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Passumue cospemennvix mamepuanos u mexHoaio2uil U32OMOGIEHUsL INEMEHMO8 KOHCPYKYUL Jlema-
MEbHBIX Annapanos u3 NOJUMEPHBIX KOMRO3UYUL mpedyem 0060CHO8AHUsL 8b100PA MEXHOL02UYECKOU OC-
Hacmiu. OCHOBHbIMU KpUMEPUAMU 8blOOPA MAMEPUALd MEeXHOLO2UYECKOU OCHACMKU AGISIOMCS PU3UKO-
MexHu4ecKue XapaKkmepucmuky mMamepuana, obecneyerue mpebyemvlx MoYHOCmell U320MmosNeHUs. OCHA-
CMKU, @ MAKI’Cce IKOHOMUYECKASL YenecoobpasHocmb. Bolbop mamepuana oCHACMKY 3a8UCUM OM MEXHON0-
2Ull U320MOBTICHUSL INIEMEHMO8 KOHCPYKYUL U3 NOJUMEPHLIX KOMHOZUYUOHHBIX Mamepuanos. B pabome
npeocmasnena Memoouka ebloopa Mamepuaila OCHACMKY 0151 U32OMOGIEHUS Oemanell MemoooM 6aKyyM-
nou ungysuu. Ilpedcmaesnenvi pe3yibmamol CPAGHUMENLHO20 AHAIUZA MUNOBLIX MAMEPUANO8 OCHACMKIL,
ucnonv3yemvix 6 npousgoocmee. I1okazano, 4mo OCHOBHBIMU KPUMEPUAMU NPU NPOGEOeHUU CONOCMABU-
MeNbHO2O AHANU3A AGTIOMCI: MEMNEPAMYPA IKCHILYAMayuu, CmouKoCmb K 8030€lCmEUI0 pacmeopume-
Jietl, YCMoUMUBoCms K MEXAHUHECKUM 6030€UCMEUSIM,; PeMOHMONPUSOOHOCMb, 3HAYEeHUe KOIDPuyuenma
JuHelinoeo memnepamypnozo pacwupenus (KJITP);, cmabunohocmos 2eomempuu OCHACMKU U ee 2epMe-
muunocmo. Pesynomamor conocmasumenvhoeo ananusa nokasam, 4mo 0Jisi U320moGieHUsl OCHACMKU, npu
UCNONb30BAHUU 8 MEXHOIOSUYECKOM NPOYecce SbLCOKUX MeMnepamyp, Haubonee yeiecoobpasHbiMu a6/is-
jomcs Memannvl u yereniacmuk. B pabome npedcmaenen aneopumm eblOopa mMamepuania OCHACMKU OJis
uzeomosnenus demanel u3z NOIUMEPHbIX KOMAOSUYUOHHBIX Mamepuanos. OmmeueHo, ¥mo npu u3eomosie-
HUU SJIeMEHMO8 KOHCMPYKYUU HA OCHO8E CIMEKIIONAACIMUKA U Y2IeNAACMUKA MAMePUal OCHACMKU Clledyem
6b1O0UPAMb MAKOU dce, Ymo u y oemanu. Imo no3eojsiem, 60-nepeulx, obecneuums oounaxosvie KJITP,
UMO 8AXCHO NPU 20PHEM POPMOSAHUU OeMAl, d, 60-8MOPbLIX, YCMPAHUMb KOPOOleHue 0emanu 8 npoyec-
ce ee ocmuleanust Ha ocacmke. OOHAKO docmudicene 3a0AHHbIX MOYHOCMEN MAKOU OCHACMKYU mpebyem
yuema o6pabomKu OCHACMKU 2eIbKOYMOM NOCIe ee U320moesienus. B pabome npuseden nooxod x xoiuue-
CMBEHHOU OYeHKe IKOHOMUHECKOU yelecoobpasnocmu evlbopa mamepuaia ocuacmku. Ilokasano, umo
MONILKO COBOKYNHOCHb MEXHUYECKUX, MEXHON0SUYECKUX U IKOHOMUYECKUX (PAKMOPO8 no360/sem 000CHO-
6amb YenecoodPaA3HOCHb UCNOIb3YEMO20 MAMEPUANAd OCHACMKU OJisl KOHKDEMmHO20 NpOU3e00Cmea jie-
MEHMO8 KOHCMPYKYUU TeMameibH020 annapamad.

Knoueswvie cnosa: quby3u}1, mamepuail OCHACMKU, 2JIEMEHNTbL KOHCMPYKYUU 1emamejlbHoco annapama.
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The development of modern materials and technologies for manufacturing structural elements of air-
craft from polymer compositions requires justification for the choice of technological rigging. The physical
and technical characteristics of the material, ensuring the required accuracy of rigging manufacturing, as
well as economic feasibility are the main criteria for choosing the material of technological rigging. The
main criteria for choosing a rigging material are the physical and technical characteristics of the material,
ensuring the required accuracy rigging manufacturing, as well as economic feasibility. The choice of rig-
ging material depends on the technology for manufacturing structural elements from polymer composite
materials. The paper presents a methodology for selecting rigging material for manufacturing details using
the vacuum infusion method. The methodic of rigging materials selection for aircraft constriction elements
production from polymer composition by vacuum infusion is considered in the paper. The results of a com-
parative analysis of typical rigging materials used in production are presented. It is shown that the main
criteria for a comparative analysis are: temperature, resistance to solvents, resistance to mechanical
stress, maintainability,; the value of the coefficient of linear thermal expansion, the stability of the geometry
of the rigging and its tightness. The results of the comparative analysis showed that metals and carbon fi-
ber are the most appropriate for the manufacture of rigging, when using high temperatures in the techno-
logical process. The paper presents an algorithm for choosing the rigging material for manufacturing the
details from polymer composite materials. It is noted that in the manufacture of structural elements based
on fiberglass and carbon fiber, the rigging material should be chosen the same as that of the detail. This
allows, firstly, to ensure the same CLTE, what is important when hot detail formation, and, secondly, to
eliminate the warping of the detail during its cooling on the rigging. However, achieving the specified ac-
curacy of such rigging requires taking into account the processing of the rigging with a gelcoat after its
manufacture. The paper presents an approach to quantifying the economic feasibility of the choice of rig-
ging material. It is shown that only a combination of technical, technological and economic factors makes
it possible to justify the expediency of the rigging material used for the specific production of aircraft struc-
tural elements.

Keywords: infusion, rigging material, aircraft structural elements.

Introduction

Infusion technology has become widely used in the manufacture of structural elements of aircraft
(AC) from polymer composite materials (PCM) [1-5]. Moreover, this technology is used for the manu-
facture of both a power set of aircraft (frames, small frames) [6], and for the manufacture of aircraft
skinings and even interiors [2; 7]. This method of manufacturing the elements of aircraft structures
allows to ensure the smallest number of defects (voids, pores) in the layers of PCM at a relatively low
cost of technological equipment [1; 4; 5]. Increasing requirements to the accuracy of manufacturing
details from PCM, the use of new PCM components (resins, woven and non-woven materials), as well
as economic aspects, for example, in terms of the serialisation of products, require a revision of the
methodology for selecting rigging materials when using infusion technology. Currently used rigging
materials have different physical and technical characteristics. For example, riggings made from me-
dium-density fiberboard (MDF) have good processability, but poor resistance to external factors (tem-
perature, humidity, etc.). Riggings made of metals, for example, duralumin, have mirror-like charac-
teristics: they are more difficult for processing, but are resistant to external influences [8—10].
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Currently, there are no clear methodological recommendations for choosing rigging materials, tak-
ing into account economic feasibility and their physical and technical characteristics. When manufac-
turing the serial products, the impact of the cost of rigging is reduced depending on the increase in the
volume of products manufactured on it [11; 12]. However, at the same time, the wearing of the equip-
ment increases, what can result in a significant decrease in the accuracy of the aircraft’s structural
elements. The purpose of this article is to develop a methodology for selecting rigging material for the
manufacture of aircraft structural elements using the vacuum method infusion.

Research methodology

The choice of rigging material involves formalizing the criteria by which such a choice will be
made. The main, practically important, criteria are: operating temperature, resistance to solvents, resis-
tance to mechanical influences; maintainability; value of the coefficient of linear thermal expansion
(CLTE); stability of the rigging geometry and its tightness [1, 13, 14]. The choice of these criteria is
based, inter alia, on the following considerations.

Operating temperature of the rigging. The temperature conditions for the manufacture of aircraft
structural elements using the vacuum infusion method are determined by the types of resins used and
their polymerization technologies [1; 3; 4]. For example, when manufacturing products using the
TO200 epoxy binder (TU 2257-055-59846689-2016, «Itekmay» LLC, Russia), heating is carried out to
180 °C to polymerize the resin. In this case, the material of the rigging must not only withstand this
temperature and not undergo destruction, but also maintain its shape with the given accuracy.

Chemical resistance. The rigging should not be damaged by solvents or specialized release agents.
The rigging should be easily cleaned from resin residues and release agents using solvents recom-
mended for resins.

Resistance to mechanical stress and maintainability. The rigging must be resistant to external me-
chanical influences. Moreover, the material of the rigging must allow repairing of the working surface
in case of damage, for example, abrasion or chipping during its operation.

The requirement to a low CLTE value is due to the use of high-temperature polymerization proc-
esses of the finished product blanks. Moreover, the CLTE of the rigging material should be close to
the CLTE of the polymer composite material of the product. It should be noted that taking into account
the expansion of the rigging during the heating process does not guarantee the absence of warping of
the part after molding [15].

Tightness. Vacuuming of a prepared product blank during its manufacture using the vacuum infu-
sion method requires high tightness of the rigging material. The presence of pores in the rigging mate-
rial can lead to the defects (bubbles, pores) in the final product.

Results and their discussion

The comparative analysis of commonly used rigging materials is presented in the table.

The following designations are used: «+» — the criterion is met; «+» — the criterion is partially met;
«—» — the criterion is not met; £ is the maximum number of details that can be manufactured on this
rigging, taking into account its wear. The cost of rigging manufacturing is given relative to rigging
made from MDF with dimensions 2x2x2 m.

The analysis of the materials available on the market for the manufacture of rigging shows that
when using high temperatures in the technological process, metals and carbon fiber are the most ap-
propriate. The algorithm for selecting rigging material for manufacturing aircraft structural elements
from PCM using the vacuum infusion method is presented in Fig. 1.
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Comparative analysis of rigging materials

MDF Model plas- Duralumin Alloy Glass- Carbon fiber
tic (D16T) Invar plastic

Temperature resistance — + + + - +
Solvent resistance + + + + + +
Resistance to
mechanical stress - - + + + +
Maintainability N N N N . N
CLTE

£ - - + + +
Geometry stability B N . . N N
Tightness

— + + + + +
Present cost of rigging
manufacturing (E) 1,0 2,5+0,3 10,0£1,0 20,04£2,0 7,0+0,7 10,0£1,0

k 1 3 200 300 70 100

Yes

Less than 100°C

Equipment operating

temperature

Number of pickups
more than 2

Hiquipment is multi-piece
Requires tightness.

N

A 4

_>| More than 50°C |

The equipment’s size is more
than 1-2

Number of pickups more

than 100

¢Ves

meters. m.

The equipment’s size is
more than 1-2 square

No

A 4

Number of pickups
more than 100.

Y A 4

N

Equipment made of MDF or

modeling plastic

Fiberglass equipment

Carbone composite equipment

Metal equipment

Puc. 1. Anroputm BbIOOpa MaTepualia OCHACTKY I U3TOTOBJICHUS 3JeMEHTOB KOHCTpykuuu JIA n3 [TIKM

Fig. 1. The algorithm for selecting the rigging material for the manufacture of aircraft structural elements from

PCM

Nevertheless, it should be noted that the use of model plastic as a rigging material is promising. In-
fact, model plastic is a polymer composite material with dispersed filling. Polyurethanes of various
brands are usually used as a binder in this material. By choosing the filler, its concentration, as well as
the grade of polyurethane, it is possible to provide characteristics that meet the specified requirements
of the technological process. Currently, the market presents mainly foreign brands of model plastic,
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which do not always meet production requirements. For example, a significant CLTE compared to
carbon fiber and the presence of open cells (pores) (see the table) require additional costs for the man-

ufacture of technological rigging. An example of manufacturing of rigging from model plastic is
shown in Fig. 2

a 0

Puc. 2. sroToBieHne 0CHACTKU U3 MOAENBHOTO MIACTHKA!
@ — 3aroToBKa MacTep-Mojenn Ha cTaHke ¢ UIIY; 6 — 3aroToBka A7 U3rOTOBIEHHS MacTep-MOIeIn
13 MOJEJILHOTO IJIaCTUKA Ha Kapkace u3 MId

Fig. 2. Production of rigging from model plastic:
a — blank of the master model on a NPC machine; b — blank for the production
of a master model from model plastic on an MDF frame

Separately, it should be noted that when manufacturing structural elements from fiberglass and car-
bon fiber, the rigging material should be chosen the same as that of the detail. This allows, firstly, to
ensure the same CLTE, what is important when thermoforming a detail, and secondly, to eliminate
warping of the detail during its cooling on the rigging. However, even in this case it is not always pos-
sible to ensure high accuracy of the specified dimensions of the details. For example, this may be due

to the use of a «gelcoat» in the structure of such rigging, as opposed to the master model on which it is
located (Fig. 3).

Puc. 3. OcHacTka U3 yriemiacTiuka

Fig. 3. Carbon fiber composite rigging
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This, in turn, increases the requirements to the accuracy of rigging manufacturing, and, conse-
quently, an increase in its cost should be expected.

Assessing the economic feasibility when choosing the material of the rigging, it is necessary to take
into account not only its present value £ (see the table), but also the cost (D)) of the batch of details,
manufactured using it:

k (1

where X is the cost of one detail, Y is the cost of one rigging for the manufacture of such details, » is
the number of details manufactured. For example, with the cost of an aircraft structural element X =
200,000 rubles, the cost of rigging made from model plastic Yy = 50,000 rubles, from carbon fiber
plastic Yy = 150,000 rubles, the cost of a batch of details of 50 pieces will be:

> VII= 10076500 rubles, » MII = 10’533"333 rubles.

Conclusion

The comparative analysis of rigging materials for the manufacture of details using the vacuum in-
fusion method made it possible to formalize the methodology of the choice of the material that best
satisfies the required criteria. It should be noted that only a combination of technical, technological
and economic factors makes it possible to justify the feasibility of the rigging used for the specific
production of aircraft structural elements.

Acknowledgements
This work was carried out by Russian Ministry of Science and Higher Education Grant No
1022041100774-3 / 1022041100496-8 of 03.06.2022.

Bubnauorpaduyueckue cCblIKU

1. OcoOeHHOCTH M3TOTOBIEHHS MTOIMMEPHBIX KOMITO3UIIMOHHBIX MaTePHAIOB METOIOM BaKyyMHOM
uadys3um / M. . ymmn, JI. B. YUypcosa, A. B. Xpynskos, [[. U. Koran // Bopocsr marepuaioBene-
Hus. 2013. Ne 3. C. 33-40.

2. M3roToBiieHNE CTEKIIOMIACTUKOBBIX OOIIMBOK METOAOM BaKyyMHOW MH(Y3HH C HCIIOIH30BaHU-
€M DIOKCHAHTHAPUIHOTO CBA3YIOMIETO W TOMyNpoHHUIIaeMoW MemOpansl / M. M. I'puropnes,
A. B. Xpymekos, . M. I'ypesuy, H. H. ITanuna / Tp. BUAM. 2014. Ne 2. C. 4-8.

3. Houenkwuii K. 1., YcaueBa M. H., XpynbkoB A. B. MeTonsl nH(Y3UH I U3TOTOBJICHUS TTOJIH-
MEPHBIX KOMITO3UITHOHHBIX MaTepraioB (0030p). Y. 1 // Tpymst BUAM. 2022. Ne 6. C. 58-67.

4. Metoas! mHGY3UH IS W3TOTOBIICHUS ITOJIMMEPHBIX KOMITO3HUITMOHHBIX MaTepuajioB (0030p).
Y. 2/ A. B. Xpynwkos, K. W. [lonernkuit, M. H. Ycauepa, A. H. I'opstackwuit // Tp. BUAM. 2022, No 7.
C. 50-62.

5. MocroBble KOHCTpYKIHHK U3 komro3uToB / A. E. Ymakos, 1O. I'. Kinenun, T. I'. Copuna u ap. //
Kommosuts! 1 HaHocTpykTyphl. 2009. Ne 3. C. 25-37.

6. [TpoexTrpoBaHuE ¥ ONTHMU3AIMS TEXHOJIOTHYECKOTO MPOIecca BAKYyMHOW HH(PY3HU ISl U3TO-
TOBJICHUSI Ky30Ba BaroHa-xomrmepa U3 MOJMMEPHBIX KOMITO3MIMOHHBIX MaTepuanos / A. E. Yiakos,
A. A. Cadonos, U. B. Ceprenues u ap. // [IpoGieMbl MaIIMHOCTPOSHUS ¥ HAJISKHOCTH MaruH. 2015,
Ne 3. C. 102-109.

7. Pynenko M. C., MuxeeB A. E., I'upu A. B. TexHOIOTHS U3rOTOBJICHHS COTOBBIX 3aIOTHUTENICH
U3 TIOJMMEPHBIX KOMIIO3WIMOHHBIX MarepuayioB // CHOMpCKHIA a’pokocMuyeckuid >kypHai. 2021.
T.22, Ne 2. C. 391-397.

8. Komapos B. A., Kypkun E. U., Ky3nenos A. C. UccrienoBanne u Moaudukamnus OCHACTKH U
(hopMooOpazyroeii TOBEPXHOCTH C LENBIO MOBBIMLICHUS TOYHOCTH M3TOTOBJICHHS JeTajleld METOAOM
BakyyMHO# uH(y3uu // U3B. Camapckoro Hayu. nientpa PAH. 2013. T. 15, Ne 6-3. C. 710-717.

610



Pa3zden 3. TexHonozuueckue npoyeccs. U Mamepuaibl

9. flnoBnu A. CoBpeMeHHBIE KOMIIO3UTHBIE MaTepHabl IS MPOU3BOACTBa ocHAcTKH // Komro-
3uTHBINA Mup. 2016. Ne 6. C. 3640.

10. UccnenoBanns W pa3pabOTKa aBTOKJIABHBIX M 0O€3aBTOKIABHBIX TEXHOJOTHH (HOPMOBaHHS
IIKM / A. B. Xpynekos, M. U. Jlymmn, FO. O. Ilomos, /1. W. Koran / ABHanmoHHBIE MaTepHaIbl U
texaonoruu. 2012. Ne 5. C. 292-301.

11. UccnenoBanre CBOMCTB IOJMMEPHOIrO KOMIIO3UIMOHHOIO MaTepHaja JJii H3TOTOBJICHUS
npecc-popm JI'M / [lapmua B. H., Keunn B. A., Cyxopykos /I. B., Cyxopykosa E. B., Cepena E. B.
// JTurerimuk Poccum. 2011. Ne 12. C. 40-42.

12. HextsipeB A. B., Mopo3or B. H. Texauko-3xkoHOMHYECKOE 000CHOBAHNE BHEIPSHUS Al TUTHB-
HBIX TEXHOJIOTHH B OTEUECTBEHHYIO CYJAOCTPOUTEIHHYIO MPOMBIIIIEHHOCTH // ['mmore3a. 2018. Ne 3.
C. 15-24.

13. Augpee A. B., Ilerpomonsckuit B. C. OntuMm3arus BeIOOpa Marepuania MacTep—Mojenei
JJIsL I/IS,Z[eHI/Iﬁ 13 NOJMMEPHBIX KOMIIO3UMIMOHHBIX MAaTCpHUAJIOB B YCJIOBUAX CAWMHHUYHOTO U OIIBITHOI'O
NPOM3BOJICTBA B U3ACIHAX aBHAIIMOHHON TeXHUKH // Bompockl MpoeKTHpOBaHKS U IPOU3BOACTBA KOH-
CTPYKLUH JleTaTelbHbIX anmnapatos. 2015. Ne 2. C. 20-28.

14. MogenupoBaHe BIUSHUS OCHACTKU HAa KOHEUHYIO OPMY H3JIEIUI U3 MOJMMEPHOTO KOMIIO-
suta / M. B. Kosnos, C. B. lllemenun, . B. Makapenko, /. A. benos /BeruuciuTenibHas MeXxaHuKa
crutomHeIx cpen. 2016. T. 9, Ne 2. C. 145-161.

15. Kapramosa E. [I., Myiizemuexk A. 0. TexHomorudeckue neQeKTHl MOJTUMEPHBIX CIOHCTBIX
KOMITO3UIIHOHHBIX MaTepuaios // 3B. By3oB. [loBomkckuii perunoH. Texuuueckue Hayku. 2017. T. 42,
Ne 2. C. 79-89.

References

1. Dushin M. 1., Chursova L. V., Khrul'kov A. V., Kogan D. 1. [Peculiarities of production of po-
lymer composites by vacuum infusion method]. Voprosy materialovedeniya. 2013, No. 3, P. 33-40 (In
Russ.).

2. Grigor'ev M. M., Khrul'kov A. V., Gurevich Ya. M., Panina N. N [Production of fiberglass liners
by vacuum infusion using an epoxy-hydride binder and a semi-permeable membrane]. Trudy VIAM.
2014, No. 2, P. 4-8 (In Russ.).

3. Donetskiy K. 1., Usacheva M. N., Khrul'kov A. V. [Infusion methods for the production of po-
lymer composites (review). Part 1]. Trudy VIAM. 2022, No. 6, P. 58-67 (In Russ.).

4. Khrul'kov A. V., Donetskiy K. I., Usacheva M. N., Goryanskiy A. N. [Infusion methods for the
manufacture of polymer composites (Review). Part 2]. Trudy VIAM. 2022, No. 7, P. 50—62 (In Russ.).

5. Ushakov A. E., Klenin Yu. G., Sorina T. G. et al. [Composite bridge structures]. Kompozity i na-
nostruktury. 2009, No. 3, P. 25-37 (In Russ.).

6. Ushakov A. E., Safonov A. A., Sergeichev I. V. et al. [Design and optimization of vacuum infu-
sion process for manufacturing of hopper body made of polymer composites]. Problemy mashinostro-
eniya i nadezhnosti mashin. 2015, No. 3, P. 102-109 (In Russ.).

7. Rudenko M. S., Mikheev A. E., Girn A. V. [Technology of honeycomb core production from po-
lymer composites]. Sibirskiy aerokosmicheskiy zhurnal. 2021, Vol. 22, No. 2, P. 391-397 (In Russ.).

8. Komarov V. A., Kurkin E. 1., Kuznetsov A. S. [Research and modification of rigging and form-
ing surface in order to improve the accuracy of parts manufacturing by vacuum infusion]. /zvestiya
Samarskogo nauchnogo tsentra Rossiyskoy akademii nauk. 2013, Vol. 15, No. 6-3, P. 710-717 (In
Russ.).

9. Yanovich A. [Modern composite materials for rigging production]. Kompozitnyy mir. 2016,
No. 6, P. 3640 (In Russ.).

10. Khrul'kov A. V., Dushin M. 1., Popov Yu. O., Kogan D. 1. [Research and development of auto-
clave and non-autoclave technologies for PCM molding]. Aviatsionnye materialy i tekhnologii. 2012,
No. 5, P. 292-301 (In Russ.).

611



Cubupckuil aapoxocmuueckuil scypHan. Tom 24, N2 3

11. Sharshin V. N., Kechin V. A., Sukhorukov D. V. et al. [Study of the properties of polymer
composite material for the production of LGM molds]. Liteyshchik Rossii. 2011, No. 12, P. 40-42
(In Russ.).

12. Dektyarev A. V., Morozov V. N. [Feasibility study on the implementation of additive tech-
nologies in the domestic shipbuilding industry]. Gipoteza. 2018, No. 3, P. 15-24 (In Russ.).

13. Andreev A. V., Petropol'skiy V. S. [Optimization of material selection of master models for
polymer composite products in the conditions of single and pilot production in the products of aero-
nautical engineering]. Voprosy proektirovaniya i proizvodstva konstruktsiy letatel'nykh apparatov.
2015, No. 2, P. 20-28 (In Russ.).

14. Kozlov M. V., Sheshenin S. V., Makarenko 1. V., Belov D. A. [Modeling the influence of rig-
ging on the final shape of polymer composite products]. Vychislitel'naya mekhanika sploshnykh sred.
2016, Vol. 9, No. 2, P. 145-161 (In Russ.).

15. Kartashova E. D., Muyzemnek A. Yu. [Technological defects in polymer layered composites].
Izvestiya vysshikh uchebnykh zavedeniy. Povolzhskiy region. Tekhnicheskie nauki. 2017, Vol. 42,
No. 2, P. 79-89 (In Russ.).

© DaizymmuH K. B., lanunaes M. I1., [Tonses A. B., Cémun C. A., Paxunos T. 1., 2023

®@ajizynnun Koncrantun BaaguMupoBuy — KaHAMIAT TEXHUYECKUX HAyK, 3aMECTHUTENIb HayaJlbHUKA yIpaBlie-
HUS HaydHO-HccienoBatensckoil padorel (YHUP); Kazanckuii HanmmoHaANbHBIA HCCIENOBATENHCKUNA TEXHHYECKUIN
yausepcutet umenu A. H. Tynonesa — KAU. E-mail: KVFayzullin@kai.ru.

Januniaaes Makcum IleTpoBHY — JOKTOp TEXHUUYECKUX HAYK, Ipodeccop, 3aBeAyIOMUN MEXBY30BCKON MEXIUC-
LUIIMHApHOH naboparopueli; KazaHckuil HalMOHANBHBIA MCCIENOBATEIbCKUI TEXHUYECKUH YHMBEPCUTET UMEHH
A. H. Tynonesa — KA. E-mail: danilaev@mail.ru.

Ionsiep Apcennii Banepbepny — HauansHuk HUJI «CIK «Texnonoruu komno3utoBy; Kasanckuil HaluoHab-
HBII uccienoBarensckuil Texuuueckuil yausepeuter umenu A. H. Tynonesa — KAU. E-mail: AVPolyaev@kai.ru.

Cémun Huknra Anexcanaposuy — umxenep HUJI «CHK «TexHonoruu KoMIio3utoBy»; KaszaHckuii HalloHasb-
HBII1 uccienoBarensckuil Texuuueckuil yausepeuter umenu A. H. Tynonesa — KAU. E-mail: NASyemin@kai.ru.

Pakunos Tumyp NabsmaroBuy — umxenep HNJI «CLIK «TexHonorun KoMro3uToBy; KazaHCKHI HAallMOHAIbHBIH
UCCIIeIOBaTENbCKU TexHnYeckuil yauBepeureT umern A. H. TynoneBa — KA. E-mail: TIRakipov(@dckai.ru.

Faizullin Konstantin Vladimirovich — Cand. Sc., Deputy Head of UNIR; Kazan National Research Technical
University named after A. N. Tupolev — KAI. E-mail: KVFayzullin@kai.ru.

Danilaev Maksim Petrovich — Dr. Sc., Professor, Head of the Interuniversity Interdisciplinary Laboratory; Kazan
National Research Technical University named after A. N. Tupolev — KAI. E-mail: danilaev@mail.ru.

Polyaev Arseniy Valer'evich — header RL “SCC “Composite technologies”; Kazan National Research Technical
University named after A. N. Tupolev — KAI E-mail: AVPolyaev(@kai.ru.

Semin Nikita Aleksandrovich — engineer RL “SCC “Composite technologies”; Kazan National Research Techni-
cal University named after A. N. Tupolev — KAI E-mail: NASyemin@kai.ru.

Rakipov Timur Il'shatovich — engineer RL “SCC “Composite technologies”; Kazan National Research Technical
University named after A. N. Tupolev — KAI. E-mail: TIRakipov@dckai.ru.




