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BUBIP MNOKA3HWKIB TA KPUTEPIIO EQEKTUBHOCTI NEPEAAYI AAHUX
B TENEKOMYHIKAUIVMHIN MEPEXI ACY ABIALII TA MMNO

ITiosuwenns egpexmusnocmi nepedaui oanux 6 menekomyuixayiuniu mepesici ACY asiayii ma 11110 € akmya-
JILHOIO HAYKOBO-MEXHIUHOI0 3a0auel0, UpiueHHs AKOi 003601Uumy 3HAYHO NIOBUUMY ONEPaAMUSHICIb YDA ETIHHA
Hosimpanux Cun 36potinux Cun Yxpainu. OOHUM 3 MONCTUBUX WLIAXIE BOOCKOHANEHHS CUCMEMU Nnepedayi OaHux €
3ACMOCYBAHHA HOBUX TEXHOIO02I Ma Memo0ie YNpAaeiiHHA iHopmayiiinumu nomokamu. B pobomi posenadaromovcs
pe3yibmamu 00IpyHmMOBaH020 6UOOPY KpUmepiio ma NOKA3HUKIE eghekmueHocmi nepedadi OaHux 6 menekoMyHiKa-
YIuHIl Mepedxci, QopmMynoembca onmumizayiina 3a0a4a eubopy HallbiIb ePeKmUBHO20 Meperces020 NPOMOKOLY,
Wo 003601UMb OYIHIOBAMU eDEeKMUBHICIb 3ACMOCYBAHHS PISHOMAHIMHUX MEeXHOA02I | Memooie YIPAaeliHHA ma

00TpyHmMosano oopamu Haubinbw egheKMusHUl RPOMOKO.

Knrouosi cnosa: mepedicesuii npomokos, Kpumepiti epekmueHocmi, iHgopmayitine nOGIOOMIECHHS, Y3a2albHEeHU

HOKA3HUK eheKmueHocmi.

Bctyn

IMocTtanoBka mpo6aemu. Pedopmysanns 30poii-
Hux Cun (3C) Vkpainu nependavae BceOiuHE BUKOPHUC-
TaHHS HOBITHIX €JIEKTPOHHHX Ta iH(opMamiiHUX TeX-
HOJIOTI B Oprasi3arii 3J1aroKeHol B3aeMOJil BCiX po-
IIiB 1 BHIIB BIHCBK, IO B CBOIO YEpry BUMarae HaHCKO-
pIIIOTO BMIPOBA/PKEHHS BHCOKOIIBUAKICHUX KaHAIB
urdpoBoro 3B’s3Ky. 3B'I30K B aBTOMaTH30BaHill cUCTe-
Mi ynpasimiHHS (ACY) aBiamii Ta MpOTHIIOBITPSHOI 000-
ponu (IITO) 6a3yeThecst HA OPEHAOBAHUX KaHATaX 3B's13-
Ky mepexi JlepKkoM3B's3Ky, ONMOpPHIH Mepexi 3B'SI3KY
MinicrepcrBa OO0pOHH 1 TPU3HAYSHUHA IJIS YIIPABIIiHHS
Bilickkamu (crminamu) apiamii ta IIIIO Ta opranizamii
B3aeMosii 3 Buaamu 30poiHuMXx CHI Ta Aep)KaBHUMH
BiJOMCTBaMH. 3B'S30K 3MIHCHIOETBCS 3acO00aMH paio,
paziopeneitHoro, TpornochepHoro, CyIyTHUKOBOTO, MPO-
BIZIHOTO 3B'SI3KY, SIK 13 3aCTOCYBaHHSM 3acO0iB 3acekpe-
yeHHs1, Tak i 6e3 uux[1, 3].

ACY agiaii ta 11O 3C Ykpainu € iHTErpoBaHOIO
aBTOMATH30BAHOI0 CHCTEMOIO, sSIKa O0'€HYE B CBOEMY
CKIIaJi HA €QWHHUX OTEPATUBHO-CTPATETIYHUX 1 CHCTe-
MOTEXHIYHMX NMPUHIOMIAX aBTOMAaTHU30BaHI IiJCUCTEMH
YIpaBIiHHA PIi3HUX DIBHIB Ta (QyHKIIOHAIHLHOTO HPH3-
HaveHHs. 1i QyHKI[iOHyBaHHS OpraHi3yeThcs Ha OCHOBI
eanHOTO 1H(pOpPMAIIITHOTO cepenoBHIIa Ta iHPpOpMAaIiii-
HO-PO3paxyHKOBOTO MPOIIECY i3 3aCTOCYBAHHSAM €JIMHUX
dopm i MeToxiB ynpasminas [2].

TenexomyHikamiitaa mepexxa (TM) ACY asiarii Ta
IITO 3C VYxkpaiHn € KOMIUIEKCOM TEXHIYHUX 3ac00iB
TEJICKOMYHIKAIlii Ta Cropya, MpU3HAYSHUX Ui Mapii-
pyTHh3aiii, KoMyTallii, mepeaaBaHas Ta MPUHUMAaHHS Ja-
HUX pi3HOI mpupoau (aynio, Bifeo, TEKCTOBUX Ta T. iH.).
JlaHi MIX TIOYaTKOBUM Ta KiHIIEBUM IPHCTPOSIMU Tepe-
JTAFOTHCSI KOPOTKMMH MOBITOMIICHHSIMH — TTAKETaMH, SIKi

€ (¢opmatoBaHMMH OJIOKamMu iHQOpMaLii, CTPYKTypa
SIKUX BU3HAYCHA BIAMOBIMHUM HA0OPOM MPAaBUI — TPO-
TOKOJIOM [4].

ITpn BukopucTaHHI MakeTHOTO (POpMATYBaHHS Me-
peka MOXe MepefaBaTH OB MOBIIOMIICHHS HaIiHHO
ta edektuBHO [5]. st B3aeMomii MPUCTPOIB B TENIEKO-
MYHIKaidHI MepeXi BHKOPHCTOBYIOTBCS MEpEKeBi
HPOTOKOJIM, OOOB'A3KOBI ISl JOTPUMaHHS BciMa i
ckinanoBuMu. ToMy e(eKTHBHICTh Mepenavi JaHUX B
TM OinkoM 3aleXHuTh Bil €EKTHBHOCTI (yHKIIOHY-
BaHHS MEPEXEBOro MPOTOKONy. B 3B’s3Ky 3 UM oi-
HIOBaHHS e()eKTHBHOCTI mepenayl JaHuX (KOMaHI Ta
posnopspkers) B TM ACY asianii ta III1O 3C Ykpai-
HU JOLUTBHO TPOBOJUTHU IUIIXOM OIIHFOBaHHS e(peKTh-
BHOCTI (DYHKI[IOHYBaHHSI MEPEXKEBUX IPOTOKOJIB, BHU-
KOPUCTOBYIOUH BiAMOBIIHI IJISI HOTO MOKA3HHUKH.

AHaJi3 ocTaHHiX aocaigxensb i myoaikaunii. [Tu-
TaHHA TOOYNOBH, (PYHKI[IOHYBaHHS Ta EKCILTyaTarlil
ACY agianii ta [1ITO 3C Ykpainu qOKIagHO BUCBITIIC-
HO B jukepenax [1 — 3]. OcHOBHI 0COONUBOCTI MpoLecy
nepesadi JAaHUX B TEJICKOMYHIKalIHHUX Mepexax pis-
HOTO TIpU3Ha4YeHHs HajaHo B [4 — 7]. Illnsxu Bupimen-
Hs ONTHMI3aIliiHOl 3ama4yi BUOOPY HaWKpamoro mepe-
’KEBOTO MPOTOKOJIY J0CTiKeHo B [8 — 12].

®opMyJIIOBaHHS METH. METOI0 MPOBE/ICHOTO J0C-
nipKeHHs OyB BU3HAUYEHHHA OOTPYyHTOBaHMI BUOIp MOKa3-
HUKIB 1 KpUTepiro eeKTUBHOCTI Nepeadi JaHUX B Tele-
KkoMyHikauiitHiit Mepexi ACY asiamii Ta [1I10 3C Ykpa-
fHM Ta (QOPMYJIOBaHHS ONTHMI3aIliifHOI 3ama4ui BUOOPY
HaWOLIBII €(DEKTHBHOTO MEPEXEBOTO POTOKOITY.

Pe3ynbTaTtn gocnigxeHb

Jist ouiHKM e(eKTUBHOCTI (YHKLIOHYBaHHS Me-
PEKEBOTO MPOTOKOIY, IPUHHATO BUKOPUCTOBYBATH TaKi
mokasHuku [4 — 6]:
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- CepemHiil yac 3aTpuMKU TpH Tepenadi iHdop-
MaIllHHUX OBIIOMJICHB;

- CcepenHid Yac HaxXO/DKeHHS 1H(pOpMaLiiHuX
noigomiens (IIT) B Mmepexi;

- cepenHs 3aBaHTa)KEHICTh MEPEexi;

- cepenHs MPOAYKTHUBHICTH MEPEKi;

- HaIIAHOCTHI ITOKAa3HUKH,

- BapTiCHI NIOKa3HUKH Ta iH.

IIpu 1mpoMy OULTBOIICTE MOKAa3HUKIB
OB’ sI3aHi, aJie 3yCTPIiYaloThCsl Cepesl HUX TaKi, 1o Mpo-
TUpiYaTh Ta JONOBHIOIOTH OJWH OAHOTO. BiamoaigHo,
(GYHKIIA OIIHKK e(EeKTUBHOCTI, SKa BCTAHOBIIIOE B3a€-
MO3B’SI30K MIXK KpUTEpieM e(EeKTUBHOCTI Ta 3HAYCHHS-
MH YacTKOBHUX IOKa3HUKIB €(eKTHBHOCTI (YHKIIOHY-
BaHHA MEPEXEBOTO INPOTOKONIY, € OaraTomapaMmeTpud-
HOIO, TOMY JJIsI CIIPOIICHHS ii PO3paxyHKYy OOHpAEThCA
MiHIMaNbHO HEOOXi/JHa KiJbKICTh HENPOTUPIYHUX HAM-
OLIBII BaKJIMBHX IIOKA3HUKIB [8].

Hexaii M ={|\/|(1)7___’ I\/I(i),.__,MU)}

B3a€EMO-

MHOXXHHa

TakuxX MoKasHukiB, dimM =1, KoXHUI 3 SIKUX, B CBOIO

Yepry, BU3HAYAEThCS CYKYIHICTIO YaCTKOBUX MOKa3HHKIB!
M) :{Mf),...,M(‘),...,M(‘_)},
P (1)

dimM® =3 =11;j=11;.

BuznaunMo QyHKUito ouniHku edekTuBHOCTI (yH-
KIL[IOHYBaHHS MEPEXEBOr0 IPOTOKOJIy Ha ITiMHOKHHI
MTOKAa3HUKIB!

L= L(Mo), MO M y (2)
e My — miMHOKHHA TTOKAa3HHUKIB, KPUTHIHUX TIpU Py-
HKIioHYyBaHHI TM.

HekputuduHi NOKa3HUKHA 3 MiAMHOXKHHH My =

M\M,, OI[iHKMO 32 TOMOMOTOK0 QYHKIIIH OI[IHKH:
Lk:Lk(MO;MHK),kzl,K. 3)

Toni kpurepiem BHOOPY HAWKPAIIOTO MEPEKEBOTO
npotokory TM Oyne BHMora 10 ONTHUMI3allii ITiJMHO-
KHMHH MTOKa3HUKIB Mg, KpUTHYHUX TP (QYHKIIOHYBaHHI
Mepexi:

L(Mg) —sup, (4)
IpY 1IbOMY OLIHKM HEKPUTHYHMX IIOKa3HUKIB 3 Mj g
BM3HAYATh OOMEXEHHS BIAMOBIIHOI ONTHMI3ALIHHOT
3amaui [7-10]:
Lic (Mo; M) % R, ®)
ne R - BiIHOIIEHHS, sIKE MOXe OYTH SIK CyBOPOTO, TaK i
HECYBOPOTO ITOPSAKY Ta MPUHMaTH 3HAUYCHHS 3 MHOXH-
HUA {"2","3"," >" <"}; k =l,_K , Fx — rpann4na ori-
HKa A7 K-ro HEKpUTHYHOTO MOKa3HHUKA.

Bpaxosytoun, mo mus TM ACYVY agiamii ta ITI10
3C Ykpaiau KpUTHYHUMHU € 9acOBi TIOKa3HUKH, Ta KPiM
1[Or0 HEOOXiIHO BpaxoByBartu psi Bumor [1, 2, 4 — 6]:

- BUCOKA HaJ[IHHICTh;

- HU3bKa BapTiCTh;

- BUCOKA 3aXHIICHICTD;

- BUCOKI BHMOTH JIO TPOITYCKHOI CIPOMOYHOCTI
MEpEexi;

- BUCOKA MPOJYKTHBHICTS,

- IOCTOBIPHICTh NEpEIaHUX TaHUX;

- CTIAKICTH 10 3aBaj i T. iH.,
BU3HAYMMO MHOXXUHY M HACTYTHUM YHHOM:

M:{Ml,MZ,M3,M4}, (6)
ne M; — uac 3arpumku II1; M, — wac komyTanii ITT; M3 —
po3mip III; M, — mpomycKHa CHPOMOXHICTH IiHIH

3B’SI3KY, BUIUICHUX 11 niepenadi 111,
Posrisinemo npouiec 06poOku iHGopManiiHUX 1O~
BIIOMJICHb y TeJeKOMYHiKamiiHi# mepexi. s n-ro

iHpopManifHOTO MOBiKOMIICHHS (N :].,_N ), o 06po6-

nsietbess M-M kananoM (K) mepexi (m=1,M ) BeBenemo

OyneBy QYHKIIIO
B (n; m) _ 1 ;Hfmo kaHas m oociryrosye 11 n; @
0, B iHIIIOMY BUIAJIKY.

M, :{ %g’m}

0.
Hexaii M2 _{tn’m}’ (8)

M3 ={V,};
My = {Cn,m}

KpiMm 1poro, BU3Ha4UMMO OOMEKEHHSI Ha 4yac JI0c-
taBku II1 - T, Ta DOCTYIHY MOITyCKHY CIIPOMOKHICTB
Mepexi - Fp,.

Toxi y3arajgpHEeHHH NMOKa3HUK ePEeKTHBHOCTI - Cy-
MapHHi yac 00poOKH iH(GOPMaIifHUX TTOBIIOMJIEHb Ha
(ikcoBaHOMY YacOBOMY iHTEpBalli, MOXXHA BH3HAYUTH
HACTYITHUM YHHOM:

M N
L(Mg)="> > B(n,m)-(t{&, +t§, +Ci). ©)
m=1n=1 n,m

YacTKoBI MOKAa3HUKHU 3 MHOKUH M1, M, Ta My 3a-
JISKATh BiJ BUOOPY MEPEKEBOr0o MPOTOKOIY S, iHAKIIE
KaXy4H, X MOKHA pO3IIIAAaTH K QYHKIIT HA MHOXKHHI
MEpPEeXKEBHUX MPOTOKOIIB, IO aHANMI3YIOThcA. Tomi onTu-
Mi3aliiiHa 3aga4a BUOOpY HaiOLIbII e(eKTHBHOTO Me-
peXXeBOro MpOTOKONy MoXxe OyTh copMmyrboBaHa Ha-
CTYITHUM YHHOM:

KpuTepiii BHOOpY HalKpamoro MepexxeBoro Ipo-
tokoxy TM ACY agiarii ta I1I10 3C Ykpainu € Bumora
10710 MiHiMi3anii y3araJbHEeHOrO MOKa3HUKa e(eKTHB-
HOCTI - CyMapHOTO0 4acy oOpoOku iHpopManiiHUX MOBi-
JOMJICHB Ha (P iKCOBAaHOMY YaCOBOMY iHTEpBaIi:

L(MO,S)T>min , (10)

pu 00’ €KTUBHUX OOMEKEHHSAX, [0 HAKIAJal0ThCs Xa-
pakrepuctukamu TM, sika eKcIuTyaTyeThes:
N —_—
> B(M,n)-Cp m(S)<Fy, m=1LM.
n=1
Ta 0OOMEXKEHHSX HAKIAJCHUX TAaKTHKO-TEXHIYHUMH Xa-
pakrepuctukamu (TTX) ACY asiamii Ta IIIIO 3C

VYkpainu, 1m0 eKCIuTyaTy€eThes:

(11)
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i V,
% B(m,n)- (tFn (S) + thn (8) + ") <

m=1 Cn,m (S) (12)

<T,,n=1LN.

BucHoBKU

Takum 9MHOM, B PE3YJIBTATi JOCITIKSHHS:

1. 3nitficHeHO BHOip MOKAa3HUKIB €(PEKTHBHOCTI TIe-
penadi 1aHuX B TeJeKoMyHikawiiHii mepexi ACY asiamii
ta [1T10 3CY, B gK0OCTi SKUX 00paHO IMOKa3HUKH e(EeKTUB-
HOCTi (DYHKIIOHYBaHHS MEPEKEBOIO IIPOTOKONy - dYac
3aTPUMKH iH(OPMANiHHOTO TOBIIOMIICHHS;, Yac KOMYyTaIil
iH(opMaLiifHOrO MOBITOMIIEHHS; pO3Mip 1H(pOpPMALiHHOTO
TIOBiIOMJICHHS; TIPOITyCKHA CHPOMOXKHICTH JIHIM 3B S3KY
IUTA Tiepenadi iHhopMaifHIX TTOBiOMIICHb.

2. BusHaueHO kpuTepiii BHOOPY HAMKPAIIOTO Me-
pexxeBoro nporokony TM ACY agianii ta [IIIO 3C
VYkpaiHu B SKOCTi SIKOTO BHCTYIIA€ BIMOTa IIOIO MiHi-
Mi3allii y3arajJbHEHOTO MOKa3HUKa €()eKTUBHOCTI — Cy-
MapHOro 4acy oOpoOku iH(pOpMaLiiiHUX MOBITOMIICHb
Ha (hiKCOBAaHOMY YaCOBOMY iHTEpBai MPHU OOMEKCHHIX
Ha Yac JJOCTaBKM Ta Ha JAOCTYIIHY HPOITyCKHY CIPOMOX-
HICTh MEPEXi, HAKJIaICHUX 3TiIHO 3 XapaKTCPUCTHKAMH
TEJIEKOMYHIKAIlifHOI Mepeki Ta TaKTUKO-TeXHIYHUMHU
xapakrepuctukamu ACY.

3. CdopmynsoBaHO onTuMi3aliiiHy 3aa1a4y BHOO-
Py HaiOLIbII e(hEeKTUBHOTO MEPEKEBOTO TPOTOKOITY.
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BblBOP NMOKA3ATENEWN U KPUTEPUA QPOEKTUBHOCTU NEPEAAYN AAHHBIX
B TENEKOMMYHUKALMOHHOU CETU ACY ABUALIUU N NBO

W.B. Py6an, A.Il. [laBuko3a, B.B. Kana4osa, C.B. /lynenko

Tosvlwenue s¢pgpexmusnocmu nepedauu Oanuvie 6 menekommyHuxayuonnou cemu ACY asuayuu u [I1BO — axmyanvHas
HAYYHO-MEXHUYECKAs 3a0a4d, peuenue KOmopoi No360UM 3HAYUMENIbHO NOBbICUMb ONEPAMUSHOCb YNpasieHus BozoyuHvix
Cun Boopysicennvix Cun Yxpaunvl. OOun u3z 803MONCHbIX Nymeli COBEPUIEHCMEOBANUSA CUCTIEMbl Nepedai OaHHbIX — NpUMeHe-
HUe HOBbIX MeXHONO2UL U MemOoO08 YNpaesieHus UHPOPMAYUOHHLIMU nomokamu. B pabome paccmampusaiomces pesynvmanol
060CcH06aHH020 8b1OOPA Kpumepus U nokazameneil PHekmusHocmu nepedayu OanHvle 6 MmeleKOMMYHUKAYUOHHOU cemu, op-
MYAUPYemcs: ONMUMU3AYUOHHAS 3a0aid 8bl00PA cemeso20 NPOMOKOAA, KOMOPbIll NO360UNM OYeHUsams dhGexmusnocmsy npu-
MEHEHUsL PA3HOOOPAZHBIX MEXHOI02ULL UL MEMOO08 YNPABIeHUs. U 0O0CHOBAHHO 8blOpamyb Haubdoee hPeKmusHvlll NPOMOKOIL.

Kntouesvie cnosa: cemesoii npomoxon, Kpumepuii 3phexmusHocmu, uHPOpMayuoHHoe coobujerue, 0600UeHHbLIL NOKA3ameb
agpexmusrocmu.

CHOICE OF INDEXES AND CRITERION OF EFFICIENCY OF COMMUNICATION OF DATA
IN TELECOMMUNICATION NETWORK TO ACE OF AVIATION AND AIR DEFENCE

I.V. Ruban, A.P. Davikoza, V.V. Kalachova, S.V. Dudenko

Increase of efficiency of transmission information in a telecommunication network to ACE of aviation and air defence is a
actuall scientific and technical task the decision of which will allow considerably to promote the operationability of management
of Aircrafts of Military Powers of Ukraine. From the possible ways of perfection of the system of communication of data is appli-
cation of new technologies and methods of management informative streams. The results of the grounded choice of criterion and
indexes of efficiency of transmission are in-process examined information in a telecommunication network, the optimization task
of choice of network protocol which will allow to estimate efficiency of application of various technologies and management
methods and grounded to choose the most effective protocol is formulated.

Keywords: network protocol, criterion of efficiency, information message, generalized index of efficiency.
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