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The subject matter of the article is the processes of synthesis of the information and telecommunication network (ITN) for
solving applied problems of safety-critical systems (SCS). The goal is to develop a mathematical model for the optimal
distribution of applied tasks of safety-critical systems over the ITN nodes. The tasks to be solved are: to formalize the procedure
of distribution of applied tasks and SCS software over the ITN nodes; to develop a mathematical model of optimal distribution in
order to minimize the cost of network resources; to select an effective algorithm for solving it. The methods used are:
alternative-graph approach, mathematical optimization models, methods for solving nonlinear integer programming problems
with Boolean variables. The following results were obtained: the task of selecting the ITN optimal structure was formulated
according to the alternative-graph model of information processing; in addition to structural characteristics, the requirements for
the parameters necessary for performing applied tasks were taken into account while constructing a mathematical model; when
minimizing the cost of a computing resource, constraints related to the capabilities for financing the development and operation
of the network are taken into account; the costs for organizing additional connections among the network nodes are considered as
well. Conclusions. The scientific novelty of the results obtained is as follows: 1) the optimization model of distributing applied
tasks over the nodes of the computer network was improved by defining the objective function in order to minimize the costs of
both computational and data transmission and the constraints caused by the requirements for the technical and information
structure of the network; 2) methods for solving the problems of optimizing the ITN structure on the basis of models of nonlinear
Boolean programming by transforming the initial task into a linear form and applying the recession vector method was further
developed, which makes obtaining a quasi-optimal solution of the problem in the context of large dimension possible.
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MATEMATHYHA MOJEJIb ONITUMAJBHOI'O PO3IIOALTY NPUKJTANTHUX 3ATAY CUCTEM
KPUTUYHOTI' O IIPU3HAYEHHA IO BY3JIAX IHOOKOMYHIKAIIIMHOI MEPEXI

A. A. Ilempenxo

IIpenMeToM BHBYEHHS B CTATTi € MpOLECH CHHTe3Y iH(popMauiiiHo-TenekoMmyHikauiiinol mepexi (ITM) st BupinneHHs
MPUKIaJHAX 3aBAaHb cucreM KputuuHoro npusHadeHHs (CKH). Metoro € po3poOka MaTeMaTHYHOI MOAETi ONTHMAJILHOTO
PO3MOALTY TPHUKIATHUX 3alad CHCTEM KPHTHYHOrO INpu3HadeHHs mo By3nax ITM. 3aBmammsi: ¢opmanizyBaTé HpoLenypy
posmnoziny mpukiIaaHUX 3amad i mporpamuoro 3abesmedenHss CKH mo Bysmax ITM; po3poOutu MaTemMaTHyHy MOZEIb
ONTUMAIBHOTO PO3MOAUTY ISl MiHIMi3amii BapTOCTI MEPEKEBHX pecypciB; BHOpaTH eQEeKTUBHHU alrOpUTM i1 BHpILICHHS.
BukopucroByBaHMMH MeTOJAMM €: ajJbTepHATHUBHO-IpadOBHI IiJXil, MaTeMaTUYHI MOJENl ONTHMIi3awii, METOAN PO3B'SI3aHHS
HENHIMHUX 3aJad IJIOYHCENFHOrO TpOorpaMyBaHHsA 3 OyneBUMH 3MiHHMUMH. OTpHMaHi Taki pe3yJabTaTH. 3TifHO
aIbTepHaTUBHO-TpadoBOi Mozei mponecy o0podku iHdopmarii chopMyapoBaHa 3aqada BUOOPY ONTHMAIBHOI CTpYKTypH ITM.
[lpn moOynoBi MaTreMaTH4HOI MOAENI KpIM CTPYKTYPHHX XapaKTepPUCTHK BpaxoBaHi BHMOTH [0 MapaMeTpiB BUKOHAHHS
MpUKIagHUX 3aBaaHb. [lpum MiHIMI3amii BHUTpaT OOYHCIIOBAIFHOTO pECypCy BpaxOBYIOTHCS OOMEKEHHs, NOB'S3aHi 3
MOXXJIMBOCTSIMH (piHAHCYBaHHS PO3BHTKY Ta eKCIUTyaTalil Mepexi. BpaxoByrOTbCS TakoX BHTPATH Ha OPraHi3allilo JOJaTKOBHX
3B'SI3KiB MIXK By3JIaMH Mepexi. B pe3ynbpraTti oTpruMaHa MaTeMaTH4Ha MOJIENb po3noaity npukaaanux 3agad CKH B cepenoBumi
ITM s miHiMIZalii cymMapHHX BUTpAT OOYHCIIOBAIEHOTO pecypcy, Mepeiadi MaHWX, HaJallTyBaHHS Ta OOCIYroOBYBaHHS
Mepexi. BncHoBkn. HaykoBa HOBH3HA OTpUMAaHHMX PE3yJIBTATIB MOJATa€ B HACTYIHOMY: MH BJOCKOHAIWIIM ONTHMI3aliiHy
MOJIeNIb PO3MOALTY TMPHUKIATHUX 3a7ad MO BY3JIaX OOYMCIIOBAIFHOI MEpEXi IUIIXOM BHU3HAYCHHSA LUTbOBOI (QYHKLIi s
MiHiMi3alii BUTpaT SK OOYHCIIOBAJIBHUX, TaK 1 Mepeaadi JaHuX, i OOMEKEHb, 3yMOBICHHX BHMOTaMH JI0 TEXHIYHOI Ta
iH(pOpMALIIIfHOT CTPYKTYpi MEpeKi; OTPUMANH MOJANBIINKA PO3BUTOK METOAN PO3B'I3aHHs 3aAad onTuMizauii crpykrypu ITM Ha
OCHOBI1 Mojesell HeliHIfHOTO OyiieBa MporpaMyBaHHs IUITXOM MEPETBOPEHHS BUXIAHOI 3a1adi B JIHIMHMI BUI 1 3aCTOCYBaHHS
METOly BEKTOpa Crajy, L0 103BOJIsIE OTPUMATH KBa3iONTHMAJbHI PILlICHHs 3a/1a4i B yMOBaX BEJIUKOI PO3MIPHOCTI.

KurouoBi cioBa: iHpopMariifHi Ta TeNEKOMYHIKALidHI Mepexi; NpHUKIagHI 3aBIaHHS, ONTUMAJIbHHUN PO3MOALT,
MiHIMi3allis BUTPAT; HENiHIIHA MOJIeNb; OyJIeBi 3MiHHI.

MATEMATHYECKASA MOJEJIb OIITUMAJIBHOI'O PACITPEJAEJIEHUS TPUKJIAJHBIX 3AJJAY
CHUCTEM KPUTHYECKOT'O HASHAUYEHMUS IO Y3JIAM HH®OKOMMYHUKAIIMOHHOM CETH

A. A. Ilempenko

IIpexMeToM H3ydeHHs B CTaThe SBISIOTCS IIPOLECCH CHHTE3a HH(POPMAIOHHO-TeneKoMMyHuKanuoHHoi cetn (UTC) mns
peLIeHus NPUKIAAHBIX 3aa4 cucteM kputudeckoro HazHaueHus (CKH). Lensblo sBisercs pa3paboTka MaTeMaTH4ecKON MOAEIH
ONITHMAJBHOTO pacHpe/eNeH s IPUKIAIHbBIX 3aad CHCTeM KPUTHIECKOro HazHadeHus mo y3nam UTC. 3agaun: ¢popmanm3oBaTsh
NPOLEYpy pacupenesieHusl NPHKIagHBIX 3amad u nporpammuoro obecnedennss CKH mo y3mam WTC; paspaborats
MaTeMaTH4IeCKyl0 MOJETb ONTHMAJIbHOTO paCHpeNeNeHus] Ui MUHHMH3AIMd CTOMMOCTH CETEBBIX PECypCOB; BHIOpaTh
spdexTHBHBI anropuTM ee pemeHUs. Mcmone3yemMbIMH MeTOAAMH  SBISIOTCSA.  albTEpPHATUBHO-TPA(OBBI  MOAXO,
MaTeMaTHYeCKHe MOJENY ONTUMH3AIMH, METOJABl PEIICHHS HEeNMHEWHBIX 3alad IIeIOYHMCICHHOTO IPOrpaMMHpPOBAHHS C
OyneBbIMH TepeMeHHbIMH. llomydeHsl cieayromue pe3yabTaThl. COrllacHO anbTepHATHBHO-TPadoBOM Mozenu Ipormecca
obpaboTky nHpopMarK chopMyInpoBaHa 3aqa4da Beioopa ontuManbHol cTpykTypsl UTC. [Ipn noctpoeHnn MaTeMaTH4eCKOH
MOZIENI KPOME CTPYKTYPHBIX XapaKTEepHUCTHK YUYTEHBI TpeOOBaHUS K IapaMeTpaM BBIMOJIHEHMS NPHKIAAHBIX 3anad. Ilpum
MHHUMH3AIUH 3aTPaT BEMYUCIUTENFHOTO PECypca yINTHIBAIOTCS OTPAHNYCHUS, CBSI3aHHBIE C BO3MOXKHOCTSIMU (DHAHCHPOBAHUS
Pa3BHUTHA U SKCIUTyaTallMH CETH. Y UNTHIBAIOTCS TAK)XKE PacXo/bl Ha OPTaHU3aIMIO JTOMOIHUTENBHBIX CBS3EH MEXy y3I1aMH CEeTH.
B pesymnbrare monydeHa mMaTeMaTHUYecKas MOJENb pacmpeneneHus npukiaansbix 3amad CKH B cpene UTC ans MuHUMH3aIUN
CYMMapHBIX 3aTpaT BBIUMCINTENILHOTO pecypca, Nepefadd JAaHHBIX, HACTPOHKH M OOCTyKMBaHHs ceTd. JlaHHas Mojenb
HpeacTaBisieT co0Oi HEeMMHEeWHYI0 3aJady LeNOYHCICHHOTO NpPOrpaMMHpPOBAaHHsS C OYyJIEBBIMHM IEpPEMEHHBIMH. BBIBOIBI.
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Hay4nas HOBHM3Ha NOIY4EHHBIX pE3yJIbTATOB COCTOUT B CIEAYIOIIEM: YCOBEPLICHCTBOBAHA ONTHMU3AIMOHHAS MOAEIb
pacrpe/eneHus IPUKIAIHbIX 3aa4 [0 y3j1aM BBIYHCIUTEIBHON CETH ITyTEeM ONpEAesIeHHs 1IeNeBoi QyHKIMN 1T MUHUMHU3aLUH
3aTpaT KakK BBIYHMCIUTENBHBIX, TaK M MEpPeNadyd JaHHBIX, U OTPAHUYCHHH, 0OyCIOBICHHBIX TPeOOBAaHMAMM K TEXHHUYECKOH M
MH()OPMAIIMOHHON CTPYKTYpe CEeTH; MONYYHIN JaJbHEHIIee pa3BUTHE METOBI PelIeHus 3a1ad ONTHMH3anun cTpykrypsl UTC
Ha OCHOBE MoJejiell HelMMHeHHOro OyneBa MPOrpaMMHPOBAHHS MyTeM IpeoOpa3oBaHMsl HCXOJHOW 3afavyd B JIMHEHHBIA BHI U
MIPUMEHEHHs] METOZa BEKTOpa CIaja, YTO MO3BOJSET MONYYHTh KBA3HONTHMAIBHOE DPEIISCHHE 3aadd B YCIOBUSIX OOIBIION
pa3MEpHOCTH.
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