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nO ÎTEXHIKA»
CHCTeMa ynpaB̂ iHHH hkIctm BignoBigae ̂ CTy ISO 9001:2015

0-22.06-
05.02/2/172.00.1/M

/0K6-2021
EKiemmap Ne 1 ApK 44/37

^aSopaT opH a poSoTa N»4 
Moge^roBaHHH 6e3nom yKoBH x Kope^H^HHo-iHTep^epoMeTpHHHHx

pagione^eH raTopiB 3 64-e^eMeHTHoro A P

M eTa. HaBHHTHCb npoBoguTu goc.ig:*:eHHfl xapaKTepucruK npucrpoiB  
nacHBHoi p a g io .o K a ^ i m m xoM  Moge.roBaHHa.

KopoTKi TeopeTHHHi BigoMoCTi
C ynacm  Kope.^iMHo-iHTep$epoMeTpuHHi pagione.eH raTopu  

3a3BHHaH BHKOpHCTOByroTb HepyXOMi aHTeHH.
cra^oH apH ux i M o6i.bHux craH^M pagioMomTopHHry 

HaM6mbmoro nomupeHHa b gaHuM nac H a6y.a  cxeMa 3 gBOMa KaHa.aMu 
npuMoMy. CTpyKTypHa cxeMa TaKoro Kope.ra^MHoro iHTep^epoMeTpa 
npegcTaB.eHa Ha puc. 4 .1  [7].

Ochobhumu Moro e.eMeHTaMu e: aHTeHHa pemiTKa, aHTeHHuM 
KoMyTaTop, gBoKaHa.bHuM KorepeHTHuM pagionpuMMan, 6 .o k  aH a.oro- 
^u$poB oi o6po6Ku, ^ o  CK.agaeTbca 3 gBox A U n  Ta G.oKy ^u$poBo^o  
o6po6.eHHA curH a.iB (U,OC). ^BoKaHa.bHuM npuMMan Mae gBa Bxogu: 
nepmuM Ha3UBaTUMeMo curHa.bHUM, gpyruM -  onopHUM. AHTeHHuM 
KoMyTaTop noc.igoBH o nigK .ronae go BxogiB gBoKaHa.bHoro npuMMana 
napu e.eMeHTiB A P, Bu6upaHi 3rigHo a.ropuTM y ne.eHryBaHHa. 
3a6e3neneHHA KorepeHTHoro npuMoMy curH a.iB Ha 3MimyBani o6ox  
KaHa.iB npuMoMy nogaeTbca ogHa i Ta *  BucoKonacroraa Hanpyra, ^ o  
^opMyeTbca cuHTe3aTopoM nacroT.

Iffrep^epoMeTp 3 ^u$poBUM npuMManeM, n u c .o  KorepeHTHux 
KaHa.iB aKoro piBHe n u c .y  aHTeHHux e.eM em iB  (AE), p e a .i3 y e  
MoHoiMny.bcHuM MeTog ne.eHryBaHHa. TaKuM ne.eHraTop 3a6e3nenye  
HaM6i.bmy mBugKicTb o6nuc.eHHa ne.eHriB, a .e  cK.agHuM, goporuM y  
BuroToB.eHHi i Ha.amTyBaHHi. B a* .u B u M  3aBgaHHaM, aKe Heo6xigHo 
BupimuTu b MoHoiMny.bcHoMy ne.eHraTopi, e BuKoHaHHa BuMoru 
igeHTuHHocTi aMn.iTygHo-HacroTHux i $a3onacToTHux xapaKTepucTuK 
npuMMa.bHux KaHa.iB. 3b u ^ m h o  ^  3aBgaHHa BupimyeTbca m m xoM
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nepiogunH oro Ka.ni6pyBaHHa 3a gonoM ororo TecTOBoro 3oHgyronoro 
curHany HeBenuKoi noTy*H ocri, ^ o  nogaerbca b npuHManbHi KaHa.nu.

Puc. 4 .1  -  CTpyKTypHa cxeMa 6araTOKaHa.nbHoro K o p e n a ^ m o -  
i HTep^ep oMeTpuHHoro pagi oneneHraTop a

OcHoBHi ^ y H ^ ii gBoKaHanbHoro npuHMana: nepeTBopeHHa 
nacToTu pagiocurHany, ^ o  npuHMaeTbca, i nepBUHHa ^ m b rp a ^ a  no  
no6inHux KaHa^ax npunoMy, to6 to $ y H ^ ia  nigroTOBKu npuHHaToro 
pagiocurH any go nepeTBopeHHa b ^u$poBUH Buraag.

y  6.no^ aH a.noro^u$poBoi o6po6Ku BuKoHyroTbca ocHoBHi 
o6nuc.nroBa.nbHi o n e p a ^ i no anropuTMy ^u$poBoi o6po6Ku. nepcoHanbHa 
EOM , ^ o  BxoguTb go cKnagy iHTep^epoMeTpa, BuKoHye ^ y H ^ ii  
KepyBaHHa, o6nuc.neHHa, a TaKo* 3grncHroe Bigo6pa*eHHa pe3y.nbraTiB.

^puH ^u^ po6oTu iHTep^epoMeTpa ocHoBaHun Ha nopiBHaHHi $a3  
nona b npocTopoBo po3HeceHux TonKax 3 MeToro Bu3HaneHHa opieHTa^i 
noBepxHi piBHux $a3 , ogHo3HanHo noB’a3aHoi 3 HanpaMoM nomupeHHa 
Big flP B . 36inbmeHHa KmbKocri npocTopoBo po3HeceHux nap to h o k , ^ o  
Bigpi3HaroTbca M i* co6oro BigcraHHro «po3HeceHHa» a6o  6a3oro i 
KyToBoro o p ie rn ^ ie ro  b npocropi, go3Bonae 36mbmuTu iH^opMa^ro npo
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cTpyKTypy xBuni, ^ o  npuHMaeTbca, i BignoBigHo nigBu^uTu aKicTb 
^opMyBaHHa KyToBoro npocropoB oro cneKTpa pagiocurHany. AE, ^ o  e 
gaTHuKaMu nona, po3TamoByroTbca, aK npaBuno, b n n o^ urn  
neneHryBaHHa (a3uMyTHoi nno^uH u), ^ o  noB’a3aHo 3 Mo*nuBocraMu 
TexHiHHoi p ean i3a^ i igeHTuHHux $&3obux ^ rn p iB  Ko*Horo AE. ^ n a  
3a6e3neneHHa ogHo3HaHHocri neneHryBaHHa b KpyroBiH 3oHi Heo6xigHo 
MaTu npuHaHMHi Tpu AE, po3TamoBaHux b n n o ^ u m  neneHryBaHHa. 

BpaxoByronu Heo6xigHicTb cKaHyBaHHa b M e*ax 360° 3 ogHaKoBoro 
aKicrro BuMiproBaHb, A P  noBuHHa 6yTu cuMeTpuHHoro ^ o g o  ii $a3oB oro  
^ m p y .  ^ o  cuMeTpuHHux nnocKux A P  BigHocaTbca eKBigucTaHTHi ogHo- 
Ta 6araTOKinb^Bi A P  3 ^rnpanbH uM  aHTeHHuM eneMeHToM a6o  6e3 
Hboro [7].

PagioneneHryBaHHa npoBoguTbca 3a MaKcuMyMoM B3aeMHoi 
Kopena^HHoi ^ y H ^ ii, ^ o  6yg e  Konu p i3H u ^  A t  Hacy nomupeHHa 

curHaniB Big flP B  go o 6o x  aHTeH KoMneHcyeTbca HacoM T J33 

perynboBaHoi nim i 3aTpuMKu.
3 a  o^HeHuM HucnoBuM 3HaHeHHaM Hacy T m , aKe Mo*Ha

Bu3HaHuTu 3a MaKcuManbHuM piBHeM Hanpyru Ha Buxogi KopenaTopa 
mnaxoM perynroBaHHa BpyHHy a6o  aBToMaTuHHo Hacy nim i 3aTpuMKu, 
Mo*Ha Bu3HaHuTu KyT O  M i* HanpaMKoM Ha A PB  i HanpaMKoM aHTeHHoi 
6a3u d  i3 Bupa3y:

C • T m
c o s  O  = ---------- .

d
B ^noM y Kopena^HHi iHTep^epoMeTpu Ha cborogHi e 

HaHnepcneKTuBHimi cepeg pagioneneHraTopHux cucreM, ^ o  3yMoBneHo 
ixHiMu HacTynHuMu cyrreBuM u nepeBaraMu [6,7]:

-  aKicHe pagioneneHryBaHHa npaKTuHHo 6ygb-aKux BugiB 
pagiocurHaniB, y  ToMy Hucni, mupoKocMyroBux 3i cKnagHuMu BugaMu 
M ogyna^i;
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-  M o*.uBicTb o6po6.eHHa Ta po3pi3HeHHa ogHonacHo gBox a6o  
geKi.bKox curH a.iB b ogHoMy nacToTHoMy KaHa.i, npunoMy aK 
KorepeHTHux (y n p o ^ c i npuMMaHHa 6araTonpoMeHeBoro 
BunpoMiHWBaHHa ogHoro M Toro *  A PB ), TaK i HeKorepeHTHux (y n p o ^ c i  
npuMMaHHa pagiocurH a.iB Big geKi.bKox A PB , cneKTpu aKux 
nepeKpuBaroTbca);

-  HaaBHicTb e^eKTuBHux MeTogiB 3MeHmeHHa mcrpyMeHTa.nbHux 
noxu6oK, 3yMoB.eHux B3aeMHuM bohubom aHTeHHux e.eM em iB  i 
M ic^B ux yMoB, aKi Mo*yTb BpaxoByBaTuca g .a  6ygb-aKux TuniB 
aHTeHHux pemiToK;

-  BigcyTHicTb o6Me*eHb Ha KoH ^irypa^ro A P  pagione.eH raTopa, 
^ o  go3B o.ae 3acTocoByBaTu cK.agHi pemiTKu 3 mupoKow 3ohow  
ogHo3HanHoro pagione.eHryBaHHa i bucokow  po3pi3HWBa.bHoro 
3gaTHicTro aK y  ropu3oHTa.bHiM, TaK i y  BepTuKa.bHiM n .o ^ u H ax ;

-  6 i.b m a, H i* y  $a3oB ux pagione.eHraTopiB, cTiMKicTb go Bn.uBy 
KorepeHTHux pagio3aBag i 3aBag y  cyMicHoMy KaHa.i.

KpiM nepepaxoBaHux nepeBar, Kope.a^MHi iHTep^epoMeTpu 
gonycKawTb nomupeHe 3acrocyBaHHa MeTogiB ^u$p0B 0^0 o6po6.eHHa 
curH a.iB Ha Bcix cTagiax Bu3HaneHHa ne.eH ry.

OcHoBHi Hego.iKu Kope.a^M Hux iHTep^epoMeTpiB:
-  cK.agHicTb p e a .i3 a ^ i, ^ o  BuK.uKaHa gBoKaHa.bHuM 

npuMMaHHaM curHa.iB, BHac.igoK n o ro  BuHuKae Heo6xigHicTb 
KoHcTpywBaHHa cn e^ a.b H u x mupoKocMyroBux gBoKaHa.bHux 
pagionpuMManiB a6o  gopo6.eHHa icHywnux;

-  Heo6xigHicTb 3a6e3neneHHa b pagionpuMMa.bHux KaHa.ax 
pagionpuMManiB aKoMora 6 i.b m o i igeHTunHocri KoMn.eKcHux 
K oe^ i^ em iB  nepegani;

-  HenoBHuM, nopiBHaHo 3 aMn.iTygHuMu pagione.eHraTopaMu 3 

By3bKoro fl,C, 3axucT Big KorepeHTHux pagio3aBag i 3aBag y  cyMicHoMy 
KaHa.i;

-  BucoKa o6nuc.roBa.bH a cK.agHicTb i b pe3y.bTaTi Hu3bKa 
mBugKogia a6o  Be.uKi anapaTypHi BuTpaTu, to6 to Heo6xigHicTb g .a
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TOHHOl O^HKH 3aTpuMKu B peanbHoMy MacmTa6i Hacy BHKOpucTaHHH 
6araT0KaHanbH0i Kopen^iHHoi cucreM u o6po6Ku iH^opMa^i.

X ig  BHKOHaHHH poSoTH
1. BigKpuTu M athC ad Mogenb 6e3n0m yK 0B 0r0 Kopen^rnH o- 

iHTep^epoMeTpHHHoro neneHraTopa 3 6araToeneMeHTHoro nrnrnHoro 
aHTeHHoro pemiTKoro Ta gBocurHanbHuM npHHOMOM (g p yru n  curHan 
B H c r y n a e  b poni 3aBagn), puc. 4.2.

Q Mathcad - [fnnb6 Iotcm 2 CMTHA/IA Hamming 64.mcd]
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■  +  Es] -  1* <1 P  °t * ,

l .  i a .W M O  nOMilTKOBi YMOBH

SajaeMo Kyr npHxo,ay pazaocnraaiy b Meacax B i j 0 ao 180°

w 60 d2 gra d  := 54

IlepeBojHMo rpaaycH  b  pajiaHH

»,ad- (s[m 
3aaaeMO bht eHHy 6a3y, m:

( ^2grad' **) 
2 rad  • i 80 d2 rad  = 0 -9Ą2**

b„ := 0.05

3aaaeMO koh c ia m y  uiBHflKOCTi CBiuia, m/c :

c := 299792458

OipHMyeMO 3HaqeHHa 33tphmkh. mo BianoBiaae uhm nonatKOBiiM aaHHm c:

r j a M U  r = 8 , 3 9 1 x l0 - u
c

t2  := -------------------
c r2= 9.8032 x 10"11

Puc. 4 .2  -  noHaTKOBi yMOBH neneHryBaHHa neneHraTopa 3 
6araToeneMeHTHoro nrnrnHoro aHTeHHoro

2. 3agaTu nonaTKOBi gaHi gocnig*eHHH -  HanpaMOK (KyT) npuxogy  

pagiocurH any ! ,  BenuHUHy aHTeHHoi 6a3u ba.

3. 3agaeMo napaMeTpu curHaniB 1 Ta 2  pagioKaHaniB S (t) .

4. 3agaeMo napaMeTpu ^u$p0B 0^0 o6po6neHHa (gucKpeTu3a^i) -  
H acm ry gucKpeTu3a^i F d , KinbKicTb Ha6paHux BigniKiB N , BiKoHHi
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$yHK^'l Wk, Ha AKi MHo*aTbCA MaCHBH Big^iKiB npHHH3THX 
pagioBHnpoMiHroBaHb g.ra n o g a .b m o ro  cneKTpa.bHoro aH a.i3y 3a 
gonoM ororo fflBHgKoro nepeTBopeHHA O y p ’e ( f f ln O )  (FFT).

5. 3agaeMo napaMeTpu HopMa.bHoro agHTHBHoro myMy 
pagioKaHa.iB.

6. 3agaeMo napaMeTpu f f l n o .
7. BHKoHyeMo K op e.^ rn H e o6po6.eHHA cHraamB pagioKaHamB.
8. BHKoHyeMo o^HKy ne.eH ra 0 vim ir, Ta noxu6KH ne.eHryBaHHA

ak p i3H ^ ro  M i* 3agaHHM Ta oTpHMaHHM 3HaneHHHM: !  , — Q . .  .i  i  grad vimir

noBTopHTH g o c .ig  30  pa3iB 3a gonoM ororo nepepaxyBaHHA apKyma 
MaTKag, KoM 6rna^a K.aBim (Ctrl+F9) Ta BH3HanHTH C K B  o^ hkh 
n e n e H r y ,  puc 4.3 .
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+ S S sin ^ . ^ \ nD ' ^ , 7 ’F d  
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+ S 7 s in

1 -----------------^ 4 5 C[Al// KajibKyflfltop n -----
ęin m ,an |n “ O453

S I -c o s (  Aif/1 + A y2 ci!e) + S 3 -co s
ODm +97*Fd

(Au*3 + Au/2cile)----------------------
flDASI + 97*Fd

+ S 5 c o
/2D452 + 97*Fd

+ S 7 c o s
, nl i M T "P97*I
\Ayr7 + Aiff. ^  ^ ()  ^  xY —

nV64 = 20.97042 a D450 + 9 1 F d  = 2.0003 x 10
5 6 : 
2 3 ■ 
0 -  =

\Pel2grad -  df f .a d  = 0.30822 | 6 ^  =

Pel64  := aco^/3F(54-
2 Ą n D 450 + 9 7 F d )  

180 P el64

P el6 4 gra d  = 59.98601 

|P e l6 4 g ,a d -  Ć>gwrf = -0 .01399]

- 0 „ „ a\ = 1.95754x 10 -

Puc. 4 .3  -  K o p e .^ rn H a  6e3nomyKoBa o^HKa ne.eH ra 3 BHKopHcraHHHM 
64-e.eMeHTHoi .iHiHHoi aHTeHHoi pemiTKH

9. ^ o c flig u ra  3a.e*H icTb C K B  o^ hkh ne .eH ry g .a  g p yro i M oge.i 
Big HacTynHux napaMeTpiB:

42



*HTOMHpCbKa
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-  9 .1 . HanpaMKy ! ;
-  9 .2 . H acroru  curHany ( 1 0 0 - 3 0 0 0 M ^  3 kpokom 100);
-  9 .3 . BxigH oro BigHomeHHa curHan / myM, gE;
-  9.4. npocTopoBe po3HeceHHa 3a HanpaMKoM M i* curHanoM i 

3aBagoro;
-  9 .5 . Tun BiKHa HacoBoro cneKTpanbHoro aHani3y;
-  9 .6 . Tun BiKHa npocTopoBoro cneKTpanbHoro aHani3y.

3 m 1ct 3BiTy. 3BiT noBuHeH MicTuTu:
1. Pe3ynbTaTu gocnig*eHb.
2. Pe3ynbTaTu po3paxyHKiB Ta BignoBigHi rpa^iKu, ix  aHani3.
3. 3po6uTu buchobku: npo o 6 ’ eM BuKoHaHoi po6oTu, hu gocarHeHa MeTa 
po6oTu, hu npaKTuHHi pe3ynbTaTu cniBnanu 3 TeopeTuHHuMu.

KOHTpO.lbHi nUTaHHH
1. ^ k  nepeBecTu Koe^i^eHT nigcuneHHa 3 ge^u6en gE b pa3u 3a

Hanpyroro Ta noTy*HicTro?
2. 3agaHi BegeHHa pagioTexHiHHoi po3BigKu
3. MeTogu BegeHHa pagioTexHiHHoi po3BigKu.
4. ^ o  TaKe BuaBneHHa pagioeneKTpoHHux 3aco6iB
5. ^ k po6naTb nomyK 3a HanpaMKoM Ta HacToToro
6. ^Ki ocHoBHi napaMeTpu cTaTucTuHHoi o^ hku

7. ^ o  TaKe MaTeMaTuHHe oHiKyBaHHa?
8. ^ o  TaKe C K B ?
9. ^ k o^ hutu gucnepciro o^ hku gna MacuBy BunagKoBux gaHux?
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