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METOAVKA OLEHKA KAYECTBA ®YHKLMOHAJIbHOW YCTOUYUBOCTU ABTOMATU3NPOBAHHOM CUCTEMbI YNIPABJIEHUS
NPEANPUATWEM C UEPAPXUYECKOW OPTAHN3ALEN CPEACTB OBECTIEYEHNS ®YHKLWNOHANILHOW YCTOUYNBOCTU

[pearioxerHas MeToAVKa N0 OLEHKE (DYHKLMOHATBHOA YCTONYMBOCTY aBTOMATU3NPOBAHHOA CCTEMbI YrPaBIIEHUS NPeanpusITIEM C
1epapxX14eCcKovi OpraHu3aLmnen cpeacTs 06ecneyeHs (hyHKUMOHabHO YCTONYMBOCTY NO3BOSISET ONPEAEUTb LIeIeco06pasHoCTb (hyHK-
LMOHAIbHO YCTOVYMBOr0 NPOEKTA BCEV CUCTEMbI MyTEM COMOCTABIEHNS 3aTPAT HA Ero OCYLLECTBIIEHNE C OXVAAEMbIM MOSTOXUTESbHBIM
aghghexTom (1o noka3aresnto cpeaHel HapaboTky 0GbeKTa [0 MOSIHOro 0TKa3a) BbISBIISITL Criabble MECTa B MEpapXNYecKy OpraHn30BaHHbIX
CpeficTBax 06ecneqeHns (hyHKUMOHaTbHOM YCTOYMBOCTY, KOTOPbIE, B CBOKD 0YEPELb, TAKXE CHXAIOT 06LLYI0 HAAEXHOCTb 00bEKTa; npa-
BUIIbHO UCMOSTb30BaTb [IONOSHUTENbHbIE PECYDChI HA [1aTbHENILLIEE 0BbILIEHNE BEPOSTHOCTY GE30TKA3HON PaboThl.

KnioueBble cnoBa: thyHKLMOHamNbHas YCTOMYMBOCTh; ABTOMATU3MPOBAHHAs CUCTEMA YNPABIEHNS NPEANPUSTAEM; BHELLHUE U BHYTPEH-
HIe AECTaBUNM3MpYIoLLIME (aKTOpbI.

V. V. Sobchuk, A. P. Musienko, O. Yu. llyin, 0. |. Matsko
METHODOLOGY FOR ASSESSING THE QUALITY OF FUNCTIONAL STABILITY OF THE AUTOMATED MANAGEMENT SYSTEM
OF THE ENTERPRISE WITH THE HIERARCHICAL ORGANIZATION OF MEANS OF ENSURING FUNCTIONAL STABILITY

When analyzing and synthesizing complex technical systems, such as automated enterprise management systems, it is advisable to
apply a hierarchical approach. Its application to providing functional stability allows us to reach a compromise between the simplicity of
describing procedures and the need to account for numerous factors that affect the functioning of an automated enterprise manage-
ment system.

The proposed methodology for evaluating the quality of functional stability of an automated enterprise management system with the
hierarchical organization of means of providing functional stability allows:

- to determine the expediency of a functionally sustainable project of the whole system by comparing the costs of its implementation
with the expected positive effect (on average of the object before the complete failure);

- to identify weaknesses in hierarchically organized means of ensuring functional stability, which, in turn, also reduce the overall
reliability of the object;

- it is right to use additional resources to further increase the probability of failure-free operation.

Keywords: functional stability; automated enterprise management system; external and internal destabilizing factors. N
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METO/} BUSHAYEHHA JOBPOTHOCTI PE3OHATOPA
HEPETYJIAPHOI JIIHII NEPEJABAHHA

Y HabnuxeHHi manux BTPAT OTPHMAHO aHaNITHYHI BHPA3H ANA BH3HAYEHHSA JOOPOTHOCTI pe30HaTopiB Ha OCHOBI Hepery-
JIAPHKK NiHil nepepaBannA. Y pesynsrarti JOCNiAMEHHS 3’ ACOBaHO, LYo 3aBAaHHA CHHTE3Y pe30oHaropa noasrac y BU3Ha4eHH|
TaKoro 3aKoHy po3noginy cymapHux BTpat B JieNEKTPHKY i NPOBIAHHKAK, a TAKOX TAKOr0 3aKOHY 3MiHH XBHJIbOBOTO ONOpY
B3J0BXK NiHii, NpH AKKK 3Ha4eHHs Jo6poTHOCTI 6yge MaKcHmanbHe.

KniouoBi cnoea: no6poTHicTb pe3oHaTopa; HeperynspHi NiHii nepeaaBaHHs; CENeKTUBHI BNaCTUBOCTI; CNEKTP YacToT; efekTpomar-
HITHE NOne; XBWIbOBWA OMip; KPYTWU3HA CXUIB.

Bemyn

PesonaTopu € HallBaXKJIUBIIIIUM €JIEMEHTOM CEJeKTHUBHUX IIPUCTPOIB, IO BU3HAUAIOTH OCHOBHI XapakTe-
PUCTUKH TeJleKOMYHiKamiiiaux cucreM. OOZHMM i3 TOJIOBHUX IIapaMeTPiB pe30HAHCHUX CHUCTeM, SIK BiZjomMo, €
IOOPOTHICTB, IO XapaKTepU3ye CeJIeKTHUBHI BJIACTUBOCTI PE30HATOPIB i BUBHAUAE KPYTU3HY CXUJIIB aMILIiTYI-
HO-UYACTOTHOI XapaKTepPUCTUKU (PLIbTPYIOUNX IPUCTPOIB, MOOYIOBAHNX HA iX OCHOBI.

Amnanis pocaimxennsa. OgTHIM i3 HAIPAMKIB DiABUINEHHS CeJIeKTUBHUX BJIACTHUBOCTEI Pe30HATOPIB € 30i/b-
IIeHHS iX JOOPOTHOCTI 3aBAAKY 3HUKEHHIO BTPAT i BUKOPUCTAHHIO JiHiN 3i 3MiHHUM 3a JOBKUHOI XBUJIbO-
BuUM omopoM (HeperyasapHux JiHii). IIpore mig uac BUKopucTaHHA HeperyaapHUX JiHil i3 BTpaTaMu BUHU-
Kae mpobJieMa 3 BUBHAUEHHSIM JOOPOTHOCTI TAaKMX PE30HATOPiB, OCKiJIbKM TOYHOT'O PO3B’A3KY TesierpadHux
PiBHAHB /IS HePeTyJAPHUX JiHiNl He icHye, € JUIlle TOYHI PO3B’A3KMU I oKpeMux Bunankis [1-3] (minia
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3 IIOCTiNHUM XBUJILOBUM OIIOPOM, 3 eKCIIOHEHIiaJbHUM XBUJIBOBUM OIIOPOM, IapaboJIiuHuii pe30HATOD, Pe3o-
HATOP HA OCHOBI JIiHii 3 rimep6oiYHUM XBUJILOBAM OIIOPOM).

Memoto docnidxenHa € 3HAXOIKEHHS aHAJIITUYHOrO BUPAa3y IJiA BU3HAUEHHA JOOPOTHOCTI HePeryJJIapHol
JiHil mepegaBaHHSA 3 JOBiIBHUM XBUJILOBUM OIIOPOM.

OcHo6éHa wacmuHa

PesyastaTtn mocaimskennd. Ilig no6poTHICTIO pe3oHaTOpPa PO3yMi€MO BiJHOIIIEHHSA 3aIllaceHOl MOTYKHOCTI
JI0 cyMapHOI moTy:KHOCTi BTpaT [4]. fIK y:Ke 3a3Hauagocs, TOOPOTHICTh € HANBAKIUBIIIION XapaKTEPUCTUKOIO
Y KOJIMBaJIbHIiN cucTeMi, IIT0 BU3HAUYAE ii ceJIeKTUBHI BJIACTUBOCTI.

¥V 3aranbHOMY BUIAAKY JOOPOTHICTH pesoHaTOpa Ha HeperyJdapHiil JIiHil BUBHaUaeThCA Uyepes ejieKTpoMar-
HiTHEe ToJTe [4]. IIpoTe 1eit MeTo I € JOCUTDH CKJIATHUI i rpoMi3AKUii. 3a f10ro JOIOMOr00 JicTaTu po3B’ 30K B
aHAJIITUYHOMY BUTJIALL BAAETHCA TiMIBKU B OKpeMux Bumagkax [2]. IIpu cuuTesi pesoHaTOPiB 3a ClIeKTpaMu
qacToT (3a PO3AijaMy Pe30HAHCHUX YACTOT) HEMAE MOTPe0U 3HAXOQUTHY IPOMisKHI XapaKTepPUCTUKU, OCKIJIbKHA
Biipasy o0UMCIIOETHCA XBUJIBOBUIL OIIip HeperyaapHoi Jinii. Tomy 3aBgaHHA BU3HAUYEeHHA JOOPOTHOCTI 3BO-
IUTHCA a00 0 PO3B’ABKY TesierpadHUX PiBHAHB 31 sMiHHUMU KoedinienTamu, a6o 10 po3B’A3KY HEJNiHIHHOTO
piBHAHHA PikKari mogo iMmnenauncy aiHii. Po3B’ 30K TaKUX PiBHAHB MOKJINBUL JIUIIIE B OKPEMUX IPUBATHUX
BUIIAAKAX, 1110 He 1a€ MOYKJINBOCTI OI[IHNUTU CeJIEKTHUBHI BJIACTHBOCTI pe30HATOPiB y MOBHOMY 00Cs3i, 30KpemMa
pPe30HATOPiB 3i CKJIAAHUM 3aKOHOM 3MiHU XBUJIHOBOTO OIIODY.

Hicranemo HabIMKeHY (GOPMYJIY I 00UMCIEHHA JOOPOTHOCTI pe30HATOPIB, B AIKUX BTPATU JOCUTH MaJli.
s iporo posrasHeMo nudepeHiaabHi PiBHAHHA HeperyJIApHUX JiHil i3 BTpaTamu [2]:

_dulx) =(pL(x)+R(x))i(x),
f_ix 1)
_d;gh(pc(x)m(x))a(x),

e E(x), i_(x) — 3o0paskeHHd 10 Jlamaacy BiATIOBiAHO HATIPYTH i cTpyMy B JiHil mepemaBanHA;

L(x), C(x), R(x), G(x) — BigmIOBiiHO IOTOHHA iHNYKTUBHICTh, IOTOHHA EMHICTDb, TOTOHHUN aKTUBHUH OIIip,
TOTOHHA aKTUBHA IPOBIAHICTH BUTOKY;

X — TOTOYHA JOBXKWHA (KOOPAMHATA);

P — KOMILJIeKCHAa YacTOTHA 3MiHHA.

SK110 BBECTU 3MiHHY

rBTp=f L(x)+ 2 o)+ |dae 2)
0

i mo3HAUYMTH Uepes

(3)

XBUJILOBUH OIIip, TO BXiAHMUH iMIIemanc JiHil

SAK BUILJINBAE 3 piBHAHD (1), 3a10BOIbHAE PiBHAHHA PikKaTi 3 KOMILIEKCHUM apryMeHTOM
2
dZBTp(TBTp) _ ZBTp(TBTp ) +W.
A(Plyry)  Worp(Tary) ™"
p BTD BTP\ “BTpD
Hnsa niniit 6e3 Brpat R(x) = G(x) = 0. ¥ Takomy pasi

X
TBszr(x)z.[w/L(x)C(x)dx. %)
ITpu nromy piBHAHHI (4) Oyze MaTH BUTJIAL ’
d(pt) W(r)
Tyt W(T) € XBUIBOBUM OIIOPOM JiHii 6e3 BTpaT; Z(T) — BXigHUI onip HeperyaApHOi JiHii.
IIpunyctumo, 110 JgiHiA Mae MaJi BTpaTu (Takoi yMOBU, AK IPaBUJIO, JOTPUMYIOTHCA HA IPAKTUILi), TOOTO

R(x) << 0L(x), G(x) << ®C(x), ne ® — yacToTa KoJauBaub. Toxi, BigmosigHo mo Bupasy (3), WBTp(‘cBTp) =W(t
i samicTh piBHAHHA (6) MOKHA PO3TIIALATH CHiBBiAHOIIIEHHA
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dZBTp(TBTp) _ Z§Tp (TBTp) + W(T
d(pt BTp) I/I[BTP(TBT]:))
ITopiBHAnbHUI aHAJI3 piBHAHB (6), (7) TOKasas, 1110

arp) =0. (7

ZBTp(‘cBTp) = Z(IBTP). 8)
Temnep uepes | MOKHA BUBHAUNTHU IeOMETPUUHY JOBXKUHY Pe30HATOPA, a Uyepes tS.BTp= TBTp(l), t.= tu(l). ®i-
3WYHA BeanduHa ¢, = T(l) BUSBHAUAETLCA AK YacC 3aTPUMKH JiHii 63 BTpaT foB:xuHu [. Bentuunna typp— IBTp(l)

XapaKTepuaye uac 3aTPUMKH JIiHii 3 BTpaTamu.

I3 HaBemeHWX BUpasiB BUMIJIMBAE, IO 3a MAaJIUX BTPAT ¢ =t +At, ne

1 jR(x)c(x);L(x)G(x) N
o) JLR)cE)

[Micnsa mporo uepes 0. = Wi, MO3HAUYKMMO eJeKTPUUHY MOBKUHY pesoHaTopa 6es BrpaT. Toxi 3 BUpasy Ajsa
pe3oHaTOpa i3 BTpaTaMu MaeMo Mt = (.. 3Bi/icK KOMILIEKCHa YacTOTa () KOJUBaHb Oy/ie TaKoI0, IO TOPiBHIOE

9)

3

o o o 1_At3

tyom L +AL, t t

3.BTD

w= :(l)’+j(l)”,

3 3

(10)

1 j‘R(x)C(x)+ L(x)G(x)

2ty JL)ch)

Yacrora ® — Ie pesOHAHCHA YacToTa pesoHaTopa 0es Brpar. HasgBHiCTh YSABHOI CKJIAL0BOI 0 3yMOBJIEHO
BTpatamMu. 3HAIOUM AiMICHY Ta YABHY YACTUHU YaCTOTU KOJIUBAHb, 3HAXOAMMO JOOPOTHICTh:

/ /

0= _ 2 . (11)

20" 1j~R(x)C(x)+L(x)G(x)dx

iy JLE)C()

3 OorJidAny Ha Te, IO IIOTOHHEe 3araCaHHdA B l'IpOBi,lIHI/IRy Ta lIieJIeKTpHI—Cy OIIMCYETHCA CHiBBilIHOIHeHHHMI/I

R(x) G(x)W x)
anp(X)=2W(x), Oy (x)= 2_( ’
TO JOOGPOTHICTH MOYKHA PO3PAXyBATH 3a TAKUM BUPAZOM:

o't,
! !
2 .[(XHP (x) dx+ J.ocﬂ(x) dx
0 0

Q=

(12)

Taxkum unzom, Bupasu (11) i (12) gaioTh 3MOT'y 3a BifoMUMU 3aKOHAMU PO3IIOAiIYy BTPAT Ta BiIOMUM XBU-
JIBOBUM OIIOPOM OOUMCJIUTHU JOOPOTHICTL pe3oHaTopa HeperyaapHoi JiHii mepegaBanuA.

OGOropopeHHs pe3yJIbTATiB MMPOBEIEHOT0 oCHim:KeHHsa. I3 ananisy Bupasis (11) i (12) Bunusae, 1o pisui
3aKOHU POBIOAiJYy BTPAT i XBUJIHOBOT'O OIIOPY B PE30HATOPi IPUBEAYTH MO PiSHUX 3HAUEHD HOTO JOOPOTHOCTI.
Tomy 3aBIaHHA CUHTE3Y Pe30HATOPA MOJATAE Y BUSHAUEHHI TAKOr0 3aKOHY PO3IIONiJy CyMapHUX BTPAT B Ji-
€JIEKTPUKY i MPOBiIHMKAX Ta TAKOro 3aKOHY 3MiHM XBUJILOBOT'O OIOPY B3AOBXK JIiHII, IpU AKUX 3HAUEHHS
ITOOPOTHOCTI Oyme MaKkcuMaJIbHE.

Hani maBegemMo BUpasu, 1[0 BU3HAYAIOTH PO3MOJiJIEHI BTPATU O/ MiKPOIOJIOCKOBUX KOHCTPYKIIH JIiHil
nepenaBauudg (puc. 1) [5].

a

Puc. 1. IlnaBHO-HEeperyasipHa MiKPOIIOJIOCKOBA JiHisA
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BrpaTu B MiKpomoJIoOCKOBi# JiHil cKIamaoThCcsa 3 BTpAT y OIPOBiAHUKY i gienekTpurky. Bupasu aas ix o6-
yucaeHHA HaBeneHO Vv [5—9]. 3okpema, opmysia A OOUUCIEHHS 3aracaHHsA o, B HPOBIAHUKY IIPOBigHOI
CMYJKKU, 1B/M, MOoKe OyTHU 3amncaHa y TAKOMY BUTJIAII:

2
w
RS32—( h)

o, =1,384 o (%j< 1, (13)
w
hW0+(hej
w
0,667—=
anp=6,1-10_5A% Wey b | [K}> 1, (14)
bl e g 444
h
ne
w, w Aw w 1. 2B
=—+—; A=1+—|1+=In—|; Rg=4 ;
h ko h h( 2y ) Bs=mikop
_ w1 _ w1 . . .
B=hupu—2——; B=2nw npu — <——; p — IUTOMUH OIIip ITOJIOCKOBOTO IIPOBiTHUKA.
h 2¢m h 2n
Brparu B fiesIeKTPUKY OIUCYIOTHCA TAKOIO 3aJIEKHICTIO!

e, ¢.—1tgd

g, -1 \/an’

ne tgd — TaHreHC KyTa JieJIeKTPUYHUX BTPAT TieJeKTPUKA.

o, =27,3 (15)

Bucnoexu
Axo sHauennsa (13) — (15) migcraButuy B (12), TOo AicTaHEeMO BUpPa3u A JOOPOTHOCTI HePeryJJapHOTO Mi-
KPOTIOJIOCKOBOTO pesoHaTopa. Tak, HaIpuKJIag, Ipu BUKopucTanHi Bupasis (13), (15) maemo

Q= l (,l)tSI _ ();Dts , (16)
2 junp(x)dx+‘[aﬂ(x)dx l 32—[‘“) !
R h € e, (x)-1tgd
0 0 2| |]1,384(x)-—=8 dx+||27,8— =& =% |dx
! Mgy o)) ! { e/ ()1 e (] o

me A, — NOBXKHUHA XBUJI y BibHOMY TpocTopi; W (x) — xBuIbOBMIA Omip Jinii Ges BTpar; €,(x) — eKBiBajenT-
Ha JlieIeKTPUYHA IPOHUKHICTD; € (X) — AieJIeKTPUYHA IPOHUKHICT.
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METO/} ONPEAENEHNS JO6POTHOCTY PE3OHATOPA HEPETYASPHON JINHUW NEPEARYY

B npu6nnxeHnn Marnbix NoTepb Mosly4eHbl aHaNMTUYECKNE BbIDaXEHWs [N1S1 ONpejeneHis J06p0THOCTY Pe30HATOPOB HA OCHOBE He-
DErynspHbIX MKW nepeaayn. B peaynsrate NccnenoBaHns YCTaHOBIEHO, YTO 38[a4a CYHTE3a Pe30HATOPA 3aK/4aeTcs B OMpeeseHum
TaKOro 3aK0Ha PacnpeneneHns CyMMapHbIX NoTEPb B ANANEKTPUKE W MPOBOAHVKAEX, & TaKXKe TaKOro 3aKOHa M3MEHEHS BOSIHOBOr0 COMpo-
TUBIEHS BAOSb JIVHAW, NPV KOTOPbIX 3HAYEHWs! J06POTHOCTY BY[ET MaKCUMArbHbIM.

KnioueBbie cnoea: 106pOTHOCTL PE30HATOPA; HEPEryNAPHbIE NMUHAV NEpeaaY; CeneKkTUBHbIE CBONCTBA; CMNEKTP YacToT, aNeKTpomar-
HUTHOE NOMe; BOMHOBOE COMPOTUBMEHUE, KPYTI3HA CKITOHOB.

0. V. Barabash, N. 0. Lishchynovska, Y. P. Boiko
THE METHOD OF QUALITY FACTOR CALCULATION OF IRREGULAR TRANSMISSION LINE RESONATOR

In the approximation of small losses obtained analytical expressions for determining the quality factor resonators based on irregular
transmission lines. The study found that the synthesis resonator task is to determine the distribution of this law the total losses in
dielectrics and conductors such law and impedance changes along the line, in which the value of merit will be maximum.

Resonators are an essential element of selective devices that determine the basic characteristics of telecommunication systems.
One of the main parameters of the resonance is known, is the quality factor characterizing selective properties of resonators deter-
mines the steepness of the slopes amplitude-frequency characteristics of filter devices built on them. One of the ways to increase selec-
tive properties resonators are increasing their quality factor by reducing losses and use of lines of varying the length of characteristic
impedance (irregular lines). However, using irregular lines loss is a problem with the definition of quality factor resonators such as the
exact solution of the telegraph equation for irregular lines there is only accurate solution for individual cases.

In the synthesis resonators for the frequency spectrum (sections resonance frequencies) there is no need to find intermediate
characteristics once defined characteristic impedance irregular lines and therefore the problem of determining quality factor is reduced
to solving telegraph equations with variable coefficients or to solve nonlinear Riccati equation regarding impedance line. Decisions above
equation is possible only in certain special cases, not to evaluate selective resonator properties to the full, particularly with complex
resonator impedance changes in the law.

Keywords: Q-factor of the resonator; irregular transmission lines; selective properties; frequency range; electromagnetic field;
wave resistance; slope steepness. ~
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