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Ot MexgayHapogHoro PegakunoHHoro Komuteta
K 20-netnio MexxgyHapogHoro HayyHoro 3gaHus

MexayHapOoaHbIN Hay4HbIN XypHan «AKTyanbHble NpobneMbl aBUauMOHHBIX U a3POKOCMUYECKUX
cuctem» (AMNAAC) ocHoBaH B 1995 r. no nHuumatmee yyeHbix KAWM — KI'TY um.A.H.TynoneBa
(npeactaButenen HayvHou KasaHckon YetaeBckon LLkonbl mexaHukm u yctonumsocTtun, Poccus)
COBMECTHO C 3apybexxHbIMK KonneraMmu, y4eHbIMy aBUaLMOHHOMO yHuBepcuteta Ombpu-Puaan
(ERAU, Daytona Beach, CLLUA) kak oanH 13 peanbHbIX LIAroB B COOTBETCTBMU C [1oroBOpom o
COTPYAHWYeCTBE, NOANMUCaHHbIM PekTopamn 060oux yHMBEPCUTETOB.

«B coomeemcmeuu ¢ pacwupsawuMcs compyOHuUYecmeoM MexO0y HawuMu yHueepcumemamu U
0oz080pom 0 83aumodelicmsuu s ¢ bonbwum ydososibcmeueM fpusemcmayro rnepabili 8binyck Pocculicko-
AMepPUKaHCK020 XypHana..., uenble rnokoneHus model Amepuku u Poccuu cesidanu cebsi ¢ asuayuel u
MPOOBUHYMU aBUAULOHHYIO U a3pOKOCMUYECKYI MeXHoMo2utlo 00 02pOMHbIX 8bicom..., efobarnbHasi
3KOHOMUKa ece bonee Oukmyem  HeobxoO0uMocmb  UHMEPHAUUOHANIbHOZ0 — MEXHOI02UYeCcK020
compydHuyecmsa, 0cobeHHO 8 obracmu MOCMOSIHHO Pa3suUBarLUXCsl aguayuu U KOCMOHa8MuKU..., 5 C
02pOMHbIM ydogsriemeopeHuem noddepxusaro IMo COBMECMHOE HayYHOe Ha4yUHaHUe Hawux 08yx cmpaH u
C HemepreHuem oxudaio ysudemsb ycriexu, docmueHymsle & amom compydHuyecmee...», — CTUBEH
M.Cnuea, Npe3naeHT ABMaumnoHHOro YHueepcuteTa Amopu-Puaan(1995).

«...Ha cmpaHuyax Haweeo XypHana Bbl Halideme ronesHyw U CB80EBPEMEHHYH UHGhopMayUlo o
Hoseliwux OOCMUXeHUsIX,... 3mo 6ydem criocobecmeosameb 0SyYEHUK HOBbIX HayYHbIX 3HaHUU, HOBbIX
mexHonoaud, pa3sumuio compyOHUYeCmB8a y4YEHbIX HalUX cmpaH U, 8 KOHEYHOM umoee, bonbwemy
MoHUMaHUlO U 06beduHeHUlo Hawux Hapodos...», — [.Jl.0ertapes, Pektop KasaHckoro
"ocypapcTtBeHHoro TexHuyeckoro YHuepcuteta um.A.H. Tynoneea(1995).

((...CGZOOHFI, 8 cumyauuu, Oasieko He ornmuMucmuy4yHou 8 Mupe asuauyuu, Mbl F8119eMCH ceudemensimu u
coy4acmHukamu rnepcriekKmueHo20 Ha4uHaHuA..., opeaHu3ayuu HOoe8020 Hay4HOoeso nepuoduquKoao
XypHara, npu3saHHoeco o0bbeduHuUMb 3auHmepecosaHHbIX npeOcmaeumeneU HayKu, mexHUKU U ebicweco
0bpa3osaHusi..., makol mpolcmeeHHbIl COK3... 103801UM co30amb HeopduHapHoe M3daHue..., bydem
criocobecmeogamp  MPUGNEYEHU ofbima U Mydpocmu Cmapuie2o MOKOeHUsl U 3Hepauu MosodbiX
uHmennekmyanog 8 gospoxdaroulyiocs Asuauuro», — 3J.C.Heimapk, HauanbHuk [enaptameHTa
aBMALMOHHOW NPOMBILLITEHHOCTN(1995).

Mpoweawmnn nepuop M3gaHusa M PasBUTMSA XKypHana BbICBEYMBAET MEHALWNACA OBNunK u
BO34enCTBuEe (OyHOAMEHTanbHOW M NPUKNagHOMW Haykn Ha passutne Mwupa. XypHan 6bin
3apoXaeH B TO BPEMS, KOra HauyMHanMcCb U PacLUMpsiNUCh Hay4HO-obpasoBaTenbHble CBA3U
mexay Boctokom u 3anagom, mexay Poccunen n CLIA, mexxgy KAU n ERAU. Mbl menu Tonbko
obwre ngen gns Hawen COBMECTHOM OeATeNbHOCTM, HanpaBnsiemble Hawen WHTyuuunewn, u
ObInNKn yBEPEHbI, YTO 3TV COBMECTHbIE YCUIKSA B pamkax xxypHana «AlNAAC» 6yayT ycnewHbIMu.
Mbl Hagesanucb, YTo M3bmpas pacLUMPEHHbIN HETPAAULMOHHbBIN NOAX0A, Mbl CMOXEM OCHOBAaTb
XypHan kak WsgaHue HOBOro Tuna — ABYA3bIYHOTO, C MHOMO- U MEXOUCUMUMIMHAPHBIMMI
obbekTaMM UccneaoBaHnsi, OTHOCALUMMUCS K Hawen crneumduyeckon CroxHonm obnactun —
aBvauus M aapokoCcMoc.

CerogHs «AlNAAC» — 310 MexayHapoOHbIi HayYHbIN XKypHas, OXBaTbIBAKOLLMIA LUMPOKUIN CNEKTP
npobrnem B 0b6nacTu aBsmaumm 1 a3pokoCcMoca MEXANCLMNIIMHAPHOIO XapakTepa, MMetLwnin asa
BbiNycka B rof, ABa s3blka nybnukaumm (PyCCKUA M aHrMUICKUA), NeYaTHbI U 3NEKTPOHHbI
BapuaHTbI.

KypHan perynapHo m3gaetca ¢ 1996r. ¢ noggepxkon Bcex Hawwux [apTHepoB, No4 arnaou
AkagemMnn Hayk aBuvaumm W Bo3gyxonnasaHus, Poccuiicko  Akagemum  KOCMOHAaBTUKM
nm.K.3.Lnonkosckoro, B koonepauun ¢ MAW, MI'TY um.H.3.baymana, UMY PAH; ¢ noaaepxkon
MuHoBpa3oBaHus U Hayku, PenepanbHoro Kocmmyeckoro AreHTCTBa; OH UMeEET CepbesHyHo
penyTaumio Kak cpeu TeopeTUKoB, Tak 1 cpeaun NPUKNagHUKoB.

MNpencraBneHHble B 3TOM t06unenHom Boinycke xypHana (Ne1(40), 1.20, 2015) npurnalleHHble
CTaTbM HarnagHoO OTpaxalT ITOT MeXOUCUMNIMHAPHBIM cnekTp B obnactu asuauuvm u
KOCMOHaBTUKM.
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From the International Editorial Board
to the 20™ Anniversary of International Scientific Edition

International scientific Journal “Actual Problems of aviation and aerospace systems” (APAAS)
was founded in 1995 on the initiative of the scientists from KAl — A.N.Tupolev KSTU
(representatives of Kazan scientific Chetaev School of mechanics and stability) together with
their foreign colleagues — the scientists from Embry-Riddle Aeronautical University (ERAU,
Daytona Beach, USA). It was a real step in the framework of Treaty of cooperation signed by the
Rectors of both Universities.

“In accordance with the deepening collaboration between our Universities and the Treaty of cooperation, |
hail the first issue of Russian-American Journal with great pleasure..., the whole generations of American
and Russian people devoted themselves to aviation and pushed aviation and aerospace technology
forward to a very high level..., the global economy dictates its demands to international cooperation in
technology, especially in the fields of permanently developing aviation and astronautics..., with great
pleasure | support this joint scientific initiative of our countries and look forward to witness the successes of
this collaboration...” — Steven M.Sliwa, President of Embry-Riddle Aeronautical University(1995).

“..on the pages of our Journal you will find some useful and timely information on the newest
achievements, ... this will promote generation of new Knowledge, new technologies, and development of
cooperation between the scientists from our countries, and ultimately promote further understanding and

consolidation of our peoples...” — G.L.Degtyarev, Rector of A.N.Tupolev Kazan State Technical
University(1995).

“... today, when the state of aviation in the world is far from optimistic, we witness and patrticipate in the
promising initiative... of foundation of new scientific periodical aimed at integration of concerned
representatives of science, engineering and higher education..., such tripartite alliance... will enable to
establish extraordinary Edition..., will promote attraction of experienced and wise older generation and

energetic young intellectuals to the resurgent aviation” — E.S.Neimark, Head of Aviation Industry
Department(1995).

The past period of edition and development of the Journal highlights the changing look and effect
of fundamental and applied science on the World evolution. The Journal was initiated in the times
when scientific and educational relations between the East and West, between Russia and the
United States, between KAl and ERAU were starting and extending. Possessing only general
ideas that outlined our joint efforts and were directed by our intuition, we were sure that these
joint efforts in the framework of “APAAS” Journal would be successful.

We hoped that having chosen the broadened non-traditional approach, we would be able to
found the Journal as an Edition of a new type, i.e. bilingual, with multi- and interdisciplinary
research objects referred to our special complex sphere — Aviation and Astronautics.

Today “APAAS” is an International scientific Journal covering a wide range of problems in
aviation and aerospace of interdisciplinary nature. It is published with two issues in a year, in two
languages (in Russian and in English) and two versions: printed and electronic.

The Journal supported by all our Partners has been regularly issued since 1996 under the aegis
of the Academy of Aviation and Aeronautics Sciences, K.E.Tsiolkovskiy Russian Academy of
Cosmonautics, Federation of Russia Cosmonautics, in cooperation with MAI, N.E.Bauman
MSTU, Institute of Control Problems of RAS, with support from the Ministry of Education and
Science, and Federal Space Agency; it has a good reputation among the specialists both in
theoretical and applied aspects.

The invited articles that are presented in this Anniversary Journal issue (N0.1(40), Vol.20, 2015)
illustrate this interdisciplinary spectrum in Aviation and Astronautics.
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YBaxaembie Komern!

C OonbmMM YJOBIETBOPCHAEM MbI OTMEYaeM ycrexd MekIyHapomHOro HaydHOro Poccuiicko-AMepHKaHCKOTo
KypHama «AKTyajibHbIe Tpo0/ieMbl ABHALHOHHBIX H a3pokocvMuyeckux cucrem»(«Actual problems of aviation
and aerospace systemsy), ISSN 1727-6853. OcnoBanmsiit o uHunuaruse yueHsix KAU-KTTY um.A H.Tymonesa
(mpencraputeneit u3BecTHO HayuHoil Kasanckodl Yeraeckoil IlIkombl MexaHWKM M yCTOMYMBOCTH) COBMECTHO C
3apyOeKHBIME KOIUTETaMH, YYeHBIMH aBHAIMOHHOTO yHHUBepcutera IMOpu-Puamn (ERAU, Daytona Beach), sxypran
Obut opranu3oBan B 1995 romy mon marponaxem KAU-KI'TY, ¢ mobpoit mommepxkodt MunuctepcTBa
MPOMBINIIIEHHOCTH, HAYKM M TeXHONOTHH. CerofHs 3TOT HAYYHBIA JKYpPHAT, KOTOPBIH OTIHYAET BHICOKHH YpPOBEHb C
BUJIEHHEM Ha MEPCIEKTUBY, XOPOLIO H3BECTECH B KPYTY CIECIMAIUCTOB.

3a BpeMs CBOETO CyIIECTBOBAHHS XypHAN copmupoBancs kak HeopauHapHoe Hayuroe W3nmanme, «roBopsimee» Ha
PYCCKOM M aHTJIMHCKOM SI3bIKaX, B IEYATHOM M 3NECKTPOHHOM BapHaHTaX, KOTOPHIH YCIICIIHO BBIMONHSET CBOKO [JIABHYIO
3aj1a4y — COZICICTBHIE PA3BUTHIO COBMECTHOM NEATENBHOCTH B paMKaxX TEOPETHYECKUX U MPHUKIAIHBIX UCCIEN0BAHUN BO
BCEM MHOT000pa3nuy HayK, B TOM HYHCJIEe, MEXIUCIUILTMHAPHOTO XapaKTepa, OXBATHIBAIONINX BECh CIEKTP MPOOIEM,
TIOPOXICHHBIX 33a49aMi aBHAIIMA U a9POKOCMOCa, C 00BEIMHEHNEM B 3TOM YUEHBIX U CMCIHATICTOB, TIPEACTABUTENEH
HAyKH, BBICIIEH IKOMBI 1 MPOMBIIUIEHHOCTH.

CTpyKTypHO XKypHaJ OpraHM30BaH kKak mepuopuyeckoe M3jmanue, ¢ MOJArOTOBKOW MPUINANICHHBIX CTAaTeH 0030pHO-
MpoONEMHOTO XapakTepa M TEMATHYECKHX CICIMANBHBIX BBITYCKOB MO TMEPEeAOBHIM HAMPABICHHUAM HAYKA U
VHXEHEPHBIX MPUIOKEHHE 10 MIMPOKOMY KPYTY MEKIMCIUILIMHAPHBIX IPOOJIeM B aBHAIIMM H KOCMOHABTHKE B 00J1aCTH
IVHAMUKA W YTPABIEHHS TIOJIETOM; TEOPHH, KOHCTPYHPOBAHHS M TEXHONOTHH JIETATENbHBIX allapaToB, NBUTATENEH;
HAyKH O MaTephaiax; BBIUMCIUTENBHBIX CHCTEM; OKCIEPHMEHTANBHBIX HCCIEIOBAHMH; OSKOHOMIYECKHX U
TYMAHUTAPHBIX MPOOJIEM JKCILUTyaTAlluy; JUCTAHIMOHHOTO 30HIMPOBAHMA 3eMIH, MH()OPMAIMOHHBIX CITyTHAKOBBIX
TEXHOJIOTHHA; MPOOIEM BBICIIET0 WHAKEHEPHOTO 00pa30BaHMA B OONACTH aBHA-, a3POKOCMHUYECKUX CUCTEM; MpobIeM
HAHOTEXHONOTHH IS aBUa-, A3POKOCMHYECKHIX CUCTEM, . ..

Cpenu NpHrJIalIeHHbIX CTATel

— AJ.Ypeya. Oceoenue kocmoca 6 cmpamezuu yCmouuugoeo pazeumust.

—I1.0:x.Bep6oc. Hoguiil n00x00 K eunep3gykogyim noiemam.

- B.JL.Kataes. Tpancnopmuas cucmema "3emus-kocmoc-3emns”: uccnedosanus KoHyenyuu npu HempaouyuoHHOM RPOEKMHOM UMnepamuee.

— JMarnac IaBuacon. boune ¢ Poccuu.

— A.H.Kupumun. Ilepcnexmussl pasgumust Qupusicadiecmpoenus.

— WU.B.Ipaurumsuiu, A.H.AuyamBuin. Qoroguviil npunyun 00HapysiceHus nOOBUNCHO20 00beKma.

—10.C.ConomonoB. Onmumusayus sHepeemuueckux u mpaeKmopHyX NaApamempos mpaHcnopmadenbHbix KOCMUYECKUX paKemnblx KOMNIeKcos.

— A.BosonkuH. [unep3sykosoil Kochuueckuil nyckamenb 8biCOKOU NPOUBOOUMETLHOCTIU.

- K.M.Inuxanze, A.A.Mouniees, B.B.Edanos, K.A.3anun, 51.I'. [lonodenos. Pazsumue nayuno-npoexmuoeo nacreous I'.H. babaxuna ¢
agmomamuueckux kocmuyeckux annapamax HIIO um. C.A.Jlagouxuna.

— k. don Iyrramep. Om Xanmcsunna k baiikonypy: no nymu, nponoscennomy C.I1.Koporesvim.

— I.B.HoBoxku0B. Poccuticko-amepuxarckuti camorem Un-96M/T (15 nem co Oua norema).

— A.I'yrauepn, ®.Kyarauorta, M.A.Ilepuno. [Ipoexm xocmuueckoeo noiema ¢ nocaokou Ha JIymy.

- I1.0:x.Bepboc. O payuonarvroti cmpamezuu oceoenus kocmoca Yenosevecmso.

— B.A.IlonoBkuH. Bounckue dopmuposanus kocmuuecko2o HasHayeus 8 3anycke nepeoeo UCKyCCmeeHH020 CRyMHUKA 3eMiu.

- B.E.Yeptok. Kocmonasmuka ¢ XXI gexe.

— K.Makxkone. Cmamucmuueckoe ypasnenue Jpetixa u meopema A.M.JIanyrnosa 6 npobieme noucka gHe3eMHulx yuguausayui, yacm .

— @.I'paunann, ¥Y.Monuu. Jiyuosxcu bponvo u cnymuuxu Can-Mapxo.

- B.A.Noastuenxo. [Tepsvie kocmuueckue npoexmol OKE axademura B.H. Yenomes.

Cpe;m TEMAaTHYECKHUX BbINYCKOB:

Ne1(23), 2007 — Creyuansuoni soimyck. K 50-neTuro 3amycka nepBoro B MUpe HCKYCCTBEHHOTO CITyTHHKA 3eMITH.

Ne2(24), 2007 — Cneyuansnuiii guinyck. K 50-neTrio 3amycka mepBoro HCKyCCTBEHHOTO CITyTHHKA 3EMITHL

Ne3(25), 2007 — Creyuanvuoni goinyck. K 50-neturo Hayana Kocmudeckoit Opbl.

Nel(26), 2008 — Cneyuansnuiii guinyck, mocssmenHsI 50-nernio Hadana Kocmuaeckoit Dper 1 J{HI0 BoeHHO-KOCMIUECKHX CHIL.
Nel(32),

4
5
6
2), 2011 — Cneyuanshwuii 6vinyck, nocpsueH sl 50-netuto nepsoro B Mupe noneta Yenoseka B Kocmoc (moneta F0.A.I'arapuna).

Becbma oTpamHo, 4TO KypHAN, TPEACTABIAS HAYYHBIE CTaThH, 0030DHI, PE3yNBTAThl, OCTAHOBOYHBIC MOKIAIBI IO
AKTYaJbHBIM TIp0o0JIeMaM HayKu, TEXHUKH U BRICIIETO HMHKEHEPHOTO 00pa30BaHIs, OTHOCAIINMCS K TAKHM CIIOKHEHIIIHM
MEXIUCIUIUTMHAPHBIM 00IIacTAM KaK aBHAIMA M KOCMOHABTHKA, d((MEKTHBHO CITYXUT BAKHEHIIMM IENsIM HAy4HO-
MH(OPMAIIMOHHOTO 00ECTICUEHHs HAYYHO-HCCIIC0BATEIbCKIX U ONMBITHO-KOHCTPYKTOPCKUX PAbOT 10 MPUOPUTETHHIM
HANpaBJICHUAM HAyYHO-TEXHUUYECKOTO IIPOTPECCa B LIEIOM.

Camepie UCKPCHHUC TTO3APABJICHUS U MTOKCIAHUA z[aaneﬁumx YCIICXO0B B ITOH HJ'IO)JOTBOpHOfI L[CXTGJILHOCTI/I!

Q

Pexrop KHUTY - KA A X.TunbMyTIuHOB




ACTUAL PROBLEMS OF AVIATION AND AEROSPACE SYSTEMS
Kazan Daytona Beach

Dear Colleagues!
With great pleasure we note the successes of the International scientific Russian-American Journal “Actual Problems of
Aviation and Aerospace systems” ,ISSN 1727-6853. Inspired by the scientists of KAl — A.N.Tupolev KSTU
(representatives of famous scientific Kazan Chetaev School of mechanics and stability) together with the foreign
colleagues — scientists of Embry-Riddle Aeronautical University (ERAU, Daytona Beach), — the Journal was founded in
1995 under the auspices of KAI-KSTU, with benign support from the Ministry of Industry, Science and Technology.
Today this scientific Journal notable for its high level and outlook is well-known among the specialists.
The Journal has formed into uncommon Scientific Edition “speaking” in Russian and in English, in printed and
electronic versions, which successfully performs its main aim — promotes development of cooperation in theoretical and
applied researches in the whole diversity of sciences, including the interdisciplinary ones, covering the full range of
issues generated by Aviation and Aerospace problems, with integration of scientists and specialists, representatives of
science, higher school and industry.
The Journal is structured like a periodical one with the invited reviews, papers covering the relevant current problems,
with special thematic issues dedicated to advanced scientific trends and engineering applications of the wide range of
problems in the fields of Aviation and Astronautics, including the ones of interdisciplinary nature, in the spheres of
dynamics and flight control; theory, design and technology of aircrafts and engines; material science; computing
systems; experimental research; economic and humanitarian problems of operation; Earth remote sensing, information
satellite technology; problems of the higher engineering Education in the field of aviation and aerospace systems;
problems of nanotechnology for aviation and aerospace systems,...

Among the invited papers there are

—A.D.Ursul. Space exploration in sustainable development strategy.

- P.Werbos. A New Approach to Hypersonic Flight.

—V.L.Kataev. Transportation System: "Earth-Space-Earth”. Conception research. Non-traditional Approach.

— Duglas Davidson. Boeing in Russia.

— AN.Kirilin. Trends and Outlook for Airships Development.

— L.V.Prangishvili, A.N.Anuashvili. The Background Principle of Detecting a Moving Object.

- Yu.S.Solomonov. Optimization of Power Capabilities and Trajectory Parameters for Transportable Launch Space Systems.

— A.Bolonkin. Hypersonic Space Launcher of High Capability.

éK.M.Eiclz(hkha ze, A.A.Moisheev, V.V.Efanov, K.A.Zanin, Ya.G.Podobedov. Development of scientific-design legacy of
.N.Babakin in
automatic sEacecrafts made by Lavochkin Association.

—J. von Puttkamer. From Huntsville to Baikonur: A Trail Blazed by S.P.Korolev.

— G.V.Novozhilov. Russian-American IL-96M/T aircraft (15 years since flight day).

- D.Guglieri, F.Quagliotti, M.A.Perino. Preliminary design of a Lunar landing mission.

- P.J.Werbhos. Towards a rational strategy for the Human settlement of Space.

- V.A.P0ﬁ0vkin. The role of Space military units in first artificial Earth satellite launch.

- B.Ye.Chertok. The Space Age. Predictions till 2101.

— C.Maccone. The statistical Drake equation and A.M.Lyapunov theorem in problem of search for extraterrestrial

intelligence, part 1.

- F.Graziani, U.Ponzi. Luigi Broglio and the San Marco satellites.

- V.A.Polyachenko. The first space projects of Academician V.N.Chelomey DB.

Among the special topical issues there are

No.1(23), 2007 — Special issue. To the 50" Anniversary of the first artificial Earth satellite launch.

No.2(24), 2007 — Special issue. To the 50" Anniversary of the first artificial Earth satellite launch.

No.3(25), 2007 — Special issue. To the 50" Anniversary of the beginning of Space Era.

No.1(26), 2008 — Special issue. To the 50" Anniversary of the beginning of Space Era and the Military Space Forces Day.
No.1(32), 2011 — Special issue. To the 50" Anniversary of the first flight of a Man in Space (Space flight of Yu.A.Gagarin).

It is quite gratifying that the Journal, representing scientific articles, reviews, results, statement papers on the actual
problems of science, engineering and higher engineering education in a complex multidisciplinary field of Aviation and

Astronautics, efficiently serves the purposes of scientific and information support of scientific, research and development
works on the foreground trends of scientific and engineering progress on the whole.

We sincerely congratulate the Journal and wish further success in this fruitful activity!
Rector A Kh.Gilmutdinov

AN.Tupolev KRNTU - KAI
(National Research University)




AKTYAJIBHBIE ITPOBJEMbBbI ABUAIITMOHHBIX U ADPOKOCMMNYECKHUX CUCTEM
Kazanp JaittoHa buu

K 20-i1 rogoBIImHae

Ucnonusiercs 20 nmer Mexnynapomsomy Hayunomy JKypHanmy «AkTyanbHble TpOONIeMbl aBHAIIMOHHBIX U
aspokocmuueckux cuctem» (AITAAC), ocHoBanHOMy B 1995T. Mo MHMIMATHBE OTEYECTBEHHBIX YYEHBIX-
npodeccopos, npencraButeneir Kazanckoir Yeraeckoit Lllkoner ycroiumBoctit u Mexanuku (KAU-KI'TY
uM.A.H.TynoneBa, Poccusi) coBMecTHO ¢ 3apyOeKHBIMH KOJUIETaMH, HPEICTABUTEISMH ABUALIMOHHOTO
yauBepcutera OMOpu-Pummn (ERAU, CILIA).

MOXHO OTMETHTh, YTO YHHBEpPCHTETCKOE HAuMHAHWE IO OCHOBAaHWIO HaydHoro Poccuiicko-AmepukaHCKoro
W3nannst, npu3BaHHOTO 00BEIMHATH TIPE/ICTABUTENEH HAYKH, TEXHUKH H BBICIIIETO HHKEHEPHOTO 00Pa30BaHNS B
ABHALMOHHO-KOCMUYECKOH 00JacTH, OJNecTAIle peann30BaHo (C PEryISPHBIM BBHIXOJOM B CBET MEYaTHOTO U
ANICKTPOHHOTO BAPUAHTOB).

3agyMaHHBIN Kak JBYS3bIYHOE, COBMECTHOE HayyHOe V3maHue B 00JacTH aBUAIMOHHOW M a3pPOKOCMHYECKOM
HayKH W TEXHHUKH, MPeHa3HAYCHHBIH CIOCOOCTBOBATh OOOTAIIEHHUI0 HOBHIMH 3HAHWSMH, BHEJPEHUIO HOBBHIX
TEXHOJIOTHH, Pa3BUTHIO COTPYAHHYECTBA YYEHBIX, PO(ECCOPOB W MHKEHEPOB JBYX CTpPaH, JKYpPHaJ CETOMHS
3aHIMAET CBOE JOCTOWHOE MECTO B PS/ly HAYYHBIX M3IAHUNA MEXKITyHAPOIHOTO YPOBHSI.

Co3iaHHOE COBMECTHBIMH YCHIHAMHU BceX Hamux [lapTHepoB, 3To HeopauHapHOe Hay4yHoe M3maHue BechMa
aKTHBHO CIOCOOCTBYET BO3POXICHHIO IPECTIKA aBHAIMOHHBIX CIIEIHAIMCTOB B MHPOBOM COOOIIECTBE,
HAKOIUICHHIO OOraToro OmbpiTa NpOQECcCHOHATU3MA ABHAMOHHOW M a3pPOKOCMHYECKOH OJUTHI, TpHUBIEKas
MOJIOJIbIE TANAHTIMBBIE CHIIBI K PENICHHIO CIOKHEHITMX HAYYHO-TEXHHYECKHX TMPOOIeM STOM BakHEHIIeH
obnactu Yenoseueckoro 3uanus u bertus.

B Teuenue 20 net xypHan yCIEIHO pearu3yeT Led, HaMeUeHHbIE B CAMOM Hayajie Iy TH CTAHOBJICHHUS:
«...codelicmeue pazsumuio ecex opm Medxncoynapoonoeo compyOHuuecmea 6 maxux CRONCHeuwux 001acmax HayKu u
MexXHuKu Kaxk asuayus u KOCMOHABMUKA..., MOJbKO MmMeCcHoe e3aumooeticmeue modicem obecneyumo 3qbqbel<mu6Hoe
pazeumue ¢ nodoepaicanuem gvicoxo2o yposusy, - 1.M.00pa3uos, akanemuxk PAH, [Ipesunent AHAuB (1996).

«..0e3 passumus 6 obracmu ABUAYUOHHDbIX U AIPOKOCMUYECKUX Ccucmem npocpeccusnoe paszsumue yenoseueck ol
YUBUIU3AYUU HEMBICIUMO, A 3MO mpedyem mMecHo20 83auMOOetiCmeus QYHOAMEeHMANbHOU Meopuu U NPaKmuki,
COEOUHEHUsL ONbIMA NPOULI020, IHepeUll HACMOoAWe20 ¢ MYOpPOCmbio 0y0ywe2o..., JHCYPHAT CRYIHCUM HAYUHBIM U
npO¢eCCMOHaJleblM unmepecam 6 obracmu aA6UAYUOHHBIX U KOCMUYECKUX cucmem, npedocmaeﬂﬂﬂ BO3MOMNCHOCMb
cneyuaiucmam 3¢¢e1<mueno oceewams meopemudecKkue u npumadnbze np06/l€Mbl, peanu3oesvleams uHme/meKmyafleblzZ
nOMeHyuan 8 O0ONACMU HOBEUWUX HAVYHLIX UOell, paspabomox, NpOeKmos..., ...eecomMa ompaono, umo Kazanckui
asuayuonnblll uncmumym (Kazanckuil eocyoapcmeennvili mexnuueckutl yHugepcumem), Ha 6aze Komopozo u3oaemcs
JHCYPHAT, Ocmaemcs 6epen C60UM UCXOOHBIM DA306bIM NPpUHYUNAM, 3AJI0HCEHHBIM €20 OocHoeamenem, 4ieHom Axademuu
nayk CCCP H.IYemaegvim: QyHOGMEHMATbHOCHb, OMBEMCMBEHHOCb, BbICOKUL NPOpECCUOHANU3M 8 COYemAaHuu
meopuu u npakmukuy, - B.M.Matpocos, akagemux PAH, Ipe3uxent AHH( 2005 ).

Kypnan, ocHoBanHblil moa natpoHaxxeM MOHA-AHH, u3naercs non srumoil AxkagemMuu HayK aBUAlMU U
BO3AyXxomaBanus, Poccuiickoil akamemuu kocMoHaBTHKE uM. K.O.1lnonkosckoro, deneparmu KocMoHaBTHEN
Poccun, B koomepaunu ¢ MAU, MI'TY um. H.D.baymana, ¢ moanep:xkoil co CTOPOHBI OTEYECTBEHHBIX U
3apyOexnbix [lapTHepoB, cpemu kortopeix Hayuneie Llentpsl, YHuBepcuteTsl, ABuannoHHbsle KoMmIiekchl,
Paketno-Kocmuueckne Llentpsr: UIIY PAH, benrpanckumii Yuusepcuter, llonmrexHmdecknii YHUBEpCUTET
Can-/luero, LICKb-IIporpecc, UncTuTyT NasepHoi TeXxHUKN U TexHOMorui («Boeramexy), HUM®U, UnctutyT
mexanukn MI'Y um. M.B.Jlomonocosa, [IUAM, MexnynaponHelil LIeHTp BBIYMCIUTENBHBIX METOAOB B
koHctpyrpoBanuu (CIMNE),...

MpI BechMa MpH3HATENbHBI BceM HammM [lapTHepam no stomy Hayunomy M3nanuio, ¢ KeM Mbl HAUMHAIM U C
KeM TIPOJOJDKAEM Hallle YCIENIHOE B3aMMOICHCTBHE B paMKax OTOH JEATENHHOCTH, 32 HEM3MEHHYIO
BCECTOPOHHIOK MOIEPKKY U 100pOe COTPYAHHYECTBO.

Ipesunent KHATY um.A.H.Tynonesa — KAU (HUY) Co-Penmakrop MHXK

Unen MexxayHapoanoro Penakuuonnoro Komurera

10.®.I'oproiimos @R lg% - %7 JLK.Ky3bmuHa




ACTUAL PROBLEMS OF AVIATION AND AEROSPACE SYSTEMS

Kazan Daytona Beach
To the 20 ™ Anniversary

The International Scientific Journal “Actual Problems of Aviation and Aerospace Systems”
(APAAS) is 20 years of age. Its foundation in 1995 was inspired by Russian Scientists and
Professors, Representatives of Kazan Chetaev School of stability and mechanics (KAI-
A.N.Tupolev KSTU, Russia) together with their foreign colleagues, Representatives of
Embry-Riddle Aeronautical University (ERAU, USA).

One should note that the university initiative on establishment of scientific Russian-American
Edition aimed at integration of science, engineering and higher engineering education in the
field of Aviation and Space has been successfully implemented (with regular release of
printed and electronic versions).

Bilingual by its nature, the joint scientific Edition in the field of Aviation and Aerospace
science and technology, which is meant to enrich knowledge, implement new technologies,
promote cooperation between scientists, professors and engineers of the two countries,
occupies a worthy place in the range of international scientific editions.

Established by the joint efforts of all our Partners, this unusual scientific Edition actively
enhances the prestige of aviation specialists in the world community, supports accumulation
of experience and qualification of aviation and aerospace elite, attracting the young talented
power to solution of the most complicated problems in this sphere of Human Knowledge and
Entity.

For the 20years of its existence the Journal has succeeded in attaining the goals outlined at
the very beginning of its life

“@

. assistance to development of all the forms of International cooperation in the most complex
spheres of science and engineering, like Aviation and Cosmonautics...; only close cooperation can
provide efficient development with maintenance of high level” — |.F.Obraztsov, RAS Academician,
President of the Academy of Aviation and Aeronautics Sciences (1996).

“...the progress of human civilization is inconceivable without development of aviation and aerospace
systems, and the latter requires close collaboration of basic theory and practice, integration of
experience of the past, energy of the present and wisdom of the future...; the Journal serves the
scientific and professional purposes in the field of aviation and space systems, enabling the specialists
to effectively report theoretical and applied problems, apply intellectual potential to the sphere of the
latest scientific ideas, developments, and projects..., ... it is quite gratifying that Kazan Aviation
Institute (Kazan State Technical University), which performs the publishing, remains faithful to its initial
basic foundations laid by its Founder, the Member of USSR Academy of Sciences N.G.Chetaev, i.e.
fundamental nature, responsibility, high qualification in combination of theory and practice” —
V.M.Matrosov, RAS Academician, President of the Academy of Nonlinear Sciences (2005).

The Journal founded under the auspices of IFNA-ANS is published under the aegis of
Academy of Aviation and Aeronautics Sciences, K.E.Tsiolkovskiy Russian Academy of
Cosmonautics in cooperation with MAI, N.E.Bauman MSTU, with support from russian and
foreign Partners including Scientific Centers, Universities, Aviation Complexes, Rocket and
Space Complexes: Institute of Control Problems of RAS, Belgrade University, San Diego
Polytechnic University, ERAU, TsSKB-Progress, Institute of Laser Engineering and
Technology (“Voenmekh”), Scientific Research Institute of Physical Measurements,
M.V.Lomonosov Institute of Mechanics, Central Institute of Aviation Motors, International
Center for Numerical Methods in Engineering (CIMNE),..

We are much obliged to all our Partners of the Scientific Edition, with whom we initiated and
with whom we continue our successful cooperation in this kind of activity. We are grateful for
their devoted comprehensive support and benign collaboration.

Yu.F.Gortyshov L.K.Kuzmina
President of A.N.Tupolev KNRTU-KAI Co-Editor of ISE




AKmyanvHble nPoOIEMbl AGUAUUOHHBIX U AIPOKOCMUUECKUX
cucmem: npoyeccwl, mooenu, Ikcnepumenm. Nel(40), Tom 20, 2015 Kazansp, [aiitona buu

ABHanus U aTMOc(epHbIe NMPOUEeCChl
A.M. Crapuk, O.H. ®aBopckuii

I'IIH LlenTpanbHbIii MHCTUTYT aBUAIMOHHOTO MOTOpocTpoeHus uM. [1.1. bapanosa
HOLI ®uszuko-xumMuyeckas KHHETUKA U TOPEHUE
101000 ABuamoTtopHas 2, Mocksa, Poccust

PaccmaTpuBatoTcsi OCHOBHBIE MPOLIECCH B TPaKTE aBUAIIMOHHBIX JBUTATEIECH U B BBIXJIOMHOU CTpYye,
OTBETCTBEHHBIC 32 (HOPMHUPOBAHUE TAa30BbIX M a’3PO30JIBHBIX KOMIIOHCHTOB, 3arps3HSIOIINX
atMoctepy. Jlaercs aHanM3 MEXaHU3MOB BIMSIHHS OMHCCHH  Pa3lUYHBIX  KOMITIOHEHTOB
aBUAIMOHHBIMH JBUTATEISIMA Ha aTtMocdepHble mpomecchl W Kiaumar. OOCyXIaroTcsi OCHOBHEIC
HanpaBJICHUsI HCCIIEIOBAHUH 110 JaHHOW Mpo0iieMe, KOTOpble HEOOXOJUMO MPOBECTH B Oy IyIEM.

1. BBenenue

B mocnenHue roapl MpouU3BOJACTBEHHAS JIEATENBHOCTh YEIIOBEUYECTBA MpPUBENA K 3aMETHOMY
M3MEHEHHIO Ta30BOTO M a’3pPO30JILHOTO cocTaBa arMocdepbl. CUHTaeTCs, 4TO 3TO MOXKET
MIPUBECTH U K CEPbE3HOMY M3MEHEHMIO KiinMaTa 3emin. OTMETUM, YTO aHAIHU3 MOCIEICTBUN
SMHUCCHM B aTMoc(epy ra3oBbIX U a3PO30JIbHBIX COEIMHEHUH TpeOyeT ydeTa 4pe3BblYaiiHO
0OJIbIIET0 YHCNAa Pa3UYHBIX MPOLECCOB U SBJICHHM, HO HamOojee CyIIeCTBEHHBIMU (U
JIOJITOBPEMEHHBIMH) ~ SIBJISIIOTCA  MPOIIECCHl  JTydyucToro Tterooomena ConHie-3emiss u
MPOLIECCHI B3aUMOJCHCTBHS aTMOC(EpPHI  OKeaHa.

Ecnu nepBble MOTYT OBITH OIIEHEHBI XOTs Obl MPUOIMKEHHO, TO JJISl ydeTa MOCIEIHUX Yy
YyeloBeUecTBa Moka He xBaTaeT 3HaHuWil. [lpu onenkax mydmcroro temnoodmena Kocmoc-
3emsisi U OmNpeAeNieHUus paJualMoOHHOro OanmaHca 3eMJIM B TIOCIEIHUE TOJBI IIUPOKO
oOcyxnaeTcst mpoOjemMa, Tak Ha3bIBa€MBIX, MAPHUKOBBIX Ta3oB. [Ipu 3ToM yxke MHOro neT
paccMaTpuBaeTCcsi B OCHOBHOM 3MHUCCHS YIJIEKHCIIOTO Ira3a U yBEJIMYEHHUE €ro COJAEpKaHUs B
atMocepe B pe3ynpTaTe MPOU3BOJICTBEHHOM JesATeNbHOCTH YenoBeka. OqHako B aTMochepe
MPOUCXOIUT U3MEHEHUE KOHLEHTPALUU U JPYruX MNapHUKOBBIX ra3oB, 0COOYIO pOjb Cpenu
koTopeix urpator H,O n CHa.

OmuuM W3 WCTOYHUKOB TIPSIMOTO BO3ACHCTBUS Ha atMocdepy SBISETCS aBUAIIMSL.
AOGCOTIOTHOE KOJIMYECTBO SMUTUPYEMBIX B aTMOC(EpPy BEUIECTB U3 JIBUTaTeNel JeTaTeIbHbIX
annaparoB B 40-50 pa3 MeHblIe 3arpsA3HEHUM OT MOBEPXHOCTHBIX UCTOYHHUKOB (IHEPreTHKA,
TPAHCIIOPT, MPOMBINIIEHHOCTh, CETBCKOE XO03AWCTBO). OIHAKO BCIEACTBHE TOTO, YTO 93Ta
AMUCCHSI MPOUCXOAUT HEMOCPEACTBEHHO B CIIOSIX aTMOC(EpPHI, 0COOEHHO YYBCTBUTENIBHBIX K
pa3IMYHOTO poOAa BO3MYIICHHSIM (BepxHssi Tpomocdhepa U HIKHAL cTpartocdepa),
ONpe/iefieHue pealbHOTO BIIMSHUSA aBHAIlMM Ha aTMoc(epHble NpPOLECChl M  KIUMaT
npuoOpeTaeT B MmocieiHee BpeMs Bce Oosbiiee 3HaueHue [1-3].

YBenuueHrne WHTEHCUBHOCTHU IOJIETOB J03BYKOBBIX MACCAXUPCKUX CaMOJIETOB (IO OLIEHKaM
MOYTH JIBYKpaTHOE B Onmxkaiimue 18-25 ner) U BO3MOXKHOE pPa3BUTHE 2-TO TOKOJIEHUS
CBEPX3BYKOBOM aBHAIUU JIJIs1 KOMMEPUYECKUX MEPEBO30K 3aCTaBiIsIeT 0oJiee CTPOTro MOIXOIUTh
K aHaJM3y BO3MOXHOTO BJIMSIHHS aBUAluu Ha atMocdepy. Cremyer orMeTuth, uto eme 30
JIeT Ha3a/ JUIsl CHHKEHUS BO3ACMCTBUS aBUALIMU HA OKPYKAIOILYIO Cpeny (B MEPBYIO OUYEPEb,
B pailoHe a’pOMOPTOB) MEKIYHAPOIHOW opranm3arueit rpaxaanckoi asmanuu (MKAO)
ObUTH BBEJEHHI HOPMBI HAa DMHUCCHIO W3 ABUAIIMOHHBIX JBUTAaTENIed. BbulM ycTaHOBIIEHBI
orpaHuyeHusi (B 3aBUCUMOCTH OT CTEMEHU TOBBILIECHUS JABJICHHUS B KOMIIPECCOpPE) Ha
conepxanue B BeixyonHoi ctpye CO, NOy , caxku (IpIM) U HECTOPEBIIUX YTJIEBOIOPOIOB
ChHm. DTH HOpPMBI TOCTOSIHHO COBEPIICHCTBYIOTCS, M B ONMXKaWIlIne TOJbI, BEPOSTHO,
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MPOU30MIET OUepeIHOE Y)KECTOUeHHE TPeOOBaHUI! MO COJIEPIKaHUIO B MPOYKTaX CrOpaHusl, B
NIEPBYIO OYepe/lb, OKCHIIOB a30Ta, (TpeOoBaHuil, Hanboee TPyIHO 0OECIIEYMBAEMBIX B CBSI3U
C TOCTOSHHBIM POCTOM MaKCHMAJIbHOW TEMIIepaTyphl ra3a B IMKIE Mepea TypOuHoii). B
HACTOSIIEE BPEMsI CUMTAETCS, YTO MHIEKC 3MUCCHH (KOJMYECTBO BEIIECTBA B rpaMMax Ha
onuH Kr torumBa) NOy /Ui mepcrneKTUBHBIX JBUTATeNel JOHKEH HAXOIUTHCS B JIMANa3oHe
EINO=5-10, a nns caxxeBbix yactui El(caxa)<0.15. Ha moBecTke JHS CTOUT TaKXe BOIPOC O
cymiectBeHHOM cHIKeHHH smuccuu CO; (~ Ha 80 %).

B mocnexnee Bpems C IENbIO CHIDKEHHSI BO3JCHCTBHS aBHALlMM HAa JKOCHUCTEMBI 3eMIIU
UCIIONHUTENbHBIMU opranamu EBpomneiickoro Coro3a ObLT MPEANPUHAT LENbIH P BaXKHBIX
mraroB. Hamnbouiee 3HaYUTENBHBIM CpEM HUX SIBJSIETCS BKIIIOYCHHE aBUAluu B EBporneiickyio
cuctemy toprosiu (ETS) kBoTamu Ha BBIOpPOCH! MapHUKOBBIX Ta3oB [4]. be3ycioBHo, 00mmit
TPEH]I, HaIIPaBJICHHBIN Ha y)KECTOUEHHE MEP aJIMUHUCTPATHBHOTO PETYIMPOBAHUS B 00JIaCTH
BBIOPOCOB MApPHUKOBBIX Tra30B, Oy/lIeT COXpaHEH.

Jsis1 yMEHBIIEHUS! SMUCCHH MTAPHUKOBBIX Ta30B Y aBUAKOMITAHHH UMEETCs IO CYIIECTBY BCETO
nBe Bo3MokHOCTH. IlepBas - oOecmedeHue Takoro pocra TOILTUBHOW 3 dekTuBHOCTH
BO3AYIIHBIX CYJOB, TP KOTOPOM, HECMOTPS Ha YBEIIMYCHUS aBUATICPEBO30K, IMPOUCXOAUIIO
OBl COKpallleHHEe CYMMapHOIo MOTpeOJIeHHs aBHAIIMOHHOTO KEPOCHHA H, CIIeAOBaTEIbHO,
COKpAIlleHUEe AMHCCUH TApHUKOBBIX Ta30B. Jl0 HACTOSIIETO BPEMEHH POCT TOIUTUBHOU
s dexTUBHOCTH aBHalaliHEpPOB cocTaBsul B cpeaHeM 1% B rox [5]. B To xe Bpewms,
€XKETOAHBIN MPHUPOCT MOTPEOICHUST aBHALIMOHHOTO KEPOCHHA, O0YCIIOBICHHBIN YBEINYCHUEM
yycia asuanepeBo3ok, 1o agaHHbiM MKAQO, mnpesbiman 3% [6]. CraemoBarenbHo,
ABUAKOMITAaHUSM JIJISl TOTO, YTOOBI COKPATUTh BHIOPOCHI TAPHUKOBBIX Ta30B B YCIOBUSAX pPOCTa
aBUANEpPeBO30K HEOOXOoAMMO Oojee ueM B TpPH pa3a IMOBBICUTh CKOPOCTh YBEIUYEHUS
TOITMBHOM J(QQEKTHBHOCTH, UYTO TMPEACTABIAECTCS BEChbMa MpoOieMaTHYHBIM. Brtopas
BO3MOXKHOCTb — UCIIOJIb30BaHHE AlIbTEPHATUBHOIO TOIUIMBA, MPOJYKTHI TOPEHHs] KOTOPOTO B
OOJBIIICH CTETEeHHU, 10 CPABHEHUIO C MPOAYKTAMH TOPEHHUS TPAAUIMOHHOTO aBHAIIMOHHOTO
KEpPOCHHA, YJOBJIETBOPSIIOT TPeOOBaHUSAM IPHPOJOOXPAHHOTO 3aKoHojaaTenbcTBa. K
HACTOSIIIEMY BPEMEHH B OOJIACTH aJbTEPHATUBHBIX TOIUIMB JOCTHTHYT 3HAYUTEIIbHBINA
nporpecc. PazpaboTanbl TEXHOIOTHH MPOU3BOJCTBA CHHTETHUECKOTO TOIUIMBA U3 KAMEHHOTO
YT, IPUPOJHOTO ra3za u Ouomaccsl [7, 8.

HauOonee pa3paGoTaHHONH B HacTosIiee BpeMs SBISETCS TEXHOJOTUS IPOU3BOJICTBA
CHHTETHYECKOTO TOIUIMBA W3 KaMEHHOTO yIuis, Oasupyromasicss Ha mporecce Purmepa-
Tponma (FT-roruBo). [lonydyenHoe TakuM myteM cuHTeTHueckoe FT-TormBo umeer 6onee
BBICOKYIO TEIUIOTy cropanus (mpuOnusutenbHo Ha 1| MJDK/kr) mo cpaBHEHHIO C
aBuakepocuHoM [10]. B To ke Bpemst MmaccoBas 108 yriepoja B FT-TorinBe MEHbIIE YeM y
aBUaKkepocuHa, modToMmy abcomtotHas smuccus CO; mpu 3ameHe aBuakepocuHa Ha FT-
TOIUTMBO TIOHMYKAETCS HAa HECKOJIBKO mporieHToB [10]. OmHako cam mporiecc Mpou3BOICTBA
cuHTeTH4eckoro FT-TorumBa compoBokaaeTcss AomoiHuTenbHOM smuccueit CO,, mpuyem
cymmapHas omuccus CO, MoKeT oOKka3zaTbCs Jaxke OoNbIIed, YeM TpH CKUTaHUU
aBHAKEPOCHHA, TO3TOMY MHTETPaIbHO MpuMeHeHue FT-TorBa B aBUAIMOHHBIX JIBUTATEISAX
HeE cIIocoOHO 00ecneunTh noHmkenne smuccuu CO,.

Ororo HemocTaTKa JHIIEH CXKWKeHHbIH mnpupoauslii ra3z (CIID). Ilpuyem cokpamienue
BeIOpocoB CO; npu cxxuranuu CIIIT Oymer Gornee 3HAUMTENBHBIM, YeM TpU CxxuraHum FT-
TOIJIMBA, TaK KakK, BO-TIEPBBIX, MAaccoBas JO0JI YIJepoja B METaHE, OCHOBHOM KOMIIOHEHTE
CIIT', menbire, uem B FT-tomuse, a Bo-BTophiX, CIII" uMeeT Gosiee BHICOKYIO KaJIOPHITHOCTH
U, CIel0BaTeNbHO, JUIsl 00eCleYeHUs] OJJMHAKOBOTO YPOBHS TArW Npu ucnoib3zoBanuu CIIT
noTpedyeTcsl MEHbIIUI pacxo/ TOIIMBA. DTO e CIPaBeAIUBO, XOTSA U B MEHbILIEH CTENEHH,
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B OTHOIIEHUU CKKeHHbIX ra3oB (ACKT TormimBo), B TOM ciy4ae, KOTJa B HUX COCTaBe
MPEBATMPYIOT HE CIUIIKOM TSHKEIBIE YIIIEBOJOPOIBI: MPOTIaH U OyTaH.

TeM He MeHee MpeaCTaBiIseTCd OYEBHAHBIM, 4yTO 3ameHa aBuakepocuHa Ha CIII, ACKT
TOTUIMBO WJIM JFO0O€ JIPYroe CHHTETUYECKOE TOprovuee, BhIpadaThIBAEMOE M3 MHHEPAILHOTO
CBIPBSI, HE CIOCOOHO KapJUHAIBHO PEUIUTh MPOOJIeMy CHIXKEHHUS SMUCCHH JIHOKCUAA
yIJIepoJia U3 aBUALMOHHBIX JBUTATEIICH.

bonbmmHCTBO  3apyOeKHBIX CHEIHATUCTOB CXOIUTCS BO MHEHHUH, YTO Haubolee
MEPCICKTHBHBIM, C TOYKH 3pPEHHUS CHIDKCHHS BBIOPOCOB IMAPHUKOBBIX Ta30B, SIBISETCS
OMOTOINIMBO, Tak  KaKk  93TO  TOIUIMBO  OO0JIajaeT  YHUKAJIbHBIM  CBOWCTBOM
YTJIEPOIOHEUTPAIIBHOCTA. ITO CBOMCTBO COCTOMT B TOM, YTO MPU CrOpaHUU OMOTOIUIMBA B
atMocthepy Bbimensiercss To ke komuuectBo COj, KoTOopoe OBLIO TOIJIOIIEHO paHee
PaCTUTENBHBIM ChIpbeM MpH (hoTocHuHTe3e TItoK03HI [11]. Kpome Toro, 6noTormmBo odiagaet
U JIpYTMM OY€Hb BAXKHBIM JOCTOMHCTBOM — OHO MPAKTHYECKH HE COJEPKUT CEephl U
apOMAaTUYECKHUX YTJIEBOJOPOIOB.

HccnenoBanus MOCIEIHUX JIET TOKAa3aliH, YTO CHEKTP IMUTUPYEMBIX B aTMOC(epy BEIIEeCTB
W3 PEAaKTHBHBIX JBUTATEJIICM HE TOJBKO CYIIECTBEHHO IIHMPE, Y€M YCTAaHOBJICHO paMKaMH
HNKAQ, HO 3aBUCUT TakXe OT TUIA ABUTATENsl, OT €ro COBEPIICHCTBA, Pa3MEPOB U JaXKe OT
peajJbHOTO COCTaBa HCIOJIB3YEMOTO TOIUIMBA. TpeOoBaHMS K aBUAIMOHHBIM KEpOCHHAM
CYIIECTBYIOT JIOCTAaTOYHO JAaBHO, YTO OTPAKEHO COOTBETCTBYIOIIMMU cTaHAapTamu. OgHAKO
CEPBhE3HBIX KOMIUJIEKCHBIX HCCJIEJOBAHUIN BIUSHUSA Ha HMHUCCHOHHBIC XapaKTEPUCTUKH
JBUTATENsl, HAlpUMEp, pealbHOro COJEpKaHWS B aABUATOIUIMBE PA3JIMYHBIX TPy
YIJIEBOJIOPOIOB WIIM UCIIOJIBb30BaHUS B Kamepax cropanus anbrepHaTuBHbIx (CIIT', ACKT),
cunTetnueckux (FT-TomamBo, GMOTOMINBO, CUHTE3-Ta3 U Jp.) © KOMIIO3UTHBIX TOIUIMB MOKa
HE MPOBOAMUIIOCH. Takxe, BeCbMa YCJIOBHO, ObUTHA BBEACHBI U OTPAHUUYEHUS 1O COJACPIKAHUIO
cepbl B TorumBe. Bo3moxkHO, OyaeT HeoOXonMMo B OIbKallIMe TOABI MPOBECTU PSI
COOTBETCTBYIOIIMX HCCJIEAOBaHUM, YTOOBI TMOSBWJIACH YBEPEHHOCTh B JOCTATOYHOCTH
COBPEMEHHBIX WM HEOOXOAMMOCTH HOBBIX TpeOOBaHUU KaK K TPAAMIIMOHHBIM, TaK U K
CHHTETUYECKUM AaBUATOIUIMBAM C TOYKHU 3PEHHMsS] MUHUMHU3AIMU BO3JCHCTBUS aBHAIlUU Ha
aTMoc(epHbIe TTPOIECCHI.

2. Oco0eHHOCTH BO3CHCTBUS AaBHAIIMN HA aTMOC(epy M KJIUMAT

[TpoGnema BAMSHUS aBHAllMM Ha aTMOC(hEpHBIE MPOIECCHl BO3HUKIIA CPABHUTEIBHO HEJIABHO
u Obula WMHUIMKpOBaHAa B Havase 70-X TOJOB MPOIULJIOTO CTOJIETUS TEPBBIMH OIICHKAMHU
BO3MOJKHOTO BJIMSIHUSI TIOJIETOB CBEPX3BYKOBBIX MACCAKUPCKUX CaMOJIETOB Ha O30HOBBIM
ciorn [12, 13]. KomruiekCHbIE HCCIIE€IOBAaHMS, KAaCaloOIIMECs BO3MOXKHOIO BO3ICHCTBHUS
MOJIETOB CBEPX3BYKOBBIX MAaCCAXUPCKUX CaMOJIETOB Ha O30HOBBIM cioil, B 70-x romax
MPOBOAMIINCH, B OCHOBHOM, B paMKax MexJayHaponaHbix nporpamm CIAP (CILIA), COMESA
u COVOS (Eppoma). Ha ocHoBe 3Tux wmccinenoBaHuWi ObUT clelaH BBIBOJA O TOM, 4YTO
peryispabie moneTsl 100 cBepXx3BYKOBBIX caMojeToB Tumna «KoHkopm» Ha BbicoTe 17 KM
NpUBEAYT K YMEHBIICHHUIO TI00anbHOW KOHIEeHTpauuu o3oHa Ha 0.25% B roxa. OmgHako
BITOCJICJICTBUM 3TH BBIBOABI HEOJHOKPATHO IMEPECMATPUBAIUCh B CBSI3U C TEM, YTO ObUIH
MOJIy4YeHbl HOBBIE JaHHBIC MO KOHCTAHTaM CKOpPOCTEH (PU3MKO-XMMHUYECKUX IPOILIECCOB B
atMocdepe, U ¢ TeM, YTO JIJIsl OIEHOK MCIOJIb30BAIUCH ABYMEPHBIE (POTOXUMUYECKUE U JaKe
TpeXMEpHbIE UPKYISIUOHHBIE MOJETN aTMoc(epbl BMECTO MPOCTEHIINX OIHOMEPHBIX.
Kpome Toro, 6onee rimy0oko ObLIM M3YydeHBl (HHU3UKO-XUMUYECKHE MTPOIIECCHI, POTEKAIOIINE
Kak B aTMOCdepe, TaK U B CTPYSIX PEAKTHUBHBIX JBHUTATEIICH.



AM. Crapuk, O.H. ®aBopckuit

BoszneiicTBue aBuanuu Ha atMocdepy orpenesseTcs HeabiM KOMIUIEKCOM B3aMMOCBS3aHHBIX
nporieccoB. B HacTosilee BpeMs HET CepTH(PHUIMPOBAHHBIX OIPAaHMYCHUN Ha KOHIEHTPAIUU
ra3oBbIX KOMIIOHEHTOB U a’p030Jied, SMUTUPYEMBIX J[IBUTaTelIIMU CaMoJieTa Ha BBICOTE
Kpeiicepckoro nojera. OHAKO YK€ JJOKa3aHO, YTO Pa3IUYHbIE ra3000pa3Hble KOMIIOHEHTHI,
rnaBHbIM o0pa3oM, NOy, HOy, COy, SOy, HNOy, smutupyemslie apurarenem camolieTa U
chopMHpOBABIINECS B BBIXJIOMHOW CTpye a’p030JiM, MOTYT 3aMETHO BIHATH Ha TIOJHYIO
KOHIICHTPAIIMIO 030Ha, OO0JA4YHOCTh, pagualMOHHBIA OanmaHc 3emiau W kimmat [14-20].
Opnako cieyeT OTMETHTb, YTO B IOCIEAHME TOJAbl HAa IOBECTKY JIHS BCTajl BOIPOC O
pa3paboTKe HOPM, OTPAaHMYMBAIOIIMX ASMHUCCHIO KaK Tra3000pa3HbIX, TaKk U a’3pPO30JbHBIX
KOMITOHEHTOB Ha KPEeWCepCKOM peXHMeE IoJIeTa C TeM, YTOObI MUHUMHU3UPOBATh BO3/ICHCTBHE
PEryIApHBIX MOJETOB KOMMEPUYECKHUX CaMOJIETOB Ha aTMOcdepHbIe mporiecchl [21].
O30HOBBIH CIIO — TEPMHH, KOTOPBI OTHOCUTCS K pacipesieleHnio 030Ha B atMocgepe. Kak
U3BECTHO, 030H (popmupyercs B cTpaTtocdepe B pesynbrare pekoMOuHarmu Mosekyn O, u
atomoB O. DTOT ciOM 3ammmiaeT Xu3Hb Ha 3eMjie OT BPEOHOTO YIbTPapHOIETOBOTO
U3ITy4YeHHUS.

Knumar onpenensercst Kak THITHYHOE «IIOBEJCHHE aTMOC(EPBI», U 3TO 0OBIYHO BBIpAYKACTCS
CpPeIHUMHU 3HAYEHUSMU M IUCIEPCUEH TeMIepaTypbl, BbIMAJEHUEM OCAJAKOB U JIPYTUMHU
¢usnueckumu napamerpamu. [lapHukoBBIE Ta3bl B aTMOc(epe MOrIomanT WHPpPaKpacHOe
u3Ny4yeHue, oco0eHHo B 00macT “‘atMochepHOro okHa” ¢ JUIMHON BOJIHBI OT 8§ 70 12 MKM,
KOTOpbIE WHaue ynwio Obl B KOCMOC. DTa pajuanus HarpeBaeT aTMocdepy, co3/aBasi IOTOKU
TeIla K TOBEPXHOCTH M, B CBOIO O4Yepe/lb, HarpeBas MOBEPXHOCTh 3Jemiuu. [Ipu sTOoM
IIPOUCXOJUT BBIXOJAXKHUBAHUE CTparocepbl. A>3pO30JHM, HANPOTUB, pPACCEUBAIOT WIIU
abcopOMpPYIOT COJHEYHOE H3IIyYeHHE M MPEIMATCTBYIOT €My JAOCTHTHYTh MOBEPXHOCTH. DTO
NPUBOJIUT K oxJaxaarouemy 3¢dexry. [loaToMy smuccusi TapHUKOBBIX Ta30B M a3po30Jieit
U3MEHSET CYIIECTBYIOIINI paJualMoOHHbIA OanaHc aTtMocdepbl U H3MEHSET CKOPOCTh
HarpeBaHus U OXJIAXKJIECHUS MPU3EMHOTO ci104 (cy10i BBICOTHI 0 + 5 KM).

CremneHb BIUSHUS aBUAIUU Ha aTMocdepy 3aBHCHT OT KOJMYECTBA U TUIA IMUTHPYEMBIX
XUMUYECKUX coeauHeHud. [losTomMy TIOHMMaHWE MEXaHM3MOB HX O0pa3oBaHUS U
BO3MOKHOCTh MPOTHO3UPOBAHMS UX 3MHUCCHUHU HA KOJIMYECTBEHHOM YPOBHE MPU HU3MEHEHUU
napaMeTpoB paboyero Imnpoliecca IBUTATENsl W BHEIIHUX YCJIOBUM SIBISIFOTCS OJHUMHU U3
KIIFOYEBBIX BOIMPOCOB B JTOM mpoOineme. MX pelieHrne MO3BOJIUT TaKXKe OINPEAeTUTh
HSMHUCCHOHHBIE XapaKTEPUCTUKH Ha »JTalleé MPOEKTUPOBAaHUS JBHUraTtened, pa3zpaboTaThb
b deKkTuBHBIE  METOABl  MPEJOTBpAIICHHS  00pa30BaHUS  DKOJNOTUYECKH  OMACHBIX
KOMITOHEHTOB M 3arpsi3HAIONINX aTMOC(epy BEIIeCTB, MOBBICUTH d(PPEKTUBHOCTD CHKUTAHUS
TOTUIMB U OMpPENeTUTh OOJEeBbIE TOYKU MPU OLIEHKE HKOJOTHMYECKUX IMOCIEICTBUI dMUCCUU
3arpsI3HAIOLIMX BEUIECTB B aTMOCc(epy 0ObEeKTaMH SHEPTreTHUECKOro KOMIUIEKCa U aBUaluei
B OnrkaiieM Oyaymiem.

[TonoGubIe uccnenoBanus kak B EBpore, Tak u B CIIIA BexyTcs mupokuM (pOHTOM ¢ Havaina
90x rogoB npouwutoro cronetus. Ouu punancupyrorcs Esponeiickum CooGmiectBom, NASA,
AmepukaHckuM HaydHbIM (DOHIOM W pAIOM APYTrUX MEXKIYHAPOAHBIX OpraHU3alMi. ITH
WCCIICIOBaHMsI TPOBOJUIINCH B paMKax MexayHaponHbeix mporpamm AEAP, AERONOX,
AEROCONTRAIL, CHEMICON, SULFUR 1-7, SUCCESS, PARTEMIS, TRADEOFF,
EXCAVATE u np.

[Ipu mnpoBeneHWM aHanmW3a JAUHAMUKH O0Opa3oBaHHWs W TpaHCHOpMAIUK  Pa3TMIHBIX
ra3o00pa3HbIX COEAMHEHUNW M a’po30JIei, AIMHUTHPYEMBIX aBUAIMOHHBIMHU JIBUTATEISIMU,
MPUXOJUTCS UMETh JAEN0 C TpeMsl CYUIECTBEHHO OTJIMYAIOUIMMHCS Jpyr OT Apyra (1o
napaMeTpaM M IO OCOOCHHOCTSM (PM3MKO-XMMHYECKHUX IPOIECCOB) OOBEKTaMH. DTO —
KaMepa CropaHuisi, B KOTOPOH MPOMCXOIUT CXKUTAHHE TOILUIMBA U OOpa30BaHHE OCHOBHBIX
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ra3oo0pa3HbIX COCJMHCHWH, HWOHOB M TOJHIUCIIEPCHOTO aHCamOsi HEHTPaIbHBIX |
3apsDKEHHBIX CaKEBBIX YACTHII, TPAKT ABUTATENSI HA YY9aCTKE OT cpe3a KaMephl CrOpaHUs JI0
BBIXOJTHOTO CEUCHHs COIUIa, TJEe MPOUCXOMUT TpaHChOopMalMs XHMHUYECKOTO COCTaBa
IPOJYKTOB CTOpPAHMSI, U BBIXJIOMHAS CTPYs, B KoTopoi cMemenue ropsunx (Tp=600 K) razos
¢ xomomHbIM (T5=300-220 K) armocdepHbIM BO3AYyXOM MPUBOJUT K H3MCHCHHIO
KOHI[EHTPAIIUU Ta30BbIX KOMIIOHEHTOB, a TaKKe K 00pa30BaHUIO 3apsOKEHHBIX KIIACTEPOB,
KUJIKHUX (OpraHUYECKUX M CYIb(ATHBIX) U TBEPBIX (JICIOBBIX) a3PO30JIbHBIX YaCTHII.
[Tpoieccel B CTpye CYIICCTBEHHBIM OOpa3oM 3aBUCAT OT JWHAMUKHA (HOPMHPOBAHUS
Pa3IMYHBIX Ta3000pa3HBIX BEIIECTB, OCOOEHHO OT a’3po30sieo0pasyrommux coequHeHui (SOs,
H,SO,, oprannka, HOHBI, CaXKEBBIC YACTHUIIBI) B KAMEPE CTOPAHUS U TPAKTE IHEPrOYCTAHOBKH.
Kunkue neryuue a3po3oiu, GOPMUPYIOIIUECS B BBIXJIOIHOM CTPYe, — 3TO TIIaBHBIM 00pa3oM
YaCTHIIBI CYIh(ATHOTO M OPTraHUYECKOro a’po3oisi. PopMUpOBaHHE MENbYAWIINX KareleK
xuakux cynbdaroB (H,O/H,SO4) (muamerpom 1-10 HM) B OCHOBHOM 0OYCIIOBIEHO SMHCCHEH
KOHJICHCHPYEMBbIX Ta30B Thra BoasHoro napa (H,0) u HySO,4 nnu SO, u SO3, koTopbie MOTYT
npeobpaszoBeiBatbess B HySO,. ITomumo okcumoB cepbl B pasauudbix  popmax  (SOy),
razoobpaznoro H,SO,4 u BoasiHOTO Tapa 3aMeTHOE BIUSHUE Ha (POPMHUPOBAHUE a3PO30JIEHBIX
gactul] oka3biBatloT MOHBI, HNO3 u opranmka (CH,O um ap.). MHOXECTBO MOJAEIBHBIX
UCCIICIOBAaHMH TTPOJAEMOHCTPUPOBAJIO, U4TO IMHCCHS OKCUa0B cepbl (SO,, SO3) U, 0cobeHHO,
CylIb(aTHBIX a3pO30JIbHBIX YAaCTUI] MOXET 3HAYMTEIbHO BO3JICHCTBOBATh Ha ILIONIA]h
MOBEPXHOCTH CYJIb(ATHOTO cTparocepHoro aspozonbHOro cios. Kpome Toro, smmuccus
Cylb(aTHBIX a3pPO30JIBHBIX YaCTHIl B CTpatocdepy, BbI3BaHHAs IOJETaMHU CBEPX3BYKOBBIX
IPaXXTAHCKUX CaMOJICTOB, MOKET IPUBECTH K YMEHBIIICHUIO KOHIIEHTPAIIUU O30HA.

3. ®opMupoBaHue ra3000pa3HbIX KOMIIOHEHTOB, HOHOB M Ca’KEBBIX YaCTHI]
B Kamepe CropaHus

B mnacrosimee Bpemsi i aBHUratelied KOMMEPYECKMX CaMOJIETOB B KadecTBE TOILIMBA
UCTIONIb3YeTCsl KepPOCHH. ABHAIIMOHHBIM KEPOCHH MpPEJCTaBIsSeT cO00Ml cMech pa3IMYHbIX
YIIeBONOPOAOB.  H-mapaduHbl, U30-napaduHbl, UKJIONapapuHbBl,  apoOMaTUYECKUE
YIIEBOAOPOABI, a TakKe BKIIOYaeT B HEOONbIIOM KojudecTBe cepy [22]. B Tabmurme 1
NPUBEIEHbl CBOMCTBA M COCTaB TUIIMYHOI'O ABUAIMOHHOIO TOIUIMBA, HCIOJB3YEMOTO 3a
pyOexoM.

Tabmuia 1. Tunmueele CBOMCTBA U COCTAB aBHAIIMOHHOTO TOIJINBA

N P-8
CsoiicTBa JP-4 JP-5 JP-7 (Jet AJA-1) RP-1
ITpu6
plé) OJ;I?\AX;?II;HM CgsH17 CioH2 | CioHys CuH2 CioH2a
OtHowenue H/C 1.99 1.87 2.02 1.91 1.98
Temneparypa 140-460 | 360-495 | 370-480 330-510 350-525
KUTICHUS
-60 JP-8/Jet A-1;
Touka 3amep3anus -80 -57 -47 50 Jet A -55
Apomaruka, 00. % 10 19 3 18 3
Hadrenst 29 34 32 20 58
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[MTapadpuns! 59 45 65 60 39
Oneduns 2 2 — 2 —
Cepa, ppm 370 470 60 490 20

CocraB oTeuecTBEHHOr0 aBuannoHHoro kepocuna TC1 6530k k cocraBy Torua JP-8. s
MOJICJIMPOBAHUSI BOCIUIAMEHEHUS M TOPEHUS aBHAIIMOHHOTO KEPOCHHA ObUIM MPEI0KEHbI
pasnuyHblie cypporatHsie cMecu [22]. Hanpumep, cMech, peasioxKeHHas sl MOJIETUPOBaHUS
ropeHus aBuanmoHHoro TormBa JP-8, cocrour w3 5%  wum30-oktaHa, 5%
METWILHKIOTeKCcana, 5 % wmerwnkcuieHa, 5 % nukiookrana, 15 % Oenzon Oyruma, 15 %
terpaaekana, 10 % rekcamekana, 5 % OyrunOenzona, S5 % Tterpanuna, 5 % l-metwmn
HaptaeHa u 5 % 1,2,4,5-terpamernnbOen3ona. M3-3a CIOKHOCTH XUMHYECKOTO COCTaBa
JeTallbHOE MOJICIMPOBAHNE TOPEHUsl KEpPOCHHA 3aTpyAHUTenbHO. Doute u ap. [23] mposenu
XUMHUYECKMM aHalu3 IMPOJIYKTOB CropaHus cMecu, cocrosimed us 79 % ankanos, 10 %
UKI0ankaHoB U 11% apomaTHUecKux yrieBOIOPOAOB, U MOKA3aJIH, YTO 3Ty CMECh MOYKHO
paccmaTpuBaTh B KaueCTBE CyppOraTHOro TOIUIMBA IPU HCCIEJOBAaHUM KEPOCHHOBOIO
wiamend. Kak mokaszano B [23], CTpyKTypHI IIJIJaMEHH B N-JI€KaHE U B KEPOCHHE — MOAOOHBI.
TakuM 00pa3oM, XMMHUYECKMH COCTaB KEpPOCHMHA MOXKET ObITh CMOJEIUPOBAH CMECHIO,
BKItouaromieit 89 % n-gexana u 11 % apomaruueckux yriieBOAOPOIOB, HapuMmep, OeH3011a,
TOJIlyOJia, OJTHIOCH30Jla © HapTaIMHA. ODKCHEPUMEHTAIBHO OBUIO  IMOKa3aHO, 4YTO
XapaKTepUCTUKU TOpeHHus TomiuBa Jet-A TpPaKTHYECKH TOJHOCTBIO COBIAJAIOT C
COOTBETCTBYIOIIMMHU XapakTepuctukamu cMmecu 80 % n-CioHiz u 20 % CgHe (cMm., Hanpumep,
[24]).

Kunerndeckass Mojenb Uisi TOPEHUST KEPOCHHAa B BO3JAyX€ JOHKHA OBITH JIOTIOJTHEHA
MEXaHM3MOM pPeakIuii ¢ S- u N-coJepKalliuMi KOMIIOHEHTaMU M MEXaHU3MOM 00pa3oBaHUs
MOHOB M Ca)KEBbIX YaCTHUIl. ABUALIMOHHBIN KEPOCHH COAEpPKUT cepy B konudectse oT 0.001%
mo 0.3% mo wmacce. Cepa mpUCYTCTBYeT B TOIUIMBE B apPOMATUYECKUX COEIMHEHUSIX
yIJIEBOAOPOAOB. B  mpomecce OKUCIEHHS OO0pa3yroTcs pasiMyHble  S-COJIepiKallie
KOMITOHEHTHI (B OEIHBIX IUIaMEHaX 3TO MIaBHBIM obpasom - SOy (X=1, 2, 3) u HSO3).
Kunerndeckass MoJienb JIOJDKHA OMHUCHIBATH JOCTATOYHO TOYHO COOTHOMmIEHUE MexIy SO,
SO; 1 HSO;3 kak B kamepe cropaHusi, Tak U B TpakTe JBUrarens. Takas MoJenb Obuia pa3BUTa
poccuiickumu ydeHbiMH [24,25]. OTMEeTHM, YTO CO3/IaHUIO PEAKIIMOHHBIX MEXaHM3MOB JJIs
onucaHus 00pa30BaHMs Pa3IMUHBIX S-cojepkalux coeanHeHui npu okucienuu H,S u SO,
OBLITH ITOCBSAIICHO JOCTATOYHO MHOTO pa0OT, B TOM YHCJIE B 3apyOeKHBIX YICHBIX.

3.1. O0pa3oBaHue ra30BbIX KOMIIOHEHTOB

N-conepskamniiie KOMIOHEHTBI 00pa3yloTcsl TP OKUCICHUH aTMOC(HEpPHOTO a30Ta B BBICOKO
TemreparypHoil obnactu kamepsl cropanus. OcHoBHble KOMIOHEHTHI — 3T0 NO u NO,. 3a
obpazoBanne NOy OTBETCTBEHHBI CIEYIONIME MeXaHWU3MBI: (1) pacHIMpeHHBI MeXaHW3M
3enpaoBuua; (2) promt-mexanusm unu Mmexannsm G@ennmopa; (3) NO, - mexanusm; (4) N2O -
MexanusM u (5) NNH - mexanuszm.

Pacmpennsiii  mexanu3m  3enbaoBuuya  BKIo4aeT okuciaeHue N momekymamu O
(N2+O=NO+N, N+0,=NO+0) u peakmuio atomoB N ¢ pagukaizamu OH (N+OH=NO-+H).
Mexanuzm  @enumopa  cBa3an ¢ ¢opmupoBanueM ~HCN  (CH+N;=HCN+N,
O+HCN=NO+CH) u npoucxomut, riaBHbIM 00pa3oM, B OOraToil TOIIIMBOM 00JIaCTH KaMephl
cropanus. NoO - mexanusMm xapakrepusyeT npousoactBo NO B xoJie peakiuii ¢ ydactuem
N2O  (N,O+CO=NCO+NO, N;O+H=NH+NO, N;0+0=2NO (oH OTBETCTBEHEH 3a
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obpaszoBanne NO B 6egubix cmecsx)). NO, - mexanusm npousBogutr NO B peakiusx ¢ NO,
(NO,+CO=NCO+NO, NO2+OH=HO,+NO, NO2+H=0H+NO, NO2+0=NO+0Oy,
NO,+M=NO+O+M) wu, makoner;, NNH - MexaHH3M BKIIOYAeT PEAKIUU C KOMIIOHEHTAMH
HNO u N H,.

Kpome dhopmupoBarus NO u NO,, kuHeTn4eckuii Mexanu3m GopMupoBaHusi N-coaepKammx
KOMIIOHEHTOB go/bkeH onuceiBath oOpazoBanue HNO, HNO,, HNOsz, NOs;, NyHy,
cootHomenne Mexxy NOx um NOp, a Tawke - mexay NOy (NO+NO;) u NOy
(NOy=NO+N,0+NO3+HNOy). Ortnomenue xonuentpamuii NO, nu NOy mmas pasnuuHbx
aBHAIMOHHBIX JIBUTaTeNeil uaMensercsa ot 5 % 10 25 % [26]. OTHocuTelbHasi KOHLIEHTPALUS
NOy 6mm3ka k 0.01 ot xonuentpauuu NOy [27]. KonuyecTBeHHas nHdopmaius 06 3MUCCHU
HNO, u HNO3 u3 nBuraresns camolieTa 4pe3BbIYaiiHO BaKHA JUIsl aTMOC(EpHOM XUMUH, IJIS
¢dbopMHpOBaHUs TOJSIPHBIX CTpaToCc(hepHBIX 00IAKOB M JUIS MPEACKA3aHMsI BIUSHHUS aBUAIUN
Ha atMocdepy. Jns aBHAaMOHHOW Kamepbl cropaHus, padortawomed B AUPHY3HOHHOM
pexume, 3a popmupoBanre NO, riaBHBIM 00pa3oM, OTBETCTBEHHBI MEXaHU3MBbI 3€JIbIOBUYA
u @®enumopa. B kouBepcurn NO B NO; Baxknyto poib urpaer NOp-mexanuszm. Cnemyet
orMeTHuTh, uTto oOpasoBanme NO m NO, B kamepe cCropaHusi CWIBHO CBS3aHO C ITHM
mexanusmMoM. NpO-mexanusMm naeT MeHbliuil Bkiaa B oOpazoBanue NO B auddysuonHoi
KaMmepe cropanus [28], HO 1aeT 3aMeTHBIN BKiaa B popmupoBanue NO B roMOreHHOW Kamepe
CrOpaHusi, TJe MPOUCXOTUT TOpeHre 00eAHEHHOH TommuBoM cMecu. Bxnan NNH-mexanuzma
CYIIECTBEHHO Oosiee ciadblii, U JOCTaTOYHO YaCTO UM MOXKHO NpEeHeOperatb Nmpu pacdere
SMUCCHOHHBIX XapaKTEPUCTHK COBPEMEHHBIX KaMep CrOpaHHsL.

Yrobsl npenckaspiBaTh ypoeHb dmuccuu NOy, COx u Hecropesiux yriaesopoponos (CiHy),
B HACTOsIIIEe BpeMs MCIIONB3YIOTCS JIBa Pa3NU4HbIX moaxona. OauH u3 HUX Oasupyercs Ha
MOJYDMITUPUYECKUX (PopMyIiaX, KOTOPBIE BKIFOYAIOT JaBJICHHE U TEMIIEpaTypy ra3a Ha BXOJIe
B KaMepy CropaHus U BpeMs NpeObIBaHUS Taza B KaMmepe cropanus (cM. Hampumep [29]).
Jpyroii moaxon 6azupyeTcs Ha MCIOJIB30BaHUN PEAKTOPHBIX MOJIENEH, KOTOPBIE BEIYUCIISIOT
koHeHTpauu NOy, COy, HOy, C,H,, ¥ Apyrux KOMIIOHEHTOB B KaXXJIOM OTIEIbHOM
peakTope, UCTIOb3Ys JAeTAIbHBIA KHHeTHUeCKHi Mexanu3M [30]. 3ameTum, 94To 3TOT MOAXO0/
MO>KET UCIOJB30BaThCS TaKkKe, YTOOBI MPeAcKa3aTh IMUCCUIO S-COAEpKAIIMX KOMIOHEHTOB
Y MIOHOB.

YroObl cO37aTh PEaKTOPHYIO MOJeNb, TpebyeTcs uMHopMaIus O MOJIX TeMIiepaTypsl U
JIpyrux mapaMeTpax MOTOKa BHYTPH KaMmepbl CTOpaHUs, a TaKKe O BpeMeHaX IpeObIBaHUS
ra3a B OTAENBHBIX 30HaX Kamepbl. [lomyunTs 3Ty HHPOpPMAIIO MOKHO, PUMEHSIS METO/bI
BBIYUCITUTENIFHOW THUAPOJUHAMUKH JJISI MOJICIMPOBAHUSI TYpOYJIEHTHOTO TOpPEHHs: JMOO ¢
UCIIONIb30BaHNWEM KBa3WTNI00aTbHOW MOJENNM XUMHYECKONW KHHETUKH; Ju00, mojaras, 4To
DHEPTOBBIJCNICHHE B TIOTOK TPOMCXOAWT MIHOBEHHO IIOCIIE CMEUICHHS TOpIYero u
OKHUCIUTENS (MOAETh MTHOBEHHON TUCCHITAIIMU YHEPTHH).

Jlist coBpeMeHHBIX Tra3oTypOuHHBIX aurarenei 3HadeHuss EINOy m3amensrorcs ot 12 1o
40 r/kr. YtoOsl ymenbunth sMuccuio NOy mo EINOy=5-8 r/kr, mpemnoxeHo HCIoib30BaTh
o0e/THeHHBIE TOIUTMBOM, 3apaHee TepeMelIaHHbIe CMECH M TMPEIBapUTENIFHOE HCIapeHHe
XKHJIKOTO TOoIuiMBa (aHriumiickas aO0pesuarypa LPP — lean, premixed, prevaporised). B LPP
KaMepe CropaHusi MPOUCXOJUT TOMOT€HHOE TOpeHHE OeTHON TOIUITMBOBO3IYIIHONW CMECH
(9KBHBAJICHTHOE OTHOIIIEHHE BO3ayx/TorumBo 1.8-2). B 3ToM ciayyae MakcHMalibHas
TeMnepaTrypa B kamepe cropanus He npebimaet 2100 K, 94To 3HaUUTENBHO MEHBIIIE, YEM IS
TpaguioHHONH auddy3nonnoit kamepsl cropanus (7=2400 K). OT10 mpuBOAMT K
ymeHnbiieHnto oopasoBanust NOx B peakiusx mMexannzma 3enpaoBuda. Onnako LPP kamepa
CropaHusi uMeeT OoJjiee Y3KHMH JMana3oH YCTOHYMBOH pabOThI MO CpaBHEHHIO C OOBIYHOMN
nudy3noHHOM KaMepol cropaHus U 0oJiee 3aTpyAHCHHBIM BHICOTHBIN 3aITyCK.
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B nocnennue roapl ObUIM pa3paboTaHbl HU3KO3MUCCHOHHBIE KaMephbl C HEMOCPEICTBEHHBIM
BIIPBICKOM B KaMmepy OO€JHEHHOW TOITMBOM cMecH (aHriuiickas abopeBuarypa LDI — lean
direct injection). OHM UMEIOT OoJiee IMUPOKUNA AMANa30H padouyux mapameTpoB, yem LPP
kaMmepbl. Kpome Toro, aTu kamepbl MOryT paboTaTb U IpPHU BBICOKUX JaBieHUsX (P=40-60
aT™m).

[Tomumo NOy, CO, CO, xamepa cropanusi sMmutupyeT SOx U HECTOPEBLIME YIIIEBOIOPOIBI
(CxHy). MHpexcel SMHMCCHMHM Pa3IMYHBIX KOMIIOHEHTOB 3aBHCSAT OT KOHCTPYKIMHM W THIIA
KaMepbl cropanusi. Pacdyersl, BHINOJIHEHHBIE C MCIOJIB30BaHUEM MHOTOPEAKTOPHOM MOJAEIH
[30], noka3anu, 4TO yMEHbIICHHUE TATU JBUTATENd IMPUBOJUT K CHUIBHOMY YBEIMUYEHHIO

unjekcoB smuccun CO, CyHy u oprannueckux coeaunenuit (CH,O u gp.) u, Hamportus, - K
ymenbineHnto dsmuccuu NOy u CO; [31]. B Ttabnuiie 2 nmpuBeAcHBI pPacCUUTAHHBIC WHICKCHI
smuccuu i komnoHeHToB NOy, CO, CO,, SO,, SO, C4Hy, CH,O, CH30H, C,HO, a takxe
3HAUCHUS JABJICHHUS M TEMIIepaTypa BO3AyXa Ha BXOJE B KaMepy CrOpaHUs Ul Pa3InIHBIX
PEXKUMOB PabOTHl Ta30TypOMHHOrO nBUTaTens npu coaepxkanuu cepsl B Tomnuse (CCT)
paBaoM 0.04 %.

Tabmuna 2. Ilapamerpsl Ta3a mepen KamMepol CrOpaHus W WHACKCHI dMHUCCHH OCHOBHBIX
KOMITOHCHTOB Ha BBIXO/I€ U3 KaMepbl cropanus asuratens camonéra HISAC

ITapameTpsl

Po | 1 k | EINOx |EICO, | EICH, | EISO, |EISOs|EICHO, |EICH:OH,

PesxuM paboTal MITa o r/xr r/xr r/xr r/xr r/xr r/xr r/xr

% TATH
100% 2.14 | 755 3.4 | 072 | 0.06 0.783 |0.0199| 5-10° | 2.5-10™
85% 1.88 | 727 202 | 113 1.2 0.781 |0.0213|9.5-102 | 6.5:10°
30% 0.89 | 591 12 76.7 12.9 0.748 [0.0256|5.3-10* | 1.1-10%
7% 0.41 | 485 8.7 105 18.8 0.723 |0.0205| 3.1-102 | 1.3-10°

Kpome yka3aHHBIX HEWTpalIbHBIX KOMIIOHEHTOB B KaMepe CropaHus TIpud TOPECHUU
YIIEBOJOPOAHOTO TOIUIMBAa (DOPMHUPYIOTCS HOHBI W ANEeKTpoHbl [25,32]. MoHBI MOryT
WHAYLIUPOBAaTh HYKIEALMIO JIETY4UX a’po30jiel M HHTEHCU(UIMPOBATH KOAryJsLHUIO
a’po30dbHbIX vactull [33]. Jpyroil BO3MOXKHBIM MEXaHM3M BJIUSHUS HOHOB Ha
(dbopMHUpOBaHUE JIETYUYUX U HEJIETYYUX (C CaKEBBIM SIJIPOM) a3pO30JbHBIX YACTHI] CBSI3aH C
B3aUMO/ICICTBUEM HMOHOB M CaXeBbIX 4YacTHll. OHBI MOTYT HPHUCOEIUHSATHCS K CaKeBbIM
YacTHUIaM, WHIYIIUPOBATH 3apsi/l Ha MOBEPXHOCTH YACTHUIl M, KaK CIEACTBUE, HWHUIIMHPOBATH
OCaXXJIEHUE JUIMOJIBHBIX MOJIEKYJ U Pa3JIMYHbIX BOJOPACTBOPUMBIX BEIIECTB HA MOBEPXHOCTU
cakeBbIX yacTuil [34].

3.2. OcobeHHOCTH 00pa30BaHUsI MOHOB

Cnenyer OTMETHTb, 4YTO OOJIBIIMHCTBO HCCIEIOBAaHUI 1O (OPMHPOBAHUIO HOHOB
npoBoguiock B T1uameHax [35]. CoctaB HMOHOB CHJIBHO 3aBHUCHT OT COOTHOILICHHS
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TOILUTUBO/BO3AYX () ¥ OT THIA TOIUIMBA (BOIOPOJ, YIIICBOIOPO/IbI, aBHAIIMOHHBIN KEPOCHH U
+
T.1.). B yrineBomopomo-Bo3ayIIHbIX IUIaMeHax oOpa3yrorcsi Kak mosokutenbheie: CoHzO',

C,H;, CH3, HCO", C3Hs0", C3H,0", H30", H,0O", o;, NO*, NO,, Tak ¥ OTpULIATE/IbHBIC
HCO,, HCO,, CO;, CO,, O,, OH, NO,, NO;, CN wuonsl. B 6orateix cmecsx (¢p>1),
MoryT (hopMHpOBaThes Tshkebie yriaeBogopoausie nonst C.Hg, CH;,, C,,H},, C,H/,, a
TaK)Ke TOJOXKUTEIBHO 3apshKEHHBIC MOJIEKYNbl QyuiepeHoB [36]. U3mepenus 3a xamepoit
cropanus nokaszamu npucyrctue nonos CyHyO™ u CyHyO™, a Tarxke monos SO,, SO, u

HSO, [37]. UroObl NOHATP MEXaHU3Mbl U OCHOBHBIE IIyTH (OPMHUPOBAHMSA HOHOB,

9KCHEPUMEHTAJIbHbBIC JaHHbBIC JOJDKHBI ObITh JIONOJHEHbl YUCIEHHBIM  MOJECIMPOBAHUEM.
[TosTomMy OBUTM pPa3BUTHI TOCTATOYHO CIIOKHBIE KHHETHYECKHWE MOJIENH, OIMUCHIBAIOIINE
(dhopMHUpOBaHKE 3aPSHKCHHBIX KOMIIOHEHTOB TIPH TOPEHUH Pa3IMYHBIX TOTUIMB [25,38,39].
[Iponeccsr hopMupoBaHusi HOHOB B KaMEpe CrOpaHUsl aBHABUTATEIsI O0Jiee CIOXKHBI, YeM B
JAMUHApHBIX IUJIaMEHaxX. DBOJIBIIMHCTBO COBPEMEHHBIX AaBHALIMOHHBIX Kamep CropaHus
paboraer B 1u(Gy3MOHHOM pEXKHUME, W COCTaB TOIUIMBOBO3AYIIHOW CMECH CHIIBHO
OTJIMYAETCS B PA3JIMYHBIX 001acTAX KaMmepbl cropanus. [losTtoMy B kamepe cropaHus MOryT
dbopmupoBaThCcsl pa3nuyHbe MOHBL. Bpems nmpeObiBanus ra3a B kKamepe cropanus (5-10 mc)
HaMHOTo MeHblle, 4yeM B miaaMmeHu (~100 mc). IlonHas KOHIEHTpalus MOHOB Ha BBIXOJE U3
KaMephl CrOpaHHMs aBHajBHraTess Obima mamepena [40] u cocrasmma ~2-10% cm 3. Oxmaxo
BHYTPU KaMephl CrOPAHUS KOHIEHTPALKs HOHOB U JIEKTPOHOB MOXKET OBITh OLIEHEHA TOJIBKO
YHUCIIEHHO.

YroObl MOJENMPOBATH MpOILECcChl 00pa30BaHUS 3apsHKEHHBIX ra3000pa3HbIX KOMIOHEHTOB
BHYTPU KaMepbl CrOpaHHMs, HAaJA0 NPUMEHSATHh MPUOIMKEHHbIE MOJEIN TOPEHHUs, HalpUMep,
MOJIeNIb TJIOCKOTO (poHTa MmiamMeHu. PacdeTsl mojiell KOHLEHTpaluil pa3indyHbIX HOHOB
BHYTPHU KaMephl CTOpaHusl aBUAIIMOHHOTO JIBUraTelis Obuin BhINosHEHHI [32]. Oka3anock, 4To
B IU(pPY3MOHHON Kamepe CropaHusi MakCHUMajbHas KOHILEHTpalMs MOHOB HAOI0JaeTcss B
OoraToil TOIJIMBOM 30HE KaMephl CrOpaHMsl, PacloI0KEeHHOU nepesl GPOHTOM IJIaMEeHH (CM.
puc. 1) u nus C,H30" mocruraer 10'1-10% cm>. B Toit 30He MakcuMabHAs KOHIIEHTpalus

OTpULATCIIBHO 3aps’KCHHBIX KOMIIOHCHTOB BBISABIACTCA JISA 3JICKTPOHOB WM MOHOB HCO; .

Opnako, Ha BBIXOJE W3 KaMepbl CropaHUs KOHLEHTpAallMM 3TUX KOMIIOHEHTOB
+ +
He3HauuTeNnbHbl. Ha BhIXOJle U3 KaMepbl CropaHusi MpUCYTCTBYIOT ToJbK0o HOHBI NO™, H30",

SO;, HSO, mmn NO;.
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[IpenckasanHasi Ipy YHUCICHHOM MOJEIMPOBAHUU IOJHAS KOHIIEHTPAIMS MOJIOKHUTEIbHBIX
8 . -3

(oTpuIaTeNbHBIX) MOHOB Ha BBIXOAE M3 KaMmepbl cropanusi cocrasiser 2-10° cm °, uto

HaXOJUTCA B XOPOIIEM COOTBETCTBUU C u3MmepeHusimu [40]. CienyeT 3aMeTUTh, YTO COCTaB

MOHOB CUJIBHO 3aBUCUT OT COIICp)KaHI/ISI CepBI B TOIIJINBC.
3.3. O0pa3oBaHue caxeBbIX YACTHIL

Yactunpl caxu (GopMUpYIOTCS B 0Oraroil TOIJIMBOM 30HE KaMephl CropaHus H3-3a
KJIaCTepU3allUY U TOBEPXHOCTHOT'O POCTA MPEIBECTHUKOB CaXH, 3TO IOJTUUHOBBIE MOJIEKYJIbI
U TMOJHApPOMATHYECKUE YIIIeBOAOpoAbl [41]. B cOOTBETCTBUM C COBPEMEHHBIMH MOJEISIMU
MOJIEKYJIbI MHUPEHA, COCTOSIIHME M3 YEThIPEX apOMATUYECKUX KOJEll, SIBJISIOTCS TJIABHBIM
CTPOUTENIbHBIM MaTepUaIoM CaXXeBbIX yacTHll. [lepBryHbIe YacTUIIbI (KJIACTEPHI) C PATHyCOM
npuban3uTeNbHO 1 HM 00pa3yroTcsl U3 MOJIEKYI NMUPEHa B pe3ysbTare uX KoajeclueHuuu. B
OoraToil TOIUIMBOM 30HE KaMepbl CrOpaHUs KOHIEHTpPALUs MOJEKYJI IHpPEHAa MOXET
nocrurats 107 — 10% em 3, a KOHIICHTPAIMs IMEPBUYHBIX KJIACTEPOB (3apOAbIIIEH CaKEBbIX
YaCTHI) 101 — 102 em 3,

CnengyeT OTMETHTb, YTO HPOAYKTHI TOPEHHUS YIJIEBOJOPOJIHBIX TOIUIUB - 3TO THUIUYHAS
nplieBas miazMa. OHa COCTOUT M3 PA3IMYHBIX MOJIEKYJISPHBIX Ta30B, HOHOB, DJIEKTPOHOB,
YIIEPOAHBIX KJIACTEPOB U CakeBbIX yacTHll. [IoaTomMy, 4TOOBI IpeICKa3bIBATh paclpeaesicHue
YaCTHI] CAXH T10 3apsAay U pazMepy, HEOOX0IUMO IPUHATH BO BHUMAHUE TUIa3MO-XUMHUYECKHUE
MPOLIECCHI, TMPOUCXOMAAIINE B KaMepe cropanus. Takue Moaenu ObUIM TMOCTPOSHBI B
nocneaane roabl corpyaaukamu [HIT IIMAM [42-44]. DTu Moenu MO3BOJIWIA OOBSICHUTH
MU3MEPEHHOE B DKCIIEPUMEHTE CUMMETPUYHOE PACIPEEIICHNE CaXKEBBIX YACTHI] 1O 3apsay B
YII€BOIOPOAHO-BO3AYIIHOM IUJIAaMEHU. B CO3/1aHHBIX MOJAENSAX Y4YUTHIBAETCS, YTO HOHBI U
ANIEKTPOHBI, TMPHUCYTCTBYIOIIME B 0OOraroil TOMJIMBOM 30HE KaMmepbl CrOpaHus,
NPUCOEAMHSIOTCS K KiacTepaM U 4YacTHLIaM caxu. B pesynabTare nepBOHAYaIbHO
HEeHTpalbHble KJIAacTepbl M YACTHULBI MPHUOOPETAIOT 3HAUUTENBHBIA 3aps]. 3apsHKeHHbIE
KJIaCTepbl C TPOTHUBOIIOJIOKHON TOJISPHOCTHIO KOAryJIMpylOT HAMHOro ObIcTpee, YeM
HelTpanbHble. Kpome Toro, 3apspkeHHBIM KilacTep HMHIYLUpPYET 3apsii Ha HeWTpanbHOU
yactuue. [loaToMy 1pu B3auMOJIEHCTBUU HEUTPAILHOTO U 3apsKEHHOTO KJIACTEPOB (YacTHIL)
HOSBIISIIOTCS. JTOTIOJIHUTENbHBIE CUJIBI, YCUJIMBAIOIIME KOAryisuuio kiactepoB [33] u, kak
clencTBue, ooneryaronye GopMupoBaHue yacTuil caxu [42-44]. Jlaxxe MajJeHbKUE YaCTUIIBI C
paauycoMm a = 4 HM MoryT nprodpectu 3apsn Q=4-5e (e - 3apsiq anektpoHna). bonee kpymnHbie
yacTULbI caxu pazmepoM 40 HM npuodpetaroT 3apsan (15-30)e B o0xacTu kaMepsl cropaHus,
HaXoJs1Ielcss HeOCPeACTBEHHO Nepes (PPOHTOM IIIAMEHH.

Hanuuue 3apsna Ha MOBEPXHOCTH KJlacTepa (MM CaKeBOW YaCTHUIIbl) YCHUIIMBAET OCAKICHHE
MOJIEKYJ, UMEIOIUX MOCTOSHHBIM JWUIMOJbHBIA MOMEHT, Ha IOBEPXHOCTH YaCTHUI] CaXH.
Hanpumep, kosddunuent npununanus monekyn HoO k vactune ¢ a=4 um u Q=5e B 10 pa3
6ompme mpu 1=2000 K u P=10° Tla, wem s HEUTpPaJIbHOIO KJacTepa. BerunciaeHus
MOKa3aJiM, YTO 3aMeTHast JoJjia JacTul] caxu (~10%), uMeronmx OTHOCHUTEIBHO OOJBIION
3apsa, MOXET AaKKyMyJIMpoBaTh BOJOPACTBOPUMBIE KOMIIOHEHTHI (3TO  MOJIEKYJIBI,
oOyaaromuye COOCTBEHHBIM AUMOIBHBIM MoMeHTOM H,0, SO, NO,, HNO3;, CH,O u ap.)
BHYTPU KaMepbl CropaHusi. OTOT MPOLECC NPUBOAUT K U3MEHEHUIO T€TEPOr€HHBIX CBOMICTB
MOBEPXHOCTHU Ca’KEBBIX YACTUII U YBEITMYEHUIO UX TUAPODUIHLHOCTH.

Anamuz MK-®ypbe criekTpoB caxu, coOpaHHOI 3a KaMepoi cropaHus, MoKas3aj, 4YTo Takas
caka COCTOMT U3 JIBYX Pa3IMuUHbIX (QpaKUuil: ocHosHas ¢hpaxyus, conepxaiias aMop(HbII
YIIIepOa, U (hpakyus npumecell, XapaKTepU3yIOLIasics CI0KHON CTPYKTYpOi U 3HAUUTEIbHBIM
KOJIMYECTBOM BOJOPAaCTBOPUMBIX BEIIECTB, TaKWX KaK OpraHuyeckue cyiabparbl, S-
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coJieprKallre HOHbl U OpraHUYeCcKHe MOJIEKYJIbl, Ha MOBEPXHOCTU YacTull caxu. [lo ~13.5 %
BOJIOPACTBOPUMBIX BELIECTB MOXKET OCAXKAAThCS HA YaCTUIAX CaXH BHYTPU KaMepbl
cropanus [45]. Ha ocHoBaHMUM aHaJM3a SKCIEPUMEHTOB U YMCJICHHBIX PAcYeTOB OBbLI CHENIaH
BBIBOJI, YTO OCHOBHasi (pakiust GOpMHpYeTCs M3 HEHTPAIbHBIX KJIACTEPOB WIIM YACTHUIl C
ManeHbkuM 3apsaoM (Q < 2e). DT dYacTUIBl HE MOTYT AaKKyMYJIUpPOBaTh MOJSpPHbBIE
MOJICKYJIbl BHYTPH KaMepbl CrOpaHUs M SBISIOTCS TUApodoOHBIMH. Haobopot, ¢pakuus
npuMeceld JeMOHCTPUPYET BBICOKUHN YpoBeHb TuapodunsHocTd. OnHa dopMupyercs u3
YaCTHII, UMCIOIIUX JOCTAaTOYHO OoibIioit 3apsaa (Q > 10e).

4. N3MeHeHMe cOCTABA MPOAYKTOB CTOPaHMsl B TPAKTe ABUTaTeJIsl

bricTpoe pacmipeHue rops4yux ra3oB, OO0pa3yOIIUMXCsi B KaMepe CropaHus pPEaKTUBHOTO
JBUTATENs, B TYpOUHE U COIlIe (OHO MPOUCXOTUT 32 5-7 MCEK) MPUBOJIUT K HEPABHOBECHOMY
M3MEHEHHUI0 XUMHUYECKOTO COCTaBa MPOAYKTOB CTOpaHUs U K IepepacrpeieNieHUIo 3apsiia Ha
CaKEeBBIX YacTHIAX. VccaemoBaHus 3THX MPOIECCOB Hadanuch B KoHIE 90x romoB [46,47] u
IPOI0JDKAIOTCA 110 ceit eHb [32,48].

[TpoBeneHHBIC HCCISIOBAHMUS TOKA3aIM, YTO KOHIICHTPAIMS TAKUX CHIIBHBIX OKCHJIAHTOB KaK
O, OH, HO; B mpoaykTax cropanus, 0CHOBY KOTOPbIX cOCTaBiIsAiOT N, Oy, CO; u HyO, ouenn
CWJIBHO M3MEHSETCS Ha y4acTKe OT Cpe3a KaMephl CropaHus JIo cpe3a coruia. Tak Hampumep,
ns asuratens RB211 Ha kpeiicepckoM pexxuMme mosieta camoiieta B-737 unaekc samuccuu
OH wmensiercst ot 5.4 1/KT Ha BBIXOJIe U3 KaMmephbl cropanus 10 66 MI/Kr Ha cpese coria. B
TpakTe apuratens npoucxonat peakiuun OH ¢ NO, NO,, SO, u apyrumMu KOMIOHEHTaMU
cmecH. [loatomy konuentpauus OH B BBIXJIONHOW CTpye cocTaBiseT Bcero 1 ppm, 4to
XOpOIIIO KOppeNupyeT ¢ dKCIepuMeHTamMu To jaerektupoBanuto OH B cTpye nBuratens B
noJIeTHRIX ycioBusix [49]. 3mech ke mpoucxoaut obpazoBanue SO3; m HpSO, Benencteue
okucienus SOy, ABIAIOMIUMCS OCHOBHBIM CEPOCOJIEPKAIIM KOMIIOHEHTOM, 00pa3yIOIIIMCS
IIpH TOPSHUM aBHAIMOHHBIX KEPOCHHOB B Kamepe cropanms. KomwmdgectBo SOz m HpSO,4, a
takke NO3 u HNO; (xots u 3HauntensHo crnadee, ueM SOz u H,SO4) B BeIXJIOME 3aBUCUT OT
KOHIIEHTpanu# cepsl B Torumse. [Ipumepro 3-5 % SO, moxet npeBpatuthest B SO3 u HpSO4
B 3aBUCUMOCTHU OT YCJIOBUU pacHIMpEHUs ra3za B TypOMHE U coruie. 3HAUUTEIbHO U3MEHSIETCS
u xoHueHTpanusa NO3z, HNO, HNO3 u sanementos rpynmsl NyHy 1, Ha000poT, MonbHas 101
TakuX KOMIOHEHTOB cMecu kKak NO u NO; MeHsieTCsl He CTOIb 3aMETHO. JTO TOBOPUT O TOM,
YTO DMHUCCHOHHBIC XapaKTepUCTHKU jaBuratesis 1o NOy OmNpefensioTcs B OCHOBHOM
COBEPIIICHCTBOM KaMephl CTOPAHHSI.

Hecmotps Ha 3HaunTenbHOe yBennuenue konrentpauun HNO; u NO3 Ha ydacTke OT BbIXOJ1a
U3 KaMephl CrOpaHus J0 cpesa coruia, moaHoe kommuecTBo HNO;,, HNO3; u NO;3 cocraBnsier
He Oonee 1% or NOyx B BBIXJIONE JABHUraTelss, YTO XOPOILO COOTBETCTBYET H3MEPEHUSIM
KOHIICHTPAIUI 3THX KOMIIOHEHTOB B CTpye ABUraTens [27].

BriepBeie ObLTO TMOKa3aHO, YTO 3aMETHAs KOHIIEHTPAIHS CEPOCOACPIKAMMUX KOMIIOHEHTOB
HSO,, SO,, SO3;, H,SO,4 B BeIXJIONE Ta30TYpOMHHOTO ABUTATENS pPeaTu3yeTcs Jake B TOM
clIyvae, €Clid B TOIUIMBE He cojaepkurcs cepa. OOycCIIOBICHO (OpMUPOBAaHWE YKa3aHHBIX
KOMIIOHEHTOB B TpakKTe JBHTraTelis B JITOM ciydae TpaHchopMmanueld HaXOASIIUXCS B
atMochepHOM Bo3myxe S-copepxkamux kommoHeHToB COS, CS;, H,S u SO, B SO3 m H,SO4
NIPU CKUTAHUU YTIICBOJOPOTHOTO TOILUIMBA C BO3yXOM B Kamepe cropanus [50].

B Tabmune 3 (cM. TaGnuily Ha CIEAYIOIIEH CTPAaHMIIE) IS COJACPIKAHHS CEPhl B TOTUIMBE
CCT=0.04 % nano cpaBHEHHE paCCUNTAHHBIX MHJIEKCOB IMUCCHUH Pa3IMUHBIX KOMIIOHEHTOB B
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BBIXOJIHOM CEYCHHH KaMephbl CTOPAHHS W BBIXOJHOM CEYCHHH COIUIA ISl JABYXKOHTYPHOTO
TypOOpPEaKTUBHOTO JBHUTATENsi C BHYTPCHHHM CMEIICHHEM IIOTOKOB TIEPBOTO M BTOPOTO
KOHTYPOB, pPacCMOTPEHHOTO B KadecTBe 0a30BOr0 JIBUTATENsA JUIA IEPCIEKTUBHOTO
CBEPX3BYKOBOTO camoiieta O6usHec-kiacca B npoekrte HISAC 6-oif pamouHO#l mporpaMmsl
EC. Buano, uto 1151 OOJIBITMHCTBA KOMIIOHEHTOB MHJEKCHl YMUCCHUU Ha BBIXOJIC U3 KaMEphI
CTOpaHMS U HA BBIXOJIC U3 ABUTATENS PA3TUYAIOTCS BECbMa 3HAYUTEIILHO.

Heo6xoauMo Tak:ke OTMETHTh BBICOKYIO KOHIICHTpaIHio opranuueckux coeauneauii (CH,0)
B BBIXOJHOM CEUYCHHH COIUIA, KOTOpas Jake MPH HOMHUHAIBHOM PEKHUME PaOOTHI ABUTATEIS
(85 % MmakcuMalIbHOM TSrH) comocraBuMma ¢ KoHueHtpamueir Hp,SO4. D10 3HAYMT, 4TO mpHU
HeOonbIoM coaepxkanuu cepbl B TommuBe (CCT<0.04 %) OCHOBHBIMH a’pO30JIbHBIMU
yacTulaMu, (GOPMUPYIOLIUMUCS B CTPye aBUALIMOHHOIO JBUTATeNs, OyAyT OpraHudeckue
a’po3oiu Ha ocHoBe pactBopa H,O/CH,O wmu H,O/CH,0/H,SO4. DTOT BBIBOJ XOPOIIO
KOPpEeIUPYET C pe3ysbTaTaMU U3MEPEHHI KOHIIEHTPAIMH KUIKUX a’pO30JIbHBIX YAaCTHIl B
3aBHCHUMOCTH OT COJIEPYKaHHS CEPHI B TOIUIMBE, IPOBEACHHBIX B paMKax npoekra SULFUR-5:

JJIA MaJIbIX sgauenuii CCT KOHICHTpAaus a3pO30JIbHBIX YaCTUI HC MCHAJIACH C YBCIIMYCHUCM
CCT [51].

Ta6muna 3. UHaeKkchl sMuccHH pa3anyHbiX koMnoHeHToB EI(M) B BhIXOHOM cedeHuM
KaMmepbl cropanus u coruia camosiera HISAC

Tsra, % 100% 85% 30%
Kamepa Kamepa Kamepa
COILIIO COILIIO COILIO
CFOpaHI/IH CFOpaHI/ISI CFOpaHI/I}I

SO, 0.73 0.783 0.69 0.781 0.705 0.748
H,SO4 0.054 0 0.029 0 0.0188 0
NO, 35.6 36.4 26.5 29.2 11.2 12
co 0.59 0.72 10.21 11.3 72.5 76.7
CO, 3122 624 2873 574 2895 579
CxHy 0.12 0.06 0.48 1.2 10.7 12.9
CH,0 3.8:-10™ 5107 3.7-10° 9.5-107 5.75-107" 53-107
CHsOH 3.8-10™ 2.5-10" 8.33-10™ 6.5-107 0.8-107 1.1-107
C,OH 3-10° 1.2:10° 4-10™ 23107 1.38-10™ 2-10*

5. IIpoueccol B BBIXJIONHOM CTPye peaKTHBHOIO IBUIATE/Is

W3 ananm3a, IpeACTaBICHHOTO B TPEABLIYIEM pa3felie, CIeAYeT, YTO B BHIXOJHOM CEYCHHUU
coIla Tra30TypOMHHOTO JBUTATeNs Tra3 COACPKUT 3HAUUTENBHOE YHCIO pPa3IMYHbIX
COCIMHEHUH, BKJIIOYAsi MOHBI, HEHTpPAIbHBICE W 3apsSHKCHHBIC CAKEBBIE YACTHUIIBI, T'a30BbIC
KOMITOHEHTBI, SIBJISIONINECS MpeABECTHUKAMH 00pa30oBaHus a’po30ibHbIX vacTuil: HyO, SOs,
H2SO4, HNOj3, opranudeckue mosekyisl (Hanpumep, CH20).

OxnaxaeHue OTHOCUTEeNbHO ropsuux ra3oB (T~600 K), wucrekarommx u3 coruia,
00yCJIOBJICHHOE CMEIICHHEM BBIXJIOHBIX Ta30B C XOJOAHBIM aTMOC(EPHBIM BO3TYyXOM
(Te=220 K), npuBOAMT K II€JIOMY KOMILIEKCY HEPABHOBECHBIX (DH3MKO-XUMHUYCCKHUX
npoIieccoB. IDTO: TpaHchopMalKsd XUMHUECKOTO cOCTaBa cMecH; (POPMHUPOBAHUE KIIACTEPHBIX
UOHOB; TeHepanus xuakux cynbdatabix (H2O/H,SO4) mmm oprammueckux (H,O/CH20)
a’p0o30JbHBIX YacTull ¢ d=2-14 HM; GopMHpOBaHUE TOCTATOYHO KpyHHBIX yactull ¢ d=0.1-1
MKM C CaXEBBIM SAPOM, MOKPHITEIM pactBopom H,O/H,SO, m H,O/opranmka, u jieaoBbIX
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yacTull (TpU AOCTHKEHUU YCIOBHM MPECHIIICHUS PacTBOP/JeN MPOMCXOAUT 3aMep3aHue
OCaXXJICHHOW Ha Ca)KEBBIX YACTHUIIAX KUIKOW 000s10ukM). Bee 3TH mporecchl MpoTeKarT Ha
dboHEe CIOXKHOM Tra30qMHAMHYECKON CTPYKTYphl IMOTOKAa, OOYCIOBIEHHOW TYypOyJIE€HTHBIM
CMEIICHUEM IPOJIYKTOB, UCTEKAIONINX W3 COIUIa JIBUTATElNsl (OOBIYHO JIBYXKOHTYPHOTO), C
BO3JIyXOM, B COCTaB KOTOPOTro BXoAAT Majbie aTMocdepHbie razsl: Oz, COy, HOy, SOy, H2Oy,
HxS, CSx (=1, 2), NOy (y=1-3), HNO, (z=1...4), N,O, N2Os, CH4, CyHm, CH,O,, COS, HCI,
Cly, CIOy, CCl,, CFCly, CFCly, HOCI.

CrnenyeT OTMETUTh, YTO HECMOTPsSI HA 3HAYUTEIHLHOE YUCIIO KaK SKCIIEPUMEHTAIBHBIX, TaK H
TEOPETUUECKUX padOT MO KCCIEIOBAHUIO 3TUX MPOLECCOB MHOTHE BOMPOCHI OCTAIOTCS €Ile
HEepemeHHbIMU. Tak, 10 CUX MOp HE MOHITH MEXaHU3MbI 00Pa30BaHUS TOCTATOYHO KPYITHBIX
(c d>10 uM) XUAKHX a’pO30JIbHBIX YacThIl. HeT Takke MOJHOrO MOHMMAaHHS MEXaHH3MOB
AKTHUBAIMM CaKEBBIX YACTHI], KOTOPHIC MEPEBOMAT MEPBOHAYAIBLHO TUAPOPOOHBIC YaCTHIIBI
caxu B ruaApoduibHbIE (T.€. crtocoOHbIe ocaxkaaTh mapel HoO Ha cBOEit OBEpXHOCTH). DTH
MEXaHHU3MBI SBJISIFOT KIIFOYEBBIMHU JIJISI ONTUCAHUS MTPOIECCOB 00pa30BaHMs KOHICHCAIIMOHHBIX
CJeI0B ¥ (JOPMUPOBAHUS JOMOIHUTEIHHON 00JIaYHOCTH B Tpornocdepe B pe3yibTare MoJIeTOB
KOMMEpPUYECKHUX camoJieToB. Hampumep, OombIme HaIeKIbl BO3JIAraINCh Ha TaK HA3BIBAEMYIO
«UOHHYIO» MOJenb (HOPMHPOBAHUS SKUAKUX a’pO30JIbHBIX dYacTull [52], KoTopas
paccMaTpuBaeT KWHETHUYCCKHH IPOIECC KOATYJSIUU 3apsDKCHHBIX KJIACTEPHBIX HOHOB H
HelTpanbHbIx Monekyn Hy0O, HpSO,, xak ocHOBHOM 17151 0O6pa3zoBaHus aspososneil. Ha ocHoBe
3TOW MOJETHN YJAIOCh OOBSCHUTH HAIMYHE B CTPYSX JO3BYKOBBIX CAMOJIETOB JOCTATOYHO
Gonburero konuuecta Nax10° em™ otHOCHTENBHO KPYIHBIX KHUAKUX gacTuil ¢ d>14 um [53].
OnHako COOTBETCTBUSI PE3YJIbTATOB YHCIEHHOTO MOJAETUPOBAHUS SKCIEPUMEHTAIbHBIM
J@HHBIM YJAJI0Ch JOOHTBCS TOJIBKO MPH KOHIEHTPAIMK HOHOB Ha cpese comra Ni=2-10° em™,
yro Oosnee yeM B 10 pa3 mpeBbIIaeT W3MEpPEHHBIE U PACCUUTAHHBIE C HMCIOIH30BAHUEM
JIeTabHBIX Mojenei 3HadeHus Nj. Bropoe HEKOppPEeKTHOE MPEIIONIOKEHHE aBTOPOB ITOMH
MOJIEJIH 3aKJTF0YaIoCh B TOM, YTO OHM YMEHBIIUIN KOI(DPHUIIMEHT KOHACHCAIIUU TSI MEJIKUX
Ki1actepoB ¢ quamerpoM d=1-6 um 10 0.01, a I OTHOCHTENIFHO KPYIHBIX YacTull ¢ 0>6 HM
OH TMPUHHUMAJICS paBHBIM 1. BhINONHEHHBIE B MOCIeqHEe BpeMsl dKCHEPUMEHTHI U PacyeThl
METOJIaMU MOJICKYJISIPHOW JIMHAMUKH TOKA3aJM, YTO KaK JIs MEJKHX, TaK U JUIS KPYITHBIX
KJIACTEPOB 3TOT KOAPPHUIMEHT OIMH30K K 1.

B T'HII [IUAM wum. T1.1. bapanoBa Takke ObUIM CO37aHBI JI€TadbHbIE MUKPO(DU3UUECKUE
Mozenu 00pa3oBaHUS KJIACTEPHBIX HOHOB M JKHJAKHX CyJb(aTHBIX  a’po30IieH,
B3aMMOJICHCTBYIONUX C TOJHIACIIEPCHBIM aHCAMOJIEM CaKEBBIX YACTHIl, U YYUTHIBAIOIIHEC
MPOLECChl AKTUBALIMM TOCIEAHUX 3a CYET KOAryJSIHH C Cylb(aTHBIMH a’po30JsMU U
rereporenHoi omnHapHoit nyknearun HoO/H,SO,4 Ha moBepxHOCTH cakeBbix dacTuil [50, 54,
55]. Ha ocHOBe pa3paboTaHHBIX MOJENel MPOBEEH aHaIN3 BIUSHUS 00pa30BaHUs B TPAKTE
ra3oTypOMHHBIX JBHUTAaTelell HOHOB M CepHUCTHIX coemuHeHuii: (SO,, SOz, HSO4) Ha
dbopmupoBaHue cynb(PaTHBIX a’po30Jiell W KIACTEPHBIX HMOHOB B BBIXJIOMHBIX CTPYSIX
COBPEMEHHBIX TMACCAKUPCKUX JIO3BYKOBBIX camoJieToB. [loka3aHo, 4YTO NPHUCYTCTBHE B
BBIXOAHOM cedeHuu corua asurarenst SOz u HySO4, 0Opa3yromuxcsi B TpakTe peakTUBHOTO
JBUTATENs, NakKe TPU OTCYTCTBHM CEpPhl B TOIUIMBE IMPHUBOJUT K OOpPa30BaHHIO MEITKHUX
CY/Ib(ATHBIX a2PO30TIBHBIX YACTHIL ¢ AHAMETPOM He Goree 1.2 HM ¢ KoHueHTparuei ~10*-10°
oM’ (mpu d>1 um). Hanmuuue cysbdaTHBIX a3po30Jieil B CTpye IBUTATENS, AaXe pabOTarOIIEero
Ha TOIUIMBE, HE COJEpKallleM CEpbl, MPUBOJUT K BaXXHOMY BBIBOAY, YTO M B CTpye
JIBUTATEJCH, MCTOIB3YIOMMX BOJIOPOMA, Takke OymayT (HOPMUPOBATHCS KUIKUE UYACTHUIHI H3
tpoitHoro pactBopa HyO/H,SO4/HNO:s.

OMUTHpYEMbIE U3 COIJIa JBUTATENsl YaCTUIBl CaXH (MX paguyc JIKUT B HUHTEpBaIE ~5-
100 aM) pmaxke Ha HEOONBIIMX pPACCTOSHUSAX OT cpe3a comna (25-100 M) moryt
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akkymysiaupoBath Ha cebe pactBop HyO/H,SO4 mam H,O/CH,O kak 3a cuer rereporeHHoim
HYyKJIealluy U3 Ta30BOM (pa3bl, Tak M 3a CYET OCAXKIACHHS MEIIKMX CYJIb(aTHBIX a3p0o30Jiei mpu
UX KOAryJsilliu C 4YacTUYKaMy caxu. Ha 3apsHKeHHBIX CaKEBBIX YaCTHUIAX ITH IPOLECCHI
MPOTEKAIOT ¢ OOJBIICH HHTEHCUBHOCTHIO. KpoMe TOoro, Ha HUX BO3MOKHO HEMOCPEICTBEHHOE
ocaxkleHne aumnojbHbIX Mojiekyn H>O u HySO,; BeaeactBue 3IEKTPOCTaTHUECKOTO
B3aMMOJENCTBUS. B 3aBUCUMOCTH OT cojiepkaHus cepbl B TOIuMBeE OT 5 % 110 15 % caxeBbIx
YacTHUI] MOT'YT OBITh MOKPHITE pacTBopoM H,O/H,SO4 ¢ mobaBkamu opranuku 1 HNOs.
Hanwuue XuaKoro pacTBOpa Ha TIOBEPXHOCTH CAaKEBBIX YACTHI[ SIBISCTCS OJHUM W3
onpeneNnsrmux (GakTopoB Ui (OPMHPOBAHUS BHIUMOTO (KOHJICHCAIIMOHHOTO) Clie/a
camoneta. Jledo B TOM, YTO YHCTBIC CaXEBbIE YaCTUIBI TUAPOGOOHBI W Jaxke MpHU
JIOCTHDKEHUH B CTPYE TEPECHIIICHUS 0 mapaM BoJibl KoHAeHcanuu H,O Ha YUCTBIX CaXeBBIX
gacTuiax He nmpoucxoaut. OHa BO3MOXKHA TOJIEKO Ha TEX YACTHIIAX, TOBEPXHOCTh KOTOPBIX
nokpbiTa pactBopom HyO/H,SO,4 mmun H,O/CH,O. B pesynbrare konaeHcaiuu napos H,O
paaMyc OSTHX YAaCTHI[ YBEIWUYHMBACTCS, W I KPYIMHBIX YaCTHIl OH JOCTHTaeT | MKM.
dopMHpOBaHUE TaKUX KPYIHBIX a’3pO30JieH, COJCpXKAIIMX B IEHTPE CAKEBYH) YaCTHILY,
HOKPBITYIO 04eHb c1abbiM pactBopoM HyO/H,SO4, porcxoauT yxe Ha paccrostauu 200 M ot
cpeza comna. [lpu ymenbmeHnn Ttemmeparypbl no 230-240 K mpoucxoaut 3amep3aHue
pactBopa (ciabsiii pactBop H,O/H»SO,4) Ha sTux yactunax [55] . KonuenTtpaius ux B ctpye
cocraBmsier 10%-10% cm®. Vimenno oti wactuisl GOpMHPYIOT BHIUMBIA CJEJ camojeTa U
MOTYT HHULUUPOBATH JOIMOJHUTEIbHOE 00pa3oBaHKe 00IaKOB.

Takum 00pa3oMm, SMUCCHS M3 aBHAIMOHHBIX JBHraTeliel B aTMOC(Epy CIYXKHUT MPUYUHOU
0o0pa3oBaHUs JOMOJHUTEIHHOTO (10 CPaBHEHHIO C €CTECTBEHHBIM YPOBHEM) KOJMYECTBA
TBEPABIX (Ca’KeBbIe U JIEJIOBBIC) U KUIKUX (Cynb(haTHBIE U OpraHMYECKHE) MUKPOYACTHUIl B
BepXHel Tponocdepe 1 HUXKHEH cTpaTocdepe.

6. ABHanus u crparocepHbie a3P030J14

Ha Beicote ot 15 nmo 35 km (¢ makcumMyMoMm KoHIeHTpauuu Ha 20 kM) B aTmocdepe
IOPUCYTCTBYIOT ~ CyJib(aTHble  a’p030JdM W  YACTHUIbl, COCTOAILIME U3  TPOMHBIX
cBepxoxyaxaeHHbix pactBopoB HyO/H,SO4/HNO;. Pasmep 3TuX YacThIl HAxXOIUTCS B
muanazoHe 0.01-1 mxm. MX KoiIM4YecTBO B CYIIECTBEHHOW CTENEHM 3aBHCUT  OT
BYJIKAHMYECKON JAesTenbHOCTU. Tak, u3BepxkeHue ByiakaHa IIunaty6o B wumione 1991 r.
UHULIMUPOBANO (OpMUpOBaHME HOBBIX CYlb(aTHBIX yacTUll. B pesynbTare miomans
MOBEPXHOCTH CyJb(haTHBIX a3po30iiel yBennuuiaack B 50 pa3. DBostonus coctaBa U (pazoBoro
COCTOSIHUSI TaKMX a3p030JI€il MHTEHCUBHO M3ydaeTcsl. DTO SBJIAETCS NPUHLUIUAIBHBIM JUIS
MOHMMAaHUS MEXaHU3MOB (OpPMHUpPOBaHUsI cTpaTochepHbIX 00JaKOB B MOJSPHBIX 00IACTAX
3emuu.

Obnaka, HaOmomaeMbele Ha BbIcOTax 14-24 kM mpu Ttemneparype 1<195 K, momyummm
Ha3BaHME TMOJSIPHBIX cTpartocepHbix obnakoB 1-oro tuma (IICO 1). Ouu cocrosr wu3
YaCcTHUYEK KpUCTAUInYecKoro Tpuruapara a3otHor kucinotsl HNO3-3H,0 ¢ pazmepom ot 0.15
1o 5 mxm. [Ipu eme Oonee HU3KkKX Temrneparypax 1<188 K, kotopbie mocTuraercsi B 3uMHee
BpeMs B BO3[yX€ HaJl AHTApKTHAOW, B 3TOW 00JacTH (POPMHUPYIOTCS JIEAOBBIE YACTHUIIHI C
pasmepoM 1-10 MkM. OHU OuYeHBb OJIM3KH MO CBOMCTBAM K YacTUIAM, M3 KOTOPBIX COCTOST
BBICOKHME Tepucteie obOiaka B Tpomochepe. OOpa3oBaHMs, COCTOSANIME W3 TaKUX
KPUCTAJNTUKOB JIbJA, MOJTYYHUIM Ha3BaHHWE MOJSIPHBIX CTpAaTOC(epHBIX OOJAKOB 2-0r0 THIA
(I1ICO 11).

VY CTaHOBIIEHO, YTO I'E€TEPOrE€HHBIE MPOLECCHI, MPOTEKAIOIINE HA MMOBEPXHOCTU a3pO30JIbHBIX
YaCTHUIl, WrparoT OMNPEACIISIONIYI0O POJIb B pa3pylleHUH O30HAa Ha BbIcOTE 15-25 KM.
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YrnomsiHyTO€  BBINIE HM3BEepKeHUE ByiakaHa [IuHatyb6o BhIZBasio 3umon 1992/93 romos
YMEHBIICHNE KOHIIEHTPAIlMU 030Ha B CPEAHUX MHUpOTax Ha 3-4 %. OneHku, mpoBeIeHHBIC Ha
OCHOBE JBYMEpPHBIX (OTOXMMHUYECKMX MoOJeNel, coiepxamux OJIOK [Uis ONUCAHUS
dbopMUpOBaHUS adpO30JiCid, TOKa3zaau, 4To mpu monHod koHBepcun SO, B HySO, u
o0Opa3oBaHuM Kamesek ¢ pasmepoMm ~10 HM B ciefe caMmosieTa MaKCUMalbHOE YBEIHUCHUE
TUTONIA/IM TIOBEPXHOCTH CYNb(ATHBIX a’3pP030Je B KOPHAOPE IOJIETOB THUIOTETUYECKOTO
dnorta 3 500 CBEpX3BYKOBBIX NACCAKUPCKUX CaMOJIETOB, KYPCHUPYIOLIUX B IIUPOTHOM
kopunope 30-60°N Ha BbicoTe 18 KM CO CKOPOCTBIO, paBHOM 2.4 CKOPOCTH 3BYKa (CIICHApUit
NASA), moxer cocrtaButb 200% 1O CpaBHEHHMIO C NPUPOIHBIM YpoBHeM. CpenHee
YBEJIMUEHUE KOHIICHTPAIMH CTPATOC(EPHBIX CYIh(ATHBIX adpPO30JIeH MPH TaKOM CIICHAPUHU
coctaBut 22 %, 4TO aHaJIOTUYHO U3BEPKEHUIO HEOOIBIIOTO BYJIKaHa.

Omuum u3 mocnenctBuii dmuccu NOy, HNO,;, HNOj3;, NO3 u H,O u3 peakTuBHBIX
JBUTATEIICH MPHU TIOJIETE B BBICOKMX MIMPOTAX MOXKET OBITh JIOTIOJHHUTEIHLHOE 00pa3oBaHUE
[ICO |, tak kak yBenuuenue coxepkanus HNOs; u H,O B crparocdepe mpuBoguT k
VBEJIMYEHUIO TIOPOTOBOM  TEMIIEpaTyphbl, TPU KOTOPOW HadMHAETCs (OPMUPOBAHHE
kpuctaioB HNO3-3H,0, na 1.7°C. Yuer neransnoil mukpodusuku oopazosanus [ICO | mpu
OLICHKE BO3JICHCTBHA aBHaluMU Ha atMocdepy B cooTBeTcTBUU co crieHapueM NASA BbIsBII
yBenuueHue miomaau nosepxuoctu yactuil [ICO | va 20% na Beicore H=15 kM u mmpore
70°N u nosinenue [1CO | gaxxe Ha cpaBHUTEIBHO HU3KUX UpoTax (60°N).

K coxanenuto, OTCYTCTBYIOT MCCJIEIOBAHMUS [0 AaHAIM3y BIUSHUS BO3MOXKHOTO
dopmupoBanus yxe B ciene camonera ygactur] HyO/H,SO4/HNO; u yacTuuek sibaa Ha
oOpa3zoBaHue CTparoc(epHbIX OO0JIAKOB B BBICOKMX IIHPOTaX. XOTS 3HAYUTEIbHAs
KOHIIEHTpAIUs Cylb(aTHBIX a3p030Jeii, BOSHUKAIOIIUX B CIIE/Ie caMoJieTa, JOKHA IPUBECTH
K yBeIMUeHUI0 BeposiTHOCTH oOpa3oBanus [1ICO Bcex tumnos. [loaToMy MOkeT oka3aThbCs, 4TO
MPOBEJICHHBIE B HACTOAIIEE BPEeMs OI[CHKU BIUSHUS TOJETOB CBEPX3BYKOBBIX CAMOJIETOB Ha
cTpatocepHbIit a3po30sibHBINA clloi U oOpazoBanue [ICO 3aHMKEHBI, U OHU JOJHKHBI OBITh
MEePEeCMOTPEHbl €  yY4eTOM  HOBBIX  JAaHHBIX [0  HCCIENIOBaHUIO  00pa3oBaHUS
KOHJIEHCHPOBaHHOW (a3pl B cTpartocdepe, MO MOACIUPOBAHUIO POCTAa YACTUIl B CIENE
camoJieTa U MocleAyomel X IBONIIOIHUH B aTMOcdepe.

7. ABHALIMA B KJINMAT

HanmMeHnee uccieoBaHHBIM B HacTOslIee BpeMsl BOIPOC — KIMMATHYECKHE IOCIIEACTBUS
MIOJIETOB aBHAIIMOHHBIX TPAHCIIOPTHBIX CPENCTB B BepXHEW Tpomocdepe (Ha Beicote 10-12
KM). OTO OOBACHSETCS CI0KHOCTBIO aHalM3a OOJBLIOr0 KOJWYECTBA B3aMMOCBSI3aHHBIX
MPOLIECCOB, MPOTEKAIOIIUX B ATOM obiactu arMmocdepbl: TpornochepHO-cTpaTochepHbIi
oOMeH, (hopMupoBaHe 00JaKOB, ITMPOTHBIA U MEPUAMOHATBHBIN IEPEHOC BO3AYIIHBIX Macc,
(bu3UKO-XMMHUYECKHE TpEeBpallleHrs B Ta30BOM (a3e M Ha MOBEPXHOCTH a’po3ojeil. IToT
paiioH HanOojiee UyBCTBUTEJIEH M K NMAapHUKOBOMY 3(PQEKTy, BBI3BIBAEMOMY YBEIMUYCHHEM
kouteHTpanuu H,O, CO,, N,O, CH; u apyrux moriomarmmux HHppakpacHOe H3ITydeHUE
ra3os.

Hamo ckasate, 4ro BKJIaA OT BBIOpocoB aBmarmeir H,O BechbMa Manm 1Mo CpaBHEHHWIO C
(OHOBBIM YPOBHEM, HO MOCJEICTBHUS OONOIHUMENbHO20 00pA308aAHUS NEPUCMBIX 001AKO8
BCJIEJICTBHE JTHUX BBIOPOCOB B Tporocdepe MOTYT OKa3aThCsi BeChbMa CEphe3HBIMH. Takue
oOlaka BBI3BIBAIOT 3HAUYMUTENbHBIM MAapHUKOBBIM 3dexT. OueHkn MoKazanu, 4YTO
00yCJIOBJICHHOE KOHJICHCAIIMOHHBIMH CJIEZJAMA MaKCHMaJbHOE YBEIHMYEHUE OOJavyHOCTH,
paBHoe 2-3.5 %, Habmiogaercs B sHBape B C(CeBepo-ATIaHTUYECKOM KOPHIOpPE IOJIETOB
(yepennennas BemuumHa s Epombi= 0.5 %). Knumartuueckwe MOCHENCTBHS —pocTa
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00JIaYHOCTH - U3MEHEHHE PaJUaIlMIOHHOr0 OanaHca aTMOoc(epbl U MOBBIIICHHE TEMIIEPATYPhI
y moBepxHoctu 3emin. Oxaszaioch, yTo yBelnueHue obnaunoctd Ha 10 % mpuBoauT K
MOBBIIICHUIO TEMIIEPATYPhl Y HOBepXHOCTH 3emun Ha 1.2-1.4 K.

Baxnyio ponb B (hOpMUPOBaHMU KIMMAaTa UTPAET U TPOHOCHEPHBIA a’3po30ibHbIA ciaoi. OH
OTIIMYAETCs MO COCTaBy OT crpaTochepHoro cnos. KoHueHnTpauus a’spo3onieil npu nepexoje
OT HWKHEH cTparocdepsl K BepxHeil Tporochepe ymenbinaercss B 10 pa3. OCHOBHYIO 4acTh
COCTaBIISIIOT CyJb(aTHbIE a3p030H, HO conepkanne HySO4 B HUX CHUXAeTcs MO CPpaBHEHUIO
co crparoctepoir ¢ 75 % mo 60 % wu3-3a yBeNMYEHHUsS OTHOCUTEIBHON BiakHOCTH. [Ipm
yMeHbIIeHuH BbICOTH H2SO,4 yacTuyHO HelTpaimsyercs U GopMHUpPYETCs Cyiab(haT aMMOHUS.
DJeMeHTHBIN aHaJIM3 TI0Ka3ajl HAIW4Yhe B BEpXHEH Tponochepe MUKPOYACTHI] 3€MHON KOPBHI,
coJleprKalIiuX KPEeMHUH U KaJbIUil, YaCTUIl METAJIJIOB - JKelie3a, alllOMUHHUS, [IUHKA, OJIOBa, a
TaKkke caxu. [IpudueM OCHOBHOW BKJIAJ B 00pa3oBaHHE CaXEBOTO TPOMOCHEPHOTO CIIOsS
BHOCHUT aBhaius. OCHOBY CaXM COCTaBISIIOT cdepuueckue dyacTuibl  pasmepom 20-
40 am.

B armocdepe oHu cymiecTBYOT B B Lienodek armomepaToB pasmepom 0.1-0.5 mxm. Onu
MOTYT WIpaTh 3HAYUTEIBHYIO pPOJIb B paaualMoHHOM Oanance Tpomocdepsl. Haxomsch
BHYTpHU OOJIAYHBIX Kallelb, CA)KEeBbIe YACTHUIbl YMEHBIIAIOT OTPaXKaTeNbHYIO CIIOCOOHOCTh Ha
30 % 1o cpaBHEHUWIO C YHCTOH BOJIOW JJIsl UTMH BOJH MeHee 1 MkMm. Permcrpamus B ciene
JIO3BYKOBOTO camoisiera dyactuil jguameTpoM (.15 MKkM  (onTHMalbHBIM — pasmep Ais
(dopmupoBaHus 00JAYHBIX SA€P KOHASHCALMH ) IPUBOJUT K BYKHBIM BBIBOJIaM O BO3MOKHOM
YBEJIMYEHUH KOHIIEHTPAIMU 3THX s7ep B Tporocdepe BCIEICTBUE BO3ACHCTBUS aBUALIUU.
UTOOBI OIEHUTH MOJIHBIN KIUMaTHIECKUN 3(PQEKT MoJIeTOB aBHAIMK B BEpXHEU Tporocdepe,
HE00X0IMMO HMMeTh MH(OPMAIMIO O IeTePOr€HHOM pa3pyIIEHUH pa3IMYHBIX COEIUHEHMH.
Tak, Ha TOBEPXHOCTH CaKEBBIX YacTHUI] akTUBHO pacragaercss Oz u mpoucxoaut rudens NO,
u HNOj3 ¢ kouBepcueii B NO, 4To Takke BHOCHUT BKJIAJl B YMEHBIICHHE COAEpKaHHE O30HA
Kak B BepXxHe# Tpomocdepe - B 00JaCTH MaKCUMyMa Ca)XeBOTO a’pO30JbHOTO CIIOS, TaK U B
HIDKHEH cTpatocdepe, Ky/1a MOT'YT TOJIHUMAThCS Ca’KeBbIE a3PO30JIH.

[Iporno3upyemoe yaBoeHHE MOTpeOIeHUs TOIIMBA aBuanued B mociexayroume 18-25 ner
MOXET TPUBECTH K YJABOEHHUIO IUIOLIAJM IOBEPXHOCTH CAXEBBIX YaCTHIl B HIKHEH
cTparocdepe u Bo3pactaHuio B 10 pa3 UX KOHIIEHTPAI[MU B KOPUAOpaxX MOJIETOB.

8. 3akiouenue

B Hacrosimiee BpeMsi yCTaHOBIICHO, YTO KakK JIO3BYKOBas, TaK M CBEPX3BYKOBas aBHAILWs
MOJKET OKa3bIBaTh BIIMSHUE Ha aTtMocepHble mpouecchl M kiauMaT. OJHAKO BIUIOTH [0
HACTOSIIET0 BPEMEHU KOJIMYECTBEHHAs OICHKA CTENeHH JSTOr0 BIUSHHUS HE CHETaHa.
OOycCnoBIIEHO 3TO HEIOCTaTKOM 3HAaHMH O MpoIeccax MPOUCXOIAIIMX B arMocdepe,
CJIO)KHOCTBIO M MEKAMCIUIUIMHAPHOCTBIO MOJeNel, HeOOXOAUMBIX IJIi TaKMX OIEHOK, B
KOTOpbIE HAJ0 BBOJUTH JOCTAaTOYHO OOJBIIOE YHCIO MapaMeTpOB, BEIMYMHA KOTOPHIX B
HacTosIIee BpeMs HE OmpenesieHa. Tem He MeHee, Y)Ke ceifuac MOHSITHO, YTO HEOOXOIMMO
BBOJIUTH CIIELMAIbHBIE HOPMBI Ha SMUCCHIO B aTMOC(Epy IBUTATEISIMU CaMOJIETOB ra30BbIX U
a’p030JIHHBIX KOMIIOHEHTOB Ha KPEHCEPCKOM PEeKUME TOJIeTa ¢ TeM, YTOOBI MUHUMH3HPOBAThH
OTpHIIATENIbHBIE TOCIEICTBHUS aBUANIEPEBO30K C TOUKU 3PEHMS UX BIUSHMA Ha aTMochepy U
KJTFIMaT.

OCHOBHBIE HalpaBJIEHUS MCCIEJOBAHUN B HACTOAIIEe BpeMs BKIIOYAIOT OINpejeeHue
OYMHCCHOHHBIX XapaKTEPUCTUK JIBUTATENCH, MOJCTMPOBaHIE (PH3HKO-XUMUYECKUX TTPOIIECCOB
IpU CMEIICHUH BHIOpAchIBAEMBIX M3 COIJIa ra3oB ¢ aTMOC(eEpoid, n3yueHue aTMoc(hepHbIX
IPOLIECCOB, HANOOJIee YYBCTBUTEIBHBIX K BO3/ICHCTBUIO aBHALMH B INIOOATBHBIX MacIITadax.
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Hyxnpsl Oomnee neTaibHBIE HCCIENOBAHUS Ta30(a3HBIX IMPOIECCOB, MPOTEKAIOMNX B
atMocdepe, a TaKKe Ha IMOBEPXHOCTH YACTHI[ CTPAaTOCHEPHOTO U TPOMOCHEpPHOro
a’3pO30JIHOTO CJIOEB, AMHAMHMKH OOpa30BaHUS MHUKPOYACTHUI[ B BEpXHeH Tpomocdepe u
HIDKHEH ctparocdepe. [JomKHBI ObITh IMOJyYCHBI HOBBIC JaHHBIE O I€TEPOreHHBIX PEAKIHIX
Ha MOBEPXHOCTH YaCTHI[ MOJIIPHBIX CTPATOC(HEPHBIX OOJIAKOB, HAa CyNb(aTHBIX a’dpO30JIsiX,
YaCTHIAX TPOMHBIX CBEPXOXJIAKICHHBIX PACTBOPOB M CAXKEBBIX TPOMOCHEPHBIX adPO30JIsX.
Baxnoli 3amaueil sBIsS€TCS ONpENeNeHHe POJIM SMUCCHOHHBIX a’3po30Jieil B (OPMUPOBAHUHU
HOJISIPHBIX CTpaTOoC(hEpHBIX OOJAKOB M JOMOJIHUTENBHOW obOmauHocTH B Tpomochepe. U,
KOHEYHO, HYKXHO ONpEACINTh, KaKk IPOUCXOAUT TpaHCHOpMalMs Cyab(paTHBIX U
OpPraHUYECKUX adPO30JIbHBIX YaCTHI], 00Pa3yIOMIUXCS B OJIMHKHEM I10JIE CTPYH JIBUTATEIS TIPU
NonaJaHuy MX B aTMoc(epy Ha BpeMeHHBIX MaciTabax ~10 ¢ — 1 yac u Oonee, T.e. BO BpeMs
T GY3MOHHOTO PACTUIBIBAHUS BBIXJIOITHOM CTPYH.

Pabora BrImonHeHa npu ¢puHaHCOBOU noanepkke Cosera npu npesuaente PO mo moguepixke
MOJIO/IBIX YYEHBIX U BeAYIIUX Hay4HbIX ko (rpant HIII1-960.2014.8).
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Main processes in aviation engine ducts and in exhaust jet are considered. Mechanisms of the impact
of different components emitted by aviation engines on the atmospheric processes and climate are
analyzed. The paper discusses the main studies relative to this problem which are to be performed in
the nearest future.

1. Introduction

Recently, human industrial activity has led to significant variation of gas and aerosol
composition of the atmosphere. It is believed that this may result in substantial climate change
on the Earth. Note that the analysis of consequences of emission of gas and aerosol
compounds into the atmosphere requires consideration of exceedingly large number of
processes and phenomena, but the most important (and long-term) are the processes of radiant
Sun-Earth heat transfer and atmosphere-ocean interaction.

While the former can be estimated at least approximately, the latter can not due to the lack of
human knowledge. When evaluating radiant Space-Earth heat transfer and determining
radiation balance of the Erath, the problem of so-called greenhouse gases is widely discussed.
However, only the emission of carbon dioxide and its increase in atmosphere due to human
industrial activities have been mainly considered for years. But other greenhouse gases also
change their concentration in the atmosphere. Specific role is played by H,O and CHa.
Aviation is one of the sources of direct impact on the atmosphere. Absolute amount of the
substances emitted into the atmosphere by aircraft engines is 40-50 times less than pollution
from surface sources (power engineering, transport, industry, agriculture). But due to the fact
that this emission occurs in the atmosphere layers particularly sensitive to different
disturbances (upper troposphere and lower stratosphere), the evaluation of real impact of
aviation on atmospheric processes and climate has been gaining great relevance lately [1-3].
Increase of air traffic owing to subsonic passenger planes (twofold increase in the nearest 18-
25 years) and possible development of second-generation supersonic aviation for commercial
transportation make us analyze possible environmental impact of aviation more strictly. It
should be noted that the International Civil Aviation Organization (ICAO) introduced
emission standards for aviation engines 30 years ago. The limitations were set (depending on
engine compressor pressure ratio) on the amount of CO, NOy, soot (smoke) and unburned
hydrocarbons C,H, contained in the exhausted jet. These standards have been being
permanently improved, and in the nearest years they will possibly tighten the restraints first of
all on the content of NOy in combustion products, which, be the way, is the hardest to provide
owing to constant increase of maximum cycle gas temperature at the turbine inlet. At present,
the emission index EI (amount of substance in grams per 1 kg of fuel) of NOy for advanced
engines is supposed to fall into the interval EINO4=5-10, EI for soot El(soot)<0.15. The issue
of significant reduction of CO, emission (by ~ 80%) also appears on the agenda.

Recently, the executive agencies of the European Union have made several important steps
towards the reduction of aviation impact on the Earth ecosystem. Inclusion of aviation into
the EU Emissions Trading System [4] is the most relevant step. The general trend aimed at

21



AM. Starik, O.N. Favorskiy

tightening the administrative control in the field of greenhouse gases emission will
undoubtedly persist.

To reduce the greenhouse gases emission, the airline companies have two alternatives. First —
to provide the enhancement of aircraft fuel efficiency, which (despite the air traffic increase)
would reduce the overall consumption of aviation kerosene and, consequently, reduce the
greenhouse gases emission. So far, the average increase of airliner fuel efficiency has been
1% per year [5]. At the same time, the annual increment of aviation kerosene consumption
due to the increased air traffic exceeded 3% according to ICAO [6]. Therefore the airline
companies should increase the rate of fuel efficiency growth more than three times to reduce
the greenhouse gases emission in conditions of air traffic growth. This seems rather difficult.
Second — to use non-conventional fuel, combustion products of which better comply with the
environmental regulations in comparison with conventional kerosene. Considerable progress
has been made in the field of non-conventional fuels so far. Technology for production of
synthetic fuel using coal, natural gas and biomass has been developed [7, 8].

The technology for production of synthetic fuel from coal using Fischer-Tropsch process (FT
fuel) is the best developed nowadays. FT fuel synthesized this way is characterized by higher
calorific value (approximately 1 MJ/kg) compared to aviation kerosene [10]. At the same time,
weight content of carbon in FT fuel is less than that in aviation kerosene, therefore the
absolute emission of CO,, when substituting aviation kerosene with FT fuel, reduces by
several percent [10]. However, FT fuel production process itself is accompanied by additional
CO, emission. Moreover, the total CO, emission of FT fuel may exceed the one of aviation
kerosene; hence FT fuel in aviation engines can not provide reduction of CO, emission.
Liquefied natural gas (LNG) has no such drawbacks. Moreover, reduction of CO, emission
when burning LNG will exceed the one when burning FT fuel, since, first, mass fraction of
carbon in methane (main component of LNG) is less than in FT fuel, and second, LNG is
characterized by higher calorific value, hence less amount of LNG provides the same level of
thrust. This holds true (though to a lesser extent) for liquefied gases when they contain mainly
propane and butane.

However, it seems obvious that replacing aviation kerosene with LNG or any other synthetic
fuel produced from mineral raw materials we will not be able to solve the problem of CO,
emission from aviation engines.

The majority of foreign specialists believe that biofuel is the most promising propellant in the
context of greenhouse gases emission reduction, because it has a unique property of carbon-
neutrality. This property means that when biofuel is burned, the amount of CO; is emitted into
the atmosphere that is equal to the one previously consumed by plants during glucose
photosynthesis [11]. Besides, biofuel has another relevant advantage — it is almost free of
sulfur and aromatic hydrocarbons.

Recent research has shown that the range of substances emitted to the atmosphere from jet
engines is not only wider than it has been established by ICAQO, but also depends on the
engine type, its efficiency and size and real fuel composition. The standards for aviation
kerosenes have been set long ago, the former can be found in the corresponding documents.
However, there has been no profound complex studies of how the real content of hydrocarbon
groups in the fuel or the utilization of non-conventional (LNG), synthetic (FT fuel, biofuel,
etc.) and composite fuels in combustion chambers influence the engine emission
characteristics. Besides, the sulfur-in-fuel restrictions have been introduced rather arbitrarily.
Some research may be required in the nearest future to prove the sufficiency or need for new
standards concerning both conventional and synthetic aviation fuels in the context of
minimization of aviation impact on the atmospheric processes.

22



Aviation and atmospheric processes

2. Features of aviation impact on the atmosphere and climate

The problem of aviation impact on atmospheric processes has emerged only recently. It was
initiated in the 1970s by the first estimates of possible impact of supersonic passenger planes
on the ozone layer [12, 13]. These complex studies were conducted mainly in the framework
of CIAP (USA), COMESA and COVOS (Europe) international programs. The research
showed that regular flights of a hundred of supersonic Concord-type airplanes at the altitude
of 17 km would lead to global reduction of ozone concentration of 0.25% per year. However,
later these conclusions have been repeatedly reconsidered, as new data on velocity constants
of physical-and-chemical processes in the atmosphere were obtained and due to the fact that
one-dimensional circulation models of the atmosphere were replaced with 2D and even 3D
ones. Besides, more profound studies of physical-and-chemical processes in the atmosphere
and jets from jet engines have been conducted.

The impact of aviation on the atmosphere is determined by a wide range of interconnected
processes. At present, there are no certified restrictions of concentration of gas components
and aerosols emitted by airplane engines at the altitude of cruise flight. However, it has been
already proved that gaseous components (mainly NOy, HO,, COy, SOy, HNOy) emitted by the
airplane engine and aerosols formed in the exhaust jet can significantly affect total
concentration of ozone, clouds, Earth radiation budget and climate [14-20]. However, it
should be noted that recently the development of standards for restriction of emission of
gaseous and aerosol components at cruise flight regimes has become actual. It is aimed at
minimization of regular commercial flights’ impact on the atmosphere [21].

Ozone layer is a term relating to the distribution of ozone in the atmosphere. It is known that
ozone is formed in stratosphere after recombination of O, molecules and O atoms. This layer
protects the life on the Earth from detrimental effect of ultraviolet radiation.

The climate is defined as a typical behavior of the atmosphere and is usually characterized by
average values and variance of temperature, precipitation and other physical parameters.
Greenhouse gases in the atmosphere absorb infrared radiation (particularly in the range of
atmospheric window with 8-12 um wavelength) which would otherwise escape to space. This
radiation heats the atmosphere, generates heated flows toward the surface and, first of all,
heats the Earth surface. This is accompanied by stratosphere cooling. On the contrary,
aerosols diffuse or absorb solar light and prevent it from reaching the Earth surface. This
leads to cooling effect. Therefore the emission of greenhouse gases and aerosols change the
actual atmosphere radiation balance and change the heating/cooling rate of the lowest
atmospheric layer (0-5 km altitude).

The extent of aviation impact on the atmosphere depends on the amount and type of emitted
chemical substances. Therefore the key point in this field is to understand mechanisms of
their generation and to be able to quantitatively predict their emission under variation of
engine cycle parameters and environmental conditions. If these problems are solved, then
emission characteristics will be determined at the stage of engine design, efficient methods for
prevention of generation of environmentally-dangerous substances will be developed,
efficiency of fuel burning will be enhanced, and soft spots of evaluation of environmental
effects from pollutant emission into the atmosphere by power engineering and aviation in the
nearest future will be defined.

Such research has been being actively conducted both in Europe and the USA since the
beginning of 1990s. It is funded by the European Union, NASA, National Science Foundation
and a number of other international organizations. These studies have been carried out in the
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framework of international programs AEAP, AERONOX, AEROCONTRAIL, CHEMICON,
SULFUR 1-7, SUCCESS, PARTEMIS, TRADEOFF, EXCAVATE, etc.

When analyzing dynamics of formation and transformation of different gaseous compounds
and aerosols emitted by aviation engines, one has to deal with three objects, which differ
significantly in parameters and features of physical-and-chemical processes. These are:
combustion chamber (in which fuel is burned and main gaseous compounds, ions and
polydisperse ensemble of neutral and charged soot particles are formed), gas path (duct) of the
engine from the combustion chamber to the nozzle outlet (where chemical composition of
combustion products is transformed) and exhaust jet (in which mixing of hot (To=600K) gases
and cold (T,=300-220K) atmospheric air varies gas components concentration and leads to
formation of charged clusters, liquid (organic and sulphate) and solid (ice) aerosol particles.
Processes in jets greatly depend on dynamics of formation of different gaseous substances,
particularly aerosol-generating compounds (SOs, H,SQO,, organics, ions, soot particles) in the
combustion chamber and power plant ducts. Liquid volatile aerosols formed in the exhaust jet
are mainly the sulphate and organic aerosol particles. The ultrafine drops of liquid sulphates
(H,O/H,SO,) (diameter of 1-10 nm) are formed mainly due to emission of condensed gases
like water vapor (H,0) and H,SO,4 or SO, and SO3, which can transform into H,SO,. Apart
from sulfur oxides in various forms (SOy), gaseous H,SO,4 and water vapor, considerable
effect on the formation of aerosol particles have the ions, HNO3 and organics (CH-0, etc.). A
great deal of simulation studies have shown that emission of sulfur oxides (SO;, SOj3), and
particularly sulphate aerosol particles, can significantly influence the area of sulphate
stratosphere aerosol layer. Besides, the emission of sulphate aerosol particles into the
atmosphere caused by the flights of supersonic civil aircrafts can lead to the decrease of ozone
concentration.

3. Formation of gaseous components, ions, soot particles in combustion chamber

At present, kerosene is used as the fuel for commercial airlines. Aviation kerosene is a
mixture of different hydrocarbons: n-paraffins, iso-paraffins, cycloparaffins, aromatic
hydrocarbons, and sulfur (small amount) [22]. Table 1 gives properties and composition of
typical aviation kerosene used abroad. The composition of Russian aviation kerosene TS1 is
close to JP-8. To simulate the ignition and combustion of aviation kerosene, different
surrogate mixtures were proposed [22]. For example, the mixture proposed for simulation of
JP-8 combustion consists of 5% isooctane, 5% methylcyclohexane, 5% methylxylene, 5%

cyclooctane, 15% butyl benzol, 15% tetradecane, 10% hexadecane, 5% butylbenzene,
5% tetralin, 5% 1-methyl naphthalene, 5% 1,2,4,5-tetramethyl benzene. The complex
chemical composition makes it difficult to simulate kerosene combustion. Doute et al. [23]
carried out chemical analysis of combustion products of compound consisting of 79% of
alkanes, 10% of cycloalkanes and 11% of aromatic hydrocarbons. They showed that this
compound may be considered as a surrogate compound when analyzing kerosene flame.
Authors [23] demonstrated that flame structure in n-decane and kerosene are similar. Thus,
chemical composition of kerosene may be simulated as a compound consisting of 89% of n-
decane and 11% of aromatic hydrocarbons, e.g. benzol, toluene, ethylbenzene, naphthalene. It
has been experimentally shown that characteristics of combustion of Jet-A fuel almost
coincide with the corresponding characteristics of compound 80% n-C;oH;, and 20 % CgsHsg
(see e.g. [24]).
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Kinetic model of combustion of kerosene in air should be complemented with the
mechanisms of reactions with S- and N-containing components and with the mechanism of
generation of ions and soot particles.

Table 1. Typical properties and composition of aviation fuel

Properties JP-4 JP-5 JP-7 (JetJZ}i-l) RP-1
Apf%rror;(lljrgate CgsHi7 CioHzz | CioHos CuiH2 Ci2H24
H/C relation 1.99 1.87 2.02 1.91 1.98

Boiling temerature 140-460 | 360-495 | 370-480 330-510 350-525

: : -60 JP-8/Jet A-1;

Freezing point -80 -57 -47 _50 Jet A -55
Aromatics, total % 10 19 3 18 3
Naphthenes 29 34 32 20 58
Paraffins 59 45 65 60 39
Olefins 2 2 — 2 —
Sulfur, ppm 370 470 60 490 20

Aviation kerosene contains sulfur 0.001%-0.3% by weight. Sulfur is contained in the fuel in
the form of aromatic hydrocarbons. Different S-containing components (mainly SO (x=1, 2,
3) and HSOg in lean flames) are formed in the process of oxidation. The kinetic model should
describe quite accurately the correlation between SO,, SO3; and HSOj3 both in the combustion
chamber and the engine duct. Such a model was developed by Russian scientists [24, 25]. It
should be noted that the development of reaction mechanisms to describe the generation of
different S-containing chemical compounds has been reported in many papers, including the
foreign ones.

3.1. Formation of gas components

N-containing components are formed in the process of oxidation of atmospheric nitrogen in
high-temperature area of the combustion chamber. The main components are NO and NO,.
The following mechanisms are responsible for the formation of NOy: (1) extended mechanism
of Zeldovich; (2) promt-mechanism, or Fenimore mechanism; (3) NO, mechanism; (4) N,O
mechanism and (5) NNH mechanism.

The extended mechanism of Zeldovich includes oxidation of N, by O, molecules:
N2+O=NO+N, N+O,=NO+O and the reaction of N atoms with radicals OH N+OH=NO+H.
Fenimore mechanism is associated with generation of HCN: CH+N;=HCN+N,
O+HCN=NO+CH and takes place mainly in fuel-rich area of the combustion chamber. N,O
mechanism charazterizes generation of NO during reactions with N,O: N,O+CO=NCO+NO,
N.O+H=NH+NO, N,O+0=2NO (it is responsible for generation of NO in lean compounds).
NO, mechanism generates NO in reactions with NO;: NO,+CO=NCO+NO,
NO,+OH=HO,+NO, NO,+H=0H+NO, NO,+0O=NO+0,, NO,+M=NO+0+M, Finally, NNH
mechanism includes reactions with HNO and NyHy, components.
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Apart from NO and NO, formation, kinetic mechanism for N-containing components
formation should describe the formation of HNO, HNO,, HNOs, NOs, NxHy, correlation
between NO, and NO, and between NO, (NO+NO;) and NO,
(NOy=NO,+N,O+NO3+HNO,). Ratio of concentrations of NO, and NO for different aviation
engines varies from 5% to 25% [26]. Relative concentration of NOy is close to 0.01 of NOy
concentration [27]. Quantitative information about the emission of HNO, and HNO3 from the
aircraft engine is of vital importance for atmospheric chemistry, formation of polar
stratosphere clouds and prediction of aviation impact on the atmosphere. For the aviation
combustion chamber operating in diffusion mode, mainly mechanisms of Zeldovich and
Fenimore are responsible for NO generation. NO,-mechanism plays an important role in NO
to NO, conversion. It should be noted that NO and NO, generation in the combustion
chamber are closely coupled. N,O-mechanism contributes less in generation of NO in the
diffusion combustion chamber [28], but its contribution to NO generation in the homogeneous
combustion chamber, in which fuel-depleted compound is burned, is considerable.
Contribution of NNH-mechanism is far weaker and it can be often neglected when calculating
emission characteristics of modern combustion chambers.

Currently, to predict the emission of NO,, COy and unburned hydrocarbons (CxHy), two
different approaches are implemented. One of them is based on a semiempirical formula,
which includes pressure and temperature of gas at the combustion chamber inlet and the time
of gas residence in the combustion chamber (e.g. [29]). The other approach is based on the
implementation of reactor models, which calculate concentrations of NO,, COy, HOy, C,Hn,
and other components in each reactor using a detailed kinetic mechanism [30]. It should be
noted that this approach can also be used to predict the emission of S-containing components
and ions. To create a reactor model, the information about thermal fields and other parameters
of flow inside the combustion chamber is required in addition to the data on the time of
residence of gas in individual zones of the combustion chamber. This information can be
obtained using the methods of computational gas dynamics for simulation of turbulent
combustion or using quasi-global model of chemical kinetics, or assuming that energy is
released into the flow immediately after fuel-oxidizer mixing (model of instantaneous energy
dissipation).

For the modern gas turbine engines, the values of EINOy vary from 12 to 40 g/kg. To reduce
the emission of NOy to EINO,=5-8 g/kg, it is proposed to use lean, premixed compounds and
prevaporised liquid fuel (LPP — lean/premixed/prevaporized approach). In LPP combustion
chamber, homogeneous combustion of lean fuel-air compound is performed (equivalent
air/fuel proportion is 1.8-2). In this case maximal temperature in the combustion chamber
does not exceed 2100 K, which is significantly lower than for the conventional diffusion
combustion chamber (T=2400K). This leads to reduction of NOy generation in reactions of
Zeldovich mechanism. However, LPP combustion chamber is characterized by narrower
range of operational stability if compared to the conventional diffusion combustion chamber
and more hindered high-altitude ignition.

Recently, low-emission chambers with direct injection of fuel-lean compound have been
developed (LDI — lean direct injection). They are characterized by increased (if compared to
LPP chambers) range of operation parameters. Besides, these chambers can operate also at
high pressure (P=40-60 atm).

In addition to NOy, CO, CO,, the combustion chamber emits SOy and unburned hydrocarbons
(CxHy). Emission indices for different components depend on the structure and type of the
combustion chamber. Multi-reactor model calculations [30] showed that reduction of the
engine thrust results in significant growth of emission of CO, CyHy and organic compounds
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(CH0, etc.) and, vice versa, in reduced emission of NOx and CO, [31]. Table 2 gives
calculated emission indices for components NOy, CO, CO,, SO,, SOz, CxHy, CH,0, CH30H,
C,HO and values of pressure and air temperature at the combustion chamber inlet for
different operating modes of the gas turbine engine, when there is 0.04% fuel sulfur content.

Table 2. Parameters of gas upstream of the combustion chamber and emission indices of main
components at the HISAC engine combustion chamber outlet

Parameters
Po | 1 k | EINOw |EICO, | EICH,, | EISO,, [EISOs, |EICH;O,|EICH:OH,
Pesxcim paGoTh, MPa | © g/kg a/kg a/kg a/kg a/kg a/kg a/kg

% TAr;
100% 2.14 | 755 3.4 | 072 | 0.06 0.783 0.0199| 5-10° | 2.5-10™
85% 1.88 | 727 20.2 | 113 1.2 0.781 [0.0213|9.5-102| 6.5-10°
30% 0.89 | 591 12 76.7 | 12.9 0.748 0.0256] 5.3-10* | 1.1-10*
7% 0.41 | 485 8.7 105 18.8 0.723 0.0205] 3.1-102| 1.3-10°

Apart from the specified neutral components, ions and electrons are generated in the
combustion chamber during the combustion of hydrocarbon fuel [25, 32]. lons can induce
nucleation of volatile aerosols and enhance coagulation of aerosol particles [33]. Another
possible mechanism for the influence of ions on generation of volatile and non-volatile (with
a soot core) aerosol particles is associated with the interaction of ions and soot particles. lons
can attach to soot particles, induce the charge on the particle surfaces and hence trigger
deposition of dipole molecules and different water-soluble substances on soot particle surface
[34].

3.2. Features of ion generation

Note that the majority of studies on ion generation have been conducted in flames [35]. lon
composition greatly depends on fuel-air proportion ¢ and fuel type (hydrogen, hydrocarbons,
aviation kerosene, etc.) In hydrocarbon-air flames there form positive C,H30", C,H;, CH},

HCO", C3Hs0", C3H;,0", H30", H,0", O;, NO*, NO; and negative HCO, , HCO;, CO;,
CO,, O0,, OH, NO,, NO;, CN ions. In fuel-rich compounds (¢>1) heavy hydrocarbon
ions C,;Hy, C,;H;,, C,,H},, C.H,;, and positively charged molecules of fullerenes [36] are
formed. Measurements downstream of the combustion chamber showed the presence of ions
CxHyO" and CHyO", ions SO;, SO, and HSO, [37]. To understand the mechanisms and

main ways of ion generation, experimental data should be complemented by numerical
simulation. Therefore rather complex kinetic models describing the generation of charged
components at combustion of different fuels have been developed [25, 38, 39].

Processes of ion generation in the combustion chamber of the aviation engine are more
complex than in laminar flames. The majority of modern aviation combustion chambers
operate in diffusion mode, and the composition of fuel-air compound in different zones of

27




AM. Starik, O.N. Favorskiy

combustion chamber is significantly different. Therefore different ions may form in the
combustion chamber. Time of gas residence in the combustion chamber (5-10 ms) is far less
than in the flame (~100 ms). Total concentration of ions at the aviation engine combustion
chamber outlet measured in [40] was ~2-10° cm 3. However, inside the combustion chamber
the concentration of ions and electrons can be estimated only numerically.

y, m fuel rich flame front
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Fig.1.Temperature field in gas turbine combustor

To simulate the processes of formation of charged gaseous components inside the combustion
chamber, approximate models of combustion, e.g. model of plane flame front, should be used.
Concentration fields of different ions inside the aviation engine combustion chamber were
calculated in [32]. Maximal ion concentration in the diffusion combustion chamber appeared
to be in the fuel-rich zone of the chamber located before the flame front (fig.1), and it reaches
10M-10% cm™ for C,H3;0". Maximal concentration of negatively charged components in this

zone is revealed for electrons and HCO; ions. However, at the chamber outlet only NO”,

Hs0", SO;, HSO, or NOj are present. Numerically predicted total concentration of positive

(negative) ions at the chamber outlet is 2-10% cm ™3, which agrees well with measurements [40].
Note that ion composition greatly depends on fuel sulfur level.

3.3. Generation of soot particles

Soot particles form in the fuel-rich zone of the combustion chamber due to clusterization and
surface growth of soot forerunners like polyyne molecules and polyaromatic hydrocarbons
[41]. According to the modern models, pyrene molecules consisting of four benzene rings are
the main building material of soot particles. Primary particles (clusters) with the radius of
approximately 1 nm are formed from pyrene molecules after their coalescence. In the fuel-
rich zone of the combustion chamber, concentration of pyrene molecules can reach 10%? —
10 em ™3, and concentration of primary clusters (nucleating seeds of soot particles) 10 —
102 em2,

Note that combustion products of hydrocarbon fuels are typical dust plasma. It consists of
different molecular gases, ions, electrons, carbon clusters and soot particles. Therefore one
should take into account plasma-and-chemical processes in the combustion chamber to
predict the charge and size distribution of soot particles. Such models have been developed
recently at the Central Institute of Aviation Motors (CIAM) [42-44]. These models allowed
explanation of the experimentally measured symmetrical distribution of soot particles over the
charge in hydrocarbon-air flame. The developed models take into account that ions and
electrons of the fuel-rich zone of the combustion chamber attach to clusters and soot particles.
Hence initially neutral clusters and particles attain significant charge. Charged clusters with
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opposite polarity coagulate much quicker than neutral ones. Besides, a charged cluster
induces a charge on a neutral particle. Therefore interaction of neutral and charged clusters
(particles) causes additional forces that augment cluster coagulation [33] and hence simplify
the formation of soot particles [42-44]. Even small particles with a=4nm radius can acquire a
charge of Q=4-5¢ (e —electron charge). Larger soot particles with the size of 40 nm acquire a
charge of (15-30)e in the combustion chamber zone immediately upstream of the flame front.
The charge at the cluster surface (of soot particle surface) augments the deposition of
molecules with a constant dipole moment on the soot particles’ surface. E.g. a sticking
coefficient of H,O molecules to a particle with =4 nm and Q=5e¢ is 10 times more at 7=2000
K and P=10° Pa than for a neutral cluster. Calculations showed that substantial fraction of
soot particles (~10%) with relatively high charge can accumulate water-soluble components
(molecules possessing their own dipole moment H,O, SO,, NO,, HNOs, CH;O, etc.) inside
the combustion chamber. This process leads to the change of heterogeneous properties of soot
particles’ surface and increase of their hydrophilic properties.

Analysis of infrared-Fourier spectra of soot collected downstream of the combustion chamber
showed that such soot consists of two different fractions: main fraction containing
amorphous carbon and the fraction of impurities characterized by complex structure and
significant amount of water-soluble substances, like organic sulphates, S-containing ions and
organic molecules, on the surface of soot particles. Up to ~13.5 % of water-soluble substances
can deposit on soot particles inside the combustion chamber [45]. Analysis of experimental
and numerical results yielded the conclusion that the main fraction is formed from neutral
clusters and particles with a small charge (Q < 2e). These particles can not accumulate polar
molecules inside the combustion chamber, and they are hydrophobic. Vice versa, the fraction
of impurities demonstrates high level of hydrophilic properties. It is formed from particles
with rather high charge level (Q > 10e).

4. Variation of combustion products composition in engine duct

Rapid expansion of hot gases generated in the combustion chamber of a jet engine, in a
turbine and a nozzle (happens within 5-7 ms) leads to non-equilibrium variation of chemical
composition of combustion products and redistribution of the charge on soot particles.
Researchers have been studying these processes from the beginning of 1990s [32, 46, 47, 48].
The conducted research showed that the concentration of strong oxidizers like O, OH, HO; in
combustion products (the latter basically consist of N,, O,, CO, and H,0) significantly varies
from the outlet of the combustion chamber to the nozzle outlet. E.g. for RB211 engine at
cruise flight regime of B-737 airplane, the emission index of OH changes from 5.4 g/kg at the
combustion chamber outlet to 66 mg/kg at the nozzle outlet. Reactions of OH with NO;, SO,
and other components of compound take place inside the engine duct. Therefore concentration
of OH in the exhaust jet is only 1 ppm, which correlates well with the experiments on
detection of OH in the engine jet in flight conditions [49]. Here SO3; and H,SO, are also
generated due to SO, oxidation, the latter being the main sulfur-containing component formed
during the combustion of aviation kerosene in the combustion chamber. Amount of SO3; and
H,SO,, together with the amount of NO3; and HNO,, depend (though considerably less than
the amount of SO3; and H,SO,) on fuel sulfur concentration. Approximately 3-5% of SO, can
transform into SO3 and H,SO,4 depending on the conditions of expansion of gas in the turbine
and the nozzle. Concentrations of NO3, HNO,, HNO3 and elements of N,H, also change
significantly, and vice versa, the molar fraction of compound components like NO and NO,
does not change so significantly. This shows that the engine emission characteristics with
respect to NOy are defined mainly by the combustion chamber perfection.
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Despite considerable growth of HNO, and NO3 concentration from the combustion chamber
outlet to the nozzle outlet, total amount of HNO,, HNO3; and NOj3 does not exceed 1% of NOy
in the engine exhaust. This agrees well with the measured concentrations of these components
in the engine jet [27].

It was shown for the first time ever that the gas turbine exhaust is characterized by
considerable concentration of sulfur-containing components HSO,, SO,, SO3;, H,SO, even
when there is no sulfur in the fuel. In this case, generation of the specified components in the
engine duct results from transformation of S-containing components COS, CS,, H,S and SO,
in SO3 and H,SO, in the atmospheric air during the combustion of hydrocarbon fuel with the
air in the combustion chamber [50].

Table 3 compares the calculated emission indices of different components at the combustion
chamber outlet and the nozzle outlet of the bypass turbojet with the internal mixing of the
flows of the first and second ducts for fuel sulfur content 0.04%. This engine is considered as
a basic engine for an advanced supersonic business-class airplane in HISAC project of the 6"
framework program of EU. One can see that for the majority of components the emission
indices at the combustion chamber outlet and the engine outlet differ significantly.

Table 3. Emission indices of different components EI(M) at HISAC airplane combustion
chamber outlet and nozzle outlet

Thrust, 0% 100% 85% 30%
Combustion Combustion Combustion
nozzle chamber nozzle chamber nozzle chamber
SO, 0.73 0.783 0.69 0.781 0.705 0.748
H,SO, 0.054 0 0.029 0 0.0188 0
NO, 35.6 36.4 26.5 29.2 11.2 12
CO 0.59 0.72 10.21 11.3 725 76.7
CO, 3122 624 2873 574 2895 579
CxHy 0.12 0.06 0.48 1.2 10.7 12.9
CH,0 3.8-10" 5-10° 3.7-10° 9.5-10° 5.75-107 5.3-10™
CH,OH 3.8-10™ 2.5-10™ 8.33-10™ 6.5-10° 0.8-10* 1.1-10™
C,0OH 3-10° 1.2-10° 4-10™ 2.3-10° 1.38-107 2-10*

One should also note high concentration of organic compounds (CH,0) at the nozzle outlet,
which even at the nominal engine mode (85% of maximal thrust) is about the same as H,SO,4
concentration. This means that when the fuel sulfur content is small (FSC<0.04 %), the
aerosol particles formed in the aviation engine jet are mainly organic particles on the basis of
H,O/CH,0 or H,O/CH,0/H,S0O4 solution. This conclusion correlates well with the measured
concentration of liquid aerosol particles depending on fuel sulfur content. These
measurements have been conducted in the framework of SULFUR-5 project: for small fuel
sulfur content the concentration of aerosol particles did not change with growing FSC [51].

5. Processes in jet engine exhaust jet

The analysis in the previous section yields that the gas at the gas turbine engine nozzle outlet
contains considerable amount of different compounds, including ions, neutral and charged
soot particles, gas components, which are forerunners of aerosol particles H,O, SOz, H,SO,,
HNQOj3, organic molecules (e.g. CH,0).
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The process of cooling relative to hot gases (T~600 K) outflowing from the nozzle (the former
occurring due to mixing of exhaust gases with cold atmospheric air (T,~220 K)) leads to a
whole range of non-equilibrium physical and chemical processes. These are: transformation
of the compound chemical composition, generation of cluster ions, generation of liquid
sulphate (H,O/H2S0O,) or organic (H,O/CH,0) aerosol particles with d=2-14 nm, formation of
quite large particles with d=0.1-1 um with a soot core covered by H,O/H,SO, and
H,Ol/organics solution, and formation of ice particles (when supersaturation solution/ ice
conditions are attained, the liquid shell deposited on soot particles freezes). All these
processes take place against the background of complex gas dynamic structure of the flow
resulting from turbulent mixing of products exhausted from the engine nozzle with air
containing atmospheric gases Os, COy, HOy, SOy, H20x, HxS, CSx (X=1, 2), NOy (y=1-3),
HNO; (z=1...4), N2O, N2Os, CHa, C;Hn, CHyOy, COS, HCI, Cly, CIOy, CCl,, CFCly, CFCly,
HOCI.

It should be noted that despite the considerable amount of experimental and theoretical
research of these processes, many problems remain unsolved. Thus, mechanisms of
generation of quite large liquid aerosol particles with d>10 nm are unclear. Besides, soot
particles activation mechanisms that transfer initially hydrophobic soot particles into
hydrophilic ones (i.e. able to deposit H,O vapor on their surface) are incompletely understood.
These mechanisms are the key ones for the description of condensation trail generation and
formation of additional clouds in the troposphere due to commercial airplane flights. E.g.
hopes were laid on the so-called “ion” model of liquid acrosol particles generation [52]. This
model considers the kinetic process of coagulation of charged cluster ions and neutral
molecules H,O, H,SO, as the main process for aerosol generation. This model allowed
explanation of the existence of considerable amount (N.~10° cm™) of relatively large liquid
particles with d>14 nm in subsonic airplane jets [53]. However, numerical results agreed well
with experimental data only when ion concentration at the nozzle outlet was N;=2-10° cm?,
which is 10 times the values measured and calculated using detailed N; models. The second
incorrect premise made by this model’s authors was the decrease of condensation coefficient
for small clusters with d=1-6 nm down to 0.01, and for relatively large particles with d>6 nm
it was taken as 1. The latest experiments and calculations using the molecular dynamics
models showed that this coefficient is close to 1 both for small and large clusters.

CIAM has also developed the detailed microphysical models of generation of cluster ions and
liquid sulphate aerosols interacting with polydisperse ensemble of soot particles. These
models allow for the activation processes of the latter due to coagulation with sulphate
aerosols and heterogenic binary nucleation H,O/H,SQO, on the surface of soot particles [50, 54,
55]. The analysis of the effect of generation of ions and sulphur compounds SO;, SO3, H,SO4
on generation of sulphate aerosols and cluster ions in exhaust jets of existing subsonic
passenger airplanes was carried out. It has been shown that when at the engine nozzle outlet
there are SOz and H,SO, formed in the jet engine duct, this leads to formation of small
sulphate aerosol particles with the diameter not exceeding 1.2 nm and concentration ~10*-10°
cm™ (at d>1 nm), even when sulfur is absent in fuel. Presence of sulphate aerosols in the
sulfate-free fuel engine jet leads to an important conclusion that liquid particles will also form
from ternary solution H,O/H,SO4,/HNOg in a hydrogen engine jet.

Soot particles emitted from the engine nozzle (their radius falling within the range ~5-100 nm)
can accumulate solution H,O/H,SO, or H,O/CH-0 on itself even at small distances from the
nozzle outlet (25-100 m) both due to heterogeneous nucleation from gaseous phase and
deposition of small sulphate aerosols in the process of their coagulation with soot particles.
These processes are more intense on charged soot particles. Besides, H,O and H;SO,
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molecules can deposit directly on the latter owing to electrostatic interaction. Depending on
fuel sulfur content, 5-15% of soot particles may be covered with H,O/H,SO, solution with
organics and HNO3 additives.

Liquid solution on the surface of soot particles is one of the key factors for the generation of
visible (condensation) trail of the airplane. The point is that clean soot particles are
hydrophobic and even when supersaturating with water vapor in the jet, there is no H,O
condensation on clean soot particles. The latter is possible only on the particles the surface of
which is covered with H,O/H,SO,4 or H,O/CH,0 solution. Condensation of H,O vapor makes
the radius of these particles grow up to 1 um (for large particles). Generation of such large
aerosol particles containing in their cores the soot particles covered with dilute solution of
H,O/H,SO, takes place already at the distance of 200 m from the nozzle outlet. When the
temperature falls down to 230-240 K, the solution (dilute solution H,O/H,SO,) freezes on
these particles [55]. Their concentration in the jet is 10%-10* cm™. It is these particles that
form the visible airplane’s trail and that are able to initiate additional cloud formation.

Thus, emission from aviation engines into the atmosphere causes generation of additional (if
compared to the natural level) amount of solid (soot and ice) and liquid (sulphate and organic)
microparticles in the upper troposphere and the lower stratosphere.

5. Aviation and stratosphere aerosols

At the altitude of 15-35 km (with the maximum concentration at 20 km) in the atmosphere
there are other sulphate aerosols and particles consisting of supercooled ternary solutions
H,O/H,SO4/HNO3. The size of these particles falls within the range of 0.1-1 um. Their
amount greatly depends on volcanic activity. Thus, the explosion of Pinatubo in June 1991
initiated formation of new sulphate particles. This led to fiftyfold increase of the surface area
of sulphate aerosols. Evolution of composition and phase condition of such aerosols is
actively studied. This is crucial for understanding of mechanisms of formation of stratosphere
clouds in polar regions of the Earth.

Clouds observed at the altitude of 14-24 km at the temperature of T<195 K are called type-1
polar stratosphere clouds (PSC-1), They consist of particles of crystal nitric acid trihydrate
HNO3-3H,0 with the size of 0.15-5 um. At lower temperatures T<188 K, which are typical
for winter months above Antarctic Continent, 1-10 um ice particles are formed in this area.
Their properties are close to the ones of particles that constitute high cirrus in troposphere.
Obijects consisting of such ice crystals are called type-2 polar stratosphere clouds (PSC-2).

It was established that heterogenic processes on the surface of aerosol particles play a key role
in destruction of ozone at the altitude of 15-25 km. The abovementioned Pinatubo explosion
caused 3-4% decrease of ozone concentration at middle latitudes in winter 1992-1993.
Estimates were made on the basis of 2D photochemical models, containing a module for the
description of aerosol generation. They showed that under full conversion of SO, into H,SO,
and formation of ~10 nm drops in the airplane trail, the maximal increase of the surface area
of sulphate aerosols in flight routes of tentative fleet of 500 supersonic passenger airplanes
flying in a latitudinal corridor 30-60°N at the altitude of 18 km with the velocity 2.4 times
exceeding the sound velocity (NASA scenario) can reach 200% of natural level. Average
increase of concentration of stratosphere sulphate aerosols under this scenario will be 22%,
which is similar to an eruption of a small volcano.

Additional generation of PSC-1 may result from the emission of NOx, HNO,, HNO3, NO3 and
H,O from jet engines operating at high latitudes, since increasing content of HNO3; and H,O
in the stratosphere leads to 1.7°C increase of the threshold temperature at which formation of
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HNO3-3H,0 crystals starts. Allowance for the detailed microphysics of PSC-1 formation
when estimating the aviation impact on the atmosphere according to NASA scenario led to
20% increase of the area of PSC-1 particles’ surface area at the altitude of H=15 km and
latitude 70°N and formation of PSC-1 even at relatively low latitudes (60°N).

Unfortunately, there is no research of the influence of possible formation of
H,O/H,SO4,/HNO3; and ice particles in the airplane trail on the formation of stratosphere
clouds at high latitudes. Though considerable concentration of sulphate aerosols generated in
the airplane trail should lead to the increase of possibility of generation of all types of PSC.
Therefore it may appear that the recently estimated impact of supersonic flights on the
stratosphere aerosol layer and generation of PSC has been underestimated and should be
reconsidered allowing for new data on the generation of condensed phase in the stratosphere
and data on simulation of particle growth in the airplane trail and their subsequent evolution
in the atmosphere.

7. Aviation and climate

The less studied issue nowadays is climatic consequences of aviation objects in the upper
troposphere (altitude of 10-12 km). This is due to the complex analysis of large number of
interrelated processes in this atmospheric layer: exchange between the troposphere and
stratosphere, latitude and meridional transfer of air masses, physical and chemical
transformations of gaseous phase and on the surface of aerosols. This layer is also the most
sensitive to the greenhouse effect resulting from the increasing concentration of H,O, CO,,
N,O, CH,4 and other gases that absorb infrared radiation.

It should be noted that the contribution of H,O emissions by airplanes is quite small if
compared to the background level, but the consequences of additional formation of cirrus due
to this emission to the troposphere may appear quite significant. Such clouds cause severe
greenhouse effect. According to the estimations, the peak increase of clouds (2-3.5%) due to
condensation trails is observed in January in North Atlantic flight routes (average value for
Europe is 0.5%). Climatic consequences of cloudiness enhancement are the change of
atmosphere balance and heating near the Earth surface by 1.2-1.4K.

Troposphere aerosol layer also contributes much into climate. The former differs from the
stratosphere layer in its composition. The concentration of aerosols when passing from the
lower stratosphere to the upper troposphere decreases ten times. The main part is sulphate
aerosols, but their H,SO,4 content decreases if compared to the stratosphere from 75% to 60%
due to relative humidity growth. When the altitude decreases, H,SO, is partly neutralized, and
ammonium sulphate is generated. Elemental analysis showed the presence of microparticles
of the Earth crust in the upper troposphere. These particles contain silicon and calcium, metal
particles: ferrum, aluminum, zinc, stannic, and soot. The main contribution to the generation
of soot troposphere layer is made by aviation.

The basis of soot is spherical particles with the size of 20-40 nm. In the atmosphere, they exist
in the form of agglomerate chains with the size of 0.1-0.5 um. They can play an important
role in the troposphere radiation balance. Being inside the cloud drops, soot particles decrease
the reflecting power by 30% if compared to pure water for the wavelengths less than 1 pm.
Registration of 0.15 um particles (optimal size for the generation of cloud condensation nuclei)
in the subsonic airplane’s trail yields important conclusions concerning possible increase of
concentration of these nuclei in the troposphere due to aviation impact.

To estimate the total climatic effect of aviation flights in the upper troposphere, one should
possess information on heterogeneous destruction of different compounds. Thus, O3 decays
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actively on the surface of soot particles, hence NO, and HNO3 with conversion to NO takes
place. This contributes to the decrease of ozone content both in the upper troposphere (the
region of maximal soot aerosol layer) and in the lower stratosphere (where soot aerosols can
raise).

The predicted double consumption of fuel by airplanes in the nearest 18-25 years can lead to
the double area of soot particles’ surface in the lower stratosphere and tenfold increase of their
concentration within the flight roots.

8. Conclusions

It has been established that both the subsonic and supersonic aviation can influence the
atmospheric processes and climate. However, the degree of impact has not been quantitatively
estimated so far. This is due to the lack of knowledge on the processes in the atmosphere and
complexity of models used for such estimations, which require rather large number of
parameters, which have not been defined yet. Nevertheless, it is already recognized that
special standards should be introduced on the emission of gaseous and aerosol components by
aviation engines at cruise flight mode to minimize negative consequences of aviation
transportation from the standpoint of their impact on the atmosphere and climate.

Nowadays, the main directions of the research include definition of engine emission
characteristics, simulation of physical and chemical processes when gases emitted from the
nozzle mix with the atmosphere, studies of atmospheric processes that are the most sensitive
to the global impact of aviation. We need more detailed research of gas-phase processes in the
atmosphere and on the surface of particles of stratosphere and troposphere aerosol layers,
studies of the dynamics of formation of microparticles in the upper troposphere and lower
stratosphere. New data should be obtained on heterogeneous reactions on the surface of
particles of polar stratosphere clouds, on sulphate aerosols, particles of ternary supercooled
solutions and soot troposphere aerosols. It is important to determine the role of emission
aerosols in formation of polar stratosphere clouds and additional cloudiness in the troposphere.
And it is also necessary to study how sulphate and organic aerosol particles generated in the
near-field engine jet transform when they get into the atmosphere within the time scale of ~10
seconds — 1 hour and more, i.e. during the diffuse spreading of the exhaust jet.

The work was financially supported by the President’s Council for the Support of Young
Scientists and Leading Scientific Groups (grant no.NSh-960.2014.8).
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O Moe1MpoBaHUM NPOLECCOB IPHY BHE3ANHOM pa3repMeTu3aluu
0TCEKA B JIeTATEJbHOM anmapare

B.J. lonuxk

lNocynapcrBennoe npeanpusitue kKAHTOHOBY
VYkpauna, 03062, Kues, yn. Akanemuka Tymonesa, 1

Brniepsble npoBeneHb! UCCIE0BAHUS U YCTAHOBJIEHBI OCHOBHBIE 3aKOHOMEPHOCTH a3P0aKyCTHUECKUX
IPOLIECCOB TP BHE3AIHOW pa3repMeTH3allMid U MCTEYCHHH ra3a M3 OTCeKa JIeTAaTeJbHOIo ammapara
yepe3 Kpyrjioe M «pBaHOE» OTBepcTHs. Paspaborana mertoanka oOpaOOTKM CIIEKTpa MyJdbcanuid
JIaBJICHUsI BO3JlyXa B OTCEKE IpPU BHE3AIHON pa3repMEeTU3aldd. Y CTOMYMBBIE OLICHKH IOKA3aHHM
MyJBCAIMA TAaBJICHUH BO3yXa MOIYYEHBI ¢ MPUMEHEeHnEeM (rIbTpa beccemns U moIocoil mpoIrycKaHus
A =(0...400) T'n. Cnektp ypoBHsi 3BykoBoro namienusi (Y3]]) oTBepcTHsi THIA «pPBaHOE» C
For=(0,486...0,497) (F, . = F,/F,F, - mnomans orsepcrus, F - mwiomans orceka) mo OTHOLIECHHIO

K CHEKTPY AJIsl KPYTJIOTO OTBEPCTHUS UMEET TPU 00JIaCTH MEepPEeCeUCHUs.

BBenenune

Hcreuenne raza M3 OTCEeKa JIETATENLHOIO ammapara MPOMCXOJAUT Yepe3 OTBEpCTHE
NPOM3BOJILHOW  KOHpHTrypauuu W 1iomanu. llpexcraBisercss BakKHBIM — MPOBECTH
UCCJICIOBAaHMSI U YCTAHOBUTh OCHOBHBIE 3aKOHOMEPHOCTHU IPOILIECCOB UCTEUCHMsI BO3yXa U3
OTCeKa NPEMMYIIECTBEHHO dYepe3 Kpyrioe oteepctue. llpm 3TOM Takke HEoOX0IUMO
OIpPENIeIUTh OCHOBHBIE XapaKTEpUCTUKU JBMXKYLIETocs TIa3a B OTCEKE M B 00JacTH
pasMeIneHus Kpyrioro oTBepcTusi. PazpaboTanbl OCHOBHBIE MOJEIH ABMKYLIETOCS Ta3a MpH
UCTEUEHUH T'a3a 4yepe3 Kpyriioe OTBepCTHE MPU JOKPUTUYECKOM M 3aKpUTHUYECKOM Iepernajie
JABJICHUSI MEXJly OTCEKOM U Cpe/lol, B KOTOPYIO MPOUCXOIUT BTeKaHue raza. Ha ocHoBanuu
pa3paboTaHHBIX MoOjejiel ObLIM MpOBEIEHBbl pacyeThl MapaMeTpoB BO3JyXa B OTCEKAaX B
Pa3IUYHBIX OTPACIISIX TPOMBIIIIEHHOCTH.

1. AHanu3 U3BeCTHBIX padoT

BriepBrie TeopeTHdeckre MCCIIEOBaHUS TEUEHHS BO3AyXa 4Yepe3 OTBEpCTHE B KaHale, IO
KOTOpOMY JBWXKETCS BO34yX, npoBen Hwukomaii EropoBuu JKykosckmit [1]. Ceprei
AnekceeBnd YamnblriH paccMOTpen 3aaady o0 HCTEYeHMM ra3a 4epe3 OTBEpCTHE U3
O6eckoHeuHOro cocyaa [2]. BnusHue KOH(Urypaluu OTBEPCTUS Ha MPOLECChl TEUECHUs
BO3/yXa B paboTax HE PaCCMOTPEHO.

JanbHeiime uccnenoBaHus ra30MHAMUYECKUX MTPOLECCOB UCTEUEHHUS I'a3a yepe3 OTBEpCTHE
C OCTPOM KPOMKOH, C PaguycoM M JUIsl T03BYKOBOM, 3ByKOBOM M CBEPX3BYKOBOW CKOPOCTH
OBLIO OCYIIECTBJICHO psioM aBTopoB [3,4,5].

B pabGorte [6] ommcanbl mporecchl OOTEKaHHS CTpye raza (KHJIKOCTH) IIJIOCKOTO JKpaHa
(ctenku). PaccMOTpeHBI MpoLecchl ABMKEHUS YCTAaHOBUBIIETOCS UJIEaIbHOTO ra3a U CHIIOBOE
BO3/IEIiCTBHE CBOOOJIHOM cTpyn Ha 3kpaH. I[lomyueHa matemaruuyeckas MOJEIb CHIIOBOTO
BO3/IEHiCTBUA CBOOOHOI cTpyH rasa Ha skpaH. @opmyna P =QxVv (Q -maccoBslii pacxon

raza, V-CKOpPOCTb Ta3a) OMpenesseT AMHAMHUYECKYIO CHUITy BO3JEHCTBHUS CTPYH Ta3a Ha
IJIOCKYIO0 CTEHKY, pAaCIMOJOKEHHYIO TMEpPHEeHIUKYIIPHO K mMOoTOoKy. s uaeanbHOM
HEC)KMMAeMOM JKUJKOCTH ONpe/IesieHa CHIa U TOUYKa ee MPUIIOKEHHs Ha DKpaHe.
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B pabGore [7] paccMOTpeHBI THAPOJAMHAMHYECKHE CHJIBI, JEHCTBYIONIHME Ha pa3InYHBIC
TUApaBIMueckue opranbl. Ha ocCHOBaHMM ypaBHEHUU MEXaHUKUA ABUXKYIIErocs Tena
IIPOBEJICH aHAJIU3 UCTEUYEHUS OJHOPOAHOM )KHUIKOCTH U3 3aMKHYTOI'O COCYJIa CO CKOPOCThIO V

4yepe3 OTBEPCTHE MOMEPEUHOro CEYEHUs S Ha skpad. IIpu stom, Bosuumkaer cuma (F),
paBuas F =M xv+ (P, —R)S (M -maccoBblii pacxo KHAKOCTH, Pl-CTaTquCKoe JaBIICHUE

JKHJIKOCTU Ha BBIXOJE U3 OTBEpCTHs, Pj- JaBieHHe OKpYXarowero IpoCTpaHCcTBa, B KOTOPOe

IPOUCXOAUT HUCTeUeHUe KuakocTw). HampaBneHue cuiibl COBHAJaeT € HalpaBICHUEM
ckopoctd V. HMccinenoBaHbl HEKOTOpPHIE YAaCTHBIE CIIy4ad TEYEHMs JKUJIKOCTH U peaKluu
MOTOKA, KOTOpble BBI3BAaHBI M3MEHEHHEM KojudecTBa JBIKeHUs. [lpencraBieHHble
MaTeMaTh4yecKre Mojaenu B pabotax [6,7] HE YYUTHIBAIOT CTATHMYECKYIO U JTUHAMUYECKYIO
COCTaBIISIIOLIYIO JIBIKYIIETOCS BO3JlyXa, UYTO OrPaHUYMBAET O0O0JIACTh MPAKTHYECKOTO
NPUMEHEHHS TIOTYIEHHBIX MOJIETICH.

B paGore [8] mpuBeneHsl pe3ynbTaThl 3KCIEPUMEHTAIBHBIX MCCIEIOBAHUN BHXPEBBIX
KJIAaIllaHOB C OCEBBIM, OCEpaHajbHBIM H mIeTeBbIM auddy3opamu. MaxkcuMaabHYIO
MPOIMYCKHYIO CIIOCOOHOCTh HMMEET BHUXPEBOW YCHUIIMTENb CO IneleBbiM auddy3opom ¢
koodPurmentom pacxoma 4 =1,91. Pabouas xapaxrepuctuka auddysopa MMeeT JBe

TUCTEPE3UCHBIX 30HbI CTYIIEHYaTOI0 U3MEHEHUS pacxo/a.
Oco0eHHOCTH pa3repMeTH3aly OTCEKOB JeTarenbHoro annapata (JIA) nsznoxeHns! B pabote
B.C. UBnentuena [9]. IlpencraBiensl MaTeMaTUyecKue MOJEIU IPOLIECCOB B OTCEKE IMPHU
U3MEHEHUH NapaMeTpoB rasza o u3zoTrepme, aauabare, noiurpore. B camom obmem Buze
paccMoTpeHa MOJENb MIpU INEPEMEHHOM 3HAu€HUU NOJIUTponbl. Pa3zpaboTaHHble Mozaenu
UMEIOT OrpaHMYCHHYI0 OO0JIaCTh NPUMEHEHHUs, C MOMOUIbI0 KOTOPBIX HE IMpEACTaBIISAETCS
BO3MOXXHBIM OINKCAaThb H3MEHEHUE TIa30JMHAMUYECKUX U a’dpPOaKyCTHUECKHX IpPOLIECCOB
BO3/1yXa B OTCEKE IPH BHE3AIMHOW pa3repMeTH3alHH.

B pabore [10] npeacrapiieH 3KkciepUMEHTANIBHBIA CTEH]T ISl IPOBEACHUS adPOaKyCTUUECKUX
WCCJIEIOBAHNUM NTPU BHE3AITHOW pasrepMeTn3anuu cocyna. CTeHs BKIHYAN COCYH € yNpyrou
MeMmOpaHnoii. [Ipu nogaue Bo3ayxa B COCy/l OT BHEIIHETO UCTOUYHMKA JJaBJIeHUs] MeMOpaHa Uiu
UCCclielyeMoe OTBEpCTUE MPU TpeOyeMOM JIaBJICHUHU Pa3phIBAJIOCh U MPOUCXOANUIIO BHE3AITHOE
HUCTEYCHUE Traza B OKpYKAIIIee MPOCTPAHCTBO (aTrMocdepy) HIM CMEXHBIM OTcek. B
IIPOLIECCE BHE3AIHOM pasrepMeTU3alMy ONpPENEIUINCh adPOaKyCTHUECKUE XapaKTEPUCTUKU
JBUKYIIETOCsl BO31yxa. BrepBble ompenerneHa CKOpPOCTh paclpoOCTpaHEHUs KoseOaHui
JIABJICHUs Fa3a B JIBYX CMEXHBIX OTCEKax IPU BHE3AIIHOM U3MEHEHUU JABJICHUS ra3a B OJTHOM
u3 oTcekoB. IIpuBeneHsl pe3yabTaThl U3MEPEHUH IlIyMa B 3aBUCUMOCTH OT JJIMHBI OTCEKa Ha
BBIXOJIE€ M3 MeMOpaHbl. BiusHue KOH(Urypauuu OTBEpPCTHS HpPU HCTEUCHHUU BO3AyXa W3
OTCEKa HE PacCMaTpHUBaJIOCh.

Ananuz pa6ot [1-10] moka3siBaeT, YTO MPOBEAEHBI MPEUMYIIECTBEHHO HCCIEIOBaHUS MpPU
MCTEUEHUH ra3a U3 OTCeKa 4Yepe3 KPYIjoe OTBEPCTHE M OTCYTCTBYIOT UX a’pOaKyCTUUYECKHE
XapaKTepUCTHKU. PeanpHbple NpoLECChl HMCTEUEHHUs Ta3a M3 OTCEKa 3a4acTyl0 HMMEIOT
OTBEpPCTHUSl TPOU3BOJIBLHON KOHPUrypauuu. XapakTepHbIM IPUMEPOM SIBISIETCS HCTEUCHHE
BO3[yXa IpU BHE3anmHOW pasrepmernsanuu orceka JIA. lMcreueHue Bo3myxa M3 OTCEKa
COTPOBOXKAAETCA CJIOKHBIMH a’3pOAaKyCTUYECKUMU SIBIEHUSIMU. B mpoliecce BHe3anHOM
pasrepMeTu3alui 3a4acTyl0 MPOUCXOMUT pa3pylleHHe CTEeKoN (oHaps KaOMHBI, y4acTKOB
¢rozenska, HapylmIeHHE IEJOCTHOCTH KOHCTPYKUMH KaOWHBI WJIM TepPMETUYHOCTH.
Oco0eHHOCTH TPOBEIEHHs TAKUX MCCIIEAOBAHUM M pacueToB OINpPENEIeHbl B COOTBETCTBUH C
AII-25. TlosToMy BO3HUKAET HEOOXOIUMOCTh MPOBECTH JIOMOJTHUTEIIBHBIE UCCIICTOBAHMS 110
YCTAaHOBJIEHUIO OCHOBHBIX 3aKOHOMEPHOCTEH H3MEHEHMs IapaMeTpOB BO3JyXa B OTCEKE,
HCCJIEIOBaHMSI OTBEPCTHUS, YePE3 KOTOPOE MPOUCXOIUT UCTEUEHHE ra3a
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2. AKTYaJIbHOCTH NP00JIeMbI

AHanu3  omyONMKOBaHHBIX  pabOT  MOKa3blBae€T, UYTO  YCTAaHOBJIEHHE  OCHOBHBIX
3aKOHOMEPHOCTEH Ta30/IMHAMHYECKUX W a’pOaKyCTHYECKUX MPOIECCOB B OTCEKE NP
BHE3AIHOM pa3repMeTH3alli OTCeKa dYepe3 OTBEpCTUE MPOU3BOJIBHONW KOH(GUTypanuu
SIBIISIETCS aKTyalIbHBIM U MIPEJICTABIISICT BAXKHYIO HAYYHO-TIPUKIAIHYIO TIPOOIIEMYy.

3. Heab u 3a1a4u Mccae0BAHUI

[{enpr0 HACTOAIIMX UCCIEAOBAHUM SBIISIETCS U3yUYEHNE OCHOBHBIX IPOLECCOB B OTCEKE MpU
BHE3AITHOM pa3repMeTH3aluu Yepe3 KPYyriioe U «PBaHOE» OTBEPCTHSL.

Jlnst nocTrKeHus eI pelarTes CaeAyoIue 3a1a4n:

1. PaspaboTtaTh METOAMKY aHaIHM3a CIEKTPA MyJbCAI[Ui TaBICHUS BO3AYyXa B OTCEKE.

2. YCTaHOBUTh OCHOBHBIE 3aKOHOMEPHOCTH Ta30[MHAMHYECKHX M adPOaKyCTUYECKUX
MpOLIECCOB B OTCEKax IMpPU MCTEUEHUU Ta3a uepe3 «pPBAHOE» OTBEPCTUE, IPOBECTHU
CPaBHUTEJIbHYIO OLIEHKY JUJISl CIIy4aeB KPYIJIOTO U «PBAHOI0» OTBEPCTUH.

4. MeToguka 0o0padoOTKH CHEeKTPA NMyJbCAllMi JaBJeHUs BO31yXa B OTCeKe NP
BHE3AINHOI pa3repMeTu3anumn

B npouecce BHe3anHON pa3repMeTU3aluyl 0OTCeKa MOXKET IIPOUCXOIUTh UCTEUECHUE ra3a yepes
OTBEPCTHE CIIO)KHOW KOHGHUrypammu. MexaHu3Mm o0pa3oBaHHsS OTBEPCTUS B OTCEKE
npencTaBisier coboil B 00IIeM ciiydae CiIydalHblid Hpolecc, KOTOPBIM 3aBUCUT OT MHOTHUX
¢dakropoB. OgHUM U3 (PaKTOPOB, KOTOPHII OKa3bIBa€T BIMSIHHME HA TEUEHHUE Ta3a U3 OTCEKa,
aBisieTcs: GopMa OTBEPCTHSI.

HccnenoBanust 1Mo HM3y4YEHUIO a’pOAKyCTUYECKUX IIPOLIECCOB IPOBOJWINCH Ha CTEHJE B
cootBeTcTBUM ¢ padoroit [10]. Crenn Bxmouan cocyd (OTCEeK), U3 KOTOPOTO MO
BO3/ICIICTBMEM M30BITOYHOTO JIaBJICHHS BO3/yXa IMPOUCXOIWIO pa3pylleHUuEe HCCIeayeMou
MeMOpaHbl U MCTEYEHHE BO3AyXa B aTMocdepy WM B cMeXHbIH cocyn. Ilpu paspymenun
MeMOpaHbl ~ 00pa30BBIBAJIOCH OTBEPCTHE Iulomanbld Fg ¢ OCTpbIMH  KpOMKaMmu.
OTtHOcuTenbHAA MioLIas 0TBepCcTUs cocTaisteT Fo= Fo/F, rne F-mnomanpe ceyenus kanana
(oTceka).

B  nmpomecce  ucredeHMsT  BO3yXa  ONPENEISUINCH  OCHOBHBIE  XapaKTEPUCTHKU
a’POaKyCTUYECKHX TPOIIECCOB (/IaBIEHHE Ta3a W YpoBeHb 3ByKoBoro mamieHus (Y3]l) Ha
BBIXO/JIE M3 OTCeKa). AHaIN3 criekTpa Y 3/] mo3BOIsIT ONpeesIuTh CTPYKTYPY 3BYKOBOTO IMOJIS,
CO3/1aBa€MOTr0 ABMKYIIMMCS Ta30M MpU BHE3AIMHOMN pa3repMeTru3alu oTceKa.

Metonrka o0OpabOTKM CHEKTpa MyJbCAlMil JaBIEHUS raza MpU pasrepMeTH3alud OTCeKa
OCHOBaHa Ha IIMPOKO MpHUMEHseMbIX HUPPOBBIX (uiabTpax barrepBopra, YeOnimeBa u
beccens. [IpoBoaunnch YMCIEHHBIE UCCIEA0BAHNS U3MEHEHMSI 1aBIICHUS Ta3a B OTCEKE NPU
BHE3aNmHON pasrepmeTrusanuu ¢ Fo,=1. OmnpezneneHsl npeAnoYTUTENbHBIE MapaMeTPhl
¢wibTpa (mosoca MPOMYCKAaHUS W CTENEeHb (QHUIBTPAa) BO BCEM /AMANa30HE H3MEHEHUS
napaMeTpoB rasza. /[ 4YacTOTHOrO aHaiM3a a’pOAMHAMMYECKOTO IIyMa MCIOIb30BaH
YHUBEPCAJbHBIA  PETHCTPUPYIOLUIMM  aHanu3atop  BHUOPOAKYCTHUECKHUX  CHUTHAJIOB
"SPECTRAN” (T'ocymapctBeHHasi MeTposiorudeckas arrectamuss  Ne  22-0771 ot
31.07.2006r.). YacToTa «omnpoca» JaTYUKOB JABIEHUS W TeMIEparypbl cocrasisia 35 kl'm.
[Ipy moBbIlIEHHM YAacTOTHI ompoca AatdyukoB A0 60 k[’ olleHKa M3MepseMbIX MapameTpoB
CYILECTBEHHO HE U3MEHSIACh.

Jlis  crekTpaJibHOrO aHajiu3a IIYMOB TMPU aKyCTUYECKUX H3MEPEHUSX HCIOJIb30BaHbI
pa3nuuHble (QUIBTPHI (3JIEKTPOHHBIE OKTaBHBIE W TPETh-OKTaBHBIC). [IpoBoamics aHanu3
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CIEKTpa IyJIbCAIlMid JaBJICHHUS C TPUMEHEHHEM (UIBTPOB C IOJOCOM MPOIYCKAHUS OT
A1=(0...50) ' o A f=(0...1000) I'ri. [To pe3ynbraTam npuMeHeHus GUIBTPa ONpeaesIach
JUCIEpPCHsl OmbITa: o =Y= (Y¢-Yb)2/N, rae Yg¢— 3HaueHHe JaBJIE€HHsA ra3a B OTCEKe C
npuMeHeHneM GunbTpa; Yp- TaBICHUS Ta3a B OTCEKE MO pe3ysibTaTaM U3MEPEHUN Ha TaTYHKe
naBiieHUs; N- KOJMYECTBO OIBITOB. BenWynHa JHUCHEPCUU C  YBEIMYCHHEM YacTOTHI
npornyckanus (UIbTpa MOHOTOHHO YMEHBIIACTCS MO AIKCIIOHEHTE; MpudeM s (uibTpa
YeoOrimena ¢ nosocoit mpomyckanus guibrpa A f=(0...50) I'm cocraBuser - Y=0,865x 10%°
Ila?, a ¢ monocoii mpomyckanus A f=(0...1000) I'u — Y=0,0197 x 10*° ITa? (puc. 1).

Y

1

03

06

04

02

0

0 200 an 600 20 1000 120 X

Puc. 1. 3aBucumocts nucnepcun (Y X 10" Haz) OT noJjockl nponyckanus ¢puibTpa (X, ')
IpY Pa3IUYHBIX BapuaHTax GuibTpa:

Kpusas 1 — ¢punstp barrepsopra;

Kpugas 2 — punstp Yebblmena;

Kpusas 3 — ¢punstp beccens.

MuHnumanbHOe 3HaueHUEe aucrepcuu nonydeHo g ¢uibTpa beccens ¢ A f=(0...50) I'n u
coctaBiusgeT Y=0,375x 10%° Haz, a ¢ Af=0...1000) I'm — Y=0,00528x 10 T11a%
3HaYUTENbHOE U3MEHEHUE JUCIIEPCUU TIOJTYYCHO JJIS MCCIeNyeMbIX (DMIBTPOB IO YaCTOTHI
nponyckanus A f=(0...400) I'u. [nsa ¢unstpa YebOblmeBa B 3T0i 00J1aCTH YaCTOT AUCTIEPCUs
ymenblnaercs B ~15 pa3. [Ins ¢punstpoB barrepBopra, Uebnimena u beccens ¢ yBenuuenuem
yacToThl pomyckanus ¢puibtpa ¢ A f=(0...400) I'm aucnepcuss MOHOTOHHO YMEHBINAETCS B
~4 paza W, MOXXHO CUMTAaTh, M3MEHSETCS IO JMHEHHOMY 3aKOHY. DJTa OO0JIACTh YacTOT
OPOMYCKaHUsT (QHIBTPOB XapaKTepU3yeTcsi IO CPaBHEHUIO C JAPYTUMH  O0JacTIMHU
YCTOMYMBBIMU OIICHKAMH H3MEPSIEMBIX IapaMeTpOB B 3aBHCHMOCTH OT THMA (UIBTpA.
AHanu3 crmekTpa IyJabCalluid JaBJ€HUs raza B OTCEKE INPHU 3aKPUTHUYECKOM OTHOIICHHUU
JIABJICHUS Ta3a B OTCEKE IMOKA3bIBAET, YTO MPEOOJIAMAIONINI yPOBEHD ITyJIbCAIMA JTaBICHHS
raza umeer Mecro Ha wyactore fx230 I'm. IlosToMy mNpeaNOYTUTENBHBIM SIBIISETCS
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UCIIONIb30BaHue (GUIbTpa ¢ 4YacToTod mnpomyckanus cBeime 230 [, MakcumanbHbIC
OTKJIOHEHHUS OIIEHOK C TpUMEHeHUueM (uIbTpoB HAOMIOJAETCS B Hayalle IOJOCHI
npornyckanus ¢puiabTpa. Beibop TpedyeMbix mapameTpoB (UIBTpa MO3BOJSET YCTPAHUTD 3TOT
HesmocTaTok. [l MpoBEIEHHBIX HWCCIEAOBAaHMMA 3Ta OO0JIACTH MCIIOJIB30BAaHUS (HIBTPa
HAXOJHUTCS B HAayaJbHOM O0JIaCTH JaBJICHUN Taza mepe] pa3pylleHHeM MeMOpaHbl, Koria
JIaBJIEHUE Ta3a B OTCEKe He HM3MeHsercs. VIMEHHO 3Ta o0nacTh JaBICHHMN Ta3a B OTCEKE
OKa3bIBaJla CYIIECTBEHHOE BIIMSHHE Ha 3HAUCHUE AMCIEPCUH MpU OleHKE I(P(PEeKTUBHOCTU
¢unpTpa. MakcuManbHOE OTKJIOHEHHE OIICHOK ToiydeHo aisi GuiabTpoB barTepBopra H
YeOrImieBa B Havalie pa3pylieHUus: MeMOpaHbl IIPY JaBJICHUH T'a3a B OTCEKE P 6~ 2,97x10°I1a
Y TIpY TIAJICHUN JABJICHUS Ta3a JI0 aTMOC(HEPHOTO.

Y

0.14 ,
—— 1

0,12H =~

0,1 //

0,08 /] ——
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0,04 /

0,02 &}!«‘

Dll
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Puc. 2. 3aBucumocts nucnepcun (Y X 10%, Haz) or crenenn ¢unpTpa (X) ¢ momocoit
nponyckanus guiibtpa A £=(0...400) ' 1151 pa3nuyHbIX TUIIOB QUIIBTpA:

Kpusas 1 — punetp beccensi; Kpusas 2 — punbstp batrepsopra;

Kpusas 3 — punbtp Yebslmiena.

OneHky, MoJlydeHHbIE ¢ IpUMeHeHneM (punbTpa beccens, nMen MUHUMAaJIbHbIE OTKIOHEHUS
OTHOCHUTEIIBHO KCIIEPUMEHTAJIbHBIX JIaHHBIX. B 30He BbIpaBHUBAHUs J1aBICHUS I'a3a B OTCEKE
0 aTMoc(epHOro OIIEHKM JaBlEHUS raza B OTCEKE C MPUMEHEHHEM pPacCMOTPEHHBIX
¢mibTpoB mMenu cMmemieHus no ¢aze. [na ¢unptpa beccens ¢ momocol mpormyckaHus
A1=(0...400) I'm momy4yeHb! MHUHUMAaJbHBbIE OTKJIOHEHHUS IO CPAaBHEHUIO C pe3yJbTaTaMH
OKCIEpUMEHTA. 3HAueHHs JHUCIEPCUU B O0JACTU TOJOXKHUTEIbHBIX M OTPHUIATEIbHBIX
oTknoHeHn X=Yy-Yp ¢ npumeHeHHeM (uiabTpa beccens pacnonaokeHbl CHMMETPHYHO
OTHOCHUTENIBHO OCH Y € HadajaoM KoopAuHAT B Touke X=0. 3HA4UMT, OLIEHKH ¢ IPUMEHEHUEM
¢unbTpa beccens pacnonoxeHbl pABHOMEPHO OTHOCUTENBHO SKCIIEPUMEHTANIbHBIX JaHHbIX.

Ha u3MeHenue napameTpoB raza B OTCEKE B COOTBETCTBUU C MOJEIBIO, COOTBETCTBYIOLIEN
sToMy (pUnbTpy, okasbiBaeT creneHb ¢uibTpa (puc. 2). Ilpu crenenu dunbtpa 10 1 6onee
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paccMaTpuBaeMble (PUIBTPbI UMEIOT MAKCUMAJIbHYIO JUCIEPCUIO U C YBEJIUYEHUEM CTEIEHU
(GmIBTpa XapaKTEePUCTUKU MPAKTUIECKU HE U3MEHSIOTCSI.

MunumansHoe 3Hauenue aucnepeuu (o° =0,00377 x 10" Haz) MOJIYYE€HO JIJIs1 PACCMOTPEHHBIX
¢mieTpoB barrepBopra, UeOnimeBa, beccenst mpu crenenu ¢unbrpa pasHoM 1. [lpu crenenu
¢unbTpa 6omnpiie 1 u Menbie 11 MUHUMAaNBHYIO JUCIIEPCUIO UMENa MOJIETb C IPUMEHEHHEM
¢mibTpa beccens.

Ouenku ¢ npumeHenueMm (uiubTpa beccens MMeOT YyCTOWYMBYIO JIMHEWHYIO 3aBUCUMOCTb,
YTO YKa3blBa€T HA MPEUMYIIECTBA €ro INPHUMEHEHHUS 10 CPaBHEHUIO ¢ (UIbTpaMU
berrepBopra u YeObimeBa. MakcCUMalbHYIO AMCIEPCHUI0 M BOJHOOOPAa3HOE HW3MEHEHUE
JTUCTIEPCUU OT CTENeHU (PHIIbTpa WMENH OICHKH IMPH UCIOJb30BaHWU (QuuibTpa YeOsimena.
Cremnenb ¢GuibTpa OKa3blBaeT BIMSHHE HAa CMEIIEHUE OLEHOK M3MEHEHMs JaBJCHHs rasza B
orceke. J{ns ¢punpTpa beccens co crenenpro 10 mMpoMCXOAUT «3ara3ibIBAaHUE) TABIICHUS ra3a
B oTceke mnpu Py~ 2,5x10° Ila wa 0,0135 c. [TorpemHocTes pe3ynpTaToB pacuera B
COOTBETCTBUU C MOJIETIBIO 110 CPABHEHHUIO C SKCIIEPUMEHTOM cocTaBiisieT 29%.

C yMeHBIICHHEM JaBJICHHS ra3a B OTCEKe 10 P~ 0,56x10° [1a 3amaspiBaHie 1aBIcHHS ra3a
B otceke pocturaet 0,002807 ¢, u morpentHocTh cocTaBisieT 5,7%. 3ana3npiBaHuEe AaBICHUS
raza B OTCEKE BO BPEMEHU MOJIy4YeHO U JiJIs crenenu ¢uiabTpa 1. B nuamasone paBieHui rasa
Puss~(0,5...2,5)x10° [1a 3ana3gsiBanue cocrasmsier (0,000275...0,000523) ¢, a HOrPELIHOCTD
pesyapTaToB pacueta He npesbimaer (0,6...1,1)%. Ilepuoamueckoe BoJIHOOOpa3HOE
M3MEHEHHE MapaMeTPOB raza B OTCEKE B COOTBETCTBUU C MOJIETBIO M CMEIICHHE OLIEHOK B
MIPOTUBOIIOJIOKHBIC CTOPOHBI OTHOCHTEILHO IKCIIEPHUMEHTAIBHBIX TAHHBIX TIPH Pa3HBIX (azax
M3MEHEHHUs JaBJICHUS ra3a B OTCEKE MO3BOJSET 3aKIIOYUTh O PABHOMEPHOM paclpeaesieHuu
JABJICHUW Ta3a OTHOCHUTENIbHO JKCIEepUMEHTaIbHBIX JaHHbIX. [lo ucreuenun (50...90) c
MoCcJie pa3repMeTH3ali OTCeKa MOTPENIHOCTh MOJIEIH 3aBUCUT OT CIyYaWHBIX MYJIbCAIlHi
napieHust raza. CTemeHb (QWIbTpa HE OKAa3bIBaCT CYIICCTBCHHOTO BIMSHHUS HAa XapakTep
K0JIe0aTEIbHOTO U3MEHEHHUS MMapaMeTPOB ra3a B OTCEKE B COOTBETCTBUH C MOJIENbIO, KOTOpast
cooTBeTCcTBYET (pribTpy beccens.

AHanu3 pe3ylbTaTOB HCCIENOBAaHUS TUCIEPCUU MOJENel MOKa3bIBaeT, YTO MUHUMAIbHOE
pPacXoXkJICHUE MEXTY JKCIIEPUMEHTOM W MOJIEBIO IMOJYYCHO NPH MPUMEHEHHH (QIIBTPOB
barrepBopta, UebnimeBa u beccens co cremenpto QuubTpa 1. [Ipu u3MeHeHHH CTENeHH
GuIbTpa MUHUMAIILHOE 3HAYCHUE JWCIIEPCHUU M YCTOWYUBBIC OICHKM WMEET MOJECNb C
npuMmenenueM ¢unbTpa beccens. IlomyueHHas Mojnenb omnpeneieHHs] MapaMeTpoB Ta3a B
OTCEKE C MPUMEHEHHEM (PIIIbTpa CO CTEMEHbI0 1 OTpakaeT xapakTep MPOTEKaHUs MpoIiecca,
OTHCHIBAET U3MEHEHHE JaBJICHUS ra3a B OTCEKE C JOCTATOYHOU AJI MPAKTHKU TOYHOCTBIO U
MOJKET PUMEHSTHCS JUTS aHAIHM3a IMPOIIECCOB TIPH BHE3AIMHON pa3repMeTH3aINH OTCEKa.

5. A’poakycTHUecKHE XapAKTEPUCTHKH NPH HCTEYEeHHH
raza yepe3 OTBEPCTHE THIIA KPBAHOE»

Oxcmutyarauus JIA mokasslBaeT, UTO HMEIOILMECS CIIydayd BHE3AIHOM pa3repMeTHU3aliy, KaKk
MPaBUJIO, COMPOBOXKIAIOTCS HCTEUEHHEM ra3a M3 OTCeKa 4epe3 OTBepCTHE MPOM3BOIBHOMN
KoHurypauuu. Takoe oTBEpCTHE MOKET UMETh CaMyl0 Pa3HOOOpa3HyI0 KOH(UTYpaluio U
3a4acTyr0 00pa3yeTcs B pe3yibTaTe pa3pylieHus KOHCTpykuuu JIA, oOmuBku (ro3ensoka.
OTBepcTHE COIAEPKUT BBICTYNAIOIINME B IOTOK 3JIEMEHTHl KOHCTPYKLUH, «PBAaHBIE» YacTH
KOHCTPYKIUHU, YIPyTH€ M HEMOJBM)KHBIE 3JIEMEHThl KOHCTPYKIMH. B 3aBHcHMOCTH OT
CBOWCTB KOHCTPYKIIMH OTBEPCTHE B IPOLIECCE MCTEUEHHs raza MOXET U3MEHATh (opMy U
wionaab. B aToM ciydae, OyneM HCIONb30BaTh TEPMUH «pBaHOE» OTBepcTHE. Pe3ynbTaTsl
WCIIBITAHUN OTBEPCTUSl THUNA «pBaHOE» mpexacTtaBieHsl Ha Puc. 3, Puc. 4, Puc. 5. Ilpnu
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BHE3AITHOM pa3repMeTH3aly 4Yepe3 OTBepcTHe THuma «pBaHoe» ¢ Fo,=0,036 (puc. 3)
XapakTep CHEeKTpa LIymMa NpU JOKPUTHUYECKOM OTHOUICHUU JABJICHUS CPAaBHHUBACTCS CO
CHEKTpaMH IIyMa JUIsl OTBEPCTUI THUIA «IIIEJbY, «IpoOKay, 0COObI HHTEpeC - CpaBHEHHE Ha
gactorax A0 63 ['. Biau3ocTh akyCcTHUECKUX XapaKTePUCTUK ISl OTBEPCTUS TUIIA «PBAHOE)
HaOmoaeTcsi ¢ KpyriabiM oTBepctueM npu Fo,=1. lng oTBepcTHs THUIA «pBaHOE» IPU
JOKPUTHYECKOM OTHOILICHUM JaBJICHUS C P1436:0,77><105 I[Ia mu Pm6:0,46><105 I1a
MaKCHMalbHOE€ W3MEHEHHE MyJbCalliil JaBlE€HUS TOJYyYeHO B OOJACTH HHU3KHUX 4YacTOT B
nuarnazone (8...31,5) I'm. C mnoBblIeHWEM YacTOThl Myjdbcanui gaBieHus Y3][
yBenuuuBaetrca ¢ L=58,6 n1b no L=81,9 nb npu PH36:0,46><105Ha, a npu PH36=0,77><105 IIa-c
L=69,6 b no L=97,5 nb.
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Puc. 3. Y31 (Y, n1b) B oktaBHBIX monocax 4acToT (X, ['m) mist oTBepcTUs TUMA «PBAHOEY C
Fore=0,036 mpu paszrepmernszaniii OTceKa C pa3IMYHBIMU HauyaJlbHBIMU JABJICHUSMHU Ta3a B
OTCeKe:
Kpupas 1- P,,6=2,75x10° [Ma, Ly, =121,15 1B;
Kpuast 2 — Py;5=1,2x10° ITa, Ley,=110,8 1B);
Kpusas 3 — PH36=1,3><105 ITa, Leyy=115,91 nb:
Kpusas 4 — PH3<;=0,77><105 ITa, Ly=103,68 nb;
Kpupas 5 — P,;6=0,46x10°ITa , L,,=99,11 1B.

Ha wyacrorax cBeimie 31,5 I'm MMeeT MECTO OTHOCUTEIBHO PaBHOMEPHBIM XapakTep
m3meHenuss Y3/[. [lpm 3akpuTHUYECKOM OTHOIIEHWM [JABJIEHUS CIHEKTp IIymMa HMEET
MakcumanbHbie ¥Y3]1 B oomactu yactor (8...16) I'tr, (2000...4000) 't 1 MmuauMansHbie Y 3/]
- B obmactu yactoT (250...500) I'u. IIpeobnanaromuii BKIag B OO yPOBEHB IIIyMa BHOCST
NyJIbCAallMU 3BYKOBOTO JaBJeHMs Ha yacToTax B oOmactu (8...16) I'm. Ilpm yBenuuenun
aBJIEHUS B OTCEKE C PH36=0,46><105 ITa mo PH36=2,75><105Ha cymmapuerii Y3J[(CY3/)
HENPEPBIBHO yBeNU4nBaeTcs ¢ Leyy=99,1 nb 10 Leyy=121,2 nb. IIpy noBeIIeHHH HA4aJIbHOTO
ABJIEHUS B OTCEKE C PH36:0,46><105 I1a no PM;;6:2,75><105 [Ta yBenmuenune V3] Ha gactorax
(8...125) Tm cocraBuser AL=(53,6...22,3) nb, ©Ha wyacrorax (125...1000) I -
AL=(10,2...22,3) nb, Ha yactorax cBbie 1000 I'ir - AL=(12,2...19,3) nb.
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[Ipu yBenM4eHHH OTHOCHTENIBHOM IUIomanu orBepctus a0 Fo,y=0,095 (puc. 4) npoucxoaut
U3MEHEHHE CIIEKTpa B 00JAaCTH 3aKPUTHUYECKOTO OTHOIIEHUS JABICHHUS M OTHOCHUTEIIBHO
HU3KHUX JIaBJICHUI B OTCeKe. JTO CBUIECTEIBCTBYET O TOM, YTO MPOHCXOAUT IEPECTpoiiKa
XapakTepa TEUeHHUs Ta3a uepe3 oTBepcThe. B o00macTu JdaBleHW raza B OTCEKe
PM36=(O,3...1,75)><105 ITa coBmamarT XapakTephl MyJbCAllUi JABJICHUS Ui OTBEPCTUH THUIA
«pBaHoe» u «uienby. Ha uacrorax ceeime 31,5 ['m nmpu PH36:O,26><105 Ila coBmagaroT
XapaKTephl MyJIbCAIIUI JTaBICHUS JJISI OTBEPCTHUS THIIA «PBAHOE» U «IIPOOKAY.
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Puc. 4. Y3]1 (Y, a1b) B okTaBHBIX mojiocax yacToT (X, ['11) amst oTBEpCTHs THMA «PBAHOE» C
Fore=0,095 mpu pasrepmerusanuu oTceka ¢ pa3NTUYHBIMU HauyalbHBIMU JABICHUSMHU raza B
OTCeKe:

Kpusas 1 — Pm6:0,26><105 ITa, Lcyy=96,55 nb;

Kpupasi 2 — P,,6=0,3x10° ITa, Ley,~=100,62 1b;

Kpusast 3 — P,,5=0,88x10° ITa, L.,,~108,84 1b;

Kpusas 4 — PH36:1,75><105 ITa, Ley=112,32 nb;

Kpusas 5 — PH36:1,35><105 Ma, Leyw=127,77 nb.

AHanu3 crnektpa (puc. 4) MoKa3bpIBaeT, YTO MAKCUMAIbHOE U3MEHEHHE MyIbCalluil TaBIECHUS
IIPH UCCIICTyeMBIX JABJICHHUSX B OTCEKE IMONYYCHO B O0JIACTH HHU3KHX YacTOT B JUAINa30HE
(8...31,5) I't, u oHo coctaBnser AL=(31,2...63,2) n1b npu u3MeHeHUH JaBIECHUS B OTCEKE B
obmactu Py;6=(0,26...1,75)x 10°IMa. [Ipu noBBIIIIEHNN HAYATHLHOTO TABJICHHSI Ta3a B OTCEKE C
P,:6=0,26x 10°TIa 1o P,.=1,75x% 10°TIa B MpoIlecce BHE3AMHOW pa3repMeTHU3aluU MPOUCXOIUT
HenpepbiBHOE yBenuueHue CY3/] ¢ Ley=96,6 nb 1o Ley=127,8 nb.

[Tpu sTom yBenmuenne Y3]l Ha wactorax (8...125) I'm cocraBnser AL=(31,2...63,2) nb, Ha
gacrotax (125...1000) T'm - AL=(37...21,8) ab, na wacrorax cBbemme 1000 T -
AL=(23,9...32,2) nb. Ilpeobnamaronuii BKiaa B OOIIUI YpOBEHb IIyMa BHOCAT ITYJIbCAIlUN
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3BYKOBOTO JIaBJICHHUsI Ha YacTtoTax B ooOsactu (31,5...63) I', 3a MCKIIOYEHUEM HCIBITAHUI
pu P,;;6=0,26x 10°Ta (3mech mpeobanaronwii Bkinaa Ha yactorax (1000...8000) ['m).
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Puc. 5. ¥3]1 (Y, nb) B okTaBHBIX nojocax yactoT (X, I'y) 1uist oTBEpCTUS THUIIa «PBAHOE» C
For=0,486 mpu pasrepmeTusanuu OTCEKa C Pa3JIWYHBIMM HauyalbHBIMU JABJICHUSMHU ra3a B
OTCEeKe:

Kpuast 1 — Py;=0,22x10° [Ma, Leyy,=104,7915;

Kpusas 2 — P,,5=0,4x10° Ia, Ly, =106,83 1b;

KpuBasi 3 — P,,6=0,77x10° [Ma, Lc,,=120,59 115;

Kpusas 4 — PH36=1,26><105 IMa, Leyw=117,2 nb;

Kpusas 5 — PH36=1,85><105 ITa, Leyw=128,54 nb;

KpuBasi 6 — P,,6=3,01x10° [Ma, Lc,,=136,12 1B.

[Ipu yBenWUeHWH OTHOCUTENBHOH momann otBepctust 10 Fo.,,=0,486 xapaktep cmekTpa
CYIIECTBEHHO m3MeHsiercs (puc. 5). CHekTp mymMa MMeeT MOJIOTYI0 XapaKTepucTuky. [lpu
MOBBIIIEHUH YacTOTHI MyJbcaluii uMeeM oOmuii xapaktep moHmwxkenus Y3J[. Hexotopoe
OTKJIOHEHHE OT AITOH 3aKOHOMEPHOCTU HaOIroAaeTcs B 00JIACTH KPUTUYECKUX DPEKUMOB
teyeHus. IIpeobnagarommii Bkiag B OOHIMII ypOBEHb IllyMa BHOCST MpEAENbHO HU3KHE
gacToThl (8...16) ['. Mckmodyennem siBIsieTCs BKJIAJ MyJbCAlMA JaBJICHUS Ha dactote 125
I'n mpu Pyse= 3,01 10° Ia. [Ipu noBsbIllIEHNN HAYABHOTO JABJICHUS B OTCEKE Pm6=0,22><105
ITa mo PH36:3,01><105 ITa momydyeno ysemuuenue CY3]l ¢ Ly,=104,8 n1b no Lc,—=136,1 ab.
Veemuuenue Y3/l Ha vactotax (8...125) I'm coctaBnsier AL=(36,8...32,4) nb, na gacrorax
(125...1000) I'm - AL=(32,4...26,1) ab, na yacrotax cBbime 1000 I'n - AL=(32,1...24,5) nb.
CpaBHUTENBHBI aHANN3 CHEKTPOB PHUC. 3 M pHC.4 IOKA3bIBAECT, YTO IPH YBEIMYECHHUH
OTHOCHUTEIIbHO OJIM3KUX HayalbHBIX JABICHHUSAX ra3za B oTceKe OT Pu;6=(0,46.. .0,3)><105Ha o
PH36=(1,3...1,35)><105Ha CV3 ysemnmumBaercs ¢ Low=99,1 nb nmo Le,w=115,9 nb
(ALey=16,8 nb) s Fyr,=0,036 1 - ¢ Ly,=100,6 1b 10 Leyy=127,8 1b (A Leyw=27,2 1b) s
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Forz=0,095. 13 aHanu3a crnekTpoB puc. 2 U 3 CleIyeT, 4TO NPH YBEJIWYEHWHU HAYaIbHOTO
IaBJIECHUS Tra3a B OTCEKE C PH36=(0,22...0,26)><105Ha o PH36=(1,75...1,85)><105Ha
npoucxoaut yseauuenune CY3M ¢ Ly=96,6 n1b no Leyw=112,3 nb (ALcyw=15,7 nb) nns
Foru=0,095 1 ¢ Leyw=104,8 n1b 10 Lyw=128,5 n1b (A L¢yw=23,7 1b) mna For,=0,486. O60061mas
pe3ynbTaThl MPOBEACHHBIX HCCIICIOBAHHMM, MOXKHO CJeJaTh BBIBOJ, YTO NIPH BHE3AIMHOU
pasrepMeTH3alMk OTCEKa 4Yepe3 «pPBAaHOE» OTBEPCTUE C YBEIMYEHUEM OTHOCUTEIBHOMN
IUIOIAU OTBEPCTUs IporcxoauT ysenndenne CY3/] or MuHuManbHOro 3HaueHus Ly,=99,1
nb nns Fo,y=0,036 pu Py13,5:0,46><105 ITa 1o makcumanbHOro 3HadyeHus Lcy,=136,1 nb nus
For=0,486 mput P,,5=3,01x10° Ia.
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Pric. 6. 3aBucumocts gactoTsl (X, ') ot m36bITouHOr0 Aapnenus B orceke (Y x10°, ITa) wis
JUHUM TIepecedeHts] TOBEpXHOCTEN CreKTpoB Y3J[ Kpyrjioro oTBepcTvs M OTBEPCTHUS THIIA
«pBaHoe» ¢ Fq,=0,036.

YBenuueHne OTHOCUTEIbHOW IUIOIIAAM OTBEPCTHUS NMPUBOIUT K yBenuueHuro Y3/[ Bo Bcem
nuarnaszone gactort (8...16000) I'ry . [Ipeobnagaronuii Bkiian BHOCAT Y3/[ B 001acTi HU3KHUX
4acToT B auamna3one (8...16) I'm.

Ha ocHoBaHMM NpOBENEHHBIX HCCIEIOBAaHUN MPEACTABISETCS BO3MOXHBIM IPOBECTH
CpPaBHMUTENBHBIM aHamu3 Y3J[, co3gaBaeMbIX JABMKYIIMMCS IIOTOKOM IIpM BHE3AIHON
pasrepMeTH3alliu OTCeKa Yyepe3 Kpyriioe OTBEPCTHE U OTBEPCTHE TUMA «pBaHOoe». [1o JaHHBIM
puc. 3- puc. 5 onpenensieM JMHUIO IEPECEUEHMSI IOBEPXHOCTEN CIIEKTPOB LIyMa (puc. 6).

B cootBerctBUM ¢ puc. 6 ompenensiem obmactu mpeoOnamaronmx Y3J[ mpu BHE3amHOU
pasrepMeTu3alnn OTCEKA B 3aBUCUMOCTU OT KOHCTPYKTHBHOI'O UCHOJHEHMs oTBepcTHsl. [Ipn
VCTEYEHUH Ta3a 4yepe3 KPyriioe OTBEPCTHE MaKCHUMalIbHbIE Y3/l MOIy4YeHBI 0 CPAaBHEHHUIO C
OTBEPCTUEM THUIIA «PBAHOE» IIPU JABJIICHUM Ta3a B OTCEKE PH36<(1,26...1.47)><105Ha Ha
qacrorax (1339...20000) I'i; Py > (1,28...2.22)x10°Ila na wacrorax f<(877...1339) I'u;
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PH36>(2,22...2.75)><105Ha Ha vactorax (1339...13141) I'u. B o6mactu yactot (877...1339)
't ip Prgs =(1,28...2.22)x10°T1a MHMS IepeceueHns TOBEPXHOCTEI HMEET BOITHOOOPA3HBIN
xapaktep. B 001acT# OTHOCUTENHHO HHU3KHUX JABICHUH TpH PH36=(1,26...1.29)><105Ha Ha
gactorax (6000...20000) I'm nuHMUS mnepeceyeHUs IMOBEPXHOCTEH Onu3Ka K JUHEHHOMN
3aBUCUMOCTH.
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Puc. 7. 3aBucumocts 9actoTsl (X, ['11) OT H30BITOUHOTO JaBICHUS B OTCEKE (Y><105, [Ta) nns
JMHUM TIepecedeHHs] MOBEpXHOCTEN CcreKTpoB Y 3]l Kpyrioro oTBepcTvs M OTBEPCTHUS THIIA
«pBanoe» ¢ Fq,=(0,486...0,497):

Kpussie: 1, 2, 3 — 065acT nepecedeHus MOBEPXHOCTEH.

Bepxnsis rpaHuiia mepeceyeHusT TOBEPXHOCTEHM  OrPAaHUYMBACTCS  MAKCHUMaJIbHBIMU
3HAUEHUSMU HCCIEAYEMBIX IapaMeTpoB. BHYTpeHHssI 001acTh JUHUHM TEepeceyeHHs
MOBEPXHOCTEH OMpeeNsieT MakCuMalibHble Y3J] mpu MCTEYEeHUH raza M3 OTBEPCTUS THIA
«pBaHoe». TakuM oOpa3oM, MpU BHE3AMHOW pa3repMeTHU3allMd OTCEKa uepe3 OTBEPCTHE C
HayaJbHbIM JIABJICHUEM Ta3a B OTCEKE M YaCTOTOM, 3HAYEHHS KOTOPBIX PACHOJIOAKEHBI BO
BHYTpPEHHEH 00JIacTH JTUHUU MepeceueHus MOBEPXHOCTEH CIEKTPOB, MPeoOIa oI BKIIa]T
B OOIMI YPOBEHH IITyMa BHOCUT OTBEPCTHE THIIA «PBAHOE», BO BHEIIHEH 00J1aCTH — KPYTIIO€
OTBEPCTHE.

Anamu3z um3meHenuss CY3J[ B 3aBucumMocTd OT (QOpPMBI OTBEPCTHSI MpPH BHE3AIMHON
pasrepMeTH3allii OTCeKa MO3BOJSET YCTAHOBUTH HEKOTOPHIE 3aKOHOMEPHOCTH 00Opa30BaHUS
myJbcauii naBieHus rasza. llpwu PH36=1,9><105 [Ta momyuenst Omm3kue 3HaueHms CY3]]
(Leyw=118,5 nb) s Kpyrioro OTBEpCTHS U OTBEPCTHS THIIA «pBaHOe». B obmactu
HayaJbHBIX JIaBJICHUM rasa B OTCEKE MpH PH3621,28><105 I[Ta nns xkpyrjaoro oTBepcTUs U
otrBepcTus Tumna «peanoe» CY3]] comzmepumbl. CrieioBaTeIbHO, B 3TON 00JaCTH HavyaIbHBIX
JaBJIEHWH Ta3a B OTCEKE MPH BHE3AMHOW pa3repMeTH3alid OTceka (opMa OTBEPCTHS
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OKa3bIBaeT BIIMAHME Ha IepepaclpesiefieHue CleKkTpa nryma mo yactote. HampotuBs, mpu
Pm6<1,28><105 [la B mpormecce umcTeueHUs raza M3 OTceka (GopMa OTBEPCTUS OKa3bIBaET
BiusiHue Ha BennuuHy CY3]l m Ha M3MEHEHHue crekTpa myma no yacrore. [IpoBeneHHbie
WCCJICIOBAHMSI TIOKA3BbIBAIOT, YTO CYIIECTBEHHBIC M3MECHCHHSI MMEIOT MECTO JIsi YpOBHEH
nyJabcaluil JaBjieHus rasa. Tak, Ipy BHE3AMMHOW pa3repMeTH3aluu ¢ HauyajlbHbIM JaBICHUEM
rasa B OTCEKE C Py136z0,57X105 ITa CY3J] mis Kpyrjioro oTBepcTus cocTaBiseT Lcy,=122,1
1b, a Ui oTBepCTHs THIIA «pBaHOE» - Lcy=100,7 nb.

JIuauK nepeceueHuss NOBEPXHOCTEN creKTpoB Y3Jl Juisl KPYyIJIoro OTBEPCTHUSI M OTBEPCTHUS
TUTA «PBAHOE» 3aBHCAT OT OTHOCHUTEIbHOW IUIomaau oTBepetus. llpu yBenuueHuun
OTHOCHUTEJIbHOW IUIOIAAM OTBEPCTUS KOJUYECTBO OOJIACTEH MepeceueHus] MOBEPXHOCTEH
Bo3pacraeT. Tak, mis Fo,=0,486...0,497 umeercs Tpu o0s1acT niepecedeHus CiekTpo Y31
(puc. 7) u Tpu obGxactu MakcuManbHbIX Y3/l s oTBepeTHs THIIA «pBaHOe». [lepBas obnacTh
(1) uMeeT MecTO MpH HAYaJdbHOM JABIICHHH Ta3a B OTCEKe P, > (1,43...1.24)><105Ha B
nuarnazone 4dactoT (10551...20000) T'm, Py > (1,86...1.43)><105Ha B JWAalla30HE 4YacToT
(10565...10551) T'ry, Py > (2,3...1.86)x10°I1a B auamasone gacrot (8913...10565) I'. Dra
00J71aCTh OTKPBITA W OTPAaHWYCHA TOJHKO HW)KHHUMH 3HAYCHUSMH JIABJICHHS Ta3a B OTCEKE.
Bropast o61acth (2) ABISETCS 3aMKHYTON M OTPaHMYMBACTCS HAYaIbHBIMH JaBJICHUSIMHE I'a3a B
oTceke mpu Py,s > (O,7...0.77)><105Ha B auana3zonHe yactotr (1716...3977) I'm, P >
(1,24...0,7)x10°Ia B amamazone wacror (2025...1716) I'm, Pus < (1,24...1,21)x10°I1a B
nuamnazone 4dactoTr (2025...6151) I'm, Py > (O,77...1,21)><105Ha B JWAaIla30HE 4YacTOT
(3977...6151) T'u. Tperbs obnacth (3) SABISETCS OTKPHITOW B OO0JIACTH BBICOKHX YacTOT
(cBbimie 20000 I'n) u orpanuyeHa aAByMst TUHUSIMU 1ipu P65 > (0,439.. .0.507)x10°[a u Pyu6 <
(0,507...0,536)x10°[la B amamasome wacror (13275...20000) T'm. Tperbs o6aacts
OTHOCHUTEIIFHO JBYX TPEIBIIYIUX 00JacTeii MMEET OTHOCHUTEIIBHO HEOOJBINYI0 0011acTh
M3MEHEHUs JaBJICHHUS Ta3a B OTCEKE M YACTOTHI MyJIbCALU JaBICHHUS.

JIIst OTBEpCTHS THTIA «PBAHOE» TPOBEACH aHAIM3 CKOPOCTH W3MCHEHHWS JIaBIICHUS raza B
HAYaJbHBII MOMEHT pa3repMEeTH3alliid OTCEKa C OTHOCUTEIbHOW IUIOIMIAIBI0 OTBEPCTHUS B
nuamnaszone Fo,;=(0,036...0,486) npu uM3MEHEHWHM HAYaJbLHOTO [IABJIEHUS Tra3a B OTCEKE B
JMara3oHe PH36=(0,257...3.057)><105 ITa (puc. 8). Hmsa Fuy=0,036 mpum yBenuueHuu
HAYaJILHOTO JAaBJIEHHSA Tra3a B OTCEKE C PP136:0,536339><105 Ila ckopocTh H3MEHEHUS

JABJIEHUs Tra3a B OTCEKE YBEIMYMBAETCS (ip=-1616,93548><104 ITa/c) u pmocruraer
T

MaKCHUMAaJILHOTO 3HAYEHUS jP =-3612,90323 x 10* Ta/c nipu P,6=1,12444 X 10° Ma.
T

I[EU'II)HGI\/’IHIGG IMMOBBIIICHHUEC HAYaJIbHOT'O AAaBJICHUA rada B OTCCKC IMPUBOJUT K YMCHBIICHUIO

dp
CKOPOCTH M3MEHEHHUs JaBIEHUS ra3a B oTceke U mpH Py;=2,7632 X 10° Ia cocrasuster @ =-
T

2908,3636><104 [Ta/c. YBenuueHue OTHOCUTENBHOH TMiomanu otBepctus a0 Fo,,=0,0948
YMEHBIIIAET CKOPOCTh W3MCHCHHS JaBJICHHS Ta3a B OTCEKe BO BCEM JIMANa30HE
HCCIICIOBAHHBIX HAYallbHBIX JAaBJICHUI ra3a B OTCeKe. B nuama3oHe HayaabHBIX JaBIICHHH
rasa B oTceke Puy=(0,257385621...0,299798)x10° Ila NPy YBEJIMYEHUH HAYaIbHOTO
JABJICHUS Ta3a MPOUCXOANT YMEHbBIIIEHHE CKOPOCTH M3MEHEHHS JaBJICHHS ra3a B OTCEKE C

dr =-1399,19355 x 10* Ta/c 1o dp =-952,2636 x 10* Talc. [Mocnenyromee yBeanueHUe

dt dt
HayaJbHOTO [IaBJI€HUSA Tra3a B OTCEKE MPUBOJMT K MOBBIIICHUIO CKOPOCTH HW3MEHEHUS

dp
JAaBJICHUS Ta3a B OTCCKE, MAKCUMAJIbHOC 3HAYCHUC KOTOPOro JOCTUTACT BCIMYMUHLIL d—Z-
T
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3016,2727 x 10* Ta/c npu P,;5=0,939127 X 10° Tla. B jguamasoHe HayaubHBIX JaBJICHMIi
P.;6=(0,939127...2,1108) X 10° a CKOPOCTh U3MECHCHHMS JaBJICHUS ra3a B OTCEKE MOHMKACTCS

A JOCTATAaeT MUHUMAIILHOIO 3HAYEHUS E11P)=-2052,41935><104 [Ta/c npu Pyue=
T

1,36457516 X 10° Tla. MakcuManbHOE 3HAYECHHUE CKOPOCTH W3MCHEHUsS MIaBIICHUS Ta3a B
oTceke monydeHo s Foy=0,486 mpu P,.,s=1,83697 X 10° Ila (jP =-4738,796 x 10°* Ila/c). B
T

o0JacTu KPUTUYECKUX U OKOJIOKPUTHYECKUX OTHOIICHWH  JaBJIICHUH (Puss=
(0,446343...1,1244)><105 [la) mpu yBenWYEeHUM HAYAIbHOTO JaBJICHUS ra3a B OTCEKE
MOJIyYCHO YBEIMYCHHE CKOPOCTH W3MEHEHUs JaBicHus Ta3a. OO000IMB pe3ynbTaThl
WCCJICIOBAaHUM MCTEUYEHMs ra3za 4yepe3 OTBEPCTHUE PAIMYHOM IJIOMIAJAM MOXKHO YCTAaHOBHTD
3aKOHOMEPHOCTb HM3MEHEHHUS JIaBJICHHMsS Ta3a B OTCEKE BO BPEMEHM B 3aBUCUMOCTH OT
HAYagpbHOTO JaBieHus. JlJis OTHOCHTENBHOM IUJIOMAJAM OTBEPCTHUS B  JIMANa30HE
Forz=(0,036...0,486) pu yBenTMYEeHUU HAYAJIHLHOTO JABJICHHUS Ta3a B OTCEKE JIaBJIEHHWE ras3a
YMEHBIIIAETCS CO CKOPOCTHIO, KOTOPasi MOKET OBbITh OMKCaHa JTUHEHHOW MOJenblo (KpuBas 4,
puc. 8).
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Puc. 8. 3aBucumocTh HayaJbHOM CKOPOCTM WM3MEHEHHMs JABIICHUS Ta3a B OTCEKE (Y><104,
ITa/c) B 3aBHCHMOCTH OT HAYANBHOrO M3GBITOUHOrO maBinenus (X x10° ITa) mpu pasmudHBIX
BapHaHTaxX MCIIOJIHEHHSI OTBEPCTHUS THIIA «PBAHOE:

Kpusas 1 — F,,;=0,036;

Kpusas 2 — F,.;,=0,0948;

Kpusas 3 — F,,,;=0,486;

Kpusas 4 — nuneliHass Moielb.

AHanu3 MPOBEJIEHHBIX PE3YyJIbTaTOB HCCIEIOBAHUM IOKA3bIBAET, YTO CKOPOCTh M3MEHEHUS
JIaBJIEHUs] Ta3a B OTCEKE pAaCHojiaraercs BHYTpPU 0O0JacTH, KOTOpas OrpaHUuYeHa
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MUHUMAQJIBHBIMH M MaKCUMaJbHBIMH  3HAYCHHUSIMH  CKOpocTH. Ilpum  BHe3amHOMN

pasrepMeTH3alii 0TceKa depe3 oTBepctue tumna «ppanoe» ¢ Fo,=(0,036...0,486) naBnenue

rasza B orceke usmensiercs B reueHuu 1 =(0,00055...0,004399) ¢ co ckOpoCThIO B qUaIa3oHe

oT jp =-(952,2636...3016,2727)x 10* ITa/c npu P.ys=(0,299798...2,7632) X 10° I1a 1o (cllp =-
T

T

(1505,793...4738,796) x 10* [a/c mpu Pyys=(0,446343...3,0573)x 10° I1a.

CpaBHeHUE pe3yJbTaTOB aHAM3a M3MEHEHUS JABJICHUS ra3a B OTCEKE NMPU MCTCUCHHUH Ta3a
yepe3 OTBEPCTHE THUIA «PBAHOE» U KPYIVIOE B HaYaIbHBIH MOMEHT pa3repMeTHU3alliy OTceKa
nokasbiBaeT (puc. 3 u puc. 4), 4TO MPU OTHOCUTEIHHO ONM3KHX IUANa30HAX H3MEHEHUS
OTHOCHUTEIIBHOMH IUIOIIAIU OTBEPCTHUS ISl KPYTJIOTO OTBEPCTHUSI 00JIaCTh CKOPOCTH U3MEHEHUS
JIABJICHUs TPEBBIINIAECT HA TPAHUIIE MUHUMAJIbHOM ckopocTd B (25...16) pa3, a Ha rpanuile
MakcumanbHOW ckopoctu B (1,7...1,1) pa3a. CpaBHeHHE JIMHEHHBIX MOJEJEH CKOPOCTH
W3MCHCHUS JTaBJICHUS ra3a B OTCEKE YISl KPYIJIOTO OTBEPCTHUS M OTBEPCTHS THIIA «PBAHOES)»
(puc. 8, xpuBas 4) MOKA3bIBACT, YTO MPHU YBEIWYCHUH HAYAJIBHOTO JABJICHUS B OTCEKE IS
KPYIJIOTO OTBEPCTHSI MPOUCXOTUT YBEIMYCHUE MAJACHHS JaBICHUS BO3AyXa C OOJBIICH
CKOpOCTBIO. [[71s1 cpaBHHMBaeMbIX OTBEPCTUH IepeceueHue ITUHEHHBIX Mojeell CKOpPOCTH
W3MEHEHUS JABJICHUS ra3a MPOUCXOIUT B TOYKe IpH Py;6=0,5076 X 10° ITa. Takum obOpazom,
npu PH36>0,5076><1O5 [la umMeeM MakKCHUMaJIbHYIO CKOPOCTh M3MEHEHHS JABJICHHS rasza s
OTBEpCTHS THIIA «PBaHOE», a HpH P,,5>0,5076X10° IMa — s KpYTJoro OTBEPCTUS. DTOT
BBIBOJI CIpaBeUIMB 0€3 y4yeTa BIMSHUA OTHOCHUTENBHOH Iiom@aau orBepcTusi. ComnocTtaBuM
pe3yJIbTaThl UCTCUCHUS Ta3a U3 OTCEKa 4Yepe3 OTHOCHTEIHHO OMM3KHE 3HAYCHUS OTBEPCTHH.
Hns Fyy=0,036 cxopocTh HM3MEHEHHs JaBIIEHUS Ta3a B OTCEKE uepe3 OTBEpPCTHE THIIa
«pBaHOE» IO  CPaBHCHHIO C  KPYIJILIM  OTBEPCTHEM  TPEBHIIIACT  Ha  —
(1602,449...3536,589)><104 [la/c B 1uMama3soHe HadalubHBIX JaBJIE€HUIL B  OTCEKE
PH36=(0,536...2,763)><105 [Ta. IIpu yBenMYEHUU OTHOCUTEIBHOW IJIOLIAAU OTBEPCTUS IO
Forn=(0,486...0,407) mis oTBepcTUsl THUIIA «PBAHOE» COXPAHSETCS INMPEBBIIIEHHE CKOPOCTH
W3MEHEHUSl JIaBJICHHWsS ra3a B OTCEKE Ha —(55,353...1919,673)><104 [Ta/c B numamazone
HAYAJIBHBIX  JABJIIEHHH B  OTCEKE PH36:(O,484...2,325)X105 I[Ta. MakcumanapHOE
OTHOCUTEIIbHOE CHU)KCHUS JaBIICHUS B OTCEKE ISl OTBEPCTHUS THUIIA «PBAHOE» MOIYUEHO MPH
OKOJIOKPUTHYECKUAX OTHOIICHWSX JaBJICHWH Ta3za. [lpu yMEHBIIEHUN HAYAILHOTO JIaBIICHUS
ra3a B OTCEKe JUIs KPYIJIOro OTBEPCTHsS B 00yactu P;6<0,484 X 10° Tla CKOPOCTh M3MEHEHHS
JABJICHUS YBEJIMYMUBACTCS (VIS KPYTJIOTO OTBEPCTHS IO CPAaBHEHUIO C OTBEPCTHEM THIIA
«pBaHOE» OHO yBeTHunIOCh Ha —627,31 % 10° ITa/c).

[TepBOoHAYAILHO MPEAIIONIATANIOCH, YTO YCTAaHOBKA Ha BBIXOJE M3 OTCEKAa OTBEPCTHS C
pBaHBIMU KpasMU TPHUBEAET K OOPa30BaHHUIO JOMOJHUTENBHBIX HCTOYHUKOB MYyIbCAIIUN
JABJICHUS Ta3a, a CIEJA0BATEIbHO, U K YBEIMYCHHUIO THAPABIMYECKOTO COMPOTHBICHUS. DTO
JOJKHO TIPUBECTH K YMEHBIIEHUIO pacxojia ra3a uepe3 Takoe orBepctue. [IpoBeneHHbIC ke
OKCIIEPUMEHTAJIBHBIC HCCIICIOBAaHUS OINPOBEPIVIM OTO MpeArnoioxeHue. [lomydeHHBIE
OCHOBHBIE 3aBUCHMOCTH JIBIIKYILIETOCS Tra3a U3 OTCEeKa Yepe3 KPYriioe U «PBAHOE» OTBEPCTHUS
MOKAa3aJM, YTO BBIXOJHOC OTBEPCTHE OKa3bIBaeT BIHUSHUE Ha TepepacrpesieliecHue CIeKTpa
MyJIbCAIil T1aBleHUs] BO3lyXa, HA N3MEHEHUE JaBJICHUS ra3a B OTCEKE, a CIeI0BAaTEIbHO U Ha
pacxoj Bo3ayxa M3 OTceka. IlepepacnpesienieHue CIEKTPOB IYJIbCAIMA JIABJICHUS BO3TyXa
MO>KET MPUBOJUTH KaK K YBEIMYEHHUIO PacXo/ia BO3AyXa U3 OTCEKa, TaK M K €r0 YMEHBIIICHHIO.
OTO TOATBEp)KIACTCS HM3MEHEHHEM CKOPOCTH JaBJICHHS ra3a B oTceke. Ha ocHoBaHWUM
MPOBEJICHHBIX HCCIIEOBAHUI yCTAHOBIIEHO, YTO MPH BHE3AMHON pa3repMeTH3allii OTceKa
4yepes «pBaHOe» OTBEPCTHE 00pa3yeTcs MHUPOKOIOIOCHBIH CIIEKTP IIyMa.
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O MOJIeTMpPOBaHKH MPOLIECCOB TPH BHE3AITHON pa3repMeTu3aluy OTCeKa B JISTATEIbHOM armnapare

BriBoabl

1. BrnepBbie paccMoTpeHa MeToAMKa OOpaOOTKH CHEKTpa MyJlbCAalluid JTaBJICHHs BO3AyXa B
OTCEKE IIPY BHE3AaIHOW pasrepmeru3anuu. [IpoBefeH CpaBHUTEIBHBIA aHAIU3 NPUMEHEHUS
nudposbix ¢GunbTpoB barrepBopra, YeOwnimeBa u beccens. MuHuManbHOE 3HAYCHHE
JUCIIEPCUU U YCTOMYMBBIC OLICHKM ITOKAa3aHUM IyJbCallMK JABJICHUN BO3JyXa IOJIYYEHBI C
npumeHenrueM uibtpa beccens u monocoit mponyckanus A £=(0...400) I'm.

2. BriepBble NMpOBEICHO CpaBHEHHE CHEKTPOB Y3Jl Ui KPYyIJIOoro OTBEPCTUS U OTBEPCTHS
TUTIA «pPBaHOE» IPU BHE3AMHON pa3repMeTH3aluu. YCTAHOBJEHO, YTO OTBEPCTUE THUIA
«pBanoe» ¢ Fqyy,=(0,486...0,497) M0 OTHOIICHUIO K KPYTIIOMY OTBEPCTHIO UMEET TPHU 00JIACTH
nepecedeHus crnekTpoB Y3/l u makcumanbhbix Y3/, IlepBas 061acTh OTKphITa M OTpaHUYCHA
HIKHUMHU 3HAYEHUSIMU [JIABJICHUS BO3JyXa MpPHU P1436>(1,43...1,24)><105 ITa B pmamazone
yactoT (10551...20000) I'u. Btopas obOnacTh sBis€TCS 3aMKHYTOM M OrpaHMYUBAETCS
HAYATbHBIMHU JABICHUSAMH Ta3a B OTCeke mpH Pu5>(0,7...1.24)x10° I1a B qnama3oHe 4acToT
(1716...6151) T'u. TpeThbst 00MaCTh SBISETCS OTKPHITOH B 00JaCTH BBICOKMX YacTOT (CBBIIIC
20 xI'm) wu orpaHuueHa JAByMs JIMHUAMU TIPU Pu5>(0,439...0.507)x10°> Ila wu
P.156<(0,507...0.536)x10° [1a B auamnazone gacror (13275...20000) [

3. BrepBble yCcTaHOBIEHO, YTO TPU BHE3AITHOM pa3repMETH3AIMH OTCEKAa 4Yepe3 «PBAHOE)
OTBEpPCTHUE CTPYS BO3/lyXa Ha BBIXOJIC U3 OTCEKA UMEET IIMPOKOIOIOCHBIH CIIEKTP IIyMa.

Jlureparypa

1. H.E. KXykoBckuii. Bunousmenenune merona Kupxrodpda mist onpeneneHus IBUKEHUS
KUJKOCTU B JIBYX U3MEPEHUSX IPU MOCTOSHHOM CKOpPOCTH, JAHHONW HAa HEM3BECTHOM JIMHUU
toka. —M.-JI.: T'ocrexusmar. — 1948. - T.1. - 656 c.

2. C.AYamerus. O razoBsix crpysx. — M.-JL.: Iocrexmusnat, 1949. — 144 c.

3. Ilpuxmagnas razoBas guHamuka. Ilog pen. I''H. Ab6pamoBunua — M.: Hayka,1976.
—888c.

4. JLI.JloWiusHckuii. MexaHuka >XUOKOCTH W ra3za. M3a-Bo 5-e. — M.: Hayka, 1978.
—736c.

5. JL.T.beikoB, M.C.Eropos, I1.B.TapacoB. BricoTHOe 00opynoBaHue camojieToB. — M.:
O6oponrus, 1958. —392 c.

6. JL.U.CenoB. Mexanuka crutomHo# cpensl. Tom 2. —M.: Hayka, 1976. — C. 54-58.

7. M.I'mifon. UccnenoBanue U pacyeT THAPABINYECKUX cucTeM. llepeBon ¢ dpaHIry3cKOro
C.H.PoxnectBenckoro u M.I1.3om0tapeBa. — M.: MammnocTtpoenue, 1964. — 388 c.

8. J.A.Cemun, B.A.llaBmouenko, f.M.Manbres. VMccnenoBanne BUXPEBBIX YCHIUTENCH C
muddyzopamu pasnuuabix THIOB.//Becthuk HTYY «KIIWM».Mammnoctpoenue. — K. — 2002,
— B, 42. — Tom 2. — C. 54-56.

9. B.C.MBnentue. Pasrepmeru3zanus kaOuH JeTaTelbHbIX anmapaToB: ABToped. quc. a-pa
TexH. Hayk: 05.07.02. — M.: MAH, 1983. -32 c.

10. B.I. Honuk, O.1.3anmopoxens. AepoakyCTH4HI MPOLIECH B pa3i po3repMeTH3aIlii MoCyInHA
3 HaJUTMIIIKOBUM TUCKOM ra3y // Bica. HAY. —2006. -Ne1(27). — C.70-75.

Bacwimii  [ImutpueBnd JloHMK, KaHIMZAT TEXHUYECKMX HAyK TOCYJapCTBEHHOIO
npeanpuatue «AHTOHOB». OOmacte Hay4dHBIX HHTEPECOB —  MOJAEIUPOBaHUE
ra3oflMHAMUYECKUX M  adPOAKyCTHUYECKHUX IIPOLECCOB B  OTCEKE IIPU  BHE3AIHOMN
pasrepmeru3armu. E-mail: Vasiliy.D.Donik@gmail.com.

53



Actual problems of aviation and aerospace
systems: processes, models, experiment. No.1(40), vol.20, 2015 Kazan, Daytona Beach

Modelling processes under sudden depressurisation
of compartment in flying machine

V.D. Donik

ANTONOV Company
Ukraine, 03062, Kiev, Akademik Tupolev, 1

For the first time were researched and established the basic behaviors of aeroacoustic processes during
sudden depressurization and gas outflow from compartment through the round-type and lacerated-type
holes. The data processing method for air pressure pulsation spectrum at the compartment during
sudden depressurisation has been developed. The robust estimates of air pressure pulsation values
were defined using Bessel filter and Af = (0...400) Hz passband. The SPL-spectrum of the lacerated-
type hole with F, = (0,486-0,497) relative area has three intersections comparing with SPL-spectrum
of the round-type hole.

In general the gas outflow from the compartment is going via the hole having various configurations
and areas. The principal patterns of the processes during air outflow from the compartment mainly via
round-type hole were researched and established. The basic performances of moving gas inside the
compartment and near location of round-type hole were defined. The basic models of moving gas
during gas outflow via round-type hole at sub-critical and supercritical pressure ratio between
compartment and ambient medium where gas inflowing were developed. The computation of air
parameters in the compartments basing on the developed models were performed for various
industries.

1. Analysis of publications

For the first time, the theoretical researches of air flow via hole (orifice) in the channel in
which air flows were conducted by Nikolay Yegorovich Zhukovsky [1]. Also Sergey
Alexeyevich Chaplygin considered the task about gas outflow via hole (orifice) from infinite
vessel [2]. The impact of hole (orifice) configuration on the air flow processes was not
considered in these studies.

Further researches of gas-dynamic processes during gas outflow via hole (orifice) with sharp
edge, with rounded radius and with subsonic, sonic and supersonic velocities were conducted
by other authors [3, 4, and 5].

The processes of gas (liquid) stream flow-around shield (wall) were described in the study [6].
The processes of ideal steady gas moving and free jet (stream) load impacted on the shield
were considered. The mathematical model of free jet (stream) load impact on the shield was
developed. The P =Qxv formula (where Q - gas mass flow, v - gas velocity) defines gas
stream dynamic impact on the flat wall (shield) installed perpendicularly to the flow (stream).
The force (load) and point of its application on the shield were defined for ideal and
incompressible liquid.

The hydrodynamic forces impacting on various hydraulic equipments were considered in
study [7]. Basing on moving body mechanics equitation the analysis of the homogeneous
liquid outflow from closed vessel to the shield with v velocity via hole with S cross-section
was made. At that there is an (F) force (load) occurred on the shield which is equal to

F=Mxv+(P,—-PR,)S (where M - liquid mass flow, P, - liquid static pressure at the hole

outlet, P, - pressure of ambient environment which gets the liquid outflow). Force direction is

in line with v velocity direction. Some particular cases of liquid flow and flow reacting caused
by variation of momentum were researched. The mathematical models presented by studies
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[6, 7] are not taking into account the static and dynamic components of moving air, and
therefore it limits the practical application sphere of the obtained models.

The experimental research results for vortex valves with the axial, axial-radial and slot-type
diffusors were given in the study [8]. The maximal through capacity (flow efficiency) has the
vortex amplifier with slot-type diffusor having «=1.91 flow factor. The diffusor operating

performance has two hysteresis zones of flow step change.

The specific features and aspects of aircraft compartment depressurisation are explained in the
study made by Ivlentiev V.S. [9]. The mathematical models of the processes in the
compartment during isothermal, adiabatic and polytrophic changing of gas parameters were
presented. For the general case the model at polytropa running value was considered. The
developed models have a limited application area, because they are not able to describe the
changes of gas-dynamic and aeroacoustic processes for the air in the compartment at sudden
depressurisation.

The experimental test rig to conduct the aeroacoustic researches during sudden
depressurisation of the vessel is presented in the study [10]. Test rig includes the vessel with
elastic membrane (diaphragm). With external air supply into vessel the elastic membrane
(diaphragm) or the studied hole was exploded at the required pressure level and then the
sudden gas outflow to the ambient environment (atmosphere) or to the neighbouring
compartment happen. The aeroacoustic performances of moving air during sudden
depressurisation were defined. For the first time, the gas pressure wave velocity in the two
neighbouring compartments at the sudden change of gas pressure in the one of these
compartments was defined. The results of noise level measurements at the elastic membrane
(diaphragm) outlet depending on compartment length were given. Hole configuration at air
outflow from the compartment was not considered.

The analysis of studies [1-10] is showing that researches were conducted mainly for the gas
outflow from the compartment via round-type hole and that was no their aeroacoustic
performances. Frequently the real cases of gas outflow from the compartment are
accompanied with the arbitrary form (configuration) holes. The typical example is an air
outflow during sudden depressurisation of aircraft compartment. Air outflow from the
compartment is accompanied by complicated aeroacoustic events. During sudden
depressurisation the destruction of the cockpit windshield slides or fuselage parts, the breach
of cabin structural or pressure integrity could be frequently happen.

The specific features and aspects of such researches and computations conducting are defined
by AI1-25 aviation regulations. Therefore there is a need to conduct additional researches in
order to establish the principal patterns of air parameters changing in the compartment and
hole that gas outflowing.

2. The relevance of problem
The analysis of the published studies demonstrated that definition of the principal patterns of
gas-dynamic and aeroacoustic processes in the compartment during sudden depressurisation
of this compartment via hole with any arbitrary form (configuration) is relevant and represents
the scientific application task.

3. Target and tasks of researches

The target of the presented researches is to study the basic processes in the compartment
during sudden depressurisation via round-type and lacerated-type holes.
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In order to achieve target objectives the following tasks are solved:

1. To develop the data processing method for air pressure pulsation spectrum at
the compartment.

2. To establish the principal patterns of gas-dynamic and aeroacoustic processes in the
compartments at gas outflow via lacerated-type hole; to conduct the comparative estimation
between round-type and lacerated-type holes.

3. Data processing method for air pressure pulsation spectrum at the compartment during
sudden depressurisation.

During sudden depressurisation of compartment the gas outflow via hole with complicated
configuration could happen. In general, the holing in the compartment is a random process
depending on many factors and aspects. One of them impacting on the gas flow from the
compartment is hole shape (form).

The researches to study the aeroacoustic processes were conducted on the test rig in
accordance with study [10]. Test rig includes the vessel (compartment). Due to air excessive
(gauge) pressure impact the destruction of researched membrane (diaphragm) happens and
then an air outflows this vessel to the ambient atmosphere or to the neighbouring vessel.
At the destruction of membrane the hole with Fy area with sharp edges are formed. The hole
relative area equals to Fre= Fo/F, where F — channel (compartment) cross-section area.

During air outflow the basic aeroacoustic processes — gas pressure and sound pressure level
(SPL) at compartment outlet — were defined. The analysis of SPL-spectrum allowed to define
the pattern of sound field generated by moving gas during sudden depressurisation of the
compartment.

Data processing method for air pressure pulsation spectrum at the compartment during sudden
depressurisation includes the widely used numerical filters were used — Butterworth filter,
Chebyshev filter (equiripple filter) and Bessel filter. The numerical studies of gas pressure
changing in the compartment (with Fr = 1 relative area) during sudden depressurisation were
performed. The preferable parameters of the filter — passband and filter ratio — for the whole
changing range of gas parameters were defined. For aerodynamic noise frequency analysis the
“SPECTRAN” universal recorder-analyser of vibro-acoustic signals was used (State
metrological certification ref. No 22-0771 dated 31.07.2006). Sampling frequency of pressure
and temperature sensors was equal to 35 kHz. With sensors sampling frequency increasing up
to 60 kHz the estimation of the measured parameters was not significantly changed.

For noise spectrum analysis at acoustic measurements the octave-band and one-third octave
band electronic filters were used. The analysis of gas pressure pulsation spectrum using the
filters with passband from Af=(0...50) Hz up to Af=(0...1000) Hz were made. Basing on
results of filter application the o?=Y = (Y;— Yy)%N experiment dispersion was defined,
where Y; — filtered value of gas pressure in the compartment; Y, — gas pressure in the
compartment measured by pressure sensor; N — number of experiments. With increasing of
passband frequency filter the dispersion magnitude decreases monotony as per exponent law;
so for Chebyshev filter with Af=(0...50) Hz filter passband the dispersion equals to
Y =0,865%10"° Pa%, and for Af=(0...1000)Hz passhand the dispersion equals to
Y =0,0197%10% Pa? (see Fig.1).

The Y =0,375% 10" Pa? minimal dispersion value has been obtained for Bessel filter with
Af=(0...50)Hz, and for Af=(0...1000)Hz it equals to Y =0,00528%10% Pa?>. The
significant changing of dispersion was obtained for the researched filters with passband
frequency up to Af=(0...400) Hz. For Chebyshev filter within this frequency domain the
dispersion decreases down in a ~15 times. For Butterworth filter, Chebyshev filter and Bessel
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filter the passband frequency filter increasing from Af=(0...400) Hz the dispersion
decreases monotony in a ~4 times, and its changing could be approximated as a linear.

1 PRSI e Rt A -

08 gasiiaiid iiooiiss mioaiid I
: : I - :

E E E +. |

06 | ot Eateoaahd RS RO ;
04 | T B S
02 } BAIRaSE SRS SRR LSRR ;
0 -

0 200 an 600 0 1000 2o X
Fig. 1. The (Y X 10 Pa?) dispersion dependency from (X, Hz) filter passband for various

filter types:
Curve 1 — Butterworth filter; Curve 2 — Chebyshev filter; Curve 3 — Bessel filter.

The filters passband frequencies domain is characterized relatively to other domains by robust
estimations of measured parameters depending on filter type. The pulsation spectrum analysis
of gas pressure in the compartment at supercritical pressure ratio of gas in the compartment
demonstrates that prevailing level of gas pressure pulsation occurred at f~230 Hz frequency.
Therefore the more preferable is usage of the filter with passband frequency more than
230 Hz. The maximum deviations of the estimations with filter applied are considered at the
beginning of filter passband. The selection of the required filter parameters allows to
eliminate this problem. For the conducted researches the filter field of use is located in the
initial field of gas pressure before membrane destruction, when gas pressure in the
compartment does not change. That particular field of gas pressure in the compartment has a
significant effect on dispersion value during filter efficiency estimation. The maximum
deviation of estimations was obtained for Butterworth filter and Chebyshev filter at the
beginning of membrane destruction with Pgauge~2,97x10° Pa gas pressure in the compartment
and with gas pressure dropped down to ambient atmosphere level.

The estimations with Bessel filter applied have a minimum deviations comparing with
experimental data. In the levelling-off zone of gas pressure in the compartment down to
ambient atmosphere the filtered, as considered, estimations of gas pressure in the
compartment have a phase displacement. For Bessel filter with Af=(0...400) Hz passband
the minimum deviations relative to experimental results were obtained. The dispersion values
in the field of positive and negative X=Y 4-Y), deviations for the Bessel filter application were
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located symmetrically relative to Y axis with X=0 zero of coordinate system. Therefore the
estimations with Bessel filter applied have the uniform (equable) location comparing with
experimental data.
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Fig. 2. The (Y * 10", Pa%) dispersion dependency from (X) filter ratio with A f = (0...400) Hz

filter passband for various filter types:
Curve 1 — Bessel filter; Curve 2 — Butterworth filter; Curve 3 — Chebyshev filter.

The filter ratio effects on changing of gas parameters in the compartment in accordance with
model that filter using (see Fig.2). With filter ratio equals to 10 and more the considered
filters have a maximal dispersion; and with filter ratio further increasing the dispersion does
not changed practically. An (0?>=0,00377% 10'° Pa%) minimal dispersion value was obtained
for the considered Butterworth filter, Chebyshev filter and Bessel filter with filter ratio equals
to 1. With filter ratio more than 1 and less than 11 the model with Bessel filter applied has the
minimal dispersion.

The estimations with Bessel filter applied have the steady linear dependency that indicates on
the advantages of this filter comparing with other filters — Butterworth filter and Chebyshev
filter. The estimations with Chebyshev filter applied have the maximal dispersion and wave-
shaped changing of dispersion depending on filter ratio. The filter ratio has an effect on
estimations displacement of gas pressure changing in the compartment. For Bessel filter with
filter ratio equals to 10 the 0,0135 sec delaying of gas pressure in the compartment takes place
at Pyauge~2,5x10° Pa. The discrepancy of calculation results made in accordance with model
equals to 29% in comparison with experiment data.

With decreasing of gas pressure in the compartment down to sz,u,gezO,leo5 Pa the 0.002807
sec delaying of gas pressure in the compartment is reached and discrepancy became equal to
5.7%. Time delaying of gas pressure in the compartment was also obtained for filter ratio
equal to 1 as well. For Pgayge (0,5...2,5)x10° Pa gas pressure range the delaying equals to
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(0,000275...0,000523) sec, and the discrepancy of calculation results does not exceed
0,6...1,1)%.

The periodic wave-shaped changing of gas parameters in the compartment in accordance with
model and estimations displacement in opposite sides relatively to the experimental data at the
different phases of gas pressure changing in the compartment allows to obtain the uniform
(equable) distribution of gas pressure relatively to the experimental data.

Upon the expiration of (50...90) sec after compartment depressurisation the model accuracy
(discrepancy) depends on random pulsations of gas pressure. Filter ratio has not a significant
effect on the oscillating character of gas parameters changing in the compartment in
accordance with model that using a Bessel filter.

The results analysis of dispersion models research demonstrates that minimal deviation
between experimental and modelled data was obtained with the usage of Butterworth filter,
Chebyshev filter and Bessel filter with these filters ratio equals to 1. If filter ratio changed
then the model with Bessel filter applied has the minimal dispersion value and the robust
estimations. The obtained model used to determine the gas parameters in the compartment
using the filter ratio equal to 1 reflects the character of process pattern (behaviour), describes
the changing of gas pressure in the compartment with practically useful-level accuracy and
could be applied for processes analysis during sudden depressurisation of the compartment.

4. Aeroacoustic performances at gas outflow via lacerated-type hole

The experience of aircraft operation demonstrates that real events of sudden depressurisation
are accompanied by gas outflow from the compartment via the hole frequently having any
arbitrary form (configuration). Such hole could have very various configurations and it quite
frequently occurs as a result of aircraft structure destruction and/or fuselage skin destruction.
Such hole contains the structure components counter streamed to air flow, the lacerated
(defragmented) components of structure, the elastic (flexible) and fixed components of
structure, etc. Depending on structure design features the hole could change its shape (form)
and through-pass area during gas outflow. The hole with such parameters is defined as a
lacerated-type.

The tests results of lacerated-type hole are presented on the diagrams — see Fig.3, 4 and 5. At
sudden depressurisation via lacerated-type hole with Fe = 0,036 (see Fig.3) the character of
noise spectrum at sub-critical pressure ratio is compared with the noise spectrum for slot-type
and plug-type holes especially on the frequencies up to 63 Hz. The acoustic performances
proximity with round-type hole was observed for lacerated-type hole with Fy = 1.

The maximum changing of pressure pulsation for lacerated-type hole at sub-critical pressure
ratio at Pgauge:OJ?xlO5 Pa and P(_j,;,lut_j,ezo,46><105 Pa has been obtained for low frequencies in
(8...31,5) Hz range. With pressure pulsation frequency increasing the SPL increases from
L=58,6 dB up to L=81,9 dB at Pyauq=0,46x10° Pa, and it increases from L=69,6 dB up to
L=97,5dB at P[_j,auge:O,77><1O5 Pa. A relatively uniform (equable) character of SPL changing is
presented at the frequencies more than 31,5 Hz. The noise spectrum at supercritical pressure
ratio has the maximal SPL in the fields of (8...16) Hz and (2000...4000) Hz frequencies, and
it has the minimal SPL in the field of (250...500) Hz frequency. The sound pressure
pulsations at (8...16) Hz frequencies make the prevailing contribution in overall noise level.
At the increasing of pressure in the compartment from Pgage= 0,46x10° Pa up to
Pgauge= 2,5x10° Pa also OSPL increases continuously from Lgm=99,1dB up to
Lsum=121,2dB. At the increasing of initial pressure in the compartment from
Pgauge= 0,46x10° Pa Up t0 Pgayge= 2,75x10° Pa the SPL increases to AL=(53,6...22,3) dB at
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(8...125) Hz frequency, it increases to AL=(10,2...22,3) dB at (125...1000) Hz frequency, it
increases up to AL=(12,2...19,3) dB at the frequencies more than 1000 Hz..
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Fig. 3. The (Y, dB) SPL dependency from (X, Hz) octave-band frequencies of lacerated-type
hole with F= 0,036 during compartment depressurisation for various initial values of gas
pressure in the compartment:

Curve 1 — Pgayge =2,75x10° Pa, Lyyn= 121,15 dB;

Curve 2 — Pgayge =1,2x10° Pa, Lsum=110,8 dB;

Curve 3 — Pgauge =1,3x10° Pa, Lsum= 115,9 dB:

Curve 4 — Pgayge =0,77x10° Pa, Lyyn= 103,6 dB;

Curve 5 — Pgayge =0,46x10° Pa, Lgyn= 99,11 dB.

At the hole increasing up to Fr = 0,095 (see Fig.4) the spectrum changing is occurred in the
areas of supercritical pressure ratio and relatively low pressures in the compartment. It
witnesses about reconfiguration of gas outflow pattern (behaviour). The characters of pressure
pulsations for lacerated-type and slot-type holes are coinciding for Pgayge= (0,3...1,75)x10° Pa
gas pressure range in the compartment. The characters of pressure pulsations for lacerated-
type and plug-type holes are coinciding at the frequencies more than 31.5Hz and
Pgauge= 0,26x10° Pa pressure.

The spectrum analysis (see Fig.4) demonstrates that maximal changing of pressure pulsations
for the researched pressures in the compartment has been obtained for (8...31,5) Hz low
frequency range and it equalled to AL=(31,2...63,2) dB at Pgauge= (0,26...1,75)x10° Pa
pressure changing range in the compartment. If gas initial pressure in the compartment
increases from Pgayge= 0,26x10° Pa up to Pgauge= 1,75x10° Pa during sudden depressurisation
also a continuous increasing of OSPL from Lg,n= 96,6 dB up to Lgym=127,8 dB is occurred.
At that the SPL increasing on (8...125) Hz frequency composes to AL=(31,2...63,2) dB,
increasing on (125...1000) Hz frequency composes to AL=(37...21.8) dB and increasing on
frequency higher than 1000 Hz composes to AL=(23.9...32.2) dB. The sound pressure
pulsations at (31,5...63) Hz frequency range has the prevailing contribution into overall noise
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level except experimental tests made at Pgauge= 0,26x10° Pa (where the prevailing
contribution has been considered at (1000...8000) Hz frequency range).
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Fig. 4. The (Y, dB) SPL dependency from (X, Hz) octave-band frequencies for lacerated-
type hole with Fr,=0,095 during compartment depressurisation for various initial values of
gas pressure in the compartment:

Curve 1 — Pgayge =0,26x10° Pa, Lsum= 96,55 dB;

Curve 2 — Pgayge =0,3x10° Pa, Lsum= 100,6 dB;

Curve 3 — Pgayge =0,88x10° Pa, Lyyn= 108,84 dB;

Curve 4 — Pgayge =1,75x10° Pa, Lyn= 112,32 dB;

Curve 5 — Pgauge =1,35x10° Pa, Lgym= 127,77 dB.

The spectrum character is significantly changed with hole increasing up to Fr = 0,486 (see
Fig.5). The noise spectrum has a flat characteristic. The general character of SPL reducing is
considered together with pulsation frequency increasing. Some deviation from this pattern
(behaviour) has been considered for critical flow range. The extreme low frequency within
(8...16) Hz range has a prevailing contribution in overall noise level.

The exception is contribution of pressure pulsation at 125 Hz frequency and
Pgauge= 3,01x10° Pa pressure. With increasing of initial pressure in the compartment from
Pgauge= 0,22x10° Pa Up t0 Pgauge= 3,01x10° Pa is obtained the OSPL increasing from
Lsum=104,8 dB up to Lgym= 136,1 dB. SPL increasing on (8...125) Hz frequency composes to
AL=(36,8...32,4) dB, increasing on (125...1000) Hz frequency composes to
AL=(32,4...26,1) dB, increasing on the frequency higher than 1000 Hz composes to
AL= (32,1...24,5) dB.

The comparative analysis of spectrums shown on the diagrams (see Fig.3 and 4) demonstrates
that with the increasing of relatively close gas initial pressures in the compartment from
Pgauge= (0,46...0,3)x10° Pa up to Pgauge= (1,3...1,35)x10° Pa also the OSPL is increasing from
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Leum= 99,1 dB up to Lgym= 115,9 dB (ALgym= 16,8 dB) with F = 0,036 and is increasing from
Leum=100,6 dB up to Lgm=127,8dB (ALgn=27,2dB) with F.=0,095. It could be
conducted from the analysis of spectrums (see Fig. 2 and 3) that with the increasing of gas
initial  pressure in the compartment from Pgage= (0,22...0,26)x105Pa up to
Pgauge= (1,75...1,85)x10° Pa also the OSPL is increasing from Lgm=96,6dB up to
Leum=112,3 dB (ALgym= 15,7 dB) with F = 0.095 and is increasing from Lg,n=104,8 dB up
to Lam= 128,5 dB (ALgym= 23,7 dB) with F = 0,486.
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Fig. 5. The (Y, dB) SPL dependency from (X, Hz) octave-band frequencies for lacerated-type
hole with F= 0,486 during compartment depressurisation for various initial values of gas
pressure in the compartment:

Curve 1 — Pgayge =0,22x10° Pa, Lgyn= 104,79 dB;

Curve 2 — Pgayge =0,4x10° Pa, Lyym= 106,8 dB;

Curve 3 — Pgauge =0,77x10° Pa, Lsum= 120,5 dB;

Curve 4 — Pgayge =1,26x10° Pa, Lsym=117,2 dB;

Curve 5 — Pgayge =1,85x10° Pa, Lyn= 128,54 dB;

Curve 6 — Pgayge =3,01x10° Pa, Loyn= 136,12 dB.

Colligating the conducted researches results it could be concluded that during sudden
depressurisation of the compartment via lacerated-type hole with hole relative area increasing
also the OSPL increases from Lgm=99,1dB minimal value for F.=0,036 at
Pgauge= 0,46x10° Pa up to Lgm=136,1dB maximal value for F,=0,486 at
Pgauge= 3,01x10° Pa. The hole relative area increasing is leading to SPL increasing within the
whole (8...16000) Hz frequency range. The SPL made a prevailing contribution into
(8...16) Hz low frequency range.

Basing on the conducted researches it is possible to perform the comparative analysis of SPL
generated by moving gas flow during sudden depressurisation of the compartment via round-
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type and lacerated-type holes. The surfaces intersection line of noise spectrum (see Fig.6) is
defined according to the diagrams (see Fig.3-5).
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Fig. 6. The (X, Hz) frequency dependency from (Y x10°,Pa) gauge pressure in the
compartment for surfaces intersection line of SPL-spectrums for round-type and for lacerated-
type hole with F= 0,036.

e [P

In accordance with Fig.6 defining the domains of prevailing SPL at sudden depressurisation
of the compartment depending on the hole structure design features. The following maximal
SPL for gas outflow via round-type hole were obtained comparing with the lacerated-type
hole at the following gas pressures in the compartment: Pg<—,1u@,e<(1,26...1,47)><105 Pa at
(1339...20000) Hz frequency, Pgauge<(1,28...2,22)><105 Pa at f<(877...1339) Hz frequency,
Pgauge>(2,22...2,75)><105 Pa at (1339...13141) Hz frequency. The surfaces intersection line
has  wave-shaped  character = within  (877...1339) Hz ~ frequency  range at
Pgaug,e:(1,28...2,22)><1O5 Pa. The surfaces intersection line is close to linear dependency
within  Pgayge= (1,26...1,29)x10° Pa relatively low pressures range at (6000...20000) Hz
frequency range. The upper limit of surfaces intersection line is limited by maximal values of
the researched parameters. The internal domain of surfaces intersection line defines the
maximal SPL at gas outflow via lacerated-type hole. Therefore the lacerated-type hole made
the prevailing contribution into overall noise level during sudden depressurisation of the
compartment via hole with gas initial pressure in the compartment and frequency values
located inside the internal domain of surfaces intersection line of spectrum; and the round-
type hole made same for exterior domain.

There are some patterns (behaviours) of gas pressure pulsation forming were established
basing on the analysis of OSPL changes during sudden depressurisation of the compartment
depending on hole shape (form). The close values of OSPL (Lsun=118,5 dB) were obtained
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for round-type and lacerated-type holes at Pgage=1,9x10° Pa pressure. The commensurable
values of OSPL were obtained for round-type and lacerated-type holes at within the range of

Pgauge > 1,28 x10° Pa gas initial pressures in the compartment. So consequently, the hole shape
(form) impacts on the noise spectrum redistribution in frequency within this range of gas
initial pressures in the compartment during sudden depressurisation of this compartment. At
that the hole shape (form) impacts on OSPL value and on frequency changing of noise

spectrum during gas outflow from the compartment at Pgauge<1,28x10° Pa pressure. The
conducted researches are demonstrating that significant changes are suffered by levels of gas

pressure pulsation. At the sudden depressurisation with Pgauge~0,57x10° Pa gas initial
pressure in the compartment the OSPL for round-type hole equals to Lgn=122,1dB, and
OSPL for lacerated-type hole equals to Lsn= 100,7 dB.

The surfaces intersection lines of SPL-spectrums for round-type and lacerated-type holes are
depending on hole relative area. With hole relative area increasing the number of domains of
surfaces intersection also increases. So, for Fr = (0,486...0,497) relative area there are three
domains of intersection of SPL-spectrums (see Fig.7) and there are three domains of maximal
SPL for lacerated-type hole (see 1, 2, and 3).
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Fig. 7. The (X, Hz) frequency dependency from (Y x10° Pa) gauge pressure in the
compartment for surfaces intersection line of SPL-spectrums for round-type and for lacerated-
type hole with Fr= (0,486...0,497):

1, 2, 3—domains of surfaces intersection.

The first domain takes place at Pgauge > (1,43...1,24)x10° Pa gas initial pressure in the
compartment within (10551...20000) Hz frequency range, at sz,luge>(1,86...1,43)><105 Pa
pressure within (10565...10551) Hz frequency range, and at P@,m,@,e>(2,3...186)><105 Pa
pressure within (8913...10565) Hz frequency range. This domain is open and limited only by
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low values of gas pressure in the compartment. The second domain is closed and limited by
Pg(,luge>(0,7...0,77)><105 Pa gas initial pressure in the compartment within (1716...3977) Hz
frequency range, Pgauge>(l,24...0,7)><1O5 Pa pressure within (2025...1716) Hz frequency
range, Pgauge<(l,24...1,21)><1O5 Pa pressure within (2025...6151) Hz frequency range, and
sz,luge>(0,77...1,21)><105 Pa pressure within (3977...6151) Hz frequency range. The third
domain is open in high frequencies area (more than 20000 Hz) and limited by two lines at
Pgauge ™ (0,439...0,507)x10° Pa  and  Pgauge<(0,507...0,536)x10° Pa  pressures  within
(13275...20000) Hz frequency range. The third domain has relatively small subdomain of gas
pressure changing in the compartment and pressure pulsation frequencies if comparing with
two other domains mentioned above

The analysis of gas pressure rate of change (ROC) at the initial moment of compartment
depressurisation was made for lacerated-type hole with Fe=(0,036...0,486) hole relative area

range within Pgauge=(0,257...3,057) X 10° Pa pressure range for gas initial pressure changing in
the compartment (see Fig.8).
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Fig. 8. The dependency of (Y x10* Pa/sec) initial gas pressure ROC in the compartment from
(X*10°, Pa) initial gas gauge pressure depending on various design of lacerated-type hole
with:

1—Fre=0,036; 2 — Fq=0,0948; 3 — F,= 0,486; 4 — linear model.

For F.=0,036 relative area and initial gas moving starting in the compartment
Pyauge=0,536339 x 10° Pa pressure the ROC increases from % - -1616,93548  10* Pa/sec and

T

achieves the dap _ -3612,90323 x 10* Pa/sec maximal value at Pgauge=1,12444 x 10° Pa pressure.

dr
Further increasing of gas initial pressure in the compartment leads to decreasing of gas
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. . dP
pressure ROC in the compartment, and it equals to E=-2908,3636><104 Pa/sec at

Pgauge=2,7632 x 10° Pa pressure. The hole relative area increasing up to F=0,0948 decreases
the gas pressure ROC in the compartment within whole range of the researched gas initial
pressures in the compartment.

Within  Pgauge=(0,257385621...0,299798) x 10° Pa range of gas initial pressures in the
compartment at the increasing of gas initial pressure the gas pressure ROC in the
compartment  decreases  from Z—P:-1399,19355x 10* Pa/sec  down  to Z—P:

T T

952,2636 % 10* Pa/sec. The next increasing of gas initial pressure in the compartment leads to

the increasing of gas pressure ROC in the compartment, with Z—P=-3016,2727x 10* Pa/sec

T
ROC maximal wvalue reached at Pg‘,ﬂugezo,939127x105 Pa  pressure.  Within
Pg;,\ugez(o,939127...2,1108)><105 Pa initial pressure range the gas pressure ROC in the

compartment decreases and reaches the Z—P =-2052,41935 x 10* Pa/sec ROC minimal value at
T

Pgauge= 1,36457516 x 10° Pa pressure. The maximal value of gas pressure ROC in the
compartment is ji—P:-4738,796x 10* Pa/sec and it has been obtained for Fy = 0,486 relative
T

area at Pg,.iugezl,83697x105 Pa pressure. Also the gas pressure ROC increasing has been
obtained  within  the critical and near-critical range of pressure ratio
(Pgauge= (0,446343...1,1244) x 10° Pa) at the increasing of gas initial pressure in the
compartment. Summarising a research results for gas outflow via the hole of various areas the
pattern (behaviour) of gas pressure changing in the compartment could be established as time
dependency from initial pressure. For Fre =(0,036...0,486) hole relative area range at the
increasing of gas initial pressure in the compartment gas pressure the gas pressure rate of
change (ROC) decreases; at that ROC decreasing could be described by linear model.

The conducted researches results analysis demonstrated that gas pressure ROC in the
compartment is located inside the domain, which is limited by ROC minimal and maximal
values. During sudden depressurisation of the compartment via lacerated-type hole with

Fret =(0,036...0,486) relative are the gas pressure in the compartment is changing during

7=(0,00055...0,004399) sec time with the ROC changing within the range from Z—Pz-
T

(952,2636...3016,2727)x 10* Pa/sec a Pgyaue=(0,299798...2,7632)x 10° Pa pressure up to
gaug

dap _ -(1505,793...4738,796) x 10* Pa/sec at Pyauqe=(0,446343...3,0573)x 10° Pa pressure.

d gaug

T
The analysis results comparing of gas pressure changing in the compartment at gas outflow
via lacerated-type and round-type holes in the initial moment of compartment depressurisation
demonstrated (see Fig.3 and 4) that with relatively close changing ranges of hole relative area
for round-type hole the pressure ROC range exceeds at the limit of minimal ROC in a
(25...16) times and at the limit of maximal ROC in a (1,7...1,1) times. The comparison of
linear models of gas pressure ROC in the compartment for round-type and lacerated-type
holes (see Fig.8, pos.4) demonstrated that at the increasing of gas initial pressure in the
compartment for round-type hole also air pressure drops with higher ROC. For the compared
holes an intersection of gas pressure ROC linear models is occurred in the point with
Pgauge=0,5076 x 10° Pa pressure. Therefore the gas pressure maximal ROC for lacerated-type
hole is occurred at Pgauge<0.5076><105 Pa pressure, and for round-type hole is occurred at
Pgauge>0,5076 x 10° Pa pressure. This conclusion is true if do not take into account the effect
(impact) caused by hole relative area. Let’s collate the results of gas outflow from the
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compartment via holes having relatively close values of hole relative area. For Fr = 0.036 the
gas pressure ROC in the compartment via lacerated-type hole is more on -
(1602,449...3536,589) x 10° Pa/sec within  Pgauee=(0,536...2,763)x 10° Pa range of initial
pressures in the compartment than the compared round-type hole. With increasing of hole
relative area up to Fr = (0,486...0,407) for lacerated-type hole the gas pressure ROC in the
compartment stills more on —(55,353...1919,673) x 10* Pa/sec within
Pgauge=(0,484...2,325) x 10° Pa range of initial pressures in the compartment than the round-
type hole. The maximum relative drop of pressure in the compartment for lacerated-type hole
has been obtained at near-critical range of gas pressure ratio. With decreasing of gas initial
pressure in the compartment for round-type hole within Pyage<0,484 x 10° Pa pressure range
the pressure ROC also increases and prevails at —627,31x10* Pa/sec comparing with
lacerated-type hole.

It has been assumed initially that installation of lacerated-type hole (with ragged edges) at
compartment outlet will lead to the generation of additional sources of gas pressure
pulsations, and therefore it will lead to the increasing of hydraulic losses. In its turn it should
lead to the decreasing of gas flow via such hole. However the conducted experimental
researches disconfirmed this assumption. The obtained basic dependencies of moving gas
from the compartment via round-type and lacerated-type holes demonstrated that output hole
effects on the redistribution of air pressure pulsation spectrum, effects on the changing of gas
pressure in the compartment, and consequently it impacts also on the air flow from the
compartment. The redistribution of air pressure pulsation spectrum could lead either to the
increasing of air flow from the compartment, or to its decreasing. It has been confirmed by
changing of gas pressure ROC in the compartment. Basing on the conducted researches it has
been established that the wide-band noise spectrum is generated during sudden
depressurisation of the compartment via lacerated-type hole.

Conclusions

1. For the first time, the data processing method for air pressure pulsation spectrum at
the compartment during sudden depressurisation was developed. The comparative analysis of
numerical filters (Butterworth filter, Chebyshev filter and Bessel filter) application was made.
The minimal dispersion value and robust estimations of air pressure measured pulsation were
obtained using Bessel filter and Af=(0...400) Hz passband.

2. For the first time, the comparing of SPL-spectrum for round-type and lacerated-type hole
during sudden depressurisation was made. It was established that lacerated-type hole with
Frei= (0,486...0,497) relative to round-type hole has 3 domain intersections of SPL-spectrum
and maximal SPL. The first domain is open and limited by low values of air pressure at
Pgauge>(1,43...1,24)><105 Pa within (10551...20000) Hz frequency range. The second domain
is closed and limited by gas Pgauge>(0,7...1,24)><1O5 Pa initial pressures in the compartment
within (1716...6151) Hz frequency range. The third domain is open within high frequency
range (more than 20 kHz) and limited by two lines at Pgauge>(0,439...0,507)><105 Pa and
Pgauge<(0,507.. .0,536)><105 Pa pressures within (13275...20000) Hz frequency range.

3. For the first time it was defined that during sudden depressurisation of the compartment via
lacerated-type hole the air stream outflows from the compartment and has wide-band noise
spectrum.
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AKmyanvHble nPoOIEMbl AGUAUUOHHBIX U AIPOKOCMUULECKUX
cucmem: npoyeccwl, mooenu, Ikcnepumenm. Nel(40), Tom 20, 2015 Kazans, [atitona bua

Pa3BuTHEe HHHOBAIIMOHHBIX TEXHOJIOTHH B NOJATI0TOBKE
KOCMOHABTOB B HHTEpECax 0e30MaCHOCTH KOCMHYECKHUX I0JeTOB

10.B. JloHyakoB

OI'bY «HUM UIIK umenu FO.A. INarapuna»
Poccus, 141160, M.O., 3Be31HBII TOPOIOK

B craree paccMaTpuBaroTCs BONPOCH PAa3BUTHS U HCIOIB30BAaHUS WHHOBAI[MOHHBIX TEXHOJOTUH B
IlenTpe mMOArOTOBKM KOCMOHaBTOB. (TeuecTBEHHas NWJIOTUpyeMas KOCMOHABTHKa BCerza
UCIIOJIb30BAJIa CaMble IE€PEJOBbIE HAYKOEMKHE TeXHOJoruu. lIpum co3maHuM NHIOTHPYEMBIX
KOCMHYECKHX KOpaOiieil W OpOMTaNbHBIX NMHIOTHPYEMBIX KOMIUIEKCOB MPUMEHSUINCH MOCICTHHE
JOCTIDKEHHS HAyKH M TEXHHUKH. Takke MHHOBAIIMOHHbBIE TEXHOJIOTUH MCIOJIB3YIOTCS U IPH CO3JaHUN
TEXHUYECKUX CPEICTB IOIrOTOBKM KOCMOHABTOB: HMHTETPUPOBAHHBIX TPEHAKHBIX KOMIUIEKCOB,
BUPTYJIbHBIX KOMIIBIOTEPHBIX TPEHAXEPOB M IIp. B CBOEH AEATENBHOCTH LEHTP IOATOTOBKHU
kocmoHaBTOB (L[[TK) pabGotaeT B TecHO# Koomepaiuu Oojiee dem ¢ 150 opraHu3anusMu:
MNpEANpUATUAMH U yupexacHusMu PockocMoca, nHctutyramMu PAH, yupexaeHUsIMH MHUHHCTEPCTBA
oboponsr (MO) u ap.

Uctopuss llentpa noaroroBku kocmMoHaBToB uMmeHu [O. A. TDarapuna (nanee LIIIK)
HEPA3PHIBHO CBA3aHA C POKICHUEM U Pa3BUTHEM OTEYECTBEHHOM M MUPOBOH NMUIIOTUPYEMOU
kocMoHaBTUKHU. JlearenpHocTh [[IIK Ha Bcex stamax cBoero pasButus OOYyCIOBJIEHA
CO3JAaHMEM M BHEIPEHHEM WMHHOBALMOHHBIX TEXHOJOIMM Kak i1 pa3BUTHS CaMOH
NUIOTUPYEMOW KOCMOHABTHKHM, TaK W NPUMEHUTEIBHO K (DOPMHPOBAHHIO OTEYECTBEHHOM
cUCTeMbl 0TOOpa, MOJArOTOBKM M IOCIENOJETHOM peabuiauTanuud KOCMOHaBTOB. IIpu 3ToM
OJIHOH W3 mepBoouepenHbIX 3anau lLleHTpa sBisuioch U sABIsSETCs oOecrieueHne Oe30macHoi
JEATEIIBHOCTH KOCMOHABTOB B ITOJIETE.

[Tocne 3amycka 4 oxTsa0pss 1957 r. mepBOro MCKYCCTBEHHOIO CIyTHHKAa 3€MJIM CTajlo
OYEBUJIHBIM, YTO B Halleld CTpaHe CO3/laHbl BCE HEOOXOAMMbIE HAayYHO-TEXHHYECKHE
NPEINOChUIKY JJis Mosiéra yenoBeka B kocMoc. [loatomy 11 sHBaps 1960 r. Obu10 MpPUHATO
pemieHne o co3gaHuu LleHTpa MOATOTOBKM KOCMOHABTOB, KOTOpbIM ¢ 1968 r. HOCUT uMms
IIEPBOTO KOCMOHABTA IIJIaHETHI.

[TepBblii MONET yestoBeKa B KOCMOC TpeOOBaJI OTPOMHOM U HaNpsKEHHOM MOArOTOBUTEILHON
pabotel. B Heit aktuBHO yuactBoBanm u koiiektuB [[[IK. HauGonee cnmoxxHbpIM ObLI
HayalbHbIM, OpraHM3alMOHHBIA 53Tam paboThl, IOCKOJBKY HAuYMHATh HYXHO OBLJIO
MpakTUYeCKH ¢ «HYIs». B Hauane mapra 1960 r. mepBas rpymma (mepBOro OTpsia)
cIIymaTeneii-kOCMOHABTOB MPUObLIA HA IEHTPaJIbHBINA aspoapoM uM. M.B.®dpynse, u yxe 14
MapTa 1960 r. ¢ HUMH OBIJIO TTPOBEICHO MEPBOE 3AHATHE MO OOIMIEKOCMUYECKON TTOATOTOBKE.
[TonroroBka MEpBBIX CIyIIATENEH-KOCMOHABTOB CKJIA/IbIBANIACh U3 TEOPETHUUYECKUX 3aHATHH,
TPEHUPOBOK Ha pa3NMuHbIX cTeHjaax W npaktudeckux 3aHatnid B OKb C.II.Koponésa, rue
co3/1aBaIMCh KocMuueckue kopabdbnu (puc.l). 12 anpens 1961 r. FOpuit Anexceesuu ["'arapun
BIIEpPBBIE B UCTOPUU YEJIOBEUYECTBA CTAPTOBAJ B KOCMOC HAa KOCMUYECKOM Kopabiie «BocTok».
B nocnenyromem 0b110 HEMaIO 3aMeyaTeIbHBIX U BOJHYIOIIMX KOCMHUYECKUX CBEpIICHUH, B
peanmm3annu kKotopbix L[IIK mpmHuMMan camoe HEMOCPEACTBEHHOE yYacTHE: IMOJIET NMEPBOM
JKEHIIMHbI-KOocMOHaBTa B.B. TepemkoBoli, mepBblil BBIXOX B OTKPBITBII KocMoc ALA.
JleoHoBa, mepBasi CThIKOBKa KocMuueckux kopaOneit (B.A. Illaranos, b.B. Bonsinos, A.C.
Enmucee, E.B. XpyHOB), co3maHue mepBoili B Mupe opOUTaNbHOW craHiuu «CamoT.
bonpuryro poiap B IOATOTOBKE M BBINOJHCHMM JTHX JOCTHKEHMM cwirpan u lLleHtp
MOATOTOBKHA KOCMOHABTOB (pHC. 2).
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Puc. 1. IlepBbie KOCMOHABTBI HA 3AHATUSIX

3a mepuon ¢ 1971 o mapt 2001 roga Ha opOuTEe HAXOAMIOCH 7 MHIOTHPYEMBIX OpPOUTAIIBHBIX
KoMmIiekcoB. Ha  oredecTBEeHHOM  OpOMTaJbHOM  KOMIUleKce  «Mup»,  KOTOpBIH
¢dbyHkmonupoBan Ha opobure 5510 cyrox — Oomee 15 mer, orpaboranmm 37 3KCHEIUIUH,
MOJrOTOBKA K MOJIETY KOTOPBIX ITpoBoauiacs B LITIK.

Puc.2. IToaroroBka K MOJETY Ha J0JTOBpeMeHHOM opouTaibHoi cranimu (JJOC) «Camory
(CeBactpsinoB B.U., Kmumyxk I1.11.)

B Hauazne HOBOrO ThICSYENETHSI MHTErPAIMOHHBIE IPOIECCH B HAYYHO-TEXHUUYECKOM 00macTu
MPUBENIA YEIOBEYECTBO K pPeallu3allii BIEUATIISIFOIIET0 KOCMHUUYECKOTO MPOeKTa — cOOpKe U
COBMECTHOM JKCIUTyaTallud Ha opoute MexmyHapoaHoit kocmudeckort cranmmu (MKC) —
YHHKAJIBHOTO TIOCTOSTHHO 00MTAaeMOro KOMIUIEKCa Ha OKOJIO3eMHO# opOuTte. [lapTHepamu mo
MKC sBnsrorcsi: Poccusi, CILIA, crpanbsi-unensl EKA, fAnonus, Kananma. [lo mporpamme
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MKC x suBapro 2015 roma UIIK moxmroroBmn k mojeTy 42 OCHOBHBIX JSKumaxka U 17
AKCHEAULNN MOCEIICHUS.

KocmonaBramu, mnpomeamMu HoAroToBky B LleHTpe, ObUIO YCTaHOBJIEHO MHOXECTBO
PEKOPJIOB IO KOJIMYECTBY U MPOJOJDKUTEIEHOCTH KOCMUYECKUX TOJIETOB M MPEOBIBAHUIO B
OTKpPBITOM KocMoce. Hampumep, caMblil JJIMTENbHBIN MOJET B KOCMOC, COBEPIIHII KOCMOHABT
[MonsixoB B.B. — 6omnee 437 cyTok.

3a Bpems IOJIETOB M3 POCCHMCKUX MUJIOTHPYEMBIX Kocmuueckux ammapatoB (IIKA) Owuto
coepirero 6osee 140 BbIx00B B KocMoc. Beero KOCMOHABTBI IPOBEIH B OTKPBITOM KOCMOCE
okono 1200 wdemoBeko-uyacoB — 50 pgHelt. bonblne BceX M3 POCCHHCKHUX (COBETCKHUX)
KOCMOHAaBTOB paboTanm B OTKpeITOM kocmoce ConoBbeB A.Sl. — 16 BeIXOM0B 0O0mICH
MPOJOHKUTEIBLHOCTHIO 3 CYTOK / 4acOB 2 MUHYTHI.

Bcero 3a 54 roma nestensHocTH lleHTpa B HEM MpOXOAuiIo MOATOTOBKY okosio 400
KOCMOHABTOB, U3 HUX CJIETaju B KocMoc — 118 denoBek.

[lar 3a marom B IIIK co3maBanack u coBepIICHCTBOBAJIach yHHUKalIbHas CHCTeMa OTOOpa,
MOJATOTOBKA W TMOCIENOJNETHOW peaOuIuTallud KOCMOHABTOB, IIO3BOJIAIONIAS TOTOBUTH
OKUNIAKK K 0€30IMacHOMY BBIIIOJHEHHMIO PA3IMYHBIX 337a4 Ha opOuTe: cOOpKe OOJbIIMX
KOHCTPYKIUH, MOHUTOPHHTY 3€MHOH IMOBEPXHOCTHU, BBIMOIHEHUIO MEIUKO-OHOIOTHYECKUX
OKCIIEPUMEHTOB, padoTaM M IKCIEPHUMEHTaM B HMHTEPECax pas3lMYHBIX o0jacTeld HayKH U
9KOHOMHUKH. 3a BpEMsI CBOETO Pa3BUTHs OTCUCCTBEHHas (COBETCKas M POCCHICKas) CUCTEMa
oTOOpa, MOATOTOBKM U IIOCJICTIOJICTHOW pEeadMIMTallid KOCMOHABTOB IIPEBpaTHIIaCh B
3peNyl0, YCTOSIBIIYIOCS CHUCTEMY, WM3BECTHYIO M IPHU3HAHHYIO BO BCEM MHUPE, HMEIOIIYIO
BBICOKHI aBTOPHUTET HE TOJBKO y HAC B CTPAHE, HO M CPEAN MHOCTPAHHBIX H MEKIYHAPOIHBIX
KOCMHUYECKHX areHTcTB (puc. 3).

KaHAWAaTh B KOMaHAWPbI 3kunaxkeid MKA

» Il MoAroToBka kocmoHasToB
KOCMOHABTbI-UCMbITAaTENU B cocTase rpynn GopTurxeHepsl MKA

cneyunanmsagumum KOCMOHAaBTbI-UCCASAOBATANIHN
Kahaupatels v coepwencreoeanns  (|°

KOCMOHaBTbI-MCCCNSR0BaATENMN

(2-1i sTan noarotoBKK) Ha uHoctpaHHbix MKA

KOCMOHABTbI C OMNbITOM NoASTa J

KocmoHageTsl,
paHee BbINOAHWELWINE
KOCMMY ECKME NoAeTbl

KOCMOHABTbI-UCMbITaTAU

ObweKkocMuYecKkan

KOCMOHaBTbI-UCCCneQoBaTaNU

noarotToBka
(1-1 sTan nogroToBKM)

Aybaepel uneHos
OCHOBHbIX 3KMNaXKeW

KaHaWZaTbI Ytsep»%ennuﬁ
B KOCMOHABTbI-MNbITaTaNH OCHOBHOM 3KMNaX<

M KOCMOHABTbI-UCCCNSA0BATENMN nocnegy tow e
axkcnegauumnn MKC

nOAI'OTOBKa KOCMOHQETOE B
COCTaBe OCHOBHbIX U

AYOAMPYIOW MK SKUNKEN

(3-41 sTan nogroroBKU)

OcHOBHOM akunaxk MKA

Ay banpyownii
akunaxk MKA

f KoHkypcHbii otbop ;
KaHAMAATOB B KOCMOHABTBI

NoaaepxaHue

npodeccuonanbHoro Hocmuyeckuii nonet
YROBHACRITO/ISTS OCHOBHOr O SKUMNaxa

{4-i aTan nogroroBKu)

MocnenonerHas
peabuanTaumns KOCMOHaBTOB

Puc. 3. IlocnenoBatenbHOCTD 3TANoB 0TOOPA, MOATOTOBKH M IOCIICTIONETHON peaOuInuTaIuu
KOCMOHABTOB
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Ee oTnuunTenbHble 0COOCHHOCTH: Hay4Hasi 00OCHOBAHHOCTb, YHUKAIBHOCTD KBAJTH(PUKAIIMN
nepcoHasa, pa3BUThIe TEXHUYECKash 0a3a, MPOrpaMMHO-METOJMYECKOoe oOOecreueHue u
CUCTEMA IIJITAHUPOBAHUS, B COBOKYITHOCTH O0OECIIEUNBAIOIINE BEICOKOE KaUECTBO

Cucrema oTb0Opa M MOArOTOBKM KOCMOHABTOB B3aUMOJIEHCTBYET CO BCEMHU 3JIEMEHTaMHU
KOCMHYECKOH HWH(PPACTPYKTypbl Ha BCEX OJTalax >KU3HEHHOTO LHUKJIA MUIOTHPYEMBIX
KOCMHUYECKHX MPOrpaMM: UX (HOPMUPOBAHMS, TPOSKTHUPOBAHUS M IKCIEPTU3BI KOCMHUECKOMN
TEXHUKH, €€ MCIBITAaHUM, BBIIOJIHEHUH KOCMUYECKUX II0JETOB, OLEHKU HUX PpE3YyJIbTATOB,
CO3J]aHUsl HAyYHO-TEXHUYECKUX 3a/€JIOB IO MEPCHEKTUBHBIM KOCMHYECKUM IPOrpamMmam H
T.1. [Ip# 3TOM OCHOBHBIMH (YHKIHMSIMU CHUCTEMBI, B KOTOpBIX LIeHTpy OTBOAWTCS pPOJIb
TOJIOBHOW  OpraHM3allii B  PAKETHO-KOCMHUYECKOM  OTpacid,  SBISAIOTCA  OTOOp,
npodeccuoHaIbHast MOArOTOBKA U MOCJICIONIETHAS PeadUINTalNsl KOCMOHABTOB.

Bmecte ¢ pa3BUTHEM CHCTEMBI MOJArOTOBKM KOCMOHABTOB M3MeHsIcA U craryc Llentpa. 7
okTsI0pst 1965 roma LlenTp momroroBkn kocMmoHaBToB BBC ObT mepemmenoBan B LleHTp
MOATOTOBKA KOCMOHABTOB, 4TO Npuaaio LIeHTpy HOBBIM MeEXBEeIOMCTBEHHBIM craryc. 30
anpenst 1968 roma B 1eNsiX YBEKOBEUMBAHUS IMaMATH KOCMOHAaBTa HOMEP OJIMH, IMOTHOIIETO
IPU BBINIOJIHEHUH TPEHUPOBOYHOI'O aBHALIMOHHOTO mosera, LleHTpy ObUIO MPHCBOEGHO HMS
FO.A.I'arapuna. B 1969 rony Ilentp Obu1 mpeoOpa3oBan B 1 HayuHo-mccnemoBaTenbekuit
WCIIBITATENIbHBIA LEHTP MOATOTOBKM KOcMOHaBTOB MM. HO.A.I'arapuna co cratrycom HUU
nepBoid kareropuu. B 1995 romy B mensx mnoBbImeHHUS 3PQPEKTUBHOCTH HCIIOIH30BAHUS
HAyYHO-TEXHUUYECKOTro mnoTeHnuana Poccuiickoit denepanuu B 00JaCTH MHIOTHPYEMbBIX
KOCMUYECKHX II0JIETOB M IIOJATOTOBKM KOCMOHABTOB JJisi BblOJHEHUs DenepaibHON
KOCMHMYECKON POrpaMMbl U MEXyHapOAHBIX 00s3aTenscTB Poccuu LlenTp npuoOpen cratyc
Poccuiickoro rocynapcTBEHHOIO HaydHO-MCCIEA0BATENbCKOTO HCHBITATEIbHOTO LEHTpa
noAroToBku KocMoHaBTOB UM. FO.A.I'arapuna. C MmomenTa ocHoBanus 10 2008 roga LleHnTp
HaXOJWJICS B BEJJICHUM MUHHUCTEPCTBA OOOPOHBI.

B 2008 rony pacnopstxenuem IIpaBurenscrBa Poccuiickont @enepaunn Ne 1435-p ot 1
okTsa0pst 2008 roma llenTtp momyumn HOBBIM cTatyc — DenepanbHOE TOCYIAapCTBEHHOE
OrokeTHOE yupexeHne «HayuHo-uccnenoBaTenbCkuil ucnbITaTenbHbli LIeHTp moaAroToBKH
kocMoHaBTOB uMeHu lO.A. Tarapuna» (OI'BY «HUU HIIK umenu O.A.T'arapuna»). B
Hactosamee Bpemss HUM HIIK umenn FO.A.I'arapuna Haxomutcst B BeneHuu Pockocmoca.
IlenTp yHacienoBajl OT HPEABIIYIIUX CTPYKTYp BCE OCHOBHbIE (DYHKIMH W HAKOIUIEHHBIN
OTIBIT B BUJIE CIIOXKUBIIEHCS CUCTEMBI 0TOOpa U MOATOTOBKHA KOCMOHABTOB.

LITK umeeT GONBIION OMBIT MOATOTOBKH MEXIYHAPOAHBIX SKUMAXKeH K MoJETaM pa3IndHON
IPOIOJDKUTEIBHOCTH U cloKHOCTH. bonee 80 3apy0eXHbIX KOCMOHABTOB M aCTPOHABTOB U3
28 cTpaH Mmpouuld NOAroToBKY B LleHTpe U BBINMOIHUIN COBMECTHBIE KOCMUYECKHUE MOJIETHI C
OTEYECTBEHHBIMH (COBETCKUMH U POCCHICKUMH) KOCMOHABTaMH.

O6ocHoBaHbl M pa3pabdoTaHbl NPUHLHUIBI, TMOPSAOK M METOJUKAa  MOATOTOBKHU
Henpo(ecCHOHANBHBIX KOCMOHABTOB K moisieTaM Ha poccuiickux IIKA. OHu rapanTtupyror
IIOATOTOBKY B T€YeHHUE 26 HeNenb K MnojeTy B kadecTBe Typucta Ha MKC rpaxnan. naneknx
10 CBOEW OCHOBHOW MpPO(ECCHOHATHLHON AEATENIbHOCTH OT KOCMOHABTHKH, UX O€30MacHoe
npeObIBaHME B KOCMOCE 70 2-X HeJelNbh U BO3BpaIleHne Ha 3eMito. Beero Takyio moarotoBkKy
B L{ITK mpomuu 20 yenosek, a 10 u3 HUX cieranu B kocMoc. B centsope 2014 r. HaunHaercs
MOJIFOTOBKA eI11e 2 HEMPOPEeCCUOHAIbHBIX KOCMOHABTOB.

3a mpoulenmye IMOJBEKa OTEYECTBEHHas cHcTeMa OTOOpa M TMOATOTOBKHM KOCMOHAaBTOB
obecrieunna >()PEKTUBHOE BBHITIOJHEHWE MHOXKECTBA HAIMOHAIBHBIX M MEXKTYHAPOIHBIX
MUJOTUPYEMBIX TporpaMm. B uyucie HalMOHaNbHBIX MporpamMMm Takue Kak: «BocToky,
«Bocxon», «Coro3y, mynneie mporpammsl 7K-JI1u H1-JI3, «Anmaszy, «bypany», «CamoTy,
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«Mupy». Cpenn MexXIyHapoAHbIX IporpaMm cienyer Bbiaenautb: JIIAC, «HTepkocmocy,
«EBpomMup-95», «kEBpomup-97», «Mup-Illartny, «Mup-HACA», nporpammy MKC.

IIIK npuHMMaeT HENOCPEACTBEHHOE Y4acTHE B YIPABICHUM KOCMUYECKUMU IIOJIETaMHU, B
IPOBEIEHUH paboT 110 obecreueHHo 0€301aCHOCTU MMJIOTUPYEMbBIX KOCMHUUECKUX [TPOrpamMM,
BBINIOJTHEHUIO HAyYHO-UCCIIEOBATENbCKUX U ONBITHO-KOHCTPYKTOPCKMX paboT B 00JacTH
U3y4eHHMs] KOCMHUYECKOrO0 HpPOCTPAHCTBA, CO3JAHUS KOCMUYECKOH TEXHUKH, OOecredeHus
Oe30macHOrO MpeObIBaHUS KOCMOHABTOB Ha opOWTe, peabWiuTalliii KOCMOHABTOB TIOCHE
BBINOJIHEHUS] KOCMUYECKHUX I0JE€TOB. DPGHEKTUBHOCTh POCCUHCKOM CHCTEMBI MOATOTOBKU
KOCMOHABTOB Jl0Ka3aHa HpakTuKoil. B Hacrosmee Bpems LlenTp oOnagaer HaydHO-
000CHOBaHHBIMM METOJMKAaMHU IOJrOTOBKM KOCMOHABTOB K IIOJETaM IPAKTUYECKH JII0OOH
JUINTEIBHOCTU U CIIO)KHOCTH, COBPEMEHHOM, BO MHOIOM YHUKAQJIBbHOM TpEHaKEpPHO-
nabopaTopHOil 0a30if, ONBITHBIMM M BBICOKOKBAJIM(DHULIHUPOBAHHBIMU  CIIELUATUCTAMHU.
Pa3BuTas koomepamus CcO CMEXHBIMM OpraHU3alMSIMM, a TakKe OOJBIION OMBIT
corpyaHndectBa LleHTpa ¢ 3apyOeXHBIMU ITapTHEpaMH MO3BOJISIET eMy 3P (PEKTUBHO pelIaTh
BO3JIOKEHHBIE HAa HEro 3aJayd IpU peald3allud OTEYECTBEHHBIX U MEXAYHAPOIHBIX
IpOorpaMM OCBOEHHSI KOCMHUYECKOTO IPOCTPAHCTBA.

LleHTp TOATOTOBKM KOCMOHABTOB OOJIaZJa€T COBEPIIEHHONW MEIWIMHCKOW  0a3oii,
BKJIIOYAIOLIEH CpPeICTBa OLIGHKM COCTOSIHUSL 370POBBS, BECTUOYJISIPHOH M OPTOCTATUYECKON
MOJTOTOBKH, MOJATOTOBKH K BO3JICHCTBHIO MEPETPY30K M M3MEHEHHOT'O COCTaBa aTMOCQEPHI,
OpopWIAKTUKYA ~ HEOJIArONpUATHOIO  BO3JCHCTBUSA  (PAKTOPOB KOCMHYECKOTO  IIOJIETa,
¢u3nyecKkoil TMOATOTOBKM M IOCIENONEeTHON peaOunmutanuu. K  BaXHBIM Hay4HbBIM
pesyabrataMm paboTbl lLleHTpa cliegyeT OTHECTH Takke pa3paboTKy MeTonoa0ruu
MOJrOTOBKM OpraHM3Ma 4YelloBeKa K JJIUTEIIbHOMY M 0e30lacHOMYy MpeObIBaHUIO B
DKCTPEMAIBHBIX YCIOBUSAX KOCMHUYECKOro Imojieta. B Hacrosmiee Bpems IO JaHHOMY
HAIpPaBJIEHUIO BeayTcs pabOThl 6 ummepecax obecneuenus noiemos 6 O0anvHuti kocmoc. B
3TOM obnactu LIeHTp TeCHO COTpYIHHYAET ¢ MHCTUTYTOM MEIUKO-OMOJIOTHYecKHX MpoliaeM
(UMBIT) PAH.

OCO0eHHOCTBIO TPO(ECCHOHATBHON IMOJTOTOBKM KOCMOHABTOB SBIJISETCS HEOOXOAUMOCTH
NpPUOOpPETEHUsI MIEPBUYHOIO «KOCMHUYECKOT0» OIbITa B HA3€MHBIX YCIOBHSIX. BO3MOXXHOCTH
00y4YeHHsI KOCMOHABTOB B PEAJIbHBIX YCIOBUSAX KOCMHUYECKOTO 0JIeTa, KaK 3TO MPOUCXOANUT Y
JIETYUKOB, MOPSKOB, KOTOpbIE IOCJI€ MEPBUYHON HA3€MHOW MOJITOTOBKUM MPHUOOpPETaIOT
npoeCCUOHATBLHBINA ONBIT JIEATENPHOCTH Ha pEaIbHOM caMmojeTe MM Kopabie Mox
PYKOBOJCTBOM OIIBITHBIX HACTaBHMKOB, MPAaKTUYECKH OTCYTCTBYeT. B ornmume oOT Hux
KOCMOHABTHI JOJDKHBI HPUOOpETaTh «KOCMHYECKUN» OMBIT Ha HAa3eMHBIX TpEeHa)xepax, Ha
KOTOPBIX MOJEIUPYIOTCS YCIOBUS JEATEIbHOCTH OJKUNAXEeW KOCMHYECKHX Kopabield u
cTaHuui. Ycmex M 0€30MacHOCTh KOCMHMYECKOrO II0JIeTa BO MHOTOM ONpeAesseTcs
pe3yibTaTaMi TMOJArOTOBKM KOCMOHAaBTOB Ha TpeHaxepax. [lostomy B LlenTpe Bompocam
TPEHAKEPHOM NOJIrOTOBKM KOCMOHABTOB BCET/IA YIENSIOCH IEPBOCTENIEHHOE BHUMAHMUE.
Ecnu nepBble KOCMOHABTHl HAUMHAIU TOTOBUTHCS K KOCMHYECKOMY MOJIETY Ha IITAaTHBIX
KOCMMYECKMX amnmapaTax, TO B HacTosIilee BpeMs pa3padoTaH eIuHBIA KOMIUIEKC
TEXHUYECKUX CPEICTB IMOJATOTOBKM KOCMOHaBTOB. TpeHakeppl B COBOKYIHOCTH C
UCCIIEIOBATEILCKUMH U MOJCTHPYIOIIUMH CTEHJIAMH, y4eOHO-TPEHHPOBOYHBIMH CaMO-
JIeTaMM, CPEJCTBAMH JUIsl BHIIOJHEHUS paboT MOJ BOJOH, OapokamepaMi, CypioKaMepamMu 1
MHOTUMHU JpPYTMMH TexHUYeckMMH cpeactBamu LIIK mo3BossitoT B 1HOJHOW Mepe
MOJTOTOBUTH KOCMOHABTOB 110 BCEM 3JIEMEHTaM KOCMUYECKOT0 1osera (puc. 4).
TexHuueckue cpencTsa MNOArOTOBKM KOCMOHABTOB LleHTpa MOCTOSIHHO MOJEPHU3HUPYIOTCS C
y4eToM coBepiieHCTBOBaHUs mTaTHbIX [IKA (Hampumep, MOsBICHHUS] HOBBIX MOIYJICH, HOBBIX
HaYYHBIX SKCIIEPUMEHTOB, HOBBIX 3a1a4 BK/I, peanu3zanuu cxembl ObICTPOI CTHIKOBKH H IP.).
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B Hacrosiiee BpeMs HAYyT HWHTEHCHBHBIE pa0OThl [0 CO3JAHUI0 TPEHAXKEPOB IO
MOIU(HUKAIIMIO HOBBIX TPAHCIOPTHBIX Kopabneit «Coro3-MC» u «lIporpecc-MCy». Kpome
TOTr0, TNIyOOKOI MOJEpHU3ALMU TOJIBEPTalOTCS KOMIUIEKC THAPOIadopaTopuu U LHEHTPUPYTH
(puc. 5). CoBepuieHCTBYeTCS HWH)XKEHEpHAsh HHQPPACTPYKTypa W CHCTEMa KOMILJICKCHOMN
6e3omacHocTH LlenTpa. @opMupyeTcsi KOHLETLHUS CO3JaHUsI UHTETPUPOBAHHOTO TPEHAKHOTO
kommiekca LIIK ¢ MmUpOKUM HCIONB30BAaHHEM COBPEMEHHBIX HH(MOPMAIMOHHBIX
TEXHOJIOTHIl.

Puc. 5 Lentpudyra L{D-18

JIJ1st MOATOTOBKM KOCMOHABTOB HCIOJIB3YIOTCS JIETAIOIINE camoieThi-tadoparopun. OnHa u3
HUX co3/aHa Ha 0aze camonera MJI-76 u cyXUT 711 TPEHUPOBOK KOCMOHABTOB B YCJIOBHUSX
KPaTKOBPEMEHHON HEBECOMOCTH, MPOBEIACHHS MEIUKO-OMOJIOTHYECKUX WCCIEAOBAaHUN U
WCIIBITAaHUN 000pYyIOBaHMs JIETaTENIBHBIX armapaToB. Bropas co3mana Ha 6asze camoinera TY -
134M u ocHalleHa KOMIUIEKCOM  BH3YyallbHO-TIPUOOPHOTO  OOOpYIOBaHUS, HMEET
COOTBETCTBYIOIIIEE HABUTAIIMOHHOE OCHAIEHWE U paclojaraeT CcreuuaIbHbIMU WILIIO-
MUHATOpaMHU JJIsl TPOBEJCHUST BU3YAJIbHO-MHCTPYMEHTANBHBIX HaOmofeHunii. OHa MOXKeT
UCIIONIb30BAaThCS HE TOJBKO I TOJATOTOBKM KOCMOHABTOB, HO U JUIA pPELIEHUS
SKOJIOTUYECKUX U TPUPOJOPECYPCHBIX 3a7ad, a TaKkXkKe 3aJady KOHTPOJs Ype3BbIYalHBIX
cutyauuil. I[lomnep)kaHue HaBBIKOB MUJIOTUPOBAHUS KOCMOHABTaMH OCYIIECTBISIETCS Ha
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y4eOHBIX peakTHBHbIX camosietax JI-39. B Hacrosimee Bpems serHas 0a3a IMOJTOTOBKH
KOCMOHABTOB OOHOBJISIETCS, PEIIAETCSI BOMPOC O MPHOOPETEHHWH BEPTOJIETOB M CAMOJICTOB
tuna TY-204.

K uuncny yHukanpHbIX cpenctB LleHTpa OTHOCUTCS IUIaHETapui IS U3Y4EHMS 3BE3JHOIO
HeO0a M OTpabOTKM HaBBIKOB KOCMOHABTOB II0 AaCTPOHABUrallUM M aCTPOOPHEHTALMH,
MO3BOJISIOIINN UMUTHPOBATH HaOMOeHHE 3Be3AHOTO Heba (oxomo 9000 3BE3nm) M3 KaOWUHBI
KOCMMYECKOI'0 almnapaTa ¢ y4eTOM PeajlbHOTO pacloyioKeHUsI HeOEeCHbIX 00bEKTOB Ha JIF000H
3aJJaHHBIIl MOMEHT BPEMEHH, BHICOTHI OPOUTHI M OPOUTATIBLHOTO ABHKEHHSI CAMOT'O armapara.
B Hacrosmee Bpems B LleHTpe BHEApSIOTCS M UCHOJB3YIOTCS  COBPEMEHHBIE
UH(POPMALIMOHHBIE TEXHOJIOTUM OOECIEYEHUsI IMPOLECCOB TMOJATOTOBKM KOCMOHABTOB,
BKJIIOYAIOIIME: aBTOMAaTU3UPOBaHHbIE HH(POPMALIMOHHO-CIIPABOYHbIE CUCTEMbI, BUPTYaJIbHbIE
TpeHaxepsl 1 3D-Monenu, MyIbTUMEANITHBIE KOMILIEKCHI, HH(POPMAIIMOHHBIE TIOPTAJIBI H TIp.
OpHMM U3 BaXHBIX HalpaBJIEHUI BHEJIPEHUS HH(POPMALMOHHBIX TEXHOJOIMH B Ipolecc
MOJATOTOBKM KOCMOHABTOB SIBJISIETCS CO3JaHHE KOMIBIOTEPHBIX OOYYarOIIUX CHCTEM WU
KOMITbIOTEPHBIX (BUPTYaIbHbIX) TPEHAKEPOB.

KomMmmploTepHble TpeHakeppl HMEIOT CJEAYIOUIME IPEUMYIIECTBa IO CPaBHEHUIO C
UCIIOJb3YEMBIMU IIPU  MOJArOTOBKE KOCMOHaBTOB moiHomacmTabHbiMu TCIIK:  Hu3kas
CTOMMOCTB, Majlble pa3Mepbl, MOOWIbHOCTh. KOHEYHO, OHM HE TO3BOJIAIOT OTPAdOTATh
HoJHOCThIO pekumbl nosieta I1IKA, HO 3(¢eKTHUBHBI NPH HAyalbHOM TEOPETHYECKOH u
CaMOCTOSITEJIbHOM IOATrOTOBKE, IMOJIIOTOBKE MO OTAEJIbHBIM OIepanusM (Halpumep, Npu
BBINOJIHEHMH KOCMHUYECKUX IKCIIEPUMEHTOB), BO BpeMsl [IPEICTAPTOBOM MOJITOTOBKH.
HampaBnenus ucrosib30BaHNs KOMIIBIOTEPHBIX TPEHAXEPOB IPHU MOATOTOBKE KOCMOHABTOB
(9 (14 %10 1105 (<

- KOMITBIOTEPHBIE TPEHaXKEPHI ¢ ucmosib3oBanneM 3D-moxneneit [TKA, G0pTOBBIX cHcTeEM,
HAy4YHOM amnmapaTypbl, KOTOPbIE CTPOSITCS HA OCHOBE T€OMETPUUYECKOT0 MOJIETUPOBAHUS BCEX
00BEKTOB M MaTeMaTHMYeCKOI'0 MOJEIMPOBAHUS HM3MEHEHHUS COCTOSHHUS M IepeMeIleHUs
00BEKTOB CpPE/IbI;

- NOJyHaTYpHbIE, KOMIIBIOTEPHbIE CTAllMOHApHbIE M KOMIIBIOTEpHBIE MOOMIIBHBIE
TpeHakepbl TPAHCIIOPTHOTO MUJIOTUPYEMOro Kopabdiis (puc 6).

Puc. 6. Komnbrorepnsiit MoOminbHbIN TpeHaxepsl TIIK «Coro3-TMA»

IIIIK sBnsiercs aKTUBHBIM YYaCTHHUKOM pealu3ali MPOrpaMMbl HayYHO-IIPHUKJIAIHBIX
uccnenoBanuii u sxkciepumMenToB Ha 60pty [IKA. Ha MKC LlenTp nmeer craTyc ydacTHUKA B
120 KOCMUYECKUX SKCIIEPUMEHTAX.
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B 2012 romy HIIK yuacTBOBanm B pa3paObOTKe MPOEKTHBIX MATEPHAIOB IO MUJIOTHPYEMOMY
kopabiro HoBoro mokoisieHus: ([ITK HII) B wactu orbGopa, TMOATOTOBKM U TOCIEIOICTHON
peaOunuTanMu KOCMOHAaBTOB. B TOM wumclie mpeAcTaBieHbl MaTepuanbl MO KOMILIEKCY
IIPEANOIETHON MOArOTOBKH SKUIIAXKEH Ha KOCMoApoMe «BOCTOUHBINY.

B nacTosiee BpeMst Be1yTcsl IPOEKTHBIE pa0OTHI MO MEPCIEKTUBHBIM TEXHOJIOTHUSIM CO3aHUS
Ha/TyBHBIX TPAHC(HOPMHUPYEMBIX OOMTaEMBIX MOAYJICH U POOOTOTEXHUYECKHX KOMILJICKCOB.
HoBbiM sTanom HayuHoi pgesitenbHocTH LlenTpa cranio ¢ 2010 r. cucreMHoe ydacTue B
HKCIEPTU3E MTPOEKTHBIX JOKYMEHTOB 110 HOBOI KOCMUYECKOW TEXHUKE. 3a 4 HEIOJIHBIX roa
IIPOBE/ICHBI IKCIEPTU3BI C BbIAAYEH 3aKIIFOUEHMM, 3aMEYaHUN U MPEIJIOKEHUIN 10 U3AeIUsIM
«Iporpecc MC», «Corw3 MC», YM, HOM, OKA-T, IIIITC. B nepuox 2011-2014 rr.
BIIEPBbIE  IPOBEJCHBl  TEOPETUKO-3KCIEPUMEHTAJIbHBIE  MCCIEJOBAaHUA C  y4aCTUEM
KOCMOHABTOB 110 000CHOBAHHUIO NMEPCIEKTHB HCIIOIB30BaHHUS aHTPOIIOMOP(HBIX POOOTOB.
CrpeMsicb MaKCHMAaJIbHO UCIOJIb30BaTh pe3ysbrarhl nosietoB MKC B mHTepecax ocBoeHUs
nansHero kocmoca, LIIK ¢ 2013 roga BmepBbie B Hay4HOW MPAKTUKE Hadajl MPOBEACHUE
SKCHEPUMEHTOB IO MCCIIEIOBAHUIO ONEPATOPCKOM JEATEIbHOCTH KOCMOHABTOB Cpasy IOCIE
WX BO3BpamieHuss Ha 3emito mocie mnosyrogoBoro mnosera Ha MKC (B pamkax HUP
«Co3Be3ue»).

Crnenyer OTMETUTh, 4YTO Kpome TpaauimonHoro 3akazunka HHWOKP — Pockocmoca,
3aKa34uKaMu padoT SBJISIOTCS M JIPYrMe MUHUCTEPCTBA, a TAKXKE PAJl YAaCTHBIX KOMITAHMIA,
YTO TO3BOJIAET, C OJHOH CTOPOHBI, IIMpPE BHEAPATH B 3KOHOMHUKY CTpaHbl pPe3yJbTaThbl
KOCMHUYECKOW AESTENbHOCTH, & C JIPYrOdl — IMPUBJIEKATh YAaCTHbIE KOMIIAHUM K PELICHUIO
3a/1a4 KOCMHYECKOU OTPACIIH.

BaxubiM 31emeHToM oOecnieueHHst 3()()EeKTHBHOrO  (PyHKIIMOHUPOBAHUS POCCUICKON
CHUCTEMBI O0TOOpa M TMOJTOTOBKHM KOCMOHABTOB, siBisieTcsl mepcoHan Llentpa. B ero cocras
BXOJISIT: PYKOBOJACTBO M YIpaBieHUecKuil mnepcoHan lLleHTpa, Hay4dHble COTPYAHUKH (B
HacTosAmee Bpems B llentpe paborator 57 kanaugatoB u 11  10KTOpOB Hayk),
MHCTPYKTOPCKO-TIPENIOIaBATEIbCKUN U MH)KEHEPHO-TEXHUYECKUN COCTaB, CIIELMAIUCTBI I10
MOJIBOAHBIM paboTaM, MEIULMHCKHE PaOOTHHUKH, JIETHBII U  a’pOAPOMHO-TEXHUYECKUI
COCTaB, CIELHMAIUCTBI 10 BHEIIHEIKOHOMMUYECKON JEATEIBHOCTH, aJIMHHHUCTPATUBHO-
XO3UCTBEHHBI W TMPOU3BOJICTBEHHBI COCTAaB ObOecrmeunBaronux mnoapasaeneHuii Llenrpa.
HeobxonmuMo oTMeTHTb, 4YTO B cHUCTeMe 0Opa3oBaHus, cymiecTBywomeil B Poccum,
CIEIHAJICTOB IO MOJATOTOBKE KOCMOHABTOB HE roToBAT. [loaToMy Ha LleHTp mo)uTCs Takxke
0053aHHOCTh X 00YYEHHUS U MEePENOATrOTOBKH.

Oco0oe Mecto B pabore lleHTpa 3aHMMaeT AESITENBLHOCTh B cdepe 00pa3oBaTEIbHBIX
texHonoruii. [To [Toctanosnenuto [IpaButensctBa PO B 2011 rogy (rox 50-netus monera B
kocmMoc HO.A. Tarapuna) co3maH M ycnemHo (YHKIHOHUpYeT mepBbliii B Poccum
MOJIOJAEKH I o0pa3oBaTe/IbHBIH Kocmounentp, IIpeAHa3HAaYECHHBII JU1sL
npodeccCuoHaNTbHOM OpUEHTAIIMN MOJIOJEXKH JUIsl pabOThl B KOCMUUYECKON OTpaciu CTpaHbl U
HOMYJISIPU3ALMN JOCTH)KEHNN OT€4eCTBEHHOM KOCMOHaBTHKU. B KocMoneHTpe peann3oBaHbl
camble COBpEMEHHbIE€ MHHOBAIIMOHHBIE O0pa30BaTelIbHbIE TEXHOJOTUH, MPUMEHSIEMbIE MPU
00y4YeHHH MIKOJIBHUKOB U CTYJCHTOB.

B pamkax HayuHoro typmsma lLleHTp mocemaer okoiao 33 TbIC. YENOBEK €XeroaHo. B
Hactosamee Bpemsa LIIIK 3axirouensl cornameHus o corpyaHudectse ¢ 11 BY3amum u
opranmzamusamu, B Tom uucie MI'Y, MAU, MATHU, ¢ dorgom «CkonkoBo», Toproso-
IIPOMBILUIEHHOMU nanaTo PO u np.

C 2012 r. B llentpe opranuzoBaHa paboTa M0 TOCYJapCTBEHHON PETUCTPALlUU Pe3yJIbTaTOB
UHTEJUICKTYaJIbHOM AesaTeNbHOCTH. Exerogno LleHTp mosry4aer HECKOJIBKO NATEHTOB Ha
MOJIE3HbIE MOJENIN U U300peTeHus, perucTpupyer 6a3bl JaHHBIX U MPOrPaMMHBIE TPOIYKTHI.
Oyukumonupyer HayyHo TexHudeckuii coser (HTC) Ilentpa. C 2011 roma wusmaercs
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HayuHbli KypHan «llwioTupyemble TOJIETBI B KOCMOC», 3aperHCTPUPOBAHHBIN B
COOTBETCTBYIOIIUX (peiepalibHbIX OpraHax W BKIIOUEHHBINA B cucTeMy Poccuiickoro nHaekca
nutupoBanus (PUHIL).

[leHTp €XeroaHo IPOBOAMT HAyuyHble, B TOM YMCIE MEXIYHAPOIHBIE U MOJOJCKHBIE,
koH(pepenmmu. C 2009 1. mo HacTosmiee Bpems cnenuanuctamu LlenTpa omyoimnkoBaHo 6onee
510 crareit, 1OKIa40B, MATEPUATIOB.

B Ilentpe ¢dyHKunuoHHpyeT oOQUIMAIbHBIA CaWT W BHyTpeHHHMH mnoptan. Iloctpoena wu
pa3BHUBaeTCs COBpeMeHHas HH(POpMaIMOHHAsI HHQPACTPYKTypa.

bynymee [lentpa moarotoBku KocMOHaBTOB MMeHHM FO.A. 'arapuHa HampsiMyro CBSI3aHO C
NEPCIEKTUBAMM PAa3BUTHUSI OTEYECTBEHHOM M MHpPOBOM HHMJIOTHPYEMOW KOCMOHABTHKH,
SIBJIAIONIEHC OAHMM W3 JOKOMOTHBOB Pa3BUTHSI HAYYHO-TEXHH4YECKOro Imporpecca.
OCHOBHBIMU ONMKaUIIMMU TETSIMH POCCHICKON MHIOTUPYEMOH KOCMOHABTHUKHU SIBISIOTCS:
3¢ (exTUBHOE OCBOEGHHE OKOJO3€MHOT0 KOCMHMYECKOTO TPOCTPAHCTBA, pealu3anus
porpaMMbl 0cBoeHUs JIyHbI, OTpaOOTKA KIIFOUEBBIX TEXHOJIOTHH JJIsl MOJArOTOBKU K IOJIETY
Ha Mapc u npyrue miaaHeTsl (oTaaneHHbie 061acTr) COTHEYHOM CUCTEMBI.

OCHOBHBIMH 3a7]auaMH Pa3BUTHUS POCCUHCKON MUIOTHPYEMOW KOCMOHABTHKHU B ONVDKaiIIei
nepcrektuBe (10 2020 roma) SBISIOTCS: MPOBEIEHUE U pa3BUTHE (YHAAMEHTAIbHBIX U
IIPUKJIAQJHBIX HAy4YHBIX MCCIEIOBAHMM M DOKCIEPUMEHTOB Ha PoccHiCKOM cerMeHre
MexayHapoIHOH KOCMHUYECKOW CTaHUMHU, a TaKKE CO3JaHUE IMEPCIIEKTUBHONW CHUCTEMBI
TPAHCIIOPTHO-TEXHUYECKOIO0 OOECHEeYEeHHUss Ha OCHOBE TPAHCIOPTHOTO MHUIOTUPYEMOTO
KOpaOJIsi HOBOTO MOKOJICHHS.

[ToneTbl 4enoBeKka Ha OKOJO3EMHBIX OpOMTaX MOMOTJIHM COCTaBUTh HCTUHHYIO KapTHHY
MOBEPXHOCTU 3€MJIM, MHOTMX IUIaHET M OKEaHCKUX IpocTopoB. OHM Jalu HOBOE
IPEJICTAaBICHUE O 3€MHOM IIape Kak odare >XM3HM W IMOHUMaHHE TOro, 4TO 4YEJIOBEK U
IpUpoia — HepaspbiBHOE 1enoe. KocMOHaBTHKa TPeI0CTaBUIIa PEATIbHYIO BO3MOKHOCTD IS
pelIeHNs BaKHBIX HApOJHOXO3SICTBEHHBIX 3aJad: COBEPUICHCTBOBAHHWE MEKIYHAPOIHBIX
CUCTEM CBSI3H, IOJIIOCPOYHOE NMPOTHO3UPOBAHUE IMOTOABI, PA3BUTUE HABUTALIMM MOPCKOTO U
BO3/IyILITHOTO TPAHCIOPTA.

[Ipy 5TOM y KOCMOHAaBTHMKM OCTAalOTCA M OONbLIME TNOTEHIHAIbHbIE BO3MOXKHOCTH.
AHAMTUKU caenanu BbIBOJ, 4TO B XXI Beke KOCMHYECKHE HCCIICIOBAHHUS OKaXKYT
HauOoJpllIee BIMSHUE M3 BceX oOacTeil 3HaHMs Ha mporpecc uenoBedecTBa. Her npyroit
00JacTy Hay4HOTO 3HaHMsI, KOTOpas B TaKOH e CTENEHU BiMsiIa Obl Ha Halle BOCIPUSATHE
OKPY’KAIOIIEro MUpPA; KaKIbIH HOBBIM IIAar B KOCMOCE MOPOXKAAET camoe OOJIbLIOe YHCIO
HOBBIX BBI30BOB; TOJBKO KOCMOHABTHMKa CIOCOOHAa OTBETUTHh HA BOINPOC O MPOLUIOM H
Oynyiem BeenenHoit u cynp0e yenoBedecTna.

Benymue kocmuueckue aepxkaBbl Oyayliee MHIOTHPYEMOW KOCMOHABTHKU CBSI3bIBAIOT C
CO3/IaHMEM HOBBIX TPAHCIIOPTHBIX CHCTEM M OpPOUTAIBHBIX COOPOYHBIX KOMILIEKCOB IS
peann3alnuy NepcrneKTUBHBIX KOCMUUECKUX IPOrpamMMm, B TOM YHCIIE, TYHHOH U MapCHaHCKOM.
MacmtabHol 3afaueil MHAyCTpHAIM3alMM KOCMOca SIBJIseTCs pa3paboTka B MEPCHEKTHBE
PUPOJIHBIX pecypcoB JIyHBI U APYTUX MJIAHET COJTHEYHOU CUCTEMBI.

s obecnieueHus: peanu3alMy MEepPCIeKTUBHBIX KOCMUYECKHX MPOrpaMM B COOTBETCTBHHU C
®enepanbHONl KocMHUYecKol mporpaMMoil Poccun morpelyercs nanbHeiinee pa3BUTHE U
COBEPILEHCTBOBAHME CYIIECTBYIOIIEH CHCTEMBbl OTOOpa W TOATOTOBKM KOCMOHABTOB,
MojepHHU3alusl  TpeHaxEépHo-creHaoBor ©Oa3sl  LIIK  wumenn FO.A. Tarapuna c
UCIIOJIb30BAaHUEM COBPEMEHHBIX MH(POPMAIIMOHHBIX M KOMITBIOTEPHBIX TEXHOJIOTH, pa3BUTHE
UH(GPacCTPyKTYphl 3BE3HOTO FOPOJIKA.

KnroueBbiMu akTOpamMu MOAECpPHH3AIMM M WHHOBAIIMOHHOTO pa3BuTus LleHTpa ¢ yderom
TpeboBaHMil oOecreueHus1 6€30MaCHOCTH KOCMUYECKUX TIOJIETOB SIBJISTFOTCSI:
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- ONEPEKAOIIEE CO3/IAHNE HAYYHO-TEXHUUYECKOTO0 KOMIUIEKCa MOArOTOBKH KOCMOHABTOB
U HE0OX0IMMOUN MHGPACTPYKTYPHl B IENAX 00ECIEUeHHs] MEPCIEKTUBHBIX MUIOTHPYEMbBIX
KOCMUYECKHX MPOrpamm;

- HAIEJICHHOCTh Ha 0€3yCJIOBHOE BBINOJIHEHUE 3a7]ad MO 00ECIEeYeHHUIO MUIOTHPYEMBbIX
MPOrpaMM BbICOKOKBAJIU(PUIIMPOBAHHBIMU KOCMOHABTAMU PA3JIMYHBIX CIIELIHMATILHOCTEH;

— TECHas WHTErpalusi C OpPraHu3alUsIMH PaKETHO-KOCMHYECKOW MPOMBIIUIEHHOCTH
Poccutickoit deneparuu u 3apy0eKHBIMH KOCMUYECKUMH IICHTPAMU,

— MPOBEJICHNE HEOOXOJUMBIX HAYyYHO-HCCICIOBATEIBCKUX M OIBITHO-KOHCTPYKTOPCKUX
paboT B oOecrmeueHHe CYMIECTBYIONIMX U TEPCHEKTUBHBIX MPOrpaMM HHIOTHPYEMBIX
I0JIETOB;

- MOATOTOBKAa  BBICOKOKBaiuuumupoBanuoro mnepcoHana [IIK  (uHCTpyKTOpCKO-
IpenoaaBaTebCKU COCTaB, yUEHbIE, MEAULIMHCKUE CIIELUATNCThI, IICUXOJIOTH U JIp.);

— OpPUEHTALlMsl HA pEUICHUE [MEepPCHEKTHUBHBIX 337a4 NUIOTUPYEMBIX  IOJETOB:
MPEOAOJICHIE BIUSHUSA HEOMArompusTHHIX (HAaKTOPOB KOCMHUYECKOTO MPOCTPAHCTBA MPHU
OCYIIECTBJICHUN JJUTEIbHBIX TIOJIETOB, yMEHHUE BBINOJHATh KOHKPETHBIE padOThI Ha
MOBEPXHOCTHU IUIAHET, NAPUPOBAHUE HEIITATHBIX CUTYallU B YCIOBUAX OTCYTCTBHUS ITOMOILIU
¢ 3eMJIM U IIpoyee.

Cnucok cokpameHui

BK/] — BHEKOpaOeibHas eI TebHOCTD
J0C — JIOJITOBpEMEHHast OpOUTaIbHAsl CTAaHLIUSA
UMBII  — MHCTUTYT MeIMKO-OMOJIOTrHYECKUX TPpoOsieM
MAUN — MOCKOBCKUI aBUALlMOHHBIA HHCTUTYT
MATHU  — MOCKOBCKHI aBUAIMOHHBIN TEXHOJOTUYECKUI HHCTUTYT
MI'Y — MOCKOBCKH TOCY1apCTBEHHBIN YHUBEPCUTET
MO — MuHucTepcTBO 000POHBI
HUOKP — Hay4HO-MCCIIEJ0BATENIBCKUX U ONBITHO-KOHCTPYKTOPCKUX paboT
HTC — HAy4YHO-TEXHUYECKUHN COBET
HOM —Hay4YHO-DHEPreTUYECKUA MOYIIb
OKA-T — aBTOHOMHBIM KOCMUYECKHUH annapaT TeXHOJIOTUUYECKHM
OKb — OIBITHO-KOHCTPYKTOPCKOE OO0
ITKA — NWJIOTHUPYEMbIN KOCMHUYECKUNA KOpalib
[IIITC  — nepcrneKkTUBHAs MUJIOTHPYEMasi TPAHCIIOPTHAS CUCTEMA
PAH — Poccuiickas akagemusi HayK
TIIK — TPaHCIIOPTHBIN MUIOTUPYEMBIH KOpaOIib
YM — Y3JI0BOH MOZYJIb
[P — eHTpudyra
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Development of the innovative technologies
In cosmonaut training in the interests of spaceflight safety

Yu.V. Lonchakov

“Gagarin R&T CTC”,
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The paper discusses issues of the development and application of the innovative technologies in the
Cosmonaut Training Center. Domestic manned cosmonautics has always taken advantages of the most
advanced science-intensive technologies. The latest achievements in science and technology have
invariably been used for the creation of manned spacecraft and orbital complexes. Similarly, the
innovative technologies are used when creating hardware for cosmonaut training, such as: integrated
simulation complexes, virtual computer-based simulators, and so on. The CTC works in close
cooperation with more than 150 organizations, among them: enterprises and institutions of
Roscosmos, RAS institutes, institutions of Ministry of Defence, and others.

History of the Cosmonaut Training Center (hereinafter CTC) is inseparable linked with the
nascency and development of domestic and world manned spaceflight. Activity of the CTC at
all stages of its development is conditioned by the creation and introduction of innovative
technologies both for the development of manned spaceflight itself and for the formation of
national selection system, training, and post-flight rehabilitation of cosmonauts. At that, one
of the top-priority tasks of the Center at all times is ensuring the safety of cosmonauts in
flight.

After launching the first artificial satellite October 4, 1957 it had become apparent that our
country possessed all necessary scientific and technical prerequisites for a human space flight.
Therefore, January 11, 1960 it was decided to establish a center for cosmonaut training, which
wears the name of the first cosmonaut of the planet since 1968.

The first manned space flight required huge and hard preparatory work. Personnel of the CTC
took an active part in it. The initial, organizational phase of those works was the most
difficult, because it was necessary to start from scratch. Early in March, 1960 the first group
of cosmonaut candidates arrived at the central aerodrome by M.V. Frunze, and the first lesson
within the framework of basic training was already conducted on the 14™ of March, 1960. The
training of the first cosmonaut candidates consisted of training on various stands and practical
lessons at the S.P. Korolev’s design bureau where space vehicles were created (fig. 1).

April 12, 1961 Yuri Gagarin was launched into space aboard the Vostok spaceship for the first
time in human history.

Later there were many remarkable and exciting space events in which the CTC participated
directly: the flight of the first female cosmonaut Valentina Tereshkova, the first spacewalk of
Aleksey Leonov, the first docking of two spacecraft (V. Shatalov, B. Volynov, A. Eliseev, E.
Khrunov), creation of the first in the world orbital station Salyut. The Cosmonaut Training
Center played a major role in the preparation and implementation of these achievements (fig.
2).

During the period from 1971 till March, 2001 there were seven manned complexes in orbit.
37 expeditions that passed training at the CTC worked aboard the domestic orbital complex
Mir which operated in Earth orbit 5510 days that is more than 15 years.

At the beginning of the new millennium the integration scientific-technical processes has led
humanity to the realization of an impressive space project of assembling and joint exploitation
of the International Space Station which represents a unique permanently inhabited orbital
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complex. The ISS was created by combined efforts of International Partners, namely: Russia,
USA, members of the ESA, Japan, and Canada. According to the ISS program till January,
2015 the CTC provided the training of 42 main crews and 17 visiting expeditions for flight.
Cosmonauts who passed training at the CTC have established many quantity and duration
records of space missions and staying in the open space. For example, cosmonaut V.
Polyakov performed the longest space flight — more than 437 days.

Fig.1. First cosmonauts in the classroom

Fig. 2. Training for flight on DOS “Salute” (Sevastyanov V.I., Klimuk P.I.)

More than 140 exits into open space were performed from the board of Russian manned space
vehicles. Cosmonauts spent about 1200 man-hours in open space what equals to 50 days.
Cosmonaut A. Solovyov has accomplished 16 spacewalks and stayed in open space longer
than other Russian (Soviet) cosmonauts — altogether 3 days 7 hours 2 minutes.

In the course of 54-year activity, the Center trained about 400 cosmonauts, 118 of them have
flown in space.
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A unigue system of cosmonaut selection, training, and post-flight rehabilitation is being
developed and improved step by step. It allows training crews for the safe implementation of
various tasks in orbit: to assemble large structures, monitor the Earth’s surface, carry out bio-
medical experiments and other tasks and experiments to solve different scientific and
economic problems. During its development, the Soviet/Russian system of cosmonaut
selection, training, and post-flight rehabilitation has turned into the mature, well-established,
and recognized throughout the world system having a high reputation not only in our country
but also among foreign and international space agencies (fig. 3). Its distinguishing features:
scientific validity, unique staff, advanced technical base, software and methodological
support, and developed planning system what in aggregate provides a high quality training of
cosmonauts and flight safety.

Test-cosmonauts  Crew commander

Advanced proficiency ) ,
Research-cosmonauts | training Crew flight engineer

(2nd training phase) Research-cosmonauts

. 155 crew —ed
Ba 5|Ictlra|n|ng formation - E Reselrve of
(1sttraining phase) (crewmembers | experienced
selection) i cosmonauts
Cosmonaut T

candidatesselection Backup crewmembers
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Fig. 3. The sequence of stages of cosmonaut selection, training, and post-flight rehabilitation

The system of cosmonaut selection and training interacts with all elements of space
infrastructure at all stages of the life cycle of manned space programs: formulation; designing,
examination, and testing of space technology; implementation of space missions and
assessment of their results; creation of scientific and technical reserves on promising space
projects, and etc. At the same time, the Center’s primary mission as a lead agency of the
space-rocket industry remains the selection, professional training, and post-flight
rehabilitation of cosmonauts.

Along with the development of the cosmonaut training system, the Center’s status also
changed. October 7, 1965 the Air Force’s Cosmonaut Training Center was renamed and got a
new interdepartmental status as the First Cosmonaut Training Center. In order to memorialize
the cosmonaut number one, April 30, 1968 the Center was named after Yu.A. Gagarin,
perished when performing test flight. In 1969 the Center was reformed into the 1% Yu.A.
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Gagarin Research&Test Cosmonaut Training Center having the status of the research institute
of the first category. In 1995 the Center was given the status of Russian State Research&Test
Cosmonaut Training Center named after Yu.A. Gagarin in order to improve the efficiency of
the Russian Federation’s scientific and technical potential to carry out the Federal Space
Program and to meet international commitments of Russia. From the time of its establishment
till 2008 the Center was run by the Ministry of Defence.

In 2008 on the orders of the Government of the Russian Federation Ne 1435-r dated October
1, 2008 the Center received a new status — State Organization “Yu.A. Gagarin Research&Test
Cosmonaut Training Center” (SO “Gagarin R&T CTC”). Currently, the GCTC is under the
authority of Russian Space Agency. It has inherited from the previous structures the whole
spectrum of primary functions and accumulated experience in the form of the existing system
of cosmonaut selection and training.

Also, the CTC has gained extensive experience in training the international crews for flight of
different complexity and duration. More than 80 foreign cosmonauts and astronauts from 28
countries have passed training at the Center and accomplished space missions jointly with
Soviet and Russian cosmonauts.

The principles, procedure, and methods of training non-professional cosmonauts for flight
aboard Russian space vehicles have been substantiated and developed. The Center ensures 26-
week training of persons whose core business is far from space exploration, their safe staying
in space for two weeks, and returning to Earth. 20 persons passed this type of training, 10 of
them have performed space missions. Training of another two non-professional astronauts
began in September, 2014.

Over the past half-century the national system of cosmonaut selection and training ensured
the successful implementation of numerous national and international space programs.
Among national programs are: “Vostok”, “Voskhod”, “Soyuz”, lunar programs 7K-L1 and
N1-L3, “Almaz”, “Buran”, “Salyut”, “Mir”’; among international programs are: “Apollo-
Soyuz” Test Project, “Interkosmos”, “Evromir-95”, “Evromir-97”, “Mir-Shuttle”, “Mir-
NASA”, the ISS program.

The CTC is directly involved in controlling space missions, ensuring the safety of manned
space programs and safe staying of cosmonauts in orbit, carrying out research and
development activity in the field of space exploration, and in the post-flight rehabilitation of
cosmonauts. Efficiency of Russian cosmonaut training system has been proved by practice. At
present, the Center has the scientifically grounded methodology of cosmonaut training for a
space mission of any duration and complexity, largely unique simulator-laboratory base,
skilled and highly qualified specialists. Well-developed collaboration with allied enterprises
and wide experience of cooperation with foreign partners allow the Center to tackle assigned
tasks effectively and to implement domestic and international programs of space exploration.
There is a perfect medical base at the Center. It includes means of assessing: the health state,
vestibular and postural training, training for withstanding acceleration impact and changed
atmosphere composition, countermeasures against adverse spaceflight factors, physical
fitness, and post-flight rehabilitation. An important scientific output of the Center’s activity is
the development of the methodology to prepare a human organism for a long and safe staying
under extreme spaceflight conditions. Active works are being carried out at the present time
for purposes of deep space exploration. In this area the Center closely collaborates with the
Institute of Biomedical Problems of RAS.

A special feature of cosmonaut professional training is that cosmonauts acquire initial
“cosmic” experience on Earth. It is impossible to train them in a real space flight as it do
pilots and sailors who having passed basic training on the ground obtain professional
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experience on a real airplane or a ship under the direction of proficient instructors.
Cosmonauts have to obtain basic “cosmic” experience on the ground-based simulators that
simulate the environment and conditions of space vehicles and stations. The success and
safety of a space mission are largely determined by an adequate training on simulators. That’s
why the Center pays great attention to cosmonaut training on simulators.

Formerly, cosmonauts began to train for a space flight on the standard spaceships, now their
training is performed on the integrated complex of technical facilities. The simulators in
aggregate with research and modeling stands, flying laboratories, hardware for underwater
works, a low pressure chamber, and an isolation chamber as well as many other technical
means allow preparing a cosmonaut for each element of a space mission (fig. 4). Technical
facilities for cosmonaut training are constantly upgraded considering enhancement of standard
manned space vehicles (MSV), for example, the emergence of new modules, new scientific
experiments, new tasks for EVA, implementation of a fast rendezvous scheme, etc.

Fig. 4. Integrated simulator of TMV “Soyuz TMA”

At present, the Center is carrying out extensive works on the creation of simulators
considering modification of transport spacecraft Soyuz-MS and Progress-MS and on the
upgrading the hydro lab and centrifuges (fig. 5). Furthermore, the Center is improving an
engineering infrastructure and integrated security complex as well as is developing a concept
of creating an integrated simulator complex with the extensive use of modern information
technologies.

In addition, there are flying laboratories for cosmonaut training. One of them is designed on
the basis of IL-76 and serves for the creation of short-term weightlessness, carrying out
biomedical research, and testing spacecraft equipment. The other is designed on the basis of
TU-134M and is equipped with an instrumental complex for visual investigations. Also, it has
appropriate navigation equipment and special windows to perform them. It can be used not
only to train cosmonauts, but also to address ecological and nature resource problems as well
as to monitor emergencies. Cosmonauts maintain their piloting skills on the training jets L-39.
The Center’s base for flight training is being upgraded. The question of the acquisition of
helicopters and aircraft of TU-204-type is under consideration.

Among the unique facilities of the Center there is a planetarium to study the starry sky and to
train cosmonauts in astronavigation and star tracking. The planetarium simulates starry sky
(about 9000 stars) as it is seen from the cabin of the spacecraft considering the real location of
celestial objects at any given time, orbital altitude, and orbital motion of a space vehicle.
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Currently, the modern information technologies are being introduced and used to provide the
processes of cosmonaut training at the Center, including computer-based inquiry and
communication systems, virtual simulators and 3D models, multimedia complexes, data
portals, etc.

Fig. 5. Centrifuge TsF-18

One of the important areas of the introduction of information technologies for cosmonaut
training is the designing of computer-based instruction system or virtual simulators.

They do not allow practicing the flight regimes in full, but are very effective during the initial
theoretical training, self-training, training for separate operations (e.g. when carrying out
space experiments), and prelaunch training.

The following computer-based simulators are used for cosmonaut training:

- Computer simulators using 3D models of MSVs, onboard systems, scientific
instruments, which are based on geometrical modeling of objects and mathematical modeling
of the state change and movement of background objects;

- Semi-scale stationary or mobile computer simulators of MSVs (fig. 6).

The CTC takes an active part in carrying out the program of scientific-applied research and
experiments in space. The Center has the status of a participant in 120 experiments aboard the
ISS.

In 2012 the CTC participated in the development of project materials for a new generation
manned spacecraft in respect of cosmonaut selection, training, and post-flight rehabilitation,
including materials for crew’s pre-flight training program at space launching site Vostochny.
At the present time, great attention is paid to designing inflatable, transformable, habitable
modules and robotic systems.

Since 2010, the Center takes part in a new kind of scientific activity that is the examination of
design documents for new space technology. For almost four years the following products:
“Progress MS”, “Soyuz MS”, UM, NEM, OKA-T, PPTS have passed peer-reviewing with
the issuance of opinions, comments, and suggestions. In order to substantiate the prospects of
the use of anthropomorphic robots the theoretical and experimental studies involving
cosmonauts were performed from 2011 till 2014.
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Fig. 6. Computer mobile simulators of TMV “Soyuz TMA”

In an effort to use the advantages of missions aboard the ISS in the interests of deep space
exploration as effective as possible, in 2013 for the first time in scientific practice the CTC
began investigations of operator abilities of cosmonauts immediately after their return to
Earth after a six-month mission on the ISS (within the framework of research “Sozvezdiye”).
It should be noted that in addition to Roscosmos, the traditional customer of R&D, there are
other customers — ministries, a number of private companies what allows on the one hand
introducing space activity output into a country’s economy and on the other hand attracting
private companies to solving problems of space industry.

An important element ensuring the effectiveness of the Russian cosmonaut selection and
training system is the Center’s personnel. It consists of: management and executive staff,
scientific workers (currently, 57 candidates and 11 doctors of science work at the Center),
instructor-teaching staff, technical-and-engineering staff, underwater instructors, medical
staff, flying personnel, an airfield’s technical staff, experts in foreign economic activity,
administrative-economic and production personnel. It is necessary to note that the existing
education system in Russia does not prepare experts in cosmonaut training. Therefore, the
responsibility for their in-service education and retraining is laid on the Center.

The Center pays special attention to activity in the sphere of the educational technologies.
According to the Government Regulation of the Russian Federation of 2011 (the year of the
50™ anniversary of the first manned space flight) the first youth educational Space Center was
established and successfully operates now. It is purposed for the professional orientation of
young people in the space industry and the promotion of domestic achievements in space
exploration.

The most advanced innovative educational technologies used for teaching schoolchildren and
students are implemented at the Space Center. Within the scope of scientific tourism
approximately 33 thousand of people visit the Center annually. The CTC has concluded
cooperation agreements with 11 universities and enterprises, including Lomonosov Moscow
State University, Moscow Aviation Institute, Moscow State Awviation Technological
University, Scolcovo Foundation, Chamber of Commerce and Industry of the FR, and others.

Since 2012, the Center carries out works on the state registration of intellectual activity
results. Every year the Center gets several minor patents and patents for invention, registers
databases and software products. Since 2011, the CTC issues the science journal “Manned
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Space Flights”, which is registered in the relevant federal authorities and included in the
system of the Russian citation index.

Annually, the Center holds international and youth scientific conferences. Since 2009, the
Center’s specialists have published more than 510 articles, papers, and other materials.

The Center has an official site and a home portal. The modern information infrastructure has
been designed and is successfully being developed.

The future of Yu.A. Gagarin Cosmonaut Training Center is directly related to the
development prospects of domestic and world manned space exploration which is one of the
movers of the scientific and technological advance. Among the main nearest objectives of
Russian manned space exploration program are: effective exploration of near Earth space,
implementation of the Moon exploration program, development of key technology to prepare
Martian mission and missions to other planets or to distant regions of the solar system.

The primary tasks of the development of Russian manned space exploration for the nearest
future (till 2020) are to conduct fundamental and applied research and experiments on the 1SS
Russian Segment and to develop an advanced transportation-logistics system using a new
generation manned transport spacecraft.

Human flights in Earth orbits helped us to get a true picture of the Earth’s surface, of many
planets and ocean spaciousness. They gave a new vision of the globe as the fountain of life
and an understanding that a human and nature represent an indissoluble unity. Cosmonautics
provides a real opportunity to address the following important national-economic tasks:
perfection of international communication systems, improvement of long-term weather
forecasting, development of marine and air transport navigation.

At the same time, cosmonautics has preserved a great potential. Analysts have concluded that
space researches in the XXI century will have the greatest effect on the progress of mankind
in comparison with other fields of knowledge. There is no other field of scientific knowledge
which has such strong influence on our perception of the world. Each new step in space
generates the largest number of new challenges. Only cosmonautics has capabilities to answer
the question about the past and the future of the Universe and destinies of the humanity.
Leading space powers consider that the future of manned space exploration is related to
designing new transportation systems and orbital assembly complexes to implement
promising space programs, including the lunar and Martian programs. Another major task of
space industrialization in the period ahead is natural resources development of the Moon and
cosmic bodies in the solar system.

To ensure the implementation of promising space programs in accordance with the Federal
Space Program of Russia it is required further development and perfection of the existing
cosmonaut selection and training system and modernization of the Center's simulation
facilities using advanced information and computer technologies as well as further
development of Star City’s infrastructure.

The following are the key factors of modernization and innovative development of the Center
considering the requirements for the safety of space missions:

- Anticipatory creation of the scientific and technical complex for cosmonaut training and
of the necessary infrastructure to provide promising manned space exploration programs;

- Focus on fulfillment of the unconditioned requirement that manned space exploration
programs should be implemented only by qualified cosmonauts of various specialties;

- Close integration with enterprises of space-rocket industry in the Russian Federation
and with foreign space agencies;

- Carrying out the necessary research and development works to ensure the current and
promising manned space exploration programs;
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Training of highly qualified personnel at the CTC (instructor-teaching staff, scientists,

medical experts, psychologists, etc.);

Orientation to tackling the following prospective objectives of manned missions:

overcoming the adverse effects of long-duration space missions; ability to perform specific
works on the surface of a planet; mitigating off-nominal situations in circumstances of the
absence of help from Earth, and so on.

Abbreviations list

CTC — Cosmonaut Training Center
GCTC —Gagarin CTC

DOS — Durable Orbital Station
ESA — European Space Agency
EVA — Extravehicular Activity

ISS — International Space Station
MSV  —Manned Space Vehicle
SPM — Scientific-Power Module
NM — Node Module

OKA-T — Autonomous technological module
PPTS  — Prospective Piloted Transport System
R&D — Research & Development

RAS — Russian Academy of Science
RF — Russian Federation
USA — United States of America
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HayuyHo-uHHOBaUMOHHBIN MoTeHHHAaJa npoekta MAKCM
A.B. baxyp, B.A. MenbmnkoB, A.H. Ilepmunos

HIT « Mexaynaponnbiit koMuteT 1o peanusanuu [Ipoekra coznanus MAKCM»
OO0 «MHTemIeKTyaabHble TEXHOIOTHI
127051, r. MockBa, M. CyxapeBckas miomajp, 1. 6, ctp. 1.

Cuctremasiii ipoekT MAKCM, BemonHeHHBIA B 2011 T., KOHKpETHO TMOKa3all, TO, YTO CTEIICHH €T0
JI00ATLHOCTH SIBIISIIOTCSL ApaiBEpOM Ui (POPMHUPOBAHHS MHOTOYHCICHHBIX HCCICIOBATCILCKUX U
WHHOBAIIMOHHBIX Pa3pa0OTOK, KOTOPHIE TAKXKE MOTYT HOCUTh MacIITa0HBIN XapakTep.
MmuoroacriektHOCTh 3amaun  co3ganus MAKCM crama skcmimukaTtopoM mpoOieM  pa3indHON
HaPaBIEHHOCTH, PelleHNe KOTOPHIX MMEET 3HAaUeHHE TaJIeKO HE TOIBKO B PAMKaxX 3TOTO MPOEKTA.

B nepByto odepens 3TO BONPOCHL, CBI3aHHBIC C €€ HA3HAYCHUEM:

- METOOJIOTHS KPAaTKOCPOUHOTO, CPETHECPOTHOTO U JOATOCPOUYHOTO JOCTOBEPHOT'O MIPOTHOZUPOBAHUS
OTTACHOTO Pa3BUTHS MPUPOAHBIX U TEXHOTEHHBIX MPOIECCOB;

- BeJIcHHUE II00yca U ero NpuiIokKeHus — riio0yca 0€30MacHOCTH.

OTH ABE 3a/laud TAaKKe UMEIOT IUIaHeTapHOoe 3HadeHue. X mcciemoBaTenbCKuil 1 MHHOBAIIMOHHEIN
MOTEHIIMA KacaeTcs Kak (yHIAMEHTAIBHBIX AacleKTOB (K MpUMepy, CO3[aHWE TEOPHH IENoTo,
pa3BUTHE TEOPETHUKO-MOJEIBHBIX OMHCAHUN TMPOLECCOB <OKU3HW» IUIAHETHI, MaTeMaTHYEeCKHX
METOJIOB M T.I.), TaK U CO3JIaHUE CPEJACTB CUCTEMATU3UPOBAHHOTO XpaHEHHWS JAHHBIX M HX
OTOOpaXKeHUS TS OAACPKKU PUHATHSI PEIICHUH.

Cozmanme MAKCM kak TEXHHMYECKOH CHCTEMBI TakKe TMOTpedyeT pa3pelieHns KOMIUIeKca
METOJUYECKHUX Mpo0sieM. Pa3BuTre CUCTEMHOrO MpoekTa moTpedyeT (HhOpMUPOBAHUS Psijia paHEe He
NPUMEHSBIINXCS MOJCTBHBIX omucaHuid. 1o o0ycioBieHo pasmepHocThio MAKCM, a Ttakke
TpeOOBaHMSMH K €€ TEXHHYECKHM XapakTepucThkam. WX o000CHOBaHHWE Ha OCHOBE paHee
MPUMEHSBIIUXCS PACUETHBIX CXEM CTAaHOBUTCS 3aTPYAHUTEIBHBIM, TO3TOMY HEOOXOIHUMBI HOBBIC
MaTeMaTHYECKUE MOJICITH.

Haxosnen, crout kocHyThCsl d3KOHOMHUYECKHX acneKToB. MAKCM — 3T0 HEKOMMEpUYECKOe H3EIUE.
Tem He MeHee, ee pPa3MEpPHOCTh, TIOOATBHOCTh XapakTepa (YHKIMOHHUPOBAHHS OOYCIABIMBAIOT
BBICOKHI YPOBEHb TPYJ03aTpaT U HEOOXOJAMMO Pa3BUTHE HOBBIX MOJXO0B, KOTOPHIC MO3BOIMIIN ObI
JIaBaTh SKOHOMHUYECKOE 000CHOBAHNE TEXHUUECKUX PEIICHUH.

ITpoekt MexnyHapoaHON a’pOKOCMHYECKONH CHUCTEMBI MOHHUTOPHMHIA ONACHBIX IPUPOIHBIX
SBJICHUI M TexHoreHHbIXx Kartactpod (MAKCM; anmru. International Global Monitoring
AeroSpace System, IGMASS) Obul HWHUIMATU3UPOBAH TPYHIOH POCCHUMCKUX YYEHBIX H
uHxeHepoB B 2007 r. Ha MexnyHapoaHoi koHpepeHunn «CoOBpeMEHHbIE KOCMHUYECKHE
TEXHOJIOTMM B MHTEPECax MPOLBETAaHUS UYEIOBEUYECTBA», NIPOXOAUBLIEH B JIHEMPONETPOBCKE
(Yxpauna).

Konuemnius MAKCM u ee OCHOBHBIE XapaKTEPUCTUKU OBLIM MPEICTABICHBI B CUCTEMHOM
npoekTte, BeImoTHEHHOM B 2011 r. [y HacTosIel CTaTbl BaXKHO TO, YTO CUCTEMHBIA MTPOEKT
MO3BOJISIET KOHKPETU3UPOBATh OUYEBUAHOCTH TOTO, YTO TJIO0AJIBHOCTh NpesiaraeéMoi K
CO3JAaHMIO CHCTEMbI JieJlaeT ee JpaiiBepoM i (OPMUPOBAHUS MHOTOYHCIEHHBIX
UCCIIEIOBATEIbCKUX W MHHOBAIIMOHHBIX pa3padoTOK. MHOroacneKTHOCTh 3a/1a4d CO3aHus
MAKCM cpenana ee SKCIUTMKATOPOM MPOOJIeM pa3IMYHON HANpaBIEHHOCTH, DPEIICHHE
KOTOPBIX UMEET 3HAUEHUE JTAJIEKO HE TOJIBKO B paMKaX 3TOTO ITPOEKTA.

[lepBbIM HampaBlieHHEM TakuX pa3paboOTOK OynyT Te, KOTOphle OOYCIIOBIEHBI pEIIEHUEM
npo6ieM, CBI3aHHBIX ¢ HA3HAUYEHHEM CO3/1aBaeMON KOCMUYECKOH CHCTEMBI.

JlocTmKeHre NPUHLMIIAAIBHO HOBOTO YPOBHS, pagd KOTOPOTO HMHULHUPOBAH IIPOEKT
MAKCM, noapa3ymMeBaeT HOBBI YPOBEHb JOCTOBEPHOCTH METOAOJIOIMH KPAaTKOCPOYHOTIO,
CPEHECPOYHOIO M JOJTOCPOYHOIO INPOTHO3MPOBAHUSA ONACHOTO Pa3BUTHs NPUPOIHBIX U
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Hayuyno-mHHOBanmoHHBIH oTeHIHan nmpoekta MAKCM

TEXHOTEHHBIX MpOIEeccOB. Takyl0 TOCTAaHOBKY 3a/Jladyd MOXHO TIOSCHUTH CIEIYIOUICH
CUTYaIIMOHHOM cxeMoii (cM. puc. 1).

Ha sroii cxeme P — omeHka BEpOSITHOCTH TOTO, YTO CIYYHWTCS CTHXUIHOe OenctBue, D —
3aTpaThl Ha MPEBEHTUBHBIC MEPHI 110 MPEIOTBPAILIECHUIO MTOCIEACTBHM, S — OlIEHKa yiepOa ot
CTHXHMI{HOTO OEACTBHS NPH OTCYTCTBHM IPEBEHTHBHBIX Mep, S° — OLCHKa ymepba or
CTUXHUHHOTO 6eI[CTBI/I$I IMpU OCYHICCTBJICHUH NPCBCHTUBHLIX MCP.

HcXomHbIM MOMEHTOM SIBIIICTCSI TIOSIBJICHHE MPHU3HAKOB, HA OCHOBAHWU KOTOPBIX
dbopMupyeTcs CyKJIEHHE O TOM, YTO BO3MOXKHO OMACHOE MPOSBICHHUE MPHUPOJHBIX CHII, K
npUMepy, 3eMIICTPSICCHHEe, KaTacTpo(uyeckoe HAaBOAHEHWE W T.I., W OICHUBAIOTCS €ro
BO3MOJKHBIE TIociencTBus. Hac uaTepecyer P — BEposSTHOCTH TOTO, YTO MPOTHO3 PEaTH3yeTCsl.
MIMEHHO 3TO SBISCTCS OCHOBAaHWEM Ui TIPUHSATHS PpEIICHUS 00 OCYIICCTBICHHUU
IIPEBEHTUBHBIX JICHCTBUM, CBA3aHHBIX C MPEAOTBpAILlEHUEM BO3MOXKHOrO yiiepoa. 31ech, B
BUJIC OTCTYIUICHUS, CJIEJyeT OTMETHUTh, YTO YMBIIUICHHO HE YIOMHHAETCS BOIPOC
YeJIOBEYECKMX JKEPTB, KOTOPBIA MEPEBOAMUT MPOOJieMy BO3MOXKHOTO yiiepba Ha Oonee
BBICOKUH YPOBEHbD, TJIC OLICHKU HOCST y)K€ He JKOHOMHUYECKHI1, a MOPaJIbHBII XapakKTep.

I/ITaK, Ha OCHOBAaHHMHU OLICHOK BCPOATHOCTU CTUXUIHOI'O 6CI[CTBI/I$I u ero HOCHGHCTBHﬁ, MBI
NPUHUMAEM pEIICHHEe O TOM, NPEANPUHUMATh WM HE MPEIINPUHUMATH IPEBCHTHUBHBIC
JEHCTBUS TI0 TPEIOTBpaIieHuio yiiepoa. ['oBopst 00 3Toit BEpOSATHOCTH, CIEAYET TTOHUMATH,
YTO TPU TOM YPOBHE 3HAHHWH O NPUYMHAX PA3IMYHBIX CTHXHHHBIX OCICTBHH, KOTOPBIH
CYIIECTBYET B HACTOSIIIEE BPEMsI, 3HAUUTEILHYIO JIOJII0 B OIIEHKE 3TOW BEPOSITHOCTU CIIETyET
OTHECTH K TOMY, YTO MBI «3aKJIaJIbIBAEMCs» HA HE3HAHUE.

-P=xS

D -pP=xSP

Puc. 1. CuryaunonHnas cxema, XapakTepu3yrolas UCIOIb30BaHUE TaHHBIX MOHUTOPHHTA.
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[IpuHATHIO pelIeHns] Ha CUTYallMOHHOW CXEME COOTBETCTBYIOT JIBE BETBHU:

- IPEBEHTHUBHBIC JIEUCTBUS HE MPEPUHUMAIOTCS;

- IPEBEHTUBHBIE ICUCTBUS IPEANPUHUMAIOTCS.
Btopoii BeTBM COOTBETCTBYIOT BCE MEpPbI, KOTOpbIE IMO3BOJSIOT CHHU3UTH YIIEpO,
NPEAOTBPAaTUTh BO3MOXKHBIE HapyLIEHUS B XO3AWCTBEHHOW aesrtenbHocTH. Ha puc. 1
MIPEBEHTUBHBIE MEPHI OLIEHUBAIOTCS 3aTpaTamu D.
[Ipu nanpHEIIEM ABUKEHUU 110 CUTYALIMOHHOW CXE€ME Mbl CTOJIKHEMCS C ABYMsI BApUAHTAMHU
pa3BuUTUs COOBITUH (B JAHHOM CIlydae OHHM HE 3aBHCAT OT BapHAHTOB MPEABIAYIIECTO
BETBJICHUSI CXEMBI):

- POTHO3 OIPABBIBAETCS M MPOTHO3UPYEMOE COOBITHE MTPOUCXOJTUT;

- IPOTHO3 HE OIPaB/IbIBAETCSI.
BeTBb «IIpeBEHTUBHBIC MEPHI HE TIPEIITPUHUMAIOTCS» MBI OIICHUBaeM BelmduHoU P*S. BeTBb
— IPEBEHTUBHBIC MEPHI MPEANPUHAMAIOTCS» — BenmuunHoii P*SP. TIpi 5TOM MBI JOIKHBI
MMOMHUTB, YTO BTOPOM BETBH COOTBETCTBYIOT elle U 3arpaThl D. OTMeTHM pa3HbIil Xxapaktep
oTHX BenmanH. P*S 1 P*SP spisoTest oreHkamu, MOJIYYEHHBIMH TI0 MPOTHO3HBIM JTAHHBIM.
Ha wux ocHOBaHMM MBI JOJDKHBI MPEINPHUHATH KOHKPETHBIC YCHJIMS M TOHECTH pPeabHbIC
3arpatsl D.
Tenepps sicHee CTaHOBUTCS MpoOiIeMa TOCTOBEPHOCTH OIEHKH BEPOSITHOCTH CTUXHIHOTO
OenctBusa. PeanbHo mnoHeceHHbIM 3atpatam D nporuBomocTaBiseTcss BO3MOMKHAS
sxonomust S-S°. MbI moMHIM YCHENIHYI0 TPEBEHTUBHYIO 3BaKkyanuio B Kutae B mpoBUHINHN
JIsonun B 1974 r. Yepe3 Tpu AHA mOcie 3BaKyalldd HA4ajloCh CHIJIBHOE 3emMieTpsiceHue. B
OTIICNBHBIX pallOHaxX NPOBHHIMU ObUIO mOBpexaeHo 90% 3manmii. [lo  omeHkam
CHEIMANIMCTOB, yOaloch u30exaTh rubenu 3 MiH. 4denoBek. OAHAKO TOBTOPEHUS 3TOTO
npeleaeHTa MoKa HeT. DBaKyalMsl TaKkoro macimrada — 3TO TOKE CBOETO poja CTUXMIHOE
OencTBue, MyCTh U OpPraHW30BaHHOE. W pemmThcs Ha TakoW Iar Hempocto. Peakuus Ha
«T1I000M YMX» OYEBUIHO HEOMpaBJaHHA, HO M XKAATh «JI0 BEPHOro» Hemb3sa. O TOM, YTO
CUTYyallusi, IpeJCTaBIeHHas Ha puc. 1., MOKa Janeka OT TOro, 4ToObl B HEW MPHUCYTCTBOBAIU
JIOCTOBEPHBIE OCHOBAaHMSI [UJISi TIPUHSTHS PEIIEHUs, TOBOPUT M W3BECTHBIM TMPELENECHT C
OCYXKICHHEM CHeuuanucToB 1mo ¢akrty 3emiuerpscenus B JI’Akyune B 2009 r. Takum
0o0pa3oM, MOKa HeNb3si TOBOPUTh, YTO €CTh OILIEHKH, MO3BOJISIONIME [1aBaTh HAIACKHYIO
MOAJICPKKY JJIA TPUHATHS NPEBEHTUBHBIX PEUICHUN TOCYJapCTBEHHBIMH M MECTHBIMH
BIIACTSIMU.
Tot daxT, 4TO pe3ynbTaThl UCCIEIOBAHHM, MPOBOJUMBIX B Pa3HBIX CTpaHax (Tak, TOJBKO O
POCCUHCKHMX HCCJIEIOBAHMIX MOXHO CyauTh 1O MoHorpaguu «lIpupomHbie OmMmacHOCTH
Poccun» n/p B.M. Ocunosa u C.K. lloiiry), He nanu xenaeMoi OI[EeHKH TOBOPUT O TOM, UTO
BOIIPOC CTOUT HE TOJILKO B pa3pabOTKe MAaTEeMAaTHYECKUX MOJENeH, HO M B Pa3BUTUHM HOBBIX
METOJAMYECKUX U KOHILIENTYaIbHO-TEOPETUUECKUX MOIX0/IOB.
OnHoil U3 uaeh NJsl pa3BUTHSA TaKUX TMOIXOJOB MOXKET CTaTh KOMIUICKCHPOBAHUE YACTHBIX
MPU3HAKOB. JTa UJEsl OCHOBAHA HA TOM, UYTO ONACHOE MPOSBICHHE HEKOTOPOTO MPUPOJAHOTO
SBJICHHSI SIBJSICTCSL  PE3YJILTATOM CXOXKJIEHUS MHOXECTBA BO3MOXKHBIX CONPUYHH (T10
knaccudukanuu JI.A. Tlocnenoa [6]). JlelicTBUTENbHO [alneKo HE BCErJa MBI MOXEM
MOJIOKUTHCS Ha OJIMH WJIM HEKOTOPOE BECbMa OIPaHUYECHHOE KOJUYECTBO MPU3HAKOB.
Jlns peanuzanuu 5TOi HIeH, BO3MOXKHO, MpUAETCS GOPMHUPOBATH MOJIEIH JIJIsI KOHKPETHOTO
PETHOHA, TTOCKOIBKY BEAYIIUM 3/€Ch OYyACT MPEINONIOKEHNE O TOM, YTO YaCTHBIC MPU3HAKU
HE YHUBEPCAJIbHBI U UTPAIOT PA3HYIO POJIb B Pa3HBIX MECTHOCTSIX.
Hanmume Takmx Mojmenelt CTaBUT 3ajadyy WX MOCTOSHHOM Moaudukamuu. W kak ee
00001IeHNe BO3HUKAET 3a/ladya BeaeHus riodyca 3emun. Ee MOXHO paccMmarpuBaTh Kak
Ha3HayeHue, kauyecTBeHHO otinyaroniee MAKCM oT Apyrux cucteM MOHUTOPHUHTA.
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[Tepserii 1100yc ObLTH pa3zpadbotan dunocodom-croukom Kparerom Ilepramckum B 150 1. 10
Halei 3pel. D1oxa BEeJIMKHX reorpaduueckux OTKPBITHH BBena rio0yc B 00uxo. reorpagos,
IyTEIIECTBEHHUKOB, MOpeEIUIaBaTeNeil H, eCTECTBEHHO, B UIKOJbHBIE U CTYJEHYECKHE
ayauropuu. Maest rnobyca Kak MOJENN - COBMEILICHHE IIEIOCTHOTO B3I Ha IUIAHETy C
BUJICHUEM OTAEIbHOIO YyYacTKa IOBEpXHOCTH IUIaHeThl. OToOpa)keHue B3auMoOJeHCTBUA
OKEaHOB, MOpei, KOHTHHEHTOB, MAaTEPHUKOB, TOPHBIX CTPaH, PEYHBIX JOJIMH H T.II.

['moGyc, co3naHHbBIM B Te€ BpeMeHa, MpeiCcTaBsAia cOOOH Iap, Ha KOTOPOM rpaduyecku,
BBICOKOM TOYHOCTBIO OTOOPAXKAINCh OOBEKTHI, 3aUKCUPOBAHHBIC HA MOBEPXHOCTH TIAHETHI.
C nomo1bo IIBETOBOH PacKpacky Ha HEM JOCTHTaJIOCh TO, YTO ceHYac paccMaTpUBAETCs Kak
3D-u3o6paxkenue.

Co BpeMeH OSIOXM BEIMKHX TreorpaMuecKkux OTKPBITHM HallM 3HAaHUS O IUIAHETe
3HAYUTEIBHO PACHIMPIIINCH. B TIepByr0 ouepesb 3a CUET «IIPOHUKHOBEHHS» B €€ BHYTPEHHEE
CTPOEHUE, B COBOKYITHOCTb U B3aMMOCBSI3b IIPOLIECCOB, MPOTEKAIOUIMX HA MOBEPXHOCTH U B
riyouHe. OTAenbHOW 3amadeil SBISIETCS MPEICTABICHHE XapaKTEPUCTHK, MO3BOJISIONINX
CyIuTh 00 OIACHOM pa3BUTUU PA3JIMYHBIX MPUPOJHBIX U TEXHOI'CHHBIX IPOLIECCOB.
Bo3MoxHO, Ui 3TOrO TMpHIETCs pa3padaThiBaTh MPHIIOKEHHE, KOTOPOE MOXKHO Ha3BaTh
«r00ycoM 0e30MacHOCTIY.

Crnemyer OTMETUTh, 4YTO B OSTOM HAINpPaBICHUH KAXKIbId IIAr TMPeICTaBIsieT COOOU
cepbe3Heilyo 3ajady. Yike pa3paboTka COBPEMEHHOIO IOHMMaHHUs o0iauka riolyca
TpeOyeT MHOTOCTOPOHHEIrO OOCYXICHHA. A CIIeOM HAa4YHyTCS TpOOJEeMbI, CBSI3aHHBIE C
HEpelIeHHbIMU Mpo0ieMaMHi MOJIEIeH Pa3InYHbIX c(ep IMIAHEThl U T.N. DKCIUIMKALU UACH
MOJIEpHU3AMK TJo0yca JUINHUM pa3 MOJYEPKUBACT HEOOXOIMMOCTh  pa3pelIeHuUs
IPOTUBOPEUYHMH MEXTy Pa3HBIMH TEOPUSIMU U MOAEIISIMH.

['oBopst 00 wCCIIEAOBATENICKOM TIOTEHIIMAJE JTOTO HAMpPAaBICHUS MOXHO YBHUJIETH PSII
(byHAaMEHTAIBHBIX aCIIEKTOB. DTO 3alpoC Ha CO3aHUE TEOPUH LIEJIOT0, Pa3BUTHE TEOPETUKO-
MOJICNIBHBIX ~ OMHMCAaHUM TPOIECCOB  (OKU3HW» TUIAHETHI, METOJ0B MaTeMaTHYeCKOTO
MOJICIIUPOBAHUS U €11le MHOTHX pa3paboToK. OTHOBPEMEHHO MPOSBISIETCS M MHHOBALMOHHBIN
noTeHnuaid. B mepByro ouepenp B 0ONACTH KOMITBIOTEPHBIX TEXHOJIOTHH. DTO pa3BUTHE
METO/0B KJIacCU(UIIUPOBAHHOTO XPAHEHUS] OOHOBISIEMBIX MAaCCUBOB CBSI3aHHBIX JIaHHBIX, 3TO
CO3/IaHME METOJIOB OTOOpaKEHHsI, TO3BOJIIIONIMNX pEajn30BaTh HACKH Tiodyca TIpu
COBPEMEHHOM IOJIXO/I€ K €r0 CO/IePKaHUIO.

besycnoBHO, pa3paboTka 1o0yca IKCIUIUIMPYET eire (M) KOMIUIEKC HCCIIEeNOBATEIbCKUX U
WH)KEHEPHBIX 3a/1a4.

BropsiM HampaBiieHueM pa3paboTok, skcmuiupyemsix mnpoektoM MAKCM, sBisercs
peleHre npobieM, HeOCPEACTBEHHO CBSI3aHHBIX C CO3JIJaHHMEM a’POKOCMHUYECKOH CHCTEMBI.
B cBOoeM OKOHYATENBHOM BHJE OHA IPEICTABISICT COOOH TII0OATBHYIO OpraHW3alMOHHO-
TEXHUYECKYI0 cucTeMy. B HacTosimiee Bpems ee 00JMK pa3paboTaH Ha YpOBHE CHCTEMHOIO
npoekTa. M u3 3Toro JAoKymMeHTa BUIHO, YTO Juid oOecnedyeHus (QyHKIMOHMPOBAHUS TaKOH
ro0anbHOM  cuUCTeMbl HeoO0XoanMa pa3padoTKa KOMIUIEKCAa TEXHHYECKHX IpoliieM,
CBSI3aHHBIX C CO3/IaHUEM CHUCTEMHBIX pelieHuid. FIMEHHO B 3TOM MOXXHO YBHJETh HAay4HO-
MHHOBAI[MOHHBI MOTEHIIMAJ HalpaBlIeHUs] pa3pabOTOK, HEMOCPEIACTBEHHO CBS3aHHBIX C
CO3JIaHMEM aDPOKOCMHUYECKOHN CHCTEMBI.

OTOT KOMILIEKC MPoOJIeM MOXKHO pa30UTh Ha TPH OCHOBHBIE TPYIIIIHI.

[lepBast rpymma — 370 MPOOIEMBI OpPTraHU3AINY YIPABICHUS M 00ECTICYCHHS YITPABISIEMOCTH.
CrnoxHass ¥ MHOTOYMCJIEHHAs! TPYNIMPOBKA CIyTHUKOB W aBHUAIMOHHBIX CPEACTB TpeOyer
HOBBIX ITOJIXOI0B K OpPTaHU3aIMY CBOETO MOBCETHEBHOTO ()YHKIIMOHUPOBaHUs. JloIKHA OBITh
pelieHa mpobjemMa COrJIaCOBaHHOTO HCIOJIb30BAHUS TPYNIHPOBKHU IMPH BBIMOJHEHUH 3a]a4
HaOmroAeHus. J{71s1 KOCMUYECKUX alnaparoB J0JDKHA OBbITh pelleHa IpodjieMa aBTOHOMHOCTH,
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KOIJJa KOCMMYECKHI amnmapar oCyLeCTBIIsAET IUIAHUPOBAHUE CBOEH CXEMBbI 110JIeTa Ha OCHOBE
3a/laHusl OT HA3€MHOT'0 KOMILJIEKCA yIIPaBJICHMSL.

Bropas rpynna — npo6siemsl nojaepxaHusi paboTocriocoOOHOr0 COCTOSHUS TPYIITUPOBKU. DTa
3a/a4a 1oxoXka Ha mnpeaplaynryro. OIHAaKoO 371eCh IMPEIMETOM MOJEIMPOBAHUSI CTAaHOBUTCS
ompezeneHue cocraBa cpenctB, mnpu  KOTopblx MAKCM cMOXET BBINOJHITH CBOE
Ha3HaueHue. [IpenmeTom uccrienoBanus OyAeT OnpeaeIeHre TOro, CKOJIBKO CPEJICTB AOIKHO
HaXOJIUThCSI BO BCIIOMOIAaTEJIbHBIX COCTOSIHUAX (Ha OOCIIY)KMBaHUSIX U pErlaMeHTax, B
pe3epBe U T.I.) IS TOrOo, 4TOObI 00eCreYnTh PabOTOCIIOCOOHOE COCTOSIHHE HOMHHAIBHOTO
COCTaBa rPYMNIHUPOBKH.

Tperpst Tpynna — ¢Qynkuuonupoanne MAKCM kak r1700aibHONW OpraHU3alMOHHO-
TEXHUYECKOH cUCTeMbl. 3/1eCb He0OXOAUMO pelaTh BONPOCH! CTPYKTYPHO-(PYHKIIMOHAIBHOM
oprauszanuu («OecueJoBeUHO» CXeMbl B3aMMOJCHCTBUS (PYHKLMH), aJMUHUCTPATUBHOTO
nocTpoeHuss M pediaekcuBHOM opranuzanuu. MMeHHo rinobansHbl Xapaktep MAKCM
3aCTaBJIsieT KPUTUUECKH OTHECTUCH K CXEMaM KOPIOPATUBHOI'O IIOCTPOEHUS, OCHOBAHHBIM Ha
Teopuu Oropokpatuu M. Bebepa [5].

Pemenne »tux mnpoOiem noTrpedyeT pa3BUTUS HAYUHBIX IHPEJCTABICHUN, CBSI3aHHBIX C
BONPOCAMHU OpraHU3alMd W yIpaBleHUs. 3Aech CleqyeT OTMEeTHTb, 4TO, HECMOTps Ha
JIOCTaTOYHO OO0JIBIIIOE KOJIMYECTBO MyOJIMKALMM B 3TOM o0siacTu, mpobiaemMbl OpraHu3aluu 1
yIpaBJIeHUs] MPOEKTaMU OOJbIIOro Maciitaba, K KakoBbIM OTHocuTca mpoekT MAKCM,
IIPAKTUYECKU HE pa3palaTeiBaeTcs. Takke cileayeT OTMETHTb U TO, YTO HCCJIEIOBAaHUS B
00J1aCTH TEOpPUM CHCTEM, TECHO CBS3aHHBIE C BOIPOCAMH OpPraHMU3aLUU TJI00ATbHBIX
HPOEKTOB, TAK)KE HAXOIATCS B IIIyOOKO# crarHanuu [7].

[To3uTHBHBIN BBIXOJ MOKET OBITH B oOparieHnu k padoram A.A. bornanosa [3, 4], K onbITy
opranuzanuu U pabdotbl KoMuccum no M3y4eHHIO €CTECTBEHHBIX MPOU3BOAMTEIBHBIX CHJI
Poccumn [2], peanuzanuu npoekTa mepeOpOCKH MPOMBIIUIEHHOCTH Ha BocTok (1941 r.),
co3anus KocmoipoMa balikonyp.

Pemenne mnpoGiieM, HENOCPENCTBEHHO CBsA3aHHBIX ¢ mnpoektoM MAKCM, mnorpeOyer
dbopMupOBaHUs psAlla paHee HE IPUMEHSBIINXCS IPOEKTHBIX onucaHuil. [IpoToTnnamu takux
Mojenelt sBistotes pazpaborku k. @oppecrepa, BoinoiaHeHHbIE B 50-60 IT. mpoIIIoro Beka
[8, 9]. 3aecy cieayer oTMETHTH, YTO OpraHu3anMoHHbie HaeH A.A. bormanosa [3],
MO3BOJISIOT Pa3BUTh MeToAoNOrnYeckre padpadorku doppectepa. B kauecTtBe Takoro mara
MOKHO paccMaTpuBaTh (OPMUPOBAHHWE METOJIOJIOTUH OPraHU3alMOHHO-YIIPaBIEHYECKOTO
MozeaupoBanus [1].

Tperbe HampaBlIleHHE HCCIENIOBAaTENbCKMX W HMHHOBAIMOHHBIX pa3pabOTOK CBS3aHO CO
BTOpBIM. ['TT0GaNIbHBINA XapakTep MPOEKTa 3acTaBIseT 3aayMaThCcs M HaJ METOJAMH OLIEHKU
HKOHOMUYECKUX XapakTepucTHk. IIpu 3Tom Heobxoaumo ydects To, 4T0 MAKCM sBnsiercs
HEKOMMEPUYECKUM IIPOEKTOM.

Hexommepueckuii xapakTep MpOEKTa O3HA4aeT TOJBKO TO, YTO BO3HHUKAET METOIUYECKas
npobiema, CBsA3aHHAs C COOTHECEHHEM 3aTpaT, C BBIPAOOTKOH XapaKTEpUCTHK OLEHKU
pe3yNbTaTOB paboThl. 3aTparhl, KOTOpbIE HEOOXOAMMO pa3feluTh Ha KaluTalbHbIE U
OKCIUTyaTal[MOHHBIE, JIOJUKHBI OBITh COOTHECEHBI C OIIGHKOM pe3yiabTara paboThl
AIPOKOCMHYECKON CHUCTEMbl MOHUTOPUHTA. TOJBKO TAaKO€ COOTHECEHHE MOXKET MPOSCHUTh
pallMOHATIBHOCTh TOCTPOGHUST M paboThl cuctembl. OpaHaKo TIIOOAIBHBIA XapakTep
noctpoeHus u  ¢yHkuuonupoBanus MAKCM, ©HekoMMepueckuil xapakTep IpoekTa
0o0yclaBIMBAIOT  METOJMYECKHE  MpoOJeMbl  OIEHKM  3aTpaT Ha  CO3/JlaHue U
¢yuknmonuposanne MAKCM.

3aBepias CTaTbio, CIEAYEeT OTMETUTh, YTO B HEW JaHa XapaKTepUCTHKA Hanbojee 3aMEeTHBIM
COCTaBJISIIOIIMM HAay4YHO-MHHOBAIIMOHHOTO TmoTeHImana mnpoekta MAKCM. M yxe 310
MO3BOJISIET CYAMTh O TEX pa3pabOTKax, KOTOphIE MOTYT CTaTh Pe3yJlbTaTaMH pealn3aluu
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npoekta MAKCM. be3ycinoBHO, B MX COCTaBE BBIJCIAIOTCS 3aa91 CO3/IaHUs HOBOTO Iio0yca
U ero MpuwiokeHus — riodyca O6e3omacHocTr. OHAKO, TIpH 3TOM MeHee 3P deKTHas 3amada
pa3BUTUS  METOJOJOTHH  JOJTOCPOYHOIO,  CPEAHECPOYHOTO M KPaTKOCPOYHOTO
MPOTHO3MPOBAHUS OMACHOTO PAa3BUTHUSL MPUPOTHBIX M TEXHOTCHHBIX MPOIECCOB HE MEHEe
BaKHA M aKkTyalbHa. [Ipy 3TOM HEOOXOIWMO OTMETHUTh, YTO IJIsi PEUICHUS ITHX 3a1ad
HeoOXouMa WHTETpaIis 3HAHUW M OMbITa CHEIHAIMCTOB, YTO MOXKET CO3[IaTh OCHOBY JUIS
COBEPIIICHHSI TIPOBMKEHUS K HOBOMY Kaue€CTBEHHOMY YPOBHIO 3HAHUN, HEOOXOAUMOMY IS
ycrnemHoi padorst MAKCM.
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System project IGMASS formed in 2011 specifically showed that the degree of its Global is a driver
for the formation of numerous research and innovation, which can also be worn in scale.
Multidimensional nature of the problem was the creation IGMASS eksplikatorom different orientation
problems whose solution has value not only in the framework of this project.

This primarily issues related to its purpose:

- methodology of short, medium and long-term reliable forecast dangerous development of natural and
man-made processes;

- Globe conducting and its applications - Globe Security.

These two tasks are also planetary significance. Their research and innovation as regards the
fundamental aspects (for example, the creation of the whole theory, the development of model-
theoretic descriptions of the processes of "life" of the planet, mathematical methods, etc.), and the
establishment of a systematic means of data storage and display them for decision support.

Create IGMASS as technical systems also require the permission of the complex methodological
problems. Development system project will require the formation of a number of previously applied
model descriptions. This is due to the dimension IGMASS, and the requirements for its technical
characteristics. Their justification on the basis of previously used computational schemes becomes
difficult, therefore need new mathematical models.

Finally, it is to touch the economic aspects. IGMASS - is a nonprofit project. Nevertheless, its
dimension, the global nature of the operation result in a high level of effort and the need to develop
new approaches that would give economic justification of technical solutions.

The project of the International Global Monitoring AeroSpace System for dangerous natural
phenomena and industrial disasters, IGMASS (Russian: MexayHapoaHas a3poKocMUuecKast
CHCTeMa MOHUTOPHHIA ONACHBIX IPHPOHBIX SBICHUN U TEXHOTEHHBIX KatacTpod, MAKCM)
was initialized by a group of Russian scientists and engineers in 2007 at the International
Conference “Modern space technologies in the interests of mankind’s prosperity” held in
Dnepropetrovsk, Ukraine.

The IGMASS conception and its main characteristics were introduced in a system project,
developed in 2011. It is important for this article that the system project helps to concretize
evidence of the fact that globality of the system suggested for developing makes it a driver for
forming numerous research and innovative projects. Multi-aspect character of the purpose of
creating IGMASS has made it an explicator of the problems of different direction and the
solution of these problems is of great importance far beyond this project.

The first direction of these projects will be those which are determined by the solution of the
problems connected with the mission of the created space system.

Achieving a principally new level (which was the purpose of initializing the IGMASS
project) means a new level of certainty of the methodology for short-term, medium term and
long-term prediction of dangerous development of natural and industrial processes. This
statement of problem can be illustrated with the following situational scheme (see picture 1).
The starting point is the first signs which gives the grounds for making a decision if there is a
possibility of dangerous natural phenomenon, e.g., earthquake, disastrous flood, etc., and for
estimating its possible consequences. We are interested in P — the probability of realizing the
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prediction. It is what gives the grounds for making a decision on taking actions to prevent
possible damage and losses. Now, as a digression, it should be noted that we deliberately omit
the question of human losses which raises the problem of possible damage and losses to a
higher level where estimates have not economic but moral character.

So, on the grounds of the estimates of probability of the natural disaster and its consequences
we make a decision on either to take actions to prevent possible damage and losses or not.
Considering this probability, we should be aware that with the present level of knowledge
about the causes of various natural disasters, a considerable part of these estimates should be
referred to some kind of “insurance” against our lack of knowledge.

The second path complies with all the measures that help to reduce damage/losses and to
prevent possible problems in economic activities. In picture 1 preventive measures are
estimated by expenses D.

Preventive actions

are not taken

P —

Preventive actions are taken

D _PsS§?

1-P

Picture 1. Situational scheme describing the use of monitoring data.

In this scheme:

P — the estimate of probability that a natural disaster will happen;

D — expenses for preventing the disaster’s consequences;

S — the estimate of damage and losses caused by the natural disaster with no preventing

measures;
SP _ the estimate of damage and losses caused by the natural disaster with preventing

measures;
In the situational scheme there are two paths for making a decision:

- preventive actions are not taken;
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- preventive actions are taken.

At further advance along the situational scheme we will see two variants of development of
events (in this case they do not depend on the variants of preceding branching of the scheme:
- prediction proves to be true and the predicted/forecast event takes place;

- prediction proves to be false.

Path “preventive actions are not taken” is estimated by value PxS. Path “preventive actions
are taken” is estimated by value PxSP. at that we should keep in mind that the latter path is
accompanied by expenses D. Let’s point out different character of these characteristics: PxS
and PxSP are estimates obtained according to prediction data. On their basis we have to make
certain efforts and incur real expenses D.

Now the problem of certainty of the natural disaster probability estimate have become clearer.
Really incurred expenses D are compared to possible savings S-S°. We remember the
successful preventive evacuation in the Chinese province of Liaoning in 1974. Three days
after the evacuation a great earthquake broke out. In several areas of the province 90% of
buildings were damaged. According to experts’ estimate, 3 million lives were saved.
However, that precedent was unique and there have not been any similar occasions yet. Such
major evacuation is similar to a natural disaster, though a man-made one. And it is not easy to
dare to take such a step. Responding to every vague sign of disaster is obviously
unreasonable, but it is also wrong to wait until complete certainty. The situation shown in
picture 1 is still far from having certain grounds for taking a decision. This can be proven by a
well-known precedent when some experts were convicted in relation to the L’Aquila
earthquake in 2009. Thus, we cannot say yet that there are estimates which allow to ensure
reliable support to governmental and local authorities for taking preventive decisions.

The results of researches carried in different countries (thus, the Russian researches can be
judged by monograph “Natural Dangers of Russia” under the editorship of V.I. Osipov and
S.K. Shoygu) have not produced the desired estimate. This fact shows that the question is not
only in developing mathematical models but in developing new methodical and conceptual-
theoretical approaches as well.

One of ideas for developing such approaches can be integration of partial signs. This idea is
based on the fact that dangerous display of a certain natural phenomenon is a result of
converging of many possible coincidences (according to D.A. Pospelov’s classification [6]).
Indeed, by no means we can always rely on a single sign or on some rather limited number of
them.

In order to realize this idea, we may have to create models for a certain region as in this case
there will be the main presumption that partial signs are not universally fit and can play
different parts in different places.

Availability of such models brings up a problem of their continuous modification. And as its
generalization there arises a problem of modifying the terrestrial globe. This global problem
can be considered as an aim which makes IGMASS fundamentally different from other
monitoring systems.

The first globe was developed by the Stoic philosopher Crates of Mallus (Pergamon) in 150
B.C. The Age of Discovery introduced the globe for geographers, travelers, sailors and, of
course, for school and student audience. The idea of the globe as a model is combination of
whole view of the planet with the view of a certain part of the planet’s surface. Displaying
interaction of oceans, seas, continents, mountainous areas, river valleys, etc.

The globe, created in those days, represented a sphere. On the surface of this sphere objects
fixed on the surface of the planet were drawn with great accuracy. And with the use of
colouring the globe they achieved the result that now is considered as 3D image.
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Since the Age of Discovery our knowledge about the planet has greatly widened. First of all,
due to “intrusion” into its internal structure, into the aggregate and correlation of processes
running on the surface and in the depth. A separate task is the expression of characteristics
allowing to decide on dangerous development of various natural and industrial processes.
Perhaps, there will be a need to develop an application that can be called “the Safety Globe”.
It should be noted that every step in this direction is a serious challenge. Even the
development of modern understanding of the globe look requires multilateral discussion. And
after that there will be problems related to unsolved problems of models for various spheres
of the planet, etc. Explication of the idea of the globe modernization once more emphasizes
the necessity of resolving conflicts between different theories and models.

Considering the research potential of this direction we can see a number of fundamental
aspects. It is the demand for creating a theory of the whole, for developing theoretical-
modelling description of the processes in the planet’s “life”, methods of mathematical
modelling and many other solutions. At the same time the innovative potential is also
showing itself. First of all, in the sphere of computer technologies. It is the development of
methods for classified storage of update arrays of linked data, it is the creation of displaying
methods allowing to realize the idea of the globe with the modern approach to its content.
Certainly, the globe’s development explicates a set of researching and engineering tasks as
well.

The second direction of work explicated by the IGMASS project is the solution of problems
directly related to the creation of an aerospace system. In its completed form it represents a
global organizing and technical system. At present its look is developed at the level of system
project. And from this document it is evident that the support of such a global system’s
functioning requires developing a set of technical tasks related to the creation of system
solutions. Exactly in this we can see the scientific-innovative potential of this direction of
work directly related to the creation of an aerospace system.

These problems can be divided into three basic groups.

The first group is problems of controlling organization and support of controllability. A
complicated and numerous satellite and aircraft constellation require new approaches to
organizing its routine functioning. It is necessary to solve the problem of coordinated work of
the constellation for performing monitoring tasks. For spacecraft it is necessary to solve the
problem of autonomy, when a spacecraft realizes the planning of its own scheme of flight on
the basis of the task/mission received from the ground control stations.

The second group is problems of maintaining the operating condition of the constellation.
This task is similar to the previous one. However, here the object of modelling is the
determination of the set of means and facilities which assist IGMASS to perform its mission.
The research object will be the estimate of the number of means and facilities which have to
stay in some backup states (maintenance and scheduled works, in reserve, etc.) to ensure the
operating condition of the constellation’s nominal set.

The third group is the functioning of IGMASS as a global organizing and technical system.
Here it is necessary to solve the questions of structural and functioning organization (“non-
human” scheme of function interaction), management structure and reflexive organization. It
is the global character of IGMASS that makes us critically consider the schemes of corporate
structure based on M. Weber’s bureaucracy theory [5].

Solution of these problems will require the development of scientific conceptions related to
questions of organization and controlling. It should be noted here that despite a rather big
number of works published in this sphere, the problems of organization and controlling large-
scale objects (and the IGMASS project can be referred to them) are not being studied. It
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should be also noted that the studies in the sphere of system theory closely related to
questions of organization of global projects are in the state of deep stagnation too [7].

A positive way-out can be found in A.A. Bogdanov’s works [3, 4], in the experience of
organization and work of the Commission for studying natural productive forces of Russia
[2], realization of the project for transporting the industrial enterprises to the east in 1941 and
creation of Baikonur Cosmodrome.

Solution of problems is directly related to the IGMASS project will require a number of
project descriptions that have not been used before. The prototypes of such models are J.W.
Forrester’s works made in the 1950s-1960s [8, 9]. It should be noted here that organizational
ideas of A.A. Bogdanov [3] help to develop methodological works of J.W. Forrester. As such
a step we can consider the creation of methodology for organizational and controlling
modelling [1].

The third direction/line of research and innovative works is related to the second one. The
global character of the project makes also think of methods of estimating economic
characteristics. At that it is necessary to take into account that IGMASS is a hon-commercial
project.

Non-commercial character of the project only means that there arises a methodical problem
related to correlation of expenses, to development of characteristics of estimating the results
of work. Expenses, which have to be divided into capital and maintenance expenses, must be
correlated with the estimate of work of the aerospace monitoring system. Only this correlation
can clarify the system’s structure and work rationality. However, the global character of
IGMASS’s structure and functioning and non-commercial character of the project determine
methodical problems of estimating expenses for IGMASS’s creation and functioning.
Concluding the article, it should be noted that it gives the characteristic of the most important
parts of the scientific-innovative potential of the IGMASS project. And even this allows to
judge about the developments which can become the results of realization of the IGMASS
project. Certainly, among them we should specify/emphasize/highlight the problems of
creating a new globe and its application - “the Safety Globe”. However, at that, not such a
spectacular task of developing methodology for short-term, medium term and long-term
prediction of dangerous development of natural and industrial processes is not less important
and not less urgent. At that it is necessary to note that solution of these problems requires the
integration of knowledge and experience of specialists, which can provide the basis for the
advance towards a new qualitative level of knowledge necessary for successful operation of
IGMASS.
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AKmyansHble nPOOIEMbL ABUAUUOHHBIX U AIPOKOCMUYECKUX
cucmem: npoyeccel, mooenu, Ikcnepumenm. Nel(40), Tom 20, 2015 Kazans, [lafitona buu

K 50 — nemuro mapcuanckozo npoexma C.11. Koponesa
Mapcuanckuii npoekt C.I1. KopoJieBa — nepcrneKkTuBHAS 1ejb

Poccuiickoil KOCMOHABTHUKH
B. E. byrpos

PKK «Qneprus»
Poccus, 101000, Mockga, yi. [manepnas, 5, kopi. 3, 303

«To, umo Kasanocb HecOLIMOUHLIM HA NPOMSAINCEHUU 6€K08, Umo euje 8uyepa Obllo IUULb
0Eep3HOBEHHOU MeUMOU, Ce200Hs CMAHOBUMCS PealbHOU 3a0aydell, d 3a6Mmpa — CEEPULCHUEM.
Hem npezcpao uenoseueckoti mvicau!y

C.I1. Kopones (2azema «lIpasoa» om 1 smeaps 1966 coda — 3a odunnaoyams OHeU 00
KOHYUHDL).

BBoaHas yacTh

Wneu Koncrantuna DxyaproBuda [{HOJIKOBCKOTO 0 MEXIIJIAHETHOM IOJIETE MOJIYYWIIA CBOE
nanpHenmee pasButue B CoerckoM Coro3e BILIOTH 10 co3faHus K 1974 rogy peanbHOro
¢dyHIameHTa AJs [MOATOTOBKM 3KCIENULUHU 4esloBeka Ha Mapc. Bpun 3aBepliieH 3tar JeTHO-
KOHCTPYKTOPCKMX HCIBITAHUN MapcuaHCKod paketrsl H1, Bce 3ameuaHusi yCTpaHEHBI, JIBE
pakeTbl MOJArOTOBJIEHBI AJIS JOCTAaBKH JYHHOIO OECIMJIOTHOIO KOpaljs Ha MOBEPXHOCTh
JIynsl nns ero orpa0OoTKM Kak mporoTrumna Oyaymero mapcuanckoro. B HHucrutyre
MEINKO-OHMOJIOTHUECKUX MPOOJIEeM Ha MakeTe TsHKEIoro MexruianeTHoro kopabsst (TMK) ¢
y4acTUEM  HUCIBITATENEd NPOBEACHBI TIOJ0BbIe Ha3eMHbIe HCIBITAHUSI  CHCTEM
Ku3HeoOecrieueHus. [loydeH ombIT MOJETOB 4YeloBeka B KocMoc. Otpaborana cOopka
Kopabneii Ha opOute. Co3maHa MoUIHAs MPOU3BOACTBEHHas M MCHbITaTenbHas 0Oa3a. Ha
nosmrone [HUUII-SMO mocTpoeHbl  yHUKaJIbHBIE COOpPY)KEHHSI JUIsi paboThl ¢
KpYIHOMAcIITaOHbIMU M3enusMU. Ha aBTOMaTHUeCKMX CTaHIMSIX OTpabOTaHbl 3Talbl
MEXIUUIAHETHOTO TIoJIeTa, BKJIouas mnocanky Ha r1iaHetsl. I[lpesmgent AH CCCP
M.B.Keaabim, oOIEHUBAs CTENEeHb TOTOBHOCTH B 1969 rony, JBaXIbl Mpeaiara
OTKa3aTbCsl OT JIYHHOM mporpammbl U B 1975 rony BBINOJIHMTH NHJIOTHPYeMbIH 00JieT
Mapca.

Ho ero ne nmonnepxxanu. ¥V rpynnsl ObBinx 3amectuteneid C.I1. Koponesa Obutn apyrue
wianbl. B 1969 onn  «3amopo3unuy» ero nporpammy, a B 1974 rony (Bmecte ¢ B.I1.Imymiko)
— (aKTUYECKH aHHYJIMPOBAJIM COBETCKYI0 MEXKIUIAHETHYIO Mporpammy. 3amyck JBYX
COOpaHHBIX pakeT ObLI 3allpelieH, BCs MaTepHajbHas 4acTh U TEXHUYECKas JTOKyMEHTallus
OBLIH MOJTHOCTHIO YHUYTOXKEHBI.

[Ton 3aBecoit cekpeTHOCTH caM (akT cymecTBoBaHus Mapcuanckoro npoekta C.I1. Koponesa
JECATUIIETUSIMUA CKPBIBAJICS OT OOIIeCTBeHHOCTH. Jlake mocTaHOBIEHUE TMpaBuUTeabcTBa 10
nexabps 1959 roma, yTBepAMBIIEEe Hally MEXIUIAHETHYIO NpOrpaMMmy, IO ceil JeHb
«crpstaHo». OuH U3 OBIBUIMX COPATHUKOB B CBOUX MeMyapax Kpaco4yHo omucai, kak C.IL
KoponeB mpourpeiBal amepuUKaHIlaM <JIyHHYIO TOHKY», (Ha camMOM J€ll€ €€ HUKOIZla He
obu10). CMU, ocobeHHO 3apyOekHBbIE, MOAXBATHIN 3TOT MH() W HaBS3BIBAIOT €ro HaM B
neyaTH U C IKpaHOB. B cTaTbe 0OCYXKIAIOTCS HEKOTOPbIE ATAIbl Pa3BUTH OTEUECTBEHHOMN
KOCMOHaBTHKH [1-6].
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OcHOBHAast YacTh (XPOHOJIOTHs PadoT, pacyeTHbIe BAPHAHTDI, MPOOJIEMBbI,
NEepPCIeKTUBHI)

Vnanoch COXpaHuTh CBOHM (B TPOIIOM, COBCEKpETHBbIE) paboume Tterpaau [1]. B Hux
cozepkarcsi pa3paboTaHHbIE MHOW JINYHO YEPHOBUKH OCHOBHBIX NMPOEKTHBIX JOKYMEHTOB IO
MapCUaHCKOMY U JYHHOMY mpoekTaMm. Sl Obul MX HEMOCPEeICTBEHHBIM pa3pabOTUYHUKOM.
CoxpaHunach Takke TETPaab ¢ MECIYHBIMU IJIAHAMH YYaCTHUKOB paboT 3a mepuon a0 1966
roga. OTU MaTepuasbl MO3BOJIIA BOCHPOU3BECTH OOBEKTUBHYIO KapTUHY COOBITUH TOTO
BpeMenu B kaure «Mapcuanckuii mpoekt C.I1. Koponesa» [2].

Kak mnosiBneHue, Tak M  YHUYTOKEHHE COBETCKOM MEXKIUIAHETHOM  IPOrpamMMBbl
IPEIONPEEIIAIOCh KOHKPETHBIMH 1IEIOYKAaMU COOBITHM, BBICTPAUBAIU KOTOPBIE B IEPBOM
cinyuae C.I1. Kopones, a B Ipyrom ero onmoHEHThI, HO U B TOM, U B IPYTOM Cly4ae OHU ObLIN
NOJJIEP’KaHbl PYKOBOJACTBOM CTPAaHBI.

[TepBoe 3Haummoe coObiTHe Tpomsonuio 14 wmrons 1932 roma. I[lpukaszom mnpencenarens
[lenTpanbHoro coBera OcoaBuaxuma ['pynma uzyuenus peaktuBHoro aswxenus — ['MPJI,
oOpazoBanHas mno wuHuinuaruse Cepres Koponesa, @punpuxa Ilanmepa, Muxauna
TuxoHpaBoBa M APYTrUX IHTY3UACTOB MEXKIUIAHETHBIX I10JIETOB, MOJIydnIa CTaTyC NEpBOW B
cTpaHe o(puUMaTbHONW OpraHU3allMy M0 MEXIUIaHEeTHBIM mojeTaMm. OHa chIrpana KIYeBYIO
POJIb B 0OeCIIeUeHNH JIMIEPCTBA HALIEH CTPaHbl B KOCMOCE.

[TonBan noma y Kpacubeix BopoT B Mockse, rae pacnonaranack ['MPJI, ctan konbiOenbro
OTEYECTBEHHOTO PAKETOCTPOEHUS M KOCMOHABTUKH. VIMEHHO 37iech OBLIM CIENIaHbl CamMble
NepBbIC MPAKTHYECKUE IIard K CO3JaHUI0 OYAYIIMX MEXKIUIAHETHBIX pakeT U Kopabmeil. 3aech
Hayajach IpaKTHYecKas pa3pabOTKa JIeTaTeNbHBIX allapaToB C PaKeTHBIMU JBUTATEISIMU.
®.A. Ilannep paspabareiBaeT nepBblii pakeTHblii nBurarens, C.II. KoponeB — mepssiit
pakeroriad, M.K. TUXOHpaBOB — IEPBYIO PAKETY HA KUJKOM TOIUIHUBE.

He B moamockoBHbix Ilogmunkax B 1946 romy, B Hempax HUM-88, kak yTBepknarT
HEKOTOpbIe aBTOpPHI, a 31ech, B [ UPJI, C.I1. KoponeB Hauan cBoit mpuymganvrwiii noxoo 6
Kocmoc. 3neck oH chopmupoBasics Kak [ TaBHBIM KOHCTPYKTOP, O KOTOPOM BIIOCIIEICTBUU
y3HAeT BeCb MUP. 3/1eCh BMECTE C COPaTHUKAMH OH MEUTaJl O MEXKIIJIAHETHOM IOJeTe. 371eCh
Hayajicsi ero CcoBMecTHbI TBopueckuii nyrb ¢ M.K. TuxoHpaBoBbIM, BO MHOIOM
npeponpeAenuBmmil Hamm Oyaymue ycnexu. Yepes 14 nmer C.II. KoponeB cran riaBHbIM
KOHCTPYKTOPOM TEPBBIX COBETCKHX Oamnuctuueckux paker, a M.K. TuxonpaBoB pa3paboTtan
IPOEKT MEepBOTro KocMmuueckoro kopadnst BP-190 - mpororuna «Bocrokay. Yepes 25 ner -
C.I1. Kopones cran HauanbHUKOM U TiaBHBIM KOHCTpykTOpoM OKb-1, a M.K. Tuxonpasos -
€ro 3aMOM M HaydaJbHUKOM otTnena Ne 9 1mo mpoeKTHpOBaHUI0 KOCMUYECKUX Kopaliei u
anmapatoB. Bwmecre ¢ BacunueM MuUlumHbIM, JApYTMMH COpPaTHUKaMH M OTPOMHOM
KOONEpALUEN OHU 3anycmunu nepsviii cnymuuk, I azapuna u éce, umo nemano 6 KOCMoOcC 8
nepgoe Oecamunemue Kocmudeckou 3pvl. B OKB-1 oHM mpuCTYymWiIM K NpPaKTHYECKOMY
OCYIIECTBJIEHUIO BEKOBOIl MeEUThl 4eJoBeuecTBa - co3fgaHuio pakerel H1 u Tsxenoro
MEXKIUIAHETHOTO KOpaOmst /i skcneaunuu Ha Mapce. Hasnauennblii HagansHukoM [HMIP]]
C.II. KoponeB cpa3y oreHu1 MacmTad Oyaynux MEXKIUIAHETHBIX pakeT U Kopaliei u moHsI,
YTO 3TO - HE IIaHepsl, KoTopble oHU ¢ M.K. THUXOHpaBOBBIM CTPOWJIM paHbIIE, YTO UX
CO3/1aHM€ HEBO3MOXKHO 0€3 aKTMBHOI TrocyJapCcTBEHHOUN nojaepkku. On gosnekaem 6 c80i0
0esAmenbHOCMb  gblculee PYKOBOOCMBO CMPAHbl, PACKPLIBAS B03MONCHOCMU U 008020
npumenenus peaxmuenoti mexHuku. CremayeT 0cob00 OTMETHTb, UTO YCHEXH COBETCKOMN
PaKeTHO-KOCMHUYECKOW TEXHUKU B MEPBOE JECATHIIETHE KOCMHUYECKON 3pbl BO MHOTOM ObUIH
npenonpeaeneHsl  cnocodHocTtsio  C.II.  KoposeBa goHecTH CBOM 3aMbICIBI 10
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PYKOBOAMTEICH TOCyAapcTBa, a TaK:Ke MX CHOCOOHOCTHIO YCJBIIIATH W IOAAEPKATH
Hayunanus C.II. KopoaeBa. DddexruBnoe Bzaumoneiicteue C.II. KoponeBa u riaBbl
rocyJapcrBa IMO3BOJWIO YETKO OINPEAENIUTh CTPATErHMI0 Pa3BUTHS COBETCKOM PAKETHOU H
KOCMHUYECKOU TEXHUKH.

31 okta6ps 1933 roga, mocie neneycrpemienHsix ycunuii C.I1. KopomeBa, ¢ omoOpenus
Cranuna, B.M.MonotoB mnoamuceiBaeT nocraHoBienue Cosera Tpyma u OOOpoHBI 0O
CO3JIaHUH IEPBOT0 B MUpe PeakTHBHOIrO Hay4HO-HCCIIen0BaTeIbekoro uucruryra (PHUN), B
KOTOpPOM pa3palaThIBalOTCsl OOEBBIE CHAPSIbI, KPbLIATHIE PAKETHl, PAKETOIUIAHBL, B TOM
yucne, - 3HamenuTas «Katromay. 13 mas 1946 roga CrajJMH NPpUHMMAET UCTOPHUYECKOE
pelieHHe MO o0ecnevyeHHI0 000poHOcHOCOOHOCTH cTpaHbl. OHO crajo obOpasnoM
KOMIUIEKCHOTO PEIEeHUsI CIOKHEHIeH HayYHO-TEXHUYECKOW MPOoOIeMbl TOCYJapCTBEHHOTO
Maciitaba M CTapTOBOM IUIOUIAJAKOW JJIi CTPEMUTENIBHOIO Ppa3BUTHSL OTEUECTBEHHOTO
pakerocTpoeHus. Jrtomy npeamectBoBanu npennoxenus C.II. Koponesa, caenannble
NPaBUTENIBCTBY, OOBENMHUTH YCWIHS OTHENBHBIX TPYII, u3ydalommx B [epmanun
Tpodeitnyto paketHyto TexHuKy. Cozpan unctutyr HHM-88. C.II. KoponeB Ha3HaueH
TJIABHBIM KOHCTPYKTOpOM OaymucTuyeckux paker nanbHero paeivictusi (BPIJ]). B wurore
paboT cHaHbl Ha BOOpPY)XEHHE TMepBble OOEBble paKETHbIE KOMILIEKCHI Ha 0ase
OJIHOCTYIEHYATHIX PAaKET, B TOM YHCIE, pa3paboTaHa pakerta P-5M, crocoOHasi 10CTaBUTH
sIepHBIN 3apsa Mmaccor 1.3 TorHsl Ha gabHOCTH 12000 kM. 13 ¢hespansn 1953 cooa Cmanun
noonucan nocmauosienue, ymeepousuiee npeonoxcenus C.II. Koponesa o cozdanuu
cnedyoujeco NOKOJeHUss — O0BYXCIMYNEeHYAmbvlX OQIIUCUYeCKUX U KpPblIAmbvlX pakem.
[lepconanbHas OTBETCTBEHHOCTh 3a MX pa3pabOTKy BO3jarajgach Ha IJIaBHOI'O KOHCTPYKTOPA
C.II. Koponea u ero 3amectutens B.Il. Mwummnaa, a JeBATHaALIATH MUHUCTPaM
MPEIUCHIBAIOC CBOEBPEMEHHOE M KAaYECTBEHHOE BBINOJIHEHUE 3a/laHui, OINpeaeseHHBIX
nocTaHoBiIeHUeM. [locmanognenue npedonpedenuno nosegierue paxemsi P-7 — 3HAMEHUTOMN
«Cemepkn» — mnepBOii B MHpPe MEKKOHTHHEHTAJIbHON O0a/UIMCTHYeCKOW PpakeThl,
CIOCOOHOM [OCTAaBUTH  S/CPHbIH 3apsAa B J00y0 TOYKY 3eMHOro mapa. beuia
chopMUpOBaHa MOIIIHAs KOOMepalus IpeanpusITHii, 00eCIIeYNBIINX CO3/1aHUE HOBBIX 0OEBBIX
paKkeTHBIX KOMIUIEKCOB Ha 0a3e JByXcTymeH4arbix paker. 27 mas 1954 roga C.I1. Kopones
obOpatuics k J1.d. YCTHHOBY C mpeasio)keHHeM o pa3paboTKe MCKYCCTBEHHOI'O CIyTHHKA
3emnu. B 3anucke, noarorosneHHord M.K. TuxonpaBoBeiM, rosopmiocs: «MC3 ectp
HEen30eXKHBIM JTall Ha NYTH pPa3BUTUS pPAKETHOW TEXHUKH, I10CJI€ KOTOPOTO CTaHyT
BO3MOXKHBIMH MEXIUIaHETHbIE coOoOLIeHns». Tak Buaenu Hame kocMudeckoe Oynymee C.I1.
Kopones u M.K. TuxonpaBoB. Co3nanHble Ha 0a3e pakerel P-7 ee Moaudukanuu
(«CniytHuK», «Boctok», «Momaus», «Bocxom» u «Cor3») OTKpPBUIM JOPOTY B KOCMOC
MCKYCCTBEHHBIM CITyTHHKaM 3eMJIM, aBTOMAaTUYECKUM amnmaparaM, MEKIJIAHETHBIM CTaHIUSAM
U KocMHuYecKuM KopabisiMm. Pakera «Coro3» © Mo cell JeHb OCTaeTcs eIMHCTBEHHBIM
HAJISKHBIM CPEICTBOM JOCTABKU MUJIOTUPYEMBIX KOpadieil Ha okosnozemHyro opouty. C.IL
KoposneB, HauampHUK M m1aBHbIM KOHCTpykTOop OKDB-1, BbIAEnuBIIErocs B caMOCTOSTENBHYHO
opranm3zaiuio u3 cocraa HUN-88, 3 anpenst 1957 rona co3naet ronoBHOM MpOeKTHBIN oTaen Ne 9
0 KOCMUYECKUM KOpabyiiM M ammapataMm. PyKOBOJICTBO OTAEIOM OH IMOPYYMJ JIaBHEMY
COpPAaTHUKY MO CTPOUTENBCTBY IIaHEPOB, coBMecTHOH pabore B TNPJ] u B PHUU, cBoemy
€IMHOMBIIIIEHHUKY — Muxauny KnaBaueBudy THXOHpaBOBY, TOOMBIIMCH €ro MepeBoJa B
OKB-1 w3 HUM-4. C.II. Koporee u M.K. Tuxonpasos (mocmemoBatenu wumeir K.D.
LIMOJIKOBCKOTO) CTaBAT IMEPEeA OTAEIOM HE MPOCTYI0, HO SCHYIO 3a/a4y — pa3o0parhCsi B
KOMIUIEKCE MpoOJieM, CBS3aHHBIX C OCYLIECTBJICHHEM MEXIUIAHETHOIO IOJIeTa 4YeloBeKa,
OTIPENIeIUTh COCTaB TEXHUYECKHUX CPENCTB, HEOOXOAWMBIX Ui HMX IOCJIEAOBATEIHLHOTO
pemenus. [locne 3anycka nepevix UCKYCCMEEHHbIX CNYMHUKO8 3eMAU HaAYaauch UHIMEHCUBHbLE
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npoOpadoOmMKU  B03MONCHOCHEN CO30aHUs pakem U Kopabaell O1s 6blNOJHEeHUs UMEHHO
medicnaanemnozo nonema. Pakera P-7 ¢ Tperbeil cTymeHbro Oblia crocoOHA BBIBECTH
KOpalJb C 4eJIOBEKOM B KOCMOC, HO IOJIET Ha 0KoJio3eMHYt0 opouty 6bu1 mis C.I1. Koponesa
BaXHOW, HO JIMILb IPOMEKYTOUYHOM CTYIEHbIO; OH PBAICA B MEXKIIJIAHETHOE MPOCTPAHCTBO.
ITo moctanoBnennto 30 urons 1958 roga oH mpopabaThIBaeT BO3ZMOMXXHOCTH CYIIIECTBEHHOTO
YBEJIMUYEHUS TPY30MI0ABEMHOCTH pakeThl P-7 3a cueT UCIONIb30BaHUS A0EPHbIX Ogucamenell, ¢
LEJbI0 Pa30THATh KOPadllb C YETOBEKOM JI0 BTOPOIl KOCMUYECKOW CKOPOCTH, BBIBECTH €T0 3a
Ipelenbl 36MHOIO TSATOTEHHMST M COBEPLUIUTH IOJIET B MEXIIJIAHETHOM IpocTpaHcTBe. OT
AJIEPHBIX JIBUTaTeNlel MPUIUIOCh OTKAa3aThCs, TaK Kak Hy)XKHA Oblia Apyras pakeTa. SIcHOCTb
e/, TPOBEJCHHBIE MPeIBapUTENIbHBIE MPOPAOOTKH, OIIEHKA BO3MOYKHOCTEH MOIIHOU
KOOTIepaIiy, CO3JIaHHOW MPHU pa3paboTKe OOEBBIX PAKETHBIX KOMILJIEKCOB, COOCTBEHHBIN
HAKOIJICHHBIH ONBIT M OJarompusTHOE OTHOLICHWE TJIaBbl rocynapcrsa, Temnepb yxe H.C.
XpymeBa, mno3omuiau C.II. KoponeBy pemurtenbHO, 0€3 TEHH COMHEHHM, B3SThCS 3a
OCYIIIECTBJICHUE JIEP3HOBEHHON MEUThI BCETO YEJIOBEUECTBA — NOJEMA 4el08eKa Ha Opy2yio
naanemy (a He Ha JlyHy). 9T macmradubie mianbl C.II. Koposiea chopmynnpoBanbl
ObLIH Bcero 4vepe3 15 jer mocie oxkoHuanuss Beaukoii OTeuecTBeHHOI BOIHBI; HX
Cepbe3HOCTH MOATBEP:KIEeHA NOCTAHOBIEHUSIMU MPABUTEILCTBA.

[TocranoBnenne CM CCCP Ne 1388-61810 or 10 nexabpst 1959 roma «O pa3Butum
UCCJIEIOBAaHUM 1O KOCMHUYECKOMY MPOCTPAHCTBY», HMPUHATOE MPABUTEIHLCTBOM uepe3 ABa
rojia mocye 3arycka MepBoro CIyTHUKA, ONPEENINIO HE TOJIBKO HAYaJIbHbBIE, HO U IJIaBHbIE
BEXHM KOCMHUYECKOH 3pbl, HAYMHAs C IIEPBOTO IMOJIETa YeJIOBEKa B KOCMOC M KOHYAasl BBICAIKOM
Ha IUIaHEThl. B mocTaHOBJI€HMM, B YACTHOCTH, NMPEANMCHIBAIOCE:  €O30amb KOcMUYecKue
paxkembl 012 nonema na Mapc u Benepy, ocywiecmeumbs nepevie nojiemsl 4eno6exa 6
Kocmoc, pazpadomams agmomamuyecKkue u o0umaemvle MedCniaHemHuvle CaHyuu u
CMAanyuu Ha Opy2ux NIaAHEemax.

HeoOxonuMmeblil ¢pyHIaMEeHT A  OCYLIECTBIIEHHUS INEPBBIX IOJIETOB YeJOBEKa B KOCMOC, B
OKOJIO3€MHO€ TPOCTPAHCTBO K 3TOMY BpeMEHHU (aKTHUecKH ObUI CO37aH Ha OCHOBaHHMHU
noctaHoBiennit 1946 u 1953 romoB. [nst pa3paboTKu HSKCMEPUMEHTAIBLHOTO KOpalIs-
cnyTHUKa, Oyaymiero «Boctokay, moctaHoBieHueM 22 mas 1959 roga Ob110 TOMOTHUTENBHO
npuiedeHo 123 opranu3zaiuu, B TOM 4ucie 36 3aBOJOB.

s BeImonHeHUs moctaHoBieHUs 1959 roma B yacTH, Kacaromielcsi co3l1aHusi 0OMTaeMBbIX
ME)KIJIAHETHBIX CTaHIMHM M CTaHLIMN HA IPYruX IUIaHETaX, TO €CTh JJIs I10JIETOB YeJIOBEKa 3a
Ipelenbl 36MHOTO TATOTEHUs B OKoJocosHeyHoe mnpoctpaHcTBo, C.II. Koposes rorosut
ycloBusl Ui co3laHusi Oosnee mougHoro ¢ynaamenta. IlpexBapurtesnbHble NMpopadoTKH
NMOKA3aJIM, YTO MOIIHOCTh MEKIVIAHETHOM paKeThl J0JI)KHA ObITh HA MOPSAAOK OoJiblie,
yem y P-7 (craproBasi macca P-7 — 280 T, H1 — 2800 ).

[ToctanoBnenue 1K KIICC u CM CCCP Ne 715-296 ot 23 uronsa 1960 roma «O co3manum
MOIIIHBIX PaKeT-HOCUTENEH, CITyTHUKOB, KOCMUYECKUX KOopabyiell 1 OCBOEHUH KOCMUYECKOTO
npoctpancTBa B 1960-1967 rogax» mnpeanuchiBao MpoBeaeHue padoT Mo CO3/1aHUI0 HOBOU
KOCMHUYECKOW pakeTHOW CHUCTeMbl co craptoBoii maccoi 1000-2000T, oGecrneunBaromieit
BBIBOJ] Ha OPOUTY BOKPYT 3eMIIH THKeJIOro0 Me:KMJIaHeTHOro kopadias maccoii 60—80 ToHH.
CopnepxaHnuie padOT KOHKPETHU3UPOBAHO B MPUJIOKEHUSAX, B YACTHOCTHU: B MpHiiokeHnn Nel —
«[1naH MPOEKTHBIX M SKCIIEPUMEHTAIBHBIX padoT No co3aanuio oobekra «H» (Pakera H1), B
npuiokeHnu Ne 3 — «[1naH NpoeKTHBIX U 3KCIIEPUMEHTANIBHBIX Pa0OT MO CO3AAHUIO TSKEIIBIX
MEXIUTAHETHBIX KOpaoJiei.

B cootBercTBHM ¢ mocTaHoBienneM B otaene Ceprest CepreeBuya KprokoBa paspabaThiBaics
IPOEKT ueThlpexcrynenuaTon pakersl H1. Tpu cTyneHn pakeTsl BHIBOAWIN HA OKOJIO3EMHYIO
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opOUTY 75-TOHHBIM TIOJIC3HBIM TPy3, B COCTaBE KOTOPOro ObuUT 15-TOHHBIA TSHKEIBIN
MexIuaneTHbIi kopadib (TMK) u yerBeprast crynenp paketsl H1— 60-ToHHBIN BOJOPOAHBIN
paketHbiit 6510k (CP), ctoco6ubIi BeiBecT TMK B MeXIIaHETHOE IIPOCTPAHCTBO.

B ornene M.K. TuxonpaBoBa c¢ 1959 roma oJHOBpEMEHHO NPOEKTUPOBAIUCH [BA
KOCMHUYECKHX KOpalbiist: kKopalib «BocTok» Ui OCyIIecTBIEHUS MEPBOrO IOJIETa YelIOBeKa
BOKPYT 3eMJIH M TsDKEIbIA MeKIIaHeTHBIA Kopadsb (TMK) a1t ocylecTBiIeHUs SKCIISTUIHN
Ha Mapc. B To ke Bpems pa3pabOaThIBaJiiCh aBTOMATUYECKHE ammapaTbl U CTAHUIUU IS
IIOJIETOB B OKOJIO3€MHOE IpPOCTpaHcTBO, K Jlyne, Mapcy u Benepe;, ux Ha3HadcHHE!
oTpaboTaTh 3JIEMEHTHl Oyaymied 3KCneAuIMH Ha Mapc M MOArOTOBUTH MPOHUKHOBEHUE
YeJIOBEKAa CHA4aJla B OKOJIO3EMHOE, a 3aTEM U B OKOJIOCOJIHEYHOE IIPOCTPAHCTBO.
[TpoextupoBanrie TMK npoxonuino B cekrope ['neba FOpreBuua MakcumoBa. Cam kopabib
TMK pazpabaTsiBaics Kak KOMILIEKC CPEACTB, 00ECTICUNBAIOIINX A6MOHOMHbIL MpexXIemHul
noiem B MEXKIUIAHETHOM IPOCTPAHCTBE B3Kunaxa M3 Tpex uenoBek. BeiBogute TMK ¢
pasronnbiM 00xoM Ha JKPJ] Ha okono3emMHyr0 OpOHUTY mpenanosaragioch oaHoi pakeror HI.
Ceszka TMK ¢ pasroHHbIM OJIOKOM TO3BOJISIa BBIBECTH KOpalib B MEXKIIAHETHOE
IIPOCTPAHCTBO U BBINOJIHUTH 0€3 mocenieHus Mapca nepBblii B MUpE IOJIET YEIOBEKA BOKPYT
Connua. BeipBatbes 3a mpenensl 3eMHOTO TAroteHus O0buio rinaBHoi nenbio C.I1. Koponesa.
OcHOBHOE Halle BHUMaHHE ObUIO HAIpaBJICHO B MEPBYIO O4Yepeab Ha MOWMCK ONTUMAIbHON
komnoHoBkr TMK. ['naBHbIM (pakTOpOM, ONpenensiBUIMM OOJUK U KOHCTPYKIIMIO, SBISIACH
JUIMTENIbHAsT HEBECOMOCTh. BOpOTBCS C HEW MBITAIKMCh NYTEM CO3JaHUA HCKYCCTBEHHOMH
TSOKECTH 32 CUET BpallleHus Kopalisi BOKpYr HeHTpa macc. JKuible W 4acTo moceriaeMble
OTCEKM CTApaJIUCh pa3MECTUTh HAa MAaKCHUMaJIbHOM YAAJEHUU OT LIEHTpa BpALICHUS.
PazymHbIM Toraa mpenctaBisuioch paccrosiHue B 10—12 merpo. B JIMU Owina co3gana
JKCIIEpUMEHTaJbHasl YCTAaHOBKA C KOMHATOM, Bpamatouieiicss Ha miede 10m. Brnocnenctsuu
OT MCKYCCTBEHHOW TsDKeCTH OTKasaiuch. CreaylommM BaXHbIM (akTopoM OblLia
HEOOXOUMOCTh OOecTIeYeHHs dKUIaka MUIIEH, BOJOM M BO3AYXOM. 3amachl UX JJs Tpex
4eJI0OBEK Ha 2—3 roja nojera UMeIN HENPUEMIIEMbIE BECOBBIE XapaKTepUCTUKU. CHU3UTH UX
MOKHO OBUIO TOJIBKO 3a CU€T BOCIPOM3BOJACTBA BCEX KOMIIOHEHTOB Ha Oopty. s 3Toro
pa3pabaThIBalicsl CHEIHAIbHBIN 3aMKHYTHIM Ouonoro-texuudeckuit kommeke (3B6TK),
NPU3BaHHBIM 00€CHEUYUTh KPYroBOPOT BEIIECTB, MOTPEOISAEMBIX U BBLACISEMBIX SKHUIIAXKEM,
[0 CYLIECTBYIOIEH B HAIIMX 3€MHBIX yCJIOBUAX cxeme. OCHOBOHM Ipolecca KpyroBopoTa
BemectB B 3bTK sBmsuicst gorocuHTes, modTOMy OBUTIa CIPOEKTHPOBAHA OpaHXKEpEes, TJIe
MPEANOIarajioch BbIPAIIMBATh PA3JIMUHbIE KYJIbTypbl. PacTeHHs MIaHUPOBAIOCH pa3MeIlaTh
Ha KOMITAKTHBIX CTEJIJIa’KaxX, Ha TUAPOINOHUKE, a KOPHU MOMELIATh B CHEIUAJIbHbIE KallCyJIbI,
K KOTOPBIM MOJBOJUTCS IUTATEIbHBIA pacTBOp. {151 OCBELIEHNS paCTEHHI Ha MEPBBIX ATANax
MPOEKTUPOBAHUS HCMOJIb30BAIN KOHIIEHTPATOPbl COJIHEYHOTO TOTOKA LMIMHAPHUYECKON
(opMBl, pacrooKeHHbIEe BJIOIb KOpIyca KopalJst ¢ IByX CTOPOH IO/ ONPEAETICHHBIM YIIOM.
IIpu opuentanmu ux Ha CoJHIE OTpPaXEHHbIM W CXKATbIW MMM COJIHEUHBIM IMOTOK B
KOHIICHTPUPOBAHHOM BHJIE€ BBOAMJCS B KopaOib depe3 WIENEeBble WIUIFOMUHATOPSI,
pacrojoXeHHbIE BJIOJIb KOpITyca, TIe paclpeaesnsuics Mexay norpedourensimu. B cocrtas
3BTK Tarxke BXOIWIM XJIOPEIbHBIH peakTop, ¢epMa ¢ >KUBOTHBIMU (KPOJUKAMHU WA
Kypamu), OT KOTOPBIX BIIOCIICJCTBHHM OTKA3aJUCh, W CHUCTEMa YTHIHU3AIUH OTXOIOB C
3armacaMu peakTuBoB. Kopabnb B Havane 1962 ronma mpeactaBisi coO0il MATHATAXKHBIN
mwtraap (Puc.1,2). Kaxaeiii sTaxk umen ompeseiaceHHOe (YHKIIMOHAIBHOE Ha3HAuCHHE, C
pa3auYHbIMM  OTcekamu. JKuioll OTceK - C  paclojOKEHHBIMH B HEM  TpeMs
WHAUBUAYAJIbHBIMU KalOTaMHU JIJISl SKUIIaXa, TyaJlleTaMu, IUICHOYHBIMU TyIIEBBIMHU, KOMHATOM
OTIbIXa ¢ ONOIMOTEKOI MUKPOPUIBLMOB, KyXHEW U CTONOBON. Pabounii oTcek - ¢ pyOKoit /uis
€KEJTHEBHOTO KOHTPOJIS M yIpaBiieHUs1 BceMu cucteMamu TMK, Mactepckoi, MEIUIIMHCKUM
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KaOMHETOM ¢ TpeHakepamu, jJaboparopueid [Uisi MPOBEACHUS HAYYHO-UCCIIEIOBATEIbCKUX
paboT M HAJYBHBIM BHEIIHHM ILLIO30M. buosiornueckuii oTcek - ¢ pa3MElIEHHBIMU B HEM
CTeUIa)KaMU C PACTEHUSIMU, CBETOPACIPEIACIUTEIIbHBIMA YCTPOMCTBAMM, apMaTypod s
MOoJauud TMUTATEIbHBIX PAcCTBOPOB, KJIETKAMHU JKHUBOTHBIX, XJIOPEIBHBIM PEaKTOPOM,
E€MKOCTSIMH JUIsl XpaHEHHUsI ypoKas, 4acTbio apMarypsl U obopynoBanust 3bTK. IIpubopno-
arperaTHbIi OTCEK, B KOTOPOM OblIa COCPEIOTOYEHA OCHOBHASL Macca MPHOOPOB, anmapaTypbl
u apmarypsl Bcex cuctem TMK. OH ke sBIsics paguanioHHbIM yoexxuieM. C BHEIIHETO
topua TMK pacnonarancs cmyckaembiii anmapatr (CA) mis BO3BpallleHHsS DKHIIaKa Ha
3eMJIt0, KOTOPBIM CTBHIKOBAJICSI CBOUM JIIOKOM K JtOKY B Koprmyce TMK, pacnonoxeHHoOMy B
crienpanbHoi cepuueckorr Hume. Ha paume CA ycTaHaBIMBallach KOPPEKTHUPYIOIIAS
neuratenbHas ycraHoBka (KJY) ¢ 3amacoM TomimBa W 4acThlO ammapaTypbl. 3aKpbiBas
chepruecKyo HHIY, BMECTe C pa3MEIICHHBIM B Heil 000pyAOBaHHWEM, OHU YBEIHMYHUBAIU
pasManMoOHHYI0 3aIuTy SKkunaxka. Ha opOute mckyccrBenHoro cmytauka 3emin (OMC3)
CIIyCKaeMbIi anmapar uMel BO3MOXKHOCTh ¢ nomoupio KJ[Y aBTOHOMHO MaHeBpUpOBaTh U
NPU3EMJISITECS MPH BO3HUKHOBCHHMM HEIITATHBIX CUTyarmit. B mpoekre skcmeauiuu (¢
BBICAJIKOM Ha TOBEPXHOCTh Mapca) CTapToBas Macca SKCIEIUIIMOHHOTO KOMIUIEKCa Ha
OKOJIO3€MHOM OpOUTE [OJKHA YBEIMYUTHCS Oojee, yeM Ha mnopsiok. UtoObl coOpaTh
KOMIUIEKC TaKoi mMacchl, Heooxoauma coopka Ha opoute, u C.II. KopoJieB yxe B 1959 roay
NMopy4aeT IPOCKTAaHTaM pa3padaTbiBaTh cOOpKy Ha opoume wopadueii «Bocrok». Ha
MEPBBIX OdTanax MPOEKTUPOBAHMS MpopadaThIBaliCs MPOEKT, B KOTOPOM JJisi pa3roHa
KOMIUIEKCa TaKOW Macchl ¢ OKOJIO3EMHOM opOUThl K Mapcy U 11 OCIEAYIOUIMX MaHEBPOB
NpEeANnojarajid UCIOJIb30BaTh 3JIEKTPOPEAKTUBHYIO JBUTATEIbHYK) YCTAHOBKY C SJIE€PHBIM
peaktopom (AAOPJ1Y). B Heli B pe3yinbTare siI€pHOM peakluu roproyee (OKHCIUTENb MHpU
TOM He TpeOyeTcs) mpeBpaliaeTcsi B BHICOKOTEMIIEPaTYPHBIN ras, HCTEUEHUE KOTOPOTO U3
COTIa C OYEHBb BBICOKOM CKOPOCTHIO co3naeT Tary. DPJIY co3maeT 3HaUNTEILHO MEHBIITYIO TIO
cpaBHeHuo ¢ JXPJ[ tary. Ho 3a cuer nnuTenbHOro BKIIIOUEHUS MOXKET, MOCTEHNEHHO
HapaluBas CKOPOCTh, PACKPYUHBasi KOMIUIEKC 110 CIIMPAIN B TEUEHNUE HECKOJIBKUX MECALIEB B
OKOJI03€MHOM TMPOCTPAHCTBE, OOecmeunuTh ero pa3roH kK Mapcy. Tak ke Moryt ObITh
BBITIOJIHEHBI OIEpaliy M0 Mepexoay Ha opOuTy cmyTHuka Mapca, npu ctapte K 3emie, pu
BO3BPALIEHUN Ha MCXOAHYIO okonozeMHyto opbuty. C.II. KoponeB mopyunsn mpopa®oTky
BapHaHTa 3KCHeAuINU ¢ ucnonb3oanueM SIOPJ1Y cextopy b.A. Anamosuua. B ToT nepuon
He OBLIO JTOCTOBEPHO HU3BECTHO, YTO MPHU JUIMTEIHHOM IOJIeTE KOpabiii BO BpeMs €ro
PacKpyTKH 1O OpOUTaM BOKPYr 3eMJIM, MPOXOSIIMM Yepe3 paJuallMOHHbIE Mosica 3eMIlH,
SKUMAXy TPO3UT ONACHOCTh MONY4UTh 10 S0-TH JeTalbHBIX J103. DTOT TPOEKT
paszpabaTeiBasics g0 Jera 1962 roma. B wurore Bb.A. AnmamoBwu mpuiiena K BBIBOAY O
HEIIEeTIECOO0Pa3HOCTH MCIOB30BaTh JIEKTPOPEAKTUBHYIO JIBUTATENbHYIO ycTaHOBKY (DP/1Y)
B MUJIOTHpPYEeMOM Mojere K Mapcy, u 3TOT BapuaHT sKkcneaunuu Obut oTkioHeH C.IL
KoponeBsiM. Ho HyXHO 3aMeTHTh, 4TO MHOTHX paszpaborumkoB DPJIY moakymana Gomnee
BBICOKMMH JHEPreTUdeCKuMH Xapakrepuctukamu, yeM KPJ[. Tak, no yaeinbHOMY UMITYJIbCY
(mapameTp, OnpeaeNsIONINi KOJIUYECTBO TOILIMBA, HEOOXOJUMOTO AJIsi pa3roHa O0BEKTa 10
onpeneneHHoil ckopoctr) OPJY 3naumtensHO mpeBocxoaut JKPJ[, a 3mHaumt, Tpedyer
MEHBIIINX 3alacoB TOIUIMBA. DTO BIOXHOBIISUIO «IHIIETAHTOBY, HE 00JaaBIINX TPeOyeMbIM
YpOBHEM TMpodeccHoHain3Ma M «HE OOpeMEeHSBUIMX» ce0s BECOBBIMU pacyeTaMu,
«pUCOBATH)» HA MOBEPXHOCTU KPACHOM IJIAHETHl «apMajJbl CTOTOHHBIX BHEJOPOKHUKOBY, a
OTBET Ha BOMPOC, KaK OHHU TMoMajgaT Ha Mapc, Obl1 mpoct: ¢ momombio DPY. Dtu
«HJUTIO3UN», K COXKAJICHUIO, TIOJIO’KEHBI B OCHOBY MHOTHX OIIMOOYHBIX TTPOeKTOB ¢ DPIIY He
TOJBKO MPONUIOro, HO W Hamero Beka. B mae 1962 roma Cepreit IlaBnoBuu mommnucan
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ACKU3HBIM TPOEKT Mo pakere-HocuTento HI, cocrosiBmmii w3 29 TOMOB U BOCBMHU
npwioxeHuid. Jlerom mpeamnonaraliock MPEACTAaBUTh €ro SKCHEPTHOM KOMHUCCHUU TIO
npeacenarenbctBom mnpesugeHta Axagemun Hayk CCCP M.B. Kengeima. B Havane urons
1962 roma C.II. KoponeB nan Ham ykazaHue noarotoButh «llman ocBoenus Mapca u
Benepbi», U MHE ObUIO MOPYYEHO MOATOTOBUTH ero mpocrekt [1]. Tlpu cornacoBanuu ero
conepxanusg ¢ M.K. THXOHpaBOBBIM, ITOCKOJIBKY IOPYYEHHME IMPEIAIIONIArai0 pPacCMOTPEThH
BAPUAHTHI OCYILECTBICHHUS SKCHEAUIMHU, S BBICKA3aJl COMHEHHMS MO IOBOAY INEPCIEKTUB
co3JaHus B mpuemiieMble Cpoku U npumeHeHuss OPJY. Muxaun KnapnueBuu pasgenst 3T
COMHEHHS, ¥ OHU TI0 €r0 COBETY OBbLIM OTpaXkeHbI B mpocrekTte. [IpocnekT Ol npeacraBieH
C.II. KoponeBy mnsa mpeaBaputesibHoro osznakomsienus. Bepuysmmce ot C.I1. Kopornesa,
Muxaun KnaBaueBuu nokasajl MHE HallCAaHHYIO TJIABHBIM KOHCTPYKTOPOM 3aIUCKY, KOTOpas
uMesia IpUHIMITHAIbHOE 3HaueHne. Ee TekcT coxpanuics B paboueit terpamu [1].

CO,Z[ep)KaHI/IC 3aIIMCKU:

« 1. B nepsyto ouepeow Jlyna, Mapc.
2. Benepy uzyuamo cpashumenbHo 6 Heboabulol cmenenu neped nocaokou.
3. Ilepenem uenogexa Ha niaHemul O0JHCEH ObIMb COENAH:
a) 8 MUHUMANIbHOE 8peMs,
0) ¢ MUHUMATBLHOU 3aMPamoll cCpeocms.
Omo obecneuusaemcs MUHUMATLHLIM KOMNJIEKCOM KOpaD.iell.
4. 3a0auu oceoenus Jlynol u Mapca paznuynul.
5. Ilepsas 3a0aua — npoexmuposanue kopabis 0Jist 6OIbULOl IKCHEOUYUU C
8038paUeHUEM.
6. Imo 803MOA*CHO!
a) Ha basze coopxu, 6) c PV, 8) ¢ 3FTK.
7. [na besonacnocmu nosema paccmampugams 084 CyYasL:
@) nocie nocaoKku HeBO3MONCeH Cmapm,
0) npu nooieme He8O3MONHCHA NOCAOKA.
8. Obnemmuviii 6apuanm ne HydHceH.
9. Hysicno 0ybnuposams credyroujue mpyoHoCmu.:
a) Hem DPJ]Y — sapuanm c #cuoKocmHuiMu 08Uamensimu.
0) Hem 3bTK — sapuanm c 3anacamu.
8) Coopra — ....
Ilo nynkmy 6): 1. Bozmooicno, nompebyemcs obaiem, He no cooOPANCEHUAM HAYKU U
MEeXHUKU.
2. Uomu Hna puck nocaoku ua Mapc 0e3 e6o3spaweHus Ha mom dice Kopaobie
(aKCneouyUs U3 MUHUMATbHO20 YUCIA H00ell JHcoem Cledyiouull Kopaons).
Taxum obpazom: Mooicno Oenamv 0b61emublil, HO OH OO0JMHCEH OblMb INEMEHMOM
coopnoeo!!!
Hysicno npoexmuposams s1emenmoly».

B cootBerctBuuM ¢ ykazanusmu B 3amucke C.I1. KoponeBa HeoOxomumo ObUIO NMPOBECTH
aHaJIN3 BO3MOYKHOCTH OCYIIECTBJIEHUS MAapCUAHCKOM SKCIEAUIIMU C ncnoib3oBanueM KPP/ B
pa3IMYHBIX CXeMaX ToJieTa M BhIOpaTh ONTHUMalbHYIO. PacdyeTsl mpoBoauwimuch mo Gopmymne
[{nonkoBckoro Ha sorapudmudeckoi nauHeike. [Ipunuiock mpocuntars 17 cxem. C ydeTom
JIByX BapUaHTOB ONOPHBIX opOouT y Mapca — 34, Bapuauuii o TpeM 3HAYCHHUSM YIEIbHOM
aru (315, 350, 440 Krc ¢/Kr) W MO YeThIpeM 3HaYCHHUSIM K03()(HUIMEHTa BOCIPOM3BOICTBA
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npoaykroB B 3BTK (0T mojHOro BOCHPOM3BOACTBA A0 IOJHBIX 3alacoB) MPHUIILIOCH
npocuutarh 408 BapuaHToB. [lyi1 BCeX cXeM M BApUAHTOB OBLIM OIPENENCHBI MCXOJHBIC
BECOBBIE XapaKTEPUCTUKHU IIE€pE]] CTApTOM Ha OKOJIO3EMHOM OpOMTE M Ha Bcex ATamax rnosera
[1].

Pacuers mokazamu, uro Ha OMC3 craproBas Macca 3KCHEIULHUOHHOTO KOMILIEKCA,
ucnoiap3ytoniero Ha Bcex sranax JKPJI, Haxogurcs B npenenax 1200-2000 tonn. IlepBoit
MEpO MO CHMXKEHHUIO HayalbHOM MaccChl ABJISETCS 0TKa3 oT TopmoxkeHuss TMK niist mepeBona
ero Ha OMC3 mnpu Bo3Bpamenun ot Mapca. [Ipu nomnere k 3emsie or TMK pomxen
OTJENUTHCS BO3BpAlllaéMblil ammapar ¢  SKMIAXeM, BOHTH B aTMocdepy cO BTOpOH
KOCMHYECKOH CKOPOCTBIO M COBepHIMTh Tmocaaky. OOcyxnas mapameTpsl BXoja
BO3BpALIAEMOro amnmnapara B atMocgepy 3emid, Mbl 0OpaTWiIM BHUMaHHUE Ha TO, YTO €ro
TpPaeKTOpHUsl HE JOJDKHA BBIXOJUTH 3a IIpeleibl 3alaHHOro, BeCchMa y3KOro, kopuiaopa. B
OPOTMBHOM  cjydae ammapaT JKIYT HEJIOIyCTHMbIE HarpeB M Ieperpy3ku, JMOO OH,
«YUPKHYB» TIO0 BEPXHUM CJIOSM aTtMoc(epsl M TOTEpSB CKOPOCTh Ha HEONPEICICHHYIO
BEIMYMHY, YHIET B IOJIET II0 HEPACUETHOW TPAeKTOpuu. BO3HMK BOIPOC: MOXKHO JIU
CKOPpPEKTHPOBATh MapaMeTpbl KOPUAOpA TaK, YTOObI IMOCIE «UUPKaHbs» TPACKTOpPHUS CTaja
pacueTHOM, HO HE I MOCAJKM ammnapara Ha 3eMillo, a Uil IIEpeBOAA €ro Ha 3aJaHHYI0
opbuty cnyrtHuka. Cama ujaes TOPMOXKEHHUsS B arMocdepe IJIaHeThl Oblla HE MOs, €€
BoickasbiBasin 1O.B.Kongpatiok u ®@.A. Ilanaep. Ho maes mcnonb3oBaTh TOPMOXKEHHE B
atMocdepe Mapca Ui CHI)KEHHUSI CKOPOCTH JIBM)KCHHUS DKCIIETUIIMOHHOTO KOMILJIEKCa 10
BEJIMYMHBI, JOCTaTOYHOM [uId Iepexoja Ha oOpOuTy clyTHUKa Mapca, Oblga BecbMa
3aMaHyuBOil. B TOpMO3HOM pakeTHOM 0JIOKE€ Macca TOIUIMBAa MoOrja cocTaBiiATh 10 60 %
Macchl Bcero komriekca. OTka3 oT TOpMO3HOIro Oiioka Mor 0OoJjiee 4eM BJBOE YMEHBIIMThH
CTapTOBYIO Maccy Komiuiekca. [IpeaBapuTenbHble pacyeThl MOKa3alH, 4TO 3TO BO3MOXHO [1].
Wnes nonpasunace M.K. TuxonpaBoBy, u oH pacckazan o Hei C.II. Koponesy. Ilo ero
YKa3aHHUIO NS AajibHEHIIel MpopaboTKU ObLIM BbIAaHbI 33/1aHUS HALIUM a’pOIMHAMHUKAM U B
LIAT'U. ITlpouecc mMpoeKTUPOBAaHUS M Pacu€TOB aKTUBHO Npojoipkaici. Cxema mpuoOpena
cnenyromuii Bua. [locne kaxaoro nmorpyxenus 10 BeicoThl 70—100 kM Ha Bpems opsiaka 100
CeKYHJ] KOMIUJIEKC TIEpeXOJUT Ha BBITIHYTYIO OJIJUIMITHYECKyI0 opOuty. B ee amoree
MPOBOAUTCS I08EIUPHASA, C MATbLIMU 3ampamamu, Koppekuus s oOecnieyeHus TpeOyemoi
rIyOUMHBl CIEQYIOLIEro TOrpykeHuss B aTtMmocdepy. Bbicota amores mocneayronmx
ITUNTHYECKUX OPOUT MOCTENEHHO YMEHbBIAETCS, IPUMEPHO MOCIE CEAbMOr0 MOTPYKEHUS
BBICOTA amores JJUIMITUYECKOH OpOUTHI CTAaHOBUTCS paBHOM BbICOTE Oynymieil KpyroBoi
opbuTsl. B ee anoree Bbaercs HEOONBIION Pa3rOHHBIN UMIYJIBC, U KOMIUIEKC MTEPEBOIUTCS
Ha KpYroByIO0 OpOMTY, UCKIIOUas mocieayromiee norpyxkenue. Ilocine ogo0peHust cxemsl ¢
aspoauHamuyeckuM TopmoxkeHuem C.II. KoponeBbiM, MbI mpuoOpenu «OyKeT» HOBBIX
npo6aeM. DKCIEeAUIMOHHBIN KOMIUIEKC PU MPOXOXKICHUH MapCHaHCKON aTtMocdepsl Oyaer
UCIBITBIBATh HAarpy3kd OT CKOPOCTHOTO HAamopa M Harpes, JOMYCTHUMbIE IMPeaeabl KOTOPBIX
BEChbMa OTPaHUYEHBI M3-3a OOJBIIOTO KOJMUYECTBA BHEIIHUX 3JeMeHTOB. IloaToMy pasmepsl,
dbopMa U MPOYHOCTH FIEMEHTOB IOJKHBI OBITH PACCUMTAHBl HAa 3TH HOBBIE YCIIOBUS WIIH
3alUIIEeHbl OT X Bo3JelcTBus. Bce 3T0 moTpeboBano pa3paboTOK HOBBIX KOMIIOHOBOYHBIX
cxeM. B 1962 r. O6bu1 mpopa®oTaH 3CKU3 KOMIIOHOBKH MapCHaHCKOI0 KOMIUIEKCA B BAPUAHTE C
a’poarHamMuyeckuM TopMmokeHreM [1]. IIpoektupoBaHue CBOAMIOCH K KOHCTPYKTHBHON
YBSI3KE MHOTHX HOBBIX IMPOTHUBOPEUYMBBIX TpeOoBaHMil. B mepByio ouepenb BHUMaHHE ObUIO
yIIeIeHO pa3pabOTKe pa3JIMYHbIX BapUAaHTOB MECTKOTO 3KpaHa, KOTOPBI MOT CIY>KUTh
3aI0UTOM BHEIIHUX DJIEMEHTOB KOMIUIEKCa OT BO3JACHCTBUS CKOPOCTHOIO HAmopa H
OJTHOBPEMEHHO MOT O0ECIEeYHTh €My HEOOXOIUMOE TOPMOXKEHHE IIPH MPOXOKICHUU
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Mapcuanckoi atmocheprl. Dopma 3aUIMTHOrO HSKpaHa ObUla BbIOpaHa B BUJIEC 30HTHUKA
OOJIBIIOrO JHMAaMeTpa, PACHOJOKEHHOTO Ha JOOOBOM TOpPIE KOMILIEKCAa M OOpamieHHOro
BBIMYKJION CTOPOHOI B cTOpoHy Haberaromiero moroka. OHAKO 3TO JAeNano KOMILIEKC
HEYCTOMYMBBIM, IO3TOMY JUIsi  OOJIbIIEH  YCTOMYMBOCTM €ro  a’pOAMHAMHUYECKOMN
KOH(UTypaluu X0TeJI0Ch MPUAATh BU «0aIMUHTOHHOTO BojaHa». C 3TOH 1eblo MIaHeTHbII
MOCAJ0YHBIM KOMIUIEKC 3HAYMTEIbHOM Macchl ObUI BBIHECEH 3a JI0OOBYIO IOBEPXHOCTH
TOPMO3HOTO IKpaHa, YTOObI 00ECIeYUTh MPUEMIIEMYIO LIGHTPOBKY KOMILIEKCA MPH IBHKEHUU
B MapCHAHCKOW arMocdepe. DTUM Takke 00eCHeuyrBaIOCh OECIPENSATCTBEHHOE OTACIICHHE
MOCaOYHOr0 KOMIUIEKCa JIJIsl CIycKa Ha MOBEPXHOCTh IUIaHEThl. BmecTe ¢ HUM oTaensanacs U
HEHY)KHAsi Ha OpOUTE CHIIOBAs YacCTh TOPMO3HOTO 3KPaHAa, YTO MOBHIMATIO0 dP(PEKTUBHOCTh
ero TopMoXeHusT B arMmocdepe mpu chycke. CoylHeUHbIE KOHIIEHTPATOPhl TaKkKe
NPOEKTHPOBATUCH B OpME 30HTHKA auameTpoM 15-20 M, pacrosio’keHHOTO BOKPYT OTCEKa
opaHxepeu. BHYTpeHHSsI ero moBepXHOCTb, OpHeHTHpoBaHHas Ha CoJHIE, BBHINOIHSIACH B
BUJIE OTAEJIbHBIX CeKUMH. Dopma MOBEPXHOCTH KaXJ0M CEKLMHU MpeCTaBiisAia cOOON 4acTb
napaboJou1a ¢ COOCTBEHHBIM (OKYCOM, PACIIOJIOKEHHBIM Ha oOeuaiike OTceka opamxepen (B
3TOM MECTE ISl KaXKIOW CEKIMH YCTAHABIMBAJICS CBOM WLTIOMHHATOpP). OOIiee 4ucio
CEeKIMI ¢ WIIIOMUHATOpaMu TIpeanosaragock ot 12 go 24. ConHeuyHbId MOTOK IOMNAaaal Ha
CEKIINH, OTPAKaJICI UMH, KOHIIEHTPUPOBAJICSA M HAIPABISIICS Yepe3 WLIIOMUHATOPHI BHYTPb
KopalJsi, Tae ¢ momolnsio JuH3 DpeHens U MIEHOUHBIX OTpa)kaTellel pacmupeaesnsycs Mo
norpedburensiM. KoHLEHTpaTop BMeCTe ¢ OpaH)Kepeeil ) eiareiabHo ObUIO pacmojiaratb Ha
TOpLIe KOMILUIEKCA, BOTHYTOH CTOPOHOHM Hapyxy st opueHtanuu Ha Connie. Ho, Oyayun
caMo#l aXypHOU KOHCTPYKIIMEH, OH, B TIEPBYIO Oouepe/b, TPeOOBaI 3alIUThl OT CKOPOCTHOTO
Hamopa M MOATOMY ObLI KOHCTPYKTHBHO OOBEIWHEH C TOPMO3HBIM 3alIUTHBIM JIKPAHOM,
¢dbopMa KOTOpOro ObljIa FeOMETPUYECKH COBMeENIEHa ¢ (POPMOI KOHIIEHTpaTopa U MpUOINKEHA
K napabosouny.

C menpl0 JMambHEUINEro yJIYYIICHUS IIEHTPOBKH PSJIOM C TIOCAJIOYHBIM KOMILIEKCOM
MPEoNiaraioch pa3MeCTUTh PA3TOHHBIN OJIOK, Tak)Ke MMEIOIIMNA 3HAYUTENBbHYIO Maccy.
OpHako 3TO BCTYNajao B IPOTUBOPEUHE C APYyruMu coodpaxeHussMu. CriyckaeMblii ammapar ¢
KOPPEKTUPYIOIIEH  JBUTaTENIbHONM  YCTAaHOBKOW  JOJDKEH  OBLI  pacmoiaraTbCsi — C
MPOTUBOINOJIOXKHOTO TOpIa KOMIUIEKca, 00ecrieunBas TEM CaMbIM BO3MOYXKHOCTb 3KCTPEHHOTO
OT/IEJICHUS] Ha OKOJIO3€MHOW OpOHTe (B HEINITATHBIX CHTYAIMsIX) W 0E30MACHOCTh DKHUITAXKA.
Pasronusnii 6710k ¢ OOJBIIMM 3alacoM TOILIMBA, CKOMIIOHOBAaHHBLIA B €IMHBIA OJIOK CO
CITyCKaeMbIM aIllapaToM, MOT 3HAYUTEIbHO MOBBICUTH MaHEBpPEHHbIE BO3MOXHOCTH CA, B
TOM 4Hucie, - 00ecneyuTh Mpu HEOOXOJUMOCTH BO3BpAILEHUE €r0 C AKUIMAXEeM Ha 3eMIII0
nocie pasroHa komiiekca ¢ OWMC3 Ha Tpaektopuio mojiera Kk Mapcy. B mons3y 3Toro
BapHaHTa ObLJIO U TO, YTO Pa3MEIlIEHNE Pa3TOHHOro OJ0Ka PSAIOM € MOCAJOUYHBIM KOMILJIEKCOM
HE JIONyCKAeT ero BKIIOYeHHe i mpoBepku nepen craptom ¢ OMC3 u nns koppekuuu
TPAeKTOPHH TosieTa K Mapcy. A mpu ero BKIIOUCHHUH TSl cTapTa ¢ OpOUTHI HCKYCCTBEHHOTO
cnytHruka Mapca (OMMCM) k 3emsie skunaxk B CA OyaeT HaXOIUThCS B TMEPEBEPHYTOM
NOJIOKEHUU. [Ipusedennvie coobpaxcenuss — 1ulib He3HAYUMENbHAA YACb NPOMUBOPEUUBLLX
mpebosanull, Komopvie NPUUIOCL Y6A3bl8AMb NpU 8blOOpe ONMUMANLHOU KOMNOHOBKU
mapcuanckoeo komnnexca. Ciooda d#e MOMCHO omHecmu U pasmeujeHue namenell COIHeYHbIX
bamapeii niowaovio 85 e paouamopos u HCano3u CUCMeMbl MepmMopecyIupo8aHus
niowaovio 34 M2, anmenn, obecnevenue HeobXOOUMBIX NoEl 3penUss ONMUYECKUX 0amyuuKos
cucmembvl opueHmayuu, 301 0elcmeus: ogueamenel OpUeHmMayul, 3auUMHOe PAcnoNOHCeHUe
obumaeMvlx 0mceKos, 8bl100p ONMUMANLHO20 COOMHOUIeHUs ouamempa U OIUHbl KOMNIEeKCa
u MHo2oe Opyeoe. YBSI3Ka BCEX OJTHX NPOOJEeM TO3BOJIWIA ONTHMH3UPOBATH OOJHMK
SKCIIETUIIMOHHOT0 KOMIUIEKCAa B CIEAYIONIEeM Buae. MapcuaHCKui MUIOTHPYEMbIH pakeTHO-
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kocmuuecknii  komiuieke MIIPKK  (Puc.3) cocrosm W3  JBYX OCHOBHBIX —4YacTei.
MexnnaneTHblil pakeTHsld kKoMIuiekc MPK, B cocTaBe TpexcTylneH4aToN pakeTbl-HOCHUTEIS
H1 (Puc.4), TeXHMYECKOTO, CTApTOBOrO KOMIUIEKCOB U JPYIHMX Ha3e€MHBIX COOPYKEHUH,
o0ecreynBall MOJArOTOBKY, CTapT M BbIBEICHHE HA OKOJIO3EMHYI0 MOHTaXHYIO OpOHTY
CEMUJIECATUIIATUTOHHBIX OJIOKOB. MapcuaHCKUl HHJIOTHPYEMbI KOCMUYECKUN KOMILIEKC
MIIKK (Puc.5) wmaccoit 400500 T — myig moJjieta SKUMNaxka U3 TPEX YEJIOBEK K KPacHOM
IUTAaHETEe, BBICAJKU Ha €€ MOBEPXHOCTh JBYX KOCMOHABTOB U BO3BpAlllEHHs JKUIAXa Ha
3emitto, cobupancs Ha opoume uz 610K08, 0ocmasieHuvix pakemoti HI. Jlns ero cOopku Ha
opoute (Puc.6) ObUT IPEeAYCMOTPEH MOHTAaKHBIA OTCEK chepruecKoii POPMBI C IMECTHIO WK
BOCEMBIO CTBIKOBOYHBIMU Y3JIaMH. K HeMy ¢ OJHOM CTOPOHBI CTBIKOBAJIUCH MapCHUAHCKUN
opb6uTtansublii kommiieke (MOK) u mapcuanckuit nocagounsiii kommieke (MIIK), ¢ aqpyroit —
pasronnbiii paketHbiii komiuieke (PPK), cocrosimuii u3 uentpanbHoro u 4-6 OOKOBBIX
Moyinei, kotopsiid obecrieunBan crapt MIIKK ¢ MoHTa)kHO# OpOUTHI U BBIBEJICHHE €r0 Ha
TpaekTopuio nojiera kK Mapcy. B coctaB MOK Bxomamnu TspKeNbIi MEXIUIAaHETHBIM KOpaliib
(TMK) u pasronnslii paketHsiii 6510k (PPB) mis pazrona TMK c op6utsl cnytHuka Mapca Ha
TpPaeKTOpHIO MoJieTa K 3emiie. biiok, B KOTOpoM pa3Mmelnasics 3KUIax U3 TPEX YeNIOBEK IpU
nosiete K Mapcy u oOpaTHO, MPEICTaBIsul COOOH €TUHYI0O KOHCTPYKIIMIO M TIOHUMAJCS Kak
cooctBenHo TMK. B ero cocraB BXxomwnu OpOUTaIbHBIA MOIYNb, KOPPEKTHUPYIOIIAS
JIBUTAaTEIbHAS YCTAHOBKA M BO3BpallaeMblii Ha 3emutio ammapat (BA) maccoit 2,1 TOHHBI, T. €.
okoJ10 0,5% oT HayanpHOro Beca Komiuiekca. [locaouHblil KOMILIEKC COCTOSI U3 TOPMO3HBIX
U [0CAJ0YHBIX YCTPOWCTB, IMOCAAOYHOW pakeThl W MapcuaHnckoro kopabms (MK) c
JIBYXCTYIIEHYATON B3JIETHOM pakeTol H Karcyiaod Bo3Bpamenus. COopka Ha opOute
KOMIUIEKCa JOJDKHA Oblla 00ecredrBaThCs CHEIUANTbHBIMU OpUrajaMd KOCMOHABTOB W3
yycna onbITHbIX crneuuanuctoB OKbB-1, romoBHoro 3aBoma u kocMoapoma. bpuraasl
TUTAHUPOBAJIOCH JTOCTABIATH Ha OpOUTY Ha Kopabmsax «Coro3y», pa3Mmelniath B CHENHATbHOM
JKUJIOM OJIOKE, a 1o 3aBepllieHrH padOT BO3BpalaTh Ha 3eMirto. Dkunax npuodsiBan Ha TMK
3apaHee M JIMYHO MPOBOIMI MPOBEPKY BCEX CHCTEM KOpaldiis, a Mepes] CTapToM 3aHUMall
MECTO B CITyCKa€MOM arnapare, OTKy/1a MOT yIpaBisATh BCEMU JUHAMUYECKUMU ONEepalUsiMU.
Dkcrnenuius ToMkHa ObUla MPOXOAUTH MO cienyromel cxeme. Pasron k Mapcy ¢ OUC3
obecreunBaliCa KUIKOCTHBIMU PAaKETHBIMH JBHUrareiasiMu. [Ipu BO3ZHMKHOBEHUW aBapUHHOMN
CUTyalluu Ha JiroOoM stame pasroHa ¢ OMC3 k Mapcy skunax, HaxoJsiCh B CITyCKaeMOM
anmapare, MMeJl BO3MOJKHOCTb OTIEIUTHCA OT KOMIUIEKCa BMECTE€ C KOPPEKTUPYIOLIEH
JBUTATETbHOW yCTAaHOBKOM M MapCHAHCKUM Pa3TOHHBIM OJOKOM M BEPHYThCS Ha 3eMIIIo.
[Tocne BbIBEIEHUSI C OKOJIO3€MHOM OpOMTHI HAa TPAaeKTOpHIO MosieTa K Mapcy u oTaeneHus
0TpabOTaBLIET0 Pa3sTOHHOTO PAKETHOI'O KOMILIEKCa MapcHaHCKUI KOMITJIEKC OCYIIECTBIISIT
ABTOHOMHBIN TOJIET, MOCTOSIHHO MOJJEpkKUBasi opueHTauio Ha COJHIE U CBA3b C 3eMIICH.
[lepexon ©Ha opOUTy chnyTHHKa Mapca BBIIOTHSUICS 3a CUYET adPOAMHAMHYECKOTO
TOPMOKEHUS KOMILJIEKca B MapcuaHckoi atmocdepe. Ha opbute cmyrHuka Mapca mocie
HEOOXOJUMBIX TMPOBEPOK U TMOJTOTOBKU JBa WICHA JKHUMaXa MEPEMEIIATUCh B Karncymy
MapcuaHcKoro kopabduis. IlocagouHblii KOMIUIEKC OTAENSICS OT OpOUTAIIBHOTO, OCYIIECTBIISI
CX0/ ¢ OpOUTHI, CIIyCK B aTMocdepe, TOPMOKEHHE U MOCaJKy. 3aBeplIMB MpeObIBaHUE HA
MOBEPXHOCTU IIJIAHEThl, JKUIAX pacrojlarajics B Kalcysie BO3BpalIeHMs, CTapToBal,
BBIBOJIMJICSI HA UCXOJHYIO OPOUTY, CTHIKOBAJICS C OPOUTATHHBIM KOMILJIEKCOM, 1 KOCMOHABTHI
Bo3Bpamanuck Ha TMK. Ilpu crapre k 3emiie OHHM 3aHUMAIIM MECTA B CITyCKaeMOM
anmnapare, KOTOpblid pu nozaiere K Hel otaensuicss or TMK u, ocymiecTBiisist ynpaBiisseMblil
crmyck B armocdepe, mnpuzemssuicsa. OnucaHHbIH MapcuaHckuid mpoekT ¢ JKPJ[ 0w
IIPEJICTaBIEH Ha PacCMOTPEHHME OKCIIEPTHOM KOMHUCCHMU. B KauecTBe JEMOHCTPAaLlMOHHBIX
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MaTepuajoB ObUIM  IOATOTOBJIEHBI LIeCTh IUIakaToB. Ha HuX OBUIM OTpa’keHbl CXEMBbI
OCYIIECTBIICHUSI JKCIECAMUINY, KOHCTPYKTUBHOE DPEIICHHE BHYTpeHHEH KOMIOHOBKM TMK,
o0muii BUJ MapcHaHCKoro komruiekca mepen craproMm ¢ OUMC3 s pasHBIX CcXeM,
KOMIIOHOBKA MEKIUIAHETHOTO KOMILJIEKCA B BapUaHTE C a3pOAMHAMUYECKUM TOPMOKeHUEM. B
nporecce npopaboTok OblIM yTouHeHb! BecoBble cBOAkM TMK u mocagouHoro xomruiekca
(Puc. 7)., mpoBelcHa CpaBHUTEIbHAs OICHKA BapUAHTOB C TOPMO3HBIM OJIOKOM H C
AdPOIMHAMHYCCKUM TOPMOXKCHHEM, IMOATBepIuBIIas ero mnpeumymectBo (Puc. 8). Ilpm
noaroroBke k komuccuu C.II. KoponeB paccmorpen marepuansl 10 BapUaHTy KCHEAULIMU C
OPJIY ¥ OTKJIOHWJI €ro, IIOCKOJIBKY OH CYIIECTBEHHO IIPOUIPBIBAl 10 MAacCOBBIM
xapakrtepuctukam Bapuanty ¢ JKP/[ ¢ aspoamnamuueckum topmokeHueM. «llman ocBoeHus
Mapca u Benepb» Obl1 npescTaBiieH Ha 00ibIoi Tabnuiue. B Hell Obun Moka3zaHbl YeThIpe
3TANa OCBOEHMS: IE€PBbIC IOJETHl ABTOMATHUYECKHUX aIllapaToB K IJIAHETaM, UCCIIEI0BaHUE
IUIaHET ¢ MX MOMOIbI0, OOJETHI MJIAHET YEJIOBEKOM C JAMCTAaHIMOHHBIM 30HIAMPOBAHUEM C
OpOWTHI M SKCHENUIMHM Ha TUTAaHETHI. J[JIs KakJaoro aTama 3afgadd pa3OMBAUCh 1O TO/AAM,
ONPEACISAINCh CPENCTBA ISl MX PELICHMs, allapaTbl, 3CKU3bl UX KOMIIOHOBKH, CXEMbl U
BpeMsl II0JIETA, TUIIBI PAKET-HOCUTENEW M JBUraTeIbHOM YCTAaHOBKM MJIi BBIBEIECHHUS Ha
MEXIUIAHETHYI0 TPaeKTOPUIO, CTAapTOBBIH BEC Ha OKOJIO3EMHOH OpOUTE U BECOBBIE
XapaKTEpUCTHKH Ha dTamnax nojera. B nononnenue x «[lmany ocBoeHwms...» OblIa cCOCTaBlieHA
TabaMIa, B KOTOPOH paccMaTpUBaJIMCh MPOOJIEMBl IPECTOSAILEI0 MEKIUIAHETHOTO T0JIeTa U
OBLIM TOKa3aHbl CPEACTBA M CHOCOObI uX pemieHus. Mtorm pa®oT ObUIM NMpEACTaBIIEHBI B
KpaTKOM OT4YeTe. «AHaJIM3 BO3MOXHOCTM OCYHIECTBJICHHs OJKcneauuuu Ha Mape ¢
ucnonp3zopanuem JKPJ]» (uuB.Ne I1-583). Pesynbrarhl pacueToB Mo pa3ivUyHBIM CXEMaM
OCYILIECTBJICHHUS] HKCHEAULUHN U yJOOCTBa CPaBHUTENILHOTO aHajiu3a ObLIM CBEJCHBI B
TabJIMIly, B KOTOPOH IOKa3aHbl BECOBbIE XAPAKTEPUCTUKH MEXKIUIAHETHOIO KOMIUIEKCAa Ha
BCEX JTalax IoJjieTa JJs BCeX CXEM C Y4eTOM NPUHATHIX BapHauuil. YepHOBHUK TaOJIUIbI U3
tetpaau B [1].

B oTuere O6but chopMyIHpPOBaHBI CIIETYIOIINE BHIBOJIBIL:

1. Hcxoonwuii eec mexcnnanemnozo komniaekca na OUC3 ona paznuunvix cxem nonema
Haxooumca 6 ouanazone 1200-2000 monn.

2. Onmumanvnaa cxema — ¢ oocmagkou na OUCM ecezo Komniekca u co CnycKkom Ha
nO6EPXHOCMb NIIAHEMbL 8036PAULAEMO20 ANRNAPAMA MUHUMATLHOU MACCHL.

3. Bozeépawenue Ixkunaxyca Ha 3emito 001HCHO RPOUCXO0UMb 6 CHYCKAeMOM annapame,
0e3 evixooa na OUC3, co 6mopoit Kocmuueckoii CKopocmaio.

4. Hauevizcooueiiwiuii gapuanm — ¢ aipoOuHaAMUYeCKUM MOPMOMNCEHUEM O0J1A 8bIX00a HA
OHCM; smo no3zeonum 6 2-3 paza cnuzums cmapmoeswiii eec na OUC3.

5. TI'naenwiit 6v1600: madxCenvlll MEHCNIAHEMHBII KOpPAdIb — OCHOBHOU 3J/1eMeHm
IKCREOUYUOHHO20 KOMRIIEKCA HEe3AGUCUMO OM CXemMbl IKCHEOUUUU — Heo0X00UMO
cozoaeamov u ompadamoieamv na 3emane u na OUC3 kKak madxcenyrw opoumanvbHyo
cmanyuio (TOC).

B urone 1962 rona B 3a1e OHTU B OKb-1 cobpanack BecbMa nmpecTaBUTENIbHAs SKCIIEpTHAs
KOMUCCHS JUISI PAacCMOTPEHHUsI 3CKH3HOrO TpoekTa pakeThl H-1 — OCHOBBI MapcHaHCKOMN
skcnienuimn. Jlokman C.I1. KoponeBa Obul oueHb POBHBIM M CIIOKOWHBIM. OH TOTYEPKHYI,
4YTO MPEACTABISAET MOAbKO ICKU3HLIUL npoekm pakemwvl HI, a npoexmvl ocmanvbHbIX
9NIeMEeHMO8 Npocpammvl mpeodyiom OdlbHeliulell cepbe3Holl npopabomku. MapcuaHcKoe
HazHaueHHe Hocutenss H1 He akUeHTHPOBAJIOCh — OHA HMPeOCmAsIAlACy KAK pakema
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MHO20UeNe8020 HA3HAYEHUS, 8 MOM 4ucie OJisl peuleHUus Komniekca o6oporHuix 3aday. O0
JKCIeIUIMM Ha Mapc OH cKa3ajd O4YeHb KpaTKO, HO OTMETHJ, YTO OHA PacCMAaTpPUBAETCS C
ucnonb3oBanreM JKPJI. ¥V mens cnoxunock Brieuariaenue, yto Cepreit [1aBioBud He cTaBui
niepe]; co0oii 3a/1auu BHI3BATH OOJBIION MHTEPEC K MAPCUAHCKON TeMe U, M0-MOEMY, JOCTUT
sroro. JlymMar, y MHOTHX CJIOXWJIOCH BIEYATIEHHWE, 4YTO 3a HAIIUMH KPACHUBBIMHU
MapCHaHCKHMH IUIaKaTaMHd HET HHUKAKUX peATbHBIX MpopaboTok. Jlaxke HEKOTOpbhIe
3amectutenn C.II. KoponeBa, He ywacTBOBaBIIME B HalIMX pabOTax, KaKk OKa3aloch B
JanbHEHIIEeM, BOCHPHUHSUIM MapCUAHCKHME MaTepualibl KaKk BechbMa JAJIEKYI0 MEpPCIEKTUBY.
Benp Bce mcciienoBanusi U pacyeTbl MPOBOAWIMCH TOIIa B 00CTAaHOBKeE MOBBIIIEHHOM
cekperHocTH. Hama pabGorta He adummpoBanack W He O0CyXIanach B KypHJIKax, a Ha
COBEIIaHUAX WIM HE YIIOMHHAJIACh, UM HE BOCIIPUHUMANIACh BCEPHE3 JTHObMHU, HE UMEBILINMHU
K HEH HETMOCPEACTBEHHOTO OTHOIICHHS. XOUYETCs €Ille pa3 MOAYEPKHYTh, UTO MPUUUHA TAKOU
3aKPBITOCTH MApCHAHCKOM MHPOrpaMMbl KPOETCS HE TOJIBKO B IOBBIILIEHHONW CEKPETHOCTH.
C.II. KoponeB omacancs HEZOOPOCOBECTHOW MPEXKACBPEMEHHOW KPUTHKH B BBICIINX
IIPABUTENBCTBEHHBIX KPYrax CO CTOPOHBI IVIaBHBIX CBOMX onnoHeHToB — B.II. 'mymko, B.H.
Yenomes u M.K. Surens. O6cranoBka B TOT Mepuoja HaBepxy Oblia oueHb ciokHas. Lllma
JKECTOKasl «BOMHA» 3a TSKEIbIM HOCUTENIb, a 3HAUWT, U 34 JIMJEPCTBO B IMEPCHEKTHUBHBIX
KOCMHUYECKHX IporpamMax. JlumHsas nyOnuuHas OpaBaja MapCHaHCKOM TeMOH Moria
BBI3BaTh HEraTHMBHYIO PEAKLUIO OMIOHEHTOB, a 3areM U H.C. XpymeBa. O n1eiCTBUTENbHBIX
namepenusix C.II. KoposeBa kpacHopeurBee MOMX UYEPHOBHUKOB CBHJETEIBCTBYIOT €O
n3BecTHple 3ameTku o TMK u TOC. Dtu 3anMcu nopaxaroT IIUPOTOW BHJICHUS BCEX
po0JIeM MEXKIUIAHETHOTO TI0JIeTa M BMECTE C TEM - TNIYOMHOW MPOHUKHOBEHHUS B UX CYyTh. A
Bellb CJIelaHbl OHM ObUIM BCEro dYepe3 JBa Mecsla Iocie 3aceJaHhs KOMHUCCHH, TOCIe
KOTOPOro0 y MHOTMX YYaCTHHKOB, Kak Hanpumep, y b.E. Ueproka, cioxkuinoch BredarieHue,
YTO rJaBHas 3a7ada — 370 JIyHa, a 3HauuT, — «TyHHas roHKa». B urore, nerom 1962 rona Bce
npemnoxenusi, nonoxennsie C.I1. KoponeBbiM Ha 3aceaHuu 3KCIEPTHOM KOMUCCHUU, OBLIH
onobpensl. HyXHO MOAYEpKHYTh, YTO 3TO OBbLT 0400peH NepCcleKTHUBHLIA B3I/ B
Oyayliuee, a He MPOEKTHI 0 KOHKPETHBLIM HaNpaBJjeHusasM. B gacTHOCTH, POpabOTKH 10
JKCIeIUIMK Ha JIyHy, clieaHHbIe HAlllMMHU IPOEKTaHTaMU 3 JIBa JIHs K 3aCE/IaHHI0, B COCTAaB
MaTepHayioB, MOJICKAITUX YTBEPKACHHUIO, HE BKIIOYAINCh. MapCHAHCKHMI MPOEKT, XOTS U
He 011 0oco0o BeieneH C.I1. KoponeBbiM B qokiaje, BOLIEI B COCTAB 3CKM3HOIO MPOEKTa
no paxkere HI1, B mnpuaoxedue Ne 1, u ObLI YTBep:KIeH TMpeaceaaTesieM
MexBeoMCTBeHHOM komuccuu — npesugeaTom AH CCCP M.B. Keaabimem. Ha cerogns
3TO €JIMHCTBEHHbIH O(PUUHUAIBbHBIA NMPOEKT 3KcHeAUUUU HAa Mapc, BbINMOJHEHHbIH B
COOTBETCTBMH C INOCTAHOBJIEHUSIMH TPABUTEIbCTBA U YTBEP:KICHHbIH Ha3HAYEHHOMH
NPAaBUTEIbCTBOM JKCHEepPpTHOH komuccueil. Pemenne komuccun Kennpima Obu1o
3aKperIeHO MOCTAHOBIICHHEM MPaBUTENBCTBA OT 24 ceHTA0pst 1962 rona, KOTOpoe yTBEPIUIO
TEXHUYECKUE XapaKTEePUCTUKU pakeThl H1. DTo maBamo BO3MOXKHOCTh Ha4aTh M3TOTOBJICHUE
paketsl HI1, mpucTynuTh K CTpOUTENBCTBY COOPYKEHUU Ha KocMmoapome balikonyp. B 1963
rony no wununumatuBe C.I1. KopomeBa Obur cozman MHCTUTYT MeAMKO-OMOIOTHYECKHX
npodnem  (MMBII), ocHoBHON 3amaueld  KkoToporo Obuia  pa3paboTKa  CHUCTEM
KU3HEOOECTICUCHUS IS JJIUTEIBHBIX MEKIJIAHETHBIX MOJIETOB. TakuM 00pa3oMm, MPOEKTHHIE
npopaboTKK MO MapCHAHCKOHM JKkcmeaunuu, mpoBefeHHble B oTaene M.K. TuxonpaBoBa B
1960-1964 ronax, MOJHOCTHIO MOATBEPIMIN MpaBUIbHOCTH TpuHATOro C.I1. KoponeBsiM B
utoiie 1962 roxa penieHus OpUEHTHUPOBATHCS HA JKUAKOCTHbIEC PAKeTHbIE JIBUTaTeIM BMECTO
OPJIY. D10 n36aBis0 OT MpoodsieM, CBsI3aHHBIX ¢ co3aanueM DPJIY, koTopbie HE pelIeHb! 10
CUX TIOp, a C YYE€TOM a’dpPOJUHAMUYECKOTO TOPMOKEHHs OOECIeurBalio MPEHMYIIECTBO B
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CpaBHEHHUU MacCOBBIX XapakTepucTtuk. K sery 1964 roga Oblim mpoBeneHBI YriyOJeHHBIE
npopabOTKW KOHCTPYKTHBHOTO OOJHMKAa MapCHAaHCKOTO  KOMILJIEKCA M €ro BECOBBIX
xapakTepucTuk. lloaroroBieHbl HCXOIHBIE NaHHbIE Ha pa3paboTky makera TMK mns
OKCIEPUMEHTAIBbHON HazeMHOW orpabotku B MMBIL, a Takke Ha pa3pabOTKy TsKeIon
opourtanbroit craniuu (TOC) mus orpaborkn TMK Ha okomosemuoii opoute. B memom mo
MPOEKTY OBLIM MOJATOTOBJICHBI BCE HEOOXOMMBIC MaTEpHANbl ISl MPUBJICUCHUS K paboTam
HIMPOKOW KOOIepaluu CcMexHbIX opranuzanuid. [locranosienue 3 aBrycra 1964 rona
ONpENIeTUIO MPUOPUTETHON JYHHYIO mporpammy. OIto mnocraHoBieHue H.C. Xpyuiesa,
«cnpoBonmpoBanHoe» koHkypeHtamu C.II. Koponesa, mopyuano, B nepByto odepeas, B.H.
Yenomer ocymectButh obser Jlynst B 1967 roay (paHblile aMEpUKaHIIEB), YTO B Clydae
ycrexa Jieiano ero HOBBbIM JIMJEpOM B KocMoOHaBTHKE (y Hero pabortan ceiH H.C. Xpymiesa).
C.II. KoponeBy BTOpbIM IIyHKTOM TIOpydajiach Bbicagka Ha JIyHy, HO  MapcuaHCKas
nporpaMMa He OTMEHsJIach, U OH OObEIUHWI UX B OAHY mporpammy. HyXHO 3aMETHTbh, 4TO
aMepUKaHIbl 3aHUMAINCh JIYHHOU mporpammoi ¢ 1961 roma. A y Hac nepBble YepTEXH
nyHHoro kopabins Cepreii [TaBnoBud cMoTpern 3a MOUM KyJIbMaHOM B OkTsi0pe 1964 roga. Tak
YTO «IYHHAs TOHKa» - 3TO HEJENble BBIIYMKH (HO HE YKYPHATHCTOB ...). [lociie KOHYMHBI
C.II. KoponeBa B 1966 romy ero mnepBblil 3amectutens ¢ 1946 roma Bacunuii IlaBioBuu
MuriiH npofoiixkui padoTel. B 1969 200y nauanucey nemmuvie ucnvimanus pakemol Hl. B 4-x
3anyckax OwLIU NOOMBEPIHCOeHbl ee BbICOKUe JNemHble XAPAKMEepUCMUKU, XOms 3anycKu
3aKAHYUBAIUCL ABAPUTIHO U3-3 HEOMPAOOMAHHOCMU O8ucameneli Nocie Ux MoOepHU3AyUl
noo ayuuyro npoepammy. K 1974 rony Bce 3ameuaHusi Ha pakere ObUIM YCTPaHEHHI,
TpeOyemasi HaJIeXKHOCTh JBUTATeNiel Oblia oOecriedeHa, WM, II0 MHEHHUIO BCEX YYaCTHUKOB
MOJATOTOBKH, MATHIN MYCK AODKEH ObLT ObITh yenemHbiM. C 1968 roga B MHCTUTYTE MeIMKO-
OMOJOTrMYEeCKUX MpoOJIeM Ha MaKeTe TSDKEIOro MEXIUIAHETHOTO KOpalusisi HpPOBOAMIIUCH
UCTIBITAHUSI CUCTEM YKU3HE00ECNEUeHUS B YCIOBUSAX, UMUTUPYIOIINX MEXKIUIAHETHBINA TOJET,
¢ yuyactuem ucnbitareneit. Mtor takos: IlocranoBnenune 1959 roma B wactu, kacaromiecs
co3maHus (QyHIAMEHTa [UIsl OCYIIECTBICHHMS MEXIUIAHETHBIX IMoneToB, K 1974 rony
¢daktryecku Oosiee ueM Ha 50% OBLIO yCIIEUIHO BBHINOJIHEHO, a Y BCEX YYAaCTHUKOB OBLIO
cTpemiieHne n06utbes ycnexa. [lo muenuto M.B. Kennpima, npemiarasmero B 1969 rony
OTKa3aThCsl OT BbICAJAKU Ha JIyHY M COCPENOTOUYMUTH YCHIIUS Ha MapCHAHCKOM MPOEKTE, MBI
Mo B 1975 romy ocCymlecTBUTh NMIOTHUpyeMblii o00xer Mapca. A Mcrucnas
BceBonogoBuy, Kak M3BECTHO, «cUUTaTh yMen». OaHako B koHIE 1969 roga cnenuaiucTs
[0 CHUCTEMaM YIpaBIECHUS U3 OKb-1, BOCHOJIB30BaBIIMCH 3aMELIATENIbCTBOM B
MPaBUTEILCTBE TOCIE BBICAJKM aMepuKkaHileB Ha JIyHy u aBapuu npu 3amycke paketsl HI,
3aropeiuch «Uieei» co37aTh BIEPBbIE B MHUpPE JOJITOBPEMEHHYIO OpPOUTAIBHYIO CTaHIIUIO.
Wnest Oplna «3JIeMEHTapHAas» — COCTBIKOBATh Ha opoute Kopadib «Coro3» («Coro3bl» yxke
CTBIKOBAJIUCh) C KOPITYCOM CTaHIMU «AJMa3y, B3sB ero y B.H. Uenomes:, 1 ycTaHOBUB B HEM
OTBETHYIO amnmnaparypy apyroro «Coro3a». Llens y cnenuanuctoB Obuta mpoctast — U3MEHUTh
B CBOIO MOJIB3Y MporpamMmy kocmuueckoro pa3sutus C.I1. Koponesa. be3 obcyxnenus ¢ B.I1.
MummsabsiM - uaer npeactaBwid - cekperapro  [IK  JImutpuro  YcTuHOBY, 0Opu  3TOM
JE€30pPUEHTUPOBATIM €ro, MOOOemaB co3/aTh CTAHIIMIO 33 TOJ U HE B YIIEPO OCHOBHBIM
pabotam. B.I1. Mumun u B.H. Uenomeit Bozpakanu: B OKb-1 6p11 pazpadoran 100-ToHHBIH
MHoro1eneBoit opouranpheiii komiuieke (MOK), B OKB-52 - BoenHnas crannus «Anmasy. 1.
YcruHOB coOma3HuiCs 0OCIaHHBIMUA OBICTPBIMU ycrexamMu U «3actaBuia» B.I1. Mummna
3aHUMATbCs CTaHIMsIMHU. Ha 3Toi mo4yBe BO3HHK J0ITOBpeMEHHBIH KOH(IUKT... Korga 3ares
«MPOBANUIIACHY», CHEIUATUCTBI, YTOOBI YUTH OT OTBEeTCTBeHHOCTH, Hamucaau B LK
«KJICBETHUYECKUM JOHOC», B KOTOPOM CBOM ImpocyeTsl cBanuiau Ha B.II. Mumuna u
MPEJIOKIIM OTCTPAHUTh €ro OT NOLKHOCTU. VX mopaepskan Bamentun Iymiko, KOTOpbIN
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HE MOT' CMUPHUTBCS ¢ TeM, 4To Ha pakere H1 ctosuim He ero nBuratenu. 23 ampens 1974 rona
Banentun ['mymko 3ansn mecro B.II. MummbHa M caMOIMYHO 3alpeTHI 3allyCKM JIBYX
noarotroBieHHbIX pakeT H1 ¢ HoBbiMu HanexubiMu aBurareasmu H.J.Ky3nemoBa. Bcs
MaTepHajbHas 4YacTh, IPOM3BOJCTBEHHBIC 3aJeNibl JJIi pakeT M JIYHHBIX KopaOJieid,
TUTaHTCKOE Ha3eMHOe OOOpyJOBaHME M BCS TEXHHYECKas IOKYMEHTAIUsl MO COBETCKOMN
MEXIUTAaHETHON MporpaMMe ObUTM MOJHOCTBIO «aHHYJIHPOBAHb. MHUIMATOPHI CMEHBI
Kypca ciienaiu Bce, 4ToObl CTpaHa He 3Hajla O CYIIECTBOBAHUU COBETCKON MeKIJIaHeTHO
nporpammbl. CesieHus 0 15-1€THUX YCWINAX COTEH ThICAY TPYKEHUKOB, yYaCTBOBABLIMX B
paboTax mo peanu3alydyd MapCUAHCKOTO MPOEKTA, NECATHICTUSIMU YIOPHO 3aMaTdMBAIIUCh, a
3arem Obutn nipencrasieHsl B CMU ObiBinMu copatnukamu kak Hamepenus C.I1. Koposiesa
000THaTh aMEPUKAHIIEB B «IYHHOW TOHKE», KOTOPOW Ha caMOM Jieie He Obuio... B kHHre
«[Tunotupyemas skcnienuiust Ha Mape» [4] npsimo yrBepkmaercsi, uto C.I1. Kopones B
1959-1966 rogax skcnenuieil Ha Mapc He 3aHuMaics, a B Memyapax [3] «JlyHHas roHkay
yrBepxkaaercs, uro C.I1. KoponeB B 3T0 camoe Bpems «mnpowurpsiBail Bepuepy ¢on bpayny
JYHHYIO TOHKY», HEMpPaBUJIBLHO BBIOpaB MPOEKTHbIE MapamMeTpbl pakeTsl H1. YBakaembix
aBTOPOB HE CMYIIAeT HeCypa3HOCTb ATHX «MupoB»: mnonydaercs, yro C.II. Kopones,
MEUTABIIUN CMOJOJY O MEXKIUIAHETHBIX IMOJIETaX, MOCBITHBIIUNA UM CBOIO KHU3HB, JOOUICS
JBYX IOCTaHOBJICHUI NPaBUTEIbCTBA, KOTOPbIE OPYYaIN EMY OCYILECTBUTh SKCIETUIUIO Ha
Mapc, HO TYT &e «3a0pOCHiI» ATO HANPaBIEHUE U — «IIOTHAJICS 3a aMepUKaHLaMu Ha JIyHy».

3aKJII0YUTEeIbLHAA YACTh

[Tpomno nonBeka nocne Toro, kak Mapcuanckuit npoekt C.I1. Koponesa 6b11 yTBepxieH. Ha
CEroJiHs aJbTEPHATUBBI €My He cyliecTByeT. [locie mepBoro B Mupe Halero HCKyCCTBEHHOTO
cnytHuka 3emun (1957 r.), mocie nepBoro B Mupe nosieta Hamtero yenoeka B Kocmoc (1961
I.) OTBET OYEBUJIECH — IPHOPUTETOM JIOJKEH OBITh NMepPBbIH B MHPe MEKIJIAHEeTHbIN 1moJieT
Hauero 4esqoBeka Ha Mapc. Iloner Ha Mapc — 3T0 11e1b, KOTOpask pealbHO MOXET ObITh
nocturHyra. bonee Toro, 3Ta 1enp yxe Obula HaMmeueHa B CBO€ BpeMs OJecTALIMMHU
TEOPETUKAaMU U IpaKTHKamMH Hamed kocMoHaBTUKHM — K.O. [lnonkosckum, @.A. Ilannepom,
C.I1. Koponesrsim, M.K. TuxonpasossiM, M.B. Kenasimem. 1 oHa Obl1a moJikperieHa 1ByMs
[TocranoBnenusimu IlpaButenscTBa. B 3akiroueHue, oOCyxnas MEPCHEKTHBBI POCCUHCKON
KOCMOHABTHUKH, KOTOPbIE «BECbMa TYMaHHBI», BBIJIEIUM 5 BapUaHTOB.
Iepsbiii. [IpekpaTute NHIOTHPYEMBIE MOJETHI, 0OOCHOBAB 3TO TeM, 4YTO Mbl yxe 40 ner
BO3MM Ha OpOUTY 3apyOeKHBIX Apy3€l, 3aTpaThl HE MaJlble, 110JIb3a He OOoJIbIIasl.
Bropoii. Ilponomkute paboTaTh «TaKCHUCTaMH M CAaHTEXHHUKaMM» B aMEpPHUKAHCKOU
KOCMHUYECKON TOCTUHUIIE C NEPCTIEKTUBON «HEN30EKHOTO YBOIbHEHUSI.
Tpernii. Jlerets Ha Mapc Ha 3JI€KTPOPEAKTUBHBIX ABUTaTeNsAX. Y BceX MpoekToB ¢ DP/IY
poOJIeMBI ¢ BECOBOM CBOJIKOM. Tak, B Toi ke kaure «I[lunorupyemas sxcrenummst Ha Mapcey,
BBINYIIIEHHON Poccuiickoil akaneMue KOCMOHABTUKM UM. L[MOJIKOBCKOro, IpencTaBicH
COBPEMEHHBIM PpPOCCHICKUI TpoeKkT skcrnenuuuu Ha Mapc. B Tabnuuke -  BecoBble
XapaKTepUCTHKH. Macca KoMIUTeKca (IU1st ocyliecTBIeHus dKeneauiuu Ha Mapc) na OUC3 -
366 TOHH, U PSIIOM aKKypaTHO HamucaHo «0e3 nmocaaku». pyrux nudp ver. Ho 6e3 nmocanku
3TO - He JdKcmeauuus Ha Mapce, 310 - o6iner. S HamomHIO, 4to B 1969 rony mpesuaeHt
akagemun Hayk M.B. Kennpimn nmpemaran oTkazaTbCs OT BBICAIAKH 4enoBeka Ha JIyHy u
ocymecTBuTh B 1975 roay o6sier Mapca Ha aByx Hocutensx H1. J[Ba nocutens HI —sto 190
TOHH, a He 366. IIpoext ¢ OPJIY B aBa pasza npourpsiBaet npoekty ¢ JKP/I. Ho kto-To Torma
yoemun [Ipesunenta [.A. Mensenesa BoiaenuTs 17 mapa. pyo. Ha paspabotky OP/Y. S He
XO04Yy CKa3aThb, 4YTO OHU BOOOIIE HE HYKHBI, HO «...IJIs MUIOTHPYEMBIX OJIETOB IIa3MEHHBIE
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JBUTATETM HE HYXKHBI — MbI BCE€ 3aJa4d MOXEM pPELIUTh Ha XUMHUKU» — I3TO ckazan B.IL.
['mymxo eme B 1987 rogy nocie 10Arux pa3MbIlUIEHUH 110 ITOMY TTOBOJTY.

YerBeprhiil. Co3nath dyHHYI0 0a3y. IlombiTka 000CHOBaTH LieaecOo00pa3HOCTh CO3/aHUSA,
cnenana B nByx kHurax «Kocmonabtuka XXI| Bekay u «JIYHA — mar K TexXHOJIOTHSIM
ocBocaus ConHeuHO# cucteMbl» [5,6]. Pemakrops! kaur akagemuku bopuc UepTok u Bukrop
JlerocraeB. B 1969 roxy oHu ObuUIM MHUIIMATOPAMU CO3/IaHUS CTAHLWN HA OpOHTE, a TENeph
Ha Jlyne, mockoyibky nporpamma MKC «npubnmkaercss k 3akary». VIcxomHas MO3uWIus B
npornose akagemuka b.E. Ueproka na 2101 roa: «Iloner na Mapc He nyxeH. Bmecto Mapca
BCEMUPHOE KOCMHMYECKOE areHTCTBO 3aliMeTcs CHaceHueM 3eMJId, YeIOBEYECKOM
UBWIN3ALUHN, OT KaTacTPO(PHUECKOTo III0OATbHOTO MOTEIJICHUS C MOMOIIBI0 COJIHEYHO-
napycHbIX Kopabiiel 6appaKupyrolux B 30HE To4YeK Jubpauuu Mexay 3emieid U ComHieM.
CrpoutenbCTBO KopaOyieli OymeT ocymecTBIsAThCS 10 KoHma XX| Beka Ha MOIIHON
OpOMBIIIICHHON 0a3e Ha JlyHe u3 MecTHBIX pecypcoB. OTo mo3BosuT yxe B XXII Beke
perynupoBaTh KiIuMaT 3eMJIM U3 KOCMoca». JTO — Kak oTmpaBHas Touka. [IpaBma, aBTOp
00Jaan 4yBCTBOM IOMOpa M HaIMCall, YTO 3TOT MAJIOBEPOSATHBIN MPOrHO3 Oa3upyeTcs He Ha
HayKe, a Ha TIOJIMUTUYECKOH (anTacTrke. TeM He MeHee, 3Ta MOTUTHYECKas (paHTaCcTHKa OblIa
MPOJIOHKEHA U BO BTOpoi kKHUre. COTHEUHO-TIAPYCHBIM KOPaOib ISl yIpaBlIeHUS! KIMMAaTOM
U CIIACEHMsI UEJI0OBEUYECTBA OT CMEPTOHOCHBIX coylHEUHbIX Jiyueld B XX|| Beke npeacrapisercs
CIeIUAICTaM B BUJE «IIITOPKU», Macca KOTopo — 56 muumonoB TouH (M), u auamerp —
ot [Iurepa no Acrpaxanu (!!!), Tounee - 1 800 km. JIst penieHUss MUPOBBIX SHEPTETHUSCKUX
npo0JieM mpeasaraeTcs nepeaaBaTh YHEPIUI0 Ha 3eMITI0 U3 KOCMOCA C TTIOMOIIBbIO COTHEYHBIX
ANeKTpoCcTaHUUU U 5-Tu Thicsid  100-TOHHBIX CIIyTHHUKOB-PETPAHCISTOPOB JUAMETPOM 1 KM.
o6meit maccoit 160 mian. ToHH (1!!), pasMerieHHBIX B TOYKaX JHOpAIMK U HA CTAlMOHApE,
Kyzaa ux 30 neT 1oJKHBI OyyT pa3Bo3UTh 42 37IEKTPOPEaKTUBHBIX OyKcHpa.

Brisectu B Kocmoc 311 216-Ti MITH. ¢ 3eMiii HakJIagHO (HYXKHO IO KOHIIA BeKa KaXK[blii IEHb
3amyckath 1o 400 paker tuna «IIporon»). Ha Jlyne 216 muiH. TOHH OyayT BecuTh Bcero 33
MJIH. TOHH; BOT CHEIHANUCTBl M PEIIUIN 3amycKkaTh ux ¢ JIyHbI, U U3rOTOBUTh TaMm, Ha
JTyHHOU 0a3e W3 MECTHBIX pPecypcoB. A  OOJBIION MPOMBIIUICHHBIA TOPOJA C JOMHaMH,
MPOKATHBIMU CTaHaMH, 3aBOJaMHU, (UIIHAaMU TOJIOBHBIX MPEINPHITHI, ¢ KOCMOJIPOMOM
trna balikoHyp «BbIpacTuTh Ha JIyHe n3 paccaasl». Ho ciexyer oTMETHTB, BECOBYIO CBOJKY
3TOrO TOpoJia U KOJIMYECTBO 3amyckaeMmbIX B AeHb «[IpoToHOBY st mocTaBku ero Ha JIyHy
CHeIHalIiCTaM MOACUUTATh HE YAAJIOCh, IOATOMY «3aTel0 ¢ JIyHHOM 0a30i» Helb3s CUUTaTh

IIPOEKTOM.
N, naxounen, narwiii. Jleretp Ha Mapc na XKPJ[. To, uto wmapcuanckomy npoekty C.II.
KoponeBa HeT anpTepHATUBHI, - O4YeBHAHBIN (akT. Ho moyemy 3TOT (akT Tak ymopHO

JECATUICTUSIMU HE TMPU3HAIOT YBa)KaeMble CIEIHATNCThI? B 0TBETE Ha ATOT BOIPOC, HA MO
B3I/, M KPOETCs IJIaBHas MPUYMHA JETPaJalluid POCCUICKOM KOCMOHABTUKHU. MIMeeT mecTo
uckaxxenue ee ucropun. Komanna, «annynuposasmas» B 1974 rongy MmapcuaHCKHM M JTyHHBII
npoexTsl C.I1. Koponesa, cnenana Bce, 4To0bI cTpaHa He 3Haia 00 ux cymecrsoBanuu. C.I1.
Koponesa nummnm enasnoii cocmagnawoueli e2o meopuecko2o HAcaeous — MedCHAAHEeMHO20
npoexma («IIPEBPATUIN» B HEYJAaYHHMKA, IPOMIPABILErO aMEPUKAaHIAM «IYHHYIO TOHKYY,
KoTOpoil He ObuT0). MckaxeHsl U ¢aktbl, oTHocuBIUecs K B.I1. Mumuny (ero damuins
omcymcmeyem B SHIMKIONEIUN KocMOHAaBTUKM). M.K. TuxoHpaBoBa Toxe «3a0buin» U HE
BCIIOMHUHAIOT. Pazymeercs, peub HE O MaMATHUKAX, KOTOpPbIE WJIM 3a0bUIM MOCTAaBUTh, WU
nocraBunu  3ps. CyTb B TOM, 4YTO CHELMAIUCTBI, CMEHUBIINE LEIU B COBETCKOMN
KOCMOHaBTHUKE B 1974 Tonay, caemanu 3To Uil TOTO, 4TOOBI BhIIENUTh B Hel cebs (a ve C.I1.
Koponesa, B.Il. Mumuna, M.K. TuxonpaBosa). im 310 ymanoch. 3a gecsaTuiaeTusi paboThI
OHM OOpOCIHM KOJJICKTUBAMH E€IUHOMBIIUICHHUKOB. JIt0Oble MOMBITKM BEPHYThCS K
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mapcuanckoMy mnpoekty C.II. KoponeBa BiekyT s HuX «yrpo3y». HemzGexxHbiM Torma
OyZeT BOIpoC K HUM: «3a4eM K€ Bbl BCE 3TO YHUUTOXKaIH, 4ToObI yepe3 40 j1eT BEpHYThCS K
3TUM paboTam»; HEKOTOPbIE U3 HUX MOTYT ObITh OOBHMHEHBI B CPBIBE MOJETOB COBETCKOIO
yesoBeKa Ha Mapc ¥, COOTBETCTBEHHO, B IPUYACTHOCTH K yTpaTe Halllel CTpaHOl JUAEpCTBa
B KOCMOHaBTHKE. YK€ JIECATKH JIET OHM, HE CO3/aBIIME€ HU OJHOTO PAKETHO-KOCMHYECKOTO
KOMIUIeKca, Joka3biBatoT, uto mnpoekt C.II. KopomeBa skcnemunuu Ha Mapc Obin
HepeanbHbIM. .. [loBTopro: C.II. Kopones, M.K. Tuxoupasos, B.I1. Mumwnn, M.B. Kenapim
HE TOJIBKO CYMTAM €ro peaJlbHbIM, HO M pealu30Bajid HaloyoBuHy. K 3TOMy HYyXHO
n00aBUTh 1 00beKkTHBHYIO puunHy. bonee 40 net 3anumaromuecs JJOC 1 MKC «pucyrory
MOZYJIM OPOUTAJBHBIX CTaHIMK (MM MPOCTO TPYIAHO pa3padoTaTh 4YTO-TO Beephbe3). Tak u
MOSIBJISIFOTCS] MHOTJIa MAPCHAHCKHUE 3JIEKTPOPEAKTUBHBIE MOHCTPBI C COIHEYHBIMU OaTapesiMu
wionaneio B 40 GyrOONBHBIX TOJICH, KOCMHYECKHE INTOPKH JJIS 3allUThl OT COJIHCYHBIX
nydyeit quamerpom 1800 kM, 3JIeKTpOpeaKTUBHBIE OYKCHUPBI, JTyHHBbIE 0a3bl — YTO YTOJHO,
tonbko He MapcuaHckuii mpoekt C.II. KoponeBa. Drta curyanus cama HE H3MEHUTCH.
V3MeHUTh ee MUPHBIM IyTeM HeJb3d. JTo Oecmone3Ho. Ee HYXHO H3MEHHUTHh CHUIIOBBIM
IPUEMOM, TAaKUM JK€ MKECTKHUM, KaKOi NPUMEHWIM OHM IpPH «YHUYTOKEHUW» Hallel
MEXITaHETHOU IporpaMMbl. Ho ceroiHAIIHUM KanuTaHaM KOCMOHABTHKH, €CJTH OHU TOTOBBI
B35ITh Ha ce0 OTBETCTBEHHOCTh, HY’)KHO CAMHUM IIOHATH, HA KAKOM BApUAHTE OCTAHOBUTHCS.
DT0 - BaxHBI MOMEHT BblOOpa uenu. W 3/1ech He MOMOXKET IIMpOKasi OOIIECTBEHHOCTh —
€CThb XOpOIIO IOJArOTOBJIEHHOE, W CHJIBHO 3aMHTEPECOBAHHOE  OOJBUIMHCTBO, KOTOPOE
IPYKHO TOAJEPKUT «daellb JyHHYIO 0a3y». COOCTBEHHO, OHO YK€ cCKa3ajio 5TO B
«Ctpareruu...» BmecTo 3TOro kamuraHaMm HaJlo coOpaTbCs BYETBEPOM, I/1e-HUOYIb B
3aBHUJI0BO, M CIIOKOWHO OOCYINTh: YeM KOCMOHABTHKA MOIJIa BJOXHOBUTh BECh HAll HAPO/,
Tak ke kak [lob6ena B 45-oM, 3amyck cryTHUKa, MojeT ['arapuna.

KakoBo nomkHO ObITh Omrkaiilliee pa3BUTHE Halled KOCMOHABTHKH, YTOObI MTOT ObLI
JIOCTOIHBIM Hallel cTpanbl, oaepxkasuieit Benukyto [Tobeny B 1945 r., 3amyctuBiieii nepBbiit
MCKYCCTBEHHBIN CIIyTHUK 3€MJIH, IepBOro 4enoseka, FO.A. 'arapuna, B Kocmoc. 910 — nosner
Ha Mapc, Kak Ta KOHE4Hasl 11eJIb B KOCMOCEe, KOTOpOH pealbHO MOXKET IOCTHYb YelloBeUecKast
nuBwiIn3anys. [ToneTsl yenoBeka 3a mpenenbl MapcuaHCKOW opOuTh - (hanTactuka. Ctpana,
OCYILIECTBUBIIAS 3KCIEAUIMI0O HA Mapc, Ha BCce BE€Ka OCTAHETCSl BEJIMYAMIIEH KOCMUYECKOU
nepxkaBoil. ['opocTh U pagocTb, KOTOPYIO HCIBITAET HAPOJ 3TOM CTpaHbl, OyAyT HU C UEM HE
CpaBHUMBI. JINUHOCTH, OCYIIECTBUBIINE 3TOT IPOEKT, HABEYHO BIMILYT CBOM UMEHA PAJIOM C
umenamu K.3. [luonkosckoro nu C.I1. Koponesa. UToObl Hallla KOCMOHaBTHKa HE IIpeKpaTuia
CBOE CYIIIECTBOBAHUE, HEOOXOANUMO HPUHAMb 6 Kauecmee Onauxcaiiuienl yeau poccuiicKou
KOCMOHAGMUKU  OCYU{eCMEIeHUEe Nepeo20 6 mupe 20006020 NOJIEMA Uen06eKa GOKpy2
Connya ¢ medxcnianemmom npocmpancmee no 2eauouenmpudeckoii opoume na TMK,
6b16COCHHBIM 6 MOYKYy aubpayuu. Jns sToro HeoOxoaumo OyaeT coOpaTh Ha opOHUTe
nopsiika 80 TOHH; 3TO - PEATbHOCTh HAIUX AHEH. DTO OyJeT CIeAYIOMMA BaXXHBIM IIar Ha
nyta kK Mapcy (nocie nonera FO.A. [Narapuna), MpeanoCcbUIKA Ui KOTOPOTO YXKE 3aJI0KUIN
K.9. lunonkosckuit, ®.A. Iangep, C.I1. Kopones, M.K. Tuxounpasos, B.Il. Mumux, M.B.
Kenapl 1 ThICSUM UX BEPHBIX COPATHUKOB.
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Ipuiio:xkenne (PUCYHKH)

Komnonoska TMK 1962 r.

BapuaHT obneta nnaHetsl Mapc ¢
ucnonb3oBaHuem pasroHHbIX KP4

Koy
BCA

AO

Oparxepest +«—— Bosspauwaembii CA

ArperaTHbIN OTCeK C
+— paguaunoHHbIM
ybexuilem

-— Opanmeﬁeg

MNapaGonuyeckun
KOHLleHTpaTop

06 beANHEHHbIN C
aHTEeHHOW AankHeil
pagvocBA3M (NokasaH B
peXxume KOHLEHTpauum
COMHEYHOTO CBETa Ha
UNIOMUHATOP W NaHenv
conHeyHsix 6arapein)

+ Pabouuii oTceK

«— XXunow orcek

+«——— Koppektupytowas Y

Puc. 1. Tsoxenslit MeXIuIaHeTHBIN KopaOib. OKMH U3 HaYalIbHBIX BaprHaHToB 1962 T.
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MnockocThb BpallieHus
xopnyca Kopabns ans
CO3AaHNS UCKYCCTBEHHOW
rpaBuTauum

/e

Koppextupytowyas ny?'ff .

Paguaropbl U ;xamo:{_v_i"'
CUCTEMBI TEPMOpEerynaLmum

ABTOMaTUYECKMil 30HD ANS
uccnepoBaHua nnaxetsl Mape

=

Mapabonuyeckuit KOHLEHTPaT!
CONHEYHOro CBeTa

ConHeyYHbl CBET

Puc. 2.
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CTPYKTYPHASl CXEMA MAPCUAHCKOTO 3KCNEAULKUOHHOTO KOMIUIEKCA

MIPKK | MAPCHAHCKMA MUAOTUPYEMBI PAKETHO-KOCMWUYECKMA KOMMAEKC
[ MIOKK | [ MAPCUAAHCKW NWTOTAPYEMBIA KOCMUYECKWA KOMILIEKC

MK | [ MAPCHMAHCKMIA NOCAAOUHbLIA KOMMNEKC
TOPMO3HOM 9KPAH
Y NOCAJOYHOE YCTPOWCTBO
T TOPMO3HAN PAKETA

MK [ MAPCHAHCKWMA KOPABIIL |

BP BIJIETHAS PAKETA
KB  KAMCYNA BO3BPALLEHUS
cy CThIKOBOUHBLH Y3EN

MOK | mAPCHMAHCKUA OPBWTANLHLIA KOMIUIEKC

_G_E l I OPBEUTAILHBIVM MOAYIIb

cy CTHIKOBOUHBIA Y3ES
CIK CONMHEYHbIA KOHUEHTPATOP
oP OPAHXEPEA
XO MMITOA OTCEK
PO PABOUYMIA OTCEK
AO ATPEFATHbLIA OTCEK
BA BO2BPAWAEMbIT ANMNAPAT
Kay KOPPEKTUPYIO LUMIA ABUTATENL i
$
£
% PPB PASTOHHbLIA PAKETHbLIF BAOK ;
: l MO MOHTAXHbLIR OTCEK ] :
s L — e
{ PPK] ... | PA3TOHHbI/ PAKETHbIW KOMMJEKC
UPB UEHTPANbHBLIA PA3IOHHbIN BIOK
BPB BOKOBLIE PA3TOHHBIE BNIOKK 4 wT
MPK | MEXNMAHETHbLIT PAKETHbIHA KOMIMTEKC
F1j THKENAS PAKETA-HOCHTEND |
ro rONOBHOM OBTEKATESNL
A,B,B, BNOK «A» BJIOK «6» BJIOK «Bx
CK CTAPTOBGI# KOMINNEKC
TK TEXHWHECKMIA KOMIMNEKC
3K KOMPINEKC XPAHEHUS W 3AMPABKM TOMIUBOM
Lyn YEHTP YIIPABRIEHMKS TIONETOM
uynn L EHTP YNPABMNEHKS NOATOTOBKOHW ¥ NYCKOM
LKV UEHTP NOArOTOBKM KOCMOHABTOB-MONTANHUKOB
MLUKP MEXBEAOMCTBEHHbLIA LEHTP KOOPAWHAUMM PABEOT

Puc. 3. CTp}’KTypHaSI CXEeMa MUJIOTUPYEMOTI'0 PAKETHO-KOCMHUYCCKOTO KOMIIJICKCA
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Paketa-Hocutenb H1

R (X =

Macca ebigeodumozo " Ha opbumy 3emnu (Hkp=200 kM), m 90
Cmapmoeas macca, m 2800
Macca monnuea, m:
Kucrniopoda 1730
KepocuHa 680
CymmapHasi msiza Oeuzameriell Ha 3emre, mc 4615

Puc. 4. Tsoxenast pakera H1, paspabotannast U1l BRIBEIEHUS MUIIOTUPYEMbIX Kopabeil B
MEXIIJIAHETHOE IIPOCTPAHCTBO, B MOHTAKHO-UCIIBITATEIBHOM KOPITYCE Ha IOJIUIOHE
OHUUII-5SMO. 1969 r.

P
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Puc. 5. Mapcuanckuii nTWI0TUpYyeMbId KOCMUYECKHUI KoMIuieke (mpoekT 1962 r.; crapt ¢
OHC3 k Mapcy)

Bosspaluaembiit Ha 3emnio
annapar ¢ KOppexTUpyHoLLei

MapcuaHckuii NocagoyHbIi PBUFaTeNbHOR YCTAHOBKO

kopabnb [
|
‘! PasroxHbIi 6nok ¢ opbutel Mapca
. K 3emne
y PakeTHbIl KOMNNeKe Ans pasroHa
; ¢ opbutel UIC3 k Mapcy
NoBoson wut :
Topmo3HoM

A3pOANHAMUYECKUA IKpaH

ConHeuHblit KOHLEHTPATOp Ans
OCBELLEHUS B OpaHXepee

TAXKENbIN MEXNNAHETHbIN
Kopabnb

MoHTaxHbIit oTcek ans cOopkm
Komnnekca Ha optute UC3

Puc. 6. CocraBHEIC yacTH MapCI/IaHCKOI‘O IMAJIOTHPYEMOT'O KOCMHYECKOI'0 KOMILJIICKCA.
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SKCHEJIULUS HA MAPC
MEXILUIAHEHTHBIA KOCMHUUYECKHUU KOMILJIEKC

BECOBAS CBO/IKA (na opoute UC Mapca)

Ne CocraBnast yactb MKK TOHH
1.00. MexnjiaHeTHbIH KOCMUYEeCKH KoMILIeke (Ha opoute UC 83,1
Mapca)

Opourtanbublil MexknaneTHolil kommiexke (TMK + PB) 53,1
1.1.0. TskeNbId MeKINIAHEHTHBIN KopaodJib 16,8
1.1.1. Bo3Bpamaemblii anmapart 2,1
1.1.2. OpouTanbHBIH MOYJIb 12,9
1.1.3. Koppextupyromas 1Y 1,8
1.2.0. MMocagounslii komiieke (ITK) 30,0
1.2.1. Kancyna Bo3Bpamenus 3,5
1.2.2. B3iernas pakera 16,5
1.2.3. IMocanounsblie ycTpoiicTBa 10,0
1.3.0. Pa3rounsbiii 6,10k (¢ opouTsl UC Mapca) 36,3
(TopMO3HOii 6J10K) 179,0
Puc. 7.
SKCIEJAUIIUSA HA MAPC
MEXIIUIAHEHTHBI KOCMUYECKHAH KOMILJIEKC
BECOBBIE XAPAKTEPUCTUKU I10 5TAITAM ITOJIETA
JUIA IBYX BAPUAHTOB
Bec MKK ¢ Bec MKK ¢
Jdranbl noJjiera kK Mapcy Aaﬂ%i?ﬁ;r;l:ﬁ:mq TO;’;:)‘:?:;IM
(TOHH) (TOHH)
Ha opOuTe cnyranka Mapca 83,1 83,1
B noJsiere k Mapcy nepen TopMo:KeHHEM 103,1 262,0
Ha OUC3 nepen craprom k Mapcy 3145 917,0
Ha OUC3 ¢ yuerom pesepBa 20% 378,0 1141,0
Puc. 8.
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To the 50" Anniversary of S.P.Korolev’s Mars Project
S.P.Korolev’s Mars Project — promising aim
of Russian astronautics

V.E. Bugrov

Rocket and Space Corporation «Energia»
Planernaya, 5, corp. 3; fl. 303, Moscow, 101000, Russia

“The things that seemed unrealistic over centuries, the ambitious dreams of yesterday have
turned into a realistic objective, and they will be put into life tomorrow. There are no limits
for human thoughts!”, - S.P.Korolev ( 01. 01.1966 ).

Introduction

By 1974, Konstantin Tsiolkovskiy’s ideas concerning an interplanetary mission had
developed in the Soviet Union into a real basis for the preparation of manned mission to
Mars. Flight and development tests of H1 Mars rocket had been accomplished; all the
corrections had been implemented; two rockets had been prepared to launch a lunar
unmanned vehicle to the lunar surface for its tryout as a prototype of future Mars vehicle.
Institute of Biomedical Problems had carried out annual on-ground tests of life-support
systems on the basis of Heavy Interplanetary Spacecraft (known by the Russian acronym
TMK). Manned mission experience had been obtained. In-orbit assembly of vehicles had been
practiced. An extensive production and test basis had been created. Unique constructions for
work with large-scale objects had been built at TsNIIP-5MO site. Stages of interplanetary
mission had been practiced at space probes, including the stage of landing on a planet. USSR
AS President M.V.Keldysh while estimating the readiness in 1969, offered to give up lunar
program and perform a manned flight around Mars in 1975.

But his idea was not welcomed. Korolev’s ex-deputies had their own plans. They torpedoed
his program in 1969, and in 1974, together with V.P.Glushko, they acted as vandals
destroying Soviet interplanetary program. The launch of two assembled rockets was
prohibited, all the hardware and technical documents were completely destroyed.

The very fact of existence of Korolev’s Mars mission had been concealed from society for
decades. Even the Governmental Decree of 10 December 1959, which approved our
interplanetary program, is still hidden. One of former colleagues in his memoirs vividly
described how Korolev was losing lunar race to the Americans, but there was no such race.
Mass media, especially foreign ones, were very glad to pick up this myth and are pressing it
on us. Some stages of Russian Cosmonautics Program are discussed here [1-6].

Main part (chronology of works, computational cases, problems, outlook)

The author managed to keep his notebooks that used to be top secret. They contain the
author’s drafts of main designs of Lunar and Martian projects. Even a notebook with monthly
plans of all the designers till 1966 survived. These materials allowed restoration of true
picture of those times in the book “Martian project of S.P.Korolev” [2].

Both the emergence and destruction of Soviet interplanetary program were predoomed by
specific chains of events, which were built from the one hand by Korolev and from the other —
by his opponents. But in both cases they were approved by the state government.
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The first important event happened on 14 July 1932. By the order of the Chair of Central
Council of Osoaviahim, the Group for the Study of Reactive Motion (GIRD), formed at the
initiative of Sergey Korolev, Friedrich Zander, Mikhail Tikhonravov and other enthusiasts of
interplanetary missions, obtained a status of the first-in-the-country official organization for
interplanetary missions and played a key role in providing leadership in space to our country.
The cellar of building at triumphal arch Krasnye Vorota in Moscow, where GIRD was
situated, became a cradle of Russian rocket engineering and astronautics. It was here where
the very first practical steps of the development of future interplanetary rockets and vehicles
were made. Here the practical development of vehicles with rocket engines began. Zander
developed the first ever rocket engine, Korolev — the first rocket-powered aircraft,
Tikhonravov — the first liquid-propellant rocket.

Not in near-to-Moscow Podlipki NI1-88 in 1946, like some authors claim, but here, in GIRD,
Korolev started his triumphant way to space. Here he formed as a world-famous Chief
Designer. Here Korolev together with his colleagues dreamed of an interplanetary mission.
Here Korolev’s and Tikhonravov’s common career started, which predetermined many of our
future successes. In 14 years Sergey Korolev became the Chief Designer of the first Soviet
ballistic missiles, and Mikhail Tikhonravov developed the project of the first space vehicle
VR-190 — Vostok prototype. In 25 years Korolev became the Head and Chief Designer of
Design Bureau-1 (DB-1), and Tikhonravov became his Deputy and Head of Department 9 for
design of space vehicles. Together with Vasiliy Mishin, other colleagues and with wide
cooperation they launched the first satellite, Gagarin and everything that flew into space
during the first space era decade. In DB-1 they started implementation of age-long dream of
humanity — creation of H1 rocket and a heavy interplanetary spacecraft for the flight to Mars.
Korolev was appointed Head of GIRD. He immediately estimated the scale of future
interplanetary rockets and vehicles and realized that these were not gliders, which they used to
build together with Tikhonravov, and that it was impossible to make them without
governmental support. He involved the country leaders in his activities showing them the
possible military purposes of the developed jet engineering items. It should be noted that
success of Soviet space engineering in the first decade of space era resulted mainly from
Korolev’s ability to get his ideas across to the government and their ability to hear and
support Korolev’s initiative. Efficient interaction between Korolev and the head of state
allowed clear definition of the strategy of the development of Soviet space engineering.

On 31 October 1933, resulting from Korolev’s efforts and with Stalin’s approval,
V.M.Molotov signed the Decree of the Council of Labor and Defense on the establishment of
the first-in-the-world Jet Research Institute (JRI), in which projectiles, cruise missiles, rocket-
powered aircrafts, including famous Katyusha multiple rocket launchers, were produced.

On 13 May 1946, Stalin made a landmark decision, which provided the national defense
capacity. The decision was a perfect complex one in solving difficult national-scale scientific
and engineering problem and a launching pad for onrush of Russian rocket engineering. This
was preceded by Korolev’s proposals submitted to the government, in which he offered to
unite the efforts of individual groups responsible for the study of rockets captured in
Germany.

Research Institute NI1-88 was founded. Korolev was appointed Chief Designer of long-range
ballistic missiles. The work resulted in the first missile systems on the basis of one-stage
rockets, including R-5M rocket able to launch a 1.3-tonne nuclear warhead to the distance of
12000 km.

On 13 February 1953, Stalin signed a Decree, which approved Korolev’s proposals on the
development of the next generation — two-stage ballistic and cruise missiles. Personal
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responsibility for the development was imposed on Chief Designer Korolev and his deputy
Mishin; and nineteen Ministers were to properly perform their dedicated tasks in their right
time.

The Decree foredoomed the development of R-7 rocket — famous “Semerka” — the first ever
intercontinental ballistic missile able to deliver a nuclear warhead to any point of the Earth. A
number of companies cooperated to create new missile systems on the basis of two-stage
rockets.

On 27 May 1954, Korolev addressed D.F.Ustinov with a proposal suggesting the
development of an artificial Earth satellite. The note prepared by M.K.Tikhonravov stated:
“An artificial Earth satellite is an inevitable stage of rocket engineering development. It will
allow interplanetary communication”. This is how Korolev and Tikhonravov saw our future.
R-7 modifications Sputnik, Vostok, Molniya, Voskhod and Soyuz opened the way to space
for artificial Earth satellites, interplanetary stations and spacecrafts. Soyuz rocket has been so
far the only reliable means to launch a manned spacecraft to the near-Earth orbit.

Korolev, being a Head and Chief Designer of DB-1, which separated from the structure of
NII-88, established Department 9 for design of spacecrafts and vehicles. He entrusted the
management of the Department to his old companion, with whom he built gliders and worked
in GIRD and JRI, his associate — Mikhail Klavdievich, having attained his transfer to DB-1
from NII-4.

Korolev and Tikhonravov, as followers of K.E.Tsiolkovskiy’s ideas, set their department a
difficult but clear task to tackle the complex of problems associated with manned
interplanetary mission, defined the required hardware components. After the first satellites
had been launched, the possible development of rockets and spacecrafts for interplanetary
purposes was considered.

R-7 rocket with the third stage was able to launch a manned spacecraft into space, but
Korolev considered the flight to near-Earth orbit an important but intermediate stage. He
longed to get to interplanetary space. They had to give up nuclear engines. They needed
another rocket.

The clarity of aim, the performed preliminary works, the estimated possible powerful
cooperation established when developing missile complexes, their own accumulated
experience and the state head’s favor (it was now Khrushchev) enabled Korolev to vigorously
tackle the implementation of ambitious goal of the whole humanity — manned mission to
another planet (not to the Moon). These ambitious plans were stated by Korolev only 15 years
after the Great Patriotic War, but their depth was confirmed by the Government Decrees.

The Decree N0.1388-61810 of the USSR Council of Ministers (USSR CM) dated 10
December 1959 “On progress in space exploration” issued two years after the first satellite
launch outlined initial steps and milestones of the space era, starting from the first manned
space flight and ending with manned landing to planets. The Decree, in particular, ordained to
create space rockets for missions to Mars and Venus, perform first manned space flights,
develop space probes and manned space stations on other planets.

In fact, the required basis for the first manned space flights, in near-Earth space, was formed
by the Decrees issued in 1946 and 1953. The Decree dated 22 May 1959 additionally engaged
123 organizations, including 36 plants, to the development of a spacecraft-satellite (future
Vostok).

To comply with the Decree of 1959 with regard to the development of manned interplanetary
stations and station on other planets, i.e. to the manned missions to near-solar space, Korolev
provided the basis for stronger foundation. Preliminary works showed that an interplanetary
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rocket was to be by an order of magnitude more powerful than R-7 (R-7 launch mass was 280
t, H1 — 2800 t).

The Decree N0.715-296 of USSR CM and Central Committee of the Communist Party of the
Soviet Union dated 23 June 1960 “On the development of powerful launch vehicles, satellites,
spacecrafts and space exploration in 1960-1967” ordained to start the development of a new
space rocket system with a launch mass of 1000-2000 t, able to launch a heavy 60-80-tonne
interplanetary spacecraft to the near-Earth orbit. The works were specified in Appendices, in
particular, in Appendix 1 “Plan of design and experiments on the development of objects H
(H1 Rocket — auth.)” and Appendix 3 “Plan of design and experiments on the development of
heavy interplanetary spacecrafts”.

According to the Decree, the department headed by Sergey Sergeevich Kryukov developed a
project of four-stage H1-rocket. Three stages put into the near-Earth orbit a 75-tonne payload,
including a 15-tonne heavy interplanetary spacecraft (HIS), and the fourth stage of H1 rocket
orbited a 60-tonne hydrogen rocket module able to launch HIS to the interplanetary space.
The department headed by Tikhonravov simultaneously designed two spacecrafts since 1959:
Vostok spacecraft for the first manned space flight around the Earth and a heavy
interplanetary spacecraft for the mission to Mars. At the same time, space probes and stations
for near-Earth missions, missions to the Moon and Venus were developed. The latter were
intended for the tryout of future mission to Mars and prepare manned missions to the near-
Earth and near-solar space.

HIS was designed at G.Yu.Maksimov’s department. It was developed as a complex of means
providing a three-year free flight in interplanetary space of a three-member crew. A single H1
rocket was supposed to launch HIS with a liquid-propellant space tug. A cluster of HIS and
space tug enabled to launch the spacecraft into interplanetary space and perform the first ever
manned mission around the Sun without landing to Mars. Korolev’s primary goal was to
break from terrestrial gravity.

Our main attention was paid first of all to the search for optimal configuration of HIS. A long-
term zero-gravity period was a key determinant defining the look and structure. We tried to
cope with it generating artificial gravity by rotation of vehicle around its center of mass. Crew
quarters and frequently attended modules were located as far from the rotation center as
possible. The distance of 10-12 meters seemed reasonable. Gromov Flight Research Institute
developed an experimental setup with a chamber rotating on a 10-meter arm. Artificial gravity
was abandoned later.

The next important factor was the need for food, water and air supply for the crew. The 2-3-
year reserve for a three-member crew was unacceptably heavy. The mass could be reduced
only owing to onboard reproduction of all the components. Special closed biological-and-
engineering complex (CBEC) supposed to provide cycle of substances consumed and
excreted by the crew according to the ground scheme was developed.

The basis for cycle of substances is photosynthesis, therefore a greenhouse intended for
cultivation of certain plants was designed. The plants were to be arranged on compact racks,
on hydroponics, while their roots were supposed to be put into capsules with solution fed to
them.

Concentrators of solar radiation (cylindrical at the initial design stage) located along the
spacecraft body on two sides at a certain angle were used to illuminate the plants. When these
concentrators were aligned towards the Sun, the reflected light (constricted by these
concentrators) was introduced through slot-type windows located along the body into the
spacecraft and further distributed among the consumers. CBEC included the facility for
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cultivation of chlorella, a farm with rabbits and chickens, the latter was later rejected, and a
waste disposal system with reagent stock.

At the beginning of 1962, the spacecraft looked like a five-storey cylinder (Fig.1,2). Each
storey had its own functional purpose. Habitation storey comprised three rooms for the crew,
toilets, a shower room, a room for relaxation with a collection of microfilms, a kitchen and a
dining room. Work storey included a cabin for the daily control of all HIS systems, work
shop, medical room with exercise machines, a research laboratory and an inflatable airlock
chamber. Biological module comprised racks with higher plants, light-distributing devices,
facilities for solution feeding and chlorella cultivation, animal cells, storage containers for
harvest, some accessories and equipment of CBEC. Equipment bay included the majority of
instruments, devices and accessories of all HIS systems. It also acted as a fallout shelter.

A reentry module was located at the outer side of HIS with its hatch docked to the hatch of
HIS located in a special spherical recess. A vernier propulsion system was mounted on the
reentry module bottom with propellant supply and a part of equipment. When the spherical
recess with the equipment mounted on it was closed, radiation shielding of the crew was
enhanced. The reentry module on artificial satellite orbit was able to maneuver and land in an
autonomous way in case of emergency using its vernier engines.

In the framework of Mars landing mission the launch mass of the mission complex at the
near-Earth orbit increased more than by an order of magnitude. Such a heavy complex was to
be assembled in orbit, and Korolev charged the designers with the development of in-orbit
assembly of Vostok spacecrafts. At first, it was supposed to use electric propulsion system
with a nuclear reactor to boost such mass from the near-Earth orbit to Mars.

Nuclear reaction in such a propulsion system turns the fuel (oxidizer is not required here) into
a high-temperature gas, which discharges from the nozzle with high velocity developing
thrust. Electric propulsion achieves considerably less thrust if compared to liquid propellant
engines. But owing to its operation over longer periods, it can gradually increase the
spacecraft velocity, spinning the spacecraft up during several months in the near-Earth space,
it can provide the spacecraft boosting to Mars. In the same way the transition to Mars satellite
orbit (when launching the spacecraft from the latter to the Earth) and return to the initial near-
Earth orbit can be performed.

Korolev charged B.A.Adamovich’s department with the development of mission using
nuclear electric propulsion. At that time nobody knew for sure that during the long-lasting
flight in the spacecraft, when the latter is spun up around the Earth crossing Van Allen
radiation belt, the crew would get up to 50 lethal radiation doses. This project was developed
till summer 1962. Finally, Adamovich concluded that electric propulsion was inexpedient for
a manned mission to Mars, and such version of the mission was rejected by Korolev.

But it should be noted that many developers considered electric propulsion’s high energy
characteristics a redeeming feature if compared to liquid propellant engines. Specific impulse
of electric propulsion (defines the amount of propellant required to boost an object up to some
certain velocity) is considerably higher than the one of liquid propellant engines, hence the
former requires less propellant. This inspired the dabblers, who did not bother their heads
about dull weight calculations, to draw armadas of 100-tonne offroaders on Mars surface, and
they supposed that the right way to get to Mars for these vehicles was using electric
propulsion. Unfortunately, these illusions were taken as basis for bogus projects of the past
and even the present century.

Sergey Pavlovich signed a draft project of H1 launch vehicle, consisting of 29 volumes and 8
appendices, in May 1962. It was supposed to be submitted to expert commission headed by
the President of the USSR Academy of Sciences M.V.Keldysh in summer. At the beginning
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of 1962, Korolev charged us with the preparation of “Plan of Mars and Venus exploration”,
and the author was entrusted works on its prospectus (fig.2). When discussing its content with
Tikhonravov, the author expressed his doubts concerning the acceptable terms of the
development and application of electric propulsion. Mikhail Klavdievich shared this opinion
and the latter was expressed in the prospectus upon his advice.

The prospectus was submitted to Korolev for discussion. Having returned from Korolev,
Mikhail Klavdievich showed me the note written by the Chief Designer. The note was of a
matter of principle. Its text remained in my notebook.

Its content:

“1. Moon and Venus — in the first place.
2. Explore Venus only before the landing and don 't be too specific.
3. Manned mission to other planets should be performed:

a) within the shortest terms;

b) with minimal expenses.

This is provided by a minimal number of spacecratfts.

4. Tasks of Moon and Mars exploration are different.
. The first task is to design a spacecraft for a large landing-and-return mission.
6. It is possible:

a) on the basis of assembly, b) using electric propulsion, ¢) with CBEC.
7. To provide mission safety, consider two cases:

a) launch after landing is impossible,

b) landing is impossible after approach.
8. Flight around the planet is not required.
9. The following difficulties should be duplicated:

a) electric propulsion is rejected, then consider liquid propellant engines;

b) CBEC is rejected, then consider stock.

c) assembly - ... .
Concerning c): 1. Flight around the planet may be required not according to the science
and technology reasoning.

2. Take the risk of landing on Mars, returning on another spacecraft

(crew consists of minimal number of members, who will need to wait for another
spacecraft).
Thus: flight around the planet can be planned, but as a component of an assembly
version!!!
Components should be designed”.

(62}

According to Korolev’s directions in the note, the analysis of possibility of the mission to
Mars using liquid propellant engines in different mission profiles was to be made and an
optimal profile was to be chosen. The calculations were performed using Tsiolkovskiy’s
formula and a slide rule. The author had to calculate 17 profiles. Allowing for two different
support orbits — 34 profiles, three magnitudes of specific thrust — 315, 350, 440 kilogram-
force s/kg and four values of reproduction indices in CBEC — from full reproduction to full
stock — the author had to calculate 408 profiles. For all profiles and versions the initial weight
characteristics before the launch on near-Earth orbit and at every mission stage were defined
[1].

The calculations showed that the launch mass of the mission complex (with liquid propellant
engines at all stages) in artificial Earth satellite orbit (AESO) lay within the range of 1200-
2000 t. The first step towards the reduction of the launch mass was the rejection of HIS
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braking intended for the transition of HIS to AESO after its return from Mars. Approaching
the Earth, a reentry module with the crew was to detach from HIS, enter the atmosphere with
the escape velocity from the Earth and land.

Discussing the parameters of the reentry into the Earth atmosphere, we paid our attention to
the fact that the reentry module’s trajectory was not to leave quite a narrow corridor.
Otherwise the module would be overheated and overloaded, or it would “scratch” the upper
atmosphere and, having lost some velocity, fly away along an off-design trajectory. A
question arose: is it possible to correct the corridor so that after the “scratch” the trajectory
becomes as it was designed, not for the module landing, but for its transfer to the given
satellite orbit.

The concept of braking in the planet atmosphere was not the author’s, but Yu.V.Kondratyuk’s
and F.A.Zander’s. The idea of braking in the atmosphere of Mars to decelerate the mission
complex to the velocity sufficient for the transition to the orbit of an artificial satellite of Mars
was quite tempting. The brake unit needed about 60% of the whole stock of propellant.
Rejection of brake unit would reduce the launch mass of the complex more than twice. The
preliminary calculations showed that it was possible [1]. Tikhonravov liked the idea and told
Korolev about it. According to his directions, our specialists in aerodynamics and TSAGI
specialists received tasks for further elaboration of this issue. The process was gaining
traction.

The scheme took the following form. After each atmospheric dip down to the altitude of 70-
100 km the complex is transferred to an elongated elliptical orbit for 100 seconds. Fine
correction (with low expenditures) is performed in its apogee to provide the required depth of
the next atmospheric dip. The apogee altitude of the subsequent elliptical orbits reduces, and
approximately after the seventh dip the apogee altitude of the elliptical orbit equals the
altitude of future circular orbit. A small boosting impulse is generated in its apogee, and the
complex is transferred to the circular orbit without further dip.

After Korolev’s approval of the aerodynamic braking, we gained a whole bunch of new
problems. Moving in Mars atmosphere, the mission complex would suffer the loads and
heating, whose allowable range was rather limited due to multiple external elements.
Therefore the shape and strength of elements were to be calculated for these new conditions
or protected from their impact.

This required new layout schemes [1]. The design was limited to constructional alignment of
many new contradictory requirements. First and foremost, attention was paid to the
development of different variants of rigid screen able to protect the complex’s external
elements from the velocity head and simultaneously provide the required braking when
passing through Martian atmosphere. The protective screen was shaped into an umbrella with
large diameter turned with its convex side to the oncoming stream and located at the frontal
surface of the complex.

However, this promoted instability of the complex, therefore there was an idea to shape it into
a birdie to make it more stable. For this purpose, the landing module of considerable mass
was placed outside the front surface of braking screen to provide an acceptable centering of
the complex when moving in Martian atmosphere. It also provided unhampered detachment
of the landing module when descending to the planet surface. At the same time, the redundant
power components of braking screen were also detached, which enhanced the atmospheric
braking during the descent.

Solar concentrators were also designed in the shape of an umbrella with the diameter of 15-20
m located around the greenhouse module. Its internal surface aligned towards the Sun had
several sections. Each section was shaped into a part of paraboloid with its own focus located
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at the shell of the greenhouse module, where a window was made for each section. It was
supposed to make 12-24 sections with windows. Solar light fell on the sections, then it was
reflected, concentrated and sent through the windows to the spacecraft interior, where it was
distributed to the consumers using Fresnel lens and film reflector.

The preferred location of the concentrator together with the greenhouse was at the end face of
the complex with its concave side turned towards the Sun. But being the most open-work
structure, it first of all required protection from velocity head, and therefore it was structurally
united with the braking protection screen, the shape of which was geometrically combined
with the shape of the concentrator and made closer to a paraboloid.

To further improve centering, a booster, whose mass was also significant, was supposed to be
mounted near to the landing module. However, this contradicted other considerations. The
descent module with vernier engines was to be located on the opposite side of the complex,
thus providing the possibility of emergency separation and crew safety. The booster with a
considerable propellant stock assembled in a single unit with a descent module could
significantly enhance the maneuverability characteristics of the descent module, e.g. provide
the return (if required) of the crew to the Earth after the complex has been boosted from
AESO to the trajectory of flight to Mars.

This variant was also supported by the fact that location of the booster module near the
landing module made it impossible to burn the booster to test it before the launch from AESO
and to correct the trajectory of the mission to Mars. And if the booster was burned to launch
the spacecraft from AMSO to the Earth, the crew would be turned upside down.

The stated considerations are only a small part of the contradictory requirements, which had
to be reconciled to choose the optimal layout of Mars complex. The former also include the
location of solar arrays with the area of 85 m?, radiators and heat-regulation shutters with the
area of 34 m? antennas, provision of proper fields of view of optical sensors of attitude
control system, provision of attitude control engines operation zone, relative position of
habitation modules, selection of optimal diameter-length ratio of the complex, and many
other. Coordinated solution of the stated problems allowed optimization of the mission
complex as follows.

The manned rocket-and-space complex for mission to Mars (MRSCMM) (Fig.3) consisted of
two main parts. An interplanetary rocket system (IRS), comprising a three-stage launcher H1
(Fig.4), service and launch complex and other on-ground equipment, provided the
preparation, launch and insertion of 75-tonne units into a near-Earth assembly orbit. Manned
space complex for mission to Mars (MSCMM) (Fig.5) with the mass of 400-500 t was
intended for the mission of three-member crew to the red planet, landing of two astronauts on
Mars, return of the crew to the Earth. Its components were to be delivered by H1 launcher and
assembled in orbit.

It was supposed to be assembled in orbit (Fig.6) using a spherical assembly unit with 6-8
docking ports. Martian orbital complex (MOC) and Martian landing complex (MLC) were
docked from one of its sides, and boosting rocket complex (BRC) consisting of central and 4-
6 side modules, which provided the launch of MSCMM from the assembly orbit and its
insertion to the trajectory to Mars, was docked to another side.

MOC included a heavy interplanetary spacecraft (HIS) and a boosting rocket unit (BRU)
intended for boosting HIS from Mars satellite orbit to the trajectory of flight to the Earth. The
module, in which three-member crew was settled during the flight to Mars and back, was
made as a single structure and was regarded as HIS itself. It included an orbital module,
vernier engines and 2.1 t reentry module, i.e. about 0.5% of the initial weight of the complex.
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The landing complex comprised braking and landing hardware, landing rocket and Martian
space vehicle with a two-stage launcher and a return capsule.

In-orbit assembly of the complex was supposed to be performed by special teams of
astronauts — skilled specialists of Design Bureau DB-1, principal plant and a cosmodrome.
The teams were supposed to be delivered by Soyuz spacecrafts, accommodated in special
habitation module and returned to the Earth. The crew arrived at HIS in advance and took
personal control of all the spacecraft systems. Before the launch they took their seats in the
descent module and were able to control all dynamic operations.

The mission profile was supposed as follows. Boosting from AESO to Mars was performed
by liquid propellant engines. In case of emergency at any stage of boosting from AESO to
Mars, the crew in the descent module was able to separate from the complex together with the
propulsion system and Martian boosting unit and return to the Earth. After transition from the
near-Earth orbit to the trajectory of flight to Mars and separation of burned booster, the
Martian complex moved in an autonomous mode keeping solar oriented attitude and
communicating with the Earth. Transition to Mars satellite orbit was performed by means of
aerodynamic braking in the atmosphere of Mars.

At Mars satellite orbit, having performed all the required tests and preparations, two
astronauts moved to the Martian spacecraft capsule. The landing complex separated from the
orbital complex, deorbited, descended in the atmosphere, braked and landed. Having finished
their mission of Mars surface, they took their seats in the return capsule, the capsule was
launched, inserted into the initial orbit, docked with the orbital complex, and the astronauts
returned to HIS. When starting towards the Earth, the crew took their places in the descend
module, which, having approached the Earth, separated from HIS, performed the controlled
descend in the atmosphere and landed.

The described project with liquid propellant engines was submitted to the expert commission.
Six posters were prepared for the presentation. They demonstrated the mission profiles,
internal arrangement of HIS, overview of the interplanetary complex with aerodynamic
braking capability.

During the project elaboration weight reports on HIS and landing module were refined
(Fig.7), comparative estimation of variants with braking unit and aerodynamic braking was
performed, which confirmed the advantages of the latter (Fig.8). Getting prepared for the
commission, Korolev considered electric propulsion to be used for the mission, but rejected it,
since it compared poorly with mass characteristics of liquid propellant engines with
aerodynamic braking.

“Plan for Mars and Venus exploration” was presented in a large table. It showed four stages
of the exploration: first mission of unmanned space vehicles to planets, their application for
exploration of planets, manned missions around the planets with remote sensing performed
from the orbit, missions to planets. Tasks for each stage were split into years, means for
solutions were defined, vehicles, drafts, layouts of the vehicles, mission profiles and time of
the missions were outlined, types of launchers and engines for insertion to interplanetary
trajectory, launch mass in near-Earth orbit and weight characteristics at mission stages were
indicated. In addition to the “Plan...” a table was composed, in which problems of supposed
interplanetary mission were considered and the means and ways to solve them were
demonstrated.

The summary of works was given in a brief report: “Analysis of possibility of the mission to
Mars using liquid propellant engines” (identification number P-583). For convenient
comparison, the results of calculations of different mission profiles were summarized in a
table. The latter showed weight characteristics of the interplanetary complex at all stages of
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flight allowing for the accepted variations. The draft tables from the notebook are shown in
[1]. The report concluded:

1. Initial weight of the interplanetary complex in AESO for different mission profiles
lies within the range of 1200-2000 t.

2. Optimal profile — with delivery of the whole complex to artificial Mars satellite orbit
(AMSO) and with landing of a minimal mass reentry vehicle.

3. The crew should return to the Earth in a descend module, not entering AESO, with
the escape velocity from the Earth.

4. The most optimal variant — with aerodynamics braking to enter AMSO; it will allow
twofold or even threefold reduction of launch mass in AESO.

5. The main conclusion: heavy interplanetary vehicle (the main element of the
mission complex regardless of the mission profile) should be developed and tested on the
Earth and in AESO as a heavy orbital station (HOS).

Quite a representative expert commission gathered in DB-1 to consider the project of H1
rocket (the basis for mission to Mars) in June 1962. Korolev made his speech in a calm and
level voice. He emphasized that he presented only a draft design of H1 rocket, meanwhile the
projects of other program components required thorough development. Martian purposes of
H1 launcher were not emphasized, the latter was represented as a multi-purpose rocket
having, among others, defense tasks. Briefly touching upon the mission Mars, he only
mentioned that the latter is considered with the use of liquid propellant engines.

The author got the impression that Sergey Pavlovich did not wish to arouse much interest to
the mission to Mars and obviously succeeded. The author believes that the overall impression
was that beautiful presentation of Mars mission was not substantiated. Even a number of
Korolev’s deputies, who did not participate in our works, appeared to perceive this task as
quite a remote one. All research and calculations were performed in a security-enhanced way.
Our work was not announced and discussed in smoking rooms, it was not considered at
meetings, otherwise it was not taken seriously by those, who did not participate in it directly.
It should be once again noted that the reason for such privacy lay not only in the enhanced
security. Korolev feared unfair criticism in the government from his main opponents —
V.P.Glushko, V.N.Chelomey and M.K.Yangel. At that time the situation in the higher
authorities was very complicated — a fierce “war” for a heavy carrier and hence leadership in
promising space programs was provoked by N.S.Khrushchev. Unnecessary flaunting could
cause negative reaction of the opponents and later Khrushchev.

Real Korolev’s intentions were better expressed by his famous notes on HIS and HOS than by
the author’s drafts. His notes strike by the extent of his perspective on the interplanetary
mission together with the thorough insight into their essence. And these notes were made only
two months after the commission meeting, which made many participants (e.g. B.E.Chertok)
think that the main goal was the Moon and hence the lunar race.

Finally, in summer 1962, all proposals submitted by Korolev to the expert commission, were
approved. It should be emphasized that only an outlook was approved, but not the projects in
certain fields. In particular, the works on lunar mission performed by our designers two days
before the meeting were not included into the submitted and approved materials. Although
Mars project was not particularly highlighted in Korolev’s report, it was included into the
draft project of H1 rocket, in Appendix 1, and was approved by the head of interdepartmental
commission — President of USSR AS M.V.Keldysh. Until today this has been the only official
project of the mission to Mars developed according to the governmental decrees and approved
by an expert commission appointed by the government.
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The decision of commission headed by Keldysh was set forth in the governmental decree
issued on 24 September 1962, which listed the specifications of H1 rocket. This enabled to
start the production of H1 rocket and the construction of Baikonur cosmodrome buildings.
Upon the initiative of Korolev, the Institute for Medical and Biological Problems (IMBP) was
established in 1963. The institute was responsible for the development of life-support systems
for long interplanetary missions.

Thus, the works on the mission to Mars performed at Tikhonravov’s department in 1960-1964
fully confirmed the correctness of Korolev’s decision made in July 1962 to use liquid
propellant engines instead of electric propulsion. Electric propulsion was associated with a
number of problems, some of them have not been solved yet. And allowing for the
aerodynamic braking, liquid propellant engines provided advantages in mass characteristics.
Thorough developments of structure of Mars mission complex and its weight characteristics
were finished in summer 1964. Initial data were prepared including the data for the
development of HIS mockup for on-ground tryout in IMBP and data for the development of
heavy orbital station (HOS) to tryout HIS on the near-Earth orbit. On the whole, all the
required materials for the involvement of wide cooperation with related organizations in the
framework of the project were prepared.

The Decree of 3 August 1964 defined the lunar project as priority. This Khrushchev’s decree,
lobbied by Korolev’s rivals, charged V.N.Chelomey (in the first place) with the task to fly
around the Moon in 1967 (before the Americans), which (in case he succeeded) made him a
new leader in astronautics (and Khrushchev’s son worked in his team). Korolev was charged
with the manned landing on the Moon. At the same time, the Martian project was not rejected,
so he combined them into one program.

It should be noted that the Americans started their lunar program in 1961, and our first drafts
of lunar spacecraft Sergey Pavlovich saw in October 1964, the latter were prepared by the
author. Thus, the proverbial lunar race is an absurd fable, though not the journalists’ one but
one of Korolev’s ex-companion’s.

After Korolev’s death in 1966, his first deputy (since 1946) Vasiliy Pavlovich Mishin
continued his work. Flight tests of H1 rocket started in 1969. Four launches confirmed its
high flight efficiency, though the launches ended with accidents due to the fact that the
engines were not tried out well enough after they had been improved for the lunar program.
All the corrections to the rocket were made and the required reliability was provided by 1974.
All the specialists agreed that the fifth launch was to be successful. The tests of life support
systems were conducted in the Institute for Medical and Biological Problems on the mockup
of a heavy interplanetary vehicle in the conditions simulating an interplanetary mission and
with the participation of test engineers.

The result was the following: the Decree of 1959, so far as the development of the basis for
the interplanetary mission was concerned, was in fact half finished by 1974. And all the
participants were eager to succeed. Keldysh, who offered to reject the Moon landing and
focus the efforts on Mars project in 1969, believed that we were able to perform a manned
flight around Mars in 1975. And as we know, Mstislav Vsevolodovich was able to calculate
very well.

However, at the end of 1969, the experts of DB-1 specializing in control systems took the
advantage of confusion in the government after the US Moon landing and H1 launch accident.
They were afire with enthusiasm for the development of the first ever permanent space
station. The idea was elementary. It was supposed to dock Soyuz spacecraft (these spacecrafts
had already docked with each other) with Almaz station (taking it from Chelomey) equipped
with the mating parts of another Soyuz.
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These specialists aimed at hogging the blanket left from Korolev. Behind Mishin’s back, they
submitted their idea to the Secretary of the Central Committee of the Communist Party
Dmitriy Ustinov. Moreover, they deceived him promising to create the station in a year and
without detriment to the main works. Mishin and Chelomey argued: DB-1 developed 100-
tonne multipurpose orbital complex (MOC), DB-52 developed the military station Almaz.
Ustinov was seduced by the promised rapid success and made Mishin deal with the stations.
This was the reason for a long-lasting conflict.

When the idea failed, the specialists, to pass the buck, made a false denunciation, in which
they laid the blame for their mistakes on Mishin and proposed to dismiss him. They were
supported by Valentin Glushko, who could not put up with the fact that H1 was not equipped
with his engines. Glushko took up Mishin’s position and prohibited the launches of two H1
rockets equipped with new reliable N.D.Kuznetsov’s engines. All the hardware, groundwork
for rockets and lunar spacecrafts, on-ground hardware and all technical documents on the
Soviet interplanetary program were completely destroyed.

Those who initiated the change of direction made everything to conceal the Soviet
interplanetary program from the public. The information about the efforts of hundreds of
thousands of toilers who participated in Mars project were suppressed and later revealed in
mass media by ex-companions as Korolev’s vain attempts to overtake the Americans in the
lunar race, which indeed had never existed.

The book “Manned Mission to Mars” edited by Academician Koroteev claims that Korolev
did not work on the mission to Mars in 1959-1966, and Chertok in his memoirs “Lunar Race”
states that Korolev was at that time losing the lunar race to Wernher von Braun having
adopted wrong design parameters of H1 rocket. The respected Academicians are not confused
by the ridiculousness of their fables. It follows from their words that Korolev, who had been
dreaming of interplanetary missions from his youth and devoted all his life to them, pressed
for two governmental decrees which charged him with the expedition to Mars, but
immediately gave up this idea and chased the Americans to the Moon like a boy.

Conclusions

Half a century passed after Korolev’s Mars project was approved. There is no other
alternative today. The future of Russian astronautics is rather obscure. There are five options.
First. Terminate manned flights, substantiating it with the fact that we have been carrying our
foreign friends to the orbit for 40 years already. High expenditures and no benefit.

Second. Keep on working as taxi drivers and plumbers in the American space hotel with
inevitable dismissal in prospect.

Third. Fly to Mars using electric propulsion. All such projects have problems with weight.
Thus, the book “Manned Mission to Mars” issued by Tsiolkovskiy Russian Academy of
Astronautics describes recent Russian project of the mission to Mars. It summarizes weight
characteristics in a table. The mass of the complex at AESO is 366 t, and a caption below
states “without landing”. There are no other figures. But the mission without landing is just a
mere flight around Mars. | remind that the President of the Academy of Sciences Keldysh
proposed to reject the manned lunar landing and perform a flight around Mars using two H1
spacecrafts in 1975. Two H1 spacecrafts equal to 190 t, but not 366 t. The project with
electric propulsion has twice the mass of liquid propellant project. However, somebody has
persuaded President Medvedev to allocate 17 billion rub. to the development of electric
propulsion. I do not claim that we do not need the latter, but “... the manned missions do not
require plasma propulsion engine — all the tasks can be solved using chemicals”, - said
Glushko in 1987 after long deliberation.
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Fourth. Create a lunar base. Two books have made an attempt to substantiate their
expediency: “Astronautics of the 21% Century” [4] and “MOON - step towards Solar System
Exploration” [3]. The books were edited by Academicians Boris Chertok and Viktor
Legostaev. They initiated the development of orbital stations in 1969, and now they are
promoting the lunar bases, since ISS is in the evening of its life.

The initial position of Academician B.E.Chertok’s forecast for 2101: “We do not need the
mission to Mars. Instead of Mars, the World Space Agency will set to save the Earth, human
civilization, from the disastrous global warming using solar sails mounted on spacecrafts
loitering around a libration point between the Earth and the Sun. Till the end of the 21°
century, spacecrafts will be built on a powerful industrial base on the Moon using lunar
resources. This will allow control of the Earth climate from space in the 22™ century”. As a
matter of fact this is the initial point. However, Chertok having the sense of humor wrote that
this unlikely forecast was based not on science but on political fantastic fiction.

Nevertheless, this political fantastic fiction obtained an engineering basis in the second book.
The specialists imagine a solar sail spacecraft intended for controlling the climate and saving
the humanity from the deadly solar rays in the 22™ century as a special curtain with a mass of
56 million tonnes (!'!) and a diameter of 1800 km. To solve the world power engineering
problems it is supposed to transmit the energy from space to the Earth using solar power
plants and 5000 of 100-tonne relay satellites with the diameter of 1 km and the total mass of
160 million tonnes (!!!) located in libration points and stationary orbit. They will be delivered
there by 42 electric propulsion tug spacecrafts over the period of 30 years.

It is very expensive to launch these 216 million tonnes to space from the Earth (400 Proton-
type rockets should be launched daily till the end of the century). 216 million tonnes will
weigh 33 million tonnes on the Moon, thus the specialists decided to launch them from the
Moon producing them on a lunar base using local resources. And a large industrial city with
blast furnaces, rolling mills, plants, enterprises, Baikonur launch site are supposed to be
cultivated on the Moon from seedlings. As the specialists have no weight report for this city
and a number of Protons launched per day to deliver the city to the Moon, the venture of lunar
base can not be considered as a project.

Finally, the fifth. Fly to Mars using liquid propellant engines. It is an obvious fact that
Korolev’s Mars project has no other alternative. But why the respected specialists have been
persistently ignoring this fact for decades. | believe this to be the main reason for degradation
of Russian Astronautics. | mean the main reason is falsification of its history. People, who
destroyed Korolev’s Mars and Moon projects in 1974, made everything to conceal them from
the public. Korolev was deprived of the main component of his scientific legacy —
interplanetary project, and he was turned into a loser who had lost the nonexistent lunar race
to the Americans. Mishin was foully slandered. Glushko even stroke his name off the
encyclopedia of astronautics, which listed thousands of names. Tikhonravov is simply
forgotten and not recalled.

Of course, | do not mean the monuments which have not been erected or have been erected
for nothing. The specialists, who changed the goals of astronautics in 1974, did this to take
the place of Korolev, Mishin. Tikhonravov. They succeeded. Through the decades of work
they gathered teams of associates. Any attempts to return to Korolev’s Mars project mean a
deadly threat to them. We inevitably need to ask them a question: “Why did you destroy all
this to return to this issue after 40 years”, and some patriarchs of astronautics may turn into
criminals, who wrecked the flight of Soviet people to Mars making our country lose the
leadership in astronautics.
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These people have not developed a single space system for decades, but they keep on arguing
that they were right to destroy Korolev’s project of Mars mission. Although Korolev,
Tikhonravov, Mishin and Keldysh not only considered the latter to be real, they even half
implemented it.

An objective reason should be added. The designers who nested around Permanent Orbital
Station and ISS have been drawing the modules of orbital stations for 40 years, and it is rather
difficult for them to develop something for real. This is how Martian electric propulsion
monsters with 40-football-pitch solar arrays, 1800-km solar curtains for solar ray protection,
electric propulsion tugs sometimes appear, anything but Korolev’s Mars project destroyed by
them.

The situation will not change by itself. It can not be changed by peaceful means. | have tried
in vain. It should be changed by strong-arm tactics, like the one used to destroy our
interplanetary program. But today’s captains of astronautics, in case they are ready to turn the
wheel, should realize themselves which way and direction to choose. This is an important
moment of selection of goal. And the public will not help with it — there is a well-trained and
concerned majority who will shout in unison: let there be a lunar base! As a matter of fact
they have said this in “Strategy...”

Instead of this, the four captains need to gather somewhere in Zavidovo and discuss without
ruffle or excitement: how can astronautics gladden our people, like the Victory in 1945,
satellite launch, Gagarin’s flight. Maybe we should land on the Moon and demonstrate the
insignificance of Russia, which has been seeking to repeat the lunar success of the USA for
50 years, or maybe we should develop an electric propulsion tug for delivery of industrial
stuff to the Moon by 2030. Or maybe we indeed should cover ourselves from solar rays with a
1800-km curtain, as the patriarch of astronautics suggests. The Siberians will be especially
happy with it when it is minus forty degrees Celsius outside.

After such considerations one should check the altitude against a compass. And the latter is
verified by Tsiolkovskiy, Zander, Korolev, Tikhonravov, Mishin, Keldysh and two
governmental Decrees. And it points directly to Mars. Mars is an ultimate goal in space,
which can be really achieved by human civilization. The manned missions outside the
Martian orbit is fiction. The country which succeeds in this mission is going to be considered
a great space power forever. Lunar landing will be forgotten. The pride and happiness of the
people of this country are going to be second to none. Those who will have personally
implemented this project will enter the list of names next to Tsiolkovskiy and Korolev.

To make our astronautics survive, it is necessary — to adopt the short-term goal of Russian
astronautics — to perform the first ever manned one-year-long flight around the Sun, in an
interplanetary space along a heliocentric orbit on HIS put into libration point.

To provide this, we need to assemble only 80 tonnes in orbit, and this is absolutely possible at
present. After Gagarin’s flight this is going to be the second main step on the way towards
Mars, the way paved by Tsiolkovskiy, Zander, Korolev, Tikhonravov, Mishin, Keldysh and
thousands of their faithful associates, who have not betrayed the interplanetary idea and have
never asked a philistine question: “What will we gain from the flight to Mars?”.
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Appendix (Figures)

Configuration of heavy
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Fig. 1. Heavy interplanetary vehicle. One of the initial versions of 1962.
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MARS EXPEDITION STRUCTURAL SCHEME
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Fig.3. Structural scheme of manned rocket-and-space system for the mission to Mars.
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Carrier rocket N1
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Total thrust of engines on the ground, ton-force 4615

Fig.4. Heavy rocket N1 intended for putting manned spaceships into the interplanetary space
— in the integration and test building of TsNII-5 MR site
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Fig.5. Mars manned space system (project of 1962; launch from AESO to Mars)
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/,
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Fig.6. Integral parts of Mars manned complex
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MARS EXPEDITION
INTERPLANETARY SPACE COMPLEX
WEIGHT REPORT
(ON THE MARS ORBIT)

_—_—eeeee—————e e
No. ISC part ton
1.0.0. | Interplanetary space complex
(on the Mars orbit) 83.1
Orbit interplanetary complex
(HIV+RB) 53.1
1.1.0. Heavy interplanetary vehicle 16.8
1.1.1.f] Recoverable space vehicle 2.1
1.1.2.ff Orbit module 12.9
1.1.3.}] Compensating propulsion system 1.8
1.2.0. Landing complex 30.0
1.2.1.}] Re-entry capsule 3.5
1.2.2.F Take-off rocket 16.5
1.2.3.}] Landers 10.0
1.3.0. | Booster (from Mars orbit) 36.3
(brake module) 179.0

Fig. 7.

MARS EXPEDITION
INTERPLANETARY SPACE COMPLEX
WEIGHT CHARACTERISTICS ON FLIGHT STAGES

FOR TWO VARIANTS
e B s e

ISC weight with | ISC weight with
Elighvstages airbraking | brake module
to Mars

ton ton
On the Mars
satellite orbit 83'1 83.1
In the flight to Mars
before braking 103.1 262.0
On circumterrestrial
orbit before start 917.0
to Mars 314.5 :
On circumterrestrial
orbit considering 20% 378.0 1141.0
of reserve
Fig. 8.
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AKmyansHble nPOOIEMbL ABUAUUOHHBIX U AIPOKOCMUYECKUX
cucmem: npoyeccwl, mooenu, 3kcnepumenm. Nel(40), tom 20, 2015 Kazans, [aiitona buu

I'enepajbHbId KOHCTPYKTOP Bukrop IlerpoBuy Makees

CoznaTenb 0TeUECTBEHHON HIKOJIBI MOPCKOTO PaKeTOCTPOCHHUs, ABaXK bl ['epoit
Coumanuctuueckoro Tpyna, naypeat Jlennnckoi u ['ocyapcTBEHHBIX IpeMUid

B.I'. derrsips, P.H. Kanun

AO «'ocygapcTBeHHBIN pakeTHBIN LIEHTp UMeHU akagemuka B.I1. MakeeBa»
Poccus, 456320, Muacc, Typrosikckoe mocce, 1

25 oxTs6ps 2014 r. ucnonaunock 90 et co AHA pokaeHus akanemuka Buktopa IlerpoBuya
MakeeBa, BbIIAIOLIETOCS YUYEHOTO U KPYIHOTO OOIIECTBEHHOT'O JIEATENsl, OCHOBOIOJIOXKHHUKA
OTEYECTBEHHOM  IIKOJIBI MOPCKOTO  PAKETOCTPOEHUS, TEHEpPaJbHOTO  KOHCTPYKTOpa
CTPATETUYECKUX PAKETHHIX KOMIUIEKCOB C OaUIMCTUYECKUMHU paKeTaMH IMOABOIHBIX JOIOK
(BPILJI) Boenno-Mopckoro ®ioTa.

Csoii TpynoBoii yte B.II. MakeeB Hauan B 1939 r. uepTE€KHUKOM Ha aBUALlMOHHOM 3aBOJIE.
Bo Bpemsa BolHBIL, B 1942 r., HaxomsChb B 3BaKyalud, HOCTYNWJI YYUTbCA Ha 3a04YHOE
otnenenue Kazanckoro aBuanvoHHoro mHcturyra. Ilo oxonuanuu B 1947 r. MockoBckoro
aBUAIMOHHOTO WHCTUTyTa Obu1 HampasiieH B 3HameHutoe OKB-1, BosrmaBmsemoe C.II
KoponéseiM. 3HakOMCTBO W JanbHedmias coBMecTHas pabora ¢ Cepreem IlaBnoBuuem
HaBcerjga omnpeAenuin cyab0y Mojonoro wuHxeHepa. Kopon€s oueHusn He3aypsiiHbIe
TBOpUYECKHE W OpraHm3aroHHbie crocobHoctn B.I1. MakeeBa u B 1952r. HazHauaeTr ero
BEJIyIIIUM KOHCTPYKTOPOM OJHOM W3 HOBBIX pakeT, paspadarpiBaemoir OKb-1, a B 1955r.
pexomennyer Bukropa IlerpoBuua TIJIaBHBIM KOHCTPYKTOPOM BHOBB  CO3/1aBa€MOI0
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CIICIUATIU3UPOBAHHOTO  KOHCTpyKTOpckoro  Oropo CKb-385 (B pambneiimem Kb
MaIIMHOCTPOCHHS) Ha Ypayie, KOTOpOMY BCKOpe M Obla mopydeHa pa3paboTka Ba)KHOTO
CaMOCTOSITEJIbHOTO HAIPaBJICHUS B PAKETHOM TEXHUKE - OAJUTMCTUYECKUE PAKETHI MOABOTHBIX
nonok. Bee mocnenyromme rombl oH pykoBomuT paboramu Kb, ormaBas cBoi TamaHT
KOHCTPYKTOpa, Y4EHOT0, OpraHM3aTopa CO3/IaHUI0 M CTAHOBJICHHIO HOBOTO HAampaBiICHUS
OTEUYECTBEHHOT0 pakeTocTpoeHusi. 3a 310 BpeMsa Kb mammHocTpoenust crano Beaymiei
HAyYHO-KOHCTPYKTOPCKOW OpraHu3aIieil CTpaHbl.

Pesynbratom Oonee uem 30-netHedt pgedrenbHoctH B.II. MakeeBa kak TI'eHepabHOIO
koHcTpykTopa Kb MammHOCTpoeHusi, pyKOBOIUTENS KOOMEpalu NPEANpUiTHN CTalu TpU
MOKOJICHUS CTPATETUYECKUX PAKETHBIX KOMIUIEKCOB MOPCKOTO Oa3MpOBaHUs, HE YCTYAIOIINX
M0 OCHOBHBIM TMapaMeTpaM 3apyOeKHbIM KOMIUIEKCaM. OTH TMOKOJIEHUS MOTYT ObITh
0XapaKTEPU30BaAHBI CIEAYIOLUIUMH MOJI0XKEHUSIMHU.

[TepBoe mokosieHue. JIeMOHCTpallMs U HaYaJlo Pa3BEePTHIBAHUSI CTPATETHUECKOro (SIEpHOTO)
MOPCKOI'O OPYXHSI ¢ MEKKOHTMHEHTAJIbHON JocsaraeMocThio. [lepBuuHas nemMoHcTpauus -
nyck BPIIJI P-11®M B centsbpe 1955 r. ¢ moaBomuoit noaku (IIJI) mpoexta B611 -
COCTOSJIaCh TpakTHUuecKu ojHOBpeMeHHO C mosBiieHneM B CCCP MeXKOHTHHEHTaJIBHOTO
oomOapmupoBmuka (1955 1. mo omenke CIIA) u pasHblie M[epBOro  IMycka
MEKKOHTHHEHTAJIbHOU Oayumcthuaeckoil paketsl - MBP P-7 B 1957 1. OGe pakersl Obun
co3nanbl B OKb-1 rnaBHoro xonctpykropa C.II. Koponésa. BPIUJI nepBoro nokonenust P-
11®, P-13 u P-21 (mocnemnme nBe - riaBHoro koHctpyktopa CKb-385 B.II. MakeeBa)
pa3BepThiBanuchk Ha 28 nuzenbHbIX 11JI mpoektoB AB611, 629, 629b rnaBHOro KOHCTpPYKTOpa
H.H. HUcanuna u 8 aromubix I1JI mpoekra 658 rmaBHoro koncrpykropa C.H. Kopanéga,
KOTOpHBIe ObLTN OCTpoeHbI B 1957-1962 rr. (Bcero 103 BPIL).

Bropoe nokonenue. Peanuzanus crparernueckux cBoicts bPIIJI u pasBepTeiBaHME MOPCKON
cocraBisronel crparerndeckux saepHuix cuil (CSAC) ctpanbl. ManoraGapuTHbie pakeTsl P-
27 (cpenneit nanbHOCTHM CTpenbObl)) u  P-29  (MEXKOHTHMHEHTaNbHOW JAJIbHOCTH),
paspabortannbie B CKb-385 (Kb mammHocTpoenus) rinaBHoro koHcrpykropa B.I1. Makeesa,
pa3BepThiBaniuch Ha 56 atomHbIX I1JI mpoextoB 667A, 667AY, 667b u 667b]] rnaBHOrO
koHcTpykTopa C.H. KoBanesa, koTopsie ctpounuck B 1967-1977 rr. (824 BPIL).

Tperbe mnokoneHue. Peanuszanus mnapuTeTHOW COBOKYMHOCTH Oo0eBbIX CBOMCTB BPILI,
3aBepuieHHe pasBepTeiBaHus Mopckux CSC cTpaHbl € YacTMYHBIM IIEPEXOJOM Ha
tBépororuBHble BPILJI. Mexkontunentanbsubie bPILJI ¢ paspenstomuMucs roaoBHBIMHU
gactamu (PI'Y) P-29P, P-39 (tBepmororumBhHas) u P-29PM, paspaborannsie B Kb
MalIMHOCTPOEHHUS] TeHepanbHOro koHcTpykropa B.II. MakeeBa, pa3BeprhiBasiuch Ha 27
atomubix IIJI mpoextoB 667BJIP, 941 u 667b/IPM renepansHoro konctpyktopa C.H.
KoBanéBa (Jlenunrpaackoe mpoekTHO-MOHTakHOe Owopo «PyOuH»), KOTOpbIE CTPOWIHNCH B
1978-1990 ronax.

Bcero coznano Bocemp 6a3oBeix BPIIJI m 16 ux momudunmpoBaHHbIX BapuaHTOB. Kpome
Toro, ObuM paspaboransl TBEpHotormBHas BPITJI P-31 (rmaBHblit koHcTpykTOop IL.A.
Tropun, IIKb «Apcenan») u BPIIJI ¢ camonaBenenuem P-27K st mopakeHuss HaIBOIHBIX
uened (rnaBHbeli  KoHCTpykTop B.II. MakeeB), KoTopble HaxXxOIWJIUCh B OIBITHON
SKCIUTyaTaIliy Ha OJTHOM Mepeo0OopyI0BAaHHOM MTOABOTHOM JIOAKE, KaXaasl.

He ocranaBnuBasice Ha BPI1JI nepBoro mokoieHus, OTMETUM TOJIBKO, YTO MIPH UX pa3paboTke
yAaJoCch  pEeHIMTh  NPUHUUIHAIBHBIE  TEPBONPOXOJYECKHE  33Jauyd  COMPSIKEHUS
0aJUTMCTUYECKOW pakeThl M TMOABOJHOM JIOAKH: pealu30BaTh CTPEIbOy C IMOABHXKHOTO WU
Kayarollerocsi OCHOBaHHUSA, CTapTOBAaTh M3-TI0JI BOJBI, a TaKXKe OpPraHU30BaTh KOOIEPAIHI0
MOPCKHUX PAaKETYNKOB U PAKETHBIX KOPAOEIOB B MPOMBIIUIEHHOCTH, IPUCTYIHTD K CO3/IaHUIO
HeoOxoaumon uHpacTpykTypsl BM®. Torma xe moaBomHbIH (JIOT Hadadl CTaHOBUTHCS
ATOMHBIM M PaKETHO-sA€pHBIM. MIMEHHO B 3TOT mepuoj MOABMKHUYECKOTO M, B KaKOH-TO
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CTCIICHH, POMAHTUYECKOIO PAa3BUTUS OTECUECTBCHHOW DPAKETHOM TEXHUKH, KOIJIa Kaxkaas
pa3paboTKa CTaHOBWJIACh 3HAKOBOW M MPHOPUTETHOH, Korja ObUia 3ajlo’keHa OCHOBA
OTEYECTBEHHON PaKeTHO-KOCMHUYECKOM OTpaciu, OblI co3laH (PyHIAMEHT CaMOOBITHOTO U
OPUTMHAJILHOTO MOPCKOI'O PaKeTOCTPOEHUS, ChIIPABIIErO Ba)KHYIO pOJIb B Pa3BEPTHIBAHUU
3¢ ($eKTUBHON MOPCKON COCTABIIAIOLIEH CTPATETMUYECKUX SIIEPHBIX CUJI CTPAHBI.

Bropoe mnoxosieHMe MOATBEPAMIO HE TOJBKO CTAHOBJIEHHE OTEYECTBEHHOTO MOPCKOIO
pPaKeTOCTPOEHUsI, HO M JOCTHMIKCHHME PsAa KauyeCTBEHHBIX IIPUOPUTETHBIX PpE3YJbTATOB.
[lepeunciyM OCHOBHBIE TEXHUYECKHE PEILIEHUS M PE3YyIbTAaTbl, CTaBIIME CYTHIO HAIIEro
MOPCKOI'O PAKETOCTPOEHHUS:

- OJHOCTYyINEHYaTass M JABYXCTyNeHYaTas MajorabapuTHbIE paKeThl C LEIbHOCBAPHBIMHU
IPOYHOIUIOTHBIMU KOpIIyCaMH U «YyTOIUIEHHBIMH» JBHMraTelsiMM B 0akaXx TIOplOYero Hu
OKUCIJIUTENS;

- [PUOPUTETHAs pean3alusi MEKKOHTUHEHTAIbHOM MaJbHOCTH CTpENbObl Ha MOPCKOM
pakeTe U acTpOKOPPEKINH MoJETa Ha 00EBOH pakeTe;

- 3aBOJICKas 3allpaBKa pakeT KOMIIOHEHTaMHU TOIUIMBA C aMIlyJu3anueidl 0akoB CBapKoOM;
AKCIUTyaTalus Ha (pJoTax 3ampaBlIEHHBIX PAKET;

- co3gaHue mManorabaputHoil myckoBoi yctaHoBkH (10-15% oT cTapToBOil Macchl pakeThl) C
PE3MHOMETAIUIMYECKUMH aMOPTHU3aTOPaMH M C Pa3MEIIEHUEM 3JIEMEHTOB IYCKOBBIX CHUCTEM
Ha paKere;

- aBTOMAaTHU3alldsd MPOIECCOB AKCIUTyaTallMd, IpPEeICTapTOBOM MOJITOTOBKM U 3aJIIOBOM
CTpesibObl MHOTOKPATHOT'O YBEJIMYEHHOTO0 OOEKOMILIEKTa paKeT Ha JIOJIKE;

- IPUOPUTETHAS peau3alus IMYCKOB U3 OKOJIOMOJIOCHBIX HIMPOT APKTHKH, BCEIOTOJIHOCTH
MOJIBOJHOIO CTapTa, HAJABOJHOTO M IIOABOJHOTO CTapTOB HAa OIJHOM pakeTe, a TaKke
KacceTHOM (TpEXO0JIOUHOM) paznenstonieiics roJloBHOM yacTu ¢ 0oe3apsiiaMu Majoro Kijacca
MOII[HOCTH.

[lepeunciennble pe3yibTaThl OCHOBAHbI Ha COBOKYITHOCTU CHCTEMHBIX HayYHO-TEXHHUYECKHUX
pELIEHNH, a TaKXXe OpPraHU3alMOHHBIX JOCTH)KEHHH MHOTOTBICSIYHBIX KOHCTPYKTOPCKHX M
HAyYHO-UCCIIEIOBAaTEIbCKUX  KOJUIEKTHBOB, pykoBogumbix A.M. HcaeBsiM, H.A.
CemuxatoBbiM, E.W. 3a6abaxunbiM, S.A. XerarypossiM, B.H. ConoBrséBbiM, Bo rnaBe ¢ Kb
MammHocTpoenus (HpiHe AQO «I'PIl MakeeBa»), Bo3rmaBmsembiM B.I1. MakeeBbiM, B
coapyxectse ¢ «JIIIMb «Py6un», ¢ oTpacieBbIMU HHCTUTYTaMU U HHCTUTYyTamMu BM®.
HckmounTenbHo OONbIION BKJIaJ B CTAaHOBJIEHHWE MOPCKOIO pPaKETOCTPOEHHUS, B JEJI0
COBEPUICHCTBOBAHUS OTEUYECTBEHHBIX MOPCKHX PAaKET BHECIO COBMECTHOE PEBOJIIOLMOHHOE
pelIeHNne ABUTATEIbHOIO U PAKETHOIO KOHCTPYKTOPCKHX OHOPO O pa3MEIleHMHM MapIleBbIX
JIBUTaTeNlell B TOIUIMBHBIX Oakax pakeT. B Hawyanme 60-x rr. 3To OBIJIO MHOHEPCKOE pellIeHue,
HU pa3y HE IPUMEHSBIIEECS B MUPOBOM paKeTOCTpoeHUH. [IoiTh Ha Takol HETpaauIIMOHHBIN
1ar MOTJIM TOJIBKO TaKHME BbIAAOLIMECS KOHCTPYKTOphl, kak A.M. Hcaes u B.I1. Makees. Ho
MMEHHO 3TO PEILIEHUE O3BOJUIO BO BTOPOM MOKOJIEHUU TOCTUYD HY>KHOTO YPOBHS TAaKTHUKO-
TEXHUYECKUX  XApPaKTEpUCTHK, HEOOXOJUMOM  MalorabapuTHOCTH  pakeT, a Io
MEXKOHTUHEHTAIbHON JAJIbHOCTU CTPENbOBI ONEpeUTh 3apyOekHbIE aHAJIOTH U, TEM CaMbIM,
CKOMIIEHCHPOBATh 0COOEHHOCTHU HAIIIETO BOCHHO-TEOrpauuecKoro MmoJ0KeHHs.
HeoOxonumplii ¥ BecbMa 3HAUMTENbHBIA CKAa4OK ObUI chenaH B OOpPTOBBIX CHCTEMax
yIpaBJIeHUs: MIpUMEHEHHE U(PPOBOI BEIYUCIUTENFHON TEXHUKH, THPOCTAOMIM3UPOBAHHBIX
mw1aTGopM M acTPOKOPPEKIMH MOJETa MEKKOHTHHEHTAIbHOM pakeTbl peanu3zoBaHbl H.A.
CemuxatoBbiM u B.II. MakeeBbIM B COJIPYXECTBE C TIJIaBHBIMH KOHCTPYKTOpamH
ruporuiarpopm B.M. KyszuenossiM, H.A. [lnatoruasiM U KopaOenbHBIX BBIUMCIUTEIbHBIX
cucreM S.A. XerarypoBeiM. be3 actpokoppekumu (pykoBoauTelb — paboT 1O
actpousupymwomiemy ycrpoiictesy B.A. Xpycranés, CKb-1, IIKb «I'eodpusuka») mnpu
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UMEIOIIUXCA OIIMOKaxX HAaBUTallMOHHOIO OOECNEYeHUs MOJBOJIHBIX JIOJOK, OTKJIOHEHUs
00eBBIX 0JOKOB OT TOYEK MPULIETUBAHUS COCTABUIIN ObI HECKOJIBKO JIECATKOB KUIOMETPOB.
KapaunanpHOe ynydllleHHe BOMCKOBOM JKCIULyaTallMM MOPCKUX PAaKeT 3a CUET UCKIIOYCHUS
XpaHWIUII KOMIIOHEHTOB TOILJIMBA M CPEJCTB 3allPpaBKH PakeT M3 cocTaBa (IOTCKUX 0a3 U
orepauuil MOBBIIEHHON ONACHOCTH U3 CXEMBbl ITPOXOXKICHUS PAKET IPUBEIU K YBEIUYECHUIO
BO3MMBIX, a TaKyKe€ Orpy304HbIX Macc pakeT. ['aBHbIM KoHCTpykTOpoM B.II. ConoBbEBBIM B
conpyxkectBe ¢ B.II. MakeessiMm u HWU Boopyxkenus BM®D, pykoBOIUMBIM BHIIE-
aamupanoMm H.U. BopaBeHKOBBIM, ObUIM OTpaOOTaHBI M BHEAPEHBI MAPIIPYTHI MPOXOKIACHUS
Oonee TKENBIX pakeT OT 3aBOJOB-U3TOTOBUTENEH [0 MOJIBOAHBIX JIOJOK C Y4€TOM
WCIBITAHUN M IUTAaTHOM 3KCIUIyaTallUM B YCJIOBUSX apceHaloB, 0a3 W noinuroHos BM®.
Co3naHHble M pa3BEpHYTbIE KOMIUIEKCHl Ha3€MHOI'O 00OpYIOBaHMS U CPEICTBA HOTPY3KU
o0ecrieunBarOT KpYIJIOTOJUYHYIO IOIPY3KYy pakeT Ha IMOABOJHYIO JIOAKY B CIIOXHBIX
IIOT'0/THO,-BETPO,-BOJIHOBBIX YCIIOBHsIX O0a3upoBanus Ha CeBepHOM U THX00KeaHCKOM (hioTax.
3ameTHbIi BKIan B noctwxkenus Ha BPILJI Broporo mokosienus BHeCEH OOCBBIMU OJIOKaMH.
OCHOBHOE HalpaBJIEHUE COBEPIICHCTBOBAHUSA OJOKOB - pajJuKajIbHOE YMEHbIICHHE
MaccOra0apuUTHBIX XapaKTePUCTUK MOHOOJIOKOB TIOBBIIEHHOTO KJacca MOIIHOCTH -
peann3oBaHo B KOHCTpyKuuu kopiycoB (B.I1. Makees), B 6oe3apsanax (BHUND®D, nayunsrit
pyxoBogutens FO.b. Xaputon), B cnendoenpunace (BHUUT®, nayunsiii pykoBoaurens E.U.
3ababaxuH); KpoMe TOro, pa3paboTaH mepBblii oOpasenr 60eBoro 0Ojoka Majoro Kiacca
momHoctu (B.II. Maxkees, E.M. 3ababaxuH), ucnosb30BaHHbI B Tpé€xOmounoit PI'Y
KacceTHOro tuma. IlocieqHum U3 yKa3aHHOTO CO3/1aH NEPBOHAYAJIBHBIM TEXHUYECKHUH 3a1ei
JUTSL peaTn3aii BBICOKOCKOPOCTHBIX OOEBBIX OJIOKOB MaJIOTO U CPEAHETO KIIACCOB MOIIHOCTH
U1t PT'Y MOpPCKUX pakeT TPEThEro MOKOJICHUS.

HCKTIOYNTENBbHO BaXXKHYIO pOJIb B HMCIOJIb30BAaHMM HOBOI'O YPOBHS TaKTHKO-TEXHMUYECKUX
XapaKTEepUCTHK CHITPaIM BOMPOCHl oOecreyeHus HKCIulyataiuu U npumeHeHus BPILJL
VYBenuueHHbI OOEKOMILJIEKT paKeT Ha JIOJKE, COKpalIEHHOE BpeMs MpeAcTapTOBOM
HOJArOTOBKH, MHOTOBapUaHTHbIE OOEBbIE 33/1aHUS paKeTaM IpPHU IUIaHETapHOU J0CITaeMOCTH,
3ajamoBasi  cTpenbba ¢ MalbIM  HMHTEPBAJIOM, MOCTOSHHOJEHCTBYIOIIME  BOMIPOCHI
6e30macHOCTH... Bce 3T0 0HO3HAYHO MOTPeOOBAJIO MPAKTHUECKH MOJHON aBTOMAaTH3alUU
MPOLIECCOB JKCIUTyaTallMM, a TakXe IUIAHWPOBAHMSI M BblAAuu OOEBBIX 3aJaHUil ¢ y4éToM
JTAIbHOCTH CTPEbObI U pailoHOB 00€BOro MmaTpyaupoBaHMs. 3ajaya aBTOMATU3AILMK pElIeHa
npu pa3paboTke (PyHKIHMOHAJIBHBIX OOBEIMHEHUI: pPAaKETHO-CTapTOBOM CHUCTEMBI; CUCTEM
MOBCEHEBHOTO, MPEACTAPTOBOIO U MOCIECTAPTOBOrO OOCITYKUBAHMSI; COBOKYITHOCTH CHUCTEM
yIOpaBiIEHUS] PAKETHBIM OpYyKHEM; KOpabelbHOro OO0EBOr0 CTApTOBOIO  KOMILIEKCA.
Opranuzanys B3aUMOAECUCTBUS CHUCTEM PAKETbl M PAKETHOIO KOMIUIEKCA, a TaKkKe HX
pa3paboTUMKOB, pallMOHAIBHOE paclpeiesieHue PelaeMbIX 3a/1a4 10 CUCTEMaM, BXOSAIINM B
(GyHKUMOHATIbHBIE  OOBEIMHEHMs, BBIJCNCHHE HOBBIX  COCTABISAIOUIMX M HOBBIX
cucTeMooOpasyromux mpodieM, HazeMHas 0TpaboTka PYHKIIMOHAIBHBIX OOBEIUHEHUN U UX
COCTAaBIAIOLIMX CTalM OAHMM M3 TJaBHBIX HampasieHui nesrenbHoctd B.II. MakeeBa u
pykoBogumoro uMm Kb mammuoctpoenus. Pemenne oOmux u psnma dactHbIx 3amad B.IL
MakeeB Opan Ha cebs (IyckoBas yCTaHOBKa, ammapaTypa YHpaBieHHUs KopaOeslbHbIMU
cucTeMaMu OOCIYyXUBaHUs, cUCTEMa TeJIeU3MEepeHU U T.1.). Pelienus Apyrux cTaHOBUIIOCH
JIeIOM TOJIOBHBIX pa3paborunkoB cuctemsl ynpasienuss (H.A. CemuxaroB), cucrem
nonoaHor Jonku (C.H. Koanés), kopaOeiabHBIX BBIUHUCIUTENBHBIX cucteM (S.A.
XerarypoB). Bce 3T Bompochl M 3aja4uM peryisipHo oOcyxjanuck Ha CoBeTax TJIaBHBIX
KOHCTPYKTOPOB, UAeH O pabore U cTuib paboTsl kotoporo B.II. MakeeB 3aumMcTBOBan y
coero yuurens C.I1. Koponésa. MTorom Ttakoil opranuzanuu pabOT CTaIU JOCTHXKEHHE
BBICOKMX TAaKTHMKO-TEXHMYECKHUX M DKCIUIyaTallMOHHBIX CBOMCTB CTPATErMYECKOIO0 MOPCKOTO
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OpYXHs, TOATBEPKICHHOE MHOTOJICTHUMH cpokamu ciry>k0b1 BPITJI Broporo nokosnenus - P-
27(PCM-25) u P-29 (PCM-40).

Pa3BepThiBaHue Tperbero mnokosieHus oredecTBeHHbIX BPIIJI 3aBepumimino koamdyecTBEHHOE
(dbopMUPOBaHHE MOPCKHX CTPATETHYECKHX SACPHBIX cui. ['maBHas ocobeHHOCTHh 3Tux BPILJI
3aKJIK0YACTCS B OCHAILCHMM HX PA3IACISIIOUIMMUCSA TOJOBHBIMM YaCTAMM [PU COXPAaHEHUU
MEXKOHTHHCHTAIBHON JTATBHOCTH CTPENbOBbl (Y aMEpPHKAaHCKUX aHAJIOrOB <3epKallbHAs»
OCOOEHHOCTh - JOCTHDKCHHE MEKKOHTHMHCHTAJIbHOW JallbHOCTH CTpensOsl y BPILJT ¢
paszessIomeicsl ToJOBHOM YacThio). Pe3ynbrar Takoro pasBUTHS - MapUTET B OOEBBIX
CBOMCTBaxX OTEUECTBEHHBIX U 3apyOexxHbix bPIIJI.

Ha tperpem mokosieHun BrepBbie Obla pa3paboTaHa, IpUHATA HA BOOPYKEHHUE U pa3BepHYTa
tBepaotoriuBHas BPILJI P-39 ¢ nHeoOxomumbiMu cBoiictBamu: PI'U ¢ nmecsthio Onokamu
Majoro Kijacca MOIIHOCTH, MEXKKOHTHHEHTAJIbHAS HaJIbHOCTh W YIYYIICHHAsh TOYHOCTH
CTpenbObl, yBenudeHHbIH A0 20 enuHul] OOCKOMIUIEKT Ha MOJBOAHOM jojake. s 3Toit
pPakKeThl CO3/1aHa OPUTHHAJIbHAs [yCKOBasi YCTAaHOBKA, OJHOCTHIO pa3MelIEHHAsl HA pakeTe U
cOpaceiBacMasi Ha Ha4aJbHOM ydacTke moisera. Pa3zpabotka TBEpmotorumsHou BPILJI P-39
(PCM-52) 6puta moacTpaxoBaHa CO3/IaHUEM B KpaTdaiiime cpoku kuakoctaor BPIIJT P-29P
(PCM-50), craBiieii riryboKoi MoepHH3aNKeH pakeThl Broporo mokosenus P-29 (PCM-40)
U JaBIIEH MPUOPUTET OTEUECTBEHHBIM MeEKKOHTMHEeHTanbHbIM BPIIJI ¢ PI'Y (ma pakxerte
pearn30BaHbl TPU TUMA TOJOBHBIX yacTeil ¢ 1, 3 u 7 OGoeBbiMu Onokamu). Kpome Toro,
BBINOJIHEHA TTOJIHOMACIITaOHas pa3paboTka Hambonee coBepuieHHoi BPITJI P-29PM (PCM-
54) - PTY ¢ 10 u 4 Goebimu Onokamu. C 1986 r. Bemach Takke MOJHOMACIITAOHAS
pazpaborka BPILI P-39YTTX (PCM-52, Bapuanr). [Ipeanonaranocs 3Ty pakeTy OCHAmaTh
8-6mounoit PI'Y (cpemHero kiacca MOIIHOCTH) aHAJOTHYHO Hanboyiee COBEPIICHHOMY
3apybexHoMmy aHaiory «TpaitnmeHT-2». Pa3paboTka OCTaHOBJICHA Ha JTale COBMECTHBIX
nE€THBIX UctibiTanuid B 1997 1. (mpu roroBHOcTH 73%) 1 nipekpaiieHa B 1999 roxy.
XapaktepHoit ocobenHocTeio BPIIJI Tperbero mokoyieHHs SIBISETCS CO3/aHHE B pPakeTe, B
CHUCTEMax pakeTbl M CHUCTEMAX PAKETHOrO KOMIUIEKCA aJalTHUBHO-MOIYJIbHBIX CBOWCTB M
MOJIEpPHU3ALIMOHHBIX 3allacoOB; BAapUAaHTHOCTb TOJIOBHBIX YacTe IO KOJWYECTBY OJIOKOB,
BapHAHTHOCTh OOEBBIX OJIOKOB OJHOTO KJlacca MOIIHOCTH, BapUaHTHOCTh OCHAIIECHUS
CpeICTBaMU  MPOTHUBOJACUCTBUS  MPOTHBOPAKETHOW  0OOpPOHE, BApUAHTHOCTH  THUIIOB
TPAeKTOPUI TOJETa, BAPUAHTHOCTh PEKUMOB DPAOOTHI CHUCTEMBI YIPABJICHHS, YIyYIlICHUE
TOYHOCTH CTPEJIbOBI ISl KQXKJI0TO U3 PEKMMOB, MOHOTOBaPUAHTHOCTh OOEBBIX 3aJaHUM s
pakeTsl W ans 3anna (OOEKOMIUIEKTa) pakeT, MHOTOBapUaHTHOCTb pa3BeleHUs OOEBBIX
0JIOKOB Ha WHIWBUIyaJIbHbIC TOYKU TPUIIETUBAHMUS B 30HAX IMPOU3BOJIBHON (HOPMBI U C
MEPEMEHHOI PHEProo0ecrneYeHHOCThIO, BAPHAHTHOCTh MMOCTPOEHHUS OOEBBIX MOPSIKOB 3alla
paKeT Ha aKTUBHOM Yy4YacTKe Moyi€Ta W OOeBbIX OJIOKOB pakeThl HAa MAaCCHUBHOM Y4YacTKe, a
TaKKe MpHU MOAXO0AE K IEeNH U T.J., U T.II.

[lepeunciieHHblE aalITUBHO-MOJYJbHBIE CBOWCTBA YaCTUYHO pPEATU30BaHbl B  IISITH
BapuaHTtax paketsl PCM-50, B 1Byx BapuanTax pakersl PCM-52 1 B siTH BapuaHTax paKkeThbl
PCM-54, nmpusATBHIX Ha BOOpY)KeHHE. [[pyrue BapuaHTHBIE CBOMCTBA HMCHOJIB3YIOTCS INpHU
TUTAHUPOBAHUH OOEBBIX 3a/JaHUM, KOPPEKTUPOBKE M CMEHE OOEBBIX 3a/laHUH, TIPH MOJTOTOBKE
K cTapTy W B monére (moclieHee MO MPU3HAKaM, 3aJI0KEHHBIM B 3aJaHUU, JIMOO M0
aIropuTMaM, peaNn30BaHHBIM B OOpPTOBOM cucrteme ympaBieHus). [lpm 3ToM Ha
paKeToHOCIaX O00EeCTeunBaeTCsl OJHOBPEMEHHOE HCIIOJIb30BAHHE BCEX BAapHUAHTOB PAaKeT, B
JTH000M COYETaHMH.

Peamu3anuss HOBEHMIIMX  KOHCTPYKTOPCKHX MJEH, OIlepexarolmas TEeXHOJIOTHYeCKast
MIOATOTOBKA M TEXHUYECKOE IEPEOCHAIEHNE IPOU3BOJACTBA, BHEAPEHHE INPUHUMUIINAIBHO
HOBBIX CXEMHBIX, KOHCTPYKTHBHBIX M MAaTepUalIOBEIUECKHX pEHIeHHH NpHU pazpadboTke,

150



I'enepanbubiil koHCTpYKTOp Bukrop IlerpoBuy Makees

M3TOTOBJIEHUM U MCIBITAHUM PAKETHBIX KOMILJIEKCOB B MHTepecax BoenHo-Mopckoro ®diora
OBLJIO BO3MOJKHBIM, OJylarojaps pa3BETBICHHOM KOOIEpallMM Hay4YHO-UCCIIEI0BATENbCKUX
MHCTUTYTOB, KOHCTPYKTOPCKUX OIOpO, 3aBOJIOB-U3TOTOBUTENEH, UCIIBITATEIBHBIX TTOJIUTOHOB,
KOTOpBIE c(hOpMUPOBAINCH IO pyKoBoacTBOM B.I1. MakeeBa.

B.Il. MakeeB ObUl HpPU3HAHHBIM JIUAEPOM CPEAM PYKOBOAMTEIEH OrPOMHOI KOONepamuu
pa3pabOTYUKOB CUCTEM KoMILIekcoB. O6sanas NpuUpoaHOM MHTyHLMed U Oepsi OCHOBHYIO
TSKECTh OTBETCTBEHHOCTH Ha ce0s, BukTtop IlerpoBud cBOMM IprMepOM MOAHUMAI OOJIbIINE
KOJUIEKTHBBl Ha PEIICHHE CJIOXKHBIX HAYYHO-TEXHHYECKUX 3a1ad IIPU CO3JaHUU MOPCKUX
paKeTHBIX KOMIUIEKCOB. OTeuecTBEHHas: IIKOJIA MOPCKOIO PAKETOCTPOEHHS, CO3AATEIEM U
pykoBogutesneM Koropou cran B.II. MakeeB, nocturia MHpOBOTO IPUOPHUTETa B psfe
TAKTUKO-TEXHUYECKUX XapaKTEPUCTUK M KOHCTPYKTHMBHO-KOMIIOHOBOYHBIX PEIICHUI IIO
pakeraM, cHCTEMaM YIpPAaBICHMs, CTapTOBBIM cHCTeMaM, oOOecHeumsiIa OpraHu3alHio U
COINPOBOXKACHUE CEPUHHOIO IIPOM3BOJACTBA M DIKCIUIyaTallUU CTPATETUYECKUX MOPCKHUX
PaKEeTHBIX KOMILJIEKCOB Ha (hyioTax.

Benukn 3aciyru TeHEpaJbHOIO KOHCTpPYKTOpa, akazgemuka B.II. Makeea B co3naHuu
YHUKAJbHONH OpraHu3andd OOOPOHHOH INPOMBIIUICHHOCTH CTpaHbl - | OCymapcTBEHHOTO
PaKeTHOTO MEHTpa, HBIHE HOCSIIEro €ro MMs. OTO MOXKHO OLEHHTh M IO MacmTaly
MOCTaBJIEHHBIX U BbINOJHEHHBIX ['PL] 3ama4, 1 mo ypOBHIO TEXHUYECKUX pa3pabOTOK, U IO
peau3aly CMEJbIX 110 3aMbICITy IPOEKTOB.

Bcé, uro cnenano Buktopom IlerpoBuuem MakeeBbIM — 3TO Li€las 310Xa B PAa3BUTHU U
CTaHOBJICHUM OTEUYECTBEHHOTO MOPCKOTO paKETOCTPOCHUs. UYUTOOBI «HOTHATHY TaKoe
HalpaBJIEHUE U TIOCTAaBUTh €ro Ha CIyxkO0y OOOpOHBI CTpaHbl KaK OJHO W3 TJaBHBIX B
CTpaTEernuecKux SAEPHBIX CUIIaX, Ha/l0 UMETh TaJaHT Y4€HOI 0, H300peTaTensi, KOHCTPYKTOopa,
opranuszatopa. Bcem stum Bukrop IlerpoBuu MakeeB oGnajgan crnojiHa M HCHOJIb30Bal B
CBOEH JEATEIBHOCTH.

B coBpemennbix ycnoBusix AO «I'PLI MakeeBa» mnpu pa3paboTKe NEPCHEKTUBHBIX U
MOJIEPHU3ALMN CYILECTBYIOUIMX PAKETHBIX KOMIUJIEKCOB CTPAaTETMYECKOr0 Ha3HAYCHUS
pelaeT HOBBIE 3aJaud, OOECleUYMBAIONIUE IMOBbIMIEHHE 3(()EKTUBHOCTH NPUMEHEHUS U
COXpaHEeHMsI cTparerndyeckoro mnaputera Poccuu, BBINOJMHSAET (QyHAaMEHTaIbHbIE Hay4HO-
UCCIIEIOBATEeIbCKUE UM ONBITHO-KOHCTPYKTOPCKME pa3paboTku 1o ['ocynapcTBeHHON
IIpOrpaMMe€ BOOPY)KEHHs B HHTEpecax PakeTHbIX BOWCK CTPAaTETMYECKOTO Ha3HAYCHMSI U
Boenno-Mopckoro ®iiora.

C 1999 r. komnexktuB AO «['PLl MakeeBa» pa3pabaTbiBajl pPaKeTHbIE KOMIUIEKCHI C
NEepCHEeKTUBHBIM 00eBbIM ocHameHneM («Cranius», «CtaHuus-2»). B TedeHne HecKoIbKUX
Jer ObUla TpOBEAEHAa 3aMeHa OOEBOr0 OCHAIICHHsS Ha HOBOE, CO3JJaHHOE Y PalbCKOU
koornepanueit pazpadorunkos ['PIl 1 BHUUT®, monepHU3MpOBaHbI HE TOIBKO Y3JIbI PaKeTHl,
HO U arperaTbl HA3eMHOTO 000PYI0BaHMs, CUCTEMBI NTOABOAHBIX J1010K. Kommiekc /[-OPMV 1
¢ pakeroil P-29PMV1 «Cranuus» npunAtr Ha Boopyxenue BM® B 2002 roxy. B 2003 r.
OKP «Cranmus» Obuta ormeueHa ['ocymapcTBeHHoM mnpemueir PO B obmacT Hayku H
TexHuku. [lpu3HaHo, YTO HOBOe OOEBOE OCHAIIEHHE, paKkeTa W PAKETHBIM KOMIUIEKC I10
TEXHUUYECKHUM MTOKA3aTeNsIM MMPEBOCXOAT JTyUlllne 3apyOeKHbIe aHAJIOTH.

B obecneuenne mnponsieHHs CpPOKOB dKcIulyaTanuu pakersl P-29PKVY-01 B ombITHO-
KOHCTPYKTOpCKOM paboTe «CtaHIuA-2» Oblla peain30BaHA BO3MOXKHOCTH IEPEOCHAIICHHS
pakeTbl 00EBBIMU OJIOKaMH MOBBITIICHHOW d()PEKTUBHOCTH U OE30MACHOCTH ¢ MUHUMAJIbHBIM
00bEMOM JTOpPaOOTOK PAKEThl M CHCTEM KOMIUIEKca (IOCiie MepeocHaleHus: — pakera P-
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29PKV-02 «Cranuus-2»). I'maBusiii pesynbrar OKP  «Cranuus-2», NOATBEPKACHHBIN
JAETHBIMUA WUCTBITAHUSAMH, a TaKXkKe IpoJuleHueM cpoka ciyx0bl paker B OKP «llakty —
o0OecrieyeHUEe yBEJIMYEHHOrOo cpoka 3kcmiyarauuun Ceepo-BocTouHoll TpynnupoBKU
MoABOAHBIX J0JI0K npoekta 667b/1P no 2015-2017 rogos. Kommiekc -9PKVY-02 ¢ pakeroit
P-29PKVY-02 «Cranuus-2» npusat Ha Boopyxenue BM® B nexabpe 2006 rona.

B 2007 r. na Boopyxxenue BM® cnan paketnbiii koMiuieke J-9PMVY?2 ¢ pakeroii P-29PMVY?2
«CuneBay. Pakera P-29PMV2 ocHamiena 60eBbIMH OJIOKaMH CPEHETO KJIacca MOITHOCTH U
CpeACTBaMHU IPOTUBOJAEHCTBHSI IPOTHUBOPAKETHOW 0OOpoHE, B OOPTOBOM ammaparype
CHUCTEMBl YIpPAaBICHMs NpPHUMEHEHa HoBas (poccuiickas) »JJleMeHTHas 0a3a, a TaKkxke
UCIIOJIb30BaHO KOMIUIEKCHPOBAaHUE MPUOOPOB, 3JIEMEHTOB U aJITOPUTMOB CUCTEM YIIPaBJICHUS
paker P-39YTTX u P-29PMVY. Pakera P-29PMVY2 «CuneBa» 00JagaeT HaWBBICIIUM
SHEPrOBECOBBIM COBEPIIEHCTBOM CpEIM OTEUECTBEHHBIX M 3apyOEKHBIX MOPCKUX H
CYXOIIYyTHBIX CTPAaTErMUYECKUX PAKET U UMEET psJ HOBBIX KAaueCTB: yBEIIMYCHHBIE PAa3MEPBI
KPYroBOM M IPOU3BOJILHOW 30H pa3BeJeHHUsT OOEBBIX OJIOKOB, NMPUMEHEHHE HACTUIIBHBIX
TPaeKTOpUH BO BCEM [JHala3oHEe JalbHOCTEH CTpesibObl B aCTPOMHEPLUAIBHOM U B
acTpopaguouHepIUaIbHOM (Ipu Koppekuuu 1o cinytHukam cucremsl [ JIOHACC) pexumax
paboTel cuctembl ynpasieHus. [loTeHIMal M BBICOKME SHEPreTHYECKHE BO3MOXKHOCTHU
paketsl «CuHEeBa» ObUTM TIPOJEeMOHCTpHpoBaHbl B 2008 T. MyCKOM Ha JalbHOCTH CTPEIhObBI
6omee 11,5 Teic. KM 10 6OEBOMY ITOJIIO0 B aKBaTOPHH THUXOTO OKEaHa.

B 2014 r. cnan Ha BOOpYKE€HHE MOPCKOW pakeTHbld Komruiekc J[-9PMVY2.1 ¢ pakeroit P-
29PMV2.1 «JlaiiHep». 3a cueT peanu3aluy aJalTUBHO-MOJYJIbHBIX BO3MOXHOCTEH pakeT
«CHHeBay» BBITNIOJIHEHA ONBITHO-KOHCTPYKTOPCKask pa3paboTKa 10 OCHAILEHHIO paKeThl BTOPOH
00€BOIl KOMIUIEKTHOCTBIO — JIECAThIO OOEBBIMU OJIOKAMU MaJIoro Kjacca MOUIHOCTH. Pakere
npucBoeH uHAekc P-29PMV2.1 u HammenoBanue «JlaiiHep». Pakersl «JlaiiHep» Moryt
OCHAIIAThCSl JECAThIO OOEBBIMU OJIOKAMH MaJIOT0 KJlacca MOIIHOCTH CO CpEICTBaMU
npotusozeiictBus [1PO, 1100 BocemMbro 00eBbIMHU OJ0KaMHU TaKOTO ke KJlacca ¢ YCUIEHHBIMU
CpPEICTBAaMHU TPOTUBOJACHCTBUS, JHMOO UYETHIpbMs OOEBBIMM OJIOKAMU CpEAHEro Kjacca
MOIIIHOCTH co cpeacTtBamu nportusozeiicteus I[IPO. Kpome toro, pakers! «JlaiiHep» moryt
HECTH CMEIIAHHYI0 KOMIUIEKTAllUI0 OOEBbIX OJIOKOB pa3HOro kjaacca MmomHocTtu.B 2014r.
MOpCKOHM pakeTHbI Komiuiekc [[-OPMVY2.1 ¢ pakeroir P-29PMV?2.1 «Jlailinep» npuHAT Ha
BoopyxkeHue Boenno-Mopckoro ®@nota Poccun.

Pakersi«CuneBa» u «JlaiiHEp» MO »HEProMaccoBOMY COBEPLIEHCTBY IIPEBOCXOIAT BCE
COBpEMEHHbIE TBEpJOTOIUIMBHBIE CTpaTeruueckue paketsl Bemnkoobpuranuu, Kuras, Poccun,
Coenunénnpix IltatoB u @panimun, a 1o OO0EBOMY OCHAICHHIO HE YCTYMAIOT
yeTbIpéxOnounomy (B ycnoBusix CHB-3) amepukanckomy «Tpaiinenty-2». Pakersr «CuneBa»
u «JlaiiHep» B COBpPEMEHHBIX YCIOBHAX o0ecreunBaoT Hamuuue y Poccunm Mopckux
CTPaTEerMuecKux SIIEPHBIX CUJI C Pa3IWYHBIMU KOMIUIEKTAUsSMU OOEBOTO0 OCHALLEHUS H
KoMIuIekcamu cpencts npeogoaenus 11PO no 2025-2030 ronos.

B cootBerctBum ¢ IlocranoBnenuem I[IpaBurensctBa PO «O TN'ocymapcTBeHHOM 0OOPOHHOM
3akasze Ha 2010 rog u ranossIit nepuos 2012-2013 rr.» AO «I'PL] MakeeBa» mpucTynuiIo K
pa3paboTke CTPaTEerMyeckoro  pPaKkeTHOIo KOMIUIEKCAa  Ha3eMHOI0 IIaXTHOTO
6asupoBanusi(OKP «Capmary). IlepcrieKTUBHBIA pPAKETHBIH KOMIUIEKC CTpPaTerH4yecKoro
Ha3zHayeHus: «CapMar» co3AaeTcs B LENsIX rapaHTHPOBAHHOTO U 3(P(EKTUBHOTO BBITTOJIHEHUS
3aJa4 CIEPKUBAHU CTpaTernyeckuMH siepHbiMu cuiamu Pocecun 1o 2050-2060 roos.
HoBble 3amaun mno QopMupoBaHHIO OO0JMKA CTPaTErMYECKUX SAEPHBIX CUJI  BHOBb
NOATBEP)KIAIOT BBICOKUN HAyYHO-TEXHUYECKHI MOTEHLUANT NPEINPUSTHS, €r0 aBTOPUTET
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General Designer Victor Petrovich Makeyev

Founder of National School of submarine-launched missile building, Twice Hero of Socialist
Labour, Laureate of Lenin's and State Prizes

V.G. Degtiar, R. N. Kanin

Joint Stock Company "Academician V.P. Makeyev State Rocket Centre"
Turgoyakskoye Shosse, 1, Miass, 456320, Russia

On October 25th, 2014 90 years have past since birthday of academician Victor Petrovich
Makeyev, an outstanding scientist and a master public figure, an originator of domestic school
of submarine-launched missile building, General Designer of the Navy strategic complexes
with the Submarine-Launched Ballistic Missiles.

He started his labour way in 1939 as a drawer at an aviation plant. In war time, in 1942, being
evacuated, he entered a distant branch of Kazan Aviation Institute. Upon leaving Moscow
Aviation Institute in 1947 he was commanded to the famous OKB-1 led by S.P. Korolev. This
acquaintance and further joint work with Sergey Pavlovich decided the fate of the young
engineer. Korolev appraised Makeyev's creative and organizational abilities and in 1952
appointed him a leading engineer of a new missile developed by OKB-1, and in 1955
recommended Victor Petrovich for Chief Designer of a newly established specialized design
bureau SKB-385 (later on Design Bureau of Machine Building) in the Urals, which soon was
entrusted with the development of an important and independent field in the rocketry -
Submarine-Launched Ballistic Missiles (SLBMs). All succeeding years he guided activities of
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the Design Bureau devoting his talent of an engineer, scientist, organizer to creating and
forming of the new field of the domestic missile building. Since that time the Design Bureau
of Machine Building has become a Russian leading research-and-design institution.

More than 30-year activity of V.P. Makeyev as the General Designer of the Design Bureau of
Machine Building, a head of cooperation of enterprises resulted in three generations of
strategic complexes of submarine-launched missiles as good as the foreign complexes for
basic parameters. The generations are featured by the following.

The first generation. Demonstration and start of deployment of strategic (nuclear) marine
weaponry of an intercontinental range. The first demonstration - launch of the R-11FM
SLBM in September 1955 from a submarine of the V611 project - was given practically at the
time of the appearance of an intercontinental bomber in the USSR (1955 as estimated by the
USA) and earlier than the first launch of the R-7 Intercontinental Ballistic Missile (IBM) in
1957. Both missiles were designed at OKB-1 headed by Chief Designer S.P. Korolev. SLBMs
of the first generation R-11F, R-13 and R-21 (the two last under development of the SKB-385
Chief Designer V.P. Makeyev) were placed aboard 28 diesel submarines of the AV611, 629,
629B projects under development of Chief Designer N.N. Isanin and 8 nuclear submarines of
project 658 under development of Chief Designer S.N. Kovalev built in 1957-1962 (totally
103 SLBMs).

The second generation. Met the SLBM strategical challenges and formed the marine
component of the country's Strategic Nuclear Forces (SNFs). The small-size missiles R-27
(middle firing range) and R-29 (intercontinental range) developed at SKB-385 (Design
Bureau of Machine Building) under development of Chief Designer V.P. Makeyev were
placed aboard 56 nuclear submarines of projects 667A, 667AU, 667B and 667BD under
development of Chief Designer S.N. Kovalev built in 1967-1977 (totally 824 SLBMs).

The third generation. The SLBM combat properties achieved nuclear-missile parity with the
United States, the country's marine SNFs were fully completed with partial implementation of
the solid-propelled SLBMs. The intercontinental SLBMs with multiple Reentry Vehicles
(RVs) R-29R, R-39 (solid-propelled) and R-29RM developed in V.P.Makeyev's Design
Bureau of Machine Building were placed aboard 27 nuclear submarines of projects 667BDR,
941 and 667BDRM under development of Chief Designer S.N. Kovalev (Leningrad Design
and Installation Bureau «Rubiny) built in 1978-1990.

Totally 8 SLBM basic configurations and their 16 modifications were made. Moreover, the R-
31 solid-propelled SLBM (Chief Designer P.A. Tyurin, CDB "Arsenal”) and self-guided R-
27K to hit surface targets (Chief Designer V.P. Makeyev) were developed, each of which
were in operation testing aboard one retrofitted submarine.

Not dwelling on SLBMs of the first generation, we would only mention that in their design
the bureau managed to find pioneer decisions to principal problems of ballistic
missile/submarine interaction (firing from a mobile swinging base, underwater launching) as
well as to establish a cooperation of industrial marine rocketeers and missile shipbuilders, to
start building the required Navy infrastructure. At the same time the underwater marine
started being nuclear and nuclear-missile. At this very period of selfless and to some degree
romantic development of the Russian rocketry each development became token and
foreground, when the foundation of the Russian rocket-and-space industry was laid down, the
foundation of distinctive and original submarine-launched missile building, that played an
important role in establishing of the effective marine component of the Russian strategic
nuclear forces, was created.

The second generation marked not only the formation of the Russian submarine-launched
missile building but the accomplishment of some qualitative priority results. Let's list basic
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technical decisions and results that became the backbone of our submarine-launched missile
building:

- one and two-stage small-size missiles with all-welded strong bodies of dense arrangement,
which engines were submerged in the fuel and oxidizer tanks;

- implementation of priority intercontinental firing range in the submarine-launched missile
and stellar monitoring in the missile flight;

- factory-made fueling and ampulization of tanks by welding; operation with fueled missiles
in fleets;

- making of a small-size launcher (10-15% of the missile take-off mass) with rubber-metal
shock absorbers with placement of some launcher elements aboard the missile;

- automated operation, pre-launch preparation and salvo firing of the largely increased units of
fire aboard the submarine;

- priority launching from the near-pole Arctic latitudes, all-weather readiness to launching,
above- and under-water launching of the missile, a cassette (three-unit) multiple warhead with
military loads of the low power class.

The listed results became achievable due to a combination of science-and-technical decisions
and organizational achievements of many-thousand staff of designers and researchers headed
by A.M. Isayev, N.A. Semikhatov, Ye.l. Zababakhin, Ya.A. Khetagurov, V.N. Solovyev
under the leadership of Design Bureau of Machine Building (now AO "Makeyev GRTs") led
by V.P. Makeyev in collaboration with LPMB "Rubin", branch-wise and Navy institutions.

A joint revolutionary decision on submergence of cruise engines in the missile fuel tanks
reached by design bureaus of engine and missile development made an exceptionally major
contribution to formation of the submarine-launched missile building, advancing of the
Russian submarine-launched missiles. By early 60s it was a pioneer decision never
implemented in the world's rocketry practice. Such a nontraditional step could be taken only
by the outstanding engineers like A.M. Isayev and V.P. Makeyev. And this very decision
permitted to reach the required combat characteristics in the second generation, the needed
small size of the missiles, and be ahead of the foreign analogues in the intercontinental firing
range, thus, to compensate peculiarities of our military and geographical situation.

The required and considerable leap was taken in the Onboard Control Systems (BCS) -
computational hardware, gyrostabilized platforms and stellar monitoring in the missile flight
were implemented by N.A. Semikhatov and V.P. Makeyev in collaboration with Chief
Designers of gyrostabilized platforms V.I Kuznetsov, N.A. Pilyugin and shipborne
computational systems Ya.A. Khetagurov. The warhead deviations from the target points
would be several tens of kilometers without stellar monitoring (manager of work on a star
sight was V.A. Khrustalev, SKB-1, CDB "Geofisika") with the existing errors in the
submarine navigation support system.

The cardinal improvements in maintenance of missiles in the Navy owing to elimination of
facilities for storage of fuel components and missile fueling from the Navy bases, operations
of higher hazard from the missile passage schemes resulted in the increased missile masses
for transportation and loading/unloading operations. Chief Designer V.P. Solovyev in
collaboration with V.P. Makeyev and the Navy Research Institute of Armory headed by Vice-
Admiral N.l. Boravenkov developed and implemented the passage schemes of heavier
missiles from manufacturing plants to submarines with due regards to testing and standard
operations in storage, the Navy bases and ranges. The available ground equipment complexes
and loading means allowed the twelve-month loading of the missiles into a submarine in
complicated weather, wind and wave conditions of bases in the North and Pacific fleets.

The warheads significantly contributed in the advanced SLBMs of the second generation. The
key direction of the warhead advancement - radical reduction in mass and size of the more
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powerful single warheads - was implemented in the body structures (V.P. Makeyev),
explosives (VNIIEF, principal investigator Yu.B. Khariton), special ammunition (VNIITF,
principal investigator Ye.l. Zababakhin). The first sample of a warhead of the low power class
(V.P. Makeyev, Ye.l. Zababakhin) used in three-unit cassette multiple RVs was developed.
The last of the mentioned formed the original technical groundwork for high-speed multiple
warheads of small and middle power classes of missiles of the third generation.

The problems of the SLBM maintenance and operation played an extremely important role in
attainment of the new level of combat characteristics. A largely increased number of units of
fire aboard a submarine, reduced time for the pre-launch preparation, various mission options
within the planetary reach, salvo firing at short time intervals, pressing safety issues - all these
with no doubt required to fully automate processes of operation, planning and issuing of
missions with account for the firing range and areas of combat patrolling. The automation
task was settled in the developed functional formations: a missile launch system; a system for
routine, pre-launch and after-launch operations; a combination of systems to control missile
armaments; a shipborne combat launch complex. One of the key activities of V.P. Makeyev
and his team was management of the interaction of the missile systems and complex,
cooperation of their designers, rational distribution of the tasks to be performed among
systems of the functional formation, display of new components and system forming
problems, ground qualification of the functional formations and their components.
V.P.Makeyev took upon himself finding out solutions for general and several separate issues
(a launcher, control equipment for shipborne service systems, a telemetry system, etc.). The
settlement of others was under responsibility of leading designers of control system (N.A.
Semikhatov), submarine systems (S.N. Kovalev), shipborne computational systems (Ya.A.
Khetagurov). The issues and tasks were regularly discussed in councils of Chief Designers
which style and manner of holding V.P. Makeyev borrowed from his teacher S.P. Korolev.
The outcome of the work management was the achieved high combat and operational
characteristics of strategic marine weaponry confirmed by many years of operation of the
SLBMs of the second generation - R-27(RSM-25) and R-29 (RSM-40).

Development of the third generation native SLBMs has completed the quantitative formation
of marine SNFs. The SLBMs were featured by multiple warheads with intercontinental firing
range (while the American analogs had the «mirror» singularity - their SLBM with a multiple
warhead had the intercontinental firing range). As the result, the SLBM combat properties
achieved nuclear-missile parity with the foreign ones.

For the third generation the solid-propelled R-39 SLBM with the following features was first
designed, put into service and deployed: multiple RV with 10 warheads of the low power
class with intercontinental range and higher firing accuracy, units of fire aboard the submarine
were increased up to 20. The missile was equipped with a newly designed complete original
launcher separated in the initial portion of flight. The developed solid-propelled R-39 (RSM-
52) SLBM was backed up by the development of the liquid-fueled R-29R (RSM-50) SLBM at
the earliest possible date. It became a radical modification of the R-29 (RSM-40) missile of
the second generation and set a priority to the native intercontinental SLBM with multiple
RVs (three types of RVs with 1, 3 and 7 warheads). The most efficient R-29RM (RSM-54)
SLBM - multiple RV with 10 and 4 warheads - was developed in full scale. Since 1986 the
R-39UTTKh (RSM-52) SLBM had been under the full scale development. The missile was
supposed to be equipped with an 8-warhead multiple RV (of middle power class) similar to
the most efficient foreign analog Trident-2. The development was brought to a stop at the
stage of flight qualification tests in 1997 (at 73% readiness) and ceased in 1999.

The liquid-fueled SLBMs of the third generation were featured by adaptive and module
properties, modernization reserves built into the missile, missile systems and systems of the
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missile complex; variance of RVs in the number of warheads, variance of warheads of one
power class, variance in the equipped penetration aids, variance in the flight trajectory types,
variance in work modes of the control system, advanced firing accuracy for each mode,
variance of missions for a missile and a salvo (units of fire) of missiles, different options for
deployment of warheads to individual points of aiming within an area of arbitrary shape of
variable power supply, variance in combat formation of a salvo of missiles in the active
portion of flight and warheads in the passive portion of flight and also when reaching a target,
etc.

The adaptive and module properties were partially implemented in five configurations of the
RSM-50, two configurations of the RSM-52 and five configurations of RSM-54 put into
service. Other variances were used in planning, correcting and replacement of missions, when
preparing for launch and in flight (the last is made in accordance with features of a mission or
algorithms embodied in the BCS). All missile configurations in any combination were
accommodated aboard a missile-carrier.

New design ideas, preparation of a leading technology, technical retooling of production
facilities, implementation of principally new lay-out, design and material science solutions in
development, production and testing of the missile complexes for the Navy became feasible
due to a branched cooperation of research institutes, design bureaus, manufacturing plants,
test ranges that was formed under supervision of V.P. Makeyev.

V.P. Makeyev was a recognized leader among heads of a vast cooperation of designers of the
complex systems. With his natural intuition and a strain to fall the whole burden to himself,
Victor Petrovich encouraged widespread teams in settlement of complicated science and
technical tasks for creation of submarine-launched strategic missile complexes by personal
example. The domestic school of submarine-launched missile building which leader and head
became V.P. Makeyev achieved the world priority in several combat characteristics and lay-
out decisions on missiles, control and launch systems and ensured setup and supervision of
serial production and operation of strategic complexes of the submarine-launched missiles in
fleets.

General Designer, academician V.P.Makeyev has performed great services for unique
formation of the Russian defense industry - the State Rocket Centre - that now bears his
name. One can estimate it both by the scale of the assigned and fulfilled tasks, the level of the
technical developments and realization of the bold projects.

All done by Victor Petrovich Makeyev is marked as an era in formation and development of
domestic submarine-launched missile building. One should have the talent of a scientist,
inventor, engineer, organizer to develop such a field and put it in service as chief in SNFs for
the country's defense. Victor Petrovich Makeyev possessed the talent in full and gave it to his
activities.

Nowadays, when developing the promising strategical missile complexes and upgrading the
existing ones, AO "Makeyev GRTs" have been settling a number of new tasks to more
efficiently use the missile complexes and maintain the strategical parity of Russia; performing
the fundamental R&D under the State program of weaponry for the strategical missile troops
and the Navy.

Since 1999 the staff of AO "Makeyev GRTs " have been developing the missile complexes
with advanced combat armory (the STANTSIA and STANTSIA-2). Within several years the
combat armory was replaced by the new one made by the Urals cooperation of designers at
GRTs and VNIITF; the missile assemblies, aggregates of the ground complex, submarine
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systems were upgraded. The D-9RMUL1 with the R-29RMU1 STANTSIA missile was put
into the Navy service in 2002. In 2003 the STANTSIA R&D got the State Prize on science
and technology. The new combat armory, the missile and its complex, was considered to
excel the best foreign analogs in engineering performance.

Under the framework of the STANTSIA-2 R&D pursuing the objective to prolong the R-
29RKU-01 operation time the missile was re-equipped with warheads of higher efficiency and
safety with minimum modifications in the missile and complex systems (upon modernization
— the R-29RKU-02 STANTSIA-2). The main result of the performed STANTSIA-2 R&D,
validated by the flight tests and prolongation of the missile operation times under the Pakt
R&D, lied in the increased operation time of the North-East of the submarine alignments of
the 667BDR project up to 2015-2017. The D-9RKU-02 complex with the R-29RKU-02
STANTSIA-2 missile was put into the Navy service in December 2006.

In 2007 the D-9RMU2 complex with the SINEVA R-29RMU2 missile was commissioned to
the Navy. The R-29RMU2 missile carries warheads of the middle power class and penetration
aids, the BCS equipment is based upon the new Russian hardware components, the BCS
instruments, elements and algorithms of the R-39UTTKh and R-29RMU missiles are united.
The SINEVA R-29RMU2 missile has the highest power-and-mass perfection among domestic
and foreign sea- and ground-based strategic missiles and a number of new qualities - enlarged
circular and arbitrary areas for deployment of warheads, flat trajectories for all firing ranges in
astro-inertial and astro-radio-inertial (if corrected with the GLONASS satellite system) modes
of the BCS operation. The SINEVA missile potential and high payload capabilities were
demonstrated when hitting a firing site in a firing range of no more than 11.5 thou km in the
Pacific Ocean waters in 2008.

In 2014 a sea-launched missile complex (D-9RMU2.1) with the LAINER missile (R-
29RMU2.1) went into service. Due to adaptive and module structure of the SINEVA missile
an R&D to complete the missile with the second combat complete set - ten warheads of the
low power class - became feasible. The missile was designated the R-29RMU2.1 index and
called the LAINER. The LAINER missiles can be equipped with 10 warheads of the low
power class and penetration aids or 8 warheads of the same power class with advanced
penetration aids or 4 warheads of the middle class with penetration aids. Moreover, the
LAINER missiles can carry a mixed complete set of warheads of different power class. In
2014 the D-9RMU2.1 submarine-launched missile complex with the LAINER R-29RMU2.1
went into service with the Russian Navy.

The SINEVA and LAINER missiles excel all modern solid-propelled strategic missiles of the
United Kindom, China, Russia, the USA, and France in the power-and-mass perfection and is
not inferior to the American TRIDENT-2 four-warhead missile (under the SNF-3 terms) in
combat equipment. At present the SINEVA and LAINER missiles ensure the availability of
marine SNFs of various complete sets of combat equipment and penetration aids in Russia up
to 2025-2030.

As stated in Decree of the RF Government "On State defense order for 2010 and the planning
period 2012-2013" AO "Makeyev GRTs" started the development of a strategical ground silo-
launched missile complex (SARMAT R&D). The promising strategical missile complex is
being created to properly and effectively perform tasks of deterrence with the Russian
strategical nuclear forces up to 2050-2060.

The new tasks to form the SNFs structure reconfirm high scientific and technical potential of
the enterprise, its authority as the largest research-and-design center of Russia for
development of the space rocketry.
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AKmyanvHble nPoOIEMbl AGUAUUOHHBIX U AIPOKOCMUULECKUX
cucmem: npoyeccwl, mooenu, Ikcnepumenm. Nel(40), Tom 20, 2015 Kazansp, [aiitona buu

K 70-neruro kageaps! B.IL.I'nymko, C.I1.KopoJsesa:
NepBoil B cCTpaHe Ka(eapbl paKeTHbIX ABUTaTe el

LA.(I). I[peraJmHL I''A. I'nedoB

KHUTY — KAU um. A.H. Tynonesa,
Poccus, 420111, r. Kazansb, yn. K. Mapkca, 1.10

B 1932 roay nmpousonuio codpiTHEe, KOTOPOE ONMPEASTIIO KU3HEHHBIM ITyTh MHOTHX JIIOJIEH,
MOJIO)KUJIO HAYaJo KPYNHBIM Hay4yHbIM OTKPBITUSM M CBEpIICHHUAM - Ha 0ase
a’poauHaMuyeckoro (akynprera KasaHckoro yHuBepcuTeTa 1o MHUIMATUBE akajgeMmuka H.
I'. YUeraeBa, MexaHuKa U MaTeMaTHKa, ocHoBaTensd HayuyHoll Kazanckoin YeraeBckoil I1Ikosbl
MEXaHUKH W YCTOMUMBOCTH, ObLT co3fgaH Kazanckuii aBuanmonHbli uHCTHTYT (KAN).
OcnoBHoii 3amaueit KAW Oputa moaroroBka KBanu(UIUPOBAHHBIX WH)KEHEPHBIX KaJIpoB, C
ri1yOOKOH MeXaHUKO-MaTeMaTHdeckoil 0a3zoil, ms aBuanuu. Kak TOJNBKO MHCTUTYT OKperl,
Kpyr' Hay4HbIX HMHTEpPECOB CTall pacIIUpsATbcs Onaromaps paboram B 00nacTU pakeTHOM
TEXHUKH HAa CBEPX- W THUIIEP3BYKOBBIX CKOPOCTSX, IMO3BOJIIOIIMM pPEAIU30BaTh I10JIETHI
JIAJTIEKO 32 MPEIeIibl 3eMJTU U ee aTMOC(ephl — B KOCMOC.

Hauano pakerHo-kocmuueckoil Tematuku B Kazanu, a 3arem u B KAU, Obu1o mojoxeHo B
nepuos Benukoit OteuecTBeHHON BOMHBI, koraa 3neck okasanuch C. I1. Kopones u B. II.
I'mymxo. Ha 3aBoge Nel6 (ceifuac - KazaHckoe MOTOPOCTpOUTENBHOE NMPOU3BOICTBEHHOE
oObearHeHue) OblT opranu3zoBaH otraen Ne28 cucrembl Hapkomara BHYTpeHHUX Jell, B
KoTopoM B 1940-x rogax paGoTaiau OCHOBOIOJOXHHKH OT€YECTBEHHON PaKeTHON TEXHUKHU U
KOCMOHaBTHKH. OTJIeN COCTOSUI M3 JIBYX KOHCTPYKTOPCKUX Oropo. B onHOM M3 HHMX Mo
pyxoBoactBoM b. C. CreuknHa 3aHUMAJINCh CO3/IaHUEM BO3JYILIHO-PEAKTUBHBIX JBUTATENeH,
B 1pyrom B. I1. I'mymiko Bo3rnaBui pa3paboTKy KUAKOCTHBIX PAKETHBIX JABHUraTesiel ¢ Tarou
OT TPEXCOT JI0 THICSIUU ABYXCOT KUJIOTPAMMOB.

[Tocne ocBoGoxaenus b. C. Creukuna B 1943 rony u ero orbe3na B MOCKBY B oThelne
oCTaJoCch KOHCTpyKTOpckoe Oropo Bo rnaBe ¢ B. II. I'mymiko, B KOTOpoM ObLIO CO3/1aHO
OIBITHOE NPOU3BOJICTBO a30THOKHUCIOTHBIX JKUAKOCTHBIX pakeTHbIX asurarenei PJI-1 u P/I1-
X3 17151 yCTaHOBKHM Ha CaMOJIEThI Pa3IMYHbIX THUIIOB.

B xonne Bemnukoii OrTeuecTBEHHOH BOMHBI CTaJO0 OYEBHAHO, YTO B OJIMDKAMINHME TOIbI
pakeTHass TexHUMKa OyleT OCHOBOW BOEHHOIO MOTEHIMajla cTpaHbl. Borpoc moaroTroBku
KaJpoB s  pPaKeTHOW  MNPOMBIIUICHHOCTH  TpeOoBajd  HEMEJIEHHOTO  PEleHMS.
bnaronpusiTHble ycnoBHsS Ui MOATOTOBKU KaJpoB cloXuiuch B Kazanu: 31ech ycrnemHo
pabotanu Ka3zaHckuii aBHALIMOHHBIM WHCTUTYT M KpYIHBIE CHELUATUCTHI MO PAaKETHBIM
JIBUTATENSIM, OBIJIO HAJIaXKEHO OTBITHOE MPOU3BOJICTBO JABUTaTeNel Ha 3aBojie Nelo.
Oco3HaBas BaXXHOCTb M IEPCHEKTUBHOCTb pakeTHOM TexHuku, B. II. I'mymko Bmecte ¢
mupektopoMm KAU I'. B. KamenkoBbim (B nocnenyromeM — Jupekrop MAN) u gexanom 2-ro
¢dakynbrera C. B. PymsnueBsiM (B mocienyromem — Jlupekropom PYJIH) BeicTynunum c
MPeJIOKEHNEM O CO3/IaHNU KadeIpbl paKeTHBIX JIBUTATENEH.

[Tpukazom Hapkomara aBuannoHHOW mpombinuieHHOcTH OoT | mas 1945 roma B KAU
opraHusyercs IepBas B CTpaHe Kadeapa pakeTHbIX ABurareineid. B kauectse
npernojiaBareneil ObUTM  MpUITAIIeHbl COTPYAHMKH  ONBITHO-KOHCTPYKTOPCKOTO — OKOpO
crenaBrrareneil: 3apeayomui kagenpoit B. I1. I'mymko, npodgeccop I'. C. Kupuuxmuii,
crapummii npenogasartens C.II. Kopoaes, /1. /I. CeBpyk, I'. H. JInct u ux koJuierm.

B uucie mepBBIX BBIMYCKHUKOB HOBOW Kadeapsl B utoHe 1946 roma Oputm M. WM. MBaHoB,
BIIOCJICJICTBUM TIJIaBHBIM KOHCTpykTOp, I'epoit Coumanucruueckoro Tpyna, maypeat
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Jlenunckoii u IN'ocynapctBennsix npemuit CCCP, M. K. MakcyToBa, BIOCIEACTBUHU JCKaH
MOTOPOCTPOUTENIBHOTO (haKyJIbTeTa, TOKTOP TEXHUYECKUX HaYK.

[Tocne orve3na uz Kazanu B. I1. I'mymxo u C. I1. KoponeBa, KoTopble BO3IIaBUIIA CO3aHHbIE
TOTJa CaMOCTOATEIbHbIE KOHCTPYKTOPCKME OpraHu3anuu, Kadeapa pakeTHBIX JBUTaTeNeil
KAMU cymecrBoBana 10 1949 roma. 3arem oHa Bomuia B cocTaB 00BbEIMHEHHON Kadeapsl
TeOpUHU aBUajBUTaTeNnei, kotopyto Bosriasuwi C. B. Pymsiaues. B 1965 rogy no nauinuaTtuse
npodeccopa B. E. AnemacoBa oHa BOCCO3JAaeTCsi KaK CaMOCTOSITENBHOE IMOJpa3/ieieHue
(xadenpa crneunBurareneii — xkadeapa No22) niasi MOATOTOBKHU CIEHUATMCTOB MO PAKETHBIM
neurarensM. B. E. AnemacoB BO3raBisut 3Ty Kadeapy mouru 4eTBepTh Beka. B 1987 roqy on
BosraBua npe3uauyM Kazanckoro ¢unmana Axagemun Hayk CCCP (ceitwac - Kazanckuit
HayuyHbld 1IeHTp PAH), u 3aBeayronum 310l kadenpsl cnemuBuraTeneii cran npodeccop A.
®. [IperanuH.

3a mepuo OT CBOEro OCHOBAHUS KOJUIEKTHB Kadenpsl nmoarotosui ceeime 2000 nHxeHepos,
6onee 130 xanaunmatoB u 26 MOKTOpOB HayK. MHOTHE BBITYCKHUKU KadeIpbl YAOCTOCHBI
BBICOKMX TOCYJapCTBEHHBIX Harpaj M 3BaHUM, cTaau npodeccopamMu, akKageMHKaMHU.
[IpenonaBarensmu Kadeapsl, B TOM YHCIE COBMECTHO C COTPYAHUKAMU JAPYTHX OPTaHU3AIHIA,
Hamucalnyd y4eOHMKH M MHOTOYMCIICHHBbIE yueOHble mocoOus. Hanbonblryio M3BECTHOCTh U
npu3HaHue noiny4yni yueOHuK «Teopust pakeTHbIX aBurareneit». IlepBoe nzganue Oymymiero
yueOHHUKa BBIILIO B cBET B 1962 roxay, ero aBropoMm 061 B. E. Anemacos. [Ipu moaroroske
CIICYIOIINX W3JIaHWU HaJa ydeOHUKOM paboTanl aBTopckuili kouiektus: B. E. Amemacos, A.
®. [peranmun, A. II. TumwmH, pemgakTopoM TPEThEr0 M YETBEPTOrO HU3JaHUS YydeOHUKa
BeicTyn akagemuk B. 1. Imymko. YerBeproe n3nanune yuebnuka B 1991 romy ymocroeHo
I'ocynapcrennoit npemun CCCP, a B 1993 rony nepeseneno B Kurae.

MHorue rojpl Ha Kadeape npenoiaBaiy o COBMECTUTENBLCTBY 110 HampaBiieHUI0 «PakeTHbIe
nsuratenu teepaoro tomnusay (PUTT) I'enepanbHble KOHCTPYKTOPBI — jaypeaT JIeHHHCKOM
npemuu 3yoen I1.®. u naypear ['ocynapcrBennoit npemun CCCP ®@axpyraunos H.X.
Beimyckauku KAW, B yacTHOCTH, Kadeaphl paKeTHBIX JBUTATENEH, MMOJIb30BAIUCH OOJBIINM
CIIPOCOM PaKETHOM OTpaCiH.

OHM HampaB/IUIMCh B pa3MyHble Topoja i padoThl B PaKeTHO-KOCMHUYECKUX
npennpustusix CCCP: r. Kpacnosipck, r. Omck, r. EkarepunOypr, r. 3natoycr, r. Muacc, T.
Hwxusas Canpa, r. Botkunck, r. Ilepms, r. T'opbkuii, r. Ka3zans, r. /{HemponeTpoBck, T.
Boponex, r. Mocksa (HUUTIL, Kb Ouepromam, HIIO «Oneprus»), r. 3aropck
(HUNXumMarmr) u npyrue ropona.

Tak, B 1959 roay I'enepanbHbIit KOHCTPYKTOP «I OCYIapCTBEHHOTO KOHCTPYKTOPCKOTO OIOPO
«Oxnoe» M.K. furens mompocun yepe3 MUHHCTEPCTBO paclpeAeauTb W IPHUHATH Ha
paboTy Ha JOJKHOCTh UHXKeHepa Beex 26 crynentoB KAW, npuexaBmux Ha NpeaIuIIOMHYIO
IPAKTUKy B ero opraHuszanuo. B 1966 romy KAWM nocerun 3aM. ['eHepanbHOrO
koHcTpykTOopa ['KB «OxHoe» ['ybanoB B.U. (Bemmyckuuk KAW 1953r.), 3aHuMaBmmiics B TO
BpeMsl pa3paboTkoii paketHoro komruiekca P-36M (BoeBoga-Carana) u mo ero mpocroe B
I'Kb «Oxnoe» (r. uenponerpoBck) Obuto HampaBieHo 15 BeimyckHukoB KAWM. Bceero,
HaunHasg ¢ 1953r. mo 1966r., B 'Kb «tOxHoe» Oblno HampaBieHo Ha paboTy Oonee 150
BbIMYyCKHUKOB KA, nmony4uBIInX criennaabHOCTh B 00JaCTH PaKeTHBIX JIBUraTeNel U paker.
O xadecTBe MH)XEHEPHOro 00pa3oBaHMs BBIMYCKHMKOB KAW Tex JeT MOXHO CyIuTh IO
nuceMy ['enepambHOro konctpykropa u ['enepanbHoro mmpekropa I'Kb «OxHoe»
KonroxoBa C.H. no ciyuato 70- netust ocHoBanust KAU:

«MHue B Teuenue 6oiee 40 et mosenoch paboTaTh ¢ BhiyckHUKamMu KAMW, Bxoxasimumu B
COCTaB MEPBOMPOXO/IIEB-Pa3pabOTINKOB pakeTHO-KocMudeckoil TeXxHUKU B ' Kb «tOxHoe», -
TaJaHTIUBBIMHU CIIELHUAINCTaMU, BHECHIMMH CBOUM CaMOOTBEP)KEHHBIM TPYAOM OOJBIION
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BKJIaJl B pa3paboTKy 00€BOM M KOCMHUYECKON PAaKeTHOM TEXHHUKH, CPElU KOTOPBIX YYEHBIE,
naypearbl JlenuHckoil um l'ocynapcTBeHHOH mpemuii, 3aciay’KE€HHblE MAIIMHOCTPOMUTEIH,
I'epon Commamuctuueckoro Tpyma: U.W. Heanos, b.M. I'ybanor, A.B. Kmumon, W.I.
[Tucapes, B.4. Conosses, JI.B. Aunpees, ['.A. KoxeBuukos, B.A. Autonos, JI.M. Hazaposa,
FO.I1. ITpocBupsikoB, I'."M. l'anumos, FO.b. NBanos, B.M. bapanos, F0.B. Cuikun, JI.M.
[ITamaTynbCKU».

OTMedeHHbIE B IHUCbME 3aM. TE€HEpaJbHOTO KOHCTpykTopa W.M. lBaHOB, riaBHBII
koHcTpykTop Kb-4 A.B. Kimmmos, 3am. I'maBHoro xonctpykropa Kb-2 W.I'. ITucapeB —
BBIITYCKHUKH Kadeapbl pakeTHbIX aBurareneid. C 3TUMU JII0JIbMU ObLI CBA3aH UCTOPUYECKUIN
UK CO3JaHMs YeThIpeX IOKOJIEHNH OO0EBOM pPAaKeTHOW TEXHMKM M  TPeX MOKOJICHUMN
KOCMHMYECKHX pakeT («3eHUT» U Jp.), MO CBOMM 3HEPreTMYECKUM XapaKTepUCTUKAM He
MUMEIOIIMX PaBHBIX B MHpe. AMEPHKAHIBI 0 CUX MOp cTpamarcs paketsl SS-18 «Caranay
IPOTHUB KOTOPOH TaK U HE yIal0Ch CO3aTh CUCTEMY IPOTUBOPAKETHON OOOPOHBI.

VY4eOHbIi mporecc Ha Kadeape YCHEemHO COYeTalCs ¢ HaydyHoW paboToi. OpraHuzanus Ha
Kadeape HaydyHbIX HCCIElI0BaHMM cBi3aHa ¢ (opMHUpOBaHMEM NOJ pykoBoacTBoM B. E.
AnemacoBa B 1957 HOBOro Hay4yHOro HallpaBJIEHUs IO PACUETYy U UCCIIEJOBAHUIO MPOLIECCOB
B JIBUraTeIsiX Ha OCHOBE LIMPOKOI'O IPUMEHEHHUS CPEACTB BBIYMCIMTEIBHOM TEXHUKHU. B
«rouke BoopyxeHui» mexay CCCP u CHIA, KoTOpyro Ha3bIBalOT «XOJOJHON BOWHOWI» U B
OCBOCHMU KOCMUYECKOI'0 ITPOCTPAHCTBA, (PAKTOP BPEMEHH CTOSI HA OJHOM M3 MEPBBIX MECT.
3apoKJaroIrecs AJIEKTPOHHO-BBIUMCIUTEIbHbIE MALINHBI CTAJIM TEM HOBBIM UHCTPYMEHTOM,
KOTOPBII MO3BOJIMII COBEPILIUTH PEBOJIIOLMIO B HAYUHBIX UCCIIEOBAHUSAX, B TOM YHUCIE, U B
TEPMOJMHAMHKE PAKETHBIX JBUTATENCH.

[TostBUIace BO3MOKHOCTh CO34aBaTh CTPOTME MAaTEMATUYECKUE MOJAEIH, JOCTaTOYHO TOYHO
oTpaxarolye pU3NYECKUe MPOILEeCcChl B PAKETHOM JBUratene. Pacuersl TepMOAMHAMUYECKUX
IPOIIECCOB B PAKETHBIX JBUTATENAX HA JKUJIKOM, TBEpPJOM M THOPHUIHOM TOIUIMBAX
Pa3IUYHOIO XMMHMUYECKOTO COCTaBa TENepb MPOM3BOAMINCH Ha OCHOBE YHHUBEPCAJIBLHOTO
nporpaMMHoOro ooOecrneuyeHus. Kpome Toro, CymiecTBEHHO COKPATHUIMCh CPOKHM MOJTYYEHUS
pemieHuid. Bece 3T0 MO3BOIMIO MOAHATH HAa HOBBIM YPOBEHb KayeCTBO NMPOEKTHBIX paboT H
IPOTHO3HBIX OLIEHOK B OpraHM3alusX, pa3pabaThIBaBIIMX paKeTHbIE ABUraTeiH, a Kadeapa
(v BHIOCTIEZICTBUU - OTpacieBas jJabopaTopus) Oojee IBaalaTh JeT COXpaHsyia MOHOIOIbHOE
MI0JIO’KEHUE B pacyeTax IMapaMeTPOB MIPOLIECCOB U CBOWCTB MPOAYKTOB CrOPAaHUS B PAKETHBIX
JBUTATENSX W B JAPYTUX TEIUJIOBBIX SHEProycTaHOBKaxX. Beaymmm aBTOpoM B pelIeHUH
MHOTMX M3 yKa3aHHBIX MpoOJIeM M 3a7ay ABISETCA BBIMTYCKHUK Ka3aHCKOro aBHAllMOHHOTO
uHcTuTyTa 1958 rona A. I1. Tumms.

OdunmanbHBIM MPU3HAHUEM YCIIEUIHOTO PAa3BUTHUS JIAHHOTO HAYYHOTO HAIpPAaBJIEHUS CTaJo
cosmanne B KAW B 1963 romy otpacneBoil naboparopuu TepMOJWHAMUYECKUX U
TEIIOPU3NUECKUX HCCIEOBaHUI T0J] HaydyHbIM pykoBojacTBoM B. E. Anemacosa.
OCHOBHBIM  3aKa34MKOM HccienoBaHui Obul  HayuHo-mccnenoBaTenbCKUil  MHCTHTYT
TEIUIOBBIX IPOLECCOB (paHee - PakeTHBIM Hay4HO-MCCIENO0BATENIbCKUI HMHCTUTYT, 3aTeEM
HUU-1, HUUTII, ueiae - UccnenoBarenbekuit ieHTp uM. M. B. Kennpima).

HoBelM »sTamoM B coO3JaHMM METOJOB pacyeTa MapaMeTpoOB BBICOKOTEMIIEPATYPHBIX
MPOLIECCOB U CBOMCTB MPOJYKTOB CTOPAaHMSI B PAKETHBIX JBUTATENSAX U DHEProyCTaHOBKaX,
IPOTPaMMHOT0 OOECTIEYeHHs PacueTOB M MOJYYEHHUs CIIPABOYHBIX JAHHBIX JJIS Pa3IMYHbIX
BUJIOB JKMJIKMX pPAaKETHBIX TOIUIUB CTal0 COCTaBJI€HUE JECITUTOMHOIO CIPaBOYHUKA
«TepMomHaMHUUECKUE U TeTIO(PU3NUECKIE CBOMCTBA MPOIYKTOB CTOPAHUSI.

Jns pacuera mapaMeTpoB TMPOIECCOB M CBOWCTB TPOIAYKTOB CTOpaHUs HEOOXOIUMBI
ONpECICHHbIE HCXOJHBIE JaHHblE, B BUJE HEKOTOPbIX KOHCTAaHT W TEMIIEPaTypPHBIX
(GyHKLUH, OTHOCAIINECS K KOMIIOHEHTaM UCXOJHBIX BEIECTB U MHAUBHYaIbHBIX IPOAYKTOB
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cropanust (B COCTaB€ MHOTOKOMIIOHEHTHBIX CMECEH ra3oB, JKUJIKMX U TBEPbIX BEILECTB,
oOpa3yrolMxcsi MNpH CropaHuu). Orta HHGOpMaLMs cojepXajlacb B MHOTOTOMHBIX
cupaBouHnkax AH CCCP «Tepmuueckue KOHCTaHTHI BEIIECTB» U «TepMoauHaMUYECKUE
CBOWCTBAa WHJAMBUIYAJIbHBIX BELIECTB», pab0oTa IO COCTaBJIEHUIO KOTOPBIX BEJIACh IOJ
Hay4yHbIM pyKoBOACTBOM akajaemuka B. I1. I'mymxo ¢ 1952 rona.

CrpaBouyHuk «TepMoIuHaMHUYECKHE M TEIIO(PU3MUECKUE CBOWCTBA IMPOAYKTOB CrOpaHMS»
ObUT TpHU3BAH 3aBEpIIUTh pPaOOTy HaJ KOMIUIEKCHOM MpoOJeMON CO31aHHUSI CHCTEMbI
B3aMMOCOIJIACOBAaHHBIX U OPraHUYECKU CBS3aHHBIX CIIPABOYHHUKOB, OOpa3yrOIIUX EIUHYIO
cucreMy. OH o0ecrmeynBajll HMCCIEIOBATENbCKHE, TPOCKTHBIE M  KOHCTPYKTOPCKHE
OpraHu3allil W HaydHble HWHCTUTYThl JAHHBIMH, HEOOXOJUMBIMH Ui OOOCHOBAaHUSA
NEPCIIEKTUB pa3BUTHUSA PaKkeTHO-KOCMUYECKOM TEXHHKH, HCCIEeI0OBaHUI
BBICOKOTEMIIEPATYPHBIX IIPOLIECCOB U BbIOOpa X HanboJjee pallioOHAIbHBIX IAPaMETPOB.
Pemenne o moaroroBke Tperhero cnpaBouyHuka npuHsi npesunuym AH CCCP B aBrycre
1968 roma. PykoBoaun paboToil penaklHMOHHBIA COBET, B KOTOPBIM OBLIM MPHUIJIAIICHBI
KpYIIHbIE YY€HbIE B 00JaCTU PAKETHOI'O JIBUraTesiecTpoeHus. Bo3riaBuil ero u oCcyIiecTBIIsI
Hay4yHoe penaktupoBanue akageMuk B.II. ['mymko — OCHOBONOJIOKHHK OTEYECTBEHHOI'O
paketHoro asurarenecrpoenus. Ha B. E. AnemacoBa, kak BeIyllero aBTopa CIPaBOYHHKA,
OBLIM BO3JIOKEHBI OOS3aHHOCTH 3aMECTHUTENI HAy4yHOrO pEeJaKkTopa, OH KOOPIMHUPOBAJ
paboTy Bcex ydyacTHUKOB npoekrta. Cpenu HuX 0butn aBroputeTHbie B CCCP u coBpemMeHHON
Poccun HaydHO-mMccieioBaTeNbCKUEe M KOHCTPYKTOpCKHe (upmbl: LleHTpanbHBINH HaydHO-
UCCIJIE0OBATEIbCKANA WHCTUTYT MAalIMHOCTpOoeHus, HaydHo-uccienoBaTenbCKUM HHCTUTYT
TETUIOBBIX MporeccoB, KoHCTpyKTOpCKOE OI0PO SHEPrOMAIIMHOCTPOCHHUS, HHCTUTYT BBHICOKUX
temneparyp AH CCCP, Bcecoro3Hblif HHCTUTYT Hay4yHO-TEXHHYECKOM HH(pOpMalLUu.
KoHnuentpupoBana Bce maTrepuanbl 10 CIPaBOYHUKY, OPraHM30BbIBaja PENAaKTUPOBAHHUE U
3aHHMaJIach OKOHYATEJILHON MOJATrOTOBKOI ero Tekcra kKadeapa crelaBuraTenei.
CnpaBoyHUK, U3/IaHUE KOTOporo Obuto 3aBepiieHo B 1980 romy, cranm pe3yapTaToMm Tpyna
MHOTOYHCJIEHHOTO KOJUIEKTHBA aBTOPOB M penakTopoB. [lo mMoiaHOTE AAaHHBIX, CTPOrOCTH
pa3paboTaHHBIX WJIM MPUHSTHIX METO/JOB pacueTa OH HE MMEET NpeleAeHTa B MUPOBOU U
OTEUECTBEHHON JmTeparype. OTAenbHblE TOMa chpaBodyHMka mepeBeneHbl B CIIA u
N3paune. B 1984 roxy cucrema CripaBOYHBIX JIaHHBIX B BHJI€ KOMIUIEKCA TPEX CIPABOYHUKOB
6bu1a ynocroena ['ocynapcrsennoit npemun CCCP.

Co3naHHble B Halllell CTpaHe »KUAKOCTHbIE PaKeTHbIe JIBMraTeJld M HA CeroJHSIIIHUMH
JAeHb OCTAKTCH CAMBIMH Jy4YlIMMH B Mupe. Bkuaaag nayynoii mkoast KAW B 3t
pe3yJbTaThl 04eHb BECOM.

bonee toro, cienyer OTMETUTh JONOJIHUTEIbHBIE BaXXHBIE MOMEHTHI B UCTOPUU NEPBOil B
crpaHe Kadeapbl pakeTHbIX ABUraresed — kadeapbl, CBA3aHHOH ¢ HMeHAMH
B.IL.I'ntymko, C.I1.Kopo.eBa.

TepMoanHaMuyecKkue U TEMIOPU3NYECKUE UCCIIEOBAHUS TApaMETPOB MPOAYKTOB CrOpPaHMS
U TIPOLIECCOB B PAaKETHBIX JBUTATENAX 3aJI0KWIM OCHOBY M HEOOXOIUMBIE YCIOBHUS IS
co3laHMs Ha Kadenape crenjBUrateneil 3KCIepUMEHTalIbHOW 0a3pl U (HOpMHpPOBAHUS
UCCIIEJOBaHUM o JIpYruM Hay4YHBIM HaIpPaBJICHUAM " MIOAITOTOBKH
BBICOKOKBAJIM(DUIIMPOBAHHBIX KaJpoB AJisi cTpaHbl. Tak, ¢ 1973r. mo 1984r. Ha xadeape 611
3alIUIIeHBl YeThIpe JOKTOpckue auccepranuu: Kmabyko B.A. (1973r. «PamuanuoHHbII
TEIUIOOOMEH B pakeTHbIX jaBurarensxy»); dadpypun A.B. (1974r. «HecranmonapHsiii
TEIJIOOOMEH B PAKETHBIX [BUTATENIAX TBEpAOro TorumBay); [anunoB FO.M. (1982r.
«BHyTpeHHss1 OayulMCTUKAa paKeTHBIX JBUTaTeNned TBepaoro Ttorumsay»); I[loranmos T.II.
(1984r. «OnexTpodu3nuecKkue CBOWCTBA MPOIYKTOB CrOPAHUS PAKETHBIX JIBUTATEIICH»).
JlaHHble y4deHBIE M IPENOJAaBaTeId BMECTE CO CBOMMH COTPYJHUKAMU YIUIM B, TaK
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Ha3zbiBaeMoe, «Oousbiioe miaBaHue»: KmaOykoB B.S. cranm pekropom Kuposckoro
nonuTexanueckoro nactutyra; @adypun A.B. u Hanmnos FO.H. — 3aB. xadenpamu B KXTU;
[Toranog I'.I1. — 3aB. kadenpoit B KA.

B 1984 rogy pacnopsoxkennem B.E. AnemacoBa Ne4l or 30 mapra mo kadenpe
«CrnenuanpHble JBUTaTeIN» ObUIM CO3/1aHbl HAyYHO-Y4eOHbIE TOIpa3iesieHus], BKIIOYAIOIINE
nATh  TeMaTudeckux cekropoB: «CAIIP» (pykoBomutens KprokoB B.I'.), mnozanee
NeperMeHOBaHHbI B cekTop «MojenupoBaHuey; cektop «Jluarnoctukay (pykoBOAUTEIh
I'agpypoB P.A.); cextop «Dnektpodusuka» (pykoBogutenb YepenkoB A.C.); cekrop
«l"azomunamukay (pykooautens [1e6oB I'.A.); cexrop «Hed1b» (pykoBoauTenb MarcymoB
T.M.), a Takke ceKTop IeHTpanu3oBaHHOro obOcuyxuBanus «CLIO», BkItouarommii aBe
rpynnsl: ['TO-1 (pykoBogutenu — 3aB. nabopatopueit Ycano U.A.) u I'TO-2 (pykoBoautens
- 3aB. maboparopueii lllynakos B.A.). I'pynmer ['TO-1 u I'TO-2 cekropa HEeHTPaIM30BaHHOTO
00CTyXKMBaHUSI CO3JIaHBl JUIS BBINOJHEHHS paboOT MO OOECHeueHUI0 U OOCIYKHBAHUIO
yueOHOro mpolecca M HAay4HO-UCCIEAOBATEIbCKUX pPA0OT M  CKOMIUIEKTOBaHBI I10
TeppuTopuanbHoMy mnpusHaky: ['TO-1 B yuebnom 3manum Neo7, a I'TO-2 na BHemHei
naboparopHoil 0ase, rze ACHCTBOBAIM MATh OTHEBBIX CTEHAOB, CPEOU KOTOPBIX CTEHH IS
ucnbiTanuss MosenbHbix PJTT, crenn XKPJl Ha monroxpanumbix KomnoHeHTax, ctenn JKP/]
Ha JKHJIKOM KHCIOpojne W KepocuHe. XozmnoroBopueie HUP, nanpumep, B 1990 romy
MPOBOAMIUCE TI0 52 nmoroBopam Ha cymmy 1579300, uro mo Tomy BpeMeHH OBLIO 3aMETHOI
CyMMOH B 00meM oObeMe x03m0roBopHBIX padoTr B KAUW. KomiekTuB kadenpbl Ha 3TOT
MoMeHT coctaBiisil 130-140 yenoBek.

Cextop «/JluarnocTuka» akruuecku ObLI1 oprannszoBas B Mapte 1978 roxa. IleponayanbHo
B €r0 COCTaB BXOJWJIM BBIMTYCKHUKU Kadenpsl cnerypurateneid 1977-78 rogoB BeITycka B
KOJIMUECTBE 9 YenoBexK.

B 1979 roay nayunsiii CoBeT mo mpobieme «KUAKOe pakeTHoe TormBo» npu Ipesunuyme
AH CCCP npunumaer pemenue (Nel05-79 or 15.10.79r.) o mnpoenenuun B KAU
dbyHIaMEHTAbHBIX HCCIENOBAaHUN 10 pa3padOTKe M CO3[AaHHUI0 KOMIUIEKCa  HOBBIX
¢u3NYEeCKUX METOJI0OB U CPEACTB JMAarHOCTUPOBAHMSI BHYTPUKAMEPHBIX IPOLECCOB
JKUJKOCTHBIX PAKETHBIX JIBUTATENEH.

OcHoBHbIE HanpaBIeHUs padOThI CEKTOpA:

1. Jlnarnoctuka IByX(]a3HBIX MOTOKOB W MapaMETPOB CMENIEHUS B Ta30KHAKOCTHBIX
TpPaKTax, peryJMpyOMIMX OpraHax U KaMepe CropaHusl )KUIKOCTHBIX PAKETHBIX JIBUTATEIIEH.

2. JlnarHocTrka peakUMOHHOW 30HBI KaMmepbl CrOpaHus, I1apaMeTPOB 3aBECHOIO
OXJIQXCHUS ¥ BBIXJIOMTHOW CTPYU MPU HOPMAJIBHBIX M aHOMAJIBHBIX PeKUMaX padoTHI.

3. N3roToBneHne OMBITHBIX OOpPa3lOB JUATHOCTHYECKUX CHUCTEM M OTpaboTKa UX MpHu
OTHEBBIX MCHBITAaHUIX Ha creHae KA.

4, OyHKIMOHANbHAS YBA3KA TUArHOCTUYECKUX CUCTEM B €IUHBIA aBTOMATU3UPOBAHHBIN
KoMmIuiekce ¢ ucnosibzoBanueM MBK-7 u monyneit «<KAMAKY.

5. Pa3paboTka HaydHBIX OCHOB TE€XHMUYECKOH NMAarHOCTUKU JBUTATENEd JieTaTelbHBIX

anmnaparoB B TEMIIE UCIIBITAHUH.

B tom xe 1979 rony na kadenpe CJl HaumHaeTcs pazpaboTka M CTPOUTEIBCTBO HOBOTO
UCIBITaTEIbHOTO CTEHJa C TArOM JABUrarenst 0 2T, paboTarolero Ha KOMIIOHEHTaX:
KEPOCUH+KHUCIOPO] (Ta3) M HUCIOJB3YIONIET0 B CUCTEMax YNpaBJICHUS U HaJIyBa CHKAaThIHA
a3or.

Jlnist perieHust MOCTaBIEHHBIX 3371a4 Ha kKadenpe B 1984 romy mpoBOIUTCS peopraHHU3anus
TPYIIIBI B CEKTOp «/InarHocTrka» M yBENMYMBAETCS YHUCIECHHBIM cOocTaB 10 66 yenoBek. B
CeKTope paboTaer 9 MOArpymI, 3aHUMAIOLIMXCS pPa3padOTKOM W CO3MaHHEM METOIHMK U
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YCTPOMCTB, NpEIHA3HAYEHHBIX ISl MUCCIENOBAHUS Pa3/IMYHBIX I1apaMeTpOB JBUTATENs U
CTCH/IOBBIX CUCTEM, TAKUX KaK:

- Trosiorpauyeckast ycTaHOBKA JJISl HCCIICAOBAHUS 30HBI PaclbUIEHUS! KOMIOHEHTOB TOIUTMBA
Y BJIMSIHMSL IPOTUBOJABIICHUS HA Ta305KUAKOCTHBIE ITOTOKH;

- Macc-CHEKTPOMETpHUUECKass YCTaHOBKA JUIsl HENPEPBIBHOIO aHAlIM3a COCTaBa IPOAYKTOB
cropanus B pasnnuHbiXx 30HaX KC co ckaHupoBaHMEM B TeMIle UCHBITAaHUH oTOOpa mpod
BJI0JIb U B IIOIIEPEYHOM CEYEHHUH ITOTOKA IPOYKTOB CTOPAHUS;

- CBU-unrepdepomerp 11 ucciae0BaHMsI IPOCTPAHCTBEHHBIX XaPaKTEPUCTUK PEAKIIMOHHON
30HBI JITAMEHU CO CKAaHUPYIOLIMM aHTEHHBIM ycTpoiicTBoM B1oJib ocu KC;

- paZAMOMETPBI JJIs UCCIIEZIOBAaHUS BHYTPUKAMEPHBIX MPOLIECCOB U U3Yy4YeHUs pabouero Tena B
CBUY-auanasone;

- IMAarHOCTHYECKas YCTAHOBKA, MCIIOJIB3YIOLIAsi MOJIEKYJIAPHO-CIEKTPOMETPUUECKUA METOL,
JUI WCCIIEIOBaHMsI pabodunX IPOLECCOB MO COOCTBEHHOMY H3JIYYEHHIO pabodyero Tena B
yIbTpauoIeTOBOM U BUAUMOM 30HAX;

- YCTaHOBKa, OCHOBAaHHas Ha UCIOJb30BaHUU METOAAa JIA3€pPHO-UHIYLMPOBAHHOMN
(roopeclieHIIMM AJI1 MCCIIEN0BAaHUS JIOKAIbHBIX KOHIEHTPALMH AaKTUBHBIX DPaJUKaJIOB B
pEaKLMOHHOM 30H€;

-IJIA3MEHHO-UOHHBIE JIETEKTOPHBIE CHUCTEMBl NIl MCCIIEOBAHMSI T€HEpalMM 3apsioB IpU
UMITYJIbCHOM U3MEHEHHUH PEeXHUMa pabOoThl U BO3TOPAaHUM OBEPXHOCTHU Ta30BO/IOB;

- YCTaHOBKAa KOHTpOJII M YIpPABJIEHUS IpolleccaMH BOCILUIAMEHEHHUS TOprYeld cMecHu B
HCKPOBBIX 3allaJIbHBIX YCTPONUCTBAX;

- BHEIIHEE BO3MYILAIOLIEE YCTPOMCTBO MJii TEHEpalMM aKyCTHYECKHUX BO3MYIIEHHUH
PEryJINPYyEMOH Y4acTOTBHI;

- YCTaHOBKA C BAaKyyMHBIM NpPOOOOTOOPHUKOM U OBICTPOAEHCTBYIOIIUM HH(PpPaKpacHBIM
CIEKTPOMETPOM JUJISl UCCIIENOBAHUS «CAXXKUCTBIX)» YaCTHI] B IPOAYKTAX CrOpPaHMsl, U3MEPEHUS
CHEKTpa U3Iy4YeHHs IJIaMEHM JABOWHBIM MoHOXpomatopoM JIMP-4 u ananmuza nucnepcHoro
cOCTaBa KOHJCHCUPOBAHHOM (a3bl;

- U3MepUTENbHO-BbIUNCIUTENbHBIN KoMIuiekec UBK-7 ¢ monynem «KAMAK» u 9BM CM-4.
B 1989 rony 3aBepuiaercs CTPOUTENBCTBO UCHBITATENIBHOTO CTEHJA W MPOBOIUTCS INEPBOE
OTHEBOE UCIBITAaHUE LITAaTHOIO JIBUraTeNs (pyseBas kamepa) CUCTeMbl «bypaH» COBMECTHO ¢
aBTOMATU3UPOBAHHBIM JUAarHOCTMYECKMM KOMIUIEKCOM. Ha Bcex ycTaHOBKax, BKIIIOYas
OTHEBOI CTeH, MPOBOAATCS ydeOHbIe 1a00paTOpHbIE 3aHIATHUS U pa3padaThIBaeTCs KOMIUIEKT
MeToAnYEeCKHX ocobuil k HuM. Pabotel Benuck 10 1995 roxa.

3a Bech nepuoj paboThl B ceKTope «JlMarHocTHKay 3alUTUIN TOKTOPCKHUE NUCCEpTaluu 2
gyenoBeka (I'agypos P.A., lluranos A.b.), kannunatckue nuccepranuu § yenoek (Cadpun
J.H., Cadpun P.C., 3akonoB M.A., [lla6anun 1.H., [Inatonos E.H., FOnycos JI.M., TpyTHeB
K.®., Ctunckuii I'.B.).

Tematuka paboT cekTopa «aeKkTpodu3uka» Oblsia OOIHUPHON M BKIIFOYAA MUCCIICIOBAHMS
KaK TEOPETHMUYECKOT0, TaK U OKCIEPUMEHTAIBHOIO HampaBieHUs. bJIOK pacdeTHO-
TEOPETUYECKUX paboT BKIIOYAI HCCIEAOBAHUS HEUACATbHBIX (B TEPMOAMHAMUYECKOM
CMBICJI€) MOHM30BAHHBIX pPa0OYMX TeN PAKETHBIX JBUTATENEed U SHEProycCTaHOBOK Ha MX
OCHOBE C Y4eToM oOOpa3oBaHUSl KJIACTEPOB: AaCCOIMATOB U KOMIUIEKCHBIX HOHOB
(ucnomauren AWM. T'nazynoB, O.B. EpmonaeBa, A.H. Cabup3sHOB); HEpaBHOBECHBIX
TE€YeHU MOHU30BaHHBIX TeTeporeHHbIX padouux ten PATT (ucnomnurens M.M. Jlamnacos);
UCCIJIEJOBAHUE TIPOLIECCOB B AJIEKTPOPA3PAIHBIX KaMepax MOIIHBIX JIa3€pPHBIX YCTaHOBOK
(uctionaurens [.b. OnnHoKOBA).

OKcIepUMEHTAbHOE HAaIlpaBlIeHHE PadOT OBLIO COCPEIOTOYEHO Ha pa3paboTKe METOJOB U
CpeACTB OE3BIHEPLIMOHHOTO TUAarHOCTUPOBAHMS AIEKTPOPU3NUECKUMH METOAAMHU HEIITaTHBIX
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cutyaruii ipu padore HatypHbIX XXP/[ u PATT (Busatounos P.X., byraeako A.I'., Iloramos
['I1.). Hdns storo paspabareiBanuchk opuruHaidbHble CBY wu3nmyuatenn W TpPUEMHHKH,
OTJENbHBIE  DJIEMEHThl  KOTOPBIX  M3TOTAaBIMBAJIMCh  HA  Pa3IM4YHBIX  BEIyLIUX
panuorexundeckux npeanpustusix CCCP (ucnomuurens P.H. AGapimn). Vcnons3oBanuce u
BHEIIIHUE (110 OTHOLIEHUIO K JIBUIATENI0) 30HAOBBIE METObI, IIO3BOJISAIOIINE IPU HATYPHBIX
ucnbiTanuax PJTT Oe3plHEpIMOHHO OTCIEKMBAaTh HAYAIBHYIO JHHAMUKY pa3pyIICHUS
yacTell 3apsiia TBEpAOro TOIUIMBA WJIM TEIUIO3AIUTHOIO HOKPBITUA. DTOT MeTOoJ ObuI
BHEJPEH B NPAKTUKY I[POBEIEHUS HATYpHBIX WCIIBITAHUNM PAKETHBIX JIBUraTeNIell TBEPIOIO
ToruBa. VOHW3allMOHHBIE AaTYMKU U MPUOOpPHI 00pabOTKM CUTHaja ¢ HUX (MCHOJIHUTENN
B.A. HlxamukoB, M.JI. OcunoB) mo3Boisuin (UKCHPOBATh HAYaIO BO3TOpPaHHS MeTayia
ra3oBo/la JKUAKOCTHBIX pAaKETHBIX JIBUTaTeJe C JOXKUTaHUEM TIEHEepaTOpHOro raza Hu
BbIIaBaTh CHUTHAJ B CUCTEMY aBapUMHOW 3amMThl JBUrarens. PaspaboraH MeToxq
OECKOHTAKTHOHM JUAarHOCTHKH (C IOMOIBIO AaHTEHHBI-30H/1a) BHYTPUKAMEPHBIX MPOLIECCOB B
KUJKOCTHBIX paKeTHbIX ABUraresnsax (ucrnosnnutens A.H. Cabup3siHoB).

CoTpyqHHKaMHM CEKTOpa IPOBOAMIIOCH HENPEPhIBHOE JUCTAHLMOHHOE OTCIECKUBAHHE C
MIOMOIIIBI0 pa3pabOTaHHBIX MPUOOPOB BCEX ITYCKOB PAKET ¢ KOCMOAPOMOB «baiikoHyp» U
«IInecenxy.

[To pe3ynbraraM BBIIOJHEHHBIX padOT OblIa 3alUIIEHAa OJHA JOKTOPCKas JUCCEepTalus U
3alMIIEHO CEMb KaHAMJATCKUX JUCCePTaLUM.

Pabora cexmopa «Moodenuposanuey HoOcuIa, B OCHOBHOM, TEOPETHUECKHUW Xapakrep u
IPOBOJMIIACH MO HAIPaBIEHUIO «MaTeMaTHYecKoe MOJEIUPOBAHUE BBICOKOTEMIIEPATYPHBIX
IIPOLIECCOB B SHEPTrOYCTAHOBKAX).

Hayunble nccienoBanus 1 X03sHCTBEHHBIE JOIOBOPA BBIIOIHSIINCH 110 TEMaM:

- X¥MHMUYECKH HEPaBHOBECHBIE IPOLECCHl B COIUIAX JKUIKOCTHBIX PAKETHBIX JBUTaTelell U
paKeTHBIX JBUTaTellell TBEpAOro TOIUIMBA M pa3paboTKa MakeTa MPUKIAJAHBIX MPOrpamMmm
«IIporHo3upoBaHue yAEIbHOTO UMIYJbCa PAaKETHBIX JBHUraTesnei» (pa3paboTUMKU U
uccnenosarenu Cenroxun A.l'., Xacanos P.X., Xaitpymnun P.C., Kykosa U.K., HUcxakoBa
P.JI., Tpunoc T.B.);

- I'a30kHuIKOCTHBIE pearupyrole TedeHus (razoreHeparopbl, kamepbl cropanus XPJ u
BPJl), MonenupoBaHue pEeUMPKYISALMOHHBIX TEYEHWW M TMPOLIECCOB BO (PpOHTE IJIaMEHU
(pa3pabotuuku u ucciaenonarenu 3enykoB M.A., A6nymmn AJL, lemun A.B., Cokoinos
A.b.);

- [Ipouieccrl B 6akax ropsuero HajjayBa *HJIKOCTHBIX PAKETHBIX JABUraTeIbHBIX YCTAHOBOK U
MOJICIMPOBAHUE TPOIECCOB MEeX(pa3HOTo TopeHus (pa3padoTunKu U uccieaoBarenu Haymos
B.A., Haiigpies W.1O., KoroB B.IO., Banues P.K., Myxamen3snos P.A.). B co3nanuun
ra3o/IMHaMUYeCcKOM MO/IeNTM BHYTPHUOAKOBBIX MpolieccoB yyacTBoBai [ me6os I'.A.

PaboThl O 3THM TeMaM BKJIIOYAJIM ATallbl: CO3/JaHUE (PU3MUECKUX CXEM, MaTeMaTHYeCKHX
MoJiesIel, anroputMa pacueTa, popMUpPOBaHUE MPOrPAMMHOTO 0OECTIeYeHHs U ero BHEIPEHHE
Ha 3alMHTEPECOBAHHBIX NPEANPUATHUAX. BHEIpeHHe NPOBOAMIOCH B paMKax XO3SHCTBEHHBIX
noroBopos ¢ Beayummu npeanpusatusMu orpaciu: KbXA (Boponex), TNIIX (Jlenunrpan),
HUUTII (Mockea), HUMMAIIl (Huxusas Cannma), HIIO um. MakeeBa (Muacc), HIIO
Oueprusi (Mocksa), «Catypu» (Mocksa), KM3 «Coro3» (Kazanp), «Coro3y» (/I3epXuHCK) u
ap.

Ilocne ceppe3HbIX nepemeH B cTpaHe Hadana 90-x rooB OCHOBHBIE COTPYAHHKH CEKTOpA,
paboTass B pasHBIX NOJpPA3JCIEHUSAX, OpPraHu3alUsAX M JaKe CTpaHaX, MPOJOJIKAIN
IUIOJJOTBOPHOE COTPYAHUYECTBO C Kadeapoil Mo JaHHOMY HAIpaBlIEHHIO C pacIIMpEHUEM
TEMAaTUKU 3aJad. B 4YacTHOCTH, COBMECTHO C Opa3smiIbCKUMHU KOJUIETAMH W yYCHHKaMHU
pelaiuch 3aJayd 10 MOJCIMPOBAHHUIO IPOLIECCOB TOPEHMS B ra30yroJIbHBIX MOTOKax M
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MOJICIIMPOBAHHIO TPOLIECCOB MaccOOOMEHa B MPOMBIIIICHHBIX dKcTpakTopax (Kprokos B.I'.,
Ab6nymnun A.JL). CoBMECTHO ¢ 3apyOeKHBIMU KOJIJIEraMH MPOBOAMINCH pabOTHI MO TeMe
«MareMaTH4eCKOe MOJIEIMPOBAHUE IIPOLECCOB TOPEHUS M MOHU3ALMKU B JIBUTaTENAX
BHyTpeHHero cropanus» (Jemun A.B., Haymos B.I1.).

OCHOBHBIMU HCCIIEZIOBATEISIMU HAIIETO STOTO HAMpaBlieHUs omybnukoBaHo Oonee 300
Hay4HbIX pa0oT, u3 KOoTopbiXx 3 MoHOrpaduu, 80 crareil B TpyAax 3apyOeKHbIX KOHIPECCOB U
30 B tpymax Poccuiickux koH(epeHuui, O6osee 40 crareil B KypHanax, B T.4.. Russian
Aeronautics; Chemical Engineering and Processing (Elsevier); Food and Bioproducts
Processing (Elsevier); Tendencias em Matematica Aplicada e Computacional; Information
Tecnologica; ®u3uko-xuMUYecKasi KHHETHKA B Fa30BOM JUHAMUKE U JIp.

B pamkax pa3BUTOr0 Hay4HOrO HaIpaBJIEHUS K HACTOSIIEMY BPEMEHM 3alluileHo 4
JIOKTOpcKuX, 4 PhD muccepranuii u 14 KaHAMIATCKUX IUCCEPTALIMI.

Komnnexktus cexropa «lazoguHamuka» cpopmuponaics B 1980r. u3 nydmux BbITYCKHUKOB
KAH, acnupantoB  u uHXeHepoB. Kpome HH)XEHEPOB-MEXAaHUKOB I10 JIBUTATEJIAM
JIETaTEIbHBIX aNlapaToB B CEKTOPE AKTUBHO pabOTalid BBIIYCKHUKH PaAHOTEXHUYECKOTO
¢dakynprera u Qaxkyaprera OBM. OcHOBHOe HampaBiieHME Hay4YHO-HCCIIEOBATEIbCKON
paboThl - wuccienoBaHHE TYpPOYJICHTHBIX CTPYHHBIX M OTPBIBHBIX TEUEHHUI, a TaKxke
TEIUIOOT/Ia4M B KaHAJIaxX JBUraTesiel JIeTaTeIbHBIX allapaToB U SHEPreTUYECKUX YCTaHOBOK.
Oco6oe BHMMaHUE YAEIUIOCh U3YUYEHUI0 HECTallMOHApHBIX 3((EeKTOB B 00JacCTAX OTpbIBA U
IIPUCOEANHEHNS OTOPBABILErOCs MOTOKA, XapaKTEPU3YIOIIMXCS MTHOBEHHBIMU U3MEHEHUSIMU
CKOpPOCTH Ha IPOTHBOIOJIOXKHOE. MccnenoBanusi NpOBOJMINCH Ha JABYX Ia30MHAMHUYECKUX
TpyOax, paboTalomMx Ha OTcachiBaHWE. ['a30JMHAMUYECKHE YCTAHOBKU CO CBEPX3BYKOBBIM
TedeHHeM paboTaau OT paMibl BBICOKOTO JaBieHus. l3MmepeHHe OCpelHEHHBIX U
MyJbCAI[MOHHBIX [ApaMETPOB TEUYEHMs] MPOU3BOJMUIIOCH C TOMOIIbIO pa3pabOTaHHBIX U
W3TOTOBJIEHHBIX B  cekrope «l'a30AMHAMMKa»  OpPUTMHAIBHBIX  TEPMOAHEMOMETPOB,
YyBCTBUTEJIBHBIX K  MIHOBEHHOMY  HampaBieHHI0  noToka. [losydeHbl  HOBBIE
SKCIEpUMEHTabHbIE  JaHHble M 3(Q(QeKTel B  OTPBIBHBIX U JIPYTUX  IOTOKAaX,
XapaKTEepU3YIOIINECs] MTHOBEHHBIM «PEBEPCOM» CKOpPOCTU. M3ydeHO Takke BIMSIHHE TaKHX
«PEBEPCUBHBIX» IIOTOKOB Ha TEMJIOOTIauy. Pe3ynbTarsl paboT JOKIIaAbIBAIUCH HA CEMHHApax
Ab6pamoBuya I'H. (LIMAM), I'eneBckoro A.C. (LIAT'M), Ha MeXIyHAapOIHBIX U JIPYIHX
koH(pepenuusax (I'adbutos P.H., bopmycos A.A., Kokypun B.1O., Slymes P.A., Marsees B.b.,
MuxaitnoB B.E., I'apypoB A.P. u ap.). OcHOBHBIE pe3ynbTaThl ObUIM ONYOJUKOBaHBI B
LEHTPAJIbHBIX JXypHajaX U MoHorpadusx, u3gaHHelx yepe3 Kaszanckuii ¢punmman AH PAH.
Hexotopeie corpymnnuku (OKykoBa M.K. u Bapdamamees M.M.) B cekTope 3aHUMAIUChH
YHUCJIEHHBIM MOJEJIMPOBAHUEM MCCIEAYEMBIX CJIOXKHBIX TEYEHHMH Ha OCHOBE YpaBHEHUI
Pefinonbaca. OnHOM U3 1enel TakuxX UCCieoBaHui Obula MOMBITKA YTOYHUTH SMIIUPUYECKUE
KOHCTaHTHI B MOJIySMIUPUYECKUX Mojessix TypOyientHoctu (K-E€ u ap.) ¢ ucnonszoBanneM
MOJIyYEHHBIX OKCIEPUMEHTAJIbHBIX JAaHHBIX TNPUMEHHUTENBHO K BBICOKOTYpPOYJIEHTHBIM
PEBEPCUBHBIM ITOTOKAaM C 30HaMH OOpaTHBIX TOKOB.

Bropoe HanpaBneHne paboThl cekTopa ObUIO CBA3aHO HEMOCPEACTBEHHO C BHIIIOJTHEHHEM XO3.
JIOTOBOPHBIX paboT ¢ MpEeANnpHUATHUAMH MUHHUCTEPCTB ABHAIIMOHHOW MPOMBIIUIEHHOCTH H
O61ero mammHocTpoeHus. Hanpasnenue paboThi:

- "'a3oaMHaMuKa 1 TeI10- MacCOOOMEHHBIE MTPOLECCHI TPH HATyBE TOIIMBHBIX OAKOB PAKeT;
- HccnenoBaHue CIOKHBIX IMPOCTPAHCTBEHHBIX TEUEHUIH C 30HAMH OOpaTHBIX TOKOB B
nporoyHslx Tpakrax PIATT.

OcHoBHasl 1Lelb HCCIEIOBaHUI paKEeTHBIX JBHUraTesiell TBEpAOro TOIIMBA - ONPEAEIUTh
00J1aCTH MHTEHCHBHOM TEIJIOOTIAYd M OTJIOKEHHsS KOHJIEHCHPOBAHHOW (a3bl B Kamepe
JIBUTATENIl U Ha BXOJE B COIUIO, NMPUBOJAIIMX K MpOrapy M BBIXOLY U3 CTPOSl JBHUTATElsl.
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OKCIIEpUMEHTBl NPEACTaBIsUIM COOOH XOJIOIHBIE TPOJYBKHM MOJEIBHBIX U pPealbHbIX
JBUTaTeleil Cc MMHUTATOPOM TBEPAOrO0 TOIUIMBA, IOCTaBiIsAeMbIX 3akazuukoMm. C
UCIOJIb30BAaHUEM TEPMOAHEMOMETpa M  pa3IMYHBIX METOJOB BH3yanu3auuu (MeTox
MAacJIIHOTO «Ca)XKUCTOr0» MOKPBITUS M JAp.) BBIIBISUIACH JETalbHAs CTPYKTypa IOTOKA,
BKJIIOYAOLasi 30Hy OOpaTHBIX TOKOB, 00JIaCTh MIPUCOECIUHEHNS OTOPBABLIErOCs MOTOKA, YTO
MO3BOJISUIO ONPEAETUTh 001aCTH HanboIee MHTEHCUBHOM TEIUIO- U MAaCCOOTAAaYH B KaMepe.

B pesynprare npanpHEMIIMX HCCIENOBAaHMM IPEUIarajliCh BapHaHThl MOJAEPHHU3ALUU
JIBUTATENICH, C IENbI0 YCTPAHEHUS OMACHBIX 30H C MHTEHCUBHBIM TEIIO-MacCOOOMEHOM.
PesynpTarel paboT oOTpakanuch B HAy4YHO-TEXHHYECKMX OT4eTaXx M B 3asdBKax Ha
n3obperenne. Tak, C MOMOIIBIO JAHHBIX WCCIEAOBAaHWNA OBLIM peIIeHBbl 33aJaud 10
YCTPaHEHUIO 00JaCTH OTJIOKEHHUS KOHJEHCHPOBAaHHOM (a3bl M mporapa B JABYXKaMEpHOM
PATT (buxkmymiun WM.M.), B npeaconioBoM 00beMe OJIHOTO U3 MCCIIEI0BAaHHBIX JABUraTeNeH
Y HEKOTOPBIE APYTHUE 3a1a4u.

I'pynna corpynuukos (Lenxos A.H., Koepmxkubsix E.H., UBanos C.1O., Kpatupos /1.B.) B
teueHue 1984-1990rr. 3aHumanach McCaeAOBAaHUEM BBICOKOYACTOTHOM HEYCTOMYMBOCTH B
PaKEeTHBIX JIBUTATEISAX TBEPAOTO TOIUIMBA C YTOIUIEHHBIM COIIOM. Llenms paboThl — ycTpaHUTh
IyJbCAllMU JABJICHUS U TATU BBICOKOM aMIUIMTYIbI, NPUBOAAIIME K BBIXOLY JBHraTelsl U3
cTposi. B pe3ynbrare X0a0JHBIX NPOAYBOK Ha MOJEINSAX C UMUTALMEN MOBEPXHOCTH FOPEHUS
TBEPJOTO TOILUIMBA NOPUCTOM CTEHKOMN OBbLIO BBISBIEHO BO3HUKHOBEHHE HA BXOJIHOW KPOMKE
YTOIUIEHHOM YacCTH COIUIA HECTAL[MOHAPHOM BUXPEBOM CTPYKTYpPHI, MOACTPAUBAIOIICHUCS 1O]
COOCTBEHHYIO YacTOTYy NpPOJOJbHBIX KojeOaHMH B Kamepe auratens. B pesynprare 3THX
UCCJIEJOBAaHUM OBUIO MPEASIOKEHO M 3aIMIIEHO aBTOPCKMMM CBMJIETEIBCTBAMU HECKOJIBKO
TEeXHUYECKHX PEUICHHH M0 yCTpaHEHHIO aBTOKoiieOaHuil naBienus u Tsru (1984-1987rr.).
OnHo W3 Takux pelleHud B BHUJE KOH(QY30pa-HacajJka Ha BXOJE B YTOIUIEHHOE COIUIO
pPaKeTHOro JBUTaTeNlss TBEPAOro TomauBa | cTymeHn ObUIO peaau30BaHO Ha JIBYX
MoU(UKAIMAX aHTUPAKETHI, KOTOpasi 10 CUX MOp COCTaBJISET ropJocTh Hamel crpansl (C-
300).

Corpynnukamu cektopa 10 1994 roma Obuto 3ammmieno 2 mgoktopckux (I'me6os T.A.,
Koznos A.I1.) u 18 kanauaaTcKuX auccepTaruii.

Kpome 3amad, CBsI3aHHBIX C pAKETHOM TEXHUKOH, Kadeapa 3aHUMaNach HAPOJIHO-
XO35ICTBEHHBIMH 33J]auaMH, B TOM YHCJI€ - TEIJIOBBIM BO3AEHCTBUEM Ha HE(TSIHOH IJIacT ¢
1eJIbI0 MHTEHCUUKAIMU Tpotiecca 100ban Hedtu. [{ns nedTsroit pecriyonuku (TaTapcran)
- 9Ta 3a7aya ObUla 4Ype3BbIUANHO akTyaJdbHOM. lcrosib3ys ONmBIT B CO3/laHUM Kamephl
CrOpaHMsl PAKETHBIX JBUTATeled U ra3oreHepaTropoB, Ha Kadelape u ee sadopaTopuu ObLIN
co3naHbl  3(QeKTUBHbIE  Hapora3oreHepaTOpHbIE  YCTAHOBKHM,  paloTaronmme  Ha
YIJI€BOIOPOAHBIX TOIINBAX.

Ot pabotel moj pykoBoactBom B.E. AnemacoBa m T.M. MarcymoBa TpOBOAMIUCH B
TE€YeHHE MHOTHUX JIET MO MmporpamMmaM ['oCynapcTBEHHOIO KOMHTETa II0 HayKe U TEXHUKE,
MHTK «Hedteotnaua», a Taxke no nmporpamme Pecrnybnmuku TarapcTaH 1Mo HOBBIIICHHIO
OTJIa4¥ He(PTSHBIX IJ1aCTOB.

CoapyxectBo Kazanckoro Hayunoro meHTpa Poccuiickoit AH, IlpousBojacTBeHHOro
o0veaunenus Tarnedts, uHcTuTyToB TaTHHMMHepTemamr u TarHUIIMuedTh, ombiTHO-
skcnepumentanbHoro HIZIY Tarweprebutym u KAW Bo MHOrom crnoco0cTBOBao
YCIEIIHOMY Pa3BUTHIO KaK CaMoro Ipoiiecca pazpaboTKH, TaK U ONBITHO-TIPOMBIILIEHHOMY
NPUMEHEHHI0O Ha HE(TSIHBIX MPOMBICIAX HOBBIX TEXHOJOTMH M CO3/aHHBIX TEXHMYECKHX
CPEJICTB.

- B 80-pie rogsl mpomioro Beka B MopaoBo-KapManbckoM MECTOPOXAECHUM NPUPOTHBIX
OUTYMOB NPOBOJAUIIMCH OIBITHO-IIPOMBIIUIEHHBIE SKCIIEPUMEHTBI 110 UCIIBITAHUIO Pa3INnYHbIX
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KOHCTPYKLMH Iapora3oreHeparopHblx ycraHoBoK. Ocenpto 1990 roma cocrosnuch
IPUEMOYHBIE  MCIBITAHUS  [ApOra3oreHepaTOpHOM  YCTAaHOBKM  MEXBEIOMCTBEHHOM
KoMHccueil, 00pazoBaHHO# 1o npukazy MunuctepctBa HedTanoi npombinieHHocTn CCCP.
beina nokaszana Gosee BbICOKast A()EKTHBHOCTH pabodvero Teia - maporasa s JT0OBIYH
HPUPOIHBIX OUTYMOB 110 CPAaBHEHHUIO C TIAPOM.

[TaporazoreHeapTopHass  ycTaHOBKa €  Ha3eMHBIM  paclOJIOKEHHEM  COOCTBEHHO
naporazoreHepaTopa  Obula  pEKOMEHJOBaHAa  MEXBEIOMCTBEHHOW  KOMHCCHEH K
TUPAXHUPOBAHUIO B ByrylbMHUHCKOM MexaHMuYeckoM 3aBoje. OlHaKoO HacTynMJIM BpeMeHa
CEpbE3HBIX NEPEMEH M PEOPraHU3alUM MPOMBIIUIEHHOCTH CTpPaHbl, B pE3yJIbTaTe€ MHOTHUE,
MHOTHE pa3pabOTKu ObUIN MTPEAaHbl «3a0BEHHUIOY.

[TapannensHo ¢ pa3pabOTKON M CO3AaHMEM Mapara3oreHepaTopoB MPOBOIWINCH PabOTHI IO
CO3/IaHUI0 TEPMOra3oreHepaTopoB B «CKBRKWHHOM» BapuaHTe JUIsl HMHULUUPOBAHUSA
BHYTPHUIUIACTOBOr0 ropeHus. ONbITHO-IPOMBIIIJIEHHOE NPUMEHEHUE TepMorasoreHeparopa
MotHOCThIO 125 kBT 6b11a ocymectBieHa B 1991 rony Ha ckBaxkune Ne9184 B Hypnarckom
MECTOPOKJICHUN BBICOKOBSI3KMX HedTel PecnyOmmku Tartapcran. ['myOmna omyckaHus
TepMorasoreHeparopa cocrasuia 1257 metpos.

Tepmorazorenaprop mpopaboran 56 dacoB, 1mociae 4Yero OblIO  3a)UKCHPOBAHO
BHYTPHUIUIACTOBOE TOpPEHHE II0 TEpMOrpaMMe OT JaTdyuKka TeMIepaTrypbl B IUlacTe U
yBenuueHueM coaepkanust CO;2 B KOHTpOIbHOM ckBaxkuHe Ne9184. OqHOBpEMEHHO - OTKIUK
Ha BHYTPUIUIACTOBOE TOpeHHE Onmkaiimei reodusmueckoid ckBakuHbBl Ne 40 BeIpakajics B
TOM, YTO OHAa Hayaja (OHTAHUPOBATH C CYTOYHBIM J1e0eTOM 8 TOHH MOCJIE OTKIIOYEHUs
TEepMOreHepaTopa.

B 1997 rony cocrosyace 3ammuTa JTOKTOpCKOM aucceprauuu MarcymoBelM T.M. Ha Temy:
«Pa3paboTka Hay4HbIX OCHOB, METOJOB NPOEKTUPOBAHHS M WHXEHEpHAas peanus3arus
TEXHUYECKUX CPEJCTB IMOBBIIIEHUS He(TEeoTJaud Ha OCHOBE OIbITa PAKETHOTO
nBurarenectpoeHus». Ilpaktuueckas peanuzauus qaHHou padoTsl B PT jxaet cBoero ydaca...
HecmoTpss Ha ymeHblleHHMe oObeMa HCCIeIOBaHUH, CBA3aHHBIX C PAaKETHBIM
JBUTATENeCTpOeHUEM, Kadeapa NpeAIpUHUMAeT IONBITKM COXPAHUTh CBOW Hay4YHBIN
noreHuuan. Tak, B 1997 rony npu nonnepxke nupekropa Otnena sHepretukn Kazanckoro
HayyHoro ueHTpa PAH, akagemuka BsuecnaBa EsrenneBuua AsiemMacoBa cO37aeTcs
COBMECTHasi Hay4yHO-HCCIIeoBaTeIbCcKasl J1abopaTropusi THUIPOAMHAMHUKH M TEII00OMEHa
(T'uT). Ilo cymectBy, nabopartopus [uT sBuIace MpeeMHUKOM CEKTOpa Ta30JMHAMHUKU
kaeapsl pakeTHbix asurateneii KAU ¢ 1982 nmo 1996 roxsl. Lensto coznanus nabopatopun
0b110 00BeauHeHue HayyHoro noteHuuana KAW um.A.H.TynoneBa u Otaena sHepreTUKU
KasHI[ PAH. OnepatuBHOe pyKOBOJACTBO JIEATENBHOCTHIO J1a00paTOprun OBLIO BO3JIOKEHO HA
3aBeayromero kadeapoi crennsurareneit A.®D. Jlperanuna u gupexkropa OO KasHI[ PAH
B.E.AnemacoBa Ha mpaBax COpPYKOBOJIUTENEH, a 0053aHHOCTH 3aBeAylOIllero jabopaTopuei
OBLJIO OPYYEHO HCIOJHATH OJHOMY M3 BEAYLIMX COTPYIHUKOB cekTopa «['azonmHaMuka,
I.T.H. Anekcannpy IlaBnosuuy Kosnosy.

B 1997 rony naboparopuss I'uT Bomwta B cocraB YueOHO-HAyyHOro IEHTpa
OHEpProMalmrHOCTPOEHUE, CO3JaHHOrO B paMkax DenepanbHOW 1EME€BOM  MPOrpaMMBbI
«l"ocynmapcTBeHHass TOAJEP)KKAa MHTETPAIMU BBICIIETO 00pa3oBaHus W (yHIAMEHTAITBHOU
Hayku Ha 1997-2000 rogs» (PUIT «MuTterpamus»). [Ipu HemocpenCcTBEHHOM Y4yacTUH
corpyaHukoB snabopatopuu I'uT B 2002 roxy Obu1 opranuzoBan Hayuno-Mertponornyeckuit
neHtp «KAW», o0benuuuBmunil HaydHo-TexHuueckuii notennuman KI'TY um.A.H.Tynonesa,
Otnena »HEPreTUKH KazHII PAH wu ®I'VII T'HMIl[ Bcepoccuiickuii HaydHO-
UCCIICIOBATEIbCKUI MHCTUTYT PAacXOAOMETPUHM Ul peLIeHUs (QYyHIAMEHTAIbHBIX U
NPUKJIAJHBIX 3a/a4 B 00JIACTH T'MIPOAMHAMHMKHM U TEIUIOOOMEHA, U3MEPUTEIbHON TEXHUKH,
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JUISL pa3BUTHsI HAYYHO-HCCIIEOBATEIbCKON M oOpa3oBarenbHON nesrenbHOCTH. [lo3nHee, B
2004 romy HMII-KAWM 6bin mpeoOpa3oBaH B HAYYHO-UCCIICIOBATEILCKYIO TaOOPaTOPHIO
KI'TY um.A.H.Tymonesa (mpuka3 Ne394-0 ot 06.07.2004 roza).

OcHoBHbIE HaNpaBIEHUS AeATeIbHOCTH J1abopaTopuu ['uT:

1. BeinonHeHue WCCIeNOBaHUM TUAPOAMHAMUYECKUX M TEIUIOBBIX IMPOLECCOB B CIOXKHBIX
JAMUHApHBIX W TypOyJNEHTHBIX IOTOKaxX (OTPBHIB IMOTOKA, TEYCHHE M TEIUIOOOMEH 3a
IJI0X000TEKAaeMbIMU TeJlaMU B OTPAaHUYEHHBIX, HEPABHOMEPHBIX M HECTAI[MOHAPHBIX
MOTOKAaX, YIpPaBJICHHWE OTPHIBOM IIOTOKA, MOBEPXHOCTHAs WHTEHCHU(HUKAIMS TEIIOOOMEHa,
HECTallMOHAPHbIE TYpPOYJIEHTHBIC TEUCHUS U T.1I.).

2. IIpoBenenue >KCIEPUMEHTAIBHO-TEOPETUYECKUX HCCIICAOBAaHUM M CO3AaHUE METOAOB U
CPEICTB H3MEPEHMS IMApaMETPOB TEKYUHUX CpEel, B TOM YHUCJE PaCXO0JI0M3MEPUTEIBLHOMN
TEXHUKH.

3. Boimonuenue pa3paboTok MO pakeTHOM TeMaTHKE B 00JIACTH CO3[aHUSI METOJIOB U CPE/ICTB
AaKTHBHOI'O BO3/€MCTBUS Ha o0aKa.

4. BoImoTHEHUE WCCIIEIOBATeNIbCKUX M NPUKIAIHBIX paboT B 007acTH MPOMBILIUICHHON
BEHTWISALIUM U TA300YUCTKH.

5. Ucnonb30BaHne Hay4HO-METOAMYECKOrO MOTEHIMAIa U 000pyI0oBaHUs JabopaTtopuu s
OoOydeHHsI CTYAEHTOB, IIPOBEACHUS HUCCIEIOBAaHUI Marucrpamu, aclupaHTaMH |
JOKTOpaHTaMM, CO3JaHHs Y4eOHO-dKCIIEpUMEHTAIbHON 0a3bl, OTBEYAIOIIeH COBPEMEHHBIM
TpeboBanusaM 'ocynapcreennoro ObpazoBarenbHoro Cranaapra.

[To pesynpTaTam 3THX paboT ObUIO 3amuIIeHo 3 JokTopckux auccepTanuu (Muxees H.M.,
MomnounukoB B.M., [lapnerimn M.A.) u 13 KaHIMIATCKUX AUCCEPTALHIA.

Oco0eHHO XoyeTcs OTMETUTh paboTy MO CO3JaHMI0 MaJOrabapUTHOM pakeTbl HOBOIO
MOKOJIEHUS! /Il aKTUBHOTO BO3/eWcTBUsS Ha oOiaka. Ha3HaueHue pakeTHOro KOMILIEKca:
«Moau(UKaIrs» MOTOAbl — 3allUTa OT Ipajia, TUBHEH, HCKYCCTBEHHOE YBETHYECHHE OCAJKOB.
B paspabotke, kpome KAU, yugactytor: HUUIIM (Ilepms), UIIITD KasHI PAH, HIIII
NPBUC (Ka3zans), HIII[ Anturpan (Hampuuk).

Cranusa pa3pa0oOTKH: IPOBEJIEHBbl YCIHEIIHbIE MEXBEIOMCTBEHHBIE HCIIBITAHUS PAKETHI,
OCBOEHHME CEpUMHOTO MPOU3BOJICTBA ¢ HAYaJIOM MOCTaBokK B 2015 roxay.

Axanemuk PAH JlunanoB A.M., 03HaKOMHUBIITUCH C ATOW pabOTOM, cKa3all, 4YTO OHa JOCTOWHA
JUIs BBIABMKEHUS Ha ['ocynapcTBeHHYI0 npeMuto PO.

B Hacrosimee Bpems Ha Kadeape HMHTEHCHUBHO pa3BMBAETCAd Hay4HO-HCCIIEAOBATEIbCKas
paboTa 1o pa3paboTKe U CO3JaHUIO JIA3EPHOT0 pakeTHOro Apuratens. Co3gaHa cOBpeMeHHas
naboparopus ¢ AEMCTBYIOIIMMHU oOpasllaMu Jla3epHbIX JBuraresneil. Pabora Benmercs u mo
I'PAHTaM, u no xo3. goroBopHoil Temaruke. [lo maHHON TeMme 3amuIeHa KaHAWAATCKas
nuccepraiusi bukmydeBsiMm A.P. (B HacTosinee Bpemsi paboraeT B lIeHTpe MOArOTOBKH
kocMoHaBTOB UM. FO.A. Narapuna) u mokrtopckas auccepraius CarrapoBbimM AT

o 1993r. xkadenpa exeroJHO BbIMycKajda TPU Tpymmbl cTyAeHToB (60-75 denoBek) 1o
paKkeTHbIM JBUTATENsIM. B Hacrosiee BpeMsi BBITYCK CIEHHUATUCTOB COKpaTuwics. B
nocyieHue roapl kKadeapa Ha TMEpBBIA Kypc NpuHUMaeT 20 YeOBEK IO CHEUaTbHOCTH
«PakeTHblE ABUTATENIN TBEPOTO TOILIUBAY.

Cnengyer OTMETUTh, YTO B HACTOAIIEE BpeMs, CylIs MO MHOTOYHCIEHHBIM NHCbMaM C
OOOpOHHBIX TMPEANPUATUN C TMPHUTJIANIEHUEM HAIIUX BBITYCKHUKOB, BO3HHKIIA OCTpas
HEO0OXOUMOCTh B CIIELIMATIUCTAX 10 PAKETHOMY JABUTATEIECTPOCHHUIO U PAKETHON TEXHUKE B
renoM. C y4eToM Toro, 9YTO HayYHO-TIeAaroruyeckas mKkosa, 4eTbipe KaOMHeTa KOHCTPYKIUH,
nabopartopuss U cCTeHJoBas 0a3a, BKJIIOYash OTHEBBIE CTEH[bl JKHJIKOCTHBIX PpaKETHBIX
JIBUTATENICl W paKeTHBIX JBUTATelle TBEpIOTO TOIIMBA Ha Kadeape COXpaHUIHCh,
KOJUIEKTUB Kadephl HaIleJIeH Ha ee nanpHeiee pazsutue B KAU.
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Heine xadenpa (ObiBmIas kadenpa pakeTHBIX IBUTATENCH) B pe3yibTare OOBEAMHEHUS C
Kagenpoil aBHAlMOHHBIX JIBUTATEIe M YHEProyCTAaHOBOK MMEET HOBOE Ha3BaHUE — Kadeapa
PEaKTUBHBIX JABUTaTENIEeN U SJHEPreTUUECKUX ycTaHoBOK (PIuDVY).

\AHaTo.]mi/i ®enopoBuy [lperaumn, nBaxnel naypear ['ocynapcrtBenHoit npemun CCCP
(1984,1991r.); 3acimyXeHHBIN AesATeNb HAyKH U TeXHUKHU pecnyomuku Tartapcran (1982r.) u
Poccuiickoit  ®enepanuun  (1987r.); YJIeH (akameMuK) axkajgemMuu ABHAMM U
BosnyxomnaBanus (2004r); Ilowernsiii mpodeccop KI'TY um. A.H.Tymonesa (1997r.);
JOKTOp TEXHHYECKUX HAYK, 3aBEAYIOLINI Kadeapoil CreluanbHbIX pPAaKeTHBIX JBHTraTesen
KazaHckoro rocynapcTBeHHOTO TeXHHYeCKoro yHuBepcutera uMm. A. H. Tymonera ¢ 1989 r
1o 2014 r. Oxonunn Ka3zanckuil aBuainoHHbId MHCTUTYT (HbIHE Ka3aHCKuil HallMOHAIbHBIN
UCCIIeI0BaTeNbCKU TexHnueckuid ynuepcutetr uM. A.H.Tynonesa - KAU) B 1960 roay no
CHenualbHOCTH JIBUrarenu jeTareiapHbIX amnmaparoB. CnenuuamucT B 00JacTH: DHEpreTHKa
BBICOKOTEMIIEPATYPHBIX MPOILECCOB B TEIUIOBBIX ABUTATEISX M DHEPrOyCTaHOBKAx (Teopwus,
MOJICIIMPOBAHKE, METO/IbI pacyeTa ImapaMeTpoB MPOIECCOB U CBOMCTB pabounX TENl BBICOKOU
TEMIIEPATYphI).

I'ennagmii  Anexkcanaposuu I['se6oB, crnenuasuct B 00JAaCTHM Ta30JMHAMHYECKUX U
TEIJIOBBIX MPOLECCOB B TEIUIOBBIX JBUraTEIsAX U dHEproycraHoBkax. Beimycknuk MI'TY um.
H.3. baymana (1972r.), KI'Y um. B.W. VYnbsnoBa-Jlenuna (1981), mOKTOp TeXHHUECKUX
HayKk, mpocdeccop kadeapslr P/IudY Kazanckoro HaIHMOHAIBHOTO HCCIEIOBATEIBCKOTO
TexHHuYeckoro yHuBepcurera uM. A. H. TynoneBa. ABtop Oonee 160 Hayunsix padoT, B T.4.,
JIBYX MoOHorpaduii, yuedHoro mocobust u 62 uzobperenuil. [loaroroBun 16 kanaumaToB
TEXHUYECKHUX HayK U OJJHOrO JoKTopa Hayk. JlaypeaTt npemun | crenenn I'ockomurera CCCP
0 HapoAHOMY oOpa3oBaHMI0O B oOyacTd Temio-u  Maccooomena (1988), unen
MEXYHApOJAHOM OpraHM3aluy 10 HENMpepbIBHOMY MH)XeHepHOoMY oOpazoBanuio |IACEE. B
1994 rony yiocToeH CTUNEHIUH NMpe3nIeHTa KaK Bblaroluiics yueHslii Poccun.
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In 1932 there was an event that defined course of life for many people and laid the foundation
of major scientific discoveries and achievements - Kazan Aviation Institute was established
on the basis of Aerodynamic Department of Kazan University. It was made on initiative of
Academician N. G. Chetaev, mechanician and mathematician, Founder of well-known
scientific Kazan School of mechanics and stability. The main aim of KAI was the training of
qualified engineers, with deep mechanics-mathematics base, for aviation. Once the Institute
got advance, the research interests began to expand due to the work in the rocketry at
supersonic and hypersonic speeds, allows realizing flights beyond the Earth and its
atmosphere, into space.

Start rocket-space researches in Kazan, and then in KAI, was done during the World War I,
when Sergei Korolev and Valentin Glushko were here. At the factory no. 16 (nowadays it is
Kazan Motor Production Association (KMPQ)) the Department no. 28 of People's
Commissariat of Internal Affairs was organized, where founders of the national rocketry and
astronautics worked after arrest in 1940. The Department consisted of two design bureaus.
One of them led by Boris Stechkin engaged in the creation of jet engines and in another
Valentin Glushko was a head of development of liquid-propellant rocket engine with thrust
from three hundred to twelve hundred kilogram.

After Boris Stechkin release in 1943 and his departure to Moscow, Design Bureau headed by
Valentin Glushko remained in the Department, where pilot production of nitrogen acid liquid
rocket engines RD-1 and RD1-X3 was created for installation on different types of aircraft.

At the end of World War Il it became obviously that rocketry would be the basis of the
country military potential in the coming years. The question of staff training for the rocket
industry demanded the immediate solutions. Favorable conditions for training evolved in
Kazan: Kazan Aviation Institute and prominent specialists in rocket engines worked
successfully here, the pilot production of engines at the factory no. 16 was established.
Perceiving the rocketry importance and potential VV.P. Glushko together with Director of KAI
G.V. Kamenkov and Dean of the 2nd Faculty S.V. Rumyantsev made a proposal to establish
the Rocket Engines Department.

By the Order of the People's Commissariat of Aviation Industry of May 1, 1945 the country's
first Rocket Engines Department was organized in KAI. Head of the Department V.P.
Glushko, Professor G.S. Zhiritsky, Senior Lecturers S.P. Korolev, D.D. Sevruk, G.N.
List, and their colleagues were invited as teachers from Experimental Design Bureau of
special engines.

I.I. Ivanov, later the Chief Engineer, Hero of Socialist Labor, laureate of Lenin and State
Prizes of the USSR, M.K. Maksutova, later Dean of the Motors Faculty, Doctor of Science
were among the first graduates of the new department in June 1946.

After Valentin Glushko and Sergei Korolev had left Kazan, who later led independent design
organizations, the Rocket Engines Department of KAI existed until 1949. Then it became part
of the joint Department of Aircraft Engines Theory, led by S.V. Rumyantsev. In 1965, on the
initiative of Professor V.E. Alemasov it recreated as an independent unit (Department Of
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Special Engines — Department no. 22) for engineers training in rocket engines. V.E.
Alemasov headed the Department for almost a quarter of century. In 1987 he headed the
Presidium of Kazan Branch of the Academy of Sciences of the USSR (now it is Kazan
Scientific Center of Russian Academy of Science) and Professor A.F. Dregalin became a
Head of the Department of Special Engines.

Since its establishment, the Department staff has prepared more than 2,000 engineers, more
than 130 Candidates and 26 Doctors of Science. Many graduates of Department were awarded
of high state awards and titles, became professors, academicians. Teachers of Department, in
cooperation with other organizations staff also, have written numerous textbooks and
workbooks. The textbook “Theory of Rocket Engines” received the greatest fame and
recognition. The first edition of the future textbook was published in 1962, its author was
V.E. Alemasov. The following editions of the textbook were prepared by authors team: V.E.
Alemasov, A.F. Dregalin, A.P. Tishin; Academician V.P. Glushko was editor of the third and
the fourth edition of this textbook. The fourth edition of the textbook was awarded of the
State Prize of the USSR in 1991, and was translated in China in 1993.

Many years General Designers: Lenin Prize winner P.F. Zubets and Laureate of the State
Prize of the USSR N.Kh. Fakhrutdinov taught the subject “Solid-propellant rocket engine
(RDTT)” in the Department as part-time lecturers.

KAI graduates, and in particular the Department of Rocket Engines graduates, were in great
demand in rocketry industry.

They were sent to various cities to work in the aerospace enterprises of the USSR:
Krasnoyarsk, Omsk, Ekaterinburg, Zlatoust, Miass, Nizhnyaya Salda, Votkinsk, Perm’,
Gorkii Kazan, Dnepropetrovsk, Voronezh, Moscow (Research Institute of Precision
Instruments (NIITP), DB “Energomash”, S.P. Korolev Rocket and Space Corporation
“Energia”), Zagorsk (Research Institute of Chemical Engineering, NIIChimMash) and to
other cities.

Thus, in 1959, General Designer of “State Design Bureau ”Yuzhnoe” M.K. Yangel’ asked by
the Ministry to distribute and to hire to an engineer positions all 26 students from KAI, who
came to pre-diploma practical work in his organization. In 1966 B.l. Gubanov, Deputy
General Designer of SDB “Yuzhnoe” (KAI graduate of 1953), who then was developing
missile system R-36M (Voevoda-Satan), visited KAI and by his request 15 KAI graduates
was sent to SDB “Yuzhnoe” (Dnepropetrovsk). Totally, since 1953 to 1966 more than 150
KAI graduates, who obtain specialization in rocket engines and missiles, were sent to work in
SDB “Yuzhnoe”.

You can estimate the engineering education quality of KAI graduates of those years by the
letter of Chief Designer and Director General of SDB “Yuzhnoe” S.N. Konyukhov on the
70th anniversary of the KAI establisment:

“Over 40 years | worked with KAI alumni, members of the pioneering developers rocket and
space technology in SDB “Yuzhnoe”, talented professionals, who have made a great
contribution to the development of military and space rocket technology by their selfless
work, including scientists, Winners of Lenin and State Prizes, Honored Engineers, Heroes of
Socialist Labor: I.I. lvanov, B.l .Gubanov, A.V. Klimov, I.G. Pisarev, V.Ya. Soloviev, L.V.
Andreev, G.A. Kozhevnikov, V.A. Antonov, L.M. Nazarov, Yu. P. Prosviryakov, G.M.
Galimov, Y.B. lvanov, V.I. Baranov, Yu.V. Silkin, L.M. Shamatulskii.

Noted in a letter Deputy Chief Designer I.1. Ivanov, Chief Designer of KB-4 A.V. Klimov,
Deputy Chief Designer of KB-2 I.G. Pisarev are graduates of the Rocket Engines
Department. The historical lifecycle of four generations of combat missile technology and
three generations of space rockets (“Zenith”, etc.) that has not equal in the world in their
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energy performance, are connected with these people. Americans still fear missiles SS-18
“Satan”, which has not an appropriate missile defense system.

The educational process successfully combined with scientific work in the Department.
Research organization in the Department associated with the formation under of V.E.
Alemasov leadership in 1957 a new research direction for the calculation and the analysis of
processes in engines, based on widespread use of computer technology. In the “arms race”
between USSR and USA, which is called the “Cold War” and in space exploration the time
was one of the main factors. Inceptive electronic computers have become the new tool, which
allowed making revolution in scientific research, including thermodynamics and rocket
engines.

Now you can create rigorous mathematical models quite accurately descripting the physical
processes in a rocket engine. Calculations of thermodynamic processes in rocket engines for
liquid, solid and hybrid fuels of different chemical composition are made on the basis of
universal software now. Besides, time for solutions obtaining reduced significantly. All this
has allowed achieve the new levels of design work and predictive assessments quality in
enterprises developing rocket engines and the Department (and later research laboratory) for
over twenty years kept a monopoly position in the calculation of process parameters and
combustion products properties in rocket engines and other heat power plants. The lead author
in solving many of these problems and challenges is Kazan Aviation Institute is graduate of
1958 A.P. Tishin.

Official acceptance of success in this research direction development was the creation in 1963
in KAI of branch Thermodynamic and Thermophysics Research Laboratory under V.E.
Alemasov supervision. The main research customer was the Research Institute of Thermal
Processes (formerly — Rocket Research Institute, then NII-1, NIITP, nowadays — Keldysh
Research Centre).

A new stage in creation of calculation methods for high-temperature processes parameters and
combustion products properties in rocket engines and power plants, of software for analysis
and obtain of reference data for various types of liquid propellants was the issue of ten-
volume reference book “Thermodynamic and Thermo physic Properties of Combustion
Products”.

For calculation of process parameters and combustion products properties one requires some
initial data in the form of definite constants and temperature functions related to the
components of the initial substances and individual combustion products (consisting of multi-
component mixtures of gases, liquids and solids produced during combustion). This data is
contained in the voluminous references of USSR Academy of Sciences “Thermal Constants
of Substances” and “Thermodynamic Properties of Individual Substances”, work on which
drawing was executed under the supervision of Academician V.P. Glushko since 1952.
Reference book “Thermodynamic and Thermo physic Properties of Combustion Products”
was intended to finalize the complex problem of creating a system of mutually and
organically bound references, forming a united system. It provided the research, design and
construction organizations and academic institutions with the data needed for reasoning of the
rocket and space technology prospects, research high-temperature processes and selection of
the most efficient parameters.

Presidium of the USSR in August 1968 made the decision of the third reference book
preparation. The editorial board supervised the work, which leading scientists in the field of
rocket engine were invited in. Academician V.P. Glushko — the founder of domestic rocket
engine development headed and carried out scientific editing on it. V.E. Alemasov as the
leading author of the reference book have been assigned as deputy science editor, he
coordinated work of all project participants. Authoritative in the Soviet Union and modern
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Russia researchers and design firms were among them: Central Research Engineering
Institute, Research Institute of Thermal Processes, Design Bureau of Power Engineering,
Institute for High Temperatures of USSR Academy of Sciences, All-Union Institute of
Scientific and Technical Information. Department of Special Engines collected all materials
for the reference book, organized editing and engaged in the final text preparation.

Reference book, which publication was completed in 1980, became a result of labor of
numerous authors and editors team. In data completeness, rigor formulations and adopted
calculation methods it has no precedent in the world and domestic literature. Several volumes
of the reference book were translated in United States and Israel. In 1984 the system of
reference data as a complex of three reference books was awarded the State Prize of the
USSR.

Liquid propellant rocket engines designed in our country are still the best in the world.
The contributions of KAI scientific school in these results are very weighty.

Moreover, we should note additional important moments in the history of the country’s first
Department of Rocket Engines - the Department associated with the names of
V.P.Glushko, S.P.Korolev.

Thermodynamic and thermo physic researches of combustion products and processes in
rocket engines were laid the foundation for creating and necessary conditions in the
Department of Special Engines experimental base and research facilities for the other
scientific fields and training of qualified personnel for the country. Thus, since 1973 by 1984
four doctoral dissertations were defended in the Department: V.Ya. Klabukov (1973,
“Radiation Heat Transfer in Rocket Engines”); A.V. Fafurin (1974, “Non-Stationary Heat
Transfer in Solid Propellant Rocket Engines”); Yu. M. Danilov (1982 “Internal Ballistics of
Solid Propellant Rocket Engines”); T.P. Potapov, (1984, “Electro Physical Properties of
Rocket Engines Combustion Products”). These scientists and teachers together with their
employees had gone into “deep waters”: V.Ya. Klabukov became rector of Kirov Polytechnic
Institute; A.V.Fafurin and Yu.N. Danilov became Department Heads in Kazan Chemical
Technological Institute; G.P. Potapov — Head of Department in KAL.

In 1984, by the order no. 41 of V.E. Alemasov dated on March 30, scientific and educational
units had been established in the Department of Special Engines, including five thematic
sectors: “CAD” (Head Kryukov, V.G.), later renamed into “Modeling”; sector “Diagnostics”
(Head Gafurov, R.A.); sector “Electrophysics” (Head Cherenkov, A.S.); sector “Gas
Dynamics” (Head Glebov, G.A.); sector “Oil” (Head Magsumov, T.M.), as well as a
centralized service sector "SCO", which includes two groups: GTO-1 (Laboratory Head
Usanov, I.A.) and GTO-2 (Laboratory Head Shulakov, V.A.). Groups GTO-1 and GTO-2 of
centralized services sector were set up to perform work for providing and maintenance of
educational process and scientific research and staffed on a territorial basis: GTO-1 is in the
educational building no. 7, and GTO-2 is in the outside laboratory base, where there were five
firing test beds, including the model solid propellant jet engines test bed, liquid jet engines
test bed on long kept components, liquid jet engines test bed on liquid oxygen and kerosene.
Contractual research, for example, in 1990, held on 52 contracts on the amount of 1,579,300
rubles, which was a significant sum in the total contractual work in KAI at that time. Staff of
the Department was 130-140 people at that time.

Sector “Diagnostics” was actually organized in March, 1978. Initially it consisted of 9
graduates of Special Engines Department of 197778 years.

In 1979, the Scientific Council on the problem of “liquid rocket propellant” of the Presidium
of the USSR Academy of Science took a decision (no. 105-79 from 15.10.79) to execute in
KAI fundamental research of design and create the new physical methods and means complex
of diagnosing intrachamber processes in liquid rocket engines.
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The main directions of the sector work were:

1. Diagnosis of two-phase flows and mixing parameters in gas-liquid paths, control elements
and combustion chamber of liquid rocket engines.

2. Diagnosis of combustion chamber reaction zone and parameters of the curtain cooling and
exhaust jet under normal and abnormal operating conditions.

3. Manufacture of diagnostic systems prototypes and its development in the firing tests on
KAI test beds.

4. Functional linkage of diagnostic systems into united automated system with using
computation complex IVK-7 and “KAMAK” modules.

5. Development of scientific foundation of aircraft engines technical diagnostics
synchronously with tests.

In the 1979 also in the Department of Special Engines the development and construction of a
new test bed with the engine thrust up to 2 ton began, that works on the components: kerosene
+ oxygen (gas) and is used compressed nitrogen in control systems and supercharging.

To solve the set problems group was reorganized in the sector “Diagnostics” in Department in
1984 and increased its size up to 66 people. There were 9 subgroups in the sector engaged in
development of methods and devices for research of various parameters of the engine and test
bed systems, such as:

- Holographic apparatus for research of the fuel components spray area and the backpressure
effect on gas-liquid flows;

- Mass spectrometer apparatus for the continuous analysis of the combustion products
composition in various zones in the combustion chamber with simultaneous scanning bleed
off samples along cross the combustion products flow section;

- Microwave interferometer to study the spatial characteristics of the reaction zone of the
flame with a scanning antenna device along the combustion chamber;

- Radiometers for intrachamber processes research and study of the working medium in the
microwave range;

- Diagnostic apparatus using molecular spectroscopic method for the working processes
research by working medium self radiation in the ultraviolet and visible ranges;

- Device, based on the laser-induced fluorescence method for study of the active radicals local
concentrations in the reaction zone;

- Plasma-ion detector systems for the charges generation research under pulsed operation
mode changes and surface gas ducts ignition;

- Device of monitoring and control of the combustible mixture ignition process in spark
ignition devices;

- External disturbing apparatus for generating acoustic disturbances with adjustable
frequency;

- Device with a vacuum sampler and fast infrared spectrometer for study of “soot” particles in
combustion products, for measurement of the flame emission spectrum by double
monochromator DMR-4 and for analysis of dispersed composition of condensed phase;

- Measuring and computing complex IVK-7with “KAMAK” module and computer SM-4.

In 1989 construction of the test bed was completed and the first firing test of the standard
engine (steering camera) of “Buran” system in conjunction with an automated diagnostic
complex was carried out. On all test devices, including fire test bed, training labs were carried
out, and a set of manuals for them was developed. This kind of work was executed until 1995.
Over the entire period of the “Diagnostics” sector work 2 persons (Gafurov, R.A., Shigapov,
A.B.) were defended doctoral thesis, 8 persons (Safin, D.N., Safin, R.S., Zakonov, M.A.,
Shabalin, I.N., Platonov, E.N., Yunusov, D.M., Trutnev, K.F., Stinskii, G.V.) were defended
Ph.D. thesis.
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Subjects of the “Electrophysics” sector works was very wide and included research both
theoretical and experimental directions. Block of computational and theoretical work included
the study of non-ideal (in the thermodynamic sense) ionized working mediums of rocket
engines and power plants based on them, taking into account the formation of clusters:
associates and complex ions (executors: A.l. Glazunov, O.V. Ermolaeva, A.N. Sabirzyanov);
nonequilibrium flows of ionized heterogeneous working mediums for solid propellant jet
engines (executor: M.M. Lampasov); study of the processes in electric discharge chambers of
powerful laser systems (executor: G.B. Odinokova).

Experimental direction of work had been focused on the development of methods and means
of contingency situations lag-free diagnosing by electrophysical methods for full-scale liquid
propellant and solid propellant jet engines (A.D. Ziyatdinov, A.G. Bugaenko, G.P. Potapov).
To this purpose the original microwave transmitters and receivers were developed, some
elements of which were made at various leading radio engineering enterprises of the USSR
(executer: R.N. Abdrshin). An external (related to the engine) probe methods used also,
allowing the lag-free monitoring of the destruction dynamics of parts of the solid fuel charge
or thermal barrier coating at full-scale tests of the solid propellant rocket engines. This
method had been implemented in the solid propellant rocket engines full-scale testing
practice. lonization sensors and its signal processing devices (executors: V.A. Shkalikov,
M.L. Osipov) allow you to record the beginning of ignition of the gas duct metal of the liquid
propellant rocket engines with staged combustion cycle and provide a signal for the engine
safety system. A method for contactless diagnostics (via antenna probe) of intrachamber
processes in liquid propellant rocket engines was developed (executor: A.N. Sabirzyanov).
Sector staff carried out continuous remote monitoring by using the developed instruments of
all rocket launches from cosmodromes “Baikonur” and “Plesetsk”.

One doctoral thesis and seven PhD theses was protected by this work results.

Work of sector “Modeling” was mostly theoretical and carried out in the direction
“Mathematical modeling of high-temperature processes in power plants”.

Researches and commercial contracts were executed on themes:

- Chemical non-equilibrium processes in nozzles of liquid propellant rocket engines and solid
propellant rocket engines and development of application software package “Prediction of the
rocket engines specific impulse” (developers and researchers A.G. Senyukhin, A.D.
Khasanov, R.S. Khairullin, I.K. Zhukova, R.L. Iskhakova, T.V. Trinos);

- Gas-liquid reacting flows (gas generators, combustion chambers of liquid propellant rocket
engines and air-breathing engines), modeling of the recirculation flows and processes in the
flame front (the developers and researchers I.A. Zenukov, A.L. Abdullin, A.V. Demin, D.B.
Sokolov);

- Processes in the hot pressurization tanks of liquid propellant rocket propulsion systems and
modeling of interfacial combustion (developers and researchers V.I. Naumov, LYu.
Naidyshev, V.Yu. Kotov, R.K. Valiev, R.A. Mukhamedzyanov). G.A. Glebov was involved
in development of the gas dynamic model of inter tank processes.

Work on these topics includes the followed steps: creating of physical schemes, mathematical
models, computation algorithm, software development and its application on the interested
enterprises. Application was carried out in the framework of commercial contracts with
leading companies of the industry branch: “Konstruktorskoe Buro Khimavtomatiky” (OSC
KBKhA) (Voronezh), RSC “Applied chemistry” (Leningrad), Research Institute of Precision
Instruments (NIITP, Moscow), Research&Development Institute of Mechanical Engineering
(NIIMash, Nizhnyaya Salda), Academician V.P.Makeyev State Rocket Centre (Miass), S.P.
Korolev Rocket and Space Corporation “Energia” (Moscow), “Saturn” (Moscow), KMF
“Soyuz” (Kazan), “Soyuz” (Dzerzhinsk) and others.
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After strong changes in our country in early 90-th the main employees of sector working in
different departments, organizations and even other countries continued profitable
cooperation with the Department in this direction with expansion of problems subjects. In
particular, together with Brazilian colleagues and students the problems of the modeling of
combustion processes in gas-coal flows and of mass transfer processes in industrial extractors
were solved (V.G. Kryukov, A.L. Abdullin). Together with foreign colleagues work on
“Mathematical modeling of combustion processes and ionization in internal combustion
engines” carried out (A.V. Demin, V.I. Naumov).

Our principal researchers in this direction have published more than 300 scientific papers,
including 3 monographs, 80 articles in the foreign congresses proceedings and 30 in the
Russian conferences proceeding and more than 40 articles in journals, including: Russian
Aeronautics; Chemical Engineering and Processing (Elsevier); Food and Bioproducts
Processing (Elsevier); Tendencias em Matematica Aplicada e Computacional; Information
Tecnologica; Physics Chemical Kinetics in Gas Dynamics, etc.

As part of the developed scientific direction to the present time 4 doctoral theses, 4PhD and
14 Master's theses were defended.

Team of the “Gasdynamics” sector was formed in 1980 of the best KAI graduates, post-
graduates and engineers. In addition to mechanical engineers of aircraft engines, graduates of
Radio Engineering Faculty and Computer Science Faculty actively worked in the sector. The
main research direction is the study of turbulent jet streams and separated flows and heat
transfer in channels of aircraft engines and power plants. Particular attention is paid to the
study of unsteady effects in the areas of separation and reattachment of the separated flow,
characterized by instantaneous changes of velocity to the opposite one. The research was
carried out on two gas-dynamic tunnels operating on suction. Gas dynamic plants with
supersonic flow worked on the high pressure dock. Measurement of averaging and pulsating
flow parameters was carried out with the help of developed and manufactured in the sector
“Gasdynamics” original thermoanemometers that sensitive to the instantaneous flow
direction. New experimental data and the effects of separated and other flows, characterized
by instantaneous speed “reverse”. Influence of such “reverse” flows on heat transfer was also
studied. The results of the work were presented at seminars of G.N. Abramovich (CIAM),
A.S. Genevskii (TsAGI), on international and other conferences (R.N. Gabitov, A.A.
Bormusov, V.Yu. Kokurin, R.A. Yaushev, V.B. Matveev, B.E. Mikhailov, A.R. Gafurov
etc.). The main results were published in major journals and monographs published by Kazan
Branch Academy of Sciences. Some sector staff (I.K. Zhukova and I.M. Varfalameev)
engaged in numerical simulation of researched complex flows based on the Reynolds
equations. One of the goals of such research was an attempt to clarify the empirical constants
in the turbulence models (K-€ et al.) with using of the experimental data for highly turbulent
reversed flows with zones of reverse streams.

The second direction of the sector activity was directly related to execution of research
contract work with the enterprises of the Ministry of Aviation Industry and General
Engineering. Activity directions are:

- Gas dynamics and heat and mass transfer processes in the supercharged fuel tanks of
rockets;

- The study of complex spatial flows with zones of reverse flows in cross-flow ducts of solid
propellant rocket engines.

The main goal of solid propellant rocket engines research is to identify areas of intense heat
emission and deposits of the condensed phase in the chamber and the nozzle inlet leading to
burn-through and failure of the engine. Experiments were the cold blow of the model and real
engines with the solid propellant simulator supplied by the customer. By using of thermo
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anemometer and variety visualization techniques (method of oil “sooty” coatings, etc.) the
flow detailed structure was identified, which includes the area of reverse flows, the region of
the separated flow joining, which allows to determine the area of most intense heat and mass
transfer in the chamber.

As a result of further research, engines modification options were suggested to eliminate
hazardous areas with too intense heat mass exchange. This results of work were represented
in the scientific and technical reports and patents. Thus, with the help of these studies the
problem of eliminate area of condensed phase deposits and burn-throw have been resolved for
a two-chamber solid propellant jet engine (I.1. Bikmullin), for pre-nozzle volume of one of the
test engines and some other problems.

A group of employees (A.N. Shchelkov, E.N. Kovrizhnykh,. S.Y. lvanov, D.V. Kratirov) in
1984-1990 engaged in the study of high-frequency instability in solid propellant rocket
engines with recessed nozzle. The aim of the work was to dispose the pulsation of pressure
and high-amplitude thrust, resulting to engine damage. As a result of the cold blows on
models with simulated solid propellant burning surface by the porous wall was revealed
appearance at the leading edge of the recessed portion of nozzle of the non-stationary vortex
structure adapting to the natural frequency of longitudinal vibrations in the engine chamber.
As a result of these studies several technical solutions have been proposed and is defended
about eliminate the self-oscillations of the pressure and thrust (1984-1987). One such solution
in the form of the confuser-attachment in the inlet in recessed nozzle of solid propellant
rocket engine of the first stage was realized on two modifications of interceptor missile,
which still is the subject of proud of our country (S-300).

Sector employees have been defended 2 doctoral (G.A. Glebov, A.P. Kozlov) and 18 PhD
theses before 1994.

Besides the problems, related to rocketry, the Department engaged in economic problems,
including thermal effect on the oil pool to intensify the oil production. In the oil Republic
(Tatarstan) this problem was of extremely great importance. Using the experience of rocket
engine and gas generator combustion chamber development, Department and its laboratories
were established effective steam gas generator plants using hydrocarbon fuels.

These works under V.E. Alemasov and T.M. Magsumov supervision were carried out for
many years in the framework of the program of the Science and Technology State Committee,
the International Scientific and Technical Committee “Oil Recovery”, and Tatarstan Republic
program to enhance oil recovery.

Commonwealth of Kazan Scientific Center of Russian Academy of Sciences, Production
Association Tatneft, institutions Tatar Research Oil Engineering Institute (TatNIIneftemash),
Tatar R&D Oil Institute (TatNIPIneft), Pilot Experimental Oil-Gas Exploration Office
Tatneftebitum and KAI has greatly contributed to the successful development of both the
design process and the development of industrial application in the oil fields of new
technologies and developed facilities.

- In the 80th of the last century pilot operational experiments executed in Mordovia—
Karmalskoe natural bitumen field to test different designs of steam gas generator plants. In
autumn 1990, acceptance tests of the steam gas generator plant carried out by
interdepartmental commission formed by order of the USSR Ministry of Oil Industry. Higher
efficiency of the working medium — steam-gas in comparison with steam for natural bitumen
production was proved.

Steam gas generator plant with ground location of the steam-gas generator has been
recommended by the interdepartmental commission for manufacturing in Bugulma
Mechanical Plant. However, the time came for serious changes and restructuring of the
country's industry; as a result many, many developments have been devoted to oblivion.
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In parallel with the development and construction of steam gas generators, the work of
thermal gas generator design in the “in-well” modification was carried out to initiate
intrastratal ignition. Experimental and industrial applications of thermal gas generator of
power 125 kW was carried out in 1991 on the well no. 9184 in Nurlat high-viscosity oil field
of Tatarstan Republic. Thermal gas generator downing depth was 1257 meters.

Thermal gas generator worked for 56 hours, after that the intrastratal burning on the
thermogram by a temperature sensor in the stratum and the increase of CO, content in the
monitoring well no. 9184 was recorded. At the same time a response of the nearest
geophysical well no. 40 to the intrastratal burning was the fact that it began to blow out with
daily debit of 8 tons after thermal generator disconnecting.

In 1997 T.M. Magsumov defended doctoral theses on the theme: “Development of scientific
foundations, methods of design and engineering implementation of facilities for enhanced oil
recovery based on the rocket engineering experience”. Practical implementation of this work
in the Tatarstan Republic is waiting in the wings ...

Despite the decline in research related to the rocket engine, the Department is attempting to
preserve its scientific potential. Thus, in 1997 with the support of the Director of the Energy
Division of the Kazan Scientific Center, Russian Academy of Sciences, Academician
Vyacheslav E. Alemasov, a joint research laboratory of hydro dynamics and heat transfer
(HIiT) has created. Actually it is HIiT Laboratory that is the successor of gas dynamics sector
of Department of Rocket Engines of KAI from 1982 to 1996. The purpose of the lab
establishing is to unite the scientific potential of KAI named after Tupolev and Energy
Division of Kazan Scientific Center RAS. Operational management of the laboratory was
assigned to head of the Department of Special Engines A.F.Dregalin and Director of Energy
Division of Kazan Scientific Center RAS V.E.Alemasov as a co-heads, and Acting Head of
the laboratory was assigned to perform one of the leading members of “Gas Dynamics”
sector, Doct. of Tech. Sci. Alexander P. Kozlov.

In 1997, HIiT Lab joined the University Centre of Power Engineering established under the
Federal Target Program “State support of integration of higher education and fundamental
science 1997-2000" (FTP "Integration™). Scientific Metrological Center "KAI" was organized
in 2002 with the direct participation of HiT Laboratory employees, that combined the
scientific and technical potential of Tupolev Kazan State Technical University, the Energy
Division of Kazan Scientific Center RAS, Federal State Unitary Enterprise SSMC All-
Russian Scientific Research Institute of Flowmeter Survey for solution of the fundamental
and application tasks in the field of hydro dynamics and heat transfer, measuring equipment,
for the development of research and educational activities. Later, in 2004, SMC-KAI was
reorganized into a research laboratory of KSTU named after Tupolev (order no. 394-0 from
06.07.2004).

The main activities of the HiT Laboratory:

1. Execution of hydrodynamic and thermal processes research in complex laminar and
turbulent flows (flow separation, flow and heat transfer after bluff bodies in limited, non-
uniform and non-stationary flows, flow separation control, surface heat transfer
intensification, unsteady turbulent flows, etc.).

2. Carrying out of experimental and theoretical research and development of methods and
means of measuring of fluids parameters, including flowmeter instruments.

3. Development on rocketry topics in the field of methods and means of active influence on
clouds.

4. Research and applied works in the field of industrial ventilation and gas purification.
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5. The use of scientific and methodological abilities and laboratory equipment for students
teaching, masters, postgraduate and doctoral students’ research, creating of training and
experimental base that matches modern requirements of State Educational Standards.
According to the results of these studies 3 doctoral theses (N.I. Mikheev, V.M. Molochnikov,
I.A. Davletshin) and 13 PhD theses were defended.

| especially want to commend the work of the creation of compact missile of new generation
for active influence on clouds. Appointment of missile complex is weather “modification”—
protection against hail, rain, and artificial rain enhancement. In this development Scientific
Research Institute of Polymeric Material (NIIPM, Perm), Research Center of Energetics
Problem of KSC RAS, Research and Production Enterprise “Irvis” (Kazan), Research and
Production Center “Antigrad” (Nalchik) are participated besides KA.

Stage of development is the follows: successful interdepartmental tests of the missile are
carried out; the serial production with deliveries will begin in 2015.

Academician of RAS A.M. Lipanov said after acquaintance with this work, that it is worthy
for nomination for the State Prize of the Russian Federation.

At the present time, Department is intensively executing research work on the development
and design of the laser rocket engine. A unique modern laboratory with acting models of laser
engines is established. Work is being done both under the grants, and commercial contracts.
On this problem PhD thesis is defended by A.R. Bikmuchev (presently working in the
"Gagarin Research&Test Cosmonaut Training Center) and doctoral thesis — by A.G.
Sattarov.

Up to 1993 Department annually graduates three groups of students (60—75 people) in rocket
engines specialty. Nowadays, graduates amount have declined. In recent years, Department
takes 20 people in “solid propellant rocket engines” specialty in the first course.

It should be noted that at present, judging by the numerous letters from military companies,
inviting our graduates, there is an urgent need for specialists in rocket engine and rocket
technology in general. Given the fact that the scientific and pedagogical school, four classes
of designs, laboratory and test bed base, including firing test beds for both liquid and solid
propellant rocket engines are kept in Department, the staff of Department is aimed at its
further development in KAL.

Now Department (formerly the Department of Rocket Engines) after joint with the
Department of Aircraft Engines and Power Plants has a new name — Department of Jet
Engines and Power Plants (RDIEU).

Anatoly F. Dregalin|, twice winner of the State Prize of the USSR (1984, 1991); Honored
Worker of Science and Technology of the Tatarstan Republic (1982) and the Russian
Federation (1987); member (academician) of the Academy of Aviation and Aeronautics
(2004); Professor Emeritus of KSTU named after A.N. Tupolev (1997); Doct. Of Tech. Sci.,
head of the Department of Special Rockets Engines of Kazan State Technical University
named after A.N. Tupolev from 1989 to 2014.

He graduated from Kazan Aviation Institute (now Kazan National Research Technical
University named after A.N. Tupolev — KNRTU) in 1960 in an aircraft engines specialty.
Specialist in high-temperature processes energy in heat engines and power plants (theory,
modeling, analysis methods of process parameters and properties of the working mediums of
high temperature).

Gennady Alexandrovich Glebov, specialist in the field of gas-dynamic and thermal
processes in heat engines and power plants. A graduate of MSTU named after N.E. Bauman
(1972), Kazan State University named after Ulyanov-Lenin (1981), Doct. of Tech. Sci.,
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Professor of RDIEU Department of Kazan National Research Technological University
named after A.N. Tupolev. Author of over 160 scientific papers, including two monographs,
textbooks and 62 inventions. He prepared 16 candidates of technical science and a doctor of
technical science. Laureate of | degree Prize of the USSR State Committee for Public
Education in the field of heat and mass transfer (1988), a member of an international
organization for continuing engineering education IACEE. In 1994 he was awarded the
Presidential Scholarship as an outstanding scientist of Russia.
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AKkmyanvHble npooiembl A6UAUUOHHBIX U AIPOKOCMUYECKUX
cucmem: npoyeccol, moodenu, sxkcnepumenm. Nel(40), tom 20, 2015 Kazanp, [laliTona bruu

MockoBckoMmy aBuaumoHHomy uHctutyTty (MAWU) - 85

MockoBckuii aBnaumoHHbin MHCTUTYT (MAW) otmeTun  85-neTue cBOEro cosgaHus.
NHcTuTyT 6bIN ocHoBaH B MapTe 1930 roga. Mbl ¢ yaoBneTBopeHneM no3gpasnsemM
Bcex Hawwmx Konner m3 MOCKOBCKOrO aBMauUMOHHOrO MHCTUTyTa (HaumoHanbHoro
NccneposaTenbckoro YHuBepcuteTta) U Becb konnektmse MAWM B uernom ¢ atum
tobuneem co gHA ocHoBaHUA !

[Mpn 3TOM HaMm OYeHb NPUATHO OTMETUTb, YTO B MNMporpamme passutna MAU cpeaum
nepBbIX CTpaTermnyeckMx 3agay BbiaeneHo :

- «... OOCTUXXEHME BbICOKOro KayecTBa NOAroTOBKM CneumanucToB Ansa aBnauyoHHOM n
paKeTHO-KOCMMHeCKOﬂ HayKun n I/IH)KeHepHO|7| MPAKTUKHN ....»,

- «... ycuneHme U3NKO- MaTemMaTUYEeCKOW MNOAroTOBKM  Kak 0asbl 3HaHui Ons
NMOHMMaHWNA NPOLIECCOB N MOAENNPOBAHUS ABNEHUN B MHXXEHEPHOW NPAKTUKE ...».

B pesynbtate, B MAWM wumeer wmecto pyHAamMeHTanbHass MNOAroToBKa
cneuynanucToB U UHXEHepoB LUMPOKOro  npodpunsg, Ans  CAOXHEeNLWnxX
NPOMBILUMEHHbIX obnacTen

B atom, pasymeetcsa, ocobas 3acnyra pykosooumenet MAU (Pekmopos), ¢ nx
AanbHOBMAHOCTLIO, OTBETCTBEHHOCTbIO N BEINMKONEMHON UHTYMUMEN KaK
crneuvanucToB ( B MEPBYD ovepedb, - Kak MHXEHEepoB — mexaHukoB ). Cpean Hux
oTaensHo Bblgenum [M.B. KameHkoBa, MexaHuka 1 matemaTtuka, bnecrawero y4eHuka
H..YeTaeBa. Akagpemuk H.[YeTaeB - ocHoBaTenb KasaHckon YetaeBckon LUkonbl
MEXaHWKM W YCTOMYMBOCTW, UHULUUamMop opeaHu3ayuu 8 KasaHu Ka3saHckoz2o
AsuayuoHHoz2o MHcmumyma ( KAU ) e 1932 200y, ¢ doyHOAaMeHTarnbHbIM BbICLLUMM
NHXXEeHEepPHbIM 0Opa3oBaHMEM. ..

[".B.KameHkoB, BbINyCckHUK KasaHckoro [ocyaapcTBEHHOro YHMBEpCUTETA, YCMELLHO
NpeTBOpPAS B Nepuon cBoero pykosoacTtea cHavana B KAWU (B kadecTtBe Pektopa ), a
3atem (B kayectBe Pektopa) n B8 MAM atn ugen H.lYetaeBa o HeobxoammocTtn
«...(pyHAaMeHTarbHOCTU B CUCTEME BbICLUEro MHXEHepPHOro obpasoBaHusa Ans
TaKUX CHOXHEUWUX MeXAUCUUNIIMHApHbLIX obrnacten kak ABuauuss u
KocMoHaBTHKa...».

OT uMmeHn Bcex KasaHueB, OT uMeHun YneHoB MexayHapogHoro PepakumoHHOro
Komuteta xenaem BceM Hawum Konneram un Bcemy KonnektuBy MOCKOBCKOMO
aBMauMoHHoro uHctutyTa (HaumoHanbHoro WccnegoBatenbckoro YHuBepcuteTa),
Hawemy [lapTHepy, [OanbHEMWMX YCNEXOB W YCOBEPLLUEHCTBOBAHUS MO BCEM
HanpaeneHuam paboTbl B 3TOM TpyaHenwen cdepe - B cucteme Bebicwero
NHxeHepHoro O6pasoBaHus ans Asnaumm n KOCMoOHaBTUKM.

Mbl xxenaem Hawewmy lMNapTtHepy — MAU «ycTOMYMBOCTM Ha BECKOHEYHOM UHTEepBane

BPEMEHW NPW BCEX NMOCTOSIHHO AENCTBYIOLLMX BO3MYLLIEHMSIX !

Mpe3npgeHt KHATY - KAU Co — Pepgaktop MHX
UneH MexayHapoaHoro PegakumoHHoro Komurteta

H0.®.lopThIWwOB JN.K.Ky3bmuHa
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Moscow Aviation Institute (MAI) - 85!

Moscow Aviation Institute (MAI) has celebrated its 85™ Anniversary at this year. MAI
was established in March 1930. We are satisfied to congratulate our Colleagues from
Moscow Aviation Institute (National Research University) and all the staff of MAI on
this anniversary!

We are pleased to note that the primary strategic tasks in the Program of MAI
development are the following:

- «... achievement of high quality in specialists training for aviation and space science
and engineering practice ...»;

- «... enhancement of training in physics and mathematics for understanding of
processes and simulation of phenomena in engineering practice ...».

Consequently, MAI performs basic multi-discipline training of specialists and
engineers for the most complex industrial fields.

The credit here is undoubtedly due to MAI Leaders (Rectors), their foresight,
responsibility and brilliant intuition (primarily as engineers in mechanics). Among them,
latter, we pay special attention to G.V.Kamenkov, specialist in mechanics and
mathematics, brilliant N.G.ChetaeVv’s disciple. Academician N.G.Chetaev is Founder
of Kazan Chetaev School for Mechanics and Stability, initiator of establishment of
Kazan Aviation Institute in Kazan in 1932, with fundamental higher engineering
education ...

G.V.Kamenkov graduated from Kazan State University. Being Rector of KAl and later
— Rector of MAI, he particularly succeeded in implementation of these Chetaev’s
ideas of obligatory «... fundamental nature of higher engineering education in the
complex interdisciplinary fields like Aviation and Astronautics ...».

On behalf of all the Kazan specialists, on behalf of all the members of the International
Editorial Committee we wish our Colleagues and all the staff of Moscow Aviation
Institute (National Research University), our Partner, further success and advances in
all fields of this one of the most complicated sphere — the system of Higher
Engineering Education for Aviation and Astronautics.

We wish to our Partner MAI “the stability on infinite time interval under all permanently
acting perturbations”

President of KNRTU - KAI Co-Editor of ISJ
Member of International Editorial Committee

Yu.F.Gortyshov L.K.Kuzmina
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XI ALL-RUSSIAN CONGRESS
ON FUNDAMENTAL PROBLEMS OF THEORETICAL AND APPLIED
MECHANICS

Russian National Committee on Theoretical and Applied Mechanics together with
Kazan Federal University, Kazan National Research Technical University of A.N.Tupolev
name (KAI) and Institute for Mechanics and Mechanical Engineering KazSC of RAS under
the auspices of Russian Ministry of Education and Science, Federal Agency for Scientific
Organizations, Government of the Republic of Tatarstan, Russian Academy of Sciences and
Russian Foundation for Basic Research are going to hold the 11™ All-Russian Meeting on
basic problems of theoretical and applied mechanics on 17-21 August 2015. Third All-
Russian School for young scientists in mechanics and a session of General Assembly of
Russian National Committee on Theoretical and Applied Mechanics will be held in the
framework of the Meeting.

Structure of the Congress program
Session 1. General and applied mechanics
1-1.  Analytical mechanics and motion stability
1-2.  Control and optimization of mechanical systems
1-3.  Oscillations of mechanical systems
1-4.  Mechanics of systems of solid and deformable bodies
1-5.  Mechanics of machines and robots
Session 2. Fluid and gas dynamics
2-1. Hydrodynamics
2-2. Aerodynamics and gas dynamics
2-3. Stability of flows and turbulence
2-4. Physical and chemical continuum mechanics
2-5. Mechanics of multiphase media
Session 3. Mechanics of deformable solid bodies
3-1. Theory of elasticity and viscous elasticity
3-2. Theory of plasticity and creep
3-3. Dynamic processes in deformable media
3-4. Mechanics of destruction and damage
3-5. Mechanics of contact interaction
Session 4. Interdisciplinary problems of mechanics
4-1. Problems of meso- and nano mechanics
4-2. Biomechanics
4-3. Mechanics of natural processes
4-4. History of mechanics and issues of teaching mechanics in universities

Sessions will comprise special-order reports, and subsessions will comprise oral and
poster presentations selected by the Organizing Committee. Each author can participate only
with one report.

Authors were encouraged to submit their materials till 1 March 2015 according to the
rules approved by the Congress, namely: abstracts not exceeding 500 characters and short
papers not exceeding 2 pages A4. Abstracts of the approved papers will be published in the
Congress proceedings, papers will be published online and on CDs in PDF.

Registration forms for participants and other relevant information on the Congress will
be uploaded to www.ruscongrmech2015.ru.
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X| BCEPOCCUMCKHAM CBE3]] _
O ®YHAAMEHTAJIbHBIM ITIPOBJIEMAM TEOPETUYECKOM U
IMPUKJIAJTHOH MEXAHUKHA

Poccuiickuii HanimoHanbHbI KOMHUTET IO TEOPETUYECKOW M NPHUKIAIHOW MEXAHUKE
copmectHo ¢ Kazanckum (IIpuBomxckum) ¢denepanbubiM  yHHBepcuTeTOM, KaszaHckum
HammonansHbpIM = MCCIEIOBATEILCKUM TeXHUYECKUM YHUBepcuTeToM uM.A.H.Tymnonesa
(KAN) u Huctutyrom mexannkd u wmammHoctpoeHuss KasHI[ PAH npu mommepikke
MunuctepctBa obOpa3zoBanus U Hayku Poccuiickoit @eneparuu, denepaabHOro areHTCTBa
Hay4HbIX opranu3anui, [IpaBurenncTtBa PecnyOmmku Tartapcran, Poccuiickoit akagemMuu
HayK 1 Poccuiickoro ¢onma ¢pyHIaMEeHTAIBHBIX UCCICIOBaHMM mpoBoauT B r. Kasanu 17-21
asrycra 2015 roma XI Bcepoccuiickuii cbe3n 1o (GyHIAMEHTAJIBHBIM MpoOJieMaM
TEOPETUUECKON U NPUKIIAIHON MexaHuku. B pamkax cbhe3na npoiayt Tperbs Beepoccuiickas
IIKOJIAa MOJOJBIX YYCHBIX-MEXaHMKOB © ceccusi OOmero cobpanusi Poccuiickoro
HanmonansHOro KOMUTETA O TEOPETUYECKON U IPUKIIATHON MEXAHUKE.

CTpykTypa Hay4YHO#l IPOrpamMMsbl Che3aa
Cekuus |. OOuias v npukiaaHas MEXaHuKa
| - 1. AnanuTuyeckas MEXaHUKa U YCTOMYUBOCTH IBUKEHUS
| —2. VmpaBneHue u oNTUMHU3ALNS B MEXaHUUECKUX CHCTEMAaX
| —3. Konebanust MexaHU4YECKHX CUCTEM
| —4. MexaHuka CUCTEM TBEPABIX U J€POPMUPYEMBIX TEI
| -5 Mexanuka MamvH U poOOTOB
Cexuus |l. Mexannka )KMIKOCTH U rasa
Il — 1. TuapoarHamMuka
Il — 2. AspoamHamuka u razoBasi TMHAMHUKA
Il -3 VYcroituuBocTh TeUeHU U TypOYJIEHTHOCTh
Il —4. ®usznko-xuMHUUYecKasi MEXaHUKa CIIONIHBIX Cpejl
Il -5. MexaHuka MHOrogasHbIX cpen
Cexknus I1l. Mexanuka nepopmupyemMoro TBeporo Teia
11 — 1. Teopust ynpyrocTtu u BA3KOYNpYroCTH
Il — 2. Teopust MIACTUYHOCTHU U MON3YyYECTH
Il — 3. Jlunamuueckue mpouecchl B 1epopMUPYEMBIX cpesiax
Il — 4. Mexanuka pa3pyllieHus U NOBPEXICHUN
Il — 5. MexaHuka KOHTAKTHOT'O B3aUMOIENCTBUS
Cekuus 1V. MexaucuuminHapHble Ipo0eMbl MEXaHUKU
IV — 1. IIpoGsieMbl M€30- U HAHOMEXAHHUKH
IV — 2. buomexaHnuka
IV — 3. MexaHnuka npupoHbIX MPOLIECCOB
IV — 4. UcTopus MexaHUKH U BOIPOCHI IIpenogaBaHus MexaHuku B BY3ax

Ha cekunonHble 3acejanust OyIyT BRIHECEHBI 3aKa3HbIC TOKJIAIbI, Ha TTOJICCKIIMOHHBIE —
JIOKJIQJbl B YCTHOM M CTEHAOBOM (opmax, oTobpanHble OprkomuteroMm. Kaxkaplii aBTop
MUMEET NPaBO Ha YYaCTHE TOJIBKO B OHOM JOKJIAJIC.

Cpok mpuema 3asBOK Ha ydacTue B paboTe che3aa ¢ goknagaoM - 1o 1 mapra 2015 roga
M0 YCTAaHOBJIEHHOW Ha caiTe che3na (opme, B COOTBETCTBUU C KOTOPOH JOJDKHBI OBITh
IpeJCTaBiIeHbl aHHOTalus o0beMoM He Ooinee 500 3HAKOB M KpaTKUH TEKCT JOKJIAAa
o0bemMoM B 2 cTpaHuubl (opmara A4. AHHOTAUMU TNPUHATHIX JOKIAI0B OyayT
onyOJIMKOBaHBl B TEYaTHOM COOpPHHKE MaTepUalOB Che37a, a TEKCThl JOKIAI0B OyIyT
pa3MerieHbl Ha caiite 1 Ha CD-mucke B PDF-hopmare.

Perucrpanmonnsie (opMbl YYaCTHHKOB M Jpyras HUHGoOpManus O Cbhbe3ie OyayT
pasMemnaThes Ha caiiTe che3aa WWW.ruscongrmech2015.ru.
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ACTUAL PROBLEMS OF AVIATION AND AEROSPACE SYSTEMS
Kazan Daytona Beach

Kazan National Research Technical University of A.N.Tupolev's name - Kazan Aviation Institute,
(collective member of International Federation of Nonlinear Analysts and Cosmonautics
Federation of Russia) and Embry-Riddle Aeronautical University (Daytona Beach, USA) in
accordance with the agreement about collaboration initiated the foundation of Russian-American
scientific Journal on a broad spectrum of problems in aviation and aerospace systems. It is
interdisciplinary bilingual scientific Edition, presenting the papers in areas of dynamics and flight
control; theory, design and technology of aircrafts, engines; sciences on materials; information and
computing systems, experimental investiﬁations; economic and humanity problems of operation;
Earth remote sensing; information satellite technology; the problems of Higher Engineering
Education in area of Avia-, Aerospace systems; nanotechnology problems for Avia-, Aerospace
systems,...

® The beginner authors are invited. Constructive and benevolent critique by specialists in the pages
of our Journal must raise the level and quality of works of beginner investigators and stimulate the
intake of fresh forces to that complicated branch of world science and engineering.
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illustrations (format files .jpg, .%if, .bmp) are placed at tl}lle same scale as the text. Short
information about the author (3-4 lines) should be given in paper end (including the area of
scientific interests, the spheres of applications).

Also it is necessary the abstract of article (2p.), prepared on same rules, but without indication of
address. Abstract is }z)laced on separate pages. Authors of ﬁapers in Russian are required to supply an
abstractin English (2p), also - the article variant in English.

The author reserves the right to copy his publication. The Journal may be sent to the author by his
request for the separate payment or by subscription.
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(7)(843) 238-44-20 VladimirI. Panchenko
(7)(843) 236-16-48 Lyudmila K. Kuzmina

Address: Dr. Lyudmila K.Kuzmina, Kazan National Research Technical University of
A.N.Tupolev'sname (Kazan Aviation Institute)
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AKTYAJIBHBIE NPOBJEMbI ABUAITMOHHBIX U ADPOKOCMHUYECKHUX CUCTEM
Kazann Jaiitona buu

Kazanckuii Harmonansnslil Mccnenosarensckuii Texunueckuit Yausepcuret uM.A . H. Tynonesa -
KazaHckuii aBHAlMOHHBIN WHCTUTYT (KOJUIEKTUBHBIA wWieH MexnyHaponHoi ®Penepanuu
Henuneitapix AnanmutuxoB u Oeneparyy kocMoHaBTHKY Poccun) 1 OMOpu-Puanin ABuanmoHHbBIH
Yuusepcuter (Embry-Riddle Aeronautical University, [laiitona buu, CIIIA) B cooTBeTcTBUY C
JloroBopoM 0 COTpyJHHYECTBE WHUIIMUPOBAIM U3JlaHue Poccuiicko-AMEPUKAHCKOTO HAay4YHOIO
JKypHajla M0 IMUPOKOMY KPYry MHpoOJieM B aBHAIIMOHHBIX M a’POKOCMHYECKUX cUCTeMaxX. B
KypHaJe MyONMKYHOTCS paboThl B OONACTH [MHAMUKHA W YIPABIECHUs MOJETOM; TEOPHH,
KOHCTPYHPOBAHUS M TEXHOJIOTHU JICTATCIIBHBIX amllapaToB, NBUTATENICH; HAyKA O MaTepHaliax;
BBIYMCIUTEIBHBIX CHUCTEM; JSKCICPUMEHTANBHBIX HCCICIOBAHUN;, JKOHOMUYECKUX U
TYMaHUTApPHBIX MPOOJEM OKCIJIyaTallud; JAUCTAHIUOHHOTO 30HAUPOBAHUSA 3eMIH,
WHGOPMAIIMOHHBIX CITyTHUKOBBIX TEXHOJIOTHI; MPOOJIEM BBICIIETO WHKEHEPHOTO 00pa30BaHUS B
obyacTi aBWa-, a’POKOCMHUYECKUX CHCTEM; MpoOIeM HaHOTEXHOJOTHUH s aBHa-,
A9POKOCMUICCKUX CUCTEM, ...

[Ipurnamnrarorcs K COTpyIHUUECTBY YUSHBIE PA3TUYHBIX O0JACTEH.

® [Ipumamarorcs HauMHAIOIIKE aBTOPbl. KOHCTpYKTHUBHAas W JToOpoOKenarenbHas KpUTHKA
CHELMAINCTOB Ha CTpAaHHMLAX >XKypHajla MpU3BaHa CIIOCOOCTBOBATH MOBBIIICHUIO YPOBHS H
KadecTBa pabOT HAYMHAIONIMX HCCIIEN0BaTeNIel, CTHUMYJIMPOBATh TNPUTOK CBEKUX CHI B
CIIO)KHEHIIYIO OTpacib MUPOBOM HayKH U TEXHUKH.
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BHUMAHUIO ABTOPOB

ABTODHI IPUCBIIAIOT CBOM Pa0OTHI, MOATOTOBICHHBIE K H3JIAHHUIO, B TPEX IK3EMILIIPaX, 00beMOM
~15 crpanun, u muckery (Word for Windows, IBM PC). Heobxonnma kadecTBEeHHas! TedaTh
(mazepHBId TIpUHTEpP) Ha Xopomiel Oenol Oymare. BosmokHa nyOonupyromias Mepechulka Io
3eKTpoHHOM moure. @opmar Habopa (mmose TekcTa, popmar A4) - ggXZ?)S(MM), BKJTFOUAsT B
HAYaJIe CTAThH: 3ar0J0BOK, MHULMAIIBI M (haMUIIMIO aBTOPA, HA3BAHUE MHCTUTYTA (OPraHu3alun),
azipec AJ1s1 KOHTaKToB. BepxHee mone - 35mm, neBoe - 25, paBoe - 25MM. OcHoBHOH TekcT Times
New Roman, 12pt, gyepe3 omuH WHTEPBAN, WUIIOCTPAIMHA - B KOMITBIOTEPHOM HCIIOJTHECHUH
8)I/IcyHOK B Worcf ¢aitner THHA  .bmp,  .jpg, .gitg) C BO3MOXKHOCTBIO MX PEIAKTHPOBAHHMSI.
TPaHUILBI HYMEPYIOTCS KapaHAaIIoM Ha O6é)aTHOI71 CTOpPOHE JIMCTA, PUCYHKH Pa3MEILAOTCA B TEX
JKe pazMmepax nosst. B KoHIe cTarby HEOOXOJUMO JaTh CBEICHUS og aBTOpax (3-4 ctpokn),
BKJIIO4ast 00JIaCTh HayYHBIX HHTEPECOB, C(ephl IPHUIIOKEHUSI.
Taxxe He0OX0MMMa aHHOTAITUS CTAaThH Ha sI3BIKE OpUTHHANA (2 CTp.), HaleuaTaHHas 110 TeM Ke
NpaBWIaM Ha OTAEJBHBIX JINCTAX, U AOTIOJIHUTEIBHO - aHHOTALUs (2 CTp.) ¥ BapuaHT CTaThU Ha
AHIJIMICKOM SI3BIKE.
3a aBTOpPOM cOoXpaHseTcs MPaBo KOMUPOBAHUA CBoei myOnukaiuu. JKypHai MOXeT ObITh BbICTIAaH
I10 3aKa3y 3a OTJEJILHYIO IJIaTy U 110 MOATHCKE.
Haium koopauHaTh! U1 KOHTAKTOB (110 BOIPOCaM Iy OIMKaIiH,
PEKIIaMBbl ¥ ITIOBBIX MPEIIOKCHUH ) -

(7) (843) 238-44-20 Buagumup MBanosuu [lanueHko
(7) (843) 236-16-48 Jlronmuna KoncrantunoBHa Ky3pmuHa

Anpec:  JLK.Ky3pmuna, Kazanckuit Hanmonansuslil MccnenoBarensekuil Texauueckui
yauBepcuteT nmeHn A.H.Tymonesa (Ka3anckuii aBHanimoHHBIH
WHCTHUTYT)
Anamiok, 4-6, Kazann-15, 420015, Poccus
Lyudmila.Kuzmina@kpfu.ru
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