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Pedepar:

1. Y nuceprauiiiHiii pob0Ti BUpilIEHO aKTyaJbHY HAyYKOBY 33[1a4y, sIKa [10J1sira€ B OOIPYHTYBaHHi Ta po3poo1i
Mojeslell Ta METOJiB PO3PaxyHKY IIOKa3HUKIB 3aJIMIIKOBOrO pecypcy pagioenekrponHoi cucremu (PEC) mitaka, mo
3MEHUIUTb NTOTOYHI BUTPATH Ha OOCJIyrOBYBaHHs JliTaka IIPU OJHOYaCHOMY 3abe3neyeHHi 6€e3BiIMOBHOI Ta
6e3rnevyHoi ekcryaTaljii NoBiTpsiHOro cyiHa. PO3p0o06sieHO 3arajbHi [10JI05KEHHS 3 PO3PaXyHKy [TOKa3HUKIB
3a/miKoBoro pecypcy PEC jiTaka, 10 CTaHOBJISTh METOJUYHY OCHOBY METOJIMKU PO3PAXYHKY i BKJIIOYAIOTh
iepapxiyHy cxeMmy pO3paxyHKY, IpoLelypy PO30UTTs (PYHKILIOHAIbHUAX CUCTEM, (PYHKIiOHAJIbHUX BY3JIiB i
KOMILJIEKTYIOUMX BUPOOIB HA HEBIHOBJIIOBAHI Ta BiJHOBJIIOBaHi 00'€KTH 3 [IOBHUMH, MiHIMaJIbLHUMU 200 HETIOBHUMU
BiJHOBJIEHHSIMY; IIPOLIEAYPY PO3POOKU HOBUX 200 BUKOPMCTAHHS BiJOMUX MaTeMaTUYHUX MOJeJIel TPOLeCiB
BiZIMOB i BiIlHOBJIEHD [J1s1 BiJITOBiAHMX 00'€KTIB; 3arajbHi MOJIOKEHHS 1010 OLiHKY TeXHiYHOrO CTaHy Ta

OOrpyHTYBaHHS O3HaK rpaHnyHuX cTaHiB PEC sitaka, iHmi 3arasipHi nososxenss. [lokaszaHo, 1110 OLiHKY 'PaHUYHUAX



craHiB PEC JjriTaka nouinbHO 3[iMCHIOBATU 3a CYKYIIHICTIO TIOKA3HUKIB, 11O BioOpaXkaloTh CTAaH KOMILJIEKTYIOUMX
BHpOOIB, PyHKLIOHATBHUX BY3JIiB i cucteMm, cknanoBux yacTuH PEC, kabenpHUX BUPOOiB, MaTepiasiB, JOIIOMIKHUX
IIPUCTPOIB i iX MOKa3HUKIB HAiMHOCTL. OTPUMAHO y3arajJbHEHHS BiIOMUX MaTEMAaTUYHUX MOZEJIEN IIOTOKY BiIMOB
KOMIIJIEKTYIOUMX BUPOOiB IIPM HEOOMEKEHIi KiJIbKOCTi MiHIMaJIbHUX BiTHOBJIEHD KiHIE€BOI TPUBAJIOCTI. PO3risiHyTO
MaTeMaTHU4Hi MOZEJIi TOTOKY BilMOB KOMILJIEKTYIOUMX BUPOOIB CXeMHOI IO3U1Lii 3 KiHLIEBUM YMCJIOM BiJHOBJIEHb
pi3HOI IIMOVHY POTSIrOM IIPU3HAYEHOI'0 CTPOKY CJIY>KOU, IIOKa3aHa JOLIIbHICTh X BUKOPUCTAHHS IPU
PO3paxyHKax MOKa3HUKIB 3aJIMIIKOBOTO pecypcy. BBeieHO MOHATTS 3a/IMIIKOBUI PECYPC i 3aIUIIKOBE
HalpaljloBaHHS [J15 BiJHOBIIOBAaHUX BUPOOIB, BiATIOBiAHI TIOKa3HUKHU 3aJIMIIKOBOTO PECYPCY i 3aJUIIKOBOTO
HarpaloBaHHs. PO3TJIIHYyTO MaTeMaTUYHI MOZEJ 1171 PO3PaxyHKY NTOKa3HUKIB 3aJIMIIKOBOTO PECYPCY i
3QJIMIIKOBOTO HAIPALlOBaHHS BiIHOBJIIOBAHOTO BUPOOY 3 OJJHUM PECYPCHUM €JIEMEHTOM IIPU KiHIIEBOMY YMCIIi
[IOBHUX 200 MiHiMaJIbHUX BiTHOBJIEHb KOMILJIEKTYIOUMX €JIeMeHTiB. OTpUMAaHO y3arajbHEHHS LIUX MOJeJeN 1Jsl
BiZIHOBJIIOBAHOTO BUPOOY 3 KiJIbkOMa peCypCHUMU esleMeHTaMu. OTPUMAHO PO3PaxyHKOBI BiTHOCUHHU 115
[IOKa3HUKIB 3aJIMIIKOBOTO PECYPCY i 3aIMIIKOBOTO HaNpaloBaHHs QYHKIiOHATBHUX BY3JIiB i CHCTEM IIPU KiHIIEBOMY
4Yu1CJli MiHIMQJIBHUX BiZJTHOBJIEHb PECYPCHUX €JIEMEHTIB. 3allpOIIOHOBAHO METOAMKY PO3PaXyHKY ITOKa3HUKIB
HaZiTHOCTI BiTHOBJIIOBAHOTO (PYHKLIOHAJIBHOTO By3ia i cuctemu PEC siTaka Ha NOAOBKEHOMY iHTEpBaJi
eKCIUlyaTallii, o BpaxoBYe BiJHOBJIEHHS pecypcy (B IOBHOMY, HETIOBHOMY ab0 HYJIbOBOMY 00CSI3i) IIPU IIOTOYHOMY
PEMOHTI TiJIbKM Y 3aMiHHOT'O 260 BiIHOBJIIOBAHOT'O KOMILJIEKTYIOYOTO €JIEMEHTA Ta HE3MIHHICTh PECYpCy iHIINX
€JIEMEHTIB By3J1a 260 cucTeMU. PO3IJISIHYTO OCOOJIMBOCTI pO3PaXyHKy MOKA3HMKIB 3aJIMIIKOBOTO HallPall0BaHHS
PEC niTaka, iioro GyHKI[iOHATBHUX CUCTEM. 3aIIPOIIOHOBAHO [IBi CXeMU HAOIMKEHOTO PO3PAXyHKY 3
BUKOPHCTaHHSIM CTPYKTYPHHUX CX€M HaifHOCTI; i3 3aCTOCYBaHHSAM MeTOLly ()a30BOT0 YKPYIIHEHHSI CTaHiB.
Po3po6eHo BifOBiAHI MaTeMaTU4Hi MOAEJI Ta LOCIiI>)KEHO 3aJI€5KHOCTI BiJHOCHOI II0XUOKHU PO3PaXyHKiB
BEJINYMHY HECTalliOHAPHOTO KoedillieHTa Bif 4nica (PyHKLiIOHAIbHUX CUCTEM, PiBHS ixX HAaIilTHOCTI, HallpallOBaHHS.
[TokasaHo, 1110 TOYHICTh PO3PaXyHKiB [IOKa3HUKIB 3aJIMIIKOBOTO PECYPCY BU3HAYAETHCS TOYHICTIO OL[iHKM MOMEHTY
noyaTky crapinHs PEC sitaka, TOYHICTIO OLiHKY JIiHil perpecii A1 napameTpa IOTOKY BiZIMOB, TOYHICTIO 3aBaHHS
[TIOKa3HUKIB BapTiCHUX BUTPAT Ha eKcIruryartauio PEC siTtaka i iHmux nokasHukiB. OTpMMaHO pO3PaxyHKOBI
CHiBBiJHOLIEHHS [1JI51 OLiHKY IIOXUOOK PO3PaxyHKY [MOKa3HUKIB JOBrOBIYHOCTI. 3alIpONIOHOBAHO PO3PaXyHKOBI
CIIiBBiZJHOLIIEHHS I10 OLiHIi BApPTiCHUX BUTpAT Ha eKkcityartatito PEC sitaka, 1m0 3a6e31e4yyoTh pO3paxyHKU
€KOHOMIYHO BUTITHUX CTPOKIB CJIY>KOM i IPUIMHSTTS pillleHb Ha IPOJOBXKEHHS €KCIIyaTallii, PEMOHT ab0 CIIMCaHHS
JliTaka. 3aCTOCyBaHHS 3alIPONIOHOBAHOI METOAVKHN PO3PaxXyHKY [NOKa3HUKIB 3aJIMLMIKOBOTO pecypcy e(eKTUBHO IJIs1
PEC snitaka B isiomy i ioro GyHKI[iOHaJIbHUX CUCTEM, 32 JaHUMU eKCILTyaTallil SIKUX MOXKJIBE HAKOIIMYEHHSI
HeOoOXiJIHOro o6csry CTaTUCTUYHOI iHpopmallii AJ1s1 106yI0BU PerpeciiiHuX 3aj1e’KHOCTEeN TapaMeTpa IIOTOKY
BiJMOB i iIHTEHCUBHOCTI BiJHOBJIEHD B 4acCi 3 IIPUMHATHOIO [J151 BUPILIEHHS 3aBIAaHb [IPOJOBKEHHS PECYPCIB
TOYHICTIO i OCTOBipHICTIO. PO3p0671eHNII METOOUYHNI anlapart [03BOJIsie BUPIIIYBATH PsiJ] aKTyaJIbHUX 3aBHaHb
nponosxkeHHs pecypcy PEC sitaka, Hanpukiaz: GopMmyBaTH CyKyIIHICTb O3HAK rpaHUyHuX cTaHiB PEC sitaka nis
OLiHKM iX CTaHy Ha MiCL4X eKCIUIyaTallii; 34iliICHIOBATY PO3PaxyHKU IIOKA3HMKIB 3aIMIIKOBOro pecypcey PEC jyitaka
IJ1s1 IPUIHSTTS pillleHb HAa IPOJOBKEHHS PECypCiB, Ha MPOBEIEHHS BUITPOOYBaHb JIiIepHUX JIiTaKiB 3a OLIiHKOIO
[IOKa3HUKIB 3aJIMIIKOBOTO PECYPCY, [ OOrPyHTYBaHHS OOCATiB BUIIPOOYBaHb; OOIPYHTOBYBaTH HEOOXiIHICTh

IIPOBEJEHHS OAATKOBUX BUIIPOOYBAaHb OKPEMUX (PYHKLIOHATBbHUX CUCTEM, BY3J1iB, 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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