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MY KOLA NESTERENKO

COMPLEX ANALYTICAL MODELS FOR EVALUATING THE EFFICIENCY OF
TRANSPORT NETWORKS IP / MPLS

In this paper conducted evaluating of the effectiveness of networking IP / MPLS, used as a base
when deploying modern transport networks. The main requirements that apply to the technology
backbone components are: high capacity, a slight delay value message and its scalability. The
introduction of modern network technologies such as MPLS requires a sufficiently large logistical
cost for its deployment and a prior assessment of the magnitude of the effect, depending on the area
of its application. IP-networks only usage does not allow: to provide a flexible, rational distribution
of information flows; performance of standardized values of service quality parameters for
multimedia traffic; implement a fast and adaptive change of information transmission routes in the
event of overloads in the network. In order to substantiate the choice of the proposed technology, the
task of creating adequate models that allow quantifying the value of the gain over time in the
processing of messages, depending on the size of the network and taking into account the peculiarities
of the work of active network equipment with MPLS-switching and IP-routing.
To evaluate the quality of message service in packet networks, the simulation model, boolean algebra
and bit models were used. As a result, an analysis of the order and speed of packet service on the
IP/MPLS networks was performed based on the simulation model of the corporate network segment.
Also integrated analytical models were developed which take into account the peculiarities of network
protocols and the operation of the active network equipment. The resulting integrated analytical
models can be used to evaluate the effectiveness of IP/MPLS technologies depending on the
dimension and network topology.

Keywords: MPLS, routing protocols, signaling protocol, emulation of network active
elements, forwarding table, bit models.
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MINIMIZATION MEASUREMENT REQUIREMENTS FOR MAINTENANCE AND
REPAIR SPECIAL COMMUNICATION MEANS

In the article describes the approach of determining the minimum required value of probability
of a correct assessment of the measurement results for conventional algorithm arbitrary shape. Notice
that the sequence and order of measurement parameters during metrological or maintenance service
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of special communication means depends on the results of previous inspections and represented as a
conventional algorithms. Conventional algorithms is used distinguished by type (binary,
homogeneous, group) and forms (perfect, minimal, arbitrary, maximum). The flowchart algorithm
for calculating the minimum required value of correct assessment probability of checking result while
assessing technical state of the object on the conventional algorithm perfect shape is developed. The
analytical value for assessing mathematical expectation of deviation from the true value of technical
state is determined in the metrological or maintenance of special communication mean, that differ
from the known high accuracy. The example of the application of the obtained results in the
conventional algorithm determining the technical state of control subsystem operation of high power
transmitter is shown. The obtained results in the article should be used in methodics of justification
metrological characteristics of measuring instruments during the metrological examination at stages
the design and development of new special communication means, as well as for metrology and
maintenance service.

Keywords: special communication means, metrological service, maintenance, metrological
characteristics, measuring instruments.

Introduction. The technical object can be in different states during functioning, evaluated by
guantitative parameters: serviceable and faulty conditions, functional and inoperable, critical and the
limit states [1]. Evaluation of technical state of special communication means (SCM) is carried out
using measuring instruments (MI) while checking their performance, metrological service (MS) and
maintenance.

The sequence and procedures of measurement parameters during MS, maintenance SCM is
depends on the results of previous inspections and represented as conventional algorithms (CA). In
dismissing the values of the measured parameters from the norm searches for defects using regular
MI of the program which implement CA of diagnosis. The cost of MI depends on their metrological
characteristics. For example, changing the accuracy class ( Ac) universal voltmeters from 0,02 to
0,002 increases their value in 7,5 times [2], [3].

In justifying the required value of Ac using probabilistic indicators of MI — the probability of
correctly determining the technical condition SCM ( P ), mathematical expectation of average (p)

and maximum ( p,,) variations in its finding, the probability of a correct assessment of the value
measurement parameter ( p ), which used during the MS, maintenance Ml varies from 0,645 to 0,9997

[2], [3]

Analysis of recent research and publications. The choice of MI deals with a large number of
works, for example [2] - [6]. However, they don’t take into account the specifics of operation and MS
of SCM, which turn leads to the impossibility of determining the true performance of SCM and
increasing the cost of MS of SCM.

The purpose of the article is to determine the minimum required value p for the assessment
of given accuracy the technical state of SCM during their MS and maintenance whilr defects
searching by CA different types and forms.

The main material. Conventional algorithms, that are used distinguished by type (binary,
homogeneous, group) and forms (perfect F=1, minimal F=2, arbitrary F=3, maximum F=4). Type
of CA determined by the number of possible results of fulfillment check — the choice of module (m
) and the number of measured parameters at the same time (). Group algorithms used in case of
using multi-MI: for example, two- or four- channel oscilloscopes. When m =2 (normal or normal)
CA is called binary, when m > 2 (below normal, normal, more than norm or absence of signal less
than normal, normal, more than norm, etc.) - homogeneous. Homogeneous CA easily are realized at
m =3 when the nominal value of the parameter allocated to the sector on the scale MI. As higher the
value m, as lower the average number of checks K on the CA to determine the elements that failure
in SCM, from a set of possible states L, including serviceable condition [4].

The most researched binary algorithms of perfect shape [4], is quite simple and easy to use. In
known methodics of justification value Ac MI [2], [3].to calculate the mathematical expectation of
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average ( p) and maximum ( p,,) deviations in determining technical state of SCM assuming one
mistake executor in assessing value of the parameter being checked for CA any form of functional
dependences given in the tabl. 1, which overestimate the required value p and as a consequence, the
cost selected M.

Table 1 — Quantitative evaluation of deviation of determining the technical state of the object on the
conventional algorithm perfect shape (F=1)

Type of Average value Maximum value

algorithm deviation, p deviation, p,, K L P
Binary VA VK- N K loa. L « K
2 05(L+K -1)1-p)p (L-D@-p)p 09, 2 p

Homogeneous| m-1 L-1Y), \.K-1 L-1), -\ k4 . .
2 <m = const m (K—l_m—l (1 p)p K+m__1 (1 p)p |OgmL m p

m=p+l | p+1

— — K
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Define the domain of existing solutions for calculating the minimum value p in the evaluation
technical state of object by CA perfect form observance of the requirements of opportunity to realize

current maintenance SCM by aggregation method, even when an erroneous diagnosis in setting faulty
element is in the unit that was replaced (block or modules) [2] - [6]:

1. p<05;

m>2:(1-p)p" < K(mr_nlgiL—l;
m=p+1:(1- p)p“KlSKu+L_1'
2. pu <10;
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So, if the condition p<0,5 is performed, than condition p,, <1 can not check, because it
realized with greater value p, than in the first case.

3. Performance evaluation of technical state of object by the permissible time T
time of determining the technical state [4]

_Kt+t,s Kt+t

— trs

P pk '

perm - EStimated

T

where t — the average runtime checks,
t, —the average time of troubleshooting:
1

Kt+t, . |<
T<T . p>| —Us| .
perm p (T j

perm

While summarizing obtained results was developed flowchart algorithms of calculating the
minimum required value p in assessing the technical state of the object by CA perfect form (see fig.
1), where Ap — step change in value p .
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Figure 1 — The flowchart algorithms of calculating minimum required value of probability of a
correct assessment of the result of the checks for F=1

Conducted combinatorial analysis of direct calculation values p for CA arbitrary shape (F=3)
allowed to obtain analytical expressions:

o(m=2)= 1= P g L2 +i-1)p’ 0

2p i=Kmin 2I
05— p) Kz L{mi+im-1)-1)p'
M=)~y 2, m ’
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From this we obtain the calculation expressions for the estimate p for CA minimal shape
(F=2),when K .x —Kpin =1 and K, SK <K

p(m=p+1)=

D e

where | — number of states of the object after following K., inspections.
For homogeneous CA similarly obtain:

pla=1)={ @ p)pA (2 [ K 1) +

+(L- |)((H +1) T+ Tk —1)|0] }/ZH(M +)%l
From known expression [2] after the substitution I; =m—1 we obtain calculation formulas for
assessing value p for the CA maximum shape (F=4):

p(m=2)=1"2P [(1_ et + Lfﬂ ‘_.

2p 1-p = 2 |
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Consider the order of application of the obtained results of on a particular example — CA
determines the technical state control subsystem functioning of high power radio transmitter (see fig.

2) [2]. At p=0,995 by known expressions obtained p=0,188 and p,, =0,271. According to

expression (1) the mathematical expectation deviation assessing the state of object at presence no
more than one error in determining value of the parameter is:

pzzascf-pnﬂgs+149p2+1L25p3+539p4+523p5+295p6)

Initial data fig. 2: F =3; L=25; K, =2, K=544; K =8 1,=2; |,=1 . =10; I, =5;
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Figure 2 — The conditional algorithm for Figure 3 — Dependence p(p) for conditional
determining the technical state control subsystem algorithm fig. 2

functioning of radio transmitter
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From the obtained dependence p(p), shown in fig. 3, it follows that fulfill the condition p <0,5,
Is enough to use MI with the values p >0,953. Furthermore, at p >0,995 the real value p =0,07,

that on 68% less obtained by known calculation formulas, that overstate the requirement and costs of
used M1 at the MS and maintenance SCM.

Checking condition

T <Tpem at t=35min, t,; =5min, T, =30 min
confirms the correct choice as a MI the voltmeter VV7-38 with p =0,999, in this case:
544-35+5 .
T= W =25min < Tperm
The use of embedded voltmeter (p=0,96) provides the necessary time of assessing of

technical condition:

=30min.

5,44-35+5 .
T =W =30mln :Tperm'

Conclusions. 1. New calculated expressions that was obtained for quantitative assessment the
mathematical expectation of deviation is defined at MS or maintenance technical state of SCM its
true value, which differ from the known increased accuracy of results.

2. The obtained results should be used in methodics of justification metrological
characteristics of MI during the metrological examination at the design and development stages of
new SCM, as well as for MS and maintenance of existing SCM.

3. Reliability of the results confirmed by using the approbated mathematical apparatus,
justified problem setting and consolidation the results to known in some cases: reverse replacement
n=m+1, |K|=[K|=K, I, =L, m=2 when changing the shape of the CA from F4 to F1 will

lead to receiving initial expressions [2], the adequacy of which is confirmed by direct calculation.

A further task of the research is to develop methodic justification of metrological
characteristics based on the obtained mathematical dependence of MI for conducting MS or
maintenance SCM.
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€BI'EH PUXOB,
JIEB CAKOBH1Y

MIHIMI3AIIA BUMOT 10 3ACOBIB BUMIPIOBAHB JIJIS1 OBCJIYI'OBYBAHHSA
TA PEMOHTY TEXHIKHA CIIEHIAJIBHOI'O 3B’A3KY

Y crarti po3po0ieHO MiaXiJ IIOAO BHU3HAYCHHS MIHIMaJIbHO HEOOXIJHOTO 3HAYCHHS
IMOBIPHOCTI IPAaBUJIBHOI OLIHKM pe3yJbTaTy BUKOHAHHS BUMIPIOBAHb 32 YMOBHHM aJTOPUTMOM
noBimbHOI  popmu. KoHTpomb mapaMeTpiB TeXHIKM 3B’S3Ky Ta BHOIp MOTpiOHMX 3aco0iB
BUMIPIOBAJIbHOT TEXHIKM BIOYBA€TbCS MiJ 4Yac METPOJIOTIYHOTO OOCIyrOBYBaHHS, KOJIHU
BCTAHOBIIIOETHCS 11 TeXHIUHUI cTaH. BcTaHOBNIEHO, MO MOCHIJOBHICTH 1 MOPSJOK IMPOBEICHHS
BHUMIPIOBaHb IIapaMEeTPiB IpPU METPOJOTIYHOMY ab0 TEXHIYHOMY OOCIyroByBaHHI 3aco0iB
CHEIIAJIBHOTO 3B’A3KY 3aJIeXUTh BiJ pE3yJbTaTiB BHUKOHAHHS IMONEPEAHIX NEPEeBIPOK 1
NPECTABISETCS Y BUIVIAJAI YMOBHUX QITOPUTMIB. YMOBHI ajIrOPUTMHM, IO 3aCTOCOBYIOTBHCH,
pO3pi3HAIOTh 3a BuAaMu (OiHApHI, OJHOPiNHI, IpymnoBi) 1 (opmamu (HOCKOHaNa, MiHIMalbHa,
JIOBLIbHA, MaKCUMaiibHa). HOBHU3HOIO pO3pOOJIEHOTO MiAXOAY € BUKOPUCTAHHS METOMIB TEXHIYHOL
JIarHOCTUKU TPU METPOJIOTIYHOMY OOCIIyrOBYBAaHHI TEXHIKHM 3B’A3KYy. 3B'SI30K METpOJIOTii Ta
TEXHIYHOI J1arHOCTUKH MOJIATae B TOMY, 10 HMOBIPHICTb MPaBUJIbHOT OLIIHKHU PE3YJIbTaTy BUKOHAHHS
BUMIPIOBaHb BIUIMBAE HA 3HAUEHHS CEPEIHBOTO Yacy BH3HAUEHHS TEXHIYHOTO CTaHy TEXHIKH
3B’s13Ky. Po3poOneHa Oiok-cxema aiaropuTMy OOYHCICHHS MIHIMaJIbHO HEOOXITHOTO 3HAYCHHS
IMOBIPHOCTI MPABUJIbHOI OIIIHKM pe3yJbTaTy BUKOHAHHS MEPEBIPKU MPU OLIHI{ TEXHIYHOTO CTaHy
00’€KTa 3a YMOBHUM aJTOPUTMOM JOCKOHaJ0i ¢popMu. OTpUMaHi aHAJITUYHI CIIBBI1IHOIIEHHS IS
OLIIHKM MaTeMaTUYHOIO CIOIBAHHS BIJXWJIEHHS BIJl ICTUHHOTO 3HAYEHHSI TEXHIYHOI'O CTaHY
BU3HAYEHOT'0 MIPU METPOJIOTIYHOMY 200 TEXHIYHOMY 00CIyrOBYBaHHI 3aC001B CIEliaJIbHOI0 3B’ A3KY,
SK1 BIIPI3HAIOTBCS BiJ BIIOMHMX IJIBUIIEHOIO TOYHICTIO. HaBeneHO mNpHKIaa 3acTOCYBaHHS
OTPHMAaHUX PE3yJIbTATiB 32 YMOBHHM aJTOPUTMOM BHU3HAYEHHS TEXHIYHOTO CTaHy MiJICHCTEMH
yrnpaBiiHHSA (QYHKIIOHYBAaHHSM pajioniepeiaBaya BeNIMKOi MOTYXKHOcTi. OTpuMaHi pe3yiabTaTH
JIOLITBHO BUKOPUCTOBYBATHU ISl OOTPYHTYBAHHS 3aBJaHHS METPOJIOTTYHUX XapaKTEPUCTHK 3acC001B
BHUMIPIOBAJIbHOT TEXHIKH M1 Yac MPOBEAECHHS METPOJIOTIYHOT €KCIIEPTU3U Ha eTarax MpOoeKTyBaHHS,
pO3pO0JIEHHST HOBITHIX 3aCc00IB CIELIaIbHOIO 3B’S3KY, a TAKOX IX METPOJIOTIYHOTO 1 TEXHIYHOIO
00CIIyroByBaHHS.

KirouoBi cjioBa: 3aco0u crenianbHOro 3B’3KYy, METPOJIOTIYHE OOCIyroBYBaHHS, TEXHIUHE
00CIIyroByBaHHS, METPOJIOTIYHI XapaKTEPUCTUKH, 300U BUMIPIOBATILHOI TEXHIKH.
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EBI'EHUI PBIKOB,
JIEB CAKOBUY

MHUHUMM3ALIAAA TPEBOBAHHUM K CPEACTBAM W3MEPEHUW JIJISA
OBCJIYKUBAHUSA U PEMOHTA TEXHUKHA CIIENUAJIBHOMU CBsA3HU

B cratbe pa3paboTaH MOAXOA K ONPEICICHUI0 MUHUMAIBHO HEOOXOJUMOrO 3HAYCHHS
BEPOATHOCTH MPABHIILHOM OLIEHKH pe3yJbTaTa BHIMOJHEHHS U3MEPEHUI 10 YCIIOBHOMY alTOPUTMY
npou3BoibHONU (opmbl. KOHTpons mnapaMeTpoB TEXHHMKH CBSI3W U BBIOOp HYKHBIX CPEICTB
U3MEPUTENIbHON TEXHHUKH MPOUCXOAUT BO BpEMS METPOJOTHYECKOr0 OOCITYXKMBaHHS, KOIIa
YCTaHABIIMBAETCSl €€ TEXHUUYECKOE COCTOSHUE. Y CTAaHOBJICHO, UYTO MOCJIE0BATEILHOCTD U MOPSA0K
MIPOBEJICHUS U3MEPEHUN MapaMeTpOB MPHU METPOJIOTHUECKOM UM TEXHUYECKOM OOCITy>KUBAHUU T10
COCTOSHUIO CPEJACTB CHEIHabHON CBA3M 3aBHCUT OT PE3YJIbTAaTOB BBHIINOJHEHHUS MPEIbIAYIINX
MPOBEPOK M TPEACTABISETCS B BUAE YCIOBHBIX aJITOPUTMOB. YCJOBHBIE alTOPUTMbI, KOTOPHIE
NPUMEHSIOTCS, pa3juyaloT Mo BujaaM (OWHapHbIE, OIHOPOJHBIC, TPYIIOBBIE) U (dopMam
(coBepiieHHasi, MUHUMalbHAasA, IPOU3BOJIbHAS, MakcuMaibHasi). HoBuszHOW pa3paboTaHHOrO
MOJX0J[a SBIIAETCS MCIONb30BAaHHE METOJOB TEXHUYECKOM IMArHOCTUKH MPH METPOJIOTHMYECKOM
00CTyKMBAaHUU TEXHUKH CBSI3U. CBSA3b METPOJIOTMHM M TEXHUYECKOW NUArHOCTUKU 3aKII0YaeTcs B
TOM, YTO BEPOSITHOCTh MPABUJIBHOW OIICHKH pe3yJbTaTa BBHIINOJHEHHS H3MEPEHUN BIHUSET Ha
3HAaYEHHUE CPEIHEr0 BPEMEHH OIpe/IeJIeHHs] TEXHUYECKOTO0 COCTOSIHUSI TEXHUKH cBsi3u. Pa3zpaborana
0JIOK-cXeMa aJropuTMa BBIYUCICHUS MHUHHMMAJIBHO HEOOXOJUMOTO 3HAYEHHS] BEPOSITHOCTU
MPaBUJILHON OIEHKH pPE3yJibTaTa BBIMOJHEHUS MPOBEPKH IMPHU OIEHKE TEXHUYECKOT'O COCTOSHHUS
00BEKTA 10 YCITIOBHOMY IrOpUTMa COBEpIIeHHOU GopMbI. [1oTydeHbI aHAIUTUYECKHE COOTHOIIICHUS
JUIS OIICHKA MAaTeMaTHYE€CKOTO OKUJIAHUS OTKJIOHEHHS OT MCTUHHOTO 3HAYEHHS] TEXHHYECKOTO
COCTOSIHMSI OIPEACIICHHOTO TPH METPOJOTUUECKOM WM TEXHHUYECKOM OOCIYy)>KHBAaHUHM CPEJICTB
CIIELUATILHON CBSI3HM, KOTOPHIE OTIUYAIOTCS OT M3BECTHBIX MOBBIIMICHHONW TOYHOCTHIO. [IpuBeneHo
npuUMep TPUMEHEHHUS TOJYyYEHHBIX pe3yJbTaTOB Ha YCJIOBHOM aJTOPUTME OIpPEAeNCHUS
TEXHUYECKOTO COCTOSIHHSI TIOJICUCTEMBI YIpaBJiIcHUS (YHKIIMOHHPOBAHWEM pPaauoNepeaTInKa
Oonbiiol MomHocTH. IlomyueHHblE B cTaThe pe3ynbTaThl L€1€cO00pa3HO HCIOJIb30BAaTh B
METOJMKaX OOOCHOBAHUS 3aJlaHMsI METPOJOTHYECKUX XaPAKTEPUCTUK CPEICTB HU3MEPHUTEIHHOU
TEXHUKH BO BpEMs TPOBEJCHUS METPOJOTUYECKONW OSKCHEPTH3bl Ha JTamax MPOSKTUPOBAHMUS,
pa3pabOTKU HOBBIX CPEACTB CHEIUAIBHOM CBSI3U, a TaKXKe M WX METPOJIOTHYECKOTO |
TEXHUYECKOTO 00CTyKUBAHUSI.

KitoueBble cjioBa: cpeicTBa CHEHUATbHOM CBSI3UM, METPOJIOTHYECKOE OOCITyKUBaHUE,
TEXHUYECKOE OOCIy)XHBaHUE, METPOJIOTHYECKHUE XapaKTEPUCTHUKU, CPEICTBA HM3MEPHUTEIHHOM
TEXHUKH.
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Jlee MuxoJaiiopuy CakoBM4Y, KaHIUJAT TEXHIYHUX HayK, JIOLEHT, mpodecop kadenpu
TEOPETUYHUX OCHOB eKcIUTyaTamii 3aco0iB creuialbHUX 1H(pOpMaliiHO-TEeIeKOMYHIKAIHHUX
cucteM, [HCTUTYT cHemiaJbHOrO 3B’SI3Ky Ta 3axucTy iH¢opmauii HalioHaJbHOro TEXHIYHOTO
yHiBepcuTeTy Ykpainu “KuiBcbkuii momitexHiuHui iHCTUTYT iMmeHi Iropst Cikopcbkoroy», Kwuis,
VYkpaina.
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EBrennii Bukroposu4 PpIzKoB, KaHIM1aT TEXHUYECKUX HAYK, CTAPLIUKA HAYYHBIN COTPYIHUK
Hayuynoro nentpa CyxomyTHbIX BoWck, HammoHanpHas akaaemMusi CyXONYTHBIX BOWCK WMEHH
rerMmana [lerpa Caraitnaunoro, JIbBoB, YKkpauHa.

Jles HukosaeBuu CakoBHY, KaHAMJAT TEXHUYECKUX HAyK, JOLEHT, mpodeccop Kadeapbl
TEOPETHUYECKUX OCHOB JKCILTyaTaluuu CpENCTB CHenuaIbHbIX UHGOPMAIMOHHO-
TEJIEeKOMMYHUKAIIMOHHBIX CcHUCTEM, WHCTUTYT chenuanbHONM CBS3M U 3alUThl MHGOpMalUu
HanmonanbHOro TeXHUYECKOr0 yHHUBEpCUTETa YKpauHbl “KHEBCKUI NMOJUTEXHUUYECKUN HHCTUTYT
umenu Uropsa Cuxopckoro”, Kues, YkpanHa.

YK 621.396::519.873

BJIAJJUCJIAB I'OJIb,
CEPI'I THATIOK,
BAJIUM POMAHEHKO,
ITOP TMPEHKO

IEPCIIEKTUBHI HAIIPSIMU HAVYKOBHUX JOCHIIZKEHb ¥V TAJY3I
TEXHIYHOI EKCINTYATAIII CUCTEM I 3ACOBIB CIIEHIAJIBHOI'O 3B’SA3KY

[IpoBenenuii BceOIUHUI aHami3 CTaHy Ta TEHJCHIIA PO3BUTKY pPI3HOMAHITHUX CHUCTEM
CHELiaIbHOTO 3B’S3KYy. 30Kpema MpoaHanizoBaHui 3MicT Crparerii HalllOHAIBHOI Oe3neku YKpaiHu
MOMDXK “aKTyaJIbHUX 3arpo3 HalllOHaIbHIN Oe3meli” B YaCTHHI BPa3IUBOCTI IepKaBHUX 1HPOpMAIITHIX
pecypciB n0 kibeparak, BUIICH] 3arpo3u KpUTHYHINA iH(pacTpykTypi. BcTaHOBIEHO 3aKOHOMIPHOCTI
BUKOPHCTaHHS 3aCO0IB CHEMIATLHOTO 3B’S3KY, a TaKOX HPOTUPIYYS iX CYMICHOTO 3aCTOCYBaHHSI.
BusHaueHo akTyasibHI HANpsIMH HAyKOBHX JIOCHIIKEHB JUIsI YCYHEHHSI BCTAHOBJIICHHX aHTAroOHI3MIB 3
METOIO ITi/IBUIICHHSI €(PEKTUBHOCTI BHKOPUCTAHHS IIiJl 4ac TEXHIYHOI eKCILTyaTalii CHCTeM 1 3aco0iB
CHELIATIBHOTO 3B’S3KY 3a MpU3HAYEHHAM. KpiM TOro BUSIBJIEHO BiJCYTHICTB 3arajibHOTO MiIXOAY IIOJI0
BU3HAYEHHS KOMIUIEKCHOI OLIIHKH SIKOCTI ()YHKIIIOHYBaHHS CUCTEM CIIELIaIbHOIO 3B’ 3Ky SIK B LILIOMY,
TaK 1 OKpeMHX 3aco0iB CHELiaJbHOIO 3B’S3KY, a TaKOXK KOMIUIEKCHOTO TOPIBHAHHS iX 3 BIIOMHUMHU
aHajloraMy 1HO3€MHOTO BHUPOOHMIITBA; BIJICYTHICTH MOJENEH Ta METOIMK y SBHOMY BHUIJIAAL, 3a
JIOTIOMOT'0IO SIKMX MOJKHA KUTBbKICHO OI[IHUTH TEXHIYHI Ta €KOHOMIYHI MOKa3HUKHU CHUCTEM, 00 €KTIB Ta
HPOLECIB Y JIepKaBHIA CHCTEMI YpSAOBOTO 3B’SI3KY 13 3aJ]laHOI0 TOYHICTIO, IIPOBECTH BHMIPIOBAHHS
a0COJTIOTHUX 3HAY€Hb MapaMeTpiB 1 MOPIBHATH iX 3 BIANOBITHUMHU MOKa3HUKAMM IHIIMX OO’€KTIB 3
BUSIBJICHHSIM BIJIHOCHHMX TIOKa3HUKIB. [IpuBeIeHO BHM3HAYEHHS METPOJIOTIYHOTO 3a0e3leueHHsT Ta
nokazaHa il BayKJIMBICTh JUIsi 00MOBOI TOTOBHOCTI BIMCHKOBOI TEXHIKU 3B’ 3Ky Ta 3aC0O0IB CIIEIIAIEHOTO
3B’S3KY, a TAKOK CPOPMYITbOBaH1 MPOOJIEMH1 MATAHHS IIIOI0 CYYaCHOTO METPOJIOTIYHOTO 3a0e3MeUeHHS
iX HepCreKTUBHUX 3pa3KiB. Tako’K B CTAaTTI BU3HAYEHO HEJOCTATHICThH JOCIHIIKEHb B TEOpli aHaJi3y
HaJIMHOCTI TEXHIYHUX CUCTEM 31 3MIHHOIO CTPYKTYPOIO Ta pO3pOOOK MOJTY/TbHUX allapaTHUX TEXHIYHOTO
3abe3neyeHHs 1 3ac001B BUMIPIOBAJIbHOI TEXHIKU AJIs1 00CITyTOBYBaHHS 1 pEMOHTY IPOIpaMHO-KEPOBAaHUX
3aco0iB 3B’s13Ky. OOIpyHTOBaHI crierianizaliis i KIbKicTh pOOOYHX MiClb TOJIbOBUX PEMOHTHHUX OpTaHiB.
e nocsaraeTbest Ha OCHOBI BUPIIIEHHS MEPEITiKY CIEIiali30BaHUX 3aBIaHb.

KrouoBi ciioBa: 3aci0 crenianbHOTo 3B’ 13Ky, CUCTEMa CHEIIaTbHOTO 3B 3Ky, €PEKTUBHICTh
CHCTEM CIEIIaTbHOTO 3B’ 3Ky, J1arHOCTUYHE 3a0€3MeYeHHs, METPOJIOTIUHE 3a0€3eUeHHS.

IHocTanoBka nmpodjeMu. AHaJ3 CydacCHHX BUMOT JI0 CHCTEM 1 3aC0O0IB CIIEIIAIBHOTO 3B’SI3KY

IUPPOBUX CUCTEM 1 3aC00IB 3B’A3KY, BIIPOBA/KEHHS MPOrpaMHO-KEPOBaHHUX 3ac001B 3B’SI3KYy, MacoBe
BUKOPUCTAHHSI BOJIOKOHHO-ONTHYHMX JIHIN 3B’S3Ky, MOAAIbIIE YIOCKOHAJIEHHS JIarHOCTHYHOTO 1
METPOJIOTIYHOTO 3a0e3MeUeHHSI.

© B. I'onb, C. I'nariok, B. Pomanenko, 1. ['upenxo, 2017
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