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Pedepar:

1. Y pucepTauiiiHiil po60Ti BUpIlI€HO aKTyasibHYy HayKOBY 3aJjayy, gKa [oJIsrae B O6I pyHTyBaHHi Ta po3po6Li
MoJeJsieil Ta MeTO/IiB pO3paxyHKy II0Ka3HHUKIB 3aJIMLIIKOBOrO pecypcy panioesnekTpoHHoi cuctemu (PEC) yitaka, mo
3MEHIIUTh [TOTOYHI BUTPATU HA OOCIIyTOBYBAHHS JIiTaKa IIPU OJHOYACHOMY 3a6e3Ie4eHHi 6€3BiIMOBHOI Ta
6e31e4Ho]i eKcITyaTalii NoBiTpsiHOrO cyAHa. PO3po6seHo 3arasibHi OJI0KEHHS 3 PO3PaXyHKY ITOKa3HUKIB
3a/MIKoBoro pecypcy PEC jiitaka, 10 CTaHOBJISITh METOIWYHY OCHOBY METOJIMKU PO3PAXyHKY i BKJIIOYAIOTh
iepapxiyHy CXxeMy pO3paxyHKY, [TPOLelypy PO30UTTS PYHKIIIOHATIBHUAX CUCTEM, PYHKI[IOHAJIbHUX BY3JIiB i

KOMIIJIEKTYI0YMX BUPOOIB HA HEBiJHOBJIIOBAHI Ta BiJHOBJIOBAaHI 00'€KTU 3 TOBHUMM, MiHIMaZIbHUMU 200 HETIOBHUMU



BiZIHOBJIEHHSIMU; [TPOLIEIyPY PO3POOKM HOBUX 200 BUKOPUCTAHHS BiJOMUX MaT€MAaTUYHUX MOJEJIe TPoLecCiB
BiZIMOB i BiIlHOBJIEHD JJIs1 BilI[TOBiAHMX 00'€KTIB; 3arajbHi MMOJIOKEHHS 1010 OLiHKY TeXHIYHOTO CTaHy Ta
OOrpyHTYBaHHS O3HaK rpaHnyHuX cTaHiB PEC sitaka, iHwmi 3arasnpHi nososxenHst. [lokaszaHo, 1110 OLiHKY 'PaHUYHUAX
craHiB PEC jiiTaka nouinbHO 3[iMCHIOBATU 3a CYKYIIHICTIO TIOKa3HUKIB, 110 BifoOpaXkaloTh CTaH KOMILJIEKTYIOUMX
BHpPOOIB, PyHKLIOHATBHUX BY3JIiB i cucteMm, cknanoBux yacTuH PEC, kabenpHUX BUPOOiB, MaTepiasiB, JOIOMiXKHUX
IIPUCTPOIB i iX MOKa3HUKIB HAiMHOCTL. OTPUMAHO y3arajJbHEHHS BiIOMUX MaTEMAaTUYHUX MOZEJIEN IIOTOKY BiIMOB
KOMIIJIEKTYIOUMX BUPOOiB IIPM HEOOME>KEHIi KiJIbKOCTi MiHiMaJIbHUX BiTHOBJIEHD KiHIIE€BOI TPUBAJIOCTi. PO3risiHyTO
MaTeMaTU4Hi MOZEJi MOTOKY BiIMOB KOMILJIEKTYIOUMX BUPOOIB CXEMHOI NO3ULLii 3 KiHLIEBUM YHCJIOM BiJHOBJIEHb
Pi3HOI rIMOVHY TPOTITOM IIPU3HAYEHOI'0 CTPOKY CJIY>KOU, TIOKa3aHa JOLIIBbHICTh iX BUKOPUCTAHHS IPU
pO3paxyHKax [TOKa3HVKIB 3aJINIIKOBOrO PECYPCy. BB€I€HO MOHATTS 3a/IMIIKOBUI PECYPC i 3a/IMIIKOBE
HaIpaloBaHH [JIs1 BiIHOBJIIOBAHUX BUPOOIB, BiJIIOBiAHI MOKA3HMKHU 3aJIMLIIKOBOTO PECYPCY i 3aJIMMIKOBOrO
HarnpaioBaHHs. PO3IIaHyTO MaTeMaTUYHi MOZei 11 pO3PaxyHKY ITOKa3HUKIB 3aJIMIIKOBOTO PECYpPCy i
3aJIMIIKOBOTO HaIpalllOBaHHS BilHOBJIIOBAHOTO BUPOOY 3 OIHUM PECYPCHUM €JIeMEHTOM IPU KiHLIEBOMY YMCJI
IIOBHUX 200 MiHiMaJIbHUX BiIHOBJIEHb KOMILJIEKTYIOUMX ejleMeHTiB. OTpUMaHO y3arajbHEHHS LIUX MOJiesIeN [J1sl
BiZIHOBJIIOBAHOTO BUPOOY 3 KiJIbkOMa peCypCHUMU esleMeHTaMu. OTPUMAHO PO3PaXyHKOBI BiTHOCUHU 115
[TOKa3HUKIB 3aJIMIIKOBOTO PECYPCY i 3aIMIIKOBOTO HANpalloBaHHS QYHKIIOHATBHUX BY3JIiB i CCTEM IIpU KiHIIEBOMY
YUCJIi MiHIMQJIBHUX BiZJHOBJIEHb PECYPCHUX €JIEMEHTIB. 3allpOIIOHOBAHO METOAMKY PO3PaxXyHKY ITOKa3HUKIB
HaZiHOCTI BiTHOBJIIOBAHOTO (PYHKLIOHAJIBHOTO By3ia i cuctemu PEC siTaka Ha NOA0BXKEHOMY iHTEpBaJi
eKCILTyaTallii, 110 BpaXxoBye BiTHOBJIEHHS PeCypcy (B IOBHOMY, HEIIOBHOMY 260 HYJIbOBOMY 00CS3i) [IpY IOTOYHOMY
PEMOHTI TiJIbKM Y 3aMiHHOT'O 200 BilHOBJIIOBAHOT'O KOMILJIEKTYIOYOTO €JIeMEHTA Ta HE3MIHHICTh Pecypcy iHIINX
€JIEMEHTIB By3J1a 260 cucTeMU. PO3IJISIHYTO OCOGJIMBOCTI pO3PaxyHKy MOKA3HMKIB 3aJIMIIKOBOTO HalpalloBaHHS
PEC nitaka, fioro QyHKI[iOHAJIbLHUX CUCTEM. 3aIIPOTIOHOBAHO [IBi CX€MU HAOIMKEHOTO PO3PAXyHKY 3
BHUKOPHCTaHHIM CTPYKTYPHHUX CX€M HailHOCTI; i3 3aCTOCYBaHHSIM MeTOoly ()a30BOT0 yKPYIIHEHHSI CTaHiB.
Po3po6eHo BifIOBiAHI MaTeMaTU4Hi MOJEJI Ta OCIi/I)KEHO 3aJ1€5KHOCTI BiJHOCHOI II0XUOKHU PO3PaxXyHKiB
BEJINYMHY HeCTallioHapHOTo KoedillieHTa Bif ynca (PyHKLiIOHAIbHUX CUCTEM, PiBHS ixX HAaJilIHOCTI, HallpallOBaHHS.
[TokasaHo, 1110 TOYHICTh PO3PAaXyHKIB [IOKa3HMKIB 3aJIMIIKOBOTO PECYPCY BU3HAYAETLCA TOYHICTIO OL[iIHKYM MOMEHTY
rnovaTky crapinss PEC siTaka, TOYHICTIO OLiHKY JIiHii perpecii A1 napaMmeTpa IOTOKY BiIMOB, TOYHICTIO 3aBAHHA
[TIOKA3HUKIB BapTiCHUX BUTPAT Ha eKcruryartauito PEC sitaka i iHmMux nokasHukiB. OTpMMaHO pO3PaxyHKOBi
CIiBBiJHOLIEHHS JJIs1 OLiHKY [TIOXUOOK PO3PaxyHKY MOKa3HUKIB JOBrOBIYHOCTI. 3alIPOIIOHOBAHO PO3PaxXyHKOBI
CIIiBBiJHOLIIEHHS I10 OLiHIIi BAPTICHUX BUTpAT Ha eKkciryartatito PEC sitaka, mo 3a6e3rnevyyoTh po3paxyHKU
€KOHOMIYHO BUTITHUX CTPOKIB CJIY>KOU i IPUIMHSTTS pillleHb Ha IPOJOBXKEHHS eKCIIyaTallii, PEMOHT ab0 CIIMCaHHS
JliTaka. 3aCTOCyBaHHS 3alIPOIIOHOBAHOI METOAVKHN PO3PaxXyHKYy [1OKa3HHUKIB 3aJIMIIKOBOTO pecypcy e(eKTUBHO IJIs1
PEC snitaka B 1isiomy i ioro GyHKI[iOHaJIbHUX CUCTEM, 32 JaHUMU €KCILTyaTallii IKUX MOXKJINBE HAKOIMYEHHS
HeOOXiJIHOro 06CAry CTaTUCTUYHOI iHpopmallii AJ1s1 106yIOBY perpeciiiHuX 3ajie’KHOCTel IapaMeTpa IIOTOKY
BiZJMOB i iIHTEHCUBHOCTI BiJHOBJIEHD B 4acCi 3 IIPUMHATHOIO [JIs1 BUPILIEHH 3aBIaHb [IPOJOBXKEHHS PECYPCIB
TOYHICTIO 1 JOCTOBIpHIiCTIO. PO3p06sieHnII METONWYHUI anlapaT J03BOJIsI€ BUPIIYBATH Psif, aKTyaJIbHUX 3aBIaHb
npopoBxkeHHs pecypcy PEC sitaka, Hanpukiaz: GopMmyBaTH CYKYIIHICTb O3HAK rpaHnyHuX cTaHiB PEC sitaka s
OLiHKY iX CTaHy Ha MiCL4X eKCIUTyaTallii; 37iliICHIOBATH PO3PaxyHKU ITIOKA3HUKIB 3aIMIIKOBOro pecypcy PEC sitaka
17151 IPUIHSTTS pillleHb Ha IPOJOBXXEHHS PECYPCiB, HA IPOBELEHHS BUNIPOOYBaHb JIilEPHUX JITAKIB 32 OLiHKOIO
IIOKA3HUKIB 3a/IMLIKOBOTO pecypcey, 17151 OOrPYHTYBAaHHS 0OCSTiB BUIIPOOYBaHb; OO PYHTOBYBAaTH HEOOXiIHICTb

IIPOBEJEHHS OAATKOBUX BUIIPOOYBaHb OKPEMUX (PYHKLIOHATbHUX CUCTEM, BY3JIiB, 00CSITY BUIIPOOYBaHb Ta iH.

2. The dissertation solves an urgent scientific problem, which was to substantiate and develop models and
methods for calculating the final resource of the radioelectronic system (RES) of the aircraft, which will reduce the
current cost of aircraft maintenance while ensuring failure-free and safe operation of the aircraft. The general
provisions on calculation of indicators of residual resource of the aircraft RES which make a methodical basis of a
calculation technique and include the hierarchical scheme of calculation, procedure of division of functional
systems, functional knots and structural products into non-renewable and renewable objects with full, minimum
or incomplete restorations are developed; the procedure for developing new or using known mathematical models



of failure and recovery processes for relevant objects; general provisions on the assessment of the technical
condition and substantiation of the signs of the limit states of the aircraft RES, other general provisions, are
developed. It is shown that the assessment of the limit states of the aircraft RES should be carried out on a set of
indicators that reflect the state of components, functional units and systems, components of the RES, cable
products, materials, accessories and their reliability. A generalization of the known mathematical models of the
failure rate of components with an unlimited number of minimal restorations of finite duration is obtained.
Mathematical models of the flow of failures of the structural products of the circuit position with a finite number
of restorations of different depth during the assigned service life are considered; the expediency of their use in the
calculation of residual life is shown. The concept of residual life and residual operating time for renewable
products and the corresponding indicators of residual life and residual operating time are introduced.
Mathematical models for calculation of indicators of residual resource and residual operating time of the restored
product with one resource element at finite number of full or minimum restorations of accessories are considered.
Generalizations of these models for a renewable product with several resource elements are obtained. The
calculated relations for the indicators of residual resource and residual operating time of functional units and
systems at a finite number of minimal renewals of resource elements are obtained. The technique of calculation of
indicators of reliability of the restored functional unit and system of the aircraft RES on the extended interval of
operation taking into account resource restoration (in full, incomplete or zero volume) at current repair only at a
replaceable or renewable component and invariance of a resource of other elements of knot or system is offered.
Features of calculation of indicators of residual operating time of the aircraft RES, its functional systems are
considered. Two schemes of approximate calculation using structural schemes of reliability; using the method of
phase aggregation of states are offered. Appropriate mathematical models are developed and the dependences of
the relative error of calculations of the value of the nonstationary coefficient on the number of functional systems,
the level of their reliability, operating time are investigated. It is shown that the accuracy of calculations of residual
life indicators is determined by the accuracy of estimating the moment of aging of the aircraft RES, the accuracy of
regression line estimation for the failure rate parameter, the accuracy of cost indicators for operating the aircraft
RES and other indicators. The calculated ratios for estimating the errors in the calculation of durability indicators
are obtained. The calculated ratios for estimating the cost of operation of the aircraft RES, which provide
calculations of cost-effective service life and decision-making to continue operation, repair or decommissioning of
the aircraft, are suggested. The application of the proposed technique of calculating of the indicators of residual
life is effective for the aircraft RES as a whole and its functional systems, according to which operation may
accumulate the necessary amount of statistical information to build regression dependences of failure rate and
recovery intensity over time with acceptable accuracy and reliability. The developed methodical apparatus allows
to solve a number of actual tasks of prolongation of a resource of the aircraft RES, for example: to form set of signs
of limit states of the aircraft RES for an estimation of their condition on places of operation; to carry out
calculations of indicators of residual resource of the aircraft RES for decision-making on extension of resources,
on carrying out of tests of leading aircraft on an estimation of indicators of residual resource, for a substantiation
of volumes of tests; substantiate the need for additional tests of individual functional systems, components, test
volumes, etc.
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