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CraHupyrcqas aHreHHa
AJrfl A Byxlon flpn3arJkro H H o fr
paAr,roMerpuqecrofi cucreMhr P-400
B paMKax MLIKII ,,npupoya*
Todop Hasupcrcu, feopeu fluuumpoe,
Vaedap Jleaue6, Xpucmo' Ilpodauoe

Eucmumym KocrruqecKux uccaedoeauui), EAH

Anrenna cBrerc.s oAHr.rM u3 ocHoBHbD( gJreMeHToB ruo6ofi
paAHoMerpnqecxofi ctrcreMbl. Xapaxrepucrrlrl{ aHrenHbr onpeAensror npocrpaHc-
rBeHHyIo pilperuaroqyro cloco6uocrb I.t tlynxquoHaarnrre oco6enuocrl,r cucienanr
(ro:uoxnocrr pa6oru B pexr{Me cKaHnpoBaHllrs Hra rpaccfipoBr(u, palora B AByx-
[Ontprr3aII[oHHoM peXI'IMe s t.A.), a TaK)Ke oKa3hIBaIoT cyqecTBenHoe BIH.sHue Ha
qyBcrBI{TeJIbHocrb H IrDrMoBbIe xapaKTepr{crzxu lpn6opa. flepe4 aHTeHHbrMrr ycr-
poficrnauu Ars KocMtrqecKr.rx paAtroMerp[qecKlx cr{creM craB-rrcr eqe psA Tpe-
6onauufi, Bbr3BaHH,bD( orpaHuqeHn.sMu B ra6apnrax r{ Becy, a raKxe ctr"qr6"rec*r-
Mri ycroBtr-svr.r pa6oru aHTerrHhr - "rarJle Bcero B orKpbrroM KocMr{rrecKoM npocr-
paHcTBe.

Ha ocnose trpoBeAeHHbx HayqHo-TeoperrrqecKr.rx uccJreAoBaHzfi u HaxonneH-
Horo npaKTrrrlecKoro onhlTa r parpa6orKe KocMr{rrecKr.D( paA}roMerpr,rqecKr{x cuc-
rena 66rlu ctfopr'ryrupoBaEbl cneAylorr1ue ocHoBHLre rexHr.rrrecKne ipe6onanu.r x
AByxnonrpHsaquonnofi cr@Hr.rpyroqefi pa4uoverpu.recxofi crrcreMe p-400, BxoAs-
T9g_l J.ocPB arlnaDarypu_ MexgynapoAHoro qeJreBoro KoMrrJreKcHoro [poeKra
(YI{KD ,,flpzpola". fl_pu6op P-400 aonxeH,rrMerb noJrocy o6sopa nopr4ri 350_
400 km rpr,r Bbrcore op6uru HocuTers 300-350 km. flpu erorra peureuo ocyrqecr-
BtrTb KOHr{qeCKOe CKaHI{pOBaHUe C OTKJTOHeHEeM OCHOBHOTO JlerrecrKa Ar.rarpaMMbr
HanpaBJleHHocrn (r{H) Ha yron 40' ornocureJrbHo HaAnpa,.rro o6ecnequna-er noc-
TO-SHCTBO pa3MepoB nr,rKceJrr Ha noBepxHocru 3evml [pr.r ABr.rxeHEu HOC1aTer.f ro
op6nre u orITEMaJrbHoe coorHorueHne MexAy crrrHaJraMr{ c pa3nr,rrrHoi nolrpn:a-
\uefi. B[usHlre cKarrupoBaHr,rs Ha rpexoceByro crrcreMy cralutmsa\Hrr HocnreJrs
.qonxHo 6rrr prunrluallbHo Bo3MoxHhIM. Anrenna AoJIxHa AaBarb Bo3MoxHocrb
pa6oru sa o6enx (ropr,rsonralrnofi E Beprr.rxaJnHofi) nuHefinrrx nonrpn3auu-sx,
flpocrpanorgeHHa.s paiperuarcqas cnoco6Hocrb craHr.rpyrcqero paAr.roMerpa on-
peAeJlflerct pa3MepaMr{ DEKcer.s, r(orop ,rfi.qolxen r{Meer 0op.y ,,9rnlca,. c oc.fl-
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ME [opsAra 55 n 40 km coornercrBeurro. Heo6xoAuvo raxxe o6ecueqrrr ilocro-
cHcrBo tlopuu AH c rvrarcuMaJrbEo noguoxnofi Torrnocrbro Bo BceM cerTope yr-
JroB cKaEEpoBaEur. Kporrre roro, AJrfl tloBbrrrrentrfl Torrnocrtr upu6opa neo6xoAurvro
rrpunsrb Mepbl rro Mr,rntrM{3arluu 6oxosoro u oco6esxo 3aAHero tr3nyrrennff aH-
TeIIHrI. Koncipyrrr.rBHbre oco6eunocrtr HocETeJrr HarJraAbrBapr orpaHwretrns. Ha
ra6apnrrr aHTeHnbL Ee 4uanrerp He AoJrxeH rrpeBbrrrrarb 1100 mm, a Bbrcora BMec-
re c o6lyrareJleM AoJrxEa 6rrrr ne 6olrrue 500 mm. Pa6oqas AnuHa BoJrHbr rrpr,I-
6opa P-400 cocrasrser 4 cm.

flpr npoerrnpgBaHr{n anrenuofi crrcreMbr npu6opa P-400 6r,urn npnnsrLr Bo
BHrIMaHtre pe3ynbrarbr, IroJryrleHHbre npu panpa6orxe uoAo6nrur 6opronrx cKaHr.r-
pyrcrqqx paAnoMerpuqecKr,{x upu6opon Ar.s parrurrnbrx coBercKtrx R aMeprrxancKnr
KocMrrrrecrr{x arrnaparon (,,Skylab", ,,Mereop", ,,Nimbus 5" u Ap.) U,2,31,

C y.Ierou orl{x p€yJlbraroB 4rr npu6opa P-400 perxeno HcnoJrb3oBarb HerroA-
Buxnyro oAHo3epKaJrbuyro aHTeHHy c loBoparrnBaroquMcr o6lyvareneu. !1tt
o6ecreqenur roKpbrrr.r.s saAaHHoft noJrocbr o6sopa cnrHaJraMu o6erx norcpusarlnfi,
n npu6ope HcnoJrb3yercq peBepcr.rBHoe cKaHEpoBaHEe, T. e. npu oArroM HanpaBJre-
Hrru ABr{xenr,rs ryqa lptrHr{Maercr crrrHtur c oAnofi nonspl,r3aquefi, a npu uEBepc-
HoM Ha[paBJreHur.r - c 4pyrofi. Penepcnnnoe KoHuqecroe cKaHupoBaHr{e ocyrqecr-
Br.flerc.fl rryreM BpauleErrr o6ny.rarenx aHTeHrrLr npu troMoulu c[eqaaJrbHo pa3pa-
6oransoro cxaHr,rpyroqero gJreKrpoABrirrarer.s. Taxas Konrlerrqu.fl [o3Borser Mr{Hr{-
Mu3upoBarb r.rHepqxoHHrrfi rvrouenr, co3AaBaeMrrfi 4nnxyrur,rMnc.s qacr.cMlr cKaHr{-
pyrorqefi aHTeHHbI, rITo cylqecTBeHlro )ereHblxaeT BJrnsgve Ha cEcTeMy cra6raluga-
ulrlr Hocr{Ters. Pac.{erbr [oKa3brBaror, rITo Ars o6ecneq.enns. npeAycMorpenHbD( B

rexutrrrecxoM gaAantrtr npocrpaHcrsenHofi pa:tper[aroqefi cnoco6uocrr.r ll noJrocbr
o6eopa npu6opa P-400 neo6xo4uuo, uro6rr,{H anrennbr uMeJr rrr}rpuHy ocHoBHo-
ro JrenecrKa He rrpeBbrrrrarcqyro 4"-5o (no rononunnofi uorqnocrn) n BogMox-
Hocrb rroBopora rJraBHoro MaKcr.rM)rMa Ar,rarpaMMlr B [peAenax noprAKa + 35'.
Torga [pr.r AJrr{TeJrbHocr[ oAnoft ayroo6pasnofi crporn cKaHHpoBaHat noptaxa 4 s,

rapaHTupyerc-s ilrorHoe rroKpbrrr.re senanofi rroBepxHocrr.r curHalraMu paAnorerrno-
Boro r,r3ryqenns 3evrr o6eux nonrprlsaqnfi c neo6xo.qtrMbrM roer[SuqueHToM rrplr-
rroxpbrrt4.s. 3ro Aaer Bo3Moxnocrb perlrrrb 3aAarry o[peAeJreur.rr reo$u:r,r.recKr.rx
rrapaMeTpoB rroBepxHocTlr IIo [rHTeHcr{BHocrr{ npr.rHHMaeMbD( cr{rHaJroB paA}roTe[-
JroBoro u3ryrreHug E no coorHorrreHr{ro MexAy crarHarraMr{ c o6er,rvu uonrprr3allufl-
uu. Kar rroKa3arro n [4], nanr,rvlre rrpunor(pbrru.s rrosBorcer Ha 3Tare rlrrcJlennofi o6-
pa6orru noJr) reHHhrx AaHHbD( (cauocrorreJrbno I,TJII{ coBMecrHo c Apyrofi annapa-
Typofi, nxoAsulefi B cocraB MKIII ,,flpupoga") sHavurenrHo floBblcl{rb npocrpaH-
crBeHHyrc pa3peruarcqyro cuoco6nocrb paAlloMerpuuecKofi cr.rcrevrrr. [nt coxpa-
HeHus rrocrorHcrBo Qopvu ocHoBHoro JrerrecrKa.(H npu cKaHI4poBaHI{LI B Aocra-
TOETHO rrrtrpoKoM ceKTope yrnoB perxeHo rrcrroJrb3oBarr ct[epzuecxyro tloprtry 3ep-
Kalra, Koropas, B cvrJry crrMMerpurr, oco6enno YAo6ua Ans perueHu.s noAo6Hofi sa-
Aaqn. HeAocrarKoM raxofi KoHcrpyxqrnv flBrsercs rroHr{x(eHnoe 3naqeHllre roeQtfu-
rlrreHTa r{c[oJrb3oBaHus noBepxHocTH 3epr@Jra r{, KaK cJreAcrBr{e, HeKoTopoe cH}Ixe-
Hr.re pa3peruarorqefi cnoco6nocrr4 paAr.roMerpu.recrofi clrcreMbl. Bnr.rqnue gToro

Qaxropa Mo)KHo yMeHbrrrnrb rrpn orrrrrMzunnou nrr6ope Qoxycnoro paccrosHprfi rr
ruuprrHbr cQepuvecxoro 3epKarra. feoverpr.ruecKr{e lapaMerpbr 3epKaJIa, o6ecneuu-
Barcrrlne neo6xoAunayr il[pr.rHy LI ceKTop cKaHllpoBarrlr.s uraBHoro MaKcI{MyMa

,{H, rvroryr 6rrrr onpegeJleHbl rlo MeroAr.IKe, rr3JloxenHoft n [5, 6]. Illupzny a ocBe-
ulaeuofi o6ryqareneM qacrr{ rroBepxHocrr.r 3epKaJIa (puc. l) MoxHo onpeAeJII,ITb I{3:

s=70L. *(l)
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rAe $ - tr3BecrHat Hg rrpeABapr{TeJrbHbrx pacrreroB rntrptrna !H no nononnnnofi
Morrlnocrr{ B rpaAycaJL a }" - pa6ouat Anr,rna BoJrrrLr. @opuyla (1) cnpanegnuna,
crporo roBopq, ToJrbKo atntapa6o.nuuqcrofi Qopvu 3epKaJra, Ho rrpu nedoasIrrrry
pa3MepoB ctlepuuecxoro 3epKarra, B crrny 6nugocru r[opvu orpe3Ka oKpyxrrocrrr
4o napa6orLr, Taxxe Aaer AocraroqHo roqxbre p$ynbrarbr. Paguyc crpepu R on-
peAenceTcs tr3 ycroBr.r.s:

Koropoe rapaHTupyer, qro Qatorar ouru6ra Ha Kpasx pacKphrBa ne 6yAer npeBbr-
ruarr ru/8. Onruvrarlrsoe 3Harrenue Qorycuoro paccro.f,Hr.rr f, o6eqrcqnBaroqee Ea-
uJryq[ue Qaoonrre xapaxTeptrcrnKtr B pacKpbrBe 3epKaJra, olpeAenercs KaK:(3) 

"f 
:!_+"232R

IIIupnna,{H o6lyuareJrfl cr, onpeAeJreHa tr3:

(4) a = arcq!.-R

Pacqerrr uo t[oprr,rynaM (1) - (4) noxasaJrr,r, qro neo6xo4nrvroe AJrr o6ecneqe-
nua rpe6yeuoitt]nupnnt.{H anrenHrr (c yrerorra ceKropa cKarrHpoBaHr-e) sna.reune
pa3Mepa e cocraBrser 560- mm, a AraMerp-c$epn 2R - 1070 mm, rrro-BxoAnr B
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orpaHr{qeHtrr, Texnr{qecKr{M 3araHrreM. flonv.reHHoe orrrrrMuurbHoe
3Haqenne Sorycnoro paccro.sHu.s f cocrantter 250 mm,

B raqecrse o6lyrarelr aHTeHHbr, B coorBercrBrru c peKoMengaqurrrau n [5]
nu6pan pylop c KBaAparEbrM cerreHtreM pacKpbrBa, AuaroHaJrb Koroporo pacilono-
xeHa B nJrocKocrs KaqaH[s. Pasuepu pacKpbrBa o6ny.raren.n uo4o6paarr B coor-
BercrBrrr{ c pactreraMn no Qoprrryne (4) raruu o6parou, qro6ur Bo BceM cexTope
yrnoB cKaHHpoBaH[s rransblfi Jlerrecrox,{H o6lyrarers He BbrxoAr,rn 3a rrpeAena.
MI{ 3epKana, uro o6ecneqtrBaer JpoBeHb 6oronoro a3nyqentrs aHTeHHbr, He rrpeBbr-
ruaroulufi - 17 dB.

Curna-u or o6nyrrareJr.fl rrocryflaer Ha BxoA floncpr{3arluonnoro ceJrexTopa,
BbITIOJTHeHHOTO Ha OCHOBe CTaHAapTEOfO KBaApaTHOTO BOJTTTOBOAa C nOAXOASUIEM
o6parorvr pacronoxeHnLrMu [rrhrpsM[. BrxoA ceJreKTopa coeAuHsercs c CBH
Knrcq-MoAynfrTopoM xa PIN-guoAax, Koropbrfi xorvrrr,ryrnpyer r(o BxoAy paAuoMer-
pHrlecKoro nptreMHr.rxa [ocneAoBareJrbHo ropHSoHTaJIbHo rr BepTtrKaJIbHo troJrflprr-
sonaHsofi cgcraBncrcqefi upuuurraaeMoro cntF.ara. Kporrae roro KJrrcq-MoAylsrop
ocyulecrBrser aMnnrlTyArrylo MaHurryn.sqnrc CBf,[ cnmara c tracrorofi rnranunyle-
qun 1000 Hzl7l. Mogylrqur curnaJra HerrocpeAcrBeuHo y BLrxoAa no[rpr,r3aquou-
Horo ceJreKTopa yn5[ruraer qyBcrBrrreJrbxocrb npn6opa, TaK KaK no3Borser crrl4-
T arr' cfl c troreprMrr- cRFHaJIa B rrocneAyloulrrx gJreMenTax arrreHHo -Qngepnoro rp ar-
ra. ,{anee aMrrntrTyAHo MoAyJrr.rposannErfi cErHaJr [ocrynaer Ea Bparqaroueecc
BoJrnoBoAHoe coqrrenenue H rrep$ roporrnfi orpeoK rr6roro BonHoBoAa Ha BxoA
paAuoMerptrrrecroro [pneMHr{Ka. Vrol orKroneE[s o6ry.rarenr * 35' onpeAerc-
erbc lrs coo6paxenufi o6ecneqenus neo6xoAnuofi runpunbr rroJrocbr o6sopa 350-
400 km, a MecronoJloxeHrre o6ryrarenr Ir3 ycnoBns orKJroneEr{e nyqa Ha 40' or
laa4rapa c IIeJrbrc o6ecneqenur pa6orrr B pexlrMe KoHurrecKoro craHrrpoBlntrs' a
TaKxe An.s o6ecneqeHu.s paccrrnTauHofi ouruvaarsofi neluqnnrr Qoxycuoro pac-
cronnanf (pnc. l). Bpeur orKJroHeHE nyqa paccqtrTaHo tr3 ycJroBrrr rroJrHoro rror-
pbITE.s rroJrocbr o6sopa cErHaJroM o6eux troJlflpfi3aqnfi n cocrasrse"r 4 s. AJ,r
BbrnoJrneHr.{s yKa3aHHbD( B TexHHrrecKoM 3aAaEHu orpanurrer{Es ua ra6apurax aH-
TeHHbr npeAycMorpen Bbrp$ qacrr,r ctlepu.recrofi nonepxxocrr{, xoropa.fl rre rlc-
[oJrb3yercr B npoqecce pa6oru 3epKana.

O6urufi Br,rA KoncrpyKrlnu craHr{pyrcqefi anrexurr paAtroMerpa P-400 rprrBe-
AeH rra puc.2.

.{nraxenae o6nyvarera oc)lqecrBrsercfl cneqnaJrrno paspa6oranrrbrM oJreKT-
poABr{rareneM c peBepcuBHbrM Aeficrsueru. BonsonoAnnfi rparr aHTeHHLI [poxo-
Ar{T He[ocpeAcrBerrHo rrep$ porop gneKTpoABnrareJrr. Snerrponnar cxeMa yrlpaB-
JreHHs 3neKTpoABErareJreM nxpaOarunaer 40 crpo6upyroql{x EMnynbcoB Ha (ax-
goft crpore cKaHHpoBaHE , Koroplre o6ecneqnsaror rrycK aHaJloro-IluQponoro upe-
o6pa:onarers [puHnMaeMoro ctrr'Halra. 3ro Aaer Bo3MoxHocrb aBToMarIrrIec(E
noryrrnrb unQopuaquro He roJrbKo o6 aunauryAer Ho E o rlpocrpancrBenno-Bpe-
MeHxrbD( xapaKTepr{cTEKax ctrrEaJra, T. e. ocyrqecTBrrTb aBToMaTHqecKyIo IIpocTpaII-
cTBeHHO-BpeMerrHyIO IIptrB.S3Ky rrpuHrrMaeMoro paArrorelJroBoro tr3JlrleEE.s EccJIe-

Ayevofi rloBepxHo.crr{.
,{-nr yueurureHux .EeQopMaqr,ru rroBepxnocrll 3epKana BcJIeAcTBI{e reMnepa-

TypHLrx rore6anufi orpaxarorua.s loBepxnocrb noKpblBaerct ctreqRaJIbHbIM pa4x-
oflpogparrHbrM TerrJrotrgoJrarltronHbrM MarepuaJroM. Bnerun.s.s troBepxsocrb 3epKaJra
o6ruura oKpaHHo-Baryyr.anofi rerrJror.rsoJraqnefi (3BTII). O6ry.rareJlb aHTeIrEbr raK-
)Ke rroKphrBaercs paAuolpo3parrHLrM Tetrnoq3orsqloHHbrM MaTeprIaJroM.

,{nr ronrponc reMleparypHil( geQoprvraqufi eneuexros asrexnofi cucreMbl
npeAycMorpena ycrauoBxa frsrn reMnepar5pHbrx AarrluKon. Tpu Ir3 HEx pa3crloJlo-
xeHbl Ha orpaxarcuefi nonepxnocrtr 3epKaJra: oAuH - B qeHTPe, u ABa - B Kpaflx.
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,{na 4arvura MoHTr.rpoBaHbr Ha cr(anr{pyrcqeM onexrpoABl,rrareJre: oAtrH Ha Kopny-
ce ABr{rareJrs AJrs r(oHTporfl BbrAenseuofi rvroqnocrrr, a nropofi - na o6nyuareJle.
Pesymraru [oxa3aHr.rr repMoAarquKoB nepeAarorcfl no runpoxorroJrocnotvry quQ-
poBoMy r(aHaJry, a rarxe Brrroqarorcc B nepeAaBaeMyrc na 3eure rereMerpnqec-
xyro un$opMarlurc.

PesyDrarrr rroJrr4roHHbx ncnrrranufi oxcrrepr{MeHTaJrbnoro o6pasqa cnpoeK-
rnponaHHofi aHTeHrrbr npeAcraBneHhr Ha pqc. 3, Ha KoropoM nso6paxenrr.{H an-
TeHHbr rtpn ueHTpaJrbHoM r{ gnyx xpafinbD( noJroxeHun o6ryuarer.fl. VcraHoBJIeHa
npaBlrJrbHocrb no3r.rrlr4oHr,rpoBaHr.rr rJraBnoro MaKcr{MyMa r{H npn orxronenuu o6-
Jryrrarenfi na * 35'. Illnpuna nyqa H ypoBxr.r 6oxosoro E 3aAHero usryuenr.ir c Aoc-
raroqnofi ToqHocrbro coBrraAarlr c pacqerrrbrMu 3HaqeH[sMu. ]Ionrepennrrfi otno-
cnreJrbHbrM Mero,qoM xos@r[uquenT ycr{neHr{r aHTeHHbr cocraBrrJr 24,5 dB. flpone-
AeHhr rarxe rdc[brraHus pa6orocnoco6nocrr cranrrparcqero gneKrpoABl{rareJlt B

ycJroBHflx BaKyyMa Ir npu n3MeHennr reMnepaTyphr.
B garurroqenlrr{ MoxHo orMernTb, rrro [poBeAeHHbIe H3blcKareJrbcKrre rd rrpoeK-

Tno-KoHcrpyKTopcrxe pa6orrr rro3BoJrlrJr[r cogAarb AocrarorrHo HaAexHyro [I Bbrco-
xos$QexrunHyrc cKaHr,rpyrcuyro AByxnonflpr$arl[onrryrc arrreHHylo crrcreMy, orBe-
qaroqyrc ncena rpe6oBaHusM, [peAl.sBnreMbrM TexHr{qecr(trM 3aAaHReM x npu6opy
P-400.

Jlrareparypa
l.fypruv,A.C.,C.T.Eropos,E.f.Kyrysa.PaguoQusuqecrueMeroAbr3oHAnpoBaHHs

arrvocr[epu r.r noaepxHocru oxeana rg Kocnoca. - I,Iccle.qonarue 3euln rs Kocuoca,
1981, Js 1,63-70.

2.Njokug,E.,J.Stacey,F.Barth.TheSeasatScanningMultichannelRadiometer(SMSR).-
IEEE Journal ofOceanic Engineering, OF-5, 1980, april, Js 2.

3. B e I e w, L., E. S t u h I in g e r. Skylab Guidebook. NASA, 1976,p.232.
4. M u ur e o, .{. ,{ucraHrlrroHHLre [ccneAoBaHrr 3euln ns Kocuoca. M., Mnp, 1985. a.232.
5. K rc n, P. Mr.rxpororxoBhre aHTeHHhr. J1., Cygocrpoexue, 1967. 518 c.
6.Afiseu6epr,f.,B. f,mno rrbcxr{n,O.TeperunH..AnrennyKB.q,2.M,,Cnsss, 1977,

e.262.
7.MurueB,A.,T.Hagrpcxu..{nynompu3alllroxeHcxaHuparqpaAlroMer-bp.A.c.naHPE}&

4l 091/02.01 .1986.

Ilocmvnuaa 12.XIL I99'l e.

Scanning antenna of twopolarization
radiometric system R-400
of the ISCP "Priroda"

Todor Nazarsky, Georgi Dimitrov,
Chavdar Levchev, Christo Prodanov

(Summary)

In the paper, the design problems of the space scanning
twopolarization radiometric system R-400, constituting a part of the International
Scientific Complex Project (ISCP) "Priroda" are discussed, as well as the problems,
related with'the choice of the scanning antenna type and the scanning angle, the
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antenna's functioning in a twopolaization regirire and the obtaining of the needed
direction diagram.

The antenna system construction is shown and the operation of its major
components is considered, such as: the polarization of its major cornponents is
considered, such as: the polarization separator, the modulator, the.rotating coa,xial
wave-conducting tract, in combination with the scanning electric motor.

The results from the measurements of the direction diagram and the antenna
gain coefficient are presented.

Finally, the antenna system technical parametels are analyzed on the grounds
of the requirements'for it, defined in the Technical requirements for it, defined in the
Technical Requirements for the Radiometric System R-40Q and in the "Priroda"
project Scientific Prograni.
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