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Pegepar

Otuert coaepxut 12 ctp., 16UCTOYHUKOB U 3 TPUIIOKEHHUS.

KitoueBbie cioBa: KpynHorabapuTHasi aHTEHHA, pPeQIEKTOp, KOHTPOIb

dbopmbl pediexTopa.

OOBEKTOM HCClIeIOBAaHUS SIBIIAETCS IMpoliecC KOHTPOoIIst (popMbl pediekTopa

KpyHnHOrabapuTHON TpaHCHOPMHUPYEMOI AaHTEHHBI.

[lenpt0 MarucTepckor AUCCEPTALMU SIBIISIETCS. MCCIEAOBAaHUE CHUCTEMBbI
KOHTPOJIsI KpyNMHOrabapuTHOM TpaHc(hopMUpyeMon aHTEHHBI U MOJ00p JIa3epHOTO

CKaHCpa, HOAXOJAIICTO 110 3aJaHHBIM ITapaMCTpaM.

3anaum, He0OXOIMMbIE BBIIIOJIHUTH B HAYYHO-UCCIIEI0BATENbCKON paboTe BO

2 cemectpe:

1. TloaroroBka myOauKaiuu, BEICTYIUICHUE HA KOH(PEPEHIHIX

2. VYwuyacrtue B CTy/ICHUECKMX HayYHO-TIPAKTUYECKUX KOH(DEPEHIIUAX
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BBenenue

Baxxnoe wnHanpaBnerne paboT B 00JaCTH a’pPOKOCMUYECKON TEXHUKH
HEMOCPEACTBEHHO CBS3aHO C CO3JaHMEM CHUCTEM Trio0anbHON cBsizu. Co3gaHue
KPYNHOTa0apUTHBIX TPAaHC(HOPMHUPYEMBIX AHTEHH MPEACTaBIsIeT  OOJBIION
WHTEpec, Kak B Poccuu, Tak u B 3apyOeKHBIX cTpaHax. Pa3paboTku 1Mo co3maHutio
TaKMX aHTeHH Hadaiuch emie B 80x rr. XX Beka U MpoI0IKAIOTCS 0 CUX MOp. 3a
3TO BpeMsi OBLJIO TPEIONKEHO MHOXKECTBO PA3NIMYHBIX KOHCTpyKmmii. Ho
YBEJIIMYEHUE Pa3MEPOB KOCMUYECKHX aHTEHH MO3BOJSET TOBBICUTH KOIPPHUICHT

HUX HUCIIOJIB30BaHMSI.

JIJisi HEeMaBHO OCBOCHHBIX JHMAMMA30HOB JIEIIUMETPOBBIX W CAHTUMETPOBBIX
BOJIH BO3HHMKJIa HEOOXOIMMOCTh B CO3MaHMM OOJIBIIMX KOCMHUYECKUX AaHTCHH
muamerpom 10 - 100metpoB. C yBenrm4eHHEM MOITHOCTH KOCMHUYECKUX arapaToB
Bce Oojiee aKTyaJlbHOM CTaHOBUTCS TpoOJieMa CO3MaHusl KPYIHOTa0apHUTHBIX

TpaHCHOPMHUPYEMBIX AHTEHH.

Takue cucTemMbl pacKpbIiBalOTCS B pabouee MOJOXKEHHE Ha opOuTe B
ycIoBUsIX HeBecomocTu. CucTeMa Mofep aHus U yrpaBieHus: (GOpMOi aHTEHHBI
OCHOBaHa Ha MEXAaHMYECKOM BO3JCHCTBUH HA OTPaXalollyl0 IMOBEPXHOCTh
AHTEHHbI, YTO MPHUBOJUT K CMEIIECHUIO 3JIEMEHTOB OTPAXAIOIIero MpPOQUIIs.
[TosTomy OTJINYUTEIIBHOM 0COOEHHOCTBIO KpYIHOTa0apUTHBIX
TpaHCHOPMHUPYEMBIX AHTEHH SIBJIIETCS HEOOXOIUMOCTh YIIpaBieHUs: ux GopMoit u
Ha CTaguu TOJATOTOBKM K paboTe, W BO BpeMsa (YHKIMOHHPOBAHHS, YTO
HEOOXOAMMO JJiIi JOCTMXKEHHS ONTHUMANbHBIX XapaKTEPUCTHK JMarpaMmbl

HaMnpaBJICHHOCTH.
Llenwsro nannoro stana HUP B cemecTpe saBnseTcs:

1. IloaroroBka myOnMKaIMK, BEICTYIUICHHE HA KOHPEPEHLIUAX

2. Yyactue B CTYJCHUYECKHX HAyYHO-TIPAKTHUECKUX KOH(PEPEHLIUAX
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IoaroroBka mny0JuKANMU HW y4YacTHe B CTyJeHYECKHX

KOH(epeHuusax

B pe3ynapTaTe Hay4HO-UCCIENOBATEIbCKOM pabOTBI B ceMecTpe Oblia
NOJTOTOBJICHB  CTaThb:  «CpaBHUTENBHBIM  aHAIW3  KPYMHOTa0apUTHBIX
TpanchopmMupyeMbix aHTeHH» U «Large-size Transformable Antennas»gak xe
TE3UChl K  CTaThe «CpaBHHUTENBHBII ~ aHANU3  KPYMHOTA0ApUTHBIX

TpaHC(HOPMHUPYEMBIX AHTEHH.

B pesynbrare, B anpene 2018 roga Obul BbIMyIIEH COOPHUK TE3UCOB K

cTaTthsM KoHPepenuu «Monoaexs. Texuuka. Kocmoc»

19.04.2018. npunsna ydactue B KoHpepeHunu «Moioaexb. TexHuka.
Kocmoc. 18.05.2018. — 19.05.2018 npunsina yyactue B KoHPepeHuusax «/luanor
Kyneryp» u «Moit Mup». Ilo pesynbratam KoH(pepeHIHH ObUIM MOIYYESHBI

ceprudukatel yuyactauka ([Ipunoxenus A)
B utone —asrycre 2018rona 6yayT Beimymiens! coopauku crareit PUHLI.

B IIpunoxenusx b u B npencrasnen Tekcr crarei.
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B  pesynpraTe HaydyHO-HICCIIEIOBATEIHCKONM pabOThl B cCeMecTpe ObLIN

BBITIOJIHCHEI 3a1a4H.

1. TIloaroroBneHbl CTAThU K MyOIHKAIUH.
2. VYuactue B KoHpepeHumsx: <«Momnoaexs. Texnuka. Kocmoc.»,
«JInanor Kynetyp» u «Moit Mup».

3.  Omnyb6nmkoBaH cOOpHUK Te3ucoB «Moomaexs. Texauka. Kocmoc.».
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IHpuiaoxenue b

Crarbs «CpaBHUTEJIbHbIN AHAJIU3 KPYNIHOra0apUTHBIX TPaHCHOPMUPYEMbIX AHTEHH»

YK 520.272.22
CpaBHHUTeIbHBII aHAIN3 KPYMHOTa0aPUTHBIX TPaHC(HOPMHPYEMbIX AHTEHH
10. . I'aBpunoBa
banmutickuii cocyoapcmeennuiii mexuuyeckuil ynusepcumem «BOEHMEX>» umenu J.@. Yemunosa

CylecTBeHHas: COCTaBIIAOMAs paboT B a9pOKOCMUYECKON TEXHHKE HEMOCPEICTBEHHO CBA3aHA C CO3aHUEM CHCTEM II00aibHOM cBsi3u. B
pe3yNbTaTe HEaBHETO OCBOCHHS JCLIMMETPOBBIX H CAHTUMETPOBBIX BOJIH BO3HUKIIA HEOOXOMMOCTh B CO3/IaHHH OONBIINX KOCMHYECKHX aHTCHH,
quamerp KoTtopeix gocturaer 100 merpoB m Goibiie. A ¢ pOCTOM MOIMHOCTH BCE 0o0Jee aKTyalbHBIM CTAHOBHTCS BOMPOC O CO3JaHUH
KPYITHOTraOapUTHBIX TPAHC(HOPMHUPYEMbIX aHTCHH, YTO HPEICTABISACT OONBLIONH HHTEPEC BO MHOTHX CTpaHaX.

IlepBbie pa3pabOTKM TAaKMX AHTEHH HAYalNCh B BOChbMHACCATHIX rogax 20 cromerns. 3a 3TO BpeMs ObUIO MPEATIOKCHO MHOKECTBO
PA3THYHBIX KOHCTPYKLHH. Bce mpesioxkeHHble KOHCTPYKIMH MOXHO Pa3/ielNTh HAa HECKOJBKO BHUJIOB, OTIMYAIOIIMXCS THIOM 0Opa3oBaHUs
(hopMBI OTpaxkaroleil TOBEPXHOCTH. A UMEHHO:

1. HanysHsle. B cobpaHHOM COCTOSHUM OH 00JafacT HEOONBIIUMH Pa3sMepOM M Maccoi. J{yisi ero M3roTOBICHUS HCIOIB3YIOT THOKHE
MaTepHaJibl, CBOpaYMBarOIIHECs Nepesl 3ayCKOM M PacKphIBAIOIIHECs TOCPEICTBOM HaayBaHus. HagyBHOI pedekTop MOKHO NPEICTaBUTh KaK
MOAYLIKY MapaboNoMAaIbHOR (OPMBI, Y KOTOpPOil MepeiHsis MOBEPXHOCTh MpO3padHas, a ThUIbHAs - oTpaxkaromas. [1o Kparo aHTCHHEI
pacrioyio)KeH HalyBHOW Topyc. Jlnst obecrieueHus OonblIeH KECTKOCTH KOHCTPYKIMH, MaTephall IPONUTBIBAIOT KaHHU(OIbIO, KOTOpas
MOCTENICHHO 3aTBEPJCBACT NPH JOCTHKCHMH BBICOKUX TEMIIEpATyp HJIM OOJydeHHH ero yibTpaduoneroM. IlostoMy HeoOXoAMMO, 4TOOBI
pediexrop Ha opbute ObUT 0OpamieH k conHiyy. IIponecc 3aTBepaeBaHMsT KaHU(OIM IPOUCXOMUT Ha MpoTsDKeHHH 6 yacos. Ilocie oTBepxKeHUs
OH HarnosHsercs razoM. Ha pucyHke 1 noka3aH npuMep aHTEHHBI ¢ HaTyBHBIM PE(IICKTOPOM.

Pucynok 1 —AHTeHHa ¢ HaTyBHBIM peICKTOPOM
OCHOBHOI HEITOCTATOK TAKHX AHTEHH - CIIOXKHOCTH ITOTy4YEHHS BBICOKOM TOUHOCTH (HOPMBI OTpakarollel MOBEpXHOCTH. J[OCTOMHCTBOM
SBIISIETCS IPOCTOTA KOHCTPYKIIMH M BBICOKAs CTEIICHb HAJAEKHOCTH PACKPBITHS.

2. BanroBsle (060xHbIe). Takue pedIeKTOPHI HCIONB3YIOT B CBOCH KOHCTPYKINK CKJIAJHOM Mepu(epuilHbIil KOIBLEBON KECTKHIl 0001,
Orpaxarolasi MOBEPXHOCTh KPEHHUTCS Ha KOHCTPYKIIMIO, COCTOSIIYI0O M3 BaHT — TPOCOBBIX PAaCTSIKEK, MIIH JIMCTOBBIX HpOQuiei, KoTopbie
KpersTcs B eHTpe U Ha oboze. [Ipu packpeitiu pediekTopa BaHTH HATATUBAIOTCS.

XKecTk0000AHBIE BAHTOBBIC PE(GIEKTOPHI MOKHO Pa3AEIUTh Ha TPYIIIIBL:

. C paHabHO-KOJIBLIEBOH CTPYKTYPOH;

. C TPEYTOJIbHOI CTPYKTYPOH.
IMpuMepsl TaKUX CTPYKTYp IOKA3aHbI HA PUCYHKE 2.

Pucynok 2 —BanToBblit sxecTk0060/Hb1H peduiektop (CrieBa: ¢ paauaibHO-KOJIBIEBON CTPYKTYPOH, CIIpaBa: ¢ TPEYroNbHOM CTPYKTYPOii)

OCHOBHOI HEIOCTaTOK BAHTOBBIX pe(bJ'IeKTOpOB — 3TO PacCHOJIOXKEHUE yCTpOﬁCTB AHTCHHBI Ha 0602[6, YTO MOXKET NPUBECTU K €ro
HeyCTOI\;l'-IHBOCTH. Z[OCTOHHCTBOM TaKUX KOHCprKI.II/Iﬁ SABJIICTCA UX IIPOCTOTA B IIPOCKTUPOBAHUU.

3.  3onTnuHble. KOHCTPYKIMS 30HTHYHBIX PEQIICKTOPOB COJCPIKUT JKECTKYIO LEHTPANIbHYIO 4acTh, K KOTOPOH KpemsATCs CHCTeMa
panuanbHbIX pebep. Ha pebpax pacmonaraercs cerTemosioTHO, oOpasylolliee OTpakalollylo IOBEPXHOCTh. B 3aBucuMoctH or Tuma pebep,
30HTHYHBIC Pe(IEKTOPEI MOJKHO Pa3eInuTh Ha!

. PedexTopsl ¢ XKECTKUMH MAPHAPHO CKIAIBIBAIOIINMUCS PEOpPaMH,
. PedexTopsl ¢ ruOkuMu 1ehOpMUPYEMBIMH peOpaMH.
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Dopmoobpasyiomas CTpykTypa y pedIeKTopoB 30HTHYHOIO THIIA MOXKET OBITh Kak pajHadbHO-KONbIIEBas, TAK H TpeyroibHas. Pebpa
30HTHYHOIO pedIeKTopa MOTYT OBITH BHINOJIHEHBI B BUJE MapabOIMYECKUX TPyOUYaThIX CIHI[ M3 YIVICIUIACTUKA, KOTOPBIC KPEmsITCs B LEHTpE.
Mex Ty HEIMH 3aKpeIlIeHa OTpaxaromas ceTka. [IpuMepsl 30HTHYHOTO pediiekTopa MoKa3aHbl Ha PUCYHKE 3.

o e ) " !

s v . X vt =
Pucynok 3 —3onTnuHsI pediexrop (Ciesa: ¢ xecTKUMH pedpaMu U paanaibHOKONBIEBOI CTPYKTYPOi, CIIpaBa: ¢ THOKUME peOpam)

OCOOCHHOCTBIO TAKOM KOHCTPYKIIUHU SBJISICTCSA BBICOKAsI CKOPOCTb PACKPBITUS aHTCHHBI HA Op61/ITe 3a CYET pa3pbiBa CACPIKUBAIOMIIETO TPOCA.
A Tak Kak OPUCYTCTBYET BO3MOJKHOCTH BpAIIC€HUA CIHUIl Ha BEPTHUKAJIIBHBIX MIAPHUPHBIX OCAX, ped)neKTop MOKHO CBCPHYTH Ha Op6MTC C
IOMOIIBIO PEBEPCUPOBAHUS ITPUBOJA.

4. ®epmennsie. Takue pedueKTOpsl COCTOMT M3 TPEXMEPHOTO IPOCTPAHCTBEHHOIO Kapkaca M NPUKPEIUICHHOW K HEeW OoTpakaromed
noBepxHocTH. ONOpoil B KOHCTPYKIMH SBIISIOTCS 6a30BbIE CTPYKTYPHBIC 3JIEMEHTBHI, BHIIOJIHEHHBIC B (hopMe TeTpasapoB. biaromaps stomy
JIOCTUTaeTCs HeOOXOAUMAs KECTKOCTh KapKaca B PACKPHITOM COCTOSIHHHM, HO TP 3TOM Ta0apHThl B CIIOKCHHOM COCTOSIHHHU JIOCTATOYHO Mallbl.
O06e HOBEpXHOCTH O0ONIOYKH O0OPa3yIOTCS CKJIAJBIBAIONIMMHUCS CTEpXKHAMH. K BOTHYTOH IIOBEPXHOCTH KPENHTCS CETKa, OHA U SBISCTCA
otpaxaromeil. [TomoOHBIH Kapkac, COCTOSIIMM U3 JKECTKUX CTEPIKHEH, SIBIACTCS MAaKCHMAlIbHO YCTOHYMBBIM. lIpuMep Takoll KOHCTPYKLUH
TMIOKa3aH Ha pUCyHKe 4.

Pucynok 4 —Pecdnexrop Cl)epMeHH.OFO THIIA

JIOCTOMHCTBA M HEIOCTATKH PeICKTOPOB IPHUBEIEHH! B Tabuume 1.

Ta6muma 1 —JIoCTOMHCTBA M HEZOCTATKH pehIeKTOPOB

Bun pedexropa JlocTonncTea Henocratku
H IIpocToTa KOHCTPYKIUH, BBICOKAS CIOXHOCTH IOTy4IeHHUS BEICOKOH
ALyBHRIE CTENEHb HAaJEKHOCTH PACKPBITUS TOYHOCTH OTPaXKaIOILEH OBEPXHOCTU
Pacnonoxxenue ycTpoicTB aHTEHHBI
Banrosble ITpocToTa B NPOEKTUPOBAHHU . .
Ha 000/1¢; HEYCTOIYNBOCTD
Bricokast ckopocTh pacKphITHS, HeobxoauMocTb yBeTM4eHHs
30HTHYHBIE BO3MOXXHOCTb CBEPHYTH pe(ICKTOp Ha KOJIMYECTBA CITHI TP yBETMYEHUH
opbute pa3MepoB
Y CcToH4YNBOCT; BBICOKUM CIOXHOCTH H3TOTOBIICHUS 1
DepMeHHbIE K02 PUINEHT YKIIa[KH; MAIBIH 00beM IOCTUPOBKH; OONBIIOE KOTUIECTBO
U Macca TIOJBHKHBIX 4acTel

HecmoTpst Ha BHA OTpaKarollei MOBEPXHOCTH, OCOOCHHOCTBIO BCEX PACCMOTPCHHBIX AHTCHH SIBIIICTCS HEOOXOAMMOCTH YIPABICHHS HX
(hopMoii Bo BpeMs ITOATOTOBKHU K paboTe ¥ BO BpeMst UX (pyHKIIMOHUPOBAHUS.
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Ipuiaoxenue B

Crarbs « Large-size Transformable Antennas»
L arge-size Transfor mable Antennas
The article is devoted to the types of reflectdrame-size transformable antennas. In the artifferent types of the
forming surface of reflectors are analyzed. Themadiiention is paid to their design, the advantagesdisadvantages.
Key words: reflector, large-size transformable anges, inflatable reflector, cable-stayeflector, umbrella reflector, truss
reflector.

An essential component of work in aerospace engimgés directly related to the creation of the lidb communication systems
(GCS). As a result of the recent development ofirdeter and centimeter waves, it became necessacyetite large space antennas, the
diameters of which reaches 100 meters and mord ¥t growing of power, the issue of creating lesge transformable antennas is becoming
more urgent, that is of great interest in many taes [1]

The first development of such antennas began irB@seof the 20th century. Since then many diffe@nistructions have been
proposed. [2] They can be divided into several sypbffering in the type of formation of the shapiethe reflecting surface. All of these
antennas have two states: folded and unfoldedhelfidided state they are sent into the orbit wkigeg are unfolded before functioning.

1. Inflatable reflector. Being folded up it has a small size and mass.itBgeroduction, flexible materials are used, fotgin
before launch and opening by inflation. The infté¢areflector can be imagined of as a cushion ddipaloid shape, in which the front surface is
transparent, and the rear surface is reflectiveth@redge of the antenna there is an inflatablestofo ensure greater rigidity of the reflectog th
material is impregnated with rosin, which gradudlBrdens when reaching high temperatures or itiadié with ultraviolet. Therefore, it is
necessary the reflector in orbit be facing the Jire process of solidification of rosin occurs dnours. After rejection, it is filled with gas.The
main disadvantage of such antennas is the complekivbtaining a high accuracy of the shape ofréfiecting surface. The advantage is the
simplicity of construction and the high degreeedfability of the opening.

2. Cable-stayed (rim) reflector. A collapsible peripheral annular rigid rim sen&s a skeleton for these reflectors. The
reflective surface is attached to a structure &tingj of Cable-stayed stretch marks, or sheet Ipsfivhich are fixed in the center and on the
rim. When the reflector is opened, the Cable-stayedstretched. Cable-stayed reflectors with handcan be divided into groups:

. with radial-ring structure;

. with a triangular structure.

The main disadvantage of such reflectors is thatioo of the antenna devices on the rim, which leadl to its instability. The
advantage is the simplicity of construction.

3. Umbrella reflector. Umbrella reflectors contain a rigid central pavhich the system of radial ribs is attached to.tm
ribs there is a network-band, which forms a reftegcsurface [3]. Depending on the type of ribs, uetih reflectors can be divided into:

. Reflectors with rigid hinge folding fins;

. Reflectors with flexible deformable ribs.

Form-forming structure of umbrella reflectors candither radial-circular or triangular. The ribstioé umbrella reflector can be made
in the form of parabolic tubular spokes. Which arade of Carbon fiber reinforced polymer (CFRP niallerThey are attached in the center.
The reflective grid is fixed between them. Thecsplefeature of this model is the high speed ofana deployment in the orbit due to the
breaking of the restraining cable. There is thesibilgty of rotating the spokes on the vertical ¢gnaxes. The reflector can be folded up in the
orbit by reversing the drive.

4. Truss reflectors. Such reflectors consist of a three-dimensionatiapframework and a reflective surface attachedt.t
The support in the construction is the basic stmattelements, made in the form of tetrahedral. Buthis, in the opened state the required
rigidity of the carcass is achieved, but the dinmmsin the folded state are small enough. Botfasas of the shell are formed by folding rods.
A grid is attached to the concave surface. Itflecéve. Such structures, consisting of rigid roaie maximally stable. [5]

5. Advantages and disadvantages of reflectors are givéable 1.

Table 1 - Advantages and disadvantages of reflector

Reflector type Advantages Disadvantages

Inflatable Simpl_ic_:ity o_f construction; high degree ofThe cqmplexity of obtaining a high accuracy of the
reliability of disclosure reflecting surface

Cable-stayed Simplicity in designing _Arrang(_ement of antenna devices on the rjm;

instability

Umbréla High spged of (_Jpening; possibility of turning t1eT_he 'need to increase the number of spokes ag the
reflector into orbit size increases

Truss Stability; high stowage ratio; small volume andComplexity of production and leveling; a large
mass number of moving parts

The main feature of all the present antennas is¢eessity to control the shape of their reflecindface during preparation for work

and during their operation.
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