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Annomayusn. B cratbe npuBeIeHbI pe3yIbTaThl UCCICJOBAHUHN, a TAKKE M3JI0KEHBI TEOPETUUECKHE U
MaTeMaTHYeCcCKHe MOAEIN CHCTEM YIPABJICHUS KM3HEHHBIM IIUKJIOM H3/eNUil aBUAllMOHHOW MPOMBIILICH-
HOCTH C HCIIOJIb30BaHHEM TEOPHH NMOTEHINANIOB. BBeJeHa HOBAsl KaTeropust AJs YIPaBIeHUS KU3HEHHBIM
LUKJIOM 00bekTa — noteHuuan. Leas. PaspaboraTs HHCTpyMEHTapUil yIpaBJIieHHs )KU3HEHHBIM [IUKJIOM Ha
OCHOBE NOTEHIIMAJIOB 00beKTa. B kauecTBe 00beKTa BEIOpaH y3el aBuallMoHHOTo JBurareis. Meroabl. OcHO-
BaHHUEM 71 (OpMHPOBAHMS HOBBIX HHCTPYMEHTOB MOKET OBITh paHee HE OTMEUaBILIEECs] CBOHCTBO 0OBEK-
Ta, MPOSIBIISIFOIIEECS KaK pe3yibTaT CYIIECTBEHHBIX TpaHC(HOPMaIMii BO BHELTHEH cpelie U coepxKaliee Ho-
ByI0 HHpoOpManuio 06 oobekTe. TeHaeHnns K pa3BUTHIO HHPOPMAIIMOHHOTO 00ECIIEUCHNS 3TAIlOB KU3HEH-
HOTO IIMKJIA CO3JaeT HOBBIC TEOPHHM W IOJXOMBI, CPEIH KOTOPBIX MPEACTABICHA TEOPHS ITOTEHIMANIOB.
Ipenmnonaraercs, uTo pa3pabOTaHHBIN HHCTPYMEHTapHA MOXXHO (hOPMAIM30BaTh IO/ BCE COCTABHBIEC YaCTH
aBHAIIOHHOTO JIBUTATEISI Ha JIFOOOM 3Tare )KN3HEHHOTO NMKIA. AHAJIN3 HAaKOIUIEHHOTO MOTEHITHANA CBSI3aH
C MPOLUIBIMU U3MEHEHMsMH. OTCUEeThl BPEMEHH MPOM3BOIATCS NMPOTHB TeUeHHs BpeMeHH. [loTeHuman
YKM3HEHHOTO LMKJIAa BBIYMCIISETCS] KaK HAKOIUICHHBIN TOTEHIMAN BCeX MOTOKOB. HeoOX0AMMBIM 3JIeMEHTOM
SIBJISIETCSI TIOCTPOCHUE OM3HEC-MOJIENH MPOIecca, BKIYAMONIeH MOJEb JAaHHBIX, MOJEIb OpraHU3alnoH-
HOW CTPYKTYpbI MOJpPa3/IeNCHHU, y4acTBYIOIIMX B TEXHOJOTHYECKOM Ipoliecce, U (yHKIHMOHAIBHYIO MO-
Jenb nporecca. Pesyiabrarel. MaTemarnueckast MOJIeNb yIIPABICHUsI )KU3HEHHBIM [IMKJIOM H3JIENUsl pa3pa-
0aThIBaETCSl C MCIOJIB30BAaHUEM CIICAYIONIMX KAaTETOPHH: HAKOIUICHHBIH W IPOTHO3HBIE MOTEHIHAbI.
[ToTeHIManbl paccUNTHIBAIOTCS HA OCHOBE MCXOIHBIX JIAHHBIX MPEAINPUSATHS 110 OOBEKTY HCCIIEAOBAHUSL.
HaxkoruleHHBIH MTOTEHIMAN yYUTHIBACT MATEPHAIM3ALMIO IPOLUIBIX MMOTOKOB JAHHBIX, OITOMY aHAIN3 H
MOJIETIMPOBAHNE YBSA3aHBI C NMPOIUIGIMA U3MEHEHHUSAMH. CMBICI IPOTHO3HOTO IOTEHNHAA 3aKJII0YaeTcs B
OTIpeIeTICHUH PHIHOYHON CTOMMOCTH Oyaymux riatesked. IIpennonaraercs, 9To B COBOKYITHOCTH TUIATEXH
OTIPEJIETISIIOT PHIHOYHYIO CTOMMOCTh aKTHBA, CBA3aHHOTO C HUMH. 3akaiodenue. CymecTBYIOMas CTPYKTY-
pa OpraHU3alMOHHbIX, (YHKIMOHAIBHBIX DJIEMEHTOB M JJIEMEHTOB JIaHHBIX 00BEKTA JI0CTATOYHA JIsl OIpe-
JIeTICHUs] HAKOIIJICHHOTO TIOTeHIMana. J{eiicTBUTENbHO, IPUMEHHUTENIFHO K aKTHBaM MOYKHO TIOCYHMTATh IPO-
THO3HBIM M HAKOIUICHHBIH MMOTEHIIMAN, TJe HaOJo1aeTCsl YeTKas TeHACHIM U3MEHEeHUs oTeHraioB. Lle-
JIeCOOOPa3HOCTh BBIUMCIICHHUS MOTEHIIMAIA BMECTO MCIOJIb30BaHUS UCXOIHBIX AaHHBIX BbI3BaHA OOJBIION
aJIEKBATHOCTHIO MOJICIIM MIOTEHIHANA.

Knioueevie cnoea: HaxoIUIeHHbI TOTEHIMAN, MPOTHO3HBIM MOTEHIMAJ, aBUALMOHHBIH JBHUTaTElb,
yIIpaBJeHUEe )XKU3HEHHBIM [IUKJIOM
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Abstract. The article presents the results of research, as well as sets forth theoretical and mathematical
models of life cycle management systems for products of the aviation industry using the theory of poten-
tials. A new category has been introduced for managing the life cycle of an object - potential. Aim. Develop
a toolkit for life cycle management based on the potentials of the object. An aircraft engine unit was selec-
ted as an object. Methods. The basis for the formation of new tools may be a previously unremarked pro-
perty of an object, which manifests itself as a result of significant transformations in the external environ-
ment and contains new information about the object. The trend towards the development of information
support for the stages of the life cycle creates new theories and approaches, among which the theory of po-
tentials is presented. It is assumed that the developed toolkit can be formalized for all components of an air-
craft engine at any stage of the life cycle. The accumulated potential analysis is related to past changes.
Time is counted against the flow of time. Life cycle potential is calculated as the accumulated potential of
all threads. A necessary element is the construction of a business model of the process, which includes a da-
ta model, a model of the organizational structure of departments involved in the technological process and
a functional model of the process. Results. A mathematical model of product lifecycle management is de-
veloped using the following categories: accumulated and predicted potentials. Potentials are calculated
based on the initial data of the enterprise for the object of study. The accumulated potential takes into account
the materialization of past data streams, therefore analysis and modeling are linked to past changes. The mea-
ning of the predictive potential is to determine the market value of future payments. Collectively, the payments
are assumed to determine the market value of the asset associated with them. Conclusion. The existing struc-
ture of organizational, functional elements and data elements of the object is sufficient to determine the ac-
cumulated potential. Indeed, in relation to assets, it is possible to calculate the predicted and accumulated
potential where there is a clear trend in the potential change. The feasibility of calculating the potential
instead of using the initial data is caused by the great adequacy of the potential model.
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Beenenue

Wnes ynpaBiieHHs )KU3HESHHBIM [[UKJIOM aBHAI[MOHHOTO JBUTATENs] 00CYkK/IAeTCsl B HACTOSIIEE Bpe-
Msi. TeHICHIIMKM pa3BUTH aBUACTPOCHHUS TPHBEIM K HHTCHCHBHOMY BHEAPCHUIO HH()OPMAIMOHHBIX
TEXHOJIOTHA, TOIICPKUBAIOIINX YIIPABICHHE KU3HCHHBIM IIMKJIOM aBUAIIMOHHBIX u3zenuil. ClIoKHbIC
CHCTEMBI, 00ECIICUMBAIOIINE BBIITYCK HAYKOEMKUX W3IEIHH, HIMEIOT CBOWCTBA, CXOIHBIE CO CBOWCTBAMHU
caMuX M3JCNNH, Ul HUX XapaKTepHBI T€ ’Ke CTaIMU )KU3HEHHOT'O IIMKIIA, TIOX0XKHE HHCTPYMEHTHI U Me-
TOJIBI aHaM3a U yrpasieHus [1-9].

IToaTOMy MOUCK HOBBIX HHCTPYMEHTOB M MOJIENICH, YUUTHIBAIOIIUX HEONPEAEICHHOCTh, B TOMOJIHE-
HHE K CHCTEMHBIM CTAHOBUTCS aKTyaJbHBIM M IMOJJIEPKUBACTCS PA3TUYHBIMU YUCHBIMU, 3aHUMAIOIIH-
MHCSl SKOHOMHUUYECKHMH M CMEXHBIMH C HUMH Bonpocamu. Cieayer oTMeTuThb, uto B [10, 11] cdhopmy-
JHMPOBAH MOJXO0JI, 0a3UPYIOLUIMICS Ha OMHCAHWU (HOPMAIN30BAHHOTO CBOMCTBA COIMO(U3NYECKHX 00b-
€KTOB, HA3BAHHOT'O HAKOIUICHHBIMH U ITPOTHO3HBIMH TIOTEHIHAIAMH.

MeTtonojorus
Martematuyeckas MOJICNb YIIPABICHUS KU3HCHHBIM [UKIOM H3JCiHs pa3paboTaHa ¢ WCIOJIh30Ba-
HUEM CJCAYIOLUX KaTerOpUii: HAKOIIEHHBIN U MPOTHO3HBIC MTOTEHIUABI.
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Paspa6omka uHcmpymeHmapusi yripaesieHusi
JKU3HEHHBLIM YUKJIOM u30esiusi ¢ y4emom e20 MomeHyuasnose

HakoruteHHBI MOTEHNMAN YYUTHIBAET MAaTE€PHATU3AIUIO IMPOIUIBIX MOTOKOB JAaHHBIX, MOITOMY
aHaAJIU3 U MOJICTUPOBAHUE YBSI3aHbI C MPOIUIBIMU U3MeHeHusmu [11, 12].

CoOcTBeHHBIN HAKOTUICHHBIH MOTEHIIMAN MO IEPEMEHHON BBIYHUCIIAETCS 10 (hopMynam:
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B kauecTBe 00bEKTa UCCIICTOBAHUS BHICTYIIACT aBHAIIMOHHBIN JIBUTATECIb.

()

Ha puc. 1 npencrasneHa cTpyKTypa MOTEHUIHAIOB aBUALMOHHOTO ABUraTelNs C TOYKU 3PEHUS aB-

TOPOB.

B naHHOI cTaThe pacCYUTHIBAIOTCS CICIYIONINE KATETOPUH MOTEHIIMATIOB: YIKOHOMUYECKUA U TEX-

HOJIOTUYECKHH.

Crpykrypa
MOTEHIIHAJIAa

T

JlorucTHyecknuit

TexHOoNnOrH4eCcKHi

DKOHOMHUYECKHH

HMuhopmauuoHHbIii

CornuanbHbli

Puc. 1. CTpykTypa noteHuunanos
Fig. 1. Potential structure

TexHOJIOrHYeCKHI MNOTCHUHAJT — 3aTPa4YCHHOC BPEMA HAa TCXHOJIOTMYCCKYIO 06pa60TI<y COCTaBHBIX
HeTaHeﬁ " yY3JI0B aBUALITMOHHOT'O ABUTATCIIA. DKOHOMUYECKHI MMOTEHI A — CYMMAapHBIC DKOHOMHNYCCKUEC

3aTparhl.

Ha puc. 2 npeacTaBj€Ha CUCTEMaA YIPaBJICHUA ) KU3HCHHBIM LUKIIOM HU3ACIIUA C YYCTOM €ro MOTCH-

LIHAJIO0B.
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Puc. 2. Cuctema ynpaBrneHusi )KU3HEHHbIM LIKITIOM
Fig. 2. Lifecycle management system

HcxoaHble aHHbIE TUIAHUPYIOTCS Ha MPEANPUATUN U KOPPEKTUPYIOTCSA COTJIACHO 3TaIly IIPOU3BO/I-
CTBa. 3aTeM MPOMCXOIUT OTOOP JIAHHBIX IO 3aJaHHBIM KPUTECPHUSAM, MPOBOJUTCS KOHTPOJIb U aHAJIM3,
pacyeT HaKOIUIEHHOI'O ¥ MPOTrHO3HOrO MOTEHIHAIOB. ITOroBbie 3HAaU€HUS NEPENAIOTCS B CUCTEMY MOJI-

JEP>KKU IPUHSTHSI pELIeHUH, enaeTcs BIBOJ 0 cucteme [13, 14].

Pacder HakomIeHHOTO MOTEHIMaNa MPoBoIMIICcs o dpopmyiam (1)—(4). B kauecTBe MCXOHBIX JaH-
HBIX UCIOJIb30BaHa TPYIO0EMKOCTh TEXHOJIOTHYECKOW 00pabOTKH y3J1a aBUALMOHHOTO JIBUTATEIS.
HToroBeie pacueTsl TEXHOJIOTHYECKOTO HAKOIUIEHHOTO [TOTEHIMAjIa IPEeACTaBIeHbI B Ta0. 1.

Tabnuua 1

UcxoaHble 3Ha4YEHUA U 3HAYeHUs pacyeTa

Initial values and calculation values

Table 1

Tlepron JnHamuka HCXOJTHBIX JIAHHBIX JInHAMUKa TEXHOJIOTHYECKOTO
10 TPYJO0EMKOCTH, H-Uac NOTEHIINAIA, H-4ac

SuBapp 472 472,0

DeBpab 1298 991,2

Maprt 0 2419,0
Anpens 1062 2419,0
Mait 1652 3584,5
4070)313 944 5397,6
Uionp 1416 6428,9
ABrycr 1062 7972,4
Cents6pb 1770 9130,0
OKTs0pb 1180 11 054,8
Hosi6pb 1534 12 335,1
Jexabpb 1062 13 995,7

Ha puc. 3 npexncrasieHsl TpaduKy TMHAMUKA UCXOAHBIX JaHHBIX W HAKOIUICHHOTO TEXHOJIOTHYE-
CKOr'0 IOTEHIIMAIa 00bEKTa UCCIIEJOBAHMUS.
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Puc. 3. AnHamuka TpyAOEMKOCTU U AMHAMMKaA HaKOMNJIEHHOro TeEXHONOrM4eckoro noTeHumana
Fig. 3. Dynamics of labor intensity and dynamics of accumulated technological potential

Kak BugHO U3 puc. 3, rpadMk HCXOHBIX JTaHHBIX UMEET HEITMHEWHBIN XapakTep, KO3 UIEHT Je-
TepMuHaNuu paBeH 0,23, 4TO CBUAETEIBCTBYET O HU3KOM KadecTBEe MaTeMaTthdeckoi mojenu. ['paduk
JUHAMHKH TEXHOJIOTHYECKOTO TOTEHIMAlla UMEeT JIMHEHHBIN XapakTep, KOAQPHUIMEeHT AeTepMUHAIINN
paBeH 0,98. 9T0 MOKHO OLIEHUTh KaK aJIeKBATHYIO MOJENb U MEPEUTH K aHAIU3Y CUCTEMBI.

HToroBble pacuyeThl 5KOHOMHUYECKOTO HAKOIJICHHOTO TIOTEHIIMAJIA MPEICTABICHBI B Ta0JI. 2.

Tabnuua 2
WcxoaHble 3Ha4YeHUs1 N 3Ha4YEeHUs1 pacyeTa
Table 2
Initial values and calculation values
JlnHaMuKa UCXOAHBIX TaHHBIX JlmHaMuKa SKOHOMHUYECKOTO
ITepuon
110 3aTpaTaMm, ThIC. py6. IMMOTEHIINAJA, THIC. py6.

SuBapp 1638,6 1638,6

deppasib 44942 51 075,3
Mapt 0,0 51 075,3
Anpens 3686,8 91 630,7
Mait 5735,1 153 282,9
Hionn 3277,2 188 512,8
Hronb 4915,8 238 899,8
ABrycr 3686,8 275 768,2
CeHTs0pb 6144,7 337 215,7
OxTs0pb 4096,5 377 156,6
Hos6pb 5325,4 427 748,3
Jekabpb 3686,8 461 851,7
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Ha puc. 4 npencrapiensl rpa@ukd THHAMAKHA UCXOTHBIX JAHHBIX M HAKOTUICHHOTO YKOHOMHUYECKO-
ro HMOTEHIIHana 00bEKTA UCCIETOBAHMS.
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Puc. 4. AuHaMrKa 3KOHOMUYECKUX 3aTpaT U AMHaMUKa HaKONMEHHOro TeXHONOrM4Yeckoro notTeHuuana
Fig. 4. Dynamics of economic costs and dynamics of accumulated technological potential

Kak BugnHO U3 puc. 4, rpadhmk HCXOTHBIX JaHHBIX UMEET HETMHEHHBIN XapakTep, Ko3QUIMEHT Je-
TepMuHanuu paseH 0,24, 4TO CBHIETENBCTBYET O HU3KOM KauecTBe MaTeMaTrnieckoi mojenu. ['paduk
JTUHAMHKH TEXHOJIOTHYECKOTO MOTEHIMANIa UMEET JIMHEHHBIN XapakTep, KOdPGHUIMEeHT JeTepMUHAIINN
paBeH 0,99. DTo MOXXHO OLICHUTH KaK aJ€KBaTHYIO MOZEIb U MEPEUTH K aHAJIU3Y CUCTEMBI.

Ha puc. 5 u3o0pakeH rpa¢uk COOTHOIIEHUS HAKOIJICHHOI'O TEXHOJIOTMYECKOI0 U SKOHOMUYECKOTO
IMOTEHIAAJIOB.
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Puc. 5. CooTHOLIEHME HaKOMNJIEHHOro TEXHONOrMYECKOro U 3KOHOMUYECKOro NoTeHuManos
Fig. 5. The ratio of the accumulated technological and economic potential
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XU3HEeHHbIM UUKITOM usdenusi ¢ y4dyemomM e20 nomeHyuasios

Pacder nmporHo3HOTO MOTEHITMANIA IPOBOIMJIICS C MCIIOIH30BAaHUEM MCXOMHBIX TaHHBIX U3 Ta0m. 1, 2

o popmyie (5).

Ha puc. 6 MNpEACTABJICHBI JUHAMUKA TCXHOJOTHYCCKOI0 1 SKOHOMHWYCCKOI'0 MOTCHIIMAJIa U3ACIIHA.
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Puc. 6. AuHamuka NMPOrHO3HOIro TeXHOJNToOrM4eCcKoro U SKOHOMn4eckoro noteHuumarnoe

Fig. 6.

Dynamics of predicted technological and economic potentials

JluHaMuKa TEXHOJIIOTHYECKOTO M 3KOHOMHYECKOTO MOTEHIINAIOB WUMEET JIMHEHHBIA XapaKTep, 4TO
MO3BOJISIET MEPENTH K aHAIN3Y CHCTEMBI.
Ha puc. 7 nzobpaxeH rpagik COOTHOIIEHHsI TPOTHO3HOTO TEXHOJIOTHUYECKOTO M SKOHOMHYECKOTO

MOTEHINAIOB.
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Puc. 7. CooTHOLIEHME NPOrHO3HOIO TEXHONOMMYECKOro U 3KOHOMUYECKOro NoTeHLManoB
Fig. 7. The ratio of predicted technological and economic potentials
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BriBoabI

COOTHOIIIEHHE HAKOIUICHHOTO TEXHOJOTMYECKOr0 W 3KOHOMHUYECKOTO MOTEHIMATIOB (CM. pHC. 5)
MHTEPIPETUPYETCS CIEAYIOMUM 00pa3oM: TaHTEHC yria o — 3TO KOA((UIUEHT PHIHOYHON JOXOTHO-
ctu [1]. HanHbli Ko3GdUIUEHT YHCIEHHO paBeH Kod(h(HUIMEHTY perpeccHoHHOro ypaBHeHHs (3.5).
CrnemoBaTenbHO, IS TOANCPKAHHS TIOJOKUTETFHOW TMHAMHUKH HAKOTUIEHHOTO ITOTeHIIHaia He00X0au-
MO 99 % HaKOIUIEHHOTO MOTEHLMANa TOTOBOW MPOAYKIHMU. AHAJOTMYHO AJISl MHTEPIpPETalud COOTHO-
HICHUS] TPOTHO3HBIX MOTEHIUAJIOB: AJS MOJACPKAHUS MOJOKHUTEIBHON TUHAMUKY HAKOIUIEHHOTO IO-
TeHmana Heooxoaumo 100 % HaKOIICHHOTO MOTEeHIIMAIA TOTOBOW TpoayKiuu [15].

Cpasuenne rpaduxoB (cM. puc. 4, 6) WUTFOCTPUPYET Pa3INUNs B MPOTYKTHBHON COCTABIISIOMICH.
LenecooOpa3HOCTh BBIYHCIECHHS] MOTEHI[HAIa BMECTO HCIIONB30BAaHUS HCXOIHBIX JAHHBIX BBI3BaHA
0OJNBLION aJEKBAaTHOCTHIO MOJICNIM MOTEHIHMANA, a TaKKe BO3MOKHOCTBIO TIOCTPOCHUS JUHAMHYECKON
MOJIENU yIpaBieHus: 00beKTOM. [ paduK HCXOMHBIX TaHHBIX UMEET HEIMHEHHBIA XapakTep, KO3 PHuIu-
€HT JIeTepMHUHALMH paBeH MeHbIne 0,5, 4TO CBUACTENBCTBYET O HU3KOM KauecTBE MaTeMaTHUECKONH MO-
nenn. I'padyik TUHAMEKY MTOTEHIIMATA UMEeT JTHHEHHBIA XapakTep, KodhGUIueHT AeTepMUHaAInN OIu-
30K K 0,99. 3TO MOKHO OLICHUTh KaK aJ€KBAaTHYIO MOJEIb U NEPEUTH K aHAJIU3y CUCTEMBL.
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