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KOMBIHOBAHUWI NPUHLIUII
JIATHOCTYBAHHATEXHIYHOI'O CTAHY CUCTEM
EJEKTPOITIOCTAYAHHA

BiHHUIbKHI HalliOHATBHUN TEXHIYHUN YHIBEPCUTET
Anomauis
3anpononosano npunyun KOMOIHO8AHO20 0iA2HOCMYBAHHA AKUU IPYHMYEMbCA HA Nepesipyi
MEXHIYHO20 CMAHY CUCMEMU eNeKmMpPONnOCMAdaHHs HPOMUCTOBOCTHI [ CIIbCbKO20 20CH00Apcmed 3a
CUSHANIOM  HQOPMAYITIHO  I3MIHHOI, HenepepeHo20 KOHMPONO pOOOMO30AMHOCMI cucmeMu 3d
y3a2anoHeHum OlaeHOCMUYHUMY RAPAMempamu ma iMo8amu.
Kiiouosi cI0Ba: cucTemMa €JIEKTPONOCTaYaHHs, KOMOiHOBaHa cucremMa

JIIarHOCTYBaHHS,CTPYKTYPHHH iH(OopMatiitHuii rpad.

Abstract

The principle of combined diagnostics is proposed, which is based on checking the technical
condition of the power supply system of industry and agriculture using a signal of information exchange,
continuous control of the system's performance according to generalized diagnostic parameters and terms.

Keywords: power supply system, combined diagnostic system, structural information graph.

Beryn

KepyBaHHsI TEXHIYHHM CTAHOM BiJIOOpakKeHO MOJICIUTIO Y BUIIISIL CTPYKTYPHOTO iH(pOpMaIiifHOro
rpad)a CHCTEeMH 3 CTOXaCTHYHUMH 3BOPOTHHUMH 3B’si3kamu. [100yIOBY cTpPYKTYpHOTO iH(pOpMaIiiHOTO
rpada 31iHCHEHO Ha OCHOBI Y3TOJIPKEHHS B3aEMOIIOB’ I3aHUX JICTEPMIHOBAHOI'O Ta CTOXAaCTUYHHMX aHAJII31B,
KOJIW OCHOBHHUM € JICTEPMIHOBaHWHU TiJXiJl, a CTOXaCTUYHUA — HOro pO3BUTKOM. B ocHOBY
JETePMiHOBAHOTO MiAXOAY MOKJIAZECHO YSBJIEHHS PO iHPOpMaLiiiHy 3MiHy CUTHAJIIB CHCTEMH KEPyBaHHS,
o BU3Ha4Yar0Th BuxigHuii edext ¢ynkuionyBanHs CEIl. Croxactuunuii miaxia Oyaye Moaens 3B°SI3Ky
CEIl 3 nanmroramu KepyBaHHs. EQEKTHBHICTH CHCTEMH OLIHIOETbCS HMOBIPHICTIO BHIIaIKOBOTO
BuxigHoro notoky CEIl — koedilieHTOM TOTOBHOCTI. 3alpoIIOHOBAHO METOJ BHU3HAUYEHHs KoedilieHTa

roroBHocTi CEII my1s koMOiHOBaHOT CHCTEMU J1iarHOCTYBaHHSI.



Pe3yabTaTu fociiaKeHHs

[Mpunnun komOiHoBaHOTO AiarHOCTyBaHHs IpyHTyeThesl Ha mepeBipui TC CEII 3a curnaisom
iHpopMaLifHOT 3MIHHOI HEMEepPEepBHOIO KOHTPOJIO POOOTO3JATHOCTI CHCTEMU 3a IHTETPajJbHUM
JiarHOCTUYHUM TapaMeTpoM Ta BiAMOBaM 1 ONTHMi3alii MpoUeCy MNOUIYKY IOIIKOMKEHb MUIIXOM
CHIJILHOTO BUKOPHCTaHHS CTATUYHUX Ta JuHaMiuHuX Xapaktepuctik CEIL. Metomomnoris fioro nodynoBu
IPYHTYETHCS Ha y3TOHKEHHI MPUYUHHO-HACIIAKOBOTO JETEPMiHOBAHOTO MiAXOAY 3 HOrO CTOXaCTHYHHM
PO3BUTKOM, TOOTO Ha CTPYKTypHO-iH(pOpMalliiiHiii Teopii HaniitHocri [9,10].

B nmaniit cucremi MeTOI0 KepyaHHS € MiATPUMKa eKCIUTyaTaliiHuX moka3HUKiB PM Ha 3aganomy
piBHi mpotsarom BusHaueHoro yacy. Jus CEIl B sKocTi iHTerpaqpHHX €KCIUTyaTalliiHMX MOKa3HUKIiB

BUKOPUCTOBYIOTh
a(t) ={Kpr,Kpp,Krg,Kor} . (1)
ne K — koedirient roroBrocri;
Kp — xoedimient npocroro;
KTB — KOC(IIIEHT TEXHIYHOTO BUKOPUCTAHHS;

K or — xoedimient onepaTiBHOi rOTOBHOCTI.

Jo uucia napameTpiB 30BHIIIHBOTO cepeaoBuiia L(t) BimHOCATh MacuB noBiakoBoi 6aszu CEII Ta
TEXHIKO-€KOHOMIUHI TIOKa3HWKH, TOKa3HUKH IisUTBHOCTI Ciry:kOm ekcruryaTtanii Tta pemonty CEIIL,
XapaKTePUCTUKU Ta MapamMeTpyd PEMOHTHOI 0a3W, MepcoHaly, TeXHIYHOIO OCHAIICHHS ONEPaTUBHHUX Ta
PEMOHTHUX OpHraj, 00JIiK HassBHUX MaTepiaiB, 3allaCHUX YaCTUH Ta KOMILICKTYHOUUX MPUCTPOIB, JIaHi PO
KIIIMaTU4HI YMOBH eKcrutyaTamnii PM Ta iHmi.

Ha puc.2 300paxkeno rpad kepyanus TC CEIL Ilepmmii nuisx rpada BigoOpaxkae HOpMaIbHI
ymoBH ekcrutyatanii CEIN. [Ipyruii — kepyBaHHsI 32 TEXHIYHAM CTAaHOM 1 HAPOOITKOM Ha BiIMOBY; TpETiid

— KepyBaHHS 3a BimMoBaMu. J[s mpuKiany, po3riisiHeMo Jpyruil nuisx rpada. Bitka 1-2 BimoOpaxae

nozito O ;> HETIEPEPBHOTO KOHTPOJIIO TEXHIYHOTO CTaHy 3a BAOPAHMM JiarHOCTHYHMM IapameTpoM. B pasi
BTpaTH poOGOTO3/IATHOCTI 3’ ABJIAEThCA iHdopMartiiinuii curran Q o » IOJIist HOTo Tiepeiaui B KepyBallbHUN

HEHTP BiAOOPaKAETHCS SIK 023. Ha ocHoBi orpumaHoi iH(dopmarlii B KepyBaIbHOMY IIEHTpi (BY301 3)
BUPOOJIAETHCS KepyBajbHA i (HANpaBIEHHs ONEPAaTUBHO-BHUI3MHOI OpWraay Ha MiJCTaHINIO BiJ SKOI

)KuBUTHCS PM), sika € moJtiero 0 37 - Y By3Jli 2 BiiOyBa€ThCs MEPEBipKa OTpuManoi inpopmallii — nosis 02 2
(curnan 9 1)+ 1Ko indopmarist 10CTOBIpHA, TO BiOYBAETHCS IPOLEC MOLIYKY MOIKO/KEHUX €IIEMEHTIB,
nepeBipka TC anpiopHO BU3HAYCHHX JETPATYIOUNX €IIEMEHTIB, JIOKAi3yBaHHS TOIIKOKCHUX SIIEMEHTIB
Ta BMUKaHHS PE3EpPBY, IO € TOJIIEI0 Ozr 4 (curnan GH 1 ) . Skmio omepaTUBHO-BUI3HA Opuraza 37aTHA
camMa BIJHOBUTH IIOLIKOMKEHHS, TO II€ € IOIICI0 045. Axmo HI — TO mepemaeTbes iH(oOpMAaIlis B

KEePYBUILHUIA TEHTP — TOJis 056’ SKUW TPUAMaE PillleHHs] — MOJis ()64 PO BIJIHOBJICHHSI CHCTEMH

PEMOHTHOIO OpUTazoIo.



s BusHaueHHs yMoOB pobOoro3gatHocTi enemeHTiB CEIl  BHKOpHUCTOBYBAIKCH

JIarHOCTHYHI MOJCIIi THITY

V=AX;A=A,=Q, )

e Y, ? - BEKTOPH BiJIITOBITHO BXiIHOI 1 BUX1THOI BEJTUIHHH;
A, Ao — omepaTopu, IO XapaKTepU3yIOTh pOOOTO3ATHICTE CUCTEMH Ta HOPMY.
Ha cranii nokanizyBaHHS MOMIKOIKEHb KPIM TEXHIYHUX 3aC00iB BUKOPHCTO-
BYIOTBCS €BpUCTHYHI MeToau OmiHKu TC.
Bsaemonito oneparopa 3 00’€KTOM MOXKHA BiJ0Opa3uTH B TaKii MociiioBHOCTI. OnepaTop
30upae iHpopMaIlito B MOPSIIKY 3HWKEHHS 11 HAIXOPKSHHS

() = tlzP (v, )%

LV

X Z Py]_,...yK (yyog 2 Py]_, Yk (Y)_z Py]_, YR (Y)Zog 2 P71,...yK_1 (Y) (3)
y

Hakomuaye 11ro iH(opMaIlito y BilMTOBIAHOCTI 3 PiBHAHHSIM

o) PO 1) .
D 30 S (7)) SR O
y
Buxopucrosye ii s Bubopy 1ii y BiIMOBIAHOCTI 3 BUpa3OM
P, ., ly=d)=1-3 Q

Jie y — JiarHos;
K — K-Mi{ 32 4eproro CupuiHATTS 00pa3 — HOCI# AiarHOCTHYHOT iH(opMalrii;
Yx — PE3YNbTAT MOPIBHAHHS K-T'O HOCis iHpopMarlii 3 eTaioHoM Y, =0 — HOCi# crliBrIajia€ 3 €TaioHOM;
Y« =1 — MIPOTUIICKHUIA pe3yIbTaT;

t« — 4ac OTpUMaHHSA OIepaToOpPOM K-TO HOCIs iHpopMarii,

P (’y K) - HMOBIPHICTh CHIPUHHSATTS OTIEPATOPOM K-TO HOCIS iH(OpMarlii;
Y1 Tk-1

P (y) - pO3MO/iN HMOBIPHOCTEH MOXKIIMBHX JIIarHO3IB MICIsl CIPUIHATTS ONEpaTopoM K-
Y1V

HOCIiB iHpOpMaLii;

P (YK) - HMOBIPHICTB, SIKa XapaKTEePU3ye AOCBiJ omeparopa Mo BUIyYeHHIO iHpopmaii
YY1 Tx-1

3 K-T'0 HOCIs;
d - Mipa pu3uKy omeparopa y BUOOpi aiarHo3y B pasi HecTaui iHdopmaii.

[Iporec moIyKy MHOIMIKOMKEHb MOXKE OYTH BiIoOpakeHUH sIK 00’ €IHaHHS



pe3yibTaTIB MOIIYKY AWUCTAHIIHHUMHU METOJaMHU Y1, TOMOrpadiYHUM METOJOM Y2 Ta METOIOM
MOCITIIOBHOTO JIIJICHHS MEPEXi y3, TOOTO

y = yluyZ UY3 (6)

OCKiUTPKA B OCHOBI JIETEPMIHOBAHOTO TMIAXOMYy JIKHUTHh YSBIEHHS NMpO iHpOpMAIiiiHy

3MiHHY, IO BU3HA4ae BUXimHWUN edekT ¢yHKIioHyBaHHS PM, a Takoxx 3B’s3aHMX 3 HAM CHTHAJIB

KepyBaHHS HEIO, TO ICHY€ MOXJIMBICTh yYCTAaHOBHTH B3a€MO3B’SI30K BCIX YACTHH EJIEKTPOTEXHIYHOTO

KOMIUIEKCY, KM CKIIaaeThCs 13 00’ €KTa 1 JIAHITIOTIB KEPYBaHHS, B 3aTlIbHAHN alTOpUTM (DYHKITIOHYBaHHS

i BpaxyBaTH iX BIIIMB Ha KiHIIeBUI BUXifHUI edekT cucTemu. Ko 3a1aHa MHOKHHA cTaHiB () = {QX }
, TIOJIIH 0= {Oij } i nuraxu kepyBanHs TC CEIl € He3ane:KHUMM TOJiSMHU, TO BUXIJHHH MOTIK MOXXHA

BHU3HAYUTHU SAK

0

BUX

U 8ij9ij, 1=1,2,3 )

i#]

a IMOBIPHICTh BUXiJTHOTO TMOTOKY
P(ean):iP(eij)' P(ﬁij /eij)' (8)
i=1

Hns  mpencraBieHHS  PiBHAHHS B PO3TOPHYTOMY BHIJISIAI TIPOBEJEMO aHaji3

iH(pOpMaLliHHIX TTOTOKIB.
Opix =015 +025 + 035
0.5 = 0y =00, (9)
Je GC - CHTHAJI CHCTeMH (Hampyra JpKepesa )KUBICHHS MEPEexi);
QB R QM - BIJIMOBITHO pOOOTO3IaTHHUI CTaH BUMHKA4a 1 MEPEKI.

Jus indopmarniiinoi 3MiHHOT 9 o CUPaBeUINBE PIBHSIHHS
0, (1—905 23031012)= Q200;,0\. (10)

e Q o CTaH, KOJIM 3BOPOTHIM CTOXaCTHYHWH 3B’530K 21 mparfroe i HACTyMae Mmoais nepeaadi
iH(dopMarllii mpo HeoOXiAHICTh BiqHOBIEH PM;

Qa - CTaH, KOJM 3BOPOTHUH CTOXAaCTUYHUH 3B’ 530K 21 HE mpalioe;
I — nocroBipHa iHdopMmaIIis.

HKIIIO BUKOHYIOTHCA YMOBHU:

Q00,0 =T, Qo0 =T: Q0O + Q00,04 =1,

TO BXIJTHUH MOTIK iH(OpMaIii epesaeTbes 6e3 BTpaT, a TOMY

0, =000,,0, a



Ie Qp - CTaH, KOJIHM 3BOPOTHUH 3B’s130K 5-6-4 He mparrtoe;

TOMl

0 =g_20§p@12622'82'464501\4; (12)

Amnanoriuno B pa3i kepyBanHs TC 3a BiiMOBaMU (CIIPAIlIOBaHHS PEJICHHOTO 3aXKCTY).
O O
O35 = €Q2:€210,;077,074048,,, (13)

Ie Q3 ) Q 3 - CTaHH, KOJIA PEICHHMI 3aXKCT BiJIIOBITHO MPAIIIOE i HE MPAIIIOE;
’

'Oy . . .
Q ,Q p - CTaHHu, KOJIM 3BOPOTHHH 3B’5130K 5-10-9 BiAMOBINHO NPALIOE i HE MPALIIOE.

p

Puc.1 CtpykrypHo-indopmarniiinuii rpag CEII 3 naHiroraMu kepyBaHHsI.

BpaxoByroun piBHSIHHS OTPEMAEMO
O 0O O O
0, -0.2, (Q, +00,0,0,0,,05+ Q' 10,0,0,:05) s
Buxozsuu i3 piBHSIHHS HMOBIPHICTb BUXiJHOT'O CUTHATY KOMIUIEKCY BU3HAUYUMO SIK

PO J=P(O,) P2, )~
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(14)

KombinoBaHa cuctema AiarHOCTyBaHHS MPOINOHY€E 3HWKEHHs iHTeHcuBHOCTI BigmoB CEII 3a
PaxyHOK MiIBHILEHHS iHTEHCUBHOCTI KOHTPOJIIO IUIIXOM HETIEPEPBHOT0 KOHTPOJIIO 13011111 a3 Mepexki
BiTHOCHO 3eMJIi 1 B pa3i 3HIKEHHS HOT0 10 KPUTUYHOT BEIMYMHM MIEPEXOJUTH B PEKUM JIOKATi3yBaHHS.
Ile mae MOXJIMBICTh ONKCYBaTH CHCTEMY IYaCOHIBCHKOIO TEUIEHD INMPHU JOBIIBHUX 3aKOHAX BiJIMOB,
KOHTPOJITIO, PEMOHTY. MOXJIMBICTh TaKOTO TPEACTABICHHS JJIsi HEPE3ePBOBAHUX CHCTEM 3 MHUTTEBUM
KOHTPOJIEM Ta BiJHOBJICHHSM Bif3Haudanach B [11,12]. Huxde npomoHyeThCsl METON , IKH 0a3y€eThCsI HA
BUKOPHUCTaHHI IyacOHIBCBKOTO IIOTOKY Ta PO3BHHYTHH AJIsi PE3€PBOBAHOI CHCTEMH 3 [OBLIBHUM

XapaKTepOM BiJHOBJICHHS Ta KOHTPOJIO.

Bynemo posrisaatid PM sk Mosieib, o ckaagaethes i3 N J] AUISHOK IIiHI{, K1 MOKHA BUIUTUTH
KOMYTAI[IHHUMU anapaTtaMu, 3’€JHaHUX TOCTI0BHO B TUIaHi HamiiHOCTI. KokHa i-a IijsHKa € B30I 3
| —xparnum pesepHuM 3’eqmanHsM enementiB k-ro tumy. II[impHicTH HMOBipHOCTEH BiIMOBH
enemenTa i-ro tumy — fi(t), iIHTEHCHBHICTD BiIMOB — 7\,1 (t) , IHTEHCUBHICTh KOHTpOI0 W(t), IMUTBEHICT

IMOBIPHOCTI KOHTPOJIIO Z(t).

3acTocyBaHHS MyaCOHIBCHKHX YSBIIEHb 3yMOBIIIOE€ BUKOHAHHS TaKOI YMOBH
H
T << TP, (15)

H .o
AKka 060B’A3K0BO BUKOHyeThes mist PM, ne T — cepenwiii yac mepeGyBaHHs cucTeMH B
HEPOOOTO3IaTHOMY CTaHi;

TP — B po0OOTO3/1aTHOMY.

Bpaxosyroun te, mo T, =T" +TP ta ywmoBy, MoxHa BBaxard, IO

T, >> Me(Te) X ’CENH) , TOAI

KombinoBana cucrema nepeabavae npodilakTH4HI 3aMiHU By3ja 3 YaCTKOBO IOLIKOJKEHUM
pe3epBOM i-TO By3Ja, TOMY Hajalli Oy/eMO pO3pi3HATH KOHTPOJIbOBAHI BiIMOBH, TOOTO TakKi, Ki MOKHA
YCYHYTH NUISIXOM MNpO(MIJaKTUYHUX 3aMiH 1 HEKOHTPOJbOBaHi, Ha fKi pearye peJIeHHUH 3aXHCT.
BpaxoByrouu Te, 110 B IIMX BHUIAJKaX CUCTEMa 3HAXOAUTHCS B BUMKHEHOMY cTaHi, Kr mo (2.45) moxe

OyTH mpencTaBlIeHUH PiBHIHHAM



1 DN . . . .

Kp =1 3 ML TOM(E) + My (TOM(E0
e i=1

ne M; (Te) — CepeHE YUCIIo NPO(ITAKTHYHHUX 3aMiH I-T0 By3Ia;

MIHK (Te) — CEpEeJIHE YKCIIO TIOBHUX BiJIMOB 1-TO By3Ja;

i . . .
M(tK) — MAaT€MaTU4YHEC OU1IKYBaHHS TPHUBAJIOCT1I KOHTPOJIbOBAHOTO IIPOCTOIO 1-T'O BY3JIa;

i . . .
M(tHI() — MaTr€éMaTUYHE OYIKYBaHH TPHUBAJIOCTI HEKOHTPOJIHbOBAHOI'O IMTPOCTOIO 1-I'0 By3Jia.

B mouatkoBOMy HecTalioHapHOMY Tepioli ekciuryaTauwii PM, komm s cepenHbOro yacy

0e3BiIMOBHOI pOOOTH €IeMEHTIB By3Jia BUKOHYETHCS YMOBa

T., = [ tf; (DAt >> T,
0

a ToMmy i
Ny .
M(T,) => M (T,) << Ny , (16)
i=1
M (T.) = F'(T.), (17)
e F i (t) — ¢yHkuis po3moauty uacy Oe3BiIMOBHOI poOOTH, sIKa TOTOXKHO piBHA

AMOBIpHOCTI BiIMOBH I-r0 By3na. Po3moBcromkyroun (25) Ha moHATTS “mpodinakThdHa 3amiHa” Ta

“IIoBHA BiIMOBA” MaeMO

1 N . . . .
K=1-— T {F; (THOM(ty) + Fo (TOHOM(t},, )}. (18)

e i=1
I3 Bupasy (26) 3po3ymiso, 1110 KOXKHHUI By30J1 TENEP MOKE PO3PaxOBYBaTH HE Ha BUIIAJKOBE

YKCJI0 IIOBHHUX BIJIMOB 1 3aMiH, a JIMIIIE HA OJHE 3 I[UX SIBHII 3a Te .

Beenemo mousaTTa S(t) — mOPIT BiIHOBJIEHHS, TOOTO YKHCIIO MOIIKOPKEHUX €JIEMEHTIB Y BY3Ii, 3
MIEPEBHIICHHAM SIKOTO BY30J 3aMIiHIOETHCS, & TAKOXK BIIMITHMO BUCOKY IHTEHCHBHICTH KOHTPOJIO B

KOMOIHOBaHIN cucteMi
[tZ(Hdt << T,. (19)
(0]

Braxatouwn, mo S(t) € AMCKpPETHA BUITAJIKOBA BEIMYMHA 13 ClIeKTpaibHUMY BennunHamu 0,1,2,...
1 auckpeTHHid nporec S(t) € MApKOBCHKUM MPOIIECOM, TOOTO JUIsl OYIb-sIK0T MHOKHHM t1<t2<...<th.1<ty

BUKOHYETHCA YMOBa

P(Sn ’tn ‘Sl’ tl;"'Sn—1’ tn—l) = P(Sn 'tn ‘Sn—li 1:n—l) (20)



Ta Taki BJIaCTHUBOCTI MepexigHux iWMoBipHocTel [13, 14]

-

0O mpu S, <S ]
1 —oaAt+ O(At) ipu S, =S o
> =9 ;o
g GAt+O(At) mpu S, =S+1
. O(At) 1pu S, >S+1
ne At = t, =1,

S, Sz =0,1,2,..., auepes O(At) MMO3HAYCHI TaKi WICHH, 10 O(t) At —> 0 xomu

At —>0;

Ol — cepelHE YUCIIO SIBUII 3a ONUHHIIO 4Yacy, abo cepenHs LIBHAKICTH BiAJiKy B mIporeci
Ilyacona.

Posropaemo piBHSHHS AJist TPOQiNaKTHYHUX 3aMiH

t S
FI(T,) =~ lim > CMD fi(r)dr} (2 +1=S)x; ()ALt + O(At) =

At—>00<t<-|-
(22)
T, t S
~ | cﬁﬂ{j fi(z')dr} (¢ +1-S); (tdt;
0 0
M(tl) = [tg;(H)dt, (23)
0

S ) )
e C /41 — YHCIIO xom6inariii 3 £ +1 1o S;

gi(t) — mIIBHICTD PO3MOIiTY Yacy KOHTPOJIbOBAHUX MTPOCTOIB 1-T0 By3IIa;

t — BepxHS Mexa, 0 HOCHTh YMOBHHH XapakTep, alle BPaXOBYIOUM Ta BiAMOBIJHY BUMOTY

HIBUAKOT'O BiI[HOBJ'IeHHH, TaKe MPEACTABJICHHSA € TOIIYCTUMHM.

AHaJoriyHo

FHK(T)~AIt|m0 > oy cm{jf T)dz} (£ +1-S) A (t,)At(¢ - S)Df f)df} X

Aty 05tistz 0<p<T,

x{l-tfz(e)de} (ty)At, +0(At) ~ jc,+1£+1 S)A-9)A(t, )j ﬁ r} x

4 0

t

x {tj f (T)dl'} | {1— tj Z(6)d e}zi (t,)dt, (24)



Te[ o

M(t}, ) = [| [tZz(®)dt [f'(z)dr, (25)

0]

e £1(¢) = < Pl (8

O —uac KOHTPOJIIO.
BukopucToBy0UYM piBHSHHS MOKHA POaHAIi3yBaTH BIUIUB MPOQITAKTUYHHUX 3aMiH Ha 3arajibHy
KUJIBKICTh BiIMOB Ta aTH OIiHKY Kr.

I[J'ISI MPaKTUIHUX uineﬁ BBaXXarOTh, 110 3aKOHU Bi)IMOB, BiILHOBHCHL Ta KOHTPOJIIO CTaHiOHapHi.

SIKII0 BOHHW MAarOTh I1HTEHCHUBHICTH 7\., L, W a BY3IIH BBa)XaTH pPIBHOIIHHUMHU Yy BiJHOIIEHHI

PEMOHTO3/IaTHOCTI Ta piBHOHAAIITHI, TO KF MOXHa BU3HAYUTH SIK

1-S
K. —1-Ning or)ys k[ >] Ll (26)
T, \%Y W u
ne K1, Ko — koedimieHTr mpomopuiiHOCTi.
KoedimienT mpocToto cucteMu Moxke OyTH BU3HAYEHUH 5K
1 i i i
Kyp =1-Kp = = S B (TOME) + B (TOM(t,0} . @)

e i=1
[lepeiinemMo 10 BU3HAYCHHS KOedillieHTa TEXHIYHOTO BUKOPHCTAaHHs. KOedillieHT TEXHIYHOTO

BUKOpUCTaHHs PM 3anumemo sk

Ktg = = > (28)

ne 1|, — CepenHiii yac 00CIyrOBYBaHHS CUCTEMH.

Slkmo KoHTpoNbOBaHI (TUTAHOBI) BHMHKAHHS BBaXKATH HE3aJEKHUMH SBHUIIAMH, TOMI IS
MOCHIZIOBHO 3’€HAHHMX BY3JiB PM, YacToTa KOHTPOJIbOBAHHMX BHUMHUKAaHb, SIK 1 YacTOTa BiJIMOB,

BIJIMOBIJIa€ CyMi KOHTPOJILOBAaHUX BUMHKAHb BY3JiB, TOOTO

Ny _ &
ve 1 =>vy (29)
i=1
TIPH CepeaHbOMY Yaci 06CIyroByBaHHs
(N _ (V(NII ) )—1 l\f v
C - C — ini - (30)

B peanbHHUX yMOBax B pa3i IIIaHOBOTO BUMHKaHHSI PM BUMHKA€ThCS JIEKiIbKa B3AEMOTIOB’ SI3aHUX
By3niB. Hanpukmnan, tpancgopmatop 110/35/10 kB 1 nositpsiHa abo xabenbHa Mepexa 6, 10 kB, mo Big
HBOT'O XKUBHTHCS, TpaHC(HOPMATOp Ta MIMHU PO3MOAUILHOrO mpucTporo. Lle Bkazye Ha Te, 10 cymapHa

4acToTa KOHTPOJIbOBAaHMX BUMMKAHb JIAHLIIOIa MEHIIE 4acTOT OKpeMux By3miB. Tomy [15, 16] omuH i3



BY3JIiB JIAHITIOTA, SIKUW YacTillle BAMHKAETHCS, HA3UBAIOTh 0a30BHM, a BIIHOCHY YaCTOTY KOHTPOJIHLOBAHUX
BUMUKAaHb IHIIUX BY3JIiB IO BiJHOIICHHIO 10 0a30BOTO - KOS(IIIEHTOM CHiBINAJaHHS, CTATUCTUYHO HOTO
BH3HAYAIOTh K

_ my (t)

_ , 31
M; (1) .

i6

e My (t) — uMCIO KOHTPONBLOBAHMX BUMHKAaHbL i-TO By3Na, SKi BUKOHYIOTh OJHOPAa30BO 3

BHUMHKaHHSIM 0a30BOTO €JIEMEHTA 3a IMepiof t;

M.

{ — 3araJbHa KiJbKiCTh KOHTPOJIbOBAHMX BUMHKaHb i-ro By3na. B [13] naBeneni xoediuientn
CHiBIaJaHHs OCHOBHUX elleMeHTiB PM.
Sxmo BpaxoByBaTH KOeQiiEHTH CHiBNagaHHS, TO OCHOBHI TMOKAa3HUKH KOHTPOJIBOBaHUX

BUMHKaHb MOXYTh OyTH BU3HAYCHI SIK:

(NJD) b
Ve V=vg+ 2 vil—gg) (32)

i#l

1#0

(N (Nj) -1 U
c . :(Vc 1 ) [V6n6 +Vmax(nrnax _n6)+zvi(l_gi)] (33)
1#1
1#0
ne Vg, Tg — 4acToTa KOHTPOJILOBAHUX BUMUKAHb Ta cepeaHiil yac oOCIyroByBaHHsS 0a30BOrO

€JIEMEHTA,;

A% T XK IOKAa3HUKH, aJIC BYy3Jla JIAaHLKOra, y sKOro MaKCUMAaJIbHUM 4Yac

max ’n max
00CITyrOByBaHHS;

Ny — uncno BysniB B nanosi.

st ananisy BUpa3y NepeTBOPUMO HOTo A0 BUIIIALY

N N N N
e M ey
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BpaxoByrouu Te, 1o Te >> MB (Te ) & gNH ) + T]gNH ) ), (34) moxamo y BurIAAi

N N N
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Ny
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AmHaniz Bupazy (35) moka3ye, o0 BeIMYWHA KTB 3QJIEKUTH BiJl 9aCTOTH Ta TPHUBAIOCTI

KOHTPOJIbOBAHHUX Ta HEKOHTPOJIbOBAHUX BUMHUKAHb, K1 € BUMaJKOBUMH SIBUIIAMHU Ta B3a€MOIIOB’ s3aHi.
301TbIOIyI0YM YacTOTY KOHTPOJBOBAHWX BHMHKAHb MOXXHA 3MEHIIUTH KiJBKICTh PAnTOBUX BiJMOB.
AHaNITHYHO OTPUMATH TaKy 3alIeXHICTh AyXK€ CKIaJHa 3aJada, SKa MOTpeOye BEeNHKOi KITBKOCTI
MPUIYIIeHb Ta OOMeXeHb MPU HEBU3HAYCHOCT! MOXHMOKH IS MiThOBOI (YHKIIT, TOMY ISl YHCIOBOT
OLIHKM 3B’SA3Ky MK YacoM KOHTPOJbOBAaHMX Ta HEKOHTPOIHbOBAHUX BHMHKAHb KOPHCTYIOTBCS

CTaTHCTHYHUMH JaHUMH TTapaMeTpiB HAAIiHHOCTI ejeMeHTiB PM .

BucHoBku

Hunaamiune kepyBanus TC CEII mis migBuieHHs HamiiHOCTI 1 6e3mekw i1 eKcIuryaraiii, MoXHa
3a0e3meunTr Ha OCHOBI KoMOiHOBaHOi cuctemu AiarHoctyBanHs (KC/I). BoHa no3Bossie oTpumMaTs BUCOKI
MOKAa3HUKH JIIarHOCTYBAaHHS 32 paXyHOK HOBOTO MPUHIIMITY TIEPEBIPOK, KOJH MepeadavacThCs mpoLeaypa
ouinku TC CEII 3a curHasoM HemepepBHOTO KOHTPOJIIO Y3arajibHIOIOYOTO JiarHOCTUYHOTO MapameTpy,
MEpeBipKH J1arHO3y OUNbII TOYHMMH METOJAaMHM, IOINYKY Miclsl HECIPAaBHOCTI aBTOMAaTH30BAHUMH
METO/IaMH, TEepeBipKH TMOMNepelHb0 BH3HAYeHUX Ans gaHoro mukiy enementiB CEIl mo kputepito
MiHIMyMy BUTpaT Ta BHOOpY cTpaTrerii peMOHTHO-OOCIYTrOBYIOUMX [iii 3a pe3yibTaTaMH KOHTPOJIO
napamMeTpiB TEXHIYHOTO CTaHy, HAPOOITKOM Ha BiIMOBY Ta BiIMOBaMH.

[Iporec kepyBaHHS TEXHIYHMM CTAHOM 3alpPOIIOHOBAHO BiJOOpPaKaTH MOJCIUII0 y BHIJISIII
CTPYKTYPHOTO 1H(QOPMAILIHHOTO Tpada CUCTEMHU 3 CTOXaCTUYHUMU 3BOPOTHUMH 3B’ sI3kaMu. MeTo010T1s
Horo moOymoBU 0a3y€EThCs HA Y3TOJKEHHI B3aEMOIIOB’ I3aHUX JIETEPMIHOBAHOTO 1 CTOXaCTUYHUX aHAI3IB,
KOJI OCHOBHHM € JICTePMIHOBAHHH ITi/IX1J1, @ CTOXaCTHYHUI HOT0 pO3BUTKOM. B OCHOBY ZieTepMiHOBaHOTO
M IXO/Ty TMOKJIAICHO YSABJICHHS PO iHpOpMaIliiiHy 3MiHHY CUTHAJIIB CHCTEMHU KePyBaHHS, IO BU3HAYAIOTh
BuxigHui edexr ¢yHkuionyBanHs CEIIL, ToO6To nerepMiHOBaHUMIl MiAXiA BpaxoBYe aHAJIOIOBi 3B’SI3KH.
CroxacTuuHuil 103BoJIsIE€ TOOYYBAaTH MOJENb 3B A3Ky 00’ €KTa 3 JIaHIforaMu kKepyBaHHs. EdexTuBHICTh

CHUCTEMH OIIHIOETHCS IMOBIPHICTIO BHITAJIKOBOTO BUX1THOTO ITOTOKY 00’ €KTa — KOe(il[iEHTOM TOTOBHOCTI.
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