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Annotation

The book describes in detail the creation of First Georgian Space Object, its delivery in orbit and
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"YTRE pALa"
AMEENT KOMNaHWH “CTIA"

kosanaHKn “TTH" u THKC no opraHyaaums
COBMECTHOrD MPEONPUATHE No paspaboTke
W MPOW3BOOCTEY KPYNHOrabapuTHER
TRaHCEODMMPYEMBIX BHTEHH

MNpoBegeHHell  BHANKMI  BHEWHETD W BHYTREHHEND  pPEHER
KOCMWMECKOR TEXHHEW NOKA3AA, 4T0 B HACTOALLEE BpemA 33 pybemom
HOPMARYETCH BoNLLUGH CAPOC Ha KPYNHOraBapUTHEE TRaHCHOopMUpYeMER
KOCMANECENE AHTEHHEL

TDYSHHCKHA MHCTHTYT KOCMUYBCKNE COOpyReHi {TMKC) 1 komnaxia
“FpyauHcknd  [onMTexHAeckid  lMumenneet™ (MK} ofpatinuce & PEK
“SHeprua” ¢ NpeQNOEEHMEM CO3NaTE COBMECTHOS NPLEANDWATAE  No
palpadoTke W OpTEHM3ALMA NPOMIBE0OCTES EPYNHOTE0apWHTHE X
TpaHEOfMADYEMBD KOCMUHBCHAE anTenH (KTKA) pa3nmiHoro auaMeTpa.

PEE  ~3Hepria”  COBMECTHO & KOMA&HKER T py3dHCKHR
MonuTexHAHeckni MHTEANEKT" MOEET YONBWHD EOHKYDMDOEETE HA palHKE
KEYTIHOrBHaRUTHEX TREHCROPMMPYEMBE KDCMUMEEKHS AHTEHH, paspaboran
W HARAGWE CEpHRHDE NPOWIBOACTED AHTEHH AWameTpon 5-12 meTpoa n
NPEAnNcHEME WX HE  peieod. B CBRIM € 3THM, NDEOCTEANRETCA
wenacoobpaimpisg QPraHHI0BETE COBMBCTHDS [+ “I pyarHCEMmM
MOMHTEXHASECK WM HHTEMNEKTOM™ NPOH3IBOACTED W COBIT EpyNHOrE0apHTHE X
TpaHChOPMHDYEMBIE BHTEHH.

Mp  atom  PEKE  "3Weprva”, Kok yUDEOWTENL  GOBMBCTHOMD
NpEAnpUaTHA, PAZpafaTHEIsT TEXHWYECKHE TPEOOBEHWA K KOCMA4ELEAM
AHTEHMEM CWCTEMEM W MCHOOMEE GAHHEE HA  pazpadoTey  AaHTEHH,
PAIPAGATHBAET WHTEPESACH MENDY AHTEHHOR W KOCMUHMECKHM SNNAPDETOM,
PAIpAafaTHEZET 1 HIAFOTAENMBRET CHUNOS02 TRAHCOODMADYOMOE EONLUD C
NitEHEHHEM OB IR F b MATERHANOE, MEN Oy b sl ona
KOCMHHBCKDA TEXHHMEN, B TOM YWGHE EOMNOINLMOHHR,

M4, Eak yypE4WTENs COBMBCTHOMD NPEAADWATAA, SAENRETCA
MONCEHEM MO paspaBoTke  aHTeHH, paapafaTHBAET W WArOTABNWME3ET
HECYLWA kapsac 1 padnekTop aHTeHHb, 8 TAKKE NPOBOAHT MNONHEIA QUKD
HESEMHEX OTREBOTOR W MCNWTAHWA Ha ceoed Gaze.

CoemMecTHOE  NpEOApWATHAE  OCYLUECTENRET  OOFEHAISLMOHHYHD,
hHHSHCORY M MBDKETHHTOBYID  OBATENEHOCTE, NPOECOAT  Ofulyio
pazpaboTsy asTeHHN,

UanecooBpasHo B PEMEEX  COBMEBCTHOMO  npeanpwatia  PEE
“SHeprir” 1 [T NPosecTH TEXHWHECKME JKCHEDWMEHT ¢ 3HTEHHOW HA oC
“"Mup®, woTopeid GyoeT @PUREHCWPOEATECA W3 BHYTREHHAK  WCTOMHAKDE
KAAOA CTOPOHS, W, NoSTOmMy, 3T pABOTE MOMYT DACCMATPHBATRECH, KK
BENEOM CTOROH,

32

Kotnadns "TpyanHcrs nonWTEXHUHECKHA WaTennaeT” npoasner
MIrOTORARHWE ONBTHOMD OBPE3LA AHTEHHE, MOAHKE UMER  HASEMHWE
MCNETasnA aToro ofpasus v nocTaeky erc 8 PEE “3wepras”,

PEK "Suepres” nNROBEAET NOATOTOSKY MW NETHLIE WCNLITEHAR
ONETHOND OGpEILE anTessnl B8 cTaHus “Mnp®.

QT KOMNAHWA “T pyaHHCEHE
HHSECEMA MHTEMNEET™

AT, HepHAecWA
H.A. BEpoxEHDE

B.E. BawHekoa

,3/;& 10.H. Maxywsesko
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mdo@olopsb, xg® dmlgmgdo, gmgddOu  BglBodgdsdy,  Fgdoamddo  go  d503569@ols
30LIMEAMIbY go0gbogbs LoJo®mggem@o Jo@mggeno L3gEosmol@gdol 8oge dgJdbogno, mdogoldo —
Lobgedfogem Losgos@gom 25900056905 T0 sdbowgdygern, Jodbsobsdo Fglgodgdagmo ©s bLods®mggmml
30LImLy@d  boggdmdoms 0bLGRAPEOL  LobEgbom EsMBSDTo godmpogo  bsgzgmmds “@gxnegd@m@o”
Lomobopm gangd@®geo LobEgdoon s IsLGgH-3eodom.

>0b0dbyemols  Iglobgd  mdogooll@o, D3l “EGS”-0l  dmnogo@ds  3mbLGO9JH™m@ds  geoggxs
dgdds@05dgoeds 14.05.1999 Fgaol ©os5d@3oi3s Fomdmpagbomo ©mi3ydgb@sios, GmdgmonE dgmsbbdps d3bs
“EGS”-0l (5030350296056 27053 3900735dgL05b  ©s b53g0mdgdmsb ghmse a503bsgbs dmbgmgdo,
Loo d9damd,  obggg, dmbps  Fgmobbdgds  ©mgydgbGo@Eool  dodmgdbmsb  PKK  «Jueprus»-U
Fom3dmdopagbgermsb og@o 3G53h9630Lmsb.

>0b03bgeo ©m31dgbdoxos Fomdmwygbogos:
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YTBEPKJIAIO:

I'aaBubli koneTpykrop «EGS»

3. B. MEJIBMAPHAIIBHIH

Arperar «PE@®JIEKTOP»

P7. 0000. 00.

Haenopr
P7. 0000. 00 IIC

CoranacoBaHno:

ot PKK «3uepras»

o1 «EGS»

10. JI. KpaBuenxo

TBHJINCH 1999

35

ConepxaHnne.

1. Obupe cBeneHns 00 H3IETHH 3 etp.
2. Texuudeckue XapaKTEPHCTHKH 4
3. YerpoiicTeo H3menns 6
4. TlpoBepka TEXHHHECKOIO COCTOAHHS 7
5. KomnaekTHoCT 8
6. CBHAETENbCTBO O NPHEMKE 9
7. Ceunerensctso 00 ynakopke 10
8. l'apaHTHH H3rOTOBHTENA 11
9. 3axkmoveHHe rMaBHOTO KOHCTPYKTOpPa 12
10. Cpesienns 0 NepHOHYECKHX NPOBEPKAX 13
11. Ceenenns o pekiaMaliax 14
Mpunomenne 15

P7.0000.00.JIC

o




1. Obmue ceegenns o H3geanu.

«PednexTopy BIseTCS OJHOH W3 OCHOBHEIX 4acTeil TpaHchopMupyeMoii
P&HHD&HTEHHH KOCMHYECKOro SREHPDBEI.HME.
HeoGxonumocts  TpaHchopMauun

ofycnopieHa TpefoBaHHAMM ee pa3sMElICHHs B OlPAHMYEHHOM OTCEKe

KOHCTPYKILIHH  pajIHOaHTEeHHBI
IPOCTPAHCTBA KOCMHYECKOro Kopabis s J0CTaBKH Ha pacueTHyio opGHTY H
TpeDoBaHMAMY SKCIUTyaTallHH, KOTOPEIE BO3MOKHO Pealn3oBaTh TONBKO Hocje
packpeiTis «PeduyiekTopay B IpoeKTHOE NONOKEHHE.

Macca panHMoaHTeHHBl Takde PperTaMeHTHPYETCS BO3MOKHOCTAMH H
IPY30NOIBEMHOCTBIO HOCTABOYHLIX CPECTE.

Ilpurmmmuansyas cxema ® pabounit npoexr oneiTHoro ofpasna
«petinexTopay paaHOAHTEHHE! KOCMMYECKOro 0a3supoBaHHA paspaboTanbl B
Hucruryre Koemugecknx CoopyskeHHuii, 1011 pyKOBOICTBOM €r0 FeHepansHoro
npodeccopa

IMPEKTOpa H TeHepalBHOrO KOHCTPYKTOpa, M. T. H.,

2. B. Mensmapramsnms, ¢upmol  «pysuHckui  TlonHTexHHYecKHiH
HuTennexT».

OnwrtHeiid ®  wTaTHe  ofpasusl  M3roToBneHsl Ha TOHmMHcckOM
locymapcrBennoM  ABHaumonHoM OObeMHEHMH B  COOTBETCTBHH C
amoxymentauneii P7. 0000.00.

KDHCTPyKTIlBHO—ﬂDBOﬂO‘{HhIe HCNBITAHHUA ONBITHOIO oﬁpa:ma mno
NOJTHOMY KOMIUIEKCY NpOBEPOK IOATBEPIAMAH abCOMOTHYIO TOTOBHOCTH
wTaTtHoro obpasia K HCoIL30BAHHIO €0 [0 CBOEMY NMPAMOMY Ha3zHaYeHHIO.

Konerpykums paspaGorana ¢ uenslo obecreyeHns HANEXKHOH Ha3eMHO-
KOCMHYECKOH panHoCBA3M An4 Nepefadd M nomydenns Gonsmoro obvema
HH(bOPMaLHI BCeBO3MOMKHOIO XapaKTepa Ha MIMPOKOM JIHAaNa3oHe pajHoBOIH.

HanesHocTs H Ka4ecTBO CBA3H B NEPBYIO 04epe/lb 3aBHCAT OT TOYHOCTH
oTpakalonleii MOBEPXHOCTH pefhieKTopa, KOTOpas (hOPMHpPYETCH B pesyIbTare

TpaHeopMalHK pedaexTopa H3 TPAHCTIOPTHOTO NONOMXKeHHS B paGouee.

P7.0000.00.IIC

macr| MNegoxym. | oomn. | mme
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2. TexuuveckHe XapaKTepHCTHRN:

T'abapHTHBIE pasMeps! H3/leHA —
a) B TPAHCIOPTHOM (CIIOKEHHOM) MONOKEHHH:
wHIHHAp ¢ pasvepamu: D=620 my; H=1080 mm.
6) B paboueM MoNoKeHHH:
MOBEPXHOCTE OTPAXaTeNs — apabonons ¢ OCAMH B TUIaHE:
manas ock — 5 540 MM

Bonswas ock — 6 400 Mm.

BEICOTHEIE pasMephl 10 KOHTYPY:
a) no Manoi ocH— 1 116 MM.

6) no Gonbmoii ocu— 1 116 MMm.

Popma 1 pasMepsl HeHTpansHoro Gapabana:

umasHAp pasmepamu D=620 mv; H=666 .

Macca nznenus - 39,5 kr

Macca ¢ TpaHcropTHOH yiakoBokoii — 46,5 kr.

Bpema aBTOMAaTH4ecKOTO PACKPHITHA T0pPH HANDAXKEHWH [THTAHHA
3NeKTPONPOBOA MOCTOAHHOTO TOKA —

23 v — okono 7 MuH.

27v—- * 6 MHH
30v- 5 4Mun
34v- « 4,7MHH

MakcumManbHo noTpeGnsgeman cina Toka — 0,5 A.

CobcTEeHHas HacTOTa CHCTEMEI B PAcKpLITOM BHIE HE MCEHEE 18 ro.

P7.0000.00.1I1C




KonuyecTso  3/eKTPONPHBONOB [N  ABTOMATHYECKOTO PACKPHITHSA
CHCTEMBI — & [T,
DurcHpoBaHHOE B MpOLEcce 3KCILTYATAIMH PACTArMBAIONIEE YCHIHE TI0
KOHTYpY ceTkH oTpamarens — 0,5 kr/mM.
I'apanTHpoBaHHble — cHNOBBlE  BO3MleiicTBHA,  BOCHPHHHMAEMEIE
pediieKTOpoM NpH TPAHCTIOPTHPOBKE ero Ha KOCMUYECKYI0 OpGuTY: '
- BubOpoBO3/eHCTEHA ¢ YacToTol - 5+2500 i B TeyenHe 2 MiHH. KaMaan.
- [OATHKpaTHblE YAapHble BosedicTBua c yckopenwem 40g mo Bcem
TPeM KOODIMHATHRIM HANPABMEHHAM C MPOJAONKHTENLHOCTEIO
HMIynbea 3+5 Mcek.
Mopudurauun crocoGoB  KpenneHus pedieKTopa K ONOPHOI
KOHCTPYKIHH:
- 3@ UeHTPAIbHYHO 9acTh H3denna (n.MNel,np.);
- 33 KOHCTPYKUHIO CHJIOBOTO KOJbL@ MOCHE COOTBETCTBYROMIEH

nepepaboTKH yana KpemnieHns.

I'a. konerpyxrop «EGS»

3. B. Menamapuamsnin

P7.0000.00.IIC
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3. VYerpoiicTBo H3A€NAHS.

OcHoBHBIE 27eMeHTEl pedinexTopa:

- KOmBLO; (103, Nel, A, Nel, mp.);

- panuankHele NernecTkH; (mo3.Ne2, . Nel, ceu. B — B);

- neHTpanbHeii Gapaban (nos. Ne3. 1. Nel, cey. B — B, np.);
- OTpakalomiee ceTenoaoTHO (nos. Ned, 1. Nel, np.);

- TpaHCHOpTHBIH KoHTeiinep peduiextopa (1. Ne2, mp.).

Bonee nonpobHele ceenenua oM. aokyment P7. 0000, 00. TO.

P7.0000.00.11C




5. KominiekTHOCTE H3ems.
4. Mpoeepka TeXHHYECKOT0 COCTORHMA pedaeKTopa.

TMocne yCTaHOBKH pedreKTOpa B CTAPTOBOE MONOMEHHE PACKPHITHA H Kommnexr usnenis «Pediexropy Brmouaer b ce6s:

OTCTErHBAHHA €ro CTAKEK NPOM3BOAMTCA BHEWIHHIl BH3YalbHBIH OCMOTP o Cobcrrenno pediektop -1 1Fr.
CiJaKTH‘{eC-KOrU COCTOAHHA BCEX IJIEMEHTOB CHCTEMEI PEC'JJ'IEK‘TOPE!. Ha rrpemtl'er
¢ TpaHCnOpTHEIL KOHTElHEp - 1 .
HX HCOPaBHOCTH.
B 4acTHOCTH NPOBEpSIOTCA: * [lacnopr «Arperara «Pednexrop» P7. 0000.00IIC - 1 3ks.

. Texumecxoe OMHCAHHE H HHCTPYKIIHA MO

- pblMard CHJIOBOTO MAaHTOrpada;

skcnyataums P7. 0000.00. TO -1 aKa.

- 3amacoBKa M HATAT CHIOBOTO KAaHATA Pa3BePTHIBAHMA:

- TIPOEKTHOE MoJoKeHe KOHeYHBIX BRIKIoYaTeeii manTorpada;

- COOTBETCTBHE pACYETHOMY MONOKEHHIO OTKHIHEIX KOHconeif
PanHANLHEIX JIENeCTKOB;

- BEpOATHOCTH BOMOMKHOCTH 3allena CeTeNoNoTHa 3epKaia pedekTopa
B IPOLIECCE Pa3BEPTHIBAHMKS;

- MOHT&XKHOE TNONOKEHHE pPa3beMOB H JKTYTOB 3/IEKTPONpPOBOIKH

THTaHHA OPHBOIOB.

B ciyyae oOHapyXeHHA Kakux-1H0O HeMCIpaBHOCTEH B Bbluenepe-
9CNEHHBIX M JPYTHX 3NeMeHTaX cHcTeMbl pediextopa obcmysuBalommii
NEPCOHA [IO/IAKEH NPHHATH COOTBETCTBYIOIIHE MEPBI M0 HX YCTPAHEHHIO,

VGenuemmchk B HCOPABHOCTH M3JEH#, ONEPATOP BKIIOYEET CHCTEMY
3NEKTPONUTAHHA MPOLECCa PACKPLITHA cHCTeMbl pediiexTopa.

B Ttom cmyuae, ecom B 3TOT MepHol OyIyT 3ameueHsl Kakue-THOO
lanomanLHEle ABMEHHS pacKphITHS, OMepaTop o00f3aH OTKMIOYMTH CHCTEMY
3MEKTPONHTAHAS H YCTPAHHTE NPHYHHL! HEOPJAHHAPHOTO NPOLIECCa PACKPEITHA H

3aTeM MOBTOPHO BKIMKOYHTE OnoK NUTAHHA.

P7.0000.00.IIC |~ , P7.0000.00.II1C
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€. CeBHIeTeIbCTBO 0 NpHEMKE

p
o rer Tapiaiop. o000 0@aBOACKON HOMEp_ &2
L4

COOTBETCTBYET CTAHAAPTY (TEXHUUECKAM YCIOBHAM)

(MOMEP CTEHPEATE LTI TERNANECKI, yEIORIN)

W NpH3HaH (a) rofHeM (0f) U1 3KCIUTYaTaliH.

Jlata pemycka _79.95 .99

Iaasubiii konerpykrop «EGS”

3. B. MeasmapuamBHin

«|§

P7.0000.00.I1C

TEeT| JasonM. | momn | mEme

39

7. CeuzetenscTso ob ynakoBke

Arperay ‘é&mam" P 70000, 05 _3aBOJICKOH HOMEp_ &2

TIEIENOERIE ATIEAIN) ToBamee]

ynakosas (a) Ha 7/ 4O

THRIEEHOBRIIC 1T RIS DPEINIATHA

cornacHo TpeboBaHHAM

NPOMIBOIBLICTD KONEEPRELNO)

npe/ycMOTPEHHBIM HHCTPYKLHeH N0 IKCIIoTalHH

Jara ynasonsn ___/4.0599._

H3nenue nocsie ynakoBKH NPHHATL (noanuck)

P7.0000.00.11C
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8. TapauTHN H3rOTOBHTES.
9. 3akalouenne rAaBHOTO KOHCTPYKTOPA.

8. 1. HaroToBHTENE rapaHTHPYET HCOPABHOCTh erata H Ero aHCnop-

E 2 i E . & 2 Arperar «Pednextop» P7. 0000. 00 nzrotosnen no HA — 76 u rogen
THPOBKe, 0JHOpPa30B0e IPOEKTHOE PAacKpHITHE pedrekTopa Ha opbnTe, a s TTKK 1a 27 KC, 114615A55.
TaKike PacueTHyIo MOBEPXHOCTh 3epKaa OTPaKaTes B cayyae cobmo-

Iaasuwiii konerpyrtop «EGS»
JeHns Beex MeponpuaTHil, yk3anusix Beime. Cpok cayx6sl peduexropa

9. B. Measmapuamsii
periiaMeHTHpYeTCs CpoKoM npefbiBanHa peduieKTopa Ha pacueTHol
OKOJI03eMHO#T opGHTE.

8.2

]-IPE,E[HPPLRTHB-HSTOTOBHTEJIB TapaHTHPYET COOTBETCTBHE KA4CCTBA arpe-
rara «Pednexrop» P7. 0000. 00 tpeGosanuam P7. 0000. 00 TO npu cob-

JoIeHHN NOTpeBHTeNeM YCIOBHI H NIPABHII XpaHeHHs H TPaHCIIOPTHPO-

BaHHA.

8. 3. TapanTuiinblii cpOK XpaHeHus — 4 roja.

I'napnwiii koneTpyktop «EGS»

3. B. Measmapuaiuenan

:

111 P7.0000.00.11C T 11 P7.0000.00.1IC
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P7.0000.00.IIC [~
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JEETE

P7.0000.00.I1C




NPHIOKEHHE
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[Pegnexop, ynakobaHHsiu
-B_Koured Hep) : —

e 60 ~— r i EGS
._HZEH L } JMABHBI KOHCTPYKTOP « »

!

3. B. MEJI3MAPHAIIBH.IH

ATPEIAT «PE®JIEKTOP»

HMHTATOP YJIEKTPHYECKHI
Macnopr
P71.0000.00 TTe

CornacoBano:

ot PKK «Jneprusa» ot «EGS»

10. /1. KpaBuenko /‘,;,/z: I.B: Benykanse
0

Toumanen 1999

111 P7.0000.00.TO [~
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1..O6umune ceenenns 0b H3AeANH,

VIMHTATOp NpejHasHa4veH 1A NPOBEAEHHA EKTPHYECKHX NPOBEPOK B
cocrase w34, KC-37KD no nporpamme 17KC.2480-OIM]1.

Mmuratop anextpuyecknii arperara «Peduextop» npeacrasiser coboit
naGop peucTopos, coGpaHHBIX B eIMHOM KOPIyce H cHaKeHHBIH pasbemoM
XI nna monkmouenns nutanus. OH HMMHTHpYeT noTpeGneHHe 3HEprHH
JIBHTATeNISMH MeXaHW3Ma PacKpbiTHs pedIeKTopa B pekiMe «ITyCKOBOID MpH
Temnepatype obMmoTkn Axkops -70°C, a Takke notpebneHue JHEPrHH B peKHME

HOMMHANBHOM HArPY3KH.

2. OcHOBHBIE TEXHHYECKHE JAHHBIC H XADAKTEPHCTHKH,

2. 1. Yncno He3aBHCHMBIX Hemei - 8

2.2. ConpotuHBieHHe Kax/I0i LemH NPy MoIoKeHHH NepeKiio-
4aTeNs PeHMOB —

a. wnyckoBoiin; Om 30+5%

6. «Homuman» - Om 105 45 %

2. 3. MomHOoCTE paccesHHA Pe3HCTOpPa MIPH peXHMe

a. «YCROBOH» BT - 20
0. «HOMMHAJI» BT - 25
2. 4. HanpaaeHHe MHTaHuA, B = 23-34

2. 5. [lpopon#nTelbHOCTh BKIKOYEHHS

HMHTATOpa = JUTHTENBHO.
2. 6. TabaprTHEIE pasMepbl MM. 125x 115x 330
2.7. Macea kr. D 35
I'n.xonetpyrtop «EGS»
#, J. B. MeasmapnamiBu.in

Na

L =P7/10000.001IC T-
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3. KomnaekT nocraBgu.

3. 1. B xoMmiexT NOCTABKH HMHTATOPA BXOIHT:

a. CofcTBeHHO HMHTATOP NEKTPHYECKHH
P7H. 0000.00.

6. Tlacnopr P71.0000.00 IIC.

4. IpoBepka TeXHHYECKOI0 COCTOMHMSA,

OtaensHele  LenH HMHTATOpa HMEHT 3Ha4YeHHA COIIIJDTHB.I’IeHHﬁ,

TNPHBEIICHHBIC B Tabanue.

N [+1,2 [+34 |56+ |78 9,10 | 11,12 | 13,14 | 15 | +
KOHT. | + = - - — - - - 53
_18 |19.20 121,22 23,24 |2526 | 27,28 | 29,30 | 31,32 | -

PeXKHM

oM oM oM oM oM oM oM oM oM

IlyckoB. |31,2 |30,5 (29,8 |29,8 |28)9 |292 [293 29,5 |38

Homun. | 107,8 105,5|106,0 | 107,7 | 104,9 | 105,5 | 103,6 | 1049|134

TIpHHIHNHATEHAS 2eKTPHYeCKas CXeMa HMHTATOpa NI0Ka3aHa Ha HepT.

P7.11.0000.0023 n.1.

HBCT

1+ 11P7/10000.00.1TC
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30bLA@YJBm@ol, dmbsFoggmdon  Losds@mggemdo  gbdgeos  jmddsbogdol:  “KocmocBazp”  (Glgmo), “Daimler-Benz
Aerospace” — “Dornier Satellitensysteme™ Lo (gg®dsbos), “Cream™-obs o “Valemar”-ol (@ob@gbd@gobo), s “Alenia Aerospazio”-Us
(0Bog005) 93390900 sbogo momdol golsdenrgenro jmldmby®o oo bmdol jmblE®yJcogdol dgbsdbgmsw.

geoagxs dgdds®osdgomo s@ol ggbgdogrydo 3mblG®yJdmao 3o0@ggeo Jo@mnygao 3mldmbyg®o mdogd@obe.

0obodgbogdgeo  LolRgds — “@ggwgldm®c”’, @mdgmoig 1999 Faol 23 ogmoll  goygobogr  odbs  30ldmldo,
Fomds@gdom a0dmogo@s m@do@ogmy@d Loay® “Mup”-bg ©s 28 ogmoll aowoygobogr odbs ©odmyzogdger m@do@sby.
dasgomo  Jggqgbol Fodydo@gdgmo o g@Omygmagbo m@dodogygdo  gJl3g@modgb@ols dgdwgy  3Oma®sds “@gnegddm@ols”
Fomds@gdgeo  aobbmmdEzogangds asblsggmdgdoygamo 360dgbgermdoliss, @omsi ©sddgoaes oo bmdol dbydydo, bybdo,
bolBo ©o Loodgom gobsdamgao 3mlbdmbyg®o Gguegddmdgemo Loldgdgdol @gomydo dgddbols dgbsdegdermdgdo, o,
0og0l  dbGog,  Imogdglo  30Omdss  sbogro  momdols Lo gagimdybogozom s badbgo@m-3mldmbyg@o  Lolggdgdol
A gog0obsioobsmgols.

geoagxs  dgdde@osdgomols  ogBm@mdomn  dgJdbogro  m@bo@omydo  @gR@gddmegao  Lob@gds dglfogmom  o]bs
93bogmo gJb3g@dgdol dog®, ol gobboangsls dogdwgbs gg3@m3ygao jmbdmbydo Losygbdmlb UL3gaosmy®o 3mbggmgbios,
Amdemols  dobogngdo  godmggybos  dgdm@sboydols  Lobom.  gJl3g®0dgb@dols  dsbogngdo  godmme  s®ols  yobbogngano
Lobga®ao®gmol  godm3gdgddo, bEsG0godo, 3mbxg®gbiool dsboagddo, 0b@g@bgBol  Jlgando ©o  gbiogerm3gwoy®
3odm (39396 do.

300390 Jo@mnygao gmldmlby®o mdogddol dgddbs gbgogemidgoyd asdm3gdgddo dggnelgdymmos Goym® 3 sbogo
B9dbmemyogdol wobsfyolo Jbmgeom  3mdyboge0gddo, boem g9JldgmodgbBol asbbm@Eogagdols medowo dg@sbogros
30L3mbog@ogol doGomswo JHmboggdols hodmbsmgsendo.
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2000 (g0l ggom3gao jobdoby@o bosggbBml mgoiosmy® ©omiydgbddo s@bodbymos Jodmygemmo Gggnegddm@ols
930m39a  LobEgdoe aoesodi3ggol  oygEoggdamds s  0p0  aobbomygmos  539-b Lodbgo@m-3mbdmbydo  Lolgdgdol
S (HIOboBogow.

>0bodbyeo@sb 2odmdpobomyg, 2001 (eool 5 ogaoll, Gm3ddo LEHsO®G0 dogzs g3Om3geo obdmby®@o Losygb@mb
30ma®sdol  g3dm3ol  sbogo  momdol  mebodybogdgdbolomgol  LE®SEga0gmo  @gnw@gddmagao  Lolgdgdol dgJdbols
‘dglobgd. s0bodbyeo 3Oma®sdols oM gddo, Jodmgga b3giEosmol@dgdmsb gomswe, dmbofomgmdwbyb o@omool (“Alenia
Aerospazio”), &yglgmol (“Omeprusa”), ogbE®ool (“Magna”), dggoio®ools (“HTS”) wo gldsbgmols  (“Sener”) 3md3dsbogdols
Jomdmdoa gbangdo.

2009 Fanol m@mddg®do, mdoaoldo hoGo®ws Log@msdm@olm Lodgibogdm 3mbxg@gbios, Gmdgeoi doMoms@ae
dogdemgbs gemayxs d9ddo@osdgoemols bodydomgdl. 3mbgngdgb3z0sdo, @mdgeoi gg@mdygao gmbdmbyao Losygbdml (“ESA”)
980000 ho@o®s, dmbsfogmdos Jbmgmomls godmbgbogro 24 3960960 20 Jg99b00sb.

geoagxs d9ddo@mosdgomols sbogro 3gangg9d0, godmymbgdgdo s 3GMmgdBgdo [o@mdmshgbls LOymosw sbogn dowamdsl
sbogno 05mbdol Aobloggmdgdbymsw oo bmdol s bgdswsgmo LobylEols dsbgoadods@mnygao jmbdmbydo gobsdagaro
@98 9dBeOgmo  Lob@gdgdol dgbsddbgamsw. gl 3M0b303gd0 9339 sSobobs sbogmo godmambgdols 353 gb@gddo — “E.V.M.”,
O®dgol 39503530033 dobobm®ogams g9bggol LodsGgb@m dogdol Logldg@Bm jmadolosd.

2010 (geol, geogyxs dgddo®osdgogool  Lodydomgdol dobgogom, gg@m3ygeds  3mbdmby®ds  LosggbBmad (“ESA”)
200o03mMds  3mbBBsJB0 Lodo@mggenml Ggdbogn®o 9boggdlodgBol boggdmdgdol, L3gEoseyg®o Lol@gdgdols ©o bsobgob®m

9bO9bggeymazols 0bLGoEYEmsb s doybbgbols  Bgdboga®o  gbogg@lodgdol dbygdado 3mbLEMYJE0gool  0blEBYB™MSb
sbogno momdol wowo jobdmbydo @grwgldm®gdols dgbsdbgansw. smbodbyeo bodydoml dgiEbogd—bgeddmgsbgao s@ol

g xS d9ddoM05dgoemo.
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geoaxs 99d35@0sdgoemol Lodgibogmm d@mmIgdol Lol gds@obgdgmo Los

2010 Feool 10 LgJ@gddcol dpamdstgmdom

I 35939990 Jmbmy®sgogdo -7
I aodm9dygeo Lobganddmgsbgenmgdo -4
I Log@mnm Ggosdoom asdmigdygeo Lobgenddwgsbgermgdo -2
v aodmgdygeo Igmmeyg@o Jomomgdgdo -2
\% Log@mnm Hgesd3o0m ob dnsgs®o Mgosd@dmamdom asdmEgdymo 3G gdywgdo -2
VI Lbgo o30mOgdmsb gomse asdmgdygmo bodgibogdm foabgdo -1
VI Lobmgo®ao®gon s Lado®mggamdo godmdggybgdygemo Lodgibogdm LEs@ogdo, _ 78
doo m@0l - m5bssg@Bm®gdmsb gHmow
VI ©093mbo@gdyano dBH™Igdo -5
IX Lodg360g@m dOM™3gdo a@0x0mn “LEyaosw Looydamm” s “Lsopydam” - 40
X Log@msdm@olie 3mbggmgb090bg Fomdmwygbogro Lodgibog@m 39demossogdo _ o4
doblgbgdoms 3090y gddo, dom M@0l — MoboogBmMMgdmsb gOmsw©
XI Log@msdm@molie 3mbggmgbz09dbg @ Loddmboydgdbby Fodwygbogo LsdgiEbogdm _ 16
dmblgbgdgdol o3m39969d99eo mgboligdo, dom M@0l — MmsbosgB®MOgdmsb gOmsw
XII aodmambgdgdo - 60
XIII bodg3bog@em dOmdgdo bganbs§g@ol g gdom — 11
Loygen — 252

LoJommnggeml @gdbogn®o 9boggdlodg@ol, b53gdmdgdol, L3gEose o LobBgdgdolbs
©> b0bgob®m 9b®7bzgeymxzol 0bLE0GYEOL woMgJdmdo, wmjdmto

0bLE0GYBOL L3gEosmy@do Lsdbsby@mol yg@dmlbo
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JROIXS  3JI3SA)OT3OROL
1553IB60AHIM 1SFIAOMIdOL
d0A0MOR0O, LOIBS3(M F60)d36IRMSOL RobIMHd3IS0

LOBR3IMIOMIM) RS LOISADNZIR(MA()

RO6IMINR(N 1dFIFSMIAdN — 20
300)356:
LOVOMAM() KR56IAHI3S — 16
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IRPIXS 8398505T30ROL 1dFIFSMIBOL JNANMSR0, LOIBS3(M 360F36IRMBOL

R5630%33380

Nel. LO3IFIML ROLSLIRIdY 553ISML @ISR NBSGOOL R5633d30L 553ITIML SALOBL3IRO 3SLORIB0
LOROBIIBN3M K(M3IFI6BIS0 BMEH3S 2% * 96 396850133330
COB.CEKPETHO % COB.CEKPETHO R3696d30L
5 SRA0R0 RS RAM
HaszemHast, GpicTporiepebasupyemasi, pa3BepTbiBaeMast PEINEHUE 'OCY JAPCTBEHHOH
10 BOEHHO-ITPOMBIIIJIEHHBIM /s A-1178
BOITPOCAM Nel6. 1988 r.

IIpumenenue:
— Ha3zemuble anTeHHBI U151 IepeGa3supyeMoro

KOMaHJIHOTO IMyHKTa cucTeMbl «Y C-KMOy;

— PeduiekTopHBIN palMOTEXHUYSCKUN KOMILICKC IS
CBUY cucreMbl 00HapyxeHUs1 OAUTUCTUYECKUX PaKeT
«IIepmunr-2», ctapryromux ¢ Teppuropun OPT.

Hludp: H.P. —12.

MOCKBA. KPEMJIb. 12.12.1985.

B memax obecrnedenus paboT 10
JAIbHEHIIEMY pa3BUTHIO M COBEpILIEH-
CTBOBAaHHIO  CpPEACTB  OOHApY>KEHUS
CTapTYIOIINX OAJUIMCTUYECKUX paKerT,
3agaHHbIX rmocraHoBieHnemM LK KIICC
n Coera MunuctpoB CCCP ot 22 mas

AKT BHeZpeHus Ne
18/88 n Ne 21/88
18.1.1991..

AKT BHeZpeHus Ne
14/85; N15/85;
Ne16/87; Ne 18/88;
Ne21/88; Ne22/88
18.1.1991.

1985 1. Ne 465-150, TI'ocymapctBenHass kommccus CoBera
Munnctpos CCCP 1o BOEHHO-TPOMBIIIICHHBIM BOIIPOCaM

pemunia:

LIlpunsate mnpennoxenne Munpaauonpoma u CoBera
MunuctpoB I'pysunckoii CCP o mposenenun B 1985-1989
rojax Hay4YHO-HCCIEIOBATEIbCKUX M OKCIEPUMEHTAIBHBIX
HaIlpaBJICHHBIX HA CO3JaHUE pa3BEPTHIBAEMBIX U
nepeda3upyeMbIX aHTEHH.

pabor,

- HazemHas aHTeHHA

* - bodygdoml Ygldrgagdoesb 15 Fgmbg 3g@o 3g@omeols aslgmol s bodsdmggmml Labgadfogmb, Laddmms 303800l sMogam gosdmboi3gmgmdols asdm Ladydsml gobsowydmgmdols

3050 dmgblbe.

* ¥ - 56930l Bm@ds: 1 — Jgompo ob Bgdbmmmyoygdo dmfymdommds; 2 — gybjombomy@o ob Lsggemonozsom 3mbld®gdaos ob 3mddmgdlo; 3 — Log®gbmlbm ob Lsd@s@m

3MbLEOYJ300 ob gmd3angdlo; 4 — goldmldo ob gesdofoby Ggomobgdymo JmblA®JEos b 3mddmgdlo; 5 — bsdgEbog@m 3Bmy@sds.
bodo@mggerml Ggdbogndo 9bogg@lodgdol bopgdmdgdol, L3giosmmy®o Lol@gdgdobs s Loobgobdm gb@ybggamgmeaol 0blGodydolb —

©009JHmM0, m]gmto 6MRd@ ¥0365d9
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IRBIXS 83985M05F30ROL 5OFIFSMISOL 0NN OR(D, LOIBSIM 860T36IRMBOL RS6I®d3350

553IFoML HISRNBbSGOOL R56I@d30L 1553TFSML SALSLIIRO ASLORIBO
o- LO3IFOML ROLOLIRIdS
Ne-2 LORO®HIFIBHN3M R(M3IFI6BHIB0 BM@IS-2 % * 56 3563503130
COB.CEKPETHO R563@d30L
COB.CEKPETHO % SRBORO RS REM
PEILIEHUE I'OCY JAPCTBEHHO /s M-5804
Kocmudeckas, kpynmHorabapuTHas, pa3BepThiBacMast KOMICCHI COBETA MUHHCTPOB CCCP A7
pedaekTopHas aHTeHHA JHaMeTpoM 3epkaia 30 M. IO BOEHHO-ITPOMBIIUIEHHBIM 1988 1.
BOITPOCAM Nel6. Axt Breapenus N
. 18.1.1991..
— KocMmuueckas pazBepToiBaeMasi peaeKTopHas B nensx obecneuenns pador no namsueiimemy | ) - SE——
aHTEeHHA I HOCTpOQHPI)I pa,[[I/IOKaHaJ'Ia Pa3BUTHUIO U COBEPLICHCTBOBAHUIO CPEACTB 06Hapy— N’l4/85, N215/85,
oOHapyxkeHust cucrembl «Y C-KMO»y; KCHMA  CTAPTYIOUIMX  GRUICTHUCCKMX — PakeT, § 167, N 18/88;
3aganHbix noctaHopiieHneM [[K KIICC u Cosera N21/88: Ni22/88
— Kocmudecknii pagapHbiil komruieke «Maeorpamma | Murucrpos CCCP o 22 was 1985 . Ne 465150, F 101 1997
T'ocynapcrtBennas xomuccus CoBeta MuHHCTPOB

— Iupc 2», moCTpOCHHBIHN Ha 0a3e IBYX
pa3BepThIBaeMbIX Pe(hIEKTOPHBIX aHTEHH C
nuamerpamu 30 METpoB.

[udp: OPA
Mugp: AC-I'p

CCCP o BOEHHO-TIPOMBIIIIICHHBIM BOIPOCAM PELIrJa:

LIIpunare npemioxenue Munpaguonpoma u  CosBera MuHUCTpOB
I'pysunckoit CCP o mposemeHuu B 1985-1989 ropmax  HayuHo-
HCCIIEIOBATEIbCKUX W OKCICPUMCHTAJIBHBIX pabOT, HaNpaBICHHBIX Ha

CO3/IaHHE Pa3BEPTHIBAEMBIX U MepeOa3UpyeMbIX aHTEHH.

- Kocmuueckne aHTEHHBI

* - Lsdy9domlb gldgangoowsb 15 Fgmbg dgdo 3gMomeols aoliganols s bsdo@mggmml Lobgardfogml, Loddmms 3ogdodols s®oqnegdsdmbsgmgmdol asdm

bodydoml aobsoygdmgmdols a@ogo dmgblbe.

* %k - 0obgdggol gm@ds: 1 — Jgmmwpo 56 Fgbmemmyoygdo dmfgmdommds; 2 — gybjEombomydo b bsggomogogs@om 3mbl@d@dygdaos b 3mddagdbo; 3 —
bog@gbmlbm o6 LodGogm 3mblddygdiEos o6 3mddamglo; 4 — 3mbdmlbdo b gesdofoby Mgomobgdyemo 3mblE®ycos b 3mddegdlo; 5 — bsdgibogmm

30O 5ds.

LoJodmggemlb §9dbogy®o 9boggdlbodgBol boggdbmdgdol, b3gzosmemo LobBgdgdols s Loobgobdm 9bdybggmymeol 0bbGody@ol —
L3g0o9@0 Lsdbsby@ol PBAmbo 636d 350LIASID

oMgJdmeo, weddmao 6MIRSG V036597
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IRBIXS 83985M05F30ROL 5OFIFSMISOL 0NN OR(D, LOIBSIM 860T36IRMBOL RS6I®d3350

Ne-3 153AFSML LYLSILIIBS 153ITOML AIIRNBSGOOL L5630d301 LOBIFOML dALOLIIRO SLORIBO
LORO®IIBN3M KMIIFIESIS0 BMA3O-4 * * S6 35635@BIdId(0)
-CEKPETHO* COB.CEKPETHO R26061280b

HazeMHBIN cTEHIOBBIA KOMIIIEKC
ITOJIHOMACIITA0OHBIX UCIIBITAHUN U COOPKU
KPYIHOTa0apUTHBIX KOCMHYECKAX KOHCTPYKIUH.

CocTaB CTEHIOBOT'O KOMILJIEKCA:

— I'mapobacceiin st THAPOHEBECOMOCTH Pa3MepoM
D=40Mm. H=21 M. ®yHKIIMOHANIbHAS HATPy3Ka
20 000 M”.

— [Ipenu3uonHslli cTeHA pazmepoM - D=40M.;
H=12m.

— Crenp pa3BepThIBaHUA KOHCTPYKIIUH pa3zMepoM
40x40x40 M.

— Cramens auameTpoM 3epkaia 30 m.

— [ToBOpoTHOE YCTPONCTBO — paIMOTEXHUYECKU I
cteH] pazmepoMm D=40m. H=20m.

IIugp-C.C.

IMMPMJIOKEHUE K PEINEHUIO
I'OCYJIAPCTBEHHOI KOMUCCHUU
COBETA MUHUCTPOB CCCP I10 BOEHHO-
ITPOMBIIIJIEHHBIM BOITPOCAM
Ne 16 ot 12.12.1985.

IlynkT 2.1.

Co3pmanue cTeH0B COOPKU M UCTIBITAHUH
AQHTEHHBIX CHCTEM KOCMHYECKOTO U
Ha3eMHOTo 0a3upoBaHUs B pailoHe cena
Carypamo, MixeTckoro paiiona
I'py3unckoit CCP

SRR RS> KD

/s M-5804
1986 1.

AKT BHEIpEeHUs
Ne 16/87,
18.1.1991..
AKT BHEZpEeHUs
Ne14/85; Ne15/85;
Ne16/87; Ne 18/88;
Ne21/88; Ne22/88
18.1.1991.

* - o3y domlb gldgagoowsb 15 Fgmbg dgdo 3gMomeols aoliganols s bsdo@mggmml Lobgardfogml, Loddmms 3ogdodols s@oquegdsdmbsgagmdol asdm

Lod79 ool pobsoydmgmdols g@ogo dmgblbs.

** - obg@agol gm@ds: 1 — Jgmnmpo 56 Ggdbmmmaoyg®o dmfymoommds; 2 — gybdEombs@y@o ob Lsggomogogszom gmblgmgdaos o6 gmddemgdlo; 3 —
bog@gbmlbm o6 LodGoGm 3mblddydEos o6 3mddamglo; 4 — 3mbdmlbdo b gesdofoby Mgomobgdymo 3mblE®yios b 3mddegdlo; 5 — bsdgibogmm

3OO 5ds.

bodotmggarml G960z 9boggdlodgdols boggomdgdol, b3gzoseygdo LobBgdgdols o Loobgobdm 9beybggeymeols 0blGody@ol wodgdgmmo —

EOJHmG0 BMRSG F0B6549

L3g0oM0 Lsdbsby@ol gRAmLo 636d 350LIASID
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N4 BSEATSMl RSLSbIRIBS 553N BISR0BSGO0L R 5636630 5SFIFSML STLSL3IRO BSLSRIB0
- LORN®MIIBHN3M RM3IFI6BH IS0 BO@35-4 % ¥ S6 356350350
.CEKPETHO * COB.CEKPETHO RS60EE0b
SRBOR0 RS ()
Bricokoroprast 6a3a s HCIBITAHNN Ha3eMHBIX Fogggig(ﬁ%g%%ggiﬂéf&%gnn ;
i /s M-5804
KOHCTPYKILHH 1 KOMILICKCOB Ha COBETA MUHHCTPOB CCCP I10 BOEHHO- 1986 1

KIIMMATOMECTCOPOJIOTNYCCKUC BO3H6ﬁCTBHﬁ

HIudp-C. b.

ITPOMBIIIJIEHHBIM BOITPOCAM
Ne 16 ot 12.12.1985.

ITynkT 2.2.
cOOpkun

Co3gaHue  CTEHIIOB

HCTIBITAHUM aHTEHHBIX CHCTEM Ha3eMHOI'O 68.3PIpOBaHI/I$[ B

AKT BHEIpEHHSA
Ne14/85; N215/85;
Ne16/87; Ne 18/88;
Ne21/88; Ne22/88
18.1.1991.

paiione cena T6a, bop:xomckoro paiiona ['py3unckoit CCP.

* - bsdy9domlb gldgagoowsb 15 Fgmbg dgdo 3gMomeols aoliganols s bsdo@mggmml Lobgandfogml, Loddmms 3ogdodols s®oqguegdsdmbsgamgmdol asdm

Lod9 ool gobsoydmgmdols g@ogo dmgblibs.

¥ ¥ - 0obg@ag0l Be@ds: dgmmeo b @gbmmmyoygo InFygmdogmmds; 2 — gubjEombogmydo o6 Lsjggsmorogsgom 3mbld®ygdaos ob 3md3agdlo; 3 — Log@gbmlbm ob
bodBoBmM gmblEOYJ30s b gmI3emglo; 4 — gmbdmbdo ob gEsdofsby Mgsmobgdygmo 3mbbE@gJaos ob 3mddmgdlo; 5 — bsdgEbogdm 3Gmy@sds.

LoJodmggerml §9db0g39®0 9boggdbodgBol boggdbmdgdol, b3ggosmygdo LobBgdgdols s Loobgobdm 9b@ybggmymaol 0bbBody@ob —

oMgJdmeo, woddmao 6MIRSG V0d659I

92

L3900 9@0 Lsdbsbymol PBAmbo 636d 3O0LIASID
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NS BSBTESO RSLSLILIBS 553N BISL0BSGO0L R 6360300 553TBSM SFLSLZIR0 BSLHRIB0
- 5OR0EIIS03() R III6SIS0 BOIGIS-5% * 56 35635GBIIB0
COB.CEKPETHO * COB.CEKPETHO Q56963300

HporpaMMa — «HoBbie NEPCIICKTUBHBIC HAIIPaBJICHUS KOCMUYECKOM
BOCHHOM TEXHUKHU U (bOpMI)I UX peajinzanumn.

CEKPETHO *

IIporpamma paspaboTana

3. B. Men3mapuartisumim u

anpecoana Komurery Hayku u Texuuku CCCP — mpexncenatento
KOMHTETa, axkajeMuky I.Mapuyky; u  BOEHHO-IPOMBIIUIEHHON
Komucenn Cosera Munuctpo CCCP — npeacenarento JI.CMupHOBY.

IIporpamma npexycmaTpuBana:

o OrnipesienieHue HOBbIX, HEPCIEKTUBHBIX HANPaBICHUH PHOPUTETHON
KOCMHYECKO! TEXHUKH;
© O0OCHOBAaHHME HAYYHBIX HANpPABJICHUN peann3aluy MPUOPUTETHBIX
HanpaBJIeHUI KOCMUYECKON TEXHUKH;
® OpraHn3anOHHbIE MEPOIPHATHUS IO TEXHHYECKOMY 1
TEXHOJIOTHYECKOMY 00eCIIeYeHHIO IPHOPHTETHBIX 3a4ad.

Jlata mpeicTaBIeHHS IPOEKTA -

25.04.1985.

Opranmsanus CKb — B mocnenyromem Oblia IepeMMEHOBaHa B
«MHcrutyT Kocmuueckux CoopyxeHHH.

IIucemo, Ilpencemarenss Komurera Hayku u Texuuxu
CCCP I''Mapuyka u Ilpencenarenst I'ocynapcTBeHHOM
BoenHno-npomsienHoit Komuccun Coera MuHHCTpOB
CCCP JIL.CmupHoBa, Ha ums IIpencemarens Cosera
Munucrpos CCCP H.Psixkoa

ILII. — 21852 ¢. 2.02.X.1985.

B IHCBME OTMEUAETCS .....ovvinininiiiniiiieiiine et
B cBs3u ¢ BaxHOCTH paboT, MPOBOAUMBIX B ['py3uHCKOM
IMomurexunueckom WHCTUTYTE, KaK A JadbHEHIIEro
COBEPLICHCTBOBAHUS ~ CHCTEMBI HPEIYNPEKACHUS O
pPAaKeTHOM HamaJeHHu, TaK M JUIl CO3JaHUA JPYTUX
CPEICTB, ONpEACIAIOINX HPHOPUTETHOS HAalpaBlIeHUE
Pa3BUTHS BOOPYKECHHS U BOCHHOW TEXHHKH, IIOJaraeM
1eJIeCO00pPa3HbIM  COITIaCUTBhCSl C  MPEIJIOKEHHEM 00
000py0BaHUH CHEHAIBHOTO KOHCTPYKTOPCKOTO OI0PO.

ORIOR0O K> R

COBET MUHHUCTPOB CCCP
MOCKBA. KPEMJIb.

CornacuTbcs
H. PBDKKOB

17 oxts16ps 1985
ILIT. - 21852 c.

Logo@mggenml Lo
d0bolBOms Loddm

COB.CEKPETHO

RORJI6ORIbS
Ne685-33 07.11.1986

O co3nanuu
CHEIHATBHOTO
KOHCTPYKTOPCKOTO
Oropo 1pu
I'py3unckom
TTonuTexHuueckom
WHcTutyTe

COB.CEKPETHO
IIpuka3z 187 c. c.
14.11.1986 1.
r.Tounucu.
MunncrepcTBO
BBICIIIET0 ¥ CPEJHETO
o0pa3oBaHus
I'pysunckoii CCP

* - o3y domlb gldgangdowsb 15 Fgenbg dgdo 3gMomeols aoliganols s bsJe@mggeml Lobgardfogml, Loddmms 3ogdodols s@onmgdsdmbsigmmgmdol asdm

bod9 ool polisoydmgmdols g@ogo dmgblibs.

* ¥ - 056930l Bo@ds: 1 — Jgmmpo 56 Ggdbmemmaoyg®o dmFymdommds; 2 — gybjombogy®o ob Lsggomogogszom gmblggdaos o6 gmddemgdlo; 3 —
bogg@gbmlbm ob LodGodm JmblE@yzos ob Jmd3agdlo; 4 — gmldmldo ob gEsdofsby Mgomobgdymo gmblGagdaos o6 gmddmgdbo; 5 — LsdgEbogdm

RIOTUPNGRY N

LoJodmggermlb §9dbogy®o 9boggdbodgBol boggdbmdgdol, b3ggosmygdo LobBgdgdols s Loobgobdm 9b@ybggmymaol 0bbBodyg@ob —
L3900 9@0 Lsdbsbymol PBAmbo 6365 3O0LIASID
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Paspa6oTka 6a30Boit CHCTEMBI MaTeMaTH4eCKOTro MO/IeTUPOBAaHUA Axrt BHegpernus 11.02.1991r.
TpPaHC(HOPMHUPYEMbIX KOCMUYECKUX PedIeKTOPHBIX aHTEHH WHCcTUTYT IPUKIaAHON MEXaHUKU. DX *
Ne6 A.H. CCCP. Akagemux JI.M.
Kinumos. r.Mocxkaa.
1985 — 1989r.
Co3paHue crtoco60B U IPUCIOCOOTIEHNH 711 SKIIepUMEHTATbHBIX UCCIeOBaHU Axt BHegpenus 11.01.1991.
Ne7 B YCJIOBHAX THIPOHEBECOMOCTH TPAaHC(HOPMHUPYEMbIX KOHCTPYKIIMI. MOCKOBCKUI aBUAIIMOHHBIH ¥ *
1986 — 1988r. mHCTUTYT. T. MockBa a.1.H. O.M.
Asnndanos.
Co3zaHue METONWKU PacKpos U 3aKpeIieHUs MeTaI/INYeCKOTO CEeTEeIIOIOTHA AxT BHegpenus 25.1.1990
OTpaXarollell ITOBEPXHOCTH KOCMUYECKHX TPaHCPOPMHUPYEMBIX pedIeKTOPHBIX l'enepanbusrii gepexrop HITO D x
Ne8 aHTeHH Ha CHUJIOBOM KapKace «Texcrumpramanrepus» r. Mocksa.
a TaKxe n.17.H. B.H.®unaros.
Pa3zpaGoTka ONTHMAaabHBIX CXE€M TEHTOBBIX, PpaJMOIPO3PAYHBIX yKPBITUI
GBIcTpOIEpe6asupyeMbIX U CKIAABIBAEMBIX HA3eMHBIX aHTEHHBIX COOPYKeHUH
1984 — 1987r.

¥ ¥ - obgMagol ge@ds: 1 — Jgmmpo 56 Fgdbmemaondo dmfymdommds; 2 — g9bjaombsaa@o ob bsjggomogogscom gmbld@ydaos ob jmddmgdlo;
3 — bog®gbmlbm ob LodGogm 3mbldOgdcos o6 3md3amgdlo; 4 — 3mbdmbdo 56 gesdofsby Mgomobgdygmmo gmblE®yaos ob jmddagdlo; 5 —
153936096 3AMAGSTs.

oM gJdmeo, weddmao 6MIRSG V036599
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R5630%33380

59995 LSLSLIRIBYS 153IFOML FTORODSGOOL R563®d30L 503TFOML SLOL3IRNO FILORIB0 S6
Ne-9 LORN®MIIBHN3M R(M3IFI6GBIB0 BMAHIS-2 % * 306350®3J53d0
COB.CEKPETHO % COB.CEKPETHO RS698D301
k3. Ne EquHCTBEHHBII SRR RS K&
Pa3zpaboTka 1 co3ganme OOJBITHX Pa3BePTHIBAEMBIX LK KTICC c y cocp R
o u Coer MuHuCTPOB
PE(ICKTOPOB CONHEUHEIX Ty i, nocrasoBieHneM ot 27 susaps 1986 r. Ne 137-47: 300390500
. 1.YTBepannu mpeacTaBieHHYI0 MHHHCTEPCT- OQ&) 315060-
Hay4ublii pykoBogutens paboTsl — BOM OOI1IEr0 MAaIIHMHOCTPOCHHUS M COIJIACOBAHHYIO Munucre
Onrymxa Men3zMapuaBuiIn PCTBO
YA A3Map C MHUHHCTEPCTBAMH M BEIOMCTBAMH IIPOrpaMMmy
bodgdomgdols badgiEbogdm bgeddwgsbgano — (byHIaMEHTaIBHOTO UCCIIEI0BaHUS u Beicwero n
g 99d30M0s5dg0am0 3KCIEPUMEHTAIBHBIX paboT — «PAYH]I». Cpennero
2. O6s13a1 BBIMOJIHEHUE PaOOT IO MTPOrpaMme O6pa30BaHI/I$I
«PAYH]/]» ocymecTBiIsTh B IEPBOOYEPEIHOM CCCP
HOPSIJIKE 32 CYET JII0OBIX PECYPCOB, UMEIOLINXCS B 1989
pacmopsKeHHH BEIOMCTB. ’
r.Mocksa
COB.CEKPETHO
IIpunoxenue Nel. ITpunoxenue «JIABAy.
Mudp: ITP. 310.
Paznen 2. 315-204
Pa3pabGorka u  co3gmanume  (a3sMpPOBAaHHBIX  AHTEHHBIX  PEILIETOK,

pedIEKTOpPOB M OTpaxkaTeseil, KapKacoB OTKPBITHIX ILIATPOPM, OOIBIIUX

COJIHCYHBIX 6aTapeI71, JJIMHHOBOJIHOBBIX aHTCHH.

Ucnomautemn: Uncturyt [Narona (r. Kues) u CKbB I'py3un (r. Tonmucn)

* - sdy9domlb gldgagoowsh 15 Fgmbg dgdo 3gMmomeols aoliganols s bsdo@mggmml Lobgardfogml, Loddmms 3ogdodoli s@oqguegdsdmbszgamgmdol asdm

bodydoml aobsoygdmgmdols a@ogo dmgblbe.

* %k - 0obgdggol ge@ds: 1 — dgmmpo 56 Bgbmemmyoygdo dmfymdommds; 2 — gybjaomboydo b bsggomogogs@om 3mbl@d@dygdaos b 3mddagdbo; 3 —
bogMgbmlbm 56 LodGoGm 3mblddglEos b 3mddamgbo; 4 — 3mbdmlPo 56 gsdofoby Mgoamobgdygmo 3mblE®Eos b 3md3egdlbo; 5 — Lsdgibogmm

3OO 5ds.

Lododmggemlb §9dbogy®o 9boggdlbodgBols boggdbmdgdol, b3gzosmygmo LobBgdgdols s Loobgobdm 9b@ybggaymaol 0bbBody@ob —
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SIS SFLOL3IN(O BoLORIBO S6
056856335350

59TISML LISLSLILIBY 1589FML HIIR0DSGOOL Ro563®330L
Ne-10 1OR0OGIIBOZM R)ZTFIESIB0 BO@IS -3% *
COB.CEKPETHO * COB.CEKPETHO R NGB0
5 SRBOR0 RS KA
Kocmuueckuii, aBTOHOMHBIHN, CITy THUKOBBIN PEIIEHUE TOCYJAPCTBEHHON
KOMILIEKC Ha Oase pedeKTopHoH, 30-MeTpoBoit KOMUCCUN COBETA MUHUCTPOB CCCP /s M-5804
AHTEHHBI MTOBBIIIEHHON KECTKOCTH [0 BOEHHO-TTPOMBILITEHHBIM /s B-2077
' BOITPOCAM Ne72. 1989 1

IIpumenenue:

— PasBeprriBaemblii 6a30BbIi peduexTop
nuameTrpoM 30 METPOB st KOCMUYECKOTO
aBTOHOMHOTI'O CITyTHUKOBOTI'O KOMILIEKCA.

HIudp: OPA —b.

MOCKBA. KPEMJIb. 09.03.1988.

B memsx  obecmewenuss  pabor  mo
JalbHEWIIeMy  pa3BUTHIO M COBEpIICH-
CTBOBAHHIO CPEJICTB OOHAPYKEHHUS CTAPTYIOMINX
OAIMCTHYECKUX  paKeT, IPeayCMOTPEHHBIX
nocranoBinenneM IIK KIICC u Cosera
Musnuctpos CCCP ot 22 mas 1985 r. Ne 465-

AKT BHEJpeHUS
Ne14/85; Ne 22/88.
18.1.1991..

AKT BHEIpEHHUS
Ne14/85; Ne15/85;
Ne16/87; Ne 18/88;

Ne21/88; Ne22/88
18.1.1991.

150, TocynapcrBenHass komuccuss CoBera

MununctpoB CCCP 1o BOeHHO-IPOMBILIUICHHBIM
BOIIPOCAM peIliia:

LIIpunsate npemnoxenne Munpamuonpoma CCCP, MunoOmieman
CCCP u Cosera Munuctpos I'CCP .........

2. Bo3110xxuth —

........ Ha CIeIUaIbHOe KOHCTpPYyKTOpckoe Oropo mpu ['pysmHcKOM
TonnrexanueckoM MHCTHTYTE — MO KOHCTPYKIMH aHTCHHBI, TEXHOJIOTHU
e€ W3roTOBJIEHMS M COOPKH, IO CPEICTBAM HAa3eMHBIX HCIIBITAaHUH ¥
MOPSAKY MPOBEAEHUS UCTIBITAHUS] AaHTEHHBI.

Ha HIIO «Oueprus» Munobmemamt CCCP — mo wucHonb30BaHUIO
opbutansHOoro Kopabdiast MKC «bypan» ans mpoBeneHHs HATYPHBIX paboT
U KOCMHYECKHX JKCIIEPUMEHTOB M Pa3MENICHWIO Ha HEM JSKCIIEpHMEHTa
KOCMHMYECKOI0 KOMILIEKca C aHTeHHOH quamerpoM 30 m.

* - Lodydoml gldrgargdowsh 15 Fgebg dgBo 3gdomwols aolgmols s Lode@mggamml LobgmdFogml, Loddmms 3ogdomol s@ogaegdsdmbsigm gmools godm

L3 doml gobsoydmgmdols y@ogo dmgblibs.

* ¥ - 0obgggol gm@ds: 1 — Igmmwo 56 Fgbmmmyogdo dmfgmdogmds; 2 — gybjEombomymdo ob bsggogogogs@om 3mbldmgdaos ob 3mddagdbo; 3 —
bog@gbmlbm o6 LodGodm JmblA@J3os ob Jmd3agdlo; 4 — gmldmnldo ob gEsdofsby Mgomobgdygmo gmbleydios 56 gmddmgdbo; 5 — bsdgiEbogdm

3OO 09s.

Ladodmggemlb §9db0g9®0 96039mLodgBol boggdmdgdol, b3gaosemymo Lobdgdgdols s Loobgobdm 9bdybggeymeol 0blGody@ol —

oM gJAmc0, wejdmao 6MIRSG V0d65d]
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N1 BSTTASME R5LSEIRIBS LSFTBOML BINLOBSGO0L 56065300 B5FTBSL STLIBIRO BSLORIB0 56
- LORO®IIBSN3M KMIIFI6SIS0 BMEH3O- 2% * 35635@®JdJd0
CEKPETHO R36363300

.CEKPETHO *

Co3znanve JUIMHHOMEPHBIX KOHCTPYKIUH 1

CHJIOBBIX rmachopM KOCMHYCCKOIo 6aSI/IpOBaHI/IH.

IIpumeHneHue:

— Op6wuranpHas cranius MUP-2;

— NmxenepHoe obecriedeHue SKCIICIUIINH Ha
manetry Mapc.

TexHuueckoe 3aaHre Ha co3nanue QepMeHHOMH SRBORO RS RAC)

;OHCprKL[I/II/I «Depma-2A».  [125549-022. /s B-2572
TBEPXKACHO HEPBBIM 3aMeCTHTEIIEM

AKT BHEJIpeHUs
TeHepaJbHOTO KOHCTpyKTOpa m/s B-2572 - 022-4/355
I0.I1.CemenoBsim. 7.01.1988. 04.12.1990 r.

CEKPETHO

Hcxonuble naHHBIE Ha CHIJIOBYIO KpyIHOraba-
putHyio ¢QepMmeHHyI0 KoHCTpykmumo [127018-
022.

01.08.1988 1.

CEKPETHO

3agaHue Ha TEXHUYECKHE MPENIOKCHUS 10 pa3pabdoTKe CHIIOBBIX
(hepMEHHBIX KOHCTPYKITHIA U151 OpOUTAILHOTO KoMIuiekca « MUP-2y.

IMoamuck 3amecTuTedss PYKOBOAMTENsl mpeanpusitust m/s B-2572 -
N.C.Edpemona.

Wmxkenepnass  3ammcka  «MeTombl  BO3BEICHHS W IPHHIINIBI
KOHCTPYHPOBaHHsl MHXXECHEPHBIX COOPYKEHUH KOCMUYECKOW CTAaHLIUM JUIs
IKCIeUIuH «Mapcey.

VrBepxkaena - Jlupekropom u I'maBHeiM koHcTpykTopom CKbB mpu
I'py3unckom Texnunueckom VYhuBepcutere 3.B.MensmapuamBuig u
I'enepansubiM koHCTpYKTOpOoM HITO «OHeprus» FO.I1.CemeHOBBIM.

24.08.1990 r. Toéunucu — Mockaa.

* - o3y doml gldgangdowsb 15 Fgebg dgdo 3gMomeols aoliganols s bsde@mggmml Lobgardfogml, Loddmms 3ogdocol s@ognmgdsdmbszgmmgmdol asdm

b3y ool polisoydmgmdols g@ogo dmgblibs.

¥ ¥ - obg@agol m@ds: 1 — gonmeo 56 Ggdbmmmaoy®o dmfymdommds; 2 — gybjiombomy®o b Loggsmogogszom gmblgagdaos b gmddmgdlo; 3 —
Loy gbmlbm ob LodGodm JmblE@ycos ob Jmd3agdlo; 4 — gmldmldo ob gEsdofsby Mgomobgdymo gmblGagdios o6 gmddmgdbo; 5 — LsdgEbogdm

300 Hds.

LoJodmggerml §9dbogy®o 9boggdlbodgdol boggdbmdgdol, b3ggosmygdo LobBgdgdols s Loobgobdm 9b@ybggaymazol obbBodyg@ob —
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Ne-12 Lo9YIFSML RoLobIRIdS

COB.CEKPETHO %

Konctpyxkmus AC — 20 TIM.
[MonHOMacIITaOHBIE PETIOICTHBIC UCITBITAHUS
KOCMHUYECKOH pa3BepThIBAEMON KOJIbLEBOM
aHTEeHHBI TuameTpoM 20 METpoB Ha
pa3BepThIBaHUE, (PUKCAIUIO (DOPMBI U
(hyHKIIMOHUPOBaHHUE.

HcmpiTanus mpoBOIMIIMCEH Ha CTEHIOBOM
KoMIutekce B Carypamo B yCIOBHAX
AMUTHPYIOMIUX KOCMUYECKYI0 HEBECOMOCTb.
ITo pe3ymbraTaM UCTIBITAHWHA OBLTH TIPHHSITHI
PEKOMEHIAINH.

Iens sxcriepuMeHTa — U3 KOCMUYECKOTO
MPOCTPAHCTBA ONpE/IeIIEHUE KOOPIUHAT
HaXOXICHUS U TIEPEIBUKEHUS TI0IBOTHBIX JIOJOK.

SIS SFLOL3IN(O BoLORIBO S6
056856335350

153IFOML ATORODSGOOL R563®d30L
LORN®MIIBN3M R(MIIFI6GBIB0 BM®B3O-4* *
R363®d30L

OKCITEPUMEHT «KPAbBb» SRI0RO RS KA
OCVYIIECTBIJIEH B OTKPBITOM /s B-2572
KOCMOCE 3+5 MAPTA 1989r. HA Kocmoc
TPAHCITOPTHOM KOPABJIE
(ITPOTPECC-40». 1989r.
l'onoBHo#t  pazpaborunk —  HIIO AKT
«Aueprusiy - KO.M.Cmonbekuii U BHCAPCHMA
A.T".YepHsBcKuii. 04.12.90.
YdacTHUKU: /s B-2572
—  Mucruryr Dnextpocsapku  um | M.C. Ebpemos

E.O.ITatona — b.E.IlaTown;
— CKb I'TIA — 3.B.Men3mapuarniBuim.

©0S> 396e003530s - «OHeprua 1946-1996» PKK. Mocksa.

1997 r.
339600 314; a3960 348 ©o 3900 430.

Teopernueckue u FKCIIEPUMEHTABHBIE UCCIIEOBAHNS PACKPBHITUS U IHHAMHUKH MPOTKEHHBIX KOJBIIEBBIX
KOHCTPYKLUH Ha rpy30BoM Kopabie «IIporpecc-40». Te3nucsl J0KIag0B HAYyIHO-TEXHHYECKOH KOH(pEepeHINN
«KpymnHorabapuTHbsie KOCMHYECKHE KOHCTPYKIUM» - CeBacTomons, 1990 r.

B.E.Ilaron, 10.I1.Cemenos, E.B. Mem3mapuanisuim u 1ip.

* - Lodydoml dgldgagdowsb 15 Fganbg dgdo 3g@omwols aoliganols s bode@mnggmml Lobgadfogml, Loddmms 3ogdodols s@oyrmgdsdmbsigmgmdols aodm

b3y oml polisoydmgmdols g@ogo dmgblibs.

* ¥ - 0obgHag0l Bm@ds: 1 —dgmmpo b Ggdbmmmaoygdo dmfymdogmds; 2 —

R96J3ombogyg®o ob Loggomogogsizom gmblggdaos o6 gmddmgdlo; 3 — Logmgbmlibm

o6 LsTBoBm gmblR®ydios o6 3md3ggdlo; 4 — 30LdmbTdo ob wgsdofsby Ggomobgdgmo 3mblEOYJGEos b 3mddagdbos 5 — LodgEbogdm 3Oma®sds.
Lodo®mggerml Bgdbogado 9bogg@lbodgdol boggdmdgdol, Ldgaosgyg®o LobEgdgoobs s Loobgobdm gbmybggangmeaols 0bl@o@dydol —

©0MgJAmc0, woJdmao 60IRSE Y036590
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15539FdMIBOL 0GNNSR0,

5oIBS3(M 860836IRMdOL RS6I®33560

N3 BSFTBSML LSLSEIRIBS 553TBSML GISR0BSGO0L R 568330 158IBSML S3LI63IR0
o- LOROIIBHO3() R(MJIIJZI6ST0 BM@S- 4 * * 3OLORIBN 06 356350BIBIS0
Ha 0p6I/ITaJIBHOI71 CTaHIIUU MI/IP B 1991 roﬂy 651_]13 KOHCTPVKHI/IH «CODOPA» BBIJIA R5633d330L6 SKRINR()

yCTaHOBJICHA JUTMHHOMepHas epMa B esIx
MOBBIIICHUS MAHEBPCHHOCTH U CTA0MIH3AINN
OpOUTANBHOT'O KOMITIICKCA.

®epmMa, ¢ TOMOIIBIO 0a30BON YacTH, ObIIa
yCTaHOBJIEHA Ha KOCMUYECKOW CTaHIMH, Ha
(hepMeHHOM KOHCTPYKIIUH OBUTH YCTAHOBIICHEI
pEaKTUBHBIC IBUTATEIH.

C nomouipio TaKoro peHieHust OpOUTaIbHAsT CTAHLIUS
npuobpena 100aBOYHBII pecypc U emmé
(hyaknmonupoBaa 9 ner.

[lpowy Bac BHpasuThr Hamy GIarolapHOCTH ITEPEKTODY M IVIABHOMY
KOoHCTpyKTOpY CKB ITY Menmsmapuwamsunm 3.B., a Takxe co'fpy::Hmca.M
sroro CKE Ixanuramemwm M.B., Jlefixpramemwiu B, A. ¥ IpyTEM 3a Goab-
moft BKI&N B cO3laHMe arperaroB ammapatypd "Codopa".

Hameemcsa Ha CTOJE Xe yCHENHOE NPONOIXEHMEe HAIX COBMECTHHX

pador.

VCTAHOBJIEHA HA OPBUTAJIbHOM RS KA
CTAHLIMU MUP, B OTKPLITOM KOCMOCE.

B m3roroBnennun arperaToB anmnapaTrypbl

«Codopa» mpruHIMAJ y4acTHe

I'naBusiii koHCTpyKTOp CKb ['py3unckoro
TexHuueckoro YHuBeEpcUTeTa —

9.B.Men3mapuamBuim.

/g B-2572
Kocmoc
1991r.

** - 0obg@agol gm@ds: 1 — Jgonmeo 56 Ggdbmmmaoy®o dmfymdommds; 2 — gybjEombs@y@o ob Lsggsmogogszom gmblgagdaos b gmdsdemgdlo; 3 —
Loy gbmlbm ob LodGodm JmblE@ycos ob Jmd3agdlo; 4 — gmldmldo ob gEsdofsby Mgomobgdymo gmblGagdaos 56 gmddmgdbo; 5 — bsdgEbogdm

300 Hds.

LoJodmggermlb g9dbogy®o 9boggdlbodgBol boggdmdgdol, b3gaosmemo LobBgdgdobs s Loobgobdm 9b@ybggmymeol 0bbBody@ol —
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LSETANT RSSO LSBTISN GINTOHSGO0b R360@30L | LIS SaSBZIR0 ISR
Ne-14 LOROBIIBOZC) REISIFIESIB0 BOIGIS4 * * 56 3563563350
LY @ogoolioggdo, @slsdemgan-sliofgmdo LOISGMBINML 3@HIHLORIGGOL RY636H30L

goomembols boo KM-02T d@sgoandsgnosbo.
dogools 65dgbols Log@dg 37 dg@@o.

bowo dogigmgbgds
bodbg®m bogdl.

aodymao” geoslol

Lodydomlb g9bg@ogydo 3mblE®yJBmao
g xS d9dds@osdgoao

306353 IRIdS NeO1-U
1997 {geno 26 ds®@o

LY @ogoalioggdo, 5> dgm gem-
sbsfymado gommbols
dosgoadsgnosbo  bowo  KM-02T.

dogools 65dgbols Lopa®dg 37 dgBeo.
KM-02T-U &3J60339m0  300MdId0
01.09.1988.

LY @oggo@slioggdo, sl dan geo-
sbofymado @ommbols
dosgo@dsgnosbo  bowo  KM-02T.

dogools 65dgbols Lopa@dg 37 dg@eo.
35L3MAB0.

SRR RS e

3ORSBIFIR0S
4305®SRIBST0
2001%.
bododmggeom

by mogogszools
Lobgendfogm
Loligds.
‘dgbodsdolmbdols
LgdHmogogzs@o Ne
66096

30 spgob@m 2000
Voo

Ne - - 20635841 —
21 — 095 —
040/116096

** - 05bg@ag0L gm@ds: 1 — Jgmmpo 56 Ggdbmemmaoyg®o dmfymdommds; 2 — gybjombogy®o ob Lsggsmogogszom gmblgagdaos o6 gmddemgdlo; 3 —
bog@gbmlbm o6 LodGodm JmblA@yJEos ob Jmd3agdlo; 4 — gmldmnldo ob gEsdofsby Mgomobgdygmo gmbleydios o6 gmddmgdbo; 5 — bodgiEbogdm

RIOTUPNGRY N

Lodotmggerml Bgdbogado 9bogg@lbodgdol boggdmdgdol, Ldgaosgygdo LobEgdgoobs s Loobgobdm gbmybggangmeaols 0bl@o@dy@ol —

©0MgJAmc0, woJdmao 60IRSE ¥036590
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Attendance
Deployment
Test Large Deployable
Offset Reflector.

29 -30 October 1997.
Georgian Technical
University
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Jodmgamo  gobdmby®o  Gggwmyddmaol  m@do- LETTER OF AGREEMENT R35690330U

Boby  Toddo@gongmo  asdmizool  Vggagdols | EGS-ENERGIA-GPI S.p.A joint company | %000 25 860

dobgegom, g3emM3gmo  0obsdybogdgmo  3md3- | 380075 Thilisi. Georgia. ESA-FESTEC contract

@gJLgoobomgols 12 FgHGo  ©osdgh@ol  mgbg- | Alenia Aerospazio-Divisione Spazio A N 15230/01/N1/JSC.

(?)(T]&’O ({){](BQ){]A(?)M&)OB 1)0630;@0(80(30(30(‘0 3°™ | Finmeccanica SPA company 5.8.2001 Roma. Italia

GoobGol  d9ddbol Lodgibogdm, @gdbogy®o  ws
A 9dbmamaogdo olodymgds 05 sbogno
35M05bB0L dgJdbols do@omowo Bodo@myen gdgdo
— 3OMyOd.

ESA-U bo@gbpg®m dg33900L dmbodmggdmswe
geoagxs 39dds®osdgomols dogd dgeggbogno
30My@sds aobps Logyydggeno ESA-1
Lo@gbgdm 3Mmmy@msdols dmamggdolis.

Hara: wons 2000 r.
Cewtars Ha Hoxyment EEA /00700

Yrobin aath Hexolt oTpacan aTh
B pamrax S5-UMTS, meofixommo OpuHATh BO BHMMAMMHE TOT QaxTOp,
WTO KPYNHOTAGAPHTHAR PAIBEPTLIBACMAN AHTEHHA ABAACTCA KAKUCDLIM
CTPATErHMUYECKINS BREMEHTOM, M TADAHTHA €0 MOCTABKM ABANETCA CEMIe-
TEALCTEOM TODO, HTO NOCTABLNME FOTOD NOCTANNTL AMINECHOCOBHY 10 cHe-
Temy. B CHIA Texmonorsn TCA, HO I ocTaETeR
nog sonpocoM. K Toumy e, MexoTopsic paspaGoTss Tam GnimM memoa
Hens: me cpegersa Jlenapraventa ofopONE, YTO MOMET HATOAMTE HEC-
THHE OFPAHMEHM HA . Hexoropute pasp Kt BEIYTCA B HAC-
Tommee npesa » fnomm ma cpenctaa NASDA, a rpyawso-pocesiicsan

(Gmpm. CCCP) xoumasmn obxanaer np M BO TAMM
JAAA CO3JAHMA COBMECTHOTO NpefnpuATHA, npx atoum EKA gomsmo mog-
ACPATE eBp ficxy o Th BTOCO HOTO HPETPIITION,

KOTOpAR GYAET BHpPAMATECA B TAPAHTHH NOCTABOK eBpomefickin mep-
BHMHBIM IO IPRIHHMKAM.

3Mb6A®sJ@H o
dmbof o gmdobgb:

EGS - mdogolo,
boJodmggeoem;
Alenia Aerospazio —
0@o@0s; DHeprusa —
&bgmo; SENER —
9L3obgmo; Magna —
>gL@®os; HTS —
‘dggozot0o.

00131 Roma. Italia
11.2.2000

Memorandum “Large Deployable Antennas
and Related Presentation”. European Space
Agency. ESTEC 2000. ESA. Ccrinka Ha
noxkymenT EEA/007.00. utoxs 2000r.

To enable European industry to offer systems within S-UMTS, the large deployable
antenna is a key strategic element and the guarantee of supply is a pre-requisite to

being a viable system supplier. In the USA, this technology is readily available, butg

the guarantee of supply is questionable and some of the developments have been
made with (Depariment of Defence) funding which can severely restrict the
guarantee of supply. Other developments are ongoing in Japan under NASDA
funding and there is heritage and capability in Georgia/Russia (former USSR) which
could offer joint venture opportunities with ESA supporting the European elements of]|
such a venture with the guarantee of supply to European primes being ensured.
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The ADS is Operated by the Smithsonian Astrophysical Observatiory
under NASA Grant NNX09AB39G

SAO/NASA Astrophysics Data System (ADS) Design and dewelopment
of a large reflector model gith inflatable deployment and support
structures Centre for Composte Materials Harbin Institute of
Technologu. Harbin, 150001, China, Institute of LigHtweit
Structures, Technical University of Munich. Garching, D85-747,
Germany.

Tan H. Du X, Yuyan L, Gogava Z, Baier H Design and develoyment ofa
large reflector model with inflatable.

Develoyment and rib support structures. Proceedings of the European
Conference on Spacecraft Structures, Materials

And Mechanical Testing 2005 (ESA SP-581).10-12 may 2005,
Noordwijk,the Nederlands.
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13N O3HMB(M 3A(MIAS3S T — 1985 §. wo FgdpamBo 3g@omeo.
“30Ldmlg@o s JoFolbgrs d5bodmgdol s6@gbgdols dgddbol bsdydomgdols globyd”
Lodbgdm-30ldnlbyg®o  Egdbogol Bmsgs®o JmblE@MmyJemmol gmaqxs 9gdds@osTgomol  Lsd7domgdols Jobgpgon ©o

Con.CexpeTHo
ara.l 7
PEONEHHKE
TOCYJAPCTEEHHON HOMMCCHM COBETA MHHHCTPOB CCCP
TI0 BOEHHO-TTPOMEEITEHHEM BOTIPOCAM
r I6

Mock=a, Hpewrs 12 mexadps  1og5 p,

0 pafioTex Mo CO3MAHMMD SHTEHH KOCMMUSCEOrO
¥_HASeMHOTO (a3MDOBaHMA

B penax oSecneusHds pafoT mo JansHefmeMy paIEMTIO M COBEp-
HEHCT cpefcTs P cTaprynmnd GanmMCTHUECKIt DaKeT,
samannEx nocrasonnenwen LK KICC u Copera Mummerpor CCCP
or 22 man 1985 r, W 465-150, T'ocymapcreernan Komuccha Comera
Msmmerpos CCCP mo BoeHmo-nr D pemntas

I. lpwmATs npepq M 1, Cozera MimmeTpos,

B 1950-589 TONEX HAYYHO-HCCAef0BATCAEL-
T A TBHHK pador, Hanpa HA passep-

H Mef Dy AHMTEHH, B TOM uMCle:

- HA2EMHX AHTEHH ANT NepeasnpyeMOro KOMAHTHOTO MYHKTE
cucress "YC-HMO";

= " e p je H js oy
AHTEHHHX P Ina par 0
C}‘[{‘.‘l‘elﬁl "YC-HMO"; .
- KO MX pasBep anTenn guameTpod 30-50 u Gonee

METpOB LA MOCTDOSHMA DamMoXaHana ofsapymesms cworess "YC-HMO";

- HazeMduX nepeaswpyemux anTedH guametpom 30 u Gonee
MeTpoB AnR T 0 0 PaMOMETDHUECKOTO MocTa
offHapymeHnA cTApTyomoc CATTMCTHUECKHX DAXET MO MANYUeHMD HX
naaaMerHEX o6pasopanMit B mmanasoxe CEY.

213 BlI-20490cc

2 2y

2, Boanomuts:

—————e—a

- na Mempagwonpou (IHID "Howera") - pyromomeTmo padoToff B me-'

a0M, PazpafoTEy ¥ uar P encTs #_OKas

I'py 10T y m{cmrygy FMEHH B.H.Jlerygt_a.

mgyaa'[‘pyauucxon CCP B DUANEHOM Of HEYUHO
BATENECEMX ¥ nsH pador mo "

nepelasHpyeMHX SHTEHHHX CHCTEM HOCMAUECKOIO M HESE\IHOI‘D Gaswpo=
BaHHA}

= pa Mumsys Tpyawncnof CCP :‘I‘maamnﬂﬂ MOMUTEXHHIECINA HHCTH-

z umeny B.H.Mlemmma) - pasy 0 H Wec HOHOT=
L

PYEIMH T I u P T BHTEHH 0 ¥ Ha-
JSUHOTO T ' 3if i Hol Ga3m W mpomeq
WAy

- Ha_Mumaspanpou (T0) EBMAIMOHHOS NDOM3BONCTEEHHOS
ofsemHerve_mesm M, linmrposa) - warotomnenwe EoHoTpyRIR 8Re-
NEPHMEHTATEHIX SHTEHH}

- Ha Axamesym Hayx COCP (MucTwTyT mpoGneM uexasmwyM) - paspe-
‘GoTxy MATEMATHUECKEX Mofenell SHTEHH ¥ NDUHIMNOE THDOCTACHTIAINMH,

'y ROMIL » OCHAREHHIMH
E'ﬂm‘ﬂ AHTEHHEMH

= Ha Mumnys Benopyccmoft CCP (I'p it rocymar it
yuumepenTer) - Teof uceney RoHCTPyxIMA pasBepTHEAS-
M AHTEHH o Gasur

= Ha Mymnernpos CCCP (B 2t HH mexcTHABHO-T peitnoft

i) - pasp H War T ft antens

Hp TO3p yEDerTHit 0 THIA}

- Ha loccranmapr (Beecowanuit HE pamuoduaiqeckux wasepen) . -

Ly £ ¥ ) ="

- Ba_ Mo pot CCCP (Py - 3aBOf Me
ROHCTDY R, P_oxar mmamn-’ucmﬂ} = M3TOTOBJEHHE M MOHTAX M2-
l‘moxancmymn 10 cOopkﬂ W CHCTEM KOC—

o W 0 P

= i _Muncrpofinovsam (PycTasciii KpaHocTpowTeabHuR sama), - #3-

KOUIEKTYET

ANA ONOpHO-MOBOPOTHHX CHCOTEM
Bazewr mepeCasupyeMuX aHTEHH .

BI1-204%0cc

2 dgo@m dmbsfomgmdon gobobsbrghs Lodbge®m-530 g ggmm gmdolool gopsfyggGomgds, GmIgmoi Inmosbsp dgl@gms.

3. :’.;ﬁ

=ha Hm-:crpo Ppysuckoft GCE, - npoBeferve 00NECTPOMTEIbHEX

pagor no COSTAHMD CTEHNOB OAA COODEY M MCIMNTAMME AHTEHHEX CHCTEM

KOCMUMECHOrO W HasemHoro GasupoPaHuA.

3. ¥Yreepmurh MpefCTABNEHHMR MyHDATMOMDOMOM M COIMIACOBAHMHENR
¢ MusoGoponu (MBO) w Apyrvmw samuTep {HHCTE] L
BEJOMOTBAMY TAIAH OCHOBHMX pador mb CO3NAHVN DA3BEDTHEAENHX W Mepe-
GasupyeMeX SHTEHH EOCMUUSCKOTO M Ha 0 P COTIACHO

i » Tpemy paforTiy, WIrOTORIEHWE, MCCIEHOBA-

HMA ¥ MCMMTAHMA B IDGS-IQBQ t‘oﬂ.&! SKCMEPUMEHTANEHEX 0UDasloB AHTEHH

Ans fmero copepme: YBEHHA "YC-HMO" .

W I

oMY TpouMy, MumcTpoimopMamy, Mmerrrpouy ccee,
Mmmomazcneucmpo» ccce, Axsgemm nayx CCCP, Memicrpon T'pysimcroft CCF
T _NMDOBEfE-

Mimyay Ppyswscrott COP, Mimsyay Benopyeeroft (CP_ofe
e pafor, TDERVCMOTDRHHHX YEASAHMEM TUIZHOM.

4. Tmancuposaiiue padoT, MPeKYCMOTPSHHEX HACTOMIAM PelighHeM,
MpOU3BOIUTCR no JoroBopad ¢ Mumpamtonpomonm (IHID "Homera™).

Ay

. SLACIEHDE

Bl-2C490ce

doLo

obogo: IRIIXS 33d95@05F30R0L 1b53IGENAIC) LSFITSMIBOL INBNMSRO, LdOIBSI() 360T36IRMdOL RO6IGI3ISN Ne-1, Ne2, Ned,
23 89; a3 90; ag. 92.
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1530)03@®(Md(") 3@M(Md@S3S II — 1986-1987-1988 §.§.

3A(M3@S3S “BOT6R0” (3mbihgd o ©ogoEgdgdo asbolsbrgHs ©sbsdmols Jobgwgom).

bsdbgdm-30ldnlyg®o Ggdbogol Bmsgs®o mblEOgldme gmagxs 89d3s@05Tgomo ogm Losdmoghmdm 3Bmy®Msds “@sybro”-ls
Imbsfomyg. 35T ggomgdmes 3mbg@g@mo 3mddmgdlgdol F9J3bs ©> domo LOY@ISLIFS60560 2o5dm(3Rgd0. S gds JnEosbsw

BgLO s,

Sx3. » EggneTmeHtul
MUHHCTEPCTBO BHCWEND W CPEAHERD CHEUHAJIBHOMD
OGPAIOBAHKA CCCP

EHTHCHA NMPUKAZ

é’f Y “‘;ggg' MOCKRA

[ UiB. Cexpet.t

0 BRTIOAHEHUK CTISUMANBHIX PAsoT '

A ]
K HOCC x Coser Mummerpos CCCP nocramomme:is: 07 27 AHBapa
3% roga & 137-47:

1. Yroepmirs npefcTaBAeHHYD NimMCTEpeTBU:
M X coraacoBam: I:,-J < HHHL"EPK‘-"‘E& i M BOAOMCT! 13
Hiii 1 OHCTEDH:A b pader. "Payns
epCTEO 00mero MaUMHOCTPUEHIA M NpYIue - I

] "“Mnx rpa AINEHHOCTH DKCMEPULENHTANLHO! 0asd X MpuE
© | ASpagOTEW M NOOCHAmEHHA B HeodxXomnasd ofeemax.
UisucreperBy offero MamiHOCTpIEH)
HIMR HAYUHO-ACCASOBATERb
10 CO3JAHMD CNEUMERbIMX TEXHORODLNE
) bz, omax NATEPMANOB M HEeCTaMAapTH3XpOBAHHOTG 000pYAC
“- UeH:A padoT mo nporpastie "Payun" v 8 I xBepTes
TezcTapuTh efu HE YTBEDEIeHME F‘ucyx_;}‘.

‘;, » CCCP mo BoeHHO-MpOMLIINH 4

5 (7). Yreepmsinx MepBoOYEpen

obogngo: IRIIXS 83d35®H05F30R0L L>3IBGENMI()

NPHKASHBAD:

2. MMHHCTDY EHCHErO W CPENHEro CHEuHanbHOrO 00pasoBaHHA

I'pyanuckoit CCP:
2.1, MpuHATL MBNOMEHHOE K DYKOBONCTEY M HCHOJHEHAD.
2.2, O6ecneunTs BHMOXHEHHe pafoT B 06beME H CDORM COPJIacHO

mpunozenno ¥ L.

n/n Miguep LA, STOBH.

e

Jaxas B 47,
Tupax_I axs.

153TFoMIBOL 0B OR0, LOIBSI( 360F36IRMBOL R56IBB3ISN Ne-9, ag. 95.
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L530)S3BBM 3EMBASIS I — 1983-1989 §.5.
doaobBogn@o Mo390900b LESOGL sE@ggmo S@dmbgbol 53@3™bmdoy@a, msbsdybog@ oo,
30 Ldmbydo jmd3mgdlbgdols dgdbs.
bsdbgdm-30ldnlby®o  Ggdbogol dmsgs®o  JmblEmyJ@mmol gmanxs dgdds@mosdgoaols Lsdygdsmgdol dobgpgomn ©s dobo
9 3gomm Jmbsfomgmdom gobolobmgds Ladbgyr@m-Lod@gfggmem jmdabool aoesfyggGommgds. goesfygzgdomgdol gbsdsdobo 3o®mds

LoJodmggeml 3bs®gd dmeosbo golidrgas.

Con. cexperno
ana.ff 9
PEWEHMWE

TOCY JAPCTBEHHOR HOMMCCHMM COBETA MMHWMCTPOB CCCP
NO BOEHHONMPOMbBIWAEHHDIM BONPOCAM

[
o, Kpamne, 9 Mapra .58
0 pasp T Ha
T o -
Kagana ﬂg“ﬂg!ﬂw'ﬂﬂ

B nenmx ofecrievesns padoT no faibHefleMy DajBMTID ¥ COBAjEEH-
o CPeacTs TAPTYOIMXY GanmicT TaReT,
MPellyCMOTPeHHEX nocTaroBnexned L WICC u Cosera Mumterpon CCCP

or 22 man [985 r. W 465-1I50, Tocymapersesnan Homscons Copera M-
wuerpos CCCP no

P pemnas
| L. It like T CCCP, M GCcp
u_Comera ..L-:ch'rms Tpyauncxoll CLP. cOrMacoBEHHOE € APYTHMM SafKTe=
MUHHCTE] o ¢ O pasp 8 Il kpapra=

ne 1968 r. B pauxaX HaywHO-iCClegomaTentckoff padors "MIP", sagan-
Holl mocranomnennem UK XICC u Cosera Mummerpom CCCP or 8 aBrycra

1987 r. P 930-225, T X Tpen, Ha P
MEHTAILHOTO P4, & OCHEpYKEHHA C©
anTeriol maxerpom 30 mmn, I JAAR Np

J NEHEX padoT mo CTADTYOIMX DAKET N0 Waly=-
YEHHD HX s RB CH, foHoB

depu, sewHON I " R By o
GECTOT.

Ti P pasg no GHHHEM
Mimpagsonposa CCCP (IRHIO0 "Howera"), swnasaemim mo 30 wapra I988 r.,
c AbHEM HEROE y YRIHX YOTP » ODeNcTS U

arperaton. B TEXHUWECKOM MpeINOKEHMH IOMXHH OuTb NpopaloTaHM Bo-
MpPOCH Mar " CPeRCTD, NOPALNA BUBOSA HA OpOM=-
TY ® TP ¢ ]

HileN opmrrmnoro mpam Hl@__liﬂny

2.

- Paspadority yrasmimoio T ECHOMD MpPeRICEeHNA HA COafA-
PUMEHTANBHOTO NOCMANECKOTO HOMIVIOKCA BOANOXMTE HA CAeYy0-
O pnaaLmI
#a [HIO0 "Homera" Mimp: CCCP - no s

Y P it Py B LENOM, & TARKE
10 PANMOTEXHKHECKWM CPeHcTRaM, Cp
per#cTpaiMi ¥ cOpoca MHPOPMAIME, NpHEMa W oGpasoTHH mannmm-u

NBHOMY

HA ¥ MopAAkKYy NpoBefe-
HuA Menuranull coagasaeuoch anmpa’rmu;

wa HIO "8 " K CCCP - no OpGHTgNE=
HOPO KOpatAR llI*&'.‘ "Bypan" ANR MPOBANEHMA HATYPHHX DAGOT M KOCMHNECHC

I HE HeM ]

KoMRneRea © am-elmﬁ AwameTpom 30 us-rpon,

na LA poeHkA b ) CCCP - no pactiery ®ecTHOCT=
HE. W L e THCTHE CHCTEMH OpG afl Hopatab
MHC "Eypan" - anvenna muamerpod 30 MeTpoB;

wa C HOHOTPYETOP Gopo mpy Tpyautciton nOmMTEXHH-

pecKoM HeTHTYTe MMeds B.MH.Jlenwna Munsysa [pyssscroft COF - mo
(OHCTRYKUMH AHTEHHH, T % cOOpHit, MO CPERET=
BaM HEIEMHEX MCTETEHMR M NODAGRY it

HA MHCTHTYT npoGnes MexaHwms Axafess Hayk CCCP - no marema-
THYECHOH MORENM &HTEHHH; :

HH ee Har

Ha Ti ys ofE enu
M. lnorrposa M ys CCCP - mo y B paap xomr-'/ |
PYKUMH, TEXHONOTHM H3COTORNEHMA M cOopir (OHANBHOTO HKOHTeRHepa,

B PATYPH, CF “ arp B aTOM Pe,
& TARKE N0 MOPANEY ML L5 ROHCTRYHUMA HA
# Ga3e NpENNMATHE
Ha B i Hayus il HHCTHTYT T /s
renexTepelinol npomenerkocTH Muxnernpouma CCCF - no orpaxatems
8ro Har M BAEHTE P

}mﬂ "3ueprus” (HB "Camor") u IHHH wammwoctpoesims Musolmena-

ma CCCP commectso ¢ LHIO "Homera™ Mimipe CCCP pa P B
0 np FAsT NOCTPOSHHA KOG
MHyecKoR CHOTEMH, B TOM YHCAE '
© paTa s np F x

pagor.

D I pouy CCCP, M CCCP, & I Coer
(B0, YHHC) mo pesynsTaTaM PACCMOTPEHRA TEXHHYECKOTOD NpelAoxeHitn
Ha I ALHOPO o PAIMOKAHA-
na # mp DTSR HAX 0B HEYUHO=

.'ccne.lloaa'rem:cmn patotu "MIP" 5 I¥ xsaprr.ue 1988 r. npencTABHTE
NpendoKeHnA O MOPANKE MpOBEneHMs JankHefuMx patorT Mo YHAIAHHOMY
KOMIMIEHCY o

M pouy CCCP, CCCP y Mynmyay [pyanicxod,
CCP mo pesy}twmmu pasp 0 Tpeln YTOWHHTI
MpH HeoGXONHMOCTH, HOHCTPYKUMO, 4 TAKKE CDOKHM MArOTORMEHHA BTOpPO-
ro # TPETHEIO anLHEX 00p BHTEHH IMA-
meTpow 30 MeTpoB, npenycuo'rpeume pemerven [ocynapcTReHHOR HOMHC=
cunt Cosera Mummorpon CCCP mo » P o7
12 nexadpa IS85 r. B 16. lpenaomenus no STOMY BOTPOCY MpAACT&-
BHTh B YCTAHOBAGHHOM MOPAIKE.

4. Munm ' pyanHCK (Tpy Y Y WH-
cruryTy Hmenu B.M.JeHusa) sapepuMTe B wene I988 roma WemHTAHMA
MARETHOPO 00pasua aHTeHHH fuaMeTpoM 30 MeTpOB.

5. Mumpagwonpowy CCCP (UHMOO "Howera"), Amamemuu nayx CCCP

THI TeX

(MreTHTYTY DA W BNEHTD I pony CCCP (YHHC,
PB, [BO) mpomecTw » I988-1990 romex na 5 HM 53 HHMI Miwobo-
ponn CCCP ¢ Hi-1 P AbHEE HC-
CHABEOBAHHA K HAGOD HUSCHHN Xap DHOTHEK y nnas-
MEHHEX 00padcBaHMR CTADTYDIMX DAKET H DaKeT B
#e CBY ¢ paspafoTwol ¥

PaKeT B HACTOT.

Munotmenamy CCCP (UHKH D ) # MumoSop cecp

(PB) p pPeTh wenos DE3yAbTATOB YHASAHHEX

.aecnanumua B MHTEDECAX MpOrpaMuu Cll-x.ODO E-raw K" n "Hasn-
numza"), mpK c)
"Kmm") MAGH COBMECTHHX MEDONPUATHH.

Ve = %ﬁ/

orn I?Taﬁa o R BIE:SQB’?cc

obogngor: IRIIXS 93d95®0ST30ROL 1LO3IBENAI() LOFIFSMISOL d0ANDSRO, LSIBS3() 360T36IRMOL Rd6IMD3ISN Ne-10, 3. 96.
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LOdOMMBIKML LOIVIIS) 3AH(MIDSBO

LOJoA0BIR FINOAIRISIRO JoRIBOL 3I6IASRIA) FBSOOL LOABLIRA™M-L506IN6A™) S35RIFNOOL
‘d3JF6OL LOBS63O6O0NRISR(M RS 1563IG6NIAH) ROMIOL 356300 dHTS0L 3AOMIDSTS RS S3SRIFNOL
LAIRBILM3B060 53(MIFIRJO.

1995-2002 V.

3OmMyM53d> dmozogl:

L. 15dg3b0g@em bofoals;

2. Logobdsbsmegdmm boFoels;
3. @A560bsE0gE bofoals.

30(M3®HS530L 060G0SBMA0 RS S3BM@®O IRIIXS 83d35®05T30R0

30303 FILAIRRKR.

oboggm: IRBIIXS  33IBOH05T30R0L  LSIIGE0®I)  LSFIFSMIBOL  INGBOMSRD, LHIBSI(M 360360 R56IHd3IS0
Ne-19, ag. 105.
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LoJAJ)STMAHOL) LSIIG60IAHM) 3H(MdAHSTO 1

DAIMLER BENZ AEROSPASE. Contract 150104/95011334 MIT DORNIES SATELLITENSYSTEME
GMBH(DSS). 1996-1997 ..

BILEHIRIBRIB0: LOJOPHMBZIKRI 3MLICILAG 65033(M3SMS 06LBOBIBO (MBOKOLO) K>
3335605 “BLOIdANBZINRML 3MRNBII6N3IB0 06BSIRIIBH0” (0SOROLO).

LOFITFOML ROLOLIRIdY: ,,UNTERSUCHUNG VON MECHANISCHEN ENTFALTKONZEPTEN FUER GROSSE ENTFALTANTENNEN UND
VERFIKATION”

1558YFOML 30DS60: LOBIRIZ(MII6N35CNM 0056533 bO3MIBNLOMBOL ROK(D JSLSTARINO MBLIB IGO0 HIBRIISHIR(
063363501 d3dd60L d0®N0SKR0 3@06G033d0L d06LOHLR3Mo.

1SIFSML 3IB60IA-BINRFIRZS6IRN IRJHIXS 33d85M0S>F30R0).

553IFO() FILOIRNKRY. LOIIL3IOD() KR5L336d — ESA. ESTEC. CGM Van’t Klooster Attendance Deployment Test Large
Deployable Offset Reflector. 29 -30 October 1997.

obogogm: IRNBIXS 33d35@0>T30ROL LO3IBEOBIC) 1LSFIFSMIdOL INANMSR(, LOIBS3(M 360T36IRMBOL RO6IAd3Id() Ne-15,
a9 10L
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LOJAJ)S>TMAOLC) LSHFIGH0IAM) 3H(MdAS3S 1

1996 Ggmo - 3mbBMsJBol mgoEosm o gogm@dgds
3335605 ,,DAIMLER BENZ AEROSPASE“-056

»DAIMLER BENZ AEROSPASE"“-msb 153336090@ 1s39domb sdmegdgdol dgdmpgy, 1998 Farol 10 093930900 LsJs@mnggmmls
309boEgbdds>  doopm  gz@m3gmo  3obdmbydo  Losagbdml (ESA) ggbg@omeudo  wodgd@maols sbGmbom  Gopm@sl
Fatogo, bLoswsi ULbgs Logombgdmsb ghmee  50bodbygmo ogm, G@d ,, . . . ESA 5335850 obogsgl msgobo jgengggdols
©> 3563005930l 3m3ggbm (3040T0 oo bmIol MgRwgIGM@gdol YglFogmols glsdegdemmdsl. myzo gl mgds@ogs
©593 3039090 0Jbgds, ESA olgg wo94589000gds Fg300  Jgggbgdol 30339 gb@ a6 md3sbogdl, dsom Tm@ol ,Matra
Markoni  Space“-bs  ©> ,Dornier Satellitensysteme“-l, @mdgmnongol PYOHMOJONMES  GoAISLMSb  ,,LoJs@nggmmls

3me0d 9603900 06@ g gdBo” Lolotagdem godmeys.
5dom, SEdsm, 3o39blbgds LosJstmggmmlosh MsbsdAmMImmdols gbsde gdemmds.
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LI S>TMAOLC) LHIIGE0IAM 3H(MdAHS3S 1T

ESA. ESTEC. Contract 15230/01/NL JSC.
“LDR” - Large Deployable Space Reflectors / Antenna.

PoccuiicKO-rpy3mHCKO-NTanbIHCKass KOMaHAa gu®bsgno — HoBoctn KocmonasTuku. Ne 2 (229). 2002.
L@ ool sg@mmo — M.ITobenuuCKas. ggq@eo 67.
BbinrpbiBaeT TeHagep EKA

HIMO 31C cospaHo Ha 6a3e PKK «3Heprusa» Bmecte co CBOUM NApTHEPOM — WUTaNbAH-
MU POCCUINCKO-Trpy3MHCKONW KomnaHuu EGS ckon komnaHuen Alenia Spazio (ALS) HMO 31C
(Energia-GPI-Space; GPI — natuHckas abbpe- crano nobegurenem obvsasneHHoro s 2000 r.

Buarypa [T — lpy3uHCKuil nonutexHuyec- EsBpoOnelcKUM KOCMUYECKUM areHTCTBOM TeHae-
KW UHTENNeKT). pa

1o3JG60TA) 3AH(MdGSTS 3d6LMBGOIRKS 2001 — 2002 — 2003 — VYR3IdT0

3065 ]Bdo JmboFoggmdwbgb: EGS — mbognolo, Lodo®mggenm; Alenia Aerospazio — o@ogos; DHeprus —
a99bgmo; SENER —gli3obgmo; Magna — sgbi@®os; HTS — dggoio6o..

oboggo: IRIIXS 33d95®05F30R0L b53IGENMIC) LSFITSMIBOL JNBNMSRO, LdOIBSI() 360TF36IRNMBOL RS6IMI3ISN Ne-17, gg. 103.
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ESA. ESTEC. Contract 15230/01/NL JSC.

“LDR” - Large Deployable Space Reflectors / Antenna.

ESA CONTRACT 15230/01/NL/JSC

LARGE DEPLOYABLE ANTENNA REFLECTOR FOR
ADVANCED MOBILE COMMUNICATIONS

CONSOLIDATION/KO MEETING
ROME - July 4" and 5", 2001

Alenia

ESTEC CONTRACT N° 15230/01/NL/JSC - CONSOLIDATION/KO MEETING

T e —

TABLE OF CONTENTS

- APPLICABLE DOCUMENT

- BACKGROUND

. TOF LEVEL SYSTEM REQUIREMENTS

. EGS PROPOSAL PRESENTATION

EGS SUBCONTRACT ISSUES

. LDA DEVELOPEMENT WEBS AND SCHEDULE

L CONTRACTUALS LEGAL ISSUES

MECHANISM PROPOSAL PRESENTATIONS (HTS, MIDA, SENER)

® NP N R W N o=

EAlenia ROME - Jdufy 4% and 3%, 2004

= PT—— e —

ESTEC CONTRACT n® 15230/01/NL/JSC - CONSOLIDATION/KO MEETING

3. TOP LEVEL SYSTEM REQUIREMENTS
LONG TERM SCENARIO DEFINITION (5/5)

LONG TERM

180-200 beams

Return Channels
up to 32-64 Khps

@A[enia ROME - July 4% and 5%, 2007
ESTEC CONTRACT n*® 15230/01/NL/JSC - CONSOLIDATION/KO MEETING

3. TOP LEVEL SYSTEM REQUIREMENTS
FOCAL LENGHT (1:2)

The focal length, ar better to say the F/D ratio of focal length F to the aperture diameter D)
is a parameter that affects several aspects:

RF performances:
sBeam squint for circolar polarization: higher for smaller /T,
= Sensi fantenna pointing to relative displacement of illumination
elements and reflector: larger for smaller FII,
sAperture of cach illumination element: smaller for smaller F/D,
«Optics efficiency: secondary effects are larger for the smaller F/TL.

Geometrical characteristics
sFlatness of the surface: the smaller F/T) increases the surface curvature,
=El ity of the reflector rim: the smaller F/I) increases the Ellipticity,
eClearance: the smaller F/D is compatible with a smaller clearance because of
the conical shape of the Stay-Out zone of the radiated field from the reflector,
i aveid blocking from the feed.

@ Alenia ROME - July +* amd 5%, 2001
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obogngo: IRIIXS 93d35E05T30RNL LS3IBGE0BIM) LOFITFSMISOL JNANMSRO, LOIBS3 360T36IRMBOL RdO63MD3ISN Ne-17, 3. 103



IRBIXS 83d35®05TF30ROL 3M6SVORKRIMBS 153IG60IBH(M 3H(MdGS3IBA0

LSBILITOBM F0B6MIG030 IGMIBSS
bSISBOBILM
36036530l 3obbmGEogmgdol Pamgdo — 2004 — 2005 — 2006 §F.
36maosdol 39(3609@-bgedEgabamo, 3gbgGom-dsom@o IRIIRS 3IIBSG0STZ0R0.

Lobgewdfogem  obbmddogo  3Mmy@sdol  obsbgagds - “BIISFNEIRONL  DSERSCE0L  LOLBISST0)

BIF0EF0IR0  BSGI06  BI6ICOISK TG0  JVISGONIRIBISOL,  ISKIBO0L 855003065 LS bdIS6CI6IRIBR ()
LAGITSE IF0b 356LS bRIGS, LBGIBIFNIRO (I30IISEIB0L IR SLOBOGCOGIBS, IS0 J(I6SCIF0)S 35630L IIII6S

RS J&II60L 3060 LSIEIRGCI)-LSV6ITN6A() b I6IIRICIBOL bLobIKIVOE() 3(VI3KRITEOL b IK IS IDSS056()
BME905I3S"

30(M3@030 IO IRKYS. FIRIDOD @IORODISIR0.

OBOQ){](Y): IRFIXS 83d35®0ST30ROL  1LHJIBGENBIM  LHIITIMIBOL  IV@00)SRKRN, LSIBS3M 360T36IRMOL RO6IGd3Id0 Ne-20,
33 106.

118



IRBIXS 83d85005F30ROL 3M6OVORIMBS 153IG60IBH() 3A™MdMS3IBI0

o Lobgedfogm dobbmddogo 3O@ma®sdol dobgogon dmdbspes ©s gdsdmois Lsdo dmbmydsgos; 390ddbs  Logddhmggmomls
Lo3bg®m-Ls0bgobdem Lodysbbmdogngdosbo (308G @4zs, OMIgELs3 ©sSgONM sx8bsbgmols s bobgsgol ®gaombels
33m0@™m®0g930L 3mldmbygdo osmgdol dsbsemgdol LOPmo 56305 JsOnym 965bg 0ms@pdbs 58T Bgodswgdyeo dsangdols
50 Fogbo — ULoggemg Falegdgdo (FM); sd9@sges Lss@dmggamml @g@o@dm@ool ©s dmdoxbsgg Gg@odmcogdol Lodbgrodm-
Ls0bgob®m  35@59gB@gdol LOgao  go@smmpgdo; dgoddbs  Lobgmddmgsobgemm, Lopsi dmygsbogmos  Lodbgo®m-Lsobgobde
@0l 068GSLEGYIGHYHOL MdogdBgdol wsbsbosmgds ©s 3mbiMgdyero bJgdgdo.

* 30mp®5dol B e gdol AL Inbps LOymo 9bOY6ggmymgs Losmggmml 3GgbogbBols dobgogn Lssgsdgoemols 14.02.06§.
Ne124 3056909 930l Ygbdgmgdols sgbsbgmols s 3bobgsgmols Ggaombols gmldmly@o gm@myssmgdols dsbsgngdoo.

bo3erg boggbide bagroenggranls ogborgbe- — R -2 P et
35“_“86‘)30 ol 306N 15dS33302NL (
o 140206 ﬁ‘ N2124 6(6d0— BOBHY
8330 LB e
a:uﬁ.';‘f“ﬁ“[{:
o]ggbe aemgdgdals 33'3?"“’[’ EREEmPeon. @ J)‘ﬂ“*r yJXh 33360 i Lmmenli
03308 bofabrpofo dngnbulb énnﬁzén btr‘]j'uaarwb. . g:nrr:b:y;::;&? J 2 ) —
g0 1’)"’5"“*‘“-3‘“ d"}wmf 20830500 . L\
aL.o oo (,bnSJQr\'ﬂnb G 98 ombda ugamm‘;ﬁ 5,]:]1'£ ) 2ITAOTIN
sabongmd - 10 wsoma\ 22 { |
oy g Jobpoty opgrorppels T T S
.}Q(’)nt ibaobmas @odo Jlanﬁ:la? o Bevbobengmds - 14864 %“ﬁ:l:ﬁnl‘)?ﬂ‘;ig'
Ambbobengemds - 4215
_ LMETAN
c$ . S 100 g )
.()b"‘\""‘ el )’\\ /:5\55 ﬂmmﬁgiﬁﬂﬁ% = G BYIHAAITN
L - Bebobemgends - 10697 | SHRERIRN Q)
o, o0 Dlosge H Qoq qumgl Bl SRR
“eMsgo. 4mbnon = S -~
) 4 5 f
’Qa“ d”lJm’]"L J J m'_‘_'_’)\t"l 5% Q:\\Fb-;:"‘. l gmm.-.anmnlze;ﬁ;fy o\;uau.«.eﬁaggdma :
0 00, G]‘)E'])f"p]-ﬂ]c_ﬁ["h) s "]f"'?\)ﬂﬂ ojq[_, Benbobepgmda - 20078 | Bbabengmda - 15763
éd(_‘ Sngmo, E)En@*&hna ruab BmaJ@m \ |

336n3363: Jarnaggdab dmbabmymdnb, Mampgbmds
Bal H;msgaob 1989 BEgnnb 8mBa(399930

2.d.), \6(:101}] o uf‘rnl.J aanjnL)

'Emanmn. q0b ol dols Lisbmdn 3ndé- <
gbmomo, g oo 33 . -
g b G manajt“')na ‘-‘H:JEDEZ’JC‘J” dnls 3 3&" "-\_ twm < g\"ja%_‘b S

df]msgnq (i'f:,aﬁn(f-‘)mﬁ:mé%ﬂ:

Bobidgysba 1 + 700 000

20.02.2006

119



IRBIXS 83d35005F30R0L 3M6oVORIMBS 1O3IB60IBHM 36(MdG53IBA0

obdR() dI3330S ESA
LOIH(SIMAHOLC) 163IG6NIA() 3HMd@S3S III — 30IRO65AIMBL FILAOIRNIdS

2009 Feools 14-15-16 ™J@™Idgal, mdoenolido, ESA — g30m3ygamo jobdobydo bosggb@ml gaowom ULsds®mggenmls
B9dbogn®o  9bogg@lodgBol  boggdmdgdol, UL3gaosey@o  Lol@gdgdols ©s boobgobdm b ybggerymaols  o0blGodyE do
ho@Bo®s Log@msdm@olm bodgibogdm 3mbggdgbios.

30683909600l glf®gdmebgb 539, Log®sbygmol, a9@dsbool, dmasbool, ofsgrool, hobgmol, doymas®gmols,
dognsobools o bbgs J3996900L 3936090 9d0. 3mbygg@gb300d gOmbds@ smos®s geayxs dgdds®osdgoeols dog@d dg@sbogro
wgofeo Jbmgmmom dg3bogdgdsdo BOsbbgmmdomgosmo LoliBgdgdol omydo.

30683909600 g gagdols yomgogolifobgbomn ESA — g3@m3geds 3mbdmby®ds bosygb@md, doygbbgbol @gdbogyco
960390LoGaBHoL  Abgdgdo  3mbbHOYIGogdol 0blGoGH G ©s bodsdmggeml (Bgdboga®o  9bogadlodgHol boggomdgdols,
L3gosyg®o LobEgdgdols o Loobgobdm Yb@bggymanol 0bLE0EYEMSD yosxgm@ds jmbG®sj@o
TEC — MSS/2010/84/1n/ISP. 28. II. 2010.

50bodbyao Jmbd@sJHom Lodydomgdo s0{ygds 2010 Fanol 1 m]@mddgdl ©s aopaddgenwgds 2011 §gaols.

Lod7doml dobsbos sbhogno momdols oo gobsdgrgaro jobdmbydo @gxagddmaol sbogo Loligdol dgabs.

bodygdomgdol dg3609@-bganddwgsbgamos ganagxs dgddo®osdgogoo.

120



ESA — g9360m3gmo0 gobdmbydo Losggb@ml, 39®mdsbool, sdgmogol Ygg@gmgdgmo JGs@gool ©s oGsmools L3gEosmolGgdo, GmIgmms
2505743900 gd00 oxmmdrs 3mbgmsjéo — TEC — MCC/2010/84/In/ISP 28.11.2010 — sbogo msmdol oo asbsdmgmo gobdmbydo
®9809J@m@ol  YgboJdbgmop LoJsdmggamml Egdbogamo 9boggdlodgdol boggomdgdol, U3gEosey@do LobEgdgdols ©s bsobgobodm

9bO9bg9egmxgol 0bl@GodyGnsb.

: \.u i@ ' ¥ . e ¥
356 3bbowsb oM gbog wmJAm@o do@g GMILMbo — 3md3sbos “SLHGM” (539);  Jom-bo bobm FgH35B0dg — 0sGx0d560; mIHMGA0 35656
04939 gomo; EmJHm@o bows® [opbodg ©mIHmeo G®dgHE godgehlo — 3mddsbos “@mgboe  do@B0bo™-l Fo®mdmdswygbgmo s@dmlsge g
93003530 (599); 30mx9lmmo, dg3bog@gdosms MmO gmagxs 83dds@05T3g0omo; PmJdm®o goMom dsbggbm@o — gg@am3gmo goldnlydo LosygbGm
(ESA); ©mddmeo xgmosh LobGosgm—3@ogomeo (ESA); pmddm@o gol gs6'@¢ gmmlggdo (ESA); 30mggbmnco, omjdmeo Lgdbom 3gmga@obe —
gomoxgmmbooli Ggdbmamaoydm ybogg@ob@gdo ( >I9I).

1. - 2. )
L 30mggbm@o, dg3boghgdoms wmJdmmo gmaars 39dds®osTgomo; wm]dm@o semdgt@m glgobo — 3md3sbos “mogmgls sargbos 3gobo” (o@ogos).
2. 36mx9bmco, Ig3b0gMgdsms Mmoo gamaaxs 89dds@osTgomo; 3Omyglmao, dg3bogmgdsms mmao dm@lE ds0g9@Mo — Joybbgbols

®9d6033900 9bogg@lodgdols bydydo 3mbLEOYJE0g00L 0bLEOEYBL oMgJBmco (3gMmdsbos).
3. 30mggbma@o, dg3bogAgdoms wmJdm@o gmagxs 33d8s@osdgomo; MMM @yBo smsdgomo s mJdm®o Gmdsl gudbo — Joybbgbols

Badbognmo gboggdlodgdol bgdado 3mbbE®ydaogdol 0blbEo@dydo (agmdsbos).

121



1553JGB60IA (M dASI6B IS0

L Log@msTdmaolm ag@sbGo — 1 g@sbBo domgdagmos s Igldgm gdbgaos.
2. LogMMSTM@oLm g@sbEo — 1. aMsbGo Jowgdymos s Dby gdayaos.
3. Lodotmggerml LsdgEbogdm gmbool a®Msbdo — 1. g@sbGo dowgdaeos

> 30d0bs@gmdls gldyan gds.

122



IRIIXS 83935@05T30ROL 3M6STVORIMdS 153IB60IA() 3H(MdHS>3IST0

1. “Light from Space” — 990 30bdcmbogsb. INTAS — OPEN — 971 — 30866. January 2000 + December 2001.

INTAS Jnint Research Praject (Call 1997 - Proposal N° 864) INTAS “LIGHT FROM SPACE" CD-ROM

INTERNET REFERENCE PAGE

LIGHT FROM SPACE |

REPORT O THE INTAS PROECT 9730506

INTAS-OPEN-971-30866

Light from Space

Final Report

January 2004 (o December 2001 |

onthe WWW.U3IP.NET web site
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LIGHT FROM SPACE

imasgiw | eepe minces erbiling in Space, rallecling tha bgii of e Sunwhean i is night
an tha surlace of lwe Earh

Smon Teolkowsky plonsering wisons (e hes bean & draam for many gansrabons al
enginesans in all the spacefanng natiors. Mo, wilh the coogaralion hatesan Eurnpaan
ieams ard isams fram FAussia and ctbar Se Mew indepancis] States fram Ma famar
Savial Linion, @ new stan has been camied oul in the study of such miroes, and 4
documend, this CO-ADOM, has besn producsd o help & new generalion ol reararcises
i makie T dream coma rue

= REPORAT ON THE INTAS PROJECT &71-20866
This cxirant wirk was mads poasibha wih a grant from INTAS, and wos carmisd ol
ovir i paniod of 34 montha betwmen January 2000 and Doosmber 2001 INTAS
suppait has covirad s ch antd trival Gxpensses of o the pariness, and salanes far
Ihe resmarchens of the NIS staies

> INTAS
IMTAS i an indepandsn] ingamaional AsFockaion fomed By the European
Commursty, Europsan Linan's Mam@er Siabes and e minded countnes aotng o
preservs and promoie the valuable schanlilic pobeiiad of (ha NES pariner courdrias
through Esst-West Scisntific co-operation {mons indarmaion an INTAS may b found
o tha inéomed wah she wevey nias e

= INAMIA-2

DI tha 4 Fabruary 1853, Znamia. designed by the Space Rsgaita Consoftium ard
epsaratad by Enangia, was the trst mirmor soll aver deployed in spacs, with a diametar
of 20 maters. Altachad o a Progross spacooalt, Znamia reflectsd the light from the
Hun and i was cfreeraad Trom The ground as it few across Europe, Som Spain ba
Binlsrusses

> LARGE REFLECTORS IN SPACE

Large focuming and plane reflectors ard concenbisbori, s wall o misiowaue ariannes
made of reflectve film could find spolcalions in spece syalems

Large rallecting Slm struchnes might herve a signicar raks nsevansl eress
- plara and focussing mimars 0 enhance the efficisncy of space-bemsd duks sysisms,
whiathar for manfanng the anvronmant. ar for suoporing high s doka
communicalion sysiams.
- plies e Tocusing minrors 10 sare as selar congsninalomn in poweriul soaoe enongy
ayEhaime Daaid an pholc-valiaic cells, rducing mass and oost af genaralors.
- hamdred o kiormeter aioesd Large e gl s o aiect sunlight 0 sorde non-ik
regons af the Esrth in Fegh iatbude regions, o o prenaks Dashc: and aanomic migit
ilurmineton for lange coes

develogment of hiure sclar inlerplanetany <space fugas= rehing on solar aail phiston
propulsion
Thaa mani result of the research condiacted undar S INTAS grand and reported hers
I8 & bastiminny of tho worthingas of durihor irvessigadions of lnnge Sm stnucbues

e

]

> SOLAR SAILING REFEREMCES

A pasic sal of whitings and referanoes has been collectad by the U3R, the Bpaca
Regatia Gonsartium and her pariness 1o serve &% & primes 1o tha devalopment of
funbsar studes and activities in tha fiskds of ssine =ails and spaca mirars

= BOLAR SAIL PICTURE GALLERY
In this section of the CD-ROM, L3P and thelr partners world-wide present u
collecthon of © family " and technical pictures relating 1o space mirrors snd
solar sidls

= ANIMATED SOLAR SAIL MOVIES

The most impassive pan of the CD-ROM s e collection of digital simulations, and of
aciual seler sail deployment tests which cavay best ihe current sae of developmeant
of age [Hin Sm techrology for spaca appkeations

= THE SOLAR SAILS NETWORKS
Thea = Wha's 'Who * of space salors and soisr ssl groups workd-wido,

= DIRECTORY
Thea e ol the CO-A0OM

ORDER THE INTAS CD-ROM NOW !

I thee irvl@raat of the: dissemination of sclantific and echnical knawledge,
Bha INTAS CD-RIOM * LIGHT FAOM SPACE * i& ree dwithin the kmits of shock)
To order, pand your ful denlilicslion gnd sireet addrss

= CONTACT U3P

To fallow up on the devslopmesnt of sciar sels and langa thin Alm in spece echnoogy.
become & mermbie ol AP, the Union for the Promotion of Pooen Propuision
Dioranioad fha ragisiration form

= SAILING TO THE STARS

Tha dissalipinent of solar sailing has bean rcogresd by e Eduoabon Commitaa of
i Inburnational Astronaucal Federalion as one of the keys 10 the deweloomant of our
st genemation in spaca, with largs structures in spaca, with spacs Wi, lege
stale indusines in Gpace, and whare “te Word® will mean the antine Solar Syetemn_

Sic Itur ad Astra |
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Final report of the group of Space Regatia Consortium

W apyrue

Participants:
Syromiatnikov V. - doctor of technical sciences, general director.

Final report of the group of Paton Welding Institute

Participants: N opyrue

1. Paton B. - academician. -

Final report of the group at Mechanics Department of Politecnico di Torino

articipants:
Participants Y opyrve

Prof. Giancarlo Genta

Final report of the group at Cerga Satellite Laser Ranging Station
Participants:

W opyrve
Pierron F. - Research Manager SLR Station Manager

Final report of the group of the Dolgoprudnyi Automatic Design Bureau

Participants: W opyrue

I. Yakovlev Yu. — general director,

Final report ¢ n ﬂpvrl/le ‘fic Institute for Machine Building

Participants: W opyrue

1. Lukijaschenko V. - professor, deputy director.

Participants:
1. Medzmariashvili Elgudgi - professor, - 30%
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Final report of the group of the Georgian Polytechnical Intellect

Participants:
e W novrve
|. Medazmariashvili Elgudgi - professor. - 0%

Final report of the group at Union for the Promotion of Photonic Propulsion

W opyrve

Participants :

1. Pignolet Guy, (CNES Publications/Futures Engineer) Honorary President of U3P, CO
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2. «Pa3paboTka TeXHOJIOTHMH NOJIyYeHHsl CIUIABOB HAa OCHOBe THTAaHA JJsi o0ecneYeHHs MAKCHMAJIbHOIO MPOSIBJICHUS
3¢ dexTa namMATH (POPMBI, CBEPXYNIPYIOCTH U AePOPMHUPYIOLIUX CBOHCTBY.
MHTIL. G - 499. IIpoext G — 499. (¢ 01.12.2001 mo 01.08.2005).

HPOEKT G-499

Tenrus Anexcanaposuu Ilepaaze
(MeHeKep NMPOEKTA)
I'py3unckuii Texunyeckuii YHuBepcureT

OT4er 0 AEATETHHOCTH MO MPOEKTY
MHTL G-499

Sn. 51. Ceneperpem
(x0/1;1200paTOpP NPOEKTA)
Scandinavian Memory Metals A.B.

«Pa3pa60TKa TEXHOJOI'MH MOJYYCHHUS CIIJIABOB HA OCHOBE TUTAaHa JIsd

olecneyeHHusl MAKCHMAIBHOIO NposiBieHust 3gdexra namsatu Gopmel, daryaxa Bukroposnu MeasmMapuamBuin
CBEPXYNPYIoCTH M 1eMIUPYIOLIHX CBOKCTB. (Hay4HMil KOHJICYJbTAHT NPOEKTA)

I'py3unckuii Texunueckuii YHuBepcureT
(c 01.12.2001 o 01.08.2005)

duryaxa Bukroposny Measmapuamsuin
(HayYHMH KOHJICYJIbTAHT IIPOEKTA)

I'py3uncknii Texunuyecknii Y HUBEpCUTET
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93RS 9gd0ds005dgomols LodyBomgdl goldmbydo Ggdbogol s®aBo g@mogo “LHgmose Lsoydmm” xg6 jowgg 1980 Feowsb
25bglobEg@s, dmpEglsi 356 Fmbgmgdo JoMggmor gosggms Imblgbgds (396@@smy@ Lodg360g@™-LoFs®dmm asghmosbgds “3mdg@s’-3o
oo  asbsdmgmo @gxmgl@magmo Sb6Ggbgdol ©s@mado. LsobGgmgbms ol, @mId Bmblgbgdol EO®L gamanxs 89dds@osdgomds
3dbobogs 19 sbogmo bJgds. Logggmgbme sposdgh 3g-19 Ljgds — “dg@obogmg@mgabo” LobEgds. mydEs 3565350y, AmElsg gmamxs
d9dds0053gommo  gobobomsgs  89-14  Ugdsl  ©o@mdsbTo  bdsgdo  @oofgm. Imblgbgdsl  seo@sgob  9ldgbrs. Ygdmgy g9
99d35005Tg0al  Lobmggl dmblgbgds ©@mgdom Bggfygods @b odgommps bymddogsbgmmdsl ghmo bsdoygmon  Jggdmen —
“LobBgbpem Eo@35HT0”.

OoEgbs3g gmagrs 39dds@osdgomo dggoes LoLEIbpm ©s®MdsHTo Isb o wobges dologg 8g-14 LJgdol Fbpaoglor Spgdyeo
SmdgBHtosbo Ggxmgddmeo KPT-10. gb ol KPT-10 oym, @mdgaoi 1979 (el gogops 3ombdmldo, s@slorgmsew goodsms ©s Jgdwoymd
3oL3mbsgBds gogg@o  @09806ds, @olgol @Golbow, dmsgoms 0go m@doGs@a@ boswyg®l. 09d3s, dob 393 Jdbgmgdl LobgemdFogm
309305 35063 goEogi3om. gl Ugds ogm “LOgmose Lsopydme” ©s gmgaxs 89d35@05dgoml o6 Ygodmgdmms Lmwbmos dols
Fglobgd. 53 goJBds Jobo SzAMA0GIH0 SsddsEms ESILTOgms Bmdol. BmEglsE Imblgbgds ©osINsgds, gmpgaxs 89dd5M053gogmls
30639emo© Igbmsgsbgl bsdgdoml bgeddegsbgemmds, Gmdmol Faog@o wodgdagmads 1 000 000 3s6gml Jgsmpygbwo.

53 g5J@lL Fob 9Lfegows ob, ™3 35Tob, owo Jobdmbydo 56§3gbgdol ©s@aTo doGomsgo Lbadydom B>T3gbGTo, o3opgdogml
gobomgol bgmddmgsbgmmdon LOymEgdmes. bsdydsmd bEOygmo j@asbo gobosws. mogesigol 80bolgmoe, Fs@Tsgo  ©odoGmo
gomeEm®ol dg 9gbEbmgo SETRMMgdymo ogm. sngymmdon domombo Fsbgmo 9Bgrgame 0dbs sbsdxgmo. sdol Fgbsbgd FobolG@Is
dooge  goeoFYzgHomgds Imgdgdbom Shomasb@ws 30Mmghgds, MmIgmoi sShogo Jopgmdom sofggoms Logdgl. gl wogsmgds dsb
0530l ImsEomgl Ygosdowgdol ©s@ado, 5@3ool ggbg@oml go@omo dobgoemols dg Fobdsbegh dolzs. Vobds5bmgds go Lodbgo@m-
d0L3mbydo  Bgdbogol ggbgdomnd  3mbLEAMJBMAL, obsGmeo 0gsbgl dg Logobl @osgoms 58 Logdol  Impgodgds(3odggaso
068m@35300 S@boBbgeols gbsbgd LsJs@mggmml 3memodgdbogndo 0bbBod ol 85Tobpgm, xgMjowgy, 3OMAYIHMAL, S350gdozml
09039Hod @m@sdgl dosfmws Lobgmdfogem 3Mgdogdol mon@gsogds, Ggdbogol 393609@gdsms EmJGmE@ds, 3GMggloe o0ygmo 0gsobgl dy
sbogmmgds, dolo mdomol@o gobodol O™ — 1979 Fmol ogmolido. gdwa®dTo, >0bodbymo 0xgmMISE0S F50dgmMs MgES(3g0L
d0bobB®ol  dmopaomgd, s®Mdool  AgbgMomds  godomo  Vsosbmgds  Fmlgmgdo, HHIIO «Komeran-Fo @oby@dye  LsdgiEbogdem
3689096300l EOML, HmEgbsg ol SboGmmo bogobol jodobydBo gbgos gagaxs dgdds@osdgoma).

50bodbye  39BomETo  gagxs  39d35M0s5Tgogo, mogs3gol  L30bolFO™L  Loobgob®m  xs@mgdol  LydgiEbogdem-Ggdbogndo
30303 gBoL Eogsmgdom, dmbzmgdo, Lodbge@m-bs0bgobdm 53509305B0 SGoMgdLs J3eg3gdlL Lsog@oTem goloBemgaro bowpgdol FgJdbols
Sbogn 3M06(30390Dg. dol 258mgmbgdgddo sbsbyemo ogm, myy @myme dgodengdmes Izomg LSG@SbL3MAGM 353980056, 3mbLEH4J300L
35mol 3bom, dogefosmn oo ool gmblE®dyjool FgJdbolsmgols.
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Lfmoge s@bodbymo gs3mambgogdo, GmImgdlsi 3Jmbpsm gdogo “Lsopydmme”, L3gaosmg®o dogdol Vgrgasw, (36mdogo
adobes Sbs@memo Lsgobol msyomobsmgol, 3Gmgglme og6ho sbogmgologol. LEm@go 356 gobsdo@mmds doBomswo ®m@ogboto
IR 99dds@osTgomologol, 3oMggm  gGo3bg, LodxTomgdol  Fgmogodgdols gobsTmgmo  3obdmby®o  56@gbgool  ©s@yTo,
Fgdpamd o 3o, gmgaxs 39d35M053gomo gobws LsdbgrdM-gmbdmbygdo Ggdbogol dmsgs® mblE®yJ@m@o.

1990 (eodpg, goedg geaaxs 39dds®osdgomols Im@agsFamds 5@ ogm Lsjs@mggmml, Gmamt3 sdmygorgdgmo Lsbgmadfogml,
3®3333 96300l Lgg@mBo, Jobo LbddgEboghe ggagggdo, doMomswo asd3mambgdgdo, 3Omgi@gdo s dom 4dgdal dowfygmo Ygogygools
@95@0b5308 LobgedFogm-LE@s@gyonm 30my®s39830 d3o30sE gobsoadmmgdagmo ogm. dsb bsJo@mggmmBo 036mdwEbgb, Gmyma3
9936090, dog@Msd Ggo@YMSE oG ogm (3bmdogo dobo dow{ggadol Lsdgbogdm Tgregagdo ©s JobsbEsbsbymmdgdo, dJom 9Ig@al S@S
dbemmep Ggdbogol, s@sdgp bodbgodm d9i360g@gdol oGy To.

Smbo 0 00O >bdoganmads’do, S 5@ 0s'dg0an0, ED ) ()] s >@dbso ®’, obo Sblid32m
@boTbygmo Jg@omeol goblogemmdsTo, gmygxs dgdds@osdgomo, Ibmmme gAmby, “s@slsoEydme”, obog §oblsgyodgdgm

30689096300bg — Imlgmgdo “@ogo®abol jonbgaby” odbs dofggnmo. dolo dmblgbgds Jobdmbycmo mddmglgdol dgddbol begsw
3606303901 ggbgdmms.

Axazemus nayx CCCP
Ilentp noarotoBke kocmonaston wm. 0. A, Farapuna
HHCTHTYT npobfaeM Mexanuk Axanemnn nayk CCCP

llenTpassusift Jlom apHanni i KOCMOHABTHKR
umenn M. B. ®pynae NPOTPAMMA
Boeuno-noasymnan axagemus wwm, 0. A, Farapuna

3AYIWHAH HH P aKkanemMus "
umenn npogeccopa H. E. Mykoncxoro [VIEHAPHBIX 3ACE0AHHH MATHAOAUATHIX
Mockosckuit asHaunoHHEIl HHCTHTYT | FATAPHHCKHMX YTEHHMHA, MOCBAUWEHHBLIX
umenn Cepro OpsosHknize | 40=-neruo [IOBE[IHl COBETCKOI'O HAPOOA

MoCKOBCKHA aBHALMONHBIA TEXHONOMHIECKHA HHCTHTYT B BEJIMKOR OTEYECTBEHHON BORHE

umenn K. 3. llnoakosckoro | e, = i Rt

rA rAP“ HcH"E qTEH "a MocKoBcKIit HHAEHePHO-DUINTECKHA HHCTHTYT ?‘941_ 194"-’ TO’,\_'LOB. 25-neruwo LIEHTPA
Beecowanuil COBET HAYNHO-TEXHNAECKHX 0OUECTS NMoAroToOBKH I\OCMOH{\B'TOB HMeHH
IlenTpanbHsfl HAYNHO-HCCACNOBATENLCKHA H HCMBITATEALHMI 10. A. TATAPHHA,
HHCTHTYT MEIHIHHCKOA Texuukn MuHMcTepcTua BCEMHUPHOMY [OHIDO ABHALIMH
saparooxpanenus CCCP H KOCMCHABTHKH

n P H r .ﬂ A u_] E H H E Genepaunn KocmonasTHen CCCP

Denepanyn aspaunonnoro cuopra CCCP
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YBAKAEMBIF )
A2y0rkq frwizofobers

- = NJIEHAPHBIE 3ACEJIAHHMA :
L Aepar vafwawiEu it

- F5 . = 8 anpeas — 3Be3anblfi ropoaok
npunAmME Y 9 anpeas — Koaowuwit 3an [loma Cow3ios

Ilpuzaawaesn Bac
“aza, CUX Aax,

XV Tlazapunc Ine

10 anpeas — HHCTHTYT npo6aeM MexanHKH
Axaaemun nayk CCCP

EHMPR RODZOMOEKY KOCMOP

A Darapiiin v Boenuproay ons CEKUHOHHBIE 3ACEJIAHHA : rA rAP H H cl{“ [ "ITEH “ﬂ
LA (R A LD 2-5 anpeas — HHCTHTYT  npobieM  MeXaHHKH
Ymewua Gydym nporodums 8-10 anpesn 1985 2. Akagemin wayk CCCP, HHMHMT Mun-
NeficTRuteanto npu npeaLABIEHH

aapasa CCCP NMPUTNTAWEHHWE

Fazapuwcxuii xoMumen

1990 Faodg, ©s oMyggamo 3g@Mompo ol FgBrgass, gagRs  39dds@osdgoml, dobo  Ledygdomgdol Jswogmo  @sbyom
Loodemgdol ©si3gol dmmnbemgbom, gsblsggmn@gdagmo ©s gMbdHm@omgdseo Ygdnbggggool gs@Es, Sg@dsgnamo JJmbos s@S
350@™  Lobpgadaodgn  odybogdgds s Laddmms 353300 To  bgdoldog@o gmbGodgo 93bmgmgdmsb, @33 3609gbgemgsbo
393609090 @0t gdymgdols 6gd0L3ogMo 3Yda035(30S oS @0GINSBYDSTo — ULFSG0gdol, ImbmaMoxgogdols s Jmbxggtgb30gdols
dslogngdols Lsboo.

1990 Tl geogaaxs 99dds@osTdgogo, 93@s0bol  3g3bog@godsms 53509300l 3GgboEgb@msb, S3sEgdogml  dmd@ol  35§m™bmsb
(9465065) ©> GgLgmol  Ig3bog@gdoms  dgopgdool  Szogdogml 0@ Lgdombmgmsb (Hylgmo) gHmse, LadyEbog@dm-@gdbosym
30699096305y, LggolGm3mePo gsdmwol Imblgbgdom — Teopermueckue M IKCHEPHUMEHTAIbHbIE HCC/IC0BAHUS PACKPBLITHS U THHAMHKH
NPOTSKEHHBIX KOJIbLEBbIX KOHCTPYKIHII HA rpy30BoM Kopab.e «IIporpecc-40».

xRS d9d3sM0sdgomol 3o@ggmo LodgEbogdm dmbmy@sgol Lsowydmmgdol a@ogol aocmgdy “Tpandopmupyembie cucrembl”,
Aedgmoi Ibomme 35bbmyspmgdgm mgm@oygm Logydgagdl dmoasgl, godmois 1990 §ganls.

1993 g0l 5336030 Tggemgdger FBoGJodo godmgoEs gmagxs 89d35M0s5Tgomol ©d mobssg@mdgdol LEs@os — Greeting and
Testing Large Space Structures of High Precision Surface. Space Power, Volume 12, Number 1-2. L@s§osdo, 306ggmop Log@msdm@obem
Ls39360gMm  39dm0353090T0, gogos dodmboggomo 0bBMMIsE0s  Logy@sdml  gbogsgdo  LolFgbpm gmdmgdlol, sobdmbyndo
560 96930L, FoFolbges Imdogny@o 56§gbgdol ©s EsbIBegar-sboFygmdo bowpgdol Yglobgs, @m®Imgdox Lods@mggmml  mboemly®
6o gdmdoms 0bbBodyGol dogd oym dgJdbogoa.

g xS 39985@059g0mols Lsdg360gam dmmgsFgmdol s8lsbggeo dsbogngdols s JBmBgdobomgol “Loo@ydmm” s “LEgmose
Lsoydam” ad0ggdol gGo3md@ogo dmblbol Ibdog boBobpmdmogo aobrs, @xlgmnol Fbskol Eomdbdogo gowesFygzgdomgds ©
ad>bgo “llenosoii Mup”-ols 1995 Ganol 8-14 dsobol bmdg®Tdo asdm3zgybgdgmo LEHsGos — CnyTHHKOBasi cucTeMa cBsizH «3epkano-KC».
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Lobgaasbnddgmo  3936090gd0Ls s Lodbgodm-gebdmbydo ©s®aol  L3gEosmolGgdol LESE00sE  3bmdomo asbps, @™
g xS  39d35M05Tgomols  ggamgggools @  L3gEoseado  basdygdsmgdol  Jgogagool  dobgpgom  gobbmm(30gmgdgmo (35 g geo
LobgedFogm-LEMms@dgaogmo  0og3EsEgomo  3OmaMsdgdbo ©> F9ddbomo @@doGsmy@do  bsdbgp®m-Loobgob®m jmddmglgdo, @yLgm-
5390030l Lodgabogde 3mbGol@gdom, 9339 1992 Fmowsb Fgolfsgagdmps s3gcogol ggthmgdnmo JBsGgdol 9boggdlodgdgdls s
NASA-U gJb3gd@gool 3ogh, axGm 39803, LEHSG05T0 S@bodbygmos, GM3 Lsdydsmms Jodggmo Bguslgdgdo 1993 Fgel godmJggybrs
Lo3g3b0gdm  5b3o®M0Tgdol  3Hgdnedo JTEC/WIEC Panel on Satelite Telecommunication — @Gm3o 2, Lspsa bysfodmggmmbogol
dmgmmeEbjmsw, gJu3gaggdo ol “Im@l” Fsgowbgb, Gm3 as563smEgl: «30-meTpoBasi KOCMHUYECKAas AHTEHHA — BBUIAIOIIMIiCS NpHMep
PYCCKOM nepeaoBOil TEXHOJIOTHI.

gL ol 30-3g3®0sbo gobdmby®o 56Ggbss, MMIgmoi gmagxs 39dds@osdgomols s3@m@Mbom, dolo godmambydgdom s JoGmggmo

3

L3goooliggdol dogd 599 d5ggdgmo LsJodmggeomdo ©odbopEs ©s baJodmggerm@o 303@M0(3@s. 5dEgbsE, BHObS

dsgomomo  Ggbygmo  dInfobsgg B9Jbmmaools”  syEomgdgels lsggogt\)o bomoﬁoggm Qobd36360b 393909051 o LsJodmggmomls
Lobgedfogmgdmogo 06@gMglgdols Jobgogom ImJdgogdsl — Go3 gobbm@d3ogmes jowys.

‘ngomlahobem

®  Loghome  gobboggmn@gdym  Eodmyoegdgmadsl gmauxe  9gdds®osTgomol  Lodydomgdol >  dolo  oboios@ogoom
hoBmysmodgdgmo  Lodg3bog@m-s3509d09@0  mMSbobs30gd0L  FodsMo  obgbps  LsbgedFoge  9BoBdmgdol  gmoGgdo, GmAMA3
Inlgmgdo, osSlggg mdogobBo. LsJodmggenml ULobgedfogmgd®ogo  wsdmygogdmmmdol Bgdpgy  2obLogym@gdnmo  dmmnbemgbgdom
2530dgEs NOM0gAnmds LobgmdfFogml 2808dmgdol Lsdlsby@msb.

1981 (mopsb gmaygxs 99dds@osTgomo, G@am®3 300036905, @mam@E I 3bogHo  ©s  L3ggosgdo  @m@ysbobszool
bgeddpgobgmo, ™mBoGEosSPMsE  S4gobogo  ogm  Lydkmms 3ogdodol  Lobgmdfogm  9dod@mgdol  jmoGgdol ©s Lss@mggmels
Lobgedfogm 9doTaemgdol gmdoGg@ol aoblsgym@gdym JmbGAmembg. Isl, sbggg, Lsbgmdfoxgm 9dodEmgool jmdodgdol Ib@owsb,
MBoE0SWYASP JJomgdbmes Jdopmglo Loopydmmgdol a@ogol 3Jjmby 30Mmghgdol @S Lomsbspm 0obsdpgdmdol do®Mol dglodsdolo
dnJdgpgdgdo, OmImgdo goblobrpgHgmo ogm Lomsbspm bm@IsGogmo ©s ©odgl@ogmo dobomgdom, ©m39dgbggdom, 6@dsbydgdom
P aopslyzgdomgdgdom. ygggmoggg@o gl aymolbdmdes gmayxs dgdds®osTgomol 0ds@m, Lobgmwdfogm 930dOmgdol bygHemTo,
{5996909m0 3manbmgbgdol dzo3® ©d aobybdgm ©o(3gol s Fsbmsb gHmoE, Sboggdes dob Lomsbowe gamgdgdl.

1981-1986 {aodyg L3gosmyg®o bsgmbl®ygl@mmm don@ml Lsdygdsmgdol 3mb@Omml LobgmdFoxgm 9PodBmgdol jmdodg@owsb
Sbe®(309e0900696: 3me 30gbogo I9MISh Fgaos, 3@ 3Mgbogo MgEM B5@ o505, M Mgbogo 0535b Logedgedg, 3mangmgbogo jmEg
dsbogsdgomo, 3me 3mgbogo bobs dsb3odgomo — YgdpamdTo 9bgMom-dsommo.
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1984 {aoopsb Tgoddbs @gagbwgdo, 3500 Tm@obl, Logy@sdml LsbEgbem jmd3egdll gfmws — “bogy@sdml sLEG™gBobo @0
@55MMS>GMA05”, @53 FoMmImopagbos Job “@0s” slobgmgdst.

1987 (mopsbh gagyxs 99ddsM05Tg0ml 05960365  Imopyomge  Lobgedfogm  93030mgdols  jmIoGg@ol  mobsdTBO™Be gdo:
3ma 336030 dogogm amdlsdg 1987.02. — 1987.04; 3@ gmgbogo @ggob dobodg 198705 — 199101 — oebsbodbogos, @m3d ogo o3
05653pgdmd5bg  2oEBmoygebgl  mdogolol, dsTobpgmo gomobobol  Gsombol  Lsbgadfogem 9BoBBmgdol  3mBodgdol  PRGMbLol
056530g5md00s6.  06LFHOGYGHT0 LG IGM  MobsIgdmdgdby,  Slggg, gddmyabogboao  ogdbs  Lobgmdfogm  9PBoTdmgool  Lbgs
056533 ™I gda(3.

L3gEoomyd  LsgmblEGYJe@mdm doygdhml, Gmdgmoiz Losdstmggmmdo goJlodrgdmps Gmam®i bsjsdmggmeal 7dspaglo ©s
Lo Tgomem-b3gosmy@o gobsmmgdols LsdobolG@dml LEMYJBROsw, aoshbes, sbggg, Lbgs LEsGYLo — HHIIO «Komera»-li 0domolols
Jagoobogmgo. gl LEsBYLbo dobodgdgmo IJmbps Logy®sdml  Lolgbem Jmddmgdll, @mdgmos Gm@dsmaase Fo®dmswygbes
153539000 GsE0m3M T ggemdol bsdobolE@mL ®mdogddol — IBTH—l LEGYIGAsLSE. «IBTH—l odgddm@o ogm og@o 3godgoga.

EsImygogdgmo  LoJotmggmml  3060mdg3To, 9339  Lodstmggmel gobdmbynd  boggdmdsms  obLEoB9A o,  gmgxs
dg9dds@osTdgoemals dmdEy0mggdo 0ggbgb: 3mm  mgbojo @ogom hobgmadg 1996.02 — 1997.10; dmam3mgbogo yoméyo dsb@sdg 1990.03 — 1999.11;
olgg 3mengmgbogo — YgdpamdTo o ggbg@sm-dsom@o wsgom Pobensdg 1999.11 — 2002.02; 3menzemgbogo gom@yo ammggemo 2002.05 —
2004.06.

In3g9ge 9BS3bg, 06LE0EYAOL bsJdosbmdsls Fglsdsdolo S3mbEMmagdl Lojstmnggmml Lsmsbspm m@as6e.

® 1995 Fgeol, Gmgmo 35609@Mgdol ©sdmgz0m, 9H856053 ©S Lostmnggmmd ghmmdmogsr asdmbs gmagxs d3dds@osTgomoals
dnbmg®ogos — «Tpanchopmupyemble KOHCTPYKIHMH B KOCMOCE H Ha 3emile», Mmdgmo3 ©ogyboghs jmbdmbado Ggdbogol wo@ydo
dmddogg Lobrgs@mpas@gmol Jggybgdol gggars 3md3s6osl, mbi@g@ e 3dg3bogdgdl s 3mblGM9J@mmgdl, @sE gobes Lss@mggmmml
3609LE0gol S3omgdols Fobs30Mmmds Log@msTm@ole s@gbsby.

1995 (mwopsb oo ™ 5@ aligans. dogbgsgoe  sdobs, do@oend gdbmmmyoy@o > dJonydgdgl, Lsowydmgmdol do@sgo
56301 260039300 ©53d08gd e EsMTo, MgSEPM0 S ESLOPYMIdYEO JaE 3900l ©s Fsmo gegagdol Lsg@msTm@olem IsbIGsdom
Lo gegslmgsbo Fodwegbs gmgaxs 33d3s@0sdgomds Ldrygmose dmsbgdbs.

RS 99d35M0sTgomol  Lbadgdomgdo,  mblE@An3ogdo ©s  FgJdbomo  yobdmbydo s Lddbgp@m-boobgobdm  Ggdboge,
O®3g@ms3  Sbo@mao 5@ aoshbosm FlmgmomTo, sos@gdgmos ©s Imblgbogdamos Lobmgs@gstgmols g7@bsgngddo, Lsobgobdem-
39603900 EoMgdol gb30g™3groyd 53m(39990T0, jmd3sbosms LodmaMsdm Fobswowgdgddo s oo Lodggmsdm ol gddo.
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® guayxs 89d3>@05dgomol 250-bg dgBo LodgEbogthe BO™owsh, GMBgenoi IMo3sgl Imbemy®mexgogdl, LESG0gdL wo

303mambgdgdl, 5 JdoGomswo dmbmg®dsgos, LodysbogHm  jgmgggdol  ©s  ogoegdoy@o  Imwgofgmdol  grgagdol 20

99360dgbgemmgobglo ©sbgtags s sbogo gmldmbydo ©s dofolbgrs Lsobgobdm 3m33ggdlgdol sgergggdo FoMmBmowygbgb

Lsg@odm 360dgbgemdols dobo Im@gsFgmdol doMomse dJods@mymgdgdl.
>0b03bgeo Lodydomgdo sbsbymos:

I — 3mbma®ogos. mobssg@mmgdol as®gdg — «Tpanchopmupyemsie cuctembl». Axagemus Hayk CCCP. 1990 r.

II — 3mbmpg@sgos. 05bssgdmAgdols as®gdg — «TpanchopMupyemsie KOHCTPYKIUHU B KOcMoce 1 Ha 3emie». Mza. « VALEMARY.
bpemen. 'epmanus-I'py3us. 1995 r.

III — 3mbmy@ox05. Mobs53GHMGgool 3o@M93g — «MexaHnka KOCMUYECKUX KoMiiekcoBy. 3. «Texnuueckuit yausepcuter». Toummcn,
2009 r.

IV — 30bmg@ogos. msbssg@m@dgdol 3o@gdg — “Lodo@mnggmnl bodbgo@m-Loobgob®m md@@obol Logydgagdo™.
3303399 mds “Bgdboga@o 9boggdLoGgd”. mdograbo, 2006 §.

V — 3mbmpy®sgg0s. 0056553@mcAgd0l go09dg — “shogmo dowamdgdo Ladbgo®m 0gm@ool Lsgombgdolswdo”. gs8m8(39dmmds
“®9J6039M0 9boggdlodgdo”. mdogolio, 2009 §.

VI — gaogaxs 39d35@05dgogol LadgbogHhm 3gewgggdol @ sgo@gdogdo dmmgsfgmdol dgegygool 20 43603gbgemgsbglo
©3bgMa 3> Lodbwgodgodgm s Lododmnggmmdo.

VII — geoa9xs 39dds@osdgoeols og® golbdmbyg@o s ogosdofolggmo sbogo bsobgobdm jmddmgdligdol dg]dbs.
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I — dmbmp®@sgos «Tpanchopmupyembie CHCTEMBD.

Jobmy®ongosdo  aobbogrygaos  A@obLlgm®@do@gdoo  Loobgob®m  LolEgdgdol mgm@os. Jmbma®sgosl sbogrmgo  >@
aoohboo.
bod@mIdo gobbogyyanos dgdpgao Lsgombgdo:

e BHMblgmmdomgdowo LobEgdgdol Log@mem bodbgdo ws mgoligdgdo.

e 2obodagao boobgobdm Lol gdgdol Rm@domnfo®ddmdbols 3@mi3gLgdo.
e BMoblgmmdomgdowo LEOYIH YO go0.

e BAO5bLbygmado@gdoo LolGgdgool agmdg@@os.

e BAO5bLbgmadodgdbomo LoliBgdgdol doMomswo 3o@sdgRMgdo.

o BMAIoms AOSbLRMOIS300L Go3dgdo o Labgmdgdo.

o AM5b6Lbgmmadodgdbomo LolBgdgdol obsdogy®o LEHYJHYOS.

e BHMoblgmmdomgdowo LolEgdgdols gamslbogogsiool bsgombgdo.

* 300 35bya-Loyg®gbosbo FH®sblgm@mo®gdowo LoliEgdgdols spgdol LogHomm 3Gobzodgdo.
e Loydegbo 3o®gobgdols LEH®YIB®s.

e Jgglgdols o Logmb@oddm bmbols LEHMYIBY®s.

o 9JbAOGoE @0 30MMmdgdol  Jmmnbmgbgdol  Iglodsdols@  3mLImby®o s gesdofoby dobodgdols  bopygomdgdols
‘99360l 3mbg3@ o gdo bsgombgdo.
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II — 3mbmy®dsxgos «Tpanchopmupyembie KOHCTPYKIMH B KOCMOCE M HA 3eMJIe».

Jobma®@ogools Fobslo@ygomds g3gmgbols Lodbgo®m-gmbdmby®o Fgdbogol ggbg@oma@  3mblE®y]dmal, ogomgdogmls
Sbo@memo 0gsbgl dg bsgobl.
Jmbma®o5305T0 gobbognyanos:
e 3mbLbEAOYJgosms Bm®Igdols Fo®dmJdbs;
o BHMoblgm®mdodgdopo BmMdgdo sOJodgdd®sbs s IdgbgdenmdsTo;
e 30bdnby®o Hoom@gergls3m3gdo;
e mOd0R Yo dogmgsbo 3o@3oligdo;
e 30bLdnbyg@o dbol dbo@odggdo, 5IMgaesggdo s JMbEgbEMSEAMEgb0;
e mAOd0Ro @0 Lowyy®gdo;
e 39dbmarmpong®@o gbgdagdosgmo dmgbgdo;
o Jgdobogydo gmblE®ydiogdo;
e 30bdnby®o boobgobdm 3mblE®ydicogdol s Goom@geglm3dgdol asdmELs s 53MMbsi3os dofolbgws 30Ombyddo;
e Jofolbgos gosswyomgdso Moomdgdbogyg®o 3mddegdlgdo;
o 25lsdegano bowgdo;
e Lf@ogomopgdowo dgbmdgdo s boggdmdgdo;
e HMblgm®mdomgdopo wowdsgrosbo dgbmdgdo;
o 3mbLEMYJooms gJb3g@modgbG o aodmgen ggo;
e LogdEymo opdsgosbo wobymggdo;
e Moymo AOSbLRm®OIoGgdowo Lol gdgdol jobgdogs;
e Lobmgam Lsdgymbym boggdmdgdo.
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I — 80)6(*)2)(60(30.5 «MexXaHuKa KOCMUYECKHUX KOMILICKCOBY.

Jmbma®ogool Ggesddm@o ©s M9396%96H 900 wmdmmo gmblLEsbGoby mEodgomo s wmdm@o JmblESbE0by
hbojgodg.
F0abTo @9396%96@ 9d0L dogd aobdo®@gdyanos:

Kocmuueckue cuctembl TIo0albHONH M PErMOHANIBHON CBS3HM IUPOKOTO CIIEKTpa, TEICKOMMYHHKAIUU, OOHAPYKEHUS W CICKCHUS
OaJTMCTUYECKUX PAaKeT, ONpEJENCHUS KOOPIWHAT MEepPEABMKEHUS TOABOAHBIX JIOMOK W APYTHE, COCTOST W3 OpPOWTANBHBIX M Ha3eMHBIX
KOMILIEKCOB.

Cpenu HUX 0CO00 PACHpPOCTPAHEHbl PAIUOTEXHUYECKHE KOCMHUYECKHE KOMIUIEKCHI Ha 0a3e OOJbIIMX Pa3BEPTHIBAEMBIX PE(IIEKTOPHBIX
aHTCHH.

Komruteke npenctaBnsier co00ii aBTOHOMHBIN KOCMHYECKHH CITyTHHUK, IOCTPOCHHBIN Ha 0aze OOJBIINX Pa3BEepPTHIBAEMBIX PedIeKTOPHBIX
aHTeHH. B nmaHHOM ciy4ae cuioBoe KONbIO pediaekropa (YHKIMOHAIBHO MNPEACTAaBISCT KapKac CITyTHHUKA, Ha KOTOPBIH MOHTHUPYIOTCS
COCTaBJISFOLIME KOMITOHEHTHI KOCMUYECKOTO arnmapaTa, B TOM YHCIIE U IBUTAaTENU, COJTHEYHbIE OaTaper U IpyTHe.

B monorpaduu 3.B.MeazmapuaiiBuian paccMaTpUBAIOTCS BOIIPOCHl MEXAHUKH, KaK Ui OOJIBLIOrO pa3BepThHIBAEMOro peduiekTopa, Tak U
BCEr0 KOCMHUYECKOTO KOMIUIEKCa, B CIIy4ae BO3JCHCTBHS Ha HETO CHJI OPUEHTAIMH U CTAOMIIN3AIMY, BO3HUKAIOIIUX OT Pa0OTHI IBUTATEIICH.

B monorpaguu 2.B.Mea3zmapuaiBuig paccMOTPEHBI BOIPOCHl MEXAHUKH KOCMHUYECKUX KOMIUIEKCOB - CTaTHKa, KHHEMAaTHKa U TUHAMUKA.
Ocoboe MecTo ynensercs TeMIepaTypHbIM BO3JEHCTBUAM W 0Opa30BaHHIO OOJIBIIMX TOBEPXHOCTEH JBOSIKOW KPUBU3HBI U CHOCOOY
anMpoOKCHUMAIH TOBEPXHOCTH.

AKTyalbHBIM SIBJISCTCS ONpE/CICHHEe MEXaHHYECKHX IapaMeTpOB KOMIUIEKCA HE TOJNBKO B CTaguH (DYHKIMOHUPOBAHUS, HO M IIPH
TpaHcopmanuu - pa3BepThIBaHUS OONBIINX pPEe(ICKTOPOB OT TPAHCIIOPTHOTO MaKeTa 10 3aBepiieHus e€ (opMooOpa3oBaHHS B BHIC
peduexTopa.

B moHorpadgun ocoboe MecTo yaeneHO TeOMEeTpHUYeCKHM MapameTpaMm (opMooOpa3oBaHUS MMOBEPXHOCTH ABOSKOW KPUBU3HBI, KOTOpas
U3TOTOBIISICTCS M3 METAJUIMYECKOTO CETETIOJIOTHA.
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IV — 3mbmg®sgos “Lodotimggeanml Lodbgotm-1s0bgobdm ©mJ@®obol Logydgagdo”.

Fogbols  mgogoseygdo  Gg396dgbGgdo:  Ggdbogol  8g3bogdgdsms  mJ@mmo, 3Omggbmao ‘)){330@ 31)000‘3305,7\00;

2969@om-mg03gbobBo 39@Sd bogmms0Tdgomo; a9bg@sm-mgo@dgbsbBo ™mIs® @g33909g0mo0;  Bgbogol g3bog@gdsms
©mJAmE0, 36mxgbndo msdsd ky@edy.

Lodo®mgganmdo  dodobs®gmdl  dgos@omgdyemo  dogngdols  ddgbgoenmds. gl oMol d@ogoedb®ogo, oo ©s
063 gbLoyg®o 3Om3glo, AmIgandoi wowo dbodgbgamds gbodgds Lobdgmgmm xo@gool, Ladsg@m s Lobmgom dogngdols s
L3gooy®o ©sbodbyangdols bofoemgdol gHmmdaog, O AN dgmoglgdye ©s YOm0 gAmhsbsgergdse godmygbgdsl.

db0dgbgamgobos  mgm@oygmo  boggydgangdo bodbgo®m-bs0bgobdm  o@olbs, MMmIgmoi 59Om0sbgdl mG YO Y gl
300M5390®L — Lodbgodm byermgbgdol s Lsobgob®m bgmmgbgdsl. Fopbol dgJdbol @A™l gomgseolfobgdyamos obog, G™I
Lodo®@mggaoml dmygFggl bod@dmenm dmddgogdgddo s ©ogagadeg m3g®e30gddo NATO-bmsb 0b@dga®omgdyamo dmdgogdgdo
5 3o 030Y@ dogrgddo dmbsfomgmds.

Sbgmo @ma0300 ©s oEgmeEmaoom dgoddbs L, LoJodmggmml Lsdbgo@m-bsobgobdm wmJ@@obol Logydgangdo”. dsbdo
3odm3gdg@os  badbgo®m-bsobgobdm ool gobgomsdgdols  obGm@os;  slobyemos  5@bodbyemo  wos@yol  dobbgdo,
sdmEsbgdo s LEHOYJAYOS;  gobbogrymos  sIMoEgdygegds  Lodbgo@m-3mmodogydo s glog@mbmgdols  gOmosbo
Log®ol  godBm@gdmsb, sbggg, #obdo@Bgoygmos  Lodo@mggerml 300mdgddo m39@si30gd0l hoGo®gdols 3M0bo3gdo s
‘dgloden gdanmdgdo.
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3obbogym@gdgeo  saomo 53l @omdmdogro  Lodo@mggeml  gAmosh  Loobgobdm  gb@ybggmygmeasl, Omymeg
LodmJognsdm s Lodbgodm gubiaosl, Gmdgmoi aodmoygbgds Lasdbgo@em dJobbgdolsmgol.

Joabdo  obggg gobbogygamos  @oMygdo,  OmImgdoi  gOmol  dbGog,  syEoggdgmos  Lodbgo@m-Loobgob®m
9bOYbggergmgolosmgol s dgm@gl db®og, domo asbgomsmgds dgbodergdgenos bsdo@mggamdo.

db0dgbganmgobo  bofogmo Fopabdo ¢gog0s Lodbgodm bgermgbgdols 0d Lsgombgdols obangdy@  bgogsl, ®mdggdog
>JB o @0s Lododmgganmbmgols.

Fogbdo slggg, dgBobogro s gobbogrgeos 3bmdoano Logombgdo Lobwgedys®gmyemo @o@dg@s@y@owsb, Gmdggdo
0930 gdgeos  ogml  LoJo®mggamlb  Lodbgo®m-boobgobdm  ©m@®obsdo, membe  Lsds®mggemml  @gogrmdoliswdo
5053300 g (.

bodOmdo ey  dglododobmdsTdos  Lods@mggamml  mogosigol LolbEgdsdo Fg@o@meoygmo o330l K9biEombsgey®o
dodo@m g gdgools dogngdols Jo@mgol, LEHsOEJy0Yeo mdogdBgdol gaslbogoEo®gdol, domo dJmbszgdms bdobgols dgddbols s
J39960L  gO®0sbo  Lodbgo®m-boobgobdm  §bOYbggaygmgols Lobgedfogm 3mddggdbol  LOY@dsld@sdosbo  gm@Iomgdols
3006(30390msb.
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V — dmbma®sgos “sbogno 3oppamdgdo Lsdbgo®m mgm@ool Lsgombgdolbowdo”.

Foaboli mgoiosgrydo @9396%gb@gdo0:
2969@o@-a 403 gb56G0 29@53 bogmEns0dgomo s mHM@o, goEg-3memgbogo yMoamE ©Sbgmos

(13

9396050 smbodbyemos — . dmbma®ogools d60dgbgamdbs, GmIgamoi Lods@mggermTo dgoddbs (30gds hggbo
J39960L 06BHgMHgLgdl s 0qo dbodgbganmgeb bsdBOMIs bws hoomgoml Lodbgo®m mgm@ools ws@ydo.

530m®0  LobEgdygdee s  bLodbgo®m  bganmgbgdolosmgol LEymos  m3@odogry®d  godaagddo, goblsgymn@gdyao
doamdom aobobogrsgl olgm  Logombgdl, Gmym@gbdoiss: dmfobssmdwgag dbodggdol d@dmeoligbo®osbmds; dgd@dmano
LobRgdol  obsdogydo s  agmdgd@ogeo  30M539HMgdo;  sMs30MPsdoMo  dmJdggdgdol  obsdogydo  3Gm3gLgdols
Lol gdoBoboios; Lodbgodm LE®@sEgaool, m3g@s@ogemo bgammgbgdols s FodBodol OM0gOmEsdMoegdygagdols sbogo
306803905305 ©> Ladbgredm ©oggadatgdols Log@Eol dmnwgmo.

>0bodbyeo  Logombgdo Lodbgodm 39360909050 gOm-g@0  3G0M@0EIHPo©  s@ol smos@gdyao, @seasbsi obobo
Fo®dmowygbgb LoFyol 3mboiosl Lodbgodm osdaol dgdoamdo aobgoms@gdolomgols.

5dobmsb, obgmo Logombgdo, Gmam@oEss s@sdo@asdo®o dmdgogdgdols wobsdogy®o 3@miglgool LolGgds@obszos s
Lodbgo@m LEOSEga00l, m3gas@oygmo bgemgbgdols o GoBogzol 9YOmog@mesdmowgdygemmgdol shogno 3mbgoyydszogdo
3obLogm®gdom sJ@gsmmy@dos @gebeger Mgogmdsdo. gl bsgo@bobggos mobsdgdmgg ™mdgdols gm@dom s ‘dobss@liom,
Omdgenoi sOLgdye dgbgoyagdgdmsb Fobsomdwgamdsdo dmwols . . . “
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VI — genaoxs d9d85005Tg0aol Lodgbogdm 3gengggdol o s3owgdoyg@o dmwgsfgmdbols
39092900L 20 9db0Tgbgemgobglo obgHags Lobmgs@asdgm ©s bsgs@mggenmdo.

1. HazemHas, OpicTponiepebazupyemasi, pa3BepTbiBacMasi aHTeHHa JuaMeTpoM 12 MeTpoB. (L& geose bso@demm*).
©obg@ygol Ym@Is — 2 **.

2. Kocmnueckas, kpynHorabapurtHas, pa3BepTbiBaeMas peIeKTopHas aHTeHHA auaMeTpoM 3epkana 30 M. (bogeros© Loo@gdanm*).
©obg@yg0l @IS — 2 **.

3. HazeMmHBIli CTEHIOBBII KOMIUIEKC TIOTHOMACINTAOHBIX UCIIBITAHUNA U COOPKU KPYIMTHOTa0apUTHBIX KOCMHYECKUX KOHCTPYKIIUH.
(boooydenem*). ©sbg®agol Gm@ds — 4 **.

4. BeicokoropHas 6a3a Ui HCIIBITAHUN Ha3eMHBIX KOHCTPYKLUI U KOMIUIEKCOB Ha KIIMMAaTOMETEOPOIOTHYECKUE BO3AEHUCTBUSA (Lso@ydaem*).
©obg@yg0l m@Is — 4 **.

5. Ilporpamma — «HoBble nepcrieKTUBHBIE HAIIPABJICHNUS KOCMUYECKOW BOEHHOW TEXHUKH U (DOPMBI UX peATU3aLum.

(bOgeose booedgm*). sbg®agol gm@ds — 5 **.

6. PaspaGorka 6a30BOI CHCTEMbI MaTEMaTUIECKOTO MOZEINPOBAHUA TPAHCPOPMUPYEMBIX KOCMUYECKHUX Pe(IeKTOPHBIX aHTEHH.
©5bg@ag0l gm@ds — 1 **.

7. Co3manue coco60B U IPUCIOCOOIEHNUI IS SKIIePHIMEHTATbHBIX UCCIe[OBAHUN B YCIOBUAX THAPOHEBECOMOCTH TPAaHCHOPMUPYEMBIX
KOHCTPYKIUH. 05bg®a30L m@ds — 1 **.

8. CosnaHue METOLVKY PaCKpOS U 3aKpeILIEHUs META/UINIeCKOTO CETeN0I0THA OTPAKAIOIIEH TIOBEPXHOCTH KOCMUYECKUX TPAHC(HOPMUPYEMBIX
pedIeKTOpHBIX aHTEeHH Ha CUJIOBOM KapKace, a Takke - Pa3paboTka OITHMAaIbHBIX CXeM TeHTOBBIX, PAZIMOTIPO3PAYHBIX YKPBITUH
6pIcTpOIIepe6asupyeMbIX U CKJIa[bIBAeMbIX Ha3eMHBIX aHTeHHBIX COOPYKeHHH. 0s5bg®agol gm@ds — 1 **.

9. Pa3spaboTka 1 co3qaHue GONBIINX Pa3BEPTHIBACMBIX PedICKTOPOB conHeuHbIX Jiydeil. (LG gamosw boowydem*).
©obg@yg0l @IS — 2 **.

10. KocMuueckuii, aBTOHOMHBIHN, CITy THUKOBBIN KOMILJIEKC Ha 0a3e pedieKTopHOM, 30-MeTpOBON aHTEHHBI TOBLILIEHHOM XKECTKOCTH
(Leygmose Loopydem*). ©sbgdagol gm@ds — 3 **.

11. Cosnanue mIMHHOMEPHBIX KOHCTPYKIHIT M CHIIOBBIX I1aTdopM kocMuueckoro 6asupoBanus. (Loo@danm*). ©sbgdagol gm®ds — 2 **.
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12.

13.

14.

15.

16.
17.

18.
19.

20.

Koncrpykuus AC — 20 I[IM. [TonmHOMacuTabHbIe MPEANOIETHBIE HCTIBITAHUS KOCMHUUYECKOH pa3BepThIBAEMON KOJIBIIEBOW aHTEHHBI TuamMeTpoM 20 MeTpoB
Ha pa3BepThiBanKe, pukcanuio Gopmsl v GyHKIHORMpOBaHKHE. (LA Yeros© Looweyd@m). SKCIEPUMEHT «KPAB» OCYILIECTBJIEH B OTKPBITOM
KOCMOCE 3+5 MAPTA 1989r. HA TPAHCIIOPTHOM KOPABJIE «ITIPOI'PECC-40». ©05bg®30l 3e@ds — 4 * %,

Ha op6uransroii craniuu MUP B 1991 roay Obina ycraHOBiIeHa [UTMHHOMepHAas! (pepMa B IEJIsIX MOBBIIICHUS] MAHEBPEHHOCTH M CTaOMIIN3AIN

opbuTansHOro Komiuiekca — basosas cucrema konctpykiun «Codopar. Konerpyknust «Cogopay» Oblia ycTaHOBICHA Ha OpOUTATBHON cTaHIUU «MHupP»

B OTKPBITOM KOCMOCE. ©obg@ggol go@ds — 4 **.

LY @ogo@olioggdo, olsdugen-sbsfymdo @ommbols bowo KM-02T. d@sgsadsanosbo bowols bog@dg 37 dg@@o. @obgmagols
QOIS — 4 **.

9300379800 Lo g g3mdybogozom mebsdybogtgdolbomgol wowo yobsdagamo malbgdy®o Ggawgldmageo sb@gbgdols
‘d9J360ls doGomswo 3Mm0b(303g00L goblsbmgds. sbgdmygol gm@ds — 2.

obBmO0sdo 3063900 Jodmygmo 3mbdmbydo Mmdogddo. wobydggol gm@ds — 4 **.

Jodmyammo 30bdnby®o Ggaegddm@ol m@do@oby Fo@ds@gdymo asdmzool dgogagools dobgogom, gg@dm3ayemo
0obodybogd o jmddegJlgdolbomgol 12 dg@Mo wosdgB®ol mxglgdydo Ggxwgddmols LsggemogossEom go®osbdol
‘d9d360l Lodgbogdm, Ggdbogn®o ws @gdbmmmyoydo obsdygmgds s shogro go®osbBol dgJdbols doGomswo
d035M0 Y gdgdo — 3OMAM5ds. ©sbgMag0l Gm@ds — 5 **.

3odmymbgds - “aolsdagmo 3s@odmery@o obGgbs”. Lododmggarml 3o@gbdo P 2342, wsbgdggol gm@ds — 2 **.
Lodo@mggenml dgos@omgdyeno dogngdol 2g9bg@sga@o dBsdol Lodbgo®m-boobgobdm ojgsmgdools dgddbols

Lo obdobomagderm s Lodgibogdm, ©odyols yobgomodgdols 3@ma@sds 199542002 (.§. wobgdmagol gm@ds — 5 **.
Lodo@mnggenmTo bodbgo@m-bsobgob@m wo®aol asobgoms@gdols do@omswo 0bBgagd@gsmg®o dsbols dgabe.
2004-2005-2006 §.§. ©obgdagol gm@ds — 5 **.

* - Lsdy9domlb gldgagoowsh 15 Fgmbg dgdo 3gMomeols aoliganols s bsdo@mggmml Lobgardfogml, Loddmms 3ogdodoli s@oqnegdsdmbsgmmgmdol asdm

bodydoml aobsoygdmgmdols a@ogo dmgblbe.

* %k - 0obgdggol ge@ds: 1 — dgmmpo 56 Fgbmemmyoygdo dmfymdommds; 2 — gybjiombommydo b bsggomogogsiom 3mbld@ygdaos b 3mddagdbo; 3 —

Log3@gbmlbm 56 LsGodm 3mbLEAMYJ3E0s ob gmddagdbo; 4 — 3mbdmldo 56 gsdofody Mgoaobgdymo gmblA®JEos 56 Jmd3emgdlbo; 5 — Lsdgibogmm
RIGIOPYORYN
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VII — ganagxs 99d35005Tgoaol 3090 3mbdmbydo s gosdofolgymo
Sboano boobgob®m 3md3emgJlgdols 3gJdbs.

D) sbogro momdol @owo gobsdamgmo jolbdmlby®o Gggmgl@m@ol 3gddbs.
335093900 ©o JmblE®odgds 9u9dbgds 2oblsggm@gdoygen 3Mobzo3gdl 4 + 25 dgdMo ©osdgd®ol dJmby 3mLImLiy@o
aobodggao  @ggwgdmdol  dglsddbgmse. o3  dbdog, [obs  3awsobbgs  [odmfgyamo  s3dgzemo  g3@sbols  LobylGol

3505390900l 3obEo 393900 HgnegJBMm@ols dogrmgsbo godd@gao 3mblE @300l 3oM5dgB@gdoloysb.

2) obsPengamo, Lodggmeem — 48 3g@®o dsgrols dJmbyg, Loog@odm bopol s bowysdwgdol dgJdbs.

boo a000g0s s AMSbL3IMOE0MdS 1 Gobjoab.

boaodegdols dsJbodogny@do aods@o@os — 12 dg@@o.

bools aosbosgob Fobos@dwgaymdaby sp9d0l wem — 7 +10 Fymo.
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PEKTOFY TFY3UHCHOTC OPIEHA JEHHHA

M. _sumapa )7 . H OPIEHA TPYJIOBOTO KPACHOTO SHAMEHH

a

N He TOIMTEXHWIECHOTO HECTUTYTA muerm B.H. JNEHMHA
0, o THHANGH =2

AKAJENIKY AH TCCP rosapemy JEHIZHTYPR
Apmmny AmOpoc mBEYY

ropon TommmcH

Mu o3maxoMEMECE ¢ padoTON RARNENATE TeXHMYEOKHX HAYK,
IZonesTe Bamero mHoTETyTa MEISMAPMAIBLM 3.B. "ocrasoBma BOO-
poca 0 paspadoTme HOBHX OgPeXTHBHHEX ENIOB BOSHAO-RHKZHEDHHEX
B CTpPOMTEABHHX KD\BGTWWR".

Yrasanean padora OpefCcTABASET ONpeNenEHENd HATepec LA
BOBHHO-HAXEHEDHOTO IEJA, TAK EAK OPeLIATAEMHE HOHOTDVEIMH AB-
JADTCA OPETHHAIBHEME .

CunTaer AeodXomMuen, 9To0n JoueHT MEISMAFMANBATA 3.B.
OponomERd ¢ Bamefl NoMONBD NAARHeHEYD pDAspACOTRY YRASEHHEX
BOOPOCOB.

Kpoue Toro, ¢ "llocTEHOBKOH BOONpocAa O paspaCOTHe HOBHX
sffeKTHBAHX EHIOE BOBHAO-WENEHEDHHX H CTDOMTENBHHX KOHCTDYH-
EA" neAecondpasHo OIHAKONETE HAYYAO-TEXHHYSCHKNES O[TaHHSANHH
HEESHepHEX Eofick Mmemcrepcrsa pdoponw CCCP yeTAHOBIeHHHN 00—

DEOEOM .

KOMAHIMP BOWCKOBOHW YACTH 7383l
oecep
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npeEran nfs A-II78 m CEME "Crpomtensorzo” ITH am., B.H.Jenm-

Ha"

TipAfcxeHRe: YOOMAHYTHR NpoToRoX My 40/697, sxs. B I, ma

2=X JRCTEX, CERPETHO.

U;‘J‘—‘\f Tnammuit ROECTPYRTOD M"I JHymenon/
Ny

]
M s, 5 i

| H. iy

n/a A-I178 u CHHE "Crpowreascrso” TIH
M. B.W demuna o7 23 mapra T98Ir,

Lpieyrorsosam:

- OT OpeanpuaTHs o/ A-IIT8 SeMecTHTeas I'aHEDAILHOTD
nonerpynropa lasunos U.l., rasssuii kororpyrrop Kymemos K., ,
SaMecrNTENs MRABHOIO HoECTpykTopa 3amcon M.B., Kyssenos B.T.,
Wzanos B.0,, Kypamos A.I',, Tavensos H.A.,

- or CHAE "Cspowrensorso [N mm. B.li.Jemuna
Mensuapnampuau 9.8, - pyxopouureas, larasa 0.8., Eme H.E.,
Hueaanse P.i., Agesmsaan M.H,., Zegngae H.A.

Caywanw : c00GHeEMe DyROBOAKTENs rpynns Megswspwampuau J.B.
0 npoxeasHsoff patore no Tewe OPA-T B COOTBETCTERE G NyEKTOM
0 Banauud. A UK OCHOBHHE NPHELK~-
N NOCTPOSHMA OXJ4ZHWX GHTEHH, Ha OCHOBE KOTODHX OuwAM paspado-
TaHy I4 papMenTO cXeM. Byl NpoaEamMsupoBasy Kaxgas M3 oXeu
¥ NPMHATO CYNTATH HAWGDIEE LEASCODGDASHMME M3 HAX YETHPE Ba—
puanra: I, 3, II u I3. jisa NocNeAHAX MONYYHIN NONOEMTEIBEYD
OLEHKY TanEe ¢ TOYEM IPEHHA KOMNAKXTHOCTH M Mamok MECOH.
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HEX KOCMAYSCKMX 0OTPOHANPABAGHEEX DPASBODTHBANGEXCA BHTEHH.
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cuMTars Handolee NeXe¢o0dPASHEMM NPOPSdOTATH MOAPOCHO YETHDE
cXeun: I, 3, IT u I3.

3. lpn zaasdelimeif npopadioTEe HOBEX M BuOpaHHEX cXeM
JACINTE BEMMAHNG BOODOOEM fOPMMPOBAHEA KOABLA # 6T0 XSCTROCTM
AR ABYX MOOMGAEUX CXeM, a Taxks DABHOMEDHOCTH mepepacnpee-
WOHUA YCMIMH B PACKMX BIEMEHTAX.

4. [IpHCTyNNTE K M3TOTOBIEHHD MOAemel.

Jlg_z/ﬂ.il HTAELOR

T'ZaBHu KOHOTPYRTOP
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®  guaaxs  99d350053gomol  Lodgbogdem-
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30bImby®  ©sdado, mogolo  dsdmbdoyg@gds
0300l 3o 33mgo. >dols 90m-gh00
dogomomos  Lododmnggmml dg3bogdgdols s
39(360909e- 9604960 30my@gLols
Agl30dogn@o  Logmmdpobsgom  Lsddmb
b3gosey® Lbpmdsby asbbogmgmo Lsgombo
— “O xome pa6oT MO CO3JaHHUI0 CHENUHATLHBIX
KOHCTPYKIHHA W HCOBITATEJbHBIX CTEHIOB IO
paspaborkam I'pysunckoro IlonurexHuueckoro
Hucrutyta” ©Jdol dobgpgomsi BsbL, @™d
3dO©S 65390mdgd0L ©S bBgbrgdol
999695 mdoby, bodgmd, 039 biss
bganddegebgmmdes (396@@sma®o gmdodgdob
306ggmo  dwogobo, ©Jdol g3 3963@ob
dobggom doopm owsfyggdomgds:

“3. B cBI3W €O CTPOUTENHCTBOM CTAI[IOHAPHOU
HCIBITaTebHOM 0a3wl B ¢. TOa BopxkoMckoro paiiona
MunncrepcTBy ABTOMOOHMIIBHBIX JTOpOT I'py3uHCKON
CCP (1. Poburanmswm I'.B.):

— VYckoputh paboTBl 10 PEKOHCTPYKLUHU OPOTU
bopxomu—bakypuanu;

— obecreynTh BBINOJHEHUE 3aIUIAHMPOBAHHBIX Ha
TeKylMii TOX pPaboT [0 CTPOHMTENBCTBY JOPOTH
Bopxomu — c. T6a.”.

Tpysunckas CCP [/ £ 7
PECTIYEIHRAHCEHNR
ROOEINHAUIOHHBIT COBET

Lijsamggimml Ui
8BM0RIXNLS B BOUENOGTT.
SOIE0I06N S6MBGIUT

FOLATAENST40 LISMIMAROEIU0M ey HANKE 1 HAYMHO.
LOBAM TEXHHYECKOMY TPOTPECCY
G WM vor W7

[L2o078¢ x L0 or/b0
Ha N or

] HEHAE g
Tos, METSMAPHAIBUM 3,B.

fmomymaam Sarymxa BERTODORAY!

Hanpamndes BHTMCEY E3 DPOTORONA 38CENEHRE PECOyMRAHCROTO
EOODAMHEIECHACNO COBETA. IO HEyHe R HEYIHO-TEXEEYECROMY. Oporpeccy
or 6 mone I984 roge mo Bompocy - "0 xome pador mO. COSNAHED.CHE-.
IMIANBENX KOHOTpyMml ® HCINTETENBHHX CTEHNOB N0 paspadoTREM I'by-
SEHCKOIO NONETEIHHIGCKOrO RECTRATYTa EM.B.J.JeRmxa".

[Ipocii o0ecnewuTh BNTIQNHeHRe BOSJNOREHHEX Ha Bac mopydenml
HooprrEannosHCOro coBeTa.

lprrosenne: ymomgEyTos Ha £ X,

OreeTcTRoHAEN CeRpeTaph™ EVIATATZE
KoOpMiHaIECHRCrO COBETa,
BaMBCTATEND ICERaTEIA [9.‘, i

TocrouareTa I'pysaEcEal COCP
To Hayke M TEXARHE

(|4 rp Conprtie

M/’gd a.e.nvmwamuf’é:f_‘:, T Hec 3y

e bos Ut 3ga p g o 153
Eoep s Lty by 157160

30-9-347

HewansBErry CHE TTIH mM.B.H Je-

BHIMHCKA W3 TIPOTOKOJA XN 9 P

ACEMAAHA PECTIVBJHKAHCKOTO KOOPIHHALHOHHOTO
COBETA N0 HAYKE H HANMYHO-TEXHHYECKOMY MPOTrPECCY

or « B, 07 1gsdr.

6. 0 xone paGoT NO CO3NAMMD CIEIMATEMEX EOHCTDYKIUMA W WCITH-

TATSAbHEX CTEHNCH N0 afoTram SUHCKOTD MOAHTEXHHUGC KOTO

wncTaTyTa WM.B. W, Jonnna

(r.7.lesapouanae 3.A., Jozanse T.H.)

Sacmymas u ofcymus wndopmapm r.Joranse T.H. "0 xome paSor
no cugp.a.mm CNEUMANLHEX KOKCTPYKUAR ¥ MCTNTATENBHWX CTEHICB No
gaapa 0TkaM I'DyaWHCKOro noauTexsMueckoro WHCTHTYTE MM.B.A.JeHuHa™

ey CAMKAHCKMA KOODAMHAUMOHHEA COBET N0 HAYKE M HEYUHO-TEeXHHUE-
CKOMY MPOrpeccy NoCTaHOBRAET:

I. OtueTnTs, YTO MOCTe NMpemHNYMEro OCCYRIEHMA XOZA patoT no
CO3[AHHD CHEUMATBHLX KOHCTDYMIGI M HCOWTATENBHEX CTEHIOB HA 3&Ce-
Assuu PecryC, mogﬂ. 0 COBETA MO HBYKE M HAYYHO-
TEXHHUECHOMY Nporpeccy oT FHBADA Tol'v, MAHMCTEPCTBAMA, BEIOM-
CTBAMH, MPEIIDHATAAMA M ODPAHKIALMAMA, JAHATEMH JEMHOA MpofiemoR,
BENIOJIHEH 3HAYHTenbHHA Ofnem pafoT. Boasenen kaprac cTeMga paasep—

AHHA; HAXONATCA B NPOLECCE MATOTOBISHAR KOHCTPYKLMM NOBOPOTHOIO
YCTPOACTEA; W3reTOBJAEHN KOHTPOALHHE 00pasiy jeranefl Y3XCB OCHOBHOR
KOHCTDYKLWH; BeLyTCA CTHOMTENbHWe DASOTH MO COOPYMEHAD WMCTHTATelb-
;cﬂgcs;au B Car'ypem; B HAMEUEHHNX CPOK&X OCYUECTBAADTCA NPOEKTHHE

BuecTe © TeM, B CBA3M C 3A1eDEKOA NOCTEBOK HEOOXOLMMOrD 2Mex-
TPOMEXAHA4ECKOre COODYACBAHNA JANEQMABAETCA MOHTZX CTEHIA DAIBEp— -
THBAHHA M, KAX CAENCTBME®, CABUTANTCA CDOMM BRENIOJHEHMA BCEX })aﬁﬂ'l".fz,q‘"

p

2. [IpHHATE K CBENEeHMD, NTO NPOTOKCIBHEM DemeHAeM conemanua, o U
COCTOABWEroCA ¥ T.hukoasckoro B.B. 18 woHs 7.0 ® Pacnopaxendem °
Copera MmumcTpom I'pysuucxod CCP ¥ PC ot HOHR T.[. Ompefexe-
HM KOMKpETHNe OfBeMH W CPOKW pafoT 1o HCTIOJHHTENAM _wucmyn-&\h
UMM B_YK&SAHHEX DAGOTAX, ;

M MHHACTEDCTBAM, BELOMCTEAM, MDEITPUATHAM M CDIAHWSALNAM,
YUACTEYRINM B EWNOJHEHM T N0 COIARMHD CTNEIMATLHEX KOHCTDYKIM
i HCMNTATEALHLX CTEHIOB CUECTIENHTb MOXHOE M CBOBBDEMEHHOE BNIOAHEe-
HHE BOIACMEHHEX HA HAX J8narui.

3. B CBA3M CO CTDOMTENBCTBOM CTANMOHADHOR menuTaTenssHofl dasu
8 ¢.T6a Eop=omcroro paftona MMHMCTEDCTBY aBTOMOCHABHMX ACPOT [By-
amxcxrop CCP (r.PofyTamewm I.B.):

= YCrCDWTS DabOTH MO PeKOHCTPYXUMM Icpork Bopmomu-Eaxypiar;

- OfecieunTh BHMOMHEHME 3ENMAHMDOBAHHHX HA TEKYUWMR COL pagoT
N0 CTPOMTEABCTBY SOporM Bopmowm-c,Tfa.

Tmcxa popHa 0 _-W%ﬁk@nﬂm
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C0K03 COBETCKHX COUMANMCTHYECKHX PECNYSAUK
TOCYTAPCTBEHHBIH KOMHTET CCCP
10 JEXAM H30BPETEHHH H OTKPBITHH

CBHUIAETEJIbBCTBO
N

73756 !
Ha ocrosannn noaromounii, npeaocmasaehnbix Mpasumesbemson CCCPR,
locyaapemeennbin komumem CCCP po aexam maobpemennii n omkpbimuni
shipgs pacmosiee cemAemeAbemBo na npaeo uckamunmeabnoro noab-
sopanna mopannbim anakom (3nakom ofcaydkueanna ).

l':.m.\t'..\t::|:I'p§BH.Hcﬂ_l{ﬁ opnera JieHMHa # opreda Tpymosoro
KpacHoro 3HaMeHE NOJNHTEXHEYECKH HHCTHTYT EMeHm B.H.Je-
HuHa, 380075, r.TOwamcH, yx.leHuHa,77.

Sanpka N: 93485 Mpnopumem mosapnoro snoka I Mapra I982 r.

Saperncmpuposan 5 [ocyAapcmeennom peecmpe
mosapibix anakos CCCP

22 mapra 1983 r.

Ceuaemeabempo Aciicmsnmeabho

tc 0I.03.82. no 0I.02.92. 1
Aciicmene campemeAbcmBa  PACHPOCIPANACITICH
HEa BCIO MEDDRITIGRNID Cmo';sp cCcp

B e a
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1.01. IRIIXS 83935605T30RNOL 1d3IGENIAG™M LOFIFSMIBOL LSIAMSTMAOL() RS LOISGDZIRNMTO SRKROSGHIdS

Ha ctp.-314 ctp

' PasamelueHne BbIHOCHbIX ABUIATEAbHbIX YCTOHOBOK MAQHWPOBAAOCH €lle HA CTaHuWu
“Cantot-7" 1 Ha MoayAe “KBaHT”, KOTOPbIW, KAK YXKE€ YNOMMHAAOCH, AOAXEH BblA paboTarTh B
COCTQBE 3TOM CTAHUMWU. AASl TOrO NPEAYCMATPUBAAUCH CMNELMAAbHBIE KOHCTPYKTUBHbIE
3AEMEHTbI. [TEPBOHAYOALHO NPEANOAQraAdCh AO3ANPABKA STUX YCTAHOBOK. HO B mpouecce
pPaboT, yunTbiBas MOSIBAEHWE BO3MOXXHOCTU BbIHECEHWS 3TUX YCTAHOBOK HO BOAbLIME NASYM,
UCMOAb3Ysl HoBylo depmy “Codopa”, NMPUHIAM BAPWUAHT C YCTAHOBKOW QBTOHOMHBIX,
NepUoANHECKU 3aMEHSIEMbIX ABUTATEAbHbIX YCTAHOBOK HA 15-MeTpoBon depme Kak Hauboaee
npoctor U 3apdeKTUBHbIN CNocob yBeAVYEHUS YNPABASIIOLLEr0 MOMEHTA NPWU OPUEHTALUA.
Tenepb cTaHUms "Mup” nNpuobpeAa HOBOE KAYeCTBO: AOMOAHUTEAbHbIE BO3MOXHOCTM MO
YMNPABASIEMOCTU MPU BCE YCAOXKHSIIOLLENCS ee KOHPUrypauumm,,

CraTps — TEMaTHICCKOS HaIpaBJICHUC:

HAYUHO-NPOHIBOACTEENHOE r L

SHEPT M T N
Jl0AroBpEMEHHBIE OpPOUTAIBHBIE CTAHIIUK i e inor swex-soppecssmeary il 7T
FEHEPAJILHLIA KOHCTPYKTOR
HoBoro HanpasieHus. Ctp.294-331. e B e anmazee STy

72.72.9) w QRE-4/35T

Ha 8

ar ul

YIK. 629.78.658.5 (091) BBK 39.62 U.90 i Touamary: Tiwa Tooprwones: |
Eupasan Bam £ T
PAKETHO-KOCMMWYECKA 51 KOPITOPALIUS S e o gl
«OHEPI'MS» um. C.I1.Koponésa s LR
Tipowy Bac HAmY T peRTOpy ®
1946 — 1996 r.T. CKE ITY 3.B., & THKEe COTpyLHEMKAM
W3n-Bo «3Bueprus». 1997 1. I'm. pen. akagemMuk :-ﬁ » conzamee u:;::;on ammapesyp Bc:w:amm e
IOHCeMeHOB 671 ch. Hageesmca mwa cTous xe HEDEX
padoz. .
d
A ﬂ,{w*‘ﬁn e
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1.02. IRBIXS 83d85005F30ROL 1553IG60IA() 5OFTFSMIBOL LOIMNOTMAOLC) RS LOISAMZIRMIN SRNOSHIdS

CraThs — TEMAaTHISCKOS HaIpaBJICHUC:

I'py3oBbie kKocMuueckue kopabmu «[Iporpeccy» u
9KCIEPUMEHTAJIbHbIE PAabOTBI C HX HCIIOJIB30-
BaHueM. cTp. 333- 349.

YIK. 629.78.658.5 (091) BBK 39.62 U.90

PAKETHO-KOCMUWYECKAA KOPITOPALIMA
«OHEPT'US» um. C.I1.Koponésa
1946 — 1996 1.1
W3na-Bo «3Bueprus». 1997 r. ['n. pen.
akagemuk [O.I1.Ceménon. Ha Ctp. 671

Ha Ctp. 348

TexHn4yeckun akcnepumeHt “Kpab”

[OAOBHBIM PA3PABGOTYMKOM KOHCTPYKUMWM M MOCTAHOBLUMKOM 3KCNepuMeHTa 6binc HIMO
“DHeprus” (otaen 022, -HavanbHUK otaeAd KO.M. CMOABCKUIA, TEXHWYECKUA PYKOBOAMTEADL
A.l. YepHsisckuin). B paspaboTke, M3roToBAeHUW u otpabotke KK npuHUMaAM ydacTue
MHCcTUTYT 2AekTpoceapku um. E.O. MaroHa (B.E. MartoH), CKE MW wm. B.U. AeHuHa
(2.B. MeaamMapualLBUAK).
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Cratbst — TeMaTUYECKOE HAIIPaBJICHIUE:

MexmyHapoaHasi KOCMUYECKast CTaHIIUS
«Anbday. cTp. 494-504

YIK. 629.78.658.5 (091) BBK 39.62 U.90

PAKETHO-KOCMUHYECKAS KOPITOPALIMA
«QHEPTUA» um. C.I1.Koponésa
1946 — 1996 r.1.
W3n-Bo «3Oueprus». 1997 r. I'n. pen. akaneMuk
10.I1.Ceménos. Ha Ctp. 671

Ha Ctp. 498

Ha4ancsi HOBbIM  3TAN  COBMECTHOTO POCCUNCKO-OMEPUKAHCKOTO  NPOeKTUPOBAHMS
MEXXAYHOPOAHOW KOCMUYECKOR CTaHUMK, B aerycte 1993 road B BawwHrroHe aeneraumm PKA
u HACA pa3pabotaan KOHUEMNTYAABHYIO MOAEAB POCCUNCKO-OMEPUKAHCKOIo Co-
TRYAHWYECTBA NO NPOrPAMMAM MUAOCTHURYEMbIX MOAETOB, HAHYMHAS CO CTAHLMK “MUP” 1 KOHYaS
CO3AQHUEM MEXAYHAPOAHON KOCMUYECKOW CTAHUMKM HO 6asze NMAOTURYEMbIX KOCMUYECKINX
CTQHUMIA "Munp-2" 1 "Opuaom”. BbiAG BIAMMOCOIAACOBAHA KOHdUrypaums MKC B cocrtase
POCCUACKOW U AMEePUKAHCKOW YacTen. B coCTaB pOCCUMCKOM 4ACTU BXOAWAM OCHOBHLIE
SAEMEHTBl CTaHUMK "Mup-2”: 6a30BbIi OAOK, TPU Y3AOBbLIX CTbIKOBOYHBLIX MOAYASl, HAYYHO-
SHepreTMyecKkas NAQTGOpPMa, CTbIKOBOYHbBIM OTCEK-LAIO3, CAYXXEOHLIM MOAYAL C CUCTEMOMM
»XU3Heobecne4veHus, kopabaun “TMporpecc M” 1 “Coto3 TM”,

AA, Topwxos aAenceT coobiuerre No
OpEUTOABHOR CTaHLMK “Mup-2° Ha
MEKAYHODOAHOM CUMNOIHYME

CEKPETHO — TexHudeckue npemioKeHus THPEeKTopa 1 INIaBHOT0 KOHCTpyKTopa Mem3mapuansuiu O.B.
ITo pa3paboTke CHIOBBIX (PEPMEHHBIX KOHCTPYKLUH JUIsi OPOUTAIBHOTO KOMILIeKca «Mup-2»...
[oanuck: 3aMecTuTENb PYKOBOIUTEINS penpusTus 1/s B-2572

N.C.Edpemon
05.09.1988 r
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CraThs — TEMaTHYCCKOC HaIrpaBJICHUEC:

Mapcuanckuii mpoekt. Ctp. 1023-1031

YIK. 629.78.658.5 (091)

PAKETHO-KOCMUNYECKA A KOPITOPALIMA
«OHEPI'US» um. C.I1.Koponéra
«Ha py6esxe 1ByX BEKOB»
1996 — 2001 r.r.
M3a-Bo «3ueprusy. 2001 r. I'n. penakrop
akamemuk 1O.I1.Cem€non.. Ha Ctp. 1327

Ha Crp. 1023; 1024; 1025.

Ha crannnax «Canors 1 «Mups 0TpadaThIBAIHCL METOLL
PA3BEPTHIBAHIS B KOCMOCE NMPOTSKEHHBIX (PEPMEHHBIX KOHCT-
pykimii: 15-merpossix depy «Masiks, «Codopar, «Pananas.

HDBTUM_y e upc;LéTaBJmeT npolsieM coszanue JHHEHOM
300-werporoii hepybl /1A pasMelleHist conentbix Garapeit
MAPCHAHCKOTO Kopahis.,

PaBoune orcexn opburansuoll cramumn «Mups — npoToTHnsl opéHTATEHBIX

P 0

Kouuenms \'-:I|‘:'I.Ih||i'|.'l1|‘| DKCHSUHITHN B TIPOHEcee Paoot
LONMOJHAAACH M yTouHsaack. OcHoBHOE NOJ0KeHHe HCTOJTB3OBL
HHE LT MEKILTAHCTHONO NepeseTa Kllj?:l-’\.h-ﬂ CAIEKTPOPEARTHEH bI-

MH JIBUTATCTHMEL, ]Hll‘ll\lill{lll|||\|l| Had SHCPUHH, '|||Il'l_\'llillillllt'|‘| cILne

HOMHBIX conneansix Oarapeil. Pasmepnl kaagoil ua asyx Oarapeii
cocrasasior 300 x 300 s,
K nauany XX pexa Obli BRIIOAHEH 30aMNTEAbHBINH 00BEM

]!iI.I]JiII’NIIlII\' Mo MapcHaluCroMY I{{]'ikll’l_'lli] H ero oraeibHbIM
aleMeHTaM, NOIBOJIHBHINX PadBCpHYTh ]Iill’rilll.], obecneqanpa-

r.uan-ﬂ

B o ————— HIO “Swepran®
| pem—" ey
2

. B.MeRaeapEsmn ey D.1}.Ceueroa
(e e | 15800 2k o8 wor

NG

BHEZEHEFPHAR SAONCHRA

TUATORN BOAEARIEA N HRANIINE ROHCTRYERISRE
RRTEHCRHAE COOPYEEHNI FOCMMSEOROR OTANIIE REA
prepegimsn Wape®

Mecuas - Tomaken

1590
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CnyTHUKoBas cuctema cBs3u «3epkano-KC»

Anatonuii CaguH, reuepanbnbm AnpexkTop, reHepaﬂbHHﬁ
KoHcTpykTop LUHIO "Kometa", akagemuk PAH,

Muxawn 3akcoH, r1aBHbli Koucrpyxrop UHWN “Komerta”,
akanemuk MexgyHaponHoi AH EBpasun™ -

UHNO "Komera”, y coBmecTHo ¢ FKHMU wm. Xpywwyesa, HIMO
"Pagno”, MHCTHTYTOM KOCMMYecKMX coopyxXeHHWA W-mp. paspaborano
npoexr cnyﬂmxnuﬂ cBasu "3EPKAJIO-KC”, nﬁpw
cucremamn- "PYCHY-1" w "MOLQEPHHUIALMS- EC OBA” xomnnexc
cayv Te YHHKSUH He Ans
nposegeHus sTuXx paboT ynomMaHyTeie Bbile npeanpHATHS
obpasosanw AO3T "ACCOLIMALNA "KOCMOCBA3b”. Yxasom or 7
wona 1993 r. N 1020 npesugenr P® BE.H. Ensumn ogobpmun
npeanoXeHMs Mo peanw3auMM NPoexTa M NOPYYMA NPaBHTENLCTBY
P® oxassiBats cogedcTane B ero peanusaumu.
15 oxra6ps 1993 r. P yecKkoe areHTcTBO BbIGaNo HHMH ]
"Komera” nuu Ha " We (Bxmovam np
neuunm mmsuuoﬁ TH) H cHcTeMmbl CBA3MW

p Kc” 6 T cpefcTBaMH MHHHManbHeIX planepns Ha
KHX T TOB c GOABWMMH OCTP

-
=
e}
=
—

=
=
=
[—]
=
—3
=
=
=
=
=

=

aHTeHNamu”.

8-14 masn 1995 r. Jlesosoii Mup — “Business World” 33960 34.

B Hogb6pe 1992 rona B LIHIMO "KomeTta” co-
cTodnack BCTpeYa C AMPEKTOPOM NporpamMmbl
YuHsepcuTeTa uM. K. BawiuHrroHa H. P. Xenb-
Mon 1 nNpencrasutenem HACA a-pom Munnep-
oM. B otyete (cbopHuke JTEC/WIEC Panel on
Satelite Telecommunication Tom 2, mMapT 1993 T1.)
U crneumansHoM NUcbMe oTMmeyeHo: "30 meTpo-
Bas KOCMMUYecKasd aHTeHHa - BblAaloWmuica npm-
MEp PYCCKON NepenoBoil TEXHONOMN.

Coopnuke JTEC/WIEC Panel on Satelite
Telecommmunicattion tom 2, mapt 1993r.

gL ol 3gBompos, GmELsE  sdgHogzol  TggPmmgdbamo
BB gool gJu3gmGgdl, ygmgmmo Ladkmmns @gbdgdmo-zol
- boJodmnggemml  dmfobsgg Hgdbmmmpyos  “@gbgmnols
dnFobogg Bgdbmmmpyosw” doshbrsn.

09335, gL g3odbmwo, 1995 (gl Losgydgmop sy
300630370 300079390 0mgdob Q> “Lbegmose
bsodmm”  a®oggdol  Ioblbol ©ShJstgdsl  geoauxs
39335®05dg0e00l  Lodgzbogdm  FOmBgdby s oo
F909390bg,  obggg, oo Fodygbsl  LogHmsdm@olm
5M965bg Loodmggenml Lobgmom.
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“Made in Germany. Technology Products. And Services”.
Vol. XV, No 4, 1977. 1SS N 0179 — 6291. s3960. 24.

30030 “g30m37mo”  [odds@gds  gmpgxs 93dds@osdgogols
L53g360gHm-Bgdbogan®o dmmgsfgmdobs wsygsgdotes dob badydsml

Neogmondo >@05Agdgmo  3033560s “s0dmgd 3gb3 SgBmLagol-
086, Jodmggmo  mbbEegJdm@ols  ©s  3gi3bog@ol  Lsobgobde
0JOEM205 3g0dsbools ©s> Lsdstnggmml sewosblol Lsgydggmo
aobs  Sbymwo  msmdol  Ls@gmggmdgbogsgom  msbadybsg@ol
394860Lsmgol, Gmgmoi 3oBggmsre LfmGgo  a9®dsbool dbs@gd
S@OSGS, ©S BOE Jgim3Pmds oldmby®ds Losagbdmd ssEsLEIGS.

Mission Report
From: C.G.M. van ‘t Klooster

Attendance Deployment Test Large Deployable Offset Reflector
29 and 30 October, Thilisi, Georgian Technical University.

Two antenna models were realized for DASA under a bilateral contract with the
Institute of Space Constructions of the Georgian Technical University.

One model, a 13 m offset antenna, was deployed two times on the same day, under
two different conditions, as described below.

The second model was demonstrated in a deployed configuration and has a better
perspective, from mass point of view.

Mobile Radio Antennas
German-Georgian space alliance

ointly, Dornier

Satellitensystem
GmbH (DSS), a corporate
unit of Daimler-Benz
Aerospace, and the
Georgian Institute for
Space Construction (ICS)
are investigating the
feasibility of a large (12 to
17 meters in diameter)
unfurlable antenna for
communication satellites.
The study is also
analyzing whether there is a market for such a project.

In future, geostationary mobile radio communication
satellites could be equipped with large antennas, which would
be a prerequisite for the use of mobile phones. Conventional
mobile radio systems, such as Globalstar, require a world-
encompassing satellite network, whereas satellites in a
geostationary orbit are permanently positioned above the area
they serve.

Thus, a single satellite can provide cost-effective mobile
radio services for a whole region. However, the transmission
link of 36,000 kilometers, which is very long compared to
conventional communication satellites, requires particularly
powerful antennas.

Up to now, such antennas have only been developed by
U.S. companies. In the former Soviet Union, engineers have
been engaged in constructing large-scale unfurlable
structures. I1SC is the leader in this sector. The technology
required to build these antennas was used for both the
American SDI program and for its Soviet counterpart. 2
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J9®bsgno

AEROSPACE COURIER.

March-April, N 2, 1999. LEs@oo.
“30L3mbyoo Jbgomysds@o@osbo

3oL BEgmo HyBmgJHOGYmo 56@Hgbgde”.
0. 9809dmg0. 3. JobGgsos.

23900 64, 33960 65.

300390 JoOom o 3oLImbyg&o
md0gJ®ob  9gJdbol  3Gobz03gdo s
badgbogde  g3mgggdel  Ygrgpgoo
“098m9JBoGol” m@dodoby goygebsdoyg,
9339 04® S@05®gdyo0.

LarGge—Size Space—Deployable

Parabolic ANTENNAS

x includes the fallowing

40 mesars and

241

SIRCE RHTIEC -GIET Y

The development of orbiral
parabolic antennas began

as early as the 1980s,

bur their extensive use in space
TElECOMMUNICATION SysTems is just
beginning. The growing size of space
anTennas makes it possible

10 enhance this urilisation Facror.
LArGe—size ANTENNAS ARe especially
effecrive in mobile communication
aNd NAVIGATION SysTEms.

Designers uuolly regerd lrge-sze expandable
parabolc anlennas as mechanisms, However, heo-
raical and experimenial sudies, conducied for o
long ime by o group of specialls under e gu
dance of roessor Elguelzhi Medzmarashvi ot he

= o Company (Georgion Folechrical Irelec],

have shown lha il would be more corectfo regord
such sysems cs o combinaton o echarisms ond

.7, lorgespon suctues, Such an approach sibson

ol eforces shging eloblly, gy ond due
bilty o deployable shuclres,
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AF TP by

JAPANESE

ENGLISH

TATEIMIETICE E.él' : ~ July-August 1999

WES/ AT LEEARSD

J90bo@o — 5g0mgmldmlydo 336og@o — aodm3gds —
053069960 96mgsbo.
0gs000-5330L@™. Ne2. 1999,
L@os@oo - Q0©0
©9829JH0O 9o 2b@Hgbgdo.

30 LImbyco 2oL Y gem

dsbsgmgdo garagxs 3gd8s@0sdgoeols Lsdgizbog@m
In@goFgmdol sposdgdols gbsbygo.
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April 26, 1999 SPACE NEWS page4

‘Pagific Mobile Tel

By SIMON SARADLZHYAN
Space News Correspondent
MOSCOW — Russian and Georgian
space designers have developed a new
high-precision satellite antenna they
hope to sell to Western spacecraft
manufacturers if a test of the antenna
in orbit is successful later this year.
One of the main advantages of this
large-s¢ale transformable reflector an-
terma is that it deploys with high preci-
sion due to its unique design,
Chernyavsky, a designer with Rocket
Space Cormporation Energla, Korolew,
Russia, said in a phone interview,
Energia set up a joint venture with
Georglan Polytechnic Intellect Ltd.,
‘Ibilisi, Georgia, in the summer of 1008
to market the large-scale antennas,
which they jointly developed. The ven-
ture is called Energia-GFI Space (EGS).
The antenna, designed primarily for
geostationary mobile communications
satellites, can also be used in a Mol
Sixa-mc orbit, said Chris l;‘agnetta,
eputy ranaging director of Energia
Ltd., a U.S. division of Rocket Space

used for electronic listening satellites,”
Faranetta ssid In a phone interview
from hig Alexandria, Va., office.

The antenna would be used for the
same type of systems as the 12:25-me-
ter antenna Hughes Space & Communj-
cations Co. planned to use on its Asia-

s ap
ations

APMT (ecenty eancclled ite contract
with Hughes because the U.S. State De-
partment denied Hughes' application
for an export license for the satellite.

EGS plans to deploy a T-meter test
model of its deployable antenna at the
Russian Mir space station in July céro.:lu-
gust. But once more testing is e,
Faranetta said, “we will have the ability
to build larger antennas eventually.”

The antenna consists of 3 net made of
a gilded alloy, & central structure that
shapes the deploged antenna, ribs made
of an aluminum alloy and a front ring
that is driven by electric engines, ac-
cording o Chernyavsky, who co-de-
signed the antenna with Elguja Medz-
mariashvili of the Georglan Polytechnic
Intellect.

The precise deployment gives the an-
tenna an cige over antennas that rely
on hingey to unfold, Chemyavsky sald.
The hinges have clearances that hinder
high-precision deployment, he said.

Both Medzmariashvili and
Chernyavsky said that later models of
the new antenna will have ribs made of
carbon plastic, which will reduce the
weight of the structure.

A prototype of the &nterna was suc:
cessfully deployed in a ground facility
of Georgla's Institute of Space Con-
structions cutside Thilisi on March 20,
according to EGS' web site.

EGS has been approached by poten-
tial cli who are waltting to see the

(APMT) te project, Faranetta
sald. “Just like APMT. Same applica-
tion,” he sald.

outcome of the Mir tests, Faranetta
said. -

Sea ANTENNA, Paga 20

>dg@ogols

354gobols  @s dobo

G >g5m0

ANTENNA

From Page 4

The first customer will mogst
likely come from gutside the
United States, Faranetta ac-

wiedged
The U.5. market for these types
of antennas is dominated by
companien suéh as Harris Com-
mnmicatinmg lbourne, Fla,
mimiess i) 2f Msl! b

port regulations that have gl-
ready led to Hughes' loss of the
APMT contract.

Hughes chose TRW Astro Acro-
space to supply antennas for the
APMT and Thurays mobile com.
munications satellite projects,
said Hoghes spokesman Emery

EGS is "not just trying w capi
talize® on the problems U8 man-
ufucturers are having with ex-
Pust boduvaws, Turas ewa nnid

Carpenteria, Calif-based sub-
sidixry Ef TRW Space & Elec-
tronies Group, industry officlals
sald. me o Astro Aerc-
Space or Aerospace Lid
Toronto, Canada, in January.

In Jupan, Toshiba Corp. of
Tekyo is developing a 17-meter
g.w'ova.bie antenna for use on

c
Agency of Japan's Eb\guwe:ﬁlg
Test Satellite8, A small-scale
mode! of the antenna was tested
:Ium-sma serieg of parabolic

pete for contracts outside 'HM
United States because of stiff ex-

(om8mdoy gbgeo

Bgodogogee  Hopgodo
3obodEs 0bdgHglo s Jmemeobo 3oMggmo  Jodmygmo mldmby®o Mdogddol m@dodsby
253m30l ©sygadoao 3OMaMsdol dods@m, sG> Js@FM  sdgHoggaro,
20539 Aoblogygm®gdbon gg@magamo 9db3gMmEgdols ©s g3dm3geo 3md3sbogdols, MmIgmmms
dgoame  Js@mgols
d9dds@osdgoaols dog@ dgddbogno 3mblF@ ool Fo@ds@gdyem

The company sims to use iis
Russian-Georglan-developed
technology to offer a lower-cost
product that meets Western sean.
dards, he said.

Marrs Marconi Space of Velizy,
France, was unaware of the
Russian antenna project but will
follow its development with In-
terest, Matra spokesman Remi
Roland said in an interview,

Matra engineers In the past
have expressed frustration that
they have no cholce but to buy
Amezican for their East regional
sagi:ku-u!tphnnr profect.

ragng from tationary
orbit, the East aast:ﬁm is de-
signed to feature & 12-meter-dl-
ameter deployable satellite an.

2090399690 9mds

(396O®0sb

tenna >

Program managers for East
have not yet contracted with =
LS company for the entenna
and will not do so before the
project’s financing has advanced
further, Roland said. East is ten-
E::g;'cly scheduled for lagnch in

Independent Russlan space ex-
perts hailed the new antenna as
: wcr?‘ologlml breakthvough,

e saih W licies
within r.hen estermn spacgomuus.
oy could foll the joint venture's
plan to sell ity new product
abroad.

Ravil Nazirov, deputy director
of the Moscow-based Institute of
Space Studies, sald tn a phone
interview that he was impressad
with the technology but did not
expect massive sales to Western
manufasturers,

Tt would have easily won any
ideal tender, but not one where
protectionist pollcles dominate
as théy do everywhere in the
spuce industry,” Naxirov said.

Staff writer Peter B. de Seld.
ing contributed to this report
from Paris.

bEo@0sd

5330009dM©
303m3Esl mAdoF>bY.
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obBem®osdo  300ggeo  Jodmymo
3OLAmby®o ®dogddol “goldmby®
oEoligol”, gy®dboends — «HosocTH
KocMoHaBTHKH», Tom 9, (200) 3-31
moas 1999 — Lodo goh3geo LESGos
o9 3d™.

dsmnJo, 205 Js@mggeo 3@ @M gdols
dog®d, ol, @53 1999 (ol 23-28
0geolbl bpgdmwps 3mbdmldo, ©s @s3
Joomggemgdols 35350xggdsL  g353d0@-
©JOMES,  3OMBgLogm@E,  3BSBOIY-
@SR, RMJYIPHIGoR ©s> doggg@de-
390 @0l sbsbymo.

3anycK TpPaHCNOPTHOTO
kopabns «Mporpecc M-42»

rpy30BOro

A.Bradumupos. «Hosocmu Koc) Ku»

- 51.682°;

— HaK

16 wiona B 19:37:33.000 [IMB (16:37:33 UTC)
¢ nyckosor ycranoeku N5 nnowapkw 1 koc-
moppoma baiikoHyp Gbin npowsseped crapt
PH «Cow3-Y» (11A511Y N2667) ¢ TpaHcnopr-
HblM rpy30BBIM Kopabnem «llporpecc M-42»
(110615A55 N2242). Macca kopabns B MOMEHT
cTapTa coc 7150 kr. NpumepHo yepes
8 MMH 48.8 cex kopabinb OTAENMACA OT TPEThe#H
crynenn PH u ebiwen Ha opbuTty C napamerpa-
mu (1-# BUTOK, NapaMeTpbl HOMUHANLHOR Op-
GMTH NPMBEaRHL B CHOOKAX):

- HaknoHeHue — 51.658° (51.659);

- MURUMANLAGA abicoma — 193.9 km (192.7);

= MOKCUMANLHAR BEICOME = 247.8 Hm (245.1);
- nepuod ofipawenus — 88.613 muw (88.576).

MNonet kopabna npoxoAMn no cTakpapr-
HOM UMKnorpamme Be3 Kakux-nubo cywecr-
BEHHLIX OTKNOHeHWA. Ha Tpeteem BuTHE B
23:21:51 IMB 6bino nposepeHo nepsoe W3
naTH BrAoyenud Y, obecneuvsarouwmx
BCTpedy Kopabna ¢ opBUTanbHON CTaHyuew
Ha 34 eutke noneta. Mpopaborae 35.1 cek,
fiBMraTens obecneynn npupawieHue CKopocTH
14.43 m/c. Bropoe BHNIOYEHME COCTOANOCH
TaKme no nnaHy B 23:54:12 [IMB Ha yeTsep-
TOM BUTKe noneta. Bpema paGoTel ABMraTens
cocTasuno 19.0 cex, a npupaweHne CHOpoCTH
- 7.85 m/c. B peaynetate ucnonHeHns feyx
uMnynbcoe Kopabne Guin nepeseged Ha opbin-
Ty C napameTpamu (4-i BUTOK):

— MUHUMONLHAA BbICOMA — 244.6 KM;
— MOKCUMGNbHAA BLICOMa = 265.4 KM,
- nepuod obpawenus - 89.355 muH.

0Ba BHNIOYEHMA NPOWAKM MEMAY 30HAMM
PafMOBUAHMOCTH TPETLETD U YETBEPTOrD BUT-
Ka M «B TEMNe» KOHTPONMPOBATb MX He npep-
CTaBNANOCH BO3MOMHLIM. B 3TOM HeT Huyero
HeoBLIYHOMD, NOCKONEKY POCCHA yHE MHOMO
NeT He WCMonb3yeT KopabenbHble W3Mepu-
TeNbLHLIE KOMNEKCHI, 8 aNNapaTypel CBA3M Ye-
pes CAyTHWK-PeTPaHCNATOP Ha TPaHCNOPTHBIX
Kopabaax HET, HaK, BNPOMEM, HET Ceifac u ca-
MUX CNYTHUKOB-PETPAHCAATOPOB AnA obecne-
YeHUA NUAOTUPYEMOR nporpammbl. Tak 4ro
thakt ucnonHeHua (MAKW HEWCNOAHEHMA) MM-
NyNLCOB CTAHOBWTCA W3BECTHLIM YNPaBNeH-
4aM TONLKO HA YETBEPTOM BUTHE NPU BXOAE
wopabna B 3oy euanMoctH MN-1 Ha KocMo-
apome baitkoHyp. B npuHumMne, 310 He coBcem
KPMTU4HO, NOCKONbKY BAPMAHTHl Ha Cny4ail
HEWTATHOM CUTYaLUK NPOCYMTEIBAKTCA 3apa-
Hee M BCe CnymObl NOATOTOBNEHb! K 3TOMY.

17 wions Ha eutre 17 8 20:27:59 [AMB Geino
nposegeHo Tpetse eriodenue [1Y kopabns. Kak
06bI4HO, C NOMOLLBIO ITOMO BKAKHEHNS MCNpas-
NATCA OWWEKM WUCMOAHEHUA NpEfbifYLIMX
peyx v obecnedusaercs Gonee ontumansHoe
thasmpoeanue Kopabna w ctaHumm. B atot pas
BE/MYMHA NPUPALLEHNA CHOPOCTH COCTaBHNA
1.45 m/c, a spems paborel Auratens —3.54
cek. locne BKNIOUEHMA NapameTpsl OpBUTEl
«[porpeccas Gunn cnegyounmn (18-# BuToK):

~ HaknoHewue - 51.682°;

— MUHUMOABHOR BBICOMA = 246.5 HM;
= MOKCUMOALHAA Beicoma — 265.0 km;
- nepucd ofipawenus — 89.388 MuH.

18 wiona Bce paBoTel NPOWAKM NO NAAHY,
33 ucknoyeHuem Hebonbwux npobnem ¢ npo-
BEfleHHeM TPaeKTOpHbIX M3mepeHui, Ha 32 u
33 suTHax Kopabnb npoBen [ga BKNKYEHMSA,
ofecneyuBwnx ero Nepenet 8 OKPecTHOCTb
CTAHUMKM «Mup». ITH BKNIOYEHMA, KAK M BCE
nocnepylowpe ans cOAMKEHUA CO CTaHLMeN,
NPOBOAATCA B NONHOCTLIO ABTOMATMYECHOM
pexume. 0T Hazemuwix cnywb Tpebyerca
nuwb nepepars Ha Gopr «Mporpecca» sexTop
COCTOAHMA KOpabna, No KOTOPOMY Creynans-
HEIIA 3NTOPUTM CUCTEMbI YNPABNEHHA PACCHM-
ThIBAET Nepeslie 4se Koppekuun. A nocne To-
ro, KaK HayuHaer paborarb cuctema «HKypcs,
AN pacyeta mavespos chnumKenna ¢ «Mu-
POM® MCNONLIYIOTCA WIMEPEHUSA OTHOCHTENb-
HbIX NapaMeTPoB ABMMKEHWA Kopabina W cTauH-
umu. Beck npouect NoNHOCTLI0 aBTOMATHYEC-
KW, W ynpasneHubl (MM KOCMOHABTHI) MOTYT
B HEro BMELATLCA TONBKO HAa CaMmOM nocnep-
HEM y4acTKe nepef cTeiHOBKOW. Ha 3ToM 37a-
ne nofeta HaseMmHele cnymGel NPOBOAAT MO-
fenupoBanue paGoThl CUCTEMbI YNPaBNeHWA
KOpabna W nonyuaT PeweHwue, KOTOpoe C
Haubonslwel BEPOATHOCTLID ByAeT Noay4eHo
1 BopToBLIM KOMNBIOTEPOM.

B 20:53:21 [IMB Ha 34-Mm BuTKe nonera
(cooTeetcTeyer BuTKY 76638 noneta «Mupan)
«lporpecc M-42» ycnewHo COCTBIKOBANCA CO
cTanuuei. Opbuta KoMnaeKca nocne CrbiKoB-
KW MMena cnefyolmue napamMerpel:

— HaKNOHeHUe — 51.684°;

= MUHUMO/IEHOA BbICOMA = 348.8 im;
~ MOKCUMANbHAA Bbicoma — 365.1 km;
- nepuod ofpawenua — 91.474 mun,
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J6Hbsgro — «HoocTH
KocMoHaBTHKH». Tom 9. (200)
3-31 uroas 1999

LEsGos — 3amyck
TPAHCHOPTHOIO IPy30BOI0
kopabJs «Ilporpecc M-42y.
533 ™™o — A. BiaauMupos.

33900 5, 33900 6, 339GwL0 7,
33900 8, 33960 9.

3anycK TPGQHCNOPTHOTO
rpy3oeoro kopab6na «Mporpecc M-42»

A Brodumupos. «HOS0CTIIL HOCMOHGETTUHLD

XOOMNCA B rOpA4YeM pe3epee, HO BCE HapgeR-
NKCk, 4TO pe3eps He noTpeByetca. Tak u nony-
unnock. CTLIKOBKA NPOM3OWNAA YyTh paHble
3annaHWpoBaHtoro cpoka, B 20:53:32 [MB
B aBToMatuyeckom pexume. Man-Neep nposo-
AWM 33NMCL MMKPOYCHOPEHWA NPH CTHIKDBKE
Ha annaparypy «[uHanabs.

Mocne 40-MWHYTHOTD KOHTPONA repme-
THYHOCTH KOCMOHABTHI OTKPLIK MoK B «lpo-
rPeccs M YCTaHOBMNM HeBLICTPOChEMHbIE 33-
MHMBI CTEIKA (KOCMOHABTBI B ABIYCTE BEPHYT-
cA Ha 3emnio, a «lporpeccs ocTaHetcs co
CTaHyMei). 3ateM OHM YCTAHOBHAM CHCTEMY
O4MCTKM atmocdepbl. Cnate KOCMOHaBTH
LAONKHB! BbAM YATH B 24 Yaca, HO A0 CHa N,
HOTAA NPUILAK NUCBMA M NOCBINKK U3 goMa?..
¥ Wan-Meepa B 3707 feHeb «Tpayp» — yMepnu
B3 CaMmua W3 HOBOrO NMOKONEHHA TPWTOHOB.
Bce-Taku OHM MeHee MMBYYME, YEM CaMKM
(kaw y nwogei...).

19 wmiona. 150/341 cytkw. MNocne 3aetpaka
Buktop Muxainosuy pasobpan cxems TOPY,
a Ceprei meHan GopT-QOKYMEHTAUMIO HA HO-
BYI0. 3aTEM KOCMOHABTHI AOAMHEI BbiNK BbiTa-
wute «Pedinextops u3 «Mporpeccas, Ho ow
oKa3anca oveHs Gonbwwm. Hapgo Buino mnm
CHUMaTL CTHIHOBOYHLIA y3en «llporpeccas unu
pa3bupare «Pednexkropr. MNocMotpes supeo-
thunsM 06 3TOM IKCNEPUMEHTE M NPOKOHCYNL-
THpoeaewuce ¢ LYMom, KOCMOHABTH pewnnm
nepeHecTit aHTeHHy 13 Kopabna, CHAB CTbIKO-
BOYHBIA y3en... HO Tonbko 3asTpa. Kpome
«Pednektopax», Ha 6oDT nnaHMpoBanock ne-

Mocne ofega poccuitCkWe KOCMOHABTHI
paGotanu & LWICO. Onu nposepuny Tenemer-
pHio co cratarapos, neperecnu obopynosa-
HMe B WNI030BOW OTCeK, NOAroTOBMAN (BMeC-
Te C IHbepe) BHyTPeHHMi BAOK annaparypsl
«3IK306MONOTUAY K NPEACTOAEMY AEMOHTE-
Ky BHEWHero 610Ka. IHbepe NOKOPMUN ABYX
€aMOK TPHTOHOB,

22 WonA. 153/344 cyTkW. B 3T0T AEHb 3KM-
nawt OTABIXan nepep patotol BHE CTAHLUM.
Beln NpoBepeH TecToewi TB-ceaHc anA npo-
BEPKN KaHana, YTOMHEHWE UWKNOTPaMMbl Bbi-

PEHECTH M HOBBIF Bonee vyBc HBIA Cne-

=

ry «3IK WA» Ha KOMNbKOTEDE,

KTp P ANA 3Kcnep Ta «Penakcauuan,
Aspees cpasy e npou3sen ero 3amey. Hau-
Mbep, NOMMMO NepeHoca rpy3oe, NPUHAN y4a-
ctHe B koHdepenyun O0H no mupHomMy Koc-
Mocy, KoTopas npoxoavna B Bexe. OH Tame
NOKOPMMN [BYX CAMOK TPHTOHOB. (A BOT KOp-
MWl W OH CAMLDB, KOTOPLIE YMEPAM BYEpa?)

Cepreit ABgees nposen NCCNefoBaHme re-
MOAMHAMHKM NPW [03IHPOBAHHOR duimyec-
KOW Harpy3xe, a Buktop Adanackes noroeo-
PMN € CeMbER.

20 wionA. 151,/342 cyTim. C yTpa KocMoHaBTLl
nepeHecny «Pedinektops, CHAB CTHIKOBOYHLIA
y3en «Mporpeccas, W 3aTem NOCTaBMAKN Y3EN HA
mecto. [lanee Adanactes w Asgees wayuanu
GOPT-AOKYMEHTALUMIO M LIWKNOTPaMMy BLIXOAA.

Mocne ofepa npepctosna nogroToBKa
«Pednextopa»r. HocMmoHaeTel por b

nposen TB-penopram Ha Ppanumio o xoae pa-
60T no 3xcnepumenTy «lenesncs.

Beyepom poccHiACKME KOCMOHABTLI NpoBe-
AW elWe ofMH 3KCnepuMenT «Penakcauuan.
Ha 310t pas wayyanace paBota gewrarenei ko-
pabna «Cow3» B COCTHIKOBAHHOM COCTOAHMM.
Dina 3toro komaHanp Ikunama Bukrop Adana-
CbeB NPOBEN [1Ba NOCAEOBATENBHBIX UMNYbLCA
ABMraTeneM NPUYANMBAHWA W OPHEHTALKN
[AN0-B. Cepre Aspees dmxcuposan pabory
ABMraTens 4epes unmomuHarop Ne1 mogyns
«Mpupopar, UCNONL3YA W HOBLIA CNEKTPOMETD.

21 wiona. 152/343 cytkun. Mepeoid paGotoit
poccHiicknx KocMoHaeTos Gwina nogroToska
KOHTERHEPa C MHCTPYMEHTaMW ANA BbIXOAA.
IHbepe B 3T0 BPEMA NPOBOAWN IKCNEPUMEHT
«Hornunabs W [eMOHTMpOBAN BHYTPEHHWIA

c L¥Mom, 410 3TMM OHW 3afMYTCA B WAIO30BOM
OTCEKE, a He B NPUBOPHO-HAYYHOM, KaK NNaHK-
poeanoce paHee. «Pednextops — Takoso yc-
NOBHOE HA3BAHWE AHTEHHB ByayuMx poccHil-
CHHX TeoCTaUMOHAPHLIX CNYTHUHOE CBA3M.
BO3IMOMHOCTE NPOBEPKH KOCMOHABTAMK MexXa-
HH3Ma PACKPLITHA AHTEHHBI JONMKHA NOBHCHTE

PYECKYK np e/IbHOCTL NpOeKTa.
Kocmonaetel nonpocuan LIYMN npucnate po-
NONHUTENBHYIO PAAHOrPAMMY NO 33[a4aM Che-
Mok ana Waw-Meepa IHbepe 8o BpeMa Boixoga
€ wHtopMauweid of Wcnons3yemon Kamepe,
XapaKkTepe CIOMETOB, NPOAONKHTENLHOCTH
coeMin. Han-MNben coxnadun naHuke no auc-

Xx0fa co cneyuanucramu. Hau-Meep nposen
pea ceawca akcnepumexta «HorHwnabr w
opnH ceanc no «Mnetuamorpadmuy. Pesyne-
TaThl OH NOArOTOBHA K oTnpaske 8 LIYM.

23 wonA. 154/345 cyteu. Bropoit Bbixop
B OTHPBITEIA KOCMOC B 3TOW 3KCNEAULIMMK. IKu-
nam ectan Kaw obuiuHo B 8 yTpa. MNocne ocmo-
Tpa CTaHUMM KOCMOHABTHI MPOBEAM MMKPO-
GMONOTMYECKNIA KOHTPONE MO4W, W3IMEpeHne
TEMNepatypel ¥ ApTEpHaNtHOTD AaBAEHUA.
Mocne 3aetpaka Buktop Adaunacses w Cep-
re ABeeB BLINOAHMAM W3MEPEHME Macchl

Bnok ypbl «Cnmkan (M3ydeHuwe Bo3-
AeACTBHA HOCMMYECKOTD WINYYEHWA HA INEK-
TPOHHBIE KOMNOHEHTE BHYTPH W CHApyMK
CTAHLMK, MCCNeoBaHMe PAfMALMOHHOR 06-
craHoeku). Orcex MHO, B koTopoM CTOMT an-
naparypa, UCNonb3yeTcA Kak pe3epeHbii npu
WNDI0BAHMH W MOMET GuiTe pasrepMeTvan-
poBaH. 3aTeMm KOCMOHABTHI NOATOTOBMAM ANA
CbeMoK hoToannapar «Xaccensbnagy, Buaeo-
Kkamepy «CoHu» u cobpany & «HeaHTe» cxemy
anektponutanua «Pedinextopas. MonytHo
OHM 3aMEHMNN BNOK KONOHOK DMHCTKM CHCTe-
Mbl pEreHepaunsy Bogsl 13 HOHAEHcara. Mau-
Mbep B 370 BPEMA NPOBOAMN IKCNEPUMEHT
wllanTanneces

Tena, 3avem nepewnu B Moaynb «KeauT-2»,

oTkpeiAK niokk B otcekn MHO 1 WCO u npu-

CTYNHAW K MEAKOHTPONIO M NPOBE] CBA3N.

JateMm nocneposana NPoBepPKa CHCTEM CHa-

danapoe u BCC.

B ceaHce 12:02-12:17 KOCMOHABTH A0-
noxunu B LIYT, 4TO OKOHYATENBHEH OCMOTP
ckathaHApPOR NPOBEMEH, CHADAMEHME OJETO,
NIOKH 3AKPLITH W YTO OHM FOTOBH K WAK30BA-
wio. UYN gaer gobpo Ha Hakano wnioloea-
HuA. Wawo3osanne Kak ofibiMHO 3aHANO 2 Ya-
ca, ¥ B 14:16, Ha MMHYTY NO3ME NNaHHPYEMO-
0, KOCMOHABTbI OTKPBINW IOK.
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J9®bsgro — «HosocTH
KOCMOHaBTUKM». Tom 9. (200)
3-31 uroas 1999

LEsGos — 3amycek
TPAHCHOPTHOTI'O IPY30BOr0
kopabast «IIporpecc M-42».
53@™c0 — A. BiiaaumMupos.
3330%0 5, 3390%0 6, 3ggGo 7,
33900 8, 333M%0 9.

3anyck TPGQHCNOPTHOTO
rpy3oeoro kopab6na «Mporpecc M-42»

A Baodumupos. «MHOBOCTIU KOCMOHGETTURLD

3akpws 33 cobod noK B 20:13, KoCMoOHag-
Tid NEPEEM AENOM JAHPENKH KNANAH Ha Bnoxe
«3K300MO0NOrMAY, 4TODL B HEM OCTANCA BaKy-
yu. 3atem AdaHacees W ABfiees Havanu ob-
pathoe whososakwe. Bocoranosue atmoche-
py & LUCO, oHW CHANK CHABAHAPE, NPOCYWKIKH
OfeMAY. 3aTeM OMW NPUBENH CTAHLMIO B MC-
XOAHOE COCTOAHKE, B YACTHOCTH NOACTLIKOBA-
NKW HAOENb CHCTEMB BAKYYMHUPOBAHKA TMPO-
AHHOBE B mopyne «HeawT-2». B ceawce
22:50-23:00 KOCMOHABTH BLINONHWAKW Mef-
KOHTPONL NOCNE BHX0AA. 3aTeM OHU NOeK U
ele ABa C NONDBHHOM YaCa BLINONHANK HeoT-
NOWHbIE PAGOTHI CHUMANKW BRATOCHOPHUKK CO
cKatanpp n BCC, cKag p
K CYWHE, CYWHNW NHHMI0 NOMAYH BOALI. Pabo-
Thi 3ATRAHYAWCH 4O NONTPETHETD HOYM.

B caoem AKCNPECC-0THETE O BLXOAS HOCMO-
HABTH CHA3ANK, YTO NPOBOAMAN KOHTPONL AaB-
nenus B otcexe NMHO Bo BpeMA WNK30BAHWA
€ 3aNMCEKD NOKA3AHWI MAHDBAHYYMETPA HA BU-
aeckamepy. MNoKaiaHwA QABNEHHA TAKOBHI:
13:16 — 577 mm, 13:20 - 574 mm, 13:30 - 576
MM, € 15:27 = 576.5 mm. Takwe OHW JONOHKNK
Pe3yneTaTel OCMOTPA BHEWHETD NOKA: Ha pein-
HOBOM YNNOTHEHWA ECTb CNEQN TEPMETHKA.

B tewn 21:28-22:01 UYN pazsepuyn
CTaHUMI0 npogonskoi oce Bazosoro Gnoka
BAONS NAOCKOCTA OpOMTEI: «CONHEYHARD Op-
GuTa KoHuMnace.

24 wwonA. 155/346 cyTkm. HocMoHaeTsl Bcra-
nw B 11:30. Mocne 3asTpaka OTKPeINM NKOK
B WAK30BOM OTCEH, OUEHHAM KONWYECTBO BO-
Asl 8 Hakax chadaHgpos W NPoOBENW Wx fo3a-
npasky. 3areM Hauvanwm cywky ckadanppos,
Dusnynetypon Adanaceesy w Aspeesy Guno

He bCA. B ABYX
BHUTHOB KOCMOHABTE Nepepaeany TB-comeTw
o suixofe 8 LY. Bevyepom kocmoHaeTsl 3a-
BEPWHNK CYWHKY CKadanapos, NOrosopuAn no
TenedioHy CO CBOMMM CeMbAMM. HOCMOHABTEI

25 mions. 156,347 cyTiM. ¥rpom Ko-
CMOHaBTH NPOBOAMAM OTOCHEMKY
CTaHUMKM UMPPOBLIM doTOaNNaPaTOM,
yrobel nepepats & LUYN camuie cee-
MUE CIOMETH 0 CBOER AEATENBHOCTH.
ITH CHUMKM ByayT MCnonb3OBaTHCA
8 MHTepHeTE GOHAOM CNaceHHA cTaH-
umn «Mup». Nepeganu own B LYN

W BugeorHGopMaLUio No BEX0AY.
Cneynanmcrel NWTAKTCA NOHATH,
NOYEMY HEe PACKPBINACH AHTEHHA «Pe-
tnextop». Ixunam no npockbe Iem-
N CAENan NpoBepKy 3NeKTPUHECKoR
uenu 1 oBHapyXun ee pasMeiKaHue.
3areM KOCMOHABTH NPOBOMUNW pe-
MOHT JIETHOM 3KCNEepUMEHTaNbLHOM
yeraHoeku J13Y-1M, kotopas ycra-
Hoenewa Ha «[lporpecce M-42».
Uens 3Toro sxcnepumenTa — obecne-
YeHWe CO3AaHuA ABYX(AIHON CHCTe-
Mbl TEPMOPEryNMPOBAHHA, T.8. xna-
AOTreHT HAXOAMTCA B COCTOAHMM M
KMAKOCTH W napa. [lo cWx nop chem
Tenna NPoBOAWNCA TONLKO NPH NOMOLLW MMA-
Koro xnaporexwta. Pabota ¢ 310 YCTAHOBKOW
nposoaunace UYMom astomatudeckw, bGes
YYACTMA IKUNANA, HO NPW BKNIOHEHUK HAcoCa
BO3HWKANKM GPOCKKM TOKa, Nnpessiwaswme 7.5 A,
W ABTOMAT 3aLUMTHI NEPHUOAHMYECKH e OTHNO-
yan. KocmouaeTel npoeeny 3aMeHy aeToMara
TokoBoi 3awnTel BCK 7.5 Ha Bonee mowHbid
npubop BCK 10, cHATwIR ¢ mogyna «Mpupopas.
MNpoBegexHbie TeCTH HACOCA NOKa3anW, 41O
ero cTabunbHan pabora BOCCTAHOBNEHA W 3KC-

NEPUMEHTB! MOTYT BbiTb NPOADIMKEHbI.

B0306HOBUNOCE AMCTAHUMOHHOE 30HAU-

coobwmnu 8 UYM, 4yTo npu noetopHoM Hou-
Tpone repMmeTudHocTH otcexa MHO Guno 3a-
thuke 0 NafeHue Ha 2 MM 33
Tpu vaca. Han-Meep B 3107 AeMb NPOBETPHA
TPHTOMOB W 3aNyCTMN HOBLIA IKCNEPHMEHT
F11 Ha ycTanoBke «Anuc-2». B 3T0T pa3 axc-
NEePHMENT 3ANYCTMACA CPasy, Beflb NOCNE 383~
pvi 16 wionA Man-Meep nepebpan scwo nek-
TPMUECHYHD CxeMy afnuc-2a,

P 3emnu (tepputopun CypaHa u Apa-
BHACKOrD N-0B3) annapatypoi MOMC-21.

26 miona. 157/348 cyTiu. IKMNan roToBUACA
K cnefyiouiemy Buixofia. Bo spema Hero npeg-
NONaraeTca BTOPOW Pa3 PacHPbITe AHTEHHY
«Pedinextops, ycTaHoeuTe annaparypy «Hu-
auKatop-¥reuka» (oTpaboTHa MetogMKM no
onpefeneHuio MECTa YTy pasrepMeTHInpo-
saHHeix KA), annaparypy «Cnpym» (onpegene-
HWe napameTpos cobcTBeHHoi atmocdepsl
CTAHUMK) M CHATL PAJL HAYYHOW annaparypel.
KocmonaeTsl mayumnm yuknorpammy Bwxoga,
NOAFOTOBMAK anNNapaTypy ¥ WHCTPYMEHT, No-
AOBpanK W YCTAHOBMAM CMEHHBIE 3NeMEHTH
cKahaHapoB, NPOBEPUAM rePMETHYHOCTL CHa-
(haHapos, BLINOAHWAK CENAPALMI0 TMAPOCHC-
Tem ckadangpos u BCC, nposepunu Tenemer-
puio co ckadanapos, nepeHecnn annaparypy
u unctpyment B LUCO. lononHuTensHo ux no-
NPOCUAM NPO3BOHMUTL Kabens nutaHus «Pe-
dinexTopax». 3ameyanmit K Kabeno Her.

Hau-Nbep 3anuManca ceoed nporpam-
moi. O npoeen TB-ceaHc o 3aseplieHnn IKC-
nepumenta «3IK306uoNorMA» M ABa ceawca
aKkcnepumenTa «Koruunab». B 3101 geHb an-
naparypoi MOMC-2 6otk oTcHATH CaHTearo
(HYunu) n Aprentuna,

27 wionAa. 158/349 cytn. B OCHOBHOM 3KHW-
nam orapxan. KoCMOHABTLI YTOMHANM UMKNO-
rpammy Beixona. Mau-Neep u Bukrop Adana-
CbEB NOAroTOBMAN «3IKI0BMONOTHIO» K BO3-
BPAWEHHID M YNOKWAK ee B TPAHCNOPTHBIA
Kopabne. IHbEpPE BHINOAHWA 3aNYCK IKCNepu-
menTa F12 Wa ycranosre «Annc-2».

27 WonA TexHuyeckan KoMmuccuA PKK
«IHEPrMAR NO PeIyNLTaTam NPOBEPKA INEKT-
PMYECKORA LENW fana 3aKnio4eHne 0 Hepep-
HOM NOACOEAWHEHWH 3NEHTPHYECKMX paibe-
MOB aHTeHHbl «Pednextops. MoAsunace Ha-
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J9&Hbsgoo — «HoBocTn
KocMOHaBTHKIW». Tom 9. (200)
3-31 uroas 1999

LEs@os —3amyck
TPAHCIOPTHOIO IPY30BOI0
kopabJs «Ilporpecc M-42».
5g@™@0 — A. BiaaumMupos.

33900 5, 339M©0 6, 33gGwEo0 7,
23300 8, 33960 9.

3anycK TPAGQHCNOPTHOrO
xopabna «Mporpecc M-42»

rpPy30OBOro

A Braodusmupos. «HOS0CmIL MOCMO TS HLD

JIEAA, 4TO B Xo4e NPeACTOALLEero Belx04a OHa
PacKpoeTCA NONHOCTLIO M 3IKCNepuMeHT «Pe-
dnektop» ByfeT AoBefeH [0 KOHUA.

¥ UYNa 6einn ceomn npobnemel. B 16:40 Ha
CTAHUMWWA BEIKNDYUNCA Bnox HKOHAWUWOHWPpO-
BaHuA «Bo3pyxan no curHanusaumn «flasne-
e BHB-3». Yepes Tpu Butka LUYMy ypanoce
ero BniouuTh. Kpome atoro, LY nepekniounn
Hacocel KoHTypa oborpesa KOB2 c Tpetbero
BapHaHTa Ha YeTBepTbik, YTO MPUBENO K Hyne-
BOMY nepenany AaeneHus. [pUwNocs BeIKNIO-
4uTh KoHTyp KOB2 1 BknounTh KoHTYp KOB1.

YenewHo npowen cbpoc uHdopmauuu
N0 AMCTAHLMOHHOMY 30HAMPOBAHMIO 3eMau
(033) Ha nyHKT B 06HMHCKe.

28 wiona. 159/350 cyTku. TpeTuil Bbixog
B OTKPBITHI KOCMOC B 3TOM 3KCNEAMUMM. KN~
na¥ BCTan Ha yac padbwe — B 7 yTpa. Mocne
OCMOTPa CTaHUWK KOCMOHABTHI NPOBENK MWUK-
pobMONOrMYECKUA KOHTPONL MOYM, U3Mepe-
HWEe TemnepaTypsl W apTepuanbHoro fgasne-
Hus. Mocne 3aeTpaka Adiavacees u Aspees
W3MEPUNM MACCHI Tena, 3aTeM nepewnu B Mo-
aynb «KBaHT-2», oTKpEINK NoKK B oTcekn MHO
 WCO 1 npUcTyNUAK K MEAKOHTPONI M Npo-
BEpKaM CBA3W. 3aTeM nocneposana npoBepka
cucrem ckadpanppos u BCC. Bee ananoruyHo
npeabigyileMy BbIXOAY, TONbKO Aenanu Koc-
MOHaBTHl BCe ObICTpee, NO3TOMY M WNKD30Ba-
HHE Ha4anock paHblue 3annaHWpoBaHHOrO
BPEMEHM, W OTKPLITWE NIOK3 COCTOANOCL He
B 13:12, KaKk nnaHuposanoce, a B 12:37.
Jakpeie 3a cobol nwok B 17:59, a He
8 18:54, KaK 6b110 3aNNaHMPOBAHO, KOCMOHAB-
Thl Nposenu obpatHoe wAaw3oBaHue. 3arem
OHW CHANW W NpocCylWWnW opemay, Npueenn
CTAHUMKD B UCXOAQHOE COCTOAHWE, BbINOAHWAK

MepKoHTponk. B 22 yaca oHu noyxuHanu (ne-
pepeiB B ege coctasun bonee 13 yacos) W euje
[1Ba C NONOBUHON Yaca CHUMaNU BnarocbopHu-
Ku co ckadaHppos u BCC, roTosunu cradana-
Phl K CyLWKe, CYLWUAKW NTUHKIO nogadun soasl. Pa-
60Tbl 3aKOHYMIUCD K 1 Yacy HOYM. Ikunax eue
pa3s ocMOTpen BHeWHWA Niok W obHapyxun no-
BPEX[EHUE Pe3uHbl — CKON pa3MepomM 2.5 MM
MemAy 9 1 6 JONONHUTENbHBIMU 3aMKaMK.

Wan-Neep pemoHTMpoBan annaparypy
«Anuc-2», KOTOpas BbIKNIOYMNACH, HE 3aBep-
WKB IKCMEPUMEHT.

29 wiona. 160/351 cyTku. KocMOHaBTHI BCTaNK
8 10 vacoe. MNocne 3asTpaka Obina BHNKOYEHA
annaparypa «CnpyT», NnpoBeaeH ceaxc nepega-
4 WHGOpMALMK NO TENEBU3UOHHOMY KaHany
yepe3 6nok-TpaHcopmep (M3-3a NNOXOro Ka-
yecTea u3obpameHua MHGOPMaUMA nonyyeHa
He Gbina). 3ateM KOCMOHABTHI HavanW Cywky
ckachanppoe. Puskynstypa Adanacsesy u As-
feesy Gbina 3annaHnpoeaHa B 0OA3aTeNbHOM
nopapke. BeyepoM KOCMOHABTHI 3aBepwunu
CYWKY cKathaHapos M YNOMWAKM WX HA XpaHe-
Hue. BCC Toxe ynomunu. 3aKpuinu nioK B oTcex
MHO 1 Hayanu noBepKy ero repMeTUYHOCTH.

au-lMbep sepHyn BNOK INEKTPOHWKYM an-
naparypbl «CnuKa» Ha npexHee mecto, npo-
Ben ceaHc aKcnepumedta BSMD, BbinonHan
KOHTPOAL paboTel annapatypsl «Anuc-2». OHa
cHosa B pa6orte. 3aro onaTb oTkazano N3Y
8 nofcucreme cbopa coobuienui MCC N22, Ko-
Topoe AdaHacees MEHAN 5 HIONA.

LIYN npoeen ceaHc HabnoAeHuiA 3a LeHTPOM
[anakTuku, ncnonb3ya KoMnnexce «PexTrexy.

30 wiona. 161/352 cytru. Poccuitckue Kocmo-
HaBTbl Ha4anu roTOBWUTLCA K YCTAHOBKE HOBOTO

6noka ynpaeneHus opuentauuen (BYMO), ko-
TOpbIA ByAET YNPaBnATh CTaHUWed BO BpeMa
6ecnunoTHoro noneta. B oCHOBHOM 3TUM 3aHMK-
mancs Cepreit, On nepenec 6nok u3 «fporpec-
€a», U3YYUN METOAUKY [EeMOHTaWa pe3epBHOM
BbIYMCNUTENLHOH MalWHbI «AproH-166» u 3a-
meHbl ee Ha bY0. Man-Tbep nposen akcnepu-
meHT «Du3uonab-0fiHT», Bukrop emy nomoran.
Mocne obepa Adanacbes neperec obopynosa-
HMe, AEMOHTUPOBAHHOE BO BPEMA BLIXOA],
B GLITOBOWM OTCEK Kopabns «Co3» Ana Bo3Bpa-
weHns. Ceprei u Mau-Mbep 3amMeHnnu e ak-
KymynaTopHble Gatapeu B bazosom Gnoke Ha
HoBble, npuwenwue Ha «lporpecce.

beina nposegeHa u exemecauHas npodu-
NaKTUKA KNANaHOB CMCTEMBbI BaKYYMUPOBaHWA
rupopuHoB. XaH-lbep BbINOAHKUA elie OAUH
ceaHc BSMD, aea pasa u3menan obbem B Tep-
MocTare annaparypsl «Anuc-2».

31(Mnan<y HE noMellana BbiNONHWTL 3TH
paboTbl Aaye aBapuA BbIMMCNUTENbHOH Ma-
wwHel LUBM1, kotopas npou3owna s 13:22:21
NpW BBINONHEHWW 3IKCNEPUMEHTA «PeHTren»
M3-33 OWWBKW B COCTABNEHWM NPOrpaMMel.
Ha4anu ocTaHaBnMBaTbCA rMPOANHSI.

31 niona. 162/353 cyTku. BuepawHas asapua
CUCTEMbl OPMEHTALMW OTPa3unach Ha pacno-
papke AHa skunama. LYMN socnons3oeanca
BHENNAHOBO OCTAHOBKOW FMPOAMHOB W NPU-
HAN peweHue moHTWpoBaTe BYMNO ceituac
(TOpMOXEHWe TMPOAWHOB NNAHWPOBANOCh Ha
2 aBrycra), No3aToMy BMecTo oTabixa AdaHack-
€8 M ABfees NpoBenu AemoHTax «Apro-
Ha-16b» u monTaw BYMNO. 3atem oHu Hayanu
MOHTaX Kabenei ANA opraHv3auvu ynpasne-
Hua ot BYNO. Xau-Meep nposetpusan TpuTo-
HOB W KOHTpONMposan paboty «Anuc-2».
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—  ®53905-85@50gd9al  “IIporpecc
M-427-5;, golbdwldo N 1 @godmswe
333Jmbs  Jodmgmo  goldmlbydo
©309JB0 — »0JB@JHOG0”.

— Sbgmo @3  3oggmse  dmbs
LoJodomggemml obm@osTo. Lsjodm-
goe  Bogs  gobdmbyd  Lsbgend-
fogmms ®0gg90To, ©s gl gobbmo-

(G0gEES @06 LY PEo.

— 330emgdol hsdmbomgoemTo sbiggg
>@ol 5b@gbol dmbBsgol ggsbdo s

dsdmgol  3gm@o, Sbggg, FoFo-
3354580 »boLlge d@eE”-0,

Geodgmoi  gdb3g@odghd  ,.G98mad-
A®M@0”-bogol ogem asb6z7mgboga.

Mepeyens rpy3oe, gocragnsembix rpy3osbim kopabnem «fporpecc M-42»

B rpyzosom otcexe Kr
2795

hcnepuuem «Pednextops ~ cobicTeenno yaen , NYAT ynp

(2 par «Xace cnf TAMM; YKNOIKO «I'Espcem ynaaKa «Dasrom 6>;

| YNOAKG O 3KC y «Bonko-2As; yrnagra € cemenamm no
amepmm :Dpom:epena arperar p n.rm paryps eAnucas; Anep «Ynutkas;
bens-scTaska K Ikcnep y «Mapuss; i IOMEGA ZIP-Drive, o roKxe Hoyt6yk Life Book
€ nepedepuen, 2 MORKH W YKNGAKG C NOTOTHNOMM GHPME! ~ NO KOHTPOKTY ¢ Siemens; cpepcteo obecnevenis BKI w ap.
Obopygosanie gna AOOCHALLIEHH BOPTOBBIX CHCTEM: 509.7
Hacoc ¢ marnwution mydroi ans COTP Basosora Bnoxa, komnnest cpencts repmeTuaaum; moroBnox «Ksout-By
A% KoMaHAHOM pagmocucTems; 2 Bnoxa rupogunos [16-5, Gnok BYTO ans cucremst ynpasnenns asixenwen; xabeny
| OBopyaosarine cHcTems OBecneyeHHs ra3oBoro cocTaBa: 51
Komnnekr onepatueHoro KoHTPONA COCTABA QTMOCHEPS, YKNQAKH C NOMOTHTENAMH, POCKORHEIE EMXOCTH H Ap.
Obopyaosanme Aoob 96.9
2 6noKa KONOHOK OHCTIH AR CHCTEMS! perenepaumk Boas w3 xoupencato CPB-K2 Basosoro Bnoxa;
NPHEMHOE YCTPORCTBO, 3aryBHMKM, HOCOC PYHHOR M AP. AR cucTemsl «Popwmks mogyna «Keawt-2»

25 xouTediHepos ¢ nMWeH, caexwe npogykTy, 4 wabiopa npoayxTos,

NOKETH ANS KPOWEK W NOKETH ANA NHILEBLIX OTXDA0B

Benve, cpencTsa AMYHOM TMIMENS! M HHAHBHAYGNBHOM IOLLMTHI 117.0
& sxnogwwed k cnonsHeim mewxom, 60 komnnexros cnoptuekoro Benss sKomenus-CMs, cuennsie kocToms,

KoMEMHE30H ONEPATOPA, YRAOAKD HOCKOB W ap; cang " La Cyxue u 4 «AanuTas,

AKoMBOpT-33; MCTONHHKM NMTOHMS IR CHCTEMB MHOHBHOYONBHOR 3OWMTH

5 o o 25,1

4 noceinkm gne 3kunaxo (B 7.4, W xyprany <HoBOCTH KOCMOHOBTHKMS; YKNORKD € KOHUTOBOPOMM Ap.

T & abapy : 111
5 , candy « s ans PXHOCTH, YKAOMKO C XEBOTENLHOH PBIMHKOM,

ymounc Tedt k «Ki perHCTpaTopy®, YKAQAKD ¢
6 ymo.uck c npoénpkaun, ymwu «xochepas, nep@mpuropu Hap.

2HT, mwmm 47

formoura € He ; KHHO- 10 nnenox 35-mm, 3 kaccerw Belacom, kaccera Video-8,

3 uymur.ca-ru 3 xapr PCMCM s wibposoro onnopora AgFu uEp.

Topmee 253.6
Ormenurens 471.8
Kuenopon 278

Bona & ccteme ePomuiks 150

Tonnmeo ana opbuTansHoro xomnnexca 2600

Jkcnepument «Pednex-

TOp® N0 PACKPLITHID AHTEHHE

HOBOW HOHCTPYKUWK NpoBo-

JMTCA C LENLI0 HCCAEROBAHUA
MEXAHHYBCHUX X3APAKTEPHCTHH

W oTpaboTHM NPOUECCa pa3BepThiBAHMA M
dopmoobpazosanus  TpaHCchoOpMUpYEMOR
KPYNHOraBapHTHON PedinenToOpHOR AHTEHHI.
Jkcnepument Gein NOCTABNeH M NpoduHan-
CHPOBAH W3 BHEGIOUMETHLIX CPEACTE POCCHA-
CHO-TPY3IMHCKOR Komnawwed EGS (Energia-
GPI-Space). W3 pacwniposku abbpesuary-
Pil CTAHOBMTCA ACHBIM, 4TO B MENAYHapo[-
HyW KOMNaHWio BxoaAT PHK «3nepruas u
MW (Tpy3uHCKKi NONHTEXHUYECKHIA WHTEN-
nexr, TBuAMeH) npu yuactum MHeTuTyTa Hoc-
MUYECKHX COOPYMEHWA [PYINK. 3T aHTEHHA
pa3pab TPYIHHCKUMK i € Uensio
VETAHOBKW Ha reocTaUMOHAPHBIX CRYTHWKAX

CBA3K. «PedinenTops OCHOBLIBAETCA HA pa3-
paboTHax, KOTOPHE NPOBOAMAHCE B PYIMK
ewe 8 B0-e rogsl no 3akaly Muxucrepcrea
obopone CCCP. Otnuune 3T0M AHTEHHB OT HC-
NOMbIYEMbIX B HACTORLLEE BPEMA Ha reocTa-

HA - MECTKOCTE
KOHCTPYKUMK, Heobxoguman anA uwdposoro
TEne- M pag a Tanme @
CBAIH ¥ HABMIaUWH, 310 noasonAeT yMeHe-
WHTE pacceMsanue Ay4en, 4To noBwwaer
MOIHOCTE NPMHMMABMOTO CHIHANE M NPefoT-
BPalLEET YACTOTHLIE NOTEPH.

HOHCTPYHTHEHO aHTEHHA NpeacTaBnAeT
coboi oTpamarent napabonuyeckon dopMel c
BOCEMBIO 3Nk AN
TensHOro packpeitua. Cam pedinexrop cocro-
WT M3 [IBYX OCHOBHLIX YACTEH: CUNDBOMD KONL-
U@, PAcKp ero, u A vac-
TH, OBECNEYHBAIOWER reoMeTpUYecKyiD dop-

My oTpamarens. Mapamerpsl KOHCTRYKUMM aH-
TeHHbl: NG = Dy, w6400 mm, D, =5200 Mm,
sbicota — 1100 MM, Macca - 38 kr.

floka HOHCTPYHUMA paguanshux pebep
CABNAHA W3 METANNa, 3 B AanbHeRweM Gyner

BCA M3 KOMNC 1X Mate-
PMENOB, 4TO NO3BONKT @3 YBENWYEHHA Mac-
Chl YBEAWYHTE PAIMEps! anTeHHsl. Mokpeitue
AHTEHHE GYAET W3 NO3ONOYEHHDNH MBTANAN-
HECKON CETHM.

060 Beem 3TOM PACCHAIAN HAYANBHWK OT-
nena PKK «3uepruan A.F Mepuasckwi, Ou or-
METHA, 4TO «IHEPrMAD ANaNTUPOBANE FPYIHH-
CHYIO AHTEHHY N8 MCNLITAHWA Ha BopTy opbk-

390650 — «HoBocTn kocmMonaBTHKM». Tom 9. (200) 3-31 moas 1999
bBsG0s> — 3amyck TPaHCNOPTHOro rpy30Boro kopad.us «IIporpece M-42».
5330 — A. Baaaumupos. g3g@wo 5, 335000 6, 33960 7, 3390w0 8, a396w@0 9.

a «Mupw, Brina npogymanxa
cHcTeMa ee locTaski Ha Gopr (Ha «[porpecce
M-42»), paspaboTaH Cnocob Kpennewna aW-
TEHHE K MOHTAMHOMY KONBLLY, € NOMOWLI KO-
Toporo Ha «Codoper ycranaenusann BAY.
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obdmG05Bo JoBggmo JoGogmo mblmbydo ®dogddob
®@d0H>dg aoygsbol Fob, Folo gbgdsme@o mbLEGAIGO®
RS 999850053gomo  msbsds@o  3sbybolidygdmdon ©G
Pnsgigh goddb asbobogsgms:

L gobdolbygdo  gmbldGggool  393dsemdol
235bOEsL 13Bdgo udmodgdol Lobdgdgsol s8mygbgdom,
Gopsbs3 MBI0Gs@Y@ bspand ,Mup”-dg 5JL3g@odgbyl
999J@gdmes  ©slxBggddg gBo  Bgbosbmds, gogobggdom

a2JoBmdoforgdol  ggoeg@gboe

bsodgpemmdols

Ygu90bgdgdo  ©s
@S L50dgEemds.
23 ogmobob gJb3g@odgb@dol wsfygdol Fobs bLo@sdml —
22 ogmoll, ULssdmggmel Ggmggobool I s@bby, @80l
bH99G0lL LESHYLom, Fddmbgmolsl geanxs 97ddsG0s3g0mds
2565G3bows, GMd — ,bgser 0J6gds Lodbgamggdo gmbLbEEgJi00lL
35943560 ©> g gi@@mBmstsggdol db@og, 853@sd Jodmymo
36LEO9I305 Loodgoms s hggh gJb3gdodgbdl FodBodgdom
©o358m536gdm”.

HeypauHblii pesynbTar — T0Xe pe3ynbrar

Bropoi Boixop «Jlep6eHTOoB»

H.H3sexos. «Hosocmu KocMOHGBMUKUY

23 wiona Buktop Adauacees u Ceprei Aspe-
€8 COBEPWWAN BLIXOA B OTKPBITHIA KOCMOC.
Lenu srixopa Beinu cnegyiowmmu:

- pacKp bl «Ped.
wCogopas;
= CHAMUE annapamypsl «3Ik3oBuonozuss;
— 30KANOYUMENLHBIE ONEPAaYUL € NAGHILIEMOM
gk ye iJ
nosepxsocmu «KgaHma-2a.

p» HO hepme

HHbIM HO

OTKpuiTHE BLIXOQHOTO NKOHA NPOM3OW-
N0 BHE 30HbI PAAMOBUAMMOCTH POCCUIACKMX
HWMNoB Hag 3anafHon YacTeio ATnaHTudec-
Koro okeaHa 8 15:06 MJIB (no coobuye-
Huo H.-Mbepa IHbepe, KOTOPLIA BCe
BPEMA HAXOAWNCA Ha CBA3N W Bbi-
NONHAN BMAeOCkeMKY pabor ceo-
MX TOBApULLEH Yepes pasnuyHbie
unnomuHatopst). Jliok, Kak u no-
NOMEHO, OTKPLIBAN BOPTUHMEHED.

Bckope HOCMOHaBTH C nNoMO-
lbK BTOPOW rpy30BOW CTpenbl ne-
pebpanuce Ha HEPMEHHYI0 HOHCTPYK-
uuio «Cothopan, KOTOPYIO YCTAHOBMAM
Cepreit Kpukanes u Anaronuit Apuebapckuii
24 WIOHA 1991 r. AnA pa3sMeleHlA Ha Hen
BLIHOCHOW fBMraTensHoi ycranosku (BAY),
W NepetawmnM Tyaa yKnapky C aHTeHHOM.
VIMeHHO 3ieCh, HA CepefuHe 3TN hepMbl U
AOMKHA BbiNa PAcKpbITECA HOBAA aHTEHHa.

Bo spema nepemewenun Cepreit Asaees Ha-
wen spema cororpadmposare TpaHcnopT-
HbIA Kopabne.

TOYHO B COOTBETCTEMM C MHCTPYKUMAMM
KOCMOHaBTEl CHANW AKOPA C MOHTaMHOro
KONbLa, NepeHecny ero B 30Hy pabor M 3a-
Kpenunu Ha cepenude «Codopei». 3atem Ae-
pees w Abanaceer 3adMKCMpoBanK Ha IToM

HONbLUE YKNAafgKy €O CNOMEHHOW aHTEeHHOM.
Nocne 3TOro KOCMOHABTH! NPUCTYNUAK K pa3-
BEPTLIBAHUMID aHTeHHbl. OHM BLITAWMAW TpH
thHKCaTOpa M CHANKM THaHeBble Haknaaku. Bce
3TH ONeEpaUMKd HE BLI3BANKW HHKAKHX OCNOM-
HEHW#. 3atem GbiN CHAT TPAHCMOPTMPOBOY-
Hbli KOMYX (KAK YEXON CO CNOKEHHOrD 30H-
THKa). [lanee oHW NOACTHIKOBANM K aHTEHHe

LEo@oo: “HeynadHslii pe3yabraT — TOXe pe3ynbrar . sg@m@o — . M3BeHkos. 33. 6,7.
JuObsano: «HoBocTH KOCMOHABTUKM», T. 9, Ne 9(200). 3-31 mrons 1999.
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Heypaunbii pesynstar — ToXe pe3ynbrar

Bropoi Boixog «flep6eHTOoB»

gl ogw  3Gmgglombsgol  byLbEo  Tggslgds
»5O5L5GSG® goms@gdols” CRRELS s
LobgendFogmgddogo  3sbygboldygdmmdom  JggyboLsmgol
35656@00b do3g9s 9JL3gc@0896@ 00 T35 300
©s30mogMgdsdy, Go3 0Tgosmo Ygdmbgggss s Bom 9dgHglL
30L8mbsgE045To.

I. geoaaxs 99d85@0sdgomo  35Bobsiz mgmops ©s
sbgoi  ogmol, @md oo  bsdgsbogtm-Ggbogn®
bgmmol  Fodgdsdgdmmdol  golidmbdo o@ogob s35§0gdb.
@b 08, sbgmos bggedo 3sdods Lobgemdfogmgdobs o4
olobo 93dmogdglo Lobym8Fogmgdols ,,bogdgl 8mowgsgh
by ls”.

23 ogeooll  g@b3mbBo  ,o@0L53@oF™M o gds”
Bgodd6s, Fop@sd gl oG oge  Jodmamo  mbLEGIGo0l
3%dm.  g3gmoggdo gmaaxs  33dds@osTgomols  bgdemm
3o6boggemo  3G@abmbol BoBHamgddo bpgdewes s §ob,
bodemgmen  gods@ixggoolsggh  LoJodmggmme 830330
30gdotmngdmes.  boob@gdgbms  olog, @3  Gobsg
Jo0onmds  Bgmgedbgods dobzgb  Yggmsbgds — ,bgodo
bss@dggo ogm”, bbgs Jgggbol 9du3gdm@gads gsmgeyo,
396139d@ngs30 ®38030ldg@o 3&mpbabon Lbgs
25635639 gds 305390 — “Heyaaunblii pesy;bTaT — TOKe pe3yIbTaT .

INEKTPUULCKUA Kabens, NPONoKKUIK
ero no «Coope» W 3aKkpenunu B
HYMHOM MECTE NynsT YNpasneHus,
wotopeid Buktop Adadacees nog-
wnounn. Nocne 3toro BuinM CHATH
BEPXHWE W HHMHWE CTAMKM TPaHC-
NOPTHOM YKNAAKK, Teneps HU4TO He
MEWANo Pa3BepTbiBAHMIO AHTEHHI.
BoptHmeHep ¢ doToannapartom M
yexnom ana «flswkonas nepebpan-
A no cTpene K ocHosaHui «Codo-
Pbi®, W KOMBHAHP IKMNAMA C NyNLTA
BLfAN KOMaHOy Ha packpeiTve. 3a
7-8 MWHYT aHTeHHA fAonmHa Geina
PACKPLITLCA NONHOCTLID, WO 3ITOMD
He npowsowno. NpumepHo vepes
MHHYTY pa3BepruiBaHHe OCTAHOBW-
NOCh W AHTEHHY KaK Bl 3AKNMHKUAD.
HocMoHaBTEl flenanu Bce BO3MOM-
HOe, 4TobLl ee pa3bnoKMpoBath, HO
PAcKpPLITE HOBYIO KOHCTPYKLMIO TaK
W HE YAANOCh.

«[loKa aHTeHHa He packpkiBa-
eTCA, ...BOT HAKOHEU-TO pacKpei-
Nack, HO BCE-TAHW HE [0 KOHUA....
AHTenHy ocTasnreM u Gymem oTcT-
penneath Ha CNefylollem Beixoaes,
— AONOWMA IHMNAM € OpBuTLI.

Bpema NOAMMMAaNno M KOMaH-
AMP NPMHAN PelWeHHe NPeKPaTHTL
NONLITKH W 32BEPWNTE BRIXOO.

Beck Npouecc IHbepe CHUMaN Ha BUAeo-

Kamepy 13 ba3zosoro Gnoka.

Hy Kak TyT He nosepuTb B «crnas»! Mo-
p 1a «Pedinektop»
flanW aHOHC elle 0 Ha4ana BuX0Aa, BO Bpe-

cT W 3IHC

MA Npecc-KoHdepeHLuH.

PesnexTopD

Mpw aHanme npuywH Gbina B6IABMHYTE OO-
Ha W3 BEPCHA - HA HOBOR anTeHHe obpalosan-
CA MHEH, HOTOPWIA, 3AMEPIHYB B TEHM 3emnn,
He pan e packpeiThcA. M03TOMY AHTEHHY He
otaenwnm ot «Cohopei», Kak NNaHWPoOBaNoCs, a
PELHNM NONLITATLCA €8 NOrPeTs W PACKPLIT B
Cpefly, BO BPEMA CNE/YIOLLEND BLIXOAA.

3areM KOCMOHABTH C NOMOWLIO
cTpens nepebpanice Ha «Haant-2s,
FAR PACCTHIKOBANK PAILEMB H CHANNW
annaparypy 3JKcnepuMenta «3Ixio-
GHONOTHAR W NEPEHECAN 88 B WAK-
3080# CNEUNANEHEIA OTCEK, OTHYAA W
COBRPWANM BLIX0J]. 3aTem Gina cHA-
Ta annaparypa «fsuKons. ok Gun
3aKpeiT 8 20:13 [IMB. Ha 37om sbixof
ANWTENbHOCTHI0 6 Yacos 07 MuHyT
33BEPWNNCA.

Mocne esixopa Me NONPOCKAKW

P! P c 1y
CHTYaUWID  HawaneHMka  oTAena
«HpynHOrabapuTHLIX KOCMWYECKHX
KOHCTpyKUnAR PHH «3xeprias Anek-
caiapa Yeprasckoro. «B xope atoro
Buxofa «Pednextops Bein packpuT
npuMepHo Ha 60%. Cpasy ofpucosa-
NHCH ABE BOIMOMHEIE NPHYHHBE KHE-
AOPACKPLITHAR AHTEHHB — MEXaHH-
YecKan W anextpuueckan. lepsan
NPEANONATAeT HANKYHE HA KOHCTPYK-
UMM 3AMOPOMEHHOTO KOHEHCATA,
NOMEIIABILETD AHTEHHE PACHPHTLCA
Ao KoHua. Bropas moma Geie npw

A

HEMOCTLIKOBKE INEKTPOPATLEMOB, B
pelynkTaTe Yero We paBotanu anex-

POABMFATENH.
BapHaHT T0r0, 4TO KOHCTPYKLMA,
Ha Jemne, b pab

8§ YCNOBUAX HEBECOMOCTH, MCKNKOYANCS — Bbi-
NW NPOBEAEHE MCNLITAHMA KOHCTPYKLUMM HA
cTenpax obespewnsanna. H ewe, y Hac ects

HTO BO BREMA C BLIXDAT,
28 MIONA, KOCMOMABTE, MOMET BbiTh, CyMEIOT
PACTAHYTE AHTEHHY PyKAMM®,

LAo@oo: “HeynadHslii pe3ynbraT — TOKe pe3ynbrar . sgdm@o — W, U3BeHkoB. 3. 6,7.
J9Obsgano: «HoBocTH KOCMOHABTUKM», T. 9, Ne 9(200). 3-31 urons 1999.
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TOJIHBIN YCIIEX MOCJIEJIHEI'O BBIXO/IA.
J9bsgoo - HoBetn kocMoHaBTUKH. Tom 9. Ne
9(200). 3-31 mromsa 1999. sg@m@o - A. I'azapsH.
33000 8, 3ggHeo 9.

gaaRs  dgdds@osBgomols 8ogd  FgJ9bogmds
olbE®G0530 30kggms  Jo@mmBds  Jelideln@ds
®309JB> M@dd0dsbY, obFm@ogmo gsds@xggds
gy JeBorgmo
30LImbydo mdoglGo hsdmlomes Mm@ 0GS@YG
g@3mgdbl s gomsgoms  RSdmggorgdgm
056533030 m  m@dodoby.  6oBsbpmdmogos,
6m8 Jsdmagmo goldmbydo ®dogddol godmiaes

adL3g%0396@0,
boag®  ,,Mup“-3s  ©od3mog@s
>@lgdmds.  Jodorgmads ®d0gJHds
30LImboEsb gosgoms Ladgmms Jmbambsggogol

3mo03mgs, 3ol

oge Sergme O@3mons(3
0Gd0G s yd

ndgolo

»OCIEC) 83035607, boge osgobo Fo63s@gdomn
0dsl, ©md
359bEsMagm ,,3mbdmbydo LdbgmdFogm”.

©sbsds8o  Bobizs baJstnggene

' A.fazapsn.
«HoBOCMU KOCMOHABMUKUY

28 wiona. InameHaTensHo, 4TO 3TOT, BEpO-
ATHO NOCNEAHMA, BLIXOA CO CTAHUMK «Mupy
npowen ycnewwo. Bce 3annanuposauHeie
paBotel GbinM BLINONHeHw. Bocnponisogum
TOYHYID XPOHONOMHIO BLIXOAA.

Ha ceance ceasan 12.31-12.48 [IMB
c 3emned Gopruumenep Cepreit Asaees
ACNOHUN, 4TO BCE WAET NO NNAHY, KOCMO-
HaBTbl NEPEXONAT HA ABTOHOMHOE MHTAHHE.
Nox otkpet 8 12:37 AMB. Nocne eHuma-
TENBHOTD OCMOTPA Ha BHEWHel pe3uHKe
noKa KocMoHaeTel ofHapymmnn ckon. Ero
BENHYHHA OHOND 2 MM M HAXOAMTCA OH
B paidoHe 4-5 nAockocTH, Mnu npubaniu-
TenbHo Ha 1 4ac (Tax obosHauawT Mectopac-
NONOMEHME HA OKPYMHOCTH, CPABHWBAA C Ya-
CoBbIM UHdepbnatom).

Cearc ceaan 13:58-14:22 [IMB. «flep-
GeHThi» JOKNAALIEAIOT, YTO Lenb 3NeKTpHYec-
KOTD NUTAHWA BOCCTAHOBNEHA: aHTEHHA OT-
PHINACE NOAHOCThIO!

(Ha Ganwowe LYMa nukyer rpyausckas
AENEerauMs W NOCTAHOBIUMKK IKCMEPHMEHTA
W3 omaena «KpynHorabaputhbix kocMuuec-
KUX HOHCTPYKUMIA®).

Ceauc ceA3m 15:32-15:50 [IMB. Juu-
nam coobumn: «Passopaynsaem aHTEHHY Ha
180°». IHbepe nepepan Ha emnio TB-u306-
pasenme, Ha KoTopoM GLN0 BMAHO, KaK Koc-
MOHABTB OTTONKHYNM aHTeHHy oT OK «Mups.
OHa nnaeHO W BENWUECTBEHHO yXomuna oT

CTaHUMu, «3TO NOXOWE Ha KIEHOBbLIA NNCT,
OTOPBABWWICA OT fepesa W NAaHUPYIOUWMIA
Ha 3eMAI0...» — cKka3an Ceprei Aspees. 0ba
KOCMOHABTA NPOWANLHO MOMaxanw BCneg
YAANAIOWENCA aHTEHHE.,

- OrpomHoe cnacuo BaM OT BCex Hac,
ot lpyaun... — Gnarogapun «[lep6exToe»
A.l MepHaBcKMiA.

— Mpuefem, HaneATe CTaKaH4YMK XBaH4Ka-
pei! — BCNOMHMAN 0 «3eMHOM» Cepreit Aepees.

— Pefiara, eam Gyger no 10 NHTPOB BHHA,
a (paHuy3y — 8! — BOCTOPHEHHO KPHHAN 3KK-
namy Muwmko JKaHuKaweunu.

Ceanc ceasu 7:01-17:25 [MB. 3uunam
AOKNAALIBAET, YTO B COOTBETCTBMU C NPOFpaM-
MOW BBIXOfA CHATHI KAacCeTsl «MurMacy, pamMxa
«3IKpana-I», npubop «anko-M» cHAT C nnar-
thopmel «/IALL», M B HACTOALLEE BPEMA IKMNAMK
NLITAETCA YCTAHOBMTE Ha 3Ty nnatdopMy 3no-
nonyyHeli «CnpyT-VI». 310 yie TPeTLA NONLIT-
K3 «BLIHECTM» «HEBLIHOCHMbIHY «CnpyTs.

OCTAHOBMMCA HEMHOrO Ha 3ToM npubo-
pe. «OcHOBHBIM  Ha3HaveHwem npubopa
«CnpyT-VI» ABNAETCA KOHTPONL 33 OKpyXaK-
wum OK «Mup» KOCMMYECKMM NPOCTPAHCT-
BOM, — pacckasbiBaeT NOCTAaHOBLWMK 3KCne-
pumenta 0.P. Tpuropau (HUUAD MIY), — u,
NPeXae BCero, KOHTPONL TAKUX OCHOBHbLIX B0
$aKTopoB, KaK 3NEKTPOMArHUTHLIE M3NYYEHHA
B Pa3HblX YACTOTHBIX AWANA30HAX W 3aPAKEH-
Hble 4acTvubl PasnuyHbIX IHepruid. B 3Tod
cBA3M 3afaveit npubopa ABNAETCA perucTpa-
UMA Ha BOPTY CTaHUMM Ha CPEAHUX U BLICO-
KWUX WHPOTAX ECTECTBEHHBIX 3NEKTPOMArHMT-

HbIX M3NY4EHUM 1 NOTOKOB YaCTWL, CBA3AHHDIX,
Hanpumep, ¢ KpynHomacwTabHeIMK KaTacTpo-
MYECKUMN SBNEHWAMK U APYTUMK (aKTo-
pamy. MNepsasa nonbiTka ycTaHoBuTs «Cnpyt»
Ha HapyxHoii nosepxHoctn OK «Mup» bbina
npeanpuHaTa 11 HoAGpa 1998 r. lexHHaguem
Napankoi u Cepreem ABaeesbim.

«Torga Ha nnardopme, Kyaa AOMKHE Obl-
N YCTAHOBUTL NpuboOp, HE OKasanock pyKo-
ATKM, OTKPLIBAIOWEA DUHCUPYIOLWWE 3MKM,
W IKMNAKY ycTaHoBUTE «CNpyT» He yaanoce.
Ero 3aHecnu oBpaTtHO B CTAHLMWION, — Pa3bAC-
HUN NPUYMHY NEPBOIA HEYA3YM KypaTop anna-

parypsl «Cnpyt» ot PKK «3neprma» C.b.Pa-
Gyxa. B despane c 30-27 Ha GopT oTnpasuam
3anacHylo pyxoaTHy. Bo spema ssixopa 16
anpena c.r. B.Adanacees u ¥.-.3Hbepe He
CyMenu ycraHoBuTh «CnpyTe, TaK Kak He yK-
NapbiBanMch B UMKNorpaMmy swixopa. Cero-
axA «Cnpyte TOME [QOAFO «ynMpancas, He-
CMOTPA Ha Bce cTapaHmA «flepbexrosn. B Ha-
VIWHWKAX CAblWanock WX TAMEenoe AblXaHWe,
HakoHew, nobega! TpeTba NOMbITKA YCTAHOB-
wm «CnpyTar yeenyanacs ycnexom. (MNogrnn-
uenme «CnpyTa» 3aNNaHMPOBaHO Ha 3aBTpa.)

— Cepewa, y Teba crekno 3anoreno? —
NOWHTEPECOBANWCH € 3emMAu.

s Py‘IbHMH € HEro TéeYew.. — nocnegosan
OTBET,

Ceanc ceAsn 18:36-18:49 [IMB. Juunam
cooBuMn, 4o Nk Gen 3akpeT B 17.59 [AMB,
CeMyac OHWM 3aHWMAITCA C 3aMHAMM.

HocmoHaeTe npopaBoTtand 8 OTHPLITOM
HOCMOCE 5 4acoB 22 MUHYTEI.

No 3aeepwenun soixona Cepres Asgeesa
NO3APaBMAKM CPA3Y C ABYMA €70 CeroAHAWHM-
i obrneamMd — 10-M BLIXOAOM B OTKPLITHIA
HOCMOC W 350-MK CyTHAMK nonera.

WraK, HasepHOe, yWe MOMHO NORBECTH
WTOr: BCRro €O CTaHUMK «Mup» Buino ocywecTa-
NeHo 74 BLIX0AA B OTKPLITHIK KOCMOC. By Bet-
XOAbl CNOMHBIE, OYEHE CNOMHEE M CB&pJ(U'lOIK'
Hbie. 3a 6opTom NpoBeeHo B 0BLEH NOMHOCTH
354 yaca 40 mumyT (oKono 15 cyTok). CeroaHs
Buktop Adanacees w Cepren Asfees 3aKpeinm
nocne Beixoma MoKM cranumu «Mups. Momer
BbiTh, BCE-TAKK «KpaRHKiy pa3?
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Cratbs — TeMaTHYECKOE HAIIPaBJICHHE:

CopokaneTtne nepBoro nonéTa
4YenoBeK B KOCMMUYECKOE
NMPOCTPAHCTBO.

1300-1309 cTp.
YIK. 629.78.658.5 (091)

PAKETHO-KOCMMWNYECKA A
KOPITIOPALIVA «OHEPT US» um.
C.I1.Koponésa
«Ha pyOesxxe 1ByX BEKOB»
1996 — 2001 r.1.
W3n-Bo «Bueprusy». 2001 T.

I'n. penaxrop akagemux 1O.I1.Cemé&noB.
Crp. 1327

Ha Ctp.1307

Kopropannsi B pamMkaX MeXIYHAPOAHOH KOOIepaln,
‘B TOM YHCJIe C MPUBJIEYEHNEeM HAYYHO-TEXHUYECKOH 6asbl Ipy-
3MH, 3aJI0’KEHHON elle Bo BpeMeHa Co1o3a, BeieT paboThI Ha BHe-
OIOZIKETHOI OCHOBE IO CO3[AaHWMIO aHTEHH GOJIBIIOTO AMAMeTpa
(o 30 m). OHM He MMEIOT aHaJOrOB He TOJAbKO B Poccum,
HO u B EBpome n OyayT Bo MHOTOM OMNpeNeNsaTh AaJbHeHIIyio
NEPCIEKTUBY KOCMUYECKUX CUCTEM CBSI3U, HAOIIOEHUS U dHED-
rocHaOKeHus
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KpynnoraGaputhbie TpaschopMupyemsie
KOCMITYECKHE PedIeKTOPIbIE aHTeHHb!

B 1996 1. dpatasaaIoc cousamie i
Tyt

ISR, KOC-

g v MM HOSAMGKNE OCTROCTIE
dpesminmiol wocsineckolt encress ceeas Kpose 1o
IHEMMEAHENT YMETLIEF T HOCTE IELIYENI AIEIPATA (e

aodi e i olay 1 AlMIeITTa, TONMEIT TaKIng odpa-
OHIRECKYX
BOOBIMHE KOCMIHCCKEE ATCNIN TR OTHESITE MBI
TEAAM ETTRIM, OCIOBHBIE 13 KOTOPBIX:
PASSIE] PAABEIYTON ANTEITN;
[PAMED TRANCTOPTHOND KCTA ANTED
MBCCA ANTEHIL;
TOANOCTE 3EpcLn (oTpasmomedi nopepxRocT )
HECTROCTS KONCTYKITIL
HAACEHOCTE (Y € yueToM
soageficaidl.
Pasiee Gsia OpoBeell Pl KOCMENCCKIX KCTEPHMENTON 12
Gopry OC «Mugpe («Kpafis, «Cojopas, «Panmeas uap.) npo

MACHOCTh.

e CKB Tpyanmickon moanmexiinrsecksrn nncrimyTa. Da
PACTIOTATICT YIS nemaTaTes
SN KOMILHRCON, B ROTOpEl ot
eTenL 40w 178 mpe lfiapin i ohene:

UNMEANNA DEPRAID:
CTEI AR COOPKI I NCTIATAINGA M PAIBCTIdBANHE ANTE
1 GEAOM I YEAOBILNY IAMNTRLN HEBECOMOCTIE

cTEI AR # PLNOTED X XAPARTCRHCTIE Ak
TE

ruapodaccedin mraseTpos 40 M LT PAINEPTIARANIS WETEI-
WA T o B BOAC.

Ha crenanx aan ofIBeIIHBANIR, BANOIANLIXCR 1A SRCAE-
prssenTazsnoll Gase aroro CKB, orpafaranariocs anremms
woneTpyKInA « Kpatis W neckoanko Kpynnorafapimiss dep-
MEHITR KOCTPY I

B mone 1998 r. enew
cxo
MBCTHTYTA KOCMINCCIE CO0p:
anaenta Kopnopamm K001 Cesenoma npuerymi K noa-
FOTOBKE KOCMMMECKoro akcnepimenta = Peduekrope. Lleas

= . e Hpo-

CTPANCTRA | peduertopa

ATENIE N OOATICPKACINE DOECHEREng MroKoil TOnoers
it i\ . Mpn awcnep

GrLan OOCAE 00 TAnKI

ANTEN A opd e « Migpe ko~

Dopua .. Caemennas napaboamseckan (odwoemiia}
Passsep 1 pasnepHyTos HOSCHReL, M
MAKCHMATLHLI 4

ML - e - 5.1

Muec:

Bucora, m ... cen e CE R R P
Bpess pronepTaisanis, i ... DKo 8
Mpu padore nan kpy TpaHcop

P}
M GELY BRESTBIEH DAL BasHE npobaes. Oma na
COARAHNE OCTPC PABACHHLIX [I.‘{b.'ll.'k'ﬂ]l] X KOCMHHCCKIX
AEAMETPOM 0T 3 10 25 M.

Aas coananns KpynHorabapuTHEY pehackropisx anTel
W VCHCIIHON KOHKYPHPOBAHNA Ha PHHKC TAKHX AHTCHH 1O pe-
vienta PKK «3uepris K011 Cesmenona w npean-
WARNCKH NOANTEXHIMECKHTT MHTEAAERTS
[ Knnrepas s moae 1998 r 6110 0praHn3oBano coBMECTHOE

npeanpusTie « Energia—GPI—Spaces (EGS).
Cosaanue 3T0T0 NPEANPUATHA NOIBOJIAD COBMECTHTL

onuT 1 noTenmuas PKK
TEXHHKN 1 TEXHOAOEHN € MMERMIMCH ¥ KoM
CEIIL NOANTEXHNMECKIil HHTEAAEKTs H O-TEXHIMECKIM
onuToM paspaborkn KoneTpykunii Goo X PRIBEPTHEAEMBX
anTend (Anamerpos 10 30 M), AAET BOIMOKHOCTE HCMOTLI0-
BATh YHHKAIBHLIT CTEHAOBRIT KOMIICKE HIroTORICHIA, chop-
KI I MCITBITARNG Taknx antenn, npusatiesanii FTTH.
Broghe peatkHmM NpeACTARIACTCA BHIXO 11 ATHH 10
KOTOPOM B HACTORLICE BPeMA coprpos:
o ii COpoC 1A 2 PAIMEpOB,

Duepruas b oGIACTH KOCMUYECKOH
win «Ipyann-

B 1999 r. B pamkax srcie
KTope Hpes

npusTie EGS warotoniao of
pazen p
NOAHBIT LKA HSCMIBIY He-

shaekTopa, nponeso

OLITANAMI 0 MOCTAEIID €50
n PKK «Duepriss 118 akcic
PUMEIT B KOCMOCE,

Heanwo axciepusenTa « P
(IEKTOPS ALIRANCE:

.||i'!§'u'|i
im

IS Hil KOCMIeE-

anpe

woil opbime kopcTpyKi o

HOBOdE  CHCTEML

NPOLECCOM  PRSHEPTLBANI
SOHCTPYKIL;

oTpabaTka | X KO
MOCH TPOUECCE  PRSREDTH k-
s 1 thopaooGpaioig pe-

dhaekTOpROI KONCTPY KL

TOPNOR AT,

I MECTILTI

e
TN

HEpAHE I ¢
TU HECTIMMETPINIOND 1
HHOCTI POt
HAPYAETIA ATOMALTRILI DOIec
dhkcatnn dops

VETIING NPCACTARIAN colboil oTpaxa-

wsesonpell

ol pekpeTiod o

& PRANETITHBAIS PeduIeicTop:

TAKNIN I BRCOKOR TOMN-
W AOCTATOR s Peduren-
TOP COCTONA 1A ARYE OCHOBIBLE SACTEI: CIA0BOTD KOABIR, Pac-

B0 PYEIING, W HeHTPATEHOf dact,
| reoMeTpHYECKY D POpMY NOBEPXHOCTH OT-

HOCTHES (OB

OBECTIEY )

eEKETEAN,
llo nporpasse KOHTPOARHO-AOBOIOMNMX MCHMTAMMI na

erenaonoit Gase » Toancn 6ua nposesen noTHWN R s~

“Taxin ofpasos, 28 w1999 r. scnepisienrt «Peduestops
G THOOIOCTII0 BIOVIHEN, PESYARTATI BKCTICPHIMENTA IOATBE]-
AR BRECOKNE KAPAKTEPHCTIN KONCTRYRUS0 Kpynmaralapir-
HOTO TRAHCHHOPAIPY MO PeduieEToqa, & TAREE S0 HUTERHICTh

Aypras Space News naae 1999 £ (1, 10, No 17) onybamso-
s cvarei C. Capar 4 Boamosmsoe RRIEHe anTeni
noceniic THa i £ DRHKEs*

a_Mocxkma. Koncrpyirope Pocenn | CTI

TTALTIE HORY R IPALICHOME i 1Y, W

1N OAL NATENTCN NPOBIBATE 113 ST I RO

1T

TN ST ATeIE WL opdarTe, K

Ll

OIS Hi STOT O, npoliayT ¥

i Tpanciopapyesiii

058 13 FRARIMEX POy

4

OTpEEATEARNOR AT Goasme

AaeTpa

i

TR

HOCTE ROBEPTIBANINE, W10 ADCTIFRCTEN 36 ot

AT OHETRY K1
FHMBEUTLHON KONCTRY I,

CraThs — TEMaTHYCCKOC HarpaBJICHUC

KpynHoradaputHsie TpaHcopMupyeMble KOCMHYecKHe pedlieKTOPHbIe aHTeHHBbI. 8§79-885 c1p.
«Ha py0e:xe 1Byx Bexon». Y/1K.629.78.658.(001). PKK «9neprusi». 2001 r.
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3otggmo  Jodmgmo  geldmbydo
©030gJHob L53g36090m-Bgdb03960
999330 LsgomsTm@olem sSwostgdols
399,  JoOogmo  GggmydHm@el
d3bobg, obogwo  momdol  IGHsgoen-
396J30900  sbsdabogdgdols  gdo-
boli dglobgd, ggem3ynmo 3mlbdmbydo
bosygb@™l 930000, Lsgombols
3505793900l  dmmbmgbgdo  Lsbgad-
Fogmgdols ©> @3Ebmdogmo  30d3s5bo-
g%0l  3otggeo  3odgool  Fobsg
psobgs.

«Ha py6exe nByx BekoB». PKK

«Jueprus». 2001 1. gg9é@o 883,
23900 884.

B Kopnopauns Ha OCHOBAHMM KOHTPAKTa ¢ KOMIAHHEH
EGS B konie 1999 r. 66114 BHINYLIEHA KOHCTPYKTOPCKAA JIOKY -
MEHTAINA HA CHIOBOE KOABIO peduiekTopa ¢ HCNOAbL30BAHHEM
KOMIO3HIITHOHHBIX  MaTCPHAJIOB, [Tocae  neperosopon
FO.I1. Cemenosa na spictaske < Telecom-99» ¢ pykoroacTeoM
«Anenua CHaunos cOeiHaJIncThl 3ToH KOMIAHNN 3aNHTepeCo-
BAJTHCEH BOZMOMKHBIM COTPYAHHYECTEOM B padoTe Hal KpynHO-
rabapuTHBIME anTCHHAMI juaMeTpom 7..25 M. 25 ausaps
2000 r. 8 PKK «3JHeprusis COCTOSIOCH COBEHIAHNE CHEILHAIN-
CTOB KU[HIODHIII!H BO IJaBe € 3aMecTHTe/NeM TreHepaTbHOro
konerpykropa WM.C. Edipemobeim 1 jaeneranmn <« Ajenus
Craimos no raase ¢ pyKoBoJMTENeM OT/e/1a MeXall nKn anTeny

JI IHaanpo. 27 28 ausaps neperosopsl ObLAR NPOAGIKEHD
B —[“'.’]][.—l"‘.‘][, [5 STHX NEPEroBopax VHACTBOBAAN H CHECUHAIHCTDI
EGS Bo riase ¢ raasisiM KOHCTpYKTOpoM 3J.B. Meazmapuan-
B, Beina noaroropieda HHGpOPMAIHORHAN CTIPABKA JUIH
pykosogersa  <Anenns  Chnaumor o norenumane PKK

«JHeprune 1 EGS 1 BOAMOAHBIX HATIPDARNEHHUAK COTPYAHNYE-
crea B 0GJAACTH KPYNHOrabapUTHBIX Pa3BEpPTHIBAEMBIX pe-
(HIIEKTOPOB AHTEHH,

C 29 ansapa no 15 despana 2001 r. PKK <«Dneprus»
M. C.I1. Kopoaesa n EGS, ¢ oanoiil croporsl, 1 hupma < Anenns
Chaimos» — ¢ Apyroii, oAroTOBIIN 1 Hanpasian 8 Esponeiickoe
KOCMUYECKOE AreHTCTBO 3a4BKY 00 y4acTHu B TeHaepe, obbsB-
aennom B aexatpe 2000 r., no teme «Bonbias passepreiBaemas
peduiekTopHas aHTEeHHA UIA VAYHIICHHA MOOGHILHEIX KOMMYHH-
Kaiiits. PaboTta paccuuTaHa Ha JBa rojia ¥ JI0/KHA 3aKOHYHTRCH
30 urona 2001 r.

Coanana paGouasa esponeiickas rpynna («Anenns Cnaumos
(Uranus), EGS (Poccua—Ipyaua), HTS (Illseiinapus),
STEYR (Asctpus), SENER (Mcnauns), kotopas Gyner ectu
paboTsl 1o 3T TeMe.

PeaynbratoMm I0/KHA CTaTh eBponeiickasd kBanudHKaims
Go/IBLIOI pasBepTHIBAEMOil peduIeKTOPHOIT AHTEHHBI, CO3aHHOI
EGS, u, kak nUInyT akcneprsl «AneHna Crnainuos, «npHOpHTET
EGS B cosnannn takux antent B Eppone n xonkypenuns ¢up-
smam Harris u Astro s mupes.

Cosemanne 8 EGS (1. Tonancn) ¢ npeacrasurenasi <« Anenns Cnanmwor (cne-

pa wanpano): LI Kuwrepan, H.C. Wndgpuna, 2.B. Meaasapuamean,

JI Mammmo, A. I Uepuascruii, B. E. Binexkon

KpynHoraéaputHsie TpancopMupyeMble KOCMHYECKHE
pediiekTopHbie anTeHHBI. 879-885 cTp.
«Ha py0e:xe 1Byx BexoB». ¥ /1K.629.78.658.(001). PKK
«IHeprus». 2001 r.
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CTaTbhsl — TEMaTHYECKOE HaIpaBJICHUEC

HayuHo-nipuKiiagapie NccaeI0BaHus U
HKCIIEPUMEHTHI Ha OPOUTATIBLHOM
cranuu «Mwup». 311-353 crp.

«Ha py06exe nByx BekoB». PKK
«Oneprusn». 2001 1. g g9éo 311-353.

Hay4Ho-npuknagHble nuccnenoBaHus U 3KCNEPUMEHTbI
Ha op6GuTanbHon ctaHumn «Mup». 311-353 cTp. (344 cTp.)

[Iponosmxanocs ucciieoBa-
HUE HOBBIX MAaTEPHAJIOB U KOH-
cTpyKIuii. B ycmoBusix kocMo-
ca 6bi1 orpaboTaH Ipoiecc
pa3BepThiBaHMs 1 (hopmMooOpa-
30BaHMs KOHCTPYKI[MHM HOBOIO
MOKOJIEHUS — O(DCEeTHBIX KPYII-
HOTabAPUTHBIX pedIeKTOPHBIX
aHTeHH (aKcrepumeHT <«Pe-
¢aexTops»).  IlocraHoBUIIMK
akcriepuMenTa — PKK «9nep-
TUsi» C y4aCTUEM POCCHICKO-
rpy3unckoin komrnanuu EGS
(Energia-GPI Space). Paspa-
OOTYMKAMU ¥ U3TOTOBHUTEISIMU
AKCIIePUMEHTAJIbHOW ariapa-
TYPbl SIBJASIIOTCSI KOMITaHUA
EGS u PKK «9neprusi».

Crnenyer OTMETHUTH, 4UTO
B HEKOTOPBIX CJAydasiX KOCMO-

PackpbiTue pedJieKTopa B OTKPbITOM

KocMoce
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30tgger0 Jotrogao 30UL8ebc0

0309d@oL — ,098@gJB™@0”-b FoBmds@gda-
o 3o8mEES, G53 Jobdmbygdo Gglbmee-

30900l > 33mgggdol  Bopog  @sbyls
doo3gngbgl,  sbggg  odbs  s@os®gdneo,
G063 98nsgagbo  300@ds  0dobs, ™3
630G S@YHO 333 g Lo »Mup“-o,
dogbgosgo  mogolo bobrsbdnmmdobs,
3300353 0b5@b9bgdes  LogJldmas@siom
3505398 @ gdL.

«Ha py0e:ke 1ByX BEKOB».
YK.629.78.658.(001). PKK «Jneprusi». 2001r.

OCHOBHBIE MEpPONPHUATHS TIO 00ECTICUCHUIO
HAJEKHOCTH 0€30MacHOCTH OeCHUIOTHOTO
yuaacTka monéra. 189-211 ctp. (190 ctp.)

CraTps — TEMaTUUECKOE HaIIpaBJICHUC

I'pysosoii kopabub <«IIporpecc M-42» nocrasmn takxke Ha
6opt crannun «Mup» KOMILUIEKT 060pyI0BaHNs, HEOGXOTIMOTO
JUIsA Pa3BEePTHIBAHHSA HA OPOHTE OTPasKaTe sl aHTEHHBI JIHAMETPOM
6,4 M (coBMeCTHBII pocCHiiCKO-TPY3MHCKNI SKCIIEPUMEHT <Pe-
dnextop»).

ITOT IKCHEPUMEHT 3KHIIax 27-i OCHOBHOI sKCHeTHIIMH
YCHEeNIHO BBIMTOJHWIL, OCYIIECTBUB AJs atoro 23 u 28 mionsa
JIBa BBIXOJIA B OTKPBITBII KOCMOC.

Ot1paboTKa B HATYPHBIX YCAOBHMAX HEe MMEIONINX aHaIo-
rOB B MHpPE aBTOMATHMYECKH pasBopadMBaouiuxcs peduaex-
TOpoB Goabmworo auamerpa (or 6 a0 30 m) aBmaach eme
OJHMM yOeIUTEeAbHBIM MPUMEPOM MHOTOLETEBOTO HCTO.JIb-
30BaHMA craHuun <«Mups Kak VHHKaJAbHOH KOCMHYECKOI
naaT$hOpPMEL 7151 0TPAaBOTKH HOBBIX TEXHHUYECKHX PelIeHHii.
JxcnepuMeHT <«Peduiektops Mmosyuns BBICOKYIO OUEHKY
3apy6eKHBIX CHENHANHCTOR, PEHIAIUX npobreMy cosia-
HUSI COJTHEYHBIX 3€PKaj-KOHIEeHTPATOPOB M aHTEeHH O0Jib-
HIOTO ANaMeTpa.

OCHOBHBIE MEpONPUATHA IO OOECHEUCHUIO HAIEKHOCTH O€30MacHOCTH OeCMIOTHOTO
yuactka nonéra. 189-211 ctp. (190 ctp.)

Poduecstap i paiscpuy tos muie ia <tanim = Mps {(cemnips 1999 1)
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B Hactosuiee BpeMs pakeTHO-KOCMHYECKAS OTPAC/L — OJHA H3 HEMHOTHX B HbIHelHeH Poccun, lemMoHCT-
PUPYIOLIAA TPUMEP HE TO/IBKO BEIKHBACMOCTH B COKMBILMXCA IKOHOMHIECKHX YCIOBHAX, HO i NIporpec-
cd B pa3paboTKe HOBEHIINX KOCMHYECKHX HAYKOCMKHX TexHonorni XXI 8. [loknan o padorax B obnacrti
KOCMHYECKOH JHEPTeTHKH, BRINOJHEHHBIX KOLIEKTHBOM PakeTHO-KOCMHYECKOIl Kopriopaiyn “DHeprus”
um. C.I1. Koponesa coBMecTHO ¢ pyrumMu oprannsaiusmy, b1 3aciyiian ua sacepannu [pesmmyma
PAH 14 nexabpsa 1999 r. Hizke nyBiuKyeTcst COKpalleHHbIH BApHAHT JOKIaja.

HOBBIE POCCUMCKUE TEXHOJIOTUH
B PAKETHO-KOCMUYECKON TEXHUKE MOCIEXHUX JIET

10. I1. Cemenor

CerofHsa Halla OCHOBHAA 3a]a4a — HAWTH ONTH-

MajIbHBIE PELUECHHA N0 YMEHBIIEHHIO MAacchl 3epKa-
Na-KOHUEHTPATOpa. BakHOCTBIO 3TOH NpoGaeMbl
nponukToBano passeprhisanue B PKK “Oneprus”

umpokoro hpouTa padoT Mo TPETHEMY HaNpaBie-
‘{"2‘]158‘”015 886608({)86‘50)0 6665’9880015 0. Nop wazag “Iueprus” u Ipy3uHCKuil NOAHTEX-
HUYECKHI HHCTHTYT 00pa3oBani COBMECTHOE Npef-

3@8%09\)0‘3801) bema*’Q"{] 89{)60(’]?60 NPHATHE, KOTOPOE FOTOBHT K BLIMYCKY aBTOMaTHYE-
8{]686({)06‘330(‘\0015 80{]({) :Hadasosmo d(")l)a(’)- CKH pa3sBopayMBacMble KOCMHMECKHE pedilekTopbl

Gonbioro guameTpa (ot 6 go 30 M), He HMelOmHE

ananoros B Mupe (puc. 11). Keratw, ata paGora oT-
15'2]({)0 «’8‘8@8{16«’«’"{]@0 150156{]8&5 XXI KpBIBAET FPAHHO3HYIO NEPCIEKTHBY MO CO3AHHIO
HE TONBKO COMHEYHBIX 3epPKal-KOHUEHTPAaTOpOB

1)6"(']6"(’]601) d(’)ba(’f)b"(’](f)o 6{]36(’)9{)(’)608601) GOMBLIIONO MAMETPA, HO 1 AHTERH (Tabn. 4). D10 Ha-
3({)0@({)0686:8;1{, 3036(410)'2]9‘{’{]6659 O(']Sb NPABIEHHE B COMETAHHH C JICHTEABHOCTLIO 110 H3T0-

TOBICHHID TEPMOINEKTPOXHMHYCCKHX npcuﬁpa'm =

Puc. 11. Pecpnextop anameTpom 6.4 M B cBOGOIHOM KOC-

BaTeNei ARACTCA APUANIIHM NPHMEPOM HOBOI TPO- e i 6 i
65{’06({)86‘8@0. priBrOi Texuonornm XXI B, :r:;:;?t!Mr:;EF:;“:g;;i |09];;?_c}-m O OpIHTA LA
Ta6aaua 4. XapakrepucTnku peduieKTopa B BAPHAHTE AHTEHHBI H KOHUEHTPATOPa
ﬂu‘j({) 609\“0 — Bectuuk Poccuiickoii AKaI[CMI/II/I XapakTepHcTHKH Awnrenns! C i L-mranazona (o1 5 oM) Kounuenrparop
AMETD, 5-7 25-30 10
Hayk. Tom 70, Ne 8. Asrycr 2000. «Hayxka» AR e i , -l
MAUK «HAYKA/MHTEPITEPUOJIUKA» s 1]
o [} | = |
1560600 — «HoBsic POCCHUUCKUE TCXHOJIOTUU B laGapiiTel B TPAHCIOPTHOM NOMOXKEHHH, MM = i 8 i g
paKeTHO—KOCMI/I‘IeCKOﬁ TCXHHUKEC ITOCICAHUX JICT». __ Hlm e
Axanemuk  HOpmit  CemenoB.  696-709cTp. Macea, kr 45 ~200 ~65
(CTp7()5_H CTp706) TounoeTs OTpaKaoied NOBePXHOCTH, MM 34 12-15 4-5
Tun oTpaxkaouieil NOBEPXHOCTH C PazHON Merananueckoe Meranmmveckoe ANFOMHHH3HPOBAHHAS
PAIMEPHOCTLIO HYCEK CCTENOAOTHO CETENONOTHO naenka, € ~ 0.91
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MUPOBOM YPOBEHb KAYECTBA,
KPATYAMLLUE CPOKM 003IIAHIMI

BonbLLIO pe3oHaHe B MUPE Bbi3Ban aKcne—
pUMeHT «PecdnekTop», peann3oBaHHbIn Ha
cTaHuum «Mup» B 1999 ropy. Beina cozpana,

ucrnonb3ys BHEGOMKETHbIE CPEACTBA, 3KCne—
JEDR YRS 359356 05Bg0amols 309 pUMeHTanbHas KpynHorabaputHasi napabonu—
Bgd9Bog9d g0 3006303950 Lodbgp@e- yeckasi aHTeHHa AMaMeTpoM OKono 6,4 M, He
30Ldmbg@o Loobgobte mddggdlgdol “MeloLLas peasnbHbIX aHanoros B MUMPOBOW KO-
3mbbHOPoAgooLs, >Jbodseadoe odbs | cmonasTke. STa paspaboTka OTKPLIBAET k-
@goobgdgmo  obHmGosTo  JoGggeo pOKWE NepPCneKTVBbl MCNOMb30BaHNA TaKuX

JoOngmo 3@ bdmbyg@o ®3093Hob KOHCTPYKUWIA 1 B MHTEpecax MuHO60poHbI PO.
394965F0. LFmege 5356 gsbsdommds,

>bg39 S@05MYdS 0dolss, 63

“Jsamgmo 98 gJdm®”  gsblsgym-
@900 Lodbgdem ©sbodbymgdolsc

>&0b.

J9Obsano — Boennslii [Tapan. CeHTA0psh-

OKTS0pB. 5(53). 2002. AnTeHHa 6onbuoro AuamMeTpa B CBO60HOM
b o@G0s — «MHupoBOH ypoBEHb KauecTBa, Kocmu4eckom nonere

KpaTdaiime CpOK! CO3TaHU».
10.II.CEMEHOB. 50-52 CTp.
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Jma9xs 33935M05Tgogols Ladgibog-
Om-3gdbogn®  ©sMyBo  doefgggdl
do@ol  3603gbgemmgsbos  ol, @mI
dol  dogth YgJdbogoo, gmLImbAGO

Roo  yobsBmgmo  GyBEyIHOGY-
dobs @,  gmbiMgfumsr o,
obmdosdo  Jodggmo  JoBmgmo
3obdmlyco 0d03]@ob -
»0989JH0G0”-l  3oblFHgo@gdols
30063303300  Logydgamoe  ESgEM
9g0m3gemo  3mldmbygdo  Losygbdml
30@y@5dsl —  ULo@ g gsmdnbogsom
05653 bogdgdolomgols 000
2oboFamgemo Ggxaegldmeols 3gddbsls
— ab 9gdspaglbo @obyol swos®gdos
NEN dodGm IDYNRS
d9ddo®0sdgoamols, s@sdge dJnaosbow
LoJodnggaml oo gggdobs.

J9®bsgno — HoBoctn KocMoHaBTHKH.
Ne 2 (229). 2002.

LEo@ool sg@meo —
M.IToGenunckas. p3gtwo 67.

14 pexabps cocTosnach npe3eHTayus HOBO-
ro npeanpuatua HMO 3IC. 0 ero geatenbHoc-
TU KoppecnoHaeHT HK nonpocun pacckasats
3amMecTuTena reHepanbHoro avpektopa HMO
3MC A.lYepHasckoro.

HNO 3IC coapaHo Ha base PKK «Inepruan
W POCCUHCKO-TPY3MHCKON Komnawuu EGS
(Energia-GPI-Space; GPI - natuHckan a66pe-
suatypa MW - Tpy3uHckuit nonutexHuyec-
KUA MHTENNEKT).

Buecre co csoum naptHepom - wranein- BeIMrpeIBaeT TeHaep EKA

CKoit KomnaHueit Alenia Spazio (ALS) HNO 3rC
ctano nobeputenem obvasaeHHoro & 2000 r.
EBponeiickuM KOCMUYECKUM areHTCTBOM TeHpae-

AHTEHH NA KOMMYHM-
KAaUWOHHBIX CNYTHW-
kos. Memagy ALS w
HNO 3rC nognucado
cornalenne o co-
TPYAHHYELTBE Ha
10 ner. [lo 3roro Mo-
HONONUCTaMK B NPO-
W3BOACTBE KPYNHOra-
BapuTHLIX KOCMUYEC-
KUX @HTEHH RABANNCH
[BE  AMEPUKAHCKME
KomnauuK - Harris n
Astro, Kotopeie n3ro-
TaBNMBAIOT pa3sep-
ThiBaeMble pednekTo-
pbl HaK ANA CIYTHM-
KOB, NPHHAANEIKAWMX
CUIA, TaK u no 3aka-
3aM pyrix CTpaH.

pa Ha pa3paboTky GonbWWX pa3BepTbLIBAEMbIX

Pednexrop 6ein
pa3paboTaH rpy3MHCKUMU YHEHBIMU NOA py-
KosogcteoM npod. E.B.Mep3smapuaweuwnu c
LUENBIO YCTAHOBKW Ha re0CTalMOHapHBIX CNYT-
HWKaX CBA3W. 3KCﬂE|JHMEHT OCHOBLIBANCA Ha
pa3paboTkax, KOTOpble NPOBOAMAMCH B [py-
auu ewe ¢ BO-x rogoe Ha Basze Carypamo UH-
CTUTYTa KOCMUYECKWUX COOPYIEHWIA.

KoHcTpykTHBHO pednexTop npegcTagnan
coboit oTpamarens napabonuyeckoi hopmsl
C BOCEMbIO 3NEKTPONPUBOAAMM ANA NPUHYAK-
TenbHOro packpuiTua. Cam pecdnextop cocto-
AN W3 Tpex OCHOBHbLIX YacTed — CMNOBOro
Koneua, pebep u cetenonoTHa, obecneyunsa-
I0WEro OTPAMAKWYIO NOBEPXHOCTL. Mapame-
TPbl KOHCTPYKLMM BbLAK TAKOBbI: MAKCMManb-
Hbll guametp — 6400 MM, MUHUMANbHBIA fua-
Metp — 5200 mm, BbicoTa — 1100 MM, macca -
38 kr. PKK «3neprua» anantuposana rpy3uH-
CHYIO KOHCTPYKLMIO ANA MCMBITAHWA Ha BopTy
OK «Mup»: 6bina npoaymaHa cuctema ee fo-
cTaeku Ha BopT M paspabortaw cnocob kpen-
neHua pednerTopa K MOHTaKHOMY KONbLY Ha
tdepme «Codopa». Pecnertop otnmyana no-
BbIWEHHAA MECTKOCTb KOHCTPYKLMM, Heobxo-
AvMMan ana uudpoBoro Tene- M paguoBewa-
HUA W HABMTALWMW, KOTOPARA NO3BONAET YMEHb-
WWTL pacceMBaHue Ny4yew, 4TO NOBbIWAET
MOLLHOCTb NPUHUMAEMOTO CUrHANa U NPeaoT-

Hoeoe npeaonpuarue
no paspaodboTke
OonbLuMX aHTeHH ansa KA

Poccuiicko-rpy3nHCKO-UTanbssHCKasa KoMmaHga

BpaWaer 4actotHole notepu. KoHcTpykuma
PaaManbHbix pebep aHTeHHbl B IKCNepUMEHTE
«Pedinextopy Gbina BbINONHEHA M3 MeTanna,
B HacTosAuee BpeMA NoA0BHbIE KOHCTPYKLMK
M3rOTaBAMBAIOTCA M3 KOMNO3WULMOHHLIX MaTe-
pHanoe, YTo NO3BONAET yMEHbWaTh Maccy W
CHUIKATL TemnepatypHble aedopMaunn Kow-
CTpykuumn. (eTenonoTHo W3roToBneHo w3
801b(PaMOBOA  NPOBONOKM  AMAMETPOM
15 MUKPOH ¥ NOKPLITO 3010TOM.

Mobepa B TeH-
[epe B 3HaYMTenbHo#W cTenexu Geina onpe-
peneHa ycnexom 3xkcnepumenta «Pednex-
Top» Ha OK «Mup».
bonee 2-x ner Ha3ap, 28 wiona 1999, go
BPEMA BbIXOAa B OTKPbITEIA KocMmoc B.AdaHa-
cees M C.Aepees (30-27) ypayHo nposenw
CNOMHDBI TEXHUYECKUIA IKCNePUMEHT No pac-
KpbITUIO pecdhneKkTopa CNyTHMKOBOW KpynHO-
rabapuTHoi anTeHHbl Ha (epme «Codopan.
Ixcnepument «Pednektop» Obin noaroTos-
ned PKK «3Heprua» M poCCUACKO-Tpy3uH-
ckoW komnauuei EGS u npoduHaHcuposaH
13 BHEOIOMLETHLIX CPefCTB.

ESA. ESTEC. Contract
15230/01/NL JSC.
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bgogosdo swbodbygmos, G®I Jodggmo
Jooogmo 3oldmbydo ®dogddo —

“@989J@mM0”, g0d3bs Jodmggero
39360969001 dogd 3GmMxgllme gmagxs

d9d3>@05Tgoaols bgenddmgsbgemadon.

Ja®bsgoo — Hosoctn KocmonasTuku. Ne 2
(229). 2002.
bAoGool sg@m@o — M.IlobeauHckast.

33900 67.

Hoeoe npeanpuarue
no paspaodoTkKke
OoonbLuMX aHTeHH ana KA

Poccumncko-rpy3amHCKO-utTanbsiHCKass KomaHaga
BbinrpoiBaeT reHgep EKA

Pecdnektop 6bin
pa3paboTaH rpy3anuHCKUMU YYEeHbIMU MOM py-
KosoacteoMm npod. E.B.Mepg3mapuawsunu c
LeNblo YCTAHOBKM HA re0CTalMOHAPHbIX CNYT-
HWKax CBA3WU. JKCMEPUMEHT OCHOBLIBANCS Ha
pa3paboTKkax, kKoTopbie npoBoAaunuUck B Ipy-
3un ewe c 80-x ropoB Ha 6a3e Carypamo UNH-
CTUTYTA KOCMUYECKUX COOPYIKEHUN.

260




1.20.

IRBIXS 83335005F30R0L 1o3IB60IB( SFIFSMIBNL LOIGNOTMAOL™M RS LOISGMNZIRM)FN SROS@IdS

=il Eur |misn

28th ESA Antenna Workshop on
Space Antenna Systems and Technologies

State of the art in a strategic area and creative ways forward|

31 May - 3 June 2005
ESTEC, Noordwijk, The Netherlands

Ewropean Space Agemcy
wuropdeame

SATELLITE SYSTEMS EXPLOITING
LARGE DEPLOYABLE ANTENNA TECHNOLOGY

Piero Angeleiti °", Douglas Caswell ™, Kees van't Klooster ¥, Francesce Mini ", Lerenzo Sclaling

1 ALENIA SPAZIO
Via Saccomuro, 24 - 00131 Roma (Juty)

# EURDPEAN SPACE AGENCY
Kepleriaes, | - 2200 AG Nooshwik (The Netherlands)

int: doss

kees.van. b

ABSTRACT

Many emerging space-based mimioms will deeply
depend on ihe avallsbility of large in-orbis deployable
antermas. The paper discusses end reponts oe-going aod
plenned missions ensbled by the use of such luge
deployable antenzas.

INTRODUCTION

Sasellite comemunizations, remole sensing, science and
other missions, rely on larger od larger antenzs sizes,
Commusications are the ussal application field of such
emienzas where they are typically emplayed to provide
eelluler-Hke multibesm coverages.

Remots sensing missions benellt from the availability of
loge antennas in SAR, mdiometry, scamerometry,

application or 1o use large reflectors to transmiticollect
microwave power for Winless Power Tremwmissice
(WPT) applications.
The reslization of in space deployable antennas of
extraondinazy sizes is & challenging emterprise whose
saccess i the result of the fill commitment of teckmiical,
buman and firancial resources.
Requirements impecting oo sofemna subsystems e
continaously wpdsied is tenms of sperure size, surface
, mumber of pemerated beams, passive
intermodulation figures, pointing accuracy, weight and

* Formerly with Alenia Spazio

50 on. Major discrimisator of different techmological
implemenistions of mack antezmst s resulisnt mass,
storage volume and cost.

1. SATELLITE COMMUNICATIONS

#perure  deployable reflector  antennss m
lwlalb' employed In telecommunications to provil
mobde sselliie services (MSS) [1]. Mobile uln'l.hl:

system  has  been  providing  global  coverage
comsunication services in the bands 1626.5 w 1660.5
MHz (Eartb-to-space) and 15250 to 15550 MH:z
(space-p-Earth). When the ITU iz 1992 alloeaied the
additional band 16100 to 1626.5 MHz to MSS, = luge
nmhmf-ymhlhepwm‘ufvmm

geostationary ocbits (GEO) asd in pon-geostationary
oebits (LEQ-MEC-HEO). These systems aro designed
10 work with portable user terminals having the size of
nmwﬂwmnmme
Personal Communications Networks (T-PCN). Todsy
two regiona] GEO systems, AceS and Thurayn, together
with fwo globel noc-geostationary systems, Iridsum and
Globalstar, are operating [2]. The forth generstion of the
peostationary INMARSAT system has been recemtly
lumched‘hulhudydcplo)ﬁmsbmnmmdwm
the advantages
wﬁaedtyuowum.mmmmmm
free space losses, their , mainienance and
operation costs wre highly risky. From this point of
view, OEO sselite sysiems allow both fast service
san-up and  up-froot ovestments reduction. Key
clements in gecstationary MSS ase the oa-board psellite

sizes, nd 1o geaerate multiple beam coverngea.
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CONCEPTUAL DESIGN OF ADVANCED ATTACHMENT CONFIGURATIONS FOR
LARGE DEPLOYABLE REFLECTORS

“I8TH ESA ANTENNA WORKSHOP ON SPACE ANTENNA SYSTEMS AND
TECHNOLOGIES™

J. Santiago-Prowald and J-M Lautier

ESA-ESTEC. Mechanical Dypartment, Keplerizan 1, AG 2200 ZH Noardwijk, The Netherfands

ABSTRACT

The doployment sirstegy of existing large umfuriable
anteenas is based on the unfolding of a loag multi-limb
boom with hinge mechanisms, followed by the reflecior
opening. This is the case of off-set reflectors, centrally
and side-attached. Indeed, central attachments require
long boom elements 10 be melessed amd deployed,
stasting from the sowed comfiguration. Under certsin
combinations of parameters, alternative solutions that
do pot mquire a deployable boom, can be more
efficient. This is especially the case for amicnms
apertures in excess of 12 m.

The purpose of this conceptul study is to propose
ahernative side attachment solutions compatible with
the deployed antesma optics, the reflector kinematics
and dynamics and the pacimging coostralsts. The
antenna  parmmeters  limitations  inherent o these
solutions will be investignted, s well as the bcncfu
when compared 1o the single-boom

technobogies walabile fir the fmplcneptation of 1h¢
concept will be researched une prefiminary analyses
resulis will be presented for: deployment strategy, mass.
and stiffecss estimates, pachaging and  trimming
capabilities.

L INTRODUCTION

Deployment from the stowed 10 the pominal geometry is
one of the design challenges of large anterna reflectors.
It is a crucial and mission-critical operation, more
demanding as the sntenna dimensions or packaging
miio incroasc. Carcful design and stmiegy of
deployment is therefore necessary, with high creativity
end careful apalysis of operations.

The geometry is driven by the amenna optics and
packaging and folding strategies. However, it is not
exactly the same 1o treat the case of 6, 12 or 4 m
aniensas. The coestraints (stiffness, mas, pointing
stability, trimming kinemnatics), a5 usual, end up sizing
the system. Classical solutions such zs the single hinged
boom, mesched whether w0 the center or edge of the
reflector, are conceptually simple but show significant
mass and stiffness penalties.

In this paper, the side sttachmeni of krge astenna
redlectors, with diameters above 9 m, is discussed. The
objectives of the design and system solutions propased
are to significantly reduce mass and size of the
deployment boom configaration and the overall package
density. In addition, the overall stiffness can be
imgraved while optimizing the losd distmitution into the
reflector by means of dedicsied armangements of
clements between the spacecrafl and the reflector
Additions] benedits are higher pointing accuracy and
less interaction with the AOCS.

Hereafier the building blocks of both, classical hinged
booms and other deployment methods are briefly
summarized. Section 3 compares existing central and
imcral amachment examples. In section 3, side-
anachment solutions based on more than ons boom are
propased, while in section S the SnapDragon deploysble
pilatform is empboyed as the antenna system support.

1 BUILDING BLOCKS AND TECHNOLOGIES

The classical design of large struchaes deployment
systems is based on extemsible truss stnactures o
foldable booms. The latter has become the most
extended principle in the case of large unfisrlable
antennas for both, central and lateral attachment, due to
s apparent simplicity. Hinge mechanisms and
composite-material booms are therefore the building
bilocks of the deploymsest system. They are guite known
elements, quatified and flight proven for a wide range of
parameters. Torsion and bending stiffhess of the Hmbs
are iring in most of these cases.

As gn alemative, & lwersl stiachmest based on truss
structares providing o 6-degree-of-freedom comnection,
the so-called hexapod and its varistions, can provide an
answer in certain applications. They can be designed for
cinematic compatibility with reflector deployment,
while keeping the sifftess amd sability during fes
opening. When the structural principhe of opertion of
the clements is bension/compression, mass saving can be
expected if buckling instability is kept umder control.
Significant improvement of stiffness of the antachment
system can then be foreseen. As of poisting and
trimming upcrmmu of the amienna, they could be casily
performod by simple and sccurate linear actuators
p[x,edwldnmbe legs.
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NMPUOPUTETHBIE AOCTUXEHUSA PKK «9HEPTUG»
WMEHMW C.N. KOPOAEBA B PAKETHOW TEXHWUKE
N MMPOBOW KOCMOHABTUKE

1999 ¢ [lpeoponeH 13-AeTHU pyBeX OYHKLMOHMPOBAHMSA CTAHUMM «Mup» Ha opBure.

» BhiBEASH HO LEASBYID OPBMUTY KOCMMYECKMIA aNNapar CBA3K HOBOIO MOKOASHMA «SiMan-100». Yepes 35
net koamekTns PKK «3Heprisi» HO KQYECTBEHHO HOBOM YPOBHE MPOACAKUA PaboThl B 0BAGCTM KOCMMYE-
CKIWX CPBACTB CBA3M.

* [poBeAEH 3KCNepUMeHT tPedaerTop» HO BOpPTY OPBUTAABHOIO KoMNAEKSa «Mup» NO COBMECTHOM POC-
CUMCKO-TRYIUHCKON NPOrPAaMME, NOAOKMBLLMIA HOYOAO HOBOMY HANPABAEHWIO PABOT B OBAQCTM CO3AC-
HWSI GHTEHH (DEePASKTOPOB) BOALLLIOTO AMaMETPA.

* Briepesie 8 MMPOBOW NPAKTUKE 3KUNOXK ABAALQTE CEABMOM 3KCNEAUUMKM (D0-27) OpBUTAABHOMO KOM-
naekca «Mup» HOBAIOATA W QUKCUPOBAA C OpPBKTLI NOAHOE 3aTMEHNE COAHLO.

* MexaAyHapoAHOe 0P B AOHAOHE MPUCYAMAO CAMYIO MPECTUHKHYIO B OBAGCTI CEMALIMIA M KOCMOHQB-
TUKW Npemuio umeHn Opatcya-Keaeke BaHbo OpBUTAABHOMY NMACTUPYEMOMY KOMNABKCY «Mup».

» KocmoHaet C.B. ABaees YCTaHOBMA MUPOBOW PEKOPA MO CYMMAPHOMY NOASTY HO KOCMMYECKWUX Kopab-
ASTX 1 OPBUTAALHOW CTaHUMK «Mups — 747 cyToK.

L. go@emeomgol  bobgarmdol  Lo®sggdm-
30L3mlby@o  3ma3m@siool  9biogem3dgoo-
9ao  godmizgds. 2001 (gemo. gg9éo 3.
339600 1322. «Ha  pybexe  OByx
BeKoB».«QHeprmnsa»1996-2001. PKK. Mockea.
2001. Y[K. 629.78.658.(001).

XPOHHKA OCHOBHBIX COOBITHIA

1999 roj

16— 18 mosna  Ocyuectsiensl 3anycK rpy3osoro kopadus «lpo-
rpecc M-42» 1 ero ¢cTbIKOBKa co cTanmeii « Mups.

28 mioais [Iposenen akcriepument « Peduiektops na opry
cranitin «Mups 1o coBMecTHOIl poccniicko-
IPY3HICKOIL porpaMse, MoJo:KHBIINIT Havaio

HOBOMY Hallpasienino pabor B odmacTi costa-
HHA AHTCHH 60.'1 bIHOID )liIH.-.\\L"l'p'd.

Biiepsbie B MiIpOBOIL 1IPAKTIKE 11POBEAEHO HAD-
JIIojaeHHe ¢ Opall'l'bl NMOJHOIO 3daTMeHHA CCI.'IIIIl'rl.
BBITIOJIHENHOe aKkHIamkem 27-i1 0CHOBHOIT AKCIIe-

11 aBrycra
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Shape Memory Alloy Deployment of Membrane Mirrors for

Spaceborne Telescopes

Eric L Pollard” & Christoplhier HM Jenkins'
Sowth Dakota School of Mines & Technology, Rapid City, SD 5770]-3905 IS

The objectives of this research were to develop and refine a shape memory alloy (SMA)

maodeling approach, the martensite twin MTR) (o predict the
transient resp of a optic SMA deployment actuator spine system.
In conc with a rummcl'cial finite element solver, this application supports multi

femper: transient predictions of the shape memory effect

{SME) exhibited by SALAs lhmugll 13 of a al ¢ law.
The scope of this study was to model the relation of input power magnitude and waveform to
stress fields, reaction forces, and thermal fields for the fgure acquisition of a gossamer
veflector. Of particular intevest is the stress and thermal field history of the polymeric
membrane concentrator through the deployvment to prevent mechanical and thermal failure
as limited experimental or modeling analvsis resnlts exists for SAA depl
Thermal authority over the concentrator was found locally limited to the spine interface.
Upon aperture engagement, the integrated model’s first excursion cycle frequency excited by
all three loading regimes was non-unique, vegardless of the preceding temporal character of
the spine’s response. This rendency suggests a coupling between the structural dynamic
designs for deploviment and in-service, deploved architectures, Aspects of the deployvment
sequence warranting further study and issues for tackle to further develop the MTR

are id T through this thesis research is intended 1o
foster and mature successive large, launch-packaged space vebicle programs.

Nomenclature
= B2 phase finish temperature
B2 phase start temperanire
= concenrator specific heat

= elastic modulus

= B2 phase modulus of elasticity

= goncentrator meodulus of elasticity

= modulus of elasticity based upon element number i/ and loop number §

= R phase modulus of ¢lasticity

= spine modulus of elasticiry

= focal length to diameter ratio
concenirator focal length o diameter ratio

= spine focal leng
force

= nodal B2 phase geometry vector based upon node number ¢

= nodal geometry vector based upon node mumber ¢ and loop number

= nodal B phase geometry vector based upon node nuuber §

= concentrator thickness

= spine thickness
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reflecting mesh. It is however the only modular design flown to date with rather
promising performances. More advanced seems 1o be the Harris concept that leads 1o
the hoop-truss antenna, one of the most efficient in terms of packaging and mass, but
not modular. All these ideas suggest that truss structure deployability is a key issue
permitting to obtain efficient and compact solutions, with high stiffness and stability
when deployed. Among them are the pantograph-based solutions, of extensive use, but
not only these.

There is a large amount of patents dealing with mesh and metal wire technologies. This
is due to the fact that it represents the enabling technology for large deployable
antennas. All of these patents are worth exploring in more depth for technical and
commercial reasons. In particular many are devoted to the materials and processes of
conductive wires for the mesh, including metallic as well as synthetic and carbon fibres.
It is important to note that none of these patents have been filed by European
companies. Some of them are more than 20 vears old, such as the one from Harris
dealing with Tungsten wires (4609923), There is a patent of 2006, EP1727239 (A1)
(also filed in the USA), that employs the silicone material to embed the metal mesh
together with carbon nano-particles. However, the usefulness of this concept is
questionable, since the solar radiation transparency is mostly lost. The main conclusion,
however, is the lack of patents placed by European companies on these technologies,
which results in industrial dependencies.

The Russian patent RU2214659 (C2) of 2003 by NPO-EGS. is in fact an outcome of
the ESA ARTES 5 LDA contract. Being this patent limited to the Russian Federation
and not extensive to the rest of the world. it follows hence the commercial agreements
reached by Thalés-Alénia with NPO-EGS and RSC-Energia during the LDA contract
activities. Similar conclusions can be drawn for patent RU2266392 (C1).

There are no patents related to the shell-membrane concept employing the CFRS
(Carbon fibre reinforced silicone), developed by TUM-LLB under ESA contracts. This
concept has been published in papers and conferences. There is one Georgian Patent
published by L. Datashvili and H. Baier in 2003 but restricted to Georgia. It is also
mentioned the metal mesh imbedded in silicone in that Georgian patent, which is in fact
prior to the 2006 Harris patents (both US and EP).

There are several patents on inflatable or hybrid solutions, including the one of
Bernasconi (Contraves) of 1988 and Datashvili of 2002. Also the Astromesh patent
claims the possibility to employ inflatable structures. Is spite of the fact of addressing
the rigidisation technigues, none seems to be a conclusive answer to the main issues
related to inflatable structures. The inflatable element is used often as an actuator
instead of a structural element. Recent advances in polymerisation of resins in space
could be exploited for further work in this direction, making use of the old designs.

The group of Georgian patents has been separated in the annex 2 due to their global
entity. These patents constitute a very interesting body of work performed by the
‘Institute of Constructions, Special Systems and Engineering Maintenance’ of the
Georgian Technical University. None of these seems to have a real legal impact out of
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the boundaries of Georgia, except the one of 2005 by Prof. Medzmariashvili. The
technical contents make them worth studying. Unfortunately only the abstract has been
translated.  Group  of  patents  searched in  Georgian  patent  office
(hupe/fwww sakpatenti.org.ze ), with the keyword “reflector”,

*  One ESA patent describes a piecewise reflectarray antenna illuminated by an array
comprising a surface error correction beam forming function: *Reflector Antenna
Comprising a Plurality of Panels’, A, Roederer, 2002 (US 6,411,255 B2).

3.6.2 LITERATURE SURVEY

A thorough literature search has been already presented in chapters 3.4 and 3.5, which will not
be repeated here. However, an additional dedicated search has been performed in the IEEE
related publications. The IEEE database has been searched with the following 3 keyword
combinations:

+ Deployable reflector
« Membrane reflector

+ Deployable structures

Due to the large amount of papers found, the search output is collected in a separate document
(ESA Ref. TEC-EEA/2010.630/CM). Abstracts are arranged into the chapters named with the
searched key words. Subsections are then groups of the papers with different aspects. Then
titles are numbered through the whole document. Abstracts with bibliographic data follow the
titles,

This document also includes a list of several basic papers on the shell membrane antenna
reflector technology (SMART) and related carbon fibre reinforced silicone (CFRS) material.

The search for “Deployable reflector™ in IEEE publications resulted in a number of
publications which were grouped into the following groups:

* Papers on mechanical concepts of LDRs
*  RF aspects

= Surface shape aspects

*  Mesh pillowing

o Key elements

Mechanical concepts

Several papers grouped in mechanical concepts of LDRs discuss the flown reflectors. A paper
on AstroMesh reflector by Mark Thomson gives the description of the LDR concept which
comprises two geodesic truss domes supported by a peripheral truss ring. Ring deployment is
performed by a single cable. Compared to other mesh reflectors, the AstroMesh achieves
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Figure 3.5-5: Georgian Mesh Reflectors: 30m left) and two 15 m reflectors

Based on the developments of the Georgian Institute for Space Constructions
concept was developed by the Georgian-Russian company  Energia-GF
Georgia). The de :d concept whi been flown on MIR
reflector antennas in the diameter range of 5 m. The EGS a
pantograph ring and radial tensioned membrane ribs connected 1o a central hub.

ight reflector
(EGS Lid..

Figure 3.5-6: In-orbit deployment test of the Georgian Mesh Reflector, (a & b) stowed on
the MIR station (¢} deployment, (d) deployed, after separation from the MIR station

esa [T T ey S————] -
e | reviion 1 - B September J0ID

TRCAEA/ 2010595/ (M
pdidi,

An elliptical reflector antenna with dimensions of 5.5 m by 6.4 m (aperture diameter of 5.5 m)
was tested in space [RDIT] on the Russian orbital station MIR. Figure 3.5-6. The stowed
diameter and height of the antenna are (.6 and 1.1 m, respectively. The weight of the reflector,
including both the mechanical and electrical systems, made mostly in metal, is 35 kg. Aerial
density is in the range of 1.3 kg/m2.

The reflecior shap
the L/S band requiremen

<y after th ufacturing and numerous deployments was fitting to
. For increasing of the aceuracy. auxiliary ribs can be introduc
systematic errors will 1 significant for the Ku-band. Cable web, which might be i
between the radial ribs for reduction of the pillow effect, can enable frequencies up to Ka-band
taking into account close  zero CTE design of all parts. Reflecting mesh has 10 have
properties corresponding to Ka-band as well.

3.5.1.5 LDA from TAS. ltaly and NPO-EGS/R

A ARTES 5 contract, Alenia and EGS started a partnership in 2001 for the
mme. The design of this mesh reflector incorporates constructive elements of
ian reflector, which has been developed and Might tested in 1999,

C-Energia, Russia

Within an E

Figure 3.5-7: Large Deployable Antenna EQM in deployed configuration

The development led by Alenia, now TAS-L. involved:

*  Alenia RF design, system engineeri

o the Russian company NPO EGS
reflector,

* the Swiss company HTS, now RUAG.

* The Austrian company MAGNA-S
mechanism,

*  The Spanish company SENER for the reflector (pointing) trimming mechanism,

. PIM testing and study coordination,
and the Moscow based ENERGIA for the

or the arm structure and hinge mechanism.
YR for the arm hold-down and release
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Hereafier is presented an analysis of the elements of the LDA programme as lessons leamed.

N LT Initial reguirements

Mass versus stiffness: The statement of the right set of requirements is an extremely de
and relevant task for this kind of complex systems. due 10 the large impact this can produce in
the final product performances, A clear example is the trade-ofl between stiffness and mass.
The stiffness is a desired characteristic since it relates 1o pointing stability and dynamic loads
under attitude and orbit control manoeuvres. A too demanding stiffness target can result in
ive mass. This has been certainly the case of the LDA programme, where an initial
requirement of 2 Hz was set for the fundamental eigenfrequency in deploved configuration and
finally nearby | Hz was achieved. This has 1 be compared 1o the 0.15 10 0.2 Hz of a typical
Astromesh or Harris flight unit. The requirement discrepancy is related to the strategy for
AOQCS and the estimated disturbance loads from  station kee
consequence. the arm conneeting the reflector 10 the S/C was overspecified and generated a
significant mass surplus. The reflector dish of the LDR (without hold-down) had a mass of 3¢
kg (measured on the QM) while the arm system with mechani and hold-downs had a to
mass of about 150 kg (measured for mechanisms EQMs and estimated for the rest). The large
proportion of the arm mass is a direct consequence of the overall stiffness requirement and the
configuration selection. which called for a central interface. instead of a lateral one as is the
case of Astromesh, The impact of the arm on the overall mass budget was identified from the
early stage. On the other hand. the advantage is that the pointing stability and accuracy of the
ESA LDA should be significantly benter.

Central Interface: The reflector archil was directed since the beginning towards a
configuration of a dish with central interface as the more versatile and in principle capable of
providing better thermal stability {arm structure and thermal protection optimized for the
purpose independently from the reflector structure), due in part to the remarkable performances
of the trimming mechanism placed at the reflector-arm interface, In addition. a pointing
1ty from the centre of the reflector has less side-effects from the optical point of view as
mpared to the lateral one, especially for the beams at the edge of coverage.

Furthermore the development was initiated as a consequence of the deployment of an
ental reflector on the Mir Station on 1999 that had a central interface.

There are in fact other flving reflectors with such architecture. The price 1o pay is again the
larger mass of the arm.

The lesson learned is that a consolidated body of requirements is critical for this 1ype of
system. This implies the involvement of S/C primes and operators from the early stages of
development as far as possible,

3.8.1.2 Design manufacturing and testing aspects

Dish Architecture: The structure was hyperstatic and this imposed a fine wning during the
integration phase. It is preferable 1o use isostatic structures for the future developments.

Lorge Reflector Antenng working grov final Repert
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Predictable kinematics and dynamics: The architecture was such that the ring deployment with
the circular expansion had some prediciability of the trajectories. but the connection with the
central interface made by flexible uncontrolled elements made the deployment process not
completely prediciable. The unforeseen events were a consequence of unexpected performance
of components {ageing of tethers and sliding pans), lack of control of the mesh low during
early tests, non-synchronised operation of actuators and the interaction of the off-loading GSE.
mostly. The predictable trajectories of ecach component during deployment reveals to be also an
important aspect necessary to master, both for ground testing (0g GSE for deployment test) and
for on orbit operation 10 avoid interaction with the satellite structure and appendages.

Ring and consofes: The configuration of the ring structure was defined by ENERGIA as a
major change from the one invented by the Georgian Polytechnic University of Thilisi and
flown in the REFLI IR Experiment on the Mir. Two major architectural changes were the
single pantograph configuration compared 1o the double pantograph configuration of the
REFLECTOR architecture (this was done mainly to reduce the weight of the dish assembly)
and the introduction of long radial stand-offs (called “consoles™) to support the elliptical rim of
the mesh required by the RF Antenna design.

o S L

EGS ring structure

pian Polvtechnic University ring structure

Figure 3.8-1: Details of the Georgian reflector ring structure

The carbon fibre structure of the ring was able 1o satisfy the environmental and functional
requirements even if at the end it resulted that the force required to the actuators 1o bring the
reflector to the fully deploved tensioned status was signi tly larger than anticipated. The
increased tension in the deployment tethers led to high compressive loading in all the elements
of the ring. The radial extensions of the ring structure, called consoles had two purposes: firstly
to enlarge the reference diameter of the reflector, allowing a ring structure of 9 meters diameter
with mass saving impact. secondly, to provide attachment points for the mesh tensioning
system in order to have an elliptical rim of the mesh, No console failed during reflector
lification program, but they had to be modified for stiffness reasons. Difficulties were
created by the interaction of the consoles with the mesh supporting tethers, As a lesson learned
s questionable to have long and thin cantilevered rods in LDRs.
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After the departure
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University.
Institute of
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Georgian Transformable The Instituie of
Technical Istructures, Space
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a huge experience

Space demonsiration in transformable
Constructions structures and is
(Thilisi) the sole Eurapean
organization with
significant

heritage and space
ight experience.
Table 3.10-1: Industry, Research Institutes and Organisations involved in the Technology

3.11  Technology Trend and Spin-In

The evolution of the technologies is necessarily related to the mission needs and derived
antenna and reflector requirements (see chapter 4). On the one hand, mobile communications
systems are requesting apertures up to 25 m for L and § bands; on the other hand, broadband
communications require Ka band apertures of up to 6 m. Other telecom applications seem to be
covered within those cases in terms of technology needs. Meanwhile, niche applications such
as P-L band radiometry, reflector-based SAR and radio astronomy, will most likely profit from
the technologies available for telecommunications missions. Hence, the latter will not drive the
technological developments,

These are consequently the two scenarios that may create a split of the technologies and
possibly a specialisation of the two main players currently in the market, Harris Corporation
and Northrop-Grumman. It seems that the Astromesh design is able to cover both cases with
the AM-2 and Astro-Lite models, although some reasonable doubt can be raised on the
scalability above 20 m aperture. A 6 m Ka band Astromesh is under development, but for 10 m
in Ka band the technology may be limited. In the meantime, Harris have reached at least 18 m
aperture in flight with the foldable ribs design. but the Astro concept is probably more robust.

Another case is that of modular constructions, such as the Japanese modular antenna flown on
ETS-VIII. This concept, with some modifications of the current implementation, can result in a
competitive solution when some performance issues are resolved and the mass requirement of
an antenna larger than 20 m is properly understood and assimilated at system level. The
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J Total TRL level Date
brog. Ref Scalable/Modular reflector Proposed Remark :
development 54920 Programme Start | End | Contracting company
Current | Target
Precursor activities
. : Technical Assessment of Large TRP + Corporate TUM + Georgian
Funded and running ackity | C1 Deployable Structures (TAHARA 2) 160 budget 2 3 2010 01 university
Not yet funded c2 Ultralight reflector mesh material for very 400 TRP Proposed in the frame of TEC-NET 3 4 2011 2012 TBD
large reflector antennas 2010
Large Apertures Based on Ultrastable Proposed in the frame of TEC-NET
Not yet funded C3 Membranes (LABUM) 650 TRP 2011 1 3 2011 2012 TBD
Not yet funded c4 Innovative scalable large deployable 750 TRP Proposed in the frame of TEC-NET 1 3 2011 2012 TBD
antenna reflectors 2012
Study of large aperture antennas :
Not yet funded cs missions and associated reflector 400 ARTES1 Frogiosedin ;’E'ﬁ;’; GEARTES 1 3 6 [Jeo11  Jeo12 TBD
requirements
Initial design and development
Not yet funded C6 Unit cell initial design & techno 3500 TBD 3 6 2012 2013 TBD
Not yet funded Cc7 Medular LDR initial design & techno 4500 TBD ) 6 2012 2013 TED
Not yet funded c8 RF and Mech/Ther Facilities 1500 TBD 3 6 2012 2013 TBD
Not yel funded c9 Modular LDOR MGSE design 750 TBD 3 6 2012 2013 TBD
Production and test of the QM
Not yet funded cio Unit cell Qualification Model 4800 TED 6 2013 2014 TBD
Not yet funded cn Modular Qualification Model 7000 TBD 2 6 2014 2015 TBD
Not yet funded c12 Modular LDR MGSE Manuf./ Procur. 2950 TBD 3 6 2013 2015 TBD
Production and test of the FM and 10V
Not yet funded c13 Modular LDR NR specific 1560 TBD 6 8 2015 2015 TBD
Not yet funded Ci4 Modular LDR MGSE specific 500 TBD 6 8 2015 2015 TBD
Not yet funded C15 Medular LDR FM recurring 7500 TBD 6 8 2015 2016 TBD
Not yet funded C16 Modular LDR In Orbit Validation 18000 TBD 8 9 2017  j2017 TBD

Table 10.1-5: Scalable reflector cost per phase
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Qperator! | Operator | giqs | Satellite | Antenna | Reflector | Reflector | Reflector |, v |y o [Frequency| Launch |Diameter G°°'( el
Client Country Provider Name Provider Family Concept band date (m) centre fed)
Synthetic
s MIR Truss Earth
Energya Russia Launched OKBMEI Priroda OKB MEI Mesh Framework | Observation A'g:r;::e L&S 1995 6
Boeing Boeing Largely
NASA USA | Launched | Satelite [MSETLE®!  Satelite ~|Deformable| Spring-Back B lde s 1996 6.8 Offset
Systems Systems Shell
Boeing Boeing Largely
NASA USA | Launched | Satelite |, MR | Satelite [Deformable| Spring-Back mzf]';i‘t’:':ns s 1996 6.8 Offset
Systems Systems Shell
Inflatable
Jet Inflatable o Y
NASA USA Launched Propulsion | Antenna L'Garde Inflatable rigidizable / Orb.'tal S 1996 14 Centre
i Torus experiment Fed
Laboratory |Experiment
supported
Radio
i Astronomy
Institute of Tension Missions:
Space and Truss / Space Very
JAXA Japan Launched Mitsubishi | HALCA 1 | Astronautical Mesh ekpandabla Science Lo L& C&Ku 1997 10
Science pR'b B I.g
(ISAS) ibs aseline
Interfero-
metry
Launched/ former EGS Mesh MeF::'lrLgr;ne Orbital L 1999 55 Offset
experiment Ltd., Georgia 2 Ribs experiment :
Boeing Boeing Largely
NASA USA | Launched | Satelite | T2RSH | Satelite |Deformable| Spring-Back | o™ DataRelay | saku | 2000 46 | Offset
Systems Systems Shell
Boeing Boeing Largely
NASA USA | Launched | Satelite | "> | Satellite |Deformable| Spring-Back Telecom-. | Dt ey | igwiku | 2000 46 | Offset
Systems Systems Shell Y
Mobile
cisa MI;:;T;: ::d Garuda 1 Harris Telecom- Interactive
Cellular | Indonesia | Launched Space East c rati Mesh Hinged-Rib o Communica- L 2000 12
Satellite c P as Sfporatien tion Satellite
Cfpan Services
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A reflector frame comprises
deployment elements 2 joined to
the central unit 1, which consist
of two interconnected portions 3
and 4. The portion 3 being
located from the side of reflector
5 is made in the form of sheet rib
and presents the form making
portion, whereas the power
portion 4 located from the back
surface has the form of sheet rib
or cable ties. The edge 9 of the
working profile of the form
making portion is reinforced or
made in the form of flexible rod:
the periphery ends 10 are also
reinforced or made in the form
of the rod.

Framework of the deployable space reflector

L. Datashvili. Medzmariashvili

Reflector is patented with the radial ribs made of two parts. Inclined
cantilever beam cannot influence the ribs profile accuracy

GE P 20022732 B
AP 1999 003701

2001 03 11
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ptﬁe??h”lﬂ
In the inflatable design to each = i
reinforcing rib the inflatable e i S e A
housing is connected and is o Sl b IO ool T et

inflated by compressing gas, the
reinforcing ribs are bi-firm ribs
with C-shaped profiles, which
impart rigidity to the design after
its deployment.

MEEMIR0 g pomaTpmen, g fgiftan
3 Mot ER Y
& Yopabsly

The method of stiffening of the inflatable structures using by stable C, omega

L. Datashvili, E. Medzmariashvili, H. Baier, Sh. Tserodze, N. Tsignadze
and other shaped profiles is patented

The method of the stiffening of inflatable structures and the inflatable structure

IGE P 2002 2876 BY
AP 2000 003931

2002 05 10
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At the ends of the 24 AT
deployable elements of ~ "

the pull-apart frame 3 of
the baffle 2 of the
reflector there are fixed
spreader bars 18, to
which from the outer side
of the pull-apart frame a
frame 10 is connected of
the deployable cupola
with elastic baffle
attached thereon, so that
there is capability of
emerging with the pull-
apart frame of the baffle.

T

Nearly all kind of building blocks are collected in this patent which combine the ring-rib direction of the reflectors

IGE P 2005 3604 B

AP 2001 004328
Deployable space reflector
. Medzmariashvili
Patented worldwide (TBC)

200501 14
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This invention refers to
radio  engineering, in
particular to the large -
sized unfoldable reflectors
for space aerials. The
transportation of the
mentioned reflector is
facilitated due to its small
weight, whereas the
design of the reflector is
characterized with the
high reliability.
Unfoldable reflector
comprises flexible ribs 1
and 2(fig. 1- 20). The ribs
1 and 2 by one of their
ends are rotatably
connected to the central
drum 3, whereas by
ancther ends - to the
rigidity ring of unfolding
4.,25 fig.

gns’r

gs and radial ribs. Cables forming the surface

. Medzmariashvili, Sh. Tserodze. et al
A large deployable reflector with two rin

GE P 1997602 B

(08.09.93 ,in USSR,)1997-01-29
AP 1997 1526 A

Deployable reflector
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GE P 20032875 B

2002 May 10

AP 2000 003915

Frame of Space Deployable Antenna Reflector

L. Datashvili, E. Medzmariashvili, H. Baier

In the reflector frame the elastic
bi-stable  radial ribs  are
connected to the central umt |,
the ribs being made in the form
of rectilinear rods 2, to which
from the upper side the profiling
rib 3 of the working surface, and
from the opposite side -
balancing rib 4 of the working
surface are connected.

IGE P 1999 3944 A
AP 1999 3944 A

1999-11-05

PARABOLIC REFLECTOR

ICOLLAPSIBLE

E. Medzmariashvili, Z. Gogava, et al

The reflector contains the
rigid radial ribs 1 supplied
by pneumoballons 2, the
bases 3 which cavity 4 is
connected by flexible
tubes to the
pneumoballons. The ribs
are hingedly fixed on the
basis of with an
opportunity of their
folding in a pile. Rigid
reflecting panels 5 are in
pairs fixed by hinges
among themselves and on
the adjoining ribs 1 with
an opportunity of folding
by the back sides to each
other. The apertures are
recoated by a flexible
reflecting material.
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IGE P 2000 2055 B

2000 01 10

IAP 1998 003134

Deployable reflector of a space radiotelescope

Elguja Medzmariashvili, Guram Bedukadze, Leri Datashvili, Grigori Kinteraia

A device comprises flexible
radial struts containing two
or more connected with one
another parts 1, which by
one end are connected with
a central drum 2 capable of
winding thereon, and by
the other - with a deploying
stiffening ring 3 by means
of springs 4. To the parts 1
of struts a flexible reflector
5 is fastened. The parts 1
of struts are fixed rigidly in
the central drum 2y
Connection of each
following part 1 of the strut
to the preceding is
conducted from the rear
side by means of a kerb 6.
The height of each
following part 1 from the
side of connection with the
following is accepted under
the condition of providing
the disposition of the
connecting kerb on the axis
of symmetry of the latter.
The ends 7 disposed in the
same ring row of the
following parts 1 from the
side of connection with the
preceding are united by
means of an embracing belt
8. The flexible reflector 5 is
also fixed on the embracing
belt 8.

G 43

G99

e A S — 1 -
L
-

s A

AN AN A2
T 5
WAL T

A LA ALY Y
Py SRS

Very interesting in terms of the rim height for large apertures
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Dear Mr Medzmarashyili

You are 1o be Lo-r.ymuh.cd ,\.< a nosed and amincat professionsl i the field of science you have now been considered and
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TOP 100 SCIENTISTS
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differemce -t just thase whis populate the headlines. It is benceforth decreed that yom should be an this [t for 2008 but as
bearer of this honowar you will be recorded n perpetusty in the halls of the Imtermatsonal Biographical Contre — 1 trust you will
e prowd to know your name is to take its rightful place.

As a listee of the IBC TOP 100 SCIENTISTS you arc cligible for the commemosative items available - the distinguished and
limited TOP 100 SCIENTISTS medal, designed by regabin-makers to the World's Moraschics and the distingsished
illuminated certificate which i printed in full colour on finest parchment, lamissed onto solid wood for instent hanging — §
enclose details for your perusal

1 am very pleased 10 be able 10 bring you this news Mr Medzmariashvili, and hope you fieel proud of the inflacnce you have on
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For me 10 offer my sincere congratalations. | look forward 1o bearing from you

Sincerely
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INTERNATIONAL ENGINEER

OF THE YEAR
2008

6% June 2008

Mr Elguja Medzmariashvili
M Burdzgla Sir 108

Thilisi 0194

Georgia

Ref, IENY/inv

Dear Mr Medzmariashvili

YOUR NOMINATION AS
INTERNATIONAL ENGINEER OF THE YEAR

The Intemational Biographical Centre of Cambridge, England is delighted to confirm your
nomination as an International Engineer of the Year for 2008, Mr Medemarniashvili, This
prestigious award will be made available to only a
few illustrious, individuals whose achievements |
and leadership stand owt in the International
Engincering  Community as  decreed by the
h and Advisory Board sitting at the
z sographical Coubrs: fi o
England and this vear I have had the pleasure of
chairing the selection commitiee. Over the course
of the publication of our leading biographical
di ies, tens of tf ds of biographies have
been reviewed and from these only a sclect few
have been chosen for this impressive new
accolade. Congraiations on being selected.
The International Biographical Centre prides itselfl
as being one of the leading biographical refercnce
book publishers in the world with more than 20
Who's Who titles in 132 separate editions. Among |
these titles, some of which have been established
for nearly 36 wyears, are Dictionary of
1 tional Biography, O ding Scienti

INTERNATIONAL ENGINEER
OF THE YEAR 2008

of the 21" Century, International Register of R G VD D 2,
Profiles and more recently The Cambridge Blue | = L ] %
Book.

This award - as International Engineer of the Year - is described on the accompanying notice of
nomination. You will see that recipients are eligible to display an appealing Commemorative
Pictorial Testimonial, a gold-gilt Medal of Excellence or an authoritative Official Sash of Office so
that you may, with justifiable pride, proclaim your ion as International Engi of the
Year. | trust you will share my excitement Mr Medzmariashvili, at the news of this honour which
is justifiably deserved. If you decide to commemorate this award we will write to you for further
details.

Again, many congratulations!

Sincerely,

T

NICHOLAS S LAW
Director General

2008 Farols Log@msdm@ole 0bgobgdo.

3998@0x 0l Log@msdm@olm domy@sgoygero
(396@®0, obgerolso.

xXoEeO  gbodgds
Lobgana sbm Jdge

dowgsgmds o

Log@msdm@olm

9L 3@9bEogyeo
aodm@hgyeo
OmIgems

dbmerme
39@Lmbyols,
dowfggd0
25d0gmABoE0s boobgob®m
Lobmpomgdol dog@.
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INTERNATIONAL BIOGRAPHICAL CENTRE, CAMBRIDCE, ENGLAND

29 August 2008

Mr Elgujn Medemasinshvili
M Burdzgla Sir 108

Thilisi 0194

Georgin

Ref. FEN/inv
Dear Mr Medzmariashvili

IBC FOREMOST ENGINEERS of the WORLD - 2008 -
CONGRATULATIONS!
The Research Department of the Intemnatiossa] Biographical Centre study the biographical details
of tens of thousands of people for inclusion in our wide range of Intemational reference books and
fior consideration i Among: blications are ding Scientists
of the 217 Century, Dictionary of International Blography and 2000 Owstanding Intellectuals of
the 21% Century as well as those in geographic and subject arca,

Mr Medmmariashvili, you have been put forward as a Foremost Engineer to receive the JAC
FOREMOST ENGINEERS of the WORLD - 2008 -

The illustrted plague shawn here will
measure approximately 12 x 15 inches
after being lnminated onto a fine wooden
base ond will contain your name and
citation as well as being signed by myself
and our Editor-in-Chief and the official
seal of the IBC. Tt will be an impressive
plague that you can proudly display o
acknowledge your achievements and
distinetions.

INGINEERS
. yorEMOST ! HRSotine W,
e R,
i S denpi

MOST ERGINENIES
ot WORLD

e Foremost Engineers of the Weorld
programme will be for a select few and as
those individuals who, in
: mde n significak
eir field to influence on
a National, International and Local level

If you decide 1o commemorate this award we will write to you for further details. 1 hope Mr
Medemariashvili, you proud of this award and 1 offer my sincere congratulations. | ook
earing from you

Sincerely

—
Nicholas S. Law

Director General

AB Corr

Untarsssasnal Mgraphisal Coma ks sm spion of Malrsss Prows Lad. Bagioe

IBC

LogOmsTmdolem doma®sgoygmo 3960l (IBG)
353mbgboeno 0bgob®gdo

Log@msdm@olie domg@sxgoyao (396@ @0,
399d®ox0, obyeolo.

XooEm  gbodgds aodm@hgye  dJmwgsggol,
Log@msdem@olim b0MYAOS>BOYEO 3963 ®0ls
335093900l 09350 @sdgbGols dogd smo smslmbom

005G Y0 dmbs(399gb0L ‘gL Fogemols

Loggdgge by
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INTERNATIONAL SCIENTIFIC JOURNAL “PROBLEMS OF APPLIED MECHANICS"M“S) 2002
MEX/AYHAPOIHBIA HAYYHBIF JXYPHAJI “IMPOBJEMBI MPHKIAJHON MEXAHHKH" 4

INTERNATIONA | (MEXOYHAPOGHAS PEAEPALNH

OULRACHINES BRD I S UF 43U . TIDMMAWNHAM H (MEXGHNIAAONFPYINN Heponse III. IT.
o HOBBIE CYNEPJIEI'KHE 'HYTOCTEPKHEBBIE MEMBPAHHBIE
KOHCTPYKIIUH C PEI'YJIMPYEMBIMH ®OPMOOBPA3YIOLIUMH
ISSN 4512-0740 CTPYKTYPAMH

(MHeTHTyT KocMHaecknx coopysenni Ipysun, r. Towmnen)

B aHTEHHBIX KOHCTPYKUKAX CYLIECTBYIOT MHOMHE AHANOMH PeBPHCTO-30HTHYHBLIX cicTem. [Tocne nposeacHs ux

KOHCTPYKUHOHHOIO 3HAJIH3A HaMH G0 NpeLnKeHD HECKOJIBKD HOBLIX BAPHAHTOB CYNEPIErEHX IHYTOCTEPHHERLIN
6

d R . . it CTPYKTYP, € B YOPYro- NIACTHYECKHX CBOMICTB TOHKDCTEHHBIX CTepaited (1, 2],
THE INTERN OnHH 13 HIX NPEC coBoit y GpaKHYI0 KOHCTPYKLMIO C peryupyesmoit hopmoobpayto-
uieii crpykTypoit. Ee P €t Mofient Guuna Kar M3y ; ;,
crepaHeit, yem i dakrHueckn Geuto 4TO Nony M COXJ pab OPMBI €
FOR THE PROMOTIO“ OF HE(HHNISM AND IAHHOI CXEMbI BIOMIHE PEAILHO.
IFToMM Jlna HArMADHOCTH 1 HETKOMD NPEACT il KOHCTPYKLIMM, TP aem KOMILHOTE]
J\A "ﬂcHl NE SCIEHCE MOAENHPOBAHNE TIPOLECC NONYHEHHR uapaﬁoﬂounﬁnﬁ thopmst,
! Ha nawansuom arane (dur. 1) k onopxomy crony 3 ¢ KPOHWTEHHOB 2 NO pasHansHbIM Hanpanieuas
. KPENATCA TPYOHATO-KOHYCHBIE YT HKOBBIE crepunn 1. Kp a cTep
- KpYITIOE W Nagaloliee K neprudepun.
Herpyano npeacTas s, HT0 OHOBPEMEHHEIM BbirnGom Beex cTep BAOME DOKANBHOH OCH noayHe-
HHE TEOMETPHYECKHX KPHBBIX — nap Ha TeopeT napabonowie. 310

BOIMOWKHO 33 CHET JapaHee NonoGpaHHbIX ¢m‘munx cBOIiCTB mﬁmx crepHeil - noabopom MECTHOM KeCTHOCTH
KRGO CTEPHHA Ha W30 BAOAL BCSH €ro JUTHHEL

INTERNATIONAL SCIENTIFIC JOURNAL “PROBLEMS OF APPLIED MECHANICS” wag) 5007
MEKAYHAPO/IHBIA HAYUHBIA KYPHAJI “IIPOBJEMbI MPHKJIAZHON MEXAHHKH"

C PABHOMEPHOTO TOYEYHOTD HAT Gpauel 6, nony4aem napabonouanyio opmy. Kamawii
CEKTOP NOBEPXHOCTH MEMBPaHBI, KOTOPHIH HAXOMHTCA MEKIY CMEKHBIMH CEKUMAMM, HATATHBAETCA NO - OTASNBHOCTH.
Hararusanue NpoHCXOIHT N0 CEKTOPaM PeryHPYEMBIMH TP 7, p ( Ha nosep-
AHOCTH MeMOpanbl 6, 8 APYIHMH - H3 KOHUAX HKECTKHX CTep 2 TBYHOLLMX CERUMI,

Yro kacaeTch memGpansl, OHa HITOTOBNEHA NO CEKTOPAM, C 3 paccum M LaG H3 HEPACTATHBa-
EAOND TOHKOrD MarepHana.

Jlns coznauus TeopeTHueckux o6 pab TH Mpe KOHCTPYKUHHA, HaMK Gulan He-

NOLI0BAHL KOMNLIOTEPHEIE NPOTPaMMBl, OCHOBAHHLIE HA KOHEYHBIX JIEMEHTAN. TeopeTHyecKHe U IKCNEPHMEHTAN b~
HBIE HCCIEA0BAHNA 1AHHBIX CHCTEM MOKAANH HX NONOKHTENLHBIE W OTPHUATE/ILHLIE CROACTRA, KOTOPLIE GyayT npeino-
HEHB B NOCNEQYIOWHX CTATBAX.

JIMTEPATY PA

1. Boabue Koemiseckie anTennnbl —o0630p. Cepus XIL M.: Lentp nayano-texunyeckoil nndopmaunn “Tonex™,
1980.- 438¢c.

2. Measmap an I, B, TpancdopMupyembie KOHCTPYKUIH B Kocmoce u ua lemae. Georgia-Germany-

Liechtenstein. 1995.- 442¢.
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MEMaYHAPOGHAS
NORIAHEM N EXEH

INTERNATIONAL FEPERATION

OF MACHINES AND MECHAMISMS OF GEORGIA

g

[IPOBEMDI NPHKGAGHONYVEXGHAKA
(VemayHapoanbia HaygpsiaMypHan

-

5 mN4d i

PROBLEMS OF APPLIED MEC

GN [€3

international Scientific Joarnal

MEAIYHAPOIHENT HAVUHBI YPHAJ “NPOBAEMBL IPHEIAIHON MEXAHUKI" 5o s000
INTERNATIONAL SCIENTIFIC JOURNAL “PROBLEMS OF APPLIED MECHANICS” I

Ternopanze I LI

AKCHOMATH3AIIHA TEOPUH TPAHC®OPMHUPYEMBIX CHCTEM

(HMueruryt Kocsmuecknx Coopywennii Fpyinn, r Ténancu)

Kak misectHo, nayunas reopus — sro obofuesne npasTink HAYHHOI ACATENLHOCTH MOACH, KOTOPOE HPOBOIT
CHCTEMATHEINK HAYMHBIX IHAHRE, HIKOTICHHBIX B TOH HIH HHOH 0GNACTH, BHABISA OCHOBHHIE S0KDHOMEPHOCTH
PaseITHa ITOH 0BIACTH 1 HAMEYAN HAN] A e¢ JAIRHEHINErD npeobpaionmiia.

AL NOCTPOCHNA HAYMHLIX TEOPHI HCTIONLIVIOTCH JIABA OCHOBHMX METONA — KOHCTPYKTHRICM 1 AKCHOMATHIM.

KOsHe TPy RTHEHLI METON IOy MEBICT OREpIE Py o
IO AN JUALLD O, KO YKL BETCH GO0 nx TBHIO DCY NOCTPOSHHA (KOUCTYHp ). Doso-
PAHBINGE CHHOBAM, B KOMCTPYKTHBHOH TEOPHH CYIMECTIORITE — THIHT DhITH DOCTPOSHHBIN, 1100 (aKTINECK, THDO 11 Kpait-
HEl MEpE ~ NOTEHLIMATRID, TO SCTh, EPEMICIEITA, HTO ¥ HAC B PACTONSKEHHIN HMEIOTCH B0 HEOTXOUUMBI IUIH 10N CPeNcTIa 1
BPCMA ... KOHCTPYKTIEHEIC OFBCRTL WD NPEILARICHE B TOM BHIE, KOTIA OHI I0CTYIHLL
T SAEOTES HPDHERTHRHEM (TOUHEIM M AIOIHE 11 ) cnocofon T -anropaidy (.

Yro e KACRETCR AKCHOMETHIME, TO HT0 — " aEayKTHBHLI METOR NOCTPOCHHA KaRoTo-1ubys pasiena HOYEM ... W
KaROH-N50 HaY K B LE0M, (I ROTOPOM 13 BCEX MCTHHHBX YTBepAuennii paviesa (i Bay ) ifupaeTca nexoropoe
HOHEHHOE TIO/IMHOMECTBO H3 MHCIA STHX YTBEPHICHNH, KNIAISTCH 1 OCHOBY PREICIA B KAMECTEE MEXOHLIX NOMOKCHI —
ARCHOM, 13 KOTOPLIX ATEM JOMMHECKIM Y TEM, IOCPEACTROM ADKATATEIECTED CPEACTENMH (JOPMANLIOIT JI0THKH BRIAD-
AATCR BOC OCTIILHBIE HCTHHHBIC YTBEPHALHHS (TEOPCML) HT0ro painena win waysnok Teopun”™ [ 2 |, Tepsrii war

HOCTINCHHA TEODHH AKCHOMATHYECKHM METONOM — Y10 IDHHATHE DHET ONDeIeieHIg HEONOT CORMIUTINOCTH TTenRT.
JoxaiaTenbCTRO TPHBHANLHO.
dopael, Hass ¥

Onpeneneine 9, CHOTeME, HAL MEMENTAMI PO oCy1 rea rpanciof
dopmnpyemoil enemenai. 1o TPAHCPOPMATITE OHE MMEET HIMLIBH YO — (HKCHPOIARIYIO fOPMY, KOTOpad nepexo-
JUAT B KOHEMHYHO (HOPAMY NPEODMITOBANMA.

Onpeneactne 10, TrEcnposannas HopMa CHETEMEL MOKET BRiTh QIHONG H3 CIEAYIOUINK BIA0D:

a) meiinas Gopua; 6) wiockas Gopaa; B) Kpusonuseinn dopma; r) obosoueias Gopaa; 1) IpoCTPaHCTBCHHO-
wpueonuueiinag dopua; ¢) obnemuas dopua. [lepnag ws wnx srnneTen oaHoMepHoil HopMO, BTOpas i TpeTes —
JUEYMEPHEIE, OCTAABHBC T]HH — TPEXMEPILLE.

B aKcHOMaTHYECKOI TEOPHN TPAHCHOPMHEPYEMELX CHCTEM TAKKE JOKAIMBASTCR UL PAZL TEOPEM O CBOTCTRAX
TPAHCHOPMALIMH PATHLIX THIOH, PA3HEIX opM, 0 CROHCTRIX PATHMX (PYIN TPaHcHOPMUPYEMIX CHCTEM, HOX JTR
COBOKYIHOCTE HOCHT CTPOID OPEAHIOBaH BT XAPAKTER, TaK KaK HEALIN AOKAHETH, HATPHMEP, 410, ccaim (opmoobipa-
JOBAMIE AL CHCTEMOM IPOHCXOAHT BE3 HIMEHEHHS €8 CTPYKTYPh, TO CHEIN MEKAY VICMCHTAMM CHCTEMB! He DynyT
YETOIUMBLIME — 30 YTREPH * ARIAETCH OT] M VTREPHACHUA, KOTOpOE i Haweil reopun nazsauo Teopesoit
2u OTPHUAHNE JIOCKHO, IIOCKNIBKY TIPH IIC}'CTUﬁHKIII]{'[Jl coszed - TPH HX HIMEREHHH B IPOUScee tbopnooﬁpmm-
HHA, HIMEHAETCR H CTPYRTYPA cHCTeMBl. ClelosaTensno, TEOPHA TPAHCHOPMHPYEMBIX CHETEM —
HENPOTHROPEUIBAR TCOPHA. Y €€ CHCTEMLE SKCHOM SCTE TAKAKE OHO BOKHOE CBOMCTBO! CHETEMA ITA HETABHCHMA, TO
€CTh, NPHCOEARHCHIE K HEil OTPHLIANMA DANON 13 AKCHOM JACT HAM NPOTHBOPCHHBY IO CHCTEMY.

IMH OOLEKTAMM, CYITLECT PLIX

JHTEPATYPA
1. Herpon K0, A, Jlormieckue npodaesia aberpakunii Geckonemocm n ocymecrsmvocrn. M.: Haywa, 1967, - 125 ¢
2. Kowpakos H. K. Jorriecknii coosape-cnpasoan M.: Hayea, 1975, - 510 ¢

3. Meazmag 2. B, Tpancdop MBIE KOHCTPYRIHN B KOCMOCe i 1 sesae, Kepyanns-Tpyans-Jluxrenm-
Teiin, 1995, - 445 ¢,

4. Mex m BT il pyemute cueresel. Toamen, 1990, - 106 ¢

92
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INTERNATIONAL SCIENTIFIC JOURNAL “PROBLEMS OF APPLIED MECH&NICS”ﬁZIn 2002
MEXIYHAPOIHBI HAYYHBI AYPHAN “NPOBTEMBI NPHEIAZHOR MEXAHHKH" !

INTERNATIO! A (MEMAYHAPOAHAA PEAEPALINY o
EIREIEHTD MR 47 93kl TIDMAWNHAM N MEXAHHIMAMIFYNN Hepomse HI. IL.
METOJIHKA M3IOTOBJIEHHSI OTPAXKAIOUIEH MMOBEPXHOCTH H

EE KP
ISSN 1512-0740 KPEIUVIEHHMSI HA KP?:;[:}?E%;:)I;[;:THOM KOCMHYECKOM

(Huerwry P it Tpyamm, 1. T )

H3secTHBIC THIHMHBIC AHTEHHEIE KOHCTPYKLIN Haeior Gopmy napaboiomas o COCTORT W3 paiHansinx napaGono-
obpaznux npoduaeii. Koauectso 5THX 2IeMeRTOR IaBHCHT 0T HACTOTHON ANANAIOHE, HA KOTOPOM JONKEH paboTats
PALHOTEASCRON.

Ha paasanbHbix SMeMeHTaxX KPENHTCS OTpakaoiian NOBEPXHOCTE - CETKA, KOTOPIA B UENOM NIPE/ICTARTACT AIIPOKCH-
MALHIO dmwu napaGonoiaa. npﬂ COTAAHIN TAKDIT CANHOI NOBEPXHOCTH NPOUECE 8¢ HATATHBAHNA M KPETUIEHMA Ha

THE INTERN

0 -I- E P P ped f M TONLKD llm)“iCHHHC TEOMETPHUCCKHE MAPAMETPEl HEAOCTATOMHBI 178

e J\;p = FOR TH ROMOTIO" OF H ECHGHISH ﬁ " D 0BECTIEUEHIHA OITHMAILHLIX Pely . Ja P OORIATENBED CIEAYET PEUIHTL TEXHOROIHYECKHE
Qv BONPOCKHE TPH CLIMBANIGE OTPE3IROB ceTenonoTHa [1].

! HﬁCHI"E SCIENCE Hano ¢ HTO 1 PHTEALHOE CTKH COLIAET B HEH JAONOIHHTELHRIC YCHIINA, KOTOPRIE, € HOMO-

. LIBIO KOHTYPa 1 pebep, nep Hi . TooTomy i CETRI 30p npoxy-

' ~ MAHHBIM uem.u.:;u ans onT 0 ¥ - '::' P p 0 COCTOAHHA B HEM OYCHb BAXHO,

TEK KAK PAUMOHLILHAA NEPEAN4E YOHIHI OT CETKH HA KOHCTDY HIpaeT p POIL B COIMAHMM TOUHLIX

noRepxrocTeii. Hexons i3 31000, A8 A0CTIOREHIA BLILSHINOREHNON 1en B AakN0f paBoTe IINoMeNa TeXHONOrHA
CLUNBAHUA CETKH, € YUETOM €€ NOCASAYIOUIEr0 KPEILICHIA HA Kapkace peduiekTopa.

H3BeCTHEL MHOPHE METOMKHN CLUNBAHMA CETKH KAK JUIA PELIBHO 0CYLLECTRICHNLIX PaloT, TAK i B BIUIC NEPCHEKTHE-
HBIX IPEATORENNIL I IB00peTenin. OGIIM HEIOCTATKOM HIBECTHLIX BAPHAHTOR RRIRCTCA T0, YT 06PEIKa KIHH006pa3-
HBIX CEIMEHTOB CETEN0A0THA IPONIBOHTCA ILIOCKHMM WABIOHAMM, B HEM HE YMHTHBACTCS ABOHNAY KPHENINA PELIh-
HOil OTpaXMOLLLE NOBEPXHOCTH. FAECH KE HALO YUHTLIBATL TE YOI, KOTOPEIE BOSHHKANT PH HATATHBANKK CETKH B
TpexmepHomM npoctpatcTie. Pewenie doil npolnestsl TpedyeT TodHbx nnp G, 470 1 np

il MOMKEA! HMHTHPOBATE HX HENOCPENCTECHHO HA (OPMOOGPAIYIOLLY IO CTPYRTYPY
ATE Hern ONPeIenaeM HX BOTICHCTBHE HA BECTROCTh I TOMHOCTH KAPKICA AHTEHHE B

16 peduerropa (g 3,0), 8 pedy.

Lenos.

J‘_L"lﬂ OO HA JAHHKX II']'KN't‘I‘:IJ'I.‘ HATAHYTHIX ACTICCTROR, 110 Bowas EPENATCH wadioHn CTEOPETHYECKHMH [IMHULM-
M, KOTOPLIC B COROKYTTHOCTH Npeac FAPAHCC KOCT it cTanes (Hi HEPTEWAX HE 1IOKAIAL 10). Mo o
CHUMAKTCR THIIHHE H2aCTH llr‘&\ﬁl".‘ it o TEOPETHYCCKHX wafnonos, B PEIVILTATE YET0 NOBEPXHOCTL Kapraca MIILICK'

TGP COOTBETCTRYET TEOpeTiYec KoMy napabonomiy. TYT #e HYKHO OTMETHTE, 4TO NPH TAKOI TEXHONONHI CHIMAKITCA
NOFPEMIHOCTI Ktk WINOTORICHHA JCHECTROB, Tk W 8X cOopKi.

[Mocae BEEro FTOFO NPOHEXOINT COLAMHENIE KONCTPYKLIN ¢ NonoTHoM. CeTKy ¢ MPHAGHEHHBIMI COOTRETCTRY KL
M YCHITHSM I BRI LI RAROT 1 MATHNY TR kapkac orpasarens (qur 3,a) [3]

B komeunos HTore. AOCIE CHATHA HAPYIOK X OCBODOWICHHH KOHCTPYKLNK OT CTANERA NPOMCNOINT 1POBEpKa
TOHMHOCTH NOBEPXHOCTH, 4T0 BrpaxaeTen 8 ouetke CKO (CpeiHeKBANPATHHHOE OTKIOHEHIE) IOBEPXHOCTI.

JIMTEPATYPA

I Maven B H. Vapyrse texcnicariete obosouicn, M Ternposdermnnaay, 1987.-245¢.

2. Meaapuammn 3 B Tpancdopanpyesiae koncrpykomm g socsoce w na sesae. Georgin-Germany-Licchtenstein.
1995.- 442¢.

A e Ta He, Xopra LD no 4 FUPYEUE KONUCTPY) it Adporocs TEXN-
wa, M. 1987.-193¢.
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e mdoenobio. gbogerm3gos. bodo@mgganmls 393609 gdsms s3owgdools godmdgdamds “dgibog®gds”. 2002
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dgdds@osdgomo geoagxs goJ@m@ol dg — a39®wo 671
— gob3mlbyd boggdmdoms 0blGo@ydo — 610.
— “®98w@gddma0” — 300390 Jo@mnygmo 3mldmbyg®o msbsdybogdymo Lolgds — 611
— bododmgganml Lodbgo®m-Loobgobdm sgomgdos — 2390 wo 784,

3.10.

® 29690 g0 LoJoMmggermesb. @ggeb wmenody. Lsds@mggeml g9bg@smo@ g@ol Lodbsygynbmgsbo ds:3bg.
ndoenolio 2003. bgg 355.333(479.22). @ 722 “dgdgomo Lo@Rygol g3mddobs@o”.

geoagx s dgdds®osdgomo —

a3 449; 477; 486; 519%; 659; 653; 654 (1); 654 (2); 696; 697; 698 (1); 698 (2).

3.1L

® LoJommggenml gobemglio olGm@os. dgds@osby XX-XXI Ll fopbo 1. mbdognolio. 2003 §. “dgogngd3dmglio”.
209356y, “Lodo@mggenml ol@m@mosdo 3odggeno Jodmyeo gobdmbydo msbsdybogdyamo Loli@gds
‘dg0Jdbs”.

“geagxs d9dds®osdgomo — 3o@ggeo Jodmygmo gmldmlyg®o msbsdybogdgeao LolBgdol agbg®oey@o
3Mb6LAOYJBM@05”. a3. 7 s a3. 8.

3.12.

® 25dmdymbgdemgdo. @s >0l Go. Gmdo 33. wmBm® Amesbe gobol Jobgwgom. Jodmggmms bmgogdmo
aodmambgds. 33. 32. mdognolo. 2007.

3.13.

® 300390 Jo@mygao 3mbdmbyg@o Mmdogddo. 0Msgmo seossdgogo, 3mds @ogeogadg, bows® Fopbsdy.
Lodo@mngganml Ggdbogn®o 9bogg@lodgdol boggdmdgdol, L3giosgyg@o LobEgdgdols ©s boobgob®m
9b@9bggeymxzols 0bLGoGYE0. mdognolo, 2009 .
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Lesa o
= R 936m370 gobdmnlbyg@o bssygbdml mgoEosma®o
s | <o e ©®379396H o0
T e ASTE. ESA. VS 3.2. Large Deploable Reflektor Antenna for Advanced Mobile
N Commynication. ESA /Industry Briefing Meeting 9th May 2000 —Gerry Crone,
e R. Garcia Prieto and W. Rits.

D eS8 monESEnCO®===n 9300390 gobdobyg@o  bosygbdmb  mgogosmy®

METEC m39dgbBgodo s@os@mgdygmo odbs, M3 gg@m3obsmgols
LAOSBgy0e 5930 gdgeo, oo  3mbdmlygto
olodggano  GgxuamgJdmagdol dgddbs dglodangdgemos

Jodmgao gmbdmby®ho @gawmgddmdol dsboby.
A T m39dgbRdo  ombodbymos  ol, M3 JoBmognos

Pamnce: 03 EENE70 sdg@mogol  ggdmgdage  FHoHdl  goshbos oo
aobodegemo  3ml3mlygdo  5bFgbgdo, dog®sd  olobo
mogesgol  dobbgdobomgol  s@ol  dgddbogno o
930m30bomgol gmggmmgol dolbofgomdo s obgds.

MS 3.2 LARGE DEPLOYABLE ANTENNA REFLECTOR
FOR ADVANCED MOBILE COMMUNICATIONS

To enable European industry to offer systems within S-UMTS, the large deployable
anlenna is a key strategic element and the guarantee of supply is a pre-requisite to
being a viable system supplier. In the USA, this technology is readily available, but
the guarantee of supply is questionable and some of the developments have been
made with (Department of Defence) funding which can severely restrict the
guarantee of supply. Other developments are ongoing in Japan under NASDA
funding and there is heritage and capability in Georgia/Russia (former USSR) which
could offer joint venture opportunities with ESA supporling the European elements of
such a venture with the guarantee of supply to European primes being ensured,

305




3.15. INFIXS 83d35@056T30RNL 1LH3IGENIG™M 153IFIMIABOL LOIAMSTMAHOL() RS LOIdOMZINCIFO SROSGHIdS

“Large Deployable Antenna Future Tendencies.
Unfolding Radial RIB & Pantograph Blade Hybrid
Concept”. Miguel Domingo Olse, Eduardo Albiazar
Menchaca. SENER Ingeneriay Systemas. Avda. Zugazarte
56-48930 Las Arenas (Vizaya), Spain.
migual.domingo@sener.es,  eduardo.albaizar(@sener.es.
Large Deployable Antennas. ESTEC, Noordwik, The
Netherland , 15-16 February 2000.

b53H™dTo gobbognyganos gerayxs dgdds®osdgomol dog® dgJdbogno 3eldmlydo
®9989J@MOgo0L 35B5bg shogmo — dmEogoEoM dYmo 3mblE®YJ30gd0L
d9J36ol glodem gdamdgdo.
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o oLFMANSTo  3odggmo  Jodogmo  golbdmlbydo  @dogdol -
adloBemgemo  opasds@moBosbo,  byLEo s  bolGo  ®mglydyco
@98mgJ@m@ol  3mbdmlLBo ao@obols > godm@ipol  Ygbsbgd 23
ogeoolol  0bgm®dsi0gdo, bbgopolbgs  bosggbdmgdol  dgdggmdom
06@gblogdse  gaGgEgdmEs. o3  3dbMog, 3oGggmo  Ygxsligdgdo
A9lgmol gobdmbyho goagbol dodmgol 3964® o bpgdmes.
e 28 ogmoll, 3o®ggmo Jodmygmo ,,30bdmbyg®ho @eolgol” LHymo
Foh353gdol s 3odstxggool ©sdmog@gdols godgdo s guslgdgdo,
ddogomo  Lyggmggzobom sebon dmgml ImgmomBo, mOd0GsSwYH
bog\)a'g]ﬁ) »Muap“-00s6, 30(4);9030(4)0 3300 FG>ggd0m 3005039300,
JoOmggangdol  Ls3gabogom-Ggdbogan@o dopfgggdo — 9dsmenglo
gg8obgdgdom gobolsbrgHgdmes.

Sheprng
Kocmuyecknid KpynHoraBapuTHbl TpaHchopMupyembiin
ofhceTHbIR pednexkTop

OCHOBHGIE XAPAKTEPUCTUMKI

AHTEHHOM pemne»nopa. PazBepHYTOro Ha
OC «Mup» 8 1999 rogy

Macca, 38 wr
PasMepe! B TPAHCNOPTHOM NONOKEHH D =06m
H =12m

Pasmeps! B pa3BEPHYTOM NOMNCKEHIM L,..,, =64 m
..... =52m

H =11im

CoemectHoe npeanpuaTke Energia-Georgia-Space npownasogut
pad:unam}pnl AMNA BHTEHH CAHTUMETPOBOTO W ASUMMETPOBOID
. OcHOBHEE NapaMeTpel pedinexTopos:

Owametp 5-30 m,
| YaensHan macca 1,5-0.5 krim?
‘Boto co cTanumnm “Map™ Mepuoa sxcnnyatauwm cawie 10 net

wiane, 1993 roaa

(YNMRANGHbIA IRCTEDY

VHHKNLHBIA 3KCNEPHMEHT MO PaCKPHITHIO Ha
MoOce aHTeHHbi-pednexTopa GyLeT NpojoKeH 2
ABHIT . HA NPECC-KOHQEPEHUHH PYyKOBOANTENb NONETOM CTaHUMH “Mup’,
Bnagumnp ConosseB. OH BbICOKO ouyeHun pabory poccHici
HasToB-Bukropa Aghanaceesa n Cepres AsjgeeBa B OTK,
DTMET”H; HTO no ¢H3H‘JECKHM H3rpy3sxkam .qﬂHHHH‘ Bbl’x
CTaro4HO cnoxHbiM. Heivewnni pednexktop - akcneps
PHaHT ByaylMXx aXypHbIX aHTeHH, CNoCOCHLIX pa3Bop:
Moce M 3aHHMaTb npH 3Tom Gonswne nnowagu. Mo oy
cTOB, 3a HHMH Byayujee, OHH HaiayT cebe NPHMeEHEeHH
HbIX CAYTHHKax CBA3M CAeAylOUHX MOKONEHHH.
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NO ANALOGUES

% A l EM A H LARGE-SCALEENGINEERING CONSTRUCTIONS Research and Technological Trends Underway and in Prospect
l VALEMAR offers to share its initiative and to cooperate in establishing an . " i e

International Center for Research and Development of Large-Scale Radio-and

5‘ h f'p p f'n g an d r ra d f n g [ t d TV-Transceiving Space Stations and Other Engineering Structures

presents the latest scientific and engineering developments, projects and proposals

atheteletcrps memy dameter (1 and mas () m

e gt

Full accord with the environment
The might of fundamental science
Unique testing centers
Engineering and technalogies of the future

the 5902 53 32 10 v them an
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d9Lgmol ggogHsmag@o  gobdmlbygmo  LosagbGmb
“Vbogobodm  ds@>mPo”, GmIgmPoiz  Fo@dImeygbogo
0 gbEB@5(30900 Lasggb@ml 3MglGogymo dow§gggdols
©gdmblEMmoMmgdss, R3OMM FMAISGom gsdmlLsbygmos
3o6ggmo  Jo@omgmo  3oldmlby@do  ®dogd@ol  @os
3@L3ImLyg®d LogHh 3930 aodmELol BmGmso@o.
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Abstract

® The “Great Silk Route® Satelite (GSR-Sat) is the Alenia Spazio
for a multifunction GEO satellite system offering a full
covarage of Transcaucasic Republics and Central Asia Countries;

® The satellite system. operating in the L & Ku frequency bands, can
provide a large variety of senvices ranging from Television
Broadcasting and Multimedia services to Mobile Communications and
Monitoring services:

® The space segment design will be based un Numu Suum flight proven
axparionce in design and
communications satellites and Georgian p-wen emﬂem‘.e in design
and manufacturing of large space reflectors and platforms.

IR Alenia

,.ug,«b

i (-.u\u

GLOMASS (S GALELEG

N

s fme
e o
poom i ——

i EA:gnin

Envirenment Monitoring -

# Satelile communications allow o respond immediately 1o an
environmental disaster or accident in any condition and from any

locatian. . 3-'{.’:- GER-Sat

éitj

B Alenia

qna-l

® Satalite communications
data as well as pollution and sessmic

é‘%’ GSR-Sat

allow o n-ny gather hydro-metecrological
data.

r 2
-ﬁ

'ﬂ"_!

:&k

iEAluan

i EAIenla

| = Alenia

“Great Silk Route” Satellite System Evolution -
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30bx9Mg6300L dobogngdo —“ Preliminary outcomes of the ESA-UMTS System Preparatory Study”.

ESA/EU Advanced Mobile Satellite Sistem Workshop. 08th May 2000.

l;ECl-F_-'IE_O-GEO Trade-off Summary (iV)
...... then GO FOR GEO!

S Alenia —}— DaimierChrysler Aerosp:

GEO Feeder/User Link Coverage

>

+ Baseline is global feeder link
* FDM feeder link beam multiplexin

+

* Optional adoption of multi-bea
feeder link

* Toreduce GW EIRP

= To possibly reduce feeder
link bandwdith

ey

S Alenia —1|i— DaimlerChrysler Aerospe

GEO Constellation

Extension
Covera|

! System

W oo B
Wah: |

= Alenia —'— DaimlerChrysler Aerospe
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Introductory Presentation

C.G.M. van ‘t Klooster
Estec EEA
Kvtkloos@estec.esa.nl
Large Deployable Antennas and Related d:esa
Technologies

“ One-and-Half Day Mini Workshop “

ESTEC 15-16 February

Good morning - Ao6puii yTpo - bonjour -
buenos diaz - buonjiorno - Gute Morgen

Kees van 't Klooster Estec - TOS - EEA 15 feb 2000 1

Large Deployable Antennas and Related
Technologies --- “A Mini - Workshop”

P

{-esa

it L

OBJECTIVE

Informative about a number of technologies as realized by
Georgian Polytechnical Institute from Thilisi and NPO Energya

- A joint effort resulted in an experiment on MIR.
Video-material about these recent experiments will be shown
like the deployment of a 6.5 meter antenna.

- GPl is involved in Large Deployable Antennas since decades
Presentation about Large Deployable Antennas configurations

- Related technologies, potentially useful in modular sense as
a building block in other larger (deployable) configurations.

Kees van 't Klooster Estec - TOS - EEA 15 feb 2000 2
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Experiment “Reflector” {-esa fesa

-1- A 6.4 meter antenna was deployed on MIR 13 m Large Deployable Antenna mode! realised in Thilisi (contract with Dornier):
.

- isation of hal 3 ]
necessary tests and necessary
ergonomy (basin tests, EVA related)
in extremely short time

- Two EVA's for complete deployment,
withstand space environment

in semi-deployed configuration
Kees van 't Klooster Estec - TOS- EEA 15 feb 2000 L Kees van 1 Klooster Estec - TOS - EEA 15 feb 2000 7
@ Large Deployable Reflector Antennas #esa Modular Technologies, for instance #: esa
Annular Pantograph or Inflatable Torus i
| - s ST I —
8. 8048503300 Meodular Elements like inflatable torus
or also annular pantograph, could support
Gm@OELBMHINAILOR0 - reflector material, mesh or panels (as discussed during developments >15 years ago)
dMELGAIICBNIB0 - reflective arrays, with Fresnel lens-like
3MuLAML3N distributed elements (also not new)
L5309 5% - multiple layer of passive elements, arranged in
concentric areas, providing necessary

TPAHCOOPMHPYEMBIE reflecting properties, could also work in
KOHCTPYKIIHH transmission, could support multiple bands, (

B KOCMOCE H HA 3EMIJIE

Transformable Space
and Ground Constructions

Kees van 't Klooster Estes - TOS - EEA 15 feb 2000 g

Kees van 't Klooster Estec - TOS - EEA 15 fcb 2000 1%
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“bojorﬁmgty,q)mb @gbindaogs” Ne197-198 j5065-065 Jsdsmo 23-24 ogarolbo 2000 [ gao.
“ebdebadgo dbadado 06L6GaJ09000 Idsgsaro Ibmgome sbans @sofger’”.

322.

“dbycl gaonspop dogomagen mgsgh s doga JosGogaee boanbl gb Fgbsbodbsgo Fs@dsBgds. sdoom bsgadggamo Bsgysds gobs dangann 565896930l Lolbdgdsms
sbognr m3@mBol 5 PodBHopEs sboar yebbEGJ0sms bEgarymgoamyds o dydsedol boodgomeds.

3Gboe baaros 0dol [o@dewggbs, Ged 30b8mbsgBgdo sb66gbsl dmogoangdgb bswg @ ,,do@™-b o go@snggsbgb dsb @sdmygiomgdgar m@doBsby. dogerbogds ol
EII0, Bergs dogero Jbergaroem bybodss dgGaao gyadgdos do@ggao JsGogmo yjobdebzgbo @dogdob gsbbbsl yerbdebagm bswgad ,,d005™-by”.

ReJ@6o, 3Geggbado omsdsbyl bydmgdo
(360l Hydbdo pgH3sbgmos).

3.23.

»d@bLBG G000 ogogbs bGolbom my Fagbgosgm, doa by Fmsddgdwogos ob, Gmd bymo ol Fgdmgs sodms gog@daanps s ol sbhgaws gsdaomo
IR IIE B0 563960l bsboo”.

356 gemlggHo

936m3g@o goldmbyg@o Losgygbdml 568gbgdol gsbgmegomgds

(r0g560L BgJlEo 0byemoliyg®os)

324.

23d@335605 0009605 SgBeIb3s;009” gfb39B0gbS »BIREIIEIG0-b BBoFgdsl  Fbogbgaremgsb  JowFagee@  Joobbggh. 58  gfbogBodgbBds @sggsbsbs 3BmRgbead

g GgdBs@os dgoarol, Gegmds dgdefdawobs s godmdgmbgdamol dsmsamo @by, 4ebdmbad bspgad 006~y dymnds dR@Gobsgds bobEgdss, sg@gmgg 8306396
PsBnaao 0bBgegdGob dogi JopFgaeo sbggg Jopsgro @by’

sHbomEe 353930 ©S WEAsEe Ysmobm

»og60s 59G0L35300” (gesbol GgbEo oGsmoy@os)

3.25.

»00G-bg  BsBo@gdgands gJb39%0d96¢53s ogsgmbomanog ssEslBaGs, Gmd 3GmFgberd  Jgdds@os Fgoaobs s dobo gzbool dogd  bogo@mggael yebdmbygd

b35ggdmdsms 0bbBoB B do Fgdydoggdaemo berg-bsy Jbmmee ogemdbos G s@ob. Lfmdgo jmbdmbol 306m3g3d0 s6sJBogaeeds godmposd @sggsbobs, @ed woowo
bodybEob Gfemby Jbydao 306LEG3I609006 Jerdsgogmo Jberanep sbaos ponfge.”

©eJdmto jmsgb-rodgd dg@abdo

(292960l Badbdo pgBdsbygmos)
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306593 Zs0dogms  Jodmzao JmblbEGaJz0s. dmbsdaao gsGo, Gmd o8 o bogdydo Fgb, ogggbo dgaedd@gdo s geemgsgdo, ogagborsb
03m6 39836 53mg0

3o Jo.”
bgMa90 JOAM@omgol Lsbgermdol Lo@msig@m-gobdmbgeo gm@3m@sEos ,,g69Ga05"L
39695 @o0 JObLEHYIJG™Gol dmspyomy, ,,9690305-GPI-L3golol” 3Mmgborgbdo.
(rR9%560L Badbdo Ggbamos).
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1 ISONGIIS 335G B60mG938s Fmsddgdogse degmy @BmTo pssb@gagl gsbs dargao Gypagidem@ol sggds @ dmsbpobyl dobo Fo@bdsdgdaaro
396696 350638560

8o davs”.
000607 LoggmodgblbolBgdy” (pgesbol Ggb@o 0bymoly@os)

3.28.
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GIB@IIEFIo0L oy do, oagbl woe bsGL. mgsgb Sbggbgr — @Gobo dowfggs Ggodangds Ggbodsdobo gewbobs s bgdolyergol s@Glgderdols

36m39bmG0o GG 350960

doybbgbols BgJbogn®o 9boggdLodgdol bydyd gmblFHJGEosms gomg@ols g3y

bosgoszom s gobdmbado g@gbol 0blGodydol wodgddmdo (pgwsbol GgJudo
396H3569e005)

d9dor bgggs do™

“bogs@oggmerl Gybsndemoys” Nel97-198 y500-0965 dsdsmo 23-24 ogevolbo 2000 fgavo.
“Debdebadgo dbgydado 3m6bBGaJ0930L Jmdsgoaro Jbmarmw sbans wsofyem™.
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Jgoagxs 99gdds®dosdgomol Lodbgpdm-Loobgobdm s Lsdggbogdm dJmwgsfgmdol

esFyggdol, 39OL39JB0ggdol, 2503399 gBo3byg, doe{gggdols s Tggagdol dbdog,
bodobomdmogos @gsfamdmbomo d393bogdol oygdo aaosbybmgol dggolbgdgdo:

«...K Ham Ha kagegpy BoeHHO-nH)XeHepHoU Akagemmm uM. Kyvibbiwesa, /ryaxa Megamapmalusnivn 6bi/1 Harpas/ieH Haqya/ibHUKOM
Hay4YHO-TEXHNYECKOrO KOMUTETA MHXEHEPHbIX BOMcKk Munncrepctsa O60poHsl CCCP. Ha Haweu Kkageape AETaibHO OOCYXXAa/MCh €ro
MPELASIOKEHUS B 0O/1aCTH BOEHHO-MHXEHEPHOIO AE€/13, KOHKPETHO 10 BOEHHO-MHXXEHEPHBIM KOHCTPYKLMSM, B TOM YUC/I€ M MOCTOB.

Ha Haweuw Kkagegpe Mbl CMOr/M CEQOPMY/IMPOBAaTL OCHOBHBIE [PUOPUTETLI U JIOTMYECKME OCHOBbI CO34aHUS KOHCTDYKUMU A/18
SKCTPEMA/IbHbIX cUTyaumi. Torga rog 3KCTPEMASIbHBIMU CUTYALMUIMU Mbl [104Pa3yMEBASIN BOEHHO-UHXEHEDHOE HA3HAYEHMNE PEL/IOKEHHBIX
cucrem. Ewje torga s rnporHo3mpoBasl 0606LYEHHbIV XapPaKTED MPEAIONEHHON MM KOHLIEMLMU TPAHCHOPMUPYEMbBIX CUCTEM U 3TO, IMPaKTUHECKH,
0Ka3asioch MpejcKkasaHneM. Yoke B Haqasne 80-x rofoB, Ha OCHOBE IPELIONEHHBIX UM KOHCTPYKUMY, ObI/IO MPUHSITO PELUEHNE, - IryaKa
MegzmapmalLBuiv Obl1 HA3HAYEH 71aBHBIM KOHCTDYKTOPOM KOCMUYECKOM M HA3EMHOM BOEHHO-MH)KEHEDHOMU TEXHUKU.

B 370M Haripas/ieHm, Ha OCHOBE IOCYA3PCTBEHHBIX PELLIEHUY, Obl/IN BbIIOSIHEHEI MHOMME BOEHHBIE IPOrPaMMbl, YCriex KOTOpPbIX, B
b0/IbLLIEN MEDE, OMPEE/NIT MEPEMELLYEHNE TPUHLIMITOB BOEHHO-MHXEHEPHOIO OBECTIEHEHMS C/IOKHBLIX MEXAHNYECKMX CUCTEM HA KOCMUYECKME
opbUTsbI.

Ckopee Bcero, Kak OTMEYarT MHOIUe CreLNaIMCTbl KOCMUYECKON TEXHMKY, 104X04 iryaxu Megamapnalusuin 6bi1 rpaKTudecku
1EPBBIM MPELIEAEHTOM, KOTOPBIY B AA/IbHEMLLEM HALLIE/T OTPAXEHNE B OTEYECTBEHHOM U 3aPYOEXHON MPAKTUKE ...».

Jlaypeat JIeHMHCKON NpeMum, rJ1A3YHOB FOPUA HUKONAEBWUY
3acnyxeHHbii fleatenb Haykn,
OOKTOP TEXHUYECKUX HayK, npodeccop,

NMOJIKOBHUK
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Lodbge®m-bo0bgobdm odaolb Ebmdomo Iggmggodo, 30mggbmdo, 3gbgdom-mgoBgbob@o
mgmbop dgomggo gmaygxs 33dds@osdgomol Losdygdomgdl doobhbggl, Gmamagyg —

«HoBoe HanpaB/1eHNe B Pa3BUTHH CPEACTB M CITOCO60B BbIMOJIHEHNS HHIXEHEPHbIX 3a4aY»

s, 235bmob o3og3T0@gdom, gobdo@Pogl:

«.. PesyibTatel TEOPETUYECKMX UCCIIEL0BAHMY,  SKCIIEDUMEHTAE/IbHBIX M OfbITHO-KOHCTPYKTOPCKUX — paboT,  [POBEAEHHBIX — POGHECCOPOM
MegzmapmaluiBnin 7rymKes BUKTDOBUYEM ITOKA3bIBAET, YTO TPaHCHOPMUPYEMBIE MPOCTPAHCTBEHHBIE KOHCTPYKLMU MOTYT U JO/DKHBI 3aHSTb CBOE MECTO Py
CO3JaHuN CPELACTB UHXEHEDHOIO BOOPY)XEHUS [/15 OBECIeHEHNS MHOMX 33434, BbITOTHAEMbIX, KaK UHXEHEDHbIMU BOUCKaMu BOOpy)KeHHbIX cu/l, Tak U
APYrvMy BEJOMCTBAMU — QPOPMUPOBAHNSIMU [PDAXKAGHCKOU OOOPOHBI, CracaTesibHov Cyx0bl 1 4p.

PazpaboraHHbie ripogeccopom Megsmapualusmin 3.8, rpuHLNIIbeI MOCTPOEHUS MPOCTPAHCTBEHHBIX KOHCTDYKUMY T03BOJISET MX PEA/IN30BATH B LIE/IOM
PAAE 38434 MHXXEHEPHOIO 0OECIIEHEHMS.

TaK ripy MackupOBKY MEPELABWKEHNS BOUCK 10 4OPOramM MOryT HauTH CBOE MECTO Hal [OPOXHbIE U MPUAODOXHBIE rOPHU30HTA/IbHbIE U BEPTUKA/IbHBIE
MacKky, COOUPAaEMbIE U3 M/IOCKUX MPOCTPAHCTBEHHBIX KOHCTPYKLMH, 3aTSHYTbIX MACKUPOBOYHBIMU CETIMU. [Tpn opTUDUKALMOHHOM 060PYLOBaHUN OIULIMI
BOMCK MOryT ObITb MUCII0/Ib30BaHbI ObICTPOPAIBEDTHIBAEMbIE MPOCTPAHCTBEHHBLIE KAPKAChI A/15 BO3BEAEHUS OOOPOHUTESbHBIX COOPYXEHMI — O/IMHAAXEY,
YOEXULY KOMAHAHBIX U MEANLIMHCKUX ITYHKTOB.

U, KOHEYHO, UCITO/Ib30BAHNE TPAHCHOPMUPYEMbIX KOHCTPYKUMI L/IS CO34AHUS LUTYPMOBbIX MOCTOB (<MOCTOB COMPOBOXAEHUS») MOXET YCIIELHO
DELLNTB 33434y 0BECTIEYEHMS EPENPABHI BOUCK YEPE3 BOAHBIE MPErpasbl Maaov (@ MOXET ObiTb M CDEAHEN) LIMPHUHBI,

Peannzaums 31ou naen 415 Co3[arus O4HOMPOSIETHIX MOCTOB SB/ISETCS, 110 CYILECTBY, HOBbIM HAMPABIEHNEM B PELLEHUN STOH MPO6/IEMBI, TOCKO/ILKY
pazBUTHE CyLLECTBYIOLNX MOCTOB COMPOBOXAEHMUS UAET, B OCHOBHOM, B HAMPAB/ICHUN YBETMYEHNS [/IMHBI MPOSIETHBIX CTPOEHMY (DEPM) HaABUraeMbIX Ha
TIDENATCTBUE U [TOBBILIEHNUE MOLHOCTY Ba30BbIX MALMH (TAHKOB, BOEBBIX MALLNH, 3GBTOMOOW/IEH W T.A.), YTO BJIEYET 38 COOOU UX YTSKE/IEHNE, CHIKAET
TDAHCIIOPTabe/IbHOCTb M MAHEBPEHHOCTBL.  BbICTDOBO3BOAUMbBIMK  MOCTaMY, B KOTODbIX HCIIO/IL3VIOTCS PE3Y/IbTAaTel UCCIeqoBaHmi  npogeccopa
Megsmapmawsmwiv 3.8, MOryT OCHalatbCs WHXEHEPHO-LOPOXHBIE, TOHTOHHO-MOCTOBbLIE, UHKEHEPHO-MACKUPOBOYHBIE,  MHKEHEDHO-ONLINOHHBIE
104PE3[E/IEHNS UHIKEHEDHBIX BOVICK, (OpMUpOBaHmyi PaxaaHcKkosw OBOPOHbI M BEAOMCTBA 110 YPE3BLIYANHBIM CUTYaLUMUIM U T.4. 37O M03BO/IUT BO MHOIOM
06ecreynTs CaMOCTOSITE/IBHOCTD AEUCTBIM BOVICK ITPH IPEOCLOSIEHUN UMM BOLHBIX MPErPas 1 PELUEHNE CIIELUA/TbHBIX 38434 APYIMMY BEJOMCTBAMA.

B yesioM, rpuHUMI CO3[3HNS BOECHHO-MHXEHEPHBIX KOHCTPYKLMH Ha OCHOBE TPAHCEHOPMUDYEMbIX [TPDOCTPAHCTBEHHBIX CUCTEM, pPa3paboTaHHbIX
Megsmapmalusnin 7rymxesi BUKTOpOBUYEM OTKPBIBAET GOJIbLUME BO3MOXHOCTY 47151 COBEPLUIEHCTBOBAHMUS CDEACTB U CIIOCOO0B MHKEHEDHOIO 06ECIeYEHNS
LEVCTBIA BOUCK, @ TAKIKE BbIITO/IHEHNS PA3/TMYHBIX HAPOAHO-XO3TUCTBEHHBIX 3a4aY...».

Mpodeccop kadeapbl MHKeHepHOro obecneyeHms Mepnes Jleonnpg Cepreesuny
BoeHHO-UH)xeHepHOW AkageMun Poccum,
reHepan-nieMTeHaHT

317



331

JgoagRds 9gddo®osdgomol ddsgom@Ferosbo Lsdg3bogdm o Losdggbogdm-
bodbgodm Lodydomgdol dododm Losdbgodm-goldmbygdo GgJbogol agbgdosmydo
3ObLAOygJdmdo, sgomgdogmbo sbosGmemo bosgobo s@bodbogl:

«...[locne co3gaHns aromMHout 6GOMbObI OCOBEHHO MHTEHCUBHO [10J1yYN/IN Pa3BUTHE @OPMbI U CrIOCOObI 6OpPbObI C
UCM0/Ib30BAHNEM BO34YIWHO-KOCMUYECKOIro [POCTPaHCTBA, KOTOPOE [103BOJ/IAET CO34aThb [/1063/1bHbIE UHPOPMALYNOHHO-
YAapHbIE, MHOOPMALUNOHHO yrpas/fSoLUnNe U Pa3BeAbIBATE/NbHLIE CUCTEMbI. ITU CUCTEMbI OPraHN4€Ccku COEANHAIOT BO34YLIHOE
MIPOCTPAHCTBO U KOCMOC B EANHYIO CPHEPY BOEHHbLIX AEUCTBUM, KOTOPASA MOTPEBYET peain3auynu rnpuHYNNa LYeHTPaIn30B8aHHOro
PYKOBOACTBA 6OEBLIMU JEUCTBUAMU (EAUHCTBA OpPraHn3aLmnmn, OTBETCTBEHHOCTH, YIIPaB/IEHNS U 0OECIEYEHNS).

OpurnHasibHele Hay4Hble TPYAbl M HOBBIY  K/JIACC  KOHCTPYKUWH, paspaboraHHele B Hadaszse 80-x rogos
3.B.Meg3amapualuBuin, rpuMeHUTE/ILHO K UH@OOPMALYNOHHBIM KOCMUYECKUM CUCTEMAM, CO34aHHbIM B LIHUW «Komerta» rog
PYKOBOACTBOM aKkagemmka A.N.CaBuHa UCN0b30BA/INCL B [IPUHATEIX K BbIMNOJTHEHUK FOCYAapCTBEHHbIX IPOrpammax
OOOPOHHOIro 3HaYEHMS.

B nocnegyrouwem, ero ucciefoBaHns HAYMHAOT OXBATbiBATb 0O0/IEE LWHUPOKUK KPYr Hay4HbIX pob/ieM HE TOJIbKO B
KocMmoce, ... HO M Hag Hay4YHbIMU BOMPOCAMU BOEHHOIO UCKYCCTBA MPUMEHNTENIbHO K MOCTPOEHUIO CUCTEMbI 060POHbI CBOEH
CTPaHbl, @ TaKXKe HOBbLIX CUCTEM U KOHCTPYKUNH KOCMUYECKOIrO M Ha3eMHOIro 6a3npoBaHmns.

S1u paboTbl AAOT BO3IMOXHOCTb HE TOJILKO pa3pabarbiBate MEPCEKTUBHBIE MOAEN BOEHHO-UHXXEHEPHOU MOAMrOTOBKMU
rocyfgapcrsa, Ho U OfpefESIOT MPUHLNIILI MHXEHEPHOIO 06ECIEYEHNST BO3AYILIHO-KOCMUYECKOIro Harnpas/ieHUs, peaan3aymm m
KOMI1/1eKTaynu COOTBETCTBYOLEN rPYrnnpoOBKu CPEACTB A1 AOCTHKEHNS TPEOYEMON KOCMUYECKON 0OCTaHOBKH.

CO34aHHbIE KOMIT/IEKCHI UHXXEHEPHOIO 00ECNEYEHNS, KOCMUYECKMX CUCTEM, UX UCTbITAHUS [OKa3am BO3MOXHOCTb
PaKTU4YeCKOro Co34aHnss Ha KOCMUYECKUX OpbUTax KpyrnHorabapuTHbIX ... CITYTHUKOB U C XaPaKTEPUCTUKAMU, 103BOJISIOLYNMU
MO/1yYUTb TPEOGYEMYIO B HACTOSLEE BPEMS 3PPEKTUBHOCTb 1PU UX HCITO/Ib30OBAHUN B CUCTEMAX ... KOCMUYECKON pPa3BEAKU U
yKazaHus yesnm.

Pe3ynbrarel  nccaeqoBaHus  3.B.MegamapualiBusin - MHOrOKparHo  Oblin  arnpobupoBaHsl  Kak B HA3EMHbIX
IKCIIEPUMEHTA/IbHBIX YC/I0BUSAX, TAK U H3 KOCMUYECKUX OPOUTAEX.

[IpuBeAEHHBIE aBTOPOM UCC/IELOBAHUSA JIEMJIN B OCHOBY, Kak /15 CO34aHUS CEeUNasibHbIX KOMIT/IEKCOB, HE UMenLnx
aHaszoros, TaK U rpu pa3paboTke U BblTOJIHEHUMN rOCYAAPCTBEHHbIX OOOPOHUTEbHbIX 3aKA308B ...».

FeHepanbHblii KOHCTPYKTOP BOEHHO-KOCMUYECKON TEXHUKM, AHATOJIMA CABUH

AxkapnemMuk AkageMum Hayk Poccum

318



332. | o 153bg@0-bo0bgobdm  bgmmgbgdol ©sGaBo  gmanxs  33d3s600Bgomol  Lsdgibogdm  FOm3gdol  JodsGm

Loob@gdglbos oM Tog  g93mgol  Laobgeomdol  Ladsg@m-3mldmbygdo  szopgdool  3Gmgglm@ol, Lsdbgo®m
493609090505 mJBmO0L SbosGmeo go@sdgembogmgol dgnsligds:

«... aBTOpPy yAaJ/IOCb CO34aTb EANHYIO METOHOJ/IOTNIO BOEHHO-MHIXEHEPHOIro MHCKYycCTBa AN

COBPEMEHHbIX YC/I0BHIH NMPHUMEHHNTENIBHO K Tpy3nm».

333

* g gXS> 39dd5@05Tgogmols LodgbogHm 3gengggool 308s@m badbgodm s Lodbge@™-Lsobgobdm
bgenmgbgdol bygdmTo, Isgsem Lodgibog®m Losbanggdl Dm@ol, Bgg@ol Lobgendfoxzm 9bogg@LodgEol
30mxgbmao, bsdbgodm dgi3bog@gdbsms wmJ@mdo b. 0. gngodmgmbo gobiom 3g3gdnmsw S@bodbsgl 0dsl,
@03 530™Ads g ggzgdol 3M5]@0gum @oMgdgmgdsl dospfos — “... BBegewnem B 060poT M BbIgENIEHNEM

BO34yLWHO-KOCMHYECKOH cihepbl, Kak 06 bEKTa BOEHHO-MHIXEHEPHOIro obecneqyeHns ...».

334. | 9gnOm dmygosbgdom @gLgmol  LodbgE@m-boobgob®m  Sgo@gdool  3OMPgLemGo, 99bg@oe-

@90 gbobBo @gmbo dgmggo jgensg YOMYPbgds geanxs d9dds@osdgoeol Lodydomgdol Vggnsligdst,
— Sbays 9439 Lodbgpdm bgmmgbgdol smydo ©s >0boTbogl:

« MegsmapuawBnin 3arygxa BuKkTopoBuY rnpofgeEMOHCTPHUPOBAT BIOIHE MPOPECCUOHAIbHbLIN M04AX04 K PELIEHUIO
po6s1eEMbI BOEHHO-UHXXEHEPHOM MOLrOTOBKMU CTPAaHbI. [TDOBEAEHHBIE UM UCC/IEH40BAHUS ... HECOMHEHHO SBJ/ISIOTCS Aa/IbHENLINM
PazBUTUEM BOIMPOCOB TEOPUU U [IPAKTUKU BOEHHO-UHKEHEPHOIO WCKYCCTBa M OYAYyT CrIOCO6CTBOBATL KavyeCTBEHHOMY
BbITOJIHEHNIO MHOIMMX BaXXHENLUNX 33434 HE TOJIbKO BOEHHO-UHXEHEPHOU MOArOTOBKM, HO U Pa3BUTUS BCEH UH@PACTPYKTYPbI B
Lenom».
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335.

JaRS  99d3s@05Tgoarol  65T@mBol — ,LoJodmggmml  Gg@o@m@ool, 0bxg@sLE®YIBHols  ©s
3099603530900 05g3ps3goLsmgol ImIboswgdol s Led@dmgm  dmJdgogdsms  Loobgob®m
9b@963gymxol  LobgmdFogm  LobEgdgdo”™-l  dodstrm  sdg@ogol  Fggdmgdbgmo  Gos@gool  s@dools
L50bgobdm  3m@3yglLol  g9bg@oe-ag0@gbsb@o, @mIgmoi [argdol 2obdsgemdsTdo 5T d@sgoe

960390L0@gddo dmpgs(gmdes, dgdrgy ©slggbsl s3gmgdl:

» oo 60TFIL goohbbos mbogoaa@o Ggbodenydanemds, gobsgipel bmgow JoGmammo Hbodo bogamsdo, Gogemdn g@Eob
bsdbgo@er  dsgnsdmbogngdols  godofdbobs, obggg  gpmbedogado  3eBgbiosemol  godsgdbobs, s foowggl ol
3J309@0B07a9%  bBsdoguy@mdsl Jaggbol dops oy @Gggombsgrg@o mgsabs bGoboo. bsdbemdo, og@gmgy §sdmbswgsos,
GogedG bodndo bobBgdado dodsdogobsmgolb bsbgarfonem bsobgob@er jmdigngflbgdol s@g do. g@eghamaro gi00609303%0
83630056930l 368 GSIsmS Fgbsdsdobsw, GG dmeosbse bsdbyodm baghemb go@gm 0dymRigds.

bsdGmdolb 3G B0 a0 Jb0dgbgemeds odmgopgdaemo ofbgds bsgodGmggarml bodbyoder s gbmgbaaro jo3055ar0l
265G by,  J06bBG I dgomgobol s  godmoggbel  mym@ogdo, dmwgangdo, sSbogrobgdo. Jobo  mogEslo@ggemo
IGsgBogaaro  bo@bggdgaro  ddggbogmoe  godmozggmgds  dob  0bBgargidaserac  Jesgambaedo  od  mbpgRcosms
Jbs@sbsdgise, Gmdamgdomsi  Jmsg@emdol  bodobolbBbmgdl  Ggadarosom  3mddmyfbad  3Gm3argdgdmsb  Fgdoegds. dsb
3G JBogaero  §5Ierggbgds  dgbsdarms  Jfmbgl, slggy  bogs@mggaml  bsmbogg@bodgder boldgdgddo — ymdsargibadgo
86 demoo mgm@ogdol bolidgdamo jaargggdobs o 0bBgs@oiool Jammoemaremgoon bsbfsgagdmse . . . “

036300R-RINVBI6S6BH() JORKR053 3. ®3I6(M
(09060l B9JLE0 0bamolig@os)
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Energia - GPI Space

About Company  Experiment REFLECTOR  Contact

SPACE EXPERIMENT "REFLECTOR"

aboard the "MIR" orbital station
(final report)

Large-scale reflector is one of basic elements of large space antennas. Therefore
works on creation of structures of large-scale transformable reflectors are so actual
today. It is evident that the testing of such designs in space is a major stage of
these activities.

RSC "Energia” and joint Russian-Georgian company "ENERGIA-GPI SPACE" (EGS)
have conducted experiment onboard the "Mir" Orbital Station, whith the purpose
of:

approbation on space orbit of the structure of new generation large-scale
reflector

approbation of a new construction system of stabiization and control of
procass of deployment of the structure;

testing of process of deployment and shape formation in the outer space
enviroment

control of the fixation and preservation of the shape of a mechanical system
investigation of the rigidity characteristics of the transformable reflector
constuction

gualitative estimation of a strething of mefal canvas of 3 screen and
formation of a flawless discrete surface of an asymmetrical paraboloid

study of relabiity of process of deployment taking into account the
detaction of anomalous processes of transformation and fiation of the shape

The "REFLECTOR" structure presents the parabolic antenna reflector with the
following dimensions in deployed state:

¥

Commander of crew V.M.Afanasiev switched on the tumbler on the control panel
for applying current to an electric circut of the "Reflector” unit. During a
deployment of the unit the unfolding terminated spontanecusly, and the diameter
of an deployed power rng was ~3200-3500 mm, which was well visible on
videomonitors in MCC. The crew tried to help 3 deployment of a reflector using
special bar, but ther efforts were unsuccessful. That is explained by that at the
absence of a current in 3 circuit of drives, the reflector should not open even at
attempts to shake it manualy.

The commission was created in the RSC "Energia”, which has presented the early
conclusions and recommendations for the further carrying out the experiment. The
commission performed the analysis of the probable reasons of the abnormal
situation, reviewed al components of instrumentztion involved at realzation of
"Reflector” experiment, designed the methodical recommendations for maintenance
of the further course of experiment, designed the cyclogramme of activities of craw
during spacewalk of July 28 1999 and sent the radiogrammes on the technique of
operations of crew pursuant to designed operations.

During the spacewalk on July 28 1999 fight engineer G.V. Avdeev after visual
inspection (pursuant to the recommendations) switched the connector of
"Reflector” equipment pursuant to the nominal scheme and switched on the
tumbler on the control panel (applied current to electric circuit) of the "Reflector”
unit. After that the "Reflector” unit has unfolded completely.

S.V.Avdeev took pictures of the unfolded "Reflector” unit from the surface of the
base module of the "Mir" station, The flight engineer J.-P. Haignere conducted a
photo and videorecording of process of mounting and deployment of the
"Reflector” unit from a window of the docking module of the "Krystal" module. The
recordings from the video camera about the works performed on the outside
surface of the station, were transmitted to MCC during the communication sessions.

After that, pursuant to the technique of the experiment, the crew performed the
rotation of an assembly ring with the "Reflector” unit around the "SOFORA" mast
and jettisoned the "Reflector” unit from the "Mir" station.

Thus, on July 28, 1999 the "Reflector” experiment was performed completely: the
daployment of the antenna reflector and its repulsion with the photo - and video
recording of performed operations. As 3 result of space experiment "Reflector” the
high characteristics of a design of the Rrge-scale transformable reflector, and also
reliabilty of its operation were confimmed.
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+ Ellipse: D max =6400 mm; D min =5200 mm
e Height - 1100 mm.

In a transport condition the package(packet) measures:

« D =620 Mm,
+ Height - 10680 mm.

The equipment for the "Reflector” experiment, including reflector itself, mounting
unit, control panel and complete set of cables, was delivered by the cargo
spacecraft "Progress M-42" to the MIR orbital station on July 18 1999,

Crew of the MIR orbital station (commander V.M. Afanasiev, flight engineer 5.V.
Avdeev, flight engineer J.-P. Haignere) has conducted preparatory activity inside
station: transferred the equipment of experiment "Reflector” from the cargo ship to
the station, assembled the transport packing for transportation of "Reflector”
eguipment to the mounting zone on the outside surface of orbital station,
assembled the internal electrical circuit, prepared TV and photo equipment. They
have also prepared the container with instruments for works on the outside surface
of the station.

During the spacewalk on July 23 1999 the cosmonauts - V.M.Afanasiev and
S.\V.Avdeev have taken out the packing of the "Reflector” unit together with cables
and control panel from the airock of a module "Kvant-2" and have transferred it
using cargo robotic arm (Gst II) on 2 module "Kvant”. There the cosmonauts have
mounted the "Reflector” unit on an assembly ring of a "SOFORA" mast. While
conducting  the instalation works, the crew made radio reports during
communication sessions with the MCC.

Then the cosmonauts have conducted dismantling of a protective cover of
transport packing and removal of fiking devices from the "Reflector” unit, conducted
the cable of the"Reflector” equipment on "SOFORA" mast and "Kvant" module,
installed Control Unit and plugged the electrical connector into the onboard
connector on the "Kvant” module.
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Energia - GPI Space

About Company Experiment REFLECTOR  Contact

EVENTS

Feb 15-16, - In the course of the workshop in ESTEC (MNoordwik, Netherlands),
EGS experts will present three reports about the REFLECTOR experiment aboard
the MIR Space Station, the prospects of usage of large unfoldable antennas and
usage of shape memory alloys (SMA) in spacecraft components and mechanisms.

Feb 10-11, 2000 - Talks had been conducted in Rome between EGS and Alenia
Aerospazio. The agreement about mutual cooperation on large antennas was
signed.

Mowv 15 - The final report about this event and some photos are available.

July 23-28 - The space experiment "REFLECTOR" was performed succesfully.

July 23 - Planned performing of the experiment REFLECTOR on MIR orbital space
station. We will broadcast real-time report about this event on this website.

July 19 - Cosmonauts started unloading of the Progress M-42 cargo ship.
July 18 - Progress M-42 cargo ship succesfully docks with MIR station.

July 16 - Launch of the Progress M-42 cargo spaceship with the REFLECTOR
experiment equipment together with other cargo (moved from July 14).
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Great Silk Route Space Telecommunication System

M LA 330
INVITATION

Joemdsymb/dsBmb Dear Madam/Sir _

11.:;'.\F|\rs.'}.']|g‘-‘>(-\1a i]ul.\"sﬁms;'s;\l\ babgemom  agedab  Jadoge :J('l'duﬂ;im'rcn
Log@osdm@aber  gobogdnbiodby  ,momo  s3@gdmdas  abol  yobdolbneo stem'. The Conference will be held
baggmggodnbogegom  bob@hnds'.  jebag@obos  Rshotegds 2000 fenal on 287 March, 2000 in the office of the Georgian International Oil Corporation

28 Degh,  Jodomoide  bsfebogomol  Bsgomda  LagGosdntobe (GIOC), Sanapiro street 4,
JOH3Imeugaol megobido, Labadodel . Ned,

wopa sd6dndol 3bab jeoldebmGo Ladgen:

The Goverment of Georgia is honoured to invite you to the International Conference
"Great Silk Route Space Telecommunication S

1gerdbo gaggoe bobhndol 9, Jd6ols The initiative for the creation ol the. Great Silk Route Space Telecommunication System

abogiosetios bsfstoaymel 36 bowabio qumstie TnsGobsd). has been taken by the President ol Georgia Edvard Shevardnadze.

wsh

1 9 bssmthy Beginning at 9 am

Lsmérgabobaggom somdadgdo I'he Organisation Committee
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bodg360gam gy@bsgo.
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Lodo®mggerml Ggdodmaools mdolomgols
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Fobs3dodmdgdo s Lodbgomm glsg@dmbmgdols POOLOBO V. “so-gmoobo™.
3M6393¢ o0 dmmbmgbgdo
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9b@O9bggengmgolsmngol GgHodm@ools bsobgob®m 39 90geo. L3gEos@yg@o bosgdm@m godmzgds. 23
smdy@gol, Lodbgo@m-Loobgob®m dgos@omgdols, »dognolo 2005 §. “50-@5060”.
Badbogobs s 3mblEMgJcogmo Lolgdgdols
b5bol dgJdbols Loobgobdm owgmermaools
doMomoEo 3M0b3039d0 ©s 3Mom@mo@g@gdo
D6 o30ma6dG0960 ©d09d61d0b bsdbawGn- Esd. bodbg@m  Loobgobdm bganmgbgds. bsdOmIms
66 VI1.48 | boobgobde 13gdeo 39 90geo. L3gEos@yg®o bosgdm@mm godmzgds. 3 23
' ndognolbo 2005 §. “so-gnsobo”.
67. | vi1.40 Lodbg@M-b506706G M byamghgdols Gmeo 6od. | Lodbgo®m  Loobgob®m bgamgbgds. bsd@mdms 2
' nobsdge@mgy badbgede byamwmgbyools 399090, L3gaos@yg®o bosg@m@m godmzgds. Lty
39039dH0g  3mb3gB(3090d0 ndogobo 2005 §. “so-gnsobo”.
0539300 9dembdol SOy 9Bo3by )
68. | VII.50 bogotmggmml gGmz6amo logdmbmgdols 658 | Lodbgdm  Lsobgobdm byanmgbgds. 6sIH@Ims 1
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bosddmms 3gMomo ndognolo 2005 . “so-gnsobo”.
70. | vii.52 | bododmggenml bodbgodm-bsddgfggem 650, | Lodbg@m  Loobgob®m bgenmgbgds. bsd@mdms 6
3033 gJlol bofyolo dpymdo@gmds 3090 g@o. L3gEosmgmo Losgdm®m gadmagds. | a3
539 30gdgao bobgadfogml 306mdgddo mdoaolo 2005 §. “50-gno060”.
71. | VIL.53 | osgesigolbsmgol bodo@mggerml Ggdodm@ools | bsd. | bodbgodm  boobgob®m bgyamgbgds. bsd@mdms 3
dboymabols ©s gHmosbo Lodbgo®m- 390 gmo. L3gaoomyg@o Losgdmdm yodmagds. | as.
Lo0bgob®m b ybggerymaol Lomdsmo, ndogolo 2005 . “so-gns0bo”.
Logobpgdm s gdlE®gdsmado go@gdm
bodbgdm  boobgobdm bganmgbgds. bsd@mIms 3
72. | vi1.54 | 3900560 Ledbge@m-baobgobm bo0. 309d9mo. b3gEos@Bo basgdmam 3sdnggds. | o
9bO9bggeymgzols LobEgdol dgJdbols »dogobo 2005 §. “so-gs0bo”.
Fobsdo®mdgdo
. 3
73. | viiss | bsdddnme  dofigempgtol @8 msg@sgogdob | e Lodbgodm  Loobgobdm bganmgbgds. bsd@mIms
. 1 369090, L3gEosmy@o bosgdmam asdmiggds. | 03
9989JO O™l asbOs  gOmosbo  Ladbgo@m- ) o 2005 “ o7
Lo0bgob®m §b@Ybggeymgnol gbom POOL0DO V. “o0-gmo0bo’.
74. | vi1.56 | HoBble KoHCTpyKTUBHBIE CXeMbl cBOpHO-pasbopHbiX | pey | «MPoBnembl MexaHMkn». MexayHapoaHbii HayuHbiid | 3 c. | H.I.Uvrkanse
BPEMEHHbIX MOCTOB, 6biCTPOPA3BEPTHIBAEMbIX B XypHan. N24(21). IFToMM. Téunucu. 2005. r.B.beaykanse
YCNOBUAX 3KCTPEMaAJIbHbIX 06CcTOATENLCTB.
75. | vi1.57 | BeicTpoBO3BOANMBIA MHBEHTaPHBIA TpaHcnopTvpye- | «[Mpobnembl MexaHUKK>». MexayHapoAHbI HayuHbIn | 5 ¢ Fl.é'.lélmrHame
MBIl MOCT MHOFOPa30BOro NpuMeHeHust KM-02T. e xypHan. N21(22). IFToMM. Téunucu. 2006. -b-bedykanse
76. | vi1sg | oboVamd-eabodegamo  @ommbols  bowo | g | 1a3ggbogdm-padbogaco gadbomo “gbg@aos”. | 10 |6 Fopbady
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- . v Sh.Tserodze
77. | VI11.59 | New Space Reflex Structures Print | Scientific Journal of IFToMM "Problems of P- N. Tsignadze
Mechanics” N1(30) 2008 M. Sanikidze
78. VI1.60 Structures and kinematic ana|yse5 of arch Print | “Problems of Mechanics”. Thilisi 2008, Nel (30) 9 p. V. Gogilashvili
transformed structure. M. Sanikidze
N. Siradze
N. Tsignadze
Prlnt w . ” T o .
79. | v11.61 | Deployable 48 m span assault bridge. Problems of Mechanics”. Tbilisi 2008, Ne 2 (31) 7p. [ M. San_lkldze”
V. Gogilashvili
N. Tsignadze
G. Bedukadze
80. | VII1.62 | Structures and Kinematics of Reflector’s Transformed | Print | Scientific Journal of IFToMM “Problems of V. Goailashvili
Mechanical Systems Mechanics” N3(32) 2008 11p. - Sogtiashvil
N. Siradze
81. | VIL.63 | Transformable Multiple Use of Assault Bridge with 48 | Print | Georgian National Academy of Science. Bulletin. 8 p.
Meter Span Vol 2, no 4. 2008
. ama0asJ30000
82. | VI1.64 | 48 398@0 domols Jmby pobsBmgmo bowol | 698 | 995693amds Nel (12) 2009 §. 1233 g 38(,?,0‘506%;;\,,0
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Deployable Space Antenna. AH™Igdo Ne 2 (472). 2009 §.
87. | v11.69 | goLdmla@o @gd6ogs bod. | “d93bogdgds s Bgdbogs” Ne 4-6. 2009. T3
88. | vi1.70 | New Variant Of The Deployable Ring-Shaped Space | print | An International Journal SPACE COMMUNICATIONS g p. | E:Medzmariashvili
Antenna Reflector & (IMPACT FACTOR: 0.077 (JCR 08) ISSN: 0924-8625. oh. fserodze
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go. | Vvi1.71 | Wars in the First Quarter of the 21* Century and a 009. (http://www.iospress.nl/09248625.php)
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96. | VIIL.78

Strugtural Analysis of the Spatially Transformable
System Mechanisms.

Print

Scientific Journal of IFToMM “Problems of
Mechanics”. Thilisi 2010, Ne 2 (39)

11 p. | V. Gogilashvili
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Sh.Tserodze
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HUN3UP, BbIN.8, N2 3213, Mockea, 1988 r.

3 4 5 6 7
VI 3RKR3IXS 83d35@05F30R0L RIASM60®@I3IK0O I (M3Id0
. . CbIKTbIBKapCKMi OCyAapCTBEHHbIN YHUBEPCUTET. B.I. AHTOHO
97. | vii1.1 | Pacuer KPUTUYECKON HarpysKku st N0CKOM dopmbl | Meu. 1986 r. [lenonnposara 8 BAHUTY, N 32792, r. 12 c. B'H' THT HOB
noTepun yCTOMYMBOCTU NPaBUNbHLIM YrOSIbHUKOM U3 Mockga. 1986 r -A. Tapacos
MMBKMX CTEPXKHEN. ! '
o o ®.I'. borgaHoBs
98. | VI11.2 | MpoekTnpoBaHWe 3epKanbHbIX paaMoTENeckornos. Mey. | Fpy3uHckui MonutexHuueckun MHCTUTyT, 1986. 32c.
[JenoHunpoBsaHa B ped. u3a. HUASUP, Bein. 12, N2
3235, Mocksa, 1988 r.
99. | VIIL.3 | MeToa Ha3eMHbIX MH)XEHEPHbIX UCTbITAHWUI Mey. | rpyauHckuit MonuTexHmueckmin HCTUTYT. [lesuns 55 . Q.Eﬂ;o%mwnm
Pa3BEPTLIBAEMbIX QHTEHH. «OPA-28», 1988 r. [lenoHnpoBaHa B ped. n3a. oL Bg:cg:os
HUWSWP, Bbin.8, N2 3213, MockBa, 1988 r. B A
o CbIKTbIBKapCKMi FoCyAapCTBEHHbIN YHUBEPCUTET. H.A. KapenuH
100. | VII11.4 | Nnockas dopma notepn yCTOMYMBOCTH Meu. 1988 r. [lenonnposara 8 BUHUTY, N 32792, r. 3 BT p
NPaBWIbHOIO YroJIbHMKA U3 XECTKUX Yrpyro- C. -Vl. Tapacos.
o MockBa, 1988 r.
COMPSKEHHBIX CTEPXKHEN.
101. | vii1.5 | MpHUMNBI KOHCTPYMPOBaHUS pa3BepPTLIBAEMOTO Mey. | MPY3uHCKnii MonuTexHnuecknit HCTUTYT. [lesus A.T. Sikobalusmnu
paamoTeneckona Anametpom 30 M. «OPA-28», 1988 r. [lenoHnposaHa B ped. n3a. 15¢c. | W- Hackuaawsunm
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COOPY>XEHMI 1 MOBOPOTHBIX YCTPOWCTB U BbIGOP
ONTUManbHOro BapuaHTa.

1983 r.

1 2 3 4 5 6 7
IX JIRJIXS 83985@05F30R0L 1L53IG60IBHM F@(M3IB0 dF0BO0) “LAHIRNSR LSORKIIR()” KRS “LSORIIR()”
102. | 1X.1 | C rpudom «CEKPETHO». Pa3spaboTka, Pyk. | Otuet HUP. I'py3nHckmin MonnTexHuyeckuia 250 ¢
KOHCTPYMPOBAHME U U3roToBIEHNE 60NbLLNX WHcTuTyT. Mocksa. LHIMO «KomeTa». 1981r.
KOCMWYECKMX OCTPOHANpPaB/ieHHbIX
pa3BEPTHIBAIOLLMXCS aHTEHH.
Otyet HUP. Ipy3nHCckni MNMonnTeXHNYeCKnii 80 c.
Pyk.
103. | 1X.2 | C rpucbom «CEKPETHO>. ccnepoanus Y WHcTuTyT. TOunucn. Mocksa. LIHMO «KomeTta».
MPUHLUMMNOB KOHCTPYMPOBAHMUSI CTPYKTYPHO- 1982r
KOMBWHUPOBAHHBIX PacKpbIBAOLLMXCS CUCTEM U :
pa3paboTka HOBbIX KOHCTPYKLUMIA ANsi 060POHHbIX
Leneu.
104. | 1X.3 | C rpudpom «CEKPETHO». MocTaHoBKa Bompoca O PyK. Otyet HUP. Tpy3unHcknit NMonnTeXHNYECKUIA 46 c. | 2.A.Kpaseuwwsunu
CO3aHUN HOBbIX TMUMOB Pa3BOAHbIX MHCTVITYT. Téunucn. Mocka. BoeHHO-
MeTa/IMYeCKUX MOCTOB C MOBbILLEHHBLIMM WHxeHepHas Akagemus. 1975r.
nponeTaMmu rpy3onoabEMHOCTbIO.
105. | 1X.4 | C rpudom «CEKPETHO>. MocTaHOBKa BOMPOCa O Pyk. | OTuer HUP. I'py3nHCKMIA MONMTEXHUUECKMUIA 86 c.
pa3paboTke HOBbIX 3DEKTUBHBIX BUAOB BOEHHO- WHcTuTyT. Ténnmuen. Mocksa. BoeHHo-
UHXKEHEPHbIX 1 CTPOUTENBHBIX KOHCTPYKLMIA. WHxeHepHast Akapemus. 1977r.
106. | 1x.5 | C rpucdom «COBEPLLUEHHO CEKPETHO». PyK. Otyet HUP. Tpy3unHCckni MonnTEXHNYECKUT 34 c. | H.l.UurHaasze
' Pa3paboTka, KOHCTPYMPOBAHWE, U3rOTOBNIEHNE U NHcTuTyT. TOnnmneun. Mockea. LIHMO «KomeTta». b.A.JlekBeunLiBunu
ncnoitaHne HP-30. 1983r. B.I'. Ypywap3ze
107. | 1X.6 | «CEKPETHO». Pa3paboTka, KOHCTpyWpOBaHHe, PyK. OtueT HUP. I'py3unHckmin MonnTexHnYeckni 73¢. | H.H. Patvanm
W3roToBneHve 1 obopyaosaHue CB. WHCTuTyT. Ténnucn. Mocksa. LIHMO «KomeTta».
pya 1983 1 H.H. Mymnaase
) . . n ap.
108. | 1X.7 | C rpudbom «CEKPETHO». AHanu3 CyLIecTBYOLLMX p OT14yeT HUP. Ipy3nHCKUI [oNUTEXHNUYECKUMN
peLIEHNI HA3EMHbIX PaCKPbIBAIOLUMXCS aHTEHHbIX YK 1 MucruryT. Ténmmen. Mocksa. LIHMO «KomeTa». 25 .
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109. 1X.8 | Crpudom «CEKPETHO». Pa3paboTka Pyk. | Otuet HUP. Mpy3nHckuid MonmTtexHuyeckmin UHCTUTYT. 30c
KOHCTPYKLMM, U3rOTOBNEHNE U UcnbiTaHne HP-15. Téunucn. Mockea. LIHMO «Kometa». 1983r.
110. i1x.9 | Crpudom «COBEPLUEHHO CEKPETHO». Pyk. | Otuer HUP. IpyauHckuit MonutexHnueckunit HCTUTYT. 115
TexHnYeckne npeanoxeHna no cosaaHuio CBY CKB «M-19», Téunucu. Mocksa. LIHMO «KomeTta». 1984r. | CTp.
CUCTEMbI 0BHApPYXXEHUS1 6aNIMCTUYECKUX PaKET
«MepwnHr-2», crapTylowmx ¢ Tepputopun OPT.
111. | 1x.120 | C rpudom «COBEPLUEHHO CEKPETHO>. Pyk. | Otuet HUP. Mpy3nHckuin MonutexHnueckunit MHCTUTYT. 48 c.
CozpaHwue 60nbLUnX TpaHCHOPMUPYEMBIX Téunucu, Mocksa. LIHMNO «KomeTta». 1984 r. Per. N2 06.
KOHCTPYKLIMIN paAMOTENECKOMNOB B KOCMOCE
avametpamm 30-50-80m n 6onee .
112 IX 11 C rpucdoM «COBEPLLEHHO CEKPETHO». Pyk. | Otuet HUP. Mpy3nHCcKmit MonmTexHnyecknii UHCTUTYT. 73 C.
' PaanoaHTeHHa ocTpoHanpasneHHast OPA-1. Téunucy, Mocksa. LIHMO «KomeTa». 1984 r.
113. | 1X12 | Crpudom «CEKPETHO». PaspaboTia, Pyk. | Otuer HUP. MpyauHckuit MonuTexHnuecknit UHCTUTYT. 91 c. | P-A-Hnkeanaze
KOHCTpynpoBaHue n obopyaosarue CP n CPTI. T6unncn, Mocksa. LIHMO «KomeTa». 1984 r. v ap.
114. | 1X.13 | Crpudom «CEKPETHO». PaspaboTka, PVK. o o 106c. | A.T.fikobawwsnnn
KOHCTPYMPOBaHWE W U3rOTOBNIEHNE 60SbLLIMX Y ?g:ﬁ;;lml:/'lorc?gs’a”H&Eﬁ%i?;:;g::quggﬂmrMHCT”TYT' r. M.A.Mukaaze
KOCMMYECKMX OCTPOHANpaBieHHbIX ' ' : . P.A.Capanwuase
pa3BEPTbIBAIOLLMXCS aHTEHH.
p OTtyeT HUP. Ipy3uHckuid MonutexHuueckuii UHCTUTYT 115c. | AW-Casun
115. | 1X.14 | C rpucdom «COBEPLUEHHO CEKPETHO». YK. oMo |V.|0CKBa LIHMO «Komera, 1984 r T.H.Jlonaaze
KOHCTPYKUMM @HTEHHBIX CUCTEM. ) ) ' )
116. | IX.15 | C rpudom «CEKPETHO». KocMuueckue cuctembl. | Pyk. | OtuyeT HUP. Mpy3uHckuid MonuTeXHUYECKUn MHCTUTYT — 164c.
T6unucn, Mockea. LIHMO «KomeTa». 1985 r.
117. | 1X.16 | C rpuchom «CEKPETHO». MpouHocTHol aHanua u | Pyk. | OTueT HUP. CbiKTbIBKapCKMiA TOCYAapCTBEHHbIf 158c. | A-A.Xnoros
ONTUMasbHOE NPOEKTUPOBaHME YHuBepcuTeT - Ipy3nHckui MonutexHuyeckuit UHCTUTYT. E'H'T”XOM“pOB
KOMBMHMPOBAHHbIX KOHCTPYKLIMIA. CbikTbiBKap — Tbununcn. 1985 r. Ap-
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1 2 3 4 5 6 7
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118. 1x.17 | Crpudom «COBEPLLEHHO CEKPETHO». Pyk. | Otuet HUP. I'py3uHckuid MonmtexHmuecknini MHCTUTYT. 37c.
Co3zaaHne MHXEHEPHON YaCcTU HA3EMHbIX T6unucn. Mocksa. LIHMO «Kometa». 1985 r.
6bICTpO-nepebasnpyembix MONHOMOBOPOTHbIX
pPaAMOoTENECKOMNOB C ANAMETPOM 3epkana Ao
15 ™.
PyK. Otyet HUP. Ipy3nHckni MonntexHnyecknii MHCTUTYT. 64 c. | O.lU. Tycuwsunm
119. 1X.18 | C rpupom «CEKPETHO». C03pLaHMe Téunncu. Mockea. LIHMO «Kometa». 1985 r.
KOHCTPYKLMK nepebasunpyemMoli
pagnoaHTeHHb! HIMP-15.
Pyk. | Otuer HUP. I'py3nHCKMIA MONUTEXHUYECKUI VIHCTUTYT. 27 c.
120. IX.19 |C rpmd)otfl «COBEPLLEHHO CEKPETHO>. Téunncu, Mockea. LIHMO «KomeTa». 1985 r.
LLITaTHbI 06pa3eL; KOCMUYECKOrO pacKpbliBa-
€MOoro paguoTteneckona gunameTtpom 80 Mm.
121. 1x.20 | C rpudom «CEKPETHO». AC-2-NM Pyk. | Otuer HUP. I'py3nHCKMIA MONUTEXHUYECKUIA HCTUTYT. 9c. | M-Pxanukawsnim
(MeToavka no 06e3BeLnBaHMIO). T6unucu. Mocksa. HMO «3Heprusi» uM. C.Koponesa. A. Akobawsum
1986 .
122. 1x.21 | C rpudom «CEKPETHO». CTeHp Pyk. | OtueT HUP. Ipy3uHcKuid MonutexHuyeckuini MHCTUTYT. 26 ¢ | M-Axannkawsnnm
NPEeLm3NOHHOM cBopku «CrC-40%. T6unucn, Mocksa. LIHMO «KomeTa».1987 r. A. SikobaLuBunM
123. i1x 22 | Crpudom «CEKPETHO». Moandukauums Pyk. | OTueT HUP. Mpy3uHckuit MonutexHnuecknin UHCTUTYT. 33 cC. X'ﬁfgg:u'j?;ﬁ;m
CXeMbl cucTeMbl 0be3BellrBaHns Ha CTeHae Tébunucn, Mocksa. LIHMO «KomeTta». Mockea. LIHIMO Vl.ﬂp
npeumsnoHHon coopkn OPD-1.M. «KomeTa». 1987 r. '
o . M.>kaHMKalBUIn
124. 1X.23 | Crpudom «CEKPETHO». CTeHa paanoTtex- Pyk. | Otyet HUP. I'py3nHCKMiA MONUTEXHUHECKUA VIHCTUTYT. 85c. A.ﬁKOGaLLIBMﬂM
HUMYecknx nposepok «CPEM». Téunucn, Mocksa. LIHMO «KomeTa». 1988 . W ap.
125. 1X.24 | C rpucom «CEKPETHO». Mmapo6acceitH. Pyk. | Otuet HUP. Mpy3uHckuit MonutexHniecknii MHCTUTyT. 37 c. | A. Siko6awsunm
Téunucn, Mocksa. LIHMNO «KomeTta».1988 r. v ap.
126. IX.25 | Crpudom «CEKPETHO». KocMuyeckune OT1yeT HUP. I'py3unHckuit MonautexHnyecknii UHCTUTYT. 213 | w.Hackuaawsmnm
KpynHorabapuTHble pepMeHHble PyK | T6unucu, Mocksa. LIHMO «KomeTa».1988 r. ctp. | M.Mrano6nuwennu
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1 2 3 4 5 6 7
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127. 1X.26 | C rpudom «CEKPETHO». BBoa B pAeiicTBue npeum- PyKk Ipy3vHckuiA MonuTtexHudyecknuin MHCTUTyT. Tounucu, Mockea. 4c. Zl'ﬁl(gg:u}jzfﬁ:m
3MOHHOrO CTeHaa. LIHMO «KomeTa». 1988 r. '

128. | 1X.27 | Crpudom «CEKPETHO». Paspabotka, nusrotosneue u pyk | OTuer Hup. pysuckuii MonuTexHnueckuii UHCTUTYT. 39 c. | H.lUurHanse
WCMbITaHWE HA3EMHOW OCTPOHANPaBIeHHON Téunmen. Mocksa LIHMO «KomeTa». 1988r. M.B.LUkusbkoBa
pa3BepTbiBaloLLENCS aHTeHHbl HP-15.

129. | 1x28 IC rpudom «COBEPLLEHHO CEKPETHO». | Pyk | OTueT HUP. Mpy3unHckuii MonntexHuueckuin MHCTUTYT. e
MpoekTUpyeMblii  aHanor  wTaTtHoro  obpasua Téunuen, Mockea. LIHMO «Kometa». 1989 r.
paavoTeneckona agnametpom 30 M.

. 119 O.W. Tycmwsunm

130. 1X.29 | C rpucdom «COBEPLLEHHO CEKPETHO». HazeMmHble Py OtyeT HUP. NHCTUTYT KocMnueckux CoopyxxeHun pysun. E.J1. BakynuHa
TPaHCHOPMUPYEMBIE AHTEHHBI M NX KOHCTPYKTUBHbBIE Téunmen. Mocksa. LIHMO «Kometax». 1989 r. cTp.
peLLeHus.

M. [XaHuKawsuam

131. | 1X.30. | Crpucom «CEKPETHO». TeopeTuyeckue 1 Pyk | OTueT HUP. Mpy3uHckmit MonnTexHUYECKNiA MHCTUTYT. 122 | AT, Skobawsunnm
3KCMepUMEHTasbHbIE UCCNeA0BaHMA T6unucn. Mocksa. LIHMO «KomeTa»., 1990 r. TP 1 U ap.
TPaHCHOPMUPYEMBIX KOHCTPYKLIMIA 1 NYTU WX
COBEpLLEHCTBOBAHMS,

132. | 1X.31 | Crpucom «COBEPLUEHHO CEKPETHO>. Pyk | OTuer HUP. (Mpyaurckmii MonutexHmueckmit MHctuTyT — LIHMO | 37 c. M.B.3akcoH
WccnenoBaHue M UCTIbITAHWE  SKCMIEPUMEHTANIbHBIX «KomeTa») — Mocksa, Téunmcu. Mocksa. LIHMO «KomeTa. b.T.Ky3HeLoB 1 ap.
06pasLi0B pa3BepThiBAEMOii aHTeHHbI AnaM. 30 M. 1990r.

133. | 1x32 | € rpugom - «CEKPETHO». PesynbTathl | by | Otuer HUP. MpyauHckuil MonuTexHUueckuit MHCTUTYT. 13 c. | M.JxaHuKaleunm
SKCMEPUMEHTa/IbHOW pa3paboTku KOHCTPyKumn AC-20 T6unucn, Mockea. HMO «3Heprusi» uM. C. Koponéea. 1990r. A. SikoBaLuBnu
MM pans akcnepumeHTa «Kpab».

134. | 1X.33 | Crpucom «CEKPETHO». KoMnnekcHoe uccnenosane | pyy | Oruer HUP. MpysuHckmii MonmTexHnieckwii MHCTUTYT. 56 ¢. | M.DxanuKawwsmm
N0 06OCHOBaHMIO W MONCKY PALIMOHANbHBIX MyTen T6unmcyu, Mocksa. HMO «3Heprusi» um. C. Koponésa. 1990r. A. SikoBalwBrm
CO3AaHUs KPYMHOrabapuUTHbIX KOCMUYECKNX
KOHCTPYKLIMIA U UX 3N1EMEHTOB.

135. | 1Xx34 ﬁ MLpMV?r)IZTI «CEEOPEITHO: ' OBI\:(:‘LC;AH BO;I:;EI:HHeMﬂHbI;/I( OtueT HUP. (HMO «3Heprus» - rpyauHCKuUin MonMTexHnYeckuii 40 ¢ | 1O.N.CemeHos

' AU , Pynp P Py | UncTuTyT.) — Mocksa, Téunamen. 1990 r W.C. Edpemos
COOPYXKEHUI KOCMMUECKON CTaHUMM Ans SKCNeavLvm ' M Ap.
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Lsbgendfogm 3mddengdlols 3g4dbols doMomso
Jobzodgdo.

dobgrgoo. mdoenobo, 2002 .

1 2 3 4 5 6 7
IX 3R3IXS 8393500530201 153IG60IGM FHMBIBN 3G0BO0) “LEHAROSR LSORAFRD” RS “LSORIR()” (35d@IILIBY)

136. | 1x.35 |C rpudom  «CEKPETHO». MWccneposanne  w | pyg, OtueT HWUP. Mpy3uHCKuiA MONUTEXHNHECKUIA 26 c. | M.B. 3aKkcoH
MCMbITaHWE 3KCNEpPUMEHTaNLHOrO 06pasLa HaseMHOM UHcTuTyT. T6unmen. Mockea. LIHMO «KomeTa» b.T. KysHewos
CUCTEMBL. 1990r. v ap.

137. | 1x.36 | C rpudom «CEKPETHO». TeopeTtuueckue u Pyk. | Otuer HUP. Mpy3uHckuin MonuTexH1Heckmil 86 c. P'-Els:‘;*:(“"zlgs“”“
3KCNEepUMEHTaNbHble UCCNe0BaHuNA WHcTuTyT. TOunmcu, Mockea, LHMO «Komerta» W ap. VR
TpaHCchOPMMUPYEMbIX KOHCTPYKLMIA U NYTU UX 1990r.

COBEpLUEHCTBOBaHMS. PaspaboTka Teopuu TpaHcdop-
MUPYEMbIX CUCTEM U MPUHLMMOB M3rOTOBNEHUS
KOHCTPYKUMW B YTNENNacTUKOBOM BapHUaHTe.

138. | 1x.37 | O NPoBeAEHNUN TEXHUYECKOTO SKCMEpPUMEHTa PyK. YTBEPX/IEH U 3aperucTpupoBaH B PakeTo- 101 ?;;rr?ﬁ;:xan
«PechnekTop» B pamMkax nMporpamMbl noseTa CraHumm KOCMU4ECKOI kopriopaumnn «3Heprusi», 35016 | crp,

«Mup». - 2U2, r. Mockea, 1999 .

139. | IX.38 3®0g00 “LAIR0IR LSORIZR” daqgybols by Lagsmmggemml ghmgbyemo 7dodmmgools Laddm. 45y3.
93bmdo Mo, mogmsgoligbsmosbmdals ws a9303gees Ladlsbymgmomogo ©sbodbrengdols
LagmmadmMolim dmBoogdols asdeogmgdolsmgols dobgrgom. mdeoln, 1999 .
3obdmlg® @gdbmmmaogddo Lsgsmoggemls
396l gmogdneo dorfgggdols godmygbgdols
doMomso sdm(3dbgdo @ IMobodgoe.

« » Ladee ls 4mab dodmHmgools Lsddm. | 15a4.

140. | 1X.39 30800 “LAHIRN0SR LSORIZRM” gggybols bgeo dﬁ, m33£-'\’mlj 8:]ls 536'-3“2;63 0 6335 bstl‘: foli]
9mmosbo  bsdbgemm-LsobgobBim 78 1bggmymaols 3O3M(IRRS LALLM MOMogo KQHbodb Y00
@mbolidogdgdols dglisbad. dobgmgom. mdoenolo, 2000 .

141. | IX.40 | 3®0goo “LEIRN0SR LYOKIIRC)” bagsGmggemls Lagsoggemml gemgbnmo 78038Gmgdols Lsdgm. | 2533.
afo0sbo Lsdbgemm-Lsobgobhim 38Mrgbggeagmgol | bgen | asgmpgmmms Lsdlsbymgmdtogo wsbodbmeagdols

Lsgotmggemml Bgdbogado 9boggdlbodgdol, boggdmdgdol, b3gEosegdo
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(Deployable Space Antenna Reflectors, Engine-
ering Bridges, Buildings, Warehouses etc.)

(USA), 2000.

1 2 3 4 5 6 7
X 1553@MSBMHOLM 3MEBIGHIEG0T3DI RS LOAIMDBOABIBDBI IRNBIXS 83985@NSTNROL SIBHM@HMBOO) RS NO6SS3BHM@IdMS6
JMSL VHS@RIIBNR0 158IG60IAM 8MELIEIdIA0L 395035G0J60 3MbLIGISSDS d@ISIRT0

142. | X.1 | Hosble OoNTUManbHbIE NPOCTPAHCTBEHHbIE Mey. | COOpHUK CTaTel HayUYHO-TEXHUYECKOI KOHbEpeHUMH 18 c.
KOMBUHMPOBaHHbIE LWNPEHreNbHbIE U apoyHble «MeTannnyeckue KOHCTpyKuun» - Bapwasa, 1974 r.
depmbl.

143. | x2 Greeting and Ground Testing of the Large Print gg(r:i{; n(i;giernatlonal Symposium, Power from Space; 6p. é‘_lgé?jzaczz\;"é
Space Structures of High Precision Surface. ’ )

144. | X.3 | Engineering Constructions of Concentrators, Print | Proceedings of International Symposium on Antennas and | 5p, | G. Beducadze
Power Transmitting and Receiving Antennas Propagation; Sapporo (Japan), 1992. L. Datashvili
and Solar Batteries Large Squares for Space And others
Electric Stations.

145. | X.4 | 88l gbgmgool ymbdmbymoe 8geome o= Ladsmmggmmls Lagmosdm@ole boddmdodo. 0. 2eeRdd)
baea’l;}::])b?t lsﬁja‘Emc:m?::nﬁnaﬁmim%?natﬂ@ P | 3ol Bydgdoggobs @ gbgelools Fylisbgp. 5 | Bombmtpe
abaGaool aswsdpygdo @s dademgde dodstorgma 603(’03[333Q(1)60 “3:]05035\3&50“, doolio, 1995 v"
sb@gbgdols mEGdoGamMo do@atggdols ©a jmbjynb-

HOdGmmgdol 3mbl@ydpogdo, Bomo dgddbols wo
addmpegdols mpmadoffoli Laligabem jmddegdlo.
. - G. Kinteraya

146. | x.5 | 5-30 Meter Deployable High-Precision Print | Proceedings of European Conference on Spacecraft 8 p. | L. Dpatashvili
Lightweight Space Antenna Reflectors and the Structures, Materials and Mechanical Testing,

Ground-Based Stand-Test Complex for Braunschweig (Germany), 1999.

Assembling and Testing Large Deployable

Space Structures. ) -
. V. Gogilashvili

147. | x.6 | Modeling of Motion of Flexible Mechanisms of print | Tenth World Congress on the Theory of Machines and 3P | K Chkhikvadze
Chain Structure. Mechanisms; Oulu (Finland), 1999. L.Datashvili

148. X.7 doorgezo Jmh'ﬂmb‘l‘]ﬁm ﬁgdﬁmqm&uabnb BoD. hoﬂﬁm.ﬁamﬁml:m Jmlacaaﬁsﬁuno — Yoo s0Gd7dols agoh 17
Mgoenodopjos @owo s0Gdydol adol jmbdmlymo Joldmln®o Laggeggmdaboogom bolEads™. mboezolio, 2000§. &
La@oeggmdgbogagom Lobiggdals 3mgdgdo.

> ; . G. Beducadze
149. | x.8 | Creation of Mobile/Transformable Constructions | print | A Report for the NATO LG — 9 Meeting. Orlando, Florida 4p.

Lafotmggemml Ggdboga®o gbogg@lodgdol, bspgdmdgdol, b3gaosmada
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X 15380)5MBH0L) 3M6BIGIGGNT BT RS 1OB3MDHNAIFIdDI IRJIXS 83IFS@HNSF30LROL S3BHMAHMBN0) RS MS65S3BHM@HIdNS6
J90)OR VO@R1IGNR0 1533CB60IG(M 3MBLIGAdIBOL 395R03SB0IS0 FMBLIEI SMS 3HTSIRTN (dSdGIIRIBY)
. H. Baier
150. | X.9 | Building Blocks of Advanced Large Stow Print | Proceedings of European Conference on Spacecraft 7P | L. Datashvili
able Precision Membrane Reflector. Structures, Materials and Mechanical Testing; And others
Northwick, 2000.
151. | X.10 Ilia:ctlge E eplayagl_e SIpatce Atntgng?.t Print | NATO Systems Concepts and Integration Panel 9p. | G.Beducadze
M(.a ectors Used in Integrated Military Symposium on “Use of Space Systems in Integrated
ISSIONS. Military Missions”; Lisbon, 2001.
152 1X.11 | Complexes of Engineering Constructions ; G. Beducadze
. . . Print Proceedings of International Symposium on Antennas 5p. L. Datashvili
and Large Space and Mobile Ground and Propagation; Sapporo (Japan), 1992 And oth
Antennas Testing. pag » >app pan), ) nd others
28™ Antenna Workshop on Space Antenna Systems G. Lorenzo Scialino
153 X.12 Eelyfelopment Activities and Achieved Print | and Technologies. ESA. ESTEC. Northwick, The P J. Santiago-Provald
erformances Netherlands. 2005. And others.
154. | X.13 | Some Peculiarities of The Creation of Print | 28™ ESA Antenna Workshop ESTEC, Northwick, The 11 p. Sh.Tse'rodze,_ _
Deployable Ring-Shaped Space Antenna Netherlands. 2005. V. Gogilashvili,
Reflectors Using Flexible Rods and Ropes And others.
155. | x.14 | A New Design Variant of The Large print | Earth & Space 2006, League City/ Houston, Texas, 8 p. Eh'i';s;nr‘abgizl
USA . )/
Deployable Space Reflector And others.
156. | X.15 | Large Deployable Space Offset Reflector Print | 30™ ESA Antenna Workshop ESTEC, Northwick, The 5p. | Sh-Tserodze,
Netherlands. 2008. L. Datashvili
G.Medzmariashvili
157. | x.16 | Large Deployable Space Reflectors Logic Print 5% ESA Workshop on Millimetre Wave Technology and Sh.Tserodze,
of Design Applications and 31* ESA Antenna Workshop 3p. N.Tsignadze,
Millimetre and sub-millimetre waves — From V.Medzmariashvili
technologies to systems. 18-20 May 2009. ESTEC,
Noordwijk, The Netherlands.
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X 15336053M@H0LM 3ME6BIDHT6G0TdDI RS 1LOFIMBOVBIBHI IRNIIXS 33d3dH0SFZOROL S3BHMAHMBND KRS 1156553 (M®I30)S6
390X VodRII6NOR0D 1533BG60IG™M 3MBLIGIBISOL 333R035G0ISN 3MBLIEIdSDS FMIBIRT0 (dS5dAIIRIS)
158. | X.17 | Advenced Structural Concepts of Print Proceedings of International Scientific Conference - 6p G. Beducadze
Attachment Configuration for Large ANt | “Advanced Lightweight Structures And Reflector And others
Deployable Antenna Reflectors. Antennas”; 14-16 October 2009, Thilisi, Georgia.
. i | Proceedings of International Scientific Conference - | 1 . | £-C09ava
159.| x.18 ti?czzfapl?rlsable Parabolic Antennas-Solar | print | vagvanced Lightweight Structures And Reflector P | And others
) Antennas”; 14-16 October 2009, Thbilisi, Georgia.
160. | X.19 | The Basic Principles of Creations of the _ Proceedings of International Scientific Conference - | 55 P.
Large Deployable Space Antenna Print ] “Advanced Lightweight Structures And Reflector
Antennas”; 14-16 October 2009, Tbilisi, Georgia.
161. | x.20 | Large Deployable Reflector Configuration for Proceedings of International Scientific Conference - | gp. | van't Klooster C.G.M.
Spacebased Applications in Telecommunica- | Print | "Advanced Lightweight Structures And Reflector And others
tions, Science and Remote Sensing_ Antennas"; 14-16 October 2009, TbiliSi, Georgia.
162 x.21 | Designing Logic of Frame-Supported _ Proceedings of International Scientific Conference - 10 A.Soxadze
' ' Transformable Structures Print | wadvanced Lightweight Structures And Reflector P 1 v.Medzmariashvili
Antennas”; 14-16 October 2009, Tbilisi, Georgia.
163. | Xx.22 | New Types of High-Precision Deployable print | Proceedings of International Scientific Conference - | ¢ D. Sh.Tserodze,
Space Reflector “Advanced Lightweight Structures And Reflector N.Tsignadze,
Antennas”; 14-16 October 2009, Thilisi, Georgia. And others.
164 x.23 | Structure and Kinematical Synthesis of Print Proceedings of International Scientific Conference - V. Gogilashvili,
' Transformed Systems Mechanisms “Advanced Lightweight Structures And Reflector 10p. | sh.Tserodze,
Antennas”; 14-16 October 2009, Thilisi, Georgia. And others.
165. | x.24 | Transformable Large-Span Bridge Print | Proceedings of International Scientific Conference - A.Soxadze
“Advanced Lightweight Structures And Reflector 8 P. | G.Medzmariashvili
Antennas”; 14-16 October 2009, Tbilisi, Georgia. And others
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ISR VodR3I60R(0 155336603@(™M 3(MBLLAGISIBNL 353(MJZIF6Id IR0 NIBOLISO.

166. X1.1 | C rpudom «CEKPETHO». UccnepgoBaHue Mey | Te3uncol 4OKNAAOB Hay4YHO-TEXHUYECKOM KoHdepeHuun | 1c. | A.W. CaBuH
pa3BepTbIBAEMOro paanoTeneckona BaHToBO- LHMO «Kometa» - Mockea, 1983 . T.H.Jlonaase
KOMBUHMPOBAHHOM KOHCTPYKLIMK.

167. | XI1.2 | HayuHbin popyM — «[arapuHckme uteHust» | Mey | Kocmuueckmne pagmoteneckonsi. 3.04.1985. 1c.

MneHapHble 3acedaHust:

8 anpens — 3Be3/Hblii FopoAoK

9 anpens — KonoHHbii 3an Aoma Coto3oB

10 anpenst — MIHCTUTYT npobnem mexaHnkn AH
CCCP.

CeKuMOHHbIe 3acenaHns:

2 — 5 anpensi — IHCTUTYT npobneM MexaHuKu
AH CCCP, HUMUMT MuHzgpasa CCCP.

168. | x1.3 | Crpudom «COBEPLUEHHO CEKPETHO». Meu | Tesncel noknanos Hayuro-Textmueckoit kondepenumm | 1 c. | M.B.3akcon
Pa3paboTka, CO3[aHNE 1 FKCMEPUMEHTAbHbIE LIHMO «Kometa» - Mockea, 1986 . A.T.Aikobawsurm
UCCNEA0BaHWsi Pa3BepThiBAaEMO aHTEHHbI
[INaMETPOM 12 M C BbICOKOW TOYHOCTbIO
MOBEPXHOCTMU.

169. | X1.4 | C rpudom «COBEPLLUEHHO CEKPETHO>. Meyu | Tesucsbl AoknaaoB XXV Bcecoo3HoM MexXoTpacieBoi 1c t0.4.laHnnos
MccnenoBaHme KpynHOra6apuTHOJ Hay4HO-TEXHUYECKOI KOHbepeHLmn «Teopust u M. [bxaHnkawsmm
pa3BEPTLIBAEMOMN aHTEHHBI. TexHuka» - Mocksa, 1987 1.

170. | X1.5 | C rpudom «CEKPETHO». Co3zaHme Mey | Teanchbl AOKNAAOB HAYUYHO-TEXHUYECKON KOHMepeHuwm | 1 ¢ A.N.CasnH
KpYNHOrabapuTHbIX pa3BepTbiBaEMbIX aHTEHH W LIHMO «Kometa» - Mocksa, 1988 r. T.H.Jlonaase u ap.
6a3 aAns MX UCTbITAHUI.

171. | X1.6 | TeopeTnueckne n aKcnepuMeHTanbHble Mey | Te3nchl noKknanos HayuHO-TeXHNUECKON KoHbepeHLMM b.E.lMaToH
NCCNEAO0BAHNS PacKpbITUS U AMHAMUKM «KpynHorabapuTHble KOCMUYECKME KOHCTPYKLMW» - 1c | 0.N.Cemetros
NPOTSHKEHHBIX KOMbLEBbLIX KOHCTPYKLMI Ha Cesacronosnb, 1990 r. W np.
rpy3oBoM kopabne «[Mporpecc-40».

boJommggarml gbogndo 9boggdlodgdol, boggdmdgdal, L3gEosmmado

0bLEodYGoL b3ggosmma@o Ladbabadol yg@mbo

Lol gdgdols ©s bsobgobdm 9bA4bggmygmaol 0blGod ol ©otgidmeo,
mJ@mdo 6(MR5® V036590
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172.

173.

174.

175.

176.

177.

178.

X1.7

XI.10

XI.11

XI.12

XI.13

TpaHcdopmupyemble kpynHorabapuTHbie
KOHCTPYKUMWK KocMuyeckoro 6asupoeaHus.

330l gbgmaeol jelidmlig@o Bgeome gengdedm-
bowagMgdols, Ggdbmenmaon®o dmguebgdols,
9bgg00ls adveadzgdo ws dodmgde dodamoryemo
3bEgbgdols m@doGsm G0 doEIMgdals ©d
Jbab@Mo@mtigdols JmbliEGydgogde. dsmo
dggdbolis ©@s gsdmpmygdols @grsdofols Lslggbom
Jmd3egdbo.

d3ols Lboggools 30 dg@Fosbo @osdgEols
Jmﬁﬁsﬁﬁﬁ"‘f}mﬁ“h (53[]6("1@(‘360(‘]5)0 ljoh(?):]ﬁgm
Jmddengdlio.

Lymogswalisgge @ommbols bogols
Joblgmomgds, ogmMonmo ©d 9fldgHedsblyma
J3e293900-

JoLdmbygdo g4b3960d96E00
“GggeglBmmol” Fgogagool 3059665300,

Jotrmaena gmbdmbygeo Gglbogmyogdols
Mgogabsos oo 560y dgdol abols
3mbdmbgco Ladgemgimdgbogsgom Lobdgdol
3Gmg]® do.

Space Experiment “Reflector” on Testing the Large-
Scale Deployable High-Precision Offset Antenna
Reflector of a New Generation at the Orbital Station
“Mir”.

Mey.

Boo.

bad.

bad.

bad.

bso.

Print.

Te3ucsl 4OKNAA0B HAYYHO-TEXHUYECKON KOH(EepeHLuu
«KpynHorabapuTHble KOCMUYECKUE KOHCTPYKLUMS -
Cesacronons, 1990 r.

Lsgomoggenmls bagMosdmmolim LoddmBoydo.
JOmgd@gools dgddoggdolis @s gmbgg®lools dqliabigo.
a5dmd9demds “dg3bogfgds”, dsolsa, 1995 .

ha;_,o(ﬁr.nggcqmb bagﬁmo&nlﬂnhtn h(133m80’;]30.
Jomgd@gools d9dndoggdolis s gmbgg@mliools dqlisbad.
Baamalmaﬁgmbé “83[35036360". dsolio, 1995 §.

Lag@madmmolem LoddmBomndo. dysto wggmmdatgdawo
Lbgyenols dgdobogs. owoenolso, 1998 §.

Log@msdm@obo 3mbeg@gbios. “wowo odégde-
dol abol g@bdmbyg®o ba@gemgsmdgbogsom
LobEgds”. mdognobo. 2000 §.

LsgBmsdm@obe 3mbgg@gbios. “opo 556y Tq-
dol abol gmbdmby®o ba@gmgzmdgbogoigom
Lol gds”. mdognobo. 2000 .

Proceedings of Millennium Conference on Antennas &
Propagation; Davos (Switzerland), 2000, Vol. 1.

2cC

)

1p.

o3

I 83

2 23

0. @meady
d. xsbogodgoemo

o). @eeady
d. xobogodgoco

3 3bBHs0s
& dgeygedy
ws bbg.

G. Kinteraya
L. Datashvili
And others

Lagstmggmmlb §gbogado gbogg@bodgdol, bopgdmdgdol, b3ggosmgdo
Lolipgdgdobs ©s Lsobgobtm 9b@gbggeymayol 0blGodadob wodgdmeo,
pojdméo 60Rse@ V0dbsdd

0bLGod ol biggossmyg@o Lsdbsby@ol gg@mlo
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179. | x1.14 | Theoretical and Ground Experimental
Investigations of a Large-Scale Deployable
Space Antenna Reflector by the Space
Experiment Program “Reflector”.

180. | X1.15 | Large Deployable Space Antenna.

181. | X1.16 | Some Peculiarities of The Greation of
Deployable Ring-Shaped Space Antenna
Reflectors Using Flexible Rods and Ropes.

Print.

Print.

Print.

Proceedings of Millennium Conference on Antennas &
Propagation; Davos (Switzerland), 2000, Vol. 1.

25" ESA Antenna Workshop on Satellite Antenna Technology,
18-20 September 2002. ESTEC, Noordwijk, The Netherlands.

European Conference on Spacecraft Structures. 2005. ESTEC,
Noordwijk, The Netherlands.

1p.

1p.

1p.

G. Beducadze
L. Datashvili
And others

K. Chkhikvadze
A.Chernyavsky
And others

V. Gogilashvili
K. Chkhikvadze
A. Sarchimelia

baJommggarml gbogndo 9bogg@lodgdol, boggdmdgdal, L3gEosmado

Lol gdgdols ©s bsobgobdm 9b@4bggmygmaol 0bl@God@ol Lotgidmeo,

mJ@mdo 6(MRs@ V036599

437

0bLEodYGoL b3ggosma@o Ladbobadol yg@mbo

6565 350Ld®SAI




IRBIXS 30dHM@OL 4D

33d35Mm05F302R0L 1LH3ICHENIOM FOMBIdOL LOD

2 Gs3gdeeo, :
2 byerbsBigo "3060'336030 e
NN S 353mgmbgdol @alisbgrmads w5 baganb@msom 3mbsazgdqdo 900
n% ob@g@bgBo
1 2 3 4 5 6 7
XII 0R3IX0 83439600330 R0L 343013M635Id0
182. | XIL.1 | NMpoctpaHcTBeHHas apouHas depma. Mey. | A.C. CCCP N2 408999, 7.09.1973 . ”“’5‘;2?::[‘:""‘5 A.H. Pa3mapnse
183. | XIL.2 | O6onouka NOKPLITHIA ANst 3aaHMN 1 Meu. | A.C. CCCP N2 541002, 3.09.1976 r. 0365858 OE00156 illili Eaamame
COOPYXXEHWIA, NPAMOYTosibHbIX B MaHe. 9PmS© 1. Loxanse
184. | XIL.3 | Vso6petenne c rpudom «COBEPWEHHO | nay | A.Cc. cocp Ne 109303%, 4.10.1976 1. 0965gEmHgdols
CEKPETHO». (Tematuka — BoeHHble 6:‘5‘888 -
WTYpMOBbleE  MOCTbl,  KOHCTPyKUMS W
cnocob).
106599 mm B0 AH.P
185. | XII.4 | lNpocTpaHCTBEHHOE MOKPbITHE. Ney. 1 A.C. CCCP N2 727779, 21.12.1979 . ’ [?(&3(:0;3 o P.B. q:i:;ﬂ;e
(1)060(33@0‘)&!0106 M.H. Azevwsunu
186. | XII.5 | NponeTHoe CTpoeHWe KONeWHoro MocTa. Meu. | A.C. CCCP N2 749127, 21.03.1980 r. NGO
187. | x11.6 | noxpsrue Meu. | A.C. CCCP N2 1011820, 14.12.1982 . 010500(35»““*0105 M.H. Aaenwsnnu
3 "](111‘112

RIGIBIM0  FI60TI6IOL d@IBIAN — “mbEaba@mﬁabmoE aﬁmbq“ — dofdmdls, Gemd asdmambgdols doMomowoe 8@, IMobjodyeo bggdgoo w@o

ba@bgdo  dqdmdeggdnmos dps@mme gmaznxs Jgddsdosdgomols dog®, boem osbssggm@agdols dogm  asbbmmzogmgdeos, gmools dbtog, Js@Ebomrye
006593Hmdemmdsado  j9Mdm  dmobmgbgdols Fobs Jensbdy Fodmfggs, Mmdmgdog solsbs asdmambgdsdo ws, dgmmgls dbmog, addmambadols  asboibowols
dgwagbols 98938y LagMom  JMabgednmo  Liggdol oengggmo  33obdgdolis @s @g@oengdols ©ddydsaggdeda dmbofoemgmdols doggds. Lsmsbosrme  slgomo
gommds slsbymos asbagbsols msbesmorm wmyydgb@do (de3gymo dsg@mcols fommdmogo @d bomolbmdmogo dmbofoegmdals sebodgboo.

6030)&01533)0[5 83['360[‘0.

bsgs@mggenml §gdbogato gbogg@lbodgdob, boggdmdgdol, Ldgzosmado

Lobgdgdobs s Lsobgebdm 9b@Ebggergmgol 0bbBofaGol wodgdmada,
e Jdmeo 6MIRSG V0d65d0
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188. XI1.7 CKNagHOW KapKac 3epKana aHTeHHbI. * T.H.Jlonapze
(M306peTeHue ABASETCA OCHOBOMONOXHUKOM Meu | A.C. CCCP Ne 10727117, 8.10.1983 BRI crsh A.N.CaBuH
NPUHLNNOB KOHCTPYMPOBaHMA PaboT NpOBOANMBIX 2 IR 10.1.laHmnos
1980-1987 rogax v nocneaytowmx paéor). M.B.3aKcoH
(go3mambgds dmogogl 9.89085M0s8g0emals Boge H.A.X
390733907 doomor IGobodl ©owo RelaEe
aobddegmo gmldmlipgho Hggagdgmols
Jmbl@Emomgdalis, Gendengdlisg 1980-1987
fexgdol @s d98eamd JgFomedoy eaggmdbs
sebodbymo dodsGorgegdols dMogemo Lodomgdo
> addmambgds, Bso Gmtols afmogoo
“BYORTIN” ©s “LEHIL0SY LSORIILRT).
CknasgHoe cbopHo-pasbopHoe NoKpbITHe
189. | XIL8 | 3panmit v coopyxenuil. Meu | A.C. CCCP N@ 1092259, 15.01.1984 r. | owbssggmonsh | M.3 Canyawsiunm
JhmdwE
PacknagHoi pednekTop.
— — ped P Meu | A.C. CCCP Ne 1106390, 1.04.1984 r. mbﬁt‘:ag@c:ﬁmbﬁ P.A.Capanvase
3"')0) Q
MokpbiTne 6 Fonsh
191. | xmr.10 Mew | A.C. CCCP NO 1150323, 15.12.1984 . | 7 0d0"b | M.3. Canyaussiiu
i 3 U)CIQ
CKaiHas NPOCTPaHCTBEHHAs KOHCTPYKUMS. T.B.Kaxetennase
192. | x1r.11 W Meu | A.C. CCCP N 1173811, 15.04.1985 1, |  @080mG0 | ' e o awm
H.A.Xauuaze v ap.
PacknapouHblii pecnekTop. 03b3dgHME0 H0.1.[laHnnos
- N,
193. | xI11.12 Mey | A-C. CCCP N© 1200808, 22.08.1985 r Lianauk 10.X.  ap.
U306peTeHne ¢ rpudom «CEKPETHO» sbssg@mmgdonst | A-N-Caik
194, | XII.13 Mey | A.C. CCCP N2 232040, 3.02.1986 r. 2B P.A.Capanuase
v ap.
M3o6petenune c rpudom «CEKPETHO»
195. | XIL.14 Meu | A.C. CCCP N2 239070, 2.06.1986 1. | 0965936mgdonsh | A.M.Casur

9o 3.B.l'orasa u ap.

bogodogamml §gdbogaco gbogg@lodgdob, bagdmdgdob, L3giosmnGo

Lob@gdgdobs s Lanbgobdm 9bHabggmymagol 0bbGodudol wodgldmeo,
©eJdm6o 6MRSEG T0365d0
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196. | Xx11.15 | KocMuueckas aHTeHHas cuctema. Mey | A.C. CCCP N2 1248498*, 1.04.1986r. 0136333@™M0 A.N.CaBuH
(a00mambgds Loggdgmse wogem sbse M.B.3akcoH v ap.
doamdsls Lsdbgemim-jmldmlgdo
@oeasdsfo@osbo sg@mbmdorMo Loobobmim
ofdodowy@o gmddmgdlgdol sagdalis).

197. | XIL.16 | CknagHas CeKuusi CBOAYATOro MOKPbITHUS. Mey | A.C. CCCP NO 1361267, 22.08.1987r. m"B"‘?@mﬁméE M2 SARIENI
Jmoe
B
198. XI11.17 N306peTenue ¢ rpudom «COBEPLLEHHO Mey | A.C. CCCP N2 291260 , 1.04.1989r. B5s oot | T.H.Jlonanze
CEKPETHO ARl
» G0 A.N.CasuH wu ap.

(a58mambgds Laggedms s dalide dg8hdsggdgme
3habgodgdo, Gamemmo GHblgmGdomgdsra,
dngboo wo Fobolifommadsdmo Fodmgdoo,
soliabs BimamEy lsaabaqﬁm—dmh&nh""_]ﬁn Lsbgen-
foqm IGma@adgdol 3madmygdlgdel, sbggy
Jofggemoe Jodomo gmbdmbigdo mdagdgol

97J86530). H.H.XaTtnawsunu
. ".W.Benykanze
199. | XIL.18 | U3o6peteHue c rpudom «CEKPETHO» Mey | A.C. CCCP N2 292314, 1.04.1989 . sbghe@e | AT qxoawwsuu
AC. CCCP NQ 293086, 3.05.1989 r. | obosgemgpont | H-Casn
200. | XII.19 | MzobpeTeHme c rpudom «CEKPETHO» Fleq | A . o ' & L.M.Lepoaze v Ap.
U D'IDQ
LU.MN.Uepoaze
201. | XIL.20 | Mso6petenue c rpucdom «CEKPETHO» Mey | A.C. CCCP N2 298726, 1.08.1989 r. osbssg@hmegdonsh | J1.L.AaTawsnm
oS W ap.
Jnoo
202. | XIL.21 | W3o6petenme ¢ rpucom «CEKPETHO» Meu | A.C. CCCP N2 318343, 3.09.1990 . | ombssg@emgdonsh | .B.Kusupus
R0 3.B.loraBa
203. | XII.22 | Uzobpetenue ¢ rpucom «CEKPETHO» Mey | A.C. CCCP N2 318344, 3.09.1990 r. 015655gEmEPmsb | I'-B.Knuanpus
oS 3.B.l'oraBa
J100R
baJodmggenmlb Ggdbogado gbogg@lodgdoel, boggdmdgdol, L3ggosemado 0bLBod Gl b3ggoseagme badbsbg@ol ga®mbo
Lobdgdgdobs s bsobgobtim 9bebzgmymaol oblGodgdol wodgjdmmo, 6565 850LIMSII

EEJHmGo 6ORSG V036599
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204. | XII.23 | M3o6petenue c rpucdom «CEKPETHO» Meu. |AC.CCCPNe321275%, | 03bs038mGdonsh | O Tycuwsmnm
(a08mambgdols doMomsmo IMobjodgdo 3.12.1990r. {]ﬁmbpg M.[xaHukawsnnm
Logmdgensr wsgem dofolidges Lsdbgetio- .M.rarupse
Laobgobthm Mowom@gdboggmo jmddmgdlgdols
JbbEEd0gdl, Gmdmagddsg slisbgs 33mgs
o396 LsFobssedmgam Lol@gdgoel @
Jmldmbydo bgmsggaogmo bobggdgdol 8smmgols
dmdsgo  bs 3mdsbem-Lsdgmen®m Jmliggdols
dqddbols 3Emamatnddo).
il deenpalipdd} " e .B.Kuanpus
)
205. | XIL.24 | CoepuHeHVe NHeBMATUYECKUX 3IEMEHTOB. ey, |/& CCCP N81571187, 2 3om™e J1.LU.Okynxxasa
206. | XII.25 | C6opHas cTep)HeBas dhepMeHHan Mey. |A.C. CCCPNe 1628429** M i r}éﬂ'AEqBaﬂse
KOHCTPYKLMS 1 CNOCoBbI €6 MOHTaxa. 15.10.1990 r. a0 A Ilﬂqepi:;i::;}
adsdmambgdols dofomsro 3tobyodgdo solisbs ws - ep
Madeodgdrma 0dbs JolBmlin@ JGmatodgddo
mMdo@edy wowo 8mdols éﬁ)aﬁhﬁmﬁanﬁabaQa
obbﬁ'ﬁmbn amdogo doemmgebo 3o 3eligdals
Baﬂ%bﬂn.
A.C. CCCP N@ 1704700, M.3. Canyawsunu
207. | XII.26 | YcTpoiiCTBO ANS 3alMThbl OT rpaja Mey. |15.09.1991 r. RO B.B 3CBEIYH.{1)KHH
BUHOTPAZHbIX HACAKAEHMUIA. o
A.C. CCCP N9 330670 0bssgmgdonst | T.B.Menkanse
208. | Xx11.27 | W306peTteHue c rpudom «CEKPETHO» Mew. |110.1991r. y AF00E LLI.C.Hackvaawwsmnm
2009. XII.28 | YcTpolictBo Ans 3awmThl OT rpaga f A.C. CCCP N¢ 1743471, 0136353306 M.3. Canyawsnnu
BUHOrPaAHbIX HACAKAEHMUI. €4 11.03.1992r. 1F0E B.B. ScBaHaxus
A.C. CCCP N2 17553908, 0565038 MEG006 O.W.Tycuwsunu
[.M.larHupze

bagodmggenmb Bgdboggdo gbogg@lbo@gdol, boggdmdgdol, Ldgzosma@o
Lobgdgdobs > boobgobdm 9béabzgmygmgol 0bbGodadob odyddmea,
poldmdo 6MRSE V086590
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XII IR3JIXI 333336093300 399M3MBEIdIdD (BIBHIIRNDY)
211. | XIL30 | YCTpoWCTBO ANS 3alinThi BUHOTPaAHBIX Mey | A.C. CCCP N2 1754013, 15.04.1992 r. 0sbssgBmM0 M.3. Canyawsunu
HacaXaeHuit oT rpaaa. .B. Menkapaze
" T.H.Jlonaaze
212. | XII.31 | PasseprbiBaembiii pechnexTop (Hosas Mey | A.C. CCCP N@ 1762716, 15.05.1992 r. | 0obasg@mgdomab A.N.CaBuH
perucTpaums). 905 u ap.
213, XI11.32 |p Meyu 6 6 é I.N.Benykanze
. acKnagHas 3epKasbHas aHTeHHa. A.C. CCCP N2 1769272, 15.06.1992 r. msbssg@mmo 10.1.Janunos
" ap.
A.l'. YepHsascknia
214. | XIL.33 | PacknagHas aHTEHHas KOHCTPyKUUS Meu | A.C. CCCP N2 1778830, 1.08.1992 r. | 9bsdg@m@gdosb
N.W. Oataweunu
RGN Vi ap.
sbsdgEmeo M.2. Canyawsunu
215. | XII.34 | YCTpOWCTBO ANS 3almThl OT rpaja Meu | A.C. CCCP N@ 1782455, 22.08.1992 r. 3 B.B. 3cBaHaXus
BMHOMPaAHbIX HacaXAeHWM. H. Hukonauwsmnu
M.3. Canyawsunu
216. | XIL.35 | YCTPOIACTBO ANS 3aWMTbI BUHOTPaAHLIX Meu | A.C. CCCP No 1789127, 22.09.1992 ., |  96933¢m@0 | B.B. Sceanaxua
HacaXaeHui oT rpaaa. H. Hukonaunwsunm
N.W. daTtawsunu
b 90msb
217. | XI1.36 | Cxnaawoit peconekTop. Mey | A.C. CCCP Ne 1797152, 8.10.1992 r. | ™ °"33§;‘b QU 7% | r.M.Fomenaypu
W ap.
218. XII.37 | PacknapHoit kapkac oTpaxarens.
90mambadoli doomaa  Iabgadgdo, sgdmeols | Mev | A.C. CCCP N 1802661, 9.10.1992 1. | msbasgmtigdmst | L-M.Lepoaze
Lbgs  godmambgdgdosh gfowe,  asdmysbgdme Y J1.lW. AaTawsunm
ofbs  gadmdgmo  gembdmlgmo  IGmamedol  — 3.B.l'orasa v ap.
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ABSTRACT

A design concept for a family of large deployable
high-precision space reflectors is proposed. Its
building blocks consist of radial bi-stable ribs
eventually combined with additional annular ribs or
with tensioned membranes which together form the
backside structure of a reflector. Mesh or different
versions of membranes. including parabolically
curved quasi-membrane, might be used as reflective
sirfaces.  Studies were camied omr in quasi-
membrane technology and preliminary results are
presented.

Conmollability for deployment is provided and
possibilities  for shape control could be also
included.

Discussion  of these  building  blocks  shows
considerable design  flexibility and adaptabality
which challenges for finther investigations of
proposed concept.

1. INTRODUCTION

Large deployable reflectors (LDR) in space are
those which due to their diameter in the range
typically between 10-25 m and more are to be
stowed in the launcher’s cargo bay and deployed in
orbit. Applications of such reflectors range from
communication over earth observation up to radio-
astronomy. (Large) reflectors for IR or oprical
wavelengths require special technology only briefly
mentioned at the end of this paper. Though
basically deploving something in orbit sounds quite
achievable — it somehow reminds to evervbody's
umbrella - it is the size and especially the relatively
high final shape accuracy typically in the range of
(sub) mm rms to be reached with high reliability.
This together with other requirements poses a
severe technical challenge. This challenge and even
more so the limited market pull has caused some
development activities in Ewrope in the eighties to
dry out. It is only in the recent years if not months
that this field has got new interest.

2. AVAILABLE AND PARTLY FLIGHT
PROVEN CONCEPTS

In spite of or because of the technical challenges
there is quite a number of different concepts of
LDRs published in literature. Irrespective of their
kind, one can identify the following building
blocks

- the reflecting surface. ranging from meshes
over membranes up to solid sections (which
also is the order of increasing shape accuracy
but  also  increasing  complexity  for
deplovment, mass etc.)

the backside stiffening stucture, composed
either of trusses. radial and annular ribs,
inflatable designs, and combinations. Due to
stowage and geomefric requirements, the
structural  elements either have to have
(structurally  integrated) hinges or be
extremely flexible and stiffened in orbir.

the deployment mechanisms. ranging from
using inherently stowed elastic energy up to
motor  driven  truss  structwres  such  as
pantographic rings. Irrespective of the
deployvment ptand its mechani the
deployment has to be controllable (eventually
raking many minutes) and reliable

- shape providing elements, either caused by
the backside stucture. adjustable elements.
the reflecting surface itself and proper
combinations of these

and the proper synthesis between reflecting
surface  and  structures,  such  as  the
deployment pantograph which in its final
position  provides overall stiffness and
tensions the reflecting mesh.

These features of LDEs. will form the building
blocks of the concept to be discussed below.

EGS Reflector in Flight. 28.07.99.
Photo is taken from O/S “MIR™

Tension truss antenna reflector, Japan

“Thuraya™ AstroMesh Reflector

Fig.2.1 Large deployable commmmication reflectors

A typical albert by far not complete list of examples
for such reflectors especially for communication
purposes is (see also figure 2.1.)
- the EGS mesh reflector, with circular
pantograph ring and d stuctural
membrane ribs

- the Harris rod-cable reflector

- the tension truss antenna reflector, Japan
- the “Thuraya™ AstroMesh ropes/strut-ring
reflector
- or among the class of _pneumatic” or
inflatable stucnwes the pressurized and
space rigidized reflector e.z. developed by
Contraves. After inflation. the material is
rigidized e.g. by space radiation.
A comprehensive overview and discussion of these
and other designs 1s given m [1,2].

3. THE ‘SMART® CONCEPT

Efforts have been made and are underway at the
Aerospace  Institute  of Technische Universitit
Miunchen, Germany. together with visiting scientist
of the Georgian Institute of Space Constructions,
Technical University Tbilisi. Georgia. in order to

research concepts and building blocks of fure
LDRs [1.3.4.5.6.7]. The folowing desien gols are
taken as reference for these activities:

3.1 Design Goals

- reflector aperture diameter typically in the
range of 10-25 m (with smaller diameters of
course to be achieved as well)

- shape accuracy in the range of mm rms and
better

- low mass of typically 0.5 kg/m’

- sufficient design flexibility to apply different
building blocks or desien  elements. if
needed or appropriate

- sufficient growth potential to cope for future
developments e.g. m reflecting membranes
or active shape control.

3.2, Family of *SMART’

A result of these investigations is the concept [1] of
“SMART’ (Synthesized Munich Antenna Reflector
from Thilisi) with the following versions:
- the baseline version [4] as shown in figure
3.1, consisting of several bi-stable mbes
(compression load only) combined with



concepts are still in early development stages, they
call for bridging the gap between deplovable
(communication) reflectors and highly precise
mirrors.

5. CONCLUSIONS

Large reflectors in space are to be applied for
comumunication. earth observation and astrophysics,
often with increasing required shape accuracy in
that order. The SMART concept is proposed
consisting of different building blocks which allow
for adaptation in the development process or in case
of increasing accuracy requirements in a certain
mission. Further substantiation especially by more
extensive analytical and laboratory models 15
needed.
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5-30 METER DEPLOYABLE HIGH-PRECISION LIGHTWEIGHT SPACE ANTENNA
REFLECTORS AND THE GROUND-BASED STAND-TEST COMPLEX FOR ASSEMBLING
AND TESTING LARGE DEPLOYABLE SPACE STRUCTURES

Gregory G. Kinteraya, Elguja V. Medzmariashvili and Leri Sh. Datashvili

Georgian Polytechnical Intellect, Ltd., Georgian Institute for Space Constructions,
68-b Kostava str., 380075, Thilisi, Georgia
Tel.: +995 32 998813, +995 32 366842, Fax: +995 32 998763, E-mail: GPISPACE@ACCESS.SANET.GE

ABSTRACT

The paper describes the achievements,
experience, potential and facilities of the Georgian
Institute for Space Constructions and Georgian
Polytechnical Intellect, Ltd. company, GPI, Lid. was
set up by the Institute for international co-operation
and activities connected with development and
manufacture of space antenna reflectors.

The Georgian Institute for Space Constructions
used to work on ereating large deployable space and
mobile surface radio telescopes within the scope of
orders of the former Sowviet Union. Tens of
structures of 3-30 meter deployable antenna
reflectors were created, including reflectors with an
outer deployable ring, also inflatable rib reflector
structures, mobile unfurlable antenna reflector
structures with stiffened trusses and others.

456

Since at the European conference on Spacecraft
Structures, Materials and Mechanical Testing,
November 4-6, 1998, Braunschweig, Germany,
Georgia has already been presented in the field of
scientific research and engineering trends of creating
large deployable antenna reflectors, this paper is of
more general, informative and illustrative character
than a detailed exposition of scientific analysis of
the problem or particular problems.

The scientific-technical and commercial trends
in the creation of large deployable antenna reflectors
and other orbital structures keep developing n
Georgia with regard for the specific featres of
international cooperation and free market economy.

In this paper we describe the organisational
structure of our work, present the scientific-technical
and practical achievements obtained in pursuance of
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structures with stittened trusses and others.

Structures of different types were tested on the
spacecraft “PROGRESS-40" and space station
“MIR"™. The Institute participated in the
development and creation of these structures,

GFI. Ltd continues the traditions of the Institute
with 20-year experience in intensive work in the
space engineering area, The company has developed
and produced the full-scale functional models of
large deployable offset reflectors of a new
generation in co-operation with German and other
European companies,

Both, the Georgian Institute for Space
Constructions and GPI, Lid. have at their disposal
the unique stand-test complex for assembling and
testing large deployable space structures. By its
parameters, this station surpasses similar test centres
of the USA and Russia.

KEYWORDS

Large Deployable Antenna Reflector, Ring,
Inflatable, Functional Model, Stand-Test Complex,
Assembling, Testing, Lightweight structures

ana pracucal acniEVEmenIs ODIAINEd 1IN PUTsUEnceE ol
the above-mentioned trends, discuss some of the
problems on whose solution we are working at the
current stage and indicate the perspectives.

Our organizational and financial structure is
rather complex (Fig. 1). The work 1s financed both
from the state budget and through commercial
orders. Below follows a list of those bodies that get
a regular financing from the state budget:

~ the Georgian Institute for Space Constructions,

— the State Engineering Centre of Georgia,

— the special constructions chair of GGeorgian
Technical University.

The Georgian Institute for Space Constructions
develops fundamental principles of shape-formation
of large deployable structures and operates the
unique stand-test complex for assembling and
testing large deployable space antennas and other
structures, .

The State Engineering Centre of Georgia carries
out theoretical studies and tests of ground-based
engineering structures that are created by solving
applied space problems.

The special constructions chair of Georgian
Technical University frains and selects space

Proceedings European Conference on Spacecrafi Structures, Materialy and Mechanical Testing, Braunsch welg,
Germany, 4-6 November 1098 (ESA SP-428, February [999)

© European Space Agency * Provided by the NASA Astrophysics Data System
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Title
A Large Deployable Space Offset Reflector

Tserodze, Sh.*; Medzmariashvili, E.?; Tsignadze, N.®

1Senior researcher of the Institute of Cosntructions, Special Systems and Engineering Maintenance, GEORGIA;

2Leading researcher of the same Institute, Dr. Sci. (eng.), Dr. Military Sci., Professor., GEORGIA;
3Director of the same institute, Cand. Sci. (eng.)., GEORGIA

In large-scale offset antenna reflector structures (with a diameter of 20-30m) deployed by the mechanical deploying ring the following factors
must be noted: - the vertical size of the deploying ring is essentially large; - the height of the shape-forming structure is large; -The console
elements in a large offset antenna reflector are oversized; - radial forces needed for the tensioning the reflector's central part are high, which in turn
is a reason for which it is required to have a relatively powerful deploying system . All these factors increase the overall dimensions and mass of a
structure. Moreover, in all offset antenna reflectors the difference between the heights of the adjacent struts is a sufficiently large value, which
makes the reflector structure even more complicated. Also should be mentioned that inaccuracies in the mesh attachment to the shape-forming
framework are significant. With all the above factors taken into account, we were faced with a task to create an antenna reflector with the following
properties: - the oval-shaped deployable ring; - a small vertical size; - the framework close as much as possible to the offset paraboloid surface in
order to ensure the required reflector geometry; -the deployable ring with more powerful tensioning elements that can provide a strong tensioning of
the central part. To tackle this task, we have developed an absolutely new type (E.G.M.) of a deployable space reflector. Its deployable part is an
ellipsoidal mechanical ring consisting of two transformable circular parts arranged along the small diameter and the additional deployable segments
arranged along the large diameter. To ensure minimal vertical overall dimensions and maximal rigidity of the reflector, the ring elements are located
on the faces inscribed in a truncated cone. The shape-forming structure consists of thin, radially arranged ribs tensioned between the deployable ring
and the central drum, to which the mesh is attached. Depending on the ring geometry, the geometry of these ribs is also of quite an original design.
It is for this reason that the radial ribs have a small vertical size and after they are wound onto the central drum, the dimensions of the
transportation package also remain minimal. The ring deployment occurs in two stages. In stage 1, the ring elements arranged along the small
diameter deploy with the aid of electric drives and ropes, whereas in stage 2 the additional dynamic segments arranged along the large diameter
deploy also with aid of electric drives.
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Transformable Multiple Use of Assault Bridge with 48

Meter Span

Elguja Medzmariashvili

= Academy Member, Major-General, The Insttute of Structures, Special Systems and Engineermg Mamtenance of the

Georgaan Technical University

ABSTRACT. The existing vaviants of assaulting bridges, their general schemes, working principl
general tactical and rechnical paramerers are determined.

For the first time in the world an assaulting, deployable bridge is offered with a 48 meter span, whic
its dimension and weight, is similar to the existing 24 meter deplovable bridge. © 2008 Bull. Georg. Nail. dc

Key words: assaulting bridge, bridgelayer, span, mack, muss, givder upper boom, lower boom, strut.

Military application bridges were constructed several
thousand years ago. Their primary fimetion was to allow
warriors, arms and equipment to ¢ross bamiers - rivers,
ravines or other naturally and artificially made obstacles.
After military operations these bridges performed the func-
tions of military and civil comomnications.

Time passed and develog of military equip
and bridgebuilding created improved means of erecting
bridge structures in the shortest time peried [1, 2].

Bridges utilized in the art of war, widely used
different extreme and nomnal situations, are divided
into three groups [3]:

- Bridges of the rear that are located sufficiently far
from the immediate combat operations and their func-
tions are communicational support [4]

= Guiding bridges that are built near the area of com-
bat operations and their main assignment is to ensure
transfer of detachments, troops, groups and units in the
shortest time period. As a rule guiding bridges are an
inventory to be assembled and their installation, for ex-
ample, in the case of 48 meter length spanning is en

nutes. Guiding bridges are single

In the literature and in practi any analogues of
multi-span guiding bridges can be found. This is ex-

emplified by the structure of an assembly inventory
bridge composed of unified transformable blocks, The
proposed bridge is di ished for special prop

Each separate block of the bridge constitutes a um-
versal, arc-shaped system, whose dimension of the road-
way and dimension of the supporting part are determined
by the profile and depth of the barrier to be overcome
through self-regulation.

Over a 35 meter width barrier the time of building
of the cited bridge is 45 minutes. At the same time the
length of the bridge is not lnmited.

Notwithstanding a number of special properties,
only guiding bridges can be built with the indicated
structure [6, 7).

- Assault bridges are predominantly intended im-

diately for combat of as well as for use in
other extreme sitnations. Throwing them across barri-
ers should be carried out in the shortest time - 7-10
minutes. During its assembly the persounel do not leave
the APCs and the assembly of the bridge is carried out
mechanically [5].

The assault bridges [9] that are single-span can be
sorted by their basic attribute - according to the collaps-
ible mode of bridge structure that 1s:

© 2005 Bull Geogg Natl Acad 5o
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