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BUBPATOPA, IOAHATOI'O HAJI UIEAJIBHOU
HPOBOJALIEN ITIOBEPXHOCTBIO

Meroauueckue yKkazaHus
M0 BBIMIOJIHEHHIO J1a00paTOPHOM pabOThI
JUTSl CTYJICHTOB, 00Y4aOIINXCs 10 CTIeIUaTbHOCTH
10.05.02 «udpopmarmonHast 6€301macHOCTb
TEJICKOMMYHHUKAITUOHHBIX CUCTEM
MO TUCHUIUIMHE «AHTEHHBI U pACPOCTPaHEHUE PATHUOBOIIHY

Kypck 2024



YK 654:004.7

CocraButenu: U.E. Myxun, JI.C. Konres

PeuenseHr
JIOKTOp TEXHUYECKUX HAYK, CTAPIUMK HAYYHBIA COTPYIHHUK,
3aBeyIONIMNI Kadeapoit KOCMUYECKOTO MPUOOPOCTPOCHUS U CUCTEM
cBsizu B.I. Anopornos

Pacyer moJisi 3JIeMEHTAPHOIrO 3JIEKTPUYECKOro BHOpaTopa,
MOJHATOrT0 HAX  HAeAJbHOW  NPOBOASINEHd  IMOBEPXHOCTHIO:
METOJIMYECKHE YKa3aHUsI IO BBIMOJHEHUIO Ja0OpaTOpHOUM padoOThl /
FOro-3an. roc. yu-t; coct.: I.E. Myxun, JI.C. Kontes. — Kypck, 2024. —
10 c.

Meroauueckiue yKazaHWsl 10 BBINOJHEHUIO JIaDOpaTOpHOM pabOThI
COJIEpKaT KpaTKUE TEOPETUUECKUE CBEACHUS O XapaKTepUCTUKAX aHTEHHO-
bUIEPHBIX YCTPOMCTB, CMOCO0AX WX W3MEPEHUsS, 3aJaHhe Ha BBHITIOJHCHUE
nabopatopHOil pabOTHI.

Meroauueckre  yka3aHUsST ~COOTBETCTBYIOT  y4eOHOMY IIJIaHy  IIO
CHEIMAIIEHOCTH 10.05.02 «udopmanmonnas 0€e3011acHOCTh
TEJIEKOMMYHHUKAITMOHHBIX CHCTEM», a Takke pabdodeil mporpamMme IUCHMILUIMHBI
«AHTEHHBI U PaCIIPOCTPAHCHUE PATUOBOIIH.

[Ipenna3HayeHbl IsI  CTYACHTOB, OOyYalOmMMXCS TIO CHEIHUAIbHOCTH
10.05.02 «MudopmanmorHast 6€30MacHOCTh TEJICKOMMYHHUKAIIMOHHBIX CHCTEM) T10
JTUCHUIUIMHE «AHTEHHBI U PaCIpPOCTPAHEHUE PAJUOBOJIHY, & TAKKE VISl CTYJEHTOB
JIPYTUX HANpPaBJICHWH MOATOTOBKM B 00JACTH MH(POPMAIMOHHBIX TEXHOJIOTHH B
CHUCTEME BBICIIIETO 00pa30BaHUs.

TekcT neyaraercst B aBTOPCKOM PEIAKIINU

[Toanucano B meuats 09.07.2024. ®opmat 60x841/16.
VYen. ned. 1. 0,58. Yu. uza. 1. 0,53. Tupax 100 sx3. 3aka3. 658. becmiatHo

FOro-3anagHblil rOCy1apCTBEHHBIM YHUBEPCUTET.
305040, r. Kypck, yia. 50 netr Oxts16ps, 94



1 Ilean padoThbI

—  OCBOMTHh  METOAWKY  pacyeT IMOoJig  3JIEMEHTapHOIO
ANEKTPUUECKOTO BHOpaTOpa, MOTHATOTO HAJ HACATBLHOW IPOBOIAIICH
ITOBEPXHOCTBIO.

2 KpaTkue TeopeTHyeckue cBeeHUS

B cBOOOJHOM  TPOCTpPAaHCTBE  HAMPSHKEHHOCTh  TMOJS  OT
AJIIEMEHTAPHOTO BUOpATOpa OMPEACIISIETCS BHIPAKECHUEM

E, =07LL Gno (1)

Ar

9

riae I, — aMIUTTyia TOKa B aHTCHHE;
[ — nnuHa BUOpaTopa;
6 — yToJ HampaBJCHUS MIPHEMA.

IIpy  pacnonoXeHHu  BEPTHUKAIBHOIO BUOparopa  Haj
MMOBEPXHOCTBED 3€MJIM  BO3HUKAET €r0 3€PKAJIbHOE OTPAXKEHHUE,
dbopMupyroliee TakKe CBOIO TMarpaMMy HaIpaBJICHHOCTH (PUCYHOK 1).

ri F.

Pucynok 1 — Cxema popMupoBanus AByX Jydei B TOUKE MpHUeMa:
MIEPBBIN JTy4d NPSIMOW, BTOPOM JTy4 OTPAKEHHBIN OT 3EMIIH.

PesynbTHpyromas quarpaMma HanpaBJIEHHOCTH B TOUKE npuema B
OyJleT ONpeENATHCS BHIPAKECHUEM
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rae @, — cIBUT (a3bl BTOPOro jyda MPU OTPAXKEHUM OT 3EMIIU; R, -
KOO PUIIMEHT OTpaKEHUS JTyda OT 3€MJIH.

BepTtukanbHbIil BUOpATOp CO3/AA€T rIaBHBIM 00pa3oM BEPTHUKAIBHO
NOJISIPU30BAHHYIO BOJIHY.

Paccmotpum ciydanl uaeanbHO HMPOBOIAILIEH IMOBEPXHOCTH y=oo.
Jis Becex yriloB MaJeHus BOJIHEI Ha MOBEPXHOCTS |R|=1, @=0.

IIpu 3THX yCHOBUSAX:

E, :M-siné’-\/2{1+cos(27ﬁ2h1 cosegﬂ-:Msin@cos(%r%1 cosé’gJ. (3)

r r

Bxomsmuit B 3Ty Qopmyiy uHTEpPEpEHIIUOHHBIM MHOXHUTEIh

cos(%ﬁzh cos@gj MOKa3bIBAE€T Ha CYIIECTBOBaHWE HHTEP(PEPEHITMOHHBIX

h
MAaKCUMYMOB 1 MUHHUMYMOB IIpU JOCTATOYHO OOJIBIIIOM OTHOIIICHHUH j .

1207 1 .
=——-1S1n

g, a
Ar
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o 2
JIeUCTBUTENBHO TPU 7”}11 cosf =0, 7, 2x...., E =E

m min

Ipu 2—ﬁhlcosé’maxz—,— ........ E =E_. =0.
A 22

[TepBbIlii MUHUMYM U3NTy4YeHUs! (HyJb) UMEET MECTO TPHU cos9=ﬁ.
CrneoBaTeNbHO, YE€M BBIIIIE PACIIONOKEH BUOPATOP HAJl MOBEPXHOCTHIO,
TEM YK€ OKa3blBa€TCsl €ro MEpBbIA  JIEECTOK  JIUArpaMMbI
HaIpaBJICHHOCTH.

B,Z[OJII) IMOBCPXHOCTH B T'OPU3OHTAJIbHOM HAIIPABJICHHUHN HWMCCTCA

MaKCUMYM U3JIYUYEHUS, TAK KaK Ipu 4 =90’ cos(zjﬂh1 cos 9] =1.

B BepTUKaJIbHOM HalpaBlICHUM BEPTUKAIbHBIM BUOpaTOp HE
mainyyaer. C  yMeHbIIEHMEM yIyIa ¢  aMIUIMTYAbl  JICTIECTKOB
YMEHBIIAKOTCS 3a CUET BIHUAHUA AUArpamMMbl HAIIPAaBICHHOCTU CaMOIoO
BUOpaTopa.

Ha pucynke 2 mnpexacraBiieHa AuarpaMMa HallpaBJICHHOCTH
BEPTUKAIBHOTO BUOPATOPA, HAXOASAIIETOCA HAJl UICaTbHON MTPOBOISIIECH
ITIOBEPXHOCTBHIO.
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PucyHnok 2 — JluarpaMMa HanpaBJI€eHHOCTH BEPTUKAJILHOIO BUOpATOpAa,
PaCIIONI0KEHHOI0 Ha BBICOTE h =2,51 HAJ UIEAIBHO POBOISIICH
IIOBEPXHOCTHIO

3 3aganue Ha J1a0OpPATOPHYIO padoTy

BeprukanbHblii BUOpAaTOp pacmlojioKEH Ha BBICOTE k=101 HaJ
UJCAUTBHOM TMPOBOAAIICH NOBEPXHOCThIO. I[locTpouTs auarpammy
HAIIPaBJICHHOCTH JUIA 3TOTO Clly4as B IOJSPHOU CUCTEME KOOPIAWHAT.
[locTpoutrh naMarpaMMmy HampaBJIIEHHOCTH [Jii 3TOTO BHOparopa cC
nmoMoIpi0 mporpamMmmuoro ooecrnedeauss MANNA. CpaBHUTH BHJ
pacyeTHOu IarpaMMsl HaIIPaBJIECHHOCTH 17| IarpamMMsbl
HAIPaBJICHHOCTH, TOJYYEHHOW C mnomombio nporpammel MANNA.
OOBSICHUTH pa3IMude W HaJaudue OOJIBIIIOTO KOJHUYEeCTBA OOKOBBIX
JIETIECTKOB.

BapuaHTsl BBINOJIHEHUS J1TA0OPATOPHO pabOTHl BHIOMPAIOTCS MO
NOPSIIKOBOMY HOMEPY CTYAEHTA B CIIMUCKE IPYIIIBI U3 TaOIUIbI 1.

Tabnuma 1 — BapuanTtsl 3aanuil Ha 1a00paTopHyI0 paboTy
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10.

2=10m

A=20m

A=5M

=1Mm

2=15m

A=25M

A=100m

A=TMm

A=2M

A=8M

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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A=9m A=12m | A=50M | A=17m | A=4mMm 2=150m | A=120m | A=110Mm | A=32M | A=11m

21. 22. 23. 24, 25. 26. 27. 28. 29. 30.
A=31m | A=35m | A=14Mm | A=45m | A=10M | A=28m | A=3m A=0,1m | A=19m | A=250M
31. 32. 33. 34, 35. 36. 37. 38. 39. 40.

A=10Mm | A=15Mm | A=20M | A=25m | A=30Mm | A=40m 2=45m 2=50m 2A=55m | A==60Mm

4 MeToanyeckue yKa3aHHMsl 10 BBINOJHEHUIO J1a0OPATOPHOU
padoThI

4.1 Heo06X0MMO MOCTPOUTH MOJISIPHYIO CUCTEMY KOOPMHAT.

4.2 Tlpoussectu pacuetsl o ¢hopmyse (3), onpeaeauB MUHUMYMbI
Y MaKCHUMYMBbI IHarpaMMbl HAIIPABJIEHHOCTH.

4.3 TlocTpouTh B MOJISIPHOW CHUCTEME KOOPJAMHAT MUHUMYMBI U
MaKCHMYMBbI IHarpaMMbl HAIIPaBJICHHOCTH.

4.4 3anarthb rapamMeTpbl BEPTUKAIIBHOI'O BHOparopa:
MPOCTPAHCTBEHHBIE KOOPJIUHATHI, BBHICOTY MOJHSATUS HaJ 3emiiei, BUJ
MPOBOJISIIENA MOBEPXHOCTH M TMOCTPOUTH C MOMONIIBID MPOrPaMMHOIO
oOecreueHus MMANA-GAL auarpaMmmy HAIPaBJICHHOCTU
BEPTUKAJILHOTO BUOpATOpa, MOAHATOr0 HaJ 3emiei (pucyHok 3-6).

FeomeTpMﬂ| Bug | Bbll-lHCJ'IEHMFll Ouarpamma HanpaaneHHocml

MMH| YacToTa (LEAED Tl My r B namBaax
MpoBoaos 1 ABTOCErMeHTaLns; DM1|300 j DM2 180 _'J sSC |2-D _'J ECl1 j I He paspbiBaTth
No. X1{m) | Y1{m) | Z1(m) X2(m) | Y2(m) | Z2(m) | R{mm) | Seg. |
1 0.0 0.0 1.0 0.0 0.0 0.0 0.8 -1
cneg.
WNeTounukos 1 ¥ OAWHaKOBble MCTOYHWKN Harpysok O ¥ BKNOYKTE Harpyaku
No. PULSE Phase dg Volt. V No. PULSE | Type | L{uH) | C(pF) | Q | F(MHz)

1 wle 0.0 1.0 cnea.

cneg.

Pucynok 3 — 3amanue napaMmeTpoB Ha BKIagke «I eomeTpusi»




I 1panRa  LGPDHL  RINL RO

FeomeTpnﬂ| By, BbIHMCJ'IeHVIFl| Auarpamma Hal‘lpaBJ‘IEHHOCTM|

Noname
ANMHA BOMHBI = 21.187 (m)
REGEEY14.150 Iy BCEIO TOMEK N1 PACYETA = 9
HWXKHSASA TOYKA AHTEHHbI = 210.000 M
3emns 3AMONHEHME MATPUL,..
PACYET MATPHLI,..
' CpobogHOe NpOCTPaHCTBO TOYKA U (B) | (MA) Z (Owm) KCB
wile 1.00+0.00 0.00+0.04 0.28-26796.99  1999999.00
1 PACYET TOKOB...
AsaleHas PACYET AWATPAMMBI HAMPABNEHHOCTY ...
PACYET AHTEHHbI YCMELLHO 3ABEPLLEH
~ PeanbHan 0.02 sec
Beicota|210 MR
Matepuan bes noTepe -

No. F (M) R (Om) X (Om) KCB 50 | Gh(dBd)| Ga (dBi) | F/B (dB) | Elev(rp)| 3emns | Beicota | lNonsp.

1 4 0.277 -26796 1990099 - 7.92 - Waean. 210.0 BEPT.

PrucyHok 4 — Pe3ysibTaThl BBINOJIHEHWS BBIYMCIEHNU B TPOTpaMMe
MMANA-GAL

Ga:7.892dBi=0dB (V nonapusauuns)

F/B: 0.00 dB; Tewin: Asmm. 120 rp, Snesauua 60 rp

F: 14.150 MI'y

Z:0.277 - [26796.994 Om

KCB: 1989999.0 (50.0 Om),

Elev. rp.. 0.0 rp. (Maean. semns. Beicota = 210.00 M)

Pucynok 5 — Pe3ynbrar nocrpoenus nonsipaou JJH B mporpamme
MMANA-GAL
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Pucynok 6 — Pesynbrat nocrpoenus tpexmepunout JIH B mporpamme
MMANA-GAL

4.5 CpaBHUTE AuarpaMMbl HaMpPaBJICHHOCTHU, IOJYYECHHBIE
pacyeTHBIM U MPOTrPaMMHBIM METOJIaMHU.
4.6 O0ObsCHUTE HAINUYHE OOKOBBIX JICIIECTKOB.

S TpeOoBanussi Kk o(OpMIIEHHI0O OTYETA MO BbBINOJHEHUIO
JIJa0opaTopHOil padoThI

Otuér HaOupaercs kommbtoTepe B (opmare .doc unm .rtf u
neyaTaeTcs Ha OJHOW CTOpOHE JucTta Oenoit Oymaru Qopmara A4
(210%297).

Pasmepsl nonen:

— BEpPXHEE MoJie — 2 CM;

— HHUKHEE T10JI€ — 2 CM;

— JICBOE TI0JIE — 3 CM;

— npasoe nojie — 1,5 cMm;

—nepemyer — 0 cMm.

BoipaBHuBanue Ttexcra — no mupuHe. lpudrt — Times New
Roman. IIser mpudra — u€pnsiii, pazmep mpudrta — 14. Texct padoThl
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neyaraercs ¢ adzarHoro orctyna 1,25 cM. MexaycTpouHbIii HHTEpBAJ —
1,5. JlonoaHUTEIBHBIE OTCTYIIBI 10 U MOCJe ab3aleB He MPUMEHSIOTCS.

Hecnoxxubie popMyabl JOKHBI ObITh HAOpaHbI C UCIIOIL30BAHUEM
koMaHnbl «BcraBka—CumBom». CnoxkHble (QOpMyIbl TOJKHBI OBITH
HaOpansbl B peaakrope MathType 6.0 Equation.

OTuéT mNO BBINOJIHEHUIO JIA0OPATOPHOM  pabOThl  JOJKEH
COJIEPKATh:

— Ha3BaHUE MpeaMETa, HOMEP U Ha3BaHUE JIAOOPATOPHOI pabOTHI;

— (haMuUIMIO M MHULIMAIBI ABTOPa, HOMEP TPYIIIIbI;

— (haMHJIMIO U MHULIUAJIBI TIPETIO1aBaTeNs;

— 11eJIb PaOOTHI;

— MIepEUYCHb UCIIOIB3YEMOTO 000PY/I0BAHUS;

— MOCJIEI0BATEIbHOCTh JEUCTBUI MPU MPOBEJACHUN UCCIIEI0BAHUI;

— BBIBO/JI O MIPOJICIaHHOM paboTe;

— OTBETHI HA KOHTPOJIbHBIE BOMIPOCHI;

— JIaTy BBITIOJIHEHUS U JTUYHYIO MOJIIKCH.

Pe3ynbTaThl pa3iMyHBIX U3MEPEHUN HEOOXOAMMO MPEJCTaBUThH B
BHUJIE HECKOJBKHX CaMOCTOATENIbHBIX Tabmuil u rpadukoB. Kaxmas
Tabnuia W Kaxapld rpaduK AOJKHBI MMETh CBOM 3aroJioBOK U
UCXOJHBIC TaHHBIE PKCIIEPUMEHTA.

[Ipy BBIMOJIHEHWU YMUCJICHHBIX PAcdyeTOB HAJIO 3amucaTh (popmyiy
ONpeNesIEMOM BEIMYUHBI, CHEIaTh COOTBETCTBEHHYIO UHCICHHYIO
MOJCTAHOBKY U MTPOU3BECTU BHIUUCIICHUSL.

6 KoHTpOJIbHBIE BONIPOCHI

1. JluHeliHble CHUMMETpPUYHBIC DJIEKTPUUYECKUE BHOPATOPHI
KAKOW JIJTMHOW OOBIYHO MPUMEHSIIOTCS HA MTPAKTUKE?

2. KakoBa mnpuumHa o0Opa3oBaHUs  OOKOBBIX  JICTIECTKOB
aMILTUTYJHOU JarpamMMbl HaIMpaBJICHHOCTH JVHEHOTO
CUMMETPUYHOTO 3JIEKTPUYECKOro Bubparopa?

3. Ilouemy BXOJHO€ CONMPOTHUBIICHUE JTUHEHHOIO CUMMETPUYHOTO
ANIEKTPUUECKOTO0 BHOpaTtopa SBIAETCS MCKIIOYUTEIBHO BAXXHBIM €ro
napamMeTpom?

4. B yeM COCTOMT MNPUHITUIIHAIbHAS OCOOCHHOCTh HM3MEHEHMUS
BXOJIHOTO CONPOTHUBIICHUS TUHEMHOTO CUMMETPUYHOTO IJIEKTPUUECKOTO
BHOpaTOpa B 3aBUCUMOCTH OT pajiMyca MpoBoja ero mieya?

5. Kakue nuHeilHble CUMMETPUYHBIC AJIEKTPUUYECKUE BHOPATOPHI
HAa3bIBAECTCS CBSI3AHHBIMU ]
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6. Uem omnpenaensieTcss 3HaYEHUE MHOXKHUTEJISI CUCTEMBI CBSI3aHHBIX
BUOpaTOpPOB?

7. Ilpn KakuxX yCIIOBHUSIX B CHUCTEME JBYX CBSI3aHHBIX JIMHECHHBIX
CUMMETPUYHBIX IJIEKTPHUIECKUX BHOPATOPOB B3aWUMHBIE COMPOTHUBICHUS
pPaBHBI HABEJICHHBIM?

8. B dYeM npuHUMIUaNbHAs pa3HUIA MEXJIYy NEPBUYHBIM U
BTOPUYHBIM JIMHEWHBIM CHMMETPUYHBIM 3JICKTPHUYECKHUM BHOPATOPOM B
CHCTEME JIByX CBSI3aHHBIX BUOPATOPOB?

9. UeM oTiIMyarOTCs HaNpaBJICHHBIE CBOWCTBA CHUCTEMBI JIBYX
CBSI3aHHBIX JIMHEHHBIX CHMMETPUYHBIX DJJIEKTPUUECKHX BHOPATOPOB,
KOrJla BTOPHUYHBIM HM3JIydaTelb padoTaeT B pexkuMe pediekTopa HIH
nupexTopa’?



MHUHOBPHAYKHN POCCUH
denepalibHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTebHOE
YUPEKICSHUE BBICIIIEI0 00pa30BaHUS
«}Oro-3anagHplii rOCy1apCTBEHHBIM YHUBEPCUTET

(IO3T'Y)

Kadenpa kocmuyeckoro npubOpoCTpOEHUS U CUCTEM CBS3U

NCCIEAOBAHUE XAPAKTEPUCTHUK
CUMMETPUYHOI'O BUBPATOPA

Meroandeckrue yka3zaHHsI
10 BBITTOJTHEHUIO JJA00PaTOPHOU pabOThI
JUTSl CTYJICHTOB, 00Y4YarOIINXCsl MO CTEeIUaTbHOCTH
10.05.02 «MudopmarnimonHasi 6€30MacHOCTb
TEJICKOMMYHHUKAITUOHHBIX CUCTEM)
10 JUCIUTUIMHE «AHTEHHBI M paCIIPOCTPAaHEHUE PaIMOBOTHY

Kypck 2024



YK 654:004.7

CocraBurenu: U.E. Myxun, /I.C. Konres

PenenseHnt
JIOKTOp TEXHUUYECKUX HAYK, CTAPLINN HAYYHBIA COTPYAHHUK,
3aBeAyrONINi Kaeapoi KOCMUYECKOTO MPUOOPOCTPOCHUS U CUCTEM
cBsi3u B.I. AHOponos

Hcciienopanne XapakTepucTHK CHMMETPUYHOI0 BHOpaTopa:
METOAMYECKHAE YKa3aHHUS IO BBINOJIHEHUIO J1abOpaTOpHOU paldOThl /
FOro-3amn. roc. yu-t1; coct.: UI.E Myxun, /I.C. Kontes. — Kypck, 2024. —
11 c.

Meroauueckre yKazaHHsi TIO BBIMOJHEHHUIO JIaDOpaTOpHOM PabOTHI
COJIepKaT KpaTKUE TEOPETUUECKUE CBEACHUS O XapaKTepUCTUKaX aHTEHHO-
buIepHbIX YCTPOWCTB, CIOCO0aX WX U3MEPEHUs, 3aJaHus 10 BBIMTOJIHEHUIO
paboThI, a TAKXKE MEPEUCHBb BOITPOCOB JIJIsI CAMOIPOBEPKHU U3Yy4aeMOro MaTepuasa.

Mertoauueckue  ykKazaHus  COOTBETCTBYIOT y4yeOHOMY IUJIaHy 1O
CIEUAIBHOCTH 10.05.02 «udopmanmonnas 0€30MacCHOCTh
TEJIEKOMMYHUKAITMOHHBIX CHUCTEM», a Takke pabodeil mporpamMme JIUCHMILIUHBI
«AHTEHHBI U PaCPOCTPAHEHUE PAJTUOBOJIH.

[Ipeana3zHaueHsl 171 CTYJIEHTOB, OOYYaroONIUMXCS TIO CIEIHAIbHOCTH
10.05.02 «MudopmanmionHast 6€301MacHOCTh TEICKOMMYHUKAIIMOHHBIX CHCTEMY 110
JTUCIUTUINHE «AHTEHHBI U PACIIPOCTPAHEHUE PAAMOBOIIHY, a TAKKE ISl CTYJIEHTOB
JIPYTUX HANpPaBJICHUN MOJATOTOBKM B 00JaCTH WH(OPMAIMOHHBIX TEXHOJIOTHHA B
CUCTEME BBICIIETO 00pa30BaHUs.

TekcT nmeyaraercsi B aBTOPCKOM PEIAKIINU

[Toanucano B medats 09.07.2024. ®opmat 60x841/16.
Ve ned. 1. 0,64. Yu.-u3zga. 1. 0,58. Tupax 100 sx3. 3aka3. 660. becruiatHo
FOro-3anagHblil rOCyJapCTBEHHBI YHUBEPCUTET.
305040, r. Kypck, yia. 50 netr Oxts6ps, 94



1 lleab padoThI:

— U3Y4YUTh CBOMCTBA CUMMETPUYHOIO BUOpPATOpPA, OCBOUTH OCHOBBI
MPOEKTUPOBAHUS AaHTEHH JJIsl pa0OTHI HA Pa3HBIX YACTOTAX C MOMOIIBIO
COOTBETCTBYIOIETO MPOrPAMMHOTO 00ECTICUCHUSI.

2 KpaTkue TeopeTu4ecKue CBeICHUs
2.1 Pa3pe3Hoii moJ1yBOJIHOBOM BUOpPaTOp

IIpocrenimas TeeBU3MOHHAA AaHTCHHA — PA3PE3HOU MMOJYBOJIHOBOM
BUOpaTop (pucyHok 1).

[MNepexnagwsn

Blara

Pvap

k.

Pucynok 1 — Pa3pe3Holi oiayBOTHOBOM BUOpATOp U
CUMMETPHUPYIOLIEE YCTPOUCTBO

AKTHBHAs 4acTh aHTEHHBI 0Opa3oBaHa JBYMS METANIMYECKUMHU
TpyOkamu guamerpom 15...20 mm. Ilmeun BuOpatopa Kpemarcs K
TOPU30HTAJILHOW TEpPEKJIaIMHE, KOTOpas YCTAaHOBJICHAa Ha BEPIIUHE
MauThl. MadTa MOKET OBbITh METANIMYECKOW WM JACPEBSHHOM, HO
nepekyiaanHa  00s3aTeIbHO  JO/DKHA  OBITh W3 H3OJISIIIUOHHOTO
Marepuarna.

BxoaHoe cOnmpoTHBIECHHUE MOJYBOJIHOBOTO BHOpaTOpa COCTaBISET
73 OMa u XOpOIIO COTJIaCyeTCs ¢ KOAKCUAIBbHBIM KaOejaeM, UMM
BOJIHOBOE compoTuBiieHne 75 OM. OpgHako Uit TOAKIIOYCHUS
KOAKCHAJbHOTO Kabeias K aHTeHHE CHUMMETPUYHONM KOHCTPYKIIUU
HEOOXOJMMO YCTAaHOBUTH CHUMMETpHUpYIoliee ycTpoicTBo. Haumboiee
4acTO B Ka4€CTBE TAKOTO CHMMETPHUPYIOIIEr0 yCTPOMCTBa, KOTOPOE HE
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VU3MEHSIECT BEJIWMYUHY BXOJHOIO COIMPOTHUBJICHHUS AHTEHHBI, UCIOJb3YIOT
YCTPOMCTBO, Ha3biBaeMoe U-KOJIEHOM — PUCYHOK 2.

Ownep

,—J
Pucynok 2 — Cummerpupytomee U-KOnEHO:
a — JNIMHHBIA OTPE30K AIUHON 3A/4;

0 — KOPOTKHUI OTPE30K JJIUHON A/4

U-koneHo  oOpa3oBaHO  JBYMs  OTpe3KaMHU  /5-OMHOTO
KOAaKCHAJIbHOTO Kabesst. [[muHa BosiHbI B Kabene A B 1,52 pa3a MeHbIIIe
A — B cBOOOHOM MipocTpaHcTBe. J[yinHA KOpoTKOro otpeska ls = A4, a
nuHHOTO — 1y = 3A/4. K Touke ux coequHeHus MOAKI0OYaeTcs Guaep,
TaKXe€ BBIMIOJIHEHHBIH u3 75-oMHOro kaoOens. KopoTkuii oTpe3ok O
BMECTE C BEPXHEM 4YaCThIO IJIMHHOIO OTpPE3Ka a TaKOW K€ IJIUHBI
00pa3yloT ABYXIIPOBOJHYIO JUHUIO C BOJHOBBIM comnpoTuBieHueMm 150
OM u TpaHcHOPMUPYIOT BXOJHOE CONMPOTHUBIICHUE aHTeHHBI ¢ 75 10 300
OM. OcrtaBmiasica 4acTb OTpe3Ka a oOpa3yeT MOJIYyBOJHOBYIO METIIO,
KoTopasi, cHmxaetr comnpotuiieHue 300 Om B 4 paza, no 75 Om. K
anTeHHe U-KOJIEHO MOJKJIF0YaeTCsl B TOYKax a v a'.

B Tabnuue 1 naHbl 3HaUYeHUs IJIMHBI TTOJIYBOJHOBOTO BUOparopa L
ISt 1I000T0 U3 12 METPOBBIX KAHAJIOB IMPH JIBYX 3HAUCHHUSAX IHaMeETpa
npoBojia: d = 1 Mm u d = 4 MM, a Takke pa3Mepsl oTpe3koB U-KoJieHa.

Tabnuma 1 PazMepbl poBOJIOYHOTO OJYBOJHOBOTO BHOpaTopa

Homep I 2 3 4 5 6] 7 [ 89 [10]11]12
d=1ww; L, mm 2764 | 2341 | 1815 | 1650 | 1513 | 816 | 781 | 749 | 720 | 692 | 666 | 643
d=4ww; L, mm_|2576 | 2334 | 1809 | 1645 | 1509 | 814 | 779 | 747 | 717 | 689 | 663 | 640
I, My 2798 | 2372 | 1840 | 1674 | 1535 | 829 | 794 | 761 | 731 | 703 | 677 | 654
I, Mm 933 | 791 | 613 | 558 | 512 | 276 | 265 | 254 | 244 | 234 | 226 | 21
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JuarpaMma HalpaBJI€HHOCTH IIOJYBOJIHOBOIO BHUOpaTopa B
TOPU30HTAJIBHOW IUIOCKOCTA HMMEET JBa OJIMHAKOBBIX JIETIECTKA
(pucyHok 3), ¢ HyJEBbIM MNPUEMOM B HAMNpPABICHUSIX BIOJIb OCH
BHOparopa.

! y 3
e, S
Ly Ly

Pucynok 3 — JluarpamMma HampaBJI€HHOCTH MOJIYBOJHOBOTO BUOpaTopa

[MlupuHa  aAuarpaMMbl 1O  TOJIOBUHHOM  MOIIHOCTH  (TI0
HanpsokeHuto Ha ypoBHe 0,707; 3 ab) cocrtaBmser 80°. Jlmarpamma
JOCTATOYHO IIUPOKA, U MOBOPOT AHTEHHBI OTHOCUTEIIBLHO HAITPABJICHUS
Ha TIepeJalollyl0 aHTeHHY B mpenenax g0 20° B 00e CTOpOHBI Malio
BIIMSIET HA YPOBEHBb IIPUHATOrO CUTHANA. /(narpaMMa HanmpaBJIIEHHOCTH B
BEPTUKAIBHOW IIOCKOCTH — OKPYXKHOCTh, B BEPTUKAJIBHON IUIOCKOCTH
AHTEHHA OKAa3bIBACTCS HEHANPABICHHOM.

Pacder anuHbl BHOpaTtopa MOpPOU3BOJUTCS AHAIOTMYHO PaCUETy
MPOBOJIOYHOM aHTEHHBI C YyueToM Kod(dduuuenta ykopouenus [Jl.
MPUBEJICHHOTO B TAaOIHIIE 2.

Tabnuna 2 — Pa3mepsl aHTEHHBI Pa3pe3HOro MOJTYBOJHOBOM BUOpaTtopa
Kanansl { 2 3 <l 5 6 . 4 1o 11 Nz

= 16 mm: 2685 2273 1762 1599 (1465 [TRS 751 [720 91 |66d B4 @17
S,

= 30 mim; 2068 2261 1747 |1587 (1454 (776 [742 [711 1682 |655 B30 w07
5. B

rLL.f.w.u 1418 |1202 P32 I!';le 778 W20 W02 B86 (370 356 343 331




2.2 IleTseBoii BUOpaToOp

O6a nmuieya mMeTIEBOrO BUOpaTopa BBIMNOJHEHBI B BUJE
KOPOTKO3aMKHYTBIX MUICH(POB € IMHON KaXKAOTr0 NPUOIUZUTEIHHO
paBHOU 1/4 nnvHbl BoJIHBL. TakuM oOpa3om, MOJIHAS JJIMHA TETJIEBOTO
BUOpaTopa, Kak U Pa3pe3HOro, COCTABJISIET OKOJIO IMOJIOBUHBI JJIMHBI
BoJIHBL. CepeauHa BepXHEH Hepa3pe3aHHOM 4acTH BUOpaTopa SBIISICTCS
TOYKOW HYJIEBOrO IMOTEHIMAa, YTO MO3BOJISAET B 3TOM TOYKE KPEIHUTH
BUOpATOp K METAUIMYECKOM MauTe 03 H30JISIUU JIFOOBIM CHOCOOOM:
CBApKO#, 3aKJICMOYHBIM UM BUHTOBBIM COCIMHEHUEM.

[letneBoit BUOpaTOp BBHIMOJHIETCA U3 TEX K€ MaTEpHUAsOB,
KOTOpbIE€ PEKOMEHJIOBAIUCh JJisl pa3pe3Horo BuOpartopa. Pamuyc
3aKpYTJICHUS KOHIIOB TMI€TJIEBOr0 BHOpaTopa HE HMEET 3HAYCHHUS.
MoXHO HaaXe COEAUMHUTHh BEPXHIOK M HUXHHUE TPYOKH MO Kpasm
NEPICHANKYISIPHBIMA UM METANIMYECKUMH TMepeMbluykamMu. B Toukax
MUTAaHUS KOHIBI TPYOOK HYXXHO CIUTIOmUTh. [lpu pacuere IiIMHBI
NeTJaeBOro  BuOpaTopa nisg  omnpeneieHuss  kKoddduimeHta  ero
YKOpPOYEHHUs BMECTO AuamMeTrpa TpyOok BuOpatopa d Oepercs cpenHee
T€OMETPUUECKOE MEXKIY HAPYKHBIM AUAMETPOM TPYOKHU U PaCCTOSHHEM
MEXK]ly OCSIMA BEpXHEHN M HMXKHEN TPYOOK, TO €CTh KOPEHb KBAIPATHBIM
U3 ux npousBeneHus. [losToMy meTseBoil BUOpaTOp OOBIYHO KOpOYE
pa3pe3Horo.

BxonHoe compoTuBiEHHE TETIEBOro BUOpaTopa coctaBisier 292
Oma — cumuraercs npubarkeHHo paBHbIM 300 OM. {1 moakItoueHus K
METIEBOMY BUOpATOpy 75-OMHOr0 KOAKCHAJIBHOTO KaOensi He0OX0AuMO
YCTaHOBUTH CUMMETpHUpYIoIe-coriacyroliee ycrporctBo (CCY) B Buje
MOJIYBOJTHOBOM NETIH (PUCYHOK 4).

—

Maqra

[
AP

Pucynok 4 — IletneBoit BuOpaTop
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[TomyBOJIHOBass TETJSI YMEHBIIAET BXOJHOE CONPOTUBIICHUE
aHTeHHbl B 4 pa3a. BxogHoe COINPOTHUBIEHHE KaXKIOW NOJOBUHBI
METJIEeBOro BUOpaTopa MEXJy TOUYKOW MUTAHUS W TOYKOW HYJIEBOIO
noTreHuana cocrasisier 146 OM, U 3TH CONPOTHUBJICHHUS COCIUHCHBI
nocJyieioBaTesibHo, 00pa3yss 292 Owma. IlomyBoiHOBas meTis, He
U3MEHSISI COMPOTUBIICHUE OJHOM IMOJOBUHBI BUOpaTOpa, U3MEHSET a3y
curHaiga Ha 180° — B TOYyke MOAKIIOYEHUSI (Puaepa CONMPOTUBICHUS
MOJIOBUH BUOpaTOpa COEAMHEHBI mapajuieabHo, oopaszysa 73 Owma. Ilpu
pacuere MOJYBOJHOBOM METIM HEOOXOAMMO MOMHHTH, YTO €€ JJIMHA
JOJDKHA OBITh paBHA IIOJOBHMHE CpEeAHEW MJIMHBI BOJHBI CUTHAjla B
kabeine, To ecTh B 1,52 pa3 MeHbIIIe TTOJIOBUHBI CPETHEH JTMHBI BOJIHBI B
CBOOOIHOM MpocTpaHCTBE. B Tabnuiie 3 mpuBOAUTCS JJIMHA METIEBOTO
BuOpaTtopa B, BwImosHeHHOro w3 TPYOkH auameTrpoMm 20 MM TpH
PacCTOSTHUU MEXKIY ocaMHu Tpyook 80 mM, a Takxke jiuHa netriau I B
pa3BEpHYTOM BHJIC JJIsI JIIDOOTO METPOBOTO KaHaja.

Tabnuua 3 — Pasmepsl anTeHHbI «I10yBOTHOBOM METIEBON BUOPATOP»

Kananm |l [} 3 -] 5 ] i hy L} 1o (11 12

B,wmwm 26539 2252 (1740|1579 (1443 [770 [/35 [J04 676 648 625 [HO2

I, msa (1865 (1581 (1227 1116 (1023 (553 [529 508 M8 BeY M52 436

Bxo/iHOE cONpOTUBIIEHHE NETIEBOr0 MOJIYBOJHOBOrO BHOparopa
cocraisieT 292 Oma TONBKO B TOM CIIy4ae, €CIIH OH IOJIHOCTBIO
BBITIOJTHEH M3 TPYOOK OJMHAKOBOrO JMAMETpa; B MPOTHBHOM Ciydae
BXOJHO€ COMNPOTHUBJIEHUE IMETIEBOTO BHOpATOpa MOXKET 3HAUYUTEIHHO
ommyatbess OoT 292 Om. DTO CBOHCTBO TETIIEBOro BHUOpaTopa
UCIIONB3YETCS JJIsl  COTrJIacOBaHMsl C (PUAECPOM MHOTORJIEMEHTHBIX
AHTCHH.

NuHorna TtpeOyercsi TMOAYyYWTh 3HAYUTENIBHO OOJIbIIEE WIIU
3HAYUTEILHO MEHBIIIEE BXOIHOE COMPOTUBIICHUE TIETIEBOr0 BUOpaTopa,
4eM ATO MO3BOJISIET MCMOJIb30BaHHE TPYOOK pa3HOro JAuaMeTpa — JH0Oo
HIDKHSISL TpyOKa JOJDKHA OBITh OYEHb TOHKOM, JTMOO BEpPXHSISI OYEHb
TosicToil. B 3TOM cityuae mpejjaraeTcss U3roTOBUTh TPOMHOM BHOpaTOD,
COCTOSIIIUM U3 OJHOM pa3pe3aHHOM TpyOku c nuamerpom dl u aByx
Hepa3pe3aHHbIX TPyOOK auameTpom d2 Kaxkias.

NHorna mnpu M3roTOBJAEHUM TIETIEBBIX BHOPATOPOB TpeOyeTcs
TpyOKa Takoro OOJBIIOTO JUAMETpPa, UYTO €€ Macca OKa3bIBaeTCS
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ype3MepHOU. B 3TOM cilydae MOXKHO HCIOJIb30BATh BMECTO TOJCTOU
TpyOKH HECKOJBKO TMPOBOJOB, PAaBHOMEPHO PACHOJOKEHHBIX IO
oOpa3ytole HWIMHAPA W OPUNASHHBIX K KECTKUM METALIUYECKUM
koJibliam. Takoii BUOpaTop, MOKa3aHHBIM Ha PUCYHKE S5, BIEPBBIC ObLI
npeanoxen C. WM. HaaeHeHKO W HM3BECTEH MOJ HA3BAHUEM JUIIOJS
Hanenenko.

A\ 4% A s
< D & [T

Pucynox 5 — /lunnons Hanenenko

AHaAJOTUYHO MOKHO BBITIOJHUTh BEPXHIOK YacTh METIEBOTO
BuOpaTopa. JlmameTrpoM Takoro MPOBOJOYHOTO aHajora TPyOKH MIpH
onpeaeneHu kodhPUIMeHTa N ¥ BXOJHOIO COMPOTUBJICHUS aHTCHHBI
ABJISICTCSL PACCTOSIHUE MEXY MPOTUBOIOJOXHBIMU MPOBOJAMU JUTIOJIS
Hanenenko.

OCHOBHOW  HENOCTATOK  MOJIYBOJIHOBOTO  Pa3pe3HOro  WIIH
METIEBOr0 BUOPATOPOB — HEBO3MOKHOCTh C UX TMOMOIIBIO MPUHUMATH
HECKOJIBKO MPOrpaMM II0 Pa3HbIM YaCTOTHBIM KaHajlam. Takasd 3amada
MOXET OBITh pelIeHa C TOMOIIBI0 IIUPOKOMOJIOCHON 12-KaHaIbHOM
anTeHHbl TAW-12 (TeneBU3NOHHAs aHTEHHA UHIWBUAYaJIbHAs, PUCYHOK

6).

Pucynok 6 — Autenna TAU-12



9

OHa wuCHonb3yeT BEEpHbIM BUOPATOP C CUMMETPUPYIOIIUM
KOPOTKO3aMKHYTBIM ~ MOCTHKOM. [lmeunm  BeepHoro  BuOparopa
0o0pa3oBaHbl MapaMu METAUINYECKUX TPYOOK, PACHOI0KEHHBIMU OJIHA
OTHOCHUTENBHO Apyrou nmoxa yriaom 40°. InuHa TpyOOK BhIOpaHa MCXOMs
u3 cpennet nnuHbl BoaHBI [...III guamazonoB. Ecam Obr 00a muieda
BEEPHOr0 BUOpaTOpa pacnoyiarajiich B OJHOM IJIOCKOCTH, JAUarpamma
HaMpaBJICHHOCTA AaHTEHHbI UMeJIa Obl BHJ BOCBMEPKH, Kak Y
MOJIyBOJTHOBOTO BHOpaTopa, W NpUHUMaga Obl CUTHaJIBl C OOOUX
MPOTHUBOMOJOKHBIX HANpPAaBICHUM, TMEPHEHIUKYISPHBIX IUIOCKOCTH
AHTCHHBI.

N3-3a Toro, yTo AsMHa 000MX IUIeY BeepHOro BUOpaTopa Ha 6...12-
OM KkaHajlax MPEBBINIACT JJIMHY BOJHBI, MPOU30ILIO0 OBl pa3gBOCHUE
TJIABHOTO JIETIECTKA JUarpaMMbl ¢ 00pa3oBaHHEM OOKOBBIX JICTIECTKOB U
C ociabJIeHMEM TpHeEMa C TJIaBHOTO HampasieHus. Bo nz0exanune >Tux
SBJICHUW TIJIEYM BEEPHOIO0 BHOpaTOpa MOBEPHYTHI MO HAMPABJICHUIO K
nepenatuuky Ha yron 30°. B pe3ynprare pasnBaMBaeTcs 3aJHUAN
JIENIECTOK JUarpaMMbl HAIIPABICHHOCTH U OCHA0JISIETCA IPUEM C 3aJHETO
HampaBlicHUs. Bmecte ¢ TeM HaKIaAbIBalOTCS OJWH Ha JpPYyrou
Pa3BOCHHBIC YaCTH TJIABHOTO JIEMECTKA AUArPaMMBbl, U €r0 MAaKCUMYM
COBIAJAET C IIABHBIM HAIPABJICHUEM MPUEMA.

JInuHa ~ CUMMETPUPYIOHIETO0  KOPOTKO3aMKHYTOIO  MOCTHKA
COCTaBJIACT NpUMEPHO 1/4 NIWHBI BOJHBI B Auarna3oHe 1...5-ro kaHayioB
U 3/4 nnavHBI BOJHBI B auana3oHe 6...12-ro xkaHanoB. [loaTomy Bo BceM
paboyeM auana3oHe 4acTOT €ro COMPOTHUBJIEHUE TOCTaTOYHO Benuko. K
bunepy wu3 75-OMHOro KOAKCHAJIBLHOIO KaOeds JuIsl  yJIydIlleHUs
COTJIACOBAHUA TMOJKJIIOYAETCS OTPE30K 92-OMHOTO KOAKCHAIIBHOTO
kabenst quHor 700 MM (OIIeTKa — ¢ OTUJICTKOM, IEHTpaJIbHAs JKuja — C
LHEHTPAJIIBHOW KUJION) W 3TUM OTPE3KOM 3aBOJUTCS BHYTPb OJHOW W3
TpyOOK MOCTHKA. 3JE€Ch OIUIETKAa OTpPE3Ka IMPUIAUBACTCS K ITOU XKe
TpyOKe, a IEHTpaIbHbIA MPOBOJHUK — K MPOTUBOIOJIOXHOU. TpyOKu
MOCTHKA B HIJKHEH YaCTH 3aMBIKAIOTCA IEPEMBIUKOW, IEpeIBUTas
KOTOpYIO Jo00uBaroTcsa Hauiyumiero npuema. Ha 1..5-Om kanamax
BeepHbI BUOparop obnanaer ycunenuem 0 ab, a Ha 6... 12-OM kaHanax
— okoJio 1,5 nb.

ITpu M3TOTOBIICHUU AHTCHHBI MOYHO HCTOJIb30BaTh
METaJUTMYECKUE TPYOKH C HAPYX HBIM TuaMmeTpoM 15...20 MM, KpenuThb
AHTEHHY MOKHO K METaJUIMYECKON MauyTe XOMyTaMU 3a Ty TPYyOKy
MOCTHKA, BHYTPH KOTOPOU MPOXOAUT puaep, mpudeM MauTa He JOJKHA
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pacrmojaraTbcsi MeXay TpyOkaMu MocTuka. Vcnonb3oBaTh OTpe30K 92-
OMHOTO Ka0eJsi He 00s3aTelbHO.

Omua wn3 HexmoctatkoB anHTeHHBEI TAHM-12 — HemgoctaToyHO
MIOJIABJICHHBIM MPUEM C 3aJHETO HampaBieHus, Tak kak K3J[ srtoi
AHTEHHBI HA PAa3HBIX JHANA30HAX JEXKUT B npenenax 2...5 nb. Iloaromy
OblTa pa3paboTaHa M BBITYCKAETCS MPOMBIIIICHHOCThIO 12-KaHalbHas
antenHa WTA-12 (unauBuayanbHas TEJIEBU3MOHHAs  aHTEHHA),
BHEIIHUM BHUJ KOTOPOM M €€ T€OMETPUYECKHE Pa3Mepbl NOKAa3aHbl Ha
PUCYHOK 7.

v /l \ \\\
& il | 3
Pucynok 7 — Autenna UTA-12

OHa coAep UT JIBa OJWHAKOBBIX COTHYTHIX moja yrioMm 120°
BUOpaTOpa, pa3sHECEHHBIX BJOJb JUHUM HAMPABJICHUS Ha TEJICICHTP.
[IpunsiThle BUOpaTOpaMu CHUTHaJIBl C TJIABHOTO  HampaBJICHUS
CKJIQJIBIBAIOTCSL, a ¢  TPOTUBOIOJOXHOTO  —  BBIUMTAIOTCS.
CumMeTpUpOBaHUE  COCJAMHUTENBbHBIX  KalOelel y  BHOpaTopoB
OCYIIECTBIISICTCS C MOMOIIBI0 YCTPONCTB Ha (heppUTOBBIX KOJbIIAX, a
CJI0’KEHHUE — C TTOMOIIbIO HAMPABICHHOTO OTBETBUTENSA, PA3MENICHHOTO
B LIEHTPaJILHON KOpOOKeE.

Koadduruent ycunenus antennsl UTA-12 npumepHo Takol ke,

kak y TAU-12, no K3]] 3HauntenpHO OOJbIIIE U HAXOAUTCS B TIpeenax
8...14 nb.
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3 3apanue Ha J1a00paTOPHYIO padoTy

1. Bribepurte r€OMETPUYECKUE pa3Mepsbl AHTCHHBI,
COOTBETCTBYIOIIINE BAPUAHTY.

2. Ilo pazMepaM MOCTpoOiTe MOJEeNb MPOBOJIOYHOTO BUOpaTopa B
nporpamMmme «MMANAY.

3. Ilo pazmepam MOCTPOMTE MOJENb PAa3pe3HOTO MOJYBOJIHOBOIO
BuOpaTopa B nporpamme «MMANA.

4. Tlo pa3sMepaM mnocTporTe Mojeib [leTieBoro mojayBOJHOBOTO
BuOparopa B nporpamMmme «MMANAY.

5. Ilo pa3mepam mnocrtporite wmoaenp aHTeHHel TAU-12 B
nporpamMmme «MMANAY.

6. Ilo pa3smepam mnocrtpoiite wmoxaenp aHTeHHbl MTA-12 B
nporpamMmme «MMANAY.

7. PaccuntaiiTe OCHOBHBIE TapaMeTpbl (BXOJHOE COMPOTHUBIICHHUE,
yCWJICHUE, OTHOIIEGHWE W3JIYyUYCHUM «BIEpEN/Ha3an»), Iuarpammy
HaIpPaBJIEHHOCTU B BEIOPAHHOM IMOJIOCE YaCTOT.

8. Tloctpoiite, wucnonap3dys I[IVMAN rpadukd 4YacTOTHBIX
XapaKTEPUCTHK.

9. Iloctpoute, ucnonb3ys IVMAN, TpexmepHbIld BUI 1HarpaMMbl
HanpaBJICHHOCTH.

4 KoHTpOJIbHBIE BOIIPOCHI

1. [JaiiTe onpeneieHuE aHTEHHBI «CUMMETPHUYHBIN BUOpATOP»

2. llepeumcnure OCHOBHBIE JOCTOMHCTBA W  HEJOCTATKH
CUMMETPUYHOTO BUOpaTOpAa.

3. IlepeuncnuTe OCHOBHBIE THUIBI CUMMETPUYHBIX BUOPATOPOB.
JlaitTe onucanne KOHCTPYKLUU KaXI0TO U3 HUX.

4. Kakve QyHKIIMU BBITIOIHAET CUMMETPUPYIOIIEE KOJICHO?

5. B 4eM 3akiro4aeTcss OCHOBHOW HEHNOCTATOK IMOJIYBOJIHOBOI'O
pa3pe3HOro WiM NeTieBoro BuOpaTopos? Kakum o0pa3oM OH peraercs.
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CocraButenu: U.E. Myxun, JI.C. Konres

PeuenseHr
JIOKTOp TEXHUYECKUX HAYK, CTAPIUMK HAYYHBIA COTPYIHHUK,
3aBeyIONIMNI Kadeapoit KOCMUYECKOTO MPUOOPOCTPOCHUS U CUCTEM
cBsizu B.I. Anopornos

HccaenoBanne BUOPATOPHBIX AHTEHH: METOJANYECKHE YKA3aHUS
M0 BBIMIOJIHEHHIO JabopaTtopHoil paboTsl / FOro-3am. roc. yH-T; COCT.:
N.E. Myxun, [1.C. Konres. — Kypck, 2024. — § c.

Meronauueckre yKazaHus TIO BBIMOJHEHUIO JIa0OpaTOpHOM PabOTHI
collepKaT KpaTKUe TEOPETUUYECKUE CBEJICHUS O XapaKTepUCTUKaX aHTEHHO-
bunaepHbIX YCTPOUCTB, croco0ax WX U3MEPEHHUs, 3aJaHus 10 BBHIMOJHEHHUIO
paboThI, a TaKXKe MepeYeHb BOMPOCOB ISl CAMOIIPOBEPKHU U3y4aeMOro MaTepualia.

Meronuueckie  yKka3aHUST ~COOTBETCTBYIOT  y4eOHOMY IUJIaHy  TIO
CHEIMAIIEHOCTH 10.05.02 «udopmanmonnas 0€e3011acHOCTh
TEJICKOMMYHUKAIIMOHHBIX CHCTEM», a Takke paboyeil mporpaMMe TUCITUTIIMHBI
«AHTEHHBI U PACTIPOCTPAHCHHUE PATUOBOITHY.

[Ipenna3zHaueHbl I CTYJIEHTOB, OOYYAIOUIUXCS TIO CICIHAIBHOCTH
10.05.02 «udopmanionHasi 6€30MacHOCTh TEIEKOMMYHUKAIIMOHHBIX CUCTEMY TIO
TUCITUTIINHE «AHTCHHBI M PAaCIIPOCTPAHEHUE PAAMOBOJIHY, a TAKXKE IS CTYJICHTOB
JIPYTUX HANpPaBJICHWH MOATOTOBKH B 00JaCTH MH(POPMAITMOHHBIX TEXHOJIOTHHA B
CUCTEME BBICIIETO 00pa30BaHUA.

TekcT neyaraercs B aBTOPCKOM peIaKLIUU

[Toanucano B neuats 09.07.2024. ®opmat 60x841/16.
Ve neu. 1. 0,47. Yu.-u3zga. 1. 0,42. Tupax 100 sx3. 3aka3. 659. becmuiarao

FOro-3amaaHblil rocy1apCTBEHHBIN YHUBEPCUTET.
305040, r. Kypck, yn. 50 ner Oxtsi6ps, 94



1 Ileab padoTHI:

—  HcclieoBaTh  MapaMeTpbl  BUOPATOPHBIX ~ aHTEHH  C
UCIOJb30BaHueM nporpammel MMANA.

2 KpaTkue TeopeTu4ecKue CBeIeHUs

DJIeMEHTapHbIM AJIEKTPUYECKUM BHOpaTopoM (DDB) Ha3bIBalOT
KOPOTKHUH 1O CPAaBHEHMIO C JJIMHON BOJHBI MPOBOJ, OOTEKAEMBbIN 3Jie-
KTPUYECKUM TOKOM, aMIUTUTYAa U (pa3za KOTOPOro HE U3MEHSIOTCS BOJIb
IpOBOJAa. DTOT BUOpATOp SIBISETCA MO CYILIECTBY MICAIU3UPOBAHHOM,
yA0OHOM JJIsl aHa/IM3a M3Jydarolled CHUCTEMOU, TaKk Kak MPaKTHYECKU
co3JlaHuEe BHUOpaTOpa ¢ HEM3MEHHBIMH IO BCEU JJIMHE aMIUIMTYJION U
(da3oif Toka HEBO3MOKHO.

N3yuyenne nonst OB kpailHe BaXXHO IS MOHUMAaHUS MOporecca
U3ITy4CHUST DJICKTPOMArHUTHBIX BOJIH aHTeHHaMU. J[1006oe mpoBosiiee
Teno, 00TEKaeMOE€ TOKaMM, MOXHO CUMUTaTh, KaK Obl COCTOSIIIUM U3
MHOYKECTBA 2JIEMEHTAPHBIX JJICKTPUUECKUX BUOPATOPOB, a MpU OMpe-
JEJICHUU TI0JIsI, CO31aBAEMOI0 STUMHU TOKAMH, MOXHO BOCIIOJIb30BaThCS
MPUHIUIIOM CYNEPHO3UIMH, T.€. pACCMATPUBATH €T0 KaK CyMMY MOJIEH
AJIEMEHTAPHBIX BUOPATOPOB (PUCYHOK 1).

Pucynok 1 — Ilone nznyuenus 39B

JlanpHsis Wik BOJHOBas 30HA, KAaK YK€ YKa3bIBaJlOCh, Xapa-
KTepu3yeTcs ycinoBueM k=27/A.
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Taxkum oOpaszom, B JajabHEl 30HE HAMPSHKEHHOCTD JIEKTPUIECKOTO
MOJISI UMEET TOJBKO COCTaBIIAIONIYIO Fg, a HaNPsS>)KEHHOCTh MAarHUTHOTO
0JISI — COCTAaBIISAIONILYI0 H,), KOTOPBIE U3MEHSIIOTCSI CUH(DA3HO.

PaccmoTpuM 0Oosee mojapoOHO BBIpaKEHUE MJI AMIUIATYIbI Ha-
NPSKEHHOCTU DJIEKTPUUYECKOTO TMOJs, CO3/1aBaéMOr0 B JalbHEH 30HE
JIEMEHTApPHBIM  dJIEKTpUueckuM BuOparopom. W3  mpenpiaymiero
BBIPKECHUS CIEAYET, YTO

15:8Z;
2AT

[Ipu 3amaHHBIX aMIUTUTYJIe TOKa W JJIMHE BHOpaTtopa amIUIUTya
HaIMpPsOKEHHOCTH €r0  AJIEKTPUYECKOro TOJIsl 3aBUCHUT OT JBYX Mepe-
MEHHBIX: paccTosiHuA r 1 yriua 0. [Ipu ogHOM U TOM e pacCTOSSHUU OT
BUOpaTopa (r = const) mosie OyAeT pa3INYHBIM B 3aBUCUMOCTH OT yrJ1a 0.
Kak yxe oTMeuanoch, aMIUIUTya HANPsKEHHOCTH TOJIsl MaKCUMaJlbHa
B IUIOCKOCTH, MPOXOJSIIEH Yepe3 cepeauHy BuOpaTopa, mep-
NEeHIUKYIApHO ero ocu (0=m/2), u paBHa HYJIIO B HaNpaBICHUU
nocieaHen, T.e. mpu 0=0 u 6=m.

st Oornee HaArJISIAHOTO TPEACTABICHUS O XapaKTepe HU3JIyUYEHHS
(HampaBIICHHBIX CBOWMCTBAaX) AHTEHHBI CTPOAT TrpadUKh 3aBUCUMOCTHU
aMIUTATY]IbI HATPSI)KEHHOCTH TIOJI UJIM aMIUTUTY]] €€ COCTABJISIONINUX OT
HampaByieHUs B TOukKy HaOmwoneHus Ilpu r=const. Takue rpaduku
Ha3BIBAIOT aMIUIUTYIHBIMU JUarpaMMaMy HalpaBJICHHOCTU WU TPOCTO
ayuarpaMMamMiy HampaBieHHOCTH. OOBIYHO CTpOSIT HOpMupoBaHHbie J[H.
Ha HuUX T10Ka3bIBalOT HE AaOCOJIOTHBIC 3HAYEHUS aMIUIUTYbI
HaIpPsOKEHHOCTH TIOJIs,, @ HOPMUPOBAHHBIE 3HAUEHUSI, OTHECEHHBIE K €€
MaKCHMaJIbHON BEJIMUMHE.

JluarpamMmma HampaBIE€HHOCTH, COOTBETCTBYIOIIAsl (¢ = const, MOKa-
3pIBAET  M3MEHEHHE  aMIUIUTYAbl  HANPSOKEHHOCTH  TOJiA B
MEpPUANOHANBHON MI0CKOCTU. OUEeBUIHO, YTO AJISI €€ ONpeaeCHUs 10
U3BECTHOM MPOCTPAHCTBEHHOW JuarpaMMe JOCTaTOYHO PaCCMOTPETH
CEUYEHHE MOCJIeIHEN MIIOCKOCThIO () = const.

Eon =|Eo| = sin 6.



b4 6=0
D
w2
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< O=f — =3x/2
T ?
Puc.5.11 Puc.5.12 Puc.5.13
AHaJIOTUYHO KpUBasi, oOpa3oBaHHas nepeceuyeHueM

MIPOCTPAHCTBEHHOM JAMarpaMMbl ¢ TIOBEPXHOCTHIO KOHYyca O=const, qaeT
quarpaMMy HampaBJI€HHOCTH, MOCTPOCHHYIO mpu O = const.

[IpoctpanctBennass JIH siaeMeHTapHOTO SJEKTPUYECKOro BHOpa-
TOpa COBIAJAET C IMOBEPXHOCTHIO TOpa, OOPA30BAHHOIO BpaIICHUEM
Kpyra, paJnyc KOTOPOrO pPaB€H PACCTOSIHUIO OT LIEHTpa Kpyra /10 OCH
Bpamenust (puc. 5.11). Jlmarpamma HampaBiieHHOCTH O3OB B Mepu-
JIAAHAJIBHOW TIOCKOCTH, TOCTPOCHHAS B MOJISIPHOM CUCTEME KOOPIUHAT,
MMEET BHUJI BOCBMEPKHU M3 JIByX OKPYKHOCTEH. Y HOpmupoBaHnHou JIH
JUaMETPhl ATUX OKPYKHOCTEW paBHBI eauHuUIle (puc. 5.12).

Cpennsisi MOIIHOCTh, M3JIyd4aeMas B NPOCTpaHCTBO ODOB, Haxo-
JSIIAMCSL B cpejie 03 MoTepb, paBHA CPEIHEMY MOTOKY SHEPIUU uepes
T00yI0 3aMKHYTYIO TTOBEPXHOCTh, OKPYKAIOIIYI0 BHOpPATOp, U MOXKET
OBITH BBIUMCIIEHA IO (hOopMYJIe:

P, =~ §E.H]dS = fnds,
21 !
rae

N=—[EH

N -

JlencrtBuTenbHas W MHHMMAas 4acThd Pg paBHBI COOTBETCTBEHHO
CpEIHEMY 3a MEPHUOJ IMOTOKY SHEPTUU 4YEepe3 IMOBEPXHOCTh S U aMm-
IJIMTYJI€ PEAKTUBHOIO MOTOKA AHEPrUM yepe3 S. AHAIOTUYHO JEUCT-
BUTEJIbHAsS M MHHMAasi 4YacTU KOMIUIEKCHOrO BekTtopa IlowHTHMHTA
MPEJICTaBIISIIOT CO00M CPEIHION 3a MEePUOJI TIIOTHOCTh MOTOKA YHEPTUU
B paccMaTpMBaeMOW TOYKE MPOCTPAHCTBA W aAMIUIMTYAY IUIOTHOCTH
PEAKTUBHOI'O IMOTOKA SHEPTUHU B TOM )KE TOUYKE COOTBETCTBEHHO.

PacnipocTpaneHne BOJIHBI CONPOBOXKIACTCS IMEPEHOCOM SHEPTHUM.
CpenHsisi 3a mepuoJ INIOTHOCTh MoOTOKa sHepruu pasHa Il,, = Rell.
Komrutekchsbiii BekTop [loMHTHHTa B paccMaTpuBaeMoOM Ciydae SIBIIS-
€TCS YUCTO BCIICCTBEHHOMW BEJIWYMHOMW, TO3TOMY  BBIPAXKECHUE
MIPUHAMAET BUJL:
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n, =Re|’_1=r_1=r05 g Ju/e sin? 6.

Ilo anamoruu ¢ OOBIYHBIM BBIPAKEHUEM JJISI MOIIHOCTH, pac-
XOJAyEMOU B CPEIHEM 3a MEPHUOJ B DJICKTPUUECKOM CXEME Ha aKTUBHOM

.18
COIIPOTUBIICHUH Prep = 0'5|I "'l R (3axoH Jlxoynsa-JIeHna), npeasiynryto
dbopMyITy MOKHO MPEJACTAaBUTH B BUJIE:

chp=%|i:|2Rz-

2n( £
R}: =—3—°(I) Zc.

Koapduurent nponopumonaibHoctn Mexay Rs u  Rsg
U3MEpSIeTCA B OMax W Ha3bIBACTCS conpomueienuem usiydenus. B
CBOOOJIHOM MPOCTPAHCTBE

2
R, = 80n2(£) .
A
3 3ananue Ha J1abopaTOPHYIO padoTy

3.1 TlocTpouTh CHUMMETPUYHBIA TIOJYBOJHOBOM BHOpaTop B
CBOOOJIHOM TIPOCTPAHCTBE C JUIMHOW 1uieda [/ W JJIMHOM BOJIHBI,
cooTBeTCTBYIOIIEW BapuaHty. C nomounpto nporpammMbl MMANA CHSTB
3aBUCUMOCTh paclpeieI€HUs TOKa W JuarpaMMy HamnpaBJICHHOCTH
AHTECHHBI. AHTEHHY PaCIIOJI0XUTh BIOJb ocu Y (Tadsmia 1)

Tabnuna 1 — BapuaHThl AJ1d BRINOJHEHHUS JJA0OPATOPHOUN pabOTHI

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

2=100M | A=200 M | A=50M | A=10M | A=150 M | A=250 M | A=1000Mm | A=70M | A=20M | A=80M

3.2 MHccnemoBaTh 3aBUCUMOCTHL BXOJHOTO akTHUBHOTO Rpx u
peakTuBHOro Xpx compotuieHuit, KCB, JIH BuOpaTopa oT 4acToThl
nepenaBaeMoit BosiHbl. (Bkiangka «Beraucnenus» — «['paduxny).

3.3 CHATb 3aBUCHMOCTBh pACHpENEICHUS TOKa M JHarpammy
HAIPaBJIEHHOCTH aHTEHHBI JIJIs CJIy4aeB, KOTia BUOpATOp HaXOAUTCS Ha
Beicore A/10 M w Ha Beicore A100 M HaaT MTOACTUIIAONIEH
MTOBEPXHOCTHIO:

a) uJeallbHO MIPOBOISIIAS 3EMJIS;

0) 3emiis ¢ cyxoi mouBoit (¢ = 0,001 Cm/Mm, € =20...30);
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B) 3emuts ¢ BaxkHoi mouBoi (¢ = 0,1..0,5 Cm/m, € =0,1).

3.4 IloBropuTh myHKTH 3.1-3.3, yBenu4yuB AJMHY BUOpatopa B 2
pasa, 2,5 pasa, 3 pa3za, 4 paza.

3.5 IlocTpouTh HECUMMETPUYHBIN YETBEPTHBOJIHOBOM BUOpATOp HA
BeicoTe A/100 M Haja uaeanbHO MPOBOIAIICH 3eMJICH MPOCTPAHCTBE C
JUTMHOM T71eva / U IJTMHOW BOJIHBI, COOTBETCTBYIOIICH BapUAHTY.

3.6 C nomompio nporpaMmbl MMANA CHSATh 3aBUCHMOCTB
pacrpeiesieHui ToKa U TharpaMMy HarpaBJ€HHOCTH aHTEHHBI.

3.7 lloBroputk nyHKT 3.5 mis [=0,5A, 0,625A, 0,75A, A.

3.8 Caemats BBIBOJIBI IO TIPOJICIIAHHOM paboTe.

4 TpeOoBanuss K OGOPMJICHMIO OTYETA IO BbINOJHEHHIO
JJabopaTropHoi padoThI

Otuér HabOupaetrcs kommbioTepe B dopmare .doc umu .rtf u
neyaTaeTcss Ha OJHOW CTOpOHE Jjucta Oenoit Oymaru ¢opmara A4
(210%x297).

Pa3mepsl noneu:

— BEPXHEE MOJIE — 2 CM;

— HIDKHEE T10JI€ — 2 CM;

— JIEBOE TT0JIE — 3 CM;

— npaBoe mnoje — 1,5 cm;

— nieperuiet — 0 cM.

BripaBuuBanue Ttexkcta — 1o mupune. Hpudrt — Times New
Roman. [[BeT mpudra — 4€pHsiii, pazmep mpudra — 14. Texct paboThI
neyaTtaeTcs ¢ adzarHoro orctymna 1,25 cM. MexaycTpouHblii HHTEpBAI —
1,5. JlonoJiHUTEILHBIE OTCTYIIBI 0 U TIOCJIEe a03alleB HEe MPUMEHSIOTCS.

Hecnoxubie (popmyIibl TOTKHBI OBITH HAOPAHBI C UCIIOJIB30BAHUEM
koMaHnbl «BcraBka—CumBom». CnoxkHble QOpMyIbl TOJKHBI OBITH
HaOpaHbl B penaktope MathType 6.0 Equation.

OTuéT 1O BBINOJHEHUIO JA0OPATOPHOM PabOThl  JOJKEH
COJIEPXKAaTh:

— Ha3BaHUE MpeaMeETa, HOMEP U Ha3BaHUE JIA0OPATOPHOU PadbOTHI;

— (haMuUIMIO ¥ MHULIMAIBI ABTOPA, HOMEP TPYIIIIbI;

— (haMUIIHIO M MHUITMAJIBI TIPETI01aBaTels;

— 11eJIb PaOOTHI;

— MepEUYEHb UCIIOIB3YEMOTO 000PY/I0BaHUS;

— MOCJIE0BATEIBLHOCTD IEMCTBUM IIPU IPOBEACHUN UCCIIEOBAHNM;

— BBIBO/JI O MIPOJICIIaHHOM padoTe;
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— OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI;

— JIaTy BBINIOJIHEHUS U JINYHYIO MMOAMUCH.

Pe3ynbTaThl pa3iMUHBIX U3MEPEHUN HEOOXOAMMO MPEJCTaBUTH B
BUJIC HECKOJIbKUX CaMOCTOATENbHBIX Tabmui W TpadukoB. Kaxnmas
TabauIa W KaxAbl TpaduK JOJDKHBI MMETh CBOW 3arojioBOK H
VCXO/IHBIC TAHHBIC SKCIICPUMEHTA.

[Ipu BBITIOTHEHUU YUCIEHHBIX PAacue€TOB HAJIO 3amucaTh GopMymy
ONpPENECTACMON BEIWYHMHBI, CJEJaTh COOTBETCTBEHHYIO YHMCJICHHYIO
MOJICTAHOBKY Y MPOU3BECTH BHIYUCIICHUS.

S KoHTpOJIbHBIE BONIPOCHI

1. Onucatph NuHENWHBIN cuMMeTpudHbIi BuOparop (JICB).

2. Jlmarpamma  HampaBJICHHOCTH  M3Jy4Yalolle  CUCTEMBL.
JlnarpamMa HaIpaBJI€HHOCTH CUMMETPUYHOI0 BUOpaTopa.

3. HanpsokKeHHOCTh  3JEKTPUUYECKOr0 M MArHUTHOTO  IOJIs
JUHENHOr0 CHMMETPUYHOT'0 BUOpaTopa.

4. AKTHBHOE, PEaKTHUBHOE, IIOJTHOE COIPOTUBJICHUE aHTCHHBL.

5. KH/, KY aHnTeHHBbI.

6. BrausHue moACTUNAIONIEH TMOBEPXHOCTH Ha JHarpamMmy
HaIPaBJICHHOCTU TOPU3OHTAIHLHOTO U BEPTUKATBHOTO U3TydaTeseH.



MHUHOBPHAYKHN POCCUH
denepalibHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTebHOE
YUPEKISHHUE BBICIIETO 00pa30BaHUs
«}Oro-3anagHplii rOCy1apCTBEHHBI YHUBEPCUTET

(IO3T'Y)

Kadenpa kocmuueckoro npubOpoCTpOEHUS U CUCTEM CBS3U

YTBEPX]IA
[IpopekTo . ‘
i

-

NCCIEAOBAHUE ®A3ZUPOBAHHBIX
AHTEHHBIX PEHLIETOK

MeTtonnueckue yka3zaHus
10 BBIMIOJIHEHHIO J1a00paTOPHOM pabOThI
JUISL CTYICHTOB, 00YYaIOLIUXCs 110 CHEeNUaTIbHOCTH
10.05.02 «MudopmalnimonHasi 6€30MacHOCTb
TEJICKOMMYHHKAITUOHHBIX CUCTEM
0 TUCHUIINHE «AHTEHHBI U PACPOCTPAHEHUE PAJHOBOIIHY

Kypck 2024



YK 654:004.7

CocraBurenu: U.E. Myxun, JI.C. Konres

PeuenseHr
JIOKTOp TEXHUYECKUX HAYK, CTAPIUMKA HAYYHBIA COTPYIHHUK,
3aBeyIONIMNI Kadeapoit KOCMUYECKOTO MPUOOPOCTPOCHUS U CUCTEM
cBsizu B.I. Anopornos

HUccaenoBanue  (pasMpoBaAaHHBIX  AHTEHHbLIX  PeUICTOK:
METOJIMYECKHE YKa3aHUsI IO BBIMOJHEHUIO Ja0OpaTopHOUM padoOThl /
Oro-3an. roc. yu-t; cocrt.: M1.E. Myxun, /[.C. KonteB — Kypck, 2024. —
24 c.

Meroauueckiue yKazaHWsl 1O BBINOJHEHUIO JIa0OpaTOpHOM pabOThI
collepKaT KpaTKMe TEOPETUYECKHUE CBEACHHS O MPUHIIUAIIAX CO3JaHUs CHH(]A3HBIX
U (a3UpOBAHHBIX AHTEHHBIX PEIIETOK Ha 0a3e CUMMETPUYHOIO 3JIEKTPUUYECKOTO
U3ITy4daTessi, 3aJlaHus 10 BBITOJHEHUIO pa0dOoThI, a TaAKXKE MEPeUeHb BOIIPOCOB IS
CaMOTPOBEPKU U3y4aeMOTO MaTepHaia.

Meroanueckne  yKka3aHUsST ~COOTBETCTBYIOT  y4eOHOMY IIIaHy  IIO
CHEIHMAIIEHOCTH 10.05.02 «udopmanmronnas 0€e30I1acHOCTh
TEJICKOMMYHUKAIIMOHHBIX CHUCTEM», a Takke paboueill mporpaMme TUCIUTIIMHBI
«AHTEHHBI U PACTIPOCTPAHCHHUE PATHUOBOITHY.

[IpenHa3zHayeHbl JJI1  CTYJIEGHTOB, OOYYArONIUXCS TIO CICIHATLHOCTH
10.05.02 «udopmanionHasi 6€30MacHOCTh TEIEKOMMYHUKAIIMOHHBIX CUCTEMY TIO
JTUCITUTIIMHE «AHTCHHBI M PacIIPOCTPAHEHUE PAAMOBOJIHY, a TAKXKE IS CTYICHTOB
JIPYTUX HANpPaBJICHWH MOATOTOBKH B 00JaCTH MH(POPMAIMOHHBIX TEXHOJIOTHHA B
CHCTEME BBICIIIET0 00pa30BaHUsI.

TekcT reyaraercs B aBTOPCKON pEIaKLIUU

[Toamucano B nmeuats 09.07.2024. dopmat 60x841/16.
Ve ned. 1. 1,39. Va.-u3a. 1. 1,26. Tupax 100 k3. 3aka3z. 657. becruiatHo
FOro-3amaaHblil rocy1apCTBEHHBIN YHUBEPCUTET.
305040, r. Kypck, yn. 50 ner Okts6ps, 94



1 Ilean padoThbI

— npu niomomu nporpaMmbel MMANA wuccinenoBaTh HTPUHIIMUITBL
co3faHus CUH(a3HbIX U (Pa3MpPOBAHHBIX AHTEHHBIX PEIIETOK Ha 0Oaze
CUMMETPUYHOTO AJICKTPUUCCKOTO M3TyUdaTess;

— WCCIENOBATh BIUSHUE T€OMETPUUECKUX TapaMeTPOB aHTECHHOM
pemieTkd U (Ga3supoBaHUs MUTAHUS SJIEMEHTOB aHTEHHOW pEIIeTKH Ha
TUarpaMMmy HampaBJIeHHOCTH.

2 3ajanue Ha J1a00PATOPHYIO padoOTy
2.1 TloctpouTh cUMMETpPUYHBIA BUOpaTOop Ha BbICOTE A=I0A ¢
muHOM Tieda [=0,25/, a Taxxke paboderl 9acTOTOM W TapaMeTpaMmu

HOI[CTHH&IOHICﬁ IMOBCPXHOCTHU B COOTBCTCTBUU C JTaHHBIMH Ta6J'II/II_IBI 1.

Tabmua 1 — BapuaHTsl 3a1aHuit 7151 BBITIOTHEHUSI JIAOOPATOPHOU pabOThI

Ny 2. 3. 4. 5, 6. 7. 8. 9, 10.
Bap

AM | 100 | 200 50 10 150 | 250 | 1000 | 70 20 80

€ 60 65 70 75 80 85 90 95 100 105

S | 230 | 225 | 220 | 210 | 205 | 200 | 195 | 190 | 185 | 180
Cm/Mm

Ntz s (14 l1s. 16, |17, 18, |19, | 20.
Bap

A,M | 120 | 300 | 350 | 1100 | 450 | 550 | 1400 | 170 | 220 380

€ 60 65 70 75 80 85 90 95 100 105

S | 530 | 225 | 220 | 210 | 205 | 200 | 195 | 190 | 185 | 180
CMm/m

Ny a2 123 240 |25 |26, |27, |28 |29. | 30.
Bap

A,M | 190 | 330 | 1350 | 1300 | 420 | 520 | 1200 | 1700 | 280 580

€ 60 65 70 75 80 85 90 95 100 105

230 | 225 | 220 | 210 | 205 | 200 | 195 | 190 | 185 180

2.2 PacnionoxxuTs BUOpATOp BAOJb OCH 0z, 3apUCOBATh AUArpaMMbl
HaIIPaBJIECHHOCTU B TOPU30HTAIbHON Y BEPTUKAJIBHON IITIOCKOCTSAX.

2.3 IlocTpouTh BEPTHUKAIBLHYK) AHTEHHYIO PEIIETKY, COCTOSIILYIO
U3 JIBYyX CHUMMETPUYHBIX BHOpaTopoB C [iuHON mieda [=0,251 u
paboueit uvactoroit 100 MI'L, OpHEHTHPOBAHHBIN BIOJbL OCH 0z U
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CABUHYTBHIX JIPYr OTHOCUTEIIBHO JpPyra Ha BEIMYUHY @ BIOJb OCH OZ
(puc. 1).
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Pucynok | — BeprukanbHas aHTEHHAs pELIECTKA
2.4 TIlomecTuTh B OTYET JAMArpaMMbl HANPABICHHOCTH B

TOPU3OHTAIBLHON U BEPTUKAIBHOU IJIOCKOCTSX.
2.5 V3MeHsIst BEIUYMHY @ B COOTBETCTBUU C TAOJHUIIEH 2 U3MEPUTH

n

3anmydcaTh B TaOJIMIY

AuarpaMmbl HAITPaBJICHHOCTHU.

3HAQYEHUs AaKTUBHOM YacTH BXOJHOIO
conpotruBieHust (Rpx), peaktuBHOM uactu (Xgx),
crosiunx BoiH (KCB) mnpu pesonance.

ko3 uimenTa
IIpocnenuty wu3MEHEHHUE

Tabmuuma 2 — Pe3ynbTaThl H3MEpeHUs MapaMeTPOB BEPTUKAIbHOM
AHTEHHOM PELIETKU
a 0,551 0,65/ 0,751 0,851 0,951
Rpx
XBX

KCB
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2.6 Ilpu a = 0,751, uamensia Haber ¢a3pl B OJHOM W3 BUOPATOPOB
or 0° mo 180° ¢ marom 20° mpocieauTs WU3MEHEHHUE IUArpamMMbl
HaMnpaBJICHHOCTH.

2.7 IloCcTpOUTh TOPUZOHTAIBHYIO AHTEHHYIO PELIETKY, COCTOSIIYIO
U3 JIByX CUMMETPHUYHBIX BHOpATOpOB C JJuHOW IMuieda [=0,254 u
paboueit uvactoroit 100 MI', OpUEHTHPOBAHHBLIN BIOJbL OCU 0z U
CABUHYTBHIX JIPYI OTHOCUTEIBHO ApPYyra Ha BEJIUYUHY D BIOJb OCH 0)

(puc. 2).

. ~ L
- !
~ H
K‘“& rmx
H““l =
e 1L
! \H‘M -
""x\_x -
AT
e ~L
- --____r"f-. \‘f;'\l
P T
B P i \&H
‘\"M R"'\-\.
,#”3/ ~. - p
N
M‘H—\ o,

e,

)
PucyHnok 2 — I'opu3oHTabHas aHTEHHAs PELIETKA

2.8 IlomecTuth B OTYET JAWArpaMMbl HANPaBICHHOCTH B
TOPU3OHTAIBLHON U BEPTUKAIBHOU TIOCKOCTSX.

2.9 N3MmeHsist BeTUYMHY b B COOTBETCTBUU C TaOJUIIEH 3 U3MEPUTH
W 3anicaTh B Ta0JuIly 3HAYEHUSI AKTUBHOW 4YacTU BXOJHOTO
conpotuBieHust (Rpx), peaktuBHOM uactu (Xpx), Ko3(duimenrta
crosiuux BoiH (KCB) mnpu pesonance. I[lpocinenuth wu3MeHEHUE
JIWarpaMMbl HAITPABJICHHOCTH.

Tabmuma 3 — Pe3ynbTaThl uU3MEpEeHHs TapaMETPOB TOPU3OHTAIBHOM
AHTEHHOM PEILIETKU

b 0,1/ 0,2/ 0,3/ 0,4/ 0, 51




6

2.10 Ilpu b = 0,3/, 3menssa Hader (aspl B OJHOM K3 BUOPATOPOB
or 0° mo 180° ¢ marom 20° mpocienuTs W3MEHEHHE IHarpaMMBbl
HaMnpaBJICHHOCTH.

2.11 Iloctpouts rpaduku 3aBucuMoctd Rpx, Xpx, KCB ot a u b
JUI BEPTUKAJIbHOM U TOPU30HTAIIBHOW @aHTEHHOMN PELIETKHU.

2.12 Caenath BBIBOJIBI 10 pe3yJibTaTaM MpOACIaHHON PabOTHI.

3. Meroauyeckue yKa3aHusl MO BBINOJHEHUIO J1A00OPATOPHOU
padoThI
3.1 lIporpammubiii kommiieke MMANA-GAL

MMANA — 310 mporpamMma MOJICTMPOBAHUSI aHTEHH, padoTaroIas
B cpeae Windows. Berancnurensaoit ocHoBoit MMANA (Tak ke Kak u
MHOTHMX  KOMMEPUYECKHX TMpOrpaMM  MOJECIUPOBAHUS)  SBISETCS
nporpamma MININEC Ver.3

IIporpamma no3Bosisier:

— CO3/71aBaTh U PENAKTUPOBATH ONMCAHUSI AHTCHHBI;

— paccMaTpuBaTh MHOKECTBO PA3HBIX BUJIOB AHTCHH;

— paccuuThIBaTh auarpaMmbl HamnpaieHHocTH (/IH) anTeHH B
BEPTUKAJILHOM W  TOPUBOHTAIBHOW TUIOCKOCTAX (MOA  JIFOOBIMH
BEPTUKAJIBHBIMU yTIJIAMU).

- OJTHOBPEMEHHO CPaBHUBATH pe3yJIbTaThI
MOJICIMPOBAHUSHECKOJIbKUX pa3HbiX aHTeHH ([IH u Bce oCHOBHBIE
XapaKTEPUCTUKH).

— pPEAAKTUPOBATH OIMCAHUE KAXKIOTO JIEMEHTA AHTECHHBI, BKIIFOYas
BO3MOKHOCTh MEHATH (OpMy 3JIeMEeHTa 0e3 CABUTa €ro pe30HaHCHOM
gactoTel. IIpomie roBopsi, BBl MOXKETE 3a MApy  CEKYHJ
TpaHCPOPMUPOBATH «BOJHOBOUM KaHA» B «KBAAPATHD) WU «IEIBTHIY.

— PEIAKTUPOBATh ONMCAHUE KAXJIOT0O MPOBOJA aHTeHHBI. ImeeTcs
BO3MOKHOCTbh MEPEKOMIIOHOBKHU aHTEHHBI O€3 YTOMUTEIBLHOTO Tiepedopa
nu@p KOOPJAMHAT, MPOCTHIM MEPETACKUBAHUEM MBIIIKON (TIPAKTUYECKH
BCIO aHTCHHY MO>KHO HApHUCOBATh U PEAAKTUPOBATH OJTHON MBIIITKOMN);

— MPOCYUTHIBATH KOMOWHUPOBAHHBIE MPOBOAA, COCTOSIINE
W3HECKOJIBKMX, PAa3HbIX JUAMETPOB. OTO TMOJIE3HO TMPU PaCUETE
AJIEMEHTOB, COCTaBJICHHBIX M3 TPyO pasHOro aumamMeTpa, Hampumep,
«BOJIHOBBIX KaHAJI0B» UJIU BEPTUKAIOB.

— UCIOJB30BaTh YJI0OHOE MEHIO CO3/IaHUSI MHOTOATAXHBIX aHTECHH
— CTEKOB, IIPUYEM B KAUECTBE JJIEMEHTA CTEKA MOYKHO HCIOJIb30BAaTh
TH00YI0 CYIIECTBYIOIIYIO WM CO3/IaHHYIO BAMU aHTCHHY.
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—  ONTUMH3UPOBATH AaHTEHHY, THOKO HacTpauBas IIeJu
ontumm3annu: ZBXx, KCB, ycunenune, F/B, MUHUMYM BEpTHKAIBHOTO
yria HW3JIy4eHHus, TMpUYeM TPEACIbHO HarIJIHO — JABH)KKAMH
YKa3bIBA€TCSl BAXKHOCTH JJIs1 BAC TOI'O WJIM MHOTO MapaMeTpa.

— 3a7aBaTh U3MEHEHUE MpU onTtuMuzanuu Oojee 90 mapameTpoB
aHTECHHBI. BO3MOXXHO OMUCAaHUE COBMECTHOTO (3aBUCUMOI0) U3MEHEHUS
HECKOJIbKHX MMapaMeTpOB.

— COXpPaHATh BCE IIard ONTUMHU3AILIMU B BUJIE OTJCIbHON TaOIHUIIBI.
DTO MOJIE3HO ISl TTOCIEAYIOMIET0 HECHIENTHOTO MPOCMOTPA U aHAIU3a —
HE MEJIbKHET JIM TaM Yero JIIOOOMBITHOTO, YTO BBl HCXOJIHO M B BHUIY-TO
HE UMEJIH.

— CTPOUTh MHOXKECTBO pa3zHooOpa3Hbix rpadukos: ZBx, KCB,
YCUJICHHsI, OTHOIIICHUS M3TydeHni Briepea/na3an (F/B), Bkarodas mokas
3aBucuMOCTH /IH OT 4acTOTHI.

— aBTOMAaTHUYECKH PACCUUTHIBATH HECKOJIBKO THUIIOB COIIACYIOIIUX
ycrporictB (CY), nmpudyeM BO3MOXXHO BKJIIOYaTh M BBIKIIOYATh UX MPHU
MOCTPOEHUHU IpaUKOB.

— co3aBarth (aiabl-Tadauisl (popmara *.csv, mpocMaTpruBaeMoOro
B Excel) mia Bcex mepeMEeHHBIX PaCUCTHBIX JAHHBIX: TAOJIHIIBI TOKOB B
KaXJOM TOYKE AHTEHHbI, 3aBUCUMOCTH YCHWJICHUS OT BEPTUKAIbHBIX U
TOPU30HTAJILHBIX YTJIOB, TAOJIUIIBI OCHOBHBIX MapaMEeTPOB aHTECHHBI Kak
GyHKUMH 4YacTOThl, W HAKOHEIl BeChbMa TIOJIE3HYIO  TaOJHUIly
HaMpsKEHHOCTU DJIEKTPUYECKOT0 M MArHUTHOTO TIOJIEM AHTEHHBI B
3aJlaHHOM  TpocTpaHcTBe. OHa HeoOXoauma JUIsi  OIpeieseHUs
COOTBETCTBMSI ~ AHTEHHBI Ha  TpeOOBaHUS  AJIEKTPOMArHUTHOMU
COBMECTHUMOCTH.

PaccmMoTrpuM uHTEepdenc mporpaMmal.

3aknanka 'eomerpust (puCyHOK 3) COIEPKUT TpU TaOJIULBI,
CIy>Kalue IJid BBOJAa W PEIAKTUPOBAHUS MPOBOJOB, WUCTOYHUKOB U
Harpy3ok. KpomMe Toro, Ha HEM pacroi0KEHbI JIEMEHTBI, TO3BOJISIOIIUE
HACTPOUTH MTapaMETPhbl CETMEHTALIMK U YCTAHOBUTHh OCHOBHYIO YacTOTY.



Qaiin  lMpaeka MWMuctpymedtsr  Ycranoekwn  TMomowls

O=H"HB +

SPUAT Bn & XHE

MeomeTpuA | Bua | BI:.IHHCHEHI.'Iﬂl [Junarpamma HanpanneHHm:Tm|

mA 3ele Hentenna Loop 6m

Yacrora 50.2 » MMy [ 8 nAmBnax

Mpoeogoe 21 Apstocermentauma: DM 600 -~ DM240 - BS5C2 - EC2 + [] He paapeieats

No. Xim) | Yi{m)

0.0 0.5
0.0 0.5
0.0 0.5
0.0 0.5
0.0 0.5
0.0 0.4
0.0 -0.5
-1.57 0.5
-1.87 -0.5

1
2
3
4
5
6
7
8
9

WeTouHukos 1

| zim) | xom) | Y2m) [ Z2m) | R(mm) | Seg |-
0.678 0.0 0.5 -0.678 6.0 r
2.312 0.0 0.5 2.312 6.0
0.678 0.0 05 0.0 1.0
0.0 0.0 0.5 2.312 1.0
0.678 0.0 0.5 0.0 1.0
0.0 0.0 0.5 2.312 1.0
0.0 0.0 0.5 0.0 1.0
-0.692 1,57 0.5 -0.692 6.0
2.368 157 0.5 2.368 6.0

Harpyaok 0 (L - uH; C - pF; R/X - Ohm) BrnrounTe Harpyakn

MNo. PULSE Volt. V

Phase dg No. | PULSE | Type | LRiA0 | CrwBo | Qiat F/B1

wic 1.0

0.0

Pucynok 3 — 3aknanka «['eomerpus»

Tabnua pacmosiokeHa B BEpXHEH 4aCTH OKHA U MMEET 8 KOJIOHOK.
Ilepeie mects (X1, Y1, Z1, X2, Y2, Z2) onucChIBalOT KOOPIAUHATHI
(nexapToBBI) Ha4Yasaa ¥ KoHIa mpoBoja. CeapMasi KoJIOHKA R onuchiBaeT
paauyc MpoBoJia, B COOTBETCTBUU C TaOIuIleH 4.

Tabmuna 4 — Onucanue KOJOHKN R

Yuciio B KoJ1oHKE R

Y10 3HAUUT

[TonoxurenpbHOE Panuyc npoBo/ia B MUJLIUMETPAX

0 N3onsarop. [IpoBoa HE yUUTHIBaeTCs B pacyeTax.
OtpunarenbHoe KomOuHupoBanHeiii  (T.e.  cocTOsSIUKA U3
YUCIIO0 HECKOJIBKUX, Pa3HOro (PU3MUEecKOoro pajanyca)

MPOBOJI, ONHUCAHUE KOTOPOTO MOXHO HAWTHU B
OKHE Uil YCTaHOBOK  KOMOWHHMPOBAHHOTO
NpoBOJa WIM W3 OKHa C Talnuued pa3smMepoB
KOMOWHHMPOBAHHOTO TpoBojia. O0a OKHA MOXHO
BbI3BaTh W3 BCIUIBIBAIOLIEIO MEHIO, a OKHO
YcTaHOBKM KOMOWHHMpPOBAHHOTO TPOBOJA U U3
riaBHOro MeHIo IIpaBka.
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Kosonka Seg onuceiBaeT cmoco0d cerMeHTanuu (JIeIeHUs TaHHOTO
IIPOBOJa Ha CErMEHThI JJII METOJa MOMEHTOB) B COOTBETCTBHU C

TaOJIUIEN 5.

Tabauma 5 — OnucaHue KOJOHKU Seg

Yuciao B KOJIOHKE
Seg

Y10 3HAUUT

IHonoxureapHOE

Kemaemoe 4MCIO CErMEHTOB. JTO PEXKUM PYUYHOIO
pazouenus. He pekoMeHayeTCsl K MCIOIb30BaHUIO.

0

ABTOMaTHYECKOE pa3OMEeHHe MPOBOJia Ha CETMEHTHI
OJIMHAKOBOH JUTAHBI, paBHOU NDM2.
Pexomenyercss K HMCHOIB30BAHUIO TOJBKO TOT/A,
KOT/Ia HEXKEIATEIBbHO MCIIOJIb30BAaTh OTPUILIATEIILHbBIC
3HAUCHUSI Seg Mu3-3a MAJIOW JJIMHBI CETMEHTA Ha
Kpasx.

ABTOMATMYeCcKass CErMEHTalusd C [EPEMEHHOMN
JUIMHOW CErMEHTa. Y CTaHOBJIEHA MO YMOJIYaHUIO.
PexoMeHayeTCcs K MCIOJIb30BAaHUIO B OOJIHIIIMHCTBE
caiydyaeB. B 1meHTpe mnpoBoja JIMHA CErMeHTa
MakcuMmanbHa U coctaBisier A/(DM2-EC). K oboum
KpasM TMpoBOJa JJIMHA CEerMEeHTa YOBIBaeT 0
N(DMI-EC). MHOXUTEINb SC (1<SC<3)
MOKa3bIBa€T OTKYyJa HAuYMHAETCA  YIJIOTHEHHE
CErMEHTOB OT CEPEJIUHBI K KpasiM.

IToutn TO )€ camoe, 4To U Seg =-1, HO IMHA
CErMEHTOB YMEHBIIIAETCS OT Hadyajla K KOHILY
IPOBOJA.

-3

To ke camoe, 4TO U Seg =-2, HO JJIMHA CETMEHTOB
YMEHBIIAETCS OT KOHIIA K Hayaly NpoBOJaA.

JIBa JFOOBIX
TOJIOKUTSIIBHBIX
qucia qgepes
3aMATYIO

To xe camoe, uto u Seg = - 1, HO B kKauectBe DM1 un
DM2 ucnosib3yroTcs B2 BBEICHHBIX YHCIa

O6HII/I€ OrpaHH4YCHUsT MCTOAdAa MOMCHTOB II0 CCIMCHTAIUU H
PaCIIOIOKCHUTIO IIPOBOJOB!

1. IIposoa.

MuHuMasbHas JJIMHA CEIMCHTA JOJI’)KHA OBITH MEHBIIIE YEM:
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—0,1A;

— MUHUMAaJIbHOE PACCTOSAHUSA MEXKY COCETHUMU MTPOBOJIAMU;

— MUHHUMAaJIbHAs BBICOTHI TPOBOJA HAJl 3€MJIIEH;

— JUIMHA CaMOro KOPOTKOI'0 IPOBO/IA.

JlnuHa cerMeHTa N0 KHA OBbITh OOJbIIEe, YeM JHaMETp MPOBO/IA.
MaxkcumanbHbId paauyc HE JOJKEH NpeBblmaTh 1% OT A 1J1s1 BBICOKOM
TOYHOCTH pacuera. PasymHbie pe3ysibTaThl MOTYT OBITh MOJYYE€HBI 0
panuyca B 3% oT A.

2. Touka coexuHeHHs pa3HbIX IPOBO/I0B

OTHOILIIEHUE JJIMHBI CETMEHTOB B COEIMHSEMBIX MMPOBOJIAX JOJHKHO
ObiTh MeHee 2. [IpakThuecku Bcerjia HaWIyYIIUM BBIXOJIOM SIBIISIETCS
OJIMHAKOBBIM CITIOCOO CErMEHTAIUH JJIsl BCEX MPOBOJIOB aHTEHHBI.

OTHOILIIEHHE PaguyCcOB MPOBOJIOB, OOPA3YIOLIUX MEPEXO] JOJHKHO
obITh MeHee 10.

3. BJIM3K0 pacno/I0KeHHbIe IPOBOAA

HeB03MOKHO paccuuThIBaTh CTPYKTYPBI, B KOTOPBIX OJAUH MPOBOJ
YaCTUYHO HaXOJUTCS BHYTpHU JIPYyroro (KoaKCualIbHBIE,
SKpaHUPOBAHHBIE).

OTHOLIIEHWE PauyCOB MPOBOAOB, 00PA3YIOIIMX MEPEXO] JOJHKHO
obITh MeHee 10.

Hekotopeie u3 mnpuBeneHHbIX Bbilie omudbok MMANA-GAL
MOXET JMO0 CKOPPEKTHUPOBATh aBTOMATUYECKH, JIMOO BBIBECTH
npeaynpexaarollee noJib30BaTesl COOOIIEHUE.

Tabnuna 6 — Tabnniia UICTOYHUKOB HANPSIHKEHUS

Puls Mecto monoxeHnus uctoyHruka. OMUCHIBACTCS CIETYIONIUM
oOpazom:
— niepBasi OykBa JOJKHA ObITh W (ire).
— crienyrwolias 3a HeW nudpa o3Ha4aeT HOMEp MPOBOAA, B
KOTOPBIN BKJIIOYEH HCTOYHHK.
— OykBa TIIOClie HOMEpa IIpoBOJia 0003HAYAET MECTO
BKJTFOUCHUSI HUCTOYHUKA B TIPOBO/I;

b(ottom) — HavayI0 IPOBOJIA;

c(enter) — cepeauHa NPOBOJA;

e(nd) — koHel mpoBo/IA.
— cruenyromas mudpa (He 00s3aTETbHBIA  DJIEMEHT)
MOKa3bIBAET KOJUYECTBO CErMEHTOB, Ha KOTOPOE CMeIleHa
TOYKA BKJIFOYEHHUS UCTOYHUKA
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Phase daza HaNPsHDKEHUST UCTOYHMKA B Tpaaycax. HeoOxoammMocThb
deg. B caure ¢asbpl MUTAIONIETO0 HAMpPSKEHHUS BO3HUKAET IMpU
IPOCKTUPOBAHNY AHTCHH C AKTUBHBIM ITUTAHUEM.

Volt. V HarnpsikeHne nCTouHrnKa MMUTAHUS B BOJIbTAX.

Tabnuma Harpy3ok cayxuT i 3agaHus RLC sneMeHTOB,
BKJIIOUEHHBIX B MPOBOJA aHTEHHbL. KOIMYECTBO  MCMOJIB3YEMBIX
KOJIOHOK 3aBUCUT OT criocoba ONMCaHUSA Harpy3Ku.
Kosonka Pulse ciiyxut 118 onucaHus MeCTa BKIIOYECHUS Harpys3KH,
KOTOPOE€ OMMUCHIBAETCS TaK K€, KaK JJIsl UCTOYHUKOB.

B xononke Type onuckiBaercs tun Harpysku: LC, R+jX, S.

Tabnuna 7 — Tabnuiel Harpy30K

LC B Tabmmity 3aHOCUTCS 3HaYCHUE WHAYKTUBHOCTH WM €MKOCTH
U 100poTHOCTH (0 — 03Ha"YaeT OECKOHEUHYIO JOOPOTHOCTH).

R+ X | KommekcHoe comportuBienue Harpysku. I[lociaepoBaTenbHBIiM
DKBUBAJICHT.

S Harpyska 3amaercst npu nomoiyd Ko3(h(PHUIIMEHTOB MOJIUHOMA
Jlannaca (A — yucnurenb, B — 3HaMeHaTenb).

s BeIOOpa THIA HArpy3Kd CIEAYeT BBECTH B IEPBBIA
cronben Pulse Mecto pacnionokeHusi Harpy3ku, HaxaTh Enter, a 3atem
HICJIKHYTh JIEBOM KHONKOMW MbIIK B KoJoHKe Type u BbIOparth
YKEJIAaEMbIN TUII U3 BCIUIBIBAIOLIETO MEHIO. Harpy3ku MOXHO BKIIFOYATh
OTKJIFOYATh OTMEUYasi OKHO BKIIOYHUTH HATPY3KH.

Buumanue! /Ins BKIIOYEHUS HCTOYHMKOB M HATPY30K JIyYIIE
BCEr0 CO31aBaTh OTHEJIbHBIM KOPOTKUM MpPOBOIA. B TakoM ciydae He
BO3HUKAIOT TPOOJIEMBI CO CABUIOM TOJIOKEHUS] TIPU  HM3MEHEHUH
MJIOTHOCTH CETMEHTAIlMK U MPU NIEPEBOJIE MOJIeN U3 *.maa B *.nec.

3aknanka Bug cnyXKuT i1 BbIBOJA HM300paKEHUSI AHTEHHBI U
TOKOB. IlocnemHue BBIBOAATCS TOJBKO B TOM CIIydae, €CJIM aHTCHHA
ObLIa MpocyuTaHa (PUCYHOK 4).
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Qarin  [Mpaeka Wucrpymedtel  Yeranoekw  Momows
DA + SUHEZT B & RE
| FeomeTpHH| Bug | Elhluu'lcnewﬂl Auarpamma HanpaEmeHHm:TH|
Bpawats sokpyr - ©) BribpaHHoro npoe. @ CepefniHbl @HTEHHBI 0 ¥=0,¥=0, Z=H
Q McTouHKE
® Harpyaka

— |

-h-h"""-u.
Macwrab Tokoe Tok Macwrab —
|—J [ CermenTs rj Bribop nposoga 0 = ToncTele NUHWK

Pucynok 4 — 3aknanka «Buma»

N300paxkeHne aHTEHHBl MOXKHO BpalllaTh JABUTas MBIIIBIO C
HAXaTOM JIEBOM KHOIKOM 10 MO0 ¢ u3o0paxenueM. /s nepemMeneHus
AHTEHHBI CJEIyEeT JOMOJHUTENIbHO HaxaTh kiaBuiny Shift (wmu Ctrl)
KJIaBUATYPBI.

Briienuts OAMH W3 MPOBOJOB AHTEHHBI MOYKHO NPH MOMOIIA
IeJTYKa MBIIIBIO WM MPU TTOMOIIM KHOTIOK BBEPX/BHU3 B MEHIO BbIOOP
npoBoaa. BeiOpaHHbIN MPOBOT H300paxkaeTcsl yTOJNIEHHON JTUHUEH, a B
IpaBOM HIDKHEM YIUIy MOSIBISETCA TOJynpo3pauHas TalOiauna c
OMMCAaHHEM KOOPAMHAT NPOBOAA B JACKAPTOBBIX U  IOJSPHBIX
KOOPAMHATAX.

[Tonsynok  Macmrad Cioyxur il HW3MEHEHHs  pa3mepa
n300pakeHus: MOJICNIM AHTEHHBI U TOKOB, a MOJ3YHOK MacmTad TOKOB
JJ1s1 U3BMEHEHMs MaciTaba n300pakeHUsI TOKOB.

AKTHUBHBIEC OKHA:

Toxk — BKITIOYAET-BBIKJIIOYAET U300paKEHUST TOKOB.

CerMeHTBbI — BKJIIOYAET-BBIKJIFOYAET MTOKA3 pa30MBKU MPOBOJOB HA
CEIrMEHTBL.

ToJjcThie IMHUM — YIBAaWUBACT TOJILIUHY JUHUNA AHTCHHBI.

OneMeHTHl Bpamars:
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— cepeJUHbl AHTEHHBI MacIHITAOMpPyeT AaHTEHHY TMOJ pa3Mep
PKpaHa U I[IOMEIIAET CPEOHIOI0 TOYKY AaHTEHHbl B CEpPEIUHY
n3o0paxkeHus. LleHTpoM BpaleHusl CTAHOBUTCS Cepe/IUHA aHTECHHBI.

— X=0, Y=0, Z=H nepememniaet LEHTP H300paKCHHUSI B HAYAJIO
KOOPJIMHAT, KOTOPBIA CTAHOBUTCS U IIEHTPOM BpAIlICHUS AaHTCHHBI.

— BBIOPAHHOIO MPOBOJA TIEpEeMENIAeT IEHTP H300paxKeHUsl B
CEpeIMHY MpEeABAPUTEILHO BBHIOPAHHOTO JIEBBIM KJIUKOM MPOBOJA,
KOTOpasi CTAHOBUTCS U LIEHTPOM BpaIllCHUSI AHTECHHBI.

[Ipu nomomu kHONKKM COXpPaHMTHL PHC. BHI3BIBACTCS JAUAIOT
coxpaHeHus u300paxxkenus (popmatsl *.jpg unu *.bmp).

[Ipy momormy JBOMHOTrO IIeYKa Ha TMOJ€ U300paKEHUU MOXKHO
BbI3BaTh OKHO C omucaHueM mpoBoja. [Ipu momoiny mpaBoil KHOIKH
MBIIIM  BBI3BIBAETCS  BCIUIBIBAIONEE MEHIO C JIOMOJHUTEIHHBIMU
byHKIUAMU

Buumanme! J[ns BKIIOYEHHS HMCTOYHUKOB W HArpy30K JIydlle
BCET0 CO3/1aBaTh OTJIECJbHBIM KOPOTKUW mpoBoja. B Takom ciydae He
BO3HUKAIOT TMPOOJEMBI CO CABUTOM TOJOXEHUS TMPU H3MEHEHUU
IJIOTHOCTH CETMEHTAIlMM 1 IIPU IepeBOAC MOJCIIM U3 *.maa B *.nec.

3akiaaka Borumciaenust (puCyHoOK 5)  CIYKUT I 3amycka
pacueToB M BBI30BAa OKOH ONTHUMH3AIMHU, TpadUKOB U PEIAKTOPOB
MPOBOJIA U AJIEMEHTOB.

2 N
@ MMANA-GALpro di\ahtehha\mmana-basichantwhfiloops beami\3hent maa _

Qaiin  Mpaeka WMHorpymedtel Yetanoekw  Momowe
D@D +- » UEAZ B2hn ©h R E

I'eomeTpuﬂl Bug | Beuncnenns | Owarpamma HanpaEmeHHocm|

Jele Hentenna Loop 6m

ONWUHA BOMHBI = 5.972 (m)

HacTora 50.2 - R BCETO TOHEK A PACHETA = 333

3emns HUDKHSIA TOYKA AHTEHHBI = 19.308 M

TOYKA U (B) | (MA) Z (Om) KCB
Caob

T wle  1.00+j0.00 21.18+j0.57 47194128 1.07

) MpeankHan PACHET TOKOB .

o Poanses PACYET [IMATPAMMbI HAMPABMEHHOCTY .
; PACYET AHTEHHbI YCMELHO 3ABEPLIEH
1.37 sec
Beicota 20.00 - M

Matepwan antomuH. Tpyt «

R(Ow) | X(Om) | KCB50 | Gh (dBd)| Ga (dBi)| F/B (dB)| Elevirp)| 3emn | Bucora | Monap.|
47.19 1.28 1.07 1639 1977 40 Pean. 200  ropua.
47.21 1314 1.07 8.45 10.6 19.79 Ceob. = — ropua.

(] Test [ Myck | [ Onmumnsaums | LWarn onTumMuaaummn [ Tpadwm | [Mpaska npoBogal [ Mpaska anementa |

PucyHnok 5 — 3aknaaka «BeraucieHus»
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Ha sToli cTpanuiie MOKHO yCTaHABIMBATh YaCTOTY JJISI TEKYILETO
pacuera, mapameTpbl 3€MJIM U MaTepual MpOBOAOB (MaTrepHanl MOXKHO
BBIOMpATh M3 HECKOJBKUX TMPEIYCTAHOBJICHHBIX WM BBIOpAB THII
MOJIb30BATENS ONMCATh TAPAMETPBI CBOETO MaTepHaa).

Pe3ynbTaT mocieaHero BIYUCICHUS BBIBOJAUTCS B BEPXHEN CTPOKE
TaOJIULBI U JyOJIUPYETCs B MOJIE€ MPABOTO BEPXHETO yIiia okHa. B ciaydae
MOJICJIM C HECKOJbKUMU UCTOUHUKAMHU B TaOJIUIE BBIBOJUTCS Za TOJBKO
JUIsl TIEPBOTO MCTOYHHMKA. Za JJIi OCTAJIbHBIX HMCTOYHUKOB — B IMOJIE
MPaBOro0 BEPXHETro yria.

[Tone BbicoTa nokaszeiBaeT nudpy, KoTopast 0y/1eT aBTOMaTUYECKH
no0aBjieHa KO BCEM KoopJauHaTaMmM Z aHTEHHBL. HM3MeHeHHeM »JToMu
u@psl y100HO ONIEpaTUBHO JABUTATh aHTEHHY 10 BbicoTe. OHAKO, €cliu
Bbl mpoekTupyeTe aHTEHHY, Kacalollylcs 3€MJId, TO CymMMa
KOOpAMHAThl Z KOHIIA MPOBOJA, KAacalomierocss 3eMju U Ludpsl B
nojie BoicoTa qomKkHBEI OBITH paBHEI (.

OkHO 3eMJis1 MO3BOJIAET BHIOPATh TUI 3€MJIU, & TAKXKE MPU BHIOOPE
peanbHOM 3eMJIM 3aJaTh W MOCMOTpPETh €€ mpoduib, Kak Habop u3
HECKOJIbKMX YYaCTKOB C Pa3HbIMHU XapaKTEepPUCTUKAMH-BbICOTaMH. JLJist
NEPBUYHOTO  M3YYEHHS]  AHTEHHbl  PEKOMEHAYETCS  BbIOMpATH
1160 CBo0oaHOe mpocTpaHcTBO 1100 UaeanbHyro 3emito. U Tonbko
pa3o0paBIINCh ¢ pabOTON caMOM aHTEHHBI MEPEeXOAuTh K PeanbHOi
3eMJI€ U U3y4aTh BIUSHUE 3€MJIM HA AHTCHHY.

Crnenyer yuurtbiBaTh, 4TO HcHoiab3yeMblii B MMANA-GAL
MOAUGUIUPOBAHHBIN MININEC-3 pPacCYUTHIBACT BXOJIHOE
CONPOTHUBJICHUE M OJMKHEe (pEeaKTUBHOE) MoJie 0e3 yyera MoTeph B
peanbHOM 3emJie (T.e. moJiarasi 3eMJII0 ujeaabHO MpoBosie). [lorepu
B 3eMJIe  YYUTBHIBAIOTCS  TOJBKO TIpU  pacyeTe JauarpaMmbl
HaIPaBJICHHOCTH MO/IEIIH.

Pannyc OmmxkHel 30HbI cocTaBigeT okoiio A/2p = 0,16A. Iloatomy,
€CIIA HaJl PEATbHOM 3€MJIEM PACCUUTHIBAIOTCA: WIM TOPU3OHTAIbHAs
aHTEHHA cojep kaliast XoTs Obl 0uH npoBoa Huxe 0,16\, unu BepTukan
C MPOTUBOBECAMU, NpUNOAHATHIMUA Ha BbicoTax oT 0,005\ mo 0,05\, To
OoJsiee TOYHBIE Pe3yabTaThl MO Za W (Ga MarOT BBIUUCICHUS Ha SAPE
NEC2. MININEC3 B 3Tux ciydasx JaéT MOrPEIIHOCTh TeM OOJIbIIYIO,
4eM CHJIbHEE OTJIMYAIOTCS TTapaMeTPphl 3eMJIN OT UCaTbHbIX.

3akmanka «I'paduku» (pUCyHOK 6).
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F Y
Mo 2 Toukam Bca cetka Lon. Toukn PeaoHaHc Mevate |Monoca 800 - Wy

z KCB | )‘cuneHmeiFBl OH | YCTaHOBKH|
3.0

Bw 318.6 kHz (SWR < 1.5) : . SWRonZ: 50.0
Bw 567.4 kHz (SWR < 2.0) :

25

SWR
20

Pucynok 6 — 3aknanka «I'paduku»

JIns mepBOro aHaimM3a 1O0CTaTOYHO HaXaTh KHOMNKY Ilo 2 Toukam —
rpaduk OyAeT MOCTpoeH rpy0o, TOJIBKO MO ABYM ToukaM. OcTaibHas
4acTh €ro OyJeT MOCTPOEHA AKCTPANOJISIIUEH - MPEANONIOKEHUIMH KaK
e 3TOT rpaduK JOHKEH MO0 €€ MHEHUIO UATH Jajiblie (TOYHOCTh TaKUX
MPEINOIOKEHUN JOBOJIBHO BBICOKA, HO KOHEUHO He abcomtoTHa). [lpu
Ha)KaTUHA KHONIKU Besl ceTka — MPOCUYUTHIBACTCS KAXKIBIM IIAr CETKH, a
npu  Haxaruu  Jlom.  TOYKM, TPOCUUTHIBAIOTCA  HECKOJBKO
JOTIOJTHUTEIBHBIX TOUEK MEXY IIaraMH CETKHU.

Knornka [Touck pe3oHaHca npeaHa3HAYCHA Il aBTOMATUYECKOTO
ITIOMCKA PE30HAHCHOW YaCTOTHI AaHTCHHBI.

B 3aknanke Z noka3zansl rpaduxu R(f) u jX(f). MoxxHO BKIIOYUTH
(BO BCIIBIBAIOIIEM TMOJ MEHI0) Ha 3TOM Trpaduke corjacympliee
YCTPOMCTBO U MOCMOTPETH, KAK U3MEHUTHCS rpaduK.

3aknmanka KCB BeiBoauT rtpadux KCB. 3akmaaka JIH BeiBOAMT
pPa3HBIMM LBETAMHU JWArpaMMbl HANPABICHHOCTH AHTEHHBI JJIS IIaroB
CETKH, a TaKKe TaOJIMUYKy U3MEHEHUs] OCHOBHBIX napameTpoB. Eciu [ITH
Ha KaKUX-TO YaCTOTaX BaM HE HY>XHBI, UX MOKHO BBIKJIFOUNTb, IIEJTKHYB
B CTPOKE COOTBETCTBYIOIIEH YacTOTHI, B cTOJIOIE On.

3aksajika Y CTAHOBKHM 331a€T I[EHTPAJbHYIO 4YacTOTy TpaduKOB
(M0 yMOJYaHWIO paBHA YKa3aHHOM B 3akiaJike BerumcJienmst), monocy
rpaduKoB, a Takxke BkIro4aeT\BbikaoyaeT CY Ha rpadukax. Kpome
TOT0, TYT 3aJa€TCS YUCIIO JOTOJIHUTEIbHBIX TOUEK pacuera rpaduKoB.


http://gal-ana.de/basicmm/ru/index.htm#7
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OKHO TpaBKU MPOBOJIOB CIYXKUT JUIsl PEIaKTUPOBAHUSI MPOBOJIOB
aHTEHHBI B TpapuiYeCcKoM pexume (pUCyHOK 7).

-

:# MNpasxa nposoga

0 1.0
[ I

| Wire No. 6
¥1: 0,000 m

Y1: 0.500 m

/ Z1-0.000 m

X2:0.000 m

/ Y2 0.500 m

Z 72:2.312 m
/ R 1.000 mm

SEG: 1
Len: 2.3120 m

Rotate: Shift + mouse
down
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/ 74"““-»—_____3( Hor{aam
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Pucynok 7 — Okno «IIpaBka npoBoga»

Mopens aHTEeHHBI MOKHO MPOCMAaTPUBATh U U3MEHSATh OOBEMHOM
BUJE WIM B OJHOM U3 3 IUIOCKOCTEW. B BepxHeW mnpaBoill 4acTu
BBIBOJIUTCSI HH(POpMAIIHsI O BLIOpaHHOM TTPOBOJIE.

Jlnst ynoOcTBa Ha JABYXMEPHBIX MJIOCKOCTSIX BBIBOJIUTCSI CETKA, IIar
KOTOPOM MOKET ONPEAECIIATHCA AaBTOMATUYECKHU WJIA YCTAHABIMBATHCS B
pyunyto. Crnemyer oOpaTuTh BHHMaHWE€ Ha TO, 4YTO JUIMHA
pENAKTUPYEMBIX WJIM BHOBb CO3JAHHBIX ITPOBOJAOB KpaTHA LIATY CETKH.

Mento Iloka3 ycTraHaBIMBAET, YTO UMEHHO CIIEAYET MOKA3aTh: BCIO
AHTEHHY, JJIEMEHT, MPOBOJI KOTOPOTO BBIAEICH WJIM K€ BCE IMPOBOJIA,
JIe)KalMe B OJTHOM IUIOCKOCTH C BBIIEIIEHHBIM IIPOBOIOM.

Ha tpexmepHOM H300pak€HWHU BO3MOXKHO TOJBKO COETUHECHUE
BBIJICJIEHHOTO MPOBOJIA C KOHIIAMM JIPYTUX MPOBOAOB. Ha ABYyXMeEpHBIX
rpadvkax BO3MOXKHO BBOJUTH HOBBIE TMpoOBOJa W paMku. U3
BCIUIBIBAIONIETO MEHIO MOXKHO BBI3BATh JIOMOJHUTEIbHBIE (DYHKIIUH
pEeIaKTUPOBAHUS IPOBOJIOB.
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B oxne «IIpaBka »1eMEHTOB» (PUCYHOK 8) OOBEKTOM TMIPaBKHU
CIIY’KUT HE OTJICJIbHBIM MPOBOJ, & JIEMEHT — HECKOJBKO COEIMHEHHBIX
MEXIy CO00H 3JIEKTPUUECKHU MTPOBOIOB.

( i -4
2 s evece S = s e
l MapameTpsl ’ Bua ‘ © VI3MEeHATL TONBLKO KOHUL! 3NeMEHTOR M3aMeHATL BCe KOOPAWHATE NPONOPUMOHANLHO
|| No. ®opma Aucraduma (m) | Wupuua (m) l Buicota (m) | MNepumerp (m) | R(mm) I Seq. | I‘Iposonoal !
1 V keagpar 157 10 3.06 8.12 Mixt -1 7
2 V keagpar Base element 1.0 299 7.98 Mixt -1 7
V kBagpar 111 1.0 294 7.88 Mixt -1 7
cneqn.
V| AUCTaHUNA: BKM - MeX@y COCEAHUMM 3M.; BbIKN - OT NEPBOro 3aNemMeHTa lambda [ ha ] (Onaa

Pucynok 8 — Okno «IIpaBka 351eMEHTOB

Hampumep, oHa paMka Wiy OOUH U3 JUIIOJIEH MHOTO3JIEMEHTHOU
anTeHHbl. O4eHb YJIOOHO Il BBOJIa U PEAAKTUPOBAHUS IMAPAMETPOB
MHOTO3JIEMEHTHBIX AHTEHH B MHTYUTHUBHO sicHOM ¢opme. IIpocto
YKa3bIBAKOTCS pa3MeEPbI KaXKAO0T0 AJIEMEHTA U PACCTOSHUS MEXKy HUMH.

Cmenuts popMy amemMeHTa, MOXKHO KoMaH10i U3MeHUuTH hopmy
3JIEMEHTA BCIUIBIBAIOIIETO MEHIO, B JIOMOJHUTEIIBHOM MEHIO KOTOPOU
UMeeTCs Habop HauOoJsee 4acTo BCTPEUAIOIIUAXCS B
PaIoIIOOUTENILCKOM MPAKTUKE (POPM JIEMEHTOB.

BriOpaB 3akimanky Bua, MOXXHO OIEpaTMBHO MOCMOTPETh Ha
aHTEHHY TOocjie mpeoOpa3zoBaHusi (GOPMBI BJIEMEHTA, WIM MPABOK B
tabnuie 3akinanky [lapamerpsnl. MHTEpdeiic 1 KOMaHABI 3TOr0 OKHA
IPAKTUYECKU COBNAJIAIOT C IJIaBHOU 3aKyiaakou Bun.

MMANA-GAL mo3BoisieT ONTUMH3UPOBATH AHTEHHY 10
pa3IMYHBIM KPUTEPUSM U NMapaMeTpaM (PUCYHOK 9).


http://gal-ana.de/basicmm/ru/index.htm#6
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MapaMeTphl BLIYUCIEHA

[] He uenk (NpocTo ckaHWpoBaHUE) [ YCTAHOBKA LLEnK ] [ FICTOYHKEW NO gManaaoHam ]

YouneHue FiB BepT. yron X KCB CornacopaHue Tok

U U U U U U U
LWar g aBconoTHEIX YMCnax PaapeweHue 2rp. MoKaselBaTe #ypHan
M3amMeHAEMBIE NApAMETPEI
Ma. Tun Homep Yto Koonepauwa | War | Min ‘ Max | Celyac |
3NemMeHT HTEpEAN 0.01 0.0 2000.0 1.57
3nement X 0.04 0.0 2000.0 812
3nement X 0.03 0.0 2000.0 7.88

3nemMeHT 01 0.0 2000.0 0.0

0.03 0.0 2000.0 7.88

FIHTepBan

X

o -y [I%] %] =&
[P % TR e S Y

3nemMeHT

cneg.

¥OanuTe Bce anemeHThl Mpaska aneMedTa Myck OTKas

Pucynok 9 — OxkHo «OnTuMu3zanus»

Kpurepun 3amarorcss cempro HABWKKamu. [lomoxeHue IBUXKKA
omnpeaessieT BaXXHOCTh (yAEIbHBIM BEC) NAHHOTO MapameTpa Jyis Bac.
Kpalinee nieBoe monoKeHHWE NBWKKA - mapaMmeTp mist Bac coBcem He
BAXKEH, KpalHee MPaBoe - MAKCUMAaIbHO BAXKEH.

Bepr. yroa — MakCUMaabHO HHU3KHAM BEPTUKAIBHBIA YO
V3J1yYEHUS.

jX — MUHHAMAaJbHAas PEAKTUBHAS 4YaCTh BXOJHOTO CONPOTHUBIICHUS
AHTECHHBI.

CoriiacoBanue — ONTHUMAJIBHOE COTJIACOBAHWE MOJ CIEHHUAIBHO
3aJIaHHBIM UMIIEJaHC.

Toxk — MUHUMYM WJIM MAaKCUMYM TOKA B 3aIaHHOU TOYKE.

YTO MMEHHO MEHATHh B AHTEHHE, JUIS IMOJYYCHUs 3aJaHHBIX BBILIEC
KpUTEpUEB, ONUChIBaeTCa B Tabnuie WM3MeHsieMble mMapaMeTpbl.
JIBOMHBIM KJIWKOM B cTOJIOIle TMm BBI3BIBAETCA MEHIO, U3 KOTOPOTO
BBIOMpaETCs TUM MapaMeTpa ONTUMHU3ALUUA. A JTBOWHOU KJIMK B CTOJIOLE
YT0 BBI3BIBACT MEHIO YCTAHOBKHU UYTO UMEHHO B JJaHHOM IapameTpe Bol
XOTHUTE MO3BOJIUTH MEHSAT.
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Ctpok B TaOIMUIE MOXKET OBITh CTOJBKO, CKOJIBKO MapaMeTpoB Bel
HaMepeBaeTech MEHATh. Harnpumep, MOKHO BIHMCATh HECKOIBKO CTPOK
«JIeMeHT», B KaXJIO U3 HUX YCTAaHOBUB CBOU napametpsl (MuTepBai,
[Mozumms, Ilupuna, w T.1.). W/unm Boucatb HECKOJIBKO CTPOK
«ITpoBOa», B K&XKJI0M U3 HUX YCTAHOBUB U3MEHEHUE OJIHOIO IapaMeTpa
(manmpumep, B nepBoit — X2, Bo BTopoi — Y2, B Tpethelt — R, u T. 1.).
3nech cieayer ObITh BHUMATEIbHBIM, YTOOBI OIMMOOYHO HE 3a/1aTh
M3MEHEHHUE HECYIIECTBYIOIIUX WM B3aMMOUCKIIIOYAIOIIUX MTapaMeTpPOB,
MHaue MpoIecC ONTUMHU3ALUY HE HAYHETCS.

[Topsigox cTpok B TabnuIile HMMEET 3HAYEHWE: CHayajga MWJET
ONTUMHU3ALIMS IO TTapaMEeTPy, ONMMCAHHOMY B MEPBOM CTPOKE, MOTOM BO
BTOpPOH, M T.A. — MOTOM MPOIECC IUKIMYECKU U TOBTOpsieTcs. Eciu
ONTHUMYM €JIMHCTBEHHBIN (UTO OBIBAE€T PEIKO), TO MPHU J0OOOM MOPSIKE
CTPOK TOJIYYUTCSI OJHO U TOXKE. A eciu XK€ HeT (Kak MpaBujio), B
3aBUCHUMOCTH OT TMOpPSJAKAa CTPOK pPe3yJbTaThl ONTUMU3ALMHU OyAyT
pa3HBIMU.

Okno «CpaBuuth» (pucyHok 10) Tmo3BOJsI€T OOBEKTHUBHO
CPaBHMBATh PA3HBIC AHTCHHDI.

R =

Mokazame [H gnA nonmpecspme

". H -Q-T{-bal -:-"."+H

[ Omepee *. mab dadin ] [Cuhc'nrrb] [ Le=t ][ BozepaT

Mo, | F g |F{ |p<

MonmAp. | File | s

| FiB | Ense. |5ew:u‘- | Buicota

B025  iELITI 1.2 .03 | — 1479 2223 |42 |Pean. | 200 Fep. | Temuw.

2 50.2 45,325 -1.25 1.08 — 1643 | 1988 |40 Pean. 20.0 op. DOAHTEHH:

Pucynok 10 — OxHo «CpaBHHUTB»
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Ecnu Bel nmomagmaere B HEro mocjie pacdyera CBOCM aHTEHHBI
(3aknmagka Beruuciaenusi — kHomka Ilyck), To yBuaute JIH wu
XapaKTEepUCTUKU CcBoed aHTeHHBl. KuHomkoi  OTKpBITH *.mab
¢aitin moxxHo BbI3BaTh JIH W XapakTepUCTUKH JpPYrod aHTEHHBI
(3apaHee coxpaHeHHbIE B *.mab ¢aiine u yBUACTh MX HaAJ0KEHHBIMU
JIpyT Ha JApyra.

Ha »Ton 3aknagke BBIBOOWTCS OWAarpamMMbl HarpabiaeHHOCTH. [lo
YMOJYaHUIO TOPU3OHTAJIbHAA JHarpaMMa BBIBOJUTCA 11 3€HUTHOIO
yrjia, COOTBETCTBYIOIIETO MAaKCHUMaJbHOMY YyCUJICHUIO. H3MEHUTH
36HUTHBIM yIrOJ TIOCTPOCHUS Tropu3oHTaIbHOM JIH MOXHO Haxas
KHOTIKY 3€HUTHBIN yIoJI.

JAH B BepTUKAJIbHOM IUIOCKOCTH CTPOUTCS UISI a3UMYTaJIbHOTO
yraa 0° (t.e. Boons ocu X). M3MEHUTL DTOT Yrod MOKHO BpalIEHHEM
AHTEHHBI BOKPYT OCH Z, BbI3BaB OKHO JJis BpaiieHusa u3 MeHio IlpaBka
— Bpamenue.

Ha o0eunx JJH MOXHO BbI3BaTh (JE€BBIM KIMKOM) U3MEPUTEIbHBIN
BEKTOD, nepeMmemaembld 1mo JIH. /[aHHbIE 110 YCUIIEHUIO IS TEKYIIETO
yrjia BBIBOJATCS B cepeauHe BBepxy. OTKIIOYAETCS BEKTOP MPaBbIM
KJIMKOM. BekTop He BeiBoaUTCS B pexxkume V+H 1 nmocne ontuMu3anuu.

[To naByxmepHOl auarpamme OBbIBA€T OYE€Hb TPYJIHO OMPEACIUTH
HaMpaBJICHHOCTh AHTEHHBI M 3TO MOXET NPUBECTA K HEBEPHOMY
MPEJICTABIICHUIO O XAapAKTEpPUCTHUKax aHTeHHbl. [loaTOMYy BBEIcHaA
BO3MOKHOCTB MpocMmoTtpa 31 (TpexMepHOro U300pa>keHUsI) JUarpaMMbl
HaIpaBJICHHOCTH), IS BbI30BAa OKHAa C TPEXMEPHBIM H300paKEeHUEM
JIarpaMMBbl HATPABIEHHOCTH cieayeT HaxaTbh kHonky 3/0 JTH.

Tunwt ghaiinos:

*.maa — (aitn onvcaHus aHTEHHBI (TEKCTOBBIN (paiin, coaepkaimii
uHPOpMaIMIO O MPOBOJE, UCTOYHUKAX, HArpy3Kax W T.1. DTOT (dailn
MOXET OBITh OTKPBIT U OTPEAAKTUPOBAH BHEIITHUM PEIAKTOPOM TEKCTA).

*mab — (aitn pe3ynapTara BBIUKUCICHUN (OWMHApHBIN (aiin
COHECPAKUT TIOJTHOE OMNUCAHWUE AaHTEHHBI W PE3YJbTAaThl MOCIEIHUX
pacuetoB. Takue @Qaitnbl HEOOXOIUMBI ISl CpPaBHEHHS PE3yJIbTATOB
pacyeToB).

*.mao — ¢ain maroB onTuMu3anuu (OMHapHbBIN (ailin, B KOTOPOM
3amycaHbl MocaeHue 256 MaroB ONTUMHU3ALKNKU U MTapaMeTPbl aHTEHHBI
Ha HuxX. llonmeszen mis HeroporumBoro ananu3a B OkHe Llarum
ONTHMHU3AIHH).

*csv — Tabnuia TokoB (B daiiyie 3amucaHa TaOJWIla TOKOB.
OtkpriBaetcsa B Excel) (Tabnuna 8).


http://gal-ana.de/basicmm/ru/index.htm#7
http://gal-ana.de/basicmm/ru/index.htm#14
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Ta6muma 8 — [lapameTpsl aHanu3a aHTEHH

X, Y, Z (KoopauHAaThI) MeTp
Current (Tok, peajibHasi U MHUMAasi 4YaCTH, MOYJIb) amiep
Phase (daza) rpaayc
Electric (HanpspkeHHocTh 3. [lons, peanbHas w V/m
MHHUMasl YaCTH, MOJTYJIb)

Magnetic (HanpsikeHHOCTh MarH. Iloist, peanbHas u AT/m
MHHUMasi 4aCTH, MOJTYJIb)

Azimuth, Zenith (yribI) rpaayc
Gain (ycuieHue) dBi

3.2 UcciienoBaHue BEPTUKAJIBbHON AaHTEHHON pelIeTKU

1. Bo Bkiagke «I'eomeTpusi»:

— 3a1aTh padbouyto yactoty 100 MI'1;

— paccuuTaTh KOOpPJAWHATHI Hadajla W KOHIIA MEpPBOr0 BHOpartopa.
N3 pucynka 1 BuaHO, 4TO KOOpAMHATA Havyaia BUOpaTopa JISKUT Ha OCH
oz (1.e. x=0, y=0) u cABUHyTa MO HeW Ha BenuuuHy (a/2-[), a
KOOpJMHATa KOHIIa BUOpATOpa TAKXKE JISKUT HA OCH 0Z U CABUHYTA IO
Hel Ha Benuuuny (a/2+I[);

— QHAJIOTUYHBIM 00pa3oM paccyuTaTh KOOPAWHATHI Hayaja u
KOHIIa BTOPOT0 BUOpATOPA;

— 3aMucaTh KOOPAUHATHI B COOTBETCTBYIOIINE STUYECHKHU TAOTUIIBI;

— YCTAHOBUTh UCTOYHUKHU B IIEHTPE KAXKJIOT0O MpoBoja (B TaOIuIle
OMMUCAHMS UCTOYHUKOB MoJ1 c1oBoM «Pulse» HeoOxoammo 3amath wlc u
w2¢);

— B COOTBETCTBUM C MYHKTOM 2.6 U3MEHATh 3HAYCHHUE SUYCUKU
«Phase» ogHOTO M3 BUOPATOPOB.

2. Bo Bkiagke « BoIuuCIeHUNA»:

— YCTaHOBUTH THII MOJICTUIIAIOIIEH TOBEPXHOCTH;

— 33/1aTh BBICOTY PacIOJIOKEHUSI BUOpATOPA;

— IPOM3BECTH pacueThl HaxKaTHEM KHOTIKH «Ilycky.

3.3 UccnenoBanue ropu3oOHTAJIbHON AHTEHHOM pelIeTKH

1. Bo Brimanke «I'eomeTpusp»:
— 3a7aTh padouyro yacrtory 100 MI'1;
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— paccuuTaTh KOOPAMHATHI Hadyajga M KOHIIA MEPBOTO BHOpaTopa.
W3 pucyHka 2 BUAHO, YTO KOOPAMHATHI BUOpATOpa JieKaT B MIOCKOCTH
yoz (1.6. x=0) W CHBUHYTHI II0 OCH 0) Ha BeIMYUHY b/2, B
OTpULIATENBHYIO CTOpOHY. I[Ipr 3TOM KOOpAMHATBHI Hayajla U KOHIA
BUOpaTtopa CcIBUHYTa Ha [ BIOJb OCH 0z B TIOJIOKUTEIBHYIO H
OTPUIIATEIBbHYIO CTOPOHBI;

— aHaJOTMYHBIM 00pa30M paccuuTaTh KOOPAMHATHI Haydajga |
KOHIIa BTOPOT'O BUOpATOpA;

— 3aIMcaTh KOOPAUHATHI B COOTBETCTBYIOIIUE SUCUKU TAOIHUIIbL;

— YCTAHOBUTH UCTOYHUKU B LIEHTPE KAXKA0r0 MPOBOJA;

— B COOTBETCTBUM C MYHKTOM 2.10 U3MEHATH 3HAYEHUE SYEHUKU
«Phase» ogHoro 13 BUOPATOPOB.

2. Bo Britanke « BoraucjieHus»:

— YCTAHOBUTH THII MOJICTUIAIOIIEH TOBEPXHOCTH;

— 3a/1aTh BBICOTY PaCIIOJI0XKEHUS BUOpaTopa;

— MPOU3BECTH PACUEThl HAXKATUEM KHOTIKU «ITyck»

B omueme 6 o0a3amenvHOM nopaoke 001HCHBL  Oblmb
npueeoenvl:

— PUCYHKHU TOPU30HTAJIbHOW U BEPTUKAILHOW AaHTEHHOM PELIETKU B
JEKapTOBOM CUCTEME KOOpAUHAT.

— tabnuna co 3HaueHuaMH Rpx, Xgx, KCB.

—  JMarpaMMbl  HAaNpaBJI€HHOCTM B  TOPU3OHTAIILHOM U
BEPTUKAJILHOM TIOCKOCTSX;

— rpaduk 3aBucumoct Rex, Xpx, KCB ot a u b.

4 TpeOoBanusi K OQOPMJICHHUIO OTYETA 1O BBINOJHEHHUIO
JJadopaTopHoii padoThI

Otuér HaOupaercs kommbioTepe B ¢opmare .doc wmm .rtf u
neyaTaeTcs Ha OJHOW CTOpOHE JucTta Oenoit Oymaru Qopmara A4
(210%297).

Pa3smepsl noneu:

— BEpXHEE MoJie — 2 CM;

— HIDKHEE TI0JI€ — 2 CM;

— JIeBOE MoJie — 3 cM;

— npasoe nojie — 1,5 cMm;

— neperuiet — 0 cM.

BripaBuuBanue Ttexkcra — 1o mupune. pudrt — Times New
Roman. IIser mpudra — u€pnsiii, pazmep mpudrta — 14. Texct padoTh
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neyaraercs ¢ abzarHoro orctyna 1,25 cM. MexaycTpouHbIii HHTEPBAJ —
1,5. JlonoaHUTEIBHBIE OTCTYIIBI 0 U MOCie ab3aleB He MPUMEHSIOTCSI.

Hecnoxxubie popMybl JOKHBI ObITh HAOpaHbI C UCIIOIL30BAHUEM
koMaHnbl «BcraBka—CumBom». CnoxkHbie (QOpMYyIIbl TOJKHBI OBITH
HaOpansbl B peaakrope MathType 6.0 Equation.

OTuér MO BBINOJIHEHHIO J1a0OpaTOpPHOM pabdOThHl  JOJKEH
COJIEPKATh:

— Ha3BaHUE MpeaMETa, HOMEP U Ha3BaHUE JIAOOPATOPHOU PabOTHI;

— (haMuUIMIO ¥ MHULIMAIBI ABTOPa, HOMEP TPYIIIIbI;

— (haMHJIMIO ¥ MHULIUAJIBI TIPETIO1aBaTeNs;

— 11eJIb PaOOTHI;

— MIepEUYCHb UCIIOIB3YEMOTO 000PY/I0BAHUS;

— MOCJIEI0BATEIBHOCTD JEUCTBUI MPU MPOBEAECHUH UCCIIEIO0BAHMUIA;

— BBIBO/JI O TIPOJICIaHHOM padoTe;

— OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

— JIaTy BBITIOJIHEHUS U JTUYHYIO MOJIIHCH.

Pe3ynbTaThl pa3iMuHBIX U3MEPEHUN HEOOXOAMMO IPEJCTaBUTH B
BHUJIE HECKOJBKHX CaMOCTOATENIbHBIX Tabmui, u rpadukoB. Kaxmas
Tabnuia W Kakapld rpaduK JOKHBI HMETh CBOM 3arojioBOK U
UCXOJHBIC TaHHBIE PKCIIEPUMEHTA.

[Ipy BBHIMIOJIHEHWU YUCIICHHBIX PAcdyeTOB HAJIO 3amucaTth GopMyiy
ONpeNeNsIEMOM BEIMYUHBI, CHEJIaTh COOTBETCTBEHHYIO UHCICHHYIO
MOJCTAHOBKY U MIPOU3BECTH BHIUUCIICHUSL.

5. KoHTpoOJIbHBIE BONPOCHI

1. J[lalite mnoHATHE HOBYMEPHOW SKBUJIUCTAHTOW CHUH(a3HOU
AHTEHHOM PELIETKMU.

2. Onummure BIUSHUE TOPU3OHTAIBHOTO M BEPTUKAIBHOTO
pa3BuTusi  (KOJMYECTBO DJIEMEHTOB) JBYMEPHON SKBUIMCTAHTOM
cuH(a3HOM aHTEHHOW PEIIeTKH Ha HANlpaBJICHHbIE CBOMCTRBA.

3. Onummure BIHMSHUE TOPU3OHTAJIBHOIO W BEPTUKAJIBHOIO
MEKIJIIEMEHTHOI'O PAaCCTOSHUA Ha HAIIPABJICHHBIE CBOWMCTBA JBYMEPHOU
SKBUJIMCTAHTON CUH(A3HON aHTEHHOU PEIIECTKHU.

4. Onumwute BiaUsSHUE (Da30BOro pacrpeiesieHus MUTaHUS
JJIEMEHTOB  PELICTKM Ha HaIpaBJICHHBIE CBOWCTBA JIBYMEpPHOWU
SKBUJIMCTAHTOM AaHTEHHOM PEIICTKMU.
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5. Onumure NOpPUHIMUIBI KMCHOJIB30BaHUS peduiekTopa s
MOJYYEHNUS] OJHOCTOPOHHEW AMArpaMmbl HAIMPABICHHOCTH JIBYMEPHOU
DKBUJVCTAHTON aHTCHHOMW PEIIETKH.

6. Onumure BIWAHUE PacCTOSHUS 10 peduekTopa Ha
HAIpaBJICHHbIE CBOMCTBA JBYMEPHOM OKBUIAMCTAHTOM AHTEHHOU
PELIETKMU.

7. OxapakTepuszyiTe MNPUHIMI BHIOOpPA ONTUMAIBHOTO pa3Mepa
peduiekTopa U BIMSHHUE €ro pa3MEepoOB Ha HaIpaBJICHHBbIE CBOWMCTBA U
BXOJIHbIE XApAKTEPUCTUKU JBYMEPHOW DKBUJIWCTAHTOW AHTEHHOWU
PELIETKMU.



MHUHOBPHAYKHN POCCUH
denepalibHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTebHOE
YUPEKISHHUE BBICIIETO 00pa30BaHUs
«}Oro-3anagHplii rOCy1apCTBEHHBI YHUBEPCUTET

(IO3T'Y)

Kadenpa kocmuueckoro npubOpoCTpOEHUS U CUCTEM CBS3U

U3MEPEHUE JTUAT'PAMMBbI HAITPABJIEHHOCTH
CUMMETPUYHOI'O BUBPATOPA

MeTtonnyeckue yka3zaHus
10 BBIMIOJHEHHIO J1a00paTOPHOM pabOThI
IUISL CTYACHTOB, 00YYaIOIIUXCS IO CIIEHUATbHOCTH
10.05.02 «MudopmanmronHasi 6€30MacHOCTD
TEJICKOMMYHHKAITUOHHBIX CUCTEM)
10 TUCHUIUINHE «AHTEHHBI U PAaCIPOCTPAHEHUE PAIUOBOIHY

Kypck 2024



YK 654:004.7

CocraBurenu: U.E. Myxun, JI.C. Konres

Penensent
JIOKTOp TEXHUUYECKUX HAYK, CTAPLIMK HAYYHBI COTPYAHHUK,
3aBeyroNIMi KadeIpoit KOCMUYECKOTO MPUOOPOCTPOCHUS U CUCTEM
cBsi3u B.I. Anoponos

H3mepenne auarpaMMbl HANPABJIEHHOCTH CHUMMETPHUYHOIO
BHOpaTopa: METOJUYECKHE YKa3aHMs IO BBIOJHEHUIO J1abOpaTOPHOI
pab6otsl / FOro-3arm. roc. yu-t; coct.: U.E Myxun, J1.C. Konres. — Kypck,
2024. - 18 c.

Meroauueckre yKazaHus TIO BBIMOJHEHUIO JIaOOpaTOpHOM PabOTHI
collepKaT KpaTKUe TEOPETUYECKUE CBEJICHUS O XapaKTEPUCTHKAX AaHTEHHO-
buaepHBIX YCTPOMCTB, CIOCO0AaX WX HW3MEPEHMs, 3aJaHUs Ha BBIMOJHEHUE
JabopaTopHOl paboThl, a TaKXKe IMepPeYeHb BOIMPOCOB IS CAMOIPOBEPKHU
M3y4aeMoro MaTepuaa.

Meroauueckie  yka3aHUsS ~ COOTBETCTBYIOT  y4eOHOMY  IUIaHy IO
CIEUATBHOCTH 10.05.02 «Mudopmanronnas 0€30MacHOCTh
TEJICKOMMYHHUKAIIMOHHBIX CHCTEM», a Takke pabouedl mporpaMme ITUCIUATITAHBI
«AHTEHHBI U PACTIPOCTPAHCHHE PATUOBOITH.

[Ipenna3HaueHbl I CTYICGHTOB, OOYYAIONIUXCS TIO CICIHAIBHOCTH
10.05.02 «udopmanionHasi 6€30MacHOCTh TEIEKOMMYHUKAIIMOHHBIX CUCTEMY TIO
JTUCITUTIINHE «AHTEHHBI M pacIIPOCTPAHECHUE PAIMOBOJIHY, a TAKXKE JIJIS CTYJICHTOB
JPYTUX HANpPaBJICHUM MOATOTOBKMA B 00JACTH MH(POPMAIMOHHBIX TEXHOJIOTHI B
CUCTEME BBICIIETO 00pa30BaHus.

Tekcrt reyaraercs B aBTOPCKON peIaKLIUU

[Toanucano B neuats 09.07.2024. ®opmat 60x841/16.
VYen. ned. 1. 1,04, Yu. uzxa. 1. 0,95. Tupax 100 sx3. 3aka3. 654. becmiatHo

FOro-3amaaHblil rocy 1apCTBEHHBIN YHUBEPCUTET.
305040, r. Kypck, yn. 50 ner Okts6ps, 94



1 Ileanb padoTbI

— U3YUYCHHUE YCTPOUCTBA CUMMETPUYHOIO BUOpaTOpa U U3MEPEHUE
JMarpaMMbl HAPaBICHHOCTH CUMMETPUYHOTO BUOpaTopa.

2 KpaTkue TeopeTuyecKue CBeJIeHU s
2.1 OyHKIHOHAJIBbHASA CXeMAa YCTAHOBKH

B xoze BbIMoOJIHEHUSA J1a0OpaTOpPHBIX pabOT HUCCIEeAyeTCs
MOJISAPU3ALUS DJICKTPOMATHUTHOTO TIOJSA, W3Iy4aeMOrO CIUPAIbHOU H
TYPHUKETHON aHTeHHOM. {11 3TOro coOupaercs cxema, B KOTOpO# OJIHa
Y3 YKAa3aHHBIX aHTEHH SIBIIIETCA Mepenaronieil. B kadecTBe MpueMHOM
aHTEHHBI B 000UX CIIy4asx UCIOJIb3YyeTCI CUMMETPUYHBIA BUOPATOP.

DOyHKIIMOHATBHAS CXEMa MakeTa C TYpPHUKETHOM aHTEHHOU
MpUBEJICHA HA pUCYHKE 1. B €€ cocTaB BXOJAT CIEAYIOIINE SIIEMEHTHI.

1) Ilepemaromiasi TypHUKETHass aHTEHHA, MPEACTABIISIONIAS
co00i1 KOMOMHAITUIO ABYX CUMMETPUYHBIX BUOpATOpPOB (61, 62 u 63, 64),
OPUEHTUPOBAHHBIX MNEPHNECHAUKYJSIPHO APYr K Apyry. [na co3nmanus
OJHOHAIIPABJICHHOTO W3JIyYCHUSI B AHTEHHE WCIIOJb3YETCS IUIOCKUU
skpaH 21 B BHjE Kpyrioro aucka. KOHCTpyKTMBHO aHTEHHA CBs3aHa C
CUMMETPUPYIOIIAM 151 COTJIACYIOIIUM yCTPOHUCTBOM C
KOpoTKo3aMbikaTeneM k3I1. Kaxapli CUMMETPpUYHBIM  BUOpaTop
MOJKJIIOYACTCA K BHEIIHUM YCTPOMCTBAM C IIOMOIINBIO OTpPE3Ka
KOAKCUAJIbHOTO Kabenss ¢ BOJHOBBIM compotuBieHuemM S50 Ow,
3akaHuyuBarouierocs pazpemamu pl, p2 tuna CP50-164®B. Hacrtpoiika
AHTEHHBI OCYIIECTBIACTCA MyTEM U3MEHEHUs pa3mepoB b u [ (pucyHok
1). KoHcTpyknMsi aHTEHHBI JOIYCKAaeT €€ BpaIlllCHUE BOKPYT OCH
cuMMeTpuu (yromu @).

2) IlpuemHas aHTeHHa - CHUMMETPUYHBIM BHOpatop 65, 66 c
IJIOCKUM 3KpaHOM 32 B BHJAE KPYIVIOTO JUCKa Uil CO3/IaHUS
OJIHOHAIPABICHHOTO wu3iyuyeHUs. Kak W mepeparomas 3Ta aHTEHHA
KOHCTPYKTUBHO CBfI3aHAa C CHMMETPUPYIOIIMM H COIJIACYIOIIUM
YCTPOMCTBOM C KOPOTKO3aMbIKATEIEM K32, HACTPauBacTCsi IyTEM
M3MEHEHUsI pasMepoB b u [ W pomyckaer BpallleHUE BOKPYT OCH
CUMMETpUH (Yroj ¢ Ha pUCYHKeE 1).

3) JBe ausnexktpuueckue TaHrd Owil v Owi2, HA KOTOPBIX
KpEMATCS MPUEMHAS Y NEPEArOasi AaHTCHHBI.

4) JIBa moBOPOTHBIX ycTpoucTBa myl U mny2 misl peryaupoBKHU
YIJIOBOTO TIOJIOKEHUSI AaHTEHH B TOPU30HTAIBHOM IIOCKOCTH.
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5) Ortpe3ok koakcualbHOrO Kabenst Kkl C  BOJIHOBBIM
conpotuBiaeHuem 50 Owm, 3akaHuuBarouierocs pazpemamu tuna CP50-
164®B u CP50-163DB.

6) BosiHOBOIHBIN TPOWHUK m 1.

7) I'enepaTop Bbicokoi yactoTel ' BU tuna '4-144 nHa guama3oH
(500-1000)MI 11, KOTOPBIM CAYKHUT JJISI IUTAHUS TIepeIaroleil aHTCHHBI.
[lonkmroueHne €ro K aHTEHHE OCYUIECTBISETCA C  ITOMOIIBIO
KOAKCHAJIBbHOT O Kabess KKk2 ¢ BOJTHOBBIM comnpoTuBiacHueM 50 OM.

8) JleTekTOopHas CeKIus 0 IJisi U3MEPEHUSI YPOBHS MIPUHUMAECMOM
MOIIHOCTH.

9) Peructparop aJist UBMEPEHUSI U UHIUKAIIMUA TOKA JETEKTOPHOMN
CEKIIWH.

10) CoeauHuTenbHBIN MIHYP cutl COCNUHSAIOUIAN JETEKTOPHYIO
CEKIIHIO U PETUCTPATOP.

I1) CoeMHUTENBHBIA  IIHYP cuw2, TO  KOTOpOMY
CUHXPOHHU3UPYIOLIUN CUTHAJI OT peErucrparopa nocrymnaer Ha sxoa ' BY.

Bce kabenu cHaOXkeHbl COOTBETCTBYIOMMMU pazbeMamu CP50.

1 I

65

62
m 0Cb QHMEHbL -

L ' ochy aHrm |
erbl — -
mi p2 P ¢ €32
66 g
"? [ f
gt qw2 I
nyl
feic2 Y nyZ
I'BY Pezucmpamop
g ztgo g YNP. HANDAKC bzog CUHT
® Q Q
cwl cuwl

Pucynok 1 — ®yHknMoHaNbHAsA cXeMa J1ad0opaTOpHON YCTaHOBKH
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2.2 Ha3HaueHMe U OPraHbl YIIPABJIEHUS Perucrparopa

JInst u3MepeHus: ypoBHSI MOIITHOCTH 3JICKTPOMArHUTHOW BOJIHBI,
MOCTYNAIIIEN HA IPUEMHYIO aHTEHHY, CIIYKHUT peructparop. BxoaHsim
CUTHAJIOM IS HErO SBJSETCS TOK JETEKTOPHOTO JHOJAA, KOTOPBIU
pacmloyiO)KEH B  JIETEKTOPHOM CEKUHUH. 3HAYEHHE HJTOrO0  TOKa
IIPOIIOPLUHOHATIBHO MOITHOCTH AIEKTPOMArHUTHOMN BOJIHBI,
MOCTYTAIONIEH HA TPUEMHYIO AaHTCHHY.

Ha pucynke 2 wuzo0OpakeHa JUIleBasl MaHENIb PErucTparopa.
MHaukanuss TOPUHUMAEMOrO  YPOBHSL ~ MOIIHOCTH  MPOW3BOJIUTCS
HU(PPOBBIM  YETHIPEXPA3PSAIHBIM ~ HHAUKATOpOM. Ero mokaszaHus
COOTBETCTBYIOT HAIPSXKEHUIO HA BBIXOJIC YCHJIMTENS TOKA IETEKTOPHOTO
muoaa. [1ocKombKy AETEKTOPHBIM MuOj paboTaeT 0€3 CMEIIECHHS, €ro
BOJIbT-aMIIEpPHAs XapaKTepUCTUKA KBajpatndHa. Kak cruencrsue,
MOKAa3aHUsl HWHJMKATOpa MPOIMOPIMOHAIBHBl YPOBHIO TPHUHUMAECMOU
MOIIHOCTH.

Ha nuueBod maHenu pacnoioXeH KHOMOYHBIM MEpPeKIoYaTellb
MEPEKIIOYEHUS] TTPEJICSIOB U3MEPEHUS. BKIIIOUEHHE COOTBETCTBYIOIIETO
npejesna NpoOu3BOAUTCS MPOCTHIM HAXKATUEM COOTBETCTBYIOIIEH KHOIIKH.

Perucrpartop
O O O
PEFTMCTPATOP
YPOBEHb CUTTHATA 20 200 2 20 200 2
o OOOOOO o
L | L | | |
MKB mB B
CETb = O O =
BXOO ~ CUHXP
O O O

PucyHok 2 — JIuneBasi maHeab perucrparopa

Tok JeTeKTOpHOro JMoJa TMOCTYyHNaeT Ha PErucTpaTrop 1o
COCMHUTEIIBHOMY Ka0elto, KOTOPBIM MOJKIIYAETCS K OJIOYHOMY
pazbemy CP-50 ¢ Haamuceio «BXoa». Bropoit 6;10unbiif pazsem CP-50 ¢
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HAJI[IUChI0 «CHHXP» CIYXUAT ISl TOAKIIOYEHUS MOIYJIUPYIOLIETO
curHasia K reseparopy BU. B kadecTBe Takoro curHajia MCHoJIb3yeTcCs
MPSIMOYTOJIbHBIA MEAHAP ¢ yacToTou 7 KI'1.

BxiroueHnue peructpaTopa MpoOU3BOAUTCS TyMOJIEPOM «CeTh» Ha
auieBor nmanenu. IIpu BKIOYEHUM 3aropaeTcs MoACBEeTKa TyMmoOIepa.

2.3 HaznaueHue 1 OpraHsnl ynpanJieHus reieparopa BU

I'enepatop BY cuyxuT mjis nutaHus nepejarommx anTteHH. Ha
puc. 10 u3obpakeHa ero mnuieBas MNaHedb. BkiloueHHEe reHeparopa
ocymiectisiercs tymonepom «CETby. Ilpu BkimroueHuH 3aropaercs
KOHTPOJIbHBINA CBETOMO/, PACTIOJIOKEHHBIN HAJl ITUM TYyMOJIEPOM.

Buumanue. Brirouenue reHeparopa 0e3 NMOJKJIKYEHHOH K
BbIXOAHOMY pa3beMy S50 € Harpy3ku MoOkKeT NPUBECTH K €ro
MOJIOMKE.

B wMakere reHepatop WMCHOJB3YETCS B PEXKUME BHEIIHEH
MoayJsiiuu. s oOecrniedeHus 3Toro pexuMa MOAYJIUPYIOIIUN CUTHAI
OT perucTparopa (THE30 «CHHXP») C IOMOIIBIO COCIUHUTEIHLHOTO
mHypa (cutl) NOAKITIOYAETCS K THE3Y «yNP. HANPHAK.» HA JULEBOU
naHenu reHeparopa. Ilpu 3Tom AoDKHA OBITH Ha)kaTa OJHA U3 JBYX
KHOIOK «BHEIIL)» YETHIPEXMO3UIIMOHHOTO TMEPEKITI0YATENST PEKUMA
paboTHI.

reHepaTop CUrHaNoE BeICOKOYACTOTHEIA [4-144
[0
HHHHHHHE—
o L]
° O
ceTs /13[7] Hz
@ YCTAHOBKA 4acToThl ypaRaHy
BbIX0OO
i R GRS P by
— - G
2© 20O © (o)

Pucynok 3 — JIuneBas nmaHesnb BBICOKOYACTOTHOTO T€HEpaTOpa CUTHAJIOB

KoakcuanpHbiii kabenb Kk2, O KOTOPOMY 3JIEKTPOMAarHUTHas
BOJIHA MOCTYIAET K aHTEHHE, MOJKI0YaeTcs K pazbemy 50 2. Han stum
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pPa3bEMOM HAXOAUTCA KHOIIOYHBIA MEPEKII0YATENb «BBIXOA», KOTOPBIU
CIYKHUT JJIi BPEMEHHOTO OTKIo4YeHus MomHoctu CBY curnana or
BBIXOIHOTO pazbema. CBY curnanm nmocrynaetr Ha pazbeM 50 Q2 TOJIBKO
IPU  HAXKATOW  KHOMKE. Bplle  KHOMOYHOTO  MEPEKIHOYATENA
pacloJIOKEHBl JIBA TOTCHIIMOMETPAa «YPOBEHbY», CIyXXalue s
pPEryJIMPOBKU TIJIaBHO W Tpy0o ypoBHs MoriHoctd CBY. Hang nHumwu
pPACMOJIOKEH CTPENOYHBIM HUHAMKATOp YypoBHA CBY MomHOCTH C
MOTEHIIMOMETPOM PETYIUPOBKU €TI0 UYBCTBUTEIBHOCTH.

B OKHE «ycTaHOBKa 4YaCTOThI»  pACIOJOXKEHA pydKa
MEXaHUYECKOTO PETyJsiTOpa U OKHO, B KOTOPOM OTOOpaKaeTcsl TEKyIee
3HAYEHHE YaCTOThI. B mpaBoil 4aCTH OKHA PACIIOJIOKEH OTEHIIUOMETP, C
MIOMOIIBI0O KOTOPOr0 MOKHO OCYIIECTBUTh IUIABHYK) MOJACTPONKY
4acTOTHI B HEOOJIBIIKX Mpeeax.

Buumanue. Ilpy HaguuuMu MOIIHOCTH HAa mepeaarolIei
aHTEeHHe, 0 YeM CBMJeTeJbCTBYeT Haxkarasi KHonka «BbIXOJ/l» na
JUIEBOH TMaHeJH TeHepaTopa, 3anpemaercsl HAXOAUThCH IepeNn
nepeaamueii aHTeHHo. Bee aeiicTBUA MO0 U3MEHEHHMIO TeOMETPUU
AHTEHH M MX HACTPOHKe MPOBOAMTH TOJbKO NPU OTCYTCTBUM
MOIIHOCTH HA mepeaaroined anreHue. i BbIKJIIOYEeHUs MOIHOCTH
cieayer orxkartb KHONKY «BbIXO/». Crporo cobuamoaars npaBujia
3jiekTpode3onacHocTd. Bce padoTsl NPOBOAMTHL TOJNBKO O[]
PYKOBOJCTBOM Jia0OpaHTa WM npenoxasaress!!!

3 IlepedyeHb pecypcoB, HeOOXOAMMBIX /IJisi BbINOJHEHUS
padoThI

- TEeHepaTop BBICOKOYACTOTHBIX curHaos (I'BY);
- perucrparop;
- 2 Thna aHTeHHO-(PUIEPHBIX YCTPOUCTB.

4 3ananue Ha Ja00paTOpHYIO padoTy
4.1 N3mepenue AHATPAMMBI HANPABJIEHHOCTH
CUMMETPUYHOI0 BUOpaTopa

CUMMETpUYHBIM BHOpPATOP HUCMOJB3YETCS B KAYECTBE MPUEMHOMU
anTeHHbl. Heo0X01MMO M3MEPUTH XapaKTEPUCTUKU €0 HAMPABICHHOCTH
B JIBYX B3aUMHO OPTOIrOHAJIBHBIX IJIOCKOCTSX E 1 H.

Bemmonuuts nyHKTh 4.2.1. 11 4.2.2.
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4.2 IlpoBenenne U3MepeHU MPHU UCNOJb30BAHUHU B KaYeCTBe
nepeaauieil AHTEHHbI TYPHUKETHOTO U3J1y4YaTeJist

4.2.1 IlpoBepka He0OXOAUMMBIX COeIMHEHUM

IIpoBepuTh HaMUKE CHENYIOMIUX COCTUHEHNM:

— KOAKCHUAJIbHBIM Pa3beM «YyIP. HANPSK.» Ha JIUIEBOU MaHEIN
reHeparopa JOJKEH ObITh COCIMHEH COCIMHUTEIbHBIM ITHYpOM cutl
THE3I0M «CHMHX» Ha JIMLEBOU MMaHEIIA PETUCTPATOPA;

— Ka0eJib MPUEMHOI0 CUMMETPUYHOIO BHOpaTopa MOJKEH OBITh
MOJIKJIFOYEH KO BXOAY JIETEKTOPHOM CEKIIHH O;

— pa3beM JAETEKTOPHOTO AUO0JA HA IETEKTOPHOU CEKLIUH O NOJKEH
OBITh COCJIMHEH COEJUHUTEIIHLHBIM IIHYPOM cui2 C THE3IOM «BXOI» Ha
JIMLIEBOM MaHEU PETUCTPATOPa;

— BBIXOJIHOM pa3beM reneparopa 50 £ coenuHeH ¢ KOAKCUaJIbHbIM
Ka0OeneM Kk2;

— TIPOTUBOIOJOXKHBIA pazbeM Kalens KKk2 JOJDKEH ObITh
MTOJKJIFOUECH:

— 100 K OJHOMY U3 Pa3beMOB CHUMMETPUUYHBIX BHOPATOPOB,
0o0pa3yloluX TYPHUKETHYIO aHTEHHY. B »ToM ciydyae BbIOpaHHBIN
CUMMETPUYHBIN BUOPATOP UCCIETYETCS KaK CAMOCTOSITeIbHAS aHTCHHA,;

— 100 K KOAKCHUAIBHOMY TPOMHHKY m2. B 5TOM ciydae K 3TOMY
K€ TPOMHUKY JOJKHBI OBITh TOAKIIOYEHBI UM Kabenu o0oux
CUMMETPUYHBIX BUOPATOPOB, 00pa3yOIINX TYPHUKETHYIO aHTeHHY. 1o
yKa3aHUIO IPENogaBaTelisi B pa3pbiB MEXKy OJHUM U3 aHTCHHBIX Kabeeit
U TPOMHUKOM MOJKET OBITh BCTaBJICHA KOAKCHAJIbHAs BcTaBKa Kk 1. B aTom
CIIy4ae UCCIEAYETCS TYPHUKETHAS AHTEHHA.

Hwxe omucanbl omnepanuu, BBINOJHSEMBIE TPU HCCIEAOBAHUU
TYPHUKETHOM aHTEHHBI. M ccienoBaHue OJWHOYHOTO CHMMETPUYHOIO
BUOpATOpa BHIMOJIHIECTCS aHAIIOTUYHO.

4.2.2 IlpeaBapuresibHasi HCTUPOBKA YCTAHOBKH

1. Ilo 3amanHoMy 3HadeHuUIo yacToThl F1=670 MI 11 paccuntaTh
JUIMHBL TUied L BUOpaTopoB MPUEMHON M TEepefarolieil aHTeHHBI U
YCTAaHOBUTh PACUETHOE 3HAYCHUE UX JUIMHBL 110 3ajlaHHOMY 3HAYECHUIO
qacToThl F paccunTtarh AyinHbI mied BuopatopoB L (bopmymna 1).

L:c/(4F) (1)
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JlnunHy mieda BuOpaTopa OTCUUTHIBATh OT OCHOBAHUS (PUCYHOK 4).
K usmepennomy 3Hauenuto L ciegyer mpubaBUTh UIMHY CKPBITOTO B
OCHOBAHHMH YyYaCTKa U BBIYECTh TOJIIIUHY JEKOPATUBHOIO KOJIAyKa.

L1

¥

=TT

EOAMNa4Y0K

ocb BWbpaTopa TpyOKa

\DCHGBHHHE

Pucynok 4 — CxeMa mjieda CMMMETPUYHOTO BUOpaTOopa

[Tonnas nnuHa muiedya BUOpaToOpa OMPEIENsieTCs] COOTHOLIEHUEM
L=L;+22 (mm).

[lepemerniast mo pe3rOe Ha OcU BUOPATOPOB UX IJICUU (PUCYHOK 4),
YCTaHOBUTH HEOOXOIMMOE 3HAUEHUE JUIUHBI L.

2. Bpamasi TypHUKETHBIM M37ydarellb BOKPYT TOPU30HTAIbHOMN
OCM (@ YCTaHOBHMTL yroia ero mopopora pasubiM 0°. Orcuer yria
MIPOM3BOJIMTCS M0 IIKajie Ha 00oiiMe 1 (pUCyHOK 5).

PucyHok 5 — TypHUKETHBIN U3ITydaTellb

3. VYCTaHOBUTH TPHUEMHYIO W  IIEPENAIOLIYI0  AHTECHHBI,
NPUOJIMKEHHO OPUEHTUPOBAB UX HAIPABJICHUSIMU IJIaBHOI'O MaKCUMyMa
JIarpamMMbl HAIIPABJIEHHOCTH APYT Ha APyra.
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4. BKJIIOYUTH MUTAaHUE PETHCTpATOpPA U T€HEepaTopa TyMOJIepamMu
«CeTh» Ha UX JIMIEBBIX NaHesaX. [Ipu BKIIOUEHNHN 3aropaeTcs Mo ICBETKA
TyMOJiepa perucTparopa M 3aropaercsi KOHTPOJbHBIM CBETOJIHO]
reHepaTopa.

5. YCTaHOBUTH C IOMOIIBIO OPTAaHOB YIIPABJIICHUSA I€HEpATOpa
«YCTAaHOBKA  YaCcTOThI»  3aJJaHHYI0  MPEINoJaBaTejeM  4acToTy.
[IpoBepuTh Ha)kxaTHE€ KHOINKH CHUHXPOHU3AIMS «BHEID» OTPULIATEIbHBIM
MMITyJIbCOM. Y CTAHOBUTH BBIXOJHOE HampsbkeHue reHeparopa 0,25
MaKCUMAJIbHON MOIIIHOCTH.

6. C DoOMOWIBIO KHOIMOYHOTO MEPEKIIoYaTes IMpPeaeiioB
U3MEpPECHHUS Ha JMIEBOM MaHEIM perucrparopa JI00UThCS 3aMETHBIX
IOKa3aHuM Ha ero mudporoM Tab10. BkiIrouyeHue npeesnna mporu3BOIUTCS
MIPOCTHIM HaXaTHUEM COOTBETCTBYIOIIEH KHOTIKH.

7. llonspuzaumsi SJIEKTPOMArHUTHOM  BOJIHBI, H3JIy4aeMou
TYPHUKETHON aHTEHHOM 3aBUCUT OT:

- yIJia TOBOPOTa BOKPYT TOPU30HTATIBLHOM OCH (;

- Hanuuus BctaBku OK1,2;

- 4acTOThI reHeparopa BY.

[TopToMy HEOOXOAUMO TMPOU3BECTH TMOJCTPONKY OpPHEHTALNH
IIPUEMHOI0 CHMMETPUYHOTO BHOpartopa. s 3Toro ero HeoOXOIUMO
BpalllaTh BOKPYI' OCH, J00OMBasiCh MaKCUMAaJIbHBIX IIOKa3aHUW Ha
uu@poBoM TabIO perucTparopa.

8. IlpousBecT MOACTPOWKY IETEKTOPA, PACIOJONKEHHOTO Ha
SKpaHe MPUEMHON AaHTEHHBI C MPOTHUBOIOJIOKHONW CTOPOHBI. J[JIs 3TOTrO
HEOOXOJMMO TpHUJIECPKUBasl TOPIICHs 12 Bpamath PEryJIMpoOBOYHYIO
raiiky 14 (pucyHok 6). JloOUThCS MakCUMalbHBIX TOKa3aHUU Ha
1ppoBoM TabI0 perucTparopa.

Pucynok 6 — Cxema moJCTpOMKHU JIETEKTOpA
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9. OcropoXxHO Tiepemeniasi CHUMMETPUYHBIA BHOpaTtop B
MPOJO0JbHOM HaIPABJIEHUH U MEHSI PACCTOSTHUE MEKy HUM U SKPAaHOM
JTOOUTHCSI MAKCUMAaJTbHBIX TTOKa3aHUH Ha ITM(PpOBOM TabJI0 perucrparopa.

10. ITocne aToro ocinabuTh KperieHne KOpoTKo3aMbIkaTesst 12 Ha
NpueMHOM aHTeHHe (PUCYHOK 7) U Tmepemenias €ro  BIOJIb
JBYXITPOBOJIHOM JIMHUU y3J1a CUMMETPUPOBAHUS U COIJIACOBAHUS BHOBD
TO0OUTHCSI MAKCUMAJTBHBIX MMOKa3aHUM Ha IUPPOBOM TabJIO perucTparopa.

[ CF

Pucynok 7 — Kpenienne KOpoTKO3aMbIKATEIA

11. IToBTOpHUTH AEWUCTBHS, ONMUCAHHBIC BBHIIIE, JJIs MEPEAAIONIEH
TYPHUKETHON aHTCHHBI.

12. Bpamas nonepeMeHHO MMPUEMHYIO U IEPENAFOITY0 AaHTEHHBI C
MOMOIII0  TOBOPOTHOT'O  YCTPOMCTBA JOOWBATHCA MaKCHMAaJIbHBIX
MoKa3aHWil Ha IUPPOBOM Ta0JI0 PETUCTPATOPA.

13. U3meHsss B HEOONBIIMX MOpeeiaax YacToTy TIeHepaTopa ¢
MOMOIIBI0 PYYKH «TOYHO» Ha €ro JIMIEBOM TaHEeIu JOOUTHCS
MaKCHMaJIbHBIX MOKa3aHUM Ha ITU(PpOBOM TabJI0 perucTparopa.

14. JIoOuTbcs MaKCUMaJIbHO BO3MOXKHBIX IOKa3aHUN  Ha
1 poBoM TabJI0 perucTparopa.

15. IIpu HEOOXOAMMOCTH T10 YKa3aHUIO ITPENOAaBaTesl K3BMEHUTD
yrojJ HakKJIOHA IPUEMHOM M NEPEAAIOLIEW AHTEHHbI B BEPTUKAIBHOU
MJI0CKOCTH. JIjIsi 3TOro HEOOXOAMMO OCIa0UTh BHHTHI 5 (puc.5) wu
MOBEPHYTh AHTEHHY B BEPTUKAIHHON IIJIOCKOCTH Ha HYXXHBIM YTOJ.
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Hactpoiika Bemercs 1O MAaKCUMQJIbHBIM IIOKa3aHUSM Ha IIKAJIE
perucrparopa.

16. Ycranosuts orcuer 0,0° Ha 1IKamax MOBOPOTHEIX YCTPOUCTB
(pucynoxk 7). s atoro:

- ocnabuth ¢ukcupyromue BUHTHI (14) KperieHus ys3iaa onopbl
(13) co mrranroii (12) u aHTEHHOI;

- ocnabuTh GpUKcupyronme BUHTHI (6) konerr (5);

- yJIepXuBasi y3€J OINOpbI, MOBEPHYTh OCHOBAHHE C YIJIOBOM
mkaoii (3) B IOJIOKEHNE, COOTBETCTBYIONIEE oTcdeTy yria 07

- YCTAaHOBHUTb OJWMH H3 MHUKPOMETPUYECKUX BHUHTOB (8) B
nonoxenue, coorsercrayomee 0,0° (CM. IyHKT OnmMcaHue IIOBOPOTHOTO
YCTPOMCTBA) M 3aTSAHYTh COOTBETCTBYIOMIMHI (PUKCUpyrONUii BUHT(O).
BTopou BUHT HE 3aTATUBATD.

- IOBEPHYTh AHTEHHY C IUAJICKTPUUECKOH 1mTanroi (12) u onopoi
(11) oTHOCHUTENHHO HEMOJBUKHOI'O OCHOBAHMS C YIJIOBOM Iikanoiu (3),
TOOMBIIMCH MAKCUMAJIBLHBIX MOKA3aHUI Ha IIIKaJe PeTUCTPaTopa;

- 3adukcupoBaTh BUHTHI (14) kpemieHus yziaa omopsl (13) co
mTanroit (12) u aHTeHHOIA.

17. Tlpu HEOOXOAMMOCTH MPOU3BECTH KOPPEKIMIO TMOJOKEHUS
aHTEHH, MTOBTOPSISI OMUCAHHBIC BHIIIE ONEPAIIUH.

Ilocne 3mozo  cuame  OJuazpammy  HANPAGIEHHOCHMU
cummempuuno2o eudopamopa ¢ niaockocmu E. /[na amozo:

1. VYcraHOBUTH TPUEMHBIA CHUMMETPUYHBIA BUOpaTop B
MOJIOKEHHE, TTPU KOTOPOM €T0 IJIEYH TOPU30OHTAIIbHEIL. [Ipu 3TOM OTCUET
yria ¢ Ha ero oooiime 1 (pucynok 6) coorserctayer 0°.

2. Bpaiasi TYpHUKETHYIO aHTEHHY BOKPYT CBOEU OCH, JOOUTHCS
MaKCHMaJIbHBIX MOKa3aHUM Ha IU(PpoBOM TabJI0 perucTparopa.

3. YCTaHOBUTH HYJEBOW OTCYUET IO YTIIOBOW HIKAJIE TIOBOPOTHOIO
YCTPOMCTBA.

4. OTMeTuTh OTCUeT Ha IU(POBOM TaOJIO PETUCTPATOPA (max,
COOTBETCTBYIOIIMM HYJEBOMY 3HAUCHUIO YIJIa MOBOPOTAa AHTEHHBI. B
pe3yJbTaTe  IPOBEICHHOW  IPEABAPUTEIIBHOW  IOCTUPOBKA  OH
COOTBETCTBYET TIJIaBHOMY MAaKCUMYMy JHarpamMMbl HaIMpPaBICHHOCTH
VCCIIENYEMOM aHTEHHBI U MPSIMO MPOMOPLUOHAIIEH MOIITHOCTH, KOTOpas
MOCTYIIAET OT MPUEMHOW AHTCHHBI.

5. Ocnabuth (pukcupyrome BUHTH (6) KoJel (5) uccienyeMoit
aHTeHHbI. [loBOpaunBaTh BpyUYHYH) aHTEHHY C MTOMOIIBI) MTOBOPOTHOTO
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YCTPOKCTBA MO YaCOBOM CTPEJIKE /10 TE€X MOp, MOKa OTCUET Ha HU(PPOBOM
TabJI0 pEerucTpaTopa He yMEHbIIATHCS B JBa pasa.

6. OTMeTUTh 3HAYCHUE YIrJla MOBOPOTA AHTEHHBI. JTOT YTrOJ
ONpeNeNsIeT [IHUPUHY JuarpaMMbl HAMpPaBJICHHOCTH HCCIETyEMOU
aHTEHHBI 0 ¢ 5.

7. TloBepHYTb QHTEHHY B IIOJOXXEHUE, COOTBETCTBYIOLIECE
HYJIEBOMY OTCYETY yria (MakCUMalbHbIE TOKA3aHUSI PETUCTPATOPA).

8. N3MmepuTh HEHOPMHUPOBAHHYIO JIHArpaMMy HaIpPaBJICHHOCTH
UCCIIENYEMOM aHTEHHBI. J[JI1 3TOro CHATH 3aBUCUMOCTh OTCUETa Ha
nudpoBoM TabIO perucTparopa  OT yria MoBOpOoTa aHTEHHHI 0. Yromn
U3MEHSTh C MOCTOSIHHBIM IIIaroMm, BhIOpAB €ro Tak, 4TOOBI B Mpejesiax
IIMPUHBI  AArpaMMbl HAMNPAaBJICHHOCTH YJIOXWIOChH HE MEHee S
OTCYETHBIX TOYEK. M3mepenus mnpoBoauTe MeHsAs yroia oT 0 mo 90
rpaJycoB W Bpalllas aHTEHHY 10 4aCOBOU cTpesike. OTMETUTh 3HAUYCHUS
4acTOThl TeHepaTopa F W niuHbl 1ieya BuOpatopa L. PesynbraThi
U3MEPEHUH 3aHeCTH B Tabnuiry 1.

9. TloBTOpUTH HU3MEpPEHHUS] HEHOPMHUPOBAHHOM IHUArPaMMBI
HaMnpaBJICHHOCTH AHTEHHBI B COOTBETCTBUM C IIYHKTOM S5, Bpaias €e
IIPOTUB  YacOBOW CTpeiKU. TakomMy TIOBOPOTY COOTBETCTBYET
OTpHLIATEIBLHOE 3HAYEHHE YTJIa TIOBOPOTA.

Tabmuma 1 — JluarpamMa  HanmpaBI€HHOCTH  CUMMETPUYHOTO
4eTBEPTHBOJIHOBOTO BHOparopa B iockoctu E. F= L=

o (rpax.) |0 o 0 -0l

q (oT. en.)

gn(oT.€1.)

10. ITocne mpoBeeHUS BCEX U3MEPEHHI IPOU3BECTU HOPMUPOBKY
JyarpaMMbl HaIpaBJIE€HHOCTH. JlJIsI 3TOro ONpEeneIuTh HOPMUPOBAHHOE

3HAYEHHME MOIITHOCTU Ha BBIXOJE MCCIIEIyeMO aHTEHHBI (, M0 (opmyIie
2.

9y =9/ G 2)
11. ITocTponTh HOPMHUPOBAHHYIO JUATPAMMY HAIIPABJICHHOCTH.
Jna uzmepenuna ouazpammol HanpaeieHHocmu 6 naockocmu H

npu neooxooumocmu noemopumso nynkmeol 4.2.1 u 4.2.2 u evitnonnume
cnedyrwuiue onepayuu.
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1. VYcraHoBUTH TpPUEMHBIH CHMMETPUYHBIA BHOpAaTOp B
MIOJIOKEHHE, TPU KOTOPOM €ro IUICYH BEPTUKAIbHBL. [Ipn 3TOM OTCUET
yria ¢ Ha ero oooiime 1 (puc.6) coorserctByet 90°.

2. Bpamas TypHUKETHYIO aHT€HHY BOKPYT CBOEH OCH, JTOOUTHCS
MaKCHMaJIbHBIX MTOKa3aHUM Ha IU(PPOBOM Ta0JI0 perucTparopa.

3. YcTaHOBUTH HYJIEBOM OTCUET MO YIJIOBOW MIKAJIE IMMOBOPOTHOTO
YCTPOMCTBA. [{JIs1 3TOTO BBITOJIHUTH MOAMYHKT 17 myHkTa 4.2.2.

4. OTMeTuTh OTCYET Ha HU(PPOBOM Ta0I0 PErucTPATOPa (max,
COOTBETCTBYIOIIMI HYJIEBOMY 3HAUCHUIO YIJjla MOBOPOTAa AHTEHHBI. B
pe3ylibTaT€  NPOBEIECHHOW  NPEABAPUTEIBHOW  IOCTUPOBKH  OH
COOTBETCTBYET TIJIABHOMY MAaKCUMyMy JHAarpaMMbl HaIMpaBICHHOCTHU
UCCIIEIYEMOM aHTEHHBI U MPSIMO MPOMOPIIMOHATIEH MOIITHOCTH, KOTOpas
MOCTYIIAET OT MMPUEMHOW AHTCHHBI.

5. Ocnabuth (pukcupyrome BUHTH (6) KoJel (5) uccienyemoit
aHTeHHbl. [loBOpaunBaTh BpyUYHYI0 aHTEHHY C ITOMOIIBIO TTOBOPOTHOTO
YCTPOWCTBA IO YaCOBOM CTPEJIKE 10 TEX MOp, MOKa OTCUET Ha U(PPOBOM
Ta0JI0 pETUCTPATOPA HE YMEHBIIIATHCS B JIBA pa3a.

6. OTMeTUTh 3HAYECHUE YIrJla MOBOPOTA AHTEHHBI. JTOT YroOJ
ONpeAeNsieT [MIHUPUHY JuarpaMMbl HAMpPaBJICHHOCTH HCCIETyEMOMU
aHTEHHBI 0 ¢ 5.

7. ITloBepHYTb aHTEHHY B MOJIO)KEHUE, COOTBETCTBYIOIIECE
HYJIEBOMY OTCYETY yriia (MakCUMaJbHbIE TOKa3aHUSI PETUCTPATOPA).

8. N3MmepuTh HEHOPMHUPOBAHHYIO JIHArpaMMy HaIlpaBJICHHOCTH
UCCIIENYEeMOM aHTEHHBI. J[JI1 3TOro CHATH 3aBUCMMOCTh OTCUETa Ha
uu@poBoM TabIO perucrparopa  OT yrja MOoBOpOTa aHTEHHHBI 0. Yron
U3MEHSTh C MOCTOSIHHBIM IIIaroMm, BBIOpAB €ro Tak, YTOOBI B Mpejesiax
IIMPUHBI  JAArpaMMbl HANpPaBICHHOCTH YJOXWIOChH HE MEHee S
OTCYETHBIX TO4YEK. M3MepeHus mnpoBoauTh, MeHss yroia or 0 mo 90
rpagycoB W Bpallas aHTEHHY [0 YacOBOW CTpenke. Pe3ynbTaThl
U3MEPEHUH 3aHECTH B TAOIHILy 2.

9. [IloBTOpuTh W3MEPEHHS HEHOPMHUPOBAHHOM AUAarpaMMbl
HaMpaBJICHHOCTH AHTEHHBI B COOTBETCTBUM C IIYHKTOM 5, Bpaias €e
IPOTUB  YacOBOM  CTPEJKUA. Takomy TIOBOPOTY COOTBETCTBYET
OTPULATEIBHOE 3HAYCHUE YTJIa IOBOPOTA.
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Tabmuma 2 — JlmarpamMa  HampaBJICHHOCTH  CHMMETPHUYHOTO
4eTBEPTHBOJHOBOTO BHOparopa B miockoctu H

o (rpag.) |0 o 0 -0l

q (oT. en.)

gn(0T.€1.)

10. ITocne nmpoBeneHUs BCEX U3MEPEHUN NPOU3BECTH HOPMUPOBKY
qyarpaMMbl HalpaBi€HHOCTU. J[JIsl 3TOro OMpeaeauTh HOPMUPOBAHHOE
3HAUYE€HHE MOIIHOCTH Ha BBIXOJE MCCIEIYyEeMON aHTEHHBI (, M0 (popMyJie

2
11. ITocTponTh HOPMHUPOBAHHYIO JUATPAMMY HAIIPABJIECHHOCTH.

S TpeOoBanuss K O(POPMJICHHI0O OTYETA MO BbINOJHEHUIO
JJadopaTtopHoi padoThI

Otuér Habupaetrcs kommbioTepe B dopmare .doc wmu .rtf u
neyaTaeTcss Ha OJHOW CTOpOHe jucta Oenoit Oymaru Qopmara A4
(210x297).

Pa3zmepsl noneu:

— BEPXHEE MOJIE — 2 CM;

— HIDKHEE 10JIE — 2 CM;

— JIEBOE MoJjie — 3 CM;

— npaBoe none — 1,5 cm;

— neperieT — 0 cm.

BripaBHuBaHue Texkcta — no mupuse. Hlpudt — Times New Roman.
[IBer mpudra — ué€pHbii, pasmep mpudra — 14. Tekct pabOTHI
neyaraercst ¢ adbzanuoro orcryna 1,25 cM. MexaycTpouHbIi UHTEpBAI —
1,5. JlonmoaHUTENBHBIE OTCTYIIBI 0 U MOCJE ab3aleB HE MPUMEHSIOTCSI.

Hecnoxuble (popmyIibl TOTKHBI OBITH HAOPAHBI C UCIIOJIB30BAHUEM
koMmaHbpl «BcraBka—CuMBom». CloxHble QOpMYJIbl JOJKHBI OBITh
HaOpaHbl B penaktope MathType 6.0 Equation.

OTuéT 1O BBINOJHEHUIO JA0OPATOPHOM PabOThl  JOJKEH
COJIEPXKAaTh:

— Ha3BaHUE MpeAMeTa, HOMEP U Ha3BaHUE J1abOpaTOpHON pabOTHhI;

— (haMUIINIO0 U MTHULIMAJIBI aBTOPA, HOMEP TPYIIIIbI;

— (haMUJIHIO M MHULIMAJIBI TIPETIOIaBaTeIs;

— 1eJIb Pa0OTHI;

— IIEPEYEHb UCIOJIB3YEMOT0 000PYIOBAHUS;
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— MOCJEI0BATEIBLHOCTD ICHCTBUM MPU MTPOBEICHUN UCCIIEIOBAHNM;

— BBIBOJI O MPOJICIAHHON padoTe;

— OTBEThI HA KOHTPOJIbHBIE BOIPOCHI;

— JIaTy BBINOJHEHUS U JIMYHYIO MOMHUCH.

Pe3ynbTaThl pa3IM4yHbIX M3MEPEHHUM HEOOXOIMMO MHPEIACTaBUTH B
BHJIC HECKOJbKHX CaMOCTOSATENbHBIX Ta0Oaul u TpadukoB. Kaxnas
Ta0JIUIIa U KaXbIi TpayK JOJKHBI KMETh CBOM 3ar0JIOBOK M UCXOJHBIC
JTAaHHBIEC YKCIIEPUMEHTA.

IIpu BBIMOJHEHUM YUCICHHBIX PacyeTOB HAJIO 3amucarh (popmyiy
ONPENICISIEMON BEJIIMYMHBI, CJI€JIaTh COOTBETCTBEHHYI0 YHCIIEHHYIO
IIOJICTAHOBKY Y IMPOU3BECTHU BHIYUCIICHMUS.

IIpumep odopmneHus oT4ETa MPEACTABICH B IPUIOXKESHUN A.

6 KoHTpoO/IbHBIE BONIPOCHI

1) Yrto Ha3bIBaeTCAd AaHTEHHOW?

2) B uyeM 3akiroyaeTcsi IPUHIIUAIN 1yaJbHOCTH aHTCHHBI?

3) OcHOBHBIE ITapaMeTPbl AHTCHHBI.

4) [laiiTe onpeneneHue quarpaMMbl HAIIPABICHHOCTH.

5) Kak npousBoauTcs uaMepeHue 1uarpaMMbl HalpaBJICHHOCTH.

6) B dem 3akmodaercs (QUIMYECKUN CMBICT JIHArPaMMBI
HaINpPaBICHHOCTH?

7) Uto Takoe moiaspu3aIus JIeKTPOMArHUTHOU BOJTHBI.

8)

HazoBute BHUBI ITOJISIPU3ALIUNA.
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Ipuiaoxenue A

[Ipumep opopmiieHnst 0T4ETA MO BHITTOJHEHUIO Ta00PaTOPHOU pabOThI
MMWNHOBPHAYKHN POCCHUU

denepalibHOE TOCYAAPCTBEHHOE OI0KETHOE 00pa30BaTeIbHOE
yUpeXKJACHHUE BBICILIETO 00pa30BaHUs
«IOro-3anaaHblii rOCy1apCTBEHHBIA YHUBEPCUTET
(FO31Y)

Kadenpa kocMuueckoro npubopoCTpOEHUSI U CUCTEM CBS3U

OT4€T MO BHINOJHEHUIO TabopaTopHOM paboThl Nel
[0 TUCHUIIIMHE «AHTEHHBI U PACIPOCTPAHEHUE PATUOBOIIH»

Ha TeMy «M3mMepeHne nuarpaMmmbl HapaBJI€HHOCTH CUMMETPUYHOIO BUOpaTOpa

Brimonnawnn: ctyneHt rpynmsl bT-21
NBanos 1.N.
« _» 2024
(o)
[TpoBepu: 1.T.H., mpodeccop kad. KITuCC
Myxun U.E.
« _» 2024

(Tmoamuce)

Kypck 2024
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1 Hesan padoThI

N3yuurs ...

2 CrpykrypHass cxeMa MakKeTa M IMepeYeHb HCIOJIb3yeMOro

o0opyaoBaHus

CtpykTypHas cxema Ja0OpaTOpPHOrO  MakeTra JJig  IPOBEICHUS

WCCIICOBAHU ..... IPEICTABIEHA HAa pUCYHKe 2.1.

Pucynok 2.1 — CtpykrypHas cxema 1abopaTOpHOTO MaKkeTa

Hepequb HCIIOJIB3yCMOI'O O60py,Z[OBaHH512

— 1a0OpaTOPHBIN CTEH] ....... ;
3 IlocaenoBaTeIbHOCTH NMPOBEAEHUS M Pe3yJbTaThl JIAa0OPATOPHBIX
HCCJIeI0OBAHMN I

3.1 ...

4 OTBeThI HAa KOHTPOJIbHbIE BONPOCHI

Bonpoc Nel. Uto Ha3pIiBaeTCS aHTEHHOW?

Ortser:

Bormpoc Ne2. B yewm 3akitrodaercs IPpUHLUI AyaJbHOCTH AHTEHHBI?
Ortser:

5 BeiBOA 0 mpoae/iaHHOM padoTe

B xoxe BbInoTHEHUS 1a00paTOPHON PaObOTHI U3YYUHII ...



MHUHOBPHAYKHN POCCUH
denepalibHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTebHOE
YUPEKISHHUE BBICIIETO 00pa30BaHUs
«}Oro-3anagHplii rOCy1apCTBEHHBI YHUBEPCUTET

(IO3T'Y)

Kadenpa kocmuueckoro npubOpoCTpOEHUS U CUCTEM CBS3U

YTBEPKIAK)
[TpopekTo oA

—

o

N3MEPEHUE TUATPAMMBI HAIIPABJIEHHOCTH
CUCTEMBI IBYX CIIMPAJIBHBIX U3JIYUYATEJIEH C
HPOTUBOITIOJOKHBIM HAITPABJIEHUEM HAMOTKHA

MeTtonnyeckue yka3aHus
10 BBIMIOJIHEHHIO J1a00paTOPHOM pabOThI
IUISL CTYACHTOB, 00YYaIOIIUXCS IO CIIEHUATbHOCTH
10.05.02 «MudopmanronHasi 6€30MacHOCTb
TEJICKOMMYHHUKAITUOHHBIX CUCTEM)
10 TUCHUILINHE «AHTEHHBI U PaCpOCTPAHEHUE PAJHOBOIIHY
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Peniensent
JIOKTOp TEXHUUECKUX HAYK, CTAPLIMK HAYYHBI COTPYIHHUK,
3aBeAyIONINH Kaeapoil KOCMUYECKOT0 MPUOOPOCTPOCHUS U CUCTEM
cBsizu B.I. Anopornos

N3Mepenne auarpaMMbl HANPABJIEHHOCTH CHCTEMbI JABYX
CIUPAJBHBIX H3JIydYaTejeld ¢ NMPOTUBOIMOJOKHBIM HAIpaBJeHHEM
HAMOTKH: METOJUYECKHE YKa3aHUs IO BBITIOJHEHHUIO Ja00OpaTOPHOM
pa6otsl / FOro-3am. roc. ya-T; coct.: I.E Myxun, /[.C. Konres. — Kypck,
2024. - 14 c.

Meroauueckiue yKazaHWs 10 BBINOJHEHUIO JIaDOpaTOpHOM pabOThI
comepKaT KpaTKWe TEOPETUUYECKUE CBEICHUS O XapaKTEPUCTHKAX AaHTCHHO-
bUAEPHBIX YCTPOWCTB, CIOCO0AaX WX W3MEPEHHs, 3aJaHUS Ha BBIMOJHECHUE
nabopatopHoii paboOTh, a TakXKe TMepeuYeHb BOMPOCOB /IS CAMOIPOBEPKHU
U3y4aeMoro MaTepuaia.

Meroauueckiue  yKa3aHUsS ~ COOTBETCTBYIOT  y4eOHOMY  IUIaHy IO
CHEIMAIIEHOCTH 10.05.02 «udopmanmonnas 0€e30macHOCTh
TEJICKOMMYHUKAIIMOHHBIX CHUCTEM», a Takke pabouedl mporpaMme IUCHUTITAHBI
«AHTEHHBI U PACTIPOCTPAHECHHUE PATHUOBOITHY.

[Ipeana3zHayeHsl 711 CTYJIEHTOB, OOYYalOUMXCS TIO CIEIHAIBHOCTH
10.05.02 «upopmanionHasi 6€30MacHOCTh TEIEKOMMYHUKAIIMOHHBIX CUCTEMY TIO
JTUCITUTIIMHE «AHTCHHBI M PAaCIIPOCTPAHEHUE PAAMOBOJIHY, a TAaK)Ke VIS CTYICHTOB
JIPYTUX HANpPABJICHWH MOATOTOBKH B 00JacTH WH()OPMAIMOHHBIX TEXHOJIOTHHA B
CHCTEMeE BBICIIEro 00pa3oBaHMUSI.

TekcT nevaraercs B aBTOPCKOW peIaKLUU

[Toanucano B nevats 09.07.2024. ®opmat 60x841/16.
Ve ned. 1. 0,81. Yu. uza. 1. 0,74. Tupax 100 sx3. 3aka3. 655. becmiatHo

FOro-3amaHblil rocy1apCTBEHHBIN YHUBEPCUTET.
305040, r. Kypck, yn. 50 ner Okts6ps, 94



1 Ileab padoThI

— U3YUYCHHUE YCTPOUCTBA CUMMETPUYHOIO BUOpaTOpa U U3MEPEHUE
JAarpaMMBbl HAIIPABIEHHOCTH CUCTEMBI JBYX CIIMPAJIbHBIX U3JydaTeleu
C MPOTHUBOMOJIOKHBIM HAITPABJIECHUEM HAMOTKH.

2 KpaTkue TeopeTH4ecKue CBeIeHUs
2.1 ®PyHKUHOHAJIBbHAA CXEMA YCTAHOBKH

B xoxe BwIMoJHEHHs J1a0OpaTOPHBIX paboOT Hcciexyercs
YCTPOUCTBA CHCTEMa JBYX CIHPAIbHBIX HM3JIydaTeJed M MPOU3BOJAUTCS
U3MEepeHue JuarpaMMbl HampaBJIeHHOCTH. J{Jist aToro cobupaercs cxema,
B KOTOpPOW CHOUPAJIbHBIE AaHTEHHBI  SBISIOTCS  TEpPEJaOIIUMU,
CUMMETPUYHBIN BUOPATOP SBISICTCS IPUEMHON aHTEHHOM.

dyHKIIMOHATbHAS CXeMa MakeTa C JByMs CIHPaJbHBIMU
aHTEHHAMH MpPYBEJCHA Ha pUCYHKE 1.
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Pucynok 1 — ®yHkuroHanbHas cxema J1adopaTopHON YCTaHOBKH

B ee cocTaB BXOST CIEAYIONTNE SJIEMEHTHI.
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1. Ilepenaromias cnupajibHasi aHTEHHA C MPaBOM MOJISIPU3ALIUEN,
Iepenaromas CnupaiabHas AaHTEHHAa C JIeBOM Tnonspu3anuen. [id
CO3[IaHMsI OJHOHAIIPABICHHOTO H3Jy4YEHUS B AHTEHHAX HCHOJIb3YETCs
IJIOCKUU 3KpaH 31 B BUJIe KPyTJIoro aucka. Kaxkaas cnupanpHas aHTEHHA
MOJKJIIOYACTCA K BHEIIHUM YCTPOMCTBAM C IIOMOIIBIO OTPE3KOB
KOAKCHUAJIBHOTO Kabessi ¢ BOJHOBBIM conpoTuBieHrueM 50 Om.

2. IlpuemHasi aHTeHHa — CHUMMETPUYHBIA BUOpaTOp 65, 66 C
IUDIOCKMM 3KpaHOM 32 B BHJE KpyIJIOTO JHCKa JJISI CO3HaHUs
OJIHOHAIPABJICHHOTO U3JIy4Y€HHUs. JTa aHTEHHA KOHCTPYKTUBHO CBSI3aHA C
CUMMETPUPYIOLIUM U COIJIaCYIOIIUM YCTPOMCTBOM C
KOPOTKO3aMBbIKaTeJIEM K32, HACTPAUBAETCS IYyTEM W3MEHEHHS Pa3MEpOB
b u I v nonyckaeT BpalleHUe BOKPYT OCH CUMMETpUH (yroJii ¢ Ha puc.l).

3. JIBe nmanextpuyeckue mTaHrd Owil u Owi2, Ha KOTOPBIX
KpEMATCS IPUEMHAS U Mepeaaronas aHTCHHBI.

4. ]JIBa MOBOPOTHBIX ycTpoucTBa nyl w my2 nns peryaupoBKU
YTJIOBOTO TOJIOKEHUSI aHTEHH B TOPU30HTAIBHOM MIJIOCKOCTH.

5. OTpe3ok KoaKCHAJbHOTO Kabeass KK2 ¢ BOJHOBBIM
conpotupieHuemM 50 Owm, 3akaHumBaromerocs pazbemamu tuna CP50-
164®B u CP50-163DB.

6. Bo1HOBOIHBIN TPOUHUK m2.

7. I'eneparop Bbicokoi yacToThl ['BY Tuna 1'4-144 na nuamnazon
500 — 1000 MI'1, KOTOpBIN CITYXKUT ISl TUTAHUS TIEPENAOIIEH AHTCHHBL.
[logkiroueHne €ro K aHTEHHE OCYLIECTBISIETCA C  MOMOUIBIO
KOAKCHAJIBHOTO Kabesi Kk2 ¢ BOJIHOBBIM corpoTuiieHrneM 50 Ow.

8. JleTekTopHasi ceKuus 0 Uil UBMEPEHUS] YPOBHS TPUHUMAEMOM
MOITHOCTH.

9. Peructparop g u3MepeHuss U UHAUKAIUA TOKA JETEKTOPHOMN
CEKIUHU.

10. CoenuHUTENBHBIA WHYP cutl COECIUHSIOMIMNN JIETEKTOPHYIO
CEKIIUIO M PETUCTPATOP.

1. CoeaMHUTENBHBIA  IIHYP cu2, 0 KOTOPOMY
CUHXPOHHU3UPYIOIINK CUTHAJI OT perucTparopa nocrymnaer Ha sxoa I BY.

Bce kabenu cHaOxkeHbl COOTBETCTBYIOMMMU pazbeMamu CP50.

2.2 Ha3zHa4yeHMe U OPraHbI YIIPaBJIEHUS PerucTparopa
JInst u3MepeHus: ypoBHSI MOIITHOCTH 3JICKTPOMArHUTHOW BOJIHBI,

MOCTYIAIOIIEH HA IPUEMHYIO AHTEHHY, CIIY’KUT PETUCTPaTop. BXoaHbIM
CUTHAJIOM JUIS HEro SBJISETCS TOK JETEKTOPHOIO JMOAA, KOTOPBIU
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pacrojoXeH B JETEKTOPHOW CEKUWMH. 3HAYEHHE OTOro TOKa
IIPOIIOPLUHOHATIBHO MOIIIHOCTH AIEKTPOMArHUTHOU BOJIHBI,
MOCTYMAIONIEH HA TPUEMHYIO aHTCHHY.

Ha pucynke 2 nzo0paxeHa JuieBas maHejlb perucTpaTopa.

Perucrpartop
O O O
PETMCTPATOP
YPOBEHb CUTITHATIA 200 200 2 20 200 2
o o OOO0OOO o
L | L | | |
MKB mB B
CETb = O O E
BXOA ~ CUHXP.
O O O

Pucynok 2 — JluneBas maHenp perucrparopa

Nuaukanuss NpUHUMAEMOro YPOBHS MOIIHOCTH ITPOM3BOJUTCS
IU(POBBIM  YETHIPEXpa3psAIHbIM  MHAUKATOpoM. Ero mokazaHus
COOTBETCTBYIOT HAIIPSUKEHUIO HA BBIXOE YCUIMTENSA TOKA IETEKTOPHOTO
muonaa. IocKonbKy AETEKTOPHBIM auoj paboTaeT 0e3 CMEIIEHHS, €ro
BOJIbT-aMIIEPHAsl XapaKTepUCTHKA KBajgpaTthdHa. Kak cruencrsue,
IIOKa3aHUs WHAMKATOpa IPONOPLUHMOHATIBHBl YPOBHIO IPUHUMACMOU
MOIIHOCTH.

Ha nuueBon maHenu pacmnosokeH KHOIMOYHBIA MEPEKI0YaTelb
IIEPEKIIIOYECHUS TIPEIEIIOB U3MEpPEHUA. BKIIIOUeHHE COOTBETCTBYIOIIETO
Ipeiesia IPOU3BOAUTCS IIPOCTHIM HAXKaTUEM COOTBETCTBYIOILIEH KHOIIKH.

TOK JETeKTOpHOro avoaa IIOCTYyNaeT Ha PEerucTparop Io
COCIMHUTENILHOMY KaOemto, KOTOpBIA MOAKIIOYAeTCs K OJIOYHOMY
pazbemy CP-50 ¢ nagnuceio «Bxoa». Bropoit 6;1ounsbiit pazbem CP-50 ¢
HAJAIUCBI0 «CHHXP» CIYXUAT I NOAKIIOYECHUS MOLYIUPYIOLIETO
curHasia K reseparopy BU. B kauecTBe Takoro cursajia MCHoJib3yeTcs
IIPSAMOYTOJIBHBIA MEaHIp ¢ 4acTOTON 7Kl 1.

BxiroueHne peructpaTopa MpOU3BOAMTCS TyMOJIEPOM «CeTh» Ha
nutieBoit manenu. [Ipu BKIIFOUEHUM 3aropaeTcs MoJICBeTKa TyMmoepa.
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2.3 Ha3naueHue 1 OpraHsl ynpanJieHus reieparopa B

I'eneparop BY cayxut mis nutaHus rnepenaromnx anTeHH. Ha
pucyHKe 3 u300paxkeHa ero JuIeBas MaHelb.

reéHepaTop CUrHaNoE BeICOKOYACTOTHE [4-144

)
HEHH
I -]
. O
ceTb H H . Hz
@ O ypoBeHL
'}"E.-“TEHG-D'KE YAaCTOThI

BeiXOO

KOHTP 5082

¥ynp.Hanpss. MM HI BH BHEL
OS]0 S @ @

Pucynok 3 — JluneBast maHesb BBICOKOYaCTOTHOTO TEHEPATOPA CUTHAJIOB

Bxitouenue renepartopa ocyuiectBigercs Tymoiaepom «CETby.
[Ipu BKIOYEHUM 3ar0paeTCs KOHTPOJIbHBIN CBETOAMO/I, PACTIOI0KEHHBIN
HaJl 9TUM TyMOJIepOM.

BHumanue. BriruyeHue reHeparopa 0e3 NMOJKJIHYEHHOM K
BBIXOJHOMY pa3bemy 50 (2 Harpy3kum MOXKeT NPHUBECTH K ero
MOJIOMKE.

B wmakere reHeparop HCHOJB3YyETCd B PEXKUME BHEIIHEN
MonyJsinuu. s obecrniedeHus 3TOro pexuMa MOAYJIUPYIOIIUN CUTHAI
OT perucrparopa (THE3I0 «CHHXP») C IMOMOUIBIO COEIUHUTEIHHOTO
mHypa (cuwel ) MOAKIIOUAETCS K THE3AY «YyHP. HANPSK.)» Ha JHUIEBON
naHenu reueparopa. Ilpm 3Tom Ao0JKHA OBITH Ha)Xkata OJHA W3 JIBYX
KHOMOK «BHEIL)» YETHIPEXIMO3UIHOHHOTO TEPEKIIYATEN PEXKUMA
paboTHI.

KoakcuanbHbiii kabenb Kk2, O KOTOPOMY 3JIEKTPOMArHUTHAs
BOJIHA MOCTYMAET K aHTEHHE, MOJKI0YaeTcs K pazbemy 50 2. Hag stum
Pa3bEMOM HAXOJMUTCS KHOMOYHBIA MEPEKII0YaTeNb «BBIX0M», KOTOPHIN
CIY>XUT ISl BPEMEHHOro OTKIoYeHus MomHocth CBY curnama or
BBIXOJHOTO pazbema. CBY curnan moctynaetr Ha pazbeM 50 £ TOIBKO
IPU  HAXKATOW  KHOMKE. Bplle  KHOMOYHOTO  MEPEKIHOYATENS
paclOJIOKEHBl JIBA IOTCHIMOMETPA «YPOBEHbY», CIyXallue s
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pEryJaupoBKH ITUTaBHO U Tpyoo ypoBHA MmomHoctu CBY. Hag Humwu
pPACMOJIOKEH CTPENOYHBIM HUHAMKATOp YypoBHA CBY MomHOCTH C
MOTCHIIMOMETPOM PETYIUPOBKHU €T0 YYBCTBUTEIBHOCTH.

B OKHE «ycTaHOBKa 4YacCTOThI»  pACIOJOXKEHA pydKa
MEXaHHYECKOr0 PEryJisiTOpa U OKHO, B KOTOPOM OTOOpaKaeTCsl TEKYIEe
3HAYEHHE YaCTOThI. B mpaBoil 4aCTH OKHA PACIIOJIOKEH TOTEHIIMOMETP, C
MIOMOIIBI0 KOTOPOr0 MOXHO OCYIIECTBUTh IUIABHYK) IOJCTPOUKY
4aCTOTHI B HEOOIBIINX Mpeacax.

Buumanue! Ilpu Haamyum MOIIHOCTHM HAa mepeaarolIei
AaHTEHHE, 0 YeM CBH/eTeJbCTBYeT Hakatass kHonka «BbIXO/» na
JULEBOH IMaHeJH TeHepaTopa, 3anpelaercss HAaXOAMThCH Iepes
nepeaamouieii aHTeHHo. Bee aeiicTBUA MO0 U3MEHEHHMIO TeOMETPUU
AHTEHH M HMX HACTPOHMKE MNPOBOJAMTH TOJbKO NPU OTCYTCTBUM
MOILHOCTH HA nepeaawnied anHTeHHe. il BHIKJIIYEeHUs MOIIHOCTH
ciaenyer orxkatb KHONKY «BbIXO/». Crporo cobuamoaars npaBujia
jIeKTpode3onmacHocT. Bce padoThl NpPoOBOAUTH TOJBKO IO
PYKOBOACTBOM JIa0OpaHTa WM npenogasaress!!!

3 IlepeueHb pecypcoB, HeOOXOAMMBIX J/JISl BbINOJHEHHUS
padoThI

— TE€HEPaTOP BHICOKOYACTOTHBIX curHaiioB (I'BY);
— pEerucTpaTop;
— 2 TUNa aHTeHHO-(UJIEPHBIX YCTPOUCTB.

4 3ananue Ha J1a00paTOpHYIO padoTy
4.1 MW3mepeHue [auUarpaMMbl  HANPABJIECHHOCTH  JABYX
CIUPAJIbHBIX AHTCHH

CUMMETpUYHBIM BUOPATOpP MCMOJIB3YETCS B KaueCTBE MPUEMHOMN
aHTeHHbl. HeoOX0oauMo HM3MEpUTh IUarpamMmy HaIMpPaBICHHOCTU JBYX
CIIUPAIHHBIX AHTCHH.

Beimonnuts nmyHkTH 4.2.1. 1 4.2.2.

4.2.1 IlpoBepka HEOOXOAUMBIX COETUHEHUN

IIpoBeputh HaUUUE CIEAYIOIMX COCAUHEHUM:
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— KOAKCHAJIbHBIA Pa3beM «YyIP. HANPSK.» HA JULECBOU ITAHEIN
reHepaTropa JOJKEeH ObITh COCIMHEH COCAMHUTENBHBIM IIHYpOM cutl
THE3/I0OM «CHMHX)» Ha JINIIEBOW MaHEIN PErUCTPaTopa;

— Kabenab MPUEMHOTO CUMMETPUYHOTO BUOpaTOpa JOJKEH OBIThH
MOJKIIIOYEH KO BXOIy AE€TEKTOPHOU CEKIIUH 0;

— pa3beM JIETEKTOPHOTO NO0/ia HA IETCKTOPHOU CEKIIUH 0 TOJKEH
OBITh COCIMHEH COCAMHUTEIHHBIM ITHYPOM Ccui2 C THE3IOM «BXOI» Ha
JINIICBOU TTAHEJIM PETUCTPATOPA;

— BBIXOJIHOM pa3beM reneparopa 50 £ coeMHEeH C KOAKCUaIbHbIM
Ka0eneM Kk2;

— TIPOTUBOIOJOXKHBIA pazbeM Kalens Kk2 JOJDKEH ObITh
MOJIKJTFOYUECH:

— 100 K OJHOMY M3 pPa3beMOB CHMMETPHUUYHBIX BHOPATOPOB,
0o0pa3yloluX TYPHUKETHYIO aHTeHHY. B »ToM cnydyae BbIOpaHHBIN
CUMMETPUYHBIN BUOPATOP MCCIEYETCSl KaK CAMOCTOSITEIbHAS AHTEHHA,

— 00 K KOAKCUAIbHOMY TPOWHUKY m2. B 3TOM ciydae K 3ToMy
K€ TPOMHUKY JOJKHBI OBITh TOAKIIOYEHBI M Kabeau o0oux
CUMMETPUYHBIX BUOPATOPOB, 00pa3yOIMNX TYPHUKETHYIO aHTeHHY. 1o
yYKa3aHUIO IPENOAABATEIISI B pa3pbIB MEXY OJHUM U3 aHTEHHBIX Ka0ele
U TPOMHUKOM MOJKET OBITh BCTaBJICHA KOAKCHAJIbHAs BCTaBKa Kk 1. B aTom
CJIy4ae UCCIEAYETCS TYPHUKETHAS aHTEHHA.

Hwxe omnmcanbl onepanuu, BBINOJHIEMbIE MPU HCCIEIOBAHUN
TYpHUKETHON aHTeHHBI. MccienoBaHue OIWHOYHOTO CHUMMETPUYHOTO
BUOpAaTOpa BHIMOJHICTCS AaHAIOTUYHO.

4.2.2 llpeaBapureibHasi OCTUPOBKA YCTAHOBKH

1. Tlo3amanHOMY 3HAYEHUIO YaCTOTHI F paccumTaTh AJIUHBI TUIEY
BuOparopos L (popmyna 1).

L:c/(4F) (1)

JlnmunHy mieda BUOpaTopa OTCUUTHIBATh OT OCHOBAHUS (PUCYHOK 4).
K u3MepenHomy 3HaueHuro L; ciemyeT mpuOaBUTh IJIUHY CKPBITOTO B
OCHOBAaHWH YYaCTKa W BBIYECTh TOJIIHWHY JAECKOPATUBHOIO KOJIIAYKA

(puc.11)
[lonnas anuHa 1uieda BUOpATOpa OMpPENesseTcsl COOTHOIIEHUEM

L=L1+22 (mm).
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2. [lepememnias 1o pe3pde Ha ocu BHOPATOpPOB UX IiedH (puc. 3),
yCTaHOBUTH HEOOXOIMMOE 3HAYCHHE JJIUHBI L.

3. YcraHoBUTH 3aJlaHHBIC MpEIOAaBaTelieM YIJIbl IOBOPOTa
IIPAaBOM M JIEBOM CIIMPAIH Y| U Y2 MO IIKAJIE HA DKPAHE.

L1

I

ocb BubpaTopa Tpy6Ka KO/Na4yoK

\DCHDBBHHE

Pucynok 4 — CxeMa mjieda CMMMETPUYHOTO BUOpaTopa

4. YCTaHOBUTb IIPUEMHYK) U  IIEPEHAIOLIYI0  AHTCHHBI,
NpUOJIMKEHHO OPUEHTUPOBAB UX HAIPABJICHUSIMU IJIABHOTO MaKCUMyMa
JAarpamMMbl HAIIPaBJIEHHOCTH APYT Ha Apyra.

5. BximtounTh mUTaHUE PErucTparopa U reHeparopa TyMOJIepamu
«CeTh» Ha UX JINLEBBIX NTaHeAX. [Ipy BKIrOUEHNH 3aropaercs HOACBETKA
TymMOJiepa perucrparopa M 3aropaercs KOHTPOJIbHBIA CBETOIUOA
reseparopa.

6. YCTaHOBUTH C IMOMOIIBID OPraHOB YIIPABICHUS T'€HEpaTopa
«YCTAaHOBKA YaCTOThD) 33JJaHHYIO IIPEIOJaBaTEIEM YaCTOTY.

7. C NOMOIIBI0 KHOTIOYHOTO ITEPEKIIOYATEINS ITPEIEIIOB U3MEPEHUS
Ha JIMIIEBOM MaHEeNIu perucrparopa JOOUTHCS 3aMETHBIX MOKa3aHUN Ha
ero un@pooM Tabno. BxiroueHue mnpeaena MpOU3BOAMTCS IPOCTHIM
Ha)KaTUEM COOTBETCTBYIOIIECH KHOIIKU.

8. B maHHOM ciydae cHCTEMa JBYX CHUPAJbHBIX H3IIy4yaTeleu
00€CIeunBaeT MOJAPU3ALUIO 3IEKTPOMArHUTHON BOJIHBI, OJIM3KYIO K
JMHEWHOW. HampaiieHne BEKTOpa HANPSIKEHHOCTH JJIECKTPUUYECKOIO
MOJs 3aBUCUT OT B3aUMHOM OpPHUEHTAlUU CIIMPAJEH. IToatomy
HEOOXOOUMO TPOU3BECTH TOJACTPOMKY OpPHUEHTALMU IPUEMHOTO
CUMMETpPUYHOTO BHOpaTopa. lns 3TOoro ero HEoOXOAMMO BpalllaTh
BOKpPYTr ocu (yrojl ¢ Ha pUCYHKe 1), 100MBasCh MaKCHMaJIbHBIX
NOKa3aHui Ha HU(PPOBOM TabJIO perucTparTopa.

9. Ilpom3BecTH MNOACTPOMKY JAETEKTOpa, PACHOJIONKECHHOIO Ha
DKpaHe MPUEMHOM AaHTEHHBI C IIPOTUBOIIOIOKHONU CTOPOHBI. [ 3TOTO
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HEOOXOIUMO TpHAEpKMBas TOpIICHb 12 BpamaTh pPeryjupoBOYHYIO
raitky 14 (pucynok 5). JloOUTbCS MaKCUMaJbHBIX TIOKa3aHUW Ha
1IU(POBOM Ta0JI0 PErucTparopa.

0o
1™

Ty ]

PucyHok 5 — KpenieHne KopoTKO3aMbIKATEIA

10. OcrtopoxHO mnepemelniass CUMMETPUYHBIM BUOpaToOp B
IPOJIOJIBHOM HAIPABICHUH U MEHSISI PACCTOSIHUE MEXAY HUM U 3KpPaHOM
(pasmep I Ha pucyHke 1) moOUTHCS MakCHUMalbHBIX ITOKa3aHUN Ha
uu@poBoM TabIO peructparopa.

11. ITocne »aToro ocnabuth KpernjaeHrue KopoTko3amMbikaress 12 Ha
NPUEMHON aHTEHHE (PUCYHOK 5) UW 1mepeMelnias €ro BJOJb
JIBYXIIPOBOJHOM JIMHUM y37la CHUMMETPUPOBAHUS U COTJIACOBAHUS
(u3mensisi pa3mep b Ha pucyHke 1) BHOBb JOOUTHCS MaKCHUMAaJbHBIX
MoKa3aHuil Ha UPPOBOM TaOJIO pETUCTPATOPA.

12. Bpamas nonepeMeHHO MPUEMHYIO U MEPENAIOITY0 aHTCHHBI C
MOMOIIbI0 TOBOPOTHOTO  YCTPOMCTBA JOOMBATHCS MaKCUMAaJbHBIX
MoKa3aHWil Ha UPPOBOM TaOJI0 pETUCTPATOPA.

13. W3meHss B HEOOJBIIMX IIpejiesiaXx 4YacTOTy IeHepaTopa ¢
NOMOIIBI0 PYYKH «TOYHO» HA €ro JIMIEBOM TMaHelu JA0O0UThCS
MaKCHMaJIbHBIX MTOKa3aHUM Ha IM(PPOBOM TabJI0 perucTparopa.

14. IloBTOpsiss omnepanuu, TPEAYCMOTPEHHbIE B IMyHKTax 7-12
TOOUTHCS MAKCHMAJIbHO BO3MOXHBIX TOKa3aHUW Ha 1udpoBoM TabIo
perucTparopa.



11

15. IIpu HEOOXOAMMOCTH MO YKa3aHUIO MPeTo/iaBaTess H3MEHUTD
YroJI HaKJOHAa NMPUEMHOW W NEPENAIOIIEN aHTEHHBblI B BEPTUKAJIBbHOU
miockocTu. Jljisi 3TOro HEoOXOAMMO OCNIa0UTh BUHTHI S5 (puc.5) u
MOBEPHYTh AHTEHHY B BEPTUKAIBHON IUIOCKOCTH Ha HY>KHBIM YTOJ.
Hactpoliika BemeTrcss MO MaKCUMajdbHBIM I[IOKa3aHUSM Ha IIKaje
perucrparopa.

16. Ycranosuts otcder 0,0° Ha 1mIKanmax MOBOPOTHBIX YCTPOMCTB
(puc.7). Ans sToro:

— ocyabuTth ¢duxcupyromue BUHTH (14) kpemieHus y3ia onopbl
(13) co mrranroii (12) u aHTEeHHOI;

— ociaduTth (pukcupyromue BUHTHI (6) kouter (5);

— yHIEpXKHBasi y3€J OINOpbI, MOBEPHYTh OCHOBAHUE C YTJOBOU
1Kanoi (3) B IOJIIOKEHUE, COOTBETCTBYIOIEE oTcuery yria 0°;

— YCTaHOBUTb OJMH W3 MHUKPOMETPUUECKUX BHUHTOB (8) B
nonoxenue, coorsercrayomee 0,0° (CM. IyHKT OIMCaHKuE ITOBOPOTHOTO
YCTPOMCTBA) M 3aTAHYTh COOTBETCTBYIOWIMHI (PuKcUpyromuii BUHT(O).
BTopou BUHT HE 3aTSTUBaTh.

— MOBEPHYTh AaHTEHHY C JUAJIEKTpUYECKOM mTanroi (12) u onopoi
(11) oTHOCHUTENBHO HEIMOJBUKHOTO OCHOBAHHUA C YIJIOBOM MIKajoi (3),
JTOOMBIIINCH MAKCUMAJIBHBIX MOKA3aHUN Ha IIKaJe PErucTpaTopa;

— 3aukcupoBath BUHTHI (14) kperuienus ysna omopsl (13) co
mTanroit (12) u aHTeHHOA.

17. Ilpu HEOOXOAUMOCTH TPOU3BECTU KOPPEKIUIO TOJIOKECHUS
aHTEHH, TIOBTOPSISI OMUCAHHBIE BHIIIE ONIEPAIIUH.

4.2.3 U3MepeHne nuarpaMmMbl HANPABJIEHHOCTH CHCTEMBbI ABYX
CIUPAJBHBIX HU3JIy4YaTejiedl ¢ MPOTUBOIOJOKHBIM HAaIlpaBJIeHUEM
HAMOTKH

Bemomuanute nyHkTel 1.1. m 1.2. [locne 3TOro CHATH Auarpammy
HAIPaBJICHHOCTH MEPENAOIIEH CIUPATLHON aHTEHHBI B TOPU30HTAIIbHOU
miockocTu (0T yria 0 Ha puc. 1). JIis 3TOro BBINOJHUTH CHEAYIOIIUE
omepaLuH.

1. OTMeTuTh OTCUeT Ha HU(POBOM TaAOIO PETUCTPATOPA (max,
COOTBETCTBYIOIIMM HYJIEBOMY 3HAYCHMUIO YIJla MOBOPOTa aHTEHHBI. B
pe3yjbTaTe  IPOBEICHHOW  IPEABAPUTEIIBHOW  IOCTUPOBKUM  OH
COOTBETCTBYET IJIaBHOMY MAaKCUMyMy JHAarpamMMbl HaIlpaBICHHOCTHU
MCCIIEYEMOM aHTEHHBI U MPSIMO MPOIMOPLIMOHAJIEH MOIIHOCTH, KOTOpas
IIOCTYIIAET OT IPUEMHOU AHTEHHBI.
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2. Ocnabuts Qukcupyromue BUHTHI (6) kouel (5) ucciemayemon
anTeHHbl. [loBOpaunBaTh BPYUHYIO aHTEHHY C MOMOIIBIO TTOBOPOTHOIO
YCTPOMCTBA MO 4YaCOBOM CTpEJIKE J0 TEX MOp, MOKa OTCUET HA ITU(DPOBOM
TabJI0 pEerucTpaTopa He yMEHbIIATHCS B JBa pasa.

3. OTMeTuTh 3HAYECHUE Yrila MOBOPOTA AHTEHHBI. JTOT YIroOJ
ONpeNensieT WHUPUHY JUarpaMMbl HANpaBICHHOCTH HUCCIEAYEMOM
aHTEHHBI O ¢ 5.

4. lloBepHYyTh aHTEHHY B IMOJOKEHHE, COOTBETCTBYIOIEE
HYJIEBOMY OTCYETY yIJia (MAKCUMAJIbHbIE TIOKA3aHUSI PETUCTPATOPA).

5. U3mepuTh HEHOPMHPOBAHHYIO AHArpaMMy HaIPaBJICHHOCTU
UCCIEAYyEeMO aHTEeHHBI. [ 3TOro CHSATh 3aBUCMMOCTb OTCYETa Ha
nudpoBoM TabIO perucrparopa q OT yria MOBOPOTa aHTEHHHI 0. Yron
U3MEHATh C MOCTOSHHBIM IIaroM, BHIOpaB €ro Tak, YTOOBI B Mpesesax
IIUPUHBI  UArpaMMbl HANpPaBJICHHOCTH YJIOXHUJIOCH HE MeHee 5
OTCYETHBIX TOYEK. M3mepenus mnpoBoauTh MeHsAss yroid oT 0 mo 90
rpalycoB U Bpalllas aHTEHHY [0 4YacoBOM cTpeinke. Pe3ynbTaThl
U3MEpPEHUH 3aHecTH B Tabnuiry 1.

6. IloBTOpUTH HU3MEpPEHHUSI HEHOPMHUPOBAHHOM IUATPAMMBI
HAIPaBJIEHHOCTH aHTCHHBI B COOTBETCTBUU C MYHKTOM 4.5., Bpaias ee
OpPOTUB  4YacoBOM  cTpenku. TakoMy TMOBOPOTY COOTBETCTBYET
OTpHULIATENIbHOE 3HAYEHHUE yTiia TOBOPOTA.

Tabnumna 1 — Jluarpamma HanmpaBAEHHOCTH CUCTEMBI JIByX CHUPaTbHBIX
W3JIy4yaTeled C TPOTHUBOIOJIOKHBIM  HAlpaBJIE€HUEM HAMOTKU B
TOPU30HTAIBLHOM IIOCKOCTH.

0 (rpax.) |0 04 0 -0
J (max
qH:q/ (max

7. Ilocie nmpoBeneHNsT BCEX U3MEPEHUMN TIPOU3BECTU HOPMUPOBKY
JIarpaMMbl HaMpaBICHHOCTHU. {151 3TOro onpenenuTs HOPMHUPOBAHHOE

3HAYEHUE MOIIIHOCTU Ha BBIXOJE UCCIEAYEMON aHTEHHBI (, 110 hopMyIie
2.

9y =9/ Gonax (2)
8. [TocTponTh HOPMUPOBAHHYIO JUArPAMMYy HAPABICHHOCTH.
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S TpeOoBanussi Kk o(OpMIIEHHI0O OTYETA MO BbINOJHEHUIO
JJaboparopHoi padoThI

Otuér Habupaercs kommbioTepe B ¢dopmare .doc wmm .rtf u
neyaraeTcsi Ha OJHOM cTOpoHe jucta Oenoil Oymarum (opmara A4
(210%x297).

Pa3mepsl nonen:

— BEpXHeEE 10Jie — 2 CM;

— HIMDKHEE T10JI€ — 2 CM;

— JIeBO€ moJjie — 3 cMm;

— npaBoe noje — 1,5 cm;

—nepemyetr — 0 cMm.

BripaBHuBanue texcra — no mupuse. [lpudt — Times New Roman.
[IBer mpudta — uépHbiii, pasmep mpudra — 14. Tekct pabOTHI
neyaraercs ¢ adzaHoro orcryna 1,25 cM. MexaycTpouHbIii UHTEpBAJ —
1,5. lonoJHUTEIbHBIE OTCTYIIBI JO U MOCJE a03a1leB HE MPUMEHSIOTCS.

Hecnoxubie popmyJibl T0TKHBI OBITH HAOpaHBI C UCIIOIB30BAHUEM
koMmaHbl «BcraBka—CuMBom». CioxkHble (QOpMYJbl JOJDKHBI OBITH
HaOpansl B peaaktope MathType 6.0 Equation.

OTuér mnO BBINOJIHEHHIO J1A0OPAaTOPHOM  pabOTHI  JOJKEH
COIEPKaTh:

— Ha3BaHUE MpeaMETa, HOMEP U Ha3BaHHE JIA0OPATOPHOUM PadOThI;

— (haMUIHIO ¥ MHUIIMAJIBI AaBTOPa, HOMEP TPYIIIbI;

— (haMUIIHIO M MHUITMAJIBI IPETI0aBaTels;

— 11eJIb PaOOTHI;

— MIepEUYCHb UCIIOIB3yEeMOTO 000PY/I0BAHUS;

— MOCJIE0BATEIBLHOCTD IEMCTBUM IIPU TPOBEACHUN UCCIIEJOBAHUM;

— BBIBO/JI O MIPOJEIaHHOM paboTe;

— OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

— JIaTy BBITIOJTHEHUS U JTUYHYIO MMOJIIHCH.

Pe3ynbTaThl pa3iMuHbBIX WU3MEPEHUN HEOOXOAMMO MPEJCTABUTH B
BHUJIC HECKOJBKHX CaMOCTOSATENbHBIX Tabnui u rpadukoB. Kaxmas
Ta0JIUIA U KaXbIi TpauK HOJKHBI UMETh CBOM 3aroJIOBOK U UCXO/HBIC
JTAHHBIE SKCIIEPUMEHTA.

[Ipy BBIMOJIHEHWU YUCIICHHBIX PAacdyeTOB HAJI0 3amucaTh QopMyiy
ONpeeNsIEeMOM  BEJIMYUHBI, CAEIaTh COOTBETCTBEHHYIO UHCICHHYIO
MOJCTAHOBKY U NMIPOU3BECTH BHIYUCIICHUS.
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6 KoHTpoJ.bHBIEC BONIPOCHI

1) Jlaiite buznveckoe TOJIKOBAaHHUE ko3¢ punreHTa
HaINpaBJICHHOTO JIEMCTBUS.

2) Jaiite onpeneneHue KodpdUIMeHTa yCUICHUS aHTCHHBI.

3) Ort kakux napaMeTpoB aHTEHHBI 3aBUCUT IIUPUHA TUATPAMMBI
HaIpaBJIEHHOCTH?

4) B03MOXHO JIM TOCTPOUTH AHTEHHY, pa0OTAIOITYI0 HA YACTOTE
100 MI'm pasmepom aneptypel 10 cM W IIUPUHON JUATPAMMBI
HarnpayieHHOCTH | rpamyc? [Touemy?

5) Uro Takoe anepTypHbIE aHTCHHBI.

6) JlaitTe k1accuUKAIIMIO BUAOB aHTCHH.
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«}Oro-3anagHplii rOCy1apCTBEHHBI YHUBEPCUTET

(IO3T'Y)

Kadenpa kocmuueckoro npubOpoCTpOEHUS U CUCTEM CBS3U

NU3MEPEHUE ITUAT'PAMMbBI HAITPABJIEHHOCTH
TYPHUKETHOW AHTEHHBI

Meroauueckue ykazaHus
10 BBIMOJIHEHHIO J1a00paTOpPHOM pabOThI
JUISL CTYJIEHTOB, 00YYarOIINXCs MO CIEUaIbHOCTH
10.05.02 «udpopmarmonHast 6€301macHOCTb
TEJIEKOMMYHUKAIIMOHHBIX CUCTEM
10 AUCHUIUINHE «AHTEHHBI U pACIIPOCTPAHEHUE PATMOBOJIHY

Kypck 2024



YK 654:004.7

CocraBurenu: .E. Myxun, /1.C. Konres

Penensent
JIOKTOp TEXHUUECKUX HAYK, CTAPLINK HAYYHBI COTPYIHHUK,
3aBeIyIONINI Kadeapoii KOCMUYECKOTO MPUOOPOCTPOCHUS U CUCTEM
cBsi3u B.I. Anoponos

N3mepenne auarpaMMbl HANPABJECHHOCTH TYPHUKETHOM
AHTEHHbI: METOJIMYECKHUE YKa3aHUs IO BBHIMIOJIHEHUIO J1aOOpaTOpHOU
pabotsl / FOro-3am. roc. yH-T; coct.. U.E Myxun, [.C. KonreB. —
Kypck, 2024. - 13 c.

Meroauueckiue yKazaHWsl 1O BBINOJHEHUIO J1A0OpAaTOpHOW paboOThI
COJIEpKaT KpaTKUE TEOPETUUECKUE CBEACHUS O XapaKTepUCTUKAX aHTEHHO-
buepHbIX YCTPOUCTB, CIOCO0AX HMX U3MEPEHUs, 3aJaHus 10 BBITIOJTHEHUIO
paboThI, a TAKXKE MEPEUCHBb BOIIPOCOB JIJII CAMONPOBEPKHU U3Yy4aeMOro MaTepuaia.

[TonyuenHble 3HaHUS B pe3yJibTaTe BBHIMOJHEHUS pabOThHl  JaroT
BO3MOXXHOCTh ~ COPMHUPOBATh  IEJIOCTHYIO  KapTUHY  HHGOPMAIMOHHOIO
B3aUMOJICHCTBUS B COBPEMEHHBIX TEICKOMMYHUKAIIMOHHBIX CHCTEMaxX, 4TO
SABJISICTCS dhyHIaMEHTOM TUISt H3YyUYCHHS OCTaJIbHBIX TUCITUATITAH
poheCCHOHAIBHOTO ITUKJIa YYeOHOr0 IJIaHa, a TAKXKEe MOTYT OBITh MCITOJIb30BaHbI
B Oyaymeid mpodeccroHalbHONW EATCIIbHOCTH BBITYCKHHKA, CBS3aHHOW C
PaIMOTEXHUKOM.

[Ipenna3HadeHbl I CTYACHTOB, OOYYalOmMMXCS TIO0 CHEIHUATbHOCTH
10.05.02 «upopmanionHasi 6€30MacHOCTh TEIEKOMMYHUKAIIMOHHBIX CUCTEMY TIO
JUCHUIUIMHE «AHTEHHBI U PACIPOCTPAHEHHUE PAJAMOBOJIHY, & TAKKE JIJISl CTYJEHTOB
JPYTUX HamnpaBiIeHUN MOJATOTOBKH B 00JacTU MH(OPMALMOHHBIX TEXHOJOTUN B
CHUCTEME BBICIIIETO 00pa30BaHUS.

TekcT nmeyaraercss B aBTOPCKOM PEIAKIINU

[Toamucano B nmeuats 09.07.2024. dopmat 60x841/16.
VYen. ned. 1. 0,76. Yu. uza. 1. 0,68. Tupax 100 sx3. 3aka3. 656. becmiatHo
FOro-3anagHblil TOCyJapCTBEHHBI YHUBEPCUTET.
305040, r. Kypck, ya. 50 netr Oxts16ps, 94



1 leab padoTbI

— U3YYEHHUE YCTPOMCTBA CUCTEMBI TYPHHKETHOW AHTECHHBI W
M3MEPEHUE JUarpaMMbl HAITPaBJICHHOCTH

2 KpaTkue TeopeTn4ecKue CBe/IeHUs
2.1 OPyHKIHOHAJIBbHAA CXEMA YCTAHOBKHU

B xozxe BbIMOAHEHUS Ja0OPAaTOPHBIX pabOT HUCCIeAyeTCs
YCTPOWCTBA TYPHUKETHOW AaHTCHHBI W IIPOM3BOJUTCS HW3MEPEHUE
JUarpaMMbl HallpaBJIeHHOCTHU. J[Jig 3TOro codupaeTcs cxema, B KOTOpOi
TYpPHUKETHBIC AQHTEHHBI SBJSIOTCS TIEPEAAIONIUMU, CHUMMETPUYHBIN
BUOpATOP SBJISICTCS IPUEMHON aHTCHHOM.

OyHKIIMOHATbHAST CXeMa MakeTa ¢ TYPHUKETHOM AaHTCHHOM
IIPUBEJICHA HA PUCYHKE 1.
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Pucynok 1 — ®yHKk1MoHaNbHAA cXeMa J1a00paTOPHON YCTaHOBKH

B ee cocTaB BXOAAT CIEAYIOLINAE DIIEMEHTBHI.
1) [Ilepenaromiasi TypHUKETHass aHTeHHa. [l co3maHus
OJHOHAIIPABJICHHOIO W3JyYEHUS B AHTEHHAX HCIOJb3YETCA IIOCKUU
skpaH 31 B BuAe Kpyrioro aucka. Kaxpas TypHUKETHass aHTEHHA
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MOJKJIIOYACTCA K BHEIIHUM YCTPOMCTBAM C IIOMOIIBIO OTPE3KOB
KOAKCHUAJIBHOTO Ka0esisi C BOJHOBBIM cornpoTuBieHreMm 50 Om.

2) IlpueMHass aHTeHHa — CHMMETPHUYHBIA BUOpaTop 65, 66 C
IJIOCKUM 3KpaHOM 32 B BHJAE KPYyIJIOTO JUCKa Uil CO3/IaHUA
OJTHOHAIPABJICHHOTO U3JIyYECHUSI. JTa AHTCHHA KOHCTPYKTUBHO CBSI3aHA
C  CHUMMETPUPYIOIIMM M  CONJIACYIOIIMM  YCTPOMCTBOM  C
KOPOTKO3aMBbIKaTeJIEM K32, HACTPAUBAETCS IYTEM M3MEHEHHS Pa3MEpOB
b u | 1 nonmyckaeT BpalieHue BOKPYT OCH CUMMETPpUH (Yyrojl ¢ Ha puc.l).

3) [Be nudieKTpUYecKue IWTaHru Owil W Owt2, HA KOTOPBIX
KpEMATCS MPUEMHAS U MEPEeAaroas aHTCHHBI.

4) JIBa MOBOPOTHBIX YycTpoucTBa myl w ny2 mjisi peryJivpOBKU
YIJIOBOTO MOJIOKEHUSI aHTEHH B TOPU30HTAIBHOU INIOCKOCTH.

5) Ortpe3ok KOaKCHAIbHOIO Kabels KKk2 C  BOJHOBBIM
conmporuBieHuemM S50 Owm, 3akaHumBaromerocs pazbemamu thna CP50-
164®B u CP50-163DB.

6) BoJIHOBOAHBIN TPOUHUK 2.

7) I'eneparop Bbicokoit yactorsl [ BY Tuna 1'4-144 na nuamna3on
(500-1000)MI "1, KOTOPBIM CIYKUT AJIsI MUTAHUS NIEPEIAIONIEH AHTCHHBI.
[TonkmroueHne €ro K AHTEHHE OCYIIECTBISETCS C  MOMOIIBIO
KOAaKCHAJIbHOTO Kabess KK2 ¢ BOJTHOBBIM conpoTuBiaeHueM 50 OM.

8) JleTekTOopHAas CeKUMs A JJIs1 U3MEPEHUS] YPOBHS PUHUMAEMOMN
MOIIHOCTH.

9) Peructparop ajisi U3MEpEeHUsI U UHIUKAIMUA TOKA JETEKTOPHOMN
CEKIIUH.

10) CoenuHuTENbHBIA MIHYP cutl COCTUHSIONIMN JETEKTOPHYIO
CEKIHUIO U PETUCTPATOP.

11) CoenuHUATENBHBIN IHYP cu2, 1o KOTOPOMY
CUHXPOHM3UPYIOLIUM CUTHAII OT perucTparopa rnocrynaer Ha sxon 'BY.

Bce kabenu cHaOxkeHbl COOTBETCTBYIOMMMU pazbeMamu CPS0.

2.2 Ha3zna4yeHue U OpraHbl ynpapJjieHUsl perucrparopa

Jns u3MepeHus: YpOBHSI MOIIMHOCTHU AJIEKTPOMATHUTHOM BOJIHBI,
MOCTYTAIOIIEN HA MPUEMHYIO aHTEHHY, CIIYKHUT peructparop. Bxoansim
CUTHAJIOM JUISI HEro SBISETCS TOK JETEKTOPHOTO JUOAA, KOTOPBIM
pacroyioKeH B JCTEKTOPHOM CEKIMM. 3HA4Y€HHE JTOr0  TOKa
PONOPIIMOHATIBHO MOITHOCTH ANEKTPOMATHUTHOMN BOJIHBI,
MOCTYIAIOIIEH HA IPUEMHYIO AHTCHHY.

Ha pucynke 2 nzo0OpaxeHa JuieBas naHeldb perucTparopa.
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O O O
PETMCTPATOP

YPOBEHb CUIHANA 20 200 2 20 200 2
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Pucynok 2 — JluneBast maHesb peructparopa

NHaukanus NPUHUMAEMOTO YPOBHS MOIIHOCTH IPOU3BOAMTCS
nU(POBBIM  YEThIpEXpa3psAIHbIM  HHAUKaTOpoM. Ero mnokazaHus
COOTBETCTBYIOT HANPSXKEHHUIO HA BHIXO/IE YCUIIUTENS TOKA IETEKTOPHOTO
nuona. ITockonbKy HETEKTOPHBIM AuOoN paboTaeT 0e3 CMEIIEeHUs], €ro
BOJIbT-aMIIEpHAsl XapakKTepucThkKa KBajapaTtuyHa. Kak cuencrsue,
NOKa3aHUs HWHJUKATOpa MPOMOPLHOHAIBHBI YPOBHIO MPUHUMAEMOM
MOIIIHOCTH.

Ha nuueBod maHenW pacmnoIOKEH KHOIMOYHBIM MEPEKIII0YATENhb
MEPEKIIFOYEHHS TIPEAEIIOB U3MEPEHUs. BKIIFOYEHHE COOTBETCTBYIOLIETO
npeaesia MPOU3BOAMTCS MPOCTBIM  HAXXAaTUEM  COOTBETCTBYIOIIEH
KHOTIKH.

Tok JeTekTopHOro JuoAa TOCTYNAaeT Ha PETUCTpaTop Mo
COCIMHUTEIIBHOMY KaOemto, KOTOpBIM MOAKIIOYAETCS K OJIOYHOMY
pazbemy CP-50 ¢ Hannuchio «Bxoa». Bropoit 6iounsiil pazsem CP-50 ¢
HAJIUCBI0 «CHUHXP» CIYXHUT ISl TOAKIIOYEHHUS MOIYJIHPYIOIIETO
curiana k reHeparopy BYU. B kauecTBe Takoro curhajia MCHoOIb3yeTCs
IIPAMOYTOJIBHBIA MEAHIp ¢ 4acTOTON 7Kl 1.

BkiroueHne peructparopa NpOU3BOAUTCS TyMOJIEpOM «CETh» Ha
auieBor nmanenu. [Ipu BKIFOYEHUH 3aropaeTcs MoACBETKa TyMOepa.

2.3 Ha3zna4yeHue ¥ oprasbl ynpasJjieHusi reaeparopa BY

['eneparop BY ciyxut mist nutanus nepenaromux aHTeHH. Ha
pUCyHKE 3 M300pakeHa €ro JiMileBas NaHelb. BKiItoueHue reHeparopa
ocymectisiercs: TyMOnepom «CETby. Ilpu BkitodyeHuu 3aropaercs
KOHTPOJIbHBIA CBETOAMO/I, PACTIOJIOAKEHHBIN HAJl TUM TyMOJIEpOM.
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Bunmanue. BrioueHue reHeparopa 0e3 NMOJAKJIIYEHHOH K
BBIXOJHOMY pa3bemy 50 €2 Harpy3ku MOKeT NPHBECTH K €ro
MOJIOMKE.

B Makere reHeparop HCHONB3YETCS B PEKUME BHEIIHEU
MoayJsiuu. s o0ecrniedeHus 3Toro pexuMa MOAYJIUPYIOIIUN CUTHAT
OT perucrtparopa (THE3I0 «CHHXP») C IMOMOLIBIO COEIUHUTEIBLHOIO
mHypa (cutl) MOAKITIOUACTCS K THE3Y «yNpP. HANPSAK.» HA JUIECBOU
naHenu reHeparopa. Ilpu 3TomM Ao/KHA OBITH HaXkata OJHA U3 JIBYX
KHOIIOK «BHELL)> YETBIPEXMO3UIMOHHOTO TMEPEKIIFOYATENs] PEXUMA
padoTHI.

FEHEEATOD CHIHANOD BLiCOROUBCTOTHEIR T4-144

| P
° O
cem. [ZIB7] =
O e
@ YCTAHORKS HACTOTH O YPORBHE
e |  Bexog
YIE HANERN. RoHTR 5062

20 20 N © 0

Pucynok 3 — I'eHepatop CUrHaja0B BEICOKOW YaCTOTHI

KoakcuanbHbiii kabenb kk2, TO KOTOPOMY 3JIEKTpOMAarHuUTHas
BOJIHA MOCTYNAET K aHTCHHE, MOAKIII0YaeTcs K pazbeMmy 500. Han stum
pPa3bEMOM HAXOJUTCS KHOIOYHBIN INEPEKI0YaTeNlb «BBIXO, KOTOPBIU
CIYKHUT JJIi BPEMEHHOTO OTKIo4YeHus MomHocth CBY curnana or
BBIXOJHOTO pazbeMa. CBY curnam moctynaer Ha pazbeM 502 TONBKO
IPU  HAXKATOW  KHOMKE. Bpllle  KHOMOYHOTO  IMEPEKIHOYATENS
pAacIoOJIOKEHBI  JBA IMOTEHIMOMETpA «YPOBEHbY», CIy)Kal(ue I
PEryJIMPOBKH TIJIAaBHO W Tpyoo ypoBHs MomfHoctd CBY. Hang nHumwu
paCIlONIOKEH CTPEJIOYHbIM HuHAMKATOp ypoBHA CBY MommHocTH C
MMOTEHIIMOMETPOM PETYJIIMPOBKH €I0 YyBCTBUTEIIBHOCTH.

B OKHE «yCTaHOBKAa 4YaCcTOTBI» pPAacHojOXKeHa pyyka
MEXaHUYECKOTO PEryJsiTopa U OKHO, B KOTOPOM OTOOpaXaeTcsi TeKyIlee
3HAYEHHME YaCTOTHI. B IMpaBoM 4acTu OKHA PACIIOJIOKEH MOTECHIMOMETD,
C MOMOIIBI0 KOTOPOr0 MOYKHO OCYILECTBUTH IUIABHYIO IIOJICTPOUKY
JaCTOTHI B HEOOBIITUX TIpeeiax.
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Buumanue. Ilpu HaguuuMM MOIIHOCTH Ha mepeaaromien
aHTEeHHe, 0 YeM CBHAeTeJbCTBYeT Haxarasi KHonka «BbIXO/l» na
JUIEBOM TMaHeJH TIeHepaTopa, 3anpemaercss HAXOAMThCH IepeN
nepeaamoueil anTreHHo. Bee geiicTBUsI 0 M3MEHEHUIO TeOMETPUM
AHTEHH M HUX HACTPOMKE MNPOBOAUTH TOJbBKO NPU OTCYTCTBUM
MOIIHOCTH HA mepeaaroined anreHne. i BHIKJIIOUYEHUS] MOIHOCTH
ciaenyer orkatb KHONKY «BBIXO/». Ctporo codiogaTs nmpaBumiia
3jiekTpode3onacHocTd. Bce padoTrbl NPOBOAMTH TOJBKO MOX
PYKOBOACTBOM JIAa0OPaHTa WK npenoaaBares!!!

3 IlepeueHb pecypcoB, HeOOXOAMMBIX JJISi BbINOJHEHHS
padoThI

— reHepaTop BhICOKOYACTOTHBIX curHaioB (I'BY);
— perucTparop;
— 2 TUMa aHTEHHO-(PHUIEPHBIX YCTPOUCTB.

4 3ananue Ha JJa00paTOpHYIO padoTy
4.1 N3Mepenne auarpamMMmbl HANPABJIEHHOCTH TYPHUKETHOMH
AHTEHHBbI

CuMMeTpUYHBIM BUOpPATOP KCIOJIB3YETCS B KaueCTBE MPUEMHOM
aHTeHHbl. Heo0XoauMo W3MEpUTh JaUarpaMMy  HamnpaBJICHHOCTH
TYPHUKETHON aHTCHHBI.

Boimonanuts nyHKTH 4.2.1 1 4.2.2

4.2 IIpoBenenne U3MepPEHU NMPHU UCNOJb30BAHNM B Ka4eCTBE
nepeaameil AaAHTeHHbI TYPHUKETHOMN
4.2.1 IlpoBepka HEOOXOAUMBbIX COeTUHEHU N

[IpoBepuTh HaTMYME CAEAYIOMMNX COCTUHEHNN:

— KOAQKCHAaJIbHBIN Pa3beM «YNpP. HANPSK.» HA JIMIEBON IaHEIU
reHepaTopa JOJKEH ObITh COCMHEH COEIMHUTENBHBIM IIHYpOM cutl C
THE3/I0OM «CHHX» Ha JINIEBOM MMAHEIN PETUCTPATOPA;

— Kabenb MPUEeMHOTr0 CUMMETPUYHOTO BUOpaTopa JOKEH OBbITh
MOJKITFOYEH KO BXOy AETEKTOPHOU CEKILIMH O;
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— pa3beM JETEKTOPHOTO JHOJa Ha JETEKTOPHOU CEeKIUH
JIOJDKEH OBITh COCIMHEH COCIMHUTEIBbHBIM ITHYPOM Cui2 C THE3J0M
«BXO0/» Ha JIMIIEBOM MAHENIN PETUCTPATOPA;

— BBIXOJHOM pa3zbeM reneparopa 50£2 coelMHEH C KOAKCUAIbHBIM
Ka0OeneM Kk2;

— TMPOTHUBOIOJOXHBIA pazbeM Kabens Kk2 JOJDKEH ObITh
MOJAKJTIOYEH:

— 1100 K OJHOMY M3 Pa3beMOB CHMMETPUYHBIX BUOPATOPOB,
o0pa3ylolMX TYPHUKETHYIO aHTEHHY. B »ToMm cilyyae BBIOpaHHBIM
CUMMETPHUYHBIN BUOPATOP UCCIEYETCSl KaK CAMOCTOSITEIbHAS AHTEHHA;

— 1100 K KOAKCUAIbHOMY TPOMHUKY m2. B 3TOM cilydae K 3TOMY
K€ TPOWHHMKY JIOJDKHBI OBITh TMOJKIIOYEHBI U Kabemu 00oux
CUMMETPUYHBIX BUOPATOPOB, 00pa3yOIIMX TYpHUKETHYIO aHTeHHY. [lo
YKa3aHUIO MPEnojaBarelisi B pa3pblB MEXAY OJIHUM W3 aHTEHHBIX
Kabeyeil 1 TPOMHUKOM MOXKET ObITh BCTaBJIEHA KOAKCHAJIbHAsl BCTaBKa
kkl. B aTOM ciydae uccieayercs TYpHUKETHAs aHTCHHA.

Hwxe omnmcaHbl omnepanuu, BBINOJHSIEMBIE MPU HCCIETOBAHUU
TYPHUKETHOM aHTeHHBI. MccienoBaHHe OJWHOYHOIO CHUMMETPUYHOIO
BUOpAaTOpa BHIMOJHICTCS aHAJIOTUYHO.

4.2.2 llpenBapurebHas WCTHPOBKA YCTAHOBKHU

1. Ilo 3aJaHHOMY 3HAYCHHIO 9aCTOTHI F pacCUuTaTh AJIMHBI IJICY

BHOpatopoB L:
L=c/4F .

JlnvHy muieda BUOpaTopa OTCUMTHIBATH OT OCHOBAHUSA 3 (PUCYHOK
4). K usmepennomy 3HaueHuto L cienyer npuOaBUTh AJIMHY CKPBITOTO
B OCHOBAHWHU Y4YaCTKa U BBIYECTH TOJIIUHY JIEKOPATUBHOTO KOJIMAYKA.

1a

\DCI: EHOpaTopa \IE‘.-‘ﬁKa EOMIIAOE

CHOEAHHE

Pucynok 4 — CxeMa mieda CMMMETPUYHOTO BUOpaTOopa

v
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2. Tlonnas  anuHa  TUieda — BUOparopa  ompenaelisieTcs
cootHomeHrueM L=L;+22 (mm).

3. Ilepemenias mo pe3b0e Ha OCH BUOPATOPOB UX IJICYU (PUCYHOK
4), yCTaHOBUTb HEOOX0MMOE 3HaUYCHUE JIJIUHBI L.

4. VYcCTaHOBUTH 3aJlaHHBIC TMPENOJIaBaTeNIeM YIribl IMOBOPOTA
IIPAaBOM U JIEBOM CIIUPAIH Y| U Y2 MO IIKAJIE HA DKPAHE.

5. YCTaHOBUTHL TMPUEMHYK) U IEPEAAOLIYI0  AHTCHHBI,
NPUOIMKEHHO OPUEHTUPOBAB UX HAMPABJICHUSIMU IJIABHOTO MaKCUMyMa
IarpaMMbl HAIPaBJIECHHOCTH IPYT Ha Apyra.

6. BKJIIoYnTh MUTAHUE PETUCTPATOPA U TEHEpaTopa TymOyiepamu
«CeTh» Ha UX JHIEBbIX TNaHedssX. [Ipu BKIIOYEHHM 3aropaercs
NMOACBETKAa TyMOJiepa pErucTparopa M 3aropaercsi KOHTPOJbHBIN
CBETOJINO/]I TEHEPATOPA.

7. YCTaHOBUTH C IIOMOIIBIO OPraHOB YIIPABIIEHUS TE€HEpaTopa
«YCTAHOBKA 4aCTOTHD» 33JIaHHYIO MPENO/IaBATEIEM YaCTOTY.

8. C 1oMONIpI0 KHOMOYHOTO TEpeKIouaTesis MpeacsioB
U3MEPECHHUSI Ha JIMIIEBOM TaHETU perucrparopa MOOUTHCS 3aMETHBIX
nokasaHuid Ha ero nudpoBomM Tabino. BxiatoueHue mpenena
MPOU3BOJAUTCS MPOCTHIM HAXKATUEM COOTBETCTBYIOIIEH KHOTIKH.

9. B naHHOM cilyyae cuctema JABYX COUPAIbHBIX H3TydaTesnei
o0ecrieynBaeT MNOJISIPU3ALMIO BJIEKTPOMArHUTHOM BOJHBI, OJM3KYIO K
auHeHoW. HampapieHue BeKTOopa HAMPSHKEHHOCTH JJIEKTPUYECKOTO
IOJIT 3aBUCUT OT B3aUMHOW OPHUEHTALIMUA CIIAPAJICH. [ToaTomy
HEOOXOJMMO TMPOU3BECTH TMOACTPOMKY OpPHEHTALUH IPUEMHOIO
CUMMETPUYHOTO BHOpaTopa. /s sToro ero HeoOXoaumo BpaliaTh
BOKPYT OCH, I00OUBasiCh MaKCUMAaJIbHBIX TTOKa3aHUI Ha IIU(PPOBOM Ta0II0
perucrparopa.

10. IlIpousBecTu MOACTPONKY NETEKTOpA, PACIOI0KEHHOTO Ha
JKpaHe MPUEMHOW aHTEHHBI C MPOTUBOIOJI0XKHON CTOPOHBIL. I 3TOrO
HEOOXOIMMO TpPHUAEPKUBAsT TOPIIEHb 12 Bpamiath pPeryaupoBOYHYIO
raitky 14 (pucynHok 4). JloOUTbCS MaKCUMaJbHBIX TIOKa3aHUW Ha
(G POBOM Ta0JI0 PErucTparopa.

11. OcrtopoxHo mnepemenias CUMMETPUYHBIA BHOpaTop B
MPOIOJILHOM HAIPABJICHUU M MEHSIS PACCTOSTHUE MEXy HUM U SKPaHOM
(pasmep [ Ha pucyHke 4) I0OUTHCS MaKCHUMAJIbHBIX ITOKa3aHUM Ha
IU(pPOBOM TaOJI0 pErucTparopa.

12. Ilocse 3Toro ocinabuTh KperieHue KopoTko3aMbikarens 12 Ha
NPUEMHON aHTEHHE W MepeMenias €ro BOJIb JIBYXIPOBOJHOW JMHUU
y3Jla CUMMETPUPOBAaHMSI M COTJIacOBaHUs (M3MeHss pasmep b Ha



10

pucyHke 4) BHOBb JIOOMTHCS MaKCUMAaJbHBIX MOKa3aHUM Ha U(PPOBOM
TabJI0 perucTparopa.

13. Bpamas nonepeMeHHO MPUEMHYIO U NEPEIAOIIYI0 aHTECHHBI
C TIOMONIHIO0 TOBOPOTHOI'O YCTPOWCTBA JOOMBATHCA MaKCUMAaJIbHBIX
MoKazaHui Ha KGPOBOM TabJI0 perucTparopa.

14. U3mensis B HEOOMBIIMX MpeAeiax YacTOTy TeHepaTropa ¢
MOMOIIBI0 PYYKH «TOYHO» HA €ro JIMIEBOM TaHEIu JOOUThCS
MaKCHMaJIbHBIX MTOKa3aHUU Ha TU(PPOBOM Ta0JI0 perucTparopa.

15. IloBTOpsis omepanuu, NPeayCMOTPEHHBbIE B NIyHKTax 7-12
JTOOUTHCS MaKCHUMaJbHO BO3MOJKHBIX IOKa3aHMl Ha HUGPOBOM TabI0
perucrparopa.

16. IIpy HEOOXOAMMOCTH O YKa3aHUIO MPENOJABATENS NU3MEHUTh
yroj HakJIOHAa IMPUEMHOM M TEPEAAIOLIEH AHTEHHbBI B BEPTUKAIBHOU
MJI0CKOCTH. JIJIst 3TOr0 HEOOXOAMMO OCHA0UTh BUHTHI 5 (pUCYHKE 4) U
MOBEPHYTh AHTEHHY B BEPTUKAIBHON IJIOCKOCTH Ha HY>KHBIA YTOJ.
Hactpoiika BemeTrcss MO MakCUMalbHBIM IIOKa3aHUSIM Ha IIIKaJe
perucrparopa.

17. Yeranosuts orcuer 0,0° Ha mKamax MOBOPOTHBIX YCTPOMCTB.
Jli1st aTOTO:!

— ocnabuth (ukcupytomme BUHTHI (14) KperieHus: y3jia OmopsI
(13) co mrranroii (12) u aHTEeHHOI;

— ocabuTh puKcUpyroIme BUHTHI (6) kouer (5);

— yJIepXxuBasi y3€l OIOpbl, MOBEPHYTh OCHOBAaHHUE C YTIJIOBOU
mkanoi (3) B IMOJIOKEHNE, COOTBETCTRYIOMIEE oTcdeTy yria 0°;

— YCTAHOBUTh OJWH W3 MHUKPOMETPUUYECKUX BHUHTOB (8) B
nonoxkenne, coorsercryromee 0,0° (cM. MyHKT onMcaHue MOBOPOTHOTO
YCTPOMCTBA) M 3aTAHYTh COOTBETCTBYIOIIMN (PuKcUpyroumuii BUHT(O).
BTopol BUHT HE 3aTATUBAT.

— MTOBEPHYTh aHTECHHY C AMAJIEKTpUUYECcKOM mrtanrou (12) u onopou
(11) oTHOCHUTENBHO HEIMOJBUXHOTO OCHOBAHHUA C YIJIOBOM MIKajoi (3),
JTOOMBIIINCH MAKCUMAJIBbHBIX MOKA3aHUM Ha IIKaJie PerucTpaTopa;

— 3adukcupoBaTh BUHTH (14) kpemyienusi y3na omopsl (13) co
mTaHroit (12) u aHTeHHOA.

18. Ilpu HEOOXOAMMOCTH MPOU3BECTH KOPPEKIUIO TMOJIOXKEHUS
aHTEHH, TIOBTOPSISl OMUCAHHBIE BHIIIE ONEPALIUH.
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4.3 N3Mepenne auarpamMMbl HANPABJEHHOCTH TYPHUKETHOM
AHTCHHBI

TypHUKeTHasi aHTEHHA UCTOJIB3YETCS B KAUECTBE MepeaatoiieH.

Beinmonnuts nyHkThl 4.2.1 1 4.2.2.

[Tociie 3TOrO CHATH AMAarpaMMmy HAIpPaBJIEHHOCTH IEPENAOIIEH
TYPHUKETHON AHTEHHBI B TOPU3OHTAILHOM IJIOCKOCTH (OT yria 0 Ha
puc. 1). 111 3TOro BBIMOIHUTH CIEIYIOMIUE ONEPalUU.

1. OTrMeTutrh OTCYET Ha IUMPOBOM TabJIO PETUCTPATOPA (maxs
COOTBETCTBYIOIIUM HYJICBOMY 3HAUYEHHUIO Yrja IMOBOPOTa aHTCHHHI. B
pe3yjbTaTe  IPOBEACHHOW  IPEABAPUTEIIBHOW  IOCTUPOBKM  OH
COOTBETCTBYET TJIABHOMY MAakKCUMyMy JHarpaMmbl HaIlpaBJIC€HHOCTHU
UCCIIeTyeMOW aHTEHHBI U TIPSIMO MPONOPIIMOHATIEH MOITHOCTH, KOTOpast
MOCTYINAET OT MPUEMHON aHTCHHBI.

2. Ocnabuts pukcupyromue BUHTHI (6) Kosell (5) Ha TOBOPOTHOM
YCTPOMCTBE UCCaeyeMOl aHTeHHBI. [IoBOpaunBaTh BPYUHYIO aHTCHHY C
MOMOIIBIO MIOBOPOTHOI'O YCTPOMCTBA MO YaCOBOW CTPENKE O TEX IOp,
MOKa OTcUeT Ha MUGPOBOM TaOJIO PErUCTpaTOpa HE YMEHBIIATHCS B JIBA
pasa.

3. OTMETUTh 3HA4YCHHUE YTJIA MOBOPOTA AHTEHHBI. JTOT YIOJ
OmnpeAeNsieT [MHUPUHY JuarpaMMbl HAMpPaBJICHHOCTH HCCIETyEeMOMU
aHTEHHBI 0 s.

4. TloBepHyTh aHTEHHY B IOJOXEHHUE, COOTBETCTBYIOIIEE
HYJIEBOMY OTCYETY yria (MakCUMaJbHbIE TOKa3aHUSI PETUCTPATOPA).

5. H3MepuTh HEHOPMHPOBAHHYIO JHAarpamMMy HaIlpaBJIC€HHOCTU
UCCIelyeMO aHTEHHBI. J[JIsi 3TOro CHSATh 3aBUCHUMOCTh OTCYETa Ha
uu@poBoM TabIO perucrparopa  OT yrjia MoBOpOTa aHTEHHHI 0. Yron
U3MEHSTh C MOCTOSTHHBIM IIIaroM, BBIOpaB €ro Tak, 4ToObl B Tpejenax
IIMPUHBl IHArpaMMbl HANpPaBICHHOCTH YJIOXWIOCH HE MeHee S
OTCYETHBIX TOYEK. M3mepenus mnpoBoauTe MeHsAs yroia oT 0 mo 90
IpaJyCcoB W Bpalias aHTEHHY MO YacoBOM cTpenke. Pe3ynbrarh
M3MEPEHUM 3aHeCTH B Ta0uIly 1.

6. [IloBTOpUTH WU3MEpPEHUS HEHOPMHUPOBAHHOM JIHArpaMMBbI
HaIpaBJICHHOCTA AHTCHHBI B COOTBETCTBUM C ITYHKTOM 5, Bpamias ee
IIPOTUB  YaCOBOW  CTpelKu. TakomMy TOBOPOTY COOTBETCTBYET
OTpHUIlATEIbHOE 3HAYEHHE YTiia MoBopoTa (Tadbnuna 1).
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Tabnmuna 1 — Jlmarpamma HampaBiIE€HHOCTH TYPHUKETHOW aHTEHHBI B
TOPU30HTAIILHOM TNIOCKOCTH

0 (rpan.) 0 04 0 -0

Q

qmax

9, =49/ qax

7. Ilocne nmpoBeneHus: BCEX U3MEPEHUN TPOU3BECTU HOPMUPOBKY
JyarpaMMbl HanpaBjI€HHOCTU. JIJIsl TOro ONpeaeauTb HOPMUPOBAHHOE
3HAUYE€HHE MOIIHOCTH Ha BBIXOJI€ UCCIIETyEMOM aHTEHHBI ¢, 110 (hopMYyIIE:

Dy =9 G-
8. [TocTponTh HOPMUPOBAHHYIO AUATPAMMY HANPABICHHOCTH.

S TpeOoBanuss K oQOPpMIICHHI0O OTYETA MO BbHINOJHEHUIO
JabopaTropHoii padoThI

Otuér Habupaetrcs kommbioTepe B ¢dopmare .doc umu .rtf u
neyaTaeTcs Ha OJHOW CTOpOHEe Jjucta Oenoit Oymaru ¢opmara A4
(210%297).

Pa3zmepsl noneu:

— BEPXHEE MOoJIE — 2 CM;

— HIDKHEE TI0JI€ — 2 CM;

— JIEBOE TT0JIE — 3 CM;

— npaBoe mnoje — 1,5 cm;

— nieperuiet — 0 cM.

BripaBuuBanue tekcta — 1o mupune. Hpudrt — Times New
Roman. [[BeT mpudra — 4€pHsiii, pazmep mpudra — 14. Texct paboTh
neyaTtaeTcs ¢ ad3zarHoro orctymna 1,25 cM. Mex1ycTpouHbIi HHTEpPBAI —
1,5. JlonoJiHUTEIBLHBIE OTCTYIIBI 0 U TIOCJe a03a1leB HE MPUMEHSIOTCS.

Hecnoxubie popmyIibl TOTKHBI OBITH HAOPAHBI C UCTIOIB30BAHUEM
koMaHnbl «BcraBka—CumBonm». CnoxkHbie QOpMyIIbl JTOJKHBI OBITH
HaOpaHbl B penakTope MathType 6.0 Equation.

OTuéT 1O BBINOJHEHUIO JA0OPATOPHOM PabOThl  JOJKEH
COJIEPXKAaTh:

— Ha3BaHUE MpeaMETa, HOMEP U Ha3BaHKE JIADOPATOPHOU PadbOTHI;

— (haMUIIMIO M MHULIMAIBI ABTOPA, HOMEp TPYIIIIHI;

— (haMUIIHIO M MHUITMAJIBI IPET01aBaTels;

— 11eJIb PaOOTHI;
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— [IEpEUYEHb UCIIOJIB3YEMOI0 000PYAOBAHUS;

— MOCJIEI0BATEIBLHOCTD IEMCTBUM IIPU IPOBEACHUU UCCIIEJOBAHUM;

— BBIBOJI O MPOJICIAHHON padoTe;

— OTBETHI HA KOHTPOJbHBIE BOIIPOCHI;

— JIaTy BBINOJTHEHUS U JIMYHYIO MOAIKUCH.

Pe3ynbrathl pa3inyHbIX U3MEPEHUM HEOOXOAMMO MPEICTaBUTH B
BUJIC HECKOJBKHUX CaMOCTOATENbHBIX Tabmuil u rpadukoB. Kaxnas
TabauIa M KaXAbli TpapuK JOJDKHBI HMETh CBOW 3arojioBOK H
VICXOJIHBIE TAHHBIC SKCIIEPUMEHTA.

[Ipy BHIMOJIHEHWU YMCJICHHBIX PACcUYETOB HAJIO 3amucaTh Gopmyiy
ONPENENSIEMON BEIMYMHBI, CJI€JIaTh COOTBETCTBEHHYI) YHUCIIEHHYIO
MOJCTAHOBKY Y NPOU3BECTH BBIYUCIICHUS.

6 KoHTpoJIbHBIE BONPOCHI

1) Uto Takoe anepTypHbIC aHTCHHBI.

2) [Haiite kimaccuukaiuio BUJ0B aHTCHH.

3) Kakume Buabl aHTEHH MOTYT OOECHEYUTh CaMbl€ Y3KHE
JMarpaMMbl HAITPaBJIEHHOCTH?

4) B xakom citydae HeBO3MOXXHO u3inyueHnue guaepa. [louemy?

5) B kakoMm ciryyae BO3MOKHO U3JIydeHue ¢uiepa?

6) Bo3MoxHBIE MEPBI 10 CHIKEHUIO YPOBHS OOKOBBIX JICTIECTKOB.

7) UeM BpelieH MOBBIIIEHHBI YPOBEHb OOKOBBIX JICTIECTKOB.

8) Uto Takoe aHTeHHbIN (hakTop?



