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OO0 «HayuyHO-npon3BOACT BEHHOE NpegnpuaTmne

"UndpoBble pagmoT exHnyeckne cucrembl"» (CaHkT-NMeTepbypr)

ONTUMM3aALUS aHTEHHOW PELLETKM
C KOCEKaHCHOW AnarpamMmMoi HarnpaBneHHOCTU

MeTogom napumanbHblX guarpamm HanpabfieHHocTW (OH) cMHTe3MpoBaHbl BepTUKas/ibHble BCeHanpas-
JIeHHble B a3nMyTasibHOl NJOCKOCTU aHTEHHble peweTkn (AP) ¢ KocekaHCHOl hopmoii IH B BepTuKanbHOM
nnockocTun. OnpegeneHa onTuManbHasa BbicoOTa AP N0 KPUTEPUI0 MaKCUMasibHOr0 KO3(hULMEHT A YCUIEHUS.
Moka3saHo, YTO ONTuMasbHas BbiICOTa AP CcylecTBEHHO 3aBUCUT OT noTepb B CBY-kabene n genvrene curHana.

CUVHTE3 NIMHENHbIX aHTEHHbIX pelweTokK, KOCeKaHCHaA gnarpamMmma HanpaB/1€HHOCTU, oNnTuMaJ/ibHadA BblCOTa

aHTEHHO peLweTKn

AHTEHHbI C KOCEKAHCHOW AuarpaMmoi Hanpas-
neHHoctn (AH) WMPOKo pacrnpocTpaHeHbl B CUCTe-
Max pagvoHaBurauuy camonetos. BceHanpaBneHHas
B a3MMyTasIbHO NIOCKOCTM KocekaHcHaa AH (puc. 1)
hopmunpyeTcs aHTeHHOW pelueTkoii (AP) B BUae Ko-
JNIOHHbI M OMUCbIBAETCA (PyHKLMEN

Fs(0) _sin(90-0 max)cosec(90-0), 1)

roe Omax _ 85...87° - makcmmasnbHbId yron OH, npu-

YyeM MaKCUMyM KocekaHcHoM [JH cooTBeTcTBYET Omax.

Puc. 1

44

Ha puc. 2 nokasaHa /IMHUA CBA3M "aHTeHHa - ca-
Monet”. AHTeHHa ¢ AH (1) co3gaeT B TOUKe HaxoXK-
[eHnsa camosieTa NI0THOCTbL MOTOKA MOLHOCTY [1]

Prb (0)r

Mr(0, R)_- (2)
4%RZ

roe Ptr - MoOLWHOCTL MepefaTyuvka, MoAKIYeHHOro

K aHTeHHe; D (0) _ DmaxF2 (0) - KoadpnuuneHt

HanpasneHHoro gevictena (KHA) aHTeHHbl (Dmax -
KH/, aHTeHHbl B HanpasfeHUw rnaBHoOro MakCMmyma
0_Omax); I -

KIMJM4 aHTeHHbl; R - HaK/IO0HHasA

JanbHOCTb.
Mocne noactaHosku (1) B (2) nonyyum:

PtrDmax sin (90 Omax)rl
72 ®)
4%

roe H - BbiCOTa MoJieTa camMosieTa NMpu HaxoXXKaeHunn
€ro B npepenax yrnaose oT MMHMMasibHOTo A0 Makcwu-

Mr(H)_
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ManibHOro (Omin < 0 < 0max). Takum obpasom, ecnu

aHTeHHa WMeeT KOCEKaHCHYK BCeHanpasieHHYo
AH, To nnoTHocTb MoToka MoLwHOCTM (3) B TOUKe
HaxoXXAeHNA camosieTa 3aBMCUT TOIbKO OT BbICOTHI
rnoneta. MOCKOMbKY paccTosiHMe [0 caMosieTa MeHsA-
eTca Ha fABa nopsgka 6osbLue, Yem BbICOTa MOJIETA,
TO MPUMeHeHMe aHTeHHbl C KocekaHCcHoM AH Ha fBa
nopsifika yMeHblUaeT ANHAMUYECKNIA Ananas3oH cur-
HanoB, MPUHMMAaEMbIX aHTEeHHOW OT CamO/eToB,
HaxoAALWMXCA Ha PasHbIX AaNIbHOCTAX.

OpfHako, gnsa Toro 4to6bl H nmena paBHbI Hy-
N0 paguyc KPWBU3HbLI B TN1ABHOM MaKCMMYyMe, aH-
TeHHa Jo/mkHa 06n1agaTb 6eCKOHEYHOM BbICOTOM. Mo-

aTomy peanbHasa OH Ep (0) He MOXXET MMeTb dhopmy,

rMoKasaHHyl Ha pwuc.
topmyna (3) nmeet Bupg

1. B cnyvae peanbHoii OH

Mr(, H) = PrDmaxEp (0)'T

0Omax) 71 "Ep (0) 12
E3 (0)

PtrDmax sln (90
4nH?2

npuvyem Ep (0) > E3(0), Omin < 0 < Omax. OTK/OHe-

HWe 3TOro OTHOLUEHWS OT efuHULbI OrnpejensieTca pe-
3yNbTaTOM CUHTE3a AP 1 [O/MHKHO 6bITb MUHUM&/IbHBIM.
Hanpumep, 3agaHHaa AH E3(0) npw Omin = 40°

n Omax = 85.6° nokasaHa Ha puc. 3, a. B Toukax 40

1 85.6° oHa nmeeT 6eCKOHeYHble NMepBble NPOU3BOL-
Hble, cflefoBaTe/NlbHO, aHTeHHa, opmMupyowas Ta-
kyto OH, Hepeanusyema. Takum o6pa3om, Heobxo-
Avmo 3afaTtb Takylo dopmy [H, KoTopas 6yaeT pea-
nnsyema Npu KOHEYHOW BbICOTE aHTEHHblI N B MUHU-
MasibHOM cTerneHn 6yaet oTanyatbes oT E3(0).

3agaHHasa [1H nokasaHa Ha puc. 3, 6. Ee rnaBHbIl
MakcMMyM NpegcTasnseT coboii rnasHbii makcmym OH
paBHOaMNANTYAHOM AP C TaKMM >Ke KO/IMYECTBOM U3NY-
yaTesnei, YTO N cuHTe3npyemas AP. NaBHbIA MakCUMyM
3afaHHOM [JH OTK/IOHEH BBepX OT MOBEPXHOCTU 3eM/n
E3
0.75 _

0.50 3

0.25

TakK, YTO Ha MoBepxHOCTW amnautyga Ha 3.5 ab
MeHbLLIe, YHEM B HarnpasfeHNU MakCUMyma.

CuHTe3 nuHeiHOM AP ¢ KocekaHcHoi AH BbI-
MO/IHUM METOAOM HeOPTOroHasbHbIX MNapLuuasibHbIX
OH [2]. B oTinume oT onwucaHHOW B [2] MeTOoAMKM
ncrnonb3yeM B KadecTBe MNepBoi napuwmanbHown OH
Anarpammy paBHOaMMNAMTYAHOW AP, Tak Kak 3To
obecneynBaeT MUHUMasIbHYIO LUVPWUHY [/1aBHOrO fe-
rnectka. B KayecTse nocnefyoWwunx napunasbHbIX
AOH npumeHnm gmnarpammbl AP € 4ebblLLEBCKUM
pacnpegeneHvem amnautygbl [3], KOTOpble MMelOT
ypoBeHb 60KOBbIX sienecTkos (YBJ1) -30 gb. Takoii
KOMOWHMPOBaHHbIA MEeTOj MCMO0/Ib30BaHWS pPasny-
HbIX NapunanbHbIX guarpaMmm 06ecrneynBaeT YMeHb-
LWEHHbIW YBJ1 cuHTe3MpoBaHHo H no cpaBHEHUIO
C paBHOaAMNANTYAHOM AP.

MHOXXnTenb NMMHeNHON AP, pa3meLLeHHO CMMMET-
PUYHO OTHOCUTESIbHO Hayana feKapTOoBOM CUCTEMBI KO-
OpAMHAaT xyz BAOMb OcU 0z (puc. 1), umeeT BUA [4]

N

Zz(0)= Z
n=—N

Inz exP(V nz)exP(ikdncos0) (5)

roe N - 4ucno wmsnydatenei B nonosuHe AP; I,
/nL - amnautyga v dasa Toka B N-M U3nyyarese co-
OTBETCTBEHHO; K = 2%jX - BOMIHOBOe uncnio (X - anm-
Ha BOJIHbI); dn =d (2n—0/2 - pacCTOAHME OT LieH-

Tpa n-ro usnyyatensa [0 Havana KoopauHat (d - pac-
CTOSIHME MeX Yy COCEeAHUMW U3NTydaTensamu).

byfem nonaraTb, YTO amMnAUTYAHOe pacnpefene-
HMe NMeeT YeTHYK cumMmeTputo: InE =1 —AE, a dha-

30BO€ - HeyeTHyw: ym = —y-—nf. B aTOoM cnyvae

AN 3KBUAMCTaHTHOWM AP ypaBHeHue (5) npuMeT Bug

N
/E (0) = 1|nLcos (2n—)kdcoso+yn . (6)
1

AH AP onwucbiBaeTca npomn3sefeHneM MHOXUTe-

na  pewetkn u  AH oTaensHOro wvsny4vartens
E3
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Ft(0) =/T1 (0)/n(0). Ana AP c BepTuUKanbLHOI no-
napusaumen 6ygem cumtatb /u (0) = sin0. MHOXu-

Tesb PeLeTKN ANnsp -ii NapuunansHoii AH nmeeT Bug

N
fp(O):,CpZn DGS(Z” - 1)IEj cos0+yp (7)
1

raoe Ap - amnauTygap - napuymansHoid AH; Inp -

amMnauMTyga Toka B N-M u3snydartene gns p-v napum-
anbHo AH; Yp - pasHoCTb (ba3 TOKOB B COCEAHMUX

n3nyyatensx anap - napymansHoii JH.

3agaB uncno mnsnydareneit, a takke AH (puc. 3, a),
[eNcTBys B COOTBETCTBMW C OMNWCAHHOW B [2] meTo-
OVIKOW, MOMYyYMM ONTUMasbHble 3HAYEHUS aMnanTy[,

Ap 1 (pa3oBbIX CABUTOB YP AN KaXAolh napuu-

anbHoli JH ¢ 3agaHHbIM HaGOpPOM aMnANTYAHOTO

BO36y)K,CI.EHI/IF| In p. HecnoXHo nokasaTb, YTO UTO-

roeoe amnanTygHo-hasoBoe pacripefeneHme ansa (6)
onpeaennTcs 13 cnefyrLLmnx paBeHcTs:

( ™ 12
I nL Z Apln,p cos (2ﬂ-1)yp][
[p=1 J
05
M
21
Z Apinpsin[[2n-1yp] (8)
p=1 J
M
ZApI n,psin[(2n-1)Yp
=1
tgYnZ = ?A 9)
Z Apln,p COS
p=1
rge M - KO/IMYecTBO MapuuvansHbiX AH, mncnosnb3o-
BaHHbIX AnsA cuHTesa [H.
B T1abn. 1 npuvBedeHbl OCHOBHble MapamMeTpbl

CUHTE3NPOBaHHbLIX JH.
KHA nns 3agaHHoi H paccumTbiBanca no cop-
Myrne

[MapameTp 5 6 7

D., gb 98 104 106 110
Drrex, o 90 97 101 106
200.5, -° 133 112 9.63
S, ab/° 131 159 192 225
gél, » -16.1 -16.2 -15.0
g&, g -21.3 -215 -19.9
963, 5 -248 -251 -23.1

8.49

-15.2
-20.0
-23.3

D3 =- (10)

KFS(O)]z sinodo

npuyem 3afaHHas [OH onpegensanacb B CeKTope yr-
nos 40...93° (cm. puc. 3, 6). B gpyrnx HanpasneHun-
AX OHa nonaranacb paBHOI Hynto (6OKOBble NenecT-
KW He yuyuTtbiBanuce). KH/A cuHTe3npoBaHHbIX AH B

HanpasfeHnM MakcmMmyma Dmax paccumTbiBanmch
rno (10) npu noactaHoske F”(0) Bmecto F3(0) B

cektope yrnos 0.180°.

Kak BngHo un3 t1abn. 1, 3HavyeHmsa KH/J, cuHTesnpo-
BaHHbIX [IH HE3HauYNTeNIbHO OT/IMYAIOTCA OT NpPeesibHO
poctmkmmbix. Ecnu gna 10-anemeHTHon AP anvHoi
57 KH/ cuHTe3npoBaHHOA [H MeHbLLe npefensHo
poctwkmmoro Ha 0.8 b, To gns 26-anemeHTHO AP
anviHon 137 oTnunume cocTasnsieT Bcero 0.2 gb. 370
CBUETENbCTBYET O XOPOLLEM COBMAaAEHUN CUHTE3NPO-
BaHHOM M 3afaHHoM [H, a Takke 0 Hu3koM YBJ1 B
CUHTe3MpoBaHHOW AH. YpoBHU NepBbIX TPeX GOKOBbIX
NenecTKoB, NPUMbIKaOLLMX K rNaBHOMY /1lenecTky A61,

#62, #63, Ha 2 b MeHblUe, YeM Yy paBHOAMNAUTY/A-

HO AP, 4TO NOATBEP>KAAET MOCAeAHNI BbIBOA,

B Tabn. 2 npmsefeHbl oNTUMalibHble CUHTE3NPO-
BaHHble amMnAUTYyAHO-ha30Bble pacnpefeneHna Ans
9-aneMeHTHOW AP pasHOW AAnHbL. XOTSA LUMPUHA
rMaBHOr0 MakCMMyMa CWHTe3upoBaHHoOW [AH o
YPOBHIO TMO/IOBUHHOW MOLLHOCTM 2005 MpakTuye-

CKM o06paTHO nponopunoHasibHa AnnHe AP, KHA
pacTeT Cc yBenu4YeHMEM [ANVHbI AP CyLLEeCTBEHHO
Mef/leHHee. OTO OOBACHAETCA TeM, YTO 3HauYUTeNb-
Has [0NS N3/TyYeHHOW MOLLLHOCTU pacrpejensieTcs B
KOCEKAHCHOM 4acTu rnasHoro nenectka AH un 3Ta
MOLLLHOCTb He 3aBUCUT OT ANnnHbl AP Tak, givHa 26-
3neMeHTHO AP Bo3pacTaeT Moyt B 2 pa3a Mo cpas-
HeHuto ¢ 14-anemeHTHoW AP, a KH/ cuHTe3npoBaH-
How AH yBennuunsaetcs Bcero Ha 1.44 ob nan s 1.39
pas3a. KpyTu3Ha HUXKHEro CK/10Ha CUHTE3MPOBaHHOM

AOH S = dFz (0)/d 0]e=9C Tak>ke pacTeT MeA/leHHee,

4yeM yBenmumsaeTca AinHa AP.

Tabnuua 1
N
9 10 1 12 13

113 115 116 116 117
108 111 113 114 115
78 7.08 654 624 588
251 288 33 356 3.92
-15.7 -151 -148 -148 -15.0
-206 -19.7 -193 -19.2 -194
-24.1 -22.7 -223 -22.0 -22.2



5 6 7 8
Ae 1.0 1.0 1.0 1.0
V12, = 0 245 20.3 25.5 22.3
22 0.589 0.676 0.529 0.599
V22, « ° 512 50.0 49.6 51.0
Nae 0.552 0.505 0.544 0.487
Yae, = 570 525 476 44.0
Ue 0.383 0.484 0414 0.485
V42, «° 850 68.4 72.3 63.5
52 0.249 0.302 0.351 0.334
V52, = 564 823 65.0 70.2
4e - 0.245 0.294 0.339
V62, ° - 55.3 84.2 714
72 - - 0.209 0.249
V72, ° - - 42.3 811
g - - - 0.203
Vg2, =’ - - - 421
2 - - - -
Vo2, - - - - -
02 - - - -
vi02, ° - - - -
M1 ; ] ] ]
V112, ’ - - - -
1122 - - - -
vizz, ° - - - -
ND ) ) ) )
Vi, ° - - - -

BaXHO OTMEeTUTb, YTO YeM [ANnHHee AP, Tem
CUbHEe cnaj amMnanTyabl KpamHWUX U3nydaTenein m
MeHbLEe KO3(PMPUUUEHT MCMNOMb30BaHNA anepTypbl.
Tak, gna 10-anemeHTHO AP KpaiiHuUe mn3ny4artenu
UMetoT cnag amnautyabsl go 0.249 (-12 pab), a B 26-
3/1eMeHTHO AP KpaWHue usnyyaTenn MMeroT crag
amnnutyasl go 0.115 (-18.78 gb).

MHorpa BaxkHO ymeHbLWINTL YBJ1 B AH. Onsa cuHTe-
3a aHTEHHbI C MEHbLUMM, YeM B Tabn. 1, YBJ1 6biam uc-
Mo/sb30BaHbl YebbllleBCKMe MapumanbHble AH ¢ YBJ

Mapawvetp 5 6 7

73, 16 98 104 106 110
2max, g5~ 875 947 991 104
2005, -° 142 1179 1044 9.06
~, oB/l° 113 139 161
-26.9 -27.0 -26.3
q®@, 6  -280 -28.1 -28.3
3, g -29.7 -29.6 -29.7

8

191
-26.1
-27.9
-29.2

Tabnuua 2

N
9 10 1 12 13
1.0 1.0 1.0 1.0 1.0
23.9 23.2 22.2 23.4 231
0.551 0.569 0.602 0.566 0.585
49.3 53.2 53.2 535 55.6
0.507 0.45 0.429 0.449 0.412
440 420 450 43.3 45.3
0.432 0.448 0.444 0.429 0.429
64.2 60.8 58.5 62.8 60.8
0.347 0.315 0.318 0.294 0.288
62.9 63.6 66.2 62.5 69.2
0.317 0.337 0.314 0.322 0.29
75.0 66.9 63.2 66.6 64.3
0.245 0.255 0.281 0.234 0.25
72.0 78.7 75.8 76.9 78.9
0.225 0.234 0.22 0.234 0.196
74.3 68.9 73.0 67.1 72.9
0.143 0.209 0.226 0.208 0.201
385 74.9 70.9 80.1 76.6
- 0.153 0.19 0.171 0.155
- 28.7 714 65.3 79.3
- - 0.16 0.195 0.148
- - 27.8 67.1 67.3
- - - 0.119 0.146
- - - 9.9 64.3
- - - - 0.115
- - - - 3.2

-30 ab. PesynbTaTbl CUHTE3a 0TOO6PaXkeHbI B Tabn. 3 (Na-
pameTpbl CUHTE3UpPOBaHHbIX H) v Tabn. 4 (cnHTe3npo-
BaHHble aMMIUTYHO-(ha30Bble pacnpeseneHns).

Ecnwn B Tabn. 1ypoBeHb MepsBoro 60KOBOro ienecTka
COCTaB/IsieT OKO/Oo -15 AB He3aBMCUMO OT KOJ/MYecTsa
3anemMeHTOB B AP, TO B OT/IMYMe OT 3TOro B Tabn. 3 ypo-
BEHb MepBOro 6OKOBOroO NIeNecTKa y>ke 0Kono -26 ab un
TaKXKe He 3aBUCUT OT KONINYeCTBa 3/IEMEHTOB. ITOT
CYLLLECTBEHHbIV BbIMTPbILW B YBJ1 npomsoLwlen npu rno-
YTK HUYTOXKHOM noTepe KH/,: He 6onee 0.25 gb.

Tabnuua 3
N
9 10 1 12 13

113 115 116 116 117

107 108 112 113 114
831 783 696 6.69 651
212 233 269 285 309
-26.1 -26.1 -26.6 -27.1 -25.9
-28.8 -29.2 -29.0 -31.1 -29.7
-30.6 -31.3 -30.2 -335 -32.0



5 6 7 8
Ae 1.0 1.0 1.0 1.0
Vie, = O 247 201 243 213
noE 0549 0632 053 0.591
VaE, « O 454 46.9 42.6 46.9
be 0503 0476 0545  0.484
V3E - ° 583 47.8 46.1 40.7
| £ 0.25 0.4 0345 0432
Vi, « © 883 69.8 69.4 61.2
|5 0178 0206 0293 0276
VeE, « 0 770 86.2 65.0 65.0
I6E - 0176 0188  0.268
veE, = © - 787 9.3 72.8
nE - - 0126 0148
VTE, « ° - - 68.3 945
rgE ) ] - 0.15
vee =0 - - - 70.7
1% - - - -
VOE, - © - - - -
NOE - - - -
vie, ° - - - -
Aie - - - -
vie, °© - - - -
/\12E - - - -
vie, ¢ - - - -
I\];E - - - -
vieg % - - - -

B TO >Ke BpemMs CUHTE3MPOBaHHOE amMMAnUTyAHOe
pacnipefieneHne B Tabn. 4 ansa scex AP cnapaet K
KpaiHUM 13nyvaTensam cusbHee, YeM B Tabn. 2. 3T0T
(haKT CYLLEeCTBEHHO YCNOXXHAET AeNnTesib CUrHana
Mexay anemeHTamu AP, ocobeHHO npu 60/bLLIOM KX
Konn4ecTse.

Ansa onpefeneHvs peasibHOro KoaduuuneHTta
ycunenns (KY) AP Heobxoammo paspaboTtaTb genn-
TeMb CUTHaNa N onpeaennTbL NOTEPU CUTHaNMa B HeM.
Ha puc. 4 nokasaH gennTesnb cUrHana tuna "gepeso”
ans 10-snemeHTHOW AP, a Ha puc. 5 - mnosioBuHa
aHasIorMyHoro fenutens gnsa 20-afeMeHTHON AP.

Bx

Tabnuua 4

N
9 10 1 12 13
1.0 1.0 1.0 1.0 1.0
24 219 20.4 21.9 21.0
0.525 0.573 0.622 0.578 0.609
457 48.8 48.9 49.0 49.7
0.509 0.463 0.437 0.458 0.438
41.5 39.1 41.8 39.6 41.3
0.374 0.431 0.443 0.425 0.439
61.9 58.1 53.8 573 55.2
0.313 0.288 0.296 0.287 0.29
56.7.0 60.5 63.0 58.0 62.9
0.249 0.285 0.28 0.29 0.286
76.7 66.6 57.2 61.6 574
0.177 0.186 0.238 0.204 0.238
70.1 811 75.0 71.9 74.9
0.144 0.155 0.154 0.186 0.165
92.7 72.7 68.9 65.2 67.6
0.103 0.111 0.169 0.15 0.172
67.7 96.5 73.6 80.8 745
- 0.087 0.109 0.109 0.104
- 56.4 100.5 72.9 83.7
- - 0.107 0.097 0.104
- - 60.0 90.1 66.1
- - - 0.062 0.085
- - - 68.9 94.2
- - - - 0.059
- - - - 42.3

Ecnn gns 10-anemeHTHol AP Takoi fenuvTtesnb
MOXHO Pa3MecTUTb BHYTPU TPy6bl, HA KOTOPOW Kpe-
MATCA MU3nyyaTenu, rnpu ee guameTrpe 60 Mm, 1o 4nd
AP ¢ 60M1bLLINM YMUCIOM 3/IEMEHTOB [eNnTeNlb Heo6-
X04MMO pasmeliaTb BHe Tpy6bl. 3TO NPUBOAUT K
Heo6xoAMMOCTM ucnonb3oBaHMs CBY-kabenein ans
rnofsofa CUrHana C BbIXOAO0B [e/INTENA K KaXXAOMY
usnyyatento. [nsa CcOXpaHeHUs COOTHOLUeHUA a3
CUTHaNoB B [Marna3oHe yactoT paboTel AP Bce Kabe-
NN [O/HKHBI UMEeTb OfHY U Ty XXe AnnHY. B aTom cny-
yae obwas gnmHa CBY-TpakTa genutens BmecTe C

Bx



Mapanverp 5 6 7

027 05 -0.58
xj:ﬂ'l
202 024 -0.28
i=vp
n a5 047 -0.74 -0.86
_w=15g5 853 89 o
GA> G-2645 828 873 905

kabenssmMmum npakTM4eckn yasamsaeTcs. Ecnm B L-gua-
CBUY-kabene
PK 50-7-11 0.3 gb/m [5], a noTepwn B gennTene cur-

nasoHe BOJIH TMO/I0XKUTb MNOTeEPU B

Hana 0.02 gb/X [6], TO MOXXHO OPUEHTUPOBOYHO

ornpegennTb CyMMapHbIe MOTepu cUrHana B feninTensax
ansa AP ¢ pa3HbIM KO/IMYeCTBOM M3nyyateneil. B 1abn. 5

npueedeHsl KM/ kabener nk, pgenutenen g, aH-
TeHHbl (11 = JIK + J14) 1 KoahhLMeHTbI ycuneHns AP

C ypoBHeM nepBoro 60KoBoro siernectka-15 n-26 gb.

[Ans o6onx cnydaeB AP 13 22 311eMEHTOB BbICOTOM
11X wnmeeT MakcuManbHbii KY, He npeBbliLlaloLLNi
9.95 ab. Cnepyet oTMeTUTb, YTO AP 13 12 anemeH-
TOB BbicOTOV 6X mmeeT KY Bcero nuwb Ha 0.99 b
MeHbLe, yeM AP ¢ MakcumanbHbiM KY. Tpu 3TOM
[anbHOCTb PafNOCBA3U YMEHbLUMTCA BCero Ha 11 %.

B T1abn. 5 pAaHbl ONTUMUCTUYECKME MPOrHO3bI
noTepb curHana. Tak, noTepu pAna kabens Tuna
PK 50-3-11 cocTasnswoT y>ke 0.5 gb/m. pu atom
onTumasbHas BbicoTa AP CyLLeCTBEHHO YMEHBLUWNT-
cA. MNoTepwn B fenuTene cUrHana TakXke, Kak rnpasu-
Nno, BbILLe NoTepb, NpUBeAeHHbIX B Tabn. 5.

OfHUM M3 crnocoboB yMeHbLLUEeHUA MOoTepb B fJe-
nnTene ABNSETCA BbIMOSIHEHNE €r0 Ha CUMMETPUYHON
MOMIOCKOBOW /IMHUWN C  BO3AYLUHbIM  3arOJIHEHMEM.
PacuyeTHOe 3HauyeHMe MOTepb B Takoii NMHWUWU C BOJSI-
HOBbIM conpoTusneHnem 50 Om pasHO 0.07 gb/m
[6]. OpHako aKcriepMMeHTasIbHOEe 3HayeHne COCTaB-
nset 0.2 agb/M 1 O4YeHb CMIbHO 3aBUCUT OT TUMa no-
KPbITUA LLEHTPa/IbHOTO MPOBOAHUKA W TEXHOOTUU
W3roTOBJIEHUS NIVHUN.

M3 npoBefeHHOro aHamsa MOXXHO CAe/aTh BbIBOJ,
4YTO MakCUMasbHO AoCTVXKMMbIA KY AP ¢ KocekaHCHOM
[OH B BepTMKasibHOM NMIOCKOCTU cOCTaBnsieT He 6onee
9 gb. Mpu atom onTMmansHoM AP crefyeT cumTaTh CO-
cTosLyto 13 10-12 3nemMeHTOB U BbicOTOM (5...6) X

PeanbHas OH dopmupyetcs B pesynbTate MH-
TepepeHUMN NPAMOro cuUrHana (aHTeHHa 1) u cur-
Hasa, OTPaXKEeHHOro OT MOBEPXHOCTU 3emMnn (3ep-
Ka/ibHas aHTeHHa 2) (CM. puc. 2):

Fp(0)=Fz (0)+r(0)x

xFz (180 -0 )exp(ik2Hacos0), (11)

Tabnuua 5

N

8 9 10 11 12 13
-0.66 -0.74 -0.83 -0.91 -0.99 -1.07
-0.32 -0.36 -0.4 -0.44 -048 -0.52
-098 -11 -123 -1.35 -1.47 -1.59

9.62 9.7 9.87 995 993 991

942 96 957 985 983 981

rope Fz (0) - AH aHTeHHbl 6e3 BAUAHUA 3eM/IN;

F(0) - Koa(h(PUUMEHT OTpPaXKeEHUA OT 3eMNu A/18 Mna-

pannensHoi nonapwusauuun nons; Fz (180-0) - AH
3epKa/ibHOM aHTeHHbl; Ha - BbicoTa (ha30BOro LieH-

Tpa aHTeHHbl Haj MOBEPXHOCTbIO 3emav. Koaddu-
LMEHT OTPaXXeHUs OT 3eMAN A/ BepTUKa/bHOW Mo-
NspuU3aLmn nonsi onpegensieTcs ypasHeHuem [7]

Jer,, - sin2 0 - er,,cos0
r)= v p--emms,
Nerp - sin2 0 + erpcoso0

(12)

roe Sjp - AManeKTpuyeckas MPOHULLAEMOCTb TPYHTA.

AnanekTpnyeckas NPOHULEAEeMOCTb TPYHTOB 3a-
BUCUT KakK OT UX MWHepasibHOro cocTasa, Tak n oT
BNAXKHOCTW, TemnepaTypbl, MAOTHOCTU W APYrUx
thakTOpoB [8]. 3HaueHVEe AUINEKTPUYECKOW MPOHU-
LLaeMOCTM TPYHTOB KO/1ebneTcs mMedXxay 3HauyeHUsMu
oT 3 go 80. MN'padmku KoahPULMeHTa OTParKeHNA 4nis

XapaKTepHbIX 3HAYEHWUIL S NnoKa3aHbl Ha pUC. 6.

Mpwu yrne nageHus, pasHom yrny bproctepa (06)

(tgob =~ ), KO3(h(PULMEHT OTParKeHUs paBeH

Hynto. [1ns peanbHbIX cpeg ¢ noTepsimn yron bptocTe-
pa OTCYTCTBYET, HO Ha 6IM3KNX K HEMY yrnax Habto-
[aeTcd MMHUMYM KO3(h(hMLMEHTa OTpParKeHUsl, KOTO-
pblli TeM MeHbLLIE, YEM MeHbLLE NoTepu B cpeae [7].
Mo (11), (12) paccunTaHbl peasbHble AH ¢ yue-

13HaueHme , PpaBHOe 4, COOTBETCTBYET CyX0li necyaHoli rnouse,

10 - rAMHUCTOl yBNaXKHEHHOW nouse, 80 - BOAE W CU/bHO YBaX-
HEeHHOI nouse.



Puc. 7

TOM OTpaXKeHWUs1 OT 3eMnn. Ha puc. 7, a rnokasaHa pe-
anbHaa [AOH 10-anemeHTHoM AP ¢ YB/J1 -16 pgb.
CnnowHas NMHUA UM306paXkaeT CUHTE3NPOBAHHYIO
[OH, 3annBkoli nokasaHbl ornmbéaroLime MMHUMYMOB U
MaKCMMYMOB WHTepepeHLMOHHbIX NIernecTKOB peasib-
Ho AH. Kak cnegyeT u3 puc. 7, a, B pe3ysibTare VH-
TepdepeHUUN OTPadKEHUIA OT 3eMnun peasibHas AH mo-
XKeT UMeTb NpoBasibl J0 3 AB Mo CpaBHEHUIO C CUHTE-
3upoBaHHol [H B paiioHe yrna 0 = 500. AH paccuun-

TaHa ana Sjp = 80, xapaKTepHOW ANsi CUTbHO YBNaXK-

HEHHOro rpyHTa. MNpy yMeHbLLIEHW AU3/IEKTPUYECKOIA
NMPOHULIAEMOCTU TPYHTA, a TaK)Ke BC/IeACTBUE HaINUnA
LLIEPOXOBATOCTM MOBEPXHOCTU 3eM/IM pa3Max UHTepde-
PEHLIMOHHBIX /IEMECTKOB GYeT YMEHbLLATHCS.

Ha pwuc. 7, 6 nokasaHa peasbHasa AH 10-3ne-
MeHTHOM AP ¢ YBJ1 -26 pgb. Pasamax nHtepgepeHuu-
OHHbIX /IeMecTKOB MPW TeX >Xe YC/I0BUAX cocTaBseT
Bcero 1.5 gb.

MNHTepecHO OTMETUTH, YTO BAOJIb MOBEPXHOCTU
3emnn (npyn 0 = 900) Bcerga opmMMpyeTcs Makcu-
MyM, Ha 2.5.3 b npeBbilwaoWmii rnaBHbIN Makcu-
MyM CUHTe3npoBaHHoW OH. MMoaTtomy, X0Ta Npu ns-
MepeHuax KY B ycnosBusax NoAvUroHa MHorga ukeum-
pytoTca 3HadeHms 12.13 pb, makcnmanbHbll KY
BCeHarnpaB/IeHHOM aHTeHHbl B a3uMyTaslbHOW noc-
KOCTU C KOCeKaHCHOW [H B BepTUKa/bHOW MJ0CKO-
CTU He npesbiwaeTt 10 ab.
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Optimization of the Antenna Array with Cosequences Pattern

The method ofpartial directional diagrams (PDD) synthesized vertical omnidirectional in azimuth plane antenna arrays (AR)
with cosequences PDDform in the vertical plane. The AR optimum height on the criterion of maximum gain is determinated. It is
shown that the optimum height ofAR depends significantly on the losses in the microwave cables and in the signal divider.

Linear antenna array Synthesis, cosequences pattern, the optimum height of the antenna array
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