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Background. Evaluation of effectiveness of cooperative aircraft production project is part of the earliest stages of the project life cycle —
its “initiation”’, when the business need is determined and comparative analysis of future costs and expected benefits is carried out.
In sectoral practice a variety of methods for assessing the costs of individual stages of the aircraft creation process are widely used.
The comprehensive assessment of costs of cooperative production, taking into account the various indices of its localization among
part- ners, is absent. At the same time, for the domestic aircraft industry this is an actual task.

Objective. To develop a methodology for assessing the basic indices of a cooperative aircraft production project.

Methods. The object of the study was the selected model of cooperative production of a light transport aircrafi. An integrated assess-
ment of the key indices of the project was carried out, taking into account the different degrees of its localization among cooperants.
Based on the results of analytical review, carried out by the authors using multidimensional mathematical and statistical methods for
data analysis, an updated parametric method for complex cost estimation has been developed.

Results. It is shown that the general trend in the development of the world aviation industry is the cooperation. Its main directions are
considered. On the example of the “Project for the establishment of cooperative production of a light transport aircraft” the various
options for participation of cooperant and approximate volume of his work in the total cost of the aircraft is simulated. The nature of
the influence of the volume of work performed by cooperant on the values of the aircraft cost, fixed costs and project risks is determined.
Conclusions. The most general and actual for domestic aircraft production method of large-scale assessment of efficiency of the
cooperative aircraft production project is proposed, including the model of cooperative production scheme choosing, which allows to
determine such its dependencies at the earliest stage of the project, which permits to present more reasonably future expenses and
possible benefits of cooperation project participants.

Keywords: cooperative production; evaluation of aircraft cooperative production project efficiency.

Introduction Problem statement

Projects in science-intensive industries branches, to
which the aircraft construction is concern, require signifi-
cant amounts of funding due to long-term costly research
and development works, and are characterized by a high
level of risk. An effective approach to the costs reducing,
risk sharing, as well as the possibility of additional market
coverage, is the evaluation of usage of various options for
cooperative production of aircraft.
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In order to determine the optimal conditions for co-
operative production, the cooperants must decide the fol-
lowing fundamental questions: “who should carry out the
final assembly of the aircraft?”, “who should design the
aircraft components?”, “who should produce the aircraft
components?” and decide regarding the option of distribu-
tion cooperative work scope (in other words, with equity
participation in the cooperation) between the cooperants.
To develop these issues, the authors analyzed the depend-
ences of key parameters of the project (aircraft cost, invest-
ment, risks, terms of total investment) on the scope of co-
operation works.
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Traditional forms of international coopera-
tion in aviation industry

The expansion of international cooperation in the
aviation industry is stipulated by the proper trends in the
world aviation industry development, namely [1-2]:

1. By globalization of production. The amount of
outsourcing in the aviation industry may be about 80 % and
above. An illustrative example is the project of a modern
wide-body passenger aircraft Boeing-787 Dreamliner
building, in which more than 90 % of total production work
was outsourced.

2. By globalization of development, which involve
the design processes displacement closer to production and
potential trade areas and which has a positive effect on re-
ducing the time of entry of the final product into the market.

3. By transferring of base of aircraft after-sales ser-
vice (maintenance, current repairs, overhaul) from original
equipment manufacturers (“Airbus”, “Boeing”, “Rolls-
Royce”, etc.) to the suppliers.

4. By using of offset operations in the purchase of
imported products, which provides the submission of coun-
ter-requirements regarding the investment of a definite
amount from the contract amount into the economy of the
buyer's country. Common forms of offset operations in the
aviation branch: organization of joint production in the
buyer's country, licensed production on the buyer's country
territory, organization of production of component parts on
the buyer's country territory without rights and full tech-
nical documentation transfer, organization of scientific-re-
search and development activity on the territory of the buy-
er's country, the organization of training of personnel of the
buyer's country, the purchase of the final product of the
buyer's country production. One example of such offset
agreement is the military-technical contract for coopera-
tion between the USA and India, under which the USA
supplied India with 10 units of Boeing C-17 Globemaster
I strategic military-transport aircraft worth US$4.1 bil-
lion in 2013-2015 and at that 30 % of the contract value
was invested by the United States in the Indian aviation in-
dustry.

In general, it may be distinguished the following forms
of international cooperation in the aviation industry [3]:

1. Partnership with risk sharing based on the creation
of joint (cooperative) production of aircraft, as well as on
integration of scientific-research, technological, material
and financial resources of partner companies. The produc-
tion of component parts of the final product of enterprise is
distributed in accordance with the technical specialization.
A modern example of such a cooperation scheme is the
4 ++ generation KAI-KF-X multipurpose fighter program,
led by South Korea and Indonesia. At that, the program is
funded by public funds of South Korea (60 %), public
funds of Indonesia (20 %) and funds of investor partners
(20 %).

2. Cooperation on the basis of contractual coopera-
tion with enterprises-suppliers of component parts. At that,

it is accepted to allocate the various levels of suppliers:
suppliers of original equipment — they are carrying out the
delivery of large components of aircraft, provide the final
assembly of a product and delivery of a product to the con-
sumer; first level suppliers — provide supply/assembly of
the main sections of aircraft (including engines, avionics,
chassis); second level suppliers — supply complex produc-
tion products; suppliers of the third level — supply special
components, raw materials, materials [2]. For example, the
program of construction of the above-mentioned Boeing-787
Dreamliner provided for the involvement of more than
15 companies-suppliers of original equipment and suppli-
ers of the first level (“Boeing”, “GE”, “Fuji”, “Mitsubishi”,
“Kawasaki”, “Rolls-Royce”, “Saab”, etc.).

3. Participation in joint research and innovation pro-
grams in the aviation industry, which involves the cooper-
ation of enterprises and research institutions of different
countries to conduct research based on the relevant special-
ization. An example is the “CleanSky” international pro-
gram (part of the “HORIZON” framework program with a
funding of about 80 billion Euros), the main purpose of
which is to promote innovation and technology to reduce
emissions and noise in civil aviation. Effective example of
participation of Ukrainian representatives in the “Clean-
Sky—2” program (2014-2020) may be the experience of
scientists of M. Zhukovsky Kharkiv National Aerospace
University, (KHAI), whose project to develop a technology
for radical reduction of nitrogen oxides in aircraft gas tur-
bine engines in 2019 received a grant for further experi-
mental research [4].

Another example of cooperation expanding is the
Brazilian company Embraer, which in the production of
passenger aircraft series Embraer 170/190 (produced since
2003) cooperates with 16 partners and 22 suppliers [5-7].
For comparison, (see Table 1), in the production of ERJ
145 series aircraft it is involved 4 partners and 350 suppli-
ers [7]. This scheme of cooperation, combined with other
factors, permits to reduce the production cycle of the first
aircraft from 8 months (for ERJ 145) to 6.5 months (for
Embraer 170/190). The share of aircraft production work,
performed by risk-sharing partners, is 36% and includes
the following:

— 60 % of equipment (engines, avionics, air condi-
tioning systems);

— 34 % of metal structures (wing and tail);

— 4 % of electrical components (cables, wires and
systems) and mechanical systems (brakes, chassis);

— 2 % of materials (aluminium, titanium, cellar, car-
bon fibers).

Risk-sharing partners include Kawasaki Heavy In-
dustries (Japan), C&D Interiors (USA), Sonaca (Belgium),
Pilkington Optronics (England), General Electric (USA),
Honeywell (USA), Gamesa (Spain), Hamilton Sundstrand
(USA), Latecoere (France), Liebher (Germany) [7].

It should also be noted that one of the trends is that
“today” the general contractor (lead developer) reduces the
number of suppliers with which it interacts directly (usually
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Table 1. Comparative table of ERJ 145 and Embraer 170/190 production projects [5—7]
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ERJ 145 Embraer 170/190
J =L ieBiue o5
Passenger capacity (seats) 50 70/118
Year of manufacture beginning 1996 2003
Built units (aircraft) 123 1,596
Number of risk-sharing
4 16
partners
Number of liers interacti
un.l er of suppliers interacting 150 22
with the general contractor
Development terms (months) 60 38
Production cycle of the first
. 8 6.5
aircraft (months)

suppliers of 2—4 levels), by transferring this function to
risk-sharing partners (usually suppliers of 1 level).

Summarizing the abovementioned, it should be
noted that the choice of cooperation schemes (Fig. 1) and
determining of value of the main indices of cooperative
production is an urgent task, including for the aviation in-
dustry of Ukraine, as it has accumulated significant expe-
rience in cooperative production and development. For
example, the production of An-140 aircraft in cooperation
with HESA (Iran), An-148/158 aircraft in cooperation
with Russia, etc.

On the example of a light cargo aircraft, typical in
its parameters for the aircraft industry of Ukraine, the as-
sessment of key parameters (indices) of aircraft coopera-
tive production under different volumes of equity partic-
ipation of K cooperant in joint production is carried out.

Analysis of dependencies of main indices of
the Project for the creation of joint (cooperative)
production of aircraft

Creation of joint (cooperative) production of the air-
craft is relevant in the following cases:

— firstly, when the Developer and Manufacturer of
the aircraft want to diversify the cost of aircraft creation
and reduce the cycle of its production;

— secondly, when the Developer and Manufacturer
of the aircraft is approached by a potential investor-stake-
holder who is interested in acceptable conditions for him to
participate in the production (and designing in the future)
of a particular model of aircraft.

Choice of basic scheme(s) of

cooperation

Creation of aircraft (AC)

Development and production
of components (COMP) of AC

in cooperation

1 ! 2 ! 3
The final assembly is | | The final assembly is The final assembly Is
performed by (K1)
performed by (K;) performed by (K2)
developer and (K2)
developer of AC cooperant
cooperant
11 2.1 3.1
Ki: Ky: Ki:
. Deflgns COMP of «Designs COMP of AC; -Deslgns COMP of
AC; *Manufactures COMP AC;
e Manufactures COMP vl ofAC « Manufactures COMP
of AC. A : of AC.
Ke avanutactures comp | | @
*Manufactures COMP ofa:(L‘j actures *Manufactures COMP
of AC. . of AC.
1.2 2.2 3.2
Ky Ki: Ky:
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AC. AC. AC.
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v |+ Designs COMP of v . |*Designs COMP of _»oDesigns COMP of
AC; AC; AC;
«Manufactures COMP *Manufactures COMP «Manufactures COMP
of AC. of AC. of AC.
Kz: Ka: Ka:
* Designs COMP of *Designs COMP of «Designs COMP of
AC; AC; AC;
*Manufactures COMP *Manufactures COMP *Manufactures COMP
of AC. of AC. of AC.

Fig. 1. Variants of schemes of cooperation
production (CP) arrangement
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Fig. 2. Options for possible equity participation of Kz in cooperative production

On the example of the “Project for the creation of
joint (cooperative) production of light cargo aircraft” let us
consider the second case, as it generally absorbs the first,
and analyze the key technical and economic indices of the
project.

As the output parameters of the project we accept the
following:

— object of cooperation — a light cargo aircraft with
an empty weight of 17 tons, payload of 9 tons, engines —
two turboprop;

— planned production program — 50 aircraft in 10
years;

— the aircraft is designed and manufactured by K;
cooperant;

— cooperant K> has no aircraft production capacities,
but it has a runway.

Let us to model several variants of cooperative
works scopes for the K> cooperant (see Fig. 2):

— option “1” — execution of final works (application

— of paint and varnish on the aircraft, preparation
and fulfillment of ground and flight tests);

— option “2” — implementation of the full cycle of
work on the aircraft manufacture.

Values mentioned below are for guidance only and
are used to demonstrate the nature of dependencies, be-
cause more accurate values require the consideration of
more quantity of parameters and features of specific pro-
ject.

The organization of work under option “1” requires
an investment of =31 million USD, and the prime cost of

the aircraft from K2 cooperant will increase by ~2% com-
pared to K1 cooperant (see Fig. 3). Under condition of pro-
duction profitability at the level of 5...10 %, the payback of
the project can be achieved by 11...21 aircraft (see Fig. 4).
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Fig. 3. The nature of the dependence of
fixed costs value and prime cost of aircraft
manufactured by K> cooperant

The work organization under option “2” requires an
investment of ~800 million US dollars, and the prime cost
of the aircraft from K> cooperant will increase more than
1.5 times compared to K; cooperant (see Fig. 3). Under
condition of production profitability at the level of 5...10 %,
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Fig. 4. The nature of impact of scope of work performed by the K> cooperant on the value of prime cost of aircraft,

fixed costs, risks, break-even point

the payback of the project can be achieved not earlier than
after 250 aircraft (see Fig. 4).

Thus, it is possible to state that under increase of
scope of localized works the following take place for the
K> cooperant:

— the prime cost of the aircraft manufactured by K>
cooperant (see Fig. 3, 4) increases in comparison with K;
cooperant (see Fig. 3, 4);

— the amount of investment (fixed costs) increases,
but not in proportion to the program of aircraft production
from K> cooperant (see Fig. 3, 4);

— risks increase in proportion to the volume of in-
vestments (see Fig. 4);

— the payback of the project decreases (break-even
point increases, shifts to the right) due to increased invest-
ment (fixed costs), but increases with increasing program
of aircraft production in K> (see Fig. 4).

It should be noted separately the impact of aircraft
production program on fixed costs (aircraft development
and production preparation costs) and prime cost of air-
craft. So, doubling the production program (from 50 to
100 aircraft) will increase fixed costs by ~10% and reduce
prime cost by ~10% (see Fig. 3). Subsequent doubling of
the production program (up to 200 aircraft) will increase
fixed costs by =~20% and reduce prime cost of aircraft by
~20%. Further doubling of the production program (up to
400 aircraft) will no longer have such effect on prime cost
reduction (reduction by =~25%) due to significant increase
in fixed costs (by =35%). Figure 5 illustrates that the first

“turning point” with the maximum economic effect of the
aircraft production project in K> cooperant can be achieved
with the production of at least 200 aircraft. This, for exam-
ple, is confirmed by open source publications regarding
minimum cost-effective program for the production of
190... 210 of A400M - aircraft. The described result is the
economies of scale.

140%
Fixed price
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Indexchange
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Program for aircraft production, units

Fig. 5. The nature of impact of aircraft production
program on the value of prime cost of aircraft and
fixed costs
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Conclusions

The method of estimation of basic technical and eco-
nomic indices, which has been tested on an example of a
separate task - the cooperative production of the light cargo
aircraft, is offered.

The example of a light cargo aircraft illustrates the
increase in the total cost of aircraft under condition of K>
cooperant involvement. In this case, the payback period

Thus, the involvement of a subcontractor K, cooper-
ant is appropriate in the case when it is combined with the
“additional” market for aircraft. Or it is ready to enter into
a cooperation project with its investments knowing in ad-
vance that the payback of the project may be unattainable
or far removed, and the main goal is to acquire competen-
cies in this area of production. Combinations of these con-
ditions are also possible — deferral of profit obtaining due
to the acquisition of relevant competencies.

also increases (break-even point become estranged).
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YKpynHeHHasi MeTOAMKA OUEeHKHU I(PPEeKTUBHOCTH NPOEKTA KOONEPAUUOHHOIO
MPOU3BO/JICTBA CaMO0JIETOB

C.I'. Kpusosa, A.H. Pyabko, A.E. 3yoanes, C.1. Tpybaues

IIpoonemamuxa. Bonpocul oyenku s¢pghexmuenocmu npoekma KoonepayuoHHo20 npou3600CmMed CaAMOIENn 08 6X005m 6 COCMAE CAMbIX
PAHHUX CMAOUTL HCUSHEHHO20 YUKILA NPOeKMA — e20 “unuyuayuu’”’, Ko2oa onpedeisiemcs OusHec — HOMpeGHOCMb U 6bINOIHAEMCS. CPA-
GHUMENbHBIL AHANU3 OYOYWUX 3amPam u 0JCUOaeMblX 8bl200. B ompacnesoil npakmuke wupoko UcnoIb3ylomesi pasnoobpasmvie me-
MOOUKU OYEHKU 3ampam omoelbHblX CMAoull npoyecca co30anus camoirema. Komnnexcnas oyenka 3ampam KOOnepayuoHHoO20 npou-
3600CMEa, ¢ YUemom pasIudHbIX NOKA3ameJel e20 JOKaIu3ayuu y napmuepos — omcymcemeyem. B mooice apemsi 0isi omeuecmeennozo
asuacmpoerus, Mo A8AAeMcs AKMYaibHol 3a0ayell.

Lfens. Paspabomams memoouxy oyenku 6a306bix nOKasameieli npoeKma KOOnepayuoHHo20 NPou3e00Cmeda Camoiemd.

Memoouxa peanuzayuu. O6vexmom uccied08aHus ABNAIAC, 8bIOPAHHAS MOOETb KOONEPAYUOHHO20 NPOU3BOOCNBA 1e2KO20 MPAHC-
nopmmuozo camonema. bvina evinonnena yKpynuennas oyenka Kuodegvlx noxasamenei npoexma. Ilo pesyibmamam aHaiumu4eckoeo
0030pa, 8bINOIHEHHO20 AGMOPAMU, C UCNONb30BAHUEM MHOSOMEPHBIX MAMEMAMUKO-CMAMUCIMUYECKUX MeM0008 ananu3a OaHHbIX pa-
3paboman aKmyanuzupOBaAHHbLL NAPAMempudeckuti Memoo KOMNAEKCHOU OYeHKU 3ampam.

Pesynomamer. [lokaszano, umo obweti menoenyuel pazeumust MUpOGol A6UAYUOHHOU NPOMBIUIEHHOCMU S6/I5IeMCsi KOONepayusl.
Paccmompenvt  ee ocnognvie nanpaenenus. Ha npumepe “IIpoexma co30anusi KOONEPAYUOHHO2O0 NPOUIBOOCMEA  J1E2KO20
mpancnopmuo2o camonema’ CMOOEIUPOBAHbl PAIUYHbIE BAPUAHMbL YYACMUL KOONEPAHMA U OPUEHMUPOBOUHbIE 00bEMbl €20
pabom 6 obweil cebecmoumocmu camonema. Onpedenen xapakmep GIUAHUA 00beMO8 pabom, GbINOIHAEMBIX KOONEPAHMOM, HA
8enUUUHBL CeDeCTNOUMOCIU CAMONEMA, NOCMOAHHBIX 3AMPAm, PUCKO8 NPOeKmd.

Bu1600u1. [Ipeonooicena naubonee obwas akmyanbHas 0711 OMEYECMBEHHO20 ABUACTPOECHUSL MEMOOUKA YKPYNHEHHOU OYeHKU P ghex-
MUBHOCMU NPOEKMA KOONEPAYUOHHO20 NPOU3BOOCHEA CAMOLEMd, SKIIOUAIOWAs: MOOelb 6b100pa cxembl KOONEPAYUOHHO20 NpOU-
3800CmBa, NO3GONAOWAS HA CAMOT PAHHEl CIMAaoUU NPOeKma Onpedelums e20 3agUCUMOCTU, NO360sI0WuUe 6oee 060CHOBAHO nNpeo-
cmagasamo 6yoyuue 3ampamsl U 603MOICHbIE 8b1200bL YUACMHUKOE KOONEPAYUOHHO20 NPOEKMA.

Knrwuessie cnosa: KoonepayuornHoe np0u3eodcmeo; OYeHKa 3d)gbelcmu6Hocmu KoonepayuoHHO20 npous‘eoacmea camonema.
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YKpynHeHa MeTOMKA OHIHKH e€(DeKTHBHOCTI MPOEKTY KOONepauiiiHOro
BHPOOHHUIITBA JITAKIB

C.I'. KpusoBa, A.M. Pyabko, O.€. 3y6anboB, C.I. Tpyb6aues

Ipoonemamuxka. [Tumanna oyinku eghekmueHoCmi npoexmy KoOnepayitinozo 6uUpobHUYMEa Nimaxie 6x00amy 00 CKAA0Y PAHHIX cma-
Ofll HCUMMEBO20 YUKTLY npoekmy — tioeo “iHiyiayii”, Konu eusHavacmvca OizHec — nompeba ma GUKOHYEMbCA 3A2ANbHULL AHANT3 MAli-
b6ymHuix eumpam ma o4iky8anux eucio. Y zany3zesiii npakmuyi wupoxko 6UKOPUCOBYIOMbCS PISHOMAHIMHI MEMOOUKU OYiHKU 6Uumpam
oxpemux cmaoiti npoyecy cmeopenns aimaxa. Komniexcna oyinka sumpam xoonepayiino2o upoOHUYmMea 3 ypaxy8amHsam pisHux
NOKA3HUKIE 11020 TOKANI3aYil y napmuepie — iocymHs. B moil dice wac 015 iMyu3HsIH020 agiabyOy8aHHs ye € aKmyanrbHUM 3a60AHHSM.
Mema. Po3pobumu memoouxy oyinku 6a306ux noKa3HUKi6 npoexny KoonepayitiHo2o upooHUYmea 1imaxd.

Memoouxa peanizauii. O6'ekmom 00CniOHCeHHS 00pAHA MOOeNb KOONEPAYIUHO20 8UPOOHUYMBA 1e2K020 MPAHCHOPMHO20 NiMAaKdA.
byna euxonana oyinka knouoeux nokasHuKie npoexmy. 3a pe3yibmamamu aHarimuiHo2o 02140y, 6UKOHAHO20 AGMOPAMU, 3 BUKOPUC-
MAHHAM 0A2AMOMIPHUX MAMEMATNUKO-CIMAMUCIUYHUX MeMOOi6 aHani3y OaHUX po3poOIeHO akmyani3o8aHuti napamempuiHui Memoo
KOMNJIeKCHOI OYiHKU GUmMpam.

Pesynomamu. [loxazano, wo 3a2anbHOI0 MEHOEHYIEN PO3GUMK) C8imo06oi asiayiiinol npomuciosocmi € koonepayis. Posensnymi it
ocHosHi Hanpsmku. Ha npuxnaodi “[Ipoexmy cmeopentsi KOonepayitiHo2o upoOHUYMEA 1e2K020 MPAHCNOPMHO20 Jimaka’ 3M00enibo-
6aHI PI3HI 8apiaHmu yuacmi KOONepanma ma OpieHmosHi 0o6csaeu 1o2o pobim 6 3azanvhiil cobieapmocmi simaka. Busnauenuii xapak-
mep enaugy 0ocseie pooim, BUKOHYBAHUX KOONEPAHMOM, HA 8eIUYUHY cODI6apmMOCmi IiIMaKd, ROCMIIHUX GUMPAM, PUSUKIE NPOEKNY.
Bucnoexku. [lpeocmagnena naibinou 3a2a1oHa akmyanvHa 07 8iMYUSHAHO20 A8ia0yOY8aHH MemMOoOUKa OYiHKU epeKmusHoCmi npo-
exmy Koonepayiiino2o eupooHUYmea 1imaxa, wo 6KI0YAE: MOOeb BUOOPY cxem KOONepayitino2o eupobHuymea, wo 00360JA€ HA ca-
Mill pannitl cmaoii BUSHAYUMU 11020 3A1eHCHOCTI, 00380104 U OLbU OOTPYHMOBAHO NPEOCMABIAMY MAUOYIMHI BUMPAMU | MOXHCIUGT
8U200U YUACHUKIB KOONEpayitinozo npoexmy.

Knrouosi cnosa: xoonepayiiine 6upobruymeo; oyinka eghekmugHocmi KOONepayitino2o upoOHUYmMea nimaxa.
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