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AHHoTaumA. 3HaunTeNIbHasA YacTb COBPEMEHHbIX NMPOM3BOACTBEHHBIX U TENIEKOMMYHUKALMOHHBIX
CUCTEM BKJIIOYAIOT aCUHXPOHHbIE JIMHUKU Nepefadn MatepuanbHbiX U MHGOPMALLMOHHBIX
noToKoB. B 3TOM cnyyae ana yBennyeHMsa HaOeHHOCTU YKa3aHHbIX CUCTEM Merdy eaMHMLLaMu
060pynoBaHMA yCTaHaBIMBAOTCA HAKOMWUTESU, BbIMOSHAILLLME pasfiMyHble GyHKLMK. TaK,
B MHOOPMAaLMOHHbBIX CUCTEMAax HaKOMUTENM UCMONb3YyTCA O/1A XpaHeHUsa UHpopMaLuu,
B CUCTEMAX 3HePreTUKN — ON1A aKKYMYNIMPOBaHWUA 3HEPr UM, B MPOM3BOACTBEHHbLIX CUCTEMAX —
015 co30aHUA MerKonepaLMoHHOro 3arnaca 3aroToBoK U T. . MaTeMaTuyecKoe MoaeniMpoBaHue
ACUHXPOHHbBIX JIMHWIA NO3BOJIAET OLLEHMBATb NPOrHO3HbIE XapPaKTEPUCTUKU UX HALEHHOCTU
N 3ddeKTUBHOCTU PYHKLMOHMPOBAHWUA Ha 3Tane MPOEKTUPOBAHUSA, YTO crnocobcTeyeT
MUHMMM3ALLN NOCNeAYOLLLMX SKCTITyaTalMOHHBIX 3aTpaT. B cBA3M € 3TMM BO3HMKAET akTyasbHas
3apava pa3paboTKM MaTeMaTUYECKUX MOLeNei aCUHXPOHHbIX JIMHWUIA, YYUTbIBAIOLLMX UX
0C06EeHHOCTM NPUMEHEHUA U CTPYKTYPY, a TaKMe NapameTpbl MexonepaLMoHHOro HaKonNuTens.
[nq peLLeHnA yKa3aHHoW 3a4aum LieniecoobpasHo UCMob30BaTb METOb! TEOPMM NMOJTYMApPKOBCKUX
NPOLLECCoB C NPOCTPAHCTBOM COCTOSHWI 06LLero BMaa. 3To NO3BOJIAET CMArYNTb U3BECTHbIE
OrpaHU4YeHMA Ha 3aKoHbI pacnpenesieHns Cly4anHbIX BeIMYMH, XapakTepu3yioLLmx npebbiBaHue
CUCTEMbl B COCTOAHMAX U Nepexobl U3 0HOM0 COCTOAHUA B apyroe. B cTaTbe npefcTaBneHsl
pa3paboTaHHble NMoJlyMapKOBCKME MOAESIU C ANCKPETHO-HEeNpepbIBHbIM (pa30BbIM MPOCTPAHCTBOM
COCTOAHWI ANA aHanM3a GyHKLMOHMPOBaHWA ABYyX($a3HON aCUHXPOHHOM IMHUK. PaccMoTpeHbl ABa
peKmMa ee paboTbl: «TOJIbKO Yepes HaKonUTeSb» U «NpAMas nepeaayar. Ha ocHoBe 1CMo/b30BaHMA
MoslyMapKoBCKOM MOOENN U anroputMa acUMNTOTUYeCKOro Ga3oBOro YKPYMHEHWA MoJSlyYeHsbl
NPUOBNMNIKEeHHbIe BbIpaXKeHMA 018 HaX0H AeHWUA CTalMOHAPHbIX XapaKTepUCTMK HadeHHOoCTH
GYHKUMOHMPOBaHMA paccMaTpUBaeMbliX CUCTEM. YKa3aHHbIe 3aBUCMMOCTM OMUCaHbI B TEPMUHAX
MaTeMaTUYeCKUX OXUAAHMUIA U NPUMEHMMbI MPU NPOU3BOJIbHBIX 3aKOHaxX pacrnpegesneHus
CNyYarHbIX BeJIMYMH, XapaKTepusyoLLmx cucteMy. MpennormeHHbIe Mogenn 4OCTaTOMHO JIerKo
peanusyloTcA C UCMoJIb30BaHNEM PacripoCTpaHeHHbIX MaTeMaTUYeCKNX NaKkeToB. [ToKka3aHo, 4To
MoJTlyMapKoBCKMe Mofeny ABYX($asHbIX aCUHXPOHHBIX SIMHWIM NO3BONAIT 06ecrnevnTs onpegeneHue
C NpUeMsIeMo TOYHOCTBI0 OCHOBHbIX MOKa3laTesen HaAeHHOCTU C y4eTOM 3aBUCMMOCTM 3TUX
roKasaTesielt 0T eMKOCTM MeMomnepaLMoHHOro HaKonNUTeNA 1 peXuma ero paboTbl. 3To AaeT
BO3MOMHOCTb NPOBOAUTbL CPaBHUTESbHbLIA aHaNn3 paccMaTpUBaeMblX pexMMoB paboTsl,
peLLaTb ONTMMU3ALMOHHbIE 3a4a4M NpU onpeaesieHnn CTPYKTYpbl U NapaMeTpoB yNpaBieHus
MOLEen1pyeMoi CUCTEMOM KaK Mpu ee NPOeKTUPOBaHUK, TaK U B MpoLLecce aKChyaTaLum.
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Abstract. A significant portion of modern production and telecommunication systems include
asynchronous lines for the transmission of material and information flows. In this case, to increase
the system reliability storage units are installed between the equipment units, performing
various functions. Thus, in information systems, storage units are used to store information, in
energy systems — to accumulate energy, in production systems - to create an interpretational
stock of blanks, etc. Mathematical modeling of asynchronous lines allows us to evaluate the
predicted characteristics of their reliability and operational efficiency at the design stage, which
helps to minimize subsequent operating costs. In this connection, the urgent task of developing
mathematical models of asynchronous lines, taking into account their application features and
structure, as well as the parameters of the interpretational storage device, arises. To solve this
problem, it is advisable to use the methods of semi-Markov processes theory with general state
space. This allows to soften the known restrictions on the distribution laws of random variables
characterizing the system stay in certain states and transitions from one state to another. The
article presents the developed semi-Markov models with discrete-continuous phase space states
for the analysis of the functioning of a two-phase asynchronous line. We consider two modes
of its operation: only via storage device and only by direct transmission. Based on the use of
the semi-Markov model and the asymptotic phase merging algorithm, we obtain approximate
expressions for finding the reliability stationary characteristics of the functioning of the systems
under consideration. The indicated dependencies are described in mathematical expectation
terms and are applicable to arbitrary distribution laws of random variables characterizing the
system. Someone can quite easily implement proposed models using common mathematical
packages. It is shown that semi-Markov models of two-phase asynchronous lines make it possible
to determine the main reliability indicators with acceptable accuracy, taking into account the
dependence of these indicators on the capacity of the interpretational storage device and its
operating mode. This makes it possible to conduct a comparative analysis of the operating modes
under consideration, to solve optimization problems when determining the structure and control
parameters of the modeled system both during its design and during operation.
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BBepneHune
BTOMAaTU3UPOBAHHAsI JIMHUS MTPEJCTABISIET COOOM CUCTeMY pab0uYnX MEXaHU3MOB,
PacOIOKEHHBIX B TEXHOJIIOTMYECKOM MOCIEA0BATETLHOCTU U 00BEAMHEHHBIX 00-
el CUCTEMOU TPaHCTIOPTUPOBAHUS U yripaBiieHus. O030p JIUTEepaTyphl MPECTaB-
JeH B [1]. B acHHXpOHHBIX JIUHUSX 151 YBEIUUYECHUS HAJACKHOCTH MEKAY KOKIA0N eu-
HUILIeH 000pyIOBaHUS yCTAHABIUBAIOTCS HAKOMUTENU [2—4], UMeIolIre OnpeieIeHHbIN
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