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PA3PABOTKA HEHETKOW TEMMOPAJIbHOW MOJENN ANA ONNCAHNSA BAUAHAA NAPAMETPOB BHELHEW CPEflbI
HA CUCTEMbI CBAA3W CTAHJIAPTA LTE

[pearioxeHo npencTaseHne BHELLUHNX AECTABUIM3VPYIOLMX (DaKTOPOB B BULE arper»poBaHHbIX MoKa3aTened, BINSIOLMX Ha napame-
TPbI ¥ KAYECTBEHHbIE XaPaKTEPUCTVKV CUrHanoB. [1peacTaBneHa HeveTkas TeMnopanbHas MOfesb, KOTOPas ONYCkIBAET BIMSIHAE OCHOBHbIX
napameTpoB BHELUHEV Cpefbl Ha paGoTocrnocOGHOCT KOMMIEKCOB 1 cucTem cBsiau cTaHgapta LTE. [Nogo6Hoe onvicaHve thyHKLMOHN-
POBaHWS PaANOCHCTEMbI NO3BOSISET NPOrHO3UPOBATL COCTOSHNE CACTEMbI W BbIGUPATL COOTBETCTBYIOLYME YrPaBISIOLINE PELLEHUS 1S
VIYYLUEHNS! MPOTHO3YPYEMONA CUTYaLMN.

Knioueesbie cnoga: TemnopansHas Mofens; LTE; nectabunuanpyiolime akTopbl; BHELIHAS cpefa.

S. . Otrokh, V. I. Kravchenko, L. V. Dakava, M. M. Kravchuk, O. O. Krykun, 0. M. Myruta
DEVELOPMENT OF A FUZZY TEMPORAL MODEL TO DESCRIBE THE INFLUENCE OF EXTERNAL ENVIRONMENT PARAMETERS
ON THE LTE STANDARD COMMUNICATION SYSTEMS

The considered communication system is presented as a hierarchy in terms of the detail of the system in question. The described
interdependence of the parameters of systems of different levels makes it possible to consider the effect on the system as a whole of
certain changes that occur in any of the subsystems. In general, it can be said that changes in this subsystem occur due to some factors
affecting the value of the subsystem parameters, and these actions can affect any system of any level, which generally leads to changes
in the whole system. The presentation of external destabilizing factors in the form of aggregated indicators affecting the parameters and
quality characteristics of signals is proposed. As the main ones, external impacts were chosen as demaographic parameters, territorial
parameters and a generalized indicator, which includes many events affecting the system. Changes that entail the impact of external fac-
tors on the subsystem may be some actions to modernize this subnet or vice versa — the failure of any element of the subsystem. A fuzzy
temporal model is presented, which describes the influence of the main parameters of the environment on the performance of complexes
and communication systems of the LTE standard. Such a description of the functioning of the radio system allows you to predict the state
of the system and select the appropriate control solutions to improve the predicted situation. The environmental parameters and the state
of the system can describe some fuzzy situation, therefore, based on a set of factors collected over a certain observation interval of one
or several time series, it is possible to determine the most common situations and create a base of reference situations.

Keywords: temporal model; LTE; destabilizing factors; external environment. v
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I. M.TAMAHIOK,
Hep:xaBHU# yHiBEepcuTeT TeaekomMyHiKaiiit, Kuis
Bn3nayenua mex 3navyenb nomunok 1-ro i 2-ro pogy
NPpH NPHEHATTI PILUEHHA NPO (IYHKYIOHANbHWHA CTaH
CHCTEMH NIATPHMKH NPHAHATTA PIlEHb

3pilicHeHo BocnifKeHHn WoA0 WBHAKOCTI Ta NPHCKOPEHHA 3MiH 3Ha4yeHb nomunok T-ro i 2-ro pogy. BusnayeHo ix mexi
npyu NPUARATTI PileHH NPo (hYHKYIOHaNbHKA CTaH CHCTEMH NiGTPUMKN NPHAHATTA PilieHs.
Kniouogi cnoBa: cuctema nigTpUMKI NPUAHSTTS piLLeHb; NomMunkn 1-ro i 2-ro pody; GiHOMIanbHWiA po3nogin.

Bemyn

CepenmoBuilie, B IKOMY 3iHMCHIOETHCA OiAJIbHICTH
JIOAWHHN, 3MIiHIOEThbCA AemaJi mBupine. IlocTaroThb
IiJIKOM HOBi 3aBJaHHSA, a Uepes IIe BUHUKAIOTh i HOBi
CUCTEeMU IiATPUMKY MPUAHATTA piters ( CIIIIP).

Hua rToro, 1mo6 omimmTu CIIIIP crocoBHO mpm-
HeoOXiJHO 3MOIeJIOBAaTH CepefoBUIle (PYHKI[IOHY-
BaHH4 1iei CIITIP i BuKoHaTH HU3KY AOCJIiAiB i3 BU-
3HAUEHHSA YCHIIITHOCTI UM HEYCIIiIITHOCTI MPUAHATTS
pireHs.

O6uncauBIIY (PYHKIIOHAJIbHY NMOBipHiCTh mpUii-
HATTA IPaBUJIBHUX PillleHb i mopiBHABINMY ii 3 omyc-
THUMOIO HMOBipHIiCTIO, MOKHA OiHiTM BUCHOBKY, YU
OpuaaTHa CHUCTeMa, UM Hi. AJie 3 OTJIALYy Ha NMOBIip-
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HicHUII XapaKTep IIPOIlecy He BUKJIIYAETHCA XUOHUH
BUCHOBOK: IPUMHATHU PillleHHA, 110 CUCTeMa He IpU-
IaTHa, KOJIU BOHA NpUIATHA, i, HABIIaKU, PillleHH,
110 CUCTeMAa IPUAaTHA, KOJIW HAacIpaBii BOHA He IIPU-
matHa. Takoro poay mIOMUJIKYN HAa3WBAIOTh BiIITOBiIHO
nomunkoio 1-zo pody i nomunxoiro 2-z20 pody.

Ons Toro, abu NpUHHATU NPaBUJIbHE DillleHH:S
IOA0 IMPUAATHOCTI (HEempuAaTHOCTi) cCUCTeMU, Hemo-
CTAaTHBO MOPiBHATA (PYHKIiOHATBHY WMOBipHiCTEL P,
i3 momycTuMmoro iMoBipHicTIO P, a it moTpi6HO mMopa-
xyBaTu moMuaku 1-ro i 2-ro poxy [3], mopiBHABIIN
pes3yJabTaT 3 JONYCTUMUMU 3HAUEHHAMMU.

Sk 6yso sasHauewno B [1], momunku 1-ro i 2-ro pony
MiApPaxoBYyIOThH 3a JOIIOMOTOI0 (hopMyJiu GiHOMialbHO-
T'0 po3moiny, a Takos:x opmy.t Cripsinra it ITyaccona.
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ITocrae 3anuranHA: AKe 3HAUEHHA IIOMUJIOK 1-rO
i 2-To poxy momyctume?

Memoto docnidyienns € BU3SHAUEHHA BILJIUBY II0-
MUJIOK 1-70 i 2-TO poAy HA IPUHHATTA PillIeHHA IITOJ0
IPUIATHOCTI CUCTEMHU Ta BU3HAUYEHHSA MEXK JOIIYCTU-
MUX 3HAUEHb IIUX IOMUJIOK.

OcHoéHa wacmuna
IIpotiec posB’a3anusa 3aaaub y CIIIIP moxxHa 110-
JaTu AK IMOTiK BUIAAKOBUX IIOMil, 300paskeHUil HaA
puc. 1, Koau «1» BinmmoBizae ycminraomy po3s’ A3aHHIO
3amaui, a «0» — QyHKITiOHATBbHIiN BiAMOBi.

1 0 0 1

~

2 ti tL

Puc. 1. IIponec po3p’sa3anus 3asaans y CIITIP

Hexaii yHacrigok mociigoBHoro po3s’a3anusda L 3a-
Braub (L — obcar BubipKm) i3 3amanoi MHOKUHU D
OTpUMAaHO U ycmixiB (i, oTske, L — v QYHKITiOHATBHUX
BigmoB). Ha 11i#t ocHOBi 37100y TO OIIiHKY

p="Y
L
dyuKIionanabuol edpexTuBHocti CIITIP (imoBipHOCTI

yCImimHoro po3B’s3amua 3amaudi). Ila ominka, Boue-
BUOb, — BeJWYMHA BUMOagKoBa. Ha ocHoBi HasgBHOI
iHd@opmarii moTpi6HO TPUIHATH PillleHHA IPO CTaH
CUCTEeMIU.

¥ Tepminax Teopii po3pisHeHHA CTATUCTUYHUX Ti-
noTe3 114 3afaua (QOPMYJIIOETHCA TaK:

® IPUUHATH PilllIeHHA OPO IPaBUJIbHICTHE OCHOBHOL
rimoresu H,:P, > P, TOOTO IO CIIPABIKHE 3HAUEHHS
noKasHuKa (QMYHKIIOHAIbHOI e(peKTUBHOCTL 3amo-
BOJIbHAE 3amaHi BuMoru (cucremMa (GYHKI[IOHAJIBHO
mpumaTHA);

e mpoTu anbrepHaTusu H,:P, < P, — ua rinoresa
CTBEPIKYE, IO cuUcTeMa (PYHKIIIOHAJIbHOHETIPUIAT-
HAa.

BoueBunn, uepes craTUCTUYHUN XapaKTep 3amadi
Take PillleHHS B OPUHITUINL HEe MOKHA TIPUUHATH 6e3
TIOMUJIOK, AKi OyBalOTh TBOX POMiB:

e TOMMJIKa 1-TO POy — BUSHAHHSA CUCTEMU (PYHK-
IioHAJTBHO HempuaaTHoWO (rimoresa H,), Koiaum Ha-
crpaBzi cucrteMa (PyHKITIOHAJIBbHO IpuAaTHa (Timore-
3a H);

® TOMMJIKa 2-TO POy — BU3HAHHSA CUCTEMU (PYHK-
mioHaAJBbHO TpuUAaTHOIO (rimoresza H. 0), TOAl AK BOHA
(yHKITIOHATBHO HelpuaaTHa (TinmoTesa H ).

Iz morsamy Teopil IOMUJIOK AKiCTH IPUHHATOTO Pi-
IIeHHA NPUPOJHO XapaKTePU3yBaT YMOBHUMU HMO-
BipHOCTAMU ITOMUJIOK 1-T0 poxy

o=P(H,/H),
i yMOBHUMY AMOBIpHOCTAMY [3 TOMUJIOK 2-TO POLY,
B=P(H,/H,).

Ha #imoBipHicTh X mossBU HeoOXiAHO HAKJIACTU 06-
MeKeHHS
o<a, B<B,
ne o, i Ba — BiATIOBigHUI TTOPiT 3HAUEHB iMOBipHOCTI.
3azaHHA X ITOPOTiB 3aBEPIIIYE TOCTAHOBKY 3afadi.
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ImoBipHicTs 00 moMuaku 1-ro pony [2] y pasi 6yab-
AKUX faHux L, P i v BUBHAUAETHCSI BUPA30OM

1%
a=Y CfPH1-P)"™".
k=0

Omxe, BUBHAYMMO IIOPiT IpaBOpyY.

ITo6ymyemo rpadixm 3amexxHocTi o Big P, ne P, =
=P*=v/LiPa=P.

Hna migpaxyHKy OymeMo BUKOPUCTOBYBaTu (hop-
myay Excel BINOMDIST(number_s,trials,probabili
ty_s,cumulative), e

number s — KingpKicTb v ycmixiB y BumpoOGyBam-
HAX;

trials — KinpkicTs L HezameKHUX BUIPOOYBAHbD;

probability s — fimosipricTs P, ycmixy Ha KOHO-
My BUITPOOYBaHHi;

cumulative — #AKIO KyMyJATHBHE 3HAUEHHS
TRUE, To BINOMDIST mnoBepTae KyMyJATUBHY
(QYHKIIiIO PO3IIOIiTy.

Ilepire smauennsa o = 0,0107421875 orpumyemo
npu P, =v/L=0,1ir. z1. _

Haui maemo: nmpu P, = 0,5,L=10,v=110(puc. 2).
Toni mpu P, = P;, 0. = 0,623047.

1)

1.2

Puc. 2. I'padix snavens o ipu P, = 0,5, L =10,v=1,10

Hexait P, = 0,5, L = 100; v = 1,100 (puc. 3). Toxi
opu P, = P;, .= 0,539795.
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Puc. 3. I'padiix 3nauvens o npu P, = 0,5, L =100; v =1,100

Hexaii P, = 0,8, L = 100; v = 1,100 (puc. 4). Toxi
npu P, = P,, o.= 0,539839.
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Puc. 4. I'padix snavens o npu P, = 0,8, L = 100; v =1,100
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I3 rpadika, BuBemeHoro Ha puc. 4, BUILJIUBAE, IO
npu P, = P, i 3i 306inbmennasam o6cary L Bubipku o Ha-
oamxaersesa no 0,5.

OToKe, TOXOOAUMO TAKUX BUCHOBKIB:

1. IIpu P, < P, Ma€ CeHC BPaXOBYBaTH TiJbKH II0-
Muiaky 1-ro pomy, 60 CTBepAKYyBaTH, IO CUCTEMA
npaioe e)EKTUBHO HEMAE *KOJTHUX ITiZICTaB.

Bignosiguo, npu P; > P, € ceHC BPAXOBYBaTH TiJb-
KU IIOMUJIKY 2-TO POAY.

2.IIpu P; < P, MalOTh CEHC 3HAYEHHS O IOMUJIKHA
1-ro poay, III0 € MEHIITUMU, HiK 3HAUYEHHS O/, po3pa-
xoBaui mpu P, = P,.

Bigmosinuo, mpu P, > Pa MalOThb CeHC 3HAUEHHSA [3
TMOMUJIKY 2-TO POAY, 110 € MEHIIUMU aHi)K 3HAUEHHS
B, pospaxosanumu mpu P, = P,.

BusHaummo mopir JriBopyu.

3Hali1eMo opir 3HaUYeHH IOMUJIKM, KOJIU ITOMUJI-
Ka BIJINBA€ Ha NIPUNAHATTA PillleHHAd.

Vsapmu mepiny mnoxigmy o Bifg moMumiarm 1-ro
pozy, BUBHAUUMO IIBUAKICTH 3MiHU noMuiIKu. I3 rpa-
(dika, HaBeIeHOT0 Ha PUC. H, 6aUUMO, II[0 MAKCUMAJIb-
He 3HaUeHHA npunagae Ha P, = 0,8 mpu o.= 0,5.
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Puc. 5. I'pacdix mBuaKocTi 3MiHM TOMUJIKH 1-T0 poxy

Bisememo apyry moxigay o Big moMuaku 1-ro pogy
i sHalimeMo IPUCKOPEHHS 3MiHM mmoMuaKu. I'padixk,
300pasKkeHui Ha puc. 6, MoKasye, M0 MAaKCUMAaJIbHUX
(3a MomyseM) 3HauUeHb iCHY€ JBa, aje Hac I[iKaBUTH
TLIBKY Te 3BHAUEHHS, IPU AKOMY IIOMUJIKA O 1-T0 poxy
JIeKUTH Y Meskax Big Hyd 1o = 0,5. OTike, MaKCcHUMAaJb-
He 3HaveHHA mpunanac Ha P, = 0,77 npm o = 0,26.
Haii6nm:xui 10 MaKcHMAaJbHOTO 3HAUEHHS TOYKH
P,=0,76 mpu o =0,189i P, = 0,78 mpu o. = 0,345.
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| LLUSHaKiCTE 3uikM NOM KN TIPYCKOPEHKR WM NOMIIKH |

Puc. 6. I'padik npuckopeHHsa 3MiHN MOMUIKHN 1-r0 poxy

Bissrmemo TpeTio moXigHY Bi moMuJaKH 1-T0 pony i
BU3HAUKWMO MIBUAKICTH 3MiHM HNpucKopeHH:A. I3 rpa-
dika (puc. 7) 6aummo, 1[0 €KCTPEeMAaJbHIX 3HAUEHDb
icHye Tpu, aje HaC IiKaBUTh TiJIbKU Te 3HAYEHHS,
IpU AKOMY IIOMUJIKA O 1-T0 poxy mepedyBae B MeXK-
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Puc. 7. I'padix mBuaKocTi 3MiHM IPHCKOPEHHST

ax Big myaa go = 0,5. OTike, MaKcuMaabHe 3HAUEHHS
npunagae Ha P, = 0,74, ne oo = 0,087.

BiszpMemo ueTBepTy MOXimHY Bim momMuaru 1-To
poay i BUBHAYMMO ITPUCKOPEHHSA 3MiHUW IIPUCKOPEH-
Ha. 'padik, HaBegeHU Ha puc. 8, IMOKa3ye, 110 eKC-
TPEMYMiB 3HAUEHb iCHYE YOTUPU, ajie HAC I[iKaBUTH
JIUIIIE Te BHAUEHHs, IPU SKOMY IOMUJIKAa ¢, 1-To poxy
JeXKUTh Yy IPOMLKKY Bim myas go = 0,5, a Takox
P, <0,74. Orsxe MmakcUMaJbHEe 3HAYEHHA IIPUIIAAE
ma P,=0,72, ne o.= 0,034.
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Puc. 8. I'padik npuckopeHHs 3MiHN IPUCKOPEHH ST

Taxum YyMHOM, BILJINB IMOMUJKU O 1-TO POy JIiBO-
py4 moumnaeTrbea 3 P, = 0,72, ne oo = 0,034. Cepexn-
HBOro 3HaueHHs o = 0,26 momuaka 1-ro poay mocsrae
npu P, =0,77.

Bucnosox

ITpu omimioBaHHi QyHKITIOHAIBHOI e(PeKTUBHOCTL
CIIIIP € ceHc BUBHAUYATH HOTMYCTUMIi MOMUJKHU ¢ 1-TO
poxy i moMuaKu B 2-ro poay 3asesKHO Bix HeoOXimHOT
saxocti CIIIIP. IIna CIIIIP ma#iBuimoi AKocTi momyc-
TUMi IOMUJIKK MOXKYTh Bu3HauaTucsa B okoJi 0,034,
nas CIITIP cepenunoi sxocti — B okoJi 0,26.

IIpomonyeThcAa IPpU BUKOPUCTAHHI aJITOPUTMY BU-
3HaueHHA (QyHKIioHambHOTO ctany CIIIIP ypaxoBy-
BaTu c(hOopMyJIbOBAHI paHillle BUCHOBKU.

Cnucok BHKOpHCTaHOI niTepaTypu

1. lamantok 1. M. Metogu po3paxywky nomunok 1-ro i 2-ro
poAy npy MPUAHSTTI PILUEHHS NP0 (hYHKLIOHANbHWA CTaH cUCTEMM
nigTpuMKy npuiAHSTTS pituens // 38’530k, 2018. N2 4. C. 43-46.

2. Kyapnybxwii B. J]. OcHosu opraHi3auii cuctem aBTomMaTn3a-
uii yapaBninHs: Hag4. nocieHmk. Knis: HAOY, 2014. 4. 1. 172 ¢.

3. lop6ans 1. I. Teopis /ivoBipHoCTel | MaTeMaTyHa cTaTue-
TVIKa [/ HaYKOBYMX MPALiBHUKIB Ta [HXeHepiB. MoHorpacgis. Kuis,
2014. 244 c.

PenenszeHT: JOKTOP TeXH. HAYK, npodecop B. B. BumniBcskuii, [Jep;KaBHUM yHiBEPCUTET TeJIeKOMYHiKa-

miii, Kuis

3B’A130K, Ne 5, 2018

19

ISSN 2412-9070



Mpo6nemu po3BUTKY Td BAOCKOHAONIEHHS

{(CNOBO HAYKOBUA ) €AMHOI HaLIOHANIBHOI CUCTEMM 3B I3KY

U. M. [amaHiok
ONPEAENEHVE rPAHUL, 3HAYEHWIA OWIWBOK 1-70 W 2-T0 POJA NPU NPUHATUN PELUEHUS
0 OYHKUMOHANBLHOM COCTOSHUN CUCTEMbI NOAAEP)KKYN NPUHATUS PEWIEHUA
[poBefeHo vccrenoBaxne no CKOPOCTY 1 YCKOPEHUIO U3MEHEHI 3HaueHmnii owmbok 1-ro n 2-ro poga. OnpeneneHsl ux rpannLibl npy
MPVHATIAN PELLIEHNS O (hYHKLIMOHATTBHOM COCTOSHAW CUCTEMI MOAAEPXKIA NPUHSATAS PELLIEHUN.
Kniouesbie cnoBa: cuctema nopaepXKi NPUHATIAS PELLEHNI; OWWBKK 1-ro 1 2-ro pofa; 6MHOMMUANbLHOE PacrpeenieHye.

1. M. Gamaniuk
DETERMINING THE VALUE LIMITS OF TYPE | AND Il ERRORS IN THE DECISION ON THE FUNCTIONAL SUITABILITY
OR NOT SUITABILITY OF THE DECISION SUPPORT SYSTEM

The environment is changing rapidly in which human conducts its activity. New tasks arise, and as a consequence, appear new deci-
sion support systems (DSS). In order to resolve the issue of a suitable or unsuitable DSS for solving tasks, it is necessary to simulate
the environment of the DSS activity and to conduct a series of experiments to determine the success or failure of decision-making
process.

If the functional probability of making correct decisions to compare with the admissible probability, one can come to the conclusion
whether a suitable system or not. But due to the probable nature of the process, it is possible to make a false conclusion, and therefore
to decide that the system is not suitable at a time when the system is suitable and vice versa to decide that the system is suitable at
a time when it is unsuitable. These errars are called type | and Il errors.

In order to decide on the suitability of the system it is not enough to compare the functional probability with the admissible pro-
bability, but also need to calculate type | and Il errors and compare them with the admissible values. Type | and Il errors are calculated
using the binomial distribution formula or the Stirling's formula or Poisson's formula.

What values of type | and Il errors are admissible?

The article reflects the research of speed and acceleration of changes in the values of type | and Il errors and determination of their
limits.

The comparative graphs are worked out.

From the graph it is clear that when the admissible probability is equal to the functional probability and with increasing sample size,
type | error approaches 0.5.

The conclusions are drawn:

when the functional probability is less than the admissible probability it makes sense to take into account only the type | error, as it
is argued that the system works properly there is no reason. Accordingly, when the functional probability is greater than the admissible
probability it makes sense to take into account only the type Il error;

when the functional probability is less than the admissible probability has meaning only the type | error which is smaller than the
values of the type | error, calculated for the functional probability is equals the admissible probability. Accordingly, when the functional
probability is greater than the admissible probability has meaning only the type Il error which is smaller than the values of the type Il
error, calculated for the functional probability is equals the admissible probability.

From the graph, it can be seen that the maximum values of the acceleration of the change in value of the type | error fall on 0,26.
The maximum values of the acceleration of acceleration change in value of the type | error fall on 0,034.

The article concludes that the effect of the type | error begins when the functional probability equals 0.72 where the error is 0.034.
The average value of the type | error in 0,26 reaches at the functional probability at 0,77. For DSS of higher quality, admissible errors
can be determined in the region of 0.034, for DSS of average quality in the region of 0.26.

Keywords: decision support system; type | and Il errors; binomial distribution formula. ~
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