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JIABOPATOPHASA PABOTA N21. UCC/NNTEAOBAHME
BJINAHNA NAPAMETPOB BUBPATOPA HA ElO
XAPAKTEPUCTUKWU U3JNTYHEHUA N
COIrNMACOBAHMA

Llenb pabotbi

MpuobpeTeHne HaBbIKOB MaTeMaTUYeCKOro MOAENMPOBAHUS C
ncnonb3oBaHneM 6GecrninatHon nporpaMmbl MMANA  XapakTepucTuk
N3Ny4YeHUs U COrfiacoBaHNSA 3NEKTPUYECKOro BUbpaTopa npu pasnuu-
HbIX MapaMeTpax nsnyyarens.

CopepxxaHue paborbl

1 O3HaKoM/NEeHMe C BAMSHWMEM [NMHbI WU3NyvaTensi Ha BblYMCIEHUS
AvarpaMmbl HanNpaBIEHHOCTW 3NEKTPUYECKOro BUbpaTopa.

2 BbluncneHne 06beMHOM AvarpaMMbl HaNpPaBNeHHOCTU U KO3(hbULM-
€HTOB COrMlacoBaHWUs 3NEKTPUYECKOro BUGpaTopa, Haxoasulerocs B
CBO6OAHOM MPOCTPAHCTBE M Haj ABYMS BMAAMM 3KPAHOB, ANS pas-
JINYHBIX AIMH U3NyYaTens.

3 OueHka noslyvyaeMbix pe3y/bTaToB B paboyeM AnanasoHe 4acToT.

MporpaMma noAaroToBkM kK paéore

1 UByunTb TeopeTuyeckue MOonoXeHUs, Kacalolmecs BAUSHUS
LNVHBI U3lyYaTens Ha AuarpamMMmy HanpasfeHHOCTU 3NeKTPUYEecKoro
BubpaTopa. O3HaKOMUTLCA C OCOBEHHOCTSMM paboTbl Mporpammel
MMANA.

2 YacHuUTb Lenb U Nopsiaok nposeaeHust nabopaTtopHoin pabo-
Thl.

3 O3HaKOMMUTBCSA C PacHETHbIMU COOTHOLUEHUSAMU, MPOBECTU UX
aHanua.

4 MNoaroToBUTLCS K OTBETAM Ha KOHTPOSIbHbIE BONPOCHI.

5 MNoaroTtoeuTb 6naHk oTyeTa No paborte.

OnucaHue nopsigka pa6oTbl

PaboTa BbINOMHSIETCS B CeaytoLlen NocriefoBaTebHOCTH.
1. MpoBeaeHne mnccreqoBaHmsi BANSIHNS AJ/IMHBI BUOpa-
TOpa Ha pacrnpegesieHne ToKa B M3J/1lydarTesie, Ha XapaKTepu-
CTHKMU M3JTyY4EHNS U COr1IacoBaHMUs.
C atoi uenbto 3anyctutb nporpammy MMANA. Moapo6Hoe onu-
caHue paboTbl C JaHHOM npo- rpaMMoK nokasaHo B [1].
5
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AHTeHHBI ¥ pacpocTpaHeHHe PaJMOBOJIH

() MMANA [E= =R
Qaiin Mpaeka Cepanc  Mnctpymentsr  Momows
D| =\ /|a] 5]
i Bua i Briuncnenns | [wnarpamma HanpaeneHHocTH |
|/|w| Yacrora [[EREL v| MMy ¥ B namGaax
Mposoaa 1 ABTOCErMeHTaLA: DM1!800 _j Dm2 ]EU j sC ’2.[] j EC|1 ;! ™ He paspuiBate
No. XA(wl) [ i) [ 24w | x2im) | ) [ 22tw) | Riwn [Seg |
| -0.25 0.0 0.0 025 0.0 00 0.000038 -1
! cnea.
"
¥
Wetounmkn 1 ¥ OanHaKoBLIe HCTOUHMKM Harpyaim 0 ¥ Brniounts Harpyaku
No. PULSE | Phasedg | Volt.V | No. IPULSE |Type |L(uH) |C(pF) IQ |f(MHz)
1 wic 0.0 1.0 cnea.
cnea.
™ v
PucyHok 1 — 3agaHune reoMeTpum 3aaun
s
) MMANA i
®aiin  lpaeka Cepenc  Wucrpymentsl  Momowe
Df =& 74| &
Feomerpun Bua iBh\umcneHmalﬂmarpamma HanpaBneHHoCTH
Bpawate sokpyr : { BeibpaHHoro npoe. * CepeawHbl aHTEHHEI  X=0, Y=0, Z=H CoxpaHuTs puc.
[@cTounnk
% Harpyaka -_
| H
|
| i
i
Mposog No.1
X1 : -529Tm
Y1 :00m
21 00m
X2 5297 m
o Y2 - 00m
X 22 - 00m
R 0.8 mm
Lnuna - 10,593 m
Aznm 0.0mp.
3enur.. 90.0 rp.
Macwrab P T Macwrab Tokos
N r'_ IIIIIIIIIIIIIII ‘ Buibop npoaop,al1 || ¥ Toncreie numun

%

PycyHOK 2 — KOHCTpYKUMSt aHTEHHbI

B oTkpblBWeENCs 3aknagke BblbpaTb «leoMeTpus» M 3agaTb
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

pa3Mepbl BubpaTopa. Mpy 3TOM pa3Mepbl YKasbiBaTb B [IMHAX BOJH
(NOCTaBUTb ranoyky B COOTBETCTBYIOLLEM OKOLLKE), HE MEHSIS YacToTy
no ymonyanuio. (Mpu nepexoae 13 0HOro OKHa B ApYyroe Heobxoau-
MO MCMOMb30BaTh K/aBully «Tab», MHaye BBEEHHbIE aHHbIE He 6y-
JyT COXpaHeHbl). Bua okHa Ans nonyBonHOBOro Bubpatopa (anvHa
nneya [/ =0.25A) nokasaH Ha pucyHke 1. Ha pucyHke 2 nokasaHa
reOMeTpUs KOHCTPYKLMN CUMMETPUYHOTO BMGpaTopa. UCTOYHMK noka-
3aH KPY>XKOM B LIEHTpE.

Mocne 3apaHusi napamMeTpoB BUGpaTopa HEO6X0AMMO NepenTu
B 3aKnagky «BblumcneHusi». B Helt 3apaThb nonoxeHuve «CBoboaHoe
MPOCTPAHCTBO» M HAXaTb Ha KHOMKY «[1yCK», pacroNoXXeHHY0 BHU3Y
3KpaHa. Bua maHHOro okHa nocre NpoBEAEHUS BbIMMCIEHUIA NMOKa3aH

Ha pUcyHke 3.
r = T S
() MMANA [E=IEE =
®aiin [Mpaska Cepsuc  VIHCTpymedTel  [Momols
0] =@ s|a 5]
Meomerpua I Bug | Beumncnenna ] [Aunarpamma HanpaeneHHOCTH I
Be3 HaaeaHuA
= ANWHA BOJHbBI = 21187 (m)
pston) 14150 =M {Beero cermeros = 43
I Semna . | 3ANONHEHWE MATPULL
# Cagb PACHET MATPUL. .
| 8000H0e NpocTpaHCTED TOUKA  U(B) I (mA) 2 (Ow) Kca
 MpeansHas wlc 1.00+j0.00 9.56-j5.43 79.10+j44.94 229
PACHET TOKOB...
" Peanthan PACHET JIMATPAMMbI HANPABMEHHOCTH ...
PACHET AHTEHHbI YCMEWHO 3ABEPIIEH
cota [5 < m | 0.05(s)
Marepnan |naeankHeii ¥

Mo. |F(Mry [R(Om) |p<(oM) |Kcaso_0|Gh(dad)|sa(dau1F.ﬂB(da)|E|ev(rp)|aemnn |ElmcuTa|FIuan.J
1 79098 44937 229 0.01 216 14759 900 |Caos. | — |ropm.

Myck OnTumu3auma | L m: ¥ ‘ Tpadmkn I Mpaeka npoeoga I Mpaeka 3nemexTa

PucyHok 3 — Bua okHa «BbluncneHns»

MNonyyaemas npu 3TOM AuvarpaMMma HamnpasfEHHOCTU B NONAp-
HOWM CMCTeM KOOpAMHAT NOSBNSIETCS B 3aknagke «[uarpaMma Hanpas-
NEHHOCTU», KaK NOKa3aHo Ha pucyHke 4. [ing Toro, 4tobbl NOAYy4UTb
06BEMHYIO AMarpaMMy HamnpaBneHHOCTM HeobXOoAMMO HaxaTb Ha
kHonky «3[ AH». Bua nonyyaemol o6beMHOM AuarpaMmbl Hampas-
JIEHHOCTM NOKa3aH Ha pUCyHKe 5.
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AHTeHHBI ¥ pacpocTpaHeHHe PaJMOBOJIH

@ mmana - 5 s BN FEN =)
®aiin  MMpaska Cepeuc  MHcTpymentsl  Momows
|Gl == e

¢
Yo

- ©Gaj216dBi=0dB (H nonApusayms)
" Ghy 0.01dBd
F/H: -147.60 dB; Tun: Aaum. 120 rp, 3nesauua 60 rp
=2 14,150 My,
e Z:79.098 + j44 937 Om

.~ KCB: 2.3 (50.0 Om), 7.6 (600 Om)

7 Elev. rp.: 0.0 rp. (CeobogHoe npocTpaHcTBo )
(Ona senwtHoro yrna 0.0 rp. ycunenve = 2.2 dBi)

3eHuTHBIA yron 30 0H | @il CH & Total © V+H Mevars

~Tokaszate H gna n |

PucyHok 4 — Bua ceyeHnin obbemHon H

PucyHok 5 — O6beMHast amarpaMma Hanpas/ieHHOCTH

Mocne NpoBeAEHNs BbIMUCTIEHWII BEPHYTLCS B 3aKnaaky «Bua».
BbiBeCTM Ha 3KpaH MoflyyaeMoe pacnpegeneHue Toka. [ns otpaxe-
HUS pe3ynbTaToB HeOBX0AMMO MCNONb30BaTh b6eryHok «MacwTtab To-
koB». MonyyaemMoe pacnpefeneHue Toka NOBEPHYTb TaK, YTobbl BUA
OCYLLECTB/SNCSA CO CTOPOHbI OCK Oy, KaK MOKa3aHO Ha PUCYHKe 6.
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(@) MMANA " o
®aiin  [paeka Cepsuc WHcTpymenTsl  Tomols
D =lu| ~|a] 5

Feomerpua Bug WBHHHCHBHWHW [warpamma HanpasneHHocTH

Bpawarts sokpyr : ¢ BeibpaHHoro npos. {* CepeaunHel aHTeHHBI € X=0, Y=0, Z=H CoxpaHuTe pHc.

Macuwirab ¥ Tok Macwrab Tokos

Buibop nposoga |1 2| ¥ Toncreie nusun

™ Cermentsl

PucyHok 6 — PacnpeaeneHue Toka B Bubpatope

OnucaHHbIN BbILE LMK UCCNeAoBaHUA NOBTOpUTL Anst BUGpa-
TopoB ¢ a/mHon nneva [ = 0.5A n [ =0.75A . MNonyyaeMble rpadmku
3aHecTu B oT4yeT. CaenaThb BbIBOALI O BAWSHUM AnNWHbLI BUbpaTopa Ha
BWA pacnpefeneHus Toka B BubpaTope, Ha BeNMYMHY COBCTBEHHOrO
CONPOTUBAEHNS, a Takxe 3HadyeHne KCBH.

2. UccnepoBaHne BSINSIHNS BbICOTbI NnogBeca H3Jiydare-
/151 Hafl MEeTa/UTMYECKUM IKPaHOM Ha XapaKTEPUCTUKN H3JTy-
YEeHHs1 M corsiacoBaHMs NoJ1yBOJIHOBOro Bubparopa.

C 37OV uenblo 3a3faTb FEOMETPUIO MOMYBOMIHOBOrO BMbpaTopa
(I =0.25)1), kak nokasaHo B n.1. B 3aknagke «BblunCneHus» BMECTO
yka3atens «CeobogHoe npocTpaHCcTBO» 3adath «MpeanbHas». B ka-
YecTBe BbICOTbl NMOABECa yKasaTb MOCNEAOBaTENbHO TPU 3HAYEHUA:
h=0.25A, h=0.50 v h=X\.ANMHYy BOMHbI BbIMUCIUTL NO 3aAaH-
HoW yacTtoTe 14,5 MIu. MonyyaeMble AnarpaMmbl HarnpaBeHHOCTH, a
TakkKe 3HayeHns COBCTBEHHOrO COMpPOTMBEHUS M BenuuuHbl KCBH
3aHecTu B oTyeT. CaenaTh BbIBOAbI O BMSHWAWM BbICOTHI NojBeca BUb-
paTopa HaA MeTan/IMYeCKMM 3KPaAHOM Ha XapaKTepuUCTUKM Harpas-
NEHHOCTU 1 COrnacoBaHMs NOMYyBOSIHOBOMO BUbpaTopa.
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3. UccnegoBaHne B/MSIHNS NapaMeTpoB OTpa)KaroLjeH
NoOBEpPXHOCTH Ha XapaKTEPUCTHKN N3JTydEHNST U COrJIacoBaHMUsI
Bu6paropa.

BepHyTbCs B 3aKkNagKy «BblUMCNEHUS» U NOBTOPUTL ANS MONy-
BOJIHOBOrO BMOGpaTOpa, PacrosfioXXeHHOro Ha Bbicote /i = (0.25) BbI-
UACNIEHUSA AN CNydas uAeanbHO MpPOBOASILIEr0 3KpaHa (OKOLLKO
«MpeanbHas»). BbIBECTM Ha rpadvK M B OTYET CEUYEHMS AMarpaMMbi
HanpaBEHHOCTM C NapaMeTpaMm XapakTepUCTUK COrIaCcoBaHMs.

CoxpaHsisi BbICOTY NMofABeca U3nydatens 3aiTh B 3aKnaaky «Bbi-
UNCNIEHUS» W MOCTaBUTb rano4yky B OKOLIKe «PeanbHas». Haxarb
KHOMKY «[apaMeTpbl», PacronoXeHHY0 psaioM. B pesynbTaTte oTKpo-
€TCA AManoroBoe OKHO, NO3BOJIsIOLLEE 3a4aTb MapaMeTpbl OTpaXkaro-
Lero aKpaHa, Kak MokasaHo Ha pucyHke 7. Ha puCyHKe nokasaHbl
3HAYEHUS NMOYBbI MO YMOYaHMUIO.

Mapamerpst peansof seman =]
Mo._|Dielec. |Conduct(mS/X (m)__|Height(m|
1_ 1130 5.0 0.0 0.0
next_|

Tun cpeppl B cnoHol (=1 cTpoku B Tabnuye) 3emne
I~ Bkn - paguaneHsliii Tun (Rcor),Beikn - ctyneHuartsliit (Xcor)

[ononHutensHble NpoOBONOYHbIE pagWanbl

8 0.8 MM
Oa OTkas ‘

PucyHok 7 — 3apaHve napaMeTpoB OTpaXatoLleln MoBEepPXHOCTM

[na npoBeaeHuns nccnegoBaHMs HeobxoaMMO MapaMeTpbl MoY-
Bbl BbibpaTb 13 Tabnuubl 1 [2].
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Tabnuua 1 — dnekTpoanHaMmyeckmne napameTpbl pas3fiNYHbIX BUAOB
NOBEPXHOCTN 3eM/In

Bua 3emHoro no- | BennuuHa OTHOCK- | BennumHa  yaensbHom

KpoBa TENbHON  AVMBNEKTPU- | SNIEKTPUYECKON  MpO-
4eckoM  MpOHWULLAEMO- | BOAUMOCTU G, CM/M
CTn €

Mopckasi Boga 80 1..6

MpecHas Boja pek 80 1072...1072

v o3ep

BnaxxHas rnouysa 10..30 3.107°...3-107

Cyxas nouyBa 3..6 10°...5-10°3

Mepsnas 3emMns 3..6 10=2...1072

Nen (t =-10°C) 4..5 10°...10"

CHer (1 =-10°C) 1 10°

WccnenoBaHus nNpoBoauTL B [Ba 3Tana.

CHauana paccMOTpPETb B/IMSIHUE OHOPOAHOMN MOYBbI — BIAXKHOW
3eMnn. 3HauYeHne yaenbHOM NPOBOAVMMOCTU B3STh MO CPEAHEMY 3Ha-
YeHWIO. B OTYET BbIBECTU MOMyYaeMble CEUYEHUS AMarpaMMmbl Hamnpas-
JIEHHOCTW.

Ha BTOpoM 3Tane paccMOTPETb W3MEHEHME [AMarpaMMbi
HanpaBfIeHHOCTU NPU ABYXC/IOMHOM XapaKTepe MoYBbl: BEPXHUI CION
NpeacTaBUTb B BUAE BRaXHOM nouBbl TonwmMHON 7' = 0.05A, B HMX-
HWI CNol — B BMAE CyXOM MOYBbI, TOJLUMHA KOTOPOrO COCTaBASET NO-
psagka T =5\ . B OTYET BLIBECTU MOJyUYAEMbIE CEUYEHUSI AMArpaMMbl
HarnpaBfieHHOCTH.

Cpenatb BblBOZbl O BAWSHUM HEOAHOPOAHOCTU MOYBbI Ha Xa-
PAKTEPUCTUKM HampaBNEHHOCTU U XapaKTEPUCTUKM COrNlacoBaHUS ro-
PU30HTAsIbHON aHTEHHbI.

CopeprxaHue oTyeTa

OTyeT no nabopaTopHoli paboTe MOXET 6biTb BbINOMHEH Kak
PYKOMUCHBIN, TaK M C UCMOJIb30BaHWUEM BbIUNCIIUTENBHON TEXHUKW.

s nepBoro 3tana wccnefoBaHuii BbIBECTU B OTYET:

- Avarpammbl HanNpaBneHHOCTU W pacnpeaeneHns TOKOB BAOMb
Bubpatopa ans wuccnegyemblx AnmH [ =0.25A, [=0.50 nu
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[=0.75\;

- AN KaXAoW AnvHbI BMOpaTopa yKasaTb paccuMTaHHble 3Ha-
YeHUsi COOCTBEHHOrO COMPOTUBIIEHUS U BeNMUMHBbI KoadduumeHTa
CTOsIUel BOMHbI MO HanpsbkeHnto (KCBH);

- BbIBOAbI O BIVSIHUM [/IMHbI BUOpaTopa Ha pacrpeaeneHue To-
ka B BMOGpaTope, AnarpamMMy HamnpaBneHHOCTM, COBCTBEHHOEe COmpo-
TuBneHue n BennumHy KCBH.

Zns BToporo starna uccnefoBaHuii BbIBECTU B OTYET:

- AvarpaMmMy HarpaBfieHHOCTM BubpaTopa C ANMHOM nneda
[ =0.25\ npv ero yaaneHnm oT NOBEPXHOCTU MAEaNbLHO NPOBOASLLE-
ro MeTa/IMYeckoro 3kpaHa Ha Bbicoty /7 =0.25A, h=0.5A u
h=\;

- NS KaXXA0W BbICOTbI NOABECA BbIBECTU B OTYET PacCUUTaHHbIE
3HayeHus1 COBCTBEHHOr0 CONPOTMBAEHNS U BenuynHbl KCBH;

- BbIBOABl O BMSIHUM BbICOTHI MoABeca BMbpaTopa Hag MeTas-
NIMYECKMM 3KPaHOM Ha [AMarpaMMy HanpaBieHHOCTH, COBCTBEeHHoe
conpoTusneHve un BennumHy KCBH.

Zns Tpetbero srana nccnenoBaHmii B OTHETE BbIBECTU:

- AvarpaMMy HanpaBfEHHOCTW M €ro XapaKTepUCTUKM COrnaco-
BaHMs1 Ana BubpaTopa ¢ anmHou nneda /[ =0.25A, yaaneHHoro Ha
BblcOTY /4 = 0.25A OT NOBEPXHOCTW OAHOPOAHON MOYBbI;

- - AvarpaMmMy HarpasfieHHOCTM U ero XapakTepucTUKu corna-
COBaHusa ans BubpaTopa ¢ AniMHon nneda /[ = 0.25A, yaaneHHoro Ha
BblcoTy 4 = (0.25A OT NOBEPXHOCTU ABYXC/IOMHON NOYBbI;

- BbIBOAbl O BAUSIHUM HEOAHOPOAHOCTM MOYBbLI HAa XapakTepu-
CTMKM HanpaBfEHHOCTU U XapaKTePUCTUKU COrNacoBaHUSI TOPU30H-
TanbHOW @HTEHHBI.

KoHTponbHbIE BONPOCHI

1)Kak u3MeHsieTcs pacnpefeneHne Toka BAoSb BUGpaTopa B 3a-
BUCMMOCTM OT €ro ASMHbI?

2)Ha kakux xapakTepucTukax 6osblue BCEro OTPaXKaeTcs HeTou-
Has annpokcMMaumns pacrnpeaeneHnst Toka B Bubpatope?

3)Kak oTpaxkaeTcsi BenMuMHa BbICOTbI MOABECA M3yyaTens Ha
XapaKTEPUCTMKaX U3Ny4eHUs U CornacoBaHus BUbpaTopa?

4)Kak OTpaXalTcs MnapaMeTpbl OTpaxatoweil MOBEpPXHOCTU Ha
XapaKTEPUCTMKaX U3Ny4eHUs U CornacoBaHus BUbpaTopa?

5)Kak BAMsSieT MHOrOCIOMHOCTM OTpaXkalollel MOBEpPXHOCTM Ha
XapaKTEPUCTUKM M3/y4YEeHNs U COrNacoBaHns BUbpaTopa
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Cnucok nutepaTtypbl K labopatopHoi paborte N21

1. ToHuapeHko, M. B. AHTeHHbl KB 1 YKB [TekcT]: [cnpaBou-
HuK]. Y. II: OcHoBbl M npakTuKa. - 2-e usg., nepepab. u
pon. - M.: N PagnoCodt: XKypH. "Paguo”, 2010. - 288 c. :
un. - bubnuorp.: c. 287. - ISBN 978-5-93037-210-6 : 240-
90.

2. NetpoB Bb.M. 2nekTpoanHammka W pacnpocTpaHeHwe pa-
AVMOBOSH. M.: Fopsayas nMHusa-Tenekom, 2004.

3. 3ee3guHa M.IO., LokoBa KO.A. AHTEHHbI M pacrnpocTpaHe-
Hue paamoBonH / Kypc nekuui. PoctoB H/O: AITY, 2016.
[2nekTpoHHbIN pecypc].
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JIABOPATOPHASA PABOTA N22. BJIUSHUE METOA
NMPEACTABJIEHUA NOJIA B ANEPTYPE HA
AWATPAMMY HAMPABJIEHHOCTU 3EPKAJIbHOMN
AHTEHHDbI

Llenb pabotbi

WccnenosaHve BAMAHUA MeTOAa MpefCTaBfieHMs Mons B pac-
KpbiBe Mapabonnyeckoro 3epkana C Kpyr/oi anepTypoi Ha ero aua-
rpamMMy HanpaBneHHOCTY.

CopepxxaHue paborbl

1 MopaennpoBaHUs XapaKTEpUCTUK HanpaBneHHOCTU 3epKasb-
HOM aHTEHHbl anepTypHbIM METOAOM, peasiM30BaHHbIM B S13bIKOBOW
cpepe MathCad.

2 MofennpoBaHNs XapakTEPUCTUK HanpaBieHHOCTU 3epKasb-
HOWM @HTEeHHbl METOAOM FEOMETPUUECKOM ONTMKWU C AOMOSIHEHWEM Me-
TOZOM reoMeTpuyeckor Teopumn audpakumm (naket GRASP).

MporpaMma noaroToBkM k paéore

1 N3yuntb 0c06E€HHOCTN MCNOMb30BaHUS anepTypHOro Metoaa
Mpu NPOEKTUPOBAHUM KOHCTPYKLMU 3epKasibHON aHTEHHbI C Mapabo-
NMyeckuMm 3epkanom [1, ¢.63-66; 1, c.70-74; 2, c.48-52; 3].

2 N3yunTb 0COBEHHOCTM MCNO/b30BaHNS Creunann3npoBaHHOMo
naketa GRASP [6].

3 O3HAKOMUTBLCS C pacyEeTHbIMU COOTHOLLEHMSIMW ANSt HaxoxXae-
HWS NapaMeTpoB 3epKasa, AvarpamMMbl HaMpaBlEHHOCTU U BEIMUMHDI
Ko3a(pmumeHTa HanpaBNeHHOro AEUCTBUS.

4 MoAroToBUTLCS K OTBETaM Ha KOHTPOJIbHbIE BOMPOCHI.

5 MNoproTtoeuTb 6naHk oTyeTa No paborte.

OnuncaHune Ncnosib3yeMmbix AN uccneaoBaHui
nporpamMm

Mpn NpoBefeHWM UCCNeoBaHW MO OLEHKE BMSHUS MeToaa
npeacTaB/ieHus nons B anepType 3epKanbHOW aHTEHHbI Ha TOYHOCTb
pe3ynbTaToB UCMOSb3YIOTCA [BE MPOrpaMMbl, peann3oBaHHbIE B pas-
NMYHBIX CpeAax NporpaMMMpoBaHus. ANepTypHbIN MeTos peanu3oBaH
B A3bIKOBOW cpefe MathCad, a mMeTOAbl FeOMETpUUECKOM OMTUKU U
reoMeTpuyeckod Teopum AndpakummM — B CTyAEHYeCKON Bepcuu cne-
LUMann3npoBaHHOMo I'IpOFpaMMHO-14FO naketa GRASP, pa3paboTaH-
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Horo patckon dupmon Ticra. TekCT NporpaMMbl S3bIKOBOW cpefde
MathCad npvBefieH B KOHUe noapasaena. CTyaeHueckas Bepcus npo-
rpaMMHOro naketa GRASP npepocTaBnsieTcss cBOOOAHO Ha calTe KOM-
naHun [4]. B KauyecTBe NapamMeTpoB 3epKkasna pacCcMaTpUBAIOTCS Crie-
Aylolime, nokasaHHble Ha pUCyHke 1:

- R, - paanyc 3epkana;

- [ - bokycHoe paccTosiHue;

- h - rnybuHa 3epkana;

- 2y, - Yron packpblsa 3epkana;

- F' - nonoxeHue ¢okyca 3epkana;
- S - npodunb 3epkana.

xj P(r,6,9)

e — o

PucyHok 1 — FeoMeTpus 3epKkanbHOro packpbiBa

Kpome TOro, npu MpoOeKTUpoBaHUM 3epKkasna MpUMEHSIOTCS Na-
pameTpbl:
- COOTHOLUEHNEe (hOKYCHOMO pacCTosSiHUS K AMaMEeTpy pacKpbliBa

sepkana f /(2R,);
- YrnoBas Be/MYMHa NoSIOBUHbI PackpbiBa 3epkana .

OnuvweM 6onee noapobHO (YHKUMOHMPOBAHME MPOrpaMMHOIo
naketa GRASP, MockonbKy ero nakeT npeacTaBfeH Ha aHMUACKOM
a3blKe.
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CryneHueckasi Bepcusi nporpammbl GRASP uMeeT psii orpaHu-
UYEeHU Ha 3ajaHue WUCCredyeMblX BapuaHTOB Mofenel 3epKasibHbIX
aHTEeHH U TMMNOB ObnyyaTeneu:

-cMcTeMa M3 OHOrO MM [BYX 3epKasjl OrpaHuMuMBaEeTCs napa-
60nnyeckor, runepbonMyYecKon, aNIMNTUUYECKON UM TMOKON NoBEpX-
HOCTbIO;

- (hopMa pazbueHns 3epkana OrpaHMYMBAETCS 3/IEMEHTAMKU B
BWAE OKPY>KHOCTEN, 3/1/IMNCOB UM NPSIMOYTOSIbHUKOB;

- B KayecTBe obnyyaTens pacCMaTpuBaeTCs TOSbKO psig M3Ny-
yaTenen, OMMCbIBAEMbIX aHaIMTUUYECKUMM AMarpaMMaMm HarpaBJieH-
HOCTH, BKtoYasi [ayccoBbl nyun;

- BO3MOXHO MpPUMEHeHWe MeTOoA0B (hU3NMYECKON ONTUMKMU W/Unu
reoMeTpuyecko ONTUKM C dNIEMEHTaMU reOMEeTPUYECKOW TeOpUM au-
(pakummn ans aHanMsa oANHApPHBIX U ABYX3ePKasibHbIX CUCTEM;

- AMarpaMMbl HanpaBfIEHHOCTM OrpaHWM4YeHbl ABYMEpPHbLIMU Ba-
pyaHTamu.

B nporpamme B036YyxzaeMoe aHTEHHOM MOMe MOAENMPYETCS
MeToAaMn (U3NMYECKON OMTUKU WM FeOMEeTPUYECKON Teopun au-
pakuumn. NeomeTpus 3agaum u BbIGOp MeTOAA aHanu3a onpeaensieT-
Ccs B rpaumyeckoM npoueccope M fanee nepecbllaeTcs B MOAy/b
aHanu3a. PesynbTaT MOXeT 6bITb MPOBEPEH B MpenpoLeccope.

MporpaMMa MCMONb3yeTcs B TeYeHWe AUTENbHOrO BpeMEHM
[NS TOYHOrO MOZENMPOBaHUS 3epKasibHbIX aHTEHH Ha OCHOBE MpuMme-
HEHUSI YACSIEHHBIX MeToZOB. lNonyyaeMblie Npy 3TOM pe3ynbTaTbl 06-
nafaloT AOCTaTOYHOW ANst MPaKTUKM TOYHOCTbIO. B KauvecTBe OCHOB-
HbIX OCTOMHCTB NPOrpamMMbl MOXXHO OTMETUTb:

- NPOCTOe onpefeneHne OAMHAPHOA W ABYX3epKasibHOW KOH-
CTPYKUMI @HTEHH C MOMOLLbIO BCTPOEHHOMO MacTepa;

- MOAAEPXKA HECKONbKMUX 3epKasbHblX npodunen n matepua-
JIOB, U3 KOTOPbIX OHW MOIYT 6bITb M3rOTOB/IEHDI;

- pasnnyHble crnocobbl 3aaHnsa 3anuMTKU aHTEeHHbl: MaTeMaTu-
yeckoe OnMcaHue U faHHble U3MepeHni;

- BblUMC/IEHME BEKTOPHbIX NOMEN B 6IMKHEN 1 AanbHEW 30HaX;

- BbIGOp COOTBETCTBYIOLEro cnocoba aHanmsa nonel B 3aBUCK-
MOCTW OT CBOMCTB M3y4aeMoro nornsi;

- BblCOKasi 3(PHEKTMBHOCTb aNrOPUTMOB, MOCTPOEHHBbIX Ha OC-
HoBe MeToAa (hM3MYeCKON OMTUKM, FEOMETPUYECKON Teopun andpak-
LMW U YaCTUYHO MeToAa MOMEHTOB;

- MOBbILUIEHME MPOM3BOAMTENBHOCTU TpyAa NpY NPOEKTUPOBa-
HWUM @HTEHH.
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Hapsigy ¢ BbluMcieHneM nons UsnyyeHns 3epkasibHoN aHTEeHHbI,
nporpaMma Mo3BOMSIET BbIYUCNATbL TaKMe MapaMeTpbl, Kak OLWKnOKM
(asbl, 06nacTn 3aTeHeHns, paccesiHue Ha Kpasx. MNporpamMma paboTa-
€T B TaK1X OnepaLMoHHbIX cucTeMax kak Windows v Linux.

Ansa ycnewHoro @yHKUMOHWPOBaHUS nporpaMmmbl GRASP Bep-
cum 10.0 K BbluMCAUTENBHOMY 060pPYA0BaHUIO MpPeabsBASOTCA Che-
ayowme TpebosaHua: IBM-coBmectuMasa M3BM ¢ npoueccopoM ua-
CTOTON He MeHee 1.7Ml4, onepaTMBHasi MaMsiTb — He MeHee
256 Mb6aiT. OnepaunoHHas cuctema - Windows XP/Vista/7. An ycta-
HOBKM MporpamMmbl TpebyeTcs Ha XXecTkOM Aucke He MeHee 120
M6anT.

Mpu 3anycke nporpammbl GRASP OTKPbIBAETCS HayaslbHOE OK-
HO, MMetoLLee BUA, MOKA3aHHbIA Ha pUCyHKe 2.

B 7ICRA - GRASP 10.0.0 - Project

#2d 92¢ b B 1 % 3 4 F |

Name

(/.1?..

1

J GRASP - New Project 7

Design

Sy

7 Use Wizard

1,

(& Blank Project

R

Project
Open Project
Recent Projedts,

7| Show this dialog on startup Close

PucyHok 2 - Bup AManoroBoro okHa no Bbibopy pexuma
paboTbl NporpamMmsl

C noMoLLbi0 JaHHOMO OKHA NOMb30BaTENb MOXET BblOpaTh PeXuM pa-
60Tbl NporpaMMmbl:

- co3paHue npoekTa (Design) ¢ noMoLWbO CrieuuanbHon npo-
rpamMmbl-noMolUHuKa (Use Wisard) wnn OTKpbITMEM MyCTOro nons
(Blank Project);

- OTKPbITUE MMEIOLLMXCS MPOEKTOB (M3 YKa3aHHOW AMPEKTOpUM
Open Project unn n3 Tekyluen aupektopun Recent Project).
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¥

AHTeHHBI ¥ pacnpocTpaHeHHe PaJMOBOJIH

OyeHb yAo6HbIM BapuaHTOM AJ1si CTYAEHTOB SIBSIETCS MCMOJb-
30BaHWe CreunanbHOM NMporpaMMbl-NMoMOLLHNUKA. B CBSI3M € 3TUM BbI-
6vpaeM [aHHbI pexuM. B pesynbTaTe OTKPbIBAETCS HOBOE AManoro-
BOE OKHO, MMetoLLee BUA, NOKasaHHbIM Ha pUCyHKe 3.

_.g...'

.| B GRASP - Reflector Wizard

Select Reflector System

@ Single Reflector System
Dual Reflector System
Ring-Focus / Axially Dispaced Reflectors

Frequency or wavelength
9 Frequency
Wavelength

[ Mot ][ conce

PucyHok 3 - [lnanorosoe OKHO Afs BbI6opa KOHCTPYKLMKN @HTEHHbI

ST

Single Reflector

Frequency: 52
Main reflector diameter: 66,4

Main reflector f/D: A 0,35

Reflector offeet relative to
reflector diameter;

Info
Focal length: 23,24 cm
Reflector diameter in wavelengths: 11,9603

Half-angle subtended by reflector at the feed: 71,08
No dearance

< b

PucyHok 4 - Bua AnManoroBoro okHa no Bbl6opy KOHCTPYKLUMK
AHTEHHbI

MoMOLLHUK npegnaraer Bbl6paTb KOHCTPYKUUIO @aHTEHHbI:
18
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- oAHo3epkaneHyto (Single Reflector System);

- aByx3epkanbHyto (Dual Reflector System);

- C aKCManbHO CMeLLEeHHbIM LeHTpoM (Ring-Focus).

CnegyeT OTMETUTb, UTO B CTyAEHYECKON BEpPCUMM TPETbSI KOH-
CTPYKUMS SIBNSIETCS HEAOCTYMHOM.

B HW>XHeN NoMoBMHE AManoroBOro OKHa npeanaraeTcs BblbpaTb
€AMHULLY U3MEepPEHNS MapaMeTpoB aHTEHHbI:

- yacrtoty (Frecuency);

- annHy BonHbl (Wavelength).

Bbibupaem cTosimMe NO YMONMYaHUKO OAHO3epKasIbHOM KOH-
CTPYKLMM @HTEHHbI M OTCYET B YaCcTOTax, Kak MoKasaHo Ha pUcyHke 4.
[ns nepexofa Ha cneayoWwmMn 3Tan HaXknMaeM Ha kHorky "Next". 1o
NpUBOAMT K Mepexofy Ha creaylollee AManoroBoe 0KHO, MoKasaHHoe
Ha pUCYyHKe 4.

B #aHHOM OKHe Ha3HayalTCs CleayowmMe napameTpbl:

- yacrtota (Frequency);

- anameTp 3epkana (Main reflector diameter);

- OTHOWeHMEe (OKYCHOrO PacCTOSHUS K AMAMETPY aHTEHHb
(Main reflector f/D);

- cMeleHune dokycHoro paccrosiHus (Reflector offset relative to
reflector diameter) - 0.

Mo 3afaHHbIM UCXOAHBIM A@HHBIM MPOrpaMMa BblZAeT B JIEBOM
HWDKHEM YI/ly AManoroBOro OKHa pesynbTaTtbl BbluncieHud. K Hum oT-
HOCATCS:

- bokycHoe paccrosiiune (focus length);

- AMaMeTp 3epkana B AnvHax BonH (Reflector diameter in wave-
length);

- MONIOBMHHbBIN YrNOBON pacKpbiB 3epkarna npu OCBELEeHUN ero
obnyuatenem (Half-angle subtended by reflector at the feed).

Mocne 3akpbITUS OKHa noMolHuka (Single Reflector) nyTtem
HaXxaTus Ha Knaeuwwy "Finish" oTkpbiBaeTcs OKHO 3D-View, B KOTOPOM
rmoKkasaHa reoMeTpusi MOJTYYEHHON NpW pacyeTax KOHCTpyKuuu. B
HaleM cflydae MoJydYeHHasi KOHCTPYKUMSI MOKa3aHa Ha pucyHke 5.
3peck MOXHO HabntogaTe hopMy 3epkana u nonoxeHne obnydyarens.

Ha cnepytowem ware HeobxoauMo 3afaTb MapaMeTpbl uccre-
[IOBaHWI aHTeHHbl. K AaHHbIM NapaMeTpaM OTHOCSATCS BbIHECEHHbIE Ha
6enoe none cneea OT PUCYHKa NapamMeTpbl:

1. NeomeTpuyeckme NapameTpsbl:

- pednektop (Scatterer). B HaweM cnydyae CTOUT OAMHapHOe
3epkano (single_reflector) ¢ napamMeTpaMu, paccyMTaHHbLIMW MO BBe-

AEHHbIM NCXOAHbIM AAdHHbIM;
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- ¢hopMa noBepxHOCTW 3epkana (Surface). 3pecb ycTaHoBMEH
Paraboloid);

NDEE 9 P> BB EHDE + BBV X O

WCeene ) [oleEs |
BB BIA R R & K oenaionfies__<J& X 8 050 27Bly oo W

PucyHok 5 - OKHO TpexmMepHOro npoCMOTPLUMKA KOHCTPyKUUA
A@HTEHHbI

- hopMa CeTKM, C NOMOLLbIO KOTOPOW MOAENUPYETCS pacnpeae-
NeHne TOKOB NO NMOBEPXHOCTU 3epkana (Rim). O6blMHO Ans 3epKanb-
HbIX @aHTeHH BblbupatoT sanaunTudeckyto dopmy (Elliptical Rim). OaH-
HbI NapameTp CTOUT MO yMonYaHuto. KpoMe Toro, K 3TOMy e ypoB-
HIO OTHOCUTCS 3alaHWe CUCTEMbl KOOPAMHAT. 3TO NPUMEHSETCS B Cy-
yasx, korga obnyyaTesnib HAXOAUTCSA He Ha LieHTpasibHOW ocK;

2. JnekTpuyeckme napameTpbl

- yacrtoTta (Frequency). Ha naHHOM 3Tane MOXHO 3aAaTb CMCOK
YacToT, AN KOTOPbIX CreayeT MpoBoAMTb pacyeTbl. C 3TOM Uenbio
Ha)XMMaeTCs B Crnucke Ha "single_frequency' v B OTKPbIBLLUEMCS OKHE
fo6aBnsaoTCca 3HaveHus Tpebyembix YactoT. [ns Toro, 4tobbl HOBOE
[IManoroBoe OKHO Afs Habopa 4acToT NosBUNOCh, HEOBX0AMMO LUEnkK-
HYTb MbILLIKOM Ha 3aaHHOM Ha MEepBOM 3Tane BBOAA UCXOAHbLIX AaH-
HbIX YactoTe. B pe3synbTaTe nosiBUBLLIEECS OKHO 6yaeT WMeTb BuA,
NOKa3aHHbIM Ha pUCyHKe 6. Mocne HaXxaTus Ha 3e/eHbI KPecT, CTos-
UM NepBbIM CieBa B BEPXHEM psfay, A06aBNseTcs ovyepeaHas CTpoka
B CMMCKe YacToT;

- TN obnyyatens (Feed). B npeanaraeMoMm CTyaeHTaM BapuaH-
Te NporpaMmMbl B KayecTBe AuarpaMMbl HanpaBfeHHOCTN obnyyatens
(Pattern) wcnonb3lyetrcs AvarpaMmMa HarnpasneHHOCTU C JlydoM, pac-
npeaeneHHbIM B NPOCTPAHCTBE MO 3akoHy laycca (Gaussian Beam).
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AHTeHHBI ¥ pacnpocTpaHeHHe PaJMOBOJIH

Takue nyun UMeT CUMMETPUYHYIO DOpMY U AaloT BO3MOXHOCTb A0-
CTAaTOYHO TOYHOM annpoKCMMaUMW [NaBHOTO NienecTka AvarpamMbl
HanpaBneHHOCTN HOMBLIMHCTBA TUMMYHBIX aHTEHH;

- MeToA pelueHus 3aaauun. Mo ymonyaHuio nporpamma npeana-
raeT B KauyecTBe TaKkoro Metofa MeToa cdusmueckon ontuku (PO), no-
NOSTHEHHbIN MeToAOM um3mnyeckor andpakumm (PTD). Mpu 3TOM TOKM
Ha 3epKasie pacCYMTLIBAlOTCS C MCMOJIb30BaHWMEM MeToAa (HU3NYECKOM
ONTUKN, @ KpaeBble 3eKThbl, BO3HMKAIOWME HA KPOMKax 3epkana,
YUYUTBIBAKOTCS C MOMOLLbIO METOA0B (hU3NYECKON TEOpUM AMPaKLMN.
Kpome Toro, BO3MOXHO MCNO/b30BaHUE TONbKO OAHOM0 MeToaa dhusu-
YyeckoW onTukK. ns U3MeHeHUs UCMonb3yeMoro MeToaa HeobxoanMo
HaXkaTb MbILIKOM Ha NepeMeHHow "single_po". B pe3ynbtaTe nosBuTCS
AManoroBoe OKHO, UMetoLLee BIA, NOKa3aHHbIA Ha pUCyHKe 6.

.ncrux (GRASP (student Edtion) mom
DE%EI '9@‘ NEE um *FFEBHY X O
Nome A 30-view1 [E=R[ECR =)
®& [Tomo P e rew——
el S [B) ObiectEditor: singe_po (of class PO (standare)) | B
E B ro standare) | @ Frequency | R scatterer
Zop I )
= Freauency [sngle_frequences -]
y‘ Scatterer single_refiector -]
- Method [po_plus_ptd 3]

PVICYHOK 6 - ,El,manorosoe OKHO ans Bblbopa MeToda pacqua

nons

Haxxumas Ha 3aknagky "method' Bmecto meToaa, HasHaYeHHo-
ro Mo yMon4yaHuio, MOXHO BblbpaTb Metoa "po'. Tpetuid U3 npemo-
XKEHHbIN B AAHHOW 3aKnagke MeTofoB "ptd' NpuMeHSeTcs ana pacye-
Ta TOMbKO KpaeBbix 3(hheKToB OT KPOMOK 3epKana.

Ha paHHOM nyHKTe 3aKkaH4uMBaeTCa 3ajaHuWe UCXOAHbIX napa-
METPOB ANs MPOBEAEHME PaCcyETOB XapaKTepuUCTUK U3NyYeHUs nons
QHTEHHbI.

Ans npoBefeHVs pacyeToB Heo6X0AMMO NEepenT Ha NeBOM
none nporpamMbl C KHOMNku "Object' Ha kHonky "Command'. Mpu
3TOM MOSIBUTCSA paboyee OKHO, NOKa3aHHOe Ha pUCYHKe 7.
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tﬁ”¢ YHpaBHeHI/IE AUCTAHIUOHHOT' O 06y‘{EHI/IH N MMOBbIILIEHU A KBaJ’II/ICl)I/IKaLlI/II/I

AHTEeHHBI U pacipoCTpaHeHue paAu0BOJIH

File Edit View Wizards Tools Create Window Help

DEE 9 P BFREEE X

==
H 5 le_feed
b X pelete 1iGet Currents |37 glef
S
E & 2 GetField 5
2% | [Goom
e
—9Q|
—0|
|—©)

PucyHok 7 - Pabouee OKHO, MNIOCTpUpYtoLLee CreHepupoBaHHbIe
MOMOLLHMKOM KOMaHZbl Ans NpoBeAeHNs pacyeToB

File Edit View Wizards Tools Create Window Help

DEE9QC P EE OO @®@XH

Job Queve Log Output

Clck (B to addjob-

a
Bl save Project As M
Praoject Mame:  zercc
Location: D:f

PucyHok 8 - lnanorosoe OKHO A5 NPOBeAeHNS pacHeToB

[JaHHbIN 3Tan 06blYHO He TpebyeT BMellaTenbCTBa Mosib30Ba-
TENs U HOCUT, ckopee BCero, MHOPMaLMOHHBIN XapakTep.
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tﬁ”¢ praBJIEHI/Ie AUCTAHIUOHHOT' O 06y‘{eHI/Iﬂ N MMOBbIILIEHU A 1<Bam/1(1)1/11<au1/11/1

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

[ns HenocpeACTBEHHOrO MpoBeAeHWs pacveToB Heobxoanmo
nepenTn Ha KHonKy "Jobs", pacnonoXxeHHyl He TpeTbeM YpoBHe. B
3TOM Cflyyae NosIBNSETCA AMAnoroBoe OKHO, BMA KOTOPOro nokasaH
Ha pucyHke 8,a. HaxuMas Ha CMMBON TPeyrofibHUKa, pPacrosioXeH-
HbI Ha NIEBOM OJSie PUCYHKa, NMONb30BaTesb OCYLLECTBSET 3anyck
3afauv Ha pelleHue. Mpu 3TOM BHayane nporpamma notpebyer 3a-
[JaHus UMeHn cdaiina u anpektTopum (CM. pUcCyHok 8,6), roe 6yayT
COXpaHeHbl pe3ynbTaThl, @ 3aTeM Ha NpaBoOM MONe npu 3TOM BblAa-
€TCS IMCTUHT MPOrpaMMbil.

HakoHeL Ha nocnegHeM 3Tane pelleHus nosb3oBaTesnb MOXeT
O3HAKOMUTLCS C MONY4YeHHbIMKU B Xoae paboTbl NporpamMmMbl pesyrib-
TaTamu. [na 3TOro HeobxoaMMO MepenTy Ha Cneaylowyo Knasuwly
"Results". Ha 6enom none cneea nosBnseTcs AepeBo 3aaad. Bbibu-
pasi COOTBETCTBYIOLLYIO 3aa4y (UMX 3@ OAWH 3aX04 MOXET peLlaThbCs
HECKOMNbKO), OTKpbIBAaEM MOCNeA0BaTeNbHO 3aKNaAKM, Kak MokasaHo

A TICRA - GRASD 1001 Popcezecegy NN T e TS
File Edt View Wiords Tools Creste Window Hep
o ) O T 55 Se
DE2E 9C¢C > HEH D ME@®E 2 & X
Resuts Blorer
% i I Job.01 — single_cut — Radiation Pattern — Plot [1] == |
< Job 01 anh [E4 R R
- ¢ sglenu Bpheslc Job_01 — single_cut — Radiation Pattern
Phi=00 deg
Zab Phi= 450 deg
Phi=900 deg
| L 20,0
- > 59 GHz
% . Job Status Output
e 0 5,4 Griz —E_ox — 90,0° [Ampliude]
g
S
o
Rt 3
T 20
o
E
<
40,0
-60,0 o

PucyHok 9 - Bua AManoroeoro okHa NONy4YeEHHbIX PE3YNbTATOB

[ns KaXaon 4acToTbl MO YMONYAHUIO Ha rpaduvk BbIBOAATCS
pe3ynbTaThbl, MOMyYEHHbIE AN OCHOBHOM (0603HauyeHue E co) wu
Kpocc-nonsipnsaumoHHon (06o3HaueHne £ cx) KOMMNOHEHT Auarpam-
Mbl HanpaBfieHHOCTU B cedeHusax ¢ = 0°, 45° 90°. Yucno BbiBOAK-
MbIX Ha OAHO Mofie rpacdMKOB MOXHO YMEHbLUATb, Aefas HeaKTUB-
HbIM COOTBETCTBYIOLLE CTPOKM Ha MOJiE KOMMEHTapueB CrnpaBa.
Ha)kumasi MbILLIKOW Ha OKHO rpachlKOB, MOXHO MX COXPaHWUTb B BUAE
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praBJIEHI/Ie AUCTAHIUOHHOT' O 06y‘{8HI/lﬂ N MMOBbIILIEHU A KBEIJ]I/ICl)I/lKaLLI/II/I
AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

pUCYHKa WU BbiBECTU B (hbain. MonyyeHHble AvarpamMMbl Hampas-
NEHHOCTU SBNSKOTCA aMNAMTyAHbIMU. ECnn e BO3HMKAeT Heobxo-
AMMOCTb B MOCTPOeHMM (pa3oBbiX AMarpaMM HamnpasfeHHOCTU, TO
cneayeT LWeNKHYTb NpaBoM KNaBULLEN MbILWIKU Ha AepeBe 3ajad, Bbl-
BeAeHHOM Ha 6enom none cneea. B OTKpbIBLIEMCS OKHE BbibpaTb
COOTBETCTBYIOWMI NYHKT "Phase plot".

OnucaHue nopsigka pa6oTbl

1. Ha nepsBom 3Tane uccienoBaHud HEOOXOAUMO BbIMOIHUTD
creqyroLmne AevcTems.

MNporpamMMy, npuBeaeHHyio B [IpunoxeHun A, nepeHecTn
(HabpaTb) B sA3blkOBOWN cpefe MathCad. B COOTBETCTBMM BapuaHTOM,
onpeaensieMbiM No nocneaHen undpe 3avyetkun, us Tabnuupbl 1 BbIOK-
paloTCa UCxXodHble AaHHble ANs MOaennpoBaHus u3 Tabnuubl 1 [5, 6].

Tabnuua 1 — UcxoaHble AaHHble MO BapUaHTaM

Ne HasBaHue YacToTHbI KY, | OnameTp LLnpunHa

Bap- | @HTEHHbI AunanasoH, ab @HTEHHbI, OH, rpag

Ta Mmu MM

1 RocketDish 2,3..2,7 24 648 6
2G-24

2 RocketDish 3,3..3,8 24 648 7
3G-26

3 RocketDish 4,9.59 30 648 5
5G-30

4 RocketDish 51..5,8 30 648 5,8
5G30 Light
Weight

5 RocketDish 51..5,8 31 748 3
5G31-AC

6 RocketDish 4,9.59 34 972 3
5G-34

7 RocketDish 5,1..5,8 34 1050 3
5G-34

8 CTBO,5M™ 10,95..12.75 35,9 | 550 2,8

9 CTB0O,6M 10,95..12.75 35,9 | 600 2,8

10 Lans-65 10,7..12,75 37 650 2,9

B cOOTBETCTBUM C 3a/10)KEHHBIM aNrOPUTMOM B TESO0 NMPOrpaMMbl
noACTaBnATCA UCXOAHbIE AaHHbIE, MPEeABAPUTENBbHO NEpEBEAA KO-
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praBJIEHI/Ie AUCTAHIUOHHOT' O 06y‘{8HI/lﬂ N MMOBbIILIEHU A KBEIJ]I/ICl)I/lKaLLI/II/I
AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

acbdULMeHT ycunennsa u3 aeumbenn B pasbl. [luarpaMMbl Hanpae/eH-
HOCTM CTPOSITCSl Ha TPEX YacToTax: HUXXHEN, cpeaHen n BepxHen. [ns
CpefHel 4acToTbl MacCvB AMarpaMMbl HanpaBieHHOCTU 3anuchiBaeTcsl
B haiin Ans panbHenLero cpaBHEHNS.

2. Ha BTOpOM 3Tane wvccnefoBaHUsl BbIMOSHSIIOTCS B MaKeTe
GRASP. WUcxopHble AaHHble ANns MOAENMPOBaHWS XapaKTepUCTUKK
HanpaBfIeHHOCTU BbIGMPAIOTCS M3 NPOrpaMMbl, UCMONb3YEMON Ha nep-
BOoM 3Tane. CeyeHne AuarpaMMbl HaMpPaBfIEHHOCTW 3anuChbIBalOTCA B
dann.

3. CpaBHeHMWe nosty4aeMbiX pe3ysbTaTos.

[ns ocywecTBNeHUs CpaBHEHUS] XapaKTepUCTUK HanpasieHHo-
CTW, NOMYYaeMbIX C UCMOMb30BaHNEM Pa3fIMYHbIX METOAOB MOAENNPO-
BaHWS pacnpefeneHus nonsi B packpbiBe anepTypbl 3epKasbHOW aH-
TEHHbI, HEOHX0AUMO BLIMOMHWUTL NpeaBapuTenbHyo o0bpaboTky dait-
na, 3anucaHHoro B nporpamme GRASP. [insi 3TOro B CTaHAapTHOW
nporpamme Windows BnokHOT HeobxoamMmo ybpaTb NuLLHION MHGOP-
MauMio, OCTaBnsis TOMBbKO YMCIOBbIE AaHHbIE. 3aTeM OCyLLeCTBUTb
3aMeHy CMMBOJIOB «,» Ha «.» HE3aBUCMMO OT perucrpa ANs Bcex
CTPOK. [Mony4YeHHbI MacCMB COXpaHWUTb C paclumMpeHueM *.prn (Bce
annb).

[Janee B s3blkoBON cpege MathCad ocyliecTBnsieTcs nocrpoe-
HMe Ha OAHOM rnosie rpadMKoB MO AaHHbIM (aNoB, NOMYyYEHHbIX Ha
MepBOM M BTOPOM 3Tanax MccnefoBaHuii. TekCT nporpaMM npuBegeH
B MPUJTOXXEHUU B.

Copep)xaHue oTueTa

1. Ha3BaHue paboThbl, Lenb UCCNeaoBaHWUNA.

2. PCyHOK, NOSICHAIOLMIA FEOMETPUI0 @HTEHHbI.

3. AmarpamMmbl HanpaBfeHHOCTH, MOMYUYEHHbIE anepTypHbLIM Me-
TOAOM [NSt TPEX YacTOT: HUXKHEW, CpeaHEN U BEPXHEN.

4. dnarpaMMa HanpaBNeHHOCTU Ha CpeaHEN YacToTe, MoJyyeH-
Hasi METOAOM FEOMETPUYECKON OMTUKM C AOMOSIHEHMEM METoAa reo-
METPUYECKON Teopun andpakumu.

5. Pe3ynbTaTbl CpaBHEHWS AuMarpaMM HanpaBfeHHOCTU 3ep-
KanbHOM aHTEHHbl Ha CpedHEeW 4acToTe, MOJSyYEHHbIX Pas3/IMYHbIMMI
METOAAMU, a TaKXKe C AaHHbIMM peasibHOM aHTEHHbI, MapaMeTpbl KO-
TOPOW MCMOJIb30BANIUCh B KAYECTBE UCXOAHbIX AaHHbIX.

6. BbiBogbl no pabore.
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tﬁ”¢ praBJIEHI/Ie AUCTAHIUOHHOT' O 06y‘{eHI/Iﬂ N MMOBbIILIEHU A KBaJlI/ICl)I/IKaL[I/II/I

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

KoHTponbHbIe BONPOCHI

1. Kakue napameTpbl 9BNSAIOTCA ONpeensiowmnMmn npu pacyeTe npo-
¢una 3epkana?

2. Kakve pacripegeneHus nons npuMMEHSoTCS Npyu MOAENMPOBaHUU
XapaKTePUCTUK U3MyYeHUsl 3epKasibHOM aHTEHHbI?

3. Kakne MeToabl NCnonb3yoTcs npn MoaennpoBaHun pacrpeaeneHus
nons B packpbiBe 3epkana?

4. Kakoi MeToA MCMosb30BaH B MPOrpaMMe MOAENMPOBaHUS XapaKTe-
PUCTUK HanpaBNeHHOCTU 3epKaslbHOM aHTEeHHbl, peanu3oBaHHON a
A3bIKOBOW cpeae MathCad?

5. Kakne MeToabl 3anoxeHbl B OCHOBY paboTbl NPOrpaMMHOroO rnaketa
GRASP?

6. Kakve xapaKTepucTvku faHHbIN NaKeT NO3BOJISET BblUNCIATL?

7. KakoBbl HeoCTaTKn pe3ynbTaToB naketa GRASP?

8. YeM OTnMYalOTCA XapaKTepUCTMKX HanpaBfeHHOCTU 3epKasnbHOW
@HTEHHbI, HaWAEHHbIE C UCMOMb30BaHMEM anepTypHOro MeToaa U Me-
TOZa reOMETPUYECKON OMTUKW, LOMOSHEHHOMO METOAOM reoMeTpuye-
CKOMN Teopuu andpakummn?

Cnucok nutepaTypbl k labopaTopHou paborte N22

1. 3Be3anHa M.IO. YCTponcTBa CBEPXBLICOKMX 4YacTOT: JEKLMOH-
HbIA Kypc. PocToB-Ha-[oHy: AITY, 2014/ [3neKTpoHHbIA pecypc]:
URL: http://de.dstu.edu.ru/CDOCourses/0280dee6-0071-47b1-
8483-750349d3ccc7/1763/1523.pdf. Per. N2 1523.

2. 3Be3gnHa M.IO., Lokosa O.A. YcrpoiictBa CBY M a@HTEHHbI:
MEeToAMYeCKMe yKas3aHusi K KypcoBol paboTe. PocToB-Ha-[loHy:
arTy, 2016. [2neKkTpoHHbIN pecypcl: URL:
http://de.donstu.ru/CDOCourses/6f5d22b4-1d5c-4ab8-b43b-
50260e276ba3/3029/2864.pdf. Per. N2 2864.

3. Ycrponcrea CBY u aHTeHHbl / Mog pea. O.U. BockpeceHckoro.
M.: PagnotexHuka, 2008. 384 c.

4. GRASP: [3nekTpoHHbI pecypc]: URL: http://www.ticra.com.
(Oata obpawenuns 21.07.2016r.)

5. Mapabonuueckune aHTeHHbI: CalT WMHTepHeT MarasuHa Price.ru:
[OnekTpoHHbIi  pecypc]. URL:  http://price.ru/antenny/dish-
antenna/?brand id=9846. (aata obpawueHus: 1.08.2016).

6. CnekTp TB: [2nekTpoHHbIn pecypc]. URL: http://www.spektr-
tv.ru/anten stv.php (nata obpaweHuns: 1.08.2016).
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JINCTUHI NnporpaMMbl MOAENMPOBaHUA

3epKaJibHOW aHTEeHHbl anepTypHbIM METOAOM
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CRM ¢ YHpaBJleHI/Ie AUCTAHIUOHHOT' O OGy‘ieHI/IH N MMOBbIILIEHU A KBaJ]I/I(bI/IKaLLI/II/I

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

JIABOPATOPHASA PABOTA N23. BJIUSAHUE
AMIJINTYAHO-®A30BOIO PACIPEAEJIEHUA HA
AWATPAMMY HAMPABJIEHHOCTM NJIOCKOMN
AHTEHHOWM PELLETKMN

Llenb pabotbi

MPUBUATME HaBbLIKOB BbLIYMC/IEHUA AMArpaMMbl HarpaBneHHOCTM
M NPOMU3BOAHLIX OT HEE MAapPaMETPOB W3/yHYEHUS MSIOCKON aHTEHHOW
peLleTKN B 3aBUCMMOCTM OT BWUAA aMMMTYAHO-(DAa30BOro pacripeae-
neHus.

CopepxxaHue paborbl

1 WccnepoBaHve BAMSIHMS BUAA aMnMTyAHO-ha30BOrO pac-
npeaeneHns Ha AuarpamMy  HamnpaBfEHHOCTM U KO3MhUUMEHT
HanpaB/IEHHOro AEUCTBUA MIOCKOW (ha3npoBaHHOW aHTEHHON peLleT-
K.

2 WccnepoBaHue  3aBUCMMOCTU  BENUYMHBLL - KO3bdULMEHTa
HanpaB/IEHHOro AEUCTBUS OT Yria Hak/oHa nyya.

MporpaMma noaroToBkM k paéore

1 W3yunTb 0COBEHHOCTM (PYHKUMOHMPOBAHUS  MpPOrpaMMbl
Fazar.exe.

2 OueHNTb KOPPEKTHOCTL paboTbl NporpamMmel Fazar.exe nyTem
CPaBHEHWNS C pe3ynbTaTaMM pacyeTa AuarpaMmbl HanpaB/IEHHOCTU
NMHENHOW peLleTKu, NoSTyYeHHbIMU B A3bIkoBOM cpeae MathCad..

3 O3HaKOMMUTbCS C pacyeTHbIMM COOTHOLUEHUSIMU, MPOBECTU UX
aHanua.

4 MNoAroToBUTLCS K OTBETAM Ha KOHTPOJbHbIE BOMPOCHI.

5 MNoproTtoeuTb 6naHk oTyeTa No paborte.

OnucaHue Ucnonb3yemMon ans uccnegqoBaHum
nporpamMmbl

Mpn npoBeAeHWW UCCNELOBaHUA BMSIHUS BUAA aMnUTYLHO-
(a3o0BOro pacripefeneHvsi Ha XapakTePUCTUKU W3MYYEHUs! MIOCKOW
(hba3vpoBaHHON aHTEHHOW pelueTKM, reoMeTpusi KOTOPOM MpuBeaeHa
Ha pucyHke 1, Heo6x0AMMO MCNOMb30BaTb COOTHOLLEHWS, ONUChIBAIO-
Wme avarpammy HanpasneHHocTu GAP [1-3]:
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

M
e -
.!.._?"_ —r—
y
- - >
—p—
NX
—r—
X M’
PucyHok 1 — 'eomeTpusa 3agaum
F(0',0) = Fu.(0',9)x
N, N,
X z z A,,(0',0)exp(ik(x, cosB'cosp + y, cos0'sin ¢)),(1)
n=l m=1

rae 4,,(0',¢) - koMnnekcHas aMnAnUTyAa Toka B Mr-M UsNyyatene;

F“(G',(p) - NMapumnanbHas avarpaMmMa HanpasfeHHOCTY;
0'=0-m/2.
B kayecTBe ynpaBnsoLMX NapaMeTPOB BbICTYMAOT KOMMIEKC-
Hble amnauTyabl TokoB A4, (0',¢) B n3nyyatensx.

KoachduumeHT HanpaBneHHOro AeACTBUS SIBSETCS MO OTHOLUE-
HUIO K AvarpaMMme HanpaBfIEHHOCTW aHTEHHbI BTOPUYHOW BETMUYMHON
N paccumuTbiBaeTca no dopmyne [1-3]:
47
D= . (2)

n27n

[[IF©, @) sin0'do'de’
00

B kauecTBe MHCTpyMeHTa ANs UCCNef0BaHUM BNMSIHUSI aMMu-
TYAHO-()a30BOro pacrpeAeneHns Ha XapakTepUCTUKN U3NTyYeHUsl aH-
TEHHbl HEO6X0AMMO MCMONb30BaTb NporpamMmy Fazar.exe [3].

MporpaMMa NO3BOJISIET PACCUYMTLIBATL AMArpaMMbl HarnpasieH-
HOCTU aHTEHHOM peleTkM C TJIOCKAM PacKpblBOM ANSi  He-
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CKOJIbKMX BUAOB aMNAnTyAHO-(ha30Boro pacnpeaeneHus:
- PaBHOMEPHOrO;

napabornbl Ha Nbegecrane;

- KOCMHYC Ha nbegecTane;

[Jonbd-Yeboilwesckoro;

Mo AaHHbIM halina, BBEAEHHOMO BPyUHYIO.

B kauecTBe orpaHMyeHus BbICTYMaeT OTKa3 OT yyeTa B3aMMHOW

CBA3UN MeXAY 3N1EMEHTAMU PELLIETKHA.

MporpaMMa UMEET MHTYUTUBHBIN MHTEPGENC, BbIMOMHEHHbIV B

BMAe OKOH. HayanbHOe OKHO NMoKa3aHo Ha pUCyHKe 2.

===

Bexog  Onuwm neuatin

180 Fazar v4.1 Pacuer dazuposanHsix aHTEHHBIX pELLIETOK =1
Bxogrsie gannsie  Pacuertokos Pacuer H - Boboansie gansie
Mowots

== D% a3

=z
=

B i 2

B

BEON HCXOMHBIX ABHHEIK ‘ Jluarpamma HaNpasAEHHOCTH \ YucAeHHBE AaHHbIE |

Beoaumbie aanHbe Pacuernbie ganibe

—

Paiouan vacrara I [Tu 0.300 Romsiecreotesnygarench H-=
Popra pacnpenenenun NMapamerp
Lnuna sommet ~300/1. (1000000 [7¢) & pasnomepnos e
o Ha
Kon-so usayuareneino X [8 %] k= [0.5 %]
(" KOCHHYC Ha NbegecTane
Kon-80 usnyuarens no Y 1 ] & Noieetieteaens HoubapEicTER

* npamoyronbHan

" pyunon BBOA B TabAMLY " kpyrnas

Paamep wanyvarenn no X, mm 250 [%]
Pasmep wanysarean no Y. tm [250 ]

Zanoanenue Tabauum Tokon

War pewerku no X, MM 500.0 Z PacnpeneneHue TOKOB N0 MSAYNATENAM
i Y. ; lzoma  [Awnn [®aza |
ar pEUIETEM MO Y, M 5000 [% T R
000 1000 360
Haknon IIH no X. rpaa 00 i 0o 1000 360
000 1000 360
Haknon [IH no Y. rpan 0.0 7 000 1000 360
000 1000 360
Paccrosuue 000 1000 360
Ixpan a0 aRpaHa, MM [0000 000 000 1.000 360
& ner " ecrs 1.0

PucyHok 2 — HadanbHoe OKkHO nporpammbl Fazar

MNMocne 3agaHns AaHHbLIX U HaXaTus B BerHeVI cTpoke «Pacuet

OH» Ha 3aknagke «[dnarpamMma HanpasfeHHOCTU» OTpaXkaloTcsa ceye-
HMS OBbEMHOM AMarpaMMbl HaMpPaBfEHHOCTW, a TaKKe MapaMeTpsbl
AnarpamMmbl HarnpasneHHOCTU: LUMPUHA F1aBHOMO nenecTka B NioCKo-
CTSIX; BENMUYMHA KO3 DULUMEHTA HaNPaBIEHHOMO AENCTBUSI.

Bua anarpammbl HanpaBAeHHOCTU NoKa3aH Ha pUCyHKe 3.
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H8) Fazar w41 Pacuer dasuposaHHeix aHTEHHBIX PELLETOK [ @ ]>=]
Broariie garmme  PacuerTokos  Pacuer JH  Benogreie gannoie Bomog  Onupmw nevari
Momote
2 s =z
= & % & "] = § °
BEOA MCORHLIE AHHEDE Nuarpamma w | u Aavibe |

Nporpanma Fazar v.4.1 no krire: O.1.Berguk, .. MapHes, AHTEHHb! C SNEKTPHYECKIM CratnpoBakien ”, Mockaa, 2001

JMATPAMMA HANPABNEHHOCTW AHTEHHOW PEWETKH

" YPOBEHb (1B}

-10 -10
-20 -20
-30 -30
-40 -40

-50
-%0 -80 -70 80 -50 -40 -30 -20 10 [} 10 20 30 40 50 80 70 80 90

HDALRAR] noock | noocu | noocu s i
e eueroounma
YTOMHAKNOHA v4a 00 | 0.0 it EE:E:HE 23 g‘éni
KHO. . .ooooooooe e oo 17.35 (12.3906) -
PucyHok 3 — Bup pe3ynstaTtoB pacyeTa
AnarpaMmbl HanpaeJIEHHOCTU
180 Fazar v.4.1 Pacuer dhasvpoBaHHLI: aHTEHHBIX PELLIETOK [=ll==]
Bxogrbie gantbie Pacuertokoe  Pacwer AH  Boixognsie gamtbie Bexog  Onuan nevarn
Memowe
B e =z
= | % & B = 4 9
BBOA HCROAHBIX NAHHBIK |  Duarpamma 4 AaHHLIE
P afin Broaubix nannbix Fazar.dat Ilannpie pacyeTa AHarpaMMbl HaNPaBAEHHOCTH
FAZAR.DAT 30.07.2016 8:52:42 | IH aHTeHHoR peweTkH
yron IOHxak IHy.aE JOHmab E
Yacrora f. My = 0.300
Iauna BonHebl 300/, MM = 1000000 -90.0 -99.900 -00912 -99.900
Dfues yucno usnyyarenei n =98 -895 -60.158 -00912 -60.158
UYucno usnysatened no X: nx = 8 -89.0 -60.158 -00912 -60.158
UYucno usnysarened noY: ny = 1 -88.5 -60.158 -00912 -60.158
Pasmep usayyarens no X, mm =250.0 -88.0 -54136 00911 54136
Pasmep usayyarens no Y, mm =250.0 -87.5 -54135 00910 -54.135
War pewerku no X, mm = 500.0 -87.0 -48.114 00910 -48.114
War peweTky no Y, MM 500.0 -86.9 -50.612 -00.909 -50.612
Haknon J1H no X_ rpan = 0.0 -86.0 -48.113 -00908 -48113
Haknon J1H no Y. rpan = 0.0 £ -855 -46.174 -00906 -46174
Hanuuue noanoxku: -85.0 -44 590 -00905 -44.590
[0-ner, 1-ectn) = o -845 -43252 -00.904 -43.252
Bua amnn. pacnpegenenms: -84.0 -42.092 -00.902 -42.092
0-paBHomephoe, -835 -40.156  -00.900 -40.156
1-napatona na neegecrane, -83.0 -39.327 -00.898 -39.327
2-KOCHHYC HA NbEeaecTane, -82.5 -37.879 -00.896 -37.879
3-Nonbp-Yebduuwesa, -82.0 -37.883 -00894 -37.883
4-pyyHoi BBOA B Tatnuuy = 0 -815 -36.081 -00.892 -36081
Popma pemeTku: -81.0 -34148 -00889 -34.148
0- npsimoyronbHan, -80.5 -34153 -00.887 -34.153
1- kpyrnas [oBanchan) = ] -80.0 -32.576 -00.884 -32.576
5 -79.5 -32.231 -00.881 -32.231
PacnpeneneHuye TOKOB N0 H3NYYaTENAM -79.0 -31.573 -00.878 -31.573
EMM  y.MM  ZMM Amnn. Pasa -78.5 -30.666 -00.875 -30.666
-78.0 -30.122 -00872 -30.122
0.00 0.00 0.00 1.000 360 -7 5 -29.870 -00869 -29.870
50000 0.00 000 1000 360 -77.0 -28659 -00.865 -2B.659
1000.00 000 000 1.000 360~ -76.5 -28.234 -00.861 -28.234 -

PucyHok 4 — CoxpaHeHue pe3ynbTaToB pacyeTa B hain
BbluMcneHHylo anarpaMMy HarmpaBfiEHHOCTU, a TakXe pacrpe-
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

[leneHne TOKOB B U3/TyuaTensix MOXHO COXpaHWUTb B (ann 13 3aknaj-
K «Y1cneHHble pe3ynbTaThi» B BUAE TEKCTOBOrO danna («BbixoaHble
JaHHble — B TXT-aiin», uaMeHuTb npeanaraeMoe UMs Ans coxpaHe-
Hus Fazar-out Ha F1), kak Nnoka3aHo Ha pUcyHke 4.

[ns panbHenwero nocTpoeHusl rpadukoB B S3bIKOBOW cpepe
MathCad Heobxoanmo:

1. OTKpbITb COXPaHEHHbIN TEeKCTOBbIM (hal B CTaHAApPTHOW
nporpamMme Windows BnokHOT (C kHoMkow «Bce dannbl»), kak noka-
3aHO Ha pUCyHKe 5.

Toman =)
. 2

@vv‘ « 110302 » AwrensiuPPB » flaboparoprbie » NP2 Brusne AGP va JH b fazard.1 = [%3] [ Mouex: fazara 1

Koanpoexa: [ANSI

PucyHok 5 — OTkpbITHe dhaitna ¢ pesysnbTataMu NporpamMmbl Fazar

2. BbigenuTb hparMeHT, OTHOCALUMINCS K pacnpeaeneHnto TOKOB
B NMHelKe u3nydvateneh (Tabnuua «PacnpepeneHue TOKOB MO U3Ny-
yaTenam»), B 6ydep M COXpaHWTb €ro B HOBOM chaiine, Hanpumep,
Tok.prn. MNpu 3TOoM gomkeH 6biITb BbIbpaH «Tun dana» - «Bce dan-
nbl»,

3. MoaroToBuTb haln C pacnpefeneHneM TOKOB Afs MOCTpoe-
Hus rpachmkoB B s13bIkoBOW cpeae MathCad. [ins storo

- OTKpbITb (hann ¢ pacrnpegeneHveM TokoB Tok.prn («Tun dan-
na» - «Bce cainbl») B nporpamme BnokHOT;

- ybpaTb 3aronoBok TabauLbl C HUXKHEW pa3aensiowein YepTon;

- ybpaTb cTON6ubl, OTHOCALUMECH K KOOpAMHAaTaMm Yy M z noso-
XeHUst unyyatenen (BTOpon n TPETUIA),

- BO BCeX CTpOKax, HauMHas Co BTOpPOM, ybpaTb cTonbue C «Hy-
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

nAMK>,
4. CoxpaHuTb MoJyYeHHbIN hain C paclumpeHnem *.prn.

5. MoarotoBuTb haiin Ans AvarpamMMbl HanpasBfeHHOCTU. [ns

3TOro NOBTOPUTbL MMN.1 M 2, BbIAENsIS U COXPaHSs Npu 3TOM

[aHHble, OMUCbiBaloLWMe AuarpaMMy HarnpasneHHocTn. Co-

XPaHWUTb MONYYeHHbIN 610K B baiine ¢ paclumpeHmem *.prn.

OnucaHue nopsigka pa6oTbl

1. W3yuntb 0COBEHHOCTU (DYHKLMOHMPOBAHNS MpOrpammel
Fazar.exe.

2. OueHUTb AOCTOBEPHOCTb pe3ysibTaToB, MOJSlyYEHHbIX C MOMO-
LbIO NporpamMmsl Fazar.

C 31Ol Lenbio HeobXoaMMO B KauyeCTBe UCXOAHbIX AaHHbIX Mpo-
rpamMMmbl Fazar 3apatb napameTpbl AP, koTopble 6biNM paccynTaHbl
AN paBHOMEPHOro aMnAMTYAHOro pacnpeaeneHvs  (nporpamma
Mnockas AP co cpaBHeHneM.xmcd):

- yacrota uanydenus 0,300 IMwu;

- pnvHa usnydatens 0,25\

- pa3mepbl pewetkn: Nx=8, Ny=1, dx/A =0.5, dy/A=0.5;

- MPOCTPaHCTBEHHLIA CEKTOP CKaHMPOBaHUS:

- B YIJIOMECTHOM niockoctu oT -90 ao 90 rpaaycos;
- B a@3uMyTanbHoOM nnockocty ot 0 Ao 360 rpasycos;
- onckpet pacyeta 0,1 rpagyca;

- opueHTaums rnasHoro nenectka AH ot 0 go 50 rpagycos ¢
Wwarom 5 rpaaycos.

MonyyeHHble B NporpaMMe Fazar AaHHbIe 3anucaTb U3 3aKnag-
K1 «YucneHHble AaHHble» B (hain, a 3aTeM B nporpamme [Mnockas AP
CO cpaBHeHueM.xmcd OHOBPEMEHHO BbIBOAATCS Ha OAHO none. TekcT
nporpammbl lMNnockas AP co cpaBHeHneM.xmcd B cpeae MathCad npu-
BeaeH B NMPUNTOXKEHUA B.

[anee BbIMNONHUTL MOCTPOEHME AMAarpaMM HanpasfeHHOCTU Ha
oaHo none (n.5 nporpammbl MNnockas AP co cpaBHeHneM.xmcd).

3. Ona kaxaoro Buaa amnanTyaHO-pa3oBOro pacnpeaeneHus
(paBHOMepHOro, napabonbl Ha nNbefecTane, KOCMHYC Ha Nbeaecrtane,
[Jonbd-YeboleBckoro) paccuMtaTb B nporpamme Fazar auarpammy
HarnpaBfEeHHOCTM U ee XapaKTEPUCTUKN: LUMPUHY Jyya, BenuumHy KHZ,
[NS HEOTK/IOHEHHOrO Jlyua M OTK/IOHEHHOMO Ha Kpal CeKTopa CKaHu-
poBaHus (45 rpagycos). CKkaHMpoBaHWe OCYLLECTBASATbL B NIIOCKOCTM X.
B oTueTe coxpaHuTb MOSlyYyeHHble AaHHble. Kpome TOro, BbIBECTU

43



tﬁ”¢ praBJIEHI/Ie AUCTAHIUOHHOT' O 06y‘{eHI/Iﬂ N MMOBbIILIEHU A KBaJlI/ICl)I/IKaL[I/II/I

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

rpacdvk aMnanTyaHO-(a30Boro pacnpeaeneHus.

4. MNocTpouTb 3aBUCUMOCTb BenununHbl KHA (B aeunbennax) ot
yrna HakaoHa siyya npu pasHoMepHoM A®P. CpaBHWUTL ee C KOCUHYC-
HOW 3aBMCUMOCTbIO.

5. MNMocTpouTb 3aBUCMMOCTb LUMPUHBI TTIABHOIO flenecTka oT yr-
Jla HaKIoHa nyya rpu pasHomepHoMm ADP.

6. Ana paBHoMepHoro A®P noctpouTtb AH ansg nyda, OTKO-
HeHHOro Ha 45 rpaaycos.

7. Cpenatb BbiBOAbI MO paboTe.

Copep)xaHue oTyeTa

1. Ha3BaHue paboThbl, Lenb UCCeaoBaHWUNA.

2. PVCyHOK, NOSICHAIOLMIM reOMETpUIO 3a1aun.

3. [AvarpaMmbl HanpasfeHHOCTW, MNOJSlyYeHHble B MporpaMme
Fazar n MNnockass AP co cpaBHeHueM.xmcd Ansi paBHOMEPHOro pac-
npeaeneHuns.

4. [OuarpamMmMbl HanpaBfeHHOCTU ee XapaKTePUCTUKU: LLUMPUHY
nyya, sennumHy KHZ, ans HEOTKNOHEHHOro fiyd4a U OTK/IOHEHHOMO Ha
Kpa/ CceKkTopa CKaHMpoBaHWUs (45 rpaflycoB) ANs KaXAoro BuAaa aM-
NAMTyaHO-a30Boro pacnpeneneHnss (paBHOMepHOro, napabosnbl Ha
nbeaecTane, KOCMHYC Ha nbeaectane, Jonbg-YebbiweBckoro).

5. M'pacpukm amMnnmMTyaHO-(pa30BbIX pacnpeaeneHnii Ans KaXxao-
ro U3 uccnepyembix BUAOB.

6. BbiBogbl no pabore.

KoHTponbHbIE BONPOCHI

1. Kak BNunS0T napameTpbl aMnanTyaHO-(a30Boro pacnpeaeneHus Ha
LUMPUHY FABHOIO fienecTka AnarpamMmmbl HanpaBAeHHOCTW?

2. Kak BNMsI0T napaMeTpbl aMnAnTyaHO-(ha30Boro pacnpeeneHns Ha
YypoBeHb 60KOBbIX 1ENECTKOB ANarpaMMmbl HanpaBneHHOCTU?

3. Kak BnuseT OTK/IOHEHME [NAaBHOro fienectka OT HOpManu Ha Aua-
rpamMMy HanpaBNeHHOCTU aHTEHHbI?

4. MNpn KakMx nNapaMeTpax aHTEHHOW peLlleTKn HelenecoobpasHo
npumeHsTb Jonbd-YebbllweBckoe pacnpeaeneHue?

5. Kakue orpaHuyeHns umeeT nporpamma Fazar?

6. UTO M3MeHseTCq B KOMMMEKCHbIX aMnanTyaax uccneayembiX pac-
npeaeneHnin?

7. Kak BAMSIET yron OTKIOHEHMS MABHOMO flenecrtka Ha KoadduuneHT
HanpaBfeHHOro AeNCTBUS @HTEHHbI?
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

8. Kakne npepenbl ycTaHOBNEH ANS pa3Mepa CeKTopa CKaHMpoBaHUSA
rMaBHOrO Slyya AvarpaMmbl HaNpaBIeHHOCTU AN NAIOCKON aHTEHHbI U
nouemy?

Cnucok nuTtepaTypbl Kk nabopaTtopHou pa6orte N°3

7. AHTeHHbl 1 ycTpoiictBa CBY. lNpoekTnpoBaHue aHTeHHbIX (a-
3UpoBaHHbIX pelletok» / noa pea. A.U. BockpeceHckoro. M.: Pa-
ano un cessb, 1994. — 592 c.

8. KouepxxeBckuit I.H. [1 ap.]. AHTEHHO-(MAEPHbIE YCTPONCTBA.
M. Paauno mn cBsa3b, 1989. 352 c.

9. Benauk O.I'., MapHec M.[A. AHTEHHbI C 3/IEKTPOHHbLIM [ABUXEHN-
em ny4a (BeegeHue B Teopuio). M.: PagmotexHuka, 2001. 250c.
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AHTEeHHBI U pacipoCTpaHeHue paAu0BOJIH

NPUNTOXXEHUE B
JINCTUHI nporpaMmbl Bbluncnenus AH
NJIOCKOW aHTEHHOMW peLUueTKH

BerancaeEHe THATPaMMbI HANPaBJAeHHOCTH
IIOCKOH AHTeHHOH PeleTRH

1. 3amaHHe HCXOOHBIX JAHHBIX

Yactota nanyuenma (M 1)

£ =300
IpocTpaHcTBEHHBI CEKTOP PAcYeTa VINIOB (Tpamycsl):
B VITIOMECTHOH [IIOCKOCTEH
- HAYANBHOE 3HAYCHHE SsE==n
- KOHEYHOE 3HaUcHHE Te =90
- OHCKpPET st=101
IIpocTpaHcTBEHHEIH CEKTOP PacUeTa YINIOB (TPamychl):
B 83HMYTATbHOHIITOCKOCTH
- HAUANBHOE SHAYCHHE e
- KOHEYHOS 3HAUCHHE Fl = 360
- OHCKPET sf = 0.1
Opuenranna masHoro nenectya JH (rpamyest) 00 =10
{(oTcUET YIIIOB OT HOPMAIH K PACKDPBIBY) b0 = 0
Pasmeps pemetrn
- YHCI0 H3TydaTenci no ocu 0x Nz =8
- YHCIIO H3My4aTenci mo ocu Oy Ny =1
- IepPHON KoopauHaTHoH ceTkH mo ocu Ox du =035
- IepHON, KoopAHHaTHO ceTkH mo ocu Oy dy = 0.3

2. 3amaHHe mpouenyps! Haxowaenma JH

Tlepecuet yrma us cheprdeckol CHOTEMEI KOOPIMHAT B 000DIIEHHYIO

(oTCUeT VINIOE OT HOPMATH K PACKPHIEY)

u(®,LL) = w-LL-sin(#)
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33,[[31{}'[6 AMILTHTYA MHOMKHTEIA HAIPaBICHHOCTH CHCTCMBI ITO O,[[I-IOI-"'I H3
KOOpOHHAT

F2x(0,80 ¢, p0, Ne,du,X) = |Lx < Na-dx-X
o) sin{ u(f,Lx)-cos{d) :‘u{ﬁﬂ,l_x}-cos{dﬂ}‘}
i Nx

vie 1 i 5] < w8

o sin{u{ ¥, Lx)-cos(d) — u(80,Lx)-cos{(p0))
Ni-s

otherwise

FEy(0.00,¢.p0, Ny.dy.») = |Ly < Ny-dy-x

i 00 1y)-sin(h) — u(B0,Ly)-sin(p0) |
| Ny ),

&

5 4=

ve 1 if [s| <107

o o Sin(u(d.Ly)-sin() — u(80,Ly)-sin(0))
Ny-s

otherwise

Bremmcnenne JJH mmockoit AP

E(6,.60, 0, Nx, Ny dx, dy, %) = FEx(8,80,dp, b0, Nx, dx, \) FEy(8, 60, b, 0. Ny dy, N)

3. Pacuetnr

3108
JImrHA BOIHBI A= — A=1
£-108
Bonxoeoe wncmo k= 2% k= 6283
Onpenenenne pasmepa Maccusa J[H
Tk — Tn"
NNx = cell] — | NNx = 1.8 10°
st )
(Fk — Fn
NNy = ceit| ——= | NNy = 3.6 x 10°
(V- A

Brruncnenne sHAUCHUH Y¥IIIOB B PACHUCTHOM IIPOCTPAHCTECHHOM CCKTOPE

i=0.NNx tetg, = Tn +ist tet, = tetgi-de.g
j = 0. NNy ﬁgj =Fn+j-sf ﬁj = ﬁgj-de.g

47



tﬁ”¢ YHpaBHeHI/Ie AUCTAHIUOHHOT' O OGy‘iEHI/IH N MMOBbIILIEHU A KBaJ’II/I(l)I/IKaLlI/II/I
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4, HOCI‘I]OEHI—’IE BBIYHCIICHHOHN AHATPAaMMBI HAIIPABJIICHHOCTH

3apanne ceyeHns LA nocTpocHuA rpadmka

fzl =0 fg2 =90

£zl — [ fz2 —
indl = ceil| M‘l indl =0 ind? = ceil M‘l
v oosf ) \oosf )

O
s Sare Job deiees Soled felet Mobls fae _"E\______________________________,_3

,,,‘;M_SG / { | \ \
AR T

_429'!}—SO—?G—&G—SG—%—SG—I{D—N 0 10 20 30 40 50 60 TO 80 90

tetg;

ind2 = 500

].L[}‘IPP!HEI IMABHOTO JICNIECTEA HEOTEAOHCHHOTO Iy4a B INMABHBIX CCUCHIAX

(rpamycsr)
= I10 VPOEHHY [IOMOBHHHOMN MOITHOCTH

0.8

tetldx = tetddx = 12.7
(Nx-dx)
tetdiy = i tethiy = 1016
(Ny-dy)
- IIO HYILAM
1148
thx = tetlx = 28.7
{(Nx-dx)
1148
tethy = — tetdy = 229.6
(Ny-dy)

Bruncnenne KH] o npubmxenHol dopmymne

KHII v=1
- 1A HECOTRIOHCHHOTO JTy4a
Dp = 4-m-Nx-dx-Ny-dy-v DpD = 10-log{Dp) DpD = 14.002

= 1A OTRJIOHCHHOT O Iyda
Do = Dp-cos(80-deg) DoD = 10-log{Do) DoD = 14.002
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AHTeHHBI ¥ pacpocTpaHeHHe PaJMOBOJIH

5. CpaBHeHHE Pe3VIETATOE ¢ JAHHBIMH H3 MporpaMuer Fazer

FF = READPRN("F2n.pm")

) y 5
%= FEY w=rF’ vy =r2 M = FE

NR = last{X) NR = 360 ir = 0.NR

I[PIEII'p aMMAa HATIPAaBICHHOCTH

—10

%"“‘_ A N (\f\m\um
JFAER AR

T 00-50-70-60—30-40-30-20-10 0 10 20 30 40 30 60 70 30 %0

tetg;, Xy
FF = READPRN("Tokpm")
- H
X= FF{{! -10 3 AM = I}"{l} FA = FF{?'

AM
nn = last{X) i = 0.nn ma = max{AM) AM=—
ma

Anmmmrynso-hasoesoe pacupenencHe

1 400
PR == fre e e e e e ey
08 -
AMigp g
L2 2 - o
200 FAy
Ay e
02 10
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

JIABOPATOPHASA PABOTA N24. UCC/NTEAOBAHME
BJINSIHNA NPENATCTBUA HA PACMPOCTPAHEHME
PAANOBOJIH

Llenb pabotbl

MprobpeTeHne HaBbIKOB MPAKTUYECKOro MCMOJSIb30BaHUS 3aKo-
HOB 3/1IEKTPOAMHAMUKN MpPU MaTeMaTUYECKOM MOAENUPOBaHWKU Mnapa-
METPOB pajvoKaHana C Y4YeTOM B/USIHUS MPENSTCTBUMA Ha Tpacce,
paclinpeHne HaBbIKOB MCMNONb30BaHUSA COBPEMEHHOr0 MPOrpaMMHOro
obecneyeHns Npu NpoBeAeHMN KOMMbIOTEPHOIO MOAENMPOBAHMS pac-
npoctpaHeHns BonH KB- 1 YKB-anMana3zoHOB B HaseMHbIX pagnoTpac-
cax.

CopepxxaHue paborbl

1 O3HaKOMNIEHUE C OCHOBHbLIMM MOJIOXEHUAMM MO pacHETy 06-
NacT MNpOCTPaHCTBa, CYLLECTBEHHON ANS PacnpoCTpaHEHUst paamo-
BOJH.

2 BbluncneHne MHOXUTENS ocnabneHns Ha Tpacce npu 3aaaH-
HOM 3HAYeHWN BENMYMHbBI NMPOCBETA.

MporpaMma noaroToBkM K paéore

1 N3yunTb TEOpeTUYecKne MoSIoXKEHWs, Kacalomecs 3aKOHO-
MEpHOCTEeN pacrnpoCTpaHeHUst BOSIH Ha Ha3eMHbIX Tpaccax B MpUCyT-
CTBWM NpenaTcTBui (cM. n.14.2 n 14.2.3 n3 [1]).

2 YacHuUTb Lenb U nopsiaok nposeaeHust nabopaTtopHon pabo-
Thl.

3 O3HAKOMUTbCSA C pacYeTHbIMU COOTHOLLEHWUSMU, MPOBECTU UX
aHanus.

4 MNoaroToBUTLCS K OTBETAM Ha KOHTPOSIbHbIE BONPOCHI.

5 MNoproTtoeuTb 6naHk oTyeTa No paborte.

OnucaHue nopsigka pa6oTbl

MporpamMMa MopenupoBaHusl rpaHuy, obnactu, CylecTBEHHOM
[NS pacnpoCTpaHeHusl PavoBOSH, peann3oBaHa B BUAE FOTOBOMO K
3anycky *.exec dawvina Prepyatstvie V.1.1. MNporpamMma npeacTaBnseT
cobon akpaH 6naHka 3afiaHus, Kak nokasaHo Ha pucyHke 1.

PaboTa BbLINOMHSIETCS B CeaytoLlen NocriefoBaTebHOCTU.
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(@) Bruanue npenaTcTeMil Ha pacnpocTpaHEHMe paauoEoaH - PAC FOPTY3C 2009 [=1=]=]

Hcecnegosarue samsaHmMs npens TCTBMIA Ha pacrnpocTpaHeHe pagmroBosiH. Y11

Boidepure papranr (0 % MpoaensHoe ceuermne
MM BEBATE [aHHBIE BPYHYIO

Mcronnbie nantbie:

Yactora nepegaruka, | |u— M
Ynanenme mprenaca, 1 [0 ke
Ynanewserpenarctena. 2l [0 km
Benwwmanpoceera.h [0 m g
Yncno 208 Pperena |0

OucTire Bermcnire

PeaynuTarer
Lnasaarer |0 M

Bososoe wicno |0 ]
Bemewramoceera [T
[MHos.ocnad, = 1]
Mpusegenan
Eena TpoCEETa

Nonepeunce ceuskne MHoxarrens ocnabneris

tHowTENS oCnatinerua

0 4 35 3 25 2 A5 1 05

PucyHok 1. — 3kpaH nporpammsel Prepyatstvie V.1.1

1. 3agaHne NCXofHbIX AAHHDIX.

3agaHne UCXOAHbIX AaHHbIX MOXET ObiTb OCYLLECTB/IEHO ABYMS
cnocobamu:

- yKasaHueM HoMepa BapuaHTa (ot 1 go 10);

- 3ajaHMeM napamMeTpoB BPYUYHYIO.

BTopoit BapuvaHT 3agaHuMs UCXOAHbLIX AaHHbIX MO3BOSSET WUC-
Nnosnb30BaTb NPOrpaMMy Assi NPOBEeAEHNS CaMOCTOSITENbHbIX UCCNeao-
BaHWUN.

MNcxopHble aaHHble, COOTBETCTBYIOWME 334aHHOMY BapuaHTy, a
TaKke pesynbTaTbl MOAENMPOBaHUS C MOMOLLUbIO NPOrpamMMbl, 3aHO-
caTcs B Tabnuuy 1.

2. lposeserHne pacyeTos

Mo 3agaHHbIM MCXOAHBIM AAHHBLIM MPOrpaMMa aBTOMAaTUYECKU
BblUMCIIIET NapaMeTpbl paguMoTpacChl, @ Takxke CTPOUT CeYeHust npo-
[OSIbHOM M MOMnepeYyHon MMIOCKOCTAMM 0611acTv, CyLIECTBEHHON Ans
pacnpocTpaHeHnsl paamoBosiH. Kpome Toro, BeIBOAUTCA rpadvk nsme-
HEHUS MHOXWTEnNs ocnabneHus Npu M3MEHEHUMU BENMUMHBLI MpUBe-
[JEHHOro NpocBeTa OT 3aAaHHOro Mo BapMaHTy 3HAYeHUs 40 BeMun-
Hbl, PaBHOW HynI0.
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Tabnu

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

ua 1 — Pe3ynbTaTthl MOAENMPOBaHUS

No
n/n

MNapameTp

3Ha-
yeHue

Mcxo

AHbIE AdHHbIE

1

Homep BapuaHTa

2

YacroTa, Ml'y

3

PaccTtosiHue Mexpay nepefatoliein U MpUeMHON aH-
TEHHAMW I, KM

4

YaaneHue npenstcTBus OT Nepefalolleit aHTEHHbI
Zy, KM

5

BenununHa npocseta h, M

Pe3ynbTarbl MOAEMPOBaHUSA

1

[nuHa BOSHbI, M

2

BonHoBoe uncro, M-1

3

BennunHa npocBeTa, COOTBETCTBYHOLAS MHOXUTE-
N0 ocnabnexus, pasHoro 1

4

MNpuBeaeHHas BenvyMHa NpoceBeTa

5

MHOXWTENb 0CnabneHus B pasax

6

MHoxuTenb ocnabnexHus B geunbenax

BbiBoa: Tpacca sBnsieTcs (OTKPbITOM, 3aKpbITOM, Mosy3a-
KPbITOW, NONYOTKPbITOM)

1)
2)

CTpaHEHWE paanoBOSIH Haj

Copep)xaHue oTueTa

OTyeT A0MKEH BKOYaTb:

- Ha3BaHwue paboTbl, Lenb NccnefoBaHui,

- PUCYHOK, MOSICHSIIOLMI FreOMETPUIO 3aAauun,
- UCNOMb3yeMble pacHETHbIE COOTHOLLEHNS;

- 3aM0SIHEHHYIO Tabnuuy 1;

- rpacvkn NPOAOSbHOMO U MOMEPEYHOro ceyeHnin 06nacTu, cy-
LLECTBEHHOW A1 MPOXOXAEHUS PaaMOBOSH, rpaduK 3aBUCMMOCTM
MHOXMTENS 0CNabneHns OT NpUBEAEHHOW BENMUMHbI MPOCBETA;

- BbIBOAbI MO paborTe.

KoHTponbHbIE BONPOCHI

C KakoW Lenblo aHanmnsupyetcs obnacTb, CyLUEeCTBEHHast Ansi
pacnpocTpaHeHnsl pagnoBoSH? YTo OHa 13 cebs npeacraBnseT?
C 1Cnonb30BaHMEM KAKOM MOAENM PacCYMTLIBAETCS pacrpo-
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3)
4)
5)
6)
7)

8)

1)

2)

3)

4)

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

Kak ornpenensieTcs BennumHa rnpoceeta?

Kakue Tunbl Tpacc U3BeCTHbI?

Ha ocHOBaHMM Kaknx NapaMeTpoB OrpeaenseTcs TUM Tpacchl?

YTto npeacraBnsaoT coboi nonepeyHble cedeHns obnactu, cy-
LLIeCTBEHHOW A1 pacnpoCTpaHEHNs pagvoBOSIH?

Ckonbko 30H DpeHens yuuTbiBaeTCs npu onpeaeneHvn obna-
CTW, CyLLECTBEHHON ANs pacnpoCTpaHeHUst PaanoBOH?

Yto npeacraensitoT cobov 30HbI PpeHens?

Cnucok nutepaTypbl k labopaTopHou paborte N4

3Be3amHa M.IO., Llokosa O.A. dnekTpoanHamMmuMka M pacnpo-
CTpaHeHWe pagvoBOSH (NEKUMOHHBIA  Kypc). PocToB-Ha-[oHy:
arTy, 2014. [2neKTpoHHbIN pecypc]: URL:
http://de.donstu.ru/CDOCourses/83ad2097-3b11-4e5d-86e7-
cbfal19¢f85f/1738/1521.pdf.

MNetpoe B.M. 2nekTpoauMHamuka M pacrnpoCTpaHeHWe paavo-
BOSH. M.: Paguno u cessb, 2000.

MaHgenb A.E., 3amoTpuHckuii B.A. PacnpocTpaHeHue paamo-
BOMH. TOMCK: TOMCKWMIA TOCYAApCTBEHHbIM YHUBEPCUTET CUCTEM
YMpPaBieHns U paamoanekTpoHukun, 2012, [IneKTpoHHbIN pecypc]:
URL: http://www.iprbookshop.ru/13969.html (pata obpalueHus:
7.03.2016).

BokoB J1.A., 3aMoTpuHCckmin B.A., MaHaenb A.E. DnekTpoavHa-
MMKa W pacrnpocTpaHeHne paavoBonH. Tomck: TOMCKMI rocynap-
CTBEHHbIA YHUBEPCUTET CUCTEM YMpPaB/IEHUS U PagMO3/EKTPOHM-
K, 2012. [2neKTpoHHbIN pecypcl: URL:
http://www.iprbookshop.ru/13874.html ~ (pata  obpalueHus:
7.03.2016).
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AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

JIABOPATOPHASA PABOTA N25. UCC/NNTEAOBAHME
PACIMPOCTPAHEHUA PAANOBOJIH B NOHOC®EPE

Llenb pabotbi

O3HakoMneHne ¢ 0COBEHHOCTSIMU pacnpoCTpaHEHNs PaANOBOSTH
B MOHOCepe, 06yCNOBNEHHbIX BO3AEACTBUEM MArHUTHOMO NOJSt 3eM-
.

CopepxxaHue paborbl

1 PaboTa BbINONHSIETCA B ABa 3Tana. Ha nepBoM uccneayoTcs
aNeKTpuyeckne napameTpbl MOHOCHEPL! ANS BOSHbI, U3/Ty4aeMon ne-
peaaTyYMKoOM MOoA 3aAaHHbIM YIIOM Ha yKa3aHHOM 4YactoTe, 6e3 ydyeTa
B/IMSIHWS| MArHMTHOTO MONsA 3eMN.

2 Ha BTOpOM 3Tane BbINOSHAETCS MCCNeloBaHNe 0COBEHHOCTEN
pacrnpocTpaHeHnst MOHOCHEPHOWN BOJHbLI, OBYC/TOBNEHHBIE BIMSIHUEM
NOCTOS\HHOTO MarHWTHOrO Nons 3eMu.

MporpaMma noAroToBku kK paébore

1. N3yunTb TeopeTuyeckme MOSOXKEHWUS, Kacalolmecs 3aKOHO-
MEPHOCTEN pacrnpoCTpaHEHUsI paaMoBoSH B MoHocdepe [1-3].

2. YACHUTb Uenb U NopsaoK npoBedeHust nabopaTopHou pabo-
Thl.

3. O3HAKOMUTbLCS C pacYeTHbIMA COOTHOLLEHUSIMU, NPOBECTU UX
aHanms.

4. MoaroToBUTLCA K OTBETaM Ha KOHTPOJ/IbHbIE BOMPOCHI.

5. NoaroTtoBuTb 6naHk oTyeTa No paborte.

OnucaHue nopsigka pa6oTbl

MoaennpoBaHue pacrnpoCTPaHEHUs PaanoBOMH C WUCMO/b30Ba-
HMEM OTpaXkaloLmX CBOWCTB MoHOChepbl (MOHOChepHast BOMHA) Ocy-
LLeCTBNSIETCS B S3bIKOBOW cpeae MathCad.

PaboTa BbiNonHsieTCs B ABa 3Tana.

Ha nepsoM 3Tane ¢ nomoupto nporpammel lonal.xmcd [4] B
NpUBAMKEHUN MPOCTOro C/I0S UCCNEAYHOTCS 3NIeKTpUYeCcKMe napamert-
pbl MOHOCEPLI B OTCYTCTBUM MarHMTHOrO nons 3emnn. Mpu 3ToM uc-
cneayloTcsa ABa BOMpoca:

- OLUEHKa TOYHOCTM WUCMONb3yeMOM MoAeny MpocToro C1osi no
CPaBHEHMIO C 3KCMepUMeHTanbHbIMK AaHHbIMK (Mogens IRI) [5];
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- BNINSTHWE BPEMEHW CYTOK Ha 3MeKTpudeckue napameTpbl MOHO-
cepbl M3MEHEHUSI KOHLEHTpauUuMM 31EKTPOHOB, M3MEHEHWUs! AM3Mex-
TPUYECKOM MPOHULIAEMOCTU U U3MEHEHUS 4UMCA CTOSIKHOBEHWI) B
npepenax BbicoT 50..600 kM.

Mpn M“3yyeHMM NepBOro BOMpPOCa OCTaBUTb UCXOAHbIE [AAHHbIE,
yCTaHOBJEHHbIE B nporpamMmme Ional.xmcd 6e3 nameHeHuii. B pesynb-
TaTe pacyeToB MoJlyyaeM rpadvk, Ha KOTOPbIM BbiBEAEHbI [1Ba 3aBU-
CMMOCTM pacnpefeneHms KOHUEeHTpauMm 31eKTPOHOB MO BbICOTe, Mo-
JyYeHHble C UCMob30BaHNMEM MoAeNn NPOCToro cros n mopenu IR

Mpu n3ydeHnn BTOPOro BOMpPOCa B COOTBETCTBUWM C BapuUaHTOM
3afaH1s Noay4nTb rpacmkn pacrnpeaeneHnst KOHUEHTPaUnunM 3neKTpo-
HOB, W3MEHEHMsI AWU3NEKTPUYECKOM MPOHMLIAEMOCTU WU U3MEHEHUS
yncna CTOSIKHOBEHMI B npeaenax BbicoT 50..600 KM ans AHEBHOMO U
HOYHOro BpeMEeHM CYTOK. McxopaHble AaHHble 3aHecTu B Tabnuuy 1.
Monyyaemble, Kak Ha pUCyHKe 1, rpachmkn nepeHecTu B OTYET.

Pacnpepeneine KOMISHTP AT STEKTPOHOE [0 EBICOTE
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PucyHok 1 — 'pahukn pacnpeaeneHns KOHLUEHTpaLWKN 3N1EKTPOHOB
B MOHOCdEPE, MOJTyYEHHBIE C UCMOMb30BaHUEM pa3/IMYHbIX MoAEeNen

Ha BTopom 37arne ¢ noMoLUblo nporpammel Iona32.xmcd ncene-
[yeTcs BAUsiHWE MOCTOSHHOrO MarHWUTHOMO Mons 3eMnu Ha TpaekTo-
pUn paanoBonH. PaccmaTpuBaetcs cnyyad BO3HMKHOBEHMSI MOHO-
cchepHbIX BOMH, T.€. KBa3uUnonepeyHoe pacnpocTpaHeHue. Ha aaHHOM
3Tane BbIMUCISIOTCS TPAEKTOPUU COCTaBASOWMX HEOObIKHOBEHHOM
BOJIHbI, U CTPOSITCA rpadmkn (PUCYHOK 2), UANKOCTPUPYIOLLME pacrpo-
CTpaHeHue 0bbIKHOBEHHOWN M HEOBLIKHOBEHHOW BOSTH B MOHOCDepe.
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Tabnuua 1 - cxoaHble AaHHbIE

NO HanmeHoBaHMe napameTpa 3HaueHue
n/n napameTpa
1 Homep BapuaHTa

2 Yactota £, Ml'y

3 HanpasneHue pacnpocTpaHeHus BOSHbI:

- a3UMyT T, rpag;
- Yron BO3BbIWeEHNS O, rpag;
4 Bpems cytok, Ns (0 — feHb; 1 —Ho4b)
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PucyHok 2 — I'pachmkn TpaeKTopuUM BOSHbI C Y4aCTKOM B MOHO-
cepe, NpoiaeHHbIE MO peasnibHOMY MyTu:
a — 06blIKHOBEHHAs BOJHA; 6 — HEOObIKHOBEHHAs! BOJTHA;
CM/IOWHAs IMHUS — TPAEKTOPUSI MOHOXPOMATUYECKON BOJHbI;
LUTPUXOBAS JINHWSI — SKBUBANEHTHBIN TPEYro/bHbIN MyTb
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Ha oTaenbHbI pUCYHOK BLIHOCSTCS rpadmky TpaekTopui BOS-
Hbl B MOHOCEPE, PacnpoCTpaHaoLWMXCs Mo pa3oBOMY, rpynnoBoMy M
peanbHOMY MyTK, Kak MoKa3aHo Ha puUcyHke 3. BbiBoa Tpex rpacdukoB
06ycnoBneH TeM (hakToM, YTO PaaMOTEXHUYECKMMU METOAAMU MOXHO
“3MepUTb TONbKO (Da30BOE M PYMNMoOBOE BPeEMS NMpUxoaa BOSHbI. Pe-
anbHbIV NyTb ONpeaenseTcs no AaHHLIM U3MEPEHUSM.

WcxomHble AaHHble M pe3ynbTaTbl UCCNeAOBaHUM 3aHOCSTCA B

Tabnuuy 2.
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PucyHok 3 — TpaekTopusi BOSIHbI, pacrpoCTpaHsIoLencs
B MOHoCepe: 1- no ¢ha3oBoMy NyTH; 2- peanbHOMY MyTy;
3 — no rpynnosomy nyTu

Tabnuua 2 - Pe3ynbTaThl MCCNEAOBaAHMI pacnpoCTpaHeHMs!
MOHOChEPHO BOJIHBI

Ne 3HayeHue

n/n HanmeHoBaHMe napameTpa

1 KpuTuyeckas 4vactota paavMoBOSIHbI Npwu
HOpManbHOM NageHun pr 0z0+ MU

2 KoahduumeHT npenomneHnst Ha BbICOTE
OTpaXeHus

3 BbicoTa OTpa)xeHUsi 0BbIKHOBEHHOW BOJI-
Hbl, KM

3 BbicoTa oOTpaxkeHWs HeO6bIKHOBEHHOM
BOJIHbI, KM:

- NMepBOM COCTaBNAIOLLEN

- BTOpPOM COCTaBNsaoLLIEN

4 [anbHOCTb pagnoCBA3U, KM:

- NSl OB6bIKHOBEHHOW BOJIHbI;

- NSl HEOHbIKHOBEHHOW BOJTHBI.
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B 3aknoveHne ocCyllecTBNAeTCs MnpoBeAeHWe CPaBHUTESNLHOro

aHan3a NoNy4vyeHHbIX PeE3yibTaToB.

1)

2)

3)

Copep)xaHue oTueTa

PucyHKM, nosicHSAOWME reOMeTpUIO 3a4auu.
Mcronb3yemble pacyeTHbIE COOTHOLLIEHUS.
Tabnuubl 1 1 2, a Takke pucyHku 1-3.
KpaTkue BbiBoAbl N0 paboTe

PN

KoHTponbHbIE BONPOCHI

1)4Y70 npeacrasnseT cobor MoHocdepa 3emnn? Kakumu sanekTpu-
YeCcKMMU napameTpamm xapakTepusyeTcsa?

2)Kako/ cCnov xapakTepu3yeTcsl MakKCMMasnbHOM  MIOTHOCTBIO
3MEKTPOHOB U YEeMy OHa paBHa?

3)KakmMu 3akoHaMu OMUCHLIBAIOTCS pacripeaeneHust nioTHOCTe
3NEKTPOHOB B C/I0E€ B BEPTUKANbHOM U TOPU30OHTAsIbHOM
HarpaBneHnsx?

4)Koraa pacnpocTtpaHeHvue paavoBOSH CUATAETCH KBA3UMpPOAO/b-
HbIM, @ KOrAa KBa3unonepeyHbIM?

5)B kakon obnactv noHochepbl NPOUCXOAUT OTpaxKeHWe paamo-
BONMH?

6) KakoBO ycnoBue oTpaxeHnsi paamMoBO/HbI OT MOHOCdEPHI?

7)Kak BnuseT cdepnyHOCTb 3eMIn Ha YCIoBUS OTPaXKeHus pa-
[MOBOJH OT MOHOCepbI?

8) XapakTtepusyite addekt KoTToHa-MyTTOHa. Mpy Kakux ycno-
BUSIX OH HabnogaeTca?

Cnucok nuTtepaTypbl K nabopaTopHou paborte N°5

3Be3zamHa M.IO., Llokosa O.A. JnekTpoanHamuMka M pacnpo-
CTpaHeHue pagvoBOSH (NIEKUMOHHBIA  Kypc). PocToB-Ha-[oHy:
arTy, 2016. [2neKkTpoHHbIN pecypcl: URL:
http://de.donstu.ru/CDOCourses/ee94bef8-1326-47d5-bcfc-
€a649b66056a/1738/1521.pdf (aata obpawieHus: 30.07.2016).

MNetpoe B.M. 2nekTpoauMHamuMka M pacnpoCTpaHeHWe paavo-
BOSH. M.: Paguno u cessb, 2000.

BokoB J1.A., 3amMoTpuHckmin B.A., MaHaenb A.E. DnekTpoauvHa-
MMKa U pacrnpocTpaHeHne paavoBonH. Tomck: TOMCKMI rocynap-
CTBEHHbIA YHUBEPCUTET CUCTEM YMpPaB/IEHUS U PagMO3/EKTPOHM-
K, 2012. [OneKTpOHHbIN pecypcl: URL:
http://www.iprbookshop.ru/13874.html (pata obpalleHus:
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4)

5)

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

30.07.2016)&

Ceupetenbcteo 2015613360. MopenvpoBaHue mMapaMeTpoB
noHocdepbl NO 3KCNepuMeHTasnbHbIM AaHHbIM / M.IO. 3Be3auHa,
tO.A. Wokoea, A.B. Lokoe (RU); npasoobnagatens ®r60QY BMNO
HoHckon TTY, N2 2015610235; 3asen. 19.01.2015; ony6n.
20.04.2015, bion. N94. 0,176 M6.

International Reference Ionospehere — IRI-2012 / Virtual Iono-
sphere, Thermosphere, Mesosphere Observatory (VITMO) [2nek-
TPOHHBbI pecypcl. URL:
http://omniweb.gsfc.nasa.gov/vitmo/iri2012 vitmo.html (naTta
obpalueHns: 31.07.2016).
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JIABOPATOPHASA PABOTA N25. UCC/NTEAOBAHME
BJINSIHNA NPENATCTBUA HA PACMPOCTPAHEHME
PAANOBOJIH

Llenb pabotbi

MprobpeTeHne HaBbIKOB MPAKTUYECKOro MCMOJSIb30BaHUS 3aKo-
HOB 3/1IEKTPOAMHAMUKN MpPU MaTeMaTUYECKOM MOAENUPOBaHWKU Mnapa-
METPOB pajvoKaHana C Y4YeTOM B/IUSIHUS MPENSTCTBUMA Ha Tpacce,
paclinpeHne HaBbIKOB MCMNONb30BaHUSA COBPEMEHHOr0 MPOrpaMMHOro
obecneyeHns Npu NpoBeAeHMN KOMMbIOTEPHOIO MOAENMPOBAHMS pac-
npoctpaHeHns BonH KB- 1 YKB-anMana3zoHOB B HaseMHbIX pagnoTpac-
cax.

CopepxxaHue paborbl

1 O3HaKOMNIEHUE C OCHOBHbLIMM MOJIOXEHUAMM MO pacHETy 06-
NacT MNpOCTPaHCTBa, CYLLECTBEHHON ANS PacnpoCTpaHEHUst paamo-
BOJH.

2 BbluncneHne MHOXUTENS 0CnabneHns Ha Tpacce npu 3aaaH-
HOM 3HAYeHWN BENMYMHbBI NMPOCBETA.

MporpaMma noaroToBkM K paéore

1 N3yunTb TEOpeTUYecKne MoSIoXKEHWs, Kacalomecs 3aKOHO-
MEpHOCTEeN pacrnpoCTpaHeHUst BOSIH Ha Ha3eMHbIX Tpaccax B MpUCyT-
CTBWM NpenaTcTBui (cM. n.14.2 n 14.2.3 n3 [1]).

2 YacHuUTb Lenb U nopsiaok nposeaeHust nabopaTtopHoln pabo-
Thl.

3 O3HAKOMUTbCSA C pacYeTHbIMU COOTHOLLEHWUSMU, MPOBECTU UX
aHanus.

4 MNoaroToBUTLCS K OTBETAM Ha KOHTPOSIbHbIE BONPOCHI.

5 MNoaroTtoBuTb 6naHk oTyeTa No paborte.

OnucaHue nopsigka pa6oTbl

MporpamMMa MopenupoBaHusi rpaHuy, obnactu, CyleCTBEHHOM
[NS pacnpoCTpaHeHusl PavoBOSH, peann3oBaHa B BUAE FOTOBOMO K
3anycky *.exec dawvina Prepyatstvie V.1.1. MNporpamMma npeacraBnset
cobon akpaH 6naHka 3afiaHus, Kak NokasaHo Ha pucyHke 1.

PaboTa BbLINOMHSIETCS B CeaytoLlen NocriefoBaTebHOCTU.
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(@) Bruanue npenaTcTeMil Ha pacnpocTpaHEHMe paauoEoaH - PAC FOPTY3C 2009 [=1=]=]
Hecnegosarme 8rmsrns NPEnaTCTEMIA HAa pACTIPOCTPAHEHNE PAAMOBOIIA. ., . |
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PucyHok 1. — 3kpaH nporpammsl Prepyatstvie V.1.1

1. 3agaHne NCXofHbIX AAHHDIX.

3agaHne UCXOAHbIX AaHHbIX MOXET ObiTb OCYLLECTB/IEHO ABYMS
cnocobamu:

- yKasaHueM HoMepa BapuaHTa (ot 1 go 10);

- 3ajaHMeM napamMeTpoB BPYUYHYIO.

BTopoit BapuvaHT 3agaHuMs UCXOAHbLIX AaHHbIX MO3BOMSIET WUC-
Nnosnb30BaTb NPOrpaMMy Assi NPOBEeAEHNS CaMOCTOSITENbHbIX UCCNeao-
BaHWUN.

MNcxopHble aaHHble, COOTBETCTBYIOWME 334aHHOMY BapuaHTy, a
TaKke pesynbTaTbl MOAENMPOBaHUS C MOMOLLUbIO NPOrpPamMMbl, 3aHO-
caTcs B Tabnuuy 1.

2. lposeserHne pacyeTos

Mo 3agaHHbIM MCXOAHBIM AAHHBLIM MPOrpaMMa aBTOMAaTUYECKU
BblUMCIIIET NapaMeTpbl paguMoTpacChl, @ Takxke CTPOUT CeYeHust npo-
[OSIbHOM M MOMnepeYyHon MMIOCKOCTAMM 0611acTv, CyLIECTBEHHON Ans
pacnpocTpaHeHnsl paamoBosiH. Kpome Toro, BeIBOAUTCA rpadvk nsme-
HEHUS MHOXWTENs ocnabneHus NMpu M3MEHEHUMU BENMYMHBLI MpuBe-
[JEHHOro NpocBeTa OT 3aAaHHOro Mo BapMaHTy 3HAYeHUs 40 BeMun-
Hbl, PaBHOW HynI0.
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tﬁ”¢ praBJIEHI/Ie AUCTAHIUOHHOT' O 06y‘{eHI/Iﬂ N MMOBbIILIEHU A KBaJlI/ICl)I/IKaL[I/II/I

AHTEHHBI U pacipoCTpaHeHue paAu0BOJIH

Tabnuua 1 — Pe3ynbTaTbl MOAENMPOBaHUS

2;’1_' MNapameTp i:aeqe-
McxoaHble aaHHble

1 Homep BapuaHTa

2 YacroTa, Ml'y

3 PacctosiHue Mexay nepegalowed U MpUEMHON

AHTEHHAMMU I, KM
4 YaaneHue npensTcTBUSA OT NepPeaaloLlielt aHTEHHbI

Zy, KM

5 BenununHa npocseta h, M

Pe3ynbTaTbl MOAENMPOBaHNS

1 [nuHa BOSHbI, M

2 BonHoBoe uncro, M-1

3 BenuunMHa npocBeTa, COOTBETCTBYIOLAA MHOXW-
Tento ocnabnexus, pasHoro 1

4 lNpvBeaeHHaa BennyMHa NpoceseTa

5 MHOXUTENb 0CnabneHus B pasax

6 MHoXuTeNb ocnabneHus B aeumbenax

BbiBoa: Tpacca sBnsieTcs (OTKPLITOM, 3aKpbITOM, MOMy-
3aKpbITON, MNOYOTKPLITOW)

Copep)xaHue oTueTa

OTyeT no nabopaTopHoli paboTe MOXET 6biTb BbINOMHEH Kak
PYKOMUCHBIN, TaK U C UCMOMb30BaHNEM BbIYNCIIUTENBHOW TEXHUKW.

OTueT Jo/mKeH BKOYaTh:

- Ha3BaHwue paboTbl, Lenb NccnefoBaHui,

- PUCYHOK, MOSICHSIIOLMIA FreOMETPUIO 3a4auMn,

- UCNOMb3yeMble pacHETHbIE COOTHOLLEHNS;

- 3aM0SIHEHHYIO Tabnuuy 1;

- rpacvku NpPOAONBHOrO M NOMEPEeYHOro ceyveHuin obnacTu, cy-
LECTBEHHOW A1 MPOXOXAEHUS| PagMoBOSH, rpaduk 3aBUCUMOCTM
MHOXUTENS 0CNabneHns OT NpUBEAEHHOW BENMUMHBI MPOCBETA;

- BbIBOAbI MO paborTe.

KoHTponbHbIE BONPOCHI

9) C KakoW Lenblo aHanmnsupyetcs obnacTb, CyLUEeCTBEHHasi Ansi

pacnpocTpaHeHus paguo- BOSH? YTO OHa n3 cebs npea-
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cTaBnser?

10) C wncnonb3oBaHMEM KakoM MOAENN PacCUUTBLIBAETCS Pacnpo-
CTpaHeHVe PaavoBOSH HaA NepeceyeHHON MECTHOCTbIO?

11) Kak onpepensercsa BenuynHa npoceseTa?

12) Kakue Tvnbl Tpacc U3BECTHbI?

13) Ha ocHOBaHMM Kakunx NapamMeTpoB OnpeaenseTcs TMn Tpacchl?

14) Yrto npepcraBnstoT cobon monepeyHble ceyeHns obnactu, cy-
LLIeCTBEHHOW A/ pacnpoCTpPaHEHNs pagvoBOSIH?

15) Ckonbko 30H ®peHens yuuTbiBaeTCa Npu onpefeneHnn obna-
CTW, CYLLECTBEHHON ANs pacnpoCTpaHeHUst PaanoBOH?

16) Yro npencraenstoT cobov 30HbI PpeHens?

Cnucok nuTtepaTypbl k nabopatopHou pabore N°5

5) 3Be3guHa M.IO., Llokosa [O.A. 2nekTpoavHaMmka u pacnpo-
CTpaHeHue pagvoBOSH (NIEKUMOHHBIA  Kypc). PocToB-Ha-[oHy:
arTy, 2014. [2neKTpoHHbIN pecypc]: URL:
http://de.donstu.ru/CDOCourses/83ad2097-3b11-4e5d-86e7-
cbfa119¢f85f/1738/1521.pdf.

6) MNetpoe B.M. 2nekTpoauMHamuMka M pacnpoCTpaHeHWe paavo-
BOSH. M.: Paguno u cesisb, 2000.

7) MaHgenb A.E., 3amoTpuHckuii B.A. PacnpocTpaHeHue paamo-
BOMH. TOMCK: TOMCKWIA TOCYAApCTBEHHbIA YHWBEPCUTET CUCTEM
YMpPaBieHns U paamoanekTpoHukn, 2012, [IneKTpoHHbIN pecypc]:
URL: http://www.iprbookshop.ru/13969.html (pata obpalueHus:
7.03.2016).

8) Bokos J1.A., 3amoTpuHckmin B.A., MaHgenb A.E. dnekTpoauHa-
MMKa W pacnpocTpaHeHne paavoBonH. Tomck: TOMCKMI rocynap-
CTBEHHbIA YHUBEPCUTET CUCTEM YMpPaB/IEHUS U PafMO3EKTPOHM-

K, 2012. [2neKTpoHHbIN pecypcl: URL:
http://www.iprbookshop.ru/13874.html ~ (pata  obpalueHus:
7.03.2016).
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