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PO3POBKA MATEMATHYHOI MOJIEJII HAJIMHOCTI
BATATO®YHKIIIOHAJIbHUX TPAHCIIOPTHUX CUCTEM
JTOCTABKHA

enTpanbHoykpaiHchKuil HAL[iOHAILHMI TEXHIYHUK YHIBEPCUTET
’BiHHMIbKMI HAI[IOHAILHUI TEXHIYHUH yHIBEPCUTET

lMobydosaHa mamemamu4Ha modesib HaditiHocmi 6azamogyHKUIOHaNbHUX MpPaHCrnopmHuUx cucmem docmasku
y euenadi cucmemu PieHsIHb, BUKOHY8aHUX CUCMEMOK0 QYyHKUIU i 3a2anibHO mpuearnicmio ix OyHKUIOHY8aHHS.
HaeedeHo cucmemy pieHsiHb, WO Onucye npuHUuUn pospaxyHky HadiliHocmi pobomu 6azamogyHKUIOHabHOI
mpaHCcopmHOi cucmeMu 5K y4acHuUKa rpouecy rnepeseseHb 8aHmaxie i nacaxupie ma eudinneHO OCHOBHI i

Hero 3as0aHb 3a rneeHuli nepiod 4acy. [JaHO aHari3 3a3HayeHuUX QOYyHKUil, CyMapHe 4HYUCIIO SUKOHAHHS SIKUX
b6azamohbyHKUIOHaIbHOK CUCMEMOI MOXE repesuwysamu HUC/IOo 8upillysaHux Heto 3agdaHb 3a OaHuli nepiod
yacy, a makox Moxruea 380pOomHa cumyauid. BuseneHo, wo nid 4yac po3anssdy mpuesanocmi pobomu
mpaHcrnopmHoi cucmemu 3a KOXHOK 8UKOHYB8aHOK (DYHKUIEI HE8axXueo 3Hamu rnepioOuyHicmb HaOXO00XKEHHS i
KiflbKicmb  eupiwysaHux 3ael0aHb 8 OOUHUUt0 4Yacy, a moMy HeeU3Ha4yeHicmb uiei iHgpopmauii He 3HUXYye
docmosipHocmi crocoby ouiHku HaditiHocmi nNpu yHKUiOHaIbHOMY pe3ep8y8aHHi.

HaHo limosipHicmb nepebysaHHA cucmemMu 8 pIi3HUX cmaHax, HasedeHo Mnpuknad epaghy cmaHie, noka3aHoO
MOXugi 080CMOPOHHI nepexodu Mix enemeHmamu. OmpumaHO PIiBHSHHS UMO8ipHOCMI akmusisauii byHKuit
080¢pYHKUiOHaNIbHUX MPaHCIoOpPMHUX cucmemM ma HagedeHo ix cxemamuyHe 3006paxeHHs1. 3pobreHo npunyu,eHHs
wodo MOoXueoi noemopHoi akmusidauyii oOHiel | miei X yHKuUil, 4Yepe3 BUHUKHEHHSI 3aedaHb reped
080OCYYHKUIOHAIbHOK MPaHCIoOPMHOK CUCMEeMOK | po3e'siaHHs1 iX y 0oeinibHOMY MopsidKy. BuseneHo, w0
cmpykmypy cucmemu chopmytoms 08a MoOyrii Onsi 30itiCHEHHST HEObXIOHUX ¢byHKUIU | nepemukady, npusHavyeHul Orns
akmueisauii HeobxiOHoOI yHKuii, onucaHo Moxnuei ii gidmosu.

lMpedcmaeneHo supasu Onsi OUiHKU enleMeHmi8 Mampuui npaye3damHux cmaHi8 mpaHCropmHUX CUCMEM.
3pobrieHo akyeHm w000 HeobxiOHOCMI PO3pPObKU WyKaHOi MamemMamu4HoOi Modesii He Ha (MO8IpHOCMI, a Ha
cmamucmu4yHOMY mpakmyeaHHi 8u3Ha4YeHHs1 CcepeOHbOI mpueasiocmi BUKOHAHHS KOHKPemHoi ¢hbyHKUii 3a
KOHKpemHuu nepiod yacy.

KnrouoBi cnoBa: 6aratogyHkuUioHanbHa TpaHCNopTHa cucTema, MaTtemMaTuyHa MoAesnb, HagivHICTb, cuctema
PiBHSIHb, NOFiYHI OYHKLiT, Npaues3gaTHUi CTaH.

Beryn

OuiHKy piBHA HaAIHHOCTI TPAHCIIOPTHOI CUCTEMHU ITOYMHAIOTH 13 (YOPMYITIOBaHHS YMOBH i1 Ipane31aTHOCTI.
3 1i€l0 METO BHKOPHUCTOBYIOTH Pi3HI Mojendi: cioBecHi (BepOanbHi), rpadidHi (CTPYKTYpHI CXeMH
HajiiHOCTI) Ta aHaniTHYHI (popMmysn po3paxyHKy). CIOBeCHMH ONHMC YMOB IPaLe3JaTHOCTI CHUCTEMH €
HalMmpoOCTIMM, OJHAK NEPEBaKHO TPOMI3AKHUM Ta HEOOCTAaTHBO YIiTKMM. ['padiuyHa Monenp, SKOW €
CTPYKTypHA cXeMa HaliiHOCTI, € JOCTATHLO HAOYHOI0. Y 0araThoX BUIAIKaX BOHA MiCTHTB JIOCTATHBO MTOBHY
iH(pOpMAIIiI0 TIPO JIOTIKYy BHHUKHEHHS BiJMOB y CHCTEMi Ta iX HACIiJKH, TOOTO BiJITBOPIOIOTHCS JIOTidHI
3B’SI3KM MK TIOMISIMHM «BiJIMOBa €JEMEHTa» Ta «BiAMoBa cucteMm» [1-5]. BomHouac mis ckiaagHHX
0araToyHKI[IOHAILHUX TPAaHCIIOPTHUX CHUCTEM CTPYKTypHa CXeMa HaJIifHOCTI € MEepeBaKHO HEMOBHOIO, a
1HKOJIM ¥ HEOJJHO3HAYHO0, TOMY MOTPe0y€e aHATITUYHOTO MiJKPIIUICHHS, a caMe: PO3pOOKH MaTeMaTHYHOL
MoJIeJTi HaJiliHOCTI.

AHaJii3 OCTAaHHIX JOCTIUKeHb | myOaikanin

HeBusHauenicTe TOTOKY 3afad, CKJIAAHICTh BHIUIEHHS OCHOBHMX 1 JIONOMDKHHMX (YHKLIH,
HEBIAMOBIIHICTh CTPYKTYPH BHUKOHYBaHUX (DYHKLIH BUAY B3a€MO3B’SI3KiB MK €lIeMEHTaMH Ta JIAHLIOTaMHU
TPAHCIOPTHOI CHUCTEMH, BIJICYTHICTh iH(OpMALi MPO BJIACTUBOCTI MEpEeMHKada € OCOOJIMBOCTSIMH, SKi
HEOOXiTHO BpaxoByBaTH y TIPOIeci pO3pOOKKM MoOjem HAMIHHOCTI TPAHCIOPTHOI CHCTEMH, IIPH
(bYHKIIOHATBHOMY pe3epBYBaHHI, SKy MOYKHa BUKOPUCTATH JUIsl OL[IHKM piBHs HaxiiHOoCTI [5-10].
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BpaxyBanHs 3a3Ha4€HUX 0COOJIMBOCTEH, SIKI CITiT BKIFOYHTH B MOJIEIb, A€ 3MOTY PO3TJISIIATH TPUBATICTh
pobotu Oarato(pyHKIIOHAIBHOT CHCTEMH 3a KOXKHOK 3 BHKOHYBAaHHUX (YHKIH 1 3arajbHy TPHUBaIiCTh
(YyHKLIOHYBaHHS TPAHCIIOPTHOI CUCTEMH 3a [IEBHUIA Nepio] yacy.

Memoro pobomu ¢ nobynoBa MaTeMaTHYHOI MOAETI HaAiiHOCTI O6aratoyHKIIOHATBHUX TPAHCIIOPTHUX
CHCTEM JOCTAaBKH BAaHTAXIB 1 aCaKHPIB.

Pe3yabTaTu nociaixKkeHHs

[To3HaumMo N Yepe3 BEINYHHY, SIKa € YUCIOM j-X (DYHKITii, BAKOHYBaHHX CHCTEMOIO 3a JIaHHH Mepioj] 4acy
T. 3 BUKOPUCTAHHSAM TaKOTO MiIXOAY MPHUHIMII PO3PaXyHKY HAMIIHOCTI poOOTH OararodyHKIiOHATEHOL
TPAHCHOPTHOI CHCTEMH, SIK YYaCHHMKa TMPOLECY MepeBe3eHb BAHTAXKIB 1 MAaCaXUPIB, OMHUCYETHCS CHCTEMOIO
PIiBHSHB:

T
Pfl(x) :J pl(t)dt!
0

T
sz x) ZI P, (t)dt,
0

1)
Pfj(x) ZJ. p;(dt,

T
an(x) = J. P, (Hdt,
0

ae Pfj(x) — WMOBIpHICTh 0€3BiIMOBHOI POOOTH, BUKOHAHOI cHUCTeMOIO j-0i (yHKIIi 3a mepiox uacy 7,
p;(t) — FiIMOBIPHICTH BUPILICHHS CHCTEMOIO 3aBaHb, 3AIHCHIOYH J-Ty DyHKLIHO.

Hagiitaicts 6araTodyHKIIIOHaTBFHOT TPAHCIIOPTHOI CUCTEMH Ha OCHOBI TPUBAJIOCTI ii pOOOTH 3a KOKHOIO 3
BUKOHYBaHHUX (YHKIIIM BHKIIOYa€ HEOOXiTHICTh BUALJICHHS OCHOBHHX 1 pe3epBHUX (pyHKIINA. Yci QyHKIT,
BUKOHYBaHI 0araToQyHKI[IOHAILHOIO CHCTEMOIO, TPOIIOHYETHCSI BBAYKATH OCHOBHUMH 1 PO3JIUIATH HA aKTUBHI
i macuBHI pyHKIIIi. AKTHBHOIO BBKAETHCS (DYHKIIiS, TKa BHKOHYETHCS CHCTEMOIO Y TETIePIlIHIiA MOMEHT Jacy.
Gyskuis  Oyne NTAacHMBHOK, SKIIO QJITOPUTM 1 BUKOHAHHSA € YAacTHHOKIO aJrOpPUTMY pOOOTH
0araToQyHKI[IOHAILHOI TPAHCTIOPTHOT CUCTEMH, IPOTE Y TENEPIillIHIA MOMEHT Yacy y BUKOHaHHI mi€l QyHKIil
HeMae HeOoOX1JHOCTI.

KpiMm TOro, mig 4ac po3msiay TPHBAIOCTI POOOTH TPAHCIIOPTHOI CHCTEMH 3a KOXKHOKO BHUKOHYBAHOIO
(YHKIII€I0 HEBKIIMBO 3HATH TEPIOJMYHICTD HAIXOKCHHS 1 KUTBKICTh BUPINIYBaHUX 3aBJaHb 32 OJWHUIIIO
yacy. Tomy HeBW3HaueHICTh mi€i iHGOpMaIii He 3HIKYE JIOCTOBIPHOCTI CIOCOOY OIIHKHM HaJiHHOCTI TpH
(hyHKIIIOHATFHOMY pe3epByBaHHI. TakoX BiJCYyTHS HEOOXiHICTh MOOYAOBU CTPYKTYPHOI CXeMH Ha[iHHOCTI
0araTo(yHKIIOHAIBHOI TPAHCIIOPTHOI CHCTEMH, 110 BKJIFOYA€E TIEPEMHKaY, 32 HOro HAasBHOCTI.

Bupimenns cucremu piBHAHb (1) BUMarae BBeJCHHS HU3KH (HOPMYIIOBaHb. 3a JaHWW Tepioj dacy
TPaHCIIOPTHIM CHCTeMi HAIXOISTh Y BHIIAJKOBOMY IOPSIKY Pi3HI 3aBIaHHS. THIT 3aBIaHb BH3HAYAETHCS
BUPOOHHMYOIO CHUTYyali€ro, IO CKJIajacs IiJ dYac Mporecy MepeBe3eHb BaHTaXIB 1 nacamnpls
BararodyHkIioHansHa TpaHCIOPTHA CHUCTEMa MPU3HAYEHA IS BHPIMICHHS [BOTO MOTOKY 3aBJaHb 1 MOXKe
BUKOHYBaTH N (DYHKIiN, IO BiAMOBINAIOTH 3aBAAaHHSM, SKi BUHHKAIOTh. Bupinlyroun 3aBiaHHs i-TO THIY,
cucTeMa BUKOHYE j-y ¢yHkuito. CymapHe 4YHCIO aKTHBHUX 1 MAaCHBHHX (YHKIIH, sKi BUKOHYIOTBCS
0araToQyHKI[IOHAILHOI CHCTEMOI0, MOYKE TIEPEBHIIYBATH YUCIIO BUPIITYBaHUX HEIO 3aBaHb 3a JaHUH Iepio]
yacy. Takok MOXIMBa 3BOpOTHa cuTyalis. BomHowac, QyHKIIOHaNBHO cHCTeMa HE MOXKE€ BHUKOHYBAaTH
¢yHK1ito, siKa He nependadeHa mpomikkom 0< j<n .

[Ipu po3paxyHky HamidHOCTI OaraTo(yHKUIOHAJIbHUX TPAaHCIOPTHUX CHCTEM cucTtema piBHSIHB (1)
pPO3B’SI3yEThCSl TaK: Hexal HasBHa JBo(QyHKIOHaTbHAa cucreMa ( N=2 ). B mpomeci pobotu mepen
JTBO(YHKIIIOHAILHOK CHCTEMOIO BUHUKAE JIBA TUIIH 3aBJaHb, 1110 BUPIIIYIOTHCSA KOJKHA 3@ CBOEID (DYHKIIIEH0.

CtpykTypy cucTeMd (QOPMYIOTH JBa MOJYJl JUIs 3MiMCHEHHS HEOOXiMHUX (QYHKIIN 1 mepemMukad,
NPU3HAYCHUI s akTHBI3aLil HeoOxiHol GyHkuil (puc. 1).
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2 =

j —

1 — nepemukay; 2 — MOJyJIb U1 BAKOHAHHs JioriuHoi QyHkuii f,(t); 3 — MOmysb Ul BAKOHAHHS JIOTiYHOI
dynkuii f,(t)
Puc. 1. Cxema 1Bo(YHKIIOHAIBHOT TPAHCIIOPTHOI CHCTEMH

[lepemukau 1 mpairoe mocTiifHO, MoAymi 2 i 3 BKJIIOYAIOThCA B poOOTYy MoIepeMiHHO. [HTEHCHBHICTb
BiJIMOBH Ta iIHTCHCUBHICTh BiTHOBJICHHS MOJTyJIiB [I03HAYAIOTHCS BIIMTOBITHO A i 1u i Y mporeci ekcrutyaTariii
TPaAHCIIOPTHOI CHCTEMHU MOYIIMBI BiIMOBH MOJIYJIB 1 TepeMrKada. Y pasi BiIMOBH OiJIbIIIe OJHOTO €JIeMEeHTa
HacaMIIepe/l BiTHOBIIIOIOTHCS TIEPEMUKAY 1 MOJIYJIb, 1110 Bi/MOBiZa€ 32 aKTUBHY (DYHKILIIO.

Ha puc. 2 nmpuBenenuii rpad craniB ABO(YHKIIOHATHHOI TPAHCIOPTHOI CUCTEMH, SKUM MPEICTaBIICHI
HIEPEXO/IH 3 KOKHOIO MOKJIMBOIO CTaHy nepiuoi Joriynoi ¢pynkuii f (t) y BiAmoBigHMIA cTaH APYToi IOrT9HOI

¢Gynkuii f,(t), a Takox 3BOPOTHI EPEXOIN.

N

' #22 )}2 ' 'uéé A

66

57 75

Puc. 2. Ilpuxinaz rpady craiB ABOQYHKI[IOHATEHOT TPAaHCHOPTHOT CHCTEMH

V pasi axrusizauii goriynoi Qyskuii f,(t) mnsa rpada massHuMM OyayTh Taki ctanu: 1 — momym 1-3
CTpaBHi; 2 — BIJIHOBIIOETECS MOAYJb 1, MOAyJNb 2 BUMKHEHHH 3 pOOOTH, MOIYlIb 3 CIIpaBHUIi,
3 — BIJTHOBIIOETHCS MOAYJb 2, MOAYJb | BUMKHEHHIA 3 poOOTH, MOAYJb 3 cipaBHUl; 4 — Moy 1, 2 cripaBHi,
MOJIyJb 3 BiAHOBIIOETHCS; 5 — BIIHOBIIOETHCS MOAYJH 1, MOAYyJdb 2 BHUMKHEHHH 3 POOOTH, MOIYJb 3
HECTIpaBHHUH; 6 — BIJHOBIIOETHCS MOJYJb 2, MOAYJb | BUMKHEHHWH 3 poOOTH, MOIYNb 3 HeECHpaBHUIA,
7 — HecripaBHi MOy 1, 2, BITHOBIIOETBCS MOAYJIB 1, MOJIYIIb 3 CIIpaBHHH.

Cranu, 0 O3HAYAIOTHCSI TUMU K HOMEpaMH, ajie 3 MeXEI0, BIINOBIAAI0Th aKTUBHIN JOTiuHIN QyHKIiT
f,(t) . Mix akTuBHUM cTaHOM Joriynux Qynkuiii f(t) i f,(t) MOXIUBI Taki JBOCTOPOHHI NEPEXOJIH,

mo3HaueHi Ha rpadi 1¢51,2¢32,3¢34,4¢33,5¢>7,6¢>6,7<>5.
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SIKIIO TPUIYCTHTH, MO 3aBJaHHS BUHUKAIOTH Iepe]] JBOPYHKIIOHATBHOK TPAHCIIOPTHOK CHCTEMOIO 1
PO3B’SA3YIOTECS B IOBUILHOMY MOPSAKY, TO MOXKIJIMBA IIOBTOPHA aKTUBI3aIlis omHiel 1 Tiel x dyakmii. ITix gac
PO3B’sI3aHHS CUCTEMH PiBHAHB (1) IS MBOPYHKIIOHAIEHUX TPAHCIIOPTHUX CHCTEM BUMATa€ThCs MPUHHATH

TaKi MO3HAYCHHS: | — aKTHBHHII cTaH joriuHoi ¢yHkuii f (t), ] — akTuBHumii cran noriunoi ¢yHkmii f,(t);
y;(X+s), ¥ (X+$), — rycruHa po3moziiy ¥MOBIPHOCTI aKTHBi3awii BiANOBIAHO JoriyHUX GyHKUiH f (t) i
f,(t) ; S— TpHUBaIiCTh AKTUBHOI'O CTaHy JOTTYHUX QyHKLil f, (t); X — TPUBANICTL AKTHBHOTO CTaHy (YyHKIIT
f,(t) monepepomy aktiBHOMY crany dynkuii f,(t) ; b; =Y;(0),b; = y;(0), a6o makcumanbna BemuIHa

TYCTHHH PO3IMOALTY HMOBIPHOCTI akTUBi3alil PyHKIIIH.
WMOBipHICTB epeOyBaHHs CHCTEMH B CTaHAX j 1 | OOYHCIIOIOTHCS 3 BHPA3iB:

pjofj(x+s)d(x+s); 2

P =T f-(x+s)d(x +5). ©)

[lpuBeneni Bupasn MOKHA BHUKOPHCTOBYBaTH MJIsl mepeTBOopeHHs cucrtemu piBHAHB (1). CTocoBHO
TBO(YHKIIIOHAIEHOI TPAHCTIOPTHOI CHCTEMH, Y SKOI TYCTHHA PO3MOALTY WMOBIPHOCTI akTUBi3amii QyHKITIH
T IKOPSETHCS EKCITIOHEHIIAThHOMY 3aKOHY, a HOTO CTaHU OMHUCYIOThCs rpadom (prc. 1), cuctema piBHSIHB IS
BHII4/IKY, KOJIM aKTUBHOIO € joriuna ynkuis f,(t), HaGyBae Burmsny:

1‘1(x+s)=.|‘e“1”2)'X Loy By (x+8)+ sy - By (X+8)+ gy £, (x+5)+by Jd (x+5);
0

0

fz(XJrs):Je_”l'x '[/11‘ fl(X+S)+b§]d(x+s);

0

1‘3(x+s)=]ze“‘2'X LA f(x+5)+ - f,(x+5)+b, |d(x+5);

0

fy(x+5) =[BT [y - £ (x+8)+ g - f (x+5)+by ]d (x+5); ()

0

fs(x+s):Ie““ LA f(x+5)+b; Jd(x+5);

e s) = Je [a 1 (x0) 0,0 5

0

f,(x+s) =.[e“’1'X -bed (x+5).
0

AHAaIOTI4HO, 3 ypaXyBaHHAIM BEPXHbBOI YaCcTHHH Tpady cTaHiB (puc. 1), CKIIagaeTbes cucTeMa piBHSIHb IS
BHIIA/IKY, KOJIU akTuBHOM € ¢yHkuis f,(t) .Y pesyabraTi npoMixkHHX iTepalliii {UX CHCTEM PiBHSHb BUIUIUBAE
PIBHSHHS IMOBIpPHOCTI akTHBI3allii PYHKIIIH TBOQYHKIIIOHATBHIX TPAHCIIOPTHUX CHCTEM:

7 T
Py = Db -2, [T (x+s)d(x+s), ()
i=t 0
7 T
Py =D.b;-a; - [T (x+s)d(x+s), (6)
j=t 0
lle @ , @& — ENeMEHTH MAaTpuili CTaHy JBOQYHKIiOHATbHOI TpaHcmopTHOi cuctemm; T% — cepenmns

TPUBAJIICTh BUKOHAHHS CHCTEMOIO |-0i (DYHKIIi 3a JaHWi mepiol yacy A0 nepexoay o0’eKTa 10 BUKOHAHHS
nofanbiuoi GpyHkuii, rog; T, — cepeiHs TPUBAICTh BUKOHAHHS CHCTEMOIO j-0i GyHKUIT 3a naHuil mepion

qacy JI0 iepexoly 00’ €KTa JI0 BUKOHAHHS MOAANBIIOT QYHKIIIT, TO.
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Huskue mpescTaBiieHi BUpasu Ui OLIHKM eleMeHTiB marpuii npanesfataux cranis (1,4, 1,4) nanoi
TPaHCIIOPTHOI CUCTEMHU:

B Al.eXp(#rX) )
&= 2t A4 ’ )
L1 [ Aty Jz-uzj
A+ ha+h A, +w A +4,
_ A iy 'exp(_MAX) .
&= 2t A4 ’ ®
L1 ( Aty +ﬂz-uzj
A, +A4+4L A+ A, +4
B j,l.exp(/lrx) )
= e ’ ®
L1 ( Aoty +ﬂq-ﬂzJ
A+ h+d A+ A, +4
_ Ay p1y -expY
a; = 2 At A, . (10)
L1 ( At +ﬂz'ﬂz]
A+ + A A+ A, +4

[Ticas meskux mepeTBOPEHbh OTPUMAEMO OCTATOYHHUI BHIJISII CUCTEMH PIBHSHB IS MBO(YHKITIOHATBHOT
CUCTEMHU:

ibj =ij =b, (11)

>.p;=b-T,, (12)
j=1
7
ij:b-Tu, (13)
j=1

ne T,,, T,, — saranbHa TpuBamicTh (YHKUIOHYBAHHS CHCTEMH MO j-ilf i J -i QyHKUiAX BianoBiAHO 32
inTepBan yacy 7, rom.

Po3paxyHOk TOKa3HMKa HaAIHHOCTI JBOQYHKIIOHATBHOI CHUCTEMH MOXHA TPOBOJAUTH 32 TaKOO
(dhopmyiioro:

7 T 7
D b; -I(a1 +3,) T3 (x+s)d(Xx+8)+ Y b, -(a; +a; ) - T,0(x +5)d(X +5)
P= i=1 0 j=1

b(T,, +T,.) a4

BukopuctoByBatu ¢opmyny (14) mis po3paxyHKy HaIidHHOCTI TPaHCIIOPTHOI CUCTEMH, B SIKiH 3alisHi
($yHKUIOHAIBHI pe3epBH, He MOkHa. Lle moB’s3aHO Hacammepes 3 THUM, IO HAaTENep 3aKOHU PO3MOALTY
TPHUBAJOCTI BHKOHAHHS TPAHCIOPTHUX omepauid ( X+S ) He BCTaHOBIEHI. Bumaraerbcsi amantyBaTu
3allpONOHOBAaHUM MiaXig A0 crenu(iky MmepeBe3eHb BaHTAXIB i MAacaKUPiB aBTOMOOIIBHUM TPaHCIIOPTOM.
3a3HaveHe CBIAYUTS, 10 PO3POOKY IIYKaHOT MAaTEMAaTHYHOT MO/Ie)i He0OXiIHO 0a3yBaTH HE Ha HMOBIPHOCTI,
a Ha CTATUCTUYHOMY TPAKTYBaHHI BHU3HAYCHHs CEPEIHBOI TPUBAJIOCTI BUKOHAHHS [-0i (YHKINI 3a TaHuMit
nepion vacy 7.
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Bucnosku

1. [TobymoBaHo MaTeMaTHYHY MOJAENTh HaAIMHOCTI OararoyHKIIOHATHPHUX TPAHCIOPTHUX CHCTEM
JOCTaBKH BaHTaXKIiB 1 Maca>KUpiB..

2. 3anporoHOBAaHO CHUCTEMY PpIBHAHb, LI0 ONKHCYE€ NPUHOWN PO3PaxXyHKYy HaAAIHHOCTI pPoOOTH
OaraTo(yHKITIOHAIHHOI TPAHCTIOPTHOI CUCTEMH, Ta BHIIIJICHO OCHOBHI 1 pe3epBHI, aKTHBHI Ta TaCWBHI (DyHKIIIT
i1 poboTH.

3. OTpuMaHO piBHAHHS HMOBIPHOCTI akTUBi3alil PyHKIiH JBO(YHKIIOHATHLHUX TPAHCIOPTHUX CHCTEM Ta
HaBEJICHO IX CXeMaTHYHE 300paKCHHS.

4. Ilokazano ¢popMyBaHHS CTPYKTYPH CHCTEMH IBOMa MOIYJISIMU JJIS 3MIACHEHHS HEOOXITHIX (DYHKITIH 1
nepeMuKaueM, MPU3HAYCHUM JIJIsl aKTUBI3aIlil HEOOXiqHOT (DYHKIi1, OTUCAHO MOXKIIUBI 11 BiJ]MOBH.

5. IlpencraBneHo BUpa3u Ui OLIHKY €JIEMEHTIB MaTPULi Mpane3JaTHUX CTaHiB TPAHCIIOPTHUX CHUCTEM.
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Development of a mathematical model of the reliability of multifunctional
transportation delivery systems

ICentral Ukrainian National Technical University
2V/innitsa National Technical University

A mathematical model of the reliability of multi-functional transport delivery systems was built in the form of a system of
equations of the functions performed by the system and the total duration of their operation. A system of equations describing the
principle of calculating the reliability of the multi-functional transport system as a participant in the process of transportation of
goods and passengers is given and the main and reserve, active and passive functions of its work are highlighted, the total number
of which may exceed the number of tasks it solves in a given period of time. An analysis of the specified functions is given, the
total number of which is performed by a multifunctional system may exceed the number of tasks solved by it in a given period of
time, and the opposite situation is also possible. It was found that when considering the duration of the transport system for each
performed function, it is not important to know the periodicity of receipt and the number of solved tasks per unit of time, and
therefore the uncertainty of this information does not reduce the reliability of the reliability assessment method for functional
redundancy.

The probability of the system being in different states is given, an example of a state graph is given, and possible two-way
transitions between elements are shown. Equations of the probability of activation of the functions of dual-functional transport
systems are obtained and their schematic representation is given. An assumption is made regarding the possible re-activation of
the same function, due to the emergence of tasks before the dual-functional transport system and their solution in an arbitrary
order. It was revealed that the structure of the system is formed by two modules for the implementation of the necessary functions
and a switch designed to activate the necessary function, its possible failures are described.

Expressions for evaluating the elements of the matrix of serviceable states of transport systems are presented. Emphasis is
placed on the need to develop the desired mathematical model, not on probability, but on the statistical interpretation of
determining the average duration of a specific function for a specific period of time.

Key words: multifunctional transport system, mathematical model, reliability, system of equations, logical functions,
operational state.
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