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10 HAYYHBIE W nPOHSBOﬂCTBEHHbIE OPI'AHHSALMVI n_PUPMbI

RESEARCH AND PRODUCTION ENTERPRISES - AND' .FIRMS

UHCTUTYTY MAU.II/IHOBEAEHMSI UMALL) um. A.A.bnaroHpasoea
POCCUNCKON AKAZEMUU HAYK - 60 JIET
Mechuniced Engineer ugp /{émrﬂ/
THE BLAGONRAVOV INSTITUTE OF MACHINE SCIENCE-(IMASH) L./ f,
OF THE RUSSIAN ACADEMY OF SCIENCES IS 60

N

HMAII cos3dan s
1938 208y c yenvio komn- § '
JIeKCHOZO0 PeluleHUusl Hayy-
HbLx 3a0a4, C6A3AHHBLX C
sonpocamu Korcmpyupo- FES
eanus, npou3eodcmea u B
JKCcnaAYyamayuu Mauwux u
mexanusmos. Cmarnoene- §&
HUue u pazgumue uHcmu- § i
myma npomexaao nod js
pPykosodcmeom swvidaio-
wuxca yieHvx 8 obaac- §
mu mawuHnosederus
E.A.9ydarxosa, H.H. Ap-
mooboneacrozo, A.A. Baa-
zoupaéoaa. C 1975 un-
cmumymom pyxosodum
arxademur K.B. dponos.

f -

ﬂ

The IMASH was set
up in 1938 to solve com-
plex tasks related to the
problems of design,
manufacture and opera-
| tion of machines and me-
chanisms. The Insti-
N tute's formation and
development was direc-
ted by outstanding scien-
[ tists in the field of ma-
§ chine science E.A. Tchu-
3 dakov,I.I Artobolevsky,
A.A. Blagonravov.
':S"'_i'_nce 1975 Acade-
rriician K. V Frolov has

7,

& opde Ahinp e

Unetuyr ﬁsnnercsu aenymum Hay4HbIM ueurpon crpa-,

Hbt B oGnacrH Mau.lHHOBEAEHHﬂ. Wupokoe npusnauue 8
MUpe MONYYHAH €ro AOCTHIKEHUA B TaKWX .06NACTAX

TEXHUYECKHUX 3HAHHWH KaK ONTHManbHoe NpoOeKTHpoBa-

HHE CHCTEM MaLLHWH U .aBTOMATH3AUMA Npoueccos Npo-

€KTUPOBaHHA, 3Kcnepumemanbuaa MexaHuka, Bubpoa-

KyCTHKa; 6HoMExaHHKa EHCTeM “yenosek-MallMHa-cpe-
Aa”, akonorua uncbopmau,uouuoe obecneuenue.

DyHaaMeHTaNbHbIe uccnesiosanis u paspaboni HMALL
HMEIOT MeXOTPacnesoe  Ha4eHHe U HX pe3ynbTarbl HAXOAAT
NpRMoe NpHMeHeHHe B a*romuom, 2BHUALIMOHHOM, PAKETHO-KOC-
MU4ECKOM, OBOPOHHOM, 3NEKTPOTEXHHUECKOM, XHMHIECKOM,
TPaHCNIOPTHOM, META/UTYPIHYECKOM, crpomenwo—nopmmom
TRKENIOM U NErKOM MAlWHOCTPOeHUH, ™

UMALUI npuHUMan 4 NpuHUMaEeT ydacTHe BMecTe C
seayuimu HAU u KB ctpaHbt B kpynHetiwux npoexTtax
NO CO3AAHWIO ATOMHLIX M TEPMOSAEPHbIX PeaKTOpPOB,
TypGoreHeparopos, pakeTHO-KOCMHUYECKHX CHCTEM, aTOM-
HbIX NOABOAHDIX NOAOK, NETAaTENbHBIX ANNAPATOB ¥ 3HEP-
FOYCTaHOBOK, aBTOMOGHNE . YHUKANLHBIX a3FOAld1aMyi-
“eckux Tpy6, 6uonporesos, asToMaTH3HposaHHoro 00o-
f/ROPAHHA C YUCMOBLIM MPOEPAMMHBIM YRpaBIeHdeM,

‘ofm ch ‘e saence, its achievements in development in
! sdéh flelds of techmcal knowledge as optimal design
of ‘machines systems and automation of design pro-
cesses, experimental mechanics, vibroacoustics; biome-
chanics of "man-machine-environment" systems, ecolo-
gy and information support have gained wide recogni-
tionin theworld.

Basic research and developments by the IMASH have
interbranch’significance and their results are directly ap-
plied in atomic, aviation, rocket-astronautic, defense, elec-
- tro-chemical, chemical, transport, metallurgical, construc-

tion and road-building, heavy and light mechanical engi-
" neering. " -

' Along with the leading research institutes and
design bureaus of Russia the IMASH has been taking
part in major projects to create atomic and thermo-
nuclear reactdrs; turbogeneratars, rock~t-a<ironau-
tic systems, atomic submarines, flying vehicles and
power-plants, automobiles, usique wing tunnels, bio-
prostheses, automated equnpment with computer
numerical control. :

RUSSIA and WORLD: SCIENCE and TECHNOLOGY - N2 3°




Mccneposanus u paspaborku UMALL HanpasaeHsb!
Ha peleHHe KOHKPeTHbIX 3aa4 NPOYHOCTH, HAAEKHOC-
™M, 6@30NaCHOCTH KOHCTPYKUWH, AMHAMHYECKOS Harpy-
HEHHOCTH W NOAABNEHUR BUOPOAKYCTHYECKUX BO3geH-
CTBUH, NPUMEHEHHUA HOBLIX KOHCTPYKUMOHHBIX MaTepua-
NOB, & TaKXe YNYUYWEHHA a3POMHAMMUECKHX XapaKTe-
PHCTHUK CHCTEM, CO3[aHHA POBOTOTEXHUUECKHX YCTPONCTB.

OCHOBHbIE HANPABJIEHUA AEATENBHOCTH

Cmpyxkmypnotld, Kunemamuyeckui u AuHamuvec-
Kul CUHMEe3 MAWUH U MexXaHu4YecKUxr cucmem
*TEOpPeTHYECKHE M PAaCYETHbIE MEeToAbl CHHTE3a KOMN-
Nexcos "NPUBOA-MEXaHNU3M-ynpasneH1e" ¢ onTUMU3aumedt
O CTPYKTYPHbIM, 3HEPreTHYEeCKUM, MacCOBbIM, METPONO-

THYECKHM, CKOPOCTHBIM W PECYPCHBIM MOKA3ATEeNAM;
*HCCNEAOBAHHWRA NO AHUHAMHKE U YNPaBAEHKIO CNOXKHbI-
MU MeXaHUUYEeCKHMMH CUCTEeMaMu;

*pas’BUTHE TEOPHH MEXATPOHHbLIX CUCTEM;
*opMUpOBaHHE METOAOB TEXHHYECKOW AKArHOCTUKH
H cepTUdHKAUNUU MALWKH K MEeXaHU3MOB;
*ONTHMHU3AUMA CTPYKTYPbI NPOH3BOACTBEHHOTO 06opY-
AOBAHWA HA OCHOBE WMHTAUMOHHOIO MOAE/NMPOBAHUSA;
*HOBbIE NPUHUMMbI MOAYNLHOO MOCTPOEHHR TEXHONO-
FUYECKHX SIMHWMN.

flodx00ss, xpumepuu u memodsr obecneverius Geso-
NACHOCMU MQWUH, KOHCMPYKYUL, CAONCHHIX MexrHu-
veckux cucmem, model u oxkpyxcarowel cpeds:
*METOAWKH, NTOPHTMbI, NPOrPaMMbl PacyeTos Hanps-
EHHO-Ae(hOPMHPOBAKHOrO COCTORHWA, NPO4HOCTH W
pecypca 06beKToB C YYeTOM YCNOBHI Harpy»KeHus, He-
NnHerHbIX 3PHexTOB WU IKCNNYATALMOHHBIX PHUCKOSB;
*CTeHAB! M annapatypa AN IKCNepUMeHTanbHOro 06o-
CHOBaHHA KOHCTPYKTOPCKO-TEXHONOTHUECKHX pelleHHit
npuuuunuanbno HOBbe BLICOKOPUCKOBbIX MalHH K
x Marepuanoa. :

Ch'uxeﬁue nomepb Ha mpenue, noBuwenve
v3snococmolixocmu mawun u (o6opyaoeauun
smetoap! oﬁecne*euun 1 CpencTsa nporHo-
3MPOBAHHA BONTOBEYHOCTH H HATHHOCTH pnoe TPEHHA MaLLKH,
*passuTHE TEOPHH rPaHWYHON, rugpoguuamuqecxou

CMa3Ku;

*CO3AaHHME BbICOKOKAHECTBEHHBIX CMA304HbIX MATepHANOB
(Mammopeonomqecxux, XKHMAKAX H NOPOLUKOBLIX);
'cpuamea(oe ¥ MareMaTHuecKoe MOAENMPOBaHHEe 'rpu60no-
FU4ECIHX NPOLECCOB, YCKOPEHHBIE HCTIbITAHHA Y3No8 TpeHHA 1
CO3AAHME KCIEPUMEHTANBHOMD CTEHAOBOro OBOPY/OBaHHS;
*METOfibl H TEXHONOTHH NOBBILUEHHA KOHTAKTHOM npouy-
HOCTH peTaned Mallivd 3 ©1'é1 ONTUMMU3aUWK FeoMeT-
PHACCKUX CONPAKEHURA.

Sowjuma yenolexa u mawuitt om 8ubpayuu
SANATMTAM2CKID PMOARSind h KumiiolOTEpPHbIE TeXHON-
THH HCCNBAOLIMMH QUHAMUNECKUX CUCTEM “yenoser-
Mauvaa-cpens”

HAY‘-leIE 4] HPOHSBOACTBEHHbIE OPFAHHSAHHH n
- RESEARCH AND PRODUCTION "ENTERPRISES.’AND

Research and developments performed by the
IMASH are aimed at solving concrete tasks of strength,
reability, safety of structures, dynamic loading and
suppression of vibroacoustic effects, application of
new structural composite materials, as well as im-
provement of aerodynamic characteristics of sys-
tems, development of robotic devices.

MAIN AREAS OF ACTIVITY :

Structural, kinematic and dynamic synthesis of
machines and mechanical systems
stheoretical and computation methods of synthesis of
“drive-mechanism-control” complexes with optimiza-
tion by structure, power, mass, metrology, rate and re-

source indices,

sresearch in dynamics and control of complex mechan-
ical systems,

*development of the theory of mechatronic systems,
*formation of methods of technical diagnostics and
certification of machines and mechanisms,

scomputer methods of optimization of processing equip-
ment structure on the base of simulation,

*new principles of modular design of processing
lines.

Approaches, criteria and methods of provision of
safety of machines, structures, complex techni-
cal systems, man and environment _

sdevelopment of methods, algorithms, programs for
computation of stress-deformation state, strength and
durability of objects with regard for real conditions of
loading, nonlinear effects and operation risks,

screation of stands and equipment for experimental
substantiation of design and technology solutions for
fundamentally new hlgh -risk machlnes and desugns new

. materlals

'Reductlon in Iosses to fnct/on Improvement in

wear resistance of machines and equipment
*methods of ensurmg efficiency and means of predict-
ing durability and reliability of machines' friction units,
*development of theory of boundary, hydrodynamic
lubricant,
ecreation of quality lubncatmg materials (magnetorheo-
logical, liquid and powder ones),
*methods of physical and mathematical simulation of
tribological processes, accelerated trials of friction units -
and development of experimental stand equipment,
*methods and technologies for improvement in contact
strength of machine parts due to optimization «.f yeo-
metrical junctions. X

Protection of man and machine from vibretions
canaivtical models and computer technologins for
research of "man-‘machine-environment"‘ dynamic. sys-
ems,
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*nouck 3hHeKTHBHBIX aNrOPUTMOB YNPABAEHHUA CIOXK-
HbIMH TeXHHYECKUMU 0bbeKTamu, obecnedrBaiouux’ Hau-
6onee KOMOpPTHbIE yCIOBMS ANA ONEpPaTOPa;
*MCNONb30BAHHE BUOPOTAKTHALHbIX BO3AEHCTBHMII B Kaue-
CTBe KaHa/08 Nepeaayn HHAOPMaLHUHK HYENOBEKY, a TalkoKe
C LeNbio NPOHUNAKTUKM, fieYeHHs 1 peabunuTaumy;
*NOCTPOEHHE OCHOB TEOPHH YNpPaBAEHHA AUHAMUYECKH-
MU npoueccami (TEXHOreHHbIMU ¥ PUPOAHBIMH KaTacT-
pohamMm)} € LeNblo MUHKUMHU3AUUH HAHOCHMOTO Yuep6a.

Cosdanue mawun u Kowcmpyxkyui 8
MONOWYMHOM UCNOAHEHUU

*HayuHble OCHOBbI NPOEKTUPOBAHMA MANOLWYMHbIX Ma-
WHH ¥ KOHCTPYKUHI; TeOpHs chopMUpOBaHIUs BUEpPOa-
KYCTHUECKHX none#, cnocobbl 1 Mepst 60pbbbi ¢ BUGpa-
UMAMM B HCTOYHHKAX UX 0BPA30BaHUS W HA NYTAX pac-
NPOCTPaHEHUR aKYCTUYECKHX BOMH;

*MeToAbl BUBPOAKYCTHUECKHX PACcCYETOB MAWMH, Mexa-
HM3MOB M KOHCTPYKUMH, aKTHBHAA W naccueHas subposa-
WHTa; BUBPOAKYCTHUECKAA AHArHOCTHKA AeheKTOB B yn-
PYruX CTpyKTYypax;

*KOMNAEKCb! AN MOAENBLHBIX, CTEHAOBBIX W HATYPHbIX
CTAaTHYECKHX M AWHAMUYECKHUX MCCNEAOBAHMI 3feMeH-
TOB KHHEMATHUECKHX Nap TAXKENOHArPYKEHHbIX MALLHH,

OCHOBHBIE PE3YNbTATbI MCCNEAOBAHUMA

O6ecnevenue Hadexrocmu 3xcnayamayuu 3Hep-
2eMUYeCKUT CUCMEM U CAONCHHBIX KOHCMPYKUUD
CHcTeMbl TeXHHUECKOH AHArHOCTHKH HanpyKeHHO-
ro COCTOAHHA W pacqemo—sxcnepumemanbnble MeTo-
Abl pacuera. -

H e A Rt
Teopun Me.rauu.moa L;GUIUH .
O6wan cxema noxoaok . g
waraowHx ycrponcTs (co-
3naua snepsbie). Teopus yc-
TOWYUBOCTH MHOTOHOMHX LA~
FAIOWHX ‘MalMH | ‘MeToab!’
PauMoHanbHoro Bbibopa Wx
OCHOBHbIX napamerpoa.

Teopun KoneGanui A
Metopap! nccnepoBanms He- .
CTALMOHAPHBIX M CTaUMOHap-
HbIX KONeGaHHi POTOPHBIX CH- ¢,
CTeM C NepeMeHHbIMU HHep-.-,
UMOHHBIMK NapameTpaMu, Ko- 8

ne6auuu H yCTOMqMBOCTM

'hl-'-&'.ﬂ Dot W i
CNOXHBIX YNPYruX 1 runpoynpyrux cucTeM npumeHmenb-

HO K 3n1eMeHTam BHYTPEHHGH KOHCprKLl.HM peakTopos

aTOMHbIX_ANEKTPOCTAHUHI W K TAXKE/IbIM POTOPaM MMAPO-

arperartos MOWHbIX FIMAPO3NEKTPOCTaHUMA. [iuHamuka po-
TOPHbBIX CHCTEM MR HAMOTKHA KOMNOIMUMOHHBIX MaTepu-
anos. ’ ’

HAYMHBIE N ﬂPOHSBOﬂCTBEHHbIE OPFAHVIB»‘\LMH N PNPMbl
RESEARCH AND - PRODUCTION ENTERPRISES AND' FIRMS

*search for efficient algorithms of control over com-
plex technical objects providing the most comfortable
conditions for the operator,

*analysis and use of vibrotactile effects as channels for
information tranfer to man, and as means of prophylax-
is, treatment and rehabilitation,

*elaboration of fundamentals of theory of dynamic
processes control (simulating real technogenic and nat-
ural disasters) to minimize damage they inflict.

Designing machines and constructions
low-noise modifications

*scientific fundamentals of designing low-noise machines
and constructions; theory of formation of vibroacous-
tic fields, ways and means of vibrations suppression in.
the sources of their formation and on the ways of acous-
tic waves propagation,
*methods of vibroacoustic calculations of machines,
mechanisms and constructions, active and passive vibro-
protection; vibroacoustic diagnostics of defects in elas-
tic structures,
ecomplexes for investigation in model, stand and field
conditions of static and dynamic loading of elements
of heavy-duty machines kinetic pairs.

MAIN RESULTS OF INVESTIGATIONS.

Ensuring operational reliability of power-engi-
neering systems and complex constructions
Systems for technical diagnostics of the strai-
ned state and computation-experimental meth-
ods.

Theory of mechanisms and machines
. For the first time there has
_'.,been developed the general
“scheme of walking devices gaits.
““The'theory of multiped walking
““machines 'has been elaborated,
"“methods of rational selection of
~their main parameters have been
- faid down.

Vibrations theory

Methods of investigating
.non-stationary and stationary
.vibrations' of rotor systems
with variable inertia parame-

AN iy ters, vibrations and stability of
complex plastlc and hydroelastic systems as related
to elements of inner desiga of atomic power plants
reactors and heavy rotors of hydroelectric generat-
ing sets of high-power hydroelectric power stations.
Dysamics of rotor systems for composmon materi-
ais winding.
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KocmonaBmuka u aBuayun

AHanM3 nosefeHUs MeXaHHYECKMX CHCTEM H Yeno-
BEKA B YCNOBHAX MUKPOrpPaBHTALHOHHbIX BO3AEHCTBHI;
MepOonpUATUA NO Meauko-BuonoruueckoMy obecneue-
HUIO 6e30nacHoOCTH W IhdeKTHBHOCTH PaboTbl KOCMO-
HasTos. Maremarnueckne Moaent BUOPOHArPYXKEHHOCTH
n AeMNUPOBAHHA INEMEHTOB KOCMUUECKHX Kopabneii.

MeToabl OUEHKH BAHSAHKA a3POAHHAMUUECKHX daK-
TOPOB Ha OTHOCWTENbHOE ABMXEHME OPOMUTaNbHLIX CH-

CTeM U3 ABYX CBA3AHHBIX KOCMHUECKHUX 06beKkToB. OnbIT- |

HbiA obpasel MUKPOrpaBUTaLMOKHOTO akcenepoMeTpa
Ha OCHOBE BOJIOKOHHO-ONTHYECKUX AaTunkos. [porpamm-
HbIH anrOpUTM [WUHAMMYECKOro pacyeTa MHOrOC/NoM-
HbIX COCTaBHbIX KOHCTPYKUWI NeTaTenbHbiX annaparos.

Po6omomexnuka
PaboTbi No KnaccurKaumru, KHHEMaTHKE W AHHAMU-
ke pobotos. MepcnekTusHas cucTeMa “ouyBCTBAEHUA”
ans anantreHbix pobotos. OnbitHbii o6pasel TPexKkoop-
AHWHATHOW aBTOMATHYECKON H3MEPHUTENLHON CUCTEMbI ANS
afanTUBHOW CMCTeMbl YNpasneHus ctaHkamu ¢ YMY.

buomexanura

-Martematuueckoe obecneuenne Ans HccnefosaruUs
BruoMexaHHYECKHX XapaKTepHUCTHK oneparopa, acddex-
THBHbIE METOAbI W CPEACTBA CHKEHHA BUOPAUMOHHDBIX
Harpy3oK, 3alMTbl OT BHEWHHUX BO3AEHCTBHIA Cpenbl.
BubpaunoHHble, KOMALIOTEPHBIE U a3epHble CTEHAb AN
M3Y4EHHA 3PrOHOMHYECKWX acNeKToB Yenoseka M Ma-
WHHbl B IKCTPEMANbHBIX YCAOBHUAX W NPOTrHO3UPOBaHUA
npoueccos B cucTeMe “4enoeek-MaluHa-cpega”.

llpoytocme mawuHocmpoumensHolx
mamepuano8 u KoHcmpyxkyuid

Obuimne BONPOCH MeXaHHKH p,ed)opmupoaaﬁun W pas-
PyWeHHs TBEPAOro NechopMUPYEMOro Tena U KOMNo3H-
UHMOHHbIX cpea. I'Ipaxmqecxan peanu3aums ;MeToRoB H
CPeAcTs MCCNeaoBaHHs peanbuou Harpyx(enuocm ¢ no-
MOUWbIO q:omynpyrux MaTepranos H BbICOKOTEMNeparyp-
HOW TEH3OMETPHM B YCNOBUAX FA30BbLIX, XHAKHX W NapoO-
BbiX Cpeg, BblCOKOCKOpOCTHbIX NOTOKOB M pasHauu.

MeTogapt pacqemo—axcnepumemanbnoro uccneposa-
HUSA NPOYHOCTH W PECypPCa B AETEPMHHHPOBAHHOM H BEPO-
ATHOCTHOM nocrauoéxe IPK BO3HHKHOBEHHH uﬁmmec-
KHX YRpYrux " nnacmqecxux fedopmaumit npu MexaHK-
YECKMX W TENNOBbIX BO3AEHCTBHAX. JKCNEPUMEHTANIbHBIE
W TEOpPETHYeCKHE HCCNEAOBAHKA NON3YHECTH APMHPOBAH-
HbIX MNACTHKOB C YYETOM H3MEHEHHUA TeMnepaTypbl, H3yue-
HWE NPOYHOCTHBIX XapaKTEPHCTUK KOMMOIHUMOHHbIX Ma-
Tepuanos npu Temneparypax fo 20%;

HMcnoitatenbHan Mawnqa € YHMKaNbHOM dKECTKOCTBIO
CHAOU3N EPHUTELBHON CUCTEMbI (3anKCb guarpammsi pe-
 OpMUPOBaAHHSA YrNepoaHbIX BONOKOH axameTpom 8- 10
. MKM NDH YCHUNAAX B HECKONLKO rPaMM MU CMCULEHUAY. B

HECKONLKO MUIZPOH), OPHIrHKANbHbIE YCTAHOBKH AN U3y-
| USHVA IUHBMAUECKMX CBOWCTE BOMOKOH W MAGHOK NpPH
Temnepatype go 200°C.

HAYMHbBIE W ﬂPOMBBOIlCTBEHHblE OPI'I\HHSALLHH n ‘PHPMbI
RESEARCH AND PRODUCTION ENTERPRISES AND FIRMS

Erary

Astronautics and Aviation

Analysis of behaviour of mechanical systems and
man in microgravitation effects conditions; efaboration
of medico-biological measures to ensure safety and
efficiency of an astronauts. Design of mathematical
models of vibration-loading and damping of spacecraft
elements.

Methods of estimating effect of aerodynamic fac-
tors on relative movement of orbital systems from two
connected space objects. The pilot model of a micro-
gravitation accelerometer based on fiber-optical trans-
ducers. The programme algorithm for dynamical anal-
ysis of multilayer sectional designs of flying vehi-
cles. r

Robotics
Works on classification, kinematics and dynamics of
robots. Development of a promising scheme of sensiti-
zation for adaptive robots. The first in Russia trial sam-
ple of a three-coordinate automatic measuring systems
for an adaptive CNC machines control system.

Biomechanics

Software for investigation of biomechanical charac-
teristics of the operator, efficient ways and means of
vibration loads reduction, protection from the environ-
ment effects. Vibration, computer and laser stands to
study ergonomical aspects of man and machine in
extremal conditions and prognosis for development
of processes in the systems “man-machine-environ-
ment”. L e

Mechanicaf engineering materials
and structures’ strength

General questions of mechanics of deformation and
destruction of solid deformable body and composition
media. Practical realization of ways and means of real
loads investigation w:th the help of photoresment ma-
terials and high- temperature strain measurement in con-
ditions of gaseous, liquid and vapour media, high-rate
flows and radiation. = .. .-

Methods of computation-experimental research of
strength and durability in determinate and probabilistic
formulations with cyclic elastic deformations occur-
ring at mechanical and thermal effects.

Experimental and theoretical research of rein-
forced plastics creep with regard for changes in
temperature, studies in strength characteristics of
composite materials at cryogenic temperatures (up
to 20°K).

A trial machine with unique strength-measuring
system rigidity (it enables to record diagram of
deformation ot carbon fibers 8-10 um in diameter
at several grams force and several pm displace-
ment), original facilities to investigate dynamic
properties of tibers and films at teimperature up
to 200°C.
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Tpu6onozus .

TeopeTnueckie OCHOBbI NPOEKTHPOBaHHS y3108B Tpe-
HUA C Pa3/IHYHBIMU BUAAMH CMA30K, H3yUeHUe KOHTAKT-
HbIX B3aMMOAEHCTBHIH NPK aKTHBHBIX (hHIUKO-XMMUUEC-
KX npoyeccax. Metogbl pacuera pabotocnoco6HocTH
Y3108 TPEHHUA Ha CTaAMH NPOEKTHPOBaHKA. Boicokoad-
hexTHBHbIE (BPUKLUOHHDBIE W AHTHDPHKLMOHHbIE MaTe-
PHasbl M NOKPLITHA, MaTepHantl Ans pabotbi 8 ryGokom
BaKyyMe, NP1 O4EHb BLICOKMX M HU3KKMX TeMnepaTypax.

Metogel cospaHus pabounx nosepxHocTeit noawwn-
HMKOB C ra3osod cmaskoi. TeopeTuueckue W 3Kcnepw-
MeHTa/IbHble HCCnefoBaHHA BbicTponpoTexatowmx npoyec-
COB TPeHHs.

Basa aanHbix “memodsr mpubonozuveckux ucneima-
HUU U YCKOPEHHOU OUEHKU BPUKLUOHHBIX U aHmugpux-
YUOHHbIX XapaKmepucmuk momepuanoB".

Bnusnne peteprerTtos Ha dipuKuMOHHbIE CBolicTBa yr-
NepPOA-YrNepOAHbIX KOMMOIMUHOHHBIX MaTEPHANOs.

BaxyyMHble MOHHO-LNA3MEHHbIE TEXHOMOMMM HaHece-
HWA M3HOCOCTOMKMX MOKPLITUI M3 TYrONNABKWUX COeauHe-
HHUM. '

YHUKaNbHbIA COCTaB MeTaNNo-KepPaMHyecKoro NOKpb!-
THS W Na3epHas TeXHONOMA ero HaHECEHWS Ha NOBEPXHO-
CTH TpeHus, nosbiwaiotlite Cpok Mx cnyx6Sbi & 20-30 pas.

TexHONOTHA MOHHOTO TPaBneHuUs perynsipHoro npo-
HMPOBAHHOrO MUKPOPenbedia Ha NOBEPXHOCTH TPEHUS,
obecneunBalolwan 3HauHTENLHOE NOBbILEHHE cpoka cnyx-
6bi TBEPAOCMA3OUHBIX MOKPbLITHIA.

Tex+onoruyeckuii npouecc nonyueHus KOMGUHHpo-
BAHHOrO MeTaNIO(TOPONNACTOBOrO NEHTOYHOrO Mare-
PHaNa K NOAWHNHHUKOB CKONBIKEHHUA K3 Hero, CRocoGHbIX
paborars 6e3 cMasku B WMPOKOM AuanasoHe TeMneparyp.

e

CLTT e s . .
MEXAYHAPOAHOE COTPY/JIHHYECTBO
" No uxuyiatuse UMALU “npeacrasutensmu u cne-
UHANHUCTAMH Hay4HbiX, ‘NPOMbILNEHHBIX ¥ obuwecTaeH-
HbIX OpraHu3auwii paga crpan obpasosan’ Mexcdyna-
POOHbIT unemumym 6esonacxocmu, KOTOPbIii 06beau-
HACT U KOOPAHHHUPYET AEATENIHOCTb YYeHbIX MO ¢hop-
MUPOBaHMIO 06LLei TEOPUH M KOHLeNLHK BesonacHoc-
TH TEXHHUECKHX CUCTEM, METORIOB M CpeacTs obecreve-
HUS GEe30NacHOCTH HauBonee NOTEHUHANBHO ONAaCHbIX
0BBEKTOB W NPOM3BOACTB, BHEAPEHMIO H MCNONb3OBA-
HHIO 6e30nacHbIX TexHONOr .
NHCTUTYT npunimaer yyacte 8 paboTte Texuuec-
KHX KOMHMTETOB MeXAyHapOAHbIX opranusauui (ISO,
IUTAMM, IFTOMM), ~

ZA5

HAYMHbBIE M -NPON3BOACTBEHHDIE ‘
- RESEARCH AND .PRODUCTION ' .ENTERPRISES AND FIRMS

AT Y

"OPTAHN3AUNN N PHPMbI

Tribology

Theoretical fundamentals of designing friction units
with different kinds of libricants, study of contact in-
teraction at active physicochemical process.

Methods of friction units efficiency calculation at
design stage. )

New highly-etficient friction and antifriction materi-
als and coatings. Materials for work in extreme vacuum,
at very high and low temperatures.

Newly developed methods of designing bearings
working surfaces with a gas lubricant.

Theoretical and experimental research of quick-
acting friction processes. .

A database on tribological trials methods and ac-
celerated assessment of friction and antifrictfon cha-
racteristics of materials.

Effect of detergents on friction properties of car-
bon-carbon composite materials.

Vacuum ion-plasma technologies of application
of wear-resistant coatings from refractory com-
pounds.

A unique composition of cermet coating and laser
technology for its application on a friction surface in-
creasing its service-life 20-30 times.

‘Technology for production by ion etching method of
regular contoured microrelief on a friction's surface en-
suring a significant increase in the solid lubricant coat-
ings service-life.  °

A technological process for obtaining combined
metal-fluor-plastic ribbon material and rolling bearings
from it capable of working without a lubricant within a
wide temperature range.

INTERNATIONAL COLLABORATION

At the IMASH initiative representatives and spe-
cialists of scientific, industrial and public organiza-
tions of a number of countries have set up an /nter-
national safety institute uniting scientists and coor-
dinating 'their"aétivity in formulation of comprehen-
sive theory and concept of technical systems safety,
in development of ways and means of ensuring safe-
ty of specific, potentially the most hazardous, objects
and manufactures, in implementation and application
of safe technologies. '

The Institute participates in work of technical
committees of international organizations (iSO,
IUTAMM, IFTOMM),

B S I TR oD Bt
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NPO MOLNIYA WILL
REMAIN THE AUTHOR

OF BURAN ORBITER
FOREVER AND FOR ALL -

Whatever improved space = [&
vehicles NPO MOLNIYA ~
will develop in future all of ZXE8
them will only be members
of the same family in §
which the BURAN orbiter &
will remain the ancestor. NEM

It includes multi-purpose aerospace systems and

NPO MOLNIYA working them out has gained vast
knowledge and potential. NPO MOLNIYA is a unique
research and industrial corporation developing
‘aerospace programs in Russia.

NPO MOLNIYA is creating a number of triplane
scheme aircraft - the background experience in
developing the BURAN orbiter will guarantee their
high reliability.

BURAN and MOLNIYA are our symbols of quality.

General Director

(

A.Bashilov

» g

QUE=
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NPO MOLNIYA Research and Industrial Corporation was founded
to create the first Russian manned reusable spacecraft in 1976.
While the space transportation increased the development of such
space vehicles that could considerably reduce the cost of space
launch became of great necessity. The time when any price for
a payload delivery to an orbit was paid has been over, specialists
in rocket production throughout the world began to count money
and their customers could not reconcile that superexpensive
electronic systems and rocket engines were annihilated in result
of the only launch. The development of reusable systems to put
into an orbit was a logical step of technical engineering progress
and in the seventies the USA and the USSR got down to
development of the SPACE SHUTTLE systems. Inthe Soviet
Union it was called the BURAN orbiter. '

The head of a new firm G. E. Lozino-Lozinsky earlier worked

General Designer at SPIRAL reusable aerospace system which dates back to the
G. E. Lozino-Lozinsky sixties.

NPO MOLNIYA was founded on the basis of two design bureaus: BUREVESTNIK (Chief Designer
A. V. Potopalov) that had experience in the creation of heavy supersonic aircraft and anti-aircraft missiles
and MOLNIYA (Chief Designer M. R. Bisnovat) which developed unmanned flight vehicles and an
Experimental Machine-Building Plant (General Designer V. M. Myasischev) where heavy and high altitude
aircraft were designed and tested.

A. V. Potopalov M. R. Bisnovat V. M. Myasischev

The main team for the BURAN orbiter designing came together with G. E. Lozino-Lozinsky from the design
bureau ZENIT headed by A. I. Mikoyan and more than a hundred engineers from RADUGA (Dubna), those
who had been working on the SPIRAL project there. Specialists from SALUT, ENERGIYA, TSNIIMASH and
other rocket and aviation firms have been invited. The high standards of knowledge and intelligence of its
staff is proved by the fact that more than 250 doctors and candidates of science worked there.




NPO MOLNIYA laboratories

The aviation practice allows identifying design
and board equipment shortcomings in a manned
flight supposing further bringing to perfection on
land, but it is quite impermissible for an excessively
expensive vehicle that with the minor defects has no
possibility to return to the airfield. To exclude the
risk the assembled vehicle and all its units, each
laken separately, should be examined before the
flight in conditions exactly imitating the real ones:

The main stands and laboratories
included in field experimental base of
NPO MOLNIYA are:

PRSO - a full-scale hardware stand
allowing to produce a half-scale flight
modeling on the stage of descend and
landing in real time scale with imitation of
hinge moments effecting on drives; the
stand is a vehicle frame with installed real
units and systems, it is intended for
examining their interaction and for
software working up.

Home industry has never made anything
similar to the BURAN orbiter before. It was
necessary to begin everything from the
zero level without any previous attempts
and experience in this field. Special
features of the orbital vehicle - vast speed
and altitude range not mastered by aviation
by that time, intensive surface warming up
when a spacecraft is entering dense layers
of atmosphere, simultaneous exposition to
vacuum, radiation and other factors of
space and unusual automatic pilotless
landing requirements - demanded a
special approach even to such usual
things, as flight tests.

beginning from mechanical, thermal or acoustic
loads and including the effect of solar and other
radiation. In NPO MOLNIYA the unique laboratory-
stand base was created, flying laboratories were
equipped, orbital flying models were designed and
launched, and finally a full-scale prototype of the
BURAN orbiter intended for modes of descending
and landing working up was lifted into the air for this
purpose.

PRSO - full-scale hardware stand




PDST - a pilotage dynamic training simulator
intended for a crew to work up skills of orbital flight
control as well as in normal flight conditions and
during abnormal situations. The simulator structure
consists of a crew cabin control compartment
mounted on a platform with six degrees of freedom.
The board systems of the vehicle are presented by
their mathematical models.

PSS - a pilotage static stand intended for a crew
training, for flight trajectory refining during the
vehicle descent.

KSSH - a complex landing gear stand intended for
landing gear function inspection and refining.

A slatic structural tests laboratory intended for
producing static, structural and endurance tests of
the vehicle frame within a wide temperature range
and for tests of its mechanical systems under flight
loads.

Dynamic load tests stand
Dynamic load tests laboratory intended for tests of ThN
separate fuselage sections weighting up. to 30 tons B

at dynamic loads at frequency up to 2000 Hz.

Cryo-thermo- &

vacuum Static tests of BURAN orbiter
complex




The laboratory for vibro-acoustic and thermo-
vacuum tests, hall of antenna--feeder devices and
other things.

About 200 inventions were used only during the
construction of the stands.

Cooperation of leading scientific and research
institutes and manufactures was of great
importance, but the main burden of field tests
maintenance fell on the NPO MOLNIYA Experimental
plant. Numerous BURAN orbiter models for wind
tunnel test and full size construction components for
other tests were manufactured here . The production
of some regular units, first of all - an auxiliary power
unit designed at NPQ MOLNIYA was organized.

A tribological complex for working up friction
junctions of an orbital vehicle in the conditions of
a space flight and for endurance tests, as well as
for research of properties of antifriction materials,
covers, lubricants.

Sun radiation simulator

For the BURAN orbiter landing after the orbital flight
at Baikonur space vehicle launching site there was
built a landing complex with a 4500 x 84 m runway
equipped with advanced navigation and radio-
technical systems and capable to support the whole
cycle of orbital vehicle after-flight maintenance. The
landing complex can be used for aircraft of all kinds
which is confirmed by landings of a heavy aircraft-
carrier with an orbital vehicle or a rocket stage on it.

Simultaneously Zukovsky flight test centre runway was extended.

Research and industrial base of our corporation and the experience gained by
the personnel in the course of BURAN orbiter designing and tests allow
NPO MOLNIYA to continue the development of new space systems and to
participate in any complex conversion programs.




SPIRAL

SPIRAL is the project opening the history of aerospace
systems creation. The work at the project began in A. Mikoyan

Bureau 4 years after Gagarin's space flight .

The SPIRAL reusable aerospace system (AKS) consisted of
an orbital manned aircraft with a rocket booster and
stpersonic aircraft-carrier. The start of the orbital stage
should occur at the altitude of 24-30 km at the speed of Six
times higher than sound speed. After flight completion a
gliding descent in atmosphere with the aeroplane landing at
an airfield was provided. For more precise landing approach

a turbojet engine could be used.

With the whole system take-off

weight of 115 tons a one-seat
orbital aircraft had weight of 10
tons and was intended for
scientific and technical expe-
riments in space, remote Earth
monitoring and space objects
inspection. It was a vehicle with
a load-bearing frame and wings
tilting upward to exclude the
direct effect of thermal flow in
conditions of plasma formation
as well as for roll control.

The development of the hypersonic
aircraft-carrier that had no analogues in
the world required a considerable time and
consequently during the tests and at the
first phase of operation the orbital vehicle
was supposed to be launched into space
by a ballistic rocket.

0y
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AKS SPIRAL model

For landing approach and
landing working up as well as
for stability, controllability and
aerodynamic  characteristics
estimation the manned Sub-
sonic analogue of the orbital
vehicle - “aircraft 105" - was
build. In 1977 and 1978 it made
6 test flights with gliding on
S runway after being dropped
from the Tu-95 bomber at the
altitude of 5500 m.

Prototype of AKS SPIRAL orbital vehicle

Despite of NPO MOLNIYA suggestion to use the
SPIRAL orbital vehicle scheme for ENERGIYA-
BURAN system the leading system developer
ENERGIYA insisted on the use of the
configuration close to the USA Space Shuttle.
Nevertheless, the experience of working at the
SPIRAL system has considerably facilitated and
speed up the BURAN orbiter creation and the
technical ideas incorporated on the basis of the
SPIRAL project have afterwards received their
progress in a new aerospace system.




FROM SPIRAL TO MAKS ’

SPIRAL aerospace system.

Project.

~1977-1978

Manned prototype of SPIRAL

orbital vehicle.

Flight tests.

1982-1984

BOR-4 orbital experimental unmanned
flight vehicle.

Four test flights.

1984-1988

BOR-5 suborbital experimental unmanned flight

vehicle.

Five test flights.




1985-1988 =L
MOANNHHA
Manned prototype of BURAN orbiter. y

Twenty four test flights.

1988 . o ' ,

ENERGIYA-BURAN reusable space transport
system.

Flight 15.11.88.

Multipurpose aerospace system (MAKS). Development phase.




BOR EXPERIMENTAL SPACE
VEHICLES .

n the course of the BURAN orbiter development,
suborbital and orbital launches of BOR-4 and
30R-5 flight vehicles have been produced for
werodynamic analysis and working capacity of
‘hermal protection structures verification.

The BOR-4 flight vehicle is the scaled (1:2) copy of
‘he SPIRAL. It has a tilting wing as well as the
SPIRAL. During works at the SPIRAL system the
30R-4 wasn't launched, but it was decided to use
‘he BOR-4 for the BURAN orbiter thermal protection
‘ests. The real construction components - flexible
*hermal protection, quartz fibrous tiles and fuselage
10se cap made of “carbon-carbon” material - have
heen installed on it. The BOR-4 vehicle, 1,5 tons by
weight, was put into the orbit of 225 km by
55M-RB5 ballistic rocket and after doing one circle
around the Earth descended along a trajectory close
fo the BURAN trajectory.

The BOR-4 flight vehicle was totally launched 5
times: one suborbital launch for the whole complex
axamination, and 4 orbital launches, specified as:

COSMOS -1374 ..o June, 4, 1982
COSMOS -1445 ..o March, 16, 1983
COSMOS -1517 oo December, 27, 1983
COSMOS -1616 ..o December, 19, 1984

In the first two launches the vehicles splashed down
into the Indian Ocean about 900-km to the west of
Australia, in the following two - into the Black Sea to
the west of the Crimea peninsula. They failed to find
one of the vehicles splashed down into the Black
Sea, the others were raised on board by our military
ships.

The BOR-4 flight vehicle essentially differed from
that of the BURAN orbiter aerodynamic scheme and
could not be used for aerodynamic researches. Thus
the geometrically scaled (1:8) BURAN model was
manufactured. It was specified as BOR-5.

BOR-4

BOR-4 after
splashing 2
down into the @
Indian Ocean g

The main aerodynamic characteristics, thermal and
acoustic loads were determined, stability was eva-
luated on this model. The BOR-5 flight vehicle was
put into suborbit by K65M-RB5 rocket launched
from Kapustniy Yar toward the lake of Balhash.

Five flying model launches were produced:

mode! 507 ... July, 6, 1984
model 502................ccccooceiiiii April . 17, 1985
model 503........................... December, 27, 1986
model 504............ccccooooiiii August, 27, 1987
model 505 ... June, 27, 1988

The flights of the SPIRAL prototype and BOR-4 and
BOR-5 flying vehicles have allowed not only to
speed up the BURAN orbiter development, but also
to justify the choice of the aerodynamic scheme of
the orbital stage of the advanced MAKS aerospace
system.




BURAN ORBITER

The BURAN orbiter is the first reusable manned space vehicle in our
country. The BURAN is our first vehicle capable not only to put pay-
loads into Space, but also to provide their orbit maintenance and
repair as well as return to the Earth.

The BURAN predecessors could execute
only separate roles: VOSTOK and SOYUS
vehicles were intended only for crew
flights, PROGRESS - for cargo delivery
onto the orbital station. Put into the orbit
by a rocket carrier of the average size they
had modest transport potentials. Whereas
the cargo flow on the Earth-orbit line
increased and the development of a
reusable vehicles of large carrying capacity
has become inevitable.

The BURAN orbiter is able to put up to 30
tons into Space and to return up to 20 tons
of payload to the Earth.

BURAN in mounting-test building of
Baikonur space vehicle launching site

i &: ’ o~

Tosa

The availability of a cargo compartment of impressive sizes
on the vehicle permits to transport orbital station modules or
large structures up to 17 m long and 4,5 m in diameter and
not only 2-4 crew members but up to 6 passengers can be
accommodated in a crew cabin.




BURAN analogue (rear view)

BURAN (transportation version) on 3M-T aircraft-carrier top




Expendable space vehicles perform a ballistic
descent in the atmosphere and parachute landing.
The necessity to provide a space vehicle return from
the Space and to bring it to the airdrome forced the
designers to decide many complex problems.

The gliding descent from the orbit through dense
layers of atmosphere has stipulated the necessity to
use a principally new reusable thermal protection
system designed to sustain 100 flights. For the
BURAN orbiter three kinds of thermal protection
have been developed: “carbon-carbon” material
with maximum operating temperature up to 1650°C
for the components with the highest thermal load -
the fuselage nose and wing leading edge, ceramic
tiles for parts heating up to 1250 °C, flexible material
for surface parts with the temperature not higher
than 379°C. All of them surpassed by strength the
materials used in the USA Space Shuttle
construction.

Each of almost forty thousand tiles of ceramic
thermal protection had its original geometry
differing from the others by planeform, side
surfaces view and inside and outside surfaces
curvature, availability of cuts and notches.

BURAN analogue over the airfield
in Zhukovsky

The measurements of a real frame surface geometry
under each tile in more than 100 points were made
to ensure the tiles fitting closely. To execute all this
manually was impossible. The special software was
developed and as a result form building,
manufacturing and installation of tiles were carried
out completely on paperless technology without
drawings and templates, using the bank data.

The BURAN descending from a space orbit passes
all possible for an airplane flight performances in the
atmosphere starting with large hypersonic (M=25)
up to landing (M=0,2) speeds. In this connection the
aerodynamic scheme without a horizontal tail, with a
double swept wing, with elevons, rudder-
aerodynamic brake and balance flap as control

BOR-5

surfaces has been chosen . This assembly has been
worked up during wind tunnel tests and evaluated in
the BOR-5 suborbital flying model flights.

For working up the most responsible flight phase -
landing approach and landing - the BURAN flying
prototype was constructed. In general it
distinguished from the orbital vehicle by installation
of four turbojet engines and accordingly by

i . capability of an independent takeoff from the airfield.

24 flights were executed on the prototype, in 15 of
them completely automatic mode landing was
made.




Results of intensive work were summed up by the BURAN orbiter
first flight into Space on November, 15, 1988.




There was no pilot onboard the
orbiter but it having made two turns
around the Earth completely
automatically controlled touched the
runway with the accuracy which
experienced pilots could envy. It was
the first in the world automatic
landing of a spaceplane. The SPACE
SHUTTLE defaults it so far.

Touchdown is !

After landing

The BURAN orbiter flight was a necessary step in the space engineering
progress but it has left its trace not only in this field. Born in the course
of work on the BURAN project new materials, technologies, computer
designing methods and equipment components find an application in far,
at first sight, from Space branches of economy.




ULTIPURPOSE AEROSPACE SYSTEM (MAKS)
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AKS multipurpose aerospace system has a
'mber of fundamental advantages. In the first place
is a capability of putting payloads into any
clination orbits, high operation efficiency and
& operational cost and absence of necessity to
enate areas under fields of fall of construction
‘mponents.

Wike the rocket systems tied to few space vehicle
inching sites and limited in orbit choice, MAKS
ay be used for emergency rescue of space object
ews or for urgent aerial reconnaissance of regions
technogene and natural extraordinary situations.

°0 MOLNIYA began to realize the MAKS project in
e 1980s before the BURAN orbiter first flight using
e experience and results of work on the SPIRAL
oject, the BOR experimental flight vehicles and the
JRAN. Up to date the main components of the
bital stage construction have been worked up,
iternal fuel tank mock-up has been made,
gnificant work has been already done on the
‘opulsion system.

xo .31 _aexadpa. 1998, 1004 ...
B.B.Anasepnon
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MAKS consists of the subsonic carrier aircraft
and an orbital stage with an external fuel tank
mounted on it. As the first stage the An-225 MRIA
aircraft originally intended for the BURAN
transportation is used.

The second stage of the system has three
modifications: MAKS-0S, MAKS-T and MAKS-M.
The MAKS-0S second stage consists of a reusable
orbital vehicle and an expendable fuel tank.
The main propulsion engine includes two RD-701
engines using three-component fuel (liquid
hydrogen, kerosene, and liquid oxygen). The base
manned variant of the MAKS-0S vehicle has a two-
seat crew cabin.

The MAKS versions for transport-technical
provision are developed. TTO-1 version is equipped
with a docking module and the second four-seat
pressurized cabin. TTO-2 version is intended for
delivery in an unpressurized equipment compart-
ment mounted on the external side of orbital
stations.
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The MAKS-T modification with the expendable
unmanned second stage is intended to put into orbit
heavy (up to 18 tons) payloads. It uses the same
external fuel tank, as in MAKS-0S, where the
propulsion engine with payload closed by fairing is
installed instead of the orbital vehicle.

The MAKS-M second stage is the reusable
unmanned orbital vehicle. The MAKS-M fuel tanks
are included in the vehicle construction.

MAKS-M - the development of which is connected
with solving complex technological problems is
regarded as possible further direction of MAKS
concept when the first two modifications were fully
developed.

As fast as MAKS-0S, -T and -M are created they
should be incorporated into the joint operation on
the basis of a common carrier aircraft and the
ground infrastructure. Reusability of their

components and the high degree of orbital stage
unification provide achievement of the main aim for
developers ~ drastical reduction of the transport
space operation cost compared with the existing
systems.

For decrease-of technical risk of the full-scale MAKS
creation and regular time distribution of financial
expenditures the production of a comparatively
inexpensive experimental technology demonstrator
system was considered necessary.

Researches on the first demonstrator version
(RADEM) were carried out by NPO MOLNIYA
together with British Aerospace, ANTK Antonov and
TCAGI under sponsorship of the European Space
Agency (ESA) in 1993-94.

The up-to-date version of the MAKS-D
demonstrator was also developed using what was
already done on the RADEM and on the basis of the
MAKS-0S  construction and  aerodynamic
configuration. The experimental vehicle takeoff
weight - 62,3 tons, landing weight - 12,8 tons.
Unlike RADEM, the MAKS-D suborbital vehicle
propulsion engine consists of only one oxygen-
kerosene engine that not only simplifies the project,
but also increases the demonstrator power
capability at the given tank volumes. Wide
unification of MAKS-D and MAKS-0S vehicles
onboard systems is Stipulated.

With the aid of the demonstrator the technologies
and components of the MAKS launch system will be
worked up and the carrier prestart manoeuvre,

stages separation, an initial
g phase of launch and the orbital
stage automatic landing will be
& researched in real conditions.
g Besides it may be used as a
& flying laboratory for advanced
B air-breathing engine tests.

® The accepted MAKS-D concept
Stipulates a possibility to use it
for putting into orbit of small
payloads. For this purpose the
& system is supplemented by a
B rocket stage.

S Feusable aerospace systems
B are developed now in many
BB countries; however, in opinion of
B 2 number of foreign experts
IR (i ussia has advanced on this way
R farther than its competitors. The
[l possession of such system as
i VIAKS would help Russia to take
B firm position in the space service
BB market at the beginning of the
new century.
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Take off

Separation of 2-nd stage
from carrier-aircraft

Second stage flight along
the putting trajectory

Separation of orbital
vehicle from fuel tank

Orbital flight

Deceleration for return
from orbit

Flight along the descent
trajectory

Orbiter landing







MAKS-0S

Main characteristics of the MAKS modifications

MAKS-0OS MAKS-T MAKS-M
Take-off mass, tons.............cccccooii 620.. ... 620.. ..ot 620
Second stage mass, tONS...........ccccceeeeeeennnn. 275 275 275
Orbital vehicle mass, tons................ccceeeee 27
Orbital vehicle crew ... 2
Payload compartment dimensions:
length, m........................ 6,8 (8,7) i, 13 7
diameter, m...................... 26(3,0)..... B 4.6

Mass of payload (tons)
put into orbit H=200 km with inclination angle:




MOLNIYA TRIPLANE AIRCRAFT

At present NPO MOLNIYA is working not only in the space
field but also on aircraft engineering. A series of civil
aircraft with carrying capacity from 500 KGs up to 5 tons
is being designed here. To appear on the world market of
such engineering, where extremely rigid competition
exists, is possible only with the products appreciably
distinguished from the similar ones by their characte-
ristics. Considering this NPO MOLNIYA has chosen a
‘triplane" aerodynamic scheme stipulating in comparison
with traditional schemes the essential increase of flying ‘ ‘
safety and fuel economy of its aircraft. The first of triplane series MOLNIYA-1
in flight

The triplanes have advantages of canard and classical schemes, but are free from their faults. The use of all
three planes carrying properties reduces loads on the construction providing significant (up to 20%)
reduction of the aircraft weight and dimensions and therefore the reduction of fuel consumption and the
whole vehicle cost. Besides the triplanes have the following advantages:

- the increased level of flying safety because at a high angle of attack a flow separation occurs on the
foreplane prior to that on the main wing, that practically excludes the stall into a spin;

- the simplicity and easiness of the aircraft pilotage because of small loads on controls;

- the high lift-drag ratio in cruise flying mode and the improvement of take-off-landing performance
stipulated by the reduction of aerodynamic balancing losses.

Triplane series




...................

KOMMTET POCCRACKOR @t REPALIM NO NATIHIAM 1 TOBAPSM INARAM

(POCAATEMT

HATEHT
N
«a NPOMMUINEKHER OBPAIEY
~CAMORET"

TlareuroulinandTeanian)

Crpare:
Axrop tenvopul;

imcgane o rmsnmire chpa s
Arrs socrymmmes tamas & Pocnaret

Jeowccous 1 foriape e

MAKS-95 International Aerospace Salon

in Zhukovsky
The smallest of the triplane series is the

j# - —— MOLNIYA-1 six-seat aircraft, the

design of which was awarded to Gold
medal of Eureka-93 World Inventors,
Scientific Research and Know-How

embly shop of AVIAKOR airplane plant

in Samara

.o

_‘\ . - ',“ JRENPRE
After the flight in Le Bourget airspace

Salon in Brussels, in 1995 it was shown
in flight at the aeroshow in Le Bourget.
The first batch of the aircraft has been
produced at the airplane plant in
Samara. The MOLNIYA-1 is intended
for individual using, tourism, cargo and
mail carrying, business flights and aerial
photography and can be used in patrol
and ambulance services. The high

dynamic stability inherent to the triplane stipulates
exclusive smoothness of flight and the aft location of
the engine with a pusher propeller minimizes noise
and vibration in the cabin.

The MOLNIYA-1 aircraft can be supplied in versions
adapted for operation in the tropics, the Arctic
region and on the sea coasts, and the wheeled

= Janding gear can be replaced with skis or floats. The

application of low pressure tires and considerable

s power reserve permit to use it not only on the

existing airdromes with artificial or ground coating,
but on any even sites 500 meters and more long
as well.
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Variants with skis and float
landing gear
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Passenger cabin

(et

LOZINO-LOZINSKY G k., SELETSKY YALL, et al.

MOLNIA-1
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Administrative cabin

@ 08

i

Cargo-mail cabin

Cabin for aerial photography
and reconnaissance of the
region

MOLNIYA-1 aircraft Main Characteristics

Takeoff engine power, hp..........cocoooiiiiiiiiiii 360
Maximum payload, Kg ......coooviiiiiiiiii 500
Takeoff MaAass, Kg ..o 1740
WING SPaN, Mo 8,5
Length, M 7,86
Operational range, km:

with maximum payload................coooooi 500

with maximum fuelload............................ 1000
Speed, km/h

cruising at an altitude 1500 m......................... 225...285

stalling ..o 115...120

ANAING. e 130...160

take-off ... 145...170
Takeoff run (dry concrete), m...............occoiiiiiii 450
Landing run (dry concrete), M ..........cocooiiiiiiiiiiiiii, 350
Fixed service life............................. 3000 hours, 6000 landings
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OLNIYA-100 MOLNIYA-300

' MOLNIYA-100 fifteen-seat, two-engine triplane  Unlike the MOLNIYA-100 triplane roughly similar to
lesigned for regional routes. This multipurpose i in gimensions the MOLNIYA-300 though is
raft can be used for passenger and cargo
1sportation, as well as for aerial photography or
an eight-seat business, patrol or ambulance a Six-seat business aircraft the cabin of which has
raft. The use of pusher propeller minimizes noise 4 necessary conditions for rest or work. The
f vibration in the cabin and provides passenger’s
sty during emplaning. The MOLNIYA-100 can
" airdromes with the artificial coating, as well as  noise and vibrations that makes multihour flights

ground ones, and its navigation and tirejess. [ ike the MOLNIYA-100 this jet aircraft can
nmunication equipment permits to fly at any time
Jlay and year.

supplied with no piston, but turbojet engines. This is

location of the engines in the rear fuselage reduces

use airdromes with the artificial coating, as well as
the ground ones.

MOLNIYA-100 aircraft

Main Characteristics MOLNIYA-300 aircraft
akeoff engine power, hp.......... 2 x 435 Ma/n Characz‘erlSZ‘lCS
laximum payload, kg................... 1500 Takeoff engine power, kg......... 2 x 1220
akeoff mass, Kg ..............ocooiini 4300 Maximum payload, Kg.................... 1350
yperational range, km: Takeoff mass, KQ ..................n. 6800

_ ) Maximum fuel reserve, kg.............. 2100
with maximum payload ............... 600 Operational range, km:
with maximum fuel load ............ 2000 with maximum payload............... 2900
speed, km/h: with maximum fuel load ............. 5100
maximum 400 Speed, km/h:
.................................. maximum o ..930
Cruising ..., 325...380 cruising at the altitude 3000 m.....800
1@anding ...oooo 130 take-off ... 195
‘akeoff run, mo...o 430 BNAING - 160
Takeoff run, m ...... .o 630
anding run, m ..., 350

Landing run, m..........oiiiiiii 460




The next in dimensions aircraft of the conceived family is
the MOLNIYA-400 wide fuselage triplane. This two engine
aircraft is intended for transportation up to 30 tons of cargo
in containers or on pallets or self-propelled machinery.
In an overload variant its carrying capacity can reach 50
tons. There is a cargo-passengers modification of the
MOLNIYA-400 designed for simultaneous transportation
of 250 passengers with hand luggage on different decks
and cargo in containers. The crew consists of two pilots,
a panel operator and two operators.

The MOLNIYA-400 aircraft is equipped with an integral
automated monitoring system, which while constantly
analysing the board systems condition enables to reveal
failures in due time and thus to cut the aircraft down time.
The MOLNIYA-400 can be operated on airdromes with
concrete coating and ground ones, and its pilotage-
navigation complex enables to fly under difficult meteo-
rological conditions and to land under ICAO second class.

MOLNIYA-400 aircraft
Main Characteristics

Takeoff engine power, kg............... 2 x 16000
Overload takeoff mass, t........c....ccoo.e. 121,1
Normal takeoff mass, t......................... 109,8
Payload with overload

takeoff mass, t......ooooiiiiiii 50
Payload with normat

takeoff mass, t.....ovii 30
Wing span, M. 427
Length, m ... 41,5
Operational range with 30 t payload

and fuel reserve for 1 hr flying, km......... 5000
Operational range with overload

takeoff mass, km..........ocoiiii 3000
Speed, km/h:

TNAXTIUIMN e 930
cruising at the altitude of 11200 m...760...800
Takeoff run, mM.......oooiirii 1230
Necessary runway length, m.................. 2600

The heaviest of the designed triplanes is the
HERACLES twin-body aircraft-transporter. Its
chosen dimensions are identical to that of a well-
known An-225 MRIYA so that it can be manu-
factured at the existing airplane plants in Russia
without construction of new assembly shops, but
the HERACLES has the carrying capacity one and a
half higher than the MRIYA. It is intended for
carrying large-sized cargo up to 450 tons or
passenger modules with capacity up to 1200
persons at the external suspension. It can be used
as an aircraft-carrier for agrospace systems.

Service life......... 60000 hours, 20000 landings

HERACLES aircraft
Main Characteristics

Takeoff engine power, kg .............. 6 x 40000
Maximum payload
(including suspension elements), t........... 450
Maximum fuel reserve, t....................... 358
Takeoff mass, t......ocoooiiiiiii, 900
WINg span, Moo, 90,4
Length, m .. 73,4
Maximum cargo dimensions, m:

length ... 60

WIdth. oo 11

height .o 9,4
Cruising speed, km/h ... 840
Operational range, km:

with max. payload .................. 2300...3100

with max. fuel reserve .......... 8300...11800

feITY o 18000
Takeoff run, m ... 2350
Landing run, M. 1000
Crew, number of persons:

DASIC. e 4

ShIft 4
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v cargoes are suspended between the HERACLES
elages under the center wing section. They can
replaceable quick-detachable modules, where
go containers and pallets, or super heavy or
rsized constructions and aggregates such as
Iro turbines, chemical reactors, petrol-chemical
ustry equipment, etc., or containers or tanks with
lid gas, dry substance goods and liquids
luding water for fire extinguishing, or at last
isenger modules are placed. The system of lifting
1 lowering cargoes, available on the aircraft,
‘tails the technological cycle and simplifies
ding and unloading operations because there is
need in bulky airdrome cranes.

NPO MOLNIYA offers to use the HERACLES not only
for separate trips, but in the air transport system
structure with practically uninterrupted cargo
turnover: as soon as the aircraft lands at the
appointed stop of the route the suspended module
will be immediately replaced and the aircraft will be
ready to fly to a new destination, modules including
passenger ones should be loaded in the special
terminal just before the aircrafi-transporter arrives.

After landing the aircraft should be taxied out at
the working ground, where two loading-unloading
self-propelled trolleys will come up to each aircraft:
one empty for acceptance of the delivered module
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and its transportation to the terminal,
the second with a new loaded module.
Simultaneously with loading and
unloading refuelling of the aircraft
should be made. The free space
between the HERACLES fuselages
opened on the two sides permits to
establish the order of the aircraft
maintenance in a circle, always
clockwise or counter-clockwise, to
- exclude a collision of heavy non-
. manoeuvrable trolleys. Such
’ organization of operations will reduce
the aircraft down time in airports and
will make the system extremely effective
economically. The introduction of the
HERACLES base transport system will
make the same revolution in the air
transportation as the wide use of
containers has made on the railway and
water transport.

N
1
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A

The HERACLES aircraft can be used on
non-class as well as the first class

e HERACLES aircraft project was awarded with
2 Gold Medal at “Eureka-95" International Salon
Inventors and Scientific Research in Brussels.

airdromes with improved (if necessary) taxi ways.
The use of low pressure pneumatics enables the
aircraft operation from prepared ground airfields.




HERACLES TRIPLANE
and AEROSPACE SYSTEMS

The key characteristics of two-stage aerospace
systems are determined according to speed and
carrying capacity of the aircraft-carrier used . The
range of specified parameters can be extremely
wide. So the SPIRAL system hypersonic carrier was
expected to launch the second stage by weight 63
tons at a speed corresponding to 6M; whereas
launching weight of the MAKS system orbital stage
with the use of the An-225 MRIYA heavy subsonic
aircraft reaches 275 tons, and the HERACLES
aircraft - 450 tons. The HERACLES advantages are
not only covered by its extreme carrying capacity, its
arrangement, namely - chosen for its two-fuselage
scheme, was of a great importance. Simplifying the
separation of the second stage suspension under
the aircraft permits to launch the stage during a
cabrage flight, whereas the carriers of the conven-
tional scheme with the top arrangement of orbiter
require going into the negative normal acceleration
in time of launching that results in the trajectory
angle losses and the increase of power expenditure
for moving out. The second stage launch of the
HERACLES occurs with subsonic speed, however
due to summation of all factors acting during the
launch so the aircraft-carrier contribution in the
increment of putting characteristical velocity
reaches 570 m/s.

Comparing the characteristics of MAKS using
various types of carriers it is possible to see that a
completely reusable MAKS-M modification with
integral fuel tanks at the start from Heracles can put
the same payload into orbit altitude of 200 km as the
MAKS-0S stage with a droppable external tank
launched from the An-225 MRIYA.

The MAKS-M reusable system with the HERACLES *
aircraft-carrier surpasses the single-stage-to-orbit
(SSTO) of vertical launching carriers which are the
basic variants of the USA shuttle space system
(RLV) program, by its flight performance,
development and manufacturing costs and
economic efficiency. In particular, it has a smaller
gradient of mass loss according to the orbit altitude
that improves the system economic parameters. In
addition, the American concept has got common
shortcomings of rocket systems: limits of orbit
inclination angles and necessity of building and
maintenance of the expensive launching complex.

Though in order to approach the date of putting into
operation the MAKS system it is necessary to use
the already existing An-225 aircraft-carrier its
opportunities will only be completely realized by the
introduction of the HERACLES superheavy triplane
in its structure. The simultaneous use of the
HERACLES as a part of the extensive air transport
system will allow to return a significant share of
means spent on its development and manufacture.

Comparison of characteristics of the MAKS with An-225
and HERACLES aircraft-carriers (mass in tons)

Aircraft-carrier type An-225 Heracles
MAKS modification................................. M-OS..M-T...M-M..................... M-OS ... M-T....M-M
Second stage takeoff mass..................... 275...... 275...... 275 450 ...... 450...... 450
Payload mass on orbit:

H=200km, i =51 ... ... 8,3-9,5...18,0....... 55 13-14....28,0......8,0
H=400km, i =510 ... 7,0-82..17,4...... 3.5 11-12....27,0......5,5

geostationary orbit ... e 4,8....... ST e 9,0......... -
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Cargo module on loading and
unloading trolley

HERACLES aircraft-carrier
without cargo module

Passenger module on loading
and unloading trolley

Loading and unloading trolley
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PERSONIC ROCKETS-TARGETS

MOLNIYA has been designing rockets-targets
ver 30 years using the great experience in crea-
anti-aircraft guided rockets (AGR) for C-25M.

he basis of B-300 anti-aircraft rockets which
‘ed their service life, there were designed, tested
nut into the serial production the following types
he rocket-targets: KUNITSA (1965-1970),
OL (1970-1975), BELKA (1975-1988), ZVEZDA
'8-1993) and STRIZH (1994 to the present
), all of them imitate flying-technical and
‘mational characteristics of typical air targets in
de altitude range (from 50 m to 30 km) and
ds (from 50 to 1500 m/s) in flights according to
yrogrammed trajectory with the possibility of its
7 controlled correction.

1e same time the ground facilities for preparing

launching the rockets-targets were designed
put into operation in the form of the mobile
ind complex (LISA-M), included into the ground
ces of the control point, launching and technical
tion.

" cost of the rockets-targets constructed on the
s of battle anti-aircraft rockets, sufficiently full
ation of air targets characteristics, high reliability
safety in service ensured their wide use in the
em of air defence as a typical air target for battle
1ing, testing of anti-aircraft rocket complexes
systems. Manufacturing of rockets-targets on
basis of the expired-its-service-life anti-aircraft
(ets gives a considerable finance economy for
state.

4
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MAIN TACTICAL-TECHNICAL CHARACTERISTICS
OF THE ROCKETS-TARGETS OF STRIZH TYPE

Dimensions, m:

Length .oooveeeii 12.0

Diameter ..o.oeviiieii e 0.65

WING SPan.....ccccooiiiiiiniiiiiee e, 2.6
Takeoff weight, Kg.........coocoi, 4000
Launch mode .....covvveiiiiice e vertical
Altitude, M. 50...30000
Range of flight , km

according to altitude.................... 50...200
Speed, M/S .o 100...1300

The power plant: a two regime liquid jet engine with

two-component fuel.

The guiding system: autonomous with the radio-
correcting program.

The special equipment: tracers for increasing infra-
red radiation, Lyuneberg lens for increasing of
effective surface dissipation and the apparatus to
imitate the active radio-interference and signals of
large size targets, the automated system for
registration and estimation of fire results.

The flight safety system: destruction of the target at
the prescribed time, by single radio-command, at
the deviation of course or roll.

The mounting of the radio-altimeter on the rocket-
target allows to fly at low altitudes of 50-1000 m
enveloping of terrain relief and for the distance up to
50 km with the speed from 650 to 100 m/s.

Rocket-target placed on the launch stand




Prelaunch preparing, launching and controlling of a
rocket-target flight are performed with the LISA mobile
ground complex, containing the ground devices.
specially designed on the base of the anti-aircraft rocket
complex, and standard all-army facilities. including:

the ground facilities of the launch position. consisting of
six launching devices. manufactured by means of
developing standard launching devices of the basic anti-
aircraft complex;

the command point ground facilities, consisting of a
specially manufactured cabin with the station for
transmitting commands and the panel for guiding
rocket-target flight, standard all-army radar stations and
communication facilities;

the technical position ground facilities, consisting of a
specially manufactured control set to inspect the rocket-
target, standard devices for loading with components of
fuel and air, transport-loading facilities and a mobile
electranic power station.

On the basis of many-year experience of
designing rocket-targets NPO MOLNIYA é
developed an automated information-
measuring System to registrate and
estimate firing results intended for
equipping rockets-targets in order to
receive the trustworthy information:

about the parameters of mutual location of
the target and the battle rocket shooting it;

about the parameters of catching and
hitting the target with the piercing elements
of the attacking rocket battle charge;

about the effective hitting target and the
firing results according to the special
criteria.

B T
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THE MAIN TACTICAL-TECHNICAL CHARACTERISTICS
OF THE AUTOMATED SYSTEM OF REGISTRATION
AND ESTIMATION OF THE FIRING RESULTS

Measurable relative distance

(range), M. 10...90
Measurement errors of the up blasting

angle of the battle charge, deg............ + 22,5
Quantity of sensors of piercing

elements hitting . ... up to 128

Time registration error of the piercing
elements hitting to the sensor, mks ............ +1
Time interval between the hitting,

MKS 5 and longer
Volume of the aboard equipment

(in the container), cu dm

The analogue of this system successfully passed the
state tests with the ZVEZDA-4 rocket-target.

At the present time NPO MOLNIYA is performing work
connected with designing the rockets-target PM-75
with the tactical-technical characteristics similar to the
characteristics of the STRIZH rocket-target.

On the base of the expired its life anti-aircraft guided
system C-75 there was developed the rocket-target
PM-75 in two modifications: PM-75MB for low altitudes
and PM-75B for high altitude.

NPO MOLNIYA many-year experience in developing
supersonic rockets-targets on the base of expired their
life anti-aircraft guided rockets is an economically
effective method of utilization of the taken from service
battle rockets which ensures their second life and wide
use in the army as air targets imitating standard air
fargets.

Rocket-target in the start position
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PNVERSION PROGRAMS s . .

technologies mastered by NPO MOLNIYA during its work on Buran got their
her development in the conversion programs. This includes the direct use of
' materials and equipment and Know-How introduced in other branches of
1stry that are far from aviation as well as the ideas and experience.

he mathematical program provision. formed for the
ift making of thermoprotection tiles of the BURAN
r, was used while manufacturing reflectors of large-
radiotelescopes.

manufacturing resistance laboratory
s the thermoprotecting material is now
. These ovens, used for heat treatment of
hls, for chemical analyses, in jewellery

uction, in ¢raft industry for kilning of
elain and putting the decorative coating,

to reach temperatures of 1250 °C for 15
The ovens are provided with a control
em with the digital indication. The
ratory oven of 5 litre volume weights only
g and consumes 220V and power less than

her example of conversion - elastic heaters, developed
12 BURAN. At the present time they are used to heat
1S, car engines and cabins, different mechanisms and
'es in the conditions of the Far North, to keep the
erature of dry and liquid substances and as medical
water bottles.

ether with MAI catalytic ovens PULSAR-1 were
ufactured, their mode of operation is based
atalytic (without open fire) fuel: decay heat

ation. They are used to hothouses and plant
ns, to dry lacquer and coloured coatings and
eat car diesel engines.

e were also developed vapour-generating and water-
ing units, working with liquid and gas fuel and, at low
inertia, having heating power up to 5 mWt Their
nsions are 7-10 times less and their mass is 4-5 times
than ordinary vapour generators and they have a better
iency. Being convenient while mounting and
nitation they are used in agriculture, in emergency city

supply, at working out of oil layers and Ssulphur
)Sits.

New technological decisions which first were
intended for the BURAN, are used in designing
the equipment to reprocess fruits and vegetables.

The inter-field company . Aviaagroprommecha-
nizatsiya was organized "at NPO MOLNIYA for,
distribution and production of this equipment.

Cellular many layer panels. designed to make Buran
structure lighter. found their use in aviation,
shipbuilding, radiotechnical and many other branches of
industry. Made from metal foil or Kraft-paper they are
used in the bases of large space telescopes mirrors and
antennae for the large range communication. for the
carrying structures of yachts, boats and windsurfings,
in lighter walls, doors or thermo-neutralisers of
harmful throws of industrial gases, in the extinguishers
for fuel lines and as radiofilters.

Inertialess wheel hydraulic drives of the BURAN
control system are used in whirlwind solar-wind
power units, patented by Russian inventors in 40
countries. These units, being distinguished in
small mass and simple mounting and
maintenance, use not only wind energy but
directly get the energy of the air flow .uprising
from the unit base heated by the Sun. Forming of
wide fields of such ecologically pure energy units
will allow to abandon the construction of many
nuclear electric stations..

This experience, accumulated
during designing the BURAN
orbiter and acquired scientific-
technical reserve may be widely
and very effectively used in

future in many branches of
industry: from aviation to
medicine.
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The production capacity of NPO MOLNIYA permitted
to organize manufacturing of automated multi-
Storey garages. Such garages with an elevating
system are intended for stored cars in the regions
with the high density of building. Occupying the area
equal only to 49 sq. m., one section can contain up
to 20 cars of VOLGA size. The garage is a frame
made of light metal structures plated with sheet
material. Inside the frame there is an elevator-
manipulator for lifting and locating the trays with
cars on the floors (or with cargoes in containers and
fanks in case of using the garage as a store house).
The garage module structure allows to blend it with
any city landscape. It may be manufactured in two
variants: the ground variant on a concrete slab and
the underground one - in a reinforced concrete well.

Double block garage

e
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SPECIFICATIONS
Capacity of cars, units................. 25
Design car class ...... VOLVO, VOLGA
Rated power, kW..........ccooeeiinni. 14
Occupied area, sqQ. M.................. 49
Garage height, m..................... 28,2
Car delivery cycle, sec.......... 30...90

As these garages can be built in the
complex with other buildings, their
construction can be the most efficient in
the regions of intensive flow of people,
such as near the airports, the railway
stations, large offices, stadiums and etc.
The first garages are built in Skakovaya
street, Moscow.
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flolniyas Come in All Sizes

‘hough little known outside Russia,
slniya Scientific and Industrial Enter-
ise has created for itself a reputatigreg
cellence in the design and prog
2 Buran space shuttle.
Appearing for the first time in t
e Molniya-1 six-seat light airc
w in late 1992 and has now en
ction. Dwarfed in the aircra
e Tu-160 next door, Molniya's
ntional aircraft is powered by a VO
14 air-cooled radial piston engine, b
anned to be available later with a Te
ne Continental horizontally-opposed e
1e or an Allison 250 turboprop.
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Le Bourget 11 au 18 juin 1995

In conjunction with Antonov of Ukraine,
olniya is showing perhaps the largest
odel in the show: the MAKS orbiting
uttle sitting on a giant fuel tank—the
'o carried by the mighty, six-engined An-
5 Myria. MAKS could place two cosmo-

wits and 10 tonnes of payload into low- - s
rth orbit.

A glimpse of what might have been is
also available at the Molniya stand. A mod- .
el of the 50-50 space launcher project of « ===

1965 shows a remarkably neat and still fu- s
turistic-looking piggy-back combination i »
that would have put a small, man-carrying == —
craft into orbit. —Paul Jackson &

Moscow, Zhukovsky,
August, 22-27
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Berlin - Brandenburg

International
Aerospace Exhibition
== Conventions - Conferences
May 13-19, 1996
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Russians Seek $2.5 Billion to Finance Space Shuttle Program

The Russians are at Farnborough this year with a reusable space vehicle concept dubbed Molniya—lightning. A small shuttle, capable of being
launched from the back of the 620-ton spacecraft carrier Mira (an Antonov An-255), Molniya is claimed to have a service life of 100 flights. The air-
craft can deploy satellite payloads directly from the customer’s country, from any 4.5-kilometer runway. Powered by rocket fuel stored in a 250-ton
drop tank, the 27-ton Molniya will fly to space with 8.3 tons of payload in 2 manned configuration, or 9.5 tons in cargo-only mode. The spacecraft
will drop its external tank at an altitude of 80 kilometers and enter low-Earth orbit at 200 kilometers—or continue into geostationary orbit on its
own powezalhe Russians Zds h cost could be as low $1,500 to $2,000 per kilogram, about a fifth of the U.S. Space Shutde’s cost. But
afiz .7 still need $2.5 billion to get the program to space.
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