
Preface

The 5th volume of the series ¤Space challenges of the 21st century¥ re§ects
a wide variety of modern scienti¦c and practical problems related to the explo-
ration and development of space: from materials and devices for rockets and
space technology to the problems of modern astrophysics and issues of interna-
tional cooperation in space exploration. The basis of the collection consists of
the reports presented at the 7th International Conference ¤Space Challenges of
the XXI Century. Novel Materials, Technologies and Devices for Space Appli-
cations (SPACE£2015)¥ held in Sevastopol, June 22�26, 2015. Contributors are
the international experts in the ¦eld of space research from leading academic,
research and production, design and education organizations.
The articles consider experimental and theoretical methods used in the devel-

opment of new materials (construction, energetic, safety, electronics, and others).
The new technologies of production and application of materials, as well as the
methods for solving unusual physical, chemical, and technical problems aris-
ing in the space development and in security of spacecraft §ight are presented.
Thematically, the contents of the collection is divided into 6 chapters: Inter-
disciplinary space problems; Technologies; Materials; Rocket engines and power
systems; Dual technologies; and Equipment, devices and research methods. It
can be expected that the publications presented in the book will help one to
identify the most promising directions in the development of space materials
and instrumentation, the nomination of the new international R&D projects in
the ¦eld of space research and space exploration.
SPACE£2015 Conference and preparation for the publication of this collection

took place during the celebration of the 70th Anniversary of the Victory of the
Soviet people in the Great Patriotic War of 1941�1945. With this date also linked
the 70th anniversary of the creation of the Crimean Astrophysical Observatory.
The Conference SPACE£2015 and this collection are dedicated to these di¨erent-
scales events.
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ðÒÅÄÉÓÌÏ×ÉÅ ÒÅÄÁËÔÏÒÏ×

ðÒÅÄÌÁÇÁÅÍÙÊ ÞÉÔÁÔÅÌÀ 5-Ê ÔÏÍ ÓÅÒÉÉ »ëÏÓÍÉÞÅÓËÉÊ ×ÙÚÏ× XXI ×ÅËÁ¼
ÏÔÒÁÖÁÅÔ ÂÏÌØÛÏÅ ÒÁÚÎÏÏÂÒÁÚÉÅ ÓÏ×ÒÅÍÅÎÎÙÈ ÎÁÕÞÎÙÈ É ÐÒÉËÌÁÄÎÙÈ ÚÁÄÁÞ,
Ó×ÑÚÁÎÎÙÈ Ó ÉÚÕÞÅÎÉÅÍ É ÏÓ×ÏÅÎÉÅÍ ËÏÓÍÉÞÅÓËÏÇÏ ÐÒÏÓÔÒÁÎÓÔ×Á: ÏÔ ÍÁÔÅÒÉ-
ÁÌÏ× É ÐÒÉÂÏÒÏ× ÄÌÑ ÒÁËÅÔÎÏ-ËÏÓÍÉÞÅÓËÏÊ ÔÅÈÎÉËÉ ÄÏ ÐÒÏÂÌÅÍ ÓÏ×ÒÅÍÅÎÎÏÊ
ÁÓÔÒÏÆÉÚÉËÉ É ×ÏÐÒÏÓÏ× ÍÅÖÄÕÎÁÒÏÄÎÏÇÏ ÓÏÔÒÕÄÎÉÞÅÓÔ×Á × ÉÓÓÌÅÄÏ×ÁÎÉÉ
ËÏÓÍÏÓÁ. ïÓÎÏ×Õ ÓÂÏÒÎÉËÁ ÓÏÓÔÁ×ÌÑÀÔ ÍÁÔÅÒÉÁÌÙ ÄÏËÌÁÄÏ×, ÐÒÅÄÓÔÁ×ÌÅÎÎÙÈ
ÎÁ 7-Ê íÅÖÄÕÎÁÒÏÄÎÏÊ ËÏÎÆÅÒÅÎÃÉÉ »ëÏÓÍÉÞÅÓËÉÊ ×ÙÚÏ× èèI ×ÅËÁ.
îÏ×ÙÅ ÍÁÔÅÒÉÁÌÙ, ÔÅÈÎÏÌÏÇÉÉ É ÐÒÉÂÏÒÙ ÄÌÑ ËÏÓÍÉÞÅÓËÏÊ ÔÅÈÎÉËÉ
(SPACE£2015)¼, ÓÏÓÔÏÑ×ÛÅÊÓÑ × Ç. óÅ×ÁÓÔÏÐÏÌÅ 22�26 ÉÀÎÑ 2015 Ç. á×ÔÏÒÙ
ÓÔÁÔÅÊ Ñ×ÌÑÀÔÓÑ ÍÅÖÄÕÎÁÒÏÄÎÙÍÉ ÜËÓÐÅÒÔÁÍÉ × ÏÂÌÁÓÔÉ ËÏÓÍÉÞÅÓËÉÈ ÉÓÓÌÅ-
ÄÏ×ÁÎÉÊ É ÐÒÅÄÓÔÁ×ÌÑÀÔ ×ÅÄÕÝÉÅ ÁËÁÄÅÍÉÞÅÓËÉÅ, ÎÁÕÞÎÏ-ÐÒÏÉÚ×ÏÄÓÔ×ÅÎÎÙÅ,
ËÏÎÓÔÒÕËÔÏÒÓËÉÅ É ÕÞÅÂÎÙÅ ÏÒÇÁÎÉÚÁÃÉÉ.
÷ ÐÒÅÄÓÔÁ×ÌÅÎÎÙÈ ÓÔÁÔØÑÈ ÒÁÓÓÍÏÔÒÅÎÙ ÜËÓÐÅÒÉÍÅÎÔÁÌØÎÙÅ É ÔÅÏÒÅÔÉ-

ÞÅÓËÉÅ ÍÅÔÏÄÙ, ÉÓÐÏÌØÚÕÅÍÙÅ ÐÒÉ ÒÁÚÒÁÂÏÔËÅ ÎÏ×ÙÈ ÍÁÔÅÒÉÁÌÏ× (ËÏÎÓÔÒÕË-
ÃÉÏÎÎÙÈ, ÜÎÅÒÇÏÅÍËÉÈ, ÚÁÝÉÔÎÙÈ, ÜÌÅËÔÒÏÎÎÙÈ É ÄÒ.), ÎÏ×ÙÅ ÔÅÈÎÏÌÏÇÉÉ
ÐÏÌÕÞÅÎÉÑ É ÐÒÉÍÅÎÅÎÉÑ ÍÁÔÅÒÉÁÌÏ×, Á ÔÁËÖÅ ÍÅÔÏÄÙ ÒÅÛÅÎÉÑ ÎÅÏÂÙÞÎÙÈ
ÆÉÚÉËÏ-ÈÉÍÉÞÅÓËÉÈ É ÔÅÈÎÉÞÅÓËÉÈ ÐÒÏÂÌÅÍ, ×ÏÚÎÉËÁÀÝÉÈ ÐÒÉ ÏÓ×ÏÅÎÉÉ ËÏÓ-
ÍÉÞÅÓËÏÇÏ ÐÒÏÓÔÒÁÎÓÔ×Á É ÏÂÅÓÐÅÞÅÎÉÉ ÂÅÚÏÐÁÓÎÏÓÔÉ ÐÏÌÅÔÏ× ËÏÓÍÉÞÅÓËÉÈ
ÁÐÐÁÒÁÔÏ×. ôÅÍÁÔÉÞÅÓËÉ ÓÏÄÅÒÖÁÎÉÅ ÓÂÏÒÎÉËÁ ÒÁÚÄÅÌÅÎÏ ÎÁ 6 ÇÌÁ×: ÍÅÖ-
ÄÉÓÃÉÐÌÉÎÁÒÎÙÅ ËÏÓÍÉÞÅÓËÉÅ ÐÒÏÂÌÅÍÙ; ÔÅÈÎÏÌÏÇÉÉ; ÍÁÔÅÒÉÁÌÙ; ÒÁËÅÔÎÙÅ
Ä×ÉÇÁÔÅÌÉ É ÜÎÅÒÇÅÔÉÞÅÓËÉÅ ÕÓÔÁÎÏ×ËÉ; Ä×ÏÊÎÙÅ ÔÅÈÎÏÌÏÇÉÉ; ÐÒÉÂÏÒÙ,
ÏÂÏÒÕÄÏ×ÁÎÉÅ É ÍÅÔÏÄÙ ÉÓÓÌÅÄÏ×ÁÎÉÑ. íÏÖÎÏ ÏÖÉÄÁÔØ, ÞÔÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÙÅ
× ÓÂÏÒÎÉËÅ ÐÕÂÌÉËÁÃÉÉ ÂÕÄÕÔ ÓÐÏÓÏÂÓÔ×Ï×ÁÔØ ×ÙÑ×ÌÅÎÉÀ ÎÁÉÂÏÌÅÅ ÐÅÒÓÐÅË-
ÔÉ×ÎÙÈ ÎÁÐÒÁ×ÌÅÎÉÊ × ÒÁÚ×ÉÔÉÉ ËÏÓÍÉÞÅÓËÏÇÏ ÍÁÔÅÒÉÁÌÏ×ÅÄÅÎÉÑ É ÐÒÉÂÏÒÏ-
ÓÔÒÏÅÎÉÑ, ×ÙÄ×ÉÖÅÎÉÀ ÎÏ×ÙÈ ÍÅÖÄÕÎÁÒÏÄÎÙÈ ÎÁÕÞÎÏ-ÔÅÈÎÉÞÅÓËÉÈ ÐÒÏÅËÔÏ×
× ÏÂÌÁÓÔÉ ËÏÓÍÉÞÅÓËÉÈ ÉÓÓÌÅÄÏ×ÁÎÉÊ É ÏÓ×ÏÅÎÉÑ ËÏÓÍÉÞÅÓËÏÇÏ ÐÒÏÓÔÒÁÎÓÔ×Á.
ðÒÏ×ÅÄÅÎÉÅ ËÏÎÆÅÒÅÎÃÉÉ SPACE£2015 É ÐÏÄÇÏÔÏ×ËÁ Ë ÉÚÄÁÎÉÀ ÎÁÓÔÏÑ-

ÝÅÇÏ ÓÂÏÒÎÉËÁ ÐÒÏÉÚÏÛÌÏ × ÐÅÒÉÏÄ ÐÒÁÚÄÎÏ×ÁÎÉÑ 70-ÌÅÔÉÑ ðÏÂÅÄÙ ÓÏ×ÅÔ-
ÓËÏÇÏ ÎÁÒÏÄÁ × ÷ÅÌÉËÏÊ ïÔÅÞÅÓÔ×ÅÎÎÏÊ ×ÏÊÎÅ 1941�1945 ÇÇ. ó ÜÔÏÊ ÄÁÔÏÊ
ÔÁËÖÅ Ó×ÑÚÁÎÏ 70-ÌÅÔÉÅ ÓÏÚÄÁÎÉÑ ëÒÙÍÓËÏÊ ÁÓÔÒÏÆÉÚÉÞÅÓËÏÊ ÏÂÓÅÒ×ÁÔÏÒÉÉ.
üÔÉÍ Ä×ÕÍ ÒÁÚÎÏ×ÅÌÉËÉÍ ÓÏÂÙÔÉÑÍ ÂÙÌÁ ÐÏÓ×ÑÝÅÎÁ ËÏÎÆÅÒÅÎÃÉÑ
SPACE£2015 É ÐÏÓ×ÑÝÁÅÔÓÑ ÎÁÓÔÏÑÝÉÊ ÓÂÏÒÎÉË.
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