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HanionaneHuii TeXHIUYHMIA YHIBepcUTeT “XapKiBCHKUH MOMITeXHIYHUN iHCTUTYT”, XapKiB, YKpaina

OUIHKA IHOOPMATHUBHOCTI TA BUBIP O3HAK
IIPU IJEHTUPIKALIII CTAHY KOMII'IOTEPHOI CUCTEMU

Anoranis. IIpexmMerom cTaTTi € TOCII/KEHHS METOJIIB BU3HAYEHHS iH()OPMATHUBHOCTI O3HaK. MeToI0 CTATTi € miaBH-
IIEHHs SIKOCTI Kiacuikarii craHy KOMII'IOTEPHOI CHCTEMH 3a PaXxyHOK BHOOpY HaiOLTbII iHGOpPMAaTMBHHMX O3HaK. 3a-
BIAHHS: JIOCIIi JUTH METOAN BUOOPY ONTUMANBHUX iHQOpMAIiHHUX 03HAK AJIs ineHTH(DIKalii cTaHy KOMIT FOTEPHOI CHCTEMU
Ha OCHOBI aHaNi3y mojiit onepauiittoi cucremu Windows. BUKOpHCTOBYBAaHHMH METOJAMH €: METOIHM MAIIHHHOTO HaB-
YaHHS, aHCaMOJIeBl METOH, METOM BUOOPY ONTUMATIBHUX iHPOPMALifHUX 03HaK. OTPHMaHO TaKi pe3yJIbTATH: BUKOHAHO
aHaIn3 mofii onepaniitHoi cucremu Windows, mociikeHo METOIM BHOOPY ONTHUMATIbHUX iH(GOPMAI[HHUX O3HAK: METOIH-
o6roprku (Wrappers), BOynosani meroau (Embedded) i meronu-dinsrpu (Filters). Bukonano orinky iHpopMaTHBHOCTI Ta
BUOIp O3HAK IPH iJeHTH(IKALI] CTaHy KOMIT T0TepHOI cucteMu. i1 oliHKK e(heKTHBHOCTI BUOPAHUX O3HAK 0yJI0 BUKOPHC-
TaHO aHCaMOJeBUI MeToJ Kinacudikamii cTaHy KOMI'IOTEpHOI CHCTEMH Ha OCHOBI OerITiHTy Ta aepesa pimens J48. Jloci-
JDKEHO 3aJIeKHICTh TOUHOCTI KiacH(ikanii cTaHy KOMIT FOTepHOT CHCTEMH Bii 00paHHX O3HAK Ta BU3HAYEHO HaOip aTpuOyTiB,
sIKi 3a0e31evyloTh MakCUMalbHy TOYHICTH KJIacHdikarii craHy Komm'loTepHoi cucTemMH. BucHoBkn. HaykoBa HOBH3Ha
OTPUMAaHUX PE3yJbTATiB MOJIATAE Y aHai31 mojii onepauiiinoi cucremu Windows, ouinmi ix iHpopMaTuBHOCTI Ta BUOOPY
03HAK IpH iAeHTH(DIKALI]T CTaHy KOMIT I0TEPHOI CHCTEMH.

Kaw4voBi cioBa: xoMn’oTepHa CUCTEMa; MOJIi OmepaIliiiHol cucteMu; iHQOPMATUBHICTL O3HAK; JiepeBa PillicHb; aHCca-

MOJIEBI METOH; OCTTIHT.

Beryn

CpOrosiHi KOMIT'FOTEPHI CHUCTEMH BUKOPHUCTOBY-
I0ThCS IPAKTHYHO Y BCIX r'ally3sX HapOJHOrO rocrojia-
proBaHHs. Excrutyarariis TAKUX CKJIaJHUX TEXHIYHUX CH-
cTeM yce OLIBIIOI MIPOI0 CTUKAETHCS 3 MPoOIIeMaMHu 3a-
OesrnieueHHs ix iHpopMauiiHOi Ta QyHKIIOHATBHOT 0e3-
meku. Pa3om i3 TuM, piBeHb PO3BHUTKY 3ac00iB giarHOC-
TYBaHHS Ta IICHTU(IKAIIT AECTPYKTHBHHUX 3MiH PEKUMIB
(YHKIIOHYBaHHS 1 BHYTPIIIHIX XapaKTEPUCTHK TaKUX
CHCTEM Ha ChOTOJIHI HE MOXYTh I'apaHTyBaTH HEOOXil-
HUH piBeHb 3axucTy iHpopmamii. Came TOMy mOCITi-
JUKEHHS METOMIB Ta 3aco0iB imeHTH]iKamii cTaHy
KOMIT'FOTEPHHX CHCTEM € aKTyaJbHUM 3aBaanusM [1].

KoMmm’roTepHa cucreMa XapakTepU3YEThCS BeEIH-
KuM 00csiroM TMoka3HUKIB ii QyHkuioHnyBaHHs. [lns
LBOTO IIMPOKO BUKOPUCTOBYIOTHCS ajTOPUTMH MAllHH-
HOTO HaBUYaHHS, AKi 30yJ0BaHiI TAKUM YHHOM, 00 Oe3-
MOCepeIHbO MPAIIOBATH 3 BEJIMYE3HHNMH MacHBaMH iH-
dopmauii [2].

Pa3zom i3 TMM, Ha eramax IOCTAHOBKH 3a/adi Ma-
IIMHHOTO HaBYaHHA 1 (OPMYyBaHHSA JaHUX HE 3aBXKIU
3pO3yMLIO, SIKi 03HAKU BaXKIIHUBI IJIs1 TOOYIOBH ONTHMA-
JBHOTO anroput™y. KpiM Toro, 1aHi MOXyTh MicTHTH Oa-
raTo HaJUIMIIKOBO] (IITyMOBO{) iH(opMmallii, 10 HoripIrye
AKICTH POOOTH aNTOPHUTMY i YHOBIUIBHIOE HOTO pOOOTY.
Tomy B OLIBIIOCTI BHMAIKIB IEpe] BHUPIMICHHSIM 3a-
BIaHHs Kiacuikarii, HeoOXiTHO BHOpaTH Ti 03HAKH, SKi
Haiiouem iHpopMaTHBHI. Binbip BaxJIMBUX O3HaK Ta-
KOX MOXe€ JOIOMOTTH pO3MmHu(ppyBaTH MeXaHi3MH, IO
JIeXKaTh B OCHOBI ITPOOJIEMATHKH J0CTiKeHHs [3].

ITocTanoBKa MpodJieMH Ta OV HAYKOBHX ITy-
ouikaniii. O3naxu (feature), 1110 BUKOPUCTOBYIOTHCS IS
moOyIOBH MOJENI, ICTOTHO BIUIMBAIOTH Ha SIKICTH pe-
3yJIBTATIB.

Heindopmarusai abo cnabo iHGopMaTHBHI 03HAKH
MOJKYTh 3HAYHO 3HU3UTH €(DEKTUBHICTH MOJIEITI.

Binbip o3Hak — Iie mporec BHOOPY O3HAK, IO Ma-
FOTHh HAWO1IBII TICHI B3a€EMO3B’SI3KH 3 IIJILOBOI 3MIiHHOI.

Mertoro Bizbopy O3HaK €:

- CIIPOILIEHHS MOJIENIEH;

- 3MEHILEHHsI WMOBIPHOCTI IepeHaBUaHHs, TOOTO
YUM MEHIIC HA/JTMIIKOBUX JaHUX, THM MEHIIIE MOXIIH-
BOCTeH JuIsi MoJielli NpuilMaTH pillleHHs Ha OCHOBI
«IYyMY»;

- MiIBUIICHHS TOYHOCTI, a CaMe YMM MEHIIE CyTie-
PEWIMBHX TAaHHUX, TUM BHIIEC TOYHICTB;

- CKOPOYCHHS Yacy HaBYaHHS, MAa€ThCS Ha yBasi,
YUM MEHIIIC JaHUX, THM IIBHIIIC HABYAETHCS MOJECIH
[4].

[epenymMoBOIO 3aCTOCYBaHHS METOIMKH OOMPaHHS
O3HAaK € Te, [0 BHUXIJIHI JaHi MICTATH HaJIMIIKOBI abo
HEZIOpPEUHi JIesKi 03HAKHU, SIKi MOXYTh OyTH yCyHeHi 0e3
CIIPUYMHEHHS 3HAYHO1 BTpatH iHdopmartii [5]. 3aBmanmst
BHOOpPY ONTHUMAJIFHOTO HabOpy O3HAK IOJISTAa€E B TOMY,
o0 BUOpATH TaKy MiIMHOKHAHY O3HAK 3 BUXIHOTO Ha-
Oopy o3Hak, mo0 TOoYHicTh KjacudikaTopa, HaB4e-
HOT0 HA Wil MIMHOXKHUHI 03HAK, 0y/J1a MaKCUMAJIb-
HOIO (T10 BCiH MiIMHOKUHU BUXiTHOT MHOXHHH O3HAK).

Omxe, Hexait /(T) — anroput™ HaBuaHHs, 1(X) — Ha-
BYaJbHa BUOipKa, X — MHO)KHHA O3HAK HABYAJIBHOI BHOI-

pxu T(X), X < X — miIMHO)XKMHa MHOXXUHH O3HaK,
T(X ) — naBuanpHa BuOipKa, MoOyIOBaHA 3 BUKOPHC-

TaHHsIM miAMHOXKWHM o3HaK X , D — kmacudikarop:
D=I1(T(X ),Q(D) - rounicts kmacudikaropa. Tomi
ONTUMAIIbHUI HA0Ip 03HAK BU3HAYAETHCS TAK:

Q(D), D=1I(T(X)).

Xopt =arg maxx-gX

© Taspunenko C. 1O., lllesepnin 1. B., I'eiixo I'. B., 2021
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IcHye KinbKa MmiIXoiB 10 BUOOPY ONITUMAJIbHUX 1H-
(dopmamiifHuX O3HaK. 3a TMOIIMPEHOI0 KIiacH]iKaIiero
[6], icrye Tpu ocHOBHI KaTeropii MeTO/iB BHOOPY OIITH-
MaNbHUX 1H(QOPMAIIfHAX O3HAK: Memoou-ob2opmku
(Wrappers), s6yoosani memoou (Embedded) i memoou-
@inompu (Filters).

Memoou-obeopmku € yHIBepCaIbHUMHU Ta SKiC-
HUMH OJTHaK BUMAraroTh BEJIUKUX OOYHCITIOBAIbHHIX BHU-
TpaT 1 0COOIMBUX 3yCHIIb IO OLHII KJIacudikaropa i Bu-
Gopy Haiikpanioi crpaterii momtyky [7]. Boydosani me-
moou BUKOHYIOTb BifI0Ip O3HAK IIiJ] Yac MpoLeaypH HaB-
yaHHs KiacugikaTopa, € mBuAKMMA. OHAK, JaHi aro-
puT™MH He € yHiBepcanbHUMH [8]. Memoou-¢ghinempu €
HaOLIBII OITMPEHUMH, MAIOTh HAWMEHIITY 009 CITIOBA-
JHFHOIO CKJIAIHICTIO Cepel PO3TITHYTHX IiIXOMiB, a Ta-
KO MacmTabHICTh i mpocToTy 3acTocyBanus [9]. Bouu
3aCHOBaHi Ha JEAKUX MOKa3HUKAX, SKi HE 3aJIeKUTh Bil
MeToxy Kiacudikamii (HampuKiIaI, Taki K KOPEIIis 03-
HAaK 3 IJIbOBUM BEKTOPOM, KpHTEpil iHPOPMATHBHOCT).
Kpim Toro, momiOHI METOIX MOKA3yOTh JOCHTH XOPOIII
pe3yabTaTH Ha MPAKTHUIl, BOHH HE B3AEMOJIIOTh 3 aJIro-
pUTMOM HAaBYaHHS i BUOMPAIOTh ONTHMANbHY ITiJMHO-
KMHY O3HaK, BHUKOPHUCTOBYIOYM TUIBKH iH(pOpMAILito,

OTpUMaHy 3 HaBYAJIbHOT BHOiIpkH. MeTtoau-pineTpu BH-
KOHYIOTHCSI Ha €Talli momnepeaHboi 00po0KH, 10 BHKO-
HaHHS alTOPUTMY HaBYaHHA. BoHM MOXyTh SIK He3ae-
’KHO OIIHIOBAaTH 1H(GOPMAaTHBHICTH O3HAK TSI HABYAHHS,
TaK i OIIHIOBATH MiIMHOXXHHY O3HaK B CYKYHMHOCTi. Y
MEepIIOMY BHUMAAKy 3HaZOOWTHCS BU3HAUYMTH 3HAYCHHS
MOPOroBO1 KOHCTAHTH (MOTPiOHOT [T TOTO, MO0 BigKH-
HYTH Ti 03HaKH, IHQOPMATUBHICTD SIKHX /IS aJITOPUTMY
HaBYaHHS HWKYE 3HAUEHHS MOpora). Y Ipyromy BHIIa-
JIKY 3HaJJOOUTHCS IIPOBOJIUTH MOLIYK 110 POCTOPY MiIM-
HOXXHH 03Hak [10].

IMocranoBka 3aBaaHHs. MeETOIO NOCITIKEHHS €
MABUIICHHS SKOCTI KachQikaIlii cTaHy KOMIT I0TEepHOL
CHCTEMH 32 paXyHOK BUOOPY HalHOUIBII iHPOPMATHBHUX
O3HaK.

Buo6ip nminxoay Ta kpurepiiB indopmaTuBHOCTI
03HAK I Ki1acugikanii crany
KOMII’FOTEPHOI CHCTeMHU

Amnani3 nofiit onepariiHoi CHCTEMH HaJla€ MOXKIIH-
BICTh OLIIHUTH CTaH KOMIT FOTepHOI cuctemu. [iis 300py
nofiii onepariinoi cucremu Windows 10 6yno Bukopu-
CTaHO Tmporpamuuii fogatok ProcessMonitor (puc. 1).

Query: HandleTags. HandleTags: 0x0

Query: HandleTags. HandleTags: 0x0

Type: REG_SZ, Length: 44, Data: teamint . HKLM\System\CurrentControlSetiServices\Tcpip\Parameters\interfaces\{abfcbd6f-9fa-41

Type: REG_SZ, Length: 76, Data: 17223

Query: HandleTags, Handle Tags: 0x0

Query: HandleTags, Handle Tags: 0x0

L - O X

Path &
HKLM\SOF TWARE\MicrosoftWindowsRuntime\ActivatableClassld\Windows Foundation
HKLM\SOF TWARE\MicrosoftiWindowsRuntime\ActivatableClassld\Windows Foundation.
HKLM\SOF TWARE\MicrosoftiWindowsRuntime\ActivatableClassld\Windows Foundation
HKLM\SOF TWARE\MicrosoftWindowsRuntime\ActivatableClassld\Windows Foundation
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{c8d44001-1739-1
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{c8d44001-1799-1
HKLM\System\CurrentControlSet\Services\ Tcpip\Parametersiinterfaces\{c8d44001-1799-1
HKLM
HKLM\System\CurrentControlSet\Services\Tcpip\Parametersiinterfaces\|{a5fcbd6f-9f4a-4"
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{abfcbd6f-9f4a-41
HKLM
HKLM\SYSTEM\CurrentControlSef\Services\Onscachel\interface SpecificParameters\{a5fi
HKLM\System\CurrentControlSet\Services\OnscachelinterfaceSpecificParametersi{abfcb,
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{a5fcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{a5fcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{abfcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{a5fcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services| Tepip\Parameters\Interfaces\{a5fcbd6f-9f4a-41

HKLM\System\CurrentControlSet\Services| Tepip\Parameters\Interfaces\{a5fcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{abfcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{a5fcbd6f-9f4a-41
HKLM\System\CurrentControlSet\Services| Tepip\Parameters\Interfaces\{a5fcbd6f-9f4a-41
HKLM

HKLM\SYSTEM\CurrentC I ices\Dnscachel|l pecificParameters
HKLM\System\CurrentControlSet\Services\Dnscache\InterfaceSpecificParameters
HKLM\System\CurrentControlSet\Services\OnscachelinterfaceSpecificParameters

{
{
{
i
{
HKLM\System\CurrentControlSet\Services\ Tcpip\Parameters\interfaces\{a5fcbd6f-9f4a-41
i
{
{
{

¥ Process Monitor - Sysinternals: www.sysinternals.com
File Edit Event Filter Tools Options Help
FEABE|vA@E AR AB LM
PID ProcessName  Description EventClass Operation Detail
15800 i} git-credential- . Git Credential Mana_.. Registry ﬁRegQueryValue Length: 16
15800 4 git-credential-.. Git Credential Mana... Registry ﬂRegQueryValue Length: 16
15800 i} git-credential- . Git Credential Mana_.. Registry ﬂRegOueryValue Length: 16
15800 i} git-credential- . Git Credential Mana_.. Registry ﬁRegQueryValue Length: 140
15800 W sh.exe Registry ﬂRegOpenKey Desired Access: Read
29336 W sh.exe Registry ﬂRegOueryValue Length: 12
29336 W sh.exe Registry ﬁRegCluseKey
29336 W shexe Registry ﬂRegQueryKey
29336 W sh.exe Registry ﬂRegOpenKey Desired Access: Read
29336 W sh.exe Registry ﬁRegOpenKey Desired Access: Read
29336 W shexe Registry ﬂRegQueryKey
29336 W sh.exe Registry ﬂRegOpenKey Desired Access: Read
29336 W sh.exe Registry ﬁRegOpenKey Desired Access: Read
29336 W shexe Registry ﬂRegQueryValue Length: 16
29336 W sh.exe Registry ﬂRegOueryValue Length: 16
29336 W sh.exe Registry ﬁRegQueryValue Length: 16
29336 W shexe Registry ﬂRegQueryValue Length: 16
29336 W sh.exe Registry FfRegQueryValue Length: 12
29336 W sh.exe Registry ﬁRegQueryValue
29336 W shexe Registry ﬂRegQueryValue Length: 12
29336 W sh.exe Registry FfRegQueryValue Length: 12
29336 W sh.exe Registry ﬁRegQueryValue
29336 W shexe Registry ﬂRegQueryValue Length: 12
29336 W sh.exe Registry FE RegCloseKey
29336 W sh.exe Registry ﬁRegQueryKey
29336 W shexe Registry ﬂRegOpenKey Desired Access: Read
29336 W sh.exe Registry #f RegOpenKey Desired Access: Read
29336 W sh.exe Registry ﬁRegQueryKey
<
Showing 210 039 of 501 417 events (41%) Backed by virtual memory

Puc. 1. Bukopucranus ProcessMonitor asis 36opy moiit

Otpumano, mo KC xapakrepusyeTbesi BEIUKOIO Ki-
JIBKICTIO TOJIH Ta aTpuOyTiB. OCHOBHI TPYIHOILI KJIacH-
¢ikanii i cTaHy NMOJATAIOTH B YK€ BEIUKOMY PO3Mipi
MIPOCTOPY O3HAK, K€ HOCUTH Ha3BY MPOKJATTS PO3MipHO-
cti. Lle mpu3BoANTD 0 3HIKEHHS e()EeKTUBHOCTI OLIIHKH 11
cTaHy Ta NoTpedye BUIIyUEHHS! HEPEeJIeBaHTHUX, a00 Hall-
JIMIITKOBHX O3HaK i3 33]]aHOTO BEKTOPY aTpubyTis [11].

V sxocTi miaxomy 10 BUOOPY ONTUMANbHUX iHPOP-
MaliiHUX 03HAK BUKOPHUCTAHO METOA-(QibTpallii Ha 6a3i
iHpOpManitHOI €HTPOIIii, IKUH Mae HEBEINKY 0OUYHMCITIO-
BaJIbHY CKJIQJHICTIO, MACIITaOHICTh 1 MPOCTOTY 3aCTOCY-
BaHHS.

Indopmauiiina enTporiss — Mipa HEBU3HAYECHOCTI
JesKoi cucteMu (B CTaTUCTUYHIN ¢i3uii abo Teopii iH-
¢dopmarii), 30kpemMa HenependauyBaHICTh MOSIBU Oy/ib-

(Fig. 1. Use ProcessMonitor to collect events)

SKOTO CHMBOJIy NEpBHHHOTO andasity. B ocraHHBROMY
BUIIAJIKY TIPH BIJICYTHOCTI iH(OPMAIITHUX BTpaT €HTPO-
sl YMCENIFHO JIOPIBHIOE KUIBKOCTI iH(pOpMAaIii Ha CUM-
BOJI IIEpEIaHOT0 NMOBioMIIeHHs. EHTpomist XxapakTepusye
YHUCTOTY JOBUILHOTO Habopy. Lle nexuTs B OCHOBI MeTO-
JIiB paHXKyBaHHS aTpuOyTiB. Mipa eHTpomii po3risiia-
€ThCS SIK Mipa HemepenbadyBaHocTi cuctemu [12].
[Hdopmariiiina eHTpOITis BU3HAYAETHCS SK:

H(Y)=->" p(y)log,(p(y)),

yeY

ne p(y) — rpannuHa QyHKIIisA NITBHOCTI HMOBIPHOCTI JUTst
BUIIAIKOBOI BEJIHMYUHH Y.

SKuo crioctepexyBaHi 3Ha4eHHs Y y HABYAILHOMY
HA0Opi JaHWX S PO3MOAULICHO BINMOBITHO O 3HAYCHB

6
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Ipyroi o3Haku X, a eHTpoIris Y BiTHOCHO YaCTUH iHTYKO-
BaHUX 03HAKOIO X € MEHIIIOIO 33 EHTPOIIiI0 03HAKU Y 10
PO3AiNICHHS, TOAI iCHY€E 3B’5130K Mix o3Hakamu Y 1 X. [H-
TYITHBHO, €HTPOIIsI BiATIOBiZa€e CTYNEHIO XaoCy B CHC-
TeMi. UuM BHUIIE €HTPOIIis, THM MEHIIE BIIOPSIKOBAaHA
cucTeMa i HaBIaky.

Toni BigHOCHA eHTpotis Y/X 3HaXOIUTHCS TaK:

HEY [ X)==>" p(x) > p(ylx)logy(p(y|x)),

xeX yeY

ae p(y|x) — yMoBHa HMOBIpHICTb Y 3a1aHOTO X.

BpaxoByloun eHTpOIiIo, K KpPUTEpiid TOMIIIKK B
HaBYAJILHOMY HaOopi S, MM MOXE€MO BU3HAYUTH Mipy,
0 BigoOpaxkae JOJaTKOBY iH(opmarito mpo Y, sKy Ha-
nae X Ta HpeICTaBisi€ BENUYUHY, HA Ky 3MCHIIYETHCS
ertpomist Y [13]. To6to Mu oTpuMmaemo iH(opMaIiio
(InfoGainAttributeEval) — icuye xopemsiiist Mix 3HaYCH-
HaMu X 1Y 4n Hi.

InfoGainAttributeEval (IG) Bu3nauae mpupict iH-
(dopmartii i 3HAXOTUTHCS SIK:

IG=H(Y)-H( | X)=H(X)-H(X|Y) =
=H(Y)+H(X)=H(X,Y).

Ipupict inpopmarii (IG) mis o3naku X BH3HAYA-
€TBCS SIK PI3HULIS SHTPOTIT BUOIPOK, OTpUMaHKUX Oe3 BU-
KopucTaHHs iH(popmalii o3Haku X 1 3 BUKOPHCTaHHIM
i€l indopMariii.

3HaveHHs NpUpoCTy iHpOpMaIli s 03HAKU TOBO-
pUTh Tpo pi3HULIO OiT iH(opmanii, HEOOXiAHUX s
TOoro, mo6 Kiacu(ikyBaTH OO0'€KT 3 BUKOPUCTAHHIM
o3Hak# X i 6e3 11 BUKOPHCTaHHS.

YuwMm Ounpine mapamerp |G — THM crIbHIIIE KOpEIs-
Iis1 M)XK 3HAUCHHSAMH.

SymmetricalUncertAttributeEval (SU), a came npu-
picT iHpOpMAIii € CHMETPUIHUM MOKa3HHUKOM — TOOTO
KiJIbKicTh iHpOpMarii, orpumanoi mpo Y miciist crocrepe-
KeHHst X, OPIBHIOE KiJBbKOCTI iH(popMalil, OTpUMaHOi
npo X micns croctepexxenHs Y. Cumerpist € 6akaHoro
BJIACTHBICTIO JJIsl MipH B3a€MO3B 513Ky O03HaK. Ha sxaib,
oTpuMaHHs iH(pOpMaIl € yIepePKeHUM Ha KOpUCTh (y-
HKIIIH 13 OUTBIIOI0 KiJBKICTIO 3HaueHb. CUMETpUYHA He-
BH3HAYeHICTh SU KOMIICHCY€e CXWIBHICTH iH(pOpMamiii-
Horo npupocty |G mo atpuOyTiB 3 OLIBPIIUME 3HAYCH-
HSMH 1 HOpMallizye Horo 3Ha4eHHs 110 fiamazony [0,1]:

SU = 2.0*{*} .
HY)+H(X)

GainRatioAttributeEval (GR) a6o xoedirtient mpu-
pocty inpopmanii GR — ne momudikariisi mpupocrty iH-
¢dopmanii 1G, ska 3menmye il ynepemkeHictb. Pocc
KBinyaH 3anpornonyBaB 3MEHIINTH yIiepeKeHHs 10 Oa-
raTo3HA4YHUX aTpuOyTiB, OEpyUH 10 yBaru KUIBKICTH Ta
PO3Mip T'iJIOK Ipu BUOOpi aTpudyTa:

croHO-HE )
H(X)

KoeditieHT mocuieHHs qoiae mpodieMy 3 mpHpo-
cToM iH(opmalii, 6epydn 0 yBaru KilbKicTh T'iJIOK, sIKi
BUHMKIIM O 10 po30uTTs. Bin kKopurye npupicT iHpopma-
wii, Oepy4u /10 yBard BHyTpimHio indopmarito X npo po-
36uTTs. TakuM 4YMHOM, BiH BUPINIY€E HEAOJIK OTPUMaHHS

iHdopmarrii, a came oTpuMaHHs iHQOpMAaIlii, Mo 3aCTO-
COBYETBCS A0 aTpUOYTIB, SIKi MOXKYTH MIPUAMATH BEJIHKY
KUTBKICTE pi3HuX 3HaUeHb [15].

CorrelationAttributeEval (R), a came koedirmienTt
kopeJstii [lipcoHa Mixk TBOMa 3MiHHUMHE JOPIBHIOE KO-
Bapiamii TBOX 3MiHHHUX, a00 cyMi ITOOYTKiB BiIXWIICHB,
NOITeHIN Ha TOOYTOK 1X CTaHIApTHHX BimxuieHs [16].
Hexaii, € 1Bi BUOipKH

X" = (Xl’"-' Xm) ) ym = (yl..-., ym) .

KoedimienTt xopemsmii Ilipcora po3paxoByrOTh 3a
hopmymnoro:

Zi”;l(xi =X)(Yi -Y) _ cov(x,y)
\/Zinll(xi R —)7)2 \/s§s§

ne X,Y —BHOIpKOBI cepeHi, Xm,ym,sg,si — BHOIpKOBI

R=rxy=

qucnepcii [14].

TakuM 4HHOM, Y SIKOCTI KpUTEpiiB iHHOpMaTHBHO-
CTi O3HaK I KiIacugikamii cTaHy KOMIT IOTEpHOi CHC-
TEMH HaIaIl JOCIIIKEHO:

InfoGainAttributeEval (mpupict indopmariii),

SymmetricalUncertAttributeEval (ominka cumerpu-
YHOCTI pUpocCTy iHpopMartii),

GainRatioAttributeEval (koedimient mpupocty iH-
(dhopmarii),

CorrelationAttributeEval (koeditient kopemsii
[Tipcona).

Budip ontumaabHoro Hadopy iHpopMaTUBHHX
03HAK TA OLiHKAa TOYHOCTI Kaacudikauii
CTaHy KOMITI'I0TEPHOI CHCTeMH

Pesynbrat mocmimkeHHs (prc. 1) TO3BOIIIIN OLi-
HUTH iHPOPMATHUBHICTH 03HAK HA 0a3i aJrOpUTMIB:

CorrelationAttributeEval (R),

InfoGainAttributeEval (1G),

GainRatioAttributeEval (GR),

SymmetricalUncertAttributeEval (SU).

SIk BUITHO 13 puc. 2 HalO1IbLI iIHpOpMATUBHUMHU aT-

pulyTami €:
Process ID — im’s miporiecy;
Operation — rtun  onepamii  (HANpUKIAL:

(RegOpenKey, CloseFile and etc.);

Image Path — mutsix o peectpy um ¢aiiny, Hampu-
KIaz;
C:\Users\VirtualUser\Desktop\ZipFileSystemZipper.CS
V abo HKCU\Software\Classes\CLSID\{56AD4C5D-
B908-4F85-8FF1-7940C29B3BCF}\Instance;

Result — pesynbprar BHKOHAHHS OTEpaIllii, HANpPH-
kian: SUCCESS, REPARSE, NAME NOT FOUND,
BUFFER OVERFLOW ra in.;

Event Class — tun moaii (peectp, MiXITpOIECHa KO-
MYHIKaIlis, iIHTepHET KOMYHIKaIlisi, BUBEACHHS Ha HOCII,
nanpukian: File System, Registry Ta in.);

Image Path — nuisix 10 BUKOHYBaHOTO (ailiny, sKuit
IHIIIFOBaB MOJIII0 (HanpuKIa:
C:\Windows\Explorer.EXE);

Company — po3poOHHK MPOrpaMHOro MPOAYKTY Ta
npouecy, SKWH IHINIIOBaB ILI0 TOAII0, HaNpHKIAL:
Microsoft Corporation;
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m CorrelationAttributeEval (R)
= GainRatioAttributeEval (GR)

Puc. 2. ludpopmaruBHicTh aTpulyTiB (03HAK)

Description — oriic mporpaMHOTO KOMIIOHEHTY, Ha-
npukitan: Windows Explorer;

User — uMsi KOpUCTyBaua, SKUH 1HilliaJli3yBaB mpo-
nec, nanpukiaa: DESKTOP-159T30E\VirtualUser;

Command Line — napameTpy KOMaHIHOTO PSIKa,
Hampukian:  C\  Windows\System32\svchost.exe -k
LocalServiceNetworkRestricted -p;

Integrity — mpiopuTeT i BaXJIMBICTh BUKOHYBAaHOI
nofii, Hanpukia: System, Medium, High, Low;

Category — tun omnepariii, Hanpuknam: read, write,
read metadata, write metadata ra in.;

Authentication ID — ID xopuctyBada 3 METOO BH-
SIBJICHHSI TIepeiiMeHyBaHHsI KOPUCTYBAUiB 1 rpyIl, Halpu-
kimazx: 00000000:000270ch;

Kpim Toro, BUKOpHCTOBYIOUM napameTpu Process
ID, Process Name i Image Path mosxHa 3 TouHiCTIO i1CH-
TU(IKYBaTH iHIIIaTOpa MOJil, HAPUKIAA, KOHKPETHUH
BUKOHYBaHHi (aitn i mpouec [17].

m InfoGainAttributeEval (1G)
SymmetricalUncertAttributeEval (SU)

(Fig. 2. Informativeness of attributes (signs))

HJocainskeHHs BILTUBY BHOOPY 03HAK
HA TOYHicTh KIacudikamii crany
KOMII’IOTEPHOI CHCTEMU

TMomanpmi gocimkeHHs OyIIU OB’ 3aHi 3 OLIHKOIO
BIUIMBY BHOOpPY O3HaK Ha SIKiCTh Kiacuikamii ctaHy
KOMIT IOTEPHOT CHCTEMH.

VY skocti iHCTpyMeHTY uisi aHamiidy crany KC rta
OLIIHKHM aHcamOieBux knacudikatopis Oyno odbpano I13
“Weka (Waikato Environment for Knowledge Analysis)”
[17], sixe micTuTh HaGip 3acobiB BipTyaumisarii i KOMITO-
HEHTIB /ISl IHTEJEKTYalbHOI'O aHai3y JaHWX Ta BHpI-
IIEHHS 3aBJaHb IIPOTHO3YBaHHs. Y SIKOCTI Kiacudika-
TOPYy BUKOPHCTAHO aHCAMOJECBHI MeETOI Kiacudikarii
CTaHy KOMII IOTEPHOI CUCTEMHU Ha OCHOBI aJI'OPUTMY I10-
OymoBu jaepesa pimens J48 [12].

st excriepumenTy Oyi1o copmoBaHo 0a3oBuit Ha-
0ip arpuOyTiB 3 HAHOLIBIIMMHU 3HAYEHHSMH HPUPOCTY

8
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indopmarii, a came Oinbine 80% Ha 6a3i pe3ynbTaTiB 10-

Ka3HHKIB onmcaHux paHime ¢pynkuiid R, GR, SU, IG.
PesynbraTu mepuioro excrnepuMeHty (puc. 3) Ha-

AT MOXKJIMBICTH OIIIHUTH TOYHICTH KiIacHpikarii

Accurancy (A) npu nepebopi 3HaueHs aTpudyTiB. [Ipu
IIFOMY MEHII iHQOPMATHBHI aTpHOYTH IONABAIUCS IO
0a30BHX OKpPEMO OJHMH BiJl OJHOTO i HAMIJI BU3HAYAIACS
TouHicTh Knacudikamii ctany KC.

3anexHicTh TouHOCTI Knacudikamii crany KC npu mepebopi 3HaUCHD aTpuOyTiB
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mmmm CorrelationAttributeEval (R)
mm GainRatioAttributeEval (GR)
e Accuracy (A)

mmmm |nfoGainAttributeEval (1G)
SymmetricalUncertAttributeEval (SU)

Puc. 3. PeaynpTaTn nepioro exciepumenty (Fig. 3. The results of the first experiment)

Sk BUIHO i3 puc. 3, TOUHICTH Kiaacu(ikamii mpu 10-
JTAaBaHHI MaiKe KOXKHOI O3HAKK 3pocTana. Ajie MoYHrHa-
tour 3 o3Haku Detail Tounicts kmacudikariii craga 3me-

HIITyBaTHCS.
PesynbpraTn nApyroro ekclnepuMEHTY J03BOJIHIH
OoTpUMaTH  aKyMYJSATUBHY TOYHICTH  Kiacuixamii

Accumulated Accurancy (AA), 1e Ha KOXXHOMY KpOIIi
JI0JIaBaJId KPOK 32 KPOKOM BifliOpaHi y mepuiomy excrie-
PUMEHTI O3HAaKM Ta BH3HAYAIM TOYHICTH KJacHQikaril
3aNMIIaYy Bubpani atpubyTn y Habopi (puc. 4).
Awnaii3 iHpopMaliifHOro HaBaHTaXKEHHS aTPUOYTIB
Process ID (PID), Thread ID, Parent Process ID (PPID),
€ BEJIMKMMH Ta MOTEHIIHHO BOHU MOXKYTh 3MCHIIUTH iH-
(dbopmariiiHy eHTpOIito, O/IHAK, BOHH HE MalOTh iH(OP-
MaliiHOrO HaBaHTa)KCHHS, TaK 5K 32 [IUMHU 3HAYCHHSIMH
aTpuOyTiB HE MOXJIMBO  iA€HTH(IKYBaTH  CTaH

KOMIT FOTepHOI cucTeMu. ToMmy BHIlleHaBeIeHI aTpuOyTH
BUITy4CHI 13 Ha0opy 1H)OPMATUBHUX O3HAK JUIS 1/ICHTH-
¢ikauii crany KC.

TakuM 4HHOM, 3a pe3yiabTaTaMH EKCIIEPUMEHTIB
i ineHtudikanii crany KC 0yino BUAIICHO HACTYIHI
atpubyti: Process ID, Operation, Image Path, Result,
Event Class, Image Path, Company, Description, User,
Command Line, Integrity, Category, Authentication ID.
CyKyIHa TOYHICTb IPH BUKOPUCTaHHI 00paHHUX aTpuoy-
TiB Mae 3HadeHHs 98,32%.

BucHoBku

B naniii po6oTi BuaeHO NoAil (YHKIIOHYBaHHS
omepariinux cucremax cimeiicrea Windows. Po3sris-
HYTO MiJXOJ¥ 0 BUOOPY ONTHUMaNbHUX 1H(OpPMALiiTHUX
o3Hak s inenTudikauii crany KC.
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Puc. 4. Pesynbstatu apyroro excniepumenty (Fig. 4. The results of the second experiment)

JocunimkeHo MeToi BUOOpy ONTUMAaIbHUX 1H(OP-
MaliMHUX O3HAK:

Metonu-ooroptku (Wrappers),

BOynoBani meroau (Embedded),

metoau-¢ineTpu (Filters).

OTpuMaHo, 110 HAHOLIBII MOITMPEHUMHU € METOIU-
GbUTBTPH, SIKI MAIOTh HAafIMEHIIY OOYHCITIOBAIbHOIO CKIla-
JHICTh, MacIITabOBaHiCTh, IPOCTOTY 3aCTOCYBAHHSI, HE
B3a€EMO/IIIOTH 3 AITOPUTMOM HaBYaHHS 1 BUOMPAIOTH OII-
TUMAJTbHY MiJMHOXUHY O3HAK, BUKOPUCTOBYFOUH TIIBKH
iH(pOpMaIlifo, OTpUMaHy 3 HaBYaIBHOI BUOIPKH.

[ndopmaruBHicT BUALIEHHX MOl (YHKIIOHY-
BaHHS onepariifHux cucremax cimeiicrea Windows 6yma
OIliHEHA 3 BUKOPHCTAHHSIM JITOPUTMIB.

CorrelationAttributeEval (R),

InfoGainAttributeEval (1G),

GainRatioAttributeEval (GR),

SymmetricalUncertAttributeEval (SU).

BuKOHAHO JOCII/KEHHS! BILUIMBY BHOpaHHMX O3HAK
Ha TOYHICTh Kiacudikamii cTaHy KOMIIIOTEpHOI CHC-
TEMH.

VY sxkocti knacuikaTopy BUKOPHCTaHO aHcamOie-
BUil MeToz Kiacu(ikalii craHy KOMIT FOTEPHOI CHCTEMH
Ha OCHOBI aJropuTMy noOynoBH Jepesa pimens J48. 3a
pe3ysbTaTaMy JIOCTIDKEHHS BU3HA4eHO Habip aTpuOy-
TiB, sIKi 320€3M1€4yI0Th MaKCHMaJIbHy TOYHICTb KJIacHu(i-
KaIlii cTaHy KOMIT IOTePHOI CHCTEMHU.

TTomanbIii AOCTIHKEHHS TeXHOJIOT1H imeHTrdikarmii
CTaHy KOMII'FOTEpHOT CUCTEMH MOXYTh OyTH BUKOHaHI B
CHCTEMaX NPOTHII KOMII'FIOTEPHOTO BTOPTHEHHS.
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Ounenka HHGpOPMATHBHOCTH U BHIOOP MPU3HAKOB
NpH HAEHTH(GUKANHUN COCTOSTHHSI KOMIBIOTEPHOI CHCTEMBI

C. 10. I'aBpunenko, U. B. Illeepaun, I'. B. T'eiiko

AuHoTanusi. IIpeaMeToM CTaThy SIBISCTCS HCCIICAOBAHIE METOAOB ONpeaeneHus nHpopMaTuBHOCTH npu3HakoB. Ile-
JIBI0 CTATBH SIBIISICTCS TTOBBIIICHHE Ka4eCTBa KJIACCU(UKAIUKM COCTOSHUSI KOMITBIOTEPHOII CHCTEMBI 3a CueT BeIOOpa Hamnboiee
uH(MOPMATHBHBIX MPH3HAKOB. 3aaya: MCCISI0BATh METO/IbI BHIOOPA ONTUMAIBHBIX HH()OPMAIIMOHHBIX MPU3HAKOB ISl HACHTH-
(buKanuKu COCTOSIHUS KOMIBIOTEPHON CHCTEMBI Ha OCHOBE aHaii3a coObITHil omepainonHoi cucteMsr Windows. Mcnogb3ye-
MBIMH METOIaMH SIBJISIOTCS: METO/Ibl MALIMHHOTO 00Y4YeHHMs, aHCaMOJIeBbIe METO/IbI, METO/IbI BEIOOpA ONTHMANIBHBIX HH(pOpMa-
L[MOHHBIX MPU3HAKOB. IT0TydYeHbI cieaylonue pe3yJbTaThl: BHITOJIHEH aHAIN3 COOBITHI onepanonHoi cuctembl Windows, wc-
CJIeOBaHBI METOABI BEIOOpA ONTUMANBHBIX HH()OPMAMOHHBIX MPU3HAKOB: MeTONbI-00epTKH (Wrappers), BCTpOSHHBIE METOIBI
(Embedded) u metoasi-punstpst (Filters). Beimontena orenka HHPOPMATHBHOCTH ¥ BBIOOP MPU3HAKOB MPH WACHTU(DUKALIUH CO-
CTOSIHHSI KOMITBIOTEPHOMN CHCTEMBL. JIJ1s O1leHKH 3 ()eKTHBHOCTH BBIOPAHHBIX MPU3HAKOB ObLIN UCIIONIB30BAHBI AHCAMOIICBBII Me-
TOJI KJTACCU(HUKAIIUH COCTOSIHUS KOMITBIOTEPHOI CHCTEMbI Ha OCHOBE OCTTUHTY U iepeBa perieHuii J48. ccnenoBana 3aBHCHMOCTb
TOYHOCTH KJIACCU(HUKAILMU COCTOSHHUSI KOMITBFOTEPHOM CHCTEMBI OT BRIOPAHHBIX MIPU3HAKOB M OTIpe/ieieH Habop aTprOyTOB, KOTO-
Ppbie 00eceynBaOT MAKCHMAITBHYIO TOYHOCTh KIaCCH(HKAIHN COCTOSHHUS KOMIIBIOTEPHOM crcTeMbl. BbiBoabl. HayuHas HoBH3HA
MOJTy4CHHBIX PE3yJIbTAaTOB 3aKIII0YAeTCs B aHaIn3e COOBITHI onepaionHoi cuctemsl Windows, oneHke HX HHPOPMATUBHOCTH U
BBIOOpA MPU3HAKOB MPH UACHTH()HUKAIIMHE COCTOSIHHS KOMIBIOTEPHOH CHCTEMBI.

KnmoueBble ciaoBa: KOMITBIOTEPHAsA CUCTEMA, COOBITHS OHepaHHOHHOﬁ CUCTEMBI; I/IHC])OpMaTI/IBHOCTB IMPU3HAKOB; 1€~
PEBbLA pemeHm‘?l; aHcamOJIeBbIe MECTO/IbI; OErruHr.

Informativity assessment and attributes selection
in a computer system state identification

Svitlana Gavrylenko, Illia Sheverdin, Hennadii Heiko

Abstract. The subject of the article is a study of methods of determining the informativeness of attributes. The aim of
the article is improvement of the classification quality of a computer system state by selecting the most informative features.
Objective: To explore methods for selecting optimal information features to identify a computer system state based on an
analysis of the Windows operating system events. The methods used are: machine learning methods, ensemble methods,
methods of selecting the optimal information features. The following results were obtained: analysis of the Windows operating
system events was performed, methods of selection the optimal information features were investigated: wrapper methods
(Wrappers), embedded methods (Embedded) and filter methods (Filters). The informativeness assessment and selection features
were performed for identifying a computer system state. An ensemble method for classifying a computer system state based on
a bagging and J48 decision tree was developed to evaluate the effectiveness of selected features. The dependency of the classi-
fication accuracy of a computer system state on the selected features was investigated, and the attributes set that provides the
maximum classification accuracy of a computer system state was determined. Conclusions. The scientific novelty of the results
is in the analysis of the Windows operating system events, assessment of their informativeness and selection of features in the
identification a computer system state.

Keywords: computer system; operating system events, informative features, decision trees; ensemble methods; bag-
ging.
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3ACTOCYBAHHJI 3ACOBIB XEINIYBAHHS JTAHUX IS IPUCKOPEHHS
KIIACUDIKAIIMHUX PINEHD ¥ CTPYKTYPHUX METOJAX
PO3III3HABAHHS 306PA’KEHD

Anoranis. IIpeqverom mociimkens € Meroqu kiacugikamii 300pakeHb 32 MHOXKHHOIO JIECKPHUITOPIB KITIOYOBHX TO-
4oK. MeToM € MiIBUIICHHS MPOIyKTUBHOCTI METO/IB Kiacudikaiii, 30KpeMa, MPUCKOPEHHS YaCOBHX IMOKA3HUKIB KIIaCH-
¢ikanii IUITXOM BIPOBA/HKEHHS 3aC00iB XEIIyBaHHS IS MOJaHHS €TAJOHHHUX JaHUX. MeToaH, 10 3aCTOCOBYIOThCS: Jie-
TekTop Ta Aeckpunropu ORB, 3aco0u xenryBaHHS JaHUX, METOIH ITOLIYKY B MacHBaxX IaHHX, allapaT BU3HAYCHHs peJieBa-
HTHOCTI BEKTOPIiB Ha OCHOBI METPHK, MPOrpaMHe MOACIIOBaHHs. OTpUMaHi pe3yJbTaTH: po3po0IeHO eheKTUBHUN METO
Kiacudikailii 300pakeHb Ha OCHOBI BIIPOBADKEHHS IMIBUAKICHOTO TOIIYKY 13 BUKOPUCTAHHAM XEII-CTPYKTYP, IO MPHCKO-
plo€ OOYHMCIICHHS B JECATKU pas3iB; 4ac Kiacudikallii JUis PO3MISHYTHX €KCIIEPUMEHTAbHUX OIUCIB JIHINHO 3pocTae 3i
3MEHILICHHSM YHCIIa XEII-KOUINKIB; BUOIp MOPOTY IS 3HAYEHHA MiHIMyMY METPUKHU IPH BCTAHOBJICHHI KJIACy AJIS IECKpH-
NITOPIB 00’€KTY CYTTEBO BIUIMBAE HA TOYHICTH KiacH(ikamii; BHOIp TaKOro Mopory Moxke OyTH ONTHMIi30BaHO I (ikcoBa-
HUX 0a3 3pa3KiB; €KCIIEPHMMEHTAJIBHO JOCSITHYTa TOYHICTh KiaacHpikallil BKa3ye Ha Ipane3fgaTHICTh Ta pe3yJIbTaTUBHICTh
3aIpOIIOHOBAHOTO METOy Ha MiAIPYHTI XeUIyBaHHAM JaHuX. [IpakTH4yHa 3HAYYyIicTh po6oTH — moOynoBa Moienel Kia-
cudikarii y mpocTopi Xem-rnoganHs JaHUX, HiITBEPPKEHHS [IPalle3JaTHOCTI 3apollOHOBaHNX MoandiKaIii kiacudikaro-
piB Ha IPHKIAIaX 300pakeHb, PO3POOICHHS MPUKIATHAX IPOrPAMHUX MOJEJIeH /I BOPOBAKEHHS 3allPONOHOBAHUX Me-
TOIB Kiacu}ikamii y cucTeMax KOMIT FOTEPHOTO 30DYy.

KnouoBi ciaoBa: xoMmm’roTepHuil 3ip; CTpYKTYpHI MeTtoau Kiacudikanii 300pakens; neckpunrop ORB; xenryBanHs,

JHIHHUA TONIYK, XENI-KOIIUK, NIBUIKOIisI 00pOOJICHHS, TOYHICTh KiIacu(ikarlii.

Beryn

CyuyacHi CTpyKTypHI MeToau Kiacudikamii 300pa-
JKEHb, 1110 3ACTOCOBYIOTBCSI Y CUCTEMAaX KOMII I0TEPHOTO
30py, IPYHTYIOTbCS Ha JaHWX Mpo o0Opasu Bi3yalbHHX
00’€KTIB y BUTJISAI MHOKHUHH JECKPUITOPIB KIFOYOBUX
touok (KT) [1-3]. Heckpunrop KT — 1e, sk npasuio,
BEKTOp po3MipoM 64...512 OiHapHHX KOMITOHCHTIB.
[ToOymoBa knacu(ikaropa 3acHOBaHa Ha BH3HAUYCHHI
CTYIIEHSI PEIEBAHTHOCTI THITy MHOKHHA-MHOXHHA MIDX
OTIMCAaMH PO3Mi3HABAHOTO 00’€KTY Ta €TAJIOHY Ta OITH-
Mi3allii pesIeBaHTHOCTI HA MHOYKHHI €TaJIOHIB.

B 3aranpHOMY BHMNAKy Kiac Bi3yaJbHOTro 00'eKTa
NPy 1IbOMY BU3HAYAEThCS SK HECKIHYEHHAa MHOXKMHA
300pakeHb 00'€KTy 3 ypaxyBaHHSIM HOTO JIOMYyCTUMHUX
reOMETPUYHHUX TMEPETBOPEHb: 3CYBIB, MOBOPOTIB, MacIll-
TabyBaHHS B MeXKax IOJIA 30py KOMII'IOTEpHOI CHCTEMHU
[1]. IIpencraBHUKOM Kiacy sl Kiacudikatopa € era-
JIOHHE 300pa)keHHS, 32 SIKMM 1 BU3Ha4aeMo o0Opa3 (MHO-
XKHMHY O3HaK) eTtaioHa. HaOip oOpaHmx KopucTyBauem
€TaJIOHHUX 00pa3iB CTBOPIOE CKiHYCHHY 0a3y 3paskiB. Y
paMkax maHuX 0a3u eTaJOHIB 3HIMCHIOETHCS KIach(ika-
ist 00'€KTIB, IO MOJIATAE Y BiTHECEHHI BXiHOTO 300pa-
JKEHHS JI0 OJTHOTO 13 €TaJIOHHMX KJIaciB a00 y BiIMOBI Bij
knacudikarii y pa3i HEAOCTATHBOTO JJISI TIPUHHATTS Pi-
IIIEHHsI PIBHS PEJICBAHTHOCTI 3 eTanoHam [ 1-4].

IIpu HECcyTTEBOMY piBHI BIUIHBY (DOHY Ta 3aBajg Ha
aHAi30BaHOMY 300pakeHHI OTpPHMaB 3aCTOCYBaHHS
kiacuikamiiHUN MiAXid, A Ha MifCcTaBi 3HAYCHb KOM-
IUIEKTHOT MHOXHHH JICCKPHUIITOPIB OMHCY (OPMYETHCS
CHCTEMa IHTerpoBaHHMX xapaktepuctuk [1]. 3po3ymiio,
110 BIPOBA/KEHHS IHTErPOBAHOT CHCTEMH O3HAK CYTTE-
BO CKOpOYY€E OOUYMCIIOBaJIbHI BUTPATH Ha Kiacudikaiito
3a paxyHOK NPUHIMIY y3arajJbHeHHs iHpopmamii. Aje
OUTBII yHIBEpPCATILHUM Y aCIIeKTi 3aBaJIOCTIMKOCTI BCe-

TaKW BBaKA€ThCS I0-CIIEMEHTHHH aHalli3 KOMIIOHEHTIB
OITHCY, 110 Ha OCHOBI ()OPMYBaHHS CTATUCTHYHMX Xapa-
KTEPHUCTHUK LIJTICHOTO 00pa3y Ja€ MOXIUBICTH y TIpOIIe-
ci wracugikaiii 4acTKOBO 3HU3UTH BIUIUB MEPEIIKOJ
[2].

st criocoOy 1mo-eJIeMEHTHOTO aHajli3y TpajuIiii-
HUW TIIXiJ CTPYKTypHOI Kiacuikamii 3BOAMTHCS 0
HOIIYKY ISl KOKHOTO JIECKPUIITOpa 13 ONMHUCY pO3Ii3Ha-
BAaHOTO 00’€KTa JesSKoi TMiIMHOXHHU pPEJIeBaHTHUX
oMy y KOMIUICKTHIH MHOXXHHI JECKpUOTOPIiB 0a3u
€TaJIOHIB Ta MiPaxXyHKY YHCJa JECKPUIITOPIB 00’ €KTY,
BITHECEHUX BIJIIOBIAHO IO KOXKHOTO i3 KJIaciB. 3Baxka-
I0YM Ha Te, 10 YUCJIO JECKPHIITOPIB y ONMHCI KOXKHOTO
etanony mocsirae 300...500, a knaciB Moke OYTH JecsT-
KH 1 HaBITh COTHI, TAaKU{ MiIXiX TOTpeOye ITOCHUTH TPO-
Mi3nkux obuuciens [1, 3, 5].

BrnpoBamkeHHs 3ac00iB XeIIyBaHHS JAaHUX 3/1aTHE
CYTTEBO CKOPOTUTH YacOBI 3aTpaTH y MpOIeci MPaKTHI-
HOT pealtizailii mporenyp mouryky ta kiaacudikarii. [Tpu
XeIlIyBaHHI JlaHi 0a3u eTaJIOHIB MOTepEHhO PO3KIIaaa-
I0Th Ha TPYNU NOAIOHMX 3a JESKOI0 O3HAKOIO elIeMEH-
TiB, M0 3HAYHO (y THCAYl pa3iB) MPUCKOPIOE TPOIEC
00pOoOJICHHSI 32 paxXyHOK BiJITIOBIIHOTO 3POCTaHHS BH-
Mor 710 00’emiB nmam’sti [3, 6, 7]. XenryBanHs peanizye
MIEPCIIEKTUBHY 1/1€10 3HIKEHHS PO3MIPHOCTI IILIIXOM
TroriepeIHb0T MOOYAOBH Ul €TaJIOHHOT MHOXKHHH Jie-
AKO1 1HAEKCOBAHOI CTPYKTYypH MaHUX, MO 3arajoMm
CTIpHUSi€ CIPOINEHHIO 0OpPOOIEHHS Ta 3HIKYE O0UHCITIO-
BaJIbHI 3aTPaTH Ha KJIacH(iKaIliio.

V pobotax [8, 9] po3BHHYTO HAOIMKEHI METOIN
LIBHUJIKOI'O METPUYHOTO MOIIYKY 33 3pa3KoM Ha ITi/ICTaBi
CTBOPEHHSI 1HAEKCOBAHMX CTPYKTYpP J@HUX HA MHOXHHI
iepapXiYHUX O3HAK 300paKEeHB, IS SIKUX 3/11HCHIOETHCS
cerMeHTalis 3Ha4eHs QyHkuii sickpaBocti. Cnenianizo-
BaHa IHJEKCOBaHA CTPYKTypa Ha MiAIPYHTI NMPHUHIMITY
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KJacTepu3amii 00’€MHHMX MacHWBiB 0araToBHUMipHHX
JAHUX BIIPOBAJPKEHA TAKOXK y PO3poOKax MmpodeciHHmx
cucteM nomryky [10], e 311 moKpaImeH s TPOTyKTH-
BHOCTI TIONIYKY KOMIIOHEHTIB Bi3yaJbHUX JaHUX 3aCTO-
coBaHa OararoeramHa cxeMma KilacTepw3alii 3 MOIEIUTIO
HAOIDKEHOTO TOITYKY PEIEBAaHTHUX EIIEMEHTIB BCepe-
auHi Kinactepy. CTBOpEHHS! KJIACTEPHUX CTPYKTYp Jia-
HUX SIK CYYaCHUH MiJXiJl IHTSICKTYaIbHOrO aHATi3y Ja€e
MOJKJIBICTb Kpallle aJanTyBaTHUCs 10 3MICTY €TalIOHHO]
iHdopmarii, M0 3aCTOCOBAHO HAMHU MPU BU3HAYCHHI
PENeBAHTHOCTI Bi3yaJbHUX O0O0’€KTIB y TEXHOJOTIAX
«wmimok ciiBy [1, 11, 16]. AnropuT™mivHi Ta IporpamMHo-
amapaTtHi 3aCO0M MIBHIKOTO TOIIYKY Yy 00’€MHHX CXO-
BHINIAX NaHUX (HApPHKIAN, Y Be0O-3aCTOCYHKAX) YCIIII-
HO PO3BHMBAIOTHCS 1 3HAXOAATH BIIPOBAPKCHHS Y Cydac-
HUX IPUKIATHIX TONIYKOBUX cucTeMax [5, 10, 12, 14].

3p03yMiJio, IO VIS CHCTEM KOMII IOTEPHOTO 30py
KIIIOYOBUM KpPHUTEpiEM TIpH BIPOBADKEHHI 3ac00iB
LIBUJKOTO TOIIYKY € BCEe-TaKd rapaHToBaHe 3abesrie-
YeHHsI JJOCTATHIX [TOKAa3HUKIB pe3yJbTaTUBHOCTI KJIAaCH-
¢ikarii.

MeTa po60TH — PO3BHHEHHS Ta IiJIBUILIEHHS IIPO-
JYKTHBHOCTI METOZIB Kiacudikarii 300pakeHb HUITXOM
BIPOBA/DKCHHS 1HIEKCOBAaHHMX XCLI-CTPYKTYp Ha MHO-
JKHHI JECKPUNITOPIB 0a3W €TATOHHUX 00pasiB.

3aBianHs AOCTIIKEHHS] TOJATaloTh y MOOYyIoBi
XCII-CTPYKTYp AaHUX Ha MHOXHWHI JECKPHUITOpIB Oa3m
eTaJIOHIB, BIPOBA/DKCHHS LUX CTPYKTYp y NpoLec Kia-
cuikarii, BABYCHHS PE3yJIBTATUBHOCTI Ta YaCOBHX IIO-
Ka3HMKIB po3poluieHnx Mo qudikaniii kinacugikaropis.

JBoeTtanHa knacudikamis

. n . .

Posrnsemo mpoctip B' GaratoBumipHux GiHap-
HHUX BEKTOPIB PO3MIpPHICTIO N, y SKOMY OyaeMO KOHC-
TPYIOBAaTH 00pa3u PO3MiI3HABAHOTO 00 €KTY 1 €TAJOHIB.

. . n
3adikcyemo nesiKy MyJIbTUMHOXKHHY BekTopiB Ej — B

sk omuc eranony E; ={e, (i)}\s;:l y MPOCTOPI MHOXHH

neckpurnropiB KT, s =card E; — uncno geckpunropis y

MHOXuHI [1]. Okpemi 03HaKM — 1€ BEKTOpPH €, € B",
CKiHYCHHA MHOXKHHA SKHX CTBOPIOE OITUC 00 EKTY.
Knacudikamis mependadae HasiBHICTh JEsKOi 0a3u
E ommciB  eTaJIOHHMX  300pa’keHb  PO3MIPHICTIO
N :E={E,E,,...EN}. Koxuuii eranonnuii ormc E;
pempe3eHTye OKpeMHuil Kiac, MpeCTaBICHUN CKiHYCH-
HO0 MHOXHHOIO eckpunropiB KT. Tenep po3rissHemo

. o n .
nosineanit omuc Z < B", Z ={z,,},; posmizHaBano-

ro o6’ekry. IlocraBuMo 3amauy moOynoBu kiacudika-
topa K s k BimoOpaxenus K :Z —[1,2,..,N]na oc-
HOBI IOTIEPEIHHOTO KOHCTPYIOBAHHS JIESKO1 iHIEKCOBa-
HOI CTPYKTYpH Ha MHOXHHI E .

Krnacudikamiro K mpeacraBumMo y BHIIISAAL 1BOETa-
nHoro mpouecy K = K,Ky, ne Ha mnepmomy erami
Ki: B" —[L2,...,N] 3ngilicHroeM0 BU3HAYEHHS KJja-
cy dy, JUIsL KOXKHOTO JIECKpHIITOpa Zy, € Z , & Ha APYro-
Ko:D—>[L2,..,N] i3

My erar MHO>XHHH

D ={d,},.; OTpMMaHHX JIOKaJIbHUX PillleHb NEPIIOro

erany (hopMyeMO pe3ysbTYIOUMiI BHCHOBOK IIPO Kiac
00’exty Z . Takuii mpuHIMI 0OpOOIIEHHS y3arajlbHIOE
MHOXXHHY PIillIeHb OJHOPIAHMX JIOKaJbHHUX KIAacH]ika-
TopiB [2, 14]. ®akTnuHo K; TyT MOXHa po3risigaTu sK
0araTto3HauHy XapaKTepUCTUYHY (YHKIIIO JUI1 BU3HA-
YeHHsI eTaJIOHHOTO Kilacy Ej 1mono okpemoro neckpwii-
TOpa i3 OMKCY PO3Mi3HABAaHOTO 00’ €KTa.

Eramm K;, K, MoxHa moOyzmyBaTH i B iHIIUX Ba-
pilaHTax, HaNpUKIaJd, NUIIXOM CTBOpeHHs Ha etami Kj
JIESIKOTO MMOBIPHICHOTO PO3MOALTY 3a KJacaMH €Talo-
HiB, BKJIIOYAIOYH MPOIETYPH JIOTITHOTO OOpOOICHHS
TaKUX po3MoIiiB [2].

KoncTpyktuBHO peamizamis K crupaetscs Ha
anpiopHi naHi HassBHOT 6a3u E , Tak K HAJICXKHICTh YCiX
ey (i) mo BimmosimHOTrO 06pa3y E;j Bcepemuni 6a3u yxe
BilOMa Ha MOYATKY KIacupikarii.

Sxmo knacudikanito Ky 3ailicHIOBaTH TpaguLiiHO
METOJIOM JTiHIHOTO TOMIYKY (TOBHUH Tepedip) MUIIXoM
TIOCITIIOBHOTO aHaJIi3y KOXKHOTO eleMeHTa Habopy E , To
3aCTOCOBYIOTh KOHKYpEHTHE TpaBuiio [2, 13-15]

dy, =argmin p(z,e, (1)), ()
I

me dy, — Homep ertamony Ej, 1o sixoro Gyze BimHeceHO

neckpurrop Z,, 06’ekry, dy €{Ll...,N}, p(zy.e,())—
METPHKA y BEKTOPHOMY TPOCTOPI.

BaxnuBuMm 3am1s pe3ynbTaTUBHOT Kiacudikarii €
BIIPOBAPKCHHS JIOTIYHOTO aHANI3y 3HAYCHHS MiHIMyMY,
o JocArayTo npu 3aificaeni (1) [16]. 3nauenns dy,
BU3HAYAETHCSl TUIBKU TOJI, SIKIIO OTPUMAHUN MiHIMYM
BiJICTaHI He MEPEBUIIYE 3aaHUil TTopir O 5% Prmin <o o

V npoTWBHOMY BHNaaKy kinac d,, He BH3HAYAETHCSI,
TOOTO JIECKPHUIITOP BBAKAETHCS XUOHHUM.

3arasioM HeOOXigHY KUIbKICTh Q oOYHCIeHHX
3Ha4YeHb MeTpUKH B (1) y mMOBHIH 0a3i eTaNoHIB JiHIH-
HUM IOLIYKOM MOJKHa OLIIHUTH 3HAUEHHSM HapaMmeTpy

2 . .
Q=N-s“, BBaxaroud OOCSTH OIHKCIB €TAJOHIB Ta

06’exra piBHorinanmu. Jis BekTopis mpocropy B" B
(1) moke OyTH 3aCTOCOBaHA MPOCTa B OOYHCIIOBAIBHO-
My CEHCi MeTpruKa XeMiHTa, [0 MiApaXxoBye YHCIO He
CHiBIagar09ux OITiB U1 BeKTOpiB [1].

Eran knacugikanii K, 3Bogutses 1o Toro, mo Ha
KO>KHOMY Kpolli aHaii3y onucy Z 1o mpasmiy (1) 3a
3HaueHHAM 0, IHKPEMEHTYETbCsI 4YHCIO [; TOJOCIB

eJleMeHTIB, BimHecenux no | -ro kiacy

i +Ldy, =i;
i +L0y =1 @)

G, dy#i,
a xac Iy obpasy Z 00’€KkTa BU3HAYAEMO 38 MAKCHMY-
MOM YHCJIa TOJIOCIB!

ip=arg max ;. 3)
i=1...,N

N . .
3Ha4YeHHs {r,} BiZIOOpaXaloTh TiCTOrpamy

i=1
KJIaCiB 3a YHCIIOM TOJIOCIB elleMeHTIB i3 Z . Bupasu (2),
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(3) xonkperuzyrots etan K, , 1o nossirae y oopooiien-

HI TOJIOCIB JUI1 KOMITOHEHTiB omucy Z . PosrnsHyra
JIBOETanHa mporenypa kiacudikamii 6a3yeTbcsi Ha oc-
HOBOIIOJIO)KHOMY THPUHIUIT I1HTEJIEKTYaJIbHOTO aHaJi3y
JIaHUX, L0 TIOJISITaE y MiJIPaxyHKy 4YWciia MO3UTHUBHUX
pimens (mATpUMKa, pEHTHHT 3yCTpidaabHOCTI) HA aHa-
ni30BaHii MHOKUHI nanux [14, 17].

PosrnsHyTi BapianTH TOOYHOBH KiacudikaTopa
MIPUPOJTHO MOXKHA TPAKTYBAaTH B paMKax Teopii aHcamO-
neBUX Moxener [2,14], me 3a paXyHOK CTBOpEHHS Ta
arperyBaHHS BiITYKiB KOMIIOHEHTHHX KiacHu(ikaTopiB
(JIOKanbHUX pIIIEHb) CUHTE3Y€EThCS «CHJIBHUI» KIIACH-
¢ikarop i3 rapaHTOBaHO BHIIOI PpE3YJIBTATUBHICTIO
npuitHATTS pimens. lle Bianmoizae mopeni OycTiHry
[14, 17].

Ki11040BOI0  00YHCIIIOBAJIBHOIO TPOOJIEMOI0 TPH
moOyoBi Kiacudikatopa s 00 €éMHUX 0a3 JaHUX €
peamizaris momyky (1), mo (akTu4HO € TpaauIiiHIM
MiAX0I0M OJFDKHBOTO cycinma. 3ocepeanMocs Ha 11 BHU-
pIIIEHH] NUIIXOM 3aCTOCYBaHHS Y JBOCTAIHIN Tporie-
oypl KiacuQikarii crenianxi3oBaHOi CTPYKTYpPH NaHUX,
110 CIIPSIMOBaHA Ha 3MEHIICHHS 00cATy o0uucieHp Q .

IngexcoBaHa cTpyKTypa AaHHX
JJIsl opraHizamii IIBUAKOT0 NOUIYKY

Ha erami monepeaHporo o0poOJICHHSI CTBOPHMO Y
eTaloHHIl MHOKMHI E 00pa3iB crenianizoBaHy CTpyK-
Typy 3aJ1sl 3a0e31eUYeHHs] IBUJIKICHOT Pe3ysbTaTHBHOT
kinacuikarii.

3nitficHuMo po3ouTTst T Ha MHOXKHMHI E neckpwuri-
TOpiB 06231 300paXkeHb, OTPUMYEMO MHOXHUHY 13 M He-
nepeciunux rpyn Ty (E) :

M
E=T(E)=JW(E),
k=1

T(E)NTj(E)=9. (4)

Bynemo matu Ha yBa3i Ba OCHOBHUX Ta HAWOLIBIT
MOIIUPEHUX CIIOCOOM PO3OMTTS: XCUIyBaHHS Ta KiacTe-
puzamito [3, 16]. 3aramoM BIOpOBa/PKEHHS XEIIyBaHHsI
OB’ A3YIOTh 13 TOUHMMH 3aco0amMu 00poOIeHHs, a Kiac-
TEPHU3aIli0 — i3 HAOJMKEHUMH CITOCOOaMHU CaMOHaBYAH-
HSI JUTSL BUPIIICHHSI IPUKIaaHuX 3a1a4 [4, 9, 12]. Tpan-
chopmaris (4) 37ilCHIOE TIOTIEPEIHIO KiIacu(ikaIlito i
MIOBHICTIO 30epirae ycro CyKyINHICTh aHaJi30BaHUX Jia-
HHX, SIKa Telep po3noiiisterses Mixk rpymamu Ty (E) .
VY pesynbeTati mepeTBopeHHA (4) KOXKHUH IECKPHUIITOP
e, € E 06asu eranoniB orpumye mapamerp K Homepy
rpyn# (KOIIUKa).

N
3BaXkalouM Ha yXke icHyrode po3outrs E = U Ei
i=1
JAHUX Ha OKpeMi €TaJoOHHI 00pas3H, BU3HAYUMO BEIU-
YHUHY

tj =card{e, |e, € E; &e, €Ty} (5)

SIK YHCIIO JICCKPHIITOPIB | -r0 KIIACy, 10 HOTPAITHIH [0
xommka T . Ha migcrasi tj MaemMo Baroy KiJbKicHy

xapakrepuctuky b; (Ty) mist KoxxHOro Kiacrepy

L ©

b (Ti) = card T -

Bupas (6) Bu3Hayae CTaTUCTUYHHUN PO3IONLN elle-
MEHTIB KO)KHOT'O CErMEHTY JIaHHMX 32 KJIaCaMH €TaJIOHIB
y BWIVIS/II BaroBux KoeQillieHTIB KJaciB, NPHYOMY

N

Zbi =1. Posmogin b € coinbHOIO XapakTepuUCTHKOKO
i=1
yCIX eNIEMEHTIB CETMEHTY IaHUX, OTPUMAaHy 3a pe3yiib-
TaTaMy aHamizy (HaBuaHHs) Mg Oasu E . Ha erami
HaBYaHHS €(EKTUBHHUM JUIsl IiJIBUIICHHS PE3YJIbTaTUB-
HocTi Kiacugikamii Moxe OyTH 3ampOBa/KEHHS JIOT14-
HOTO 0OpOOJICHHST BEKTOPY D 3amis criporieHHs aHai-
3y Ta MiJCUICHHS BIUIMBY BaroBUX KoedirieHTiB bj st

HAMOIBII 3HAYYIIMX KITAciB y Komuky [1, 2].

KOHKpeTHO Ui XClIyBaHHS O3HAKOK OKPEMOIo
KOIIMKY (KJacTepy) JaHMX BUCTYMAa€ 3HAUEHHS Xelll-
GbyHKIIIT.

[le ogHUM BaXKJIMBHUM IaPaMETPOM, IO BILTHBAE
Ha IIBUJKOMIIO MOUIYKY, € 4HCIIO KomukiB M . Yum
MEHIIIC YUCIIO KOIIMKIB, THM BHIIA MBUAKOIIS MEPEXo0-
Iy 10 KOIIUKY. YnM OiybIlle YUCIo KOIIHKIB, TUM MEH-
e 00’eM JaHWX IS aHaNi3y BcepenuHi KomukiB. ['pa-
HUYHUMU CHUTYallisIMHU € oanH Komuk (M =1) Ta moBHa
BificyTHicTh xeuryBanus (M =N -S), mo BixnosingawTh
JIHIHHOMY ITIOIIYKY.

3a OyMKOIO MOCTIIHUKIB MOXHa (POPMYIIOBATH
3amady onTHMizamii yncia M KOIIHMKIB, e KpUTepiem
BUCTYMAE 4nuciio Q OOYKCIeHh METPHUKU ISl KOMITOHE-
HTIB ommucy [9, 10].

SIKII0 B OJHOMY KOIIKKY B CEPEIAHBOMY YHCIIO

€JIEMEHTIB € —— , TO KUIbKICTh o0uuncinens (1) Bcepe-

JMHI 1HIEKCHOI CTPYKTYPH 3 BHKOPHCTAHHSIM 3HAYCHb

.. N-s
X€UI-KOAY IMPOIOpPIINHA Ql =s-M +V , 10 3HAYHO

MmeHe, Hbk Q, =N .52 JUTSL TPAIUIIITHOTO JIHIHHOTO
nouryky. Jns xonkpernux 3nauenp S =500, N =10,
M =10 Burpam £ =Q;/Q, cknamae npubnuzuo 450
pasiB i 3pocTae 31 30ubIeHHsIM 00csriB N, S naHuX.

3a/1s MOJANBIIOr0 NPUCKOPEHHS MpOoLeIypu 00-
pOOJICHHSI MOYKHA 3aCTOCYBAaTH JOJIATKOBE YIOPSAKY-
BaHHS OTPHMAHOI CTPYKTYPH JAHWX, BIPOBAMBIIH,
HAIPUKIIA, COPTYBAHHS JaHUX BCEPEAMHI KOIIHMKIB T
3a gesikuM Kirouem g(ey) [1].

Merton 00poOeHHS TaHWX 3 BUKOPHCTaHHSIM Xe-
mryBaHHA [3, 6], sKuid (aKTUYHO 3IHCHIOE TIOTICPEIHIO
KacuQikamio Ha OKpeMi KOIIUKH Ta Ma€ cBOi 0coOu-
BoCTi. YHCIIO KOLIMKIB ISl [LOTO METOAY, SIK MPABHJIO,
¢ikcoBaHe 1 MoB’s3aHe 13 JAiama30HOM 3HAYEHb XEll-
Kioda U(e,) Ui XeUIyBaHHsI, SIKE 33/1a€ KOPUCTYBay Ta
BBQKAIOTh 33/IaHUM.

Kirou — e, sik mpaBmIlo, 1ijle YKMco, Mo NpuiiMae
MHOXHMHY  (IKCOBaHMX  3HA4YeHb u(e,) eUyg,

Ug ={uk}|k‘=1 — MHOXHHA 3Ha4yeHb xeur-GyHkuii [6].

. n
Jns BekropiB i3 B' Takum kimroueM Moke OyTH, Ha-
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MIPUKIIA, YUCIIO OOUHUIHHX OITiB y CKIafi JeCKPUITO-
py, 4Mcio BHOpaHMX KOMOiHAmi# OiTiB HOBUTBHOI JOB-
KUHM Ta iH. B3arami o3naky U(,) s XeulyBaHHs

MOJKHa KOPHCHO aJanTyBaTd A0 3Ha4YeHb OIUCIB HasB-
HOi 0a3u eTaJoHiB.

I3 BIpoBamKEHHAM XELIyBaHHS PO30OUBAEMO MHO-
kuHy faHux E Ha wemepeciuni rpymu Uy (E) (mankw,

KOIIUKH, MONHULI) YucIoM L 3 piBHO3HaYHUM 3HAYCH-
HsIM Xem-kimo4a U(ey,) = Uy

L
E=U(E)=JUk(E),
k=1

Uk(E)={e, e E|u(e,) e uc}. U]
Kaacudikanis Ha ocHOBI XelI-CTPpyKTypH
3acrocoByemo netekrop KT no 300pakeHHs po3-

nizHaBaHoro 06’exty, dopmyemo omuc Z ={z, ¥,
00’eKTy K MHOXHUHY neckpurnrtopiB. [ToOymyemo kia-
cu(ikaTop 3 BUKOPHCTAHHSM LIBHAKICHOI'O TOIIYKY Y
6a3i E Ha mizcTaBi CTBOPEHOI CTPYKTYPH.

Cnoci0 i3 BIpOBa/PKEHHSM XELIYBaHHS BKIIIOYAE
Taki Jil.

1. Jlnsa meckpunropa Z,, BXiZHOTO 00pa3zy oOumc-
JFOEMO BEIUYMHY Xell-kimoda Uy, =U(z,,), Uy, € Ug sax
3HAYECHHA XeI-(QYHKUIT U apryMeHTy Z, .

2. TlepexoauMo 10 KOpP3MHH XeHly 31 3HAuYCH-
HsiM Uy, , @ Jai peai3yeMo OJMH i3 ClocoOiB MOIIYKY B

MEXax KOIIWKA: JIHIHHUN, HaWOMWKYUX CYCIifiB, 3a
posnojinamMu JaHux 4M iHmi. JIiHiHHUE NOIyK Ta BHU-
3HAYEHHs1 HAMONMKYUX CYCINIB B MEXax JIAHKH pealri-
3YIOTh TOYHY HpoLeaAypy. BUKOpUCTaHHS OLIHOK poO3-
TIOJIUITIB 3a KJIACaMU JUIsI OKPEMHX JIAHOK XEIly CIpHsie
MIPUCKOPEHHIO OOYHCIICHb 1 BIAMOBiTa€ HAOIMKEHOMY
OIIIHOYHOMY CITOCOOY HA IIi/ICTaBl HABYAHHSI.

3. 3a pe3ysbTaTOM IONIYKY Ha eTari 2 Jjsl eleMe-
HTA Z,, BU3Ha4aeMo kimac dy, .

4. Ha migcraBi aHaiizy yciel MHOXXKUHH Z JIECKPH-
nTOpiB 00’€KTY HAKOMHUYYEMO JIiHIHKY {ri}i’\il 3Ha4YeHb
TOJIOCIB 32 KOXXHHHU 3 €TaJJOHHHUX KIIaCiB.

5. 3a Bupazom (3) xinacugikyeMo 00’€KT 10 KIacy,
110 HaOpaB HAMOIBITY KiJTBKICTh TOJOCIB.

Sk Gaummo, 3ampONOHOBAHWH TPOAYKTHBHHUH 32
HIBHAKOAIE0 cnoci® kmacuikamii Ha MATPYHTI BIPO-
Ba/DKCHHS XEIIyBaHHS MOXKE peasizyBaTH SIK TOYHUH,
Tak 1 HabmwKeHni BuaM nomyky. [lapamerpamu € ymc-
710 Tpyn (KOWIMKIB Xely), MoOyA0BaHNUX JJIsl KOMIIOHE-
HTIB JaHHMX B iHJEKcOBaHiN cTpykTypi. llum mapamer-
pPOM MOXHA KepyBaTH, BUXOJSMYH i3 HAMMOBHEHOCTI KO-
LIMKIB JIJIsi KOHKPETHUX JAHUX.

Po3mominu 3a kimacaMu €TamoOHIB JUIsi CTBOPEHUX
TPyl JaHUX TEX HECYTh BXIMBY iH(OpMAIiiio s
knacugikamii, Ha TiJCTaBi YOr0 MOYKHA BHIAIHMTH 13
aHaTi3y OKpeMi KOIIMKH (SIKIIO KJIACH BCEPEIrHI HUX
PO3MOALICHI CYTO PIBHOMIPHO), a00 3a 3HAYCHHSIMHU
pO3MOALTYy TpHWiMATH OJHO3HAYHE KiacuikamiiHe

pimIeHHs (SKIIO CIOCTEPIiraloThCs CYTTEBI ITEPEeBary IS
OKpEeMUX KJIaciB).

3a pesympTaTaMu IOTIEPEIHBOTO OOPOOJICHHS eTa-
noHHO1 iH(opMamii (HaBYaNbHa, KOHTPOJIFHA BHOIPKH)
MOJKHA OIIIHUTH PE3YJITATUBHICTh 3aCTOCYBAHHS KJIACH-
¢ikatopa. Tounicts prec xmacudikariii MoKHa OI[IHUTH
BiJIHOLIICHHSAM TypToBOro uucia TP neckpumntopis 0a3u
€TaJIOHIB, JUIs SIKMX MPaBHJIGHO BU3HAYCHO KJiac, JIO 3a-
TaJbHOTO 1X YUCIA Y BIAMOBITHOCTI 10 Mozemi [2, 14]

TP
TP+FP’

ae TP — 4ncio JecKpHUIITOPiB 3 MPABWIFHO BU3HAYCHUM
kinacoM, FP — uymcno neckpunrtopiB 3 HENpaBHIBHO
BM3HAUYEHNM KjacoMm. HaiBhIma TOYHICTE BIAIOBimae
3Ha4YeHHIO prec=1.

prec (8)

Pe3y.]'[BTaTI/I KOMH’IOTepHOFO MOACJIOBAHHSA

MoemnoBaHHsT BUKOHAHO y cepenoBuini PyCharm
2018 i3 BukopuctaHHAM 3aco0iB Oibmiorekn Open CV
Ta MOBH mporpamyBaHHs Python [18-21]. [Ins Bu3Ha-
yeHHs1 geckpunTopiB KT 3acTocoBaHO AETEKTOp KIIIO-
yoBux Touok ORB [18, 20] 3 aeckpunTopoM po3mipHic-
TIO N=256. Po3pobneni Moaeni knacudikatopa BKHUTO
Ha TpUKIani 300pakeHb MOpoA cobak (HiMelbKa BiB-
yapka, Xacki, cepOepHap), po3Mip 300paKeHb MacIITa-
6oBaHo 10 500x500 mikcemiB. DmocTparist kimaciB era-
JOHHUX 300paxkeHb Ta cdopmoBaHi koopamHatH KT
nokasaHi Ha puc. 1. KinbkicTh 00YHCIEHHX IECKPHIITO-
piB y onuci KoxkHOro 13 eranoHiB ckiangae S =500.

Puc. 1. EtranonHi 300pakxeHHs Opin codak
3 KOOpAWHATaMU KIFOYOBUX TOYOK
(Fig. 1. Reference images of dog breeds
with the coordinates of key points)

Sk 6aunMo, Bi3yabHO IIi 300paKEHHS 32 30BHILI-
HIMU O3HaKaMH JIOCHTH OJNH3bKi. SIKIO y SIKOCTI Xeml-
GyHKIii U(Z,,) B3ATH YHCIO OJUHUYHHX OITIB Y BEKTO-

pi po3MipHicTiO 256, TO KUIBKICTh BHOpaHHX KOIIMKIB
3MIHIOEThCS Y Mekax Big 1 mo 257, Tobro Haibinbma
MmHokuHa Ug Mictuts 3Havenns 0, 1, 2, ..., 256. Bcee-

penvHi KOUIMKIB y eKCIIEPHMEHTI JJIsl CIPOIICHHS 3a-
CTOCOBAHO TPAIMLINHMI JIHIHHUA TomyK. 3BaXkaroun
Ha OiHApHUI BU]] aHATi30BaHUX JaHUX, JJIS 31CTABICHHS
BEKTOPIB 3aCTOCOBAHO METPUKY XEMiHTa.

3 METOI 3iCTaBICHHS XapPaKTCPUCTUK IIBUIKOMIL
MPOTPaMHO 3MOJICITFOBAHUI METOJ| JIIHIHOTO MOIIYKY
Ha ycili MHOXWHI eTasioHHUX naHux (1500 meckpunTo-
piB) 0e3 3acTocyBaHHS XemryBaHHA. [ eTamoHHMX
300pakeHb 13 3aCTOCYBaHHSM XeUIyBaHHS Ha 256 Ko-
UKIB Ta 0e3 XemyBaHHS OTPUMAHO MaKCHMaJbHO
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TOYHUH pe3ynbTaT: yci 500 mecKpHunTopiB BiTHECEHI 10
cBoro eraiony. [Ipu npomy gac 0OpoOieHHs 6e3 Xerry-
BaHHS CKiaB mpubmm3HOo 40 cek, a i3 XeIryBaHHSAM —
mume 0,6 cek. Sk Gaunmo, BUrpam y daci 0OYHCIICHD
JUTSL 3aTIPOTIOHOBAHOTO MMiaXony (IpH 3aaHoMy YHCHi 3
etanoHiB Ta S=500) cxiaznae Oinpire 65 pa3iB y HoOpiB-
HSHHI i3 TpanumiitanM. [Tpu npoMy sSCHO, IO BUTpaIl y
gaci OOYHCIICHb 30UIBIIYETHCSA TIPU 3POCTAaHHI YHCIA
€TaJIOHIB Ta NECKPUITOPIB y ommcax AHAJOTIUHI TOYHI
pe3ynpTaTi Kiacu(ikamii eTaJoHIB OTPUMAHO 1 I
1HITIOT KITBKOCTI KOIITHKIB.

BuBueHHS OTpHMaHOI MHOKHUHH JECKPHUIITOPIB 3a
BU3HAYCHOIO Xeul-(QyHKLi€o s 300pakeHb puc. 1
IoKasajo, 10 B Mexax ii 3HaueHb Big 0 1o 92 Ta Bifg
217 no 255 B3araii HeMa€e KOJHOTO JAecKkpunropa. Pos-
MO IECKPHUITOPIB JIJIsl JOCHIPKYBaHOT 0a3u €TaJIOHIB
Ha 3 KOIIMKH, PIBHOIIHHI 3a Jialla30HOM 3HAYCHb XEIIl-
¢byHK1iT, Toka3aHo y tabum. 1.

Tabruys 1 — KinbkicHuii po3noain geckpuntopis 6a3u

3HaueHHs Xem-QyHKIil Yucno neckpunropis

93-133 375
134 -174 1004
175-216 121

ExcnepumenTansHuii pesynpraTr Tabn. 1 Bigkpusae
MEPCIEKTUBY MOAAIBILIOI0 CKOpOYEHHs 00’eMy 00uYmC-
JICHb, TaK K JIOMYCKAa€e BUKIIIOYEHHS 13 aHaJI3y CYTTEBOT
HE BHKOPHCTOBYBAaHOI YaCTHHH Bifl 3araJlbHOTO YHCIa
KOIIUKIB. Y TOH k€ 9ac Il MOXKJIUBICTD CIIpHsE 3a0e3re-
YEHHIO 3aBaI0CTIHKOCTI POOOTH METO.LY 3 XEIIyBaHHSM.

XenryBaHHS BITHOCSTH O TOYHHX METOJIB TpaHC-
¢dopmarii marux. [IpupomHo 3po3ymisno, MmO MOXHOKaA
knmacudikamii 13 BOPOBADKCHHSAM XEIIYBAaHHS MOXeE
BUHUKHYTH 13-3a TOTO, 110 BCEPESIUHI KOP3UHU 3rPYIIO-
BaHHUX JAHUX MOXYTb 3yCTPITHUCS PIBHOLIHHI JECKPHII-
TOPH PI3HUX KJIACiB.

BaxmuBum s 3a0e3neueHHS pe3ylbTaTUBHOL
Kiacudikanii IpeCTaBseThCs BIUIUB IapaMeTpa nopo-
Ty O, IUIsl 3Ha4YEHHs MiHIMaNbHOI BiACTaHI MPH INPHH-
HATTI PillIEHHS MPO KJjac JeCKpUITopa 00’eKTa 3a mpa-
BwioM (1). Jliama3oH 3HA4eHb T BUOPAHO! METPHKH
cknanae o, € [0,...,256].

Hame moznenroBaHHS A7 HaBYaJIbHOI BHOIPKH TIO-
Ka3ajo, 0 31 3MEHIICHHSIM IOPOTY BiJICIKA€ThCS O1Tb-
II1a 9aCTHHA «JIYXXHUX)» JTECKPUNTOPIB (IHIINX €TaJIOHIB),
ajyie Tpy IbOMY OJHOYACHO TYOWTBHCS 1 3HaYHA YacTHHA
«CBOiX». 31 3pOCTaHHAM TIOPOTy O, CIHOCTEpiraeThcs
30UTBIIICHHS YHCIIA «CBOIX» 3 OJHOYACHUM 30iTbIIEH-
HSIM YHClIa «IYXHX». SIk 6aunMo, BUHUKA€ KOHKYPEHT-
Ha CHUTYyallis, po3B’s3aHHA SIKOi MOXXE OyTH JIOCSATHYTO
LUIIXOM OINTHMi3alii 3HaueHHs MOpora KOHKPETHO JUIs
HasiBHOI 0a3M €TaJIOHIB, a KPUTEPIEM BUCTYIIA€ TOYHICTD
(8) kmacudikarii, pe3yJbTaTUBHUM (PAKTOM TIPH LLOMY
€ TepeBaKaroye YWCIO TPAaBHIBHO KiIAcH(iKOBaHUX
JECKPUNITOPIB U cBOTO Kiacy. OnTuMiszamis yHiBepca-
TpHO MoOXe OyTH peani3oBaHa EKCIEPUMEHTAIbHUM
IUIAXOM AJIS IpUKIaaHoi 6a3u 300pakeHb. Y Hamomy
JOCITIDKEHHI HaWKpaimli pe3yiIbTaTH IOCATHYTO IIpH
3HaueHHi &, =100.

Haii6inpm kpuTH4HO BHOIp TOpora BIUTMBAE HA
pe3ynpTaT KiIAacUdikaii mpu TeOMETPUYHHX IEepPETBO-
PEHHAX BXITHOTO 300pa)XeHHA. EKCIIEPHMEHTH 3 €0
TIEPETBOPEHHS IOBOPOTY (HAMOLTBIINM YHHOM BHKPHUB-
ns€ 300pakeHHs, puC. 2) A BXiTHUX ETAJIOHHHUX 30-
OpakeHb IOKa3ajd, 10 NMPU HU3BKHX MOpOrax BTpada-
€THCSl CTATHCTHYHO 3HAYMME YHCIIO IPABHJIBHO KJIACH-
(iKOBaHMX JECKPUITOPIB, IO NOTpPeOye 30iJbLIyBaTH
3HAYEHHS TIOPOTY.

VY TOH e yac HaBiTh IIPU HEBEIUKOMY 3HA4YCHHI
mopory J, = 25 BXigHi 300pakeHHsI €TaJOHIB (HaBYaIIb-
Ha BUOIpKa) KIacu(iKylOTbCS BIpHO, HE3BaXKAIOYH Ha
CYTTEBE 3HI)KCHHS YHCJIAa BHABICHUX «CBOIX» JaHUX
(Bim 330 mo 129 mmst pi3HUX eTaJoHIB).

= S

51 Key points recognized Huski

Puc. 2. 300paxeHHs 3 KOOpIUHATAMA
KITFOYOBHX TOYOK ITPH TIOBOPOTI
(Fig. 2. Images with coordinates

of key points when turning)

Tabauys 2 — 3anexHicTh yacy Kiaacupikanii
Bi/l YHC/Ia KOIIMKIB

ueno 4 oeg 1 o8 | 6a | 32 | 16| 8 | 1
KOIIINK1B
Hac knacu- | 56| 19| 95 | 49 | 95 |184 | 40
¢ikarmii

JocmiaguMo Termep ACTalbHIIIE 3aJICKHICTh Yacy
kiacudikanii (B cex) Bix 4ucia KomuKiB. Excriepumen-
TaJIbHI JaHl ITOMIlIeH]l B Ta0a. 2, YMCI0 KOMHMKIB 1 Bifa-
IOBi/Ia€ BapiaHTy 0e3 XelryBaHHS.

Sk 6aunMo, eKcreprMMEHTaJIbHUN Yac Kiacudi-
Kamii JUIs PO3TISHYTHX OIHKCIB JIHIHHO 3pocTae 3i
3MEHIIEHHSIM YHWCJIa KOIMIMKIB IPU 3aCTOCYBAaHHI Xe-
LIyBaHHS.

TakuMm 4rHOM, TIpH HEOOXIHOCTI MPUHHATTS HaM-
Oi7BII MIBUJIKICHUX pillleHb Tpeba BUOMpaTH MakcuMma-
JILHO MOYIMBE YUCIIO KOIMMKiB. OTprMaHa 3aJeXHiCTh
BJIACTHBa BHKJIIOYHO [UIsi aHAII30BaHMX ETaJOHHUX
300paKEeHb.

V 3arajipbHOMY IUTaHi HEOOXiTHO 0JIaTKOBO BH-
BUATH IO 3aJIKHICTh I JOCTIPKYBAaHOI 0a3u JaHUX.
Haii0inpi HecnpusATIAMBI U1 00CATIB Yacy € CHTyarii,
KOJIM, HalpHKJaJ, 3Ha4HA KUIBKICTh JECKPHUIITODIB
PI3HMX KJIaciB 30CEPEDKYIOTHCS Y CHIIBbHIN KOp3HHI.
Jnst BuOpanoi HaMu xem-hyHKIii CTOCOBHO JOCIIIXKY-
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BAaHHMX OIKCIB HaWKpamyM BHOOPOM BHUTIIAJAE YHCIO
KOIIHUKiB 257.

Yac xiacuoikarii cmagae 3i 30iIbIICHASIM YHCIa
KOIIMKIB dYepe3 Te, IO 3MEHIITYIOTHCS KUTBKOCTI Jie-
CKPHIITOPIB BCEPEIHMHI KOIIMKIB, a MICII 3HAXOMKCHHS
KOIIMKa OOYHMCIIOETBCS BIICTaHb XeMiHTa YXKe Ui
MEHIIOT KUIBKOCTI JeckpunTopiB. Ilomyk kommka 3a
3HAYEHHSM Xell-(QyHKii BinOyBaeThCs 3HAUHO HIBHIIE
y TOPIBHSIHHI 3 OOYMCIIEHHSM METPUKH AJISI MHOXXUHH
JICCKPUIITOPIB BCEPEIUHI KOIIUKIB.

3a7y1s1 OLIHIOBAHHS CTYIEHsS BIIMIHHOCTEH MixX
ONUCAaMU €TAJIOHHHMX JaHUX OOYHCIEHO MaHXETCHCHKY
BiicTanp 1A umciaa kommkie L =257. IIi Biacrani
ckianaoTh 234, 196, 274, mo miAKpecIoe JOCUTh 3Ha-
9uMy OJHM3BKICTH €TAJOHIB y NPOCTOPi O3HAK, TakK 5K
MakCcUMyM Takoi Biacrai mopiBHioe 1000 3a gucimom
JECKpUNTOpiB I mapu omwmciB. HaiimeHmia BimcTaHb
JOCATHYTa y MOpiBHAHHI | Ta 3-To eranoHiB puc. 1.

Jls HaBuanbHOI BUOIPKHM, KOJIM HA BXiJl MOJAI0Th-
csl eTaJIOHM, 3HA4YEHHs IapaMeTpa TOYHOCTI prec=1 sk
JUTSL TPAJUIIIHOTO, TaK 1 JJIsl IPOINOHOBAHOTO METOAY 3
BUKOPHCTAaHHSIM XElIyBaHH:S. AJle B peasibHIi cuTyanii,
HANpHKIaJ, NPH MEPETBOPEHHSX MOBOPOTY, BEIMYMHA
prec konuBaeTbes y Mexax 1o 0,47 3 XeuryBaHHSIM Ta
0,53 6e3 xemryBaHHS 3 MPAaBWIBHUM BHU3HAYCHHAM Kila-
cy.

HesBakaroun Ha fesike 3HIDKCHHS MOKa3HUKA TOY-
HOCTi, Yy TPOBEICHHUX EKCIepUMEHTaX Kiacupikamis
3IifiCHIOBaNacs BipHO, TOOTO yci BXimHI 300pakeHHS 3
MEPETBOPCHHSAMH TIPaBHJIBHO OTPUMAJIH CBi HOMeEp
knacy. Lli pe3ynbpraTv HiATBEpAKYIOTh €(EKTHBHICTDH
PO3pOOIEHOTO METOTY.

TakuMm 4yMHOM, 13 BBEJCHHSM XellyBaHHS 1 3poc-
TaHHSM YHMCJIa KOIIMKIB TOYHICTh HE3HAYHO 3HHIKYETh-
Csl, aJieé MPAKTUYHO HE 3QJICXKHTH BiJl YKMCIA KOIIHUKIB.
OCHOBHUM HEJIOJIIKOM BIIPOB/KEHHS XELIyBaHHS Tpa-
JUIIAHO BBaXKAETHCA 3POCTAHHS HEOOXITHHUX OOCHTIB
mam’sti koM 'rotepa [3, 6, 7].

BucHoBku

PosrmsiHyTi y poboti meronu knacudikamii 06azy-
I0ThCS Ha NPHHIMIN «HOPIBHSHHA 3 €TaJOHOM» 1 MoO-
KyThb OYTH YHIBEpPCAJIbHO 3aCTOCOBaHI 10 JOBUIHHHX
BEKTOpiB JaHux OitoBoro Buiay. Lli meromu Ga3yroThbes
Ha JIBOX pI3HOBWJAAX KJaciB — U LTICHOTO OIHCY
(00’exT Ta eTamoOHW) Ta TSI OKPEMHX KOMIIOHCHTIB
omucy. Ilpu 3acTocyBaHHI XeII-CTPYKTYp KIIOUOBHUM
MOMEHTOM € BUOIp pe3ylbTaTHBHOI Ta aJalTOBAaHOI 10
JaHUX Xem-(yHKIIi, Ka 31iHCHIOE YaCTKOBY KiIacui-
KaIlifo, He 3MIHIOIOYH JaHi.

Ilin uac peamizamii 3ampOMOHOBAHUX ITiJXOJIIB
MOJKJIMBI BapiaHTH O0OpOOJICHHS 3 BUKOPUCTaHHSIM Has-
BHOI CTPYKTYpOBaHOCTI €TaJOHHUX [aHWX, TOOTO 3a
OKpEeMHUMH oOnHcaMH eTajoHiB. lle nae MOXKJIMBICTBH
MOJTAVIBIIIOT0 CKOPOYCHHS OOCSTIB OOYHCIICHD IIISIXOM
BBEJICHHS JIOTIYHOI'O aHANi3y 3a Pe3yJbTaTOM IMOCIiIO0-
BHOTO OOYHCIICHHS PENEBaHTHOCTI I KOMIIOHCHTIB
0a3u eTayoHIB.

HaykoBy HOBM3HY NPOBEICHOTO IOCIIIKCHHS
CKJIaJa€ PO3POOIICHHS MPOIYKTHBHOTO METONY KIAacH-
¢ikarii 300pakeHp Ha OCHOBI BITPOBA/XKCHHS IIBUIKIC-
HOTO MOIIYKY i3 BHKOPHCTAHHSAM XCLI-CTPYKTYp, LIO
3MeHIIye 00CsT 004YHCIIeHb B IECATKU pasis.

[MpakTHyHa 3HAYyLIiCTh POOOTH MOJSIrae y moody-
JIOBi Mozienell kinacugikauii y cTpyKTypOBaHOMY IPOC-
TOpi JaHWX, MiATBEPIDKEHHI Mpare3aTHOCTI 3arporo-
HOBaHHMX Mojaudikamili Ha MpUKIagax 300pakeHb, CTBO-
PEHHI IpOrpaMHUX MOAEJIeH AJIsl BIPOBAKEHHS PO3pO-
ONeHUX METOJIB KiIacuQiKaIlii y cucTeMax KOMIT FoTep-
HOTO 30pYy.

[lepcnekTHBH  JOCTI[DKEHHS ~ MOXYTb  OyTH
OB ’s13aHi 13 BBEJACHHAM JIOTiYHOTO OOPOOJICHHS pO3IMO-
QIUTIB TaHWX BCEPEIMHI XCII-KOIINKIB, BUBUCHHIM 3aBa-
JOCTIMKOCTI PO3POOJCHUX METOAIB Ta OI[IHIOBAHHI iX
NPUKJIQJHOI Pe3yJbTaTHBHOCTI CTOCOBHO 00 €MHHX
KOJIEKIIil 300paKeHb.

N3patensckuii gom «Bumbsamcey, 2003.
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HpnMeHeHne METOAO0B XCIINPOBAHUA JAHHBIX /IJIfl YCKOPCHUS KJIaCCI/I('I)l/lKalll/lOHHLIX pemeHnﬁ
B CTPYKTYPHBIX M€TOAaX paclio3HaBaHUS nsoﬁpamennﬁ

B. A. T'opoxoBatckuii, H. B. Biacenko, M. A. Peibanka

AnHoTtauus. [IpeqMeroM mccienoBaHMi €CTh METOIBI KiIaccH(PHUKAIUU U300pakeHUH ¢ MOMOIIBIO MHOXKECTBA Jie-
CKPHIITOPOB KJIIOYEBHIX TOoueK. Llesib — MOBBIMIEHNE MPONU3BOIUTEIBHOCTH METONOB KIIACCU(HUKALNK, B JACTHOCTH, YCKOpPe-
HHUE BPEMEHHBIX IOKa3aTelel KiIacCH(UKAIMM MyTeM BHEIPEHHUs CPEJCTB XEUIMPOBAHMSA IS NPEICTABICHUS STaJOHHBIX
naHHbIX. [IpuMeHseMble MeToabI: deTekTop U aeckpuntopsl ORB, cpeacTBa XAmMpOBaHUS JaHHBIX, METOABI HOUCKA B Mac-
CUBax JaHHBIX, allapar ONpeJelIeHNs] PEIeBaHTHOCTH BEKTOPOB Ha OCHOBE METPHK, IIPOrpaMMHOE MojenupoBaHue. [lomy-
YEeHHBIC Pe3yabTaThl: pa3pabotaH 3pPeKTUBHBIH MeTo KiaccupHUKanuy n300pakeHNH Ha OCHOBE BHEJIPEHUs] CKOPOCTHOTO
MOWCKA C MCIOJIb30BAaHUEM XJII-CTPYKTYpP, YTO YCKOPSIET BBIUUCICHUS B ACCATKH pa3; BpeMs KIacCH(DUKAIMU JUIT PACCMOT-
PEHHBIX SKCIEPHMEHTANBHBIX OIMHUCAHUH JTMHEHHO BO3pPAcTaeT ¢ YMEHBIICHHEM YHCIa XEMI-KOP3WH; BBIOOP Mopora I 3Ha-
YeHUS] MUHHMyMa METPHKHU IIPH YCTAaHOBJICHUH KJIacca IS JECKPUNTOPOB OOBEKTA CYMIECTBEHHO BIHMSET HA TOYHOCTH Kilac-
cu(uKau; BEIOOP TaKOTO MOPOTra MOXET OBITh ONTHMHU3HPOBAH Ui (UKCHPOBAaHHBIX 0a3 00pasloB; SKCIEPUMEHTAIBHO
JOCTHTHYTasl TOYHOCTH KJIACCH(HUKAINHU yKa3bIBaeT HAa pabOTOCHOCOOHOCT N PEe3yNbTaTUBHOCTH MPEII0KEHHOTO METoa Ha
OCHOBE XeUIMpOBaHHEM JaHHbIX. [IpakTHYecKkasi 3HAYUMOCTB PabOTHl — MOCTPOCHUE MOJIeNel KilacCU(UKALUK B IIPOCTPaAH-
CTBE XJII-NPEJCTABICHNs JaHHbIX, MOATBEPXKACHHE PabOTOCIOCOOHOCTH NPEII0KEHHBIX MOAU(UKAIMH KIacCU(PHUKAaTOPOB
Ha TpUMepax H300pakeHHH, pa3paboTKa NMPHKIAJHBIX NMPOrPaMMHBIX MOJENEH Al BHEAPEHHS INPEUIOKEHHBIX METOIOB
KJIaCCU(HKALUY B CHCTEMaX KOMITBIOTEPHOTO 3pEHHSI.

Kaw4deBbie clioBa: KOMIOBIOTEPHOE 3pEHHE; CTPYKTYPHBIE METOIBI Kiaccuukanuu uzoodpaxenuii; neckpunrop ORB;
XEIINPOBaHNE; TUMHEHHBIN IIOMCK; XEUI-KOP3UHA; CKOPOCTh 00pabOTKH; TOYHOCTh KJIACCH(UKAIHH.

Application of data hashing tools to accelerate classification decisions
in structural image recognition methods

Volodymyr Gorokhovatskyi, Nataliia VVlasenko, Mykhailo Rybalka

Anortauis. The subject of this research is the image classification methods based on a set of key points descriptors.
The goal is to increase the performance of classification methods, in particular, to improve the time characteristics of classifi-
cation by introducing hashing tools for reference data representation. Methods used: ORB detector and descriptors, data
hashing tools, search methods in data arrays, metrics-based apparatus for determining the relevance of vectors, software mod-
eling. The obtained results: developed an effective method of image classification based on the introduction of high-speed
search using hash structures, which speeds up the calculation dozens of times; the classification time for the considered exper-
imental descriptions increases linearly with decreasing number of hashes; the minimum metric value limit choice on setting
the class for object descriptors significantly affects the accuracy of classification; the choice of such limit can be optimized
for fixed samples databases; the experimentally achieved accuracy of classification indicates the efficiency of the proposed
method based on data hashing. The practical significance of the work is - the classification model’s synthesis in the hash
data representations space, efficiency proof of the proposed classifiers modifications on image examples, development of
applied software models implementing the proposed classification methods in computer vision systems.

Keywords: computer vision; structural methods of image classification; ORB descriptor; hashing; linear search; hash;
processing speed; classification accuracy.
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XapkiBcbkuii HanioHanbHUH yHiBepceuteT [loBiTpsinnx Cun imeHi IBana Koxxeny6a, Xapkis, Ykpaina

MOJAEJIb OINIHIOBAHHA E@EKTUBHOCTI IIIAPO3A1JIIB
MPOTUIIOBITPSIHOI OBOPOHHU

AHoTanisi. AKTyaJbHHM NHUTAHHSAM CYYacHUX JIOKAJIFHUX KOH(QIKTIB € OOIPYHTYBAHHS CIIPOMOXKHOCTI ITiPO3ALIIB MPO-
THUIOBITPSHOT 000POHM BUKOHYBATH CBOi O€3II0CepeHi 3aBaHHs 3 MPUKPUTTS 3 MOBITPs Aiif HazeMHUX cril. OcoOMMBO aKTy-
QJIBHO 116 IUTAHHS ITOCTAE B JIOKAIBHUX KOH(JIIIKTaX, KON IIPOCTip, HA SIKOMY HEOOXiJTHO BUKOHYBATH IIOCTaBJICHE 3aBIaHHS,
PO3TATHYTHI 110 IIUPHHI Ta MITMOMHI TepuTopiaibHOTO IpocTopy. MeTa eraTTi — po3poOka Mozeli OLiHIOBaHHS e(h)eKTHBHOC-
Ti IPUKPUTTA Jii HazeMHuX cuil migposainamu [1110 B HOBUX NMO3ULIHHKX paiioHaX, sKi 3MIHIJIHCS B pO3Mipax 10 IIHPHHI Ta
B OuHy. Pe3ysabTart. B cTaTTi NpONOHYETHCA MOJENb, SIKa JO3BOJIIE OLIHIOBATH €()EKTHBHICTh MPUKPUTTS 030pOEHHS Ta
BiliCEKOBOI TEXHIKH 1 IHYPACTPYKTYpH HA3EMHHX CHII MIIPO3IiIaMy IPOTHIIOBITPsiHOT 000poHN. BucHoBKH. Po3pobieHa mMo-
JeTb IOTIOMOYKE KOMAaHAUPY MiAPO3IUTY MIPOTUIIOBITPSHOT 0OOPOHHM OILIHIOBATH BAPiaHTU CBOEI CTPYKTYPH, BUOMPATH 3 HUX
parioHalbHi, 3 Kpamo eeKTHBHICTIO IPUKPUTTS Ta JOIIOMarae oMy IPHIHATH NPaBHIbHE PIMICHHS HA BIIOUTTS yIapiB 3
TIOBITpsI. 3aIIpONIOHOBAaHA MOJIEIb J03BOJISIE OLIHIOBATH €()EKTUBHICTh NPUKPUTTS HA3EMHHX CHJI IPH Pi3HHUX BXIITHHUX JAHUX i
CIIPOMOKHICTB MiZPO3/IJIiB IPOTHUIIOBITPSHOT 000POHY IPUKPUTH Ha3eMHi CHITH 3aJIe)KHO BiJl MICLIEBOCTI Ta Jiif IPOTHBHHUKA.

Kawo4doBi cioBa: Mozmens, po3paxyHOK epeKTUBHOCTI; JIOKaIbHI KOH(QIIKTH, MIPOTHIIOBITPsiHA 000pOHa; Tpad MOKIH-

BUX CTaHiB, TOBITPSHUIA IPOCTIp.

Beryn

IocranoBka mpo6iemu. CBOE OCHOBHE 3aBJaHHS
migpo3ainu npotumnosiTpsiHoi oboporu (IIT10) BuKo-
HYIOTh, TIPUKPHUBAIOYH 3 IOBITPS 030pPOEHHS Ta BIHCh-
KOBO{ TEXHIKH 1 IHPPaCTPyKTypy Ha3eMHHX CHII, O€3110-
cepenHbo B ckiaai ux cui [1, 2]. JlokansHi kKoH(ITiKTH
BCE YacTile po3B’sI3yI0ThCs y CBITI 4epe3 HECHPOMOXK-
HICTh BUPIIINTH KPUTHYHY CHUTYaIil0 MK JBOMa IpO-
THOOPYMMH CTOPOHAMHM MHUPHHUM IUISXOM, 3aJIy4aiodu
MOJITUYHI Ta JUIJIOMATUYHI CHJIM Ul ypPEryJIFOBaHHS.
Lle npu3BOAMTH 10 CUTYaIlil, SIKY HEOOXIHO BHpIillyBa-
TH BINCHKOBUM KOMaHJHMpaM B KOPOTKHH TEpMiH Hacy,
3a3/1aerifip He 3HAIYM IIUPUHHU Ta INIHOMHU TEPUTOPI-
QJILHOTO TPOCTOPY, Ha SIKOMY HeoOXijHO Oyje npuiima-
TH pIIICHHS 3 MPUKPHUTTI HA3€MHUX CHII 3 MOBITps. SIK
MPaBUJIO B HEBIIOMOMY palOHI MpOCTip, HAa IKOMY He-
00XiZTHO BMKOHYBAaTH IMOCTABJEHE 3aBJaHHS, PO3TATHY-
TUH N0 MIUPUHI, IO TPU3BEAC J0 30UTBIIICHHS MO3UIIIH-
HUX palOHIB Ha3eMHUX CHJI SIK 110 IIMPUHI, TaK i B TJIH-
ouny. lle, B cBOIO Wepry, mpuBene A0 30UIBIICHHS Ha-
BaHTaXeHHA Ha migpo3ainu 110 3 npukpurTsa mx Ha-
3eMHHUX CHIJI 3 TIOBITPs. A 32 KOPOTKHI TePMiH yacy Biii-
CHKOBUM KOMaHJHpaM CKJIQJHO NPHUHHSITH MpPaBUIIbHE
pimmeHHs, yepe3 Te, 0 BOHM HE 3HAIOTh MPO 3IaTHICTh
migpo3ainiB IMI1O npukputH Aii HA3eMHUX CHUI 3 TIOBIT-
ps B HOBOMY MO3HMLIHHOMY paioHi. s mpuitHATTS
MIPAaBWJILHOTO PIlIEHHS KOMaHAMPY IPOTUIOBITPSHOTO
MiIpO3 ATy pi3HOTO PiBHS iepapxii HEoOXigHO OOIpyH-
TyBaTH MOXJIMBICTh €()EKTHBHOTO BHMKOHAaHHS HUMH
OoiioBoro 3aBiaHHsA. ToMy NpPONOHYETHCS MOJENb, KA
JI03BOJISIE OL[IHUTH €(PEKTUBHICTH NPUKPUTTS MiApPO3.Ii-
nmamu IIT1O nii Ha3eMHUX CHJ B HOBOMY, HEBiJOMOMY
nmo3uniiHoMy paifoni. Kpim toro, 3ampomoHoBana mo-
JeTb JOoIoMarae BiiCbKOBOMY KOMaHIHMPY B aBTOMAaTH-
YHOMY OIIIHIOBaHHI CIPOMOXKHOCTI migposaitis II1O
MIPUKPHUTH Ha3eMHi cvitd 3 moBitps [3, 4].

Buxonsan 3 nporo, po3podka MOJET pO3paxyHKy
e(pEKTHUBHOCTI TIPUKPUTTA O30pOEHHS Ta BiMCHKOBOL
TEXHIKH 1 IHPpaCTPYKTypy HA3eMHUX CHJI MiJPO3IiIaMH
MIPOTUIIOBITPSIHOT OOOPOHU B HOBHMX MO3UILIWHKUX paiio-
Hax, SIKi 3MIHHJIMCS B pO3Mipax IO LIMPHHI Ta B MIINOU-
HY, € aKTyaJIbHUM 3aBJaHHSIM.

AHaJIi3 ocTaHHIX AociaKkens i myOaikaniii. Bee
yacriiie B 0araTboX JpKepesax MPOBOISTh aHami3 eek-
THUBHOCTI 3aCTOCYBaHHS PI3HUX MiAPO3ILTIB B JIOKAIlb-
HUX KOH(ITIKTax ocTaHHIX Jecsatu pokis [1-14]. Akrya-
JFHUM MUTAHHSM Ha CHOTOIHIIIHIN JIeHb € ¥ opraHiza-
mis [II1O, sixa moBWHHA 3a0€3MEeYyBaTH IMPHKPUTTI 3
MOBITPSA  yCIX TMIiAPO3ILTIB, IO 3aydaroThCs IS
PO3B’si3aHHS 3aBJjaHb B KOH(IIKTHUX CUTYyallisiX. YCIix
Oynb-akux O0MOBUX [l 3aJ€XHUTh BiJl BMIJIOTO yIpaB-
JIHHS Ta HAsABHOCTI 3acO0iB aBTOMATH3AIll MPOIECY
yrpasiiaas [1-8], y SKux anropuTMu Ta MaTeMaTHYHUIT
amapat [4, 5] 103BOJMTH 3a AyXe KOPOTKHII 4ac BHpi-
nryBatu nutaHus 36opy [4-9], 06pobku iHdopmarii Ta
uiepo3noainy minei [10-14] mix migposainamu TII10,
110 3aJTY4al0ThCsl IS IPUKPUTTS JIi HA3EMHUX CHIL.

Merta cratTi — po3poOka MoJieni OIiHIOBaHHS ede-
KTUBHOCTI TIPUKPHUTTS Jii HA3eMHUX CIJI MiIpO3AiIaMu
[IIO B HOBMX MO3UIIHHUX paHOHAX, sIKi 3MIHWIHACS B
po3Mipax 10 IIMpHHI Ta B IHOMHY. MoJiedb MporoHy-
€ThCSI BUKOPUCTOBYBATH B CHCTEMAX MPUHHATTS PillICHHs
JUIs JIOTIOMOTH KOMaHAMPY TPUHAHATH MPaBHIbHE PillIeH-
HS HA IPUKPHUTTS 3 TOBITPS [il HA3eMHUX CHIL

BuKJIa]] 0CHOBHOTO MaTepiay

Cy4acHi JIOKaJbHI BIHCHKOBI KOH(JIKTH Bipi3Hs-
FOTBCSI CBOEIO HENepe10a4yBaHICTIO Ta IIBUAKO 3MIHOIO
00cTaHoBKU. JIOCBiA OCTaHHIX JOKAJbHHX BIHCHKOBUX
koH(pmikTiB B Cupii Ta Haropnomy Kapabaci miarsep-
JDKYE Jy)Ke IIMPOKEe BUKOPUCTAHHS KOMII IOTEPHHUX TEX-
HOJIOTiH 1 6€3MTOTHUX 3aC00iB PO3BIIKH Ta HAIAIY, 3Mi-
HUBIIH TIXiJ A0 BEACHHS OOHOBHX i, Yepe3 IIMPOKe
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3aCTOCYBaHHS KOMIT IOTEPHUX TEXHOJIOTiH Ta poOOTH3a-
IiI0 yCiX MpoIIeciB B 60HOBOMY 3aCTOCYBaHHI 030pOEHHS
Ta BilicbKkoBOI TexHiku [8]. Buxomsum 3 11b0ro He0OXigHO
MIPOaHANi3yBaTH MOXKIIMBOCTI Jifouux 3aco0is IITIO 3
TIPUKPUTTA Jii HA3eMHUX CHJI 3 TIOBITPS B CKJIAAHIN CcH-
Tyaril IpH JIOKaTbHUX KOH(IIIKTaX, KOIM HAa3eMHI CHIN
PO3TATHYTI O mHpHHI. B 1iif HempocTiii cutyarii cToiTh
3aBlaHHSl 3 JOCHTIPKEHHS MOMIIMBOCTEH MiJPO3IiJIiB
[I1IO npUKpHUTH IUIOUIMHHI 00’€KTH Ha3eMHUX CHJI IPH
30UIBLIEHHI 1X MO3UIIIHHNX PaifoHIB.

Jns BUpIlIEHHS IIOCTaBJICHOTO HAayKOBOI'O 3a-
BJJaHHS TIPONIOHYETHCS 3aCTOCYBATH TEOPit0 HMOBIpHOC-
Teil. BiqHOCHO mookeHp Teopii iiMoBipHOCTEH Oynemo
paxyBaty, IO IO 30H ypaskeHHsI 3eHiTHUX KOMILICK-
ciB (Turoma MPUKPHUTTS 00’ €KTY) BITHOCHTHCS IO IDIOMIL
MTO3UIIHHOTO PaiOHy Aii HA3EMHUX CHJI, SIK BiTHOIICHHS
HMOBIPHOCTI 3HUIIECHHS T B 30HI YpasKeHHS 3€HITHUX
KOMIUIEKCIB 10 WMOBIPHOCTI MPUKPHUTTS MiAPO3AiSIaMH
[I1O. Buxonasuu 3i 3po0JICHOT0 MPUIYIICHHS MOXKHA
po3paxyBaTd HMOBIPHICTb TNPHKPHUTTS ITiAPO3aiIaMH
[I1O 030poeHHs Ta BifichKOBOI TeXHIKM 1 iH(pacTpyK-
TypH Ha3eMHUX CHUII.

Ha nanwii wac anst onosinieHHs miaposainis 1110
PO HAamaj MOBITPSHOTO NMPOTHBHUKA PO3POOJICHA HOBA
CHCTEMa aBTOMAaTH30BAHOTO YMpPaBIiHHA 3acobamu
[ITO pizHOTO piBHA i€papxii HOBOro MoKoMiHHSA. Kpim
BOTO, IS yIpaBiiHH migposainamu [1T1O pospobire-
HUM BIATIOBITHWN KOMIT'IOTCpHHUIA TMPOTPAMHHNA KOM-
wiekc [9]. Bin npusHavenuii [uis aBTOMATH3AIlI| poIie-
ciB 300py, 0OpoOkH, BinoOpakeHHs Ta BUAadi iHPOP-
Mariii Ipo MOBITPSIHY OOCTaHOBKY Ha HEaBTOMAaTH30Ba-
HUX KOMaH/JHHUX IyHKTaX, MyHKTaX YIPaBJIiHHS YaCTHUH
i migposainiB TIT10. Ane xoJieH 3 HMX He Joromarae
komanupy miaposzainis I1I1O pizHoro piBHs iepapxii B
MPUAHATTI MPAaBWIBHOTO PIMICHHS HAa MPHUKPUTTA il
Ha3eMHUX CHJI BiJ yAapiB 3 moBitps. ToMy nponoHyeTh-
Csl MOJIeIT, siKa O JomoMarana KOMaHIUpPY MiApO3/IiTiB
[I1O pizHOTO piBHA i€papXii B MPUHHSATTI pilleHHS Ha
MIPUKPUTTS Ji1 HA3EMHUX CHJI 3 MOBITPS B HOBOMY HEBI-
JIOMOMY paioHi MPH JTOKaThbHUX KOH(ITIKTAX.

PosrnsiHeMo MpOTHITOBITPSIHUH Oilf SIK AyeNbHI CH-
Tyamii MK 3acobamu moBiTpsiHoro Hamaxy (3ITH) ta
3eHITHUMH pakeTHUMHU Komiutekcamu (3PK) i 3enitHu-
Mu apTuiepiiicekumu koMiuiekcamu (3AK) migposainis
[ITO 3 mpuxpuTTS il HA3eMHUX CHII. Po3pizHATHMEMO
MOXKITHBI CTaHU Sjj MPOTUIIOBITPSHOTO OO0 10 KUTHKOCTI
i ypaxenux 3PK B mpomy crani Ta 4uciny j IijeH, mio
0JTHOYacCHO 0OCTpitoroTECS. Toi, 3 TOUKH 30py MOX-
JIUBOCTI OOCTPLITY Ta 3HUIICHHS IIUJICH, MOKHA BUIITHTH
Tpu ocHoBHi ctanu 3PK (3AK): Seo — He ypaxeHwmi,
BUTbHHN; Sq1 — HE ypakeHUW#, OOCTpLIIOE OIHY IIiJb;
S10 — ypaxeHwit, ijap He obcrpimoe [1].

Tlepexinx i3 cTany Spo B CTaH Sg1 MOKJIMBHH MPHU
BHSIBJICHHI YEeProBOi LTI NMPOTHUBHHKA, IO MPOXOIUTH
yepe3 30Hy ypaxkenHs 3PK (3AK). Yactora takux me-
pexoiB npomnopiiiiiaa intencusrocti (I 3mu/XB.) ynapy,
sIKi BinOuTo, npeacrasiena Ha puc. 1 [1, 2].

OOCTpin il MOXKe TPUBATH NESKUNA BUIAIKOBHMA
Yac MUKy CTPiIbOM 3 MaTEMATHYHHUM CIIOJIBAHHSIM i
Moxe 3akinumtrcs mopaskoro 3PK (3AK) (mepexin B

cran Sio Ha puc. 1 3 HMOBIpHICTIO P (0< = <1)), abo

moxe Matu Omarononmyunuit ans 3PK (3AK) pesynbrar
3 #imoBipaicTiO (1 — P*). KokHa 06CTpiisiHa IIiIb MOKe
OyTH 3HHUIIECHA 3 IMOBIPHICTIO P,

S B
I—P*
* —eeeeeeee |
w(l-P7)
il

Puc. 1. Yacrora nepexoais i3 crany B ctad 3PK
(Fig. 1. Frequency of transitions from state to state SAM)

[TpunycTumo, Mo CBOEYACHO BHABIISIFOTHCS yCi Li-
i ta mopaska 3PK MoxiiBa TiTbKM B AyeIbHOMY 0OIO.
Toni ms rpada (puc. 1) MOKHA 3amKMCcaTH CUCTEMY JAH-
¢epenuianbHuX piBHAHBb Yenmena-Kommoroposa, sika
OITMCY€E TIPOTHITOBITPsIHUIA Oift [1]

Poo =—1-Pog +1-(L=P")- Poy ;
Por=—t-Por+1-Poo; @)
Po=n-P -Py.

Ha mouatky 60t 3PK (3AK) GoerotoBuii i mijii B
HOro 30HI ypakeHHs BIICYTHI

Poo(0) =1, Py (0)=0, PRp(0)=0. 2)
Iarerpyemo (1) 3a mouaTkoBUX YMOB (2):
_@+p) 4

Py = S[-p)-sh=lha.chSlye 2 ™,
o 2 2
@)

P01:2.B.Shg.e 2 " : (3)

o 2

_@+p) 4

Plo:1_1[(1+p).5hﬁ+a.chﬂ].e 2 H ,

o 2 2

ae p:I—; oc:\/1+p+2p-(l—P*); C=a-p.
n

MaremaTi4He CIOJIBaHHS KLIBKOCTI 0OCTPUISHUX
iyiedt 3 MoMeHTy 1 6010 MPOIOPIIiiHO Yacy nepedyBaH-
Hi 3PK (3AK) B 3aiiHATOMY CTaHi Ta HOTO MPOAYKTHUB-

Hocti pu=1T, .

N(t) = pj Py (v)de =]7/(0c~ P*)x
0

4)
(+p) wt

X a—((l+p)~sh%+a-ch%)e 2

Maremaruuane crogisanas N, (t) xinekocti 3HH-
meHux 1iei npomopuiiiae kinpkocri N () 6ois

N3H = P3H “N(t). (5)

Toni rpaHWYHI 3HAYCHHS MATEMATUYHHUX CIO[I-

BaHb KUIBKOCTiI 001B (OOCTPUISIHUX IIiJIeH) 1 3HHUIICHUX

3[IH npu HeobMexeHomy GoexommuiekTi 3PK (3AK) i
kinbkocTi 3[TH B ymapi 3Haiinemo 3 Bupasis (4) i (5)

N, = imN(t)=1/P"; (6)
t—o
1
N3Hoo :P3H'§' (7
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Hacnigkom nepexony 3PK (3AK) i3 omgHOTO cTany
B IHIINH € PiBHICTH

nt)=N (t):Ny(t). (8)
3HalizeMo BIIHOCHY KiNBKOCTI 00iB, pO3MiMHMBIIN
Bupa3 (4) Ha criBBigHomeHHs (6)

* 1 Ct Ct _M.u.t
N (t)=1-=[(l+p)-sh>—+a-ch=—]-e 2 . (9)
o 2 2

Bupas s BiJHOCHOT KiUIBKOCTI N:H (t) 3HumIEHMX
3I1IH cmisnazgae 3 (9). [iiicHo,
N, () _N®)-P,, _ N()
N N, -P. N,

3H

NS, () = =N"(t). (10)

3H 0

BinHOocHE 3HAYEHHS MAaTEMaTUYHOIO CIOAiBaHHS
kinpkocti ypaxenux 3PK (3AK) cniBnanae 3 Pio:

n"(t) = n(t)/ng = n(t) = 0- (Pyo + Pog) +1- g = Pyg . (11)

[Mopisutoroun Bupas (3) mis Pio i (9), mepekonye-
Mocsl B iX TOTOKHOCTI, 1m0 3 oGmikom (10) mosBossie
MiATBEPJAUTH ICTHHHICTH piBHOCTI (8) BimHOCHHX BTpAT
cTopid miast maHoi mozeni. TakuM YHWHOM, OTpHMaHa
MOJICNIb MPOTHUIOBITPAHOrO 0O B YMOBax IMOBHOI iH-
(dopmarlii € aJeKBaTHOIO peaibHOMY IMPOIECY 3 TOYHIC-
TIO IpUHHSTUX TimoTe3 [1, 2].

3aranpHUIA TOTIK HiJe# iHTeHCHBHOCTI | po3mins-
€ThCSl HA TOTIK THX, SKI BHSBISIFOTHCS (IHTEHCHBHOCTI
lsuss) 1 3IIH, sxi He BusBIAOTHCS (iHTEHCHBHOCTI |f),
siki MOXXyYTh Oe3kapHo Bpakatu 3PK (3AK). Hdns mpur-
HiueHHs1 cuctemu 1110 mpoTHBHUK BUALISE NEsIKY dac-
tury Q 3ITH ymapy (0 < Q <1). Tomy MOKHa BBaXKaTH,

mo i3 ckiany 3I1H, ski He BUABISIOTHCS, YacTHHY Q
niterd 6e3kapHO arakyioTh i 3HUIIYIOTH 3PK (3AK) 3
HMOBIpHICTIO P, B pe3ynmpTaTi KOXXHOTO Oe3KapHOTo
yaapy [6]. Skmro mo3HauyuTH HMOBIPHICTE CBOEYACHOTO
BUSIBJICHHS ICH, Pyuss, TO IHTCHCUBHICTD 11 Oe3kapHUX
3HUILYIOYHX yJapiB 3HAHAETHCS

IH:I'(l_Pguﬂe)'Q'P3H' (12)

Takum ynapam 3PK (3AK) migmaerbes, sk y Bijib-
HOMY Sgo, TaxK 1 B 3aifHATOMY CTpiB0OO0IO Sp1 cTaHi. Kpim
TOTrO0, yacTuHa Q IijeH 13 CKIIaay CBOEYACHO BHSIBICHHX
MOX€ TaKOX BUKOHYBAaTH O€3KapHi 3HUIIYIOUI YAapH 10
3PK (3BAK), skmo 3actaroTh Oarapero 3alHATOI0 00-
crpinioM (B crani Sp1). HexTyroun MOKIIMBICTIO BiIHOB-
nenns ypaxernoro 3PK (3AK) 3a wac 6010, oTpuMaemMo
rpad moxmBux craHiB i nepexoaiB st 3PK (3AK) B
porieci 0010, MPeICTaBICHHA Ha pUC. 2, e

Ig :H'(l_P ); 117 :I'(l_Peuﬂe)'Q'PBH;
=1-P

euse

(13)

| I,=p-P +1g+1,,,- 0P, .

BUAE

Tomi cucrema audepeHUiabHUX PIBHSIHD IS
HMoOBIpHOCTI cTaHiB nportunoiTpsHoro 6o 3PK (3AK)
npuiimae Burisia [1]:

Poo = ~(guns +111) - Poo +1s - Por ;
Por=—(s +1,)- Por + 1 guse - Poo ; (14)

Prg =17+ Poo+1, - Poy,

Puc. 2. I'pad moxmBuX cTaHiB i nepexonis 3PK
(Fig. 2. Graph of possible states and transitions of SAM)

3BiIKH, TICIIA IHTETPYBAaHHS 32 OYATKOBUX YMOB (2) i3
BpaxyBaHHAM (4), MOKHA OTPUMATH

Pyg = [(bl +al)-eal't - +az)~eaz't ]/b4 ;

POl = _Iguﬂg |:eYl't _eYZt:| ;
X4

by =1L |0 Yo +12) €7 - (15)
a| (i + 106 +72)-€72"
N(t) = Mlb’ﬂ{i( R _1)_i.( v2't _1)} ,
X4 M1 T2
=l t1ys %2 =loume +1ns A3 =A1 %25
ze X4=\/X§—4'(X1'X2—|euﬂs'16)? (16)

1 1
71 =—5~(X3 -%4): V2 =—§~(X3 +%4) -

Jis Tpy0oi OIIHKK CIOAIBaHUX PE3yIBTATIB MPO-
TUTIOBITpsIHOTO O0t0 yrpymyBanss [1I10, Browarouun No
onnokananpHux 1o miti 3PK (BAK), ski BimOuBaroTh
yaap MPOTHBHHMKA iHTeHCUBHICTIO | 3mH/XB., MOJEH
0010 yrpynyBaHHS MOXKHA 3aMIHUTH CYKYITHICTIO MOJie-
nert 601B (15) nooxuHokux 3PK (3AK), KoXHUH 3 SKHX
BiZIOMBA€E yaapy IHTCHCUBHOCTI

|1 =1 / ng
a 3aralbHUIl pe3yibTaT 3HAWTH SK CyMy pe3yJbTaTiB
MpoTHNOBITPsAHNX 601B oouHOKNX 3PK (3AK).
3Haro4u MOJIeNlb OO0 Ta MOPSIOK OIIHKH A1l B ITiit
MOJIeNli MOKHAa TEPEUTH 10 MOJEeNi, sika O OIiHIoBasa
e(eKTUBHICTh CTPUIEONM BH3HAYCHOTO IMiAPO3AIMY Ta
CBOIMH pe3yJbTaTaMH JONoMOrNIa 0 BificbKOBOMY KO-
MaHaupy migposainy IITO ouiHIOBaTH CIPOMOXKHICTD
nigpo3ainy IT1O npukputy i HA3EMHUX CHJI 3 TTOBITPS
1, IK Pe3yNbTaT, IPUHHATH NPaBUIIbHE PiILICHHS.

OpHi€l0 3 YMOB YCIIXy Jlili Ha3eMHUX CHJI CTa€ ix
HamiiHa cuctema IIIIO, 3aBmaHHS $SKOI JOBOIMUTHCS
BHpINIYBaTH B THIOBHUX YMOBax iH(pOpMamiifHOrOo Ta
BOTHEBOTO IPOTHOOPCTBA 3 MOBITPSHUM HPOTHBHUKOM
Ta B YMOBaX OPCTKOTO JIMITy 4dacy.

V cknani 3aBnanb ynpaBiiHHs migposainamu IO
OCHOBHUMHU €: opranizamis cucremu [1I10 mo % y xoxi
MIPOTHUTIOBITPSIHOTO 0010; cBoedacHe BusBieHHS 3ITH
NIPOTUBHMKA Ta 3abe3rneueHHs 3acobiB [I1T1O GoiioBoro
indopmauiero [6]; ynpaBiiHHS BOTHEM pi3HOPITHHX
3aco0is 110 — 3PK (3AK).

(17)
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Koxue 3 BimMideHWX 3aBHaHb € Oarartomapamer-
PUYHUM, BHPIIIYETHCS B pealbHOMY MacmITadi yacy i B
yMOBax HETOBHOI, HeTO4HOI iHpopmamii Ta ae3umHpOop-
Marii 3 6oky mpotuBHHKA [7]. fKicTh pirmeHHs Gymb-
SIKOT 3 IUX 33724 ICTOTHO BIUIMBaE Ha pe3yipratu [1110,
TOMY JUIA iX IIBHIKOTO BHUPIMICHHS HEOOXiTHO BHKOPH-
CTOBYBATH 3acO00M aBTOMaTwW3allii, sIKi LIe HeJIO0CKOHAI
Ha jJaHuit yac B migposninax I[1I10. B apromaru3zoBanux
3aco0ax HeoOXiJHI aJropuTMiuHI Ta amapaTHi 3aco0i,
sKi O MOTJIM BUPIIIyBaTH: CHHTE3 €JIEMEHTIB palioHa-
JBHOT CTPYKTYpH iH(OpMamiiHUX 1 BOTHEBUX 3ac00iB
nigposainie I1I1O; pinreHHs 3aBAaHb LMIIEPO3NONLTY Ta
IiIeBKa3iBKM 3a MaHUMH TIpo Iimi [7]; aBTOMarnuHi
mepenadi KOMaH[A YIpaBliHHSA HAa BOTHEBi 3acOo0M Imif-
posmini I1I1O; orpuMaHHS Big BOTHEBHX 3ac00iB Tix-
posninis IO momoBize#t 1 JaHWX PO WiJi; JOKYMEH-
TYBaHHS IpoIIeciB 60H0BOT pOOOTH Ta TPEHAXKY.

Jns BupIMIEHHS TOCTABIEHOTO 3aBIAaHHS Iepen
nigpo3ainamu [1I1O motpiGHi Mozedi, siki O T03BOISIH
omiHIOBaTH e(eKTHBHICTh OolioBoro 3acrtocyBanHus 3PK
(3AK) 3 ypaxyBaHHSIM BapiaHTy ix oprasizauii Ta cTpy-
KTYpH, a TaKOX MOJIEJIb MPOTHO3Y e(eKTHBHOCTI O0iio-
Bux niii cuctemu I[I10 B muHamili yMOB CHOJIBaHHX i
MMOTOYHUX OOMOBUX Aiif, Ta 3 ypaxyBaHHSAM ITapaMeTpiB
CTPYKTYpH iHpOpMamiiHUX 3B’ s3KiB miaposninis I1I10.
Takoro komiuiekcy mogened g cucremu IO 1me
Hemae. Alle € 9acTKOBI aHaTITHKO-CTOXaCTHYIHI MO
nporHo3y eheKTUBHOCTI OoioBuX Aiit 3aco6is IO [2].
Tomy, BUKOPHUCTOBYIOUH iX, IPOIIOHYETHCS MOJIEIb, KA
BCE II¢ BPaXOBYE Ta J0OIOMAarae KOMaHIUPY MiAPO3/IiIiB
[II1O ouiHIOBaTH BapiaHTU CBOET CTPYKTYpH, BUOUPATH
palioHaNbHI, 3 Kpauow e(pEeKTUBHICTIO MPUKPUTTS Ta
JoriomMarae MpUHRHSTH MIPaBUIIbHE PIlICHHST HA BiOUTTS
yliapiB 3 MOBITPS.

Mopenb ouiHOBaHHS e()EKTHBHOCTI IPUKPHUTTS JIiT
HazeMHHX cun migpo3pimamu IO Opuragm yMOBHO
300pakeHa Ha pHUC. 3 y BUMIAII OJIOK-CXEMH alrOPUTMY
omiaku edekruBHOcTi 3PK (3AK), BHOOpY mapamerpiB
eJIEMeHTIB 1 cTpykTypu minposainis [I10, npomo3umiii
KOMaH/IUpy PO e(heKTUBHICTH BUOPAHOT CTPYKTYpPH JUIS
MPUHHATTS PIlICHHS Ha BeICHHS OOHOBHX ITiHA.

3anpornoHoBaHa MOJENb MPHUITYCKAaE BUOIp THMO-
BOTO CKJIaqy BHYTPIIIHIX 1 30BHIIIHIX JKepen pazioio-
KaliiHoi iHpopMamii, HanpsAMy 0OMiHY TaHWMH, CKIaL
BHpIITYBaHUX 3aBHaHb OOpPOOKM MaHWX, (OPMYBaHHS
pexoMeHnpaniit mo ckmany 3aco06iB IO i mo ix ympas-
JIHHIO.

[Ticns 360py movarkoBoi iHdopmanii HeoOXigHOT
JUISL PO3PaxyHKiB, BU3HAYAIOTHCS IapameTpu CIOAiBa-
Horo yxmapy 3IIH, mani myis po3paxyHKy napamerpiB
CTpyKTypH 1 iH(popMmaniiiHnx 3B’s3kiB 3aco0iB [II1O
(6iok 1).

Mopens omiHku edekTUBHOCTI miapo3aims T1T1O
(6mok 2) 3 ypaxyBaHHAM iH(pOpMAIITHUX 3B’SI3KIB MIXK
3PK (3AK), sxi 3a6e3nmeuyroTh MpOTHO3 €(heKTUBHOCTI
cTpinebu BorHeBux 3acoOiB IO B pi3HUX yMmoBax
CITO/IIBAHMX 1 TIOTOYHUX OOMOBUX Il 3 METOIO HACTYII-
HOTO BHOOPY pallioOHAJILHUX TapaMeTpiB CTPYKTYypH
iHpopManiiHux 38’ 13kiB cucremu [1I10. Takum ynHOM,
BPAaxOBYETHCSl KUIBKICTh 3aco0iB pajiofioKaliiHoi iH-
¢dopmanii Ta CTpykTypa iH(pOpPMAaIiHHUX 3B’SI3KIB MiX
3PK. lle BmiMBa€e Ha CepeAHE 3HAYEHHS Ppup 32 4ac

MIPOTHUTIOBITPSHOTO OO0 3 YpaxyBaHHSIM 3HHUIICHHS KO-

MaHIHOTO MyHKTY [3-5].

BBeneHHs BUXiHUX
JIaHUX, OLIIHKA rapame-
TpiB ynapy 3ITH npo-

THBHUKA
“ P 2. .
OuiHka e)eKTHBHOCTI
i [ITO 3 ypaxyBaHHIM
BuGip pamioHabHuX IH‘J{’OPI"MH%HHHX
napaMeTpiB CTPYKTYpH 3B 53KIB
iHpopMmaniiHuX 3B’513-
KiB migpo3ainis [0 — 3
'\ [IporHo3 edexrus-
HocTi cTpinsou 3PK
(3BAK)

Ec’rp 2 Eneoﬁx

6
DopMyBaHHsI pe3yJib-
TaTiB Ta MPOTMO3UIIiif

Puc. 3. Anroput™m po3paxyHKy eheKTHBHOCTI
NPUKPUTTS Jii Ha3eMHUX cui migpo3zaizamu [1T10
(Fig. 3. Algorithm for calculating efficiency
covering the action of ground forces by air defense units)

Yac tp, SKWH 3aJUIIMBCS, BH3HAYAETHCS MOXKIIM-
Boto imoBipHicTio BusiBieHHs miieir 3PK (3AK) ta 3
ypaxyBaHHSAM IIEPEIIK0I0BOI 0OCTAaHOBKHM (BiH 3HaxXoO-
mutbess B rpanunsax 0,2..0,4 Bim yacTK 3arajbHOTO
yacy). Toxi cepeaHe 3a yacoM 00K 3HAuYCHHs HMOBIp-
HOCTI BUSIBIEHHS Py iNeH B yrpymyBanHi [1T10 moxe
OyTH BU3Ha4YCHE

o _ pd3y & cey b
Peu}ze - Psu}m ’ +Peu;ze ’ '
0010 6010

(18)

ne t1 — cepenHiii yac iCHyBaHHS KOMaHIHOTO ITyHKTY
Ha3eMHUX CHJI 1 IIEHTPaJli30BaHOTO YIIPABIIHHS BOTHEM;
t2 = toow0 f1, AK cepelHE 3HAYEHHSA 4Yacy JCLEH-
TpanizoBaHoro BukoHaHus 3asnanb 3PK (3AK) B xoxi
MIPOTUIOBITPSIHOTO OO0,

Orminka epeKTHBHOCTI aBTOMAaTH30BAHOTO YIIPaB-
JiHHS (0JIOK 2) 3mIMCHIOEThCS MO 3a0e3nedeHHIo0 00io-
Boto iHdopmariiero (iHpopMariero ajas BUPIILIEHHS 3aB-
JaHb 1mijeBka3iBku Ta 1ieposnoairy 3PK (3AK) mo -
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JsIM, SKi HamiTaroTh). IIpH sKiCHOMY pillleHHI 3aBaaHb
300py, 00poOKH pamionoKkariiHoi iHpopMarii Ta pimieHH]
3aBIaHb IIEBKa3iBKU Ta IJICPO3IIOILUTY, MOKHA YEKATH:
3MEHIIICHHS Jacy IUKITy CTPLTEOH 32 paxXyHOK CKOPOYEH-
HS 9acy TIOUTYKY I, YXBaJICHHS PIlIeHHA Ha OOCTPIN i
OpraHizamifo CTpiabOM B TNIMOWHI 30HM Ypa)keHHS; 3HH-
xeHHs ¥imoBipHOcTi 3uumeHHs 3PK (3AK) Bormem y
Bianosine 3[IH npoTuBHMKa 3a paxyHOK CKOPOYCHHS
LUKy CTPUJIbOM, a TaKOX JOJATKOBUX 3aXOiB 3aXHUCTY
3PK (BAK) (cTpinbba 3 3ami3HEHHSIM BKIFOUCHHS BUCOKOT
Hanpyrd Ha BUIPOMIHIOBAHHS Ta HAaBEACHHS 3EHITHHX
paker 3a KOOpAHHATaMH IiieBKa3iBku) [3-5].

3a pesynpTaTaMH omepariii OJOKy 2 TOTYIOTBCS
mo4aTKOBI HaHi (Payss, @ TAKOX M i P*) mist po3paxyHKiB
3a (hopMyIBHOIT cxeMoro 00Ky 3.

Mopens porao3y eeKTHBHOCTI OOHOBHX il BOT-
Heux 3aco0iB [IT1O (Gmox 3) mo3Boisie MPOTHO3YBATH
3HAYCHHS MAaTEeMATHIHOTO CITOJIIBaHHS KUTBKOCTi 00CTpi-
nstHUX Noge 1 3HUIEHUX Ny, 3[TH mpoTrBHEKA, KiTbKOC-
1i 3aumenux 3PK (3AK) i B cripomieHoMy BUTIISAAL OnH-
CYETBCS TIOCITIZIOBHICTIO (hOPMYJT JJIsl PO3PAXyHKIB 3 ypa-
XYBaHHSIM JJUHAMIKH OPOTHIIOBITPSIHOTO 0010:

1) Busnavaetncs inreHcuBHicTs (1) yaapy 3I1TH

N
| =3 (19)
t60}0
2) BHM3HAYa€THCS MaTeMaTHYHE CIIOMIBaHHS KiJb-
kocti 3[1H B rpymnax, y ckiani yaapy 311H
|
Gy = Zi i
i=1

(20)

3) BU3HAYAETHCS IHTEHCHBHICTD YACTHHU BXiJHOTO
notoky 3[IH (o BHCOTI MojboTy) 1 IHTEHCHBHICTD |y,
o npuxoauthes Ha 3PK (3AK) (3Hauenns j Oeperbes
JUIL TUX BHCOT, Ha SKHUX Ui MOXYTh OyTH 0OCTpiNsIHI
BIJIMOBITHO JIO X TAKTUKO-TEXHIYHUX XaPAKTEPHCTHK)

|
lex =1-D BH;; Ilzn—;
] o

(21)

4) Bu3Ha4aeThCsA pajaiyc 30HU ypaxeHHs 3PK
(BAK) xoXHOTO THITy 3 ypaxyBaHHAM JOCTYITHOI IO
BHCOTI MOJIBOTY YaCTHHU BXimHoro notoky 3I1H 3 ypa-
XYBaHHSM KYyTiB 3aKpUTTA

R? =ZjBH(Hj).R|§(Hj) k=10 (22

5) 3HaXOAUTHCS JOMOMIKHA BEJIMYMHA, HEOOXiIHA
JUTSL PO3PAXyHKIB 30H YpasKeHHS

q
L=>'m-RZ;
k=1
6) BuzHavaeThes WMoBipHicTh (P) 3Humenus 3PK
(3AK) k-ro Tumy B X0/1i OJHOTO IPOTUIIOBITPSHOTO OO0
3 HOBITpsiHOIO LULTIO. L{f0 HIMOBiIpHICTH MPUOIU3HO MO-
)KHA OLIHUTH 3 ypaxyBaHHSM CyMapHOI cepeHbOI KiJib-
KOCTI OCHOBHHUX 1 3aIlaCHUX ITO3ULIH JUIs 3aCTOCYBaHHS
3PK (BAK) (Ncm, K1) 1 KinbKOCTI iX LiTbOBHX KaHAiB
(Nug, K1)

(23)

* 0,5
A= N N
crk O ukk

 k=1q; (24)

7) BU3HAYAETHCS CEPEIHE 3HAYCHHS IIPOLYKTUBHO-
cti Ta ¥imoBipaicTs 3HHMImEeHHS 3PK (3AK) y Goro Ta
WMOBIPHICTE 3HUIICHHS T Py TipH ii 06cTpimi [1, 2]

19 2.
M=E'Zuk'mk'NaK,k'Rk ;

=
[y

Re My - Nk k ‘RE (25)

o
*
1]
|
L=

1

k 2.
Py -mg Ny r-Ri s

Me

1
Oy
k

1

8) 3HaxomAThCs KOe(IliEHTH BU3HAYEHHS BKJIAJIB
tuniB 3PK (3AK) B 3aranbuuii pesynbrat 00HOBHX i
nigpoaainis [1I10

2
MMy Nopgge - Rig

d 2
D mic My Ny g Ry
k=1

oy = k=1,...q; (26)

9) BH3HAYAETHCS MAKCHMAIBbHO MOKIJIMBA Kijlb-
kicth 3ITH, siki 06¢cTpimoroThest (Nmax), B AyenpHuX 60-
sx po momenty 3HumeHHsA ycix 3PK (3AK) yrpymy-
BanHs [1I10, 3 yMOBOIO BiICYTHOCTI OOMEKEHb Ha Killb-
kicts 3I1H B ynapi, Ha yac ynmapy i Ha KUTBKICTh pakeT
B 3PK Tta 6oenprumacis B 3AK

Nmax =No/P"; (27)

10) Bu3HAYa€eTHCA CepeaHe 3HAUEHHS KoedilieHTa
nepekputTs 30H ypaxkeHHs 3PK (3AK) III1O

s’ :L'imk'NUKk'ng :
L@P : Lz k=1 Y
11) 3HaXOMUTHCS TPaHUYHE 3HAYCHHS Koe(ilieHTa
nepekputTs 30H ypaxkeHHs 3PK (3AK) III10

(28)

q
S; :ka.NHK,k ; (29)
k=1

12) Bu3HAYa€THCS OI[IHOYHE 3HAYEHHS KOEPIli€HT-
Ta nepexputTa 30H ypaxenHsa 3PK (3AK) IIITIO

S, =min (S?;Sﬁ); (30)

13) 3HaxX0AMUTHCS MPOMiKHE 3HAUEHHS Koe(ilieHTa
3aBantaxxeHHsa 3PK (3AK) yrpynysanns 1110

p=li/u; (31)

14) BU3HAYAETHCS OIIHOYHE 3HAYCHHS KOe(irleH-
ta y4acti 3PK (BAK) y 600 3 ypaxyBaHHsIM edexty
«HEMOBHOJIOCTYIHOCTI» yrpymyBanHs [II1O (po3ramry-
BaHHS Ha MiCLIEBOCTI, TIEPEMIIIEHHS JIIs 3MiHH TIO3HIIIT)

1,0 npu S, <1;
1,33-0,32-S, -0,02-S? , inaxwe;

0,84-0,47-S,-0,4-S2 npu S, <1;

0, IHaxkwe,

b= (32)

B 10, npu S, >10;
7 l1—a-(b+p)-exp(—p) , inaxwe ;
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15) ouinka koedimieHTa, AKUi BpaxoBy€e IPYIOBHIA
ckian 3ITH B ymapi

_ {53 /Gspzpr ipn S, < Gy (33)

1 1HaKIIIE ;

16) BusHauaeThes KoedinieHT 3aBanTaxeHocTi 3PK
pr=p-K,n; (34)
17) 3HaxoaWThCs 3HAYCHHS BITHOCHHMX BTpPAT CTO-
piH B nuHamini 0o (3 ypaxyBaHHAM MoOinbHHX 3PK
(3AK), po3mipiB ix 30HM ypa)KeHHs, CTPUILOM Mix 4ac
pyxy Ta 3 kKopotkoi 3ymuukH, momi (Q) 3I1H, ski Bumi-
nstetbest Ui 3HuIneHHs 3PK 1 3 ypaxyBanHsM Ge3kap-

HHX yJapiB 10 MO3HUIIsAX 1X po3TarryBanns) [1, 2, 11]:

]&m@:[l'PO'Ky;
Iy =1 -(1-Py);
; (35)
Iy =P +1,-0-Py;
I, =p-A-P);
=1L+ 1y %2 =Louse T A3 =21 +%2
> 36)
X4:\/X3_4'(X1'X2_13uﬂ6'16);
X3 —X4. X3+ X4,
Y1:—32 2, 2=%, 37)

18) 3HaXOAWTHCS 3HAYEHHS MAaTEMATHYHOTO CIIO-
JIBaHHS BEJMYMHH BIHOCHHUX BTpaT cTOpiH Pio(t), Ki-
JbKICTh 00CTpiNIsAHuX Hinei [1]

1 (X1+Iewzs _Yl)'e_vl‘t -

Ro(t) =1~ e
X4 _(Xl+leuﬂ6 _YZ)'e 12

Wy = Py “Noge.1s (39)
I Qe y -

Noﬁc.l = ﬂ'H'ﬂ' (40)

7 PR
20) 3HaxoAMThCs KUTBKICTH OOCTPistHUX Noge 1
3aumeHnX Nsy 3[TH, a Takosx 3anrmeHnx 3PK Nay pc
Noge = Noge.1-Noi N, =Wy ‘No ;
Nip.spe = Po(t) no;
21) 3HaXOAUTHCS PO3MOMALT MATEMATHYHOIO CIIOJi-

BaHHS KUIBKOCTI BTpar cropin i ooctpiny 3IIH nmporus-
Huka no tunax 3PK

(41)

N06Ck = NOﬁC a‘k’ N3H.I4k = N3H_14 G,k, (42)

n n o, k=1lq;

sH.3pKy | VaH.3pK

22) 3HaXOAWTHCS OIlIHKA MATEMAaTHYHOTO CIO[i-
BaHHS KUTBKOCTI (Np-g) 3HUIIECHHUX 00’ €KTIB MPUKPHUTTS
tumy 3PK (3AK) [1]

= min(NZ_6; (N3 - NgH.u)/nl); 43)
N, ;= Nz_g - ;H_g; (44)
ne Puuss — WMOBIpHICTE cBOeuacHOTro BusiBiieHHs 3[TH

NIPOTUBHHKA; Ng — mouaTtkoBa Kinbkicte 3PK (3AK) B
yrpymyBanHi I1I10; n; — monironunii Hapsa 3[1TH mns

3HHIICHHS HAa36MHOTO 00 €KTY; N;’,_6 — II0YaTKOBa

KUJIBKICTh HE 3HHUINEHHUX HA3eMHHUX OO0 €KTIB, ;,}15 —
3HHUIICHI Ha3eMHi 00°ekTH; Nypy — KinmbkicTs 3[TH mpo-
THUBHUKa B ynaapi; P* — limoBipHicTb 3HHmieHHs 3PK
(3AK) mOBITpsIHOIO LJUTIO 3a TEpioJ] OMHOTO IHKITY
ctpinsou; p — npoaykrusHicts 3PK (3AK) mo o6ctpiny
iTeH.

[Ticns BU3HAYCHHS CHOMAIBAHUX 3HAYCHb MOKA3HU-
kiB epexruBHOCTI cTpinsdu 3PK (3AK) cucremu III10,
y pasi iX He3amoBUIbHOTO 3HaueHHS (Onok 4) ciigye
mepexin 1o OMoKy BHOOPY palliOHANBHUX IapaMmeTpiB
CTpYKTypH iH(popMamiiHuX 3B’s3KiB cuctemu [1I10
(6;ok 5) 1 nayti — Ha MOBTOPEHHS PO3PaXyHKIB.

Inaknre pimeHHst 3a7a4i OLIHKK epEeKTUBHOCTI Ta
BUOOPY pallioHaIBHUX apaMeTpiB CTPYKTYpH iHpopMa-
uiitnux 3B’s3kiB 3PK (3AK) cucremu II10 BBakaeThes
3akiHuyeHuM (0J0K 6). 3a HAsBHOCTI IMiATOTOBICHHUX
nporpam Take 3aBJIaHHSI MOXKE BUPIIIYyBaTHCS, SIK 3aBya-
CHO, TaK 1 B X011 00¥0.

BucnoBku

VY crarTi 3ampomoHOBaHa MOJIETh OIIHIOBAHHS
e(eKTUBHOCTI NPUKPUTTS Il HA3EMHHUX CHJI MiJPO3.Ii-
namu I1I10. Po3pobriena mMojenb 1ae MOXKIUBICTD OIfi-
HIOBaTH eQeKTUBHICTE BemeHHs OofoBux mii 3PK
(BAK) npu BigOuTTI Hamaxy 3 MOBITPs, BHOpaTH mHapa-
METPH eNeMEHTIB 1 cTpykTypy mnizpo3ainis I1I10. Bona
Jornomarae koMauupy nigposzainis [1I10 pizHoro piBHS
iepapxii OIIiHIOBATH BapiaHTU CBOEI CTPYKTYpH, BHOH-
patu panioHaNbHI iH(GOPMAIiiHI 3B’SI3KM 3 KpaIloo
e(EeKTUBHICTIO MPHUKPUTTA Ta JONOMarae MNpUHHATH
MIpaBUJIbHE PILICHHS Ha BIIOWTTS yAapiB 3 MOBITPS.
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Mopenab oueHkH 3(p(peKTUBHOCTH NMOAPaA3AeIeHHI IPOTHBOBO31YILIHON 000POHBI
C. I1. Kosasenko, C. B. I'epacumos, A. @. Bonkos, C. . Kopcynos, M. 1. O6opoHoB

AHHOTAmMs. AKTyaJlbHBIM BOIIPOCOM COBPEMEHHBIX JIOKAJIBHBIX KOH(IIUKTOB SIBIISIETCS 0OOCHOBAaHHE BO3MOXKHOCTH
ToJIpa3ieNIeH!id TPOTHBOBO3IYIIHOI 000OPOHBI BBINOJIHATH CBOM HETIOCPEICTBEHHBIE 33/1a4H 110 TIPUKPBITHIO C BO3/1yXa JACHCTBHI
Ha3eMHbIX ciil. OCOOEHHO aKTyallbHO pEIIeHHe 3TOTO BONPOCa B JIOKAIBHBIX KOH(JIMKTaX, KOTAa MPOCTPAHCTBO, HA KOTOPOM
HE0OXOIMMO BBITIOJIHATH ITOCTABICHHYIO 33/1a4y, PAacTsHYTO IO IUpHHE U T1youHe. Lledab cTaThu - pa3paboTka MOJIENN OLIEHKH
3¢ eKTUBHOCTH PHUKPHITUS ISHCTBHS Ha3eMHBIX cHIl oapasaeieHussmMu [IBO B HOBBIX MO3HIMOHHBIX palOHaX, N3MEHHINCH B
pa3Mepax 1o mupuHe u B TiryOuHy. PedyabTat. B crathe npemmaraercst Mojenb, KOTOpast MO3BOJISIET OIEHUBATh 3()(EKTUBHOCTD
TIPUKPBITHS BOOPYKEHUSI 1 BOGHHOW TEXHHKH M MHQPACTPYKTYPHI HA3eMHBIX CHJI MOJPa3/eNeHUSIMU ITPOTHBOBO3IYIIHOH 000-
poHbl. BeiBoABI. Pa3paboTaHHas MOIEIb ITOMOXKET KOMaHIMPY TTOPA3AEICHNs] IPOTHBOBO3AYIIHONH 00OPOHBI OI[EHUBATH BAPH-
aHTBI CBOEH CTPYKTYpHI, BRIOMPATh U3 HUX PallOHANBHBIC, C Tydmied 3 (eKTHBHOCTHIO MPUKPHITHS M MOMOTAeT eMy NPUHATH
MIPaBUJIBHOE pelIeHHe Ha OTPaKEHHE YAapoB C BO3ayxa. IIpeanoskeHHas MoJenb MO3BOJSET OLEHUBATH d(PEKTUBHOCTD MpPH-
KPBITHS Ha3eMHBIX CHJI NPH PA3THYHBIX BXOIHBIX JAHHBIX U CIIOCOOHOCTH MOJpPAa3feNeHuil MPOTUBOBO3AYIIHOW OOOPOHBI MPH-
KPBITh Ha3eMHBIE CUJIbI B 3aBUCMOCTH OT MECTHOCTH U ICHCTBUI NPOTHBHUKA.

KnouyeBble cioBa: Mouenb; pacueT 3((GEeKTHBHOCTH; JIOKAIbHbIE KOH(IMKTH, MPOTUBOBO3AYIIHAS 0OOpOHA; rpad
BO3MOJXHBIX COCTOSIHH; BO3IyIIIHOE POCTPAHCTBO.

Model for assessing the efficiency of departments anti-air defense
Serhii Kovalenko, Sergey Herasimov, Andriy VVolkov, Serhii Korsunov, Mykola Oboronov

Abstract. An urgent issue of modern local conflicts is the substantiation of the ability of air defense units to carry out
their immediate tasks of providing air cover for ground forces. The solution to this issue is especially relevant in local conflicts,
when the space in which it is necessary to perform the assigned task is stretched in width and depth. The purpose of the article
is to develop a model for evaluating the effectiveness of ground forces cover by air defense units in new positional areas, which
have changed in size in width and depth. The article proposes a model that makes it possible to assess the effectiveness of cover-
ing weapons and military equipment and infrastructure of ground forces by air defense units. The model was developed using the
theory of probability. Conclusions. The proposed model involves the choice of a typical composition of internal and external
sources of radar information, the direction of data exchange, the composition of the tasks of data processing, the formation of
recommendations on the composition of the air defense team and their management. The developed model helps the commander
of the air defense unit to evaluate the options for his structure, choose rational ones, with the best cover efficiency, and helps him
make the right decision to repel air strikes. The model is proposed to be used in decision-making systems to help the commander
make the right decision to cover ground units from the air. The proposed model will also be effective in automated decision-
making systems.

Keywords: model; calculation of efficiency; local conflicts; air defense; graph of possible states; airspace.
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BUKOPUCTAHHS EJIEKTPOMEXAHIYMHUX AHAJIOT'Ti ITPA IIOBYJIOBI
TA PO3PAXYHKY IMITAHIMHOI MOIEJII IPOLECY KPYTHJIbBHUX
KOJIMBAHDB BAJIOITPOBOAY ABUI'YHA BHYTPIIIHbOI'O 3IOPAHHA

AnoTanis. Mera cTaTTi — OOIPyHTYBaHHS MOJIMBOCTI BUKOPHUCTAHHS €JIEKTPOMEXaHIYHUX aHAJIOTiH mpu MoOyAoBi Ta
PO3paxyHKy HapaMeTpiB iMiTamiiHOI MOAENi MpoLecy KPYTHJIBHHX KOJHBAaHb BaJOMPOBOAY ABUTYHAa BHYTPIIIHBOTO
3TOPSIHHA, SIKa TO3BOJIUTH MIEPEXOAUTH BiJl MEXaHIYHUX MOJIENICH BaJONIPOBOIIB /10 1X eNeKTPUYHUX aHaJIoriB. Pe3syabTaTn
Joc/IilzkeHHsl. B cTaTTi 3’4COBY€ETHCS 3B’ 30K MK SBUIIAMH, 10 BiAOYBAIOTHCS B MEXaHIYHHUX Ta €IEKTPHUYHHUX CUCTEMAaX,
BCTAHOBJIIOIOTHCSI MEXaHIUHI Ta €JIEeKTPUYHI aHAJIOTH, a caMe 3YCHIII PO3IIINAEThCS K eNeKTpopylliifHa cuima abo
Harpyra, OIBAAKICTh SK CTPyM, MOMEHT iHepIlii sIK iHIyKTHBHICTb, ITOJJATINBICTh NPYKUHHU SIK €MHICTB, KOGQIi€HT TepTs
SK eNeKTPUYHHH Omip, a KiHeMaTH4yHa CXeMa BAJONPOBOAY NPEICTABISIETHCS B BUIVIAI CXEMH PEAKTHBHOTO
JIBOTIOJIIOCHHMKA, HapaMeTpH SKOTO BH3HAYAIOTHCS B XOAI AHAINITHYHHX pO3PaxyHKIB KIHEMATHYHOI CXEMH IPY)KHOI
CHCTEMH. BBEIEHO MNOHATTSA IMHAMIYHOI JKOPCTKOCTI K€ AHAJIOTIYHO IMOHATTIO PEAKTHBHOTO OHOPY JBOIOJIOCHHKA.
HaBonsarecs BuXimHI JaHi I pO3paxyHKy JHIHHOI CHCTEMH, B SKOMY NPHHHATO, IO HOAATIUBICTE aMOpPTH3aTOpa
JIOpiBHIOE HYNI0. BuCHOBKH. 3a pe3ynpraTaMu MPOBEICHHUX AHAIOTIH OynM OTpHMaHi mapaMmeTpd iMiTamiiHoi Mozedi.

[IpoBenenuii po3paxyHOK MpPYKHOI CUCTEMHU 3

BUKOPHCTAHHAM METOAY €JIEeKTPOMEXaHIYHUX AaHAJOTiH JO3BOJIUB

no0yIyBaTH IMITaIiHY MOJIENb BAJIONIPOBOY IBUT'YHA BHYTPILIHBEOTO 3TOPSHHSI.

Kaw4oBi cioBa: Monens, eneKTpOMEXaHiuHI aHAIOT11; KPYTHIBHI KOJIMBAHHS, PEaKTHBHUI JBOMOIIOCHUK.

Beryn

IocranoBka mpo6saemu. SIBuIna, MO MalOTh MicIie
B peaIbHUX MPOLECcaX, SKi BiZ0OYBAIOThCS B PI3HOMAHITHUX
MPHUCTPOSIX 1 IX €IeMEHTaX, SIK MPABUIIO, JOCITIIKYIOTHCS 3
BUKOPHCTaHHSIM 3aKoHiB ¢i3uku. [Ipu npoMy mij yac mpo-
BEJICHHS JIOCJI/PKCHb BUKOPHUCTOBYIOTBCS BiIIIOBIIHI CHC-
TeMH pIBHSHb, SIKI IPH BUBYEHHI MNEPEXiJHUX IPOLECIB
OIMMCYIOThCS AU(EPEHIIATbHUMA PIBHAHHAME. Buxomsan
3 €IHOCTI PiBHSHB, SKi BIIIIOBITAIOTh NCSIKAM JIBOM SIBH-
maM, 10 BiZOYBArOTHCS B PI3HUX CEpEeNOBUINAX, HATIPH-
KJIaJ, B €JIEKTPHYHOMY KOJIi 1 B MEXaHi9Hil CHCTEMI, MOXK-
JIMBO BCTAHOBUTH QHAJIOTIIO MIXK IIUMH SIBUIIIAMH 1 CyTTEBO
CIPOCTUTHU JOCHIKEHHSI MEXaHIYHOI CHCTEMH, 3aMiHIOIO-
YH I[F0 CUCTEMY EJICKTPUYHUM KoyioM. CITil MiKPECIInTH,
LI0 BUKOHAHHS EJIEKTPHMYHOTO Kojia OUIbII KOMIIAKTHE,
BUMIPIOBaHHS B 1IbOMY KOJIi OUIbII TOYHI Ta mpocTi. Tomy
3’SICYEMO, SIK MOYKJIMBO BUKOPHCTATH OCHOBHI MOJIOYKEHHSI
€JICKTPOMEXaHIUHOI aHayorii 111 MoOyJI0BH iMiTaIliiiHOT
MOIeN MPOLECY KPYTHUIIBHUX KOJIMBaHb JIBUI'YHA BHYTpI-
LIHBOTO 3TOPSIHHSL.

AHaJii3 ocTaHHIX JocaiTxeHb i nyOaikaunii. ¥ [1-
7, 10-13] HaBOIATBCS TEOPETUYHI 1 IPAKTUYHI pe3yJIbTa-
TH, SIKI OTPUMaHi iHIIMMH aBTOpPAaMH 3a JIAHUM Harps-
MoM. PazoMm 3 TuM, B maHMX poOoTax He OOIPyHTOBaHA
MOXJIMBICTh BHUKOPHUCTAHHS €JIEKTPOMEXaHIYHNX aHaJIo-
il JUIst JOCII[PKEHHSI POLECY KPYTHIBHUX KOJIMBAHb.

Mera crarTi — OOIpYHTYBaHHS MOKJIMBOCTI BU-
KOPHUCTaHHS €JEKTPOMEXaHIYHUX aHAJIOTIH mpu moOy-
JIOBI Ta pO3paxyHKy MapaMeTpiB iMmiTamiiHOI Momedi
Npoliecy KPyTWIBHUX KOJHMBaHb BaJONPOBOJY JBUTYHA
BHYTPIIIHBOTO 3TOPSIHHS, SKa JIO3BOJIUTH IEPEXOAUTH
BiJl MEXaHIYHUX MOJIEJIel BaJIONPOBOIIB /10 IX €JIEKTpH-
YHHUX aHAJIOTIB.

Bukian ocHoBHOro maTtepiany

B crarTi 00rpyHTOBYETBCS METOJ TOCIIIKCHHS
MPOIECY KPYTUIBHUX KOJMBAHb 3aCHOBAHWN Ha BHKO-

pHUCTaHHI IMiTamiiHOI MOZEi 1BOro mporecy. MeTox
3aCHOBAaHWI Ha BUKOPHUCTaHHI, IPH MOOYIOBI MOAEN,
SBWINA E€JEKTPOMEXaHIYHOI aHanorii. Biamoimao 10
METOJy €JeKTPOMEXaHIYHUX aHamoriid [8-9] 3amaHe 30B-
HILITHE 3YCHIIIS PO3TIISIAETCS SIK JUKEPETIO CHIIN — B €JIEK-
TPUYHOMY KOJIi SIK eNIeKTpopylIiiiHa cuima abo Hampyra, a
IIBUJIKICT, SIKA 3aJ]aHa, SIK JPKepesIo MIBUIKOCTI a0o JKe-
PEJo CTPYMY YU CTPYM.

Ponb macuBHHMX €NEMEHTIB B MEXaHIYHHX KOJax
BUKOHYIOTh MacH, MOMEHTH 1HEpIil, IPYXKWHH Ta MeXa-
HiuHl aemndytodi omopu. OCKUJIBKM MOMEHT iHepuii
npescTaBisie co00 KoedilieHT MPOMOpIiHOCTI MiX
MOMEHTOM Ta JIHIHHEUM a00 KYTOBHUM MPHCKOPEHHIM
HOTO CITiJ B €EKTPUIHOMY KOJi BBAKATH iHIYKTUBHIC-
Ti0. [Ipy)krHa BHKOHY€ pOJb ITACHBHOTO €JIEMEHTa, B
SKOMY HAaKOTIMYY€ThCS MOTEHIINHHA €Hepris, eNeKTpHY-
HUH aHAJIOT SIKO{ € eJISKTPUYHA €HEpris, a MOAATINBICTh
MPYXKUHU, OOEPHEHO MPOIOPIliiHHA 1i KOPCTKOCTI, A€
€MHICTb B €JIEKTPUYHOMY KOJIi MPOMOPIliiiHa MOAATIN-
BOCTI B MexaHiuHoMy Kouii. TepTs, a came koedilieHT
TepTs, IPONOPIiHHUIA aKTHBHOMY OIOPY B MEXaHIYHO-
My Koul, 1e enexktpuuHui omip. [Ipm moGynosi imiTa-
iftHOT MoJIeNi TpoIecy KPYTHIIBHUX KOJIHMBaHb, OyAEeMO
IIYKaTH aHAJIOT ITWHAMIYHOI KOPCTKOCTI NMPYXKHOI CHC-
TEMH BaJIONPOBO/Y, KIHEMaTHYHA CXEMa SIKOTO BKJIFOUYAE
JUISTHKA BaJTy Ta MaXOBi MacH.

3a pesyabpTaTaMHM MpPOBEJCHOI aHANOTii 3 METO0
MiATBEPIKCHHS ICHYFOY0T MATEeMAaTUYHOI MOJIEINI JIOIIi-
JIGHO 3alpPONOHYBATH IMiTalliiHy MOJEJb Ipolecy Kpy-
TUJIBHUX KOJIMBaHb BaJONPOBONY JM3€Jb-TeHeparopa
ACHTI-500IIIT y cknaai gusenst M-619 ta reneparopa
P-504, ocHameHoro MmMWHHO-KapAaHHOI MydTor0. Bu-
3HAYMMO OCHOBHI XapaKTEepUCTUKH arperary:

- noryxHicte: N = 500 xBT;

- KimekicTh 00epTiB: N = 150 06/xB..;

- KUIBKiCTh HWJTIHJIPIB: Z = 12;

- KUIBKIiCTh TAKTiB B IMIIIHAPI: M = 4;

- KyT po3Bairy Mix Ookamu: ¥ = 60°;

© Kononos B. B., Kononosa O. A., Mycaiposa 0. /1., 2021
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- YepryBaHHS Crajiaxis: JiBuii 00K 1-5-3-6-2-4,
mpaBuii 610k 6-2-4-1-5-3;

- MOMEHT  iHepmii  MacH  KPHUBOIIMITHO-
IIATYHHOTO MEXaHi3My, IIOB’S3aHOTO 3 OJHUM KOJIECOM,
Je =3 1kremc?;

KOJIIHIaTOTO

-  TONATJIMBICTL  KOJIiHA

lg =3,75-10 8 krlem?;

BaITy

- MaxoBHI MOMEHT KOJIEKTOpa Gﬂ,f =87 krm?;

- MaxoBUH MOMEHT SIKOpSA G,ZZ,% =431 krm?;

- MaxOBHi MOMEHT  Baly  TeHepaTopa
.Gﬂgz =24,5. krm?;
- MaxoBHMil MOMEHT TOMIOCIB  TeHepaTopa

2 _ 2

G/, =106 xrm*.
B Tabn. 1 HaBeAeHi BUXiAHI JaHI U1 pO3PaxyHKY Jii-
HIMHOT CHUCTEMH, B SIKOMY MPUIHATO, L0 TOJATIMBICTH

aMopTH3aTopa JopiBHIOE Hymo (MomeHT oropy Wij+1, To-
natnuBicts lgj i =1 26-107° -Zk | / o, BinHocHa mo-
matmBicts & = loj is1 /loxs » MOMEHT inepuii J; , Bimo-
cuuii Moment imepuii Qj = Jj/J,, ) Iepmmm Kpoxom
noOy;I0BY iMiTaiitHOT MOJIeNi € 3aMiHa peabHOro BaJol-
POBOIY ITH3ENb-TeHEpaToOpa PO3PaXyHKOBOIO MEXaHIYHOIO
CXEMOIO 3 INOJAbIIUM ii IIEPETBOPEHHAM B EIIEKTPUUHY
CXEMY PEaKTHBHOTO EJIEKTPUYHOTO ABOIOJIIOCHHKA.

B npyxHiit cucremi (puc. 1) BUHHKArOTh BIIACHI
KOJINBAHHS ITicTs 11 BUBOAY 3i CTaHy PiBHOBAaru Ta 3HAT-
Ts 30yprotoun BIUMBIB. [lapameTpn BITBPHHX KOJIWBaHBb
4acTOTa, aMILTITy1a, KOeQiIlieHT 3aTyXaHH] € TUHaMid-
HUMH XapaKTePUCTUKaMHU TPYKHOI CHCTeMH 1 U iX
BU3HAYCHHS HEOOXITHO 3HAWTH MacOBI MOMCHTH 1HEPIIil
€JIEMEHTIB BaJIOTIPOBOJY Ta KPYTHIIbHI )KOPCTKOCTI HOTO0
ninsHoK. [Ipu BU3HAa4YeHHI IIMX MapameTpiB BUXOIATH 3
HACTYITHUX MipKYBaHb.

Tabruys 1 — Buxigni 1ani no KpyTWibHil cucteMi Au3eb-renepaTopa

NeNew'emmams | 12 | 23134 | 45|56 |67 | 78 |89 | 910 | 1011|1112 |1213] 1314 | 1415 ng)ffi"
Mowent onopy | 503 | 155 | 155 | 155 | 155 | 155 | 155 116 | 112 298 | 279 | 483 ol
-8
Monatmsicts | 330 |3,75(375|375(375(375| 287 | 0 |3236| 411 |11625|1,504| 0,112 | 026 KFﬂOCM_l
Binwocamona- | g | 4 | 4 | 9 | 1 | 1 |0765| 0 |0863|1096| 31 |0401|0,0293|00694 -
TJIUBICTH
NoNe mac 1 23| 4|56 7 |8 9 [10] 11 |[12] 13 14 | 15
Mowmenr inepnii | 12,12 | 31 | 31 | 31 | 31 | 31 | 31 |123| 300 | 2,77 |15531|16,79] 211,65 | 11297 | 301,54 kremc?
Biguochmii Mo- | 3g | 4 | 4 | 4 | 1 | 1 1 [0396| 9,68 | 0,893 | 501 |5416|68,274|36443|97271| -
MCHT 1Hepu11
364,43
Q 3,91 1 1 1 1 1 1 039% 9,68 0,893 2,916
68,274 97,271
1,334
/ \
\—
—1
\\_
£ 88 1 1 1 1 1 o765 0 0863 | 1,096 20 212 |3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Puc. 1. Po3paxyHkoBa cxema Banomnpooy npyxuoi cucremu (Fig. 1. Diagram elastic shafting system)

Peansauii MOMEHT iHEpITi €KBIBAJICHTHUI MpHBEIE-
HOMY 30CepeKEHOMY MOMeHTy iHepiii J . JIast mporo
JeTaJb CKJIaJJHOI TeOMEeTpHYHOI (GOpMH CITii po30OHUTH Ha
psII IPOCTUX TEOMETPUYHMX TiJI, BU3HAYEHHS MOMEHTIB
KOTpHUX He € ckiaaHnM. [IpuBenennii MoMeHT iHepItii mac,
IO MalOTh MOCTYIIOBUI PyX, BU3HAYAETHCS 3 YMOBH PiB-
HOCTeH KiHeTHYHMX eHeprid. [Ipy BU3HAUCHH] KPyTHIIBHOI
xopctkocti C, 3pydHO BHKOPHCTOBYBATH KPYTHIIBHY
nomatiuBicte G, =1/C, sxa [OpIBHIOE BiJIHOIIEHHIO

JIOBXHHHM AUIsiHKA L; o noOyTtky monysst 3cyBy Matepia-
JTy Bajly Ha NOJAPHUI MOMEHT iHepii nepepizy Bainy J .

[Ipu mociinoBHOMY 3’€THAHHI €JIEMEHTIB CKJIaJHOT CHC-
TEMH il TIONATINBICTh OPIBHIOE CyMi TIOJATIMBOCTEH OK-
pEMHUX TUISHOK, a TPY TapayielbHOMY 3’ €IHaHHI MPU BU-

3HAYEeHHI KOPCTKOCTI BCI€l CHCTEMH CYMYETHCS JKOPCT-
KiCTb i1 OKpEMUX JIIITHOK.

Po3paxyHOK BUTBHUX KPYTHJIBHUX KOJUBAHb 31iH-
CHIOBAaBCS IIUIIXOM CKJIaJIaHHS PIBHSHB PyXy KOXKHOTO 3
JIMCKIB TIPY’KHOT CHCTEMH BAJIONIPOBOAY JIBUTYHA, a
caMe TakuX piBHSIHb

I+ Cy (¢~ ) =0;
3205-Cy (01 —02)+Cy (62 —3)=0;
334;.3—C2(¢2—¢3)+C3(¢3—¢4)=0;

315 d15-Cry (614 —15)

M

0.
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B nux piBHsAHHAX: Jj ¢j - iHepUiliHUI MOMEHT i-TO
aucka; Cj (d)i —b; +1) - MOMEHT IPY>XHHX CHUII i-01 Aind-
HKH Baiy; 0j- KyT BIIXHJICHHS BiANOBIIHOTO JHUCKY Bix

HEUTPAIBLHOTO MOJIOKEHHS.
Pimenns cucremu piBHSIHB (1) Ma€e TaKwii BUTIISA:

i = g sin(pt+v), )
ae 0jp - aMIUITyJHe 3HAuYCHHS KyTa BIIXHUIIEHHS 1-TO
JIMCKY; Y - TOYATKOBUIM KyT BiIXWICHHS IHCKY; P -
YacTOTa BIACHUX KOJINBAHb.

JIBidi BHKOHABIIX MUQEpEHIIIOBaHHA BHpa3y (2)
Ta BBOISMYM IIO3HAYCHHS BIOJHOCHUX  aMIUTITYI
d10/d10 =01 =1; dio/d10 dio/d10 =0, oTpumMyemoO
IicIIsl CyMyBaHHS BCiX piBHSHB (1):

—pz(Jl(l1+\]zaz +...+J15(Xl5):0. (3)

Ockinbku p2 #0, TO npu BIIBHUX KPYTHJIBHHX

KOJIMBaHHAX MHOIOWICH, SKUM 3allUCaHUU y Jy’KKax
piBHsHHS (3) MycuTh J0opiBHIOBaTH HyJr0. Came B I1bO-
My MOJISITAa€ 3MICT PO3paxyHKY, BIAIOBIHO IO SKOTO
3HAXOJATh JUIsl PI3HUX 3HA4€Hb [) BIIXHOCHI aMIUTITY/H,

HalpuKiIaa
oy =1—é—i p%; 0y =Cy (Cl—J1p2)/(Cl(C2 -J; PZ)) (4

TakyM YUHOM METOJOM IIOCIiJIOBHUX HAOIMKEHb
3HAXOMAATh Ti 3HAYCHHS [, SAKI [EPETBOPIOIOTH MHOTOY-

JIeH, SIKMH 3alMcaHuil B Iy)KKaX CIIBBiTHOIICHHS (3) B
HyIlb. MeHIle 3Ha4eHHs] P Jae nepiry (OJHO BY3JIOBY)

¢opmy konmBaHb. HacTyrHe 3HaUeHHsT P BH3HAYae Ipyry

(mBOBY3IIOBY) (OpMYy KOJIMBaHb. J{Jisl AM3enb-reHepaTopa
ACAI-500IIIT nHasBHICTH HIMHHO-KapAaHHOT MYy(TH
3abe3rnedye OOMEXKEHHsS aMIUNTYX KOJHBaHb, TOOTO
poOHTH PpO3MIIAaEMY TPYXKHY CHUCTEMY HEJIHIHHOIO,
TOMy OyB BUKOHAHHUH IEepEepaxyHOK BUIBHUX Ta pe30Ha-
HCHHUX KOJIMBaHb TPHOXBY3JI0BOI (hOpMH.

Jns cripoIneHHs aHali3y MpOIIeCiB, M0 MArOTh Mi-
CIIe TIPY MOSIBI KPYTHIBHUX KOJIMBaHb, OCOOIMBO Y BUIIA/I-
Ky CKJIaJHUX CXEM BaJIONIPOBOJLY, 3aMICTh CKJIQJAHHS CHC-
TeM udepeHIiaTbHuX PiBHSHB (1) 3pydHO BUKOPHCTOBY-
BaTU MOHATTS JUHAMIUHOI kopcTkocTi [1-3] minm sikum
PO3YMIIOTh BiJHOIIEHHS aMIUTITYIH 30ypPIOI0YOTO MOMEH-
Ty M , ckaxiMo B TOULi A BaJIONPOBOAY JIO aMILTITYAX

KOJIMBaHb KyTa 3aKPYIyBaHHSA (@, B IIiH TOYII.

[Tpn 3HaxOMKEHHI AMHAMIYHOI KOPCTKOCTI CHC-
TeMu B [1] THpONOHYeThCS BHUKOPHCTOBYBATH METOJ
Tepcbkux (MeTOJ JTaHIIOTOBUX APOOiB), BIAMIOBIIHO /10
SIKOTO JMHAMIYHA XOPCTKICTh BAJIMKa, 10 HE MAa€ MacH
JOPIBHIOE HWOT0 CTaTHYHIN >KOPCTKOCTI, a TUHAMIYHA

. . 2
JKOPCTKICTb OJTHOT'O AMCKa JOP1BHIOE Jp .

c, =Y(-y/? +yc) , 5)

Je P -4acToTa KOJIMBaHb.

Jlis n-MacoBoi CHCTEMH JUHAMIYHA >KOPCTKIiCThH
C, BHU3HAYAETHCS TAKUM YHHOM

1
1 N 1
1 2 C
_Jip n-1
Cn—2 n-1
1 3.2 (6)
1 +i ‘]3p
1 1.2 C
11 Jap
—3p? G
—anZZC().

HpI/I TICBHOMY 3HAYEHHI YaCTOTH B CHCTEMI pi JH-

HaMiYHa XKOPCTKICTh CUCTEMHU CTA€ TAaKOI0, IO JOPIBHIOE
HYJIFO, aMIUTITY/Ia KOJIMBaHb 3POCTA€E J0 HECKIHYCHHOCTI,
[0 Mae Miclie TP CIHiBMaiHHI YaCTOTH CHJIH, 10 30Yy-
PIOE, 3 YACTOTOKO BJIACHUX KOJHMBaHb. Take siBUIE Mae
MiCIIe TIPH PE30HAHCI, a ONHC [BOTO MPOLECY B €ICKTPH-
YHAX KOJIaX HOCHTh MOMiOHWHA Xapakrep. HaBemenuit
OITHC JIAHITFOTOBOTO Apo0y (6) momiOHMI ommcy JaHITO-
TOBOMY JpoOy, SIKUI BIACTUBHHA EJICKTPHIHOMY IBOIO-
JIIOCHUKY, CXeMa SIKOTO HaBeJICHa Ha pHC. 2.

O I | I | I

O

Puc. 2. Cxema peakTHBHOTO JIBOIOJIIOCHHUKA
(Fig. 2. Scheme of a reactive two-pole)
ITpu BusHaueHHi peaktuHoro onopy Z.. (P) rako-
ro msomosrocHuka 3HadenHs Z . (P) oGuwmcnmrorots 3a

hopmyroro

Z,. =7+ ’ )

Yo
a npu Bu3HaveHHi nposigHocti Y, (P) Takoro aBomosto-
CHHKA 11 3HAUYEHHS 3HAXO/ATh 3 BUPaA3y

1 1 : ®)

“« 2+

1
Zs+—

Ve
ne Z,Zq,Z3,Z5 — peakTHBHI OIIOpH - 3arajbHHUH Ta OK-
pemux enemeHtiB; Y,,Y4,Yg — MPOBIOHOCTI OKpeMHX

eJIeMeHTIB. /lMHaMiyHa >KOPCTKICTH IPY>KHOI CHCTEMH
BAJIONIPOBOJIY, CXeMa SKOT0 HaBeleHa Ha puc. 1, BU3Ha-
Ya€eThCS aHAJIOTTYHUM YHHOM
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Iopisrroroun criseignomenus (6), (7) ta (7), (8)
JIETKO TO0AYUTH, IO iCHYE TIEBHA EIEKTPOMEXaHiqHa aHa-
JIOTis, CNIAYIOYHM SKOi AWHAMIYHY >KOPCTKICTH TPY’KHOI
CHCTEMH BaJIONPOBOJY MOXJIMBO CBIJIOMO IPEICTABHUTH il
SJIEKTPUYHAM aHAJOTOM, a CaMe PEaKTHBHUM OIIOPOM
JBOTIOIOCHHKA, & MPYXKHY CHCTEMY BaJIOIPOBOIY Hpen-
CTaBUTH €NEKTPUYHOIO CXEMOIO PEAKTUBHOIO JABOIOJIOC-
HUKa. B cxemi Ha puc. 2 HepIIuM eIeMeHTOM CXeMH eJle-
MeHTOM Z; = Pply; € IHOyKTHBHICTB, eIEMEHTOM

Y2 = 1/pC; € emHicTh. J{UBas4nch Ha criBBigHOIEHHS (7),
MOXJIFBO BBKATH, J = L,, € HI YAM iHIIMM HDK €JIEKTPO-
MEXaHIYHOI iHIYKTHBHICTIO, a Bupa3 1/C = C,, Biamosi-
JIa€ BIIMOBIZHO €JIEKTPOMEXaHIUHIll €MHOCTI, NpUYOMY
IHAYKTUBHICTh 3’€JHAHI MOCIIIOBHO, 2 €MHOCTI mapa-
nenbHO. JIifiCHO, BUXOSYH 3 SIEMEHTAPHOT CXEMH JIBO-
MOJIFOCHHKA Y SKOTO MOCIIZ0BHO 3’€HaHI eleMeHTH L1
ta Cy, Maemo mo Z = p?L; + 1/C,, mo Bianosigae Bupa-
3y ISl OTUHAMIYHOI JKOPCTKOCTI N -MacoBOi CHCTEMH,

Tabruys 2 — Iapametpu imiTaniiinoi moxei

ans axoi Cy = Jp? + C. 3pobneHnii BUCHOBOK J03BOJISE
3alpONOHYBAaTH HACTYIHY CXEMy iMiTamiitHOi Moperi
MPYXKHOI CHCTEMH BaJIONPOBOAY (HaBeIeHA Ha pucC. 3).
3HaueHHs IHAYKTUBHOCTEH Ta emHOCTed Y),Ys,Ys Ams

iMiTaliiHOI MOJENI, cXeMa sIKOi HaBeJCHa Ha pHcC. 3,
HaBedeHl B Ta0I. 2.

PesynbTaTtom 3actocyBaHHS iMmiTamiitHOI Mozerni €
CIIPOILEHHSI MPOLIECY aHaJi3y NPOLECY KPYTHIFHUX KOJIH-
BaHb, IiJBHUIICHHS TOYHOCTI PE3YJBTATIB OLIHKH TEXHid-
HOTO CTaHy eJeKTpoarperata 3a paxyHOK BpaxyBaHHS
BIUIUBY KPYTHJIGHHX KOJMBaHb HA Pe3yIbTaTH BU3HAUCHHS
3Ha4YeHb CTYIEHs HEPIBHOMIPHOCTI 4YacToTH, i cIIpo-
LIEHHS NPUHAHATTS BIANOBITHUX KOHCTPYKTHBHHUX pi-
LIIeHb, BTUICHHS SKUX JO3BOJHUTH YHHKHYTH HACIiJIKiB
HeOe3MeYHnx pe30HaHCiB. EjekTpuuHe iMiTalliifHe Mo-
JICTIFOBaHHSI MEXaHIYHOi CHUCTEMH, KpiM TOro, CYTTEBO
3MEHIIKUTh I'POLIOBI BUTPATU 1 CIIPOCTUTH OTPUMAHHSI
O0a)XKaHWX Pe3yJbTATIB IPU HAJATOKCHHI CHCTEMH.

L1 Lo L3 Ls Ls Le L7 Ls
0,12TH 0,031 TH 0,031 Tu 0,031 Tu 0,031 Tu 0,031 Tu 0,031 Tu 0,012TH
Lo Lio Li L1 L3 Lig Lis
0,3TH 0,027 I'n 0,155Tu 0,168 T 2,112THu 11,3Tu 13,04 T
C1 C2 C3 Cy Cs Cs Cr Cs
3,3 Mx®D 0,037 Mmx® 0,037 Mx® 0,037 Mx® 0,037 Mx® 0,037 Mmx® 0,029 MxdD 0
Co Cio Cu Cr Ci3 Cu
0,032 Mmx® 0,041 Mmx® 1,16 Mmx® 0,015 Mx® 0,001 Mmx® 0,002 Mmx®

ﬁWTT J

T IT]]

EIEEEES

Puc. 3. Imitaniiina MoJie/b BAJIONPOBOY ABUTYHA (Flg. 3. Simulation model of the motor shaft)

BucnoBku

1. BuxopucTaHHS METOIy €JIEKTPOMEXaHITHUX
aHayorii s moOyJOoBU iMiTaliitHOT MOJE KPYTHIIb-
HHUX KOJIMBaHb JIBU'YHAa BHYTPILIHBOT'O 3rOPSIHHS CIIPO-
LIye MPOLEC aHalli3y IMPOLECY KPYTHIbHUX KOJHMBAHb,
Ii/IBUIILYE€ TOYHICTH pE3YJbTaTiB OLIHKH TEXHIYHOTO
CTaHy eJISKTpoarperara 3a paxyHOK BpaXyBaHHs BIUIUBY
KPYTHJIBHUX KOJIMBaHb Ha Pe3yJIbTaTH BU3HAYCHHS 3Ha-
YeHb CTYIEHs] HEPIBHOMIPHOCTI YaCTOTH.

2. BiOmoBigHO 10 METONy eJNEeKTPOMEXaHIYHUX
aHAJIOTiM KiHEMaTHYHa CXeMa BaJIONIPOBOAY IIPEACTaB-
JISIETHCS B BUTIISIJII CXEMH PEaKTHBHOTO JBOIIOJIIOCHHKA,
3YCHJIISL PO3IIISIIAETBCS SIK eJIEKTPOpYIIiiiHa cuia ado
Harpyra, IBUJIKICTb SIK CTPYM, MOMEHT iHepuii sK iH-
JYKTHBHICTb, TIOJIATJIUBICTh NMPYXXUHH K EMHICTb, KOe-
(IIieHT TePTS K eIeKTPUIHUH OTIip.

3. IIpoBeneHuil po3paxyHOK MPYXKHOI CHCTEMH 3
BHKOPHCTAHHSAM METONy €JIEeKTPOMEXaHIYHUX aHaJOTiH
JI03BOJIMB TT00YyBaTH iMiTalliiHy MOJENb BaJOIPOBO-
Jly IBUTYHA BHYTPILITHBOTO 3T OPSTHHSI.
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Annortanus. Ieab cTaTbu - 000CHOBaHNE BO3MOXXHOCTH HCIIONB30BAHUS JIEKTPOMEXaHWIECKHX AHAJIOTHH NpH MO-
CTPOSHUH M pacueTe MapaMeTpoB HMUTALMOHHON MOJIENH MpoLecca KPYyTHIBHBIX KOJIeOaH!UH BAJIONPOBO/IA IBUIAaTeNsl BHYTPEH-
HEro CropaHusi, KOTopas 03BOJIUT IEPEXOJUTh OT MEXAHUYECKHX MOJIeNIeH BaJONIPOBOJOB K UX 3JIEKTPUUECKUM aHayioram. Pe-
3yJbTaThl HCCJIE0BAHUS. B cTaThe BBISICHACTCA CBSI3b MEXK]LY SIBJICHUSAMHU, IPOUCXOSIINMMU B MEXaHUUECKUX U AJICKTPUUECKUX
CUCTEMax, YCTaHABIMBAIOTCS MEXAHUUYECKHE U 3JIEKTPUUYCCKUE aHAJIOI'H, a UMEHHO YCHJIME PacCMaTpUBAETCs KaK 3JIEKTPOJBU-
XKYIIasi CHJIa MIIHM HAIpsDKEHHE, CKOPOCTh Kak TOK, MOMEHT MHEPIUH KaK HHAYKTUBHOCTD, II0JJaTIINBOCTD IPY>KUHBI KaK €MKOCTb,
K03(GHUIHEHT TPEHNS KaK IEKTPUIECKOE CONMPOTUBIICHNE, a KHHEMAaTHIECKasi CXeMa BaIONIPOBO/IA TIPEICTABIACTCS B BUIE CXe-
MBI PEaKTHBHOTO J[BYXIONIOCHMKA, MAPaMETPhl KOTOPOTO OMpPEAEINSIOTCS B XOJ€ AHATUTHYECKHX PAacieTOB KMHEMaTHUECKOH
CXEMBI yIpyTroi cucTeMbl. BBeneHO MOHATHE AMHAMHYIECKOH JKECTKOCTH, KOTOPO€ aHAJIOTUYHO IOHSATHIO PEaKTHBHOTO COIIPO-
TUBJIEHUS ABYXIOIIOCHUKA. IIpuBOASTCS HCXOHBIE AaHHbBIE AJIs pacdyeTa JIMHEHHONW CHCTEMBI, B KOTOPOM IPUHATO, YTO MOJAT-
JIMBOCTh aMOPTH3aTOpa paBHa HyJ0. BeiBoabl. [1o pe3ynbraTaM MpoOBEAECHHBIX aHAJOTHIT ObLIM ITOJIy4eHBI TapaMeTpbl HMHUTA-
LIMOHHOM Mozenu. [IpoBeeHHbIH pacyeT ynpyroil CUCTEMBI € HCIIOJIb30BaHHEM METO/1a SIEKTPOMEXAHUUECKUX aHaJIOTUl 103BO-
JIJT TIOCTPOUTh UMUTAIMOHHYIO MOJIETIb BalIONPOBO/IA IBUTATENsI BHYTPEHHETO CTOPaHHUSI.

KawueBble caoBa: MOJECIIb; DJICKTPOMCXAaHUYCCKUEC aHAJIOTUH,; KPYTUJIbHBIC KOJ'Ie6aHI/I$I; peaKTI/IBHI)II71 JABOITIOJIFOCHUK.

Use of electromechanical analogies in the construction and calculation of a simulation model
of the process of torsional oscillations of the shaft line of an internal combustion engine

Volodymyr Kononov, Olena Kononova, Yulia Musairova

Abstract. The purpose of the article is to substantiate the possibility of using electromechanical analogies in the con-
struction and calculation of parameters of the simulation model of the process of torsional oscillations of the internal combustion
engine shaft, which will allow to move from mechanical models of shafts to their electrical counterparts. Results of the re-
search. The article clarifies the relationship between phenomena occurring in mechanical and electrical systems, mechanical and
electrical analogues are established, namely force is considered as electromotive force or voltage, velocity as current, moment of
inertia as inductance, spring flexibility as capacitance, coefficient friction as electrical resistance, and the kinematic scheme of
the shaft line is presented in the form of a diagram of a reactive bipolar, the parameters of which are determined during analytical
calculations of the kinematic scheme of the elastic system. The concept of dynamic stiffness is introduced, which is similar to the
concept of reactive resistance of a bipolar. The initial data for the calculation of a linear system in which it is assumed that the
pliability of the shock absorber is zero. Conclusions. According to the results of the analogies, the parameters of the simulation
model were obtained. The calculation of the elastic system using the method of electromechanical analogies allowed to build a
simulation model of the shaft line of an internal combustion engine.

Keywords: model; electromechanical analogies; torsional oscillations; reactive bipolar.
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MOJAEJIOBAHHSA IMTPOCTOPOBUX ITIOIIUPEHDb MAT'HITHHUX IT1OJIIB
HAJTHU3bKOI YACTOTH MHOXKWHHMX JIXKEPEJI

AHoTanisi. Y po0oTi HOKa3aHo, II0 B YMOBAX YIIUIGHEHHs PO3TAIIyBaHHS EICKTPOTEXHITHOTO 00JIafHAHHS Y IPUMilIeH-
HSX, OYZIBISIX Ta Ha TEPUTOPIAX JUIs 3a0e3IIeUeHHs] HOPMATHBHIX PIBHIB €JIEKTPOMArHiTHOI CyMiCHOCTI IEpCcOHAITy 1 Hace-
JICHHS IOLUTBHO 3/IIHCHIOBATH IIONIEPEHE MOACIIOBAHHS MOMMPEHHS eIEKTPOMAarHITHIX NOJiB. BpaxoByroun He3HAaUHE eK-
paHyBaHHS MarHiTHOTO IOJIS KOpITycaMy 00JIaJHaHH MOEIIOBAHHS JOLUIFHO 31iHCHIOBATH 32 MarHITHOIO CKJIaIOBOIO eJle-
KTPOMArHiTHOTO 1oJjisi. BU3HaueHO MaTeMaTHYHE CIiBBiJHOIICHHS IJ0/10 HOLIMPEHHS MAarHiTHOTO TOJI OKPEMHUX JKEpen 3
ypaxyBaHHsM X JUIIONBHOI MozeIi. MOZeMOBaHHS 3iHCHIOBAIOCS IS JKEPEIT JUIOIBHOTO Ta AUIMOJIBHO-KBAPYIOIBHOTO
THIy. 3 BUKOpHCTaHHsAM makery Matlab nHagaHo TpuBuMipHI MOfesi [uKepen 3 MOIIMPEHHSAM JHUIONBHOT, KBaAPYIOIBHOT Ta
JIMTIONILHOI-KBAIPYIIOJIBHOT TapMOHIK 11oitsi. Po3pobiieHo npukiiagne nporpamHe 3ade3nedeHss y cepenosuii C 3 BUKOPHCTaH-
HsIM 0a3m manmx SQL-cepBep i 31iHCHEHO MOJETIOBAaHHS NOIMPEHH MarHITHOTO MOJIs 0araThoX [PKepel y BU3HAYEHIH IUIo-
myHi. OTpUMaHKI pe3yNbTaT CBITUNTH, IO HABITH JUIS eJIEKTPOTEXHIYHOTO o0JIaJHaHHS, 1110 epedyBae y eKCIuTyararil, BU-
3HAYNUTH HaBeJeHi 1301iHii HaIPY>KeHOCTI MAarHITHOTO IOJIS1 €KCIIEPUMEHTAIBHUM IIIIXOM JIy’Ke cKianHo. Ha cranmisx npoek-
TyBaHHS PO3MILICHHA 00JIaJHAHHS MOJIETIOBAHHS € €IMHUM IHCTPYMEHTapieM MPOTHO3YBAHHS eNIEKTPOMArHITHOI 0OCTaHOBKH,
sIKa BU3HAYa€ €IEKTPOMArHITHY CYMICHICTh TEXHIYHHUX 3aC00IB 1 €IEKTPOMArHITHY O€3MeKy IepCOHAY 1 HaCeNeHHS.

Kaw4oBi cjioBa: MOJETIOBAaHHS; ICKTPOMATHITHE TIOJIC; CJICKTPOMArHiTHA CYMICHICTh; eIEKTPOMArHiTHa Oe3meKa.

Beryn

B ymoBax 30UTBIICHHS KiJIBKOCTI i HOMCHKIIATYPH
€JIEKTPOTEXHIYHOTO OONaTHAHHS, PO3MIIICHOTO B OKpe-
MHUX TPUMIMICHHSX Ta BU3HAYCHHUX TEPUTOPISAX, ITiIBHU-
IICHHS HOTO0 MOTYXKHOCTEH IMOCTae mpodiieMa parioHalri-
3amii abo onTHMi3amii B3aEMHOTO PO3TalIyBaHHS 001a]-
HaHHS, SIKe 3a0€3MeYNTh MAKCUMAJIbHI CTYIICHI SIEKTPO-
MarHiTHOI CyMiCHOCTI TeXHIYHHUX 3aC00iB Ta Oe3neKH re-
PCOHaITy i HACEJICHHS.

Haii0inpir HagiiHUM METOJ0M BHU3HAYCHHSI CJICKT-
POMarHiTHOI 0OCTAaHOBKM € HATYPHI BUMIPIOBaHHS Y pe-
ATFHUX YMOBAaX eKCIUTyaTallii o0IaqHaHHs. AJie 1l MOX-
JIUBO, HANIPUKJIAL, M7 9ac MOJEpHi3alii iCHyrouoro o0-
TaJHAHHA a00 HOTO OKpeMHX OJWHUI. HaBiTh 3a HasB-
HOCTI aHAJIOTIYHUX MPUCTPOIB, 32 HOTO BEJIHMKOI KiIEKO-
CTi B yMOBaX eKcIUTyartallii mepe0auuTi HApy>KeHOCT1
CJIEKTPUYHUX Ta MArHITHHX TIONIiB B OKPEMHX 30HAaX
CKJIaTHO 1 BHUMAara€ Jy>X€ BEJIHMKOi KUIBKOCTI BHMipIO-
BaHb. HaiiepekTUBHIIIIMM METOIOM OI[iHIOBAHHS CJICKT-
pomarHiTHO{ 06CTaHOBKHM HA CTaAisIX MPOEKTYBaHHS PO3-
MillleHHs 00JIaTHAHHS Ta TIEPBUHHOTO MOHTaXy € MOJIe-
JIFOBAaHHS TIOIIMPEHHS TIOJIIB 33 THX Y IHIIMX B3a€MHHUX
po3TanryBaHHSIX TeXHIYHUX 3ac00iB. [le HamacTh MOXKITH-
BICTh BU3HAYWTH HAHOULIBII NPUHHATHI CXeMH MOHTaXy
00JaTHaHHSA, SKi MiHIMI3YIOTh HOr0 B3a€MHHI BILUIMB Ta
HECTIPUATINBHIIA BIUIMB HA IIEPCOHAN 1 HACECIICHHS.

AHaJi3 ocTaHHIX JoCHiTKeHD i myOJTikaniii. bis-
IIiCTh POOIT 3 MOJEITIOBAHHSI TIOIIUPEHHS CICKTPHYHIX,
MarHiTHHX Ta €JIEKTPOMATHITHUX TOJiB MAalOTh MPHKJIA-
OHY crpsaMoBaHicTh. I11[0/10 eNeKTpOMAarHiTHHUX IIOJIB
HAQIHU3BKHX 9acTOT (TIPOMHUCIIOBOI Ta ii TapMOHIK), TO iX
NepeBaXKHa KUIBKICTh CTOCYEThCS MPOSKTYBAHHS €JIEKT-
POTEXHIYHOTO 00JIafHAHHA — MTiABUIICHHA HOoTo edexTn-
BHOCTI (3HMKeHHs BTpaT) [1, 2].

YacTrHa TOCTIKEHb PO3IIIIAa€e 30BHIIIHI OIS TE-
XHIYHHUX 3ac00iB. 30kpeMa, y [3] HaBeneHO po3paxyHKH it
Ppe3yJIbTaTH EKCIIEPHUMEHTAIBHOI NIEPEBIPKU ITPOCTOPOBO-

IO PO3MOJIITY MAarHITHOTO MOJIsI YOTUPUIIOIIOCHOT €IIeKT-
prunoi MammHK. [TokazaHo, 1m0 Taki 00’€KTH € JpKepe-
JIAaMH JTUTNOJIbHO-KBaAPYIOJbHOTO Toisi. ExcrieprmMenTa-
JIBHO MITBEP/PKEHO MPUHHATHY 301XKHICTH MOJIEIbOBa-
HUX TIOUIMPEHb EJICKTPUYHOTO IOJS MPOMHCIOBOI dac-
TOTH HABKOJIO TIOBITPSHHUX Ta KaOENbHHX BHCOKOBOJIBT-
HUX JiHi# enektpornepenadi [4, 5]. Po3noainy mosis Kijb-
KOX JDKepes MPUCBSYEHO MOOJMHOKI pobotu [6, 7], ski
CTOCYIOTBCSI BUCOKOUACTOTHUX JKEPEN. 3HAYHOI0 MipOro
11e 00yMOBJICHO X OTHOTUIIHICTIO 1 O/THAKOBHMH 3aKOHO-
MIPHOCTSIMU TIOLIMPEHHSI BUIIPOMIHIOBaHb. Y IPYHTOB-
HOMY JIOCIi/pKeHHs [8] mokaszaHo, 10 OUIBIIICTh JKepen
HHM3bKOYAaCTOTHOTO MArHITHOTO MOJISi MOYKHA PO3IJISIATH
SIK CHCTEMH MarHiTHHX JUIOJiB. BpaxyBaHHS pocTopo-
BUX T'apMOHIK J03BOJISIE PO3paxyBaTH HAIPYKEHOCTI TO-
JIB 3 MiHIMaIbHUMH TOXUOKaMu (OOMpPArOYH KIJIbKICTb ra-
PMOHIK, [I0 BPaxoBYIOThCs). Ajle 'y 6araTboX BHIIaAKax
JUTSI OL[IHIOBaHHS €JIEKTPOMarHiTHOI 0OCTaHOBKH Ha BEJH-
KHUX IJIONIaX BUCOKA TOYHICTh HE € KpuTHYHO0. Criporite-
HUI PO3paxXyHKOBHIA anapar, HaBejeHuii y [9], no3sosse
Ha IPUHHATHOMY PiBHI BU3HAYMTH SIK PO3IIOJIIIT HAIIpyXKe-
HOCTEH eJIEKTPUYHOTO Ta MarHiTHOTO MOJISL, TaK i KOHTYpH
30H NEPEBUIICHHS IPAHUYHO JOMYCTUMHUX PIiBHIB.

IMocranoBka 3aBaaHHsi. MeTta poboTn — peaiza-
1Iisl METO/I0JIOTi1 MOJISITIOBAHHS MOIIUPEHHSI eIEKTpOMa-
THITHOTO TIOJIs1 6araThoX JpKEpeNt Ta Bizyami3allist pe3yib-
TaTiB MOJIEJIIOBaHHS.

Bukaan ocHoBHOTO MaTepiaay

3rilH0 YMHHUM MIDKHApOJIHUM Ta HaIliOHAJIbHUM
HOpMAaTHBaM DPiBHI eeKTPOMArHITHHX MOJIB 9aCTOTAMH
10 300 MI'1; BU3HAYAIOThCS 32 HAMPY>KEHOCTSIMH X eJte-
KTPUYHOI Ta MarHiTHOI cxiagoBux. OJHOYAacHE BH3HA-
YeHHS IMX TapaMeTpiB, MPUHAWMHI JIOKATi30BaHUX Yy
MPOCTOPI TEXHIYHUX MPHUCTPOIB (EIEKTPOJBUTYHIB, Te-
HeparopiB, TpaHc(OpPMATOPIB, PO3MOAUILYMX ITYHKTIB
TOIIO) HemouiabHe. EnekTpryHa ckiiaoBa NOBHICTIO 200
YaCTKOBO €KPaHYETHCSI METAJIEBUMH KOopItycamu abo 00-

34

© JleBuenxo JI. O., 2021



ISSN 2522-9052

CyuacHi indopmariiitai cucremu. 2021. T. 5, Ne 2

UBKaMu 0OJaTHaHHA. B TOM e yac eKpaHyBaHHS Mar-
HITHOI CKJIaJOBOi — MiHiManbHe. TOMYy MOZIETIOBaHHS
MOUIMPEHHS EIEKTPOMArHiTHUX TMOJIB HU3bKUX YacTOT
JOITBHO 3AIMCHIOBATH 32 MATHITHUMH CKJIaJOBHMH. [0
TOTO K, 3T1THO OCTAHHIM JOCIIUKEHHAM, MarHiTHE I10JIe
TEXHOTCHHOT'0 TIOXO/PKEHHSI Ma€ OLIbII HECTIPUSATINBUIA
BILIMB Ha 010JIOTi4HI 00’ €KTH, HiXK CJICKTPUYHE.

[Mpuknagae nporpamue 3a0e3NedYeHHS CTBOPIO-
€THCSl HA OCHOBI MaTeMaTHYHUX (QYHKIIH, SIKI OIUCYIOThH
MOMIUPEHHS MarHiTHOTO 1oJist. J{J1s 31 iCHEHHS MOIETTIO-
BaHHS 3PYYHICTh JUIOJBHOT MOJEN MAarHiTHOTO IOJIS
JDKEpea MoJisrae y TOMy, 0 MOKJIMBO PO3TJISTHYTH JTU-
T0JIi pi3HOI OpieHTAIIi y OTHOMY JDKEpedIi Ta pi3sHOCTIpS-
MOBaHI TUTIOJNI, AKi XapaKTepPH3yIOTh IOJIe OJHOTO JKe-
pena. s po3poOiieHHs KOHIETITyaIbHOT MOZEIIi IO~
PEHHS MaTHITHUX HOJiB 0araTeoX JDKEpell Ta iHTeTrpalib-
HOI HANPY>KEHOCTI MarHITHOTO MOJA y OyAb-AKii TOYIi
IUTOI, STKA PO3TILAAETHCS, MOYXKHA 00paTH TOBLTbHI Ma-
THITHI MOMEHTH JUIIONIB. Y BIANOBIZHOCTI OO YMHHHUX
HOPMATHBIB PiBHI €JIEKTPOMArHITHUX MOJIB 5K y MPHUMi-
LIEHHSX, TaK 1 HAa TEPUTOPISIX HOPMYIOTBCS Ha BUCOTI 1,8
M HaJl IOBEPXHEI0 MiuIork abo 3emuli (KpiM BUIMAJKIB,
KOJIM BHM3HAYalOThCS 30HM OOMEXeHHs 3a0ynoBH 3a
YMOBH BIUTHBY JDKEpEIl €IeKTPOMArHITHUX BUIIPOMIHIO-
BaHb TaKUX SK PaliOTeXHiIYHI 00’€KTH HIUBIIBHOI aBia-
uii). ToMy AOCTaTHBO PO3IJSIHYTH PajialibHy CKIAJI0BY
MAarHiTHOTO MOJISt KOYKHOTO TUITOJIS

H, =m~cose/(2n.R3)

Ta KyTOBY CKJIaJOBY Hezm-sine/(4n~R3), ge m —

Mar-HiTHUA MOMEHT AMIONSA, R — BiICTaHb BiJ IEHTpa
JIAIOJIL IO TOYKH BH3HAYCHHS HAIMPY)KEHOCTI MAarHiT-
HOT'O MOJIS, § — KYT Mi’K BEKTOPOM JIUITOJISI HA HATTPSIMKOM
JI0 TOYKW BU3HAYCHHS MOJIsI, TA OTPUMATH IUIACKY MaIy,
IO MMOKa3y€ HAMPY)KEHICTh MArHITHOTO MOJS y KOXKHiH
TOYIll BHM3HAYEHO! IUIONIMHU: BiJl OXHOrO JpKepena

2 2 . .
H = \[HR +H9 , Ta BiJ| YCIX JDKEeper:

H=\H>+H2+...H?"
1 2 n

3a mIIPHOTO pO3TaNTyBaHHS HKepel 3 OLTBI CKila-
JTHOIO CTPYKTYpPOIO TOJIsl (HAampHKiIaj, 0araTomoJIIOCHI
SJICKTPUYHI MAIIMHK) MOXUOKHM pO3paxyHKiB HEOOXiTHO
3HIKYBATH. Y [[bOMY BUIIQAKY y MOJIEJIb 1 IPOTpaMHe 3a-
Oe3redyeHHs NOTPiOHO 3aKJIalaTH JEIIO 1HIIe CIiBBiIHO-
LIEHHS 3 ypaxyBaHHSM INpHHAWMHI IBOX IPOCTOPOBHX
TapMOHIK (AWMONBHOI 1 KBanpymosibHOi). Po3paxyHkun
BHUKOHYIOTBCS JUISl TPhOX CKJIaJJOBUX MArHiTHOT'O MOJIS Y
chepnannx koopaunarax (Hy, H, Hy) [7].

MopentoBaHHS TOIIUPEHHS TapMOHIK 3 PI3HUMH
3aKOHOMIPHOCTSIMH iX PO3MOBCIO/KEHHSI Y HPOCTOPi
3IIHCHIOEThCA 3 BUKOPHCTaHHAM nakeTy Matlab. Hanpu-
KJIaJ1, HAHO1JIBII IOIIMPEH] eJIEKTPUIHI MAIInHU — YOTH-
PHIIONIOCHI 3 JUIOJIBHO-KBAAPYIIOIBHAM MarHiTHUM IO-
jeM. TlommpeHHs: QUNOabHOI, KBaJpYIOJIbHOI Ta IUIO-
JIbHO-KBaAPYTOJIHHOI TApMOHIK HaBeAeHO Ha puc. 1.

JIiis1 po3paxyHKiB HEOOXiAHUX [T OTPUMAaHHS PO3IIO-
JIITy TIONS Y TUTOIIHMHI BU3HAYAETHCS OPIEHTAIlS JKepema
ToJIS 3 BIATIOBIIHUMH XapaKTEPUCTUKAMH y OOpaHHX KO-

opauHartax. [l MOIEMOBaHHS IOLIMPEHHS MAarHiTHOTO
TI0J1 Y BU3HAYCHIH IDTONHHI OyII0 po3po0IICHO TPHKIIaHE
mporpamMHe 3a0e3nedeHHs y cepenoBuiii C, mpH oMY BH-
KOPHCTOBYBAJIOCS YIPaBIiHHA 0a3oro maHmx SQL-cepsep.
PesynbraTi MOZIEITIOBaHHS HAaBEICHO Ha puC. 2.

Crahk dipolnos garmeniky

-5 5 . 88

~ 4
0o 2

Crafik kvadrupoinor garmmonsky

Puc. 1. Po3monin HanpykeHOCTI MarHiTHOTO MO AUMOIBHOT,
KBAJIPYNOJIBHOI Ta TUIOJIBHO-KBAJPYNOILHOT FAPMOHIK,
HanpyxeHicts nons H, A/m Ha oci Z
(Fig. 1. Distribution of magnetic field strength of dipole,
quadrupole and dipole-quadrupole harmonics)

OueBUAHO, 10 BU3HAYMTU KOHQIryparlii HaBese-
HUX Ha pHC. 2 130J1iHIN, HABITH A7 O0NaTHAHHS, SIKY T1e-
pebyBae y ekcruryaTtaiii, eKClIepUMEHTATLHAM TUITXOM
MPAKTUIHO HEMOXKIHBO. HasBHICTE Momeni I03BOJISE
IpoBecTH i1 BepuQikalio y HalOiIbII KPUTHIHUX TOY-
Kax METOJOM HATYPHHX BHUMIPIOBaHb Ta BHECTH HEOO-
XiJIHI KOPEKTUBH 3 OTJISAY Ha Te, IO 3aBXKAH iCHYIOThH
YHUHHUKH, 5Ki BA)KKO 200 HEMOKIJIHBO BPaxXyBaTH IIPH pe-
amizanii MOJIeIFOBaHHS. Y TEpIIy Yepry Le CTOCYEThCS
BHXIHUX JaHUX MIOA0 (PaKTUIHUX TEXHIYHUX XapaKTe-
PHUCTHK JPKEpes eIeKTPOMAarHiTHUX IOJIB.

BucnoBku

1. MogemoBaHHS MOMIUPEHHS EICKTPUIHUX, Mar-
HITHHX Ta €JICKTPOMATHITHUX MOJIB 0araTthox JKepeln
JIO3BOJISIE OIIHUTH CTYIEHI €NeKTPOMAarHiTHOI Oe3meKn
Ta €JICKTPOMAarHiTHOT CyMiCHOCTI B OKpEMHUX MPUMIIICH-
HSIX Ta Ha BU3HAYCHUX TEPUTOPISX HA CTAMISAX MPOCKTY-
BaHHS PO3MIIIECHHS EJIEKTPOTEXHIYHOTO 00JIaHAHHS.
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Puc. 2. MoemoBaHHs IPOCTOPOBOTO MOIMUPEHHS 6araThoX HKEPEN Pi3HOT OpieHTAIl1.
Posmipu mnomuan — X, Y (M), mKana iHIYKIii MarHITHOTO TOJIS — IpaBopyd (MK i)
(Fig. 2. Modeling of spatial distribution of many sources of different orientation)

2. J11s JOCTOBIPHOCTI OTPUMaHMX MoJelieil HeoO-
X1IHUM € 3aCTOCYBaHHS KOPEKTHHUX (PYHKIIIH 11010 ITPO-
CTOPOBHX IMOLIMPEHb OKPEMHUX CKIIJOBHX TIOJISl 3 MPH-
WHSATHUMU CIPOILEHHSAMU I IPUITYIEHHIMU.

3. Jlis noxaizoBaHUX Y MPOCTOPI TEXHIYHUX 3a-
c00IB 3MICHEHHS MOICIIOBAHHS TIOIIUPEHHS MOJIIB HAI-

HHM3bKHX YacTOT CJIiJl peaji30ByBaTH, BUXOJSIYU 3 TOTO
(axTy, 1m0 moJist OLIBIIOCTI 3 HUX MOXKHA XapaKTepU3Yy-
BaTH SIK MOJI KOMOiHauii MarHiTHUX aumnoii. OTpumani
pe3yJbTaTH J03BOJISAIOTH CKOPOTUTH Yac 1 BapTiCTh IPO-
eKTHHUX POOIT 3 PO3MIIIEHHS eIeKTPOTEXHIYHOTO 00Iaj-
HaHHS y OYyAiBJISIX Ta TEPUTOPISX.
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Moue.]mpOBaHne NMPOCTPAHCTBEHHBIX PACIIPOCTPAHEHHBIX MArHUTHBIX moJieii
CBerHl/lZ}KOﬁ YacTOThl MHOKECTBCHHBIX HCTOYHUKOB

JI. A. JleBueHKO

AHHoTanus. [TokazaHo, 9TO B YCIOBHAX YIDIOTHEHHUS PACIONOKEHHUS MEKTPOTEXHUIECKOTO 000PyJOBaHUS B IIOMeIIe-
HUSX, 3IaHMSIX U Ha TEPPUTOPHSIX JUTA 0OecIiedeH!st HOPMAaTHBHBIX YPOBHEH 3IeKTpOMarHUTHOW COBMECTHIMOCTH NIEPCOHANa U Hace-
JIEHWS TIe1eCO00Pa3HO OCYIIECTBIATH MPEBAPUTEIFHOE MOJACTNPOBAHIE PACTIPOCTPAHEHHUSI SEKTPOMAarHUTHBIX TTOJIeH. YUHuThIBas
HE3HAYHUTENHHOE SKPAaHUPOBAHIE MAarHUTHOTO ITOJIS KOPITycaMu 000py0BaHHMS, IIEeCO00pa3HO OCYIIECTBIATh MOICIUPOBAHHE 110
MarHUTHOW COCTaBILIOIIEH 3I€KTPOMAarHUTHOTO 1o, OmpenesieHo MaTeMaTHIecKoe COOTHOIICHHE PacpOCTPAHEH ] MAaTHUTHOTO
1071 OTAEJIBHBIX UCTOYHHUKOB C Y4€TOM UX AMIOJIBHOM Mojenu. MozenupoBaHue OCyIECTBILUIOCH U1 UICTOYHUKOB JUIIOJIBHOTO U
JIMIONBHO-KBaIpyobHOro THia. C ucrnons3oBanueM nakera Matlab mpemocraBieHsl TpeXMepHbIE MOICIN UCTOYHHUKOB C PACcIpo-
CTpaHEHHEM JUIIOJIBHOM, KBaAPYIOJIbHOH 1 AUMOJIEHOW-KBAIPYIOJIILHON TapMOHHUK MTouisl. Pa3paboTaHo MpUKIagHOe MporpaMMHOe
obecneuenue B cpezie C ¢ ucronb3oBaHueM 6a3bl JaHHBIX SQL-cepBep M OCYIECTBICHO MOIEIHPOBAHHUE PACIIPOCTPAHEHUS MATHUT-
HOTO TIOJISI MHOTHX HCTOYHHUKOB B OIpeeIeHHON IIIoCKOCTH. [lomydeHHbIH pe3ynbTaT IIOKa3bIBaeT, YTo JaKe IS ANIeKTPOTEXHH-
94eCcKOro 00OpyJOBaHUS, HAXOJSIIErocs B AKCIUTyaTal[MH, ONpPENeIHTh MPUBEJICHHBIE HM30JIMHUN HANPSHKEHHOCTH MarHUTHOTO
TIOJIS 3KCIIEPUMEHTAIBHBIM ITyTeM OYeHb CJI0KHO. Ha cTafusix mpoeKTHpoBaHus pa3MeIeHus] 000pyI0BaHHU MOICITHPOBAHUE SIB-
JSIETCS € TMHCTBEHHBIM HHCTPYMEHTAPHEM IIPOTHO3UPOBAHNUS IIEKTPOMATHIUTHOH 0OCTaHOBKH, KOTOPOE OIPEeNsIeT AIIeKTpoMar-
HUTHYIO COBMECTHMOCTh TEXHHYECKHUX CPE/ICTB ¥ JIEKTPOMarHUTHYIO 6€30MacHOCTh IEpCOHaIa U HaceJICHNSI.

KnaoueBbie CJ10Ba: MOJCIUPOBAHNE, JIICKTPOMATHUTHOE TI0JIE; 3JIEKTPOMATHUTHASI COBMECTHMOCTb; 3JIEKTPOMArHATHAST
0€30I1aCHOCTb.

Modeling the spatial distribution of magnetic fields of low frequency multiple sources
Larysa Levchenko

Abstract. The work is show that in conditions of dense the location of electrical equipment in the premises, buildings and
on territories to ensure the regulatory levels of electromagnetic compatibility of personnel and the population, it is advisable to
carry out preliminary modeling of the propagation of electromagnetic fields it is advisable. Considering the insignificant shielding
of the magnetic field by the equipment cases, it is advisable to carry out modeling based on the magnetic component of the elec-
tromagnetic field. The mathematical ratio of the propagation of the magnetic field of individual sources, taking into account their
dipole model, has been determined. The modeling was carried out for sources of the dipole and dipole-quadrupole types. Three-
dimensional models of sources with the propagation of dipole, quadrupole and dipole-quadrupole harmonics of the field are pro-
vided, using the Matlab package. Application software has been developed in the C environment, using the SQL server database,
and modeling of the propagation of the magnetic field of many sources in a certain plane has been carried out. This result is show
that even for electrical equipment that operates to determine the reduced magnetic field isolines experimentally very difficult. At
the design stages of equipment placement, modeling is the only tool for predicting the electromagnetic environment, which deter-
mines the electromagnetic compatibility of technical equipment and the electromagnetic safety of personnel and the public.

Keywords: modeling; electromagnetic field; electromagnetic compatibility; electromagnetic safety.
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PO3POBKA Y3ATAJIBHEHOI MATEMATHUYHOI MOJIEJII CTATUYHOI
IMOXHUBKHA EJEKTPOMEXAHIYHUX 3ACOBIB BUMIPIOBAJIbHOI TEXHIKH

AHoTauisi. MeTo10 cTaTTi € MOJANBIINI PO3BUTOK TEOPii OIIIHKM CTATUYHUX MOXMOOK €JIEKTPOMEXaHIYHHUX 3ac00iB BH-
miproBanbHOT TexHiku (EM3BT) mist edexriBHOrO iX 3acrocysanss mig vac MO6 BT Ta koHTposti QyHKIIOHYBaHHS Tepen 3a-
crocyBaHHAM. [IJIs1 IEOTO HEOOXITHO MOCIIIIOBHE BUPIIICHHS HU3KU TEOPETHYHUX 1 NPHUKIIAIHUX ITUTAHb, TOJIOBHUM 3 SIKHX
€ po3po0Ka y3araJbHEeHOI MaTteMaTH4HOi Mozerni cratnuHoi noxubku EM3BT, a motim 3 mopansmmM i BUKOPUCTaHHIM
KOHKPETHOI OIiHKHM CTATHYHUX MOXHOOK JUIS Pi3HUX CTPYKTYpHHX cxeM nmooynosn EM3BT. PesyasTaTn. B craTti po3ris-
JAFOTHCS MPHUKIIAIHI ACIEKTH OLIHKU CTaTHYHOI OXUOKH €IEKTPOMEXaHIYHUX 3aC001B BUMIPIOBAIHHOT TEXHIKA BU3HAYCHY
Yyepe3 YyTIauBicTh a00 cTaTW4HI KOe(IIieHTH mepeaadl BUMIPIOBAIbHIX IEPETBOPIOBAUIB. 3a pe3yIbTaTaMHi aHANi3y OTpH-
MaHa y3araJlbHeHa MaTeMaTH4Ha MOJENb BiTHOCHOI cTatndHoi moxubku EM3BT s cTpyKTypHHX CXeM 3’€IHaHHS BUMIPIO-
BasIbHUX niepeTBoproBadiB (BII). BucHoBku. [linTBepmKkeHo 3a pe3ynbTaTaMil aHaTi3y, MOXKIUBICTE 3aCTOCYBAaHHS y3araib-
HEHOI MaTeMaTHYHOI MOJENI JUIsl OLIHKM BiTHOCHOI craTn4HOi moxuoku EM3BT nmoOynoBaHux 3a pisHUMHU CTPYKTYPHUMHU
CXeMaMH pH X eKcIutyartanii. BukopucranHs yTouHeHOT cTaTHYHOT MOXUOKH Ha/la€ MOKJIMBICTD YTOYHIOBATH KaliOpyBa-
JIbHY XapaKTEePUCTHKY €JIeKTPOMEXaHIYHHX 3aC00iB BUMIpPIOBAJIBHOI TEXHIKH, IO B CBOIO Yepry MPH3BeJe 10 OTPUMAaHHS
JOCTOBIpHOI iH(OpMAIIiT PO CTaH BIICHKOBOI TEXHIKH IIiJ] Yac MPOBEAEHHS METPOJIOTIYHOTr0 00CIyroByBaHHs Ta Ge3rnoce-
PEeIHBO TIPH 3aCTOCYBAHHI.

KnwdyoBi ciaoBa: BilicbkoBa TEXHIiKa; €IEKTPOMEXaHIUHI BHMIpIOBAIBHI NMPUIIAAN; BUMIPIOBAJIbHHH IEPETBOPIOBAY;

CTaTU4YHa HOXI/I6K8.; rpaayroBajbHa XapaKTCPUCTHKA, y3arajJlbHCHAa MaTeMaTUYHA MOJCIIb.

Beryn

BilicbkoBa TeXHiKa — CYKYyNHICTh TEXHIYHUX IpPHU-
CTpOiB Ta 3ac00iB, 110 MPU3HAYEHI [l BUKOPHCTAHHS Yy
BIMCHKOBHX HiIsAX. [0 TaKMX TEXHIYHHUX 3aCOOIB BiIHO-
cATh 30poro, 0OMOBI Ta HEOOMOBI MaIIMHU, MPHUIAIH,
amapaty ¥ iHII TeXHIYHI 3aCO0H, SKMMH OCHAIYIOTHCS
BIICPKOBI YaCTHHU 1 MIAPO3MUIH U1 3a0e3MEUSHHS iX
00110BO1 Ta MMOBCAKIAEHHOI AisutbHOCTI [1].

OCHOBHUM 3aX0/I0M, III0 JO3BOJISIE MIATPUMYBATH
BilicbkoBy TexHiky (BT) mpuaaTHOIO 10 3aCTOCYBaHHS,
€ iX TexXHiYHe 00CIyrOBYBaHHS, Ba)XITMBOIO 1 HEBiT'€M-
HOI0 YaCTHHOIO SIKOT'O € METPOJIOTiYHE 00CIIyroByBaHHS
(MOG6) [2]. EdextuBricts MO6 BT 3anexurhb Bix mos-
HOTH OXOIUICHHSI KOHTpOJboBaHuX napamerpiB BT, me-
PIOAMYHOCTI 1 JOCTOBIPHOCTI iX BUMIipIOBAILHOTO KOHT-
poio [3].

Haii6inpIn nommpeHnMu pu KOHTPOIII ITapaMeTpiB
B pisHux cucremax BT € EM3BT enexrpomarHniTHOI cuc-
TeMH, 1HOAI eeKTpo- 1 hepouHaMiuHOI cucTeM. 3 yCcho-
r'0 KOMITJIEKCY HOPMOBaHMX METPOJIOTIYHUX XapaKTepHc-
ik EM3BT HaiiOutbmmii HayKoBHi 1 MPaKTUYHHUN 1HTe-
pec TPEeACTaBISIOTh JOCITIIPKEHHS MOXIIMBOCTEH 1 po3-
poOKa TEOPEeTUYHUX OCHOB OI[IHKH CTATHYHOI IMOXHUOKHU
JUTSE pi3HUX CTPYKTYpHUX cxeM moOymosu EM3BT [4].

AHani3 Jitepatypu. Y 3a3Ha4eHOMY HAINPSIMKY €
po0OTH, B IKUX PO3TIANAIOTHCS OKPEMi MUTAHHS Teope-
TUYHOTO 1 TPUKIATHOTO XapakTepy Ul BHUPIMICHHS
METpPOJIOTIYHIX BUMIipIOBabHUX 3a1a4 [5-7]. HaitGimpmr
CHCTEMHO 1 TIOBHO IIi MIATaHHS BiIoOpa)keHi B poboTax
[6, 7], ne 3anmponoHOBaHi y3arajiibHeHa i YaCTKOBI MaTe-
MaTHU4HI MOJEl sl OLIHIOBAHHS METOIMYHHUX ITOXH-
60k. [ly>xe Mano yBaru npHUIUISUIOCHh OLIHII CTATUYHOI
noxubku npu excruryatanii EM3BT, mo moxxe npussec-
TH JI0 OTPUMaHHS HEIOCTOBIpHOI iH(poOpMamii mij yac

nposeaeHHs MOG BT, a e B cBoto 4epry 10 3HIKESHHS
6otioBoi roroBHOCTI BT.

Meto10 cTATTi € TOMANBIINA PO3BUTOK TEOPii
omiHkn cratmyHUX Moxubok EM3BT mns edexTuBHOTO
ix 3acrocyBanHs mig yac MOG6 BT Tta koHTpomi ¢yHKIi-
OHYBaHHS MepeJ 3aCTocyBaHHAM. J{Jisl IbOTO HEOOX1THO
MOCITITOBHE BUPIMICHHSI HU3KU TEOPETUUHUX 1 MPHUKIIAT-
HHUX MUTaHb, TOJOBHUM 3 SKHX € PO3poOKa y3arajipHe-
HOI MaTeMaTH4HOI Mojel cratnyHol noxuboku EM3BT,
a TOTIM 3 MOJNAIBIINM ii BHKOPHCTaHHSIM KOHKPETHOL
OILIHKA CTATUYHUX IMMOXHOOK Ui Pi3HUX CTPYKTYPHHUX
cxeMm mooynosu EM3BT.

OcHoBHMi MaTepian

OCHOBHOIO  METPOJIOTIYHOO  XapaKTEePHCTHKOIO
EM3BT y craTHaHOMY peXUMi BUMIPIOBaHHS € HOMIHA-
abHa epadyroganrvha xapakmepucmuxa (I'X), sy im
NPUIKCYIOTh MPU BHIYCKYy 3 BHpoOHuuTBa [8], cnix
3a3HAYMTH, IO PO3PaxyHKosa HominaneHa I'X, sKy BH-
3HAYAKOTh NPH MPOCKTYBaHHI NpHIaAy, BiapI3HAETHCS
Bix i0eanvroi [9]. Ilin uwac excrutyaTanii peamsna I'X
mi BIUIMBOM PI3HOMaHITHUX (akTopis Oyzae Biapi3Hs-
THCS BiJl HOMIHANBHOI, 1[0 MTPU3BOIUTH JI0 IHCTPYMEH-
TaJbHOI CTATUYHOI MOXMOKHA. BUXOIM4M 3 HBOro OibIn
JIOIITIBHO BUKOPHUCTOBYBAaTH TEPMIiH KaniOpyBaabHA
xapaktepuctuka (KX) [6], sika BIIMBaE Ha pe3yibTaT
BumiproBanss [10].

JIst OIIHKK IHCTPYMEHTAIBHOI CTATHYHOI MOXHOKH
CKOPHCTAEMOCSI CTPYKTYPHHUM METOJIOM, SIKHM TPYHTY-
€ThCS HAa TOMY, 110 Oyzb-skuii EM3BT moxHa 300pazutu
BIIMOBIZHOIO CTPYKTYPHOI cxeMoro 3’eananus BII (1mo-
CIIIOBHOIO, TMapalieNbHOI0, 3MinraHowo). lle mo3Bossie
CMOYATKY MPOBECTH OLIHKY CTATHYHHUX MoXuOok BII, 1o
BXO/IATh JIO iX CKJIaay, a MOTIM 3 IX BUKOPHCTAHHSIM JaTH
OL[IHKY CTaTUYHOI IIOXUOKHU [BOTO MPHJIAMIY.
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OTpuMaeMo y3aralbHEHY MaTeMaTHYHY MOJETb
cratnanoi oxubku EM3BT, a motiM 3 ii BUKOpHCTaH-
HSIM 3HafIeMO KOHKPETHI OLIIHKH CTaTUYHHX MOXHOOK
JUTsl BKa3aHUX BHIIE cxeM 3’ eqHaHHa BII.

3o06pazumo ymoBHO EM3BT omHUM MpSIMOKYTHH-

koM, mo Mmictute N BII (puc. 1), ne uepes Y;, i=1L N

MO3HAYeHI BUXIOHI BEJMYMHU IMX TEPETBOPIOBAYIB.
Heo6xinHo Bupasut crarnudy noxubky EM3BT uepes
cratrai moxuOku BII, 1110 BXOIATE 0 HOTO CKiIay.

X Y
— Vi LY L

Puc. 1. YmoBHe no3uauennst EM3BT
(Fig. 1. Symbol of electromechanical measuring equipment)
(mKepeno: po3poOIeHO aBTOPAMH)

JI7st 1IBOTO ILTKOM CITpABETMBA METOINKA OIlIHKH
MOXHUOKH Pe3yJbTaTy OMOCEPEAKOBAHUX BUMIPIOBAHb.

Hexaii 3agana HoMigansaa KX EM3BT, sxiii Bin-
MOBiJAXOTh BiZOMI HOMIHAJBHI 3HAYEHHSA BUXIIHUX BeE-

mmauH Y, BUMIpIOBaIbHUX NEPETBOPIOBAIB:
YH = fH (X’Y].H’Y2H""YiH""YNH) . (l)

Aute depe3 HasBHICTh cTaTuuHKX moxubok BIT pea-
JbHI 3Ha4YeHHsA IX BHXITHMX BexwunH Y; OynoyTh
BIIPI3HATHCS BiJ HOMIHANBHUX 3HAYCHb Y;, Ha BEIHYH-

Hy AY; npu oJHaKOBOMY BXIiJHOMY CHTrHaJI X, TOOTO

Y; =Y, +AY;. 2
Toxi peansna KX EM3BT
Y= (XYY, YY), 3)

a0o0 3 ypaxyBaHHAM piBHOCTI (2)
Y=f (X,Y1H+AY1,Y2H+AY2 ""YiH+AYi ""YNH+AYN ) . (4)

AbcomoTHa cratnyHa noxu6ku EmM3BT, 06ymoB-
JieHa ctaTnaHuMHK Toxubkamu BIT nopisHioe

AY =Y =Y, . (5)

BuxopucroBytoun poskinaganas peanpHoi KX
EmM3BT (4) y psn Teiisopa 3a ManuMu BeIHMYHMHAME
AY; oTpuMmyeMo BHpa3 Iyl aOCOIIOTHOI CTAaTUYHOI MO-

xnbxu EM3BT:

AY = Z— AY;, (6)

l

oY 1oY;

HOMIHATBHUX 3HaueHb mapameTpis Y;, BIL

e 4YacTKOBI IOXimHi O0YUCITIOIOTHCS IS

IepeiinemMo 10 BiTHOCHOT CTATUYHOT TTOXUOKH:

Y =AY/Y . )
[MigcraBumo B (7) crisBianoenus (6), oTpUMyeEMO:
oY AY;
oY = —L, 8
z@Y Y ®)

Bupas mig 3HakOM CyMH MOMHOXHMO Ta PO3ijH-
Mo Ha Y;, MaeMo

" N
Y: AY;
_N O Y AY; a6o &Y =D y;-oY;, (9)
=YY par]

ne oY; =AY;/Y; — BigHocHa craTnyna noxubka i-ro BIJ;

o Y; .
Vi=—v v (10)
oy, Y
— 6e3posmipuuit koedimient BmmBy i-ro BIT Ha
BijiHOCHY cTaTnuny moxubky EM3BT.
®opmynn (9), (10) € y3aranpHEHOO MaTreMaTH4-
HOI MOJICIUTIO BifHOCHOI cTatiyHoi moxubku EmM3BT.
BOHHM [03BOJISAIOTH OLIHHUTH IF0 MOXHOKY 32 BiqOMHMHE
GbyHKUisMHA TepeTBOpeHHs (a00 CTATHYHUMHU XapakTe-
pPHCTHKAMH) Ta BIIHOCHUMH CTAaTHYHUMH TOXHOKaMH
BII. IIpore Taki OWiHKK € AEIIO TPOMI3OKHMH. BoHH
MOXYTh OyTH CHpoIIeHi, ko Bix QyHKHiA mepeTBo-
PEHHS MepelTH 10 TOB’SI3aHUX 3 HUMH YYTIHUBICTIO 200
cratnaHuME Koedinientamu nepeaadi [10].
Jns 1poro 3amMIieMo  CIIBBIZHOIICHHS IS
HOMIHAJIbHOI Ta peaybHOT YYTIHBOCTEH y BUIIIAAL

S=F(5.,57,..5;,..Sy)..

Ilpy wpomMy OynmemMo mo3Hayatd sK S;,, S;

(1)

BIJIMOBIIHO HOMIHANBHY Ta peajbHy YYTJIMBOCTI i-TO

BIl B ckiani EM3BT. Peanpuna uyrtmusicte S; BII
BifIpi3HsAEThCA Bim HOMIHamBbHOI uyTiHBOCTI S;, Ha
a0bCOJIIOTHY CTaTHYHY MOXUOKY AS; | THM caMHM BHO-
cuth MOXUOKy AS; B HOMiHaNeHY uyTiuBicTs S, EM-
3BT, 10610 S;=S;, +AS;, S=S5,+AS . AGcomtoTHa

cratnuHa noxubka AS Moxke OyTH BH3HAYEHA 3 BHKO-
pucrannsm posknany ¢yukuii (11) B psg Teitiopa mo
JiHIHHOTO YiIeHa 38 MaJIUMH BelUYUHAME AS; |

AS = Z— AS; . (12)

3 ypaxyBaHHsM Ili€i PIBHOCTI mepeiimemMo 10 Bi-
HOCHOI CTaTHYHO{ MOXUOKH:

%6_ A
oS S
[Ticns nmepeTBOpeHH MaEMO

és__
~os; s

(13)

ne 65i =ASj/Sj — BigHOCHa MOXMOKa YyTIMBOCTI I-TO
BUMIPIOBAJILHOTO NIEPETBOPIOBAYA.

Haiinemo 38’°s30k Mix (9) i (13). dust uporo posr-
JSTHEMO OKpEeMHUil I-ii BUMIPIOBaIBHUI MEPETBOPIOBAY 3
gyyriuBicTio Si y cxemi EM3BT (puc. 2).

g Yi+1
—> ;+1| >

Yo F---1 Y1 Y,
— 5. — s

Puc. 2. YMoBHi noznayenns s i-ro BIT - (Fig. 2. Symbols
for the i-th connection of the measuring transducer)
(mKepeno: po3poOIIeHO aBTOPaMH)
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Hexaii pynkuii nepersopenns BII nineapizosani, a
Si=YilYiq, (14)
ae Yij_1, Yij — BiAmoBiaHO BXigHA Ta BUXiIHA BETHYMHH
i-ro BII. 3 Bupasy (14) sanumremo

Yi=S;-Yig. (15)

Hexait gytmusicts S; i-ro BII uepes iioro craTu-
4Hy HOXMOKY Mae Jeskuii mpupict AS;, 3a paxyHOK
YOro BHUXIIHA BenHYMHA Yj [BOr0 MEPETBOPIOBAYA

oTpuMye TieBHHH mpupict AYj 3a Tiei camoi BXigHOT

N .
& =35 Si sy (19)
3 nopiBHsHHs criBBigHouieHs (9) i (19) micraemo
oS §;
=—0- L. 20
Wi .S (20)

Dopmynu (9) i (20) € inmoro Gopmoro 3amucy y3a-
rajbHEHOI MaTEMaTUYHOI MOJENl BiZHOCHOI CTaTHYHOI
noxubxu EM3BT.

BucnoBok

BenuuuHu Yj_7, TOOTO

3a pe3yipTaTaMH MPOBEICHOTO aHAJ3y OTpHMaHa
y3araJbHeHa MaTeMaTH4YHa MOJEJb BiIHOCHOI CTaThy-
Hoi moxubku EM3BT, sika Bu3HadeHa yepes Uy TIHBICTD

Yi +AY; = (Si +AS;) Vi (16) abo cratmuni koedimientn mepemaui BIL. Lls momens
Bizxnimemo Bix pirocri (16) pienicts (15): JI03BOJISE KOHKPETH3YBATH OLIHKH BiZ.[HOCHO'.l' CTaTHYHOI
MOXUOKH €JIeKTPOMEXaHIYHHX 3aC00iB BHUMIipIOBaIbHOI

AY;j = AS; iy A7) rexuixn noOy/I0BaHUX 3a PI3HUMHU CTPYKTYPHUMHU CXe-

Poszimumo criBsigromenns (17) Ha (15) MaMmH 1pH ix excruryatanii. BUKOPUCTaHHS YTOYHEHMX
ouiHok crarnyHoi nmoxubku EM3BT Hagacte MoKIH-

AY; [Yi = AS;[S; abo &Y = &5;. 18)  picrs OTpPUMYBaTH JIOCTOBIpHY iHpopMalii npo cran BT

AHAIIOTIYHO MOXHA IOKA3aTH, 110 CIPAaBeANMBo0 I H4aC MPOBE/ICHHS MOG Ta 6e3mocepenHbO MpHU 3a-

€ piBHicTs 5Y =65, ToMy CTOCYBaHHI.
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Pa3paboTka MaTeMaTHYeCKasi MOJeJH CTATHYECKOH IOrPeIHOCTH
3JIEKTPOMEXAHUYECKHX CPEICTB U3MePUTEIbHOI TEXHUKH

B. B. Momapenkos, C. C. Boiirenko

AHHoTamus. /1 moanepkaHuss BOCHHON TEXHUKU MPUTOTHON K MPUMEHCHHUIO, TPOBOJAT MEPOIPHUITUS 0 TCXHUYC-
CKOMY OOCITY’)KMBaHUIO, B)XHON M HEOTHEMJIEMOH YacThI0 KOTOPOTO SBISETCS METPOJIOTHueckoe oOcmyxuBanue. J(PHeKTHB-
HOCTh METPOJIOTHYCCKOTO OOCITYKHBAHUS 3aBHCUT OT TOJHOTHI OXBaTa KOHTPOIUPYEMBIX MapaMeTPOB, MEPUOIMIHOCTH U JIO-
CTOBEPHOCTH MX U3MEPUTENHHOT0 KOHTpousi. Hanbosee pacnpocTpaHEHHBIME, B HACTOSIIIIEE BPEMsI, IPU KOHTPOJIE TapaMeTpOB
BOCHHOW TEXHUKH SIBISIFOTCS AIIEKTPOMEXaHHIECKHE CPEICTBA H3MEPUTENbHOM TeXHUKH. OCHOBHOW METPOJIOTHYECKOM XapakTe-
PHCTHKOM 3IIEKTPOMEXaHUIECKUX CPEICTB U3MEPUTENbHOM TEXHUKN B CTATUYECKOM PEXUME H3MEPEHHUS SIBISIETCS HOMHUHAbHAS
KanMOpOBOYHAST XapaKTEPUCTUKA. B TeUeHHH JKCIUTyaTaluy, KaTHOpOBOYHAsS XapaKTEPUCTHKA 3JIEKTPOMEXaHHYECKUX CPEICTB
HU3MEPUTEIBHOM TEXHUKH, MOJT BIUSHUCM Pa3IMYHBIX (PAKTOPOB, UMEET OTKJIOHCHUS OT HOMUHAJIBHOM, YTO MPUBOIMUT K HHCTPY-
MEHTAIBHOW CTaTHUYECKOM MOTPENIHOCTH. B cTaThe paccMaTpUBAIOTCS MPHUKIIAJHBIC ACTIEKTHI OIEHKH CTATHYECKOM MOTPEITHOCTH
JJIEKTPOMEXAHUUECKHX CPEICTB H3MEPHUTEILHON TEXHHUKH, KOTOpas BBIPAXKCHA Yepe3 YyBCTBUTEIBHOCTh MM CTATHYCCKUE KO-
3¢ GUIMEHTHI TTepeaaun U3MEPUTEIBHBIX peodpasoBaTencii. [1o pe3ynpTataM aHann3a MoxydeHa 0000ICHHAs MaTeMaTHYeCKast
MO/JIENTb OTHOCHTEJILHON CTATHYECKOM MOTPEIIHOCTH JJIEKTPOMEXaHHUECKHX CPEIICTB M3MEPUTEIHLHON TEXHUKH JUTS Pa3THUHBIX
CTPYKTYPHBIX CXeM COEIAWHEHHS M3MEepPHTENbHBIX Mpeobpa3oBarerneii. [IpeiokeHo mpUMEHITh 0000MIEHHYI0 MATEMATHIECKYIO
MOJIENb JJIsI OIIEHKH OTHOCHTEIBHON CTATUYECKOH MOTPEIIHOCTH HIIEKTPOMEXaHUIECKUX CPEACTB M3MEPUTEIbHON TEXHUKH (IIPH
Pa3MHYHBIX CTPYKTYPHBIX CXeMax MOCTPOEHHUS) BO BpeMs UX JKCIUTyarauuu. VCronp30BaHHE YTOYHEHHOHW CTATHYECKO# MO-
IPELIHOCTH TO3BOJUT YTOYHSTH KaJHOPOBOYHYIO XapPAKTEPHCTHKY AIIEKTPOMEXaHHIECKHX CPEACTB U3MEPUTENHHON TEXHUKH,
YTO B CBOIO OUepe/Ib MPUBEACT K MOJIYUCHHIO TOCTOBEPHONW MHPOPMAIIMU O COCTOSHHU BOCHHON TEXHUKHU BO BPEMsI MPOBEACHHS
METPOJOTHIECKOT0 00CTYKUBaHHSI U HEMIOCPEACTBEHHO Mepel MPUMEHEHHEM.

KawueBble ciaoBa: BOCHHAs TEXHHUKA,; 3JICKTPOMCXAaHUYCCKHUEC CPCICTBA I/ISMGpI/ITf}J’ILHOﬁ TEXHUKH, I/ISMCpI/ITCJ’ILHLIfI
HpeOGpEBOBaTCJ'II); CTAaTUYECKas IOTPEIIHOCTh,; TPAAYHUPOBOYHASA XaPAKTCPUCTHKA, 0606HICHHa§I MaT€MaTHYCCKast MOJICIIb.

Development of a generalized mathematical model of static error electromechanical measuring equipment
Viktor Mosharenkov, Serhii Voitenko

Abstract. To keep military equipment fit for use, carry out maintenance activities, an important and integral part of
which is metrological service. The effectiveness of metrological services depends on the completeness of the coverage of the
monitored parameters, frequency and reliability of their measuring control. The most common, at present, when controlling the
parameters of military equipment are electromechanical measuring equipment. The main metrological characteristic of electro-
mechanical measuring instruments in a static measurement mode is the nominal calibration characteristic. During operation, the
calibration characteristic of electromechanical measuring instruments, under the influence of various factors, has deviations from
the nominal, which leads to an instrumental static error. The article deals with the applied aspects of assessing the static error of
electromechanical measuring equipment, which is expressed through the sensitivity or static transmission coefficients of measur-
ing transducers. Based on the results of the analysis, a generalized mathematical model of the relative static error of electrome-
chanical measuring equipment for various structural schemes of connecting measuring transducers was obtained. It is proposed to
apply a generalized mathematical model to assess the relative static error of electromechanical measuring instruments (with vari-
ous structural schemes) during their operation. The use of an updated static error will allow to refine the calibration characteris-
tics of electromechanical measuring instruments, which in turn will lead to obtaining reliable information about the state of mili-
tary equipment during metrological maintenance and immediately before use.

Keywords: military equipment; electromechanical measuring devices; measuring transducer; static error; calibration
characteristic; generalized mathematical model.
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MOJEJIb TA METOJ IPUHHATTA YIPABJIIHCHKHUX PIIIIEHD
HA OCHOBI AHAJII3Y 'EOITPOCTOPOBOI IH®OPMAIIIL

AHoTamisi. Y cTarTi 3alpOINIOHOBAHO MOJIENb Ta METOJ IPUHHSTTS YIPaBIiHCHKUX PIllICHb Ha OCHOBI aHANi3y reo-
mpocTopoBoi iHpopManii. MeToIo cTaTTi € yIOCKOHAJICHHS MOJIENi Ta METOLY NPUHHSATTS YIPaBIiHCHKUX PillleHb HA OC-
HOBI aHaji3y reonpocTopoBoi iHpopMarii. Pe3yJbTaTi: 3alpoONOHOBAaHO aITOPUTM MPOLECy MPUHHATTS YIPaBIiHCHKOTO
PpilIeHHS, KU CKIagaeThCs 3 CUTYaliiHOI Ta KOHIENTYaJIbHOI YaCTHHH; 3alIPOIIOHOBAHO AITOPUTM [iif KepiBHUKA OpraHi-
3amii Ha OCHOBI po3p00IeHOT MOAET MPUUHATTS YIMPaBIIHCHKOTO PIICHHS; PO3TJSIHYTA CHTYaIlisl, KOJH SKICTh PillICHHS
3aJICKHUTh BiJl 30BHIMIHIX ()AaKTOPiB, HA SIKI OpraH NMPUUHATTA pIilIEeHHS HE BIUIMBA€; HAaBEICHA 3arajibHa CXeMa METOIy
MIPUIHATTS YOPaBIIHCHKHUX PIlIEHh Ha OCHOBI aHaNi3y IeonpocTopoBoi iH(opmarii. BUKOPHCTOBYBaHHMHE MeTOAAMH €:
METOJM CHCTEMHOT'O aHaJi3y, Teopii NPUUHATTS pilieHs, 00poOKH iHpopMallil, ONTHMaIBHUX pillleHb, Teopii KMOBIPHOCTI.
BucHOBKH. Y 10CKOHAJICHO MOZENb IPHHHATTS YIPaBIiHCEKUX PIllleHb, sIKa, Ha BIAMIHY Bill BIJOMHX, € THHAMIYHOIO i Oa-
3y€ThCsl Ha BiOOPI pillieHsb, IO € ONTHUMAJBHUMU 32 KOMOIHOBaHUM KPHUTEPIEM, TIPH [[bOMY BHKOPHCTOBYETHCS ITPOTHO3HI
3HA4YeHHs IMOBIPHOCTEH CTaHIB CepeOBHINa, IO 3a0e3nedye OOIpyHTOBaHICTh YIPABIiHCHKUX pimeHb. OTpUMaB 1mMoaab-
MK PO3BUTOK METOJ MPHUHATTS YIPaBIiHCHKUX PIICHh HA OCHOBI aHAJi3y reonpocTopoBoi iH(opMarii, sskuit 6a3yeTbes
Ha MOJIEJISIX TIPOTHO3YBAHHS JJAHHUX Ta MPUIHATTS yIPaBIiHCHKUX PIillIeHb 1| BUKOPUCTOBYE METOJl CEMaHTHYHOI CErMEHTa-
i1 BUIOBHUX 300pakeHb IS OL[IHKH alpiOPHHUX IMOBIPHOCTEH CTaHIB CepeIOBHIIA, IO 3a0e3neuye MOKIUBICTD TPUAHSITTS
pIIICHHS B YMOBax pU3MKY Ta HEBH3HAUSHHOCTI. HanmpsMKoM mojanboiux JOCIHIiKeHb € po3polka iHdopMamiiHol TeXHO-
JIOTiT MPUUHSATTS YIPABIiHCHKHX PilllcHh HA OCHOBI aHaJIi3y reompocTOpoBoi iH(popMarrii.

KawuoBi cioBa: reonpocropoBa iHpopMamisi; ynpaBiliHCbKe PIlICHHS; METOA MPUUHATTS yIPaBIiHCHKUX PillICHB,;
MOJIeNb IPUUHATTS yNPaBIiHCHKUX pillleHb; iHPOpMAIiiHA CUTYyaIlisl; CUTYyallisl IPUUHATTSA PillleHb; KPUTEPill mpuid-

HSTTS PillICHb.

Beryn

[ocTranoBka mpodaemu. Ha croronHimHIN IeHD
iCHy€e BellMKa KiJIbKICTh MPOOJIEMHO-OPIEHTOBAaHUX T'€0-
iHpopManiiHUX cucTeM. B OCHOBY JaHMX CHCTEM IOK-
najseHa kaprorpadiuda, Tomorpado-reoe3udHa, acpo-
KocMivHa iH(opMallis, sKa npeAcTaBieHa y HU(OPOBOMY
BUTIIAII, SIKA € JyXK€ 3PYYHOIO 3aBISIKM Bi3yasizamii
BENUKOI KiNbKOCTI pi3HOpiaHOoi iH(opMmanii Ta sika jaae
MOJJIMBICTh BHPIIICHHS IIOTO KOMIUICKCY pi3HUX 3a-
BJIaHb YIPABIiHHS, IUIAHYBAaHHS Ta BUKOPHCTAHHS pe-
CYpCiB B PI3HHUX Taly3sX JIOICBKOI HisutbHOCTI [1-2].
J1s 1p0r0 HEOOXiJHI KOMIUIEKCHI CIEIiali30BaHi Me-
TOJMKH aBTOMAaTH30BAHOTO NPHUHSATTS YIPABIIHCHKUX
pimmeHs, sKi 3aCHOBaHI Ha 0OpOOIIl TeompoCcTOpoBOi iH-
(dbopmarii Ta sKi peanizoBaHi B CKIaai CUCTEM MiATPUM-
KW IPUAHATTSA PilllCHb.

Croronni B YkpaiHi icHye 3HauHa KUTbKIiCTh T'eoi-
H(pOpPMaIIHHUX CHCTEM PIi3HOTO NMPHU3HAYEHHS i3 BEJH-
KM 00’€eMOM HaKOIM4YeHOi iH(opMarii, sika TMOCTIHHO
OHOBIIIOEThCSI. Bennki 00’eMH reonpocTOpOBHX JaHHX,
JIOCTaTHBO CKJIaJIHI CTPYKTYPHO-TeOMETpHYHi (opma Ta
po3TamryBaHHsS 00’€KTIB Ha 300pa’KeHHSX, 00OB’S3KO-
BUil 00JIIK B OOYMCIIEHHI KiIbKICHUX aTpUOYTiB, CKIa-
HOCTI KOOPJMHATHOI NPHB’S3KN Ta HACTYITHOTO aHaJIi3y
BU3HAYaIOTh 3HAYHI 3aTpaTH 4acy Ha MPUHHATTS yIpas-
JIHCBKHX pimeHb. ToMy icHye mpobiema ormepaTHBHOTO
Ta aBTOMAaTHU30BAaHOT'O BHKOPHUCTAHHS Takoi iH(popMarii
MIpH TIPUHHSTTI PillleHh HA OCHOBI aHaNi3y T€OIMpPOCTO-
poBoi iHpOpMaIlii, IO AO3BOJIWIO O CYTTEBO 3MEHIIIUTH
JIOJII0 CYO’€KTHBHHMX IMOMHWJIOK TP TPUAHATTI yIpaB-
JIIHCBKHX PIllICHb.

AHaJi3 ocTaHHIX JocjdiTxkeHb Ta myOmaikamiii.
[IpoBeneHuit aHami3 OCTAaHHIX MOCHIIKEHh IOKa3aB
HaAMOLIBII MePCIIEKTUBHUMHE 3 TOYKH 30py 0OpOOKH Te-
OIIPOCTOPOBUX TaHUX € TPOOIEMHO-OPIEHTOBAHI T'€OiH-
¢dopmariiiai cuctemu [1-2]. Ockinbku ojHa 3 QYHKIiH
CKJTaJHUX T€OIH(POPMALIHHIX CHUCTEM Pi3HOTO TPHU3HA-
4yeHHsI € 3a0e3nedeHHs] 0co0M, L0 NpuiiMae pilleHHs
HEOoOXiJHOI0 00’ €KTHBHOIO 1H(HOPMAIIEI0 Ta MOXKINBH-
MH PEeKOMEHJalisIMHU 100 MPUIHSATTS pillleHb, TO IS
CTBOPEHHS MOJIOHUX CHUCTEM AOLIJIBHO 3aCTOCOBYBATH
CHCTEMH MIATPUMKHU NPUHHATTS YHPaBIiHCHKUX DillleH-
us [3]. Ha ceoromuiniHiit 1eHp iCHYe BelHKa KiJIbKIiCTh
PI3HMX MiAXOXAIB JUIi BHOOPY OOIPYHTOBaHMX pillICHb
JUISL HQIaHHS TAKUX PEKOMEH/Iallii.

B [4] 3ampomnoHOBaHO PO3pOOKa KOHLENTYalbHOI
MOJIeN MIATPUMKH TPUHHSATTS pillieHb AJS rally3eBUX
reoiHpoOpMamiiHUX CHCTEM Ta METOMy Ha 1i OCHOBI.
Indopmaniiina Mozxens reoJaHux moisirae y gopmaii-
30BaHOMY IIO€JTHAHHI iX MPOCTOPOBOI Ta aTpHOyTHUBHOL
CKJIQJIOBHX, 1[0 BPaxOBY€ peIsliliHYy, CEMAaHTUYHY Ta
(bpeitMoB1 MoJieNi TpeACTaBlIeHHsI 3HAHb ATPUOYTHUBHOT
CKJIaJOBOI.

B [4] po3pobneHo MeTon MiATPUMKH MPHAHATTS
pimens mpu moOynoBi Tamy3eBoi TeoiHdopMariitHol
CHCTEMH, SIKUH BpaXOBY€ KOHIENTYaJbHY MOZEb IIi/IT-
PUMKH NIPUHAHSTTS PILLIEHb JUIS TAly3eBHUX reoiHpopma-
LHiHHUX CHUCTEM. AJiC 3alpONMOHOBAHUHN MiXiJ PO3po0-
JICHW# JMIIe Uil Taly3eBHX TeoiH(opMaliifHuX cuc-
TeM, TOOTO JJIsl CUCTEM, SIKi BUBYAIOTh NPOOJIEMHU JIUIIE
OJTHI€T Tamy3i.

B [5] ans po3B’si3yBaHHSA 3a7a4 YIPaBIIHHS SKicC-
TIO TIOBITPS B XOJi CTBOPEHHS CYYaCHHUX CHUCTEM ITiJIT-
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PHUMKH NPUHHATTS PillleHb 3alIPOIIOHOBAHO BUKOPHCTO-
BYBaTH TeoiH(oOpMaIliiiHi CHCTEMH 3 METOIO IiATrOTOB-
KW, CHCTEMaTH3allii Ta aHaii3y BXiTHUX HaHUX; Bi3yalli-
3amii Ta aHai3y IPOCTOPOBHX XapPaKTEPHCTHUK PO3Paxo-
BaHUX ITOKa3HUKIB. AJe croci0 iHTerpamii miacucTeMu
MIPOCTOPOBOTO MOJICNIOBAHHS B CHCTEMi MiATPUMKH
NPUIHATTS pillleHb BUOMPAIOTH 3aJISKHO BiJ MpHU3HA-
YEeHHsI CUCTEMU Ta HasBHOTO CTaHy B3a€MOJIi ITiJCHC-
TeM Mojenel 1 6a3 JaHux.

ToMy € HEOOXIIHICTh YIOCKOHAJICHHS MOJEINTI
NIPUIHATTS YIPaBIIHCHKUX PIllIeHb, sIKa, HA BIAMIHY Bij
BioMHUX, OyJe NWHAMIYHOK Ta Oyne Oa3yBaTucs Ha
BizOOpi pillleHb, IO € ONTUMAIHFHAMH 32 KOMOIHOBaHUM
kpurepieM. Ta po3poOka MeTOqy MPUHAHATTS yIpaBIliH-
CHKHX pIIlIeHb Ha OCHOBI aHANi3y T'€OIpPOCTOPOBOI iH-
¢dopmarii reoiHPOpPMALIHHIX CHCTEM PI3HOTO IpPHU3HA-
YeHHs, SIKMHA 0a3yeTbCsl Ha MOJIENAX IMPOTHO3YBaHHS
JIaHUX Ta NPUHAHATTA YNPABIIHCBKUX PpIllIeHb, IO 3a-
Oesreuye MOXJIIMBICTh NPUHHATTS PIIICHHS B yMOBax
PH3HKY Ta HEBU3HAYECHOCTI.

TakuM 4YMHOM, METOI0 CTATTi € YJIOCKOHAJCHHS
MOJIeNl Ta METOJY HPUHHATTS YNPAaBIiHCHKHX pilleHb
Ha OCHOBI aHaJIi3y reonpocTopoBoi iHpopMalii.

OcHoBHuIi MaTepian

AJNTOpUTM TIpoliecy NMPHUHHATTS PILIEHb Y CHCTEMax
00poOKH TeonpocTopoBoi iH(popManii € popmarnizoBa-
HOIO CXEMOIO OIpaIfoBaHHS iH(opMaIli, ska Omucye
MOCTITOBHICTh il KOXKHOTO €Tamy MO, 1o 00'e-
HaHi B equHy cucremy [6]. Januii mporuec e itepariii-
HUM — oneparii, iKi BUKOHYIOTbCS Ha KOXKHOMY eTarli,
MTOBTOPIOIOTECS IO THX Iip, AOKH He Oyae 3HaiAeHo
pilIeHHS, SKE 33/I0BOJIbHSIE BUMOTH 3a 33aJaHUM KpHTe-
piem (puc. 1) [7].

Monenp CKIaaeTbesl i3 CUTyaliiHOI Ta KOHIETI-
TyanbHOi yacTHHA. OCHOBHMMH €JIEMEHTaMH CUTYallil-
HOI YacTWHH MOJeNi € OJOK MaHWX Ta OJOK CHTYyAIll.
bnok naHux BKIOYae BU3HA4YECHHs 00’eKTa 3allikaBiie-
HOCTI Ta HasBHHUX iH(opMauiliHMX pecypciB, arpery-
BaHHS Ta OTPUMAHHS T'€OIMPOCTOPOBOI iH(OpMarii 3
3aaHMMH XapaKTePUCTUKaMU. BJIOK cuTyailii BKIIOUYa€E
aHaJli3 MOTOYHOI cHTyallii Ha 00’€KTi 3aIliKaBIeHOCTI,
BH3HAUYEHHS MOJIEJIi 3arpo3 Ta aHaji3 MOTOYHUX 30UTKIB
BiJ AiSTIBHOCTI HA 00'€KTI.

B cBoro wepry KoHueNTyaJgbHa 4YacTHHA MOJENI
BKJIIOYae OJIoK miii ta 6ok BUOOpPY. Biok mini Bu3Ha-
Yae MPIOPUTETHICTh pearyBaHHsS HAa HETaTMBHUH BIUIHB,
6710k BUOOPY CKJIAJAETHCS i3 BU3HAYECHHS Ta PO3POOKH
CreHapiiB, IUIaHIB, ATOPUTMIB YCYHEHHsSI HEraTHBHOTO
BIUIMBY Ta BU3HAYCHHS MapaMeTpiB HEOOXigHOI iHOp-
Marlii /U1 MoIajIbIIIoTo KOHTPOITIO CUTYAITii.

3 MeTOr0 MiBHIICHHS €(eKTUBHOCTI yNPaBIiHCH-
KOTO BIUTUBY Ha OCHOBI PO3p0O0JIeHOT MOJIeNi IPUHHATTS
YIPaABIIHCPKOTO PIMIEHHS 3allPpONOHOBAHO AJITOPUTM
il KepiBHUKa opranizauii (puc. 2) [8].

PosrisiHeMo Terep CHTYyallifo, KOJIU SKICTh pillleH-
HS 3aJI€KHUTh BiJ 30BHILIHIX ()AaKTOpiB, HA SKi Opra
NIPUIHATTS PillICHHS HE BIUIMBAE.

V [7], [9] BBakaeThCsI, MO0 MOJEITD MPUHAHATTSA Pi-
LIEHHS € CTAaTUYHOIO, TOOTO Ii ITapamMeTpu He 3aJieXkKaTh
Bix wacy. B maHiii po6oTi Oyjie poBEJCHO y3arajibHEH-
HS IUTA JUHAMIYHOT MOZEI.

Cumyauiitna yacmuna modeni

BJok 1anux

BusHauenHs 00°€KTa 3aI[iKaBICHOCTI Ta HAsBHUX
iHpopMaLitHKUX pecypciB

1

1

1

1

1

1

1

1

ArperyBanns iH(popMalii Ta BU3HAYCHHS !
nepesiky HeoOXiHUX JJOJaTKOBUX JIaHUX Ta 1X !
1

XapaKTepUCTUK !

1

1

1

1

1

1

1

OTprMaHHs reonpocTopoBoi iHpopMaii 3
3a/[aHAMH XaPaKTePHCTHKAMI

. .. . Biok curyanii
AHaini3 noTo4Hoi cuTyarii Ha 00’ eKTi ¥

3alliKaBICHOCTI

AHaui3 OTOYHMX 30MTKIB BiJ{ AisSUTBHOCTI Ha
00'exti

1
1

1

1

1

1

1

. 1

Busnauenns MOJEII1 3arpo3 !
I

1

1

1

1

1

1

1

Baok miai

HeraruBHuii BrumBs,
SIKUI He BUMArae HeraitHuX i

1

1

|

1

1

1

1

. 1
HeraruBHuii Brutus, !
KU BUMAarae HeraiHux i !
1

1

1

1

1

1

1

1

HeraruBHuii BruuB,
SIKHiT BUMArae J0BrOCTPOKOBHX ITAHOBUX Il

. baok Budopy
Busnauenns ta p03p061<a CIICHAp11B, TJIaHIB,

aJ'II‘OpI/ITMiB YCYHEHHS HETaTUBHOI'O BIUIUBY

Busnauenns napameTpi HeoOXiHOT iHpopMmaii
J171s1 IOIANTBIIOr0 KOHTPOJIIO CUTYaIlil

Puc. 1. Anroput™m mporecy
MIPUHAHATTS YIPABIIHCHKOTO PilllEHHS
(Fig. 1. Algorithm of the management decision-making process)

Jocnimkyodn cTaTH4HI MOJENl NPUUHATTS pi-
HIeHb, OyIEMO BUXOIUTH i3 TAKUX MPUITYIICHB [9]:

1) opran ympaBiliHHS Ma€ B HasBHOCTI MHOXHHY
B3a€MOBHKITIOYHHX PIlICHb:

D ={Q1, 92,0} » @)

3 IKUX Tpeba BUOpATH TUIBKU OJIHE;
2) cepenoBunie C ONHUCYETbCS MHOXHUHOKO B3ae€-
MOBHKJIFOYHHX CTaHIB!

®={6,,0,,..,0, @)

1 MOXe 1epedyBaTi B OJIHOMY 3 HHX, OJJHAK Ha MOMEHT

NIPUAHATTS pIIICHHS OpPraHy YNpaBIiHHSA HEBIZJOMO, Y

SIKOMY cTaHi BOHO Tiepe0yBae (abo Oyne nepeGyBarh);
3) BU3HAYEHO OIIHOYHMI ()yHKI[IOHAI:

F={fi}, @)
SAKUI XapakTepu3ye "Burpam’ abo "mporpam" opraHy

YIpaBIiHHS TpH BHOOpPI HUM pimeHHs @y € O sKIo

cepenoBuine Oyzne nepebysartu (ado nepeOyBac) B craHi
0;®.
J
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30ip Ta aHaI3 «apXiBHUX» TaHUX II0JI0
00’exty 3amikasneHocTi (O3) =

y

Bu3HaueHHs] KpUTHYHUAX OKA3HHKIB
dynakmionysanas O3

Amnaii3 HasBHOI iH(popMarii
100 TOTOYHOTO cTany O3
y

Bu3HaueHHS TOKAa3HUKIB T€OIPOCTO-
poBoi iHdopmartii, HeoOXiTHOT s
OPUAHSATTS VIIPABIIHCHKOTO PIICHHS
']

y

OTtpuMaHHs reonpocTopoBoi iHpopmarii
Ta aHaJNi3 CUTYalii 3 ONpaIfOBAaHHIM
HiAIPYHTS MIOJ0 BU3HAYCHHS METH

y

BusHaueHHs NITIXIB
npuitaarts YP, sxe Tpeda
YXBaJINTH HETalfHO

BusnaueHns nsaxis
npuiHATTA YP, sike He
BHMAarac Heramuux mi

a

BusHaueHHS NUISAX1B IPUAHATTS
VP, axe Tpeba yXBaJIUTH B JIOB-
TOCTPOKOBIH MEpPCIIEKTUB1

X

Busnauenns gpopm, meTonin
Ta 3aco0iB peamizaii YP

ExcriepTHa ominka
e(heKTUBHOCTI

<anaB.J1iHc1,Ke piIlIeHHH>

Puc. 2. Anroput™ aiii TPUHHATTS YIPaBITiHCHKOTO PillICHHS
(Fig. 2. Algorithm of management decision-making actions)

Buxonsuu 3 nux NpUNYHICHb, IPOIEC MPUAHATTS
pillleHs B YMOBaxX HEBU3HAYEHOCTI MOXeE OYTH ommca-
HUM TaKOIO CXEMOIO:

1. ®opmyBaHHS MHOXXHHH MOKJIMBHUX DIillIeHb Op-
raHy ynpaBliHHS ¥ Ta MHOKHHHU CTaHiB cepenoBuina © .

2. Bu3HaueHHs Ta 3aJaHHs OCHOBHHX IOKa3HHKIB
e(eKTUBHOCTI i KOPUCHOCTI, SIKi BXOJSTh Y PO3PaXyHOK
ormiHHoOrO (pyHKIIOHANA F .

3. BusHaueHHs OpraHoM yrpaBimiHHS iH(QOpMAITiii-
HOT CUTYaIlii, IKa OMHCY€E CTPATETIIO IOBEMIHKH Cepelo-
Buma L.

4. Bubip kpuTepiro MpUHAHATTS PillieHb i3 MHOXH-
HHU KPHUTEPIiB, SKi XapaKTepU3yIOTh BU3HAYCHY OPTaHOM
YOpaBIiHHES iHPOPMALIHHY CHTYaIio.

5. [Ipu#AHATTA ONTUMAIBFHOTO, 32 BHOpPaHUM KpH-
TepieM, pireHHs abo HOro KOpeKIIis.

TakuM 4YUHOM, WiJ cumyayiero RputiHAMMA pi-

wenvb  OyoeMo  pO3yMiTH  TpiliKy %, B  sKii
d):{(pl,(pz,...,(pm} — MHOXXMHAa MOXJIMBUX pillIeHb
oprany ynpasiiHus;{8, .8, ., ..., 8, } — MHOKHHA MOYXITH-

BHX CTaHIB CepefoBHUINA;f = {th} — OWiHOYHUHA (PyHK-
uionan, e fy = f (Gj,(pk).

VY posropHyTii QopMi curyaumis OpUHHATTS pi-
LICHb XapakTepu3yeThes: MaTpuieto (4) [10]-[11]:

¢ 02 Pk Pm
0 fp fo fix fim
0, fa o fok fom
4
0 fu fio  fi  fim
en fn1 fn2 fnk fnm

3 kaTeropi€ro OIIHOYHOTO (YHKIIOHATA TICHO
OB ’s13aHI TaKi TMOHATTS SK ¢(PEeKTUBHICTh, KOPHCHICTH,
BTpaTH, pu3uk Touo. IIpu 1pomy BUOIp Ti€l uM iHIIOT
¢dbopmu (yHKITIOHANA 3aJCKUTh BiJj KOHKPETHHX 3a1ad
yIpaBiiHHS. 3a3BUuail BUKOPUCTOBYIOTH JBi Horo ¢op-
MHU: Ti, [0 BU3HAYAIOTH KOPUCHICTh, a0 Ti, 10 BH3HA-
YalTh BTPATH.

SIKIO opraH ympaBJiHHS, NMPUHMAlOYH PillleHHS,
BUXOIHTH 13 HEOOXiTHOCTI MOCATHCHHS MaKCUMyMy
OILIHOYHOTO ()YHKIIOHATY, TO OyneMo HOro mo3HayaTH
SIK

F:F+=“§} )

Konu opran ynpaBiiHHS BHXOIUTH i3 TOTPEOH J0-
CSITHEHHSI MIHIMYMY OIIIHOYHOTO (PYHKITIOHAITY, TO

F:F‘:hﬁ} ©)

[ndopmaniitnoro cumyayiecio npuiinamms piwiens
OylnemMo Ha3uBaTH CTYIiHb Ipajaiii HeBU3HAUYEHOCTI Y
BHOOpI CepPeIOBUIIIEM CBOiX CTaHIB i3 3aJaHOT MHOKUHHU
@ B MOMEHT NPUIHSTTS PILICHHS OPTaHOM YIIPaBIIiHHS.

Buninsiote taxi ingpopmayitini cumyayii [12]:

11 —3amaHo po3moxin anpiopHUX IMOBIpHOCTEH Ha
eJIeMEeHTaX MHOKWHU CTaHiB cepepoBuIla &, 1Mo cuTya-
Iif0 Ha3WBAIOTh TAKOXK CUTYAII€I0 MPUUHATTS PIllICHb 8
YMOBAX PUBUKY,

12 — Mae miciie 3amaHuil pO3MOALT IMOBIPHOCTEH 3
HEBiTOMUMH ITapaMeTPaMH;

I3 —3amaHo crcTeMHM JMIHIKHUX BiIHOIICHB MOPSI-
KiB Ha KOMIIOHEHTaX anpiopHOTO PO3IMOALTY CTaHIB ce-
penosuma C;

14 — po3nominn iIMOBIPHOCTEW HAa MHOXXHHI CTaHIB
cepenoBuina & HEBiTOMHIA;

I5 — HasIBHICTh AHTaroHICTUYHHX iHTEpPECIiB cepe-
JIOBHIIA B TIPOIIEC MPUAHATTS PillICHHS,
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16 — "nmpomixkuanii” Mix I1 Ta I5 BHOIp cepemoBu-
IIIEM CBOIX CTaHiB;

I7 — icHyBaHHS HEYiTKOI MHOKHHH CTaHIB Cepelo-
BUIIA.

Kpumepiem npuiinamms piwens 6ynemMo Ha3UBaTH
ITOPHUTM, M0 BH3HAYCHUHN I KOKHOI CHTYalii mpuii-
HATTSA pilleHs Ta iHpopMmaniiHoi cutyauii I, skuit no-
3BOJISIE 0OpaTH €AWHE ONTHUMAIIBHE DIllICHHS Pk=k, 3

MHOXHHE @ a00 BCTAaHOBHTH MHOXHHY TaKHX PILICHB,
SIKi HA3WBAIOTh CKBIBAJICHTHUMH 3 TaHUM KPUTEPIEM.
Bymemo posrmsmatu Hazmami TUTBKH OCHOBHY iH-
¢dopmamiiiny cutyariro I1.
Iepma iadopmamniitna cutyamist 11 xapakrepuzy-
€TBCSl 3a/laHMM PO3IOJIIOM anpiOpHUX IMOBIPHOCTEH
Ha eJeMeHTax MHOXUHE O , a came:

P=(P P2se Pn ). s @)
1 BUKOHY€EThCsT yMoBa (9):
n

2.pj=1. ©)
=1

3ayBa)xMMO, 1110 y PealbHHUX 3aJadax po3paxyHOK
ampiopHOro posmoniny (7), 3MiHCHIOETECA a00 MIITXOM
00pOOKH BEIMKOTO 00CATY CTATHCTHYHOTO MaTepiaiy,
a00 Ha OCHOBI aHANITHYHUX METOIIB, 5IKi 0a3yrOThCS Ha
rinoTe3ax Mpo IOBEIIHKY CepelOBHUINa Ta Ha 3acTOCY-
BaHHI METOJIB i TeopeM Teopii iMoBipHOCTI. OTpHMa-
HUH y Takuil crocid ampiopHUA po3moAisl HMOBIpHOCTI
HA3UBAIOTh 00 ‘exmusHum. Pa3om 3 THUM, 1HOMI 3acTOCY-
BaHHS TaKUX METOIB HEMOXJINBE, OCKIIBKH HEMAE J0-
CTaTHHOI KIIBKOCTI CTaTUCTUYHOTO Martepiaiy, cepeio-
BUIIIE XapaKTEPHE CKIAJHOI "TOBEMIHKOI"', y IHUX
YMOBax OpraH MPUHHATTS PIlIEHb MOXXE BHKOPUCTATH
Ui (OPMYJIFOBaHHS 3HAYEHb AampiOpHOro PO3MOILTY
HMOBIPHOCTI OLIHKH €KCIIEPTiB, SIKi JOOpE OPi€HTYIOTH-
cs B curyarnii. Take Bu3HaueHHS WMOBIPHOCTI Ha3WBa-
€TBCSL YO 'EKMUBHUM.

OnwuiemMo OCHOBHI KpHUTEpii MPUAHATTS PillieHb Y
curyauii 11 [12]-[13].

1. 3rigHo 3 kpumepiem Batieca ch , ONTUMAIIbHU-
MU PILIEHHAMH @—g (200 MHOXHMHOIO TaKMX PILICHb)
BBA)XAIOTh TakKi, IS SKMX MaTeMaTH4HE CIIO/iBaHHA

oniHOYHOTO (yHKIiOHaNa HaOyBae HaiOuibmoro (abo
HalMEHIIOT0) MOXKJIMBOTO 3HAYECHHS, a came:

ko =argmaxB™ (¢y, p); (10)
k
ne "ok, p ijk I (11
a0o0, BiAMOBIIHO,
ko =argminB™ (¢, p); (12)
k
B™ (¢x. P)= szpj (13)

Kpurepiit baiteca € HallO1IBIIT BUKOPHUCTOBYBAHUM
B iHpopManiiiHiit cutyamii 1. Horo mominero 3acToco-
BYBAaTH TO[li, KOJM CHUTYallis IMOBTOPIOETHCS Oarato pa-
3iB, OCKUJIBKHM 32 TaKUX YMOB MaKCHMI3YETbCA CEepEIHE
3HAYCHHSA KOPUCHOCTI (200 MiHIMI3yeThCs cepenHiit
PpH3UK).

2. Kpumepiii minimymy oucnepcii oyiHHO20 QyHK-

yionara CY® . JIns KOXKHOTO DilleHHS () BU3HAYMMO

JUCTICPCIIO 62((pk, p) ouiHOYHOTrO (YHKI[IOHATA:

n 2
(9. P) =Y (fi Bl M) by (14)
j=1
TOZ[i OIITUMAJIBHC piIlIeHHH ':Pi.':i:“ BU3HAYAETHCA AK
kg = arg mincz((pk, p). (15)
k

3. Kombinosanuii kpumepiii €°°™F . SIpnste co60r0
xkoMOiHaiio kputepiis Baiieca € Ta miniMymy aucre-
peii CY%", ne BpaxoBaHO NPHMPOIHE OAXKAHHA OpraHy
YIIPaBIiHHS 3a0€3IeUUTH HaHKpaIle CepeiHe 3HAYCHHS
(xpurepiit baiteca) Ta MiHIMaIBHY JHCIIEPCIIO.
Bubepemo Benmunny A, 0<A <1 i mis KOXHOTO
3 pillleHp @; OGUMCIMMO 3HAYCHHS KpuTepito C°°™2

¢dopmyioro (16):
K (k. p) = @-2)B (o, p)~2c% (o, P).

Hafikpaimm € pileHHs @y, , U AKOro

3a

(16)

ko =arg Lnax Kok, p) . 17

3ayBa)KMMO, 1110 NPU LIbOMY 3HaYeHHs KoeQilieH-
Ta A BCTAaHOBIIIOIOTH 3 OTJISAAY Ha Te, IKOMY caMme KpH-
tepito (bafieca i MiHIMyMy amcniepcii) moTpiOHO Hama-
TH Oimpmry mnepeBary. Skmo A =0, To kpurepiii
K{g,.p) 36iraeteca 3 kputepiem baiieca, a Komu
A =1 — i3 kpuTepieM MiHIMyMY AUCHEPCIl.

Sk BkasaHo y [14]-[15], rpanuuni 3HaueHHS mapa-
MeTpa A, 3a IKMMHU BCTAHOBIIOIOTH IIepeBary KpUTepiis,
obuncIooThCs 3a hopmynamu (18)-(19):

x*:mkin(z’} /Z _lpJka; (18)
7\‘**_ n f 2 n f2
=max( X5 py T | /20 th

OueBHIHO, 110 3aI0BOJIBHSIETHCS HepiBHICTH (20):

0<A" <A™ <1, (20)

3anponoHyeMo MOJICb MIPUAHATTS YIIPABITiHCHKUX
PpIlIeHB, IO € ONTUMAIFHIMH 32 KOMOIHOBAaHUM KPHTE-
piem. [Ipu oMy 3HaYCHHS MapaMeTpa A IPOIOHYETHCS

(19)

00HUpaTH SIK CEPEANHY IHTCPBATY [k* , k**] , TOOTO:

x:(x*+x**)/2.

Ouinka imosiprocteti P(® ) mpoBoauThCs 3a pe-

(1)

3yJAbTaTaMH TEMATHYHOI IHTEpHpeTalii BHUIOBHX 30-
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OpaxeHs. [ mepexomy Bix cramioHapHOI 10 JUHAMIY-
HOI MOZET NPUAHATTS pilleHHS HEOOXiTHO BUKOPUCTO-
BYBaTH NPOTHO3HI 3HAYCHHS P {E'J-], 10 BU3HAYAIOTHCS
3a JIOIIOMOTOI0 MOJIENi IPOTHO3yBaHHS I'€0NPOCTOPOBUX
naHuX. TakuM YMHOM, yJIOCKOHAJICHO MOAENb MPUIHST-
TS YIPaBIIHCHKUX pillleHb, fKa, HA BIAMIHY Bix Bigo-
MUX, € THHAMIYHOIO i 0a3yeThcs Ha BimOOpi pilieHs, 1o
€ ONTHMAJbHUMH 332 KOMOIHOBaHHUM KpHTEpieM, IpH
FOMY BHKOPHCTOBYETHCS MPOTHO3HI 3HAYEHHS iMOBIip-
HOCTEH CTaHIB cepeloBHIIa, 10 3a0e3medye oOrpyHTO-
BaHICTh YIPABIiHCHKUX PillICHb.

Jist IpUHHATTS OOTPYHTOBAHUX YNPABIIHCHKUX
pilleHb Tepnr 3a Bce HEOOXiAHO BHOpAaTH MHOXHHY
craniB cepenosuma 8 = {8,,8,.....8,}, 1e n — Kinb-
KicTh cTaHiB. [IpuUKIagoM TaKux CTaHIB MOXYTh OyTH:
HasIBHICTb POCJIMHHOCTI, BOJIHOI MOBEPXHi, MICHKOI 3a-

OyIOBH TOIIIO.
O1iHKM anpiopHHUX IMOBIpHOCTEW mepeOyBaHHS Y
MOTOYHUIT MOMEHT w4yacy t y JaHMX craHax

pj = p(®=®j) (st 1 =j=mn) oTpuMmyeMO 3 pe-
3yNbTaTiB TEMaTH4YHOI iHTepHpeTanii BUIOBUX 300pa-
KEHb. J{JIs1 HOTO MPOBOIUMO CETMEHTAIliI0 300paKeHb
3a JIOTIOMOTOK0 3TOPTKOBOI MEPEXKi, SKa HABYCHA I10
BIJINIOBITHIH MHOHHI TECTOBHX 300paKCHb.

SIKimo BUXiI MEpeki 5; — IHACKCHE 300paXKeHHS,
SIKOMY KOXeH TiKces npuiiMae 3nauenns 1<k <K | e
K — xinpkicts knaciB cermentanii (K >n), to macka

9y st KOXKHOTO Kitacy K OTpuMyeThes K

9 =D Sk - (22)
-

VY TakoMy BHIaJKy JUISl OL[IHKM amlpiopHUX iMOBI-
pHOCTE# A1 0bacTi inTepecy W MOXKHA 3aHCaTH:

LS 5000

pj = (23
Zj ‘9] (X,y)ew

TemaTuyHa
iHTepnpeTauia

OucraHuiiHe OuiHKa

30HAYBaHHA

sMacKku Knacie
00'eKTiB

*Buaosi
306paeHHa

anpiopHux
imoBipHOCTEH

e AnpiopHi
iMOBIpHOCTI

Jis  mepexony Big KOOpAWHAT — 300pa’keHHA
W (X,y) mo reorpadiunux xoopaunar W (¢, 0,h) Heob-
XiTHO BUKOHATH T'€ONPUB’S3KY, IO Jla€ HAaM 3HAYCHHS
imoBipHocTel p; (@. 8. h).

OCKIiNbKM JaHi OLIHKM IMOBIpHOCTEH OTpHMaHi y
MOMEHT 4acy t, TO0To

pj =p; () (24)
TO, 00 OTPUMATH 3HAYCHHS aNpiOPHUX IMOBIPHOCTEH
P;j(t) y moment wacy imruiemenTauii pimeHHs, oTpu-

MaHi OIIIHKH MPOTHO3YIOTECS 32 JOIOMOTOI0 po3po0ite-
HOI aJanTHBHOI CEJIEKTHBHOI Mozeni Ha 0a3i aHcamOIIro
IHTETPOBAHUX MOJEJCH aBTOPErPecii-KOB3HOTO Cepell-
HBOTO PI3HHUX MOPSIIKIB, SIKi BUOUPAIOTHCS B Jiana3oHi

p,q=012;, d=0,1. (25)

[TapameTpu mMonenel 3HaXOIATHCS METOJOM HaM-
MEHIINX KBAJpaTiB, TaK MI00 MIHIMI3yBaTH CepeIHBOK-
BaJ[paTHYHE BiIXWJICHHS MK TPOTHO30M 1 pealbHUMH
JaHUMU NI TIOTIEPEeIHIX CIIOCTepexeHb. [ BuximgHO-
IO 3HAYCHHS OCPEThCsI CEPEIHE M0 KIacTepy, s IKOTo
JIOCATAETHCS MIHIMYM CEpPEIHBOKBAJAPATUIHOIO BiIXH-
JICHHS. MK TIPOTHO30M 1 pealbHUMHK JaHUMH JIJIS [OTIe-
PEIHIX CIOCTEPEKEHb (AHAJOTIYHO OO 3HAXOIKCHHS
rapameTpiB MOJIeIi).

Maroyn TNpPOTHO3HI 3HAYEHHS IMOBIpHOCTEH |1,
BBAXKAIOYM, MO 3aJaHO OIHOYHHH  (PyHKIIIOHAT

f(0,¢x), Binbupaemo pimenns, Mo € ONTUMATLHUMHU

32 MOJAJIBHUM KpUTEpieM:

k0=arg|£naxf(ej=j0,(pk); (26)

Jo =arg max p(®j,t’). 27)
i
3aranpHa IIOKpOKOBa CXeMa MCTOAY HaBCJICHA Ha
puc. 3.

lMporHo3yBaHHA
anpiopHux
imoBipHOCTEH

Bubip piweHb

*OnNTMMa/ibHe
pilueHHa
e[IporHo30BaHi
iMOBIpHOCTI

Puc. 3. 3arambHa cxeMa METOY IPUHHSTTS yIPaBIiHCBKUX PillIeHb HAa OCHOBI aHaJIi3y reonpocTopoBoi iHpopmarii
(Fig. 3. General scheme of the method of making managerial decisions based on the analysis of geospatial information)

TakuM YMHOM, OTPHUMAB TNOAANBIINN PO3BUTOK
METOJ TPUIHATTSA YNPABIIHCHKUAX PIlIEHh HAa OCHOBI
aHaJi3y TeolpoCcTOpoBoi iHopMamii, SKHH 0a3yeThes
HAa MOJEJSIX TPOTHO3YBaHHS MJAaHUX Ta MPUAHATTS
YIpPaBIiHCHKUX PIlIEHb 1 BUKOPHCTOBYE METOJ| CEMaH-
TUYHOI CErMEHTAIlll BHJIOBHUX 300pa)XCHb IS OI[IHKU
anpiopHUX IMOBIPHOCTEH CTaHIB CepelOBHINA, IO 3a-
Oesrieuye MOXIIUBICTh NPUHHATTA PILICHHS B yMOBax
PHU3UKY Ta HEBU3HAYEHOCTI.

BucHoBkH | HanmpAMKH
MoJAJTBIINX JOCTIIKEeHD

Tak, BCTaHOBJIEHO, IO HAa CHOTOIHIIIHINA IE€HL B
VYkpaiHi iCHye 3Ha4yHa KiNbKICTh TeoiH(OpMAIiHHNX

CHUCTEM PI3HOTO MPHU3HAUEHHS 3 BEIUKUM 00’€MOM Ha-
KONMYeHOi iH(pOpMaIliil, sKa MOCTIHHO OHOBJIIOETHCS.
OpHak icHye mpobiieMa OIepaTHBHOTO Ta aBTOMAaTH30-
BaHOTO BUKOPHCTaHHS TaKol iH(pOpMaliil pH NpUHHATTI
pillICHb Ha OCHOBI aHaJI3y reonpocTopoBoi iHdopmaii,
0  J03BOJMIO O CYTTEBO  3MEHIUUTH  JIOJIO
Cy0’€KTUBHHMX HOMUJIOK IPH TMPHHAHSTTI yIPaBIiHCHKUX
pilleHB.

TakuM YMHOM, YJOCKOHAJIEHO MOZEIb NPUUHSITTS
YIPaBIIHCHKHX PIllIeHb, SKa, HA BIAMIHY Bifl BiTOMEX, €
TUHAMIYHOIO 1 6a3yeThCs Ha BimOOpi pilIeHs, IO € OIl-
THMAJIFHUMH 32 KOMOIHOBaHMM KpUTEPIEM, MIPH LHBOMY
BHKOPHCTOBYETHCS MPOTHO3HI 3HAYEHHS IMOBIpHOCTEH
CTaHIB CepeloBHINa, IO 3a0e3redye OOIpyHTOBAHICTH
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YIPABIIHCHKUX pimieHb. OTpUMaB MOJAIBIIHA PO3BH-
TOK METOJ] IPUHHSTTS YIPaBIIHCEKHAX PillIeHb Ha OCHO-
Bi aHAJTi3y TeonpocTOpoBOi iH(pOopMartii, sKkuii 6a3yeThCs
Ha MOJIENSX IPOTHO3YBAaHHSA IAaHUX Ta HPUHHATTS
YOPaBIIHCPKHUX PIIICHHh i BUKOPHCTOBYE METOJ CEMaH-
TUYHOI CEeTMEHTalii BHIOBHX 300pa)XCHb MJIS OIlIHKH

anmpiopHUX IMOBIPHOCTEH CTaHIB CEpeNOBHINA, IO 3a-
Oe3redye MOKIMBICTh NMPUUHATTS DIMICHHS B YMOBaX
PHU3UKY Ta HEBU3HAYEHOCTI.

HanpsiMkoMm momanbminx AOCTiIKEHb € pPOo3poOKa
iHpOpManifHOI TEXHOIOTIi MPUIHATTS YIPaBIiHCHKUX
pillIeHs Ha OCHOBI aHaIIi3y TeonpoCcTOPOBOI iH(GOpMAILii.
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Mopenb u MeTOJ MPUHATHS YIIPABJIeHYECKUX PellleHn i
HA OCHOBE AaHAJIN3a IeoNPOCTPAHCTBEHHOH HH(popMannu

H. H. Bytko

AHHoTamus. B cTathe npemioskeHa MoJielib M METOJ] IPUHATHUS YIPABICHUSCKUX PEIICHUN HA OCHOBE aHAJIN3a IeOMpo-
cTpaHcTBeHHOW MH(MopManmu. LlesbIo cTaTbu SIBISETCS YCOBEPIICHCTBOBAHUE MOJICIM M METOJa MPHHATHS YIPaBICHYCCKUX
pellicHHi Ha OCHOBE aHAM3a I'eONPOCTPAaHCTBEHHOW MHGopManuu. Pe3yabTaThl: TPENIOKEH AITOPUTM MpPOIecca MPHHATHUS
YIPaBICHYECKOTO PEIICHHS, KOTOPhIH COCTOUT M3 CHTYAI[MOHHOW M KOHIICTITYAJIBHOW YacTH; MPEII0KEH alTOPUTM JICHCTBUIA
PYKOBOJHTEISI OPraHU3AIMH Ha OCHOBE Pa3pabOTaHHOW MOJEINH MPUHSITHUS YIIPABICHYECKOTO PEIICHHS, PACCMOTPEHa CHTYaIHs,
KOT/Ia KA4eCTBO PEIICHHs 3aBHCUT OT BHEIIHUX (PaKTOPOB, Ha KOTOPbIE OpraH IMPHHSTHS PELICHHs He BIUSIET, MPUBEAeHa 00Iast
cXeMa METO/Ia MPUHSATHS YIIPABICHYSCKUX PEIICHNI HA OCHOBE aHaIM3a TeONMpPOCTPAHCTBEHHON HH(bOopManuu. Vcmonbp3yeMbimu
METO/IaMM SIBJISTIOTCS: METO/(bI CHCTEMHOTO aHAIM3a, TEOPUH TPHHSTHS pelieHunii, 00paboTku nH(GOpPMAIMH, ONITHMATIBHBIX pe-
[ICHU, TEOPUH BEPOIATHOCTH. BBIBOABI. Y COBEPIICHCTBOBAHA MOJICNb MPHHATHS YIPABICHUYCCKUX PEIICHHUH, KOTOpasi, B OTIIH-
YHe OT U3BECTHBIX, ABJIACTCS JUHAMHYHON U 6a3upyeTcs Ha OTOOpE pelIeHNUH, KOTOPBIC SBJSIOTCSA ONTHUMAIBHBIMHU 110 KOMOWHU-
POBAaHHOMY KPHUTEPHIO, ITPU ITOM HCIOJB3YETCS MPOTHO3HBIC 3HAYCHHUS BEPOSTHOCTCH COCTOSHHIN Cpelibl, 00ecreunBaromeit
000CHOBaHHOCTh yMPaBICHYCCKUX penieHuit. [lonyunn nanpHeiiee pa3BUTHE METO]] MPUHATHS YIPABICHYCCKUX PEIICHUN Ha
OCHOBE aHAIlM3a reONPOCTPAHCTBEHHOH HH(OPMAIMH, OCHOBAHHBIA Ha MOJEISIX TIPOrHO3UPOBAHMS JaHHBIX M MPUHATHS yIIPaB-
JICHYECKHUX PEUICHHH M UCIIOIB3yeT METO/] CEMAHTUIECKOI CerMEeHTAINMK BUIOBBIX N300paXKeHHUI ISl OLIEHKH allPHOPHBIX BEpO-
SITHOCTEH COCTOSIHHI Cpelbl, 00eCIevnBaloIIeii BO3MOXKHOCTh MPUHSATHS PEIICHUS. B YCIOBHSX PHCKAa W HEOMPEAEICHHOCTH.
HampaBiennem QagbHEHIINX MCCIIEAOBAHHUHN SIBISIETCS pa3paboTka WH(POPMAIMOHHON TEXHOJOTHH TPHHATHS YHPABICHYECKHX
pellieHHi Ha OCHOBE aHAlTU3a reONPOCTPAHCTBEHHON HH(POPMAIIHH.

KnouyeBble c0Ba: reonpocTpaHCTBEHHAs MH(GOPMAINS, YHPABICHIECKOE PEIIeHHEe, METO]] IMPHHATHS yIpaBlIeHIe-
CKUX peIIeHHH; MOJENb MPUHATHS YNPaBICHYCCKUX PENICHHH; MH(POPMAIMOHHAS CUTYyaIlWs, CUTyalus MPUHATHS PEIIeHHI;
KpUTEpUH PUHATHS peILIeHHUH.

Model and method of making management decisions
based on the analysis of geospatial information

Ihor Butko

Abstract. The article proposes a model and method of making managerial decisions based on the analysis of geospatial
information. The goal of the article is to improve the model and method of making managerial decisions based on the analysis of
geospatial information. The results: the algorithm of process of acceptance of the administrative decision which consists of a
situational and conceptual part is offered; the algorithm of actions of the head of the organization on the basis of the developed
model of acceptance of the administrative decision is offered; the situation when the quality of the decision depends on external
factors on which the decision-making body does not influence is considered; the general scheme of a method of acceptance of
administrative decisions on the basis of the analysis of the geospatial information is resulted. The methods used are: methods of
systems analysis, decision theory, information processing, optimal solutions, probability theory. Conclusions. The model of
managerial decision-making has been improved, which, unlike the known ones, is dynamic and is based on the selection of deci-
sions that are optimal by the combined criterion, using predictive values of probabilities of environmental conditions, which en-
sures the validity of management decisions. The method of managerial decision-making based on geospatial information analy-
sis, which is based on data forecasting and management decision-making models and uses the method of semantic segmentation
of species images to assess the a priori probabilities of environmental conditions, further enables decision-making in conditions
of risk and uncertainty. The direction of further research is the development of information technology for management decisions
based on the analysis of geospatial information.

Keywords: geospatial information; managerial decision; method of making managerial decisions; model of making
managerial decisions; information situation; situation of making decisions; criterion for making decisions.
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®YHKIIOHAJIbHA CTIMKICTh TEXHOJIOTTYHHAX INPOLHECIB HA OCHOBI
HEJIIHIMHOI JUHAMIKH 13 3ACTOCYBAHHSIM HEHPOMEPE X

AHoTanisi. B poboti nociimKyoThes nporec riobanbHoi TpaHchopmaii iHbpacTpykTypH iHGOPMALIHHIX TEXHOIO-
riif Ha ()OHI MacoBOTO BIPOBAMKEHHs KiOep(i3HYHUX CUCTEM Ta MPOPHUBHHX 300YTKIB B raiy3siX LITYYHOTO iHTEIEKTY 1
PpoOOTOTEXHIKH Y BUPOOHHUIITBO Ta TEXHOJIOTIYHI MPOIlecH. BUBUAIOTHCA XapaKTEPUCTHKH MOBEIIHKY CKJIAAHUX TEXHIYHUX
CHCTEM, II0 peasli3yloTh BIACTUBICTh (PYHKIIOHATIBHOI CTIHKOCTI TAKUX CHCTEM. XapaKTepU3YyIOThCs MPOIeCcH 0OPOOKH Me-
TaJIiB pi3aHHAM 3 BpaxXyBaHHIM OCOOJIMBOCTEH BILUIMBY Ae(opManiifHOro 3MIITHEHHS, INTACTHYHUX AedopMalliil, aBTOKOJIH-
BaHb Ta XaOTHYHOI AMHAMIKH, SIKi BUHUKAIOTh B 00poOustiounx neHTpax. OnucaHo crocodn 3acTocyBaHHS HEHPOMEpEXK B
MOJICITIOBAHHSX MPOIIECIB MEXaHIYHOT 00poOKK MeTalliB pizaHHsIM. JJaHO yHiIBepcaJdbHYy METOJUKY MOOYIOBH Heipomepe-
JKEBUX MOJIENEl MPoIecy MeXaHiuHOi 06poOKM Ha 6a3i INTYYHOT HEUPOHHOI MEPEKI 3yCTPIYHOTO TOIMPEHHS. [pyHTYIO-
YHCh Ha MPOBEICHOMY aHaJi31 JOCTIHKEHO IHTEICKTyalJbHy CUCTEMY aHaIli3y Ta IPOTHO3YBaHHS IUHAMIYHOI CTIHKOCTI Te-
XHOJIOTIYHOTO TIPOLIECY Pi3aHHs 3 BUKOPHCTAHHSAM IMapalelbHUX OOUMCIICHD, SIKA TAPAHTY€e BUKOHAHHSI HEOOXiTHHUX yMOB
3abe3nedeHHs (PyHKIIOHATBHOI CTIMKOCTI BUPOOHIYOTO MPOIIECy.

Kaw4oBi cioBa: TeXHONOTIYHUN MpoIeC; AUCUIIATHBHI CHCTEMH; (YHKITIOHATBHA CTIHKICTh; HCHPOHHA MEpeKa; Me-

pexxa Koxonena.

Beryn

CTpiMKHH PO3BUTOK TEXHIYHOTO IPOTpecy, 3yMo-
BJICHOTO JOMIHYIOUOIO POJUTIO iH(OpPMAIIHHUX TEXHO-
JIOTiH, 110 OXOIUTIOIOTh Ta MPOHU3YIOTh NPAKTHYHO BCi
aCIIEKTH €KOHOMIYHOI Ta COLIaILHOI MisUILHOCTI JIFOEH,
CTBOPIOE HOBI BUKJIMKH JJIsI OCIIIHUKIB Ta NPAKTHKIB,
MOPYIIYIOYH TUTaHHS HE3BOPOTHOCTI TpaHchopmalliit
LITMX CUCTEM BUPOOHHUIITBA, MCHEHKMEHTY Ta YIIpaB-
niHHst. [o0BHUM 3100yTKOM TpaHchopMarlii riaodasis-
HOi iH(popMariitHOI iH}pacTpykTypu Ta MacmraOHOI
aBTOMaTH3allii BUPOOHHUITBA € (paKTHYHE 3IUTTS aBTO-
MaTH30BaHOTO BHPOOHHIITBA, OOMIHY JaHUX 1 BUPOOHU-
YUX TEXHOJIOTIH B €JUHY CaMOpETYJIbOBaHY CHUCTEMY 3
SIKHAWMEHIIUM a0o B3araji BiICYTHIM BTPYYaHHSIM
JMIOAWHW Yy BHpOOHWYmMA mpouec. Huni BinOyBaeThcs
MacoBe BIPOBAPKEHHS KiOep(di3nYHUX CHCTEM Yy BHPO-
OHUIITBO Ta MPOPUBU B TaNy3sX LITYYHOTO IHTEJIEKTY,
poboToTexHiku, [HTepHETY peueil, aBTOHOMHOT'O TpaHC-
MOPTY, HAHOTEXHOJIOTiH, aBTOHOMHHX MAIIIWH, JPOHIB,
BIpTyaJIbHUX  TOMIYHHUKIB,  IporpamM-Tlepekiaiayis,
MIporpamM-paJHUKiB, KBAHTOBHX KOMITIOTEpiB Tomio. B
CYKYITHOCTI Bce IIe B 3HAYHIH Mipi MOPOKY€E YUCICHHI
HaciIKu B (DyHKLIOHYBaHHI JAepXaBH, Oi3HECY, HAyKH
Ta JIIOJCH, MPU3BOIUTH J0 MOCTiIHHOI MoMU(iKallii Has-
BHUX KOHIIEHIIIH Ta TeOpill, HaJla€ HOBOTO 3MICTy BEIU-
Kili CYKYITHOCTI 3araJIHOBXXMBAaHHUX TEPMiHIB Ta IOHATH
y 6araTbOX Tajxy3sX JIOACHKOT MisITbHOCTI.

30kpemMa, y pe3ysibTaTi PO3IMIUPEHHS CIEKTPY
00’€kTiB  (PyHKIIOHANBHOT Jii CKJIAJHUX TEXHIYHHX
CHCTEM, BKIIIOUEHHS 70 iX CKJaxy iHpopmarii Ta Bapia-
il moegHaHb LUX 00’€KTIB MIXK COOOI0, OYEBHUIHOIO €
BHMOTa PO3MIMPEHHS TEXHIK0-00’€KTHOTO CKIamy ca-
MHX CHCTEM, /IO SKHX 3a 3arajbHONPHUHHSITOIO MPAKTH-
KOI0O HaJIe)KaTh: MalIWHH, arapaTrH, Npwiaad, obdian-
HaHHS, OCHAICHHS, iX EJNeMEHTH Y BHIVISAI BY3IIB,
OJI0KiB, arperariB TOIIO Ta BKJIIOYEHHS IO HHUX, HacaM-
nepen, TEXHIYHUX 00’ekTiB 31 cdepu iHbopMaLiitHIX
TEXHOJIOTIH, a caMe EJISKTPOHHHUX IM(POBUX MNporpa-
MOBaHUX MPUCTPOIB, PI3HOMAHITHUX T'aJXKETiB, iHTEIEK-
TyaJJbHUX TEXHIYHHX Ta KiOep(i3MIHMX CUCTEM Ta iH-

(dbopMaIiifHuX MEpexK, sKi 3a CBOEI MPHUPOJIOI0 TIepeBa-
KHO € CKJIaAHUMH a0b0 CyNepCKIaJHUMHU CUCTEMaMHU.
CknanHi TexHiuHi cucremu (CTC) yTBOpIOIOTH Oararo-
piBHEBI KOHCTPYKIii Ta OyAYIOThCS sl BUKOHAHHS
CTeiallbHAX 3aJad. 3a aHaJIOTi€l0 0 MPUPOIHUX CHC-
TEM, PO3BUTOK TaKMX CHCTEMH IIPU3BOIUTH 0 yCKIalI-
HEHHS iXHBOTO (DYHKIIOHYBaHHS Ta MOSBU HOBHX BJIac-
THUBOCTEH, TaKUX 5K, BIACHE, (YHKIIOHAThHA CTIHKICTB.

AHani3 JiTepaTypHHX JaHHUX i IIOCTaHOBKAa
npo6aemn. B podotax [1-3] mocmimKyOThCs BIaCTHBO-
CTi CHCTEeM, sIKi 3a0e3MeuyoTh MOXKJIMBICTH iXHBOT'O
(YHKI[IOHYBaHHS IpH 3MIHaX MapaMeTpiB BHYTPILIHbO-
ro Ta 30BHILIIHBOTO CEPEIOBHIIA BIPOJOBK TPHUBAINX
NPOMDXKKIB 4acy HOCTiIiHO mepeOyBae y (okyci yBaru
HaykoBILiB. Hacammepes 1e cToCyeThcsi BUCOKOOpPTaHi-
30BaHUX TEXHIYHUX 1 OLTBIIOCTI OIOJOTIYHHX CHCTEM.
BractuBicTh (YHKIIOHATBHOT CTIMKOCTI TpUTaMaHHA
He aunie Ol0JIONIYHMM BHIAM, aji€ 1 CKJIAJHUM TEXHIY-
HUM CHCTeMaM. XapakTep MOBEIHKH CUCTeMH BHOMpa-
€TBCS BIATIOBITHO IO 3MiH 30BHIMNIHIX YMOB 1 3 QyHKII-
OHAJILHUM 1HBapiaHTOM CHCTEMH, KUl MOXKHA Ha3BaTH
BHYTPIIIHBOIO MeTolo ii pyHKIiOHyBaHHS. Bubip nose-
JIHKH TPHUITYCKA€ TAKOX HASBHICTh NEAKOT MHOKXUHH
MOXIJIMBUAX PI3HOMAaHITHUX HACIHiJKiB, 00’€IHAHUX 3a-
TaJbHOI0 BJIACTUBICTIO BIATIOBIAHOCTI OJHIN 30BHINIHIH
NIPUYMHI B X yMoBax. Lle 3a0e3mneuyeThes 3a paxyHOK
BIJINOBI/THOT 3MiHM CTPYKTYPH i INOBENIHKH CHCTEMH,
HaBiTh NPH 3HWKEHHI SIKOCTI (DyHKLIOHYBaHHS CHCTe-
MH. 3aJIe)KHO BiJI MipH CKJIaIHOCTI opraHizauii iH(pop-
MaliiHUX CHCTEM HiJIPUEMCTBA Ta pIBHA aHalizy,
BJIACTHBICTh (PYHKIIOHAIBHOI CTIMKOCTI MOXE IPOSIBIIS-
TUCS (1 BIIMOBITHO KiMBKICHO OI[IHIOBATHCS) y BHTJISAMI
CTIHKOCTi 10 TIOMUJIOK, HAJIIHHOCTI, KUBYUYOCTi, BiIMO-
BOCTIMKOCTI, aIallTUBHOCTI, 3aBaJIOCTIMKOCTI TOIIO.

ITio ¢@ynxyionanvhoro cmitikicmio 00 ’€kmy po3y-
MIEmMbCs 11020 81ACMUBICIY 30epieamu CNPOMOAICHICIb
BNPOO0BIC 3A0AHO20 YACY GUKOHAMHA CBOIX OCHOGHUX
Qyukyiti 6 Mmedxncax, BCMAHOBNEHUX HOPMAMUBHUMU
BUMO2aMU, 8 YMOBAX 6NIUBY NOMOKY GiOMO8, HeCnpas-
Hocmet, 300i6. DyHKLIOHAIBHA CTIHKICTh XapaKTepHU3y-
€THCSI MOKJIMBOCTSIMU CHCTEMH: BHKOHYBAaTH BCTaHOB-
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JIEHU# MiHIMaJIbHUN 00’€M CBOIX (YHKIIH TPy 30BHIMI-
HiX 1 BHYTPIIIHIX JisX, [0 HEBH3HAYCHI yMOBaMH HOP-
MAaJIbHO{ eKCIITyaTalii; BHKOHYBaTH BHOIp ONTHMAaIbHO-
ro pekuMy (YHKIIOHYBaHHS 332 paXyHOK BJIACHHUX BHY-
TPIIIHIX pecypciB; nepedyaoByBaTH CTPYKTYPY, 3MiHIO-
BaTH (PYHKIIIT OKPEMHX IiJICHCTEM 1 iX MMOBEIIHKY.
PoGotu [4, 5] DOCHIKYIOTh CTIHKICTh CUCTEM Bij
HECaHKI[IOHOBAaHUX JOCTYIIIB 3 TOYKU 30py CTIMKOCTI
CHUCTEMH Ta 1 3JaTHOCTI BUKOHYBAaTH 3aJaHi QYHKIII 3
JeSIKAM JIOITyCTUMUM 3HWDKEHHSM sikocTi. [Ipudomy nii
Ha CHCTEMY MOXYTh MaTH SIK NPHUPOJHHUH, TaK 1 yMHC-
HUi xapakrep. OCHOBHOIO 0COONUBICTIO (DYHKIIOHAIB-
HO CTIMKHX CHCTEM € IX 3JaTHICTh JAerpaayBaTH Ha
CTPYKTYPHOMY piBHI O TIOBHO{ BiZIMOBH CHCTEMH, TOO-
TO BUKJIIOYATH i3 CTPYKTYpPH €JIEMEHTH, IO BiJAMOBHIIH,
nepeOyI0ByBaTH CTPYKTYpY, HACTPOIOBATU IapaMETpH
CHUCTEMH MIJIi TPUCTOCYBaHHS (amamramii) 0 HOBUX
yMOB ekciutyaraiiii. Pobora [6] onucye meTonuky cTBO-
PEHHS €IMHOTO 1H(POPMAIIHHOIO MPOCTOPY Ha Cydac-
HOMY BHMPOOHUYOMY MiJIPUEMCTBI 3 (YHKIIOHAIBHO
CTIMKUM BUPOOHMYUM mporiecoM. CydacHi MPOMHMCIIOBI
MAPUEMCTBA Y BEJIMKIM Mipi aBTOMaTH30BaHI Ta 31aT-
Hi aBTOHOMHO BUKOHYBaTH 0araTo TE€XHOJIOTIYHHUX IPO-
ILIeciB MPOTATOM Harepes 3aJaHuX YacOBHX IHTEpBaliB
BUITYCKAalOYM MPOAYKIiI0 3 BHCOKUMH CTaHAApPTaMH
CIIOXKHMBYOI Ta EKCIUTyaTaIliifHOT SKOCTi. 3aJle)XKHO Bix
TUMYy, TpPHU3HAYCHHS, CIoco0y oOpraHizamii TeXHIYHOI
CHCTEMH, HUHI TOCTpPO CTOITH mpoOiema MiHiMi3amii
BIUIMBY JIIOJICHKOTO (DAaKTOPY Y BHPOOHMYMX HpOLECaX,
PO3BUTKY KpHUTEPIiB OIIHKKA 1 METOMIB IIiIBUIICHHS
(byHKIIOHATIBHOT CTIHKOCTI st iHopManiiiHuX cucTeM
MAMPUEMCTBA; peTeNIbHE BHBYEHHS OKPEMHUX KJIaciB
TEXHIYHMX CUCTEM 1 BU3HAYCHHS HAOUIbII epeKTUBHUX
3ac00iB MIBUIIEHHS X (YHKIIOHAIBbHOI CTIHKOCTI.
BopHoYac B ocTaHHI pOKH MU NEPEKHUBAEMO CIIpa-
BXKHIH OyM PO3BHUTKY TEXHOJOTiH IITYYHOTO iHTEIEKTY
Ta iX IIMPOKE BIIPOBA/PKEHHS B PI3HOMAaHITHI cdepu
JOACHKOI AisUTBHOCTI, B TOMY YHCHI ¥ iX 1HTErparmirm y
BHPOOHMYI TIPOLIECH CYYacHHUX TIIMPHUEMCTB. Tak B
poborax [9, 10] HelipoHHI MepexXi 3 caMOOPraHi3alli€eo
(self-organizing neural networks), Bimomi sk KapTu
Koxonena (Kohonena maps) 3acTocoByroThCs UTs iar-
HOCTYBaHHSI CTaHy TEXHIYHMX cucteM. HelipoHHa Mme-
pexa 3 caMoopraHi3aiielo BUKOPUCTOBYEThCS JUIsl Jiar-
HOCTYBaHHSI HeCHpaBHOCTeH oOyamHaHHA. [Ipm mpomy
BHKOPHUCTOBYETHCS 3/aTHICTh MeEpexXi 10 CTHCKaHHI
JIaHUX, TOOTO JI0 MPEACTABICHHS MHOXXHHH TOYOK BEK-
TOPOM Bar ofHOro HelpoHa. DyHAAMEHTAIBLHUM TYT €
MIPUIYIIEHHS PO Te, 0 KOKHHUU Kiac nedekTiB mopo-
JoKye crieri(idHy 3MiHY XapaKTepHUCTHK 00JaJHaHHS.
Heiipon, sikuii nepeMarae B KOHKYPEHIII XapakTepHu3ye
abo HOpMaJbHUIT pexuM poOOTH, a00 TEBHY HECIIpaB-
HicTh. HelipoHHI Mepexi 3 caMOOpraHi3almielo aKTHBY-
I0Th €IUHAN HEHPOH, IO TO3BOJISE JIOKATi3yBaTH IMOMI-
KO/DKECHWH eJNEeMEHT He3aJeXHO BiJ CTaHy pemTH. B
po6ori [9] mst BusiBieHHS Ae(DEKTIB TaTUHUKIB BUKOPHC-
TOBYEThCS HEMPOHHA Mepexa 3 CaMOOpraHi3alielo 3
oOMeXeHHsIMM Ha 3HaueHHs Bar (constrained Kohonen
network). Lle nmo3Boisie mnpaBwiIbHO Kiacu(biKyBaTu
nedexTy, HaBiTh SKIIO BXiJ CHUCTEMH 3aJIC)KUTH Bij
CTaHy CHCTEMH YH IIpHU Apeidi Hyst naTumkis. B poboTi
[10] meiiponHa mepexa KoxoHeHa BHKOPHUCTOBYETHCS

JUTSL TiaTHOCTYBaHHS XIMIYHOTO TPOIECY TUIAaBKH MeTa-
TiB.

Takum grHOM 17151 3a0e3medeHHs (yHKIIOHATBHOT
CTIMKOCTI TEXHOJIOTIYHUX TPOIECIiB BHPOOHMYUX ITi/II-
PHEMCTB MOXHA MIMPOKO 3aCTOCOBYBATH Di3HI KJIACH
HeliporHNX Mepex [13] mis 3abesmedeHHs AiarHOCTHKI
cTaHy O0JIalHAHHS HA KOXXHOMY BHPOOHHYOMY LIEHTPI.
Hapuaroun HeMpoHHI Mepexi BpaxoBYIOYH YMOBY (yH-
KIIIOHAJIbHOI CTIMKOCTI TEXHOJIOTIYHOTO Tpolecy Oyie
3abe3nedeHa ed)eKTHBHA poOOTa SIK BUpPOOHUUYOTrO 00a-
JTHAaHHS, TaK 1 MOTOYHUH KOHTPOJIb JOTPUMAHHS SIKOCTI
MPOAYKIT 3T1THO BU3HAYCHOI CHCTEMH TOJICPAHCIB.

Mera i 3aga4i gocaimkenasa. MeTor T0OCTiHKEHHS
€ BIOCKOHAJICHHS 1 po3poOKa METOMiB OopraHi3arii BHpO-
OHMYMX TIPOIIECiB OOPOKM METalliB Ha MAaIIMHOOYIBHIX
MANPAEMCTBAX Ta MIAMPHEMCTBAX TipHAYO-METAIYP-
TiHOTO KOMILIEKCY 3 BUKOPHCTAHHIM Helpomepex. s
JOCATHEHHS METH BUPILICHO TaKi 3aBIaHHS:

e IpoaHaji3yBaTH CIOCOOM 3aCTOCYBaHHsS HEW-
POMEpEK B TEXHOJIOTIi 0OpOOKHM METaliB Ha MAIIWHO-
OyIiBHUX MiANPUEMCTBAX, BU3HAYMTH iX IepeBard i
HEJIONIKH;

e 3aIPONOHYBATH i OOIPYHTYBaTH YHIBEpCAIbHY
noOynOBY HeHpOMEpeKeBUX MoJelIell polecy MexaHi-
9HOi 00poOKM Ha 0a3i mMTy4HOI HEHPOHHOI Mepexi
3yCTPIYHOTO TOLTHPEHHS;

e JOCHITUTH IHTENCKTyaJbHY CHCTEMY aHawi3y
Ta MPOTHO3YBaHHSI AMHAMIYHOI CTiHKOCTI TEXHOJOTid-
HOTO MpOLECy Pi3aHHSA 3 BUKOPHCTAHHAM NapajelbHHUX
00YHUCIICHB.

1. XapakTepucTuka npouecis
00po0KM MeTaJIiB pi3aHHIM

Iporecu 00pOOKH METaliB Pi3aHHIM 332 TOYHICTIO,
SIKOCTI 00pOOKH JeTasnieil, a TaKOX MPOAYKTUBHOCTI Ta
€KOHOMIYHOCTI € OiJblI KOHKYPEHTOCIIPOMOXXHUMHU B
MOPIBHSHHI 3 IHITUMH MeToaMu (HOPMOYTBOPEHHSI.

B ocHOBI miporiecy pi3aHHS € IIacTUIHe OeQopMy-
BaHHS Ta PyHHYBaHHS 3pi3aHOro Iapy. Y CBOIO 4Yepry,
MpoLeC IUIACTUYHOTO Ae(OpMyBaHHS 3pi3aHOTO IIapy
BHKITHKae AedopMarliro mpyXHUX eJIEMEHTIB 3aralbHOL
CHCTEMH BepcTaTa i 3a NMEeBHHX OOCTaBHH BTPATOXO 1i
crifikocti. J[uHaMiuHa HECTIHKICTh TPOLeCy po3pi3aHHs
BUKJIMKAE TaKOXX 3HIKEHHS IIOPCTKOCTI 00pobieHoi
MTOBEPXHI, 3HOIIYBAaHHA IHCTPYMEHTIB, IO OOYMOBIIIOE
HEOOXIJHICTh 3HIDKEHHS PEXHMMIB 00poOKM neTaneil, a
BiaTak ¥ mpoaykrusHocTi [13].

PizanHs Takux MaTepiamiB SK Hep)kaBiroda i BOT-
HETPHUBKA CTallb, IX CIIABIB, II0 MAIOTh CXWJIBHICTH JIO
neGopManifHOTO 3MIIHEHHS, [0 XapaKTePH3YEThCS
IHTEHCHBHMMH BiOpauisiMH, XapaKTepHUM OIIYPKOYTBO-
PEHHSM 1 IiIBUIIEHUM 3HOLTYBAaHHSAM IHCTPYMEHTIB.

VY ByriieneBux CTajsix OCHOBHOIO JIOMIIIKOIO € BY-
rJienb, SKUH, PO3TallOBYIOYHCh Ha T'PaHHUIAX 3€peH,
MOXE CIPUATH IX OKpUXUYYBaHHIO. I3 3pOCTaHHSAM TEM-
neparyp Audy3iiiHa pyXJIHMBICTh BYTJIEIIO 3pOCTAE, IO
MOJIETIIYE MPOKOB3YBAaHHS 3epeH, 30UIbIIye 1 3MiHIOE
¢opmy omrypki. Cruix 3a3HauMTH, AWCIIOKAIii He 3a-
3HAIOTh TEPMIYHOIO aKTHBAIlii, TOMy Mipa nedopmartii
3pi3aHOTO APy i CHIIM Pi3aHHS 3HIKYIOTHCS.

CxunpHICTH MaTepiaiiB, siKi 00poOIsIOThCS pi3aH-
HAM 10 Ae(OopMAaIiifHOro 3MIIHEHHS 3aJIeXKHTh BiJl 1X
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€JIEKTPOHHOI Ta TUCIIOKAILIMHOI CTPYKTYp, €Heprii ne-
(eKxTy yImaKkoBKM MaTepialxy B 3epHO, HAaIBHOCTI JOMi-
IIOK, IIBHAKOCTI AeOopMyBaHHS, TEMIEpaTypH, THITY
KPUCTATIYHOI PEUITKH TOLIO, a TAKOX BiJ MIBHUIKOCTI
nepe0iry mporeciB 3HEMIITHEHHS.

B [13] meranpHO BUBUYEHI OCOOIHMBOCTI MEXaHI3MiB
pYHHYBaHHS METaJIIB 3 MiJBUIICHHIM IIBHIKOCTI 1edo-
PMyBaHHS B yMOBax PO3TATYBAaHHS 3 PI3HOIO KpHCTali-
YHOIO PEIIITKOK, JaHO aHaji3 3JIaMiB, M0 TO3BOJIIE
3B'A3aTH Lel eeKT 3 KPUXKUM pyHHYBaHHSM elleMEH-
TiB OIIYPKIB, SIK MEHIII €HEPrOEMHUM MEXaHI3MOM pyH-
HYBaHHS 31 3pOCTAaHHSIM IIBHJIKOCTI pi3aHHs, a BiATaK, i3
30UTBIICHHSAM IIBHAKOCTI 1e(OpMyBaHHS 1 3pOCTaHHIM
MeXi IUTMHHOCTI MaTepianry, 3SMEHIICHHIM IIPH oMY H
30HM JIOKami3alii nedpopmamnii. BogHouac BaxImBuUM €
e(eKT 3pOCTaHHs TeMIIepPaTypH NPH 301TBIICHHI IIBH/I-
KOCTI pi3aHHS.

[Mopsix 3 nuMu HeBin' eMHUMH (aKTOpaMH, IIO Xa-
pakTepHi 00poOIll METaliB pPi3aHHAM, CIiJ 3a3HAYHTH,
10 [[bOMY NPOLIECY BJIACTHBI i PEKUMHU aBTOKOJIHBAHb.
BrnacHe excriepuMeHTaNbHI AOCTiKEeHHs cBigyars [13]
PO HAsIBHICTh aBTOKOJHMBHOTO PEXUMY CTPYKTYPHHX
nepedynoB mpu aedopmailii MatepiadiB B yMOBaX pi-
3agHsA. ToMy BHYTPIMIHIM JOKEpEeIOM, IO BHKIHKAE
3cyB (ha3M CHIM pi3aHHA I, a OT)KE, BAHUKHCHHS aBTO-
KOJIMBaHb, € MEepioAnYHA JIOKaJi3alis IIacTUYHOI je-
¢dopmarii B cuctemi pizaHHA. Pyx moxamizoBaHHX XBHIIb
nedopmarlii MOIMPIOETECS Bil BUIBHOI TOBEPXHI [0
pikydoro me3a. XBmis Iedopmamii B MPHPI3LEBOMY
iapi TaKoXX PYXaeThbCs 0 Jie3a, BUKIUKAIOUH TePioIu-
YHY BTpaTy KOHTaKTy IHCTpYMEHTa 3 3aroToBkoio. B
NepIIOMY HAOJMKEHHI enepeisi JIOKANI308aHUX X6Ulb
deopmayii Moxe OyTH BU3HAYCHA TAKHM CIIOCOOOM

AUy = E0~p=OL-G-b2-p,

ne AUy — enepris npyxHoi nedopmanii, Eg — muroma
eHepris aedopMariii, 1110 BiAMOBIIAE OJUHUIN JOBKUHH
JMCIIoKalii, p — IiIbHICTE muciokaiii, G — Momyib
3CyBY, 0. — KOE(IIieHT.

AwmrutiTymy XBuiIi gepopmartii h omiHIOOTH Tak:

&=2In(h/dy),

ne ¢ — crymiae gedopmanii, dy — po3mip KoMipku

(pparmenty ~ 1/JE ).

B [13] Takox BHBYEHI YMOBH JIETEPMiHOBAHOTO
Xaocy B AMHAMIYHUX IIpolecax MeXaHi4yHOI OOpOOKH.
[Toxa3zaHo, 10 111 PO3BUTKY XaOTHYHHX PYXiB TOCTaT-
HBO TPBOX CTYIEHIB CBOOOIM MIPYXHOi CHCTEMH MeTa-
1000poOHOTO BepcTara. Ha 11iii OCHOBI 3ampornoHOBaHa
JTUHAMIYHA MOJIENb 1 BUBUYEHI Pi3Hi CIieHapii XaoTH3arlii
MIPY)KHOI CHCTEMH METaJo00pOOHOTO BepcTara, 30Kpe-
Ma COJIITOHHHUH CIIeHapiil XaoTU3allil MPYKHOI CHCTEMHU
Bepcrara (puc. 1), sk OIMH 3 HAHOULIBII BipOTiITHMX
cuenapiiB. [ToOynoBa arpakropis [14], ouinka dg ¢pa-
KTaJbHOI PO3MipHOCTI i A moka3HuKiB JIsmyHOBa IO
HanpsAMKy cunn P, ta Py mokasamm, mo arpakropom

0 HAMPSIMKY CHJIH Py BIANOBINAIOTH MEHII BEJIUYNHU

dE , Ta Ma€ HyJIbOBE 3HAUCHHS A .

Puc. 1. Burisin pekoHCTpyHOBaHOTO aTpakTopa MOPOHKEHOTO
XaOTI/IBaHiGIO pr)KHO'l' CHCTCMH MeTaJ'I006p06H01"0 BEpCTaTa
(Fig. 1. The appearance of the reconstructed attractor generated

application of chaos elastic system of machine tools)

TeopeTH4Hi AOCHIIKEHHS MPOUTIOCTPYBAIH, IO
mepexi BiJ JaMiHAPHOTO PyXy YaCTHHOK MaTepiaiy,
SIKHH 0OpOOJIAIOTH B MPHUPI3NEBHX IIapax A0 BUXPOBO-
My, TOOTO TUHAMIYHOMY Xa0Cy, MOke OyTH 00yMoOBIIe-
HUIl YTBOPEHHAM TYT COIITOHIB. IX (opMyBaHHS TpH
pizaHHI BiZOyBa€eThCS MPU HU3BKUX 3HAYCHHAX Koeimi-
€HTa TEPTS Ha TepeIHiil MOBEpXHi IHCTPYMEHTY 1 BHCO-
KOMY ITUTOMOMY HOPMaJIbHOMY THCKY.

2. 3acTocyBaHHS Teopii HEIPOHHUX Mepex
B MOJIEJIIOBAHHSIX MPOIIECiB MeXaHIYHOI 00po0KHU

ITyyHi HEHpPOHHI MEpeXkKi € HOBITHHOIO MEPCIECK-
THUBHOIO OOYHCITIOBAJIFHOIO TEXHOJIOTIEI0, MO A€ HOBI
MAXOTU 10 TOCTIHKSHHS 3a1a4 II(pPOBOTO BUPOOHUII-
TBa. Ha mouarkax HEWpOHHI Mepexi BIJKPWIN HOBI
MOXJIMBOCTI B 00OJiacTi po3mi3HaBaHHs 00pasiB, MOTIM
BOHHU JIO3BOJIMJIM PO3LIMPHUTH amapar CTaTUCTUYHOI
00pOOKHM TaHuX Ta 3ac00iB MIATPUMKH MPUHHATTS pi-
IIeHb 1 BUPINICHHS 3a/lad B Pi3HUX 00JACTAX TEXHIKH,
SIKI TPYHTYIOTBCSI Ha METOJIaX LITYYHOTO IHTEJIEKTY.

3maTHICTE O MOJIETIOBaHHS HETiHIHHHUX TPOIIECIB,
po0boTH 3 3alIyMJIEHUMH JaHUMH 1 IalTHBHICTh JIAI0Th
MOJITMBOCTI 3aCTOCOBYBaTH HEHPOHHI Mepeski JJIsl BUPi-
IIEHHS] [IMPOKOTO KJIacy 3ajad. 3acTOCYBaHHS HEWpPOH-
HUX MEpEX OXOILTIOIOTh HaWPi3HOMaHITHIIII Tay3i iHTe-
peciB: posmi3HaBaHHA 00pa3iB, 00poOKa 3amryMIIeHHX
JIaHUX, JIOTIOBHEHHs 00pa3iB, acoLiaTUBHUII IIOINIYK,
Kacuikamis, ONTHMIi3alis, TPOrHO3, MiarHOCTHKA, 00-
poOka curHamiB, abcTparyBaHHs, YNPaBJiHHS Ipoleca-
MU, CETMEHTAIlisl JAaHUX, CTUCHEHHS iH(opMarlii, CKIaaHi
BiIOOpa)KeHHs, MOJICITIOBAHHS CKJIQJHUX TPOIIECIB, Ma-
LIMHHUH 31p, pO3Mi3HaBaHHS MOBHU TOLIO.

Po3srisiHeMo ympaBiiHHS TpoliecaMu MeXaHIqHOI
00poOKH B II(POBUX MAIMHOOYIIBHUX BUPOOHHUIITBAX
Ha OCHOBI HeWpOHHMX Mepex. Lle MoxnuBO nume Ha
OCHOBI BHBYEHHS SIBMIN, IO CYNPOBOJUKYIOTH IPOIEC
acTnyHoi Jedopmanii MeTaniB i aBTOKOJIHMBaHb IPH
pizanHi MetamiB. IIpu npoMy HEOOXiAHO 3a3HAYNUTH, IIIO
MEPCIIEKTUBHAM HANPSIMKOM KOMILIEKCHOI'O BHBYEHHS
MIPOIIECIB OIIYPKOYTBOPEHHS, IWHAMIKH DPi3aHHA 1 Me-
XaHI3My yTBOPEHHS NOBEPXHEBOTO IApy 3arOTOBKU €
CHCTeMHUIi eHepreTuuHui minxig [13], 3rigHo 3 sKUM
MPOIIeC MEXaHIYHOI OOpOOKHU CIifl PO3TIAAATH SK CHC-
TEMy IUCHUIIATUBHUX mpoueciB [14], mo omucyeThes
CHEPreTUYHUM PiBHSIHHSM:
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Ap =R *Pvse) T Pvac) tAas @
ne A, — pobora pisanus, Azy — pobota nedopmarii B
obnacti 3cyBy, Ayg(c) Ta Ayp(n) — POOOTA CHIHM TEPTA

TIepeIHBOI Ta 3aIHROI TPaHi IHCTPYMEHTA BiAIOBITHO, A s
— poOoTa, sika BUTpAuyaeThCs Ha PYHHYBaHHS HapOCTY.
KoxHa 3 KOMIIOHEHT CHCTEMHM Ma€ CBOi BJAcTHBOCTI i
XapakTep MOBEIIHKH. SIKIIIO BCI MOKJIMBI IPOSIBH CHUCTEMH
3BOJISATHCS IO CyMH IPOSIBIB il KOMITIOHEHT, TO Taka CHUCTe-
Ma € 1poctoro. s onHcy MPOCTHX CHCTEM TpaJuiliiHO
3aCTOCOBYIOTBCSI METOJIM aHAII3Y, CYTh SKUX B HOCIIIOB-
Hilf JTEKOMITO3MUIIii CHCTEMH Ha KOMIOHEHTH i MOoOyIoBi
Mojeneil Bce OUTBIT IMPOCTUX eIeMEHTiB. TakiuM B CBOIH
OCHOBI € METOJl MaTeMaTHYHOTO MOJCIIOBAHHS, B SIKOMY
MOJICNi ONHUCYIOThCA B (pOpMi piBHSHB, @ TIPOTHO3YBAHHS
TIOBEIHKH CHCTEMH IPYHTY€ETHCS Ha TX pO3B’s3Kax.

[pukmagom Takoro miaxoxy mo Qopmanizamii
MPOLIECY pi3aHHS CIYTYIOTh IIUPOKO IOIIUPEH] B JaHUH
Yyac MaTeMaTU4HI MOJeNi MexaHiyHol 00poOku (puc. 2),
3aCHOBaHI Ha EMITIIPUYHHUX CTYNECHEBUX 3aJIeKHOCTSX
BUXIZIHUX XapaKTEPUCTUK MPOLECY pi3aHHS BiJ] Iapame-
TPIB PeXKUMY 1 reoMeTpii IHCTPyMEHTY:

k
A(V,S,t,9,91,..) = CAVEsPL QX o]l kyko . K.

OriHka MUTTEBUX 3HAYCHb 3aJIKHUX TMapaMeTpiB
pi3aHHA IPYHTYETBCS Ha CTPYKTYPHO-CHEPTeTHYHOMY
MIpeCTaBIICHHI MPOIIECY MEXaHIYHO1 00pOOKH B BUTIIAI
CHCTEMH [IVCHIIATHBHHX IIPOLECIB, L0 ONUCYIOTHCS
eHepreTHYHNM piBHAHHAM (1). 3amaya MomenoBaHHS
KOXHOTO 3 mapameTpiB (1) 3BOAWMTBCS O CTBOPEHHA
HABYAJbHOI BHOIPKH CHTHAIIB, IO XapakTrepusye (aso-
Bi Tepexoau Mpolecy pi3aHHA (IBHI abo po3MHUTI) y
3B'SI3Ky 31 3MIHOIO KOHTPOJBbOBAHOI BEJIMYUHHM, 1 BIIIIO-
BiJITHOTO HABYaHHS HEHPOHHOT MEpexi.

[Ipu 3acTrocyBaHHI HEHPOMEPEKHUX MOJIENEeH, Ha-
camIiepe]l TI0CTa€ MUTaHHA BUOOPY KOHKPETHOI apXiTe-
KTypH Mepexi (J4mcia mapiB i KiTBKOCTI HEHpPOHIB B
KO)XHOMY 3 Hux). Ilicmg doro BimOyBaeThcs Ipoliec
HaBYAaHHSI MEpPEeXi, SIKUI MO CYTi € IiIrOHKO MOJET,
sKa pealli3yeTbCs MEpexelo, 10 HasBHHX HaBYaJbHUX
JAHWX, SIKi XapaKTepH3yIOTh Pi3HI BapiaHTH YMOB IpO-
TiKaHHS TEXHOJIOTIYHOTO MPOLECY, IO MOJCIIOETHCS.
[Tomurka 111 KOHKPETHOI KOHQIryparii Mepei Bu3Ha-
YaeThCsl MUIIXOM IPOTOHY Yepe3 MEepexy BCiX HasiBHUX
criocTepexeHb BXiJHUX mapameTpiB U mporecy i nopis-
HSHHS BHUXIMHHMX 3HaueHb Wi Mojeri 3 peaJbHUMH 3HA-
YEeHHSIMH BHXiJHUX mnapameTpiB W TEXHOJIOTIYHOTO Hpo-
necy. Bei Taki pi3HHIL CyMYIOTBCS TaK 3BaHOIO (DYHKYIEHD
nOMUIOK, 3HAUYCHHS SKOT 1 € moMuiKa Mepexi. HaBuanHs
NPOBOAUTECA 1O THX Hip, IOKH IIOMUJIKA Mepexi He

Mapasierps aacrma Buxizai  AOCATHE NPUAHATHO Mol BeNM4unH (puc. 3).
VIpaETiEHS Zedopyaniz TIapaMeTpH
TpomecoM mpomecy AKTyamRHI Axryamssi
pizanug N pizaHus BxigHi EBHNigHi
Pean Tepta /4 TapaMeTpH . mapaMeTpH
pizanHa P Iy mpomecy Uu(e) Texnonorizauii w(t) mpomecy
- TIpoIEC, Mo
MOOEeTHETECH
£
Hapocro- ;1 ;—_'
oo .
YTBOpEHEA = = ,:E[HHE..\IJ‘]}IE W, (t) _f\+
£z Y U(e—N—1 HeHpOMEpeKeEd N
. . 5 5 ! MOJETE IPOLIEcY Buxigmi
Puc. 2. Cxema niporiecy pi3aHHs y BUTJISAIL 2 2 ponen
. 52 + IIapaMeTpH
CHCTEMH JUCUITATHBHUX MPOIIECIB &z . Mozem Tlovmmxa
(Fig. 2. Scheme of the cutting process in the form - (¢~ M Mozem

of a system of dissipative processes)

VYHiBepcalbHy METOJMKY 1MOOYJ0BU HEHpOMepexk-
HUX MojieNeil rpoliecy MexaHidyHoi oOpoOku Ha 0asi
IITYYHOI HEHPOHHOI Mepexki 3yCTPiYHOI0 MOIIUPESHHS
MOKHa OIHCATH TAKHM CII0COOOM:

Kpox 1. ®opmyBaHHS HaByaJbHOI BHOIpKH, IO
XapaKTepu3ye IUPOKUH CIIEKTP YMOB MPOTIKAHHS TeX-

HOJIOTIYHOTO TIPOIECY 1 CKIIAJAEThCS 3 BEKTOPIB \P(ri)
JOCTYIHOI JJIs1 (P i3MYHOTO BUMIPIOBAHHS JTIarHOCTUIHOL
iHpopManii mpo mporec i, BIAMOBIAHUX iM, BEKTOPIB
BUXIZIHUX TIapameTpiB mpouecy P (Ti ) .

Kpox 2. Y3aranpHeHHs 1 kiacudikaiis BXiTHUX
obpasis W(tj) miarnoctnunoi indopmanii 3 Mmeroro
BU3HAUEHHS MHOXHUHU ®(‘P) MOJKJIMBHX (ha30BHX
CTaHiB TEXHOJIOTIYHOTO IMPOIECY NUIIXOM CaMOHABYaH-
Hs mapy KoxoneHa.

Kpox 3. 3icTaBneHHSI KOXXHOTO OKPEMO B3SITOTO
¢azoBoro crany Oy mnporecy 3 HaHOIIBII HMOBIPHUMH

3HAQUEHHSMM HOT0 BHXIZHMX HapaMmeTpiB P musixom
HaB4aHHs wapy ['poccbepra [7].

Puc. 3. Cxema HaBUaHHS AUHAMIYHOT
HeWpoMepeXeBOT MOJIeNi TEXHOIOTIYHOTO MpoLiecy
(Fig. 3. Scheme of dynamic learning
neural network model of the process)

Mepexa, oTpuMaHa B pe3yiIbTaTi HaBYAHHS, BU-
paska€ 3aKOHOMIPHOCTI, IO NPUCYTHI B maHux. [lpu
TAaKOMY TiIXOJi BOHA € (PYHKIIOHATBHUM €KBiBaJCHTOM
3aJIeXKHOCTEH MK 3MIHHUMH, TOJIOHOT J0 THX, SKi
OyAyIOThCS B TpaAHMILIHHOMY MoOjenmoBaHHI. OJHAK, Ha
BIIMIHY BiJl TPaJULiHHUX MOJEJICH, y BUIIAJIKy MEPEK
i 3aJeKHOCTI HE MOXYTh OYTH 3amHcaHi B SBHOMY
Burisini. Yacto HEeHpOHHI Mepeki peami3yroTh MOeli
JIy’Ke BHCOKOI SIKOCTi; OIHAK, BOHU IPEICTABIISIOTH
c0000 THUIOBUH MPHUKJIA[ HETEOPETHYHOIO MiAXOLY 10
nocmipkenHsa. [Ipn Takomy miAXO0Ii OCHOBHI 3yCHILIA
30CEPEIKYIOTHCS BUKIIIOYHO HA MPAKTHYHHHA pe3ysibTaT
— B JaHOMY BHUMAJIKy — Ha aJeKBaTHOCTI MOJIeTi, — a He
HA CYTi MEXaHIi3MiB, III0 JIC)KATh B OCHOBI SIBHIIIA.

Ha mpakTuii He 3aBXKIU € MOXJIMBHM 3IIHCHUTH
MTOBHE MOJICITIOBAHHS BCHOTO TEXHOJIOTIYHOTO IMPOIIECY.
VY 11pOMy BUNAIKy KOPHCHO MOOYIyBaTH MOJEIb OY/b-
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SIKOI MOro CKJIaJ0BOI YaCTHHH, HAHOIIBII Ba)KIIMBOIO 3
TOYKH 30py BHUXITHHX MapaMeTpiB Iporecy abo Haii-
MEHII 3pY4HY IS IPSIMUX BUMIPIOBaHb i, SIK TPABUIIO,
BHACIIJIOK I[FOTO MaJI0 BHBYEHY. Taki 4acTKOBI MoJemi
MOXYTh OyTH KOPHCHI JJIS JIarHOCTUKH TEXHOJIOTi9HO-
ro mporecy B miomy. [IpupoaHo, Mo BXiTHUMHU JaHU-
MU [UIs JaHuX Mojenei 6yne He Bexktop U(t) ynpaemin-
ust, a BekTop V() Oymp-sKuMX MPOMIKHUX MapaMmeTpis
NPOTIKaHHS TEXHOJIOTIYHOTO TPOIECy, OTPUMAaHUX B
pe3ynbTati (Qi3UuHUX BHUMiproBaHb. Hampukmax, BHKO-
pHCTaHHS JWHAMIYHOI HEHpPOMeEpEeKeBOi MOJENl KO-
BaJIBHOI CHCTEMH «IHCTPYMEHT-IETaNb)» MeTalopi3allb-
HOTO BepcTaTa J03BOJISIE 30IHCHUTH epeKTUBHUH CI10CiO
JIarHOCTHKY BiOpatiii, siki caMo30yIKyIOTECS B TIPOIIe-
ci pizanHs. [HpOpMamito mpo BimHOCHI BiOpamisx iH-
CTpYMEHTY 1 00poOmoBaHOi AeTami MOXHa OTpPUMAaTH
TIJIBKH B Pe3yJbTaTi HEMIPSIMAX BUMipIOBAHb.

OcHOBHE 3aBIaHHS aHAII3y MOMIOHUX JAHUX IIOJIS-
ra€ y BU3HAUYCHHI AKICHHUX 1 KUTBKICHHX XapaKTEPHCTHK
PEECTPOBAaHHMX CHTHAIIB, JO3BOJISIIOTH CYJUTH IPO CIIpa-
BXKHIIl CTaH JWHaMIYHUX TPOLECIB, IO BigOYBAIOTHCS B
30HI pizaHHs. Binrak My MaeMo 3pydHHH iHCTpyMEHTa-
piif miarHOCTHKM (YHKLIOHAJIBHOI CTIHKOCTI poOOYOro
LEHTPY TEXHOJIOTTYHOTO TIPOIIECY, SIKUH J03BOJISIE BUSIBU-
TH HECIPAaBHOCTI POOOTH arperary, 0 J03BOJIUTH JIOKa-
Ji3yBaTH HECTIPABHICTD 1 3pEIITOI0 BYWHHUTH Mii IS TPO-
JOBKCHHS (DYHKIIOHYBaHHS 1O MOMEHTY 3aBEpILICHHS
BIZIITOBITHOT TEXHOJIOTIYHO OTepartii.

BusHaueHHS mapaMeTpiB TEXHOJIOTIYHOI CHCTEMH,
10 3a0€3MedyoTh CTIHKUAN pexkuM (YHKIIOHYBaHHS 3a
MIPU3HAYCHHSAM (MEXaHIYHOI OOpOOKH), € aKTyallbHUM
3aBJaHHsIM. Y pealbHOMY BHPOOHHMLTBI BH3HAYEHHS
ONTHMAIBHUX 3HAYCHb PEXUMIB 00poOKM 1 Haiaro-
JDKEHHSI BepcTaTa MpPOBOJAUTHCS 3 BUKOPHUCTAHHSIM J0-
BIIHUKIB 1 mIOCBimy TexHojora. OmHAK JOBiIKOBHIA
Marepial 4acTto Ja€ TiNbKA NPUOIM3HI PO3PaxyHKH
mmapaMeTpiB HaJlaJIKH BepcTaTa i He BpaxOBY€e JHMHAMIYHI
XapaKTePUCTHKH BEPCTAaTIB, sSKi MOXYTh 3HAYHOKO Mi-
PO¥O BiIpi3HATHCSA OMUH Bix omHOTO. BHpimeHHAM i€l
mpobieMu MoXxe OyTH po3poOKa iHIWBIITYaTbHOTO IH-
HAMIYHOTO TMacmopTa BepcraTa (poOdovoro MEeHTPY), 10
JI03BOJISIE B aBTOMAaTH30BAHOMY PEXHMI BH3HAUYNTH
ONTHUMAJIBbHI PEKUMHU POOOTH 1 HOTO HAIAro/IKEHHSL.

PeanbHa TEXHOJIOTIUHA CHCTEMA ONUCYETHCS BEJU-
KOIO KIUJTBKICTIO TapaMmeTpiB, fKi B Ti 4M 1HIIINA Mipi
BIUIMBAIOTh HA BHXIiJHI HapaMeTpH CHUCTEMH pi3aHHS,
Taki K BiOparii, TemnepaTypH, CwiH, aedopmartii, sKi,
B CBOIO 4epry, BU3HAYAIOTh IPOIYKTHBHICTH POOOTH i
sKicTh 00po0eHoT nmoBepxHi. OOIIIK BCiX MapaMmeTpiB B
MOJIEJIi TEXHOJIOTIYHOTO IpOLECY HE IPEACTaBISETHCS
MOXIJIMBHM. SIK mpaBumiio, B Oynb-sIKii CKiIaqHill iepap-
XIYHIN MUCHUITATUBHIA CHUCTEMi, 3 MO3HII CHHEPreTHY-
HOTO MiIXO/y, ICHYIOTH IapaMeTpH IMOpsJIKY, L0 BH-
3HAYAIOTh MOBE/IIHKY BCi€i CHCTEMH B IJIOMY.

Jls BUSIBJIGHHSI 3aKOHOMIPHOCTEH MiXK BXiTHHMH
napaMeTpamu Mpolecy pi3aHHs Ha OCHOBI €KCIIEPUMEH-
TaIbHUX NaHUX (PeXHUM pi3aHHS, ONpaIrbOBaHUI MaTe-
pian, cmoci® 3akpiluleHHS 3arOTOBKH, TE€OMETpis 1H-
CTPYMEHTY, TEOMETpPHYHI IapaMeTpu 3aroTOBKH) Ta
BUXITHUMH (aMIUTITYAa, yacTtora, (pakTaibHa po3Mip-
HicTh arpakTopa) B [13] 3acTocoByBasiacs peKypeHTHa
HEeWpOHHA Mepexa, alalToBaHa I perpeciiHuil aHa-

mi3. ITicist HaBUaHHS CTBOpIOBAJIacs perpeciiiHa Helpo-
Mepe)xeBa MOJIENb MPOLIECy Pi3aHH:, 10 J03BOJISE MO-
JemoBaTH Oynb-sAKi TO€THAHHS BXITHHUX ITapaMeTpiB
IpoIriecy pi3aHHSA 1 aHANI3yBaTH 3HAYCHHS BUXIiTHUHX,
TUM CaMHM BH3HAJaTH 3amac i 00macTe CTIMKOCTI cHC-
TeMH B IIUPOKOMY [iama3oHi ii HaJaro[KeHHsA. Bxina-
HUH [1ap HeWpOHHOI Mepexi ckiagaeTbes 3 21 OCHOB-
HUX HEHPOHIB, Ha SKi HAAXOAWUTH iH(POPMAILIS PO BEK-
Top St i 10JaTKOBHMX HEUPOHIB, HA SKI HAJXOMAATH 3HA-
YEeHHsI BEKTOpa MONEPEIHHOTO NHHAMIYHOTO CTaHY

sd™! 3 Buxigmmx HEHpOHIB TO KaHAIly 3BOPOTHOTO
3B13Ky. TuM camMuM HelipomepeskeBa MOJIEIb BPaxoBye
MTOTOYHI YMOBH 0OPOOKH, a TaKOX MOTIEPEIHIH AUHAMI-
YHUW CTaH, IO 3HAYHO MiJBHIIYE TOYHICTH IPU MOJe-
moBaHHI. Buximaumii map ckimamaeTbes 3 4 OCHOBHHX
HEWpOHIB, SKi XapaKTepH3YIOTb BEKTOP IOTOYHOTO
JMHAMIYHOTO CTaHy Tpoliecy pisanus Sd , 1o MicTUTH
BIZIOMOCTI NP0 aMIUTITY/ly aBTOKOJIMBaHb, (ppakTanbHOi
PO3MIPHOCTI aTpakTopa, €HTPOMii CHI'Hay, CTaplLIoro
nokazHuka JlsmyHosa ta 10 000 momaTKOBUX HEHPOHIB,
KOKCH 3 SKHX BiJIIOBIJla€ 3a MEBHY YaCTOTYy B CIIEKTPI.
HaBuanHs HEWpOHHOI Mepexi peanizyeTbCs METOI0M
3BOPOTHOT'O MOITUPEHHS TOMUIIKH.

3 orysmy Ha BENMUKY KiJIBKICTh JAaHWX B OIH(pPO-
BaHHOMY CHTHAJIi aKyCTHYHOI emicii (puc.4), akTyaib-
HOIO CTa€e mpoOIieMa MPOTyKTUBHOCTI HABYaHHSA 1 poOOTH
HelpoHHOT Mepeski. CyJacHAM MiAXO0IO0M JI0 ITiBHUIICHHS
il TPOAYKTHBHOCTI € TEXHOJIOTII MapajelbHOTO O0YHC-
neHHs. PosnaparentoBaHHs MOXKHA 3/1iHCHIOBATH, SK HA
SApax LEHTPAIBLHOTO MPOIIECOpa, TaK i 3 BUKOPUCTAHHAM
saep rpadivHoro mporecopa. Y 3ajadax CrleKTPaIbHOTO
aHaNi3y 3 MOAANBIIUM HaBYaHHSM HEHPOHHOI Mepexi
JIOLIJIEHO PO30OWUTH YaCTOTHHUI CIIEKTP CHTHAay Ha IIeBHI
30HH, HaMpukiIaa 300y Bucokux 4actoT (HF), 30ny cepe-
maix gactotr (MF), 3ony Hm3pkux vactoT (LF). Jlanwmit
MAXIT T03BOJISIE 3IIMCHIOBATH OKpEeMe HABYAHHSA HEW-
porHO1 Mepexi amst Bucokux dactot (HFNN), cepennix
gactor (MFNN) i Hu3pKHX uacToT (LFNN) Ha TppOX
OKPEMHUX SI/Ipax IIEHTPAIBHOTO IIPOIIecopa NapaesbHo.

Jnst migBUILEHHS! TPOXYKTUBHOCTI OOYMCIIEHb Ba-
pTO iHTErpyBaTM B CHUCTEMY YIPaBIiHHSI BHPOOHUM
LEHTPOM TEXHOJIOTTYHOTO MPOLECY 3aB/SIKH IMiIBUIIEH-
Hsl TIPOZYKTHBHOCTI pOOOTH HEHPOHHUX MEPEX 1 HIBH/I-
KOCTI X HaBYaHHS, MPOMOHYEThCS BUKOPUCTAHHS S/IEp
rpa¢iganx nporecopis i TexHonorito NVIDIA CUDA.
Texnomoris CUDA — 1e apxirtekTypa NHapajeabHHuX
ob6uucnens Big NVIDIA, mo 103B0JIsg€ iCTOTHO 3011b-
LIMTH O0YMCIIIOBAIBHY NPOJYKTHBHICTD 3aBISIKM BHKO-
pucrannio GPU (rpadiunnx npouecopis).

3. InTesiekTyajibHA CHCTEMAa aHAJI3y
Ta NPOTHO3YBAHHA IMHAMIYHOI cTiiikoCcTi
TeXHOJOTi9YHOI0 Npouecy pi3aHHs
3 BUKOPHCTAHHAM NapaJieJJbHUX 004K CIeHb
NVIDIA CUDA Ta XMapHHUX TeXHOJOTiii

Po3pobxka nuHamMiyHOTO Macrmopra poOOYoro LEHTPY
TEXHOJIOTTYHOTO ITIPOLIECY HA OCHOBI HEHPOHHHMX MEpexK 3
QJITOPUTMOM T1apaJICIbHOTO HABYaHHS JI03BOJISIE BU3HAYA-
TH 00JacTi JMHAMIYHOI CTIHKOCTI IpOIECy pi3aHHS Ha
KOHKPETHOMY OOJIaJHAaHHI 1 TPU3HAYATH ONTHMAJBHI
PeXIMU 0OPOOKH 1 HAATOPKEHHS pOOOYOro LICHTPY.
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Puc. 4. HeiipomeperxeBa MOJEh TEXHOJIOTIYHOTO MPOLIECY pi3aHHsI
(Fig. 4. Neural network model of the technological process of cutting)

Ilinxony HemiHiAHOT JMHAMIKK, IalOTh MOXKIJIH-
BICTh OyAyBaTH aTpakTOPHU CHCTEMH Pi3aHHS 1 IPOBOIU-
TH OLIHKY 1X ()pakTaJbHOI PO3MIPHOCTI, TaKk camo JO-
3BOJIIIOTh BUSIBIISITH XaOTHYHI aBTOKOJMBAHHA IIPH
pizaHHI i BTpaTy CTIHKOCTI cucTeMH pi3aHHS. Bukopuc-
TaHHS aNrOpUTMIB mapanenbHux obumciens NVIDIA
CUDA icTOTHO NPHUCKOPIOE TIpoIiec HAaBYAHHS HEHPOH-
HOI Mepexi, 10 JO3BOJISIE 3aCTOCOBYBATH IX B CHCTEMaX
OTIepaTUBHOI MIaTHOCTHKH JHHAMIYHOI CTIHKOCTI TeX-
HOJIOTIYHUX CHCTEM Ha BUPOOHUIITBI.

Jlo ckiasy CydacHHMX IHTENIEKTYallbHUX CHCTEM,
IHTErPOBAaHMX B YIPABIIHHS TEXHOJIOTIYHMM MPOLECOM
Bx0JuTh 0asa manux (BJ]) JMHAMIYHOTO CTaHy IPOIECY
pi3aHHs, HEHPOHHA Mepe)ka CTIHKOCTI Ipolecy pi3aHHs,
HelipOHHA Mepeka Kiacudikaril mepepisiB Aerai, 10
00po0OIIsETECS 1 TporpaMHe 3a0e3MeUCHHS U aHaJi3y
curHaiy. BJ] MicTUTB BiIOMOCTi PO BEKTOpP TEXHOIOTI-
YHUX napaMeTpiB St i BiANOBIAHUI BEKTOP JHHAMIYHO-
ro crany Sd, OTpUMaHOTO B XOJi EKCIIEPUMEHTAIbHUX
JociipkeHHst ado poboru obmaaHanus [13]. Ilicns
HAKOMMYCHHS MEBHOI KuIbKOCTi iH(opmanii B BJI, Bi-
OyBaeThcsl HABYAHHS HeWpoMepexeBol MoJiell CTifKoc-
Ti Npolecy pi3aHHA, sKa IOB'SI3y€ 3HAUYCHHS BEKTOpa
TEXHOJIOTIYHUX MMapamerpiB St 3 BiAMOBITHUMH 3HA-
YEHHSIMU BEKTOpa JANHAMIYHOTO CTaHy MPOLECY pi3aHHs
Sd (puc.5). Bxinauit map HeHpoHHOI Mepexki cKiaia-
eTbes 3 13 HEWpOHIB, HA BXiJl AKHX HAIXOAUTH 1H(OP-
Malisi Opo BEKTOp TEXHOJNOTiYHUX mapameTpiB St.
Buxinauit map cxiagaeTsCsi 3 4 OCHOBHHX HEHPOHIB,
AKi XapaKTepU3yIOTh BEKTOpP IWHAMIYHOTO CTaHy Mpo-
necy pisannst Sd , 110 MicTHTH BiIOMOCTI PO aMILTITY-
Ny aBTOKOJIMBaHb, (ppakTaJbHOI PO3MIPHOCTI aTpaxTo-
pa, eHTPOIii CHTHATY, CTapIIOro MOKa3HWKa JlsmyHoBa
ta 10 000 moIaTKOBHX HEHPOHIB, KOXKEH 3 SIKUX BiJIO-
BiJla€ 3a NEBHY YacTOTy B criekTpi. HaBuaHHS HeHpoH-
HOi Mepexi Bi0OYBAEThCSI METOAOM 3BOPOTHOTO TIOILH-

pEeHHSI TIOMWJIKH. 3 OISy Ha BENUKUI 0O0CST HaHUX,
10 HA/IXO/ISATh, 32CTOCOBYIOTBCS MiZXOH TapajeIbHUX
OOYHUCIICHh 3 BHUKOPHCTaHHSAM TpadiuHUX MPOLECOpIiB
(GPU) i texnomorii NVIDIA CUDA, 30kpema creria-
nmi3oBaHa 0i0moreka cuDNN, 1110 03BOJIS€ IIiABUIIUTH
MPOAYKTUBHICTH IIPY HABYaHHI B 5-7 pasiB.

OO0mik BIMBY (OPMH 3arOTOBKH HA BEKTOp JTHHA-
MIYHOTO CTaHy MpOLECY pi3aHHS, 3AIHCHIOETHCS 3 BUKO-
puctranaam 11 3D moneni. Ha ocHOBI OyneBoi omeparii
BimHIMaHHs, 3 3D Moesi po604yoro mpoctopy podouoro
LEHTPY, OOMEXKEHOT0 NMPU3MAaTHYHUM TBEPAUM TIJIOM,
BimHiMaeThest 3D mozens 3arotoBku. [oTiM yepes iHTe-
pBan dz OyayroThCsS TOIEpEYHi Mepepisu yTBOPEHOT
¢irypu. OTpumaHi nepepisu MOKPHBAIOTHCS CITKOK 3
KoMipkamu po3mipy dX. Komipku, B SKHX BiJICYTHE
TBEpJIC TiJIO, BHAC/IIOK OyyeBol omeparilii BigHIMaHHS,
npuiiMaloTh 3Ha4eHHS «1», a KOMIpKH, B SIKHX TIPHCYTHE
TBepAe TUIO, 3HadeHHS «0». 3 OTpUMaHMX 3Ha4YeHb
KOMIpOK (pOpMYETHCS MaTpHIls, sIKa BijoOpaxae reoMe-
TPHUYHI OCOOJIMBOCTI ZieTalli B KOHKPETHOMY INEpeTHHI i
Micmi pobodoro mpocTopy pododoro nentpy. OtpumaHa
MaTpHL HaAXOAWTh HA BXiA MITyYHOI HEHpOHHOI Me-
pexi, siIka Ha OCHOBi aJropuTMy camoHaB4YaHHA Koxo-
HeHa Qopmye Kkiac mepepisiB. OTpumaHi Kiracu mepe-
piziB 3amucyrotbes B BJ] 1 3acTOCOBYIOTBHCS B mporieci
HaBYaHHS HEWpoMepexeBoi Mojeni cTifikocTi (PyHKIi-
OHAJIBHOI CTIHKOCTI) MpoIiecy pi3aHHS.

[Ticns HaBYaHHS HEHpPOHHA Mepeka 371aTHA MOJe-
JIIOBaTH JAWHAMIYHUM CTaH INpolecy pi3aHHs, Gopmyro-
YM Ha BHXIJHOMY IIapi HEHPOHIB BEKTOpP AMHAMIYHOTO
craHy mpouecy pizanHs SOM Ha OCHOBI HaHUX MPO
BEKTOp TEXHOJIOTIYHUX mapamerpiB Stm. 3miHOMOuH
3HAYEHHsI BEKTOpa StM, MOXIMBE MOIEIIOBAHHS pi3-
HUX JWHAMIYHUX CTaHiB, AJIS MOJANBIIOTO BHOOPY TeX-
HOJIOTIYHUX TIapaMeTpiB, SAKi 3a0e3MedyroTh HaWOUIBII
JMUHAMIYHO CTIMKi PeKUMU pi3aHHs, THM CaMHUM ITiIBH-
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IIyeTbesl e(peKTUBHICTH MeXaHI9HO{ 00poOKH, a BiAgTak
3abe3nedyeThCsl PYHKIIOHATbHA CTIHKICTh TEXHOJIOTIY-
HOTO TIpOLeCy, SKHH BUKOHYETHCSI 3 BUKOPHCTAHHIM
JAHOTO POOOYOTO LEHTPY 5K EIEMEHTA.

Po3pobnena iHTeleKkTyaabHa CHCTEMa iarHOCTH-
KM 1 yIpaBIiHHSA AWHAMIYHOIO CTIHKICTIO Tporecy pi-
3aHHS, MOKe OYTH peali3oBaHa Ha OCHOBI MOJIEITIOBaH-
HSl OOpOOKM Ha BUPOOHMYOMY LIEHTPi AJISL pi3aHHS Me-
TaliB 3 TBEPIOCIUIABHUM METAIO00POOHUM IHCTPYMEH-
ToM (puc. 5). IIpu npomy BapTo 1100 Ha BXija Helpome-

OfuncarBAIBHIEI MOIY.IB

Curaan BAE @ paxTanbHAa pO3MIPHICTE ATPaKTOpa

Anmaityaa curaaay BAE

pPEeKEeBOi MOJIETi HAJIXOJUB BEKTOP TEXHOJIOTIYHUX ITa-
pametpiB Stm (V =1 m/c, t= 4 mm, Sp = 0.1 MM/06.), A
Ha BHXOJl IITY4HOI HEHpPOHHOI Mepexi (opMyeThCs
BINOBITHUI BEKTOp OUHAMIYHOTO CTaHy IIPOLECy pi-
3agHs SAM. B sikocTi 3MiHHOT CKIIamoBoi Bekrtopa Stm,
MOJXKHa BUOpaTH Benu4uHy Z — TIOJIOKCHHS CyIopTa
BepcTara 1o oci Z MM, sika MOXe 3MIiHIOBaTHCS 3 Kpo-
koM 0.01 MM B Mexax, Hanpukian, Big 0 10 350 mwm.
Takuit puitom m03BoIsIE popmyBaT BekTop SAM mpo-
TSITOM BCi€i 0OPOOKH 3arOTOBKH.

BerTop aunaMiuHOTO
mapy Sd (peanbmmii)

Heiipomepesesa MoTens
CTiifROTO Mpouecy pisaHHs

Cnexrp curaany BAE

BerTop TexHomoriuanx
napamerpis St (peansHmii)

Pofouii uenTp
TEXHOJOTIYHOTO MPOMECY

3D mogens 3AaT0TOBKH B
podouosy npocTopi
pofiowore UeHTPY
TEXHOIOTIMHOTO NpOLeCY

» qbopnr_\'nnnn:u.
MACHEY Nepepizie

BeKTOp PeKOMEHIOBAHMY
pesnie ofpodrn Sir

Cloud

Enacmirxania nepepisis geramxi
smepeka Koxonena (Cloud)

Buiip peanmie ofpodxn

(Cloud)

Hasuanna mryvasoi
HeifiponHol Mepei

—

St Sd

B

T Homep xnactepy

BexTop TexHOMOTIYHET
napaserpis Stm (m1as0EaHmiL)

BewTop mmanivnoro cTany Sdn (Toil, o MOJeTHETheA)

(Cloud)

Puc. 5. [Ipunimnosa cxema iHTEIEKTYalIbHOI CHCTEMH J1iarHOCTYBaHHS 1 yIpaBJIiHHS
JMHAMIYHOIO CTIHKICTIO TEXHOJIOTIYHOTO MPOLECy pi3aHHs
(Fig. 5. Schematic diagram of an intelligent system for diagnosing and managing
the dynamic stability of the cutting process)

ITiocymosyrouu cnio 3asnauumu, wjo 3anponoHo-
6aHa  IHMeNeKmyanibHa cucmema OiaeHOCMY6aHHA Mma
VNPAGNIHHS OUHAMIYHOIO CMIUKICMIO MEXHON02IYH020
npoyecy pi3anHs € HeoOXIOHOI0 YMO0G0I0 3abe3neyeHHs
yHKYIOHANLHOI CMIUKOCMI 8UPOOHUY020 NPpoYeC).

3abe3nedeHHs K MPaKTHYHOTO AOTPUMAaHHS Hapa-
METpiB MOJIeTIi B paMKax peaJbHOTO0 BUPOOHUYOTO ITPO-
Liecy rapaHTyBaTHMe HOro (pyHKIIOHAIBHY CTIHKICTh B
Me)Kax 4acoBOT'0 iHTEpBaly ITOKHM HapaMeTpH TEXHOJIO-
TYHOTO LEHTPY 3aJ0BOJIBHATHMYTH PO3pPaxyHKOBI Iia-
pamerpu Mozeni. Cucrema ctaHe (YHKIIOHAIBHO He-
CTIMKOIO TIpM BUXOJI MapaMeTpiB 3a MeXi MHOXHHH
PO3paxyHKOBUX HapaMeTpiB, IO NPHUBEJE 10 BTPATH
JUHAMIYHOT CTIMKOCTI poOOYOro MEeHTPY i BUMaraTume
3YMUHKY TEXHOJOTIYHOTO MpoIrecy abo K HOro Kopek-
1ii, 3aMiHK IHCTPYMEHTY, PEKUMIB pOOOTH TOIIIO.

BucHoBkH

IMpouecu Ttpanchopmanii riobansHOI iHpOpPMa-
LiitHO1 1H(PAaCTPYKTYpPH Ta MacIITaOHOI aBTOMAaTH3AaIii
BUPOOHHIITBA MPHU3BOMATH 10 (PAKTHYHOIO 3JIUTTS aB-
TOMAaTH30BAHOTO BUPOOHHUIITBA, OOMIHY JaHHX i BUPOO-

HUYUX TEXHOJOTIH B €IMHY CAMOPETYJIEOBAHY CHCTEMY
3 sKHaiiMeHIIMM a0o B3araji BiJICYTHIM BTpYYaHHSIM
JIIOJMHKM Y BUpoOHM4Mi mpouec. HuHi BinOyBaeThCs
MacoBe BIPOBAPKEHHS KiOep(i3UuHMX CUCTEM Y BUPO-
OHUIITBO 3 OJIHOYACHMM 3aCTOCYBAHHSIM OTPUMAaHHUX
pe3yabTaTiB B Taly3sX MITYYHOTO 1HTEJIEKTY, poOOTOTE-
XHiKkH, [HTepHETY pedeil ToIIo.

Pearnizytoun nocsrHEeHHS METH POOOTH B YacTHHI
PO3pOOKHM METOZIB OpraHizamii BUPOOHMYMX MpOLECIB
00pOOKHM MeTajiB Ha MalIMHOOYIIBHUX IiIIPHEMCTBAX
Ta MiANPUEMCTBAX TIPHUYO-METATYPTiHOTO KOMILIEKCY
3 BUKOPUCTaHHSAM HeHpomepek OyJio BUBUCHO MPOLECH
rinobanpHOi TpaHchopmanii  iHppactpyktypu IT Ha
(oHI MacoBOrO BHPOBAKEHHS KiOep(di3muHUX cHCTEM
Ta MMPOPHUBHUX BIIKPUTTIB B Taly3sX IITYYHOTO iHTEIe-
KTy 1 poOOTOTEXHIKH y BUPOOHHUIITBO Ta TEXHOJIOTiYHI
IPOLECH.

B crarri ommcaHO XapaKTEPUCTUKU TOBEIiHKU
CKJTaJHUX TEXHIYHUX CHCTEM, IO Peajli3yloTh BIACTH-
BICTh (DYHKLIOHAJIBHOI CTIMKOCTI Takux cucreMm. [laHo
XapaKTEepUCTUKY OCOOJIMBOCTEH Ipolecy oOpoOKH Me-
TaJliB pi3aHHSIM 3 BPaxXyBaHHSIM OCOOJIMBOCTEH BIUIUBY
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nedopMaIliiHOro 3MIIHEHHS, TUTACTUIHUX JedopMallii,
ABTOKOJIMBaHb Ta XaOTHYHOI AWHAMIKH, SIKI BHHHUKAIOTh
B 00poOmsrounx menTpax. OmrcaHo CHOCOOHM 3acToCy-
BaHHA HEHPOMEpEX B MOAECTIOBAHHAX IPOILECIB Mexa-
HIYHOT 00POOKHM METaITiB pPi3aHHAM.

JaHo yHiBepcalbHy METOANKY IMOOYIOBH HEHpoMe-
peXeBUX Mojielield poriecy MexaHiuHoi 00poOku Ha Oa3i
IITY4YHOI HEHPOHHOI Mepexki 3yCTPIYHOIO ITOLIMPEHHSI.
[pyHTYIOUKCH HA TPOBENECHOMY aHANi3i JOCIIKEHO
IHTEJIEKTyalbHy CHCTEMY aHali3y Ta IPOTHO3YBaHHSI
JIMHAMIYHOT CTIHKOCTI TEXHOJIOTIYHOTO TIPOIECY pi3aHHs

3 BUKOPHCTAaHHSM IapajlelbHUX OOYHCIIEHb, SIKa rapaH-
Tye BHKOHAHHS HEOOXiMHMX yMOB 3a0e3medeHHS (yHK-
LIOHAJIBFHOI CTIKOCTI BUPOOHUYOTO TPOLIECY.

B monanpmomy IulaHyeThCS HPOTOBKHUTH IOCHI-
JUKEHHS (PYHKIIIOHANBHO CTIHKHX TEXHOJOTIYHUX MpPO-
[IeCiB 3 BUKOPHUCTAHHSAM METOMIB IITYYHOTO iHTEIEKTY.
OcHoBHa yBara Oy/ie CKOHIIEHTPOBaHa Ha MOJICJIIOBaHHI
TaKMX IIPOLECIB 3 BpaxyBaHHSIM OCOOJIMBOCTEH cepenio-
BuIa (YHKIIOHYBaHHS, MaTepiajliB sKi BUKOPHCTOBY-
I0ThCS Ta BIUIMBY (DI3MYHMX MNPOLECIB, SKI CYHNPOBO-
JOKYIOTH BiJITIOBiTHI TEXHOJIOTIYHI MPOIICCH.
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(I)yHKIlI/IOHaJIBHaH ycTOﬁ‘lHBOCTB TEXHOJOI'HYECKHUX MMPOLECCOB
Ha OCHOBAHUM HEJMHEHHOW THHAMMKH C MCII0JIb30BAHNEM HeﬁpoceTu

B. B. Cobuyk, 1. B. 3amputii, 10. U. Onmummuesa, C. A. Jlante

AHHoTammusi. B pabore mccnenyroTcss mporecchl Io0anbHOH TpaHchopManuu UHOPACTPYKTYpHl MHPOPMAIMOHHBIX
TeXHOJIOTHI Ha (JOHE MAcCOBOTO BHEAPEHHS KHOEp(HHU3NIHMX CHCTEM M MPOPBHIBHEIX JOCTIDKCHHH B 0OJAaCTH MCKYCCTBEHHOTO
HHTEJIIEKTa ¥ pOOOTOTEXHUKH B IIPOU3BOJICTBO M TEXHOIOTHYECKHUE MPOIECCHI. M3ydaroTcst CBOICTBA OBEACHUS CIIOXKHBIX TEXHH-
YECKUX CHUCTEM, PEaIM3yIONINX CBOHCTBO (DYHKIMOHAJBHON YCTOWYNBOCTH TaKUX CUCTEM. XapaKTePHU3YIOTCS MPOLIECCH 00padoTKH
METAJUIOB PE3aHUEM C YIETOM OCOOCHHOCTEH BIMSHUS Ae(OPMAMOHHOTO YIIPOYHEHMS, TUIACTHIECKUX AedopMaIuii, aBTokoreba-
HHUH U XaOTUYECKOH INHAMUKH, KOTOPbIE BO3HUKAIOT B 0OpabarhIBaromuX 1eHTpax. Omnucansl criocoObl MpUMeHeHust HelpoceTeil B
MOJICTIUPOBAHHU MPOLIECCOB MEXaHMYECKOH 00pabOTKM MeTaiioB pe3aHueM. J[aHO yHHMBEPCAIbHYIO METOAMKY IOCTPOSHUs
HelfpoceTeBbIX MOJIeNeH Mporecca MeXaHH4ecKoi 00paboTKy Ha 6a3e HCKYCCTBEHHOH HEHPOHHOM CeTH BCTPEYHOrO PacIpoCTpaHe-
Husl. OCHOBBIBAsICH Ha TIPOBEACHHOM aHAJIM3€ MCCIIEIOBAHA MHTEIUICKTyalIbHAs CHCTEMA aHANM3a M NPOTHO3MPOBAHUS TUHAMHYE-
CKOH YCTOIYMBOCTH TE€XHOJOTHIECKOTO MPOIECca Pe3aHMsI ¢ MCIOIb30BAaHUEM MapaUIeIbHBIX BBIYUCICHNH, KOTOpast TapaHTHPYeT
BBITIOJTHEHHE HEOOXOMMBIX YCIIOBHI oOecTiedeHHs (PyHKIMOHAIBHON YCTOHIMBOCTH MPOM3BOICTBEHHOTO MPOIIECCa.

KamoueBbie CI0OBA: TEXHOIOTHUECKHUN MPOIIECC; TUCCUTIATUBHBIC CUCTEMBI; (DYHKIIMOHANBHAS YCTONUNBOCTD; HEHPOH-
Has ceTh; ceTh KoxoHeHa.

Functional stability of technological processes based on nonlinear dynamics with the application of neural networks
Valentyn Sobchuk, Iryna Zamrii, Yuliya Olimpiyeva, Serhii Laptiev

Abstract. The processes of transformation of global information infrastructure and large-scale automation of production
lead to the actual merger of automated production, data exchange and production technologies into a single self-regulatory sys-
tem with minimal or no human intervention in the production process. Currently, there is a mass introduction of cyberphysical
systems into production with the simultaneous application of the results obtained in the fields of artificial intelligence, robaotics,
the Internet of Things and so on. Implementing the goal of developing methods for organizing production processes of metal
processing at machine-building enterprises using neural networks, the processes of global transformation of IT infrastructure
were studied against the background of mass introduction of cyberphysical systems and breakthroughs in artificial intelligence
and technological processes. The characteristics of the behavior of complex technical systems that implement the property of
functional stability of such systems are studied. The processes of metal processing by cutting are characterized taking into ac-
count the peculiarities of the influence of deformation hardening, plastic deformations, self-oscillations and chaotic dynamics that
occur in machining centers. Methods of application of neural networks in modeling of processes of mechanical processing of
metals by cutting are described. A universal technique for constructing neural network models of the machining process on the
basis of an artificial counter-propagation neural network is given. Based on the analysis, an intelligent system of analysis and
forecasting of the dynamic stability of the technological process of cutting using parallel calculations, which guarantees the ful-
fillment of the necessary conditions to ensure the functional stability of the production process.

Keywords: technological process; dissipative systems; functional stability; neural network; Kohonen network.
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3ACTOCYBAHHSI TEOITH®OPMAIIMHUX TEXHOJIOT'TA
JJIS1 OPTAHI3AIII ITACAKUPOITIOTOKIB B AEPOITIOPTAX
B YMOBAX KAPAHTUHHOTI'O 30HYBAHHA

Anoranis. IIpexmerom nocaimxennst € pozpobienHs Meroanku nodynosu WEB-cepBiciB Ha ocHOBI KapTorpadidHux
MOJIeNell aepoIopTiB Il OpraHi3allil NacaKMPOIOTOKIB B yMOBaX KapaHTHHHOTO 30HyBaHHA. O6’€KTOM 1OCITi/IiKeHHS €
TIIpoLiec OpraHi3anii maca)KMPONOTOKIB B aeporopTax. MeTor podoTH € ITOKpalleHHs OpraHi3alil macaKHpPOIOTOKIB B aepo-
MopTax B YMOBaxX KapaHTHHHUX OOMEKEHb 3a paxyHOK BHKoprcTaHHs WEB-cepBiciB Ha ocHOBI kapTorpadiyHux Mozenei
OyxiBenb aeponoptiB. BucHoBkH. Ha mifcTaBi mpoBeeHOTro aHami3y AisUTBHOCTI aepOTIOPTIB CBITY 32 OCTaHHI II'ITh POKIB
BHUSIBJICHO CTIHKY TEHAEHIIO 70 301IbIICHHS KITBKOCTI aBiapeiiciB, a 0TKe — 30UIbIICHHS MacaKUPOIIOTOKIB B aepONOPTax.
Taxox mpoaHali30BaHO MPOTHO3U MIOA0 TEHICHIINH PO3BUTKY HOBITPSHOTO PyXy B €Bpomi B HAHOMMX4i I’ SITh POKIB, SIKi
CBiYaTh PO HAMPSMOK 3POCTaHHS aBianepeBe3eHb. [I[poBeaeHO aHai3 BIUIMBY KApaHTHHHUX OOMEXEHB Y 3B S3KY 3 PO3MO-
BcroukeHHsIM COVID-19, sikuii mokasas, 10 He AUBIISIYMCH HAa 3HAYHE 3HIDKSHHS [TaCA)KUPOIIOTOKIB B aepoIopTax CBITYy B
3B'I3Ky 3 KApaHTUHHUMH OOMEXEHHSIMH, OyJe CriocTepiraTics 3HauHe 3pOCTaHHS NMacaXHUPOIIOTOKIB IMiCHsl KApAaHTHHHOTO
nocnabienns. Ha mincraBi 3a3Ha4eHOr0, 3p00JI€HO BUCHOBOK, 1[0 HATAJILHUM € MOKpPAIlleHHs OpraHizallii 1acaXKMpoIoTOKIB
B aepoIopTax B yMOBaxX KapaHTHHHUX 00OMeXXeHb 3a paxyHOK BHKopuctanHs WEB-cepBiciB Ha 0CHOBI kapTorpaiqHuX Mo-
Jeneid OyziBenb aeponopTiB. Pa3oM 3 TuM, MpoBeneHO aHaNi3 AOMUIBHOCTI 3acTocyBaHHs [ IC-TexHoMOrIH B aeponoprax, a
TaKOX OTJIS Cy4acHHUX iH(OPMAaLiifHUX TEXHOJOTIH, 0 Y TeNepilIHiil yac BUKOPHCTOBYIOTHCS [T OpraHizamii podotu ae-
POTIOPTIB B yMOBaX KapaHTHHHOTO 30HyBaHHA. Po3po0ieHo MeToauKy moOyq0Br MapIIpyTiB AJIS OpraHizalii macaXuporo-
TOKIB B aepOIOPTax B yMOBAaX KapaHTHHHOTO 30HYBaHH:. MeToauKa mepenbadae CTBOPEHHs KapT MapUIPyTiB MACaXUPOIIO-
TOKIB B aepOIIOPTaX 3 BUKOPUCTAHHIM HalCyJacHIMuMX Kaprorpadignux nporpaMuux npoaykris ArcGIS ta ArcGIS Online,
MICTHTh PEKOMEH/IAIIIT 010 3aCTOCYBaHHs OumiHroBoi Wi-Fi Mepexi /s BicTe)KeHHS TIepecyBaHHs MacaXUpiB y OyTiBIAX
aepomnopriB, i, BpewIri, nependadae creoperns: WEB-cepBiciB st kapTorpadiuHux Mozenei TepMiHaiiB aepornopTis. Pos-
pobneHi i3 3acTocyBaHHsIM 3amnporoHoBaHoi MeToankn WEB-cepBicu 1t oprasizanii nacaxMpoInoToKiB B aepornoprax B
YMOBaX KapaHTHHHOTO 30HYBaHHS € 3pyYHUMH Ta €prOHOMIYHIMH II0JI0 BUKOPUCTAHHSA POOITHUKAMH aepOIOPTIB Ta aBia-
KoMIaHii. TuM OiTbII, maca)XUpH TaKOK MOXKYTH OTIEPATUBHO OTPUMYBATH YacTKOBY 1HQOpPMAIIif0, TOCTATHIO JJIs OpraHi-
3alii CBOTO PyXy B TEPMiHANi aepOIIOPTY 3TiAHO 3 KAPAHTHHHIMH OOMEKEHHSIMHU.

Knw4oBi caoma: reoindopmauiiini cucremu; kaprorpadiuni moneni aepornoptis; WEB-cepBicu; kapaHTHHHE 30HY-

BaHHSI; OpraHi3allisi MacaXUpOMOTOKiB.

Beryn

Hns sixicHOI 1 Oe3mepebiifHOi poOOTH aepormopTy
HeoOXiiHa 3J1aro/pkeHa podoTa 6araThboxX MiAPO3ILTIB i
ciyx0, sKi y pa3i BUHUKHEHHS MPOOJEMHHUX CHUTYyaIlii
MOBUHHI IIBUJIKO BXKMUBATH 3aXOIB IIOJO IX JIKBiAarii.
YuncenbHICTh MiAPO3AUIIB 1 ClTyk0O MOXKe 3MiHIOBATUCS B
3aJIe)KHOCTI BiJl 1000BOT 3aBaHTaKEHOCTI TEPMiHATIB.

YMOBH KapaHTHHHOTO 30HYBaHHS uepe3 BipyCHY
nanaemito COVID-19 npen’ siBIsIIOTH TOJATKOBI CIICIU-
(idHI BUMOTH /10 IPOIIECy OpraHi3aii nacaXxMponoToKiB
1 pobotu ciyx0 aeporopty. OTKe HaraJbHUM € 3acTO-
CyBaHHS CUCTEMH IIPUHHSTTS PillIeHb 1010 ITiJIBUILIEHHS
SIKOCTI 00CITyTrOBYBaHHS NAaCAXHPIB 1, B TOMY YHCIIi, BU-
3HAYCHHS KUIBKOCTI HEOOXiTHOTO CIy:KOOBOTO Iepco-
Hany. [lpu nocmimkeHHI TacaKUpPChbKUX MOTOKIB Ha Te-
pHUTODIi aeponopTy 0cOOIMBY 3HAYMMICTH MAFOTh apXiTe-
KTypHi MOXJIMBOCTI OyAiBeIb MIOA0 PO3MOAITY BEITHKOL
KUTBKOCTI JIFOJIEH, a/ke B yMOBaxX KapaHTHMHHOTO 30HY-
BaHHSA 301JIbITY€ETHCS Yac TiepeOyBaHHS B a€pOIOPTY Ia-
Ca)XHUpIB, a TAKOK THX OCIO, 110 IX MPOBOKAIOTH Ta 3Y-
CTpIYarOTh.

OCHOBHUMH TEH/ICHLISIMH PO3BUTKY Cy4acHHX ae-
POIIOPTIB € 3pOCTaHHS IHTEHCHBHOCTI MOJILOTIB Ta CE30H-
HUX TIKOBUX HAaBaHTa)XEHb HA aeporopT, HEOOXiAHICTbH

e()eKTUBHO YIPABIISITH MOBITPSHUM PYyXOM, KOPCTKI BH-
MOTH JI0 ONTUMI3alil CTPYKTYpH 1 GYHKIIH Mipo3/aiiiB
aeporopTOBOTO KOMIUIEKCY. [cHytoua iHppacTpykTypa B
Mipy 30UTBIIECHHS MACAKUPOIOTOKY MOXe OyTH HE B
3MO031 3a0€3MeYnTH AKiCHE 00CITyTOBYBaHHS MMACAXKUPIB i
BiJIMIOBiTHY JIOTICTHKY B MIKOBI PEKUMH 1, IK HACITIJIOK,
BHMAarae 3HaYHUX IHBECTHIIIH s peopraHi3allii Ta peKo-
HCTPYKIIi SK caMOTO aepomopTy, TaK i MPIJIETINX [0
HBOTO TEPUTOPIH.

Tomy po3poOKka METOIWKH 3aCTOCYBaHHSA TeoiH(opMma-
MiHHUX TEXHOJIOTIH JJIs OpraHi3allii macaKupoIoTOKiB B
aeporoprax B yMOBax KapaHTHHHOT'O 30HYBaHHS € aKTy-
ATBHOIO 3a7auelo, Ky BUPIIICHO Y JaHiil poOoTi.

AHaJii3 naca)kuponoToKiB B aeponoprax cBiTy

[IpoTsirom ocTaHHIX IT'SITH POKIB B IUBLIBHIN
aBiamii cmocTepiraeTbcsl CTiiKa TEHICHIIS A0 30ib-
IICHHS KiJTBKOCTI peficiB. Buxonsuun 3 mporo, 301bIIy-
FOThCS TTACAKUPOTIOTOKH B aepOIOpTaxX CBITYy. 3a3BUYAM
MAaCaKUPOTIOTOKOM Ha3UBAIOTh PYX MMACAKUPIB B OHOMY
HalnpsIMKy MapipyTty. XapakTepHOI OCOOJIMBICTIO Ia-
Ca)KMPOIOTOKIB € IXHSI HEPIBHOMIPHICTh, a came 3MiHIO-
BaHHJ 3a 4acoM (ToJMHa, 100a, IeHb THXKHSL, 10pa POKY).
PesynbraTi anainizy 3pocTaHHs Naca)kKUPOIOTOKIB y Jie-
CSITH aepoIIopTax CBITY NPECTaBICHO Ha puc. 1.
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Puc. 1. [liarpama 3pocTaHHs TaCA)KUPOTIOTOKIB B a€POIIOPTAX CBITY
(Fig. 1. Diagram of growth of passenger traffic in airports around the world)

B 1inomy naca)xuponoTik y BCbOMY CBiTi 301/1b1IH-
Bes 10 8,8 Minbsipaa mroaei. CTpiMKy JHHAMIKY 3pOcC-
TaHHs OKa3yITh HAWOUIBIII aePONIOPTH CBITY, alie i Me-
HILI aePOTIOPTH TAKOXK IHTEHCHBHO HAPOILYIOTh NaCaXH-
pomoTik. Pe3ynbraTi aHami3y Maca)KUPOMOTOKIB y Je-
CSTH Haif3aBaHTAXCHIIINX aePOIOPTAX CBITy HaBEICHO
Y BUIJIAI TiarpaM MMacakupoIoTOKIB 3a Pik, 10Oy Ta ro-
nuny (puc. 2 — 4).

B necstky Hali3aBaHTa)KEHIIIUX aepONOPTIB CBITY
3a 2019 pik BxoauTh nmuire 2 aeporopti €Bponu — XiT-
poy (JlormoH, BenukoOpuTanis) Ta aeporopt im. [lapis
ne Tomns (Tapux, @panist). Y 2020 poii y 38°s13Ky 3
KapaHTMHHUMH OOMEXEHHSMH CIIOCTEPIrajioch 3HauyHe
3HW)KEHHSI [TACaKUPONIOTOKY Y MOPIBHSHHI 3 ONEpeIHIM
pokom. Jliarpama MopiBHSHHS TaCa)KMPOMOTOKIB B 000X
aeponopTax HaBeJeHO Ha puc. 5.

Aeponopt "XiTpoy" BTpaTuB 3BaHHS HalHOIIBLIOTO
B €Bpori, TOMY IO BIIEpIIe EpecTaB OyTH HAHOLTBITIM
aeporopToM B €BpOII 32 MACAKUPOIIOTOKOM, OCKIJIBKH

Horo o0iiioB napusbkuii aeponopt im. [lapns ne Io-
Jutst. Pe3ynbTaTi aHami3y 3HWKEHHS MacakKUPOIOTOKIB B
IHIIMX aepornopTax €BpOIH HaBEACHO Ha PHC.6.

€Bporieiicbka opraizaiiiss 3 O€3MeKH MOBITPAHOT
HaBirauii ormy0JlikyBajia IpOrHO3 PO3BUTKY TOBITPSIHOTO
pyxy B €Bpomi B HaltOMIKYi 11’ ATH PoOKiB (pHC. 7).

VY HafOLTBII ONTUMICTHYHOMY CIICHApii MPOTHO3Y-
eTbest, mo 10 2024 poky Tpadik TOBEPHETHCS IO PiBHA
2019 poky. Lle craHeThCs 32 YMOBH, SIKIIO BaKIMHA Bij
COVID-19 crane mmpoko JOCTYITHOKO IJIsi MaHAPiBHU-
KiB 70 JiTa 2021 poky. 3riTHO 3 IPYTUM CIIeHapieM, Hali-
Oinbpur KWMOBIpHUM, Tpadik 2024 pOKy CTaHOBHTHME
qe 92% Bin nokasHuka 2019 poky. fkimo BakuuHa
CTaHe IIMPOKO JIOCTYNHOIO Uil MaHIpPIBHUKIB JIO JIiTa
2022 poky, Tpadik moBepHeTbest 10 piBHs 2019 poky
Tinbku 10 2026 poky. Y TpeThoMy CIeHapii 3a Heedek-
THBHOI BakuuHu Tpadik B 2024 poui ctanoButHME 75%
Bix moka3Huka 2019 poky i He mocsTHE MoKa3HUKIB 2019
poxy 1o 2029 poky.

MacaxmponoTik 2a pik B 10-TM HalizaBaHTaMeHIWMX aeponopTax cBiTy
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Puc. 2. [liarpama nmacaxuponotoky 3a 2019 pik B necsiTi Haii3aBaHTaKEHILINX aePOIOPTAX CBITY
(Fig. 2. Diagram of passenger traffic for 2019 in the ten busiest airports in the world)
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Puc. 3. liarpama maca>kxuporoToKy 3a 100y B I€CATH Hali3aBaHTa)KEHIIINX aeporopTax CBITY
(Fig. 3. Diagram of passenger traffic per day in the ten busiest airports in the world)
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Puc. 4. Jliarpama maca>xuporoTOKyY 3a TOJJMHY B JACCATH HAW3aBaHTAXKCHIIINX aepOMOPTaxX CBITY
(Fig. 4. Diagram of passenger traffic per hour in the ten busiest airports in the world)

lMopiBHAHHA ABOX aepONOPTIB 3@ nNacaxuponoTokom 3a 2019-2020 pp. (January - October 2020)
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Puc. 5. [liarpama macaxuporoToKiB B aeponoprax
Bemuko6puranii 1 ®panmii y 2019 ta 2020 pokax
(Fig. 5. Diagram of passenger traffic at the airports of Great
Britain and France in 2019 and 2020)
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Puc. 6. 3HIDKCHHSI TACAKUPOIIOTOKIB B agpornoprax €Bporu
(Fig. 6. Reduction of passenger traffic at European airports)
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Puc. 7. IIporuo3s po3BUTKy
HOBITPSIHOTO pyXy B €BpOIIi B HAHOIIKYI IT’ITh POKIB
(Fig. 7. Forecast of air traffic in Europe in the next five years)

TakuM YMHOM, HE JIUBIISTYNCH HA 3HAYHE 3HUKEHHS
MacaXHpOIIOTOKIB B aepONOpTax CBITY B 3B'SI3Ky 3 Kapa-
HTHHHUMHU OOMEXXEHHSIMH, Oy/Ie CIoCcTepiraTicsl 3HauHe
3pOCTaHHS MacaXKMPOIOTOKY ITiCIsl KapaHTUHHOTO MOC-
Ta0IeHHS.

Ha nogartky 2020 poxy B cBiTi Oynu BBeAeHI Kapa-
HTHHHI 00MEXXEHHS, Ta HAHOLIBITIM 00MeKEeHHSIM OYyIT0
TIOBHE 3aKPHTTS BCIX aBiacIoNydeHb. AJle 3BaKaloun Ha
BCi HETaTHWBHI HACIHIIKH, OYyJI0 NMpUIHSTE pilIeHHS MOC-
TYTIOBO BiJTHOBIIIOBATH aBiallepeBE3EHHs, CyBOPO JIOTPH-
MYIOYHCh HEOOXIIHUX CaHITapHUX BHUMOT.

3aranbHi BUMOTH JUIs TIACAKHUPIB Ta TIEPCOHAY ae-
pomopTis, moB’s3ani 3 COVID-19 3arajgom mictunu

TakKi MyHKTH:

1) npu BxOmi 10 TepMiHATY 060B’SI3KOBO BUMipIO-
BaTH TEMIIEPATYpPY, & TAKOK MPOBOJUTH 30BHIIIHIO OIli-
HKY 37I0pOB'sl JIIOJIHH,

2) ycim OyTH 3abe3neYeHUMH HEOOXiIHUMHU 3aCO0-
0aMu 1HIUBIAYaIEHOTO 3aXHCTY;

3) moTpUMyBaTH COIIaNbHY AUCTAHINIO MIX OCO-
6amu B 1,5 metpa;

4) cTiliKu peecTpalii HacaxupiB MaroTh OyTH 00na-
JIHaHI JOAaTKOBUMH 3aXUCHUMH €KpaHaMHU,;

5) y 30HaX CKyMUYEHHS MacaXupiB Mae OyTH HaHe-
CeHa cremiajJbHa PO3MITKa, SKa JOMOMOXKE JOTPUMYBa-
THCH COLIAIBLHOT AUCTAHIIT;

6) y Tepminanax i aBro0ycax aeporopTy Mae Ipo-
BOJIUTUCH pEryJisipHe NpHOMpaHHS 3 Je3iH(IKyIOUnMH
3aco0amMu (0co0IMBY yBary Tpeda MpUAIIsITH HOBEPXHIM
1 00asiHaHHIO, 3 SIKUMH NacaXupu i CIiBpOOITHUKY ae-
POIOPTY KOHTAKTYIOTh Hali4acTimie);

7) y 30HaxX CKyIYEHHs MacaXUpiB MAlOTh OyTH PO3-
CTaBJIEHI clielialbHi pO3MEXYBaJbHi CTPIUKH;

8) Bci 30HM TepMiHay MalOTh OYTH OCHAILEH] CaHi-
Taifzepamu,

9) Bci 3a1M aeporoOpTy MarOTh OyTH 00JIaJHAHUMHE
CIelialbHAMH CMITTEBUMHU KOHTEHHEpaMH JIJIsl yTHITi3a-
ii iHaUBIAyadIbHUX 3aC001B 3aXUCTY;

10) y 3ayax TepMiHaJIiB a€pOMOPTY MACAKUPAM Pi3-
HUMH 3aco0amu (iHpOpManilHi IUIaKaTH, PeryisapHi ro-
JIOCOBI OTOJIOIICHHA TOIIO) Mae OyTH HagaHa iH(opMma-
1isl TIPO OCHOBHI CaHITapHi 3aX0IH.

AHaJi3 10UiTbHOCTI 3aCTOCYBaHHS
I'IC-Texnounoriii B aeponoprax

3a CBOEIO MPHUPOIOI0 ACPOIIOPTH € MPOCTOPOBUMHU
YTBOPECHHSAMH 31 CKJIaJHOIO PO3BHHEHOIO iHPPACTPYKTY-
poto. PimenHs 3amad 1utaHyBaHHS, MOJAEpHi3amii, ekc-
utyaranii, 0e3neKH, TPaHCTIOPTHOT JIOTICTHKH, OpraHi3a-
1ii BHYTPIIIHBOTO MPOCTOPY, €KOJIOTil Ta OaraTbox iH-
IIMX [UTaHb BUMAarae BiJl KEPIBHULTBA aepOIOPTaMH
3HAHHS PO TOYHE PO3TAIlyBaHHS MEBHUX 00'€KTIB Ta iX
B33a€MO3B'SI3KY OJIH 3 OZHUM.

Texnouorii reoinopMaliiiHIX CHCTEM J103BOJIS-
IOTh Y TOBHIH Mipi CKOPHCTATHCS MPOCTOPOBOIO iH(OP-
Mari€ero i 3acodaMu ynpaBJiHHA Hero, BKIrodatodn 3D ta
4D (y yaci) MOJICITIOBAHHS JUISl [TIITPUMKH TTOBCSKICHHOT
JISUTHHOCTI Ta CTPATETivHOTO TUIAHYBAaHHS POOOTH aepo-
mopTiB. LomHs MinpiiOHM TPUHHATHX pimIeHb Oa3y-
IOTHCS Ha 1H(OpPMAIIiT PO MiCIe3HAXOKEHHS 00’ €KTiB
Ha TEPUTOPIi aepoNOPTIB a, 0TKE, — Ha KapTax i IIaHax.
VY BCSKOMY BUINAAKY KapTH 1 IUTAHU JJOMTOMAraroTh MMOJIIII-
LIMTH B3a€MOJIII0 MK aBiaKOMIIaHIIMHU Ta 1X MiApo3mi-
JIaMU, yCTilHiIe BecTH 0i3HeC, BUKOHYBaTH BUPOOHHYI
ormeparii Ta iHIi dii.

AeponopTu MaroTh 0e3I1iY aKTHBIB, BUIIB IisIIHHO-
CTi, CITy’k0 Ta iHIIMX YIPaBIiHCHKUX 3aBIaHb, sKi HEOO-
XiJTHO IJTaHYBAaTH, KOHTPOIIIOBATH 1 BiATIOBITHO CTBOPIO-
BaTH 3BiTHI MaTepianu. barato B 4oMmy aepormopT cxoxi
3 MICTaMH, MalOTh CXO0XY Ha MICBKY iHPPaCTPYKTYpY,
aJe i CBOIO 10AaTKOBY crierudiky. OCHOBHA Micist aepo-
HOPTIB NOJISITae B 00CIYrOBYBaHHI OTOKIB MACAXKHUPIB Ta
BUKOHAHHI BaHTa)xxonepeBeseHb. KpiM Toro, aepornopTtu
HAJIAI0Th BEJIUKY KUIBKICTh POOOYHX MiCIIb.

Sk 1 B momepeaHi pOKH, OUIBLIICTH aepOIOPTIB
(73%) craBmsiTh 3aBIaHHs 110 0OPOOL JaHUX MAaCAXKUPIB
y SIKOCTI NPIOPUTETY JUIsl IHBECTULIH B cdepi iHpopma-
IIAHNUX TEXHOJIOTIH.

B Ta6n. 1 HaBeneHO pe3yNbTaTH aHANi3y MIOA0 BHU-
KOPHCTaHHS Te0iHQOPMAIIITHAX TEXHOJOTIH B MisIIHHO-
CTi aeponopTiB, GOTONPHUKIAIN — B TAOM. 2.

ArcGIS, sx mporpamHe 3a0e3redeHHs A 1Mo0y-
noBu I'IC Oynmp-sKoro piBHS, a€ MOXKIHBICTH JIETKO
CTBOPIOBATH JIaHi, KaPTH, TII00YCH 1 MOJIENI B HACTIILHUX
MPOrpaMHUX MPOJIYKTaX, MyOIiKyBaTH X Ta BUKOPHCTO-
BYBaTH B pi3HOMaHITHHX nonaTtkax, WEB-Gpaysepax i
MOOITBHUX MPHUCTPOSX HA OCHOBI OyIb-SKNX TUIATHOPM.

BinpmicTs mporieciB ynpaBiiHHSI JaHUMH Ta iX reo-
00pobOkoro BukoHyeThesi B ArcGIS for Desktop. [o
CKJIa/ly HacTUTbHUX NpoayKTiB ArcGIS Desktop Bxonuts
iHTerpoBaHnii Habip Takmx mporpam, sk ArcCatalog,
ArcMap, ArcGlobe i ArcScene. 3a 10moMoror0 IMX 3a-
CTOCYHKIB MO>KHa BHKOHYBaTH KapTorpaQyBaHHs, Ieor-
padiuHMii aHaNi3, penaryBaHHs Ta KOMIUIALIIO AaHUX,
YIpaBIiHHS JaHUMHU, {X Bi3yali3alilo Ta reoo0pooky. Y
Toi xe yac cepepHi ['1C-3aCTOCYHKH BHKOPHCTOBY-
IOTbCS B 0araTth0X THIAX IEHTPATI30BAaHO KEPOBAHHMX
I'IC. Came 1ie Haae MOXKJIMBICTh BUKOPUCTAHHS HACTI-
meHUX ['TC-3acTOCYHKIB HEOOMEKEHOIO KUIBKICTIO KOPH-
CTYyBadyiB y JIOKAJIbHUX Ta TIO0ATLHUX MEpexkKax.
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Tabnuysa 1 — Bukopuctanns reoingopmaniiitnnx texnosoriii y pyHkuionysanni aeponoptis

Ne [puknagu I'IC Hazsga aeponopty 3apmaudi, BupinryBasi 3 BukopucranssM ['IC-TexHomoriiH
1 |TIC mns 3amaui opraniza- | MixHapoauuii aeporopt iM.  |Crcrema yrpapiHHI TEXHIYHHMH JOKYMEHTaMH 3a JOIIOMOTOI0
uii tokymenToobiry B |Tapryza Mapuiasia, banti-  |kBagpaTiB KOOPAHHATHOI CITKH aepOIOPTY.
CTPYKTYpi aeponopty.  |Mop, BammuHrroH.
2 |Mob6umsna I'IC. Aeponopt Enmni Efipping B |[lokymeHTye i BioOpaxkae Ha kapTi gepextu nokputrs 3I1C.
Owmaci, mrar HeGpacka.
3 |WEB-cucrema Ha ocHOBI | MiXkKHapOZHUI aeporopT Jlo3BoJIs€ CHIBPOOITHHKAM aepoIIOpPTy MPOBOIUTH MOHITOPHHT
ArcGIS Server. limmy, IliBnenna Kopest. PYXOMUX 00'€KTIB B pEKUMi peaJbHOTO 4acy.
4 |I'lC-mopTan. MikHapogHHUIT aepOrIOpT Hanae xopucryBauam 3aranpHuil JeTaabHUME BH] TEPUTOPIT Ta
Ckait Xapbop y Dewikci, MOBEpPXHEBI ITaHK Oy IHHKIB.
mTaT ApU3oHa.
5 |Kopmoparusha I'IC. Aeponopt Mictuts naHi npo iHPPacTPyKTYpy aepoIopTy Ta HaBKOJIHIIHI
micra [Tept, ABCTpais. TepuTopii
6 |Exosoriusni I'IC. Miknapoauii aeponopt Cxi-|OmiHKa Ta 3HIKEHHS BIUIMBY AisUTEHOCTI aepOIOPTY Ha HABKOJIHU-
mxoJ1, AMcTepiam. IIHE CEPEIOBHIIIE.
7 |3D-mogens (umdposuit| Mixkuapoauuii aepornopt Cxi-|/[ae MOKITHBICTS MOJIEIIOBATH NOTEHILHHI 3001 1 HECTUKOBKH B PO-
IBIIHUK). X0JI, AMCTepaaMm. 00Ti 0 BCbOMY KOMIUIEKCY, B TOMY YHCIIi B CHCTEMaX OIAJICHHS,
BEHTWJISIIIT Ta KOHMITIOHYBAHHS OBITPSI B OY/IBIIAX aCpOMOPTY.
8 |Hakommuenns inpopma- |MixHaponnuii aeporopt Xap-|3abe3nedye 6e3nexy i Oe3nepebiifHy AisUIbHICTD JILOTHOTO IIOJIS,
uii B ArcGIS Online. tcdina-/rkekcoH, AtaaHTa.  |iHGOPMYIOUHM PO NOSIBY IMKUX TBApHH i 3rpaif nTaxis.

Tabnuys 2 — ®oToNPUKIATN BUKOPUCTAHHS reoindopManiiHUX TeXHOJIOrii Y GyHKIiOHYBaHHI aeponopTiB

No

| 15t Harusied ackson Atanta Intenationsl Airport
VOOOODODOOH®D®®
- wowe « Wiklife Sightings and Strikes 2014-3/2015

Pazom 3 TuM, MOOLITBHI 3aCO0H CTBOPEHHS Ta 00pO-
OKH Te0JTaHNX MAIOTh HE MEHIII BXKJIMBE 3HAYCHHS, OCKi-
JIBKM BOHM 103BOJIsAIOTH niepenectu ['IC Ge3nocepeqnbo
HA MICIEBICTh AISUTHHOCTI i B3aEMOJIISITH 3 HABKOJIHIITHIM
uudposum cepeposuiieM. Jlo Takux 3aco0iB, 30Kpema,
BigHocuthess ArcGIS Online — xmapHa iHdpacTpyKTypa,

110 JI03BOJISIE Iy OITiKyBaTH, 30epiraTy i CrijbHO BUKOPH-
CTOBYBATH I'€ONIPOCTOPOBY iH(pOpMAIifo (KapTH, reosiaHi
tomo). 3a pomomoroto ArcGIS Online kopucrtyBaui
OTPUMYIOTh JIOCTYH 10 TeorpadiuHoi iHdopmanii, sxa
nyOnikyerbest kommaniero ESRI, a Ttakox TIC-
KOpHUCTYBa4aMH B yChOMY CBITI.
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Buxopucranns cydacHux indopmaniiHnx
TeXHOJIOTiii i1 opraxi3auii podoTu aeponopris

3 caMoro movaTKy aBianepeBe3eHHs Oynu HecTaoi-
npHOT Tamyss3to. Jli1g aBiamii mepiroyeproBe 3HaYCHHS
Ma€ CTIHKICTb, 1110 BU3HAYAETHCS SIK 34aTHICTh OpraHiza-
il BIKMBATH 1 30epiraTté mpare3faTHiCTh micis 3001B.
ABiarlisi CTUKa€ThCS 3 HE3MUYCHHUMH PU3UKAMH, 1 TAr0-
TyBaTUCA 10 KOXKHOTO CLEHApil0 MPOCTO HEMOXKIUBO,
ane COVID-19 nponemMoHCTpyBaB BaXIINBICTh CTIHKOCT1
aBianepeBe3eHb Ta BUSBUB TNIMOOKUI pO3PHUB MiX THMH,
XTO MOJKE aJlanTyBaTHCs, i THMH, XTO HE MOXe.

OTKe, THy4YKa iHQPACTPYKTypa BaKIuBa Uil 3a-
OC3MeUYCHHST CKCIUTyaTalliifHOT CTIHKOCTI, aji¢ He MEHII
Ba)KJIMBI THYUKi €KCIUTyaTaliitai mpoueaypu. [Ipu upomy
aeporopTy 3aliekaTh BiJ CTaHAAPTU30BAHOTO HAOOPy
KEpiBHUX NPUHLUIIB JUIsl CTPYKTYpPYBaHHSI NOBCSIK/ICH-
HOI JiSUTBHOCTI.

KowmiTeram 3 pearyBaHHs Ha HaJ[3BUYaiHI CHUTYyamii
3a3BHYAl JOPYYAEThCA PO3POOTIOBATH IUIAHH il Y
Oynp-SKAX HEOE3NEUHNX CHUTYyalisix. BOHHU OIHIOIOTH
MIOTEHIIIMHI PU3UKHU BIANOBITHO IO WMOBIPHOCTI Ta cep-
HO3HOCTI HeOe3MmeK i GOPMYITIOIOTh METOAH MiHiMi3amii
ix BMBY. X04a 11 JOLIIBHUHN MiJXija, BIH MOXKE 3aCTO-
COBYBATHCS TUIBKHU JI0 BIZJOMHX PU3HUKIB, CIIMPAIOYUCH HA
JlaHi 3 MUHYJIOTO 10cBiay. OTpuMaHi B pe3ynbTarti INIaH|
MOM’SIKIIICHHSI HACJIiJIKIB HeOe3NeK He MICTSATh BKa3iBOK
PO Te, 110 POOHUTH Y pa3i BAHUKHEHHS YOrOCh HECTIOi-
BaHOro i He3BuuaiiHoro. Cy4yacHi TEXHOJIOTIT T03BOJIS-
I0Th MACAXXUPaM JIETKO OpPIEHTYBATHCS B aeporoprax 3
JIeKUIbKOMa TepMiHaJIaMH, IIPUCKOPIOIOTH 1 CHPOIIYIOTh
IIpoLec peecTparii Ha peiic i 31adi Oaraxy.

VY 3B’S3Ky 3 KapaHTHHHHUMH OOMEXEHHSIMH Ha
BXO/1i B OyliBIII aeporopTiB OyJI0 BIPOBAHKEHO TEMIIE-
paTypHHi CKpHHIHT. BiH 1IoKa3ye TemriepaTypy Tijia Jio-
JIMHM, Ta BU3HAYAE, YA MOXKHA Tl Jaji mepecyBaTHCh MO
OyniBIi, UM JFOUHI HEOOXIJHO MOKUHYTH ii (puc. 8).

Detected!!

Puc. 8. TemneparypHuii CKpUHIHT
(Fig. 8. Temperature screening)

3ayBakUMO Ha JesKi iHIII TEXHOJIOTIYHI 3aCTOCY-
BaHHS, 110 BIPOBADKCHO y HAHPO3BHHEHILINX aepoIop-

Tax CBIiTYy. 30KpeMa, 0 IECATKH HaWOIIbII TeXHOIOTid-
HHUX aepoIOPTIB CBiTy Hayexxath Taki: Yanri (Ciaramyp),
Xanena (Tokio), [maxon (Ceyn), aeponoprt im. LllTpayca
(Mrouxen), Mixnapoxauit aeporopt ['onkoHr, Xaman
(Hoxa, Karap), Tro0y (Haros, Smownis), aepormopt Lro-
pixa, Xirpoy (Jlommon), aepomopt ®pankdypra-Ha-
Maiini. OTKe B aepornopTax Takoro Kjiacy 0arax Mo>xHa
3apeecTpyBaTd B aBTOMaTHYHOMY pexuMi. [Ipamtoe ne
MIPOCTO: MACAKUP CTaBUTh BAII3y B CHELIAIbHUN IIPUCT-
piif, mo Haragye TpyOy, CKaHy€ IOCAIKOBHI TaJOH i
oTpuMye OaraxkHy OWpKy, SIKy HOTpiOHO NMPUKIEITH 10
pyuku. CucremMa cama 3BaXKye 1 BINpaBIIA€ Ballizy 3a
NPU3HAYCHHSM.

Kpim Toro, poOOTH-TOMIYHUKH BMIIOTh CKaHYBaTH
ITOCAJIKOBI TAJOHH i MOXKYTh HE TUTBKH CKIIAIaTH MapIil-
PYT OO NOTPiOGHOTO BUXOAY Ha MTOCAIKY, aje i MOBiIoM-
JISTH ITOTOTy B MiCIli Tpu3HaueHHs. Takox podoTu mpu-
OMparoTh MPUMIMICHHS, ITEPEMIIIYIOTh 0arax i mparo-
I0Th Tigamu (puc. 9).

=1 "W/ .
q

Puc. 9. PoGoT-TIOMiYHUK B TepMiHai aepornopTy
(Fig. 9. Assistant robot in the airport terminal)

OnHi€ero 3 000B’SI3KOBHX MPOLIEAYP B a€pONOPTI €
CKpHHIHT Oe3reky, ae BifOyBaeThCsl MepeBipka pydHOi
TIOKJIaX1, @ TAKOXK IepeBipKa JII0Jel Y MeTaIo0AeTeKTOopi.
Bucoka nporryckHa 37aTHICTh ITacaXHPiB i3 HU3BKUM J0-
THUKOM 3a0€31eUyeThCsl BHKOPHCTaHHIM IITYyYHOTO iHTe-
JIEKTY 3 €JIEMEHTaMH MAIlMHHOTO HaBYaHHSI, 30KpeMa,
TaKol TeXHOJOTIi CKpuHiHTY, sk Leidos (puc. 10).

Puc. 10. Ckpuninr 6e3nexn
(Fig. 10. Security screening)

[Ipu mpoxoxmi depe3 «po3yMHI» TepMiHaIH, a
caMe Iepell THM SIK IPOXOAUTHU INePeBipKy Py4dHOI IIOK-
JaXi Ta MACMOPTHOTO KOHTPOIIO, MOTPiOHO BiACKaHy-
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BaTH ITOCAAKOBHMHM TaJIOH. 3a OIOMOIOI0 TEXHOJIOTIT
FAST MaHIpiBHUKH MOXYTHh PEECTPYBATHUCS B 3pyUHUHA
JUI HAX Yac i IPOXOJUTH aBTOMAaTHYHO abCOJIOTHO BCi
JIoJaTKoBi mporenypu. Ll cucrema ckiamaeTses 3 Kioc-
KiB CaMOCTIHHOI peecTpallii, aBTOMATIB IS IMMirpartiii-
HOTO OOPMIICHHS, 3a4i 0araxy, a TaKOX ITOCATKH Ha
peiic. Takum YMHOM, MACAKHUPH CaMi PEECTPYHOTHCS Ta
3IIAI0Th Oarax, cami MPOXOISITh MACIOPTHUN KOHTPOJIb,
caMi MPOXOJATH HA MOCAJKY 1 MPU bOMY HE KOHTAKTY-
IOTh 3 IEPCOHAIOM aepornopTy B3araii (puc. 11).

Puc. 11. CamocrTiitHe POXOIKEHHS MACTIOPTHOTO KOHTPOJIIO
(Fig. 11. Self passport control)

Kamepu 3HIMarOTh 00JUYYS TACAKHUpa IiJ] 9ac pe-
ecTpauil i Ipu 31a4i 6araxy 3BipsOTh Horo 3 ¢oTo y na-
cnopri (puc. 12). Buxiza Ha nocanky Takox aBTOMaTH30-
BaHUI, TOOTO MacaxupiB OLTI BUXOTY Ha MOCAIKY 3Y-
CTpivya€e He CIIBPOOITHUK aepomopTy, a poOOT-MOMIYHHK
(muB. puc. 9).

——
=

Puc. 12. Kamepa jutst 3HIMKY 00IHYYS TAacaXApa
(Fig. 12. Camera for passenger face image)

OTKe, MOKHA BHIUINTA OCHOBHI €JIEMEHTH 1H-
(opMarifHUX TEXHOJIOTIH, sIKi (YHKIIOHYIOTh B CTPYK-
Typax aepomnoptiB: Wi-Fi Mepexa, TtemmepaTypHUii
CKPHHIHT, pOOOTH-TIOMIYHUKH, CKpHUHIHT Oe3meku, FAST
TEXHOJIOTiSl JUIA CaMOCTIMHOI peecTparii Ta mpoxo-
JDKEHHS BCIX TOJATKOBHX MPOLEIYp 32 AOIIOMOTO0 Kio-
cKiB Ta aBTOMartiB. [Ipy IbOMY aepomopTH MO BCHOMY
CBITYy iHBECTYIOTh B c(epy 0OpOOKH MepcoHaTHHUX J1a-
HUX MAcaXWpiB Ta BIPOBAKYIOTh TEXHOJOTII, SKi J0-
3BOJISIIOTH TIPUCKOPUTH OOPOOKY IIMX JAHMX, 3HU3UTH
Yepru i 3poOUTH MacaKupiB OLIBII MOIHPOPMOBAHIMHU.

Pesynbratn mpoBeneHOT0 aHalizy cydacHuX iHdo-
pMamiifHuX Ta reoiHpopManiiHIX TEXHOJIOTIH, 0 BIKO-
PHUCTOBYIOTECSL IS OpraHizamii poOOTH aeporopTiB B
YMOBaX KapaHTHHHOTO 30HYBaHHS, CXEMaTHYHO Bino-
OpaxeHo Ha puc. 13.

‘ TEXHOJIOI'Ti ‘
[
v v
‘ IHOOPMAILTIMHI ‘ TEOTHO®OPMATIIAHI ‘
4>| Mepexa Wi-Fi T'IC pns 3apag opragizanii
JIOKyMeHT00G6iry

—>| TemrmeparypHHE CKPHHIHT

—>| MoGinssa IIC

]
a| PoSoT-mOMITHHK ‘ *,{

Be6-cHcTeMa Ha OCHOB1
ArcGIS Server

—>| T'IC-noptan ‘

ﬂ| Kopnopatugna I'IC

4>| CKpHHIHT Oe3MeKH

CamocTiitHe IPOXOKeHHT
MACTIOPTHOTO KOHTPOIIO

Opragizanig eHepronocTa-
JaHHA Ha ocHOBI I'IC

—>| Exonorigaa I'IC

4>| 3D — Mojes ‘

HaxonmyieHH iHGopMauii B

ArcGIS Online

Puc. 13. Cxema T€XHOJIOTIH,
110 BUKOPUCTOBYIOTLCA B a€poIiopTax
(Fig. 13. Scheme of technologies used at airports)

MeTtoauka nody10Bu MapuIpyTiB A
opranizaiii macaxuponoToKiB B aeponoprax
B YMOBaX KAPAHTHHHOI'0 30HYBaHHA

Otxe, pO3IIITHEMO €Tary Jiii, SKi CKIaJIaloTh METO-
JIMKY, 1110 IPOMIOHYETHCS 3a]y1sl OpraHi3allii nacaxupono-
TOKIB B 26pPOIIOPTaX B yMOBaX KAPAHTHHHOTO 30HyBaHHSI.

Cmeopenns_xapm mapupymis nacajicuponomoxia
Ha_npukaadi_aeponopmy micma Xapkosa. CTpyKTypHa
cxema IMOOYIOBH MapIIpYTIB y TepMiHANli aeporopTy
mpeacraBicHa Ha puc. 14. V skocTi BXiTHUX JaHUX BU-
KOPHCTAHO TUIaHW TepMiHamiB. [ami ams mooynoBu map-
IpyTiB OyJI0 3aCTOCOBAHO Mporpamui npoaykru ArcGIS
ta ArcGIS Online. Pe3ynbraT 30€pexeHo i3 BUKOPHC-
TaHHSM NporpamHoro 3acody WebMap.

MixHapoaHuit aeporopT Micta XapkoBa OyB BiJK-
putnii 6 rpyansa 1932 poky. PozramoBannii BiH y ABaHa-
JIISATH KIJIOMETpiB Ha MiBJICHb Bijl LIEHTPY MicTa. Bucota
HaJl piBHEM Mopsi cTaHOBUTH 155 M. Ha Tepuropii aepo-
MOPTY PO3TALIOBaHO TPU TEPMiHaJIA: J[Ba MMACAKHUPCHKUX
Ta OAWH BaHTAXHHUH. Mae OAHY 3JIITHO-NIOCAIKOBY
cMyry. JlmHaMiKy 3pOCTaHHs MacaXMPOIOTOKY B aepo-
nopty Micra XapKoBa IpeACTaBIeHO Ha puc. 15.

B mporieci gocnimkens O0yiio po3risHYyTO MIaH Te-
puTopii TepMiHay A XapKiBCbKOTo aeporopTy (puc. 16),
a Tako Horo aktyanbHi portomnanu (puc. 17).

s cTBOopeHHS KaprorpadidyHoi Moaemi B mporpa-
MHOMY TIpoayKTi ArcMap obupaetses iHCTpyMeHT «Add
Data..» Ta 3aBaHTaXyeThCs KapTa cBity. Jani st Toro,
100 BEKTOPHU3YBaTH 300pakeHHsI TEpMiHaJly aeporopTy,
CTBOPIOETHCS MONIMOHAIBHUI meHt-(aiin (puc. 18).

HactyrmHUM KpOKOM BHMKOHYETHCS BEKTOPHU3aLis
ACPOKOCMIYHOTO 300pa)KCHHSI TEPMIHAILy aeporopTy
(puc. 19).
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Puc. 14. CtpykrypHa cxema moOyJO0BH MapUIpyTiB B TEpMiHAJIl aepOIOpPTY
(Fig. 14. Block diagram of route construction in the airport terminal)
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Puc. 15. [NacaxxupomnoTik aeponopry
MicTa XapKoBa, MITH. 0Ci0 3a pik
(Fig. 15. Passenger traffic at Kharkiv airport,
million people per year)

Puc. 17. Tepminan A B aepornopTy MicTa XapKkoBa
(Fig. 17. Terminal A at the airport of Kharkiv)

Create New Shapefile =
Name: |TepMiHaJ‘| |
Feature Type: |Pulygnn V|

Spatial Reference

Description

Projected Coordinate System
Mame: Pulkovo_1942_GK_Zone_6&

Geographic Coordinate System
MName: GCS_Pulkovo_1942

] Show Details

D Coordinates will contain M values. Used to store route data
[[] Coordinates will contain Z values. Used to store 3D data.

Puc. 16. Ilnan tepuropii Tepminany A
XapKIBCHKOT'O aepOIopTy
(Fig. 16. Territory plan of Terminal A of Kharkiv Airport)

Puc. 18. BikHO CTBOpEHHSI MOIrOHAIBHOTO LISHIT-(aity
(Fig. 18. Window for creating a polygonal shapefile)
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Q the_way - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Table Of Contents 2 x
8 G8
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World Imagery
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[ Construction Tools

Select a template.

4038518,634 6432740,697 Meters

Puc. 19. PesynpraT BekTopu3amii 300paxeHHs TEpMiHay aeporopTy
(Fig. 19. The result of vectorization of the image of the airport terminal)

Hami ctBoproeThcst 19 HOAaTKOBHX TOYKOBUX
menn-daimis (puc. 20). Jnga geskux TOYKOBHX IIApiB
HEOoOXiTHO CTBOPUTH HOBE TI0JIE B aTPHOYTHBHIN TaOIHUIIi
JUTA TOIaTKOBOI iH(popMarii. BikHO cTBOpeHHsS HOBOTO
IOJIST TIPEJCTaBlIeHO Ha puc. 21. Burimsa cTBOpeHOro
ITOJIS TTICJIS 3aMOBHEHHS MOTO JI01aTKOBOIO iH(OPMAITi€t0
MPECTABICHO Ha pucC. 22. Pe3yabTaT HaHECEHHS BCIX TO-
YKOBUX HieWn-ainiB — Ha puc. 23. Ilicis HaHeceHHS
BCIX TOYKOBHX IlEHM-(aiiiniB HEOOXiJHO CTBOPUTHU Iie-
BHY KUIBKICTB JITHIHHUX mIedn-¢aiinis. BikHO cTBOpeHHs
JHIKHOTO MeHn-1mapy npeacraBieHo Ha puc. 24. Hane-
CCHHS JIIHIMHUX [IapiB MIPEACTaBICHO Ha puC. 25.

Create New Shapefile X

Name: ‘Gate |

Feature Type: ‘Pcl’nt V|

Spatial Reference

Description:

Projected Coordinate System: ~
MName: Pulkovo_1942_GK_ZFone_ 6

Geographic Coordinate System:
Name: GCS_Pulkovo_1942

£ >
] Show Details

I:‘ Coordinates will contain M values. Used to store route data
D Coordinates will contain Z values. Used to store 30 data.

| oK | | Cancel |

Puc. 20. BikHO CTBOpPEHHSI TOYKOBOT'O LIeiin-(ailry
(Fig. 20. Window for creating a point shape file)

Add Field >

Name: |Name |

Type: | Text v

Field Properties
Length |50 |

| OK | | Cancel |

Puc. 21. BikHO cTBOpEHH! OISt B aTpUOYTHBHIN TabIHII
(Fig. 21. Window for creating a field in the attribute table)

Table =
EHEHL TR R
Gate X
FID Shape * Id Name
0 | Point 1| Gated
1 [ Point 2| Gate2
2 | Point 3| Gate3d
3 | Paint 4 | Gated
4 | Paint 5| Gateb
4 5 [Point 6| Gateb
"o 6 » » |[[E]S| . ©outof 6 Selected)

Puc. 22. 3anoBHeHe nose B aTpuOyTUBHII TaOIuLi
(Fig. 22. Filled field in the attribute table)
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Puc. 23. Pe3ynpraT HaHECEHHS BCiX TOUKOBUX IIEHIT-(paiiiIiB
(Fig. 23. The result of applying all point shape files)

Create New Shapefile X
Name: Kharkiv-Kyiv 1 |
Feature Type: Polyline ~

Spatial Reference

Description:

Projected Coordinate System:
MName: Pulkovo_1%42_GK_Zone_6

Geographic Coordinate System:
Name: GCS_Pulkovo_1942

[ ]show Details

[]Coordinates will contain M values. Used to store route data.
[]Coordinates will contain Z values. Used to store 3D data.

Puc. 24. BikHO cTBOpPEHHS JHIHHOTO mapy
(Fig. 24. Window for creating a linear layer)

Puc. 25. Pe3ynpraT HaHEeCCHHS JIiHIHHUX MIapiB
(Fig. 25. The result of applying linear layers)

Iunopm kapmu, cunmesosanoi 8 cepedoguiyi
ArcMAP, do cepedosuwa ArcGIS Online. Pobota, nipo-
BemeHa B cepenosuini ArcGIS Online, mama 3a mery
CTBOPEHHS KapTH, sSKa MO)K€ BUKOPHUCTOBYBATUCH B KOP-
MOPAaTUBHOMY 3aCTOCYHKY aeporopty. Jlist Toro, mo6
IMIOPTYBaTH TONEPEIHbO CTBOpeHi ¢aiimn B ArcGIS
Online, HeoOXiHO BIAKPHUTH BiAMOBIMHY LiTHOBY HAIKy
Ta BUAUIMTU BCi (ailin 3 0JHAKOBOIO HA3BOKO, HATHC-
HYTH Ha IpaBy KJaBilly Mulli, BuOpatu «OTIIpaBUTE) >
«Cxatast ZIP-manka». Taky mociimoBHICTH Hiif Tpeba
BUKOHATH JJIs BCix medn-mapis. [Ipomec BHUKOHAHHS
WX TpOLEAYp HaBeIeHO Ha puc. 26. Jaii ciix BigKpuTH
iHTepHeT-cTopiHKy ArcGIS Online Ta oOpatu ommito
«Kapra» > «Co3natp HOBYIO KapTy». s iMriopty ¢aii-
7B HaTHCHYTH «Jlo0aBuTh cioil u3 Qaiina», BuOparu
cTBOpeHHid zip-aitn Ta HaTHCHYTH «/IMIOpTUPOBATH
cioity. BikHO qoaBaHHS miapy MPEACTABICHO Ha PHC.
27. OTxe, NONIrOHAJBHUI 1IAP IMIOPTOBAHO 10 KapTH
Ta MPOBEJCHO Kiacupikaliio mapy A Kparoro Crpui-
HaTTs. Jist poro Oyno HatucHyTO «Ilokasars conepku-
Moe KapTb» > «M3menuts ctunby > «llapametpsr» >
«CuMBon». Pesynbprat npencraBieHo Ha puc. 28.

11 T = | Mapwpyr - i X
lnasHan MogennTbca Bug ~ o
&« v~ 4 1 > AeponoptXapkie > Maplpyt ~ | O Mowuck Mapwp... P
1 w3cBpax. ana g ™ Ws " [laTa namMeHeHna Twn Pasmep ]
“m PaGounii cron | D TepmiHan.cpg 22.10.2020 22:47 Daiin "CPG" 1Kb
1 ckpunb T pMi 1Kb
D Tepminan.prj e MopenwTues B Skype 1KB
0 MEGA D TepmiHan.sbn MoaeAuTECA > 1 KE-
‘@ Creative Cloud Fi [ Tepuinansbx | & NosaenTs & apxus.. 1 KE:
& OneDrive ﬂ Tepminan E No6asutb B apxvs "MapwpyT.rar® 1K
v D Tepminan @ JloBaBWTb B apxvB M OTNPaBWTbL No e-mail... 1KB v
3nemMenToB: 194  BuibpaHo 7 3zem.: 1,04 Kb § JloBaeuTtb B apxue "Mapwpyr.rar® v oTnpaewts no e-mail
Ompaeurs > @ viber
Bripesats =1 Aapecar
Konupoeats AOKyMEHTEI
e —— i NMonyuatens dakca
I PaGouwii cron {co3aaTh ApabIK)
LTI g‘ Cxaran ZIP-nanka
SRR 8 Ycrpoiicteo Bluetooth
Ceoiictea ‘

Puc. 26. TIpouec kouseprauii wein-daiinis (Fig. 26. The process of converting shapefiles)
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Hobasuts cnoit us daina

Beibpate datin, kotopeii TpeByetcs UMNopTUpoBaTs.

LWetin-dann (ZIP-apxue, copepxaluuin Bce bannsl Wwenn-paina)
Danne CSV wamn TXT ¢ 4ONOAHUTENBHEIMI 3APECAMM, MECTAMW KAK

KOOPAVHATAMM MECTOMNONOKEHUI (C Pa3ASNNTENSMU: 3aNATOM, TOYKOM C
3anaTon nnm Tabynaumei)

GPX (oBbmerHbIin popmat GPS)

GeolJSON (dopmat oTKpLITOro CTaHAapTa Ana NPOCTsIX reor padrueckmx
obvexktos)

@aiin: | Beibepure daiin |Tepminan.zip

@ lenepanwaosats 0BbekTbl Ana Beb-oToBpaxeHus

O CoxpaHuts ncxoaHble 0BbEKTb

[ vmnopTveoBATs crion [N

Puc. 27. [Iponec iMmmopTyBaHHS 1apy
(Fig. 27. The process of importing a layer)

k.

Mixapoanni

3]+

Eari CIS, Eari, HERE, Garmin, METUNASA, USGS

esil

Puc. 30. Pe3ynpTaT 3MiHH CHMBOJIy TOYKOBOTO IIapy
(Fig. 30. The result changes the character point layer)
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Puc. 28. [lonani weiin-¢daiiam 3i 3SMiHEHUMH apaMeTpH
(Fig. 28. Added shapefiles with changed settings)

B ommisix mapamertpiB cmig HatucHyTH «lcmonb3o-
BaTh M300paKCHUE» Ta NOOABHTH ITIEBHY OOpaHy IKOHKY.
BikHO 3MiHM CHMBOITY TIpeICTaBICHO Ha prc. 29. Pe3ymbrar
3MiHH CHMBOJIY TipesicTaBieHo Ha prc. 30. [Ticis mporo He-
00Xi/THO JONATH iHIII TOYKOBI IIapy Ta 3MIHHUTH iX CHM-
Bosu. [Ijist nrapy «Cridiku peectpariii» 0ys0 Budpano «Jlo-
TIOJIHUTEIIBHBIE OIIMMY» Ta 13 BUKOPHCTAHHSIM 3allOBHEHOT
TabuLi aTprOyTiB HaaToBaHo mianucu (puc. 31).

POPMA

@opmbi -
e ¢ e ok
e ¢ L I
e ¢ P B X

8

e ¢ 9 p B

A A & =m =m 4

Wcnonbaosatk WaoBpaskeHne
https://<URL naobpaxenuns> [+

Pasmep cumsona

o ) — |
m=l] 175 muKe

OK OTMEHA

Puc. 29. BikHO 3MiHU CHMBOJIY TOYKOBOTO IIApy
(Fig. 29. Window for changing the symbol of the point layer)

Puc. 31. Kapra BHyTpiTHBOTO OCHAIIICHHS TEPMiHAITY,
1-it moBepx  (Fig. 31. Map of the internal equipment
of the terminal, 1st floor)

HactynmauM kpokom € immopryBaHHS 10 ArcGIS
Online cTBopenux niHiHUX Zip-daiinis. Lli daiinu npen-
CTaBISIOTH COO0I0 00’ €KTH HAMIPSIMKIB MapIIPyTiB maca-
JKMPIB BiJI BXOJy B TEpMiHaJI JI0 BUXO/ly Ha M0cajiky. Pe-
3yJIbTAT MPEICTABICHO HA puc. 32.

Eari IS, Esri, HERE, Garm

VETUNASA, USGS

Puc. 32. Pesynbrar gogaHoro JdiHiiiHOrO mel-gaiiny
(Fig. 32. The result of the added linear shapefile)

B mapameTtpax Oyno 3MiHEHO KOJIip Ta BHOpaHO Ha-
npsmMok crpinku (puc. 33). Knacudikauiro siHidHHX
¢aiiniB npencrasineno Ha puc. 34. Jlani cuig cTBOpUTH
1€ OJIHY KapTy ISl BHYTPILIHBOTO OCHAILIEHHS Ta IIPOK-
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JAJaHHS MapuipyTy Ha JOPYroMy TIOBEpCi TepMiHAIy.
OTxe DOMar0ThLCS MOMITOHAIBHNI Ta BCl HEOOX1AHI TOY-
KOBI IIapH, 3MIHIOIOTHCSI CHMBOITH ISl TOYKOBUX IIapiB.
M mapy «Gatey o6uparoTsest «J{omoMHUTETBHBIE OT-
UM Ta 13 BUKOPUCTAaHHAM 3aII0BHEHOI TaOIHUII aTpuoy-
TiB HAJIAIITOBYIOTHCS mignucH (puc. 35).

l#rroo0o | [ Eue

Pexomernayembli

Mocneanve

EIP\oapaHHuch
)

=]

0% 50% 100%

LUupuHa nuHum
e————m, v | nukc.

LWabnox

Crpenka

Puc. 33. BikHO 1151 3MiHU KOJIbOPY Ta BUOOPI HANPSIMKY JIiHiT
(Fig. 33. The window to change color
and choosing the direction of the line)

#
#
: ‘
@A
H, 17"” =

Puc. 34. Pe3ynpraT BigpeaaroBaHoro
MEPIIOTO JiHIHHOTO MmeHT-(aimy
(Fig. 34. The result of the edited first linear shape file)

O] 1]+
-]
oo
8

Eari OIS, Exr, HERE, Garmin, METUNASA USGS  \o

‘Asponcpr

Puc. 35. BHyTpiniHe ocHaIIeHHsS TepMiHaly, 2-i IOBEpX
(Fig. 35. The internal equipment of the terminal, (2nd floor)

[Ticns mboTo MOoMAETHCS JIHIHHMIA TIap, 3MIHIOETHCS
KOJIip Ta OOMpaEThCs HATIPAMOK JiHiH (puc. 36, 37).
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-
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esr

0 20m

S

Puc. 36. Pe3ynbTaT 3MiHH KONBOPY Ta HAMPSAMKY JiHIH
(Fig. 36. Result of changing the color and direction of lines)
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Puc. 37. BigpenaroBanuii npyruii niHiiHui mein-daiin
(Fig. 37. The result of the edited second linear shapefile)

3acrocyBanns Oisinrosoi Wi-Fi mepexi

Jlys KOHTPOJIO Ta OpraHi3amii MacakKupOIOTOKIB B
peaTbHOMY peXHMi Jacy HeoOXiIHO, 00 TepHuTopis ae-
poropty Oyia 06J7aTHaHa O1TIHTOBOIO MEPEKEI0. 3aBISAKH
Giminrosiii Mepexi Wi-Fi MosxHa BijciiakoByBaTH mepe-
MILIEHHS JIFOJIel BCEpEeIMHI MPUMILIIEHHS 32 JI0TIOMOT 00
BOynoBaHoro Wi-Fi Mojyitio Ha iX MOOUIBHUX MPUCTPOSIX
Ta CIeNiaIbHOTO KOPIIOPAaTUBHOTO 3acTOCYHKY. [Ipuctpiit
i IKJTI0YATUMETBCS JI0 OJJHOTO 3 POYTEPIB, SIKi po3Talio-
BaHi 1Mo BCii TepuTOpii TepMminay. OTxKe, KOJIM JIIOANHA
3aX0UTh B OYIIBIIO TepMiHATY, 32 JOMOMOTOK MOOLIE-
HOT'0 IPUCTPOIO BOHA Mij’enHyeThes 10 Wi-Fi, Ha poyTep
MPUXOJUTh CUTHAJ PO CIpoOy IMmigKIOYUTUCE. Toi,
KOJTM BIIACHUI MOOUTEHUIA TIPUCTPIH i KITFOYUBCS JI0 OJI-
HOTO 3 POYTEpiB, TO B 3aJICKHOCTI Bill IIepeCyBaHHS JIFO-
JMHH TI0 TEpMiHAJy BJIACHMH NPUCTPiH Oyne aBTOMaTH-
YHO HiIKITF0YaTUCh JI0 TOTO POYTEPY, B 30HY il AKOTO IIei
MIpUCTpiii BiH noTpamuB. Ctpykrypa 6iniarosoi Wi-Fi me-
pexi npencrapieHa Ha puc. 38.

[puHIun aii Takoi Mepexi NOJrae B HACTYITHOMY.

1. Poytep nocrtiitHo renepye curHan Wi-Fi Ta peec-
Tpye crpoOy HOBOTO NPUCTPOIO NPUETHATHCS 1O MEPEXKI
Wi-Fi B pexumi peansHoro yacy. CTBOPIOETBCS CIIHCOK
MPUCTPOIB, SKi 3HAXOMATHCA B paaiyci mii mporo Wi-Fi
Mozyist. ITotiM poyTtep Bianpasiisie neil Ciucok Ha cep-
BEp B pexKMMi peanibHOro yacy. [Ipu upomy poyrep miax-
JIIOYAETHCST TUIBKK JI0 THUX BJIACHUX MOOUIBHHMX IpH-
CTPOiB, Ha SKHUX 3a37aJIeTiab OYJI0 BCTAHOBIEHO KOPIIO-
paTHUBHMUI 3aCTOCYHOK aepOIOpTYy.
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| HACARUPA TA FOIO MICLE |
| SHAXOJTAEHHSA

[

POYTEP CEPBEP
~TDTES IHTEPAKTUBHA XMAPHE
TPHCTPIH KAPTA CXOBHILE

KAPTOI'PAMIYHA
OCHOBA

Puc. 38. Crpykrypa Gininrosoi Wi-Fi mepexi
(Fig. 38. The structure of the billing Wi-Fi network)

2. CepBep TOB’s3y€ BCi pOYTEpH Ta 3YUTYE 3 HUX
JIaHi B PSKUMI pealbHOTO Yacy, B TOMY YHCII i CITUCKH,
SKi HAAXOIATB 3 poyTepa.

3. MoOiIpHA TPHUCTPiH, 332 YMOBH BKIFOUEHOTO
Moxynst Wi-Fi Ta BCTaHOBJICHOTO KOPIIOPaTHBHOTO 3a-
crocynky aepomopty (Android / i0S), aBroMaTH4YHO
OyJe MiAKIIoYaTHCs Ta aBTOPU3YBATUCA 10 MEpexki Mo-
nyiie Wi-Fi aeponopry.

4. IHTepakTHBHA KapTa CIYXHUTb U OTPUMAaHHSI
JAHWUX 3 CepBepa Ta BiJOOPaKCHHS MICIIE3HAXOKCHHS
MOOITBHOTO MPHUCTPOIO HAa TEPUTOPIl aepomopTy B pe-
KHMI peajbHOTO Yacy.

5. XMapHe CXOBHWIIE — BimganeHWH iHTEPaKTHB-
HU cepBep, Ha IKOMY 30epiraroTbes AaHi 3 IHTCpaKTUB-
HOI KapTH.

6. KapTtorpadiuaa ocHOBa cTBOpeHa B CEpeAOBHILI
ArcGIS Online.

Bubip poyrepa Tpeba BHKOHYBATH 3 ypaxXyBaHHSIM
0CO0HMBOCTEH MEBHOrO aeporopty, Hanpukian, mioma
Tepminany A micta Xapkoga carae 20 000 M2 Tomy y siko-
CTi poyTepa I JaHOTO TepMiHAIy Mae ceHc 00paru, Ha-
npukiaz, TP-Link Deco M5 (3-pack) 717MHz (puc. 39).

Puc. 39. Intepuer-poyrep TP-Link Deco M5
(Fig. 39. Internet router TP-Link Deco M5)

Ipuctpoi OyayTh aBTOMATUYHO MEPEMHUKATHCS
MiX Pi3HEMH MOIylsiMi Deco Ha BHCOKIi# IIBHIKOCTI,
Kyzau O He MM IacaXXHpH aeporopTy, 3a0e3euyodn
Oe3mepepBHe 3'eqHaHHSA 0e3 "MepTBHUX 30H".

Kommnexkt Deco M5 3 nBomMa npuctposimu 3a-
6e3meuye mokputTs 10 350 kB. M., a KomIuiekT Deco M5
3 TprOMa NMPUCTPOSIMU — 110 510 kB. M. SIKII0 IHOTO He-
JOCTaTHRO,Tpeba MPOCTO AOAATH B MEPEKY OiIbIIEe MO-
nyaiB Deco auist 301TbIIeHHS TOKPUTTS.

OCHOBHI TeXHIYHI XapaKTEPUCTHKH:

— Deco M5 3abesneuye crabinpHe 3'€qHaHHA 31
mBUAKICTIO 10 1267 M6it / c;

— xomrIniekT Deco M5 3paTHUI mixTpUMyBaTH po-
00Ty HaBiTH HaOLIBII 3aBaHTAXXEHOI Mepexi, 3abe3re-
YyI04H OHOYAcHE 3'€qHaHHA A Oimbmn, HiX 100 mpu-
CTpOiB;

— MakcHMaJbHa MIBHIKICTh Hepenaui naHux Wi-
Fi — 400 M6it/c na 2,4 I'Tu ta 867 M6it/c Ha 5 I'T'w;

— MakcHMaJlbHa IIBUKICTh nepenadi nannx LAN
— 1000 MoiT/c.

Ha puc. 40 cxemaTnuHO 300paskeHO PO3TALIYBaHHS
poytepi Wi-Fi Ta mokasano 30uu ix xii. Bei poyrepu po-
3TalIoOBaHO Ha CTiHAX Ta cTelsX. Cxema po3TalryBaHHS
PpOYTEpiB IMiIXOAUTH K IS TIEPIIOTO MOBEPXY, TAK 1 I
JpYToTo.

Puc. 40. Kaprorpadivuna cxema po3TairyBaHHs
poyrepis Wi-Fi ta 30H ix xii B aepornopti micta Xapkosa
(Fig. 40. Cartographic layout of Wi-Fi routers
and their areas of operation at the airport of Kharkiv)

OTxe, 3aBISKH IAKITIOYCHHIO MIEPCOHANTBHUX MOOi-
JMBHUX TPHUCTPOiB 10 poyrepiB Wi-Fi, mae BinOyBaruch
BIJICTE)KCHHSI TEPECyBaHHs MACaKUPIB y OymiBIIi aeporio-
pry. st indopmanis Moxe OyTH BUKOpHUCTaHA MaCaXu-
pamu, poOiTHUKaMHU aeporopTiB Ta aBiakommaHii. [Ipu-
KJaa KaprorpadiuHoi Mo y KOPIOPaTHBHOMY 3aCTO-
CYHKY aeporopTy, 3 BUKOPHCTAHHSIM SKOI MHacaxup
MOJXKE BIJICTE)KYBATH CBOE MICIIEPO3TAIllyBaHHS, MPE-
CTaBJIeHO Ha puc. 41.

4
4 - Micyeasaxopxens nacaxvpa l

=]+

———
0 20 20m

Mixnapout

i 5 Gamin wmnasa s (S|

Puc. 41. KaprorpadiuHa Mozenb 3 MOXKIUBICTIO
JJI ITacaxupa BiZ[CTe)KyBaTI/I CBO€ MiCIIepO3TaH.IyBaHH$[
(Fig. 41. Cartographic model with the ability
for the passenger to track their location)
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[Ipuknan kaprorpadidHoi Moaeni y KOPHOpaTHB-
HOMY 3aCTOCYHKY aepoIOpTY, 3 BHKOPHCTaHHAM SIKOi
MIPaLiBHUKN AePOIOPTY MOXKYTh BiACTEXKYBaTH MicIie-
po3TanTyBaHHS MTACaKUPIB MEBHUX peiiciB — Ha puc. 42.

4

+ ) + - MicuesHaxoKeHHA
i G nacaxwpis, AKi NPAMYIOTb
Q} G’Z Ha peiic "Kharkiv - Istanbul”

<4 - MicueanaxopkenHs
nacaxupis, AKi NPAMYIOTS
Ha peiic "Kharkiv - Kyiv"

orp iy QST
e a5, Ew, HERE, Gormin, METUNASA U )

Puc. 42. Kaprorpadiuaa Mosienb 3 MOXKITUBICTIO JUTS TIPAITiBHUKIB
AepOIIOPTY BiICTEKYBATH MiCLIEPO3TaIlyBaHH ITaCAKUPIB
(Fig. 42. Cartographic model with the ability for airport staff
to track the location of passengers)

Taxa TexXHOJIOTis 0COOINBO aKTyaJbHa IS aePOIIo-
PTIB 3 JEKIJIbKOMAa TEPMiHAJIAMH, B SIKUX Yac MEPexoy

ITACAXKHPH

IIIb nacaxupa

Howmep Tenedony

TeMmueparypa Tiza

Ma€ yXXe BEJTUKE 3HAUCHHS U1 TPAH3UTHUX MTACAXKHPIB.
Jonatox He TUTBKHU MPOKJIANaTHME MapIIpyT 10 00paHoi
TOYKH, a 11e Oye iHpOpMyBaTH IIPO CTATYC PEUCy, 31aqy
Oaraxy, yacy O4iKyBaHHS B Uep3i Ha MACIIOPTHUH KOHT-
POJIb TOIIO.

3aBnasku cTBOpeHi OimiHroBiit Wi-Fi Mepexi B Te-
pMiHaJi MOKHA BiJICIIAKOBYBATH MEPEMIIIICHHS TACAXKHU-
piB 3a JOMOMOTrOI MOOUIBHUX IPUCTPOIB: TesedoHyY,
IUIaHIIeTy Ta HoyTOyKa. [Ticis Toro, sik macakxup 3aiInoB
y OyniBiIIO TepMiHaJy Ta IMiJ’€IHAaB CBiil MPUCTpIH 110
Wi-Fi Mepexi, a TaKoK 3aiIII0B 10 KOPIOPATHBHOTO 10~
JIaTKy aeporopTy, Horo ocoOUCTI AaHi, 1aHi po Horo re-
PperiT Ta IaHi PO MPOXOHKEHHS BCIX HEOOXIMHUX MyHK-
TiB TIOCTYIIOBO 3aHOCATHCA 10 6a3 manux (B/I).

Crpykrypa pemsaunifinoi BJI, 3ampomoHoBaHOi s
opraHizarii Ta yOpaBIiHHS ITaca)XKHPONOTOKAMH B aepo-
MOpTax MpeICTaBlIeHa Ha puc. 43.

3anpomonoBana ctpykrypa BJ] BimMminHa, mepr 3a
BCe, HasBHICTIO Oj0Ka "Micepo3ramyBaHHs" B cerme-
HTi "[TACAXIMPU" Ta 3a0e3neuyBanoro Hum Oiokxa "Bi-
JICTe)KEHHSI MICIE3HaXO/KeHHsI nacaxxupa’ B CErMEHTI
"AEPOITOPTH". Came 11e ii cipusie IOKPAIIEHHIO Opra-
Hi3aIlii Maca)KMPOMOTOKIB B acPONOPTax B YMOBax Kapa-
HTHHHHUX OOMEXCHB.

ABIAKOMITAHII

Hazpa apiakoMIIaHii

»  Ne cTifiki peectparii

Buraua 1ocajakoBoro 6inery

Barax > CxaHyBaHs ourery

Pyuna nokmaka Howmep peiicy
JIoKyMeHTH, 110 HOCEITIYIOTh Harpamoxk
ocoby
. 1 Ne Gate
Ilocanxosuii 6ireT —
- AEPOIIOPTH Bopt
Micnepo3TalryBaHHsT ]

Hazga aeponoprty

| TemnepatypHHIT CKPHHIHT

TTepeBipka baraxy

Crifika peectpariii

Brmaua mocaakoBoro 6imeTy je—

CxanyBaHHs 6ineTy

*»| [IepeBipka py9IHOI MOKIAXKIL

> MHUTHHIIS

Gate

Bincrexenus
MiCIIe3HAX OUKCHHSA
macaxkIpa

Puc. 43. Ctpykrypa B/ mist opranisanii Ta yrmpaBiiHHS Maca)XUPOIIOTOKAMHU B aepPOIOpTax
(Fig. 43. Database structure for the organization and management of passenger flows at airports)

CrBopennst WEB-cepsicy nuist kaprorpagiuanx
MozeJieil TepMiHAJIIB aepONOpPTiB HA MPHUKJIALL
aeponopty im. lllapas ge Ionast

PenakTopu mporpaMHHX KOJIB MPU3HAYCHI IS 3a-
Oe3redycHHsT e(DEKTUBHOIO 1 MPOIYKTHBHOTO MPOIIECY 1X
po3pobienns. CydyacHi pelakTOpU HalalOTh IIUPOKUI
ACOPTUMEHT 1HCTPYMEHTIB, IO 3MEHIIYIOTh KiJIbKICTh

KpOKiB, HEOOXITHUX U BUKOHAHHS MEBHUX 3aBlIaHb,
TOMY BUKOHaHHS pOOOTH CTa€ MIBUILINM.

{06 obpaTn HAMTOUWIMBHININN peIaKTOp KOAY IS
peamizanii mocTaBieHoi 3a1a4i, OyJIu pO3TISHYTI Ta MO-
PIBHSHI MOXKJIMBOCTI JEKIJIBKOX Cy4aCHHUX PElaKTOPIB.

Notepad++ — TekcToBuUil peaakTop, KUl 10CTyII-
HU Tinbku Ha atdopmi Windows. Bin npusHadyenuii
JUISL IPOTPaMICTIB 1 BCIX THX, KOI'O HE BJIAIITOBYE CKPOM-
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Ha (QYHKIIOHATBHICTH cTaHmapTtHoro Notepad, mo BXo-
IUTh 10 ckany Windows.

TextMate BBaXKaeTbCs «HEAOINPALLOBAHUM PENAK-
Topom» st Mac OS, sikuit moenHye rpadidauii kopuc-
TYBaJIBHUIBKAHA iHTEpdeHC 1 CHCTEMHY CTPYKTYypy
UNIX. 3a 3amMoBYyBaHHIM LIefl peAaKTOp Ma€ BIACHUUN
MOTYXHUI (yHKIIOHAJ, BKJIIOYAIOYM MOMIYK 1 3aMiHY,
BHOIp KOJIOHOK, IIIO 3rOPTAOThCs, OJOKUA KOAY, IOMOB-
HEHHS KOJy, 0a30Be MiJICBIYyBaHHS CHUHTaKCHUCY JUIS Jie-
CSITKIB MOB IIpOrpaMyBaHHsI i 6araTo iHIIOTO.

HesBakaroun Ha Te, mo TextMate Mae BiAKpUTHIA
BUXITHUH KOJI, II¢ KOMEPIIHUHN MPOIYKT, IO BUITYCKAa-
eThed i mnensicio BSD.

Sublime Text — Ge3koIITOBHUIN IS HEKOMEPITiii-
HOT'O BUKOPHCTAaHHS TEKCTOBHUI penakTop. BiH He Tinbku
JIETKHH 1 y’Ke CIPUTHUI B pOOOTI, aje TaKoX 1 po3IIH-
proBanwmii. e mieit peqakTop miaTpuMye 6€3I1i4 MOB IIpo-
rpamyBaHHs, cepen skux Erlang, HTML, CSS, C ++,
Java, JavaScript, Perl, PHP, Python, Lua, Markdown,

MATLAB, SQL, TCL Tomo. I3 Bukopuctanssm Sublime
Text MOXHa KOHTPOIIOBAaTH OYyIb-sIKi ii, TOB's13aHi 3 Ha-
MIHCaHHIM KOy, 3aBJISIKH PO3BUHCHNUM (YHKLISIM, TAKUM
SK: MHO>KHHHA ITPaBKa, YCTAHOBKA 3aKIaJoK, IIepeBipKa
opdorpadii, MynsTHBHIUTIEHHS TOIIO. B pegakrop BMO-
HTOBAHO {HCTPYMEHT HOIIYKY i 3aMiHH pEeTyISIpHUX BH-
pasiB. HasBHiCTH MynbTHIAHEIN JO3BOJISIE MPALFOBATH
BiZlpa3y 3 JAEKUIbKOMa TEeKCTOBUMH (haillaMy B OZHOMY
BikHi. Jlo Toro % kpocmiathopmenicts Sublime Text 3a-
Oesreuye nepexia Bi 0HOI onepauiiiHoi oci 10 iHIIOT,
YOro He CKaxell, Hanpukiaz, mpo Notepad ++.

OTKe, IPONIOHYEThCS CTPYKTYpHA CXeMa CaiTy
KapTorpadiyHuX MoJeJel TepMiHATIB aepornopTy  iM.
Mlapnst me Tomns (puc 44). Ha ocHOBI po3po6ieHoro
MIPOTPaAMHOTO KOAY OYyJIO CTBOPEHO TeormopTail Ha 0asi
Iareprer-pecypey «Google Chromey. CtopiHku cTBOpe-
HOTO CaifTy mpencTaBieHo Ha puc. 45 — 51.

Bizyamizamiro podotn WEB-cepBicy kaprorpadiu-
HHUX MOJIeJIel TepMiHally pe/cTaBiIeHo Ha puc. 52 — 55.
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Puc. 44. CrpykTypHa cxema caiiTy kapTorpadiyHux Mojeneid TepminaniB aeporopty im. [llapis ne Tomns
(Fig. 44. Block diagram of the site of cartographic models of terminals of the Charles de Gaulle airport)
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Puc. 45. Cropinka «3araibHa iHdopmaris» (Fig. 45. Page “General Information™)
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Puc. 46. Cropinka «3aranbHa iHpopmarist (kapaHTHHHI OOMEKEHHS)»
(Fig. 46. Page "General information (quarantine restrictions)")
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Puc. 47. Cropinka «Kapra mapmpyTiB» Ta ii crmagaroue MEHIO
(Fig. 47. Route Map page and its drop-down menu)
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Puc. 48. Cropinka «Kapra mapupyris (Tepminan 1, 0-it mosepx)» (Fig. 48. Page "Route map (Terminal 1, Oth floor)")
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Puc. 50. Cropinka «Kapta mapuipyris», «Tepminan 1 (2-i mosepx)» (Fig. 50. Page "Route Map", "Terminal 1 (2nd floor)")
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Puc. 51. Cropinka «{ogarkosa kapra» (Fig. 51. "Additional map" page)

74



ISSN 2522-9052

CyuacHi indopmariiitai cucremu. 2021. T. 5, Ne 2

A Ay,

@‘;3“&& v

Terenna

Mapesipra Sarawy 1n
B

Ecranatop 1n
v

Paris-Wien1

Paris-Praha1

Barie - Munieh ]

KAPTA BYJIBJII AEPOIIOPTY IM. IHAPJLA JE I'OJUIA

(B yMOBaX KapaHTHHHOTO 30HYBaHHS)

Brazena
opiauis

Vaiomn z1w
Covid-19

Hozarsona
NapuipyTis. KapTa

Kapta Tepminaany 1 (1-ii nosepx) 8 ArcGIS Online

Puc. 51. Bizyaunizauis Ha cMapTdoHi
(Fig. 51. Visualization on a smartphone)

Puc. 52. Bizyanizaiis Ha HOyTOYII
(Fig. 52. Visualization on a laptop)

53, KAPTA BYAURI AEPOTIOPTY IM. WAPIA JE TOTIR .
3 (0 yvora kg - =

Puc. 53. Bizyamnizaiist Ha cTamioHapHOMY KOMIT IOTepi
(Fig. 53. Visualization on a desktop computer)

Po3pobneni kaprorpadiuHi Momeni s opraHizamii
NAacaKHUPOIOTOKIB B aeporopTax B YMOBaxX KapaHTHH-
HOT'O 30HYBaHHSI € 3pYYHUMHU Ta €PrOHOMIYHUMH IIOJIO
BHUKOPHCTAHHS POOITHUKaMU aepoIOPTiB Ta aBiakoMIIa-
Hiil. TuM O1JTbIIL, TACAKUPU TAKOK MOXKYTH OTIEPATUBHO
OTPUMYBAaTH YacTKOBY iH(OpMallito, JOCTATHIO JJIsL Op-
raHizaiii cBoro pyxy B T€pMiHalli aepOIopTy 3TiJHO 3 Ka-
PaHTHHHUMHU OOMEKESHHSIMH.

BucHoBxku

Ha migcTaBi mpoBeneHOTO aHami3y AisUIBHOCTI ae-
POTIOPTIB CBITY 32 OCTaHHI I’ SITh POKIB BHSBJICHO CTIHKY
TEHJIEHITiI0 /10 301JIbIIIeHHSI KIIBKOCTI aBiapeinciB, a 0TkKe
— 301IBIICHHS TTACA)XKUPOIIOTOKIB B agpoIopTax. Takox
MIPOAHAJI30BaHO NPOTHO3U IMIOAO TECHACHIINH PO3BUTKY
TIOBITPSTHOTO pyXy B €BpoI B HalOIMXK4l IT'SITh POKIB,
SIKI CBiTYaTh PO HATIPSMOK 3pOCTaHHS aBiallepeBE3CHb.

[IpoBeneHo aHami3 BIUIMBY KapaHTHHHHUX OOMe-
JKEHb Y 3B 513Ky 3 posnoBcrojxeHHs M COVID-19, skuii
[I0Ka3aB, 110 HEe TUBJSUYMCH HA 3HAUHE 3HMKEHHS Maca-
JKHPOIIOTOKIB B aePOIIOPTaX CBITY B 3B'A3KY 3 KapaHTHH-
HUMU OOMEKEHHSIMU, OyJie CIocTepiraTucsl 3Ha4He 3po-
CTaHHS NMACAKUPOTIOTOKIB MiCIs KapaHTHHHOTO MOCIal-
JICHHS.

Ha mincraBi 3a3Ha4eHOT0, 3p00JI€HO BUCHOBOK, IO
HaraJlbHAM € TOKpPAIeHHs OpraHi3aiii macakuporoTo-
KiB B ae€pOIOpTaX B yMOBaX KapaHTUHHHX OOMEXKEHB 32

Puc. 54. Bizyanizaiis Ha 11aHmeTi
(Fig. 54. Visualization on a tablet)

paxyHok Bukopuctanas WEB-cepBiciB Ha OCHOBI KapTo-
rpadigHIX MoJIeNelt Oy IiBeNb aepOTOPTIB.

Pazom 3 TuMm, MpoBeIeHO aHai3 TOUIBHOCTI 3aCTO-
cyBanHs ['IC-TexHoJIOTIH B aeporopTax, a TAKOXK OIJIsiL
Cy4acHHMX 1H(OPMAIITHUX TEXHOJIOTIH, 10 y Terepim-
Hilf Yac BUKOPHCTOBYIOTBCS JUIsl OpraHizaiii podotu ae-
POIOPTIB B YMOBaxX KAPAaHTHHHOTO 30HYBaHHSI.

Po3pobnero MeToanky moOYIOBH MapIIpyTiB LIS
oprasizaiii macaxnporoToKiB B aeporoprax B yMOBax
KapaHTHHHOTO 30HyBaHH:. MeTo/uka nependadae cTBo-
PEHHS KapT MapuIpyTiB MACaKUPOIIOTOKIB B a€POIIOPTAX
3 BHUKOPUCTaHHSAM HalCyYacCHIIIMX KapTorpadidHuX
nporpamMHux npoayktiB ArcGIS ta ArcGIS Online, mic-
TUTh PEKOMEHIaIlii 00 3acTocyBaHHS OimiHroBoi Wi-
Fi mepexi s BiICTe)KEHHS IepecyBaHHs MacaKUpiB y
OyIiBJISIX aepoIOPTIB, 1, BPEIIITi, Iependadac CTBOPEHHSI
WEB-cepgiciB ains kaprorpadiyHux mMozenei TepMiHa-
JIiB aepOTIOPTIB.

Po3pobneni i3 3acToCyBaHHSIM 3aPOTIOHOBAHOT Me-
togukn WEB-cepBicu i opranizauii nacaxupomnoTo-
KiB B ae€pOIOPTax B yMOBaX KapaHTUHHOTO 30HYBaHHS €
3pYYHHUMH Ta €PrOHOMIYHHMH IIOJ0 BUKOPHUCTAHHS PO-
OiTHMKaMHU aeporopTiB Ta aBiakoMmnaHid. Tum OimbI,
MacaXHpH TaKOK MOXYTh OIIEpPaTHBHO OTPHMYBATH Yac-
TKOBY iH(OpMalilo, IOCTaTHIO I OpraHizamii cBOro
PYXy B TepMiHaJII aepoIopTy 3TiHO 3 KapaHTHHHUMH
O0OMEXKEHHSIMHU.
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IIpumenenne reonHpOpPMaNHOHHBIX TEXHOJIOIHH /ISl OPraHU3aLMH NIACCAKHPONOTOKOB
B 23PONOPTAX B YCJIOBHAX KADAHTHHHOIO 30HHPOBAHMA

C. M. Angpees, B. A. XKumun, A. JI. Cabamom

AHHoTanus. Ilpenverom ucciienoBanus siBisieTcs pazpadotka Metoauku noctpoerus WEB-cepBrcoB Ha ocHOBe Kap-
TorpaduuecKux MoJeneil a3pornopToB IS OpraHU3aIMH TACCAKHUPOIIOTOKOB B YCIIOBUSIX KAPAHTHHHOTO 30HUpOBaHMsA. O0beKTOM
HCCJIeIOBAHMS SBIISIETCSI IIPOLIECC OPraHU3aIMH MTACCAXUPOIIOTOKOB B a3ponoprax. Llesibio padoThl SBISETCS yIydIIeHUE Opra-
HU3ALHH TACCAKHPONOTOKOB B a3POIOPTAX B YCIOBUAX KapaHTHHA 3a c4eT ucnoib3oBaHuss WEB-cepBucoB Ha 0CHOBE KapTorpa-
(udeckux Mojenel 3nanuil a3ponopToB. BeiBoabl. Ha 0CHOBaHHMU MPOBEICHHOTO aHAM3a JACATCIBHOCTH ad3pONOPTOB MUPA 3a
TIOCJICTHHE TISITh JICT BBISIBIICHO YCTONYHMBYIO TEHACHIHIO K YBEINUSHUIO KOJIIMYECTBA aBUAPEHCOB, a, CIeI0BATEIBHO — K YBEIIH-
YEHHIO ITaCCaKUPOIIOTOKOB B a3poropTax. Takke MpOaHATN3HPOBAHBI IPOTHO3BI OTHOCUTENBHO TEHJICHIIMH Pa3BUTHS BO3MLYLI-
HoTo ABMXeHNUs B EBpore B OipkaiInie MsTh JIeT, KOTOphIe CBUAETEIBCTBYIOT O HAaIIpaBJIeHUH K POCTY aBHarnepeBo3ok. [Iposenex
aHaNN3 BIMAHUS KapaHTHHHBIX OTPAaHUYCHUI B cBs3U ¢ pactpocTpaneHrneM COVID-19, koTopslii mokasan, 4To, HECMOTPS Ha 3Ha-
YUTEIBHOE CHIKEHHE MacCaXHPOIIOTOKOB B a3pPOIOPTAaX MUPA B CBSA3H C KAPAaHTHHHBIMU OTPAaHWYEHUSIMH, OyneT HabmomaTecs
3HAYUTENIBHBINA POCT MACCAXKUPONIOTOKOB MOCIIE KApaHTHHHOTO nocnabnenus. Ha ocHOBaHMM yKa3aHHOTO, CAieTaH BBIBOJ, YTO aK-
TyalbHBIM SBIISIETCS yTy4IICHUE OPTaHU3aINH aCCAXKUPOIIOTOKOB B a3PONOPTAxX B YCIOBUSIX KapaHTUHA 3a CUET HCHONb30BaHUS
WEB-cepBrcoB Ha ocHOBe KapTorpaduueckux Mojeeil 31aHnii adpornopToB. BMecTe ¢ Tem, IpoBeIeH aHaN3 11e1eCo00pa3HOCTH
npumeHenus ' IC-TexHOIOTHIA B asporoprax, a Takke 0030p COBPEeMEHHBIX HHPOPMAIIOHHBIX TEXHOJIOTHHA, KOTOPbIE B HACTOS-
I1ee BpeMsl UCTIOIB3YIOTCS JUIsl OpTaHNU3aluy paboThl adpONOPTOB B YCIOBHUSIX KapaHTHMHHOTO 30HHpoBaHMs. Paspaborana meTo-
JIMKa IOCTPOCHUSI MapUIPYTOB IS OPTaHH3AIMHY [TACCAXXKUPOIIOTOKOB B a3POIOPTAX B YCIOBUSIX KapaHTUHHOTO 30HUpOBaHus1. Me-
TOJIHKA [IPeyCMAaTPUBAET CO3IaHNE KapT MapIIPyTOB ACCAKIPOMOTOKOB B a3POMOPTAX C HCIIOIB30BAHUEM CaMBIX COBPEMEHHBIX
kaprorpaduueckux nporpamMmubx mpoayktoB ArcGIS u ArcGIS Online, comepixut pekoMeHIaMHU IO PUMEHEHUIO OHILTHHTO-
Boit Wi-Fi ceTn A oTciexnBaHus MepeBIKEHHS TACCAKHPOB B 3[aHUSAX a9PONOPTOB, U, HAKOHEI, IPETyCMaTPUBAET CO3IaHNe
WEB-cepBucoB [uts KapTorpagrdeckux MoJeIeld TepMUHAIOB a3ponopToB. PazpaboTaHHbIE ¢ MPIMEHEHHEM NPEAIOKEHHOH Me-
toaukn WEB-cepBHCH U1l OpraHU3aIiy NacCaXXHPOIOTOKOB B a3PONOPTAX B YCIOBHUAX KAPAHTUHHOTO 30HUPOBAHUS SIBISTFOTCS
YIOOHBIMH M 3PTOHOMHYHBIMH KacaTeJIbHO HCIIOJb30BaHUs pabOuYMMHU adpoIOpPTOB M aBHAaKOMIIaHMH. TeM Oolee, maccaxupsl
TAKOKe MOTYT OINEPaTHBHO MOJIy4aTh YACTHYHYIO HMH(GOPMAINIO, TOCTATOUHYIO JUISl OPraHU3alli CBOETO ABH)KEHUS B TEPMHHAJIC
a’pOIIOpPTa COTIACHO C KAPAaHTHHHBIMU OTPaHUYEHHSIMH.

KamoueBblie caoBa: reonH(OPMAIHOHHBIE CHCTEMEI; KapTorpadudeckue Mozaenn aspornoptos; WEB-cepBuchr; kapan-
THHHOE 30HUPOBAaHKE; OPTraHH3alHs TACCAKUPOIIOTOKOB.

Application of geoinformation technologies for organizing passenger traffic at airports in conditions of quarantine zoning
Sergey Andrieiev, Volodymyr Zhilin, Anastasiia Sabadosh

Abstract. The subject of research is the development of a method for constructing WEB-services based on cartographic
models of airports for organizing passenger flows in conditions of quarantine zoning. The object of the research is the process of
managing passenger flows at airports. The objective of the work is to improve the organization of passenger traffic at airports
under quarantine conditions with the use of WEB-services based on cartographic models of airport buildings. Conclusions. Using
the analysis results of the world's airports activities over the past five years, a steady trend has been revealed towards an increase
of the number of flights, and, consequently, growth of the passenger traffic at airports. Also forecasts of air traffic development
trends in Europe in the next five years are analyzed, which indicate the direction towards the growth of air traffic. An analysis of
the quarantine restrictions impact in connection with the spread of COVID-19 was carried out, which showed that, despite a sig-
nificant decrease in passenger traffic at airports in the world due to quarantine restrictions, there will be a significant increase in
passenger traffic after quarantine relief. Based on the above, it was concluded that it is urgent to improve the organization of passenger
traffic at airports under quarantine conditions through the use of WEB-services based on cartographic models of airport buildings. At
the same time, the feasibility of using GIS technologies at airports analysis was made, as well as a review of modern information
technologies that are currently used to organize the operation of airports in conditions of quarantine zoning. A method for constructing
routes for organizing passenger flows at airports in conditions of quarantine zoning has been developed. The methodology envisages
for the creation of airports passenger traffic maps using the most modern cartographic software products ArcGIS and ArcGIS Online,
it contains recommendations for using a billing Wi-Fi network to track the movement of passengers in airport buildings, and, finally,
envisages for the creation of WEB services for cartographic models of airports terminals. Developed with the use of proposed meth-
odology, WEB-services for organizing passenger flows at airports in conditions of quarantine zoning, are convenient and ergonomic
in terms of usage by workers of airports and airlines. Moreover, passengers can also quickly receive partial information sufficient to
organize their movement in the airport terminal in accordance with quarantine restrictions.

Keywords: geographic information systems; cartographic models of airports; WEB-services; quarantine zoning; passen-
ger traffic management.
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ASSESSMENT OF THE QUALITY OF INFORMATION SUPPORT
BY AIR RADAR SURVEILLANCE SYSTEMS

Abstract. The paper pays attention to the consideration of the structure of user's information support of the airspace
control system at the stage of primary information processing by the joined radar system. This system includes a primary
and identification surveillance system, which allows considering the overall structure as a single synchronous network of
surveillance information systems. Such a structure can be characterized by an overall integrated quality indicator of the
information support of the airspace control system. Such a quality indicator can be the probability of information support,
which is the product of the probabilities of correct detection of an air object by the primary radar and identification system
on the basis of "friend-foe" and the probability of comparing the coordinate information of primary radar systems and
identification systems. This approach allows changing the model of combining information for primary radar systems and
identification systems so as to take into account the estimated coordinates of the air object by both information systems due
to the weight combination of coordinates of air objects. The calculation of the coordinates of air objects according to the
information of the primary radar systems and identification systems allows improving the quality of information support for
decision makers in the air traffic control system.

Keywords: air traffic control system; primary and secondary radar surveillance systems; quality assessment of

information support; integrated indicator of information processing quality Neumann-Pearson criterion.

Introduction

Problem statement and analysis of the
literature. Primary [1, 2] and secondary (identification)
[3, 4] radar surveillance systems (SS) are the basis for
information support of the airspace control system. The
first determines the spatial coordinates of the air object,
and the second determines the state affiliation of the
detected air object. These two radar systems form the
basis of information support for decision-makers in the
airspace control system. For this purpose, according to
the information of the considered radar surveillance
systems, the logbook of the air object is drawn up,
which contains the coordinates of the detected air object
and the sign "Own - alien™.

Therefore, the form of air objects is formed by
comparing the spatial coordinates calculated by the
primary and secondary radar systems. The combination
of information is carried out automatically and based on
the comparison of the coordinates of air objects,
calculated from the information of the primary radar
systems and identification systems. Coordinates in the
considered information systems are calculated on the
basis of processing of a pack of the received signals by
each radar system considered. When the coordinates of
air objects, calculated according to the primary radar
systems and identification systems, taking into account
the resolutions of these surveillance systems, the
affiliation "Own" is entered in the logbook of the air
object. If there are no response signals on the
identification system, the aerial object the affiliation
"Alien" is entered to the logbook. At the same time,
only the coordinates of the air object calculated
according to the data of the primary radar system are
entered to the logbook of the air object, regardless of
what will be the sign of the air objects "Own or alien.”
This reduces the quality of these aerial objects with the
"Own" sign, which is issued to decision makers. Indeed,
the coordinates of air objects calculated from
identification systems are more accurate and would

improve the quality of information on the basis of
"Own" air objects with a weight combination of
information obtained by the radar surveillance systems
under consideration. This would increase the likelihood
of information being provided to decision makers in the
airspace control system.

A sufficient number of scientific papers are devoted
to the issue of combining information from joint radar
surveillance systems. Thus, in [5], the combination of
data for several sensors of surveillance systems in air
traffic control is studied and it is shown that the creation
of an excess of information allows improving the
accuracy of tracking air objects and resistance to sensor
errors.

[6-12] describes a set of algorithms combining
primary radar information and identification system
information. Pre-processing algorithms are described,
which are used to remove false radar targets and
preliminary processing of data of identification systems
is given. Algorithms of combination of coordinates of
air object are described, including alignment of
coordinates of air objects obtained from various sensors,
correlation between contacts, initiation of tracks,
updating of tracks and processing of hypotheses of
tracks. Various aspects of combination of information of
considered information systems are considered and it is
shown that during data merging it is possible to improve
data quality due to weight combination of coordinate
information of primary radar and identification systems
and it is shown that accurate identification of air objects
cannot be obtained when the identification system is
used separately. The content of this article focuses on
the algorithm for combining data from a network of
radar surveillance systems, and the Bayesian network is
considered as a merging algorithm.

The purpose of the work is to assess the quality
of information support for consumers by surveillance
radar systems for observing airspace with a combination
of information from primary and identification radar
systems.
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Research results

Structure of information pooling of surveillance
radar systems. Let us consider the structure of
information support of users at the stage of initial
processing of information by combined radar system,
which includes primary and identification systems of
observation. The Air Object (AO) Logbook provided to
decision makers should include: spatial coordinates of
the AO; information on the identification of AO on the
basis of "own-alien".

It should be noted that the leader is the primary SS,
the coordinate information of which is embedded in the
logbook of AO. The calculation of AO coordinate
information by identification systems is required only
for the combination of information of primary and
interrogative SS, which significantly reduces the
information capabilities of interrogative SS and, as a
consequence, reduces the quality of information support
to users.

Automatic  calculation of AO coordinate
information by compatible SS processing channels and
formation of AO logbook is performed at the stage of
primary information processing. Thus, the information
processing structure includes a single signal detector,
from the output of which a sequence of random zeros
and ones is removed. The optimal signal detection
threshold is selected, usually according to the Neumann-
Pearson test. Thus, the detection of signals is carried out
according to the required quality indicators, ie a fixed
probability of false alarm Fg;, and the probability of

correct detection Dg;. In this case, the signal is

quantized at two levels (binary quantization), which
allows a direct synthesis of algorithms and decision
rules for processing digital binary-quantized signals.

The sequence of zeros and ones from the output of
the signal detector of each information system is
temporally sampled and then goes to the inputs of the
detector and the AO coordinate meter. The task of the
AO detector is to decide in an optimal way whether the
received sample is a bundle of signals or it refers to the
interference based on the analysis of the obtained
sequence of zeros and ones.

To solve the formulated problem, the AO detector
must process the incoming signals according to some
algorithm. The algorithm for detecting AQ is reduced to
testing the hypothesis H,, of the absence of AO against

an alternative hypothesis H,; of its existence, ie to form

a plausibility relationship and compare this relationship
with some predetermined number, which is chosen
based on the allowable probability of false detection.
The decision to detect AO with quality indicators Fy;

and D;; comes to the AO coordinate meter. Estimation

of the coordinates of the instantaneous position of the
AO is done simultaneously with the detection of the
AO. The task of the AO coordinate meter is to optimally
estimate the spatial coordinates of the AO based on the
analysis of the obtained sequence of zeros and ones.

To solve the formulated problem, the AO
coordinate meter must also process the incoming signals

according to some algorithm. The optimal algorithm for
measuring coordinates is synthesized, as a rule, by the
criterion of maximum likelihood. The type of likelihood
function depends on the statistical characteristics of the
signals and interference, the shape of the antenna
system pattern, as well as the method of scanning the SS
antenna during the measurement process. Thus, when
generating AO detection signals from the output of the
AO coordinate meter of each channel of a compatible
radar surveillance system, an estimate of the coordinate

measurement vector ¢ is issued, which is characterized

by a correlation matrix of errors ct [11-13].

Based on the above, the information will be
provided with partial indicators of the quality of
information support will be the quality of the
assessment of the coordinates of the observed air objects
and the probability of correct detection of AO by each
radar channel under consideration.

2. Evaluation of the quality of information
combination of radar surveillance systems. Primary
radar and identification systems of airspace control, as a
rule, are placed on a single platform and carry out
synchronous inspection of space. This allows to consider
them as a common synchronous network of surveillance
systems. Currently, to compile the logbook of the air
object in each SS channel must be carried out [11]:

- detection and measurement of signal parameters
(signal processing);

- detection and measurement of AO coordinates
(primary information processing).

As shown in [12-14], an integral indicator of the
quality of information support of the airspace control
system can be the probability of information support,
which, for the general case, can be written as follows

Pt = Dpr -Dipr -P

por

where Dpg - the probability of correct detection of AO
by the primary radar , D gr - the probability of correct
detection of AO by IFF system, Py, - probability of

comparison of coordinate information of primary radar
systems and identification systems.

The probability of comparing the coordinate
information of the primary radar systems and
identification systems P, acts as the probability of

combining the information of the considered
information systems.

Further we will consider the issue of combining
information without taking into account the information
transmitted in the channel of identification systems.

The probability of correct detection of AO by each

surveillance system P, =Dy;(i=12) P, =Dy, is a
function

Dyi = f(Doi, Foi» Po) = f(aoi. 2i» Ci . Po),
where z3(C) - analog (digital) signal detection

threshold (AO), g - signal-to-noise ratio in the
information processing channel, Py - the relative
capacity of the aircraft responder, which is characteristic
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of identification systems, Fg; = f(zq;) - probability of
false alarm.

The relative bandwidth of the IFF aircraft response
systems can be written as

Po = f41, 42, 20,1 k; ), ©)

where 4, - the intensity of the flow of request signals,

which includes the flow of the considered requester, the
flow of neighboring interrogators (intra-system
interference) and the flow of correlated interference of
the interested party; A,- the intensity of the flow of

request signals that cause the operation of the circuit
suppression of the side lobes; Aq- the intensity of

chaotic impulse interference in the request channel;
t, —the time of paralysis of the aircraft responder when

servicing the request signal; k, — the maximum load

coefficient of the aircraft responder.

Due to the synchronicity of the primary radar
systems and identification systems, it is possible to
replace the processing at the level of detection and
measurement of AO coordinates with a centralized
one.

In this case, the structure of information
processing must have in each channel a detector of
individual signals, from the output of which is removed
a sequence of random zeros and ones. The optimal
detection threshold of these signals is selected according
to the selected criterion.

Thus, the signal is detected by the required quality
indicators, i.e. Fgj, Dg;.

Thus, when forming a decision on the detection of
an air object from the output of the coordinate meter of
the primary radar systems and identification systems, an

estimate of the coordinate measurement vector «a is
issued, which is characterized by a correlation matrix of

measurement accuracy C L.
In the information processing device, measurement

estimates based on measurement vectors &p and a

correlation matrix of measurement accuracy Cgl of

each information system are combined, as a result of
which the outgoing measurement vector and the
correlation matrix of accuracy are calculated. In the

future, the outgoing measurement vector oc:p and the

correlation accuracy matrix (751 are provided to the

users.

The algorithm for combining information in the
processing device is built, as a rule, so that the single
marks of the channels of a compatible radar system are
combined, if the azimuth angle between the centers of
the packets does not exceed AS, and the difference in

their distances is Ar.

In this case, given that the deviations of the packet
centers in the primary and secondary radars are
independent and subject to normal distribution, the

probability of combining information packets can be
determined from the following ratio

Poor = %[nq:(m/(ﬁmmx
X[HCD(N/(\/Emm’

where o g,0 g2,0¢1,0¢7 - root mean square deviations

of azimuths (ranges) of primary radar packet centers and
identification system.

3. Analysis of information support structure for
information processing of surveillance radar
systems. We estimate the probability of information
support of consumers of the airspace control system for
the considered model of combination of information of
primary radar systems and identification systems as a
function

Por = (k. 0, Po),
where k=0qp,/d;, g, — signal-to-noise ratio in the
channel of the identification system, ¢, — signal-to-

noise ratio in the channel of primary radar systems,
taking into account both the detection and measurement
of AO coordinates.

Detection of the air object and measurement of its
coordinates will be carried out on the basis of the
analysis of all pack of the received signal data of
primary radar systems and identification systems. The
digital detection threshold of the air object was equal to
half the packet of received signals. The results of the
calculation are shown in Fig. 1, 2. Calculations are
obtained with the probability of false alarm detection of

an air object that is F=10"3. In this case, the
continuous curve corresponds to the probability of
information support for the existing model and method
of combining information.

Other dependences are obtained for the proposed
variant of combining information for different
coefficients of readiness of the aircraft responder and
signal-to-noise ratios in the information processing
channels of primary radar systems and identification
systems.

. Py |
1 e —
k=0.6 o
I3
03 .-./ ‘II
Py=1 .,’ r| Po=0.8

o

0.6 Sy
Ps=0.2 ., ;

3 14 23 32 41 3

Fig. 1. Dependence R¢ = f (k =0.6,0,R))

The calculations of the probability of information
support of decision makers in the airspace use control
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system presented in Fig. 1 show that for the signal-to-
noise ratio of the primary radar and identification
systems which is 0.6 while q=2.3 the probability of

information support for the existing model is only 0,05.
At that time, for the proposed model, the

probability of information support is 0.8 for Py =0,8;
0,88 for Py =0,9 and 0,92 for Py =1

Ping

| k=0.8

5 14 23 32 41 5

Fig. 2. Dependence Py = f (k =0.8,0,P)

The calculations of the probability of information
support of decision makers in the airspace use control
system presented in Fig. 2 show that the signal / noise
ratio of the primary radar and identification systems is
0.8, while gq=2.3 the probability of information

support for the existing model is only 0.45.

At that time, for the proposed model, the
probability of information support is also 0.8 for
Py, =0,8;0,88 for Py =0,9 and 0,92 for Py =1.

Conclusions

It is proved that changing the model of combining
information of primary radar systems and identification
systems which takes into account the estimated
coordinates of the air object by the identification system
due to the weight combination of coordinates of air
objects calculated on the information of both primary
radar systems and identification systems allows to
improve quality.

Information services for decision-makers in the
airspace use control system.

These calculations allow us to draw the following
conclusions:

- the use of the proposed data processing of
airspace surveillance systems, taking into account
the possibility of using the equivalence of the fact of
detection of an air object by the primary radar
system and identification system is more appropriate
than the existing model of information support of
airspace use control system. information issued to
the consumer;

- with the distributed processing of information of
airspace surveillance systems decreases the impact of
the coefficient of readiness of the aircraft respondent
identification system quality of customer service.
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Ouinka sikocTi iHopmaniiiHoro 3aée3neyeHHs paaiookauiiHUMI cUCTeMaMu
criocTepe;KeHHs1 NOBITPSHOIO MPOCTOPY

B. A. Augpycesny, 1. 1. O6on

AHoTanmisi. Y poOOTi NpHUIIEHO yBary po3risiay CTPYKTYpH iH(popMamiifHOTO 3a0e3ledeHHs KOPUCTYBadiB
CHUCTEMH KOHTPOJIO IOBITPSHOTO IPOCTOPY Ha eTami NnepBHHHOI 0OpoOku iHpopmanii CyMimIeHOIO pamiooKaniiHOI0
cuctemoro. Ll cucrema BKiIOYae MEpBUHHY Ta iNeHTH(IKaiifHy CHCTEMH CHOCTEpPEXKEHHs, IO JO3BOJSIE PO3TIAATH
3arajbHy CTPYKTYPY, SIK €IUHY CHHXPOHHY Mepexy iH(QOpMaliHHHX CHUCTEM CIIOCTEepeXeHHs. Taka CTpyKTypa MoOXe
XapaKTepHU3yBaTHCS 3arajJbHUM IHTErPalbHUM IMOKa3HHUKOM SIKOCTi iH(OpMamiifHOTO 3a0e3MedeHHs CHCTEMH KOHTPOIIO
MOBITPSHOTO MpOocTOpy. TakuM MOKa3HUKOM SIKOCTI MoOKe OyTH IMOBipHICTH iH(GOpMaLiifHOTO 3a0e3MedYeHHs, AKa €
n0OyTKOM 1MOBIpHOCTEH MpPaBHJIBHOTO BHUSABIEHHS IOBITPSHOTO O0’€KTYy NEPBHHHUM pPaaioJOKaTOPOM 1 CHCTEMOIO
imeHTHQIKamii 3a O3HAKOI «CBiH-4yXui» Ta IMOBIPHOCTI TOpPIBHAHHA KOOPAMHATHOI iH(opMamii MTepBUHHUX
paniosioKamiifHUX CUCTeM i imeHTHdiKamiiHux cucteM. Takuil miaAXia JO3BOJIAE€ 3MIHHUTH MOJC]b MOEAHAHHS iHQOpMaIii
MEPBUHHUX PAJiONOKAIIHHAX CHCTEM Ta IiACHTH(IKAMIHHUX CHCTEM Tak, MO00 BPaxOBYBaTH OIIHCHI KOOPJAMHATH
MOBITpsiHOrO 00'ekTa oOoMa iHPOpPMALIMHUMH CHCTEMaMM 3a PaxyHOK BaroBOT'O INOETHAHHS KOOPAMHAT IMOBITPSHUX
00'exTiB. P0O3paxyHOK KOOpAMHAT MOBITPSHMX 00'€KTiB 3a iHpOpPMaLicl0 NEepBUHHHUX pPAJiONOKAliHUX CHCTEM Ta
iIeHTUIKAMITHIX CUCTEM J03BOJISE€ MIABUIINTH AKICTh iHPOpMalmiiiHOro 3abe3nedeHHs oci0, SKi MPUIMAIOTh pilIeHHS B
CHCTEMi KOHTPOJO BUKOPUCTAHHS MOBITPSIHOTO MPOCTOPY.

KnaouoBi cioBa: cucTtemMa KOHTPONIO MHOBITPSHOTO TPOCTOPY; IEPBHHHI Ta BTOPHHHI paioioOKaliifHI CHCTEMH
CIIOCTEPEIKEHHSI; OLiHKA SKOCTI iHpOpMaLiHHOro 3a0e3neYeHHs; IHTerpalbHUI MTOKa3HUK SIKOCTI 00poOkH iHdopMmarii; kpurepiit
Heiimana-Ilipcona.

OneHka kayecTBa HH(YOPMALMOHHOI0 00ecIeYeHHsI PAJU0JI0KALIMOHHBIMU CHCTEMaMH
Ha0/II0eHHs BO3IYIHOI0 MPOCTPAHCTBA

B. A. Anapycesuy, U. 1. O6ox

AHHoOoTanusi. B pabore yaeneHo BHHMaHHE pPACCMOTPEHHUIO CTPYKTYPbl HH(OPMAIMOHHOrO oOOecHedeHHs
HOJIb30BaTEe CHCTEMBl KOHTPOJISI BO3AYLIHOTO MPOCTPAHCTBA Ha JTane IepBUYHON 00paboTku uHpOpManuu
COBMEILICHHOI paJiMOJIOKAIIMOHHON CcHCTEeMOH. DTa CHUCTeMa BKJIIOYACT IMEPBUYHYIO M HICHTU(GUKAMOHHYIO CHCTEMBI
HaOJI0/ICHNs], IO3BOJISIET PacCMaTpPUBATh OOIIYI0 CTPYKTYDPY, KaK €IMHYI0O CHHXPOHHYIO CeTh HH(POPMALMOHHBIX CHCTEM
HabmioneHnsi. Takas CTPYKTypa MOXET XapaKTepH30BaThCS OOMMM HHTETpPaJbHBIM [OKa3aTeleM KadecTBa
HHPOPMAIMOHHOTO 00eCHeueHHs] CHCTEMBI KOHTPOJIS BO3IyINIHOTO NPOCTPAHCTBA. TakMM MOKa3aTeleM KadecTBa MOXKET
OBITH BEPOSTHOCTh HH()OPMAIOHHOTO OOeCHedeHHs, KOTopas SBISIETCS MPOU3BEICHHEM BEPOSTHOCTEH NPaBHILHOTO
0oOHapyXeHHUsI BO3JYIIHOTO O00BEKTa MEPBHYHBIM PATHOIOKATOPOM M CHCTEMOH HACHTH(UKAIUH IO TPHU3HAKY «CBOH-
4y)X0i» M BEPOSTHOCTH CpPaBHEHHsS KOOPAMHATHON HWHPOpPMAlUU MNEPBUYHBIX PaAMOJIOKAIMOHHBIX CHCTEM U
UICHTU(QHUKAIMOHHBIX cHcTeM. Takoil MoAXoA TMO3BONSET HM3MEHHUTh MOJENb OObeAMHEHUs HHPOPMALUU MEPBUYHBIX
PaAMONIOKAIIMOHHBIX CHCTEM U HICHTH(UKAIMOHHBIX CHUCTEM TaK, YTOOBl YYHMTHIBATh OLCHKM KOOPIWHAT BO3AYLIHOTO
00bekTa 00eMMH HHPOPMALMOHHBIMU CUCTEMaMH 33 CYET BECOBOTO COYETAaHME KOOPJIMHAT BO3JIYLIHBIX 00beKkTOB. Pacuer
KOOpAHMHAT BO3AYIIHBIX OOBEKTOB 10 MH(OPMAIUHM INEPBUYHBIX PAAMOJIOKAIIMOHHBIX CHCTEM U HACHTH()UKAIMOHHBIX
CHUCTEM I03BOJSIET IOBBICHUTH KadyeCTBO WH(YOPMALMOHHOTO OOECIEeUeHHs JHI[, NPUHUMAIOIIUX DENICHHS B CHCTEME
KOHTPOJIS UCIOJIb30BAHUS BO3AYIIHOIO IPOCTPAHCTBA.

KiroueBble c10Ba: cucreMa KOHTPOJS BO3IYIIHOTO MPOCTPAHCTBA; MEPBUYHBIE U BTOPUYHBIE PaJHOJIOKAIIMOHHBIE
CHCTEMB! HAOJIOJEHUS; OLEHKA KadecTBa MH(POPMAIHMOHHOTO OOECICUECHUs; MHTETPAIBHBIA ITOKa3aTelb KadecTBa 0O0pabOTKH
nupopmarmy; kpurepuit Hetimana-ITupcona.
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STRUCTURAL OPTIMIZATION
IN A MULTI-CHANNEL DISTRIBUTED MASS SERVICE SYSTEM

Abstract. Problem of structural optimization in a distributed service system is solved by the example of system
"Production - delivery - consumption" for mass market product. In this regard, the purpose of work is to develop a method
for structural optimization of "Production - delivery - mass consumption" system, by introducing and rational placement of
intermediate production points based on solving clustering problems with taking into account the peculiarities of
calculating distances between city objects. To achieve the goal of the work, it is necessary to solve the following tasks:
clustering of city objects, using the metric of city blocks, for a given number of groups for selected location of production
and grouping centers; finding the best location for a given number of clustering centers; determination of a rational number
of clustering centers. Task was solved in three stages. First stage - clustering a set of consumption objects for given
intermediate delivery centers locations. The second stage - finding the best locations for a given number of intermediate
delivery centers. The third stage - determination of the rational number of intermediate centers. Formulated problem is
solved according to two criteria: combined length of delivery routes product consumers and the probability that a random
delivery time exceeds the critical value. The numerical value of the second criterion is calculated on the assumption that for
each path may be estimated value of the mean and variance delivery time. The appropriate number of production centers is
determined by a simple comparison of system efficiency for several realistically possible options. An example of clustering

problem solving in the metric of "city blocks" on a directed graph by both criteria is given.
Keywords: distributed system "production - delivery - consumption”; clustering; directed graph; shortest path.

Introduction

Consider one of the many, important in practical
sense, management tasks, come up in system
"production - delivery - consumption". Let the city has
| production centers of some consumer product. This
product must be delivered to n its consumers. The
natural desire to make this system as efficient as
possible leads to the expediency of dividing the entire
set of objects into groups, each of them can be serviced
by the "nearest" production center.

This problem is solved by the methods of cluster
analysis [1-4].

Cluster analysis is one of the central positions
among data analysis techniques and is a set of methods
and algorithms, designed to find some partition of the
studied set of objects into subsets similar objects. In this
case, the following requirements are usually imposed on
the clustering results:

—each cluster must contain objects with similar
values of properties or attributes;

— the set of all clusters must be exhaustive, that is,
contain all objects of the studied population;

—none of the objects should belong to different
clusters at the same time.

The position of each object is specified, in the
simplest particular case, a point in a two-dimensional

Cartesian coordinate system by vector X' =(x,X;).

Distance between a pair of points ¥ and X, measured,
for example, in the Euclidean metric

R(X1:X2)=\/(X11—X21)2+(X12—X22)2 @

In practice, other measures of points proximity are
also used in [5, 6]:

— metric of "city blocks"

R(%1,Xp ) = X1 = Xo1| +[¥12 — X2, 2
— metric P.L. Chebyshev
R(X1, %) = max{|x; - Xp1|+ %2 = Xp2|},  (3)

— Minkowski metric

R(lexz):((xll—xzﬂp+(X12—X22 (4)

Metric (4) in special case when p=q, is
converted to metric (2). But if p=2, then the

Euclidean metric will be obtained (1). Solving a specific
clustering problem for each of points to be grouped
using one of the formulas (1) — (4), found distance to the
grouping centers is calculated and selected closest of
them.

Returning to formulated task of structural
organization in system “production - delivery -
consumption”, it should be noted that this task has a
fundamental feature that distinguishes it from standard,
traditional grouping tasks.

Difference lies in the method of distance
calculating between grouping objects, and the distance
for any two points of the city can not be correctly
calculated in any of metrics shown above. It is
determined by total length of the route, consisting from
relevant sections of urban highways.

In this regard, the purpose of work is to develop a
method for structural optimization of "Production -
delivery - mass consumption” system, by introducing
and rational placement of intermediate production
points based on solving clustering problems with taking
into account the peculiarities of calculating distances
between city objects.

)p)l/q.
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Formulation of the problem.

To achieve the goal of the work, it is necessary to
solve the following tasks:

— clustering of city objects, using the metric of city
blocks, for a given number of groups for selected
location of production and grouping centers;

—finding the best location for a given number of
clustering centers;

— determination of a rational number of clustering
centers.

Main results

Let's start by solving the first task from the list. An
adequate mathematical model of this problem can be
obtained using the graph, containing a set of vertices
and arcs connecting these vertices. Moreover, for an arc
connecting directly a pair of vertices i and j, its length

is indicated by r;;, the totality of which all the arcs of

the graph shows the matrix rRY = (rij ) In solving the

clustering problem of vertices there is a need to
calculate the distance between any pair of vertices. To
calculate these distances, it is natural to use algorithm
Floyd - Warshall [7], the essence of which is as follows.
If the transition from the top i to the top j possible
through one of the many intermediate vertices
ke{L2,..,1}, then shortest route from i to ]

determined by relation

. li1+Ri, o +hi,..,
fj = min ! I ! . 5)
k f'ik+rkj,,...,,|'ie+rej
Let introduce a matrix generalization of relation (5):
R - rW eRr® (6)

where the operation ®
formula (5), i.e

implements calculation by

SCTRUIC I

r-(-z) =min
O

] K

@)
Tk
The matrix R(z):(riEZ)) defines the set of

shortest two-step paths between the graph vertices.
Further, to find the matrix of shortest three-step paths,
we use a matrix relation similar to (6)

R = rW @R (®)
where
g ]
k rik(l)+rkj(2),..., rie(l)"'rej(z)

Note that relation (9) essentially embodies the
well-known principle of dynamic programming [8],
according to which the optimal multistep control is
determined by the best choice of options set: { initial
step + optimal continuation of state, occurring after the
initial step }.

Consider an example of introduced relations using
to solve the following simple clustering problem. Let
the locations of two certain production centers, of a
product, and nine centers of its consumption be
determined in the city, as well as the highways of the
city along with their intersections (Fig. 1).

Fig. 1. Transport network configuration
(2 suppliers, 9 consumers)

The collection of all these points defines a graph
with 20 vertices along with a set of arcs, connecting
some of them. The lengths of these arcs are defined by
the matrix (Tabl. 1). In this matrix the symbol M,
located in i -th line and j -th column, corresponds to a

situation where points i and j are not interconnected
directly.

Table 1 — Matrix of distances between transport network points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 M M M M 15 15 M M M M M M M M M M M M M
2 M O M M M M 14 16 M M M M M M M M M M M M
3 M M O 36 M 38 M M M M M 08 M 24 M M M M M M
4 M M 42 0 23 M 41 M M M M 28 09 M M M M M M M
5 M M M 23 0 M M 51 M M M M 16 M 44 M M M M M
6 M M 37 M M O0 31 M 49 M M M M 14 M 32 M M M M
7 15 14 M 41 M 31 O 30 M 42 M M M M M M M M M M
8 M 16 M M 51 M 30 O M M 33 M M M 09 M M 13 M M

©
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End of Table 1

9 M M M M M 49 M M 0 43 M M M M M 17 14 M 29 M
0 /M M M M M M 42 M 43 0 51 M M M M M 30 M 12 14
1 M M M M M M M 33 M 51 0 M M M M M M 20 M 34
2 M M 08 28 M M M M M M M 0 M M M M M M M M
3 /M M M 09 09 16 M M M M M M 0 M 33 M M M M M
4 M M 24 M 14 M M M M M M M M 0 M M M M M M
5 M M M M 44 M M 09 M M M M 33 M 0 M M M M M
66 M M M M M 32 M M 17 M M M M M M 0 M M M M
7 M M M M M M M M 14 27 M M M M M M 0 M 17 38
8 M M M M M M M 13 M M 20 M M M M M M 0 M M
9 M M M M M M 14 M M 12 M M M M M M 17 M 0 M
20 M M M M M M M M M 14 34 M M M M M M M M 0
We calculate the matrix of two-step shortest paths r(2) _ r(2) _ r(2) — M _since there are no
between points using (7). We have: 117 — 118 — 118 —
) O .0 0. corresponding two-step paths;
S’ =minine’ +rs, 65+ =
12 {16 62 17 T2 } ) _ mindr® O @) @] 2
fy  =mMining + 1), g +1g7 1=
=min{15+M, 1.5+1.4} =2.9;
= min{1.4+1.5, 1.6+ M}= 2.9;
2) _ il ® O @), )] 2
3" =MiMNe +lg3s 7 +1737 (= (2)
Ry =M
=min{l1.5+3.8, 1.5+M}=5.3;
{ } 0D e D D)
(2) . (1) (1) (1) (1) 24 27 74 0 '28 84
N4 :m'n{rle Ftleq» 7 Ty }: .
=min{l.4+4.1, 1.6+M} =55;
=min{l5+M, 1.5+4.11 =56;
{ } ) _in [ @) ()] 2
) g’ =MiNir7 + g, g+
rl(s) =M, since there is no two-step path between
points 1 and 5 =min{1.4+M, 1.6+5.3} =6.9;
2 1 2 1 . 2 . (@ 1) (1 1)) _
rl(ﬁ) = rl(e) =15, r1(7) = r1(7) =15; r2(6) = mln{r2(7) +r7(6), r2(8) +r8(6) }—
2 =mi”{r1(é)+fe%)v e 4 ) }: —min{1.4+30, 1.6+ M} =4.4;
—min{l5+M, 15+30} =45 r2(72)=r(l)=1.4, 2o 16, dd=m;
2 (@ 0 1 @ (1)
rl(g) :m'”{rl(s)”ég)’ r1(7)+r7(9) }: { ”710’ r28 +ig, o}
=min{l5+4.9, 15+M} =6.4; mln{14+42 16+M}=5.6;
. (1)
—min{L5+M, 15+4.2} = —m'”{14+'\" 16+33}=49;

@ _,0_

11 =12 =13 =M, since there are no

corresponding two-step paths;

rl(ﬁ =min {rl(é) + ré?

4

(2)

s =M

rl(’lzG) = min{rl(é) + ré&, r1(71) + r7(’11)6 } =

=min {l.5+3.2, 15+M}=47;

CROAR

=min {1.5+1.4, 1.5+M } =29;

(2)

2 _(2) _ i
12 =113 =T34 =M, since there are no
corresponding two-step paths;

O, 0 0,0

(2) _ -
15 =MINE L +17 15, g +1g15 (=

=min{l.4+M, 1.6+0.9} =2.5;

=l -m
rz(’zlzg\ =min {rz(%) + r7(’11)8, rz%) + rs(,ll)s }:

=min{l.4+M, 1.6+1.3} =2.9;
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(2) _ (2 . Continuing similarly for the remaining possible

)
5 =TIy 59 = M, since there are no
219 = 12,20 ' _— .
. paths, we fill in the matrix R (Table 2).
corresponding two-step paths.

Table 2 — Matrix of the lengths for shortest two-step paths

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 29 53 56 61 15 15 45 64 57 M M M 29 M 47 M M M M
2 29 0 M 55 69 44 14 16 M 56 49 M M M 25 M M 29 M M
3 53 M 0 36 67 38 68 M 87 M M 08 45 24 M 70 M M M M
4 56 55 36 0 25 80 41 78 M 83 M 28 09 60 69 M M M M M
5 61 69 67 25 0 M 66 53 M M 86 53 16 M 44 M M 66 M M
6 15 44 38 80 M O 30 60 49 72 M 46 M 14 M 32 63 M 80 M
7 15 14 68 41 66 30 O 30 79 42 63 69 50 44 39 62 71 43 54 56
8 45 16 M 79 53 60 30 O M 72 33. M 69 M 09 M M 13 M 67
9 64 M 87 M M 49 79 M O 43 91 M M 63 M 17 14 M 31 57
10 |57 56 M 83 M 72 42 72 43 0 48 M M M M 60 29 68 12 14
11 M 49 M M 86 M 63 33 91 48 0 M M M 42 M 77 20 60 34
12 M M 08 28 53 46 69 M M M M O 37 32 M M M M M M
13 M M 45 09 16 M 50 69 M M M 37 0 M 60 M M M M M
14 29 M 24 60 M 14 44 M 63 M M 32 M O M 46 M M M M
15 M 25 M 69 44 M 39 09 M M 42 M 60 M O M M 22 M M
6 47 M 70 M M 32 60 M 17 60 M M M 46 M O 31 M 48 M
7 M M M M M 63 71 M 14 29 77 M M M M 31 0 M 17 43
8 M 29 M M 66 M 43 13 M 68 20 M M M 22 M M O M 54
9 M M M M M 80 54 M 31 12 60 M M M M 48 17 M 0 2,6
20 M M M M M M 56 67 57 14 34 M M M M M 43 54 26 O

From the resulting matrix analysis it follows, that
using of shortest two-step paths from production points
(Nel and Ne2) most consumption points (12-20) is
unattainable.

Continuing of procedure, we calculate three-step

=min{1.5+M, 1.5+6.3} =78,

() = min{eld) + 2 (@ p2) 1o
113 13* 17t

=min{1.5+M, 1.5+5.0{ =65,

:mln{l 5+M, 1.5+4.3}=5
@, (2

min

{
. 5 min r ) r@) (@ 2) Lo
matrix paths using the formula (9). 615’ 17157715
We get: :mln{15+M 15+3.9}=5
() _.(2 (3 _ ()
" =Ny hy =h3", 2
r116 = m'”{rls + r616' r17) + r7(123 }
(B3 (2 B) _(2)
14" =hg s N5" =hg"s =min{1.5+32, 1.5+6.2} =4
() _.(2) 3)_.()
e =he + 7 =y r117 _mm{rlﬁ ”617’ r17)+r7(i)7}
3 2 3 2 3 2
'&(s) = rl(S)' r1(9) = rl(9)' rl(,l()) = rl(,l(g' =min{1.5+6.3, 1.5+7.1} =78,
2
r111 = {r16 ”611’ r17)+r7(1)1} n{r +r618’ r17) fﬁ% }:

@) (2)}

r111 =mining ”611’ 7 +711

ey
=min{1.5+M, 1.5+6.3} =78,
2
%z n{r ”612’ r17)+r7(1)2}

=min{1.5+4.6, 15+6.9}=6.1,

719}

=min{1.5+8.0, 1.5+5.4} =6.9,
@, 2

r120 —mm{r ”620’ 7 +r720}

=min{l.5+M, 15+56} 7.1.

r ”619’ 7
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Continuing in the same way, we get:

@, (2)
r212 —m'”{rﬂ ”712’ g +1312

=min{1.4+6.9, 1.6+M} =83,

n{r ”713’ rzs) é%}
:mln{14+50 1.6+6.9} =

e

14—m|n{r ”14* r28+814}
—min{l.4+4.4, 16+M}=58,

n{r el r)+r(2)}
27 715’ 28 Tlg15

=min{1.4+39, 1.6+0.9}=25,

n{r ”716' rzs) ”s(igs }
{

=min{1.4+6.2, 1.6+M} =76,

@, (2
”717' g +1517

=min{l.4+7.1, 1.6+M}=85,

~=min I"

(3 2

1)8 n{r27 ”718' r28)+r8(1&)3}
=min{l.4+43, 16+13}=29,

(3

1)9 n{r ”719' rzs) 8(%}
=min{l.4+54, 1.6+M}=6.8,

r2 20° _mln{r27 ”7 20’ rzs thg 20}
=min{1.4+56, 1.6+6.7}=7

Performed calculations show us that for each of
consumption points there is exists and is found the
shortest three-step route from each of production
centers.

The respective paths lengths are calculated,
summarized in Table 3 and can be used for comparison
for clustering purposes.

Table 3 — Lengths of the shortest routes from production
centers to consumption points

Production Consumption points
centers
12 (13 (14 |15|16 |17 |18 |19 | 20
61|65(29(54(47|78|58(69|7,1
2 83|64(58(25(76|85|29(6,8|7,0

Distances comparison from production centers (1
and 2) to delivery points (12 - 20) makes it possible to
form clusters as follows:

Cluster 1: points 12, 14, 16, 17,

Cluster 2: points 13, 15, 18, 19, 20.

Solution obtained.

In delivery system of perishable products (or
products of immediate use), another criterion is more
important than distance to the delivery points - delivery
time. The values calculation of this parameter must be
carried out taking uncertainty into account, arising due
to differences in some section’s throughput of
highways, dynamics of the flow density for transport
units, road surface quality, depending on weather
conditions, time of day, etc. In suppose that according to
results of preliminary processing of the corresponding
data for all transport network sections, shown in Fig. 1,
average values of the duration in overcoming these
sections and their variance have been determined. Then,
using this data for any route, the probability that random
duration of the delivery time will exceed a critical value
can be calculated. Moreover, if for some specific route,
the average time to overcome it is m, and the variance

is —02, then, assuming a normal distribution of this
time, probability of exceeding the critical value is
calculated by formula
(T-m)*
——dT .

e 2
= lkp Tk_p G ZGZ

Calculation results are summarized in Table 4.

Table 4 — Probabilities of critical value exceeding
by the random delivery time

Production

Consumption points
centers

12 113 |14 | 15|16 |17 | 18 | 19 | 20
0,45|0,41|0,16(0,47|0,43/0,61(0,44|0,47(0,51
2 0,72|0,54|0,51(0,13|0,68{0,79(0,19|0,59(0,68

Data comparison presented in table 4 leads to the
following clustering of consumption points:

Cluster 1: points 12, 13, 14, 16, 17, 19, 20,

Cluster 2: points 15, 18.

Thus, the result of clustering by the time criterion
is radically different from the previous one, obtained
taking into account only the distances between the
centers of production and points of consumption.

The considered clustering problem becomes more
complicated if the proximity measures of objects are
determined indistinctly [9-12]. Application methods of
fuzzy mathematics in this case, is absolutely justified,
since practical tasks, similar to the above, are solved in
a situation where actual available initial data is
insufficient to obtain a correct theoretical and
probabilistic description of them. Methods of the fuzzy
mathematics theory are less demanding and are better
suited for constructing adequate mathematical models in
a small sample of these data, since they do not need to
correctly reconstruct the unknown distribution density
of the corresponding random variables. Consider a
possible approach to clustering problem solving in
terms of fuzzy mathematics. We will assume that the
duration measures of overcoming network sections are
determined by fuzzy numbers (L-R) type with their own
membership functions. Consider the technology for
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fuzzy value calculating of the integral metric for a
fragment of a route composed from two consecutive
sections. We introduce two corresponding fuzzy
numbers 11 2 @(L-R) type, that determine performance
of these two sections in the network:

ny =(my,ay,B1), o = (M, a,B2)- (7

Here: mi, my — modal values of the numbers F1
and F2, aq,0, —left fuzziness coefficients values of the

membership functions in numbers F1 and F2 ; B;,B, -

right fuzziness coefficients values of the membership
functions in numbers F1 and F2.

To calculate integral metric that determines the
level of preference for a network fragment, consisting of
given two sections, it is necessary to define the rules for
performing the following operations on fuzzy numbers
(L-R) type: addition, multiplication, selection of the
minimum value, division. We define these rules by
formulas justified in [13]:

— addition:

(m, o, B) = (my, 0, By ) +(Ma, 02,2,

M=y +Mp; o= oy +0tp; B =Py +PB2; ©
— multiplication
(m,a,B) = (my, 0, Br)- (M2, c2,B2),
Mm=my -My; o =MoLy +Myoy —040ls; 9
B =mBy +myPy +B1Bo;
— division

(m, o, B) = (my, o, By )1 (Mg, ct,B2),

mo M. Mooy +MiPy o Moy + Moy . (10)

my' my(my+By) T my(my—ay)’
— selection of the minimum value
(m, o, B) = min{(my, aq, By ), (M, a2, B2 )}

A natural and easily interpreted rule for choosing
the lesser of two numbers is formulated as follows: if
the difference between these two numbers is positive,
then the subtracted is the smaller; if the difference
between these numbers is negative, the minuend is
smaller..

Define a rule perform the subtraction operation:

(m, o B) =(my,ag,B)—(my, a2, B2),

m=my —my;a =0y +P;p=Py+ay.

Thus, the problem of determining the smaller of

two fuzzy numbers is reduced to analyzing subtraction

result. In accordance with this, a simple and

understandable rule for comparing two fuzzy numbers is
formulated as follows.

For numbers being compared n; u n, calculate

values of the left (by,by) and right (c;,cp) their
carriers borders:

by =my—oy, ¢ =my+y,
by =my —aip, Cp =My +By.

(11)

Now comparing rule is formulated as follows:
a) if min{(b, —by), (¢, —¢,)}>0,then F > F,,

b) if max{(b, —b,), (c;—Cy)}<0,then F < F,,

c) if min{(b —by), (¢, —¢,)} <0 and
Imin{ (b, —b,), (¢, — )} > max{(b, —by), (&, —¢5)},
then F < F,,

d) ifmin{(b, —b,), (¢, —¢»)}<0 and

Imin{(by —by), (¢, —¢2)} < max{(by —by), (c; —¢2)},
then F > F,.

The above ratios provide a calculation by the
formula (7) values of fuzzy measures of the distance for
each point to the clusters centers. These values are used
when performing clustering procedure.

Problem of clustering is even more problematic if
the initial data are specified inaccurately in the sense of
Pavlak. [14-16]. Real way to solve problem in this case
is to use the method of constructing fuzzy models for
objects that are determined inaccurately [17].

Method for solving the second problem for a given
number | clusters uses an iterative procedure consisting
of preliminary and subsequent stages. At the
preliminary stage, the initial location of grouping
centers is found. To do this, a Cartesian coordinate
system is applied to the city map so that the abscissa of
the leftmost of the grouping objects and the ordinate of
the lowest of the objects are equal to zero. Then a
rectangle is constructed, the lower left vertex of which
is placed at the origin. (0,0), and the upper right vertex
is chosen so that all the objects of the city lie within this
rectangle, and he had a minimum area. Now we find the
center of the rectangle at the intersection of its
diagonals, from which we draw | rays with an angle

o =360°/I between them. Then we find point of rays

intersection with the rectangular sides and segments
midpoints formed in this case. The resulting points are
used to determine the initial grouping centers by finding
the nearest point on the nearest highway. Each of the
subsequent iterations consists of two steps. At the first
step, according to the method described above,
clustering problem is solved. According to results of
this task is calculated clustering quality criterion, equal
to sum of the distances from grouping objects to
corresponding grouping centers.
Let be:

(Xko.Yko) — grouping center coordinates K -th
cluster, K=1,2,..,1,
(Xks.Yks ) —coordinates S -th object from K -th

cluster.
Then

k=2, \/(XKO—XKS)2+(YK0—YK5)2 —(12)
SeNgk

sum of distances from grouping center K -th cluster to
objects of this cluster, S e Ny,
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Nk - many numbers of objects that fall into the K -th
cluster;

I

n= ng - (13)
K=1

sum of all routes lengths, which were obtained as a

result of clustering.

It is clear that criterion (13) value is lower, the
higher quality of clustering. In the second step, the
grouping results are used to correct the positions of the
grouping centers. To do this, within each cluster, it is
necessary to find a point, the sum of distances from
which to the objects of this cluster is minimal. This task
can be solved as follows. From center of the cluster will
hold K myueii rays (for example K =4) with an angle

between them f =360° / K . Then, for each of objects in

each of resulting sectors, we find the shortest distance to
grouping center (by formula (7), we sum them up and
among the resulting sums we find the greatest. Correction
of cluster grouping center position consists in its
movement along bisector of the sector with greatest sum
of distances to intersection with nearest highway. New
positions of the grouping centers obtained in this case are
used at the first step of next iteration. Effectiveness of this
clustering is estimated by formulas (12), (13). The
procedure continues if new value of criterion (13) is
better than the previous one. As a result of solving this
problem, the best position of clustering centers for a
given number of clusters will be obtained.

Finally, let's move on to the third task. Simplest for
implementation and a reliable way to solve it is to solve
the complex of first and second problems sequentially,
first for two clusters, then for three, etc. Comparison of
criterion calculated values (13) for these options
provides choice of the best.

Conclusions

1. Problem of structural optimization in the
distributed system  “production - delivery -
consumption" is considered and solved. The problem is
solved in three stages.

2. At the first stage, problem of distributing a set
of consumers into clusters was solved. Optimization
criterion - is total length of delivery routes in the city
blocks metric. To solve the problem, proposed method
that implements the technology of dynamic
programming.

The method is generalized for case when the initial
data is not clearly specified. An alternative approach to
solving problem of clustering according to criterion is
also considered - minimum probability that the delivery
time will exceed a given threshold value.

3. At the second stage, problem of rational location
finding a for a given number of production points was
solved. To solve that problem, a procedure for
sequential improvement of initial plan is implemented.

The appropriate number of production centers is
determined by a simple comparison of system efficiency
for several realistically possible options.
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CTpyKTypHa onTHMi3anis y 6araTrokaHajbHiil po3noaineniii cucremi MacoBoro 00cJ1yropyBaHHs
JI. T'. Packig, O. B. Cipa, 1O. JI. [Tapdentok, JI. B. Cyxommun

AHoTanisi. 3agaya CTpyKTypHOI ONTUMI3allii B PO3MOAUICHIN CHCTEMi 00CIIyroBYBaHHs BUpIIIEHA Ha MPUKIIAJi CUCTEMH
«BUPOOHHMIITBO - JIOCTaBKa - CHOXKMBAHHS» MPOJYKTY MacOBOTO MOMMTY. Y 3B'A3KYy 3 UM METOI0 POOOTH € po3poOKa METOIUKH
CTPYKTYpHOI onTuMi3amii cucreMu « BUpOOHHUIITBO - JOCTaBKa - MACOBE CHOKUBAHH» IIUIIXOM BIPOBAKEHHS 1 PalliOHAIBHOTO
PO3MILIEHHS NPOMDKHHX TOYOK BHPOOHMIITBA HAa OCHOBI DIMICHHSA 3ajad KiacTepus3amii 3 ypaxyBaHHAM OCOOIHMBOCTEH
PO3paxyHKy BiacTaHedl. MK MichbkuMH 00'ekTamu. IlocraHoBka 3anmadi. i AOCSTHEHHS METH POOOTH BHPIIICHI HACTYIIHI
3aBIaHHS: KJIACTEpH3allii MICHKHX OO'€KTIB MO METPHIll MICBKMX KBapTaldiB MO 3aJaHid KUTBKOCTI TPym Juis OOpaHOro
po3TanryBaHHS BHPOOHMYMX i IPYMOBHUX LEHTPIB; MOUIYK HAWKPAIIOrO MICHs pO3TAallyBaHHsS IS 33JaHOI KiTBKOCTI LEHTPIB
KJIacTepu3anii; BU3HAYeHHsS ONTUMABHOI KiBKOCTI LEHTPIB KiacTepu3aumii. 3agaya BupilieHa B Tpu erand. [lepimii eram -
KJIacTepu3alliss MHOKHHH 00'€KTIB CIIOKMBaHHS I 33JJaHUX MICIIb PO3TAIIyBaHHS MPOMDKHHX LEHTPIB J0ocTaBKU. Jpyruii eram
- BINIIYKaHHS HaWKpalIMX MiCI[b PO3TALIYBaHHS 3a/1aHOi KUTBKOCTI MPOMDKHUX IIEHTPIB AOCTAaBKU. TpeTiil eram - BU3HAYCHHS
ONTUMAJIBHOI KUTBKOCTI pOMiXKHUX HeHTpiB. CPopMyapoBaHa 3a/ada BHPIIIYETHCSA 332 JBOMA KPUTEPISAMH: CyMapHa TOBXKHHA
MapuIpyTiB JOCTaBKH MPOJYKTY CIIOXKMBayaM; BipOTiAHICTH TOTO, HIO BHNAJKOBHMIl Yac JOCTaBKU IEPEBHIIUTH KPUTHYHE
3Ha4YeHHs. YuceabHe 3HAYEHHS IPYroro KPUTEPilo OOYHCIIOETHCS 32 MPUITYIIEHHSM, 110 IS KOKHOTO MapIIpyTy MOXYTh OYTH
OLIiHEeH] 3HAYEeHHsI CePeJHbOTO 3HAUSHHS 1 JucHepcii 4acy AocTaBKH. BimoBigHa KinbKiCTh BUPOOHUYNX LIEHTPIB BU3HAYAETHCS
MIPOCTHM TIOPIBHSHHAM €()EeKTHBHOCTI CHCTEMH I NEKiJIbKOX pealbHO MOXJIMBUX BapiaHTiB. HaBeneHo mpukian pimieHHs
3ajadi KIacTepH3allil B METPHIli «MICBKHX KBapTaJliB» Ha OpieHTOBaHOMY rpadi 3a 06oMa KpUTEpisiMH.

Kaw4doBi cioBa: posmoxineHa cucreMa «BHPOOHHITBO — JOCTaBKA - CIIOKMBAHHS»; KIACTepi3alis; Opi€HTOBaHUI
rpad; HAHKOPOTIIUI IISIX.

CTpyKTypHasi ONTHMHU3ANHsI B MHOTOKAHAJIBHOI pacnpeie/ieHHONH cCTeMe MacCOBOT0 00CTyKUBAHMSI
JI. T. Packum, O. B. Cepas, 1O. JI. [Tapdenrok, JI. B. Cyxommun

AHHOTanmus. 3afgada CTPYKTYPHOH ONTHUMHU3AIUH B PACIPEIENEeHHONH CHCTeMe OOCIY)KHBAaHHS pelleHa Ha IpuMepe
CHCTEMBI «IIPOM3BOJCTBO — JIOCTABKa - MOTPEOICHNE» IPOAYKTa MAacCOBOTO crpoca. B ¢Bs3M ¢ 3TUM 1enbio paboTHI SBISIETCS
pa3paboTKa METOIWKH CTPYKTYPHOH ONTHMH3AIMU CHCTeMbI «[IpoM3BOACTBO - JOCTaBKa - MaccoBOE MOTpeOICHHE» IIyTeM
BHEJIPCHUS ¥ PAIIMOHATIBHOTO Pa3MEIIeHHs TPOMEXYTOUHBIX TOYEK IIPOM3BOICTBA HA OCHOBE PEIICHHS 33a1a4 KJIACTEpU3aLUH C
y4eToOM OCOOEHHOCTEW pacueTra PacCTOSHMH. MEXAY ropoackumu oObekramu. [locTaHoBka 3amaud. st TOCTHIKEHHS LEIH
paboThI penieHsl CIeAyore 3a0a4un: KIacTepu3anusi TopoJICKUX 0OBEKTOB 10 METPHUKE TOPOJICKHX KBapTajoB IO 33JaHHOMY
KOJIMYECTBY TPYIN A BBIOPAHHOTO PACHOJIOKCHHS MPOU3BOACTBEHHBIX M TPYIIIOBBIX IEHTPOB; IMOUCK HAWIYYLIErO
MECTOIIOJIOKEHUS AJIs 33JaHHOTO KOJMYECTBA ILIEHTPOB KJIACTEPU3ALUHU; ONpelesieHHe PALUOHAIBHOIO KOJMYECTBA LEHTPOB
KJIacTepu3aluy. 3ajjaua peleHa B Tpu 3tana. [lepBblil aTan — KnacTepu3anns MHOKECTBA 00bEKTOB MOTPEOICHUS AT 3alaHHBIX
MECT PaCIOJIOKEHUSI HPOMEXYTOUHBIX IIEHTPOB IOCTaBKH. BTOpo#l STam — OTBICKaHWE HAWIYUIINX MECT PaCHOJOKECHHS
3aaHHOTO YHCIIa NMIPOMEKYTOUHBIX IIEHTPOB AOCTaBKH. TpeTHil 3Tam — ompeseseHre pPalroHAILHOTO YHCIA TPOMEXYTOTHBIX
nenTpoB. ChopMynupoBaHHas 3ajada peMIaeTcss MO IBYM KPHTEPHSIM: CyMMapHas JUIMHAa MapIIpyTOB JIOCTaBKH IIPOJYKTa
MOTPEOUTEIISIM; BEPOSITHOCTH TOTO, UTO CIIydaifHOE BPEeMs JOCTaBKH MPEBBICUT KPUTHUYECKOe 3HaueHme. UNCIeHHOe 3HaueHHe
BTOPOTO KPHUTEPUS BBIYMCISIETCS B MPEIOJIOKEHUH, YTO AJIS KaXIOT0 MapLIpyTa MOT'YT ObITh OLICHEHBI 3HAYEHHUS CPEIHEro
3HAa4eHUs U AUCIEPCUU BpeMeHHU aocTaBku. [logxonsinee KOMMYECTBO MPOU3BOACTBEHHBIX LIEHTPOB ONpEAENAeTCS MPOCTHIM
cpaBHeHHEM d()()EKTUBHOCTH CHCTEMbI JUIsl HECKOJIbKHX PealbHO BO3MOXHBIX BapHaHTOB. [IpHBeNeH MpuMep pelieHHs 3a1aun
KJIaCTepPU3aLMH B METPUKE «TOPOJICKUX KBAPTAJIOBY» HA OPUEHTUPOBAHHOM rpade o 060MM KpUTEPHSM.

KnwueBblie ciioBa: pacnpefelicHHas CHCTEMa <«IPOU3BOACTBO — JOCTaBKa - MOTpeONeHHe», KiacTepu3anus,
OpPHEHTUPOBaHHBIN rpad; KpaTIalIIHii yTh.
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RESEARCH OF THE METHOD OF INCREASING THE OBJECT DETERMINATION
ACCURACY ON THE LOW-RESOLUTION VIDEO STREAM

Abstract. Study subject. The article proposes and investigates a method for increasing the accuracy of determination of
the distance and the obstacle geometric parameters based on object contours determination using a computer vision system
that uses low-resolution sensors. The goal is the effectiveness evaluation of the proposed method. Tasks: to conduct
experimental researches of the quality indicators of the method of increasing the object contours determination accuracy;
evaluate the effectiveness of this method. Used methods: statistical modeling, laboratory scale tests. The obtained results:
the analysis of the proposed method efficiency was carried out and the influence of this method on the determination accuracy
of the distance and object geometric parameters was evaluated. Conclusions: the considered method made it possible to
achieve the increasing the determination accuracy of the distance and geometric object parameters by compensating for image
blur using the Lucy-Richardson deconvolution algorithm. The obtained data showed a decrease in the maximum error in
determining the distance from 8% to 4% and the error in the geometric object parameters from 7.7% to 5.8%. The
implementation of this approach was carried out in the Python programming language.

Keywords: stereoscopic vision systems; distance determination; geometric parameters determination; monocular vision

systems.

Introduction

There are several ways to obtain initial information
about the behavior and state of the study objects in
modern video monitoring and automated control
systems: a multi-sensor approach (stereovision), building
an image perspective, the use of fixed cameras and
additional object illumination, etc. Each of the presented
techniques may well be used in practice, depending on
the problem [1, 2].

For the considered problem of the necessary
parameters determination, namely the distance to the
object and the geometric object parameters, it is
necessary to determine the object contours in the image.
The accuracy of the object contours determination is
directly proportional effect on the determination
accuracy of the distance and geometrical object
parameters. In turn, the accuracy of contours determining
decreases with the distance increasing between the sensor
and the object, as the distance increases lost focus sensor
and the image becomes blurred, which makes the exact
determination circuit [3, 4].

Objective. Effectiveness evaluation of the method
for increasing the determination accuracy of the distance
and geometric obstacle parameters by using the Lucy-
Richardson deconvolution algorithm that can avoid
accuracy loss with increasing distance between the
sensor and the object.

Image blur level determination

The approach is based on the level determination of
the image blur. Since this parameter indicates data loss,
namely the loss of accuracy in the object contours
determination that causes an error in calculation the
distance and geometric obstacle parameters [5-7].

The Laplace kernel is used to determine the level of
the image blur, which is represented by the following
matrix:

0 1 0
[1 -4 1].
0 1 0

This approach is used to determine the image
boundaries and is a discrete analogue of the Laplace
filter.

Since the image is in “2D” format, and for this it is
necessary to take the derivative in both dimensions and
for this the Laplace operator will be used:

2 2
Laplace(f) = ZT]; + ZTZ .

Laplacian extracts image areas that contain fast
intensity changes, much like the Sobel and Scharr
operators. Like these operators, Laplacian is often used
for edge detection. It is assumed that if the image contains
a large dispersion, then there is a wide variation of
responses as the boundary, and not extreme, representing
a normal-focus image. But if there is a very low
dispersion, then there will be a small variation of
responses, indicating that the image has very small
margin. As you know, the more blurry the image, the less
margins [8, 9].

To implement this method it is necessary to take the
image channel presumably shades of gray and produce
convolution using the Laplace kernel presented above,
and then obtain the response variance. The obtained
dispersion will be used as an estimate of the image blur
[10, 11].

In implementing this approach, it was used
designed interface, which allowed to carry out
measurements on a series of images to determine the
level of blur images. In turn, the images were taken at
different distances from the object, to obtain the blur
level changes depending on the distance to the object
changes. Below is a set of measurements from the six
images taken at different distances, namely from 0.5 m to
3 m, with a step 0.5 m (Fig. 1).
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Fig. 1 Set of images for determining the blur depending on the distance:
a— is the distance 0.5 and 1m; b — is the distance 1.5 and 2m; ¢ — is the distance 2.5 and 3m

The Table 1 below shows the dispersion values
obtained because of measurements. Below is a plot of the
dispersion versus distance (Fig. 2).

Table 1 — Dispersion level measurement results

Distance 0.5 1 15 2 25 3

Dispersion | 1064.46 {1105.43|1082.98|81686|764.70|794.96

Plot of blur level versus distance

1100 +

1050 ¢

1000 1

[}
o
=}

Dispersien

850 4

800 +

750 4

T T T T T T
0.5 1.0 15 2.0 2.5 3.0
distance (m)

Fig. 2. Graph of dispersion versus distance to the object

As seen from the graph, the least blurry image
obtained at a distance of 1m from the sensor. Therefore,
this value will be the reference, i.e. all changes from this
value will be subject to additional adjustment.

Image Blur Compensation Method

As mentioned above, image blurring changes in
proportion to the distance from the sensor to the object.
Especially this dependence is manifested on the sensors
with low bandwidth. In turn, this affects the subsequent
measurements of parameters such as the distance and the
geometric object parameters, since the object contour in
the image is blurred and becomes not exact.

It is proposed to use the Lucy-Richardson
deconvolution algorithm to compensate for image blur.

When an image is created with the optical system
and detected, e.g., with photographic film or a charge-
coupled device (CCD), it inevitably is blurred, with the
ideal point source does not appear as a point, but extends
into the so-called point spread function. Extended
sources can be decomposed into the sum of many
individual point sources, so the observed image can be
represented by a transition matrix p, acting on the
underlying image:

di=XpijY,
where p; ; is the intensity in a pixel of the underlying
image and w; is the detected intensity in a pixel.

In general, the matrix describes the part of the light
from the original pixel j, which is detected in a pixel i. In
most good optical systems (or, in general, linear systems
that are described as being shear invariant), the transfer
function p can be expressed simply by the spatial
displacement between the original pixel j and the
observation pixel i: w;jd;ip; ;:

pij=PU—J),
where P(Ai) is called the point spread function.

In this case, the above equation becomes a
convolution. It was written for one spatial dimension, but
most imaging systems are two-dimensional, with the
source, detected image and the point spread function
having two indexes.

Thus, the detected two-dimensional image is a
convolution of the underlying image with the two-
dimensional point spread function P(Ax, Ay) plus added
detection noise.

In order to estimate, given the observable and
known P (Aix, Ajy), we use the following iterative
procedure, in which the estimate which we call for the

iteration number t, is updated as follows: ujdiujﬁft)
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A(t+1) _ ~(D) a4
uj - uj Z ¢ pz] )
i

Ci = XjDbi; ﬁ,@-

Empirically, it has been shown that if this iteration
converges, it converges to a maximum likelihood
solution for w;. Let us write this more generally for two
(or more) dimensions in terms of convolution with the
point spread function P:

A(t+1) _ (), d
L

where

QP ).

~(t)
uj QP

Based on this method, a number of measurements
were carried out with measurements of the dispersion
level before and after applying the method [12]. Below
in Fig. 3 shows the results of using this algorithm for the
studied image.

Below there are the results of using the algorithm
for images at different distances, namely 0.5m to 3m in
0.5m steps. Fig. 4 shows the images numbers at different
distances. After processing by the algorithm, the interest
areas in the image were highlighted for clarity. As you
can see from the object image the blur significantly
decreased. Comparison of the algorithm results is
presented in the Table. 2.

Ei Y
n!u
b

Fig. 3. The result of the Lucy-Richardson algorithm for blur compensation:
a — is the original image, b — is the increased area of interest for clarity
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Fig. 4. Images numbers of the algorithm application

Table 2 — Comparison of indications dispersion (blur level) before and after the application

of the Lucy-Richardson deconvolution algorithm

Distance Dispersion level without applying the algorithm Dispersion level with applying the algorithm
0.5m 1064.46 3671.48
1.0m 1105.43 3221.33
1.5m 1082.98 3600.89
20m 816.86 2853.67
25m 764.70 3254.07
3.0m 794.96 2859.61
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As can be seen from the results obtained and the plot
shown in Fig. 5, the dispersion value of the processed
images has increased several times. This means that the
image clarity is significantly increased which positively
affect the further determination of the object contours, of
distance calculations and object geometrical parameters.

&, Figure 1 - o X

ne€IPQAFMB

Plot of blur level versus distance
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Fig. 5. A plot of the dependence of the blur level on the
distance: the solid line represents data of the original image;
stroke line represents the processed image

Study of the accuracy determining
the distance to the object

To study the effect of this method on the accuracy
determining the distance to the object, a number of
measurements were carried out.

The first step of this study was to measure the
distance without blur compensation in the image. As
before, the study is carried out in the laboratory using a
black square screen, on which is placed a red square label
in size 10 cm [13, 14].

Below is a table and graph of experimental
measurements and comparisons with the actual distances
(tabl. 3). From the obtained results, it is evident that the
peak error in determining the distance was more than 8%
at a distance of 2.5 m.

The next stage of the study was to determine the
distance of the images with blur compensation. Below in
Fig. 7 shows the results of measurements carried out on
the image with blur compensation. A complete list of
measurements is shown in Table 4.

Using this approach achieved to increase the
accuracy of measuring the distance to the object.
Comparison of the results is shown in Table 5 and Fig. 8.

7 E
A A ¥ - .
. e |
dhG e
|

Fig. 7. The measurement results of compensated blurring images

Table 3 — Distance measurement results without blur compensation

Actual distance 50 cm 100 cm 150 cm 200 cm 250 cm 300 cm

Measured distance 49 cm 94 cm 142 cm 210 cm 271cm 315¢cm

Error 2% 6% 5.4% 5% 8% 5%
Table 4 — Measurement results of the distance to compensate blurring

Actual distance 50 cm 100 cm 150 cm 200 cm 250 cm 300 cm

Measured distance 50 cm 96 cm 147 cm 201 cm 254 cm 305 cm

Error 0% 4% 2% 0.5% 1.6% 1.6%
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Table 5 — Comparison of the results of measuring the distance to the object

Actual distance 50 cm 100 cm 150 cm 200 cm 250 cm 300 cm
Measured distance (without compensation) 49 cm 94 cm 142 cm 210 cm 271 cm 315¢cm
Measured distance (with compensation) 50 cm 96 cm 147 cm 201 cm 254 cm 305cm

Plot of Measurements

superimposed on the processed image in the

300 A

250

200 A

150 1

100 A

50 4

«Color Dodge» mode.

In Color Dodge overlay mode the lower
layer is divided into an inverted upper layer. This
lightens the lower layer depending on the value
of the upper layer: the brighter the upper layer,
the stronger it affects the color of the lower layer.
Mixing of any color with white gives white color,
mixing with the black does not change the image.
The operation is irreversible due to possible
reflections clipping (clipping occurs in the same
range as for Linear Dodge.). When the upper
layer comprises a uniform color, this effect is
equivalent to change the white point on the
inverted color. The perceived contrast increases

T T T
150 200 250

Distance (cm)

T T
50 100

Fig. 8. Graph of comparing the measurement results

(the solid line represents a graph of measurements without
blur compensation, and a dash line — with blur compensation)

As seen from the obtained results, the increase in
accuracy made it possible to reduce the measurement
error from a maximum error of 8% before blur
compensation, to a maximum error of 4% after
compensation.

However, there is a disadvantage of this method,
which consists in the fact that for the application of this
method it is necessary to use an image reduced to
grayscale. To do this, the original image, which has three
dimensions, need to be converted to grayscale, which in
turn is one-dimensional.

However, the inverse transform to produce is not
possible, because we do not know which of the channels
belong to values for color restoring.

Thus, there is a problem with color detection, used
to determine the object in the frame.

To solve this problem, we used various methods of
overlay images, namely, the original image has been

when there is no cut-off.

Thus, it was possible to return the color to
the image and not lose sharpness after processing
by the method deconvolution Lucy-Richardson.
However, the original color of the image has
been lost, so the functions to change the
brightness and contrast were also used.

T
300

Study of the accuracy of determining
the geometric object parameters

The next step in analyzing the effectiveness of this
approach is to measure the geometric object parameters.
The study was carried out by analogy with measuring the
distance to the object.

First, the measurements were made of the object
sizes at no handles images, i.e. without blur
compensation. The obtained measurement parameters
are presented below in Table 6 and in Fig. 9.

As seen from the obtained results, the peak error in
determining the geometric parameters is 7.7%.

In the next step the measurements of geometric
object parameters on images with blur compensation.
The results are shown below in Fig. 10 and Table 7.

v T r——
-

[ comm— |

9.820000

Fig. 9. Measuring of the geometric object parameters on the image without blur compensation
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Table 6 — The results of measuring the geometric object parameters in the image without blur compensation

F RS HOES

Distance 50 cm 100 cm 150 cm 200 cm 250 cm 300 cm
(';’i'ftii‘g:d 100x1043 | 106x1094 | 1017x10.73 | 95x994 | 92x10.46 | 9.51 x9.82
Error 2.15% 7.7% 45% 0.5% 1.6% 3.35%
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Fig. 10. Measuring the geometric object parameters on the image with blur compensation

Table 7 — Measuring of the geometric object parameters on images with blur compensation

Distance 50 cm 100 cm 150 cm 200 cm 250 cm 300 cm
gf;aazucr:d 9.97x 1048 | 1034x10.82 | 1019x10.83 | 9.93x103 | 9.84x 1037 | 9.81x9.87
Error 2.55% 5.8% 51% 0.5% 2.65% 1.6%

As can be seen from the obtained results, it shows
that the peak error has been reduced to 5.8%. However,
in some cases, the error increased, what could affect
intermediate image is converted to grayscale and restore
images that distort the brightness and contrast, and affect
the accuracy of determining the geometric object
parameters.

Conclusion

Studies using the deconvolution Lucy-Richardson
algorithm to compensate for image blur, provided data
that allow a comparative analysis of the parameters for
measuring the distance to the object and the geometric
object parameters.

The use of the Lucy-Richardson deconvolution
algorithm made it possible to halve the peak error in
determining the distance from 8% to 4%, and the average
error rate was 1.6%. The conducted experiment of
measuring the geometric objects parameters to reduce the
peak bit error from 7.7% to 5.8%, and the average error
was 3.03%.

To record the experimental data through a camera
with a resolution of 640x420 pixel for the demonstration
this approach most clearly.

In addition, this approach can be used on cameras
with higher resolution, such as aerial photographs, which
will increase the accuracy of determining the objects size
and the height calculation.
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JocainzkeHHs MeTOAY MiIBUILEHHS TOYHOCTI BU3HAYEHHs 00'€KTa
Ha BileonoToui HU3bKOI Po3AiTbHOI 31aTHOCTI

B. L. Bapcos, O. 0. Kocrepna, O. B. [Inaxotauit

Anoranisi. IIpexmMer BUBUeHHSI. Y CTAaTTi NPOMOHYETHCS 1 JOCIIDKYETBCSI METO]| MiZABUIIEHHS TOYHOCTI BU3HAYECHHS
BiZICTaHi i TEOMETPUYHUX TapaMeTpiB MEePEeIIKOI1 Ha OCHOBI BU3HAYEHHSI KOHTYPIB 00'€KTa 3a JONOMOI'OI0 CUCTEMH TEXHIYHOTO
30py 3 BUKOPUCTAHHSIM JATYHMKIB HU3BKOIO PO3IITIBHOIO 3J1aTHICTIO. MeTor0 € OIiHKa e()eKTUBHOCTI 3allPOIIOHOBAHOTO METOJY.
3aBIaHHS: IPOBECTH €KCIIEPUMEHTANIBHI JOCIIPKEHHSI, TOKa3HUKIB SIKOCTI METO/Ty IiJBUIIEHHS] TOYHOCTI BU3HAYCHHS KOHTYPIB
00'ekTa; OLIHUTH e()EeKTUBHICTh POOOTH TaHOTO MeToy. BHKOpHCTOBYBaHI MeTOM: CTAaTUCTUYHE MOJAEIIOBAHHS, J1ab0OpaTOpHi
HaTypHi BUIpoOyBaHHsA. OTpUMAaHi pe3yJbTaTH: IPOBEICHO aHAII3 e()eKTHBHOCTI pOOOTH 3aIPOITOHOBAHOTO METO/Y i OIIIHEHO
BIUTMB JTAHOTO METOJY Ha TOYHICTh BH3HAYEHHs BiJICTaHI i TCOMETPHYHMX IapaMeTpiB 00'ekra. BucHOBKH: PosrisHyTHii MeToxn
JIO3BOJIMB OTPUMATH IiJBUIIEHHS TOYHOCTI BH3HAYECHHS BiJCTaHI i TE€OMETPHUYHUX MapaMeTpiB 00'€KTa MUIIXOM KOMIIEHCAIil
PO3MHUTTS 300pake€HHS, 3a JOIIOMOTOI0 alTrOpUTMy AeKOHBYIsmii Jlroci-Piwapmcona. OTpumaHi aHi TOKa3ald 3HMKEHHS
MaKCHUMaJIbHOT TOMMJIKHM BU3HAYCHHS BiIcTaHi 3 8 10 4% i MOMUIIKY TeOMETpUYHHX NapameTpiB o0'ekrta 3 7,7 1o 5,8%. Peanizanis
JIAHOTO ITi/IX0ly BUKOHYBasacs Ha MOBi IiporpamyBanHs Python.

Kaw4doBi ciioBa: CTepeocKomiyHi CHCTEMH TEXHIYHOTO 30py; BH3HAUEHHS BIJICTaHi; BU3HAUCHHS TEOMETPHYHUX
rmapameTpiB; OIHOKYJIAPHI CHCTEMH TEXHIYHOTO 30DY.

HccaenoBanme MeToaa NOBbIMIEHUSI TOUHOCTH onpeaejgeHust o0beKTa
HAa BUACONMOTOKE HU3KOI0 paspeiiceHust

B. U. Bapcos, E. 0. Kocrepnas, A. B. [Inaxorauit

Annortanus. Ilpenmer wu3ydenmsi. B cratpe mpemmaraercs W HCCIEIyeTcss METOX MOBBIMIEHHS TOYHOCTH
OTIpeAeNICHUs PACcCTOSIHUA M T€OMETPHUYECKHX ITapaMeTpOB IPENsSTCTBUS Ha OCHOBE ONpEAeTeHUs KOHTYpPOB OOBEKTa C
MTOMOIIBI0 CHCTEMBI TEXHHYECKOTO 3PEHUS HCIOJB3YIOMeH NaTYMKH HHU3Koro paspemeHus. Llejablo sBisercs omeHka
3¢ (GEeKTUBHOCTH IpEeAIaraéMoro MeToja. 3aAa4uM: MPOBECTH IKCICPUMEHTANBHBIE HCCIEJOBAHNUs, MOKa3aTele KauecTBa
METOJa TMOBBIIICHUS] TOYHOCTH OIPEJACICHUS KOHTYpOB O0BEKTa; OLCHUTh 3(P(PEeKTHBHOCTH pabOTHl JAaHHOTO METOja.
Ucnonb3lyemMble MeTOABI: CTAaTHCTHYECKOE MOJCIUpPOBAHME, JIaOOpaTOpHBIE HaTypHble wHcnbiTaHus. IlosrydeHHBIE
pe3yJbTaThl: IpoBeeH aHanu3 3G GEeKTUBHOCTH pabOThl MPeIaraeMoro MeTo/ia M OLIGHEHO BIMSHHE JaHHOTO METOJAa Ha
TOYHOCTb ONpEEICHHS PACCTOSHUSA U '€OMETPUUECKUX MapaMeTpoB 00bekTa. BriBoabl. PaccMOTpeHHBIN METO MO3BOJIIII
JNOOUTHCS TOBBIMICHUS TOYHOCTH OMPEENICHUs] PACCTOSTHHS M T€OMETPHUECKUX ITapaMeTpOB 00BEKTa IIyTeM KOMIIEHCAIUH
pa3MBITHST W300pa’keHHs], ¢ MMOMOINBIO aNropuTMa AeKoHBymsaHuu Jliocu-Puuapncona. IlomydeHHble maHHBIE ITOKa3ann
CHIDKEHUE MaKCHUMAaJIbHOH ONIMOKH OMpEeeNIeH s pacCTOSHUS ¢ 8 10 4% M OMHUOKH TeOMETPUIECKIX MapaMeTpoB 00BEKTa
¢ 7,7 no 5,8%. Peanu3zanus AJaHHOTO MMOJX0/[a BBINOJHIACH HA sA3bIKE IporpaMmmupoBanus Python.

KnwueBsie caoBa: CTEPCOCKOIMUYCCKHUE CUCTEMbI TEXHUYCCKOTO 3pCHUA; ONIPCACICHUSA PACCTOAHUA; ONIPEICIICHUEC
rCOMCTPHUYCCKHUX MAPaAMETPOB; MOHOKYJIIPHBIC CHCTCMbI TCXHHUYCCKOTO 3PCHMUS .
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EXPERIMENTAL DETERMINATION OF THE LEVEL OF INCIPIENT
TURBULENCE IN THE WORKING PART OF THE T-1 WIND TUNNEL
OF IVAN KOZHEDUB KHARKIV NATIONAL AIR FORCE UNIVERSITY

Abstract. The subject of the article is to determine the level of incipient turbulence in the wind tunnel T-1 which is
based on the method of measuring the pressure drop. The purpose is to experimentally determine the level of incipient tur-
bulence in the working part of wind tunnel T-1 of Ivan Kozhedub Kharkiv National Air Force University in preparation for
aerodynamic testing of aircraft models. Research methods: the method of pressure drop on the surface of the sphere by
drainage. The following results of experimental determination of the level of incipient turbulence in the wind tunnel T-1
were obtained. It is established that the wind tunnel T-1 has a level of incipient turbulence 0,5...0,9 %, which corresponds
to the normal condition for further experimental studies. Conclusions. According to the results of studies of the incipient
turbulence in the wind tunnel T-1 by the method of pressure drop, the main dependences are obtained, and the incipient
turbulence of the flow for the wooden sphere & = 0,9 %, and for the metal sphere & = 0,5 %, is determined. Determining the
pressure distribution and aerodynamic drag does not involve measures to balance the aerodynamic scales and their certifi-
cation, which determines the necessary role in the obtained reliable results of the experimental study, and this favors the

drainage method.

Keywords: incipient turbulence; wind tunnel; pressure drop; aerodynamic scales; experimental study; drainage method.

Introduction

A numerical aerodynamic experiment allows to
investigate the general structure of flow and certain fea-
tures of flow within the limits of certain models of gas
at the change of parameters of research object. A nu-
merical experiment takes advantage before a physical
experiment and flying tests in an economy, especially at
research of plenty of variants and change of different
parameters, descriptions and terms. Thus periodically
comparisons of results of numerical experiments must
be made with data correctly done physical experiments.
In case of unsatisfactory concordance of results the de-
tailed research of divergences that arose up is executed
[1]. Thus, experimental aerodynamics is the important
constituent of verification of aerodynamics theoretical.

As is known, the results of experimental verifica-
tions of models in wind tunnels do not depend on this
field experiment. This is to stream the models in the
conditions to be created in the aerodynamic laboratory,
and in kind are not similar. In order to obtain other
characteristics, judging by other characteristics, it is
necessary to know the laws of transition from models to
nature [2].

Experimental installations and wind tunnels allow
to determine aerodynamic characteristics with high ac-
curacy and a wide range of measurement of parameters.
A large number of works are devoted to the experi-
mental study of the structure of gas flow in a model
experiment [1-6].

The main factors that quantitatively affect the test
results are the criteria for the perfection of the wind tun-
nel. [5]. When setting up any experiment, it is necessary
to create the conditions under which it is possible to
carry out an experiment that provides practical use of
the results. A necessary condition for conducting an
aerodynamic experiment is compliance not only with
the criteria of geometric perfection, but also the equality

of Reynolds, Mach, Struhal numbers and the degree of
flow turbulence for the model under study [6].

The aim of the article is to experimentally deter-
mine the level of incipient turbulence in the working
part of wind tunnel T-1 of Ivan Kozhedub Kharkiv Na-
tional Air Force University in preparation for aerody-
namic tests of aircraft models.

Main part

In the study of the flow of a viscous flow of bodies
of various shapes, crisis phenomena are observed,
which are associated with a sharp change in the nature
of this flow. These phenomena are accompanied by the
separation of the flow from the surface or occur with
continuous flow [1].

A flat plate, which flows around the flow directed
along it, is a standard for flow without separation of the
boundary layer. [2]. With continuous flow around the
plate, the crisis phenomenon consists of a sharp increase
in resistance, due to the transition from the laminar
boundary layer to the turbulent. The flow around the
sphere will have a completely different character: due to
the increase in the surface of the sphere boundary layer
and inhibition, which is due to changes in pressure,
there is a separation of this layer. The beginning of this
separation coincides with the point on the surface where
Tom = 0. Defined as:

Hem (5Vx /8y)y:0 =0, (1)

The separation of the boundary layer occurs down-
stream, where there is more friction stress on the walls,
because in this case the fluid particles will travel a long-
er distance in the boundary layer along the surface of
the body before t,,, will be equal to zero. Thus, in the
case of a laminar boundary layer, the separation will

occur much higher downstream than in the case of a
mixed boundary layer, when there is a turbulent bound-
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ary layer at the stern of the sphere. Scheme of flow sep-
aration during flow around the sphere by laminar flow
(subcritical flow) is presented on Fig. 1. Scheme of flow
separation at the flow around the sphere with mixed
flow, supercritical flow is presented on Fig. 2. Distribu-
tion of pressure coefficients for the surface sphere is
presented on Fig. 3.

Fig. 1. The scheme of separation of a stream at a stream
flow around a sphere by a laminar current: 1- current lines;
2 —the point of separation of the boundary layer; 3- plot of

velocities at the breakpoint; 4 — vortex trace of the body

1

Fig. 2. Flow separation scheme with mixed flow: 1- current
lines; 2 — plot of velocities in the boundary layer; 3 — the point
of transition of the laminar boundary layer to turbulent; 4 — the
point of separation of the boundary layer and the plot of veloc-

ities at the point of separation; 5 — vortex trace of the body

AP
1,4
1,3 BN
PESS NS &

XN\
FIEEEANES
10 i \\ \
09 e
0,8 | | | ;
2 1,2 41,6 ¢2,0¢ 24 28 32 Rexi0°
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Fig. 3. Distribution of pressure coefficients on the surface
of the sphere: 1- vortex-free flow with an ideal flow;
2 — subcritical flow; 3 — supercritical flow

The lower the flow separates the boundary layer,
the greater the nature of the flow of the layer through
the flow of viscous fluid to flow around the ideal medi-
um. Therefore, despite the fact that the frictional re-
sistance during the transition from the laminar boundary
layer to the turbulent layer increases, the flow crisis
leads to a decrease in the total value of the layer re-
sistance due to the region of reduced pressure in the
stern (Fig. 2). Crisis phenomena in the case of flow
around the sphere, other things being equal, occur the
faster (ie with a smaller Reynolds number), the greater
the incipient turbulence of the flow. The sphere, due to
the high sensitivity of the nature of its flow to the incip-
ient turbulence, is used in experimental aerodynamics as
a reference sample of the flow surface in determining
the magnitude of this turbulence [1].

To determine the incipient turbulence of the flow
in the working part of the wind tunnel T-1, an experi-
mental method based on measuring the pressure drop on
the surface of the sphere was used. The Reynolds num-
ber has the strongest effect on the pressure distribution
in the aft part of the sphere. If before the onset of the
"crisis" the sphere is dominated by rarefaction, then
with the "crisis” flow in this area there is more pressure.
The region that is most responsive to changes in the
Reynolds number is determined by the polar coordinates

0 =150° +210° (Fig. 2). This feature of the flow around
the sphere is used to determine the critical Reynolds
number by the pressure drop in the main and aft parts of
the sphere [1].

In the body of the sphere were made drainage holes,
one of them at a critical point, and the other in the stern,

at a point with coordinates 0 =157°30. To increase the
accuracy of the experiment, the holes are symmetrically
placed (Fig. 4), the measured pressure was averaged us-
ing an integrated adapter and marked p,.

8 =157°30

8

Fig. 4. Sphere model for determining the incipient
flow turbulence by the surface pressure drop method:
1 — sphere; 2 — mounting sphere; 3 — liquid micromanometer;
4,5, 6, 7 — air routes connecting drainage points with
a micromanometer, 8 — drainage holes for measuring pressure

Changing the Reynolds number will significantly
affect the pressure drop ap=pg—p, at these points
and at the critical point. If you change the flow rate in
the wind tunnel, measure the pressure drop, you can
build a dependence on the Reynolds number (Re) to the
pressure drop:
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ap= = f(Re), (2)

Value ap =122 corresponds to the coefficient of
drag at which the critical Reynolds number is deter-
mined. Thus, the dependence can be used to find this
Reynolds number ~p = f(Re), on which the value of
Re is the value ap=1,22 [1].

Sphere with air drainage routes in the working part
of the wind tunnel T-1 is presented on Fig. 5.

Drained sphere with a diameter D =13,7cu, mid-
section area S,,;, =0,0147.4%> mounted on the fairing
mounting in the working part of the wind tunnel T-1.

/S
Fig. 5. Drained wooden sphere in the working part
of the subsonic wind tunnel T-1

—

Before starting the wind tunnel, the barometric
pressure was measured, and the incipient readings of the
micromanometer were taken at the same time. Air den-
sity was defined as:

p 273+tMCA
273+t

) ®)

P = Prc4
Pryca

Prmcar  Pumca,  tuca — respectively density, pressure

and air temperature in standard atmospheric conditions.
The coefficient of dynamic viscosity of air is de-
fined as:

(4)

po =1 71107kl - cex | m?; ty — measured tempera-
ture. The kinematic viscosity coefficient is defined as:

Ho, = 1o (tyca/to) s

Voo :Moo/poo . 5)

The flow rate in the working part of the viscosity
wind tunnel is defined as:

Vw:\/i(h—ho)sinﬁ-y-aT : (6)

v=0,8 KF/0M3 — the specific gravity of the liquid in

the micromanometer; B =30 — the angle of inclination

of the plane of the measuring tube of the micromanome-
ter; &r — the coefficient of calibration of the nozzle of

full pressure (its value is taken equal to one).

ap
14
1.3
12
L1
1.0
0.9
0.8

0,7

The velocity pressure of the incident flow:

0 = po V2 /2. @)
The Reynolds number is defined as:
Re=V, D/v,, (8)

The speed of the oncoming flow V., was deter-

mined using a full pressure tube and the braking pres-
sure, which was measured at the frontal point of the
sphere. The pressure drop was measured at points of the
root part of the sphere using a micromanometer.

The pressure drop is defined as:

ap=po-px=(h-ho)sinB-y-&r. ©)
The corresponding dimensionless quantity:
aP=ap/a,. (10)
Similarly, for the five modes of operation of the
wind tunnel T-1 definitions are presented in table 1.
Table 1. Data on the pressure drop on the surface of a
wooden sphere in wind tunnel T-1
Vo, M/ 135 |18 | 25 | 30 | 34 | 38
Oy kT 2 11,2 |20,0(387| 558 |71,6(89,5
Re-107° 1,32 |1,78(2,45| 2,94 |3,34(3,73
h, mm 40 70 |110| 125 | 145185
ah, um 40 70 |110| 125 | 145185
Pressure drop, ap 16 | 28 |44 | 50 |58 | 74
Pressure drop, ap 1,41 (1,39|1,13| 0,89 | 0,8 |0,82

According to the experiment, the dependence is
constructed ap = f(Re), according to which the critical

Reynolds number is determined Re*=2,3-10", that
corresponds ap =1,22 and presented on Fig. 6.

N

AN
AN

1.0 1.5 2.0 25 Rel0”

3.0 35

Fig. 6. Determination of the critical number Reynolds
as a result of the experiment with a wooden sphere

The level of incipient turbulence is defined as:

1 tZAVZdt/(ljtZthj
ty tt

According to the Reynolds number found
Re*=2,3-10", using dependencies &= f(Re) [1],
determined the incipient turbulence of the flow in the

working part of the wind tunnel of Ivan Kozhedub
Kharkiv Air Force University & =0,9% (Fig. 7, 9).

(11)
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working part of the wind tunnel of Ivan Kozhedub

$Lu 2 F S .
\ Kharkiv Air Force University & =0,5% (Fig. 10).
3.0
2.5 Table 2. Data on the pressure drop on the surface of the
2,0 metal sphere in wind tunnel T-1
15 V,,m/c 135 | 18 25 |30 | 34|38
10 ~ oo KT 12 11,2 | 200 | 38,7 |558|71,6|89,5
0.5 R ——
0 —— Re-107° 1,42 | 1,89 | 2,63 |3,15(3,57| 4
10 12 1.4 1.6 1.8 2.0 2.2 24 26 28 3.0 32 34  Rexl0S . 3 o8 | 128 142 [ 165 190
Fig. 7. Dependence of the critical number Reynolds M
from the incipient flow turbulence for a wooden sphere ah, s 43 | 68 | 128 | 142165190
) Pressure drop, ap 17,2 | 27,2 | 51,2 |56,8| 66 | 76
ap Pressure drop, ap 152|135 | 1,32 |1,01{0,92|0,84
13 ™
12 B
£ n
L1 1 \
3.0
H \ 25
\
0.9 —~— i:
*8 0 25 20 35 Rel0™ Lo =
. . . s ’ —
Fig. 8. Determination of the critical number Reynolds 0.5 T
as a result of the experiment with a metal sphere —

The incipient turbulence was also determined for
the metal sphere is presented on Fig. 9.

Fig. 9. Drained metal sphere in the working part
of the subsonic wind tunnel T-1

For the five modes of operation of the wind tunnel
T-1 determination ~p definitions are presented in ta-

ble 2. According to the Reynolds number found
Re*=2,7-10", using dependencies &= f(Re) [1],
determined the incipient turbulence of the flow in the

0
1012 14 16 18 2022 24 26 28 30 32 34 Rex10°

Fig. 10. Dependence of the critical number Reynolds
from the incipient flow turbulence
for the metal sphere

Conclusions

According to the results of studies of the incipient
turbulence in the wind tunnel T-1 by the method of
pressure drop, the main dependences are obtained, and
the incipient turbulence of the flow for the wooden
sphere & =0,9%,, and for the metal sphere & =0,5%.,

is determined.

Determining the pressure distribution and total
aerodynamic drag does not involve measures to balance
the aerodynamic scales and their certification, which
plays an important role in obtaining reliable results of
the experimental study, and is an advantage of the
drainage method.

According to the determined incipient turbulence,
the turbulence factor is determined, which will allow to
compare the results of tests in wind tunnels T-1 with the
results of tests in other wind tunnels [7-13]. According
to the results of the experimental study, it was found
that the wind tunnel T-1 meets the normal conditions for
further experimental studies of unmanned aerial vehi-
cles with hybrid engines.
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ExcnepumMenTaibHe BH3HAYEHHS PiBHSI MOYATKOBOI TYpOyJIeHTHOCTI B podoyiii yacTini aepoannamiunoi Tpyon T-1
XapkiBcbkoro HanionanbHoro yHiBepeurery IloBiTpsiaux Cui imeni IBana Koxxenyoa

B. B. Besnenpnuii, C. O. llleBuenko, 1. O. I'pinacos

AnoTtauis. [IpegMeTom cTaTTi € BU3HAYCHHS PiBHS OYAaTKOBOI TYpOYJIEHTHOCTI OTOKY B aepoanHaMivyHiil Tpyoi T-1,
oo 0a3yeTsCsl Ha METOA1 BHMIPIOBAHHS TEpenaay THCKY. MeTor CTaTTi € eKCIepruMeHTalbHe BU3HAYCHHS PIBHS MMOYATKOBOL
TypOyieHTHOCTI B poOouiii yacTiHi aepoauHaMiuHoi Tpyou T-1 XapkiBcbkoro HamioHansHOro yHiBepcutety IloBiTpstHux Cui
imeHi IBana Kosxeny0a mpu miAroToBLi 0 aepoIMHAMIYHUX BHIIPOOYBaHb 3pa3KiB JiTAJbHUX amnapaTiB. MeToan X0OCTizKeH s
METO]] TIepenaay TUCKY Ha MOBEPXHi cepr NUIIXoM apeHaxy. OTpuMaHi HacTyNHi pe3yJIbTaTH eKCIEPUMEHTAIbHOTO BU3HA-
YeHHs PiBHs NOYaTKOBOI TypOyJIEHTHOCTI B aepoauHaMivHiil Tpy6i T-1. BeranoBieHo, mo aepoanHamiuna Tpy6a T-1 mae piBeHb
MoYaTKoBOi TypOynentHocti 0,5...0,9 %, 1m0 BiAMOBiAa€ HOPMATILHIM YMOBaM ISl IOAAIBINNX EKCIICPUMEHTAIBHUX JTOCTIIKCHb.
BucHoBku. 3a pe3yiapTaTaMH JOCIIDKEHb 1MOYaTKOBOI TypOyJIeHTHOCTI B aepoauHaMivyHiil TpyOi T-1 meromom mepemamy THCKY
OTPHMaHO OCHOBHI 3aJIEKHOCTI TIepernay THCKY Bif umcia PeliHonbaca. BeraHoBIeHO, 10 moYaTkoBa TypOyISHTHICTE TIOTOKY IS
nepes'saoi chepu & = 0,9 %, s meraneBoi chepu & = 0,5 %. BusHaueHHs po3MOJIiIy THCKY Ta TIOBHOTO ae¢pOMHAMIUHOTO OTIOpY
He nepedavae MPOBEICHH 3aX0/IiB OaaHCYBaHHs aepOANHAMIUHHX BariB Ta ixX cepThdikarlii, 10 rpae BaXXIMBY POJIb B OTPUMAaHHI
JIOCTOBIPHHX Pe3yJIbTaTiB MPOBEACHHS EKCIIEPHUMEHTAIBHOTO JIOCIIDKEHHS, Ta € EPEeBaroro IPEHAKHOTO METOY.

Kaw4doBi ciaoBa: mouaTkoBa TypOyJIEHTHICTh; aepoJHHaMIuHa TpyOa; eKCIEepHUMEHTAIbHUII METOX; Tepernaj THCKY;
EKCIIePUMEHTAJIbHE TOCII [PKSHHSI.

JKcnepuMeHTAJIbHOe ONpe/ieleHHe YPOBHS HAYAIbHONH TypOyJJeHTHOCTH B padoyeil 4acTH a3POAMHAMHUYECKOI TPYOBI
T-1 XapbKoBCKOro HAMOHATBLHOr0 yHMBepcuTeTa Bosaymnbix Cui umenn UBana Koxenyoa

B. B. beznensnsrii, C. A. llleBuenko, U. A. I'punacos

AHHoTanusi. IlpeqMeTOM CTaThU SBISETCS ONMpPEACICHUE YPOBHS HAauaJbHOW TYpOYJICHTHOCTH IOTOKA B a3pOIUHA-
mudeckoit Tpybe T-1, 6azupyromeiicss Ha MeTo/ie U3MepeHus nepenana napieHus. Lleablo cTaTbu sSBISIETCS YKCIIEPUMEHTATBHOE
OTIpe/IeNIeHNe YPOBHS HaYanbHOI TypOylIeHTHOCTH B paboueil yacTn a3poanHaMudeckoil TpyOs! T-1 XapbKkoBCKOTO HAI[HOHAB-
Horo yHuBepcureTa Bo3mymusix Cun nvenn VBana Koxemyba mpy NOATOTOBKE K a3pOAMHAMUYECKHM HCIIBITAHIAM 00pa3IoB
JIeTaTeNIbHBIX anmapaToB. MeToAbI HCCIeJ0BAHUS: METO] TIEperaja AaBICHNS Ha IOBEPXHOCTH cepsl myTeM apeHaxa. [lomy-
4YeHbI CIeAyIolHe Pe3yIbTaThl HKCIIEPIMEHTAIFHOTO OTpeeIeHHsT YPOBHS HAYILHOW TypOYJIEHTHOCTH B a3pOJHHAMUYECKOM
Tpy6e T-1. YcranoBieHo, uTo aspoamHaMmdeckas Tpyoa T-1 umeer ypoBeHb HauansHOH TypOyneHTHOCTH 0,5...0,9 %, 9TO CO-
OTBETCTBYET HOPMAJIbHBIM YCIOBHSM JAJIS JaJbHEHIINX SKCIIEPUMEHTANBHBIX HcclieqoBanuil. BeiBoasl. I1o pesynbraTam uccie-
JOBaHUI HadalbHOW TypOyJIEHTHOCTH B adpoauHaMuueckoil Tpyde T-1 mMeTonom mepenaja JaBieHUs MONTY4YSHBI OCHOBHBIC 3a-
BHCHMOCTH TIepena/ia JAaBlieHns oT yncia PeitHosbpaca. Y cTaHOBICHO, YTO HavYaj bHas TypOYJIEHTHOCTh IOTOKA JUIs JIePEBSHHON
coepsr £ =0,9 %, mns merammmaeckoit chepsr & = 0,9 %. Onpenenenne pacrpeneneHns AAaBICHUS W MOJTHOTO adpoJHHAMUYe-
CKOTO CONPOTHUBIICHUS HE MpEIyCMaTPHBAcT MPOBEICHUSI MEPOIIPUATHII OaTaHCUPOBKU a’pOJMHAMUYECKAX BECOB U UX CEPTH-
(UKanyy, 9TO UrpaeT BaXKHYIO POJIb B IOJYYEHHN JOCTOBEPHBIX PE3YJILTATOB IPOBEICHUS SKCIEPUMEHTAIEHOTO HCCIIEIOBAHNS
U SIBIISETCS IPEUMYIIECTBOM JIPEHAKHOTO METOa.

KnrwoueBble ciaoBa: HauajnbHas TypOYJIEHTHOCTb; a’3poJMHAMHYECKas TPyOa; SKCIEPUMEHTAIbHBIH METOA; mepemnaj
JaBJICHHS; SKCIIEPUMEHTAIbHOE HCCIIeI0BaHHUE.
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EFFICIENCY OF COMPUTER NETWORKS WITH SDN IN THE CONDITIONS
OF INCOMPLETE INFORMATION ON RELIABILITY

Abstract. The paper analyzes the effectiveness of computer networks with SDN in conditions of incomplete reliability
information. In order to ensure the specified indicators of the reliability of the computer network, it is recommended to use
their guaranteed estimates. To increase the level of security of information systems and introduce the concept of time reserve
in the process of packet transmission, it is necessary to separate the functions of traffic transmission from management
functions. This is the basic principle of SDN. When using SDN technology in computer networks, it is possible to enter a
time reserve when transmitting messages. This makes it possible to more accurately determine the reliability. The evaluation
of the data transmission system of the computer network takes into account the possibility of entering a time reserve and
obtained the basic calculated ratios for reliability indicators in terms of incomplete information about their distribution laws.
A priori information is limited by knowledge of the first initial moments of mathematical expectation and variance. These
results are a justification for the structure of computer networks that are designed or upgraded. You can also use this
information to build highly reliable networks or technical facilities that exist in a single implementation.

Keywords: information system; functional stability; software-defined networking; network; data transfer; limited a priori

information; security performance.

Introduction

The operation of computer networks (CN),
designed to automate management, is in constant
interaction with external influences. Information
conflicts that occur as a result of such interaction cause
the destruction of information resources, disruption of
regular information processes, and as a consequence of
the failure of system and application functions. All this
determines the presence of mechanisms in the CN, which
should ensure their reliability.

A difficult scientific and practical task at present is
the assessment of reliability indicators needed to
compare different design options. An even more difficult
task is to find the best option that achieves optimal
reliability with certain limitations [11].

Modern CMs require the implementation of
management tools using protocols that do not depend on
services and, in turn, are provided by different operators
and / or pro-providers throughout the network, regardless
of the types of technical systems used in it. Creating
systems that are a priori focused on working in conditions
of incomplete or fuzzy output, uncertainty of external
fluctuations and the working environment, requires the
use of innovative approaches to management using new
methods and technologies. It is obvious that in the
presence of different types of uncertainty, a high level of
autonomy, adaptability and reliability of CN should be
ensured by increasing their capabilities based on the
processing of special information. One of the main
selection criteria should be the required quality of
operation of the control system in conditions of
uncertainty with the random nature of external
fluctuations, which include unforeseen changes in their
own performance, environmental parameters, goals and
more.

The efficiency of the CN is largely determined by
time delays in data transmission between network users.
Minimization of delay in CN with homogeneous traffic
is provided at the design stage using mathematical

models of mass service with a homogeneous flow of
applications.

Currently, multiservice networks are becoming
widespread, the characteristic feature of which is the
heterogeneity of traffic [1, 2]. Heterogeneity of traffic is
the transmission of information network packets of
several types (video and audio packages, full packets,
text packets, etc.), which are subject to different
requirements [3]. These requirements will be formulated
in the form of restrictions on the delivery time of
packages of different types. In this case, the restrictions
can be of two types: probabilistic in the form of the
allowable probability of exceeding the established time
delay limits of packets in the information network and
average in the form of a limit on the average delay time.
This limit can be taken into account through the use of
special traffic management methods. Solving this
problem requires the use of models with a heterogeneous
flow of applications that allow you to analyze the
properties of priority data transmission systems and
formulate recommendations for the design of priority
networks.

Therefore, to ensure the reliability of the CN, it is
proposed to use software-configured networks (SDN) [4,
5]. When using software-configured networks (SDN), it
is possible to introduce the concept of time reserve into
the packet transmission process. That is, the system
redirects a packet that was not transmitted on another
trajectory. However, if the delivery time of this packet
does not exceed the allowable delay time, it will be
considered that the communication channel failed.

The role of reliability indicators, which are
interpreted as  characteristics of  probabilistic
mathematical models of objects, is performed by
statistical estimates of the corresponding probabilistic
characteristics. When evaluating these indicators, the
necessary initial data for a priori probabilistic
calculations are often missing, and statistical evaluation
is complicated by a small amount of testing, which can
determine only estimates of moments of random
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variables that determine the process of operation
(mathematical expectations and variances of failure time,
recovery time, backup time etc).

Therefore, in this work the problem of development
of an analytical method of the decision of extreme
problems of definition of bilateral estimations of
functionalities which are included in the basic indicators
of reliability of CN with a time reserve is solved. It is
necessary to construct two-sided estimates of these
indicators for CN with SDN with time redundancy at
known moments of distribution of initial random
variables which define random processes which are
investigated. In solving this problem, the limit values of
the functionals that characterize the validity of such
systems are used.

The obtained results are a substantiation of the
structure of computer networks that are designed or
modernized. You can also use this information to build
highly reliable networks or technical facilities that exist
in a single implementation.

Results of the research

The ability of IT administrators to monitor the
operation of the entire information network using a so-
called software controller, which is separate from the
switch and the level of traffic, is the basis of SDN
management. Using a single control point, which is
universally used in the virtual network architecture,
allows administrators to take control of all switch
networks [7]. This approach meets modern requirements
for CN.

The network device of the control layer is separated
from the data transmission layer and is logically
centralized in the SDN-controller, which provides a
single abstract representation of the entire network and
its state. It can be deployed as a cluster to ensure high
availability and scalability, as well as to provide
interoperability between traffic controllers between
different CN. Centralized application of increased
productivity, reduction of delays leads to more efficient
interaction between users and applications in both
corporate networks and data center networks. The
number of network devices will inevitably increase over
time and a simple way to manage them, which is SDN
certainly has advantages [9, 10]. This technology is a new
approach to the design, construction and operation of CN,
which focuses on providing business flexibility due to the
effective connection of users to applications. It is a
transition from managing network generating devices to
managing entire networks.

The network can respond more quickly to changing
business needs. The SDN controller supports an open
programming interface (API), a number of built-in
features, including network virtualization, security,
traffic management, and authorization and authentication
mechanisms to control access to the controller's
integrated tools and external SDN applications, allowing
external programming. thus an environment for
automation, management, and scaling functionality for
future applications [4, 10]. The implementation of this
concept greatly simplifies the operation of the network
and its configuration and allows it to be used in large

companies and small and medium-sized businesses.

Therefore, it can be argued that during the
construction of CN it is advisable to implement a solution
to the problem in accordance with SDN technology. This
will allow companies and telecom operators to gain
independent control over the entire network and greatly
simplify their operation. Last but not least, greatly
simplified network configuration. Administrators will
not need to enter hundreds of new lines of code separately
for different switches or routers. It is possible to quickly
change, in real time, the characteristics of the network.
Accordingly, the time to initiate new applications and
services is significantly reduced, which in turn will
maintain the reliability of the CN.

Let's consider features of an estimation of efficiency
of CN as one of cases on probability of operability of the
transmission channel. To do this, consider the process of
transmitting information in the CM of continuous use
with time redundancy, which consists of two elements:
the transmission channel and the time reserve.
Performance control will be considered ideal (complete,
continuous and reliable). Formulas for the main
indicators of the reliability of such a system with
complete source information are given in [6].

Consider the cases when the type of distribution
function F,(t) of the recovery time of the transmission
channel t, of the distribution function D(t) of the value
of the reserve time ¢, is not set, and only their first two
initial moments are known. The task is to find bilateral
assessments (lower and upper limits) of the main
indicators of the reliability of the system for these cases.

It is worth noting that bilateral estimates for
reliability indicators are obtained under the assumption
that the average operating time of the object on the failure
of the transmission channel is much longer than the
average recovery time. This condition is fulfilled in
engineering practice for CN.

1. Let us know only the first two initial moments of
the distribution function F4(t)

s1= t, = [ xdF(x), @)
sz = [y XdE(0); s St <2 @)

where s? < s,. The class of distribution functions that
satisfy such a constraint is denoted by K.

For this case, in [6], bilateral estimates of the
functionalities characterizing the reliability of the system
are obtained. Taking into account these estimates for the
reliability indicators obtained for the case of complete a
priori information, the calculated ratios for the lower and
upper limits of these indicators are given below. In the
formulas below t, — the average operating time of the
transmission channel to failure:

t, = [, [1 - F(D]dt. ®)

Let the reserve time be a non-random variable t, =
const. For this case in [6] the exact lower ones are given
I, (F,) and upper I, (F,) functional assessment [, (F,) =
(1)

The probability of trouble-free operation of the
system P(t,t,) depending on the delay time of the
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information packet in the transmission channel:
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In formulas (4) and (5) the restriction is accepted:
t—t, =0.
Idle rate Ky (t,). In the formula for Kp (t,) includes
functionality:

1:(F) = M[min(t,, t,)] = [;"[1 - E.(0)lde,  (6)

for which the bottom is obtained I, (F,) and top I,(F,)
evaluation.
Enter the notation:

M* = 14-(1:;3) ’ M* = 14(FB) . (7)

Then the limit values of the functional 1, (F,), taking
into account the entered notations will be two-way
estimates of the coefficient of readiness of the
transmission channel:

t, + M,
Kn(t)) =1-T——=
tit s
<2
Jl _ £H+tllé’ tﬂ < 5_2;
tytsy 251
V1= (e +51) [t + 05 % ®

LX (51 +ty—JtZ =251t +5,)], t; = stzl;

Table 1 — Estimates of reliability indicators

t,+ M*
—ZH
Kn(t“) =1- t s
~H 1
Lttty .
o e ©
0, ty = 51

For example, consider the CN of continuous use
with time redundancy.

Requirements of mobile operators for the maximum
allowable packet delay time for premium services not
more than 50 ms, and for standard services not more than
150 ms. [8]. Thus, different data traffic will have
different time reserve values, namely 10 ms, 50 ms and
150 ms.

The studied CN will be characterized by the
following data:

t,=10*s,s; =t, =5ms, s, = 26 ms,
ty; = 10 ms, t;; = 50 ms, t;3 = 150 ms.

It is necessary to determine bilateral assessments of
system reliability P(t,t,), K.(t,) for three time reserve
values:

t;1 = 10 ms, t,; = 50 ms,
t,3 = 150 ms.

We will be interested in the upper limit of the
probability of failure and the lower limits of the
probability of failure and readiness.

Since tazz—z for three values of the time
1

reserve, the formulas for reliability indicators will be as
follows:

P(t, tﬂ) = exp [— M] ~

ty

(10)

© oy | ta)msD) |
= exp[ tuls2—2s1t4+2)]’
LML -1
Ka(ta) =0, = (Gt s1) (11)

X [ty +0,5(sy 4ty — JtZ = 251t + 55)]

The results of the calculation of bilateral
assessments of the reliability of the system are shown in
table 1.

Indicator Time reserve t,; = 10 ms Time reserve t,, = 50 ms Time reserve t,; = 150 ms
P(t,t,) 0,99972 0,999996 0,9999996
K.(ty) 0,999999991 0,999999999 1

Graphs of the lower limit of the probability of
failure-free operation for different data traffic or data
inherent in their time reserve values are presented in
Fig. 1. The analysis of the results shown in Table 1 and
the graphs in Fig. 1 shows that taking into account the
time reserve for the data transmission system allows to

objectively assess the reliability of the network
information transmission channel in conditions of a priori
uncertainty of data on random variables.

Increasing the backup time to ensure the maximum
allowable packet delay time in the channel leads to an
increase in the reliability of the studied systems.
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Fig. 1. The lower limit of the probability of failure
(1—tg =10ms,2 — t;; = 50ms,3 — t;3 = 150 ms)

Thanks to the obtained guaranteed estimates of the
upper limit of the probability of failure and the lower
limit of the probability of failure-free operation and the
coefficient of readiness, it is possible to realistically
assess the quality of the CM.

Analysis of the results
allows us to draw the following conclusions

The analysis conducted in the work showed that
information conflicts in computer networks lead to
failures. At the same time, modern computer networks
operate in conditions of incomplete source information.
Therefore, it is necessary to use measures to ensure a
given level of reliability.

Based on the evaluation of linear and fractional-
linear functionalities, the sets of calculation ratios are
obtained to determine the guaranteed (largest and
smallest) values of the main indicators of reliability of
computer networks with a reserve. Thus, the scientific
problem of development of the analytical method of the
decision of an extreme problem of definition of bilateral
estimations of the functionalities entering into the basic
indicators of reliability of computer networks with a time
reserve is solved in work. Bilateral estimates of reliability

indicators of computer networks with time redundancy at
the known first two points of random variables are
constructed.

In solving this problem, the limit values of the
functionalities that characterize the reliability of such
systems are used.

The analysis of the obtained results showed that
taking into account the time reserve for the data
transmission system makes it possible to objectively
assess the reliability of computer networks with time
reserve in the conditions of a priori uncertainty of data on
determining random variables.

The obtained results are a substantiation of the
structure of computer networks, which are designed or
modernized. You can also use this information to build
highly reliable networks or technical facilities that exist
in a single implementation.
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EdexTuBHicTh QyHKUiOHYyBaHHS KOMI'I0TepHUX Mepe:xk i3 SDN
B YMOBAaX HelMOBHOTH iHopMauii npo HagiliHicThL

O. B. 3inuenko, B. B. BummHiBcekuii, 10. B. Bepezoscrka, I1. Cemmagex

AHoTanisi. B poboti mpoBeneHo aHaii3 e(peKTUBHOCTI (YHKIIOHYBaHHS KOMI'tOoTepHHX Mepexx 3 SDN B ymoBax
HEMOBHOTH iH(popMallii 1po HaxiiiHicTh. [y Toro, mob 3a0e3mednTH 3aJaHi MOKa3HUKH HAIIMHOCTI KOMIT FOTEPHOI Mepexi
MIPOTIOHYETHCSI BUKOPUCTOBYBATH IX TapaHTOBaHI OLIHKH. [ minBUIEHHS piBHSA Oe3mekd (YHKIIOHYBaHHS iH(QOpMAIiHUX
CHCTEM Ta BBECTH B MPOIIEC Iepeadi MaKkeTiB MOHATTS pe3epBy dacy HeoOXimHO BimokpeMuTd (yHKIIi mepenadi Tpadiky Bix
¢ynkuiit ynpasmiaHsa. B mpomy i momsirae ocHoBauit npuHmmn SDN. [Ipu BukopucranHi TexHonorii SDN B KoMI'toTepHHAX
Mepekax 3’ABISIETBCS MOXKIJIMBICTH BBEICHHS PE3EpPBY Hacy IpH TepeAadi MoBigomieHb. lle mae MOKIWBICTE OUIBII TOYHO
BU3HAYMTH NOKa3HUKH HaaiiHOCTI. [Ipy oniHIi cucTeMu nepeaadi JTaHX KOMIT FOTepHOT Mepeski BpaxoBaHa MOXKIIMBICTh BBEACHHS
pe3epBy yacy Ta OTpHUMaHi OCHOBHI PO3pPaxyHKOBI CIIBBIHOIICHHS [T MOKA3HUKIB HAAIHHOCTI B yMOBax HEMOBHOI iH(opMarrii
po iX 3aKOHH PO3Moiay. AnpiopHa iHpopMallis 0OMekeHa 3HAHHIM TEePIIUX MOYATKOBUX MOMEHTIB MATEMATHYHOTO CIIO IiBAHHS
Ta gucnepcii. JlaHi pe3ynpTaTH SBISIOTBCS OOIPYHTYBaHHAM CTPYKTYPU KOMIT IOTEPHHX MeEpeX, SIKi NPOEKTYIOTHCS abo
MOJIepHI3yI0ThCs. Takox M0 iHPOPMAIlito MOKHA BUKOPHUCTATH TPH MOOY0BI BUCOKOHAMIMHUX Mepex a00 TEXHIYHHUX 00’ €KTIB,
SIKl ICHYIOTh B OTUHIYHOMY BHKOHaHHI.

Knw4uoBi caoBa: inpopmauiiina cuctema; (GyHKIIOHaIbHA CTIHKICTh, MpOrpaMHO-KO(IrypoBaHi Mepexi; Mepexa;
nepezaya JaHuX; oOMexeHa anpiopHa iHdopmaitis; 6e3neka QyHKI[IOHyBaHHS.

IpdexTUBHOCTH PYHKIHOHNPOBAHUS KOMIBIOTEPHBIX ceTeil ¢ SDN
B YCJIOBHSIX HEMOJTHOTHI HHGOPMAILIMH 0 HAXEKHOCTH

0. B. 3inuenko, B. B. Bumnesckuii, H0. B. bepesorckas, I1. Cenmadyex

AHHoTanms. B paborte nmpoBeaeH anain3 3ddhexTuBHOCTH HYHKIIMOHUPOBAHUS KOMITbIOTEpHBIX ceTeld SDN B ycnoBusix
HETOJHOTHI HH(OPMAIMU 0 HaIe)KHOCTH. J[71s Toro, 4ToOBI 00eCHeYnTh 3a/IlaHHbIe TOKA3aTel HaIeKHOCTH KOMITBIOTEPHOH CeTH
npe/ularaeTcss MCIOJb30BaTh WX TapaHTHPOBAHHbIC OLEHKU. (I TMOBBIIEHHS YpPOBHS 0€30MacHOCTH (YHKIMOHHPOBAHHS
MH(OPMAIMOHHBIX CHCTEM M BBECTH B MPOLECC Mepeadyn AKeTOB MMOHITHE pe3epBa BPEMEHN HE0OXO0MMO OTACIUTH (QYHKIMH
nepenauu tpaduka ot GyHKIM yrnpaBieHus. B atom u 3akmovaercs ocHoBHO# npuHuun SDN. [Ipy ncnonbp30BaHUM TEXHOIOTHH
SDN B KOMIBIOTEPHBIX CETSAX IOSBISIETCS BO3MOXHOCTH BBOJIA PE3€pBa BPEMEHH IPH Iepeaade COOOMIeHWH. JTO Iaer
BO3MOXHOCTB 00JIee TOYHO OTIPENEITUTh IIOKa3aTeNl Haie)KHOCTH. [IpH OlleHKe CHCTEeMBI Tiepe/iaud JaHHBIX KOMIBIOTEPHOH CETH
YYTEHa BO3MOKHOCTb BBOJIa pE3€pBa BPEMEHU U II0JIy4€HbI OCHOBHBIC PACUETHBIC COOTHOILICHHUS s [IOKa3aTeNIed HaJe)KHOCTH B
YCIOBHSX HENOJIHOW MH(popManuu o0 WX 3aKOHAX paclpeiesieHHs. ANpHopHas MH(GOpPManus OTpaHMYEHa 3HAHUEM IIePBBIX
HayaJIbHBIX MOMEHTOB MAaTeMaTU4YeCKOro OXXUIAHUS M Juclepcuu. JlaHHble pe3ysbTaThl SABISIOTCS 000CHOBAHHEM CTPYKTYPHI
KOMITBIOTEPHBIX CETeH, MPOCKTHPYEMBIX WM MOJCPHU3MpYIomuXcs. Tarke 3Ty HMHGOPMALUIO MOXXHO HCIIOJB30BaTh IPH
MOCTPOCHUH BBICOKOHAICKHBIX CETEH MM TEXHUYECKUX 00BEKTOB, KOTOPBIE CYLIECTBYIOT B €JMHUYHOM HCIIOJTHEHUH.

KawueBble ciaoBa: uMHOOPMAIMOHHAS CHUCTEMa, (DyHKIMOHANbHAS YCTOWYMBOCTB, NPOTPAaMMHO-KO(QUIypHpyeMBbIe
CeTH; CeTh; Nepe/iaya JIaHHbIX; OrPaHUUCHAs arpruopHas HHpopMauus; 6e30MacHOCTh HYHKIIMOHUPOBAHHUSL.
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XapKiBChKHUI HAIlIOHATBHUN YHIBEPCUTET PalioeNeKTPOHIKH, XapKiB, YKpaina
MOPIBHSIJIbHU AHAJII3 OPTAHIBAIIIL XMAPHOI IHOPACTPYKTYPH

AnoTanisi. XMapHi 00UnCIeHHs 30iHCHIIN 3Ha4HI 3MiHK B [ T-iHycTpii 1 61IBIIICTE OpraHizalliil Ternep BUKOPUCTOBYIOTh
nizxizn «cloud-first» y cBoix TexHOJIOTIYHUX TOTpebax. XMapHa riatdopma — e Habip cepBiciB i TOBHOBaXXEHb, SIKi HAAIOTh
po3poOHUKN. BoHM HasaroTh KOPHUCTYyBadaM JIOCTYII 10 OOUHCIIOBANBEHAX PECYPCIB i aHATITHUYHHUX IHCTPYMEHTIB, a TaKOXK
JI0 CXOBHIIA JaHHX, CEPBEPIB, MPOTPAMHOT0 3a0e3MeUeHHs], ISl 3BUYAHUX KOPUCTYBAdiB 1 BEIMKUX KOMIaHIH. XMapHi
00unCIIeHHs — 11e HOBa MOJIENIb HaJJaHHS Ta BUKOpHUCTaHHS pisHUX IT-pecypciB, B TOMy 4HCiIi 00YHCIIOBATbHUX HOTYKHOC-
Tei (cepBepiB), MpocTOpy LI 30epiraHHs JaHUX, IPOIYCKHOI 31aTHOCTI Mepexi 1 JoaaTkiB. Pecypeu B Takiit Moneni 06'ex-
HaHi B MyJIM 1 HAJAIOTHCSI HA BUMOTY, a OIUIaTa 3iHCHIOEThCS 3a (PaKTHIYHUM BUKOpUCTaHHAM. CaMa MOJeNb BiAPi3HAETHCS
BHCOKOIO a/IalITOBAHICTIO 1 MPEKPACHUMHU MOKIMBOCTSIMH MEPEKHOTO AOCTYIy. XMapHi 00UHCIICHHS MalOTh 6arato nepesar
B ITOPIBHSHHI 3 TPaJULITHUMU PiLlICHHAMH JUTS TOOYI0OBH iHPPACTPYKTYPH HiIIPHEMCTB, IIPOIIO3UIIEIO0 CEPBICIB Ta MOCIYT,
tomo. Cepex TakMX MepeBar MOXKHA BHIUIMTH: THYYKICTh, MacIITaOOBaHICTh, OIUIaTa 3a (pakTHYHE BUKOPHCTAHHS, BUCOKA
HaIIHHICTh Ta BIIMOBOCTIHKICTh. XMapHi 00UHCICHHS MOXKYTh iICTOTHO MOJITIIUTU JOCTYIHICTh pecypciB IT i narote 6Garato
TiepeBar y MopiBHSAHHI 3 IHITMMH 0OYHMCITIOBAIBHUMU MeToaMu. Hanpukiian, BOHE MOKYTh 3a0€3IEeYUTH JOCTYII 10 TOCTYT
0e3 B3aEMO/Iii 3 MocTavyaIbHIKaMH MOCIYT. | Bei pecypcu Ha XMapi OCTYIHI Oyb-IKOMY KOPUCTYBadeBi, TOOTO KOpUCTYBadi
MOXYTh AHHAMIYHO OpeHAyBaTH (i3udHi abo BipTyaslbHI pecypcd i He IOBHHHI 3HATH iX MOXOKEHHS ab0 Miclie MpOoXKH-
BaHHs. KpiM Tor0, BCi pecypcu Ha ruiaTgopmi XMapHHUX 00UYHCIEHb MOKYTh OyTH PO3TOPHYTI MIBUAKO Ta 0€3 3yMUHKH.

KuawuoBi caosa: xmapHa inppactpykrypa; MyOJIiTHA XMapa; TiOpUIHA XMapa; IpUBaTHA XMapa.

Beryn

binburicTh ekcnepTiB y 00J1acTi TEXHOJIOTIH BBaXka-
I0Th XMapHi 004YHCIIEHHS O/IHY 3 HaiBILIMBOBImMX I T-Te-
HJIEHIIH ABAAUATE epuioro croiitts [1]. 3a ocranni aBa
JNECATHIIITTS XMapHi OOYMCJICHHS 3IIMCHWIM 3HAYHI
3minad B IT-iHIycTpii i OiIbIICTE OpraHi3alliil Tenep BU-
KOPHUCTOBYIOTH miaxif «cloud-first» y cBoix TexHONOTIY-
Hux notpedax [2]. Xmapua mardopma — ne Hadip cep-
BiCIB i TOBHOBa)XCHb, SIKi HAJJAIOTh PO3POOHHUKH. XMapHi
o0YnCIeHHsI — 11 HOBa MOJENb Ha/IaHHA Ta BHUKOPHC-
taHHA pisHUX [T-pecypciB, B TOMy YUCITi 00YHCITIOBAIB-
HUX [OTYXHOCTE# (cepBepiB), IPOCTOPY [uist 30epiraHHs
JIaHUX, TPOITYCKHOT 31aTHOCTI Mepexi 1 gonatkiB. Pecy-
pcH B Takiid MoJiesi 00'eiHAHI B IYJIM 1 HAJAIOTHCS HA BU-
MOTY, a oIJiata 3JilCHIOEThCS 32 (PaKTUUHMM BHUKODPHUC-
TaHHsAM. Cama MOJIellb BiJIPI3HSETHCS BHCOKOIO aJarTo-
BaHICTIO 1 IPEKPACHUMHU MOKJIMBOCTSIMU MEPEXKHOT0 JI0-
cTymy. XMapHi 0OYMCIeHHs MalOTh OaraTo nepesar B 110-
PIBHSHHI 3 TPAIUIIIHHUMU PIICHHSIMH JUIS TIOOYIOBH 1H-
(GpacTpyKTypH MiJIPUEMCTB, TPOIIO3UINEI0 CEPBICIB Ta
nocnyr, Tomo [3, 4]. Cepen Takux nepeBar MOXHa BUJTi-
JIUTH: THYYKICTh, MaclITaboOBaHICTh, OIuIaTa 3a (haKTu-
YHEe BUKOPHUCTAHHS, BUCOKA HAIHHICTh Ta BiIMOBOCTIM-
KicTh. XMapHi 00YHCICHHS MOXYTh 1CTOTHO HOJIMIIUTH
noctynHicTh pecypceiB IT 1 garoTe 6araTo mepesar y mo-
PIBHSHHI 3 {HIIUMH OOYHCIIOBATEHUME MeTomamu. Ha-
MIPUKIIaJ, BOHU MOXYTb 3a0€3MeUUTH JOCTYII 0 MOCTYT
6e3 B3aeMo/ii 3 mocTavaibHUKaMH HocyT. | Bei pecypen
Ha XMapi JOCTyIHi OyIb-KOMY KOpPHCTyBadeBi, TOOTO
KOpHUCTYBa4i MOXYTh JUHAMIYHO OpEHAYBaTH (i3u4Hi
abo BipTyaJIbHI pecypcH i HE NMOBHMHHI 3HATH iX IHOXO-
IoKeHHs abo micie mpoxuBanHs [5]. Kpim Toro, Bci pe-
cypcu Ha mathopMi XMapHUX 004YHCIEHb MOXKYTh OyTH
PO3ropHyTi WIBUAKO Ta Oe3 3ynuHKH [6].

Merta craTTi — O3HaOMUTHCS 13 TIepeBaraMu Ta
HEJOJIKaMH XMapHUX TPOBaiIepiB Ta 3alporoHyBaTH
BapiaHTH JJIs BUOOPY HAHOUIBIT TIPUIATHOI JJIT BHKO-
HaHHS KOHKPETHOTO 3aBJIaHHS.

1. OcHoBHI cepBicH XMapHUX 004K CJIeHb

XmapHi 004HCIICHHS! MAIOTh TaKl XapaKTEePUCTUKH:

1) camM00GCIyroByBaHHS Ha BUMOTY — CIIOXKHBAY
MOE B OJTHOCTOPOHHBOMY IOPSIIKY aBTOMaTHYHO HaJla-
BaTH OOYHCITIOBAJIbHI MOKIJIMBOCTI, TaKi SIK 4ac cepBepa
Ta MEpeKeBe CXOBHUIIE, 0e3 HEOOXTHOCTI B3a€MOIII JTfo-
JIMHH 3 KOKHHM MOCTAYalIbHUKOM MOCITYT;

2) LIMPOKHUiT MEPEXKHHI JOCTYI — MOXKIIMBOCTI J10-
CTYIHI "epe3 Mepexy (puc. 1) Ta ZOCTyn A0 HUX 31ikc-
HIOETBCS 32 JONMOMOTOK CTaHAAPTHUX MEXaHI3MiB, IO
CIIPUSIFOTh BUKOPUCTAHHIO Pi3HOPITHMX TOHKUX 200 TOB-
CTHUX KIJIEHTCHKHX TAaTdopM (HANpHKIal, MOOIIBHUX
TenedoHiB, IUIAHIIETIB, HOYTOYKIB Ta pOOOYHMX CTAHIIIN);

The Cloud

Servers

'OOO

<5

Smartphone  Tablet Desctop

Laptop

Puc. 1. [adpactpykrypa miaThopMu 3aCTOCYHKIB
(Fig. 1. Application Platform Infrastructure)

3) mys pecypciB — 00UHCITIOBAIBHI pecypcH MocTa-
JallbHUKA 00’ €THYIOTBCS I OOCIYrOBYBaHHS KiTBKOX
CTIOXKHBAYiB 32 JIOTIOMOTOI0 MOJIEN 3 KiJlbKoMa OpeHIa-
pSAMH, TIPH [ILOMY Pi3Hi Qi3UdHiI Ta BipTyalbHiI pecypcu
JTUHAMIYHO MPU3HAYAIOTHCS Ta TIEPETPU3HAYAIOTHCS BiJI-
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TIOBITHO JIO TIOMTUTY CHOKKMBaviB. He3anexxHicTh Bi Mic-
[Ie3HaXO/KCHHS, OCKUIBKH KIII€HT, SK MPaBUIO, HE Mae
KOHTPOJIO a00 3HaHb MO0 TOYHOTO PO3TAIlyBaHHS Ha-
JaHUX PECypciB, ale MOXKe MaTH MOKJIMBICTH BKa3aTH
MiCIle pO3TalTyBaHHs Ha ORI BUCOKOMY piBHI abcTpa-
Kmii (Hampukiag, KpaiHa, abo meHTp oOpoOkm na-
Hux). [Ipuknany pecypciB BKIIOYarOTh 30epiraHHs, 00-
POOKY, maM’sITh Ta NPOITYCKHY 3aTHICTh MEPEXi;

4) MmBHKA ENACTHYHICTh — BHCOKA SIACTHYHICTh
Ta MacIITabOBaHICTh,

5) BuUMiprOBaHHI CepBic — XMapHi CHCTEMH aBTO-
MaTUYHO KOHTPOJIOIOTH 1 ONTHUMI3YIOTh BHKOPUCTaHHS
pecypciB, BUKOPUCTOBYIOUH MOJKIJIMBICTh BUMIipIOBaHHS
Ha JesKOMY piBHI aOCTpakxiii, BiAIOBiTHOMY THILY cep-
Bicy. BukopucraHHs pecypciB MOXKHA BiICTE)XyBaTH, KO-
HTPOJIIOBAaTH 1 CKJIAamaTH 3BiTH, 3a0e3MedyI0ud IMPO30-
picTh SK AT MOCTa4aNbHHUKA, TAaK 1 IS CHOXKHMBada BH-
KOPHCTOBYBAHOI MOCITYTH.

Po3pi3HsAIOTE TpH BapiaHTH peaizalii XMapH:

- iH(pacTpykTypa sik cepsic (IaaS);

- matdopma sik cepsic (PaaS);

- mporpamMHe 3a0e3rnedeHHs sk cepBic (SaaS).

SaaS o3Hauae, 110 MOCyra, sKka HagaHa KIIEHTY,
SIBISIEThCS JTOJATKAaMHM, IO MpAIfO0Th Ha iH(pacTpyK-
Typi XMapHHX OOYHCIIEHb, 3a0€31e4eH0l MOCTaYaIbHuU-
Kam# nociyr. Jlo HUX MOXKHa OTpHMAaTu JIOCTYI iHTep-
(eficaMn TOHKOTO KJTi€HTA, HATIPUKIIA, TAKAMH K 0ay-
3ep. YMpaBIiHHA BCi€lo iHQpaCTPyKTypor 3mailCHIO-
€THCS IOCTAYaJIbHUKOM CEPBICIB, a CHOXXHUBAY YIPaBIIsie
TIIBKY OTIEPALIiiHOI0 CHCTEMOIO 1 BCTAHOBIICHUMH J0/1a-
Tkamu. Taki cepBicH 3a3BUYAl OIIAYYIOTHCS 3a iX (hak-
TUYHUM BUKOPHCTOBYBAHHSIM i JJO3BOJISIFOTH KOPHCTYBa-
4eBi 3011bIIyBaTH 200 3MEHIIIYBAaTH 00CSAT BUKOPUCTOBY-
BaHOI 1HQPACTPYKTYypH Yepe3 creliaibHi MOopTaly, Ha-
JlaHl mocTayalbHUKaMH CepBiciB. Y Wil MOJei CIIOXU-
BayaMH € BIACHHUKH JoAatkiB, IT-¢axiBIi, 0 TOTYIOTH
o06paszu OC ans ix 3ammycKy B cepBicHil iHQpacTpyKTypi.
XmapHa riatdopma HaJlae cepBicH JUIs 3aIycKy BipTya-
JBFHUX MallvH i cepBicu 30epiranHs manux. OmuaTa iH-
(bpacTpyKTypH sIK cepBicy, 3a3BUYail IPOBOIUTHCS BUXO-
JST9H 3 00CATY BUKOPUCTAHHX PECYPCIB.

PaaS — naeTbcst criokuMBaueBi sl PO3rOPTaHHS Ha
XMapHii iHQPacTPyKTypi, MO CTBOPEHA CIIOKHBAaYaMH,
a00 U1 3amyCcKy JOJIaTKiB, MOOYAOBaHUX MPU BUKOPHUC-
TaHHI MOB IIPOTpaMyBaHHS 1 IHCTPYMEHTIB, SKi MiATPHU-
MYIOThCS TIpoBaiiepoM. Crio>kuBad HE KepYye i He KOHT-
poioe 0a3oBYy XMapHy IH(QPACTPYKTYpy, BKIIOYAIOUH
MEpEexy, CepBEepH, OIlepamiiHi CHCTEMH a00 CHCTEMH
30epiraHHs, aje Kepye pO3rOPHYTUMH J0AaTKaMu i, MO-
JKIIMBO, JOJATKOM, IO BU3HAYae KOH(pIryparrirmo omnepa-
uiiiHoro cepenosua [1]. Inatrdopma sik cepsic moser-
nrye po3poOKy, TecTyBaHHs, PO3TOPTaHHS 1 CYIpPOBO-
JUKEHHSIM IOIATKIB 0€3 HEeOOXITHOCTI 1HBECTUIIN B 1H-
(dpacTpykTypy 1 mporpamue cepenosuiie. [lmatdopma
SK CEpBIC TaKOX BKJIIOYAE 1 iIHPPACTPYKTYpY SK CEpBIC.
[Ipuknamom mratrGopMu SK CEpBIC MOXKE CIY)KUTH
Windows Azure, Amazon Web Services (AWS). Mox-
JIMBOCTI HAJTAINTYBAHHS JOAATKIB ITi T IIOTPEOH CITOKHBa-
4iB He OOMEXEeHi B paMKax (yHKIIOHAJIbHOCTI IiaTdo-
pmu. Omulata XMapHOI IIaTGOpPMHU PO3pPaXOBYETHCS BU-
XO/STYM 3 00CITy BHKOPUCTAHHX OOYHMCIIIOBAJIbLHUX pe-
Cyp-CiB, TaKHX sIK: 4ac poOOTH Iporpamu; o0CsT JaHUX i

KUTBKICTh omepalliid 3 JaHUMH (TpaH3aKIIii); MepeKHUI
Tpadik.

1aaS — moB's13aHMif 3 MOCITyraMu st KOPUCTYBAdiB,
SIKI XO4yTh OPEHIYBAaTH OOYHCIIOBANEHY IIOTY)KHICTB,
oOcsr B cucTtemMax 30epiranHs, Mepexa Ta 1HII OCHOBHI
KOMI'IOTEPHI pecypcH — iX KOPUCTYBadi MOXKYTh pO3To-
PHYTH 1 BUKOHATH Ha HUX Oyb-sIKe IpOrpaMHe 3abe3re-
YCHHS, BKITIOYAK0YH OTEpaliiiHi cucTeMu i mogatku. [Ipu
LILOMY KOPHCTYBaueBi HE OTPIOHO yNpaBiIATH ad0 KOH-
TPOJIIOBATH XMapHy iH(pacTpyKTypy, BKIIOYAIOUU Me-
PeXy, cepBepH, OnepaliiiHy cucTeMy, cucreMu 30epi-
raHHS Ta HaBiTh HANAIITYBAHHS J0AATKiB [7].

3 TOYKH 30py PO3TOPTaHHA IIATPOPMH XMapHUX
00YHCIICHb BKIIIOYA€ TPU BHIM:

- TpUBaTHI XMapw;

- myOusivHI XMapwy;

- TibpumgHi XMapH.

[Ty6miyHa xMmapa (puc. 2) — ne XxmMapHa iHdpacTpy-
KTypa, sika TOCTYIHA JJIs IUPOKOTO 3araixy abo CIiBpo-
OiTHMKaM Kopriopauii 1 HaJIe)KUTh OpraHizalii, 1o Hajae
XMapHi cepBicH. Y myONiYHHX XMapax OOYHCIIIOBaJIbHI
pecypcH AMHAMIYHO 3a0e3MeuyroThCs yepe3 IHTepHeT 3a
JIOIIOMOTr o0 BeG-10aaTKy abo Be6-ciyx6 [7]. [IpuBatHa
XMapa IOB's3aHa 3 peaji3alie€lo XMapHUX 00YHCIICHb Ha
KOPIIOPaTHBHHUX MEpeikKax.

Cloud Computing

Storage/
Data

)

Software
Platform

Virtual
Server Desktop

]

Applications

(i

(2 e i

Puc. 2. [Tyoniuna xmapa (Fig. 2. Public Cloud)

ITpuBatHi xMapu (puc. 3) CTBOpEHi I BHHATKO-
BOTO BHKOPHCTaHHS OJHIEIO TPYHOI0 KOPUCTYBadiB, 3a-
6e3nedyodn MOBHUN KOHTPOJIb HAIIAIOTh, O€3MeK0r0 Ta
AKICTIO 00CITyroByBaHHs. BOHM MOXYTh OyTH TOOYIIO-
BaHi 1 ynpasnsaTucs BiaacHoro [T-cayx00r0 kommanii abo
MOCTaYaIbHUKOM XMapHHUX cepBiciB [7].

Virtual Private
Cloud

Private Clouds:
MNext Gen
Data Centers

Private Clouds:
Mext Gen
Data Centers

Puc. 3. IlpusarHa xmapa (Fig. 3. Private Cloud)
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I'ibpugHa xmapa (puc. 4) — 06'eqHye 6e3mid my0uti-
YHHX 1 IPUBATHUX MOJIENEH XMapH, SKi 3B'I3aHi MiXK CO-
0010 3a JTOTIOMOTOI0 TEXHOJOTI1, fika 3a0e3Medye CIIib-
HUH JOCTYI O JMaHWX i 3acTocyHkiB [7]. Jani Ta mpo-
TpaMHi MOKHA MEPEMIIIyBaTH MiXK 3aKPUTHMH 1 3arajib-
HOJOCTYITHUMH XMapaMu. ToMy TiOpumaHe XMapa IIiIBU-
I[y€ THYYKICTh, PO3LMIUPIOE MOXIUBOCTI PO3rOpTaHHS i
JoriomMarae ONTHUMI3yBaTd iCHyIOUy iH(pacTpykrypy, a
TaK0X CUCTEMH OE3ICKH 1 BiIIOBITHOCTI BUMOTaM.

Cloud Clients

Web browser, maobile app, thin dient, terminal emulator, ...

A TION

SaaS

CRM, Email, virtual desktop, communication, games, ...

PLATFORM

Paa$S

Execution, datsbase, webserver, development toals, ...

/

laa$S

Wirtusl machines, servers, storage, load balancers, network, ...
"-—-’u

Puc. 4. T'i6puana xmapa (Fig. 4. Hybrid cloud)

IHFRASTRUTURE

2. Anaiis Cloud Platform

Jns Bubopy mmatdopmu HeoOXimHO chopMyiio-
BaTH BUMOTH, L0 TPEJ'IBIISTIOTHCS 10 XMapy 1 TOLIBHO
MIPOBECTH NPOOHE TECTYBaHHS IOCTYHHUX IUIaTdopMm.
MoskHa Bi3HaYMTH Taki miardopmu i kommaHii: Ama-
zon Web Services (AWS); Windows Azure; Google
Cloud; Rackspace; IBM Cloud; VMWare vCloud.

JIyis MOpIBHSJIBHOTO aHAMi3y BI3bMEMO TPH XMap-
Hux miardpopmu: Amazon Web Services, Windows
Azure Ta Google Cloud. Amazon, Microsoft i Google mo-
MIHYIOTh HaJl MyOJIIYHHM XMapHUM CEpEIOBHIICM, 3a-
Oe3meuyroun HaiiOe3neyHimi, THY4Ki Ta HaaiiHI XMapHi
TIOCITyTH.

Bigmosigni xmapHi muatgopmu AWS, Azure Ta
GCP nporoHy0Th KJIi€HTaM HMIMPOKHH CHEKTP CXOBHIII,
obuucneHs Ta MepexxHux onuid. Jleski ¢yHkuii, 3ara-
JBHI IS TPHOX IAT(OpM, BKIIOYAIOTH MHUTTEBE Ha-
JIaHHS, CaMOOOCITyrOBYBaHHs, aBTOMAacIITabyBaHHs, yII-
paBiiHHS 11eHTU]IKaLi€I0 Ta Oe3MeKy.

B mannit vac AWS MoxHa BBaykaTh Habarato OuIb-
oM, Hixk Azure Ta GCP 3 Touku 30py QyHKIIOHATIBHO-
cTi Ta 3pimocti. Amazon Web Services € mpoBifHAM TI0-
cravansHIKOM laaS Ta PaaS, 1 y HpOTO € Iry’Ke OTMpOKHiA
ACOPTHMEHT TTOCIYT, B SKUH TaKOX BXOIATH OE3KOIITO-
BHI PiBHI, fIKi JTO3BOJISTIOTH KOPUCTYBa4aM CIIPOOYBATH iX
6e3komToBHO. AWS mponoHye Hijauid psj NpOHo3UIii
"Indpactpykrypa sk mociyra" (1aasS), siki MOXHA KITacH-
¢ikyBaT Ha oOUMCIIeHHs, 0a3y JaHuX, IOCTaBKY Ta 30e-
piraHHsI KOHTEHTY Ta CTBOPEHHS MEpPEXK.

Amazon Web Services ()

Microsoft

Google

Albaba Cloud

Oracle @

IBM
Tencent Cloud @ ®

ABILITY TOEXECUTE —

COMPLETENESS OF VISION ——

Puc. 5. Bukopucranus xmapuux nposaizaepis (Fig. 5. Using cloud providers)

AWS 3abe3neuye miaBHUN Ta THYYKHUil TOTIK 300py
JAHUX 32 JOTOMOTOI0 Oe3CepBepHUX CIYXKO, TaKHX SK
Amazon Kinesis Streams, Amazon SQS Queues ta AWS
Lambda Functions. Biu naiae opraizaitisiMm MOXJIHBICTb
BuOopy mardpopmu BeO-IOAATKIB, onepauiiHoi cuc-
Temu, 0a3 JaHWX Ta MOB MPOTrPaMyBaHHs, CEPE IHIIOTO
BiIMOBITHO J10 iX BUMOT [8].

Buxopucranns pecypciB xMapHOi iHQpacTpyKTypHu
MOJKHA KOHTPOIIOBATH 3a JOMTOMOTOIO iHCTPYMEHTIB YII-
pasminas AWS, takux sk AWS CloudTrail Ta Amazon
CloudWatch st BigcTeKeHHS aKTHBHOCTI KOPUCTYBAUiB
ta AWS Config as1s ynipapiiHHS iHBEHTapHU3aLi€r0 pecyp-
cie Ta 3min [8]. AWS cnpusie 3HaYHOMY MiABULICHHIO
IIPOJYKTUBHOCTI Ta pocTy Oi3Hecy opranizauiid. [eski
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meposiku AWS BKIIOYAIOTh CKIAIAHY iHQPaCTpyKTypy
Ta JIMITH 00CITyTOBYBaHHSI 32 3aMOBUYBaHH:M, SIKi BCTa-
HOBITIOIOTBCSI BIATIOBIAHO J0 CEpeIHiX MOTped KOPUCTY-
BadviB.

Hentpu 06podku qanmx Amazon € HalOLTBIIIME ce-
pexn TprOX XMapHHUX TIPOBaiiiepiB i po3TarmoBaHi B 77 peri-
oHax cBiTy. Microsoft — 3apa3 mpomoHye OLIBIIICTE CBOrO
HaNTOIYIISIPHIIIOTO TIPOTrPaMHOro 3a0e3MeYeHH s, BKIF0Ya-
toun Office Ta kopropaTtuBHe HporpamHe 3a0e3redeHHs
Dynamics, Ha ocHOBi SaaS. A Microsoft Azure € npyrum 3a
BEJIMYMHOIO MocTavaibHUKoM laaS ta PaaS. XmapHi 06un-
cimoBabHi atdopmu Microsoft oco0muBo momysipHi ce-
pex MiIIpHEMCTB, SIKi MAlOTh TiOpHIHI XMapH.

[nardopma Microsoft Azure poszpobiena st CTBO-
PEHHS, PO3TOPTaHHS Ta YIPABIIHHSA PI3HAMH CIyXOaMu
Ta IIPOrpamMaMH depe3 BeMUYE3Hy MEPEXy ILIEHTPIB 00po-
OKku aHux, sKUMU kepye Microsoft.

Ipono3umii Azure BKIIFOYalOTh OOYUCIICHHS, CTBO-
PEHHS MepeiK, 0a3 JaHKUX YIIPaBIiHHS IPOJYKTHBHICTIO Ta
MPOYKTHBHICTb.

Azure Site Recovery mo3BoJisie opratizarism Oyib-
SIKOTO PO3MIpy OpraHi3yBaTH PEIUTIKAIli0 MK caiiTaMu
Ta BIHOBJICHHS JaHUX /I BIPTyaJlbHUX MallHMH, PO3Mi-
meHNnX Ha camoMy Azure. AzZUre mpomoHye pe3epBy-
BaHHs 30HU (ZRS) abo pe3epByBaHHS AaHHX Y KUIbKOX
perionax LIOZl. Azure ExpressRoute momnermrye miaKimo-
YeHHS LEHTPY 00poOKH maHuX 10 AZUre yepes MpuBaTHE
mocuIaHHsA 0e3 BUKOPHUCTAaHHsS [HTepHeTy, THM caMuM
3a0e3neuyroun BUMKN PiBeHb Oe3leku, OUTbIry Haliid-
HIiCTh Ta MEHIITY 3aTpUMKY [8].

Azure Takox Mae po3LIMPEHi MEPEIKEBI MOKIIUBO-
CTi, BKJIIOYAIOYM MHIITPUMKY JEKUIBKOX 3'€HaHb MiXK
caiitaMy Ta BIpTYaJIbHUMH MEPEXKaMH, a TAaKOXK MOXKIIHU-
BICTh HIJKJIFOYEHHS BIPTYallbHUX MEPEXK Y PI3HHUX perio-
Hax MiXx co00r0.

Azure mMae HalfHIKYI I[IHA Ha €K3EMIULIPUA Ha BH-
MOTy Ta 3i 3HIKKOI0. CrienianicTu-po3poOHUKH MOXKYTh
IICATH, TECTYBaTH Ta PO3TOPTATH AJITOPUTMH 3a JOIO-
Mororo Ctynii MalmmHHOTO HaBYaHHSA AZUre.

Google Cloud BkItO4a€e iHCTPYMEHTH IS ITiJBH-
IICHHS MIPOAYKTUBHOCTI opicHUX poOiT SaaS, siKi KOHKY-
pytoth 3 Microsoft Office. Kommanist Takox mae xyxe
oty isipHi mpono3utiii laaS Ta PaaS.

3aBIgKkd IHTYITHBHO 3po3yMmiloMy iHTepeiicy,
MEHIIIMM BUTpATaM, BUTIIHUM €K3eMIUIIPaM Ta THYYKUM
napamerpam obunciierb, GCP e npuBabnmBoio anbrep-
HatuBor sk AWS, tak i Azure. Google BukopucTOBYE
noBHOMacHITabHe MU(PYBaHHS BCIX AaHUX Ta KaHAJIB
3B'A3KY, BKJIIOYar04YH Tpadik MixK IEeHTpaM# 00poOKH j1a-
nux [8].

Hesixi chepu, B sikux Google Cloud cunbHO KOHKY-
pye 3 AWS, BKiIIOYarOTh HaJIAIITYBaHHS €K3eMIUIPIB Ta
IJIaTeXKiB, KOHQIACHIIIHICTh Ta Oe3neKy Tpadiky, eKo-
HOMIiuHYy epeKTHBHICTh Ta MalllnHHEe HaBYaHHs [8].

Xoua BCi TpM XMapHi HpOBalIepH NPOIMOHYIOTH
3HIDKKH JI0 75 BiZICOTKIB Ha 3000B’sI3aHHS HAa OJUH-TPH
poku, Google nogaTkoBo MPOIOHYE 3HMKKY IS IOCTIH-
Horo Bukopuctauus 10 30 BIICOTKIB Ha KOYKCH THII CK-
3eMILIIpa, 110 MpaLoe Oiipiie 25 BiICOTKIB MIOMICAII.

BeskomroBHa 1-piuna nmpodHa Bepcis AWS Biamo-
Binae kpeauty GCP y posmipi 300 nonapis CIIA na 12
MICSILIIB, @ TAKOXK OE3KOLITOBHOMY PiBHIO, SIKMI HE 0OMe-

keHnit yacom. Mogens kpenutie GCP Ginbpmie mimxo-
JTH [T OpraHi3amii, SKi HeIoJaBHO NOYHHAIOTh KOPH-
CTYBAaTHUCS XMapHUMH MTOCTYTaMH.

Google mpomonye mexinpka rotosux API, 1o cTo-
CYIOTBCSL KOMI'IOTEPHOTO 30py, OOpOOKH NPHUpPOIHOL
MOBU Ta mHepekiany. [HkeHepr MalIMHHOTO HaBYAHHS
MOXYTh CTBOPIOBATH MOJICNI Ha OCHOBI 0i10JIIOTEKH U~
Gokoro HaBuaHHs TensorFlow 3 Bigkputum KomoM
Google Cloud Machine Learning Engine.

3. Posropranns ingpacTpykrypu

[MopiBHSHHA XMapHUX MPOBaAEPiB B JaHii CTATTi
OCHOBAaHE Ha IePioJii Yacy pO3ropTaHHs TECTOBOTO cepe-
JoBHIna. J[o TeCTOBOro cepenoBHINA BXOAUTH: BipTya-
JIbHI MallMHU Ta 0a3u naHuX. BipTyansHi MammHu — oc-
HOBa /i1 Oy/b-AKO1 iHPpacTPyKTypH, siKa B CBOIO 4epry
HeoOXiHa JuIs po3ropranHs nporpamu. OyHkuii BipTy-
AIBHUX MEPEX € BaXKIIMBUM aCIIEKTOM JJIsi CTBOPEHHSI 3a-
XMIIIEHOI Ta HaliiHOT iH(ppacTpykTypu. Bei 1i cepBicu €
y BUOpaHUX JUIA aHaJi3y MpoBaiiaepiB, MpoTe HOCATH Pi-
3Hi Ha3BU:

1) mas AWS — Elastic Compute Cloud (EC2) ta
Relation Database Service (RDS);

2) mus Azure — Azure Container Instances (ACI)
ta Azure SQL Database;

3) mas Google Cloud Platform — Compute Engine
(GCE), Virtual Private Cloud (VPC).

Cxema TecToBOI iH)PACTPYKTYPH MPECTABICHA HA
puc. 6.

Publi

‘G

Virtual machine Uzers

Data base

A
Y
[

Puc. 6. TectoBa iHppacTpykTypa
(Fig. 6. Test infrastructure)

[TpotsiroM cemu IHIB MPOBOAMIIOCS PO3TOPTAHHS
TECTOBOI 1HPPACTPYKTYpH Y BCIX TPHOX OOpaHHX MPO-
BaiinepiB. Jlyis aBTOMaTU3allii pO3ropTaHHS BUKOPUCTO-
Byetbes Terraform [9]. BukopucToByBanucs BipTyaibHi
MaIIyHY 3 TakuMu mapamerpamu: 1 sapo CPU, 2 GB Bi-
pryansHoi mam'sti RAM, OC — Linux; mis 6a3u gaHux
BukopucrtoByBaiucs 2 sapa CPU ta 4 GB RAM.

V tabnuii 1 HaBeneHo Yac po3ropTaHHs, TUCTIEPCist
aust perionis €Bpomna (Frankfurt) i Amepuka (East) Ta Ba-
PTiCTb pecypciB y pi3HUX IpOBaiiepiB.

ITpu neperusiai pe3yabTaTiB MOXKHA IT00AYNTH, IO
Yyac po3ropTaHHs 1 aucriepcist Bciel iHdpacTpyKkTypn y
BCIX IpOBalaepiB BiJPI3HAETHCS HE3HAYHO, MPHUOMY
¢urykTyanii (BUNaaKOBE BiIXWIGHHS) LUX MapamMeTpiB
Tak caMo He 3Ha4Hi. [Ipu po3ropTaHHs B pi3HUX perioHax
(Amepuka i €Bporma) Bigpi3HIETHCS BapTICTh 1 3aTPUMKA.
Jucnepcis mae 3Ha4Hy BigMiHHICTE Oinbmre 100 Mc, Ba-
PTICTH BiIpi3HAETHCS HE 3HAYHO. BapTo BpaxyBaTu 10 y
LUX TPHOX MPOBANHAEPIB € CHCTEMA 3HM)KOK IIPU TPUBa-
JIOMY 3aCTOCYBaHHI CEpBICIB.

B cepenHboMy MOXHa OTpHUMATH 3HIDKKY Bin 30 10
60 BiICOTKIB, IO MOXKE OyTH BUpIIIAIEHUM (PaKTOPOM
Ipu BHOOPI npoBaiizepa.
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Tabnuys 1 — Pe3yabTaTi aHami3y

Europe (Frankfurt)
1 virtual machine 2 virtual machines
AWS GCP Azure AWS GCP Azure
Lina ($) 1.62 31 4.12 3.23 6.19 8.23
Yac (m) 6.1 6.3 6.4 7.3 7.6 8.05
Jlucniepcisi(vce) 41 40 41 41 40 41
America (East)
1 virtual machine 2 virtual machines
AWS GCP Azure AWS GCP Azure
Lina ($) 141 247 3.75 2.81 4.93 7.49
Yac (m) 6.1 6.3 6.4 7.3 7.6 8.05
Jucnepcisi(mc) 150 149 151 150 149 151

IIpn BuOOpi XMapHOTO TpOBaiizepa BapTO 3BEp-
HYTH yBary Ha SKifl omnepariiiHiii cucreMi OyayTh mpa-
mroBat cepsepa. Skmio e 6yme Windows, To kparie
3BepHyTH yBary Ha Azure. GCP ocTaHHIM 3 IIUX TPHOX
NpoBaiiiepiB BUHILIOB HA PUHOK, TOMY MPOBOJUTD arpe-
CUBHY I[IHOBY MOJITHKY IIO AA€ PE3yJbTaT 3aJyuyeHHS
HOBHX KJII€HTIB 1 301nbiieHHs yacTku GCP Ha puHKYy.

BucHoBku

O3HallOMUBILIKUCE 13 HAWBAXJIMBILIMMH TUIOCAMH 1
MiHyCaMH LUX TPbOX XMapHHX IIPOBalIepiB, CTaE oue-
BHJIHUM, L0 KOXKHA 3 TPhOX XMapHUX uiatgopm AWS,
Azure Ta GCP no-cBoeMy yHiKajibHa 1 IPONIOHYE Oe3Jiiv
BapiaHTiB JJ1sl BUOOPY OpraHizaiiii Ha OCHOBI IXHIX KOH-
KpeTHUX BUMOT. OCHOBHOIO MEPEBarord XMapHHUX ILIaT-
(dopM € Te, 110 BOHU MPOMOHYIOTH e()eKTUBHI IHCTpyMe-
HTU JUId BCUISKUX OOYHCIIEHBh 3 MOYJIMBICTIO Biytaye-
HOTO YNPAaBJIiHHS, a TAKOXX MaclITaOyBaHHS HE3aJIeKHO
BiJl 9acy 1 Gpi3MYHOro Miclsl pO3TalIyBaHHS.

AWS Mae neHTpalbHy OOYHCIIOBATBHY MEPEKHY
cryxx0y Ha ocHoBi Elastic Compute Cloud (EC2).
Y HBOT'O TaKOX IHTErpoBaHi Taki miacepsicH, sk AWS
Elastic Beanstalk, Amazon EC2 Container Service i ae-
SIKi 1HIII KOPUCHI IHCTPYMEHTH. Taki iHCTpyMEeHTH J0-
3BOJISIIOTH MiJIPUEMCTBAM IPOBOJUTH TIIMOOKHUiT aHai3
1 IUIaHYBaHHS, 3BOJSIYM J0 MiHIMyMy ()iHaHCOBI BTpaTH
IpH 3aIyCKy HOBUX MpoekTiB. Tepuropiansno AWS miz-
TPUMYE perioHajbHEe 1 30HAIbHE TOKPHUTTSL.

Microsoft Azure BUKOPHUCTOBYE BHCOKOIIPOAYKTH-
BHi Virtual Machine Scale Sets B skoCTi IICHTpY 00p0oOKH
nmaanx. KimienTepki nmporpamu s Windows posropra-
I0ThCs 3a JonoMoror RemoteApp.

Google Cloud Platform BukopucToBye cepBic
Compute Engine aist 004HCIIOBANBHOT MOTYKHOCTI. Bin
HiITPUMYE OUIBIIICTh OCHOBHUX IHCTPYMEHTIB XMapHOi
wiatdopmu. €MHUIA CepHO3HUI HEJOITIK, IPO KUK CIIijL
3rajilaTi, — Iie I[iHa — BOHa 0e3yMOBHO HE HaHTHyYKiIIa
cepen Tpiiti Google Cloud vs Amazon AWS vs Azure.
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CpaBHUTE/JbHBII AaHAJU3 OPraHU3ALUH 00/1aYHOI HHPPACTPYKTYPHI
A. A. Kosanenko, A. C. JIswmenko, P. A. SIpoueBuu

AHHOTanus. BOTBPIIMHCTBO SKCIIEPTOB B 0OJIACTH TEXHOJIOTHI CUUTAIOT OOJIAUHBIC BRIYUCICHHS OTHON M3 CaMBIX BIIHS-
tenbHBIX UT-rernennnit XXI Beka. 3a mocineanne ABa AECATHIIETUS 00JIAaUHBIC BRIYUCIICHHUS OCYIECTBIIN 3HAUYUTEIbHbIE N3Me-
Henus B UT-uHIYCTpUH 1 OOJIBIIMHCTBO OPTaHU3aIUi TeTeph UCONB3YIOT MoaAX0 «cloud-first) B CBOMX TEXHOJIOTHUECKHUX HYX-
nax. ObnayHas miatpopma — 3T0 HaOOp CEPBUCOB M BO3MOXKHOCTEH, KOTOPBIC MPEAOCTABNISAIOT pa3paboTunku. OHU MPeTOCTaB-
JISIIOT TIOJIb30BATENSIM JOCTYI K BHIYMCIUTEIBHBIM PECYpPCaM U aHAIMTUYECKHX MHCTPYMEHTOB, a TAK)KE B XPaHWIMIIE JaHHBIX,
cepBepoB, [10 u T.1., I 0OBIYHBIX MOJB30BATEICH M KPYIMHBIX KoMnanuil. O0IauHble BEIUUCICHUS — 3TO HOBast MOJICIb MPEI0-
CTaBIICHUS W MCIIONB30BaHMUs pa3nuuHbIX U T-pecypcoB, B TOM YMCIie BEIYUCIUTEIBHBIX MOIIHOCTEH (CEpBEPOB), IPOCTPAHCTBA
JUTSL XpaHEHUs TaHHBIX, IPOITYCKHOM CIOCOOHOCTH CETH U MpHIIoKeHUH. Pecypchl B Takoi Moeny 00beJMHEHB! B TYJIBI U IIPEIOo-
CTaBIAIOTCS IO TPEOOBAHUIO, a OILIATa OCYIIECTBISIETCS M0 (PaKTHIECKOMY UCTIONB30BaHUI0. CaMa MOJIENb OTIINYaeTCs BEICOKON
aTanTHPOBAHHOCTHU U MPEKPACHBIMI BO3MOKHOCTSIMH CETEBOTO A0cTyma. O0IayHbIe BEIYUCICHNS HMEIOT MHOTO TIPEUMYIIECTB 1O
CPaBHEHHUIO C TPAJUIIMOHHBIME PEHICHUSMH JIJIs1 TIOCTPOCHHS UHDPACTPYKTYPBI IPEAPUATHIA, TPEIOKECHUEM CEPBUCOB U YCIIyT
U ToMy moo0Hoe. Cpeaiu TaKUX MPEUMYIIECTB MOXHO BBIICIUTh: THOKOCTh, MAaCIITAOUPYEMOCTbh, OIJIaTa 32 (PaKTUIECKOE HC-
MMOJIb30BaHKE, BBICOKAs HAIE)KHOCTh M OTKa30yCTONYMBOCTh. OONauHbIC BBIYMCICHHS MOTYT CYIIECTBEHHO YIYYIIHTh JAOCTYII-
HOCTb pecypcoB IT u gat0T MHOTO IPEUMYILIECTB 10 CPABHEHUIO C APYTMMH BIYUCIUTENLHBIMU MeTOAaMU. Hanpumep, oH MOTYT
o0ecrevnTh JOCTYM K yciryraM 0e3 B3anMOISHCTBHS C IOCTaBIIMKaMH yciyT. 1 Bce pecypchl Ha 001aKe TOCTYITHBI TF0OOMY TOJTb-
30BaTENI0, TO €CTh MOJIB30BATEIH MOTYT TMHAMHYECKH apEHAOBATh (PU3NYECKUE WM BUPTYANbHBIE PECYPCHI U HE JOJDKHBI 3HATH
HX MPOUCXOXKICHUS UITH MECTO KUTEILCTBA. KpoMme Toro, Bce pecypchl Ha miatpopMe 00IaqHBIX BBIYHCICHHH MOTYT OBITh pa3-
BEPHYTHI OBICTPO M O3 OCTAHOBKH.

KawueBbie caoBa: obnavynas HHQPACTPYKTYypa; MyOIMIHOE 007aK0; THOpHIHOE 00IaK0; YacTHOE 00JIaKo.

Comparative analysis of the organization of cloud infrastructure
Andriy Kovalenko, Oleksii Liashenko, Roman Yaroshevych

Abstract. Most technology experts consider cloud computing to be one of the most influential IT trends of the twenty-first
century. Over the past two decades, cloud computing has made significant changes in the IT industry, and most organizations now
use the cloud-first approach in their technology needs. The cloud platform is a set of services and credentials provided by develop-
ers. They provide users with access to computing resources and analytics tools, as well as data warehouses, servers, software, etc.,
for regular users and large companies. Cloud computing is a new model of providing and using a variety of IT resources, including
computing power (servers), storage space, network bandwidth and applications. Resources in this model are pooled and provided
on demand, and payment is made for actual use. The model itself is highly adaptable and has excellent network access capabilities.
Cloud computing has many advantages over traditional enterprise infrastructure solutions, offering services and services, and more.
Such advantages include: flexibility, scalability, payment for actual use, high reliability, and failover. Cloud computing can signif-
icantly improve the availability of IT resources and provide many advantages over other computing methods. For example, they
can provide access to services without interacting with service providers. And all the resources on the cloud are available to any
user, ie users can dynamically rent physical or virtual resources and do not need to know their origin or place of residence. In
addition, all resources on the cloud computing platform can be deployed quickly and without stopping.

Keywords: cloud infrastructure; public cloud; hybrid cloud; private cloud.
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BU3HAYEHHS ITPOITY CKHUX 3JATHOCTEM
CAMOBIJHOBJIIOBAJIBHOT'O CEI'MEHTA MEPEXKI

AHoTanisi. 3ampONOHOBAHO MiAXiJ IO BU3HAYEHHS MPOIMYCKHUX 3/aTHOCTEH CaMOBIIHOBIIOBAJIHLHOTO CETMEHTa MEpExKi
nepenavi ganux. [IpeameTom gociizkeHHs € aBTOHOMHI CETMEHTH TeJIEKOMYHIKaI[IifHOT Mepei, AKi BOJIOIIIOTH BIACTUBI-
CTIO caMoBinHOBIeHHs. 06’ €KTOM J0CTiIKeHHsI € Tpoliec epenayi iHdopmariii Mix By3namu aBTOHOMHOTo cermenTa. Ha-
YKOBa HOBH3HA I10JIITa€ B yJOCKOHAJIEHHI METO Iy BU3HAYEHHS [IPOITyCKHHX 31aTHOCTEIl CAMOBITHOBIIIOBAJILHOTO CETMEHTa
TEJICKOMYHIKaI[IHHOT Mepexi IIpr 00MeXEeHHX MEPEKHHUX pecypcax IUIIXOM 3aCTOCYBaHHS KpPHUTEpito 3abe3neyeHHs MiHiMa-
JIBHOTO Yacy JIOCTaBKY iH(opMariii npy 3aaHiil rpaHULi MOXJIMBOI HMOBIpHOCTI BTpar. Bynm BupimieHi Taki 3aBIaHHs:
po3podiieHa MaTeMaTHYHa MOJIENTb CAMOBITHOBIIIOBAIBHOTO CErMEHTA TEICKOMYHIKAI[iHHOT Mepexki y BUIIIAAI CHCTEMH Ma-
COBOTO OOCITYTOBYBAHHS; 3aIIPOIIOHOBAaHMI CIIOCIO PO3paxyHKY CTYIEHIO 3aBaHTAKEHOCTI KaHATy. BHCHOBOK: 3anmpornoHOBa-
HUH MiIXi1 HaiaB MOXIIUBICTh PO3paxyBaTH MPOITYCKHI CIIPOMOKHOCTI KaHAJIB 3B'I3Ky CAMOBITHOBIIIOBAILHOTO CETMEHTA Te-
JIEKOMYHIKaIiiHOT Mepexi 1 HeoOxinHuit oocsar OydepHoi mam'sTi IpH BiIOMii TONOIOTIT MepesxKi 1 3a1aHiii MATPHUIII TSOKIHHS,
10 3a0e3MeyyoTh HeoOXiIHI 3HaUeHHS HMOBIPHOCTI BIIMOBH 1 TAPaHTYIOTh MiHIMaJIbHHUI Yac JOCTABKH MTOBIIOMIICHb.

Kaw4oBi cioBa: caMOBIIHOBICHHS, TEJICKOMYHIKalliiiHa Mepeka, IPOITyCKHA 3/1aTHICTh; CETMEHT MEPEXKi.

Beryn

Y Mipy TOro, SIK Cy4acHi IporpaMHi CHCTEMH 1 J0-
JaTKH Ha0YBalOTh YHIBEPCAIBHOCTI i QYHKITIOHAIBHOCTI,
cTae Bce OUIbII HEOOXiTHOK MOKIIMBICTh YIIPABISITH He-
CYMICHUMH pecypcaMu 1 oOCIIyroByBaTH pi3HOMaHITHI
BUMOT'Y KOpHcTyBauiB. KpiM TOro, no mipi yckiajHeHHs
CHCTEM BUIIPABJICHHS CUCTEMHHUX 3001B i BIIHOBJICHHS
ITCIIS HIKIJUIMBUX aTaK CTAlOTh OUIbII CKIaIHUMHM, TPY-
JOMICTKHUMH, TOPOTHMH 1 CXWJIBHUMH 10 MOMIJIOK. Lli
YMHHUKA aKTHUBI3yBaJH JOCTIJUKEHHS, IO CTOCYIOTHCS
KOHIIETIIIIT CHCTEM CaMOBITHOBJICHHS.

CamosinnosmoBanbHi cuctemu (CBC) xapakrtepu-
3YIOTBCSl aBTOMAaTWYHUM BHSBICHHSAM 300iB CHCTEMH i
MpuifoMaM¥ BiTHOBJICHHS MiCIsA TakuX cuTyarii. Camo-
BIJTHOBJICHHS — 1€ BOYIOBaHUH MeXaHi3M, SIKUI MMiITpH-
My€e cucTeMy B Mopsiky. CucTemMa caMOBiTHOBIICHHS
MOJKE€ aKTHBHO BiJICT€XKYBATH 1 BUABJIATH IOTCHIIAHI Bi-
JOXWICHHS BiJl CBOiX CTaHAAPTHHUX IapaMmeTpiB, MepeBi-
pATH X 3 IEBHUM CTYIIEHEM JOCTOBIPHOCTI i BiTHOBIIIO-
BaTH HOpMaJbHI omeparii 06e3 BTpy4aHHS JIOAWHU. Y
CBC 000B's3k0BHIi MEXaHI3M MOHITOPHHTY Ta BUSIB-
JICHHS, SIKMI MMOCTIHHO KOHTPOIIIOE CUCTEMY, MO0 mepe-
KOHAaTHCSl, IO BOHA IPalIOe HOPMaJIbHO, 1 MOBIIOMIISE
po OyAb-sIKi BIIXHUJICHHS BiJl O4iKyBaHOI HOBeiHKH. Ta-
KU MEXaHi3M 3Ha€ METPHUKH iJIeallbHOr0 abo IOMyCTH-
MOTO Jliara3oHy, sKi BiH BiJicTexye. Bin Britouae B cede
MOHITOPHHT CEpBEPiB, MOHITOPHHT MEPEXKi, MOHITOPHUHT
6a3 maHUX, MOHITOPHUHT XYPHAIIB 1 MOHITOPHHT TIPOJTY-
KTHBHOCTI 3aCTOCYHKIB, a TAKOX iHII iHCTpyMeHTH. Ta-
k0x B CBC 060B'13k0BUiT TPOTOKOI BiTHOBICHHS, SIKHH
B)KMBa€ HEOOXiTHUX 3aXOiB JJIs BiTHOBJICHHS HOPMAaJTb-
HOi poOOoTH crcTeMH 0€3 TOTIOMOTH 330BHi.

3abe3neuyour paHHE BUSBJICHHS 1 BiJHOBJICHHS
CHUCTEMH, CHUCTEMH CaMOBIJHOBJICHHS MOXYTh 3HA4HO
3HHU3HUTH CEPEIHIM 4Yac BiAHOBJICHHI. ABTOMAaTH3allis
017pLIOCTI MPOLIECIB MOHITOPUHTY TaK0XX MOXE IpHBE-
CTH J0 3HAYHOI'O CKOPOUYCHHS BUTPAT 1 3HW)KEHHS 3a-

TPUMKH Ha 00CITyroByBaHHs. Ha nmogatok g0 BiquyTHUX
mepeBar, BIPOBA/DKCHHS CHUCTEM CaMOBIIHOBIICHHS
MOJKe MTO3UTHUBHO BIUTMHYTH Ha 0arato HemaTtepialbHHUX
acCIIEKTIB, TaKUX K 3aJ0BOJIEHICTH KJIIEHTIB 1 3a40BOJIE-
HICTh CHiBpOOITHUKIB. CKOPOYEHHS Yacy MPOCTOI0 CHC-
TEMH O3HaYae, MO MiAIPHEMCTBA MOXYTh OlNbIIe 30ce-
penuTHCS Ha CBOEMY pealbHOMY Oi3HecCi, HiK Ha yIpaB-
ninHi [T-3aBAaHHSMH, IO MiJABUIIYE Y3TOHKEHICTh Ha-
JTaHHA 1X MOCIIYT.

Opnak mpu Beix no3utuBHUX TeHaeHiisx CBC
NpUITyCKalOTh HaaMmipHicTh Software and Hardware.
Kpim TOro, cucremMa MOHITOPHHTY BUMarae He3HaYHHX,
aJie TOCTIHHUX BUTPAT OOYHCIIIOBAIBHOTO pecypey. Lle
MPU3BOJIUTH JI0 3HWKEHHs noka3HukiB QoS [1, 2]. Tomy
HEeOoOXiTHI HOBI MOJIeIi i MeToIi 0OpOOKH TaHUX, OPi€H-
toBaHi Ha crierudixy CBC. 30kpema, OTHIUM i3 HU3KH Ta-
KHX 3aBJaHb € po3po0Ka METOAY BH3HAYCHHS IPOITYCK-
HUX 3[JaTHOCTEH CaMOBiIHOBIIOBAIBHOTO CEIMEHTAa Me-
PeXi, SIKMI OpiEHTOBaHWIT HAa BpaxyBaHHS CreU(iIYHUX
BJIACTUBOCTEH CaMOBIIHOBIIIOBAIBHAX CHCTEM.

AHaJni3 JiTepaTypHHX JaHUX i NOCTAHOBKA MPO-
0s1emMu. BukopucTaHHS TOUHHX METO/IB PO3B'A3aHHS 3a-
Jladi BU3HAYEHHS MPOITYCKHUX 3JaTHOCTEH CaMOBiTHOB-
JIFOBAILHOTO CerMeHTa Mepexi [3, 4] mpu icHyrounx Mo-
»)mBocTAX EOM  004HMCIIIOBAIBHOT TEXHIKM HEMOX-
muBo. [ligxomu 10 po3paxyHKyY MPOIMYCKHUX 31aTHOCTEH,
3anponoHoBaui y [5], mpuIyckaroTh JIOKaabHE MACIITa-
OyBaHHS MEpEXXHHUX (parMeHTIB K BepTHKaJbHE, TaK 1
TOPHU30HTAJIbHE, aJic He OPIEHTOBAaHI HA BpaxXyBaHHS BIIa-
CTHBOCTI CAMOBIJTHOBJICHH:S. MeTOIMKa PO3paxyHKY, po-
3TJsHyTa y [6], OpieHTOBaHa Ha BY3bKOCTEIialli30BaHi
Mepesxi. Hu3ky MeTofiB po3paxyHky, HaBeneHux y [7, 8],
MOXHA 3aCTOCOBYBATH JIMIIIC TIPU HAsIBHOCTI y MeEpexi
(dpakranpHOTO 200 camomnoioHoTrO Tpadika. [ BUKO-
PUCTAHHSA METOIMKH PO3PAXYHKY, 3alPOTIOHOBAHOI y [9],
HEOOXiHO HasABHICTh ONEPATUBHUX EMITIPUIHUX JaHHUX,
110 HE BIANOBIZA€C HABEIEHINM BHUIIE I[OCTAHOBII 3a-
BranHs. OTXKe Ha ChOT'OJHI ICHYIOYI METOIWKH BH3HA-
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YeHHSI IPOIMTYCKHUX 3IaTHOCTEH HE OpiEHTOBAHI Ha CaMo-
BiTHOBJIOBAJIbHI CETMEHTH MEPEXi

OTXe, METOI0 JaHOT0 AOCTIMKEHHA € PO3poOKa
METOJy BU3HAYCHHS NPOITyCKHHUX 3IaTHOCTEH caMOBif-
HOBITIOBAJIEHOTO CETMEHTa TEJICKOMYHIKaiiHOI Mepexi
pu 0OOMEKEHUX MEPEeKHUX Pecypcax 3a KpHTepieM 3a-
Oe3reueHHs] MIHIMAJIBHOTO 4acy JOCTaBKU iH(opmaii
TIpY 3aJaHiil KIMOBIPHOCTI BTpAT.

Pe3yabTaTu AociaigKeHb

CaMOBITHOBIIOBATBHUN CETMEHT TelleKOMYHiKa-
LiHOT Mepeki MOJCTIOIOTHCS Y BUTILAII CHCTEMHU Maco-
Boro obcnyrosyBands (CMO) tumy M/M/n 3 oOmexe-
HOIO ueprolo (n-xkanainsHa CMO 3 ouiKyBaHHSIM), Ha SIKY
HaJIXOJUTh ITyaCCOHIBCHKHHU IMOTIK 3aIUTIB 3 CYMapHOIO
IHTCHCUBHICTIO A, IHTEHCHBHICTIO OOCIIyTOBYBaHHS IS
KO>KHOT'O KaHaJy L 1 YACIIOM MiCIb ¥ Uep3i, 0 TOPiBHIOE
m. Yepru moB's3aHi 31 BXOJAOM [0 KOXXHOT'O CEIMEHTH,
sIKa YTBOPCHA IYYKOM i3 N KaHATIB 1 KOJICKTUBHO BHKO-
PHCTOBYBAHOIO IIaM'SITTIO B KOXKHOMY HarpsIMKY, 110 Mi-
CTHUTB M eJIEMEHTIB nam'siTi. J[j1st K0’KHOT caMOBiTHOBITIO-
BaJBPHOTO CETMEHTa TEJCKOMYHIKaIliitHOT Mepexi cepe-
IHSI KUTBKICTh 3afHATUX KaHAJIIB BU3HAYAETHCS 5K

n+m
z=p|1- P
nmn!

R | 1)

me p=A/l — cepenHs 3aBaHTAKEHICTh KaHaliB, a Py —

HMOBIPHICTB TOTO, 1110 KaHAJIH BUIbHI 1 HEMA€ Yepru, Ko-
TPy MOXXKHA PO3pPaxyBaTH TAKUM YHHOM:

n a n m a
" (Bj _

P, =
/ /
00!. n! n

o=1

0 ()" ()" &

-y ML LS e
=0 ol n! ]

ne x =p/ N — cTymiHb 3aBaHTAKEHOCTI KaHAITY.

Topi cepeHs KiNbKICTh 3aMUTIB, 10 3HAXOSTHCS B
4yep3i y CaMOBiJHOBIIIOBAILHOMY CETMEHTI TEJIEKOMYHi-
KaliifHOi Mepexi, Moxe OyTH 3HaHAEHO SIK

_ n n+1P m ~
r:(X?]TOZocXO‘ 1 3)
) a=1

MizcymoByroun Bupasu (1) i (3), orpumaemo cepe-
JIHIO KiTbKicTh 3anuTiB y CMO:

W=7+T. @)

IMoBipHICTE BiIMOBHU (3afHATOCTI BCIX KaHAJIB i
MicIIb B 4ep3i) JOPiBHIOE:
n+m

P —Ry. )

6iom =
n'-n
3agikcyeMo MMOBIPHICTh BiIMOBH Ha JIESIKOMY JI0-
ITyCTUMOMY DiBHi:
P

8IOM

< POO@ (6)

6IOM 1

TOJI JJISl TPAHUYHOTO 3HAYCHHS PZ%?, 3 BUpasy (5) Bu-

3HayuMo Py :

nt.n™ 000
I:)0 = : 81'00M . (7
(n . X) n+m
BukopuctoByroun (7) 3poOMMO CIIPOIICHHS BHpa-
3iB (1) 1 (3):

_ m
r=P0 - oy ", ®)

o=1
z=ny(1-Pa50). (©)

[MincraBuBmm ix 10 Bupasy (1), oTpumMaemo BHpa3
IUTS CepeNHbO]1 KilbKoCTi 3amuTiB y CMO:

m;
\\/ 000 000 —(m-a
W =ny, (1_ P sion ) +Plsion Z ax ( ) (10)

a=1
CmiBeigHomenHss (10) cmpaBemmuBo mnst Oynb-
SIKOTO CErMEHTAa 130TPOMHOT MEpEXi, B SAKi p He 3aie-
KHUTH B HampsMKy mepenadi. OqHaK B aHI30TPOITHUX

MepeKax HE3aIekKHA 3MiHHa ¥, i 3HaueHns m, n, PO,

3aJIeXkKaTh BiJl HANPSIMKY Tepeaadi Ui KOXKHOro i-ro ca-
MOBI/THOBITIOBAJTFHOTO CETMEHTa TEICKOMYHIKaIiifHOT
Mepexi TaKUM YHHOM, IO

A 000
Wi =iy (- R0, +
m; . o (11)
R Do =Tk
=1
BuxopucroByroun ¢popmyry JliTTia i KIIeHHPOKiB-
CBKY aIPOKCHMAIIF0, MAEMO

(12)

Ymoga (12) 3 ypaxyBanusim (11) BusHauae cepen-
HIif Yac 3aTPUMKHU TaKeTIB y CaMOBIIHOBIIOBAILHOMY
CETMEHTY TEeJIEKOMYHIKalliitHOT Mepexi:

T_3a() :(1/Y)X

k m;
000 —(mj—a) 000
XZ R sion Za'Xi AN (1— i 6iom
i=1 a=1

(13)
)|

Beenennst ymoBu (6) 1ano MOXIMBICTD HE TUIBKH
CIPOCTUTH (PYHKLIOHAN ONTHMI3alii 3a paXyHOK BH-
KJIFOUEHHS! TPOMI3JIKOTO BHpasy (2), a i BBeCTH IpyrHi
SIKICHAW TIOKa3HHK - WMOBIPHICTh BiJIMOBH, JIOITYyCTUME
3HAUEHHS SKOT0 MoOKe OyTH 3aJaHO Yy BUIJISII BUMOTH
KopuctyBauiB Mepexi. [lpu npomy ¢ynkuis (13) mae
eKCTpeMyM (MiHIMyM), TIOIIYK SIKOTO € 3a7a4ero 0e3yMo-
BHOI oNTHMI3aIlii.

[Imaxom 00YHCIIEHHS YaCTKOBHUX MOX1THUX

afm() /aXi =0 (14)

OTPUMYEMO aOCOIIOTHUN €KCTPEMYM, SIKMH B CHIIY YHi-
MozanbHOCTI T,,, € rnobatsaum. [Ipu TpauuiitHoMy
METOo/Ii oNnTHMi3alii HeoOXiJHO CTaBUTH (YHKIIIIO BapTO-
CTi B SIKOCTI OOMEXEHHS, TaK SIK TI0YaTKOBa (YHKIIisI HE
MICTUTb EKCTPEMYMY, alle € OILYKJIOIO, 1 IOLIYK eKCTpe-
MYMY BUPILIYETHCS SIK 3aJja4a YMOBHOT ONTHMI3allii, 1110
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Mae JesKy MHOXHHY BiTHOCHHUX eKcTpeMyMiB. Kpim
TOTO, TAHWH METOJI BUTHHUH Bif Cy0'€eKTHBI3MY y BHOODI
¢yHKIIi BapTOCTi, TOMY IO 3aCTOCYBaHHS Oymab-sKoi ii
(dopmu He MOKe OYTH NMEPEKOHIUBO apTyMEHTOBAHO IS
KOHKPETHUX YMOB 3aBJaHHS.

B cuny agurtuBHOCTI ¢yHKOii (13) micas o6uuc-
JICHHS 9aCTKOBUX NOXimHUX (14) OTpHUMyeEMO cCHUCTEMY
anreOpaiyHuX pPiBHSHb

W; /oy =0, i=1k, (15)

KOXKHE 3 SKHX € (DYHKIIEI0 OJHI€T He3alIeKHOI 3MIHHOT

(BmacTuBicTh cenapabenbHOCTI), TOOTO
OW; / oxi =dW; /dy; =0. (16)

O6uncnenss (16) 3 ypaxysanssum (11) mpuBoauts
JI0 cUCTeMHU K piBHSIHb TAKOTO BUIIISAY:

m;—1 ! 1— Paog

Z (ml a)axl -+ ) — ni 161 w, :1—’ k, (17)
— P000

o= 1 6i0m

onm

10 BU3HAYAIOTh 3HAYCHHA ¥ = q)yHKLllI/I 3MIHHHX

mnP

gu)w , SIKi 3a0e3MedyroTh MiHIMaIbHHUI cepenHii

yac J0cTaBeHHs nakeTa. OJHaK 32 YMOBAMH 3aBJIaHHs
NPUIHATHAMY 3HAYEHHAME ¥{"" € Ti, 0 PO3TALIOBY-

FOTBCS HA TIOBEPXHI, KA BU3HAYAETHCS BUPa3aMH, OTPHU-
manumi 3 (5):

(niz;)" ™
n; ;™
=Rion  (19)
z (n|X| (n|X|) z
ITeperBopumo Bupa3 (17) 1o Takoro BUIIIAMY:
1 1 B pood
1+— z (ml (X)GXI (m-a+b) |6?0M (19)
i a=1

3 orysiy Ha, Mo mpasi YacTHHU piBHsHE (18) 1 (19)
OJIHAKOBI 1 MOCTiHHI, TPUHHATHI ONTHUMAaJIbHI 3HAYCHHS

Py 0" 3HalineMo 3 yMOBH:
n! o (i)®
(niXi)n a=0 a! (20)
T [ o(m: — o 4. —
Z M_XI X:X 1, |:1,k
a=1 n;

Amnani3 Bupasy (20) noka3sye, 1o NpUAHATHI 3Ha-

np . onm

YEHHA ' ) HE 3aJIS)KUTh BiJl HEOOXiTHOTO 3HAYCHHSI

HMOBIPHOCTI BiAMOBHU P, 1 € QYHKIISIMU AUCKPETHUX

610/14
3HAYeHb KIIBKOCTI KaHamiB ( N;) I KIBKOCTI MICIb y 4e-
p3i (m;).

Koxue piBastaas cuctemu (29) € hyHKIie oxHiel
3MIHHOT %j 1 Ja€ MOJJIMBICTH HE3aJEKHO BH3HAYHUTH

HpHﬁHﬂTHe OINITUMAJIbHEC 3HAYCHHA CTYIICHSA 3aBaHTa-
JKCHHA KaHaJly JJIs1 KOKHOT'O CEIrMCHTa Mepexci. OHHaK

OTPUMATH TOYHHI aHATITHIHHIA po3B's130K (20) He mpen-
CTaBJISIETHCSI MOXKIIMBHM, BBRKAIOUU HA HOTO TPaHCIICH-
JICHTHICTh, ajie HOro MOXHa OTPUMATH MPOrPAMHO YHCe-
JBHUM MeTooM. ToJi TOCUTh BUPILIATH OHE 3 PiBHAHB
(20) BigHOCHO

np Xg)nm _ A _ LA _ i
! M Nl vy
Py = (),

(21)

ne F =LA; — cymapHuii OTiK Ha BXOJI i-TO CETMEHTA;
V; = Lyj — npomyckHa 31aTHICTB KOXKHOTO 3 N KaHAJIB.

Perra 3HaYEHHS MOXKYTH BiJJPi3HATHCS YHUCIIOM OY-
¢epiB M; abo karHamiB Nj . OnTHUMI3aLis O ¥ JO3BOJISE
BapiloBaTH BeMMYMHaMH V; 1 B 3aJIeKHOCTI Bif Kiacy
Tpadiky Fj HagaBaTh Ha BUMOT'Y KOpUCTYBada Oyab-sKy
CYKYITHICTh KaHAJIB 31 3MiHHOO ITUPUHOIO OITOBUX IIIBU-
JKOCTeH repenadi, popMyroun KOXKEH pa3 BipTyalbHUH
KaHaJl 31 3MIHHOIO MPOITyCKHOIO 3JaTHICTIO HE3AJEKHO
Bix HeoOXinHOi Py, mpu npomy yac gocraBku iHdopma-
1ii Oy/ie 3aIUIIATUCS MIHIMAJIEHUM.

Pimenns piBusiHHs (20) MoXHA 3aiHCHUTH rpadiy-
HUM MeToJoM (pHuc. 1), mpeJcTaBuBLIM HOTO Yy BUTIISII

n;! i(“i u)

F(n’va):(n n ol

i Xi ) a=0 : (22)
M| o (mj —o —
Z M‘Xi ){ia_1=0y i=1k.
a=1 ni

[puitnaTai ontumanbhi 3nauenns "2y Busna-

YalThCS KOOPIMHATAMU TOYOK NEPETUHY IIUX KPUBUX 3
Biccio . AHaxi3 rpadikiB MOKa3ye, MO iCHYE TPH Bapia-
HTHU BUPIIICHHS B 3aJISKHOCTI Bifl CITiBBIIHOLIICHHS BEJIH-
YuH N 1 M.

Sxmo ¢ynkuist F(n, m, x) He nepeTnHae Bich Y, TO
MIPUIHATHUX €KCTpEeMaJbHUX 3Ha4eHb (YHKIIT HE iCHYye
(mampuknaza, mpu N =2 i m=4). Oyukuis F(n, m, y)
MOJKe OyTH JTOTHYHOIO JI0 OCI ) 1 TOA1 TOYKa JOTHKY Oye
€IMHAM 3HA4YCHHSIM.

VY TpeThOMY BHIIAJIKY € Bi TOUKHU NepeTuHy. OHaK
3Ha4eHHSA ¥> | y IpyTii TOUIl MPU3BOIATH 0 IMIBHIKOTO

00

spocTalus T,y i Pogy -

3a (i3ugHIM 3MiCTOM 1 yMO-

BaMH 3aBIaHHs NPUIHATHUMH € 3HAYCHHS MEHIIOro 3a
BEJIMYHNHOIO KOPEHSI.

Amnaii3 Bupasis (21) noka3sye, 1110 BOHH € HE3aJIeK-
HuMH. Bupasu (21) Bu3HAYa0Th YMOBY, 32 SIKOT MOKHA
3IHCHUTH BapirOBaHHS YUCIIOM KaHAJIB 1 X IPOITYCK-
HOIO 3JIaTHICTIO B 3aJIE)KHOCTI BiJ Kiacy Tpadiky, Hasla-
I0YM KOPHUCTYBady CyKYIHICTh KaHAJIB i3 3a/laHOO -
PHHOIO CMYTH NPOITyCKaHHS B MEXaX OTPUMAaHOTO 3Ha-

np . onm

YeHHS ' )j . 3aJHLIAI0YH CEPEeIHIN 9ac 3aTPUMKH Mi-

HIMaJIbHUM HE3aJIC)KHO BiJl BEJIMYMHHU HEOOXITHOTO 3HA-
YEeHHSI HMOBIPHOCTI BTPAaTH MAKETiB BHACIIJOK BiIMOB B
00CIIyroBYBaHHI JUISI MEPEXKi BiTOMOT TOIIOJIOTI].

[Moeaunanns ymo (14, 20, 21) rpadiyno Bizobpa-
JKCHO Ha PUC. 2, U0 TO0YA0BaHMIA 3 BUKOPUCTAHHSIM I1a-
kera Mathcad.
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JUISL CAaMOBIZTHOBITIOBAIBHOTO CETMEHTA TeJIEKOMYHIKaIiifHOT Mepexi:

(Fig. 1. Definitions "P¢{"™" for the self-healing segment of telecommunication networks)

a—n=2,m=5-9;

Puc. 2 no3Bossie 3p0OUTH BUCHOBOK, IO B MEXKax
BCTAQHOBJICHUX 3HA4€Hb [IAPaMETPiB 4aCOBOI MPO30POCTi
CaMOBITHOBJIIOBAJILHOTO CErMEHTa TEeJIEeKOMYHIKaI[ifHOT
Mepexi, MOYKHa 3/1IHCHUTH OOMIH MTPOITYCKHOT 3]aTHOCTI
KaHaly Ha oOcsr OydepHoi mam'sTi Ha BXO1 B JJaHUiT Ka-
HaJl. AHaJI3 oKa3ye, 10 TaKui 0OMiH MOXe OyTH 3/1ii-
CHEHU 32 yMOBHM HiITPUMAHHS CTAJIOCTI TaKHUX SIKICHUX
MOKa3HUKIB MEpeXi, K 4ac 3aTPUMKH 1 HMOBIPHICTbH
BTPaTH HaKETIB.

Bucnosok
Takum gmHOM, OTpuMaHi 3 rpadikiB puc. 2 3Ha-

YEHHsI CITUILHO 3 CHIBBiIHOIIEHHSM (21) naroTh MOXIH-
BICTh pO3paxyBaTd HPOITYCKHI CIIPOMOXKHOCTI KaHaliB

6—n=14, m=12 - 16

3B'13Ky V| CaMOBiTHOBIIOBAIBHOTO CETMEHTA TEIEKOMY-
HIKaIiHHOT Mepexi 1 HeoOXiHuiA o0csr OydepHol nam'-
AT M) TIpH BioMii Tomostorii Mepei i 3a1aniit MaTpuri

TSOKIHHS ||kij ||, o 3a0e3MedyroTh HEOOXIqHI 3HAYCHHS

HWMOBIPHOCTI BIZIMOBH 1 rapaHTYIOTh MiHIMAJIbHUH Yac
JIOCTaBKU IIOBiIOMJIEHD.

OTxe, po3poOIeHO METOJ BHU3HAYCHHS IPOIYCK-
HHUX 3[aTHOCTEH CaMOBIIHOBIIOBAILHOIO CETMEHTA Te-
JIEKOMYHIKAIIHOT Mepexi MPH OOMEKEHIX MEPEKHHUX
pecypcax 3a KpUTepieM 3a0e3le4YCHHS MiHIMaIbHOTO
yacy IOCTaBKH iH(popMamii mpu 3amaHiii HMOBipHOCTI
BTpAT.
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OnpeesieHHe NPONMYCKHBIX CIIOCOOHOCTEH
CaMOBOCCTAHABJIMBAIOIIETOCS] CETMEeHTa CeTH

H.T. Kyuyxk, A. B. ledep, I'. 1. UepHea, Annacpu Opxar Anu

AHHoTanus. [IpeanoxeH MoAXo. K ONPEASICHHIO IPOIYCKHBIX CIIOCOOHOCTEH CaMOBOCCTAHABINBAIOIIETOCS CEIrMEHTa
ceTu nepeaaqn naHHbIX. [IpeqMeToM mccieqoBaHUS SBISIOTCS aBTOHOMHBIE CETMEHTHI TEIEKOMMYHUKAIMOHHON CETH, KOTOPbIE
00J1a1at0T CBOMCTBOM caMOBOCCTaHOBIEHUS. O0bEKTOM HCCJIeJOBAHMS SBISCTCA MPOLECC Mepeaadyd HHPOPMALUH MEXKIY y3-
JIaM¥ aBTOHOMHOTO cerMeHTa. Haydnasi HOBH3HA 3aK/II04aeTCsl B yCOBEPILICHCTBOBAHUY METO/Ia OIPE/IeIeH s IPOITYCKHBIX CIO-
COOHOCTEH CaMOBOCCTaHABIIMBAIOLIEIOCS CErMEHTA TEJICKOMMYHHKAIIMOHHOM CETH IIPH OrPaHUYEHHBIX CETEBBIX pecypcax MmyTeM
MPUMEHEHHs] KpUTEpHst 00ecriedeHns] MUHUMAJIbHOTO BPEMEHH JI0CTaBKK MH(OPMAIUK MPH 3aJaHHON IpaHuIle BO3BMOXKHOM Bepo-
STHOCTH TOTePb. BBUTH pelIeHs! Cleayolue 3a1a4m: pa3paboTaHa MaTeMaTH4eckasi MOJIeIb CAMOBOCCTAHABIIMBAIOIIETOCS CeT-
MEHTa TEJICKOMMYHHKAI[MOHHON CETH B BHJIE CHCTEMbBI MacCCOBOTO OOCIY)KMBAaHUS; MPEJIOKEH CIIOCO0 pacyera CTEIEHH 3arpy-
JKEHHOCTH KaHaja. BBIBOA: Mpe/U10)KeHHbIN MOAX0/I JaJl BO3MOXXHOCTh PACCYMTATh IMPOIYCKHBIE CIOCOOHOCTH KaHAJIOB CBS3HU Ca-
MOBOCCTAHABIIMBAIOIIETOCS] CETMEHTA TEICKOMMYHHKAI[MOHHON CETH U He0OXOAMMBIH 00beM Oy(hepHO# maMsTH Mpu H3BECTHON
TOIOJIOTUH CETH U 33JJaHHOM MaTPHIIBI TATOTEHHUH, KOTOPBIE MIPU ITOM 00ECIeUNBAIOT TpeOyeMble 3HAUCHUsI BEPOSTHOCTH OTKa3a
Y TApaHTUPYIOT MUHUMAJIbHOE BPEMs TOCTaBKH COOOIIEHUM.

KawueBble caoBa: CaMOBOCCTAaHOBJICHUE; TCIICKOMMYHUKAIMOHHAs CETh; IMIPOITYCKHAsL CHOC06HOCTL; CEIMCHT CCTHU.

Determining the capacity
of the self-healing network segment

Nina Kuchuk, Oleksandr Shefer, Galina Cherneva, Alnaeri Frhat Ali

Abstract. An approach to determining the bandwidth of the self-healing segment of the data network is proposed. The
subject of the study are autonomous segments of the telecommunications network, which have the property of self-healing. The
object of research is the process of information transfer between nodes of an autonomous segment. The scientific novelty is to
improve the method of determining the capacity of the self-healing segment of the telecommunications network with limited net-
work resources by applying the criterion of ensuring the minimum time of information delivery at a given limit of possible proba-
bility of loss. The following tasks were solved: a mathematical model of the self-healing segment of the telecommunication network
in the form of a queuing system was developed; the proposed method of calculating the degree of channel congestion. Conclusion:
the proposed approach made it possible to calculate the bandwidth of the communication channels of the self-healing segment of
the telecommunications network and the required amount of buffer memory with a known network topology and a given gravity
matrix, providing the required values of failure probability and guarantee minimum message delivery time.

Keywords: self- healing; telecommunication network; bandwidth; network segment.
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JI. M. Cakosuy, I'. 5. Kpuxoseupkuii, O. B. Mixin, 10. B. MupomauieHko

[HCTHTYT CrierianbHOTO 3B SI3Ky Ta 3axucTy iH(popmaii HarlioHaTpHOTO TEXHIYHOTO YHIBEPCHUTETY
Vxpainu “KuiBcbkuii monitexHiuHui iHCTUTYT iMeHi Iropst Cikopebkoro”, Kuis, Ykpaina

OIIHKA BIIVIMBY METPOJIOI'TYHOI'O TA JIA'HOCTUYHOI'O 3ABE3INEYEHHA

HA TEXHIYHE OBCJIYT'OBYBAHHS 3A CTAHOM 3ACOBIB 3B’A3KY

AHoTanisi. MeTa cTaTTi — KUIBKICHA OIliHKA BIUIUBY SIKOCTI METPOJIOTIYHOTO Ta A1arHOCTUYHOTO 3abe3nedeHHs Ha Qop-
MYBaHHS [TOCNITOBHOCTI i 0OMEXEHHS KUIBKOCTI IIePEeBIpOK MPH TEXHIYHOMY 00CITyTrOByBaHHI 3a CTAHOM CKJIQIHUX pajioe-
JICKTPOHHHUX KOMIUICKCIB, BKIIFOUAOUH CYYacHi 3aco0H 3B 53Ky 3 MUPPOBOrO 00poOKoro iHpopMarrii. B pe3ynbraTi aHamizy
iCHYI0YO1 CHCTEMH TE€XHIYHOTO 0OCIyrOBYBaHHS BCTAHOBIICHO MEpeBard 0OCIyroByBaHHS BHpOOiB 3a ctaHoM. [Ipu npomy
JUIS BU3HAYEHHS MOCIIIOBHOCTI MEPEBipOK HE B MOBHIN Mipi BpaXOBYIOTh BIACTUBOCTI METPOJIOTTYHOTO i J1arHOCTHYHOTO
3a0e3nedyeHHs. Pe3ynbTaTu gocaizkeHHs. Y CTaTTi BOEpIIe PO3TISIHYTO 1 OTPUMAHO KiNbKICHY OLIIHKY BIUIUBY METPOJIO-
TiYHOTO Ta A1arHOCTUYHOTO 3a0e3MeUYeHHs Ha MOKa3HUKU SKOCTI TEXHIYHOro 00CIyroByBaHHS 3aco0iB 3B s3Ky. IlokazaHo,
0 HAHOUTBIINK BIUIMB Ha Yac BUKOHAHHS TEXHIYHOTO OOCIYyroBYBaHHS Ta HMOBIPHICTh BH3HAUSHHS IPH IIbOMY TEXHid-
HOTO CTaHy BUPOOIB OKa3ye JiarHOCTUYHE 3a0e31edeHHs poOiT 3 BUKOPUCTAHHIM CYy4acCHOTO METPOJIOTIYHOTOo 3a0e3edeH-
Hs. Takox MOKa3aHO, 1[0 Ha 3HAYCHHS ITOKAa3HUKIB SKOCTI TEXHIYHOTO OOCIYrOBYBaHHS 3HAYHO BIUIMBAIOTH MiATOTOBKA
(axiBLIB Ta TEXHOJIOTTYHE OCHAIIIEHHS PEMOHTHOTO OpPTaHy, BMiHHS BUKOHABIIB B IIOBHOMY 00CsI31 BUKOPHCTOBYBAaTH MO-
JKIIMBOCTI Cy4acHHX 3ac00iB BUMipIOBaJIbHOI TeXHIKA. BUCHOBOK. OTprMaHi pe3yabTaTH AOUIIBHO BUKOPHCTOBYBATH IPH
YAOCKOHAJICHH] ICHYIOUMX 200 CTBOPEHHS HOBHX 1HCTPYKLIH TEXHIYHOTO OOCIYTOBYBAaHHS 3a CTAHOM IMEPCIECKTUBHUX 3a-

c00iB 3B’s3Ky a00 iHIIUX CKJIAIHUX BHPOOIB PaliOeIeKTPOHHUX CHCTEM.

KaouoBi croBa: 3acobu 3B’sI3Ky; METPOJIOTIYHE Ta AiarHOCTHYHE 3a0€3MeUCHHS; TeXHIYHEe 00CITyrOBYBaHHS 32 CTAHOM.

Beryn
TexniyHe o0OCITyroByBaHHS 3acO0iB 3B SI3KYy —
HEBiM'éMHa dYacTMHA IX TEXHIYHOI eKCIuTyaTaiii,

sKa CYTTEBO BIUIMBAE€ HAa HAMIHHICTh CHCTEMH 3B’SI3KY.
IcHY¥OTH piI3HOMAHITHI MPUHIWITK OpraHi3aIli TeXHIYHO-
ro 0OCITYTOBYBaHH!, ajie HAHOUTHII e(heKTHUBHUM € TeXHi-
9yHEe 0O0CIIyrOBYBaHHS 3a CTaHOM 3aco0iB 3B’s3Ky. s
HOTO0 TPaKTUYHOTO BIIPOBAHKEHHS BIJCYTHI KOHKPETHI
peKOMeHaMil MO0 BU3HAYCHHS ITOCITiJOBHOCTI BHKO-
HaHHsI NIePeBIPOK 3ac00iB 3B’sI3KY, iX MiHIMAJILHO HEOO-
X1THOT KUIBKOCTI, MOTPIOHUX IS I[bOTO 3aCO0IB BHMi-
proBaIbHOT TeXHikU. be3rnepepBHO pO3BUBAIOTHCS TEOPIst
eKCILTyaTallii CKJIaHUX CHCTEM, TEXHIUHA JiarHOCTHKA iX
00JIaHAHHS, METPOJIOTIS. AJie IIi JOCSATHCHHS HE BHKO-
PHUCTOBYIOTh B ICHYIOYHX IHCTPYKILISIX TEXHIYHOTO 00-
CIIyTOBYBaHHS 3ac00iB 3B’s13Ky. TOMy CTaTTs IpHCBIYCHA
KUTBKICHIH OIHII BIDITMBY METPOJIOTIYHOTO Ta AiarHOC-
TUYHOTO 3a0e3MEeUCHHsT TEXHIYHOTO OOCIYTOBYBaHHS 3a
CTaHOM 3ac00iB 3B’SI3KY JJIsI HAYKOBOT'O OOIPYHTYBaHHS
MiIXO/IB 10 HOTO BHPOBA/DKEHHS B pEAIbHUX YMOBax 3
METOIO JIOCSITHEHHSI MaKCUMAJIBHOTO eeKTy.
IMocranoBka 3aBaanHsi. MetposoriuHe 3a0e3re-
yeHHsA (M3) TeXHIYHMX HPHUCTPOIB — KOMIUIEKC HAyKO-
BO-TEXHIYHUX Ta OPTaHi3aIliifHO-TEXHIYHUX 3aXOJiB, a
TaKOX JIATBHICTH BiAMOBIIHUX OpraHi3alii i ¢axisIis,
CIIPSIMOBaHMX Ha 3abe3TmeueHHs €QHOCTI Ta TOYHOCTI
BHUMIpIOBaHb ISl JIOCSATHEHHS HEOOXiJHUX XapaKTepHC-
THK QYHKI[IOHYBaHHS TeXHIYHUX NPHUCTPOiB [1].
Hiarnoctuune 3abe3neueHHs  (/[3) — komuieke
B3a€EMHO TIOTOJDKEHHX IIPaBWJI, METOJIB, AITOPUTMIB i
3ac00iB, HEOOXIHUX /I 3IiHCHEHHS JiarHOCTyBaHHS
Ha BCIX eTamax S>KUTTeBOro Imkiny o6’ekry (JCTY
2389-94). BaxiuBe 3aBIaHHS TEXHIYHOIO JiarHOCTY-
BaHHA — BH3HaueHHs TexHigHoro ctany (TC) o0’ekTiB
i yac Texuiunoro obcnyropyBanns (TO) i moTouHoro
pemonty (IIP) i3 3amaHoio TouHicTIO. J[OCTOBipHICTH

TEXHIYHOTO [IarHOCTYBAaHHA — CTYIIHb 00’ €KTHUBHOI
BiINOBigHOCTI miarHO3y nifichomy TC o00’ekTy, 1m0
XapaKTepU3y€EThCsl B IEBHUM MOMEHT Yacy 3a MEBHHX
YMOB 30BHIIIHBOTO CEpEeNOBHUINA 3HAYCHHIMH ITapaMeT-
piB, BCTaHOBJICHUX TEXHIUYHOK JOKYMEHTAIl€l0 Ha
06’exr (ACTY 2389-94).

IMocTymnoBe BHOPOBAKEHHS METOIB 1 3aCO0IB 1H-
¢poBoi 00poOku iHpopManii y BUpoOax BIHCHKOBOTO
npusHadeHHs 6e3 Bianosiguoro ix M3 Ta /I3 Bukinkae
TpyIHOILI Tpy BuzHauyeHHi peanbroro TC B npoueci TO
i [TP undpoBuxX npuCcTpoiB 3ac00iB 3B S3KY.

TakuMm 9MHOM, BUHHKA€E HEOOXIMHICTh BU3HAUCHHS
BBy sikocti M3 ta JI3 Ha ominky peampHOro TC
3ac00iB 3B’s13Ky mix 9ac ix TO i [TP mns oGrpyHTOBaHO-
ro BHOOPY MOCIIZOBHOCTI i HEOOXiTHOT KITBKOCTI BUMI-
pIOBaHb 3HAYEHb IapaMETPiB MPH MPAKTUYHOMY BIIPO-
Ba/DKCHHI TEXHIYHOTO OOCIyroBYBaHHS 3a CTaHOM
(TOC).

AHaJi3 ocTaHHIX JocjaigKeHb Ta myOmikamiii.
Cucrema TO — CyKymHICTh B32€MOIIOB’SI3aHUX 3aC00iB,
BHKOHABIIIB 1 TOKyMEHTaMii I MiATPUMAaHHA Ta BigHO-
BJIEHHSI cIIpaBHOTO 4u mpanesfgarHoro TC BupoOiB mmix
yac X TexHiuHOi ekcruryatamii. Bux TO Bupo0OiB Biapi-
3HAETHCSL 32 OJHIEI0 3 O3HAK: €TAloM eKCILTyaTarii,
MepioUYHICTIO, 00CsATOM poOIT, yMOBaMHU EKCILIyarta-
1ii, perJaMeHTAali€l0 TOIIO.

Merton TO — cyKynHICTh TEXHOJIOTIUYHHX 1 OpraHi-
3amifHUX TpaBWiI BUKOHaHHA omepamii TO Bupobis
(ACTY B 3576-97).

Jlo ocHOBHEX 3aBAaHb TO HajexKaTh:

- MOTIepE/KEHHsI [IepeT4acHOTr0 3HOCY MEXaHIYHUX
€JIEMEHTIB Ta BUXOJY EJEeKTPUYHUX MapaMeTpiB amapa-
TYpH 32 MEXI BCTAHOBJIICHHX HOPM;

- BUSIBJICHHSI Ta YCYHEHHS HECIIPaBHOCTEH Ta MpH-
YHMH TX BUHUKHEHHS;

- IOBEJICHHSI MapaMeTpiB Ta XapaKTEPHUCTHK JI0
HOPM;
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- MPOJIOBXKEHHSI CTPOKIB CIY)KOM Ta TEpMiHIB €KC-
TUTyaTarii.

[punrumnm oprawizamnii TO [2]:

- KaJIeHAapHUH — pOOOTH NPOBOAATHCS UEpe3 BHU-
3HAYCHI BiJPI3KM 4Yacy HE3aJIe)KHO BiJ HampaIffoBaHHA
(Jlerko TIaHyBaTH, aje MEepeBUTpPATH CHI 1 3aco0iB Ha
TO TexHikH, siKa HE TPAIIOBaIA);

- 32 HaNpaIOBaHHIM — POOOTH POBOJATHCS MiCIS
JOCSITHEHHSI BU3HAYEHOI'0 HANpalOBaHHs (BaXXKO IUIa-
HYyBaTH, ajJic EKOHOMIs CHJI i 3ac00iB);

- KOMOIHOBaHUi1 — pOOOTH MPOBOJATHCS HE TUIBKH
ITiCIIsl HAITpaAIfOBaHHS anapaTypol0 BH3HAYEHOI KiJbKO-
CTi TO[TUH, ae 1 y meBHUH KaJleHIapHUH Jac.

Ipu oMy pospisustoTs crpaterii TO [2]:

- CcTpareris  3a  HAaNpalmlOBaHHAM — Iependadae
enuHUI 00CAT Ta MEePIOOUYHICTE POOIT HE3aJIeKHO Bij
(akTH4IHOI MOTPEON B HUX KOXKHOT'O KOHKPETHOTO BH-

- CTparteris 3a CTaHOM — IIepeBipKa IapamMeTpiB
BHUPOOY 13 3a[aHOI0 TEPIOJUYHICTIO, a IMEPeTiK POoOIT
3aJIeXKHUTh BiJ] pE3YJIbTaTiB KOHTPOJIIO.

B ocraHHbOMY BHIIQJIKy JIETKO IUIAHYBAaTH CTPOKH
BukoHaHHg TO 1 gocsAraeTbcst eKOHOMIsS CWII Ta 3ac00iB
0e3 3HWKEHHS AKOCTi pobiT. bimbmr HagiitHy amapatypy
obciyroBytots pimme. [Ipu mpomy mig gac TO Oinmbmn
rnnboko KoHTpomooTs TC, 1Mo 703BOJSIE YHUKHYTH
BEJNKOI KIUIBKOCTI BiJIMOB.

B pannix pob6orax [3] obrpyHTOBaHa e(heKTHB-
wicte TOC, B [2] mpuBeAeHO METOMUKY BH3HAYCHHS
nepioJMYHOCTI NepeBipku napameTpiB. Takox oOrpyH-
ToBaHO KpuTepii sikocti TO.

B [4] Bmepie 3anponoHOBaHO BH3HAYATH TOCTi-
JIOBHICTh IIEPEBIPOK MapaMeTpiB 3ale)HO BiJ 4acy i
BapTOCTI X BUKOHAHHS, Ba)KJIMBOCTI BIUIUBY HapaMeTpy
Ha Mpale3JaTHiCTh BUPOOy Ta HMOBIPHOCTI MOMMIIKH
BUKOHABIIA B OLiHIlI 3HAYEHHS [TapaMeTpy.

3a ocTaHHI pOKH MPOBEACHO OCTIHKCHHS B Tally3i
TEXHIYHOI niarHoctuku [5, 6] 1 metpomorii [7, 8] Ta
[MOKAa3aHO BIUIMB METPOJIOTIYHOI HaAIHHOCTI Ha dYac
BukoHaHHs TO [9, 10]. 3a3HaueHy 0OCTaBUHY BpaxoBa-
HO B [11], ane BimcyTHs omiHka BBy M3 Ta /I3 Ha
(hopMyBaHHsI TIOCITIIOBHOCTI NepeBipOK BUPOOY mij yac
TOC. B mnonanblioMy OTpUMaHi pe3yjibTaTd J0CHi-
JDKEHb BHMKOPHCTaHE B METOJUYHOMY OOIpYHTYBaHHI
nopsiAKy nepeBipku napamerpiB mpu TOC pamioenexTt-
POHHHUX KOMIUTEKCiB [12].

3 mpoBeIEeHOrO aHawi3y CIiaye, M0 B JaHUHA Yac
HaAMOLIBII MOUIIBHO BUKOpUCTOBYBaTH TOC CKIIQIHUX
palioeNeKTPOHHUX KOMIUIEKCIB, TIPH IIbOMY HEOOXiHO,
i yac opMyBaHHs HOCIITOBHOCTI IEpeBipoK i oOMme-
EHHI IX KUIBKOCTI, BpaxyBaTu ocobmuBocti M3 ta /13,
SIKi BIZICYTHI Y BIIOMHX pOOOTax.

Meta cTaTTi — KiJIbKiCHa OIliHKa BIUIMBY SKOCTI
M3 Ta /I3 Ha GpopmMyBaHHS MOCTiTOBHOCTI i OOMEKEHHS
KimpKkocTi mepeBipok nmpu TOC ckimagHUX pamioeneKT-
POHHUX KOMIUICKCiB, BKJIIOYAIOYM Cy4YacHi 3acobu
3B’s13y 3 MU(PPOBOIO 00pOOKOIO iHPOpMAITii.

OcHOBHA YacTHHA

B posrasiHyTHX poOOTax BCTAHOBJICHO, IO B IEp-
1y 4epry IOIIEHO TEepeBipATH MapameTpu HaiMeHI
HaJidHUX TiJCHCTEM, a00 KOHCTPYKTHUBHUX OJUHUIIH

BupoOy. Kpim TOro, 9ac BUMIipIOBaHb NapaMeTpiB i
YCYHEHHSI BHSIBIICHHX HECIIPABHOCTEH TAaKOXX MOBHHHI
OyTtu MmiHiManpHUMU. Lli BUMOTH BpaxoBye HMOBIpHICTBH
nepesaxoro sudopy (MIIB) mapamerpy [11, 12]

u = P3iVL'pi
i - —I

7ifiq:
0 Mae HEKEepOBaHI 3MiHHM, sIKi Oe3MmOCepeHbO 3alie-
XKaThb BiJl 00’€KTY:p; — IMOBIPHICTh BiJIMOBHU IliJiCHCTe-
M i; V; — 3HaYMMIiCTh BIUIUBY MiJCHCTEMH [ Ha Mpare3-
JAaTHICTh BHPOOY B LIOMY (MOXXIHBO 3 YacTKOBOIO
BTPATOIO SAKOCTI).

3HadyeHHS p; BU3HAYAIOTH ITiJl Yac PO3PaxyHKy Ha-
IiiftHOCTI BUPOOY

M M
Di =Zi/zzj =zT; Zpi =1;
j=1 i=1

Jie z; — mapaMeTp MOTOKY BiMOB mifcucremu i; M —
3arajibHa KiTBKICTH TimcucteM BupoOy; T — HapoOiTok
BHPOOY Ha BiTMOBY.

3HayeHHA V; BH3HA4alOTh B Pe3yNbTaTi eKCIepT-
HOTO ONHUTYBaHHS (haxiBIiB a00 0OPOOKH CTATHCTUIHUX
JaHUX TPO BiAMOBH BUpPOOY Ta iX BIJIMB Ha 3HW)KECHHS
SIKOCTI (DYHKIIOHYBaHHS, IPU LIbOMY
M

Vi=1.
i=1
B rtakomy Bumazaky Ha ix 3HauyeHHs mig yac TO
BUPOOY BITMBATH HEMOKIIMBO, TOMY IO3HAYHMO

p;V; = C; = const.

Iumi 3mian MIIB kepoBaHi B mpoleci BUKOHAHHS
TO Ta 3anexarts Big sxocti M3 ta JI3.

MeTpoJioriuHi XapaKTepUCTHKH 3ac0o0iB BHUMIpIO-
BanbHOI TexHiku (3BT) cyTTeBO BIIMBAIOTH HA 3HAYECH-

s MIIB:
m;
PSi = np )
j=1

ne P,; — metposnoriuna HajilHicts m; 3BT, mo Bukopu-
CTOBYIOTH HPH OIiHIII 3HAYEHHs NapameTpis P; mixcuc-
TeMH 1.

[Tixg MeTpoIOTiYHOO HAMIWHICTIO PO3YMIiIOTh MMO-
BipHicTH 0e3BiqMOBHOI pobotn 3BT B MiKIOBIpOUHHIA
mepiof.

Bubip 3BT Ttakox BminBae Ha @; — IMOBIPHICTH
TTOMWJIKY (paxiBIls IPH OIIHII PE3YJIBTATY MEPEBIPKH .

Bona Takox 3anexuts Big ymoB nposeaeHHus TO i
MOX€E 3MIHIOBaTHCh B JIOCHUTH IIMPOKMX MeXax:
0,003 <q; <0,3.

MiniMy™m q; npu BukopuctanHi nudposux 3BT B
CTalliOHAPHHUX YMOBaX, a MAaKCUMYM IIPH BUKOPHUCTAaHHI
ananoroBux 3BT B monmpoBux ymoBax. Skmo 1 < m; <
3, T0 opieHTOBHO 3a jAanumu [7 — 11]

0,91 < P,; < 0,97.

To6ro BB M3 na UIIB 3MiHIOE€TBCA B IOCHUTH
LIUPOKUX MEXKaX
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Ha inmi kepoBaHi 3MiHHI BIUTMBAIOTH SAKIicTh J[3 i
MiATOTOBKA (axiBIliB pEMOHTHOTO OPTaHy:

M M
j=1 i=1

ne t; —dac TepeBipKd IMpame3NaTHOCTI MiJACHCTeMH i,
T; — BIIHOCHHUI Yac TepeBipKH MiACHCTEMH I B TMOPIB-
HSHHI 3 BHPOOOM B LIJIOMY.

SAxmo ans ouinku TC migcucteMu i BUKOPUCTOBY-
BaTH YMOBHI anroputmi [5, 6], To oTpuMyemo rpaHnyHi
3HAYCHHS JJI1 AITOPUTMIB MIiHIMAJIBHOI 1 MAKCUMAJIbHOT
¢dbopmu

thgZ Li < ti < O,SLit ,

JIe t—cepelHiii Yac BHKOHAHHS TEPEBIPKU;
KIJIBKICTD €JIEMEHTIB IMACUCTEMH i.
B takomy pasi skmo Y., L; = L — 3araipHa KiJb-
yp MO Zij=1Li
KICTh €JIeMEHTIB BUPOOY, OTPUMYEMO MEXi 3MiHU 3Ha-
YCHHA T;.

L -

log, L;
M
> j=1 log, L;
OcTaHHs1 KepoBaHa 3MiHHA 3aJICXKHUTh BiJ SKOCTI

J13, TEXHOJIOTIYHOI'O OCHAIICHHS PEMOHTHOTO OpraHy i
kBariQikarii GpaxiBIis:

IA

L
< T f

ne f; — BITHOCHUIA Yac BiHOBIICHHS IiJCHCTEMH [ TTiCIIS
il BiIMOBH (BIAXHUJICHHS 3HAYCHHSI MapaMeTpy 3a J0Myc-
TUMI MeX1); t,; — 9ac BiTHOBICHHS MiJACUCTEMH .
Iicns pospaxynky u; (i = 1, M) Bcix micuctem

BHPOOY BUKOHYIOTH HOpMYBauHs MIIB [12]:

M
; U =1.

i=1

U;
=Sy
Jj=1%
B nopaneiiomy migcucreMu BUpoOY paHIKHUPYIOTh
B MOPsIIKY 3MeHIIeHHs1 3HaueHHs U;. ITicnst mepeBipku
1 <n < M nincucreM HMOBIPHICTh CIIPABHOTO CTaHy
BUpPOOY JOpiBHIOE
n
P(n) = Z L / L.
i=1
IIpu obmexxenomy waci TO i 3amaHoMy 3HaYeHHI
fmosipHOCTi BusHaueHHs TC P, mijcucTeMu nepeBipsioTh
y BCTAaHOBJIEHOMY MOPSKY /10 BUKOHAHHS YMOBH:

n
ZUiZPa; 1<n<M.
i=1

IIpn npomy vac nepesipku BupoOy mpu TOC no-

piBHIOE
n
Tn = Z tl' .
i=1
Po3risiHeMO BHKOPHCTAaHHSI OTPUMAaHUX pE3yJIbTaTiB

Ha mpukiaami Tabm. 1 i3 [12], ne §; — WiMOBIpHICTH TIpa-
BUJIBHOI OI[IHKH pe3y/bTary nepesipku (q; = 1 — &;).

Tabnuys 1 — Buxigi nani migcucrem BUpooy

i | z10%rog Yt;xe |tyxe| & | Py | Vi | Li| ¢

1 4 15 10 [0,942]0,85|0,025| 80 [0,058
2 4 15 12 (0,931|0,88 | 0,025 | 120 | 0,069
3 10 20 15 ]0,910/0,81 | 0,050 | 370 | 0,090
4 10 20 20 10,988]0,79 | 0,050 | 410 | 0,012
5 6 10 11 ]0,945|0,91 | 0,050 | 350 | 0,055
6 7 10 8 10,956 0,88 | 0,050 | 430 | 0,044
7 6 10 16 |0,9120,93 | 0,050 | 330 | 0,088
8 25 30 25 10,980(0,95|0,200| 110 0,020
9 4 15 22 10,982]0,89 {0,200 | 70 |0,018
10 4 15 18 ]0,901 0,87 | 0,200 | 510 | 0,099
11 20 25 24 10,985]0,88 | 0,100 | 360 | 0,015

Pe3yibraTd MOJENIOBAaHHS 3a BIJIOMOIO METOJH-
koto [12] 3 BusHaueHHsM panry R; (MOpSIKy TepeBipKu
MiCUCTEM) TIPHBENEHO B Tabd. 2. 3 BUKOPHCTAHHIM
OTPUMAHUX 3ayBaXE€Hb OTPUMYEMO pPE3YJIbTAaTH, SKi
MIpUBEJIcHI B Ta0II. 3.

Tabnuys 2 — Bu3HayeHHs MOPSIAKY MepeBipKu miacucremMm

i T fi i U; U; R;

1 | 0,054 | 0,055 0,04 4,934 0,0158 9

2 | 0,065 | 0,066 0,04 2,973 0,0095 11

3 | 0,082 | 0,083 0,10 6,612 0,0212 8

4 | 0108 | 0,110 0,10 27,707 0,0888 4

5 | 0,059 | 0,061 0,06 13,792 0,0442 6

6 | 0043 | 0,044 0,07 36,998 0,1186 3

7 | 0,086 | 0,088 0,06 4,189 0,0134 10

8 | 0145 | 0,138 0,25 118,691 | 0,3805 1

9 | 0119 | 0121 0,04 27,471 0,0881 5
10 | 0,097 | 0,099 0,04 7,321 0,0235 7
11 | 0,142 0,135 0,20 61,207 0,1964 2

Tabruysa 3 — Pe3yabTaT po3paxyHKy WHMOBipHOCTI
TepeBaKHOr0 BUOOPY

i G Py/q; | logy Ly T Y U; R;
1 | 0,001 | 14,65 6,32 | 0,074 | 2,199 | 0,0091 | 10
2 | 0001 | 12,75 6,67 |0078| 1,816 | 0,0075 | 11
3 10005 | 9,00 8,26 [0,098 | 5102 | 0,0211 8
4 | 0,005 | 65380 8,65 |0,101 | 36,194 | 0,1500 2
5 | 0,003 | 16,54 825 [0,097 | 5684 | 0,0235 7
6 |0,0035 | 20,00 866 |0,101 | 7,701 | 0,0319 4
7 | 0003 | 10,57 824 |0,097 | 3,632 | 0,0150 9
8 | 0,050 | 47,50 6,66 |0,078 | 33,832 | 0,1402 3
9 | 0,008 | 49,44 6,13 | 0,072 | 6,104 | 0,0253 6
10 | 0,008 | 8,79 897 |0,106 | 7,371 | 0,0305 5
11 | 0,020 | 58,67 849 |0,099 |131,695| 0,5459 1

JIyis IOpIBHSHHS PE3yJbTAaTiB B OJHAKOBUX YMO-
BaX PO3paxyeMO Cepe/Hiii yac BUKOHAHHS MEPEBIpKH
srigao [12] B mpunymenHi, mo TC miacucreM Takox
BH3HAYaBCSI 3 BUKOPHCTAHHSM YMOBHHX AaJITOPUTMIB
JIarHOCTYBaHHS:
11

11
t= Z ti/z log, L; = 2,17 xB.
i=1 i=1

CepenHiil yac BiTHOBJICHHS P BiIMOB1 OyIb-sIKOT
MiACUCTEMU
11

t, = Z tBi/ll = 16,45 xB.

i=1
PesynbraTu nopiBHsHHS cepexHboro yacy 1P mic-
7Sl BU3HAUCHHS BIAXWJICHHsI 3HAUEHHS IapaMeTpy IpH
TOC BupoOy 3BeneHo B Tab. 4.
Banesxnocti Typ(R.) 3rinno [12] i Ty (R,) 3rinno
tabu. 4 npuBeaeHo Ha puc. 1.
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Tabruys 4 — Po3paxyHOK 4acy MOTOYHOTO PEMOHTY

. 3rimmo [12] Tp =kit+¢,
' Rc kit i Tnp(Rc RH kit Tnpi Tnp (RH]
1 9 15 10 313 10 13,7 | 30,1 | 335,1
2 11 15 12 366 11 145 | 30,9 | 366,0
3 8 20 15 288 8 17,9 | 34,3 | 270,6
4 4 20 20 162 2 18,8 | 352 70,1
5 6 10 11 220 7 17,9 | 34,4 | 236,3
6 3 10 8 122 4 18,8 | 353 | 136,2
7 10 10 16 339 9 17,9 | 34,4 | 305,0
8 1 30 25 55 3 14,4 | 30,8 | 100,9
9 5 15 22 199 6 13,3 | 29,8 | 2019
10 7 15 18 253 5 195 | 359 | 172,1
11 2 25 24 104 1 184 | 34,9 34,9
Tup(R)

400 -

350 - rd

,’/
2/
300 - 7
II'/
250 -
72 7
200 - TR
150 - /:// Tl‘[p(RH)
s
100 T 1/ Ve ’
e
0 KR4
50 1 ’
0 ; ; R
0 5 10 15

Puc. 1. 3anexxHOCTI cepeTHhOro Yacy HOTOYHOTO PEMOHTY
BUPOOY NMPU BUKOPHUCTAHHI iCHYIOUOTO 1 3aIIPOIIOHOBAHOTO
MIXOIiB IO paHKyBaHHs IMOPSIIKY BUKOHAHHS MEPEBIpOK
(Fig. 1. Dependences of a product current repair average time at
use of the existing and offered approaches to ranking of the
checks performance order)

3HaueHHsT abCOJIOTHOTO CEPEAHBOr0 BHUTpAINy B
yaci BukoHaHHs [IP mopiBHIOE

b= i[Tnpi (R) = Tupe(R)] /M.

st npuknany, mo po3rasinyto, Ar= 17,44 xB.
BinnocHuit Burpanr B yaci BukoHaHHs [1P

Ar
67‘ - =<
maxTy, (R.)

Bsarani maemo Burpamr B ckopouenHi yacy [P mi-
Cls BM3HAUEHHS BIJIXWIEHHS IapaMeTpy BiJl HOPMH,
AKmo Ticis BukoHaHHA 1 < M < R mepeBipok 3TijHO
pamXyBaHHS apamMeTpiB

Z(ti ) > Z(kit +t).
i=1 i=1

PosrnsHEeMO 3aleXHOCTI BaXKIMBOTO TOKAa3HHUKA
TOC — #fimoBipHOCTI TpaBwibHOi oninku TC micnsa Bu-
KOHAHHSI BU3HAYEHOI KUIBKOCTI MEPEBipOK 3TiJHO BCTa-
HOBJICHOTO PEWTHHTY, IO MpHUBEACHO B Tabd. 5 i1 Bimo-
OpakeHo Ha pUC. 2 IAJIs PO3TISHYTOTO MPUKIATY, JIe

-
P(r)=ZLi/L; 1<r<R.
i=1

+100% = 4,76%.

Tabnuya 5 — 3ane:kHocTi iIMOBIPHOCTI MPABHIBLHOI OMIHKH
TeXHIYHOr0 cTaHy BHPOOY BiJ KilbKocCTi
nepeBipok napameTpiB

3rigmo [12] 3rigHo R,
T T
YR D | P®Y | R Dl | PR
i=1 i=1
1 9 2690 0,8567 10 3020 0,9618
2 11 3140 1,000 11 3140 1,000
3 8 2610 0,8312 8 2610 0,8312
4 4 1310 0,4172 2 770 0,2452
5 6 1730 0,55095 7 2240 0,7134
6 3 900 0,2866 4 1310 0,4172
7 10 3020 0,9618 9 2940 0,9363
8 1 110 0,0350 3 880 0,2802
9 5 1380 0,4395 6 1890 0,6020
10 | 7 2240 0,7134 5 1820 0,5796
11| 2 470 0,1497 1 360 0,1146
P(R)
1,2 -
1 - 7
77/
/ I,
-
4 /
0,8 y
/
/Il
4 7/
0’6 P(B'H ,I,
¢
04 - /i” P(Rc)
! /
/
4
r !
0,2 - v/
v/
YAy
/s R
O T T 1
0 5 10 15

Puc. 2. 3anexHOCTi IMOBIPHOCTI NPAaBUIIBHOT OL[IHKK
TEXHIYHOr0 CTaHy BHPOOY BiJl KIIBKOCTI IIEpeBipOK MapaMeTpiB
(Fig. 2. Dependencies of correct assessment probability of the
product technical condition on the number of parameter checks)

AHamiz OTPUMaHMX pE3yIbTATIB IOKa3ye, IO
P(R.) < P(R,). llpn upoMy BigHOCHMIi BHrpamn B 30i-
JBIIEHHI WMOBIpHOCTI mpaBmiibHOI OoiHKH TC BupoOYy
mig yac TOC mopiBHIOE:

M
1
8 = 37 ) [Pi(Ry) = Pi(R)] - 100%.
i=1

Jnst npuknangy, MO0 PO3MISAAETHCS, OTPUMYEMO
6p = 4,1%. Tlpu obmexenomy uaci BukoHaHHS TOC
OTpUMaHa 3aJIeKHICTh JI03BOJISIE TIPH 33J]aHOMY 3HAYEHHI
nimoBipHocTi oninkn TC BupoOy BM3HAUMTH HEOOXiIHY
KIJIBKICTh MEepeBipok (puc.2) Ta Yac Ha iX BHKOHAHHSI
(puc. 1). Hanpuxnan, npu 3amaHii IMOBIpHOCTI BU3HA-
yernst TC BupoOy He meHme 0,9 3rinHo [12] HeobXinHo
BuKoHaTH 10 mepeBipok, a 3 BpaXyBaHHSIM OTPUMaHHX
pe3yJsbTaTiB 0CcTaTHBO 9, 1m0 Ha 9% meHe. [Ipu npomy
yac BUKOHAHHS TIEPEBIPOK CKopouyeThes 3 339 xB 10
305 xB, mio Takox menmnre Ha 10% (Tab. 4).

TakuM 9UHOM TOKAa3aHO, MO YAOCKOHANIeHHS M3
ta JI3 mig yac TOC mo3Bois€ TOKpaNIUTH YacoBi Ta
WMOBIPHICHI ITOKa3HUKH TIPOIIECY.
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BucHoBku

B pesynbraTi aHamizy iCHyI4Ol CHCTEMU TEXHid-
HOTO 00CIIyrOBYBaHHSI BCTAHOBJICHO IlepeBaru o0ciryro-
ByBaHHs BHPOOiB 3a craHoM. Ilpu mpomy 1 BH3Ha-
YeHHsI NIOCJIIZIOBHOCTI TIepeBIpOK HE B MOBHIH Mipi Bpa-
XOBYIOTb BJIACTUBOCTI METPOJIOTIYHOTO 1 AiarHOCTHYHO-
ro 3a0e3Me4YeHHs.

BcranoBiIeHO MeXi BIUTMBY METPOJIOTIYHOTO i Jia-
THOCTHYHOTO 3a0e3leveHHs] Ha 3HA4eHHS HMOBIPHOCTI
MEPEeBAYXHOTO BHOOPY MEPEBipOK IS iX MOMAIBIIOTO
pamxyBaHHS. Ha KOHKpeTHOMY NpHKIAAi ITOKa3aHO
mepeBard BpaxyBaHHA CYYacHHX IOCSATHEHb B Tairysi

METpPOJIOTii 1 TEeXHIYHOI MIarHOCTHUKW TIPH KiJIbKiCHIH
OIIHIII 3HAaYeHHS WMOBIPHOCTI TMEpPEBaXHOTO BHOOPY
MIEPEeBipPOK, IO JO3BOIWIO 10 5% MiIBUIIUTH JTOCTOBI-
PHICTD OIIIHKHM TEXHIYHOTO CTaHy BHPOOY IIpH BiJIIOBi-
JHOMY 3HIDKEHHI dacy, a Takox 10 10% ckoporutm
KUTBKICTh TIEPEeBipOK TpH 3a0e3MeUeHHI 3aJaH01 JOCTO-
BIPHOCTI OIIIHKM TEXHIYHOT'O CTaHy.

[MonmaneIm HOCTIKEHHS MOIIFHO HANpaBUTH Ha
YJIOCKOHAJICHHSI TEXHIYHHUX OIepallii BUKOHAHHS TEXHi-
YHOTO OOCIIYyrOBYBaHHS 3a CTaHOM CKIIaJHHX pajioele-
KTPOHHHUX KOMIUICKCIB JIJIS MiJABHICHHS HOT0 e()eKTUB-
HOCTI, OCOOJIMBO ITPU OOMEKEHOMY Yaci Ta B MOJIbOBUX
YMOBax.
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OueHka BIUSTHUS METPOJOIrH4€CKOro u THAarHoCTUIECKOro odecneyeHust
Ha TEXHHYECKOE oﬁcnymmsaﬂne 0 COCTOSHUIO CPEACTB CBA3U

JI. H. CakoBuy, I'. fI. Kpuxoseukuii, A. B. Muxus, 0. B. Mupounnaenko

AHHoTanus. LleJp cTaTbH - KOJIMYECTBEHHAs OLEHKA BIMSHUS KadeCTBa METPOJIOTHUECKOTO M JUArHOCTHYECKOTO
obecniedeHus Ha (GOpMHUPOBAHHE MOCIEIOBATEILHOCTH U OTPAaHUYCHUE KOJIMYECTBA MPOBEPOK MPH TEXHMUECKOM OOCTYKHBAaHUN
M0 COCTOSIHHIO CJIOXKHBIX PaJAMO3JIEKTPOHHBIX KOMIUIEKCOB, BKIIIOYas COBPEMEHHbIE CPEICTBa CBA3H ¢ LU(pPOBOH 0OpaboTKON
nHdopmaruu. B pesynbraTe aHanmza CyLIECTBYIOLIEH CHCTEMBI TEXHHYECKOTO OOCITYXHMBaHHUS YCTAHOBJICHO MPEHMYIIECTBA
00CITY)KUBaHUS U3/ICNIUI 10 COCTOSTHMIO. [Ipn 9TOM 1Sl OnpeeNneHust MoCIeI0BaTeIbHOCTH IPOBEPOK HE B ITOJHON Mepe YUHUTHI-
BAaIOT CBOMCTBA METPOJIOTHYECKOTO M JMAarHOCTHYECKoro obecreueHus. Pe3yabTaThl HeciaenoBanmus. B crathe Brepsble pac-
CMOTPEHO ¥ MOTyYEeHO KOJTUIECTBEHHYIO OIEHKY BIIHSHHIS METPOJIOTHIECKOTO U JHAarHOCTUIECKOTO 00ecHedeH s Ha OKa3aTelH
KavecTBa TEXHUUECKOTO OOCITyKMBaHUS cpeAcTB CBs3H. [okazaHo, yTo HanOobIIee BIUSHIE HA BPEMsI BBHITOIHEHHS TeXHHUIE-
CKOTO 00CITy)XHMBaHUS M BEPOATHOCTH OMPEEIECHHS IIPH TOM TEXHHIECKOTO COCTOSIHUSI OKa3bIBAeT JUAarHOCTHIECKOoe obecrede-
HHE paboT ¢ UCTIOTb30BAHIEM COBPEMEHHOTO METPOJIOTHIECKOTO obecnedeHns1. Taxke MOKa3aHo, 9TO Ha 3HAUEHHE ITOKa3aTemeit
KauyecTBa TEXHUYECKOTO OOCITY)KMBAHHSI CYLIECTBEHHO BIIUSIOT MOJATOTOBKA CIELHAIUCTOB M TEXHOJIOTHYECKOE OCHAICHHUE
PEMOHTHOTO OpraHa, YMEHUs MCHOJHUTEIEH B IOJTHOM OOBEME HCIOIb30BaTh BO3MOXKHOCTH COBPEMEHHBIX CPEICTB U3MEpH-
TEeJILHOW TeXHUKH. BhIBo. [loydeHHbIe pe3ynbTaThl 1eeco00pa3Ho HCIIOIb30BaTh IPH YCOBEPIICHCTBOBAHUHU CYIECTBYIOLIMX
WM CO3JJaHMH HOBBIX MHCTPYKIUH TEXHHYECKOTO OOCITY)KUBAHUS MO COCTOSHHMIO NMEPCIIEKTUBHBIX CPEACTB CBSI3M JIMOO JPYTrHX
CIIOXKHBIX M3/ICNTUH pPaJH0o3IeKTPOHHBIX CHCTEM.

KnwueBbie cjoBa: CpEACTBA CBA3M,; METPOJOIrMYECKOC M JUArHOCTUYECKOC 066CH€‘I€HH€; TEXHUYCCKOC 06CJ'Iy)KI/IBa-
HHEC 110 COCTOSAHHIO.

Estimation of influence of the metrology and diagnostic providing
on technical service on the state communication means

Lev Sakovych, Heorhii Krykhovetskyi, Oleksandr Mikhin, lurii Myroshnychenko

Abstract. The purpose of the article is to quantify the impact of the quality of metrological and diagnostic software on
the formation of the sequence and limit the number of inspections during maintenance of complex electronic systems, including
modern means of communication with digital information processing. As a result of the analysis of the existing system of
maintenance the advantages of service of products on a condition are established. In this case, to determine the sequence of in-
spections do not fully take into account the properties of metrological and diagnostic software. Results of the research. In the
article the quantitative estimation of influence of the metrology and diagnostic providing is first considered and got on the index-
es of quality of technical maintenance of communication means. It is shown that most influence in a time of implementation of
technical service and probability of determination here of the technical state render the diagnostic providing of works with the
use of the modern metrology providing. It is also shown that on the value of indexes of quality of technical service preparation of
specialists and technological equipment of repair organ influence substantially, abilities of performers in full to use possibilities
of modern facilities of measuring technique. Conclusion. The got results it is expedient to draw on at the improvement of exist-
ing or creation of new instructions of technical service on the state perspective communication or other difficult wares of the
radio electronic systems means.

Keywords: communication means; metrology and diagnostic providing; technical service on the state.
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METHOD FOR DETERMINING THE SEMANTIC SIMILARITY OF ARBITRARY
LENGTH TEXTS USING THE TRANSFORMERS MODELS

Abstract. The paper considers the results of a method development for determining the semantic similarity of arbitrary
length texts based on their vector representations. These vector representations are obtained via multilingual Transformers
model usage, and direct problem of determining semantic similarity of arbitrary length texts is considered as the text
sequence pairs classification problem using Transformers model. Comparative analysis of the most optimal Transformers
model for solving such class of problems was performed. Considered in this case main stages of the method are:
Transformers model fine-tuning stage in the framework of pretrained model second problem (sentence prediction), also
selection and implementation stage of the summarizing method for text sequence more than 512 (1024) tokens long to
solve the problem of determining the semantic similarity for arbitrary length texts.

Keywords: text; arbitrary length; semantic similarity; vector representation; Transformer model; fine-tuning.

Introduction

One promising approach for solving the problem of
finding semantic similarity in text analysis is an approach
based on using pretrained Transformers models in the
Deep Learning methodology framework [1]. In this
paper, following Transformers-based models are
researched: the BERT model (Pre-training of Deep
Bidirectional Transformers for Language Understanding)
for 104 languages [2]; DistilBERT model for 104
languages, which is a lightweight version of BERT that
works faster by 60% and retains more than 95% BERT
characteristics, measured with GLUE test (General
Language Understanding Evaluation) [3]; XML model
for 100 languages [4]. One of the limitations of all
presented models is the tokenized text input sequence
length — no more than 512 (1024) tokens.

The most common approach for solving semantic
similarity determination problem of arbitrary length
texts using Transformers model is an approach based on
sliding window arbitrary length vector representation
with subsequent formation and similarity degree
determination of the received compressed vector
representations. This study proposes the problem
solution implementation of multilingual texts semantic
similarity determination using pretrained multilingual
Transformers model second problem (sentence
prediction problem).

The main approaches for solving directly the
problem of overcoming the input sequence length are
approaches based on truncation methods (selection of
the first or last sequence fragments 512 (1024) tokens
long, combining first and last sequence fragment, but no
more than 512 (1024) tokens in total) or hierarchical
methods (for example, with combining latent states of
the all fragments from the sequence) [5]. However,
application of given approaches can lead to the
contextual dependency loss of most significant words
(phrases and sentences, respectively) in text sequences,
which in its own turn may drastically affect semantic
similarity determination quality of analyzed texts. Thus,

there is a Transformers model application problem for
the texts longer than 512 (1024) tokens with
provisioning of contextual dependency maximum
preservation for most significant words in text
sequences with the goal to effectively determine
semantic similarity of arbitrary length texts. Given basic
summarizing approach, extractive and abstract
generalization approaches are analyzed in the paper.
Literature analysis. In this section papers are
considered which have various research results presented
regarding Transformers-based models’ usage for solving
semantic similarity determination problem of texts. So, in
the papers (S. Olizarenko, V. Argunov, 2019) news
content semantic similarity determination possibilities are
researched with the usage of pretrained multilingual
BERT model first problem (word masking problem) [1].
In the paper (Yang et.al., 2019) [6] multilingual universal
sentence encoder for semantic retrieval is considered for
16 languages in the sentence embedding model family of
universal sentence encoder (USE) (Cer et al., 2018) [7].
Given  models  represent  CNN  architecture
implementation (Kim, 2014) and Transformer (Vaswani
et al.,, 2017) [8, 9]. In paper (Lee, 2019) multilingual
similarity search implementation is proposed with LTSM
bidirectional coder usage and preliminary preparation
based on LASER (Language-Agnostic SEntence
Representations) [10, 11]. In paper (Chi Sun et al., 2019)
experiment results are provided regarding various BERT
fine-tuning methods for text classification problems,
including ones in the text semantic similarity
determination context [5]. The publication (Nils Reimers
et al., 2019) presents Sentence-BERT (SBERT) model,
which is a modification of pretrained BERT network, that
uses conjoined and triplet network structures in order to
obtain  semantically meaningful vector sentence
representations to be compared using similarity cosine
[12]. In the paper (Manish Patel, 2019) semantic-oriented
search system is developed, which uses BERT inclosures
and additional neural network for similarity estimate
finding with subsequent document ranking, in order from
most meaningful to least meaningful document [13]. In
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the paper (Han Xiao, 2019) search system is developed,
which uses BERT inclosures and cosine similarity to
compute query and document similarity estimate [14]. At
the same time, efficient processing questions of arbitrary
length texts in these works were not considered.

Purpose of paper. Development of a method,
essence of which is the preliminary generalization
(automatic summarization) of the arbitrary length
compared texts based on machine learning method and
subsequent direct determination of their semantic
similarity within the framework of the text sequence
pairs classification problem solving (the predicting
sentences problem) using a pretrained and fine-tuned
Transformers model.

Main part

In this paper the semantic similarity determination
problem of arbitrary length texts is considered as the
problem of text sequence pairs classification problem.
In accordance with given problem statement, method
development procedure for semantic similarity
determination of arbitrary length texts using
Transformers models is presented, in the form of the
following main stages:

1) Software module architecture definition for
semantic similarity determination of arbitrary length texts;

2) Basic summarizing method of text sequence
more than 512 (1024) tokens long for semantic
similarity determination of arbitrary length texts
problem solving;

New text

3) Application possibilities analysis of various
Transformers model types (BERT, DistilBERT and
XML) for texts semantic similarity determination.

4) Transformers model fine-tuning (BERT,
DistilBERT and XML) to solve the text sequence pairs
classification problem;

5) Tuning results analysis and basic Transformers
model choice for semantic similarity determination
problem solution of arbitrary length texts based on their
summarization results.

Schematically semantic similarity determination of
arbitrary length texts software module is presented in
Fig. 1. In accordance to given schema, software module
comprises two main blocks:

1) Summarization block of text sequence no more
than 254 tokens long (for considered in the paper
BERT, DistilBERT and XML models);

2) Fine-tuned multilingual Transformer model for
sequence pairs classification problems.

Generalization is the task of reducing the text to a
shorter version, decreasing the size of the original text
while retaining the key information elements and
content meaning. The main summarization problem in
this study was to generalize a text sequence of no more
than 254 tokens long (for the BERT, DistilBERT and
XML models considered in the paper) for subsequent
representation as single sequence from input pair for
corresponding multilingual model. Several models of
summarizers were analyzed, among which following
were selected:

Existing summaries
of texts

fffff -

block (Extractive /
abstract)

2

Y

wTotal length 512 (1024)Jr

New sum text (1part) ‘ Exist sum text (2 part) ‘

Fine tune
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‘ Result (similar/no similar) ‘

Fig. 1. Software module schematic representation for semantic similarity determination of arbitrary length texts

1) As extractive models — LSA, KLS, LexRankS
and TextRank;

2) As abstract models — based on Transformers
T5, mT5 and Pegasus, available in the Hugging Face
library for TensorFlow [15].

In particular, mT5 model is a multilingual version
of the English T5 model, trained on multilingual dataset.

With the help of this multilingual model actually the
abstract summarization (generalization) problem is
solved for a multilingual text (at the moment the main
limitation is the size of the input text).

Models were evaluated using English documents
and their performance was compared by their ROUGE
score. Based on the results, a decision was made to use
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the latent semantic analysis (LSA) model as an
extractive model and the mT5 model (a massively
multilingual pretrained text-to-text transformer).

In this paper three Transformers models are
considered (BERT, DistilBERT and XML) for the
semantic similarity determination of texts, available in
Hugging Face library for TensorFlow [15]. Multilingual
model BERT (trainable parameters 177,854,978) for
104 languages is a bidirectional converter, preliminarily
trained using the combination of target simulation
utilizing masked language modeling (MLM) and next
sentence prediction (NSP) [2]. While training NSP in
the BERT model, a specialized token (CLS) was used as
a sequence for prediction results estimation. In given
paper this token (first token in the sequence) is used to
solve the classification problem of text sequence pairs
for all Transformers models. Multilingual DistilBERT
model (trainable parameters 135,326,210) for 104
languages is a lightweight BERT version, operating
faster by 60% and retaining more than 95% of BERT
performance, measured in GLUE test (General
Language Understanding Evaluation) [3]. Multilingual
XML model (trainable parameters 571,499,522) for 100
languages is a pretrained Transformer model using one
of the following objectives [4]:

1) a causal language modeling (CLM) objective
(next token prediction);

2) a masked language modeling (MLM) objective
(BERT-like);

3) a Translation Language Modeling (TLM) object
(BERT MLM extension for multiple language inputs).

Thus, XML model is not directly trained for NSP,
unlike BERT and DistilBERT models. By the way,
input data format for XML model, like in BERT model,
ensures encoding of two different sequences in the equal
input identifiers (token type IDs). At the same time
input data format of DistilBERT model does not have
token type IDs. That is, the given model does not
indicate, which token belongs to which text sequence
segment. To solve this problem, DistiBERT model
segments are simply separated with the help of a special
token (SEP) (same as in BERT model).

As part of the study, for the text sequence pairs
classification problem Transformers model adopt final
latent state s.

As the activation function of the fully connected
classifier layer, a softmax function is used to predict the
probability p towards the class label [ [17]:

Loss owver training epochs

—0- train

06 validation

05
0.4
03

0z

Loss

01

0.0

3 4 5 & 7 8 9
Epoch

p(l|s) = softmax(Ws),. Q)

where Ws — resulting tensor of the latent state s.

Fine-tuning of Transformers models (BERT,
DistilBERT, XML) for text sequence pairs classification
problem solving was carried out with the MRPC
dataset. Paraphrasing detection is a problem of studying
two text objects and determining whether they are the
same value. In the general case, for obtaining high
accuracy while solving this problem, both syntactic and
semantic thorough analysis of two text objects is
required. Based on paraphrasing style, paraphrases can
be distributed into five types [17]. In the framework of
this study given the text semantic similarity
determination context special meaning has fifth
paraphrase type (complex paraphrase).

Fine-tuning results of multilingual Transformers
models (BERT, DistilBERT, XML) are presented in the
Fig. 2-4 and Table 1 [18].

Fig. 2 chart analysis shows that already at the third
training epoch for all models discrepancy happens
between “validate loss” and “validate accuracy” values.
That is, for the given models fine-tuning process up to
two training epochs is enough using corresponding
dataset.

Table 1 data analysis demonstrates that the BERT
model has the highest F1-score values according to the
multilingual Transformers models fine-tuning results for
solving the text sequence pairs classification problem
using MRPC dataset. At the same time precision
measure values for DistilBERT and XML models are
very close.

This is in a view of the fact that XML model has 4
times more trainable parameters than DistilBERT.

Table 1 — F1-score values based on the fine-tuning results

Model F1-score
no similar 0,82
BERT similar 0,92
accuracy 0,88
no similar 0,74
DistilBERT similar 0,90
accuracy 0,86
no similar 0,76
XLM similar 0,91
accuracy 0,86
MAccuracy over training epochs
T T o tain
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Fig. 2. Plots of error and accuracy of training for BERT
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So, when there are no hardware limitations for
solving the multilingual news contents semantic
similarity determination problem, the most effective
way is to use multilingual BERT model. If there are
restrictions, it is best to use multilingual DistilBERT
model. The application of XML model for solving the
given class of problems within the framework of the
first approach is not very effective, since this basic
model was not trained using the next sentence
prediction target.

Conclusions

This paper describes a developed method of
arbitrary length text semantic similarity determination
based on text sequence pairs classification problem
solving using Transformers model.

A feature of the given method implementation is
the preliminary text processing more than 512 (1024)

tokens long with the intellectual text summarizer
application and subsequent usage of fine-tuned
Transformers model for the text sequence pairs
classification problems. Latent semantic analysis (LSA)
model as extractive model and mT5 model (a massively
multilingual pre-trained text-to-text transformer) as
abstract model were used to perform summarization
tasks.

Studies have shown that BERT model usage is the
most effective as classification model when there are no
hardware limitations.

When there are constraints, DistilBERT model
usage will be the most effective.

The benefit of the given method is, above all, the
possibility to overcome input sequence restrictions
while determining semantic similarity of the texts in
combination  with  the  fine-tuned  pretrained
Transformers model advantages utilization.
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MeToa BU3HAYEHHSI CEMAaHTHYHOI MOAIOHOCTI TEKCTIB J0BIJILHOI JOBKUHHI
3 BUkopuctanusam moaeseii Transformers

C. A. Onizapenko, B. O. Paguenko

AHoTanisi. B po6OTi po3mIAHYTI pe3yabTaTH PO3POOKH METOAY BH3HAYCHHS CEMAHTHYHOI MOIOHOCTI TEKCTIB JOBITBHOT
JOBKMHU Ha OCHOBI 1X BEKTOPHHUX ysBJIEHb. [Ipy IbOMY BEKTOPHI ySBJIEHHS OTPUMaHi 3 BUKOPUCTAHHIM MYJIbTHMOBHOI MOJIeli
Transformers, a 6e3mocepeIHEO 3aB/IaHHS BU3HAYESHHS CEMAaHTHYHOTO MOAIOHOCTI TEKCTIB JOBUTHHOT JOBKHHH PO3TIISIAETHCS K
3ajada KIacuQikamii map TeKCTOBHX IMOCIITOBHOCTEH 3 BUKOpPHCTaHHAM Mozeni Transformers. BukoHaHo mopiBHIBHUHN aHAaTi3
HaiOuTem ontuManbHOI Moxeni Transformers /i BupimieHHS IaHOTO Kiacy 3amad. OCHOBHUMH €TallaMi METOIy NpU IbOMY
PO3TIIANAIOTEC eTan TOHKOi HacTpoiika mozeni Transformers B paMkax ApYroro 3aBIaHHS NpeIHABUCHPI MOJIeEINi (3aBIaHHS
MIPOTHO3YBAHHS TPOMO3HILIii), a TAKOXK eTan BUOOpY 1 pearizalii MeToay cyMmapizallii TeKCTOBOi IOCIiZOBHOCTI JOBXHHOIO
nonan 512 (1024) TokeHiB /1 BUPIIICHHS 3aBAaHHs BU3HAYCHHS CEMAHTHYHOTO MOAIOHOCTI TEKCTIB TOBUIBHOT TOBXKHHU.

Kaw4doBi cioBa: TekcT; MOBUTbHA JOBXKWHA; CEMAaHTUYHA MOMIOHICTh; BEKTOPHE MOJAHHS; MoJenb Transformer; ToHKe
HaJaroKEHHS.

Mertoa onpeesieHUsi CEMAHTHYECKOT0 MOA00UsI TEKCTOB NMPOU3BOJILHOM VIMHBI
¢ ucnoab3oBanueM moaeaei Transformers

C. A. Onmmzapenko, B. A. Paguenko

AHHOoTanms. B pabote paccMOTpeHbI pe3yabTaThl pa3paboTKy METO/1a ONpPEeIeH s CEMAHTHIECKOTO MOJ00MS TEKCTOB
MPOU3BOJBHONW JUIMHBI Ha OCHOBE WX BEKTOPHBIX MpeacTaBieHHH. [IpH 3TOM BEKTOpHBIC NPENCTABICHUS MOIYyYEHBI C
HCTIOJIb30BAaHUEM MYIBTHA3BIYHON Mojenu Transformers, a HEmOCPEICTBEHHO 3a7ada OMpEAEICHHUs] CEMAaHTHYECKOTO MOJO0HS
TEKCTOB MPOU3BOJBHOW JUIMHBI paccMaTpHBaeTCs KaK 3ajada KIACCHOUKAIMK MMap TEKCTOBBIX ITOCIIEIOBATEILHOCTEH C
HCTONB30BaHueM Mozenu Transformers. BEITOMHEH cpaBHUTENBHBINA aHAN3 HanOOJIee ONTUMAaIbHOM Moaenu Transformers mst
pelieHrs JaHHoro Kiacca 3a1a4. OCHOBHBIMH 3TalaMH METO/a MPH 3TOM PAacCMATPUBAIOTCS 3Tall TOHKOW HACTPOMKAa MOZIEIH
Transformers B pamkax BTOpOH 3ajaudl NpenoOydeHHOH Mojenau (3aaud MPOTHO3MPOBAHMS MPEUIONKEHHI), a TaKKe JTall
BBIOOpA U peATH3aliK METO/1a CyMMapH3allii TeKCTOBOM MMOCIIEI0BAaTENbHOCTH JTHHON Gonee 512 (1024) TOKSHOB AJIs PeleHUs
3aJa4y OTPENeNICHUS CEMaHTUYECKOT0 MOJ00US TEKCTOB POU3BOJIBHOM UTHHBIL.

KiaruyeBble cJOBa: TEKCT, NPOU3BOJIbHAS JUIMHA; CEMaHTHYECKOE MOAOOHE; BEKTOPHOE MPEACTABICHHUE; MOJCIb
Transformer; Tonkas HacTpoiika.
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DEVELOPMENT OF PROCEDURES FOR MODIFYING THE CIPHER GOST 28147

Abstract. The entry of mankind into the era of high technologies, the rapid growth of computer technology contributes
to the expansion of the range of electronic services. To ensure the security of confidential information, personal data,
cryptographic systems of traditional cryptography (symmetric cryptosystems) and public key cryptography (asymmetric
cryptosystems) are used. As a rule, the former provides security services, the latter provide key distribution. However, in
the conditions of totalitarian surveillance in society by the special services of developed countries, cryptographic tabs are
embedded in cryptographic algorithms, which, on the one hand, provide “quick” access for special services to confidential
information, and on the other hand, allow intruders to break into the cryptosystem and obtain user data. The article
proposes a modification of the well-known GOST 28147-89 algorithm, which ensures the "elimination™ of possible crypto-
bookmarks and an increase in crypto-resistance in the post-quantum period (the emergence of a full-scale quantum
computer that allows hacking modern symmetric and asymmetric cryptosystems based on Grover and Shor algorithms). It
is proposed to use the procedures for modifying the block-symmetric encryption algorithm (BSEA) GOST 28147-89 (2009,
2015) in OFB mode, which will make it possible to form a pseudo-random sequence based on dynamic changes in the S-

box, and provide the required level of security.

Keywords: block-symmetric cipher; stream cipher; GOST 28147-89; DSTU 28147-2009.

Problem statement

The entry of mankind into the era of high
technologies, 4.0 Industrialization allowed the rapid
growth of the computing capabilities of the world
community, which made it possible in 2015 to develop
and implement not only 1 billion Internet things that
replenished cyberspace, but also practically made it
possible to realize a full-scale quantum computer. A
quantum computer allows computing several billion
times faster, expanding the range of services in almost
all areas of life. This circumstance is an unconditional
positive factor affecting the innovative nature of the
development of the real sector of the economy,
healthcare, services, leisure and, of course, education.
However, along with this, this trend is increasingly
revealing the acuteness of the problems, the negative
consequences of informatization. To the greatest extent,
these problems are associated with the possibilities of
unauthorized access to information resources, critical
infrastructure facilities belonging to other individuals,
business entities, the banking sector, and other states.
This is directly related to the need to ensure not only
national, but also state security [1].

Analysis of recent research and publications

The widespread use of cloud technologies, means of
remote connection from mobile and remote stationary
devices through general-purpose networks lead to the
“disappearance of the perimeter” of critical systems and a
significant complication of their protection. All this leads
to the need to implement security at least of the security
loop of business processes that ensure the continuity of
production and form the profits of companies
(organizations, etc.). A prerequisite for this is the use of
cryptographic means of protection in  modern
information, communication and cyber-physical systems.
Symmetric block ciphers are one of the most common

cryptographic systems that provide the basic security
services of modern 1SO/OSI model protocols and
cyberspace. In addition to providing confidentiality and
integrity services transmitted over the network or stored
locally, BSEA are used as a constructive element of other
primitives (hashing functions, message authentication
codes, pseudo-random sequence generators, etc.) But
when launching a quantum cryptanalysis algorithm by
Shore [2] and Grover [3], one can solve mathematical
problems in a multi-fold manner. Such a phenomenon
can lead to chaos in cyberspace, the destruction of critical
infrastructure facilities, and a decrease in confidence in
security services based on symmetric and asymmetric
cryptography. The emergence of a full-scale quantum
computer practically infinitely expands the range of
threats and modification of attacks, the emergence of new
targeted attacks with characteristics of synergy and
hybridity. A detailed description of the stability of
symmetric systems against quantum cryptanalysis is
given in Table 1 and in article [4]. From the table 1 shows
that the stability of symmetric ciphers in the attack using
a quantum algorithm is significantly reduced. This means
that GOST 28147 can be completely compromised and it
will not be possible to consider it stable, its stability will
be equal to 22%. Even with AES, it is desirable to use a
key of 256 bits. That is, in general, Grover's algorithm,
although it reduces the stability of modern symmetric
cryptosystems, but still requires a subexponentially
number of quantum gates in contrast to the Shore
algorithm.

To ensure security in the post-quantum period,
NIST U.S. specialists in February 2019 announced a
competition for post-quantum cryptography algorithms.
Definitions of practical durability set by NIST
requirements provide five levels of durability [5, 6]:

1) definition of a key of the 128-bit block cipher;

2) search for a collision of a 256-bit hash function;

3) collision search for 384-bit hash function;
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4) determination of the key of the 256-bit block
cipher;
5) 384-hit block cipher key definition.

Table 1 — Strength of standard block-symmetric encryption
algorithms against quantum cryptoanalysis

The amount|  Resistance when
Crypto- Bloc'k /| of memory attacking:
system key size, required for
(bits) the attack, | message key
(bits)
AES-128 128/128 | 128/128 264 264
AES-256 128/256 | 128/256 264 2128
DES 64/56 64/56 2%2 2%8
GOST-28147| 64/256 64/256 264 2256
Kalina-128 128/128 | 128/128 264 264
Kalina-512 512/512 | 512/512 2256 2256

Thus, the modification of BSEA, which are the
standards of symmetric encryption, and are used in
information and switching systems of critical
infrastructure objects is an urgent task in the post-
quantum period.

The purpose of the article is to develop procedures
for improving the stream encryption algorithm based on
the block-symmetric encryption algorithm GOST 28147-
89 through the use of dynamically changing nonlinear
transformations (S-boxes).

The main objectives of the study:

- analysis of the basic procedures of the block
cipher algorithm GOST 28147-89;

- development of procedures for improving the
method of forming a pseudo-random sequence based on
GOST 28147-89.

Analysis of the block cipher
algorithm GOST 28147-89

GOST 28147-89, adopted in 1990, was a standard
establishing a unified cryptographic transformation
algorithm for information processing systems in
networks of electronic computers, which determined the
rules for data encryption and the development of an
imitation insert. The cryptographic transformation
algorithm was intended for hardware or software
implementation, met the cryptographic requirements
and, according to its capabilities, did not impose
restrictions on the degree of secrecy of the protected
information [5].

One of the operating modes of GOST 28147-89
was the gamming mode, the structural diagram of which
is shown in Fig. 1.

The data is displayed on 64-bit blocks, encrypted
in the modulo 2 mode in the CMs summator with the
cipher scale, as it is rotated in blocks of 64 bit. The
initial filling of drives Ni, N2 (sync message S) is
encrypted in the simple replacement mode in
accordance with 256 bits of the key are entered into the
RAM. A 64-bit binary sequence S = (S1, Sz, ... Sea) IS
entered into the drives N1, N2, which is the initial filling
of these drives for the subsequent generation of M
blocks of the cipher gamma.

The encryption algorithm for a 64-bit block of
open data in the simple replace mode consists of 32

cycles. In the first cycle, the initial filling of the
accumulator N1 is summed modulo 2% in the adder CM;
with the filling of the accumulator Xo, while the filling
of the accumulator N is preserved.

Tuw
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» <
To Tw
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Ne C1 C2 Ns
32... 1 32... 1
CMa CMs3
32... 1 32... 1
N4 N3
32... 1 32... 1
N2 —> N1
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X3 32.. 1
X4
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X7 32... A
32... 1
v
| |CcM2
32... l L1

Fig. 1. Gamming mode GOST 28147-89

The result of the summation is converted in the
substitution block K and the resulting vector is fed to
the input of the register R. where it is cyclically shifted
by eleven steps towards the higher bits. The result of the
shift is summed bitwise modulo 2 in the CM; adder with
32-bit filling of the N drive. The result obtained in CM;
is written to N1, while the old filling N1 is overwritten in
N2. The result of encryption is written to 32-bit drives
Nz and N4, so. that filling N1 is overwritten in N3, and
filling N2 is overwritten in Ns. The filling of the N4
drive is summed modulo (232-1) in the CM, adder with
a 32-bit constant C; from the Ng drive, the result is
written to N4. The filling of the drive N3 is summed
modulo 232 in the CM3 adder with a 32-bit constant C,
from the drive Ns, the result is written to Ns. The filling
N3 is overwritten in N1, and the filling N4 is overwritten
in N2, while the filling N3, N4 is preserved. The filling
of N1 and N is encrypted in simple replace mode. The
filling N1, N2 obtained as a result of encryption forms
the first 64-bit block of the cipher gamut, which is
summed bitwise modulo 2 in the adder CMs with the
first 64-bit block of open data. This scheme uses the
substitution block K, which consists of 8 static
substitution blocks [7].

The article proposes to use a schema with
dynamically changing substitution blocks. The block
diagram is shown in Fig. 2. This diagram consists of the
following steps:
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Fig. 2. Gamming mode of the improved GOST 28147-89

Step 1. Input of initial data for the main step of
crypto-transformation N - 64-bit block of input data is
converted into two 32-bit integers (low (N1) and high
(N2) parts);

Step 2. Addition with a key. The lower part of the
transformed block is added modulo with the key
element used in the step.

Step 3. Block replacement. The 32-bit value
obtained in the previous step is interpreted as an array of
four 8-bit code blocks: Sm = (So, S1, Sz, ... S2s5).

Further, the value of each of the four blocks is
replaced with a new one, which is selected according to
the substitution table as follows: the value of the S;
block is changed to the Si-th element in order
(numbering from zero) of the i-th substitution node (i.e.,
the i-th row of the substitution table, numbering also
from zero). In other words, an element from the
substitution table with a row number equal to the
number of the replaced block and a column number
equal to the value of the replaced block as an 8-bit non-
negative integer is selected as a replacement for the
block value.

Step 4. Dynamically change the table of
substitutions as follows: if the sum Sp + S1 is an even
number, then the values of Sp—S: of table Ho are
swapped, otherwise So<»S; of table H;. If the sum S, +
Sz is an even number, then the values of Sy«<»S3 of table
H> are interchanged, otherwise S« Sz of table Ha.

Step 5. Cyclic shift 11 bits to the left.

Step 6. Bitwise addition: the value obtained in step
3 is added bitwise modulo 2 with the upper half of the
converted block.

Step 7. Shift along the chain: the lower part of the
converted block is shifted to the place of the older one,
and the result of the previous step is placed in its place.

The use of such a transformation makes it possible
to dynamically (based on a simple pseudo-random
sequence generator) form the OFB mode and provide
the required level of cryptographic strength.

The structural diagram of a well-developed
algorithm ca-n be described by a multi-round diagram,
as shown in Fig. 3.

( Start )

k=1+3 N
m=0=x7 >

N =main step (N, K;)

—

N |Generating a pseudo-
'|random sequence

C = O

Fig. 3. Scheme of pseudo-random sequence formation

The article proposes three procedures for
modifying BSEA GOST 28147. The proposed modes
for the formation of pseudo-droplet sequencing at K=1,
K=2, K=3, allow to increase the length of the key
sequence and provide the required level of creep
resistance in the post-quantum period.

To assess the cryptographic strength, it is proposed
to use the NIST-STS822 package, which allows
implementing 189 tests based on 19 methods for
checking the information sequence for randomness.
During the test, a 108-bit sequence is tested, taking into
account the errors of the first and second kind. Carrying
out an experimental improvement of the statistical safety
of the proprietary well-developed algorithm according to
the NIST STS methodology. The test results are
presented in the statistical portraits in Fig. 4 — 6. The
analysis of the data will show that the statistical portraits
of the well-developed algorithm do not compromise their
powers to the most beautiful generators.
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Fig. 4. Statistical portrait of the advanced algorithm at K =1
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Fig. 6. Statistical portrait of the advanced algorithm at K = 3

The main part of the tests was passed at a very
high level, close to 1.

Analysis of the data presented shows that the
statistical portraits of the modified block-symmetric
encryption algorithm GOST 28147 in OFB mode are not
inferior in their properties to the best-known generators.
Most of the tests passed with a very high probability, close
to 1.

The final test results according to the NIST STS
method are summarized in Table 2, which shows the
number (share) of tests in which testing was passed with a
probability of >0,99; >0,96 and < 0,96.

Analysis of the test results, summarized in table 2.
shows that the proposed modification procedures BSEA
GOST-28147-89 (2009, 2015) have improved statistical
safety indicators (at K = 1).

This approach provides the level of cryptographic
strength required in the post-quantum period. They have
one of the largest number (proportion) of tests that passed
the most stringent criterion with a probability > 0,99 and

are not inferior to such well-known generators as the BBS
counter mode.

Table 2 — Results of comparative studies of the statistical
safety of the modified and some well-known pseudo-
random number generators

Number of tests in which the test
No Generator passed the criterion
M >99% M >96% | M< 96%
. 188
- 0, 0,
1 | Gusing SHA-1 122(65%) (99,5%) 1 (0,5%)
Linear . 189
2 Congruential ek (100%) B
- 189
- 0, _
3 | Micali-Schnorr 130 (69%) (100%)
Quadratic o 181 o
4 Congruential 124 (66%) (96%) 8 (4%)
5 | G using DES 142 (75%) | .88 |1 (05%)
(99,5%) ’
ANSI X9.17 0 187 0
6 (3-DES) 121 (64%) (98%) 4 (2%)
7 | Blum-Blum-shub | 134 (719%) | 289 _
(100%)
FIPS 197 189 -
8 126 (67%) (100%)
GOST 28147 7 189
° at K=1 SaRlin) (100%) B
T'OCT 28147 . 188 .
10 at K=2 129(68%) (99,5%) 1 (0,5%)
T'OCT 28147 . 189
11 at K=3 136(72%) (100%) =
Conclusions

The analysis of the requirements for post-quantum
cryptography algorithms puts forward a significant
increase in the length of the key sequence (2-3 times),
which affects the energy consumption and speed of
cryptocurrencies while reducing the safe time to use the
key sequence by 30%.

Analysis of the proposed modification procedures
algorithm BSEA GOST 28147-89 (2009, 2015) in the
mode of quenching has improved statistical safety. It has
one of the largest share of tests that passed the most
stringent criteria with a probability of 0.99 and is not
inferior to known generators as the BBS generator,
Micali-Schnorr in counter mode. This provides the
required level of stability, the rate of transformation in the
post-quantum period.
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Po3podxa npouenyp moaudikaunii mudppy 'OCT 28147
C. II. €Bcees, P. B. Koponbos, A. M. Tkauos, A. €. HimueHko

AHoTanisi. Beryn smonctBa B epy BHCOKMX TEXHOJOTIH, OypXiMBe 3pOCTaHHS OOYHCIIOBAIBGHOI TEXHIKH CIIPHUSE
PO3IIMPEHHIO CIIEKTPa EJIEKTPOHHUX mocayr. [y 3abe3neyeHHs Oe3meku KOH(imeHmiHOT iHGopMalii, MepCOHATBHUX TaHUX
BHUKOPHUCTOBYIOTBCS KpHUOTOrpadiyHi CHCTeMH TpaauuiiHol kpunrorpadii (CHMeTpH4HI KpunrocucreMu) i kpunrorpadii 3
BIZIKPUTHM KJIIOYeM (HECHMETPHYHI KPHUIITOCHCTEMH). SIK mpaBmIlo, mepili 3a0e3MnedyloTh MOCHYrH Oe3NeKH, APYTi - PO3MOoJIiI
kimo4iB. OJJHaK B YMOBAaxX TOTAIITAPHOI CTEKEHHS B CYCIIUIBCTBI 3 OOKY CIIel] CIyX0 PO3BHHEHHX Jep)KaB B KpUNTOrpadidHUX
anroputMax "BOYIOBYIOTBCA" KpHUITOrpadiuHi 3aKIaaKy, sSKi 3 OJHOTO OOKy 3a0e3MeuyroTh "MBUAKHNA" JOCTYI CHEUCIy 0 10
KOH(}ineHIiHHOT iHpopMarii, 3 1HIIOro OOKYy HO3BOJSIOTH 3JIOBMHCHHKAM 3JaMyBaTH KPHUNTOCHCTEMY 1 OTPHMYBATH [NaHi
KOpUCTYBauiB. Y cTarTi mpomoHyeTbess Momuikamis Bimomoro amroputmy ['OCT 28147-89, ska 3abesmedye "ycyHeHHS"
MOXJIMBUX KPHIITO3aKJIaJOK 1 MiIBUIIEHHS KPUNTOCTIHKOCTI B yMOBaX MOCTKBAaHTOBOTO Iepioxy (MOsiBa TTOBHOMAacHITaOHOTO
KBAaHTOBOTO KOMIT'IOTepa, KU 103BOJISIE 371aMaTH Ha OCHOBI anroputMiB I'poBepa i llopa cydacHi cuMeTpH4Hi | HECUMETPHYHI
kpuntocucteMu). IIponoHyeThCss BUKOPUCTOBYBATH MpoLeAypH Moaudikanii 6J09HO-CHMETPUYHOrO alropuTMy IIU(PYBaHHSI
(BCII) I'OCT 28147-89 (2009, 2015) B pexxumi OFB, 1110 103B0SHTE HOPMYBATH TICEBIOBUITAJAKOBY MOCIIIOBHICTh Ha OCHOBI
JOUHAMIYHOTO 3MiHH S-box, 1 3a0e3neunTy HeoOXiqHUH PiBEeHD CTIHKOCTI.

Knaw4oBi caoBa: 610uHO-cumeTpuyHuii mudp; nortokosuit mmdp; FOCT 28147-89; ACTY 28147-2009.

Pa3zpadorka npouenyp moauduxauuu mudpa FOCT 28147
C. I1. EBcees, P. B. Kopones, A. M. Tkaues, A. E. Humuenko

AHHOTanmmus. Bcerynnenue uenoBedecTBa B 3Py BBICOKMX TEXHOJOTHH, OYpHBIH POCT BBIYHCIUTENBHOH TEXHHKH
CIOCOOCTBYET PACIIMPEHHUIO CIEKTPa dJEKTPOHHBIX yciyr. [ obecnedenns: 6e30macHOCTH KOHPHUACHIINATBHON HH(DOpManny,
MIEPCOHANBHBIX JaHHBIX HCHONB3YIOTCS KPUNTOrpauiecKue CHCTEMbl TPAAWIHMOHHOM KpunTorpaguu (CHMMETpHYHEIE
KPHUIITOCUCTEMBI) M KPHUOTOTpaduu C OTKPHITBIM KIIOYOM (HECHMMETPHYHBIE KpUNTOCHCTeMBl). Kak mpaBmmo, mepsble
obecneynBaroT yCIyru Oe30IacHOCTH, BTOpPBIE — paclpeneneHne kimodeid. OJHAKO B yCIOBHAX TOTATUTAPHOH CIEXKKH B
o0IIecTBE €O CTOPOHBI CIEI| CIYy)XO pa3BUTBIX TOCYJapcTB B KpUOTOrpadUueckux airopurMax “BCTpamBaroTcs’
Kpunrorpaguyeckue 3aKIagKd, KOTOPblE C OJHOM CTOPOHBI OOECIEUMBAIOT “OBICTPHIH” JOCTYN CHEUCIYXO K
KOH(HICHIIMATBHOW HH(OPMAIIUH, C IPYroif CTOPOHBI MO3BOJIIOT 37I0YMBILIICHHUKAM B3JIaMbIBATh KPUNITOCHCTEMY H MOJTy4YaTh
JaHHbIE ToNIb30BaTeneil. B cratbe npemnaraercst Moandukanus ussectaoro aaroputma I'OCT 28147-89, kotopast obecrnieunBaet
“ycTpaHeHHe” BO3MOXKHBIX KPHIITO3AKJIAIOK U MOBBIIIEHAE KPUIITOCTOMKOCTH B YCIIOBUSIX IIOCTKBAHTOBOTO ITEpHO/Ia (TOSBICHHUE
MOJTHOMACIITA0HOTO KBAaHTOBOTO KOMITBIOTEpA, KOTOPBIH MO3BONSAET B3JIOMAaTh Ha OCHOBe anroputmoB ['poepa m Ilopa
COBpEMEHHbIE CHMMETPHYHbIE M HECHMMETPHYHBEIE KpuUnTocucTeMsl). [IpemiaraeTcs nCmoab30BaTh MPONIEAyphl MOIH(DUKAIIIH
6mouHo-cumMerpraHoro anroput™a mmgposanus (BCIH) TOCT 28147-89 (2009, 2015) B pexnme OFB, uro mosBoimt
(bopMHUpOBaTh MCEBIOCTYYaiHYI0 MOCIEI0BATEILHOCTh HA OCHOBE JMHAMUYECKOTO M3MEHEHHs S-boX, 1 00ecnednTs TpeOyeMbIii
YPOBEHb CTOHKOCTH.

KnwoueBble cioBa: GrodHo-cuMMeTpHdHbIH mm¢p; notounsii mmdp; FOCT 28147-89; ICTY 28147-20009.
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ANALYSIS AND COMPARATIVE STUDIES
OF SOFTWARE PENETRATION TESTING METHODS

Abstract.

Information security is one of the most important components in any organization. The disclosure of this

information can lead not only to material losses, but also to the loss of the reputation and image of the company, which
ultimately, in some cases, can lead to its complete collapse. Therefore, in order to avoid these consequences, it is necessary
to analyze the security and reliability of information processing systems. One of the most effective ways to do this is
through the use of "penetration testing” methods. The results obtained. The section provides software vulnerabilities
analysis. The most frequently used types of attacks and intrusions by cyber intruders are highlighted. In contrast to this,
methods comparative analysis for identifying software vulnerabilities was carried out. It is concluded that it is advisable to
improve the methods for identifying vulnerabilities through the recommendations complex use taking into account the
existing security risks of software tools, the features of modern methodologies and software development tools, as well as
the modern software penetration testing methods capabilities.

Keywords: information security; testing methods; vulnerable software; security testing.

Introduction

Currently, information security is one of the most
important components in any organization, since the
information processed in their information systems, to a
greater or lesser extent, belongs to the categories of
commercial secrets and personal data. The disclosure of this
information can lead not only to material losses, but also to
the loss of the reputation and image of the company, which
ultimately, in some cases, can lead to its complete collapse.
Therefore, in order to avoid these consequences, it is
necessary to analyze the security and reliability of
information processing systems. One of the most effective
ways to do this is through the use of "penetration testing"
methods. The term "penetration testing” means imitation of
the actions of a real attacker to implement unauthorized
entry into the information system [3, 7].

1. Software Vulnerabilities Analysis

Currently, modern digital computing and
communication tools cannot be imagined without
appropriate software. Moreover, the level of its quality
is largely determined by the presence (or absence) of
critical errors (bugs). This objectively existing factor
cannot be ignored when assessing software
vulnerabilities. Vulnerability can be the result of errors

Vulnerabilities By Year

II I153 |

2008 3
2009 39
2010 150

M 2011 266

M 2012 249
2013174
2014127
2015 157

M 2016 172

M 2017 153
2018 161
2019177

made at various stages of software development (design,
coding, etc.), of outdated cryptographic systems and
authentication systems use, disregard for the rules and
algorithms of secure programming, etc. Analysis of
different levels standards and recommendations for
information security showed that the term vulnerability
is used to denote a flaw in the system, using which you
can violate its integrity or cause incorrect operation.

Studies carried out have shown that some
vulnerabilities are known only theoretically, while
others are actively used and have known exploits. Free
software security study by Edgescan, Coverity, OWASP
fund, which analyzed the security of more than 1000
projects containing more than 150 million lines of code,
showed that they contain more than 60 thousand
vulnerabilities [1]. And the most common types of
vulnerabilities can be identified (Table 1)

As you can see in Table 1, Microsoft software
products and various Web browsers have been the most
vulnerable types of software for a number of years.
Edgescan Vulnerability Stats Report 2020 shows
vulnerabilities exist in all popular Web browsers.

The report gives a security analysis for such
popular Web browsers as Mozilla Firefox, Opera and
Chrome. For example, the statistics of Chrome
vulnerabilities is shown in Fig. 1.

Vulnerabilities By Type

M Denial of Service 901

M Execute Code 121

W xss 70
Overflow 371
Mermory Corruption 91
Bypass Something 189
Gain Information 116
CSRF 3
Gain Privilege 6
Directory Traversal 7

901

371

189
121 o1

.m
.

Fig. 1. Chrome Web Browser vulnerability statistics

136

© Zhang Ligiang, Cao Weiling, Rab¢an J., Davydov V., Miroshnichenko N., 2021



ISSN 2522-9052

CyuacHi inpopmariiiai cuctemu. 2021. T. 5, Ne 2

Table 1 — The most common types of vulnerabilities

Vulnerability tvpe The percentage of identified vulnerabilities Degree of
yup 2018 [ 2019 [ 2020 criticality
Vulnerabilities in software of private firms and non-governmental organizations
BLUEKEEP CVE-2019-0708 15% 18% 17% High
UNSUPPORTED SQL SERVER 14% 17% 17% Middle
SQL INJECTION (WEB APPLICATION ATTACK) 17% 12% 11% Middle
MS Office Memory Corruption Vulnerability CVE-2017-11882 - 8% 10% Middle
RDP, MS12-020/, CVE-2012-0002 6% 7% 7% High
SMB, MS17-010/, CVE-2017-0143 TO, CVE-2017-0148 6% 6% 6% High
OTHER 42% 32% 32%
Vulnerabilities in software of state institutions

SQL INJECTION 41% 42% 42% Middle
CROSS-SITE SCRIPTING (XSS) 20% 19% 20% Middle
PHP MULTIPLE VULNERABILITIES 14% 16% 17% High
REMOTE CODE EXECUTION 5% 7% 8% High
SENSITIVE FILE DISCLOSURE 3% 5% 5% High
OTHER 17% 11% 8%

The studies carried out have shown that the most  vulnerabilities,  specific  testing methods and

common vulnerabilities are the following: recommendations are used. The goals, methods,
Overriding a null pointer allows to execute a code  algorithms and means of verification, rules for

outside the vulnerable software.

Resource leak. If after the program terminates or
memory releases, the released resources are not cleared,
then these memory areas may still contain the values of
variables and other confidential information.

Dead code. The presence of unused sections of a
code in the program allows an attacker to inject software
bookmarks into these sections of the code and then use
them to get unauthorized access to protected resources.

Using values before validation. If the software
processes information coming from external sources
without verification, then it is possible to generate such
a variable value that will allow you to get full control
over the vulnerable software.

Access to uninitialized  variables.  This
vulnerability is similar in nature to the "Dead Code"
vulnerability, when unused parts of software are used by
an attacker to get a full control over a program.

Using an object after release allows to access the
restricted information. Buffer overflow is a vulnerability
that occurs when a computer program writes down data
outside a buffer allocated in memory. Buffer overflow
usually occurs due to improper handling of data
received from outside and memory, without tight
protection from the programming subsystem (compiler
or interpreter) and the operating system. It should be
noted that the mentioned above statistics and the list of
vulnerabilities are not the exhaustive data.
Unfortunately, the level of motivational components of
cyber intruders very often exceeds the capabilities of
individual IT companies which resist cyber-attacks.
However, a number of methods for identifying software
vulnerabilities have been developed and are currently
being used. Let's conduct out their comparative analysis.

2. Comparative analysis of methods
for identifying vulnerabilities

The studies carried out have shown that currently,
to improve the efficiency of identifying software

conducting and verification are indicated in them. The
following ones are relevant for Ukraine: [1-8]:

— OSSTMM (Open Source Security Testing
Methodology Manual);

— OWASP (Open Web Application Security
Project) Testing Guide;

— PTES  (Penetration
Standard);

— NIST Special Publication 800-115: Technical
Guide to Information Security Testing and Assessment
(NIST SP 800-115);

— BSI - Study A Penetration Testing Model;

— ISSAF Information  System  Security
Assessment Framework;

— THE NATIONAL BANK OF UKRAINE
BOARD RESOLUTION of 28.09.2017 Ne 95 «On
Approval the Provision about Organization of Measures
on Ensure Information Security in the Banking System
of Ukrainey.

Each of these documents has its own
characteristics (advantages and disadvantages). The
research is carried out in several stages (Fig. 2), which
allow to structure knowledge and comprehensively
assess the security of software. In general, the results of
comparing methodologies by phases of vulnerability
tests can be illustrated with Fig. 3.

Testing  Execution

PLANNING PHASE

FOOTPRINTING

DISCOVERY

PHASE SCANNING & ENUMERATION

'VULNERABILITY ANALYSIS

ATTACK
PHASE

REPORTING PHASE

Fig. 2. Software security testing stages
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Table 2 contains a comparison of the methods
being studied, where the objects of research are divided
into 3 standard phases:

— Preparation,

— Execution of tests

— Generation of a report.

Table 3 contains a comparison of methods
according to the specified criteria using a similar system
of point grades from 0 to 10.

The presented results of the methodologies
assessment showed the imperfection of any of them. For
example, the best methodology in the test execution and
reporting phases — OWASP does not meet the
requirements of the experts in the preparation phase.
Vice versa, the OSSTMM methodology, which was
highly appreciated by experts at the first stage of
preparing the pre-test material, has a low rating at the
later stages of software security research.

Table 2 — Comparison of the investigated methodologies according to three standard phases

Resolution of the
Methodology, Phases OWASP|OSSTMM|NIST SP| BSI [ISSAF|PTES NBU Board Ne 95
Preparation
Customer approval of testing modes 0 7 1 0 5 7 7
Execution and signing of the contract 0 7 0 8
Tests execution
Collecting information about the object 8 1 4 8 8 7 0
Identification of vulnerabilities 8 1 3 8 8 8 1
Analysis of information and risks 8 1 2 8 8 8 2
Active invasion attempts 8 1 5 8 8 8 0
Enabling the following intrusion 8 0 0 0 8 8 0
Report creation
Artifact cleaning 5 1 2 4 5 8 0
Report creation 5 7 4 8 7 9 2
Analy5|s_ gr!d rec_orr_lme_ndatlons for found 10 2 4 8 4 9 1
\vulnerabilities elimination
Description of risks 10 1 3 8 4 9 2
Table 3 — Comparison of methodologies by criteria
Resolution of the

Methodology, Phases OWASP|OSSTMM|NIST SP| BSI |ISSAF|PTES NBU Board No 95
Description of the information a cracker can obtain 5 8 1 0 2 0 2
Description of the penetration testing goals 10 4 5 10 1 5 3
Detailed description of the methodology 10 4 9 7 6 10 0

Based on this, it can be concluded that it is
advisable to improve the methods for identifying
vulnerabilities  through the complex use of
recommendations taking into account the existing
security risks of software tools, the features of modern
methodologies and software development tools and the
capabilities of modern software penetration testing
methods.

Conclusions

The section analyzes the software vulnerabilities.
The priority of software security requirements and the
obligation to follow these requirements at all stages of
the software life cycle are shown. Research and

comparative analysis of methods for identifying
vulnerabilities have been carried out; lack of attention
from developers to security issues has been indicated.

The expediency of improving the existing methods
of software penetration testing by synthesizing a new
software testing method taking into account increased
security requirements is indicated.
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AHaJi3 i nopiBHsJIbHE J0C/Ii/I2KeHHsI MeTO/AiB TeCTYBAaHHS MPOrPaMHOro 3ade3nevyeHHs Ha MPOHUKHEHHS
Wxan Jlinsn, [ao Beiinin, 5. Paduan, B. B. JlaBunos, H. M. MiponiHidyeHko

AHoTaunis. [Hpopmariitna Oes3meka € OJHMM 3 HAMBAXIIMBIIIMX KOMIIOHEHTIB B OyAb-sKii opraHi3amii, OCKITBKH
iHpopMaris, mo oOpoOnseThes B iX iHQOpPMAIMHUX cUCTeMax, B OUIBIIIH YW MEHIIIH Mipi BIIHOCHTBCS IO KaTeropiit
KOMEPIIHHOI TAaEMHMIII 1 IEPCOHANBPHUX JaHUX. PO3KpUTTS i€l iHpopMariii Moke IPU3BECTH HE TIJIBKH IO MaTepiajbHUX BTPAT,
a ¥ 0 BTpaTH pemyTauii Ta iMi/UKy KOMIaHil, 0 B KiHIIEBOMY IIJICYMKY B AESKHX BHIaJKax MOXKE MPUBECTH JO ii TTOBHOIO
kpaxy. ToMmy, 100 YHMKHYTH LMX HAcIiJIKiB, HEOOXiJHO NpoaHaii3yBaTn Oe3leKy i HaIiifHICTh cucTeM 00poOku iHdopmarlii.
OnuH 3 HaWOIIBII e()EKTUBHUX CIOCOOIB 3pOOUTH 1€ - BUKOPHCTOBYBATH METOJIM «TECTYBAaHHS Ha HMPOHHKHEHHs». OTpuMaHi
pe3yiabTaTd. Y pPO3AUTI MPOBENEHO aHalli3 BPa3dMBOCTEH mporpaMHOro 3abesrneueHHs. BumineHo HalOLIBII YacTo
BHKOPUCTOBYBaHI KiOep3JIOyMHUIIEHHIKaMi BUAM aTak i BTOPTHeHb. Ha mpoTuBary oMy MpOBEICHO MOPIBHSAJIBHUI aHaIi3
METOAWK BUsBICHHsS BpaszmmBocTeil [13. 3po0ieHO BHCHOBOK TMPO OUUIBHICTD BIOCKOHAJICHHS METOJVK BHSBICHHS
BPA3JIMBOCTEH IUIIXOM KOMIUICKCHOTO BUKOPHUCTaHHS PEKOMEH/aliil 3 ypaxyBaHHSAM ICHYIOUMX PU3HKIB OE3MEKH MPOrpaMHHX
3ac00iB, 0COONMBOCTEN Cy4acHUX METOIOJOTIH 1 3ac00iB po3pobku 10, a TakoK MOKIIMBOCTEH Cy4acHHUX METOAUK TECTYBaHHS
10 Ha npoHWKHEHHs. 3 METOI0 apryMEHTOBAHOIO BHOOpPY TEXHOJIOTii MareMaTH4HOI (opMaizalil NMpolecy TecTyBaHHS
MPOBEICHI aHaIi3 1 MOPIBHUIBHE JOCIIIKSHHS HAMOIBII TEPCIIEKTUBHUX 3 HUX.

Kaw4dosi caoBa: inbopmamiiina Oe3rieka; METOIM TECTYBaHHS; Bpa3JIMBE MPOrpaMHe 3a0e3IIeUeHHs; TeCTyBaHHS Oe3IeKu.

AHATHN3 ¥ CPaBHUTEJILHOE HCCIeJ0BAHNE METOA0B TeCTHPOBAHUS
NMPOrpaMMHOr0 o0ecneveHust HA MPOHUKHOBEHHE

Wkan Jlungn, Lao Beiinun, 5. Pabuan, B. B. laBeinos, H. H. MupomHmyenko

AHHoTanus. MHbopManmoHHas 6e30MaCHOCTD SIBIAETCS OJHUM M3 BaKHEHIINX KOMIIOHEHTOB B JIIO00H OpraHHM3aIvy,
MIOCKOJIBKY MH(OpMarus, oopadaTeiBaeMast B MX WH()OPMAIIMOHHBIX CHCTEMax, B OOJBIIeH MM MEHBIIEH CTeIIeHH OTHOCUTCS K
KaTEeropysiM KOMMEPUYECKOH TalfHBI M IepCOHANBHBIX JaHHBIX. PackpbIThe 3ToH MH(OpPMAIMM MOXET MPUBECTH HE TONBKO K
MaT€pUAJIbHBIM IIOTEPSAM, HO U K IOTEPE penyTallui U UMHJKa KOMIIaHHWH, YTO B KOHEYHOM HUTOI'€ B HEKOTOPBIX CIIydassX MOXKET
NPHUBECTH K ee MOoJHOMY Kpaxy. [ToaToMy, 4ToOBI H30€KaTh ITUX MOCIEACTBUI, HEOOXOIMMO MPOAHATIM3UPOBATh 0E30MaCHOCTh
U HaJeKHOCTh cHcTeM 00paboTku mHpopManuu. OauH u3 Hanbosee 3()(GEKTUBHBIX CHOCOOOB CleNnaTh 3TO - HCIOJIb30BATh
METObl «TECTUPOBaHMsI Ha NPOHHKHOBeHHE». IlosydeHHBIe pe3yabTaThl. B paszene mnpoBeieH aHamM3 YsA3BUMOCTEH
IporpaMMHOTO obecrniedeHus. Beinenensl Hanbonee 9acTo HCTIOIb3yeMble KHOEeP3I0yMBIIICHHUKAMH BH/IBI aTaK M BTOPIKCHUH.
B mpotmBoBec 3TOMYy MpOBEAEH CPAaBHHUTENBHBIN aHAIM3 METOAMK BbUBICHUS ys3BuMmocteil [10. Cpeman BbIBOm 0O
1[eTIeCO00Pa3HOCTH  yCOBEPIICHCTBOBAHHMS METOAWK BBUBICHUS YSA3BUMOCTEH ITyTeM KOMIUIEKCHOTO —HCIIOJNB30BAaHUS
PEKOMEHJAMi C YYeTOM CYNIECTBYIOIIMX PHCKOB OE€30MacHOCTH MPOTPAMMHBIX CPEACTB, OCOOCHHOCTEH COBPEMEHHBIX
METOJIOJIOTHH M cpenctB paspadotku [10, a Takxke BO3MOXKHOCTEH COBPEMEHHBIX METOAMK TecThupoBaHus [IO Ha
npoHukHOBeHHe. C [eNbio apryMEHTHPOBAaHHOTO BBIOOpA TEXHOJIOTHI MaTeMaTHUeCKOi (hopMaIn3auy mporecca TeCTUPOBaHHS
MIPOBEIEHBI aHANIU3 U CPABHUTEIBHOE HCCIIEJOBaHNE Hanbosee NepCeKTUBHBIX U3 HUX.

KnwueBsnie caoBa: I/IH(i)OpMaHI/IOHHaSI 6630HaCHOCTB; METOJbl TECTUPOBAHUS; YA3BUMOC IIPOrpaMMHOE 06ecnequI/Ie;
TECTUPOBAHUC 0€30IacHOCTH.
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ANALYSIS OF THE POSSIBILITY OF USING BATTERIES OF THE LATEST
TECHNOLOGIES ON SAMPLES OF ARMORED WEAPONS
AND MILITARY EQUIPMENT

Abstract. The subject matter of the article is mass and dimensional characteristics of batteries, their design,
electrical, operational parameters and energy capabilities. The goal of the study is the possibility of using
maintenance-free batteries on samples of armored weapons and military equipment. The tasks to be solved are: to
analyze the existing technologies for the batteries production, their advantages and disadvantages given the
peculiarities of the operation of military equipment and the main technical characteristics of the batteries; by
statistical data processing to investigate the dependences of “starter” discharge modes and energy capabilities of the
batteries manufactured by technologies of different generations; to investigate the possibilities of constructive
implementation of power supply formation taking into account possible design changes in the engine starting system,
ensuring the necessary charge stability and compensation for exceeding the cost of gel and Absorbed in Glass Mat
(AGM) batteries in comparison with the cost of the type 12ST85 ones. General scientific and special methods of
scientific knowledge are used. The following results were obtained: The existing technologies of battery production, their
advantages and disadvantages have been analyzed taking into account the peculiarities of the operation of military
equipment and the main technical characteristics of batteries. The dependences of the “starter” discharge modes and the
energy capabilities of batteries made by different technologies generations have been studied. Possibilities of constructive
realization of power supply formation taking into account available constructive changes in the engine electric start system,
providing the necessary charge stability and compensation for excess cost of gel and AGM batteries compared to the cost
of batteries type 12ST85 have been investigated. Conclusions. Using at the samples of armored vehicles and military
equipment batteries made by modern technology does not require fundamental structural changes in the electrical
equipment of the machine. To meet the requirements of the standards for voltage parameters in the on-board armored
weapons and military equipment networks, it is necessary to install an appropriate voltage relay regulator. The issue of
exceeding the cost of gel and AGM batteries compared to the cost of type 12CT-85 ones can be compensated by the
absence of costs for operating materials, maintenance personnel as well as the long service life of gel or AGM batteries
compared to conventional lead-acid ones.

Keywords: lead-acid batteries; gel batteries; AGM batteries, electrical equipment for armored vehicles and military
equipment.

but of operation features, mass and dimensions of the

Introduction batteries, but also to study their design, electrical,

Formulation of the problem and research tasks.
At present, the 12CT-85P and 6STEN-140M types lead-
acid starter batteries of are mainly used as power
sources in the native military wheeled and tracked
vehicles. In the technology terms such batteries belong
to the so-called maintenance-free class. The advent in
modern industries the latest technologies can
significantly improve the batteries resource and
empower their applications. Lead-acid, gel and AGM
batteries as the most suitable types of batteries for use as
starters in military tracked and wheeled vehicles have
their advantages and disadvantages. Of course, the
change in the material resource costs ideology,
approximation to world industry standards and NATO
standards, in particular, require research into the
possibility of using the latest production technologies.
In order to justify recommendations for the inserting the
batteries in the prospective and existing armored
weapons and military equipment (AMWE) samples it is
necessary not only to analyze the AMWE specific use

operational parameters and energy capabilities.

In addition, it needs to be taken into account
economic assessment of the prospects for replacing
existing batteries with maintenance-free ones, the cost
of operating materials, personnel maintenance of the
batteries, etc.

The above indicates the relevance of the study of
the prospects for the use of battery of the latest
production technologies in military and wheeled
vehicles.

Analysis of recent research and publications.
The structure, the principle of operation of lead-acid
battery are described by experts in a very meaningful
way, because the first workable lead-acid batteries for
use in engineering were invented in the XIX century [1,
2]. Recommendations for operation, maintenance and
control of batteries are also, of course, very carefully
worked out, as starter lead-acid batteries were used on
AMWE samples in the Soviet Army [3, 4]. Given the
unconditional thoroughness of the generalization of
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military experience, the provisions on the modes of
bringing batteries into working condition, the volume
and frequency of battery maintenance, the order of their
storage outside the machine and in the machine today
are obsolete and economically suboptimal.

The goal of the study is study the possibility of
using maintenance-free batteries on samples of armored
weapons and military equipment.

This goal defined the following research tasks:

— to analyze the existing technologies for the
batteries production, their advantages and disadvantages
given the peculiarities of the operation of military
equipment and the main technical characteristics of the
batteries;

— by statistical data processing to investigate the
dependences of “starter” discharge modes and energy
capabilities of the batteries manufactured by
technologies of different generations;

— to investigate the possibilities of constructive
implementation of power supply formation taking into
account possible design changes in the engine starting
system, ensuring the necessary charge stability and
compensation for exceeding the cost of gel and
Absorbed in Glass Mat (AGM) batteries in comparison
with the cost of the type 12ST85 ones.

General scientific and special
scientific knowledge are used.

methods of

Main material

1. The existing technologies for the batteries
production, their advantages and disadvantages
given the peculiarities of the operation of military
equipment and the main technical characteristics of
the batteries. According to their functional purpose,
lead-acid batteries is divided into four main groups;
starter, stationary, traction and portable.

As a source of electrical energy in AMWE
samples, it is the starter batteries that are used to start
internal combustion engines and power supply of
machine devices. In its development, lead-acid starter
batteries have gone through the following stages.

The first generation of batteries can be classified as
open or closed type batteries with liquid electrolyte,
with a capacity of 36 to 5328 Ah and a service life of 10
to 20 years or more. Open-type batteries have no caps
and the electrolyte is in direct contact with open air.
Closed-type batteries have special plugs that ensure the
retention of sulfuric acid aerosols. The plugs for filling
electrolyte and adding water are unscrewed during
operation. Closed type batteries can be maintained and
maintenance-free. In the latter case, batteries from the
manufacturer are supplied filled and charged, and
during the service life there is no need to fill the system,
since the design of the plugs of such batteries ensures
that its vapors are contained in the form of condensate.

Maintained batteries are the cheapest energy
storage. But at the same time, they not only require
daily monitoring of operation, but also have a short
service life caused by cracking, depressurization, and
oxidation of battery cells. For batteries with filled
electrolyte, in order to prolong the battery's
performance, it is recommended to carry out a control-

training cycle: first, discharge it with a current equal to
0,1 capacity, with an electrolyte density corresponding
to the area of operation, and then charge it in the usual
way, after which it can be operated.

Advantages of Lead Acid Starter Batteries:

— low cost and production simplicity (at the cost of
1 Weh of energy, these batteries are the cheapest);

— proven, reliable and well-understood service
technology;

— permissible high discharge currents.

At the same time, lead-acid batteries have the
following disadvantages:

— low energy density and, as a consequence, high
weight of storage batteries;

— the smallest number of charge-discharge cycles
in comparison with other types of batteries (on average
250 cycles);

— acidic electrolyte and lead have a harmful effect
on the environment, hazardous to service personnel;

— overheating is possible with an incorrect charge;

— they cannot be stored in a discharged state, since
a full discharge causes the formation of sulfates and
such a loss of capacity after which are not restored;

— they are sensitive to deep discharges so a deep
discharge causes an additional voltage similar to the
voltage of a mechanical device. In fact, each discharge /
charge cycle takes a small amount of capacity from the
battery. This loss is very small in the good battery
condition, but becomes more noticeable as soon as the
capacity drops below 80% of the nominal;

— hydrogen is evolved,;

— at temperatures above 30°C the formation of
sulfate occurs in a geometric progression;

— at low temperatures, the batteries capacity
decreases;

— limited shelf life of a battery with electrolyte is
1,5 years at a temperature not exceeding 0°C and 9
months at a temperature above 20°C to prevent
irreversible processes;

— slow charge reception (normal time is from 8 to
16 hours) in comparison with other types of
accumulators.

— high self-discharge is up to 1-2% per day, which
leads to the formation of sulfate, during operation, this
figure increases;

— energy losses for heat generation during charging
are up to 15-20%;

— the need to conduct in-station control charge-
discharge cycles at least once every six months;

— the need to check and replenish the electrolyte
level in connection with its boiling during operation;

— battery life is limited to 5 years, subject to
maximum compliance with the rules of operation.

Thus, lead-acid batteries are usually used when a
large capacity is required, the weight requirements are
not critical and the cost of the battery is low.

It should be noted that these characteristics of the
batteries led to their widespread use on AMWE samples
inherited from the Soviet Army.

Low-maintenance battery is the best choice in
terms of cost and quality. It possesses rather high
performance characteristics, has access for filling the
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electrolyte and from time to time requires monitoring
the electrolyte level. A sealed serviced battery is the
most expensive battery. It has no holes for filling the
electrolyte and requires a relatively stable charging
voltage [5].

The so-called sealed gel batteries, in which instead
of a liquid electrolyte, a gel is used, which is a jelly
obtained by mixing a solution of sulfuric acid with a
thickener (usually it is silicon dioxide SiO; or silica gel).
The gel electrolyte allows to achieve full tightness of the
battery as all gas release occurs inside strongly developed
system of pores in weight of gel. The technology for the
production of gel batteries is called GEL.

During drying, microcracks are formed in the gel
structure prevent the evaporation of the electrolyte:
oxygen and hydrogen molecules are retained inside the
gel, react with each other and turn into water, which is
absorbed by the gel. Almost all evaporation is thus
returned to the battery and this process is called gas
recombination. However, all the molecules cannot be
recombined and the excess gas is discharged through the
safety wvalves. This usually occurs at high charge
currents. Microporous dyuroplastic is used as a
separator in gel batteries. Due to aluminum additives, it
has high resistance in aggressive environments, reduces
the internal resistance in the battery, has high
temperature stability and mechanical strength, which
also provides high vibration resistance and impact
resistance of the structure.

The authors highlight the following as the
advantages of gel batteries:

— small energy losses for heat generation during
charging (10-16%);

— they do not require maintenance during the entire
period of operation;

— sealed case allows you to install batteries in the
most convenient place from the point of view of
designers - near the center of gravity;

— there is no hydrogen evolution;

—small self-discharge (up to 1-3% per month);

— non-critical sensitivity to deep short-term
discharge (gel electrolyte is in a “bound” state, battery
discharge is not accompanied by its evaporation, lattice
corrosion and shift of the active mass of the positive
electrode);

— withstand about 1000 charge-discharge cycles and,
accordingly, a long service batteries life is about 10-12
years;

— batteries can be in a discharged state for a long
time.

Disadvantages of gel batteries are the following:

— to prevent abundant gas evolution during
recharging, it is necessary to use chargers that provide
instability of the charge voltage not worse than + 1%;

— it is critical to ambient temperature: operating
temperature from -40° to + 45°C (temperature over 45 °
C significantly reduces battery resource);

— the cost is 2-3 times higher than conventional
lead-acid ones.

Further improvements in the design of gel lead-
acid batteries are sealed batteries with electrolyte
absorbed by separators - third generation batteries. They

are often called batteries assembled by AGM
technology (AGM — Absorbed in Glass Mat), i.e. a
technology in which the electrolyte is absorbed in
fiberglass separators placed between the electrodes.
Such a separator is a porous system in which capillary
forces hold the electrolyte. The amount of electrolyte is
dosed so that the small pores are filled and the large
ones remain free for the free circulation of the released
gases. In terms of their properties, AGM batteries are
similar to gel batteries, except that they have
significantly less gas formation, and the ambient
temperature has less impact on their operation. The
most widespread were the following brands: Tudor,
Marathon, Sprinter, Absolyte, Stark, Hawker, Deka,
EXtreme. Monbat Gem (Fig. 1).

Fig. 1. AB Monbat Gem 670 901 105 (170 Ah)

As advantages of AB: AGM-technologies one can
named the following:

— energy losses for heat generation during charging
- about 4%;

— during all term of operation do not demand
service, are not critical to temperature decrease;

— hermetic case;

— no hydrogen evolution;

— self-discharge 1-3% per month;

— low internal resistance, when charging the
battery is almost not heated.

Since AGM battery is a kind of GEL, they have
the same disadvantages. Comparison of the main
technical characteristics of batteries 12CT-85,
EXTREME 670901105 and EXTREME E89AFO0 1
type are shown in table 1 [6, 7].

2. Investigation the dependences of “starter”
discharge modes and energy capabilities of the
batteries manufactured by technologies of different
generations.

Justification of the use of the latest batteries on
AMWE samples is proposed on the basis of a study of
their design, electrical, operational parameters and
energy capabilities.

By statistical data processing in the MATLAB
environment, graphs of dependence of “starter” modes
of discharge 12CT-85P batteries and AGM AB
EXTREME 670901105 ones were obtained; and 6CT-
140 AZ (3) EXTREME E89AFO0_1 (low maintenance).
The results of the study are presented in Fig. 2.

The measurement results correspond to the
discharge mode of a 12CT-85P battery with a current of
approximately 400 A at a temperature of 25°C. Batteries
manufactured using the latest technologies were studied
with a “starter” current of 500A at a temperature of
25°C (Fig. 3).
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Table 1 — The main technical characteristics of the batteries 12CT-85, EXTREME 670901105 and EXTREME E89AFQ_1 types

Parameter Battery
12CT-85 EXTREME 670901105 EXTREME E89AF0 1
Rated voltage, V 24 12 12
Nominal capacity, Ah 85 170 140
Weight with electrolyte, kg no more 70 70 70
Length, mm, no more 586 513 513
Width, mm no more 243 223 189
Height, mm no more 240 223 220
Volume, m® no more 0,034 0,025 0,021
Cost, $ USD 590 720 140
25
U, B
20 \\\\
15
—12(T-85
— XTREME 670901105
10 EXTREME ES9AF0_1
5
0 T T T T T T T T T T 1 tc
1 2 3 4 5 6 7 8 9 10 11 12
Fig. 2. Starter modes of battery discharge for 12CT-85P AGM EXTREME 670901105;
and 6CT-140 AZ (3) EXTREME E89AFO0_1 types batteries
120

X
\ — — 120785
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\ = EXTREME 670901105
EXTREME E89AF0_1

Battery power ,

40

20
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1 2 3 4 5 6 7 8 9 10 11 12

Fig. 3. Self-discharge 12CST-85P AGM EXTREME 670901105;
and 6CT-140 AZ (3) EXTREME E89AFO_ 1 types batteries at a temperature of 25 ° C

Thus, according to research, it can be concluded Investigation of the various types batteries’ energy
that AGM-batteries have a lower internal resistance capabilities of made it possible to draw a conclusion
compared to other types of batteries, capable of emitting  about the advantages of gel and AGM batteries over
higher currents in a short time. lead-acid batteries while maintaining the same level of

mass and dimensional characteristics (Fig. 4).
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Fig. 4. The value of the power delivered by the batteries
of different technologies depending on the temperature

As it is known, 4 batteries are installed in the tank.
They are combined into 2 groups, which are connected
in series-parallel. The battery groups are connected to
the tank on-board network (BN) through the starter-
generator relay (RSG) in parallel. To power the starter-
generator (SG) when starting the engine, the RSG
switches the batteries to a serial connection (48V) [8].
For a power source formed from 4 12CT-85 type
batteries, the following ratios will be correct:

UgrT =Uy =U, =24V ; 1)
12CT _(12CT | ,12CT
Usg ™ = Uepl +U2gr2 = )
=24V + 24V =48V;
12CT _(12CT _\,12CT .
URT =UgKT =UtT =24v =48V ; (3)

CL2CT _ (2CT  cJ2cT _

(4)
=854-h+854-h=170A4-h;
12CT 12CT 12CT
& = Cgrl + C'gr2 = (5)

=1704-h+1704-h =3404- h.

That is, to form a power source in the tank, it is
advisable to use 4 AGM batteries, so that a series
connection of two AGM- batteries s in a group will
provide 24 V. Such batteries connection will provide
24V and 48V supply to the BM when starting the SG,
respectively.

AGM AGM AGM
UGSM =UffCM Ly feM -

(6)
— 1V +12V = 24V
UEEM —UpSM +usSM = %
— 24V + 24V = 48V ;
UESM —USSM —UASM —2av......... ®)

In this case, the capacity issued by the AB group
will be

CAM —cfM = cfM 170407 (9)
AGM _ ~AGM AGM _
C =Cgr1 +Cogp = (10)

=170A-h+1704-h =3404-h.

It follows from relations (1) - (10) that the use of
AGM-batteries to form a power source in a tank does
not require structural changes in the engine electric
starting system and provides the required values of
electrical parameters while generally maintaining the
same level of mass and dimensional characteristics

(Fig. 5).

Fig. 5. Formation of the tank power supply
using AGM-batteries

Note that when using AGM-AB type 6CT-140 AZ
(3) EXTREME E89AFOQ_1 under similar conditions, the
total capacity of the power supply will be

CcAM ~2804-1. (11)
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Of course, this value is less than similar (10), but
can also be taken into account in certain circumstances.
Similar conclusions can be drawn for the formation of
the power supply on other AMWE samples.

Thus, when using two AGM-batteries type
EXTREME 670901105, the total capacity of the power
supply for the BMP-2 will be:

technology does not require fundamental structural
changes in the electrical equipment of the machine.

At the same time, the fact that the latest
technologies batteries occupy a smaller volume and
have side terminals will require revision of the places of
their installation in the car, namely, baskets and
jumpers.

2. To meet the requirements of the standards for
voltage parameters in the AMWE on-board network it is
necessary to install an appropriate voltage relay
regulator.

3. The issue of exceeding the cost of gel and AGM
batteries compared to the cost of type 12CT-85 ones can
be compensated by the absence of costs for operating
materials, maintenance personnel as well as the long
service life of gel or AGM batteries compared to
conventional lead-acid ones.

CACM — M — cAM 17040, (12)
Similarly, the voltage that will be generated by the
formed power supply in the BN is:

UACM —y J8M L ufSM =12v +12v = 24v . (13)

Conclusions

1. Using at the samples of armored vehicles and
military equipment batteries made by modern
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AHAaJIi3 MOKJIUBOCTI BUKOPHCTAHHS aKyMYJISITOPHUX 0aTapeii HOBITHIX TeXHOJI0OTiH
Ha 3pa3Kax OPOHETAHKOBOI'0 030POEHHS Ta BilicbKOBOI TeXHiKH

B. O. Aunpees, B. M. Yopnooait, 0. B. baokin, O. B. Tapan, B. B. Kot, O. B. AneHkoBa

Anortanisn. IIpeaMeToM BHMBYEHHSl B CTAaTTI € Maco-TabapUTHI XapaKTEPUCTUKU aKyMYJSATOpHHX OatapeH, ix
KOHCTPYKTHBHI, €JIeKTPUYHI, eKCIUTyaTaIl[IfHUX MapaMeTpiB Ta eHepreTHIHi MOXIMBOCTL. MeTo10 XOCTiIzKeHHsI € MOXKIINBOCTI
BUKOPHCTaHHS aKyMyJATOPHUX Oaraped, mo He OOCIyroBYIOTHCS, Ha 3pa3kaXx OpOHETaHKOBOTO 030pO€HHS Ta BIiIICBKOBOL
TexHikd. 3aBaanus gocaigxkenns: [IpoaHamizyBaTH iCHYIOUM TEXHOJOTII BUPOOHMITBA aKyMyJISITOPHHX OaTapeii, X mepeBaru
Ta HEIOJIKH 3 OISy Ha OCOOIMBOCTI eKCILTyaTallil BiICPKOBOI TEXHIKM Ta OCHOBHI TEXHIYHI XapaKTePUCTHKH aKyMYJSITOPHHX
Oarapeit. lllmsxoM cratucTHgHOI 0OpPOOKHM TaHWX MOCIIIUTH 3aJEXKHOCTI “CTapTepHUX PEXUMIB PO3PSAY Ta CHEPreTHIHUX
MOJKJIMBOCTEH aKyMyJSTOPHUX Oarapeidi, BHUTOTOBIEHHMX 32 TEXHOJIOTIIMH PI3HHUX TOKOJiHb. JlOCHIAUTH MOKINUBOCTI
KOHCTPYKTHUBHOI peanizarii (GopMyBaHHS Jkepena KUBICHHSA 3 ypaxyBaHHSIM MOJKJIMBHX KOHCTPYKTHBHHMX 3MiH y cHCTeMi
€JIEKTPOIYCKY JABUTYHA, 3a0e3meueHHs HeoOXigHOI CTabiIbHOCTI 3apsAay Ta KOMIEHcAIlll MEpeBUILEHHS BapTOCTi IeJIieBUX Ta
AGM- akymymsitopHux Gatapei B TOPIBHSHHI 3 BapTiCTIO akyMynsTopHuX Garapeii Tumy 12CT85. MeTom010Ti9HOI0 OCHOBOIO
JOCIIJDKEHHST CTalld 3arajbHOHAyKOBI Ta CIEHiaJIbHI MeTOAM HayKoBOro mi3HaHHA. OTpuMaHi HacTymHi pe3yJbTaTH:
[IpoaHanizoBaHi iCHYIOUH TEXHOJIOTii BAPOOHHUIITBA aKyMyJIATOPHUX Oatapeid, iX mepeBaru Ta HEHOJIKH 3 OISy Ha 0COOIMBOCTI
eKCIlTyaTanii BificbkOBOI TEXHIKM Ta OCHOBHI TEXHIUHI XapaKTEepUCTHKH Oarapeil. JlocmimkeHi 3aleXHOCTI “‘crapTepHHX’
PEKHUMIB PO3psILy Ta CHEPTETUYHIX MOXIJIMBOCTEH aKyMyJSITOPHUX Oatapeill, BUTOTOBJICHUX 32 TEXHOJOTISIMH Pi3HUX MOKOJIHB.
Jocmimkeri MOXIMBOCTI KOHCTPYKTHBHOI peamizalii (opMyBaHHS [DKepelda JKHBICHHS 3 YpaXyBaHHSAM MOKIJIMBHUX
KOHCTPYKTHBHUX 3MiH y CHCTEMi €JIEKTPOIYCKY JABUTYHA, 3a0e€3MeUeHHS HEOOXiAHOI CTaOLIPHOCTI 3apsmy Ta KOMIICHCAIil
MepEeBUIICHHS BapTOCTi reneBux ta AGM akymynsaTopHHX OaTapeil B HOPIBHAHHI 3 BapTICTIO aKyMyJISTOpPHHX Oatapeil THITy
12CT85. BucHoBku. BuxopucTanHs Ha 3pa3kax OpOHETAHKOBOTO 030pO€HHS Ta BIHICHKOBOi TEXHIKH aKyMYJSTOPHUX OaTapei,
BHUKOHAHUX 33 HOBITHIMH TEXHOJIOTISIMHU, He NOTpeOye MPUHIUITOBUX KOHCTPYKTUBHUX 3MIH y eNeKTpooOIagHanHi MamuHu. J{is
3a0e3neyeHHss BUMOTH CTaHJAPTIB II0JI0 MTapaMeTpiB HANPYTH y OOPTOBHX Mepekax 00’€KTiB OpOHETAaHKOBOTO 030pOEHHS Ta
BIICHKOBOT TEXHIKM HEOOXiHE BCTAHOBJCHHS BIIMOBIMHOTO peryisTopa Hampyrd. [lepeBuIlieHHs BapToCTi reyieBux ta AGM
aKyMyJITOpPHUX Oatapell B MOpIBHSHHI 3 BapTicTio Oatapeit Tumy 12CT-85 Moxxe OyTn KOMIICHCOBAHO BiJICYTHICTIO BUTpaT Ha
eKCILTyaTamiiHI MaTepiaiy, nepcoHal, mo 3abe3neuye oocmyroByBanHs Ab Tumy 12CT85, a Tako TpHBAIUM TEPMIHOM CITYKOH
reneBux a0 AGM akyMmyIsTOpHUX OaTapeil B IOPiBHSAHHI 3 3BUYafHIMH KHCIOTHO-CBUHIIEBUMH OaTapesMH.

Kaw4voBi cioBa: CBUHIICBO-KHCIOTHUI aKyMyJATOp; TelEBi akyMyusTopHi Oatapei; AGM akymynsaTopHi Garapei;
€IeKTPOOOIaIHAHHS 3pa3KiB OPOHETAHKOBOTO 030PO€EHHS Ta BIHCHKOBOI TEXHIKH.

AHaJIN3 BO3MOKHOCTH HCMOJIb30BAHUSA AKKYMYJSITOPHBIX 0aTapeil HOBEHIIMX TeXHOJIOT Ui
Ha o0pa3nax OPOHEeTAHKOBOIr0 BOOPY:KeHHs] U BOCHHOI TeXHUKH

B. A. Aunpees, B. M. Uepnoo6aii, FO. B. babkun, O. B. Tapan, B. B. Ko, E. B. AnenkoBa

Annortanusn. [IperMeToM n3ydeHHns B CTaTbe SIBIIETCS MaccorabapuTHbIE XapaKTEPUCTHKH aKKyMYJISITOPHBIX Oatape,
HUX KOHCTPYKTHBHBIE, OJJEKTPHUECKHME, OSKCIUTyaTal[MOHHbIX @apaMeTpoB M JHEpreTHdeckue Bo3MOXHOCTH. Llesabio
HCCJIEIOBAHMSI SIBIISICTCS. BO3MOXKHOCTH HCIOJIB30BAaHMSI aKKyMYJSITOPHBIX Oarapeil, He OOCIYy)XMBaeMbIX Ha o00pa3nax
OpOHETaHKOBOT'O BOOPY)KCHHSI M BOCHHOH TEXHUKH. 3a/la4H MCCIETOBAHMS: IPOAHAIN3NPOBATH CYLIECTBYIONINE TEXHOIOTHH
MIPOM3BOJCTBA AKKyMYJSTOPHBIX OaTapei, MX HMPeuMyINecTBa M HEIOCTaTKU YUHTHIBas OCOOCHHOCTH SKCIUIyaTallnd BOSHHOMN
TEeXHUKH U OCHOBHBIE TEXHHYECKHE XapaKTEPUCTHKH aKKyMYISTOpPHBIX Oarapeil. I[lyrem cratmcTudeckoil oOpabOTKH MaHHBIX
HCCIIEIOBAaTh 3aBUCHMOCTH "CTAapTEpHBIX" PEKUMOB paspsla M JHEPreTHYECKUX BO3MOKHOCTEH aKKyMYIATOPHBIX OaTapew,
W3TOTOBIEHHBIX 110 TEXHOJNOTHSAM pa3HBIX MOKOJeHWH. lcciaemoBaTh BO3MOXKHOCTM KOHCTPYKTHBHOM — peain3alnu
(hOpMHpOBaHUS UCTOYHMKA MUTAHUS C YIETOM BO3MOXKHBIX KOHCTPYKTHBHBIX M3MEHEHHMII B CHCTEME 3JIEKTPOITYyCKa ABUTATEI,
obecriedeHrss HEOOXOMUMOW CTaOWJIBHOCTM 3apsijia ¥ KOMIIGHCAllMM TPEBBIMIEHHS CTOMMOCTH TeneBblx U AGM-
aKKyMYJIITOPDHBIX OaTapeil 1Mo CpaBHEHHMIO CO CTOMMOCTBIO aKKyMYJSATOpHBIX Oarapeit tuma 12CT85. Meromonornyeckoii
OCHOBOH HCCIIEIOBaHMsI CTajdyd OOIIEHAay4YHblE U CIICHHMAIbHbIE MeTOAbI Hay4yHOro mo3HaHus. IlodydeHsI ciemylonme
pe3yabTaThl: [IpoaHann3upoBaHbl CyLIECTBYOLINE TEXHOIOTUH IPOU3BOICTBA aKKyMYJIATOPHBIX OaTapeil, NX NpeuMyIecTBa U
HEJOCTATKH YYHUTHIBas OCOOCHHOCTH SKCIITyaTalllM BOGHHOW TEXHUKH W OCHOBHBIE TEXHHUYECKHE XapaKTEPHCTHKH OaTapei.
HccnenoBaHbl 3aBUCHMOCTH "CTapTepHBIX" PEXHMMOB pa3psia M IHEPreTHIECKHX BO3MOXKHOCTEH aKKyMYJSITOPHBIX Oarapew,
W3TOTOBIEHHBIX MO TEXHOJIOTHSAM pa3HBIX IIOKOJNICHHH. llccienoBaHBl BO3MOXKHOCTH  KOHCTPYKTHBHOM — peain3amiu
(hOpMHPOBaHUS UCTOYHUKA MHUTAHUS C YIETOM BO3MOXKHBIX KOHCTPYKTUBHBIX M3MEHEHUI B CHCTEME JJIEKTPOIYCKa JBUTATes,
obecrniedeHuss HeoOX0MMOI CTaOMIBHOCTH 3apsiia U KOMITEHCAINH MTPEBBIIICHUs] CTOMMOCTH TefieBbIX 1 AGM aKkKyMyJsSTOPHBIX
Oarapell 0 CPaBHEHHIO CO CTOMMOCTBIO aKKyMyJSITOpHbIX Oartapeil Tmna 12CT85. BeiBoaswl. Vcmosp3oBanue Ha oOpasiax
OpOHETaHKOBOTO BOOPY)KCHUsI U BOGHHOW TEXHHKU aKKyMYJIATOPHBIX OaTapeil, BHITOJHEHHBIX 10 HOBEHIIMM TEXHOJOTHSM, HE
TpeOyeT NPHUHUUIHAIBHBIX KOHCTPYKTHBHBIX M3MEHEHHH B 3JIEKTPOoOoOOpyIOBaHMH MaliuHBL s obecredeHus: TpeOOBaHUs
CTaHIapTOB IapaMeTPOB HANpPSKEHHS B OOPTOBBIX CETSIX OOBEKTOB OPOHETAHKOBOTO BOOPYKEHHS H BOSHHON TEXHHMKHU
HEOOXOJMMa YCTaHOBKA COOTBETCTBYIONIETO pETyNsITOpa HampspkeHus. IIpeBbIIeHHe CTOMMOCTH TeneBRlx U AGM
aKKyMYJISITOPHBIX Oarapei o CpaBHEHHIO cO CTOMMOCThIO Oatapeit Tuma 12CT85 mMoxkeT OBITh KOMIEHCHPOBAHO OTCYTCTBHEM
3aTpaT Ha SKCIUIyaTallMOHHBIE MaTepHaibl, MepcoHan, obecneumBarommii ooOcmyxnBanme AB tmma 12CT85, a Ttaroke
JUTUTEIIbHBIM CPOKOM CIYKObI reneBblx Wid AGM akkyMynsSTOpHBIX Oatapeif M0 CpaBHEHHMIO C OOBIYHBIMH KHCJIOTHO
CBHUHIIOBBIMHU OaTapesiMu.

KawueBble c10Ba: CBUHIOBO-KUCIOTHBIN aKKyMYJIATOD; TeJIEBbIe aKKyMyJIITOpHBIe Oataper; AGM akkyMymsiTOpHBIE
Oarapen; JIeKTPOOOOpyIOBaHIE 00pa30B OPOHETAHKOBOTO BOOPYKEHHSI M BOCHHON TEXHUKH.
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THE PROBLEM OF REDISTRIBUTION OF RADIO FREQUENCY
USED IN THE ORGANIZATION DIVISIONS

Abstract. The problem of radio frequency distribution is considered in the article, taking into account the regulations
and geographical location of the operating units. The problem of assigning radio frequencies from among those assigned
for corporate use is studied. Using conformal mapping, it was substantiated that any territory can be divided into zones,
each of which will have a border with only three other zones. In this case, in each zone, you can assign frequencies in the
amount of one quarter of the total number of available frequencies that do not overlap with frequencies assigned to adjacent
zones. A mathematical model of the problem of radio frequency redistribution has been built, taking into account the
regulations and the geographical location of the units. The implementation of algorithm allows taking into account the
history of frequency distribution by zones, which allows you to completely update the used radio frequencies for a new
period of operation. A software module has been compiled that generates frequencies at random from those available for
assigning corporate use for each zone. The software module allows fast and frequent reallocation of frequencies by zones,
thereby ensuring the safety, reliability and stability of communication between organizational units.

Keywords: redistribution of radio frequencies; radio frequency spectrum; radio frequency range; algorithm; geographic

location; adjacent zones.

Introduction

The management of the radio frequency spectrum
is an important area of government activity in the
direction of increasing the efficiency of using radio
frequency resources. The issue of radio frequency
allocation is one of the significant tasks in radio
transmission, radio communications, radio competition
and other similar areas that use electromagnetic waves
to transmit information. The choice and allocation of a
frequency band for use by certain services, institutions,
organizations is determined by their specifics and
working conditions. There are various studies devoted
to the problems of managing the use of the radio
frequency spectrum, including the tasks of their
redistribution between different branches of radio
frequency operation [1]. At the same time, with the
exception of some small deviations, all countries of the
world use the same radio frequencies for their intended
purpose [2-4].

Radio frequency (RF) spectrum management is an
analytical, procedural and political approach to planning
and managing the electromagnetic spectrum. Over the
past 15 years, the European Union has paid special
attention to the development of the digital economy in
the internal market through the use and management of
the radio frequency spectrum policy [5-8].

In 2002, according to the filing by the Radio
Spectrum Management Council and the Parliament, a
Framework Directive and an Access Directive were
issued, related to the powers of the European Union for
the management of spectrum in radio communications
[6, 7]. This document gave a powerful impetus to the
development of the EU digital economy.

There are different approaches to the allocation of
radio frequencies, depending on the geographical
location, interstate relations and the level of
development of countries. In Europe, special attention is
paid to the issue of planning and allocation of radio

frequencies. Taking the limited availability of radio
frequency resources into account, they are often
classified under two groups — resources for permanent
and temporary use. In some cases, the possibility of
distributing frequencies by hours depending on the time
of day is also considered.

However, every organization that uses radio
communication at work, faces the task of distributing
the frequency range between its divisions, within the
limits of the permissible frequencies allocated for it. To
increase the ability to use more different radio
frequencies, the geographic area is divided into a
reasonable number of distinct zones. This allows to
duplicate the used radio frequencies in non-contiguous
zones without disrupting the operation of radio
equipment in adjacent zones.

Depending on the existing regulations, a number
of criteria and conditions can be put forward to the
frequency allocation rules, described by a set of
regulatory rules. Among them there are the bandwidth
for one radio frequency channel, periodic changes in the
frequency of the unit, etc.

In this paper, we consider the problem of
developing an algorithm for the allocation of radio
frequencies, taking into account the regulations and the
geographical location of the operation units.

The statement of the problem

In the general case, an organization is allocated a
certain range of radio frequencies for the operation of its
subdivisions by setting its lower and upper limits, for
example, 30000kHs, and 88000kHs .

Considering the bandwidth for one radio frequency
(RF) channel, the total number of n permissible
operating frequencies can be determined. For example,
if the bandwidth for one RF channel is (grid spacing),
25kHs then the total number of allowed frequencies
will be 34000 .
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However, restrictions are often imposed on some
frequencies or on a range of frequencies contained
within specified limits, which must be considered in the
distribution.

Let the whole territory be divided into a finite
number of zones.

In each zone, the assignment of frequencies for
one or another corporate user is carried out on the basis
of some considerations. The main regulatory restrictions
are related to the geographical location of the
operational units' location zones.

Their essence is as follows:

- The entire territory is subdivided into separate
zones;

- Distribution of frequencies by zones is carried
out for a certain period, after which the frequencies are
redistributed;

- Distribution of frequencies by zones is carried
out for a certain period;

- After a certain period of time, the frequencies are
redistributed between the zones again.

Frequency allocation by zones must meet the
following conditions:

1) in each limited operational period, for each
separate zone, radio frequencies must be allocated in the
amount established for this zone;

2) within one zone, all frequencies must be
different;

3) the frequencies in the "adjacent" areas must also
be different. And in non-contiguous areas, frequencies
can be repeated;

4) the frequencies allocated for each zone must be
different from the frequencies allocated for the same
zone in the previous period of operation.

Adjacent zones are zones that have common
boundaries.

For example, Fig. 1 shows 8 zones designated by
the symbols A, B, C, D, E, F, K, N. Zone A shares
borders with zones B, E and F. Consequently, in each
period of under consideration, the frequencies used in
zone A cannot coincide with the frequencies used in
zones B, E and F.

The frequencies used in Zone C cannot match the
frequencies used in Zones B, D, E. And in zone N, any
frequencies can be used, since this zone does not have a
common border with other zones.

//d__\\ | ) /,/’_H‘ ™
/ / | AL )/ \
,-/ B s \\\ // f(
/ A 2 \

Fig. 1. Geographical location of zones

Let us give an estimate of the number of possible
frequency distributions between zones. Let some region
be given: country, island, etc. It is required to split this
area in such a way that each sub-area (let's call them
zones) has a common border with no more than three
other zones.

Also, the union of these zones is the same as the
original area.

If the area is a rectangle, then one of the options
for dividing it into non-intersecting zones with the
described properties can be triangulation —, i.e. dividing
the area into triangles.

Since any simply connected area can be
conformally mapped onto a circle [9, 10], it is obvious
that any simply connected convex area can be mapped
onto a rectangle by continuous mapping. Triangles will
be one of the solutions to the problem.

Thus, the distribution of frequencies between a
large number of areas is reduced to the problem of
frequency distribution between four areas. For each area
has a border with three other areas (zones).

Let us have n frequencies at our disposal. They
can be numbered, for example, in ascending wavelength
or frequency.

Let us denote them by f;, i=1,2,...,n. The total

number of available frequencies will be k = B} .

Let's assign, for example, for the zone numbered i
the radio frequency

f;:jefi-k (i+2)k].

This distribution satisfies conditions 1) -3).

In order to satisfy condition 4) we’ll assume that
the previous distribution was carried out by the same
algorithm, but with a shift of the parameter i by one
module 4.

That is, for i=ig+1 at ip <4,and i=1 at iy <4.

Thus, with a given frequency allocation algorithm,
each zone can be provided with k of different
frequencies that satisfy conditions 1) -4).
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Based on this algorithm, it is possible to distribute
frequencies not in order, but randomly. In fact, random
numbering of frequencies will provide a solution to this
problem. Here is an implementation of algorithm.

Algorithm for generating
a list of frequencies

Let’s denote the set of all admissible frequencies
with F . This set, obviously, contains all frequencies,
fo +ixAf, n{u] i=0,..n,
Af

with the exception of the forbidden ones, which are
specified by their enumeration or in the form of
intervals. Here:

fp - the
frequencies,

f; - the upper limit of the permissible frequencies,

Af - the minimum difference between the basic
values of frequencies,

[ - ] - means the whole fraction.

Depending on the number of prohibited
frequencies, the total number of F will be a certain
number M <n.

Let the total number of zones (territories) within
which it is planned to distribute frequencies be N .

Let's number these zones from 1 to N and denote
by A, and By, accordingly, the set of radio frequencies
that are used by radio stations at the current moment and
the set of radio frequencies that are to be allocated by
radio stations in the zone with the number k, where
k=12,..,N.

Let’s denote by 3, the set of indices of the
broadcasting zones that have an adjacent (common)
border with the zone number k. Obviously, for
different k , the number of elements may be different.

For example,

31=1{2,3,4,6}, I, =113 4} etc.

lower limit of the permissible

Let’s denote an operator generating a random
subset of a given set in the number of m elements with

R(m), where m is not more than the total number of
elements of the original set.

The principle of generating new parts by zones is
based on the selection of random frequencies from
among those allowed for this zone, with the exception
of frequencies used in this zone at the current moment
and coincidence with the frequencies of adjacent zones.
It is easy to see that such a selection of frequencies can
be implemented as follows:

R(m):F\A —> B,

k=2,..,N,

R(m):F\A \Uj<k, jes Bi 7 Be

Thus, the result of applying this algorithm is the
set By,(k=12..,N), representing a set of new

frequencies.

While the described algorithm provides non-
repeatable frequencies of adjacent zones, it also allows
the use of the same frequencies in non-adjacent zones,
thereby increasing the choice in allocating frequencies
to zones.

Conclusion

Thus, we have studied the problem of assigning
radio frequencies from among those assigned for
corporate use by organizations. It was shown that any
territory can be divided into zones, each of which will
have a border with only three other zones.

In this case, in each zone, you can assign
frequencies in the amount of a quarter of the total
number of available frequencies that do not overlap with
the frequencies assigned in adjacent zones.

A mathematical model of the problem of radio
frequency redistribution has been built, taking into
account the regulations and the geographical location of
the operation units. The implementation algorithm
makes it possible to take into account the history of
frequency distribution by zones, which allows you to
completely update the used radio frequencies for a new
service life.

A software module has been compiled that
generates frequencies for assigning corporate use for
each zone. The software module allows fast and
frequent reallocation of frequencies by zones, thereby
ensuring the safety, reliability and stability of
communication between organizational units.
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3aBaaHHs nepepo3noainy paaioyacror,
110 BUKOPUCTOBYIOTHCS B MiApo3aijax ekcmiayaranii

A. B. INamaes, E. H. Ca63ies, A. I'. 'acanos

AHoTaunisi. B poboTi posrismacTbes 3amada po3MOAUTY pajiovacToT, 3 ypaxyBaHHSIM PErIaMeHTIB i reorpadigyHoro
po3TanryBaHHS MiAPO3ALTIB eKCIuTyaTamii. JlocmipkeHo 3a1ady Mpru3HaYeHHs pafioyacToT 3 YMciia 3aJaHuX I KOPIIOPATHBHOTO
KOPHCTYBaHHs. 3aCTOCYBaHHSIM KOH(GOPMHOTO BifoOpaxkeHHs1 Oyi0 0OIpYHTOBAHO, IO OyIb-sIKY TEPUTOPIiI0 MOXKHA PO3OUTH B
30HM KOKHA 3 SIKUX MaTHMe KOPJIOH TiJIbKHU 3 TPbOMa iHIIMMH 30HaMH. [Ipy 1IboMy B KOXHiif 30HI MOXKHA NPU3HAYNTH YaCTOTH B
KUTBKOCTI OJHI€T YBEPTi BiJl KITBKOCTI JOCTYIHHX YaCTOT, sIKi HE MEPETHHAIOTHCS 3 YaCTOTAMHU, IPU3HAYCHUMH B CYMIKHI 30HH.
[ToGynoBaHno MaTeMaTHYHYy MOJENb 3aJadi Iepepo3Nolily pajiouacToT, 3 ypaxyBaHHSIM perjlaMeHTiB 1 reorpadidHoro
pO3TallyBaHHs MiIpO3iTiB. AJTOPUTM peatizallii J03BOJIsIE BPaXOBYBATH ICTOPIIO PO3IMOILTY YacTOT MO 30HAM, IO JO3BOJISE
MTOBHICTIO OHOBHUTH BHKOPHCTOBYBaHI palioyacTOTH IO HOBOTO TEPMiHY ekciuryararii. CKIaneHo mporpaMHHN MOIYJb, SKHA
reHepye 4acTOTH BHIIQJKOBUM YMHOM 3 YHCNA JOCTYIHHX Ul MPU3HAYECHHS KOPIIOPATHBHOIO KOPUCTYBAHHS MO KOXKHIH 30HI.
[IporpaMHMii MOIYIb JO3BOJISE IIBHKE Ta YaCTe MEPEPO3MOALT YaCTOT IO 30HaM, THM CaMHM 3abe3reuye Oe3reKky, HaliiHiCcTh 1
CTIMKICTB 3B'SI3Ky MK MiIPO3IiNaMu opraHi3arii.

Kaw4doBi ciroBa: mepepo3nois paxioyacToT; pagiodacTOTHUI CHEKTP; Aiala30H pafioyacToT; alfOPUTM; reorpadidne
po3TalryBaHHs; CyMiXHi 30HH.

3anaua nepepacnpeaeJeHHs: paIHO4acToT,
HCMOJIB3YeMBIX B MOJIPa3ieJeHHAX IKCILTyaTAUU

A. B. [1amaes, D. H. Ca63ues, A. I'. 'acanos

AHHoTanmmusi. B pabore paccmaTpuBaeTcsi 3ajaya paclpesiefieHds paafoyvacToT, C Y4YETOM pErjiaMeHTOB H
reorpapUIecKoro pacloNOKeHUs TOApa3feNeHnil skciuryararmu. MccrenoBana 3amada Ha3sHA4eHHs PaguodacToOT M3 UHCIA
3aIaHHBIX JUIl KOPIIOPaTUBHOTO IOJIB30BaHMS. [IpuMeHeHHeM KOH(OPMHOTO OTOOpakeHHSI OBLIO 0OOCHOBAHO, YTO JIOOYIO
TEPPUTOPHIO MOXKHO Pa3OHUTh B 30HBI KaXast U3 KOTOPBIX OyJeT UMETh I'PaHUIly TOJIBKO C TPeMs JpYruMH 30HamH. [Ipu 3ToM B
Ka)KI0H 30He MOXXHO Ha3HAYUTh JACTOTHI B KOJIMUECTBE OJHON YETBEPTH M3 OOIIEro KOJIMYECTBA JOCTYITHBIX YaCTOT, KOTOPEIE He
NEPECEeKAIOTCs ¢ YaCTOTaMU, Ha3HAYEHHBIMH B CMEXHbIe 30HbL. IlocTpoeHa MaTeMaTudecKkas MOJIEIIb 3a1a4 IIepepacupeeIeHus
pamroyacToT, ¢ y4eTOM PerjliaMeHTOB U reorpad)uueckoro pacrooKeHUs MOoApa3AeieHnil. AITOPUTM pealn3aliy MO3BOJSET
YYUTBIBATH MCTOPHIO PACIIPEACIICHNsI YaCTOT MO 30HaM, YTO IMO3BOJISIET MOJHOCTHIO OOHOBHUTH HCIOJIb3yEeMbIe PaJn04acTOThl K
HOBOMY CPOKY dKcIuTyaTauu. CocTaBieH NporpaMMHBINH MOAYIIb, KOTOPBIM FeHepUpyeT 4acTOThI CIy4aitHBIM 00pa3oM U3 yucia
JOCTYIHBIX Ul Ha3HAUYEHHs KOPIOPATHUBHOIO IMOJb30BaHMS MO KaxJIoW 30He. IIporpamMMHBINH MOAyIbh MO3BONIAET OBICTPOE U
4acToe IepepaclpesiefieHle 4acToT II0 30HaM, TeM CaMbIM O0eclieunBaeT 0e30IacHOCTh, HAaAEXKHOCTh U YCTOHYMBOCTH CBS3U
MEXIY OApa3Ie/IeHUAMU OpraHUu3alHu.

KiamoueBsble ciioBa: nepepacnpeseieHue paJuodacToT; PaJlO4acTOTHBII CIEKTP; ANMANa30H PAJANOYacToT; aIrOPUTM;
reorpa)M4eckoe pacroIoKeHHE; CMEKHBIC 30HbI.
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A METHOD FOR ASSESSING THE MILITARY-ECONOMIC INDICATORS
WITH THE PURPOSE OF LOCATING A LOGISTICS CENTER
FOR REDEPLOYING TROOPS

Abstract. The article proposes a methodology for assessing the economic efficiency of a logistics center that provides
technical support to redeploying troops. It is noted that the development of this method is based on the assessment of the
efficiency of the logistics center, taking into account its economically efficient functionality, without regard to the use of
classical profitability. The author analyzes the structure of capital expenditure and operating expenses allocated for the
establishment of a logistics center, proposing the maintenance and repair expenses for each unit of equipment as the main
criterion, proposing their calculation in the general case, and substantiating the military-economic indicators of the center. An
analysis of the structure of capital expenditure and operating expenses aimed at organizing a logistics center, as well as the
military-economic indicators of this center, gives grounds to note the following results: the structure of capital expenditure and
operating expenses associated with designing a logistics center for the troops has been elaborated; the calculation method has
been developed, taking into account the available resources, communications and infrastructure, information reflected in the
annual plans for the operation and maintenance of automotive and armored vehicles of military units; the calculation
methodology developed on the basis of the structure of capital expenditure and operating expenses on the organization of a
logistics center also reflects the infrastructure indicators related to the geographic location of the center (the distance of the
logistics center from the transport hub and the military units it services); the proposed method can be used to choose a
geographic location that is favorable from the point of view of economic profitability for organizing a logistics center for the
troops; using this method, it is possible to compare the economic aspects of various options of organizing military logistics.

Keywords: logistics center; logistics infrastructure; spare parts warehouse; repair sites; structure of operating expenses;

depreciation expenses; structure of capital expenditure.

Introduction

Logistics infrastructure in the Armed Forces is the
material and technical support to troops in peacetime and
wartime, planning, management of procurement,
transportation, storage, distribution, as well as other
material and non-material activities related to the
operation, repair and maintenance of various types of
vehicles, machines and equipment, as well as the system
performing such operations as processing, transmitting
and protecting information related to these processes.
From this perspective, a logistics center, which is an
important element of the military logistics infrastructure,
should have movable (vehicles of various types and
purposes, equipment, machines, systems, etc.) and
immovable property (warehouses, parking lots, repair
sites, administrative buildings, etc.), suitable for
fulfilling its purpose of ensuring the combat readiness of
troops. When location planning for a logistics enterprise
in the civilian sector, its economic profitability is
considered the key factor. The profitability of an
enterprise means that the funds spent on its organization
will be obtained in a short period of time after the launch
of the enterprise and returned to the income account, and
from that moment the enterprise will operate with a
positive balance and will always generate income [1]. It
is currently a widespread worldwide practice to draw up
a business plan that substantiates the time frame for
reaching the profitability threshold in order to finance the
organization of a civilian logistics enterprise [2; 3].

Unlike civilian logistics enterprises, the military
logistics infrastructure is aimed directly at ensuring the
combat readiness of the country’s armed forces;

therefore, its organization cannot be justified by the
principles of independent economic activity. The recent
practice of organizing military logistics centers in
different countries involves putting forward various
principles of efficiency [4 — 8]. These principles vary
from country to country and depend on the country’s
military-political doctrine, geopolitical situation, military
security policy and other factors. Changes in the modern
geopolitical and military-geostrategic situation have
formed a new reality associated with the protection of
country’s territorial integrity. In accordance with this
reality, the efficient organization of logistics services in
the armed forces of some countries of Central Asia and
the Caucasus region (hereinafter — the Armed Forces) is
one of the most relevant problems.

Modern world practice shows that the specialization
of individual divisions of large industrial complexes in a
certain field of activity leads to an improvement in the
operation of the entire complex as a whole [9]. This trend
is currently used in the armies of different countries, and
individual services, including logistics, have begun to be
organized as independent areas of activity. In accordance
with this approach, the need for the logistics service
functioning as an independent entity in the troops is
substantiated in [10] and the basic requirements for its
establishment is formulated. The organization of a
logistics center in a selected area in accordance with these
requirements puts forward the following main tasks:

o adaptation (improvement) of the territory;

e construction of administrative, industrial and
warehouse facilities;

o construction of the infrastructure;

e setting up a security system;
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e bringing operational elements and services into
working order;

e bringing the number of automotive and armored
vehicles to the required level and preparing them for
operation;

e training the personnel and preparing the
equipment for planning maintenance and repair,
ordering, purchasing and maintaining the relevant
property;

e preparation related to the delivery of spare parts
to military units, the maintenance of automotive and
armored vehicles;

e preparation related to the organization of repair
of automotive and armored vehicles at repair sites, as
well as in military units, etc.

The expenses on these tasks will vary depending on
the location and structure of the military logistics center.

An analysis of the structure of the expenses on
organizing the operation of an independent military
logistics center in the armed forces and the development
of a mechanism for assessing its efficiency constitute a
scientific problem. This article highlights the results of
the research aimed at solving this problem.

The solution to this problem is related to the study
of the expenses on organizing a logistics center. Such
expenses are associated with the implementation of
various activities and practical work and their structure
can vary within a wide range. In this regard, the expenses
on building military a logistics center can be divided
mainly into capital expenditures and operating expenses.
The structure and procedure for calculating these
expenses are presented as follows.

The structure of capital expenditure

These expenses include, first of all, costs of
constructing administrative, industrial and warehouse
buildings, adaptation (improvement) of the territory,
purchasing machinery and equipment, setting up
communication systems and security systems.

Existing buildings and suitable areas (repair sites,
warehouses, etc.) can be used for organizing a logistics
center, taking into account the new principles of troop
deployment. In this case, the capital expenditure should
include expenses not on the construction of the relevant
facilities, but on the renovation and repair work of
existing facilities. If we denote the cost of the immovable
property project by C,, and the cost of renovation and
repair work by C;, then the initial capital expenditure will
drop to (C, — C;). Let us denote the expenses on
immovable property by Cp, then

c _{ Co, when new facilities,
b= 1c;, when existing facilities.

The Armed Forces under consideration currently do
not have activities based on logistics infrastructure and
logistics principles. The material and technical support to
the troops is carried out on an ongoing basis and by
means of the vehicles of the relevant military units. When
creating elements of an independent logistics
infrastructure (logistics center), vehicles in the system of
logistical support of the troops (logistic battalion in
commands and logistic company in formations) can be

used in full or in part. In this case, the capital expenditure
will include only the costs associated with the purchase
of new equipment (maintenance and repair workshops,
trucks and other special equipment). Let us denote these
expenses by C,.

During the construction of the infrastructure of the
logistics center, a water supply and sewerage system can
be built that can meet the needs of its production
activities, and in general, depending on the situation, this
work can be carried out in different ways:

o laying pipelines from regional water supply
systems. In addition to the construction of new pipelines
from the water supply nodes to the logistics center, the
installation of tanks to collect and store water supply can
be considered if necessary;

e pumping water from nearby sources (rivers,
canals, artesian wells, etc.). In this case, in addition to the
expected traditional work, there are expenses on the
purchase and installation of the pump and compressor
unit. In this case, installing a technical water filtration
system can also be considered (for instance, when using
turbid river water);

e regular transportation of water from remote
sources by road. In this case, the installation of water
tanks or the construction of a pool should be planned as
needed.

When the capacity of water sources considered
separately is lower than the production demand of the
logistics center, water supply from several sources can be
considered. Let us denote all expenses on the construction
of a water supply and sewerage system by Cs.

Building a gas supply system for the production
requirements of the logistics center is one of the essential
tasks. As natural gas is cheaper than other types of energy
sources, this fuel is used in production whenever possible.
If the capacity of the nearest gas distribution plant is lower
than the production demand, a gas receiver station can be
installed to collect it at the logistics center. A boiler room
can also be installed in the territory of the center to heat
production areas and office buildings during the cold
months of the year.

Let us denote all expenses on the construction of a
gas supply system by Cj,.

The operation of devices and equipment to be used
at the repair sites of the logistics center, lighting of
production areas and the territory, the operation of the
necessary ventilation and cooling systems, as well as the
operation of electronic computing equipment, including
the electronic surveillance system in the territory, is
ensured by electricity. Thus, the power supply system is
one of the key systems, and its implementation can
include the installation of a special regulating
transformer in the territory of the logistics center. It is
also advisable to have backup generators on the site so
that the logistics center does not shut down in the event
of possible accidental interruptions in the centralized
power supply system. Let us denote all the expenses on
the installation of a power supply system by Cg.

Fueling of the vehicle fleet of the logistics center
should be carried out through a filling station to be built
on its territory. Let us denote the costs of the construction
of a filling station by C, .
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Providing devices and equipment for repair sites
occupies a special place among capital expenditure. As
we know, high-precision, easy-to-use tools, devices and
equipment have recently emerged due to rapidly
developing technologies. This includes automatic
wrenches used for disassembling and assembling
machines and mechanisms, mobile devices for cutting
and polishing metal, hydraulic lifts, high-precision
automated locksmith and milling machines, measuring
instruments, etc.

For the efficient operation of repair sites and crews,
the logistics center must be equipped with the necessary
machines and tools in accordance with the specifics of
military equipment. Let us denote the expenses on the
purchase and installation of machinery and equipment by
C,.

The capital expenditure associated with the security
system includes the costs of building fences from stone,
concrete or other materials along the perimeter of the
territory, building checkpoints at the entrance to and exit
from the territory of the center, installing video cameras
to monitor the territory, organizing communication and
information services, arranging premises for various
services. Let us denote these costs by Cy,.

In view of the above, the capital expenditure

required to organize a logistics center can be
mathematically expressed as follows:
C:ac'(CD+CA+Cs+CQ+ (l)

where «a is the reserve ratio associated with additional
contingency costs, as a rule, taken as a, = 1.05 [11].

The structure of operating expenses

Operating expenses are the costs of overall
activities to maintain automotive and armored vehicles in
military units “attached” to the logistics center in a
constantly serviceable condition.

Annual plans for operation and maintenance of
automotive and armored vehicles of a military unit are
drawn up for every financial year. These plans indicate
the requirements for the number of automotive and
armored vehicles of different brands, types and
operational groups in the military unit, their mileage
since the start of operation, the planned consumption of
the engine service life for the operational year, engine
service life until the next scheduled maintenance,
Scheduled Maintenance 1 and Scheduled Maintenance 2,
the number of medium and overhaul repairs, as well as
requirements for special technical supply (batteries, car
tires, canopies) [12].

Based on annual plans for operation and
maintenance of automotive and armored vehicles, as well
as standards for various repair and maintenance
operations, the required spare parts are ordered in stages
in a centralized manner. Delivery of property and spare
parts from central warehouses to the logistics center, their
storage, delivery of property to military units in the
manner prescribed by the plan, maintenance of vehicles
there, organization of medium and overhaul repairs are
carried out by the management of the logistics center.

Expenses on these operations vary depending on the
geographic location of the logistics center.

As a rule, the schedule of vehicle maintenance and
property replacement is drawn up on a rotational basis.

This means that the vehicle maintenance is expected
to be carried out in such a way that approximately the
same amount of equipment on average is serviced per
year.

This approach ensures even workload distribution
for maintenance units in peacetime over the years. It is
considered that the transportation of property and spare
parts supplied on purchase order from central warehouses
to the logistics center is carried out 4 times a year in
approximately equal shares once a quarter [13].

Let us number the automotive and armored vehicles
in the military units attached to the logistics center as
i=1,23,..,N. Eg., KamAZ-43114 with chassis
number  XTC432534F1328127, engine  number
K740/345872, military registration plate number 45-55
KS can be denoted by i = 1, UAZ-31512 vehicle with
chassis number 364656, engine number 123456, military
registration number 02-42 BB by i = 3, etc. N is the total
number of automotive and armored vehicles in military
units. The military units serviced by the logistics center
can be formally numbered as s = 1, 2, .... To show that
the i-th vehicle belongs to the s-th military unit, we will
write { € H;.

Note that denoting the set of automotive vehicles in
the s-th military unit by Hs(l) and armored vehicles by
Hs(z), the set H; can be divided into two parts:

Hy = H® u H® . Below, such a division allows clearly
writing down the formula for calculating the
transportation costs.

Let us number spare parts and other property as j =
1,2,3,..,J. E.g., a 12V 6ST-75 accumulator battery can
be denoted by j=1, an FP-130 taillight by
j = 2,245/45R18 tires by j = 3, etc. ] is the total number
of assorted property and spare parts.

Let us also denote the types of maintenance and
repair by natural numbers: suppose k = 1, 2 is Scheduled
Maintenance 1 and Scheduled Maintenance 2,
respectively, k = 3 is medium repair, k = 4 is overhaul
repair.

For the mathematical formalization of costs, we
take the following notation. If the i-th vehicle is expected
to undergo the k-th type maintenance (repair) in the plan
year, then we will write p;, = 1, otherwise p;, = 0. If
the j-th spare part or property is to be used in the k-th
type maintenance (repair) of the i-th vehicle, we write
hyj = 1, if it is not necessary, then h;; = 0. Let the
required number of j-th spare parts for this repair work
be denoted by n;,;. Eg., if URAL-4320 needs installing
6 14.00x20 tires during maintenance at k = 2, then
ny; = 6, respectively.

Since the main indicator in road transport is the
weight of the cargo, it has to be taken into account when
drawing up the report. To this end, we denote the weight
of the j-th type property and spare parts by m;. Then the
total weight of the property and spare parts to be supplied
in the plan year will be
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Do = Z$=1 2?21 Zfzi mjnikjhikjpik-

If we take into account the existing transport
infrastructure in the areas where the troops are deployed
and connecting these areas with the center, we can say
that the delivery of property will be carried out mainly by
combined transport. In this case, if we denote the costs of
transporting one ton of cargo from the central warehouse
to the nearest cargo terminal (site or node for transferring
cargo from one mode of transport to another) by A,, and
the costs of transportation from the cargo terminal to the
warehouses of the logistics center per 1 km of the route
by A, then the total transportation expenses will be

Pz = (Ao + 1" q0) " Do- 2

Here [, is the distance from the cargo terminal to
the logistics center.

As a rule, vehicle maintenance is carried out in the
territory of the military units where the vehicle is located.
To do this, it is necessary to deliver to these military units
the property necessary for maintenance, spare parts, a
specialized maintenance crew and special equipment. It
should be noted that depending on the geographical
location of the spare parts warehouse and the military
units, and the existing road infrastructure, the route for
the delivery of spare parts can be chosen in such a way
that the costs are minimal, i.e. the issue of minimizing the
route can be considered. The problems of optimization of
cargo transportation from the warehouse to various
consumer enterprises have been studied in different
formulations in the scientific and technical literature [14—
17]. The solution to this type of problem, which is usually
referred to as the traveling salesman problem, may vary
even depending on the optimality criteria set for the same
locations. Since the annual operation and maintenance
plan involves approximately the same regularity of
maintenance of vehicles located in different military
units, the weight of the property to be transported to these
military units on one vehicle can be assumed
approximately equal. Then the minimum transportation
expenses can be calculated on the basis of the criterion of
the minimum total length of the distance traveled.

Suppose that the optimal route has been calculated
and that the distance to the s-th military unit on this route
is l;. Then the following formula can be applied to
calculate the transportation expenses:

Py =Yse12, {asls " The1 Dien, 25:1 MM ik jDirc }.(3)

where g, is the transportation expenses for an average of
one ton of cargo per 1 km of the route from the warehouse
of the logistics center to the s-th military unit. In general,
the values of g, may differ from each other and from the
value of q,, which is due to the varying degrees of
comfort of the roads between the transportation points.
Another aspect of organizing maintenance of
vehicles located directly in the territory of a military unit
is the timely delivery of specialists to the site to carry out
this work. Depending on the scope of the work to be
carried out, the maintenance crew can be brought to the
military unit by appropriate transport (e.g., a minibus) by
selecting an appropriate route. Maintenance or repair
work in military units can take several days. Therefore,

in contrast to the organization of the transportation of
spare parts, the maintenance crew needs to be transported
to the military unit several times. In general, the number
of repeat days can be considered proportional to the
number of vehicles in this military unit. Denoting the
coefficient of proportionality by g, we obtain the
expression B ¥;cy i for the number of trips of the
maintenance crew to the s-th military unit. If we denote
the costs of transporting a maintenance crew per 1 km of
the route by q,, and the distance to the s-th military unit
along the shortest route by r;, then their transportation
expenses Py are calculated as follows:

Py =2-qy B Ysc12, {1 - Xbo1 Lien, Pic}-  (4)

According to the annual plan for operation and
maintenance of automotive and armored vehicles,
vehicles are to be regularly delivered to the repair plant
(i.e., to the repair sites to be set up at the logistics center),
where they are to undergo medium (overhaul) repair. As
a rule, automotive vehicles that have survived to medium
and overhaul repair are able to move on their own, and
they arrive at the repair plant under its own power.
However, according to statistics, approximately
fi = 35% of the vehicle fleet, which underwent medium
(overhaul) repairs in peacetime, lose the ability to move
on their own at that time [18]. This means that those
vehicles must be towed to the repair plant during the year.
Armored vehicles (f, = 100) sent to the repair plant in
order to preserve their engine service life are towed in all
cases. The annual towing expenses (Pr) can be calculated
based on the total number of vehicles located in the s-th
military unit and the distance from the repair plant to this
military unit along the direct route as follows:

Pr=Ysu1z,. {Ts ' [ZieHsu) fit Eigy® fz]}- ®)

As noted above, maintenance of automotive and
armored vehicles is carried out at the repair sites of the
logistics center, which have the necessary equipment,
machinery, devices and tools. There are two groups of
expenses associated with the operation of this equipment.
The first group includes such expenses as the purchase of
fuels and lubricants, quickly failing spare parts, tools and
equipment, as well as other expendable supplies.
Including this property in the list of property and spare
parts used for maintenance, the expenses for delivering
them to the logistics center can be calculated from
formula (2).

The second group includes depreciation expenses
on the equipment of the logistics center. Tools, devices
and machinery, vehicles, equipment of filling stations, as
well as security system devices, computer equipment and
other equipment, which are the main means of
production, become obsolete (wear out) over time and
need to be removed and replaced with new ones. For this
purpose, the enterprise is expected to annually allocate
depreciation expenses in the amount equal to a certain
portion of the book value of these assets. Let us denote
these expenses by R,. The calculation of depreciation
expenses is based on the acts of the relevant legislation
of the country to which the Armed Forces belong. The
straight-line method can be used to calculate these
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expenses. Under this method, the depreciation amount
allocated to each piece of equipment owned by the
enterprise can be determined as the ratio of its book value
to its useful life, measured in years. Then the amount of
R, will be equal to the sum of the depreciation amounts
calculated for all equipment.

Payroll expenses can be added to the list of
operating expenses. These expenses can in principle be
divided into two groups. The first group includes the
salaries of the officers managing the logistics center, the
employees of the security service, filling stations and
other auxiliary units (sanitary maintenance of the
territory and buildings, etc.). The salaries of the
employees in this group can be considered equal for all
similar enterprises.

Let us denote the annual payroll allocated to those
employees by M.

The second group includes the salaries of drivers
and engineers and specialists of the repair plant. Let us
denote them by Mg and M, respectively. The number of
drivers and, accordingly, the size of their payroll can be
considered proportional to the number of cars in the
vehicle fleet:

Mg = yq " No. (6)

Here, N, is the total number of vehicles owned by
the logistics center, y, is the coefficient of
proportionality. For instance, the average annual salary
of a driver on a rotating schedule can be taken as y,.

Similarly, we can calculate the payroll for the repair
plant workers. It can be assumed that the required number
of workers can be calculated as a linear combination of
the number of medium and overhaul repairs stipulated in
the annual plan for operation and maintenance of
automotive vehicles:

My =3 (v1 iz + V2 " Pia)- (7)
The numerical coefficients y; and y, here can be
determined based on the average number of employees
required by the standards for medium and overhaul
repairs.
Thus, the following formula can be written to
calculate the average annual operating expenses:

+RA+aM'(MH+M5+Mz).

Here, ap and a,, are the reserve ratio associated
with additional contingency costs.

As a rule, for industrial enterprises, it is taken as
ap = ay = 1,4 [11].

The key military-economic indicators

The procedure for calculating the two key indicators
related to the location of the logistics center in the area is
given above. The first is the capital expenditure,
calculated from formula (1), and the second is the annual
operating expenses, calculated from formulas (2) — (8).
Although these indicators are to some extent informative
for solving the financing problems, they are absolute and
do not allow assessing the efficiency of the logistics
center. To give a general idea, in addition to the amount
Q, it is important to know how many military units are

serviced by the logistics center in question or the total
number of automotive and armored vehicles it will
service. From this point of view, the average annual
expenditure on maintenance and repairs provided by the
logistics center per unit of equipment, which acts as a
relative economic indicator, can be considered more
informative:

Q' =2=0i+0+0;+0; ©
where the formulas for calculating Q7, @5, Q3, Q4 can be
written separately as follows:

. P
Q1=“P7E=%(Q1+ZO'QO)'POZ

_ q1+lo-do 4 N J
=sap——p D=1 2i=1 Zj:l mjnikjhikjpik ,

Pp+PT _
N

=22y B Tomra. [15 - Thoy Bien, P +
Sz 5 (Zien i + Dy f2)]} =
= 22 {Som12,. 20087  icn, Tho1 Pu] +
+ oz [ (B i 4 Sy )]} =
= P {Sem1z. [ Tien,2anB - Ti=1p)] +
+ Tz 1 (T At By )]} =

= %Zs:l,z,... {Ts (ZiEHs(l)[fl +2q,B Xi=1puc] +

Q; =ap
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Writing this indicator in the form of (9) shows how
the maintenance costs of each unit of equipment depend
on the road infrastructure in the area where the logistics
center is located. Q; is the costs of delivery of the movable
property and spare parts from the central warehouse to the
logistics center.

A reduction of these costs can be achieved by
locating the logistics center near a transport hub. Q3 is the
costs of transporting maintenance crews to military units
for the maintenance of automotive and armored vehicles
and depends on the distance from the logistics center to
individual military units. Q3 is related to the delivery of
spare parts to military units and can be minimized by
selecting the optimal transportation route. It is clear that C
and Q; are actually independent of this infrastructure. If
we take into account that the annual plans for operation
and maintenance of automotive and armored vehicles are
drawn up in such a way that each logistics center has
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approximately equal workload over the years, then, with
the exception of the quantities {,, L, 1, (s = 1,2, ...), the
remaining quantities can be considered constant.

This can ensure an efficient geographic location of
the logistics center.

However, it should be noted that the choice of the
location of the military logistics center requires the
fulfillment of not only economic but also other factors,
such as the requirements of environmental and military
security; therefore, the proposed approach to choosing
the location cannot be used independently.

Conclusions

Thus, an analysis of the structure of capital
expenditure and operating expenses aimed at organizing
a logistics center, as well as the military-economic
indicators of this center, gives grounds to note the
following results:

o the criterion of profitability, which is taken as a
basis in civilian enterprises for assessing economic
efficiency, cannot be determined when designing the
location of a military logistics center in the area;

e the structure of capital expenditure and
operating expenses associated with designing a logistics

center for the troops has been elaborated; the calculation
method has been developed, taking into account the
available resources, communications and infrastructure,
information reflected in the annual plans for the operation
and maintenance of automotive and armored vehicles of
military units;

o the calculation methodology developed on the
basis of the structure of capital expenditure and operating
expenses on the organization of a logistics center also
reflects the infrastructure indicators related to the
geographic location of the center (the distance of the
logistics center from the transport hub and the military
units it services);

o the proposed method can be used to choose a
geographic location that is favorable from the point of
view of economic profitability for organizing a logistics
center for the troops;

e using this method, it is possible to compare the
economic aspects of various options of organizing
military logistics;

o it is advisable to continue research in this area,
since when locating a military logistics center, along with
economic factors, it is important to also take into account
environmental factors and factors of military security.
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MeTtoauka OUiHKH BiliCbKOBO-eKOHOMIYHHMX MOKA3HUKIB PO3TALIYBAHHS JIOTICTHYHOTO LIEHTPY
NpH nepeguciaokauii Bilicbk

A. M. Tani6os, b. B. I'ynie

AHoTanif. Y cTaTrTi NPONOHYETHCS METOAMKA OLIHKH €KOHOMIYHOI €()eKTHBHOCTI JIOTICTHYHOTO LEHTpPY, L0 €
HEBiJ'€MHOIO YaCTHHOIO BifiCBKOBOI JIOTiCTUYHOI iHQpacTpyKTypH. BinzHadaeThes, mo po3poOka EOr0 METOAY 3aCHOBA Ha
HAa OIiHIli eKOHOMIYHOI e()eKTUBHOCTI JOTiICTUYHOTO LEHTPY 3 ypaxyBaHH:IM ii HaJ3BUYaiHO BUCOKOI (DyHKI[IOHATBHOCTI 1
HE BPaxOBY€ BHUKOPHCTAaHHS KJIACHYHOI peHTAOeIbHOCTI. Y CTaTTi IpOaHaTi30BaHO CTPYKTYpPY KamiTaJbHUX BKIAJCHb Ha
CTBOPEHHSI JIOTICTHYHOT'O IIEHTPY 1 BUPOOHWYMX BUTPAT. B IKOCTI OCHOBHHUX KPHUTEPiiB BHPOOHMYUX BUTPAT 3aIPOIIOHOBAHI
BUTpPATH Ha OOCJIYrOBYBaHHS 1 PEMOHT KOXXHOI OJMHMIII TEXHIKH, i OOIpyHTOBaHI BiHCHKOBO-E€KOHOMIUHI MOKa3HUKH
JIOTICTUYHOTO LEHTPY. AHali3 CTPYKTYPH KaIliTAIbHUX 1 ONEpalliiHMX BUTPAT Ha OpraHi3allilo JOTICTUYHOTO IEHTPY, a
TaKOX BIMCHKOBO-CKOHOMIYHUX TOKa3HUKIB LBOI0 IICHTPY Ha€ MiACTaBy BIJ3HAYMTH HACTYIHI Pe3yJbTaTH: KpPUTEpid
peHTa0eNbHOCT, IPUHHATHH 32 OCHOBY Ha IUBIIBPHUX MiAMPHEMCTBAX I OLIHKH €KOHOMIYHOI €(eKTUBHOCTI, HE MOXKE
OyTH BU3HAYEHUIl IPU IPOEKTYBaHHI pO3MIIEHHs BiliCBKOBO-JOTICTHYHOTO IIEHTPY Ha TEPUTOPIl; ONpanboBaHa CTPYKTypa
KaliTaJbHUX 1 OIepaliifHuX BUTpAT 3 NMPOEKTYBaHHS THJIOBOTO IEHTPY IUIS BIHCHK; METOAMKA PO3PAXyHKY po3poOieHa 3
ypaxyBaHHSIM HasBHUX pecypciB, KOMyHikaumiii Ta iHdpacTpykrypu, iHdopmaris BigoOpaxaeTbCs B PIYHUX IUIAHAX
eKcIuTyartamii i TeXHIYHOr0 OOCIyroByBaHHS aBTOMOOINBLHOT Ta OPOHETAHKOBOI TEXHIKH BiHCHKOBHMX YaCTHH, METOIHKA
pO3paxyHKy, po3po0iieHa Ha OCHOBI CTPYKTYPH KaliTATbHUX 1 ONMEpamiifHIX BUTPAT Ha OPTaHi3alifo JIOTICTHYHOTO LEHTPY,
TaKOXX BiJoOpaka€ TOKAa3HUKH 1HPPACTPYKTYpH, IOB's3aHI 3 TreorpadidHMM poO3TallyBaHHSAM LEHTPY (BiIJaleHIiCTh
JIOTICTHYHOTO HEHTPY BiJl TPAHCIOPTHOTO BY3Jia 1 BIHCHKOBI YAacCTHHHU 1 CIY)KOM); 3alpONMOHOBAHHA METOH MOXe OyTH
BHKOPUCTAaHUH I BHOOPY BHUTIZHOTO 3 TOYKH 30py EKOHOMIYHOi peHTabenpHOCTI TreorpadidHOTO MOJOXKEHHS st
oprasizaii JOTiCTUYHOTO IIEHTPY BiiCbK; BUKOPUCTOBYIOUHU L€l METOM, MOXHa MOPiBHIOBATH €KOHOMIYHI acIeKTH Pi3HHUX
BapiaHTiB OpraHi3aii BiiChbKOBOT JOTICTHKH.

Kaw4oBi croBa: noricTHuHMA HEHTP; JOTiCTHYHA iHPPACTPYKTYpa; CKIIa]l 3aT9aCTHH; PEMOHTHI IUIOMIAIKH; CTPYKTypa
OTepalifHUX BUTPAT; aMOPTHU3AIHI BiIpaxyBaHHS, CTPYKTYpa KaliTalbHIX BHTPAT.

MeToaHKa OlIEHKH BOEHHO-)KOHOMHYECKHX MoKa3aTeleil pacnoioskeHus JOrHCTHYECKOro IeHTpa
NPH NepeIucJI0KALMH BOHCK

A. M. Tanu6os, b. B.I'ymues

AHHoTanms. B craThe mpeasaraeTcs METOJMKA OIIEHKH 3KOHOMHYECKOH 3((EKTUBHOCTH JOTHCTHYECKOTO LIEHTPA,
SIBIISIIOIIETOCST HEOTHEMJIEMOI YacThi0 BOSHHOMN JIOTUCTHYECKOW MHOpacTpykTypbl. OTMedaercs, uTo pa3paboTKa 3TOOM
METOJMKH OCHOBaHAa Ha OLIEHKE YKOHOMHUYECKOH 3((EKTUBHOCTH JIOTUCTHYECKOTO LEHTPA C YUYETOM €€ BBICHICH CTEeNeHH
(GYHKIMOHATBPHOCTH W HE YYHUTHIBAaeT HCIOJIB30BaHUE KIIACCHYECKOHW peHTabenbHOCTH. B craThe mpoaHanu3upoBaHa
CTPYKTypa KalMTAIbHBIX BIIOXKCHHH Ha CO3/aHUE JIOTMCTUYECKOTO ILIEHTPa M MPOM3BOJICTBEHHBIX 3aTpaT. B KkadecTBe
OCHOBHBIX KPUTEPHEB NMPOM3BOACTBEHHBIX 3aTpaT MPEJIOKEHBI 3aTPpaThl HAa OOCIY)XHBaHWE U PEMOHT KaKIO#l eIMHHUIIBI
TEXHUKH, H 000CHOBaHBI BOCHHO-I)KOHOMHYECKHE MTOKA3aTEeNHN JIOTHCTHYECKOTO [EHTPa. AHAIN3 CTPYKTYPBI KallUTAIbHbBIX U
OTNEPALIOHHBIX 3aTPaT Ha OPTaHM3alHUI0 JOTUCTHYECKOTO IIEHTPa, a TaKKe BOCHHO-3KOHOMHYECKHX ITOKa3aTejel 3Toro
LIEHTPa JaeT OCHOBaHHE OTMETHUTH CIIAYIOLINE PE3yIbTAaThl: IPOPa0OTaHA CTPYKTYpPa KAITUTAIBHBIX M OTIEPALlHOHHBIX 3aTpaT
10 NPOEKTHPOBAHHIO THUIOBOTO IIEHTPa Ul BOWMCK; METOAMKA pacyeTa pa3paboTaHa ¢ Y4E€TOM HMEIOLIMXCS PECypCOB,
KOMMYHHUKAlIlMi W MHQPacTpyKTypbl, MHpOpPMANMs OTpPakaeTCss B TOJOBBIX IUIAHAX JKCIUIyaTalldd M TEXHUYECKOT O
00CIy)KMBaHUSI aBTOMOOMJIBHONH M OpPOHETaHKOBOW TEXHHMKM BOMHCKHMX YacTed; METOOMKa pacuera, pa3paboTaHHas Ha
OCHOBE CTPYKTYphI KallUTAJbHBIX M ONEPAILHOHHBIX 3aTPaT HAa OPraHU3aIMI0 JIOTHCTHYECKOrO IIHTpPA, TaKKe OTpa)kaeT
okazaresid MHYPAaCTPYKTYphl, CBS3aHHBIE C reorpadU4eckuM pPacIoNIOKEHHEM LeHTpa (yIaJeHHOCTh JIOTHCTHYECKOTO
LEHTPA OT TPAHCIIOPTHOTO y3JIa U BOMHCKHE YAaCTH M CIY>KOBI); NPEAJIOKECHHBIH METOA MOXET OBITh HCIOIB30BaH IS
BBIOOpA BBITOJHOTO C TOYKH 3PCHHS SKOHOMHYECKOH PEeHTAa0eIbHOCTH reorpa)uieckoro IOJIOKEHUS ISl OpraHW 3aluy
JIOTUCTHYECKOTO IEHTPA BOMCK; HCIIOJNB3YS 3TOT METOA, MOXKHO CPaBHHBATh JKOHOMHUYECKHE AacCIEKTHl Pa3IHMYHBIX
BapHUaHTOB OPraHU3aLUU BOCHHON JIOTHCTHKH.

KnmoueBble cJI0Ba: JOTUCTHICCKUI LCHTP; JIOTUCTUYCCKAs I/IH(i)paCprKTypa; CKJ1aq 3anqacre171; PCMOHTHBIC IIOLIAIKH,
CTPYKTypa OICPANHUOHHBIX PaCX040B; aMOPTU3ALMOHHBIC OTYMCIICHHUS, CTPYKTYpa KallMTaJIbHBIX 3aTparT.
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METO/I 3ABE3IIEYEHHS " KUBYYOCTI
BUCOKOMOBLIBbHOI KOMIT'IOTEPHOI MEPEXI

AHoTanis. B cTaTTi po3msiHyTO 0COOIMBOCTI (hYHKIIOHYBAHHS PyXOMHX KOMIT FOTEPHHUX Mepex Ha 06a3i MagorabapuTHHX
JITaIBHAX amapaTiB (BHCOKOMOOIIBHI KOMII T0TepHI Mepeski). [Toka3aHo, o Taki Mepei, Ha BiIMiHY BiJ cTallioHapHUX abo Ma-
JIOMOOUTBHUX, BiIPi3HSAIOTHCS HU3EKUM PiBHEM JKHBYUYOCTI IIPH JTOKATGHUX MOMIKOJDKEHHSM iX By31iB. MeTo10 cTaTTi € po3pobka
METOAY 3a0e3MeUeHHs KHUBYUOCTI BUCOKOMOOUIPHUX KOMIT FOTEPHUX MEPEXK B YMOBAX AECTPYKTUBHOTO 30BHIIIHBOTO BILIUBY, L0
MIPU3BOAUTH 0 JOKAJIBHOI pyHHAIi] By3JiB Mepexi a00 3B’A3KiB MK HUMH, 3 BUKOPHUCTAHHSAM METOAMKHU OLIHKU XKHBYYOCTI Ha
BCiX eTamax (yHKIIOHYBaHHS MEpeXi, IIIIXOM 3MiHM OCHOBHOI (pyHKLIT U1 pearnizanii BCiX JOCTYIHHX CTpaTeriii (yHKLiOHY-
BaHHSM MEpEeXi IPH BU3HAYEHHI KPUTUYHUX 3HAYEHB IUTICHOCTI MEPEeXi Ta 34aTHOCTI 11 BUKOHYBAaTH X04a O OIHY i3 JOCTYITHHUX
¢yukuiii. OTprMaHi pe3yJbTaTH JO3BOJAIOTH: MPOJOBKUTH PO3BUTOK METOAMKH OIIIHKM JKHUBYYOCTI KOMIT FOTEpHHX MEpPEeX B
YMOBaX JECTPYKTUBHOTO 30BHIIIHBOTO BIUINBY; 3aCTOCOBYBATH PO3POOIEHHI METO JUIsl BU3HAYCHHS KDUTHYHUX IIOPOTIB KUBY-
YOCTi MepeKi BiTHOCHO OCHOBHOT (DyHKIIi Ta 3MiHM OCHOBHOI (DYHKII{, BiZIITOBIZTHO 0 CTpaTerii pyHKIIOHYBaHHIM BHCOKOMOOI-
JbHOT Mepexi. JIoCIiPKeHHS JO3BOJIAIOTh 3pOOUTH BHCHOBKH, 110 3aITPOITIOHOBAHUI METO MOXKe OYTH BUKOPHCTAaHHI HA eTamax
MIPOEKTYBAHHS BUCOKOMOOUIFHUX KOMIT FOTEPHUX MEPEXK, AKI XapaKTepU3yIOTHCS IT1ABUIICHOIO JKUBYYICTIO Ta 3aTHI (QYHKIIOHY-

BaTH B yMOBaX MHOXXHHHHX JIOKaJTbHUX IOIIKOKEHB 0€3 KaTacTpo(iyHUX pyHHIBHUX HACTIIKIB AJIS CTPYKTYPH MEPEKi.

Knaio4oBi cioBa: XUBYUICTh, KOMIT IOTEpHA MEpEeXa; OLiHKa CTaHy; peKOH(ITypallist; pyHHIBHUII BILTHB.

Beryn

IMocranoBka npodaemu. CTpiMKHN PO3BUTOK TeX-
HOJIOTIYHOT 0231 Ta JOCTYIHICTh MaJlorabapuTHUX PoOo-
TU30BaHUX IIAT(HOPM 03BOJISIOTH BAKOPUCTOBYBATH Bi-
JIOM1 pOWOBI alNrOPUTMHU AJIsI CTBOPEHHSI PyXOMHX CHC-
TEeM peecTparrii, 00MiHy, 30epeKeHHsI JaHUX, 0 CKIaay
SIKUX BXOIWTH TPyTa BY3JiB, sIKi B3a€MOIIIOTH MiX CO-
6010 3a equHO0O crpaterieto [1, 2]. OxHum i3 Kacis Ta-
KHX PYXOMHX Mepex € Oe3MpoBiaHI JiTarodi KOMII l0Te-
pHi Mepexi (FANET), Takosx BitoMi sik BUCOKOMOOLIBHI
koM’ rotepHi Mepexi (BMKM) [3]. OcHoBHe mnpu3Ha-
YeHHS TaKUX MEpeX — OpraHizalis rmepegadi DJaHUX B
YMOBaXx ILIBUJIKOTO PO3TOPTaHHS MEPEeXi repeiadi JaHuX
Ha Jesikiii miomi, 300py (peectpauii) iHdopmauii Bix
CTalllOHAPHHX BY3JIiB — LIEHTPIB MOJIHTOBUX MEPEX, Po-
3rOPHYTHX Ha MicIIeBOCTI TOMm0. HaiOibIn yKUBaHUMHE
chepamu 3actocyBanas BMKM e arpompomMucioBuii
KOMIUIEKC, METEOPOJIOTisl, CITY>KOU 3 HaJA3BUYaWHHUX CH-
Tyalliii, BifickkoBo-000opoHHa cdepa Toio [4, 5].

OnmHMM 3 BaKJIMBHUX IMTaHb, SKi BUHHUKAIOTH I
Yac eKCIUTyaTallii TaKoro Kjlacy Mepek — 3a0e3IedeHHs
HaJliIHHOro (YHKIIOHYBaHHS MPOTATOM 3aJIaHOTO Yacy,
TOOTO BUKOHAHHSI OCHOBHOI (DyHKIIT 3 MOXJIMBICTIO TI€-
pebynoBu crpaterii (GyHKIIOHYBAaHHS IIPH 3MiHI 3MICTY
ocHOBHOI ¢yHkuii. Tobro B pamkax ctpaterii BMKM
MoOJKe OyTH SIK O/IHA, TaK 1 JeKinbKa QYHKIIIH, sIKi BUKO-
Hye Mepexa. OIHUM i3 cIOCc00iB JOCATHEHHSI 1€l METH
€ 3abesmeuennst xuBydocti BMKM [6]. JlectpykTus-
HUMH YMHHAKAaMH € 30BHIIIHINA BIUIMB Ha €IEMEHTH (BY-
3m1) BMKM (enexTpomarHiTHe ypaskeHHsI, TeMIlepary-
PHI YMHHUKH, HII BUN IECTPYKTUBHOTO BIUIUBY), BHY-
TpIllIHI YUHHUKH, COIPUYUHEH] HACIiJKaM1 JIeCTPyKTHB-
HOT'O BIUIMBY Ta pyHHaIil By3:iB a00 3B’5I3KiB M’k HUMH
y ctpyktypi BMKM [7, 8]. [nmmmu cnoBamu, 3abe3re-
YCHHS )KUBYYOCTI SIK OKPeMO B3sTOro einemenTa BMKM,
TaK 1 MEpEeXi B IIJIOMY — € aKTyaJIbHOIO 3a/1a4€l0 TIPH BU-
KOHaHHI Mepexero QYHKIIIH B paMKax cTpaterii ii GpyHk-

IioHyBaHHA. JIOCSATHEHHS pe3ynbTaTy IOB’S3aHO 3 Ta-
KAMHU 3a7ladaM¥ sIK MOHITOPHHT Ta omiHka crany BMKM,
3axO07IiB IIO/I0 MiABUIIEeHHS kuByI0cTi BMKM B excTpe-
MaJIbHUX yMOBax a0o0 il NIeCTPyKTUBHUX YHHHUKIB

JKupydgicte BMKM Mmoske 3a0e3medyBaTucs IUIsA-
XOM pealtizauii psity TEXHIYHMX Ta OpraHi3aliifHIX 3aX0-
niB. Jlo TeXHIYHHUX 3aXOJiB BIIHOCATHCS — YIOCKOHA-
nenHst toroorii BMKM, BUKopuCTaHHS MiJICHCTEM MO-
HITOPUHTY CTaHy By3JiB Ta 3axucty BMKM Bix 30BHi1-
HBOT'O JIECTPYKTHBHOTO BIUIMBY, BUKOPHCTAaHHS IPOLe-
JIyp aBTOMaTHYHOI pekoHdiryparmii mepexi. [lo opraxi-
3aIiifHUX 3aX0[iB MOXHA BITHECTH yIOCKOHAJICHHS CHC-
TeMu kepyBanHs BMKM B HOpMallbHOMY Ta eKCTpema-
JBHUX PEKUMaX, HasBHICTh PE3EPBHUX CTpaTerii 110710
mksimamnii Hacaiakis BigMoB BMKM B 3amexHOCTI Bix
py#HaIii Mepexi Ta MEepCcreKTUB BUKOHAHHS OCHOBHOL
dhyHKIIii.

TakuM 4MHOM, aKTyaJlbHOIO € HAYKOBO-NPUKIIAIHA
npobsiema 3a0e3MeYeHHs )KUBYYOCTI BHCOKOMOOLIBHOT
KOMIT'IOTEpHOI Mepexi B yMOBaX JeCTPYKTHBHOTO
BILIUBY Ha ii €JIEMEHTH.

AHaJi3 ocTaHHIX AoCaiIKeHb i myOJikamid. Y
pobori [9] aBTOpaMu MpecTaBICHI OCHOBHI MiIXOIH IS
MPOBEECHHS KiIIbKICHOT OIIHKM XHUBYYOCTI CKJIQ/IHUX Te-
XHIYHUX CHUCTEM, Y TOMY YHCIIi, 3aCHOBaHUX Ha OIIHII
CHiBBITHOIIEHHS NPSIMHUX Ta HENIPSIMUX PU3UKIB, CITIBBIJI-
HOIIIEHHS WMOBIPHOCTI KaTacTpo(i4HUX BiJAMOB JUIS CH-
CTEM pI3HOTO PIBHS IOUIKO/KECHHS. ABTOpaMH IpUBe-
JIEHO TIPHKJIAJ] OI[iHKU JKUBYYOCTI TEXHIYHUX CHUCTEM Ta
OOTpYHTOBAaHO HEOOXiIHICTh TIiJABHINEHHS >XUBYYOCTI
TSt 3a0€e31eueHHs Oe3MEKH CKIIAAHNX TEXHIYHUX CUCTEM
IIpH eKcTpeManbHuX BIUBax. OIHAK, OMUCAHUHN TiAXizA
HE MOKe OyTH 3aCTOCOBaHUM JJIsi MYJIbTH(DYHKITIOHATb-
HHUX CHCTEM Ta MEpEX, KOJIM OCHOBHA (YHKIiS MOXe
OyTH 3MiHEHa B 3aJIEKHOCTI BiJl CTYIICHIO TOIIKODKEHHS
cucteMu abo eneMeHTIiB. B TakoMy BHIanKy HeoOXigHe
CTBOPEHHSI HOBOT MOJIeJIi Ta PO3PaxyHOK ii mapaMerpis,
Ha 1110 He 3aBX/H € yac. ToOTO akTyaJIbHICTh OTPUMaHUX
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PO3paxyHKiB MOXe OyTH BTpadeHa y pasi Jerpaaaiii cu-
CTeMH Ta IIBHIKOI 3MiHH ii OCHOBHOI ()yHKII{ Ta BU3HA-
YeHHS iHAEKCY )KUBYUOCTI B 3aJIS)KHOCTI BiJf HOBOI yH-
Kuii. I[HIuMu caoBaMu, Mepeka, K YaCTHHA METacHc-
TEMH, 5IKa B CBOIO Yepr'y Ma€ BUKOHYBATH QYHKIII 3TiTHO
rio0anbHOI cTpaTerii, MOJKe MaTH Hamepes 3aJaHui Ha-
0ip (yHKIIOHATBHUX 3a]1a4, Ki MOXKYTh 3MIHIOBATHCS B
3aJICKHOCTI Bifl CTYIEHIO MOIIKOHKSHHS CHCTEMH a00 ii
€JIEMEHTIB B paMKaxX OKOJIy JOIyCTHMHUX IOLIKOIKECHb
JUIS BAKOHAHHSI OCHOBHOI (DYHKIIT IO JOCATHEHHS HEIO
KPUTHUYHOTO MOPOTY.

VY po6orti [10] aBTOpaMu mpeacTaBiIeHo iMiTalliHY
MOJIENb 1 pe3yIbTaTH MOJAETIOBAHHA Iporecy (QyHKIIiO-
HYBaHHS TPAHCIIOPTHOI MEpEkXi 3B'A3KY CIENiaIbHOTO
MPU3HAYCHHS 3 BHKOPHCTaHHSAM MaTEMaTHYHOTO ara-
paTy OUCKpETHHX JIaHIIoTiB MapkoBa B yMoBax aecTtadi-
nizyrounx iH(opMariitaux BrumBiB. Ha ocHOBI oxepika-
HUX MMOBIPHOCHO-YAaCOBHX XapaKTEPHCTHKAX IPOIECY
(YHKI[IOHYBaHHS TPAaHCIIOPTHOI MEpPEXi 3B'I3Ky creria-
JILHOTO TIPU3HAYEHHsI, SIKI CTAHOBJISITH OCHOBY JUISL J1OC-
JIJKEHHS IaHOTO ITPOLIeCy MPHU Pi3HUX BapiaHTaX JiecTa-
OUTI3yI0U0ro iH(pOPMAaIIHHOTO BILUIMBY Ta BiIHOBJICHHS
00'€KTiB TPAHCIIOPTHOI Mepexi 3B'A3KY CIELialbHOTO
MIPU3HAYCHHS, aBTOPAMHU BU3HAYCHO OLIIHKU KoedimieHTa
OTIepPaTUBHOI TOTOBHOCTI Mepexi B Pi3HHMX yMOBax 00-
cranoBku. OpHaK, el Mmiaxig HE B MOBHIM Mipi MOXe
ONHCATH MOXXIIMBY CLEHAPHY TPAEKTOPil0 (YHKIIOHY-
BaHHS BY3JiB CHCTEMH, Ki, BHACIIIOK KaTacTPO(QITHOTO
pYHHYBaHHS MEpPEeXi, IPOJOBKYIOTH (PYHKITIOHYBaTH O€3
3B’SI3KiB MiK cO00I0.

MeTo10 cTaTTi € po3poOka MeToay 3a0e3MeUeHHS
xuBydocTi BMKM B yMOBax JeCTpyKTHBHOTO 30BHillI-
HBOTO BIUIMBY, 1110 HPU3BOAMTH [0 JIOKAJIbHOI pyiHalii
By3J1iB a00 3B’s13KiB Mixk HUMH B BMKM Ta orinka mo-
Ka3HUKa KHUBYYOCTI TAKOT MEPEXKI.

OcHOBHA YacTHHA

Ouinka KMBY40CTi BUCOKOMOOLIBHOI KOMII’10-
TepHoi Mepexki. Ha meprmomy etari BupimeHHs MoCTaB-
JieHoi 3ajiavi € IOUTbHUM ITPOBEJICHHS OL[IHKU )KHUBYYO-
cti BMKM 3 MeTOr0 BU3HAYEHHS HAMpPsIMIB 3aXO0/iB, SKi
MOJXYTh IIIBUIIMTH MOKA3HUKHU JKUBYUOCTI MEPEKI.

OyHKI[IOHYBaHHS OUIBIIOCTI CKIAHUX TEXHIYHUX
CHCTEM BH3HAYAETHCS CITiBBIJHOILICHHSIM HaBaHTa)KECHHS
ta Hecydoi 3marHocti [9]. BimmomimHo xuBywicTiO
BMKM € 31aTHicTh Mepexi MPOIycKaTH Ta 00pooIsiTH
MIOTOKH JIaHUX, K1 TIEPEePO3NOIIISIOTECS B MEPEXKI HiciIs
TOTO, 5K, B Pe3yJIbTaTiB €KCTPEMAILHOTO BILIMBY, TIOII-
KOJDKYIOTHCS] OKpeMi ii elleMeHTH (By3i1M abo KaHaH Tie-
penadvi JaHuX).

Hexait BMKM 3ayana y BUMIIsAl TAKOTO KOPTEXKY:

S =(s51,50,-5 ), )

ae S — enemenTH (By3nu) BMKM, ski BUKOHYHOTh (yH-
KIIii, BiAmoBigHO 70 cTparerii BMKM.

s=(f, fp,e i), @)

ne T — dynkuii, sxi Bukonye By301 BMKM: peectpailis,

00poOka iHdpopMarrii, THMJIacoBe 30epiraHHs NaHuX, ix
nepenada. OyHKIIT MOXKYTh 3MIHIOBATHCS B 3aJIC)KHOCTI
BiJ 3a7a4i SIKa CTABUTHCS BY3ITy.

CyTtHicTh BinMoBH By31a BMKM mosnsirae B TOMYy,
IO BiH IepecTae BUKOHYBaTH OAHY a00 Oimbrre (yHK-
1iH, sIKa BU3HAYCHA JUI BUKOHAHHS y NICBHUHN MTPOMIXKOK
gacy. SIKImo By30J1 MOXe BUKOHYBATH iHII (QYHKIIT (BU-
3HAYAETHCS IUIIXOM IEPiOANYHOI CaMOMiarHOCTHKH),
SKi B KOHKPETHHH MPOMDKOK dacy He 3aTrpeOyBaHi, TO
BY3011, e-(hakTo, mepedyBae y pekuMi O9iKyBaHHS.

TakuM YUHOM, BiAMOBIIHO J0 CTpaTerii (yHKI[IOHY-
BanHs BMKM, BizMoBa By3i1a iHILIIOE 10J]ATKOBI B3a€MO-
JT MK 1HIIMMHU BY3JIaMH MEPEXi, HANPHUKIIAJ, mepely-
JIOBa TOIOJIOTIi a00 3MiHa CXeMHU MapIIpyTH3aLil MOTOKIB
JaHux. B Takomy Bumaaky kputepieM sxuBydocti BMKM
MOYKHA Ha3BaTH ii 3aTHICTh ITEPEPO3MOAUIATH IOTOKH Ja-
HUX Ta TPOIOBXYBATH BUKOHAHHS 3alaHUX il QyHKIIiI
TICTIS TOTO, SIK OKpeMi il BY3/IH BHXOZATH 3 Jlaxy abo He
MOXYTh BUKOHYBAaTH 3aTpeOyBaHy Bil HUX (YHKIIFO.

IcHye psim BiTOMHX METOJIB OIIHKH KUBYUYOCTI Te-
XHIYHUX cucteM [6-9], ane cnenudika ix moOyn0BU BuU-
3HAYAETHCS KIACOM TeXHIYHHMX cHUcTeM. OCKIJIBbKH pea-
JbHI By3JM 1 KaHamy nepenaui nannx BMKM matots 00-
MEXXEeHY MPONYCKHY 3AaTHICTh IPH MTO0Y0BI OUIbII 10-
CKOHAIIUX MOJIeNIeil Mepex, HEe0OXiTHO BpaXxoByBaTH I10-
TOKH JIaHHX, SIKI HUPKyI0I0Th B BMKM. V pasi mouiko-
JUKEHHS By3Ja 00 3HMKEHHS IIPOITYCKHOI 37JaTHOCTI Ka-
Hally Tiepefadi JaHuX, MOTIK, SIKMH IPOXOANTh Yepes3 ce-
rMeHT BMKM, nepenanpaBiseTbcsl albTEPHATUBHUMHU
msixaMu. 1le Moke Ipu3BeCTH 0 NepeBaHTaKEHHS 1H-
IIUX BY3JiB a00 KaHATIB, IO MOXE MPU3BECTH 10 OLIBII
mBuIKol ix merpangarii. TakuM guHOM, Oyab-sKE JOKA-
npHE nomkopkeHHs BMKM Moxe nmpuBecTH J10 1o1alb-
IOTO TePEBaHTAXKEHHS THIIMX BY3JIIB MEPEXi Ta IX Io-
JIaNbIIo BigMoBor0. [TomiOHI KackaiHi Mpolecd Mo-
KYTb CTaTH IPUYUHOIO MacIITabHOT pylHallii CTPYKTypH
BMKM, HaBiTh SIKIIO BY3JIM MOXXYTh BUKOHYBATH 1HIII
¢yHKIT, SKi, OHAK He 3aTpeOyBaHl B paMKax HOTOYHOT
ctpaterii ¢yakmionyBanas BMKM. To6to, BMKM 3
MaJIOl0 XKMBYUICTIO BTPAa4alOTh 3IaTHICTh BUKOHYBATH
OCHOBHY (DYHKIIIFO CTPIMKO Ta KaTacTpO(ivyHO, 0 MOXKE
MIPHU3BECTH JI0 KACKaIHUX MMOPYIICHb B poOOTi O1IBII BHU-
COKOPIBHEBHX CHCTEM, JIO CKJIaIy SKUX BOHU BXOISTH,
a00 sKi 00CITYTOBYIOTb.

TakuM YMHOM, BaXKJIMBO OLIIHUTH, IPH SIKUX 3HA-

YeHHSIX JIOKAIbHUX TonrkomkeHb BMKM moxke BinOy-
THUCS KaTacTpo(ivuHe MOPYIICHHS B pOOOTI Mepexi.
Ane xuBydicth BMKM HeMOXJIHMBO OIIHUTH, HE3alle-
JKHO BiJI IIFOUMX B MEPEXi CUCTEM MOHITOPUHTY 1 KEPY-
BaHHSI, KBami(ikaii oci0, Mo MpUIHMaIOTh PillleHHS, aJie-
KBaTHOCTI TEXHIYHHUX PErJIaMEHTIB Ta IHCTPYKIIH, Tak 5K
BCi 1i paKkTOpH BILUTMBAIOTH HAa MOKIIUBICTH 0OMEKYBATH
JIOKaJIbHI HACJIIIKH JIOKAJIBHMX ITOIIKOKEHD 1 311001 TH
KatacTpodiuHoMy pyhHyBanHI0 BMKM, sikimo mepexi
Oynu 3amomisiHi JIOKaJNbHI TONIKO/DKEHHS. PyHHIBHUIA
BB Ha BMKM, sikuii HaHOCHUTBH JIOKajbHI IOIIKO-
JOKSHHSI MEPEXi, MOXKYTh MaTH Pi3HOMaHITHY TPUPOLY.
ITpu iboMy aHaI3 )KUBYYOCTI HE IOBUHEH 3aJI€XKATH Bij
IHIIIFOIOYHUX ITOIIM.

OmHUM 13 MiAXOMIB 10 OIIHKK CTaHy MEPexi i
4ac JIECTPYKTUBHOT'O BIUIMBY € IIOOY/10Ba CLIEHAPHUX Jie-
pes [11]. BpaxoBytooun CTymiHb aBTOHOMHOCTI €JIEMEH-
TiB CTPYKTYpH, IOLUUIBHUM € BUKOPHCTaHHs Oararoria-
poBoro nepesa (puc. 1), Ha sKOMy BimoOpaxeHo TiIsacTy
cTpykTypy. CTpyKTypa INoKasye, IO iCHYIOTh HMOBIip-
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HOCTI, SIKi MOKYTh MPHU3BECTH J0 IMOBHOI HETIpare3aar-
HocTi By3:1a BMKM a6o oOMeskeHHS BUKOHAHHS HIM Jie-
skux QyHKOA. [Ipu oCATHEHHI KpUTHYHUX 3HAYCHD 32
KUTBKICTIO TOIIKO/pKEHUX By3i1iB, BMKM moxe mpuii-
MaTH pilIeHHs MIOAO 3MIHH CTparterii Ta, BiANOBITHO,
CcyTHOCTI BUKOHYBaHO1 pyHKIii. ToOTO, IpH

PPN ?)

ne L — kputudHe 3HaYeHHS KiTbKOCTi By31iB BMKM, sxi
MOXYTh BUKOHYBATH ITOTOYHY (YHKIIIFO B paMKax CTpa-
terii GyHKUiIOHYBaHHS Mepexi; crpaterist BMKM 3wmi-
HIOETBCSI, BIIMOBIAHO 10 MOIJIMBOCTEH BY3IiB BUKOHY-
BaTH HOBY ¢yHKUit0. LI MOXIMBICTH Hamepen TecTy-
€TBCS By3J1aMH, 110 1 pOopMye MifcTaBu A NPUHHATTA
pilIeHHs Mpo 3MiHy cTparerii. SIKIIo jx0HA 13 MOXIIH-
BUX CTPATETiH € HEAOCSKHOIO A BAKOHAHHS BHACIIZIOK
karactpodiunoi pyiHamii BMKM, mnpuiimaetscs pi-
IICHHS TIPO eBaKyallifo By3JiB, mpu nbomy BMKM mnepe-
cTae iCHYBaTH SK IIUTICHA CHCTEMa, a KOXHHHN By301T Py-
HKIIOHY€ SIK HE3aJIC)KHA CYTHICTb.
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Puc. 1. baratomapose crieHapHe nepeBo st BMKM,
sIKa 3a3HA€ PyHHIBHOTO BIUIUBY

[Homi Tinku nepesa noaiil, HaBeaeHi Ha puc. 1, no-
Ka3yloTh, 110 HAaKONWYEHHS 3HA4YEeHb BY3JIB y CTaHax

oy Vy "
N T
crparerii ¢pynkuionyBanast BMKM, BiamosinHo 10 mpa-
BWJI, SIKi 3aJIaI0ThCSl HA €Talli MOCTaHOBKH 3ajadi mepen
Mepexer. Buxoasuu 3 TOTo, 10 TMOKa3HUK HAIHHOCTI
BMKM &, gxa He 3a3HaBaja AECTPYKTUBHOTO BIUIUBY

’

MPU3BOJAATH JI0 3MiHH

OyJie BU3HAYATHUCS SIK CITIBBIIHOIICHHS MaTeMAaTHYHOTO
OYIKYyBaHHS 1O MAMCIIEPCii, TO IMOKa3HWK HaIIHHOCTI
BMKM &g, sika 3a3Hana JeCTPYKTHBHOTO BIUTHBY Mif

yac roxaii B, — 11e CIiBBIIHOMIEHHS MATEMATHYHOTO CITO-

IiBaHHSA 10 CepeHbOKBAIPATHYHOIO BIAXWICHHS 3aracy

(hyHKIIOHATTFHOCTI MepeXki. 3a TaKuX BU3HAYEHB, 1HICKC

JKUBYYOCTI 32 TIOKa3HUKOM HaAiHHOCTI, BpPaxOBYIOUH
[10], Gyme:

C=¢/&p - (4)

Buxonsau 31 CTpyKTypH AepeBa MoAild Ta BpaXxoBy-

F0UH 1HAEKC )XKUBYYOCTi, 3aCHOBAaHHUH Ha CIiBBiHOIICHHI

PH3HUKIB MPAMHX Ta Hempsamux 30uTkiB [10], ouinky xwu-
By4docTi BMKM MokHa po3paxyBary sK:

[ [ Fs, doje (| s (c)dpda

% =—TT, . (5)
i ” Fs, dpjg (o | B)ag (c)dBda+
B
+” F;,dpigP(G'| D =P)gg (a)dBda
B

Jge o, 3 — piBeHb AECTPYKTHBHOTO BIUIMBY i IOLIKO-
IDKEHHS eIeMEeHTIB Mepexi; (g (0l) — MIUIBHICTH PO3IIO-

JITy IMOBIPHOCTI IECTPYKTHBHOTO BILTUBY.

V siKOCTI pillleHHs 3a]a4l OLIHKY Y TAHOMY BHUIJISAI
MOXHa BUKopuctaT Meto] MonTte-Kapo, a npu moau-
(ixoBanux Bepcisix BMKM mnpu KijbKOCTi By3I1iB MEHIIE
ISITH — aITOPUTM imiTarii Bimmamy [12].

Jis oTpuMaHHSA OUTBII TOYHHX OILIHOK XKHUBYYOCTI
BMKM, HeoOXigHO YZOCKOHATIOBATH MOJENTI eCKaarlii
aBapiil. AJNBTEpHATHBHUM IIJIXOJOM € BHKOPHUCTAHHS
MPOCTHX MOJIENIEH TTOIIKOKEHHS MEPEXi, SIKi 3aCHOBaHi
Ha TIpeIICTaBICHHI Mepexi y BUrsiai rpady. B takiit mo-
CTaHOBII PO3IJISAAAIOTHCS, K MPABHJIO, TOIOJOTIYHI MO~
pymeHHss B po6otri BMKM, T006TO BUBYA€ThCA BIUIHB
YUHHUKIB Ha CTPYKTYPY MEPEXi i, BIANIOBIAHO, pO3riisa-
I0TBCSI pillieHHs peKoH}irypaii Tonosorii mepesxi. [Tpoc-
TOTa MOJIeNeH MOSICHIOETHCS] TUM, 10 BY3JIH MEpexi 1 Ka-
HaJlM Trepenadi JaHUX MEPEeXHOro rpada MOXyTb MaTH
OIIMH 3 IBOX CTaHIB — pobOoumii abo HepoOouwmii. [Ipu
IIbOMY HE BPaXOBYETHCS YaCOBHH (haKTOP MpoLeCy po3Io-
BCIOJDKEHHSI TTOIIKOKEHb 1 IEpepOo3IoiTy TOTOKiB. B Ta-
Kill MOZIeTi PO3MOBCIOIKCHHS aBapiii — xuBy4dictb BMKM
MOXKE€ XapaKTepH3yBaTHCS 3aJISKHICTIO CTYNEHS BHKO-
HAaHHS MEPEeXEI0 3aJaHuX (YHKIIOHATBHUX O0OB’S3KiB
(piBHS QYHKILIOHATBHOCTI MEPEXi) Bijl KUIBKOCTI BHajIe-
HUX BY3J1iB 200 pebep (kaHaJliB nepeaadi TaHuX).

3a0e3neyeHHs] KMBYYOCTi BHCOKOMOOLIBLHOI
KOMII'I0TepHOI Mepe:xi. Buninserscs aBa Hanpsmu pi-
IICHHS 10 3HIKEHHI0 HMOBipHOCTI BimMoBn BMKM:
MABUIEHHA HALIMHOCTI T €JIE€MEHTIB Ta IMIABUILEHHS
CTIMKOCTI JI0 JIOKJILHUX MOIIKO/UKeHb. OJHaK, 3arac
)uBydocTi BMKM Moxe OyTH HeqOCTaTHIM, MO0 Yu-
HUTH OMIp KaTacTpopiyHUM pyHHaUisM Mepexi Micis
HaHECEHHs il JIOKaJbHHUX MOIIKO/DKEHb. PyifHarii Ta-
KOr0 XapakTepy HaluacTille MOXXYTh BHHHKAaTH B
BMKM 3 BHCOKHM ITOKa3HMKOM HaJMIpPHOCTI 3a paxy-
HOK ITO3UTHBHUX 3BOPOTHHX 3aB’SI3KiB.

Amnai3 Ta orinka xuBydocti BMKM mnokasye, 1o
1o BimMoBn BMKM npu3BOIWTE JAHIIOT TOMIN, SKHHA
CKJIQ/IAETHCS 3: EKCTPEMAIIBHOTO BILIMBY Ha MEPEXKY; JIO-
KaJIbHOTO TTOIIKODKEHHSI €JIEMEHTIB MEPEeXKi; ecKamarlis
aBapiHOrO MPOIECy, IO MPU3BOAMTH N0 IHII[IFOBAHHS
BTOPMHHHX Ta KaCKaJHHX BIIMOB PEIUTH €JIEMEHTIB Me-
PexKi, Ta 3aBepIIyEThCS BIIMOBOIO MEPEXi B LIIJIOMY.
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B icHyrouHX pilleHHIX JISKATH BU3HAYCHHS HMOBI-
PHOCTI BUHUKHEHHS €KCTPEMAaJbHOTO BIUIMBY Ta KOHC-
TPYKTHBHUH aNrOpUTM, CIPSIMOBAHUI Ha ITiJBHIICHHSI
KUBYYOCTi, 00 3amoOirTé KatacTpoiuHUM SBHIIAM
pyitranii BMKM [10, 11].

IcHye BenmKa KUTBKICTh MiAXOMIB A0 BU3HAYCHHS
HMOBIPHOCTI BUHUKHEHHS €KCTPEMAJILHOTO BILIMBY, Ha-
NIPUKJIa] METOAM MPOTHO3YBAaHHS, TEOPis BUIAJKOBUX
mporieciB oo [12], sixi moOpe cede 3apeKOMEeHTyBaIH.

BinmoBigHO, TMPOMOHYEThCS HOBHHA MiIXill, SKUI
MOYKHa OIIMCATH TaKOIO MOCIIiJOBHICTIO KPOKIB.

Kpox 1. Ha nouatky mianyBanHs po6otn BMKM
BHU3HAYAIOTHCS BCI MOXKIIMBI cTparerii ta/abo QyHKII,
skl Mo>ke BukoHyBat BMKM, BH3Ha"9a€eThCSI MiHIMAITb-
HUH TOPIr HiJTICHOCTI CTPYKTYPH MEPexKi, IKHIA TO3BOJIIE
BHKOHYBATH 33a[aHy (QYHKIIIO.

Kpok 2. Bnacue, BMKM Bukonye 3anany it pyHK-
1if0, BIAMOBiMHO A0 craprerii. [1ix 9ac BUKOHAHHS Bif-
OyBa€ThCsl MOHITOPUHT CTaHy BY3JiB MEpexi, IX AiarHo-
cTHKa Ta camojiarHoctuka. HopmanbHuit pexum GyHK-
LIOHYBaHHS XapaKTEePU3YEThCS BIICYTHICTIO JIOKAJILHUX
nomkokeHs BMKM Ta iHdopmaii npo iiMoBipHi no-
LIKO/KEHHSI Y HAHOIM)KYMH MTePCIEeKTUBI.

Kpok 3. 'Y pazi BUHHKHEHHS BHYTPIIITHEOTO a00 30-
BHIITHBOTO BIUIMBY, IKHH YHEMOKIIUBITIOE, 200 YaCTKOBO
oOMexye BukoHaHHA By3i1amMu BMKM nocraBneHux 3a-
Jad, BigOyBa€eThCsI OIliHKA MOYIIMBOCTI BHKOHAHHS OCHO-
BHOI (PYHKIIIT MEpEkKEro B HIJIOMY.

ﬁMOBipHiCTL BimMoBd BMKM Mo’kHa BH3HAYUTH,
BuKopuctoBytoun [10]:

P[S]z{WS}X[Wc]X{B} ) (6)

ne {WS} — BEKTOp BpaznuBocTi ctpykrypu BMKM, sikuii

CKJIAJIA€ThCS 3 YMOBHUX WMOBIPHOCTEN BiJIMOBHM Mepeki
BHACJIIOK JIOKaJIBHUX MOMIKOMKeHb; [W,]— Matpuist so-

kanbHOT BpaziuBocTi BMKM, sika ckiiagaeThest 3 yMOBHHX
HMOBIpHOCTEH JIOKaJbHUX MolIKopkeHs BMKM mpu pis-

HUX PYHHIBHUX (paKkTOpax BIUIMBY HA MEPEXKY; {B} — Be-

KTOp 3arpo3, KW CKIIagaeThCs 3 WMOBIPHOCTEH BHHHK-
HEHHsI Ta MPOTiKaHHS PI3HUX PYHHIBHUX BILIMBIB.

Kpoxk 4. BinnosifHO /10 331aHUX HA [10YaTKOBOMY
eTani KpUTHYHHUX 3HAYCHb Ta PE3yJIbTaTiB MOHITOPUHTY
crany ctpykrypu BMKM rta crany ii By3niB, MOXYTb
MpuiMaTHCA HACTYIIHI PIIICHHS: MPOJOBXKEHHS BHKO-
HaHHS OCHOBHOI (yHkuii, miarHoctuka BMKM mono
MOJKJIMBOCTI BUKOHAHHS 1HIIOI (QyHKIIT, BIAOBIIHO 10
IyJIy cTpaTeriid, 3MiHa OCHOBHOI (pyHKIii, eBaKyarlis By-
3niB BMKM, sika 3a3Hana karacTpodiuHOi pyHHarii.

Kpox 5. Y pazi 3MiHl 0CHOBHOI (yHKIIi1, BinOyBa-
€eTbesl pekoHQirypanis By3niB BMKM, 3a HeoOXxinHOCTI,
epe0yIOBY€ETHCS CXeMa MapIIpyTH3allil TOTOKIB TaHUX,
BCTaHOBJIIOETHCS TIOPIT MIHHOCTI iHpOpMaIlii, IO peecT-
PYETBCSI.

Kpok 6. ITicnst BUKOHaHHS OCTaHHBOT (pyHKIIIT, sika
Oyna Bu3HaueHa i1t BMKM, 3riiHO anropuTMiB, sIKi 3a-
JaroTh cTpaterito ¢yakiionyBanHs BMKM, By3mu me-
PEXi MOXXYTh: TTOBEPHYTHUCS B TOUKY IOCTIHHOTO 0asy-
BaHHS, CAMO3HHIIHUTHUCS, 3HUIIUTH KPUTHYHO BaXKIUBY
iHpOpMaIlifo, sika 3HaXOAUTHCS Ha HOCIIO JJaHUX By3Ja,
SIKIIIO CTPATErist He MICTUTh 3aJ]a4i TOBEPHEHHS By3JIa.

MopenabHuii ekcrepuMeHT. Po3risHemMo onuH i3
mpuKIaniB 3ade3nedeHHs xxuBydocti BMKM 3 Bukopmuc-
TaHHSIM IiAXO0Y, SIKUI 3aIIPOIIOHOBAHO B POOOTI.

Hexait icuye nesika BMKM S | sika cknamaetbes 3
CYKYIHOCTI By31iB Sy, e N=1,2,...16 Ta xanaiis nepe-
Jladi JaHUX MK HUMH, BUKOHYE OCHOBHY (PyHKIIifO pe-
ectpaii iHpopMmarlii Ha IeBHIH TUIAHIN, SKa XapaKTepu-
3Y€ThCSI BUCOKOIO HMOBIPHICTIO BHHUKHEHHS JECTPYKTH-
BHUX siBUI B (puc. 2). [Ipu npomy By3nu BMKM Buko-
HyIOTh (YHKIII, IMOB’A3aHI 3 peecTpamieio iHpopmamii

fi, meperBopeHHsM (ctHcHeHHs M) fp, THMYacoBuM

30epirannsm fz , Ta mepemaueio fy.

o~

B

Puc. 2. ITpuxnag BMKM, sika BUKOHy€e (yHKIIiI0
peectpartii iHpopmaltii (30HIyBaHHS 3eMHOI TTOBEPXHi)

VY neskuii MoMeHT wacy tp BHHMKae pyiiHiIBHE

sBunie Bi, ske Mae BUCOKY IIBHIKICTh HOIIMPEHHS Ta
MPOTSITOM KOPOTKO Yacy focsirae By3niB BMKM (puc. 3).

Puc. 3. BruiB pyitHiBHOr0 YnHHHKA
Ha ¢yHKHIionyBaHH BMKM

162



ISSN 2522-9052

CyuacHi indopmariiitai cucremu. 2021. T. 5, Ne 2

YactuHa BY3IiB, IMiJ BIUIMBOM TaKOTO BIUIMBY,
BTPAa4yarOTh CBOIO (YHKIIOHAIBHICTE Ta IEPECTAarOTh
OyTtu vactuHOIO cTpykTypu BMKM ( S5, Sg,Sg ), TOAi K

BY3IIM S4,Sg,510,S15 OTPUMYIOTH JIOKaJbHi IOIIKO-

JDKEHHSI Ta HE MOXKYTh BUKOHYBaTH IIOTOYHY (DYHKIIiIO
peectpauii iHopmanii. Marpuiis crany By3:iB, MOXKIIH-
BOCTI BUKOHaHHS HUMHU (DyHKILIi 110pa3y OHOBIIIOETHCS,
tomy BMKM 3aBxau Mae OpeAcTaBIEHHS PO CBOKO
CTPYKTYPHY LUJIICHICTh Ta MOKJIUBICTH (DYHKLIIOHYBaHHS
3a BU3HAYEHOIO CTPATETi€lo.

[Ipunycrtumo, 4yepe3 Aesikuil 4ac, AECTPYKTUBHUI
BIUIMB B; HaOyB CBOro IiKOBOrO 3HAY€HHS, BUBIBIIY 3
JlaJly YaCTUHY BY3JIiB BUCOKOMOOUIBHHX KOMII IOTEPHUX
Mepex Ta y 1ieil yac BUHUK iHIIMI YuHHUK B, . Ouinka
YKMBYYOCTI Ta IEPEBO MOiH, pO3IIISHYTI BHUILE, € TiACTa-
BOIO IHILIIOBaTH Ieperisy crparerii (yHKLIIOHYBaHHS
BMKM.

TakuM 4YMHOM, NEPEBH3HAYAETHCS OCHOBHI (DYHK-
uisi, a By3nmu BMKM pekoH}irypyroTbcsi Ta MOYHMHAIOTH
BHKOHYyBaTH HOBY ¢yHkuito fi samicte f; (puc. 4).

2
%

BZ s

Puc. 4. Ilpuxnax pekordiryparii BMKM —
3MiHEHO crocib peectparii iHpopmarrii

Pe3ynbpraT MOIEIBHOTO EKCIIEPUMEHTY IPEICTaB-
neHi y tabn. 1.

PesynbraTy mMokasyloTh, 3a SKHMX IOPOTOBUX 3HA-
YEeHHSIX BiOyBa€eThCs NepeBU3HaYeHHs (PYHKIIH, Bimo-
BiJTHO JI0 HOBOI CTpATeTii Ta iHJIEKC JKUBYUOCTI MEPEKi 3
ypaxyBaHHAM (5).

TakuM 4YMHOM, MOJEJIBHUN E€KCIEPUMEHT JIEMOHCT-
PY€E, 1110 BUKOPHUCTAHHS 3alPOIIOHOBAHOI'O METOAY JO-
3BOJISIE  TIJBHUIMUTH  JKUBYYICTh  BHCOKOMOOUILHUX
KOMII FOTEPHUX MEpPEeX IIJIIXOM 3MiHH OCHOBHOT (DyHKIIi{
Ha MiACTaBi JAaHUX MOHITOPUHTY MpPO IECTPYKTUBHUH
BIUIMB Ha By3JU. [IpH 1[bOMY JIOKQJIbHI HOIIKOJKEHHS
BMKM y Burisiai Buxony 3 J1agy OKpeMux ii By3iiB He
CHPUYHMHSIOTh KatacTpogiuHoi pyiHauii, npo mo cBia-
YaTh TEOPETHYHA OLliHKA IMOKa3HUKA KUBYYOCTI BUCOKO-
MOOUIBHUX KOMII IOTEPHUX MEPEX.

Tabruys 1 — Pe3y1bTaTH MOAEIBHOTO €KCIIEPUMEHTY

Byson OyHKITIOHATEHA TPAEKTOPIst

S {falt} > {fslta} > {415}

%2 {falt} > {falta} > {(fg, 7)) |13}

B {fhlt) > {falt) >4 ) It}

S4 {(fa, f) 11} > {f3|t2} > {0]t5}

S5 {f4lts} > {0]ty} > {0]t5}

Sg {falt} —>1{01tz} — {0]t3}

57 {falt} = {falta} > {(fq, T3, 1) 13}

Sg {falty} > {f31t2} > {0|t5}

Sg {(f4, 7)1t} > {01 to} —> {013}

$10 {1|t1}—>{0|t2}—>{0|t3}

M) > (Tt} >4(fs, B 1t}

M2 {(f ) ) > {(fg, f) [t} >4(fa, 5, 7)) 15}

Si3 | {faltf = {falte) = {(f4, f3) [ t3)

St | {falt} > {fa 1t} = {(f4, f3) It}

$15 {1' }—){1|t2}—){0|t3}

6| {(fg, )t} = {(Fa, ) [t} > {(Fa, ) |t}
BucHoBxku

B pesynbraTi mpoBeaeHO1 poOOTH NOCTaBIICHA 1 YCIIi-
IIHO BWpIlIeHAa HAyKOBO-NIPUKJIAIHA 3aJada pO3pPOOKH
METOY, SIKUil TO3BOJISIE 3a0€3MEUYUTH JKUBYUICTh BHCO-
KOMOOUIBHI KOMIT'IOTEPHOT Mepexi, NMpH3HAYeHOT UIs
(YHKI[IOHYBaHHS B EKCTPEMaJbHHUX YMOBax 3 psaoOM
YMHHHKIB, SIKI MOXYTh UYWHUTH JIOKQJIBHIH TMOIIKO-
JOKEHHST MEPeXKIi, NIJSIXOM MEXaHi3My BU3HAYEHHsI [1OPO-
rOBHMX 3Ha4€Hb HEMOJXKJIMBOCTI BUKOHAHHSI OCHOBHOT (y-
HKIT Ta 11 3MIHH IJIs peatizallii BCiX JOCTYITHHUX CTpaTe-
il QyHKIIIOHYBaHHSAM MEpEXi MPY BU3HAUCHHI KPUTHY-
HUX 3HAYCHB IUTICHOCTI MEepexkKi Ta 3MATHOCTI ii BUKOHY-
BaTH X04a O OHY i3 JOCTYIHHX (QYHKIIIH, SIKi 33 JaF0ThCS
Ha IMOYaTKOBOMY eTami. MeTos BKIfodae B cebe OLiHKY
xuBy4ocTi BMKM B HOpMaJIbHOMY Ta €KCTpeMaIbHOMY
pexxumax (yHKIIIOHYBaHHsI, OpraHi3amiiHi 3aX0au. 30K-
pema, ZOCSITHYTO Taki pe3yabTaTu:

e cdopmynboBaHa HAyKOBO-NPUKIAJHA 33java
3a0e3neueHHs )KUBYIOCTI BHCOKOMOOITHPHOT KOMII'TOTep-
HOI Mepexi;

e OTpUMAaJa IOJAIBIINI PO3BUTOK METOJIMKA OITi-
HKH JKHUBYYOCTI KOMIT'IOTEPHHUX MEPEK B yMOBax Jie-
CTPYKTHBHOTO 30BHIIIHBOTO BIUIHBY;

e pO3po0JICHO METO/I BU3HAUYEHHS KPUTHYHUX T10-
POTiB )KUBYYOCTI MEPEXki BITHOCHO OCHOBHOI (YHKILI Ta
3MiHM OCHOBHOI (DyHKIIi, BIINOBIAHO 10 cTpaTeriii GpyH-
kuionyBaHasiM BMKM,;

e TIPOBEICHO MOJIEJbHI EKCIEPUMEHTH 3 JOCIIi-
JOKEHHSIM e()eKTUBHOCTI BHKOPHCTaHHSA PO3POOICHOTO
MeTo/1a.

3anponoHOBaHUI METO MOKE OyTH BUKOPHUCTAHMI
IpY Ha eTanax IUIAaHYBaHHS BHKOPHCTaHHS BHCOKOMO-
OUIbHUX KOMIT'IOTEPHUX MEPEX B CEpPENIOBHILI 3 BHCO-
KOO IMOBIpHICTIO A€CTPYKTHUBHUX BILJIMBIB HA €JIEMEHTH
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MepeXi IS po3poOKH CIIeIlialbHUX CTPATeTiil PyHKITiO-
HyBaHHS MEPEXi 3 METOI0 30epe)keHH s HAKOTTMICHUX J1a-
HUX, BIaCHOI TIepeiadi Ta MUTICHOCTI €JIeMEHTIB Mepexi.

VY sK0CTi MOJABIIO] TOCIITHUIIBEKOT pOOOTH 3a 1a-
HHUM HAIPSIMOM TIPOMOHYETHCS IPOBECTH EKCIIEPHUMEHTA-
JBHI TOCTIKeHHS Ha 0a3i peaJbHOTo 00JaHAHHS 3 Me-
TOIO MOIIYKY HOBUX 3aKOHOMIPHOCTEH, SIKi HEMOXKIIUBO
a0o0 BKpaii CKJIQJIHO TIepe0auynuTH BHACIIOK JAerpaaarii

amapaTHol CKJIaI0BOI Mi/T 4aCc HOPMAITBHOTO (DYHKITIOHY-
BaHHS BHCOKOMOOUTFHUX KOMII IOTEPHUX MEPEK MPOTs-
rom TpuBajoro 4dacy [13], a Takox € HEOOXiAHHM st
OUIBII TTOBHOTO PO3YMIHHS TPAEKTOPIH TLIOK CIeHap-
HOTO JIepeBa, 3aCTOCYBATH 1HIII aJTOPUTMIYHI IMiIXO.H,
TaKi sIK METOJ HeBU3HAYEHNX MHOXHUKIB Jlarpamxa npu
PO3paxyHKy MOPOTOBHUX 3HaU€Hb, KOJIU HEOOX1THO BHKO-
HyBaTH peKoH}iryparito By3mis [14].
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MeTtona oGecneyeHHs ;KUBY4eCTH BHICOKOMOOUIbHOM KOMIBbIOTEPHOIi ceTH
B. H. Tkaues, A. A. KoBanerko, I'. A. Kyuyk, f. C. Hu

AHHOTanmmus. B cratke paccMoTpeHbI 0COOEHHOCTH (YHKIMOHMPOBAHUS MOABI)KHBIX KOMITBIOTEPHBIX ceTeil Ha 6a3e Ma-
JorabapuTHBIX JICTATENBHBIX aIllapaToB (BBICOKOMOOWIBHBIE KOMIIBIOTEpHBIE ceTH). [loka3aHo, 4TO Takue CeTH, B OTIMYHE OT
CTAI[MOHAPHBIX WM MaJOMOOMIIBHBIX, OTJIMYAFOTCSI HU3KMM YPOBHEM XKMBYUYECTH HPH JIOKATBHBIX MMOBPEXICHUIX UX y3i10B. Lle-
JIbI0 CTATBH SBISIETCA pa3pabOTKa MeToa 00ecedeH s KUBYIECTH BEICOKOMOOMIFHBIX KOMITBIOTEPHBIX CeTeil B YCIOBHAX Jie-
CTPYKTHBHOTO BHEITHETO BO3JEHCTBUS, YTO MPHBOJUT K JIOKAIBHOMY Pa3pyIICHHIO y3JI0B CETH WM CBA3€H MeXIy HUMH, C HC-
TIOJTE30BaHAEM METOJIUKH OLICHKHU KUBYYECTH Ha BCEX dTarax (yHKIMOHUPOBAHUS CETH, IyTeM U3MEHEHHsS OCHOBHOH (yHKIHH
JUTSL pealTi3al[iy BCeX JOCTYIMHBIX CTpaTerii (QyHKIMOHNPOBAHUEM CETH IIPH ONPEAEICHNH KPUTHIECKUX 3HAYEHHUH [IETOCTHOCTH
CETH U CIIOCOOHOCTH €€ BBITIOJHSATE XOTs OBl 0J{HY U3 A0CTYNHBIX QyHKIMH. [loJyueHHbIe pe3yIbTaThI T03BOJISIOT: IPOJOIIKUTD
pa3BUTHE METOAMKHU OLIEHKHU JKUBYYECTH KOMIIBIOTEPHBIX CETeH B YCIOBUSAX A€CTPYKTHBHOTO BHEIIHETO BO3JICHCTBYSL; IPUMEHATh
pa3paboTaHHbIH METOI JUIsl ONpeeTIeHHs] KPUTHIECKUX ITOPOTrOB KUBYUYECTH CETH OTHOCHTENILHO OCHOBHOM (DYHKIIMH M M3MeHe-
HUsI OCHOBHOHW (DYHKIIUH, COTJIACHO CO CcTpaTerneil hyHKIMOHUPOBAHUEM BHICOKOMOOMIIBHBIX ceTell. McciaenoBanust MO3BOMISIOT
czenaTh BBIBOMBL, UTO MPEIIOKEHHBII METOJ MOKET OBITh UCTIOIB30BaH HA JTarax MPOSKTHPOBAHUS BEHICOKOMOOHMIBHBIX KOMITb-
IOTEPHBIX CETeH, XapaKTePU3YIOIIIXCS MTOBBIIIEHHON KUBYYECTHIO M CIOCOOHBIX ()YHKIIMOHHPOBATH B YCIOBHAX MHOKECTBEHHBIX
JIOKAJIBHBIX TOBPEXACHHH 03 KaTaCTPOPHIECKIX PA3PYIIUTENBHBIX TOCTIEACTBHHN ISl CTPYKTYPHI CETH.

KiawudeBrbie cjaoBa: JKUBYYECTD, KOMITBIOTEPHAS CETh; OLICHKA COCTOSHUSA, peKOH(bHpraLIMf[; PaspynIuTEIIbHOE BOS)I@F’ICTBPIC.

Method of ensuring the survivability of highly mobile computer networks
Vitalii Tkachov, Andriy Kovalenko, Heorhii Kuchuk, lana Ni

Abstract. The article discusses the features of the functioning of mobile computer networks based on small-sized aircraft
(highly mobile computer networks). It is shown that such networks, in contrast to stationary or low-mobile ones, have a low level
of survivability in case of local damage to their nodes. The purpose of the article is to develop a method for ensuring the surviv-
ability of highly mobile computer networks under conditions of destructive external influences, which leads to local destruction of
network nodes or links between them, using the method of assessing survivability at all stages of network functioning, by changing
the main function to implement all available strategies for the functioning of the network when determining the critical values of
the integrity of the network and its ability to perform at least one of the available functions. The results obtained allow: to continue
the development of theoretical research in the development of strategies for managing highly mobile computer networks in extreme
situations; to develop an applied solution to ensure the survivability of highly mobile computer networks by building multifunc-
tional or redundant structures, increasing the value of their redundancy. The studies allow us to conclude that the proposed method
can be used at the design stages of highly mobile computer networks, characterized by increased survivability and capable of
functioning in conditions of multiple local damages without catastrophic destructive consequences for the network structure.

Keywords: survivability; computer network; condition assessment; reconfiguration; destructive impact.
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