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Kpemenuyukuii geTHbli Konemk HaunoHanbHOro aBUAllMOHHOTO YHUBEPCUTETA

C.S. BUIHEBCKUI

BuHHNIKMI HAIMOHATBHBIH TEXHUUECKUI YHUBEPCUTET

NPUMEHEHUE YPABHEHU MAPKOBCKOI'O ITPOIIECCA ITPU
JAUATHOCTHUKE COCTOAHUA ABUAIIMOHHOT'O 'TEHEPATOPA

Hcxodsi uz mozo, ymo 3a nocaedHue decsamuJjemust KOAU4eCmeo aeapull eepmo/iemog cocmasuao He 00UH
decsimok, aKmyaabHOU HAy4HO-npakmuyveckol 3adauell seasgemcsi OQUAZHOCMUKA U NPOZHO3UPOBAHUE U3MeHeHUll
cocmosiHusi pabomul 2eHepamopa. B Hacmosiujee 8pemsi hpobiemamukoli QuazHOCMUKU aguayuoHHOU mexXHUKU 8 YkpauHe
3aHumaromcs yveHvle u3 HayuoHa/bHO20 ABUAYUOHHO20 YHUBepcUmemd, OCHOBHble pabombl KOMOPbIX COCMOSIM 8
onmumMu3ayuu npoyeccog ee MexXHU4ecko20 06CAYHCUBAHUS C NOMOWbI0 UHBOPMAYUOHHO-YNPABASIOWUX cucmem [1-4].
OdHako 6 ux pabomax 60nNpocsl UCCAeA08AHUS NPOYECCO8 ABUAYUOHHBIX 2eHEPAMOpPO8 PACCMaAMpPUBAOMCS NO8EPXHOCMHO,
npu 3moM, y4em ux U3MEeHeHUSl COCMOSIHUSL MOX}Cem CyWeCmeeHHO NOo8/UsiMmb HA No8bluleHUe Kayecmea OudzHOCMUKU
asuayuoHHol mexHuku. Takum o6pa3om, aKmMya/abHOU HAYYHO-npakmuyeckol 3adauell seasiemcsi duazHocmuka u
NpoZHO3UPOBAHUE U3MEHeHUU COCMOosiHUsl pabombl 2eHepamopa eepmosiema. lleav uccnedosanus - paspabomka
Mamemamuyeckoll Modeau ucc/1edo8aHusl OCHOBHbLIX PEXCUMOE pabombl A8UAYUOHHO20 2eHepamopa eepmoJiema npu e2o
KCNyamayuu 8 peanbHblX pexcuMax pabomsl, mo ecms onpedeseHue 8pemMeHU nepexodos u3 00H020 pexcuma pabomsl
2eHepamopa 6 dpy2oll 80 8cex 803MONCHLIX 8APUAHMAX, YMO NO380AUM pPA3pA6OmMamsv UHPOPMAYUOHHO-YNPABATIOUYHO
cucmemy OQuazHOCMUKU U NPOZHO3UPOBAHUS COCMOSIHUSL 2eHepamopa eepmoJiema. IIpogedéH anaaus ocobeHHocmel
IKChAyamayuu U 803MONCHbIX PeICUMO8 pabombl A8UAYUOHHO20 2eHepamopa eepmosiéma. 060cHO8aHA He06X00UMOCMb
npuMeHeHus MAPKOBCKO20 hpoyecca 0151 KOHMPO.J1sl COCMOSIHUSL A8UAYUOHHbIX 2eHepamopos. PazpabomaHa u npedaodceHa
0151 dasavHellwell peaausayuu Mmamemamuyeckasi modeab onpedeseHUs U ONUCAHUSI COCMOSIHUS A8UAYUOHHbIX
2eHepamopos. IlosyyeHHble ypasHeHUsl ONUCAHUS OMKA3a 00HO20 U3 2eHepamopo8 NOoKA3bleaiom, 4mo 3HaveHue @i
3aeucum om UHMEHCUBHOCMU NOsi8/eHUsl Cobbimusi A, HeCMOmMpsi HA Muh npoyeccd, 4mo ho380/AuUmM NPUMEHUMb
cmaHdapmHble Memodbl NOCMpPOeHUsl aszopumma onpedesieHusi 6ecnpepbli8H020 MAPKOBCKO20 Npoyecca npu umumayuu
pabombl 2eHepamopa gepmo.Jiema.

Kaiouegble ca08a: cucmema KOHMpoJisi COCMOSIHUSA, A8UAYUOHHbIU 2eHepamop eepmosiéma.
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APPLICATION OF THE EQUATIONS OF THE MARKOYV PROCESS IN DIAGNOSTICS OF THE STATE OF
AVIATION GENERATOR

According to the fact that over the past decades, the number of helicopter crashes was not more than one dozen, the actual
scientific and practical task is to diagnose and predict changes in the state of the generator. Nowadays, scientists from the National Aviation
University are engaged in diagnostics of aviation equipment in Ukraine, whose main work is to optimize its maintenance processes with the
help of information and control systems [1-4]. However, in their work, the issues of studying the processes of aviation generators are
considered superficially, while taking into account their state changes can significantly affect the improvement of the quality of diagnostics
of aviation equipment. Thus, the actual scientific and practical task is to diagnose and predict changes in the state of operation of the
helicopters generator. The purpose of the study is to develop a mathematical model for studying the main modes of operation of the
helicopter aircraft generator during its operation in real operating modes, that is, determining the time of transitions from one mode of
operation of the generator to another of all possible variants, which will allow us to develop an information management system for
diagnosing and forecasting the state of the generator helicopter shaft. An analysis of the operational features and possible operating modes
of the aircraft helicopter generator was conducted. The necessity of application of the Markov’s process for control of the state of aviation
generators was substantiated. A mathematical model for determining and describing the condition of aviation generators has been
developed and proposed for further realization. The resulting equations of the failure description of one of the generators show that the
value of ¢ depends on the intensity of the occurrence of the event 4, despite the type of process, which will allow the application of standard
methods for constructing an algorithm for determining the continuous Markov process in simulating the operation of the helicopter
generator.

Keywords: state control system, aircraft generator helicopter.

H3105KeHe 0CHOBHOIO MAaTEepUAJIa

VYuuthiBast TOT (aKkT, 4YTO BEPTOJET MOXKET UMETh JIBA T'€HEPAaTOpa, CUUTAETCS, YTO BEPTOJIET — CHCTEMA,
UMeroInas HaaekHyr padoty (P > 0,9), koTopas COCTOMT W3 i CAWHHUI] TeHepaTopoB. IIycTh ciy4aiiHOEe BpeMms
paboThl OHOTO TeHepaTropa MMeEeT IOJIOKUTEIILHOE paclpe/ejiCeHue BEPOSTHOCTH U HE 3aBHCUT OT COCTOSHUS
JpyTuX enuHuil reHeparopa [4, 5]. B Oosee oOrieli MaTeMaTHYECKOW MOJAEIH PaOOThl CUCTEMBI, COCTOSIICH U3 I
€JMHMIl, B KOTOPOW YYHMTBHIBAETCS B3aMMOCBS3b MEXIy EIAMHHIIAMH T'€HEpaToOpOB, MOXKHO CUMTATh [5], 4TO
MOKa3aTeIbHOE paclpe/esicHHe UMEET Cly4ailHOe BpeMsi T/ COBMECTHON pabOThl K BBIXOAY U3 CTPOSI OJJHOTO W3
MUMEIOIINXCS €TUHUI] TeHEPATOPOB, TO €CTh:

Plr, <t}=1-¢ ", )]
rae 00=0,¢0i>0mpui=1,2,...

BicHuk XmeabHUYbK020 HayioHa1bHO20 yHigepcumemy, Tom 1, Ne6, 2018 (267) 21



Technical sciences ISSN 2307-5732

ITycts B 00meM ciyuae Pjj;) — BEPOATHOCTH HAJIMYHS B MOMEHT BPEMEHH ! PabOTOCIIOCOOHBIX j €IMHHIL
TeHEepaTopoB, NP YCIOBMH, YTO B HadalbHBIH MOMEHT BpeMeHH ¢ = 0 ObuIO 7 eauHHI] PabOTOCTIOCOOHBIX
resepaTopoB. llepBbIM IIaromM 3afadd AWArHOCTUKM M TPOTHO3UPOBAHMS BEPOSTHOCTH OTKa3a OIHOTO U3
TeHepaTopoB BepToJieTa SBISIETCS IOMYyYeHHE YPAaBHEHHUS Ul NEPEeXOJHBIX BEPOSTHOCTEH OTKa3a OJHOTO M3
TeHepaTOpOB BEPTOJIETA.

Pa3pabaTbiBaeMOll MaTeMaTHUECKOM MOJENbIO SBISETCS MApKOBCKMH IpoOlEcC OTKa3a OJHOTO H3

reHepaTopoB Bepronera &, t € [0, o) Ha MHOXecTBe coctosHuii N = 0, 1, 2, ..., B KOTOpOM II€peXO/aHbIE
BeposTHOCTH Py(f) = P{{,=j | & =1}, 1,j € N npexacraenensl npu ¢t — 0+ B Buze [5]:
Piii(f) = git + 0(2); 2)
Pi(t) =1 = it + o(2). A3)

Ckauku mporiecca poCTOro U3MEHEHUsI COCTOSHUH paboTHI TeHepaTopa ¢&; TIpeAcTaBiIeHs! Ha puc. 1. [Tycts
npu ¢ = 0 mporecc HaXoAUTCs B HAYaJIbHOM COCTOSHHU i. B MOMEHT BpeMeHH 7; P{z,<t}=1-¢ " TPOHCXOMHT
- <

Hepexo Iporecca B COCTOSHUE { — | U Tak jaee.

TTornomaroniee COCTOSHHE T T—T T—
L] L] & L] L] L] & * - - L]
0 1 2 i-3 i-2 -1 i

Puc. 1. 'padux u3MeHeHHUs COCTOSIHUS TeHEPaTOpPa BepTosieTa

IlepBas (oOpatHast) cucrema auddepeHIMANBEHBIX ypaBHeHUl KoamoropoBa s MepexoIHBIX
BEPOSATHOCTEN B ClIyuae Mpoliecca nepexo/ia reHepaTopa BEpToJIeTa U3 OJJHOI0 COCTOSTHUS B Apyroe UMeeT BUL [5]:

dpP,(t)
g \") _ :
—an —poby (1); Q)
dr; (1)
:h =g, (t)-oF (1), (©))
rae i=1,2, ... c HauanbHBIMU ycnoBuamH Pii(0) = 1, Pjoy= 0 npu i # .

[IpumenuB omnepaTtop 0000mEHHON MPON3BOMHON [5], ONpeneNeHHbI Ha aHAJIUTHYECKHX B OKPECTHOCTH
HyJSI QyHKIUSIX, TOTY9NM:

f(s)= Zajsj; (6)
=0
D(f)= Zaj(pjsj_l. @)
=0
CBepThIBask CHCTEMY € HOMOIIBIO HPOU3BOAIIEH (yHKIMM HEPEXOIHbIX BEPOSTHOCTEH
0o Zi

mpu i € N, NIMEeM LENO0YKY PaBEHCTB B BHJE:

da; _ $ 2 AR (1) _ 5 2 dP (1) 5 2 dR(1) _
dt  So@..@ dt Q.9 dt Q.9 dt
o -1 g - -1 Jp
=2y ()5 U()=zGi—zDz(Gj)=z(1—Dz)Gi. )
A Q.Q dt = Q..g_ dt ' '
Taxum o6pasom, nepBast cucteMa JudGepeHInaTbHBIX YPABHCHUH ITOTyYaeT BUJ:
dG . (¢,
Mzz(l—DZ)Gj(t;z) (10)
dt
J
C HaYaIIbHBIM ycioBUeM G (0;2)= .
@9,

Bropas (npsimas) cucrema auddepeHnuanbHpIX ypaBHeHHH Kommoroposa s nepexoIHbIX BeposSTHOCTEH
B CIIy4ae M3MEHEHUsI COCTOSTHHS pabOThI TeHepaTopa BepTojieTa uMeeT Bu [S]:

dPy ()
7:_30([)%+Pil(t)¢’1; an
dp, (t)
let :_Pij (Z)(pj+1)zj+l(t)(pj+1» (12)
rae J=1,2, ... c Ha4anbHBIMK YCIOBUAMH Pji)= 1, Pjjy= 0 mpu i #j.
CBepThIBas CHCTEMY C TTOMOIIBIO TIPOU3BOISAIIECH (PYHKITNH MEPEXOAHBIX BEPOSITHOCTEH
F(ns)= X B (1)s! (13)
=0
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npu j € N, |s| £1, iMeeM LIENOYKY PaBEHCTB B BHIE:

dF, = dp;(t) . o . . o0 -
—t=Y ——2s/ ==Y Bi()g;s’ + X P (1)@’ =—s 2 By (1) @8 L+
dt = dt =0 =0 =

N

+X By (1) @ys" ==sD, (F)+ D, (F)==(s+1) D, (F}). (14)
j=1
Bropas cucrema nuddepeHranbHBIX ypaBHEHHH MOMyIaeT BUM:

1

dF.
7?=—(S+I)DX(F«) (15)

¢ HavanbHBIM ycioBueM Fi(0; s) = s'.
COOTBETCTBEHHO, JBOMHAS IPOU3BOIAIIAS (HYHKIIUS

i Zi . I

o o ,
F(t;z;s)=Y ——F; (t;5)= 2, P (t)s' =Y G;(t;z)s’ (16)
( ) i=0 @ ---¢; (55) i,j=0 Pr--@; i (1) i,j=0 i (6:2)
YIIOBIIETBOPSIET YPaBHEHUSIM:
dF
—=z(1-D.)F; 17
o= 2(1-D) (17)
dF
—=(1-5)D, (F 18
5 = (1=3)D,(F) (18)
¢ HayanpHBIM ycnoBueM F(0; z; s) = e(zs).
OyHkuus e(z), onpeneneHHas paBeHCTBOM [6]
o
e(z)=2 , 19)
i=0 ﬂ@
ABIISIETCS COOCTBEHHON (yHKIMEH onepaTopa 0000IIeHHOH MTPOU3BOAHOI D,, TO €CTh:
D, (e(z))=e(2). 0)

IIprMeHUM H3BECTHBIE BBIPAKEHHUS IEPEXOIHBIX BEpOSTHOCTEH [5] Ui MaTeMaTHYecKOro OIMHMCAaHUS
IpoIiecca MOJIHOTO 0TKa3a reHepaTropa BepTojera:

B ()= 09y X
! ! 1":j(¢l _¢n)(¢n+1 _¢n)(¢n—l _¢n)“'(¢j _(on)

npu j < i, IPUMEHUB KOTOPBIE JIETKO MONXYy4YUTh peuieHust ypasHenuit (17) u (18) B BuIe psaa ¢ pa3aeseHHBIMU
MepEeMEHHBIMU:

ef(/)nt

20

e _

F(t;z;s)=Y. ——C,(2)C,(s)e ™", (22)

(:2:5) DX (2)C, (s)
rae

N ) Zn+k

Ci(z)=2"+ ; (23)
k=1 (¢n+l — ¢, )"'(¢n+k _(on)
n—1

Cn (S) :Sn + Z ¢k+l"‘¢n (24)

k=0 (¢k —®, )"'(¢n—l — ¢, )
Ipu ¢;11 > @i, i € N, 1 lim @, =oco pan (22) aOCOMOTHO CXOAUTCA HPH JIOOBIX 3HAUCHUSX Z, |s| <1 u t €
[—oo
[0, o). ITpu t = 0 mosrygaeM pas3iokeHue 0000IICHHOW SKCIIOHEHTHI:
o 1 -
e(zs)=Y ——C,(2)C,(s). (25)
n=0 Q.- @;
st mporiecca oTKa3a reneparopa Kak (pyHKIWH JMHEHHOTOo THMa, korna (A > 0), To ecTb ¢i = ik, oneparop

0000IIIeHHON TIPOM3BOJHOM COBIAAET C OOBIYHOM ITPON3BOTHON U MIMEET BHI:
d

D A=—. 26
A= (26)
B pesynbrare ypasaenus (17) u (18) mpuaMMAaioT BUI:
dF d*F
—=Az|1- ; 27
o’ w14 @)
dF dF
—=A(l-s)— 28
dt ( ) ds (28)

¢ HavanbHBIM ycitoBueM F(0; z; s) = €. Toraa Beipakenust (22) u (25) IPUHAMAIOT BHIT:
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F(t;z;s):i l' et (s=1)" e, (29)
=0 n:
e(zs)= i—ezn “(s=1)". 30)
n=0 ":

Cymmupys psz (29), npuxoauM K 3aMKHYTOMY BBIPQXKEHHIO /1L ABOMHON PON3BOIAILEH QYHKIMH
i(1+(s—l)e‘_2't)

F(t;z;s)=e? 31
Ortcrona u3 onpeneneHus F(t; z, s) HOXydaeM:
F(t;s) :(l—e_/u +se )l (32)

npui € N.

CoorHormienne (32) o3HadaeT, YTO CIy4allHbIE BPEMEHA Pa0bOThI KAKIOrO W3 HMMEIOIIMXCS [ CIUHHII
TEHEepaTOpOB HE 3aBUCAT JIPYr OT ApPYyra; Takoe CBOMCTBO HE3aBUCUMOCTH MMEET MECTO TOJIbKO JJisl IMpoliecca
JIMHEWHOI 0 THIA.

Jnst mpuiio)keHu B MaTeMaTUYeCKON TEOpPUM HAAEKHOCTH [4, 5] NpeicTaBiisieT UHTEPEC HaXOXKACHUE
aHaymoruyHoro (32) 3aMKHYTOrO HWHTErPAIbHOIO MPEACTABICHUS i1 NPOM3BOIAIICH (GyHKumu Fi(t; s), Kak
pemrenus ypaBHenuit Kommoropoa (17) m (18) mis mpomecca oOTkasa OJHOTO W3 T'eHEpPaToOpoB (IyTeM
cymmupoBanus psina Oypre (22), mpu 9acTHBIX TPEAIIONOKEHIIX 0 GyHKIUU @i = ¢(7) [7-9].

B cirydae npomecca KBaIpaTUIHOTO THIIA MTOJIATAETCS, UTO

p;=i(i— DA (33)
Torna npu
dz
l)‘Y = /IS? (34)

HMMEEM CUCTEMY YPaBHEHUI:
dF ,(dF  d*F

—=Az"| —- ; 35
dt dz d22 ( )
dF nd°F
—=As-s 36
R St v (36)
¢ HavaIbHBIM ycioBueM F(0; z; s) = €.
B ciryuae npouecca NoJHHOMHAILHOTO THIIA TIOJATAI0T
=i —1)..(i—k+ 1\ (37)
e k=3,4,...
Torna
k-1 k
aE _ g 4R (38)
dt dX dt
dF i d'F
—=As" = 39
=4 o (39)

¢ HavaJbHEIM ycnoBueM F(0; z; s) = 7.

3ameuanue. [T0CKOIBKY BEPTOJNET MOXKET UMETh [BAa TE€HEPATOPa, TO IPOLECC MOJIMHOMMAIBHOIO THIIA
CBOIHUTCA IIPOLECCY KBAAPaTHYHOrO THIIA BCIEIACTBHE TOTO, 9TO MOKA3aTeh CTEIEHU k MOKET NPMHHAMATH JIUIIb
3Hauenue 2 [5].

B ciryuae mpomecca CTENEHHOTO THITA MONIAraeTes, uTo:

0, =74 (40)
re 0<p<l.
B cnyuae nporecca myacCOHOBCKOTO THIIA MOJIAraeTcs, 4YTo
@0 =0; ¢;: = 4; (41)
rae i=1,2,...
TOoTrAa
b, ()= L) @)

BbIBOIBI U1 IpeI0KeHUS
Takum 00pa3om, MOJTy4EHHbIE ypaBHEHMS OITMCAHHS OTKa3a OJHOTO W3 T'€HEpaToOpOB IOKA3bIBAIOT, YTO
3HA4YEHHE (f 3aBHCUT OT MHTCHCHBHOCTH IIOSIBICHHS COOBITHS A, HECMOTpPS Ha THI mIpouecca (KBaJpaTHIHBIN,
MOJIMHOMHUAJIbHBINA, CTENICHHON MIJIN ITyaCCOHOBCKHM), YTO MO3BOJIUT NPUMEHNUTH CTAHIAPTHBIE METOABI TIOCTPOCHUS
aJITOPHUTMAa ONIPeAeIeHNs OecIPepHIBHOI0 MapKOBCKOT'O IPOIIecca IPH MMHUTAlUK pabOTHI FeHepaTopa BepToeTa.
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