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PO3POBKA AHTEHW AHANI3Y

IONA NENEHTATOPA OIAMA30OHY
1000-6000 MTL|

Marictp: ct.rp. CT3lAM- 18-2 YepHos B.C.

HaykoBuit kepisHuk: pou. kad. KPICT3l Jluxorpai B.I.
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PagioneneHratopu cnyxaTb ANS BUSHAaYEHHA (BUMiPIOBaHHSA)
NPOCTOPOBUX KOOPAMHAT AKepen pajioBUNpOMiHIOBaHHS.

[o pagioneneHraTtopiB BUCYBaOTLCA BUMOTU:

—Mo WBUAKOAIT (MOXIMBOCTI BUMiptOBaTN NeneHr no
MaKkcUMaribHO KOpOTKil peanisauii curHany, B igeani — no
OAHOMY iMNynbey);

—MO0 TOUHOCTI NneneHrau;i;

—Mo 34aTHOCTI NpauoBaTh B HAALWMPOKIA cMy3i YacToT (Big
oAMHULUB MY A0 oAMHUUB | HaBiTb gecAaTkiB TL);

—MO0 PO3AiNbHIi 3gaTHocTi i T.4.

BukopuctaHHs 6araToeneMeHTHOI aHTEHHOI CUCTEMMU CMiNbHO 3
Cy4YacHUMU MeToamMu o6pobKM curHanis A03BOrAe oTpumaTtm
HaAinHi pe3ynbTaTv NeneHrysaHHA HaBiTb B yMOBaXx CKnagHol
erneKkTpomarHiTHoOi 06CTaHOBKN. 2
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Meta po6oTn — po3pobka 3acobammn KOMN'IOTEPHOro
MOAentoBaHHA HaJLWNPOKOCMYroOBOi aKTUBHOT aHTEHU

MOHITOPUHIY y cMy3i yacToT 1000-6000 MI'y, ansa poboTtun
y ckrnaai pagioneneHratopa.

MonoxeHHs, sIKi BAHOCATLCA A0 3aXUCTY:

1. Ornag MeToAiB NeneHryBaHHS.

2. Ornaa aHTEHHUX CUCTEM Y CKNagi cyvacHNx
pagioneneHraTopis.

3. PesynbTatu MogenioBaHHA XxapakTepUCTUK aKTUBHOT
aHTeHu MoHiTopuHry sacobamn CAD AWRDE v.14.

4. Pe3ynbTaTh ekcnepMMeHTarnbHUX BUMipIOBaHb
XapaKTepPUCTUK aKTUBHOT aHTEHU.



[image: image4.jpg]MeToau pagioneneHryBaHHA

MoxxHa BUZinuTun Taki MmetToaun pagioneneHryBaHHs:
amMnniTyaHun, dasoBuii Ta ix KombiHaLii:
- amnniTyAHi METOAM Ha OCHOBI CNPAMOBAHOI aHTEHM, Aka
obepTaeTbcs B ropuU3oHTanbHIl (asnmyTarnbHili) NOWWHi:
u N0 MaKCUMyMY/MiHIMYMY curHany;
m PiBHOCUrHamNbHUIA METOA;
- amnnitygHo-da3oBi MeTogn (NeneHratopu BatcoH—BatTa i
Eakoka);
- chasoBi MmeTOaU:
m Ha ocHoBI edekTy Jonnepa (kBasnaonnepiBcbki cuctemm)
m iHTepdepomeTpum:
0 ¢hasoB.i;
0 kopensauinHi (KI).
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Tunoea AH
NopTaTUBHOT aHTEHN
pamnaityaHoro DF
&

Hepoporui, MoxHa
BMKOPWUCTOBYBATW MPaKTUYHO B
Byab-AKoMy MicLi 3 MiHIMansHUM
4acoM YCTaHOBKM.

EEeKTMBHICTb CUMBHO 3anexnTb
Bifl piBHA KBanicikaLjii onepartopa.
CknagHoLLi npu poboTi 3 KOPOTKUMM
CUrHanamu 41 curHanamm 3

LUBMA KOO NepebyA0BOoI0 YacToTy.

TouHICTE MOXe ByTW noraHow Ana
06'eKTiB, AKi 3HaXO4ATLCH Ha
BeNMKMX BifcTaHax (Binblue coTeHb
MeTpiB).

BaxnvBo MaTu aHTeHy 3
£0CTaTHBEOIO HanpPaBneHicTIo |
3a[l0BINIbHOIO LUMPWHOO CMYTU
YacToT.



[image: image6.jpg]AMMNITYAHO-Pa30Bi NeneHraTopu
BatcoH-BatTa

Paauonpremhsiii 1
6nok

u

3 Bnok
WHAMKALMY

AuTenHas cictema

MpuHumn poboTu neneHratopa BaTtcoH-BaTa nonarae y HacTynHoMy. SAKLwo
BifhiNbTPOBaHI 1 NEPETBOPEHI CUTHAMM AHTEHHOT CUCTEMM, LLO MAE CUHYC-
KOCUHYCHI [1H, NpuKnacTi o X i y NNacTUH enekTPOHHO-MPOMEHeBOI TpYOKK, To
Ha ekpaHi 3'aBnAaTeCA MiHii diryp Ilicaxy, KyT Haxuny akux Oyae signosigatu
KyTY NPUXOAY XBUII, BiXUEHO! 3aNeXHO Bif, BENUYMHM i 3HAKIB.



[image: image7.jpg]AMMNITYAHO-pa30Bi NeneHraTopu
Enkoka

CknagatoTbca 3 ABOX NerneHrauiiHux aHTeHHUX nap (MoHononi
abo gunoni) i3 B3aeMHO NeprneHANKYNAPHUMN aHTEHHUMK Basamu,
AKi popmMytoTb CUHYCHO-KOCHMHYCHY OH

:

~Filtering

calculation

DF AD

converter converter

AHTeHHa cucTema Egkoka: KnacuuHui BapiaHT a),
cyJyacHa peanisayjs 6) 8



[image: image8.jpg][NeneHraTopu Ha OCHOBI edhekTy
Honnepa

Christian Doppler (1803-1853)

=]

Edbpext donnepa HasBaHWI B 4ecTb

Christian Doppler (1803-1853), akvid

BifjkpuB Horo B 1842 poui

BigHocHwid pyx o6'ekTiB HasycTpiu ofnH

OfJHOMY BUKIUKAE 36iMblUEHHSA YacToTH.

BigHocHwid pyx o6'ekTiB 0AWH Bif ofHOro

BUKIMKAE 3MEHLUEHHS YacToTU.

[Hornepiscbke 3CyB YacToOTH - Lie BUA

yacToTHoi Mogynayii (YM).

JonnepiBcbke 3cyB 4ACTOTU CNOCTEPIraeTLCA

B CepefoBuLLi

* 3BYKOBMX YaCTOT (NOTAT, WO PyXaeTbCs)

BUWMOTO CBITMa (YUEPBOHUIA 3CYB Y 3ipOK,
AKI BigAaNATLECA Big 3emni)
paaiovacToT (ang nenenrayii APB)

<




[image: image9.jpg]MerneHraTop donnepa 3 HAMNPOCTILWOK
o6epTalyor aHTEHHOK

Hexaii elogHa aHTeHHa ycTaHOBMNeHa Ha AUCKY, Lo obepTasTbes.

Mpwn obepTanHi gucka aHTeHa Byae nepemiwysaTuce Ao/BiA Nepeaasava.

B nonoxeHHaAx A i C aHTeHa Hepyxoma BiJHOCHO nepefasaya i fOonnepiBCbKUiA
3cys =0

B nonoxeHHax B (sigaaneHHs) i D (pyx HasycTpiu) AonnepiBCbKUiA 3cyB
MakcUMarnbHUA.

HenepepsHa 3MiHa fonnepiBcbKoro 3cyBy opMye AONMNEPIiBCLKNA
CUHYCOIAanbHUA cUrHan.

Bumiptoroun 3cys yacToTu [lonnepa, Konu aHTeHa obepTaeTbesl, MagMo
AONNepiBCLKNI CUHYCOIAAMNBHWIA CUTHan 3 ABOMA NepeTuHami B Hymi (Toukn A i
C, pe ponnepiscbKWii 3cyB BiACYTHIA).

Jpyruid nepeTuH Hynsa (Haxun BHKU3) - Le Touka, Haibnukua fo nepefasaya.
JonnepiBcbkuiA CUHYCOIAANbHUA CUTHAN Mae Ty X YacTOTY, Lo # YyacToTa
obepTaHHA (W) aHTEeHW. Doppler
shift

D
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[image: image10.jpg]®o KBasigonnepiscbKi neneHratopu

o ObBepratoya aHTeHa B cxeMi [lonnepa HenpakTuiHa (HeobxigHa HaaTo
BWCOKa LUBWAKICTb 0BepTaHHs).

o [ina imMiTauii obepTaHHaA ,0NMepiBCbKOro nenexHraTopa BUKOPUCTOBYETECA
NOCif0BHE NEPEMUKAHHS MK BILMOBILHAMM Napami @HTEH B KinbLiesil
@HTEeHHIN pelwiTyi 3 4, 8 abo 16 AE.

o [ns 3abesneyeHHs 4OCTaTHLOM 4OMNEPIBCLKONO 3CyBY MEPEMUKAHHA Mix
aHTeHaMM MOBWUHHO DYTU AOCUTH LUBUAKAM.

o [inA cUHTE3y [LONNepiBCLKOro CUHYCOIRANBHOTO CUrHaNY KOXHa aHTeHa
reHepye Cepito iMMynbCis.

o Y cyyacHux keasifonnepiscbkux DF 3amicTb EMT BUKOPUCTOBYETLCS
AUCnrel 3 kona CBITNOAIOAIB, AKi NOKa3yloTh BiLHOCHE NONOXeHHs [PB.
Tpu LibOMY Tako 4yDrnoeThCA YMCMOBE 3HAYEHHS NENEHTY.

e e
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[image: image13.jpg]ormnaAn CY4YACHMX PAOIOMENEHTATOPIB
TA AHTEHHWX CUCTEM Y IX CKNALI

P —

R&S®DDF550 u R&S®ADD293
a

MOoBinbHI KOMMEeKeK pagioMOHITOPUHIY 1 MEneHryBaHHA
DDF550 komnanii Rohde & Schwarz (HimeuuunHa) 3 AC ADD293, a)

Ta komnaHii TCI (CLLIA) 3 aHTeHHOO crucTemoto Mofeni 641, 6) 18




[image: image14.jpg]AHTEHHI cucTtemmn y cknagi
Cy4acHUX pagioneneHraTopis

AHTeHHI cucTeMu pagioneneHraTopis
CKNafarTbea 3 OCHOBHOI NeneHrauiiHor
aHTeHHOI cUCcTeMM (3BMYaliHO Kinblesa AP) i
AHTEHN MOHITOPUHIa.

AHTeHHa cucTema 647D
AHTeHHa cucTema ADD 196 pafioneneHraropa TCI
pagioneneHratopa R&S DDF550 (CLLA) 20



[image: image15.jpg]3aBAaHHg Ha MO enoBaHHS
aKTUBHOT @HTEHU MOHITOPUHTY

3rigHoO 3aBAaHHA Ha Marictepcbky poboTy HeobxigHO
CNpOEKTYBaTN aKTUBHY aHTEHY OrnsAgy pagioneneHraTtopa 3
TakUMU BUXIZHUMM XapakTepucTUKamm:

¢ Poboua cmyra yactot: 1000-6000 My,

¢ KoediulieHT nigcnneHHsa aHTeHM B pobouil cMysi YacToT:
1-5 abi;

e KCXH = 4 B pobouili cmMysi 4yacToT;

e [Hiarpama HanpaBneHOCTI: B asuMyTarbHii nnowmHi +60

rpaj; B ropu3oHTarnbHil NrowWmHi — BcecnpsAmMoBaHa.

e [lonapusauisa: BepTuKarbHa;

22



[image: image16.jpg]MopaentoBaHHS
®o aHTEHW MOHITOPUHTY

a) 6) 5) n
3aranbHui BUrMAg AUNONbHWX aHTeH, opma yTBOPIOYNX
nneyen AKMX €: ekBinoTeHUianbHa NoBepxHs, a); napabonivyHa
noBepxHs, 6); oNTUMIsaLjs 3a 4OMOMOroK KyCOUHO-MiHINHOT

anpokcumadii napadoniyHoi bopmu yTBOpPIOOYOT, B-T)
23



[image: image17.jpg]MopentoBaHHS
aHTEHW MOHITOPUHTY

HaBepeHi pesynbTarti MOAENOBAHHA CUMETPUYHO! LUNONBHOI @HTEHU
ZianasoHy 1-6 'L y BUMMSAI KYCOYHO-MIHINHOT anpokeumalii napabonivyHol
YTBOPIOKOYOI.

®opma aHTeHn sMiHeHa 3 NapalboniuHol YTBOPIOYOT Ha KYCOUHO-NIHIAHY
anpokcuMaLllito napaboniyHoi yTBOPIoKUOi 3 hopMyBaHHAM 5 dhikcoBaHMX
obnacTen .

Taka dopma yTeOptotoyoil HLLC aHTeHn fo3Bonse oTpumMaTi:

akcianbHo-cMeTpUyHUIiA TEM pynop B ofnacTi TOUKM XXUBMNEHHS, SKUIA npaLioe B
HaZIBUCOKMX YacToTax;

MOTOBLLEHUIA 10 KpaiB AWNONb AOBKUHOIO A/2 BU3HAYAE HKHIO obnacTb pofoumnx
yacror

KycouHo-niHinHa aI'IpOKCl/IMaLlIﬂ napaboniyHoi yTBOp}O}OqOI Aae MOXUBICTb
NPOBECTU ONTUMI3aLilo Ti (opMK, 32 [LONOMOro0 3MiHW PagIyciB CErMEHTIB.

Bacobamu M3 FEKO nposefeHo onTumizalito posmipis (pagiycis)
CErMeHTIB YTBOPIOKYOT 3 BUKOPUCTAHHAM FEHETUYHOTO anropuTMy 3a
KpuTepieM MiHimizaLii KCXH .

OnTumMisalid yTBOPIOIOYOT @HTEHW 3a KpuTepiem MiHimisayii KCXH
wnsxoM ninGopy papiycis cerMenTis sabeanedyye HeOOXiAHI BUMOTY
woao HLLC snacTusocTew.



[image: image18.jpg]HLWIC aHTeHa 3 onTUManbHOKO

® 0 c¢opmMolo yTBOpIOKOYOT 3a b
Kputepiem KCXH=1.5
2 —

Gain [48]]

SE

Frequency [GHz]

a)

6)

Frequency [GHz)

YacToTHi 3anexHocTi KCXH (a) | koedilieHTa nigcunenHa Glotal (6)
@HTEHW 3 KYCOYHO-NIHINHOIO ONTUMI3aLieo hopMM YTBOPIOKOUOT MO KpUTEPID

KCBH=1.5 (BapwaHT ontumisauii 1)



[image: image19.jpg]HLUC aHTeHa 3 onTUMarbHOK
® © © | chopmMOIO YTBOPIOKOYOT 3a
Kputepiem KCBH<1.5

= T o |
;N /“‘/\\ // a—— >

Frequency (GHz] Frequency (GHz]
a) 6)
YacToTHi 3anexHocTi KCXH (a) | koedilieHTa nigcuneHHa Glotal (6)

@HTEHW 3 KYCOYHO-NMHINHOKO ONTUMI3aLieto hopMI YTBOPIOKOYOT MO KpUTEpIto
KCBH<1.5



[image: image20.jpg]MopentoBaHHA
LA aHTEeHW 3 onNTUMarnbHO

JPOPMOI0 YTBOPHOKOYOI

[— P—
O ———

YacToTHi sanexHocTi KCXH aHTeHn 3 HacToTHi 3anexHoCTi koediljieHTa

KyCOUHO-NIHIHOIO anpoKkcUMaLlielo nigennexHa Gtotal aHTeHU 3 KyCOUHO-

chopmu napaboniuHoi yTBopIooUOT Hag, niHiAHO anpokcumaljielo (hopmu

napaboniuHoi yTBOPIOIOUOT HaZ, PISHUMK

PIBHAMK TUNaMK NiACTUNSAIOUOI NOBEPXHI - :
TUNamMK NiCTUNSAIOUOT MOBEPXHI



[image: image21.jpg]MoaentoBaHHA 2
® ¢ ¢ | gHTEHWN 3 ONTUMAaNnbHOK

dOpMOI0 YTBOPIOKOYOI

JH B KyTOMICHI# NnoLuHi ANS BepTUKanNbHO Po3TalLoBaHOT aHTeHW Ha BUCOTI 2M Haj,
PiBHAMIK TUNAMK NigCTURAIOYOT NoBepxHi Ana yactoT 1000MIy a); 3000MIy 6);

6000MIY B)
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[image: image22.jpg]EkcnepumeHTanbHi LOCHIAXEHHS
e aHTEHW 3 ONTUMANbHO POPMOLD

YTBOPHOKOYOI

| @

10

Guam, dBi

180 fooo 3000\ 400 50 000 ——Paal

| | 10

as

YacToTHa 3anexHictb KCXH, EkcnepumeHTanbHa 4acToTHa 3anexHicTb Kl
oTpuMaHa 3 0MoMoroto aHTeHW aHanisy

BEKTOpHOro aHanizatopa Rohde &
Schwarz VNA 9kHz...6GHz ZVR

30



[image: image23.jpg]MopentoBaHHA
L aKTUBHOT BIKOHYCHOI aHTEeHU

5 KoHcTpyKkLis aHTeHn
MOHITOPUHry (6e3 ernemeHTiB
KpIiNreHHs Ta 3axucTy Big

M BMMUBY 30BHILLIHBOIO
cepegoBuLa)

il



[image: image24.jpg]BucHoBKM no pobori:

B skofTi ornafaoBoi aHTeHU MOHITOPUHIY 3aCTOCOBYIOTbCA AKTUBHI
Hapj, VIpOKOCMyFOBI Cﬂa60CI‘IpﬂMOBaHI AHTeHU, 4K TaKl U0
3a6e3neqy|0Tb PiBHOMipHICTb pasiocurHany B Ha,u.mwpoxm CcMmy3i
YacToT i 11 y3aro>keHHA 3 NOJaJIbLIMMKM TPAKTaMU
papioneneHratopa.

B pezynbTati npoBefeHOro MOAENI0BAHHA Bi-KOHYCHOT aHTEHM
3acobamu CAD AWRDE v.14 oaepsxaHi Taki pesynbTaTu:

NPOBEAEHO ONTUMIZALIII0 PO3MIPIB (PafiyCiB) CETMEHTIB napaboniyHol
YTBOPIOKYOT Y BUIMAAI KYCOUYHO-TMIHINHOI anpokcumalii 3a Kputepiem
KCXH<=1.5 B gianasoHi 4acTtoT Big 1000M |—LHJ,O 6000MIy 3
BUKOPUCTAHHAM reHETUYHOTO anropuTMy. [IH B a3umyTarnbHii NNoLyyHi
3 ONTUMaNbHOK hoPMOtO NapabonivyHOT YTBOPIOKOYOT Mae HEOOXifHi
CMPAMOBaHI BMAcTMBOCTI B glanasoHi 1000-6000 MI'y, nopibHi
CUMETPUYHOMY AMMONHO | LINKOM 3abe3nedye BoecrpsMOoBaHuit
NPUIAOM CUrHaMIB B PEXUMI aHanisy;

NPOBEAEHO OITIAL BNIMBY HA @HTEHY PI3HWX BUAIB NIACTUNSIOHUX
noBepxoHb: (ifeansHa (PEC) abo pearnbHa: Cyxuil rpyHT,
AncTunsosara abo MopchbKa Bofa), B pe3ynsTaTi Horo oTpuMaHi Taki
pesynbTaTu:

CroCTepiraeThea ICTOTHE 3HIWKEHHA 3aranbHoro KM Ha HWKHIX yacTotax

6nusbkux Ao 1000 ML 3 noganbLUMM oro 3pocTaHHAM (40 3Ha4eHb
6ninabko O 5) Ha BEpXHiX YacToTax 6000 MIL 32
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