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Annomauus. PaccMoTpeHa HeoOXOAMMOCTb BHEIPEHUS MoIe N «MoOMIbHasI TeXHOJIoTuIecKas TutaThopMa» B HOBOM
cucTeMe B3aMMOOTHOIICHMI MEXITY TIPOM3BOAMTEIIEM 1 9KCIuTyaTaHToM B MHmycTpum 4.0, a umeHHO Moenu 1j1st GbICTPOro
pa3BepThIBAHUS MPOU3BOACTBA U3IEINI HEOOJIBILION CEPUITHOCTH, PACTIONOKEHHOTO B HEMOCPENCTBEHHOM OJIM30CTH OT
MecTa aKcITyataiuu. [TpomgykTamMu 3Toi T1aTOpMBbI SIBIISTIOTCS KaK 3aKOHUEHHBIE U3IEIIHST, CIIPOEKTUPOBAHHbBIE IO
OBICTPO U3MEHSIIOIIMECS YCTIOBUS IPUMEHEHUSI (B TIEPBYIO OUepeib 00eBbIE YCIOBUS ) MM ObICTPOM3MEHSIOIIMECS 3aITPOCHI
SKCIUTyaTaHTa, TaK ¥ HeOOJIbINAast CepHsl PETYJISIPHBIX IeTaei 1JTsT OOCTy>KMBaHWSI M PEMOHTA TEXHUKMU.
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Abstract

The current reality of the relationship between the manufacturer and operator is developing in the direction of ultra-fast
response to the needs of the customer or the conditions of use of products, both in the civilian sector and in the military.
The mature production structure does not allow such interaction being accomplished effectively. Application of the new
model of such system of interaction between the designer, producer and operator “Mobile Technological Platform” is
being proposed as a way of this structure changing.

The mobile technological platform (MTP) is a technological process brought out from the large industrial sites
(enterprises) and employed under conditions of critically important rapid design and production of small-batch products.
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The technologies used in MTP are essentially objects of the Industry 4.0 space artificial intelligence, Internet of Things,
additive manufacturing, robotics, cloud storage, augmented reality, etc. Accordingly, this space, representing a digital
production environment, forms a toolkit with ultra-fast computational technologies, self-developing and interconnected
intellectual interactions in which decisions are made on the basis of self-learning data exchange systems in an automated
mode.

The MTP existence is possible only in the space of Industry 4.0 using the appropriate tools and technologies. A space,
in which quick product manufacturing according to ever varying requests of customer satisfaction, is possible due to the
technology and production methods being used.

A participant in the MTP reality does not necessarily have to possess gigantic industrial resources for development,
but must be integrated into a system of indicators determining his belonging to modern production processes through the
use of appropriate technologies. If considering the MTP exclusively in the aircraft building industry, the wide geography
of various purposes aircraft operation and aftersales servicing system (ASS), including maintenance and repair (M&R)
should be accounted for.

More efficient ASS and M&R may be provided by integrating into this MTP system to produce parts locally, timely
and in small quantities, needed all of a sudden planned according to changing operating conditions of the product. Thus,
deploying rapid production (MTP) next to the operators, it is possible to form a more efficient and at the same time no
less reliable supply system compared to the one that exists in various implementations today.

The mobile technology platform is a model of a new system of relations between the designer manufacturer and the
operator in industry 4.0. Due to the rapid deployment of production of small—batch products, it will be possible to reduce
the volume of warehousing, simplify the inventory management system of parts and components, eliminate long-distance
transportation and total time spent on the supply chain, as well as save financial costs for paying for a large the number
of specialists accompanying these processes.

The need for the MTP forming is obvious in conditions of competitive requirements of the rapidly changing environment.
The place of the MTP existence is the space of Industry 4.0 with its technologies and tools.
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BBenenue

CoBpeMeHHas KapTUHAa B CUCTEME B3aMMOOTHOIIICHUIA
IPOEKTUPOBIINKA, TPOU3BOIUTEIS U OKCIUTyaTaHTa IIPEI-
CTaBJIeHa B yIIPOILIEHHOM BUIE Ha puc. 1.

B 3T0i1 cucTteMe IPOEKTUPOBIIMK Y TTPOU3BOAUTEIb
HaXoISITCS B paMKaX ONPEICIICHHBIX U YCTAHOBJICHHBIX
TpeOOBaHMUI K U3ACINIO, a 9KCIUIyaTaHT MCXOAUT U3
aKTyaJIbHBbIX COBpEMEHHBIX MOTpeOHOCTel [1], KOTOpBIE
MOTI'YT MEHSIThCSI B 3aBUCUMOCTH OT YCJIOBUIA 9KCILTyaTa-
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Puc. 1. CyuiectByroiasi cucteMa B3aMMOOTHOIIEHU A
MPOEKTUPOBLIMKA, TPOU3BOAUTENSI U IKCIUTyaTaHTa

LI U3IE1sI, OT U3MEHEHUS 3a/1a4, pelllaeMbIX U3ICIUEM,
OT 3aIIPOCOB Ha yJIy4yllleH!e KauecTBa U IpYyrux (hakTopos.
OnHako B NaHHOM CUCTEMe B3aMOOTHOILIEHUI OTBET-
Hasl peaklMsl Ha BHECEHUE M3MEHEHUI B KOHCTPYKIIMIO
U B IPOU3BOJICTBO OOHOBJIEHHOTO U3IEI1sI Ha OCHOBAaHUM
3aMPOCOB AKCILIYaTaHTOB (B BOEHHOI cepe — B OOEBOI1
00CTaHOBKE) WJIM B TpaKJaHCKOM chepe — 1Mo IMpUIrHe
BO3pOCIINX TPpeOOBaHUI K KaueCTBY M3MIEJUS U U3-3a
CMEHBI YCJIOBUI 3KCIUTyaTallud — COBEPILEHHO HE OIle-
patuBHa. CnoXMBIIAsICSd CUCTeMa B3aMMOOTHOIIECHUI
He MOXET 00eCTIeYUTh MPOSKTUPOBAHNE U TPOU3BOJICTBO
CEePUMHBIX M3AEIUI B YCIOBUSIX, KOIIa KPUTUUECKU BasKHO
B TeUEHUE HECKOJbKUX THEH 1In, TeM 0oJiee, 4acoB OTBE-
TUTb Ha BBI30B M0 U3MEHEHUIO IMOTpeOHOCTEM [2], BHECTH
U3MEHEHMSI B KOHCTPYKIIUIO U BBIITYCTUTH HEOOJIbIIIYIO
cepuro, 00ecreYnB MPUCYTCTBUE U3 10 MECTY DKC-
IuUIyaTalluMy JUIsl pelieHus 3aaaud [3].

1. Moaenb « MoOu/IbHAs TeXHOJIOrHYecKas miargopma»
Pemuth 3amauy ObICTPOTrO TPOEKTUPOBAHUS U BBIITYCKA
MPOIYKIIMKM HEOOJIBIIION CEPUN C BHECEHHBIMU COTJIACHO
3aIpocaM 9KCIUTyaTaHTa KOHCTPYKTUBHBIMU VI UHBIMU
U3MEHEHUSIMU B KOPOTKUI BPEMEHHOM MEepHOJ He T10-
3BOJISIET YKJIa[l COBPEMEHHOW MHAYCTPUU, B KOTOPOM Cy-
LIECTBYET I'paHMULIa IPUHATHUS PEIICHUI, PeICTaBICeHHAs
Ha rpaduke Kkpusoii apdpektuBHocTu 1o [MapeTo (puc. 2).
OrnucbiBaeMoe rpahKoM TpeOOBaHKME K CKOPOCTH ITPOM3-
BOJICTBA M3/I€JINI1 HEOOJIBILIONW CEPUIMHOCTA OCHOBAHO Ha
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orpenesieHMU 3aBUCUMOCTU 0OpaTHOM MPOMOpPLMOHAIb-
HOCTU BPEMEHM Ha u3rotonyieHue 1/ 7T mpoayKIMu OT ero
konuyectBa N. [Ipu ABUXKEHUU B CTOPOHY HEOOJIbIION
CEPUMHOCTU KJIACCUYECKUI TTPOMBILIJIEHHBIN yKJIal
MPeanpUITUI CTEIMKXOAepOB (3aMHTEPECOBAHHbIX JIUII)
CTaJIKMBAETCS C OrPaHMYEHUEM 10 BpeMEeHMU (ITPOM3BO/I-
CTBEHHas JIOTUCTUKA U MPOSKTUPOBAHUE) U MO Cepuli-
HOCTHM B TOUKAaxX Ha rpaHUlIe HeyJydlllaeMbIX pelleHUi
kpuBoii [Tapeto [4].

KoHkypeHTHOe pelieHre MOoCTaBIeHHOM 3a1aun, Ha-
XofslLelics B Touke P3a mpeaenaMmu 00J1acTy OorpaHUYeHU I
IMapero — 3T0 MpoctpaHcTBo MHayctpuu 4.0, ucronnb3y-
JolIee COOTBETCTBYIOLIME TeXHOJOruu (puc. 2). Y atoro
IPOCTPAHCTBA APYIUE FPaHMLIbl, [TOKA HE OIPEICIEHHbIE B
paMKax CyILLECTBYIOLIMX Pa3MEPHOCTEI WJIM CUCTEM KOOPIH-
HaT; OHO XapaKTepU3yeTCsl HE OCTOSTHHOM CKOPOCThIO IMPO-
M3BOJACTBA L cepuu uzaeauii N3a Bpems 7, a YyCKOpEHUEM,
BBIYMCJISIEMbIM KaK BTOpast IPOU3BOIHAS a = dn/df; B TOM
MPOCTPAHCTBE CYILIECTBYET MPOTUBHUK, TAKXKE MOCTOSIHHO
amanTUPYIOIIUIACS MO BHOCUMbIE U3MEHEHUS B CBOEM
MPOTUBOJAEHCTBUU U3NEIUSIM, U OTCYTCTBYIOT KOHCTAHTbI
YIOBJIETBOPEHHOCTEN KJIMEHTA.

YToObI MPeoa0JeTh FPaHUILY, YCTAHOBJIEHHYIO KPUBOI
a¢ppexTuBHOoCTU Mo [TapeTo u okazaThes B Touke P, HeoO-
XOAUMO C(HOPMUPOBATH HOBbIE B3AUMOOTHOIIIEHHUS MEXKITY
yyacTHUKaMu mpoiecca, a umeHHo MOBWJIBHYIO
TEXHOJIOIT'MYECKYVYIO ITIIAT®OPMY (MTII), B Ko-
TOPOi YacTh YHKIIMY MPOEKTHPOBAHMS U MPOU3BOJCTBA
HEeOOJIbIION cepuu U3ACAUN WA ux Mogubukauuii N,
nepenaHa dKCIUIyaTaHTy Ha 0a3e MOOWJIbHBIX TEXHOJIO-
TMYECKUX MIaTHOPM B JIOKALIMY TIPUMEHEHUS U3IETUS.

Touka Prpacduka Ha KpUBOI OXKUAAHUST, HAXOASILIASICS
3a npeaeaaMu rpacduka agpgexkruBHoctu no Iapeto, s1B-
JISIETCS KPUTUUECKM BaXKHBIM KOHKYPEHTHBIM MapKepoM
B 001acTH 3(h(HEKTUBHOTO OTBETA HA BHI30B CBEPXOBICTPHIX
U3MEHEHUI B MOTpeOHOM OOJIMKE U XapaKTePUCTUKE
usaenuii. Peanuzauus B 3Toil ToOuKe 3a rpaHULIAMU He-
YJIYUILA€MBIX PEILIEHUIA BO3MOXKHA TOJIbKO HOBOI MOJIEJIU.
B a10i1 TOuke peanusyercst moneab MTII, ncnonb3yloias
UHCTPYMEHTAPUI U COBOKYITHOCTb TEXHOJIOTUI IIPOCTPAH-
ctBa KoHuenuuu Muaycrpum 4.0.
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Puc. 2. Ipacduk orpaHMYEHMIT BO3MOXHOCTE COBPEMEHHOTO
MPOMBILIJIEHHOTO MPOU3BOACTBA U3AENUI HEOOIbILIONH CEpUn
M TouKa peanuzauuu MTIT

2. OnpezeieHne MOOHIIbHOI TEXHOJIOTHYECKOI IIAT(HOPMbI

CrnoxuBLIasiCs peaTbHOCTbD JJIsl peLIeHUsT 0003HAUEH -
HO ITPOOJIEMbI IUKTYET HAM HEOOXOAMMOCTb U3BMEHEHUIA,
Y 3TU U3MEHEHHsI BO3MOXHBI TOJILKO B CJIydae BbIXOJa 3a
rpaHully ccopMHUPOBaHHOTO 6a3rca COBPEMEHHBIX MPO-
MBbILIEHHBIX T1aTopm [5S—7] u mnargopmuszanuu [§—11]
B pamKkax KoHuenuuu Muayctpus 4.0, roe TexHoJoruye-
cKas TuiaThopMa BBICTYIIAeT KaK HOBasi MOJIe/Ib KOMIUIEKCa
3HAHMI B CUCTEME HaKOIUICHUSI 1 0OMeHa JaHHBIMU U JTsI
PabOThl B MEHSTIOILMXCSI ITOTPEOHOCTSIX C IIOMOILIBbIO HOBBIX
MPOU3BOACTBEHHBIX TexHOoJoruii [12]. Moaens MTII He-
BO3MOXHO peain3oBaTh BHe KoHLenuuu Munycrpus 4.0
0e3 ee crmoco0oB 00PadOTKK MH(MOPMALIMU, UHCTPYMEHTOB
MPUHSITUS PeLlIeHUI, 6€3 HOBBIX TUIIOB IPOM3BOJICTB U
SHEPIreTUKM ITUX MPOU3BOACTB — YHUKAJIBbHOM TEXHOI0-
Uy rmiaT@opMeHHbIX pelneHuii [13].

Onupasich Ha BeILIECKa3aHHOE, C(HOPMYIUpPYEM OTpe-
JleJIeHre Ul 9TOM miaaTGopMbl B paMKaxX KOHIEMIIUU
WUnnyctpus 4.0:

«Moobuavnas mexnoaocuueckas naamgpopma (MTII)»
— 9M0 Mo0enb HOBOLL CUCIEMbL 83AUMOOMHOUEHUI MeXHcdy
NPOEKMAHMOM, NPOU3BO0UmMenemM U IKCHAYAMAHMAM 8
Hnoycmpuu 4.0, komopas onucvieaem npou3eo0cmeo Ovi-
CMpo2o pazeepmoul8aHusi ¢ HebOAbULOL CePUTIHOCMbIO U PAC-
NON0ICEHHO20 8 HENOCPEOCMBEHHOU N02UCMUUECK 0Ll OAU30CU
om mecma 3kcnayamayuu npodykuyuu. Ilpooykmamu MTII
AGAAIOMCS KAK 3aKOHYEeHHbIe U30enus — MoOUpUKayus cepuii-
HbIX U30euUil, CnpoeKmupo8anHslx KaKk omeem nood 0bicmpo
UBMEHAIOWUECs YCA08UsL NPUMeHeHUs (8 nepeyio ouepeds
boesble yca06us) Smux uzdeauil uau 6bIcmpou3MeHsUuUecs
3anpocsl IKCNAYAMAHMA, MaK U HeGoAbULAsL CepUst pe2ysip-
HbIX demaneii 0151 00CAYHCUBAHUS U PEMOHMA MEXHUKU.

3. HCTpyMeHTBI MOOMJIBHO# TEXHOJIOTHYECKO# MIAT(OPMbI

OueBUAHO, YTO UHCTPYMEHTHI M TEXHOJOTUM, UC-
nojb3yeMbie B MTII, mo cyTu gBAsOTCSI 00bEKTaMU
npoctpaHcTBa MHayctpuu 4.0 [14,15], npencraBieHHOTo
Ha puc. 3 (MCKYCCTBEHHBII MHTEJIJICKT, MHTEPHET BElEH,
aJIUTUBHOE IPOU3BOJICTBO, POOOTOTEXHMKA, 00JaUHbIC
XpaHEeHUsI, TOMOJHEHHAsl peaJbHOCTh U T. ). DTO Mpo-
CTPaHCTBO (DOPMUPYET MHCTPYMEHTAPUI CO CBEPXOBICTPHI-
MM PaCYETHBIMU TEXHOJIOTUSIMHM, CAMOPa3BUBAIOIIUXCS U
B3aMMOCBSI3aHHBIX MHTEJUIEKTYaIbHbBIX B3AMMOICHCTBUIA,
B KOTOPBIX pEIIeHUS TPUHUMAIOTCSI HA OCHOBAaHUU CaMO-
00yyaIIMXcs CUCTeM oOMeHa JaHHBIMU, B aBTOMaTH-
3MPOBAHHOM peXXuMe B LIUMPOBOI cpesie MPOU3BOACTBA
(puc. 4).

4. MoOuIbHag TEXHOJIOrHYecKas miaTtgopma

B ABUACTPOEHHHU

ITpemMeToM crienIaaTn3alii aBTOPOB TAHHOU pabOTHI
SIBJISICTCST aBUACTPOCHNE, OJTHA M3 OTPpacieil TPOM3BOACTBA
W3IEINI KaK OITHOPA30BOT0, TAK Y ITTUTEJTEHOTO ITOJTb30Ba-
HUSI, YIUTHIBAOIIAsT 0COOCHHOCTH YCIIOBUI IIPUMEHEHUS
JIeTaTeJIbHOTO armapaTa, B TOM YKCJIe M OTHOPA30BOTO
HCITOJIb30BaHUS, 1 HEOOXOIMMOCTD ITOIIePKaHUS pabo-
TOCITOCOOHOCTH M3IENHUs B MEPUOJ MOCIEITPOIAKHOTO
00CITy>KMBaHUS WJIM U3MEHEHUST KOHCTPYKLIMU IO Tpe-
OoBaHus mosb3oBartess. [1o cyTr, 3TOT CEKTOp anpuopu
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INDUSTRY 4.0

BigDataand  Horizontal Cloud Augmented
Alanalytics andvertical computing reality
integration

Puc. 3. Texnonoruu konuenuuu Muaycrpus 4.0

Internet
of Things manufacturing

Additive  Autonomous Simulationor Cybersecurity
robots digital twins
3D printing

Puc. 4. UncTpyMeHTapuii MOOWIIBHOM TEXHOJIOTMYECKOM MIaThopMbl

CITOCOOCTBYET BHEAPEHUIO U PA3BUTHIO HOBBIX TEXHOJIOTUIA
[16], 1, COOTBETCTBEHHO, HAJTMYKIO B HEM BbICOKOKBAJIM-
(puLIMPOBaHHBIX CMIELIMATIICTOB.

CoBpeMeHHbBIE peainy MOKAa3bIBAIOT, UTO C yUYETOM
ob1MpHoii reorpaduu skcrtyarauuu JIA B cucteme MTIT
MOXET CTaTh OMTHUM U3 UHCTPYMEHTOB MOCJIETTPOIaXKHOTO
00CITYyXXMBaHUS B CUCTEME TEXHUUECKOTO 00CITy>KMBAHUSI
u pemonta (TOuP) [17], pacrionarasicb B JIoKaluu Mpu-
MeHeHus JIA, obecrieunBast 9KCITyaTaHTa 3aracHbIMU
YaCcTSIMU CBOEBPEMEHHO M B HEOOJILIIIOM KOJIMYECTBE,
HEOOXOMMBIMU BHE3AITHO MJIU 3aIJTAHUPOBAHHO T10 Me-
HSIOIIMMCS YCJIOBUSIM SKCIUTYaTalluu U3ETUS.

Heocnopumeblie mocienytonye BHITOAbI OT BHEApPE-
Husg MTII OynyT 3akmoyaTbCd B COKpPAIEHUA 00bEMOB
CKJIAIMPOBAHUS, B YIPOIIEHUU CUCTEMBI YIIPABICHUS
3amacamu ietajaeil 1 KOMIOHEHTOB, B UCKITIOUEHUH 1aJTb-
Heil TPAaHCTIOPTUPOBKM M OOIIMX BPEeMEHHBIX 3aTpaT Ha
Lenoyky nocraBok [18, 19], B akoHOMUU (UHAHCOBBIX
3aTpar Ha OTUIaTy OOJIBIIIOTO YUCIIa COTIPOBOXKIAIOIINX 3TH
TPOIIECCHI CIIEIMAIMCTOB 32 CYET OBICTPOTO pa3BePTHIBA-
HVSI IPOM3BOJICTBA U3/IEINI HeOOobIoM cepuitHocTu [20].

BriBoapl
Mob6unbHasT TeXHOJOTHYECKasI IuaTopMa — 3TO
MOJIeJIb HOBOI CUCTEMbI B3AUMOOTHOILIEHUI MEXY TTPO-

€KTUPOBIIMKOM, TIPOU3BOAUTEIEM U DKCILIyaTaHTOM
B Munyctpuu 4.0. Heobxonumocts hopmupoBanuss MTIT
OYeBUIHA B YCJIOBUSIX KOHKYPEHTHBIX TpeOOBaHUIl ObI-
CTpPOMEHSIIoNIEelicsl OOCTaHOBKU. MecTO CyIIeCTBOBaHUS
MTTII — ipoctpanctBo Umyctpuu 4.0 ¢ ee TeXHOJIOTUSIMU
U UHCTPYMEHTAMU.
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