEJH-
Ki pU3HMKUA HEBUKOHAHHS Ta 0€33MICTOBHI BUTpaTH [4, 5,
6]. Tomy akTyajpHa TeMa 3alpOIOHOBAHOI MMyOJIiKaIlii,
B SIKIif po3riismaeTbes npodiaeMa GopMyBaHHS Ta peati-
3amil HAHOMKYKX 1ijel peopMyBaHHS MiANIPUEMCTBA
B YMOBax JAWHAMIYHUX 3MIH BUMOT PHHKY Ta OOMexe-
HUX MOXKJIMBOCTEH ITiIIPHEMCTBA.

1. [TocTaHOBKA 3aBAAHHA JOCTIIKEHHA

Pyx mignpuemcTBa 10 HaMideHOT HAMOIMKYOT iy
MOXKHa TPEACTaBUTH Y BHUIIIAAL JESIKOI TPAEKTOpii y
MIPOCTOPI OCHOBHHX (haKTOpIB, sIKi BILUIMBAIOTH Ha JIOCS-

pomokHocTi [10-12]. TToka3HukaMu Ta (haKkTOpaMH, SIKi
BIUTMBAIOTh Ha JOCATHEHHS ITTI € SIKICTh (MPOAYKIIi Ta
MpOLIECiB  BUPOOHMIITBA), BUTPAaTH Ha MOJEPHI3aIlilo,
CTPOKU pe)OpMYBaHHs, PU3UKU NOCSATHEHHs il [13-
15]. 3-3a 0OMEXEHUX MOMKJIMBOCTEH ITiIIPHEMCTBA PYyX
IO LiJIi 32 HAMIYEHOI Tpa€eKTOpiero Oye 3MIHCHIOBATUCH
MOKPOKOBO. [Ipy IbOMY Ha KOXXHOMY €-MY KpOL, Hicis
HOro 3aBeplIeHHs, BU3HAYAETHCS CTYNEHb OJM3BKOCTI
JI0 HaMI4eHOI IIiJIi, a TaKOXX BUTPATH, YaCc BUKOHAHHS
e-TO KPOKYy Ta PU3UKH, sKi Oyau mojonani. Takum 4u-
HOM, JOCSITHEHHS HaHOIVOKYOI MiJIi IPEACTaBIISIE COO0I0
ITEpaKTUBHUI ITPOIIEC y BUIJISI MTOCIIIOBHOCTI KPOKIB.
Ha koxxHOMY e-My KpoOILli NPOBOASTHCS 3aXOIH OO
TIOMIIIIEHHSI KOHKYPEHTOCIPOMOKHOCTI, SIKi TIPUBOJISTH
JI0 3MiHU 3Ha4eHb 1oka3HukiB K, O, ne K — piBeHb KOH-
KYPEHTOCIIPOMOXHOCTI MPOAYKLIi mianpueMcTta; O —
piBeHsb skocti Ta ¢akrtopiB W, T, R, ne W — Butpatu Ha
MIPOBEACHHS 3aX0MiB 00 pedopMyBaHHS MiAIPUEMC-
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1Ba; T — 4Yac, skuil OYyJIO BUTPAa4YCHO Ha MOJCPHI3aIliio
MiAMPUEMCTBA; R — PU3UKU TOCATHEHHS HaWOIMKUOL
1iTi. B He3anmexxHOCTI BiJi 0OOMEXEHUX PECypCiB i AIpH-
€MCTBAa Ha KOXXKHOMY e-MY KpOIi MOXIIUBI HaCTYIHI
cTpaTerii JOCATHEHHS HaHOIMKIOT IiJTi:

- MiHIMI3aIlis BUTpaT,

- MiHiMi3alisl Yacy BUTPA4YE€HOro Ha 3aXOIH HIOJ0
pehopMyBaHHS MiANPHUEMCTBA,

- MiHIMI3aIlisl PU3HKIB;

- KOMIIPOMiCHa CTpaTeris.

2. PilneHns 3aBIaHHA J0CTIIKEHHS

B 3amexxHOCTi BiI CTymeHS HEBH3HAYEHOCTI,
OB’ 13aHOT 3 HEMOBHOO 1H(OpMAIIi€lo Ta mepeadayyBa-
HICTIO TOBEIIHKH 30BHIIIHBOTO CepeloBHIa (KOHKY-
PEHTO3JaTHICTh PUHKIB BUCOKOTEXHOJIOTIYHOI HPOIYK-
i, 10 3MIHIOETHLCI, €KOHOMIYHA HECTAOUILHICTL Ta
iHIII.) 3Ha4YeHHs moka3HukiB K, O, a Takox ¢axropu W,
T, R MmoxyTb OyTH HaJaHi B IKICHOMY 200 KUTbKICHOMY
BUTJsINI. PO3riisiHEMO SIKICHI TIpeCTaBJICHHS 3HAYEHb
MOKa3HUKIB Ta (akTopiB. B 1bOoMy BUIAagKy MOXHa
CKOPHUCTAaTHCs JIHIBICTHYHMMHU 3MIHHUMH X ; , 3HAYCH-

HS SIKUX 3a/Ia10ThCsl eKcriepTamMu. Hanpuknan, ms dak-
TOpa BUTpaT W:
A —MiHIMaJbHI 3aTpaTH;
B —3an0BinbHI 3aTpaTH,
Xy =4 C —Benuki 3aTpatu ;
D — HenpuIycTiMi 3aTpaTH;

(He BiAMOBIAIOTH MOYKIIMBOCTSIM T AMPUEMCTBA).

Toni 3axif, 110 MPOBOAUTHCS 13 MHOXKHHH MOKJIUBUX Ha
€-My KpOIli JOCATHEHHS I[UII MOXKHA IPEIACTAaBUTH Y
BUIJISAI IEAKOTO «CIIOBAY:

Xg. Xo, Xy, Xp, Xg

Ae X ; Mae 3HAUYCHHI A, B, C, D njist KO)XHOTO MpecTa-
BJICHHs 3MiHHOI X ;. BHYTpIllIHi{ 3MiCT «CioBa» BIIO-

PSIKOBaHO B 3aJISKHOCTI BiJl BaXKJIMBOCTI MOKa3HHKIB
(dakropiB). PosrisiHeMO mpuKiaj MOUIYKY HaWKpario-
ro, 3 TOYKU 30py BUTPAT, 3aXOAY, SIKUA MICTUTh KOM-
TUIEKC POOIT, CIPSMOBAHHUX Ha ITOKPAIEHHS KOHKYpEH-
TocnpoMokHocTi K Ta sxocti (O mpomyKuii, o BHITyC-
Ka€eThCs 3 ypaxyBaHHSIM MHOXHHU MOXKJIMBUX BapiaHTIB
3axoiB. B upomy BUnanKy sMiHHy X ; po3Taulyemo B

HACTYITHOMY MOPSIAKY 3 YpaxyBaHHSM BayKJIUBOCTI I10-
KasHuKiB (akropiB) Xy, Xy, Xo, X7, Xp. Hexaii,

eKCIIEpTH HaJald MHOKHUHY MOXJIMBUX BapiaHTiB y
BUTJISIII HAOOpY HEBIIOPSAKOBAHUX «CIIiB» (3HAYEHb
MOKa3HUKIB ((pakTopis)):

1.BBCBA
2.ACBCB
3.CABAC
4.ABCCB
5.BBBBA

[InsxoM nexcuKorpadivHOro BIOPSAKYBAHHS «CIIiBY
MOXKHa BiZIOKPEMHTH BapiaHT 3 MiHIMaJIbHHUMHU BHTpa-
TaMH Ta 33JI0BUILHIMH 3HaYEHHSMH 1HIINX MOKa3HUKIB.

B pesynbraTi oTpuMaemMo:

4.ABCCB
2.ACBCB
5.BBBBA
1.BBCBA
3.CABAC

VY npukiai, 1o po3risIaeThCs, HAKpaIM Bapi-
aHTOM € YeTBEPTHUH, y SIKOro MiHIMaJbHI BUTpaTH (3Ha-
4YeHHs 4) Ta BiIHOCHO 100pi 3HAaUYEHHs TOKA3HUKIB KOH-
KYPEHTOCIIPOMO)KHOCTI. SIKIII0 HEOOXiTHO 3HAHUTH KOM-
MPOMICHE pIIICHHS BIJHOCHO BCiX IOKAa3HHKIB, TO B
LILOMY BUITAJKy €KCIIEpPTH IIOBHHHI HaJxaTu OaxkaHe pi-
LIEHHS y BUTJISIMI AESKOr0 KOHTPOJBHOTO «CJOBay, Ha-

npuknaj, |B B B B B|. lle KOHTpONbHE «CJIOBO» MOMi-

IMA€TBCA Ta BIIOPAAKOBYETHCA B iCHyIO‘IOMy CITUCKY
((CJ'IiB)), HaBCACHUX MOXXJIMBUM BapiaHTOM SaXOI[iB. )1_]'[51
Halioro nNpukjiIaay oTpuMaemMo:

4.ABCCB

2.ACBCB
5.BBBBA

1.BBCBA
3.CABAC

Ha#iOmmwkuiM ~ «CIOBOM» 10 KOHTPOJIBHOTO

B B B B B| € 5-i Bapiant 3axoniB B B B B A, sxuit

MOYXHA BUKOPUCTOBYBATH JUIsl JOCATHEHHS HAWOIIKYOL
IJTi, TTOB’SA3aHOI 3 TOJIMIICHHAM KOHKYPEHTOCIIPOMOXK-
HOCTI MiaIpHeMCTBa. SIKIIO OLIHKU IMOKa3HUKIB Ta (hak-
TOpIB MOYXHA TPEJICTABUTH B KiJBbKICHOMY BUIVIS[, TO
CKOPHCTAEMOCS 3HAUeHHAM OyIeBHX 3MiHHUX X, , 1€

1 - sikwo obpano e-3axio
X =

e 3 MHOMNCUHU MOMNCTTUBUX,

0— y inwomy 6unaoxy.

Toni nmoka3HukH ((haKTOpH) MOXKHA MPEACTABUTH Y
TAKOMY BUTJISII:

M M
K=YKX,; 0=Y0X,;
e=1 e=l1
M M M
w=>WX,; T=>TX,; R=)RX,,
e=l1 e=l1 e=1

e M — KUTBKICTh MOXKITUBHX 3aXOJIiB 10O MOJICpHi3a-
11ii BUpOOHUIITBA.

Jl71st mpoBeIeHHS ONTUMI3AIlT 32 OKPEMHM ITOKa3-
HUKOM, HAIIPHUKJIad, KOHKYpPEHTOCIpOMOXxHicTh K, He-
00XiTHO CKOPHCTATHCSA OIHHUM 13 METOMIIB JIHIHHOTO
LJIOYMCENFHOTO  MPOrpaMyBaHHs  (MOJIEpHI30BaHUIA
METOJI T'IJIOK Ta TPaHMIIb):

M
max K ; K = ZKeXe ,

e=l1

NIPY BUKOHAHHI OOMEXEHb:

M M
020',0=00X,; W<W' ,W=YWX,;

e=1 e=l1
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M
R<R',R=)RX,,

e=l1

M
T<T',T=)TX,;
e=1

ne Q', W', T', R' — nonyctume 3HA4Y€HHS MMOKa3HU-
KiB ((pakTopiB).
M
[Ipu upomy Z X, =1, mo o3Hauae 000B’A3KOBUIL
e=1
BUOIp KOHKPETHOTO 3aXOAy i3 MHOKHHHU MOMITUBHX.
Jl1s momryky KOMIPOMICHUX pillleHb HEOOXiJHO BKasa-
TH B&XJIUBICTH 200 «Bary» OKpeMHUX MOKa3HUKIB ((ak-
TOpIB), TOB’S3aHUX 3 JOCATHEHHSIM HaHONMKYOl miji
pedopmyBanHs. [lyke yacTo ekcrepTd HE MOXYTh a00
JIAIOTh CYMEPEWwINBI OLIHKUA BaXXJIUBOCTI IOKAa3HHUKIB.
ToMy NpoONOHYyeMO METOI OLIHKM Ba)KJIMBOCTI IOKa3-
HUKIB ((haKTOpiB), 3aCHOBaHUI Ha KiIBbKICHUX IpecTa-
BJICHHSIX ITIOKA3HUKIB, OI[IHKHU, SIKMX MICTSTBCS Y MHO-
JKMHI MOXKJIMBUX BapiaHTiB 3aXOJIiB.

SIK1I0 BHOPSIAKYBATH 3HAYCHHS MOKA3HUKIB ((hak-
TOpIiB) 3a 3POCTaHHAM, TO OTPHUMAEMO MiHIMaJNbHI Ta
MaKCHUMaJIbHI 3HAYCHHS IMOKa3HHUKIB ((hakTopiB) 3 yciel
MHO)KUHH MOXJIMBUX 3aXOIiB HIONO peOopMyBaHHS
BUpoOHMITBA. Hac Oy/e mikaBUTH BETMYMHA Jiana3oHy
3MiHM 3Ha4YeHb NOKa3HWKIB ((akTopiB). Uum Oinbiie
Jiamna3oH y 3HAYEHHSIX ITOKa3HHWKIB, THM OLIBII JOLIKY-
JIBHIIIE NMOKa3HUK (¢akTop). | HaBmaku, yuM MeHI fia-
Ma30H 3MiH — TUM MEHIII JIOIIKYJIBHIIIE MOKa3HUK ((ak-
TOp) Y MHOXHHI BapiaHTiB. Hal0inbm JOMIKYIBHI 10
3MiH 3Ha4€Hb MOKa3HUKH ((hakTopu) OyIyTh BiIIOBiia-
TH HAHOLIBIIIN X BakIMBOCTI. TOmi JUIA PO3paxyHKY
Ba)XJTUBOCTI (Baru) MOKa3HUKIB HEOOXiJHO MOBECTH Ha-
CTYIHI Jii:

1. Bu3Ha4YuTH BiJHOCHY BEUYUHY 3MiHU 3HaYE€Hb
3a KOXXHUM ITOKa3HUKOM ((haKTOpOM) Ta IPOHOPMYBATH
3 ypaxyBaHHSIM MHOXXHHH BapiaHTiB 3aXO0JIiB:

AF; =(Fmaxl-—Fminl-)/Z?;[1Fl- ,

Je Fmax; — MakcHMalbHE 3HAUEHHS i-TO MOKa3HHKa
(tbaxropa), F min; — MiHiMaJIbHE 3HAYEHHS i-TO MOKa3-

HUKa ((paxropa).
2. TIlpoBecTH pO3paxyHOK BaKIMBOCTI
OKpeMHUX MOKa3HUKIB ((pakTopiB):

(Barm)

M m
o; =AF [ Y AR, Y 0, =1,
i=1 i=1
Jie m — KUTBKICTh IOKa3HUKIB ((aKTopiB).
JI71s1 momyky KOMIIPOMICHOT'O PIllIeHHS CKOPHCTY-
€MOCSl MiHIMI3aIli€l0 KOMIUICKCHOTO IMOKa3HWKa y BHU-
TS aTATUBHOI 3TOPTKU.

JInst Hamoro npukiIamy:

~

min F' ; F=ocK-]?+aQ-@+aW-V/I>+aT-7A"+0LR-R,

* * *
~ K'-K =~ -0 ~ W-w
ae K=—; ,Q=Q* Q,W= >
K -K' 0 -0 W -w
T-T1" R-R"
T= * 0 R= *
T'-T R'-R

me K', Q', W', T', R' — momycTiUMi 3HAYCHHS MOKa-

. . * * * * *
3HuKiB (pakropiB); K , O , W , T , R — ekcrpema-
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BucHoBku

B po6oti orpumani HactymHi pe3yabrati. B Teo-
pETUYHOMY IUIaHI PO3po0JIEHO METOIOIOTTYHHAN TAXI,
CHpsIMOBAHUI Ha OLIIHKY MOXIIMBOCTEH pedopMyBaHHS
miAIpUeMCTBa IS peattizanii Haitbmmkyol wini. [Tpouec
PYyXy 10 HAHOIMKYOI 1iJIi HABEIEHO Y BUIIIAI TPAEKTO-
pii 3 IIOKPOKOBHM TIEPEXO/IOM BiJ] IIOTOYHOI'O CTAHY /10
HactyrmHoro. KoxxHuil pas, mpu 1IbOMY, KOPEKTYETBCS
HaNpsM PyXy 10 HaiOmwk4oi uini peopMyBaHHS Mij-
MPUEMCTBA Ta OLIHIOIOTHCS BHUTPATH Yacy BHUKOHAHHS
3axOfliB Ta PU3UKU. B 3aJIeKHOCTI BiJ HEBU3HAYCHOCTI
KO)KHOT'O KPOKY, OLIIHKH ITOKa3HHKIB Ta BUTPAT Mpe/CTa-
BJICHI SIKICHO Ta KiIbKicHO. Po3po0iieHo MeTon s siKic-
HOTO OIIIHIOBaHHSI BapiaHTIB 3aXOiB, 3aCHOBaHMH Ha
JIHTBIHICTUYHHMX 3MiHHUX. [IpM BHUKOpHCTaHHI KUIBKiC-
HUX OIL[IHOK 3a JIOTIOMOT'00 OYJIEBHX 3MiHHHUX, TIPECTaB-
JIeHI OCHOBHI TIOKa3HUKH Ta (DaKTOPH, ITOB’s3aHi 3 OINTH-
Mi3alli€l0 TPOBENEHHS 3aXOAiB INOAO pepOpMyBaHHS
mianpuemMcTBa. Po3po0ieHo MeTos OIHKK BaXKIIUBOCTI
MOKA3HHKIB, 3aCHOBAHMI Ha BEJIMYMHI Jiana3oHy KiIbKi-
CHHX OI[IHOK BapiaHTiB 3aX0/iB, 110 TPOBOAMITUCS.

3anponoHOBaHMUH MiIXi/] TOLITBEHO BUKOPHUCTOBYBA-
TH Ha TI0YaTKOBOMY eTari pe)opMyBaHHS ITiANPUEMCTBA,
KoIi popMyeThCsl HAHOMMKYA 1ITh MOJIEPHi3allii BUpOO-
HUIITBA, BU3HAYAIOTHCS MMOKA3HUKU Ta (HaKTOpPH VIS JIO-
CSITHEHHsT HaOmk4ol BHOpaHoi 1. B mopanbiiomy,
NIPU TIOKPOKOBIH cTpaTerii pyxy A0 HaWOIMK4Ol I,
HEOOXIIHO BPaxOBYBaTH OOMEXKCHHS MOMIIMBOCTI ITiJI-
MIPUEMCTBA Ha KOXHIH iTepauii peopmyBaHHs.
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Method and models to select the trajectory of developing enterprise moving to the immediatereform goal
0. Fedorovich, Yu. Pronchakov

Abstract. The subject of research in the publication is the process of modernization of a developing enterprise in terms of
limited opportunities (costs, timing, risks). The aim of the work is to develop methods and models aimed at researching the achieve-
ment of the immediate goals of enterprise reform.The following tasks are solved in the article: the development goals of the enter-
prise are analyzed and a conclusion regarding the feasibility of achieving immediate goals that have minimal risk in the face of lim-
ited enterprise capabilitiesis made.A trajectory of movement to the immediategoal which consists of steps related to the limited capa-
bilities of the enterpriseis formed.Each step taken is associated with the selection of one of the possible directions of movement to-
wards the immediate goal and the assessment of costs, timelines and risks for the new step.An iterative step-by-step process ends if
the immediate goal is achieved. The indicators and factors associated with the achievement of the immediate goal are proposed. Two
problem statements for optimizing costs, timelines and risks are considered. The first statement of the problem is related to the quali-
tative presentation of the values of indicators and factors. The method of lexicographic ordering of "words", which consist oflinguis-
ticvariables is proposed.By streamlining the "words", a choice of the option of reform measures with optimal values of indicatorsis
made.For the second statement and solution of the optimization problem, the method based on quantitative estimates involving
Boolean variables is used.Optimization of individual (local) indicators as well as compromise optimization in the conditions of
inconsistency of indicatorsare carried out. The method for assessing the importance of indicators in case of conflicting represen-
tations of large initial uncertaintyby experts is proposed.The method uses the scatter of the estimates of indicators for various
options for activities undertaken in relation to the reform of the enterprise. The following methods have been used in the work:
system analysis to represent strategies and trajectories of movement toward the immediate goal of reform;sequential optimization
methods based on an iterative process of moving toward a goal;a method for the qualitative assessment of options usinglinguis-
ticvariables and lexicographic ordering of options;the method of integer optimization and integer choice of reform options;a
method for assessing the importance of indicators, based on the magnitude of the dispersion of indicator values for the set of
investigated options for activities related to the reform of production;multicriteria optimization method to find a compromise
solution when choosing an enterprise reform option.The following results have been obtained: a reasonable trajectory of move-
ment towards the immediate goal of enterprise reform in the form of iterative process of goal achievement;indicators and factors
affecting the attainability of the immediate goal of enterprise reform in terms of limited opportunities are presented; the method
of qualitative assessment and optimization of the main indicators of a developing enterprise is proposed;optimization models are
presented for choosing the best option for the measures taken in relation to reform based on integer optimization using Boolean
variables; the method to select the “weight” (significance) of indicators, based on the magnitude of the dispersion of estimates of
indicators on the set of possible measures for reforming productionis proposed; the optimization model to select a compromise
solution taking into account the obtained “weight” values of individual indicatorsis proposed.

Keywords: trajectory of movement towards the immediate goal of a developing enterprise;selection of rational options
for measures taken in relation to reform;qualitative and quantitative estimates of indicators and factors in optimiza-
tion;lexicographical ordering of options;determination of the significance of indicators using the scatter values of indicator esti-
mates;search for compromise solutions.
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XapKiBChbKUH HalllOHAIBHHUN aBTOMOOIIBHO-IOPOXKHIN YHIBEPCUTET, XapKiB, YKpaiHa,

MIIXII OO ®OPMYBAHHSI MEPEKI 3APSITHUX CTAHIIINA
EJJEKTPOMOBLIIB Y HATIPSIMKY XAPKIB-BEPISTHCBK

AHoTanis. [IpeameroM BUBYEHHS B CTATTI € Mepexka eIEKTPUIHUX 3apsAJHUX CTaHLIN y HanpsMKy XapkiB - bepasHcbk.
MeTor0 IoCHiIPKEHHS € po3po0Ka MiJX0Ly O BU3HAUEHHs MICLlb PO3TAlllyBaHHS IIBUAKUX €JICKTPUYHUX 3apsAIHHUX CTaH-
Lii. 3aBIaHHA JOCIIKEHHS: NIPOaHaJi3yBaTH CYy4aCHUH YKpaiHChKHH HMapK eleKTpoMOOLIIB 1 iICHYI0UY MEPEexXy 3apsiIHUX
CTaHIi}f; NpoaHaIi3yBaTH iCHYOUI MiIX0au 1Moo GopMyBaHHS ePEKTUBHUX MEPEX ENEeKTPUYHMX 3apsIHUX CTaHLIM; po3-
POOHTH MiAXiJ Moo GOpMyBaHHSI MEPEXKi 3apsAHUX CTAaHLIH IPU pyci B MXKMICBKOMY CIIONYYEHHI, sIKHil Oyzie BpaxoBy-
BaTH MOXJIMBOCTI IepeBakHOI OLIBIIOCTI MapKy eJIeKTpoMOOUIiB B YKpaiHi; pa3poOUTH NpaKTHYHI peKOMEHJALi 1010
BUOOpY MICILlb PO3TAIlyBaHHS LIBUIKMX CJIEKTPUYHMX 3apAAHMX CTAaHLIN NpU pycl B HANpAMKY XapkiB — BeplstHChbK.
OtpuMaHi HaCTYIHI pe3yJIbTaTH: PO3POOJICHO MiAXiJ 4O BHOOPY MICLlb PO3TAalllyBaHHs IIBUAKUX €IEKTPHYHHUX 3apsIHUX
CTaHLi} B HaNpsAMKY XapkiB - bepAsHChK, AKUil 3aCHOBaHMI Ha BU3HAYEHHI I'PaHUYHOI BIJICTaHI, 110 JOJIAETHCS EJIEKTPO-
MOOiIeM Ha OZHOMY HOBHOMY 3apsijii aKyMyJIsITOPa; 3aIllpOIIOHOBaHI MICLS Ul PO3MIILEHHS IIBUIKMX 3apsJHUX CTaHLIH.
BucHoBKH. 3anpornOHOBaHMH MiAXiJ| 100 BU3HAYEHHS MICIb PO3TAIIYBAHHS LIBUJIKUX CJICKTPUYHUX 3apsIHUX CTaHLUiH
BPaxOBYe MOXJIMBOCTI IE€PEBakKHOI OLIBIIOCTI Cy4acHOro mapKy ejaeKTpoMoOiniB YkpaiHu. OCHOBOIO 1Js BH3HAYEHHS
MiCIlb PO3TalllyBaHHS IIBUIKUX 3aps/IHUX CTaHILIH € rpaHUYHA BiJCTaHb, SIKY MOXE [OZI0OJIATH €JIEKTPOMOOLIb Ha OTHOMY
TIOBHOMY 3apsili aKyMyJIsITopa. 3 BUKOPHCTAHHSIM ITi/IXOy BCTAaHOBJICHO HEOOXiHY KUIBKICTh IIBUIKHX 3apSAHUX CTaHIIIMH,
sKa JUIs HanpaBlieHHA XapkiB - bepistHCbk ckinanae 8 on. Meroauka BU3HA4YEHHs! KiJbKOCTI aBTOMOOIIBHMX 3alpaBHUX
craHuiif, npexcrasnena 8 JIBH B.1.1-7, moxxe OyTu aganToBaHa Juist po3paxyHKy MOTPiOHOI KUIBKOCTI IIBUKHUX €IEKTPHY-
HHX 3apsIJHUX CTaHLUH JUIS IEBHOI TepUTOpIi.

Kar4dosi ciaoBa: enekrpomMobiib, Meperka 3apsHUX CTaHIIH, BIACTaHb OI3[KH, 3aKOH PO3IOIIIY, MIKMiChKe CIIONY-

YCHH.
Beryn

EnexkTpomMobiiie — TpaHCIIOPTHUHN 3aci0, 1m0 Ipu-
BOJIMTHCS B PyX OHUM a00 AEKiJIbKOMa eJeKTPOABUTY-
HaMH 3 XKHMBJICHHSM BiJl aBTOHOMHOI'O JDKEpeNa eJIeKT-
poeHeprii (aKyMyJIATOpIiB, MAJUBHHX €JICMCHTIB, KOH-
JIEHCATOpIB TOIO), @ HE ABHI'YHOM BHYTPILIHHOTO 3rO-
PSIHHSL.

EnexTpoMo0ine omHe 3 HalKpammx pillleHb Ha
LUISXY 70 OUIbII O€3MeYHOro /jisi HaBKOJHUIIHBOTO Ce-
penoBuia nepecyBants. Ilepiri po3poOKu enexTpomo-
OiiB 3’sBunucs e y XIX cTomiTTi Ta 3apa3 BOHU BCe
YacTillle 3ycTpivaroThCs Ha IOporax Hanoi KpaiHu.

Jlromu Bce vacTimie 3aMiHIOIOTH aBTOMOOLTI 3 OeH-
3MHOBUMH Ta JU3EILHUMU JBUT'YHAMH Ha €IEKTPOMOOi-
mi. Beporo m'sitb pokiB TOMY Ha YKpaiHCBKHX TepeHax
MOkHa Oyio 3ycTpiti Onm3pko 1000 enekTpomMoOiliB i
ri0puaiB, a Bxke chorofHi ix monan 20 tucsu. OxHoUac-
HO 3 POCTOM «EJIEKTPOMOOiTi3amii» moyana i IIBHIKO
PO3BHBAETHLCS BiIIOBIIHA iHPpPACTPYKTYypa.

CyuacHa Mepeka 3apsiTHHX CTaHIid HapaxoBye
MOHA THCSYY MyHKTIB HA KapTi YKpaiHH.

VYkpaiHIi oxoue nepecapKyloThCs Ha aBTOMOOLT
0e3 IBUTyHA BHYTPIUIHHOI'O 3TOPAHHS 1 1€ 3YMOBJIEHO
0aratbMa NPUYMHAMH, OCHOBHUMH 3 SKUX €:

— EKOHOMIYHICTh — I[iHa Ha TpajJMIiiiHE NaJUBO
CHCTEMaTHYHO 3pOCTa€, a BapTICTh EJIeKTPOeHepril,
BUTpaueHa Ha MiJI3apsaKy aBTOMOOLIS, € 3HAYHO HIK-
q010;

— JleneBIe 00CIyroByBaHHS;

— BIJICYTHICTh IOJATKy NpH KYIiBIi a00 BBO3i B
KpaiHy;

— €KOJIOT1YHICTh — MPALIOIOYNH IBUTYH HE BUJLISIE
HISIKMX Ta3iB, TOMY He 3a0py/IHIOE HAaBKOJIMIIHE CEPEN0-
BUIIIE;

— OE3UIYMHICTh — JABUT'YHH IIMX aBTO IMPAaKTHYHO
Oe3UIyMHi.

3BHYANHO MOPsI] 3 TIEpeBaraMu € 6araTo HeAONIKiB:
3HaYHa BApTICTh EIEKTPOMOOUIS; Malluii 3amac Xoy;
HEJIOCTATHS KUIbKICTh CTAHLIN JUIS 3apsAKH eleKTPOMO-
OL1iB (0COOJIMBO B TMPHUMICEKOMY Ta MIXKMICBKOMY CIO-
nmydeHHsx). Ciil po3yMiTH, II0 OCHOBHA KOHIICHTpAITis
3apsIHUX CTAHIIN JUIS eIEKTPOMOOUIIB MPUXOAUTHCS HA
TEPUTOPIi BETUKHUX 1 3HAYHUX MICT, IPUYMHOIO YOTO, B
TIepIIly YepTy, € BiIIOBIHUI NONUT Ha HUX. B nanwmii yac
CKJIQJHO cO01 ySBUTH €JIEKTPOMOOLTI Ha MIDKMICBKHX
aBTOMAariCTpaisiX, OCHOBHUMH MPUYHUHAMU YOT'O € BiJHO-
CHO Mayuil 3amac XoJy TaKMX TPaHCIOPTHUX 3aco0iB
(BuKITIOUEHHSM € enekTpomooini Tesla), a Takoxk BigcyT-
HICTh MEPEXIi MBUIKICHUX 3apsAHUAX CTAHIIIH.

XapakTepucTHKA NApKYy eJ1eKTPOMOoOiTiB
B YKpaini

SIkmo  3BepHyTHCS 10 O(MIMIHHOI CTATHCTHKH
YkpaBTOnpoMy, 3a BiciM MicsiiB 3 modatky 2019 poky
B Ykpaiui Oyi0 moctaBiaeHO Ha o0mik 4791 enexTpomo-
0inp, 110 B MBTOpa pa3u OiibIle, HIXK 3a aHAJOTIYHUI
MepioJl MUHYJIOTO POKY.

OCHOBHY Macy B IIili KiJIbKOCTI CKJIaJIH JICTKOBI aB-
ToMoO1Ti — 4441 on., inmi 350 on. — KOMepLiiHI aBTo.
[pu poMy, SKIIO peecTparlii JIErkoBUX aBTOMOOLIIB Ha
€JIEKTPOTSI31 B MOPIBHSIHHI 3 MUHYJIUM POKOM 301JIbIIH-
mucst Ha 47 BIJICOTKIB, TO IIONUT Ha KOMEPIIKHI €IeKT-
pomMoOimi miackoums B 2,1 pasu [1].

44

© Jlrobuii €. B., Jlapin /1. O., 2020



Onmumizayia mpaHcnoOpmHUx cucmem

BuOupatoun enekTpoMoOisb, YKpaiHIli HpOJOB-
KYIOTh BiJJJaBaTH IiepeBary cTapuM aBTiBKaM. B pe-
3yJbTaTI YOTOo, 32 1epiof 3 ciuHs mo ceprens 2019 poky
YacTKa IMIIOPTOBAHUX aBTO Ha MEPBHHHOMY PUHKY JIeT-
KOBHX €JIeKTpoMoOimiB cknaia 91 %, a B komepIiiifHOMYy
cerMeHTi — 95 %.

HaiinonynspHiluM JIETKOBUM €JIEKTPOMOOiIeM B
Vkpaini nponosxye 3amumiatucs NISSAN Leaf. 3a
nepii BiciM micsauiB 2019 poky 2207 aBToMoOLTIB 1€l
MOJIETTi TOMTOBHUIIN aBTOIAPK KpaiHH.

3a miJIcCyMKaMH I[bOT0 Mepioay HaWOiIbII MOMYJIs-
pHuMEU MozensMu B YkpaiHi € [1]: Nissan Leaf — 2207
on.; Tesla Model S — 384 ox.; BMW i3 — 243 on.; Fiat
500e — 207 oxm.; Volkswagen E-Golf — 198 ox.; Renault
Zoe — 186 on.; Mercedes-Benz B-Class Electric Drive —
155 ox.; Tesla Model X — 136 oxn.; Chevrolet Bolt — 126
on.; Jaguar [-Pace — 102 ogx.

VYV KoMepLiiHOMY CErMEHTI MaiiXe BCIO CTaTUCTH-
Ky chopmyBae RENAULT Kangoo ZE — 323 peectpa-
i1 3 IOYaTKy POKY.

Takox Ba)JIMBOIO IIEPEBArOI0 EJIEKTPOABTOMOOLIIB
€ 3BIJbHEHHs BJIACHHKIB TaKMX TPAHCIIOPTHHUX 3ac00iB
BiJI CIUTaTH JIESIKUX MUTHUX IUIaTexiB. Tak, Mpy BBE3eHHI
Ha MHTHY TEPHUTOpPil0 YKpaiHM TPaHCIIOPTHHX 3aco0iB,
OCHAIIIEHNX BUKIIIOYHO €JIEKTPUYHUMH JBUTYHaMH (Of-
HUM YH KiJIbKOMA), [0 3a3HaYCHi y TOBAPHIH ITiJKATEro-
pii 8703901010 3rimHO 3 yKpaiHCHKOro Kiaacugikaropy
TOBapiB 30BHIIIHLOEKOHOMIYHOI MisUIBHOCTI, 3 METOIO
BIJIGHOTO 00Iry CIUIa4yeThCS JIUIIE aKIU3HUH MTOJaTOK 32
CTaBKOIO, BCTaHOBIIeHOIO a03amom 10 mm. 215.3.51 crt.
215 TIKVY. CraBka akIM3HOTO MOAATKY BCTAHOBIIIOETHCS
y po3mipi 1 €Bpo 3a 1 KiJOBaT-rOJMHY EMHOCTI CJICKTPH-
YHOT'0 aKyMYJISITOpa TAKHX TPAHCIIOPTHHX 3aCO0iB.

3a MICTKICTIO Ta KOM(OPTOM €eNeKTPOaBTOMOOLI
HE BIJPi3HAIOTHCS BiJl aBTO 3 ABUT'YHAMHU BHYTPIIIHBOTO
3TOpSIHHS, @ OCh Ha TeXHiYHOMY obOciyroByBanHi (TO)
MOKHa icTOTHO 3aomamutd: B 2019 pomi piune TO i3
3aMiHOI0 BYTibHUX (inbTpiB ckiane (1200-1500) rph.
Js nopiBusaHS, pu TO 11 aBTOMOOLTIB 3 JBUTYHA-
MU BHYTPILIHBOT'O 3rOPSIHHS Oy/le KOIITYBAaTH MiHIMyM
(2400-3000) rpH. SKIIO TOBOPUTH PO OOCITYrOBYBaH-
HSl, TO MPOCTI JIeTali B €IeKTPOMOOLTI MOXKE 3aMIHHTH i
3BUYAHHUN aBTOCTIOCAp, ajie MEPEBIPKY aKyMyJsTOpa
Kpaille MPOBOIUTH Ha CIICI[ialli30BaHUX CTaHINSIX TEXHi-
YHOr'0 00CITYTOBYBaHHS, IKMX B HAIlliil KpaiHi ¢ KOXKHUM
POKOM cTae Bce Oiblie.

HesBakatoun Ha Bci mepeBaru ejaeKTpoaBTOMOOi-
JB, Y HUX iCHYe 1Bl HalBa)«IuBilI MpodieMu, sKi 3a-
Ba)Kal0Th OYKBaJbHO 3aIOJIOHUTH aBTOPHHOK YKpaiHu.
[Nepiia — 116 MICTKICTh aKyMyIISITOpa, OCKIJIBKH TIepeBa-
JKHa OUIBIIICTh EIEKTPOaBTOMOOLTIB OyIM y BHUKOpHUC-
TaHHI. 3amacy Xoay IJIsl TAKUX eJIeKTPOMOOLTIB B TEIUTY
nopy poky Bucrauae Ha 100-120 kM. Baumky 1s mudpa
3MEHIIYETHCS, IO YHEMOXIIUBIIIOE IOI3/IKH HaBiTh Ha
CepeJIHi BiJICTaHI.

Howuit enexktpomoOine Mae 8 pokiB rapasTii Bin
BUPOOHMKA, TOOTO 4Yepe3 8 POKiB 3MEHIIYETHCS MPOOIr
Ha omHoMy 3apsmi. 11100 OaTapes MakCHMaJbHO IOBrO
CITyXuia, MOTpiOHO i1 MpaBUIBHO 3apsPKaTH IIOBLIb-
HUM CTPYMOM 6-8 TOIMH.

VY BumajKy i3 aBTO 3 HPOOITOM, y aKyMyisTopa
MOXXHa BM3HAUMTH NMPOOJIEeMHI yacTMHU Oartapei Ta 3a-

MIHHUTH iX. BapTicTh 3amMiHM Takux aeTanell Ta ix pery-
JIOBaHHS Oyae KomTyBaTH 3 pobororo Omu3pko 500
nonapiB CIIIA. fkiio HeoOXiqHa MoBHA 3aMiHa OaTapel,
BapTiCTh HOBOi CTaHOBUTH mNpuoOam3Ho 3500 nomapis
CIIA.

Jpyruii icTOTHHI HEIONIK €IeKTPOABTOMOOIIIB —
HU3bKa HIBHIKICTH 3alpaBKH. Tak, SKIIO Ha 3aIrpaBKy
3BUYAMHAM [AJIMBOM € BiJ 5 XBWIMH 10 15 XBWINH,
TO Ha ENEKTPUYHY 3apAJKy B CAMOMY «IIBUAKICHOMY)»
PEeXHUMI JIOBEETHCSI BUTPATUTH OJIM3BKO TONWUHU (MiHi-
MyM 30 xBuinH — 50 XBHJIMH), a NIPaBUJIbHA, PEKOMEH-
JIOBaHA BUPOOHHMKAMHM 3apsjKa 3aiiMe BiJ 4 TOIMH JO 8
TONIUH.

Hes3Bakaroun Ha TakKi JOCUTH 3HAYHI HEIOJIKU B
eKCIUTyaTaIlii eJIeKTPOaBTOMOOLTIB, YUCIO iX MPUXHIb-
HUKIB B Halllill KpaiHi pocTe 3 KoXHUM JHeM. [1oB'si3aH0
Ile, TIEPII 3a BCE 3 THUM, IO MOBHICTIO 3apsiuTH Oara-
pero (24 xBr) obiiinersest B (70-100) rpuBeHb, B TOM
yac sk 40-1iTpoBHi OaK aHAJOTIYHOI'O aBTO 3 IBUT'YHOM
BHYTPIIIHBOTO 3TOpsHHS 00ikaerscs Onmsbko (1000-
1200) rpuBeHb. ['azoBmii anamor Omuspko (400-450)
TPUBEHB, aje 1€ 3HAYHO JOPOXKYe B MOPIBHSIHHI 3 BapTi-
CTIO EJIEKTPUYHOT'O 3apsiy.

SIK110 TOBOPHTH TIPO IiHY Ha caMi aBTo, HaKIoONy-
nsapHinmid B Ykpaini Nissan Leaf 3 mpo0irom o0iliners-
ca B 12-15 tucsy espo. HoBa momens 3 cajnony Oyae
KoImTyBaTu 26 THCSY €Bpo. [HII eleKTpoKapy KOIITY-
I0Th 3HAYHO Aopokue, Hampukiaaa Tesla Model S, sky
BCE YacTillle MOXKHA 3YCTPITH Ha YKPaiHCHKHX JIOpOTax,
3 po0Oirom Oyze KOIITYBAaTH Bix 45 THUCSY €BPO, a HOBA
— Big 100 Tucsy eBpo.

CyuacHa Mepeska 3apsiIHUH cTaHii

Mepexa enextpuuHux 3apsaHux craHnoid (E3C)
JUIsL eJIEKTPOMOOLITIB B YKpaiHi 3pOCTae 3 KOXXHHM PO-
koM. EnexTposanpaBku BCE YacTillle MOXKHA MOOAYUTH
Ha BYJHISX MicT Ta Ha 3Bu4aiiHuX A3C B 00nacTsX.

Croronni 3a iHdpopmamiero PlugShare [2], Ha Te-
puropii Hamoi kpainu npamoe moHan 1000 enexrpo3a-
PSITHUX CTaHIIIH, TPUYIOMY DPO3TAIIOBYIOTHCS BOHH, B
OCHOBHOMY, He Tak Ha kinacnunux A3C, a Ouns kade ta
pecTopaHiB, JMHaMiKa POCTY KIIIKOCTI CTaHIH BiJo-
OpakeHa Ha puc. 1. Ajie BapTO BiJ3HAYMTH, IO CIIOCTE-
piraeTscst IeQilMT MBUIAKICHUX 3apsIHUX CTAHIIN IS
€JIEKTPOMOOLITIB.

1200
, 1000 ~
800 /
600 /

400 /

——

2014 2015

KinekicTs cranmiii, ox

2016 2017 2018 2019

Puc. 1. Jlunamixa pocTy KUIBKOCTI 3apsiiHUX CTaHLii

3apa3 B Ykpaini Ha 11 THCAY enekTpoMoOiTiB
npunagae OJIM3bKO THCSAYi 3apsiTHUX CTaHLid. Aue Oi-
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JIBIIICT 3 HUX IOBIJIBHI, 3aps/Ka Ha HUX BUMIPIOETHCS
ronuHaMu. KpiMm Toro, 3apsHi craHmii po3moisieHi
HEpIBHOMIPHO Ta, B OUIBIIII Mipi, Y KPYITHUX 1 BETHKUX
MicTax, Hanpukiana B [Tontasi HapaxoByeTbes 22 E3C, B
TOW 4ac sik y XapKoBi KUIBKICTh TaKUX cTaHuiil B 4-5
pasiB Oinpmia. IlIBuakicHEX 3apsmok HOTYXHIiCTIO 50
kBT i Oinblie mOKM BCHOrO KiJbKa jaecsATKiB. Hampu-
knan, 10 MBUAKICHUX 3apsiTHUX CTaHIIH MOTYXHICTIO
50 kBt BukopucroByothcs B Mepexxi STRUM, Ha Oyumi-
BHUITBO skuX kommanis JITEK inBectyBama 15,5 muH.
rpuBeHb. IIIBUAKICHI CTaHINI TO3BOJNSIOTH 3apSAUTH
Oartapero aBToMOOLIs 32 15 xBuiinH Ha 70 KM mpoOiry.

Majia KiJbKICTh 3apsIHUX CTaHIii B 00acTsaX
YCKJIaTHIOE TTOi3/IKM B MDDKMICEKOMY CITOJYY€HHI, a JIs
JIeSIKUX THITB EJIEKTPOKapiB 3 HEBEIUKOI MICTKICTIO
3apsly akymyjsTopa IOi3JAKM Ha JaibHI BiJCTaHi €
MPaKTHYHO HE3/[IHICHEHHHUM.

Jeranbny iHndopmarito mpo posrauryBanss E3C B
VYxpaiHi Jyist KOKHOTO 3 MICT MOXKHAa OTPUMATH Ha CIie-
mianizoBanux caiitax PlugShare abo HEvCars 3a mocu-
nanHsmu [2] Ta [3], BimnoBigHo. Ha xapTi Big3HaueHO
MICIIE3HaXO/PKEHHSI KOJKHOI CTaHIIl 3a JBOMa BHUAAMU:
IPOMAJIChKI CTaHIN{; CTaHIi BHUCOKOI IOTY)XHOCTI (3
MoxuuBicTio mBUaKoi 3apsiaku CHAdeMO).

Takox iCHYIOTb cepBicH s CMapTQOHiB JUIs 3py-
YHOTO OOpaHHSA HAaWOMWKYOI CTAHINI 3apsAfKH A Pi3-
HHUX THIIB 1 MapoK enekTpoaBToMoOiniB. Hampukian,
6eskomroBHui cepBic AE Charging Point Bijg koMmmna#nii
AutoEnterprise, sKuii J03BOJISIE IIBHAKO MifiOpaTH
Haiionmmwkay, BinbHy E3C B pesxumi OHJIAHH Ta CIUIATHTH
TIOCITYTY 3aPSIKH aBTO.

AHaniz myoaikanii

[Mpucrynatoun 10 aHamily iCHYIOYHX ITiAXOIB
00 BU3HAYEHHA Micip posramryBanus E3C cming po-
3YMITH, IO JaHWH CErMEHT YKPaiHCBKOTO TPaHCIOPT-
HOT'O PHHKY 3HaXO/IUTHCS B CTAHI CTHXIHHOI'O PO3BUTKY.
3BijicK MOXXHA BUJIUINTH SIK TIEPEBArd — MAETHCS BEJIMKa
KOHKYPCHIIisl, TaK 1 HENOJIKA — BIJICYTHE BiIIOBITHE
Jiep>)KaBHE PEryJIOBaHHS MMUTaHb BU3HAUEHHS Ta olJia-
LITYBaHHS MiCIb JJIsI OpraHi3amii 3apsaKu eJIeKTPOMO-
OiniB. BigcyTHicTh HOPMAaTHUBHOI JAOKyMEHTAIli 3 MH-
TaHb OpraHi3amii Ta BU3HAYEHHS MICIb PO3TallyBaHHS
E3C crBOproe noaaTkoBe MiArPYHTS Ui pO3POOKH ITif-
XOJIiB IIOJI0 BU3HAUCHHS MicIlh po3TtamryBanus E3C mis
TUIAaHYBaHHS MO13/I0K Y MIXKMICBKOMY CITOJy4EHHI.

Pe3ysnpraTn aHamizy iHO3eMHHX JDKEpeN, sKi MpH-
CBSTYCHI 00paHOMY JUTSI TOCITIIKCHHS ITUTAHHS CBiT4AaTh,
IO ONTUMAJIBHUN METOX sl IUIaHyBaHHS MICIb PO3-
TallyBaHHS 3apsJHOI CTaHIIi MOJISATae, B OCHOBHOMY,
BIIIIITOBXYIOUUCH BiJ MOBEIIHKH BOMis. 3 TOUKU 30Dy
BOJIiSl €JIEKTPOaBTOMOOLIS, BaXKJIMBO, MIO0 BapTICTh i
Yac MOi3/IKU 10 Micusl pU3HAaYeHHs OyJIM MiHIMaJIbHHU-
Mu. 3 iHmoro OoKy, 3 Touku 30py BiacHuka E3C, cin
KOHTpOJIIOBATH, 1100 He OyII0 3MEHIIEHHS IOMUTY ISt
KOXKHOI TOUKH 3apsiaku [4].

3BiCM MOXXHA BUIUINTHA JBI METH UI1 METONIB
OINITHUMAJBHOTO Miclst po3TanryBanns E3C:

- BapTICTh 3a O/IHY MOI3AKY (Bi MOYATKY 70 MyHK-
Ty TpU3HAYEHHS, B SIKYy BKIIIOYEHA CyMapHa BapTiCTh
BCIX 3apsZ0K aBTO) Ta Yac OUiKyBaHHS 3apsAKH aKyMy-
JIATOpA Ha 3apsIHIM CTaHIIT CITij MIHIMI3YBaTH;

- yac npocToro 6e3 podoru koxkHoi E3C noBuHHMIA
OyTu MiHIMAJIBHHM.

JloCsITHEHHSI TIepIIOl METH 3aJISKHUTh BiJl CKJIAIHO-
CTI MapuIpyTy pyXy Ta MOXIIHBOIO 4Yacy OYiKyBaHHS
3apsnKu akymynsatopa. UnMm Oublle vac 3apsaKd aKy-
MYJISTOpa — TUM OLIIBII HE 33JJOBUTBHUM € MapIIpPyT JUIs
Boaig. TakuM YMHOM MOJKHA CKasaTH, 110 MiHIMi3alis
Yyacy OUiKyBaHHs 3apsIKi € OCHOBHMM (hakTopoMm pi-
LIEHHSI.

VY apyriii MeTi BKa3yeThCS MOXKJIMBICTH 3MEHIIICH-
Hs kopuctyBadiB E3C. Hanpuknaz, sikito 6arato 3apsi-
JTHUX CTaHIil pO3TAlIOBaHi B OMHOMY palOHi, eIeKTpH-
YHa MoTpeda KOXKHOI 3apsAHOI CTaHIii MoXxe OyTH HU-
3pkor0. OmHaK 3apsiiHi CTaHIi B IHIIMX paioHaxX MO-
)KYTb HE BIIOPATHCS 3 BUCOKUM IIOITUTOM i SIK pe3yJIbTaT
3’SIBJISIIOTHCS YePTH. 3 1€l TOUKK 30pYy CITifl pO3TIISHYTH
pO3TalllyBaHHs 3apsIHUX CTaHINH, 1100 3a0e3rmednTH
OJTHAKOBI MOXKJIMBOCTI 3apS/IKH U1l KOPUCTYBAUiB eJleK-
TPOKapiB, a TAaKOX BHUPIBHATH EIIEKTPUUHY MOTpeOy B
3apsLi eNeKTPOKapiB.

Crijr TakoXK pO3YMITH, 1[0 PO3TAIIyBaHHS CTaHILH
3aps/KU BIUTMBAIOTh Ha TOBEAIHKY BOis IPH BHOODI
Mapuipyty. EnexTpomMo0inb criokiBae eIeKTpoeHeprito,
o 30epiraeTbcsi B aKyMYJISTOpi, MPOIOPLIHHO TEMITY
i3nm B noposi. KopucryBaui enekrpokapiB MOXYTh 3a-
pAIKATH aKyMyIsITOp y cebe BIoMa BiJ| 3BUUAiHOI ee-
KTpoMepexi abo Ha OyIb-SKHX 3aps/IHUX CTaHIIsAX, Y
CBOIX Oyicax, TOProBUX LEHTPax TOIO. ABTOMOOLIO
MoTpiOHa 3apsiKa 0 TOro, SIK CTaH 3apsiy AOCSTHe
Hyns. PiBeHb 3apsmy MoXke po3riIsiiaTHCS SK HaJMBHUH
JIATYHMK B 3BHYAWHUX aBTOMOOUIAX. SIKIIO Ha MapmpyTi
MoTpiOHa 3apsjika, aje Ha NULIXY 0 MyHKTY IpH3Ha-
yeHHs Hemae nyHKTiB E3C, To Mapmpyr mMoxe OyTH
3MIHEHUH JUIsl 3ai37y JO HaWOMMK4Oi TOUKH 3apsiiKy,
I CHTYaIlisl BijoOpaskeHa Ha puc. 2 [4].

Tlo9aTox My

Puc. 2. Bruis miciid po3ralyBaHHs CTaHL 3apsiKu
Ha [TOBE/IiHKY BOJIiSI

3a CTaTUCTHKOIO 3apsiKa MPOBOIUTHCS BOMISIMHU
KOJII PiBEHb 3apsily aKyMyJjsTopa 3HIKyeThest 10 10-
20% [5]. Omxe Bomiii NMOBUHEH CIUIAHYBATH MOI3IKY
TaKUM YUHOM, 100 TPU TOCSATHEHHI TaKOTO PiBHS 3apsi-
Iy Ha Mapupyti Oyna mopyd craHuis 3apsiaku. [lpu
BUOOpI HaWKOMQOPTHINIOr0 HANPSMKY Iepea BOMAIEM
nocrae 0araTo MUTaHb.

Hampukian, sik 300pakeHO Ha puc. 3, Ha HaWKo-
POTIIOMY BapiaHTi NUIAXY HEMAae 3apsOHUX CTAHINH 1
TOMY IIpU HOro BHOOpI BOIIN PU3HKYE PO3PSAUTH aKy-
MYJISTOpP HEPII HiX JCTAHEThCS 10 KiHII HArpsMKy [4].
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[Tpu BUOOPI HUIAXY i3 IIBUIKOIO 3apsIKOI0 BOMIii
3MEHIIyE 10 MiHIMYMY 4ac OYiKyBaHHS IIpH 3apsili,
ajle TaKUM YMHOM JIOBXKHMHA NDIIXYy HabaraTo Oijblna
H)XK B IIEpLIOMY BapiaHTi Ta BapTiCTh 3apSIKH JOPOXKYA.

3suyaiina E3C

. O Kinels HanpaMKy

Haitnosmuii nuax

CTaHLif WBHAKOY

3apAnKH -

. = b 3pmdafiga E3C
3puyaitna E3C

= h.

Haiikoporumii
HUISX

Tlovarok

HANPAMKY

Puc. 3. Bubip HalilkoM(OPTHIIIOro MapIIpyTy BOAIEM

IMpu BuOOpPI iHmMX nUAXiB 3i 3BH4aiiHuMu E3C
BOJIIIO JTOBENEThCSl HA0araTo JMOBIIE OYiKyBAaTH 3apsKy
aKyMyJsITopa, ajle Ipu TakoMy BapiaHTi BiJCTaHb 10
MTyHKTY TPU3HAYEHHS MEHINIA Ta BAapTiCTh 3apsaKd Me-
HILIA HIX B 1HIIOMY BapiaHTi.

Jlo Toro » HEOOXiZHO BPaxOBYBAaTH MOXIIHBICTh
4epr, SKi OIOBXKATh Yac OYiKyBaHHS, a TAKOX BUJ[ CTa-
HIT Ta THII po3’eMy, SIKUM BinOyBaeThcs 3apsiika. Po-
3pOOUTH TOUYHY METOAUKY AJIsl BUOOPY MapuipyTy MOKH
10 HEMOXKITUBO, TOMY SIK KOXKHUHM BOJIH 1HIAUBITyaIbHO
BU3HAuae Jyisi ceOe MpiopUTETHI YMOBU Ha J10po3i. Ajle
JUIs OUTBIIOCTI MPHU BUOOPI ONTHMAIBHOIO MapuIpyTy
TOJIOBHOIO YMOBOIO 3aJIUINAETHCA MiHIMAJIbHHUN Yac Ha
MOAONIAaHHS HUIAXY, a TaKOXX MiHIMaJlbHa BapTiCTh Ta
Yyac O4iKyBaHHS 3apsaku [4].

Ha choroaHinHiit 1eHb iCHYIOTh JOCIIIKEHHS, SIKi
CTOCYIOThCS TUIaHyBaHHs Micup po3minienHs E3C 3oce-
pelDKeHi JIMIIe Ha MiHiMi3alil BapTocTi 3apsaku [6].
AJle pHHOK eJIeKTPOaBTOMOOLTIB 301IBIIYETHCS 3 KOXK-
HUM POKOM 1 iHQpacTpyKTypa CTa€e OUIbII BIOCKOHAIIE-
HOIO BPaxOBYIOYM OLJIbIIY KiJIBKICTh KPUTEPIiB po3Ta-
LIYBaHHSL.

Taki Meroau TWIaHyBaHHS TOYOK ISl 3apsaKH
BiJIIITOBXYIOTHCS Bifl JAOCTYITHOCTI JO TIPOMaJICHKOrO
TPAHCIIOPTY 1 PO3TALIOBYIOTHCSI B TAKUX MICISIX SK BOK-
3a1, Kade, pecTopaH, aBTOCTOsIHKA a00 TOProBUil LIEHTD.
Aute pifKo ¥iie MOBa PO ONTHUMI3alli0 PO3TAIyBaHHS 3
TOYKH 30py OJIOKY >KUBJIEHHs. YacToo mpobieMoro € He
BIJIMIOBIIHICTH [pKepena cTpyMmy 1 3apsaku aBto. [otpi-
OHO 3HATU YW € CTAaOUTBHUM JDKEPENO JKUBIICHHS, ajKe
JIesiKi 3apsiiHi CTaHIlil He B 3M031 BUKOHYBATH 3apslKy
3a BCIMa BHMOraMH aBTOMOOITS. 3BiCH MOXYTh
3’SIBUTUCS TaKi MPOOJIEMH SIK IIBHIKHHA 3HOC aKyMYyJsi-
TOpa aBTO, HECIIPABHICTh KAOCIIB 3apsiKd, a B JICIKHX
BUIIaJIKaX MOIIKO/DKEHHS €JIEKTPUYHOI NMPOBOIKH, sKa
YKUBUTH ITYHKT 3apSIIKH.

Takox il po3yMiTH, IO ONTUMaJIbHA KUTBKICTH 1
e(peKTHBHICTh AISUTLHOCTI 3apsJHUX CTaHIIA B MeEXax
MicTa MOXKYTh OyTH BH3HA4Y€Hi JIMIIE Ha OCHOBI Cydac-
HUX HAyKOBHUX METOJIB ONTHMAJIBHOI'O NPOEKTYBaHHS
BHPOOHMYMX TIPOIIECIB Ha NPHHIMMIIAX pecypco3depe-
JKEHHsI Ta BHCOKOI NMPOAYKTHBHOCTI. 3apsiaHi CTaHLII €
TUIIOBUMHU CHUCTEMaMH MacOBOTO OOCIYrOBYBaHHS OC-

HOBHE 3aBJaHHS IIPU IHOMY IOJISITA€ Y BCTAHOBJICHHI
e(pCKTHBHOTO CIIBBITHOIICHHS MIX KIUIBKICTIO 3asABOK
Ha 0OCIIYyroBYBaHHS 32 OJIMHUINIO Yacy i IPOAYKTHBHIC-
TIO Ta MPOITYCKHOIO CIPOMOXKHICTIO BiJITIOBITHOT 3apsii-
HOI CTaHii.

CkJ1aiHICTh TIPH ILOMY TOJISITA€ B TOMY, IO Yepes3
BHUIIaJIKOBUI XapaKkTep HaJAXOKECHHS 3asABOK 33 4acoM,
MOXIIMBE SIK YTBOPEHHS 4Yeprd IMX 3asBOK 3 Bil-
MOBIZITHAUM OUiKYBaHHSIM, TaK 1 TMpOCTil 0OJagHaHHS
3apsIHOI CTaHIIiT Yepe3 BiICYTHICTh 3asBOK.

3acTOCOBYIOUM METOJUKY [7] MOXHAa BHU3HAUUTHU
OINITHUMAJbHY KUIBKICTh 3apsAHUX CTaHIINA Ha OKpeMii
TepuTOpii, HEOOXiTHUX IS 334aHOT KUTBKOCTI €JIeKTPOo-
MOO1JTiB, BUXOJIS1YM 3 MiHiMi3allii IPOCTOiB 1 4epr.

Po3paxyHKd NMPOBOMATHCS HAa OCHOBI MiHiMi3arlii
MIPOCTOIB K OOCIYrOBYIOUHX MPHUCTPOIB, TaK 1 aBTO, SIKi
00CIIYTOBYIOThCS, aJie B CYJaCHHX peaTisix TaHUH MiIXia
He MoXke OYTH peajli3oBaHHi TOMY, IO 3apsiHi CTaHIIT
€JIEKTPOMOOLITIB HaJIeKaTh PI3HUM BIIACHUKAM 3 PI3HUMH
npioputetaMu. Tak BIACHUKH 3apsIHUX CTAHIIM Ipar-
HYTh 3QJIy4WTH SKOMOTa OLUIbINE BiJIBiTyBa4iB i OCHOB-
HOIO METOIO € BiJICYTHICTb IPOCTOIB B pOOOTi cTaHIii. B
CBOIO 4Yepry, BIIACHUKH E€JEKTPOMOOLIIB OYIKYIOTh Ha
BIJICYTHICTh Y€prH i O€3MepEIIKOAHY 3apsIKYy.

MeTta i mocTaHoBKA 3a1ayi

Pe3ynbraty ananizy npakTHYHHX 1 HAyKOBUX Ji-
TepaTypHHX JDKEpel CBiAYaTh MPO BiACYTHICTH ITiJIXO-
IiB IIOJI0 BU3HAYCHHS Micllb po3TamyBanHs E3C mpu
IUIaHYBaHHI Ta OpraHizamii IMOi3M0K y MIKMiCEKOMY
cnoydeHHi. [cHyroul miaxoau, B mepeBaxHii KiTbKOC-
Ti, po3po0IeHi st MicT Ta ixHiX okonuip. OTxe, Me-
TOI0 JTAHOTO JOCHIKEHHS € Po3poOKa MiIXOAy IMIOI0
BHU3HAYeHHS! Micup po3TtaimryBaHHs E3C B HampsiMKy
XapkiB — bepastHCBK.

OcCHOBOIO I PO3pOOKH MiAXOAy OO0 BH3HA-
4yeHHs1 Micub posramyBanHs E3C npu mepecyBanHi
€JIEKTPOaBTOMOOIIEM y MIXMICHKOMY CIHOJYY€HHI
MOBMHHA OyTH 00’€KTHUBHA iH(OpMAIs PO CepeHii
JIEHHHUH TPOOIr eJIeKTPOMOOILISA Ta HAsIBHY €JEKTPOMO-
OiIbHY 1HPpaACTPYKTYpY.

AHaJi3 cyyacHol Mepexxi 3apAIHUX CTaHIil
IJI eJIeKTPOMODINTiB y HAIPSIMKY
XapkiB — bepasgncbk

B VYkpaini Ha chOromHi € 0arato MmomyJIsIpHUX Ha-
MPSIMKIB, 32 CTATHCTKOIO IIEHTPY TPAHCIIOPTHHUX CTpate-
rii 2019 poxky HaWNOMYJSPHIMIUM MapIIPYTOM, SKUM
KopHcTyBanucs ykpaiHui craB KuiB — Uepwiris. [loiza-
ku 10 OzecH MocialoTh Ipyre Micle, TAKOXK 10CTaTHBO
nonynspHuME € HanpaMku: Kuis — Oneca, Kuis — Uep-
kacu, MukonaiB — Opneca, IBaHO-®paHkiBcbk — JIbBiB
tomo [9].

Oco0J1MBO BEIUKUM IONUTOM KOPUCTYIOTHCSI Ha-
NPSIMKA IO KYpOPTHHUX MICT YKpaiHU Y JITHIO MOpY
POKY, HalaKTUBHILIIMM JITHIM MICSLEM JUIS TTOJOPOXKEH
BUSIBUBCSI CEPIICHb.

Yacrinre 3a Bce BiTKYy 2019 poky ykpaiHIi 131imu
B KypOpTHI MiCTa Ta CeNluIa KpaiHu, cepen SKUX Oyiu
Bepnsucek (3amopizpka ob6aacts), Kupuiniska (3amopi-
3bKa 00JacTh), 3ami3Huii mopt (XepcoHchka 00JacTh),
3aroka (Omechka obnactp), IliBmeHne (Omecbka 00-
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yacTe). Y XapKiBChKil 00JNacTi MOIMYNISIPHUM € Hamps-
Mok XapkiB — bepasacek. [Ipu oMy HaHKOPOTIINM €
nusix: XapkiB — Kpacnorpan — HoBomockoBcbk — 3a-
nopixokst — BacumiBka — Tokmak — bepastHCBK, POTSIK-
HicTIO — 485 KiJoMeTpiB.

Crig po3ymiTu, IO HA JIAHOMY HaNpsIMKY BiKe ic-
Hye Mepeka 3apsaHHUX CTaHIIN Ui eleKTPOMOOLTIB
(puc. 4).

Bapro Takox BiI3HAYMTH, IO Yy Pi3HUX MYHKTax
MO3HAYEHNX Ha MapUIpyTi 3HAXOAMUTHCS pi3HA KiIBKICTh
TOYOK 3apSJIKH IS €JIeKTPOKapiB.

BaraTo 3 HUX BiApI3HAETHCS 32 THIIOM CTaHIIi1, BU-
JIOM po3’eMy ab0 PEKHUMOM 3apsAKH i MOXKYTh HE M-
XOIMTH IS TI€T UM 1HIIOI MapKU aBTo.

JeranpHima xapaktepuctuka 1o koxHid E3C
npesicTaBiieHa B Tabi. 1.

Tabnuys 1 — XapakTepucTHKA 3apsiAHUX CTAHIIIM
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Onexcanppin HoBoMOCKOBCEK KpausaTopcak lryraoncun-
¢ !
beorememanit | 4
o Kawmcweo ALY D¢ oo T Rokeus
B Be || 8t Noxponcuk o
magunx
KpumoniPIr hmp‘m p A wl
Maproseis ‘Baumism v
Honcne
Hixonome Y
Eneproaap ( i Pocrol-:a-ﬂo
Mapiynons TOMRE, g
fais
MeniToncns
4 Bepaamesn Stk
Xencou

Puc. 4. Mepesxa 3apsiIHUX CTaHILH Ha HAIIPSIMKY
XapkiB — bepsHcbk

Micro, Apeca. Micie po3ra J— Tum po3'emy KoHeKkTOpa | MoOXKIMBICTH IIBHA-
0bJ1acTh /peca, micue p e JJISE 3aPSIAKH KOI 3apsiiIKH
XapkiB Byn. UyBamiceka, 1 3 EV Plug (J1772)s, TaK
) ’ CHAdeMO DCFC
c. [lecounn, Byi. Ilymkina, 4 3 EV Plug (J1772)s Hi
cMmT. Koporuy, aBTomopora KuiB — EV Plug (J1772), .
XapkiBcbKa 001. XapkiB -/loBxaHcbkuit, 464 kM Mennckes H
’ (Type 2)
Asromopora Kuis -Xapkis - J{oB- EV Plug (J1772), i
YKaHCBKUH, 463 KM Mennekes (Type 2)
KpacHorpax c. YnsHiBka CHAdeMO DCFC TaK
P P Byn. XapkiBcka, 125 EV Plug (J1772) Hi
HoBo-MOCKOBCEK Byn. I'etbMaHchKa, 234 b 2 EV Plug (J1772)s Hi
Bepboge Byin. llleBuenka, 18 3 EV Plug (J1772)s Hi
By Iropst Cikopcekoro EV Plug (J1772), Hi
a1 Top P Mennekes
EV Plug (J1772), .
3anopixoks Hlouenpie mocce, 7 Mennekes i
Byn. Maricrpanbaa, 100 EV Plug (J1772) Hi
I'opixoBchke mocce,7A EV Plug (J1772), Hi
Mennekes
6-p LlenTpansuuii, 14/9 Ports 3 EV Plug (J1772)s Hi
EV Plug (J1772), .
BacwuiBka Tpaca E 105 Mennekes (Type 2) Hl
aBrozopora Xapkis - Cimdepo- CHAdeMO DCEC rax
oJb, 343 kM
EV Plug (J1772), .
Toxmax By1. I'oromns, 140 Mennekes(Type 2) HI
. EV Plug (J1772), .
Bepnsancek Menitononscbke moce, 108 b Mennekes (Type 2) HI

Ha nanomy HampsMKy MO>KHa BHAUIHTH JIBi OCHO-
BHI mpoOiemu, 1o moB's3aHi 3 Mmepexxero E3C. Iepia —
e Benuki Bigcrani Mixk E3C, ki B OeSIKMX BHIAIKax
csratoTh 90 kM. HaiiOinbmi Bigcrani mix E3C:

Kpacnorpan — HoBoMockoBchk — 84 kM,

Toxmax — bepasHcek — 99 kM.

Jpyroto npobiaeMoro € MBUIKICT 3apsIKU Ha ic-
Hytounx E3C.

BinpuricTe craHIif HA HANPSMKY 31HCHIOIOTH 3a-
PAIKY 3 BUKOPUCTaHHSM OIHO(a3HOI Mepexi 3MiHHOTO
CTpyMy 3 MakcuManbpHOI Hampyroro 230 B, cumoro
cTpymy 32 A i rpaHHYHOIO TIOTYXHIcTIO 7 KBT.

Ha nanpsamky, o posriasaaerscs, Takox € E3C 3
MOXITUBICTIO BUKOPUCTaHHS PEKUMY IIBHIKOI 3apSIKH
CHAdeMO, po3paxoBaHOro Ha MaKCHMaJbHE HaIlpy-
xenns 500 B i cuny crpymy 125 A 3 moTyXHICTIO 110
62,5 xBr. 3a3Buuail Ha TaKMX CTaHINSAX CJICKTPOKAp 3
Oarapeeto 24 kBt 3apsmkaeTbes 3a 30-50 xB.

[IpoGnema nonsirae B TOMy, L0 TAKUX CTaHI Ha
MapuIpyTi yChOro TpU Ta BiACTaHi MK HUMH 3aBEJIUKI.
TepuTopianbHO I CTAHIT 3HAXOMATHCS B HACTYITHHX
Micrgx: 1 - M. Xapkis, Byn. Uysamiceka, 1; 2 - M. Kpac-
Horpaj ¢. YIsHiBKa; 3 - ¢. BacumiBka, aBTomopora Xap-
kiB - Cim¢eponons, 343 kM. Bigcranp Mk cTaHIisIMH 3
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MOXJIUBICTIO TBUAKOT 3apsiaku Ne 1 i 2 cranoButh 90
KM, a MK cTaHiisMu Ne 2 1 3 — 238 k.

OcHoBHu# MaTepian

OCHOBHUM KpHTEpieEM Ui BHOOpPY Miclb po3Ta-
mryBanHs E3C Ha meBHOMY MapuUIpyTi € 3arajlbHHH 4ac
BUTpaYeHUI Ha TOAOJIAHHS MAapIIPYTy, SKUW TTOBHHEH
Oytu MiHiManpHUM (1), a TAKOXX HAsBHICTH BiAIMOBITHOI
iHppacTpyKTypH i obnamryBanHs E3C

TM =Tp+T3’ (l)

ne T, — vac, WO BUTpaYa€Thes Ha Pyx, rox.; 7, — 4ac,

[0 BUTPAYAETHCS HA 3aPAAKY CIECKTPOMOOLIIS, TOI.

Ane TakoX HEOOXiJJHO BPaxOBYBaTH 1 ICHYyIOYE
CyTTe€BE OOMEXKEHHS TP TOIIYKY MICIlb pO3TAlIyBaHHS
E3C, a came, daktiyny (podo4y) MICTKICTh aKyMYyJIs-
TOpHOI Oarapei eneKTpoMoOiTiB, SKa HANPSMY BILTHBAE
Ha BiJICTaHb, 10 MOXKE MOZOJIATH aBTO HAa OJHOMY ITOB-
HOMY 3apsii

[lapaMeTpu OTPUMAHOrO PO3MOILTY HABEIACHI B
Tabm. 2.

50
45
40
35
30

25

No. of observations

20

20 30 40 50 60 70 80 90 100 110 120 130 140 150
Category (upper limits)

Puc. 5. 'amMa-po3nozisn BicTaHi, 0 IOJIAETHCS
€JICKTpOMOOiJIeM Ha OJJHOMY IIOBHOMY 3apsifi (Bich
a0cLyC — BiZICTaHb, 110 JIOJIAE€THCS eIEKTPOMODiTeM

Ha OJJHOMY ITOBHOMY 3apsifii; BiCb OPJIMHAT — 4acTOTa
MOTPAIUISIHHS 3HAUCHb BiJICTaHi, IO JIOJIA€THCS eIeKTPOMOOi-
JIEM Ha OJIHOMY ITOBHOMY 3apsi/ii B 3aJIJaHUH iHTepBa)

Tabnuya 2 — IlapaMeTpu raMMa-po3nojijty, NpuiaTHOro
IJISl OTIMCY BiiCTaHi, 110 N0/1a€ThCs
€JIEKTPOM00ijieM Ha OHOMY IOBHOMY 3apsifi

HE 3MOXYTh IMOJONATH BigcTaHb 115 kM Ha omHOMY
noBHOMY 3apsiai. OTprMaHe 3Ha4eHHs BJICTaHI € BepX-
HBOIO MEXEI0 MpH BuOOopi Micup posranryBanss E3C Ha
HanpsMKy XapkiB — bepasHcbk. Buxonsuu 3i 3HaYeHHS
MaTeMaTU4HOrO OYiKyBaHHs BHOIpKH, cpopMOBaHOI 3a
pe3y/bTaTaMy ONMUTYBAaHHS BJIACHUKIB €JIEKTPOMOOLIIB,
HIKHIO MKy Bincrani Mk E3C momijgbHO BCTAaHOBUTH
Ha piBHi 79 KM.

Bincrane mix E3C y Xapkosi ta Kpacnorpani
cknagae 90 kM, TOMY OOJIAIUTYBaHHS HOBOI 3apsqHOL
CTaHI1 MK IIMMH ITYHKTaMH MapIIpyTy He BUMaraerb-
cs. Ha BCiX IHIIMX AUISHKAaX MapuipyTy HOBI CTaHIi
OyIyTh TUIAHYBATUCS B MICISIX TPOMaJICBKOTO KOPUCTY-
BaHHSL.

Haii6inpim mpoOieMHMMH 30HAMH Ha HaNpSIMKY
XapkiB — bepusHcrk € JIHIIPONETpOBChKa Ta 3amopizb-
Ka 00JIacTi, KITBKICTh IIBUAKHUX 3apsAI0K 3aMaja Ta Bij-
CTaHb MK HUMH 3aBEJIHKA, TAKOXK MPOOJIEMOIO € BiICy-
THICTB TaKoi CTaHIii y KiHIIEBIH TOYI MapIIpyTy — Mic-
Ti bepasHCBKY.

Takoxx HeoOXimHO BpaxyBaTH Bxke icHyroui E3C,
SIKI HE PO3TAlIOBYIOTHCS OE3IIOCEPEAHBO MO MapuIpyTy,
ajyie 3HaXOAAThCS IMOpYyY 3 HUM. Hampuknan craniist B
M. Jlninpo, npocrekt Ciaodoxancekuii, 31. Tlpu 3aizmi
Ha II0 CTAHINO NUIAX 30UTBIIUTECS Ha 28 kM. 3 ypaxy-
BaHHSM BHIIE HaBeAEHOro Ha Mapuipyti XapkiB — bep-
JITHCBK TIpONoHyeThesi obnamryBatd 3 HoBi E3C 3 Mmo-
JKITUBICTIO IIBUKOI 3apsiiku y XapKiBCchKil Ta 3amnopi-
3bKii 00JIaCTSIX.

Otpumana mepexxa E3C mis mapupyry XapkiB —
Bepnsucek 300pakeHa Ha puc. 6. TepuropianbHa
MIPUB’sI3Ka 3alpOIIOHOBAHOI MEPEeXi 3apsTHUX CTaHIIH
HaBezeHa B Ta0. 3.

Besmunna Tec-
IMapa-merp | Ilapamerp Besmunna
dopmn | macmrrady | Y Koamoropo- Teery i
Ba-CMHpHOBa
16,3 4,9 0,01808 3,009

OTpuMaHi pe3yabTaTH HE MPOTHPIYaTh pe3yJbTa-
TaM ICHYIOYHX mociipkeHs [9]. Jlami pospaxoBaHi 3
BHUKOpPUCTAaHHAM nporpamHoro npoaykry STATISTICA
10 mapamerpu rama-po3noiry BUKOPHCTOBYIOThCS JIJIsI
po3paxyHKy kBaHTWIIO [10] raMma-po3noainy BiacTaHi,
IO JIOJIAETHCS EJIEKTPOMOOLSIEM Ha OJHOMY IMOBHOMY
3apsdi. Po3paXxyHOK KBaHTHJIFO raMMa-po3MOIiTy BiJ-
CTaHi, IO JIONAETHCS EIEKTPOMOOLIEM Ha OJHOMY ITOB-
HOMY 3apsi/i MPOBOAUTHCS 3 BUKOPHCTAHHSIM IMPOrpaM-
Horo nogatky MS Ecxel 3a mporomoroto ¢yHkii «'A-
MMA.OBP». Tlpu piBHi moipuoi iimoBipHOCTI 95 %
OTPUMAHO 3HAUEHHS KBAaHTWJIIO CTaHOBUTH 115 kM.
To6to 95 % enexkrpomobiniB Nissan Leaf 3 omuranux

1 J T
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BepasHcox Eican

Puc. 6. Chopmopana mepexa mBuakux E3C
Ha MapiipyTi XapkiB — bepistHCbK

BucHoBku

3anpoIroHOBaHU MiJIXi/l BUSHAUYEHHS MICIIb pO3Ta-
mryBanHs E3C BpaxoBye MOXITMBOCTI IepeBaXKHOI Oijlb-
IIOCTI Cy4acHOro mapky enekTpomoOuniB Ykpainu. Oc-
HOBOIO JUTSl BU3HAYECHHS MICIIb PO3TalllyBaHHS € TpaHnY-
HAa BIJICTaHb, 1[0 MOXKE MOOJATH EIEKTPOMOOLTb HA OJI-
HOMY ITOBHOMY 3apsizii akymyJssitopa. OTpuMaHi pe3yib-
TaTH HE MOXHA BBaXKATH OCTATOUYHMMH B IUIAHI BH3HA-
4yeHHs Miclb po3TtanryBaHHs E3C 3 mBHAKAM pexXxUMOM
3apsIKd aKyMYJISITOPIiB, BOHH HOCSTH JIMIIE PEKOMEH/Ia-
LiAHUH XapaKTep.
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Tabnuys 3 — ChopmoBaHa Mepeska IIBHAKHUX 3apPSIAHAX CTAHIII

Ne Hasea E3C Anpeca
1 A3C WOG M. XapkiB, Bya. UyBaiceka, 1
2 A3C Tarnadra M. KpacHorpan c. YnsniBka
3 A3C ANP Tpaca M18, c. bepasinka, XapkiBcbka 0011
4 TII «Hawa npasna» M. [ninpo, CnobokaHChKHH IPOCHeKT, 31
5 A3C WOG M. 3anopixoxs, Byl YapiHa, 64 A
6 A3C WOG c. Bacuniska, 3anopizbka 00i1., aBroziopora Xapkis - Cimdeponons, 343 kiomerp
7 Kage «Dianay» Tpaca P37, c. 3enenika, 3anopi3bka o0J1.
8 TL{ «Amstor» 0011.. Koncynberka, 75, M. Bepasiaepk, 3anopizbka o0i1..

3po3yMio, IO 3 IUIMHOM 4acy CTPYKTypa HapKy
eNIEKTPOMOOLTIB B YKpaiHu Oyae CyTTEBO 3MiHIOBATHUCH,
TOMY MOXJIHMBO OyJe HEoOXiTHO ITPOBEAEHHS KOpery-

Toni HeoOXimaHa KinbKicTh mBUAKMX E3C cTaHOBH-
tuMe (ctaH peectparttii 01.07.2019 p.):
XapkiBchka o0macte — 62 om. (3apeecTpoBaHO

2500 enexkTpoMoOLTiB);
JlHinponeTpoBckka obnacts — 21 oA. (3apeectpopa-
HO 850 eneKTpOMOOiTiB);

BaHHs MicIlb po3TanryBaHHs mBHAKuX E3C.
Meroauka mono Bu3HadeHHs KinbkocTi A3C Ha
okpeMiii Teputopii, mo npexacraBieHa B JJbH B.1.1-7,

MOXe OyTH aJaIToBaHa IJisi pO3paxyHKy MOTPiOHOT Kijlb- 3amnopizbka obmacte — 11 on. (3apeecTpoBaHO
kocti mBuakux E3C. 450 enexTpoMOOiITiB).
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An Approach to Forming of Electromobiles Charging Stations Network in the Kharkiv-Berdyansk Direction
Ye. Liubyi, D. Larin

Abstract. Studying subject in the article is an electric charging stations network of Kharkov — Berdyansk direction. The
aim of the study is to develop an approach to determine the location of fast electric charging stations. Research problems: to
analyze the modern Ukrainian electric car park and the existing of charging stations network; analyze existing approaches to the
formation of effective electric charging stations networks; to develop an approach to form of charging stations network when
driving in intercity traffic, which will take into account the capabilities of the vast majority of electric vehicles in Ukraine; to
develop practical recommendations for choosing the location of fast electric charging stations when moving in the Kharkov —
Berdyansk direction. The following results are received: an approach has been developed to the choice of locations for fast
electric charging stations in the Kharkov - Berdyansk direction, which is based on determining the maximum distance that is
overcome by an electric vehicle on one full battery charge; places for fast charging stations are proposed. Conclusions. The pro-
posed approach to determining the location of fast electric charging stations takes into account the capabilities of the vast major-
ity of the modern electric vehicle fleet of Ukraine. The basis for determining the location of fast charging stations is the maxi-
mum distance that is overcome by an electric car on one full battery charge. Using the developed approach, the required number
of fast charging stations was established, which for the Kharkov - Berdyansk direction is 8 units. The methodology for determin-
ing the number of gas stations, presented in SBC V. 1.1-7, can be adapted to calculate the required number of fast electric charg-
ing stations for a certain territory.

Keywords: electric car, charging station network, distance to travel, distribution law, long distance communication.
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XapKiBChKUI HalllOHAJIBHUN aBTOMOOLIBHO-TOPOXKHIN YHIBEpCHTET, XapKiB, Y KpaiHa

HNIABUIEHHA E@EKTUBHOCTI
CBITJIO®OPHOTI'O PEI'YJIIOBAHHSA HA TIEPEXPECTI

AHoTanis. Po3rnsmaroTbes 3aX0au, AKi CIpsIMOBaHI Ha ITiIBUIIEHHS €()EeKTHBHOCTI (DYHKI[IOHYBAHHS PEryJbOBaHO-
ro mepexpects. Po3risiHyTH cepeliHi 3aTPUMKH TPAHCIIOPTHHUX 3aC00IB HAa HEPEryJIhOBAaHOMY Ta PEryJIhOBAaHOMY Iic-
pexpectsx. BcraHoBiIeHI MOeNi, 1110 JO3BOJSIOTh BU3HAUUTH CEPENIHI 3aTPUMKH TPAHCIOPTHHUX 3aco0iB Ha mepexpe-
CTi B 3aJIC)KHOCTI BiJ] iHTEHCHBHOCTI TPAHCIIOPTHOT'O MOTOKY O APYTOPSIHIN BYJIMIN Ta TPHUBAIOCTI OCHOBHOT' O TaK-
Ty. KputepieM BuGOpY TpHUBaAJIOCTI OCHOBHUX TaKTiB CBITIO(OPHOrO PEryaroBaHHS MPUNHHATO MiHIMYM CEpelHiX 3a-

TPUMOK Ha HEePEXPECTi.

Kar4doBi ciaoBa: perynboBaHe nepexpects, TPaHCIOPTHUI MOTIK, TPAHCHOPTHUIA 3aci0, IETEKTOp TPAaHCIOPTY, 3aTpu-

MKa TPAHCHOPTHHX 3ac00iB, CBITIIOQOPHUH LIUKII.

Beryn

[IpoBenenuii aHami3 3MiHM PiBHSI aBTOMOOLTI3aIil
B MicTax YKpaiHH 3a OCTaHHI JIeCSATh POKIB [T0Ka3aB, 1110
piBeHb aBTOMOOUTI3alIl HpOAOBXKYe 3pocratu. JlaHa
0o0CTaBUHAa BWKJIHMKA€ 30UIBIIEHHS IHTEHCHBHOCTI
TPaHCIIOPTHUX TOTOKIB Ha TPAHCIIOPTHHUX MaricTpasix,
10 B CBOIO YEPI'y BUKJIMKA€E 30UIbIICHHS] HABAHTaKCHHS
Ha BYJMYHO-OPOJKHIO TPAHCIIOPTHY MEPEKY.

VY Beiukux Micrax aBTOMOOUTI OiNbIIy YacTHHY
Yyacy nepe0yBaroTh B YMOBax CBITIO(GOPHOTO peryio-
BaHHA. ToMy e(ekTuBHE ympaBiiHHS CBiTIIOpopamu €
HEOOXiTHOI0 yMOBOIO Uil BUpINIEHHS MpoOIeMu
TPAHCIIOPTHUX 3aTOPIB.

ByanuHO-TOpoKHS Mepeka 3a TPUBAIHMN Iepiof
HE 3a3HAa€ PEKOHCTPYKINi. Y 3B'S3KY 3 I[MM IIBHIKICTh
PyXy TpaHCHOPTHHX 3aC00iB 1O MICTy 3HAYHO 3MEHIIY-
eTbes. Sk Bigomo [1-5] HaitOinbmn mpodieMu 3 pyxoMm i
HAKOUIBIII 3aTPUMKH TPAHCIIOPTHUX 3aCO0IB CIIOCTEPI-
rafoThcs Ha nepexpectsax. OpraHi3oByBaTH pyX Ha Iie-
pexpecTsiX MOXKIJIMBO, SIK 33 JOMIOMOT'OIO 3HAKiB, JTOPOXK-
HBOT PO3MITKH, TaK i 3a JOIMOMOI'OI0 JOPOXKHHOT'O 00JIa-
nHaHHs (cBiTio¢opiB). Haibinpm nommpeHuit crocio
CBITJIODOPHOTO PETryNIOBaHHS — BUKOPHCTaHHS (iKCO-
BaHUX II0 TPUBAJIOCTI (a3, pO3paxOBaHMX Ha OCHOBI
cTaTUCTUYHHUX AaHuX. OJHaK B Cy4yacHUX YMOBax JH-
HaMiKa MOTOKIB 3MIHIOETHCSl 3HAYHO ITPOTSATOM JJOOU.

Ha mnepexpecrsix, Ha SKUX OpraHizallis Npoi3ay
3MIACHIOETHCS 32 JOITOMOTOI0 TOPOXKHIX 3HAKIB, OCHOB-
Hi 3aTPUMKHM BHHHKAIOTh y TPAHCIIOPTHUX 3ac00iB, sIKi
inyTh 1Mo ApyropsaHid aopo3i. 30UIbIIEHHS IHTEHCHB-
HOCTI pyXy NO JPYropsiIHiA I0p03i BUKIUKAE 3011b-
LIEHHSI CYMapHUX 3aTPUMOK Ha IIEPEXPECTi.

Koy iHTeHCHBHICTH pyXy aBTOMOOLIIB O JIpyro-
pAnHIM 10po3i 30UTBIIYETHCS, 1 peryJIFOBaHHs 3a JIOIOo-
MOT'OI0 3HaKiB, i PO3MITKH He 3a0e3neuye Oe3neKy pyxy,
TO JUISl PEryJIIOBaHHS PyXy BUKOPUCTOBYIOTH CBITIO(O-
pHY curHamizaiiro. Y 1[boMy BUNaJKy ITOTPiOHO BH3HA-
YUTH TaKU MapaMeTpH CBITIO()OPHOro MUKITY, MO0 3a-
TPUMKH TPAHCHOPTHUX 3aco0iB Ha mepexpecti Oyiu
MiHIMaJbHi [3, 5-7].

OfHi€ero 3 Cy4acHUX TCHICHIIN YIpaBIiHHS I0PO-
YKHBOT'O PYXY Ha PEryJbOBaHUX MEPEXPECTSAX € 3aCTOCY-
BaHHS aJalTHBHOTrO ympaBiiHHA. [ BOpOBaKEHHS
JITAHOTO BWJY YIPaBIiHHA HEOOXIIHO BUKOPUCTAHHS

PI3HUX BHUIIB JATYUKIB, SKi BU3HAYAIOTH Pi3HI Mapamer-
PH pyXy aBTOMOOLIIB I10 JIOPOrax.

BiamnoBinHO, OHUM 3 aKTyaJbHUX MHUTaHb IIPU OIl-
TUMi3alii TOPOKHBOTO PyXy Ha MEPEXpPEecTsiX € BHU3HA-
YeHHsS MapameTpiB CBITIIOQOPHOro IMKIY 1 IX 3MiHH
NIPYU BUKOPHUCTAHHI CyYacCHHMX JaT4yMKiB. Tak OmHUM 3
PI3HOBU/IIB JIATYUKIB € NATYUK IIPUCYTHOCTI» aBTOMO-
Ous B 30HI nepexpects. JlaHWH NaT4YWK Ja€ KOMaHIy
JIOPO’)KHHOMY KOHTPOJIEPY MPO HPUCYTHICTH aBTOMOOILIIS
Ha JIOpo3i 1 HEOOXiAHICTh MepeMHUKaHHs CUTHAJIB CBiT-
nogopa. EdekTuBHICTH CBITIOPOPHOrO PEryITIOBaHHS
Ha TaKUX MEPEXPECTSX 3aJICKUTH BiJl MapaMeTpiB CBiT-
nogopHoro nukiny. Takum 4MHOM, AJIs1 BU3HAYECHHSI OII-
TUMAJIBHUX IapaMeTpiB CBITIOQOPHOro MUKIY HE0O-
X1JIHO MPOBECTH aHAJI3 3aTPUMOK TPAHCIOPTHUX 3aCO-
0iB Ha TEPEXPEecTi MO BBEACHHS 1 IiCJIS BBEJCHHS CBIT-
J0(OPHOT'O PEryJIIOBaHHS 3 BUKOPHCTAHHIM CYYacCHHX
JATYHKIB.

AHaniz myoaikanii

[MuraHHAMY BU3HAYEHHS OCHOBHHUX IIapaMeTpiB
CBITJIO(OPHOTO IMKITY 3aiiMajiocs 0araTo BITYM3HIHUX 1
3apyOikHUX aBTOpiB. OJHUM 3 TEPUIMX aBTOPIB, KU
MIPUCBSITUB POOOTY ONTUMI3ali CBITIO(OPHOr0 IUKITY €
Bebcrep. Tak camo AOKIIQJHO UM MTUTAHHSIM TPHILIIS-
JIU yBary Taki aBTopH sk I'opominin, JlamieHko, Yco,
Bpy0enb, AxamanninoB M.M, 3asamimin J.C. [3-5].

CenbsHOB [8] cTBepIKYE, IO ehEKTHUBHICTH BUKO-
PHUCTaHHS CUTHATIB CBITIIOQOpPIB 3aJICKUTh Bl IBOX
MOKa3HUKIB!

— YacTKa CHTHAITY IO JIO3BOJISIE PYX BiJ| 3arajbHOI
TPHUBAJIOCTI;

— IHTEHCHBHICTh PYXY.

Tak camo BeMKe 3HAYECHHS Ma€ BHOIp TPUBAJIOCTI
LUKITY.

Tak aBrop ['opomimin [9] roBoputh, O TpHBa-
JICTh OCHOBHOTO TaKTy CBITJIOHOPHOro 00'€KTa BH3HA-
YaeThCsl 3aBIAHHSAM, SIKE CTABUTHCS IIE€PEed JOCIiIHH-
KOM: 3a0€3NEeYUTH TEeBHUH HANpsSM PyXy HEOOXiJTHUM
BiJIPI3KOM Yacy JUisl BUI3y Ha NEPETHH MPOTKIKOI Yac-
THUHU BCIX TPAaHCIIOPTHUX 3ac00iB, IO MiJ'TXanu Jo 1e-
pexpects 3a yac mukiIy. Yac, HeoOXiTHHI KOHKPETHOMY
OCTaHHBOMY TPAaHCHOPTHOMY 3aco0y, IO MiJa'iXaB 0
nepexpectsi, Uil OTPUMaHHs TpaBa B'I31y Ha Iepexpec-
Ts1, OE3II0CEPEAHBO 3AIEKUTH BiJl BiJCTaHi, Ky BiH MO-
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BUHEH MOJ0JIATH 3 MOMEHTY Bi/JIHOBJIICHHS pyXY Ha CHI-
HaJl CBITIO(Opa, IO J03BOJISE PYX IO MOMEHTY BKIIIO-
YeHHs 3a00pOHHOT0 (KOBTOT'0) CUTHAITY.

Micue po3ranryBaHHs OCTaHHBOTO B uep3i aBTO-
MOOLIS Bix cTom-iHii (S; B'131y) BU3HA4a€eThCs 3a (op-
MYJIOIO

S =n;-(B+1), (1)

Iie n; — KUTbKICTh aBTOMOO1JIIB Ha ONHIN CMY3i pyXYy, IIIO
mia'ixanu 10 mepexpecTs 3a 4ac OJHOIO IHMKIY poOOTH
cBiTIIOpOpHOrO 00'€KTa, On.; B — cepemHs TOBKUHA
JIETKOBOTO aBTOMOOINIS (B pO3paxyHKaX MOXKHa IpH-
nmartu piBHOIO 4,5 M); [ — cepeqHs JUCTaHIUS MIX aB-
TOMOOIJISIMH, IO CTOATH IMEpel MepexpecTsM Ha 3a0o-
poHeHmiT curHan cBiTiodopa (B po3paxyHKax MOXKe
npuiiMaTHcs piBHOIO 1 M).

KijbKicTh aBTOMOOUTIB Ha OImHIA CMY3i pyXy, IO
A TXay 10 epexpectsi MOXKHA BUSHAYHTH 32 (POPMYIIOI0

np =—=, )

i, ) )
i (] NLI — IHTCHCHUBHICTb TPAHCIIOPTHOI'O ITOTOKY AOCJI1-

JDKYBAHOT'O HANpPSIMKY 3a 4yac nukiy, oa./120 ¢; ¢ — ki-
JBKICTh CMYT TMPOI3HOI YaCTHHH, NPH3HAYCHUX VIS PY-
XY B JIaHOMY HAIPSIMKY, OfI.

3 ypaxyBaHHSIM TEMITy PO3TOHY 1 3aTPUMKH Tiepe]
MOYaTKOM pyXY i-H B 4ep3i Ha KOHKpPETHIl cMy3i aBTO-
MOOILJIb JOCATHE MiCIId, 110 Ja€ HOMY MpaBo Ha MPOIO-
BXKEHHS PyXy 4epe3 mepexpecTs uepes f, (C), ke 3a
3MICTOM 30ira€TbCs 3 TPUBAIICTIO OCHOBHOTO TAaKTY,
MIPOITOHYETHCSl BU3HAYATH 32 (POPMYIIOI0

+sarp 3)

e (S; —Syy) — BiACTaHb, SIKYy AOJNA€ aBTOMOOLIb, LIO

3HAXOJMBCSI OCTaHHIM B Uep3i, 3 MOMEHTY IIOYATKy PyXy
Ha CHTHAJ CBITJIIO(Opa L0 JO3BOJSIE PYX JO MOMEHTY
JIOCSITHEHHSI TPaHUIli, MOYMHAIOYM 3 SKOrO0 BOAINH He
Oylie MaTu y CBOEMY PO3IOPSIKEHHI TEXHIYHY MOMKIIH-
BiCTh 3yIIMHUTU TPAHCIIOPTHUH 3aci0 10 Miclisl, BCTAaHO-
BieHoro [IpaBWiamMu IOpPOKHBOrO pyXy (CTOM-IiHis,
MIIOXIMHUN Tepexij, Mexa NpoiKIDKOoi yacTuHu). B
JTAHOMY BUIMAJKy TAaKUM MICIIEM CIiJi BBa)KaTH CTOII-
JIHII0), M; Soq; — JaJbHICTh PO3TAIIyBAHHS TPaHCIIOPT-
HOT'0 3aco0y IIOI0 TpaHMIli, perjaMeHToBaHoi IIpaBu-
JIAMH JOPOXKHBOTO PYXY, IICIS TOCATHEHHS SIKOi BOIIH
TPAHCIIOPTHOTO 3ac00y HE Mae TEXHIYHY MOXJIUBICTh
3YIIUHUTHUCS 1 OTPUMYE NPABO MPOAOBXKUTU PYyX uUepes3
TIEPEXPECTs, M; a — IPUCKOPEHHS aBTOMOGLIS, M/c” (Jst
TIPAKTHYHUX PO3PAXYHKIB MPUIMAEThCS 1,5 M/C); tyarp —
Yac 3aTPUMKH II0YaTKy PyXy OCTaHHBOTO B Uep3i aBTO-
MOO1JI4, C.

3araypHHUN Yac 3aTPUMKH IIPOIIOHYETHCS BH3HAYaA-
TH 32 HOPMYJIO0

Larp =i *Lzarp.cp » “4)
ne Lygmp.cp — CEPENHA TPUBANICTb 4acy 3aTPUMKH TO-

YaTKy pyXy KOXKHOT'O aBTOMOOLUIS, IO 3HAXOJHUTHCS B
4ep3i, ¢ (B po3paxyHKax BU KopuctyeTbes 1,0 ¢);

2

v, V.
Sy =(t +15 +0,5t7) L +—4 5
ou =(l] +12 3)3,6 260 (%)

ne V, — Haii6inpm HMOBipHAa HIBHIKICTH OCTAHHBOTO B

4ep3i TPaHCIIOPTHOTO 3ac00y, JOCATHYTa IM 10 MOMEHTY
BKJTIOYEHHS 3a00pPOHHOTO CHUTHATY CBIiTIO(GOpa, KM/TOT
(U1t IPaKTUYHKX PO3PaxyHKiB npuitMaeTbes 40 kKM/Topm);
JK — cepeqHe YIOBIIBHEHHSI TPAHCIIOPTHOT'O 3aC00Y MPH
BKITIOUEHH] 3a00pPOHHOTO (KOBTOTO) CHTHAIY, M/C” (I
cyxoro ac(aibTOBOro MOKPUTTS B MPAKTUYHHUX PO3paxy-
HKaX TpuiiMaeTbest 4,6 M/CY); f; — bac peaxiii Bomis
TPaHCIIOPTHOTO 3aC00y B JOPOXKHBO-TPAHCIOPTHIH CUTY-
amii, mo cknanacs, ¢ (U1 NMPAaKTHYHUX PO3PaxXyHKIB
npuiiMaetbest 0,6 ¢); £, — yac 3aImi3HIOBaHHS CIIPAIbOBY-
BaHHS TaJbMIBHOTO TPHBOIY TPaHCIIOPTHOTO 3aco0y, C
(U1t IpaKTUYHKUX po3paxyHKiB npuiimaeTses 0,1 ¢); £ —
Yac HApOCTaHHS YNOBUIFHEHHsI TPAHCIIOPTHOTO 3ac00y B
JTAaHUX JOPOXKHIX yMOBaX, C (A7 MPAKTHYHUX PO3PAXyH-
KiB npuiimaetnes 0,35 c).

Takum 4nHOM, TPUBAJIICT Yacy, HeoOXiaHa Wi B'T3-
Jly Ha TIEpEXpecTs] OCTAHHBOTO B Yep3i aBToMOOLIsL, Oyze
BU3HAYATH Yac OCHOBHOT'O TaKTy BiJINOBIJHOTO HampsMy,
IO 03BONSIE 3a0e3nednTd 0e33aTopHHi Tpoi3n depes
niepexpecTs Mi' iXaBLIMX 10 HhOr0 TPAHCIIOPTHHX 3aC00iB,
3 ypaxyBaHHAM Horo KoH}irypamii i KITbKOCTI CMyT, TIpH-
3HAYEHUX Ul pyXy B JAHOMY HAIPSIMKY.

CyTb npono3uirii

Bu0ip TprBanocTi OCHOBHHX TaKTiB CBITIIO(OpHO-
ro HUKIY Ma€ BEJIMKHH BIUIMB Ha €(EeKTHUBHICTH HOro
poboTtH. 3aHaATO Maja TPUBAIICTH OCHOBHUX TaKTiB
MIPU3BOJUTE 0 3HIKEHHSI MPOITYCKHOI CIIPOMOXKHOCTI
MepexpecTsi, a BelIMKa TPHBAIICTh OCHOBHHX TaKTiB
MIPU3BOJUTH A0 30UTBIIEHHS TPAHCHOPTHHUX BHUTpPAT 4a-
cy. Jlns BU3HAUSHHS ONTHMAIBHUX 3HA4Y€Hb OCHOBHHUX
TaKTIiB HEOOXIHO 3HATHU 3aKOHOMIPHOCTI (hOpMyBaHHSI
ITOTOKY aBTOMOOLITIB Ha MiAXOi 10 CBITIIOhOpY.

s popmyBaHHs 0a3u qaHMX HEOOXiJHO MpOBeEC-
TH OOCTEKEHHSL.

B sxkocti 00'exTy nocimimkenHs oopaHo T-moaiOHe
nepexpectsi. OCHOBHI HANPSIMKH PyXy NPECTaBJICHI Ha
puc. 1.

l'onoBHOIO AoOporow € gopora B HampsMKy 1-2,
HAIPSMOK 3 € APYropsIHOI0 J0pororo (puc. 1).

[Tpu BUKOpHCTaHHI TATYKMKIB IIPUCYTHOCTI Ha JpY-
TOpSIAHIN 10pO31 OpraHi3yBaTH YHPABIIHHS JOPOKHIM
PYXOM Ha JaHOMY THII MEPEeXpecTsi MOXKHA HACTYITHUM
YHHOM:

— SIKIIO Ha JPYTOpPSIIHIM 10p0o3i HEMae aBTOTpaHC-
MOPTHHX 3ac00iB, TO pyX IO T'OJOBHIH J0p03i B Hampsi-
MKy 1 - 2, 2 - 1 3miiiCHIOETBCS Oe3epepBHO;

— SKIIO TO JAPYropsAHiN 10opo3i 3'SBISETHCS
TPaHCIIOPTHUH 3aci0 1 mix hKaKae B 30HY NPUCYTHOCTI,
TOJII CUTHAJ cBiTIIOopa 1O JO3BOJISIE PYX BKIIOYAETh-
cs1 10 APYTOPSAHIN T0pO3i Ha TEBHIH MPOMIXOK 4acy.

[pu BiAcyTHOCTI IAaTYUKIB pyXy i CBiTIIOHOpPHOTO
peryiioBaHHs, KOJNU TPOi3Jl PETYNIOETHCS 3a JIOMOMO-
TOI0 IOPOXKHIX 3HAKIB, TO OCHOBHI 3aTPUMKH TPaHCIIOP-
THUX 3aCc00IB BUHHKAIOTh Ha JAPYrOpSIHIH 10po3i, a mpu
BEJIMKUX 3HAYEHHSX IHTEHCHBHOCTI IO TOJIOBHIH 10p03i
BHI3/1 3 APYTOPAIHOI AY)KE YCKIaIHECHUH.
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Puc. 1. Opranizauis pyXy Ha nepexpecri

VY 3B'S3Ky 3 Li€I0 0OCTaBHHOIO JOIJIHLHO BIPOBa-
JOKYBaTH Ha TEPETHHI aJalTHBHE CBITIO(QOpHE pery-
JIIOBaHHSI.

Konn BBomuThCs cBiTIIOQOpHE YIIpaBIiHHS HA TIe-
pexpecti, Tpoi3[ THepexpectss 3 IPYropsaHol JOpOorH
3HAYHO MOJIMIIYEThCS. B IbOMY BHUNAAKY 3aTPUMKH
TPaHCIIOPTHUX 3aCO0IB HA APYrOpsIHIN J0p03i 3HAYHO
3MEHIIYIOTHCS, alle B TOM K€ Yac BUHUKAIOTh 3aTPUMKH
Ha TOJIOBHIH JOpO3i.

[NoninmieHHs pyxy Mo IpYropsIHii T0opo3i MoXxe
MIPUBECTH 10 301IbIICHHS IHTCHCUBHOCTI PyXy IO JIpy-
TOPSITHIH TOpo3i.

VY 1poMy BUNAAKY MOXJIUBI HACTYIIHI CHTYaIlii:

— IHTEHCHMBHICTh 1O JPYTOPSIHIA IOp03i HHU3Ka 1
NepeMUuKaHHsl CBITIO(QOpIB BiAOyBaeThCsl MpU MmiA'137i
aBTOMOOIIIB;

— IHTEHCHBHICTb TPAHCIOPTHOTO MOTOKY Ha Jpy-
TOpSAHIN TOpO3i BEJIMKA 1 YTBOPIOETHCS 4yepra, 1o BU-
KJIMKa€ TIOCTiIHHE MepeMHUKaHHs CUTHaIIB cBiTiIodopa i
3YIIMHKY OCHOBHOTO TPaHCIIOPTHOTO MOTOKY IO T'OJO-
BHIM J0pO3i, IO BUKIMKAE 30UIbIICHHS 3aTPUMOK Ha
TIepEeXPECTi.

OTmxe, HEOOXiJJTHO BU3HAYMTH TaKi MapaMeTpH CBi-
TI0QOPHOTrO PEryyoBaHHs, 100 NpH 3a/laHUX 3HAYCH-
HSIX OCHOBHHUX TaKTiB CyMapHi 3aTpUMKH Ha IepexpecTi
OyIu MiHIMaJIbHI.

TpuBaiicts CBITIO(OPHOrO LUKIY ITOBUHHA OYyTH
BH3HAYEHA 32 YMOBHM MIHIMYM 4epr i 4acy 3aTpUMKH
TPAHCIIOPTHUX 3aCO0IB B yCiX HaINpPsSMKax.

3araypHy aHANITUYHY MOJAENb Ul BU3HAYEHHS 3a-
TPUMOK Ha PEryJIbOBAHOMY IIEPEXPECTi MPENCTaBUMO B
HACTYITHOMY BHIJISIII

ty =5, (6)

Je N, — IHTEeHCHBHICTb TPaHCIIOPTHUX 3aC00iB JUIS j-TO
MOTOKY, O1./TOI.

lApj — CCpCAHIN YaC 3aTPUMKU TPAHCIIOPTHUX 3a-

co0iB Ha MepexpecTi s j-ro MOTOKY, C.
k — KIIBKiCTh HAaNIPSIMKIB PyXY, O1I.

CepenHili yac 3aTpUMKH TPAHCIIOPTHUX 3aCO0IB Ha
perybOBaHOMY IMEPEXPecTi BU3HAYaeEMO 3a Takoro (o-
PMYJI0I0:

tAp =
2 2
T -(1—% , ()
O G DA ,
2-(1=%4-x)  2-Nj-(1-x;)

ge T, — TpUBANICTh LUKy PETYIIOBaHHS, C;

A — BIJHOIICHHS TPUBAJIOCTI CUTHATY, IO J03BO-
JISIE PYX, IO TPUBAJIOCTI LIUKILY;

X — CTYIiHb HACHYCHHSI HAIIPAMKY PYXY;

N — inTeHCcHBHICTB pyxy T3, om./rox.

Po3paxyHOK 3aTpUMOK Ha MepexpecTi NpH BiaCyT-
HOCTi CBITJIO)OPHOTO pEryJIOBaHHS BH3HAYAIOTh 32
dhopmyoro

e —Nit —1
Ly, = +
An Nt
N, =N, (™" =Nz, -1)

; (®)
v, |1 1
+ —t—,
7,2\ a a

r p

Jle e — MiJcTaBa HaTypaJbHOIO JIorapudma;

N, — IHTEHCHBHICTb TPAaHCIIOPTHOTO MOTOKY Ha T0-
JIOBHIY 0p03i B 000X HANPSAMKaX, aBT / C;

N, — IHTEHCHBHICTb, sIKa MPUIAJAE€ B CEPEAHBOMY
Ha OJTHY CMYT'Y IPYTOPSIHOI JOPOTH B IIbOMY HAIPSIMKY
pPyXy, aBT / c;

@y 1 a,— BIINOBIHO YIOBiTbHEHHS 1 IPUCKOPEHHS
aBTOMOOLIIS (B pO3paxyHKaX MOYKHA MPUHHATH

a,=3—4wm/c*: a,=1,0—- 1,5M/Cz);

Vv, — HIBUJAKICTH aBTOMOOLJIS B BUIBHUX YMOBaX,
KM/TOI.

Ha mociimkyBaHOMY MepexpecTi MpOBEIEHO 00-
CTEeXEHHsI IHTEHCUBHOCTI TPAaHCIOPTHUX MOTOKiB. OO-
CTeXKEHHsS TpoBogwiocs B poboumit aeHs 3 9:00 mo
11:00, 3 13:00 no 15:00, 3 18:00 no 20:00.

B pe3ynbraTi MpOBEICHOr0 0OCTE)KECHHS BU3HAUCHI
IHTEHCHBHOCTI PyXY TPaHCIIOPTHOTO MOTOKy. OTpuMaHi
3HAYEHHs IpeJICTaBiIeH] B Tab. 1.
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Tabnuysa 1 — IHTeHCUBHICTB PyXy

IMoTtik I I

I I, Is I

1662

IHTeHCHBHICTD, 11.0. / TOM. 4

990 438 384 16

Ha ocHOBI oTpuMaHHX JaHUX PO IHTCHCHUBHICTH
TPaHCIIOPTHUX TOTOKIB 3pO0JIEHO PO3paxyHOK 3aTpH-
MOK Ha JJaHOMY Tiepexpecrti 3a popmyioro (8). Ha ocro-
Bi OTPUMAaHHUX JaHUX HPOBEACHO MOJENIOBAHHS 3MiHH
3araJIbHUX CEPEIHIX 3aTPUMOK B 3aJISKHOCTI BiJl PI3HHUX
3Ha4YeHb IHTEHCHBHOCTI IO TOJIOBHINH NT 1 ApyropsiaHii
nmopo3i NB. OTprMaHi 3aJIGKHOCTI TIPEICTaBJICHI Ha puC. 2.

OTXe, BUIHO, IO MPH ICHYIOYHMX 3HAUCHHSIX IHTE-
HCHBHOCTI 10 TOJIOBHIH 1 PYropsiAHiA 10p0o3i 3HAYESHHS
3aTPUMOK BEJIHKI, TOMY BBEACHHS CBITIO(POPHOI CUTHA-
Ji3atii € JOIiIbHUM.

Jly1s TOpiBHSIHHA 3aTPUMOK TPAHCIIOPTHUX 3ac00iB
Ha TEpeXpecTi 3poOMMO PO3paXyHOK iX MICiIs BIpPOBa-
JUKCHHS CBITII0()OPHOTO IHKITY.

600

500

400

300 /j

200 : '/;
7

100 £

r

~———

o]

0 50 100 150 200 250 300 350 400 450 500 550 600
NB, aBT./TOI
Puc. 2. 3miHa cepeHBOT 3aTPUMKHI
TPaHCIIOPTHHX 3aC001B HA HEPETYJIbOBAaHOMY
MIePEXPeCTi B 3aJISKHOCTI BiJl iIHTEHCHBHOCTI
PYXY IO IpYyropsiiHiii 10po3i:
1 — iHTEHCUBHOCTI 110 roNoBHi nopo3i 2000 aBr./rox,
2 — IHTEHCUBHOCTI 110 ToNOBHi# nopo3si 1000 aBr./rox,
3 — IHTEeHCHBHOCTI 1O TOJIOBHIH 1opo3i 500 aBT./rox.

Jls Bu3HaUeHHs1 e(heKTHBHOCTI poOOTH CBITIO(O-
pHOrO IMKIY Ta OTPUMAaHHS 3HAYEHHS iCHYIOUMX 3a-
TPUMOK Ha TepeXpecTi MPOBEAEHO OOCTEXEHHS TpHBa-
JIOCTI OCHOBHUX TakTiB. B pesynbraTi HaTypHOro 00-
CTEeXKEHHsI BCTAHOBJICHO, 1[0 B PAHKOBI TOJMHHU «ITiK»
IIPY BiJICYTHOCTI PO3PHMBY B TPAHCIIOPTHOMY TOTOII IO
JPYTOpSAHINA TOPO3i Yac YepBOHOI'O CUTHAITY IS TOJIO-
BHOI JOpOrM CTaHOBUTH 31 ¢, a 4YepBOHUII CHUTHAN AJsA
IpyropsaHoi goporu craHoBuTh 47 c. Yac cBiTiodop-
HOT'0 IIMKJITy CTaHOBHUTH 82 c. Ilpu cuTyartii, KoM iCHye
PO3pHB B TPaHCHOPTHOMY IOTOLI MO APYrOpSaHINA 1o-
pO3i, YepBOHMI CHUTHAJ Uil T'OJOBHOI JOPOTH CTaHO-
BUTH 31 ¢, a cUrHaJ 10 3a00pOHSE PYX I APYropsiI-
HOi JOPOTM 3MIHIOETHCS BiJ] MiHIMAJIBHOTO 3HAYCHHS
OCHOBHOT'O TakTy — 47 ¢ 10 MOMEHTY MiJ'i31y aBTOTpa-
HCIIOPTHOT'O 3aC00Yy.

[IpoBeneMo po3paxyHOK ICHYIOUMX 3aTPHMOK aB-
TOTPAHCIIOPTHHUX 3aCO0IB Ha MEPEXPecTi 3a YMOBH, IO
Yac OCHOBHOTO TaKTYy, SIKHH JI03BOJISIE PyX VISl TOJIOBHOI
JIOpOTH, CTaHOBUTH 47 ¢, a nis apyropsanoi 31 c. Pos-
paxyHOK mpoBenemo 3a Qopmyinor (6, 7). Ha ocHoBi

OTPUMAaHUX PO3PaxyHKIB CepeHs 3aTpUMKa aBTOTPaH-
CIIOPTHHUX 3aC00IB IS TIEPEXPecTsl CKiaia

t, = 12,375 ¢.

VY BeuipHil Yac IpH BiICYTHOCTI PO3PHUBY TpPaHC-
MOPTHOT'O MOTOKY 3HA4YE€HHS OCHOBHOI'O TaKTy IO JAO-
3BOJISIE PYX VIS TOJIOBHOT'O HANPSIMKY BIANOBINae f, =
60c, U1 IPYTOpsIHOrO HANPAMKY — ¢, = 18c.

BuzHaunMMo 3aTpUMKH TPAaHCIOPTHOTO ITOTOKY IS
JIAHUX 3Ha4YeHb CBITIOQOPHOro HUKIY 3a (opmynamu
(6-7). B pe3ynbTaTi MPOBENCHUX PO3PAXYHKIB BCTAHOB-
JICHO, IO 3HAYCHHS 3aTPUMKH BiJIIOBI A€

t,, = 7.733c.

TakuM 4MHOM, BUTHO, IIO 3aTPUMKH 3MiHIOIOTHCS.

[IpoBeneHo MOPiBHSIBHUNA aHaJi3 TPUBAIOCTI CBi-
TI0QOPHOr0 IMKIY 1 OCHOBHUX TakKTiB. BcraHOBIEHO,
0 B paHKOBUI 1 BEUipHii Yyac TPUBAIICTh LUKITY OJIHA-
KOBa, aJieé TPUBAIICTh TaKTy Uil IPYTOPSIHOI JAOPOTH
30inblIeHa, a JJIsi OCHOBHOTO TPAHCIIOPTHOTO TOTOKY
TPHUBATICTh OCHOBHOT'O TaKTY 3MEHILICHA.

Jlst omiHKU e(eKTHUBHOCTI CBITIIO()OPHOTO IMKIY
3p0o0MMO PO3paxyHOK 3MiHU CEPEIHIX 3aTPUMOK Ha Iie-
pexpecTi mpu 3MiHi TPUBAIOCTI OCHOBHUX TaKTIB, a Ta-
KOX INpH 3MiHI IHTEHCHBHOCTI TPaHCIIOPTHOT'O TOTOKY
IO JPYTOPSLIHIN TOpO3i.

B sKOCTI ambTepHATUBHOTO CIIOCOOY 3MIiHHU TMapa-
METpiB CBITIIOPOPHOro LUKITY MPOMOHYETHCS 3MiHIOBA-
TH TPHUBANICTh (pas3u JJIsl APYropsAHOI JOPOTH BiJIIOBI-
JTHO JIO IHTEHCHBHOCTIi, a TPUBAIICTh (Da3u ISl OCHOB-
HOTO ITOTOKY HE 3MiHIOBaTH. BiImoBigHO 10 3amporo-
HOBaHOI METOAMKH 3pOOJIEHO PO3PaXYHOK CepeaHiX
3aTPUMOK Ha mepexpecti 3a gopmynamu (6-7). Otpu-
MaHi pe3yJabTaTH NpeNCTaBIeH] Ha puc. 3.

21

13 \/
al
/

5 15 25 35 45
TpuBamicTh OCHOBHOTO TAKTY IJIs1 IPYTOPSIAHOT JOPOTH, t, ¢

Puc. 3. 3MiHa cepeiHiX 3aTPUMOK Ha IIepeXpecti
B 3aJIC)KHOCTI BiJl TPUBAIOCTI OCHOBHOT'O TaKTy
UTSL IpYTOPSITHIH TOpo3i:

1 —icHyroua cucrema;
2 — IPONOHOBAaHA METOHKA.

AHaii3 puc. 3 mokasye, 10 HaMEHII 3aTPUMKHU
OyIyThb CITOCTEpIraTHCs, SKIIO BUKOPHUCTOBYBATU IIPO-
ITOHOBaHY METOTUKY.
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Onmumizayia mpaHcnoOpmHUx cucmem

IIpoBeneMo po3paxyHOK 3MiHH CEpeHIX 3aTPHMOK 20
Ha TepexpecTi Ipu 3MiHI TPUBAJIOCTI OCHOBHHUX TaKTIiB 2 /%
JUIsL IpYTOPSITHOTO HAINPSMKY, a TAKOX TPH 3MiHI iHTe- 18 //
HCHBHOCTI TPAHCIIOPTHOTO TMOTOKY IO JIPYrOpsIHIH 16 =
JIOpO3i Ay pO3TISHYTUX MeToauK. OTpuMaHi pe3ysbTa- 14 , - / /
TH TPEACTABUMO Ha pHC. 4. AHali3 Momenel IoKasas, ” Z ,/ }
110 HafiMEHII BUTPATH 4acy CIIOCTEPIraloThCsl MPH BU- 5/;//
KOpPHCTaHHI MPOIOHOBAHOT'O CIIOCO0Y 3MIHU TPUBAJIOCTI 10 =7 3
OCHOBHOT'O TAKTY JUISL APYTOPSTHOT JJOPOTH. 8 g /

BucHoBkH 6 T
AHaJni3 OTpUMaHHX Pe3yJIbTaTiB JA03BOJIMB 3pO0OH- ! 15 20 25 30 35 40 45

TH BHCHOBOK, III0 BUKOPHCTaHHS 3alpOIIOHOBAHOI Me-
TOJIUKH TI0 3MiHi TPHUBAJIOCTI OCHOBHOT'O TAKTy LIS IPY-
FOpHI[HO.I. ):[OpOFI/I 33663Heqy€ HaﬁMeHIHi 3anI/IMKI/I Puc. 4. 3mina cepe':z[Hlx 3aTPUMOK Ha IIEPEXPECTI B E’:?J'le)l(HOf)Tl B1Q
TPAHCIIOPTHHX 3acO0iB HA MEPEXPECTi NPH Pi3HUX 3Ha- TPHBATOCTI OCHOBHOTO TAKTy Ha APYTOPALHIA A0PO3L-

- . 1 — npu iIHTEHCUBHOCTI APYropsHiil 1opo3i
YEHHSX IHTEHCHBHOCTI pyxy. TakuM YMHOM, BHKOPHC-

. . 300 aBT/rox 3a ICHYIOUOI0 METOIUKOIO;
TaHHs aHO1 METOMMKH € IOLILILHUM. 2 — 1py IHTEHCUBHOCTI JIPYTrOpsIIHIN 10po3i

TpuBaticTh 0CHOBHOTO TAKTY JUISl APYrOPSHOT AOPOTH, £, C

OTpuMaHi 3aJeKHOCTI J03BOJIAIOTH OI[IHUTH Ha 100 aBT/rox 32 iCHYIOUOK0 METOHKOK;
CKUIBKHM CepelHi 3aTPUMKU TPAaHCHOPTHUX 3aco0iB Ha 3 — IIpu iHTEHCHBHOCTI APYrOpsLAHiii 10posi
nepexpecti OyAyThb MEHIIE, SKII0 BUKOPHCTOBYBATH 300 aBT/roz 3a IPOIOHOBAHOI METOIHUKOIO;
3aMpOIOHOBAaHY METOJMKY, B MOPIBHSIHHI 3 iCHYIOYOHO 4 — nIpy iIHTEHCUBHOCTI IPYTOPSUIHiK 10pO3i
CHUCTEMOIO YIIPaBITiHHS. 100 aBT/roz 3a MPOIIOHOBaHOK METOIHUKOLO.
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Increasing the efficiency of lighting regulation on crossings
S. Ocheretenko, D. Ohulchanska

Abstract. The subject of the study is the change in the average delays of vehicles at regulated intersections with adaptive con-
trol when using sensors "presence". The goal is to develop a method by which it is possible to determine the parameters of the traffic
light cycle that provide the greatest efficiency of the traffic light object by reducing the average delays at the intersection. Research ob-
jectives: analysis of existing methods for determining the parameters of the traffic light cycle - the duration of the traffic light cycle and
its main measures; determination of the dependence of changes in the average delay of vehicles at an unregulated intersection depending
on the intensity of traffic on a secondary road; determination of the dependence of changes in average delays at the intersection depend-
ing on the duration of the main cycle for a secondary road at various values of intensity with adaptive control. The following results are
received. Dependencies are obtained that make it possible to determine the changes in the average delays at the intersection from the
duration of the main cycle for a secondary road with existing parameters and proposed parameters determined by the proposed method-
ology. The dependences of the change in the average delays at the intersection with a change in the duration of the main cycle for the
secondary direction, as well as when the intensity of the traffic flow along the secondary road both with existing parameters and those
proposed are obtained. Conclusions. The question of minimizing the delays of vehicles at intersections directly affects the efficiency of
the transport network. Therefore, it is necessary to look for different options to reduce the average delays at intersections. One way is
the use of adaptive control and the use of sensors "presence". Using the proposed methodology and the obtained models, it is possible to
determine the duration of the main cycle in the traffic light cycle for a secondary road. This will minimize the average delays at the in-
tersection, which in turn will increase the efficiency of its functioning.

Keywords: regulated intersection, traffic flow, vehicle, transport detector, delay of vehicles, traffic light cycle.
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THE DEVELOPMENT OF EDUCATIONAL COMPUTER GAMES

Abstract. The implementation of information and telecommunication technologies in information processes is aimed at
achieving a number of goals: accelerating information processing processes and reducing the cost of their implementation,
saving a person from the need to perform routine actions and eliminating the negative impact of the human factor on the result
of work. The use of electronic teaching aids, that is, using computer technologies in education, not only allows us to achieve
these goals, but also allows us to realize a number of unique features that are not available when using traditional teaching aids

Keywords: the role of educational computer games, development stages, cascading and spiral life cycle.

Introduction

One of the effective ways of e-learning is the use
of training systems in which the components of the
game process are implemented - educational computer
games. One of the problems with the use of e-learning
tools is the loss of trainees' interest in learning. The use
of computer games can increase the motivation of stu-
dents, while retaining all the advantages of e-learning.

The development of computer games requires the
use of a large number of specialized software tools. In
the process of developing modern games, dozens, and
sometimes hundreds of specialists in various fields are
involved. When developing educational computer
games, the same tools and technological developments
are used today for standard logical and strategic com-
puter games. As a result, the efficiency of the game
development process is reduced. This is due to several
factors:

e The complexity of setting the parameters of the
learning management process in the game;

e The lack of the necessary tools for managing
educational content;

e The lack of quality management mechanisms
for evaluating the developmental game.

Another common option for creating educational
games is to incorporate game elements into traditional
electronic learning tools. The development of such
games takes place using tools designed to build learning
systems. As a result of the inappropriateness of these
tools to the specifics of game development, in particular
the use of inappropriate data formats for storing training
content and the inability to organize an interactive game
process, the motivational effect of the training computer
game is reduced [1].

Using information technology allows you to im-
plement an interactive training mode. The interactivity
of the learning mode allows the learner to actively inter-
act with the learning system, which is important for
stimulating the learner. Interactivity is especially rele-
vant for self-learning, as well as teaching a large group
of people when the teacher is not able to pay enough
attention to everyone. A good example of interactive

teaching materials can be computer models of physical
processes and phenomena for students - instead of ask-
ing the question “what if we do this ...” to the teacher,
the student can try to do this and see an adequate model
response [2]. The use of virtual computer models (vir-
tual simulators) can significantly reduce the risks that
inevitably arise when training a person on real systems.
Another important advantage of such models is the
significantly lower cost compared to real systems or
full-scale simulators. At present, virtual models have
been developed that are used to train almost any techni-
cal personnel, which not only simulate the behavior of
real systems, but also allow you to work out actions in
emergency and emergency situations. The most signifi-
cant contribution was made by virtual models for train-
ing.

Medical personnel, pilots, drivers and the military
- that is, specialists in those areas where human life can
be at the cost of error.

The purpose and tasks of the publication

The aim of the work is to analyze the development of
models, algorithms, and tools for creating computer games
with learning elements that allow you to manage the
learning process taking into account the features of the
interactive game process. Furthermore, The purpose of this
publication is to analyze the impact on implementation
and on the quality of the developed educational computer
games based on cognitive knowledge systems.

Formulation of the problem

One of the key problems of using electronic
learning tools is the loss of motivation achieved in
traditional learning through direct communication of the
student with the teacher. One of the effective ways to
solve the problem of motivation is the use of computer
educational games, that is, electronic learning tools that
actively interact with the user in a game form. At the
same time, the benefits of e-learning remain. The phe-
nomenon of the game has been studied many times, but
only in the nineteenth and twentieth centuries did scien-
tific interpretations of this phenomenon appear. One of
the most famous works that gives the most complete
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picture of the role of game activity in human life is the
Johan Huizings treatise "The Man Playing", published
in 1938. The treatise formulated, and later repeatedly
rethought by other researchers, the main characteristics
of the game, the most significant of which for the
learning process is emotionality and voluntariness of
participation. Emotional reward is the main incentive to
continue the game as opposed to business activities, in
which material incentive is such an incentive. An
equally important quality of the gameplay is
voluntariness of participation, lack of coercion.

Brain model

A computer game, as a type of software, has
certain specifics that are important in building a model
of its life cycle. In software development, two main life
cycle models are currently distinguished: cascading and
spiral.

The cascade model (Fig. 1) assumes that the
transition to the next stage occurs only after the work on
the previous one is completed. At each stage, a set of
documentation is formed, which is the source data for
the tasks of the next stage. The main advantage of this
approach is the fixing of requirements and the reduction
of possible risks. However, in software development it
is very rarely possible to adhere to a rigid framework.
Changing requirements in the later stages forces one to
return to the early stages and re-do the work done.

Formation of requirements

Analysis

Design

E— T

Implementation

—:

Testing

—

Exploitation

Fig. 1. The Cascading Life Cycle Model

In accordance with the spiral model of the life
cycle, it is planned to create a large number of
prototypes (versions) of the program. The build-up of
the functionality of the program being created is
gradual. Making decisions regarding future versions of
the program is based on the results of testing
intermediate versions. Making changes with the spiral
model of the life cycle is much cheaper, since it does
not always require a return to the previous stages and
the rejection of the work done [5].

The implementation of gaming and training op-
portunities requires a performance test on test groups.
To perform this test, a lot of prototypes are created at
the earliest, which implement individual elements of the
gameplay or the learning process. Often, the creation of
technological prototypes is required to evaluate the
fundamental possibility of implementing any elements

of the game. The presence of prototypes that clearly
affect the design of the game makes the process of its
development similar to a waterfall model [3].

On the other hand, developing software for a game
can be a very small part of the labor, and the most time-
consuming task of the game development process is to
create content. It is often possible to do without pro-
gramming at all if the software requirements are satis-
fied by existing solutions.

Making changes that affect the content is expen-
sive even for a waterfall life cycle model [11]. The
solution to this problem is a combined life cycle model
that has elements of a waterfall model in the develop-
ment of software and the concept of the game, and a
cascade model in the creation of content.

The prototypes use temporary content, the creation
of which is significantly less time consuming, or content
available from public sources. After performing the
necessary checks and clarifying the design of the game,
the requirements for most of the content are fixed. In
accordance with such a model, the creation of content is
postponed to the latest stages of development, and the
changes made at these stages are made in such a way as
to minimize the loss of content.

Development of the computer
educational games

The development of computer games requires the
use of a large number of different tools. Among the
main tasks in the development of the game, for the
solution of which special tools are used, the following
can be attributed:

e creation and editing of multimedia content
(two-and three-dimensional graphics, video and sound
processing);

e creation and customization of game cards;

e content preparation

e programming and debugging programs [6].

Such tasks could advancly improve the educational
techniques in various educational institutes [9].
Accordingly, by analogy the quality of the educational
computer game can be defined as the totality of the
characteristics of the system that determine its ability to
provide the required level of knowledge of the student.
This ability is determined by many factors: the structure of
the training course, the quality of the training content
(theoretical materials and practical tasks), the mechanisms
used to adapt the learning process to the individual
characteristics of the student and the current learning
outcomes. The set of quality characteristics related directly
to the learning process and the training components of the
game makes up the training qualities of the game.

The goal of incorporating game elements into
learning systems is to increase the motivation of
students. The motivation effect (engagement) of the
application of the educational game is determined by the
totality of the characteristics that make up its playing
qualities: interactivity, competitiveness, plot effects, and
multimedia qualities.

The quality of the learning game is not determined
by the sum of the playing and learning qualities. On the
one hand, the predominance of the learning process, that
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is, the suppression of game elements by it for a
sufficiently long time, can push the player away,
thereby reducing the motivational effect. On the other
hand, the predominance of the game process will lead to
the fact that the learning process will take a long time,
which will reduce the effectiveness of training using the
game. The characteristics of the mutual influence,
balance, as well as the integrity of the perception of the
game and learning processes make up the systemic
qualities of the learning game [4].

Role of computer educational games
in training personnel

Educational games are introduced widespread in
enterprises and firms. Industrial enterprises depend on
the educational games to train its employees on practical
skills in flexible and advanced way. Educational games
are introduced widespread in enterprises and firms.
Industrial enterprises depend on the educational games
to train its employees on practical skills in flexible and
advanced way. Computer educational games helps em-
ployees to operate the automative devices in the most
efficient way. However, it important for the top man-
agement in an enterprise to stay aware and share their
recommendations and comments during the designing
process of computer educational games. computer edu-
cational games should be structured logically to ensure
implementation for effective training program [13].
Thus, the implementation process and the designing
program of computer educational games must determine
the service regulations and personnel job description,
and it must be approved by the enterprise management
team. L. Kapustina and 1. Martynova [14] have made
study on the effect on digital transformation for em-
ployees in several companies to realize the effect of
educational games on employees. they concluded that
the educational computer games developed and spread
the digital economy in a fast way. Moreover, they con-
cluded that educational computer games motivate train-
ees to get new knowledge in the operational processes
and develop their autonomous decision. Top managers
in Deloitte Leadership Academy (one of the interna-
tional financing and accounting companies in the world)
have noted marked improvements in the engagement
levels of their employees after they used the computer
educational games (GameLearn). GameLearn is a game-
based learning platform for corporate training, more
than 2000 companies worldwide are already using this
platform of serious games training courses specified in
internal communication, negotiations, leadership, cus-
tomer service, time management, cybersecurity, coach-
ing, anti-money laundry, stress management and for
creative thinking techniques.

According to the Entertainment Software Associa-
tion (ESA), 70% of their major employers utilize educa-
tional programs to train employees. Employers invest
time and resources and reduce risks by depending on
educational computer programs [15]. Besides, employers
or managers could quickly review the attitude of the
employees in the line of operation, since computer educa-
tional programs help to identify specific operational char-
acteristics for emplyees. for example, if one employee

has high social skills, so he could be more productive in
the sales department. If another employee has a high
concentration in calculations and statistics, so he could be
more productive in the financial department. So, from a
cognitive aspect, computer educational programs will
enhance mental rotation abilities and improve learners'
problem-solving skills. from social aspects, computer
educational games will find the right job for the right
person and will encourage employees to collaborate with
each other and respect competition rules.

Challenges to overcome for computer
educational games

Computer educational games face several barriers
that slow or stop its development and adoption. one of
the barriers is that it has to interact with the sustainabil-
ity factors, such as responding to economic, social and
environmental needs and expectations. Recognizing
these barriers is crucial to determine the fastest and
easiest way to overcome it. Overcoming these barriers
could be done efficiently just by systemic coordination
and collaboration between funder and developers of
computer educational games and between the other
stakeholders as industry managers in the enterprise,
educational institute or social organization.

Barriers and challenges could be divided into three
main categories: the first category is barriers to design
and development, the second category is the barriers to
innovation, and the third category is barriers to sustain-
ability. [10]

Firstly, barriers to design and development could
be the high development cost, where computer educa-
tional games are expensive to design and maintain.
Another barrier could be the lack of funding for devel-
oping computer educational games, where it is difficult
to make financial forecast for banks and funders about
the expected income and profit that will be gained from
such virtual platforms.

Secondly, the barrier for responding to social expec-
tations, in other words, to understand what the market
needs. such a barrier could be overcome by making a
statistical study for the educational computer games used
by consumers in the market, then to analyze it for target-
ing its limitations and deficiencies. for that designers and
programmers could innovate a new program or edit the
current one to become more adopted by users and con-
sumers. It is highly recommended to make more re-
searches for the demographic and commercial industry
data that depend on computer educational gaming [16].

Thirdly, barriers for designers and producers of
educational programs to meet the international quality
standards required by international laws and conditions.
For example, producers have to meet some environ-
mental standards as depending on renuable energy
sources in the line of production.

The new vision to overcome these barriers is to
make an environmental and social study for the need of
customers in the market, in order to satisfy their expec-
tations in the computer educational games. In addition,
targeting the sector is crucial to maintain sustainability
and specialty in computer educational games. More-
over, thre must be systemic and direct communication
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and interaction between the designer, funders, decision
makers and managers in the targeted sector (whether it
is educational institution or commercial enterprise).

Conclusions

Finally, educational computer games represent a
new technological concept that supports the training
systems in various fields. Designing and implementing
educational computer games in a rational, systemic and
organized way have positive feedbacks on producers
and consumers. For producers, it helps in realizing new
aspects and innovating new techniques. for consumers,
it helps in improving the practical skills in training pro-
grams and reduce future risks.

Depending on cognitive system knowledge, com-
bining the life cycle model with the concept of the game
could be the idle method for integrating development
criteria in the software of computer educational games.

Collaboration between the designers of computer
educational games and consumers (employers or man-
agers) is a must to enrich the computer educational

game with the right concepts and specifications. The
designs must fit with the training programs and must fit
with the work description of trainers.

Innovation in computer educational games is the
key factor for its development, and to make it successful
it must meet with the sustainable goals of the educa-
tional institutions or enterprise.

The development of computer educational games
is a modern learning tool based on the adventure that
could provide educators with a superior mechanism and
virtual environmental knowledge acquired through
intrinsic motivations.

Further research could be done in the future to de-
sign a united framework for designing and implement-
ing computer educational games for targeted sectors.
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Po3BUTOK HaBYAJBHMX KOMII'IOTEPHHUX irp
IO. bpecnasens, M. Heme

AHoTanisi. BnpoBapkenHs iHpOpMaLiiiHO-TeNEKOMYHIKALliHHUX TEXHOJOrii B iH(pOpMalifHUX Ipolecax CIpSIMOBaHe
Ha JIOCSTHEHHsI HU3KH LiJIeH: IPUCKOPEHH: IpoleciB 00poOku iHdopmManii Ta 3HIKEHHsS BUTpAT Ha iX peai3alito, psATYBaHHS
JIFOJJMHH B1J1 HEOOX1THOCTI BUKOHYBaTH PYTUHHI [ii Ta yCyHEHHS! HETaTUBHOI'O BIUIMBY JIIOICBKUH (haKTOp 3a Pe3yabTaTOM Ipalli.
BuxopucraHHs €1eKTPOHHMX HaBUAJIbHHUX IIOCIOHHMKIB, TOOTO BUKOPHCTAHHS KOMII FOTEPHUX TEXHOJOTIH B OCBITI, HE TUIBKH
JI03BOJISIE HAM JIOCATTH LMX LijieH, ane 1 J03BONsE peani3yBaTH HU3KY YHIKaIBHMX OCOOJIMBOCTEH, HEIOCTYNHHX IIPH
BUKOPHUCTaHHI TPaJMIIHHUX HABYAIBHUX I10CIOHUKIB.

Kiaro4uoBi ciroBa: poib OCBITHIX KOMII'TOTEPHHUX IrOp, €TAIIM PO3BUTKY, KACKa{HUI Ta CIIpaIbLHUAN KUTTEBAN IIUKII.
s
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HYBRID APPROACH TO SOLVING OF THE AUTOMATED TIMETABLING
PROBLEM IN HIGHER EDUCATIONAL INSTITUTION

Abstract. The paper describes a hybrid approach to solving of the automated timetabling problem in higher educational
institution based on the ant colony optimization, the genetic algorithm, and the Nelder-Mead method. The ant colony
method is the basis of this algorithm, which forms the initial population for the genetic algorithm. The combination of this
method with the genetic algorithm and the Nelder-Mead method reduces time of the convergence of an algorithm and
eliminates the strong dependence of the results on the initial search parameters, which usually are selected experimentally.
The Nelder—-Mead method is used to find the parameters of the ant colony optimization method. Use of the genetic algo-
rithm allows for reducing of algorithm running time and increasing of global optimum finding probability. The educational
process timetabling in higher school is an important component of the educational process assurance system, since the
schedule quality determines the comfort of the educational process participants and its quality and effectiveness. Therefore,
the development of methods for computer-aided timetable generation is an important challenge. The subject of study is
adaptive methods of automated university timetabling. The objective of the work is development of a hybrid approach to
addressing the problem of automated timetabling in university. The results are development and research of a hybrid
method and software for university timetabling that been implemented this method.

Keywords: Multi-Objective Optimization, Ant Colony Optimization, Genetic Algorithm, Nelder—Mead Method, Time-

table, Timeslot.

Introduction

The educational process timetabling in higher
school is an important component of the educational
process assurance system, since the schedule quality
determines the comfort of the educational process par-
ticipants and its quality and effectiveness.

The task of the university timetabling is character-
ized by [1]:

—a significant amount of diverse operational in-
formation from various structural units of the university,
such as departments, deaneries, the educational office,
etc.;

— the difficulty in identifying and formalizing the
schedule parameters and limitations; quality of taking
them into account completely depended upon the ex-
perience and qualification of the dispatch;

—a conflict of interests of the educational process
main participants: students and teachers, departments -
owners of rooms and specialized equipment, that im-
poses restrictions on the freedom of their use in the
schedule;

—the complexity of adaptation of universal time-
tabling algorithms to the needs of a particular educa-
tional institution, especially taking into account the new
working conditions of educational institutions.

Despite the fact that manual timetabling takes a lot
of time, it is still widespread due to the significant cost
or lack of appropriate computer programs.

Therefore, the study of appropriate methods and
the development of effective software for automated
timetabling is an important challenge.

The relevance of the development of the effective
methods of automated university timetabling has been
demonstrated by the international conferences on the
Practice and Theory of Automated Timetabling
(PATAT) [2]. PATAT is held biennially and serves as a
forum for an international community of researchers

and practitioners on all aspects of computer-aided time-
table generation. PATAT-2020 conference will be held
on 25 Aug — 28 Aug 2020, Bruges, Belgium. PATAT
has been supporting various competitions and chal-
lenges, in particular International Timetabling Competi-
tion ITC 2019, investing in the timetabling community
for the benefit of the field.

This work is concerned with research of the adap-
tive hybrid method of university timetabling and the
development of a software system for the course time-
tabling. It is envisaged to test the developed system on
the real data of National University «Yuri Kondratyuk
Poltava Polytechnic», at the Educational and Scientific
Institute of Information Technologies and Mechatronics.

Analysis of the problem
and problem statement

The problem of computer schedule generation was
being considered in many papers. In [3], a survey on the
methods for university course timetabling was provided,
and their benefits and disadvantages were analyzed.
Description of the basic methods used for solving this
problem is also presented in [4].

Both classical methods, including linear integer
programming [5], graph coloring method [6], simulation
modeling [7] etc., and metaheuristic methods, including
simulated annealing [8], evolutionary algorithms [9, 10]
etc. are widely used for automatic course timetabling. It
was noted [11] that most of the classical methods use an
iterative technique of continuous optimization, it allows
finding only a local optimum, and a global optimum can
be found only by chance.

In order to go beyond the local optimum and find a
global optimum, let combine the ant colony method
with the genetic algorithm which will be run each time
after the next iteration of the ant colony method.

So, the objective of the work is development of a
hybrid approach to addressing the problem of automated
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university timetabling which will ensure the creation of
a schedule during the allowed time with minimal viola-
tion of the schedule restrictions.

The subject of study is adaptive methods of
automated university course timetabling.

The task of university course timetabling can be
presented in a formalized form as follows.

Input data:

According to the curriculum there are d courses S|,
S5,...,8; to teach in the current semester: for each i,

i=1..d course S; consists of lec; lectures, pract; practi-
cal studies and seminars, and /ab; laboratory studies.
Each class s is held by the teacher pr;. There are gr

Vi=1..d Z{szk

Vt=mc Z{szkheD, jePr, keGr,

Vi=1.ts _max Vr=1..r _max Z{sgk |ieD,

Vi=1l.ts_maxVk=1.gr Z{szk lie D, ieGy,
Ve=1..

curricula Gy, Gs,..., G, Which are sets of courses taught
by given student group Gr;. It means that courses in Gy,
k =1...gr must be scheduled for different periods.

Let ts_max be number of time periods (timeslots),
and »_max; maximum number of classes, that can be
scheduled for period ¢, (number of rooms available at

period #;, k=1...ts _max).

It is necessary to schedule classes for all courses
within a certain number of rooms and time periods, i.c.
ijk

i

(i=1.d, j=l.pr, k=1.gr, t=1.1s,

find so s

r=1..r _max), that

| jePr,keGr, teTs,reR}=lec; + pract; +lab; — scheduling of all classes;

teTs, r € R} <r_max,— use of limited room quantity;
j€Pr,keGr, teTs} <1 —absence of room overlaps;

jePr,teTs,re R} <1 —absence of group overlaps;

ts _max Yj=1..pr Z{s;{k |ie D, ke Gr, teTs, reR}<1 —absence of teacher overlaps.

The schedule restrictions can be structured as follows (Fig. 1).

Q Constraints

\ Hard (required)

I I I
( Unary > ( Binary > (Capacitive)
I

Required room
type for the class

workplaces according to
the number of students

Enough room Auvailability of
students / teachers /

rooms in the timeslot

[ I 1
G\Io room overlapa CNO teacher overlaps) CNO student overlaps)

Soft (optional)

Binary

[ [
( Capacitive> CF ime sprea@ Agent
I

Classes Effective Calendars of desired /
sequence room use unwanted class time
[ I I 1
Restrictions Ab sence .Of N "Minimize Compact Uniform
; . opening in the o load of
of identical transitions load of
schedule of students /
classes per between students and
students and e teachers /
day buildings teachers
teachers rooms

Fig. 1. Restrictions of the generated schedule

Basic material and results

The teaching process unit and therefore the sched-
ule unit is class (lesson).

The class (lesson) is characterized by a triple
<Course, group, teacher> (Fig. 2).

Each student can be part of an academic group,
subgroup, generalized group (stream), or virtual group.

Lectures on the same course are held by one
teacher for all groups of the stream at the same time;
therefore, it is necessary to ensure the concept of a gen-
eralized group (stream).
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learn

Fig. 2. Triple <Course, group, teacher>

Since students can choose courses to teach (from
list presented in optional block of a curriculum), it is
necessary to form temporary (virtual) groups from vari-
ous academic groups to teach a specific discipline. In
different subgroups of the same academic group classes
can be held at the same time, if they are held by differ-
ent teachers.

Classes in physical education or disciplines of the
humanitarian block, such as philosophy, sociology,
religion, etc., can be held simultaneously for all students
of one level by various teachers of the department,
therefore, it is necessary to introduce the concept of a
generalized teacher, which consists of real teachers.

A teacher may not be associated with real teach-
ers if this class is held by an external person, for ex-
ample, a representative of the business or industry

enroll in course 1..*| Student

organizations. In this case we introduce the concept of
a virtual teacher.

Timetabling for such generalized groups and
teachers requires controlling the employment of all
academic groups and all real teachers as the part of
these unions.

Therefore, the triple <Course, group, teacher>
takes the following form (Fig. 3).

Virtual
group

Generalized
group (stream)

Academic
group

Subgroup

| Generalized teacher | | Virtual teacher | | Real teacher |

Fig. 3. Relationship among the class entities

The class diagram, which describes the relation-
ship between these entities, is presented in Fig. 4.

Teacher Course
teach
form .
0.* Class
Real_teacher

f i\

Q
Subgroup

Consultation Lecture Laboratory

Practical

Uni_Group
1.* 1.*
form form
Group

Fig. 4. The class diagram

1. Representation of classes in a schedule

Let use the matrix representation of the schedule in
the algorithm. The most optimal schedule presentation
is the parallelogram form, where axes are room, day and
time, their intersection is class [12]. In this case, only
the class number is indicated, by which it is possible to
identify uniquely the teacher, group and course.

day A S;=<teacher, course, group>
y
room
time

Fig. 5. Representation of the classes in the schedule

Such a presentation will ensure that there are no
room overlaps and the possibility of quick data selection

and visualization, for example, using OLAP technologies.
Mathematically we describe this parallelogram in the
form of a three-dimensional matrix candidate_list.

candidate_list {room,day, time } =

i, if'S; is taken on day, time in room; (1
0, otherwise.

Relationship among the classes in the overall
schedule of the educational institution is represented in
the form of union matrix and conflict matrix, which are
created according to the curriculum.

The union matrix is a formalization of the stream-
ing. Classes S; and S}, for which M_union;; = 1, are held
simultaneously in the same room.

The union matrix is formed as follows:

V(s;, s;)|s;€ S, s;€8 (s =s?”c")/\

i i

Sl_kurs :Sjgurs)/\(sl_spec _ sj:pec)/\ @)

lec

! lec A modul _ modul

=g ))—= M _union; =1.

NSj i j ij
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The conflict matrix is a formalization of the re-
quirement that two classes cannot overlap at a time
because of presence of one group / subgroup or teacher
in these classes.

Classes S; and S}, for which M_conflict;= 1, cannot
be taught at the same time.

The conflict matrix is formed as follows:

Vs, si)|sie Sospe S((i#j)AM _union; =0) A
(s :s;ﬂ)v((slfgr :s]g-r)/\(sisubgr :Sj_ubgr))v (3)

(58 =55 ) A (=53 v =T ) > M _conflict; =1.

2. Used methods
2.1 Ant colony optimization method

The ant colony method is a probabilistic technique
for solving the computational problems, which can be
reduced to finding the best ways with help of graphs
using artificial ants that inherit the behavior of natural
ant colony.

This iterative algorithm is based on the idea of
successive approximations to the optimal solution.

Each iteration is the launch of an artificial ant that,
according to some rule, tries to choose the best route to
“food” (optimum function), using the labels of its
predecessors.

Each ant performs a chain of steps:

1. Ant moves from node to node with transition
probabilities. In order to determine the next edge of the
path, the probability of transition to the j-th node is
calculated when the agent is in the i-th node:

@)mf)
P = F o 4)
z:(7"1',j )(Ui’j)
where T,-Of ; 1s the amount of pheromones in the node 7, /

(accumulated statistical information on the quality of
choice for position i of requirement ;); a is a parameter

to control the influence of Tl-ofj; 771-{3 J isnode attractive-

ness (heuristic information about the quality of choice for
position i of requirement ;); B is a parameter to control
B
i,j*

2. Recalculation (updating) of the pheromone trace
(production and evaporation of the pheromone) is car-
ried out according to the formulas:

the influence of 7,

T = (1 —,D)T,-J +A7;

i 5)

where © i

node i, j (global pheromone trace); p is the pheromone

is the amount of pheromone deposited on the

evaporation coefficient; Az; ; is the amount of phero-

mone deposited by the current ant (local pheromone
trace).

3. The best solution is the one with the highest
value of the local pheromone trace.

Several extensions of the ant system method were
developed [13], which include: Elitist Ant System; Rank-

based Ant System (ASrank); Ant Colony System (ACS);
Max-Min Ant System (MAX-MIN AS — MMAS).

In this case, we will use the ant colony system
(ACS) method, which accumulates benefits and im-
proves other methods.

ACS uses a pseudo-proportional rule to deter-
mine the next node to move [13]: with probability go,
the agent moves to the point for which the product of
the pheromones quantity and heuristic information is
maximum; with probability 1 — g, the basic approach
that described in the method of ant systems will be
applied in determining the next point for the transi-
tion.

In this case, a strict elite strategy is used while re-
storing pheromones on the edges. Only the best agent
(globally or locally) adds pheromones after each itera-
tion of the method.

The ant colony method has been developed in de-
tail for the traveling salesman problem (TSP), but the
works on course timetabling with this method contain
only general theoretical consideration of the possibility
of using this method for this task.

The use of the ant colony method for solving op-
timization problems was considered in [13]. In [14] the
timetabling tool based on Best-Worst Ant System and
Best-Worst Ant Colony System is considered.

The advantages of the ant colony method are the
convergence to the optimal solution, as well as stochas-
ticity, that is, random search, which eliminates the pos-
sibility of looping in a local optimum.

At the same time, the uncertainty of the conver-
gence time is noted in [13], while the convergence is
guaranteed; a strong dependence of the method results
on the initial search parameters, which are selected
experimentally.

Therefore, in our opinion, the use of a hybrid ap-
proach is an effective approach. The ACS algorithm
provides good results in combination with other methods,
for example, with local search or genetic algorithms.

2.1.1 Parameters of the algorithm

The initial algorithm parameters, which affect the
speed and quality of the solution, are the parameters of

influence «, B, and attractiveness of the node 771-{3 e Let

consider formation of these parameters.

The parameters of influence o and g are usually
selected experimentally. We use the Nelder—-Mead
method to determine these parameters.

The Nelder—-Mead method (also downhill sim-
plex method) is a simple and effective method for opti-
mizing (finding of minimum or maximum) of
an objective function in a multidimensional space; it is a
way to optimize functions without using gradients. The
method is reliable and, as a rule, shows good results,
while there is no convergence theory.

The algorithm is generation of the simplex and its
further deformation in the direction of minimum using
three operations: reflection, expansion, and contract.

In order to form a simplex we divide the ant col-
ony into three groups, for each of which we set individ-
ual parameters of the method:
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o1 =random(0.5, 1), f; = random(0, 0.5) —Tl-ofj is dominant;

a,=0,5, f,=0,5 — uniform influence of Tl-ofj and nfj ;

o3 =random(0, 0.5), 3= random(0.5, 1) —nf J is dominant.

If the necessary solution is not reached during it-
eration_max iterations, it is necessary to change the
parameters of the ant colony method, calculating the
new ones using the downhill simplex method.

In this case, the current value of the parameters
vi= (o, B1), v2= (0, B2), v3= (03, PB3) is selected as the
initial simplex.

Using the Nelder-Mead method requires to calcu-
late the value of the objective function at each point

filay, By, fr(as, By), fi(as,B3), whose equation

does not exist, so the maximum local pheromone trace
during i iterations in each group of ants is taken as this
value.

Sorting the points by the values of the objective
function at these points, we obtain a double inequality:

f(worst) < f(good)< f(best) . (6)

Let use the operation of reflection; it is the projec-
tion of worst point through the center of gravity:

new = mid + a(mid — worst), (7N
mid = ((agood + Opess )2 (ﬂgood + Bpest )/2)’

where a= 1.

We get 3 sets of parameters that are selected as the
current simplex vi=best, v,= good, vi= new.

The algorithm is repeated until the desired sched-
ule is obtained or during iferation_max iterations with a
new set of parameters.

If the necessary solution is not reached during it-
eration_max iterations, it is necessary to change the
parameters of the ant colony method, calculating the
new ones similar to the previous paragraph, but instead
of the reflection, use the expansion operation according
to the formula:

new = mid + y(worst — min), (8)

where y=2.

The algorithm is repeated until the desired sched-
ule is obtained or during iferation_max iterations with a
new set of parameters.

If the necessary solution is not reached during it-
eration_max iterations, it is necessary to change the
parameters of the ant colony method, calculating the
new ones similar to the previous paragraph, but instead
of the expansion, use the contract operation according to
the formula:

new = mid + (worst — min), 9)

where f=0,5.
B

i is heuristic information about attractiveness

of location of class i on position j in the schedule.
This parameter is calculated heuristically by one of
the rules:

1. Under the general rule:

n; = (uniform distribution when there is

s_max
no information about the benefits);

2. Under the rule of subjective preferences or
fuzzy measure.

With the help of a fuzzy measure, the convenience
of placing classes on day d in time p is defined as a
subjective probabilistic measure (Fig. 6).

Pdit
h 'BREN
0+,

=4 d=5

d=1 d=2 d=3

Fig. 6. Subjective probabilistic measure

It is undesirable to hold a lecture on the first lesson
on Monday, daily on the fifth or sixth lessons and on the
last lessons of the last day of the week, when workabil-
ity decreases and the least number of students is present.
For example, p, =0 for d=6 at 5-day workweek,
Ppa . =0.2 for p = 6 (undesirable lecture on the last les-
son). The convenience of taking a class in the r-th room
is determined by the compliance of the room type to the
class type, capacitive room indicators, belonging of
room to the department, necessary laboratory equip-
ment, software and hardware, as well as the subjective
preferences of the teacher. The simplest definition: .
=1 at full conformity of the room, x. =0 at complete
discrepancy of the room, 1. = 0,5 at undesirable taking
of class in this room.

According to iy, and ., parameter n; ; is de-

fined:
(10)

where 0<p,, <1 is the convenience of scheduling
classes on day 4 in time #; 0 < 1. <1 — is the conven-
ience of scheduling classes in r-th room. Such a presen-
tation allows taking into account the wishes of the edu-
cational process participants during course timetabling.
If p>a at the iteration i = 1, ..., N, an unallocated posi-
tion with the highest value 7, is selected.

The pheromone trace. In the classical ant colony
algorithm, implemented, for example, for the traveling
salesman problem, the pheromone is applied to the
graph edges, since the edge is a transition path from
point to point.

In this case, the main sources of information in the
graph are the vertices (timeslot / audience combination),
therefore, it is proposed to put the pheromone on the
vertices, and not on the graph edges.

Mij = max(ﬂdﬁt “Hy) s
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2.2 Genetic algorithms

Genetic algorithms are the stochastic heuristic opti-
mization methods, the main idea of which is taken from the
evolutionary theory [4]. The main mechanism of evolution
is natural selection, whose essence is that more adapted
individuals are more likely to survive and reproduce and,
accordingly, bring more offspring than less adapted indi-
viduals. Moreover, due to the transfer of genetic informa-
tion, descendants inherit their main qualities from their
parents. The procedure of the genetic algorithm:

1. A chromosome structure for storage of
solutions is being developed. In this case the schedule as
a “chromosome” is considered. The selected structure
should take into account all the features and restrictions
of the desired solution. An initial chromosomes form
population.

2. Each individual in the population is evaluated
using the fitness function; the best solutions are copied
to the new population unchanged. The fitness function
determines the suitability of the chromosome for the
formation of the next generation. The principle of
elitism allows saving the best decisions and provides
increased convergence of the algorithm.

3. The best chromosomes are selected for further
reproduction from the set of chromosomes using their
fitness function.

4. Selected chromosomes cross-pair with each
other to obtain a new population. If the received
schedule does not conform to the curriculum, the
crossover operation is repeated until the correct
schedule is received. In this case, it is better to provide a
heuristic mechanism for schedule correcting.

5. The mutation operator is applied to the
population.

6. The fitness function is recalculated for the
resulting population

7. Go to the step 2.

The genetic algorithm is stable to local minimums,
and also provides a relatively quick search.

But application of the evolutionary method for
solving the timetabling task causes the problem of

chromosome formation. Therefore, it will be relevant
using a combination of the considered approaches — the
ant colony algorithm for iterative approximation to the
optimum and the initial chromosome formation, and the
genetic algorithm for search of the global optimum.

The use of genetic algorithms for timetabling is
presented in [4, 9, 11, 15].

3. Hybrid course timetabling method

Let’s consider the main stages of the hybrid
method.

Let’s introduce the following variables: s _max is a
total number of classes according to the curriculum,
d_max is a number of teaching days during the week,
p_max is a maximum number of classes per day, ¢ max
= d max x p_max is a number of timeslots during the
week, » max is a number of rooms, S is an array of
unallocated classes.

Step 1. Initialization of the method.

1.1 Creation of the classes array .S with dimension
s_max and its sorting by decreasing freedom of location.
First of all, classes that have limited opportunities for
the time of the classes or require large rooms are lo-
cated.

1.2 Creation the Pheromone_matrix {s;, t;, r} with
dimension s _max xt_max x r_max and initialization it
with the initial pheromone value at the vertices Phero-
mone_start for the implementation of the ant colony
method.

1.3 Creation of an of artificial ant colony (agents)
ants[]. For each ant it is determined: candidate list {r;,
d;, px} with dimension »_maxxd_max x p_max, ant path
ant_tour with dimension s _max, which are initialized
with zero values.

1.4 Separation of the ant colony of into three
groups for the formation of a simplex by the Nelder-
Mead method. For each ant group the initial parameters
of the method <o, B>, <oy, B>, <03, B3> are set.

Step 2. Iterative movement of ants (Fig. 7).

2.1 Setting the initial values of the path, initializa-
tion of candidate list and ant_tour with zero values.

Classes
e

S S2

w
=
S
=}

o

ant, M

ant, M
Ant tours:
(4,4,1]2,3,1] [7.3.1] [93.1]7.2,3] [6,4,2] [2,53]11,3,3] [12,3,2]
S Sz Sn 84 Sz Sn S1 Sz Sp
ant, ant; ant,

Fig. 7. Schematic representation of the ant path
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2.2 Each class i is sequentially scheduled on posi-
tion j using the transition probabilities. Ant moves from
node to node with probability:

_@pml)
s Hml

where Q is the set of classes not scheduled yet.
The rule by which class i is located on position j is
defined as follows:

o, (11)

Pij

arg max (1, )(n} ), 4 < 9o
heQ)

j =4 J is determined randomly

(12)
according to the probabilty

distribution, q > qy,

where 0 <go <1 is the algorithm parameter (g, =0.5),
and the value ¢ is calculated randomly at each step.

The result of the selection is fixed in the ant path
(ant_tour matrix) and candidate_list matrix.

An agent moves only to nodes that have not been
visited yet and for which candidate_list {r;, d;, pi} = 0.

In this case, the candidate list matrix plays the
role of a tabu list and ensures the satisfying of hard
restrictions “no room overlaps”. Absence of the teacher
and group overlaps must be controlled separately.

Step 2.2 is repeated until each agent completes his
path.

2.3 Calculation of the fitness (penalty) function F
by the formula:

FzzjoojF, (13)
where F' is the schedule quality (the number of viola-
tions of soft restrictions); F; is the number of violations
of soft restrictions according to the j-th quality criterion;
w; is the weight coefficient of the j-th quality criterion.

2.4 Application of the local search method and re-
calculation of the target (penalty) function F.

Local search methods:

Option 1:

- random class So(ry, do, %) is selected in the
schedule;

- all classes Si(ry, di, t;) ... Su(ry, dp, t,) with the
same timeslot (dy, to) are considered,;

- classes 7 and j alternately change places, while
the objective function is recalculated;

- areplacement that gives the best value of the ob-
jective function is fixed, other classes return to their
positions.

Such change will improve the schedule according
to the criteria “effective room use” and “uniform room
load”. Since the time of the classes does not change,
there are no violations of strict restrictions.

Option 2:

- random class Si(r;, dj, t)) is selected in the sched-
ule;

- class §; is transferred to all vacant positions in
turn, while the fitness function is recalculated;

- areplacement that gives the best value of the ob-

jective function is fixed, other classes return to their
positions.

Such change will improve the schedule according
to the criteria “compact load of teachers and students”
and “uniform load of educational process participants”.

These options of local search can be considered as
a genetic algorithm that is applied to one individual:
example 1 is selection operation, example 2 is mutation
operation.

2.5. The local trace is determined — the amount of
pheromone deposited by the i-th ant on each vertex of
the path, according to the formula:

1
ATij = 1+F,’
1

(14)

where Az; ; is the amount of pheromone deposited by

the i-th ant; F; is penalty for violation of soft restric-

tions in the schedule created by the i-th ant.

For each group of ants, the largest value of the lo-
cal pheromone trace is calculated and stored.

2.6. The global trace in the pheromone matrix is
calculated by the formula:

Ti,j :(l_p)ri,j +ATi,j’ (15)
if class i is on the position j in the best schedule.
Otherwise,
t,;=0=-p)r;;, (16)

where p is the rate of the pheromone evaporation, uni-
formly distributed in the range [0,1].

At the first iteration, each vertex has the opportu-
nity to be selected. To gradually remove the vertices
relevant to the worst positions, the pheromone evapora-
tion procedure is applied to all the vertices.

If | ant_tour "' — ant_tour"”""| < ¢, the pheromone

matrix must be restarted.

Schedules obtained by the ant colony method and
improved by local search are transferred to the genetic
algorithm as chromosomes.

Step 3. Genetic algorithm

3.1 On the basis of fitness functions, the best
chromosomes in each ant group are selected for further
reproduction and the creation of a new generation with
the best indicators.

3.2 Selected chromosomes cross-pair with each
other to obtain a new population, exchanging rooms or
timeslots. Genes for crossover (classes) are chosen by
the roulette-wheel method. The resulting chromosome is
checked for validity — whether it satisfies the hard re-
strictions. If the received schedule does not conform to
the curriculum or the crossover worsened the room use
indicators, the crossover operation is repeated until the
correct schedule is received.

3.3 Mutation operator is applied to a population. It
is a random replacement of a room or timeslot.

3.4 The objective function (fitness function),
which fixes the satisfying of soft restrictions, and the
local pheromone trace are recalculated for the resulting
population.
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Steps 2 — 3 are performed until the
desired schedule is obtained or during

iteration_max iterations.
The algorithm stops after achieve-

Enter data Gr, Pr, D, form
classes array S {r, d, T}

Determine the freedom of
location and sort classes

ment of the desired result or after itera-

v

tion_max iterations, as well as if during ‘

ACS method initialization: ants, Pheromone_matrix {s;, tj, 1} ‘

the / iterations the algorithm does not give
a significant improvement i.e.

‘f

F -F.<g. ‘

Number of iterations=0 ‘

global best i

‘f

Schematically, the work of the ge- ‘

Ant path formation: candidate_list {r;, d;, pr} ant_tour ‘

netic algorithm is presented in fig. 8.

v

The algorithm flowchart is presented ‘

Form objective function and local pheromone trace Fj, At ‘

in fig. 9.

Software for university course time-
tabling was developed based on this hy-
brid algorithm.

v

Does schedule
satisfy the restrictions?

no

Local search ‘

o |

v

Form objective function and local pheromone trace F;, At; ‘

111, 4 113, 1 13,1
2(2,8 2|6, 4 2|64 v
3|1,6 3|12,6 3(2,6
413, 7 4111 4111 yes Does schedule
5 2’ 3 5 2’ 1 5 2’1 satisty the restrictions?
room
- room timeslot
timeslot *
2 E‘F 7777777777777777777777777777777777777777777777777777777777777777777777777777 }
Z 5| Form initial Chromosome . |
S5l : . = Crossover [ Mutation ||
& ED population (schedule) selection ‘ 3
@ O b
11,4 113, 1 1121 : V -
2|2, 8 2[5, 4 2]2,8 ‘ Form objective function ‘
3|1,6| + [3]|2,6] =|[3]|1,6 *
43,7 401, 1 464 yes
5|2, 3 512, 1 52,3 Does schedule

satisfy the restrictions?

Number of iterations++

W[ || 0o =

| | O1f 0o =

Schedule
export

RNENE
NEEINN

NE SN

QN BN =

v

umber of iterations
iteration m

no

yes

Recalculation ACS parameters by the Nelder-Mead method
<a1, B1>; <a2, B2>, <a3, B3>.

\%%

Fitness function evaluation

v

"

U

Best timetable definition

>y yes
End

Fig. 8. Genetic algorithm

It provides the possibility of manual and auto-
mated course timetabling for higher education institu-
tion using the discussed methods and drag-and-drop
technologies. The permanent data is stored in the sql-
database, and operational semester information is im-
ported from xml files.

The screenshots demonstrating room data updating
and manual course timetabling are presented in
Fig. 10, 11.

The fragment of the schedule that has generated as
a result of aromatic timetabling is presented in Fig. 12.

Fig. 9. The algorithm flowchart

The default restriction weights are equal 1, but it is
possible to adjust them in manual mode, as well as tak-
ing into account individual quality criteria.

The developed system was tested on the following
data:

1 faculty,

56 teachers,

54 groups,

20 classrooms.

Testing results confirmed the effectiveness of the
proposed method.
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Fig. 12. Results of automatic timetabling
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Conclusions

As a result of the work, a hybrid approach to
solving of the automated timetabling problem in higher
educational institution based on the ant colony optimi-
zation, the genetic algorithm, and the Nelder—Mead
method has been developed. Use of this algorithm
allows for reducing of algorithm running time and

increasing of global optimum finding probability. The
developed hybrid method is the basis of the software
for the university course timetabling. Use of this sys-
tem at the university will facilitate and increase the
efficiency of the dispatchers who are involved in
scheduling, and the quality of the educational process
by taking into account wish of the educational process
participants.
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Iiopuanmii miaxia 1o po3B’s3aHHA 3aJa4i ABTOMATH30BAHOI0 CKJIAJAaHHSA PO3KJIaAy BUIIOI0 HABYAJIBHOIO 3aKJIALy
O. M. T'aiitan, O. C. Hazapos

AHoTanisi. Y poGori onucano riOpuaHMil miaxia 10 po3B’a3aHHs 3a/1a4ui aBTOMATH30BAHOTO CKJIAJIAHHS PO3KJIaJly BUILO-
r'0 HaBYAJIBHOT'O 3aKJIay Ha OCHOBI METOJY MYPAILIMHHUX KOJOHIH, FTeHETHYHOTO aJilTOPUTMY Ta METOIY JeopMOBaHOro GaraTo-
rpaHHUKa. MeTox MypammHOi KOJOHIT € OCHOBOIO JaHOTO alrOPHTMY, IO (hOpMye IOYATKOBY HOITYJISIIIO JUIS T€HETHYHOTO
anroputMy. KomOiHarist taHoro Meroza 3 reHeTHYHUM aJIrOPUTMOM Ta METOJIOM Jie(hopMOBaHOro OaraTorpaHHUKa CIpsIMOBaHA
Ha YCYHEHHSI TaKMX HEJIONIKIB JaHOTO METO/a SIK HEBU3HAUEHICTh 4acy 3017KHOCTI aJlrOPUTMY Ta CHIIbHA 3aJIeXKHICTh pe3y/IbTaTiB
po0OTH METO.y BiJl IOYaTKOBHUX HAapaMeTpiB IMOLIYKY, SKi 3a3BUYall MiAOMPaOThCs eKCIepUMEeHTaNbHO. Metox nehopMoBaHOro
OararorpaHHHKa BUKOPHUCTOBYETHCS [UISl 3HAXOPKEHHS TapaMeTpiB METOy MypPaIlHUX KOJIOHiI. BHKOpHCTaHHS TeHETHYHOrO
ITOPUTMY J03BOJISIE 3MEHIIIMTH Yac pOoOOTH ajJropUTMY Ta 301IBIINTH HMOBIPHICTH IONalaHHs B ri100anbHuil ontuMyM. Ckia-
JTaHHSI PO3KJIaTy HaBYaIBHOTO MPOIEeCy y BUIIOMY HaBdanbHOMY 3akiani (BH3) € BaxxinBoro ckitaoBoro cucTeMu 3a0e3neueHHs
HaBYAJIBHOT'O TIPOLIECY, OCKIJIBKU BiJ SKOCTI PO3KIAAY 3aI€KHUTh KOM(POPT YJaCHUKIB HaBYAIBHOTO IMPOLECY Ta HOro SIKICTh i
e(eKTUBHICTh, OTXKE, pPO3pPOOJIEHHSI METOJIB TeHepallii KOMIT I0TEPHOr0 PO3KIany € akTyajbHOK TeMmoro. IIpexmerom mocii-
JOKEHHS € aJIallTHBHI METOIM aBTOMaTHYHOIO CKiagaHHs poskiany BH3. Mera pobotu — po3pobieHHs TiOpHIHOrO MiIX0Ly 10
PO3B’sI3aHHs 33/1a4i aBTOMaTH30BaHOTO CKJIaJaHHs PO3KIIaly BUIIOIO HABYAIBLHOrO 3aKiany. Pe3ympraTti — po3poOka Ta mocii-
JOKEHHS TIOpHIHOr0 METOy Ta IporpamMHa pealizallis CHCTEMH CKJIQJIaHHS PO3KiIaly HaBYAJIBHOIO IPOIECY B YHIBEPCHTETI 3
BHUKOPUCTAHHSIM PO3TJISIHYTHX METOMIB.

Kar4dosi cioBa: GaraTokpuTepialibHa ONTHUMI3allis, METOJ MypAIIMHUX KOJIOHIH, FTEHETHYHHUI aJrOPUTM, METOJ Jie-
(bopmMoBaHOro GaraTorpaHHHUKa, pPO3Kiajl, TaHMCIIOT.
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PO3MI3HABAHHS JIVISHOK BUPYBKHU JIICIB
3 BUKOPUCTAHHSIM 3IrOPTKOBUX HEMPOHHUX MEPEX

Anotanisi. OqHuM 31 crioco6iB 60pOTHOM 13 HE3aKOHHOK BUPYOKOIO JIICIB € IIOCTIHHMI MOHITOPIHI CYMYTHUKOBHUX 3HIM-
KiB JIeIKMX paliOHIB Ta PO3Mi3HABaHHJ HA HUX MOTEHLIIHUX BUpYyOOK. MeToI0 CTaTTi € pO3pOOICHHS CUCTEMH PO3Mi3Ha-
BaHH JUITHOK BUPYOOK JIiCiB Ha 300pa)keHHI 31 CYIyTHUKA 3a JIOIOMOIOI0 3TOPTKOBUX HEHPOHHHUX MEPEX 3 METOI CBOE-
4acHOro iH(opMyBaHHS NPO HE3aKOHHI MOiOHI Aii y 3agaHOMy perioHi. PesynbTaru mocimimkenns. . CymyTHukamu, 3
skuX Oynu oTpuMaHi BCi HeoOXinHI 300pakeHHs, € Landsat-8 Ta Sentinel-2, mo poOnsTh 3HIMKY IIOAHS 3 16-IEHHUM Ta
10-1eHHMM LUKJIAMU [TOBTOPEHHS BiIOBiMHO. Po3mizHaBaHHs 37iliCHIOBAIOCH 3a JIOMOMOrOI0 3rOPTKOBOI HEHPOHHOI Me-
pexi, 1o HaB4anacs Ha Habopi JaHUX BEJIMKOro oocsary. BucHoBok. Po3pobiiennii nporpaMHuil IPOLYKT MOXKE BUKOHYBa-
TH Taki GyHKUIi: BUOip KOOpAMHAT; 30epiraHHs KOOPAMHAT UL MOAAIbIIOr0 BUKOPUCTAHHS; BUOIp MPOMIXKKY 4acy; 3aBaH-
Ta)KCHHs CyIYTHUKOBHUX 300paXkeHb 3a BUOpaHUii IPOMIXKOK yacy; po3li3HaBaHHsA 300paxeHb. Po3polbieHa cucrema € Jiec-
KTOITHUM 3aCTOCYHKOM. MOZyIbHICTh OCHOBHHX (DYHKIIIH CHCTEMH JI03BOIUTH y MaiOyTHbOMY 3a HEBEIIMKUI yac MOIudi-
KyBaTH iX Ui BUKOPHCTAHHS y IIOBHICTIO aBTOMAaTH30BAHUX CUCTEMAX, HE MOTPEOYIOUHX YIPABIIiHHS ONEPATOPOM.

Kar4doBi cioBa: 3ropTKkoBi HEHPOHHI Mepexi, po3Ii3HaBaHHS, KiIackdikamis, BUpyOKa Jicy.

Beryn

IMocranoBka 3aBgannsi. Ha choromni Bech CBIT
MoYrMHAE Bce OunblIe MIKIYBaTUCS PO HABKOJIMUIIHE
cepenosuine. OMHUM 13 HETaTUBHHUX (aKTOPIB € BUPYO-
Ka JIiciB, 0coONMBO He3akOHHA. Pa3oMm 3 muMm crae Bce
OiJIbllle 3aCTOCYHKIB, NMPHU3HAYEHHUX IS MOHITOPHHIY
CTaHy JIiCIB Ta ONOBIlIEHHS PO BUPYOKH. OJINH 3 TaKHUX
3aCTOCYHKIB y 'k0BTHI 2019 poky 3'sBuBcs i B YKpaiHi.
Le onnaiin-kapra, Ha sIKili BiOOpaXKaroThCs JaHi O BH-
pyokax. Takok € CXOXHH TPOEKT, 10 HA3HBAETHCS
"Global Forest Watch", o oxoruioe ycro riaHery.

AHaJi3 JitepaTypu. Beaxaroun Ha BEJTUKI 00CATH
iH(popMaIii, 10 MOBUHHA 0OPOOJISTHCS TIPH BU3HAYEHHI
JIUISTHOK BUPYOKH JIiCiB, BipHHH BUOIp MpOrpaMHUX 3a-
co0iB 00poOKM 300pakeHb € ayxe cyrreBum [1-3].
Haii6inpim crpusTiuBi pe3ylbTaTH HAAAIOTh MITYYHI
Heriponni mepexi (IITHM). O6pobui 300pakeHb 3 BHU-
kopuctanusaMm IITHM npucesyeno Oarato poOit [4-8].
s GaraThox BUjIB 300pakeHb Ha CHOT'OJHI 3aCTOCO-
BYIOTBCS 3TOPTKOBI HelpoHHI Mepexi (aHri. CNN).
CNN e HadinmpoctimuM BHOOpOM IIpU pO3Mi3HaBaHHI
300pakenb. Ha croromui CNN 1o3a KOHKypEHIIi€O 3
TOYKHM 30py TOYHOCTI PO3ITiZHABAHHS peaNbHUX 300pa-
KEeHb. BOHU TaKOXX YCHIIIHO 3aCTOCOBYIOTBCS Y PEKO-
MEHJAIIHHUX crcTeMax, 00poOIli MoBH, TomO. OCHORB-
Hoto niepeBaroro CNN y MOpiBHSHHI 3 MONEPeJHUKAMH
€ Te, [0 BOHM aBTOMATHYHO BUSIBIISIIOTH O3HAKH 0e3
Oynp-sikoro snoacbkoro BrpydanHs. CNN Takox edek-
TUBHI IIpu TpoBejaeHHi obuucienb. Moneni CNN wmo-
XKYTb MPALIOBATH HA OYAb-SIKOMY IPHUCTPOI, II0 POOUTH
ix yHiBepcambHUMH. [IpuHIUIN (HOPMYBaHHsI, HABYAH-
Hs Ta Bukopuctanuasi CNN HaBesieHi B [9-14].

MeToro naHoi cTaTTi € PO3pOOJIEHHS CUCTEMH
po3ITi3HaBaHHS AUSTHOK BUPYOOK JIiCIB Ha 300pakeHHI
31 CYIyTHHKa 3a JIONOMOTOI 3TOPTKOBHX HEHPOHHHX
MEpexX 3 METOI0 CBOEYACHOT'O iH)OPMYBaHHS IPO He3a-
KOHHI MOiOHI i1 Y 3aJaHOMY PETIiOHI.

ITocTanoBKka 3aBAaHHSA

Jlist po3poOJIeHHST CHCTEMH PO3Mi3HABaHHS BUPY-
OOK JIICIB 3a JIONIOMOTOI0 3rOPTKOBUX HEUPOHHUX Me-
PeX HEOOX1IHO pealtizyBaTH TaKhid (yHKIIIOHAI:

- BHOIp KOOpJMHAT;

- 30epiraHHs KOOPIUHAT JJISI MOAAJBIIOTO BUKO-
pHCTaHHS;

- BHOIp IPOMIXKY 4Yacy;

- 3aBaHTaXXCHHS CYMYTHUKOBHX 300pakeHb 3a
BUOpaHUl MPOMIXKOK Uacy;

- po3mi3HaBaHHs 300paKeHb.

[Ipu 11bOMY HEOOXiIHO BHPIIIATH TaKi JOMOMIXHI
3aBJIAHHS:

- TOUIYK HAOOpy AaHMX JUIsl HABYAHHS;

- TIOUIYK cepBicy AJs 300paKeHsb 3i CYIyTHUKA;

- BH3HAYEHHS BUPYOKHM Ha 300pa)KeHHI 3 BHCO-
KOI0 XMapHICTIO.

KpiM TOro rmianyeThcsl 10aTH TAKUH JOMOMIKHUMA
(dyHKITIOHAT:

- BiJ3HauUCHHS BUPYOKH Ha 300parKCHHI;

- TIOpiBHSIHHA 300pakeHb MiXK o000 (0e3 BUKO-
pHCTaHHS HEHPOHHOT MEpexi);

- (inpTparis 300paXkeHb 110 MiTKaM;

- aBTOMAaTu3allis TepeBipKM Ta pO3IMi3HABAHHSI
JUISHKY BOJHOYAC 13 OMOBIILEHHAM.

Pe3yabTaTtu 1ocaigkennb

B ocHoBi Mozeni, sika Oyae BUKOpUCTaHa sl Ha-
BUaHH4, Jiriia Mozaeiab VGG16 (puc. 1).

s moxmens Oyma HaBueHa Ha 14 MminmbifoHax 30-
OpaskeHb 3 22 THCSY pi3HUX Kareropiil. OmHum 3 ii He-
JIONIKIB € Te, 10 HaBYaHHs MPOXOOUTH Y KibKa pasiB
moBmie 3a iHmi  Moxeni, Taki gk ResNet50, a6o
InceptionV3. IlpuumHOIO 1IBOMY € Te, IO LI MOAEIb
Mae npubnu3Ho 140 MinbiOHIB mapamerpiB, y IMOpiB-
HsHHI 3 25 minbiioHamu y ResNet50 ta 24 minbiioHamMu
y InceptionV3.
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Ane VGGI16 nmepeBipeHa 4acoM, Ta J0CI BUKOPHUC-
TOBYEThCS y 0OaraTboX 3agauax HaBiTh CHOTOMHI, 1€
NpuiiMalo4M 10 yBaru Te, MIO € IHIII MOJeN, SKi MoKa-
3YIOTh Kpallli 4YacoBi pe3yabTaTd Ha HaOOpi HaHHUX
ImageNet. Kpim Toro, 4ac HaBYaHHS HE € CyTTEBHM Ta

224224 x 64

224 %224 %3

112 X112 x 128

56|x 56 x 256
i
28 x28x%5

BHOIp MoJeNi ISl HAaBYaHHS HE MOTPiOeH OyTH ocTaTo-
YHUM, 00 3aMIHUTH MOJENbh MOXKHA JY)K€ HIBHAKO (He
Oepyddu 10 yBarum TOW yac, 1o Oynme morpiOeH Ha Ha-
BYaHHS 3 HYJS), TaK sSIK YCi BOHH MalOTh CXOXIi 1HTep-
¢eiicu y Keras — API ji1st HeHpOHHUX MEpex.

1x1x1000

@ convolution+ReLLU
—] max pooling
fully connected+ReLU

] softmax

Puc. 1. Apxitexrypa VGG16

B mporieci HaB4aHHsI po3Mip BXiJHOTO 300pakeH-
HA OyB 3aMiHeHuH Ha 128x128%3, MO0 MPUCKOPUTH
HaBYaHHS, IIPU [IbOMY HE BTpaydalouu HEOoOXiAHUX JeTa-
nel. ApXiTekTypa, 3 sKOI Oyio Jajii MpOXOJWTH Ha-
BUaHHs, NIOKa3aHa Ha puc. 2.

VY sxocTi HAOOPY MaHUX IS 3a7a4i pO3Mi3HABAHHS
BUpPYOKH nepeB OyB oOpanuii HaOip 3i 3MaranHs "Planet:
Understanding the Amazon from Space" Ha kaggle.

VYeci nani Oynu 3i0pani Mixk 1 ciunem 2016 poky Ta
1 mrotum 2017 poky. daHi — 11e 3HIMKA 3 KOCMOCY pO3-
MipoM 256x256 koxxHuit (puc. 3).

He3Bakarouun Ha Te, 110 yci 3HIMKH OYJIH 3pOo0JIcHI
y bpasunii, BoHn n00pe miaxomsTh Ui po3Mi3HABaHHS
BUPYOOK 1 B IHIIMX MicCIIX. MOXIIMBO JIMIIE MOJEIb
Oyne 1HO/I 3areBHsITH, 1110 Ha 300pa)KeHHI € BO/IA, KOJIH
i TaM HeMae, I1e Yepe3 Te, IO TaKOi PIUKU sIK AMa30H-
Ka, 1[0 TSATHEThCS Yepe3 yBECh JIiC, HEMae Maibke Hije.
Tox Monenb y AESIKOMY CEHCI MPHUCTOCYETHCS 10 30-
OpaskeHsb 3 IIbOro Habopy.

o

.” Planetscope Scene

input: | (Nomne, 128, 128, 3)

(None, 128,128, 3)

mput3: InputLayer

output:

4

input: | (None, 128, 128, 3)

batch normalization 2: BatchiNormalization

output: | (None, 128, 128, 3)

mput: | (None, 128, 128, 3)

(None, 4. 4, 512)

vegla: Model

output:

input: | (None, 4, 4, 512)

(None, 8192)

flatten_2: Flatten

output:

mput: one, 8192
denze 2: Denge ! ® )

- output: | (None, 17)

Puc. 2. ApxiTexTypa HEHPOHHOI Mepexi

Scene Size

~BE00x2200 pixels @ 3.7m GSD
~24420m x 8140m = 198778800m"
~19877 .88 Hectares

~24408.77 Acres

Chip Size
256x256 pixels @ ~3.7m GSD

~347 2mx 947 2m = BIT187 84 mv®
~89.7187 Hectares
~221.7 Acres

Puc. 3. 3HiMKH 3 KOCMOCY
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Yceporo Oyno 3i6pano 40479 300paxkeHb Uil Ha-
BYaHHS Ta mepeBipku, Ta 61191 300paxkeHs Ui TecTy-
BaHHSA FOTOBOI MOZEJIL.

KoxHe 300paxxeHHs Mae 1 abo jekinbka MITOK
(puc. 4):

- clear (Hema xmap);

- partly cloudy (uacTkoBO XMapHO) ;

- cloudy (ne BuaHO HiYOr0 KpiM XMap) ;
- haze (tyman) ;

- primary (iic) ;

- water (Bozma) ;

- habitation (moceneHHs, [UBLII3AIIN) ;
- agriculture (ciTbCbKe TOCIOAAPCTBO) ;

- road (mopora) ;

- cultivation (HeBelIHYKe CIIBCHKE TOCIOIAPCT-
BO) ;

- bare ground (roxna 3emis) ;

- slash and burn (o6ropina Teputopis) ;

- selective logging (BuGipkoBa Jicopo3podka) ;

- blooming (uBiTiHHS) ;

- conventional mining (BHAOOYTOK KOPUCHHX
KOIIaJINH) ;

"artisinal" mining (HexeraabHUII BUIOOYTOK

KOPUCHHX KOTIAJIUH);

- blow down (mMacoBuii HaXWi JiepeB Bill CHIIb-

HOT'O BITPY).

Puc. 4. [Tpuxsiagy nmoMmiueHUX 300pakeHb

Mirtka, 110 IIKaBUTHL HalOiaeme — "artisinal"
mining. Xo4a Il MiTKa O03HAYa€ HeJeTallbHUH BUIO0Y-
TOK KOPHCHHUX KOINIAJIMH, BOHA TaKOX J00pe BinoOpaskae
BUpPYOKY Jticy, 60 y MicLsiX BUIOOYTKY YacTillle 3a BCe €
TaKOX 1 JIiC, SIKWH HEOOXiNHO Teped UM BUpPYOaTH.
OxpiM TOro, HaBiTh SKIIO LILIIO € cama BUpYyOKa Jicy,
300pa)KeHHs 31 CYIIYTHHKY BHIJISIIAE YK€ CXOXKUM 00-
pasom. OTxe, faini y 1 MiTka Oyze o3HauaTh BUPYOKY
micy. 3anmada nopatka OyJe 3aBaHTaXHTH yci 300pa-
JKEHHs 32 BHOpaHMH HepioJ Ta MPOIYCTHTH iX depe3
HEWpOHHY MEpeXy, a IICis IbOro 3HalTH yci 300pa-
JKEHHsI caMe 3 IIi€l0 MiTKoro Ta "momitut" iX. [Ipukian
TaKoro 300pa)keHHs MOXKHA OOAYNTH Ha pUC. 5.

Puc. 5. HeneransHa BupyOka sicy B bpaswmrii

3 40479 300pakeHb I HaBYaHHs OyJe BUKO-
puctrano 80%, a 20% 3anumuTbBCS IS HEpeBipKH,
mij yac Kol Mojensb Oyle TaKoXK HalallTOBaHA.

IIporpamua peanizamis

InTepdeiic nporpamu (puc. 6) Mae Taki e1eMEHTH:

1) Ha3Ba MoJjirony;

2) po3Mip CTOPOHH y MeTpax (TIpHOJIH3HO, 3ae-
KHTB B OpMHU 3eMti) ;

3) nosrora;

4) mmpora;

5) movaTkoBa Jara;

6) KiHIIeBa aaTa;

7) CTBOPHTH IIOJIITOH;

8) orpumaru yci qocTynHI 300paykeHHs y BHUOpa-
HOMY TIOJIITOHI 332 BUOpaHHi epio;

9) mocTyIHI MOJIroHHM;

10)orpumaHni omiveHi 300paXKeHHsL.

Jlis 3aBaHTa)kKeHHsI 300paKeHb 31 CYIyTHUKa OyB
BUKopHcTaHuii cepic AgroAPI. Bin no3Bosnsie oTpumy-
BaTH 300pa)KeHHs y 3aJaHiii 001acTi 3a BKa3aHHWH IIPO-
MIXOK 4acy, a TAKOXK CTBOPIOBATH Tak 3BaHi "MOJIIroHN"
y 3aJlaHuX KOOpIHMHATax, po3mipoM Big 1 mo 2500 ra.
[oTiM Mo mMX mMoOJiroHax MOXKHa OTPUMYBAaTU 300pa-
JKEHHs, siKi Oynu 3poOueHi 3i cynytaukiB Landsat-8 abo
Sentinel-2.

Jlyisi CTBOpEHHSI MOJIrOHY HEoOXimHO obpatu Ko-
OpIMHATH Ta PO3Mip KBajapaTy (He 30BCIM KBaupary,
aine 6nu3bko). Lle MoxkHa 3poOUTH HANPHUKIIAA 32 JAOIO-
Mmororo Google Maps (puc. 7, 8). BaxxuiuBo BigMiTuTH,
0 OTPUMaHi KOOPJIMHATH MOXYTh TPOXH BiAPI3HATUCS
(< 0,00001).

Jis oTpuMaHHST 300pa)KeHb 1O BHOpAHOMY IIOJi-
TOHY HEOOXiZIHO BBECTH JIaTH (3 Ta J10), 0OpaTH MOJNIrOH,
ta HatucHyTH "Get Images" (puc. 9).
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M Deforestation Detection

1 Polygon name

Carpatheans

% ¥ Longitude
48.604964

5 From

Side in meters

eﬁvailable polygons

1000

Latitude
24.213979

To

Create
Polygon

Carpatheans |120.8ha (48.604964,24.211009)

[i=]

110/01/19

Q00

i)

04/29/20

Get Images

15/10/2019 22/10/2019 311072019
-agriculture -agriculture -cloudy
-partly_cloudy -cloudy

-primary

.=

.

23117209
-cloudy

07112019
-cloudy

16/11/2019
-cloudy

Puc. 6. Intepdeiic mporpamu

Rozhnyativs'kyi district

ﬁ' 1 Ivano-Frankivsk Oblast

Side in meters

Polygon name

Available polygons

Rozhanyativskiy 1000

Latitude Longitude St
Polygon

48.663180 24.080217

From

Rozhanyativskiy |99.0ha (48 663120,24.080218)

To
[selecta date (& || Get images

Select a date

Puc. 8. CrBopeHHs noiirony

VYci 300paxeHHs, O MaloTh MIiTKy "artisinal min-
ing", OyIyTh MOMiY€HI YepPBOHUM, SIK TIOTEHIIHHO Malo-

4i BUpYOKy. Y BHIIQJIKy HI)KYE BaXKKO IIOMITUTH BUPYO-

Ky, TOX II€ IIBHUIIIE 3a BCe XHOHE pO3Mi3HABaHHS
(puc. 10).

Polygon name Side in meters Available palygons
Rozhanyativskiy 1000
Latitude Longitude Sl
Polygon
48.663180 24.080217 Rozhanyativskiy [99.9ha (48.663180,24.080218)
From To
[12/01/19 [04729220 3| Getimages |

Status: Done.

03/12/2019 05/12/2019 08/12/2019 09/12/2019 10/12/2019 13/12/2019
~cloudy -agriculture ~agriculture ~cloudy ~cloudy ~cloudy
~habitation ~partly_cloudy
~partly_dloudy ~primary
~primary ~viater

-road
-water

Puc. 9. OrpumaHHs 300pakeHb 110 IONITOHY

[ Deforestation Detection

Polygon name
Rozhanyativskiy 1000

Side in meters Available palygons

Create
Polygon

Latitude
48.663180

Longitude
24.080217

Rozhanyativskiy [99.8ha (48.663180,24.080218)

From To

[12/01/19 [0429/20 F

Status: Done.

27/03/2020
-habitation

20/03/2020
~habitation
~primary ~partly_cloudy
-road ~primary
-water

30/03/2020
~cloudy

01/04/2020
-habitation
~partly_cloudy
~primary
-water -road

-water

Puc. 10. [Torenuiiina BupyOka
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BucHoBku

AXTyasbHOIO PO3pOOKY pOOMATH Taki (hakTopH:
HEKOHTPOJILOBAHE 3MEHIICHHS JIICIB 3 KOXXHUM DPOKOM,
notpeda B aBTOMaTH3allil MPOIeCy BUSBIICHHS BUPYOOK;
VIPaBJISHHSA JiCAMH Mae Oe3locepenHiii BIUIMB Ha
SIKICTh BOJM, BiJl SKOI 3aJeKaTh JKUTTS 1 370pOB'S 5K
CLIBCHKOTO, TaK i MICBKOTO HACEJICHHS; BHUTIKAIOUU 3
MEepIIoro ITYHKTY, aBTOMAaTH3allisi LOro Mpolecy 3a-
0e3IeYnTh YIOBUIBHEHHST BHPYOOK JICY, THM CaMHM
JIAIOYM Yac Ha BIPOBaJDKEHHS I1HmMMX 3axoniB. [lana
poboTa BiINOBiia€ BUMOraM i BUKOHaHa B IIOBHIH Mipi,
BUXOJISIYU 3 TMOCTaBJICHUX IyHKTIB, PO3po0IeHHi Ipo-

BUOIp KOOpAWHAT; 30epiraHHs KOOPJWHAT JUIS MTOJalThb-
LIOr0 BUKOPHCTAHHS; BHOIp MPOMIXKY Yacy; 3aBaHTa-
JKEHHsI CYITyTHHUKOBUX 300pa)keHb 3a BUOpaHHU TpOMi-
)KOK Yacy; po3mi3HaBaHHs 300pakeHb. Po3pobiena cuc-
TeMa € IECKTOITHUM 3aCTOCYHKOM, 3 SIKUM IPAIIOE Orle-
parop Ta BiANOBIAHO 0 HOro /il 103BOJISIE OTPUMYBATH
300pakeHHs 411 00paHoi 00JacTi 3a BUOpaHUil iepio.
MoayabHICTh OCHOBHUX (DYHKIIIH I[OTO 3aC00Y 103BO-
JISIFOTH Y MaOYTHROMY 32 HEBEJNMKHUi yac MoandikyBa-
TH iX JUIS BAKOPUCTAHHS Y TIOBHICTIO aBTOMAaTH30BaHUX
cucTeMax, He TOTpeOyounX KepiBHUIITBA OMEepaTopa.
Hanpsamok moaaibmmMx A0CTiIZKeHb: MTPOBE/CH-
HS TIOPIBHSUIBHOI'O aHANI3y PI3HUX CHCTEM Ta METOJIB

TpaMHUIH TPOXYKT MOXKE BUKOHYBAaTH Taki (YHKIIi: HaBYaHHS PO3pPOOIIEHOT HEHPOHHOI MEPEXi.
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Recognition of deforestation areas using convolved neural networks
H. Kuchuk, I. Krivolapov

Abstract. One way to combat illegal deforestation is to constantly monitor satellite images of some areas and identify
potential deforestation. The purpose of the article is to develop a system for recognizing areas of deforestation on a satellite
image using convolutional neural networks in order to timely inform about illegal similar actions in a given region. Research
results. The satellites from which all the necessary images were obtained are Landsat-8 and Sentinel-2, which take pictures daily
with 16-day and 10-day repeat cycles, respectively. Recognition was performed using a convolutional neural network, which was
trained on a large data set. Conclusions. The developed software product can perform the following functions: selection of coor-
dinates; storage of coordinates for further use; choice of time interval; download satellite images for the selected period of time;
image recognition. The developed system is a desktop application. The modularity of the main functions of the system will allow
in the future in a short time to modify them for use in fully automated systems that do not require operator control.

Keywords: convolutional neural networks, recognition, classification, deforestation.
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. B. JIutunerko', C. A. JIynenko', II. A. Onucekis', B. M. TpucHiok’, A. M. 303y’
yn p Y.

' TepHominbchKuil HALlIOHANBHMIT TeXHIYHMIT yHiBepcuTeT iMeHi IBana ITymos, Tepromink, Ykpaina
*[HCTUTYT TeNneKOMYHiKauiif i rnobansHoro iHpopManiitnoro mpocropy HAH Vkpainu, Kuis, Ykpaina

doi: 10.26906/SUNZ.2020.2.075

METOAUA CTATUCTUYHOI'O OITPAIIIOBAHHS PUTMOKAPIIOCUT'HAJTY
I3 NIABUIIEHOIO PO3AIVIBHOIO 3JATHICTIO HA OCHOBI HOT'O MOJEJII
Y BUTJIA Al BEKTOPA CTAHIOHAPHUX BUITAJIKOBUX NOCIIAOBHOCTEHN

AHoTanisi. Pobora npucBsueHa MeToaM CTaTUCTUYHOIO OLIHIOBAHHS HIMOBIPHICHUX XapaKTePUCTUK PUTMOKapiOCUr-
HaJTy 13 MiJBHILIEHOIO PO3IIJIBHOIO 3aTHICTIO HA OCHOBI HOro MozeNi y BUINISAI BEKTOpa CTAlliOHApHHUX Ta CTalliOHAPHO
I0B’S3aHUX BUIAJIKOBUX IIPOLECiB. Byno miarBepkeHo rinoresy npo HOPMaJIBHICTh 3aKOHY PO3IOJUTY KOMIOHEHT PUT-
MOKAap/IIOCUI'HAITY 13 HiJJBUILEHOIO PO3IUIBHOIO 3aTHICTIO. B peanbHUX KOMIT FOTEpPHUX CUCTEMAax aHalli3y CepleBOro put-
MY 3aBX/H PEECTPYETHCA CKIHYEHA KUIBKICTh LIUKIIIB €JIEKTPOKAPLiOCUIHAILY, TOMY LieH (akT HeoOXiJHO BpaxyBaTH i pu
CTaTUCTUYHOMY OLIIHIOBaHHI HMOBIPHICHHX XapaKTePUCTUK PUTMOKAapAiOCUTHAIY i3 IiJBUILEHOK PO3/UIBHOI0 3/1aTHICTIO.
A came, cTaTHCTHYHE OLIHIOBAaHHS IMOBIPHICHMX XapaKTEPUCTUK PUTMOKAPIOCUTHAITY 13 ITiIBUIIEHOI0 PO3/1IIBHOI0 3/1aT-
HICTIO MOJISITa€ B OTPUMAaHHI peajti3aniii CTaTUCTUYHKX OLHOK, SKi MOXXYTh OyTH NPHUHSITI 32 HaOIMDKEHHS 10 BiJIIOBi/-
HHUX HMOBIPHOCHHX XapaKTE€PUCTHK JOCIIDKYBAHOTO PUTMOKapiocurHany. [ BpaxyBaHHs 4acoBOi JUHAMIKM PUTMOKa-
pAiocHTHANY i3 MiIBUICHOIO PO3AIIBHOIO 3/IaTHICTIO HEOOXiTHO BUKOPUCTOBYBATH MaTeMaTHIHUH arapar Teopii BUIaa-
KOBHX IPOILIECIB, a caMe, PO3rIIAaTH HOro Ik BEKTOP AMCKPETHUX BUIIAJKOBUX IpoueciB. OOIPYHTOBAHO BEKTOp JiarHo-
CHYHMX O3HAK B CHCTE€Max aHajli3y CepLeBOro pUTMY 3a PUTMOKAP/IOCUIHAJIAMH 13 ITiIBUILIEHO0 PO3JIUIBHOIO 3/IaTHICTIO.

Karo4uoBi caoBa: MeToqu CTaTUCTUYHOI OLIHKH, IMOBIPHICHI XapaKTE€PHCTUKH, BEKTODP CTAI[lOHAPHUX Ta CTaliOHAPHO

TIOB'SI3aHMX BUITQ/IKOBUX TIOCIIJOBHOCTEH, €IEKTPOKApAi0CHTI'HAI, PUTM-KapIiOCUTHAJL, CepLeOHTTsI.

Beryn

CucremMu aBTOMaTH30BaHOT'O aHAI3Y PUTMY CEpIIs
JIAIOTh 3MOT'Y OILIHUTH SK CTaH CEepIEBO-CYJUHHOI CHC-
TEMH, TaK 1 CTaH aJaliTUBHUX MOXJIUBOCTEH OpraHizmy
JIIO/IMHY BLIOMY. BUITBIIICTh CydacHUX CHUCTEM aHai3y
CEepILIEBOrO PUTMY IPYHTYIOThCS Ha BHKOPHCTAHHI CTO-
XaCTHYHHUX MATEMATHYHHX MOJETeHl PUTMOKApIiOCHr-
HaJly Ta METOAIB MOr0 CTaTUCTUYHOIO aHaTi3y 3a PHT-
MOKapJliorpamoro, sika € YIOPSIKOBAHOI CYKYITHICTIO
TpuBasiocTe# R-R-iHTepBasiB B 3apeecTpOBaHOMY €JICK-
Tpokapmiocurraii [1-8]. OmHak, Takuil MiOXix He Hae
3MOTH BHSIBUTH TOHKI, OIIBII [JETalbHI OCOOJMBOCTI
CEepIIEBOr0 PUTMY, OCKiIbkH R-R-iHTepBanu BimoOpa-
)KAIOTh JIMIIE 3MiHY Y Yaci TPUBAJOCTEH CepLEBUX IUK-
JiB, a HE BCIO CYKYIHICTh YacOBHX IHTEPBAJIB MIiX
OoMHO(Aa3HUMHU 3HAYEHHSMH €JIEKTPOKAPIiOCUTHAITY ISt
BCiX Horo a3z, 10 He Jjae 3MOTr OIUCATH PUTM CepLs y
MMOBHOMY 00cs3i. ¥ poborax [9-12], 3 MeTor0 OLIBII
iH(OPMATHBHIIIOIO OIKCY CEPLEBOr0 PUTMY, OOIpYH-
TOBaHO HOBWH MiJXij 10 HOro aHaji3y Ha OCHOBI pHT-
MOKapJIiOCHTHAJY 13 ITiABHIIIEHOIO PO3AIJIBHOIO 3/IaTHIC-
TiI0. Kitacnuna putmokapiorpaMa € BKJIaZEHOI0 Yy PHT-
MOKap/IiorpamMy i3 MiJBHUINCHOI PO3AUILHOI 3aTHIC-
TIO, 11O 1 € TI/ICTaBOIO IS TiIBUILIEHHSI piBHS 1H(OpMa-
TUBHOCTI aHaji3y CEpIeBOr0 pPUTMY B CYyYacHHX
KOMIT'FOTEPHHX CHCTeMax (yHKIIOHAIBHOI AiarHOCTHKH
CTaHy Ceplis JIIOJMHU Ha OCHOBI PUTMOKapiOCUTHAIY 13
ITiIBUIIEHOI0 PO3JIUIBHOIO 31aTHICTIO. Y poboTax [9-12]
OOTPYHTOBAaHO 3aCTOCYBaHHS BEKTOpa BHIIAJIKOBHX
BENTUYMH SIK MATEMAaTHYHOI MOJIENi PUTMOKAPIiOCHIHA-
Jy 13 TABHMIICHOI PO3NIIBHOIO 3aaTHicTI0. OmHaK I
MOJIETIb € BIJIHOCHO OIJIHOI0 MaTEMaTU4HOI MOJIEILIIO
PUTMOKApIiOCHTHATY 13 IiJBHUIIEHOI PO3ALIBHOO
3JIATHICTIO, OCKUIBKM HE Ja€ 3MOTY IOCIHiDKyBaTH ii
YacoBy AWHaMiKy. J[1s BpaxyBaHHS 4acoBOi JUHAMIKH
PUTMOKApIiOCHTHATY 13 IiJBHUIIEHOI PO3ALIHHOO
3aTHICTIO HEOOX1THO BUKOPUCTOBYBATH MaTeMAaTHYHUIT

amapar Teopii BHITAJKOBUX IPOIIECIB, a came, po3risiia-
TH WOT0 SIK BEKTOP TUCKPETHHUX BHIIAJIKOBUX MPOILECIB.

IMocTaHoBKa 3aBHaHHs. Y nOaHiil poOOTI po3po-
OMMO METOIM CTAaTUCTHYHOI'O OIIHIOBAHHS HWMOBipHIC-
HHUX XapaKTEPUCTUK PHUTMOKAPIIOCUTHAY 13 ITiJBHILE-
HOIO PO3AUIHHOIO 3JaTHICTIO Ha OCHOBI HOro MoOJemi y
BUIJISIII  BEKTOpAa  CTAlliOHAPHUX Ta  CTAIlliOHApHO
OB’ I3aHUX BUIIAJKOBMX ITOCIIIJOBHOCTEM.

Pe3yabTaTu 1ociaimkeHHs

OpHi€ro 13 HAUMPOCTIIUX CTOXACTHYHUX MOJICIICH,
sKa BPaxoOBYy€ IUHAMIKy 3MiH PUMOKapAiOCHUTHAIY i3
ITiIBUIIEHOIO PO3/IIIEHOIO 3/IATHICTIO, € BEKTOP

E, (0, m)=1T(a),m),0 eQ,[=1,L,meZ

CTaI[iOHAPHHX Ta CTAI[IOHAPHO OB’ A3aHUX BHIIAJKOBHX
MOCITIZIOBHOCTEH. Y 1IbOMY BEKTOpI iHAEKC 771 TI03HAYa€e
HOMEp LUKy CICKTPOKApAIOCUTHAY, a iHaeKke [ — Ho-
Mep BiJUTIKY €JIeKTpOKapiOCUTHAIY B paMKax Horo m -
ro mukiry. KinbKicTs BijutikiB L Ha MK eNEeKTpOKapIi-
OCHTHAJy BU3HAYA€ PO3IIBHY 3aTHICTH PUMTOKAP/Iio-
CUTHAJTY, Ta 3aJa€ KiJIBKICTh (pa3 Ha MUK €JICKTpOKap-
JIIOCHTHANY, sSIKI MOXKYTh OyTH BWJIIJICHI METOAaMH Cer-
MEHTAIlil Ta JETeKTYBaHHsS IPH BHUPIIICHHI 3aBIaHHSI
ABTOMATHYHOTO (DOPMYBAHHS PUTMOKAPAIOCHTHATY 13
€JIEKTPOKAP/IOCUTHAITY.

Bu3HauankHOI BACTUBICTIO BekTopa =, (@', m)
CTaI[iOHAPHHX Ta CTAI[IOHAPHO OB’ A3aHUX BHIIAIKOBHX
TIOCITIZIOBHOCTEH € iHBapiaHTHICTH Horo ciMelicTBa GyH-
KIi{ pO3IOiy JO YacOBUX 3CYBIB Ha JIOBIJIBHE IIijie
4ucio k € Z.. A came, ia Oyab-1koi QyHKIIT po3moi-

ny F (xl,...,xp,ml,...,mp) nopsiaky p (peN) i3

Py .1,
cimeiictBa (yHkuiii posmoniny BekTopa =, (@', m)
CTaI[iOHAPHHX Ta CTAI[IOHAPHO OB’ A3aHUX BHIIAIKOBHX
MIOCITIZIOBHOCTEH Ma€ MicIle Taka piBHICTb:
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FPT“ - (xl,...,x R

IMogamo opmyinu, sIKi penpe3eHTyIOTh 301KHICTh
y CepemHbOKBAIPATUIHOMY CCHCI BiIITOBIMHUX CTAaTHC-
TUYHUX OIHOK JIO OLIHIOBAHUX IMOBIPHICHUX XapakTe-
PHUCTHK BEKTOpa

(xl,...,xp, ml,...,mp) =

PT“ 7,

E, (o', m) ={T,(a)', m), 0 e, =1L, meZ }

CTAIliOHAPHMX Ta CTAI[IOHAPHO IOB’SI3aHMUX BHIIAJKOBHUX
MTOCTTiTOBHOCTEH.

Orinka, o 30ira€TbCs y CepelIHbOKBAAPATHIHO-
My CeHCli 10 GYHKIIT PO3MOIiTy
ony.m, (xl,...,xp, ml,...,mp)

nopsaaky p (p € N) Bexropa E, (@', m) cTalioHapHHUX
Ta CTAI[IOHAPHO TMOB’SI3aHUX BHIIAJIKOBHX MOCIiJOBHOC-

Teu:
FPT,] 7, (xl’

K

..,xp,ml,...,mp)=

l/Hw 2K +1, 2. ﬁH( (a) m; +k)) 2

-K j=1

XpsesX, ER,my5csm €Z, ll,...,lp e{l,-l,},kel.

1, x>0,
0,x<0.
Iia, siKa € IHIUKATOPOM HEBiJ' €EMHOTO YHCIIA.
3okpema, skmo y ¢opmymn (2) p=1,
h=L=.=1,=1, o
K (x)z K (x, m) aBTO(YHKIIIIO PO3MOITY CTalliOHA-
7 7

Oyuknis H (x): € ¢yHkuieo Xesicaii-

TOOTO

MaTHMEMO  OJHOBUMIpHY

pHOi BumaznkoBoi nocrmigosrocti 7;(@’, m), ana sxoi i3
¢dopmynu (2) ciixye 301KHICTh Y CepeaHbOKBAIPATHY-
HOMY CEHCI:

> H(r-T (0 k), 3

F
o W)=limo 2K +1,5

xeR,le{l,_L},keZ.

Orinka, o 30ira€TbCs y CepelIHbOKBAAPATHIHO-
My CEHCI JI0 3MillIaHOl TTOYaTKOBOI MOMEHTHOI (pyHKIIiT

P
TOPSIKY S = )5 ;
j=
K

, 1 (o
lkl;ni' 2K+IAZT1‘ (', m, +k)-...(4)

5y, (ml e MM )_

Sp ’
=T (a),mp +k),

my,...m, €Z, ll,...,lp eLLYkeZ.
Sxmo s=2 ta p=2, 10 i3 dhopmynu (4) cuigye
Taka 30DKHICTh Y CEpeIHbOKBAJAPATHYHOMY CEHCI JJIs

KoBapianiizoi ¢pyHkuii - (m,,m,) nBox cramiona-

PHHUX Ta CTAaI[iOHAPHO IIOB’SI3aHHMX BHIIAJKOBUX MOCIi-
v ’ ! :
nosuocreit ) (w',m) ta T, (@', m), sxi omncyiors

m +k,...,m, +k), XX, ER My €L, 1.0 E{I,L},k eZ. (1)

4acoBi BIJICTaHI MK OJJHO(QA3HUMH BiJUTIKAMH €JIEKTPO-

KapJliOCUTHATY JUIs ll - Ta lz -1 iioro a3, a came:

c (my,m,)=Lim.——— 1 X
Iy, P2 K—>» 2K +1,
x ZT (' ,m, +k)-T, (a) m, +k), (5)
m,m, €Z,1,l, € LLykeZ:
Sdkmo B ¢dopmyni (4) p=1, T10b6TO
L=l=..=1,=1, 1o MaTnMemM0 361KHICTb OLIHKH y

CEepeAHbOKBAIPAaTUYHOMY CEHCI 0 OJHOBHMIpHOI IO-

9aTKOBOI MOMEHTHOI (yHKIIi{ Cs, (m) $-TO TOPAIKY,

sKa JJIS  CTalliOHApPHOI BUITAKOBOI ITOCIITOBHOCTI

T/(w',m) € KoHcTautow ¢, =c, (m) (nouarkosuii
.S‘T, .S‘T,

MOMEHT $-TO MOPSJKY), & caMme:

ZT (@,k),leql,L}. (6,)

¢, =lim——

N K—o 2K +1,2

Sxmo B popmymi (6,a) s =1, To MaTUMEMO 301Xk-
HICTB OILIHKM y CepeIHbOKBAIPATHYHOMY CEHCI IO II0-
YaTKOBOTO MOMEHTY MEpUIOr0 MOPAIKY ¢ =Cp (m)
(MaTeMaTHYHOI'O CIIOJIBaHHS) CTaI[ilOHAPHOI BHIAJKO-
Bof mocmigoHoOCTI T} (w', m), a came:

¢, =Lim o ZT(a) k),le{LLL}. (60)

K*>002K+ =

Orinka, o 30ira€ThCs y CepelIHbOKBAAPATHIHO-
My CEHCI JI0 3MilllaHOi ITOYaTKOBOI LEHTPAIBHOI (YHK-

P
uii mopsiaKy s =Y s ¥
j=1

1 K :
. (ml, ) Lim. Kl (Tll(a)’,ml +k)_c‘r,, )”
(Tz ('.m, +k)-c, j 7)

my,...m, €Z, ll,...,lp e<LL kel
Sxmo s=2 ta p=2, 10 i3 dopmynu (7) caigye
Taka 30DKHICTh Y CepeIHBOKBAJAPATHYHOMY CEHCI JIs
KOpENAMIHHOT (yHKITIT . (ml,mz) JIBOX CTallioHap-

ST Ty

HHUX Ta CTAI[lOHAPHO IMOB’S3aHUX BHIIAIKOBUX IOCIiIO-
v ! ! : :
sHocreii 1) (@', m) a T) (@', m), sKi ONACYIOTH 4acoBi

BIJICTaHI Mik OXHO(A3HUMHU BIUTIKAMHU €IICKTPOKap/Iio-
curHanmy ans /,-oi Ta /,-oi foro ¢as, a came:

1
(m.m;)= FEEy ) 2K +1°

e, @, 4 1)-

7
2T,] T,
K

3 (7 (' m, )

o) ®
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my,m, eZ,1,l,e L, kel.

Sxmo B dopmyni (8) s=2 1@ p=1, T00OTO
L=0L=.

=1,=1, To MaTMMeMO 30LKHICTb OLUHKH Yy

CepeHbOKBAIPATHYHOMY CEHC1 /10 aucriepeii 7- 2 crarii-
1

OHAPHOI BUNA/IKOBOI ITociioBHOCTI T, (@', m), a came:

K

, 1 :
n, =l.z.m.71 > (T,(a),k)—

K—o 2K +1;"¢

Ch)y,le LL{-9)

Hapeneni Bumie ¢opMynu BigoOpakaroTh 301k-
HICTh Y CepeJHbOKBAJPAaTHYHOMY CEHCI CTATHCTHYHHX
OLIIHOK JIO BiZIMOBIMHUX WMOBIPHOCHUX XapaKTEPUCTUK
PUTMOKApIiOCHTHATY 13 IiJBHUIIEHOI PO3ALIHHOO
3/IaTHICTIO, a, OT)KE, IaHl CTATUCTUYHI OIIIHKH € CIIYII-
HUMH.

OCKIUIBKM B peaJbHUX KOMII'IOTEPHHX CHUCTEMax
aHaJIi3y CepLEBOr0 PUTMY 3aBXKIH PEECTPYETHCS CKiH-
YeHa KUIBKICTh NUKIIB €ICKTPOKAPAIOCHTHATY, TO IICH
(akT HEOOXiMHO BpaxyBaTH i MPU CTATHCTHYHOMY OIli-
HIOBaHHI WMOBIPHICHHX XapaKTEpUCTHK PUTMOKapIio-
CUTHAIY 13 MiABHMIICHOK PO3AUILHOI 3IaTHICTIO. A
came, CTaTUCTUYHE OLIHIOBaHHS MMOBIPHICHHX Xapak-
TEPUCTUK PUTMOKAPIOCUTHANY i3 MiJBUIEHOIO PO3.Ii-
JIBHOIO 3JIaTHICTIO TONATaE B OTPUMAaHHI peajizamiit
CTaTUCTUYHHX OIIHOK, SIKIi MOXKYTh OYyTU NPHHHATI 3a
HaOMKEHHS 10 BiANOBIAHUX HMOBIPHOCHHMX XapakTe-
PHUCTHK JIOCIIPKYBAaHOTO PUTMOKAPiOCUTHAITY.

3anumeMo BUpazu JUIs OOYMCIEHHs peaii3alii
BIJIMOBITHMX CTATHUCTUYHHUX OLIHOK HMOBIPHOCHHX
XapaKTEepUCTUK BEKTOpa

B (0,m)=<T (o' ,m),0' e, I=1,L,meZ
CTalLliOHAPHHX Ta CTAI[IOHAPHO TOB’SI3aHUX BHIIAIKOBUX
MOCITIZIOBHOCTEH y BUIAKy, KOJIH 3a/laHa JiesKa TOBra
Horo peai3aris

=, (m)={T, (m), =L, m=1,M

(o}
nie M — KinbKIiCTh 3apeeCTpOBaHUX ITOBHUX LIUKIIIB €JIEK-
TPOKApIiOCUTHATY 13 IKOro ¢(hOPMOBAHO PUTMOKAP/Iio-
CHUTHAJI 13 ITiIBUIECHOIO PO3AUIHLHOIO 3aTHICTIO.

Bupas mis oGumcneHHs peanmizamii CTaTHCTHYHOL
oUiHKY (QyHKIIT po3noxity
ooy, (x1 yeves Xy My ,...,mp)
nopsaaky p (p € N) Bexropa E, (@', m) CTalioHapHUX
Ta CTalliOHAPHO NOB’SI3aHUX BUIAKOBUX IOCIiIOBHOC-
Tell Ma€ BUTIIAL:

A

FpT,] , (xl,...,xp, m, ,...,mp)z

L S ub -1, (0. a0)

M M, +1 5 4

Xpseees X, € R my,eom, €91, M A, .,lpe 1,L

ne My (M, << M) — MakcUMaJbHE 3HaUCHHS apryMCHTIB
My,..., M, , WO BHOHMPAETHCA Y 3aJISKHOCTI BiJ KUTBKOCTI
yCEepeIHEeHb B peatizallii CTATUCTUKH, 11100 3a0e3MeUuTH
HEOOXITHHUI PiBEHb TOYHOCTI Ta JOCTOBIPHOCTI CTaTHC-
THYHOTO OI[IHFOBAHHSI.

3okpema, skmo y dopmymi (10) p=I,
L=0L=.

TOOTO

=1, =1, To MaTUIMeMO BHpa3 JUist OGUNCIIEH-
HS peajizallii CTATUCTUYHOI OIIHKU ﬁ] 5 (JC) OIHOBUMI-
pHOi aBTOdyHKUIT po3mominy ET/ (X) CTalioHapHOI
BMITaIKOBOI TOCJTiJOBHOCTI T,] (w', m), a came:

B, (5)= X0

M-M,

> AT, (v

MM, +1 M +1 ¢
,xeR,lell,L

Bupas s oO4HCIeHHs peatizallii CTaTHCTHYHOL
OIIIHKM 3MIMIAHOI TOYaTKOBOI MOMEHTHOI (PYHKIT 1O~

p
pPAOKY § = ZS/ MAaTUMEC BUTJISAO.
J=1

A

Cop, ., (m1 yees MM, ):

-M,
5] Sp .(12
=M a1 M1 g‘) (m1+k)~...~T1Pw’(mp+k), (12)

My,...,m, € 1,71 ,ll,...,lpe 1L

Sxmo s =2 1a p=2, 10 i3 hopmynu (12) crinye
BHpa3 I OOYHMCIICHHS peaji3allii CTaTHCTHYHOI OIiH-
KH Cs, o (my,m,) KoBapiauiifHoi GyHKui

i
[ (ml,mz) JIBOX CTalliOHAPHUX Ta CTaI[lOHAPHO
I

TOB’S3aHUX BHI/IKOBHMX nociizioBHocTeit ) (@', m) Ta
T, (@', m), AKi ONUCYIOTH YacoBi BifcTaHi Mik oxHO(A-
3HMMH BiJliIKaMM €JIeKTPOKapAioCUrHaly ans [;-oi Ta

[, -oi #ioro a3, a came:

@27,1 i (m1 e ) =

1 M-M, (13)
=—— >T, (m+k) T, (m+k)
o 2 )T )
my,m, € 1 € 1L
Jdxkmo B ¢dopmym (12)  p=1, T0b6TO

l=1=..

JICHHs! peali3allii CTaTHCTHYHOT OLIHKH C
!

=1,=1, To oTpuMaeMo BMpa3 I OOUHC-
[OYaTKOBO-
r0 MOMEHTY S -TO TOPAIKY €. CTaIliOHApHOI BUIAI-
KOBOI TTOC/TiJOBHOCTI T,] (w', m), a came:
M-M,

= ST (k)T

P B (14)
i M—M1+1 k=0
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Sxmio B popmyii (14) s =1, To oTpuMaemMo Bupa3s
IUTsE  OOYHMCIICHHS peatizaimii CTATHCTUYHOI  OI[iHKU

~
ClT MIOYaTKOBOT'O MOMEHTY IEPLIOro IMOPSIKY ClT
1 1

(MaTeMaTHYHOI'O CIIOJIBaHHS) CTal[iOHApHOI BHIAJKO-
BOI ITOCiJOBHOCTI T,] (w', m), a came:
M-M,

; LS (k) reiiL

6 =— 15
" M-M 15 (15

Bupas s oO4HCIeHHs peatizallii CTaTHCTHYHOL
OLIHKM 3MIIaHOi TOYaTKOBOi IIEHTpasbHOI (yHKIIT

p
MHOPANKY § = ZS j MaTuMe TaKUH BUTIISA;
J=1

N 1

M

51y -1, e e M—M|+1
M-M,;+1

<3 k), f (T
k=0 !

Po

,(mp +k)_élr, jsp’ (16)

My ,...,m, € 1,71 sl € 1L

Sxmo s =2 1a p=2, 10 i3 hopmynu (16) crigye
BHpa3 JJIs OOUMCIICHHS peatizallii CTaTHCTHYHOI OIIHKH
KOpENSAMIHHOT (yHKITIT . (ml,mz) JIBOX CTallioHap-

LR

HHUX T4 CTAIiOHAPHO MOB’SI3aHKUX BHIAJIKOBHX IMOCIIiI0-
sHoctelt 7, (@', m) Ta T, (@', m), sxi omucyroTh yacosi

BIJICTaHI Mik OJXHO(A3HUMHU BIUTIKAMHU €JIEKTPOKap/Iio-
curHanmy ans /,-oi Ta /,-oi foro ¢as, a came:

7 (m m )z
ZThTIz 1° 2

1 M-M.

S, tn+0-¢, M na+0)-6, )07

CM-M,+1 &

)

my,m, e1,M, (,1,,1, e41,L

OCKIUIBKM  JIJIsI  CTalliOHapHUX Ta CTalllOHApHO
TIOB’SI3aHUX BUIAJKOBHUX ITOCIIIOBHOCTEH KOpESLiiHI
(GyHKIIT € QYHKIISIMU JIMIIE BiJl OAHOTO LIJIOYUCETBHO-
ro apryMeHTy u, AKUH JOpIBHIOE u =m, —m,, TO i iX
CTaTUCTUYHI OLIHKM TaKOX 3aJIEKATh JIUIIE BiJ] OJHOTO
apryMeHTy u. Y IbOMY pasi, SIKIIO MPUITYCTHTH €pro-
JIUYHICT ~ CTal[lOHAPHUX  KOMIIOHEHT  BEKTOpa
Z, («',m), To hopmyna (17) HaOyze TaKOro BUITIALY:

A A 1
rzfu Ty (u) - rzfu 71y (m] - mZ) N m
1

Mf'(ﬂ.((,, (k)-é, } (T,z“,, (k+u)-e, ) (18)

u=0,M,—1,m,m, €1, M, 1,1, 31 L¢.

Sxmo B popmymi (18) u=0,a [, =1/, =/, To Ma-
THMEMO BHpa3 U OOUMCIICHHs peasi3allii OiHKA JuC-
niepcii y CTalliOHApHOI BHITAJIKOBOI ITOCIIOBHOCTI

T, (w', m), a came:

N 1 X ' )Z 17
= @)=, frefTz) o)

IepeBipka rinore3u
NP0 HOPMAJIBHICTH KOMIIOHEHT BEKTOPa

Haii6inpi moBHy iH(pOpMaIilo Mpo WMOBIpHICHI
XapaKTepPUCTUKU PHUTMOKApPAIOrpaMu i3 IiJIBUILEHOO
PO3IIIBHOIO 3JATHICTIO MICTUTH CiMEHCTBO (YHKIIIT
pO3TONiTY

pay (xl,...,xp, ml,...,mp) peN, ll,...,lp e<,L
BekTOpa &, (@w',m) CTalliOHApHUX Ta CTaLliOHAPHO
OB’ SI3aHUX BHIAJIKOBUX IOCHIJOBHOCTEH, a BCi pemra
HWMOBIPHOCHI XapaKTEepUCTKU (3MilllaHi, LEHTPaJbHI,
MOYaTKOBI MOMEHTHI (pyHKIIT pi3HUX MOPSAKIB) € MOXi-
IHAMH Big Lboro cimeiictsa. OpHak, 3Bakaroud Ha
BHCOKY OOYHCITIOBAJIbHY CKIIAJHICTh METOJIIB CTATUCTH-
YHOTI'O OLIIHIOBAaHHS 0araToBUMIpHUX (QYHKIIN po3momi-
1y BexTopa E, (@w',m), HEOOXiZHO TOCHIIIUTH PUMTO-
KapJiOCHTHAJIH i3 MiIBUIIEHOI PO3UILHOI0 3/IaTHICTIO
Ha IpeAMEeT OOTPYHTYBaHHS iX THIIIB PO3MOILTY, 30K-
pemMa, IepeBipuTH CTATUCTHYHY TilOTe3y PO HOpMallb-
HICTh (TayCOBICTH) CTalliOHAPHUX KOMIIOHEHT BEKTOpa,
110 Y BUMAJKY ii MiATBEpAKEHHS, TaCTh 3MOT'Y 3aCTOCO-
BYBaTH MOJENb JOCII/KYBaHOI PUTMOKapIiorpamMu y
paMKax CHEeKTpaJbHO-KOPEJALiiHOI Teopii, a came 3a-
MICTh I'POMIi3JIKOT0, OOYHCITIOBAIFHO CKIJIAHOTO OIIHIO-
BaHHS (QYHKIIN PO3NOALTY, 3aCTOCOBYBAaTH OOYHCIIIOBA-
JIHO TPOCTIllli TPOIEAYPH OL[HIOBAHHS CIIEKTPaIbHO-
KOpEJAIIIHHIX XapaKTEePUCTUK PUTMOKapIAiOCHTHAIIB 13
ITiIBUIIEHOIO PO3/IIIEHOIO 3/IaTHICTIO.

[epeBipuMo TinoTe3y Npo HOPMAJBHICTH 3aKOHY
po3M0/iTy KOMIOHEHT BekTopa E, (@', m). Jna nporo

3acTocyeMo Kputepiii sromu ITipcoHa (y’-Tect), 1o gae
3MOT'y BCTAHOBUTH Y3TOJDKEHICTh (YU HEY3TOIKEHICTB)
EMITIPHYHOI'O Ta TEOPETUYHOTO PO3IOALIIB KOMIIOHEHT
BekTopa =, (@', m). EMIipuuHuii po3nofin KOMIIOHEHT

BEKTOpa

B (0,m)=1T (0", m),0' e, I =1,L,m=1,M

OIIIHIOETHCS NUIAXOM TMOOYIOBH TiCTOrpamMu. A came,

iHTEpPBaJ y SIKMH IONagar0Th yCi 3HAYEHHS peasizarii

T, (m) Il-of komnouentu T;( @',m) po3buBaersest Ha [
[}

iiHTEpBAaJIiB

(s!,s!

i+1

),i=11
3 TPHUBAJIOCTSIMU

N =8, -8/, i=1I
Ta I KOYKHOT'O iHTepBaIy Sl.’ O0YHCITIOETHCS YHCIIO hl.’
(eMIipryHa YacTOTa), SIKE JOPiBHIOE BiIHOIICHHIO Kih-
KOCTi 3HaueHp peamisauii 7 (m) -0 KOMIIOHEHTH
T;(@',m), 1o momaau B iHTEpBaN A’i, 1o X 3arajbHOI
KigpKoCTl M, a came:
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n; — —

i=11,1=1L (20)

[Ipu upoMy MHOXHHY Tap {(Ali, hil), i= _1:_]_} JUIS

peanisauii 7,  (m) [-oi xomnonentn T;( @',m) mMoxHa
[0}
nopaty abo y BUIVISAL Tabmui abo y rpadiyHOMY BU-
TSIl SIK TicTOrpamy, JJIs IPUKIAAy Ha puc. 2 HaBeaeHi
pe3yabTaTH TaKUX OOYKCIICHB ISl KOMITOHEHT BEKTOPA.
V kpurepii ¥*-KBagpat AK Mipy BiIXHICHHS eMITi-

. l . . . . “ o
PUYHO1 4YaCTOTHU hi B1J BLAIIOB1AHO1 TCOPETUIHO1I UMO-

. .o
BIPHOCT1 pi BUKOPUCTOBYETHCA BEJIMYNHA

—=p;
L\ M
=y

1
i=1 P
2 .

Benuuunna ¢~ y Bupasi (21) € BUNaIkoBOIO BETUYUHOIO,

. . 2
posmozin skoi mpu M — oc, Oyae npsMyBatu 0 ) -
posnoziny P,(x), o 3aleXuTh BiJ HapaMeTpy ¢, SKuit
HA3UBAIOTh YUCJIOM CTETEHIB BIJILHOCTI, 110 JOPiBHIOE:

(22)

Jie § — KUTBKICTh TIapaMeTpiB TEOPETHYHOTO PO3MOALTY,
BIIHOCHO SIKOT'O 3]IIHCHIOETHCS MEPeBipKa TIMOTE3U MPO
Y3TOPKEHICTh eMITIPUYHOTO Ta TEOPETHYHOTO PO3ITOIi-
JiB. Y BUNAAKy HOPMaJbHOI PO3MOAIIEHOCT] CTallioHa-
PHHX KOMIIOHEHT BekTopa E, (w', m), s = 2.

1)
qg=1-s-1,

2

3acTocyBaHHsA ) -TeCTy Iependavyae IOMepeIHe
3alaHHs JEAKOrO PIiBHS 3HAYMMOCTI o (HAIPHUKIAL,
a=0.05;¢=0.05), 1m0 YMOXJIMBIIOE OOYUCICHHS

2 . 2
KBAHTUIIO Y., PO3NOMNITY y JUIs 33aJaHOro o Ta .
2
Skmio 3HayeHHsA Yy, oOumcieHe 3a (opmyso (21),

Oinbie )(506 , TO BBXXAETHCA, IO TEOPETHIHUI PO3II0-
It (HaIpuKIIa]], HOpMaJbHUI) IOraHO y3TO/DKYETHCS 13
pe3yibTaTaMy CIOCTEpEeXEHb MPU 33/IaHOMY piBHI 3Ha-
anMocTi 0. | HaBMakW, SIKIIO OOUMCIICHE 3HAYCHHS )~

2 ~
MCHBIIC an, TO BBaXA€TbCA, MIO0O TCOPETUYHUU Ta

eMITIPUYHUI PO3MOALIN Jo0pe MiXK CcOOOI0 Y3TrOIKYy-
FOTBCSI.

OTtpumasni pe3yabTaTn
CTATHCTHYHOTIO ONPALIOBAHHSA

Jlist oTprMaHHS BipOTiIHOTO Pe3yJbTaTy MepeBip-
KA Ha HOPMAIIBHICTh 3aKOHY PO3MOMALTY PUTMOKApIio-
CUTHAITY 13 MiJBUINEHOI PO3IIBHOI0 3MaTHICTIO, OYII0
OMpaInboOBaHO peai3allilo  eICKTPOKAPIIOCUTHATY Y
IPYroMy BiZIBEIICHHI, sika MicTHIa 245 ceplieBUX MUKITIB
Ta MOPOLKYBaNacs poOOTOI Ceplld MaIlieHTa i3 YMOB-
HOIO0 HOPMOH0. [3 3apeecTpoBaHOI eleKTpoKapaAiorpamMu
3TiHO i3 METOJIOM aBTOMATHYHOTO (POPMYBAHHS PHT-
MOKapJiorpamMH i3 MiJBHIIEHOI0 TOYHICTIO, OTPUMAaHO
peaizaiiito

[0}

g, /(m)={7}w,(m),l=l,_3,m=1,245}

TPUKOMIIOHCHTHOI'O BEKTOpa

E,(0',m)= {Tl (@, m),0 Q' 1=13,m=1,245 }

CTAIliOHAPHMX Ta CTAI[IOHAPHO IOB’S3aHUX BHIIAJKOBUX
MTOCTTiTOBHOCTEH.

Ilepma xomnonenta 7j(w',m) LbOro BEKTOpa €
BHITQJKOBOKO CTAIliOHAPHOIO ITOCIIIOBHICTIO, IIIO OITHU-
Cy€e TPUBAJIOCTI P-IHTEPBAJIB B €ICKTPOKAPIiOCUTHAII
JUTSL BCIX #oro 245 3apeecTpoBaHUX IUKIIAX.

I'padix peanizauii 7; | (m) ui€l KOMIIOHEHTH IIO-
JlaHo Ha puc. 1, a.

o] T, (m)
18}
17}
16}
15}
14}
13}
12}
11}
10

m
0 20 40 60 80 100120 140 160 180200
a

a1} T, (m)

20t m

0 20 40 60 80 100120 140 160 180 200
6

sor 1, (m

60 m

0 20 40 60 80 100 120 140 160 180 200
B

Puc. 1. I'padixu peanizariii:
a-T, (m):6-1, (m:e—T, (m)

Jlpyra xommonenta 1,(@',m) uporo BekTOpa €
BHITQJKOBOKO CTAIliOHAPHOIO IOCIIIOBHICTIO, IIIO OITHU-
Cy€e TPUBAJIOCTI R-IHTEPBAJIB B €JICKTPOKAPIIOCUTHAJII.
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I'pacix peamisauii 7, (m) npyroi KOMIIOHEHTH
MoJJaHo Ha puc. 1, O.
Tpers kommonenta T3(@',m) nporo BekTopa €

BHITQJKOBOKO CTAIliOHAPHOIO IOCIIIOBHICTIO, IIIO OITHU-
Cy€e TPUBAJIOCTI T-1HTEPBAJIIB B CICKTPOKAPIIOCUTHAII.

I'padix peamizamii T3w, (m) Tperboi KOMIOHEHTH
MoJIaHo Ha puc. 1, B.
UYucno cryneHiB cBoboau Oyno BUOpaHO piBHUM
q =, piBenb 3HaunMocTi o = 0.05, i, BIAMOBIAHO KBaH-
2 .
THIIb Y -PO3IIOALITY 3 ¢ CTYIIEHSIMHU CBOOOAN

2
X 0957 =14.07.
Ha puc. 2, a-B mogaHo ricTorpaMu [uisi peajisamii
le, (m), T%x (m) Ta T3w, (m) BimmOBiZHMX TPHOX CTa-
LiOHAPHHUX KOMIIOHEHT BeKTOpa =, (', m).

B Microrpama =)

Kpurepii sroau [<i keagpar) Mipcona = 1,26249654870227

McTporpama

& Ficrorpama S

Kpurepii sroau (Xi xeanpar) Mipcona = 1.0201398061681

MicTporpama

B ricrorpama
Kpurepif sroau (Xi koaapar) Mipcona = 0.448132222879653

MicTporpama

Puc. 2. licrorpamu juisi: KOMIIOHEHT:
a—T (o', m); 6~ T,(a',m); B~ Ty(a',m)

Y Tabn. 1 momaHO pe3yNbTaTH 3aCTOCYBaHHS
Y*-TecTy OO TEpPEBIipKH HA HOPMANBHICTh 3aKOHY
PO3IOALIY TPHOX CTAI[iOHAPHUX KOMIIOHEHT BEKTOpa
E,(@',m), WO 3a]a10Th PUTMOKAPAIOCHTHAI 13 MiJBH-

IICHOK0 PO3IIJIHHOIO 3aTHICTIO.

Tabnuya 1 — Pe3ynbTaTu nepeBipku rinoresn

Homep 3navenns 3]—[&‘1.01-“-[51
crauio- KBE;“T"‘H'O peajzauin Pe3syabTar
HapHOI Xge P | BUMAKOBO nepeBipKu
KOMIIO- | o = (.05 Ta Beﬂ“‘;“““ rinoresu
HEeHTH qg=1 x
2 2 (rimore-
1 14,067 1,26 X< Xqa
3y HiJTBEPIDKCHO)
2 2 (rimore-
2 14,067 1,02 X< Xqa
3y HiTBEPILKEHO)
2 2 (rimore-
3 14,067 0,49 X< Zga
3y I ITBEPUKEHO)

TakuM YMHOM, Ha OCHOBI PE3YJbTaTiB INEPEBIpKU
rinoTe3d MpO HOPMAIBHICTh PO3MOILTY CTalllOHAPHUX
KOMIIOHEHT BHIIAJKOBOTO BekTOopa Z,(w',m) 3a Kpu-

Tepiem 3roau [TipcoHa, BCTAaHOBIIEHO, IO I PE3YJIbTATH
He cylnepevaTh rinoTe3i Ipo HOPMaIbHICTh HOTO PO3IIO-
niny. Hopmanenicte Bextopa E, (@',m) € IicTaBoO
JUTsl OOTPYHTYBaHHS TiarHOCTHYHUX O3HAK B CHCTEMax
aHai3y CEpIIEBOr0 PUTMY 3a PUTMOKApIiorpaMoro i3
MiIBUIIICHOIO PO3/IIBHOI0 3MaTHICTIO Y paMKax CIICKT-
PANBHO-KOPEIALIIHHOI Teopii, MO CYTTEBO 3HIKYE 00-
YHCIIOBAIBHY CKJIQJIHICTh TAaKOrO aHamizy. Y TakoMy
pasi, A7s OLiHIOBaHHS HMOBIPHOCHOI CTPYKTYpPH BEKTO-
pa E,(w',m) cTalliOHapHUX Ta CTalliOHAPHO IOB’s3a-
HUX BHITAJKOBUX ITOCIIIOBHOCTEH TOCTATHBO 3/1iHCHUTH
CTATUCTUYHE OI[IHIOBAHHS JIMIIIE BEKTOPA

C, = ¢, =1L

HOro MaTeMaTHYHHX CIIOfiBaHb 3TiAHO i3 (HOPMYIOH
(15) Ta MaTpuIto KOpESAMIHHUX (YHKITIH

Ry =\, ()l.L=1L

3TiAHO 13 popmyroro (18).

OOrpyHTYBaHHS BUOOPY AiarHOCTHYHHX
03HAK B CHCTeMAaX aHaJi3y cepueBoro puTMy
3a pUTMOKAPAIOCUTHATIAMM i3 MiTIBHIEHOI0

PO3AiTbHOIO 3AATHICTIO

BaxxnuBuM eraroM po3poOKH iH(pOpMaLiHHUX CH-
CTEM aHai3y CepLEeBOro pUTMY € OOTPYHTOBaHHIA BUOIp
MHOYKHHHU JTIarHOCTUYHMX O3HAK, 3a SIKUMH OyIe 3iiic-
HIOBATUCS AaBTOMATH30BaHA MPOIEAYpa NPHAHATTS
JIarHOCTUYHUX pillieHb. [0 Takol MHOYKHHU J1arHOCTHU-
YHHMX O3HAK, MEPEBaKHO, BUCYBAIOTh MBI BUMOrH. Ilep-
III0K0 BUMOT'OI0 € BHUMOra 1H()OPMATHBHOCTI MHOXUHH
JIarHOCTUYHHUX O3HAK, a APYrol0 — BUMOIa MiHIMaJIbHO-
CTi 1X KUIBKOCTI.

[Nepmia BuMoOra, o cTocyeThest iHpOPMAaTUBHOCTI
JMIarHOCTUYHUX O3HAK IIOJITae€ y CIPOMOXKHOCTI 3a
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LMY O3HAKaMH PO3PI3HATH Pi3HI CTAHU JOCHTIHKYBaHOI
cucremu. Taka iHpOPMATUBHICT JIarHOCTHYHHUX O3HAK
BU3HAYAETHCS JBOMA IX XapaKTEPUCTHKAMH, a came,
YYTIMBICTIO J[IarHOCTUYHUX O3HAK 0 3MIHH CTaHy
PETYIATUBHUX MEXaHI3MIB CEpIEBO-CYJIMHHOI CUCTEMH
Ta OpraHi3My B IIJIOMYy, a TaKO)XX HEUYTJIMBICTIO IO
pi3HOrO poay HeiH()OPMATUBHHX IIYMOBUX (DaKTOpIB
(3aBaj), SAKi 3aBXAM TPUCYTHI B PUTMOKApiOCHTHAI.
OHUM 13 MOXKJIMBHX KUTBKICHUX 1HIMKATOPIB iH(QOpMa-
TUBHOCTI J[IarHOCTUYHHUX O3HAK € BIJHOIIECHHS cepel-
HBOI BIJICTaHI MIXK IarHOCTUYHHUMHM Kilacamu (HaBdaro-
YUMHU CYKYITHOCTSIMH) Ta CEpeIHIM JiaMeTpoM BiJMOBi-
JMHUX KJIaciB, IO BIAMOBINAIOTH PI3HHUM CTaHAM CepIie-
BO-CYAMHHOI CUCTEMH y METPUYHOMY IPOCTOPi JiarHo-
CTHYHUX O3HAaK. SIKIIO Take BiJHOUIEHHS € 3HAYHUM, TO
KOMITOHEHTH BEKTOpa JIarHOCTUYHUX O3HAK BBAXKAIOTh-
cs1 iHhOPMAaTUBHUMH.

BuMora MiHIMaabHOI KUIBKOCTI JIarHOCTHYHUX
03HaK 3a0e3leuye MiHIMaIbHY PO3MIPHICTH HPOCTOPY
MIaTHOCTUYHUX O3HAaK, IO, sSK HACTIJIOK, 3abe3reuye
MiHIMaJIbHY OOYHCIIOBAIFHY CKJIQIHICTD aJTrOpPUTMIB
NPUAHATTS A1arHOCTHYHUX PIllICHb.

[IpoBeneMo OOTPYHTYBAaHHS MHOXHHHU JiarHOCTH-
YHUX O3HAK JUId OI[HIOBaHHS CTaHY pPETYJIATUBHUX
MeXaHi3MiB CEepLEBO-CyJUHHOI CUCTEMH Ta OpraHi3My B
LIOMY, a came, TaKuX CYKYIHOCTi JiarHOCTHYHHX
03HaK, $Ki, 3 OfiHi€T CTOpOHH, € iHpOpMaTHBHUMHY, a 13
IHIIOT - MalOTh MiHIMaJIbHY KUIBKiCTh (00csr). Crodart-
Ky 30CepeAuMO yBary Ha THpoueaypi 3a0e3rnedeHHs
MIHIMaJIBHOCTI  00CSTYy CYKYIIHOCTI JiarHOCTHYHHX
O3HAK 3a PUTMOKAPIIOCUTHAJIOM i3 ITiIBHIIICHOIO PO3Ii-
JIBHOIO 3JIATHICTIO.

Ockisbky paHime Oyno MiATBEPIXKEHO TilmoTe3y
PO HOPMAJIBHICTh PO3MOAITY PUTMOKAPAIOCUTHAIY 13
MiJIBUICHOI PO3IIBHOI0 3IaTHICTIO, TO, SK OMHCAHO
BHUIIlE, ITTOYATKOBOIO CYKYITHICTIO JA1arHOCTHYHHMX O3HAK
€ YUCIIOBHM BEKTOP

Cp=18, . 0=1L

TOYKOBHX OI[IHOK MaTEMAaTHYHUX CIOIIBaHL, AKi 00YH-
CIIOIOTHCS 3TiAHO i3 Bupa3oM (15) Ta MaTpuus OLiHOK
KOpeIsIiHHIX QyHKIIH

R; = 2p,1,, (“)’ L,,=LL|
sIKI OOYHUCITIOBATIMCS 3TiAHO 13 dopmynoro (18). Omuum
13 OYEBUIHHUX IUIAXIB 3MEHIIEHHS KiJIbLKOCTI JiarHOCTH-
YHUX O3HAK 32 PUTMOKApPIIOCHTHAIOM € BpaxyBaHHS
(hakTy CUMETPUIHOCTI

(sznT/z (u):fzr,zr,] (u)’ 11,12 :1,L)

MATpHIIl OI[IHOK KOPEJIAMIHHUX ()yHKITIH

A

R, =7

277] i,

() 4,1, =1,L |

110 BKa3ye Ha I[OCTaTHiCTI) OHiHIOBaHHH JIMIIC THUX CJIC-

MeHTiB matpuii R, ski jexarb Ha 11 JiaroHani Ta

T>°
BHIIC JiaroHalli, a came, TaKol YIOPSIKOBAHOI CYKYII-

HOCTI

A J— JE—

Ry =%, )1, =1L, 1, =1,L

Ha miaromani miei marpumi, komu [, =/,, po3mi-
LIEH] OIIHKM aBTOKOPENSIIIHHUX (YHKIH, 8 eleMEeHTH
MAaTpPHIT ﬁr, sIKI PO3MIIICHI HaJ il iarOHaJII0, TOOTO,
ko [, </,, € OIiHKaMM B32EMOKOPENALIAHUX (yHK-
uiii. ToMy MaTpHIrio

(“)’Zl’lz =1,L

HE BTPAaTHBIIM 1H(OPMATHBHOCTI MOXKHA 3aMIHHTH
TPUKYTHOIO MaTPHILIEIO

[le omHUM HUISIXOM 3MEHIIEHHS KiJIbKOCTI JiarHo-
CTMYHUX O3HAaK Yy IHQOpMAIiMHUX CHCTEMax aHali3y
CepIeBOr0 PUTMY Ha OCHOBHI PUTMOKAapAiOCHTHANY i3
ITiIBUIIEHOI0 PO3JIIBHOI0 3[aTHICTIO € BUKOPHUCTAHHS
CHEKTPaJbHUX PO3KIIAAIB CAaMHX €IEMEHTIB TPHKYTHOI
MaTpHIli

A JR— JE—

Ry=\h, () l=1.L5L=hL)
30KpeMa, HUISIXOM BUKOPUCTaHHS AWCKPETHOrO Iiepe-
TBOpeHHSI Dyp’€e OIIHOK aBTOKOPENSIIMNHUX Ta B3aEMO-
KOpeNAmiiHux (QyHKIH i3 miei marpumi. A came, 3a-
MICTh TPUKYTHOI MaTpHIIi

A JE— JE—

Ry =%, (w),l, =1L, 1,=1,L
KOpEJSIIHHIX (QYHKIIH MOYKHA BUKOPUCTOBYBATH TpPH-
KYTHY MaTpHIO

A JE— RN

S, = )0, =1L, =I,L|

2
Ty

enieMeHTH sikoi € Dyp’e-o0pazamMu BiJNOBITHUX OLIHOK

Kopensaliinux QyHkmid i3 matpumi R,. A came,
Py . o A .
®yp’e-00pa3u i3 MaTpulli S, OOUMCIIOIOTHCS TaK:

M,-1 —j2muyv

5, 0)-3h wen
u=0
=1L, 1, =1L, j=~-1.

Buxomsuu i3 HepiBHOCTI beccens, sik TiarHOCTUYHI
03HaKu OyZeMo 00MpaTu He BCIO MHOXKUHY

(v),v =0,M, -1

277] i,

BULTIKIB (DYHKITIH S2T , (v), a JIMIIe TIEBHY ITiIMHOXH-
iRY)

Hy ix nepmux M, (M, << M,) BiJu1iKiB

sIKI BHOCSTh BKJIAJl Y TMOBHY €HEPTil0 OILIHKU fzr, 7 (u)
1702

KopersiiHoi (pyHKIii He MeHmie 95%.
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HaBenemo mpukiaj CTaTUCTUYHOIO OIIHIOBAHHS
€JIEMEHTIB BEKTOpa

C,=1¢,,1=1L

MaTeMaTUYHUX CIIOJiBaHb, €JIEMEHTIB MAaTPHUII KOpes-
IAHUX QYHKITIT

R, = () 4,1, =1,L

7
2
Ty

Ta eJaeMeHTiB Matpull Oyp’e-o0pasiB

A JE— RN

S, = W), =1L 1,=I,L

2
Ty

3a OJTHIEIO peatizallio

(V)]

g, (m)=

[0}

T, (m),l=13,m=124
TPUKOMIIOHCHTHOI'O BEKTOpa
(0, m)=<T/ (o', m),0' € Q,1=13,m=1,245

CTaI[iOHAPHHX Ta CTAI[IOHAPHO OB’ A3aHUX BHIIAJKOBHX
TIOCITIIOBHOCTEH.
Ha puc. 3 nmonano rpadiku peamizarii PQTT (u) cTa-
111
TUCTUYHOI OLIHKH aBTOKOPEJALIHHOI GyHKILii 7, (u)
111

(1, =1, =1) 1BOX KOMIIOHEHT BeKkTOpa E, (', m).

7 (u)

5 211 u

4 L

3 L

2 L

1t

0r

KNt

2+

3+

u

4 ‘ ‘ . . . ‘ ‘ ,
0 10 20 30 40 50 60 70
7y (u)

15 A

10

5t

0F

5r

-10+ u
0 10 20 30 40 50 60 70

Puc. 3. I'padiku peaizanii craTUCTUYHOI OL[IHKK
aBTOKOpeJALiHHOT PyHKIT

VY Tabm. 2 moJgaHo pe3yNbTaTH CTATHCTHYHOTO OITi-
HIOBaHHS MAaTEMAaTHYHHUX CIIOMiBaHb CTalliOHAPHUX
o ’
KOMIIOHEHT BeKTOopa =, (@', m).

Tabnuys 2 — 3HavdeHHs1 peai3amii CTATHCTHYHOI OLiHKH
MaTeMaTHYHOT0 CIIOAiBAHHS

Homep cranionap- | 3HaueHHs peaJiizauii cTaTHCTHYHOI
HOI KOMIIOHEHTH | OIIHKH MAaTEeMATHYHOI'0 CIIOJiBaHHSs
1 c, =14,88
il
2 ¢, = 25,02
3 €y, = 73,82

Ha puc. 4 nogano rpadiku peasnizaiiii CTaTUCTHY-

HHUX OLIHOK B3a€MHHX KOPEJLSIHIHHUX (YHKI[H KOMITO-
= 2 .
HEHT BekTopa E,(w', m):

—puc. 4,a: 7, (u) — cratucruuma oninka B3ae-
nn
MOKOPEJIAIIHHOT (QyHKINT Py (u) (I, =1,1, =2) mep-

woi T} (w', m) Ta apyroi T, (e', m) KOMIIOHEHTH;

151 ~
A (u)
niTy
1.0
0.5
00
-0.5F
-1.0F
151 u
0 10 20 30 40 50 60 70
a
L 7 (u)
21 B3pg
.|
ol
_1 F
u
0 10 20 30 40 50 60 70
3]
3r A (u)
355
2 L
1 L
.0 +
-1+
21
3F u
0 10 20 30 40 50 60 7C
B

Puc. 4. I'padiku peanizamnii CTaTUCTUYHHUX OL[IHOK B3aEMHHX
co o — ’
KOpeJILiHMX (PYHKLiH KOMIIOHEHT BekTopa =, (@', m)
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— puc. 4, B: ’;2% () cratuctianoi ominku B3ae-
MOKOPEAIIHHOT (YHKIT Papn (u) (/,=1,1,=3) nep-
woi 7, (w', m) Ta Tpetboi Ty(w', m) KOMIOHEHTH.

—puc. 4,6: (1) cratneTnunoi ouinku B3ae-

143
MOKOPEJIAIIHHOT (QyHKITT s (u) (,=1,1,=3) mep-
woi 7,(w', m) Ta Tpethoi Ty(@', m) KOMIOHEHTH;

Ha puc. 5 momano rpadiku peanizalii CTaTUCTHY-
HUX OIIIHOK CHEKTPaJIbHOI MIIJILHOCTI:

— puc. 5, a: ‘§2rm (v) - S2T]T] (v) (/, =1, =1) nep-
moi kommoHeHTH T7i(@w',m), IO ONUCYE TPUBANOCTI
P-iHTepBaIiB B €IEKTPOKAPIIOCUTHAII;

— puc. 5, 6: §2T2T2 (v)- So, (v) (1, =1,=2) apy-
roi xommoHeHTH 7,(w',m), IO ONMCYe TPUBANOCTI
R-iHTEpBaIIiB B €IEKTPOKAPIIOCUTHAJI;

2641

Jeil

DML

feil

0115,

l] 18

-3
54230070
]

Puc. 5. I'pagiku peanizamnii
CTaTUCTHYHUX OLIIHOK
CIEKTPAIBHOI LIIJTBHOCTI

—puc. 5,8: 8, (v) = Sy, (v) (1, =1, =3) 1pe-
ThOi KoMnoHenTu I3(@’,m), WO omMcye TpUBAIOCTI
T-iHTepBaIiB B €JIEKTPOKAPAI0OCUTHAITI.

Ha puc. 6 nomano rpadixu peamizanii §2TT (v)

112

CTATUCTUYHOI OMIHKH B3a€MOCIEKTPATIBHOI MIIBHOCTI
MOTYKHOCTI S2T]T2 (v) (/,=1,1, =2) nepmoi T,(w', m)
Ta apyroi T, (@', m) KOMIOHEHTH BekTopa Z;(w', m):
20 V) (1 =1,1,=2)
nepmoi 7, (', m) ta apyroi T, (', m) KOMIIOHEHTH;

— puc. 6, 6: S0 (v) = Sa, (v) (1, =1,1,=3)
nepwoi 7,(w', m) Ta tpetsoi T3(w', m) xommoHeHTH
S0 W) (1, =2,1,=3)

apyroi T, (w', m) ta tpetsoi T3(@', m) xoMIoHeHTH.

— puc. 6, a: §2nrz (v)

— puc. 6, B: §2T2T3 (v) -

5
4376,

LE-TH

[
a1,

feil

0019,

il
15825, T T T T T

lg] wf —

073, g 1 1 | 1 1 1

Puc. 6. I'padiku peaizamnii craTUCTUYHOI OL[IHKK
B3a€EMOCHEKTPAJIBHOI IUIBHOCTI MOTYXHOCTI
SZTIT2 v) TepIIoi Ta JIPYroi KOMIOHEHTH BEKTOPA E, (¢, n)
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BucHoBku

Y poboTi po3poOICHO METOAM CTATHCTHYHOTO
OI[IHIOBaHHSI WMOBIPHICHUX XapaKTEPHCTHK PUTMOKAp-
JIOCUTHAY 13 MiJBUIICHOI PO3ALIBHOI0 3MATHICTIO Ha
OCHOBI MOJIeNIl y BHIVISAI BEKTOpa CTalliOHAPHUX Ta
CTaIliOHAPHO TIOB’A3aHUX BUIIAJKOBHUX MMOCIIJIOBHOCTEH.
IIpoBeneHi CTATUCTUYHI EKCTIEPUMEHTH MiATBEPIAIH
rinoTe3y Mpo HOPMAIBHICTh 3aKOHY PO3MOJITY KOMIIO-
HEHT BEKTOPHOTrO pUTMOKapaiocurrany. IIpoBemenuit
PO3KJIaJ CTATUCTHYHUX OIHOK aBTOKOPEIAIIHHUX Ta

B3a€MOKOpEALIHHNX  (QyHKUIT NO3BOJIMB OTPUMATH
CHEKTpajJbHI Ta B3a€EMOCHEKTPAJIbHOI MIIILHOCTI MOTY-
YKHOCTI KOMITOHEHT BEKTOpa, IO JO3BOJIHJIO 3MEHIIUTH
PO3MIpHICTh MPOCTOPY MIATHOCTHYHUX O3HAK B CHCTE-
Max aHaji3y CepUeBOro pUTMY 3a PUTMOKap/AiOCHUTHA-
JIAMH 13 MiIBUINECHO PO3AUTHLHOIO 3aTHICTIO.

Po3pobneHi CTaTHCTHYHI METOIM MOXYTh OYyTH
BHUKOPHCTaHI NpH MOOYIO0BI CIIEIiai30BaHOro mporpa-
MHOTO 3a0e3MeUeHHs] B aBTOMATH30BaHHX Kapiojiar-
HOCTHYHUX KOMIUIEKCIB, 30KpeMa, ITiJICUCTEM aHalli3y
pUTMY.
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Methods of statistical processing of ritmocardiosignal
with increased division on the basis of its model
in the view of stationary invention vector

Litvinenko Y., Lupenko S., Oniskiv P., Trisnyuk V., Zozulya A.

Abstract. The work is devoted to methods of statistical estimation of probabilistic characteristics of rhythmocardio sig-
nal with high resolution on the basis of its model in the form of a vector of stationary and stationary related random processes.
The hypothesis about the normality of the law of distribution of components of the rhythmocardiogram with high resolution was
confirmed. In real computer systems of cardiac rhythm analysis, a finite number of cycles of the electrocardio signal is always
recorded, so this fact should be taken into account also in the statistical evaluation of the probabilistic characteristics of the
rhythm cardio signal with high resolution. Namely, the statistical estimation of the probabilistic characteristics of a rhythmocar-
diogram with a high resolution is to obtain the implementation of statistical estimates, which can be taken to approximate the
corresponding probabilistic characteristics of the studied rhythmocardiogram. To take into account the temporal dynamics of
high-resolution rhythmocardiogram it is necessary to use mathematical apparatus of the theory of random processes, namely, to
consider it as a vector of discrete random processes. The vector of diagnostic features in the systems of cardiac rhythm analysis
based on the rhythmocardiograms with high resolution is substantiated. Conducted statistical experiments confirmed the hypothe-
sis about the normality of the law of distribution of components of the vector rhythmocardiogram. The developed statistical
methods can be used in the construction of specialized software in automated cardiodiagnostic complexes, in particular, rhythm
analysis subsystems.

Keywords: methods of statistical estimation, probabilistic characteristics, vector of stationary and stationary-related ran-
dom sequences, electrocardio signal, rthythm cardio signal, heart rate.
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METO/I 3BEPITAHHSI TAHUX PEKOMEHIALIITHOI CHCTEMU
HA OCHOBI BIHAPHHMX JIATPAM PIIIEHD

Anotanisi. Crarts npucBsdeHa JTOCIIDKSHHIO METOAIB 30epeKeHHs JaHNX PEKOMEHIALIMHUX CHCTEeM. 3alpOIIOHOBaHO
Ta JIOC/iPKEHO BUKOPUCTaHHs OIHAPHUX JiarpaMm pillieHb st 30epe:KeHHs TaKUX JaHuX. BHAcCIiJoK BEIMKOro po3Mipy pe-
KOMEH/IaLliiHUX CHCTEM CYTTE€BUMM € OOMEXEHH: 0 ONepaTuBHili nam'sati. MeToro poboTH € po3pobka MeToLy 30epiraHHs
JIAaHUX PEKOMEHMALiHHOI cucTeMHu y ¢opMi OiHapHHX Jiarpam pillleHb Ta IOPIBHAHHS 3 METOaMU 30€pPEXEHHs Ha OCHOBI
IHIINX CTPYKTYp AaHuX. JlaHi peKoMeHaaliiHOI cucTeMu 30epiratoTbes y BUIIIAML rpady i3 BepIIMHAMM, SIKi IIPE/CTaBIIs-
I0Th KOPUCTYBauiB CHCTEMHU Ta O0'€KTH CHCTeMH, a pebpa — 1il KOPUCTyBayiB CUCTEMH, BIJHOIIECHHS MOMIOHOCTI, 3B'I3KH
pexoMeHzanii Tomo. st miaBuIeHHsT epeKTUBHOCTI Y BHIIAJIKY IHTEHCHBHOIO pe/laryBaHHs Ipady 3alpOIIOHOBAaHO 30epe-
JKEHHS JaHWX Ha OCHOBI “‘rapsgoro” (Xem-Tadmiuipt) Ta “xonomHoro” (OiHapHa miarpama pimreHs) cxoBuillIpoBeneHo cepiro
€KCIIEpHMEHTIB Ul IepeBipKH eEeKTUBHOCTI po3pobiIeHoro criocody 30epiraHHs JaHUX, Ul 4Oro po3poOIIeHO IPOrpaMHy
MOJIeNIb CIIPOILEHOI PEKOMEH/IALIMHOI CHCTEMH Ta OIMCAHO aIrOpUTM pOOOTH TaKoi CHCTEMH. B uucenbHOMY eKCriepuMeHTi
IPOIOHOBAHUI croci0 30epiraHHs JaHUX HAa OCHOBI OiHAPHUX JEPEB PilllCHb NOPIBHIOETHCS 13 TPOMA IHIIMMU: Ha OCHOBI Oi-
TOBUX MacCHBIB, 3BSI3HUX CIHCKIB Ta XelI-Tabiuib. PO3rIIsIHYTO IepeBary Ta HeIONIKHU peastizalii KOKHOTO i3 BKa3aHUX METO-
niB. B xoz1i excriepuMenTy JIst pi3HUX 3Ha4YeHb KUIBKOCTI areHTiB, MPEeIMeTiB, ceciii Ta BIiogodaHb JOCiPKEHO MaKCUMAaJIbHI
Ta MiHIMaJIbHI 3HAYSHHSI BUKOPHCTAHO! OIEpaTUBHOI ITaM'ITi, a TAKOXK Yac TeHeparlii JaikiB, cecii Ta pekomeHnawii. Berano-
BJICHO, 1110 y BUNAJIKy 3aCTOCYBAaHHS OiHAPHMX JliarpaM pillleHb 00CAr BUKOPUCTAHOI OIEPATUBHOI ITaM ST € HIDKYMM 3a iHII
CrocoOu Mpy MEHIIH MIBUIKOIIL, 1110 YaCTKOBO MOXKe OyTH KOMIIEHCOBAHO JICKLIBKOMA 3aCTOCOBAHUMH ONTUMI3allisMu. 3a-
BIISIKM MEHIIIOMY BUKOPHUCTAHHIO OIIEPaTHBHOI MaM'sITi MOXHA 30epiraTu iHpopMallito npo OLIbIIY KilbKIiCTh BIIOL00aHb, 1110
MOJKE BUSIBUTHCS KOPUCHHMM Yy BHIIaJIKy BEJIMKHX PO3MipiB rpady pekoMeHIaliiHoi cucreMu. MOXIMBICTb Ul OiHAPHUX
Jiarpam pillieHb MOMIYKY JaHUX 33 YaCTKOBUMH KIIFOYaMH JIOJATKOBO JI03BOJIsAE 30epiraTu JaHi Oi1bIIol po3MipHOCTI.

Kar4dosi cioBa: pekomeHzauiiiHi cuctemu, OiHapHI Aiarpamu pillleHb, 3B s3aH1 CIIMCKM, XEII-Ta0NuLli, KOMIT I0TepHe

MOICIFOBAHHS.
Beryn

Ha cporomnimHiii 1eHs peKOMEHIAIIHHI CHCTEMH
(PC) maroTh mMpoKe 3aCTOCYBaHHS y COLIQIBHHX Me-
pexax, cucremax [HTepHeT-TOpriBii, MOMMpPEHHI Meia-
KOHTeHTY, pexnamu tomo [1, 2]. EdexruBHuii crocio
MIPE/ICTaBJICHHS JJAHUX, HEOOXIAHUX Ui poOOTH Takoi
CHUCTEMH, MOYKE 3MEHIIIUTH KiJIBKICTh MOTPIOHUX pecyp-
CIB Ta TOJETIIMTH PO3POOKY 1 BUKOPHCTAHHS OiNbII
CKJIaJIHUX aJTOPUTMIB Ui (POPMYBaHHS CIHCKIB PEKO-
MeHJamii.

B Hamr yac icHye 6arato pi3HHX CHCTEM YIIpaBiiH-
Hs 0a3aMu JaHUX, KPIM pessiidHuX 0a3 JaHUX OIMPOKe
3aCTOCYBaHHS OTPUMYIOTh 0a3u qanux trmy NoSQL [3,
4] 3 pi3HuMHu criocobamu 30epiraHHs JaHHX, 30KpeMa,
CxoBuia Ty «kimou-3HadeHHs» (Key-value stores),
MacmraboBani posnozineti cxoumia (Column Family
(Bigtable) stores), rpadoBi CYB]] (Graph Stores), mo-
kymenro-opientoBani CYBJ] (Document Stores) [3-5].

Crioci0 30epe)xeHHsI JaHUX PEeKOMEHIaNiiHol cHc-
TEMH € BaXJIMBUM 3 TOYKUA 30py SIKOCTI ii pobotw,
IIBUIKOCTI, MOXJIHBOCTI MAacIITaOyBaHHSA, 3PyIHOCTI
BHUKOHAHHSI OCHOBHHX OIeEpaliil 3 faHuMU i Gopmy-
BaHHS PEKOMEH/aIii.

Bce wacrinne anst 30epiraHHs IaHUX pPEKOMEH/a-
LITHUX CHCTEM Ta IHIINX AOJATKIB IIOYUHAIOTh BUKOPH-
croByBatH rpadoBi Moneni [6-8], Takoxk rpadosa dop-
Ma NpeNCTaBICHHS JaHUX CTa€ MOIIMPEHOI y mporpa-
MHOMY MOJICTIOBaHHI CKJIATHUX CHCTEM Ta Mepex [9-
12], 1 e BigOyBaeThCs 4Yepe3 psI IepeBar rpadoBUX
Mojeret [8, 13]. SlckpaBUM NPUKIIAIOM TaKOTO ITiIXOIY
SIBIISIETBCS TTI00Y/I0Ba PEKOMEHJIAalliHHUX CHCTEM 3 3a-
crocyBanHsaM rpadoBoi CYBJ] Neodj [14]. I'padosi
moneni CYB/I HagaroTh He juIe 3pydHuil popmar 30e-

piraHHs JaHuX, a ¥ 3py4Huil popmar 3anuriB. B moky-
MeHTanii 10 Neodj € npukiaayM peaiizalii aJropuTMiB
(dopmyBaHHs pekomenaanii 3amuramu 1o wiei CYB/,
IO UIFOCTpYe 11 pUAaTHICTh Uit BUKopuctaHus B PC.

IcnyroTh pi3Hi cnocobu mpencraBieHHs rpadis B
KOMIT FOTEPHUX CHCTEMax, 30KpeMa, TaOJIHIl CyMiXKHOC-
Ti, cricku pebep, MaTpuii iHIWAEHTHOCTI Tomo [15].
Takox rpadu MoxHa 30epiraTh y BUIJIsIAI OiHapHHX
Jiarpam pilieHb, SIKi 1O CYTi SIBJISIFOTBCS €KOHOMHOIO
¢dopMmoto mpescTaBieHHss OyneBUX (QYHKIIH Yy BUTISII
OpIEHTOBAHOTO AIUKIIIYHOTO Tpada [16-18].

Ha pmaHuii MOMEHT NpPakTHYHO HE JOCHIHKEHO
MOXIIUBICTh BHKOPHCTOBYBAaTH OiHapHi aiarpamu pi-
LIeHb JUIs 30epiraHHs JaHUX PEKOMEH/IAIiHHOT CHCTEMH.

Mertoro nanoi podoTu Oyia po3podka MeToay 30e-
piTaHHS JaHUX PEKOMEHIAIHOI cucteMu y Gopmi Oi-
HapHUX JiarpaM pillleHb, a TaKOX JOCHI/PKEHHS e(ek-
TUBHOCTI JTaHOTO METOJY LUISIXOM EKCIIEPUMEHTIB Ha
MIpOrpaMHil MOJIeITi PEeKOMEH/IaliHOT CHCTEMH.

OCHOBHA YaCcTHHA

JlaHi pekOMEeHIaliifHOI CUCTEMU 3PYYHO MpE/ICTaB-
JATH 'y BUDVIAAi Tpady. OmuH 3 HaHOUTBIN MONTUPSHUX
croco0iB 30epiranHs rpadiB y KOMIT FOTEpHHUX HpOrpa-
Max — BUKOPUCTaHHS Matpulli cyMmikHocTi [15]. Marpu-
s CyMbKHOCTI Tpady A MiCTHTh 3HaueHHsS OyieBOro
THUITy, TOOTO BOHA € MaTPUYHUM IPEACTABICHHSIM OyIie-
Boi QyHKUIl F, sika ONKCYe HAsSBHICTb QYT MDK JABOMa
By3samu. Slkio oprpad G momiueHHH, TO HEOOXiTHO
TaKOX 30€perTH foro Bary.

[pencraBnenns OyneBoi ¢yHKUil sK Talmuii ic-
TUHHOCTI Y1 JOCKOHAIO1 KOH FOHKTHBHOT/ U3 IOHKTUBHOI
HOpMasIbHOI (hopMu moTpebye Q(2°""") mam’sti Ta Buma-
ra€ 3HaYHUX OOYKCIICHD JIsl BU3HAYCHHS 3HAUCHHS (yH-
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kuil. Tomy y naHiit poOOTi PONOHYETHCS JOCTITUTH BH-
KOpHCTaHHs OiHapHUX JiiarpaM pillleHb JUisi 30epiraHHs
rpady JaHUX PEKOMEHAAIINHOT CHCTEMH.

binapni niarpamu pimens (B/IP) — ne exoHomHa
¢dopma mpencraBieHHs OyneBUX (QYHKUIH Yy BHTIISII
OpieHTOBaHOro anukiIiyHoro rpagy (puc. 1). BeprmHu
rpady NpencTaBIsAIOTh apryMEHTH (QYHKIIT, JTUCTKH — i1
nBiliKoBi 3HaueHHs [16-18]. s mogaBaHHS 1 BUIy4eH-
Hs1 peOep Ta 3MiHU Bard pedep HEOOXiTHO MaTH MOXKIIH-
BicTh peparyBatu nasi rpady. BJIP maroTe MOXIHBiCTh
30epiraTi JaHi y CTHCHEHOMY BHIISAI Ta IIBUIKO
OTpUMYBaTH 3HauYeHHs (QYHKILIT 3a ii mapamerpamu, aje
penaryBannas BJ/IP Bumarae cxmagHux oduuciens. [Ipu
npezcTaBieHHl OyneBux ¢yHkuiit y ¢opmi BJAP cramo
MOXIIUBHM pPO3B’s3yBaTu Oarato mnpoOsieM, sKi TIpH
TPaJULIHHNX TPENCTABICHHIX CTPYKTYp HEpO3B’s3Hi
4yepe3 3HauYHy PO3MIipHICTh TaKUX IPEICTaBIICHb 1 CKJIa-
IHICTH omepamniid Hax HUMH. BJ/IP MoXyTh ycmimiHO 3a-
CTOCOBYBATHCSl ()aKTUUHO B KOXKHIW Taiysi, Jie morpio-
HO 0OpOOJISITH AUCKPETHI CTPYKTYPH JaHHX.

T

Puc. 1. TIpuknan 6inapHOI niarpamu pilieHb

Anantauis BJAP njs npeacTaBiieHHs1 opicHTOBa-
HUX rpadis 3 JTaHUMH pexoMeHaauiiiinoi cucremu. Ko-
JIM JIaHi peKOMEH/IAIIfHOI cUcTeMH 30epiraloThCs y BH-
sl rpady, TO SK IPaBUIO BOHH MAIOTh TaKHi (OpMaT:

— BepIIMHU rpady — KOPUCTYBadi CHCTEMH, 00’ €KTH
crcTeMU (KOHTEHT, TOBapH, TOIIO).

— pebpa rpady — 1ii KOpUCTYBayiB 110 BiTHOIIEHHIO
0 00’€eKTiB (TIEPEryIAar, OIIIHKH, TOIIO), BiTHOIICHHS
nogo0H, 3B’S3KM PEKOMEHJAIH THUIy KOPUCTyBady-
PEKOMEHIOBaHO-00 €KT, TOIIIO.

Byna mocmimkeHa MOXIHBICTH 30epiratu rpad pe-
KOMCHJIAIIHOT CUCTEMH Yy TaM’sITi Y BHIVISAAI OiHApHOI
niarpaMu pimieHb. J[7s poBeneHHS €KCHEPUMEHTY I10
BHUBYCHHIO ITOTPEO B OINEpPATHBHIN mam'sTi 0yJI0 po3pod-
JICHO TPOrPaMHy MOJIENb CIIPOIICHOI PEKOMEHAAIHHOT
CHCTEMHU, B sIKii OYyJI0 BHIIJIEHO TPU OCHOBHI CYTHOCTI —
areHT, Cecis Ta MPeaMeET.

PexomeHpaliiiHa cucreMa OTPUMYE Taki Iapamer-
pH: 1, — KUTBKICTh areHTIB, n; — KUIBKICTB CECiil, n; — Ki-
JIBKICTh MPEMETIB, 71,; — MAKCUMaJIbHA KiJIbKICTh BIIOZO-
0aHb arcHTa, 1y, — MAaKCUMAJILHUN po3MIp cecil.

PC y po3poOneHiii mporpaMHii MoJIei Mparoe 3a
TaKUM aJITOPUTMOM

1. JIns KOXXHOTO 3 1, areHTIB BUIIATKOBUM YHHOM
reHepyethcs Bin 1 1o n,; Bogodans (puc. 2). Ipu npomy
VHIKaJIBHICTh BIIOI00aHL HE TICPEBIPSIETHCS, TOMY peajlb-
Ha KUTBKICTh BIIOJO0AHb MOXKE BHSBUTHCS MEHIIIC,

2. CtBOpIOETHCSA Mg ceciit. JIo KOXKHOI cecii 3akpin-
JIIOEThCSI BUTIAJAKOBUM YMHOM 0OpaHuii areHt. Ilotim ce-
pen BHomo0aHb IIbOTO areHTa BUITaJKOBHM YMHOM OOH-
paetbes Big 1 mo min(n,; ny) BIIonqo0aHb, SKi KOMIFOIOTHCS
Io cecii (puc. 3).

Puc. 2. CrBopeHHs BII0100aHb JUIsl areHTIiB
(TPMKYTHUKH — areHTH, KPYTd — PEAMETH)

Puc. 3. CrBopenHs cecili Ta BIoJ00aHb 11 HUX
(TPMKYTHUKH — areHTH, KBaJpaTH — CECii, KpYTH — NPEIMETH;
Ccecist MICTUTh BIOJ0OAHHS areHTa, sKi BiH 3po0uB
3a OJIHE Bi/IBIlyBaHHS peCypcy)

3. BumajkoBUM YHHOM OOHPAETHCS KOHTPOJIbHA
cecis, s sSKoi Oyae chopMOBaHO PEKOMEH/IAITIFO.

4. Bu3HAYAKOTHCA yCi MPEAMETH, sIKi HANEKATh JI0
KOHTPOJIBHOI cecil (puc. 4).

5. 3MiMCHIOETHCS TOIIYK YCiX Ceciif, BIoJo0aHHsS
SKAX MAIOTh IIEPETHH i3 BMOJAOOAHHAMH KOHTPOJIBHOI
cecii (puc. 5). Ha mipoMy ertarni € MOXIHBICTD Bia(isIbT-
pyBatu cecii 32 po3MipOM MEPETHHY.

Puc. 4. BuzHaueHHS KOHTPOIBHOI cecii
(TPMKYTHUKH — areHTH, KBaJpaTH — CeCii, KpYr'l — IPeIMETH)

N

B o om0

Puc. 5. ITomryxk cecii,
SIKI MalOTh IIEPETUH 13 KOHTPOJIBHOIO CECI€0
(TPMKYTHHUKH — areHTH, KBapaTH — CeCii, KpYr'H — IIPeIMETH)
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6. BusHauarorbcs mpenMerH, siki Oyne pekoMeH-
JIOBAHO. 3/iHCHIOETHCS MONIYK YCIX NPEAMETIB, SIKi Ha-
JIeKaTh Xo4a O OfHIN 3 BimiOpaHMX Ceciii, ajic He Halle-
KaTh 0 KOHTPOJIBHOI cecii (puc. 6). Ha 1pomy erari €
MOXJIMBICTh BiADUIBTPYBaTH TNpeAMETH 3a KUIBKICTIO
3aKPITUICHUX CECIil.

Puc. 6. Bubipka npeameriB 1y1st popMyBaHHS peKOMEH AL
(TPMKYTHUKH — areHTH, KBaJpaTH — CeCii, KpYr' — IpeIMETH)

Hakonuuyennsi 3min 10 B/IP. fxmo anropurm
nepeabayvae MepioAn iHTEHCUBHOTO pEAaryBaHHsS Ipa-
¢y, MOXXKHa THM4YacoBO 30epiraTu 3MiHH y CTPYKTYpi
JAaHKX, OLITBII PUCTOCOBAHIH 0 BHECCHHS 3MiH. MOX-
Ha 3aCTOCYBAaTH il€l0 ‘rapsdoro” (Xem-TaOiuIipl) Ta
“xonomnoro” (BJIP) cxoBumi. Y Xemr-TaGuuio 3aHo-
CATBCS apaMeTpH (YHKIIi, Ha SIKMX HEOOXiTHO 3MiHH-
TH 3HAa4YeHHs, Ta came 3HaudeHHs. [Ipu jocsrHeHH] meB-
HOTO po3Mipy abo0 Mo 3aBEpIIEHHIO JIOTIYHOrO OJIOKY
orrepanii i3 xem-radauui popmyeTbest kopurytoua B/IP,
sIKa TIOTIM 3JIMBA€THCS 13 OCHOBHOIO. [Ipy unTaHHI 3Ha-
YeHb HEOOXiJHO CIIOYaTKy IepeBIpUTH ICHYBaHHS 3HA-
YeHHsS y Xeul-TaONuil, i y BUNAAKy WOro BiJCYTHOCTI
yuraty i3 BJIP. CxnajqHicTh BUKOPHCTaHHS IBOTO ITiJ-
X0y ToJisArae y BUOOpi OyieBoi omepaiiii, ska Oyje BuU-
kopucroByBatucs npu 3mutti bJIP. OnHum 3 Halikpa-
IMX MiAXOAiB € BHKopucTaHHa omepaiii XOR crae,
0COOJIMBO KOJIM HEOOXimHO 30epiratu iHdopmamito He
yimie npo (akT HassBHOCTI AYTH MiX BY3J1aMHu, a i 30e-
piratu Bary wiei ayru. J{ns nporo MoxxHa BHIUIATH JO-
JIATKOBY T'PYIly 3MiHHHX, SIKa BIJIIOBiJaTHME 3a Tpes-
craBieHHs Bar y bJIP.

Byno npoBezieHO cepiro eKCIIepUMEHTIB JUIsl Iepe-
BipKH €()eKTHBHOCTI 3alpOIIOHOBAHOrO CIIOCO0Y 30epi-
TaHHSA JAHWX Ha OCHOBI OIHAPHUX JiarpaM pillieHb, Ta
MIOPIBHSIHHS HOT0 3 IHIIUMH crioco0aMu 30epiranHs jia-
HUX B IHIINX CTPYKTYpax JAaHUX.

Y npoBeneHHX eKcliepuMeHTax Oyio 3AiliCHeHO
MOPIBHSHHS 4-X Pi3HUX peasti3amiii — Ha OCHOBI OlHApHUX
JiarpaM pinieHb, OITOBHX MacuBIB, 3B’SI3HUX CITHUCKIB Ta
xem-Ta0muip. KokHa peanizaiis TOTPUMYETHCS OIUCA-
HOT'O BHIIIE AJITOPUTMY IIPOTPAMHOIO MOJIEIIOBAHHS pe-
KOMEHIALIHHOI CHCTEMH, ajle Ma€ MEBHI BiAMIHHOCTI.

Peasizarist Ha OCHOBI OITOBMX MAacHBIB HaHIIPOCTI-
1113, OCKUIBKH Y I[bOMY BUIAJIKY € MOKIMBICTh OTPHMATH
MPSIMHUI TOCTYH JI0 3HAYESHHS 32 HOMEPOM areHra/cecii Ta
MIPE/IMETY, aJIe [ie BUMarae 3HaYHMX BUTPAT MaM’STi.

[HOT cTpyKTYpH NaHuWX OUNBII CKIIaIHi, TOMY JUIs
MIPUCKOpEHHs iX poboTu it 30epekeHHs iH(popMaril
PO TIEPETHH i3 KOHTPOJILHOIO CECi€l0 OYJI0 3aCTOCOBAHO
xenr-rabsuii. Takok BOHM HE Jal0Th MOXJIMBOCTI BHOH-

paTH BUINAJKOBWI €IEMEHT, TOMY Ha €Talli CTBOPEHHs
ceciii BiOyBa€eThCsl TIOBHUI NIepedip Brozo0aHb areHTa,
JIOKM BOHHU HE 3aKiHYATHCSA a00 MOKK He Oye BimiOpaHO
HeoOXiZHy KUIBKICTh BNOM00aHb. Iyt KOXKHOTO BHOJO-
OaHHs1 areHTa OOMpaeThCsl BUIAIKOBE YHCIIO, HA OCHOBI
SIKOTO BU3HAYAETHCS, UM 3aHOCUTH BITOJJO0AHHS JIO Cecii.

3B’s3HI CIIMCKH JIO3BOJISIOTH 30epiratu iH(opMarrio
JIMIIE TIPO ICHYIOYi BITOAOOAHHS, 3aB/ISKK YOMY BOHU BH-
KOpPHCTOBYIOTH MEHIIIEe IIaM’siTi Hik OiToBi MacuBwu. I1po-
Te uepe3 Te, 10 BOHU HE JAI0Th JOCTYITY JI0 €JIEMEHTIB Y
BHUIIaJIKOBOMY TPSIKY, IOIIYK MEPETUHY JBOX ceciil 3a-
HiMae GaraTo Jacy.

Xe-Ta0ui JT03BOJISIIOTE OTPUMATH JOCTYIT JI0
€JIEMEHTY 3a KJII0YEM, 3aBISIKA YOMY MOYKHA TTOKPAIIUTH
pe3yibTaTh, OTPUMAaHI 3a JTOMIOMOTOI0 3B’ SI3HUX CITUCKIB.
S0 y BUMajKy 3B’SI3HUX CITUCKIB CKJIAJHICTD TTOLIYKY
MIepETUHY KBa/IpaTUYHA, TO Y BHIAJIKY XEII-Ta0JIHIIl BOHA
JiHiHHA.

JlaHi pexoMeHAAIIHOI CUCTEeMH TiJ Yac eKCIepu-
MEHTIB 30epiraucs B OlepaTUBHIl MaM’sITi 3 MOXJIUBIC-
TIO 30epiraHHs y TEKCTOBUX (haiiiax. [l ekCriepuMeHTiB
BHUKOPHCTOBYBAaBCsI MEPCOHANIBHUI KoM totep 3 24 I'6
orepaTuBHOI nam’sTi. [Ipouepku y kKoMipkax MoKa3yroTh,
110 HE MOXKIIUBO OYJI0 OTPUMATH pe3yJbTaT Yepe3 HecTa-
4y OIepaTUBHOI IIaM ’SITi.

PesynbraTi excriepruMeHTIiB HaBe/ieH y Tabi. 1, ne:

— agentCount — KiJIbKiCTh ar€HTIB;

— itemsCount — KiJIbKiCTh IIPEAMETIB;

— sessionsCount — KiIbKICTb CeCiit;

— sessionsSize — po3Mip cecii;

—maxLikes — MakcuMalTbHa KiJIbKICTB JIAWKIB.

BinapHi miarpamu pirieHb MaroTh SIK IIepeBar, Tak i
HEJIOJIIKY Y TIOPIBHSHHI 3 XEII-TaOIHUIIMH, OITOBUMH Ma-
CHBaMH Ta 3B'I3HUMHM criickaMu. B/IP 1aroTh MOXIHBICTH
LIYKaTH JIaHi 32 YaCTKOBMMH KJIIOYaMH, IO JOJaTKOBO
JIO3BOJISIE 30epiraTH 3B’s13KH OLTBIIOL po3MipHOCTI. biHapHi
JiarpaMy MaHUX 30epiraroTh JaHi 3 MCHIIMMH BHUTpATaMU
mam’sITi, HiXK XelI-TalJuIl, 3aB/IsIKK YOMY Y OIepaTUBHIHI
mam’sITi OTHOYACHO MOKHA PO3MICTHTH iH(POPMAIIIO PO
OLIBIIY KUTBKICTB BrIOM00aHb. BJIP mporparots y mBuIKo-
i, mpoTe Hamu OYIT0 3aCTOCOBAHO KUTbKA ONTHUMI3AILii:

— miaTpuMka yHikaneHOcTi (parmentiB BJ[P 00-
YHCITYIOBAILHO JY’KE I0pora, ToMy BoHa Oyia BifyiiyieHa
BiJl IPOLIEAYpH peaaryBaHHs i BUKOHYEThCS KijlbKa pa3iB
3a yac reHepallii TeCTOBUX JIaHHX;

— BHUJAJICHHSA HAUIMIIKOBUX (parMeHTiB 3 BIIP
CIPUYMHSIE PO3PIPKEHICTh BY3IIB y TaM’ATi, depe3 10
3pOCTa€e Yac JOCTYIy 10 By3na. ToMmy Micis BHIAJICHHS
HAUTMIIKOBUX BY3J1iB BOHH YIIUTBHSIOTHCS MUIIXOM Te-
PEHECCHHS Y HOBY 00J1aCTh I1aM ’sITi;

—  VIIJIBHEHHS BY3JIIB A€ MOXIIUBICTH 3BUIBHUTH
MEBHY KUIBKICTH TaM’sATi, IPOTE BHUABUWIOCS, IO 3BiJb-
HEHHsI IaM’sITi y il cuTyauii HeeeKTHBHE — HACTYITHI
oreparlii peJaryBaHHs BUMaraloTb CTBOPEHHSI HOBUX BY-
37iB, 4Yepe3 10 MOTPiOHO OyJe MOBTOPHO IMEPEHOCUTH
BY3JIM MXK 00JIaCTSIMH T1aM ’SITi;

— s 3pailicHenHs momyky y BJIP ii HeoOXximHO
MPOIHAEKCYBAaTH BIANOBIMHO 10 KJIOYa Ta IapaMeTpiB
TIOIIYKY, a 00Xix ycix By3niB b/IP — e mopora omneparysi.
JIyist pUCKOpeHHsT TOIIYKY OyJio MOKpanieHo Mpoueaypy
IHIEKCYBaHHSI, 3aB/ISIKH YOMY TIOIIYK 3 BKa3aHOIO MEPIIO0
YaCTUHOIO KIIF0Ya HE BUMAarae MOBTOPHOI 1HICKCAITIT.
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Tabnuya I - Pe3yJbTaTH eKCIIePUMEHTIB

Ctpykrypa Buxopucrana Bukopucrana
nam'sitb, MiH. nam'sitb, MaKc.
A 3Ha4., Gb 3na4., Gb

Yac renepauii
JaikiB, ms

Yac renepauii
ceciid, ms

Yac renepauii pexo-
MeHaaIii, ms

agentCount = 4096, itemsCount = 8192, sessionsCount = 16384, sessionSize = 64, maxLikes = 640

BIP 0.024 0.037 2562 2200 411
Xenr-Tabmms 0.106 0.106 76 103 25
birosuii 0.166 0.166 12 127 11
MacuB
3s'susnmii 0,108 0,108 78 120 247
CITMCOK

agentCount = 16384, items

Count = 32768, sessionsCount = 65536, sessionSize = 128, maxLikes = 1024

B/IP 0,17 0,29 31408 34551 5240
Xeur-radaums 0,46 0,46 369 702 179
Birosnii 2,5 2,5 179 1327 1623
MacuB
3n'ssHmii 0,79 0.79 516 721 2823
CITMCOK

agentCount = 32768, itemsCount = 65536, sessionsCount = 131072, sessionSize = 192, maxLikes = 1536

BJIP 0,452 0,733 95075 106675 23327
Xen-raéaunsa 1,1 1,1 1168 2013 640
BiroBuii
MacuB ) ) ) ) )
3n'ssHmii 22 22 1499 2112 9973
CITMCOK

agentCount = 65536, itemsCount = 131072, sessionsCount = 262144, sessionSize = 192, maxLikes = 1536

BIP 0,786 13 210945 237214 45766
Xemm-rabami % % 312 4034 316
BiroBuii
MacuB ) ) ) ) )
3u'stsnmii 45 45 2989 4323 23223
CITMCOK

agentCount = 131072, itemsCount = 262144, sessionsCount = 524288, sessionSize = 256, maxLikes = 2048

BIIP 1.8 3.6 607610 632754 153045
Xem-raGamsa 6.4 6.4 6082 12327 3954
BiroBuii
MacuB ) ) ) ) )
3u'stznmii 12,1 12,1 8052 11195 74346
CITMCOK

agentCount = 262144, itemsCount = 524288, sessionsCount = 1048576,

sessionSize = 256, m

axLikes = 2048

BJIP 3.4 72 1366467 1551391 313122
Xem-radanms 12.8 2.8 12268 24666 6221
BiroBuii
MACHB ) ) ) ) )
3s'sonmi 24 24 16051 22323 146845
CIIMCOK

agentCount = 524288, itemsCount = 1048576, sessions Count = 2097152, sessionSize = 256, maxLikes = 2048

B/IP 6,5 14,4 3170877 3623865 643864
Xemr-radauns 25,5 25,5 24204 116728 44527
BiTtoBuii
MACHB ) ) ) ) )
3B's3HAI
CIHCOK ) ) ) ) )
BHCHOBKH PEKOMEHIAIIHHOT CHCTEMHU Ta OMKCAHO AITOPUTM PO0O-

Y poboTi po3pobiIeHO MEeTO 30epiraHHs JaHUX pe-
KOMCHJIALIIHOT CUCTEMHM Ha OCHOBI OiHApHUX miarpam
pitrenb. Takoxk 3aIpOITOHOBAHO BUKOPUCTAHHS TBOX BU-
JIiB CXOBHII JAaHUX (Fapsuoro Ta XOJOTHOIO) JUIs IiIBH-
LIEHHSI e()EeKTUBHOCTI POOOTH CUCTEMH 1 OIMCAHO CHOCIO
ix 3muTTa. Po3po0ieHO MporpaMHy MOJAENb CIPOIICHOT

TH Takoi cucreMu. Ha oCHOBI po3poOieHoi mporpaMHOL
MOJIENTi POBEIECHO EKCIIEPUMEHTH TS TIEPEBIPKH Mparie-
3IATHOCTI Ta €PEKTUBHOCTI PO3POOIICHOr0 METOY 30epi-
ranns naHux PC Ha ocHoBi BJIP Ta 11 mopiBHAHHS HOTO
3 IHIIMMH METOJJaMH 30epiraHHs JaHuX.

Pe3ynbraTit eKCIIEpUMEHTY TTOKA3aiIH, 10 Y BUMAIKY
3acTOCyBaHHsI OIHapHUX JiarpamM pillleHb OlepaTHUBHA I1a-
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Ingpopmauiiini mexuonozii

M'SITh BUKOPHUCTOBYIOTHCSI OLIBII €KOHOMHO B TTOPIBHSHHI
13 Xem-TaOJauIIMK, OITOBMMM MacHBaMH Ta 3B'S3HUMU
crirckaMu. JI71st KOMIIeHcAIlii MEHIIIOl IBUIKOCTI pOOOTH 3
JIAHUMH B OINEPaTHBHIM Mam'aTi mpu BUKOpHcTaHHI bJIP
3aIPONOHOBAHO JICKIIbKA ONMTHUMI3aliil. 3aBIsSKH MEHIIIO-
MY BHKOPUCTAaHHIO OIEPaTHBHOI Mam'sTi MOXKHa 30epiratu
iH}opMmallifo nmpo OLIBIITY KUTHKICTh BIOJO0OaHb KOPHCTY-

BayiB pEKOMEHALIHOI CUCTEMH TpU BUKOHAHHI 0OYMC-
JIeHb U1 (hopMyBaHHsI pekoMmeHamnii. Jlanuit pakt e cyr-
TEBUM Y BHIIAJIKY BEJIMKHX PO3MIpiB rpadis, IO XapakTe-
PHO TS pealibHIX PeKOMeHIaIiiHuX ciucreM. Kpim Toro,
MOXIIMBICTh TIONIYKY MaHHX 32 YaCTKOBHMH KIIFOYaMH B
OiHApHUX JiarpaMax pillleHb TO3BOJISE JONATKOBO 30iiIb-
LIUTH PO3MIPHICTH IaHUX, 110 30€piraroThCsl.
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Method for storing data of a recommender system based on binary decision diagrams
V. Mikhav, Ye. Meleshko, M. Yakymenko

Abstract. The paper is devoted to researching of methods for storing data of recommender systems. Usage of binary de-
cision diagrams for saving such data is proposed and studied. Due to the large size of recommender systems, there are significant
limitations on RAM. The purpose of the work is to develop a method of storing data of a recommender system as binary decision
diagrams and to compare it with storing methods based on other data structures. The data of a recommender system is stored as a
graph with vertices representing users and items of the system, and the edges representing the actions users, similarity relations,
relationships of recommendations, et cetera. To increase efficiency in the case of intensive graph editing, data storing based on
“hot” (hash table) and “cold” (binary decision diagram) storages is proposed. A series of experiments was made to test the effi-
ciency of the developed method of data storing, for this a software model of a simplified recommender system was developed
and the work algorithm of such a system was described. In the numerical experiment the proposed method of storing data based
on binary decision trees is compared with three others: based on bit maps, linked lists and hash tables. The advantages and disad-
vantages of implementing for each of these methods are considered. During the experiment, for various values of the number of
agents, items, sessions and preferences, it were investigated the maximum and minimum values of the used RAM, along with
time for generating of likes, sessions and recommendations. It has been found that in the case of binary decision diagrams, the
amount of used RAM is lower than other methods but at lower speeds, the latter can be partially compensated by several applied
optimizations. Due to the less usage of RAM, it is possible to store information about a larger amount of preferences, it may be
useful in the cases of large size of the recommender system graph. The ability for binary decision diagrams of data search by par-
tial keys additionally allows to store larger data.

Keywords: recommender systems, binary solution diagrams, linked lists, hash tables, computer simulation.
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JEKOMMIO3UIIMHAN METO/I BUPIIIEHHS 3ABJJAHb AHAJII3Y
MAPKOBCBKHUX CUCTEM BUCOKOI PO3MIPHOCTI

AnoTtanis. [IpetMeToM BUBYECHHS CTATTI € JEKOMITO3HIIIiHA 00UHCIIOBAIBHA MTPOLIEYpa, KA BHKOPHCTOBYE METOJ (a-
30BOr0 YKPYNHEHHs CTaHiB cucteMu. MeTa JOCIiKeHHs: po3po0Ka CreniallbHOro METOy aHalli3y MapKiBCbKHX CHCTEM
BUCOKOI pO3MipHOCTi. MeTos OBUHEH aHATITUYHO 3a0e3MeuyBaTH OTPHMAHHS B IBHOMY BUIJIAAI CIIiBBIIHOIICHb, 1110 BU-
3HAYAIOTh 3aJIEXKHICTh, PO3NOALTY HMOBIPHOCTEH CTaHIB CHCTEMH BiJ| YMCENILHUX 3HAa4YeHb IapaMeTpiB Liei cucremu. 3a-
BJAaHHA: Po3rsHyTH 3a/iady aHaNli3y MapKiBCBKMX CHCTEM BHCOKOI PO3MIPHOCTI 3 BEJIMKHM YHCIOM MOMJIMBUX CTaHIB.
3anpornoHoBaTH JEKOMIIO3HULIIHY 00UHCIIIOBalIbHY NPOLELYPY, AKa BUKOPUCTOBYE MeTOZ (ha30BOrO YKPYITHEHHS CTaHiB
cucremu. Pesynbraru: Po3risHyTo 3anady aHasizy MapKiBCbKHX CHCTEM BHCOKOI PO3MIPHOCTI 3 BEJIMKHUM YHCIOM MOX-
JIMBUX CTaHIB. 3alpOIOHOBAHO JEKOMIO3ULIHHY 00UHCIIOBATIBHY NPOLELYPY, Ka BUKOPHCTOBYE MeTOJ (ha30BOro yKpyIl-
HEHHs CTaHIiB cucreMu. BHCHOBKH: 3anponoHOBaHUI METO[| J03BOJISIE 3BECTH PIllIEHHs MOYaTKOBOI CKJIAJHOI 3aj1aui 10
CYKYIHOCTI OiBbII IPOCTHX 3a/1a4 MEHIIOI po3MipHOCTi. Merox 3a0e3nedye OTpUMaHHs aHaJIITHYHUX CIIiBBiHOLICHb, 110
BU3HAYAIOTh 3AJICKHICTh PO3NOALTY HMOBIPHOCTEH CTaHIB CHCTEMHU JOBIIBHOI PO3MIPHOCTI Bijl YMCENBHUX 3HA4YEHb ii Ma-
pamerpiB. TexHonoris BUpIiIIEHHS 3a1a4i ITI0CTPYETCS PILLIEHHAM JBOX MPHKIAMIB.

Kaw4yoBi cioBa: MapkiBchbKa CHCTEMa BHCOKOI PO3MIPHOCTI, METOJ JEKOMIIO3MILIi CHCTEMH, TEXHOJOTIs peai3amnil

00YHCITIIOBATIBHOT IIPOLIEAYPH.

Beryn

Jlis BUpilIEHHS 3a/1a4 aHajli3y MapKOBCHKHX CHC-
TEM TpaJULIHHO BUKOPHCTOBYETHCS HACTYITHHN ITiXix
[1-3]. BBomuTbcsi MaremaTuuHa MOJETHh (DYHKIIOHY-
BaHHS CHUCTEMH Ha OCHOBI rpada CTaHiB CHCTEMH 1
MHO)KUHH MOXTUBHX IIEPEXO/IiB 3 OJHUX CTAHIB B iHIIII.
[Tpu upomy dopmyeTbest cucrema JiHIHHUX anredpaid-
nux piBHsHb A.H. Koiamoroposa, pimeHHs sikoi Bu3Ha-
Yae 3aJIeKHICTh PO3MOMITY HMOBIpHOCTEH CTaHIB CHC-
TEMH BiJl YHCETbHUX 3HAUYEHD 11 ITapaMeTpiB.

[Ipu oTpuMaHHI YHCENBHOTO PillIeHHS 3aJ]1adi XKop-
CTKHX OOMeXeHb Ha ii po3MipHiCTh He BBOAUTHCA. Of-
HaK, aHaNITHYHE PIlIEHHs IIbOTO 3aBJAHHS MOXe OyTH
OTPUMAHO JIUIIE AJIs 33724 NOPiBHSIHO HEBUCOKOIO PO3-
MIpHOCTI (UHCII0O MOXXJIMBUX CTaHIB Mae mopsnok 8-10)
[4, 5]. L1 oOcTaBHHA CEepIO3HO YCKIIAIHIOE BUPIIICHHS
3alad aHaji3y CHCTeM peajbHOI po3MipHOCTI [6]. YV
3BSI3KY 3 IIIM BHHHUKA€E MOTpeda B po3poOIli TEXHOIOTIT
BUpILIIEHHS 3aJ1a4 aHaJli3y MapKOBCHKUX CHCTEM, PO3Mi-
PHICTb SIKMX MEPEBUIIYE TPAHMYHO MOKIIMBY JJIsI OTPH-
MaHHS HEOOXITHHX CITiBBIIHOIICHD «BPYIHY».

KpiM Toro, cimif 3a3HA4YMTH, IO BHUPINICHHS ITi€l
npo0JieMH He IPocTo Oa)kaHo, ajge HEeOOXiAHO IS 3a/1a4
MIPOTHO3YBaHHS Ta YIPAaBJIiHHS MapKiBCBKUMH CHCTe-
mamu [7,8].

3eigcu BumumBae META nocnmimpkeHHs: po3poOka
CHELiaIbHOr0 METOJy aHalli3y MapKiBChKHX CHCTEM
BHCOKOI PO3MIpHOCTI. MeTo MOBUHEH aHAJITHYHO 3a-
Oe3reuyBaTH OTPUMAHHS B SBHOMY BHUIJISII CITiBBiJIHO-
LIEHb, 110 BU3HAYAIOTh 3aJIXKHICTh, PO3IOILTY HMOBIp-
HOCTEW CTaHIB CHUCTEMH BiJl YMCENBHHUX 3HA4YECHb Iapa-
METpIB Li€] CHCTEMHU.

ITocTanoBka 3agaui

BBeneMo JBYXITOTOYHY, OJHOKaHAJIBHY MapKiB-
CBKY CHUCTEMY 3 TPIOPUTETOM IEPLIOro MOTOKY Iepen
3assBKaMU Jpyroro motoky. [Ipiopurer peanisyerbcs B
Takuii croci6. 3asBKa 3 MEepIIoro MOTOKy OTPUMYE Bij-

MOBY TiJJbKM B TOMY BHIAJKy SKIIO KaHall 3alHATHHA
00CITyrOBYBaHHSIM 3asBOK I[bOTO  IOTOKY. SIKmo B
MOMEHT HaJIXO/PKEHHSI 3asBKH 3 IIEPLIOro MTOTOKY KaHa
00CITyroBye 3asiBKy APYroro IOTOKY, TO IS 3asBKa Iie-
peBonuThest B Oydep. 3asBKa 3 APYroro MoTOKY OTpPH-
MY€E BiZIMOBY, SIKIIIO KaHAN 3aiHATHH 0OCITyrOByBaHHSIM
Oynb-sikoi 3asiBKH. BiarnoBigHuii rpad craHiB i nepexo-
IIiB HaBEJCHO Ha pHC. 1, 1e A; — IHTCHCUBHICTD 3asBOK
[-TO TIOTOKY; (; — IHTEHCHUBHICTh OOCIyrOBYBaHHS 3a-
SIBOK i-TO MOTOKY, i=1,2.

Ay
0.0 1,0
b H4
Ay M2 Ay
}\1 Y
0.1 1,1
) M

Puc 1. I'pad craniB i nepexonis cucremu

3rigHo 3 UM rpad)oM BBEIEMO CHCTEMY DPiBHSHb
Konmoroposa 11010 CTaHiB CHCTEMHU.
Wy +MaTo1 — AT — Moo = 0;
Moo — M7ty —Aomo = 0;
Mmoo + Myt —AMTo1 — HaTgp = 0;
oo + o1 + o + 7 = 1.

[Ticns mpuBeJACHHSA MOMIOHUX WICHIB 1 X yrmops-
KYBaHHS 111 CHCTeMa HaOyBa€e BUTIIAAY:
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(M +22)moo Ha T
AiToo
Momgy = (A +H)mg
oo + o1

OTpuUMaEMO PIIICHHS Ili€] CHCTEMHU 3a TPABUIOM
Kpamepa.

detAl-l-
.. = =
V' detd

i .
= ;l=0,1; =0a1a
A J

)

ne detA — BU3HAYHWK MaTpUIli KOe(il[iEHTIB CUCTEMH
(1), detA; - Bu3sHAUHUK MaTpULi KoedillieHTiB, IO BU-
XOJUTh TiCNs 3aMiHHM CTOBIIA (7,7) CTOBIIIEM BUTBHHX
YJIEHIB.

3p0o3yMiJIo, IO YUCENbHE PIllIEHHS CHCTEMH piB-
HsHb (1) s Oyap-skoro HaOOpy BUXIOHUX NAHHUX Hi-
SIKMX TPY[HOIIIB HE BUKIIUKAE. AJle YUCENBHOTO PillleH-
HS HEIOCTaTHBO B 3a/1a4aX yIpaBIliHHS CHCTEMOIO, KOJIH
HEOOXimHUH HaOIp aHAJITHYHHUX CIIBBITHOIICHB, IO
3B"SI3YIOTh 3HAYEHHS IIAPAMETPIB CHCTEMH 3 PO3IIOIIOM
HMOBipHOCTEH 11 cTaHiB.

[NepeiineMo 10 BUpPIlIEHHS ILOTO 3aB/IAHHSI.

Maemo
M +2y —Hy Iy
A= 7\41 0 —(Ml + }\,2) 0
Ay —(Mtup) 0 [
1 1 1 1
Jaui
AOO = detAOO =
0 —Hy —H 0
—(y +A 0
= det (1 +22) =
—(M+1pp) 0 1y
1 1 1 1
—H —H 0
= —det 0 —(Ml + }\,2 ) 0 = (3)
—(M +p) 0 My
=L (M1M2 +Hohy ) =
= —H12M2 —Aolky;
AO] = detAOl =
}\41 + }\42 0 —Ml 0
A 0 —(u+A 0
— det 1 (Ml 2) _
Ay O 0 Hy
1 1 1 1
}\41 + }\42 —Ml 0
= —det }\41 - (H] + }\,2 ) 0 = (4)
Ay 0 H

= by [ (0 20 (b + 2 ) + Mgy |

2 2
=—WwAhy =1 Ay — Ay

+

=0;
=0;
=0;
=1.

M0
(b +22)m
+ Ty
T

()

o T

A]O = detAlO =
A2y —Hy
A 0
Ay _(}“1 +M2)
1 1
}\41 + }\42 —Mz 0
}\41 0 0 =
Ay _(}“1 +M2) My
=—HApy <0

0 0
0 0
= det
0

1 1 (5)

= —det

A]] = detAH =

A +2y L) W

7\41 0 —(},ll + }\42 )

7\42 - (}\41 + 2] ) 0

1 1 1

A +2y ~H2 —H
}\41 0 —(Ml + }\,2) =
7\42 —(}\41 + 1239 ) 0

=M1 = AP = Ay = Ay —

=det

-_ o O O

= —det

(6)
2 2
“MAay =Ry = Aoy = Ao Hy +
2 2
M AR F Aoy H ATy =
2 2
=M hy = Mgty —MAopy Ay
Tenep, Tak Ak
oo + o1 + 7o + 701 =
_Bo0_ Aor Ao A _
A A A A
1
=z(Aoo +Agp + A0 + Ay ) =1,

TO A=A00+A0]+A]0+A1]

Toni (2) mepeTBOPUTHCS 1O BULY:
_ Ajj
Ago +Ag1 +A10 + A

T ™

i=0;1;, j=0;l.

3HaiinemMo Bupa3 s BupimeHHs A. Maemo:
A= _[HIZHZ + Aol + AR, —
7 —pho” gy + 4 — ®)

—MAgty —AAouy —klkzz J
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[Mincranoska (3-6), (8) B (7) nae mrykanuit po3mno-
TiJT AIMOBIPHOCTEH CTaHIB.

[epeBipuMO MpaBUIIBHICTE OTPUMAHUX CITiBBiJ-
HOIIIEHb, MOPIBHSBIIX IX 3 BIJOMHMH Pe3yIbTaTaAMU JIIS
MIPUPOTHUX OKPEMHX BHITAJIKIB.

Bunanok 1. Hexaii A, =0 . IIpu npomy nouarkosa

JIBOITOTOKOBA 3BOAUTHLCS 0 OAHOIIOTOKOBOI. MaeMo

S Ago _ Ago _
0= Ty T
TR oA
K Ho K

_HIHZ(HI +k1)_ Wty

Ao
Mol = =0;

Agg _ b M
A (Hh)

To =

Mo =71 =0

Bunanok 2. Hexait A =0. IIpu npomy cucrema
TaKOX CIPOIIYETHCS 10 OHONOTOKOBI. Maemo

oo =
2
_ HiTHy Aokt
2 2 2
Hi"Ho + Aok + 1" Ag —HiAy
_ tiko (g +22) _
pipt (i +22 )+ s (b +22)

__ K .
My +2Ay

Ag;
o1 =TT

2 2
WA+ iy

) 2 2
Wl Ayl 1y Ay + iy
tl (1 +27) _h

JYZ) (ﬂl +/12)+ﬂ1/12 (ﬂl +/12) - 1) +/12,

mo =11 =0.

OTtpuMaHi pe3ynbTaty, K i Cllifi OyJo O4iKyBaTH,
30iraloThCsl 3 BiIOMHUMHU, OOYMOBJICHUMH KJIACHYHUMHU
¢dbopmymnamu Epnanra.

HaBenemo tenep npukiaa OLIbII CKJIAJHOTO 3a-
BJaHHS, B SIKiii OTpUMaHHS IIYKAaHOTO PO3MOALTY HMO-
BIpHOCTEH CTaHIB 3 BUKOPUCTAaHHSM CTaHIAPTHHUX Me-
TOMIB PO3B'SI3aHHA CHUCTEMH JIIHIHHUX anreOpaidHux
PIBHSIHB aHAITITUYHO BaYKKO IMiIAETHCS peajizallii.

Po3risiHeMO TPHU-TIOTOKOBY OJHOKAaHAIBHY Map-
KiBCBKY CHCTEMY 3 iepapXiyHUMHU Ipiopureramu. Hexaii
Ha BXiJl CHCTEMHU HaJXOJUTh CYNEPIO3UIIisi TPHOX II0TO-
KiB 3 IHTCHCHBHOCTSIMH BIJIIOBITHO PIBHUMH Ai, Ay, Aj.
[Tpu upOMy mepIIuii MOTIK Mae MPIOPHUTET MEpes Ipy-
THM 1 TPETIM IIOTOKaMHU, a JAPYTHH TOTIK - TIEpe]] TPETIM.
[HTeHCHMBHOCTI 00CITYroBYBaHHSI 3asBOK IIMX MOTOKIB
PiBHI Ly, W, 3.

[piopurern oJHUX 3asBOK Iepe] IHIIUMU TPOSB-
JISIFOTHCSI HACTYITHUM YHHOM.

3asBKa 3 IEPIIOro MOTOKY MPUUMAETHCA O 00-
CIIyTOBYBaHHS, SKIIO KaHAll He 3alHATHHA 0OCIyroBy-
BaHHSM 3as1BOK [IbOT'O X MOTOKY. SIKIIO B MOMEHT Ha[-
XOJKEHHsI 3as/BOK HEPIIOro MOTOKY KaHal 0OCIyroBye
3asBKY 3 IPYroro abo TPeThoro MmoTOKiB, TO OOCIYrOBY-
BaHHS [[UX 3251BOK IIEPEPUBAETHCS, 1 BOHH IEPEBOASATHCS
B Oydep, 1€ uekaroTb MOMEHTY 3BIIbHEHHSI KaHAIY.

3asBKM 3 JpYroro MOTOKY MPUHMAIOThCS 10 00-
CIIyTOBYBaHHS, SKIIO KaHAll HE 3alHATHHA 0OCIyroBy-
BaHHAM 3asBOK IEPIIOro ad0 Ipyroro moToky. SKIio B
MOMEHT HaJXO[DKEHHs 3asBOK JPYroro MOTOKY KaHal
00CITyroBye 3asiBKy IEpUIOr0 MOTOKY, TO 3asBKa sKa
HajidnuIa nepeBoauThCs B Oydep. SKo B MoMeHT
HAJIXOJDKEHHS 3asBOK JIPYroro MOTOKY KaHall 00CIyro-
BY€E 3asBKY 3 TPETbOTO MOTOKY, TO Il 0OCIyroByBaHa
3asBKa NEpEeBOJUTHCS B Oydep, e YeKae MOMEHTY 3Bi-
JIbHEHHS KaHaJy.

I'pad craniB i nepexoiB, MO ONMUCYIOTh MOBEIiH-
Ky Takoi CHCTeMH OOCIIyrOBYBaHHsI, Ma€ BHUIJISA, MPe.-
CTaBJIEHUH Ha puc 2.

3anumemo cucreMy piBHIHB Konmoroposa miono
HMOBIpPHOCTEH CTaHiB CHCTEMH.

BBeemo HaOip IMOBIpHOCTEH CTaHIB CUCTEMH.

Tooo — KaHAJ BUTbHUM, Oydep BiIbHUI;

Moo — KaHAN 3aHHATHI 0OCITYrOBYBaHHSM 3asBKH 3
TMIEpILIOTo MOTOKY, Oydep BiIbHHI;

o1 — KaHAN 3aHHATHI 00CITYrOBYBaHHSM 3asBKH 3
JIPYroro MoToky, 0ydep BiIbHHH;

Ty — KaHAN 3aHHATHI 00CITYrOBYBaHHSM 3asBKH 3
TPETHOro MOTOKY, Oydep BiIbHUIA;

110 — KaHAJ 3aiHATHIA 00CITYTOBYBaHHAM 3asIBKH 3
TIEpILIOro MOTOKY, B Oydepi 3asiBKa ApYyroro MoTOKY;

To11 — KaHAJ 3aiHATHIA 00CITYTOBYBaHHAM 3asIBKH 3
JIPYTOro MOTOKY, B Oydepi 3asiBKa TPETHOrO MOTOKY;

101 — KaHAJ 3aiHATHIA 00CITYTOBYBaHHAM 3asIBKH 3
TIEpILIOro MOTOKY, B Oydepi 3asiBKa TPETHOTO IIOTOKY;

7111 — KaHaJ 3aiHATHIA 00CITYTrOBYBaHHAM 3asiBKH 3
MepILIOro IOTOKY, B Oydepi 3asBKU IPYroro i TpEThOro
TIOTOKY;

CI/ICTeMa piBHfIHB KOJIMOFOpOBa Ma€ BUTJIAL.
100 +H2To10 + H3Too1 —
—(7\41 +}\42 +}\,3)TC000 =0;
Moo — (M + Ay +A3) g0 = 0;
AaToo0 + 1700 — (o + A +43) 10 = 0;
M0 +Aam00 — (g +2A3) T 10 = 0;
A3To00 +H1T01 + H2To11 — 9)
—(M +2g +u3) Moo = 0;
Mmoo + 3700 — (b +22 ) Tgr = 0;
Aomoo1 +A3Tor0 + T 11 —
— (M +1y)mpyy =0;
Mmo11 +Aamoo1 +A3Tyop — g = 0.

Jlyis BUpILIEHHSI OTPUMaHOI CHCTEMH JIHIHHUX aJi-
reOpaluHuX PiBHSIHb BUKOPUCTOBYEMO NEKOMITO3ULIIHHY

IpoLEAypY.
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1,0,0

H4

0,01

0,11

H4

Puc 2. I'pad craniB i nepexonis
TPBOXIOTOKOBOI OJTHOKaHAJIbHOI CUCTEMH 3 iepapXiueKimi piopuTeTaMu.

CyTb 1IOTO MiIXOAY MOJSrae B HACTYMHOMY. Best
MHO)KUHA CTaHIiB CUCTEMHU PO30OMBAETHCS HA ITiIMHOXKH-
Hu. OOumcioBanbHA TIPONEAypa BUpIMICHHS 3aaadi
PO3paxyHKy pPO3MOALTY HMOBIPHOCTEH CTaHIB € TPHOX-
€TaITHOIO.

Ha mepromy erami Uisi KOXXHOT'O ITiIMHOMKHHU
CTaHIB HE3QJIEKHO BIJIIYKYETHCS YMOBHHUH PO3IOJILT
WMOBIpHOCTEH CTaHIB (32 YMOBH BiJICYyTHOCTI IT€pEXO/IiB
3 OJIHUX IiIMHOXKUH B 1HIII ITiJIMHOKUHH).

Ha npyromy erami cTaHM KOXXHOT'O 3 ITiIMHOXHH
«YKpYITHIOIOTECS». Terep At KOKHOI apy IMiAMHOXHH
(«yKpYIHEHHX» CTaHiB) PO3pPaxOBYIOTHCSI HWMOBIPHOCTI
NepexoiB MiXk HUMH, 3 BUKOPUCTAHHSIM SIKUX BH3Haya-
€TBCSl PO3MOJIT WMOBIpHOCTEH INepeOyBaHHS CHCTEMHU
Ha MHOXKHHI «yKpPYIIHEHHX» cTaHiB. Ha Tperromy erarmi
3MIACHIOETHCS PO3PAXYHOK OE3YMOBHUX HMOBIpHOCTEH
CTaHIB TIOYaTKOBOI CUCTEMH.

BigzHaunmo, 1mo Oyab-sSKWil BapiaHT AEKOMIIO3H-
il CHCTEMH CIIPOIIye Npouenypy ii aHai3y, OCKiIbKH
3BOJINTH TIOYATKOBY CKJIQJAHY 3a7ady 10 CYKYIHOCTI
Oinpi mpoctux. OfHAK, B PO3IJISIHYTIH 3a7adi MOXKHA
BUSIBUTH TOH 3 IMX BapiaHTIB, KU 3a0e3medye OTpH-
MaHHsI MaKCUMaJIbHO LIBHJKOro BupimeHHs. Llei Bapi-
aHT BiJIIOBIJIa€ HACTYITHOMY PO30OHTTS BUXIJHOI'O MHO-
xuHu: miamaokuHa Eo={(000), (100), (010), (110)} i
miamuoxkuHa E;={(001), (101), (011), (111)}. Jlerko
MoOavYuTH, MO CTPYKTYpa IepexonuiB i ix HMOBipHOCTI
I cTadiB miaMHOXUH Eg 1 E; imentnuni. 3Bigcu BU-
IUTMBA€E, IO YMOBHI PO3MOMIIM HWMOBIPHOCTCH CTaHIB
IUIs «yKpymnHeHux» ctaHiB Eg 1 E; Takox OymyTs 306ira-
THUCSL.

Kpim Toro, 3BepHEMO yBary Ha Te, IIO CTPYKTypa
MePEXOiB 1 IX IMOBIPHOCTI JJIs CTaHIB MiAMHOKUH Ej 1
E; B ToyHOCTI BiNNOBia€ CTPYKTYpi MepexoniB i 3Ha-
YeHHSM iX WMOBIPHOCTEH B JBOIOTOKOBiH cHcTeMi,
PO3TIISTHYTIH BHIIIE.

Taxum umHoM, cmiBBigHOmEeHHA (3) - (8) BH3Ha-
YaroTh YMOBHI PO3IOJIIN HMOBIPHOCTEH CTaHIB CHCTe-
MH 11 miaMHOKHH Eg 1 E;.

Ili obcraBUHM NO3BOJIAIOTH IPH BHPIIICHHI 3a-
BJAHHS aHaJi3y PO3IIISIHYTOI TPHOX MOTOKOBOI CUCTEMHU
BiJ[pa3y IepelTH 10 JpYyroro erairy.

BianoBigHO 10 IBOTO BBEIEMO HAOOpH

(ﬂoooﬂlooa“mo’ﬁno)a

(7T001,7T]01,7t011,n111),

110 BM3HAYAIOTh YMOBHI PO3MOALIH HMOBIPHOCTEH JUIst
«ykpynHeHux» ctaHiB Eg u E|. Jlani po3paxyemo inTe-
HcuBHOCTI niepexoniB 3 Eg B Eq, a Takox 3 E; B E(. Ma-

(A

= (00 + 100 +To10 + 110 ) A3 = A3;

E A
M( %])= Too1H3-

Temnep, Ha TpeThOMY eTari NpoLeTypH BU3HAYHMO
0e3yMOBHI HMOBIPHOCTI CTaHIB IOYaTKOBOi CHCTEMH.
BiamosinHo no (10) #iMoBipHOCTI IepeOyBaHHs CHCTe-
Mu B ctaHax B i E; BixnoBigHO piBHI

(10)
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)
B
)
()

Toni 6e3yMOBHI WMOBIPHOCTI CTaHIB CUCTEMH BH-
3HAYarOThCA (POPMYIIaMU:

(11)

000 = To00 P, 3100 = 1005 >
To10 = o108y 3 ™10 = T110 P, 3
Too1 = Zo015%, 5 o1 =T101Fg 5
mo11 = To11Pg s m11 = 11 Pg s

PimeHHs 3a71a4i 3aBEpIICHO.

TakuM 4MHOM, 3ampOIIOHOBAHA MpOLEAypa JEKO-
MITO3HIIIT MHOXXHMHHU CTaHIB IIIIXOM iX (pa3oBOro ykpy-
MTHCHHS 3a0e3Ieuye MOXKJIMBICTh aHai3y MapKOBCHKUX
CHCTEM 3 BEJIMKUM YHCJIOM CTaHiB. Peaizarris 1iiei mpo-
LeaypHu 3HIMae mpodieMy, MOB's3aHy 3 HEOOXIJHICTIO
BUpILIIEHHS CHCTEM JIHIHHUX anreOpaidyHuX piBHSHB 3
BEJIMKUM YHCIOM 3MiHHHX. [Ipy 11boMy e(heKTHBHICTH
METOY 31 301IBIICHHSAM PO3MIPHOCTI 3aa4i 3pocTae.

MOoXIIUBUH HANpPSIMOK TOMAJBIIAX OCITIIKCHb
MOB'sI3aHUH 3 TOMIMPEHHSIM TEXHOJIOTIT JICKOMITO3HIIIT
MapKiBChKUX CHCTEM Ha BUIIAJIOK, KOJH IapamMeTpH
cucTeMH 3ajaHi HediTko [9] abo nerouHo [10]. Moxiu-
Bl MIiJXOMM IO BUPIIICHHS 3aBIAHHS B i cUTYyaIlii 3a-
nportoHoBani B [11, 12].

BucHoBku

1. PosrisHyTO 3amauy aHamizy MapKiBCBKUX CHC-
TE€M 3 BEJIMKAM YHUCJIOM cTaHiB. [ BupilieHHs 3a-
BIaHHS 3alpOIOHOBAHA JIEKOMIIO3UINIMHA TpOLEnypa,
3acHOBaHa Ha (pa30BOMY YKpyIHeHHi craHiB. L[ mpo-
Leaypa 3BOMUTH IOYATKOBY CKIIAJHY 3a/a4y BUCOKOI
PO3MIPHOCTI 70 BUPIIICHHS MOCTIIOBHOCTI 3a/a4 MEH-
1o po3MipHOCTI.

2. EdexTHBHICT 3alpolOHOBAaHOIO METONy 3i
301IBIIEHHSM PO3MIPHOCTI CUCTEMH 3POCTAE, 1110 3a0e3-
reyye MOXIIMBICTH WOrO YCIIIIHOTO 3aCTOCYBaHHS,
30KpeMa, JUIsl aHaJli3y 0araToroTOKOBUX CHCTEM O0CITy-
TOBYBaHHS 31 CKJIQ/IHOIO 1€papXi€r0 MPiOPHUTETIB.

3. 3anpomnoHOBaHMN METOJ aHaNi3y CHCTEM BH-
COKOI PO3MIPHOCTI JI03BOJISIE OTPUMATH aHATITHYHI
CHiBBIIHOIIEHHS, 10 OMUCYIOTh 3aJIEKHICTh POIMOALTY
HWMOBIpPHOCTEH CTaHIB CHCTEMH BiJl YUCEINBHOI'O 3HAYCH-
Hs 11 mapameTpiB.

Ils obcraBHHA BIiAKpHUBAE MOXIIUBICTH 3aCTOCY-
BaHHSA METOJy JUISl BHUPIIICHHS 3aBAaHb YIPaBIiHHSI
MapKiBCbKUMHU CHUCTEMaMH BUCOKOI pO3MIPHOCTI.
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The decomposition method for solving analysis problems
of high dimensional Markov systems

L. Ruskin, O. Sira, R. Korsun

Abstract. The subject of the article is the decomposition computing procedure, which uses the method of phase system
states enlargement. The goal is to develop a special method of analysis of high-dimensional Markov systems. The method should
analytically provide obtaining explicit relations that determine the dependence of system state probabilities distribution on nu-
merical values of system parameters. Task: Consider the problem of analyzing high-dimensional Markov systems with many
possible states. Propose a decomposition computational procedure that uses the method of phase system states enlargement. Re-
sults: The analysis problem of high-dimensional Markov systems with a large number of possible states is considered. The de-
composition computational procedure using the method of phase system states enlargement is proposed. Conclusions: The pro-
posed method allows to reduce the solution of the initial complex problem to a set of simpler small dimension problems. The
method is analytically provides obtaining explicit relations that determine the dependence of system state probabilities distribu-
tion on numerical values of system parameters. The technology solution for solving the problem is illustrated by two examples.

Keywords: high-dimensional markov system, system decomposition method, computing technology implementation
procedure.
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LOAD BALANCING CONSISTENCY IN A DISTRIBUTED DATASTORE

Abstract. The subject of the article’s research is the CAP-guarantees of distributed datastore, particularly availability
and consistency. The goal is to design an approach that will become an instrument to balance consistency CAP-guarantee
for any business needs still maintaining appropriate availability guarantee. The algorithm could be integrated to datastore
infrastructure as one of distributed datastore components that must stand on top of or integrated in database middleware
standing on the path to node database instance and actual query execution. To achieve that, the following problems were
solved in the paper: the simulation models for approaches have been implemented, actual possibility to implement an algo-
rithm following specific approach has been investigated. The following methods were used to implement such solutions:
UML modeling, computer model implementing the simulation of the designed algorithms, carrying experiments on the im-
plemented models. Carried out experiments resulted in capability to estimate the complexity and possible performance and
make conclusions choosing one of optimal approaches to be designed further. As a conclusion, the optimal designed and
estimated approach of balancing consistency and availability is ready and it was the purpose of this paper. It could be ap-
plied as one of basic components on the design distributed datastores stage, so that balanced guarantees of distributed sys-

tem reliability could be achieved at the earlier stage of business needs implementation.

Keywords: CAP-guarantees, load balancing, distributed databases, high availability, strong consistency.

Introduction

In modern times scaling technical software re-
quires distributed systems it relies on to be resistant to
node faults occurrence, fast enough response time and
reasonable consistency reached on most of the distrib-
uted system nodes to avoid node conflicts. It is de-
sired, the system must survive having any number of
nodes in its infrastructure. In conditions of well-known
CAP-theorem such requirements become hard to
achieve. The current paper is devoted to the research
of how the CAP-characteristics could be balanced to
fulfill these needs. This could result in lots of opportu-
nities: reaching needed value of consistency, maintain-
ing reasonable value of availability, monitoring the
consistency and availability current state of the sys-
tem, and even achieving strict consistency in good
enough network conditions.

Literature analysis and background. While de-
signing any software architecture there is a need to
make a choice: ACID or BASE model, that means
strong consistency that results in weaker availability or
basically available eventually consistent system where
strong consistency is neglected. The comparing analysis
for these models were made in [1]. It is reasonable solu-
tion for some business requirements, when, for example,
the system has small number of nodes in its infrastruc-
ture, eventually consistency is achieved quickly and
strong consistency is not important in such case. Or
when database partitioning is settled and every dataunit
can be found only on one node and replication is not
needed. But for large distributed datastore with replica-
tion it is important somehow to achieve the best value of
consistency and not to deteriorate availability and parti-
tion tolerance guarantees. Also, it is essential to keep
track on these guarantees while system is working.
CAP-guarantees had been deeply researched since the
well-known CAP-theorem had been officially proven
[2] and discussed 12 years later [3]. Some work had
been done for consistency improvements that can tend
to strict consistency [4]. But in this paper, the through-

put is calculated only for number of nodes up to 16.
Large systems were not considered in this work.
Background. In this paper we explore load balanc-
ing solutions to investigate the ability to balance across
only consistent nodes that supports one or another
dataunit. We are convinced that strong consistency or
eventual consistency, that converges fast, could be
achieved without losing availability since most of dis-
tributed system use epidemic algorithms to broadcast
replicas (see [5], [6]) and the broadcasting can be faster
than consistency disbalancing. For that we explore
works for database load balancers ([7], [8]) and the pos-
sibility to contribute to existing load balancers to main-
tain the idea mentioned above. All existing load balan-
cers for databases support well-known balancer algo-
rithm like Round Robin, Least Connections etc. (see [7],
[8]). One of the components in some of solutions, im-
plemented in the paper, is load balancer dynamic API
[9], [10]. This application allows some features, par-
tially, can return the list of currently health checked
nodes. Also, we need to mention that databases have
parsers that allow parse database request [11] and there
are many optimizations, like Microsoft has done, for
example, in [12] and official doc is presented in [13].
Additionally, many of databases support caching com-
piled queries [14]. The last that we would like to men-
tion is our previous paper [15], where we form the
mathematical model with metrics for CAP-guarantees.

Core Material

Load balancing is the technique, that allows dis-
tributing requests between application instances or net-
work devices where this application live. The purpose
lies in optimization of resources usage, saving response
time and providing system fault tolerance. The load
balancing can be applied in different needs depending of
system requirements and the desired result and there are
also balancers for various database solutions [7]. A big
problem in existing solutions is that data on nodes have
to be the same. So there is no partitioning dataunits on
different sets of servers. But some of the load balancers,
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mentioned in [7], are opensource and algorithms for
requests balancing technique can be enhanced or new
algorithms are embedded. In this paper we investigate
and estimate this ability in terms of imitation modeling.

In the paper we go deep into the research for the
tradeoff of consistency and availability using load bal-
ancing algorithms enhancement. These algorithms are
based on the idea to balance only across consistent
nodes that have the given dataunit and on the idea that
spreading replica is fast enough to maintain list of con-
sistent nodes as big enough as needed. The several solu-
tions has been explored:

1) load balancer custom algorithm (that may be
contributed to opensource, so that needed solution is
maintained);

2) hybrid balancing solution on the level of custom
balancing algorithm that can be contributed to one of
balancers solutions and some applications that are im-
plemented in purpose to replace those features load bal-
ancer never supports;

3) own balancer database middleware component,
that balances consistent nodes without any general load
balancing features.

In this section we introduce these solutions in
terms of class and sequence diagrams below and esti-
mate effectiveness of each solution and discover pros
and cons and perspectives of solutions.

Let us firstly describe main components that will
be used in the approaches:

- Node object is a structure that contains the
unique identifier of node (like host or IP-address), the
time of last update and may be some other additional
info that can be used for request forwarding (used in all
represented approaches below)

- CNode hash table is the global mapping that
each dataunit (as a key) associates with a binary tree of
consistent Node objects that store given dataunit (used
in all represented approaches below)

- DNode hash table is the global mapping that
each dataunit (as a key) associates with a binary tree of
Node objects that store given dataunit (used in all repre-
sented approaches below). This table will not be changed
dynamically, only if the requirement to add new dataunits
appears. But this case is another story and the separate
interface can be simply implemented for that.

- Request is the request object that enhances
general database request object may represent if it is
write or read request, may contain the flag that identifies
if it is forwarded from another node and the flag identi-
fying if the given request is replica or request itself
broadcasted.

- Load Balancer Dynamic API that allows to
make some requests to Load Balancer. Here the ability
to get the list of current nodes that can accept requests
will be used.

Load Balancer Algorithm Enhancement. The first
solution comes up with custom balancer algorithm that
can be embedded into existing load balancer solution
and enhance some opensource solution. We present a
class and sequence diagrams (see Fig. 1 — Fig. 3). The
class diagram shows that the solution is based on exist-
ing load balancer algorithm implementation (for exam-

ple, on Round Robin to be more intuitive) and enhance
this algorithm by replacing the node list that request can
be forwarded to.

pkg

BasicUsedLBAlgorithm

+ read() : Dataunit BaseHashTableSolution

+ write() : void

T

LBCustomBalance

NodeHashTable
- replicas : map

+ add() : void
+ delete() : void

- storage : NodeHashTable

+ read() : Dataunit
+ write() : void
+ broadcast() : void

S

Dataunit Node

+ read() : Dataunit

+ represent() : DB object + write() : void

Fig. 1. Custom Load Balancer class diagram

The node list is based on mapping that associates
each data unit to the list of consistent nodes that store it.
Nodes are consistent in terms of that they have the up-to-
date latest replica version. So once a write request came
the association for this dataunit is updated with a new
node set, the first node that actually changed own replica.
That time all other nodes become inconsistent and with
every broadcast the map of dataunits and nodes is grow-
ing again until the next write request. Our purpose in this
paper was to find the ratio of number of nodes that store a
dataunit to the amount of write requests. This would al-
low to show that during distributed database lifetime
there are enough of consistent nodes that are able to
maintain desirable availability. Basing on these structural
and behavioral diagrams we created the imitation model
that allows to execute experiments on simulated solution
components. In the model a user can regulate the thresh-
old that is the minimum amount of nodes that must re-
spond at any moment of system lifetime.

Later we introduce the results of these executions
as graphics with dataunits as abscissa axis and number
of nodes that maintain a dataunit as axis of the ordi-
nates. These experiments is run on 100, 1000, 5000
write requests for hundreds of nodes in a datastore for
every approach presented in the paper. We emphasize
that in this solution the load balancing algorithm itself is
responsible for broadcasting the replicas across a datas-
tore and interact with hash map, where the key is
dataunit hash and the value is the list of consistent nodes
that contains given dataunit and another hash map that
differs only with the value of list of all nodes that con-
tains given dataunit. This algorithm has pretty simple
architecture to solve inconsistency problem.

But it has a lot of future problems related to the
fact that algorithms of load balancers should solve com-
pletely other problems, such as, fault tolerance, health
of the system etc. and it is not essentially to enhance
these algorithms like that.

Hybrid Load Balancing. This solution still en-
hances general load balancer algorithms implementa-
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tions, but built with the purpose of not
additional responsibility put on load bal-
ancer algorithm itself. For that load bal-
ancer API is designed that should interact
with load balancer algorithm and change
the node hash table adding new nodes to
a list for a dataunit or remove them once
new request came.

So that load balancing algorithm
just needs to interact with existing node
hash table on every request to make deci-
sion on the list of nodes where a request
can be forwarded. See the solution class
diagram in Fig. 2.

So that current approach still has to
implement custom algorithm that can in-
herit some of existing algorithms, but from
point of architecture view it is still better
than previous solution because the respon-
sibility of filling the CNode Hash Table
that the balancer should not definitely be
responsible for is put on the separate API.

Own balancer solution. And finally,
we want to introduce balancer approach
that shall not touch the load balancer al-
gorithms implementations at all. In this
solution general load balancer is still used
to maintain fault tolerance. This solution
is a more complex one, so for that we
need to introduce class diagram along
with algorithm for write and read request
cases. You can see class diagram in Fig. 3
and block schemas for read and write
database requests in Fig. 4 and in Fig. 5.

Thus, now we can say that this ap-
proach have some specialties:

— it does not change the initial load
balancer architecture and does not en-
hance its responsibility that cause load
balancer to remain still essential mecha-
nism to do; the application that stands on
front of the database and can be under-
stood as one of the database middleware,
should understand request incoming to
get a dataunit requested. Therefore this
operation will depend on database im-
plementation and optimization that is
made to improve this part of functional-
ity. Other operations will take: O(log n)
on taking the nodes from a hash table and
respond or O(log n) plus one more algo-
rithm repeat when request came to the
node that does not store given dataunit
taking into account the operations to take
fault tolerant nodes from dynamic load
balancer api and intersect them, which
will take O(1) as some constant time will
be wasted and O(n) for each operation
appropriately. So that in the worst case it
will be O(log n) +O(1) + O() +
+ O(log n)t+ O(1). Calculating this ex-
pression we get O(n) time complexity.

pkg

BasicUsedLBAlgorithm LoadBalancerAPI

; ; + broadcast() : void
i ﬁraitde(()).:l?/z?gumt + update_node_list() : void

T

LBCustomBalanceSimulation

- nodes and dataunits : map

+ read() : Dataunit
+ write() : void

+ read() : Dataunit
+ write() : void

Dataunit

+ represent() : DB object

Fig. 2. Hybrid Load Balancer class diagram

Load Balancer DynamicLBApi
R COEEEE
I ;\?;gé())'_?lzfgumt + get_current_nodes() : void
- 7
! 1
|
Vi BalancingDBMiddleware

Node - CNode Hash Table : NodeHashTable

- DNode Hash Table : NodeHashTable

+ read() : Dataunit

+ write() : void + write() : void

+ read() : Dataunit
+ broadcast() : void

Dataunit $

+ represent() : DB object

NodeHashTable

+ insert() : void
+ get_value() : void

Fig. 3. Database Load Balancer Class Diagram

act ReadRequestSchema )

get nodes for requested
dataunit
from DNode hash table

[current nodle in a list]

NS [no]

[no request broadcpst list]

N

Node respond
with dataunit

[yes]

get current fault

intersect two
sets of nodes tolerant nodes

forward read
request

to other Nodes

if broadcast list is
not empty

remove current node
from broadcast list
and update request
with new broadcast list

Fig. 2. Read request activity diagram for Load Balancing

97



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 2(60)

ISSN 2073-7394

Space complexity in the
worst case will be O(n),
because at maximum n
nodes will be in mem-
ory at a time;

— Dbasically, two

act WriteRequestSchema )

parse_request

[request is ot replical

[request is replical

other load balancer al-
gorithms  will  have
similar complexity
since they will need to
parse database request
to make decision on

<\/(Trequest source is externall

[no reque:

Node update
own replica

I middleware updates

CNode Hash Table

[request source is intlernall

it broadcast list]

what dataunit is re-
quested and what nodes

dataunit

-

get nodes for requested

from DNode hash table

will be chosen to for-
ward. Also, it shows the
problems that can ap-
pear on load balancer
side, when it will need
to deal with database
request somehow and it
is not what it is de-
signed for initially at
all. In these terms the
current approach should
suit better in the archi-
tecture point of view,

Node update
own replica

[current no

get current fault
tolerant nodes

intersect two
sets of nodes

e in a list]

®

[there is reqliest broadcast list]

send replicas
internal request
to other Nodes

if broadcast list is
not empty

remove current node
from broadcast list
and update request
with new broadcast list

because database side is
already optimized for
understanding database queries and a lot of solutions for
this already exist in a box.

Case study. So since the simulation models for
three of approaches have been implemented, we exe-
cuted the set of experiments on these models in the con-
ditions of 500 nodes in the network, 100 dataunits dis-
tributed across them at random and different number of
write and read requests. The executions were run for:
writes and reads, for both cases, when writes occur
more often, and opposite cases, when reads occur more
frequently than writes. All the simulation models have
availability threshold that is a number of nodes that
should stay available for any dataunit. The graphics
represent the dataunits as axis and number of consistent
nodes that stay consistent. In some graphics we can see
the number of consistent nodes that can answer rarely
reaches threshold, that means that sometimes the num-
ber of consistent nodes is less than threshold set as 30
nodes.

The solutions can be compared with the frequency
of that number of consistent nodes outreaches the set

Fig. 3. Write Request activity diagram for Load Balancing

limit. Look at the results of first approach simulation
(custom load balancer algorithm) in Fig. 6 — Fig. 9.
These figures represents the experiments run on small
amount of writes and reads and on large quantity of read
and write requests in order to show the way perform-
ance of algorithm changes.

The second set of figures (Fig. 10 — Fig. 13) repre-
sents results for custom algorithm with additional API
for the same numbers of writes and reads. As it can be
seen, this algorithm has extremely bad performance on
large amount of requests as for both of the cases when
write or read requests prevail. This makes implementa-
tion of this solution harder and not survivable for the
real business needs.

Let’s consider the last approach that simulation
model and algorithm is implemented for. Look at the
figures (Fig. 14 — Fig. 17) representing the state of our
simulated system that experiments were run in condi-
tions of the same amount of read and write requests. At
the pictures we can clearly see that custom load balan-
cer algorithm has best performance in the simulation.
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But during implementation of this algorithm the
following problems will appear and slow down per-
formance:

- load balancer needs to know what dataunit is
requested and needs to parse somehow the database
request. It is not related to load balancer features and
what it is designed for, so that it meets all the issues that
databases had while optimizing parsers

- different databases have already implemented
algorithms to parse the request and optimized them.
Therefore, database has some options when understand-
ing a request and some databases supports parsing a
request partially, only a dataunit, for example, so that it
will speed up the performance at the database side in
compare with load balancer side solution

- load balancer will need to parse database re-
quest partially, but still database will need to parse the
request again to execute the query.

These conclusions mean that the third approach is
optimal after understanding some design details and limi-
tations. The third approach has still good performance, a
little bit worse, that the first one. But it can be clear that
after implementation of these algorithm the first approach
performance will be significantly decreased, because

40 50 €0 70 80 90 6

Fig. 14. Own balancing.
100 writes and 150 reads

o | AL L | B

G o 20 30 40 50 €0 70 8 90
—— dataunits

Fig. 15. Own balancing.
5000 writes and 7500 reads

parsing of database request is not the load balancer prob-
lem. Thus, the database request will be parsed twice: at
load balancer side to get a requested dataunit and data-
base side: to execute the query. So that, the first approach
loses in design complexity and impossibility to meet fur-
ther issues. Also, we do not consider the second approach
anymore since it has the worst performance of the algo-
rithm. For now, the optimal solution is the third approach
which is own load balancer as database middleware at the
side of every node. For now, we have already tried to
avoid some issues to be met, such as, selecting broadcast
list in every request that will avoid flooding other with
requests, optimizing number of requests to dynamic API
of load balancer, removing current node from broadcast
list to avoid cycling, replicas version implemented as
timestamps to avoid conflicts.

Conclusions

The purpose of the current work was the for-
mation of algorithm that will improve CAP-guarantees
or balance them for specific business requirements. In
order to achieve it three approaches were designed, in-
vestigated, compared and estimated using simulation
computer model. During algorithm design all the inves-
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tigated approaches have already shown their weaknesses  tributed database with existing software, the architect
and advantages and allowed to choose one of solutions  could use the recommended algorithm as a distributed
basing on best practices analyzing technical weaknesses  database middleware component so that there could be
of every solution. As a result, when designing new found the trade-off for CAP-guarantees that is necessary
software with distributed datastore or integrating dis-  for specific software requirements.
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BanancyBaHHS y3rofzKeHOCTi y PO3IOdiJICHOMY CXOBHILI JAHUX
K. M. Pykkac, I'. I'. XKonrkeBuu

AnoTtanis. IIpeqverom i€l crarti € CAP-rapanTii posnoainieHux 6a3 1aHHX, 30KpeMa, JOCTYIHICTh Ta Y3TOMKEHICTb.
MeTot0 € CIIpOeKTOBAHE PillIeHH, SIKe CTaHe IHCTPYMEHTOM OallaHCYBaHHS Y3TOMKEHOCTI SIK OJIHOI 3 TapaHTii HaJ[IHHOro po3Io-
JIJIEHOTO CXOBUINA st Oyab-sIKUX Oi3Hec MmoTped i sIKe T03BOJIHUTH HE MOTIPIINTH 3HAYCHHS TOCTYIHOCTI. Takuil anropuT™ Mir
Ou OyTH iHTEerpoBaHMH y iHPPACTPYKTYpy PO3MOLUICHOrO CXOBHIIA JaHHUX i OBHHEH OYTH OJHOIO 3 MEPIIUX IIPOrpaM Ha IULIXY
1o BukoHaHHst SQL 3anuTy 1 MOXe BUKOPUCTOBYBAaTH Pi3HI MOIYJi HPOMIXHOIO IPOrpaMHOro 3a0e3leueHHs 0a3y JaHUX Ha
By3i1y. JIiisl OCSTHEHHsI boro Oyinu po3poOiieHi i NOPIBHAHI TP abTEPHATUBHUX PIICHHS Ul OallaHCYBaHHS KOHCHCTEHTHHX
BY3J1iB, JIOCHI/PKeHa (haKTUYHA MOXJIMBICTb pealti3alii KOXHOro 3 pimeHs. MeTogaMu po3poOKH CTalld Taki iHCTPYMEHTH, SIK
UML MopzeintoBaHHs, KOMII'IOT€pHA MOJIENb, IO peajli3ye iMiTaliiHi Moneni Ui BCiX Po3poOJICHUX pIlleHb, fKa J03BOJIUIIA
IIPOBECTU HAOIp EKCIIEPUMEHTIB Ha JIOCIDKEHHX IMITAIliHHIX MOJEIISX 1 OLIHUTH CKJIAIHICTh Ta MOXIIMBY IIBUJIKO/IIO, 3pOOUTH
BUCHOBKH, BUOpaBIIM OJMH 3 HAHONTUMAJIBHIIINX MiAXOMIB IS MOAAJIBIIOI PO3POOKH Ta PO3LIMPEHHS. SIK BUCHOBOK, FOTOBE
OITHUMaJIbHE CHPOCKTOBAHE 1 OLIHEHEe pIllleHHs Ul OalaHCyBaHHS Y3TOJDKEHOCTI, 1o i Oyio mMeToro crarri. Bono moxe Oyru
3aCTOCOBaHE Yy SKOCTI OZHOr0 3 0a30BHX KOMIIOHEHTIB IMPOMIXHOI'O IPOrpaMHOro 3a0e3IeUeHHs PO3NOAUICHOI 0a3K JaHUX Ha
eTari MPOeKTyBaHH: Oy/Ab-sIKOr0 IPOrPaMHOro 3a0e3NeUeHHs TAKUM YHHOM, 1[0 MOXKYTh OYTH JTOCSATHEHI 30aaHCcOBaHi rapaHTii
UL HaJIHOr O CXOBMILA HA PaHHBOMY €Tali iMIuieMeHTallii 6i3Hec norpeo.

Karw4yosi ciaosa: CAP-rapanrii, OaiaHCyBaHHS HaBaHTAXXEHHS, PO3NO/IICH] 0a3U JaHMX, BUCOKA JIOCTYIHICTb, KOPCT-
Ka Y3TODKEHICTb.
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LenTpanbHO yKpaiHCHKHI HAI[IOHALHHH TEXHIYHUN yHIBEpCHTET, KpOoMBHUIIBKMH, YKpaiHa

®OPMYBAHHSI EBPUCTUYHUX ITPABUJI, BA3U 3HAHDB
TA ®OPMAJIIBALIA CTPYKTYPU U ITPABUJI TEXHOJIOI'TYHOI'O
MPOLECY IJI ONTUMIBAIIMHOI XMAPHOI IHOOPMAIIIMHOI CUCTEMHA

AnoTanis. IIpeamMerom BUBUEHHS y CTATTi € CTPYKTypa TEXHOIOTYHOIO IPOLIECY VIl ONTHMI3aLiHHOI XMapHOI iHpopMaliii-
HOI cucremu, (OpMyBaHHs €BPUCTUYHHX IIpaBHII Ta 0a3u 3HaHb. MeToro poGoTH € (OpMyBaHHS EBPHCTHUHMX IIPaBHII, 0a3u
3HaHb Ta (popManizaLlis CTPYKTYpH i NPaBHII TEXHOJIOTIYHOrO MPOLIECY I ONTUMI3aLiiHOl XMapHOi iH(pOpMaNiiHOl cucTeMu.
3anaui: B npoueci opMyBaHHS CTPYKTYpH TEXHOJIOIIYHOrO MPOLIECY BU3HAUNTH HU3KY ITapaMeTpiB, sKi HE PEeriaMeHTYIOThCs
BHMOT'aMH JI0 TOTOBOIO BUPOOY, aje IX 3HAYCHHsI CYTTEBO BIUIMBAIOTH HA PE3Y/IbTAT IUIAHYBAHHS TEXHOJIOTIYHUX onepatiid. In-
(opmariiiina cucreMa IOBMHHA 3a0€3MeUUTH NIPABHIBHICTD 3aII0BHEHHS BUMOT JI0 Pe3yJIbTaTiB TeXHONOrYHoro mpouecy. Cuc-
TeMa MOBHHHA 3a0e3MeYNUTH KOHTPOJIb IOBHOTH Ta CyMICHOCTI BXIJIHMX JAHHX, IIPOBOAMTH KOHTPOJIb HAsBHOCTI BUMOT, SIKi HE
MO)KHA BU3HAYUTH 13 B)KE 33/1aHNX KpUTepiiB. Takoxk crcTeMa MOBHHHA 3a0e3M1eYNTH MOXUIUBICTh 3AIUIINTHA BUMOT'Y HEBH3HAYe-
HOIO, SIKIIO 3 BX€ BU3HAYCHHX BEJIMYMH MOXUINBA OLIHKA Iiiei BUMOru. Ha oCHOBI BUMOT TEXHOJIOTYHOr0 Hpolecy chopMyIoBa-
TH €BPUCTUYHI NpaBwia. Po3podutu crpykTypy iH(OpMAIiiiHOI CHCTEMM IMIATPUMKM NMPUHHATTS PILLICHb JUIS aBTOMATH3aLlil
CTBOPEHHS ONTHUMIi30BaHMX TEXHOJIOTIYHHMX MPOLECIB BiIHOBJICHHS OBEPXOHb JIETANICH €EKTPOAYrOBUM HaIlIeHHIM Pe3yiib-
TaTaMH PodOTH € iHpopMalliliHa cucTeMa sika BKJIIoUae y cebe: 6a3y 3HaHb, 10 MiCTHTB, JIOMYCTUMI Aialla30HU BXiIHHUX JIaHHUX,
3a0e3redye KOHTPOJIb TOBHOTH Ta CyMICHOCTI BXI/IHUX JIaHHX, IPOBOJUTH KOHTPOJIb HASIBHOCTI BUMOT, SIKi HE MOYKHA BU3HAUUTU
13 BXKe 3a[]aHMX KPUTEpiiB. 3abe3redye MOXKIIMBICTD 3AIUILIUTA BUMOT'Y HEBU3HAUCHOLO, SIKILO 3 BXKE BU3HAYEHHUX BEIMYUH MOX-
JIMBa OLHKA 1€ BUMOrH. 3 3a3HaY€HHX BUMOI TEXHOJIOTIYHOr0 NpoLecy copMyIiboBaHa Ipyma eBPUCTHYHMX MPaBUI, Po3po0-
JICHO CTPYKTYpY iH(OpMaIiiiHOI CHCTEMH IiATPUMKH IPUHHSTTS pillieHb Ul aBTOMAaTH3allii CTBOPEHHSI ONTHMI30BaHHUX TEXHO-
JIOTYHHX IIPOLIECIB BiJIHOBJICHHS ITOBEPXOHb JETaJlel eJIEKTPOIYrOBHM HaIllICHHSIM. BUCHOBKM: HayKoBa HOBH3HA IOJIATAE y
(hopMyBaHHI TEXHOJIOIYHOrO MPOLIECY ULl ONTUMI3aLiiHOl XMapHOi ekcriepTHOI cucteMu. ChopMyIiboBaHa Ipyra eBPUCTHYHUX
TIpaBILI, PO3po0iIeHa CTPYKTYpa iH(OPMAIIIHOI CUCTEMH MiITPUMKH IPAHHATTS PIILeHb JUIs aBTOMATH3ALlii CTBOPEHHS ONTHMi-
30BaHHUX TEXHOJIOTIYHHX IPOLIECIB BiTHOBJICHHS IIOBEPXOHB JIeTaJICH eJIEKTPOIYr OBUM HAITHIICHHSIM.

KawuyoBi caosa: indopmariitna cucrema, iHpopMamiiiHi Mpomecy, TeXHOIOTIYHUI IPOLIEC, ONTHUMI3allisl, eBPUCTUYHI

IIpaBuIaA.
Beryn

B cyyacHnx ymoBax y Marepiajlo3HaBCTBI, VISl CTBO-
pEHHSI BUPOOIB 3 MOKPUTTSAM, a00 BIJHOBJIEHHS YH 3Mill-
HEHHS! TIOBEPXOHb JIeTallell BAKOPHCTOBYIOTh Pi3HI TEXHO-
sorivni nporecy [1-5]. OmHMM 3 TaKMX TEXHOJIOTTYHUX
nporieciB € enekrpoayroe HamwienHs (EJIH). IIpomec
€JIEKTPOYTOBOTO HANWJICHHS CKIANA€ThCS 3 JIaHIFOra
TEXHOJIOTTYHUX onepariii «CTpyMeHeBo-aOpa3uBHa 00po-
Oka» — «Hanecenns mimmapy» — «HaHeceHHsI OCHOBHOTO
1apy MOKPUTTS», IPH LIbOMY KOKHA 3 3a3HAYEHUX TEXHO-
JIOTIYHUX Orepaliii Mae cBoi napamerpu [4]. J{omineHum €
(opMyBaHHs CUCTEMH BHOOpY ONTHMAJIbHHUX MapaMeTpiB
JUT KOYKHOI TEXHOJIONTYHOI Oreparlii y JIAHIEOTY, 3 METOIO
OTpHMaHHs JieTaliell abo MOBEPXOHb 3 HalKpaIlllMH MOKa-
3HHKaMH 3a THMH, a00 iHmmmu Kpurepismu [2-5]. s
OO aBTOPOM BHPIIIYETHCS 3aBJaHHS PO3POOKU CTPYK-
TypH iH(pOpMaIiHHOro 3a0e3reueHHs MpoLecy ONTHUMi3a-
IIiT TEXHOJIOTTYHOrO TPOIIECY EIEKTPOMYTOBOrO HAIMIICH-
Hsl, Y BUIJISI BIANOBIAHOI XMapHOI iH(opMaiiiHoi cuc-
Temu. [171si BUpIILIEHHST TAHOTO 3aBJAHHS aBTOPOM TIPOIIO-
HYETHCS BUPIIINTH TaKi Mia3aayi:

1. ®dopmainizyBaTH CTPYKTYpY TEXHOJOTIYHOTO
TMIPOLIECY €IEKTPOAYTOBOTO HAITUIICHHSI.

2. PeanizyBatu CTpyKTYypYy TEXHOJOTIYHOTO MpO-
LIECY EJIEKTPOIyTOBOr0 HAIMIICHHSI.

3. CdopMyBaT €BpUCTHYHI MpaBWia Ta 0a3u
3HaHb CTPYKTYPH TEXHOJOTIYHOTO IPOIIECY €IEKTPOAY-
TOBOTO HAIMJICHHSL.

4. dopmanizyBaTH CTPYKTYpY Ta IpaBHia TEXHO-
JIOTIYHOTO TIPOIIECY, 3BEJICHHS 10 YHIBEPCAILHOTO TeX-
HOJIOTIYHOTO TIPOIIECY.

5. Po3poOuTH Ta HaITOBHUTH 0a3u 3HAHB.

6. CopmyBatu miarpaMmy BUKOpUCTaHHS iH(opma-
LIMHOI cucTeMH 3abe3redeHHs] OOY/IOBU Ta ONTUMI3alil
TEXHOJIOTTYHOr'0 MPOLIECY ENIEKTPOYTOBOI0 HAIHIICHHSL.

7. ChopMyBatu aiarpaMy IMOCITITIOBHOCTI BHKOPH-
cTaHHs iHQOpMAaNiifHOI cucTeMu 3abe3nedeHHs MOo0Y-
JIOBU Ta ONTHUMIi3alil TEXHOJOTIYHOI'O TPOLECY €IeKT-
POAYTOBOTO HAIUIICHHSI.

Ilepmra ta mpyra migzamada po3mIAHYTI y poOOTI
[4]. Hana poboTa mpuCBsiueHa peaizallii TPeThoi Ta
4yeTBepTol mix3anadi To0To, OpMyBaHHIO EBPUCTHIHUX
MpaBuII Ta 6a3u 3HaHb CTPYKTYPH TEXHOJOTIYHOIO MPO-
IIeCy eNIEKTPOAYTOBOrO0 HamWJICHHSA, ¥ (opmamizarii
CTPYKTYpH Ta TIPaBHJI TEXHOJOIIYHOTO MPOLECY, 3Be-
JIEHHSI 10 YHIBEpPCaJIbHOTO TEXHOJIOTTYHOTO MPOLIECY.

Meta po6oTu: chopMyBaTH €BPHCTUYHI TNpaBUIIA,
0a3u 3HaHb Ta (hOpMaizyBaTH CTPYKTYpY i MpaBuiia Tex-
HOJIOTIYHOTO TpOLIecy Il ONTUMI3aliHOI XMapHOI iHpo-
pMariiiiHoi cucreMu. JIJs JOCSTHEHHS TTOCTABJIEHOI METH
HEOO0XiJHO B TIpolieci (JOpMYBaHHS CTPYKTYPH TEXHOJOTi-
YHOTO MPOIIECY BU3HAYNTH HHU3KY MapaMeTpiB, sKi He per-
JIAMEHTYIOTBCSI BUMOTaMH JI0 TOTOBOTO BUpOOy, ane ix
3HA4YEHHS CYTTEBO BIUIMBAIOTH Ha PE3YJbTAT IUIAHYBaHHS
TeXHONIOTTYHUX onepauiil. [Hpopmariiina cucrema MoBu-
HHa 3a0€3MeYUTH IPABUIBHICTH 3allOBHEHHS BHMOT 10
PE3YNBTATIB TEXHONOTTYHOro mporecy. CucteMa MOBHHHA
3a0€3MeUYUTH KOHTPOJIb TIOBHOTH Ta CYMICHOCTI BXIJTHHX
JIAHUX, TPOBOJWTH KOHTPOIIb HASBHOCTI BHUMOI, SIKi HE
MOYKHA BU3HAYHUTH i3 BXKe 3a/laHuX KpHTepiiB. Takox cuc-
TeMa TTOBHHHA 3a0€3MEYUTH MOYKITHBICTD 3aTHIIIATH BUMO-
I'y HeBU3HAYCHOIO, SKIIIO 3 BXKE BH3HAYCHHUX BEJIMYHH MO-
JKJIMBA OLIHKA 11i€] BUMOrH. Ha OCHOBiI BUMOT' TEXHOJOTTY-
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HOT'O TIporiecy c(hopMysIIoBaTH CBPUCTUYHI TpaBmia. Po3-
pOOUTH CTPYKTYpY iH(OPMALIHOI CHCTEMH MiATPUMKH
TIPUAHATTS PillIeHb JUTsl aBTOMATH3allil CTBOPEHHS ONTHMi-
30BaHMX TEXHOJOTTYHUX IIPOIICCIB BiITHOBJICHHS IOBEP-
XOHb JICTaJICH €ICKTPOIYTOBUM HAIMICHHSM.

Pe3yabTaTtu 10caixKkeHn

®dopmyBaHHS €BPHCTHYHUX MPaBWI Ta 0a3u
3HaHb CTPYKTYPH TEXHOJIOTiYHOTO MPOIECY eJIeKT-
poayroBoro HamwijeHHs. B mpomeci ¢opMmyBaHHS
CTPYKTYPH TEXHOJIOTIYHOTO IIPOIECy MOTPIOHO BH3HA-
YUTH HU3KY apaMeTpiB, SIKi HE PErJIaMEHTYIOThCSl BU-
MOT'aMU JI0 TOTOBOTO BHPOOY, ajie iX 3HaueHHs CYTTEBO
BIUIMBAIOTh Ha PE3yJbTAT IUIAaHYBaHHS TEXHOJOTTYHHX
orepaniif. Takox, He periaMeHTOBaHI BUMOTH HE MO-
XKyTb OyTH BHUpa)keHi Hi MaTeMaTH4YHO ab0 aJropuTMid-
HO, 1 BUBOJISITHCS 3 BJIACHOT'O JIOCBily €KCIIEPTiB.

Jlis IpoeKTyBaHHsI TEXHOJIOTTYHOTO HpoLeCy Mo-
TpiOHO BU3HAYMTH: TE€OMETPHYHI PO3MIpH €T, IoBe-
PXHIO SKOi MOTPiOHO 0OpoOHTH ab0 BiTHOBUTH, IS
BiJTHOBJICHHSI BaJIiB KPUTUYHUMHU € 3HAUECHHS JTOBXUHH
00po0ITIOBaIbHOT YacTHHU neTani L, miamerp D, mpu
SIKOMY YTBOPHUTBCS MiHIMAIbHUH IIWIIHADP HOKPHUTTS
JieTani, 1eil mapamerp Ma€ BIUIMB Ha MiHIMaJbHY MOX-
JMUBY IUCTaHLil0 HamwieHHs L. Takox 3 oO3Ha4YeHHX
rapameTpiB pOOUTHCS BUCHOBOK PO MOXKJIMBICTH BCTa-

HOBJICHHSI BaJly Ha BepCTaT aBTOMAaTW4HOI mojadi. Jle-
TaJi, sIKi He € BaJaMH, IOBHHHI 00POOJIATUCS BPYUHY.

BaxnuBy ponb Mae Matepian 3 SKOro 3po0JjieHO
JleTani, TOBEpXHs sIKOi MmiamaeTbcs obpobui. Hampu-
xman, 3a «Valid and invalid contacts of metals in
accordance with GOST 9.005-72» Bu3Ha4arOThCsl MaTe-
pianu, sKi HE JOMYCTHMI B CHIILHOMY BHKOPUCTaHHI 3
TOYKH 30py KOpPO3iiHOI cTifikocTi. B pasi npucyrHocTi y
BUMOTaxX [0 pPe3ylbTaTy OOpPOOKH JeTayli MaTepiany
TIOKPUTTS, SIKUA € HECYMICHHM 3 MaTepiajloM OCHOBH,
TEXHIYHHUI TMPOIEC MOBHHEH OOOB’S3KOBO JIOTIOBHIOBA-
TUCS HAaHECEHHSM IPOILIApKy 3 METally, SIKUH € cymic-
HUM 3 OCHOBOIO Ta IOKPHUTTSIM OJHOYACHO. 3TiJHO 3a-
3HAYEHHM OCOOJIMBOCTSIM IIaHYBaHHS TEXHOJOTIYHOTO
MPOIIECY HAIWJICHHs MOTPIOHO BU3HAYMTH BXITHI JTaHi
(Tabi. 1, cobiBapTICTh MPOIECY AJIA I[HOTO IPUKIIATY HE
BpaxoBaHO). 3 3a3HAYEHHX BHMOT II0 JO BH3HAYEHHS
BHUMOT TEXHOJIOTTYHOTO MPOIECY BUHUKAIOTH HACTYITHA
rpylna eBpUCTHYHUX TIPABHUIL:

Ilpasuno 1.1: SIkio BUMora o00B’sI3K0Ba, BUMara-
THU 3aITOBHCHHS BiJIIIOBITHUX ITOJIB.

Ilpasuno 1.2: Bumora mniepectae OyTH 00OB’SI3KO-
BOIO, SIKIIIO BU3HAYECHO mapamerp(u), 3a SKuM(1) MOXKHA
MPOBECTH TIPOIIEC BU3HAYCHHS 11i€] BUMOTH.

Ipasuno 1.3: HaknaganHs yMOB ONTHMIi3amii Mo-
JKITUBE JIMIIIE U HEOOOB SI3KOBUX MTapaMeTpiB.

Tabnuya I - Ilepesik BXiZTHUX MapaMeTpiB Ta BUMOT 10 Pe3y/bTaTiB TeXHOJIOTiYHOI0 mpouecy

Ne Hassa IHo3nauyenns O00B’S13K0BICTH

1 [TBepuicTh MaTepialy OCHOBH Jyisl 00pOOKH Ogx «Tax»

2 [Marepian OCHOBH M,, «Tax»

3 Martepian HOKpHUTTS M «Hiy, sKio 3aaHi BIacTUBOCTI NOBEpXHI, iHaKme «Taky»
4 |MirHicTb 34eIuIeHHs HOKPHTTS 10 OCHOBH, aJIre3ist A, «Hiy»

5 [Ceomerp. po3Mipy OCHOBH JJIsi HAHECEHHSI TIOKPHT TSI Ly, Dy, ... «Tax»

6 [CeomerpuuHi po3MipH micisi HaHeCeHHS HOKPUTTS | Ly, Dayrs ... |«Hiy, sIKITI0 3a1aHa TOBIIMHA CIIOIO HAHECEHHS, iHaKmIe «Taky
7 [ToBIIMHA IOKPUTTS P «Hiy, sikio 3amani BuxigHi po3mipw, iHakme «Tak»

8 [MopucticTh MOKPUTTS Peux «Hi»

9 [TBepAiCTh MOKPHUTTS Ooux «Hiy, sikio 3aganuii MaTepias moBepxHi, iHakmie «Taky
10 BHOCOCTIHKICTh TOKPHUTTSI Joux «Hiy, sikio 3aganuii MaTepias moBepxHi, iHakmie «Taky
11 [ToBumwHa migmapky Nio «Hiy»

Ilpasuno 1.4: HeoOOB’SI3KOBI  apaMeTpy MOXKHA
3aJIMIIMTH HE 33J]aHUMU, ajie aBTOMAaTHYHO Ha BCi Ia-
paMeTpH MOBHHHI HaKJIaJaTHCS 0OMEKEHHsI, SKi BiIIO-
B1IAIOTh (pi3UYHUM BJIACTUBOCTSAM IIPOIICCY.

Ipasuno 1.5. SIlxmo BUMoOra CyrepeduTh I1HIIIH
BHMO3i, IPOBECTU BUOIp MPIOPUTETY, i MEHII MIPiOpHUTE-
THY BUMOT'Y TIEpEBECTH B KPHUTEpiil onTuMi3alii 3 BHCO-
KUM TIPIOPUTETOM.

Ilpasuno 1.6. Slkmo BuMora abo Kputepiii He 3a-
JlaHi, HAKIACTH a BUMOTY KPHUTEpil onTuMmizalii HHU3b-
KOro TPIOPUTETY Ha MiHIMI3allilo BHTPAT PECYpCiB 3
BpaxyBaHHSM JIOITYCTUMHX MEX.

HacrynHi eBpucTH4HO BU3HAYeHi Iii 1MOB’s3aHi 3
0OpaHHAM TEXHOJIOTIYHUX JTiH:

Ilpasuno 2.1: SIkiio 3a reOMETpUYHUMH apaMeT-
pamu JieTajb HE MO)KHA BCTAHOBHTH Ha OOJaJHAaHHS
aBTOMATUYHOI OOpOOKH, MOTPIOHO IEepedTH 0 po3pa-
XYHKIB ITPOJyKTUBHOCTI Ta TOYHOCTI PYYHOI Tpalrli.

Ipasuno 2.2: Slxmo matepianu Aertaii Ta HOKPHUT-
TSl € TAKMMU IO BaXXKO IOEAHYBATH 3 TOYKH 30Dy XiMi-
YHOI CyMIiCHOCTI, 3aKpIlUTH ONepalito HaHECEHHs ITi[-

LIApKy K 000B’SI3KOBY.

Ilpasuno 2.3: SIkiio mMartepiai MOKPUTTS Ma€ HENO-
CTaTHIO aJre3il0 JI0 MaTepiaiay JAeraii, 3aKpillUTH olle-
pallito HaHECEHHs i IIAPKY K 000B’I3KOBY.

Ilpasuno 2.4: SIkmo ToBmUHA hg,, HAHECCHHSI Ma-
Tepiany 3Ha4yHa, 3alpOIIOHYBATH MOXKJIMBICTh HAHECEH-
HS MiJapKy 3 OLIbII IENIEBOr0 MaTepiay.

Hacrynni mpaBuna npusHaveHi Ui BU3HAUCHHS
(YHKI[IOHAJIBHUX TIPU3HAYEHb TEXHOJOTIYHUX OIepa-
LiHf, 110 MOXKEe BIUIMHYTH Ha BU3HAYEHHS il B HACTYI-
Hill rpymi onepartiii:

Ilpasuno 3.1: SIkimo Matepiaiay aetajii Ta MOKPHUT-
T 110 XIMIYHOMY CKJIa/ly T2 MEXaHIYHHM BJIACTHBOCTSIM
YaCTKOBO HE CYMICHI, TO MO3HAYUTH OIEpallil0 HaHe-
CEeHHS MiINIApPKy SK 00OB’SI3KOBY 3 JOAAaBaHHSIM aTpH-
OyTy {«CyMIiCHICTH»}. MOXIHBE BUKOPUCTAHHS KiJb-
KOX IpH3Ha4YeHb. Pe3ynbrar Moxe OyTH BHBEICHHI
JIOTIYHO TPH BpaxyBaHHI pe3ylbTaTiB 3aCTOCYBaHHS
MIpaBUI 2 TPYIH.

Ipasuno 3.2: SIkmo  BiTHOBIIOBAJIIbHA TTOBEPXHS
Ma€ KOpO3iliHi 3a0pyIHEHHS, BU3HAYMTH APOOOCTpPY-
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MiHHY 0OpOOKY sk 00OB’S3KOBY OIEpaIlilo 3 J0IaBaH-
HSIM aTpUOyTy {«OYHILEHHS» }.

Ipasuno 3.3: Slxmo aaresist Mix 6a30BUM Marepi-
aJIOM Ta HAHECEHHSM He JOCTaTHS, Ta 301IbIICHHS KOH-
TAKTHOI IUIONII IUISXOM TMiJBHUIIEHHS HIOPXOBATOCTI
JIOCTATHE JUIS JIOCSATHEHHS 33JaH0i BEJIMYMHH, TO J071a-
TH  omepaiio  JApoOOCTPYMIHHOI  OOpOOKH  sK
000B’SI3KOBY 3 aTpUOyTOM {«aaresis»}.

Ipasuno 3.4: Slxmo aaresist Mix 6a30BUM Marepi-
aJOM Ta HAHECEHHSM HE JOCTATHS, IMO3HAYMTH TEXHO-
JIOTIYHY OIIEpallil0 HAHECEHHS 3 JOJaBaHHSAM aTpHOYTy
{«anre3is»}.

Ilpasuno 3.5: SIK10 TOBIIMHA HAHECEHHS IOKPUT-
TS Ay, € 3HAYHOIO (3aJICKHUTH Bl MaTepially HOKPHUTTS),
TO JOAATH ONEpalil0 HAHECEHHs MiAMapKy 3 JoJaBaH-
HSIM aTpuOyTy {«3aIlOBHEHHS }.

Ilpasuno 3.6: SIkiio omepailiss HAHECEHHS TTOKPHUT-
TS TpPU3HAYeHs ISl TIOBEPXHEBOrO WIapy, MOJATH Ii
aTpuOyT {«IOBEPXHS» }.

UYerBepTa rpyna eBpUCTUYHHX MPABHII IPU3HAUCHA
JUIl YyTOYHEHHSl MapaMeTpiB Ta BUMOT JO TEXHOJIOTid-
HUX OIepallili 3riTHO BUCTABJICHUX aTPHOYTIB:

Ilpasuno 4.1: SIkmo nepenbdavueHo HAHECEHHS ITi-
JIIApKy 3 TPUCYTHIM (YHKIIOHAIBHUM ITPU3HAYEHHSIM
{«3aroBHEHH» }, TPOBECTH MPOLEAYPY BUZHAUCHHS /1,y
— TOBILMHH ITiAIIAPKY.

Ipasuno 4.2: SIkmo npoOOCTpyMiHHI omepartii 3a-
JaHi aTpudyramu {«aaresis»} Ta {«OUHUILIEHHS» }, BHEC-
TH KOPEKIiI0 Yyacy 0OpoOKH Ta 00’ €JHATH Ollepallii.

Ilpasuno 4.3: SIkmo omeparlii HaHECEHHsI IiMIap-
Ky MaroTh aTpuOyTH {«aaresisi»} Ta {«3amoBHEHHS»} i
IIPY [[bOMY BHKOPUCTOBYIOTH OJHAKOBUH MaTepiaj, TO
00’emHATH orepallii Ta X aTpuOyTH.

Ilpasuno 4.4: SIkmo oneparlii HaHECEHHsI IiMIap-
Ky MalOTh aTpUOYTH {«3allOBHEHHSI»} Ta {«IIOBEPXHS }
1 IIpY IIbOMY BUKOPHCTOBYIOTh OJJHAKOBHI MaTepiaj, TO
00’eHATH orepallii Ta iX aTpuOyTH.

Ilpasuno 4.5: SIkuo oneparlist Hemae aTpuOyTy, TO
BIUTYYHTH 1 3 JIaHI[FOTa OTEparliii.

®opMmanizanisi CTPYKTYPH Ta NPABUJ TeXHOJIO-
rivHoOro Mpouecy, 3BeIeHHSI 10 YHiBEPCAJIbHOIO TeX-
HOJIOTiYHOT 0 Tpouecy. Ha oCHOBI pO3IIIIHYTHX Ta pO3-
pOOJIEHUX METOMIB Ta MEXaHi3MiB, SIKi BUKOPUCTOBYIOTh
IUTS. PO3POOKU TEXHOJNOTIYHHMX IPOLECIB PO3POOICHO
CTPYKTYpY iHQOPMAIifHOI CHUCTEMH MiATPUMKH TIPHIH-
STTS PillIeHb JUIsi aBTOMaTH3allil CTBOPEHHS ONTHUMi30-
BaHMX TEXHOJOIIYHUX IPOIECIB BiJHOBJICHHS IIOBEp-
XOHb JIeTajed eNeKTPOIyrOBUM HalWICHHSM SIKY TTOKa-
3aHo Ha puc. 1.

CucTteMy YMOBHO MOXKHA TOJUIATH HAa €TaIlH, 3Ti-
JTHO PO3POOJIEHUX B IMONEPEJAHHOMY ITYHKTI €BPUCTHY-
HUX TIPaBHJI.

[epmmii eran npusHayeHuil aast dopmaiizamii
BHMOT JIO PE3YJIbTATIB TEXHOJIOTIYHOIO MPOIECy Ta BU-
3HAYEHHs BXIJHUX IApaMeTpiB JeTaii, sKa IIiIsArae
BIIHOBJICHHIO TOBepxHi. [Ipy IIbOMY BUAUIAIOTHCS BU-
MOT'H JIO pe3yJbTaTy 00pOOKH Ta KpUTepii onThMizarii.
[Ipu HemocTaTHIM KiNBKOCTI KpUTEpiiB a00 BUMOT, €B-
PUCTHYHMMU MPABHIIAMH TIEPUIO TPYNH BBOAATHCS 00-
MEXEHHS a TaKOX KpuTepil onTHMizalii HH3BKOTO
MPiOPHUTETY. 3 TPUYMHU MOXKIMBOCTI iCHYBaHHS KOH(-
JIKTIB y BUMOrax, [0 MOBHHHO BinoOpakaTucst B 0a3i

3HaHb I10 BiJJHOUIEHHSM Mi)X BUMOTaMH, HPOBOJHTHCS
3aMiHa KpUTEpiiB Ha KpuTepii onTumizalii 3 migBuIie-
HHUM TpiopuTeToM. B pe3ynbrari He 3a7aHi Kputepii Ta
BUMOTU TIEPEBOISATHCS B PO3PsA CIAOKHX KpPUTEPIiB
ornTUMizarii.

pecypcamm

TexHiuHi BUMOTK
[0 NoBepxHi

: : BigcTexeHHa :
[ t 3anewHocTer :
i1 | BugineHHa oGos'ASKOBMX | . MK BUMOramiu H
5 i KIMIBKICHAX B MMOr : — i
[ z = = Bumorn Ta .
b . E--—.- I £ o o BigHOLWEHHA i
i BuraineHHA BANOT, : % E 2 g MisK BMMOFEM U H
! | Ha Akl MoXHA HaknacTy | | & é* s | o :
. npasmna onTUMisaLii H E|lx H
H o H
: y “Tpuanavenus”; | | o
BapiaHTy Ta KpuTepii H L : 3 :
¢+ | TexHonoriuHoi onepavyi /gam H - F
HEE . 5 EspucTikia i : E : i
11516 ‘ 5 AoLNEHOCT! ioF 3 :
H BUKOPUCTaHHA H - HE
Pk W] impoml il F L
5 MeTa ommmizadyi: l : : I :
| (kpwrepii) — (min; max) e ' HE -
H Basza sHaHb |l oo v
T 2 MNapameTpy Ta : Pl Pl
i | NapameTpn Ta kpuTepil KpuTe i Ve 8 -
H npoLecy TEXHONOTUHOI e
S onepagi T = A
. PospaxyHok pexuMie : (O -
1 pofom (Mogens npouecy) . i -
* [Lormyckw Ta [ iooe
i MPUYCKI 3rigHo HE 23
| [ Bwbip eapians, Al LCTY (a50 ISO) b £ s
i | HaRBnwkul Ao 3a0aHNK H - I
: 3 KpuTepiie : E : e
: Pr=rr=m P Lo T
. Buéip sapiaqTie, no ai;mp;l o= H . -
i | He sapaHim kpuTepism onmAMizaLji 28 3 ; I

Basza sHane VI

EmpucTmn nobygomm
womGinauit naAuo o
[ TEXHONOMNYHW X Onepauin

PopnyBaHHA TEXHONOTIYHOT
KapTKA BiHOBEHHA
noBepxHI

Puc. 1. Cxema dyHKUiOHYBaHHS iHGOPMALIHHOI CUCTEMU
IATPUMKH PillleHb JUIS aBTOMATH3allil CTBOPEHHS
OITHUMI30BaHUX TEXHOJIOTTYHUX NPOLIECIB BiJHOBJICHHS
MOBEPXOHb JIeTalell eIeKTPOYrOBUM HAIMIICHHAM

[lykaHi BUMOTH BiIIOBIZalOTh 32 HOPSAOK TEXHO-
JIOTIYHUX OMepauiii Npu BHKOHAHHI TEXHOJOTIYHOrO
MPOLIECY Ta MapaMeTpiB, PEKUMIB MPOBEICHHS TEXHO-
JIOTiYHUX omepauiid. B OLIbpIIOCTI cUTyaliif IIyKaHi ma-
paMeTpu mepexoisiTh y (QOpMyBaHHS TEXHOJOTIYHOL
KapTKH TpoIIecy.

Jpyruii eram € CTpYKTYpPHOIO OINTHMI3alli€ro, siKa
Ma€ BU3HAYUTH JOMYCTUMI JIAHIIOTH TEXHOJIOTTYHUX
orepaniii. Ase B CKJIaJIHUX TEXHOJOTIYHUX Mpolecax 3
BEJIMKOIO KUTBKICTIO OTepalliil ms 3amaya Mae KOMOiHa-
TOPHY CKJIQIHICTh, 110 IPU3BOAUTH JO HEIMOMIpHO Be-
JIMKOT KiJIbKOCTI MOMKJIMBUX PillIeHb, sIKi HE MOXKHA PO3-
TJISTHYTH 32 PO3YMHHH 1HTEpBa 4acy.

3HAa4YHO CKOPOTUTH KUIBKICTh PO3IIIIHYTHX KOMOi-
Hallii MO)KHA 3aBASKA BUKOPHUCTAHHIO EBPUCTHYHHX
MPaBWJI, SIKi BPaXOBYIOTh TEXHIYHE IMPU3HAYEHHS TeEX-
HOJIOTIYHOI Oreparii, HalpyuKiIaj MiIrOTOBKa MMOBEPXHI
HE MOXKE IepeayBaTu HaHECEHHIO MOBEPXHEBOTO Iapy.
Ile BupakeHo B (opMyBaHHI EBPHUCTUYHUX IPABUI
rpyn 2 ta 3. Jle npyra rpyna BU3Ha4ae NpU3HAUCHHS
oreparii, a Tpersi — BiJHOUIEHHS TOPSAKY Ta PiBHOCTI
MDK onepariisiMi. BiHOIICHHS PiBHOCTI 3aCTOCOBHE Y
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BUIIa[KaX, KOJM OJHA TEXHOJIOTiYHA Omepaiiss Moxe
BUKOHATU KiJIbKa NMpu3HaueHb. Hampukian, HaHeceHHS
Mimapy MoKe BUKOHYBATH 3aJavi 301IbIICHHS aare3ii
Ta MIJBUIIEHHSA XIMIYHOI CYMICHOCTI Matepiany aeTaii
Ta MaTepiaiy MOKPHUTTSI.

CucreMy yMOBHO MOYKHA TIOJIUTUTH HA €TamH, 3Tij-
HO PO3pPOOJICHUX B IMOINEPETHHOMY MYHKTI €BPHCTHYHHX
npaBwl. B pasi 00’eqHaHHS a00 3MIHM TEXHOJOTIYHHX
orepaiiii MOXyTh BUHHMKATH JOJATKOBI INapaMerpu Ta
KpuTepii 00pOKH, 10 BioOpakeHO B EBPUCTUYHHX TIpa-
BMJIAX 4eTBEpTOl rpymu. TOMY HACTYITHUM €TarioM OITH-
Mi3alil € BUKOPUCTaHHS (iJIbTPY MOIUIBHOCTI omneparii
Ta MpolLeCy NOAaBaHHs KPUTEPIiB BUMOT, IO HE 3aBXKAN
MOXKHA TIOBHICTIO aBTOoMarm3yBatu. IIpote el eran ra-
paHTye 10 JOAATKOBI MapaMeTpy Ta KpUTepii He OyIyTh
BTpaueHi Ipy MoOYI0Bi TEXHOIOTTYHOTO ITPOLIECY.

B pesysnbrari mpoBemeHHsI IpoOLECy ONTHMIizallii
TEXHOJIOTTYHOTO TPOIIECY MO JOMYCTUMHM EBPHUCTHIHH-
MU NpaBWJIaM, OTPUMYEMO MHOKHHY JIAHIIOTIB OKPEMO
OIITHMI30BaHMX TEXHOJIOTTYHUX TPOIIECIB, 3 SIKOi MPOBO-
JIUTHCST OAaraTOKpUTEpiaNbHii BiAOIp, 110 BiANOBIIAE I10-
CTaBJIeHMM BUMoram onrtumizanii. KopuctyBau crucremu

MOX€E OTPUMYBATH Y BiANOBLIb SIK i OMHY KapTKy TEXHO-
JIOTIYHOT'O MPOIIECY, TaK i ACKIJIbKa HAMKPAIIHX.

BucHoBku

B poGori chopMoBaHO TEXHOIOTIYHUIT IPOIIEC ISt
OINTUMI3alifHOT XMapHOI EKCIIEPTHOI CHUCTEMH, TaKOX
chopMysIbOBaHa Tpyla €BPUCTUYHUX MPaBHI, PO3pO0-
JIeHa CTPYKTypa iH(OpPMALiHOI CHCTEMH MiATPUMKH
NPUAHATTS PIlIeHb JUIS aBTOMAaTU3allii CTBOPEHHS OI-
TUMI30BaHUX TEXHOJOTIYHUX IIPOLECIB BIJIHOBJICHHS
TIOBEPXOHb JeTajlell eIeKTPOAYTOBUM HAITMIICHHSIM.

VY HacTynmHuX poOoTax aBTOpY HEOOXiIHO BUPILIH-
TH HACTYIIHI ITiJ3a1a4i:

— Po3poOurtu Ta HaroBHUTH 0a3u 3HaHb.

— CdopmyBaTu niarpamy BUKOpUCTaHHs iH(opma-
IIHHOT CUCTeMU 3a0e3IeUYeHHs MOOYIOBH Ta ONTHUMIi3a-
Iii TEXHOJIOTIYHOTO MPOIECY EJIEKTPOAYrOBOr0 HAIlH-
JICHHSL.

— CdopmyBaTu niarpaMy IOCiiIOBHOCTI BUKOpHC-
TaHHs iHpOpMAIHOI cucTeMH 3a0e3rneueHHs 1mo0yao-
BH Ta ONTHMIi3allii TEXHOJOTIYHOTO MPOIECY EEeKTPO-
JIyrOBOTO HAIMJICHHS. .
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Formation of the heuristic rules, knowledge bases and formalization of the structure and the rules
of the technological process for the optimization of the cloud information system

T. Smirnova

Abstract. The article deals with the structure of technological process for optimization of cloud information system,
formation of heuristic rules and knowledge base. The purpose of the work is to formulate heuristic rules, knowledge base and
formalize the structure and rules of the technological process for the optimization cloud information system. Objectives: In
the process of forming the structure of the technological process to determine a number of parameters that are not regulated
by the requirements for the finished product, but their values significantly affect the result of planning technological opera-
tions. The information system must ensure that the requirements for the results of the technological process are correctly met.
The system must ensure that the completeness and compatibility of the input data is monitored and that requirements that
cannot be determined from the criteria already specified are monitored. The system must also allow the requirement to be left
undetermined if an estimate of that requirement is possible from the values already determined. Formulate heuristic rules
based on process requirements. To develop the structure of decision support information system for automation of creation of
optimized technological processes of surface restoration of parts by electric deposition. requirements that cannot be deter-
mined from the criteria already specified. Provides the ability to leave a claim undetermined if an estimate of that requirement
is possible from the values already determined. Based on these requirements of the technological process, a group of heuristic
rules was formulated, the structure of the information system of decision support was developed to automate the creation of
optimized technological processes for the restoration of parts surfaces by electric sputtering. Conclusions: The scientific nov-
elty lies in the formation of a technological process for an optimization cloud expert system. A group of heuristic rules is
formulated, the structure of the information system of decision support for the automation of creation of optimized techno-
logical processes of restoration of surfaces of details by an arc deposition is developed.

Keywords: information system, information processes, technological process, optimization, heuristic rules.
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MOJEJIb IHTEP®ENCY NMNOACHEHD 3 TEMIIOPAJIBHUMH
IMAPAMETPAMM B PEKOMEHJJAIIMHINA CUCTEMI

Anotanis. IIpenmeTroM BUBUCHHS B CTAaTTi € MPOLIECH NPEACTABICHHS MOSICHEHb I NIEPCOHANI30BaHUX MPOIO3HULIH B
pexkoMeHaliiHuX cucreMax. MeToro € po3podka Mozeni inTepelicy osACHeHb 10 PeKOMEHAALIH], 1110 BPaXOBYe 3MiHH iH-
TepeciB KOPUCTYBauiB 3 4acoM. 3aBJAaHHA: BU3HAUYEHHS €JICMEHTIB TEMIIOPAIbHO-OPIEHTOBAHOIO iHTEp(EHCy MOsACHEHBb
JUIS. peKOMEH/Iallii Ha OCHOBI CTPYKTYpH3allii iICHYIOUHX ITiJIXOZIB /IO MPEICTaBJICHHS MOSICHEHB; PO3pO0Ka MOJENl iHTep-
(elicy OSACHEHHs, 1110 BPaXOBY€ TEMIIOpaJIbHY JUHAMIKY BUMOI' KOPUCTYBayd. BUKOpHCTOBYBaHUMY MiAXOAAMH €: MiaXO0-
I 10 1oOyJOBH PEKOMEHJALi Ha OCHOBI CXOXKOCTI BHOOpPY KOPHCTYBAadiB Ta HPEIMETIB KOPHCTYBALbKOIO IOIMTY.
OtpumaHi HacTynHi pe3yabTaTi. CHopMyIIbOBAHO BUMOTH 110 iHTep(elcy NOACHEHb 3 TEMIIOPAIbHUMU XapaKTePUCTHKA-
MH. 3 ypaxyBaHHSM 3alPONIOHOBAHUX BUMOI' BU3HAYEHO CTPYKTYPHI €IE€MEHTH NPECTaBICHHS NOACHEHbD, 110 1aI0Th KiJlb-
KICHY Ta SIKICHY OLIIHKY PeKOMEHJaliii. 3arpornoHOBaHO Moenb iHTepdeiicy i NPeACTaBICHHS MOSICHEHb B PEKOMEH/1a-
LiHHIN cucTeMi 3 ypaxXyBaHHSIM 3MiH iHTepeciB crioxuBadiB y yaci. BucHoBku. HaykoBa HOBU3HA OTPUMAHMX Pe3y/bTaTiB
TOJISIra€ B HACTYITHOMY. 3alpoIIOHOBAHO MOJIENb Bi3yalIbHOrO iHTepdeiicy Ui NpeCTaBIeHHS MOSICHEHb B pEeKOMEH 1alliii-
Hili cucTeMi 3 ypaxyBaHHAM TEMIIOPaIbHOI IMHAMIKU BIOJI00aHb KOPUCTYBadiB. Mozeb MiCTUTB Y cO01 IPYIH Bi3yalbHHUX
Ta IHTEPAKTHBHHX €JEeMEHTIiB. Bi3yaslbHi KOMIOHEHTH BiIOOpa)karoTh KiJIBKICHI Ta SKICHI MOKa3HMKH Ul ITOTOYHOIO pe-
KOMEH/IOBaHOT' O IIPEJIMETY, 1110 TIOKa3yITh JMHAMIKY MPOAAXIB a00 PEHTHHIIB 110 iHTEpBaJIaM B paMKax 3a/laHOTo Iepiony
4acy, a TaKOX CyMapHi 3MiHH 3a Liel nepiofl. [HTepakTHBHI KOMIOHEHTH 1HTEp(EHCY 1ar0Th MOXIIMBICTh KOPUCTYBAadeBi
BU3HAUUTH [1€Pi0J] 4acy IUist I0OYJ0BH MOSICHEHb, @ TAKOXK CTYIIHb AeTalli3alil y yaci TeMIOPaJIbHUX XapaKTepPUCTHUK I10-
sicHeHHs. [IpakTuyHa nepeBara 3arpoHOHOBAHOI MOJIEII HOJAra€e B TOMY, IO CYKYIHICTb CTaTUYHMX 1 AMHAMIYHHMX MOKa3-
HUKIB, a TAKO)K MOXJIMBICTh KOPUI'YBAaHHS TEMIIOPAIBHUX HapaMeTpiB JIO3BOJIIOTH 3aJ0BIIBHUTH KPUTEPIisAM IIPO30POCTI,
JIOBIpH, Pe3y/bTaTUBHOCTI Ta NEPEKOHIMBOCTI M0N0 MOSCHEHb J0 PEKOMEHJALH 1, THM CaMHUM, CTBOPIOIOTh YMOBHU JUIS
ITiIBUILEHHS KiTBKOCTI JIOSUTBHUX CIIOKMBAYIB Ta BIATIOBIAHOTO 30UIBIICHHS POAAXKiB PEKOMEH/IOBAHHUX MPEIMETIB.

Karo4doBi cioBa: pexoMeHIalilHI CUCTEMH, NOSICHEHHS, GOPMYBaHHS peKOMEHAalil, popMyBaHHS MOACHEHb, KPUTE-

Ppii OLIIHKY HNOACHEHB, TEMIIOPAJIBHI IIPaBUIIA.

Beryn

PexomeHariiiHi cucTeMu 3a0e3IEUyIOTh IEPCo-
HaJli30BaHy iH(OpMaIliiiHy MATPUMKY BHOOpPY KOpHC-
TyBadiB y caMUX pi3HHX cepax, 30KpeMa IpH MOIIYKY
HEeOoOXiTHUX TOBapiB, MOCIYT, cepBiciB, iH(opmarii B
cucTeMax eJeKTPOHHOI komepiri [1], y 3akmamax oxo-
poHH 3110poB'st [2], y OaHKIBCBKiH misuibHOCTI [3], mpu
BUpILIEHHI 3a/a4 TMOUIYKY iH(popMalii B COIIaJbHUAX
Mepexax [4], mpu opraHizailii HaBUYaHHS CTYICHTIB [S].
Taxi cucteMu OyAyrOTh YHOPSAKOBAaHUHN Hepertik 00'ex-
TiB, IO BIiJNOBiJa€ iHTEpecaM KOHKPETHOTO CIOXKHBa-
ya. B skocTi 00'€KTiB MOXXYTh BUCTYNATH TOBAapH, Ha-
BYAJIBHI KYpCH Ul CTYACHTIB, CXEMHU Xap4yyBaHHS Ta
(bi3MYHOT aKTHBHOCTI [6], TOIII0.

PexomeHoBaHui meperntik 00'€KTiB (GOPMYETHCS 3
BUKOPHCTaHHIM iH(OpMALii Ipo BiJOMI iHTEpecH Io-
TOYHOTO KOPHCTYBada Ta CXOXKHX Ha HHOT'O KOPUCTYBa-
yiB. Lli iHTepecn BimoOpakeHi B 0a3i AaHUX PEKOMEH-
nmariiinoi cucremu (abo iH(OpMAIHOI CHCTEMH, IO
CKJIaJy SIKOi BOHA BXOAUTB) 3allUCaMU IO BxkKe 3podiie-
HUH paHime BUOIp BKa3aHUX KOPUCTYBAdiB, a TaKOX
PO PEUTHHIH, 10 OYJIM BUCTABIICHI CXOKUMHU CIIOXKH-
BayaMHu.

BukopucraHHs pexkoMeHIalild Jae MOXIIHUBICTh
30LJIBIIUTH MPOAAXKI B CUCTEMaX €JIEKTPOHHOI KOMEPIIil,
MiJBUIIUTA SKICTh OOCIYyroByBaHHSI B OaHKIBCHKHX
cHCTeMax, IEepCOHAI3yBaTH Ta IiJBUIIUTH €(PEeKTUB-
HICTh HaBYaHHS, OIIEPATHBHO BCTAHOBIIIOBATH 3B'S3KH B
COLIIAIbHUX Mepekax 3 ypaxyBaHHSM IEpCOHAIBHUX
iHTepeciB kopuctyBauiB. Tomy Taki cucteMu HaOynu
LIMPOKOT'O MOMIMPEHHS 38 OCTAHHE JECATHPIYYS.

OpHaK MPUYMHHO-HACIIAKOBI 3aJIeKHOCTI, 10 BH-
KOPHCTOBYIOTECSI TIpH (hOpPMYBaHHI pPEKOMEHIAIH, €
CKpPUTHMH BiJ KOpuCTyBaya. BimmoBimHo, pekoMeHIa-
LiiffHa cucTeMa 3 TOYKH 30py CIIOXKMBa4ya BUIIISAIAE SIK
«JOpHHUH sAmMK». Takuil MiaXix 3MEHIIye JOBipy 0
PEKOMEHAAIIHOT CUCTEMH, B OCOOJIMBOCTI Y BHIAJKY,
SIKIIIO KOPUCTYBaY CIIOYaTKy HE 3a7l0BOJICHHH OTpHMa-
HUMHU pekoMeHnalisMu [7]. B pesynbrari cnoxuBau
MOXE BIJMOBHTHUCH BiJl BUKOPHCTAaHHS SIK PEKOMEHJa-
LiH, TaK i BiAMOBIAHOT iH(POPMAIIIHOI CHCTEMH.

Jlnst mpencraBieHHsT PEKOMEHIALIMHOI CUCTEMH Y
BUIVBIII  «OLIOro SIIKMKY» PEKOMEH[AIli JIOIMOBHIOIOTh
niosicHeHHsiMU [8]. TIosicHeHHsI JJa€ MOXJIMBICTH KOPHCTY-
BaueBi Kpallle 3pO3YMITH BiANOBIIHICTH HOro morpedam
3aIpOIIOHOBAaHMX TOBAPiB, MOCIYT, iH(opMarii. Buriyma-
YEHHsI CIIPOIILYe BUOIP 00'€KTIB CIIOKMBAUEM, 301/IBIIYIOTh
HOro 3a/I0BOJICHICTh OTPUMaHUMHU TEPCOHAIBHUMH PEKO-
MEHJALISIME 1, SIK HACHIJOK IiIBUIIYIOTh KUIBKICTB CIIO-
JKMBaviB cepe;l BiBiAyBayiB BiJIIIOBITHOIO CAMTY.

TakuM 4MHOM peKOMEHAalliifHa cucremMa Mae 3a-
0e3reynT KOopHcTyBaua iH(pOpMAI€o i OO0IpyHTY-
BaHHS CBOT'O IIEPCOHAIBHOrO BUOOPY 3 THM, IIO0 Iif-
BUIIMTU JIOBIpY A0 3alpONOHOBAaHHX PEKOMEHIAIliH.
3a3HaueHe OOTpYHTYBaHHS 0a3yeThCs Ha MPEICTaBICHHI
MOSICHEHb OO PEKOMEHMAAIlid y Takii (opmi, 00
KOPHCTYBa4 MII' BCTaHOBUTH HPUYUHHO-HACIIJIKOBI
3BSI3KM MK CBOIMH IHTEpecaMH Ta PEKOMEH/IOBAHUM
ToBapoM, nociayramu abo iHdopmaniero. EpekruBHicTh
OoOTpyHTYBaHHSI BUOOPY Ha OCHOBI BUKOPHCTAaHHS TOSIC-
HEHHS 10 PEKOMEH/JAIlii 3aJeXHUTh K Oe3IocepeaHbO
BiJl ITiAXO/Y JI0 pO3paxyHKy abo BUOOPY BUTIYMAayeHHs,
Tax i Bil popMH Npe/ICTaBICHHS OCTAHHBOTO.
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IcHyroui miaxoaum no (GoOpMyBaHHS Ta NPEICTaB-
JICHHSI TIOSICHEHb 0a3yI0ThCsl HAa METOAAX BUTIIYMaYeHHS
pe3yabTATIB JIOTIYHOI'O BHUBOAY B CHCTeMax Ha 0asi
MPEIeICHTIB Ta B eKCIIepTHHUX cuctemax [9]. Psaa mocii-
JOKEHb OYJIM OpIEHTOBaHI Ha aBTOMAaTHU30BaHE BUSIBIICH-
HSI 3HaHb JJIS OO MOsCHEeHb. Taki 3HaHHS (OPMYIOTh-
csl Ha OCHOBI iH(OpMalii PO PEHTHHTH 1 B IOAAIBIIO-
My BHKOPUCTOBYIOTBCS Uil TOOYJOBU perpeciiHoi
MOJIE, 110 3aCTOCOBYETHCS Ul KOPUT'YBAHHSI peKOMe-
HAaNid 3rigHo iHTepeciB cnoxkuBauiB [10]. B poborax
[11, 12] 3anpornoHoBaHO BpaxOBYBaTH AMHAMIKY 3MiHM
IHTEpEeCiB CHOKMBAYiB IIISIXOM MOOYIOBU MOSCHEHb Ha
OCHOBI BHMKOPHCTaHHS TEMITOpaJbHUX mpaBui [13].
JluHaMivHI TIOSICHEHHS MAIOTh MOXIIMBICTH BPaxyBaTH
OCTaHHI 3MIHM y peHTHHrax MpeMETIB, 110 BUCTABJIEHI
KOpHCTyBa4aMH PEKOMEHJAliHHOI CHCTEMH, a TaKOX
30inblIeHHsT a00 Craj| MPOAAXKiB BiJIIOBIIHUX TOBapiB
a0o mociyr. 3MiHM B pEHTHHIaxX MOXXYTh OYTH TOB'sI3aHi
i3 HecTaOLIBHICTIO XapaKTepHCTHK TOBapiB, a 3MiHU B
mpoiaxkax — i3 IMKIIYHUM a0o0 IOMI€EBUMHU 3MiHAMHU
nonuty. ToMy NOsSICHEHHS, 110 BPaXxOBYIOTh 3MiHH iHTe-
peciB KOpUCTYBadiB y 4aciB, BiANOBIAaIOTh KPHUTEPIsM
JIOBIpH Ta TepeKOHJUBOCTI [14] miomo mMosCHEHb B
PEKOMEHAAIITHUX CHCTEMaM.

OpHak icHYIOYI MiIXOI A0 MPEJCTaBICHHS MOsiC-
HEHb OPIEHTOBaHI Ha rpadivyHe 300paXKeHHs PO3IOALTY
pEUTHHTIB 200 CEMaHTHUKHU TOBApiB 1 MOCIYT B pEKOMEH-
namii 0e3 ypaxyBaHHsS 3MiH IOMYJISIPHOCTI TOBapiB Ta
TIOMIIIIEHHS X XapaKTEPUCTHK 3 YACOM.

TakuM 4yuHOM, TpoOJeMa IPEACTAaBIEHHS IOsIC-
HEeHb 3 YpaxyBaHHIM TEMIIOPAJIbHOI TUHAMIKH BIIOJO-
0aHb KOPUCTYBAYiB € aKTyaJIbHOIO.

Metorw cratTi € po3poOka Moxeni iHTepdeicy
MOSICHEHb 10 PEKOMEHJAIli, M0 BigoOpakae 3MiHH
IHTEpECiB KOPUCTYBAYIB 3 YACOM.

JlocsiTHEHHSI TTOCTaBJIeHOT MeTH Iepeadadae BHUpi-
LIEHHSI HACTYITHHX 3a]a4:

— BU3HAYEHHS €JIEMEHTIB TEMIIOPaJIbHO-
OpieHTOBaHOro iHTep(eiicy MOosCHEHb sl PEeKOMEH Ia-
il Ha OCHOBI CTPYKTypH3alii iCHYIOYHMX MiIXOIB IO
TIPE/ICTaBIICHHS MTOSICHEHB;

— po3pobOka Mozeni iHTepdeiicy MOSCHEHHS, IO
BpaxoBye TEMITOPAIILHY TMHAMIKY BUMOT KOPHUCTYBava.

Pe3yabTaTtu 1ocaixkennb

BusHayeHHsl eleMeHTIB TeMIOPAJIbHO-OPi€HTO-
BaHOro iHrepdeiicy MNOSICHEHHSI 10 PpeKoMeHIamii.
Po3poOka Ta OOTpYHTYBaHHS CTPYKTYPH IOSCHEHb I1O-
TpeOye IONEepeaHbOro BiIOOPY KpUTEPIiB OLIHKK BH-
TIyMa4yeHb 3 ypaxyBaHHSIM MOXKJIMBOCTEH OIliHIOBaHHS
TEMITOPAJILHOI TUHAMIKH ITOTPed KOPHCTYBadiB.

[NosicHeHHs B peKOMEHJANIWHUX CHUCTEMax Olli-
HIOIOTBHCS 3a KpUTepisamMu [ 15], siki ToLiNBEHO po30UTH Ha
TPH TPYIHU 32 NPU3HAYEHHSM OTPHUMaHHUX Pe3YJIbTATIB!

— OIlIHKA PE3yJbTaTiB IHTCPAKTHBHOI B3aeMOMii 3
KOPHCTYBa4e€M 3 BHKOPUCTAHHSM IIOSICHEHb IIONO
OTPUMAaHUX PEKOMEHIAIlii;

— OIHIOBaHHS KUIBbKICHHX IepeBar Uil KOpHUCTY-
Baya Ta BIACHMKAa PEKOMEHIAIIHOI CHCTEMH 3a pe-
3yJIbTaTaMH BUKOPUCTAHHS MOSICHEHD;

— BU3HAYEHHS 3PYYHOCTI BUKOPHCTAaHHS KOPHCTY-
BayeM PEKOMEH/AIli, 1110 JOMIOBHEHI TOSCHEHHIMH.

[epma rpyna MicTuTh KpUTEpii PO30pocTi, 00pod-
JIFOBAHOCTI Ta JoBipH. Kpurepiii mpo3opocTi MOsICHEHHS
NpU3HAYEHUH VIS OI[IHKK BIUTMBY BUTJIyMaueHHs Ha pe-
3yJbTyIounii BUOIp cnokuBaya. BiH mokaszye, um Oyna
BpaxoBaHa NOIOHICTh KOPHCTYBayiB a00 XapaKTepHUCTUKH
ToBapiB. Takuii KpUTEpii HE BPaXOBY€E 3MiHH BUMOT KOPH-
CTyBauiB, OJJHAK MOK€ OYTH BHUKOPWUCTAHUI IS OLHKH
aKTyaJIbHOCTI JJaHWX B TIOSICHEHHSIX 10 PEKOMEHIALTIT.

Kpurepiii 00po0IIIOBaHOCTI OpiEHTOBaHUI Ha OLIH-
Ky BIUIUBY IOSICHEHHSI Ha 3MiHM Y BUOOpI KOpHCTyBaya.
Taxuii kpuTepiii BpaxoBye MEPCOHANI3AIII0 PEKOMEH/Ia-
i} IITXOM 1TepaTHBHOIO YTOYHEHHS BHOOPY 3 BUKOPH-
CTaHHSM SIK SIBHOTO, TaK 1 HESIBHOI'O 3BOPOTHOTO 3B'SI3KY
BiJl KopHucTyBaya. BinnoinHo, naHuii Kpurepii gae Mo-
JKIIUBICTh YAaCTKOBO BpaxyBaTH TEMIOpPAIBHUI acHeKT
BUMOT criokuBaviB. OHak 00paxyBaHHs JaHOTO KPUTE-
pito noTpedye MPOBENCHHS ONUTYBAHHS KOPHCTYBAUiB.

BinnoBigHiCTh KpUTEpil0 JOBIpH BU3HAYAETHCS HA
OCHOBI BHOOpY KOpHUCTYBaya ITicisi 03HaHOMJICHHS 3 T0siC-
HEHHSIMU. B JaHOMy BHUNanKy BpaxOBYEThCS AWHAMIKA
IHTEpeciB KOpUCTYBada, MIO CBIAYMTH TPO MOXIIHMBICTH
BUKOPHCTaHHS JIJAHOTO KPHUTEPit0 MpH MoOyaoBi TeMnopa-
JIBHOT'O TIPEJICTAaBIICHHS MOSCHEHb. BHacIiIOK Heperyssp-
HOCTI BHOOpY OUIBIIOCTI KOPHCTYBauiB JOCHTH Ba)XKO
BU3HAUHUTH TIEPCOHAILHUN TTOKa3HUK JoBipH. OJHaK 3Ha-
YeHHsSI JTAHOTO IIOKa3HMKAa MO)XKe OyTH OOYHMCIIEHO ISt
TPYIM CIIOKMBAYiB IULSIXOM TTOPIBHSHHS MOKYIIOK TPE-
METIB 10 TpyIaMm J0 Ta MicIis BOPOBa/HKEHHS TIOSCHEHb.

Jpyra rpymna MicTHTh KpHUTEpil pe3yJbTaTHBHOCTI
Ta MEePeKOHJINBOCTI. BiMOBIAHICTS MEPIIOMY KPUTEPIO
BH3HAYAETHCSI HA OCHOBI BUKOPHCTAaHHS HESIBHOTO 3BO-
POTHOT'O 3B'AI3KYy, MNPEICTABICHOTO BIIMIHHOCTIMHU Y
Mpojakax TOBAapiB O Ta IiCIs BUKOPHUCTAHHS MOsIC-
HeHb. )11 00YMCIICHHS BiIIOBITHOCTI IPYTOMY KpHTe-
pil0 BpaxoBYIOTBCS PE3YJIbTaTH SIBHOI'O 3BOPOTHOTO
3B"SI3KY, NPE/ICTABICHOIO E€BOJIOIIEI0 PEHTHHTIB Tpe.-
METIB MiCJIs BAKOPUCTaHHS MOsiICHeHb. OOMIBa KpUTEpil
BpPaxoBYIOTh 3MiHH JIaHHX Yy 4aci 1 TOMY iX JOLLIBHO
BpaxoByBaTH IpH MOOYIOBi iHTepdelcy MOsSCHEHb 3
TEMITOPAJILHOIO TUHAMIKOIO.

Tpers rpyma MOKa3HUKIB TA€ MOXKJIHBICTh OLIHUTH
CTYMiHb 33I0BOJIEHOCTI KOPHCTyBa4a PEKOMEH/IAIIISIMHU 1
MOSICHEHHSAMH Ta MICTHTh ITOKa3HUKH €(QEeKTUBHOCTI
pEeKOMEHAaIIl 3 TOYKM 30pY KOpUCTyBaya, a TaKOXK
3aJI0BOJICHOCTI CHOXKHBada. EQEKTUBHICTH OLIHIOETHCS
3a BUTpaTaMH 4acy Ha BUOIp NpeaMeTiB, a 3aJ0Bolie-
HICTh — IIUIIXOM ONMTYBaHHS CIIOKMBayiB. Buxopuc-
TaHHS IUX KPUTEPIiB MOTpedye NMPOBENEHHS ONMUTYBaHb
KOpPHCTYBa4iB PEKOMEH/IAIIHOI CHCTEMHU.

HaBenenuii mopiBHSUIbHUI aHaNi3 KPUTEPIiB 3 TOY-
KU 30py 1X MPHIATHOCTI YISl OL[IHKK TEMITOPAIIbHHUX Xa-
PaKTEpUCTHK TOSICHEHb IOKa3ye BAXIIMBICTH BUKOPHUC-
TaHHS KPUTEPIiB PE3yNbTaTUBHOCTI Ta MEPEKOHIIMBOCTI
NpY BH3HAYeHHI iHTepdelicy 3 TeMIOpaJbHO JTMHAMI-
koro. [loeqHaHHS 1MX MOKa3HUKIB JIa€ MOXIIUBICTD OIIi-
HHUTH BIUIUB TOSICHEHB SIK Ha POOOTY peKOMEHAAIWHOT
CHCTEMHU, TaK 1 Ha 33JI0BOJICHICTh CHIOKMBa4a. B mepiio-
My BUIQJIKy Ha OCHOBI HESBHOT'O 3BOPOTHOTO 3B'S3KY
BHU3HAYAETHCS BIUIMB IMOSCHEHb HA 3MiHY y 00'eMi Tpo-
JaKiB. Y JpyroMy BHNAIKy IDISXOM BHKOPHCTAHHS
SIBHOTO 3BOPOTHOTO 3B'S3KY BCTAHOBIIOETHCS BILIUB
MOSICHEHB Ha MPOIIEC TIePCOHATI3aIll BUOOPY KOPUCTYBa-
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yiB. Jl0MaTKOBO TaKOX AOLLIEHO BUKOPUCTOBYBATH KpH-
Tepii noBipu Ta mpo3opocti. Kpurepiii 10Bipu BCTaHOB-
JIFO€ BIUIMB PEKOMEHJAIli Ha 3MiHH BIOI00aHb KOPHCTY-
BauiB. Kpurepiii po30pocTi Aa€ MOXIIMBICTD BpaxyBaTH
aKTYyaJIbHICTh MOSICHEHHS. BUKOpUCTaHHS 1IMX TIOKa3HHKIB
JIO3BOJISIE OOTPYHTYBATH CKJIaJ] CTPYKTYPHHX €JIEMEHTIB
iHTep(eiicy TMOSCHEHHS 3 YpaXyBaHHSM TEMIOPaJIbHOL
JMHaMIKi BHONOOaHe KopucTyBayiB. CTpyKTypHU3allis
iHTep(eiciB MOSICHEHb JI0 3alpOIIOHOBAHOIO PEKOMEH-
JIAIIHHOI0 CHCTEMOIO TMEPCOHANIBHOTO TEpeIiKy TOBapiB
Ta TOCAYr JO3BOJMIA BUAUINTH JBa AIbTEPHATUBHUX
TIXOTN [0 Bi3yaJIbHOTO TIPECTABICHHS BUTIyMa4eHb:

— Ha OCHOBI rpa()ivHOTrO MpeICTaBICHHS IHTEpECiB
TPy CXOXKUX KOPHCTYBadiB; (hopMa MpeiCTaBICHHS
BUTJIyMaueHb MICTUTh PEUTHUHTH IIPEJMETIB;

—Ha 0a3i TEKCTOBOTO NPEICTABJICHHS BIACTHBOC-
Teil TOBapiB Ta mociyr; (opMa NpeNCTaBIECHHS IOsIC-
HEHb MICTUTh PO3BEpHYTHH a00 CKOpPOYEHHH OITHC
MIPE/IMETIB, 110 BXOAATH 10 CKJIay PEKOMEHIAIlI.

[NosicHeHHs mepuIoro THITy 0a3yrOThCS Ha KiJIbKic-
Hill omiHni noTpeb criokuBauiB. [IpencraBieHHs mosic-
HEeHHS1 MO)ke OyTH cpOpPMOBAHO SIK Y BUTJISI/II PEUTHHTIB
IHIIMX CHOXWBadiB, Tak 1 y (opMi HPOrHO30BAHOrO
PEKOMEHAAIITHOI0 CUCTEMOIO PEUTHHTY, 110 BUCTABUTH
MpeIMETY MOTOYHUI KOPUCTYBaY.

Ha npaxtuii B peKoOMeHAAIIfHUX CHCTEMax BUKO-
PHUCTOBYIOThCS Taki pOpMH Bi3yaJbHOI'O MPECTABICHHS
MOSICHEHb Ha OCHOBI BIIOZ00aHb KOPHCTYBAYIB 31 CIILJIb-
HUMH IHTEPECAMH:

—ricrorpama po3MoIily pPEeHUTHHTIB TOBapy, IIO-
CIyrH, iH(popMarlii BiJ BCiX KOPUCTYBaYiB, KOXKEH CTOB-
ITYMK SIKOi BIAIOBia€ KUTBKOCTI OI[IHOK PEKOMEHIOBA-
HOT'O MIPEAMETY 3 BIANOBITHUM PEUTHHTOM;

— ricrorpama po3MmoJisly PEeHTHHTIB Bill KOPHUCTY-
BayiB 31 CXO)KUMH IHTEPECAMH;

— Jiarpam¥ po3IOJily pEHTHHTIB y BHIJISIL i€pap-
Xii 3ipo4OK 200 KPYroBoi Aiarpamu.

BizyanbHe npencTaBieHHs PEHTHUHTY IJISl TOTOY-
HOT'O KOPUCTYBa4a MiCTUTh J[Ba €IEMEHTH:

— IIPOrHO30BaHUN PENTHHI PEKOMEHIOBAaHOrO Mpel-
MeTYy, SIKWii B MaHOyTHOMY MOYKE BUCTABUTH CIIO)KHBAY;

— BIZICOTOK MPAaBWIBHHX MepeadadyeHsb y 3arporo-
HOBaHHMX PEKOMEHJAIIMHOI0 CHUCTEMOIO MOSCHEHHS
JIAHOT'O THITY.

[NosicHeHHs APYroro THUIy BUKOPUCTOBYIOTH TEepe-
Ba)KHO SIKICHY OIL[IHKY TOBapiB, 110 BUOMPAIOTH CIIOXKH-
Bayi. /{715 mpeacTaBiieHHs] BUKOPUCTOBYETHCS ab0 XMa-
pa TeriB, ab0 TEKCTOBE MOSICHEHHs. TeramMu € KIIIOYOBi
CJIOBa, IO OMHCYIOTh TOBap, MOCIYTY, iH(OpMAIIito.
Po3mip Ta hopma TeriB «ImiAIITOBXYeE» KOPHCTyBaya J10
BHOOpPY pEKOMEHJOBaHOro mnpenmery. llpencraBieHHs
MOSICHEHb 3 BUKOPHCTAHHSIM KIFOYOBHX CIIB Kiacudi-
KY€ 3alpoIOHOBaHUIN TOBap, iH(OpPMAIIiI0, MOCIYTY 3a
ix OazoBuMH XapakrepucTukamu. Hampukman, mist ¢i-
JBMIB Take IPEACTABICHHS MOXKE IMO3HAYaTH HaJIeK-
HICTB JIO JEKIIbKOX KaHPiB OJHOYACHO (KOMeEis, JeTe-
KTUB, OJOKOacTep), BKa3yBaTH KJIHOYOBOIO aKTOpa-
3IpKy, XapaKTepU3yBaTH KITFOUOBI CIEHH Ta MiaJIOTH
(cMmimmHi  gianoru, Tomio). TekcToBe IOSICHEHHS Mae
Tpaaulliiiny ¢hopMy Ta MICTUTH iH(pOpMAIIi0 mpo chepy
3aCTOCYBaHHS, BaPTICTh BUKOPUCTAHHS Ta 1HII BJIACTHU-
BOCTI pEKOMEHIOBAHOTO TIPEIIMETY.

TakuM 4yuHOM, icHyI04l (DOpMH TpenCTaBICHHS
MOSICHEHb TIOTPEOYIOTh JIOITOBHEHHSI TEMITOPAJILHUMHU
XapaKTepPUCTUKAMH 3 YpaxyBaHHSM ITOKa3HUKIB MPO30-
POCTi, pe3yIbTaTUBHOCTI Ta MEPEKOHIHBOCTI.

[IpoBeneHuit MOPIBHAIBHUI aHAJI3 Ja€ MOMKIIH-
BICTh BU3HAYMTH HACTYIHI BUMOTH JO iHTepdeicy mo-
SICHEHb 3 TEMIIOPAILHIUMHU XapaKTePUCTUKAMHU:

— IPE/ICTaBJICHHS IMOSCHEHb HAa OCHOBI KiJBKICHOT
OLIIHKH II0/I0 KOXKHOTO PEKOMEHI0BAHOTO TIPEIMETY;

— MOXXJIMBICTD IIMKJIIYHOTO YTOYHEHHS MMOSCHEHB 3
ypaxyBaHHSM 3MiH HOMYJISIPHOCTI BiJIIOBIJHOTO Ipe.-
METY 3 4acoM;

— BUKOPHUCTAHHS SIK SIBHOTO, TaK 1 HESIBHOI'O 3BOPO-
THOTO 3B’SI3Ky BiJ| CIIOKMBA4iB Ui TPEICTABICHHS
BUTJIyMaueHb;

— JIOTIOBHEHHSI KUIBKICHOTO MpPEICTABICHHS SKiC-
HHUM Ha OCHOBI pe3yNbTaTiB 3BOPOTHOTO 3B'S3KY.

V3aranbHeHUH TepeniK CTPYKTYpHHUX €JIEMEHTIB
(¢hopMH TIPENCTABICHHSA IOSCHEHHSA, IO BiIMOBiTa€e
JTAHUM BHMOT'aM, HaBeJIeHO B Talu. 1.

Tabnuys 1 - Ilepenik cTPYKTYpHHX eJ1eMeHTIB (popmMu mpexcTaBIeHHs MOSICHEHHS

CTpPYKTYPHi eJIeMEeHTH NPeACTABJICHHS I0sSCHEHHS

. .. Kpurepii oninkn
Bignosignicte BUMOram purepit on

MOsSICHEHb
AkTyalbHi peHTHHIH BuxopucraHHst KiJIbKICHOT OLIIHKH IMpo3opicth
[lepiox wacy myist yrOYHEHHS! 3MiH BIIOJ00aHb CIIOKHBAYiB [{ykstiuHe yTOUHEHHS Jogipa

JluHamika peHTHHTIB, IPOaXiB

BukopucrasHs SBHOTO i1 HESIBHOTO
3BOPOTHOT'O 3B'I3KY

PesynpraTtuBHICTB,
MIEPEKOHJINBICTh

[IpencraBieHHs SIKICHUX XapaKTEPUCTHK (TEKCT, BUIJICHHS
KOJIbOPOM, PO3MipOM KIIIOYOBHX XapaKTEPHCTHK)

JIOTIOBHEHHST KIJTBKICHOTO IpeJicTa-

. JHosipa
BJICHHS SIKICHUM

TakuM 4YMHOM, 10 TEMIIOPaJIbHO-OPIEHTOBAHOTO
MIPE/ICTaBIICHHS TTOSICHEHHS AOIJIBHO BKIIIOYNATH KUIBKi-
CHI 3HAYEHHs, 0 BiJ0OpakaloTh 3MiHU PEUTHHTIB 200
nponaxis. Toxi pe3ysibTaTi 3aCTOCYBaHHS HOSICHEHD 110
peKOMeHAalil MOXXYTh OYTH KiJIbKICHO OIiHEHI 3TiHO
MOKA3HUKIB PE3YyJIbTATUBHOCTI Ta MEPEKOHIUBOCTI.

Po3mmpene npeacTaBieHHs] NOSCHEHHS MOXKE Mic-
TUTH KJACHYHI CIEMEHTH, IO 3aJal0Th PO3IOILT pei-
TUHTIB, @ TaKOX TEKCTOBE ITOSCHEHHS N0 HU(PPOBUX
MOKa3HUKIB.

XapaKTepUCTHKH MOSICHECHHS MOXYTh OyTH BHIIJIC-

Hi 3acobamu (popMaTyBaHHs TeKCTy (KOJip, po3Mip) st

TOro, 100 KOPHCTYyBau 3BEPHYB yBary Ha KJTFOUOBI
ACIICKTH TOSCHCHHS.

Moaeasb BisyanbHOro intepdeiicy npencraBieH-

Hf MOsSICHEHb B peKOMeHIaUiifHii cucTemi 3 ypaxy-

BAHHSIM TEMIOPAJILHOI TUHAMIKH BNOJA00aHDb CIIOKH-

Baya. 3riHO BUKOHAHOI B IONEPEIHHOMY ITIPO3ILII

CTPYKTYpH3aIlii (JOpMHU MPEACTABICHHS TOSCHEHD, TEMITO-

paJbHUiA iHTepdeiic BUTITyMaueHHsI Ma€ MICTHTH Bi3yallb-
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HY Ta IHTEpaKTHBHY CKJIa/IOBi, II0 PO3KPUBAIOTH 3aralb-
HMI KOHTEKCT opMyBaHHs pexomeHnalii [16]. Bizyans-
Ha CKJIaJIOBa BiloOpakae aKTyainbHI PEHTHHTH Ta X JIHA-
MIKy, a IHTEepaKTHBHA 3a/1a€ TIEPioA Yacy Jyisl BU3HAYEHHS
JIMHAMIKU BIIOJJO0AHb CXOXKMX KOPUCTYBAuiB, a TaKOX
CTYITIHB JieTai3alii Iux Bronooans. Jleramizalis BU3Ha-
Ya€eTHCSI PO3MIPOM TEMIIOPAJILHOTO 1HTEPBATY B paMKax
3aJ]aHOTO Tepiofy 4Yacy, SIKHMi BUKOPHUCTOBYETHCS IS
BU3HAYCHHS 3MIH y Tpofaxax abo pedTnHrax. [HTepak-
THBHA CKJIaioBa [s 3a/a€ThCs MApOo IapaMeTpiB:

Is={T,D:D=T/At}, (1)

ne T — mepion 4acy, Ha SKOMY BH3HA4alOThCS TEMIIO-
paJIbHI acIeKTH MOSICHeHHs; D — Aeraizaiis JUHAMIKA
BIIOZI00AHb KOpUCTYyBaua; Af — IHTEpBaJIM Hacy, sIKi
BH3HAYAIOTh TEMIIOPAJIbHY JIETANi3allil0 3MiH IHTEpECiB
cnoxuBauiB. [lepiox yacy 7 po30MBa€eThCs Ha KiHIEBY
KUJIBKICTh 1HTEpBaIiB!

1
A )

TakuM 4MHOM, B IHTEPAKTUBHIH KOMIIOHEHTI KO-
pHUCTYBad MOXKE€ 3MIHWUTU iHTEpBan BUOOPY JaHUX IS
MOSICHEHb Ta CTYIITh JleTajii3alii JMHAMIKH BIOAOOaHb
II0JI0 PEKOMEHIOBAHOT'O TOBapy 200 MOCITyTH.

3MiHM BMOJ00aHh KOPHCTYBAa4iB BH3HAYAIOTHCS
BIJITHOCHO KIHIIEBOTO iHTepBally Af; 3a JOIOMOIOO
TEMITOpPaJIbHUX TMpaBwWil. JIjisi KOXHOI mapu iHTEpBajiB
(Atl-, Aty ),1 <i <] BW3HAYAIOTHCSA TEMIIOPAJIbHI IPABHU-

JIa, 110 337a0Th 301JIBIIICHH/3MEHIIICHHS PEHTHHTY a00
MIPOJAXKIB 3 YaCOM :

R ={(nl-0nj )}z —LI-1,j>i 3)

ne O — TeMIopajJbHUHN oOleparop, IO BHU3HAYa€ TUI

BiJIHOILIIGHHSI MiX iHTepBaJaMu; 7;,7 j— KUIBKICTh TPO-

JaxiB a00 3HauYEHHS PeHTHHTiB Ta iHTepBamax Af; Ta
At j BIJIIOBiAHO.

Tun TeMrnopaabHOro NMpaBHiIa BU3HAYAE Bi3yalbHe
BiJJOOpaKeHHsI TUHAMiKW Tpojax abo peirtunriB. Ha-
npuKiIafa, 11t npaBui tamy «Next» [13], mo Bu3Hava-
I0Th 3MIHM Ha TOCIIIOBHUX IHTEpBajax, Bi3yalizaris
JIMHAMIKH BII0ZI00aHb KOPHCTYBadiB Moke OyTH Tpen-
CTaBJieHAa CTOBITYMKOBOIO JiarpamMoOr0 3 3a3HAuYeHHSIM
iHTepBally yacy abo JaTH IIiJ KOXXHHM CTOBITYHKOM.
Js npaBun tumy «Future» [13], mo BHU3HA4YalOTh 3Mi-
HU JUIS JOBUIBHOI TapW 1HTEpBAJIiB, JJIS Bi3yamizarlii
JIOLJIFHO BHKOPHCTOBYBAaTH KPYroBy niarpamy. Kox-
HUI CEKTOp INi€l AiarpaMy BU3HAYAE ITUKITIYHICTh MOIMH-
Ty abo peiiTuHry. Baru w;; TeMmopanabHUX MPaBHI Bif-
TMOBiZIal0Th BKa3aHUM 3MiHaM. Baru oOpaxoByIOThCS SIK
HOpMaJli30BaHa 3MiHa PEHTUHTIB a00 MPOaK:

Wi = (nj - )/nmax , <. 4

I€ M,y — MAKCHMaJbHE 3HAaUeHHs PeHTHHTY abo0 Killb-
KOCTIi MPOJaXiB PEKOMEHIOBAHOTO MPEAMETY Ui Tepi-
ony T.

BignosinHO, Bi3yasibHa CKIaJoBa Vs Ma€ MICTUTH
MHOXHHY W Bar TeMIOpaJbHHX MPaBWI IO iHTEpBa-
mam At;:

Wz{Wi Wi =ZAtiWi,./}' ®)

ne W, — cymapHa Bara TeMIOpaJdbHHMX HPaBUI JUIS iH-
TepBany Af;. MHOXuHA W 1a€ MOXIHUBICTH chopMy-
BAaTH Jiarpamy, 1o Bi3yalli3ye MpoIec 3MiHH BIIOJ00aHb
KOpHCTYBaiB. [HTerpasbHUN NMOKa3HHWK IS TEMIIopa-
JBHOT AMHAMIKHM TPOJAaxiB abo peHTHHTIB BigoOpaxae
3MIHHM TI0 YCIM TpaBWiIaM ISl repiony yacy 7 :

i<l (6)

1

AW =3 W, ,

TakumM 4nHOM, Bi3yajbHa CKJIa/I0Ba MICTUTB y 001
MHOXXUHY W Bar TeMNopalbHUX MPaBWI MO iHTEpBa-
J1aM, a TaKOXK 1HTErpajibHi 3MiHH MPOJIAXiB a00 pEHTHH-
riB AW . Pe3ynbTyloda Mozenb Bi3yalbHOro iHTepdeii-
cy, 10 BifoOpa)kae TeMIIOpaIbHUN Ta CTATHYHHMA aciie-
KTH, Ma€ BHUIJISA:

M ={T,At, AW, W ,p,T1}. (7)

Jle p — aKTyaJbHE 3HA4YeHHS peUTHHry npenmery; [1 —

npaBuIia 0OPMIIEHHSI TEKCTOBOI YaCTHHU 1HTEPQEHCY.

Januit iHTepdeiic MicTuTh iH(OPMAILIiIO PO 3MIHA
pedTHHTY 200 MpoAaxiB i TOMY BiANOBIAA€E KPUTEPIsM,
MIEpEeKOHJIMBOCTI Ta Pe3yJabTaTHBHOCTI. HasBHICTH akTy-
aJBHOTO PEHTUHTY y CKIIaJli MOJETi CBiYUTH IIPO Bil-
TIOBIZIHICTh KpUTEpito Mpo3opocTi. BiamoBiaHicTh Kpu-
TEpil0 JTOBIpH OOTPYHTOBYETHCS BUKOPHCTAHHSIM IIpa-
BUJI 0hOPMIIEHHSI TEKCTOBOI YacTHHA iHTepQeiicy.

BucHoBku

3anporoHOBaHO MOJIENb Bi3yaJIbHOTO iHTepdency
MIPE/ICTaBJICHHS TIOSICHEHh B PEKOMEHAALIIHINA cucTeMi
3 ypaxyBaHHAM 3MiH iHTEpECIiB CIIOXKUBaUiB y yaci. Jlis
Bi3yaJi3alii MosSICHEeHb BUKOPHCTOBYIOTHCS KUTBKICHI Ta
SIKICHI TTOKa3HHKH.

I'pyna KiTbKICHMX MOKa3HUKIB BigoOpa)kae TeMIIO-
palibHy JMHAMIKy BHOA00aHb KOPHCTYBadiB IIO/IO pe-
KOMCHJIOBaHOro ToBapy abo mocmyru. [ns BimoOpa-
JKEHHsI Li€] TUHAMIKM BUKOPHUCTOBYIOTHCS SIK JIETai30-
BaHI 3MiHM NpoJaxiB abo PEeUTHHTIB 1O iHTEpBalIaM B
paMKax 3a/laHoro Iepiofy 4acy, Tak i CyMapHi 3MiHH 3a
uei mepion. CTaTHYHUN acHeKT MOSICHEHHS MpeCcTaB-
JICHUH aKTyaJIbHUM PEATHHIOM NPEIAMETY.

SIKiCHI XapaKTepPUCTUKU BU3HAYAIOTHCS TpaBUiIa-
MU O(pOpMIIEHHS MTOSICHIOIOUOI'0 TEKCTY 1O KUIBbKICHHUX
MOKa3HUKIB. [HTEpaKTHBHA CKJIaJ0Ba MOJIENI MPeICTaB-
JIeHa TIepioZIoM Yacy Ta CTYIEHEeM Jeraii3allii pe3ylib-
TYIOUHX YHCJIOBHX IMOKa3HUKIB. Taka jaeraiisallis BH-
3HAYAETHCSl MPOTSHKHICTIO 1HTEPBANIB Yacy, ISl SKHX
PO3paxoBYEThCS TUHAMIKA CHOXKHUBAIBKOTO MOIHUTY Ha
PEKOMEHI0BaHuil ToBap, NOCIYry, iH(opMarliro.

[IpencraBnena Monenb, Ha BiAMIHY BiJl iCHYIOUHX,
MOEJAHYE KIUIBbKICHI CTaTHYHI W JMHAMIYHI, a TaKOX
sKiCHI XapakTepucTHKu. [lomaTkoBa mepeBara Mojedi
MOJIATaeE B MOXKIIMBOCTI 1HTEPAaKTHMBHOI'O BHOOpY Iapa-
MeTpiB Uil O0OpaxyHKy TEMIIOpAIbHHX IapaMeTpiB
TIOSICHEHHSI.

[Ipy npakTHYHOMY 3aCTOCYBaHHI CYKYIHICTH Bi-
3yaJbHUX Ta IHTEPAKTHBHUX EIEMEHTIB IJIsl KOPHCTYBa-
ya 3a0e3reuye JOBIPY 0 MOSCHEHHS a TaKOX MOXKIIU-
BICTh palliOHAJLHOIO MiATBEPKCHHS BHOOPY PEKOMEH-
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Ingpopmauiiini mexuonozii

JIOBAHOT'O TpEAMETY Ha OCHOBI KOMOIHAIll YHCIOBHX  MiATPHUMKY JIOSIIBHOCTI KOPUCTYBadiB PEKOMEHalliHHOT
noka3HukiB. CyKynHiCTh Takux (akTopiB 3a0e3medye  CHUCTEMH.
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Explanation interface model with temporal parameters for the recommender system
Chalyi, V. Leshchynskyi, I. Leshchynska

Abstract. The subject matter of the article is the process of presenting explanations for personalized proposals in rec-
ommendation systems. The goal is to develop a model of the interface of explanations to the recommendations, which takes into
account changes in the interests of users over time. Tasks: to define the elements of the temporally-oriented interface of explana-
tions for recommendations based on the structuring of existing approaches to the presentation of explanations; development of an
explanation interface model that takes into account the temporal dynamics of user requirements. The approaches used are: ap-
proaches to the construction of recommendations based on the similarity of the choice of users and items of user demand. The
following results were obtained. Requirements for the interface of explanations with temporal characteristics are formulated.
Taking into account the proposed requirements, the structural elements of the presentation of explanations are determined, which
give a quantitative and qualitative assessment of the recommendations. The model of the interface for presentation of explana-
tions in the recommendation system taking into account changes of interests of consumers in time is offered. Conclusions. The
scientific novelty of the results is as follows. The model of the visual interface for representation of explanations in the recom-
mendation system taking into account temporal dynamics of preferences of users is offered. The model includes groups of visual
and interactive elements. Visual components display quantitative and qualitative indicators for the current recommended subject,
showing the dynamics of sales or ratings at intervals within a given period of time, as well as the total changes for this period.
The interactive components of the interface allow the user to determine the time period for constructing explanations, as well as
the degree of detail in time of the temporal characteristics of the explanation. The practical advantage of the proposed model is
that the set of static and dynamic indicators, as well as the ability to adjust temporal parameters can meet the criteria of transpar-
ency, confidence, effectiveness and persuasiveness to explain the recommendations and thus create conditions for increasing the
number of loyal customers and increase sales of recommended items.

Keywords: recommender systems, explanation, formation of recommendations, formation of explanations, criteria for
evaluating explanations, temporal rules.
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INPOEKTYBAHHSI KOMIIO3UTHUX MATEPIAJIIB HA OCHOBI
APIBHOJAUCIHEPCHOI 3AJII3OBMICHOI CYBCTAHLII
JJIsA EKPAHYBAHHSA IOHI3YIOYUX BUITIPOMIHIOBAHDb

AnoTanisi. Ha ocHOBI aHali3y MexaHi3MiB PO3CIIOBaHHS 10HI3YIOUHX €IEKTPOMAarHiTHUX BUIIPOMIHIOBAHb Ta 3aJIC)KHOCTI
ocnabIeHHs. BUIIPOMiHIOBaHHS BiJ] IOPSIKOBOIO HOMEPA €JIEMEHTA Ta HOro I'yCTHHH 3pOOJICHO BUCHOBOK PO MOXIIMBICTD
X eKpaHyBaHHs MaTepialaMy 3 BMICTOM 3aji3a. 3alpONOHOBAaHO 3aca i NPOCKTYBAHHS KOMIIO3ULIIIIHOrO MeTalononimep-
HOr'0 MaTepialty 1y 3HWKSHHsI IHTEHCUBHOCTI PEHTICHIBCBKOIO Ta raMa-BUIPOMiHIOBaHb. [Toka3aHo, 1110 3MiHA MOTJIMHAH-
Hsl 10HI3YIOYOro BUIPOMIHIOBAaHHS 31 3MiHOK JIOBKMHH XBWJII BUIIPOMIHIOBaHHs BiJIOyBa€TbCS HEMOHOTOHHO. ToMy Ut
MPOEKTYBAaHHSA MaTrepialy HeOOXiJHO 3’sCyBAaTH NEPEBaKHI JOBXKUHU XBHIb (YacTOTH) BUIPOMIHIOBaHH:, SIKE MOTpedye
eKpaHyBaHHs. BcraHoBIICHO, 1110 Ul €()EeKTHBHOIO €KpaHYBAaHHS BUIPOMIHIOBaHHS iCHye KPUTHYHA KOHILEHTpALlis MeTa-
JIEBUX YaCTHHOK y moiiMepHii marpuui. Ile BinOyBaeThcs Ha MOpPO3i MPOTIKaHHA €IEKTPUYHOrO CTPyMY 3a BMICTY eKpa-
Hyro4oi cyocranuii 11-12 % (3a Baroro). Lle noOpe y3romxyeTbes 31 CIiBBiIHOLICHHAMH €IEKTPOANHAMIKHU CYLIJIbHHX Ce-
penosuil. IIpu npoexkTyBaHHI MaTepialy 3 BUKOPHCTAaHHSM 3alli30pYJHOrO KOHLEHTpATy CIliJi BpaxoBYBaTH HOro pi3Hi
BJIACTHBOCTI y 3aJIE)KHOCTI Bii BUpOOHMKA. [IpoekTyBaHHIO 3aXHMCHOrO MaTepialy IOBHHHI IepeayBaTu J1abopaTopHi Jo-
CITIJUKEHHsI 3 BU3HAYEHHs MepeBaXxHOI (pakuil 3a1i30pyAHUX YaCTHHOK 3a POo3MipaMH Ta BMICTY 3ai3a i HOro crnomyk y
BUXIi/IHI/f CHPOBUHI.

Karo4dosi croBa: ioHi3yloue BUIIPOMIHIOBAHHA, KOMIIO3ULIMHUIA MaTepian, 3ani30pyaHUI KOHLEHTPAT, epEeKTHBHICTh

€KpaHyBaHHs.

Beryn

3axucT BiJ BIUTUBY (i3W4HUX (DAKTOPIB TEXHOI'CH-
HOT'O TIOXOJDKEHHS € OIHMM 3 NPIOPUTETHUX HAIPSIMIB
TOCTIKCHHST B Taly3i NUBLIBHOI Oe3meku. HaitOinbin
KPUTUYHUM 3 IUX (PAKTOPIB € 10HI3yIO4i BHIPOMIiHIO-
BaHHS. 3aXUCT Bij iX BIUIMBY 3a3BHYal 3/1iHCHIOETHCS 3a
JIOTIOMOT'OI0  TYMOBHX Ta MOJIMEPHHUX MaTepialiB i3
BMICTOM CBHHIIIO. AJie TaKi MaTepiald JyKe BaXKKi, a
CBUHEIb € TOKCHYHUM, 110 OOMEXY€E 3aCTOCYBaHHSI IIUX
BUpOOiB. TOMy JOLITBHUM € PO3TJISIHYTH MOMITUBOCTI
BUTOTOBJICHHS 3aXUCHHUX MaTepiaiiB 0e3 BUKOPUCTAHHS
CBUHIIIO 31 30epSIKECHHAM JTOCTaTHIX KOE(II[iEHTIB eKpa-
HYBaHHS IIKiJTNBUX BUIIPOMiHIOBaHb.

VY cy4acHUX yMOBax CIIOCTEPIra€ThCs ITiBUICHHS
pOOOYMX YAaCTOT PaJiOTEXHIYHOrO OOJIAHAHHS — JDKe-
pen HeioHI3yIouMX BHUIPOMiHIOBaHb. [lpum 1poMy 1
YaCTOTH TOCTYIIOBO MEPEXOATh y 00JIacTh Ha/I3BUYAM-
HO BHCOKHMX. BpaxoBywoum, Mo ioHI3ylo4i TramMma-
BUIIPOMIHIOBAHHS TaKOX € €JIEKTPOMAarHiTHUM BUIIPO-
MIHIOBaHHSIM, JOIIJIBHO PO3MJISTHYTH MOXKIIMBOCTI PO3-
POOJIEHHST KOMITO3UIIITHOTO MaTepialy AJsl OAHOYACHOIO
eKpaHyBaHHS 10HI3yIOUMX Ta HE1OHI3yIOUNX BHUIIPOMIHIO-
BaHb PI3HOTO MOXO/PKeHHS. Tak MOXIIMBICTH 00yMOBIIE-
Ha HASABHICTIO OOpE PO3POOJCHUMH TEXHOJOTISIMU BH-
POOJICHHST KOMITO3UIIIMHUX METAIONONIMEPHUX Marepia-
JIB ISl 3AXUCTY BiJl €IEKTPOMArHiTHUX BIUTUBIB 3 Kepo-
BaHMMH 3aXHCHUMH BJIACTHBOCTAMH. TOMy IOIIIBHO
PO3DIISIHYTH MOMKJIMBICTh PO3POOJICHHSA Ha 0a3i Takux
MaTepiajiB 3aXUCHHX KOHCTPYKLIH Ui eKpaHyBaHHS
10HI3YIOUMX BHITPOMIHIOBaHb Pi3HOTO ITOXOPKEHHSI.

AHani3 octanHix myOaikanii i nocaigxkens. Oc-
HOBHHMM HAaIpsMOM JIOCII/DKEHb 1 MPUKIaTHUX PO3PO-

00K 3 3aXHUCTy IEPCOHATY IiAMPUEMCTB W YCTaHOB, SIKi
MPAIOIOTH 3 JDKEPETIaMH 10HI3yI0UNX BUIPOMIHIOBAHb €
CTBOpPEHHSI 3aXMCHHUX MaTepiasliB 0e3 BMICTy CBHHIIIO.
Bigomo, 1110 mormuHAIBHI BAACTHBOCTI €IEMEHTIB 100
yCiX BHIIB PalioaKTUBHHUX BHUIIPOMIHIOBaHb 3POCTAIOThH
31 3pOCTaHHSAM MOPSJIKOBOTO HOMEpa Yy MepioauyHii
Tabauii, To0TO 3apsnoBoro uucna Z. Tomy HalOinbI
NPUAHATHAM Ta TOIIUPEHUM METAJIOM ISl eKpaHyBaH-
Hsl BUNpOMiHIOBaHb € cBuHenb (N=82). V pobGorax [1,
2] pO3IISIHYTO MOXKIIMBICTD 3aCTOCYBATH Y SIKOCTI eKpa-
Hytoyoro ejemeHnta BicMyr (N=83). lleii meram Mmae
norani (i3UKO-MeXaHI4HI BJIACTUBOCTI, TOMY HOro 3a-
CTOCYBAJIM Y BUIVISAJ OKCUJY SIK HAallOBHIOBa4a y HaHO-
KOMITO3UTHHX Marepiajiax Ha OCHOBI MoOdiMepiB. 3a
NPUAHATHAX KOe(ILliEHTIB €KpaHyBaHHS DPEHTT'CHIBCh-
KOTO BUIIPOMIHIOBaHHS, TaKi MaTepiajd MalOTh BEJHKI
BapTOCTi Yepe3 CKIIAHICTh TEXHOJIOT1H BUTOTOBJICHHSL.

VY crarti [3] HaBeACHO PeE3yabTaTH PO3POOJICHHS
KOMITO3HLIIHOTO MaTepiaily i3 3aCTOCYBaHHSM Y SKOCTI
EKpaHYIOUHMX EJNEMEHTIB IHMCIPO3il0 Ta TepoMiHip. Ix
3apsA70OBI YKCIA JOCTATHHO BEJHKI, ajie Ili MeTalu Ma-
I0Th HaJ[3BUYAHO BUCOKY BapTiCTh, TOMY BEJIUKi 00OCs-
T'M 3aXHUCHUX IMOKPUTTIB 3 HUX (HABITh 32 MajiOro BMiCTy
y NOJNIMEpHii MaTpHIli) BUTOTOBJISITH HEAOLIIBHO.

VY crarti [4] pO3IASHYTO MOKJIMBOCTI BHI'OTOB-
JICHHSI KOMIIO3UTIB 3 BUKOPUCTAHHSIM CITOJYK EJIEMEHTIB
3 MaJHM 3apsJOBHM YHCIOM — Oopa Ta JY)KHHX MeTa-
JIB.

HaBezneHi e(eKTUBHOCTI €KpaHyBaHHS HEBENHKI.
Kpim Toro, 3acTrocoBanuii kap6ia Oopa ayxe J0poruii y
BUPOOHMIITBI.

Bararo mocrmimkeHb MPUCBSYEHO BU3HAYEHHIO 3a-
XMCHUX BJIACTHBOCTEH MartepialiiB i3 BMiCTOM BOJIb(pa-
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Hueinvna 6e3nexa

My. Tak, y poboti [6] 3ampOonoOHOBaHO KOMIIO3UTHHIMA
MaTepiajl 3 eTWIeH-BiHUI-aleTaty 3 BOJb(PaMOBUM
HAIIOBHIOBAYEM, a Y TOCIIKeHHI [7] 3 HAITOBHIOBAYEM 3
okcuay Bonb(hpamy. Y il )Ke CTaTTi MOPIBHSHO Biac-
THUBOCTI KOMITO3MIIIHHUX MaTepiajiiB Ha OCHOBI Cyibda-
Ty 0apito, TPUOKCHIY BICMYTY Ta OKCHUIY BOJIb(ppamy 3i
cauHIeM. [Toka3aHo, 110 X 3aXMUCHI BJACTUBOCTI TIIEKH
Ha 10-15 % ripuii 3a BIaCTUBOCTI YHCTOI'O CBHHIIIO, IIIO
Ui OLTBIIOCTI peaNbHUX BUPOOHUYHMX YMOB MiJIKOM
3an0BinbHO. [Ipy mpomy, sk mokasaHo y [8], y sxocti
MaTpHIli MOXKJIMBO 3aCTOCYBaTH EIOKCHJIHI MaTtepialy,
SIKI HE JIErpaayIoTh i/ BILUIMBOM 1OHI3YIOUHX BHUIIPOMi-
HIOBaHb.

Y poboTi [9] HaBeneHO pe3yNbTaTH PO3POOICHHS 1
JIOCITI/DKEHHST 3aXUCHUX BIIACTUBOCTEH €IEeKTPOMAarHiT-
HUX METaJIONONIMEPHUX EKPaHiB Yy BHCOKOYACTOTHIH
obmacti crekrpa. Marepiaa BHI'OTOBJICHO 3 BHKOpPHC-
TaHHSM 30arayeHoi 3aji3Hol pyAu y SKOCTi HallOBHIOBA-
ya momiMepHoi Matpuui. KoedillieHTH ekpaHyBaHHS
€JIEKTPOMATHITHUX TMOJIB YJIBTPABHCOKUX YacTOT 3a
BMicTy MetaneBoi cyOcranmii 5-20 % ckiamaroTh
3,3—44. PamioHanbHO PO3TIISHYTH MOMJIMBOCTI 3aCTO-
CyBaHHS TaKWX MaTepiamiB I eKpaHyBaHHS 1OHI3YIO-
YUX BUIIPOMiHIOBaHb. HamoBHIOBaY 3 3ali30pyAHOI
CHUPOBUHH MAa€ HU3bKY BAPTICTh 1 € MEPCIIEKTUBHUM JIJISI
eKpaHyBaHHS MTOBEPXOHb BEJIMKUX IUIOII, TOMY aKTya-
JIHUAM € OLIIHIOBAaHHsI HOro eeKTUBHOCTI JUI 10HI3YIO-
YHUX BHIPOMiHIOBAHb.

MeTta po6oTH — BHU3HAUEHHS MOXXJIHMBOCTI BUKO-
pHUCTaHHS 3aJi3HOI Ta 3aJ1i30BMICHOI ApiOHOAMCIIEPCHOT
cyOcTaHIii A7l CTBOPEHHS! KOMIO3UIIIMHUX MartepiaiiB
JUTSl 3aXUCTY Bijl BIUIUBY 10HI3yIOUYNX BUIIPOMIHIOBaHb.

BukJiaJ 0CHOBHOTO MaTepiajy

AwHamni3 JociikKeHb 3 eKpaHyBaHHs 10HI3YIOUHX
BUIIPOMIHIOBaHb €JIEMEHTAMHU 3 3apsAOBHUMHU YHCIAMH
MEHIIMMU, HIK 3apsij sSApa CBUHIYO, CBITYHTb, IO LEH
HAIPSIM € TIEPCIEKTUBHUM JUIsl 3HW)KEHHS piBHE BHIIPO-
MiHIOBaHb, IPHHANMHI MaJHX iHTeHCHBHOCTEH. Takumu
BUIIPOMIHIOBaHHIMH €, HAlPUKIAZ, Mapa3sduTHI BUIIPO-
MIHIOBaHHS MEIMYHOI amaparypu, BUIIPOMiHIOBaHHS
oONamHaHHA y amapaTHUX pAaTiOTEXHIYHHX 3aco0iB
LMBUIBHOI aBiamii Tomo. HaiOuipll BaroMor CKjaxo-
BOIO TaKMX BHIIPOMIHIOBaHb € rama-BHIIPOMiHIOBaHHSI.
OcnaOneHHs1 TaMa-BUIIPOMIHIOBaHHS Yy IIapi Marepiairy
BU3HAYAETHCS 3aJICKHICTIO:

¢=ppe ™

B

Jie () — UIUTBHICTD MTOTOKY Y KBAHTIB MiCIIs MPOXOKEHHS
MOTJIMHAIBHOTO MaTepiajiy; (o — IIUIBHICTh MOTOKY Y
KBaHTIB IONEpey IMOMIMHAIBHOro Marepiaity; d — ToB-
IIMHA MTOTJIMHAIBHOTO IIapy; | — JiHIHHUN KoedimieHT
ociabeHHs!.

MacoBuii  koedimieHT ocnmabieHHA |y = Wp
(MZ/KI‘), koeilienT, BiTHECCHUH 10 JiHIHHOTO Koedili-
€HTa ocyalneHHs. 3HIDKEHHS IHTEHCHBHOCTI Tama-
BUIIPOMIHIOBAaHHSI BiZIOYBa€ThCA 32 TphOMa MeXaHi3Ma-
mu. DotoedekT mepeBakae 3a enepriit E,< 0,5 MeB.
Macoruit koedirieHT ocnabieHHs (oTtoedekTy T/p
3pocTae 31 30UTBIICHHSAM MOPSIKOBOr0 HOMepa (3apsao-
BOTO YHCIIA) €JIeMEeHTY Z i 3HIKYETHCS 31 3HUKEHHSIM
eneprii ¢oroHa:

A

P ()

ne h — crana [Tnanka, v — yactora hoToHa.

3a enepriii, Outpmmx 1 MeB  (mpubmusho 10 5
MeB) mnepeBakae MeXaHi3M YTBOPEHHS €JICKTPOHHO-
MO3UTPOHHMX map. MacoBuii Koe(illieHT ocialieHHs
yTBOpEeHH: map k/p BU3HAYAETHCS SIK:

K _ Z1g(hv)-
p

3a enepriii ¢oroniz 30 keB—5 MeB mnepeBaxkae
edextr KomTona (po3citoBaHHs (OTOHIB Ha BUIbHI €JICKT-
POHH):

1

°
p hv

INoBHuii kKoedilieHT ocnabneHHs |\ BU3HAYAETHCS SIK:

p=t+k+o.

Jliniiinnit koedimient ocmabrenns p' (M) BH3Ha-
YA€ETHCH SIK:

u'=p-p.

HageneHi BuIile CHiBBiTHOIICHHS JJIS TPHOX BHUJIIB
po3citoBaHHsl eHepridi (OTOHIB HE € CyBOpUMH, alie
JIOCTaTHI I OI[iHFOBaHHS €(EKTHMBHOCTI MOTJIMHAHHS.
JI71st CBMHITIO aHi 100 JIiHIHHUX KOSQIIi€HTIB BiIOMI,
TOMY JOILJIBLHO TOPIBHATH iX 13 3aJ1i30M, SIKE BHKOpPHUC-
TOBYBAJIOCS Y SIKOCTI €KpaHyrouoi cyOcTaHiii y Merano-
MOJIMEPHOMY KOMITO3UTI JUIS CKpaHYBaHHS €JIeKTPO-
MarHiTHUX HE1OHi3yro4uux nomis [9] (Tadum. 1).

Tabnuya 1 — 3anexuicTs JiHiiiHUX KoedinieHTIB oc1a01eHHs CBUHIIO TA 3aJ1i3a BiJ eHepriii rama-BUNPOMiHIOBaHb

E, MeB 0,50 1,0 1,5 2,0 3,0 4,0 5,0 10,0
Upp, CM™' 1,80 0,80 0,60 0,52 0,48 0,47 0,48 0,55
L,Fe, CM™ 0,66 0,50 0,38 0,34 0,30 0,26 0,25 0,23

Hapeneni nmaHi cBimuaTh, oo KoedillieHTH ociad-
JICHHsI 3aJ1i3a HE HACTUIBKU HU3bKi, MOPIBHIHO 31 CBUH-
1eM, 100 iX He MOoXKHa OyJI0 KOMITIEHCYBAaTH, HATIPHKIIA,
JIesIKUM 30UThIIEHHSIM TOBLIMHM 3aXUCHOTO Iapy. 3Bep-
Tae Ha ceOe yBary HEMOHOTOHHICTh 3MiHH Koe(illieHTa
ocabJIeHHs JUTs CBUHIIIO, OTPUMaHi eKCIIEPUMEHTAIIBHO.

Leii ¢axT cBiIUUTH NMPO PE3OHAHCHI SBUINA TPH
TIOTJIMHAHHI ()OTOHIB Ha AESKUX YacTOTaxX JUIsi KOHKpe-
THOT'O MaTepiay.

Le minTBepIOKY€ETHCS JaHUMHU PO MacoBi Koedi-
LIEHTH OCIA0JIeHHS! PEHTIeHIBCHKOTO BUIIPOMIHIOBAHHS
(tabin. 2). IlpencrapiieHi pe3yabTaTH CBiqYaTh, IO LIS
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JIeSIKUX JIOBXXMH XBHJIb €(DEKTHBHICTH 3alli3a BHIIA 3a
e(EeKTUBHICTh CBHHIIO, TPHYOMY L€ BiOyBaeThCsS Ha
YMOBHIH MeEXi «M’SKOr0» PEHTTEHIBCHKOTO BHUIIPOMi-

HIOBaHHS, IPUTAMAaHHOI'O IOOIYHUM (TIApa3UTHHUM)
BHITPOMIHIOBaHb TEXHIYHHMX 3ac00iB PI3HOrO MpHU3HA-
YEHHSL.

Tabnuys 2 — 3ane:kHicTh MacoBoro koedimieHTa ocjiad/ieHHs] CBHHINIO TA 3a7i3a
Bi/l JOBKHHUX XBHJIb PEHTIeHIBCHKOI0 BUIIPOMiHIOBAHHS

A
Enement i
0,02 0,04 0,06 0,08 0,10 0,12 0,14 0,16 0,18 0,20
wp, MZ/KF, Pb 46 330 770 1470 770 1280 1800 2580 3600 3820
wp, MZ/KF, Fe 11 71 235 507 950 1700 2700 3900 610 780

Le BimkpuBae MOXKJIMBOCTI 3aCTOCYBaHHS UIsl €K-
paHyBaHHS 10HI3YIOUHMX €JIEKTPOMArHiTHUX BHIIPOMi-
HIOBaHb KOMIIO3UTHUX METaJIONONIMEPHUX MaTepiaitiB
Ha OCHOBI JApiOHOAMCHEpPCHOro 3aiiza. Y poboti [9]
HaBEJICHO TEXHOJIOrii BUTOTOBJIEHHS 1 J]aHi MO/I0 eKpa-
HYBaHHS €JIEKTPOMAarHiTHUX BHUIIPOMIHIOBAaHb YIIbTpa-
BHCOKHMX YacCTOT KOMIIO3UTOM 3 JIATEKCY Ta 3alli30BMic-
HOT'O HAaIlOBHIOBAa4Ya 3 KOHLIEHTpAaTy 3aii3Hol pyau. ['o-
JIOBHOIO MpOOJIEMOIO, BPaxOBYIOYHM Mali JIOBXKHHH
XBHWJIb 10HI3yIOUMX BHIIPOMIHIOBaHb, € BUOIp KOHIICHT-
pamii apiOHoAMCIIEpCHOI MeTalieBoi CyOCTaHIlii, sKa
3abe3neuye MiHIMalIbHI Ta MOTPIOHI pIiBHI OCIabICHHS
BUIIPOMiHIOBaHb. /s IIbOTO MeTaJIeBl YaCTHHH [TOBUHHI
OyTH PIBHOMIPHO Ta IIUIFHO PO3MOAUICHI y TiMI TMOJMi-
Mepy.

Jlist po3citoBaHHs BHUIIPOMIHIOBAHHS MaTepialioM
MeTajeBi YaCTWHKH MOBWHHI YTBOPIOBATH IPAKTUYHO
CYHIIBHY CTPYKTYpYy. TOOTO, HEOOXiTHO BHU3HAUUTH
KOHLICHTPALII0 METAJIEBUX YACTUHOK, JIOCTATHIO JIS
eKpaHyBaHHS 10HI3YIOUMX BHIIPOMiHIOBaHb. Lle Moxiu-
BO peaii3yBaTh METOJ0M BUMIpIOBaHHS eneKTpodizmy-
HUX BJIACTHBOCTEW MaTepiajly 3a PI3HUX KOHIIEHTpAIii
eKpaHyrouoi cyOcraHlii — JpiOHOAMCIEPCHOrO MHITY
3aJTi3HOl pyau. BusHaveHHsI MUTOMOI MPOBITHOCTI 3iH-
CHIOBAJIOCS BUMIPIOBaHHSM 3BOPOTHOI BEJIMYMHHA —
MTUTOMOTO OTOpPY Martepiany METOAOM IOABIHHOTO MOC-

Ty (puc. 1).

G. S/m
100

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
p.%
Puc. 1. 3anexHicTh MMTOMOI IIPOBIIHOCT] METAJIONONIMEPHOIO
Marepiaiy BiJj KOHIEHTpaLii ApiOHOAUCIIEPCHOT MeTaJIeBOL
cyocranmii ® — 5-10 MM, * — 15-25 MM

3 rpadiyHUX JaHUX BUIHO, IO Pi3KE ITiIBUIICHHS
MIPOBIHOCTI BiIOYBA€ThCS 3a KOHIIEHTpAIl METaIeBHX
gactuHOK 11-12 % (3a Baroro). Ile cBiquuTh, 110 32 IUX
KOHLIEHTpallill MaTepian Aocsirae Mopory MpOBiIHOCTI
ENEKTPUYHOTO CTPYMY, TOOTO TPOBIJHI YACTHHKU yTBO-

PIOIOTH JIAHIIOTH TPOBIJHOCTI 1 MOYMHAIOTH KOHTAKTY-
BaTH omHa 3 ofHOI0. Ile moOpe y3romkyeThcs 31 CHiB-
BITHOIICHHSAMH €JIEKTPOAUHAMIKA CYHIJIBHUX Cepero-
BHII. 3a KOHIEHTpAIliil 3ali3HUX dYacTHHOK 15—20 %
KOMIIO3HITIHHAN MaTepiaj Ma€ BIACTHBOCTI MTPOBITHUKA
W IpUIaTHUI 711 eKpaHyBaHHS K HEIOHI3YIOUHX, TakK i
10HI3YIOUHX €JEKTPOMArHiTHUX BUIIPOMiHIOBAHb.

3a0e3meueHHs CYLIJIBHOCTI MaTepially y HaBele-
HHUHA cnoci0 rapaHTOBaHO TUTBKH 3 JOCTATHHO BEIHKHX
TOBIIMH KOMIO3UIIHHOTO Matepiamy (5-10 mm). ko
HaeTbest po 3axucHUU Martepian masnoi ToBmuaH (0,5-
1,0 MM), TO TOTPiIOHO ITYKATH 1HIII NMUIAXH ITiBUIICHHS
Horo edexkTUBHOCTI IIONO EKpaHyBaHHS 10HI3YIOUHX
CJICKTPOMATHITHUX BHUIPOMIiHIOBaHb. Puc.l CBiTYMTH,
1110 301IBIIEHHS AUCTIEPCHOCTI EKPaHYIOUYHX 3aJli3HUX Ta
3aJ1I30BMICHUX YaCTHHOK ITiJIBUIIYE MOTPIOHI €IeKTPO-
¢i3nuHi BiacTuBOCTI (y NAaHOMY BUNAAKY — MUTOMY
€JIEKTPOIPOBITHICTb).

Jlist 31emeBIeHHs] BUXIMHOI CUPOBUHH MOXITUBO
3aCTOCYBAaTH T'OTOBHH 3alli30pY/AHUIA MU Pi3HOI 1 BiJO-
MO1 TUCTIEPCHOCTI. Takuii M HAKOMUIYEThCS Ha (PiTb-
TpYBaJIbHUX 3aBicaxX acmipaliiHUX CHUCTEM IUISTHOK 3i
30araueHHs1 3ami3HOi pynu. DiapTpyBajbHUX 3aBiC Ki-
npKa. PosramoBaHi BOHM mociigoBHO. Tomy, Ha HHX
ociia€ MUII Pi3HUX AiCIEPCHOCTEH.

JlocmipKeHHs OA0 rPaHyIOMETPUYHHUX XapakTe-
PHUCTHK YacCTHHOK 3aJi30pYJHOTO MHITY BUKOHYBAJIUCS
Ha pi3HUX 3aBicaX, TOMY JIsl 3aCTOCYBaHHS TaKOro
ATy JI0IATKOBOT'O aHalli3y BUKOHYBaTH He Tpeba. Ane
BMICT (DEpOMarHeTuKy y TakoMy IHITy (3aj1iza Ta Marte-
TUKy) He nepeBuinye 58-60 %, mo 3HMWKYe epeKTHB-
HICTh KiHIIEBOI'O BUPOOY.

Jns mipBumieHHsT Koe(illieHTIB eKpaHyBaHHS Y
SIKOCTI HallOBHIOBaYa MOJJIMBO 3aCTOCOBYBATH 3aji30-
PYAHUI KOHIIEHTpAT, OTPUMaHWK MeTonoM roTarii.
Bin mae BMicT 3aii3a Ta Margetuky 72-90 % (y 3anex-
HOCTI BiJl BHpoOHHKa). Po3mip wactuHOK 150-200 MKM.
AJle y BUCYIICHOMY BOHU 3JIMITIAIOTHCS. TOMY JOLITBHO
X MexaHi4HO HoApiOHUTH. 1]e MOXKIIMBO 13 3aCTOCYBaH-
HSIM KYJIbKOBUX MIIMHIB CTAaHAAPTHOI KOHCTPYKIIii.

lle oxHOI0O MPOOIEMOIO € OTPUMAaHHS 3 METaJIeBOL
cyOcraHIii Ta moiiMepy OJHOPIMHOI cyMilii 3 MiHiMa-
JIBHUAM 3JIMIIAHHSM €KPaHYIOUHMX YacTHHOK . Lle Moxu-
BO 3a0e3MEUUTH YIbTPa3BYKOBOIO OOpPOOKOIO piaKol
cymimi Meranononimepy. Bucoka mgucnepcHicTh Ta
LIUTBHICTh PO3TAIlyBaHHS METAJEBUX YACTUHOK Ma€ IIe
OJIHY TIepeBary.

Haii0ipim mommpeHuM HKEPESIoM  10HI3YF0UOro
BUIIPOMIHIOBAaHHS Y MPOMHUCIOBHUX MpHUCTPosiX € Cogp 3
eHeprisiMu rama-keantie 1,2 MeB. Ha minbpHO ymako-
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Hueinvna 6e3nexa

BaHMX METAJEeBUX Ta METAJIOBMICHHX KpuUCTanax Iii
BUIIPOMIHIOBAaHHSI ITOBUHHI MiIJ[aBaTUCS PE30OHAHCHOMY
KOMOIHaIITHOMY PO3CIIOBaHHIO.

[epeBaroro Takux matepianiB € MOXKIHUBICTb BUTO-
TOBJICHHSI €KPaHYIOYHMX MOBEPXOHb BEJMKHX IUIOLI, IO
00yMOBJIEHE HU3bKOIO BapTiCTIO 3aJIi30pYIHOIO KOHIIEH-
TpaTy.

VY HaBejieHOMY NPUKIIAJI Y SIKOCTI MOMIMEPHOI MaT-
pHIL BUKOPUCTOBYBABCS JIATEKC, II0 HE Ma€ MPUHIIUIIO-
BOrO 3HAYEHHS 1 BiH MOXe OYyTH 3aMiHEHHWH Oy/Ib-SIKUM
noiiMepoM. €MHOI0 YMOBOIO € BiJICYTHICTh Jerpajarii
MEXaHIYHUX BJIACTUBOCTEH TIiJ| BIUIMBOM BHIIPOMIHIO-
BaHHSI.

HaBenenwuii mijxia g03BOIISIE IPOSKTYBATH MaTepia-
JIM 3 TIPOTHO3YBaHHSAMHU (HEOOXITHMMH) 3aXHCHAMH BIIa-
CTHBOCTSIMH 32 PaxXyHOK 3MiHM KOHILIEHTpalil 3a1i30BMi-
CHOI CYOCTAHIIIT Ta TOBIIIMHY MaTepiaiy.

[Ipu mpoekTyBaHHI TakuxX MaTepiajiiB CIiJ Bpaxo-
BYBATH, IO 3aJi30pyAHUI KOHIIEHTPAT OKPEMHX BHPO-
OHUKIB Mae€ pi3Hy JAMCIEPCHICTh Ta BMICT 3aji3a Ta
MarHeruta. Lli mapamerpu HEOOXiJHO TONEPEIHBO
BH3HAYaTH 4epe3 3aJISKHICTh 3aXMCHUX BIACTHUBOCTEH
BiJl PO3MIpIB EKpaHYIOYMX YAaCTHHOK Ta MPOBIIHOCTI
MaTepiaiy BiJ BMICTy 3aji3a.

BucHoBku

1. TlokazaHo, 1m0 IS M’SIKOTO 10HI3YIOUOrO BH-
MPOMIHIOBaHHSl y SIKOCTI cyOcrtaHIii, sika 3a0e3nevye
HOro ekpaHyBaHHS MOMKJIMBO BHUKOPHCTAaHHS 3alliza Ta
HOrO CIIONYK, SIKi MICTATBCS Y 3aJ1i30pyJHOMY KOHIICHT-
pari.

2. JIns fmesiKuX JIOBKMH XBHWJIb 10HI3yIOHOTO BH-
MIPOMIHIOBaHHSl €KpaHylo4i BJIACTUBOCTI 3aii3a Tepe-
BUIIYIOTh 1IeH TOKa3HHK JJIsi CBUHIIO. 3aXUCHI BIIACTH-
BOCTI METaJIEBUX MaTepiajiB 3MiHIOIOTHCS HEMOHOTOH-
HO, 31 3MIHOIO JIOB)KMHHM XBHJIb BUIIPOMIHIOBAaHHSI, IO
Tpeba BpaxoByBaTH IPH BUKOHAHHI MPOEKTHUX POOIT.

3. Jl1st exkpaHyBaHHS 10OHI3YIOUMX BHUIPOMIHIO-
BaHb JIOLIFHO 3aCTOCOBYBATH KOMIO3UIIHHUIA MeTajI0-
MOIMEPHHUH MaTepiall Ha OCHOBI 3alli30pY/IHOTO KOHIIe-
HTpary. 3MiHa KOHIIEHTpalii eKpaHyrouoi cyOcTaHIii
JIO3BOJISIE TIPOEKTYBAaTH 3aXHCHI Marepialu moTpiOHOT
€(EeKTUBHOCTI Ta BU3HAUCHHUX T'€OMETPUYHUX XapaKTe-
PHCTHK.

4. Jlnst miABUILEHHS SKOCTI €KPaHYIOUOro MaTepi-
ay HeoOXiTHUM € TOTIePEIHE BU3HAUCHHS Y J1abopaTop-
HUX yMOBaX IMCIIEPCHOCTI BHXIJHOI €KPaHYIOUOi CHpO-
BUHHM Ta BMICT Y KOHIICHTpATI 3ai3a Ta HOro CIONyK.
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Designing composite materials based on finely dispersed iron-containing substances for screening ionizing radiation
V. Glyva, I. Matvieieva, L. Levchenko, N. Kichata

Abstract. Based on an analysis of the scattering mechanisms of ionizing electromagnetic radiation and the dependence
of radiation attenuation on the index number of the element and its density, it is concluded that it can be shielded by materials
containing iron. The foundations of designing a composite metal-polymer material are proposed for reducing the intensity of x-
ray and gamma radiation. It is shown that a change in the ionizing radiation absorption with a change in the radiation wavelength
occurs nonmonotonically. Therefore, for the design of the material, it is necessary to find out the preferred wavelengths
(frequencies) of radiation that require shielding. It has been established that for effective screening of radiation there is a critical
concentration of metal particles in the polymer matrix. This occurs at the threshold of the flow of electric current when the
content of the shielding substance is 11-12% (by weight). This is consistent with the electrodynamic ratios of continuous media.
When designing a material using iron ore concentrate, its various properties should be taken into account, depending on the
manufacturer. The design of the protective material should be preceded by laboratory studies to determine the overwhelming
fraction of iron ore particles by the size and content of iron and its compounds in the feedstock.

Keywords: ionizing radiation, composite material, iron ore concentrate, shielding efficiency.
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AHAJII3 ®YHKIIOHAJIBHUX CTAHIB JIIOAUHU-OIIEPATOPA
3 IHBAJIIJHICTIO ¥ KOHTEKCTI 3ABE3INEYEHHSA BE3ITEKU ITPAIILI

AHoTanisi. AKTyanbHicTh. EQekTHBHE BUKOPHCTaHHS TPYJOBOrO IOTCHLIANY € BaXJIMBUM Yy 3a0€3II€4EHHI CTaIoro
PO3BUTKY MiANPUEMHUITBA YKpaiHH, [iABUIICHHS PiBHA HOro KOHKYPEHTOCIPOMOXKHOCTI Ta iHBECTULINHHOI puBadIu-
BOCTi. Y cuTyawii BIITOKY KaJpiB 3 MeTalypriiiHoi, MalIMHOOYAIBHOI Ta IHIIMX rajxy3eidl €KOHOMIKM, aKTUBI3alis Ta
BKJIFOUCHHSI TPYJOBOTO PE3epBY Y BHPOOHHYI INPOIECH € HEOOXiAHOI NEPEIyMOBOI0 PO3BUTKY €KOHOMIKH PETiOHIB
Vkpainu. OgHUM 3 HanpsMiB peanizalii IbOro MiJXOAY € CTBOPEHHS IHKJIIO3UBHOIO BUPOOHHYOrO CepejoBHIIA Ta 3a-
JydeHHsI Ha po0Oo4i Miclsl HpamiBHUKIB i3 iHBaNiAHICTIO. Ba)XuMBy pons IpH mboMy Bixirpae po3po0Oka Ta peajizamis
oprasizaniiHoO-TeXHIYHUX pillleHb [0 ajanranii poooYuX MiCLb Ta TPYJOBUX HPOLECIB MiJ MOXJIMBOCTI IPaLiBHUKIB i3
iHBaninHicTio. [IpUHHATTS ynpaBIiHCHKHX pillleHb CTOCOBHO ajanTanii poOOuMX Micub Ta ypaxyBaHHsS (i3U4HOro i
IICUXIYHOTO CTaHy INpalliBHUKA MalOTh IPYHTYBAaTHCS Ha BUBUYCHHI OCOONMBHX HOTpeO OCi0 i3 iHBANIJHICTIO 3 METOO
IIONEPeKEHHS MOTIPIIEHHs CTaHy iX 3710pOB’sl Ta CTBOPEHHS TpaBMOHeOe3neuHol cutyauii Ha podouomy micui. Mera.
Meroro cTarTi € aHaii3 ocobnuBocTeil PyHKIIOHANBHUX CTaHIB JIIOAMHU-ONEPATOPa i3 IHBAJIAHICTIO 33 UL I1iABUILCHHS
PiBHSI €pEKTHBHOCTI Ta OE3MEKN CHCTEMH «IIOAWHA — MAllMHA — BUPOOHMYE ceperoBuIIe». MeToquKa qOCTiI/KeHHs.
MeronuKa IpyHTY€EThCS Ha aHai31 QYHKIIOHATBHUX CTaHIB 0Ci0 13 IHBaJIIHICTIO Y KOHTEKCTI e()eKTUBHOCTI Ta Oe3neKu
TPYJOBOTO HPOLECY 13 3aCTOCYBaHHSAM Teopil JaHLoriB MapkoBa Jisi OTPMMaHHS MaTeMaTHYHHMX 3aJISKHOCTEH, 110
OIMCYIOTh HMOBIPHICTb 3HAXOPKCHHSI JIFOJUHH-OIIEPAaTOpa 3 iHBaJIIJHICTIO Ha NIEBHOMY DiBHI Tpya0Boi akTuBHOCTI. Ha-
ykoBa HoBH3HA. [Tonsirae y po3po0ii HayKOBOro Miaxoay AJIs TOCHTiUKEHHs (DYHKIIOHAIBHUX CTaHIB IpaliBHUKA i3 iH-
BJIIIHICTIO 3a/U1s NONEPEeXKEHHs BUHUKHEHHSI HEIIJACHOTO BUIIAJIKY YM CTBOPEHHs aBapiiiHOi cuTyauii Ha mianpuemcr-
Bi. [IpakTnyne 3navyennsi. OTpUMaHi MaTeMaTHUYHI 3aJIE)KHOCTI JO3BOJISIOTH BU3HAYUTH HMOBIPHICTH IEpEXoay Ipa-
L[IBHUKA 13 1HBaJIIJHICTIO Yy NIeBHUI (YHKLIOHAIBHUI CTaH 3a HAasIBHOCTI JierpaJlallifiHuX MPOLECIB y CUCTEMI <(JIIOJMHA
— MallliHa — BUPOOHHWYE Cepe/IOBUIIE», IKi MOXKYTh IPU3BECTU JIO TPABMATU3MY Ha POOOUOMY Miclli, @ TaKoX Ipole-
CiB, 0 CTabiNi3yIOTh CHCTEMY Ta HiJBHUIIYIOTh piBeHb Oe3mneku. Lle 1ae MOXIMBICTH BU3HAYMTH NPIOPUTETHI LMIIAXU

II0/10 BJJOCKOHAJICHHS CTaHy OXOPOHH IIpalli Ha poOo4YoMy MicIii.

KawuyoBi ciroBa: nparmiBHUK i3 iHBaNIAHICTIO, Oe3meka, (hyHKIIOHABHUIT CTaH, JTaHIorn Mapkosa.

IIpobaema Ta ii 38’5130k
3 HAYKOBHMM Ta NMPAKTUYHUMMU 3aBIaHHIMHA

Po3BHUTOK €KOHOMIKHM Oe3MOocepeHbO ITOB'SI3aHUI
13 aKTHBI3aIII€I0 Ta BKIIFOYCHHSAM TPYJIOBOTO IMOTEHITIATY
y BupoOHH4I nporiecd. EQekTuBHE BUKOPUCTaHHS TPY-
JIOBOTO pe3epBy 3abe3lreuye CTaauid PO3BUTOK Oy/b-
SIKOTO TIiIIPHEMCTBA, HOr0 KOHKYPEHTOCIIPOMOYKHICTb
Ta iHBECTHLiMHY npuBabnuBicTh. CKiIagHa COLiaIbHO-
€KOHOMIYHa CUTYyallisi B KpaiHi 0OyMOBIIIOE BiNTIK KBa-
miikoBaHUX KaJpiB Ta HECTadyy TPYAOBUX PECYpCIB y
cepi BUpOOHHIITBA.

3a CTaTUCTUKOI0 OCTaHHIMH pOKaMH cCIiocTepira-
€ThCA TEHEHIS 0 3HIKEHHS YUCEILHOCTI 0ci0, 3a-
WHATUX y MeTalypriiiHii Ta MammHOOYIiBHIHN cepax:
y 2014 p. Ha MeTanypriiiHUX MiINIPHEMCTBAX MPAIOBa-
J0 268,2 tuc. ocio, a y 2018 p. — 193,6 tuc. ociod; y
chepi BUPOOHMIITBA MAIlMH 1 YCTaTKYBaHHS YHCEIb-
HICTh TIpaliBHUKIB 3MeHmmnacs 3 354,7 tuc. ocid 1o
304,5 tuc. ocid [1]. YV Toii ke 9ac crocTepiraeThes 3po-
CTaHHs KUIBKOCTI BakaHCil npodecionani, (axiBiB Ta
KBaJTi(hiKOBaHNX POOITHHKIB, SIKI MPAIOIOTH i3 1HCTPY-
MEHTOM.

Hecraua kaapiB Npu3BOJUTH O 3HWKEHHS TEMIIIB
PO3BUTKY €KOHOMIKH, 30KpEMa Y METaIypriiHil Ta Ma-
mMHOOYAIBHIN cdepax, sKi TpaAWIiHO BBaXKAIOTHCS
OJTHMMHU 3 TIPIOPUTETHUX HAIPSIMIB PO3BHTKY €KOHOMi-
K1 YKpaiHu.

V rtakiii cuTyanii BaXXJIMBUM IHUTaHHIM € peai3a-
sl IporpaM, CHPSIMOBaHUX Ha 30€pPEeKEHHS TPYIOBHX
pecypciB Ta 3aaydeHHs Ha po0OoYi MICISI TPYIOBI pe3ep-

BH, SIKi Hapasi 3aJIUIIAIOTHCS 11032 CPepor0 BUPOOHHYOT
nisutbHOCTI. 3apa3 B YKpaiHi HayiuyeTbesl OMHM3bKO 2,5
MJIH. 0Ci0 13 IHBaNIJHICTIO, NPU TOMY, IO PiBEHb IiX
TPYAOBOI 3aliHATOCTI cKianae Oau3bko 0,6 %. CTpyKTy-
pa IHBaJIIHOCTI HaceleHHs YKpaiHH BUIIISAAE HACTYII-
HUM uuHOM (puc. 1) [1].

3 mpecTaBICHUX AaHUX BUIHO, 10 36 % - ocobu
13 inBamigHictio 11 rpynu, 55 % - oco6wu III rpynu iHBa-
JJHOCTI, sIKIi MOXYTb OyTH 3alisiHi Yy BHPOOHHYOMY
npotieci y pizHux cdepax ekoHomiku. Kpim Toro, cro-
CTepiraeThCs TEHACHIIISI 1O 3pOCTaHHS YHCEIBLHOCTI 0Ci0
13 IHBAJIIAHICTIO Cepell MITeH, sAKi 3apa3 BHACIIIOK pO3-
BUTKY IHKJIIO3MBHOTO HaBYaHHS MalOTh MOXJIHMBICTH
OTpUMATH MOBHOLIIHHY OCBITY Ta y MOJANIBIIOMY pealli-
3yBaTH ceOe y IpodeciiHill TisTbHOCTI.

VY BupillleHHI NUTaHHS 3ajydeHHs oci0 i3 iHBaia-
HICTIO Ha po0O0Yi MiCIlS Ba)XJIUBY POJIb BiTirpae CTBO-
PEeHHsSI HAJSKHUX YMOB Mpali Ta ajanraris poboumx
MICITh 1T MOKJTUBOCTI MPAIiBHUKIB 13 1HBAJITHICTIO.

Po3pobka edexTuBHUX amanTaumiiHUX pilieHb Oa-
3Y€ThCS HA BUBYEHHI OCOOJIMBOCTEH (hYHKI[IOHAJIBHOTO
CTaHy IpalliBHUKa i3 iHBaJiAHICTIO. BpaxyBaHHS icHY-
F0YUX 00OMEXEHb KUTTEAISUILHOCTI OCI0 13 1HBAJIIAHICTIO
Ta CTBOPEHHS BIAIOBIIHUX LM IMoTpebaM yMOB mpari
no3BoJIsie ¢hOPMYBATH 1HKITIO3UBHE BUPOOHUYE Cepe/o-
BUIIE Ta ITABUIINTH €PEKTUBHICTH BUKOPHCTAHHS TPY-
JIOBHUX PECYPCIB.

AHani3z pociaimkeHb i myouikamiit. dyHKIiO-
HaJIbHUH CTaH JIIOAWHH, sIKa BUKOHYE OIEpaTOpChKi Iii,
y 3HauHii Mipi 00yMOBIIIOE €()EeKTHBHICTh Ta O€3IeKy
TPYAOBUX IMPOIIECIB.
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Tuc.oci6 1600
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YucenbHictbocib i3 . - ; - - Lo
. L iHBanigHictio Il iHBanigHictio Il iHBanigHicTo
iHBanigHicTio [ rpynu -
rpynu rpynu AUTAYHOTO BiKY
m2017 240,6 900,5 1306,2 156,1
2018 235,4 899,2 1341,9 159
w2019 226,3 896,1 1375,7 161,6

Puc. 1. CrpykTypa iHBaJITHOCTI HaceJIeHHsT Y KpaiHH

OriHKa (YHKIIOHAIEHOTO CTaHy MpalliBHUKa 0e3
CTIHKUX MOpYILIEHb y CTaHi 37I0pOB’Sl A0O3BOJISIE PO3PO-
OWTH 3aXOIU MIOAO ONTUMI3alli TPYIOBOro IMpOIECy 3
METOIO MIIBUIIEHHS HOro e)eKTUBHOCTI.

VY Toli e wac IOCIHiKeHHS (DYHKIIOHAIBHOTO
cTaHy 0coOM i3 IHBAIIJHICTIO € HEOOXiJHOI YMOBOIO
3a0e3meueHHs K e(DEeKTUBHOCTI, Tak i Oe3IeKku mparli
Ha poboyomy Micrii [2].

VY poboti [3] 3a3HavaeThCs, MO (YHKINOHATEHUMA
CTaH TpalliBHAKA € IHTErpajJbHUM IOKa3HHUKOM HOro
Mpane3laTHOCTI, [0 BH3HAYAETHCH 1HIMBITYaJIbHUMHU
0COOJIUBOCTSIMH, (paKTOpaMu BUPOOHHYOTO CEpeIOBHIIIA
Ta TPYIOBOT'O TPOLIECY.

BruuB iHAMBIyalbHUX OCOOJIMBOCTEH Ha pPiBEHb
0e3rekn 00yMOBIIIOETBCS PSOM XapaKTEPUCTHUK, OCHO-
BHUMH 3 SIKUX €: NCHXO0(i3i0JOriyHi XapaKTepUCTHKH
JIIO/IMHU; JTOCBif, PiBEHb OCBITH, NMpodeciiiHi HaBUYKH i
crocoOu BUKOHaHHS POOOTH; BiK; TSDKKICTH 1 Hampyxe-
HICTB IIpalli, 0 BILUIMBAIOTh Ha HAKOIMYEHHS BTOMU. B
pobori [4] Ha 6a3i aHaNi3y BILIMBY (DaKTOPIB TPYIOBOTO
Mpollecy Ha pPiBeHb TPaBMaTH3My 3pO0JEHO BHUCHOBOK
NpO TMepeBakKaHHs HACTYITHHUX MPHYHH: HANPYKEHOCTI
mpaiii, 00yMOBJIeHa HEOOXiMHICTIO 3a0e3MeUYeHHS BHCO-
KOTO PiBHS MPOJIYKTUBHOCTI, BTOMa. JIJisf mpaIliBHHUKIB
i3 IHBANIJHICTIO i TPUYMHH HaOYBarOTh OCOOJIUBOI
aKTyaJIbHOCTI BHACIIIOK HAsBHOCTI CTIHKHMX (YHKIIiO-
HaJIbHUX 3MiH Y CTaHi 37I0pOB’sl.

BincytHicTh eeKTHBHMX MeXaHi3MiB 10O TOIe-
peIKeHHs pealtizamii HeOe3MeK, IOB'I3aHUX 3 JIIOJCH-
KuM (aKTOpoM, NPHU3BOJMTH [0 30IJbIICHHS PU3UKY
OTPUMAaHHS TPABMHU 1 IHIIUX HECTIPUATIUBUX HACIIIKIB.

B po0ori [5] minkpeciroeTbes, 110, HE3BaXKa4n Ha
3HAYHY BPA3JIMBICTh MPAIBHUKIB 3 1HBATIIHICTIO, BOHU
YacTille MpamioTh B HECTIPUSITIMBUX YMOBaXx, 10 30i-
JIBIIIYE PU3HK TpaBMaTH3My. ToMy poOOTO/ABII MTOBHHHI
pO3po0IIATH 1 BIPOBA/DKYBATH YiTKI HPOLEAYPH ILOAO
3HWKEHHS PU3UKY TPaBMaTH3My TpAlliBHHUKIB 3 1HBaJIiI-
HICTIO 13 ypaxyBaHHM 1X (PyHKI[IOHAIBEHOTO CTaHy.

MeTta pocaimkeHHsi. JJOCTiANTH CTaHM JIIOIUHU-
oIepaTopa y CUCTEMI «JII0IHA — MAIlIMHA - HABKOJIUIII-

HE CEpeIOBUILEY, SKUH Ma€ CTiHKI (YHKIIIOHAJIbHI 3Mi-
HH y CTaHi 3JI0pOB’s, 3 METOK PO3POOKH METOJIB
YIIPaBJIiHHS Mpale3/IaTHICTIO Ta 3a0e3Me4YeHHs HaJex-
HOT'0 PiBHsI O€3MeKH Ha pOOOYOMY MiCITi.

BuxaagenHsi Mmatepiany Ta pe3yjabTaTH

Y KOHTEKCTi TPY/ZOBOTO HpOIECY Ta BUMOT Oe3re-
KA MOXHA BWJUIMTH HACTYINHI (DYHKIIOHAJIBHUH CTaHU
JIIOJIMHHU-0IIepaTopa i3 iHBaJiIHICTIO (pHUC. 2):

1) mparne3gatHuil ctad S;(2) — ko podoue Micre
Ta TPYAOBHUI TPOIEC OBHICTIO BPaXOBYIOTh OOMEXEH-
HS KUTTEIISUILHOCTI TpaliBHUKA 1 J03BOJIAIOTH 3a0e3-
MEYUTH PiBEHb MPAE3aTHOCTI JIIOJANHHA Ta BUKOHAHHS
BUMOT 0€3IeKH Ha MaKCUMaJILHOMY piBHi;

2) mpanecnpoMoXHHUH cTaH S,(?) — MpaliBHUK 3/1a-
THUH BHKOHYBaTH NpogeciiiHi 0OOB’SI3KM YaCTKOBO;
BUMOT'H, OOYMOBJIEHI TPYIOBHM IIPOLIECOM Ta OXOpO-
HOIO TIpalli, BAKOHYIOTHCS HE y TIOBHOMY 00CsI31 BHACITi-
JIOK HassBHOCTI HEBIJIOBIAHOCTEW MK OOMEKEHHSIMH
KUTTEMISIIBHOCTI TIpAIliBHUKA Ta POOOTi, IO BUKOHY-
€THCS;

3) cral roToBHOCTI S3(?) — MpalLliBHUK Ma€ MOTEH-
miaja MO0 BHKOHAHHS TpodeciiHuX 00O0B’S3KIB (Ha-
MIPUKIIa, Michs Mequ4yHol pealimitarlii), aje, BHACTIIOK
HEHAJIIEKHOI'0 PIBHS IMIUIEMEHTYBaHHS aJalnTailiiHuX
pillieHb, € HEZOCTATHLO 33 isIHUI Y TPYJOBOMY IPOLIECH;

4) craH panToBOI BiAMOBH Sy(?) — TpaBMa, iHIIE
YIIKO/DKEHHSI CTaHy 37I0pOB’sl BHACIIJOK BIUIMBY (hax-
TOpiB BUPOOHUYOI'O CEPEAOBUINA Ta TPYAOBOrO IMPOIie-
cy, sIKi 00’€KTHBHO iCHYIOTh Ha pOOOYOMY MiCI YH
00yMOBJIEHI HEBIAMOBIIHICTIO poOoYOro Mmicus i Tpy-
JIOBOTO TIPOLIECY MOXKJIMBOCTSIM IpALliBHHUKA; 5) Hempa-
ne3gaTHuil cran Ss(?) — ocoba, ska Mae IHBaJITHICTS,
3HAXOIMTHLCS y TpaIe3TaTHOMY BIiIli, ajie € BUKJIIOYC-
HOIO 3 TPYJOBOTO MPOIECY BHACTIJOK HAasIBHOCTI 3HAU-
HUX (DYHKIIOHAJIBHUX OOMEXKEHb, BHUKIMKAHUX CTAHOM
3JI0pPOB’s, @ TAKOXK BIJICYTHOCTI aJanTalliiHUX pillleHb,
SKi MO O KOMIIEHCYBAaTH HEBIJIOBIJIHOCTI CTaHy
3JI0pOB’S JTFOMHU BUMOTaM poOOYOro Micis Ta TpYIo-
BOTO TIPOIIECY.
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Puc. 2. I'pad dyHKIIOHANBHKUX CTaHIB NPaLliBHUKA 13 IHBAJIIIHICTIO

Jlroauna-onepaTop, sika Ma€ OOMEKEHHS KHUTTEI-
STIBHOCTI, B aCIleKTI BHKOHAHHS TPYIOBHUX OOOB’SI3KiB
MOXE 3HaXOIUTHCS B OJHOMY 3 BHUIIIE3a3HAUYEHHUX POOO-
yux craHax. /|y aHamizy JaHUX CTaHiB 3a3HAYUMO JBa
MOYaTKOBUX (HYJhOBUX) CTaHU:

So;(t) — HaOYTTS CTiMKMX (YHKILIOHANBEHUX 3MIH Yy
CTaHi 3[I0pOB’Sl 3 TUTHUHCTBA, [OYATOK TPYIOBOI JIislIb-
HOCTI JIFOMWHHU BiOyBaBcs y craryci ocoOH i3 iHBaia-
HICTIO;

So2(t) — HaOYTTS 1HBAJIHOCTI BHACITIJIOK Hemlac-
HOT'O BUIAJKY YH NMPOQeCciiHOro 3aXBOPIOBaHHS Ha BU-
pOOHUITBI, 200 BHACIIZOK TPaBMAaTU3My HEBUPOOHHYO-
T'O XapakTepy.

Ii cTaHu MarOTh BPaxOBYBATHUCS IPU PO3pOOII Ta
NPUHHATTI YOPaBIiHCHKHUX PillleHb 11010 BUOOPY pobo-
YOro MICIS I 0cOOH, Kiii BCTAHOBIIEHO 1HBAJIAHICTD,
3 METOI0 MaKCHMAaJIbHOTO BpaxyBaHHS i1H/IMBITYyaJbHUAX
ocobmuBocTe moguHu. Jlmg  Iied  JaHoro JOCHi-
JUKCHHS BBa)KaeMo, 1o Sy; (1) = Spa(t) = Ss(2).

BrnpoBamkeHHs:  epeKTUBHHX  OpraHizariiHo-
TEXHIYHUX pIlIeHb 33Ul TNepeBeleHHsT (DYHKIIOHAb-
HOT'O CTaHy MpamniBHUKA 13 1HBAIIHICTIO JI0 Mpale3/aT-
HOTO € KIiHIIEBOIO METOI0 pealimiTalliifHux Ta ajamnra-
MIMHUX 3aXO0/iB, OCKIJILKHA TaKUH CTaH J03BOJISIE 3a0€3-
MEYUTH MaKCHUMaJIbHY e(EeKTUBHICTH Ta Oe3meky mpa-
LiBHUKA, a, OTXe, MaTHME BaroMHd COLIaJbHO-
€KOHOMIYHUH e]eKT:

So1(D) > S5(1) > S(0) >S,() >S50,
§1(0) > 84(®) > Spp (1) >S3(0) >S5, (1) > 8, 2).

[pane3naTHuii cran S;(7) ans npaniBHUKa, (QyHK-
LIOHAJIBHUIM CTaH SIKOTO XapaKTEpU3YETHCS 3HAYHUMHU
0OMEXEHHIMHU JKUTTEISUTBHOCTI, MOXe OyTH HIKOJU He
JIOCSITHYTUM.

[pore, HaBiTh HOCATHEHHS (DYHKIIIOHAILHOTO CTa-
Hy S>(¢) € BaroMuM pe3yJbTaToM y HampsiMy 3adesrie-
4yeHHs Oe3rneku i eekTHBHOCTI TPyHoBOi 3aHHATOCTI
oci6 i3 iHBaJIiAHICTIO.

Iepexin 3 omHOro (YHKIIOHAIFHOIO CTaHy JO
IHITIOTO MOJKE 3IIMCHIOBATHCS BHACIIIOK Jerpaaarii-
HUX mporeciB D(?), siki Ha puc. 1 MoO3HAa4YeHi MyHKTH-
POM, Ta mporeciB, Mo cTadinizytoTh ctan C(?) (cyminpHa
JIHis).

Jlerpanartiiiti mpolecu MPU3BOIATH 10 3HIKCHHS
eeKkTUBHOCTI ¥ Oe3nexu Ipami Ta 3/aTHI CIPHYHHUTH

TIOTIpILIEHHS] CTaHy 3[I0pOB’s TpaliBHUKA i3 1HBaJIIHiC-
TIO, TIPU3BECTH 1O TpPaBMH, aBapiiiHOi cuTyamii Ha
00’ €KTi.

Jo 1i€l rpymu IporeciB HaIeKAaTh:

- HEJJOCTaTHIN piBEHb OpraHi3alii TpyJIOBOr0 Mpo-
neey;

- HE3a/I0BUIbHI CaHITAPHO-TITiEHIYHI YMOBH ITpalli;

- BIJICYTHICTh YM HHM3BKHU piBEHb ajanratii Tpy-
JIOBUX TIPOLIECIB Ta POOOYMX MICIb MiJi MOXJIUBOCTI
MIpaliBHUKA 13 1HBAJIIHICTIO;

- HE3aJIOBIJIbHUI TICUXOJIOTIYHHH MIKpPOKIIMaT y
KOJIEKTHBI, Opak pOo3yMiHHs Ba)KJIMBOCTI MpaleBIIAIITY-
BaHH: OCi0 13 IHBAJIIHICTIO 3 OOKY KEpiBHUIITBA Ta iH.

[Mpouecamu, 1o Ccradimi3yl0Th €PEKTUBHICTH i
Oe3reKy mparli Ta CIPHSIOTH ITiABUIIEHHIO TX PIiBHA €:

- HaJIe)KHa OIliHKA PIBHA Mpane3faaTHOCTI MparliB-
HHUKA 13 1HBaJIIIHICTIO;

- po3poOKa Ta BIpOBaJKEHHS aJaNTalliiiHuX opra-
Hi3aIiHHO-TEXHIYHUX PIllleHb, SKi KOMIICHCYIOTh BaIH Y
CTaHi 3/I0pOB’s, 3a0€3MEYYIOTh HAJEKHUI PiBEHb Ipa-
LIe3/IaTHOCTI Ta Oe3IeKH Tpalili;

- CTBOpPEHHS CaHITApPHO-TITI€HIYHUX YMOB Mpall,
siki O TO3BOJIMJIM 30€perTy CTaH 3JI0pOB’S Ta Mpare3/a-
THOCTI NpaliBHUKA i3 IHBAJIIHICTIO HA HAJIEKHOMY PiB-
Hi i3 ypaxyBaHHSIM HassBHUX OOMEXEHb JKUTTENISITBHOC-
Ti;

- BIIPOBAJDKEHHS 3aXOJIiB TI0 CTBOPEHHIO y KOJIEK-
TUBI aTMoc(epu JT0OPO3HUIUBOCTI, IOIEpEKAHHS
JMUCKpUMIHAIIT Ta iH.

3 Meroro ynpaBiliHHS €(EeKTHBHICTIO 1 0e3MeKOoro
paii 0cooH i3 iHBAJIIAHICTIO HA POOOYOMY MicCIli He0O-
X1JTHO 3HaTH, y IKOMY (DYHKIIOHANBHOMY CTaHi S;(?) Ha
JAaHWA MOMEHT 3HAXOAUTHCS MPAIiBHUK, Ta SKI MOTPiO-
Hi yIpaBIIiHCHKI Jii, 1100 repeBecTy Horo y iHIIMN cTaH
Su(t+1).

[puiimaemo:

P; - HMOBIpHICTh 3HAXOMKEHHSI MpAIliBHAKA 3 1H-
BaJITHICTIO Y IEBHOMY (DYHKIIIOHAJILHOMY CTaHi;

Ay - IiNBHICTH IMOBIPHOCTI Mepexomy [6].

BukopucroByroun Teopiro saHimorisB Mapkosa, 3a-
MTUIIIEMO CHCTEMY PIBHSHB JUIsi BU3HAUSHHS HMOBIpHOC-
Ti IepeOyBaHHs MpaliBHUKA 13 1HBAIIAHICTIO Yy IEBHOMY
(yHKIIOHATTBHOMY CcTaHi S;(?):

dB (1)
dt

=—(M2 + M) B (O + A1 P (1) + A5 P5(2);
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db (1)
dt

=—(Agy +Ap3+hpg +Ap5)P (1) +

+ AR + A3 B (1) + A5y B (1);
% =—(A33 +h34 +A35) B () + A3 P (1) +
+hg3 By (1) +hs3 P5(1);
B (s ) PO+ aRO+
+ha P (1) +A34 B3 (1);
?= —(hsy +hsy +As3) B (1) + 5P (1) +
+A35 B () + hgsPy(0).

3amarouy 3HAYCHHS HIUTLHOCTI WMOBIPHOCTI mepe-
X0y, BUXOJIS1YH 3 (QYHKI[IOHATBHUX OOMEXEHb OCOOH 13
IHBAJIIHICTIO, a TAaKOXX OCOOJMBOCTEH TPYIOBOIO IIPO-
Liecy Ta BUPOOHHUYOTO CEpelOBHINA, MOYKHA BH3HAYHUTH
HMOBIPHICTh 3HAXO/DKEHHS MPAI[iBHUKA 13 1HBAJIIHICTIO
y MIEBHOMY CTaHi, 1110 JJO3BOJIUTH OLIHUTH €()eKTUBHICTh

aZlanTalifHIX pillleHb MIOMO MiIBUILEHHS piBHs Oe3re-
KU i e(peKTUBHOCTI TPYJOBOI AisTIBHOCTI.

BucHoBku
Ta HANPAMOK MOJAJIBLIIUX J0CTiTKEeHb

JocmimkeHHst (GYHKIIOHAJbHUX CTaHIB MpaliBHU-
KiB, 30KpeMa THX, SKi MarOTh iHBaJiIHICTh, IO3BOJIIE
BH3HAYUTU OCHOBHI IUIAXH ITiABHMIICHHS PiBHA e(ekTu-
BHOCTI TPYIOBOI IISUTBHOCTI, a TaKOX IOMEpPEHKECHHS
HEI[ACHUX BHIIAJIKIB HA POOOYHMX MiCILiIX.

VY craTTi mpoaHanizoBaHo (YHKI[IOHAJIbHI CTaHU, Y
SIKMX MOYKE 3HAXOMUTHCS JIFOJIUHA-OIIEpaTop 13 iHBaJi-
HICTIO, Ta 3a JOMOMOro Teopii JaHmoriB Mapkosa
OTPUMAHO PIBHSHHS, IO XapaKTEpU3YIOTh HMOBIPHICT
3HAXO/DKEHHS MpPAalliBHUKA i3 1HBANIIHICTIO y TIEBHOMY
(YHKIIIOHATPHOMY CTaHi 3a HAasBHOCTI JerpajalliifHuX
MPOIIECIB Ta BIUTUBIB, IO CTaOLIi3yIOTh CUCTEMY <(JIIO-
JIMHA — MalllMHAa — BUPOOHUYE CEPEIOBUILIEY.

VY nopanbuioMy JaHi piBHSHHS MOXYTh BUKOPHC-
TOBYBAaTUCS Y HOCII/KEHHI e(pEeKTUBHOCTI 3aXOJiB IO
3a0e3neueHHI0 0e3neKky i e(h)eKTUBHOCTI Mparii.
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Analysis of the functional states of human-operator
with disability in the aspect of occupational safety

K. Danova

Abstract. The aim. Effective use of work potential is important in ensuring of sustainable development of entre-
preneurship in Ukraine, increasing its competitiveness and investment attractiveness. In a situation of an outflow of per-
sonnel from the metallurgical, engineering and other sectors of the economy, the activation and inclusion of the work re-
serve in production processes is the key to the sustainable development of economic sectors. One of the directions for im-
plementing this approach is to involve the employees with disabilities to the workplaces. An important role in solving this
issue is the creation of appropriate working conditions and the adaptation of workplaces to the capabilities of workers with
disabilities. Making managerial decisions to adapt workplaces to the capabilities of the employee, taking into account his
physical and mental state, should be based on the studying of the characteristics of the conditions of persons with disabili-
ties that are included in the work process in order to prevent the worsening of their health and creation of traumatic situa-
tion. The aim of the article is to analyze the features of the functional states of a person-operator with a disability in order
to increase the efficiency and safety level of the “man-machine-production environment” system. Research Methodology.
The methodology is based on the analysis of the functional states of persons with disabilities in the context of the effi-
ciency and safety of the work process using the Markov chains theory to obtain mathematical dependencies that describe
the probability of a person-operator with disabilities staying in a certain functional state. Scientific novelty. It consists in
developing a scientific approach to studying the functional conditions of a worker with a disability to prevent an accident
or creation of an emergence situation at the enterprise. Practical value. The obtained mathematical dependences make it
possible to determine the probability of transitioning of a worker with a disability to a certain functional state in the pres-
ence of degradation processes in the “man — machine — production environment” system that can lead to injuries at the
workplace, as well as processes that stabilize the system and increase the safety level. This makes it possible to identify
priority ways to improve the state of occupational safety at the workplace.

Keywords: worker with disability, safety, functional state, Markov chains.
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HarionansHuil yHiBEepcuTeT Xap4yoBUX TeXHONOr1H, Kuis, Ykpaina

2 . o . ‘o o . . .
Harmionansauit aBianiinuit ynisepcurer, Kuis, Ykpaina

? [HCTUTYT JIepXKaBHOTO YIPABIiHHS Ta HAYKOBUX JI0CIiKEHb 3 UBUIbHOTO 3axucTy, Kuis, Ykpaina

PO3PAXYHKOBI METO/IU INTPOEKTYBAHHSA EJIEKTPOMATHITHUX EKPAHIB

13 3BAJAHUMU 3AXUCHUMHU BJIACTUBOCTAMHU

AHoTtanisi. Ha choronnimmHiii 1eHb OCHOBHA YaCTHHA JOCHTIDKEHb Ta MPUKIAIHUX PO3pOOOK 00 po3polIIeHHs MaTe-
piaiiB ;I eKpaHyBaHHs €JICKTPOMArHITHUX IOJIB Pi3HMX YaCTOTHUX Jialla30HIB € eKCIEePUMEHTAIbHUMH, OCOOINBO Lie
CTOCYETBCSI CYYaCHUX KOMIIO3MLIHHMX MarepianiB. BcTaHOBIEGHO, 110 aKTyaJbHOIO € 3a7ada BUPOOJICHHS PalliOHaIbHOL
METOZONIOr{ PO3paXxyHKOBOrO NPOrHO3YBaHHS €(peKTHBHOCTI MaTepialliB [l eKpaHyBaHHS €JI€KTPOMarHiTHUX noiis. Mera
po0OTH — HaZlaHHSA 3pPYYHOr0 y BUKOPHCTAaHHI PO3PAXyHKOBOIO anapary Ajis MPOrHO3yBaHHS 3aXUCHUX BIACTUBOCTEH Ma-
TepialiB g eKpaHyBaHHS €JICKTPOMArHITHUX IOJIIB, IO JI03BOJINTH MiHIMI3yBaTH OOCATH €KCIEPUMEHTAIbHUX POOIT mix
4ac NPOEKTYBAHHA 3aXUCHUX KOHCTpYKUii. HaBeneno, Buxomstuu 3 GyHIaMEHTaIBHUX CIIiBBiZHOLIEHD €IeKTPOJUHAMIKI
CYLIJIBHUX CEPEIOBHIL, 3py4HI Y BUKOPHCTAaHHI 3aJIeKHOCTI KOe(illi€HTIB eKpaHyBaHHSI METAIEBUX Ta KOMITO3HIIIIHIX Ma-
TepiaiiB BiJl IX TEOMETPUYHNX, MATHITHUX Ta el1eKTpodiznuHux BractuBocreil. OOIpyHTOBAHO CIIiBBiHOLICHHS 1100 BU-
3HAUEHHS] BHECKY BiJOMTTS €JIEKTPOMAarHiTHUX XBWIIb Yy 3arajibHUi KoedilieHT expaHyBaHHs. Lle no3Bonsie po3paxyBaTu
TOBILMHY €JIEeKTPOMAarHiTHOro €KpaHa Ha NMPHHLMUIAX PO3YMHOI JocTaTHOCTi. IToka3aHo, mo it eeKTUBHOro BUKOPHUC-
TaHHS PO3PaXyHKOBHX METOJIB OLHIOBaHHS 3aXMCHMX BIACTUBOCTEH KOMIIO3MLIIHMX MaTepialliB Julil eKpaHyBaHHS Mar-
HITHHX Ta eJIeKTPOMarHiTHUX I0JiB NOTPiOHA HAsABHICTh HAJIHHUX EKCIIEPUMEHTAIBHUX JIAHHMX 1100 MAarHITHUX Ta €IEKT-
podi3uyHUX BIACTUBOCTEH HAHOUIBII IIOMMPEHNX 3a CKIAZ0M KOMIIO3ULIHHUX MaTepiais.

Karo4doBi cioBa: enekrpoMarHiTHe Iojie, eKpaHyBaHHs, KOMIIO3MLIHHI Marepianyu, koedillieHT eKpaHyBaHHS, €IEKT-

POMAarHiTHHI eKpaH.

Beryn

IlepeBaxkHa OUTBIIICTH JOCITIIPKEHh Ta TPUKIAJI-
HUX pO3pOOOK MIOAO PO3POOJICHHS MaTepialiB IS eK-
paHyBaHHS €JICKTPOMATHITHUAX TOJIB PI3HUX YaCTOTHHX
Jliama3oHiB € eKcliepuMeHTaIbHUMH. OCOOIMBO LiE CTO-
CYEThCS CyYaCHHMX KOMIIO3MIIIMHUX MaTepiaiiB. 3Hau-
HOIO MIpOI0 116 OOYMOBJICHE BiJICYTHICTIO JIOBiJIKOBHX
JAHWX IIIOJI0 MArHITHUX Ta CJIEKTPO(I3UYHUX BIACTHU-
BOCTEH TaKHX MaTepiaiiB, MO € 00B’SI3KOBUM ]ISl BUKO-
pHUCTaHHS PO3PAXyHKOBUX METOMIIB. BibIIICTh aHATITH-
YHHUX METOIMK CTOCYIOThCS METAJICBUX 3aXMCHUX Mate-
piaiB uis IKUX ICHYIOTH TaOJIMYHI JaHl A pO3paxyH-
KiB. AJie HasBHICTh €KCIEPUMCHTAIBHUX TaHHUX IIOIO0
Koe(illieHTIB eKpaHyBaHHsS KOMITO3MIIITHUX MaTepiaiiB
JUTSL PI3HUX YaCTOT T4 YaCTOTHUX CMYT €ICKTPOMArHIT-
HUX TIOJIIB JIO3BOJISE aJaNTyBaTH ICHYIOYMHA MaTeMaTu-
YHUI amapaT /0 CydacHMX 3aj]ad OLIHIOBAaHHS Ta IpO-
THO3YBAaHHS 3aXHMCHHX BJIACTHBOCTEH KOMIIO3MTIB pi3-
HOT'O CKJIay Ta TEXHOJIOT1/i BUTOTOBJICHHS.

AHaJi3 ocTaHHIX JocCHiIKeHb i myOsikamii.
IpyHTOBHI JOBiAKOBI ¥ HAyKOBi JuKepea IOI0 po3pa-
XYHKOBHX METOiB BH3HA4Y€HHsI €(EKTHBHOCTI MarHiT-
HUX Ta eJeKTPOMAarHiTHUX ekpaHiB [1, 2] po3risaaoTh
BUKJIIOYHO MeTajeBi ekpaHu. J[o TOro >k BOHH CTOCY-
I0ThCSl CaMme eKpaHiB pi3HOi (opMH, HE EeKpaHYyIUHX
MatepiaiiB. ¥ poOorti [3] HamaHO mpuaaTHI Ui BHKO-
puctanHs (axiBISAMH 3 IUBUIGHOI OE3MEKH CIiBBiIHO-
IICHHS TSI BU3HAYCHHS KOC(IIIEHTIB eKpaHyBaHH, ajie
BOHM TaKOXX pO3MISJAIOTh MeTaneBi Matepiaau. B
OCTaHHI POKM HAOyJIM PO3BUTKY YHCEIbHI METOIH BU-
3HAYEHHsI MOTPIOHUX MapaMeTpiB 3aXUCHUX MaTepiailiB
[4, 5]. Lli po®0TH CTOCYIOTHCS TiJIBKH TOHKHX OOOJIOHOK
y BHCOKOYAaCTOTHUX E€JIEKTPOMArHiTHHX MOJsIX. Y Jo-
CIiJKeHHI [6] BH3HAYCHO MOJCIBHUMHM METOJAMH Ta

YHCIIOBUM E€KCIIEPUMEHTOM e(EeKTUBHICTh IIapy MarHi-
THOI piamHu. [IpakTUYHOrO 3acTOCYBaHHSI L€ HE Mae
Yyepe3 HEMOXKIIMBICTh BUPOOUTH Martepian 3 4UCTOl pi-
IUHA. AJie BJIACTMBOCTI MArHITHOI PiIuHH (JOCTATHS
MarHiTHa MPOHUKHICTh, BHUCOKa AWCIEPCHICTh €KpaHy-
I0YMX YAaCTHHOK) pOOJIATH i MEepCHeKTUBHUM Marepia-
JIOM JUTS BUPOOJICHHS EKPaHYIYOoro MaTepiaiy, 1o ImiI-
TBep/pKeHo y [7]. Y uili poOoTi Ha OCHOBI eKCIiepUMeH-
TaJbHUX JaHUX II0J0 KOSQII[IEHTIB eKpaHyBaHHS Mar-
HITHOT'O TIOJISI TIPOMUCIIOBOI YacTOTH PO3PaxoBaHO 3Mi-
Hy eeKkTHBHOI MarHiTHOI MPOHUKHOCTI MaTepiaiy, sKa
€ TOJIOBHUM ITOKa3HUKOM II0JI0 3aXUCHUX BJIaCTHBOCTEH
Marepiainy.

TakuM 4MHOM, aKTyaJbHOIO € 33/1a4a BUPOOJICHHS
HAHOIIBII PaIlioOHATFHOI METOMOJIOTIi PO3PaXyHKOBOTO
MIPOrHO3yBaHHs €()EeKTHBHOCTI MartepiaiiB Uil eKpaHy-
BaHHS EJIEKTPOMArHITHUX ITOJIIB.

IMocranoBka 3aBaannsi. Mera poOOTH — HaJaHHS
3py4HOrO y BUKOPHCTaHHI pO3pPaxyHKOBOI'O amapary
JUIs TIPOTHO3YBaHHS 3aXMCHUX BJIACTHBOCTEW Marepia-
JB sl €KpaHyBaHHS €IEKTPOMArHiTHUX TIOJIB, IO
JIO3BOJIUTH MIHIMI3yBaTd OOCSATU EKCIIEPUMEHTAIBHUX
POOIT TiJT Yac MPOEKTYBaHHS 3aXUCHUX KOHCTPYKIIH.

BukJiag 0CHOBHOTO MaTepiajy

Binomo, 110 3MiHa HanpyXeHOCTEeH MarHiTHOrO Ta
ENIEKTPUYHOTO TOJMIB Y TUII METaJeBOro Marepiany Bif-
OyBaeThCs 32 EKCIIOHEHIIIaJIbHUM 3aKOHOM:

H = HO—?»d ,

Ad
Ey=Ey™,

ne Ho, Ey — Hampy»XeHOCTI MarHiTHOTO Ta eJIeKTpoMar-
HITHOT'O MOJIB y MOBiTpi; H), E; — HaNpy)XEHOCTI MOJIB
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Hueinvna 6e3nexa

y TOBILII MeTaiy; d — TOBIIMHA MaTepiaiy; A — Koedimi-
€HT 3TacaHHs MOJS.
VY cBoto yepry

A =ynfuo,

Jie f— 4acToTa eKpaHOBaHOTO MOJIS; [L — aOCONOTHA Ma-
THITHa MPOHUKHICTh Marepiany; ¢ — MUTOMa HpPOHUK-
HICTh MaTepiaiy.

Sk BUAHO, A BU3HAYEHHS 3MIHM HaIpy>KEHOC-
Tell MarHITHOTO Ta EJICKTPUYHOrO IIOJIIB HEOOXiHi
JlaHi PO MArHITHI Ta EJIEKTPHYHI BJIaCTUBOCTI MaTepi-
amiB. J[s mepeBajkHOI OUIBIIOCTI METalIeBUX MaTtepia-
JIB Il TaHi € TAOJUYHUMHU U TpEACTaBICHI Y IOBIIKO-
BUX Kepenax. HaBeneHi CHiBBiAHOIIEHHS MOXITHBO
3aCTOCOBYBATH JUISI KOMIIO3UIIIHUX MaTepiatiB, IKi HE
€ JieNeKTPUKAMH.

Ha cporomuimHii geHbp s 6araTbox KOMITO3H-
LWifHUX MaTepiaiiB Taki JaHi OTpUMaHi eKCIIepUMeHTa-
npHO. Hampuknan y pobori [8] HaBeneHO 3MiHY mHTO-
MOi TPOBIJHOCTI METAJOMOIIMEPHOI'O KOMIIO3UTY Ha
OCHOBI JIaTEKCYy Ta 3aJi30pYIHOro MUITY: 33 3MiHHA KOH-
LEHTpallii Takoro muiy y mojimMepHii marpuii 3 10 mo
17 % muroMa npoBiHicTs 3MiHI0ETBCS 3 5107 CM/M 110
6 Cm/M. Y nocnimxenHi [9] HaBexeHi AaHi npo 3MiHY
JIEeNeKTPUYHOI MPOHUKHOCTI METANONoIiMepiB Ha oOc-
HOBI 3aJI30pYJHOTO MUY 3 TaKUM K€ BMICTOM HaIlOB-
HioBaua y Mexax 12—100. Li mani HapmaroTh 3MOry
OTpUMATH yCi HEOOXiIHI /ISl OIHIOBAaHHS PO3PaXyHKIB
KIJIbKICHI 3HAYEeHHSI JUIsl XBUJILOBOTO TTOJIS:

J4noc
g(0)=i—-, (1)

®
J€ ® — KOJOBa 4acTOTa €JIEKTPOMArHiTHOTO IONA 3a
p=1,
JIOMJICHHSI €JIEKTPOMArHiTHOI XBWIJII y MaTepiaii; y -

n? —y+2iny =g'+ig", me n — koedilieHT 3a-

Koe(illieHT MOTJIMHAHHS CcepeloBHIla (IIBUAKICTD 3aTy-
XaHHS XBUJII NIPH i1 pO3MOBCIO/DKEHHI Y MaTepiani), &' -
nilicHa, a €" - ysIBHa CKJIaZIOBI KOMILIEKCHOI IieleKT-
PHUYHOI MPOHHUKHOCTI.

Jlis IpoBiAHUX MaTepialiB, y 00NacTi 4acToT, mo
BiamoBinatoTh yMoBi (1), ysiBHa cKiIagoBa € BeEJHKa
TIOPiBHSTHO 3 JIHCHOIO 1 Ma€ 3HAYECHHS
_ 4md

b

o)

HexTytoun &' mopiBHsSHO 3 ¢" , y BIIIOBIAHOCTI
10 BiJIOMHUX CITiBBIHOLIEHE:

8’+\/£’2+8”2

2

—g'+\e?+em

2

b b

2no

o)

MaEMO n =\ =

Ipu 11bOMY BHKOHYETBCS (pyHAaMEHTANbHE CITiB-
BITHOIICHHS 71 = \/E\L.
[Tpu BHOOpI TOBIIMHY €KpaHa HEOOXiAHO OpaTu 110

yBaru €KBiBaJEHTHY IMTMOMHY NMPOHHKHEHHS & BHCOKO-
YaCTOTHOI'O TIOJISl y TOBIIY MaTepialy eKpaHa:

1
nfuc

6:

Ile rubuHa,
e =2,7 pasu (8,7 nb).

dakTuyHa TIMOMHA MPOHMKHEHHS 3AJICKUTH Bij
noTpiOHOr0 Koe(illieHTa eKpaHyBaHHs. 3a 3HIKCHHS
piBust nonst y 100 pasiB ¢dakrthyHa rmOuUHA CKIIAAae
4,68, y 10 pasis — 2,34.

VY Oaratbox BUIagKax HEOOXIJHO 3’ICyBaTH BHe-
COK BIZIOMTTSI y 3arajibHUH Koe(illieHT eKpaHyBaHHS.
EdexruBHicTh expaHyBaHHS (KOe(II[iEHT eKpaHyBaHHS)
3a paXyHOK BIIOUTTS €JICKTPOMATrHITHUX XBHJIb Ha MEXI
pO3Iiay TOBITPI — €KpaH OOYMOBJICHA BIIMIHHICTIO
XBHJIBOBOTO OIOPY IOBITPS Z, W XapaKTepPUCTHYHOTO
oropy Mmatepiany ekpana Z,. EQeKTUBHICTh ekpaHyBaH-
HS yepe3 BIIOUTTS eNeKTPOMArHiTHUX XBUJIb!

Ha SIKI TIONe 3HIKYETHCS Y

VA
K b= 20 lg—n,
4z,
ne Z, (y ONvKHii 30HI BITHOCHO €IEKTPUYHOI'O Ta Mar-
HITHOT'O TTOJTiB) BU3HAYAETHCS 31 CITIBBITHOIICHHS
o)
Z, = H >
C +Iime
Jie € — abCONIOTHA JIieNIeKTPUYHA IPOHUKHICTH MTOBITPSI.
Jlis ofHOpPITHUX MPOBITHUX MarepialiB O > ime,
TOMY

21/
-

Z,=

HaBenene cBiguuth, mo KoeillieHTH BiIOUTTS He
3aJIe)ath BiJl TOBIIMHU €KpaHa.

EdexTuBHicTh €KpaHyBaHHS MarHiTHOTO HOJS Ta
MarHiTHOI CKJIaJIOBOi €JIEKTPOMArHiTHOrO ITOJIs 3aJie-
KHUTh BiJl €()EeKTHBHOI MarHiTHOI MPOHUKHOCTI eKpaHy-
royoro Matepiany. J[nsg KOMIO3HMIIHHUX MaTepiaiiB
MAarHiTHy NMPOHUKHICTH MOXXJIMBO BH3HAYUTH EKCIIEPH-
MEHTAJLHUMHU MeTofaMu. Y poboTax [7, 9] HamaHi po3-
paxyHKH IIIOJ0 BH3HA4YEHHs KoedillieHTa eKpaHyBaHHS
KBa3iCTalliOHAPHOTO MAarHITHOTO IOJIS IMJIIHIAPUYIHIM
Ta cpepuvHUM eKpaHaMH BiJOMHX pajiyCiB Ta TOBLIH-
HU CTiHOK:

) Hegr (bz _az)

4 o )
(207 +1)(meg —2)=2(ny -1)a/p?
ep ~ 9Meﬂ” ) (3)

Je a 1 b BIANOBIOHO BHYTPILIHI Ta 30BHIIIHI pajiycH
eKpaHiB.

ExcniepuMeHTaIbHO BU3HAYAOUN KOS(IIIEHTH CK-
paHyBaHHS, MOXHa PO3paxyBaTd e()eKTUBHY MAarHITHY
MIPOHHUKHICTh MaTepiaiy.

[Ipn BU3HAaueHHI HEOOXiAHOI Ta JOCTaTHHOI TOB-
IIWHU eJICKTPOMATHITHOTO €KpaHa Ba)KJIMBHM IOKA3HU-
KOM € IIOrOHHE OCTAa0JICHHS TONS 3aXHCHHM Marepia-
JIOM, SIKE€ MOXKHA BU3HAUUTH 31 CITIBBITHOIIICHHS
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e T — IOroHHe ociadiienHs, 1b/MM; T, — ociaa0IeHHs
€IIEKTPOMAarHiTHOI XBWIi, 1B; Kj, — KOe]iIlieHT BiqOUTTS
€JIEKTPOMATHITHUX XBWJIb BiJl MaTepiaay Ha BiIIOBITHIH
4acToTi; d — TOBIIMHA 3pa3ka, MM.

IMpn Bu3HaueHHI edeKTUBHOCTI mephOpOBaHUX
€KpaHiB BHHHMKAIOTh J[BI OCHOBHI 3a/adi: pO3paxyHOK
YacTOTH 3pi3y Ta €(PEKTHBHOCTI IOTJMHAHHS YacTKH
BHITPOMIHIOBAaHHS YacTOT, HIDKYHMX 3a YacTOTYy 3pi3y.
CynepeuHocTi y JaHOMY BHUIAAKy HEMae depes
000B’S3KOBY YaCTKOBY MPOHHMKHICTH €KpaHa BHACIIIOK
mudpakuiiHux BN B3araii Taki po3paxyHKH JTOCHUTb
CKJIaJIHi, ajle ICHYIOTh CHPOIIEeHI HalliBEeMIIpUYHi CITiB-
BITHOIICHHS, IIJIKOM IPUHHATHI i1 BUPIIICHHSA TpPHU-
KJTaJHUX 3a7a4.

Tak vacToTa 3pi3y UIs KPYIJoro OTBOPY BU3HAYa-
€ThCS 31 CITIBBIIHOIIECHHS

1,75:10°

, MI'n
d

s
nie d — miaMeTp OTBOpY, MM.
BiamoBinHO BTpaTH eHeprii BUIPOMIHIOBAaHHS Ha
TIOTJIMHAHHS BU3HAYAIOThCS SIK:

a
K,=32=, b
" d

Jie @ — TOBIIMHA CTIHKU €KpaHa, MM.

HaBenene crHiBBiqHOLIEHHS BHIUIMBAE 3 TeOpil
XBWIEBOMIB. [Ipy IbOMYy BETMYUHY @ MOXKHa BBa)KaTH
JIOB)KHHOIO XBUIJICBOAY.

PosrmsinyTi (hopMynu BU3HAaYasucs Uit BUKOPHC-
TaHHS y paJioTeXHili.

Sk 3a3HaueHo y [10] BoHM pO3IIAAalOTh YacTOTY
3pi3y SIK 4ACTOTY JIO SIKOT XBHJIEBO/I OCIA0IIOE TIEBHOO
MIpOIO IHTEHCUBHICTh €JIEKTPOMArHiTHUX XBHJb, IO €
HE 30BCIM NpPUIHATHUM 3 TOYKH 30py OXOPOHH Mpari
[11].

Jly1s1 BUBHAYeHHsI CTYNEeHs 3aXUCTY HeOOXiHO 3Ha-
TH YacTOTY BUIPOMIHIOBaHb HIKYE SIKOT OTBOPH MOXKHA
BB)KATH TIOBHICTIO HENPOHUKHUMH JUISi BHIPOMIHIO-
BaHHs. Xoua y Oyab-KOMY BHIIQJIKy 32 HasiBHOCTI Oara-
THOX OTBOPIB Y KOHCTPYKIIii BOHHU € IT03aMEXHUMH XBH-
JIEBOJIAMH.

Tomy /1151 BUKOPHCTaHHS TaKOro e(eKTy y raiysi
€JIEKTPOMArHITHOI O€3MeK! JOLIJIbHO BUKOPUCTOBYBATH
CHiBBIIHOIICHHSI:

/- 1,8-10%
3 d s
ne f,—dJacrora 3pi3y, MI'; d — miameTp OTBOPY, MM.

Po3paxyHKH 3 BHKOPHCTaHHSIM IIbOTO CHiBBiJHO-
LIEHHS TOKa3ajH, 10 OTBOPH CTAlOTh HENPOHUKHUMHU
IUTs. BHUIIPOMIHIOBaHHSA 3a I1X JiaMeTpiB abo JTOBXUH
XBWIb (Ul MPSIMOKYTHOTO OTBOpPY), SIKi JIOPiBHIOIOTH
npuoan3Ho 0,1 MOBXKHMHM Malarouoi eNeKTPOMAarHiTHOI
XBHJII.

Ile noOpe y3romKyeTbcsi 3 eKCIepUMEHTaIbHUMHU
JIOCITIJPKEHHSIMH 1 Ma€ MMPaKTUYHE 3HAYESHHSI.

3HaveHHs1 KoedillieHTa eKpaHyBaHHS MOXKHA BH-
3HAYUTH 31 CIIIBBIJIHOIIECHHS JOBXWHY I1a1ar040] XBWII 1
MaKCHUMAaJIBHOI IOBYKUHU OTBOPY:

K, =201g(%j.

Cniz 3ayBakUTH, 10 BU3HAUeHHA K , BUXOISIYH 3

niaMerpa 1 JOBXKHMHH XBHJIEBOJA BHKOPHUCTOBYETHCS
TIJIBKH JJIsl YaCTOT HIDKYMX 32 YacTOTY 3pi3y.

Hai0inpm nepcrneKTHBHUM HAmpsiMOM pPOOIT 3i
3HW)KEHHS BiJIOMBaJIbHUX BIIACTHBOCTEH EJIEeKTpOMar-
HITHHX €KpaHiB, Ha HAIIy IyMKY MO)XX€ OYTH, ONTHMI-
3alisl CIIBBiJHOIIEHh MAarHiTHUX Ta €NEKTPUYHHX Ta-
pamerpis.

XBWIBOBHUI OITip HEMPOBIAHOIO Matepiany Z BH-
3HAYAETHCS SIK:

Jie |\ — MarHiTHa IPOHHUKHICTh MaTepiaiy; € — JieleKT-
pHYHA POHHUKHICTb.

OO6uparoud |l Ta € TAKUM YHHOM, 1110 Z Oyme 1o-
PIBHIOBATH OIOPY BiJILHOTO NipocTopy (Zy =377 Om), Mu
3a0e3MeunMo MPOXOHKEHHS TPaHUIl PO3/iTy «BIIbHUM
MpocCTip - ekpan» 0e3 BimoutTs. [Ipu 1bOMY MeTaseBi
BKJIIOUEHHS Y MaTpHIli MOBUHHI 3a0€3MeYNTH MaKCHMa-
JIbHE TIOTJIMHAHHS EJEKTPOMAarHiTHOI eHeprii, 10 BH-
3HAYAE 3araJbHUI KOS(IIIEHT eKpaHyBaHHSI.

OpHak y peajJbHUX BUPOOHHYHMX YMOBaX Taki Ipo-
IIeCH CKJIaHImm. Bigomo, 1o s KyTiB NagiHHA XBHIb,
BiIMiHHHX BiJI HOPMaJbHOTO, KOE(ili€HT BiIOUTTS CYT-
TEBO 3MIHIOETHCS. PO3IIISIHEMO YacTOTy BHIIPOMiHIO-
BaHHS Pa3oM 3 JIEIEKTPHYHOIO MPOHUKHICTIO 1 MPOBiJ-
HICTIO Marepiaiy, ToOTO 3BelIeHy 4acToTy C):

ALY
(&)

e f — 4YacToTa BHIIPOMIHIOBAHHS, € — JiCJICKTPUYHA
MIPOHUKHICTh MaTepially; G — IPOBiIHICTh MaTepiaiy.

3a pi3HHUX 3HAYCHb Z BUSABJIIETHCS, IO MiHIMAJb-
HUHA KoedilieHT BigOMTTS crocrepiraetbes 3a Z=0,5.
[Mpu upomy npuiiHsTHI Koedimientn BigourTsa (0,2 i
MeHIIIe) crocrepiratorbest st Z=0,51Q >1.

VY 3arasbHOMY BHIIQJIKY, 32 BEJIUKOi TOBIIWHH €K-
paHa HeoOXiTHO BpaxoByBaTH (akTop OaraToOKpaTHOTO
BIIOWTTS Ha TPAHUIAX PO3JALIY CepeloBHIl. Brpatn Ha
MepeBiIONTTS BU3HAYAIOTHCS MTOKa3HUKOM K. Y OLib-
IIOCTI BHIIQJIKIB UM TOKa3HUKOM HEXTYIOTh, aje JJIs
OUTBII TOYHOI'O BHW3HAYCHHS 3arajibHOr0 KoeQillieHTa
€KpaHyBaHHS BiH BU3HAYAETHCS 31 CITiBBITHOIICHHS:

K, = 201g(1— ¢ 2NWHO =20 o |

ne [ - ToBmMHA ekpaHa, M; f — 4actoTa, ['m; u — abco-
JIIOTHA MarHiTHa NMPOHUKHICTh, ['H/M; ¢ — MPOBiIHICTH
Martepiany ekpana, Cm/M.

Sk BUAHO, B YCiX BHIIQJKaX, HaBiTh IS OIIiHIO-
BaHHS 3aXUCHUX BIJIACTMBOCTEH MaTepiaiiB HEOOXiITHO
MaTH eKCIepUMEHTaNbHI JIaHi 00 MAarHiTHUX Ta elle-
KTpOo(i3MYHUX XapaKTEPUCTUK MaTepialis.
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Hueinvna 6e3nexa

3 BuKopucTaHHsM (2), (3) Ta mporpaMHHX 3aco0iB
Comsol orpumaHi anmpokcUMAIIii moa0 epeKTUBHOI Mar-
HITHOI POHUKHOCTI KOMIO3UIIITHUX METaJIONOIIMEPHIX
MarepiaiB 3 PiBHOMIPHAM PO3MOJIOM (hepOMarHiTHUX
YACTHHOK Yy TIONIMEpHIH MaTpuii. AJie Uil OUIBIIOCTI
KOMIIO3UIIIHHIX MaTepialiB Taki JaHi IMOOAWHOKI 1 He
JIO3BOJISIFOTH 3aCTOCOBYBATH IX IS MaTepialliB iHIIOrO
cxiaany. ToMy Ui MOKIMBOCTI BH3HAYEHHS HMOTPIOHUX
rapaMeTpiB MarepiajiiB po3paxyHKOBUMH METOJaMH JIO-
LTBHO TIPOBECTH Cepil eKCIIEPHUMEHTAIBHUX JOCHTIPKEHb
IIOJI0 THIOBUX KOMIIOHEHTIB, IO JO3BOJIUTH CTBOPUTH
0a3zy JaHMX HEOOXITHHMX IJIsi PO3PaxyHKIB KiJIbKICHHUX
3HAYEHb 100 CKJIAy Ta MATHITHUX # eNeKTpOQi3nIHIX
MapaMeTpiB 3aXUCHUX MaTepiaiB.

3py4Hi Yy BUKOPHUCTaHHI 3aJI€KHOCTI KOe(illieHTIB eKpa-
HYBaHHS METAJICBUX Ta KOMITO3MIIIHHUX MaTepialliB Bij
X TeOMETPUYHNX, MArHITHUX Ta €J1eKTPO(I3NUHKX BIIa-
CTUBOCTEH.

2. Hapmano CHiBBiIHOIIEHHS MHIOAO BU3HAYECHHS
BHECKY BiJIOUTTS €JIEKTPOMArHITHUX XBWIIb y 3arajbHUIM
Koe(illiEHT eKpaHyBaHHsS Ta BHM3HAYEHHS I1OTAHOTO
ociabJIeHHs! eJIeKTPOMArHiTHOTO IMOJIsl Y TOBIII €KpaHa.
Ie mo3BoOMs€ po3paxyBaTh TOBIIKUHY €IEKTPOMArHiTHO-
T'O eKpaHa Ha IPUHIUIIAX PO3YMHOI JOCTaTHOCTI.

3. Ilokazano, mo s e()EeKTHBHOTO BUKOpPHC-
TaHHS PO3PaXyHKOBHX METOMAIB OIIHIOBaHHS 3axuc-
HUX BJIACTUBOCTEH KOMITO3HMIIHUX MaTepialliB JJIs
€KpaHyBaHHS MarHiTHHX Ta €JIEKTPOMAarHiTHUX TOJIIB

noTpiOHa HasBHICTh HAJIHHUX EKCIIEPUMEHTAIbHUX
MaHUX MO0 MAarHiTHUX Ta EJIEeKTPOoQi3UYHUX Biac-
THBOCTEH HAaWOUIBII MOIIAPEHUX 3a CKJIAJOM KOMITO-
3UTIB.
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Computational methods of design of electromagnetic screens
with predefined protective properties

N. Kasatkina, O. Tykhenko, O. Fursenko

Abstract. To date, most of the research and design works on the development of materials for shielding electromagnetic
fields of different frequency ranges is based on experiments, and it is especially true for modern composites. It is established that
there is a need to develop rational methodology for the calculation of the efficiency of materials for shielding electromagnetic
fields. The purpose of this work is to provide an easy-to-use calculator for predicting the protective properties of materials for
shielding electromagnetic fields, which will minimize the amount of experimental work during the design of protective struc-
tures. Based on the fundamental relationships between the electrodynamics of continuous media, the usable dependences of the
shielding coefficients of metallic and composite materials on their geometric, magnetic, and electrophysical properties are pro-
vided. The equation for determining the contribution of the electromagnetic waves reflection to the total shielding factor is sub-
stantiated. This makes it possible to calculate the thickness of the electromagnetic screen based on the principles of reasonable
sufficiency. It is shown that the effective use of the computational methods for evaluating the protective properties of composite
materials for shielding magnetic and electromagnetic fields requires reliable experimental data on the magnetic and electrophysi-
cal properties of the most common composite materials.

Keywords: electromagnetic field, shielding, composite materials, shielding factor, electromagnetic screen.
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AHAJII3 HO)KE)KHOI HEBE3IEKH TA PO3POBKA NPOPLITAKTHYHHUX
3AXOAIB IOA0 11 3BHUKEHHSA HA CIIEHIAJII3BOBAHIN AIJIBHUILL
BIJIHOBJIEHHS JETAJIEM ABTOMOBLIIB

AHoTanisi. J{yns 3MEHIICHHS KiIBKOCTI HAJ3BUYAIHUX CUTYaLii YHAC/IiJOK aBapiil 4n KaTacTpo(d Ha TPAHCIOPTI BaXJIH-
BUMH (paKTOpaMH € CBOEYACHUI PEMOHT JeTasieil aBTOMOOLNIIB, a TAKOXK Oe3reKa TEXHOJIOTIYHUX MPOLECB Mg Jac iX BU-
KoHaHHS. B maHiit poOoTi [OCHiPKEHO TEXHOJIOTIYHMI MPoLleC PEMOHTY JAeTallell aBTOMOOIIel Ta BUSIBJICHO HeOe3IeyHi
YHHHUKY Ha BUPOOHULTBI. [3 3acTOCYBaHHAM METOJIIB IONIEPEJHBOI0 aHali3y HeOe3IeK Ta JAepeBa BiMOB BU3HAYEHO iMO-
BipHICTB TIOSIBU ITOTSHLIHHMX HeOe3NeK Ha CIeniali30BaHii AUTHHUI 110 BiIHOBJICHHIO IBUT'YHIB BHYTPILIHBOTO 3TOPSTHHS
Ta CIIPOrHO3YBAaHO HACII/IKH, IO SKUX BOHH MOXKYTh ITPU3BECTH. 3alPOIIOHOBAHO 3aX0/1 I[0/I0 BCTAHOBJICHHS HA CIIeiali-
30BaHiil AUTBHAII TPUIUTMBHO-BUTSDKHOI BEHTHILIIIIHOI CHCTEMH 3 METOIO ITiJBHINEHHS SIKOCTI OYMIEeHHs NoBiTps.. Hana-
HO TIPOMNO3ULii Ta peKOMEHIALi] 1010 PO3poOKH MPO(IIAKTHYHUX 3aX0/IiB, HAIIPABICHUX HA 3HIKEHHS PIBHS IOKEKHOT
HeOe3IeKn Ha CIeliali30BaHii qUIBHUII BiTHOBJICHHS T'OJIOBOK OJIOKIB IVUIIHAPIB ABUT'YHIB BHYTPIIIHBOTO 3rOPSHHSI.

Kaw4yoBi caoBa: peMOHT, TOTeHIiHHI HeOe3Neky, TEXHOIOTYHMI TPOIec, ToNepeaHiil anani3 HeOe3mek, AepeBo Bif-

MOB, l'IpOTI/Il'IO)Ke)KHI/Iﬁ 3aXHCT.

Beryn

B mporieci ekcriyatailii aBTOMOOLTIB, TEXHOJIOTIY-
HOro o0JiaJHaHHS Ta IHIIUX MEXaHI3MIB IX HaIiMHICTH Ta
JIOBTOBIYHICTh 3HIDKYIOTHCS BHACIHIZOK 3HOLIYBaHHS Jie-
TaJiei, Kopo3ii, BTOMJICHOCTI, CTapiHHS Marepiaiy i iH-
IIMX TPOUECIB, SIKI BUKIHMKAIOTh IOSIBY HECIIPaBHOCTEH
Ta Pi3HUX JME(PEKTIB, YCYHCHHS SKUX € HEOOXiTHUM VIS
MiATPUMaHHS X MEXaHI3MIB B Ipalle3laTHOMY CTaHi.

TexHiuHe 0OCITYroBYBaHHS Ta PEMOHT aBTOMOOi-
JIB 32 TEXHIYHUM CTAaHOM IPYHTYIOThCS Ha TIIMOOKOMY
3HAHHI ITOKA3HHUKIB HAMIHHOCTI €JIEMEHTIB aBTOMOOLI,
3aCTOCYBaHHI 00'€KTHBHHMX 3aCO0IB TEXHIYHOI JiarHOC-
TUKH, 3a0e3Me4eHHI BHCOKOTO PiBHS €KCILTyaTaliiHOl
TEXHOJIOTIYHOCTI KOHCTPYKILIiH. [H(popMariiiHo0 OCHO-
BOIO IIUX METOJIIB € BiJIOMOCTI PO HAMiHHICTh, TEXHIU-
HUH CTaH Ta eKCIUTyaTalliiiHi BUTPaTH Ha TEXHI4HE 00-
CIIyrOBYBaHHS i peMOHT aBTOMOOLTIB [1].

TexHonmoriuHuid Mpolec PeMOHTY (BiIHOBIICHH:)
neraneit sBise co00 YaCTUHY BUPOOHUYOTO TPOLIECY,
MOB'SI3aHOTO 31 3MIHOIO CTaHy JeTaii (TeoMeTpUYHOI
(dopMu, po3MipiB, SIKOCTI MOBEPXHI Ta iH.) 1 BKIIOYAE B
ce0e MiAroTOBKY JIeTaji 10 Mpolecy BiJHOBJIEHHS (Ha-
HECEHHS TIOKPUTTS 1 T. 1.), BJIACHE BiJHOBJCHHS (HaHe-
CEeHHS TIOKPUTTS, HAIUIaBKa 1 T. I1.) 1 HeoOXixHI oneparii
mo oOpoOIIi 1 mepeBipIll Ha BiAMOBIAHICTh BIAHOBICHOI
JIeTajli BUMOTaM TEXHIYHOI TOKYMEHTAITI1.

ToMy akTyaJbHOIO € 3a/1a4a OLIHKU PiBHs Oe3MeKH
TEXHOJIOTIYHUX TPOLECIB BiTHOBIICHHS Ta PEMOHTY Jie-
TaJlel, aHaji3 HeOe3NEeUYHMX YMHHHUKIB TEXHOJOTIYHUX
orepaliii Ta MporHo3yBaHHS HACIIAKIB Ta IMOBIpHOCTI
BUHHMKHEHHS HaJ3BUYAIHOI CHTYallil Ha BUPOOHHIITBI.

AHaJi3 ocTaHHIX J0cailKeHb i myOaikaniin. B
aBroTpancnoptHomy kominiekci (ATK) Ykpainu ckia-
JUCh CKJIaJHI YMOBHM WIO/0 3a0e3Me4eHHs CHCTEeMHOI
e(eKTUBHOCTI aBTOTPAaHCIIOPTHUX 3aco0iB B Iporeci
eKCILTyaTallii, BUKINKaHi 3HAYHOIO 3MIiHOIO CTPYKTYpH
PYXOMOTO CKJIany, HU3bKUM PiBHEM Oprasizailii BUpoO-
HUOTBa 1 mpami Ha mianpueMcrBax ATK, 3HmKEHHSIM
00CsTiB BUKOHYBaHUX PEMOHTHHUX pOOIT, Hee()eKTHB-
HOIO peati3alli€l0 iCHyrouoli KOHIICIIIii opraHi3alii Ta
TEXHOJIOTIT PEMOHTY TPAaHCIIOPTHHX 3aco0iB [2].

Binomo, mo ekcruyararisi pyxoMOro CKjiajy aBTO-
MOOLJTIB IPU3BOAUTH JI0 3MIHM HOTO TEXHIYHOIO CTaHY i
3pOCTaHHS IMOBIPHOCTI BUHHMKHEHHS Je(EKTIB MOIIKO-
JUKEHB, BiJIMOB, TIOJIOMOK, HACTiIKOM SIKHX MOXYTh OyTH
MOPYILIEHHS TpadiKiB MEPEBE3CHHS MACAKUPIB, BAHTAXKIB,
3a0pyIHEHHsS HABKOJHWIIHBOTO CEPEJOBHIA, MOIIKO-
JDKCHHS BAaHTaXIB, @ B OKPEMHX BHUIIAJKAX, 32 HECTIPUAT-
JUBOTrO 30iry oOCTaBWH, 1 JTOPOXKHBO-TPAHCHIOPTHI IPH-
roy 31 3HAYHUMH MatepianbHUMH BTpaTtamu [3]. Bupo-
OHUKH aBTOMOOWUIIB 3aKJIaJal0Th MEBHUNA PEeCypc poOOTH
JIBUTYHA 0 KaIlITAILHOTO PeMOHTY. B cepennbomy meit
mokasHuK 0ym3bko 150-200 Trc. kM npobiry. JIo Toro x
Ha JIJAHWH NMOKa3HHUK ICTOTHO BIUIMBAIOTH SKICTh 00CITyro-
BYBaHHs, CTaH TaJIUBa, CBOEYACHICTh 3aMiHM MOTOPHOL
onmuBU. TakuM YHWHOM, PECypC IBUTYHA BHYTPIIIHBOTO
sropsiHast (JIB3) He Tibku MokHA 30UTBIIUTH, aje i
3HAYHO CKOpoTuTH [1]. BinHOBNEHI AeTari MOBUHHI Bil-
MOBIJJaTH BUMOTaM TEXHIYHUX YMOB 1 pOOOYUX KpECIeHb
3aBOJIiB-BUI'OTORIIIOBAYIB ABTOMOOLJIIB, arperartiB, BY3JIiB,
MexaHi3MiB. BUKOHAHHS BiJHOBJIIOBAHUX POOIT BUMArae
CKJIQIHUX, CY9aCHUX TEXHOJIOTIH, 1 SK MpaBUIIO, POBO-
MUTBCS Y CHCHiaTi30BaHHUX i APHEMCTBAX. ABTOPEMOH-
THI IANPUEMCTBA BiTHOCSTHCS JO CIICI[iali30BaHUX BH-
POOHUIITB 1 MPU3HAYEHI VISl BiHOBIIEHHS pecypcy pobo-
TH OKPEMHUX arperartiB ado MOBHOKOMILUIEKTHHX aBTOMO-
outiB [4, 5]. OCHOBHOIO MPOOJIEMOIO, KA IMOCTA€ TIPH
PEMOHTI Ta BiJJHOBJICHI JeTaliei, 1ie 3HOMIEHICTh 00na-
HAHHS, BIJICYTHICTh BEJIHMKHX CICIiali30BaHUX ITiANpPHU-
€MCTB, CTBOPEHHS MaJlUX Ta CEPEIHIX CIICIiali30BaHUX
JIUTBHAL, SKI TOTPEOYIOTh TOAATKOBOTO aHali3zy Oe3me-
KH TEXHOJIOTIYHHX MTPOIIECIB, SIKi BOHH 3aIPOBAKYIOTh.

IMocTaHoBKa 3aBHaHHsA. Meta poOOTH — PO3POO-
Ka Tpo(ITaKTHYHUX 3aXOJMIB IIOAO ITiBUIICHHS PiBHS
MIPOTHUIIOXKEKHOTO CTaHy Ha CIEIiai3oBaHii JiTBHUII
PEMOHTY aBTOMOOIUIBHHX JeTajiel, a TaKoX OOIpYHTY-
BaHHS BKJIMBOCTI TOTPUMAaHHS OC3MEKH y TEXHOJOTIY-
HUX TIpoIlecax BiTHOBJICHHS JETalicil IBUTYHAa BHYTpI-
rHboro 3ropsuxs (JIB3).

BukJiaJg 0CHOBHOTO MaTepiajy

3araipHa cxeMa TEXHOJIOTTYHOro MpoIlecy Ha crie-
IiaTi30BaHii TUTBHUII TPENCTaBIICHA HA pUC. 1.
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Puc. 1. CxeMa TEXHOIOTYHOTO IPOLIECY BiTHOBJICHHS
ronoBku Oioky nuiinapis JIB3

Po3risiHeMO OCHOBHI omepariii TeXHOJIOTTYHOrO
npouecy BimHOBieHHs aetanei [|B3. Iepen pemonTom
arperaty, BY3JIM 1 JIeTalli 3HEKUPIOIOTh 1 MPOMHBAIOTH.
Jleski nerani OYMINAIOTH BijA ip)Ki, HAKWITy 1 Harapy.
BinpuricTe OYMCHUX oOmepaliii BUKOHYETHCS Y PIIKUX
cepeoBHUINaX, SIKi PYWHYIOTh 1 BUNAISIOTH 3a0pyaHEH-
HA, IO MAlOTh ANAre3ilHUIA 3B'I30K 3 MOBEPXHEIO, Ta
MIepEeBOATH iX y MUIOUE CEPEJOBHIIE Y BUTIISAI PO3YH-
HIB, eMyJIbCiii a00 cycrieH3iit. 3a0pyqHEeHHsT BUIAJSIOTH
CTPYMHHHUM 1 3aMIMOHAM CIIOCO0aMH, a TAKOX 1X KOM-
OiHawi€ro.

Ha peMOHTHMX mignpHEMCTBaX 3aCTOCOBYIOTH CH-
HTEeTHYHI MuI04i 3acobu (CM3), opraHiuHi pO3YMHHUKH
(OP), pozuunno-emynbryroui 3acoou (PE3) i kucmorHi
po3uunu [6].

IIponiec murts y pozunHax CM3 cynpoBOaKYy€eTh-
Cs MIHOYTBOPCHHSM, SIKE€ y OUIBIIOCTI BUITAJKIB € Hera-
TUBHUM (PaKTOPOM, OCKUTBKH OOMEKYe BUKOPHUCTAHHS
IHTEHCHBHOT'O NIEpEMillTyBaHHs, TOOTO 3HWKYE 1HTEHCH-
BHICTb TIpOIIECY €MYNbI'YBaHHS 1 ITUCHEpTryBaHHsI, 3aBa-
’ae poOOTI HACOCIB CTPYMHHHHX YCTAHOBOK. Jliist ycy-
HEHHS MIHOYTBOPEHHS HAa PEMOHTHHUX ITiIPHEMCTBAX
3aCTOCOBYIOTh JHM3€JbHE MalIWBO, Tac, YyaHTCHipUT
(0,2—0,3 % o0'emy po3uuny) [7].

Binpm epekTuBHI 32 OYMIYBAIBHOIO 3/ATHICTIO
XJIOPOBaHI BYIJIEBOJHI, ajleé BOHU Yepe3 BUCOKY TOKCH-
YHICTh 3aCTOCOBYIOTHCS JIMIIE Y BUIIAIKy HasSBHOCTI
CreLiaIbHUX YCTAHOBOK, SIKi MPALIOIOTh 33 3aMKHYTHM
LIUKJIOM, 13 CTPOT'MM JIOTPUMAHHSM BCIX BUMOT' O€3IIEKH.

Po3unHHO-eMYJIBIyIOU] PEYOBUHH SIBJISIIOTH COOOFO
MUIOUi KOMIIO3HIIT i3 po3unHHUKA 1 [IAP. BoHu po3un-
HSIOTH 1 OJHOYACHO EMYNBIYIOTh 3a0pynaHeHHs. Taki
3acOo0M CHPUSIOTH MBHIKOMY BHIAJICHHIO MIITHHUX, Ha-
MIPUKIIa]] CMOJIMCTUX BiJKIIa/ICHb.

BHaciimok Toro, mo B TEXHOJOTIUHIM omeparii
3aCTOCOBYIOTh PO3IJISTHYTI PEUOBHHH, HEOOXiTHO BIXKH-
BaTH JI0J]ATKOBUX 3aXOJiB MIOJ0 3HW)KEHHS iIMOBIpPHOCTI
BUHHMKHEHHS TIOKEXKI Ha CIelianxi3oBaHii IUTHHUILI.
Hacammnepen, HeoOXiZHUI KOHTPOJb 100 HAIEKHOI'O
30epiraHHs JIETKO3aWMHCTHX PpEYOBUH, HASBHICTH B
MPUMIIIEHH] NPUITMBHO-BUTSHKHOT BEHTHIISILIIWHOI CHC-
Temu, KoHTposb ['JIK IIKIIUIMBMX PEYOBHH B IMpHUMi-
LIEHHI.

Ha cnenianizoBaniii JiTBHHII 1O PEMOHTY IS
€JIEKTPOAYTOBOTO HANWIICHHS HOKPHUTTIB TPH BiJHOB-
JIEHHI PO3MIpIiB 3HOIIEHUX JeTanell BHUKOPUCTOBYIOThH

crauionapuuii EJIH-8 i pyunnit EJJH-10 amapatu mis
€JIEKTPOIYTOBOIO HAMMIICHHS, SKi ITOETHAIU B OOl Ime-
peBaru eIeKTPOAYroBOrO i BHUCOKOIIBUAKICHOTO Ta3o-
TEPMIYHOTO HaruiIeHHs. [0JIOBHOIO BiIIMIHHOIO PHCOIO
ycranoBoK EJ[H € HasBHICTH MajorabapuTHOI BHCOKO-
eeKTUBHOI KaMepH 3rOpsiHHS, SKa MPAIfo€ Ha MpOIaH-
MOBITPSHOI cymili. ["a30moniOHe majuBO B MOPIBHIHHI
3 PIAKMM NaJMBOM BiJTHOCHO JEUIEBE, JIETKO 3MIIIyIOTh-
csl 3 TOBITPSIM, a BiANpaIbOBaHi ra3d MaJIOTOKCHYHI.
[Iponan XapakTepU3yEThCS BHCOKHUM KOC(II[IEHTOM
00'eMHOT0 pO3IIMPEHHS: TIPH MiABHUIIEHHI TEMIIEpaTypH
Ha 10°C Tuck B razoBoMy OasioHi miaBuinyerbest Ha 0,6-
0,7 MIla. 3a eHepreTHUHNM napaMeTpaM 1 M’ IpUPOa-
HOro ra3y ekBiBaJeHTHHWH | 1 Oensuny. BincyrHicth
KHCHIO B SIKOCTI OKHCIIIOBa4a IaJIMBa 3HAYHO 3HMKYE
co0iBapTiCTh HAHECCHUX MOKPHUTH 1 MiJBHUILYE HATiHi-
HiCTh 1 Oe3meky mnpoBeneHHX poOiT. BukopucraHHs
MIPOIIaH-MIOBITPSHOI CyMillli B SIKOCTI TPaHCIIOPTYBaHHS
ra3y 3Ha4yHO 3HM)KY€E OKHCJICHHS HAITMITIOIOUOro METay
1 BUTOpaHHS JIETYIOUHMX €JIEeMEHTIB [ 0JOBHOIO BiiMiH-
HOM pucoro yctanoBok EJIH € HasBHICTH Majorabapu-
THOT BUCOKOE(EKTHBHOI KaMEpHU 3TOPSHHS, SKa MPAIIOE
Ha TPONaH-TIOBITPsiHOT cyMimti. ["a3omoniOHe nmamuBo B
TIOPiBHSIHHI 3 P1IKUM MAJIMBOM BiJIHOCHO JIEIIEBE, JETKO
3MIIIYIOTBCS 3 TIOBITPSIM, @ BiANpaIbOBaHi ra3u Majo-
TokcnuHi. [Ipoman xapakTepuszyeTbcsi BHCOKMM Koedi-
LIEHTOM 00'€MHOr0 PO3LIMPEHHS: NP MiJBUILEHHI Te-
mneparypu Ha 10° C THCK B Ta30BOMY OaJIOHI MiIBUIITY-
etecs Ha 0,6-0,7 MIla. 3a eHepreTHyHUM Mapamerpam
1 M’ mpupomHOro rasy expiBanenTHmit 1 1 GeHsumy.
BicyTHICTh KHCHIO B SIKOCTI OKHCJIIOBavYa IMajiBa 3Ha-
YHO 3HIDKYE COOIBapTICTh HAHECEHUX MOKPUTH 1 IMiJBH-
LIye HaAidHICTh 1 Oe31eKy npoBeJeHux podiT. Bukopu-
CTaHHsI MPOIaH-TIOBITPSHOI CyMillli B SIKOCTI TpaHCHOP-
TyBaHHS Ta3y 3HAYHO 3HIDKYE OKHCICHHSI HAIMIIIOIYO0-
TO METaJly 1 BUTOpaHHs JIETYIOYHX EIEMEHTIB.

OriHloBaHHA HeOE3NeKH BKIIIOYAE BU3HAUCHHS
HWMOBIpHOCTI 11 MOsIBH, a TaKOX PO3IJISA HACIHIAKIB, IO
SIKMX BOHAa MOXXE IPU3BECTH (CEpHO3HICTH TpaBM, IO-
IIKOKEHL CUCTEM, Ha3eMHHX O0'€KTIB 1 1H. CKJIaJ0BUX
BUPOOHMIITBA, & TAKOXK €KOJIOriyHi 30uTkn). [Ipu anai-
31 HeOe3MeK HEeOOXiTHO PO3POOHUTH MPOEKT KOHTP3aXo-
IiB (TOOTO 3aXOJiB MIOAO iX YCYHEHHS a0o JloKasizartii)
CTOCOBHO KO)KHOI 3 BCTAHOBJICHHX HEOE3MeK.

Meroro nonepenHporo aHaiizy Hebesnek (ITAH) e
BU3HAUCHHS CKJIAJy CHCTeMH, ii 4acTUHM abo OKpPeMoro
eJIEMEHTa, BUSBJICHHS MMOTEHIIIHNX Hebe3ek abo Hebes-
MIEYHUX CTaHIB, SIKI MOXXYTh CTBOPIOBATH CHCTeMa abo ii
€JIEMEHTH B XOZIi POOOTH 1 sIKi MOXKYTh MPU3BECTH JI0 He-
0e3neuyHux Mo, TOOTO BU3HAYEHHS Ti€l YACTHHU CHCTE-
MH, JIe TOTPiOHO MPOBECTH OLIBIII JIETATFHU aHai3.

OCKIIbKM OfIHI YaCTMHH CHCTEMH CTaHOBIIATH
OLIpLTy HeOe3MeKy, HiK iHIII, Ha caMOMy HOYaTKy aHa-
T3y ciijJi po30UTH cHUcTeMy ab0 TEXHOJIOTIYHUH TPOIIeC
Ha migcucteMu (etamu). Ha OCHOBI CTPYKTYpH SIKICHOTO
nociimkenas [TAH posrisHemo cutyamito 1 cTOCOBHO
eKCIUTyaTallil pe3epByapa IPOINAH-OYTaHOBOI CyMilll
(U1t TEXHOJIOTIYHOI omeparii eNeKTPOoIyroBOro Hamw-
JICHHSI) Ta CIIPOTHO3YEMO CHUTYaIlil0 2 MpH MPOIIECi 04u-
LIEHHS JieTanel BiJ Harapy Ta 3a0pyJHEHHs y pe3epBya-
pl 3 JIErKO3aliMHCTOI PEUYOBHUHOIO (JUIsi TEXHOJIOTIYHOI
oreparii mAroTOBKY AeTanei 10 peMoHTy) (Tad. 1).
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Taxum unHOM, pedyabratu [TAH cBigyaTh npo Ha-
SIBHICTh ITOTCHIIHHUX HEOE3MEeK B TEXHOJOTIYHOMY IIPO-
eci BiqHOBJIEHHS jaeraneit JIB3, siki MOXyTh mpu3BecTH
JI0 aBapiHUX CUTYyallill «IoXexa / BUOyX», 10 MpHU3Be-
nytb 1o 1l kpuTH4HOTO CTaHy NMpOsIBY HEOE3MeK - CTaH,
TIOB'SI3aHUI 3 TIOMUJIKAMHU TIEPCOHAITY, HEAOIIKaMHU KOHC-

TpyKLii a0o 1i HEBIANOBIMHICTIO MPOEKTHIH NOKyMEHTa-
il, a TAKOXK HETPaBHJIBHUM I1 (YHKIIOHYBaHHSM, KU
MPU3BOAUTH JI0 ICTOTHUX IMOPYIIEHb B POOOTI, MOIIKO-
JUKEHHS 00JIaJIHAHHA Ta CTBOPIOE HEOe3eYHy CUTYAIIiIo,
III0 BUMAarae HeralHUX 3aXOJliB 3 MOPATYHKY MEPCOHAITY
Ta 00JaAHAHHS.

Tabnuya I - Ouinka noreHuiiinux aBapii meronom ITAH

Ne | Crpykrypa sikicHOro anamisy

Curyaunis 1

Curyanis 2

1 | Cucrema, macucrema abo
€JIEMEHT

PesepByap qust 36epiranHs rasy

PesepByap [t 36epiranHs Jierko-
3afMHUCTHX PEUYOBHH

2 | Curyauis

TexHOJIOriYHUH MPOIeC HATUIABKU

[Iporec ounieHHs Aeraneil Bix Harapy
Ta 3a0pyTHEHHSI

w

Hebe3neunuii eleMeHT

Cymim ra3y nponas-0yraH

Jlerxko3aiiMuCTi Ta JIETIOYi PEUYOBHHU

4 | IIpuunHa, o 00YMOBIIIOE
HeOe3NeYHUH CTaH

HeCHpaBHiCTB BUITYCKHOI'O KJIaIlaHy

Po3TikaHHS JIerko3aiiMUCTOl peuOBHHU

5 | HeGe3neuni ymoBu

MOo#UIMBICTb IHTEHCHBHOIO BUTOKY Ia30BOI CyMilLl

BunapoByBaHHs1 JIerk03aiMICTHX PEYOBHH

pii

3epByapy, KOHTPOJIb POOOTH NMPUILTUBHO/ BUTSI-
JKHOI BEHTIIALI. BcTaHOBIICHHS naT4nKa, SIKUi

6 | Ionis, mo oGymoBIItOE He- TeruioBe mxepeno — ickpa (BUHUKAE Ipu TeX- | HaamuimkoBuil THCK JIETIOYHMX PEYOBUH
Oe3redHi yMOBH HOJIOTIYHOMY IIPOIIEC] eJIeKTPOLYTrOBOro HAalM- |y MOBiTpi, 10 5 kIla, mKepeno Temmepa-
JICHHS) TypH — icKpa
7 |TotreHuiiina aBapis Bubyx Ioxexa
8 | Hacnigku [TopaHeHHs nepcoHay, MOMKOKESHHI OY/IiBIIi
9 | Knac HeGe3neku I — xpuTHYHUHA
10 | 3axomu 1uist 3anobiranus aBa- | KOHTpoib TEXHOJIOTIYHOTO CTaHy KianaHy pe- | Bukopucranus eMHocTeit st 36epiraH-

Hsl, PO3MIIIIEHHS 1X Ha JOCTATHI Bil-

TOBITpI

pearye Ha KOHIICHTPAIlifo IponaHy, OyTaHy B

CTaHi BiJl iHIIIOrO yCTaTKyBaHHs 1 1ep-
CoHay

PosrisiHeMo moTeHHiHHY HeOE3NeKy THUITY «IIoXe-
kKay, sKa MO)Ke BUHUKHYTH Ha NUIAHIN peMoHTy JIB3,
noOynyBaBIIM JepeBO BiqMoB. [ mporo BUIIIAMO
HeOe3IeYHI CUTYAIlil Ta YAHHHUKH, SKi TIPU3BOIATH JI0 1X
MOSIBU Ta OOYMCIIMMO IMOBIPHICTB MPOSIBY ITOTEHIIHHOT
HeOe3MeKn Ha 00 €KTi.

Pigens 1. [Toxexa

Pigens 2. ITommika nepconary ABO koposis/3Hoc
pe3epByapy i 30epiraHHs MPOMaH-OyTaHOBOI CyMIillI,
ABO HasiBHICTb Jierko3aiimucTux pedoBuH, ABO koport-
K€ 3aMUKaHHS eJIEKTPOIHCTPYMEHTY.

PiBenr 3. Huspka kBamidikamis mepconanry ABO
MOPYILIEHHS ITICHOCTI pe3epByapy BHACHIIOK po3repMe-
tu3anii , ABO po3TikaHHs JIErKO3aHMHUCTUX PEUOBHH
(JI3P), ABO BIUIMB TEXHOJIOTIYHOTO IPOLIECY ENEKTPO-
JIyrOBOTO HAITWJICHHS HAa MMOBIPHICTH ITiABUIIICHHS TEM-
nepatypu, ABO mpo0oi i30mAii enekTpoobiaTHaHHSI
BHACIINOK i 30BHIMIHIX YMHHUKIB TA HasABHICTH JDKE-
pena TemIeparypu.

Pigens 4. INanminHg Ha poOOYOMY MicCIli TIPH HEIO-
TPUMaHHI TPaBWJI BHYTPIIIHBOIO PO3MOPSAKY/ MOpY-
LIEHHS OCO0OI0 TEXHIKM Oe3rekn abo HeIOTPUMaHHS
BHUMOT TEXHOJIOTTYHUX MPOLECIB Ha 00’ €KTI, 1110 MPU3BO-
muTh 10 po3nuBy JI3P abo HemoTpuMaHHSA HAJISKHOI
koHueHTpanii JI3P npu mpuroryBaHHi po3umHiB/ moma-
JAaHHA BOIM B pe3epByap 30epiranus JI3P/ BiacyTHICTH
KOHTPOJIIO SIKOCTI pe3epByapiB mis 30epiranus JI3P/
YTBOPEHHS B IMOBITPi TOPIOYOT0 MY B 3Ba)KCHOMY CTa-
Hi/ TiJBUIICHA BOJIOTICTh TOBITPS, SKa MOCHJIIOE KOPO-
3iliHe 3HOLTYBaHHs 00JaHaHHs (HEpOOOTO3JaTHHUH CTaH
TIPUTLTUBHO-BUTSHKHOI BEHTHIIALLT).

Jlnist po3paxyHKy iMOBIPHOCTI BUHUKHEHHS! ITOKEX]
Ha JUISIHII TI0 PEMOHTY Ta BiJHOBJICHHIO JIBUTYHA BHYT-
PILIHBOTO 3TOPSIHHS, MPOAHATI3YBaBIINM IMOBIPHICTb BH-

HUKHEHHS Ta MPOSBY YMHHHKIB Ha PO3IISIHYTOMY PiBHI
4, npuiiMemo:

- imoBipHicTb 0,001 mpuitHATH U1 BUTOKY Tra3y;

- iMoBipHicTh 0,02 TpUHAHATH IS MAJHHS HA PO-
6ouomy Mmicli, po3nuB Mutounx 3aco6iB (JI3P) na minsn-
ui po3oupanns JIB3, nopymenns xoHuentpaunii JI3P npu
MIPUTOTYBaHHI PO3YMHIB, HEPOOOTO3NATHICTH TPUILIHB-
HO-BUTSKHOI BEHTHIISLIT;

- imoBipHicTh 0,03 IpUHHATH [UIs: HASIBHICTB 1CKPH,
KOpO3isl BHACIIIOK TIONa/IaHHs BOJM, BiJICYTHICTh KOHT-
POJIIO SIKOCTI TTOCYAMH s 30epiranus JI3P; mimsuineHa
BOJIOTICTh B MPUMIIIICHHAX;

- imoBipHicTh 0,04 mpuitHATH [UIS: JUIs1 BUCOKOI Te-
MIIEpaTypH B TEPMIuYHIA Ieui Ta yTBOpEHHS B MOBITPI
TOPIOYOTO MUY Y 3Ba)KEHOMY CTaHi.

Ha ocHOBI 3a3HaueHMX BHXIJHUX JaHUX IpECTaB-
JIEHO PO3PaxyHKH:

1. IIpu peanizaii piBas 2:

«[TOMUJIKA TTIEPCOHAJIY» iMOBIpHiCTb BUHHK-
HEHHSI IOKEXI Py 3aJIKUTD BiJ:

- IMOBIpHOCTI pOOOTH B LIEXY JIIOJIEH 3 HU3BKHM Di-
BHeM TpodeciiiHOi KBaTI(IKAIi Py, KA OOYMOBJICHA
MOPYIIEHHSIM TEXHIKM Oe3leKH Ha poOouoMy Micly, 1o
MIPU3BOAUTH JI0 TMiJIBUIIEHHS IMOBIPHOCTI PO3JIMBY MHIO-
YHMX 3ac00iB Ha JUIAHIN po3dupanHs JIB3 Ta cTaHOBUTH
0,02 ABO HemoTpuUMaHHS BUMOT TEXHOJIOTIUHHX TPOIIe-
CiB, sika OOYMOBJICHA ITiIBUIICHHAM IMOBIPHOCTI TPHTO-
TyBaHHSA po3uuHiB JI3P 3 HEOOTpUMAaHHSIM HAJICKHOI
KOHIICHTpAIlil BUXIJHUX CKJIAJ0BHX Ta cTaHOBHUTH 0,02.
Toni

=1-(1-0,02)(1-0,02) = 0,04

pk‘@a]l

- IMOBIpHOCTI MOSBH JDKEpPeEIa TEMIIEPATYPH Prems
s;ka OOYMOBJICHA MAJIIHHSM IIEPCOHANy Ha POOOYOMY
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Hueinvna 6e3nexa

Miciii Ta craHoBUTh 0,02 a00 MOSIBOKO ICKPH BHACIIIOK
HEeAOJepKaHHI YMOB TEXHOJOTIYHUX MPOIECIB.
Toni prewn:

Pmeun = 1-(1-0,02)(1-0,03) = 0,05,

OTXKC
D1 = Prcan * Prmenn = 0,04%0,05 =2%107>.

2. Ilpu peanizaii piBHs 2:

«KOPO3ISI/3HOC PE3EPBYAPY JJIA1 3BEPI-
T'AHHS TIPOITAH-BYTAHOBOI CYMIIII» imosip-
HICTh BUHUKHEHHSI TIOXKEXKI P, 3aJIEKUTh BiJI;:

- IMOBIpHOCTI po3repMeTH3alii Pe3epBYaAPY Pposr
BHACITIZIOK TIOPYIIIEHHS HOTO IUTICHOCTI , IO MPHU3BOANUTH
JI0 BUTOKY Ta3y Ta ctanoBuTh 0,001.

- IMOBIpHOCTI TOSIBH JDKEpena TeMIlepaTypH, siKa
00yMOBJIeHa HMOBIPHICTIO TIOSIBH iCKPH TIPH TEXHOJIOT Y-
HoMy miporieci Ta ctaHoBuTh 0,03 ABO imMoBipHicTIO TIpo-
SIBYy BHCOKOI TEMIEpaTypy B TEPMIuHil Tedi, siKa BUKO-
PHUCTOBYETBCS JIJIs1 3arapTyBaHHs JIeTAlIeH, Ta CTAHOBHUTH
0,04. Tomi

Pmemn =1-(1-0,03)(1-0,04)=0,07,
OTIXeE,

*p =0,001%0,07 = 7*107.

memn

P2 = Ppose

- IMOBIPHOCTI TOSIBU JDKEpENia TEMIIEPATYPH Prey
BHACJIJIOK HASABHOCTI ICKpPIHHS TPH TEXHOIOTTYHOMY
mpolieci PeMOHTY Ta BijHOBieHHS neranei JIB3, sika
cranoBuTs 0,03;

- IMOBIpHOCTI PO3TIKaHHS JIETKO3aHMHCTHX DPEyo-
BUH Pposr BHACIIZIOK TIOPYILIEHHS LiTiCHOCTI pe3epByapy,
IMOBIpHICTh KOpPO3ii SIKOTO ITpY TMONaJaHHi B HHOTO BOJH
craroButh 0,03, ABO BHACIIZOK ITiABHIIICHHS IMOBIpHO-
CTi OpraHizaliifHUX IMOMHJIOK Ha JUTBHUIY MPU BiJICYTHO-
CTi KOHTPOITIO SKOCTI mocyauH Juist 30epiranus JI3P, o
cranoButh 0,03, Tomi

Pposm =1-(1-0,03)(1-0,03) = 0,06,

OTXKE,
P3 = Pmenn ™ P posm = 0,03%0,06 = 1,8*10_3.

4. Ilpu peanizaii piBHs 2:

«KOPOTKE 3AMUKAHHS» iMOBipHICTh BUHHK-
HEHHSI TOXKEXI Py 3aJIKUTD BiJL:

- IMOBIpPHOCTI BUHUKHEHHs JDKEpena TeMIepaTypH
IIPU TEXHOJIOTIYHOMY TPOIECi eIEeKTPOIYroBOro Hamw-
JICHHSI Prexy, 1O OOYMOBJIEHO YTBOPEHHSM B IIOBITpI ro-
pIOYOr0 BHCOKOTEMIEPAaTYpHOTO THIY Y 3BaKEHOMY
cradi, sika ctaHoBuTE 0,04;

- IMOBIpPHOCTI TPOOOIO 1301411, KA 3aICKHUThH Bif
30BHIIIHIX YMHHHKIB, 10 SIKHMX BIJHOCHTLCS IIiJBHILEHA
BOJIOTICTh B TIPHUMIllleHHI (IMOBIPHICTh TPOSIBY JaHOTO
yuHHKKa cTaHoBUTH 0,03) a00 iMOBIpHICTH 3HAXOPKEHHS
MIPUILTMBHO-BUTSDKHOI BEHTHIALIT B HEPOOOTO3JaTHOMY
cradi, sika cragoButs 0,02. Tomi

Pupo6 =1-(1-0,03)(1-0,02)=0,05,

OTKE,

P4 = Pmexn *pnp05 =0,04*0,05 =2*10_3

I3 ypaxyBaHusM piBHIB 1-4 00UMCIMMO IMOBIpHICTB
BUHHMKHEHHS MOXKEXI Ha JUIGHHII PEMOHTY Ta BiIHOB-
nenns J1B3.

Proocexci =1— 1= p)A=p)(1=p3)(1—py) =
=1—(1-0,002)(1—0,00007)(1—0,0018)(1 —0,002) =

=5,9%107",

TakuMm 4YMHOM, OJIEpPKAHUH PE3YJbTAT IMEPEBHUIILYE
JIOIYCTUMUH piBEHb, 10 BUCYBAETHCS IO TEXHOJIOTIYHIX
MIPOIIECIB 3 AKOCTI Oe3mekr Ha 00'€KTaX TEXHOT'CHHOTO
npusHadyeHHs. OTxe, HEOOXiTHO 3pOOUTH HUZKY 3aXO[IIB
LIOJIO ITiABUINEHHS MPOTHIIOKEKHOTO CTaHY TEXHOJOTI-
YHOTO Mpoliecy peMoHTY Ta BigHoieHHs [[B3. Ocobnu-
By yBary CIiJi HaJaTW PIBHSM «IOMHIIKA HEPCOHATY»,
«JIETKO3aMMHCTI PEUYOBHHMNY, KKOPOTKE 3aMHUKAHHS, IS
SKMX IMOBIPHICTh TIPOSIBy B HAaBENEHUX pO3paxyHKax
3HAXOMUTHCS Ha PIBHI BUIIIOMY, HiXK 103,

[podinakTrka Ta monepempKeHHs MOXKEXK 1 BHOYXIB
Ha CIHeliaTi30BaHii qisHuII BiaHOBICHH J|B3 BUMarae
BUKOPHCTAHHS MIEBHHUX THITIB CHT'HAIII3ATOPIB, 5IKi JO3BO-
JSTh 3aXMCTHTH OOJIaJIHAHHS Ta YCTATKyBaHHs BiJ| IIO-
KEXi, BUOYXY Ta MOIIKOJDKEHHSI.

OpHi€lo 3 HAWBaKIMBIIINX MOAIOHMX CHCTEM BBa-
KAETHCSI CUTHAII3ATOP, MPU3HAYCHUH ISl aBTOMATHYHO-
ro Oe3nepepBHOrO KOHTPOINIO 10 BHOYXOHEOE3IEeUHHX
KOHIICHTpAIliii TOPIOYHMX 1 TOKCHYHHX Tra3iB B MOBITPI, a
TaKOX TEMIEpaTypH MOBITPs, BUa4i CBITIOBOI 1 3BYKO-
BOI CHTHATI3aIl, JUId BUIAYi CJICKTPUYHHUX CHUTHAJIIB Ha
30BHIIIHI TPUCTPOT 1 KOMYTaIil 30BHIIIHIX EIEKTPUIHUX
KT pY TIEPEBUILEHHI BCTAHOBJIEHUX 3HA4Y€Hb 00 €EMHHX
YaCTOK KOHTPOJILOBAaHUX ra3iB abo TeMrepaTypu MOBIT-
ps. Pexxumu pobotu curnamizatopa: «HEPI'YBAHHS -
3IICHIOETHCSI Oe3TIepepBHUIT KOHTPOJIb 3ara30BaHOCTI Ta
Temneparypu cepenosuina; « TPUBOI'Ay - 31ilCHIOETh-
csl BKITFOUCHHS aBapiiiHoOi (CBITJIOBOI, 3BYKOBOI) CHUTHaIi-
3alii Ta BUKOHABYHMX MPHCTPOIB y pa3i MEepeBUILEHHS JI0
BHOYXOHEOE3MEeYHNX KOHLIEHTpaliil Ta3iB (TpaHUYHHX
KOHIICHTpAIIifi, TEMIIEpaTypH) y KOHTPOJIILOBAHOMY cepe-
nosuii; «TECT» - 3nificHIOeTbCS TIEpeBipka nparie3iar-
HOCTI CHT'HAJII3aTOpa, CHPAIIOBAHHS IIPUCTPOIB 3aXHUCTY,
OnokyBaHHs 1 curHamizauii [8]. 3HaueHHs koedilieHTy
MIPOIIOPLIHOCTI Ui KOMIIOHEHTIB, IO BU3HAYAIOTHCS:
MetaH — 0,47; npoman (O0yran) — 0,27; Bomenp — 0,38;
rekca (rmapu OeH3MHY, apy Iu3enbHoro nanusa) — 0,26.

Jlatunku curHaizatopa HeoOXiJHO BCTAHOBHUTH Ha
MOCTaX OYHMIIEHHS JieTalield, BiTHOBIEHHSI METO/IOM eJle-
KTPOJIYTrOBOI'O HAIMJICHHS, MPOBEICHHS 3BApPIOBATBHHUX
poOiT, B MICIIi, ¢ BCTAHOBJICHUI TEpMOCTAT IS 3arap-
TOBYBaHHS JIeTaJIEH MiCIIsl PEMOHTHHX POOIT.

Ha ninbHUII 3amipOOHOBAHO 3aMIiHUTH MICIICBY BHU-
TSOKHY MEXaHIYHYy BEHTHIIIIIO Ha MEXaHIYHY MPUILIHB-
HO-BUTSDKHY. [IprMycoBi ycTraHOBKH 3a0e3reueHi aBTO-
MaTUYHUM YyrpaBiiHHsM. [ToBiTps, 1o BumasiseTbes 3
MIPUMIIIEHb Ta MICTHTh TOPIOYMIA MnII 1 BUOyxoHeOe3me-
YHI TUJIOMOBITPSIHI CyMillli, HEOOX1THO OYMIIATH B MOK-
pux nmtoysoBitoBayax. CUCTEMU MiCHEBUX BiJICMOKTY-
BadviB BiJl TEXHOJIOTIYHOI'O YCTaTKyBaHHS MAalOTh OYyTH
OKpeMi ISl PEUOBHH, SIKI Y pa3i 3MillIyBaHHS MOXYTb
CIPUYMHHUTH CliajiaX, TOpiHHS a00 BHOYX. YBIMKHEHHS
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BEHTWISITOPIB MICLIEBHX BiJICMOKTYBadiB, KOHCTPYKTHB-
HO TIOB'SI3aHUX 3 TEXHOJIOTTYHUM YCTAaTKyBaHHSM, TIOBH-
HHO OJIOKYBATHCS 3 ITyCKOBUM IPUCTPOEM YCTaTKyBaHHSI.

Jlyst 0THOYACHOTO BIAKIIOYEHHS! YCIX BEHTHIISTO-
PiB, KOHCTPYKTHBHO MOB'SI3aHUX 3 YCTaTKyBaHHSIM a0o
BOY/IOBaHHX Y TEXHOJIOTIYHI CXEMH, a TAKOX 1HIINX BEH-
TUIISITOPIB, sIKi OOCIYrOoBYIOTH BHOYXOHeOE3IeuHi MpH-
MIIIEHHS], TIepea0avyacThCs MPHUCTPiH, KU pO3TaIIOBY-
I0Th 30BHI OyiBIi.

Ha nocnimkyBaHiii criemianizoBaHii JiIBHUIY JOIIi-
JILHO MPOBECTH 3aMiHy METaJIeBUX OaJIOHIB IS ra3iB Ha
KOMITO3UTHI, SIKI XapaKTepHU3yIThCsl OLIBIIOK JTOBrOBid-
HICTIO MpH eKcIuTyaTamii. THCK Ha pO3pPUB MOITIMEPHO-
KOMITO3UTHOTO OaJIOHYy TPaKTHYHO B JIBa pa3d BUIILE 3a
aHAJIOTIYHUN TOKa3HUK JUIsl BUPOOIB, BHTOTOBJICHHX 3
MeTany.

Jlo mepeBar KOMITO3UTHUX OaJlOHIB MOKHA TaKOX
BiJIHECTH BIJICYTHICTh KOPO3iHHHX IPOLIECIB, YTBOPEHHS
ipXKi, IO € MNepIIOYeproBUMH NPHYMHAMHU 3HIKEHHS
eKcIuTyaTanii MeraneBux OanoHiB. Ciii 3a3HauuTH, IO
TpolieC PyWHYBaHHS CTIHKM KOMITO3UTHOI KOJIOH BinOy-
Ba€ThCS HA0araTo IMOBUIBHIIIE, TOMY KOHTPOJb TEXHid-
HOT'O CTaHy BUKOHYETHCS pa3 B 10 pokiB, Tofi sk MeTajie-
Bi KOHCTPYKIIi MPOXOJASATH IUIAHOBY INEPEBIPKY KOXKHI 5
POKiB.

[MomimepHi eMHOCTI A7 30epiraHHs ra3y BHTOTOB-
JITIOTBCS 332 KOPJAOHOM, TOX 1X 3amipHa apMaTypa BiAIo-
BiZlae CBITOBMM cTaHiapTaM. CrajieBa Tapa B Halliii Kpa-
Hi 3a3BUYall KOMIUIEKTYETHCS CTAHIAPTHUMH BEHTHISIMU
0e3 3amo0KHUX MPUCTPOIB, IO POOUTH iX MeHII Oe3re-
YHUMU.

Takum YMHOM, TIPOBEJIEHA OILIHKA TEXHOJIOTTYHOTO
MIpoIIeCy BiHOBJICHHS netaieii /B3 BusBMIIA OTEHITiHHI

HeOe3IeKH Ha UIbHHUII, IMOBIPHICTH TX MPOSBY, HA OCHO-
Bi 4Oro Oynmu po3poOiieHi peKoMeH alii Moo MOCUIIeH-
Hs1 OE3IIEKH IAHOTO TE3HOJIOTTYHOTO MPOLIECY.

Bucnosku

1. PesynmpTaTé mONEpeIHBOrO aHamizy HeOe3rek
CTOCOBHO eKCIUTyaTalii pe3epByapa NponaH-0yTaHOBOT
CyMiIlIl Ta B MPOIIECI OYHMINCHHS ACTajci BiA Harapy y
pe3epByapi 3 JISTKO3alMHUCTOI PEUYOBHHOIO CBITYATH PO
HasIBHICTh TOTEHIIHMX HeOe3MeK B TEXHOIOTTYHOMY
mpolieci BiHOBJICHHS JieTajield, sIKi MOXYTh MPU3BECTH
JI0 aBapiHUX CUTYyallill «Ioxexa / BUOyX», 10 MpHU3Be-
nyte o Il xkputmuHOro craHy mposiBy HeOe3mek, Mo
BUMarae HeraiHWX 3aXOJiB 3 TOPSTYHKY NEPCOHATY Ta
o0J1aTHaHHSL

2. 3a pe3ynbTaTaMd pO3PaxyHKIB IMOBIPHOCTI
MPOSIBY TOTEHIIHHOI HEOE3MEeKN THUITY «IOKeKa» Ha Ai-
JITHIII PEMOHTY BCTaHOBJICHI HAWOLIbII HEOE3MeuHi Io-
TEHIIMHI pKepena, sKi, 3TiJHO JEpeBy BiIMOB, 3HAXO-
JISITBCSL Ha PIBHSAX «IIOMMUIIKA IEPCOHATY», «JIErKO3aiMHU-
CTi PEYOBHHM», «KOPOTKE 3aMHUKAHHS», VISl SIKMX IMOBIp-
HICTh TIPOSIBY TOKEXK1 B HABEAECHUX PO3paxyHKaX 3HaXo-
JWTHCA HA PiBHI BUIIOMY, HiX 107,

3. 3anponoHOBaHO HHU3KY 3aXOJiB JUIs IiJIBHIICH-
HS PiBHA O€3IIEKU TEXHOJIOTIYHOr0 MPOIIECY Ha IUTHHHIIL,
0 SKHX BITHOCATHCS BCTAHOBJICHHS IPHILTUBHO-
BUTSDKHOI BEHTHJISILIIIHOI CUCTEMH 3 METOIO ITi/IBUILICHHS
SIKOCTI OYMILEHHs TIOBITPS; 3aMiHa MeTajeBOro OajoHy
JUTSL TIPOTIaH-OyTaHOBOI Cymilni Ha OajioH 3 TMOTIMEPHO-
KOMITO3UTHOTO Matepiajly; BCTAHOBJICHHS B TIPHMIILICHHI
JIETEKTOPIB (CHTHANII3aTOPiB) WIKIIJIMBUX DPEYOBUH Ha
MOTEHIIHHO HeOEe3MEeYHNX MMOCTaX TEXHOJIOTTYHOrO Mpo-
LIeCy BiJIHOBJICHHS TOJIOBOK OJIOKIB IHIIIHIPIB.
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Analysis of fire safety and development of preventive measures relating
to the decrease in the specialized development of car parts

0. Mikosianchyk, N. Kichata, T. Savytska, D. Rigus

Abstract. In order to reduce the number of emergencies caused by crash or accidents in transport, timely repair of car
parts and the safety of technological processes during their implementation are important factors. In this work, the technological
process of repair of car parts is investigated and dangerous factors in production are identified. Using the methods of preliminary
hazard analysis and the fault tree, the probability of occurrence of potential hazards at a specialized site for the recovery of
internal combustion engines was determined and the consequences that they could lead to were predicted. Were suggested
measures for installation of ventilation systems at a specialized section in order to improve the quality of air cleaning. Were pro-
vided suggestions and recommendations for the development of preventive measures to reduce the level of fire danger at the
specialized section of the recovery of heads of blocks of cylinders of internal combustion engines.

Keywords: repair, potential hazards, technological process, preliminary hazard analysis, fault tree, fire protection.
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KuiBchkuit HallioOHAILHIH yHIBEpCUTET OyIIBHUIITBA 1 apXiTeKTypH, KuiB, Ykpaina

JOCIIIKEHHSA 3AXVCHUX BJIACTUBOCTEN
METAJIEBUX EJIEKTPOMAI'HITHUX EKPAHIB
TA BUSHAUYEHHS YMOB IX MAKCUMAJIbHOI EOEKTUBHOCTI

AHoTanisi. Ha ocHOBI aHaJi3y naHMX IPO €KpaHyBaHHs €JIEKTPOMArHITHUX IOJIB HAaJAHU3bKHX Ta YJIbTPABUCOKHX 4Yac-
TOT Oy[iBEIbHUMH Ta OOJIMIFOBAIBHUMHU MaTepialaMy 3p00JIeHO BUCHOBKH, 110 HAHOUIBII JOLUIBHUM 3 TEXHIYHUX Ta KO-
HOMIYHHX MipKyBaHb € OOJIMIFOBAaHHS 3aXMCHUMM MaTepiallaMi BHYTPIIIHIX OBEepXOoHb OyxiBess. HaBeneHo koedinienTn
€KpaHyBaHHS PO3POOJIEHUMH METAIONOIIMEPHUMH MarepialaMy eJIeKTPOMArHiTHUX IOJIB Pi3HUX 4acToT. J[is enekrpo-
MarHiTHUX ToJiB yacrotamu 2,4-2,6 I'T koedirieHTH expaHyBaHHS CKJIaAlOTh 2,44 (3a TOBIMHU eKpaHa 5 MM) Ta 3-52
(3a ToBIMEY expana 10 mm). Koedinienru Bindurta cxnanaors 0,06-0,32. 3mina koHLEHTpaLii pepomardiTHOI cyOcTaHii
cranoButTh 5-20 % (3a Baro). 3a TakKUX yMOB 3HMIJKEHHS HAIIPY)KEHOCTI MAarHiTHOI'O MOJIS IIPOMMCIIOBOI YaCTOTH CKJIaja-
10Th 1,2-15,0 (3a ToBImMHM ekpaHa 5 Mm) Ta 2,3-38,0 (3a ToBImmHE expana 10 Mmm). HaBeneHo mopsiok owiHIOBaHHS edex-
TUBHOCTI €KpaHyBaHHS BUCOKOYACTOTHOI'O €KPaHOBAHOI'O 1011 TPHUIIAPOBOKO CTPYKTYPOIO, BUXOAUH 31 3HAUEHHSI JieJIeK-
TPUYHOI POHUKHOCTI HECYYOro MaTepially Ta MiHIMaJIbHOI JOBXHHH €JIEKTPOMArHITHOI XBHII JAiana3oHy eKpaHOBAaHOI'O
ot JIyist OfHOYaCHOT O eKpaHyBaHHS MarHiTHOIrO MOJIS IPOMMCIIOBOI YaCTOTH IPOBiHMIT IIap noBUHEH Oyt (epomarHi-
THUM. JJJIs1 [IbOrO MOJKHA 3aCTOCYBATH METAJIONONIMED 3 BEIMKOK KOHIEHTPALII€I0 3aJ1i30pY/IHOI0 KOHLICHTPATY.

Karo4doBi cioBa: enexkrpoMarHiTHi Noist; eKpaHyBaHHs; KoeillieHTH eKpaHyBaHHs; OOJIMIIOBAIbHUN 3aXUCHUH Oyxi-

BEJIbHHUI Marepial.

Beryn

[TizBuIIEHHST E€NEKTPOMArHITHOIO HaBaHTAXKECHHS
Ha JIOBKULISA, TOOTO 301IBIIEHHS KiJIBKOCTI Ta ITOTYXKHO-
CTi 30BHILIHIX JPKEpEN IMOJiB Ta BUIPOMIHIOBaHb BILIH-
Ba€ Ha EJIEKTPOMArHiTHy OOCTaHOBKY ycepenuHi Oyi-
BEJIb 1 CIIOPYI.

AXTyaJIbHOIO 3aJlauelo € 3aXHCT BiJ| BIUIUBY TeX-
HOI'CHHUX TOJIIB Ha JIIOJCH y BUPOOHHYHUX Ta MOOYTO-
BUX yMoBax. HalOinbln cydacHWi MeETON 3aXHCTy —
expaHyBaHHA [1].

Bimomo, 1m0 OyniBenbHI MaTepianu i KOHCTPYKIIIT
YaCTKOBO €KPaHYIOTh €JIeKTPOMAarHiTHI Moys i BHUITPO-
MIHIOBaHHS 1 JJIsl [bOTO PO3POOIISIOTHCS 3aXUCHI MaTe-
pianmu, cymimi abo KOHIIEHTpPAaTH 3 KepOBaHUMH Koedi-
LIEHTAMH €KpaHyBaHHs Y PI3HUX YaCTOTHHX Jliara3oHax
[2]. Arne xinbkicHi naHi moA0 KoeillieHTIB eKpaHyBaH-
HA HaBITh TPATUIIMHUX 1 MOIIUPEHUX OyIiBEITBHUX
MaTepiaiiB JyXKe Pi3HATbCSA 1 NOTPeOyIOTh YTOYHEHHS.
VY GaraThox BHMNajakax MoTpedye BIPOBaKEHHS JOAAT-
KOBHH 3aXHMCT BUPOOHMYHMX 1 MOOYTOBHX IPHUMIIIECHb
CrielliaIbHUMHU €KpaHyBaJlbHUMHU Matepianamu. Bpaxo-
BYIOUH, 1[0 y IIbOMY BUIIAAKY HEOOXiTHE OOTUIFOBAHHS
BEJIMKUX ITUIONI, OJHUM 3 TOJIOBHUX KPUTEpPii mpu po3-
poOJeHi 3aXUCHUX MaTepianiB € iX BapTICTh Ta TEXHO-
JIOTIYHICTh TIPH 3aCTOCYBaHHI, a TaKOX CTIHKICTh 3a
JIOBI'OCTPOKOBOI €KCILTyaTallii.

VY npoMucioBux OymiBJsAX, IO HOTPEOYIOTH eKpa-
HYBaHHSI, OKPEMUX MPUMILIEHHSX HEOOXi/HA HasIBHICTbH
JIAaHUX TIPO €KPaHyBaJIbHI BIACTHBOCTI OOJIHIFOBAIBHUX
MaTepiaiiB Ta po3poOJICHHs 3aCO0IB ITiIBUIIICHHS TaKUX
BractuBocteil. 11i qaHi HeoOXiqHI HE TUIBKU JUIS 3aXHC-
Ty TIepCOHAJy Ha BUPOOHMITBI YM MIiANPUEMCTBI, a U
TEXHIYHOTO 3aXUCTy iH(popMalii Ta 3a0e3MeUeHHs elleK-
TPOMArHiTHOI CYMiCHOCTI YyTJIMBOT'O KOIITOBHOTO €Jle-
KTPOHHOTO o0yaaHaHHsd [3].

Tomy yci 1i 3axoqu Ta edeKkTUBHICTH 3ac0O0iB 3a-
XHCTY ITOBHHHI OyTH IIEBHUM YHHOM paIliOHaJIi30BaHi.

AHaJi3 oCTaHHIX JoCHiIKeHb i myOaikamiii.
O3HalfoMJICHHS 3 JIOBIIKOBUMH JaHUMU ILOAO €KpaHy-
BaHHS €JIEKTPOMArHiTHUX IOJiB OyAiBeIbHUMH MaTepi-
ajaMd Ta KOHCTPYKIISIMH JO3BOJISIE TIHTH BHCHOBKY,
110 BOHU HE OJHO3HAYHI Ta y 0araThOoX BHUINAJKaX BU-
KJIMKAIOTh CyMHIBU. Maiike B yCiX IOBIJHUKaX HaBeJle-
HO, 11O HerysiHa cTiHa 3aBTOBIIKU 0,7 METpIB 3HIKYE
PiBHI €JIEKTPOMAarHiTHUX BUIPOMiHIOBaHb CAHTHMETPO-
Boro miama3ony Ha 16,0-21,0 ab. IllmakoOeToHHI CTiHH
— Ha 14,5-20,5 nb. MoHomniTHOOeTOHHI OyaiBI — 6,0-
16,0 a1b ta 10,0-30,0 1B y 3a7MeKHOCTI BiX KPOKY apMa-
TypH. 3a TakuX Koe]ilieHTiB eKpaHyBaHHs (MPUHAWMHI
10-100) curnanu 6a30BUX CTaHIH MOOUTBHOTO 3B’SI3KY,
SKi TPAIOIOTh Ha JIOBXXKMHAX XBWJIb CAHTUMETPOBOTO
nmiamazony (17,0-11,5 cM) Mmaiike TOBHICTIO ITOBHHHI
3HUKaTH (IHTEHCHBHICTh BUIIPOMIHIOBaHb  CTaHIIH
Maibke Hikonu He mepesumye 0,10-0,08 MxBr/cm?). Aste
el (GakT cymepeuuTh MOBCSKACHHIN MPaKTHIN: Mpak-
TUYHO B YCIX 3ai300€TOHHUX OYAIBISAX MOOITBHUI
3B"SI30K (DYHKIIIOHY€ CTaOIIbHO.

BincyTHICTh HAOiHUX CHCTEMAaTH30BAaHUX TaHHUX
LIOJI0 3aXMCHHUX BJIACTUBOCTEH OyHiBeNbHHX Ta OOJIHU-
LIOBAJILHUX MaTepiajiB MEeBHHUM YHHOM OOYMOBJICHE
BiJICYTHICTIO TaKUX BUMOI' Y YUHHUX OYZiBEIbHUX HOP-
Max [4]. Tomy mocmimpkeHHsT W MPaKTUYHI PO3POOKH y
LLOMY HANpPsIMKY HOOJMHOKI 1 HE HOCATh CHCTEMHHI
xapakrep. [IpakTuuHO yci MmyOmikarii IIoao 3aXUCHUX
BJIACTHBOCTEH OyaMaTepialliB CTOCYIOThCSl €JIeKTpoMar-
HITHUX BUIIPOMIHIOBaHb YABTPABUCOKUX YaCTOT [5].

VY po0oTi pO3IISIHYTO ePEeKTUBHICTH E€KPaHYBaHHS
pI3HUMH MaTepiajaMd BHUCOKOYACTOTHHX BHIIPOMIiHIO-
BaHb. AJie PO3IIISTHYTI MaTepiain ayXKe CKIaIHI Ta MaJo
MIPUIATHI JJIs1 3aCTOCYBaHHs 330BHI OyniBeNb 1 MaloTh
BEJIKY BapTiCTh.

JocmimkeHns [6] mMpUCBSYCHE BU3HAYCHHIO 3Mi-
HaM EJIEKTPOMAarHiTHOI OOCTAaHOBKM uepe3 BiIOWUTTS
EJICKTPOMATHITHUX XBHWIb 0a30BUX CTAHIIIHl MOOLIEHOTO
3B’SI3KY BiJl BEpTHKAJIbHUX Ta TOPU30HTAIILHUX MeTae-
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BHUX OOJIMIFOBAJIBHHUX MOKPHUTTIB. OTpHMaHi NaHi CBiJ-
YaTh, IO PO3TAIIyBaHHS KiJBKOX BHUIIPOMIHIOBAYiB Yy
30Hi MPSIMOi BUAMMOCTI 32 HAassBHOCTI Bi/JIBaJIbHUX TOBE-
PXOHB 3HaYHO IOTIPIIYE €IEKTPOMArHiTHY OOCTaHOBKY.

VY poGorti [7] npuBeCHO pe3yabTaTi BUMIPOOYBAHb
3aXMCHHUX BJIACTHBOCTEW INTYKaTYpKH 3 HallOBHIOBAada-
MU 3 (EpUTHOrO TOPOIIKY Ta BYIJIECIEBUX BOJOKOH Yy
nmiama3oHi MoOimbHOro 3B’s3ky — 850-1880 MI'm. Ili
MaTepiajiH MoKazanu Majli Koe]ilieHTH BiIOHTTS, IO
HANOLIBII BAKIIUBO JJIS TAKOTO YaCTOTHOTO Jiara3oHy.

AHanoriyae JOCIiKEHHS CTOCY€EThCSI BYTIICIIEBHUX
¢apb Ha ocHOBi rpadituzoBanoi caxi [8]. Hemomikom
3raJlaHuX poOIT € OpieHTaIlis] BUKIIOYHO Ha BHCOKOYAC-
TOTHI Jliala30Hu.

[lomo 3aXuCTy Bij BILIMBY €IEKTPOMArHiTHHX IO~
JIiB KOHCTPYKIIMHUMH MaTepiallaMd, TO HaHOLIbII
I'PYHTOBHUMH Ta JAOCTOBIPHUMH € POOOTH 3 JOCIIIKEH-
HA e(peKTUBHOCTI MOKPIBEIBHUX MatepiaiiB [9] Ta ek-
paHyIOUYMX BIIACTUBOCTEH OyIiBeNbHHX MaTepiaiiB
icuyrouux Oymisenb [10]. Y pobGoti [9] posmisHyTO
3aXMCT BiJl EJNEKTPOMArHiTHUX TIIOJIB IPOMHCIOBOI
YacTOTH IU(EPOM, METAIOYEPENHIIEI0, JIHCTOBOO
craumo tomo. OTpuMaHi pe3yabTaTH CBiTYaTh MPO iX
JIOCTAaTHIO €(peKTUBHICTb.

HaBezneHi naHi He CTOCYIOTbCS MarHiTHHX TIOJIB,
ane y gocmimkenni [10] HaBeneHo, 1o OYMiBII i3 3aii-
300€TOHY MalOTh KOe(II[iEHTH eKpaHYBaHHS MarHITHHAX
MoJIiB mpoMucioBoi yacroru 1,04—1,07, mo sBHO HEHO-
CTaTHBO Y Cy4aCHHX YMOBaXx.

Hagenenwii anami3 cBiI4uTh, MO MOTPEOyE pPO3pPO-
OJIECHHsT W JOCII/PKEHHS! 3aXMCHUX BIIACTUBOCTEH Mate-
piayiB UIs 3aXMCTy BiJ BIUIUBY €JIEKTPOMAarHITHHUX
MOJNIB HIMPOKOTO YacTOTHOro Jiama3oHy. CTBOpEHHs
OymiBeJIbHUX MaTepiajiB 3 MOTPIOHUMH BIACTUBOCTSIMH
npo0JieMaTHYHE Yepe3 MOXIIUBICTh 3HM)KEHHS MIilHiC-
HUX XapaKTepHCTHK 3a HAsBHOCTI B HUX EKPaHYIOYHX
JIOMIIIIOK.

om0 oONMHUITIOBATIFHUX MaTepialiB, TO IX MeXaHi-
YHI BJIaCTUBOCTI MEHII KPUTUYHI.

3anpornoHoBaHi METOIVKH OO0 BH3HAYEHHS 3a-
XHCHHX BJIACTUBOCTEH ENIEKTPOMArHiTHUX ekpaHiB [11]
Ta JOCII/KEHHS 3aXHUCHUX BJIACTHBOCTEH pi3HOMaHiT-
HHUX HOBITHIX MatepiaiiB [12] He mpaBuiioM ajIsi BCiX
HACTYITHUX EKCIEepUMEHTIiB. J[0 TOro »* iCHye MOXIIH-
BICTh PEryJIIOBaTH 3aXMCTi BJIACTHUBOCTI OOJIHIIOBAIIb-
HUX 1 03/100JTI0BAIEHUX MaTepiajiB, 10 HEMOXIIUBO JIJISI
HECYy4YHMX KOHCTPYKIIii BUPOOIB.

BukJiaJ 0CHOBHOTO MaTepiajy

[IpoBenenmii aHami3 BigomMocTel mon0 GakTHIHUX
€KpaHYIOUMX BJIACTUBOCTEH OyHiBEIFHUX MaTepiaiiB Ta
PO3pO0OK CBIAYUTH, IO TPATUIIFHI OyIiBENbHI MaTepi-
aJli MalOTh MaJli eKpPaHYIOUi BJIaCTHBOCTI SIK y HaIHU3b-
Kiif 00JIacTi eJIEKTPOMArHITHOTO CIIEKTpa Ta U yiabTpa-
BHCOKOYACTOTHIH.

VY Takux yMOBax roJIOBHOI0 METOK) € CTBOPEHHS
MIEpCIIEKTUBHUX MaTepiajiiB Uil OOJMIIOBaHHS ITOBEp-
XOHb OyJiBeNb Ta MpuUMilleHb. J[s mocsrHeHHs mocTa-
BJICHOI MeTH c(OpPMYJIbOBaHI HACTYIHI 3a1aui:

- OTpPUMaHHSA MaTepiajiB Ui OOJHUIFOBAHHS 30-
BHIIIHIX Ta BHYTPIIIHIX ITOBEPXOHb BEJIHMKUX IUIOLI,
NIPUIHSATHOI BapTOCTI;

- MaKCHMaJIbHO MOXKJIMBa yHi(iKallist MaTepiaib
Ta KOHCTPYKIIH, IPUIATHHUX VISl eKpPAHYBaHHSI;

3 eKOHOMIYHOI TOYKH 30pY JOLIIEHO 3AIHCHIOBATH
OOJIMIIIOBaHHS E€KPaHYIOUMMH MarepiajaMd BHYTpi-
mHboi noBepxHi. (Lle 3HiMae npobnemm perpanamii
MaTepiajiiB ITiJ BIUIMBOM aTMOC(epHHUX YMHHUKIB, rep-
METUYHOCTI HAaHECEHHSI Ha 30BHIIIIHI TIOBEPXHI TOIIO);

Jlis oOnuIIOBaHHS BHYTPIIIHIX ITOBEPXOHB CTiH
e(EeKTUBHIAM € 3aCTOCYBaHHS pPO3POOJICHOTO METAJIOIO-
JIIMEPHOI'0 Matepiany, sIKHi CKJIATaBcs 3 MOUIMPEHOTO
Ta JCUICBOTO JIATCKCY Ta BIAXOMIB 30aradcHHs 3aj1i3HOI
pyau [13]. ExpaHyBaibHi BJIaCTUBOCTI IHOI'O MaTepialy
LIOJI0 EJIEKTPOMArHITHUX BHUIIPOMIHIOBaHb YJIBTPAaBUCO-
KOI YaCTOTH HaBeAEHO y Tab. 1.

Tabnuya 1 — KoedinieHTH eKpaHyBaHHA Ta BiAOUTTSH
€JIEKTPOMAarHiTHUX XBHJIb yJIbTPABHCOKOL
YaCTOTH B 3aJIeKHOCTI BiJi BMicTY
eKpaHyo40i cy0cTaHuii y noiivepHii
MaTpuui ToBIHaMu S MM Ta 10 Mm

K,
p, % K,
5 MM 10 MM
5 2 3 0,06
10 10 19 0,10
15 33 38 0,28
20 44 52 0,32

VY tabmn. 1: p — BMICT MeTaieBoi cyOcTaHIlii (3a Ba-
roto); K, — 3aranpHuid koedilieHT ekpanyBaHHs; K, —
KOe(II[IEHT BITOUTTS, SKUH HE 3aJICKUTHh Bifl TOBIIUHU
Marepiainy.

KoeoimieHT ekpaHyBaHHS MarHiTHOTO IIOJS IIPO-
MHCJIOBOI 4aCTOTH HaBe/IEHO Yy TabI. 2.

Tabnuya 2 — 3anexuicTb KoedilieHTIB eKpaHyBaHHS
MATHITHOI'O IOJISI TPOMHUCJIOBOI 4YaCTOTH
Bil BMiCTY eKpaHy040i cyOcTaHmil
Ta TOBIIMHM MaTepiaxy

K,
p, %
5 MM 10 MM
5 1,2 2,3
10 4,6 10,8
15 11,0 24,0
20 15,0 38,0

Haseneni y Tabn. 1 Ta 2 naHi cBiguath, mo xoedi-
LIEHTH €KpaHYBaHHS €JIEKTPOMArHITHOTO IOJIsl YIIbTpa-
BHCOKOi YacTOTH [IOCTaTHI HaBiThb B yYMOBaX BIUIUBY
panioTexHiyHUX O0’€KTiB BelIHMKOi moTyxHOCTi. [lpu
EOMY KOe(IIIEHTH BIAOWTTS EIEKTPOMATrHITHUX XBHUJIb
Habarato HIDKYi, HDK y Oy/Ab SKMX MPOBIIHUX Marepia-
JIiB. AJle 100 eJIEKTPOMATHITHUX TOJIB 3ac00iB MOOi-
JIBHOTO 3B’SI3Ky — BOHH MOXXYTh OYTH HaJJTHIIIKOBHMH,
TOOTO IMOBHICTIO OJOKYBaTH MOOUIBHUIT 3B'S30K (Bpaxo-
BYIOYH TPUHHSATHI KOe(IliEHTH eKpaHyBaHHsS MarHiTHO-
rO IO TPOMHCIOBOI YacTOTH HAaBiTh y BHUPOOHHYHMX
YMOBaxX eKCIUTyaTallii MOTY)KHOTO eJIeKTPOTEXHIYHOTO
o0TaTHaHHS).

Tomy, mij yac ruIaHyBaHHS 3aIPOBADKEHHS eKpa-
HYBaHHS [IPUMIIIEHh HEOOXIJHO Y3TOJMTH CTYNEHb €K-
paHyBaHHS HU3bKOYACTOTHOI'O MAarHiTHOTO TOJSI 3 TIO-
TpebaMu (YHKIIOHYBaHHSA MOOLILHOTO 3B’ SI3KY.
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3a BiICYTHOCTI HEOOXIMHOCTI OTPUMAaHHS BETHKUX
KOe(iIliEHTIB eKpaHYBaHHI B YMOBaxX OOJHUIFOBAHHS
MOBEPXOHb MaTepialaMH THUITy TiICOKapTOHY MOXIIUBE
3aIpoBaDKEHHS] €KPaHyBaHHS KOHCTPYKILISIMH, TOAI0-
HUMH JI0 TPAJTi€HTHUX CKPaHiB.

BimoMo, 1110 TiNCOKapTOH KPIIiTHCS A0 CTiH CIIEIli-
aJbHUMHU CHCTEMaMH. BU3HAUMBIIN MTepeBakHY YacTOTY
30BHIIIHBOI'O BHIIPOMIHIOBaHHS, HEOOXiIHO 3pOOUTH
3a30p 3aBTOBIIKU A/4, e A — JIOBXKMHA TaJar09y0]l XBIJII.
3racaHHs eJIEKTPOMArHiTHOI XBWII BiAOyBaeTbcs 3a
BIIOMHM MEXaHi3MOM IpH B3a€MOIIT Malardol Ta Bij-
6uTOi XBWIi. €AMHOIO YMOBOIO € HasBHICTh HAa THIIBHO-
My Oo1i TilCOKapTOHHOr'O JINCTa METAJIEBOI IOBEPXHI.
VY naHOMy BHIIQJIKy TUI METajy HE Ma€ 3HadeHHs. [ o-
JIOBHA YMOBa — II€ TIPOBIJHICTh MaTepiaiy.

Ha nHamy nymKy, HalOifgbIl 3py4HOIO ITOBEPXHEIO
€ TIOBepXHs MpPOBIAHOI (apOm, ale Ha ChOTOIHILITHIH
neHb (apO, MPUHHATHHUX 32 IIHOK JUIS IMUPOKOro 3a-
CTOCYBaHHS HE BUPOOJAETHCSA. 3HMKEHHS Koe(Dilli€HTiB
BiIOWTTS BUIPOMIHIOBaHHS OOMEXEHO 3HAYECHHSIM
BIIHOCHOI JICIEKTPUYHOI MPOHUKHOCTI ITiKJIATHHKH
(s rincokaprony — 3,0+4,0). Y mmpokoMy niamaszoHi
JIOBXKHMH XBWJIb KOE(illi€HT BIAOUTTS HA HIKYE

Ve-1

Je+1
sIKU 3a uX yMoB ckiagae — 8,0+9,0 nb.

Y o0mumioBanbHIN TpHUIIApOBiH CTPYKTYypi, ne
BHYTPIMIHIN 1mIap — 3a30p MIDXK Ji€IEKTPUKOM 1 MeTase-
BUM TIOKPHUTTSIM 3aBTOBIIKH 0,5 MakCUMaJbHOI JOBXKH-
HU XBHJII Jliana3ony, KoeilieHT BiAOUTTS 3HU3UTHCS 10
14,0~17,0 1b y mmpoKoMy Hiama3oHi JOBXHH XBHWJIb.
[Tpu oMy NOBUHHA BUKOHYBAaTHCh YMOBA, IO TOBIIIH-
Ha 30BHIIIHBOI OOOJIOHKM d Ta MiHIMajabHA JOBXXHUHA
XBWJIb J1aMla30HY A,,;, BIAMOBIAE CITiBBITHOIICHHIO:

dJe

in

2
, ab,

<0,3.

3a moJaibIIoro 3MEHIIEHHs JOBXHHU XBHWIII KOe-
¢iienT BinOuTTS Oyne 3pocTtaT W JOCSATHE MakcuMa-
npHOro 3Ha4YeHHs — 3,0+4,0 nb 3a ymoBu:

dJe

in

=0,25.

Jlis oqHOYacHOTO eKpaHyBaHHS MarHiTHOTO ITOJIS
MIPOMHKCJIOBOI YACTOTH MPOBIMHHUIA MIap MOBHHEH OyTH
(hepoMarHiTHUM.

BpaxoByrouu BeIHMKY IUIONLY MOKPHUTTS, y SKOCTI
TaKoro mapy MOKJIHBO BHKOPHUCTOBYBAaTH METAJIOIOJIi-
Mep, MOMIOHWH JO OMMCAHOIO BHWIIE, ajie 3 OlLIBIIUM
BMIiCTOM (epoMarHeTvka. ¥ SKOCTI OCTaHHBOI'O JOITi-
JIbHO BUKOPUCTOBYBATH KOHIIGHTPAT 3aJli3HOI PY/IH,
SIKMH Ma€ BiTHOCHY MarHiTHy npoHukHicTh 110-140.

[NomepeaHi BUMipIOBaHHS TOKa3ajH, MO Koedilri-
€HT EKpaHyBaHHS TaKOTO MaTepiaiy, 3a BMicTy (epoma-
roetrka 20 % i TtoBmuuu 1,0 MM, MTOBHHEH CKJIaJaTh
2,0-4,0, 10 MOXKHA BBa)KaTH 3a70BUIHLHMM. HemomikoM
ILOI'0 MaTepiany € HU3bKa TEXHOJIOTIYHICTh TIPU 00JIH-
LIOBaHHI MOBEPXOHb CKJIaAHOI KOH(Qirypamii Ta Benu-
KHH BiZICOTOK BiIXO/IiB.

l'onoBHOIO TIpOOJIEMOIO I IPOEKTYBAaHHS €Kpa-
HYIOUMX KOHCTPYKIIH 3 BUKOPHCTaHHSIM KOMIIO3HUTIB €
Te, IO JaHi IIPO MarHiTHI Ta eXeKTpogi3nyHi BIACTUBO-
CTI METAJIONOJIIMEPIB He € TaOMMYHUMU. SIK TIPaBHIIO, Y
JTOBIIKOBIH JIiTepaTypi HaBEIEHO BiAOMOCTI IIpH Bjac-
TUBOCTI YHCTHX MeTaliB abo CIUIaBiB Ta IOJiMepiB
IIMPOKOTrO 3acTOoCyBaHHs. B mpuHumMmi, maroui aaHi
II0JI0 TIOKa3HHUKIB METAJIEBOI Ta METAJIOBMICHOI KOMIIO-
HEHTH Ta TolliMepy (MaTpHIl) MOXIUBO pO3paxyBaTH
JIeNIeKTPUYHY TPOHUKHICTh Ta MPOBIIHICTH KOMIIO3UTY.
CHiBBiIHOIICHHS €JICKTPOIUHAMIKYU CYIIJIBHUX Cepero-
BHII] TIO3BOJISIOTH PO3PaxyBaTH KOC(DIlli€HT 3aTOMIICHHS
MaTepiaiy, a Ha HOro OCHOBI M Ji€IeKTPUYHOI IPOHUK-
HOCTI - BiJTHOCHY MarHiTHY IPOHHKHICTb. AJIe B LIbOMY
BUIIaJIKy HEOOXiTHO BpaxyBaTH [iiiCHy Ta ysSBHY CKJia-
JIOB1 JICNIEKTPUYHOI MTPOHUKHOCTI, IO HE 3aBXIH MOX-
JIMBO Ta 3py4HO. Y pe3ynbTaTi NpPOrHO30BaHI mapamer-
pU MaTepiady Qy)ke NpUOIM3HO 1 Mo MPWAATHI IS
MPOEKTYBAaHHS MaTepialiB MOTPIOHUX 3aXUCHHUX BJiac-
tuBocTei. KpiM Toro, 3a pi3HOI KOHIIEHTpaii TpoBiqHOT
cyOcraHIii mapaMerpu OyXe BiIpI3HSIIOTBCSA, a came
JIpiOHO AMCIIepCcHA CyOCTaHIlisl, HAaBITh 33 CIPUSTIMBUX
YMOB PO3MO/iJIEHa Y TUIi MOJiMEpy He 30BCIM PiBHOMI-
pHo. lnst ToBumHU 5-10 MM 116 HEKPUTHYHO, BiTHOCHO
koe(illieHTa eKpaHyBaHHs, ajie PO3PaxXyHKOBHUIl amapar
Ile He BpaxoBye. Hampukianm, BiAMIHHOCTI Y 3HAYCHHSX
BiJTHOCHOI Ji€NEeKTPUYHOI MPOHUKHOCTI 32 BMICTY 3aJIi-
30pymHOro MUy y mosiMepHiid marpumi 10-15 % cka-
JIaroTh 5-85 1 moxubku mocsararotb 20-25 %. Ile x cro-
CYeThCS PE3yNbTATIB MPOBiTHOCTI. HaBiTh JaHi 1momo
eeKTUBHOI MPOBITHOCTI CepiiHOI MarHiTHOI piAMHH 3
(ikcoBaHUM BMICTOM (pepOMarHiTHUX HAHOYACTHHOK
KONUBaOThCs y Mexax 70-100, 1o He3aqoBIIbHO IS
PO3paxyHKiB.

Haii0iipm pariioHaJpHHUM Ha HAIl MOTJISA, € OTPHU-
MaHHsI HEOOXIJHUX JNaHHUX IIOJI0 MAarHITHHX Ta EJIEKT-
PpOo(di3MUHUX BIACTUBOCTAX KOMITO3UIIIHUX MaTepiajiiB
3 ekcrepruMeHTiB. Jlisi epeKTHBHOI MarHiTHOI MPOHUK-
HOCTI IIe¢ MOKJIMBO pPeaji3yBaTH 3a PaXxyHOK BHMIipIO-
BaHHA Koe(illieHTa eKpaHyBaHHS MarHiTHOTO IIOJISL.
IcHyroui criBBiAHOIIEHHS A KOE]ILi€HTIB eKpaHy-
BaHHS C(EPUYHMMHU Ta UWIIHAPHYHUMH OOOJIOHKaMHU.
3Hal04M TOBUIMHY CTIHKH, paliycl 00OJIOHOK Ta Koedi-
LIEHTH €KpaHyBaHHS JIETKO PO3PaXOBYIOTHCS e(peKTHBHI
MAarHiTHI IPOHUKHOCTI JJIs1 KOMITO3UTIB Pi3HOTO CKJIAdYy.
JlienekTpu4Hi MPOHUKHOCTI Ta TNUTOMI IPOBIAHOCTI
BU3HAYAIOTHCS NPSMUMHU BuMiproBaHHsAMU. lle Hanmae
3MOT'y OTPUMATH JIOCTaTHIO KUIBKICTH IOBIJAKOBHX Jia-
HUX, aJie e TOTPe0ye BEMMKUX OOCSATIB €KCIIepUMEHTa-
JIBHUX POOIT.

ToMy, HepCrieKTUBHUM HAINpsSIMKOM € po3po0JieH-
HS METaJIOBMICHOI (apOu 3:

- TPUHHATHAMH PEOJOTTYHUMH BIACTHBOCTSIMH;

- 1o0poro anre3i€ro 3 HAWOUIBII HOIIMPEHUMH
MeTaJeBUMH OCHOBaMHU — TIOBEPXHI, siKa MOTpedye Io-
KPUTTS OTPiOHOO KUTBKICTIO €KpaHy0Joi (hapOou.

BucHoeku

1. Ha ocHoBi aHami3y 3ac00iB eKpaHyBaHHSI eJeK-

TPOMAarHiTHHUX TIOJIiB Ta BUIPOMIHIOBaHb OY/iBEILHUMHU

Ta OOJMIIOBAJIFHUMHU MaTepiajlaMu IOKa3aHo, IO Haii-
OuTbII €(peKTUBHUM 30CO00M 3HWKCHHS BIUIMBY Ha
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MPAIOIOYMX 30BHIIIHIX TOJIIB, TOMIIbHE OOTUIFOBAHHS
MTOBEPXOHb OYIIBENb 3aXUCHUMH MaTepialaMHu.

2. Po3pobieni meranonoigiMepHi eKpaHylodi Ma-
Tepiajii TaPaHTOBAHO 3HIKYIOTH €JICKTPOMATHITHI OIS
yabTpaBucokoi yacrotu (2,4—2,6 I'Tu) y 2,0—44,0 pazu
(3a Bmicty Qepomarnetuky 5—20 %). MarniTHe ToNne
MIPOMHKCIIOBOI YaCTOTH OJHOYACHO 3HIDKYETHCA Y
1,2—15,0 pasis.

3. HaBeneno nopsiiok 0JJHO3HAYHOTO BU3HAUEHHS
3aXHUCHUX BJIACTMBOCTEH KOHCTPYKIHA, BUXOIIYH 3

JIieNeKTpUYHOI MPOHUKHOCTI Martepiany OCHOBH Ta Mi-
HIMaJbHOI JOBXMHH XBWJI Jiama3oHy eJIeKTPOMAarHiT-
HUX XBUIIb, 10 €KPAHYIOTHCS.

4. Tloxa3aHoO, IO AJI OJHOYACHOTO €KpaHYBaHHS
BHCOKOYAaCTOTHHUX BUIIPOMIHIOBAaHb T4 MarHiTHOTO MOJIS
MIPOMHUCIIOBOI YACTOTH JOLIJIBHO y SIKOCTI MPOBIIHOTO
11apy 3aCTOCOBYBAaTH METAJIONOIIMEPH 3 BEJMKUM BMic-
ToM (QepomarniTHOI cyOcranuii. IlepcriekTMBHUM €
PO3pO0IIEHHS eKpaHyIo4oi (apOu, sika MOoKe OyTH Ha-
HECCHA Ha OCHOBY y MOTPiOHIHN KIIBKOCTI.
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Research of protective properties
of metal electromagnetic screens and determining
the conditions for their maximum efficiency

O. Panova

Abstract. Based on the analysis of data on the screening of electromagnetic fields of ultra-low and ultra-high frequencies
of construction and cladding materials, it is concluded that the most appropriate for technical and economic reasons is lining the
internal surfaces of buildings with protective materials. Shielding coefficients of the developed metal-polymer materials of elec-
tromagnetic fields of various frequencies are given below. For electromagnetic fields with frequencies of 2.4-2.6 GHz, the
screening coefficients are 2.44 (with a screen thickness of 5 mm) and 3-52 (with a screen thickness of 10 mm). Reflection coeffi-
cients are 0.06-0.32. The change in the concentration of ferromagnetic substance is 5-20% (by weight). Under such conditions, a
decrease in the magnetic field of industrial frequency is 1.2-15.0 (with a screen thickness of 5 mm) and 2.3-38.0 (with a screen
thickness of 10 mm). Proposed a procedure to be used for evaluating the effectiveness of shielding a high-frequency screened
field with a three-layer structure, based on the value of the dielectric constant of the carrier material and the minimum electro-
magnetic wavelength range of the screened field. For simultaneous shielding of industrial frequency magnetic fields, the leading
layer must be ferromagnetic. Metal polymers with a high concentration of iron ore concentrate can be used to achieve this.

Keywords: electromagnetic fields; shielding; screening factors; cladding protective building material.
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Harionansawmii aBiamiiiauii yHiBepcutet, Kuis, Ykpaina

3ACAIM PO3POBJIEHHA MATEPIAJIB I KOHCTPYKIIINA
BUI'OTOBJIEHHSA 3ACOBIB IHAUBIAYAJIBHOT'O 3AXUCTY
BIJ BIIVIUBY EJIEKTPUYHUX IT1OJIIB

AnoTanis. IIpermerom HociimKeHHS € BU3HAYCHHS 3araJlbHUX KOHCTPYKTUBHO-TEXHOJIOIIYHUX PillIeHb BUTOTOBIICHHS
Ta BUNPOOYBAHHS OZATY JUIS 3aXHCTy HPALOIOYMX Bijl BIUIMBY €JIEKTPOMArHiTHUX noiiB. OOIPYHTOBaHO BUKOPHCTAHHS
JIBHSHOI TKaHWHHU JUIS BUTOTOBJICHHS CIELOJATY, & CaMe MOPHCTICTh CTPYKTYPH BOJIOKHA, IO Ja€ MOXKIIMBICTh HACHYEHHS
if eKpaHylOUMMH METaJICBUMU YaCTMHKAMH (MarHiTHOIO PiJMHON0 3 BMICTOM (hepOMArHiTHUX HAaHOYACTHHOK). Po3risHyTo
JIBa CrI0COOH MiBUILEHHS ()YHKIIOHAIBHOCTI CIELiaJIbHOIO 3aXUCHOTO OJLIr'y IIUISIXOM IiJBUILCHHS 3aXHCHUX BJIACTHBOC-
Tei OIHOro Iapy MeTajonoiMepHoro Matepiaiy.. [lepiumii — BUKOpUCTaHHS y SIKOCTI €KpaHyro4oi cyOcTaHLil He 3al1i30-
PYIHOTrO MUITy, a 3aJli30pyIHOr0 KOHLEHTPATY, SAKHH € KiHLIEBUM IPOAYKTOM 30araueHHs 3anizHoi pyau.[pyruii croci
THoJIsirae y 30UIbIICHHI TOBIIMHE METAIONONIMEDY 32 PaXyHOK 3HIKGHHS THCKY HiJi 4ac HOro HaHECEHHsS Ha TEKCTHIIbHY
OCHOBY (IIPOKa4yBaHHs Kpi3b BaJlblli), 10 JO3BOJIUTH 30UIBIINTH TOBILMHY €KpaHYIOUMX BCTaBOK 10 1,0 — 1,5 MM Ta cyr-
TEBO HE BIUIMHE Ha €PrOHOMIUHI XapaKTepUCTUKU ozsry. OTpuMaHi pe3ynbTaTH MOKa3yTh AOLUIBHICTS JUIS MiABUICHHS
e(EeKTHBHOCTI 3aXUCTYy NPALOIOYNX, I03BOJIIOTH PO3po0IIATH KOMOIHOBaHI 3acO00H 3aXUCTy 3 BUKOPUCTAHHAM SIK METAJI0-
MOJIIMEPHHUX, TaK 1 METAJIOTEKCTUIIBHUX MaTepialliB.

Kar4dosi ciaoBa: 3axucHuil Marepiai, koedilieHT ekpaHyBaHHS, (hepoOMarHiTHi HAHOYACTUHKY, 3aJi30pYHUH M1, 3a-

JI30pY/IHUH KOHLIEHTPAT.

Beryn

Mixxnaponuuii HopmaTuB [1] Ta HarioHaJIbHHHA
HOopMaTuB YKpainu [2] BUMararoTh 3a0e3neueHHs mep-
COHaIy, IO TPAIIO€ B YMOBaX BIUIUBY EJIEKTPUYHUX,
MAarHiTHHX Ta €JIEKTPOMArHiTHHUX IOJIB HaJHOPMaTHB-
HUX piBHIB. [CHyIOUYi 3aXHCHI KOCTIOMH 13 BILUIETEHUMHU
JIPOTaMU HE BIAINOBIIAIOTh Cy4YacHHMM BHUMOTaM 4epe3
HEOOXiZHICTh 3a3€MJICHHSI OJSITY, HU3bKY €proHOMIid-
HICTh dYepe3 JKOPCTKICTh MaTepialy Ta JAerpaualiio
3aXMCHUX BJIACTMBOCTEH BHACIIZOK PO3PUBY JPOTIB y
mporteci ekcruryartanii. CydacHi KOMITO3HUIIIHHI MaTepi-
aJM 4acTKOBO I1030aBiieH] IMX Baj, aje >KOJEH 3 HUX
HE BIJITIOBiJ]a€ aKTyaJbHUM BUMOTaM y TIOBHOMY 00CsI-
3i. 3HAYHOI MIpOIO II¢ 00YMOBJICHE HEY3TO/DKCHICTIO
pO3pOOIIeHHS i TOCIIHKEHHS 3aXUCHHUX BIaCTHBOCTEH
KOMITO3UTIB Ta PO3POOJIEHHS 3aXUCHOTO OMATY MOTPi-
OHMX (YHKI[IOHANBHUX BIACTHBOCTEH, IO € aKTyalb-
HOIO HAYKOBO-IIPUKJIaIHOIO 3a/1a4elO.

CraH nutaHHA. P0o3po0IeHHIO Ta JOCITIIHKEHHIO
BJIACTUBOCTEH 3aXMCHHX MaTepialliB Ta BUTOTOBJICHHS
3 HUX 3aXHCHOTO OJATY JUIS TIEPCOHAIY, IO MpAIioe B
YMOBaX BIUIMBY HEOE3MEUHHX Ta LIKIIIUBUX (pakTopiB
BUPOOHHYOr0 CepeAoBHUINA MPHUIIIETHCS OaraTo yBa-
ri. HaiOinpima KUTBKICTh JOCHIKEHb W PO3pOOOK
MIPUCBSYEHA 3aXUCTY MOXKEXKHUX [3, 4].

He nuBnsdauck Ha BiqMiHHICTH (AKTOpIB BILIHMBY,
i poOOTH BaXKIIMBI 3 TOYKU 30py TEPMOIMHAMIYHUX
XapaKTepUCTHK KOCTIOMY, IO € OOOB’S3KOBUM JUIS
3aXMCHOTO OJSry OYAb-SKOTO NpU3HAYEHHS. Y 3arajib-
HOMY BHUIAJIKy 3aXHCT BiJl BIUIUBY KOHKPETHOTO IIKiJ-
nuBOro (hakropa Ta iHII MapaMeTpu OJsITY MOXHa
noexnaty [5]. Llel HanpsiM KOCIiKEHb PO3BUHYTHI y
poboti [6]. 3’€MHICTP KOHCTPYKTHBHHX CJICMCHTIB
3aXHMCTy JI03BOJIIE 3MIHIOBATH PIBEHb 3aXUCTY Bij
BIUIUBY CJICKTPOMArHITHUX TIOMIB Y 3aJIeKHOCTI BiJ
KOHKPETHHX BHPOOHMYUX YMOB, aje Uil JCSIKHX BH-
MaJIKiB, 32 BiJIHOCHO HEBEJMKHX HANPYXEHOCTEH Io-

JIB, MOUITBHO PO3POOUTH 3aXUCHHUH KOCTIOM 3 OJHOTO
NpUAHATHOTO MaTepiany. Takuii Marepian Moxe OyTH
OTPUMaHUI MPOCOYCHHSIM EKPaHYIOUOK CYOCTaHIIIE0
00paHOro TEKCTUIBHOTO MaTepiany [7].

Hocnimkenns [4] cBigyath, 1m0 BUKOPUCTAHHS
HaHO3aJli3a Y BUIJIAAI MarHiTHOI piIuHU 3a0e3meuye
BENMKI KOE]IIiEHTH €KpaHyBaHHS MAarHiTHOTO TOJS
MPOMKCIOBOI YacCTOTH Ta EJNEKTPOMAarHiTHOTO TOJS
YABTPABUCOKOI YacTOTH. AJle OTpHMaHi NOKa3HHUKH
HAJJTUIIKOBI, TOOTO JIs1 OLIBIIOCTI BUPOOHHYUX YMOB
Taki Koe(ilieHTH eKpaHyBaHHs He NOTpiOHI, a Bap-
TICTh MarHITHOI PIIMHU Ty)K€ BHCOKA, 30KpeMa y Ipo-
MMOHOBAHUX KUTBKOCTSIX.

Po3poOka [5] cBimumTh, 10 TOCTaTHI, a 33 BEJIH-
KX KOHIIEHTpAIliii MeTaneBoi Ta METaJoBMICHOI CyO-
CTaHIii, BeNIHKI KOe(]illieHTH eKpaHyBaHHS MOXHa
OTPUMAaTH TNPH BUKOPUCTAHHI 3ai30pYAHOTO MUY, a
BIJIMOBIZTHO Y SIKOCTI HOCis (MaTpuIli) BUKOPUCTOBY-
€TbCS IHOJATEKC, HENMPHIATHUN JUIi BHUI'OTOBJICHHS
omsary. OTpuMaHi pe3yibTaTH, 30KpeMa yHiBepcasb-
HICTh IIOJI0 YaCTOTH €KPaHOBAHOI'O IOJSI Ta HU3bKa
BapTicTh, 00YMOBIIIOE TOUUIBHICTh JOCHTIJKEHb 100
BUKOPHUCTAHHS 3QJ1i30pYAHOTO MUITY JIJIsl BATOTOBJICHHS
3aXMCHOTO TOKPHUTTSI HA OCHOBI TEKCTHWJIBHOTO Matepi-
ainy.

AKTyaJIbHOIO € 3ajJladya BUOOpY HaMOiIbII partio-
HAJILHOTO MaTepially Jjisi BUTOTOBJICHHS 3aXHCHOIO
OIIITY Ta KOHCTPYKUIi JUIst 3aXMCTY BiJ Iii pi3HUX eje-
KTPOMAarHiTHUX BIUIUBIB.

Meto10 pod0TH € BU3HAUEHHS 3arajJbHUX KOHC-
TPYKTUBHO-TEXHOJIOTIYHUX 3acaji BHUI'OTOBJICHHS Ta
BUTIPOOYBAaHHSI OJATY Ul 3aXUCTY NPAIOIOYHX Bij
BIUIMBY €JIEKTPOMArHITHHX IOJIB 3 ypaxyBaHHIM Ia-
paMmeTpiB BUXiIHUX MaTepiajis.

Pe3yabTaTu gociiakeHn

JlocBia po3poOsIeHHsT Ta MOCIIHKCHHS TEKCTHIIb-
HUX Ta MOJIMEPHHX MaTepiaiiB s BHTOTOBJICHHS

© Xanmypanos b. 1., barpiit M. M., 2020
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3aCc00iB 1HIUBITyaIbLHOrO 3aXUCTY CBiMYaTh, IO OOMI-
Ba KJIaCH MaTepiajiB MpUAATHI IS IBOTO.

BigMiHHOCTI TOJATAIOTh TUIBKH Yy KOHCTPYKIISIX
3aXHCHOTO OJIATY.

3 TEKCTHIHHOT'O MaTepiany IOUiIbHO BHUTOTOBIIS-
TH OJSIT, SKUH BiJNOBia€ MIEBHUM BHMOT'aM €PrOHOMi-
YHHX XapaktepucTuk. Lle cTocyeTbcs mepcoHany,
SKHH Yy TIpolleci BUKOHAHHS CIIY)KOOBUX OOOB’SI3KiB
0arato rnepecyBa€eThCsL:

poOiITHUKH 3 0OCIIYyrOBYBaHHSI MOBITPSHUX JIiHIN
eJIleKTponepeaayi,

panioTexHiuHi 00’€KTH 0E3APOTOBOTO 3B’SI3KY Ta
aepoIpOMHOr0 00JIaHAHHSL.

[MonimepHi 3aXxHMCHI MaTepialn 3aCTOCOBYIOTHCS Y
SIKOCTI BCTABOK y 3aXHCHUH 01T [6].

Taki KOHCTPYKIII KOCTIOMIB JOCUTH €()EKTUBHI,
ajie MaloTh HIDKYi €pPrOHOMIYHI MOKa3HUKH Yepe3 kKop-
CTKICTh KOHCTpYKIIi. le# ofsar MOIIEHO BUKOPHUCTO-
BYBAaTH JUIsl BUKOHAHHS POOIT, sIKi HE BHMararTh Be-
JIUKOI PYXJIMBOCTI Ta TEpECyBaHHS — EIEKTPO3Baplo-
BaHHs, 00CIYrOByBaHHSI TpaHC(HOPMATOPHUX ITiJICTaH-
Uil Ta BIAKPUTUX PO3MOJUILYHX MPHUCTPOIB €HEPTeTH-
YHHUX MEPEXK.

OCHOBHOIO 3aJ]ayel0 MPOEKTYBaHHS € CIIOCOOU
3aKPIIJICHHS 3aJ1i30PYAHOrO MY Y BOJIOKHAX TEKCTH-
JILHOTO MaTrepiasy. 3BHYAWHE MPOCOYCHHS TKAaHUHU
BOJHHMM PO3YHMHOM 3aJIi30PYIHOTO IHIY HE Ja€e Oaxa-
HOT'O pe3yJIbTaTy Yepe3 HEeJOCTATHE 3UeIUICHHS 4aCTH-
HOK 3 BOJIOKHAMH.

HeoOxignHicTh 100pOro 34erieHHS OOYyMOBIIIO-
€Tbcs 000B’SI3KOBUM BUTPUMYBaHHSIM OZsry OaraTopa-
30BOr0 TNpaHHs 0€3 BTpPAaTH 3aXUCHHUX BIIACTHBOCTEH.
3anponoHOBaHO Ta MPOAHAII30BAaHO JBa CIHOCOOH 3a-
KpiIUIEHHSI YaCTUHOK 3aJ1i30pYIHOTO THJIY Y BOJIOKHAX
TEKCTUJILHOTO MaTepiay

JIy1s BUTOTOBIIEHHSI 3aXMCHUX KOCTIOMIB 3 TE€KC-
TUJIBHOTO MaTepiany JOIUJIBHO BHKOPHCTOBYBATH
JIBHSIHY TKaHUHY, BOJIOKHA SIKOT HACHYeHI €KpaHYIOUH-
MU METaJeBUMH YacTHHKaMu. [y mpoBeAeHHS OCITi-
JOKeHb Oyino oOpaHO y SIKOCTI OCHOBHOT'O Martepiaiy
TKaHuHy (apTukyn — 3581, BOJNOKHHCTHI CKIan:
JIH-75 %, TIE®—-25 %), sika BUKOPUCTOBYETHCS LIS
BUPOOHMIITBA CIIEI[ialbHOrO ONATY. i TepeBarowo e
BHCOKA MIIHICTh Ta HU3bKa TOPIOYICTH TOPIBHSHO 3
CUHTETUYHUMH MaTepialamMH.

Hanpuknan, y po6ori [8] mokazano, mo o0po0-
JIEHHs1 JIbHSHOI TKaHWHU, IPOCOYEHOI MarHiTHOI pi-
JIMHOIO 3 BMIiCTOM (DEpOMAarHiTHUX HAaHOYACTHHOK Y
HEOAHOPITHOMY TMOCTIfHOMY MarHiTHOMY IIOJIi Ha-
npyxkeHictio 450 A/m migBuimrye koedillieHT eKpaHy-
BaHHSI €JIEKTPUYHOTO TOJISl IPOMHUCIOBOI yacToTH 3 1,4
no 2,9. KoedilieHT ekpaHyBaHHS MarHiTHOTO TIOJIS
MIPOMUCIIOBOI YaCTOTH MiABHIyeThCs 3 1,9 mo 2,3.
[Tpu npomMy 3acTOCOBYBaBCS JIMIIE OAWH AP TKAHUHH.
3a ABOX mIapiB KOe(iliEHT eKpaHyBaHHS ITiABHIYETh-
¢ 10 5,2, a IpHU TPHOXIIAPOBOMY 3axHcTi 10 8,9. Bi-
JIOMO, IO PIiBHI €IEKTPOMArHITHUX MOJIB MPOMUCIIO-
BOi YaCTOTH Y BUPOOHHYHMX YMOBax Maibke HIKOJIW He
MEPEeBUINYIOTh TPAHUYHO JONMYyCTUMI y 2-3 pasu, Taki
3aXHCHI SIKOCTI MaTepialy € I[JIKOM 3aJIOBUIbHIMHU.

[Ipu mpoexTyBaHHI 3aXMCHOrO OJSTY KpiM epro-
HOMIYHHX MOKa3HUKIB HEOOXiHO BPaxoBYBaTH MillHi-

cHI Ta TepMoaMHaMiuHi mapameTpu BHUpoOiB. Llono
3aXMCHUX BJIACTHBOCTEH, Ta 3TiHO 3 HalliOHAJBHUMH
HOPMAaTHUBaMH, TaKW{ OIST TOBHHEH BUTPHUMYBATH
MPUHAWMHI I’ SITh UKIIB TPaHHA a00 BIAOBIIHY Ki-
JBKICTh XIMIYHUX YHIIEHb. 30€peXeHHs 3aXHCHUX
BJIACTUBOCTEH PErJIaMEHTYETHCSI CIELIAIBHUMH BH-
MpOoOYBaHHSMU 32 CTAaHJIAPTHOIO METOAHMKOIO.

[Ile omHi€r0 TPHUHIMIIOBOIO BiIMIHHICTIO 3aXHC-
HUX KOHCTPYKIIH II0JI0 €KpaHyBaHHS €EKTPOMAarHiT-
HUX II0JIiB IPOMHUCIIOBOI YaCTOTH € HEOOXiHICTh YHH-
KaTH y CYHUIbHMX KOHCTPYKISIX PI3KHX 3BY)KEHb Ta
3anomiB. Y [8] mokaszaHo, 110 3a nepe0yBaHHS y CYIli-
JIBHOMY KOCTIOMI Y BEPTHKAJIBHO CHPSIMOBAHOMY Mar-
HITHOMY TOJi y IIMHHOMY Binaiji BigOyBaeTbcs He
3HW)KEHHS, a MiJABUIICHHS 1HIYKIii MarHiTHOTO TIOJIA.
Ile oOymMoBII€HE 3MEHILIEHHSM IUIONI MPOTIKAHHS Mar-
HITHOTO MOTOKY. ToMy mpu pO3pOOJICHHI KOCTIOMY
3aXMCHUI Marepiajl MOBUHEH IMEPEXOANTH 3 BEPXHBOI
YaCTUHH KOCTIOMY, IO BKPHBA€E TOJIOBY JIIOJWHH, IO
YaCTUHH KOCTIOMY, IO BKPHBA€ IUICHOBHUIl IMOSIC JIFO-
IMHH, 0e3 KOHCTPYKTHUBHHUX E€JIEMEHTIB, 110 3ale3re-
YYIOTh NPWISTAHHS OJATY Ta 3aJIOMIB (TpamenuBUI-
HO).

[lono enekTpoMarHiTHUX BUIPOMIHIOBaHb YIIbT-
PaBHCOKUX YacTOT, SIKi 3a0e3medyloTh Oe3pOTOBHIA
3130k (1,8 — 2,6 I'T), Ta rapaHTOBaHi KOCQIilliEHTH
€KpaHyBaHHSI 1-2-IIapOBMMHU  METaJOTEKCTHIBHUMHU
MaTepiajaMu CKIaaarTh 2 — 3. BpaxoByrouu, 1o rpa-
HUYHO JIOMYCTUMHH PIBEHb LIiIJIBHOCTI MOTOKY €HEpTii
IS IMX 4acToT ckiamae 10 MKBT/CMZ, HaBeJEeHI Koe-
(ilieHTH eKpaHyBaHHS € JOCTATHIMH.

JIJis BUTOTOBJIEHHSI 3aXHCHOTO OJIATY 3 €KpaHylo-
YUMU METAJONOJIMEPHIMHU BCTABKAMH Y TEXHOJIOTIUHI
kuuieHi [6] He OakaHO 3aCTOCOBYBAaTH KiIbKa IIapiB
3aXHCTy uepe3 MEeBHY KOPCTKICTh MaTepiany. Aje 3a-
XHMCHI BJIACTUBOCTI OIHOTO IIIapy METAaJOMOIiMepy
HeAoCTaTHI [7], AK A MarHiTHOTO IOJIST IPOMHKCIOBOT
yactotu (2,2 — 2,6), Tak i sl BUIIPOMIHIOBaHHS YJIbT-
paBucokux gactor (2,1 — 2,4). Tomy ais migBUILECHHS
(YHKIIIOHAJIBHOCTI TAKOT'0 OJATY HEOOX1IHO ITiBUIIH-
TH 3aXUCHI BJIACTHBOCTI OJHOTO IIApy METaIoIoJiMe-
pHoro matepiany. Lle moxiuBe y nBa cnocobu. Ilep-
MK — BUKOPUCTAHHS Y SIKOCTI €KpaHylouoi cyOcTaHIil
HE 3aJIi30pYAHOTO MUY, IKUH HACHUYEThCS Ha (iIbT-
pyBaJbHHX 3aBicax y acIipaliiHUX CUCTeMax IpH
MOIPIOHEHHI 3aJi3HOI PyIH, a 3alli30pyJHOr0 KOHICH-
Tpary, SIKAH € KiHIEBUM IIPOAYKTOM 30aradeHHs 3aji-
3HOI pYyIH.

Hpyruit cnoci6 monsrae y 30U1bIIEHHI TOBIIMHU
MeTanonoaimepy. Panimie po3pobieHuit Matepian MaB
toBimaK 0,3 — 0,5 MM. ToMy 3HI)KEHHS THCKY ITiJT Yac
HAHECEHHsI METAJOIONIMEpPY Ha TEKCTHIbHY OCHOBY
(mpokauyBaHHS Kpi3b Bablli) 1O3BOJUTH 301NBLIMTH
TOBIIMHY €KpaHylO4Hux BcTaBok a0 1,0 — 1,5 mm, cyr-
TEBO HE BIUIMHE HA €PrOHOMIYHI XapaKTEPHCTHUKHU OJIs-
ry (puc. 1, 2). B To# ke 4ac ekpaHyro4i BJIACTHBOCTI
Matepially 3pOCTalOTh JIHIHHO MPOMOPINHHO 3 TOBIIH-
HOIO MaTepiay.

Y pe3ynbTaTi 3axMCHI TOKa3HHKH MaTepiany
CKJIaAaroTh 3,5 — 4,5, 110 € JoCTaTHIM.

Pe3ynbratn BUNPOOYBaHb 3aXHCHHUX BJIACTHUBOC-
Teil MaTepiany HaBeneHo y Tabu. 1 Ta 2.
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Tabnuysa 1 — 3anexuicTs KoedinieHTa ekpanyBaHHs ejeKkTpoMaruitHoro nmoas Ke yacrororo 1,8 I'T'x
Bil KUILKOCTI IIapiB 3aXHCHOro Marepiaay n*

n 1 2

3 4

K, 2,8 5,6

9,6 17,0

* Koegiyicumom expanyeanhs 86axcacmucsi 8i0HOUIEHHs WITbHOCMI NOMOKY eHepeii nepeo ekpaHom 00 yb020 NOKA3HUKA Y
.o . . . . 2
saxuujeniti 30mi. Buxiona wjinenicmo nomoxy enepeii 190-210 mxBm/cm

Tabnuya 2 — 3anexuicTs KoedinieHTa ekpanyBanHs ejekTpomarniTHoro noiasi K. gacrororo 50 I'n
BiJ KiJIbKOCTI IapiB 3aXMCHOr0 MaTepiauay n*

n 1

2

3 4

K, 2.9

8,0

16,2 23,0

* Koeghiyicnmom expanysanns 66axcacmocs 6iOHOWEH s IHOYKYIL MASHINMHO20 RO NEped eKPanom 00 Ybo2o NOKAZHUKA Y
saxuujeniti 30mi. Buxiona indyxyis maenimmnozo nons 230-240 mxTn

Puc. 1. Cxemaruyne 300paxeHHs 30BHIIIHBOTO BHY
KOCTIOMY JUIs 3axucTy BiJ BBy EMIT
MIMPOKOIr'0 YACTOTHOT'O Jliana3oHy

Sk BUAHO 3 HaBEIEHUX NAaHHX, KOe(]illieHTH eK-
paHyBaHHS B 000X BHITaJKaxX JEIIO BHIII MOPIBHIHO 3
JTAHUMH, HaBeJeHuMH y [9].

ExcriepMeHTaIbHO BH3HAYAIOTHCS KOCPIIiEHTH
€KpaHyBaHHS MaTepiany y 3aJIeKHOCTI BiJf HOro TOB-
LIMHU Ta BMICTY €KpaHyl04o0i CyOCTaHIIl.

JI71st IbOTO0 MOYKHA BHUKOPHCTATH BiJIOME CIIBBII-
HOIIIEHHS JIJIs JOBI'OTO AT HAPUIHOTO CKpaHa:

_ttp (177)
W

K, — xoedinieHT eKxpaHyBaHHS;
Uey — €exTHBHA MarHiTHa NMPOHUKHICTH MaTepi-

e ; ()

Je

any;

b, a — 30BHIIIHIN Ta BHYTpIIIHII pagiyc ekpaHa
(b — a — TOBIIMHA CTIHKH).

Ha ocHOBI eKcriepUMEHTATbHUX JaHUX 100 KO-
edillieHTa eKpaHYBaHHS BU3HAYAETHCA 3aJCKHICTh
epeKTHBHOI MarHiTHOI NMPOHHMKHOCTI BiJ] T€OMETpUY-
HUX Ta (Pi3UKO-XIMIYHHX MapaMeTpiB eKpaHa.

[ro 3aneKHICTh BUKOPUCTOBYIOTH Y MOAAIBIIOMY
Ul OTPUMAaHHS €KpaHyI4Yoro MaTepiaity 3 KoedilieH-
TOM €KpaHyBaHHsI, BiJIIOBIHUMH YMOBaMH EKCILTya-
Tallii 3aXUCHOTO OMIATY.

b-b

!

>

AT

R L

A

AT

| zzzzzzzzzm\l

fx

] [,

A,

AT

(2

Puc. 2. Tlepepi3 misiouok KypTKH Ta repepis mraHiB.
1 — TKaHMHA OCHOBH, 2 — TKAHWHA IiJKJIaJIKH,
3 — 3’€eMHUI 3aXUCHUIA EIEMEHT

3axUCHUI OAAT 3 METAJOMOJIMEPHHUMH BCTaBKa-
MU BIJIIIOBiJla€ YHHHUM BHUMOTaM JI0 TaKHX BHPOOIB.
MeToauku BHIIPOOOBYBaHb 3aXHMCHHUX BIIACTHBOCTCH
OJIATY JUISl 3aXMCTY BiJ BIUIUBY CIEKTPUYHUX, MArHIT-
HUX Ta CJICKTPOMATHITHHX MOJIB Mepenbdadae KOHTPO-
JIbHI BUMIPIOBaHHSI Y 30HaX T'OJIOBH, TPYJHOI KIITKH Ta
HUKHBOI YaCTUHU Tyayba. AJie, sK MOKAa3aHO BHIIIE,
3aXMCHUH Marepiajl MOoXe CIPHITH IiJBUIECHHIO 1H-
IYKIT MarHiTHOTO MoJs y ImmiHOMY Bimmimi. Ile x
MOKJIMBE B IHIIHX MICISX 3 BEJIMKOIO KPHUBH3HOIO 3a-
XHCHOro matepiany. ToMy JOUIJBHUM € IS ITiJBH-
IIeHHS ¢()eKTHUBHOCTI 3aXHCTY MPAIIOI0YUX PO3PO0IIs-
TH KOMOIHOBaHi 3aCO0M 3aXUCTy 3 BUKOPHCTaHHSM SIK
METAJIONOIIMEPHHX, TaK 1 METal0- TEKCTUIBHHUX MaTe-
piaiB.

133



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 2(60)

ISSN 2073-7394

BucHosku

1. TIpoekTyBaHHS CIEIIAJIBHOTO OIATY VI 3a-
XUCTY TPAIIOIYUX BiJ BIUIMBY EJICKTPOMATHITHUX
MOJIB CIIi 3AIMCHIOBAaTH y JIBOX HampsiMax 3 ypaxy-
BaHHJIM 1HTEHCHBHOCTI TepeOyBaHHS IpalliBHUKIB.
Jlst mepcoHainy 3 eKcIutyaTarlii MOBITPSIHUX JIiHIN ere-
KTporepenadyi Ta OOCIYrOBYBaHHSA pPaaiOTEXHIYHUX
00’€KTIB JOIIBHO BUT'OTOBJISITH 3aCO0U 1HIUBITyasIhb-
HOT'0 3aXHUCTY 3 METaJIOTEKCTHILHOrO MaTepiany. s
€JIEKTPO3BAPIOBAJILHUKIB Ta IEPCOHANY BIAKPUTHX
PO3MOALTBYNX NPUCTPOIB — 3 METAJIONOIIMEPHOTO Ma-
Tepiany.

2. Jns migBuiieHHs (YHKIIOHAIBHOCTI MaTepi-
aJiB Ui €KPaHYBaJIbHOT'O OJSATY JOUIIBLHO 301IbIICH-
HA KOeQiIlieHTIB €KpaHYBaHHSA SK HU3bKOUACTOTHHX,
TaK ¥ BUCOKOYACTOTHUX MoMiB. Lle nocsraeTscs marHi-
THOIO OOpPOOKOI TEKCTHJIBHOI'O0 Marepiaiy, Hmpocode-
HOT'O MarHiTHOO piguHO0. JIJIs MiABUIICHHS 3aXUCHUX
BJIACTUBOCTEH METaJONOIIMEPHOrO MaTepialy Mae

CeHC 3aMiHM Yy SIKOCTI €KpaHyHUYOro HalOBHIOBaYa
3aJIi30pyJHOTO MY HAa 3aJi30pYAHHHA KOHIIEHTpPAT Ta
30inpmMTH TOBIIMHY Matepiany 3 0,3 — 0,5 MM 1o
1,0 - 1,5 mm.

3. IligBumieHHS 1HIYKIII MarHiTHOTO OISl Y
MiIOASTOBOMY IIPOCTOPI y MICHAX 3BY)KEHHS MaKeTy
omsiry (WIMHHUN BiAJIT) BUMAara€ KOHCTPYKTHBHHUX
pillieHb, 32 BIPOBA/DKEHHS SIKHUX, €IEMEHTU OJSArY He
OyAyTh MaTH 3aJOMiB Ta 3BY)KEHb, JI¢ YIIUIBHIOETHCS
MarHiTHHH MOTiK.

JlouwinbHUM € po3poOIieHHsI i BHIPOOOBYBaHHS
3aXMCHOTO KOCTIOMY KOMOIHOBaHOT'O THUITYy 3 BUKOPHC-
TaHHSIM METaJOTEKCTHILHOTO Ta METAJIONONIIMEPHOr O
MaTepiaib.

4. OTpuMaHW# TEKCTWJIBHHUH MaTepian 3 3aja-
HUMH €KPaHYIOUUMU BJIACTHBOCTSIMHU Ma€ Koe]ilieHT
expanyBanHs (Ke) mis 4acToTé MOOITBHOTO 3B’S3KY
1,8 I'Ty — 2,8-17,0 (31 30iIbIICHHSIM KUTBKOCTI MIapiB
Matepiany 3pocrae Ke), mms gactorm 50 T -
2,9-23,0.

CIIMCOK JIITEPATYPH

1. Directive 2013/35/EU of the European Parliament and of the Council of 26 June 2013 on the minimum health and safety
requirements regarding the exposure of workers to the risks arising from physical agents (electromagnetic fields).
http://eur-lex.europa.ew/LexUriServ/ LexUriServ.do? uri=0J: L:2013: 179: 0001:0021: EN.

2. JlepaBHi caHiTapHi HOPMH 1 IpaBuia mpu poOori 3 mxepesnamu enekrpomarHitHux nomis: JCanlliH 3.3.6.096-2002.
Odiwiiinuii BicHuk Ykpainu Bix 07.09.2009. 2009. Ne 66.

3. Bomubpyx b., Xmens M. Pa3paborka u BepuduKanys pacueTHON MOJEIH TEIUIOBOrO COCTOSHUS TEIUIO3AIMUTHON O/IEXKIbI
MOJKapPHOT'0 TIPU TIPU PAa3IMYHBIX BUIAX UCIBITAHUN. Bezpieczenstwo i Technika Pozarnicza. 2015. Ne 2. C. 53-63.

4. Kocrernko T.B. OX0n0mkeHHsT TEII03aXHUCHOTO KOCTIOMY PSTYBajbHUKA 3 JIOIIOMOIOIO IIHHOI'O NPHCTPOIO. [ eomexuiuna
mexanixa. Ne 37. C 42-48.

5. Tperbskosa JI.JI., Ocranenko H.B., Konocuiuenko M.B., JIynkep T.B. 3oHansHO-MOayIbHA MOAEINB [UIst PO3POOTIEHHS KOM-
IUIEKTiB 3aXUCHOT0 osry. BicHrK XMelnpHHITbKOro HallioHanbpHOro yHiBepeureTy. 2015. Ne 2. C. 69-72.

6. bBarpiit M.M. Po3pobieHHs Ta IOCITIDKEHHS €KpaHyIOUHX BJIACTHBOCTEH CHELOSrY IS 3aXUCTYy B €JeKTPOMAarHiTHHX
BILMBIB. Cucmemu ynpaegninns, nagicayii ma 36s3ky. 2019. Ne 4 (56) C. 118-121.

7. Jlesuenxo JI.O., Barpiit M.M., Kapaesa H.B. Jlocni/pkeHHs eKpaHyBaHHS €JIEKTPOMArHiTHOIO IOJs TEKCTHIBHUM Matepia-
JOM 3 BMICTOM (epoMarHiTHUX HaHO4acTMHOK. BICTI [oneyvkoco cipnuyoeo incmumymy. 2019. Ne2 (45)
C. 103-109.

8. Glyva V., Barabash O., Kasatkina N., Katsman M., Levchenko L., Tykhenko O., Nikolaiev K., Panova O., Khalmuradov B.,
Khodakovsky O. Studying the shielding of an electromagnetic field by a textile material containing ferromagnetic
nanostructures Eastern-European journal of enterprise technologies. 2020. Ne 1/10 (103). P. 26-31

9. Tuxenko O.M., Barpiit M.M., JleBuenko JI.O., XonakoBcekuii O.B., Pe3nik /I.B. Po3pobienHs Ta 1oCiiKeHHs 3aXUCHUX
BJIACTHBOCTEH METAJIOTEKCTHIBHUX EJIEKTPOMArHITHUX €KpaHiB. Bicmi [oneyvkoeo cipnuyozo incmumyniy. 2019. Ne 3.
C. 47-51.

Received (Hapniinua) 12.03.2020
Accepted for publication (ITpuitasiTa mo apyky) 29.04.2020

Fundamentals of designing materials and structures for the manufacture of personal protective
equipment against the influence of electric fields

B. Khalmuradov, M. Bahrii

Abstract. The subject of the study is the determination of the general structural and technological solutions for the
manufacture and the testing of clothing to protect employees from the influence of electromagnetic fields. It is substantiated
that the use of linen fabric for the manufacture of workwear, namely the porosity of the structure of the fiber, which makes it
possible to saturate it with shielding metal particles (a magnetic fluid containing ferromagnetic nanoparticles). Were consid-
ered two ways of enhancing the functionality of special protective clothing by enhancing the protective properties of one layer
of metallic polymer material. The first is the use of iron ore concentrate, which is the final product of iron ore enrichment, as
a shielding substance. The second method is to increase the thickness of the metal polymer by reducing the pressure during its
application to the textile base (pumping through rollers), which will increase the thickness of the shield inserts to 1.0 - 1.5
mm and will not significantly affect the ergonomic characteristics of clothing. The results obtained show the feasibility of
increasing the efficiency of worker protection, allowing the development of combined means of protection using both metal-
polymer and metal-textile materials.

Keywords: protective material, shielding factor, ferromagnetic nanoparticles, iron ore, iron ore concentrate.
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MEPEXTIHHA OCBITJEHOCTI TA CTPOBOCKOINITYHU E®EKT,
O YTBOPIOIOTH CBITJOAIOAHI JIAMIIA TA CBITWIBHUKH

AHoTanisi. B poOoTi aHani3ylOTbCS pe3ynbTaTH OCTaHHIX JOCHIIIKEHb BIUIMBY MEPEXTIHHS CBiTJIa HA BUKOHAHHS 30pO-
BUX POOIT, CAMOIOYYTTS Ta 3740POB’ S JIOCH, METOAN BUMIPIOBAaHHS IapaMeTPiB MEPEXTiHHA Ta BUAUMOCTI CTPOOOCKOMiY-
HOro e(exTy, a Takok Oe3reuHi piBHI MOIY/IALIT CBiT/Ia B Pi3HUX YAaCTOTHHX Jialla30HaX, 110 BCTAHOBIIIOIOTHCS MIKHAPOI-
HUMH CTaHIapraMu. J{oCIiDKyBaIUCh TapaMeTpH MEPEXTIHHS CBiTJIa, 110 CTBOPIOIOTH CBITJIOAIOAHI JIAMIIM Ta CBITWIIBHU-
KU, Kl IIOCTaBJISIOTHCS HA PUHOK YKpaiHH, BIUIMB KOHCTPYKTHBHHUX OCOOJIMBOCTEH LIMX BUPOOIB HA PiBEHb MEPEXTiHHS Ta
0cOOJIMBOCTI BUMIPIOBaHHS MOZYJIALIT CBITIIA 3 BpaXyBaHHSAM IPOCTOPOBOI HEOAHOPIAHOCTI BUIIPOMIHEHHS CBITJIOAIOAIB.
BuMiproBaHHs TIIMOMHU MORYIIALIT, iIHIEKCY MEPEXTiHHS Ta MOKa3HUKAa BUIMMOCTI CTPOOOCKOIIUHOr0 eexTy MmpoBoamIn
y BiznoBizHocTi 3 pekomenganisvu cranaaptie IEEE 1789:2015 ta IEC/TR 63518:2018 3 BUKOpHCTaHHAM CIIEKTPOMETpa
MK350S. Jlyst 3MiHE KyTa CIIOCTEPEXEeHHs BUKOpUCTOBYBanu ronioporomerp GO2000. PesynbraTi OCHimKeHb MMOKa3a-
M, 110 TepeBakHa OUIBILIICTD CBITJIONIOJHUX JIaMII i CBITHJIPHUKIB MalOTh HU3bKI PIBHI MEPEXTiHHA i HE CTBOPIOIOTH Hi-
SKUX PU3MKIB JUIS 37I0POB’S JIIOZICH, aje OKpeMi BUPOOHMKM BUIOTOBIISIOTH HPOJYKIIIO, 110 MAalOTh HeOE3Ie4YHUil PiBeHb
MepexTiHHA. 3po0ieH] BUCHOBKM PO HEOOXiJHICTh BHECEHHS B HOPMATHBHI JJOKYMEHTH Ha CBITJIOIIOIHY IPOAYKIIIO BH-
MOT 10 I'PaHUYHUX PIBHIB MOAYIIALIT 11 Pi3HUX YaCTOTHHUX Jiiana3oHiB. Yepe3 KyroBy HEOJHOPIJHICTh CHEKTPAIBHOIO
CKJI/Ty BUIIPOMiHEHHSI CBITJIOIO/IIB Ma€ MicIle 1 KyToBa HEOJHOPIHICTh rnOnHK Moxyisinii. Ha ocHOBI mociimkeHs rim-
OMHM MOZRYISLIT B 3aJISKHOCTI BiJl KyTa CIIOCTEPEXCHHs I PI3HUX KOHCTPYKIIH CBITHIBHMKIB 3poOJIeHI pekoMeHrawil
CTOCOBHO BJIOCKOHAJICHHSI METOJIMK BUMipIOBAHHSI.

Karo4doBi ciaoBa: iHIEKC MEpEeXTiHHS, KOpEIbOBaHA KOJNIpHA TEMIIEpaTypa, MOIYNALis CBiTJA, CTPOOOCKONIYHHI

edeKT, 4acoBi CBITJIOBI apTedakTu

Beryn

IMocranoBka mpodaemu. IlIBuaka moBToproBaHa
3MiHa SICKPABOCTI CBIiTJIa B Yaci COPHYHMHSE TaKi BiIoMi
SIBUIIA K MEPEXTiHHA (IMyJibcalii) Ta cTpoOOCKOIYHUH
edekT. 3arasbHa Ha3Ba IMX SIBUIN 3alpONOHOBaHA B
[1] —u4acoBi cBiTnoBi apredaxtu (temporal light
artefacts, TLA). TepMiHOM «MEPEXTiHHS» BU3HAYAETHCS
3MiHa sCKpaBocTi (abo KomipHOCTI) CBiTJNa, 110 Oe3mo-
cepeqHbO CrpuiiMaeThest  criocrepiraueM. «CtpoGo-
CKOMIYHHUIA ePeKT» — Iie eeKT AKUNA MOXKE CTATH BUIIU-
MUM UL CHOCTepiraya MpH OCBITIICHHI PYXOMOTO
00’exTa.

Jlxepena cBiTia, SIKi CTBOPIOIOTH MEPEXTIHHS 200
CTPOOOCKONIUHHUH e(eKT BBAXKAIOTHCS TAKHMH, IO HE
MOXXYTh 3a0€3II€UyBaTH SAKICHE OCBITIICHHS. SIK MiHIMyM
MEpEXTIHHSI CTBOPIOE IMCKOM(OPT, aje BOHO MOXKeE
CTaTH ¥ HeOEe3MEeKO IS 370POB’Sl — CIIPUYHMHATH BTO-
My, HalpYyXEHICTb OYeH, 3HW)KYBAaTH MPOIYKTUB-HICTH
30pOBHX POOIT, MPOBOKYBATH T'OJIOBHUI O1J1b, MIrpeHi,
CTBOPIOBATH HEBPOJIOTUHI MPOOIEMH TaKi SK CIiJICITH-
YHI TPUMAJKH, TOCHIIOBATH ayTUCTUYHY TOBEIIHKY Yy
niTed Ta iH. [2-6].

Mpuunnamu TLA MoxyTb OyTH SIK 30BHIIIHI YHH-
HUKH TaK 1 KOHCTPYKTHBHI OCOOJHBOCTI CBITJIOBHX
MPUIIAMIB, 30KpEMa PEKUMH JKUBIICHHS, KOHCTPYKIIT
myckoperymorounx amapatiB (ITPA), emnekrpomarHiTHi
LUIYMH B MEpeXax, IUPOTHO-IMITYJILCHE MOJYJTIOBaHHS
(ILIIM) mpu 3acTocyBaHHI PETYNIATOPIB IMOTYXXHOCTI
(muMepiB) TOIIO.

B nmanwmii yac mis KijbKICHOI OIIHKH MEPEXTiHHS
4acTo BHUKOPHCTOBYIOTh TJIUOUHY MOJYJIAIIT
(modulation dept, MD) Ta ingexkc mepextinns (flicker
index, FI) [7], ane B psni myOmikamiii mokaszaHo, MIO
o0u/Ba 11l OKA3HUKH HE MOBHICTIO 3JIaTHI 00’ €KTHBHO
OLIIHUTH PiBEHb MEPEXTIHHS 3 TOUKH 30DpY SIK HACIPaBJIi
BOHH CIIPUHMAIOTHCS JIOAUHOIO [8].

HoBoi akryansHOCTI npobiiema MepexTiHHs Haly-
J1a Ticysl IMUPOKOro BIPOBAKEHHS B TEXHOJOTIT OCBiT-
JIEHHSI CBITJIONIOAIB, 0cOONIMBO Npu BukopucranHi 111IM
JUISL PETrYJIIOBaHHS IOTY)KHOCTI CBITJIOJIOAHUX JIaMII Ta
cBiTiwibHUKIB. [Tpu HIIM mMoayssinii 3Bu4aitHo BUKOpH-
cToBytoThCs yacToTH Bix 100 10 400 I'u, npuyomy riu-
6una moxyisuii cranoButh 100 %. B mopiBHsHHI 3 na-
Mnamu pozxaproBanus (JIP) ta pospsaHuMH Jammnamu
(PJI) MepexTiHHS CBiTJIa CBITJIOMIOMHKX JIAMII Ta CBIiTH-
JIBHUKIB MOXXYTh CYTTEBO BiJIPi3HSTHCH Yepe3 Hall3BH-
YaiiHO MIBUIKY PEAKI[if0 3MiHU CBITJIOBOI'O MOTOKY Ha
3MiHy CTpyMy. 3MiHa HacTymnae udepe3 KiJbka HaHOCe-
KyHJ, B Toil yac xonu B PJI Bona csirae 200 mxc. Ile
MOXE TPUBECTH 0 IMOMITHHX MOOIYHHX e(eKTiB sKi
Oynu MeHII oMiTHUMHE TipH ocBiTiieHHi JIP Ta PJL

B [8] Bim3HauaeThes, 10 3apa3 BaXKJIMBO 3pO3yMi-
TH SIK MOJYJIALISI CBITJIa CBITJIOAIONIB BIUTUBAE HA 3]10-
POB’sI JIIOIMHHU 1 SIK BIUIMBAIOTH TEXHOJIOTIUHI (haKTOpH
Ha MOJYJISIIIIO CBITJIA IIUX JKEPEd.

Le crocyeTbes mepl 3a Bce NPUCTPOIB B SIKUX BH-
kopucroBytothest 1IIM, mynbcaniii BUXiZHOTO CTpyMy
BUIPSIMIISTYIB 3 €MHICHUMH Ta 1HIYKTHBHO-EMHICHUMH
¢inbTpaMu Ta iH.

© Inak C. B., Kucauus C. I'., Koxymiko I'. M., Caxno T. B., barupos C., 2020
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3BaKarOuM Ha aKTyalbHICTH mpobiiemu MixHapo-
nmHa komicis 3 ocsitinenHs (MKO) B 2011 p. crBopuia
texuiyaui komiter TK 1-83 «Visual aspects of time-
modulated lighting systems», skuii po3poOHB JOPOXKHIO
KapTy JOCIi/DKeHb ITOB’S3aHUX 3 MOJIYJSIIEI0 CBITIA,
110 HEOOXiaHI It po3pOOJIeHHsS] MIXKHAPOJHUX CTaHJA-
pTiB.

AHaJi3 oCTaHHIX JoCHiIKeHb i myOmikamiii.
MKO Ha OCHOBI y3arajgbHEHHs Pe3yJIbTaTiB OCTaHHIX
nocnimpkenb TLA B TexHiuHux 3amuckax [1] pexomeH-
JIlyBaB HOBI YTOYHEHI BH3HAYEHHS TOHATH MEPEXTiHHS
Ta CTPOOOCKOMIYHOrO e(eKTy, L0 BiJPI3HIEThCSA Bif
TepMiHiB HaBeneHux B [9]. 3okpema, MKO Bu3Hauae
TEpMiH MEPEXTiHHS K COPUHHATTS Bi3yasbHOI HecTaOi-
JIBHOCTI, BUKJIMKAHOI CBITJIOBUM IOJPA3HUKOM, SICKpa-
BiCTh 200 CIIEKTPAILHUI PO3IIOLNT SIKOTO KOJIUBAETHCS 3
4acoM, JJIsl CTATUYHOTO CIIOCTepiradya B CTaTHYHOMY
cepenoBuini. MepexTiHHsg —11e oguH 3 TumiB TLA.
Crpobockomniyauii eekT — 11e 3MiHa CIPUHHATTS PYXY,
BUKJIMKAHOTO CBITJIOBHUM CTHMYJIOM, SICKpaBicTh a0o
CHEKTPaJbHUI PO3MOJI SKOTO KOJIUBAETHCA 3 YaCOM,
JUIl CTAaTUYHOI'O CIIOCTEpiradya B HECTalliOHApPHOMY ce-
penoBuii. st MpSMOKYTHOI MepioauydHOi (QIIyKTyarii
SICKPaBOCTI PyXOMi 00’€KTH CIPHUIMAIOTHCS K JHUCKpe-
THI (a He Oe3mepepBHi) mepemilieHHs. SIKIIo yacrora
MepiOAMYHNX KOJNUBAHb SICKPABOCTI 30iraeThCsl 3 4acTo-
TOI 00epTaHHs 00’€KTa Ta Iel 00 €KT CHPUIMAETHCS
SIK CTATUYHUH.

Tperiit Tun TLA — ue ¢antomHuii epekT Macuy,
IO BH3HAYa€ThCS SK 3MiHa crpuiiManoi ¢opmu ado
MIPOCTOPOBHX IMO3HIII 00’€KTIB, SICKPaBICTh a00 CIIEKT-
paJIbHHUIN PO3IOMINT SKUX KOJIHMBAETHCS 3 YacoM JUisi He-
CTaTUYHOTO CIIOCTEpiraya B CTATHYHOMY CEpE/IOBHIIII.

B [7] anaxni3yroTbest pe3yabTaTH IOCHTIKEHb Oio-
JOTIYHUX e(EeKTIB MEPEXTIHHS B HOBHX TEXHOJOTIsX
CBITJIOAIOMHOTO OCBITJEHHS. BIuMB MepexTiHHS Ha
3JI0pOB’s1 JIIOJIEW MOXKE PO3IUIMTH Ha TaKi, 10 € Pe3yiIb-
TaTaM KOPOTKOYAaCHOTO BIUIMBY (EMiIENTHYHI BUMAIKH)
1 Taki, O € pe3yJlbTaTOM TPUBAJIOTrO BIUIMBY, HAIlpH-
KJaJ, TOJOBHHU Oisb, MOpYIIEHHS 30py, BTOMa IpH
BUKOHAHHI 30poBUX poOiT. Ilepmri BUKINMKAIOTHCS BU-

MMM MEPEXTIHHSIM, SIK PABUIIO B Jialla30Hi YacToT ~
3T—70 I', a Apyri 3 HEBUAUMOIO MOIYJIALIEIO CBITIIA
Ha YacTOTax BHUIE THX, HA SIKMX Bi3yaJbHO CIpHUiMa-
€TbCSl MEpPEXTiHHs. biooriyHuii BIUIMB Ha JIIOMUHY — 1€
GYHKIIST TIMOMHM MOAYJIALIT, YacTOTH MEpEeXTiHHS,
sicKpaBocTi Ta iHmmMX (aktopiB. B pobori [3] y3arans-
HEHO PE3YJIbTaTH JOCIIPKEHb 100 BIUTUBY MEPEXTiH-
HS Ha OlOJIOTIYHI TpOIECH Ta YMOBHM iX BUHHUKHEHHS.
30KkpeMa, Bi3HAYAETHCS, IO B diana3oHi 4actotr 3 ['—
70 T’y 10 pU3HKIB HANEXKATh CyAOMH y OCIO SKi MalOTh
JIiarHO3 eMiJIENCil, a TAKOX JesIKi CrerudidHi HeBPOIO-
TiYHI CHMITOMH B TOMY YHCJII HE3Iy)KaHHS Ta TOJO-
BHUH Oi7b. MeHII 0YeBHIHUMH Oi0MOTiIYHI eeKTH BU-
HHUKAIOTh MU Ji1 HeBUAMMOro MepexTiHHs. Lle nepena-
MIPY)KEHHS 04Yeil, BToMa, TOJIOBHUH Oib. BizyanbHe me-
pexTiHHS — HeOakaHul aTpUOyT At OyIab-SKOi cucTte-
MU OCBITJICHHS, & PU3UKH 3JIeKATh BiJl [NTHOUHU MOJY-
Tl 1 1HIIMX mapaMeTpiB MEpeXTiHHS, HANpPHKIA, Bif
OIS 30pYy.

Meta cTaTTi — JOCIIPKEHHS] TapaMeTpiB Mepex-
TIHHS Ta BHIUMOCTI CTPOOOCKOMIYHOrO e(heKTy CTBO-
PIOBaHUX CBITJIOM CBITJIOMIOMHHMX JIAMIT Ta CBIiTHJIBHH-
KiB, III0 TIOCTYNAlOTh HA PUHOK YKpaiHH, BILITMBY KOHC-
TPYKTHBHUX OCOOJIMBOCTEW JIaMIl Ta CBITHJIBHHUKIB Ha
pPIBEHb MEPEXTiHHS Ta OCOOJIMBOCTEH BHMIipIOBAHHS
TJTMOMHU MOIYJISIIIT CBITIIA 3 BpaXyBaHHSIM IIPOCTOPOBOT
HEO/IHOP1THOCTI BUNPOMIHEHHSI CBITJIOMIO/IB.

OCHOBHA YaCcTHHA

ToukoBi Jpkepena CBiTIa MarOTh MEHIIY HMOBIip-
HICTh BUKJIMKATH CYIOMHU Ta TOJOBHHM OiJlb, HXK po3ci-
SIHE CBITJIO, SIKE OXOIUTIOE OUTBIITY YaCTUHY CITKIBKU OKa.
Haiibinpima HWMOBIPHICTh BHHUKHEHHS eIJICITHYHUAX
MpUIaAKiB mpumnagae Ha vactotu 15-20 I'm. Hesnauwi
PH3HMKH MalOTh MiClle TAKOX NPH HU3BKUX SICKPABOCTSIX
(menme 1 k1/M>) i MOHOTOHHO 3POCTAIOTh IPH 3POCTAH-
Hi sickpaBocTi. YepBOHE MEPEXTiHHS 3 BEJIHMKOIO TJIHOU-
HOI0 MOJYJALIT Ta uepelyBaHHI YEPBOHMX Ta CHHIX
criajaxiB MOXyTh OyTH 0COOJMBO HEOE3NIEUHUMU.

B Tabn. 1 HaBezeHI iHTEpBaIN YACTOT B SIKMX BH-
HUKAIOTh Pi3Hi O10J0Ti4HI €PEeKTH.

Tabnuya 1 — Bionorivyni edexTH, 1110 BHHUKAIOTH NPHU Pi3HUX 4aCTOTAX MOAYJIALIT CBiT/Ia

Yacrora mopaynaui, Ny,
0 05 3 4 20 35 50 60 65| 70| 90‘ 100 120 1000 1250 2000 3000
LIS —- BUAUME MEPEXTIHHA -—--—- >
| L ¢0TD'I-IyTIWIBi NPUNAAKN - >
= P S — I_ ___________ cTpobocKoniyHuii edekT (pyxomuit 06'eKT) — oo >
.g. < l I I ¢arLTDMHMFI macus (IcaKa,qHMD'l pyx oueit) I ‘ >
E I< ‘ ) Xcmanﬂelﬂﬂﬂ BUKOHaHHA aolpoau%( poﬁ%‘r; Hanpyxl(eﬂicn: oveit : : > ‘ ‘
= h
Q <: MirpeHb >
g [ | | | | | | ‘4 | | | |
] < ayTUCTUYHA noBeAiHKa >

B [2] cdopmynboBaHi Kputepii, SIKi MOXYTb
MOM’SIKIITUTH O10M10Ti4Hi epeKTH MepexTiHHS CBITIIA IPH
BUKOPHCTaHHI CBITJIOAIOMHHUX JIaMI Ta CBITHJIHHHUKIB.

MepexTiHHS 3aJeXHTh BiJl NapaMeTpiB JpaiBepiB
(TIPA), 1110 3aCTOCOBYIOTLCS B JIaMITaX Ta CBITUIILHUKAX,
cHCTeMax YNpaBIiHHS OCBITIEHHSAM (IUMepax) Ta iH-
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Hueinvna 6e3nexa

IIMX 30BHIIIHIX BIUTMBIB (SIKOCTI HAIIPYTH B €JIEKTPOME-
PeXi, eJIeKTPUYHHUX 3aBaji, O CTBOPIOIOTHCS PI3HUMHU
CHOKMBadaM¥ enexTpoeHeprii Ta iH.). IIpoG-memu 3
MEpEXTIHHSAM JIOLIBHO BUPINIYBaTH B KOXKHOMY BHIIa-
JIKY THIIUB1TyaJIbHO.

MepexTiHHS Mae HaiOuiblIe 3HAYEHHS B 3arajb-
HOMY OCBITJICHI >KHTJIOBO-IIOOYTOBHX HPUMIIICHb, IHU-
TSYMX, NIKUTBHAX Ta MEJUYHUX 3aKJIaJliB, IIPOMHCIOBUX
MPUMIIIEHHSIX 3 PYXOMOIO TEXHIKOIO Ta POOOYHMX MiCIlb
3 HAIIPY)KEHOI0 30pOBOI0 pobOoTOrO Ta iH. Kpurepii HuU-
3bKOT0 PU3MKY MEPEXTiHHSI CBITJIA TA METO/IM IX OLIHIO-
BaHHS PEKOMEHJIOBaHI B HACTYMHUX HOPMATHUBHHX JO-
KymeHtax [10-14].

[HCTHTYT iHXKEHEpIB 3 EJNEKTPOTEXHIKH Ta EJeK-
TpOHIKK [7] y3araJbHUB JaHi 0araThOX HE3ATCHKHHUX
JIOCITIJKEHB 1 CDOPMYIIIOBAB TaKi KPUTEPIi:

1) rmbuHA MOTYIIAIIT

Mod % = (Lmax+ Lmin)/(Lmax_ Lmin) x 100

1€ Lyuxs Lyin — BIATIOBIIHO MaKCHMaJIbHA Ta MiHIMaJIbHA
SICKpPaBiCTh), IO BiJNIOBia€ HU3BKOMY DIiBHIO PH3HKY
Ha yacToTax Hmk4ux HiX 90 'l Mae He mepeBUIyBaTH
YHCIIOBI 3HaYeHHs (Y BiJICOTKaX), IO BU3HAYAIOTHCS 3
BUpa3y

Mod % < 0,025-f, (1)

(f — wacrora MoIyLIT);
2) mpu > 90 'l monmycTrMa rIMOWHA MOIYJSIIT
BU3HAYAETHCS i3 BUpPa3y

Mod % < 0,08, )

Ha ocHoBi copmynboBanux kpurepiiB B [7] pe-
KOMEHJIOBaHI TaKi MPaKTHUKH.

PexoMengoBana mpakTuka 1. Jlns oOMeXeHHS
MOXIIUBHX HECTIPHATIUBHUX Oi0JOTiYHHX €(EeKTiB IIIHu-
OuHa MOAYIALii He MOBUHHA NeperuinyBatu 0,025-f mis
gacror Hmwk4ue 90 ['m. B inTepBam uvactor 90-1250 I'rp
rmubuHa Moyl Mae Oytu yucensHo Mennie 0,08-f;
Buiie 1250 I'ii mo mmbuHI mynbcallii 0OMeXeHb HEMae.

PexomennoBana mpakTtuka 2. SKino morpiOHO 3a-
oesmeuntu piBenb NOEL (No observable effect level)
(BimcyTHiN Oynb-sikuil GIONOTIYHUI BIUIMB Ha OpraHi3m
JIIOIMHM), TO CIiJ 3MEHIIUTU Mynbcanii B 2,5 pa3u B
TIOPiBHSIHHI 3 PEKOMEHIOBAHOIO IPAKTUKOIO 1, TOOTO:

— wwkue 90 ' — rmbuHa mynecanii Mae OyTH
memine 0,01-f%;

— B Mexax Big 90I'm mo 3000 I'm — rmbuHa
nysbcanii Mae 0yt MeHmoro 0,0333-1%;

— Bume 3000 I'm oOMexeHHs Ha myJbcamii Bija-
CYTHI.

PexomennoBana npakruka 3. (3armo0iraHHsi BUHH-
KHEHHS (OTOUYTIMBUX EMIIENTUYHUX [PUIAJKIB).
I'mubuna Moxynsimii s yacrot Hiwkde 90 ' mae OyTu
MeHIe HiK 5 %. JInd BpaxyBaHHS KOJNUBaHb (OpMH
XBHJI BUKOpUCTOBYIOTH FI. BiH BCcTaHOBIIOE 3MiHY SICK-
paBOCTI TPOTATOM IMEepiofgy BIAHOCHO ii CepeIHbOro
3HaueHds. Fl BU3HAaYaeThed SK BIJAHOLIEHHS IUIOLI S
mo cymu S1+S; (puc. 1.). Jlis skicHoro ociTienus FI
He MOBUHEH IepeBuIyBaT 3HaueHHs 0, 1.

I'o1OBHUM HENONIKOM METOJIWKH OILIHIOBAHHS Me-
pexTiHHS HaBeneHOI B [7] € Te, 110 BOHa HE BPaxOBYE
CHPHUUHSATTS] MEPEXTIHHS B 3aJISKHOCTI BiJ] YaCTOT.

L min

0 0.005 0.01 0.015 0.02 0.025 003 X

Puc. 1. [lo Bu3Ha4eHHS IITMOWHK MOYJISIII{
Ta iHxekcy mepextinns F1.

B [14] pekoMeHIyeThCS 00’ €KTHMBHUN METOJ LIS
OLIIHIOBAHHSI MEPEXTIHHS 3 BpaxyBaHHSIM HOI'0 CIpPUH-
HATTS CIOCTEpiraueM Ha pi3HUX YacTOTax B Jiama3oHi
3-60 I'n. Ha puc. 2. HaBesieHO MTOPOTrOBI 3HAYESHHS MO-
IynAuii BUSBIEHHI 3 WMOBipHIcTIO 50 % B 3a]eXHOCTI
Big yactotu. Ha rpacgiky (0) — 4ymIMBICTh 1O BHSBJICH-
HS MEpEXTiHHS, pO3paxoBaHa i3 eKCIepUMEHTAIbHOI
3aJIeKHOCTI BUSBJICHHS MOAYJSLIT (puc. 2).
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Puc. 2. IToporoBi 3HaueHHsT MOIYJISILIT IPH Pi3HUX YacTOTaxX —
(a) Ta YyTIIMBICTB /10 BUSBIEHHS MepexTiHH — (0) [14].

Sk BuaHO 3 puc. 2. npu yacroti 15 I'n criocTepiray
MOXE BUSBUTH MEPEXTiHHS TpPU BIAHOCHIH TIHOUHI
moxyJsamii 0,5 %, Tomi sk mpu yactoti 60 ['n st BUsB-
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JIEHHSI MEpEeXTiHHS MOTpiOHa Momyrnsuist maibke 60 %.
Pe3ynbTyroui 3HaYCHHS MORYJIALIT VIS KOXKHOI YaCTOTH
BHPaXAIOTHCS Yepe3 MOPOTH BUSABJICHHS 1 MO3HAYAIOTh
AK M.

Moysisiiis, oo CIpUHMAETHCS 1 BIIMOBIIAE TIOPO-
TOBOMY 3HAuY€HHIO (BUSBISEThCA 3 BiporigaicTio 50 %)
MPUAMAETHCA 332 ONUHMINIO. [IpM 3HAYCHHSAX MEHIINX
OIIMHMIII BUSIBUTH MEPEXTIHHS HE MOXKJIMBO, a MPH 3Ha-
YHO OLJBIIUX — BUSBIAETHCS JICTKO. SIKIO MEPEXTiHHS
B inTepBai 3—60 I'l Mae pi3Hi YaCTOTH, TO PE3YIBTYIO-
4e CpuiiMaHHA MOAYNALii M, BU3HA4aIOTh K

2
M, =Jzk(Mpk)
nek=1,2,3...

PesynbTyrode 3HaueHHA M, IHTEpIPETYEThCSA TaKk
caMo, K i M 471 OKpeMHX 4acToT: nmpu M,=1 — mopo-
TOBI 3HAYEHHS, 0 BUSBJIAIOTHCSA 3 BiporigHicTio 50 %,
npu Mp<1 — MepexTiHHs He BUAUMI; pu M, >1 — mepe-
XTiHHSI BUSIBIISIETHCS JIETKO.

B [12, 15] omnucanuii 00’ €KTUBHUI METO] OLiHIO-
BaHHS MEPEXTIHHS CBITJa, IO IPYHTYEThCS HA CTaHIap-
TaX, B SIKUX BCTAHOBJIEHI METOAW BUMIpPIOBAHHS Ta BH-
MOT'H 10 TIPWJIAJIB IS TOYHOTO CIIPUUAHSTTSI KOJTHBaHHS
Hanpyru [16]. MepexTiHHS OLIHIOETHCS KOPOTKOTEpMi-
HOBUM TIIOKa3HUKOM MepexTiHHs (short-term flicker
indicator, Py), CBITJIOBI mapaMeTpu SKOTO BHMIpsHI 3a
noromMororo Ik MeTpa, 1o BiAnoBigae Bumoram [16].
IosHauaeThest nei mokasuuk Py™. 3a pesymsratamu
BUMIpIOBaHb iHTEpIIpETallisi BUIIPOOYBaHHS HACTYIIHA!

— 1Ipu P M=1 JIOCHIDKYBAHE JDKEPENIOo CBITIIA
Ma€ piBeHb MEPEXTiHHS, SIKHUH BUSBIISE CIIOCTEpiray 3
BiporimaicTio 50 %, Takuil SK 1 B JaMIIax po3KaproBaH-
Hs oTyxHicTio 60 BT;

— npu P¢"M<1 — mkepeno cBitna Mae piBeHb Me-
PEXTIHHS HWKYMH, HK Y JIaMIT PO3KapIOBaHHS TOTYX-
nictio 60 Br;

€)

100

BrcoroHTeHCHEH] TaMITH 3
ENEKTPOMarHiTHUM DamacTom

JIrom namMn 3 eNeKTPOMAarHiTHIM banalTom»

— 1po Py"™> 1 — piBenp MepexTinHs BUIIHMIT HiX
y JIaMI pO3)KapIOBaHHsI 1 HOTO JIETKO BUSBUTH.

[IJo cTOCYEThCS OIIIHIOBAHHSA CTPOOOCKOMIYHOIO
e(eKTy, TO 00’ €KTUBHUI METOJ BUMIPIOBAHHS BHIMMO-
cTi crpobockomiyHoro edekty (stroboscopic effect
visibility, SVM) 3anpornonoBanuii B cranmapti [13].
Po3risiHyTi B 1IbOMY TOKYMEHTI YMOBH BHHHKHEHHS
CcTpoOOCKONIUHOrO ehekTy 0OMEKYIOTHCS OLIIHKOIO TIPH
ocBiTiieHocTsix Ounbiie 100 JIk Ta Mpy MOMIpHUX HIBH-
KOCTSX 00’€kTy (<4 M/c). SVM He OIHIOEThCS BILIHBH
MEpEXTIHHS Ha 37I0pOB’sl 1 HE € MIpOIO [UIsl OIL[IHKH He-
0a)xaHUX CTPOOOCKOMIYHHUX €(EeKTiB B MPOMHCIOBOCTI.
Merton po3paxoBanuii g ominku TLA B odicax, Kut-
JIOBUX TPUMILIEHHSX Ta aHAIOTTYHUX YMOBaX.

UYucnosi 3HaueHHS SVM MOXYTbh KOJHMBATHCh B
Mmexax Big 0 1o 9. IIpu SVM = 0 Oynp-sika MORYISIIs
CBiTJIA BiACYTHS, TOAI siK ipu SVM =~ 9 Monyrnsuist npsi-
MOKYTHOI (opMHU (3 OE3KIHEYHO MaJIOI TPUBAIICTIO
iMmynecy) aopiBaioe 100 %.

Pesynpratn SVM MoXxHa iHTepHpeTyBaTH HacTy-
nHUM 9uHOM [13]:

— 1npu SVM=1 — crpobockoniunuii edekr, 1o
CTBOPIOE MOJYJISAIIS CBITJIA € HAa MOPOo3i BUIUMOCTI. 1le
O3Hayae, M0 CEepelHiil crocrepirad MOXE BUSIBHTH
cTpobockoniuHuii edexT 3 iiMoBipHicTIO 50 %;

— skmo 3HadeHHss SVM<I, To WMOBipHiCTh BH-
seieHHst Menma 50 %, a skmo SVM>1 — To iiMoBip-
HicTb Oyze Bumoro 50 %.

Ha puc. 3 HaBezeHi rpaHuyHi piBHI MOAYJISIIT 3Ti-
ITHO 3 KpuTepisimu ycraHoBieHHMH B [7]. Tyt xe HaBe-
JIeHa JIiHisg Oe3MeYHOr0 PiBHA MEPEXTIHHSA, IO OIIHIO-
eThest 3a gornomororo Py™ Ta ymoBm BHammocTi ctpo-
6ockomiyHoro eexkry SVM.

PiBeHp MonynmioBaHHS, TpH SKOMY BiACYTHI
Oynb-sKi 0i0JIOTIUHI BIUIMBH HA OPTaHI3M JIIOJMHUA Mae
Oyru B 2,5 pa3u MEHIIWH, HIXX BU3HAUYCHUI BUpa3aMH

(1) Ta (2).
\
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Puc. 3. ['panunyHi piBHi rmbuHu Moyl 3a craumapramu [7, 12, 13]
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Crig TakoXX 3a3Ha4YMTH, IO PIBEHb CIIPUHMAaHHS
TLA moxe Oytn Habarato BHIIOIO MEXi BHIUMOCTI.
CripuiiMaHHsI 3aJI€KHUTh BiJl TPUBAJIOCTI BIUIUBY, IIBHI-
KOCTI pyXy 00’ekTy Ta iHmux ¢axropis [13].

3 NOpiBHSHHS BUMOT Pi3HUX HOPMATHUBHHX JOKY-
MEHTIB JI0 HU3bKOT'0 PiBHSI PH3HKY, 110 CTBOPIOE MEpeX-
TinHg a0o piBHg NOEL BuHO, 10 HaiOiIBII 5KOPCT-
KUMH BOHHM € B cranzaaprti [7]. HaBiTe nammu posixapro-
BaHHS, B SKMX IMOWHAa Moxyisuii Ha wactoti 100 I'ig
CcTaHOBHUTH 12-15% He BiAMOBIZAIOTH BUMOTaM peKOMe-
H/IOBaHOI TpakTHKU | mporo craHmapry. Tomy B psai
myOsiKauii, Hanpukiaa, B [17] mpormoHyeTbest 3aMicTh
moka3Hukie MD Tta FI 3anpornonoBanux B [7] BUKOpuC-
TOBYBATH ISl OL[iHIOBAHHS DiBHSA MepexTiHHs Fy, a
st crpobockomivunoro edekry — SVM. Ili Bumoru
MEHII KOPCTKi, BPaXxOBYIOTh 4acToTy, (opMy XBHII i
SIKi ()aKTUYHO MOXKYTh Nepe0auylTH BUAUMICTH Mepex-
TiHHS Ta CTPOOOCKOMIYHOTO €PEKTY.

JlocimipKeHHsT TIPUYWH, MI0 CHPHUYUHSIOTH MOIY-
JISILIIIO B CBITJIOMIOAHUX JIaMIax Ta CBITHJIBHUKAX MpO-
BOJMJIOCH B 0araTbOX HAyKOBHX MpAaliX, OIJISII SKHUX
HaBeaeHo B [1, 2, 7, 18]. OCHOBHHUMH € KOHCTPYKIIIi
JpaiiBepiB, TEXHOJIOTiS PEryJIOBaHHS CBITJIOBHX Iapa-
METpiB 3a JIONOMOTOK JHMMEpIiB 3 BHUKOPHCTAHHIM
[IIM, xomMBaHHS HANPYr'W MEPEXi >KUBIICHHS Ta 3aBa-
M BUKJIMKAHI Pi3HUMH €JEKT-PHYHUMH CIIOKHBAaYaMH,
IO MPHUETHAHI 10 Mepexi KUBJeHHS Ta iH. Daxropw,
110 BU3HAYalOTh BUauMicTh TLA 3amexars SK Bij MO-
JUyJALiil CBiTIIA, 4acTOTH, (POPMHU XBHJII Tak 1 BiJ| sSICKpa-
BOCTI, KyTa 30py Ta iH.

JIyis1 OLIiHIOBAaHHSI CTYIEHIO MEPEXTiHHS BUPOOHHU-
KA CBITJOTEXHIYHOI MPOIYyKIii BUKOPHUCTO-BYIOTH SIK
nokasauki MD Ta FI tak i P4, a s crpo6ockomiu-
Horo edekry — SVM. PesynbraTi HOCTIDKEHHS MYJIb-
caliii CBITJIOMIONHHUX JIaMII Ta CBITHIBLHHUKIB HABEIECHO

takox B [19 — 22]. B VYkpaini uis BU3HAUYEHHSI PiBHA
SIKOCTI CBITJIa CTOCOBHO MEPEXTIHHSI BUKOPHUCTOBYETHCS
JIMIIE OJTUH MOKAa3HUK — Koe]ilieHT mynbcalii (Kopuc-
Tyrouuch TepmiHonoriero MKO — 1ie rimmbuHa MomyJis-
1i1), a NOKa3HHUKH, IO CHPUYUHSIOTH CTPOOOCKOIIYHUIH
edekT B3araui He HOPMYIOTHCS.

Mertoro nmaHOi poOOTH € aHaji3 OCOOJHUBOCTEH
TLA cBiTiOmiOAiB, METOIB X BHUMIipIOBAHHS Ta JOCi-
JOKEHHS TTapaMeTpiB MEPEXTiHHS Ta CTPOOOCKOMIYHOTO
e(eKTy CBITJIOMIOAHUX JIAMIT 1 CBITHJIBHUKIB, IO IIO-
CTYNalOTh Ha PUHOK YKpaiHW 3 BUKOPUCTAHHSIM METO-
UK HaBeleHuX B [7, 13].

Pesyabratu gocaimkenns. Hamu nmocnmimkysa-
JIOCh MEPEXTIHHs, 1[0 CTBOPIOIOTH KOMEpIIiiHI 3pa3Kku
CBITJIOZIOMHMX JIAMII Ta CBITWILHHKIB, SIKI HaIXOIATh
Ha PUHOK YKpaiHH, a TaKOX MPOCTOPOBA OTHOPIAHICT
MEpeXTIHHS [UX BUPOOIB. /{751 BUMIpIOBaHHS TIIMOWHH
MOJIYJISIIT MEPEXTIHHSA Ta MOKa3HHKA BHIMMOCTI CTPO-
00-CKOITIYHOTO €()eKTy BUKOPUCTOBYBAJIM CIIEKTPOMETP
MK3508S, a s 3MiHH KyTa CHOCTEPEXEHHS — TOHio]o-
tomerp GO 2000. BumiproBaHHs TapaMeTpiB Mepex-
TIHHA TiJl PI3HUMHU KyTaM¥ CIIOCTEPEKEHHS IIPOBOIMIIH
yepe3 iHTepBai 10 rpagyciB mpu piBHI OCBITJIIEHOCTI He
Hwkue 40 K.

VYcepenHeHi MOKa3HUKH MEPEXTIHHS — TIHOUHY
moxnynsiii MD, innmekc mepextinas FI Ta mokasnuk
BUAUMOCTI cTpobockomiyHoro edexkry SVM — Bumipro-
BaJM 3 BUKOPHUCTAHHSIM (POTOMETPUYHHUX KYJb JiaMer-
pamu 1,5M Ta 3 M. Pe3ynbpTaTi BUMiprOBaHHS LUX IIO-
Ka3HHUKIB HaBe/IeHi B TaOII. 2.

Pu3uky BIUTMBY MEpEXTiHHS Ha OpraHi3M JIFOJUHU
OIIIHIOBAJIM HA YACTOTi 3 HAHOIIBIIOW MIIHOMHOK MOIY-
nsmii y BiAmoBimHOCTI 3 pekomenparisimu [7]. Li nani
HaBe/IeHI Ha puc. 4.
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Puc. 4. OuiHIOBaHHS BiANOBITHOCTI JIAMIT TA CBITHJIGHHUKIB PiBHIO O€3IIE€YHOCTI MEPEXTIHHS:
3aTeMHeHa 30Ha — 30Ha HU3BKOTO PU3UKY MOIYJISLIT

BinblricTs MOCHIIOKEHUX JIaMI Ta CBITWIHHUKIB
MaloTh HAWOUIBIIy TIMOMHY MOZIYJALII Ha YacToTi
100 I'u. Mogaynsiro MeHITy 3a TpaHUYHHUH PiBEHb, IO

BiJmoBilae HU3bKOMY pHU3MKY Ta piBHIO NOEL (moBHa
BIJICYTHICTh PHU3UKY) MaroTh npudiamsno 70 % mocii-
JOKEHHX JIaMIT.
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JI71s1 CBITMJIBHUKIB BHYTPIIIHBOTO OCBITJICHHS IIEH
MOKA3HUK IIIe Kpalllii, aJie MPOKEKTOPH Ta CBITHIBHUKH
30BHILIHBOT'O OCBITJIEHHSI B 0araTboX BHIIQJIKaX MalOTh
HE3a/I0BIJIbHUI PiBEHb.

B myOmikariii [23] HaromomryeTbcsi Ha BaKIIUBOCTI
OOMEXEHHsI JIOMYCTUMOIO pPIiBHS MEPEXTiHHS CBIiTIa
CBITWIBHUKIB 30BHINTHHOIO OCBITJICHHS 1 TMEperIs Ii-
1I0YMX HOpM B il cdepi. OOMexeHHs TIIMOMHU MOAY-
JSILiT 1 BCTAHOBJIGHHS! BIITIOBITHUX PiBHIB SICKPABOCTI Ta
OCBITJIEHOCTI JJOPO)KHBOTO TIOKPUTTSI CTa€ HOBHM iH-
CTPYMEHTOM 3a0e3IeUeHHs SKOCTiI TOPOXKHBOI'O OCBIT-
JeHHs. MepexTiHHS CHpPUYUHSE CYTTEBHH BIUIMB Ha
YYaCHHKIB JIOPOXKHBOTO PYyXY, MEpII 3a BCE BOJAIIB Cy-
YaCHUX TPAHCIOPTHHUX 3ac00iB, 110 00JaAHAHI MOHITO-
pamu. B npoMy BUNaaKy J0 MEpeXTiHHS OCBITICHOCTI
JIOAAIOTHCS MEPEXTIHHS SICKPAaBOCTI 1 KOJIPHOCTI MOHI-

TOpIB, IO 3HAXOASATHCS B IOJII 30py BoAis. Haromomry-
€ThCS, 10 HEOE3MEYHICTh MPaIe3aTHOCTI BOMIS B YMO-
Bax MEPEXTIHHSA OCBITJICHOCTI IOpIr GaraTtopa3oBo Iie-
PEBHIIYIOTH PU3UKH POOOTH 3 MOHITOpOM Yy odici, ne
HOPMAaTHBHO OOMEXYEThCSI PIBEHb MEPEXTIHHS OCBITIIE-
HOCTI.

Buxopsium 3 mporo, morpiOHO OOMEXyBaTH pi-
BEHb MEPEXTiHHS SICKPaBOCTI Ta MOKAa3HUKA BUAMMOCTI
cTpobockomiyHOro eeKTy JUIsi CBITUIBHUKIB 30BHIII-
HBOT'O OCBITJICHHSI, 30KpeMa JUIsl OCBITJICHHS BYJIHIb Ta
JIOpIT.

Jlst opiBHSHHSA 31 CBITVIOMIOMHUMHM JIAMITAMH Ta
CBITHJIbHUKaMH OYJIM TIPOBEICHI JTOCIIHKEHHS TIapaMe-
TPiB MEPEXTIHHS Ta BUIUMOCTI CTPOOOCKOIYHOro ede-
kty JIP Ta KoMmakTHUX JroMiHeceHTHHX jamm (KJIT).
CepenHi 3HaueHHS BUMipIOBaHb HaBeeHI B Ta0I. 2.

Tabnuysa 2 — Pe3ynbTaTH BUMIPIOBAHHS NapaMeTPiB MepexXTiHHA CBiTJIa

Ta NOKA3HHMKA cTpodockoniyHoi BuauMocti SVM

Hesoa Howep | MR | ot o | wepextimma 1, | SYM
BHpobY 3pasika MoayJsiuii, % moayJsiuii, ' BigH. o1. BIAH. O
Tpoxextop 100 100 0,486 5,01
2 100 100 0,486 5,18
CaiTmbHiKR s 1 33,11 100 0,0976 1,1476
30BHIIIHBOTO
OCBITIICHHS 2 36,73 1356 0,0988 0,0487
1 1,03 100 0,0014 0,0052
2 2,36 100 0,0032 0,0254
PSS 3 1,82 100 0,0033 0,0099
BHYTPIIIHBOTO 4 2,6 100 0,0058 0,0697
OCBITIICHHS 5 5,89 100 0,0081 0,0884
6 22,3 400 0,0326 0,0307
7 1,64 100 0,0031 0,0111
1 14,95 2208 0,0353 0,0415
2 14,28 1766 0,0355 0,0553
3 15,73 2204 0,0354 0,0434
4 43,12 100 0,1164 1,3940
5 4,05 50 0,0040 0,0021
6 3,41 100 0,0049 0,0345
o 7 LIl 100 0,0263 0,5026
Ceimno-niomHi 8 2,00 100 0,0022 0,0092
JIaMITH
9 4,01 50 0,0043 0,0214
10 6,14 9594 0,0087 0,0216
11 10,87 3686 0,0305 0,0250
12 11,39 3276 0,0307 0,0306
13 1,49 5234 0,0033 0,0062
14 3,00 9418 0,0067 0,0121
15 2,31 100 0,0053 0,0115
1 15,89 100 0,0200 0,1834
2 11,91 100 0,0209 0,2383
KJIJT 3 15,36 100 0,0221 0,2370
4 11,50 100 0,0242 0,2857
5 7,92 100 0,0164 0,1912
JIP cep. 3H 11,80 100 0,0367 0,4497
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Sk 6a4uMO y CBITJIOMIOAHMX JIaMII Ta CBITHJIbHU-
KiB Il TOKa3HUKHU Okl Oe3meuni Hix y KJIJT ta JIP.
OpHaK HEJOJIKOM CBITJIONIOMHUX JIAMIT Ta CBITHIJIbHH-
KiB € Te, [0 TJIMOMHA MOAYJIALIT Y HUX MOXe OyTH Bij
0 nmo 100 %, a y namn po3xaproBaHHs, HAPUKJIAJ, HE
ouneiie 25 %, y KJIJI — ne Oinbire 20 %. V criTiomio-
JIiB TAKOX MOXYTh OyTH MOTEHLIWHO OLIBIIMMU 1 TO-
kasuuku FI Ta SVM. Ilpobnema Tyt B TOMY, 1100 CBIT-
JIOJIIO/THI JIAMITH Ta CBITHJIBHUKHU 3 BUCOKHM CTYIIEHEM
MEPEXTiHHSA HE MOTPAIUBUIA 0 CIIOXKHUBadiB. bBijb-
LICTh Cy4acCHHUX CBITJIONIOJHUX JAMII Ta CBITHIILHUKIB
MaloTh HHU3BKHAU PIBEHb MOIYJAII, SKW BiIMOBimae
HaBITh CaMUM YOPCTKAM BHMOT'aM pPEKOMEHIOBaHOI
npaktuku 2 3rigHo 3 IEEE 1789:2015.

Ha cporomni TexHomorii CBITIOIIOIHOIO OCBIT-
JIeHHs1 3a0€3MeYyI0Th HAHIWKYNN PIBEHb MEpEeXTiHHS
MOPIBHSIHO 3 IHIIMMH TEXHOJOTIAMHU I TEXHIYHO MOXK-
JIMBO 3a0€e3I1€YUTH BUTOTOBJIEHHS BCi€l CBITIOLIOMHOI
MPOAYKII 3 HU3bKMM pIBHEM MOAYJSLii cBiTia 0e3
cyrTeBoro 30unbmenHs ii Baprocti. s 1poro, mepi
3a Bce, HEOOXiTHO BCTAHOBHTH B HOPMAaTHBHIH JOKY-
MeHTAaIil BiAMOBIHI BUMOTH, TaK K B JAaHUH 4ac BOHHU
BifCYTHI [24].

B OLIBIIOCTI CYYaCHHX JIAMIT 1 CBITHJIBHHKIB IS
3arajibHOr0 OCBITJIGHHS BUKOPHCTOBYIOTHCSI CBITJIOI-
01, 10 BHIIPOMIHIOIOTH CHHE CBITJIO, SIKE YaCTKOBO,
3a JIOIOMOTOI0 JIFOMiHO(Opa, IEPETBOPIOETHCS B JKOB-
to-3e7eHe. CHIBBIAHOIIEHHS CHHBOTO 1 JKOBTO-
3€JICHOr0 CBITJIA, 1[0 BUXOAUTH 32 MEXI CBITIOMIONY 1
BH3HA4a€ Horo KomipHicTb. CHHE CBITIIO, IO BUIIPOMi-
HIOETHCSI KPUCTAJIOM CBITJIOAIONY MiJi MAJIMMHU KyTaMH
JI0 ONTHYHOI OCi, PO3MOBCIOJUKYETHCS B JIFOMiHO(OPI
o OUIBII KOPOTKOMY IILIAXY, TOMY IPH MalHX KyTax
crocTepexeHHs (Onmkue 10 OnTUYHOI oci) Oyne Oi-
JIBIIIE CHHBOTO CBITJIA, a MPH BEIHKHX KyTaxX (OirmKue
10 90°) — GisbIla YyacTKa BUIPOMiHEHHs JTIOMIHODOPY.
Ile npu3BOANTH A0 KYTOBOI HEPIBHOMIPHOCTI KOJIpHO-
CTi CBiTHA. A Tak SK HOCTIHA Yacy Jjsi CHHbOTO BH-
MIPOMIHEHHS CBITJIOAIOAY Ha KiTbKa IMOPSIKIB MEHIIa
Yyacy BUIIPOMIHEHHS JIOMiHO(GOpPY, TO IIPH MYJbCAIisLX
CTPYMY MEpPEXTIHHS CBiTJIa, III0 BUMPOMIHIOETHCS KPH-
CTaJIOM 1 JIFOMIHOQOPOM MOXE MaTH pi3HY TIHOUHY
MOIyJIsMii 1 e Oyae CTBOPIOBAaTH KYTOBY HEpPiBHOMIp-
HICTh TTTHOMHM MOJYJISIIIT.

Pe3ynpraramMu Hammx JOCIHIHKEHb MiATBEPHKEHO
HasIBHICTh TAKOT'O €EKTY.

JlocipkeHHsT KyTOBOI HEOAHOPITHOCTI 1 iHAEKCY
MEpEeXTiHHS MPOBOJMIN Ha CBITJIONIOMHUX JaMIiax Ta
CBITHIIPHMKaX 0€3 CBITJIOpO3CiIOBadiB €IEMEHTIB Ta 3
nudy3HUMHU CBITJIIOPO3CiFOBaYaMH. 3a JOMOMOTOI0 JTU-
(G y3HUX PO3CiIOBAYIB CBITJIa MOXKHA TOCSTTH PIBHOMI-
pHOI KOJIPHOCTI CBITJIA 1 HaBiTh 30UIBIIUTH YACTKY
KOPOTKOXBHJILOBOTO CBITJIa MPU BEJIUKUX KYTax CIIO-
CTEpEeKEHHS.

3MiHY CHIBBIJIHOIIEHHS B CHEKTpPi MiX CHHIM Ta
YKOBTO-3€JICHUM CBITJIOM ITiJ PI3HUMHU KyTaMH CIIOCTe-
PeKEHHS OI[HIOBAJM 32 3HAYEHHSIMH KOpPEIbOBAHOI
konipHoi temnepatypu (CCT) — mpu BHCOKHX KOIip-
HHUX TEMIIepaTypax IepeBaka€ CHHs CKJIaJloBa CBITIA i
HaBrnakyu. Ha puc. 5 HaBeneHi pe3ynbTaTH BUMipIOBaH-
s CCT Tta rnmubuHu Momyssiuii cBiTIIa BiJ KyTa CIIO-
cTepexxeHHs. SIK BUIHO 3 puUC. 5, 3MiHa KOJIpHOI TeM-

nepaTypu 1 IIMOMHM MOAYNALIl BiJ KyTa crocrepe-
JKCHHS] MalOTh NIOJIOHUI XapakTep.

@nikep-innexkc FI 3MiHIOETHCS BiJ KyTa criocre-
peXeHHs NPUOIM3HO Ha TaKi * BiJICOTKH SIK 1 TIIMOMHA
MOJTYJISIIT.

Pi3HHIS M)k MAKCHMYMOM Ta MIHIMYMOM TJIHOHU-
HU MOIYJALIT JUIsl PI3HUX MOCTIIKESHUX 3pa3KiB 3Mi-
HioBajnachk Bix 1,8 % mo 6 %. lle He ayxe cyTTeBa pis-
HHUILIS, aje JJIsg OLIHKHM Ha BiJAIOBiJAHICTE BUMOraM HO-
pPMaTUBHOI JTOKYMEHTAllii 11 Ma€ 3HaYeHHs, TOMY JO-
LUIBHO EeKCHEPUMEHTAIFHO BH3HAYUTH 1 HOPMYBaTH
CcepenHe 3HaYCHHS TVIMOUHYM MOIYIIALII, 1HIEKCY Mepe-
xTiHHS Ta SVM. [l BUMIprOBaHHS CEpPEIHBOTO 3Ha-
YEeHHS MapaMeTpiB MEPEXTIHHs Kpalle 3aCTOCOBYBATH
(oTOMETpUYHY KYJIIO, TaK SK IIed METOJ 3HaYHO €KO-
HOMIYHINIUH, HI’)K 3 BUKOPUCTaHHIM TOHioQOTOMETpa.
Pi3HMI MK BUMIPIOBAaHHSIM CEPEAHHOTO 3HAYCHHS
TIIMOUHYM MOIYJIALIT CBITJIa 3 BUKOPUCTAHHSIM (hOTOME-
TPUYHOI KyJIi 1 pO3paXxyHKOM CEpEIHBOTO 3HAUCHHS 3a
BHMIPIOBAaHHSAM 3 BUKOPHCTaHHAM TOHiopoTOMETpa He
nepesuirye 3 %.

BucHosku

3a pe3ynabTaTaMu IPOBEIECHOIO aHaJi3y Ta eKcIie-
PUMEHTAJIBHUX JOCIiPKEHh MOXKHA 3pOOUTH HACTYIIHI
BHCHOBKH.

1. Yacosi cBiTiOBi apreakTu CYTTEBO BILIHBA-
I0Th Ha SIKICTh CBITJIa CBITJIOJIOJHUX JIAMIT T4 CBITHIIb-
HUKIB. BOHM MOXYTh BIUIMBATH HE TUIBKH Ha JHCKOM-
¢dopT, axe i Ha 340POB’S JIOAEH — COPUUUHSATH TOJIO-
BHHI OLJTb, CIUJICNITUYHI MPHIIAIKUA, BTOMY, CTBOPIOBa-
TH CTPOOOCKOIYHHUN eeKT Ta iHIIe.

2. Ha croromni He icHye pexomenpanii MKO
IIO/I0 €IMHUX BUMOT 10 OE3IEYHOro piBHS MOZYJISALIi
CBiTJIa 1 METO/IB BUMIipIOBaHHS MapaMeTpiB MEPEXTiH-
HS, aJle € IUIMH psii peKOMEHJalli MIKHapOJHUX Ta
HaIllOHAJIbHUX OpraHi3aliid pi3HUX KpaiH B SIKUX 3a-
MPO-IIOHOBaHI METOAM BUMIpPIOBAaHHS Ta piBeHb Oe3Iie-
YHOCTI MapaMeTpiB MEpPEeXTiHHS CBiTJa Ta BUAMMOCTI
cTpo-06ockomiyHoro edekry. Jlo po3pobieHHS peko-
Menaamiii MKO TuMyacoBO MOXKHAa CKOPHUCTATHCH pe-
KoMeHaIis-Mu Takux cranaapTiB sk IEC/TR 61547-
1:2015, 1IEEE 1789:2015, IEC/TR 62518:2017, pexo-
Menpaamis-mu ASSIST, NEMA, Energy Star Ta iH.

3. Ha oOCHOBiI eKCHEpUMEHTAIBHHUX JOCITIIKEHb
BCTaHOBJICHO, 1[0 OiJIbIlIa YACTHHA CBITJIOZIOJHOI TIPO-
IyKIii, 0 MOCTYyNae Ha PUHOK YKpaiHU Mae Oe3red-
HUH piBEHb MOAYJIAINT CBITIIA Ta TOKA3HUKA BHIUMOCTI
CTpOOOCKOIIYHOTO e(heKTYy.

4. CyyacHuil piBEeHb TEXHOJOTIH BUPOOHHIITBA
CBITJIO/IIOAHOI TPOAYKIIi Ma€e MOTEHIIakd 10 MOAab-
LIOr0 3MEHIICHHS PiBHS MOIYJSIHii CBiTIA 1 3a0e3me-
YEeHHS! MOBHOI BiZICYTHOCTI PU3WKY BiJ MEPEXTiHHA.
3aMiHa JIJaMI PO3XKapIOBaHHS Ta PO3PSIIHUX JIaMI Ha
CBITJIO/IIONHI JIAMIM Ta CBITWJIBHUKH J03BOJIUTH IIO-
BHICTIO BHUPIIIUTH MPOOJIEMY MEPEXTIiHHS Ta yTBOpPEH-
HSl CTPOOOCKOIMIYHOrO €EeKTy B OCBITJICHHI.

5. I'muOuHa MOIYJIAIT CBIT/JIA CBITHIBHHKIB 1 JIaMIT
31 CBITJIOZIONAMH Ma€ IPOCTOPOBY HEOIHODIJHICTD,
TOMY BUMIpIOBaHHSI TOKa3HUKIB MEPEXTiHHS Ta BHIH-
MOCTi CTPOOOCKOITIYHOI'0 e()eKTy IOLIIBHO MPOBOAUTH
3 BUKOPHUCTAHHAM IHTErpyIo4oi cepu.
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Flickering light and stroboscopic effect
from LED lamps and light fixtures

S. Shpak, S. Kyslytsia, G. Kozhushko, T. Sakhno, S. Bagirov

Abstract. The paper analyzed the results of recent studies related to the effect of flickering light on the performance
of visual work, well-being and human health. Besides, the authors described the methods for measuring the parameters of
flicker and visibility of the stroboscopic effects, as well as safe levels of light modulation in different frequency ranges estab-
lished by international standards. We studied the parameters of light flicker created by LED lamps and luminaires that are
supplied to the Ukrainian market, the influence of the design features of these products on the level of flicker, and especially
the measurement of light modulation taking into account the spatial heterogeneity of the LEDs. The modulation depth, flicker
index, and stroboscopic effect visibility index were measured in accordance with the recommendations of the IEEE
1789:2015 and IEC/TR 63518:2018 standards using the MK350S spectrometer. To change the viewing angle, a GO2000 go-
niophotometer was used. The obtained results showed that the vast majority of LED lamps and fixtures have low levels of
flicker and do not pose any risks to human health, but some manufacturers produce products that have a dangerous level of
flicker. Conclusions were drawn about the necessity to introduce into the regulatory documentation the requirements for the
limits of the modulation levels related to different frequency ranges observed in the LED products. It was found that due to
the angular inhomogeneity of the spectral composition of the LED radiation, the angular inhomogeneity of the modulation
depth also takes place. Based on studies of the depth of modulation depending on the viewing angle for various designs of
luminaires, recommendations were made on improving measurement methods.

Keywords: correlated colour temperature, flicker index, light modulation, stroboscopic effects, temporal light arte-
facts.
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THE MODEL OF OPTIMAL RADIOELECTRONIC STATIONS DEPLOYMENT
IN THE MILITARY FIELD COMMUNICATION SITE

Abstract. There are two main problems during deployment of military field (mobile) communication site: 1) compact
deployment radioelectronic stations (RESs) in communication site, 2) take into account of electromagnetic compatibility
for normal processing of communication site that electric-field strength should be not exceed allowable standard. The ne-
cessity of packaged deployment is important especially for combat activities in mountains regions. In this case, hills and
elevations can make worse a radio communication. Therefore, RESs should be deployed such that there are not natural ob-
stacles between them. In given paper, there has been analysis of electric field superposition impact of all RES on each sepa-
rate one for given radiation frequency range. The mathematical model of RES deployment with minimal distance between
them with taking into account allowable standard of electric-field strength has been developed and offered. The program
algorithm of calculation of RES deployment in the field communication site has been developed.

Keywords: field communication site, electric field, mathematical model, penalty method, packaged deployment, elec-

tromagnetic compatibility.

Introduction

During deployment of military field (mobile)
communication site, it should be take into account of
two main factors:

1) compact deployment radioelectronic stations
(RES) in communication site,

2) electromagnetic compatibility (EMC) for nor-
mal processing of communication site when the mini-
mum distance between RESs is calculated.

The necessity of packaged deployment is impor-
tant especially for combat activities in mountains re-
gions. In this case, hills and elevations can make worse
a radio communication. Therefore, RESs should be de-
ployed such that there are not natural obstacles between
them [1, 2].

The requisite of the minimum distance between
RESs is conditioned that electromagnetic radiation of
the antennas of close located RESs can form a high fre-
quency electromotive force with amplitude of the sev-
eral ten of Volts in radio receiver antenna. It creates an
overload of input stages and a disturbance in RESs. The
jointly influence of several signals, which form inter-
modulation interference in input stages of radio receiv-
ers and in output stages of radio transmitters, can be
find themself in communication operating frequency
band and make worse receiving a desired signal. There-
fore, the electric-field strength in RES location point
does not exceed the allowable standard.

In given paper, there has been analysis of an elec-
tric fields superposition influence of all RESs to each
separate one for given radiation frequency range. The
mathematical model of the RESs deployment in a field
communication site with minimum distance between
theirs taking into account of allowable standard of elec-
tric field influence has been developed and offered. The
program algorithm of RESs deployment in the filed
communication site has been developed.

Analysis of RESs EMS
in the field communication site

Let us use the group evaluation for analysis of
RESs EMS in the field communication site [3]. When
the EMS group evaluation there has been taken into
account of all RESs interference on one RES inside the
communication site.

When EMS evaluating, the determined description
of electromagnetic condition (take into account of RES
power) is used often, because power of interference
sources, deployment and orientation of antennas in the
site are strictly fixed [3, 4].

The calculation of RES EMS is carried out by the
next order:

— calculation of energy characteristics (electric-
field strength) of unpremeditated radio interference;

— determination of the level of electromagnetic
compatibility providing.

The calculation of energy characteristics of radio
interference stipulates determination of the power of
combined radio interference reduced input of radio re-
ceiver of RES taking into account of radio interference
penetration through an antenna-feeder device.

When EMS group evaluation, the total P,y power
of joint radio interference (including intermodulation
interference) reduced input i radio receiver of RES from
all other RES radio transmitters is calculated.

The determination of the level of RES EMS pro-
viding is carried out based on group evaluation of EMS.

The group evaluation of RES EMS is carried out
by the next order:

a) the total P,y power of radio interference reduced
i input of RES receiver is determined;

b) the permissible level of P, power of radio inter-
ference reduced i input of evaluated RES is determined;

¢) the level of total power of radio interference is
compared with the permissible level, and the level of
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providing of the radio receiver EMS of evaluated RES
is determined with other radio transmitters of RESs.

The providing index ([dB] or [W/Hz) of EMS of
the object RES is calculated by formula of

AP;s=Pio— Pis,

when the group evaluating. This value describes a level
of the EMS providing reserve (if it is positive) or a level
of the EMS providing lack (if it is negative).

The mathematical model of RES deployment
in the field communication site

Let us consider a filed communication site where,
for example, RESs works in frequency range of 2+8
MHz, 3090 MHz and 4.4+5 MHz. The calculation of
electric-field strength in the high frequency range can be
carried out for wave zone (radiation zone) when

2
d> i,
Y
where d is a distance between an antenna and a meas-
urement point, L is the maximum size of an antenna, A
is a wave length.

The calculation of electric-field strength in radia-
tion zone is carried out usually for electric component
of field by Shuleykin-Van-der-Pole formula [5]:

F~NP-Ga {m_V}
d b b

m

E =245 (1)

where FE is electric-filed strength, P is a power of trans-
mitter, Ga is an antenna power gain, F is the propaga-
tion factor for electromagnetic energy loss in soil:

F o141 2+0.3x -
2+x+0.6x

In the short wave range when there is 60 A > ¢
condition, x is determined by the next formula:

n-d

Infe2 +(60-1-c)

where A is a length of wave in m, ¢is the relative dielec-

tric constant, ¢ — is a radio wave conductivity in soil
(see table 1).

X =

Table 1
Kind of soil g o, (Ohm'm)™
Humid soil, plane surface 5-15 3107
Humid soil with low green 4 10~
Dry soil, sand 2-10 107
Soil covered by large unbroken 3
4 10

forest
Cities 3-5 7,5107

For example, if the length of wave A = 30, soil is
dry, that is, e = 10 and 6 = 10~ (Ohmm)™, 4 < 1000 m,
then
Fol14] 2+0.003x — @)
2+0.01d +0.6-10"d

Let us substitute (2) into (1), then the electric-field
strength is calculated for d distance from RES.

This method of determination of electric-field
strength by formulas (1) and (2) is applied for a circle
radiation pattern and towards of maximum radiation of
main beam.

Thus, if the field communication site with S area is
considered and if there are N number of RES with P,
power radiation on this site, then the total level of elec-
tric-field strength in the i point of located RES is ob-

tained
2
E = D Ej =
J#

50-F2.p.
= 2457y —L— i
i dji

where i = j = N; E; is an electric-field strength in radia-
tion zone of i RES (1);

d; is a distance between j radiated RES and i point;

Fj is determined for each dj (d; = dj).

For providing of electromagnetic compatibility
condition, it is necessary that

E;<PL;,

where PL; is the allowable standard of electric-field
strength for given set.

Formulation of the problem. First of all, let us
remember that in accordance with [5], the electric-field
strength £ at r distance can be calculated by next for-
mula

-2
’

b

where ¥ is some constant described a RES power and

W =0.008-F-\P-Ga .

If the sources of electromagnetic radiation create
in given point electric field with E; strength then the
total electric-field strength in considered point is calcu-
lated by next formula [2]

N
E=|Y B,
i=0

It is necessary to determine such mutual RES de-
ployment on the horizontal site that two conditions are
satisfied:

1) the total electric-field strength in the point of
each RES created other RESs doesn’t exceed some al-
lowable standard;

2) all RESs are deployed in the bounds of circle
with the minimum radius.

Mathematical formalization. For analytical cal-
culation of the mutual RES deployment, let us enter
some Oxy Cartesian coordinate system.

Any RES deployment can be connected with coor-
dinate system with any way. The located on the bond of
circle with “the shortest radius” RESs are border’s ones.

It is clear that:
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— there are at least two RESs on the border;

— the considered two variants of mutual RES de-
ployment are identical if they will coincident after ap-
plication of the operations combination “rotation around
of some point”, “parallel translation” and “symmetrical
transformation relative to the some axis”.

So, as appropriate, making these conversions the
center of the least circle is put in the origin of coordi-
nates, and one of the border RES is put on the positive
semiaxis Ox. Let us take (x;,y;) coordinates of A; (i = 1,
2,..., N, N is a number of RESs) RES location in the
Oxy coordinate system.

The demand of all RESs deployment in the
range of some circle with a center in the origin of
coordinates can be formulated in the following way
as an inequality

2 2 2 .
x;+y; <r7,i=1,2,..,N,

€)

where r is a required radius of a circle.

Let us considered that one of the RES, for example
with number of i = 1, is located on the circle (3) and has
(7, 0) coordinates, that is,

xlzraylzo' (4)

By the task data, the sources of electromagnetic
radiation must be deployed in that way that the part of
each RES affect other one is minimum as far as possi-
ble.

This demand can be satisfied if the most power
RES will placed on the edge of range. Therefore, placed
in Ai(x;,)1) point the RES has most power W;. All
RESs form electric field £; in the Aj(x;,);) point

2
2 W _
Ej =Z[—’J , J=1,2, ...

i#j

where W; is power of RES;,

2 2
®=ﬂ%‘%)+OTWﬂ
is Euclidean distance between RES; and RES;.
Let us take £* as the maximum permissible level
of electric field strength in each RES point.
Then, there are normal operation conditions for
RESs placed in A; point

E,<E* j=1,2,..,N. (5)

The task of optimal deployment of RESs can be
formulated by next:

— to determine such x; and y; that for given W; and
E* there are (3)-(5) conditions, and at the same time r is
the least among possible ranges.

The solution of task. Firstly, let us rewrite (3)-(5)
task as a task of conditional minimization relative to x;,
X2, ..., Xy, Yy variables:

2 .
F(xl,xz,yz,...,xN,yN)Exl — min ,
2 2 2 .
Xj+y;—x <0, j=12,...N

2
D Wi
on +imr)
J= 1,2,...,N,y1: O
Let us use the penalty function method [6, ¢.214-

216] for solution this task.
Let us take it as:

-—(E*) <0,

Ry (51,305 200Xy, V3 ) = F (30,00 3 ) +
N
+kk2max2{O,gj(xl,xz,yz,...,x;v,yzv)}+ (6)
=
ul 2
+Kk2max {O,G_,-(xl,xz,yz,---,xw,yzv)}s
J=1
g_i(x1,x2,y2s~~~’styN)Ex_?+y?_x12’ )
i=L2,..,N;
Gj (xl,xz,y2,~~~,stYN)E
w? 2, 3)
=2 > 7 ()
i:tj(xl-—xj) +(yi_yj)
i=12,...N,

Ak and K are penalty parameters.

Given reasonable selection of initial data, the
(6)-(8) solution sequence is converged to some “ra-
tional” solution in the case of Ay, K — .

It should be noted that from the point of mathe-
matical view the given task solution is not single. In
order to prove this statement, let us construct a solution
of the task of four given power RESs deployment for
two variants.

There are power values of RESs deployed along
circle with » =200 m radius in table 2.

Table 2
Vari- N 1 2 3 4
ants Power of RES, W 168.5 187.9 19.3 122.9
Location point (x, y) (200.00, 0.00) (100.00, 173.21) | (-200.00, 0.00) | (-128.56, 153.21)
I Formed in location point of RES
electric-field strength E, mV/m 1.00 1.00 1.00 0-90
Location point (x, y) (200.00, 0.00) (100.00, 173.21) | (-200.00, 0.00) | (-128.56, -153.21)
I Formed in location point of RES
electric-field strength £, mV/m 1.00 0.81 1.00 0.45
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The coordinates of location point were generated
by the formulas of: (rcos;,rsing;), here,

01 =0, @ = 60° @3 = 180°, ¢y = 180°£50°.

It is clear, that in each variant it was reached a
critical value of permissible stress £* = 1, therefore, it is
impossible to improve solution by decreasing of r.
There is a common block chart of the program algo-
rithm of RESs deployment calculation in a field com-
munication site in the fig. 1 in accordance with devel-
oped mathematical model.

Conclusion

In paper, the task of compact deployment of field
(mobile) communication site taking into account of
electromagnetic compatibility for normal processing of
communication site has been considered.

The mathematical model of RESs deployment op-
timization with minimum distance between RESs and
taking into account of allowable level of electric field
influence has been developed.

The mathematical penalty function method for this
task solution has been used. It is shown that from the
point of mathematical view the solution given task is
not single. For instance, the task of four RESs deploy-
ment has been solved. The program calculation algo-
rithm of RESs deployment in a field communication site

has been developed.
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MopeJib 3aBepIeHHsI ONITHMAJIBLHAX Pajlioe/IeKTPOHHUX CTAHIIN B caliTi 3B'3Ky BiliCbKOBOIO0 1M0JIst
A. A. Baiipamos, A. b. [Tamaes, E. H. Ca63ies, P. P. Imanos

AnoTtanis. [lix yac posropraHHs BiliCEKOBO-ITOJBHOBOrO (MOOLIBHOr0) By3ia 3B'SI3KY € JIBI OCHOBHI IpOOJEeMH:
1) xommakTHi pagioenekrponHi craniii (BJIE) kommakTHO! quciokarii Ha By3:i 3B'sI3KY; 2) BpaXyBaHHs €JIEKTPOMarHiTHOL
CYMICHOCTI Ul HOpMaJIbHOI 0OpOOKH By3na 3B'3KY, 110 HAIIPYXKY€E €IEKTPUYHE I10J1€ He NMOBUHHA IEPEBUILYBATH JIOIIyC-
TUMOTro crangapry. HeoOXiJHiCTh MaKeTOBAHOIO PO3MILIEHHS BaXKIMBa 0COOIMBO Ul OOHOBUX Aill y ripChbKUX paiioHax. Y
L[bOMY BHIIQJKy NaropOou Ta BUCOYMHM MOXKYTb HOTipmuTH panio3s'ssok. Tomy BJIE cimix po3ropHyTy TakuM YHHOM, 1100
MDK HUMH He OyI0 IPUPOAHMX Iepelkos. Y aaHiii poOoTi npoaHani3oBaHO BIUIMB BILIMBY BCix BJIE enexrpuuHoro mnoms
Ha KOKHUI OKpeMHMIt 171 3a/IaHOr0 Aialia30Hy 4acTOT BUIPOMiHIOBaHHA. Po3po0ieHo Ta 3a1poroHOBaHO MaTeMaTH4HY MO-
nenb posropranss BJIE 3 MiHIManbHOO BifICTaHi MiXkK HUMM 3 ypaXyBaHHSAM JIOIIYCTHMOI'O CTaHAAPTY HAPYKEHOCTI eIIeKT-
pudHOro noist. Po3po6ieHo nporpaMHuii anropuT™ po3paxyHky posmitueHHs BJIE Ha nonbsoBoMy caiiTi 3B'I3Ky.

Karo4dosi ciaoBa: nonboBuii MaiilaHuuK 3B'I3KY, €JIEKTPUYHE 110JIE, MATEMATHYHA MOJIE/b, METO IITPadHUX CaH-
KI[i}, TAKeTHE PO3rOpPTaHHsl, eJIEKTPOMArHITHA CyMiCHICTb
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XapkiBchbkuil HallioHanbHUH yHiBepcuTeT [loBiTpsinux Cuin imeni IBana Koxeny6a, Xapkis, YkpaiHa

MOJEJIb PO3PAXYHKY HACY HA HEPETUCJOKALIIO PAIIOTEXHIYHOT'O
nIaAPO341J1Y 3 YPAXYBAHHAM OPTAHIBAINIMHO-LITATHUX 3MIH

Anoranis. Crarrs npucBs4eHa BU3HAUCHHIO MOJENI PO3PAXYHKY 4acy FOTOBHOCTI OKPEMOro paJlioTeXHIYHOro Mifpo3-
Ity Ha npu3HadeHi no3uuii. IcHyroua Mozens po3paxyHKy 4acy FOTOBHOCTI IiIPO3/ily HE BpaXxOBYe 3MiHU OpraHizariii-
HO-IITATHOI CTPYKTYPH PafioTEXHIYHOTO i JPO3/ITy Ta BCI MOXKJIMBI YAaCOBi 3aTpaTh BUKOHAHHS 3aXOiB IiATOTOBKH i BH-
KOHAHHS IIOCTaBJICHUX 3aBJaHb. ICHYr0OYa METOAMKA PO3PaxyHKY dacy Ha MEepPEeUCIOKALII0 BU3HAYAE JIMIIE TTOPAN0K PO3-
PaxyHKY NepeJucIIoKalil OKpeMHX MiJpO3/iliB 1 YaCTHH, ajle He MOJKE BPaXOBYBATH BCi OCOOIMBOCTI ITiArOTOBKHM Ta Iepe-
JIICIIOKAIl] caMe palioTeXHIYHUX Mixpo3ainiB. [IpoBeaeHnii aHami3 eTariB 3/1aropKeHHs palioTeXHIYHOTO MiAPO3AITy I10-
Ka3aB yBeCh IIEpPeJIiK 3aXO/iB, 1110 BUKOHYIOThCS, Ta SIKi YaCOBI MIOKA3HUKK MOXKYTh OyTH BPaxoBaHi IPH PO3PAXYHKY Hacy
rOTOBHOCTI. PO3ryIsiHYTI 3MiHM B OpraHizauiifHO-IITaTHI CTPYKTYP1 paiOTEXHIYHOrO I IPO3ILTY JAat0Th MOXJIIUBICTD 3MiHUTU
Ta BU3HAYUTH MOJIENb PO3PAaXyHKY 4acy He TUTBKH 3/1iHICHEHHS Mapily, a B IIIOMY Yacy FOTOBHOCTI PaJiiOTEXHIYHOIO IMiIpo3-
Iy 10 BUKOHAHHS 3aBJaHHs Ha BU3HAUCHI MO3ULI. 3MiHM OpraHi3alliiHO-IITATHOI CTPYKTYPH IPUBEIH 10 30UIBLICHHS Y-
CEJIbHOCTI I IPO3 /iy, 110 a0 MOXJIMBICTh OKPEMi 3aX0/I1 BUKOHYBATH OJIHOYACHO. BH3HaueHa Moelb TOPAIKY PO3paxyH-
Ky 4acy TOTOBHOCTI Pa/IlOTEXHIYHOr0 MiJPO3/iTy 1O BUKOHAHHS 3aBJIaHHS HaJacTh MOXJIMBICTh HAOYTTSI €UHOTO ITiIXOY 10

TNIpOBEACHHSA p03anyHKiB Ta BpaxXyBaHH BCIX MOMKJIMBHX YaCOBHUX 3aTpar BUXOAA4H 3 Z[OCBi)Iy OCTaHHIX pOKiB.

KawuyoBi ciroBa: pamioTeXHIYHUIA MMiAPO3Iii, PO3PaXyHOK Yacy TOTOBHOCTI, MOZIEIIb PO3PaXyHKY 4acy, IepeIucIOKaLisL.

Beryn

IMocTanoBka mpodiaemu. OCHOBHUMHU 3aco0aMu
3100yBaHHs pagionoKaniiHoil iHGopMalii mpo MmoBiTps-
Hy OOCTaHOBKY B ICHYIOUiH CHCTE€Mi HPOTHIIOBITPSIHOI
000pOHH JIepXKaBH € 3aCO0M pajioioKalii palioTexHid-
nux Bidicek (PTB) Ilositpsiaux Cun (IIC) 36poiinnx
Cun Ykpaiau. OcobimuBa ponb B 3100yBaHHI paioso-
KalidHoi iH(pOpMaIii HAIEKHUTh PATIOTSXHIYHUAM ITiJI-
posninam (PTII) [1, 2]. Oane i3 BaXIMBHX 3aBIaHb pa-
JMIOTEXHIYHOTO MiAPO3AUTY IIe HAPOIIYBaHHS Pasioio-
KaliffHOrO TOJIsl Ha BH3HAYEHHX PYOexax, HarpsiMKax
Ta y BU3HAYCHOMY patioHi [3, 4]. AHaii3 3acTOCYyBaHHS
pamioTeXHIYHUX MIiAPO3IUIIB II0Ka3aB psill CYTTEBHUX
HEJIOJIKIB, IO MPHUBENO, B TOMY YHMCII 1 10 3MiHH Opra-
Hi3ali{HO-IITaTHOI CTPYKTYPU B3BOLY Ta HPOLEIypH
BUOOpY MO3ULIT pagioTeXHIYHUX Mixpo3aitis [3-10].

AHaJni3 ocTaHHiX gocaifkenb i myOaikanii. [Tpo-
BEJICHHUH aHAII3 JITEpaTypH i MyOJiKalii CBIAYHUTH IPO
Te, 110 Ha CHOTO/IHI B PaliOTEXHIYHUX YaCTHHAX HE iCHYE
€IMHOTO IT/IXOY 100 MOAEINI PO3paxyHKy 4acy TOTOB-
HOCTI pajioTexHiyHuX miapo3autiB [3-10]. Cranom Ha
CBOTOJIHI B OCHOBHOMY PO3PaxyHKH Yacy TOTOBHOCTI
00MEXEeHI TUTBKU PO3paxyHKOM Yacy 3iHCHEHHS Mapiry
pamiorexHiuHuX miapo3aunB [2]. Tlpu npomy He Bpaxo-
BaHi 3MiHM OpraHi3aliifHO-IITaTHOI CTPYKTYPH i BCi MO-
JKJIMBI YacoBi 3aTpaTH Ha eramnax MiJrOTOBKH Ta BUKO-
HaHHI [TOCTABJICHHUX 3aBlaHb, a caMme, 3iHCHEHH] Mapiry
Ta pO3ropTaHHs HOro 1 KOMIUIEKCHOI TIEPEBIPKU FOTOBHO-
CTi 10 BUKOHAHHSI 3aBJaHHs HA BU3Ha4eHi no3umii [11].

IcHyro4a MeToMKa po3paxyHKIB 4acy rOTOBHOCTI
migpo3ainy [7] BU3Ha4ae JUIIE HOPSAOK PO3PAXyHKY
MepeANCIIOKaIlii HE MOXE BpPaxOBYBATH OCOOJIHMBOCTI

i
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IiJITOTOBKY Ta TepenuciIokatii maposainis PTB.

Meta crarrTi — aHAII3 BUKOHAHHA 3aXOIB B X0l
€TaIliB 3JIarO/DKCHHS PATIOTEXHIYHOTO MiAPO3ALIYy Ta
BH3HAYCHHS MO MOPAIKY PO3PaxyHKY TOTOBHOCTI
JI0 BUKOHAHHS IOCTABJICHOI'O 3aBJaHHSI Yy HOBOMY pa-
HoHi (Ha BU3HAYEHIH MO3MIIT) 3 ypaxyBaHHSIM BCiX MO-
JKJIMBUX YaCOBHUX 3aTpaT.

BuxiaagaHHsi 0CHOBHOT0 MaTepiany

PamiorexHiuHMI MiAPO3MiN NPU3HAYESHUH /IS Ha-
pollyBaHHS a00 TOCWIICHHS PaJiONOKaLifHOrO MOJIs
panioTexHiYHOI YaCTHHH Ha HAKOINBII iIMOBIpHHMX Ha-
MpsIMKaX TMOJNBOTY 3ac00iB MOBITPsIHOI 3arpo3u [2]. Pa-
JIOTEXHIYHHUH MiJPO3/IiJI BUKOHYE TaKi 3aBJaHHS:

— HapoIyBaHHS PaJiOJOKALiHHOTO TIOJISl HAa/l BaXK-
JIUBUMU 00’ €KTaMH JE€PIKaBH;

— IOCHWJICHHS PaJioJIOKAI[IHOTO MO Ha MayuX i
TpPaHUYHO MaJIMX BUCOTaX Ha HAHOLIBII IMOBIpHHMX Ha-
NpsSIMKaX MOBITPSHOI 3arpo3H;

— BIJIHOBJICHHSI TOTOBHOCTI PaNiOTEXHIYHMX ITiJI-
posminis [2].

Jlo ckiasy paaioTeXHIYHOTO i APO3/iTy BXOASTS!

obcnyru pamionokamiinoi crauiii (PJIC) abo 06-
CIIYTH paJioNOKaIliHOT CTaHIIIT;

obcmyru paaiosnokauniiHoro Bucoromipa (PPB) Ta
3ac00iB 3B’SI3KY.

Jlist 31iiicCHeHHS Maplly paaioTeXHIYHOro ITiApo3-
Iy IIUKYETHCS B MOXIIHY KOJNOHY. Bapiant nmo0ymoBu
MOXITHOT KOJIOHH PaJiOTeXHIYHOTO MiAPO3ALIy IIpel-
craBnenuit Ha puc. 1. [lopsnok mMKyBaHHS ITOXiAHOI
KOJIOHH: PO3BiJyBaJbHUIA 1030p; OCHOBHA KOJOHA (00-
ciyra(u) 3B°s3Ky, oocinyra(u) PET); obciyra TexHigHO-
ro 3a0e31e4YeHHsI.

- 50400m

° 3131

00

‘Posalnyaanbuuﬁ posopJ ‘

(OcHoBHa KonoHa

‘ ‘ TexHiyHe sabeane4eHHs ‘

Puc. 1. Bapiant noOy0BY 1OXiJHOI KOJIOHU PaJ{iOTEXHIYHOTO MMiAPO3ILTY
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36’a30K, meneKkomyHikayii ma padionoxauis

JluctaHIiis Mixk aBTOMOOUIAMH B KOJIOHI paioTex-
HIYHOTO IMAPO3JTY 3aJIeKUTh BiJl HIBUAKOCTI PYXY,
YMOB BHJMMOCTI 1 BCT@HOBIIIOETHCS B MeXax, IO 3a-
oesmeuye Oesmneky pyxy (50...100 m).

Po3BinyBanbHMii 1030p [i€ Ha BigcTaHi, MO 3a0e3-
neyye HaJiHHUN 3B’SI30K 3 OCHOBHOIO KOJIOHOKO  (IOLIi-
npHO 3...5 km). [licns nepeBipku rOTOBHOCTI pamioTex-
HIYHOTO MiAPO3IUTY A0 Mapiry KOMaHAWDP IMiIpO3IiLTy
BiJyIa€ yCHHUI HaKa3 Ha Maplll B SIKOMY BKa3ye:

KOPOTKi JlaHi PO O0OCTaHOBKY, IO CKJIANacs, BH-
ximHuit pyoix (BP), ckian i 3aBaaHHs po3BigyBabHOTO
nozopy (PI1);

TIOPSZIOK C TPOXOJPKEHHSI BHXITHOTO pyOexy Ta
pyoexiB perymtoBanus (PP);

Yac i Miclie ToOyIOBU i pyXy KOJIOHH Ha Mapiii,
LIBHIKICTH PyXY, 4ac i MicIie IPUBAJIB Ta BiIIOYUHKY.

AHaJti3 BUKOHAHHS 3aBJaHb PaJiOTEXHIYHOTO ITiJI-
posniny B xoni BeneHHs ATO ta OOC mnoka3aB HEIOi-
KM, IKi TIPUBEJH JI0 3MiH OpraHi3auiiHO-IITaTHOI CTPY-
KTypH B3BOIY.

Jlo ckiamy pamioTeXHIYHOTO MiJAPO3IiTY BBEACHE
BKJIIOYEHi 1 3acobu 3B’s3Ky. Taki 3MiHM TpHBENH 10
301IBIIEHHST YMCEIBHOCTI migpo3ainy. [Ipaktnuni nu-
TaHHS BIANPAlbOBYIOTHCS MiJl Yac 3aIJaHOBAaHHX TaK-
TUYHHUX HaBuaHb 3 miapo3aiiamu PTB Ta B xomi mpose-
JISHHSI TPEHYBaHb 110 3aJ1aroJKEHHIO OOHOBOT 00CITyTH.

3 METow MpaKTUYHOI MiJrOTOBKH OCOOOBOTO
CKJIaJly 10 BUKOHAHHS ITOCTaBJICHUX 3aBJIaHb 1 MepeBe-
JIeHHSI PaJiOTeXHIYHUX MiAPO3AUIIB y 3a3HAYEHE I10JI0-
JKEHHsI TIPOBOJIMTHCS 3JIaroKeHHS OOHOBOI 0OCITyru
PadiOTEXHIYHOTO MiAPO3ILTY.

35aropKeHHs MPOBOIUTUCS MOETAITHO!

1) eran MiATOTOBKH PaTiOTEXHIYHOrO IMiIPO3IiTY
JI0 BUKOHAHHSI [TOCTABJICHOI'0 3aBJaHHS;

2) eTan nepenuciIoKallii OpJiB Ha MO3UIIIIO;

3) eram po3ropTaHHs PafioTEXHIYHOTO MiAPO3IiTY
Ha BU3HAYEHIH No3uii (I03uLiT TpU3HAYECHHS);

4) etan 0CTUPOBKH i opienTyBaHHs PJIC Ha mo3wiiii;

5) eran MpoOBeNEHHs TEXHIYHOTO OOCITyrOBYBaHHS
i icury PJIC Ha mpanesnartHicTs, 6€3 BKIIOYEHHS Iie-
penaBabHUX CUCTEM a00 3 BUIPOMIHIOBAHHSIM Ha EKBi-
BaJICHT;

6) eran KOMIUIEKCHOI nepeBipku roroBHocTi PTTI.

Ha eTami miaroToBKH paaioTeXHIYHOTO MigPO3ALTY
JI0 BUKOHAHHSI [TOCTABIICHOT'0 3aBJIaHHS IPOBOJUTHCSL:

— IepeBipKa YKOMIUIEKTOBAHOCTI B3BOJY Matepia-
JILHO-TEXHIYHUMU 32C00aMH;

— IepeBipKa TMpare3NaTHOCTI  paJioeiIeKTPOHHOT
texHiku (PET), 3aco0iB eHepronocrauanHs, aBTOTpaHC-
TopTY, 3ac00iB 3B'A3KY, BUMIPIOBAILHOI arlapaTypH;

— nepeBipka ykomiuiekroBanocti 31IT;

— IepeBipKa MiArOTOBKUA OOMOBOI OOCIYrH 10 BH-
KOHaHHS HOpMaTHUBY po3roptanHs (3roptanus) PET.

Ha erani nepemuciokarii:

MepeBipsEThCS  MIrOTOBKa 00HOBOI 00CIyrH /10
3IIHCHEHHS! MapIlly Ha MO3UII0 MPU3HAYCHHS Y Pi3HUX
YMOBaX 00OCTaHOBKHU.

Ha erani posropranust PTII nepesipsieTbest roTOB-
HICTh 0COOOBOTO CKJIaMy PaiOTEXHIYHOrO IiIpO3/iTy
10 BUKOHAHHIO HOPMAaTHBY DPO3TOPTaHHS (3ropTaHH:)
PET. Ha erami roctupoBku it opienryBanns PJIC: nepe-
BipsI€ThCS TIPAaBUIBHICTh BUKOHAHHS OCOOOBHM CKJIAJI0M

orepaiif mo rocruposi i opientyBanHi PJIC; mopsmox
TriepeBipku TOUHOCTI opieHTyBanHs PJIC.

Ha eramni mepeBipkd TOTOBHOCTI paliOTEXHIYHOTO
T APO3LTY:

— IPOBOAUTHCS KOMILIEKCHA MPAKTHYHA MepeBipKa
panioeNeKTpOHHOI TEXHIKH Ta 3ac0o0iB 3B’SI3KY;

— TIPOBOAUTHCS TPAKTUYHE BUKOHAHHS KOHTPOJIBHO-
TO OISy Ta NIOZEHHOTO TEXHIYHOTO 00CITyTrOBYBaHHS.

OcCo0JMBICTIO IBOTO €Tany € CyBOpE BHUKOHAHHS
MOCITIZIOBHOCTI omepaiiii 3 BUIPOMIHIOBaHHSM Ha €KBi-
BaJICHT a00 3 BKIIFOUEHHSIM BHCOKOT'O.

ETanm koMIuiekcHOI IepeBipkHM palioTeXHIYHOTO
MAPO3LTY MPOBOJAMUTHCS 3 METOI BH3HAYEHHS 31aTHO-
CTi pa/lioTEXHIYHOTO MiJPO3JLTY IO BHAAYl pajioiioka-
HiitHOI iH(OpMaIlii 3 yCTAHOBJICHUX KaHAJIB 3B'SI3KY.

Jlis BimmpaifoBaHHsI 3aBJaHb 110 BHSBJIIEHHIO MO-
BITPSIHUX LiJIeH, BU3HAYCHHs X KOOPAWHAT, BIli3HABAH-
HIO, CYIIPOBOIKCHHIO 1 BUaui paioNoKaIiitHoi iHpop-
Marii Ha crapmmii komaHmHud nyHKT (KII), a Takox
YCYHECHHIO PanToBUX BimMoB amapatypu PJIC, mo Bu-
HUKJIM B IIPOIIECI MiITOTOBKH O POOOTH, MPOBOAATHCS
niepeBipKH JIiii 0c000BOr0O CKIIAy MO BBIJHUM.

Buxozasuu 3 Toro, mo OOCIYrd paaioTEeXHIYHOTO
MAPO3LTY 3aITy4aloThCs 10 BUKOHAHHS 3aBAaHb 00iO-
BOTO 4epryBaHHs Y MUPHHUH Yac, JAOLUIIBHO ITPOBOAUTH
TpPEeHYBaHHsI 3 BEICHHS PaJiONOKALiHHOI PO3BIOKH Ta
Buaavi pamionokaniiinoi inpopmanii Ha KII pamiorex-
HIYHOI YacTHHU (IiAPO3ALTYy) Ha OCHOBHHX IO3HIIISIX.
[Tpu npoBeseHHI TaKUX TPEHYBaHb MOTPIOHO BHKOPHUC-
TOBYBATH CXEMH 3B’sI3KY, 1110 NIepe10aveH] 3aB/IaHHIMH.

BianoBianpHICTh 3@ TOTOBHICTh PaiOTEXHIYHOTO
MAPO3LTYy 10 BUKOHAHHS TOCTaBJICHHX 3aBJaHb HECE
KOMaH/IUp, BiJ IKOr0 (hOPMYETHCS MiAPO3IiII.

Haii6inmpIn BasKIMBUMHY €TallaMy € 3aBYacHa Mijro-
TOBKa Pa/IiOTEXHIYHOTO MiAPO3ILTY 10 BUKOHAHHS MO-
CTaBJICHOT'O 3aBJAaHHA Ta NEPEAUCITOKAIlS MAPO3ITY Y
BU3HAYEHUH paiioH, Ha BU3HAYEHY MO3UIIIIO.

Jlnst mepeauciokanii paaioTeXHIYHOTO MiAPO3IiTy
Ha BHM3HAYEHY ITO3UIII0 3/IHCHIOETHCS MaHEBP CBOIM
XOJIOM, SIKUH Ha3MBAETHCS MapIIeM.

Mapiu — opraHizoBaHe INepecyBaHHS palioTexXHid-
HUX MiIPO3/1IiB HAa aBTOMAIIMHAX 1 TATayax B KOJOHAX
IO IOpOraM i IUISIXaM 3 METOO MPUOYTTsl y BUSHAYCHHI
Yac 70 BU3HAYCHOrO paioHy (MO3HIlii) B TOTOBHOCTI JI0
BUKOHAHHSI TIOCTABJICHOT'O 3aBIaHHSI.

Mapi npoBOIUTHCS TMOBHUM CKJIJOM paaioTex-
HIYHUX ITipO3/ILITIB.

MOXIJIUBOCTI  PaiOTEXHIYHOTO MiAPO3IUTY IO
3IIHCHEHHIO Maplly XapaKTepPH3YIOTHCS 4acOM T'OTOB-
HOCTi T,o, IO 3aTPAvyeThCSI HA HOrO NEpEeBENEHHS Y
noxigue monoxeHHs (7),,.), 4acoM 3MIHCHEHHS MapIry
(T,, ) 1 yacom posropraHHi B OoloBuil mopsAmOK

(T pOSZ.) y HOBOMY paiioni. BoHu 3anexats Bix ckiany

PamioeIeKTPOHHOI TEXHIKH, 3ac00iB 3B’s3Ky Ta Mare-
pianbHO-TexHiYHUX 3aco0iB (MT3), HasBHOCTI 1 MOX-
JIUBOCTEH TPaHCHOPTHHUX 3acO0iB, MPOTSHKHOCTI MapI-
PYTY, IPUPOTHO-KIIIMATUYHUX YMOB, ITIOPH POKY 1 4acy
J00H, TiArOTOBKA OCOOOBOTO CKJaly, 3aBaHTa)KEHOCTI
JIOPOXKHBOT MEPEXi.

AHani3 3MiH OpraHi3alliifHO-IITAaTHOI CTPYKTYpH
PamiOTeXHIYHOTO MiAPO3MiTy IMOKa3aB, IO Yac BHKO-
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HaHHS 3aXOJiB MEPEBEJCHHS y IMOXiIHE MOJOKEHHS Ta
posropraHHs B OOWOBHI MOPSIOK MOXHa CKOPOTHTH.
Ie moB’s13aHO 3 TUM, IO P 3aXOIB MOXKHA 3I1HCHIO-
BaTH ofHOYacHO. Hampukian, 37iiCHIOBaTH 3ropTaHHs
3PJI i 3aco6iB 3B’s13Ky Ta 3aBanTaxkeHHst MT3. Anao-
TiYHO OJHOYACHO MOYKHA 3IMCHIOBATH 1 3aXOMU IPH
posropraHHi B OOWOBHMH MHOPSJOK Ta PO3BaHTAXKEHHI
MT3.

Jis ckopodeHHsS uacy IepeBe[eHHs B IIOXiJHE
MTOJIOXKCHHS KOMAHAUPOM MiAPO3ALTY, B CKJIAIl SKOTO
nepeOyBae PamiOTEXHIYHUN MIAPO3MIJ, BHU3HAYAIOTHCS
Mici i nopsiok 30epiranas MT3, BiAnoBigansHi 0coou
3a 30epiraHHs Ta MOPsIOK 3aBaHTAKEHHSI.

[Ipu orpumaHHiI 3aBAaHHS Ha 3/IHCHEHHS Mapily
PamdiOTEXHIYHUM ITiIPO3I1JIOM 3 METOIO SKICHOI Ta CBOE-
YacHOI MiITOTOBKH Ta MOYaTKy Maplly 3aB4acHO PO3pO-
OJSIFOTBCSI CXeMa PO3MILIEHHS 0COOOBOrO CKIIaAy ITif-
PO3IiTy Ta MaTepiaIbHO-TEXHIUHUX 3aCO0IB.

MT3 i noxymeHTalis 3aBY4acHO MiJrOTOBJIEHI Ta
30epiraloThesl Ha CKIIaAax (BU3HAYEHHUX MICIISIX).

Pazom 3 MT3, mOKyMEHTAIlIEI0 3HAXOAATHCS Ha-
KiIaaHi (OmUcH) Ha TX OTPHMAHHS IMiJ IiAHAC BU3HAYC-
HHUM T0CaJJOBUM 0co0aM.

CxeMa BU3Ha4ae MOpPsIOK (TIOCIIIOBHICTD) 3aBaH-
TakeHHs1 (PO3BaHTaXKEHHS), MICIS PO3MIIIEHHS, 3 ypa-
XyBaHHS 00’€My Ky30BiB aBTOMOOLTIB (IpUYENiB) Ta
BpPaXxoOBYE CYMICHICTh MaTepiajibHO TEXHIYHHX 3acO0iB
JUISL CIIJIBHOTO TIEPEBE3CHHSI.

Jlis BigmpaIroBaHHS CXeM HOTPIOHI BUXIIHI JaHHI:

— YHCENBHICTh 0COO0BOT0 CKIIAIY ITiIPO3ILITY;

— CKJIaJ] PaJliOeIeKTPOHHOI TEXHIKH, 3aCO0IB 3B's13-
Ky Ta aBToM0oOUThHOT TexHiku (AT);

— HasiBHiCTE MT3, iX 00'eM, po3Mipu Ta Bara, sKi
MiJJIATaI0Th MEPEBE3CHHIO;

— moxnuBocTi AT (00'eM Ky30Ba), IPUYEIiB IIOA0
posmimmenas MT3;

— cyMicHicTh okpemux MT3, miono chijbpHOrO Te-
pEeBE3EHHS;

— BUMoOrH oo kpimenHs MT3 s Ge3nedHoro
TIepeBE3CHHSI;

—3axoaM Oe3NeKH IpH IepeBe3eHHI 0COOOBOr0
CKJIaJly Ta MaiiHa;

— MaiHO, 110 3HAXOIUTHCS IPU OCOOOBOMY CKIIAJI.

[MocnigoBHICTh MiHf TpU TepeBeNeHHI B IOXiJHE
TIOJIO’KEHHSI Ta TPH PO3TOpTaHHI B OOWOBHMH MOPSIOK
BH3Ha4Yae Oe3MOCePEIHLO KOMAaHAMUP PadiOTEXHIYHOTO
MiAPO3aiay, B CKIadi SIKOrO 3HAXOJUTHCSA PadioTeXHid-
HUM MiAPO3IiI, BUXOISIYH 3 OCOOJMBOCTEH MOPSIKY,
Micip po3minieHHs (3HaxomxkeHns) MT3, ocobmuBoc-
Tel BU3HAYEHOI MO3uIli Ta iHmoro. €aMHMNA MAXi,
LI0JI0 TIPOBE/ICHHS PO3paxyHKy 4acy FOTOBHOCTI pajio-
TEXHIYHOTO MiAPO3JiTy, HE BU3HAYEHUH KEpiBHUMHU
JIOKyMEHTaMH, a PO3paxyHOK OOMEKEHWH TIJIbKH IIpO-
BE/ICHHS PO3paxyHKy 4acy 3IiHCHEHHS MaHEBPY Ha BU-
3HaYeHy MO3MIII0, 10 He BiJoOpa)kae MOKa3HHUKIB BCIX
YyacoBuX 3aTpar. ToMy 3amporioHoBaHa MOJIEIb MOPSIKY
PO3paxyHKy, sSIka BpaXxOBYe BHKOHAHHS BCiX OCHOBHHX
3aXO[IiB, IO BIUIMBAIOTh HA TOTOBHICTH PaIiOTEXHIYHO-
TO MiJPO3/AiTYy 10 BUKOHAHHS IOCTABJIEHOI'O 3aBJAaHHS,
MOXe OyTH BIIPOBaDKEHUH B ycix miapo3ninax PTB.

3aNeKHICTE MOXKIUBOCTEH padiOTEXHIYHOTO M-
PO3LTY 1O 3/1iICHEHHIO Maplly Mpe/CTaBIeHa Ha puc. 2.

g cknag 036pocHHA, BiNCbKOBOI TEXHIKM | MaliHa
:E >
5 = © HaABHICTb | MOXNUBICTbL TPAHCNOPTHUX 3acobiB
294

[=9 N

E % g NMPOTSAXKHICTE MapLUPYTY
5Tt . .
Sz NpUpoAHO-KNIMaTUUHI YMOBU
29%
0T
258 nopa poky Ta yac gobu
g5
5 g nigroroBka ocoGoBoro cknagy

3aBaHTaXeHiCTb AOPOXHbOI Mepexi

Puc. 2. MoXIIMBOCTI pa/liOTEXHIYHOTO TiAPO3ALTY
T10 3/1iHCHEHHIO MapIry

B oMy yac roTOBHOCTI 10 BUKOHAHHS 3aBJIaHHS
B HOBOMY paiioHi (Ha BH3HAYeHii mo3wuiii) Moxe OyTH
po3paxoBaHui sk [12]:

Toom = Tpp, + Ts + Tpose.’ (1)
ne T,,, — dYac TOTOBHOCTi O BHKOHAHHS 3aBIaHHS;
T,, — Yac TepeBEelEHHS Yy MOXiJHE IIOTOXKEHHS;
T, , — 4ac 3fificHeHHs Mapury; T pose. — Yac po3rop-

TaHHS PaJioOTEXHIYHOTO T APO3ILITY.

Yac niepeBe/ieHHs B MTOXiTHE MTOJIOKEHHSI BPAXOBYE
Yac IOCTaHOBKH 3aBIaHHs OCOOOBOMY CKJIaay MiJIpo3-
JTy B TOMY YHCIi 1 4ac mpUOYTTS y MiAPO3JILI, SKIIO
CHTHaJ OTOJIOIICHWI B He poOOYMi 4Yac, MpPOBEACHHS
IHCTPYKTaXXy 3 0COOOBMM CcKjiajaoM, 3ropranHs 3PJI i
3aco0iB 3B’s3Ky, 3aBaHTakeHHss MT3, mmkyBaHHS TO-
XiJTHOT KOJIOHHW 1 BiJJadi YCHOTO Haka3y Ha Mapil Ta
PO3PaxoBYETHCS SIK

T,, =t

n.n. +1

+ tmulc. + tHaK. ’

)

I€ t,,cm. — TIOCTAHOBKA 3aBAAHHs 00CIy31 palioTexHid-

nocm. 7 32, 3a6.

HOI'O MIiJAPO3MIiTy, IHCTPYKTaX OCOOOBOrO CKJIanmy;

!50..3a6. — 4ac 3ropranus 3PJI, 3aco0iB 3B’513Ky Ta 3aBa-

Hraxkeuns MT3; ¢ — Yac IIMKYBAaHHS KOJIOHU Ha

wuK.
Mapui; tHaK. —yac Bi)l[[aqi HaKa3y Ha Mapli;
L32.,306. = MAX {ty. > tsae.} >
l;, = max {t3z.l s s lsop } >

l346, = Max {tsae.l Flogen Tt tsae.m} .

Yac 3xilficHeHHs Mapuly 3aJIeXdTh BijJ TOBKHUHHU
Mapuipyry, IJIMOWHHM KOJOHHM, CEpeNHbOI IIBHIKOCTI
PYXY, KIJIBKOCTI 1 4acy NpUBaJIiB Ta PO3PaXOBYETHCS SIK

Ts./w. = (ﬂm +1 )/VK +tnp.’ (3)

ne /[, — JOOBXMHA Mapumpyry pyxy; [, — riubuHa
KOJIOHH; V). — cepeiHsi WBH/KICTb PYXY KONOHH; 1, —

CyMapHHH Yac MpUBaJIiB.

Yac po3ropTaHHs 3aJeXKHUTh BijJ 4acy 3aHSTTS Oo-
HoBoro mopsiaky, posropranus 3PJI, 3aco0iB 3B’s3Ky,
po3BanTaxkeHHst MT3, BKIIOYEHHS i MPOBEIEHHS KOM-
TUIEKCHOT NEpEeBipPKH Ta PO3PaXxOBYEThCs 3a BUpa3oM (4):

Tposz. = tposz.EIY + tpose.,pose. + tefm.,nep.’ (4)
R€ 1050 BIT> ! pose., poss. — 9ACH PO3rOPTaHHs B GOiOBHIA

nopsimok Ta 3PJI i 3aco0iB 3B’S3Ky Ta pO3BaHTAKEHHS
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MT3 BignoBinHo; ¢ —vyac Bxmodenns 3PJI i 3a- X0zl OOHOBOroO 3aCTOCYBaHHS PaTiOTEXHIYHOI YaCTUHU

6KJl.,nep. .
S, . . B IJIOMY.
c00iB 3B’53KY Ta MPOBEIEHHS KOMILIEKCHOI MEepEBIpKU 3
. . 2. lana Mozienb MOPSAJKY PO3PaxyHKY yacy rOTOB-
JIOTIOBI/II0 TIPO TOTOBHICTH JIO BHKOHAHHS 3aBIaHHS .
HOCTI OpJIB BPaXOBYE:

PamiOTEXHIYHUM MMiIPO3IIIOM; 7 — KUIBKICTh OIMHUIID . .0 . .
., —3MIHM sKi BiIOYJHMCS B Oprasi3amiiHO-IITaTHI
3PJI ta 3ac00iB 3B’513KY, 110 3rOPTAIOTHCS (PO3rOPTAIOTH- . . . . L
o - . CTPYKTYpi PaaiOTEXHIYHUX i IPO3ALTIB;
cs); m — KIJIBKICTh OJMHUIIL aBTOMOOLUTIB (IIpHYETIiB), . .
. — BUKOHAHHS BCIX OCHOBHHMX 3aXOiB IiATOTOBKH
11O ITi/UIATaI0Th 3aBaHTKEHHIO (PO3BAaHTAXKEHHIO). 110 3MIHCHEHHs MapITy Ta MIEPEBEIeHHA B TOXiHE M0~

= . JIOKCHHA,
! pose., poss. = MAX {tpo3z ’tpose.} > > .
: — 0e3MmocepeHbLO 3MIHCHEHHS MapIILy;

= . — pO3ropTaHHs B OOHOBHI MOPSIJOK B HOBOM a-
tpoae. - max{tpoae.l ’tpoae.Z""tpoae.n} > o - p P .y PR . yPp .
HOH1 (Ha BU3HA4YCHIN HOSI/IHII) Ta MEPEBIPKY 'OTOBHOCT1
— JO BUKOHAaHHs ITOCTABJICHOI'O 3aBJaHHA.
tpoa@. = max {tpoae.l + tp036.2 Tt tpoae.m} :

3. 3amponoHOBaHa MOJENb IMOPSAAKY PO3PaXyHKY
BHCHOBKH Yacy TOTOBHOCTI MOXe OyTH BUKOPHCTaHUI B XOJIi IPO-
BE/ICHHS OIIEPAaTHBHO-TAKTUYHHUX PO3PaXyHKIB 1 TIpH

1. Takum 4nHOM, 3aMpOIoHoBaHa MONEINb HOPANKY  rjgroToBIi 10 MepeANCIOKaLii paJiOTeXHIYHUX MiAPO3-
PO3PaxyHKY 4acy IOTOBHOCTI PaliOTeXHI4HOrO MAPO3-  rinip Ta yactun PTB B wiTomy.

Iy 10O BUKOHAHHS MOCTaBJIEHOrO 3aBJIAHHS BH3HAUAE 4. Mopens TIOpsIKy PO3paxyHKy dacy Tepeancio-
€IUHAK MAXIA B YCIX MAPO3ALTaX I_DTB A0 NPOBEACHHA  gapiii BpaxoBye MOCTiHHI YacOBi MOKA3HUKH, SIKi JAOTH
ONEPATHBHO-TAKTUYHAX PO3PAXYHKIB, SIK B NEPION M- \oTuBicTh OMEpATHBHO MPOBECTH PO3PAXyHKH, MpH
TOTOBKH /10 BUKOHaHH:I [IOCTAB/ICHOTO 3aBJAHHA TAK 1 B panropiii 3MiHi MO3MLLT pajiOTEXHIYHUX MiAPO3ALTIB.
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Model of calculation of time for re-translation of radio-technical unit with regard to organization and staff
B. Bakumenko, B. Artemychenko, M. Sukhorukov, D. Melnyk

Abstract. The article is devoted to defining a model for calculating the readiness time of a particular radio unit for assigned
positions. The current model of calculating the unit's readiness time does not take into account changes in the organizational and staff
structure of the radio engineering unit and all possible time costs for the implementation of the preparation and execution of tasks.
The existing methodology for calculating the time for relocation defines only the procedure for calculating the relocation of individ-
ual units and parts, but it cannot take into account all the features of training and relocation of radio units. The analysis of the stages
of harmonization of the radio engineering unit showed the whole list of measures taken and what time indicators can be taken into
account when calculating the ready time. These changes in the organizational and staff structure of the radio engineering unit make it
possible to change and determine the model for calculating the time not only of the march, but in general the readiness of the radio
engineering unit to complete the task for certain positions. Changes in the organizational and staff structure led to an increase in the
number of units, which made it possible to carry out individual measures at the same time. The defined model of the procedure for
calculating the time of readiness of the radio-technical unit to perform the task will provide an opportunity to get a unified approach
to carrying out calculations and to take into account all possible time costs based on the experience of recent years.

Keywords: radio engineering unit, standby time calculation, time calculation model, relocation.
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XapkiBchKUH HallIOHANBHUI YHIBEPCUTET PaioeIeKTPOHIKH, XapKiB, YKpaiHa

ONTUMIBALIHNHA MOJEJIb MAPHIPYTHU3ALII YYTJIUBOI'O 1O 3ATPUMOK

TPA®IKA B ITHOOKOMYHIKAIIMHUX MEPEXKAX

AHoTanisi. Y poOOTi 3anporOHOBaHO BJIOCKOHAJIEHY ONTHMI3ALiiHY MOJEIb MapIIPyTH3allii 4yTJIMBOrO A0 3aTPUMOK
Tpadika B iHpokoMyHiKaniHHUX Mepexax. HOBH3HOIO MOJieNi € BUKOPHCTaHHS KPUTEPil0 ONTHMAIBHOCTI, IO TOB'I3aHUI
3 MIHIMI3ali0 CepeTHbOl MIXKKIHIIEBOI 3aTPUMKHU TMaKeTiB. B OCHOBY 3a3HaY€HOr0 KPUTEPIIO ONTUMAIBHOCTI MOKIAICHO
MaTeMaTHYHUI BUPa3, SIKMH JO3BOJISIE aHATITHYHO PO3PaxyBaTH CEPEIHIO MIXKKIHIIEBY 3aTPUMKY 3 YPaXyBaHHSIM XapakTe-
PHUCTHK MEPEXKHOro Tpadika, THIB JUCIUIUIIH 00CIYrOBYBaHHS MAKETiB HA MapIIpyTH3aTOpax iHGOKOMYHIKAIiiHOI Me-
PExi, MPOIYCKHUX 3aTHOCTEH KaHAIIIB 3B’ s13Ky. Takok OTpMMaHO YMOBH 3a0€3MeUeHHs SIKOCTI 00CITYTrOBYBaHHS 3a Cepel-
HBOIO MIKKIHIIEBOIO 3aTPUMKOIO TIAKETIB IS OyIb-KOro BUAY Tpadika B yMoBax peaiizallii sk OIHOIIISIXOBOT, TaK 1 Oara-
TOLULIXOBOI Mapmpyru3aiii. OTpuMaTy 3a3HaueHi pe3ylibTaTH BIAJOCs Ha IiJICTaBI TEH30PHOIO MOJIEITIOBAaHHS 1H(OKO-
MYHIKalifHOI Mepexi, KOJIH TeH30pH OCHOBHMX (QOS-TIOKa3HMKIB Ta METPHYHI TEH30PU PO3MIISIAINCH y JIBOX CHCTEMAax
KOOP/MHAT: T1JIOK MEPEexkKi Ta He3aJISKHUX MDKIIONIOCHUX NULIXIB 1 BHYTPIIIHIX BY3JI0BHX map. JlociiKeHHS Ta TOpiBHS-
JIHUW aHATI3 3 1HIIMMH MaplIIpyTHAMH PIICHHAMHE iATBEPAMIHA OLTBII BUCOKY €()EKTUBHICTh YIOCKOHAJICHOI MOJIEII 32
TOKa3HUKOM CEePEeIHBOI MIKKIHIIEBOI 3aTPHMKH ITaKETiB, IO € BAXKJIMBUM JUIS YyTJIMBOTO [0 3aTPHMOK Tpadika, 0coOInBO
B YMOBaX BUCOKHX HaBaHTa)XeHb Ha iHQOKOMYHIKaLlilHY MEpexKy.

Kar4dosi ciaoBa: inpokoMyHikaliliHa Mepea, nakeT, Tpadik, MOTiK, MapLIpyTH3aLis, TEH30p, CUCTeMa KOOp/IUHAT,

MOJIeIb, 3aTPUMKa, KaHaJ 3B’ 53Ky, IPOITYCKHA 3/IaTHICTb.

Beryn

IMocTaHoBKa TpPoGJeMHU. BinMiHHOIO PHCOIO CY-
YacHOro 1H(OPMAIIHHOIO0 CYCHIJIbCTBA € IOCTIHHE
3pOCTaHHsS 00’€My Ta Pi3HOMaHITHOCTI JTaHUX, SKi IHp-
KYJIOIOTh MK CIOKMBadamu iHdopmamii. ¥V 3B’s3Ky 3
BIIPOBA/DKEHHSIM HOBUX CEpBiciB Ta iHQopMaliitHux
TEXHOJIOTIH, Hanmpukiald, iHTepHeTy peueit (Internet of
things, IoT), ™mammuHOi B3aemonii (Machine-to-
Machine, M2M) ToI110, BUCYBaIOThCS BCE OLIBII BUCOKI
BUMOTH JI0 1HOKOMYHIKalliiHUX CHCTEM 1 MEpex, sKi
CKJIaJIal0Th MaTepiajibHy OCHOBY €JIWHOTO iH(pOpMaIiii-
Horo mpoctopy [1, 2].

Sk mpaBuI0, BUMOTY CHOXKHBa4iB iH(popmalii 10
inpokomyHikamiiHux mepexxk (IKM) crocyrorbes mifa-
TPUMKH MOOUIBHOCTI Ta OE3MEKH CEepBiCiB, a TaKOX
3a0e3MeueHHs 33/IaHOTr0 PiBHSI SIKOCTI 0OCIyrOBYBaHHS

UM, JI0 MOKa3HUKA MIDKKIHIIEBOI 3aTPUMKH TIAKETIB BH-
CYBAIOTHCSI CIeLiabHI BUMOTH 3 OOKY MEpPEXHUX H0/at-
KiB (Tabu. 2). Kpim TOoro, B MepexHii TepMiHOJIOTIT 1IH-
POKO BHKOpHCTOBYeThcsl MOHATTS Delay-Sensitive Net-
works (DSN) — Mepesxi, uyTiuBi g0 3aTpuMoK [3-12].
Jnist noBHoLiHHOTO pyHKIIOHYBaHHS DSN noBuHHI
BHUKOPHCTOBYBAaTHCh CHUCTEMHI pillIeHHS LIoo 3abe3re-
YeHHs 33J]aHUX 3HAUeHb CEPEAHBOI MDKKIHIIEBOT 3aTPHM-
ku nakeTiB (CM3II). [lo Hux, mepur 3a BCe, BapTO BiTHE-
CTH MeXaHi3MHu ympaBiiHHg depramu (scheduling), pos-
moaity kaHanbHOro pecypcy (bandwidth allocation),
npodintoBanns Tpadika (shaping/policing) Ta mpoTokonn
pe3epryBanus pecypciB (RSVP) [6, 8-13].
Tabnuysa 2 — BuMoru Mepe:KHUX A0JATKIB 1I00

MAKCHMAJILHO A0NYCTHUMOI MizKKiHLIeB 01
3ATPHMKH NaKeTiB

(Quality of Service, QoS). Ilpu oMy Tpadix pi3HHUX HonarTok Mixzﬁgﬁggnﬂ;:x:ﬁm
MEPEKHHX JOMATKIB MO-Pi3HOMY YYTIMBHHA 10 TOTO YH PTV 100 nic
inmmoro QoS-nokasHuka (Tadm. 1). i
Bizeo 3a Bumororo 50 mc
Tabnuya 1 —YyrausicTb Tpadika pisHHX MepeKHHX VoIP 150 o
J0aaTKiB 10 3Ha4YeHb Q0S-noka3HuKiB o ' 15030
11COKOH(PCPCHIIIA
Honarok Haniiinicts Cepenitst l'[pon?fcmla Mepesxni ?rppn 50 mc
3aTpUMKa 30aTHICTH
ESEJ];ZPOHHa Bucoxka Husbka Husbka foT 100 we
g:giﬁfqa Bucoka Husbka Cepenns Oxpemo 3HAUHA POTb BiZIBOOUTHLCSA MPOTOKOJIAM
Web zocryn Brcora Cepenn | Cepemn MapuIpyTH3allii, IO Bi/OBIAIOTE 32 BU3HAYCHHS M-
. xiB, B3a0BXk skux CM3II He mepeBumnyBayiia 06 Jomyc-
ﬁgﬁg;ﬁ) Husbka Husbka Cepenst TUMHX 3HauyeHb (Tadm. 2). Lle ocobmuBo BAKIHBO, 3Ba-
Bizeo 3a JKaloud Ha Te, IO 3aTpuMKa, Sk vacoBuid QoS-
BUMOLOK Husbka Bucoka Brcoka MOKA3HUK, € AJIUTUBHOIO METPHUKOI0. ToOTO 3aTpuMKa
Tenedonis Husbka Bucoka Hisbka TAKETIB B3/IOBK IIIAXY € CYMOIO 3aTPHMOK Y MEPEKHHX
Bineokorde- s Bucora Bucora eJIeMEeHTaX (IfaHaJ'IaX i MapmpyrmaToan), AIKI CKIaja-
peHuLis 10Th 00panmii nuisix [13]. Kpim Toro, ams migBUIEHHS

VY cBoro uepry, Bce Ounblie iHQOKOMYyHIKaliHHIX
MIOCITYT € YyTJIMBHUMH JIO0 3aTPUMOK aKeTiB. Y 3B S3KY 3

HazidHOCTI QOS-pillleHh BUKOPHCTOBYIOTH MPOTOKOJIH
BiIMOBOCTIHKOI MapHIpyTH3allii, sSKi apayebHo 3 Po3-
paxyHKOM OCHOBHOTO NUISIXY BU3HAYAIOTh MHOKUHY
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PE3epBHUX IIUIAXIB, SIKI BUKOPUCTOBYIOTHCSl Y BHIIAJIKY
BHXOJY 3 JIaJy €JICMEHTIB OCHOBHOTO Mapipyty [ 14].

Bapro 3a3HauuTH, 10 TepesiueHi TEeXHOJIOTiuHi
3aco0M, MEXaHi3MH Ta MPOTOKOJIM MarOTh HOCHTH T€O-
pEeTUYHO OOIPYHTOBaHWI XapakTep, 0a3yrouuch Ha
aZIeKBaTHUX MaTeMaTHYHHX MOJENSIX Ta e()EeKTUBHUX
PO3PaxyHKOBUX METOAX.

AHaJi3 ocTaHHIX H0cailKeHb i myOmikamii. Sk
Ha PIBHI TEOPETHUYHHUX, TaK i TEXHOJOTIYHUX PIIICHB,
3HAWIIUIM CBOE 3aCTOCYBaHHS JOCHUTH 0araTo cammux
PI3HOMAaHITHHX MIAXOMIB MO PO3B’sI3aHHS 3a7ay Maplil-
pyrH3auii Tpadika, YyTIMBOrO 10 3aTPUMOK IaKETIB, B
IKM. CrinbHOIO pHCOIO BiZIOMHX ITPOTOKOJIB Mapuipy-
TH3allii, 110 3aCTOCOBYIOThCA B icHyrouux [P ta MPLS
Mepexax, € BHKOPHCTaHHS MapIIpyTHUX METPHK, SIKi
TaK YM iHaKIIE TI0B’s3aH] 3 3aTPUMKaMHM MaKeTiB y Ka-
HallaX 3B’S3KYy Ta BHUKOPHCTOBYIOTHCS aJITOPUTMaMH
[Hitixctpu Ta bennmana-®opaa i BU3HaYEHHs HAHKO-
pormux nuisixis [15, 16].

VY mnporokoni RIP (Routing Information Protocol)
METPHKOI0 HUISAXY (aKTHUYHO BUCTYIAE KiJIbKICTh Iepe-
npuiiomiB nakeriB. ToOTO, YMM MeHIIAa KUIBKICTH Map-
HIPYTH3aTOPIB Y PO3PAaXOBAHOMY ILIAXY, THM HIDKYY
3aTPUMKY Biguye makeT. LI rimores3a MOCUTH CIpaBel-
JMBa B HETETOPEreHHHX Mepexax, B SKUX KaHaIIU
3B’S13Ky MalOTh MPUOJIM3HO OJJHAKOBY IPOIYCKHY 3/1aT-
Hictb. Y mpotokoni OSPF (Open Shortest Path First)
METpHKa KaHally 3B’sI3Ky OOEpHEHO NporopuiiHa [0
fioro mpomnyckHoi 3maTHocti [17, 18]. Tomy Haiikopor-
mmi 1w, skuil Oyaye nporokon OSPF, sik mpaswuiio,
Ma€ MaKCHMaJbHO MOXIIUBY TPONYCKHY 3/aTHICTh
cepell YCIX MOCTYHHHMX MAapUIPYTiB, IO TO3UTHBHO
BIUIMBAE i HAa 3aTPUMKH ITAKETIiB Y3/IOBXK [IHOTO MUIAXY.

3 momiany 3anadi, IO BUPINIYETHCSA, MPOTOKOIN
IGRP (Interior Gateway Routing Protocol) e HaiGinbI
e(EeKTUBHIM, TaK SIK BUKOPHUCTOBYE KOMIIO3UTHI MapIi-
PYTHI METPHUKH, SIKi OJJHOYACHO 3 IIPOITYCKHOIO 3/1aTHic-
TIO Ta 3aBaHTAKEHICTIO KaHANIIB 3B 513Ky, BPaXOBYIOThH
HOMIHAJIbHI 3HAauYeHHs 3aTpuMku makeTiB [17, 18]. Ha
Kajlb, HOMIHQJbHE 3HAYEHHS 3aTPUMKH  YiTKO
NPUB’sI3aHO 10 TUMY iHTepdelcy Ta HOro HOMiHAIBHOI
MIPOITYCKHOI 3JaTHOCTI Ta MPAaKTUYHO HE 3aJIEKHUTh Bij
peasbHOI 3aTPUMKH TIAKETIB Ha ITiH JUIHIN MEpexi.

[lepcriekTHBHUM HamnpsIMOM TOKpPAIIEHHsI PiBHS
3aTpuMOK TakeTiB B IKM e peanizaiiis BUMOT KOHIICTIII T
Traffic Engineering (TE), nanpaBienux Ha 3a0e3nedeH-
Hs 30aJ1aHCOBAHOTO 3aBaHTAXKCHHS KaHaJiB 3B’s3Ky. Lle
JIOCSITAEThCS, SIK MTOKa3aHo B poborax [19, 20], nuisxom
MiHIMi3alii BEpXHHOTO IMOPOT'Y 3aBaHTAKEHOCTI (Koedi-
LIEHTY BHKOPUCTaHHS) KaHaimiB 3B’s3Ky. [lomiOne pi-
LIEHHsI Opi€eHTOBaHe Ha 3amoliranHs yrBopenHs B [IKM
TaK 3BaHUX «BY3BKHX MICIb», TOOTO IEpEeBaHTaKEHUX
JIUISTHOK, 3aTPUMKH IAKeTiB Ha SIKUX MOXYTh CTPIMKO
3pOCTaTH, IO AY)KE HETAaTUBHO BIUIMBAE Ha 3arajbHUM
piBerb QoS B Mepexi.

[Ipore HaWOiIMBbII eEeKTUBHUM BapiaHTOM 3a0e3-
MeYeHHs] MiHIMaJIbHOT a0o0 3aJaHoi CepeaHbOi MiXKKiH-
LEBOI 3aTPUMKHU TAKETIB, € MONAIBIINI PO3BUTOK OI-
TUMI3aliHHOTO MiIXOAY A0 PO3B’sA3aHHS 3ajad Maplil-
pyTH3amii, KOJW 3Ha4eHHS IHOro BaxJuBoro QoS-
MOKa3HUKA B SIBHOMY BHUIJISJI BXOJUTH 200 10 KpUTEPIs
ONTUMAJIBHOCTI, 200 10 YMOB-00OMEKeHb, IO HaKJIaaa-

I0ThCSI HA BiJIIOBITHI MapuIpyTHi 3MiHHI. OfHAK OCHOB-
HOIO TIPOOJIEMOIO ITPU IIbOMY CTa€ OTPUMAaHHS B aHali-
TUYHOMY BHIVISAI BUpasy mist po3paxynky CM3II, B
sIKOMy O aJeKBaTHO Ta B3a€MOIIOB’S3aHO BpPaXOBYBa-
JIUCh K OCHOBHI napametpu IKM, Tak i xapakrepucTu-
KH MEPEXHOro Tpadika.

Sk mokaszaB mpoBeneHui anamiz [21-26], mocuth
e(EeKTUBHMAM ITiIXOJIOM JI0 MOJEIIOBAHHS Ta ONTHUMI3a-
uii npoueciB Mapmpyruzanii B IKM € 3acrocyBaHHS
TEH30PHOI METOMOJIOTIT JociimKeHb. [TomiOHuil miaxis
JI0 MOJICTIIOBAHHS CHCTEM 3 MEPEKHOI CTPYKTYpOIO, a
caMme eNIEKTPUYHHX KT Ta eJeKTPOTEXHIYHUX HPUCTPO-
iB, 3aIllpOIIOHYBaB aMEpPUKAHCHKHN BYCHUH-1HKEHED
I'. Kpon [28]. 3a ocranni 50 pokiB ioro inei Oyau Bu-
KOpHCTaHi, PO3BUHEHI Ta aJanToBaHi IiJi CHCTEMH Pi3-
HOTO (pYHKIIIOHABHOTO IPHU3HAYEHHSI, B TOMY YHCII ITiJ
npobyiematuky iHokomyHikamii [21-26].

3 TOYKH 30py 3a7a4yi MapuIpyTH3allii, po3B’ I3aHHIO
SIKOT TIPUCBSTYCHE JTaHe TOCTIKeHHS, Y podoTax [21-26]
TeH3opHa Qopmanizamis KM mo3Bomwia oTpuMaTé
nrykasi Bupazu i pozpaxynky CM3II Ta Bu3HaYHMTH
YMOBH 3a0e3NeueHHs] SIKOCTI OOCIyroByBaHHS SK 3a
3a3Ha4eHUM (QOS-TIOKa3HMKOM, TaK i 3a IPOIYCKHOIO
3JIATHICTIO Ta MMOBIpHICTIO BTpar mnakeriB. [Ipore anex-
BaTHiCTh Takux Qo0S-yMOB 3a0e3redyBajiach JIMIIE Yy
BUIIAJKy OO0OB’S3KOBOTO BHUKOPHCTaHHS BCIX KaHANIB
3B’s13Ky IKM, siki BpaxoByBajuch npu MOOY/I0BI TEH30p-
Hoi Mozeni. ToMmy, sk ToKa3zaHO B poborax [21-26], 00-
JIaCTh IIEPEBAYKHOTO BHUKOPHCTAHHS paHillle BiJOMHUX
TEH30pHHX PIlIEHb — 16 PSKUM (YHKLIOHYBaHHS Mepe-
ki, OMM3BKUI 0 mepeBaHTaxkeHHS. Came B IbOMY pe-
KMMI BapTO BUKOPUCTOBYBATH 0AraToONUISIXOBY MapIipy-
THU3AIII0 13 3aBaHTAXKEHHSM BCHOTO JIOCTYITHOTO KaHallb-
Horo pecypcy IKM. Tomy momryk TEH30OpPHHUX pillleHb
3amady  QoS-MapiipyTu3alii YyTJIMBOTO JO 3aTPHUMOK
MakeTiB Tpadika, HAIPABJICHUN HA PO3LIUPSHHS 00JIACTI
3aCTOCYBaHHSI IXHHOTO €(EKTUBHOIO BUKOPUCTAHHS, €
aKTYaJIbHOIO HAYKOBOIO Ta IPUKIIAJIHOIO 33]1a4elo.

MeToro cTatTi € po3poOKka onTUMizamiiHoI Moze-
JIi MapuipyTu3aiii Tpadika, YyTIHBOTO 10 3aTPUMOK, B
iH(OKOMYHIKAI[ITHUX MEpexax.

OCHOBHA YaCcTHHA

1. Ten3opumii omuc iHdoxomyHikaniiHoi Me-
pexi. Hexait ctpykrypa IKM onmcyeTbesi onHOBUMIp-

Hoto Mepeketo S =(U,V), ne U = {ul-,i =l,_m} — MHO-

JKUHA BY3JIIB, SKi MOJCTIOIOTH MapIIpPYTH3aTOPH, m —

3araJibHa KUIBKICTh BY3IiB y S; V ={vz,z=l,_n} -
MHOXXHHA TIIOK MEpexi, SKi MOICIIOITh KaHAJIH
3B’s13ky IKM; n — 3aranpHa KiNnbKiCTh TUJIOK Y S .

[Monrocu Mepexi S MOAENIOIOTH MapIIPYTHU3ATOPH,
Yyepe3 SKi TOW YM IHIIMH IOTIK TAKETIB HAJXOIUTh Ta
BuOyBae i3 IKM. Beenemo HacTymHi nozHaueHus: K(S) —
KUTBKICTh 0a3MCHHUX MDKIIOMIOCHUX IIIIXIB B MEpeki S ;
9(S) — umcno BHYTPILIHIX BY3JIOBUX Tap B Mepexi S,
110 BKJTFOUA€E B ceOe BCI BY3JI0BI ITapH, KPIiM MOJTFOCHOI.

VYV Bunanky MoaentoBaHHs 3B’sa3H0i IKM onHOBH-
MipHOIO Mepexeto S 11 CTpYKTypHI XapaKTepUCTHKH
OB’ s13aHi M) COOOI0 TAKUMH BHPa3aMH:
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kK(S)=n-m+2; H(S)=m-2. (1)

Tonmi Ha crpyktypi IKM BBOOUTBCS AWUCKpETHHMI
1 -BUMIpDHUH T€OMETPHUYHHUN TPOCTip. Y IBOMY MpOC-
TOpi MpUHMEMO JI0 YBard Taxi Ba TUIIH OPTOTOHAIBHUX
cucrem koopauHat (CK) [21-26]:

— CHUCTEMa KOOPIMHAT T1IOK Mepexi {vz,z = 1,n} ,
MIPOEKIIiT TEH30piB B sKiii OymyTh MMO3HAYaTUCS 1HIEK-
CcoM V;

— CcHCTeMa KOOPJUHAT MDKIONIOCHUX IUIAXIB

{yi,i = 1,K} Ta BHYTPIIIHIX BY3JIOBUX Hap {sj,j = 1,8}
Mepexi S, mpoeKIii TeH30piB B sKill OyayTh MO3HA4a-
THUCS 1HICKCOM YE .

Bukonanns ymoBu n=(S)+9(S) 3 ypaxyBan-
HsM (1) 1 BU3HAYa€ OPTOrOHAIBHICTh IUX CHCTEM KOOp-
muHaT. Ha puc. 1 moka3zaHO NpUKIIaa BU3HAYEHHS IS
Mepexi S 0a3MCHUX MIKIONIOCHHUX WUISAXIB 1 BHYTpI-
IIHIX BY3JIOBHX Iap, KOJH MOJIOCAMHU BUCTYNAIH BY3JIH
U] Ta Ug, a OCHOBHI CTPYKTYPHi XapaKTepUCTHKU MpH-

Wimanu taki 3HaueHHs: n =12, k(S)=5, 3(S)=7.

W

v "2 \p)

Yi:iUp > Uy > U3 > Ug —> Uy
YoiUp —> Uy —> Uy —>Ug —> Uy
Y3:U;p > Up; = Us —>Ug —> Ug
Y4:Up Uy > Us—>Ug —>Ug
Y5:U; > Uy > Us —>Ug —>Ug
Puc. 1. Ipuxnax monenroBanus IKM ogHOBUMIpHOIO

MEPENEI0 3 BU3HAUYCHHIM Oa3MCHUX MIiXITOJIFOCHUX
LUIAXIB 1 BHYTPIIIHIX BY3JI0BUX Nap

3 METOI0 OTpUMaHHS JJIsi KOKHOTO OKpPEMOro Mo-
TOKY TAaKeTiB aHAJITUYHOrO BHpa3y IS pPO3PaxyHKY
CMB3II y BBeneHOMY 7 -BUMIPHOMY IIPOCTOpi 1H(OKO-
MyHiKaliliHa Mepexa OyTH OMHCYBATUCh 33 JOTIOMOT OO
3MINIAHOTO TBOBAJICHTHOr'O TeH30pa [21-26]:

0=T®4, )

ne ® — omeparop TEH30PHOTO MHOXEHHs; 7 — OHO-
BaJICHTHUH KOBapiaHTHUI TEH30p CEPEIHIX 3aTPUMOK
makeriB; 4 — OJHOBAJIEHTHUI KOHTpaBapiaHTHUH TEH-
30p CepeHIX IHTEHCUBHOCTEH MOTOKIB Y KOOPIMHATHHX
IUIAXaX MEPEKI.

s 3pydHOCTi BUpa3 (2) AOLIIBHO NPEACTABISATH
TaKOX B 1HAEKCHIN (opMmi:

=1\ (ij=1n), 3)

e T; — CepelmHs 3aTPUMKa IMAKETIB Y3IOBX Jj -TO KO-

J

OpIMHATHOTO HULIXY (C); A cepenHsl IHTEHCUBHICTh
MIOTOKY TaKEeTIB, SIKi MepeNaloThbesl y3J0BXK i -I'0 KOOp-
muHaTHOro muisixy (1/c). Komnonentn tensopa Q (2)
OB’ s3aHi MXK COOOI0 3a JIOTIOMOTOI0 BiATIOBITHUX MET-
pUYHHX TeH30piB [21-26]:

T=EA T1a A=GT, C))
ne E — nBivi KOBapiaHTHHIA METPHUYHHUI TEH30p 3 KOOp-

JUHATaAaMH eji; G — nBiui KOHTpaBaplaHTHUHU METpUY-

HUii TEH30p 3 KoopAuHaTamMu g .

TenzopHi piBHsHHS (4) y BBEIEHHX CHUCTEMax KO-
OpIMHAT NPUHMAIOTH BIiJNOBIIHY BEKTOPHO-MAaTPHYHY
¢dopmy. Tak y cucremMi KOOpAMHAT TiJIOK Mepexi TEH30-
pHi piBHsIHHSA (4) HAOYAYTh TAKOTO BUIIISAY:

T,=E,A, 1a A, =G,[T,, 5)

ne A, ta T, — BinnoBiaHO mpoekuii TeH3opiB A Ta T
B CK rinok, siki mpeacraBieHi 7 -BUMipHUMH BEKTOpa-
MU IHTEHCHUBHOCTI ITIOTOKY Ta CEpPEJHbOI 3aTPUMKH Iia-

KeTiB y KaHanax 3B°s3ky IKM; E|, = — IpeAcTaB-

v
€j

JIeHa MiarOHaJBbHOI 71X 1 -MaTPUIICI0 TPOEKIs IBivi
KoBapiaHTHOro merpuuHoro tensopa £ B CK rinok;

G, =|g/ HpefCTaBIeHa AiarOHAIBHOK 71X 7l -

MaTpHIIEIO IPOEKIisl JBiUi KOHTPaBapiaHTHOI'O METPHY-
Horo Terzopa G . [Ipu npoMy Mae Micie Take npaBUiIO:

Ev =[Gv]_]’ (6)

-1 . .
ze ] — omepauis obepHeHHs MaTpHLL.

VY Ga3uci MIXKIOMIOCHUX HUISAXIB i BHYTPILIHIX BY-
3JI0BUX Tap MEpEeXi TeH30pHI piBHAHHA (4) MaTHUMYTh
TaKU{ BUTILA

Ty E,.A

e = Lyellye

1a Ay =Gl @)

ae A ta T, —mpoekuii Tensopis A ta 7'y CK mix-
MONIOCHUX IUIAXIB 1 BHYTPIMIHIX BY3JIOBHX THap, sIKi

e’

MpEACTaBJICH1 7 -BUMIPDHUMH BCKTOPpAMMU; Ey.s 2‘ if

MIPE/ICTaBJIeHA JIarOHAJILHOI0 71X 1 -MAaTPHIEI0 TIPOEK-
Iist IBIYi KOBapiaHTHOrO MeTpuyHOoro TeHsopa £ B CK
MIDXKITOJIOCHUX MUISXIB 1 BHYTPIIIHIX BY3JIOBUX IIap;

— HpeacTaBJICHA I[ial"OHaJ'H)HOIO nxn-

—| o
G’YS - “gys
MAaTpHIIEIO IPOEKITisl JBiUi KOHTPaBapiaHTHOI'O METPHY-
Horo TeHzopa G B it xke CK.

Io anasorii 3 (6) cripaBeAIMBHUM € IPABHUJIO:

Ep=[G. ] ®)

Ipoexk1iii TeH30piB y Pi3HUX CUCTEMaxX KOOPIMHAT
MOB’sI3aHi MK COOOIO JTIHIHHMMHU 3aKOHAMH IEPETBO-
perns [27]. Tomi mepeTBOpeHHS KOOPAMHAT IMPOCKIIT
koBapiantHoro tenzopa 7' npu 3mini CK 3xificHIOETBCS
HACTYITHUM YHHOM:
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v
T, = AysTya ) 9
e A;S — nX 1 -MaTPHIA KOBAPIaHTHOTO MEPETBOPEHHSI.

Bexrop T Ma€ HaCTYIHY CTPYKTYPY [21-26]:

o | Ed
T,
To=|—=|s T, =|<\ | T =| 7, |, (10)
. :

ze T, — K -BUMIpHHIi BEKTOP CEPE/HIX 3aTPUMOK I1aKe-

TIiB Y3J0BXK 0a3UCHHUX MIKITOJIOCHUX IIUIIXIB MEPEKi;
T, — 9 -BuMIipHHIl BEKTOp CEpEAHIX 3aTPHMOK IaKeTiB
MIX BY3JIaMH, SIKi YTBOPIOIOTh BHYTPIIIHI BY3JIOBI IapH;
Y

T

j — CepemHs 3aTpHMKa MaKeTiB y3[IOBX j -To 0asmc-

HOO MIKIIOJKOCHOrO LULIXY (7 ); r; — cepenHs 3a-
TPUMKa NaKeTiB MK BY3JIaMH, sIKi YTBOPIOIOTH p -TY
BHYTPIIIHIO BY3JIOBY mapy ( & ? ).

3aKOH KOHTpaBapiaHTHOTO KOOPJIWHATHOTO Tepe-
TBOpeHHs TpH 3MiHi posrisHyrux CK ommcyerbes He-

CUHTYJISIPHOIO 71X 11 -MaTPHIICIO CYVS [21-26]:

A, = C}‘,’SAY‘g ,

(11)

Jie 1 -BUMIpHHH BEKTOp A, IKUH € MPOEKIIE TEH30-

Ye?
pa A B CK MIKIONIOCHHUX NUISIXIB 1 BHYTPIIHIX BY3JI0-
BHUX Map, Ma€ TaKy CTPYKTYypYy:

- -
}W }“s
Ay ‘
A === Ay=[M |3 A =[R2, (12)
AS : :
n )

e Ay, - x -BUMIPHHUI BEKTOpP IHTEHCHBHOCTEH MOTOKY
B37I0BXK 0a3MCHUX MIKIIOTIOCHHX IUIAXiB Mepexi; Ay —
9 -BUMIipHMII BEKTOp IHTEHCHBHOCTEH IIOTOKY MiX
BY3JIaMH, sIKi YTBOPIOIOTh BHYTPIIIHI BY3JIOBI apH; k{
— IHTEHCHUBHICTb TOTOKY B3JIOBX j -T'O 0a3HCHOTO MiX-
MOJFOCHOT' O NIIAXY (yj ); AE(¢) — inTeHCHBHICTH OTO-

Ky, L0 HAJXOAUTH Y MEPEKY i BUXOIUTH 3 MEPExKi ue-
pe3 By3NH, SIKi CTBOPIOIOTH p -Ty BHYTPIIIHIO BY3JIOBY
napy (€, ).

Matpuii ko- Ta KOHTpaBapiaHTHOTO HEPETBOPEH-

HSl KOOpAMHAT ITpY 3MiHi 3a3HaueHnX 0a3uUCiB MOB’sI3aHi
MiX COO0I0 YMOBaMHU OpPTOrOHAJIBHOCTI

Cre(4ye) =1, (13)

t .
me I — omummuHa nxn-matpuis; || — omepanis

TpaHcrioHyBaHHs MaTpuui. [IpaBuna gopmyBanHs mart-
pHIb KOBapiaHTHOTO Ta KOHTPaBapiaHTHOI'O IEPeTBO-
PEHHs KOOpAMHAT BBEJCHUX TEH30PIiB IPH 3MiHI OITUCa-
nux CK nmeranpHO onmcai y poborax [21-25].
MetpHuuHi BIACTUBOCTI TE€OMETPUYHOTO MPOCTOPY,
SIKMH BBelleHO Ha cTpykTypi IKM, y 3aransHoMy Buma-
Ky 3aJIeKaTh BiJ] XapaKTEPUCTUK MEPEKHOr0 Tpadika Ta
napameTpiB iHTepQeiciB MapmpyruzaropiB. Sk mnpu-
KJaJ pO3IJISIHEMO BapiaHT, Koiu (YHKIIOHYBaHHS iH-
tepdeiiciB Mapuipyruzatopie IKM mopentoersest cuc-
TeMOro MacoBoro oociyropyBauns (CMO) M/M/1. Toxi
CepeHIO 3aTPUMKY IAKEeTiB B [ -My KaHajJl 3B’SI3KYy
IKM, sxa € i-fo KOOpAMHATON BeKTOpy 7T, , MOXHA

po3paxyBatu 3a goromororo ¢popmymu [21-23, 25]:
(14)

Je ¢; — IPOIYyCKHA 3JaTHICTb [ -T0O KaHaly 3B S3KY;

A

; — CyMapHa iHTEHCHBHICTb BCiX NOTOKIB MaKeTiB, IO

MIPOTIKAIOTh B i -My KaHaui 3B’ 513Ky IKM (i = Ln ).

V3aranbHeHHs BupasiB (14) Ha BCIO MHOKHHY Ka-
HalliB 3B’S3Ky Ta iXHE NPUBEICHHS JIO BEKTOPHO-
MaTpUYHOro BHAY (5), 103BOJISIE OTPUMATH KOOPIMHATH
niaroHanpHoi Matpuii G, [21-23, 25]:

gl =g —p), (15)

Ze A, — IHTCHCHBHICTH came TOr0 MOTOKY MaKeTiB,

SIKMH PO3TIISIIAETHCS 3 TOUKY 30py MOOYI0BH TEH30PHOL
Mozeri (3), B i -My kaHaui 3B°s13ky IKM.

2. MeTonuka po3paxyHKy cepeIHbOI MIZKKiHIe-
BOI 3aTPUMKH MAKeETiB 3 BUKOPHCTAHHIM TEH30PHOI
mogeai IKM. V Mexax NOAANBIIOrO JIOCHIKEHHS
BapTO BpaxyBaTH, IO CEpeqHs MIKKIHIEBa 3aTpUMKa
MAKeTiB, SKi IMepealoThCsl MIXK 3aJIaHOI0 Mapor0 Maplil-
pYyTH3aTOpiB 3a JOMOMOTOI0 MHOXXHHU MapumpyTiB P,
PO3paxoBYETHCS 32 TAKOIO (OPMYIIO0

ld
Tmp = Z xpr ,
p=l1

(16)

Ie x, =A / /1<6W> — JIONIs TOTOKY MAaKETIB, sKi mepe-
p p ’
JAIOThCS IO MapIIpyTH3aTOPa-OTPHMYyBaya 3a JOMOMO-

rol p-ro IUIXY, jleaw) cepelHs iHTEHCHBHICTB

moroky makeriB (1/c) Ha Bxomi IKM; A p IHTCHCHUB-

HICTh IOTOKY maketiB (1/¢), siki mepeaarThest 10 Maplil-
pYIU3aTOpa-0TpUMyBaya 3a JOMOMOIOK p -TO LIIAXY;

T, — CepeiHsd 3aTpUMKa MAKeTiB, SAKi TEePEIAIOThCS

B3JI0BXK p -To nunsixy B IKM; |P| — 3arajbHa KUTBKICTh

JIOCTYIHUX U1l MapupyTH3amii NULIXiB MK 3a/IaHO0
[IapOI0 MapIIpyTU3aTOPiB.
3rigHo 3 Bupazamu (7), (8), (11) MokHa BcTaHOBH-
TH 3aKOH TIEPETBOPEHHs MPOEKIIii BiUi KOBapiaHTHOTO
TeH3opa F£ mpu mepexofi Bix 0azucy Tijok jao 6asucy
MIDXKITOJIFOCHUX IUISXIB 1 BHYTPILIHIX BY3JIOBHX Map:
E,. =(Cy) E,Cy,

viye

(17)
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Toni 3 ypaxyBaunsam (10) i (12) piBasiaus (7) mMo-
JKHa TIPEJICTABUTH Y TaKill NEKOMITO3ULIHHIH (opmi:

T, E§18> | E§§> A,
—|=l--- + —=-||-—- (18)
) |ER | ER|LAs
# 1
npu ——— + - =E,
1 a

nie ESJ — KBaJ[paTHA MiIMATPHLS PO3MIpY KX K ; E§g>
— KBaJpaTHa MigMaTpHIs po3mipy Ix 9 ; E§§> — mia-

MaTpHIs po3Mipy Kx 3 ; E<3> — miaMaTpHUIs po3Mipy
b ’YS

9xx . 3 popmu (18) MoxkHA OTpUMATH BUpa3

(19)

3Bakarouu Ha Te, 110 IPUUHATUN 10 PO3TIIIAY TO-
TIK TIaKeTIB MO)Ke BUOYBaTH JIMIIE 4Yepe3 IMOJICU Me-
pexi S, To B (19) A, =0. Toxi anst yrouHeHHs 3ara-

_ g (2)
T, = E/A, +Ey/A, .

nmpHOT (popMu Bupazy (16) crioyaTky IOMHOKUMO JIiBY
Ta npaBy yactuan Gopmynn (19) ma A! | a motim mozi-

JIUMO 1X K€ Ha /1<6u“"> .V pe3ynbTaTi IpOBEICHUX Tepe-

TBOPEHb CTAHC CIIPAaBCIJIMBOIO HACTYITHA piBHiCTI)
t gD

AY EYS AY
i<8M.M>

Typ = (20)
sKa W BH3HA4Yae LIyKaHy (OpMyNTy IS pO3paxyHKY
CM3II B IKM.

[Tpu po3B’si3aHHI ONTUMI3aLIWHKUX 33724 Maplpy-
TH3allii YyTJIMBOrO 10 3aTPUMOK Tpadika popmyiy (20)
JIOLJIFHO BUKOPHCTOBYBATH, HAIPUKIAJ, SIK IJILOBY
(yHKIIIIO, IO MiHIMI3YeThCS. 3 IHIIOTO OOKY, SIKIIO JUIs
3naueHb CM3I] 3a3HavatoThcsl IEBHI HOPMU (JIOTTYCKH),
T0 BUpa3 (20) Moxe craTh YacTHHOI Q0S-yMOB:

1
MBI,

oun) @0

s T<()0n> >

A€ T(poy) — MAKCUMAJILHO JOMYCTHME SHAYEHHS CM3II

JUTsl 0OPaHOTO MOTOKY MaKeTiB (Tad. 2).

Jlo ocHoBHux mepesar Bupady (20) i QoS-ymos
(21) BapTO BigHECTH BpaxyBaHHS OCHOBHHX CTPYKTYp-
HUX 1 ¢yHKUioHaNBHUX mapamerpiB IKM, xapakrepuc-
TUK Tpadika Ta TUCHUIUIIH OOCIyroByBaHHS IAaKeTiB, a
TaKOX aHATITHYHY (OPMY YMOB, IIO JO3BOJISIE 3a0e3re-
YUTH TXHE BUKOPUCTAHHS IPU ONTHMI3aLil Pi3HOPIAHIX
MIPOLIECIB yIpaBIiHHS TpadikoM: MapmpyTH3allii, po3mo-
Iy Ta pe3epByBaHHs KaHAIBHUX 1 Oy(pepHuX pecypcis.

3. INoTroxoBa Moneab MapmpyTH3anii B ingo-
KOKOMYHikaniiniii Mmepe:xki. [loroxoBa Monens Mapi-
pyrusanii B IKM, sika mijgyisrana BIOCKOHAJICHHIO, OITHU-
cana B poborax [19, 20]. B ii mexax crpykrypa IKM
omucyetscst  opieHToBaHuMm rpajom I'=(U, W), ne

U ={ul-,i =l,_m} — Le BBeIeHa Yy IepuIoMY pO3ZILTi
MHOYKHHA BEpIIMH (BY3JiB), III0 MOJCIIOIOTH MapIIpy-
TH3aTOpH Mepexi, a Wz{wl-’j, i,j=1,m; i¢j} -
MHOXXUHA 1yr rpada [, B sIKiif Ko)KHA yra w;,; Moze-
JII0€ KaHal 3B’SI3Ky, IO 3 €JHYyE [ -i Ta j -i mapuipy-
tusaropu. IlosHaunmo wdepes @; ; TPOIYCKHY 37at-
Hicth (1/c) xanamy W;,j - Takum 4MHOM, IOTOKOBA MO-

JIelTb MapIIpyTH3alii BUKOPUCTOBYE HE HACKPI3HY HY-
Mepallifo KaHaJliB 3B’ 3Ky (SIK y TONEpeIHiX po3Jiiax),
a MoJIBiiiHy, TOOTO 32 HOMEpaMH CYMDKHHUX MapIIpyTH-
3atopiB. KoxHill rimi v, Mepexi S MOXHa IIOCTaBUTH
B OTHO3HAYHY BiJIMOBiAHICTb OYTY W; j rpaga I'.
Bapro BpaxyBatu, mo B IKM omHOYacHO LUpPKY-

JII0OE MHOKMHA TOTOKIB makeriB K . Toxi B mporeci

po3B’si3aHHs 3amad Mapmpyruzauii B IKM HeoOXxigHO
BU3HAYUTU MHOXXHHY MapIIpyTHUX 3MiHHHX xf‘i i

Ha 3 SIKUX KUIbKICHO XapaKTepU3ye OO Kk -TO TOTOKY

KOXK-

TaKeTiB, KU MpOTiKae B KaHAIl W i 3alIe)XHO Bif

TUITy CTpaterii MapHIpyTH3allii, sika peaji3yeTbCs B
IKM, Ha mapmpyTHi 3MiHHI HaKJIaJalOThCs Taki oOMe-
KEHHS:

X e{0,1) (22)
IIpH peatizallii OHONUIAXOBOI MapIIPyTU3aii a00
0<xf; <1 (23)

IIPY BUKOPUCTaHHI 0araToNUIIXOBOi MapHIpyTH3aIlii:
YMoBH 30epexeHHs TOTOKY Ha MaplIpyTH3aTopax
IKM wmarots Buriin [19, 20]:

k k _ — o -
2 Ny X Y=l keK, u=s;
j:wl-’jeW j:wj,l-eW
Z xlg‘:j— Z )g];’i=0, keK, u#s,,d;;(24)
Jwi, ;€W Jw; i €W
Y wj- X M=l kek, u=d,
j:wl-’jeW j:wl-’jeW

Je §; — MapIIpyTU3aTop-mKepesno (BiANpaBHUK), d) —
MapUIpyTU3aTOp-OTPUMYBay MaKETIB & -TO TOTOKY.

3 MeToro 3amobiraHHs IepeBaHTaKEHHs KaHaliB

3B’s13ky IKM Ha mapuipyTHi 3MiHHI K

i,j HaKJI1agaroTbCA

Taki OOMeKeHHs:

eum)
kz{:{ ,1,§ >xl-,_,- <®j
(S

(25)

BUM
e ’Ili )

1iB (1/c) Ha Bxoxi B IKM.
QoS-ymoBH (21) MOXKYTh BUCTYIIATH SIK J1OJIATKOBI
0OMEXEHHS, 10 HAKJIaJaloThCd Ha MaplIpyTHI 3MiHHI

— CepeHs IHTEHCHUBHICTh k -I'O TIOTOKY IaKe-

k . .
X; j» OCKUIBKHM MPOEKLIT METPUIHUX TeH30piB E Ta G

3aJIe)KaTh BiJl 3HAYEHb [[UX 3MIHHUX:
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A= XM ma oz =A™ (26)
keK
Bupasu (26) Bu3HAauarOTh IHTEHCUBHOCTI arpero-
BAHOTO IOTOKY (A, ) Ta KOXHOTO k -TO IIOTOKY OKPEMO
B OJJHOMY 1 TOMY K KaHaii 3B’s13Ky IKM, sikuii y Mexax

HACKpI3HOI HyMepallil MOJETIOETHCS TIIKOK Vv, , a IPH

NOZBIHHIH HyMepaLlii — AYrow w; ;.

4. IlopiBHsAJIBHMIA aHATI3 pillleHb 32124 MapIl-
pyTu3anii YyTJIMBOro A0 3aTPUMOK NaKeTiB Tpadika
B iHpokomyHikamiiiniii Mepexki. 3 MeTOH OIIHKH
nepeBar BHKOpHCTaHHs BHpa3y (20) s po3paxyHKy
CMB3II npu po3B’sizaHHI 3324 MapIIpyTH3alii 4yTIIu-
BOTO JO0 3aTpUMOK Tpadika OyI0 IPOBEICHO IOCi-
JOKEHHS OTPUMAHOTO DIllIeHHsI Ta WOro IMOpiBHSIBHUM
aHaJIi3 3 BiIOMUMH MapUIPYTHUMH PillIEHHSIMH. 3arpo-
MOHOBaHe  pimeHHs 3axadi  QoS-mapuipyrusaiii
(model 1) 0GasyBajioch Ha pe3yabTaTax pPO3B’sI3aHHS
ONTHMI3aliiiHOl 3a1adi 3 KpUTEpieM ONTUMAaJILHOCTI,
SIKMHA TIOB’sI3aHMU 3 MiHiMi3aiiero Bupasy (20) mpu Ha-
SIBHOCTI 0OMexeHb (23)-(25).

Hpyra moznens Mapmpyrusanii (model 2), sika Bu-
KOpPHCTOBYBaJlach y IpOIECi MOPIBHSUIBHOIO aHali3y,
OazyBajach Ha 3acTrocyBaHHI oOMexeHb (23)-(25) ta
MapUIPYTHUX METPHUK y KBaJPATUYHIA HiIbOBIH (YyHK-
1ii, sika migIsraga MiHiMi3arii,

2
eum) k
J=2 Xl (A,ﬁ >x,-,_,~) :

keK w; ;eW

27)

e hle -10’ /(Pi,j — MapupyTHa MeTpUKa KaHaly

9
3B A3KY Wla/ ,

EIGRP ta OSPF [17, 18].

Tpere pimenns (model 3) npencraBieHO MOAEILTIO
MapIIpyTU3alii MOTOKIB MAKETiB BiAMOBIIHO 0 BUMOT
konuenuii Traffic Engineering [19, 20]. B mexax miei
MOJIEJTi BUKOPHCTOBYBABCSI KPUTEPili ONTUMAIILHOCTI

(28)

aHaJIOriYHa JO0 METPHK IPOTOKOIIIB

mina,,
X,0

JIe 0. — BEPXHIi MOpPIT 3aBaHTAKECHOCTI KaHAJIB 3B’ 3Ky
IKM, stkuii BifTIOBiAaB TaKMM OOMEKEHHIM

0<a<l,

eum) f
kz,:( ’11<c >xl-,_,- SO ;-
(S

(29)

(30)

VY Tperiii Mozieni OOMEKEHHSIMH TaKOX BHCTYIAIIH
Bupasu (23) ta (24), a oomexenns (30) BBOIWIOCH
3aMicTb Bupasy (25).

BuxigHumMu JaHuMHM JJIs1 TOCHIPKEHHST BUCTYMaa
crpykrypa IKM, sika npencrasiena Ha puc. 2. Ha mpo-
My PHCYHKY y pO3pHMBax KaHaJiB 3B’S3Ky BKa3aHi ixHi
nponyckHi 3mpatHocTi (1/¢). JIxepenoM MakeTiB BHCTY-
MaB TMepHmuii  MapupyTu3aTop, a OTpUMYyBaueM —
JIeB’ ITUH MapIIpyTHU3aTOP.

PoGoTa koKHOrO KaHaiy 3B’SI3Ky MOJIENIOBANIACh
CMO M/M/1.

Jlns BBeneHHMX Ha puc. | cuCTeM KOOpAWHAT MaT-
pHLsT KOBapiaHTHOTO KOODPJMHATHOTO II€PETBOPEHHS
npuitMana TaKui BUIIIAL;

1 000 0 O O O 0 0 0 1
o100-1 0 0 0 1 0 0 -1
oo0o0o01 0 0O 0O O O 1 O
o000 0 O O 1 0 O 0 -1
o000 0 0 1 0 -1 0 0 O
L= o000 0 0 O 1 0 O -1 O
0000 0 0 1 -1 0 0 0 0
o000 0 0 O O O 1 -1 0
o000 0 1 0 -1 0 0 O O
o000 0 O -1 0 0 O 0 O
oo010-11 0 0 0 -1 0 0
oo0o01-1-10 0 0 0 0 O

V Xoni AOCIIDKEHHS IHTEHCUBHICTh BX1JHOIO I10-
(o) 10430 1/c 3

Ti€ro MeToo, mob 7,p <150 Mc (tabn. 2). Edexrus-

TOKY 3MiHIOBaJIach y Jiamna3oHi A

HICTh NOPIBHIOBAaHMX MapupyTHUX pimeHs (model 1 +
model 3) orminroBanachk 3a nmokasaukom CM3II (16).

3 ToukH 30py onucaHoi TeH3opHoi mozeni (1)-(15)
crpykrypa IKM (puc. 2) BusHavae 9-Tu BUMIpHHH reo-
METPHYHUH MPOCTIp.

R Ry
25 04@71 80

200

/1<KZL“>

200

3
260:

Ry
170
Rs
210
Rg
80

220
Ry Rg
250 00
150
Ry
1
A

Puc. 2. Ipuxnan crpykrypu IKM,
sIKa IiJuIsArasia JJOC/IiPKEHHIO

Ha puc. 3 mokasano nunamiky 3mian CM3II y 3a-

. . <6uﬂl>
JISKHOCTI BiJI HABAaHTa)XKEHHsI Ha Mepexy (4 ). Ilpn

UM >

. 8 .
HEBHCOKOMY HaBaHTa)KEHHI, KOJIH i< <300 1/c, Bci

Tpu Mopeni 3a0e3nedyyBaiad 3HAYEHHSA T,p, AKE He

nepesuinysaio 50 mc.

3 MOJAJBIIMM 3POCTAHHAM HABAHTAXKECHHS KpAILy
eeKTUBHICTh MOCTIHHO 3a0e3meuyBaja 3anpolOHOBaHA
y po6oti mMomenb (model 1). SIk moka3ano Ha puc. 4,
Burpam 3a CM3II y nopiBHSIHHI 3 MOJEIUTIO HA OCHOBI
MapuipyTHux Metpuk (model 2) cknanas Big 3 mo 50%,

a MpH KPUTHYHOMY HaBaHTaKEHHI (i<6m> >410 1/c) —

1o 100% (xkpuBa «Burpam 1-2»). Y mopiBHsHHI ¢ Mo-
nemno Mmapmpyrusanii Ha npuHounax TE (model 3)
Burparr 3a CM3II cknagas Big 11 mo 30% (kpuBa «BU-
rpam 1-3» Ha puc. 4). IloniOHuMIA BUrpam 3anpornoHoBa-
Ha MOJEIb MapUIpyTHU3alii 3MOrjia 3a0e3MeunTy 3aB/s-
KA BUKOPHUCTaHHIO KpPUTEPII0 ONTUMAIBHOCTI, IO
OB’ 13aHUH 3 MiHIMi3aiero Bupasy (20).
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BUrpalll OO0 3HAYEHb T, (%)

cepefHs MiXKiHLEeBa 3aTpumKa nakeTis, TMP (mc)

180 ‘ ‘ ; 1 1 7 BucHoBku
140 § —© —model 1| . S / PA . . .
ke model 2| [ / Y poOoTi BAOCKOHAJIEHO ONTHUMI3aliliHy MOJENIb
L —-8-—model 3 | ! L i .
130 e « B MapuipyTusanii 4ymIMBOrOo 1O 3aTpuMOK Tpadika B
120 : : cde S A ®/ -+ IKM, HOBU3HOIO 5IKOI € BUKOPUCTaHHSI KPUTEPIIO ONTH-
: h i1/ . o e . .
10t g : o / | MaJpHOCTI, IO MOB’SI3aHMM 3 MIHIMI3aLI0 CeperHbOl
: ! i / . . . . .
00 g Sy MIDXKKIHIIEBOT 3aTPUMKH TakeTiB. OTpUMaTH B aHaJiTHY-
£ A 0 HOMY BUIJISIAl BHpa3 st po3paxyHky CM3II, mio €
= o . 7/ i | . . .
90 5 s g/ OCHOBOIO 3a3Ha4YCHOI'0 KPUTEPIIO, BAAJIOCH Ha IMJACTaBl
: ‘. 7
80 : : R A o : -4 TtensopHoro MmopnemoBaHHsi IKM (2), xomm TeH30pU
b 2 . .
- g o’ : | ocHoBHHX QOS-ITOKa3HUKIB Ta METPHYHI TEH30pH PO3-
- | [JISIANINACH Y JIBOX CHUCTEMax KOOPIWHAT: TiIOK Mepexi
60 : - : , , - . L o
B,/Dﬂ..*/e/‘? | Ta HE3aJEeKHUX MDKIIONIOCHUX INUIAXIB 1 BHYTPIIIHIX
Lovger o X @ : ! 4
50[;:;,../@ e BY3JIOBHX M1ap.
40 : : : : ! : Kpim Ttoro, Bupas (20) MokHa BHKOPHCTOBYBaTH
200 320 240 260 280 <BM320 420 sk yacTuHy Qo0S-ymMoB (21), BUKOHAaHHS SIKMX JO3BOJISIE
IHTEHCMBHICTb BXiJHOrO MOTOKY, A (1/c) o .
rapantyBatiu Hamnepea 3ananuii piBenb CM3Il mms
Puc. 3. [lunamixa 3minu CM3II Oynp-sikoro BuAy Tpadika B yMOBaxX peajizaiii sk Of-
Y 3QJIeXKHOCTI BiJl HaBaHTaxeHHs Ha IKM HOIDISIXOBOI, TaK 1 0araToNUIIXOBOI MapIIpyTH3Alii.
VY Bupasi (20), sikuii 103BOJISIE aHATITHYHO PO3pa-
70 E ’ * xyBatu CM3II, BpaxoBylOTbCA XapaKTEPUCTUKU Mepe-
: ' KHOro Tpadika, THI AUCUUIUIIHK OOCITyrOBYBaHHS
: * 1= . .
60 : Burpau-1-2 nakeTiB Ha MapuipyTusaTopax IKM Ta mpomyckHi 31aT-

m

Burpaw-1-3

: ; HOCTI KaHaNiB 3B’s3Ky. 3MiHA IMX JaHUX HE TPHU3BO-
BO Ll ATH 10 Tieperisay Gopmu Bupasy (20), a nuiie BIUIMHE
: 5 i Ha 3Ha4Y€HHs POEKIii MEeTpUYHUX TeH30piB (17).

JlocmikeHHsT  3ampOIOHOBAHOI  ONTHMi3aIlifHOT
MOJIeNIi MapIIpyTu3alii Ta MOPIBHAJIBHHUN aHai3 3 iH-
IIMMH  MapUIPYTHUMH  DIiOICHHSAMHU IATBEPIWIH il
OLIbII BHCOKY e(eKTHBHICTH 3a mokazHukoM CM3IL,
IO € BOXJIMBUM JUISl YYTIMBOTO JI0 3aTPUMOK Tpadika,

30| B

207 T 0COOJIMBO B yMOBaxX BHCOKHX HaBaHTakeHb Ha IKM.
{}7/{;},,,.37—-&"@ x ‘ Hamnpukian, y mopiBHSHHI 3 JOCHTH PO3IOBCIOIKEHOIO
107" o { MO0 MapUIpyTU3allii, sika peasi3oBaHa Ha MPUHIH-
. RN ‘ ‘ max Traffic Engineering [19, 20], Bmamsoch 3HHU3UTH
ol i i i i i CMB3II B obnacTi cepefHiX i BUCOKMX HaBaHTaXKEHb HA
300 320 340 360 380 400 420 Mepexy Bix 11 mo 30%. YMOBHOIO IIIaTHEIO 3a OTpH-
iHTEHCUBHICTb BXiAHOrO NoTOKy, \“®™ (1/c) MaHHU{ BUTpall € YCKJIaJHEHHS PO3PaxyHKIB, OCKUIBKH
Puic. 4. Burpam 3a CM3IT npu BI/ISHalI,EHHl MapIIPYTHUX 3MiHHUX (22), (23) }.1?06-
Bi/1 3CTOCYBAHHS 3ATIPONOHOBAHOT MOEN XiZIHO PO3B’AI3yBATH ONTHMI3ALiiiHy 37121y HEiHifHO-
MapuIpyTH3aLii B 3a1€KHOCTI Bil ro MPOrpaMyBaHHs, TOMY IO BUKOPUCTAHUI KpHTEpiit

HaBaHTa>XCHHsI HaA MEPEKY OIITUMAJIBHOCT1 € HeﬂlHlﬁHI/IM.
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Optimization routing model
of delay-sensitive traffic in infocommunication networks

O. Lemeshko, M. Yevdokymenko, O. Yeremenko

Abstract. In this work, an improved optimization routing model of delay-sensitive traffic in infocommunication
networks is proposed. The novelty of the model is the use of the optimality criterion associated with minimizing the aver-
age end-to-end packet delay. This optimality criterion is based on a mathematical expression that allows one to analyti-
cally calculate the average end-to-end delay taking into account the characteristics of network traffic, types of packet
servicing disciplines on infocommunication network routers, and communication link bandwidths. The conditions for
ensuring the Quality of Service in terms of the average end-to-end packet delay for any type of traffic under the conditions
of implementing both single path and multipath routing has been obtained. These results were achieved based on tensor
modeling of the infocommunication network when tensors of the main QoS indicators and metric tensors were considered
in two coordinate systems: network edges, as well as independent interpolar paths and internal node pairs. The study and
comparative analysis with other routing solutions confirmed the higher efficiency of the improved model in terms of the
average end-to-end packet delay, which is important for delay-sensitive traffic, especially in conditions of high loads on
infocommunication networks.

Keywords: infocommunication network, packet, traffic, flow, routing, tensor, coordinate system, model, delay, commu-
nication link, bandwidth.
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METO/ OFPOBKHA HEKOI'EPEHTHUX CUTHAJIIB B MYJIbTUPAJIAPHIN
CHUCTEMI OJJHOTHITHUX JIBOKOOPJIUHATHUX OI'JISITIOBUX
PAJIOJIOKAIIMHUX CTAHIIH

Anotanisi. Ilpenmerom BHUBUCHHA B CTATTi € MeTOA OOpOOKM HEKOr€PEHTHUX CHUTHAJIIB B MYIBTHUPAJapHIH CHCTEMI.
Mertor0 € nifBUIEHHS €EKTUBHOCTI BUSBICHHS MOBITPAHUX 00 €KTIB 32 PaXyHOK 00’€[HaHHS HEKOI'€PEHTHUX CHIHAJIB
OJJHOTHUITHUX JIBOKOOPAWHATHHX PAIioNOKalliiHUX CTaHLIH B MyIbTHpagapHii cucTeMi. 3aBAaHHs: aHAT3 TEHACHIIH po3-
BUTKY TOBITPSHUX 00’€KTiB, aHaNi3 e()eKTUBHOCTI BHSBICHHSI MaJIOIIOMITHHX IOBITPSHUX 00’ €KTIB, po3poOKa MeToxy 00-
POOKHM HEKOrepeHTHHUX CUTHAJIB B MYJIbTUPAJAPHiil CHCTEMI OIVIANOBUX PalioNoKalifHUX CTaHLiNd. BukopucroByBaHuMM
METO/IAMHU €: METO/IM CUCTEMHOI'0 aHali3y, Teopii IMOBIPHOCTI, MATeMaTHYHOI CTATUCTUKU, MATeMaTHYHUH anapar Teopii
MaTpullb, TeOpil CTATUCTUYHOI panioTeXHiKkH, Teopii pamionokanii. OTpumani Taki pe3yjabTaTH. Po3pobienuii Meron 00-
pPOOKM HEKOTepeHTHUX CHUTHAJIB B MYJIbTHpaJapHiil cuctemi. BeTaHOBIEHO, 110 IpU HEKOrepeHTHiH oOpobLi cUrsaiis
e(eKTHBHICTb Y BUTpPAIlli Y BiZIHOIIECHHI CUrHAJ/IIyM opiBHIOE 11 1b juis MynbTHUpasapHOl CUCTEMH 3 YOTHPHOX Pajiono-
KallifHUX CTaHIi{ y NOPIBHAHHI 3 aBTOHOMHOIO paJlioJIOKalliiiHOO cTaHLieo. BucHoBku. HaiiGubiy eekTuBHICTD y BU-
rpaul y BiJJHOIICHHI CHI'HAJI/IIyM II0Ka3aJo J0JaBaHHS IPYrol pajionokaliiiHoi cranuii. BecranoBiieHo, Mo onTuMaibsHa
KIJIBKICTb paJioNOKaiHUX CTaHIIH y CKJIai MyJIbTUPAJApPHOI CUCTEeMH He Olbie yoTupboX. ITopansie 301bIIeHHS Ki-
JIBKOCTI Pa/lioNIOKAIIfHUX CTaHII} MOTipIIye NPaKTUYHY 3HAYYIICTh Ta €KOHOMIUHY JIOLIJIbHICTh CTBOPEHHSI CUCTEMHL.

Kaw4yoBi caoBa: panionokariifHa cTaHIlis, MyIbTHpaJapHa CHCTEMa, IMOBITPSHUI 00’€KT, HEKOrepeHTHa 00polKa,

KpHUBa BUABIICHHS, IMOBIPHICTb PAaBUIIBHOIO BUSBJICHHS, IMOBIPHICTb XMOHOI TPHBOT'H.

Beryn

IlocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVIAI.
B ymoBax BeIeHHS CydacHUX TIOPHIHHMX Ta Mepexe-
LEHTPUYHUX BiliH MoOyJ0Ba HAIiHOI CUCTEMH MPOTH-
noBiTpsiHoi  oboponu (ITI1O) 3Ha4HO YyCKIIAAHSETHCS
4yepe3 0SBy MAJIONOMITHHX (3 HU3BKHM PiBHEM paiio-
JIOKAI[IHHOTO KOHTPAcTy) Ta MaJoOpO3MipHUX IOBITpS-
Hux 00’ekriB (I10) [1-3].

3 MOCBiy BeICHHS Cy4acHUX JIOKATBHUX 30POUHUX
KOH(QUIIKTIB BitoMo, 110 Masiopo3MipHi BITJIA B Oinbio-
CTI BUNAJKIB HE BUABILUIACS iCHYIOUMMH paJIiOOKaIii-
numi cranmismu (PJIC) [1-4].

VY rtenepiumHii 4yac pPO3pOOJIOIOTBCS HOBITHI Ta
MOJIEpHI3YIOThCs icHyroul 3pa3ku PJIC y Tomy uwmci 3
uudpoBuMy (a30BaHUMHU aHTCHHHMH PEIIiTKAMU, aje
Lel Tpolec € MOCTYMOBHUM Ta KOIITOBHUM. Tomy, B
LIJIOMY HasiBHAa pajliojoKaliliHa TeXHiKa He 3a0e3nevye
MOBHICTIO BHIIIEHHS 3aBJaHb BUSBIICHHS MaJIOIOMIT-
nux I10. YV T0if e yac B HasSBHOCTI BeJIMKa KiIbKICTh
orasaoBux JBokoopauHatHux PJIC "craporo" mapky
tumy [1-18. Ykazani PJIC He cipoMokHI BUSIBIISTH CY-
yacHi MmanonoMiTHUX [1O 3 3aaHUMM ITOKa3HUKAMH
sikocTi [2]. TakuM 4MHOM, y TENEpillHilA Yac NpH BUpI-
LIeHHI 3a7a4i BusBIeHHsT ManonoMiTHuX 10 3aroctpu-
Jlacs HEBINIOBIAHICT MiX TeHIeHLisMH po3BUTKY [10
Ta MOXIHMBOCTSIMH icHytounx PJIC miomo BHsBIEHHS
ManornoMiTHuX 10 3 HE0OXiHOI e(hEeKTUBHICTIO.

Jlis BUpilIeHHS yKa3aHOi HEBiJIOBIIHOCTI 3aIpo-
MIOHOBAHO 00’ €IHATH ICHYIOYi OTJISIOBI JABOKOOPIUHAT-
Hi PJIC B mynbrupanapsi cucremu (MPC) 3 cymicHOO
00poOKor0 curHaiis [5-9].

Meta cratTi — nijiBUIIEHHS] €EKTUBHOCTI BHUSIB-
nenns 10 3a paxyHOK 00’€IHAHHS HEKOTCPEHTHHX CHU-
THAJIIB OJHOTHUITHUX ABoKoopauHatHux PJIC 8 MPC.

AHani3 ocTaHHIX pociailxkeHb i myOaikanin. Ha
CHOTOJHIIIHINM JIeHb 3a/iadi MOUIYKY Ta BUSBJICHHS Ma-

normoMitTHUX [1O BUPINIYIOTHCS NMUIIXOM BEICHHS CITO-
CTEepEKEHHS, BUKOPUCTAHHSM, PaTiOTeXHIYHUX, iH(pa-
YEpPBOHMX, ONTHYHHX Ta aKyCTHYHHX 3aco0iB criocre-
pexenns. [Ipore 3actocyBaHHs pajioloOKalifHAX 3aco-
0iB CIIOCTEpE)KEHHS Ma€ CBOi Oe33arepeuHi IepeBaru
nepen BuIle3a3HadyeHUMH criocodamu [5—10]. B ocransi
POKH BEIYThCS PO3POOKH Ta IIUPOKO 3aCTOCOBYIOTHCS
HETpaJuIiiiHi METOIH: BHKOPHUCTAHHS CTOPOHHIX JiKe-
pen mijACBITY, 3 BUKOPHCTaHHIM edekTy "pajaionokarii
Ha IPOCBIT", 3aCTOCYBaHHSIM MacCUBHO-aKTUBHUX Pasio-
JIOKAIIHHUX KOMIUTEKCIB Ta iHmi [5—10].

IlepepaxoBaHi MeTOAM 3aCHOBaHI Ha 3arajbHii
CyYacHIf TeHAEHIi y pO3BHUTKY palioioKaliiiHOI Tex-
HIKH — 00’ €IHaHHI OKPEMHX MPUCTPOIB (3ac00iB) y cuc-
TeMu. Bigomo, 1110 iCHy€e HUTUH psa pi3HUX THITIB MYJIb-
TUpagapHux cucteM. OKpeMi MO3uIlii eJIeMEHTIB TaKuX
CHUCTEM IIPOCTOPOBO PO3HECEHI OIHA BiJ OIHOI, MPHU
pOMYy 00poOKka pamiosnokariiiHoi iHdopmamii (PJII)
MIPOBOJIUTHCSL B IIEHTPAIILHOMY ITYHKTI OOpOOKH, SIKWii
MoxXe OyTH CyMillleHnH 3 OJHI€I0 3 MO3UIii abo po3Ta-
LIOBaHUI OKpeMo. B TakoMmy IyHKTI JOIJIBHO MPOBO-
JIUTH CyMiCHY OOpOOKy pajionokamiiHoi iHdopmarii,
€(EeKTUBHICTH SIKOT 3aJIeKHUTh BiJI CTYIIEHIO KOT€PEHTHO-
CTi, sika 3abe3mneuyeThes B cucreMi [6, 9]. B pobori [5]
3aMpoOINOHOBAHO 00’ €THATH ICHYIOYI OIJISIIOBI TBOKOOP-
muHatHi PJIC y cunxponny MPC 3 cymicHoro 00po0-
Koo. Meton (GopMyBaHHsS Y3TO/PKEHOI 30HU OIJISIIY
Mmano6a3oBoi MPC omHotunHux orisinoBux PJIC 3 me-
XaHIYHUM OOepTaHHSIM HaBeAeHO Ha puc. 1 [5].

OCHOBHA YaCcTHHA

CrBopentst MPC ja€ MOXKIJIMBICTH BUPIIINTH 3aB-
JaHHS 30UIBIICHHS eHepreTuyHoro moreHmiany PJIC,
301IbLIEHHST KOS(IIIEHTY MiJCUIICHHS aHTEHHUX CHCTEM
a00 BUKOPHCTaHHs cHCTeMHUX e(deKTiB. BukopucTanHs
cucTeMHUX edekTiB npu 00’eaHaHHi aBToHOMHUX PJIC
B MPC 10B's13aHO0 3 MOXKJIMBOCTSMU peaizallii pi3HOro
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CTYNEHIO KOI'epeHTHOCTI  Ipoc-
TOPOBO PO3HECEHHX IO3MLIH Ta
CYMICHUM NIPUAOMOM €XOCHTHAIIIB
[5, 6, 8].

Koxxna PJIC Bumpominioe
cBiii 30oHAYBanbHUi curran (3C),
SKUi He KopenboBaHuil i3 3C iH-
mwmx PJIC. Curnmamu ycix PJIC
BUIIPOMIHIOIOTECS OfHOYacHO. He
KOpEIbOBaHICTh (opToronab-
HICTB) MOXe 3a0e3medyBaTucs 3a
paxynoxk [9, 10]:

— PpO3HECEHHS II0 YacTOTi
(uacroTHa);

— KOJyBaHHS CHUTHATIB (KO-
JIOBA).

Koxna PJIC mnpuitmae exo
CHUTHAJIH:

— cBiit 3C, BigbuTwuii Bix I10;

— Bimouruit Big 10 3C cyci-
naix PJIC.

B 3anexsocti Bin moOymoBu
cucremu cuHxponizanii MPC, cu-
THaJIM, 10 BUNpoMiHIOThes: PJIC
MOXYTb OyTH B3a€MHO KOT€PEHT-
HUMHU a0 HekorepeHTHuMH. OTxe
Moke yrBoproBatucsi MPC 3 B3ae-
MHO KOT€PEHTHUMH ab0 B3aEMHO
HEKOT'€PEHTHUMH CHTHaJaMU.

Posrnsaemo MPC npu Buxo-
pHUCTaHHI OPTOrOHAJBHUX B3aEMHO
nekorepentnux 3C. Ix 06pobka B
NpUMajIbHUX CHCTEMax IPOCTO-
poBo-posHecennx PJIC oOymoB-
JIIOETHCS. HACTYITHUMH OCOOJIUBOC-
TAMH:

— CTyIIeHEM  KOTepEeHTHOCTI
NpUAMaIbHUX CHCTEM IIPOCTOPO-
BO-po3HeceHux PJIC;

— CTyIIEHEM B3a€EMHOI MpOC-
TOPOBOI  KOPEJAIIi €XO-CUTHAIIB
Bix IIO Ha BXOomax mpuiiMadiB
npoctopoBo-posHecenux PJIC.

PosrisiHeMo BHIIQ/IOK, KOJIH
koxHa PJIC 3i cxiamy MPC, mae
MOXIIUBICTh IPUMATH Ta 00POOJIsI-
TH yCi CHUTHAJU, IO BHIPOMIiHIO-
totbess B MPC. Tlpu BunpomiHto-
BaHHi B MPC B3a€MHO HEKOT'epECH-
tHux 3C, ane 3a0e3meueHHi B3ae-
MHOI KOI'€pEHTHOCTI NMPUMaIbHUX
cucrem PJIC (3a paxyHOK BifmOBi-
JHOI CHHXPOHI3alii TeTepOoIHHIB
NpUIMaIbHUX CHUCTEM) Ta B3a€EM-
HOi IPOCTOPOBOI KOpeAIii (iyk-
Tyamii exo-curHamiB Bix 1O (3a
PaxyHOK 3MEHIIICHHS BIJICTaHi Mixk
PJIC) ontumanbsHH 1O KpHUTEPilO
Heiimana-Ilipcona airoput™ BH-
SIBIICHHSI Ma€ BWIVIS, 3 aHalli3zy
SIKOTO BHM3HAETHCS TOCHIJIOBHICTh
niit (puc. 2):

ITouaTok

- | >

Bxinui gani: BuGip tury Ta kinbkocti PJIC MPC ta TTX aBroHomuux PJIC MPC:
— Ay, Aga, ... Ag;—mmpuna JICA i-of aronomHoi PJIC;
— R, R,, ...R{ — MakcuMasIbHa IaJIbHICTH BUABJICHHS i-01 aBTOHOMHOI PJIC;
— L — MakcHUMasibHi rabapuTHI pO3MipH aHTCHHOT CHCTEMHU

Busnauenns Bumor 10 posmipy 3ouu BusiBiieHH MPC Sypc (BitHOCHOTO
po3mipy HopMoBaHOro 10 o aBToHOMHOT PJIC Sypc/ Sprc)

I
O6uucienHs aianasony 1038oJeHoi Bigcrani Mixk PJIC (6a3u b)

T
Bubip no3uuii Ha MiceBocTi i po3MimenHs PJIC
Ta BU3HAYeHHs (haKTUIHOI BigcTaHi b

| Po3paxyHOK (hakTHYHHX TapamerpiB 30HU BHsBiIeHH MPC |
I

| CHHXpOHI3aLlisl poOOTH 00EPTaHHS AHTCHHUX CHCTEM |

Hu3spka TouHICTh
(>50 ue)

Bucoka TouHIiCTh
(1-50 He)

Bu3HaueHHS TOYHOCTI
4acoBO-4aCTOTHOI CHHXPOHI3aLii po6oTH
€JIEMEHTIB CHCTEMU

HexorepenTHa 06podka
JleuenrtpaiizoBaHa 00poOka

KorepentHa 06podka

v
Busisiienns I10 8 MPC

-l

Kinenn

- >

Puc. 1. Meron hopmyBaHHS y3ro/pKeHOI 30HH oriany Manobazooi MPC
onHoTHNHUX oryrsinoBux PJIC 3 MexaHiYHUM o0epTaHHAM

IToyaTtox

>

Bxigni gani:

Q2 — BiIHOLIEHHS CHTHA/IIYM 110 OJHOMY CHTHaTy Ha Buxoni PJIC;

N — kinpkicts PJIC, 1110 311 CHIOIOT PUITMAaHHS €XO0-CHTHAIB;

M — kinbkicts PJIC, mo 37i/CHIOIOTE BUIIPOMIHIOBAHHS OPTOTOHAJIBHHX

Y3romkena dinbrpauis B koxnii PJIC koxuoro 3 M curnanis S, (t — t,)

KomneHcaniero (ha3oBHX 3CyBiB KOXKHOT'O CUTHAILY
(m1oB’s13aHi 3 BigMiHHIcTIO BigcTtaHeil Bix enementis MPC no I10)

KorepeHTtHe oaBaHHs CUTHAIIIB 3 BUXO/IB y3rOJDKEHUX (QUIBTPIB OKPEMO
JUTSL CUTHAJIIB KOYKHOTO THITY Ha BuXoi koxkHoi i3 N PJIC 31 ckirany MPC

KBajpaTnuHe AETEKTYBaHHS BUXO/iB KOTEPEHTHUX CyMAaTOpIB IJIs CHIHAJIIB
KOXXHOTO THITy Ha BuXozi koxHoi i3 N PJIC 3i ckiragy MPC

[MincymoByBaHHS M BUXOAIB I€TEKTOPIB

IpuitHATTA pimeHHs
IMopiBHSHHSA 3 TOPOrOM: CUTHAJI € — CHTHAITY HeMa

Kinens

Puc. 2. Merox 06poOku HekorepeHTHHUX curaaiis B MPC
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eXP(jODOTnHI-) _[Sio (t—l‘o)xj (r)dt gh’ (1)
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Ie T,, — BpaXyBaHHA yacy 3ami3HeHHsd 3C, IO BUIPOMi-
HioeThes i-010 PJIC, B mpuiiMansHoMy mipucTpoi j-oi PJIC;
S"io(t — ty) — iMmynbcHa XapakTepucTuka Y® cHrHAIy,
mo BHUIpoMiHIoeTbea i-o0 PJIC; xi(f) —curnan, mo
puiMaeThes B puiMaibHOMY Ipuctpoi j-oi PJIC; N —
kinbkicts PJIC, mo BUITPOMIHIOIOTH OPTOTOHAJIBHI CHI-
Hanu,; M — xinekicte PJIC, mo npuiiMaroTh eXxo-cur-
Hanu. [IpoBereMo aHami3 eeKTUBHOCTI METOMY 300pa-
JKEHOTO Ha puc. 2. BuxijHa craTuctuka 3a BiJCyTHOCTI
CUTHAJTY BU3HAYAETHCSA BUpa3oM (2):

N 2
Sl |
=1
L=3l", =Sz, @
] sty (]
—00 ’
N .
e Zoi= Y exp(jontyy ) [ Sio(t=to)n; ())de; ()

J=1

—00

n{(t) — urymoBuii nporec B j-oi PJIC.

CraTuctuka Zj; € rayCoBOIO BHIIAJIKOBOIO BEITHYH-
HOIO 3 HYJIbOBUM CEPEHIM, a JUCHepcisi CTaTUCTHKY (3)
BH3HAYAETHCS BUpa3oM (4):

OO0uwcIieHHs TTOPOTy BHUSBJICHHS IS 3aJIaHOi iMO-
BIpHOCTI XMOHOI TPUBOTH 31HCHIOETHCS 33 BUPa3oM (5):

17 % Al Tl 2
5 Z0i%0i = > No j ‘Sio(f)‘ dt=2NoNt;;  (4)
P

e 2 o)

nie hy — 3HAYEHHs IOpOry JUIsl iIMOBIpHOCTI XUOHOI TpH-
BOTH P,,,; v=2M — KiJIbKICTb CTYIICHIB CBOOOIH;

h — _
h 0 (v-2)/2_-t/2
)= F(TO} {f_e

25F(v/2)

)

p= (1 -P,, dt; (6)

I'(") — F'amma QyHKLIs.

BpaxoByro4i OpTOroHaNbHICT CHTHAJIB Ta He3a-
JISKHICTh BUMAAKOBUX (UIYKTYallill aMILTITY]] CHT'HAIB
Ta BJIACHHX IIyMiB NMPUHAMAaIbHUX KaHAJIB CEpeHE 3HA-
YEeHHsI BiHOIIEHHS CUTHAJ/IIyM Ha BXOJl JETEKTOpa 3
ypaxyBaHHsM (4) Mae BUTJIsL HaBeneHu y Bupasi (7):

1

% _
5Zictic  2F N2z, NE —
q}%ekoz = 21 - v i - <= chz' ’ (7)
EZ;"ZO 2NOTl-N NO

2 .
I€ Gyexp> — CEPEIHE BiTHOIIEHHS CUTHAN/IIYM Ha BXO-

Ii JeTeKTopa I CUTHATy OJHOrO THIy; E,. — cepeqHs
EHEpTisl OJTHOr0 CHTHAJy Ha BXOl MPUHAMAIBHOI CHCTe-

Mu koxHoi PJIC; qg — CepeaHe BiTHOIIEHHS CHT-

HaJI/IIIyM MO CHTHAJy OJHOTO THUIy Ha BHUXOAI OJAHIET
PJIC.

I3 ananizy Bupasy (7) BUAHO, IO KOTEPEHTHE Ti-
JICYMOBYBaHHsI CUTHAJIIB OJJHOTO TUITy Ha Buxozaax PJIC
IIPY HEKOTePEeHTHOMY TiJICYMOBYBaHHI IIyMiB 3a0e3re-
yye 30LIbIICHHA BITHOIICHHS CHUTHAJ/IIYyM Ha BXOZI
JIeTekTopiB B N pas3iB BIJHOCHO BiJHOIICHHS CHI-
HaJ/uryM Ha Buxofi koxxHoi PJIC.

Jlns BUNanKy, KOJMM CEpeqHE BiTHOIICHHS CHI-
HaJI/IIyM OJHAKOBI JUIA BCiX M CHTHANIB, 3aJIC)KHICTh
IMOBIpDHOCTI TIPAaBHJIBHOTO BHSBJICHHS BHU3HAYAETHCS
BUPa30OM:

M-1
1 hy /2

P > exp| —
M qi0100

= | 1+

~
~

2 w®
1+ M Grex02

nie hyp — HOpMOBaHUI IOPIT, 0 BU3HAYAETHCS 33aJaHUM
piBHEM XHOHOI TPUBOTH 3TigHO BHpasy (5); M — Kiib-
KICTh CHTHAJIIB, IO MiJICYMOBYIOTHCS HEKOI'€PEHTHO.
Xapaxrepuctiku BusBieHHs1 it oxsiei PJIC Ta
Masto6a3zoBoi MPC, sika peaitizye METO BUSBIICHHS 3Tij-
Ho anroputMy (1) mis Bunazaky xonu koxsa PJIC npu-
iimae HexorepeHTtHi curnaiu ycix PJIC i3 MPC npu imo-
BipHOCTI XHOHOI TpUBOrH Pyx;=10 HaBeneni Ha puc. 3.
Ha puc. 4 HaBeneHo 3anexHicts Burpamy K(m) y
MOTPIOHOMY BiJHOLIEHHI CHUTHAJI/IIYM B KOXKHOI 3 M
PJIC 3i cknany MPC Bignocao aBroHomHOI PJIC mis
3a0e3MeueHHs] MMOKAa3HUKIB sIKocTi BusBieHHs 110 B
MPC (P5 = 0,5, Pyr= 10" npu HexorepeHTHOMY 00’ €11
HauHi PJIC Big kximskocti PJIC (m), mo 00’ €qHy0ThCS.

i S ———
0 //’ — ——
T A T
IRV GRSV ST
B //7‘/74\/ ~<] T
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11/
‘00_%1 2 3 4 -] 6 8 9
q

Puc. 3. XapaxrepucTuku BusiBiIeHHs HekorepeHTHoi MPC,
sKa peaiizye MeToz (puc. 2), Ipu iMOBipHOCTI XUOHOT
TPUBOTH Pyx=10"°: 1 — st aBrosomHoi PJIC;

2 — nipu BukopucranHi 2-x PJIC B MPC;

3 — npu Buxopucranti 3-x PJIC 8 MPC;

4 — nipu BuxopucranHi 4-x PJIC B MPC;

5 — npu Buxopucranti 5-x PJIC 8 MPC

[3 anamizy 3aneXHOCTI BUrpamnly y BiJHOLIEHHI
CHTHAJI/IIyM, HaBeJEHOi Ha pHc. 4 BHIHO, IO 00’€n-
HauHA 1Box PJIC y mpocropoBo-HekorepeHTHY MPC,
sIKa peai3ye MeTo[] 3TiJHO pHC. 2, IO BiJHOMIEHHIO 10
aBroHoMHOI PJIC 3a0esmeuye Burpam Oins 5,5 nb.
JonaBanns Tpervoi PJIC 3abesneuye 30iibIICHHS
BUTpanty juiie Ha 3 1b.
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K(m)
1
1 —
10 — —
9 // ]
6 //
4 //
0
1 2 3 4 5

m
Puc. 4. 3anexxHicTs BUrpally y BiJJHOIICHHI
CHUTHAJI/IIIyM B IPOCTOPOBO-HeKorepeHtHoi MPC
(P5=0.5, Py=10)

ITogansiue 30inpmenHs kiaskocti PJIC, mo 06’ex-
HYIOTBCS, TIPUBOJINTH 1O 30UJIbIIEHHS BUTpally He Oi-
nbIle HiK Ha 2 nb Ha koxHy goaany PJIC 3 TreHneHIiero
JI0 3HW)KEHHS IIHOTO MOKAa3HUKA 3 KOXXHUM HACTYITHUM
kpokoM. Tomy, 3a KpuTepieM e(peKTUBHICTh-BapTiCTh
HaHOLIBIINI e(hEeKT BUABIIIETHCS TPU 00’ €THAHHS TBOX-
Tpeox PJIC.

O0'emnanns 4oTuphox 1 Oumbme PJIC Takox 3a-
0e3IeuyIoTh 3pOCTaHHs BUTPAILy, aje MIBHIKICTh IIbOTO
3pOCTaHHs 3HAYHO MEHIA, IO MOTIPIIye MPAKTUYHY
3HAYYIIICTh Ta EKOHOMIUHY JIOIIEHICTb.

BucHoBxku

BcraHoBJIEHO, MO TpH HEKOTEPEHTHiH 00poOII
CUTHAJIB €()EKTUBHICTh y BHUTpAIli Yy BiJHOLICHHI CHI-
Hau/urym Ui Mano6azoBoi MPC  nopisatoe 11 nb mis
MPC 3 uoruprox PJIC y mopiBHSHHI 3 aBTOHOMHOIO
PJIC.

Haii6inpiry eeKTHBHICTS y BUTpalll OKa3aio Jo-
naBanns apyroi PJIC.

Bcranorieno, mo ontuManbHa KinbKicTh PJIC y
ckiaani MPC wHe Oinbiie gotuphox. [lomanbiine 3011b-
menHs: kiibkocti PJIC moripurye mpakTHYHY 3Hauy-
I[iCTh T4 €EKOHOMIYHY JIOIIIBHICTb.

HanpsiMok moaaiabmmMX A0CTiZKeHb: TOPiBHSH-
HSl BUTpally y MiJBUIIEHHI BiJHOIIEHHS CUTHAJ/IIYM
npy 00’€/IHAHHI CUTHAJIB B KOTEPEHTHIH Ta HEKOTrepeH-
tHiiE MPC npu pi3sHMX Meromax OOpOOKH CHUTHANIB Y
nopiBHsiHHI 3 BusiBiieHHsM [10 B aBroHOMHHX PJIC He
00’€IHAHUX B CHCTEMY.
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The method of noncoherent signals processing in multiradar system of single-type
two-coordinate survey radars with mechanical rotation

V. Lishchenko

Abstract. The subject matter of the article is the method of processing incoherent signals in a multi-radar system.
The goal is to increase the detection efficiency of aerial objects by combining incoherent signals of the same two-
coordinate radars in a multi-radar system. Objectives: analysis of trends in the development of airborne objects, analysis of
the effectiveness of detection of unobtrusive air objects, development of a method of processing incoherent signals in a
multi-radar system of radar observation stations. The methods used are: systems analysis methods, probability theory,
mathematical statistics, mathematical apparatus of matrix theory, statistical radio engineering theory, radar theory. The
following results were obtained. The method of processing incoherent signals in multiradar system is developed. In inco-
herent signal processing, the gain-to-signal gain for low-mass spatial-incoherent MRS is found to be 11 dB for MRS of
four radars compared to autonomous radar. Conclusions. The highest efficiency in signal / noise gain was shown by the
addition of a second radar. It is established that the optimal number of radars in the MRS is not more than four. Further
increase in the number of radars impairs the practical importance and economic feasibility of creating a system.

Keywords: radar, multi radar system, air object, noncoherent processing, detection curve, probability of correct
detection, probability of false alarm.
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[HCTUTYT cnieniadbHOTO 3B 3Ky Ta 3aXHCTy iH(opMalii HarioHaIsHOro TEXHIYHOTO YHIBEPCUTETY
VYxpainun “KuiBcbkuii monitexHiuHuii iHcTUTYT iMeHi [ropst Cikopcebkoro” Kuis, Ykpaina.

METO/J PO3POBKHU AJITOPUTMIB JIATHOCTYBAHHA
PAJIOEJEKTPOHHUX KOMIIJIEKCIB

AHoTanisi. Y craTTi po3mIsaeTbcd MOMXIJIUBICTh BUKOPUCTAHHSA KOMIUIEKCHOIO IOKAa3HMKA, 10 BPaxoBye HaJii-
HICTb, YaCOBI Ta BapTiCHI MOKa3HUKH NEPEBIPKH OKPEMUX IIificHCTEeM 00’ €KTY BEJIMKOI pO3MipHOCTI i MOOyI0BU
anropuTMy Horo giarHocryBaHHs. Lle 103BoJIsle CKOPOTUTH CepeliHil Yac BiJIHOBJIEGHHS KOMILUIEKCY 3a PaxyHOK Iep-
I0YeProBoi MepeBipKH CTaHy HaAWMEHII HaJiHMHUX IiACUCTEM, SIKi HOTPeOYyIOTh MiHIMAIBHUX MpPALEBUTPAT Ta BapTO-
CTi Ha mepeBipKy i BinHOBIEHHA. TakoX NpUBEJIEHO OJOK-CXeMy pealizauii MeToay, 110 J03BOJSE BUKOPUCTOBYBATH
EOM 1 aBTOMaTH3aLil npolecy po3poOKH JiarHOCTHYHOIO 3a0e3ledYeHHs NMepCIeKTUBHUX 3pa3KiB 3aco0iB i KOM-
IUIEKCIB crienianbHOro 38°sA3Ky. HaBeneHuii npukiaJ BUKOPUCTaHHS METOAY Ta KUJIbKiCHA OLiHKA e()eKTUBHOCTI foro
3acrocyBaHHA. OTpUMaHi pe3yJbTaTH B HOAAIBLUIOMY JO3BOJIIOTH CKOPOTHUTH 4ac i MPAleBUTPATH Ha BiJHOBJICHHS
IIPY TIOTOYHOMY PEMOHTI NE€PCIEKTUBHUX 3Pa3KiB 1 KOMIIJIEKCIB CIIELialbHOIO 3B’ A3KY.

Karo4doBi ciaoBa: panioeneKkTpoHHI KOMIUIEKCH, 3aCO0M CIELIaJIbHOTO 3B’S3KY, aJrOPUTM AiarHOCTYBaHHS, HMOBIp-

HICTB IIEPEBAYKHOT'O BUOOPY.

Beryn

TexHiyHa miarHOCTHKA, SK HayKa, IOCHIHKYE
MPaKTHYHO peayi3oBaHi METOAU 1 METOIUKH CKOPOYEH-
HS Yacy 1 BapTOCTi Jiokamizauii JedeKTiB, ImiIBUIICHHS
HWMOBIPHOCTI 3HAXOKCHHSA iX MICIlI B HECIPABHOMY
00’€KTI, aje cepefHii yac JiarHOCTyBaHHS IPU MOTOY-
HOMY pPEMOHTI paaioenekTpoHHux KomiuiekciB (PEK)
cknagae 1o 80% wacy BiZHOBJICHHS IX Mpare3laTHOCTI
[1-7]. Tomy 3aBmaHHS IiABUIIEHHS! €(EKTUBHOCTI TeX-
HIYHOT'O JiarHOCTYBaHHS 3aCc00iB CHELiabHOTO 3B’ SI3KY
3aBXKIHU € aKTyaJIbHHUM.

Bigomi Meromu po3poOKH alropuTMiB TEXHIYHOTO
JIiarHOCTYBaHHsI 00’ €KTIB BiJIPI3HSIOTHCS 1 3aJI€KaTh BiJl
iHpopManii npo #oro ckimamoBi yactuHM [1-3]: mpu
HasIBHOCTI TUIBKU CTPYKTYPHOI CXeMH 00’€KTY, IOLiTb-
HO BUKOPHCTOBYBATH METOJ| ITOJIOBUHHOTO JIiJICHHS
(IiX0TOMII0); SIKIIO BiJIOMI IHTEHCHMBHOCTI BiJMOB elle-
MEHTIB 1 YaC BUKOHAHHS INEPEBIPOK, TO YMOBHUH aJro-
putM niarHoctyBaHHs (YAJI) BUpoOy po3poOIIsioTh 3
BUKOPHCTaHHSIM HMOBIPHOCTI TIEPEBAXKHOTO BUOOPY
(VIIB) mepeBipok, 110 3HAYHO CKOPOUYE CepeHiil uac
nomyky aedexTiB. Ase I[i METOAM HE BpPaXOBYIOThH
MOJKJIMBICTh BIIMOBH 3ac00iB BHMipioBaHb (3B), ToOTO
iX MeTponoriuny HafiiHIiCTh [4, 7], a TakoX BapTiCTh
nepeBipok. [lfo 00cTaBHHY BpaxoBy€ KOMILICKCHHI
Koe(illieHT, KW BUKOPHCTOBYIOTH JUIS BH3HAYEHHS
nopsiaky nepeipku PEK mpu ix texHiuHOMY 00CTyTO-
BYBaHHI 3a CTaHOM [8].

MeTta cTaTTi — OTpUMaHHS MOCIIZOBHOCTI MEPeBi-
pxu migcucteM PEK miast miHiMizamii yacy mOCTaHOBKHU
JIiarHO3y 3a paxyHOK IepIIOYeproBoi NEPEBIpKH CTaHy
HaWMEHII HAJIHUX MiICHCTEM, sIKi TMOTPeOYIOTh Haii-
MEHIIHUX IPaleBUTPaAT i BAPTOCTI Ha MEpPEeBIpKy Ta Bij-
HOBJIEHHs y BUrIIsiAi Y AJ] npu oOMexeHHsX, IO Bixo-
Bigarote pemonty PEK B monboBux ymoBax (Ha ckiaj
3B, KUIBKICTh 1 KBaTi(hiKaIIiI0 eKiMaxy).

MareMaTH4YHA IOCTAHOBKA 3aBJ1aHHSA

Jlis MaTeMaTHYHOrO OIMKUCY 3aBAaHHsS MOTPiOHO
chOpMYITIOBaTH IITBOBY (DYHKINIO JOCTIKEHb. Jls

LLOr0 HEOOXiJHO BHUSBUTH Napamerp, sIKHH Tpeba om-
TUMI3yBaTH (B JIaHOMY BUIAJKy II€ MiHIMYM CepeIHbO-
ro vacy BifHOBIEHHS 7T,), a TakoX apryMeHTH, IO
BIUIMBAIOTh Ha HOro 3HaueHHs. [Ipu bOMY Ba)KJIMBO
BCTaHOBUTH KEPOBaHi, SIKi MO)KHa 3MIHIOBATH, Ta HEKe-
poBaHi 3MiHHI. B 1aHOMy BHIIaKy 10 KEpOBaHUX 3MiH-
HUX BITHOCHUTHUMYTHCS MOCIIIOBHICTD 1 KIJIBKICTh Tepe-
Bipok PEK 3a YA], yac iX BUKOHaHHS (3aJCKUTh BiJ
kBaiQikanii ¢axiBuiB i 3B, 1110 BUKOPUCTOBYIOTH IS
BUKOHAHHS TepeBipok). Lle Takox BIUIMBae Ha BapTiCTh
peMoHTY B mijoMy. /o HeKepOBaHHMX 3MIHHHX BiJIHO-
carbest uucno miacucreM (M ) PEK i eneMeHTiB B HUX
(L;, i=1,M ), ix HaniitHicTs ( z; ), moxin PEK Ha xonc-
TPYKTHBHI eJeMeHTH (TiJcucTeMu, OJIOKH, MO.Iyi),
METpPOJIOTUHI XapakTepucTuku 3B.

Jo uinpoBoi ¢yHKuii BUcyBaeThest psig BUMOr [9]:
OJTHO3HAYHICTh (HAsBHICTH €KCTPEMYMY); BiAMOBIHICT
peansbHOMY TIPOLIECY; 3aIHC Yepe3 napaMeTpu KepyBaH-
Hsl; po3poOKa JIJIsi TOJIOBHOT'O TIOKa3HUKA CHCTEMU; Bijl-
CyTHICTh pO3puBIB. [Ipy 1IpOMY YacTHHA apryMeHTIiB
BUHOCHTBCS Y BUIJIS/II OOMEKeHb (IMOBIpHICTh BCTaHO-
BJIeHHs JedekTy 3a HeoOximHuii vac, Bapricth 3B He
OLJIBII TPHUITYCTUMOTO 3HAa4YeHHs1). TakuM YUHOM, CHUC-
temy peMoHTy PEK MoxiuBo onucary minboBoro ¢yH-
KII€I0 Yy BUMBAAI MiHiMi3alii cepeqHboro 4acy BiJTHOB-
JIEHHSI TP OOMEXEHHSX, IO BiJITOBIIAIOTH ITOJILOBUM
yMOBaM pOOOTH PEMOHTHHUX OpTaHiB:

T,(x) =minT6(x*); X eA ,

Je X — TapaMeTpH CHCTEMH PEMOHTY; X — iX 3HaueHHs
Npu pillleHH] 3aBAaHHA; A — 00NacTb NPHUITYCTUMHUX
3Ha4YeHb 3MiHH [TapaMeTpiB.

MaremaTuuHa IIOCTaHOBKA 3aBIAHHS y BUIIISII
iTboBOT QyHKIIT O3BOJISE KUIBKICHO OLIHUTH €(eKT
BiJ 11 pilllcHHS B SKOCTI MOKAa3HHKA, IO BUPAKAETHCS Y
BiJTHOCHUX OJMHUIISX (BiJCOTKax). B Takomy pasi moka-
3HUK €(DEKTUBHOCTI METOJY PO3POOKH aJrOpUTMIB Jia-
raocryBanHs PEK xapakrepusye BiJHOCHE 3MEHIICHHS
CepeHbOr0 Yacy BiJHOBJICHHS 3 BUKOPHCTAHHIM aJro-

put™My (7, ) 1O BiJIHOLIEHHIO 10 BiIOMHX (TG) [8]:
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n:(TG'—Tg)/T6'~100%.

CTpykTypa pilieHHs 3a71a4i po3poOdKu MeToay
no0yI10BH AJITOPUTMIB TiarHOCTYBaAHHSA
panioeIeKTPOHHUX KOMILIEKCIB

Meron npusHauenuit st pospooku YAJI PEK. Ho-
TO CYTHICTb IOJISITa€ B KOMIUIEKCHOMY OOJIIKY TOKa3HHKIB
HaJIHHOCTI, BapTOCTi 1 Yacy IMEpeBIPKH CTaHy EIEMEHTIB
(mincucrem) 06’exty. HeoOximHi [uist peamizanii BHXigHI
JlaHi OTPUMYIOTh 3 TexHIuHOi JokymeHTauii PEK i pe3ysib-
TaTiB JOCTITHOI eKCIUTyaTallii: BIZOMOCTI MpPO CKIIAX
00’€KTy; TIOKA3HUKU HAMIHHOCTI OKPEMHX ITiJICHCTEM;
BizioMocTi Tipo 3B (BapTicTh, METPOIOTiuHI XapaKTepuc-
THKHW); JaHi IPO 4acoBi i BapTiCHI MOKa3HUKH MEPEBIPOK
mincuctem PEK. OOMexeHHS Ha BUKOPHCTAHHSA METOMY:
MoxuuBicTs oty PEK Ha okpemi mizcicreMu; MOXIIH-

BICTh aBTOHOMHOI TEPEBIPKH Ipare3IaTHOCTI OKPEMHX
migcucrtem PEK; peamizamisi peMOHTy arperaTHUM MeTO-
nom; BuOip 3B 3i crimcky J103BOJNEHMX; BiJHOBJIEHHS Tpa-
LEe3aTHOCTI (haxiBISIMU ILITATHOTO EKIITaxy.

[punymeHHs: npu BUKOPUCTAHHI METOIY: Bpaxy-
BaHHA MeTpoJioriyHoi HaaidHocti 3B; xommekr 3B
JIO3BOJISIE TIEPEBIPKY YCIX IIJACHCTEM 1 3aJUINAETHCS
He3MiHHUM; KBadidikaris ¢axiBuiB BiANOBiAae mocai.

[epepaxoBaHi oOMeKeHHS 1 NPUIYIIEHHS BiAIO-
BiJjatoTh ymMmoBaM mnotodHoro pemonty PEK y Bilicbko-
BUX MOOUIPHHMX amapaTHUX TEXHIYHOTro 3a0e3IedeHHs.
Metox 103BOJIsIE OOIPYHTYBATH ITOCTiTOBHICTH BHKO-
HanHs nepeBipok PEK min wac miarHocTyBaHHS B IIpo-
1ieci IIOTOYHOTO PEMOHTY INTATHUMU eKinakaMu ado i3
3aimydeHHsM (paxiBIIB amapaTHUX TEXHIYHOTO 3abesrie-
YeHHS B TOJNBOBHX yMoBax. CxeMma peanizamii MeTOny
IpuUBeeHa Ha puc. 1.

MaremaTH4HUH anapar: Teopis HIMOBIpHOCTEH, Teopis
rpadis, Teopist HAAIHHOCT] TEXHIYHUX CUCTEM

Buxinai gani:

4 L

BiJJOMOCTI ITpO CKJIa
KOMIUIEKCY, HaJliHICTh
foro migcucreM i 3acobiB
BHMIPIOBaHb, 1aHi PO
4acoBi 1 BapTiCHI MOKa3-
HHKH [IePEBIPKH i JcHC-
TeM

Merox npusHaUYeHHH ISt pO3POOKH YMOBHUX
JITOPUTMIB JIarHOCTYBaHHs PalioeIeKTPOH-
HUX KOMIUIEKCIB.

CyTb MeTOy MoJIsira€ B KOMILIEKCHOMY 00JTi-
Ky MOKa3HUKIB HaiHOCTI, BApTOCTI i 4acy
IIEPEBIPKH €JIEMEHTIB 00’ €KTIB

TTocnitoBHICTE BUKO-
HAHHS N1EePEBIPOK Iif-
CHCTEM IIPH AiarHOCTY-
BaHHI PaJiioeTIeKTPOHHNX
KOMIIJIEKCIB BEJIMKOL
PO3MipHOCTI

1 T

1T

OOMeXeHHsI: MOXKJIUBICTD IOy KOMIUIEKCY Ha ITiICHCTe-
MH 3 HACTYITHOIO aBTOHOMHOIO IIE€PEBIPKOIO X Ipare3aar-
HOCTI, pEMOHT arperaTHUM MeTO/IOM, BUOip 3aC001B BUMi-
PIOBaHb 31 CITHCKY JI03BOJICHHX, JiarHOCTYBaHHS BUKOHYIOTb
(haxiBIl IITATHOrO EKiMaxy

[NpumymeHHs: BpaxyBaHHS METPOJIOTTYHOI Ha[iHHOCTI
3aco0iB BUMipIOBaHb (00JIIK MOXKIIMBOCTI 1X BIZIMOBH),
KOMIUIEKT 3aC00iB BUMiPIOBaHb JJ03BOJISE MEPEBIPKY
Tpare3[aTHOCT] BCIX MiJJCUCTEM 1 3aIMIIAETHCS HE3MiH-
HUM, KBaidikamis (GaxiBIliB BiAMOBIIa€ mocaii

Puc. 1. Cxema peanizanii MeToxy po3poOKH aJITOPUTMIB JIIarHOCTYBaHHI Pa/liOEIEKTPOHHUX KOMIUIEKCIB

MaremaTuyHuii anapar peajizaiii meToxy

Po3podka YAJl PEK Bemukoi po3MipHOCTI 3aCHO-
BaHa Ha BUKOPUCTaHHI METOXIB Teopii HMOBipHOCTEH,
Teopii rpadiB i Teopil HamIHHOCTI TEXHIYHHX CHCTEM
[1-9]. Bignocny Haniitnicth kokHOi mimcucremu PEK
PO3paxoByIOTH 32 (POPMYJIOI0, 1[0 XapaKTepu3ye HMOBI-
PHICTb BiIMOBH MiJICHCTEMHU TIPH BiIMOBI BUPOOY

M M
pi=z) 2zi=zT; Y2 pi=1;
j=1 i=1

Je z; —HapaMeTp IOTOKYy BigMoB mixcucrem; T —
HanpairroBadas PEK Ha BimMoBy.
Sxmo migcucremu PEK BukoHaHI HA OXHOTUIIHIN
€JIEMEHTHIH 0a3i, TO MOXXJIUBO BUKOPUCTOBYBATH BUPA3:
M
pbi = ﬁ§ L= Z L
L i=l1
ne L —3aranpHa KigbKicTh enemenTiB PEK.
BimHOCHa TPYIOEMHICTh TMEPEBIPOK CTAHY IIiICHC-
teM PEK nopiBHioe:
M M

Tiztl' Zt,, Zfizl;

j=1 i=1

Je t; — TPYNOEMHICTh (4ac) MepeBipKH MapaMeTpiB
MiJICUCTEMHU [ 3 BPaxyBaHHSIM WMOBIPHOCTI NMPaBHIBHOI
OIIIHKH ii pe3yJIbTary.

BingnocHa Bapricts 3B s nmepeBipku mapaMeTpiB
MiICUCTEMH i JOPIBHIOE:

M M
si=Cif 2.Cis 2si=1;
j=1 i=1

ne C; —BapricTs 3B 14 mepeBipku mparie3gaTHOCTI

MiJCUCTeMH { . BiTHOCHWU dYac BiIHOBIICHHs (3aMiHU
ab0 pe3epByBaHH) MiACUCTEMH [
M M
Ji=tgi Ztej; Zfizl;
j=1 i=1

Ie t,; —4Jac BiIHOBJIEHHs MiAcucTeMu i . Jlisd BU3HA-

YeHHs MOCHiJOBHOCTI mepeBipku miacucrem PEK min
Yac JiarHOCTYBaHHS TPOIOHYETHCS KOXKHY ITiJCUCTEMY
OLIIHUTH KOMIUIEKCHUM ITOKa3HHUKOM, II0 BPaxoBYE BCi
PO3TJISIHYTI CKJIaI0B1

pP m;

_ 1”31 . _ .

u; = ] s Pgl - I |PM/ s
j=1
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ne P,; —MerpornoriuHa Hafiitnicts 3B, 1m0 BUKOpHCTO-
BYIOTh JUISl TIEPEBIPKU MiACHCTEMM i ; m; — KUIbKICTh
3B 715 nepeBipKy MiJICUCTEMH | | PW
Ha/lidHICTh OKpeMux 3B mnst mepeBipku migcucTeMu i .

— METpOoJIoTivYHa

OtpumMaHe 3Ha4eHHsA u; 0€3pO3MipHE 1 CYTTEBO BiApi3-

Hs€ThCA A okpemux migcucteM PEK, Tomy mouinbHO
BukopucroBysatu UIIB migcucrem

M M
Jj=1 i=1

1
( TTouyaTox >

B nopanpmioMy 3 BHUKOPHCTaHHSIM OTPHUMaHHX
sHaueHb WIIB migcucTeM BHKOHYIOTH MOOYIOBY aro-
putmy piaraocryBanust PEK y surmsini 1JIM [1-7].

Baok-cxema peadizaiiii MeTona nodyaoBu
AJITOPUTMY TiarHOCTYBAHHSA

Peamizamist meroga ¢opmainizoBaHa y BHIVISII
OJI0K-cXeMHU, ska HaBeJieHa Ha puc. 2. Ilicist orpumaHHs
BHXIJHUX JaHuX okpemux mifcuctem PEK (2) 3a Bimo-
MHUMH MeTOJIMKaMu [ 1-7] BUKOHYIOTH MOOYIOBY JiarHO-
cT4HO Mojeni 00’ekTa y BUIIIsiAL Tpada iHpopMariii-
Ho-eHepreruunux 3B’ s3kiB (I'TE3) (3).

3 4
+ 2 Bubip giarHOCTHYHHX
M, L, z;, ti, ts;, [o6ymosa I'IE3 > napamerpis
Cia P?ia L
Pospaxymox >
HIIB
Y 6 10 v 14

3HaueHHs f;,Z, HEBi-

oMl abo oIHAKOBI

3Havenns f,, z, BiIOMI

Bimomi yacoBi, BapTicHI Ta
HaAIMHICHI TOKa3HUKU

11 ¢ 15

: 7 Z Po3spaxyHok
— i
p4=£ Ui_ Moz pjaTjaSia i
i L ti Zif ¢
=R j 16
— _ b,
v - u, =
A 8 Tisifi
Po3paxyHOK iHIeKCy U =Y
niepeyBaHHs H—L <
2.1
J
=l
v 13
v 9 . . v 17
Hinennst I'IE3 nepeBipkoro . . .
[To6ynosa 1JIM meto- . ITepeBipka KiJIbKOCTI
JIOM TIOJIOBUHHOTO Ji- Ly 3 MINY; B OKOMMILX BepUIMH B miarpagax
JICHHS DU, ~0.5
| v
20
18
ITo6ynosa IJIM < 3aBepuIeHHs TIOIIYKY Omua Bipm”'
Ha’
21 2
ITeperBopenns JJJIM B ExkcnepumenranabHa
JIIarHOCTUYHY TIPOrpamy d nepeBipka 2
ITepepaxynox z U,
¢ 24 B miarpagax
( Kinenp > |

Puc. 2. biok-cxema peanizanii MeToy JiarHOCTYBaHHS PaJlioeNeKTPOHHMX KOMILIEKCIB
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IIpyu upoMy 3BOpOTHI 3B’S3KM 1 TPaH3UTHBHI
3B’S3KH pO3pPHBaIOTh. [lOTIM Uit KOXKHOI ITiICHCTEMH
00HMparTh AiarHOCTHYHI mapamerpu (4): TepeBakHO
BUMIpIOBaHHS Hampyru abo omopy, a TaKkoXK aHali3
¢dopMu curHamy 3a pgomoMororo ocuwiorpada. Ilpu
MOTOYHOMY PEMOHTI JOLIIBHO BUKOPHCTOBYBATH MOXK-
JIMBOCTI BOYJJOBaHHX 3aCO0IB J1iarHOCTyBaHHS.

B nopanbimoMy, 3anexHo Bin odcary iHdopmarii
npo 00’ekT, pospaxysaTu 3Hauenns WIIB (5). Ipu
HasIBHOCTI TIJIBKH CTPYKTYPHOI CXEMHU BHPOOY BHKOHY-
I0Th PO3paxyHOK iHAEKCIB nepenyBaHHs [1-7] 1 moOymo-
By JJIM meronom monoBuHHOrO AineHHs (6-9). Ilpu
BiJJOMHMX 3HAYEHHSX IapaMeTpy BiJIMOB z; i 4acy Iepe-
BipKH mifcucTeM f; pospaxyHok WMIIB 3a pexomeHmali-
smu [1-7] (10, 11) 3 nmoGynoBoto JIJIM wmiHiMaibHOT
¢dopmu 3a kpurepieM Minimymy T, (13). Skmo Bigomi
YacoBi, BapTICHI Ta HaIIWHICHI TOKA3HUKU IiJCHCTEM
PEK, To po3paxyHOK KOMILIEKCHOTO Toka3HuKa (14-16)
i TIIIB (12) xoxHoi miacucremu Bupoby. B momanbiio-
my ainennst I'1E3 mepeBipkoro 3 MiHIMajlbHUM 3HAa4YeH-
HAM f; B OKOJUIISIX cyMu U; mpubiusHo pisHOo 0,5 (13).
Skmro mepeBipka KijgbKkocTi BepiiuH B miarpadax (17)
MOKa3Yye, 1110 BoHa Oinbine oauHumi (18), TO BUKOHYIOTH
nepepaxysok cymu WMIIB B Hux (23) i mpouec mpoos-
kyeTbest (17). SIKino micias BUKOHAHHS 4eproBOi IepeBi-
PKH 3aiMIaeTbes oHa BepimHa (18), To mouryk 3aBep-
mryetsest (19) 1 micnsa modynoru JJJIM (20) 3 nomansimm
MIEPETBOPEHHSIM B JIIarHOCTHYHY TNporpamy (BKa3iBKU
po Micre nepeBipky, 3B, MoxiIMBI pe3yabTaTy il BUKO-
HaHHs) (21) BHKOHYIOTH €KCIIEpUMEHTaJbHY HEPEBIPKY
OTPUMAaHOI IIarHOCTUYHOI TIporpamu (22).

IIpuxnag BUKOPUCTAHHA
3alIPONIOHOBAHOI0 METOAY

[Nopsaox BUKOpUCTaHHS METOJY PO3IIISIHEMO Ha
npuknani PEK 3 [8], cxema sikoro HaBeneHa Ha puc. 3.

5 6 9

1 2 3 >
3 4 7 8 10

—>| 4 5 6 7 8 —>
1 2 11

9 10 11—

Puc. 3. Cxema 3’ e¢qHanHs HiACHCTEM
PanioeNIEeKTPOHHOT O KOMILIEKCY

BuxinHi faHi i pe3ynbTaTy NPOMI>KHUX PO3PaxyH-
kiB mpuBeaeHo B Tabm. 1 [8]. PEK ckmamaetbes 3i
M =11 miacucrem. HeobOximHo mobymaysatu YA/, 1o
MiHIMi3ye cepenHiii yac BigHoBnenHs PEK npu morou-
HOMY pEeMOHTI. Pe3ynbraTd po3paxyHKy KOMILUIEKCHHX
nokasuukis, MIIB i paury (R;) mincucrem PEK mpuse-
neHo B Tabi. 2 [8]. Panr mizcucreM BimoOpakae mopsi-
JIOK 1X nepeBipkH mpu odciyroByBanHi PEK 3a cranom.

PosrnsineMo MoykiuBi Bapiantu moOymoBn YAJL
00’exty. Ha puc. 3 BinoOpakeHO iHICKCH TIepeayBaHHS
iIcKCTeM, TOOTO KiJIBKICTh MiICUCTEM, IO BIUIMBAIOTH
Ha pobOory naHoi Iumoc oxaumHuns. [lpu BiacyTHOCTI
BIIOMOCTEH MPO HaIiWHICTh, YaCOBI Ta BApTICHI MOKa3-

HUKH TIepeBipok nmo0ynoBy Y AJl BUKOHYIOTH METOIOM
IiXOTOMii (ITOJIOBUHHOI'O iEHHS 00 €KTY MepeBipKa-
MH) 3 BUKOPHCTAaHHSM iHZAEKCY nepenyBaHHs. OTpuMa-
HUM TakuM 9iuHOM Y AJ] ipuBeeHo Ha puc. 4.

Tabnuys 1 — lpukaan po3paxyHKy MOKA3HUKIB MiAcHcTeM
PanioesIeKTPOHHOI0 KOMILIEKCY

i | zi || G |ty psi | Pi Ti si | fi

1 4 1512500 | 10 | 0,85 | 0,04 | 0,054 | 0,123 | 0,055
2 4 1512000 | 12 | 0,88 | 0,04 | 0,065 | 0,098 | 0,066
3 10 [ 20| 1000 | 15 | 0,81 | 0,10 | 0,082 | 0,049 | 0,083
4 10 {20 | 1200 | 20 | 0,79 | 0,10 | 0,108 | 0,059 | 0,110
5 6 10 | 1800 | 11 | 0,91 | 0,06 | 0,059 | 0,089 | 0,061
6 7 10 | 2100 8 (0,88 | 0,07 | 0,043 (0,103 | 0,044
7 6 10 | 1200 | 16 | 0,93 | 0,06 | 0,086 | 0,059 | 0,088
8 25 [ 30| 1500 | 25 | 0,95 | 025 |0,145 (0,074 0,138
9 4 1513500 | 22 | 0,89 | 0,04 0,119 {0,172 0,121
10 4 1513000 | 18 | 0,87 | 0,04 | 0,097 | 0,148 | 0,099
11 20 | 25| 500 24 10,88 | 0,20 | 0,142 | 0,026 | 0,135

Tabnuys 2 — lpukaan po3paxyHKy MOKA3HUKIB MiAcHcTeM
PanioeJIeKTPOHHOI0 KOMILIEKCY

i u; Ui R;
1 93,1 0,0549 8
2 83,7 0,0493 9
3 242.9 0,1432 3
4 112,7 0,0664 7
5 1704 0,1005 4
6 316,1 0,1863 2
7 125,0 0,0737 6
8 160,4 0,0946 5
9 14,4 0,0085 11
10 245 0,0144 10
1 3531 0,2082 ]

Puc. 4. YMOBHHMIT anropuT™ JiarHOCTYBaHHS 00’ €KTY
METOIOM ITOJIOBUHHOTO JIJICHHS

B Takomy pasi cepemuiii yac BimHOBJeHHS PEK
JIOPIBHIOE (3 BpaXyBaHHIM CIIPABHOTO CTaHY BHPOOY):

, M+1 ) 927
T, = ; (t&- +Zf;ltj) (M+1) == = 77.25 x6.
SIKII0 BUKOPUCTOBYBATH BiJIOMiI pEeKOMEHHIAIIi1
o0 pospaxynky MIIB i mobymosu YAJI npu HasBHO-
CTI TaHUX PO HAMIHHICTH MiJCUCTEM i Yac BHUKOHAHHS
ix mepeBipku [1-5] oTpuMyeMo anropuT™ BUIY puC. S.
VY 1poMy BUNAAKY OTPEMYEMO

T, =912/12 =176 xs.,

110 Kpale, Hik panime Ha 1,6%.
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6 110 Ha 7,6% Kpaliie, HiXK B TIOIIEPESTHHOMY BHIIAIKY, a00 Ha
9,1% MeHIIIe Yacy BiTHOBJICHHS 3 oOya0BO0 Y AJl MeTo-
JIOM TIOJIOBMHHOTO JUICHHS. B IMX BUMaaKax cepeiHs
KUTBKICTB MTEPEBIPOK TPH TOITYKY Ae(hEeKTY TOPIBHIOE

K="k [(M+1)=376.

BucHoBku

3anpornoHoBaHO METO]] PO3POOKH YMOBHHX ajro-
PUTMIB JiarHOCTYBaHHS PaliocICKTPOHHUX KOMILICKCIB
Ha TEpIIOMY €eTali IOTOYHOI'O PEMOHTY (BH3HAYEHHS
HECIIpaBHUX IMiJcucTeM abo OJIOKIB) 1 MOPSAOK HOro
peaitizaiii, 10 A03BOJISIE CKOPOTHTHU CEPEAHIN Yac Bij-
HOBJIGHHSI 332 DPaxyHOK BHKOPHCTaHHS KOMIUIEKCHOTO

1 2 3 4 9 10 11 0

Puc. 5. YMOBHUI allrOpUTM JiarHOCTYBaHH,
11o0y/10BaHMI 32 BiZIOMUMH PEKOMEH JALliIMH

Ilpn BUKOpHUCTaHHI 3aNpPOINOHOBAHOIO METONY

orpumyemo YAJL By puc. 6, IpH LboMy Koe(]iIlieHTy TpHU OIHIN 3HAYCHHS HMOBIPHOCTI mepe-
Ba)KHOI'O BHOOPY €JIEMEHTIB 00’ €KTY.

T, =842/12=170,2 xs., Ie mo3BoOJIsAE TP MOCTIHHOMY 3HAYCHHI CEPEIHBOT

KIUJIBKOCTI TIEPEBIPOK 3a PaxyHOK iX YIMOPSAOYEHHS 10

6 JIECSITH BiJICOTKIB CKOPOTHUTH CEpENHIN Yac BiTHOBJICHHS

B MOPIBHSAHHI 3 BiZOMUMH Merofamu. OTpuMaHi pe-
3yJABTATH JOLUIBHO BUKOPHUCTOBYBATH IIiJ] YaC PO3POOKH
JIIarHOCTUYHOTO 3a0€3IeYeHHs ePCIIeKTUBHUX 3pa3KiB
3aCc00iB 1 KOMIUICKCIB CIICI[iaIbHOI'O 3B’SI3KY LIS ITiJI-
BUIIIEHHS €()EKTHBHOCTI X IOTOYHOTO PEMOHTY.
[MomanpImi AOCTIHKEHHS CIiJ HapaBUTH Ha PO3-
[JISIT MOXKIIMBOCTI  YIOCKOHAQJIEHHS IIPOILIECY MOUIYKY
KpaTHUX (MHOXXKMHHUX) 7Ae(eKTiB Ipu BiJHOBJIEHHI
Mpane3faTHOCTI 00 €KTIB 31 cIaOKUM CTYIIEHEM aBapiii-

Puc. 6. Anropursm JliarHoCTyBaHHs, HUX a00 OOHOBMX IIOIIKO/PKEHb B IIOJHOBUX YMOBaX
100y/I0BaHMH 3aMPOIIOHOBAHMM METOIOM (haxiBISIMU arlapaTHUX TEXHIYHOTO 3a0€3MCUCHHS.
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Method of development of diagnosticalgorithms for radio electronic complexes
L. Sakovych, H. Krykhovetskyi, I. Hyrenko, Iu. Myroshnychenko

Abstract. The article considers the possibility of using a complex metric that considers the reliability, time, and cost
metrics of checking individual subsystems of a large object to construct an algorithm for its diagnosis. This reduces the average
recovery time of the complex by prioritizing the least reliable subsystems that require minimal labor and costs for inspection and
renewal. A block diagram of a method that allows the use of a computer to automate the process of developing diagnostic support
for promising samples of special communications tools and complexes is also provided. An example of how you use the method
and how to quantify its effectiveness is given. The results obtained in the future allow us to reduce the time and cost of recovery
for the ongoing repair of promising samples and special communication complexes.

Keywords: radio-electronic complexes, means of special communication, algorithm of diagnosis, probability of pre-
ferred choice.
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3ABAJIOCTIMKICTh MOBLJIbHUX TEJJEKOMYHIKAIIMHUX CUCTEM

Anotanis. IlpeqMerom BHBUEHHS € mpouecH 3a0e3IeUeHHs 3aBaJloCTIIOCTI MOOUIBHUX TEJIEKOMYHIKALIHHIX CHCTEM Ha
IPYHTI HAJUIMPOKOCMYrOBUX CHTHAJIB 3 BHUCOKOH iH(opMaliiiHOI eMHicTIo. Mera — po3poOka peKoMeHpalii oo
3a0e3MeueHH s 3aBaI0CTIHKOCTI HAIIMPOKOCMYTOBOI CHCTEMH 3B 13Ky HPH Hepeziadi JIMCKPETHNX MOBIJOMIIEHb KaHAJIOM 3B SI3Ky
3 aJIMTHBHUM TayCOBHMM IIyMOM. 3aj1a4a — 3a0e3MeyeHHs YCTaIeHOl Ta HafiiiHOl poOOTH HaJIIMPOKOCMYIOBOI CUCTEMH 3B’ SI3KY.
Bukopucrani Meroam: METOOM aHATITUYHOrO MOJENIIOBAaHHS Ta Teopil NMOTeHIIiTHOI 3aBamocriiikocti. OTpUMaHi HACTyIHI
pe3yasTaTu. Po3pobieHo kpurepiii 3a0e3nedeHHs 3aBaIoCTiHKOCTI MOOUTBHUX TelleKOMyHIiKauiitHux cucreM. Ha rpyHTi Teopii
TOTEHIIIaIbHOI 3aBaIOCTIMKOCTI OKa3aHa MOXUIMBICTB yCTalleHOl Ta 0e33aBanoBoi poOOTH TelneKOMYHIKaIiiHOI Oe31poBO1IOBOI
CHUCTEMH B YMOBaX, KOJIU piBeHb iH()OpMAIIHHOrO CUrHaJTy Ta IIyMy MarOTh OIHE 3HaueHHs. JloBelleHa MOXUIMBICTD BUITY4EHHS
TiepeiaHoro iH(pOpMaIifHOr0 CHTHAITY 13 CyMillli IITyMY Ta KOPHCHOT'O CUTHAJTY IIUISIXOM KOpEJILiil MPHITHATOrO Ta OIIOPHOIO CH-
rHaiB. [TokazaHa MOXUIMBICTE PO3PI3HEHHS JBOX CHTHAIIB Ha ()OHI 1IyMy, Ki HAHOLIbII IMOBIPHO OYII0 HepesaHo Ta NPUHHATO
II0 KaHaJly 3B’s13Ky 3 OlmM raycoBuM IrymoM. BucHoBku. TIokaszaHo, 1110 BUKOPUCTaHHS TEXHONOTIT HAAIIMPOKOCMYI OBUX CHI-
HAJIIB JI03BOJISIE 3IIIHCHUTH OE3MPOBOIOBY IPUXOBaHy Nepeaavy iHpopMarii 3 Mok IMOTY)KHICTIO BUNIpOMiHIOBaHHsL. [Iprdomy
BenuKa 6aza curHainy B > 2.5 no3Boisie 3a0€3MeUnTH ycTalleHy Ta 0e33aBa/loBy pOOOTY TEJIEKOMYHIKaliiHOI CUCTEMH 32 YMOB,
KOJIM piBeHb iH(OpMALIiHOro CUrHaTy 3HaXOIMThCS Ha piBHI (¢ = 1) uu HIKye piBHA mymy. IIpu iboMy 10Be/ieHa MOXUIUBICTD
BIUIY4CHHSI SIK KOPHCHOIO CHTHANTY i3 CyMillli CUTHAITy Ta IIIyMY, TaK i BU3HAYECHHS 3 ONAIBIIMM BIIYYEHHSIM OIIHOIO BipOr'iIHO-

T'O CUTHAJTY 13 CyMillli IBOX MOBHICTIO BIJIOMUX CUTHaNA So(?), 51(¢) i3 OUIMM rayCoBHM IIIyMOM.

Karo4dosi ciaoBa: pyxomuii 38’ 130K; 3aBaJJOCTIHKICTh; 0a3a CUrHaa; KpUTEPii 3aBaJOCTIHIOCTI; KOpEALis.

Beryn

[Ipobnema 3aBaOCTIHKOCTI € OJHIE€I0 3 HAWOUIBII
MPIOPUTETHUX B CYy4acHill OE3MpOBOJOBIN TeXHili
3B’s13Ky. Jlo TpaamuiiiHux 3aco0iB 3a0e3nedyeHHs 3aBa-
JIOCTIAKOCTI BIJHOCATh YaCTOTHE IUIAHYBaHHS, KOHT-
POJIb 32 SIKUM 3IIHCHIOIOTH HAI[IOHAIBHI Ta Mi>KHAPOIHI
IHCTUTYTH, BUKOPUCTAHHS aHTEH i3 BY3bKOIO JliarpaMoro
CIPSIMOBAHOCTI Ta iHIIE. PO3BUTOK TEXHOIOTiH MOOLIB-
HHUX TPUCTPOIB, OE3MPOBOJOBUX IEPCOHAIFHHUX JIOKa-
TpHUX Mepex (wireless personal area networks —
WPAN) Ta crpimkuil po3BHTOK Internet BHKJIHMKae Bce
OiIbIly HaraJbHy 1MOTpPeOy y MiJBHIIEHHI EMHOCTI MO-
OUTBHUX MEPEXK, I SIKUX OCOOJMBE 3HAUCHHS MArOTh
HHU3bKa BapTICTh OOJIaJIHAHHS Ta HE3HAYHE €HEeprocCIo-
»wuBaHHA. [Tpy 11bOMY OCHOBHOIO TEHJAEHIII€IO iX PO3BH-
TKy € yHi(ikalisi nmepcoHalbHUX 3aC00iB KOMYHIKallil,
10 O3Ha4Ya€ MOXKJIMBICTh BUKOPHCTAHHS OIHOTO TepMi-
Hally A0 3’€qHaHHA 3 iHpopMauiiiHuMu ciyxOamu B
PI3HOMaHITHHX CEPEIOBHINAX. Y CBOIO Yepry i€ BUKIIH-
Kae 1motrpedy B OTPHMMaHHI BUCOKOUIBHIKICHUX 0€3Ipo-
BOJIOBUX CHCTEM 3B’SI3Ky, 110 BHMAarae e(eKTHBHOrO
BHUKOPHUCTAHHS €JICKTPOMAarHiTHoro cmekrpy [1, 2]. V
TOW JK€ Yac HaraJbHOI CTae npodiema 3a0e3nedeHHs
3aBaJIOCTIMKOCTI PyXOMHUX MOOUIBHUX OE3IPOBOIOBUX
MPUCTPOIB, IO OOYMOBIIEHO BUMOTaMH 0 BHCOKOI
IITBHOCTI KaHAJIiB 3B’SI3Ky HAa OJUH KBaJIPAaTHUH METp
po60YOi 30HH, X TMPOIMYCKHOI 3J]aTHOCTI Ta 3aBaJ0CTIH-
KOCTI B yMOBax Jlii HCHABMUCHUX Ta HABMUCHUX 3aBa/l.

Oco0uBicTh 3a0e3MeYeHHsl 3aBaI0CTIHKOCTI B CH-
cTeMax 0e3MpOBOJOBOrO 3B’ sI3Ky 00yMORBJIEHA HEOOXiI-
HICTIO OpraHizaiii pamiogocTymny 0araThoX KOPHUCTYBa-
YiB 10 OOMEXKECHOr0 pecypcy — CepelIOBHINA Iepeaayi.
IcHye HM3Ka METOIB, SIKi 0a3yFOTHCS Ha PO3MOALIL MiX
OKpeMUMH 3aco0aMH MOOLTBHOTO 3B’SI3Ky TaKUX Iapa-
MeTpiB, SIK 4acTOTa, 4yac, KOJA 1 MPOCTip i3 MiHIMyMOM
B3a€MHHX 3aBaJ] Ta MaKCUMaJIbHUM BHKOPHCTAHHIM

XapaKTEPUCTHK CEpeIOBHUINA Tmepeaadi. 3poOuTH iH-
(dbopMarliifHuil CUTHAJT BUIPOMIHIOBAHHS HEIIOMITHHM
Uit OyIb-SIKUX TpHKiMadiB, OKpIM TOro, KOMY Horo
MIPU3HAYEHO, MOKIIMBO 32 PaxXyHOK YCKJIaJHEHHs 3aKO-
HY MOIYJSIIii Ta OUIIXOM PO3UIMPEHHS HOro CIEKTpY.
Takuii curHam maixe HE 37JaT€H YMHUTH HeOaKaHUi
BIUIMB Ha 3BHYAIHY CTOPOHHIO CHCTEMY, sSIKa IPAIIO€ B
TiH ske cMy3i yactor. OTHaK OCHOBHUM METOJIOM 3a0e3-
MIEUCHHs 3aBaJIOCTIMKOCTI B CHCTEMaX Oe3MpPOBOIOBOTO
MOOIUIEHOTO 3B 513Ky € 3HIDKEHHSI PiBHS €JIEKTPOMAarHiT-
Hux moniB [3-5]. Ilpu 1ipoMy 3a1aya monsrae B oOpaHHi
TAKOr0 BUTPAIIy BiJl 0OpOOKH CUrHaIy, sSIKUil Ou rapaH-
TyBaB JOCTaTHbO HU3BKWUH piBEHb WOr0 CHEKTPaIbLHOL
IIUTBHOCTI Ng BITHOCHO CHEKTPAJIBHOI 1HTEHCUBHOCTI
MIPUPOTHOro mIymMy Ny Ha BXOJIi pUiiMaya.

Kpurepiii 3a6e3neuenns 3aBagocTiiKkocTi
MOOUIBHUX TeJIeKOMYHIKalliHHUX cucTeM

3abe3neunTH HEOOXiMHUH PiBeHb 3aBaJIOCTIHKOCTI
TEJIEKOMyHIKAI[ITHUX CUCTEM PyXOMOTO 3B’sI3KY, 3/1aTHa
TEXHOJIOTIS1 H/INIMPOKOCMYTroBoro 3B’s3ky. Cyts ii mo-
JISITae y rnepeiadi MajolnoTyKHUX KOJOBAaHUX IMITYJIBCIB
B Jy)X€ IIMPOKIA cMy3i yacToT 0e3 HEeCcydoi 4acTOTH.
[Mpu4oMy HIMPOKOCMYKHICTh CHCTEMH BH3HAUaE He
a0CoJIOTHA BEJIMYHMHA [IMPHUHU BHKOPUCTAHOI CMYTH
YacTOT, & CIIBBITHOIICHHSIM CIEKTPY IOBIJOMJICHHS,
SIKMI BU3HAYCHO MIBUIKICTIO OTPUMaHHS iH(opMaIlii, Ta
LIIUPUHOIO crieKTpa curHana [6]. [lpumyctumo, mo AF €
LIMPHUHOIO CTIIEKTPY MOBIIOMIIEHHS, W — IIMpHUHA CIIEKT-
py curHama, a T — TpuBalicTh curHama. J{oOyTok
B=WT € 6a3or0 curHany. 3a3Bu4ail A IIMPOKOCMY-
roBux cucreM W >> AF ta B>> 1. Po3mmpioouu cmy-
Ty 4acToT i3 AF 10 W BUHHKA€ MOXIIUBICTh 30UIBIIICHHS
IIBUIKOCTI Tepenadi indopmallii, yKopodyodu mnepena-
Hi curHanu 3 Benuunbu T = 1/AF mo T} = 1/W, npuuomy
Ty << T. TakuM 4YMHOM JIO TEPEJAHOrO CHUTHAIYy BBO-
IIATh JESKY HAJMIpHICTh, BETUUUHY SKOI BU3HAYa€E KOe-
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GinieHt posmmpenHsa cnektpy K = W/AF. Came Hass-
HICTh Ii€1 HaIMIPHOCTI BHU3HAYA€ TaKi BJIACTUBOCTI
HA/IUPOKOCMYTOBHX CHCTEM, SIK MOXKJIMBICTH Iepedo-
peHHs sBUIIA 0araTONPOMEHEBOCTi, YCTaJEHICTh 10
3aBaJl, Ta MOXIHUBICTh C(PEKTUBHOI'O BHKOPHCTAHHS
CHEKTpY IIil 4YaC BUKOPHCTAHHS MEPEBAHTAKEHOTO Yac-
TOTHOTO Jiana3oHy Ta nuppoBoi 0OPOOKH CUTHAITY.

3a3Buyaii, HWKHA MEXa CIIBBITHOIICHHS CIICKT-
paNbHUX IIUTFHOCTEH curHany NgTa 3aBamu Ny y— 7 n1b
Ha BXOJ IpHUiiMaya rapaHTye Horo HopMalbHY poOOTY.
et piBeHb BiJINOBIIA€ CIiBBiIHOIIEHHIO:

Ng/Ny<02. (1)

VY Toli ke Yac CreKTpasibHy IIIBHICTE Ng BU3HAYaAIOTh
HACTYITHUM CITiBBiJHOLICHHSIM:

Ng =P/W =E/(WT), )

ne F'— NoTyXHICTh curHaity; W— IupuHa ClIeKTpy CHUr-
Hany; E— eHeprisi curHaiy, I — TpPHBaJiCTh CHTHAIY.
Takum uuHOM, 3 ypaxyBanusM (1), (2) kpurepiem 3aBa-
JIOCTIMKOCTI cTae BUPILIEHHSI HACTYIHOI HEPiBHOCTI:

E/(WT)<0.2. 3)

3rigHo Teopii moTeHmianpHoI 3aBagocTiiikocti Ko-
TenbHiKOBa B.A. [7] xapakrtepuctuku iHdopmamiiiHoro
CUTHAJy 3aJie)KaTh Bij BiJHOIIEHHS MOABIHHOI eHeprii
curHainy E 110 CIEKTpaslbHOI HIUIBHOCTI MOTYXKHOCTI
mymy Ny Ta CKJIaJa€ BEIUUHMHY:

0 =2E/Ny=2qyB,
1e qo =(E/T)/(N0W) — BiJHOIIEHHS CepeHbOi MO-
TyxHOCTI curHany Pgy = E/T 10 MOTYXHOCTI IIymy

P, =N, na Bxoni mpuiiMaua, a B=WT € 6a3or0
curHaiy. [Ipu npomy (3) npuiiMe TaKOro BUIIISLY:

¢ /(wT)<04, 4)

Jle caM KpUTepii BH3HAYEHO Yy TEpPMiHaX BiJHOLICHHS
CHrHajJ / IIyM Ha BXOXi NpHiiMada g Ta BUIpAIly Bij
00poOku WT.

3HMKEHHS PIBHSI €JIEKTPOMArHiTHOI'O BHIIPOMIiHIO-
BaHHS € OCHOBHUM METOJIOM 3a0€3IIeUeHHs 3aBaJ0CTik-
KOCTI B cUcTeMax 0e3MmpoBOIOBOr0 MOOUIBHOT'O 3B SI3KY.
ToMy CHpUHAHATIUBUM MO0 3a0C3IECUCHHS YCTaJICHOL
0e33aBaZioBOi pOOOTH € 3HIDKEHHs 1H(pOPMALiHHOrO
CHTHaJy Ha BXOJI npuiiMaua 1o piBas mwymy (¢ = 1). Lle
00YMOBJIIOE KpHUTEPiil 010 3a0e3eueHHs 3aBag0CTii-
KOCTI TEIEeKOMYHIKALliIHHUX CHUCTEM Oe3IpPOBOJOBOTO
MOOUTEHOrO 3B’si3Ky (WT2>2.5). Takum uuHOM, IS
3a0e3MeueHHs] 3aBaJIOCTIHKOCTI Oe3MpOBOAOBUX MOOi-
JBHAX CHCTEM HaHOLIBLI JOIUIBHAM € 3aCTOCYBaHHS
TEXHOJOTI] HAANIMPOKOCMYIOBUX CUTHANIB 3 0a3010
curHany B >2.5. Ilpu oMy BUHHKA€E 3a7aya BUIy4EH-
Hs iH(QOpPMaLIiHHPro cCUrHATY Ha (oHI HIyMY.

BusiBienns curnaay Ha GoHi mymy

BunryueHHst kopuCHOTO curHainy Ha (oHi mymy
3IIHCHIOIOTH MUISXOM KOpENALii MPUHHATOrO Ta OIop-
Horo curHaiiB. KopensTtop BUKOHYe 3rOpTKY NpHUHS-
TOr'O CUTHAIY 3 €TaJOHHUM. BiH € iieaqbHUM JeTeKTo-
pOM IS BH3HAYEHHS YAaCOBHX 3CYBIB NPHHHITHX
IMITYJIBCIB  BIJHOCHO ONOpHHX. Tak mpu mOpuiomi

OIMHUIN KOpelsliiiHa QyHKUis AopiBHIOE +1, a mpu
npuitomi 0 — npuiiMae 3HaueHHs -1. Y Oyab-sKuX
IHIIMX BUIMAIKaxX KopessimidHa ¢GyHKIis gopiBHioe 0.
HaxonudeHHs B KOpensTopi puiiMaya 1meBHoOI KUTBKICTi
HAJIKOPOTKHX IMITYJIbCIB, IO KOAYIOTh KOXKEH 3 iHdop-
MaIlifHux OITIB, NalOTh MOXKJIUBICT CYTTEBO ITiIBUIIHU-
TH CIiBBIJHOIIEHHS CHIHAJ/IIYM, 3a0€31EeUYIOUN MOX-
JUBICTh Tepeaadi iH(opmalii B IIMPOKOMY YaCTOTHOMY
Jiama3oHi 3HAYHO HIDKYE PiBHs OLTOro mrymy, 3abesme-
YYIOUU TPH [[bOMY BUMOTH MIONO 3aBaIOCTIHKOCTI py-
XOMHX MOOUIBHHX TPHUCTPOIB.

PeanbHI MOBIOMJICHHS 3a3BHUYall € HECTaIliOHAp-
HUMH, TOMY iX MOJENI TaKOoX € HEeCTallilOHADHUMH BU-
MaIKOBUMH MPOLIECAMHU, SIKi TPUITYCKAIOTh KBa3iCTallio-
HapHy TPAKTOBKY. IX MOKHA BBAXaTH MPAKTHYHO CTa-
LIOHApDHUMH Ha TPOMIKKAx 4acy HEBEJMKOI TPHBAJIOC-
1i. ITepexia n0 craiioHapHOI MOAETl OOYMOBJICHO THM,
0 BUPIILIEHHS 3a71a4 13 ypaxyBaHHSIM HECTalliOHApHOC-
Ti TIOBIIOMJIEHb BUKJIMKAE€ YCKJIAIHEHHsS Ta BUMarae
CKJIaJIHOTO MaTeMaTH4YHOro amapary. ToMmy y sKocCTi
CTalliOHApHHUX MOJEJEH ITOBiIOMIJIEHb, CUTHAIIB 1 3aBajl
BUKOPHCTOBYIOTh TayCiBCHKMI BHIIAJIKOBUI MpoOIIEC,
SIKMH OIHO3HAYHO BH3HA4Ya€ MaTeMaTHYHE OYIKyBaHHS
m Ta KopensiiHa QyHkis R (r)

BukopucraHHsl HaJIIMPOKOCMYrOBHX CHUTHAJIB Ha-
Jlae 0e3npOBOJIOBOMY KaHAIy 3B’SI3KY Taki Baly, SIK BH-
COKY 3aBaJI03aXHIIEHICTh, YHUKHEHHS 3aBMUpPaHb CUTHa-
Jy B KaHajax i3 OaraTorpoMiHeBicTIO, 3a0e3nedeHHs
0araToCTaHIIIfHOr0 JOCTYIy 3 OJHOYACHOK DPOOOTOO
0araTboX paiOTEXHIYHUX CHUCTEM B OJHOMY i TOMY K
Jiama3oHi 4acToT, 3a0e3MCUCHHS eJICKTPOMArHITHOI Cy-
MICHOCTI 3 BY3bKOCMYI'OBHMH PaJiOTEXHIYHUMHU CHCTE-
Mamu. [IpraoMy HaIIIMPOKOCMYrOBHMH BBaXKaeEMO TaKi
CUTHAIIH, JUTsl SIKUX BUKOHYETHCS CITIBBITHOIICHHST:

B=FT,>>1,

ne B,F,.,T. — 6a3a, IUpUHA CIEKTPY i TPHBAIICTh CHT-
HaJTy BI/ITIOBIZHO.

ImoBipHicHMIT MeTon nepenaui iHdopmanii moss-
ra€ y 3aCTOCYBaHHI KOPEJSLIHHOTO METOy Ui 00po0-
KU CUTHAJIIB, SIKI HA BXOI ITpUiiMaya MaloTh BUTJIS.

u(t)=rs(@)+n(t),

ne u(t) — npudHATHIA cUTHaM; S(f) — KOPUCHUHA CHTHAI;
n(f) — TayciBCbKMH IIyM; A — BHIAJIKOBA BEIWYHHA, IO
npuiiMae 3HayeHHs 1 uu 0 i3 iMOBipHOCTSIMH p 49U 1- p
BiJITIOB1THO.

11106 3a npuitHATEM curHaioM u(¢) Ha (oHI ray-
CIBCBKOTO aTUTHBHOrO mymMy 7(f) 13 CHEKTPaIbHOIO
HIUTBHICTIO Ny B CMY3i NpomycKaHHs npuiiMada Af Bu-
pIlINTH, YM € Y HAassBHOCTI KOPHCHHH curHai s(f) ciif
00YHMCITIOBATH BiHOIIEHHS (QYHKIIN MpaBIonoaioOHOCTI

I(u) =W (u/H, )/W(u/HO) Ta TOPIBHIOBATH HOro i3
JESIKUM TIOPOTOM [, SIKMH BHM3HAYEHO 3a KPHTEpieM
ineansHoro criocrepirava: Iy =(1-p)/p.

Kpurepiii ineanpHOro criocrepiraya oopaHo Tomy,
mo Oyap — sIKi MOMWJIKH i 9ac MPUHOMY CHMBOJIB
HeOaXkaHi, Ta BTPATH, ITOB’sA3aHI 3 UMM IOMHIKAMHU,

onnakosi. ®ynkuii W (u/H;) ta W(u/Hy) € ynkui-

SIMHM TIPABIOIOAIOHOCTI. Y BHIAAKy HasiBHOCTI KOpHC-
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HOT'O CHTHAJy CIpaBeJIMBOIO € TinoTe3a /, a y Buma-
JKy Horo BifICyTHOCTI — CNpaBelMBa rimoresa fHH.

Jlorapudm BigHOMIEHHS (YHKUIH TpaBAOIOAIOHOCTI
Ma€ HaCTYIHUH BHUTJISI

Inl(u) =+

5 T
— |u()s(t)dt ,
o No !;u

ne: E — eHepris curHaiy; I — TpUBANICTh CUTHAITY.
3 ypaxyBaHHSIM IIbOTO CIiBBIJIHOIICHHSA CNiJ 00-
YHUCJIUTH 1HTErpaI:

P T
=5 { u(t)s(t)dt (5)

Ta TOPIBHSITH HOT'O 3HAYESHHS 3 TIOPOTOM:
zg=Inly+E/Ny .
[Ipu nepeBuIIeHHI TOPOTY, PIIEHHS TPUHMAETHCS
Ha KOPUCTb TinoTe3u |, y IHIIOMY BHUIAJKY - Ha KO-
pucth rinore3u H(y. Takum duHOM cniBBinHOMmEHHS (1)
€ MIpOIO B3a€EMHOI KOPEJIALIT Mi’K IPUHHATAM CUTHAJIOM
u(t) Ta OYiKyBaHUM KOPHUCHHM CHTHAJIOM s(¢). YMOBHI

iIMOBipHOCTI XMOHOTO BHU3HAYEHHS O 1 IPOMYCKY 3 CHTr-
HaJly BU3HAYAIOTh TaKi CITiBBiJHOLIICHHSL:

E 0
=plg2Iniy+— [Hyb= [ w| 1 )d,6
o p{q oty 0} _{O (%,0 q, (6)

=
B= p{q <Inl, +N£ Hl}z J. W(q/Hl )dq , (D
0 —00
ne: W(q/Hy) ta W(q/Hy) — posnoaineHHs Hanpyru
Ha BXOJi KOPEJAIIMHOrO mpuiiMava 3a YMOB CIIPaBel-
JMBOCTI rinote3 HyTa H|, BiAMOBigHO.
I3 ypaxyBaHHsM criBBinHOIEHHS (1) OTpHUMYy€EMO:

W(q/Ho)=ﬁ“p(—q2/(45/1\’0))’ ®)

2
1 2E 2F
g o) )0

TakuM YMHOM YMOBHI IMOBIPHOCTI XHOHOI'O BH-
3HAYEHHsI CHTHATY 0 Ta TPOIYCKY CUTHAITY B € TAKUMH.

E
© q2 lnlo+N70
o= exp| — g=1-0| ———
Zj 2F ,2E 2F
0 [2m— N —
Ny 0 Ny
Z 2
p= |l e [quJ 22EJ dq=
_OO./271:-2E/N0 Ny Ny ,

=<D((lnlo +E/N0)/M)’

€1

e O(x)=
(x) o

X
j exp(—zz/ 2) dz — iHTErpasn iMoBipHOCTI.
o

Po3pizHeHHs 1BOX BiTOMHMX CUTHAIIB
Ha ¢oHi 6is10or0 IyMy

CurHain Ha BXOJi MpuiiMaya SIBJISE CYMY 3aBajii Ta
OITHOT'O 3 JBOX BIJOMHUX CHUTHAJIB. 3ajaya IOJATaE y
TOMY, 1100 ITO MPUUHATIN CyMilIi CHTHAJIB BUPIIINTH,
SKUH 3 cUTHANIB mepenaerbes. Lludposuii nBiiikoBUMit
KoJl mependadae BU3HAUEHHS JBOX MOBHICTIO BiJOMHX
curHaiiB so(f) Ta s1(f) Ha ¢oHi O1TOro rayCciBChKOro IIy-
My. Y 1[bOMY BUIIaJIKy CHT'HAJI Ha BXOZI IpuiiMaya.

u(t)=rsy(t)+ (1 —k)so(t) +n(t),
ne u(t) — IpuiHATHIA cUrHai; S(f) — KOPUCHUHA CUTHAI;
n(f) — rayciBCbKHMI ITYM i3 CHEKTPAIbHOI MIUIBHICTIO
Np; A — BUNAJKOBA BETUYMHA, 10 IpUiiMae 3HaYeHHs |
yu () i3 IMOBIpHOCTSIMH p 4 - p BiANOBiAHO.

HeoOxinHO 3a NpUIHATAM CHTHANIOM u(f) BU3HA-
YHUTH, TKAH 3 KOPUCHUX CUTHATIB so(f) um 51(f) nepena-
BaBcs. TakuM dYMHOM cCiif 3AificHUTH BHOIp Mix
rinore3or0 H(, KOJIM B HAsIBHOCTI CHTHAT So(f) 94U allb-

TEPHATHBHOIO TilIOTE3010 /| , KOJIM B HASIBHOCTI CHTI'HAJ
s1(f). 3a xpuTepiifi ONTUMAIBHOCTI TaKoX OOpaHO
KpUTEpi imeanbHOrO crocTepirada. Ilpuw 1poMmy
pileHHs NpUiMaeThCcs Ha KOPUCTH Tinote3sn Hp, koin
[(u) =21y, un Ha KOpHUCTD Tinote3n Hy xomum [(u) <Iy.

0 0 0

Y  meoMy  BUMNaAKy  JiorapudM  BiJHOIIECHHS

MIPABIOIOIIOHOCTI BU3HAYAETHCS SIK:

T
Inl(u) =%+Niju(t)[sl () —so(0)]dt ,
0 00

ne E; Ta E( — eHepris curHainis so(f) Ta s;(f) BiANoBid-
Ho. 3asBuuaii, E|=FE;, a p=1/2. Ilpu npomy
PpilIEHHS IPUHMAETHCS HA KOPUCTh CUTHAIY §1(f), KOIU

T
2
q=—ju(t)[s1(r)—s0(t)]dtzo. (10)
No
0
Cepennsi IMOBIpHICT TMOXHMOKM Uil BHIIAJKY
PIBHOIMOBIPHUX CHUTHAJIIB MaTHM€ HACTYITHUI BUTJISA:
P, =(a+p) /2,
0 In lo
ne o= j W(q/Ho)dg, B= j W (q/H, g — ymosHi
In lO —00

IMOBIpHICTI IIOM0 NPUHHATTS pILIEHHS NPO HAasBHICTH
curHana s1(f) (so(f)), y Tol 4ac, Konu y IiHCHOCTI Tepe-
nmaBaBcs curHai so(f) (s1(7)).

3Haiinemo iMoBipHOCTI o Ta . Buznaummo

wiinbHOCTI iMoBipHOCTEH W (9/H|) i W(q/H,). Bu-

MaJKOBa BEJIMYMHA ¢ 332 HASIBHOCTI CUTHANA 51(f).
5 T
q=q1=-=[[50)+n®][s1() =55 (0] dt .
Ny 0

3 ypaxyBaHHSM TOTO, IO 7(¢) — rayCiBCBKUI 1IyM,
curHaiu so(f) Ta si(f) — nerepmiHoBaHi (QYHKII, a yci
oreparii, sIKi 371HCHIOIOThCS Y [IbOMY CHiBBIJIHOIICHHI
JIiHIAHI, TO BUIAIKOBa BEIUYMHA ¢ Oyae po3mojiieHa
332 HOPMAJILHUM 3aKOHOM. 1i cepe/THe 3HaueHHs Oy1e:
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M{q}=2E(1-Rg)/N,.
Jlucnepcito BU3HAaYa€e Take CITiBBiTHOIICHHS:

2 =4E(1—RS)

q1 Ny ’
) T
e q = N j [5()+n(0)][51(£) = 50 ()] dt .
0
AHaJi3

Amnani3 npo0iemu 3a0e3redeHHs BUMOI 3aBajioc-
TIHKOCTI PyXOMHUX MOOIJIBHUX O€3ITPOBOJOBHX IPHUCTPO-
iB TOKa3aB, II0 OCHOBHUM METOJOM ii BHpIIICHHI €
3HW)KEHHSI PIBHS BHUIIPOMIHIOBAHHS €IEKTPOMArHITHHUX
noniB. Ha rpyHTi Teopii noTeHmiaibpHoi 3aBaoCTiHKOCTI
KotenpHikoBa B.A. moka3aHa MOXIJIUBICTh YCTAJICHOI Ta
0e33aBaZioBOi pOOOTH TENEKOMYHIKaIiHHOI Oe3nmpoBo-
JIOBOT CUCTEMH B YMOBaX, KOJIM PiBeHb 1H(OpMaIiitHOro
CHUTHAJy Ta IIyMy MaroTh ofHe 3Ha4yeHHs. [lokazaHa
MOXIIUBICTh BHJIYYEHHs IEepeaaHoro iHgopmariiHoOro
CHUTHAJY 13 HIYMY IUIIXOM KOpEJsIii HMPUHHATOrO Ta
OITIOPHOT'O CUTHAJIB, & TAaKO)XK BU3HAYMTH, KU 3 BOX
nepejaHnX KOPHCHHUX CUTHAIIB HaWOiIbII IMOBIpHO
OyI10 mepeaHo Ta MPUHHATO.

BucHoBku

BukopucraHHs TeXHOJOrii HaANIMPOKOCMYTOBHX
CHTHAJIIB JTO3BOJISIE 3MIHCHUTH O€3MpPOBOIOBY NPHXOBa-
Hy nepeaavy iHpopMalii 3 MaJor HOTYXHICTIO BHITPO-
MIiHIOBaHHS. 3aCTOCyBaHHS BEJIMKOi 0a3W CUTHAIly
B >2.5 no3Bomnse 3abe3meunty ycTajieHy Ta 0e33aBajio-
BY poOOTY TeJIEKOMYHIKaliifHOI CHCTEMH 32 YMOB, KOJIH
piBeHb iH(OPMAIII{HOrO CHI'HATYy 3HAXOJUTHCS Ha PiBHI
yu Hiokue piBHA mymy (¢ = 1). IIpu upomy, noBenena
MOXIIUBICTh BUJIYYEHHSI IUIIXOM KOPEISil NPHHHATO-
rO Ta ONOPHOIO CHUTHANIB SIK KOPHCHOI'O CHUTHAJy Ha
(oHI myMy, TaK i ABOX ITOBHICTIO BiJIOMUX CHT'Haja So(f)
Ta 51(f) Ha QoHi OIJIOro rayciBCHKOro Mymy.

BasiunicTh

Iro pobotry Oyno yacTkoBO npogiHaHCOBAHO €B-
poneiicbkum CorozoMm 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 i€ poOOTH HE O3HAaYa€ MOBHOI'O CXBaJICHHS 11 3Mic-
Ty, SKHHA BiIJI3EPKAIIOE JIAIIE MOMISIIA aBTopiB. Komi-
cisi He MOXKE HECTH BIAINOBINABHOCTI 3a Oyab-siKe BU-
KopHCTaHHs 1H(opMallii, Ky po3MillIeHO B Iiil poOoTi.
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Noise stability of mobile telecommunication systems
A. Serkov, K. Trubchaninova, B. Lazurenko.

Abstract. The subject of study is the processes of ensuring electromagnetic compatibility of mobile telecommunication
systems based on ultra-wideband signals with high information capacity. The goal is to develop recommendations for ensuring
electromagnetic compatibility of an ultra-wideband communication system when transmitting discrete messages by a communication
channel with additive Gaussian noise. The task is to ensure the stable and reliable operation of an ultra-wideband communication
system. Methods used: methods of analytical modeling and theory of potential noise immunity. The following results are obtained.
A criterion for ensuring the requirements of electromagnetic compatibility of mobile telecommunication systems has been
developed. Based on the theory of potential noise immunity, the possibility of stable and interference-free operation of a
telecommunication wireless system in conditions where the level of the information signal and noise have the same value is shown.
The possibility of removing the transmitted information signal from the mixture of noise and the useful signal by correlating the
received and reference signals is proved. The possibility of distinguishing two signals against the background of noise is shown; it
was most likely transmitted and received through a communication channel with white Gaussian noise. Conclusions. It is shown that
the use of ultra-wideband signal technology allows wireless covert transmission of information with low radiation power. Moreover,
a large signal base B > 2.5 allows for stable and interference-free operation of the telecommunication system in conditions when the
level of the information signal is at the level (¢ = 1) or below the noise level. At the same time, the possibility of extracting both the
useful signal and the sum of the signal and noise, and the determination with the subsequent removal of one possible signal from the
mixture of two completely known signals, so(?), s;(f) with white Gaussian noise, is proved.

Keywords: mobile communications; noise immunity; signal base; noise stability criterion; correlation.
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IMIAPOKOCMYTI'OBI AHTEHU HA OCHOBI KJIBIIEBOI TEOMETPII

AHoTtanis. B pobori po3misHyTo BapianTH Mozesneil kBa3i(pakTalbHuX KilbLEBUX CTPyKTYp. st X CUHTE3y 3amporio-
HOBAaHMI BEKTOPHUI omuc (pakranbHOI TpaHcopMallii OKPeMUX CErMEHTIB I04aTKOBOI reoMeTpuyHoi ¢popmu. [loennan-
Hsl IEKOMITO3HLT reoMeTpuyHOi (popMHU Ta 6araTOBUMiIpHOTo (paKTaabHOIO MiAXOLy 03BOJISE CIIPOCTUTHU CHHTE3 (paKTa-
nbHUX 3D-cTpyKTYp Ta/ab0 BUKOPUCTOBYBATH KiJIbKa BUIIB (hpakTaliB, y TOMY 4HMCIi, 3 Pi3HOIO KibKiCTIO iTepauiid. Takuii
IiJIXi TO3BOJISIE NOCSITH IIMPOKOCMYTOBOCTI Ta 0araroiiana3oHHOCTI aHTEHHUX cucTeM. IIpy 1IboMYy JOCIHIZIKEHO BILIUB
piBHS cerMeHTauii Ta BapiaHTIB CXeMH >XMBIICHHS Ha MPOCTOPOBO-YACTOTHI XapaKTePUCTHKU aHTEHU. Uepe3 CKiIaIHICTh
OIMCY B3a€MOJI] aHTEH HEEBKJIIIOBOI reoMeTpii 3 pafioXBWIAMM Ul iX CHHTE3Y Ta aHali3y 00paHO METOAM YHCEIBbHOro
MOJICIIOBaHHA. JIJIs aHaIi3y NpOCTOPOBO-YaCTOTHUX XapaKTEPUCTUK NPOEKTOBaHUX AHTEHHUX pillleHb BUKOPUCTAHI Taki
IOKA3HHKH, SIK 3BOPOTHI BTPATH, Jiarpama clpsMoBaHOCTI Ta koedimieHT cros4oi xBui. OTprMaHi OL[IHKH BiZIHOCHOI CMY-
ru npomyckanss Of = 0,9 cBiguarh PO NEPCHEKTHBHICTD 3alPONOHOBAHOTO MIJIXOAY UL peasi3allii aHTeHHUX CHUCTEM 3
BUCOKHMM PiBHEM IIMPOKOCMYT OBOCTI.

Kar4dosi caoBa: aHreHa, aiarpama CripsMOBaHOCTI, 3BOPOTHI BTpaTH, KBa3i(pakra, KoedilieHT cTos40l XBUI, (pak-

Taj.

Beryn

IMocranoBka mpodiaemu. CydacHi TeHACHIT II0-
0 MiHiMi3amii TeJICKOMYHIKAIlIHHUX 3ac0o0iB BHMara-
I0Th BIPOB/DKCHHS KOMIIAKTHUX KOMOIHOBaHUX IHTET-
paJIbHHUX aHTEH, SIKI MarOTh BiJIOBIHI piBHI Oararomia-
Ma30HHOCTI Ta MHPOKOCMYTroBocTi [1].

AHani3 cXeMo-TEXHIYHUX PillleHb, IO J03BOJISIOTH
3a0€3MeYNTH BiAMOBIAHICTh 3a3HAYECHHM BHMOTaM, CBi-
JIYUTh, 110 BOHHM B OCHOBHOMY 3BOISITHCSI JIO 3aCTOCY-
BaHHS €JIEKTPUYHO-MANUX aHTeH [2]; BIpPOBaKEHHS
reomeTpii ¢ppakraiiB [3]; BBEICHHS €IEMEHTIB Ha OCHO-
Bl JiCJEKTpUYHUX pe3oHaTtopHux aHTteH (DRA) [4-6];
(dbopMyBaHHS OaraToeIeMEHTHUX PEIIITOK; peaizarlii
koMOiHamii 3a3HaYeHNX KOHCTPYKTUBHUX ITiIXOIIB.

OnHuM 3 BapiaHTIB BKa3aHOI iHTErpauii Moxxe OyTH
BUKOPUCTaHHS PI3HOMaHITHUX MOAM(IKaIii aHTEHHUX
eJIEMEHTIB Ha 0a3l IMpOCTHX I'eOMETpHYHHX (iryp, Ha-
MPUKIIAA: KBajapary, poMOy, TpUKyTHHUKa abo koma. Ce-
pel HUX, HaHOLIbLIe MiJCUICHHS Ma€ KiIblLeBa CTPYK-
Typa. B 1aHoMy BHIIafKy, ponIsaaaeThes izuka podo-
TH TOAI0HOT aHTEHU — UMM OLJIBIIUI MPOCTIP BOHA OXO-
TUTIOE, TUM BUIIIE ITiJICHIICHHS, sIKe 3a0e31e4yeThCs HElO.
CMyra TNponycKaHHS TaKUX CTPYKTyp HIUpLIE, HIX Yy
3BHYAMHOTO JUIOJIS B KuTbka pasiB. OpHaK, y Imopis-
HSHHI 3 HUM, BOHM MalOTh BUCOKHUW BX1JIHUH oITip.

B cBoro uepry, 3actocyBaHHs (hpaKTaJbHOTO ITij-
X0y JTO3BOJISIE IEBHOKO MipPOIO BUPIIIIMTH 1€ MIUTAHHS, a
TaKOK PO3LIMPUTH CMYTY MPOITYCKaHHS Ta chopMyBaTH
KiJIbKa pe30HaHCHHX 4acToT. Kpim Toro, ocraHHiM ya-
coM 3’SIBHJIOCH 0arato poOiT, B SIKUX PO3IVISNAIOTHCS
kBazipakranpHi cTpykTypu. Sk Bimomo [7], TepmiH
«KBa3i)pakTam» ONHCYE aHTEHH, IO HE MAIOTh CTPOro
BU3HAYEHOI Iporpecii MOBTOPIOBAHOCTI €JIEMEHTIB MPH
KOXKHIiH 3MiHI MacmTady, a0 B HUX iCHYe HEIOBHA (He-
TOYHA) MOMIOHICTD CTPYKTYpH Ta ii enemeHTiB. B mino-
My, HOMEHKJIaTypa TOIOHUX aHTEH ITOCTIHHO pPO3IIH-
PIOETHCSL.

SIK HaACNIZOK, JOIIJILHO BUKOHATH OLIHKY aHTEH-
HUX DillleHb, B SIKUX T€OMETPisl KUIBIIEBOTO BUIIPOMiHIO-
Baya OMNHCYETHCS THM UM IHIIUM (QpakraioM (KBasi-
(dpakramom).

AHaJti3 ocTaHHIX HocaigxkeHb i myoaikanii. Cu-
cTeMaTu3allisi iICHYIOUHX JPKEepelt, 10 ITO0B’s3aHi 3 IaHO0
MpoOJIEeMaTHKOIO JTO3BOJISIE BUAUIMTH KiJIbKa y3arajbHe-
HUX HampsMiB JOCIiKEHb.

TpamuuiiiHo, KijblieBi CTPYKTypH € 0a3zucoM st
YIIOCKOHAJICHHSI KJIACHYHUX aHTeH a0 PEelIiTOK Ha iX
OCHOBI (pPaMKOBHX, JIOTOIEpioaYHuX Ta iH.) [7, 8].

Jpyruii HanpsiM Tmiependavae peanmizamliio Qpak-
TaJBHOTO MiAXOAY At (DOpPMYBAaHHS aHTEHU LUISIXOM
MacmTa0yBaHHS CKJIQJIHUX aHTEHHHUX €JIEMEHTIB Ha 0as3i
xona [9, 10].

B naHomy ceHci cimif Takok 3rajaTH aHTEHH Ha
OCHOBI KJIACHYHUX T'€OMETPHYHMX (ppaxraiiB, IO BIH-
caHi y KOJI0, HalpuKIIaj, cHixuaka Koxa. 3a3Buyaif, ais
3a3Ha4eHUX (HPAKTAJIB, IO 3aCTOCOBYIOTh B aHTCHHIM
TEXHilli, B SKOCTi iHIIATOPY BHKOPHCTOBYIOTH IPIMY
JIHIFO.

Ha#0inpin MmepcrieKTHBHUM BUIIAZA€E 1HTErparlis
KIUJIbKOX aHTEHHHX TEXHOJIOTIH Ta PIllIeHb 3 KUIbLEBUMHU
crpykrypamu. Tak, B [7, 11-14] 3anporoHoBaHi KBa3i-
¢dpakTasbHi  TiENEKTPUYHI ~ PE30OHATOPHI  AHTEHH
(Dielectric Resonator Antenna, DRA) Ha ocHOBi Tipoc-
TUX TeoMeTpuuHuX Qiryp. B sxocrti ompomiHiOBa4ya B
HUX 3aCTOCOBaHHMU KJIACHYHUM KijJbIIEBUH BiOparTop
(ToOTO (pakTaTBPHUN MiAXiA BHKOPHCTOBYETHCS JIHIIIE
JI0 TeoMeTpii HamiBchepUUHUX MieNEKTPHYHHUX CKIIa0-
Bux) [15].

B wminomy, mpoBeneHuil aHami3 iCHYIOYMX aHTEH-
HUX DILlIEHb CBIAYHTB, 110 Y TEOPETHIHOMY IUIaHi TIOKH
[0 HEJIOCTAaTHBO OMpaIlbOBaHI aHTEHH Ha 0a3i (pakra-
JIBHUX KUTBIIEBUX CTPYKTYD, B TOMY YHCIIi, IPU OIHOYA-
CHOMY 3aCTOCYBaHHI KUJIbKOX BHUIIB (pakraiiB. Bce ne
CBIIYHTBH NP0 aKTYaJIBHICTh JIOCIIPKEHb.

MeTa po6oTH: miBHUIICHHS €(PEKTUBHOCTI aHTEH-
HHUX CHCTEM Ha OCHOBI KiJIBLIEBHX CTPYKTYP 32 PaxyHOK
BUKOPUCTaHHS (hPaKTAIBLHOTO ITiXOLY.

OCHOBHA YaCcTHHA

Jlst BUpilICHHS OCHOBHOI 3adavi JOCHTIKCHb B
PpOOOTI 3amPOITOHOBAHO MOETHATH JCKOMIIO3HIIIIO MOYa-
TKOBOI T€OMETPUUHOI (hopMH Ta OaraTOBUMIipHY (pak-
TajbpHy TpaHchopMmarito. Lle mo3BONSIE CIPOCTUTH CHH-
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Te3 (pakranbHUX 3D-CTPYKTYp Ta/abo BUKOPHCTOBYBA-
TH KiJbKa BHJIB (DpakTajiB, y TOMY YHUCHTi, 3 PI3HOIO
KiIbKICTIO iTepariit. OTpuMaHi nepeBaru ocoOJIMBO Ha-
OYHO TIPOSIBISIIOTBCS sl (OpPM, TMPIOPUTETHUH OITUC
SIKHX CIIHPA€EThCs Ha CPepuyHy ado IMIIHIPUYHY CHC-
TEMH KOOPJIMHAT.

CyTHICTh TaKOTO MigX0my 0a3yeThCsi Ha BEKTOPHO-
My onuci (pakTanbHOI TpaHcopMalii OKpeMUX cerme-
HTOBaHUX YACTUH ITOYAaTKOBOI T'€OMETPUYHOI (HOpPMHU.
Tak, s 3D-¢irypu JaHuil BEKTOp MOXKE MICTUTH 4O-
TUPU CKJIAJIOBi: TIepIIa OIKMCYe 3aKOH T'€OMETPUYHOL
¢pakranpHOi TpaHcdopmalii BiTHOCHO KOOPIMHATHOI
oci 0x, BixnoinHo, apyra — Oy, Tperst — 0z, a yeTBepra
— 3MIHY XapaKTepUCTUKHU Marepiany (HalnpHuKiai, aierne-
KTpU4HOI NMpPOHUKHOCTI). [Ipu 1poMYy, KiJBbKICTh iTepa-
¥ UIST KOXKHOT 3 ITUX CKJIaIOBHX MOXKE BiPi3HATUCH. B
CBOIO Yepry, B IHIIMX T€OMETPUYHHX CErMEHTaX MO-
KYThb 3aCTOCOBYBATHCh (200 B3aralli He 3acTOCOBYBa-
TUCBH) BiJ]MiHHI BapiaHTH ()pakTaysbHOI TpaHc(opmarlii.
Takox, ams 3a0e3ledeHHs IUTICHOCTI CHHTE30BaHOI
CTPYKTYpU iHOAI HEOOXiJHO mepeadavyaTH MepeKpHUTTS
CErMEHTIB.

Jls po3yMmiHHSA TIponiecy #-BUMIpHOI (ppakranbHOl
TpaHcdopMarliii B poOOTi PO3MISHYTHH HAWIIPOCTIIIUI
BapiaHT — CHHTE3 KBa3l()paKTaJbHOIO KUJIBIIEBOrO BiO-
paropa. B nmanomy Bumanky, B SIKOCTI iHimiaTopy ¢pak-
TaJy BHCTYNa€ Jyra, a reHepatopoM € meanzap. s
(dbopMyBaHHS MeaHAPY HEOOXiIHE 3aTydeHHS TBOX CEr-
MEHTIB. 3 METOI0 CIIPOIIEHHS! MPOLECY MOIETIOBAHHS
BBE/ICHO HU3KY NPUITYIEHb.

1. B sixocTi 6a30BOr0O €IEMEHTY PO3DISAIAETHCS Ki-
JBIeBUA BiOpaTop (puc. 1.a), SKUil BUTOTOBJICHUH 3 Mi-
ni. Bin sBisie co0or0 cTpiuky mupuHOIO 4,5 MM 3 Qik-
coBaHo0 ToBIMHOK (0,75 MM), 110 CHiBIamae 3 aiame-
TPOM MPOBOMOBOIO KiJIBIIEBOrO BiOpaTopa (puc. 1.0) 3a
anaorieto 3 [7, 11-14]. [Ipu npoMy, 30BHIMIHIH KiameTp
CHHTE30BaHHMX AHTCHHHX €JIEMEHTIB HE IEPEBHUIILYE 30-
BHIIIHIM JiaMeTp ApPOTOBOrO KiIBbIIEBOrO BiOparopa
(24,4 mm).

a 0

Puc. 1. Kinpuesnii BiGpaTop Ha OCHOBI:
a — cTpivuky; 6 — apory

2. Yepes CKIIaJIHICTD ONUCY B3a€MO/ii aHTEH HeeB-
KJIi/10BOi reoMeTpii 3 paaioXBWIISIMHU JUIsl IX CHHTE3y Ta
aHaIi3y 00paHO METOM YHCEIBHOr0 MoaeoBanHs. [1i
Yac OI[IHIOBaHHS MPOCTOPOBO-YAaCTOTHHX XapaKTepHuc-
THK TPOCKTOBAHUX AHTCHHHX pillleHb B Jiala3oHi 10
40 I'T po3misifaloThesi Taki MOKa3HHWKU, SK 3BOPOTHI
Brpatd (Return Loss, RL), miarpama crnpsMoBaHOCTI
(beam pattern, BP) Ta koedimieHT cTOSYOI XBHII
(Voltage Standing Wave Ratio, VSWR) [16]. Xoua ic-

HY€ KiJbKa TIYMaueHb IOHATTA CMYI'H MPOIYCKAHHSI, B
pOOOTI BUKOPHCTOBYETHCS BU3HAUCHHS CMYTHU 3a KpHUTE-
piem 3BoporHuX Brpar [17], mus sikoro Momyiab Sij,
MeHInui, Hixk -10 1b (xoua O6inbmt TogHo W1t VSWR < 2
Bimnosingae piserb RL < -9,542 nb).

B cBoro uepry, A7 BU3HAYCHHS PIBHS IIUPOKOCMY-
TOBOCTI aHTEHH MO)KJIMBO BHKOPHUCTOBYBATH TaKWi Iia-
paMeTp SK BiTHOCHAa CMyra MpOITYyCKaHHsS (B 3aKOPIOH-
HUX JDKepenax TpakryeThes sk «Fractional Bandwidthy
[10]:

PO Al
S+t

ne fi 1 f, — HOMIHAJIM YacToT, Ha SKkux BenmdrnHa VSWR
a6o RL mepeBHUIyIOTh 3a1aHU PIBEHb.

3. B sikoCTI OCHOBHOI pO3IIISAAETHCS IMTIHAPHYHA
crcTeMa KOOpJuHAT. [IeKoMIT031Iisl TOYaTKOBOI TreoMe-
TpU4HOI (OpMHU Tependavac Juile MIOYUCENbHE 3Ha-
YeHHsI KyTOBOi PO3MIPHOCTI CErMEHTIB (B Tpajl.) 3a BH-
pazom: Angles.; =360/ N. KinbKicTb cerMeHTiB N MOX-
JINBO BU3HAYUTH 3 Ta0m. 1. [l 3a0e3meueHHs 1iliCHOC-
Ti CHHTE30BaHOI CTPYKTYPH BETUYUHA TIEPEKPHUTTS Cer-
MEHTIB BiJIIIOBiIa€ TOBIIMHI CTPIYKU KUJIBIIEBOrO BiOpa-
Topa (nuB. puc. 1).

Tabnuys 1 — KyroBa po3MipHicTh cerMeHTIB

N Angleg,, N Angleg,, N Angleg,,
(rpan.) rpaju.) (rpan.)

1 360 11 32,73 21 17,14

2 180 12 30 22 16,36

3 120 13 27,69 23 15,65

4 90 14 25,71 24 15

5 72 15 24 25 14,4

6 60 16 22,5 26 13,85

7 51,43 17 21,18 27 13,33

8 45 18 20 28 12,86

9 40 19 18,95 29 12,41

10 36 20 18 30 12

4. Jlna XKUBJIEHHA aHTEHHOTO €JIEMEHTY 3aCTOCO-
BaHa cxema 0e3 Y3TOMKEHHs 3a OIOpOM, SIKa MiCTUTh
JUIe ofuH NopT. BiH MoXe MaTH JIOBiJIBHE po3Tally-
BaHHSI.

5. Jlns copolieHHs TOpIBHSHHS 3 HPOCTOPOBO-
YaCTOTHUMH XapaKTePUCTUKAMH TIEPBUHHHX BiOpaTopiB
(pakranpHii TpaHcdopMalii Ha piBHI Mepmoi itepaii
MiJJIATa€e JIMIIe TaHTeHIadbHa CKJIa0Ba MOBEPXHI Ki-
TS (TIPYU BUKOPHUCTAaHHI LITIHAPUYHOI CUCTEMH KOOD-
JIUHAT).

Hanani, 3 BpaxyBaHHSIM BBEICHHX HPHITYIICHB,
CIIijJi po3nISIHYTH Tporiec (GopMyBaHHs KBasipakraib-
HOT'O KiJIBIICBOTO BiOpaTopa, 10 MiCTUTh 24 CETMCHTH.
KyToBuit po3mip ofHOro cermenta gopissioe 15,

JIJ1s1 HAOYHOCTI, CETMEHTH MOMKJIMBO YMOBHO TOJi-
JUTU Ha mapHi Ta HenapHi (puc. 2). CerMeHTH MaroTh
B3a€MHE MEPEKPHUTTS, L0 JOPIBHIOE TOBIIUHI CTPIYKH
KiJblieBOTO BiOpartopa (puc. 1, a). YTBOpeHi 30HU miepe-
KpUTTS (OPMYIOTh IIAOJIOH AJIS paaialibHOI CKIIaI0BOi
CHUHTE30BaHOI TeOMETPUIHOI popMmu (puc. 3).

3riiHO MpUIyIIeHb, BOHA HE MiIsirae Qpaxraib-
Hilt Tpancopmariii. BukopucroByrouu soriuni oneparii
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iHBepcCii, 3’€IHaHH, U3 IOHKIi, a TAaKOX, B SIKOCTI Te-
HepaTopy (pakTaxy — MeaHAp, MOXIMBO c(hOpMyBaTH
24-cerMeHTHHUI KBa3i(pakTaibHUI KiIbIEBUI BiOpaTop
(puc. 4). Bucora meaunnpy (1,5 MM) XapakTepuzyeTbcst
BiJICTAaHHIO MDXK 30BHIIIIHOIO Ta BHYTPILIHBOIO paJliaib-
HUMU CKJIaJIOBUMH BiOparopa.

BianosinHo, Ha puc. 5 HaBeneHo npukiaaau 9-, 15-
Ta 30-cerMeHTHHX I1a0JIOHIB.

Puc. 2. l1labon cermenTarii

Puc. 4. Cunre3 kBa3ippakTaibHOTO
KiJIbLIEBOT0 BibpaTopa

Puc. 3. [llaGuon nns
panianbHOI CKIIaI0BOT

a 0 B

Puc. 5. IlaGon [u1st GaraTocerMeHTHOr 0 KBa3ipakTaIbHOIO
KiJIbLIeBOro Bibparopa: a — N=9; 6 — N=15; B — N=30

OKpeMoi yBaru 3aciyroBye IOLIYK ONTUMAaJIbHOIO
PO3MILIEHHS TOPTY CXEMH >KUBJIeHHA. [ly1g HemapHOoro N
B po0OTi po3MillleHHsI MOPTy BimnoBimae puc. 6. Jlis
napHoro N KiJbKICTh JOCIIIXKYBaHUX BapiaHTIB TPOXH
posmmpena (puc. 7).

B xomi mocmimKeHb BHKOHAHO IOPIBHSIHHS Iiep-
BUHHHUX KUTbIIEBUX BiOpartopiB (auB. puc. 1). [Ipukiamu
OLIIHOK HaBeeHO Ha puc. 8 1 9. SIk BUIHO, BUKOPUCTaH-
Hsl CTPIYKM 3aMiCTh JPOTY AEIIO MOKPALIYe XapaKTepu-
CTUKH, ajle He 3aJl0BOJIBHIE BHUMOIaM OO Oararonia-
Ma30HHOCTI Ta MHPOKOCMYT'OBOCTI.

Puc. 6. Po3aMiteHHs OpTy JKUBIICHHS
IIpU HermapHoMy N

45548

Puc. 7. [puxnazx po3MileHHs HOpTY *uBJIeHHS i 30-
CErMEHTHOT'0 KBa3i()paKTaIbHOr0 KiIBIEBOTr0O BibpaTopa

3 iHmoro OOKy, MOPIBHSHHS KiJBLEBHX CTPYKTYP,
110 HaBeJIeHi Ha puc. 1, a i puc. 4 CBITYHUTH PO MTO3UTH-
BHI HACTIJKH BHKOPUCTaHHS (PaKTAIBLHOTO IIiIXOAY.
MinimManeuuii piBenb RL csirae -28 b, a Ha wacTtorax
Bume 17 Ty — VSWR < 2. 3a ymoB BiANOBiAHOTO pO3-
TallyBaHHs TOPTY XHUBJEHHS (puc. 7, T) 3a OOpaHUM
KpHUTepieM, cMyra mpomyckaHHs ckiamae 18,125 T
(6= 0,64).

<

g
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H
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Puc. 8. ITopiBH:IBHI OLIIHKK YaCTOTHUX XapaKTePHCTHK 0a3o0-
BHX KuIbIeBUX BiOparopis: a— RL; 6 — VSWR
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Puc. 9. ITopiBH:IBHI OLIHKY YaCTOTHUX XapaKTEPHCTHK
KBa3i()paKTaTbHUX KiTbLEBHX CTPYKTYp: a — RL; 6 — VSWR
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Jlmst  AKiCHOi OINIHKU  3aJIe)KHOCTI IIPOCTOPOBO-
YaCTOTHUX XapaKTePHCTHK BiJ PIBHSA CerMeHTalii Ha
puc. 10 HaBeneHO MONapHE MOPIBHIHHS IJIs BiOpaTopiB
3 KiUIBKicTIO cerMeHTiB 24 1 30, a Ha puc. 11, a— BP mis
Bumnajky N = 24.

B 1isomy, orprMaHi BapiaHTH KilbLEBOI CTPYKTY-
PY MOXXHa BBa)KaTW HMIMPOKOCMYTOBUMHU [18], OCKiIbKH
6f=0,64, a e Oinbme 3a 0,1. OmHak, 3 ypaxyBaHHIM
ICHYIOYHMX TeJIEKOMYHIKaIliifHUX noaaTkiB [19] HeoOXin-
Hi aHTeHHI pillleHHs, Ki O 3a0e3Meunsiu 3HIWKEHHS HO-
MiHaJly HIKHBOI TPaHMYHOI YacTOTH CMYTH IIPOITyC-
KaHHSI.

SIK HacHiOK, JOIIIFHO PO3MIMPUTH HOMEHKIIATY-
py cuHTe30BaHUX 3D-KOMIIOHOBOK KBa3i(hpaKTaIbHHX
aHTEH 32 paXyHOK BHKOPHCTaHHS 2-KIJIbIIEBUX BiOpato-
piB.

obo ek 100 1500 0 2800 3000 2800 4000

Puc. 10. [TopiBHAIBHI OLIHKK YaCTOTHUX XapaKTEPUCTUK
CHHTE30BaHUX KUIbLIEBUX CTPYKTYp: a — RL; 6 — VSWR

2

Puc. 11. bazoBa moznens 2-KinbleBoro Bibparopa

TakuMm YMHOM, B SIKOCTI 0a30BOi PO3IIAAAETHCS
reoOMeTpisl aHTCHH, ska HaBeneHa Ha puc. 11. Ilim vac
MOJZICNIOBAHHSL TPUHUHSATO, IO IMPOCTIP MK KUTBLSIMH
IICHTHYHUH cepeloBUINY HaBKoNO Kilt. Kinbiysl BukoHa-
Hi y BUDISAAI MiTHHX CTPIYOK, SIKi MarOTh HE3MIiHHI Jia-
METp, TOBIIVHY, IIMPUHY Ta B3a€MHE PO3TALIyBaHHS iX
LEHTpiB cuMeTpii. BiamoBigHo, TOBIIMHA CTPIUOK J0pi-
BHIOE 1,5 MM, mmpuna — 4,5 MM. Bijncranb Mi KiTbII-
MU JIOpiBHIOE TOBHIMHI cTpiuok (1,5 MM). 3oBHimHIH
pajiyc CHHTE30BaHOI MOJIETI HE TepeBHIYe 22,5 MM.

Sk i B MONEpEHbOMY BHIAJKY, MOAAIBIINM €Ta-
IIOM CTaB MOIIYK ONTHMAJBHOI CXeMH >KUBJIICHHS 3a pa-
XyHOK BUOOpY PO3MIIIEHHSI IOPTY CXEMH >KUBJICHHS
aHTeHu (puc. 12), a Takox aneprypu «pO3KPUBY» 30B-
HINIHBOTO KibId (puc. 13, a).

Ie#t mapameTp ONUCYETHCA JIBOMa HE3AICKHUMHU
sminanMu: Anglel (3MiHIO€THCS B Mexkax Bix 0 10 15%) i
Angle2 (3vinroetsest B Meskax Bia 0 1o -15°), mo mo3Bo-
nsie (hopMyBaTH HECUMETPHUYHUI «PO3KPUB» BiJHOCHO
Y X-110MmHA.

B xoxi mociikeHb BCTAHOBIEHO, 1[0 MAKCUMAaJIhb-
Ha cmyra npomyckaHHs (Of =0,77) nocsraeTbcs TpH
Anglel = 7,5 Angle2 = -15° i posrarryBansi opTy Mix
KubIgaMH (puc. 13, 0).

/.‘
==

.

Puc. 12. BapianTu po3MilleHHS IOPTY CXEMH KUBJICHHS
JUTs 2-KiJIbIIEBOTO BiOpaTopa

Puc. 13. Mozens 2-kinbreBoro Bibparopa: a — GpopMyBaHHs
anepTypH «PO3KPUBY»; O — KOMIIOHOBKA aHTEHH

IIpu upomy nocsiraetTbest OaxkaHui edekT mono
3HW)KEHHS! HW)KHBOI TPaHUYHOI YaCTOTHU CMYT'HU MPOITYC-
kaHHs 3 18 g0 8 I'TIT i MiABUINICHHS PIBHS IIMPOKOCMY-
roBocti Ha 13 % (puc. 14).

HactynHum kpokoMm ontumiszalii napamMeTpuaHux
Mozenel Oyima 3MiHa (OPMH amepTypu «PO3KPUBY», a
TaKoX MIHOMHU (hpakTanbHOI TpaHchopMallii TaHreHIli-
aJIbHOI CKJIAJIOBOI 30BHILITHBOTO TEPUMETPY KBasi(pak-
TAJIBHOTO KiJBIA y IIAXOBOMY MOpSAKy (puc. 15). On-
HaK, Taki KPOKM HE JaJH ICTOTHOTO IMOKpAIEHHs MpOC-
TOPOBO-YaCTOTHHUX XapaKTEPUCTUK aHTeHH. ToMy, Haja-
Ji TpoBereHa Momudikallis KOHCTPYKINI 3a pPaxyHOK
3MIHU DIMOMHU (pakTaiizamii TaHTeHIIaIbHOI CKIIaJ0-
BOi BHYTPINIHBOIO HEPUMETPY KBa3i()paKTaIbHOTO
KUIBIA y IMIAXO0BOMY Mopsaky (puc. 16, a). Ilpu mpomy
(ikcyBayacsi 30BHIIIHS OBEPXHS KIS, a BUCOTa Me-
aH/Ipy 3MiHIOBaJIacs Ha TOBIIMHY CTPIYKH.

176



36’a30K, meneKkomyHikayii ma padionoxauis

500 N
] v i
10,00 | v\ !
i
Pue. 13.6 ;

16500

200

s
wxdT 11
=
=
el
-

2800

2000

bo 5k ] 1500 Fo] 00 3000 3500 4000

Puc. 14. TIopiBHAIBHI OLIHKK YaCTOTHUX XapaKTEPUCTUK
OJIHOKLIIBLIEBOI Ta 2-KiJIbIIeBOI KBa3ihpaKTaIbHUX CTPYKTYP:
a—RL; 6 - VSWR

Puc. 15. BapianTu reomerpii 2-KibLieBol
KBa3i(pakTanbHOI CTPYKTYpU

Taxuii miaxix no3sonus orpumaru of = 0,81 B me-
xax 8,41...19,92 I'Tu. IIpu oMy, HalMEHILNIA PiBEHb
RL (-29,16 nb) Bignosinae yacrori 9,76 I'TL.

Jlisl BUKOPHCTaHHsSI BChOTO TOTEHIIaTy Mojeiei
2-KiJIbIIEBOTO BiOpaTopa, B poOOTI 3alporOHOBAHO BHU-
KOPUCTaHHS «MOHOJITHOTO» BHYTPIIIHBOTO  KIIBII
(puc. 16.0) y BUDIAII JHCKY, a TaKOX ¥oro Tpanchop-
Mallisi, HampHKJIaJ], SK HaBelaeHO Ha pwuc. 16.B. Haii-
0L BT KOH(Irypallii 3a0e31euyoTh CMYTy IpoITy-
ckaHHA Ha piBHI =~ 13,4 I'Tn. Tak, mozxens, 1o 300pa-
’keHa Ha puc. 16.0 mae RL=-33,6 1b Ha wacroTi
9,7ITuioéf=0,9(8,16...21,57 I'T).

B cBow uyepry, HaWHWK4YM pIBEHb 3BOPOTHHX
Brpar (RL = -40 nb) BimnoBimae momeni, sika HaBeIeHa
Ha puc. 17.a. Bona mae cmyry npomyckanns 13,4 I'T B
Mmexax 8,37...21,77 I'T.

Puc. 16. Bapiantu ontumizanii Mofesi 2-KiIbIEBOr0
BiOparopa: a — npukiazn gpakranizanii BHyTpilIHEOro
HEPUMETPY 30BHILIHBOIO KiJbIsT; 6 — KOMIIOHOBKA
3 «MOHOJIITHUMY BHYTPIIIHIM KUIBLIEM; B — IPUKIIAN
TpaHcdopmaryii BHYTpilIHEOT O KiJIbLs

IMepcnekTHBH MONANBINUX AOCTiTKEHD.

[Momanpun OCHTIDKEHHST 3alPOIIOHOBAHOTO THITY
MIPOCTOPOBO-YACTOTHUX XapaKTEPUCTHK 3 METOI MakK-
cUMi3amii CMyrd HporyckaHHs. B skocTi mpiopuTeTiB
CNiJ| pO3WISNATH HACTYIHI HANpPSIMU YIOCKOHAJICHHS
reoMeTpil aHTEHHUX EJIEMCHTIB:

— XaoTHUYHE pO3TallyBaHHs Ma3iB Yy TOPLEBUX
TIOBEPXHAX CTPIYOK, 3 PI3HOIO TX IIMOWHOIO Ta MPOTSIK-
HICTIO y37IOBXK CTPIUKH Ta/a00 B IIAXOBOMY IOPSIIIKY;

— 3aCTOCYBaHHS 3BUBHUCTOI, ro)poBaHOi Ta (pak-
TaJbHOI (POpMHU Na3iB, a TAKOX KIMHOBUJHOI, CXimdac-
TOi, TPUKYTHOI, TeKCArOHAJIbHOI, chepuuHoi hopMm abo
noxiOHoi 10 aHTeHu BiBanbi;

— 3ampoBa/KEHHs OIYHUX NMACHBHUX CETMEHTIB Y
(opMi 11a0JIOHIB, SKi BUKOPHCTOBYBAJHCS sl (OPMY-
BaHHS Ma3iB Yy TOPLEBUX IMOBEPXHSIX CTPIUOK, 3 BUKO-
HaHHSM TaKHX CETMEHTIB 3 METally, JlieJIeKTPUKa, 3 uep-
T'YBaHHSIM METaJy Ta JieIeKTPHKa;

— 3alOBHEHHS MPOCTOPY MIXK KiJIbLsMH (TIOBHiC-
TIO a00 YaCTKOBO) JIiCIEKTPUKOM (y TOMY YHCII, 3 Xapa-
KTEPUCTUKAMH, 10 3MIHIOIOTHCS Y KyTOBUX CErMEHTaX
3a CXI4acTHM Ta/ab0 IpaiEHTHUM 3aKOHOM );

— BHpI3 Yy MOBEPXHAX CTPIYOK MHOXHHH IIIINH
¢paxransHoi hopmu;

BUKOHaHHS 11a3iB HE HA BCIO TOBUIMHY CTPIYKH 200
3MIHHOI TOBIINHH.

[lle omHMM HampsiIMOM € TIOEJHAHHS HaBEIEHHX
Momudikaiiid pa3oM 3 0araTOBUMIpHOIO (PPaKTaILHOIO
TpaHchOpMaIli€lo, Y TOMY YHCIi, Ha OCHOBI KiJIBKOX
Pi3HUX (paKTaiB.
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Puc. 17. 3anporioHoBaHa MOJEIb 2-KIJIBIIEBOTO BiOpaTopy:
a — xommonoBka; 6 — 3D BP; B — 2D BP;
r—RL; 1— VSWR

B iHTepecax CTBOPEHHS LIMPOKOCMYIOBUX MeTa-
MarepiaiiB JIOCUTh aKTyaJIbHOIO € PO3po0Kka pe30HaTo-
piB 3 pospizaumu kineismu (Split Ring Resonator,
SRR) Ha oCHOBI Hapy poO3pi3HUX CTPIYOK 3 TOPLEBUMHU
nazamu. [Ipu mpomy, gouiiapHO mpoBectH aHamiz 3D-
CTPYKTYP 3 YpaxyBaHHSIM BHIIIEHaBEICHUX MO DiKarii
KiJIbLIEBUX CKJIAZIOBUX.

BpaxoByrodi cydacHi MOXJIMBOCTI BHKOPHUCTAHHS
AIUTUBHOIO BHUPOOHUIITBA CKJIQJOBUX AHTEHHUX CHC-
TeM, B paMKax po0OTH BuKoHaHO 3D-npyk mabmoHy
CHHTE30BaHOTO 24-CErMEHTHOr0 KBa3i(paKkTaabHOTO
KinbleBoro Bibpatopa (puc. 18). Moro MoxIMBO BHKO-
PHUCTOBYBATH M8 IOANbIIMX €TalliB BUTOTOBJICHHS
AQHTeHU (TaJIbBAHIYHOTO HAIWIEHHS MeETaly, BHIOTOB-
JieHHs popM IS TUTTS TOILIO).

Puc. 18. 24-cermenTHUM
KBa3i(pakTanbHUN KUIbLEBHH BiOpaTop:
a — BP; 0 — m1a0oH, sikiii BUTOTOBIICHHUI
Ha 3D-npunTepi «Prusa i3» (marepian — PETG);
B — MOJEJIb Hicist 00poOKI

BucHoBknu

B wminomy, pe3yasTaTH JOCHIMXKEHb 03BONAIOTH
3pOOUTH HACTYIHI BUCHOBKU.

1. [IIo6 BMHUKIIM BUpaXkeHI PE30HAHCHU, NOTPIOHO
301IBIIYBaTH KUIBKICTh CETMEHTIB MEaHpy B JIHi.

2. [TapHa KiNBKICTh CETMEHTIB JIO3BONISIE OTPUMATH
OiNTbII e)EKTHBHY CTPYKTYPY aHTEHH, HIXK HElapHa.

3. JIns mapHOi KiNBKOCTI CErMEHTIB Kpallle MaTh
KPAaTHICTH X uncia 4, o0 JO3BOJISAE CIIOCTEPIraTH IOBHY
CHUMETpIil0 (OpMH KiJIbIIEBOTO BiOpaTropa BiJHOCHO YyCiX
KOOpIWHAT. Y MaHoMy ceHci 24-cerMeHTa KOHCTPYKIIis
kpame 3a 30-cerMeHTHy (HampHKIal, IO3BOISAE OTPU-
Maty OUTBII IUPOKY CMYTY MPOITYCKaHHS).

4. MakcuMasbHe PO3IIUPEHHA CMYTU HPOIYCKaH-
Hs JI03BOJIA€ OTPUMATU IOPT XKUBJICHHS y BUIIANI IO-
BHICTIO BHAQJIEHOI NepeMuuku cermeHty. Ilpu mpomy,
BiH ITIOBUHEH PO3TAILIOBYBaTUCA HAa BHYTPIIIHEOMY pasi-
yci MeaHJpOBOi MOBEPXHi.

HaBeneni pe3ynbraté MiATBEPAMIM TEOPETHYHI
HOJIOKEHHS IO0 JOLUIBHOCTI PO3POOKH LIMPOKOCMY-
roBHX 1 Oararoniama3oHHUX aHTeH Ha 0a3i (paxranbHO-
ro migxony. BexropHe npencraBieHHA (paxTaIbHOL
TpaHcdopManii OKpeMUX CErMEHTOBaHMX YaCTHUH IOYa-
TKOBOI T€OMETPUYHOI ()OPMH 3HAYHO PO3LIUPIOE HOME-
HKJIATypy NEpPCIEKTUBHUX AaHTEHHHX CHCTEM HEeBKJIi-
JI0BOI reoMeTpii, a 3aCTOCYBaHHS ITapaMeTPHYHOI ONTH-
Mi3alii crporye X NpakTU4HY peati3alilo.
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Broadband antennas based on ring geometry
L. Sliusar, V. Slyusar, S. Zub, D. Teleshun

Abstract. Variants of models of quasi-fractal ring structures are considered in the work. For their synthesis a vector de-
scription of the fractal transformation of individual segments of the initial geometric shape is proposed. The combination of the
decomposition of the geometric shape and multidimensional fractal approach allows to simplify the synthesis of fractal 3D struc-
tures and/or to use several types of fractals, including with a different number of iterations. This approach allows achieving
broadband and multi-band antenna systems. The influence of the segmentation level and the power scheme on the spatial-
frequency characteristics of the antenna was investigated. Due to the complexity of describing the interaction radio waves with
antennas of non-Euclidean geometry for their synthesis and analysis taken methods of numerical simulation. A number of as-
sumptions are introduced. Evaluation and comparison of antennas held by the following spatial and frequency characteristics:
amplitude-frequency response, beam pattern and voltage standing wave ratio (VSWR). To estimate the bandwidth was used the
definition of the band by the criterion of return loss less than -10 dB and (VSWR) < 2. The «fractional bandwidth» parameter was
used to compare antennas with different bandwidth limits. The search for the optimal power supply scheme was carried out on
the basis of the choice of the port location of the antenna power supply circuit, as well as the aperture of the «opening» of the
outer ring. The most successful arrangements are based on an even number of segments, for example, 24 segments with an angu-
lar size of 15 deg. In addition, the paper considers several variants of the model of 2-rings quasi-fractal vibrators. One group is
synthesized by fractal transformation of the tangential component of the outer perimeter of the quasi-fractal ring in a checker-
board pattern, and the other, respectively, by the inner perimeter of the outer ring. To maximize the potential of the synthesized
configurations of the antenna components, options based on the implementation of the «monolithic» structure of the inner ring
are proposed. In general, the transition from single-ring to 2-rings vibrator geometry has significantly reduced the lower band-
width bound. The most successful models provide broadband at the level of 3/ = 0.9 and the minimum return loss at the level of -
40 dB. The obtained estimates of fractional bandwidth indicate the prospects of the proposed approach for the implementation of
antenna systems with a high level of broadband.

Keywords: antenna, beam pattern, fractal, quasi-fractal, return loss, voltage standing wave ratio (VSWR).
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DEVELOPMENT OF THEORETICAL PROVISIONS OF TRANSMISSION

OF DISCRETE MESSAGES OF MILITARY RADIOCOMMUNICATION SYSTEMS

Abstract. Modern military radio systems operate in the complex conditions of the electronic environment, due to the
limited frequency range, the influence of deliberate interference and signal fading. One of the ways to improve the
effectiveness of military radio communication systems is to develop indicators (methods, techniques) for evaluating the
effectiveness of military radio communication systems. The analysis found that known approaches to evaluating the
performance of military radio communications systems are based on the use of bit error probability in a channel, which is a
rather rough indicator of channel estimation. This necessitates the development of theoretical provisions for the
transmission of discrete messages to military radio systems. In order to improve the known theoretical provisions for the
transmission of discrete messages of military radio communication systems, the authors of the article developed indicators
for assessing the quality of functioning of military radio communication systems that operate in complex conditions of
electronic conditions. In the course of the study, the authors of the research substantiated two indicators of link quality in
the fading channel: the probability of correctly receiving a message of finite duration and the likelihood of a link of finite
duration without breaks. The first metric is the overall metric (communication) quality of the communication, and the
second metric is the quality of the channel in the session of the final duration. During the research, the authors used the
basic principles of communication theory, theories of insecurity, the theory of transmission of discrete messages, etc. The
proposed results can be used to evaluate the status of radio channels when they are exposed to a variety of origins and
signal fading. The practical significance of these results is that they can be used to upgrade existing radios or to develop

new ones by developing appropriate software.

Keywords: discrete messages, radio communication, communication theory, signal fading, interference.

Introduction

Modern military radio systems operate in the
complex conditions of the electronic environment, due
to the limited frequency range, the influence of
deliberate interference and signal fading. One of the
ways to improve the effectiveness of military radio
communication systems is to develop indicators
(methods, techniques) for evaluating the effectiveness
of military radio communication systems. This
necessitates the development of theoretical provisions
for the transmission of discrete messages to military
radio systems.

In the general case, signal fading is present in the
radio channels due to the multipath propagation of the
electromagnetic wave [1, 2]. As the range increases,
their depth also increases. The channel becomes first
Raysian, and on the border of direct visibility, it is
Rayleigh [3]. It is noted that the robustness of the radio
communication system for individual channel
implementations may differ significantly from the
average error probability, so it is averaged across all
implementations.

This leads to a rather rough description of the
physical channel [4, 5]. In this case, the actual channel
metrics are significantly different from the estimates.

All of this leads to the search for new approaches
to the description of fading channels.

In view of the foregoing, the purpose of the article
is to develop theoretical provisions for the transmission
of discrete messages to military radio systems over
signal fading channels.

Presentation of the main material

While transmitting discrete messages in a channel
with constant parameters and white noise, the primary
indicator of radio quality is the average probability of a
Py, bit error. The second indicator is the probability of
correct reception P, of a message (code group) of n
characters. In a channel with constant parameters Py in
the absence of redundancy, it is calculated by the
formula [1]

Brec =(1_Pber)n' (1)

We have the other situation when the channel has a
random fading signal at the input of the receiver
(demodulator). In this case, the average fading
probability of a Py, bit error, the probability of correctly
receiving a P, message, and the reliability of H. The

indicator Prec can be interpreted ambiguously.

At the link layer, character transfer protocols with
punctuation are used to reduce the effect of fading on
error grouping to ensure their correlation in the message
(code group). The calculations show that the
transmission speed is significantly reduced.

In addition, the correct reception of the message of
a big payoff is not achieved, since the calculation uses
the average for all implementations the probability of a

Pper bit error, which is usually 2-3 orders of magnitude
greater than the probability of a bit error in the channel
without fading is Py

The article [5] gives an example of calculating the
probability of receiving a message correctly in 200
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characters and shows that the transmission rate in the
channel decreases 7.5 times.

However, in the monograph [1], examples of
calculations by the standard method are given. These
calculations show that the code groups (messages)
without interleaving when averaged over a one-
dimensional probabilistic model of the fading process
have higher correctness of message reception than when
using interleave and Py, indicator.

Thus, in these examples, it is shown [1] that in
order to achieve the same probability of mistakenly
receiving a 100-bit code combination, for example, in

Rayleigh fading using the indicator Pper , the average
transmitted signal power needs to be increased 550
times with respect to channel conditions without fading,
but without the use of alternation, it is enough to
increase only 50 times.

In the article [1], it was concluded: "... if the
channels are compared with the probability of correctly
receiving relatively long code combinations, the
presence of slow fading does not impair the quality of
the channel, as compared with the likelihood of
receiving a single character correctly”. Based on the
above, we can conclude that there is ambiguity in the
results of calculations when the difference is more than
an order of magnitude. It should be noted that the length
of the code group is determined by the number of
characters, and does not indicate its duration and effect
on the quality of reception of messages, for example,
the length of the correlation interval.

However, the fading of the signal in the physical
channel leads to errors in the reception of symbols at the
channel level (in the discrete channel), which can be
grouped within the code group (message). Known
methods that are based on the models of Hilbert, Elliot-
Hilbert, Fritschman and others are used for the
statistical description of these groups [6-10].

Formalized error grouping models have nothing to
do with signal fading in a physical channel. Parameters
of the model of error grouping are usually adjusted by
selection at a mode of test messages for a given time
[6]. Thus, there is no relationship between the fading
models in the physical channel and the error grouping
patterns in the message in the discrete digital channel
after detection.

In addition, the abovementioned works show that
the averaged over the one-dimensional probability of
fading, the bit error probability is a monotonic function

. . .72 .
of signal/noise ratio 4~ = E/N,y , where E is the energy

of the information symbol; N, is the one-way spectral
noise density in the channel. And this view is used
while calculating channel settings and radio quality in
fading conditions.

However, in the article [1], it is shown that the
local account of even a very small change in the signal
level due to fading over the duration of the information

symbol leads to a constant value Pher after reaching a
=2 . — -2 .
h~ certain value, so the Pper (h ) function ceases to

be monotonic and reaches “saturation”.

The specific value Pher of “saturation” is

determined by the type of function of the correlation
coefficient of the fading process and the duration of the
information symbol.

In these conditions, the graphs confirm that

. . -2 .
increasing the average level 42~ or power of the signal

does not reduce the probability of a Pper bit error.

As a result of these theoretical contradictions, the
following interpretation of the mentioned “saturation”
phenomenon is possible with regard to the rate of
change of signal level.

. -2
The kind of %~ curve that corresponds to the rate
of change of the signal level also changes, resulting in a

. - =2 . .
change in the order of Pper (h ) magnitude, as if
jumping to specific curves in the family of these curves
— -2 -2
Pper (h ), even at constancy 4 .

The abovementioned articles have adopted the
characteristic of a communication channel at the
physical layer - the reliability of communication, which
shows the percentage of time when the signal level at
the demodulator input is above the threshold and the
communication quality is not worse than necessary. The
reliability of communication is determined by the one-
dimensional probability of the fading process. At the
channel level of message transmission, this
characteristic is uninformative and does not reflect the
actual duration of interruptions in the reception of
messages caused, for example, disruption of
synchronization, and the time spent on its recovery [8].

On the other hand, for example, in the article [7], it
is shown that different types of formalization of
calculations are possible while calculating lines of radio
relay communication, which results in a significant
difference in the obtained results.

Thus, in the presence of the signal fading in the
physical channel classical theory of transmission of
discrete messages has limited application, and the listed
theoretical contradictions are caused by inconsistencies
of the accepted one-dimensional probabilistic model.

First of all, the discrepancy of the accepted one-
dimensional  probabilistic model is its one-
dimensionality. This model does not take into account
the dynamics of the random fading process, its
characteristics such as the autocorrelation function and
the duration of the correlation interval, as well as other
central and initial moments of the random process.
When averaged over a one-dimensional probabilistic
measure, the condition of so-called "local stationarity"
is used, when the signal level (or transmission
coefficient) remains unchanged for some time interval.
At another interval, the channel is again considered
constant, but maybe with different characteristics. The
influence of channel behavior in intermediate states is
not taken into account, it is believed that the signal level
changes gradually.

Averaging over one-dimensional probability can
be interpreted as follows. There are many channels
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(sessions) with constant but random gear ratios. In each
communication session, such a constant channel with a
random but fixed value of the transmission rate (signal
level) is selected at random.

On many of these channels, we can see the average

values of the transmission coefficient, the h?

signal/noise ratio, the probability of the Pper bit error,
etc. At the same time, the relation to the actual operating
conditions is the farthest, the dynamic characteristics of
the fading process are not taken into account.

In order to exclude approaches to solving
theoretical contradictions, it is proposed to introduce

two indicators of link quality in a fading channel: the

ec end  correct finite

probability of receiving a
duration message and the probability of a termination

The first metric is the overall metric quality of the
communication, and the second metric is the quality of
the channel in the session of the final duration.

The probability of P,;40,; pre Non-interruption

communication at a finite time interval T indicates the
probability that during this time the signal level does not
fall below the set threshold. This interval, including, can
be the duration of the received message (code group).
The introduction of such an indicator requires the
use of a probabilistic model of the random fading
process in the form of a reduced multidimensional

probabilistic measure w(z;) .

For this purpose, it is proposed to approximate the
continuous or even non-differentiated realization of a
random process with a broken line with “vertices” at

link without P, pre interruptions. time intervals within the time interval 7' (Fig. 1) [8].
x()t
x(t2)
Xo= X(f]z 0)" : X(f” —2) x(t - 1) x(tn)
! AN :
1 | | I
[} | | 1
[} | I 1
Y
: | | :
1 ] ] ]
* y y . t
tl tZ f” -2 tn -1 tn

Fig. 1. Approximation of the continuous realization of a random process
by a broken line with “vertices” in time intervals within the time interval 7T is observed

In accordance with the abovementioned
indications, the probability of correctly receiving a
message with a duration of 7 in the channel with a
fading signal is determined by the expression

*

ec end 2 Prec end

P

7

Pwithoul_pre > (2)
where P,.,..,q 1s the probability of correctly receiving
messages of finite duration without signal fading.

The probability of unbroken communication

P, is determined by the formula [8]

without pre

Prsithout pre = | ] [ fwl(u)du. 3)
Uthr

In the formula (3), the following notation is
introduced:

u is the value of the vector random value of the
signal level at the intervals of the time interval 7 (the
number of sections determines the dimension of the
vector u );

uy is the vector of signal level thresholds.

From the general formula below, one can obtain
multivariate Rayleigh random distribution laws:

n -1
2 2\"
Wn(rl,rz,...,rn,;r)=| |rl-/cs ”(l—RO) X
i=1

n—1
}”12+(1+R02)Z};-2+rn2 i
i—2 Roritia
2 2 [ 14
2 (1—’1!3O ) e

X exp 7 0
GZ(I—R(%)

where r, is the value of a random variable, R, is the

random process correlation function.

From the abovementioned, you can draw the
following conclusions:

1. The smaller the ratio of the correlation interval to
the interval of the communication session, the less the
likelihood of communication without interruptions, which
is not shown in the one-dimensional case (straight), since
the calculations are performed on the average of the entire
implementation (one-dimensional distribution functions),
do not take into account dynamic characteristics
(correlation interval, transmission time limit). This
phenomenon shows that when the correlation interval ratio
is relatively low, the average error probability does not
fully characterize the quality of the reception.

2. As the correlation interval increases with the
transmission of the time interval, the message graphs,
that are constructed on multidimensional distribution
functions, asymptotically seek a one-dimensional
distribution function.

This shows the consistency of the proposed
approach with respect to the existing approach of
calculating the probability of receiving a message.
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Conclusions

The theory of transmitting discrete messages in a
fading channel requires refinement. In order to describe
the process of transmitting discrete messages in a radio
channel under freezing conditions, the probability of
correctly receiving messages in the absence and in the
presence of organized interference is an important
characteristic. The traditional link reliability setting is
not identical to this probability. While determining, it
requires a different approach, namely, introducing an
additional characteristic of the radio channel in the
presence of fading, such a characteristic may be the

Using the suggested link quality metric on a fading
channel allows you to:

- without losing the bandwidth of the channel to
ensure with high accuracy, while maintaining the
required quality of the channel in real-time;

- predict the probability of receiving the message
correctly when using the necessary measures to set the
modes of transmission of discrete messages.

The fading channel quality indicators proposed in
the article are used to detect and disperse signals against
the background of noise, to calculate the noise and
communication reliability and to evaluate the
propagation characteristics of radio waves.

Future research will focus on developing methods
for improving the immunity of military radio systems.

probability of uninterrupted communication while
transmitting a discrete message of finite duration.
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P03BHTOK TEOPETHYHMX IOJIOKEHD Nepeadi JMCKPETHUX MOBiIOMJIEHb CHCTEM BiliCbKOBOI0 pafiosB’si3Ky

A. B. HTnmanskuid, O. P. Uepnsik, I'. T. JIswenko, C. A. ITantok, A. B. [lopomens,
B. B. Casenko, B. M. Masypenko, C. B. I'puropak

Anotanisi. CydacHi cucreMu BiHCBKOBOI'O pajio3B’si3Ky (YHKLIOHYIOTb B CKJIAJHMX YMOBaX paliOelIeKTPOHHOI
00CTaHOBKY, 1110 00YMOBIIEHI 0OMEXEHICTIO YaCTOTHOrO Jlialia3oHy, BIUIMBOM HABMHCHUX 3aBaJl Ta 3aBMUpPaHb curHainy. OqHuM
3 HaNpsIMKIB MiJBHIICHHS €()EeKTHBHOCTI CHCTEM BIHCHKOBOIO Pajio3B’s3Ky € PO3BUTOK ITOKAa3HHUKIB (METOIIB, METOMUK)
OLIIHFOBAaHHS €()EKTUBHOCTI CUCTEM BiliCBKOBOrO paio3B’si3Ky. Ilix wac nmpoBeneHoro aHasizy BCTaHOBIICHO, IO BiJIOMI ITiIXOAN
3 OLIHIOBAaHHA €()eKTUBHOCTI CHUCTEM BiCBKOBOIO paJlio3B’si3Ky 3aCHOBaHI Ha BUKOPUCTaHHI HMOBIpHOCTI GiTOBOI NOMMIIKH B
KaHalli, 10 € JOCUTh I'pyOMM IIOKa3HMKOM OI[HKM KaHaJIiB. 3a3HaueHe OOYMOBIIIOE HEOOXiJHICTb HPOBEIEHHS PO3BUTKY
TEOPETUYHUX MOJIOXKEHb Iepesadi JAUCKPETHUX IIOBIIOMIICHb CHCTEM BIiHCBKOBOIO Pajiio3B’si3Ky. 3 METOH YIOCKOHAJIECHHS
BIZIOMHX TEOPETHYHMX IOJIOKEHb Iepeadi JUCKPETHUX IOBIJIOMJIEHb CHCTEM BIiHCBKOBOrO paJlio3B’s3Ky aBTOPaMH CTaTTi
MPOBEJEHO PO3pPOOKY NOKA3HUKIB OLHKH AKOCTi (DYHKLIOHYBAHHS CHUCTEM BIiMCBKOBOTO Pajio3B’s3Ky, 1O (YHKIIOHYIOTb B
CKIIaJHUX YMOBaX paJioeN]eKTPOHHOI 0OCTaHOBKM. B Xozmi mpoBeneHHs NOCIHIDKCHHS aBTOpaMH JIOCHIPKEHHA Oyio
OOIPYHTOBAHO /1Ba IOKAa3HHUKA SIKOCTI 3B’S3Ky B KaHaJl i3 3aBMHpaHHSIMH: KMOBIPHICTb NPaBHIBHOIO MPUHOMY HOBIIOMIICHHS
KiHIIeBOI TpHBaJIOCTi Ta HMOBIPHICTB 3B’s3Ky KiHLEBOi TpuBayiocTi 6e3 oOpuBiB. Ilepiunii MOKa3HUK € 3arajbHUM MOKa3HHUKOM
SIKOCT1 (3B’s3Ky) Iepenadi iHpopMarii, a JPYruil - IMOKa3HUKOM SIKOCTI KaHaly Ha ceaHcl 3B’s3Ky KiHILeBOI TpuBajocTi. B xoxi
IIPOBEJEHOTr0O IOCIIDKCHHS aBTOpaMHu Oyl BUKOPHCTaHI OCHOBHI ITOJI0XKEHHS Teopil 3B 3Ky, Teopii 3aBaf03aXUIIEHOCTI, Teopil
repeziadi AMCKPETHHUX IOBiIOMIICHb Ta iHII. 3alIpONOHOBAHI Pe3ylbTaTH MOXKYTh OyTH BUKOPHCTaHI IIijl Yac OLIHIOBaHHI CTaHY
KaHaJIiB Pajio3B’A3Ky IpH BIUIMBI 3aBaj] Pi3HOMaHITHOrO IIOXO/DKCHHS Ta 3aBMHpaHb CHUTHaly. [IpakTMuHa 3HAYMMICTBH
3a3HAYCHUX PEe3YJbTAaTiB MOJSra€ B TOMY, IO BOHH MOXYTh OYTH BHMKOPHCTaHHI IIpM MOJEpHi3auil iCHyro4mX 3aco0iB
panio3B’s3Ky abo i yac po3poOKM HOBUX 3ac001B IIUISIXOM PO3POOKH BiIIOBITHOTO IIPOrpaMHOI0 3a0e3IeueHHSL.

Kaw4yoBi ciroBa: qucKpeTHi NOBIIOMIICHHS, CHCTEMa Palio3B’s3Ky, TEOpisl 3B’53Ky, 3aBMUPAaHHS CUTHAITY, 3aBa/IH.
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