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1. Ilens paboTHLI:

- OCBOEHHE pPabOTBl C HAyYHO-TEXHHYECKOM H  CIPaBOYHOM
JUTEpaTypou B 001aCTH MAIIMHHOTO MOJICIMPOBAHNS;

- peIIEHUE OTACIBHBIX MPUKJIIAJIHBIX 3aJ1a4 MOJACIUPOBAHUS;

- IPOBEACHUE PKCIEPUMEHTOB C MOJICJISIMU cUCTeM Ha DBM;

- TIOJTyYCHHE HABBHIKOB paOOThI B PaMKax COBPEMEHHBIX TEXHOJIOTHU
MAaIlIMHHOM UMUTAIUH,

- MOJiydeHHe yMeHHui o(OpMIISATH MPOTrPaMMHYIO JOKYMEHTAIUIO B
COOTBETCTBUU C TPEOOBAHUSIMU;

- TIOJIyY€HUE HABBIKOB BBICTYIUIEHUS II€pe] AyJAUTOPHUEH C LEJBIO
3aIUTHl PE3yJIbTaTOB CBOCH PabOTHI.

2. IlepeyeHb UCTIOTIB3YEMBIX PECYPCOB:

- TIEPCOHAJIbHBIN KOMIIbIOTEp C KOoH(purypanumeit He HUxKEe PentiumlV,
O3V 256 Mb;

- nporpamMHubii mpoaykT MathCad Bepcun He Huxke 15.0.

3. OCHOBHBIE PACUETHBIE COOTHOLIECHHUS

3.1. AsumyTt u yron mecta 3emMHOU cranuuu (3C) Ha UCKYCCTBEHHBIN
cnyTHUK 3emian(MC3) omnpenensrorcss COOTBETCTBEHHO U3 BBIPAKEHUMH,

(rpan.):

— 180° 8Oe—09)].
o= 180° + arctg[ Sin (V) ] (1)

. cos(Bg—6g) cos(Pg)—0,1513
p = arctg y1-cos?(Bg—Bs)cos? (¢E1)], @)

rae: g, O — reorpaduueckue mupora u goiarora 3C (Ilpunoxenue A),
(rpan);
B¢ — reorpaduueckas 10aroTa rnojacnyTHukoBou Touku MC3, (rpan).

3.2.  IlporsbkeHHOCTh  crmyTHHKOBOM — juHuM  cBsizu  (CJIC)
paccuuThiBaeTCs Mo Gpopmyiie, (kM)

r = 42710\/1 — 0,295c0s(0g — Bg)cos (V). (3)
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3.3. 3aryxanue curHaia B cBoOoaHoM mnpoctpaHcTBe Ha CJIC
paccuutsiBaeTcs o ¢opmyie, (1b)

41'[103

Lo = 101g|(*™5 ] = 92,44 + 201g(f) + 201g(r). (4)

rae: f— mecymas gacrora curaana, (I'T'm);
r — npoTsbkeHHOCTh CJIC, (km).

3.4. 3atryxanue curtaia B atMocepnnix razax Ha CJIC onpenensiercs
13 BbIpaxkeHus, (1b)

Le = (Yoro + Ywrw) cosec(), (5)

rae: I'o = 5,3 KM — DKBHUBAJICHTHAs [JIMHA 3CHUTHOM pPaJaHOTPAcChl B
KUCIIOPOJIE, (KM);

ryw = 2,1kM — OSKBUB&JIECHTHAas [JIMHA 3€HUTHOW pAaJAUOTPACCHI B

BOJISTHOM T1ape, (KM);

B — yron mecta 3C na UC3, (rpan);

Yo, Yw— TOTOHHBIE 3aTyXaHuUsd B KHUCIOPOJAE M BOJSHOM Iape
COOTBETCTBEHHO BOnu3M mnoBepxHocTu 3emun  ([Ipunoxenue b.1),
ompeAeasieMble M3  CICAYIOUIMX  JOMIHUPUYECKUX  BBIPAKECHUNW  IIpHU
HopmaiabHOM atmocheprom nasienun (1013 rlla), (nb/xm):

o B P 6,09 4,81 2 403
Yo = [1—0,01(t — 15)] [7,19 1073 + 2 (f_57)2+1’5]f 1073, (6)
ansaf < 54TITu;
o B P 3,6 10,6 _
Yw = [1-0,06(t—15)] [0‘05 +2,1-107p + (f-22,2)2+48,5 (f—183,3)2+9]
p-f2-107*% mnaf< 180T, (7)

rae: t-— TeMmeparypa Bo3ayxa, (rpaa. C, tTunosoe 3HaueHue 15 rpaza. C);

£ — KOHIIGHTpallMs BOJSHBIX I1IapoB B aTMocdepe (I‘/MS, TUIIOBOE
3Ha4YeHue p = 7,5 /™).

Muoxutens (Yorg + yYwrw) B dopmyne (5) ompenenser oOiiee
3€HUTHOE 3aTyXaHue B armochepHbIx razax ([Ipunoxennu b.2).

3.5. 3atyxanue curdana B rugpomereopax Ha CJIC paccuuteiBaercs mno
bopmye, (1b)
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Lg = [KI(PC + Verg) + y]r]] cosec(B), (8)

rae: K; — xoapdunmeHT moroHHoro 3aTyxaHusi B TyMaHe M OOJlaKax MpH
temneparype 0° C (Ilpunoxenue B), (,Z[B/KM)/(F/M3);

Pc — HOpMHpOBaHHBIA OOMIMK CTONOYATBIM O0BEM >KUAKOW BOJIBI,
coAepKaluiics B obOiakax, mpeBsimaeMbiii 0,5% BpeMeHH CpeaHero roja
(m1st repputopun PO Pe = 1 kr/M), (Kr/MY);

Vg = 0,05 r/m3— BomHocTs cpemHero Tymana (0,5 r/M° — TrycToro
TyMaHa), (r/M3 );

rg = (0,3 ...0,5)KM — 3eHuTHAs AIHHA PAJHOTPACCH B TYMaHe, (KM);

Y] — MOTOHHOE 3aTyXaHHUEe B IOK]IE, (nb/xm);

I} — 3CHUTHAs JUIMHA PAJUOTPACChl B JIOKIIE (ms reppurtopun PO
Iy = 3,36 kM), (KM).

IToroHHoe 3aTyxaHue B JOXKIE ONPEIEISIETCS U3 BhIpakeHus, (1b/km)

Y] = b- ](a),oos, )

rae: Jooo3— HHTEHCHMBHOCTH OCankoB, npesbiuaemas 0,5 % Bpemenu
cpeanero roga (Ilpunoxenue I'), (Mm/9);
b, a — koadpunuents (Ilpunoxenue /).

3.6. PesynbTupytomee 3aryxanue curnana Ha CJIC onpenensercs
BbIpakeHueM, (1b)

L:L0+LG+LR+Lc+Lp, (10)

rae: Lo —3aryxaHue B cBOOOJHOM MpOCTpaHCTBE, (1b);

Lg — 3aryxanue B atMocepHbIX razax, (1b);

Lr — 3aTryxanue B TuApoMeTeopax (10K ab, TyMaH, o0naka), (nb);

Lc = 0,5 ab — 3aryxanue u3-3a pedpakiiiyi U MOTPEITHOCTH HABEICHUS
3C na UC3, (nb);

Lp =0,5ab - 3aryxanume wu3-3a JEMOJApHU3AIMU CHUTHAjJa TIpU
pacnpoctpaHeHud, (1b).

3.7. Koapdunuent ycunaenuss anteHHol 3C  onpeaensercs
BbIpakeHueM, (1b)



6
D 2

G=10lg|ks (=) | =204 + 201g(D) + 201g(f) + 10lg (k,), (11)
A

rae: D — nuameTp oTpaxarens (3epkaiia) anteHHbl 3C, (M);
A = 0,3/f — nniuHA BOHEL, (M);
f — mecymas yacrora nepemgaBaemoro (mpuHuMaeMoro) curuana, (I'T);
kp =0,5...0,7 — k03 bULIMEHT UCTIOIL30BAHUS TOBEPXHOCTH.

3.8. DkBUBaJ€HTHas HW30TPONMHO u3IydaeMas MoIHOCTh (DUMM)
nepexaatomeit 3C paccuutbiBaercs no popmysne, (1bBT)

H = 101g(P) + G — L, (12)

rae: P — momHocts nepenaryuka nepenatomieit 3C, (BT);
G — xkoaddurmenTt ycuineHus: anteHusl nepeaatornieit 3C, (nb);
Lt = 0,5 b — motrepu B BomHOBOIHOM TpakTe nepenaromieit 3C, (1b).

3.9. lllymoBas Temneparypa aHTeHHbl npuemMHou 3C omnpenenseTcs
13 BeIpaxkeHus, (rpaa. K)

30 180
Ta =15+ + = (13)
rae: D — numameTp oTpakaress aHTeHHbI mpueMHon 3C, (M);
B — yron mecra npuemnoi 3C na C3, (rpan).

3.10. IlymoBas Temmneparypa mnpuemHor 3C pacCUUTBIBAETCS IO
dbopmye, (rpaa. K)

T = Tp + 290[10%2Lr+F) — 1], (14)
rae: Tp — myMoBas Temieparypa anteHHsl mpueMHout 3C, (rpan, K);
Lt = 0,3 gb — notepu B Bo1HOBOAHOM TpakTe npueMmHou 3C, (nb);

F — koappunuent uryma MIIT npuemnuoit 3C, (1b).

3.11. OrHomenue curHain/mym Ha Bbixojge npueMHuka WC3 wu
npueMHoi 3C pacCUUTHIBAIOTCS COOTBETCTBEHHO 10 hopmynam, (1b):
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R
hz = 168,6 + H1 + GT/TT - 101g [m} - Ll; (15)

hZ = 168,6 + Hy + G, — 10lg (T,) — 10lg (Br) — L,, (16

rae: Hp — OUUM tpancnonnepa UC3 (Ilpunoxenue E), (nbBT);

Gt /Tt — oTHOmIEeHUE «KOA(PPUIIUEHT YCUTIEHUS aHTCHHBI»/«ITyMOBAas
TemnepaTtypa» npuemHuka tpancnonaepa MC3 (Ilpunoxenue E), (1b/K);

I'rec — PE3YABTUPYIOMIAS CKOPOCTh KoaupoBanus (IIpunoxenue XK);

R — wundopmaimonHas ckopocth 0€3 yueTra MNOMEXOYCTOWYHMBOTO
KoaupoBanus, (Mour/c);

M — NO3UIIMOHHOCTH CUTHAJIA;

Bt — monoca nponyckanus tpancnonaepa MC3, (MI'n);

G, — koa(ppunuent ycunenus anteHHsl 3C,, (1b);

T, — mymoBas temneparypa 3C,, (K);

L4, Ly — pesynpTupyroniee 3aryxanue curiaia Ha ydactkax CJIC «3C;-
NC3» u «1C3-3C,» cooTBeTCTBEHHO, (IB).

[Ipumeuanne: OTHOIIEHHE MOITHOCTH CHUTHala K MOIITHOCTH ITyMa Ha
Bxojie npueMHukoB MC3 u 3C,

P, Py h?

Py NoB BT

rae: P — MOIHOCTBH CUTHAJIa HAa BXOJ€ MPUEMHHUKA, (BT);

Py — mpuBeieHHAast KO BXOAYy NPUEMHUKA MOIIIHOCTS IyMa, (BT);

Ny = kTR — OJHOCTOPOHHSSI CHEKTpajibHAas IUIOTHOCTh MOIITHOCTH
myma, (Bt/T'm);

k = 1,38 - 10723 — nocrosiuHas bonbimana, (Jx/K);

Tr — mymoBas temmneparypa npuemMHuka, (rpaa. K);

B = 1/T — nonoca npormyckaHnus corjiacoBanHoro ¢unbtpa, (I'm);
2 = PsTs _ Es

N, = N, — OTHOLICHHE CpEIHEM HHEpruum cuMBoja Eg =
0 0

Eplog,(M) K OQHOCTOpOHHEH CIIEKTPANbHON IUIOTHOCTH MOIIHOCTH IIIyMa
N .
0>

T, = rFlfC 10g2(M) — IJIUTEIBHOCTh CUMBOIA, (C);

R — wundopmaimonHas ckopocth 0€3 yueTra MNOMEXOYCTOWYHUBOTO
KOJIUpoBaHus, (OUT/C).
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3.12. Dnepretudeckuit 3anac Ha ydactkax CJIC «3C;-UC3» u «1C3-
3Cy» onpeaenstoTcss COOTBETCTBEHHO M3 BhIpakKeHUH, (1b):

A, = hZ — hZ; (17)
A, = hZ — hZ, (18)

rae: hi = [E—b] ) + 10lg[log,(M)] — TpebyemMoe OTHOIIEHHE CUTHAJ/IIYM
0110~

B CJIC;

E
[N—b] — Tpebyemoe otHomenue E /N, ma11 obecneueHus
011076

(v -6 (v
rapaHTUPOBAHHOM BEpOsATHOCTH ommOKU P, =107 ¢ yueTom ucmpasisronien
criocooHocTH ToMexoycroiunBoro koaa (Ipunoxenne X), (1b).

3.13. Dueprernueckmii 3anac Ha ydacTtkax CJIC «3C1-UC3» u «1C3-
3C2» cBsi3aHbI CICAYIOLIIMMHA COOTHOIIEHUSIMH, (11b):

A, = —101g(1 — 1070141) (19)
nim
A, > —101g(1 — 1079142), (20)

['paduk B3aumHOI 3aBucumMoctu A ul, npusejeH B [Ipunoxenuu 3.

3.14. Pe3ynapTHpyIOIIME 3HAYCHUS HSHEPreTUYECKOro 3amaca U
otHomeHus: curHai/mym st CJIC B nenoM onpeAenstoTes U3 CIEeayIOInuX
BbIpaXCHUU, (1b):

10~014 = 10-0141 4 10—0,1A2;
10-01h* — 1~0,1h% + 100103
NN
A= —101g(107%141 4 1070142); (21)
h? = h3 + A. (22)

3.15. AaropuT™Mbl ONTUMU3ALKMU NapaMEeTPOB 3€MHbIX cTaHiui 3C; u
3C, u nmpumepsl HX peanuzauuu B Buje noanporpamMm B MathCad 15
MPEICTABJICHBI HA PUCYHKAX | U 2 COOTBETCTBEHHO.
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Pucynok 1 — Anroput™msl ONTUMU3ALWN TAPAMETPOB 3EMHBIX CTAHIUM: a)
3C1; 6) 3C2
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g B STy ) R
a) (P4 ) 0) 4 £
D1, P, D2, E,
Di=|_ | P=|_ D2=|_ | F=|_
Dl, P, DES F,
,hD'i | th:J' 'xIH 3 LLFIJ
—0.1A1
i o i Al = —10log\1 =19 - oPt)
ORIGIN = 1 QRIGIN =1
El = |Alopt <« Al {Dlmax, Pmax) E2 = |Adopt <« A2 (D2max, Fmin)
for i=sl.n foriel.m
for 1.k for j el_x
if Almin < Al {'Dli__Pj} < Alopt if Admin {_‘\._’-'.JIDEi__F]| < Alopt
Alopt « AI{Dli__Pj} Alopt {—j_T‘{DEi,Fj}
Dlopt «— Di{ D2opt «— Dli
Popt « Pj Fopt « Fj
SNRlopt «— SNRO + Alopt SWR2opt «— SNRO + Alopt
3 = 1 —0.1A2
| Diept Aopt < —10log\10” -AIOPE . ygm O-1alopt
Fopt SNRopt < SNRO + Aopt
SZ‘».-"RlnptI P Dopt ;
|, Alopt )/ Fopt
5 SNEZopt
Alopt
El file = "d"El_AM-2 t=t" SNRopt
L Aopt
WERITEPEN(EL file) =El T
E2" =1

E2 file == "d:E2 file "
WERITEPEN(E2 file) = E2

Pucynok 2 — IIpumepsl peanuzaiuu B MathCad 15anropurmon
ONTHMU3AIUUIIAPAMETPOB 3€MHBIX CTAHIIMM C TTOMOIIBIO ONepaTopa
co3nanus 1ukna for:a) 3C;; 6) 3C,

4.3amaHue Ha KypCOBOM MPOEKT

4.1. TlpoBecTn >HEPreTUYECKHM PACYET CIIYyTHUKOBOW JIMHHUM CBS3H
(CJIC) «lIlepenatomast 3emHast cranuus 3C;» — «/ICKyCCTBEHHBIN CITyTHHK
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3emmu UMC3» — «IIpuemnas 3emnHas cranius 3C,» (3C-UC3-3C, Ha
PUCYHKE 3).

3¢, . T 36,

Pucynok 3 — CTpyKkTypHas cxeMa CIyTHUKOBOM JIMHUU CBSI3U CUCTEMBI
VSAT

4.2. Ucxons u3 10MyCTUMOTO (rapaHTUPOBAHHOTO) 3HAYCHUSI OUTOBOM
OMMOKA U peau3yeMOro MHUHHMMAJILHOIO SHEPreTHMYECKOro 3amaca JJis
kaxaoro n3 ydactkoB CJIC «3C-MC3» n «MC3-3C,» onTumMu3upoBaTh
IapaMeTphl NePEeAAOLIEH U IPUEMHON 36MHBIX CTAHIIHUM:

- JUAMETP OTpakaTess 3€pKaJbHO-TIOPa0OINUYecKor MpsAMO(pOKYCHOM
OJTHO3E€PKAJIbHOM aHTeHHBI nepeaaroniei 3C (Tpu HOMUHAIA 3HAYEHH );

- MOIIIHOCTH nepeaaTurka nepeaaroniet 3C (1Ba HOMUHAIA 3HAYCHUMN );

- JUaMETp OTpakaTess 3epKalbHO-TIOPa0OINYecKor MpsAMO(pOKYCHOM
OJIHO3EpPKaIbHOM aHTeHHBI NpreMHOK 3C (Tpu HOMUHAJIA 3HAYEHHN );

- ko3 duIMeHT myma MajgomymMmsiero mnpeodpasoparens (MILII)
npuemHor 3C (nBa HOMHUHAJA 3HAYCHUN).

4.3PaccunTtath pe3yJbTUPYIONINE 3HAYCHUS OTHOIICHUS CUTHAJ/IITIYM H
sHeprerudeckoro 3amaca 1y CJIC B nenom.

5.cxonHbIle faHHEIE

NcxoaHbIMHU TAaHHBIMU SIBJISTFOTCSI:

1) ITapametpsr nepenatorieit 3C (Tadnuma 1):

- MECTOIIOJIOKCHHUE;

- HECYyIIasl 4acToTa;

- MOJISIpU3aIlUS;

- CKOPOCTb MepeIavu;

- BUJI MOYJISLIUY;

- BUJI TIOMEXOYCTOMYMBOTO KOJAUPOBAHUS (KaCKaJIHOTO KOJa).
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[Ipumeuanue: V— BepTUKaIbHAS MOJISPU3ALKS;
H — ropusonTanbHas noysipuzanus;
CK — cBepTOUHBIN KO, IEKOAUPYEMBIH 110 anroputMmy BurtepOu;
RS — xox Puna-Conomona.

Tabnuna 1 — [lapamerpsl niepenaronieid 3eMuoi craniuu 3C,

Mecto
Hecymas |Ckopoct BuyTp.x0
Howmep |pacmonoxen Bun
JacToTa, b I, Buenmu
BapHUaHT U MOIYJISALH N
. ['T/nonsapu |nepegay CKOPOCTbh |1 KOJI
a repearoneu u
3 U, KOUT/C KOJa
3C
RS(219,
1-10 Kypck 14,5/V 2048 OM-4 CK,r=3% (
201, 9)
RS(21
11-20  |[Kypck 14,5/H 2048 OM-4 CK,r="% (219,
201, 9)
2)ITapametpst UC3-perpancistopa(Tadnuna 2):
- KOOPJIMHATHI NOJACITYTHUKOBOW TOYKH;
- KOJINYECTBO TPAHCTIOHIEPOB;
- II0JI0CA MPOIYCKAHUS TPAHCIIOHAEPA;
- HECYIIIas 4acToTa MepeaaTunKa;
- IOJISIpU3AIMS U3TYYCHUS NEPEIaTUMKa;
- mectononoxxkerue npuemuoi 3C (Tabnuia 3).
Tabnuua 2 — Iapamerpsl UC3 — peTpancistopa
IToncnyT- (Hecymas Ko/I9ecTEO ITonoca
Howmep HanmenoBanue [HUKOBasg [4acToTa IIPOITYCKaHUS
TPAHCIIOHAEPOB
Bapuanta |UC3 TOYKa, nepefarimka,| - oo oo oo |TPAHCIOHAEpa,
rpan. I'T'u/nonsipus. ! MI'n
1-10 Dkcnpecc-AM6 (53°B.1. [11,2/H 24 54
11-20 Dkcnpecc-AM2 (80°B. 1. 11,2/V 12 54

Tabnuma 3 —MecTornosoxxenue npuemMHou semuon cradiuu 3C,

Howmep BapnanTa

MecropacnonoxeHnus npueMHo 3C

| Kanununrpan
2 ITeTpo3aBoack
3 Ps3anp
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[Tponomxenue Tabauibl 3

Howmep BapuanTa MecTopacnonoxenust npuemHoi 3C
4 HBaHOBO

5 Hwxnnii Hosropon
6 Caparos

7 Ka3zanp

8 Camapa

9 MxeBck

10 OpenoOypr

11 [Tepmb

12 ExatepunOypr

13 BopkyTta

14 Omck

15 HoBocubupck

16 Tomck

17 Abaxkan

18 bparck

19 Hpkyrtck

20 BrnaauBocTtok

6.MeToanKa BBITTOJTHEHUS IPAKTHYECKOM pabOThI

Onrtumuzanusa napameTpoB nepenaromeid 3C:

6.1.PaccunTtats asumyT a1 yroa Mmecta f3;mepenaromieii 3C na MC3,

YCnob3ys BeipaxkeHus (1) u (2).
6.2.Paccuutare mnpotspkeHHOCTh T1yydactka CJIC

dbopmye (3).

6.3.PaccuuTath 3aTyxaHue B CBOOOJHOM MPOCTPAHCTBE L;HA ydacTKe

CJIC «3C4-UC3» mo popmyite (4).

6.4. Paccuurtarh 3aryxaHue curHaiga B arMmocdepHbIx Ta3ax L;qHa
yuactke CJIC «3C;-UC3», nucnonb3ys BeipaxeHus (5) — (7).
6.5. Paccuurtarh 3aTyxaHue CUTHAJIa B rujipoMereopax LpiHa ydacTke

CJIC «3C-UC3», ucnonb3ys BeipakeHus (8) u (9).

«3C-UC3»
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6.6. PaccuurtaTh pe3ynbTHUpylOlice 3aryxaHue LqHa ydactke CJIC
«3C;-UC3» o popmyie (10).

6.7. 3anucath kK03(pdUIMEHT ycuiieHus: auteHubl G; u QUM H; nns
nepepatomed 3C B Buae GyHKIMM OT mapaMeTrpoB, TpeOyrommx
ONTUMHU3AIMH, UCIOJIB3Ys BbipaxkeHus (11) u (12):

G1(Dy) = 20,4+ 201g(D,) + 201g(f1) + 101g (ka1); (23)
H,(P,D;) = 101g(P) + G1(D1) — Lry. (24)

rae: D; — nnameTtp oTpaxkarels aHTeHH nepenaromie 3C;

f1 — Hecymias yactora nepenasaemoro 3C curHana;

k41 = 0,6.

6.8. 3anmcaTh BHIpaKEHMs [ OTHOLIEHMS CHMTHAI/IWyM h? wu
HEpreTuyeckoro 3amaca A; Ha Bbeixoje npuemHuka MC3 B Buae QyHKIu
OT MapaMeTPOB, TPEOYIONIUX ONTUMU3ALNH, UCTIONB3Ys BhIpakeHus (15) u

(17):

R
hZ(P,Dy) = 168,6 + Hy (P, Dy) + Gr/Tr — 10lg | —2—| = Ly; (25)

A (P, D1) = h% (P,D;) — h%. (26)

6.9. C noMoupl® NOANPOTrPpaMMBI  ONTHMHU3ALUK  MHapaMeTpPOB
nepenaromieit 3C, NIpUBEACHHON Ha PUCYHKE 3a, HAWUTU ONTUMHU3UPOBAHHBIC
3HAUECHUs IMameTpa oTpaxarens Diope M MOIIHOCTH TepenaTunka Pop JUIs

3C,, 3Ha4YeHUS] OTHOLICHUS CUTHAJ/IIyM h%opt U DHEPreTUYECKOro 3amaca
Aqopt HA BBIXOJIE IpreMHKKa MC3.

6.10. Paccuutath KOIPhHUIHMEHT yCUIEHUS Gqopc/Uist aHTeHHBI 3C;.
[TomyueHHbIe pe3ybTaThl 3aHECTH B TaOIUILy 4

Tabmuma4 — Pesynbrarsl pacuera yuactka CJIC «3C;-MC3»
HanmenoBanue napamerpa 3HadyeHHe napamerpa
o1, Tpaj
p, Tpan
r;, KM
Loy, nb
Lgi, nb
L, nb
Ll, I[B
Dlopt’ M
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[Iponomkenue Tabauiib 4
Glopt’ I[B

Pypt, BT

h%opt’ nb

Alopt’ nb

Onrtumuzanusa napamerpoB npuemHon 3C:

1. Paccuutath a3umMyT a, u yroa mecra [, npuemuHou 3C na UC3,
YCnoyb3ys BeipaxkeHus (1) u (2).

2. Paccumrare npotrskeHHOCTH Tpydactka CJIIC «MC3-3C,» mo
dhopmyiie (3).

3. PaccuuraTh 3aTyxaHue B CBOOOJHOM IMPOCTPAHCTBE L,Ha ydacTKe
CJIC «MC3-3Cy» o hopmyiie (4).

4. PaccuuTaTh 3aTyxaHU€ CHUTHajga B aTMocepHbiXx ra3zax Lg,Ha
yaactke CJIC «1C3-3C,», ncnonb3ys Beipakenus (5) — (7).

5. PaccuuTarh 3aTyxaHue CUTHAJIa B rHapoMeTeopax Lp, HA ydacTke
CJIC «1C3-3C,», ncnonb3ys BeipakeHus (8) u (9).

6. Paccuurtare pesynbTHpylomiee 3aryxaHue L, Ha yuactke CJIC
«1C3-3Cy» o hopmyme (10).

7. 3anucath kK03 PuuMeHT ycuineHus: G, U UyMOBYIO Temrepatypy Ty
st anTeHHbl 3C,, mymoByto temnepatypy T mis 3C, B Bujie PyHKUUM OT

napaMeTpoB, TPEOYIONTUX ONTUMH3AIUH, UCTIOJIBb3Ys BeipakeHus (11), (13) u
(14):

G2(D2) = 20,4 +201g(Dy) + 201g(fy) + 101g (kaa),  (27)

T,(D,) = 15 + > +% (28)
2

T(D,,F) = Ty(D,) + 290[100 Alr24F) — 1], (29)

rae: D, — amameTtp oTpaxareiist aHTeHHbI npuemMHou 3C;

f> — Hecymas yactota npuHuMaemoro 3C cursana;

k4o = 0,6.

8. 3ammcaTh BBIpaKEHHMs JUI OTHOIIEHMs CcHUrHan/mym h35 u
HEpPreTUyeckoro 3amaca A, Ha Beixojie mpueMuuka 3C, B Buje QyHKIIUU OT
napaMeTpoB, TPEOYIOIIUX ONTUMU3AIINH, UCTIONL3Ys Bbipaxenus (16) u (18):

h2(D,,F) = 168,6 + Hy + G, — 10lg [T, (D,, F)] — 101g (Br) — L,,(30)
Ay (Dy, F) = h3(D,, F) — (31)
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9. Paccuntarth MUHMMAaIbHO JIOIMYCTHUMOE 3HAYEHUE SHEPreTUYECKOTO
3anmaca Ha BbIxoje npueMHuka 3C,, ucnons3ys BblpaxkeHue (19), mo

dhopmyie:
Agmin = —101g(1 — 1070-A10pt) (32)

10. C moMomipto moAnporpaMMsl ONTUMU3ALANA TapaMeTPOB TPUEMHOM
3C, npuBeieHHOW Ha pucyHKe 30, HalTH ONTUMHU3UPOBAHHBIE 3HAUYCHUS
nuamerpa orpaxarens Dyope v Kodduimenta myma MIIIT Fope s 3C,,
3HAYEHUs OTHOWIEHWSI CUTHA/IIYM h%opt M OHEPreTHYECKOro 3amaca Azqpt
Ha BbIxoAe npueMHHKa 3C,, 3HAYEHHsS OTHOLICHUE CUTHAJ/IIyM h(z,pt 51
SHEPTETUYECKOTO 3araca Aopt g CJIC B nenowm.

11. Paccuurate KOIQdUUUEHT ycueHUS Gopt M IIYMOBYIO
Temreparypy Taopt it anteHHbl 3C,, MyMOBYIO Temieparypy Tope i
3C,. IlomyyeHHble pe3ynbTaThl 3aHECTU B TAOJHUITY 5.

Tabnuna 5 — Pesynbsratel pacuera yyactka CJIC «MC3-3C,»
HanmenoBanue mapameTpa 3HadyeHUe mapameTpa

0, Tpa
fa, Tpan
rh, KM
Ly, 1b
Lg, ib
Lgo, 1b
L2, ,Z[B

D 2opt> M
GZoptrHB
TAopta K
Fopt, 1b
Topt> K
h%opt’ nb
A20pta nb

Pesynptupytommue 3Hauenus 1 CJIC B nenom:

hgpt =.....nb;
AOpt — ... I[B
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7. Conepxanue u ohopMiIeHUE TPAKTUUECKOMN pabOThI

ITosicHuTenbHAs 3aMucKa JI0JKHA ObITh 0(hOpMIIEHA B COOTBETCTBHH CO
crangaprom yHuBepcuteta CTY 04.02.030-2017 — PaboTel (MpOEKTHI)
KypCOBBI€, pabOThI BBIMMYCKHbIE KBaM(puKalmoHHble. O01ue TpedoBaHus K
CTPYKTYp€, OOPMIICHHUIO U 3aIIUTE.

[TosicHuTeNnbHAS 3aMKCKa JOJKHA UMETh CIEAYIONIYIO CTPYKTYPY:

- TUTYJIBHBIU JIUCT;

- 3a/IaHUE;

- OTJIaBJICHUE;

- 0003HaYEHUS U COKpaIIeHus (TI0 HEOOXOIUMOCTH);

TeKCT NOACHUTENPHOM 3aIUCKU:

- BBEJICHUE;

- OCHOBHAs 4acTh;

- 3aKJIFOYCHUE;

- CIIMUCOK MCIOJIb30BAHHBIX UCTOYHUKOB;

- IPUJITOKEHUE(S).

Ha tutynpHOM JHCTe 0053aTE€NbHO yKa3bIBaeTCs Ha3BaHWE Y4EOHOTO
3aBeJieHus, Kadeapsl, TeMbl, (paMUIus ¥ MHULMAIBI aBTOpa, HOMEP yueOHOU
IPYIIIbI, @ TAaKXKe JOJDKHOCTD, yU€Hasi CTENEHb U 3BaHKUE MPOBEPSIIOIIETO.

B BenpeHuu maeTcs Kparkas XapaKTEpUCTHUKA 00BEKTa UCCIICIOBAHUS U
00OCHOBBIBAETCS aKTYaJIbHOCTH TEMBI.

B OCHOBHOW 4YacTM TIPOU3BOJAUTCA HEMOCPEACTBEHHO pAacCyeT H
ONTHMU3AIMK TapaMeTpOB OO0BEKTa HccaeAoBaHuA. [Ipu BBITIOHEHUU
pacueToB J0JDKHA OBITH MpHUBEICHA B OOIIEM BHUJE pacueTHas Gopmyla
pacmiu@poBKOM BCEX BXOIANIMX B Hee OYKBEHHBIX 0003HAYCHHI.
Pe3ynbTathl pacuera COMpOBOKIAIOTCS BHIBOJIAMH M aHAIM30M MOJTYYSHHBIX
PE3yIbTATOB.

B 3akirodueHnn KpaTKo JaeTcs 3HAYMMOCTh PE3YIbTaTOB.

B nmpunoxenun npuBoautcs Tekct nporpammel B MathCad 15.0.

8. COHUCOK HCIIOJIb30BAHHBIX HUCTOUYHUKOB

1) Epoxwun, I'.A. AHTEHHO-(UICpHBIC YCTPOMCTBA 151
pacupocTpaHeHHE pPaJUOBOJIH: Yy4eOHUK i1 By30B. / I.A. Epoxus,
O.B. Yepnos, H./I. Ko3sipeB, B./l. KouepxxeBckuii.— M.: I'opsuast muHuS —
TemxexomMm, 2003. — 547 c.

2) T'eorpaduueckue KOOPAUHATHI OCHOBHBIX rOpOJOB
[D7EeKTpOHHBIN pecypc].- Pexum JIOCTyTIA: www.al-
soft.com/saa/webreports.- ([laTta oopamenus 04.10.2017).
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3) Hunenko, M.I'. Paguocuruansl B CIIyTHUKOBBIX CUCTEMAX CBSI3H /
M.I'. Inpenko // ChnenuanbHbii BbITyCK. CIyTHUKOBAsI CBSI3b U BEIAHHUE.-
2005.

4)  Ilpukaz MunHucCTepcTBa MH(POPMAITMOHHBIX TEXHOJIOTUU U CBS3H
P® ot 23 mos6pst 2006 1. N 153 «O06 yTBepKIAECHUM MPABUI MPUMEHECHUS
aHTEHH U (QUJIEPHBIX YCTPOICTB».

5) beixoeukuid, M.A. YmnpaBieHue paguodyacTOTHBIM CIIEKTPOM H
AJIEKTPOMArHuTHasE COBMECTUMOCTh PaJUOCUCTEM: Y4yeOH. TmocolOue.—
M.:Dxo-Tpenaz, 2006. — 376 c.

6) Hemuposckuii, A.C. PaguopeneilHple U CIIyTHHUKOBBIE CHUCTEMBI
nepeaaun: y4yeOHuk mis By3oB / A.C. Hemuposckuii, O.C. Jlanunosuu,
FO.U. MapumonT. — M.: Paguo u cBs3b, 1986. — 392 c.

7) Cxusap, b. IudpoBas cBsa3b. TeopeTuyeckue OCHOBBI H
npaktuiyeckoe npumenenue / b.Ckusap.— M.: U3a. nom «Bumeamc», 2003. —
1104 c.

8) Kanrop, JI.A. CnyTHUKOBasl CBSI3b M BEIIlaHWE: CIPABOYHUK /
JI.A.KanTop.— M.: Panuo u cBs3b, 1988. — 344 c.

9) @I'VII «KocMuueckas CBsI3b» [DNEKTPOHHBIN pecypcl.- Pexum
ToCTymna: www.rscc.ru/space. - (Jlata oopamenus 04.10.2017).

10) ®ukcupoBaHHas CIyTHUKOBas clyxk0a [DIEKTpOHHBIA pecypc].-
Pexxum poctyma: www.rfc-rf.ru/grfc/uslugi/sputnik2. - (Jlata oOpaiieHus
04.10.2017).

11) ®ponos, O.Il. AHTEHHBI IJIs 3€MHBIX CTAHIUN CIIYTHUKOBOU
cBsizu / O.IL.Dponos. — M.: Paaguo u cBs3b, 2000. — 376 c.

12) Pexomenmanums ITU-R P.525-2. PacueT ocinabiienus B cBOOOTHOM

IPOCTPAHCTBE.
13) Pexomenmamua ITU-R P.618-10./Jannbie 0 pacnmpocTpaHeHUH
PaaroOBOJH U METO/IbI MPOTHO3UPOBAHMUS, HEO0OXO UMbl

T TPOECKTUPOBAHUS CUCTEM IJIIEKTPOCBA3H 3EMIISI-KOCMOC.

14) Pexkomenpmamusi ITU-R P.676-9. 3aryxanue B aTMoc@epHBIX
rasax.

15) Pexomenmanuss ITU-RP.837-6. XapakTepucTMKH  OCaJIKOB,
HCTIOJIBb3YEMBIE JIJISI MOJICIMPOBAHUS PACTIPOCTPAHCHUS PaJOBOJIH.

16) Pexomenmarnms ITU-R P.838-3. Mojeiir MOrOHHOrO OCJa0JIeHHUS
B JIOKJE, UCIIOJIb3yeMasi B METO1aX MTPOTrHO3UPOBAHUS.

17) Pexomenpgamusa ITU-R P.839-3. Moaenb BBICOTBI CIIOS JTOXKIA,
UCIIO0JIb3yeMas B METOAaX MPOTHO3UPOBAHMUSI.

18) Pexomenpmamus ITU-RP.840-5. OcnabneHue u3-3a 00JaYHOCTH U
TyMaHa.
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19) CTY 04.02.030-2017. PabGoTbl (IpOEKTHI) KypCOBBIE, pPaOOTHI
BBITYCKHbIE KBanuukamuonusie. OOmue TpeOOBaHUS K CTPYKTYpE,
o OPMIICHHUIO U 3alIUTE.
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[TPUJIOXKXEHUE A
(00s3aTeNIbHOE)
I'eorpaduyeckue KOOpAUHATEI OCHOBHBIX TOpO0B PD

Aobakan (53°43'c.r., 91°26'8.1.)
Amnamna (44°57'c.m., 37°19'B.71.)
Actpaxanb (46°22'c.u1., 48°05'B.1.)
benropon (50°35'c.m1., 36°35'B.1.)
benomopck (64°30'c.m1., 34°45'B.11.)
bparck (56°05'c.m1., 101°48'B.1.)
bpsick (53°15'c.m1., 34°25'8.1.)
BaamuBoctok (43°08'c.m1., 131°54'B.71.)
Brnagumup (56°10'c.u1., 40°25'B.1.)
Bousrorpan (48°48'c.i1., 44°28'B.11.)
Bopkyta (67°23'c.11., 63°58'B.1.)
JHobpsiaka (58°27'c.m1., 56°25'B.1.)
Enabyra (55°45'c.m1., 52°04'8.1.)
ExaTepunoypr (56°50'c.m., 60°43'B.1.)
3enenononbek (55°50'c.., 48°30'B.1.)
HNBanoso (57°00'c.m., 41°00'8.1.)
MoxeBck (56°51'c.mr., 53°14'B.1.)
Hpkytck (52°16'c.mm1., 104°20'B.1.)
Kazanb (55°45'c.m1., 49°08'B.1.)
Kamuuunarpan (54°43'c.m1., 20°25'8.1.)
Kupos (58°36'c.m1., 49°39'B.1.)

Kupc (59°21'c.m1., 52°20'B.1.)

Kospos (56°21'c.m., 41°22'B.1.)
Koctpoma (57°46'c.m., 40°55'B.1.)
Kynryp (57°24'c.uu., 57°02'B.1.)
Kypran (55°28'c.u1., 65°21'8.1.)
Kypck (51°42'c.m1., 36°12'B.11.)
Korenpanu (58°18'c.m1., 48°20'8.1.)
Kotmac (61°15'c.m1., 46°39'8.1.)
Kpacnonap (45°01'c.m., 38°59'B.1.)
JInmenk (52°35'c.., 39°37'8.1.)
Maraman (59°40'c.m1., 150°40'B.1.)
Maruautoropck (53°25'c.u., 59°05'B.1.)
Muxaitnoska (50°05'c.mr., 43°13'8.1.)
Mocksa (55°45'c.m1., 37°42'8.1.)
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Mypmanck (68°58'c.m1., 33°05'B.1.)
Mypowm (55°34'c.m., 42°02'B.1.)
Hanumck (67°37'c.m1., 153°28'B.1.)
Hwxnuit Hosropon (56°19'c.m1., 44°00'8.1.)
Hosropon (58°31'c.mi., 31°17'8.1.)
Hopoxky3uenk (53°45'c.m., 87°06'B.1.)
HoBocubupck (55°02'c.m1., 82°55'.11.)
Omck (55°00'c.m1., 73°24'B.1.)

Open (52°56'c.m1., 36°06'B.11.)
Openoypr (51°50'c.u1., 55°09'B.4.)
ITen3a (53°13'c.mr., 45°00'B.1.)

ITepmsb (58°00'c.m1., 56°19'B.1.)
[Terpo3aBoxack (61°42'c.u1., 34°22'B.1.)
[Teuopa (65°11'c.m., 57°19'B.1.)
PocrtoB-na-/lony (47°14'c.m., 39°42's.1.)
Ps3ann (54°37'c.u1., 39°37'8.1.)
Camapa (53°14'c.m., 50°19'B.1.)
Cankr-IlerepOypr (59°55'c.m., 30°15'B.1.)
Capanck (54°11'c.m1., 45°11'8.71.)
Caparos (51°33'c.m., 45°54'B.1.)
Cgetnoropck (54°57'c.u1., 20°10'B.1.)
CeBeposiBuHCK (64°29'c.1., 40°04'B.1.)
Ceepomopck (69°02'c.mr., 33°25'8.1.)
Cmonenck (54°47'c.u., 32°03'B.1.)
Coun (43°35'c.u1., 39°43'B.11.)

Tam0Oo0B (52°42'c.1., 41°22'8.11.)
TonpstTi (53°34'c.m1., 49°33'B.11.)
Tomck (56°31'c.m., 85°08'B.11.)

Tyarnce (44°03'c.u1., 39°11'B.1.)

Tyna (54°12'c.u1., 37°34'.1.)
Yccypuiick (43°48'c.., 131°57'B.4.)
Yanaesck (52°59'c.m., 49°43'B.71.)
Yensaomuck (55°10'c.m., 61°25'B.1.)
Apocnasns (57°41'c.u1., 39°46'B.1.)
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IMPUJIOXEHME Bb.1
(00s3aTeNIFHOE)

IToronnoe 3aryxanue B armocgepubix razax (ITU-R P.676-9)

1 3 b4 3
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ewmEpaTypa: 155
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[MPUJIOXXEHUE B.2
(00s3aTeNIFHOE)
O6muiee 3eHuTHOE 3atyxanue B acMocdepHbix razax (ITU-R P.676-9)
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[MTPUJIOXXEHUE B
(00s3aTENIFHOE)
Koadduiment noronnoro 3aryxanusi B Tymade u obnakax (ITU-R P.840-5)
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ITPUJIOXEHUE I'.1
(o0s13aTeNbHOC)
JloxieBbie 30HbI PD
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IMPUJIOXKXEHUE I'.2
(00s3aTENIFHOE)
BeposTtHocTh 1015 3aJaHHON HMHTEHCUBHOCTH B CPEJTHEM T'OJTy B JTOXKIEBBIX
30Hax PO
5, . §
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I[MTPUJIOXKXEHME 1.1
(00s3aTENIFHOE)

3Hadyenue ko3dPuireHTa a sl TOpU30HTATBHON U BEPTUKATBLHON
nossipuzanuii (ITU-RP.838-3)
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I[MTPUJIOXEHMUME 1.2
(00s3aTENIFHOE)

3navyenue koddduirenTa b st TOpU30HTATBLHON U BEPTUKAIBHOMN
nosiapuzanui (ITU-RP.838-3)
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Tabmuma JI.1 — 3Hadenus xkod3pGUIMEHTOB a U b 11 TOPU3OHTAIBHON U
BepTukaibHOU nosspusanuil (ITU-RP.838-3)

‘{Elfll-.i“' bH ay b\/ ay %FFI:I": bH ay bV ay

1 0.0000259 0.9691 0.0000308 04502 30 1.2403 0.8485 5.2 09128
L5 00000443 L0185 00000574 0.8057 31 22588 0,039 02445 090535
2 0 DUD0ES LU03% U000 09480 R 2.1778 0.8302 0.16-5 08521
15 00001321 11208 00001464 1.0083 f : :"%g:] 0.2 ' 0.28:3 E"Bg??
3 0,00013%0 12312 00001042 1.0688 ’J‘ ;qu: 3:']"“ 3?5 ngﬁ'
O N 2 A= Y

- — — — 37 23780 0,5890 03633 08621
= 0.0001340 1.6948 0.0002347 13087 38 2,3001 0,1810 038 0.5332
’ nowoaies 16298 D000z LA N 24215 04743 0408 08486
5.5 00003509 16499 00003115 1,5882 m il T Y T
t 00007058 15800 00004878 157328 41 14647 02505 0.4400 0.B357
7 0001813 14810 0001423 1.4743 41 1.4855 02539 04712 0.E106
i 0004113 13803 0,003450 13787 43 15084 0.3475 0.4052 0E136
p 0,0007535 13155 0,006501 1,805 a 15302 0,8414 05153 08179
10 0.01217 12571 0.01128 12156 45 15521 04353 05375 0,813
11 0,007 12140 001731 11617 18 15728 0,2207 05506 0,806
12 0.02386 11825 0.02455 L1216 47 15056 05241 035817 0.8017
13 0.03041 11586 0.03266 10001 38 16172 05187 0.60:7 0.7967
14 0.03733 1.1396 0.04126 10636 49 2AFEG 03134 08255 0,7918
15 0.03451 1.1233 0.05008 10440 50 L8800 005 05472 b.7ETl
16 0.05282 11086 005899 1.0273 31 26811 0.5034 0.5687 0.7226
17 1.06145 10540 006707 L0137 s » 00 4287 0.8501 .77
18 0.07078 10818 007708 10025 = 2TE Sl Al el
19 0.08081 10491 0.08512 0.0930 : i_::’ g:,:i; g,’] E_;’l}
0 0.09164 10558 1.09611 0,9847 = T FRTT T 5T
2 0,1032 10447 0,1043 09771 = 0 = P e
2 01153 10328 01170 10,9700 = T Eh ilo R
1 0.1286 10214 01284 1.9630 = 318 TRTE EEe EGT
* 01423 Lua 01404 08561 a0 2,000 0,7930 08515 0.7450
15 01571 [oea] 0.1533 08481 51 18701 07521 08704 0.7454
25 0,1724 0pEed 0,1 650 09421 51 1 BOT4 0.7585 0.88%0 07424
27 01884 08780 01813 08340 E 20153 0,7552 05071 0.7393
i 02051 10679 01054 0,977 ) 19328 0,520 0.52%0 0.7356
9 02124 08500 B2124 0,9203 55 3.8501 07488 08435 0.7330
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IMTPUJIOXXEHMUE E.1
(00s3aTeNIbHOE)
30HbI 00CTYXKUBaHUS CIIyTHUKA «DKcmpecc-AM-6» (530B.I[.)(KH—I[I/IaHaBOH)

20 -0 0 10 20 30 40 50 &0 70 80 80 W0 MO0 120 130

Pucynok E.1.1 — 3onbI 00ciTy)HBaHus CliyTHUKA «JKcnpecc-AM6» Ha
npueM (G/T, 1bK)

20 -0 Q 10 200 30 40 S0 BO YO 80 80 100 Q0 120 130

Pucynok E.1.2 — 30HbI 00CiTyKMBaHUs CITyTHUKA <<9KcnpeccAM6» Ha
nepenauy (OUMM, nbBr)
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I[TPUJIOXXEHUE E.2
(00s3aTeNIbHOE)
30HbI 00CTYKUBAHUA CIYTHUKA «IKcrpecc-AM?2» (800B.I[.)(KU—I[I/IaHaBOH)

0 i 20 30 40 50 &0 FO 8O 80 100 MO 120 130 140 150 180

Pucynok E.2.1 — 3oHbI 00CiTy)KHUBaHUS CITyTHUKA «JKcnpecc-AM?2» Ha
npuem (G/T, n1bK)

0 ¢ 20 30 40 50 &0 70 80 90 W0 N0 120 130 40 150 160

Pucynok E.2.2 — 3oHbI 00CiTyKUBaHUS CITyTHUKA «JKcnpecc-AM?2» Ha
nepenauy (OGUM, nbBT)
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IMTPUJIOXEHME 3
(00s13aTEIIBHOEC)
B3anmHas 3aBUCUMOCTh 2HEPTeTHYECKOTo 3anaca Ha yuactkax CJIC

«3C1-UC3» U «1C3-3Cy»
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Ay, pb
Pucynok 3.1 — B3aumHas 3aBUCHMOCTb YHEPIETUUECKOTO 3al1aca Ha
y4yacTKax

CIIC «3C;-UC3» (A)) m «HUC3-3Cr» (A,) nnaa pa3IM4dHbIX
3HAYEHUN pe3yJbTUpYroUIEro s3Heprerudeckoro 3amaca (A) mia CJIC B
LEI0OM



