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KHlIra cO)J,epmllT rrepeBo)J,bI :\laTepnaJIOB CIIl\1IT03I1YMa

no CHCTeMaM CBH31I C HCnO.,lb30BaHl1eM HCKyccTBeuHbIx

cnYTHHKoB 3eMJIH, npoBeJJ.eHlloro B JIoIl)J,oI-Ie EpllTaH-
CKHM 06111eCTB0l\1 l\le)KrrlraHeTHbIX C006111eI-UIl'I, a TaK)Ke )LBe

CTaTblI 113 )KypI-IaJIa «Point to Point Telecomnlunications»,
v. 6, NQ 3, 1962 r. B npeJJ.JIaraeMbIx llllTaTeJIIO f\laTe-

pn3JIaX OCnCIlI.aeTCH IIlIIpOKl1l1 Kpyr BonpOCOB, B TOM qnc-

JIe 3KOHOi\11l1leCKIIX, KacalOllUIXC5I nOCTpoeHIIH CHCTeM CBH-

3H, I1CITOJIb3YIOlllHX aKTIlBHYIO peTpaHCJI5UUll0 4epe3 IICI<YC-

CTI3CHHbIe cnYTI-IIII{II 3el\l.Hn.

 eJIbiOKllurn 5IBJI51CTCH 03IIaKOMJleI-lUe pa)J,HOHIDKeHe.pOB
II HaYlIIIbIX pa60THllhOB co I33r JIH}J.al\llI IIIlOCTpaHHbIX cne-

lI.I1aJIllCTOB Ha HeKOTopble I30npOCbI CIICTei\1 CI3H3I1 tlepe3

nCKYCCTBCIIHbIe cnYTlllIKII 3el\VIII. 1,1I11ra 6Y)leT nOJIC3H3

T3K)Ke CTY)J,eHTaM CTaplllHX KypCOB pa)J,1I0TeXHII'-IeCKJI '(

nY30B.

PeaaKl{UR Aumepamypbl no Bonpoca./rt meXflUKU

T

,

CHCTeMbl CBSl3H

C HCnO b30BaH"eM

UCHYCCTBeHHWX cnYTHHHOB
3eMJIH

(Bcmynume/lbflafl cmanZbR pe8aKlnopa nepeBo8a)

,

1. BBeJ],eHHe

B 1955 r. 6bIJIH ony6JIHKOBaHbI paCqeTHbIe )J,aHHble, n03BO"
u

JII1BWHe Oll.eIlHTb napaMeTpbI CI1CTeMbI AaJIbHel1 paAHOCB5I3H
C HcnOJIb30BaHHeIVI HCKYCCTBeHHbIX cnYTHHKOB 3eMJII1 (I1C3)
[1 ]. O)J,HaKo ,[(0 1957 r., HeCl\10Tp5I Ha AaBHO Y)Ke ,[(oKa3aHHYID
B03lVIOlliHOCTb 3anycKa I1C3, npHTvIeHeIIHe HX AJIH ,[(aJIbHerl
pa,[(HocBH311 C4HTaJlOCb HaY4Hoi1 cpaHTa3lIeH.

B COBeTcKoM COl03e 4 OKTH6pH 1957 f. 6bIJI ycnellIHo I3bIBe-

,[(eH Ha Op61ITY nepBbI iI1C3, nOJIO)KIIBWHH Ha4aJIO He TOJlbKO

HOBOMY 3Tany HCCJIe,[(OBaHH5I KOCl\IH4eCKoro npOCTpaHCTBa, HO

II HCI10JIb30BaHHIO I1C3 )I,JIH' Il.eJIeH )(aJIbHeli pa,[(HOCB5I3H. 3a

KOpOTKHH CpO B COBeTCKOM COlO3e 6bIJlH ,[(OCTl1rIIYTbI B Ha-

npaBJIeHHH pa3BI1TI1H I1C3 BbI,[(alO HeCHycnexH, n03BOJIMBlilHe

12 anpeJIH 1961 r. 3anycTHTb Ha Op6IITY BOKpyr 3elVIJIM KOCMH-

4eCKHH Kopa6JIb «BocToK» C KOCl\10HaBTOM IO. A. farapllHbIM Ha

60PTY. 3TH ,[(oCTI1)KeHHH HBJlHlOTCH OCHOBOH npeBpa eHHH

HaY4HOri cpaHTa3HH - HCnOJlb30BaHMH I1C3  JlHIl.eJleH CBH3H-
u

B peaJIbHYIO ,[(eHcTBHTeJIbHOcTb.

TIpHHll.Hn HCnOJIb30BaHHH I1C3 ,[(JIH 06ecne4eHMH AaJIbHeH
pa,[(HocBH3H COCTOHT B TOl\1, 4TO B JIHHl1M CBH311, pa60TalO eH
B ,[(Mana30He YKB, OHM BbInOJlHHIOT, KaK H B 06bI4HOll pa,[(HO"

U U U

peJIel1HOH J1HHHH CBH3H, pOJlb npOI\1e:>KYT04HOH CTaHIl.HH, pe-

-



6 BcmynumeJlbHaR. CmambR. peiJaKmopa nepeBOaa

rp HCJIIiPYlO eIICHfnaJIbI OT O,lI.HOH Ha3e11Hofi CTaHUJIH K ,lI.PY-
1'011. TaI< KaK I1C3 MOllieT HaXO,lI.HTbCH Ha 60JIblilOH BbICOTe, TO

3TO ,lI.aeT B03l\10}KHOCTb ocy eCTBJIeHHHCBH3H Ha paCCTOHHHHX
,lI.0 ,lI.eCHTH TbICH4 I<HJIorvleTpoB H 60.nee. I1pn: HeCKOJIbKHX pe-

Tp3IICJI5IllHHX MO)I<eT 6bITb ,lI.OCTIIrHYTa npaKTHqeCKH JIlo6aH

,lI.3JIbHOCTb CBH3II.

I10Ch.OJIbKY T3I<lIe JIHIIIIII pa,lUIOCB5I3II IVIorYT 6blTb l\1HOrO-

KalIaJIbIlbIMH H 4epe3 HHX l\IorYT 6bITb nepe,lI.aHbI TeJIeBH3IIOII-

HbIe CHrHaJIbI, OHH npHBJIeKJIH K ce6e cepbe3IIoe BHHl\,laHHe CBoerl

3KOHOl\1H4HOCTblO, HeCl\10TpH Ha cpaBHHTeJIbHO BbICOI<YIO CTOH-

MOCTb 3anYCKa I1C3. Ilp06JIel\-Ie peTpaHCJIHlLHH CHrHaJIOB 4e-

pe3 I1C3 H nOCTpoeHHH CHCTelVt CBH3H, HCnOJIb3YlO HXTaKYlO

peTpaHCJIHllHlO, nOCBHllI.eHO 60JIbIIIOe KOJIHqeCTBO lliypHaJIbHbIX
CTaTeH H ,lI.OKJIa,lI.OB Ha KOHcpepeHlLHHX. .3THI\IH }Ke BonpocaMH
3aHHl\1aeTCH Cnel1.HaJIbHO C03,lI.aHHaH IV (HCCJIe,lI.OBaTeJIbCKaH)
KOMIICCHH lVte)K,lI.YHapO,lI.HOrO KOHcYJIbTaTHBHoro KOMHTeTa no

pa,lI.HocBH3H (l\\KI<P).
B HacToH eHKHHre BHIIl\1aHHIO 4HTaTeJIell npe,lI.JIaraeTCH

nepeBO,lI. MaTepHaJIOB CHl\'1n03HYl\1a no CHCTeMaM CBH3H C HC-

nOJIb30BaHHeM I1C3, COCTOHBlilerOCH B JIoH,lI.OHe 12 MaH 1961 r.

B KHHry BKJIlOqeHbI TaK)Ke )I,Be CTaTblI H3 )KypHaJIa «Poi tlt

to Point Telecol11illunications», 1962, v. 6, NQ 3, ,lI.OnOJIHHIO HX,
no HalileMY l\IHeHHIO, l\1aTepHaJIbI cHlVln03HYMa.

B CTaTbHX paCCl\'IaTpHBaIOTcH ,lI.OCTaT04HO CJIO)KHbIe BonpocbI
nocTpoeHHH CHCTel\1 CBH3H C HCnOJIb30BaHHeM I1C3. ,[(JIH Toro
4T06bI 4HTaTeJIIO 6bIJIO JIerqe B HHX pa306paTbcH, HH)Ke npH-
BO,lI.5ITCH OCHOBHbIe CBe,lI.eHHH, KacaIOllIJleCH peTpaHcJJHllHII

4epe3 I1C3.

2. Op6MTbi HCKyccTBeHHblx cnYTHMKoB 3eMJlM

I1C3 l\lorYT 6bITb 3anYllI.eHbI Ha Op6HTbI, xapaKTepH3yeMbIe

CJIe,lI.YIO HMH napaMeTpaMII: yr.n0l\1 HaKJIOHa n.nOCKOCTH Op6H-
Tbl K nJIOCKOCTH 3KBaTopa, cpopl\loli Op6HTbI II BbICOTOH Op6HThI
Ha,lI. nOBepxHocTblO 3eMJIH.

110 yrJIY HaKJIOHa Op6HTbI pa3,lI.e.nHIOTcH Ha 3KBaTOpHaJIbHbIe

(yroJI HaK.nOHa paBeH HY.nIO), no.nHpHbIe (yro.n HaKJIOHa 90°)
H HaKJIOHHble (yro.n HaK.nOHa 601l1bllJe HYJIH, HO MeHbllJe 90°).
110 cpopMe Op6HTbI pa3,lI.eJIHIOTCH Ha KpyroBble H 3JIJIHnTH4eCKHe.

IlocJIe,lI.HHe xapaKTepH3YIOTCH anoreeM (HaH60JIbIIIee paccToH-
HHe I1C3 OT nOBepxHocTH 3eMJIH) H nepHreel\I (HaHMeHbIIIee

CucmeMbt CBR3U C ucnOAb30eaHueM uCKyccmeeHflblx cnymHuKoB 3eMllu 7

II

p3CCTOHHHe I1C3 OT nonepxHocTH 3ervl.nH). Do BbICOTe Op6H-
TbI pa3,lI.eJIHIOTCH Ha HlI3KHe C BbICOTOII 150-5000 KM C MaJIbI1\1

nepHO,lI.OM 06pa eHHH(1-3 itac) H BbICOKHe - C BbICOTOi1 60-

JIee 5000 KJl, H C 60JIbllJHl\l nepHO,lI.Ol\l 06pallI.eHHH.
Op6HTa C neplIO,lI.Ol\t 06pameHHH 24 '-lac Ha3bIBaeTCH CTal1.HO-

napHoii. CTall.HOHapHaH 3KBaTOpHaJIbIIaH op6HTa Ha3bIB3CTC51

CHHXpOHHOII, -eCJIH I1C3  BHllieTcHB CTOPOHY Bpa eHII5I3CMJIII

(TaKOM I1C3 6Y,lI.eT HenO,lI.BH)KHbIf\I no OTHorneHHIO K T04Ke H3

3eM.ne). IlOCJIeJ1J-IHH op6HTa OTJIH4aeTCH BblCOKOH cTa6HJIb-

HOCTbJO. HaKJIOHHaH op6HTa C yr.noM HaKJIOHa 63,5° H IC TeNI llie

nepHO,lI.Ol\l 06pa eHHH,Ha3bIBaerviaH nOJIycTal1.HOHapHOH Op6H-
TOM, TaK)Ke BblcoKOCTa6HJIbHa. IlpoeKllHH 3TOH Op6HTbI onHCbI-

BalOT Ha nOBepxHocTH 3erviJIH nOBTopHIO HecH BocbMepKH.

BbI60p Op6HTbI I1C3, npe,lI.Ha3Ha1.IeHHOrO ,lI.JIH peTpaHCJIH-
llHH, onpe,lI.eJIHeTCH paccToHHHeM Me)K,lI.Y OKOHe1.IHbIl\1H CTaHl1.HH-

MH JIHHHH CBH3H, HX 3el\IHbIl\1lI KOOp,lI.HHaTaMH, ,lI.OnycTHlVIbIMH

nepepbIBaMH CBH3lI H ,lI.PyrHlYIH Tpe60BaHHHl\IH, npe,lI.'bHI3JIHe-
l\1bIMH K JIHHHH CBH3H.

C T04KH 3peHHH 1.IHCJIa 3anycKaelvlbIx I1C3 H Bpei\'IeHH nepe-
u

pbIBOB CBH3H HaHBblroAHeI1111I1MH HBJIHIOTCH CIIHXpoHHble op-
6HTbI. IlpH nOMOIl"(H Tpex I1C3, paCnOJIO}KeHHbIx no,lI. yrJIOM
120° Ha CHHXpOHHOH op6HTe, H Tpex Ha3e IHblXpeTpaHCJIHllHOn-

u u

HbIX CTaHl1.HH, YCTaHOBJIeHHbIX Ha rpaHHl1.aX 30H np5IlVIOH BHJl.H-
MOCTH I1C3, MO)KHO C03,lI.aTb CHCTel\IY CBH3H, oXBaTbIBaIOIl"(YIO
98 bBceH nOBepxHocTH 3el\:fJIH. O,lI.HaKO 3anYCK I1C3 Ha ClIH-

XPOHHYIO Op6HTY COnpH)KeH C pH,lI.Ol\I TPY,lI.HOCTeH. BBH,lI.Y 60JIb-

IllOH BbICOTbI CHHXpOHHOH Op6HTbI (35 810 KM) B T3KOH CHCTeMe

CBH3H He06xo,lI.HMO npHMeHHTb aHTeHHbI OOJIblllHX pa31\1epOB H

nepe,lI.aT4HKH 60JIbIIIOll l\IOmHOCTH. 11p06JIel\1e C03,lI.aHHH CIICTe1\l

CBH3I1 C I1CnOJIb30BaHHeM J1C3, HaXO,lI.Hll1JIXCH Ha CI1HXpOIIHOH
op6HTe, nOCBHllI.eHa CTaTbH X3BHJJeH,lI.a «l1cnoJIb30BaHl1e

CT311HoHapHblx I1C3 ,lI.JI 51 CB513H».

B OTJIH4He OT peTpaHCJIHTOpOB 06bIQHbIX pa,lI.Hope.neiiIIbIx
JIHHHH I1C3 Ha ,lI.pyrHx, He CHHXPOHHbIX op6HTax HBJIHeTCH

nO,lI.BH)KHbIM. OH 6Y,lI.eT «BII,lI.eH» O,lI.HOBpClVIeHHO Ha OKOHe4HbIX

CTaHl1.HHX CBH3H TOJIbKO B TeqeHHe onpeJl.eJIeHHOrO BpeMeHII,
11, CJIe,lI.OBaTeJIbHO, B nO,lI.06HOH cHcTervIe HeH36elliHbI nepepbIBbI
CBH3H. YCTpaHeHHe 3THX nepepbIBOB B03MO)KHO npH 3anYCKe
HeCKOJIbKI1X I1C3 Ha npH6JIH3HTe.nbHO O,lI.HHaKOBble Op6HTbI
llepe3 npOH3BOJIbHbie npOl'vIe)KYTKH BpeMeHH [2, 3], TaK KaK

npH ,lI.OCTaTOqHO 60JIbIIIOM llHc.ne I1C3 Bcer,lI.a 6Y,lI.eT cYllI.ecT
"

.1 

I
I'>.J
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.'

TeJIbHOCTb B )1.aHHOlVI CJIY4ae Heo6xo,lI,l1MO xapaKTep1130BaTb He

K03cpcp111(HeHTOM WYMa, a 3cl)(peKTl1BHOH Te]\lnepaTYPOH wYl\'1a, KO-

TopaH )1.0BO,lI,HTCH)1.0 HeCKOJIbKHX )1.eC5ITKOB rpa,lI,YCOB K.eJIbBHHa.

TIpH HaJIH4HH npl1eMHbIX YCTPOHCTB co CTOJIb BbICOKOH 1.JYB-
CTBHTecTIbHOCTbIO npHXO)1.I1TC5I C4HTaTbC5I C BHeWHHl\lH WYMaMH:
KOCMH4eCKHMI1 H WYMaMH aTMoc<pepbI, a TaK)Ke WYMaMH 3eMJIH.

Il03TOMY ):(JI5I CB5I3H 4epe3 HC3 ,LJ:OJI}KeH 6bITb BbI6paH ,LJ:Hana30H

4aCTOT, B KOTOpOM YKa3aHHble WYMbI l\IHHl1l\1aJIbHbI. OnTHl\IaJIb-
HbIM ,LJ:Hana30HOM ,LJ:JIH Cl1CTelYf CBH3I1 C nOl\10 bIOHC3 OKa3bI-

naeTCH ,LJ:Hana30H 1-+-1 0 rC!J , H, B 4aCTHOCTH, ,lI,Hana30H 4-:- 6

rel . HHlliHIIH npe)1.eJI 3Toro ,lI,Hana30Ha orpaHH4HBaeTcH
u

wYMaMH KOCMH4eCKoro npOHCXO)K,LJ:eHII5I, a BepxHHH
-

wYMa-
MH nOrJIO eHl1H B aTl\10c<pepe. ATMoc<pepHble WYMbI, KpOl\1e
Toro, 3aBHCHT OT yrJIa nO,lI,'bel\Ia rJIaBHOrO JIeneCTKa ;(HarpaMMbI
HanpaBJIeHHOCTH aHTeHHbI Ha)1. ropH30HTOl\I. TIpH l\1aJIbIX yrJIax
3TH Il1YMbI YBeJIH4I1BalOTCH. Il03TOl\IY C4HTaeTCH, 1.JTO CBH3b

ll.eJIeC006pa3HO BeCTH TOr,lI,a, KOr)1.a I1C3 nO,lI,H5IJICH Ba,lI, ro-

pH30HTOl'vr Ha 7,5710°.
B HaCTOH eeBpel\1H B cnpoeKTHpoBaHHblx CI1CTel\IaX CB5I3H

qepe3 HC3 npl1el'vl H nepe,lI.a4a Be,lI,YTC5I Ha pa3Jll14HbIX qaCTOTax.

TaK, Hanpl1Mep, B CHCTeIvIe «TeJIcTap» npHeM Be,lI,eTC5I Ha qac-

TOTe 4170 Melf, a nepe,lI,a4a
- Ha 6390 Melf [5]; B CHCTel\'le

CBH3H «PeJIe» npHel'vI Be,lI,eTCH TaK)Ke Ha qaCTOTe 4170 jUett, a

nepe,lI,a4a
- Ha 1725 Melf [6]. 'faKoH 60JIbWOH pa3HOC 4aCTOT

npHeMal1 nepe.lI.a4I1n03BOJIHeTynpocTHTb<PHJIbTpbI.pa3-
,lI,eJI5UO He B annapaType 11C'3 npHeMHbIH TpaKT OT nepe,lI,aIO-
I.L(ero.

TIpH npOeKTl1pOBaHHH JII1HHH CB5I3H C HCnOJIb30BaHHeM 11C3

npHXO,LJ:HTC5I CqHTaTbCH C 3<P<PeKTorvI <Papa,lI,eH - Bpa eHHel\I
nJIOCKOCTH nOJIHpH3all.HH, B03HHKaIOI.L(Hl\1 npH npOXOlli,LJ:eHHH
pa,lI,HOBOJIH qepe3 HOHoc<pepy. TaK KaK 3JIeKTpOHHa5I KOHIl.eH-

Tpall.HH HOHoccpepw HenpepwBHo MeHHeTCH, TO opHeHTHpOBKa
nJIOCKOCTH nOJIHpI13all.IIH TaKllie MeH5IeTC5I, qTO npHBO)1.HT K 33-

fvlI1paHHHl\1 CHrHaJIa. ,QJIH YCTpaHeHHH 3TI1X 3aMHpaIIHii npn-
u "-'

MeH5IIOT aHTeHHbI C I<PyroBoH nOJI5IpH3all.HeH.

BOBaTb Bep05ITHOCTb HaXO)K,lI,eHH5I XOT5I 6bI O)J.Horo 113 HHX HaA

3a,[(aHHbIMI1 nYHKTaMH CB5I3H. IlpH 3TOM ,[(OJI)I{eH 6bITb peweH

Bonpoc nepexo,LJ:a c O,[(Horo I1C3 Ha ,[(PyroH 6e3 nepepbIBa
CB5I3H.

Ilp0,lI,oJI)I{I1TeJIbHOCTb CBH3H Me)K,[(Y ,lI,BYMH nYHKTal\1H qepe3
I1C3 MO)KeT 6bITb YBeJIH4eHa npH HCnOJIb30BaHHH HaKJIOHHbIX

CHJIbHO BbIT5IHYTbIX 3JIJII1nTH4eCKHX Op6HT, anoreH KOTOpbIX
H3XO,LJ:HTCH Ha,[( nYHKTal\1H CB5I3H [4]. 3JIJIHnTI14eCKHe Op6HTbI,
KpoMe Toro, C T04KH 3peHHH 3anycKa 60JIbWHX no Becy I1C3

npl1 3a,lI,aIIHOH MO HOCTHpaKeTbI-HOCHTeJIH 60JIee y,[(06HbI, 4eM

KpyroBbIe Op6HTbI C BbICOTOi"i, paBHoH anorelO 3JIJIHTITH4eCKoH

Op6HTbI.
He06xo,lI,HMO OTMeTHTb, qTO l1C3 He MO)KeT ,lI,BHraTbCH no

JII060ii op6HTe BOKpyr 3el\IJIII. OH l\10)KeT HaXO)1.HTbCH JIHWb

Ha TaKO Iop6HTe, nJIOCKOCTb KOTOpOl1 npOXO)1.HT qepe3 lLeHTp
MaCCbI 3eMJIH.

Ha BbI60p Op6HTbI B"TJH5IeT HaJIHqHe B OKOJI03eMHOM npo-
CTpaHCTBe pa)1.HalLHOHHbIX nOHCOB, COCT05I I1XH3 npOTOHOB H

3JIeKTpOHOB C BbICOKOH 3HeprHeli. TIpH )1.BH)I{eHI1H I1C3 4epe3
3TH nOHca MorYT npOH30HTH cepbe3Hble HapyweHHH B pa60Te
.3JIeKTpOHI-IOH annapaTypbI I1C3, B oc06eHHOCTH COJIHe4HbIX 6a-

TapeH. Il03TofVry CTapaIOTCH He HCnOJIb30BaTb Op6HTbI C BbICOTOH

OT 2000 ,[(0 20 000 KM. IlpH npHlVleHeHHH .3JIJIHnTH4eCKHX

Op6HT I1C3 HeH36e)KHO nona)1.a!OT B nORca pa)1.l1alLHH.
Bonpoc 0 BbI60pe OnTHMaJIbHOH Op6HTbI )1.JI5I CHCTervlbI CB5I3H

4epe3 I1C3 B HaCTOH eeBpe l5I H3Y4eH eI.L(e He nOJIHOCTbIO,

O,[(HaKO npeACTaBJI5IeTCH 04eBH)1.HbIl\1, qTO H3HTH Op6HTY, KO-

TopaH 6YAeT OnTHl\1aJIbHOfI ,[(JIH Bcex CJIyqaeB, HeB03l\10)KHO.

B 3aBHCHMOCTH OT KOHKpeTHbIX Tpe60BaHHH, npe,[('bHB.n:HervlbIx
K ,[(aHHOH JIHHHH CBH3H, MorYT 6 TbHCnOJIb30BaHW Te HnH

HHble Op611TbI.
BbI60p Op6HTbI TaK)Ke BO MHOrOl\1 3aBHCHT OT cpe)1.CTB )1.0"

CTaBKH I1C3 Ha .3TY Op6HTY. B HeKOTopOH CTeneHH .3TOT Bonpoc
3aTparHBaeTCH B CTaTbe Ilap,[(o «TeXHHK3 H .3KOHOl\1HKa

CHCTeMbI CBH3H C nOMO bIOHCKYCCTBeHHbIX cnYTHHKOB 3el\1JIH».

I

-

-

3. HCnOJIb3yeMbIH ,lI.Hana30H l{aCTOT

UOCKOJIbKY Ha I1C3 HeJIb3H YCTaHoBHTb rrepe aT4HKH60nb"
u

1ll0H MO HOCTH, npHxo,[(HTCH 3Ha4HTeJIbHO YBeJIHqHBaTb
4YBcTBHTeJIbHOCTb Ha3eMHblX npHel\1HbIX YCTPOHCTB. LIYBCTBH-

4. BM,lI.bl peTpaHCJISlQllM Qepe3 lICKyccTBeHHble cnYTHHKI1 3eMJIM.
CMcTeMbl CBSi3H

KaK H B 06bIqHbIX pa,[(HopeJIeHHbIX JIHHHHX, pa3JIH4aIOT nac-

CHBHYIO H aKTHBHYIO peTpaHCJI5Ill.HIO.

.
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Ilplf naCCHI3IIOH peTpalICJIHllJIH YCHJIeIIHe CIIrHaJIa B..IlYHKTe

peTpaHCJIHIlJllI, B )l.aHHOl\t CJIY4ae Ha IIC3, He npOH3BO,LUITCH .

I1C3 npH .3TOlVI HBJI5IeTC5I npOCTbll\I OTpa)l{aTeJIel\'l, HanpHMep

HMelDIlJ,HIVI cpoprvlY ccpepbl, KaK .31'0 6bIJIO npHHHTO B npoeKTe
«.3xo» [7]. 04eBH)l.Ho, 41'0 npn 1'aKoi'1 peTpaI-ICJIHllJIH MOIlJ,IIOCTb

nepe)l.aT4HKa Ha3el\'lI-IOrl CTaHll.IIH )l.Olll)I{Ha 6blTb BeJIIIKa,4YBCT-
BHTeJIbIIOCTb npIlCl\IHlfKOB BblCOKa, pa3:\IepbI aHTeHH 60JIbWHe,
a BbICOTa Op6HTbI I1C3 He fvl0)KeT 6bITb 60JIblllOH. Il03TOl\1Y,
IIecMoTpH Ha TO 41'0 )l.aHHbIH BH)l. peTpaHCJIHll.Hlf HMeeT PM

npeIlMYIlJ,eCTB (60JIee BbICOKa51 Ha)l.e)KHOCTb, wHpOKOnOJIOCHOCTb,
B03IVIO)KHOC1'b pa60TbI 60JIblllOrO 4HCJIa KoppecnoH)l.eHTOB 4ep 3
O)l.HH I1C3 o)l.I-IOBpe:MeHHo), OHa He C4HTae1'C5I nepcneKTHBHOH,
XOTH nOJIHOCTblD 01' Hee He O1'Ka3bII3aIDTCH.

I1pH aKTHBHOH peTpaHCJIHll.HH Ha I1C3 npoH3Bo)l.HTCH YCH-
JIeHHe npHHHToro C Ha3el\lHOH CTaHll.HH CHrHaJIa H nepe)l.a4a ero

Ha )l.PyrYID Ha3elVIHYID CTaHll.HID. B CBOID 04epe)l.b aKTHBHa5I

peTpaHCJIHll.HH rrO)1.pa3)l.eJIHe1'CH Ha MrHOBeHHYlO (HJIH peTpaHc-
JIHlIJ1ID B peaJIbH01\1 1\1aClllTa6e BpeMeHH) H Ha 3a)1.epLKaHHYID.

I1pH IvIrHOBeHHOH peTpancJIHll.HH CHrHaJI Ha :VIC3 YCHJIHBaeTC5I
H MrIIOBeHHO nepe)l.aeTCH )1.aJIee. TIpH 31'01\1, KaK npaBHJIO, YCH-
JIeHHe CHrHaJIa npOH3BO)l.HTCH 6e3 )1.eMO)l.YJIHll.HH. B CJIY4ae 3a-

)l.ep)KaHHOH peTpaHCJIHll.HH npH npOXO)K)l.eHHH I1C3 Ha)1. Ha3e -
HOH CTaHll.Hei% np HHHTbIH Ha He:\1 CHrHaJI 3anOl\lHHaeTCH B YCTPOH-

u u

CTBe naiVI5ITH; rrpH npOXO)K)1.eHHH Ha)1. )1.Pyroll CTaHll.HeH-KOp-

pecnOH)l.eHTOl\l CUrHaJI Ha I1C3 C4H1'bIBaeTC5I II nepe)1.aeTC5I Ha

Hee.

3a)l.ep)KaHHa5I peTpaHCJI5Ill.H5I npHI\IeneHa B CHCTel\1e

«I\:YPbep» l8]. 3Ta CHCTeI\Ia onHcana B CTaTbe 3HHrJIHHa H

CCIIIIa «I1CKYCCTBeHHbI 1 cnYTHHK 3ervtJ11I «I(YPbep». Bce

OCTaJI bHbIe CTaTbH nOCBHIlJ,eHbI B OCHOBHOl\1 CHCTeMa1VI CB5I3H
u u u

C MrHOBeHHOH aKTHBHOH peTpaHCJI5Ill.HeH.

iV\orYT 6bITb C03)l.aHbI pa3JI I14HbIe CHC1'eMbI CB5I3H, HCnOJIb..

3YIOlIlJ1e I1C3. I1pocTerlweH H3 HHX 5IBJI5Ie1'C5I CHCTe1\1a 1\1a-

rHCrpaJIbHOii CB5I3H, B KOTOpOlI 11C3 peTpaHCJIHpyC1' CHrH3-

JIbI, npOXO,DJIIlJ,Ue TOJIbKO l\1e*)l.Y )l.BY1\tJ5I Ha3el\1HbIMH CTaH-

ll.HH1\1H.
u

BOJIee CJIO)KHOH 51BJI5IeTC5I CHCTel\1a CBH3H, B KOTOpOH npOH3-
BO,lI,HTC5I OTBeTBJIeHHe rpynn KaHaJIOB, 06eCne1.J]1BalD HXCB5I3blD.
onpe)l.eJIeHHYIO 1'eppHTopHID. B TaKOH CHCTeMe I1C3 peTpaHC-

JIHpye1' CHrHaJIbI, npOXO)1.51l1l.He I\Ie)K)l.Y HeCKOJIbKH1\1H napaMH
Ha3el\IHbIX CTaHIl.HH HJIH O,J.HOH ll.eHTpaJIbHOlI H HeCKOJIbKHMH

nepH(IJepIIHHbIl\UI. TaKa5I CHCTeMa paCCl\10TpeHa B CTaTbe CaH)l.e-
MaHa «CHCTel\lbI CB5I3H C llCnOJIb30BaHIIel\1 HCKYCCTBeHHbIX cnYT-
HHKOB 3eMJIH, 06ecne4HBalOIlJ,He pa3AeJIeHHe rpynn KaHaJIOB».

HaKOHell., rrpH cpaBHHTeJIbHO MaJIOM 4HCJIe KaHaJIOB )l.JIH

06CJ1ymHBaHH5I onpe)1.eJIeHHOH TeppHTopHH MO)KeT 6bITh

npI1MeHeHa Tal\. na3bIBael\Ia51 a)1.peCHa51 ClICTel\1a no THny CIIC-

1'el\lbI I<ASEP, B KOTOpOH nCnOJIb3yeTC5I CTaTHCTHKa pelIeBbIx
C006IlJ,eII url [9 ] .

5. CI1CTeMbI MO)l.YJI  HH

flpH npoeKTHpoBaHHH CHCTeM CB5I3H C HCnOJIb30BaHHeM I1C3
60JIblllOe BHHMaHHe Y)1.eJIHeTC5I CHCTeMaM MO,lI,YJIHlI.HH.

KaK BO BC5IKOH MHorOKaHaJIbHOH pa)l.HOpe eHHoHJIHHHH,
JIHHHH CBH3II C HcnO b30BaHHel\1I1C3 H 1eIDT BecTyneHH MO-

,lI,YJIHll.HH H  eMO,lI,Y 5Ill.HH.BbI60p BH OBl\10)1.YJI5Ill.HH ,lI,JI5I 9THX

cTyneHelI npe)1.cTaBJIHeT C060H Hel\1aJIOBaLKHYID 3a)l.a4Y. Kam a5I
u

CHCTe1\la MO)1.YJI5Ill.HH xapaKTepH3yeTcH BbIHrpbIllleM, KOTOpbIH
OHa )1.aeT B OTHoweHHH CHrHaJIa K lllYl\IY Ha BXO)1.e npHel\IHOrO

YCTpOHCTBa, a TaK)Ke rropororvI, 1'. e. TeNI I\1HHHMaJIbHbIl\tI OTHO-

llleHHeM CHrHaJIa K lllYMY Ha BXO)1.e npHeMHHKa, npH KOTOpOM
u

)1.aHHbIH BbIHrpbIlll el1l.e COXpaH5IeTCH.

TIOCKOJIbKY 3HepreTHKa JIHHHH CB5I3H, HCnOJIb3YlOl1l.eli I1C3,
HanpH)KeHa, Heo6xo)l.HM BbI60p TaKOH CHCTel\1bI MO,lI,YJI5Ill.HH,

u

KOTOpa51 HMeeT MaKCH1VlaJIbHbIH BbIHrpbIW npH MHHHMaJIhH01\1

nopore. flpH 91'01\1 lllHpHHa tnOJIOCbI 4aCTOT npHe1\IHOrO YCTPO I-
CTBa He )1.0JI)KIIa 6bITb CJIHWKOl\,t 60JIhlllOiL

C4HTaeTC5I, 41'0 OnTHMaJIbHOii CHCTel\Ioi'I 1\10)1.YJI 5Ill.HH 5IB-
u u u

JI 51eTC5I CHCTel\Ia C O)1.HOnOJIOCHOH al\tInJIHTY)l.HOH 1VIO YJI5Ill.IIeH
B nepBOH cTyneI-I11 npH 4aCTOTHOM pa3,lI,eJIeHHH KaHaJIOB II 4ac-

TOTHOM MO,lI,YJIHll.HeM BO BTOpOH cTyneHH (05-4M). Ilpn 9TOl\1

,lI,JI5I YBeJIH4eHII5I BbIHrpbIwa npHI\IeH5IIDT 60JIbWOH HH eKC1\10-

,lI,YJI5Ill.HII. O,lI,HaKO npH .3TOl\t1 BCJIe CTBHepaCWHpeHH5I nOJIOCbI

nponYCKaHH5I YBeJIHLJHBaeTCH rropor. ,LLJI5I YCTpaHeHH5I 91'oro
u

npOTHBOpe4H5I B Ha3eMHbIX pa HonpHeMHbIX YCTPOHCTB3X
npHl\1eHHIDT 06paTHYIO CB5I3b no 4aCTOTe (OCY), npe,lI,JIO)KeHHYID
4ecpcpH B 1939 r., rr03BOJI5IIO YIO CY3HTb nOJIocy, yrvIeHblllHB
npH 3TOM rropor.

CHcTeMY MO,lI,YJIHll.HH OB-4M HeJIb351 CIIHTaTb rrOCJIe,lI,HHM

CJIOBOM )1.JI5I JIHHHH CBH3H, HCnOJIb3YIDl1l.HX I1C3. B H3CT05Il1l.ee

BpeM5I 06pa aIOTBHHMaHHe Ha CHCTel\tlbI C I1KM B C04eTaHH5IX
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6. Oco6eHHocTH MfHoBeHHoH aKTHBHoH peTpaHC  U"M

1.Jepe3 MCKyccTBeHHblH cnYTHHK 3eM H

B OTJIHqHe OT 06bI4HbIX pa,uJ10peJIeHHbIX JIHHHH peTpaHCJIH-

TOp, nOMeLQeHHbIH Ha I1C3 (KpOMe CJIyqaH, Kor):(a I1C3 Haxo-

,nI1TCH Ha CHHXpOHHOH op6HTe), HBJIHeTCH nO):(BH)KHbIlVI. IlpH ):(BI1-

}KeHHH peTpaHCJIHTOpa He06xo):(Hl\IbI: ero COnpOBO}I{):(eHHe Ha-

3ervIHbII\1H aHTeHHalVIH H yqeT 3cpcpeKTa ,lI,onnJIepa. ,lI,a}Ke B CJIYlIae
I1C3 Ha CHHXpOHHO 1op6HTe He06xOAHl\IOCTb COnpOBO}K eHHH

u

OCTaeTCH, TaK KaK no):( B03):(eHCTBHe:M pH):(a B03MYLQalOLQHX
<raKTopOB 11C3 Ha CHHXpOHHOH op6HTe IVIO}KeT H3MeHHTb CBOIO

CKOpOCTb.
He06xo):(Hl\10CTb conpoBolli):(eHHH 3HaqHTeJIbHO YCJIO}KHHeT

Ha3elVIHble aHTeHHble YCTpoHcTBa, Te1\1 60JIee liTO CKOpOCTH
conpOBOlli):(eHHH ):(OJIlliHbI 6bITb BeJIHKH, oc06eHHO npH HCnOJIb-

30BaHHH 6JIH}KHHX Op6HT. TOQHOCTb conpOBOlli):(eHHH ):(OJIlliHa

6bITb BbICOKa BCJIe,nCTBHe BeCbl\ia 1\1aJIbIX yrJIOB paCTBopa rJIaB-

Horo JIeneCTKa ,nHarpaI\1MbI HanpaBJIeHHOCTH aIITeHHbI. AHTeH-
u u

HOe YCTPOHCTBO Ha3eMHOH CTaHll.HH JIHHHH CBH3H Qepe3 I1C3

npe,nCTaBJIHeT C060H CJIO}KHOe H HaH60.nee ,noporOCTOHLQee coo-

PY}KeHHe Ha3el\IHOrO KOl\InJIeKCa; HanpHlVlep, ,nHaI\1eTp napa60-
JIH4eCKHX aHTeHH ,nOCTHraeT HeCKOJIbKHX )I.eCHTKOB I\IeTpOB.

,lI,JIH nepeIVlemeHHH aHTeHHbI HCnOJIb3yeTcH CHCTelVla KOOp-
)I.HHaT: a3HMYT

-

yrOJI l\IeCTa. ConpOBOlli)I.eHHe aHTeHHoll I1C3

OCYLQeCTBJI5IeTCH 06bI4HbI1\IH' MeTo):(aMH, npHMeHHeMbIMH B pa-
)I.HOJIOKall.HH. MOMeT 6bITb npH1\1eHeH cYI\1l\IapHO-pa3HocTHbIll
I\IeTO,n HJIH npOCTpaHCTBeHHaH pa3BepTKa.

B KalleCTBe CIIrHaJIa, no KOTOpOl\IY OCYLQeCTBJIHeTCH CJIellie-

HHe, HCnOJIb3yeTcH CHrHaJI cnell.UaJIbHOrO pa)1.HOl\1a5IKa, pac-
nOJIO}KeHHOrO Ha HC3. B HeKOTopbIX CHCTel\laX 4aCTOTa pa,nHO-
l\1aHKa BeCbMa 6JIU3Ka K pa604eH 4aCTOTe peTpaHCJIHTOpa;
HanpHl\1ep, B c cTeMe«TeJICTap» qaCTOTa pa)1.HOl\1aHKa paBHa

4080 M24 npH qaCTOTe nepe,naTqHKa peTpaHCJIHTOpa I1C3
4170 M2L .

HeKoTopble CBe):(eHHH 0 Ha3eMHblX aHTeHHblX CHCTeMax

CBH3H C HCnOJIb30BaHHel\1 I1C3 MOlliHO nOqepnHYTb H3 CTaTbH

TO)1.,na «AHTeHHble YCTpoHcTBa Ha3e!\1HbIX cTaHll.HH B CHCTel\1aX

CBH3H C nOIvIOIlLblO HCKyccTBeHHbIx cnYTHH KOB 3eMJIH».
BJIHHHHe 3cl)(peKTa ,lI,onnJIepa Ha CBH3b C n0I\10IlI.blO I1C3

np05IBJIHeTC5I B cJIe,nYlOmeM. Bo-nepBblx, B03HHKaeT 06IlI.ee
Cl\ICmeHHe cneKTpa Ha BeJIH4HHY )1.onnJIepOBCKoro C)I.BHra qac-

TOTbI, BO-BTOpbIX, H3I\1eHeHlIe B (1 + vie) pa3 qaCTOTbI Kalli-

,[(O I cneKTpaJIbHoll COCTaBJIHIOI.1Lell (r,[(e v - COCTaBJIHIOIlI.aH

CKOpOCTH 11 3OTHOCHTeJIbHO Ha3el\lHOH CTaHll.HH no npHl\1011,
COe,lU1HHIOIlI.eH 11C3 H Ha3el\IHbIH nYHKT, a e - CKOpOCTb pac-

npocTpaHeHHH 3JIeKTpOl\1arHHTHoH 3HeprHH). 06IlI.ee Cl\.1eLQeHHe

cneKTpa npHBo,nIlT K Heo6xo,nHl\10CTH paCWHpeHHH nOJIOCbI npo-

nYCKaHHH npHeI\IHIIKa HJIH npHI\IeHeHHH aBTOl\1aTHqeCKOH no)1.-
u

CTpOHKH qaCTOTbI, a H3I\leHeHHe qaCTOT COCTaB.nHIOLQHX cneKT-

pa
- K HCKa)KeHHHl\1 nepe,naBael\IOrO CHrHaJIa.

O,nHOH H3 oc06eHHocTeH peTpaHCJIHLT.HH Qepe3 l1C3 5IBJIHeT-

CH OTHOCHTeJIbHO 60JIbllIaH 3a,nep}l{Ka nepe,naBael\10rO CHrHaJIa,

n05IBJI5IIOllI.aHC5I H3-3a 60JIbllIOli ,nJIHHbI TpaccbI 3eM.JIH - l1C3-

3eMJI5L ,lI,JIH l1C3, HaXOJI,HllI.erOCH Ha CI1HXpOHHOH op6HTe,
3Ta 3aAeplliKa ):(OXO} I1T)1,0 270  HeeK.TaKaH BeJII14I1Ha 3a,lJ;ep)KKH

HecYLQeCTBeHHa npH nepe,na4Ei TeJIerpacpHblx, cpoTOTeJIerpacpHblx
II TeJIeBH3HOHHbIX ClIrHaJIOB; O):(HaKO npH nepe)1,a4e TeJIecpoHHbIX
C006LQeHHH OHa BbI3bIBaeT nOHBJIeHHe BbIHYlli)1.eHHbIX naY3
rrpH pa3rOBope H CHJIbHOe B03)1.eHCTBHe Ha Hero 3XO-CHrHaJIOB.

l-IaH60.rree HenpH5-1THbIl\i 5IBJIHeTCH BJIHHHHe 3XO-CHrHaJIOB. ,lI,JIH
60pb6bI C HHl\1H npHl\IeHHIOT cnell.naJIbHble 3xo-3arpa,[(HTeJIH.

B OTJIH4He OT pa)1.HopeJIeiiHblx JIHHHH JIHHHH CBH3H C nc-

nOJlb30BaHHeI\1 HC3 I1l\leIOT pa3JII14Hble B 3HepreTI1l1eCKOlVl OTHO-

llIeHHH HHTepBaJIbI 3eMJIH - 1-lC3 II I1C3 - 3eI\'1JIH. TIocKOJIb-

KY l\10II.LHOCTb nepe,rr,aTqHKa Ha HC3 He "l\IOllieT 6bITb 60JIblUOH,

HHTepBaJI l1C3 - 3eI\1JIH HBJIHeTCH HaH60JIee HanpHllieHHbIM,
QTO 3aCTaBJIHeT B Ha3el\1HbIX npHeI\1HHKaX npI1l\1eHHTb MaJIOWY-
MHIlLHe YCHJIHTeJIH, HanpHMep napaMarHHTHble HJIH OXJIa*.lI.ae-

l\1ble napal\leTpHQeCKHe.
JIHHHH pa,nHOCBH3H, HCnOJIb3YlOLQaH peTpaHCJIHlJ,HIO Qepe3

11C3,,nJIH HOpMaJIbHOrO ee CPYHKlJ,HOHHpOBaHHH ):(onOJIHHeTCH

TeJIeMeTpHlIecKoH JIHHHeH, nepe,[(alOllI.eH Ha 3eMJIIO )1.aHHble

o COCTOHHHH annapaTypbI HC3 H 06 oKpY}KalOllI.HX YCJIOBHHX,

HKM-4M [10] IIJIH yIKlV\-OI3. IlocJIe,nHH51 CHCTeMa HMeef

nOTeHlJ,HaJIbuylO B03MO)KHOCTb ,[(JIH pa3JI,eJIeHIIH rpynn KaHaJIOB

11 paccMaTpHBaeTcH B ynoMHHYTOii BbIwe CT3Tbe CaH,neI\1aHa,
..

a B03MO)KHbIl1 npHHll.Hn nocTpoeHHH annapaTypbI Ko,nHpOBa-
HHH - B CTaTbe I3 p3,nJIH «CHCTe1\'1a Ko,nHpoBaHHH H jLeKo,nH-

pOBaHHH" npH I1I\1nYJIbCHo-KO,nOBOH MO,nYJI5IlJ,HH», nOMel eHHoii
B HaCTOHLQeI\I C60pHHKe.
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a TaK)Ke KOMaH)J.HoH JIHHHeH, no KOTopo11 Ha I1C3 nepe)J.alOTcH

KOMaH)J.bI, ynpaBJIHIOIlIJ1e pa6oToH annapaTypbI I1C3. YKa3aH-

HbIe JIHHHH 06bl4HO pa6oTalOT Ha 6oJ1ee HH3KHX 4aCTOTax no
u

cpaBHeHHIO C 4aCTOTaI\IH OCHOBHOH JIHHHH CBH3H.

O.n.IIIIM H3 Ba)KHbIX BonpocoB npH c03.n.aHHH I1C3 - pe-

TpaHCJIHTOpa HBJ1HeTC5I Bonpoc 0 cTa6I1JIH3au.HI1 ero flOJIO)Ke-

HHH B npocTpalIcTBe. CTa6HJIH3aUHH )J.aeT B03I\10)KHOCTb HC-

nOJIb30BaTb Ha IIC3 HanpaBJICHHbIe aHTeHHbI H opIleHTIIpoBaTb
COJIlIelJIIbIe 6aTapeH Ha COJIHu.e. B 60JIblllHHCTBe CJIYlIaeB npe)J.-
JlaraeTCH HCnOJIb30BaTb aHTeHIIbI C rJ1aBHbII\I J1eneCTKOl\1

).I.UarpaMI\lbI HanpaBJ1eHHOCTH, OCBe aIOIlIJfI\I BCIO nOBcpxHOCTb
3elVIJ1H. KpoMe CHCTeMbI cTa6HJIH3au.HH, I1C3 l\10)KeT co.n.ep)KaTb

J(BHraTeJIH, KoppeKTHpYlO IIeero Op6HTY.
.

113 CKa3aHHoro BbIIlle CJIeJ(yeT, liTO I1C3 cO,J.ep}KHT 6oJIbwoII
u

KOI\InJIeKC YCTPOHCTB, OT KOTOpbIX 3aBlfCHT HOpMaJIbHaH pa60Ta
JIHHHII CBH3H.

8. HOpMbl Ha TeJIecIJoHHble KaHaJIbl

IloKa HOpl'vlbI Ha TeJIecpoHHbIe KaHaJIbI JIHHlIII CBH3I1, HCnOJIh-

3YlO HX:V!C3, He BhIpa6oTaHbI. 3THl\'IH HOpl'vlal\IH 3aHHI\laeTC5I

IV 11ccJIe.n.oBaTeJIbCKaH KOMI1CCHH 1V1KKP. C4HTaeTcH, 4TO OHH

)J.OJI HbI6bITh 6 H3KHK HOpMaI\1 TeJIecpoHHbIX KaHaJIOB pa.lI.HO-
peJICHHbIX JIIIHHII. OJ(HaKo, YlIHTbIBaH, liTO J(JIHHa JIHHHH CBH3H,.

HCflOJIb3YIo eHI1C3, 3HallHTeJIbIIO 60JIhWe, qeI\I .lI.JIIIHa rIIIIOTe-
,t u u

TJ:I4eCKOH paJ(HopeJIeHHOI1 JIHHHH (2500 KA,t), npcJ(flOJIaraeTCH
Cl\1Hr4HTh HOpl\lbI Ha III Yl\1bI TeJIecpoHHoro KaHaJ13, J(OBeJ(H I1X

)J.O 30 000 naln B TOllKe C HYJIeBhIl\l OTHOCHTe.JlbHbIM ypoBHeM
B TClIeHHe JIlO6oro 4aca. PeKoMeHJ(yeTcH npH 3TOM BBOJ(HTb

npe)J.BapHTeJIhHYIO KoppeK HIO,KaK B 06bI4HhIX paJ(HopeJIeH-
HbIX JIHHHHX CBH3H.

B. B. MapKo8

7. Bonpocw H3Re*HOCTM

C4HTaeTCH, liTO JIHHHH CBH3H, HCnOJIh3YIO aHl'IC3, 6Y)J.eT
3KOHOMHLJeCKH onpaBJ(aHa B TOl\1 CJIYlIae, eCJIH npo.n.OJI)I{H-
TeJIbHOCTb 6e30TKa3Hofi pa60TbI I1C3 6y.n.eT COCTaBJ1HTb He-

CKOJIbKO JIeT. 3TO npeJ('bHBJIHeT BeChl\1a )KeCTKHe Tpe60BaHHH
K Ha)J.e}KHOCTH YCTpofICTB, YCTaHOBJIeHHhIX Ha HC3. 3TH Tpe-
60BaHHH oco6eHHO TPYJ(HO BbInOJIHHTh B CBH3H C TeM, 4TO an-

napaTypa HC3 pa60TaeT B BeChl\1a CJ10)KHhIX KOCl\1HlIeCKHX YCJIO-

BHHX, a HMeHHO: npH rJIy6oKOl\1 BaKYYl\Ie, B YCJ10BHHX pe3KO
u u

H3MeHHIO eHCHTeMnepaTyphI, npH B03J(eHCTBHH COJ1HellHOro

H3JIY4eHHH, MHKpOl\1eTeOpOB 11 pa)J.Hau.HH, a TaK)Ke HeBeco-

l\IOCTH [12]. AnnapaTypa )J.OJI)KHa BhI)J.ep)KHBaTb MexaHH4eCKHe

cOTpHceHHH, YCKopeHHe H BH6paU.HIO B l\IOMeHT 3anycKa [13J.
Oco6eHHo CHJ1bHO B03.n.eHcTBHe BHeIllHHX YCJ10BHH Ha C0J1He4-

HhIe 6aTapeH, HCn0J1b3yeI\lhIe B HaCTOH eeBpeMH )J.JIH nHTaHHH

annapaTyphI I1C3 [14]. C TelleHHeM Bpel'vleHfI 3cpcpeKTHBHoCTb
C0J1He4I-IhIX 6aTapeH fI3-3a 3Toro 06hIlIHO na.n.aeT. HaCKOJ1hKO

cephe3Ha np06JIeMa na.n.e}KHOCTH J(J1H CBH3HhIX I1C3, MO)KHO

Cy.n.HTb no TOMY, 4TO 3any eIlHbIeI1C3 «TeJ1CTap» II «PeJ1e»

B CKOpOM BpeMeHH BbL\O.n.HJIH H3 CTpOH. BBH.n.y 3Toro annapa-

TYPY I1C3 CTpel\IHTCH .n.eJ1aTb npe.n.eJ1hHO npocToH H He npH-
MeHHTb Ha HeM nepe,lJ,aTqHKOB MO HOCTbIO6oJ1ee 10 em.
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JI,JlCOAJlUCPCP C., Paillll Jl.

. 1. BBe)J.eHMe

rIoCJIe 3anYCKa nepBoro COBeTCKoro HCKYCCTBeHHoro cnYT"
HIfKa 3eM.nn (I1C3) B oKTH6;e 1957 r. nOCJIe,l(OBaJIa L(eJIaH

cepHH 3anycKoB vIC3. 3a 3TOT nepIlo;:( HaY4HbIe 3KcnepIfMeHTbI
C nOMorn.blO  IC3yrJIy6HJIH Harne nOHIIIvlanue npHpO,l(bI KOCl\10"

ca H npIfBeJIH K orpOMHbIM ,l(OCTIDKCHHHlVI, }{YJIblVIHHaL(HOHHbIM
nYHKTOM KOTOpbIX 6bIJI 3arrYCK Ha Op6UTY I1C3 C KOCIVI0HaBTOM .

10. A. farapIfHbIM Ha 60PTY If ero 6JIarOnOJIY4Hoe B03Bparn.eHHe
Ha 3eMJI102

. C06bITHH nOKa3aJIH, 4TO ,l(JIH AaJIbHei1Wero npo-
rpecca B IfCCJIeAOBaHHH KOCI\IOCa )KH3HeHHO Heo6xOAHMa 3q)(peK-
THBHaH CBH3b. f1pH OTCYTCTBHH CBH3H 3Ha4eHHe I1C3 KaK cpeA-

u

CTBa HaY4HbIX IfCCJIeAOBaHHH pe3KO CHH)KaeTCH.

CopeBHOBaHMe ABYX SeJIHKHX Aep)KaB B 06JIaCTH KOCMH4e-
u

CKHX IfCCJIe,l(OBaHHH npOAOJIjKaeTCH If B HaCTOHrn.ee BpelVlH,

npH4eM 3TO copeBHOBaHHe cnoco6cTByeT nporpeccy HaYKH If

TeXHHKH. C06bITH5I nOKa3bIBaIOT, LITO 4HCTO HaY4HbIe IfCCJIe,l(O"

1 JoII:ffe S. A. \V., \Vright \V.L., PointtoPoiniTele-
communications, v. 6, N2 3, 1962, 6-28.

2 nepBbIii 3anYCK KOCMIlLJeCKOrO Kopa6JHI C KOCMOHaBTOM 10. A. fa-
r aplIHbIM 6bI.!I oCYllleCTBJIeH B COBeTCK01\1 COIo3e B arrpeJIe 1961 r.-

llPllAt. pea.
2 3aK. 232
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1. J!UflUll C8R3U C nOJrtOU{bIO llcKyccm8eflHblX ctiymJ-lllKof.! 3eMAll i18

B3HH5I 4epe3 He6oJIblllO I npOl'vIemYToK BpeMeHH npHBO 51T
K HOBbIM )J,ocTH.lKeHH5111 B 06JIaCTH TeXHHhH. CeHlJaC Y.lKe BH)J,HbI

HeKoTopble npaKTHlJeCKlIe pe3YJIbTaTbI H3YlJeHHH KOClVloca.

O)J,HHM H3 TaKHX pe3YJIbTaTOB 5lBHTCH pa,llJl0CB5I3b nocpe)J,cTBoM

l1C3; 3a pa3pellIeHHe 3TO 1np06JIeIVlbI C 60JIbllIOH rOTOBHOCTblO

np 111-1 HJI HCb HH.lKeHepbI-CB513IICTbI.

CYlI(eCTBYIOlI(a51 rJI06aJIbHa51 pa)J,lIocBH3b oCYlI(eCTBJIHeTC5I
B OCHOBHOM C nOMOlI(:qlO Y3KOnOJIOCHbIX nepe)J,alJ B CHJIbHO ne..

perpY}KeHHOlVI KOpOTKOBOJIHOBOl'vI )J,Hana30He; perJIalVI;HTaIl.HH
CBH31I B 3Torvr )J,lIana30He qaCTOT Hi\IeeT JIHlIlb lJaCTlIqHbIll ycnex.

u

OrpaHHlJeHHa51 nOJIOca lJaCTOT 11 CJIYlJaHHOCTI1 OTpa)KeHH5I OT

HOHoccpepbI He n03BOJI51IOT cepbe3HO paCCMaTpHBaTb TaKYlO pa-

)J,HOCB5I3b B KalJeCTBe OCHOBHoro nepcneKTIIBHoro BH)J.a CB513H,

cnoco6Horo Y)J,OBJIeTBOpIITb paCTYlI(lIe nOTpe6HOCTII; Heo6xo-

)J,HI\10CTb IIHOH, YJIYlJllIeHHO ICIiCTelVlbI CBH3H B HaCT051Illee Bpe1151

06lI(enpH3HaHa.
.

B03MO.lKHOCTb OCYlI(eCTBJIeHII5I )J,aJIbHeH pa)J,IIOCB513H C

nOMOlI(blO I1C3 6bIJIa npe)J,CKa3aHa elI(e )J,O rrepBoro 3anYCKa

r 1]. B HaCT051lI(ee BpeM5I IIJIH B 6JIH.lKaHllIeM 6Y)J,y eMpeaJIH-
3aIl.1I5I TaKoro npoeKTa 6YAeT BnOJIHe B03MO./KHa, XOT51 H B orpa-

HHqeHHOM 06'beMe. B TeqeHHe 6JIH.lKaHllIerO )J,eCHTHJIeTH51 rrep-
BbIM rrpaKTHqeCKHIVI pe3YJIbTaTOlVI 60JIbllIHX 3aTpaT Ha HCCJIe-

)J.OBaHHe KOClVIoca, 6e3YCJIOBHO, 6Y)J,eT pa3pa6oTKa ycoBeprneH-
CTBOBaHHWX CHCTeM CBH31I H HaBHraIl.HH.

CBH3b C nOMOI blOI1C3 )J,OJI./KHa CTaTb Ba.lKHO IcocTaBHoH

qaCTblO rJI06aJIbHOH CHCTelVlbI CB513H H HaBHraIl.HII, opraHlI30BaH-
HOM BoeHHbI11 Be)J,OMCTBOl\I, TaK KaK 6e30rracHocTb cTpaHbI MO-

meT 3aBHceTb OT CBoeBpe11eHHoro nocTynJIeHI151 BalliHoro

coo6 eHH5IB onpe)J.eJIeHHbIH OT)J.aJIeHHbIH nYHKT. B CHCTeMax

BoeHHOI1 CB5I3H CTOHMOCTb He IIIV1eeT pellIalOlI(erO 3HalJeHH5I. O)J."
u u

HaKO 6Y)J,YlI(lIe CIiCTel'vlbI Aa.JIbHeH KOl\111eplJeCKOli CB5I31I AOJI)l{HbI

06eCneqHBaTb Heo6xOAHMoe KOJIHlJeCTBO KalJeCTBeHHbIX KaHaJIOB

CBH3H npli MHHHMaJIbHOH CTOHIVIOCTIi. B HaCT05l eeBpelVIH 1I3-3a

oTcyrcTBlI5I AOCTaTOlJHOrO cpaKTHqeCKOrO MaTeplIaJIa )J,OBOJIbHO

TPY)J,HO npOBeCTH cpaBHHTeJIbHYIO 3KOHOl\IHqeCKYIO OlI.eHKY
3THX ABYX CIiCTeM. TeM He MeHee npe)J,CTaBJIHeTC5l OlJeBII)J,HbIM,

lJTO CHCTeMbI CB5l3H C nOl'vIOlI(blO I1C3 )J,aAYT B03MO./KHOCTb YBe-
JIHlJHTb lJlICJIO BbICOKOKaIIeCTBeHHbIX KaHaJIOB CB5l3H.

B HaCT05l eeBpef\I5I l\IO HOCTbnepe)J,aTqHKa, YCTaHOBJIeH-
Horo Ha HC3, lVIO)l{eT 6bITb JIHrnb BeCbMa OrpaHHlJeHHO I.TaKHl\1

06pa30lVI, onpe)J.eJI5UOlliJUvIH cpaKTopaMH npH nOCTpoeHHII CHC-

Tel\1 CB5I3H, HCnOJIb3YIO HXI1C3, HBJIHlOTC5l np06JIeMbI YCH-
JIeHH5l ClirHaJIOB H CHHMeHH5l ypOBH5l WYMOB. BeCbM:a Ba)KHO

06eCnelJlITb TaK)l{e HaAe}KHOCTb 60pTOBOH annapaTypbI, TaK

KaK 3anYCK I1C3 06XO)J,HTCH ,l1.0poro, a 06CJIYlliHBaHHe anrrapa-
TypbI I1C3 Ha op6HTe HeB03l'vIO}KHO. CJIe)J.OBaTeJIbHO, na)J,e)l{-
HOCTb IIrpaeT onpe)J,eJIHIO YlOpOJlb npH paCqeTe CTOHMOCTH CH..

CTeMbI.

B rJI06aJIbHOH CHCTeMe CB5131I C nOI\IO bIOI1C3 Heo6xoJ(HMO
HCnOJIb30BaTb HeCKOJIbKO cnYTHHKOB. DpH 3TOM ./KeJIaTeJIbHO

coxpaHeHHe B3aHtvIHoro paCnOJIO)KeHH5l 11C3 B KOCMoce, a

TaK}Ke IIX TOlJHa51 opneHTaIl.H5I. 11 TO H ,l1.Pyroe B03MO}KHO; OC-

TaeTC5I )J.OKa3aTb, QTO npH 3TOM COXpaH5IeTC5I Ha)J.e)J{-
HOCTb .

El\1KOCTb JIHHHH pa,llJIOCBH3H onpe)J.eJIHeTC5l llIHpHHOH 3aHH-
u

MaeMOl1 nOJIOCbI lJaCTOT II OTHOllleHHel\I CnrHaJI/WYl'vl Ha BbIXO)J.e

npHeMHl1Ka. B CBOlO OlJepe)J,b OTHOllIeHHe CIIrHaJI/WYM onpe,l1.e-
JIHeTCH MO HOCTbIOCHrHa.na Ha Bxo,z:r;e npIIeMHHKa, KOTOpa5l
3aBIICliT OT l\10 HOCTH nepe,z:r;aTlJHKOB, YCHJIeHH5I npHel'vlHOH H

nepeAalO eHaHTeHH H nOTepb npH pacnpOCTpaHeHHH. 06ec-
rrelJeHHe 60JIbWOrO 06'beMa nepe)J.aBaeMOH: HHcpopMaIl.IU1 nOTpe6y..
eT YCTaHOBKH Ha HeKOTopbIX I1C3 OCTpOHanpaBJIeHHbIX aHTeHH.

B TaKHX CHCTeMax Heo6xo)J.HMO T04Hoe ynpaBJIeHHe nOJIO)I{e-

HIIelVI II opIIeHTaIl.HeH I1C3.

I1C3, 3anYCKael\IbIe B HaCTOHIII.ee BpervI5I, HMeIOT MaJIbIlf Bec;
9TO 06'b5lCH51eTC5I 3HalJl1TeJIbHbII\IlI 3aTpaTalVIH Ha aanYCK Ha

Op6HTY e,l1.l1HHIl.bI Beca 11 orpaHH4eHHbIf\IH B03l\10)KHOCTHl'vIH CY-
ll\eCTBYIO HX paKeT-HOCl1TeJIeH. DpH 3TOl\1 o6 HHBec I1C3
)J,OJIllieH 6bITb pacnpe)J.eJIeH l\1e}J{,l1.Y KOHCTPYKTHBHbI11II 3JIervreH"

u

Taf\1H, CHCTel\10H opHeHTall.HII, HCTOQHHKa11II nHTaHHH, annapa-u

TypOl1 CB5I3II II, B03MO)l{HO, Cl1CTeMa11H perYJH1pOBaHIIH Tel\1ne-

paTypbI H opHeHTaIl.l1H l1C3 OTHOCHTeJIbHO APyrHx I1C3. /Ke..
JIaTeJIbHO, KOHelJHO, B03MO}KHO 60JIblllYIO lJaCTb Beca HCnOJIb-

30BaTb ,l1.JI5I annapaTypbI CB513H H HCTOlJHIIKOB nHTaHHH, HO

3TO ,l1.0nYCTHMO JIHlllb )J.O onpe,l1.eJIeHHOrO npe,z:r;eJIa. Co BpeMeHeM
nOHBHTC5I B03MO)l{HOCTb BbIBe,z:r;eHH5I Ha Op6HTY 11C3 60JIbllIerO
Beca, lJTO n03BOJIHT C03)J.aTb Cl1CTeMbI C YBeJIHqeHHbIM 06'beMOM

nepe,l1.aBaelVIOH IIHcpopMaIl.HH.
HH}I{e nOJ\po6HO paCCl'v1aTpHBalOTC5I cpaKTopbI, BJI1l5lIO HeHa

3cpcpeKTIIBHOCTb CHCTeM CBH3H C rrOlVIOlI(bIO I1C3.

2*
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2. THnbl cnYTI-IHKcl H napaMeTpbl ero Op6HTbi

Cy ecTBYlOT BaOCHOBHbIX THna I1C3, peTpaHCJIHpYlOIlLIIe
CHrHaJIbI Ha3ervlHbIX nepe aTlIHKoB B O1'AaJ1eHHble nYHKTbI:

1. TIacCHBI-Ibdi cnY1'IIHK C Op6H1'OlI !\13JIOH BbIC01'bI, o1'pa-

)KaloIlIJlii paAllOCnrll3JIhI II npeACTaBJI5IlOll HH co6oii JIH60 MC-

TaJIJIll3HpoBaHHYlO ccpepy 60JIbillOrO ,lJJlaI\leTpa, JIH60 n05IC II3

60JIbillOrO lIHCJIa AHrrOJIeH.
2. AK1'HBHbIfl crrYTHHK, arrnapa1'ypa KOToporo YCHJIHBaeT

..

npHHHTbIH CHrHaJI II peTpanCJIHpye1' ero B APyrylO TOlIKY 3eM-

..

HOIl nOBepxHocTH.
CHcTeMbI naCCHBHbIX cnYTHHKoB 6JIarOAap5I npocToTe YC1'-

poflcTBa o6JIaAalOT BbICOKOii HaAe)KHOC1'blO. 111\1H lvl0)KeT nOJIb..

30BaTbC5I Ka)l{AbIH pacnoJ1araloll IIiiHa3eMHbIM o6oPYAoBaI-IIleM.
OAHaKo ,lI.a)l{e nplI cpaBHH1'eJIbHO ne60JIbWHX paCCT05IHH5IX
B TaKHX CHCTeMax neo6xoAHMO npHI\IelIeIIHe OOJIbWHX CJIeA5IIlIJIX

aHTeHH II MOIl(HbIX rrepeAaT4I1KOB AJI5I nOJIYlIeHH5I npIIC1\IJIe1\10rO

OTHOllIeHH5I CHrHaJI/wYl'vI Ha BxoAe npnel\IHuKa. 31'11 CHCTcrvfbT
,

6e3 C01\IHeHH5I, BeCbl\Ia nepcnCKTHBHbI A.115I BoeHHoi:i CB5I3H H3-3a

60JIblilOH nOMeX03aIlIJIw.eHlIOCTH, HeCl'vl0Tp51 Ha CJIO)KHOCTb H

)I.OpOrOBH3HY na3el\1HOH anrrapaTypbI. CTOHl\IOCTb annapa1'ypbI
....

npnelVIHoro Ha3eMHoro nYHKTa TaKon CHCTeMbI HCKJIlOlIaeT

u.eJIeC006pa3HocTb ee npHMeneHH5I )I.JI5I paAHOBe aHI15I;

ra6 pHTbI11 CTOHMOCTb l\10rYT C,AeJIaTb HeIl.eJIecoo6pa3HbIl\I HX

npHMeHeHHe II Ha nOABH)KHbIX 06'beKTax.

AKTHBHble yIC3 AeJIHTC5I I-Ia ABa OCHOBlIbIX BIIAa - C BbICO-

KOM Op6HTOii H C HH3KOH Op6UTOfi. 11cnoJIb30BaHIIe BbICOKOrJ

Op6HTbI, paCnOJIO)KeHHOfl Ha BbICOTe 35 810 KJvl BaA 3el'vIJIeH,

Aae1' B031VIOiKHOCTb c03AaTb CIIC1'el\1Y co cTau.nOHapIIbII\I 11C3.

B 1'aKOH ClICTeMe nepeI<pbI1'lIe npaKTHLIeCKH BceH 3eMHofi no-

BepXHOCTH MO)Ke1' 6bI1'b ,lI.OCTHrHY1'O C nOl\10mblO Tpex l1C3. 31'a

CHCTeMa BeCLl'vIa HH1'epeCHa, HO ee HCn0J1b30BaHHe 3aTpY,lI.HeHO
no npH4HHe CJIe,lI.YIOlllJ1X 4e1'blpex He,lI.OCTaTKOB: 3ana3,lI.bIBaHHe

ClirHaJIa, HeC1'a6HJIbHOC1'b Op6H1'bI, orpaHH4eHHH B MO HOCTH

nepe a1'lIHKaH neperpY)KeHHOCTb cneKTpa lIaCTOT. I-IaH6oJIee

Ba)KHbIlVI 113 31'HX He,ROC1'a1'KOB HB.JI5Ie1'CH 3ana3AbIBaHHe CHrHa-

JIOB.

3ana3,lI.bIBaHHe O1'BeTHoro CHrHaJ1a, nOCJ1aHIIOrO lIepe3 C1'a-

UHOHapI-IbIH I1C3, COC1'aBJI5IeT 0,48 ceK, 4TO OpB onpe,lI.eJIeHHbIX
06CTOHTeJIbC1'BaX l\10llieT BbI3BaTb nepepbIB B pa3roBope, T. e.

cepbe3Hoe HeY,lI.o6cTBO  JI5Ia6oHeHToB. BnOJIHe l\10)Ke1' CJIyqHTb-
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CH, lITO nOJI?ca lIaCTOT, OTBO Hl\1aH)I.JI5I CBH3H, 6y eTMeHbwe
Heo6xo,lI.HMOH, nOCKOJIbKY B CJIyqae HCnOJIb30BaHHH C1'a HO-

I-lapHoro.. 11C3 60JIee  eJ!ecoo6pa3HO npHMeHeHHe llIHpOKO-
rrOJIOCHOI1 l\10,[(YJI5I HH, 4eM npH l1C3 Ha op6HTax MaJIOH
BbICOTbI.

CHCTeMa CB5I311 C nOMOIl.\blO I1C3, HaXO HmHXCHHa HH3KHX

op6H1'ax, nOTpe6yeT HCnOJIb30BaHH5I 60JIbIIlOrO lIHCJIa I1C3 ,

pacnOJIO)KeHHI XHa pa3HbIX op611Tax, C TeM QTo6bI no KpaiiIIei1
l\lepe O,[(HH  CJBcer,lI.a lIaXOAIIJIC5I B nOJIe 3peHHH ,[(BYX Ha3el\1"

IIbIX G1'aHIJJH1. (3Ta 3at(alla AO HeKoTopoii CTeneHH 06JIer4aeTcH
B031\10)KIIOCThIO npeABaplf1'eJIbHOrO paCqeTa Bcex Op6HT H nJIa-

HHpOBaI-IH5I ncpepbIBoB CB5I3H.)
XapaK1'epHCTIIKI1 Op6UTbI tIC3 (BblcoTa Ha,lI. nOBepxHocTblO

3el\lJIn, nepHot( o6pa eI-IH5I,ClJopl\1a 11 HaKJIOH Op6HTbI J{ nJIOC-

KOCTH 3el\IHOrO 3KBaTopa) onpe,lI.eJI5IlOT T04KH Ha 3eMIIoif no-

BepXHOC1'I1, Me)K,[LY KOTOphIl\1I1 l\1011iHO YCTaHOBI1lb CBH3b, II

nepHO,[L Bpel\leHlI, B 1'e4eHlIe KOToporo 11C3 Haxot(HTC5I O HO-
BpeMeHHo B nOJIe 3peHHH o6eHx cTaH HH.

4HCJIO 11C3, HaXOr 5I HXCHHa HeclIHxpoHHbIX op6H1'ax,
Heo6xo Hl\IOet( Ho6ecne4eHHH HenpepbIBHoii CBH3H t(BYX Ha-

3el\IHbIX C1'aHll.IIII, l\IO)l<eT 6bI1'b pe3I{O Y1\IeHbllIeHo, eCJIII B3aHMHoe

IlOJIO)KeHlle l1C3 6y eTnOMep)KHBaTbcH IlOC1'051HHbIl\I. IloJIo-
)KeHHe I1C3 OTHOCHTe.lIbHO  pyrlIxI1C3 1\IO:tKe1' COApaH5ITbCH
IIeH3lVlCHHLIM TOJIhKO nYTel'vI IIenpepbIBHofi KoppeI<ll.IIII ero op-

6IITb ,C nOl\10IlI,blO paCnOJIOlKeHHbIx Ha Hel\1 peaKTHBHbIX  BlIra-
TCJIell.

MOnO-IO HCIIOJIb30BaTh  .nH CB5I3II TaK)l(e l1C3 Ha 3JIJIIInTH-

lJeCKIIX op6H1'ax. XOTH t(JI5I cTa6I1JIH3all.lI11 nOJIO)I(eHH5I l1C3 Ha

3JIJ] HIITHLIecKoH Op6I1Te Tpe6yeTcH 60JIbllIa5I MOIl.\HOC1'b 4Cl\1
lIa KpyroBoH op6nTe, Bce )Ke t(JIH 3anycKa I1C3, 06ecne4;IBalO-
 I1XnepeKpbITHe BceM 3el\IHoi'r nOBepxHoc1'U, B 31'01\1 CJIY4ae
n01'pe6YIOTC5I paKeTbI l\IClIbWCII o6u ei1 1\IOll(HOCTH, QCM B CJIY-
4ae. 3anycKa 11C3 I-Ia l{pyroBbIe Op6HTbI.

CBH3b Me)£{ y Ha3elVIHbIMII CTaH II5Il\n1: paCIIOJIO)KCHHhIMH
B orpalIHlleIII-I01\1  IIana30He WIIpOT, 1\10)I<eT 6bITb o6ecnetlcI-IJ.

60JIee .3KOH01\lH4HO C n01\10 blOI1C3 Ha 3JIJIHnTIf4eCI{HX Op6H-
Tax, He)l(eJIH na KpyroBbIx op6HTax. ECJIH HaKJIOH Op6HTbI B3H1'

paBHbIM 63,4°, TO BbICOTa B anoree OCTaeTC5I nOCT05IHHOH H

MO)KeT 6bITb BbI6paHa TaKOM, QTo6bI 06ecne4HTb Heo6xot(HMoe
nepeKpbITHe. TIOCKOJIbKY 11C3 ABH)KeTCH B6JIH3H nepHre5I
C MaKCIIMaJIbHOii CKOpOC1'blO, TO 60JIbWYlO lIaCTb nepHO)I.a Oij

. .

..
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HaXO,LIJITCH Ha 60JIblllI1X BbICOTax B6JIH3H HymHoH lllHpOTbI.
,QJIH YCTaHOBJIeHH5I CB5I3H I\Iem,LLY CeBepHOH AMepHKOH II EBpO-
nOH HaH60JIee 9 KOHOl\I11t-IHOH CHCTeI\10ll:, Iio-BH,LLHMOMY, 6Y,LLeT
CIICTeMa C I1C3 Ha 9JIJIHnTHqeCKHX op6HTax.

OCHOBHble xapaKTepHCTHKH ,LLBYX CHCTeM CBH3II C rrOMO bIO
aKTHBHbIX I1C3 IIp HBe,LLeHbI B Ta6JI. 1 H 2.

n PO)..LOJUKeHHe

npeUMYII.J.E'CTBa He,lJ.OCTaTKH

HC){.QCTaTJ{H

3. I-Ieo6xo,H.lIMOCTb TOqHOrO CJIe)KC-

I1I15I

4. He06xoJJ,I1T\10CTb pellleH IHI n p06.
JIeM KOHCTpy"pOBaHH5I arrnapa-
Typbl, CBH3aHHblX C 60.TIee 13bI-

COKHMH ypOBHHMH pa)J.HaI..J.lln
5. lie06xo)J.HMocTb aBTorro cTpofiKH

H CIIHxpOHH3allllH llaCTOTbI B I1a-

3e HOHarrnapaType

Ta6AU/1a 1

CHcTeMa CBSl3H C MC3 Ha CHHXpOHHOH op6HTe

DpeHMYII.J.CCTBa

1. Heo6xo)J.IIMOCTb
-

MaJIOrO llllC-

JI3 :VIC3  .J1H rrepeKpbITII51
U "-'

Bcen 3eMHOH rrOBepXI-IOCTII

(HCKJIIOqaH. rrOJIHpIILIe 06JIa-

CTH)
2. Ha Ka>K,lI.OH Ha3eMHoi-i CT3H-

llHH He06xo)J.IIMa JIUIllb 1 aH-

TeHHa 6e3 CIICTel\fbI CJIe}I{eHIIH

3. IvluHHT\1a<l1JbHbIH CJI.Bllr qaCTOTbI

113-3a 3cp eKTaLI.onnJIepa

1. HU3KaH Ha,lI.e)!{I-IOCTb (BhIXO,lI. 1I3

CTpOH O)J.Horo :VI C3 HapYIllaeT
pa60TY Bceii rJI06aJIbHOH CIICTe-

I\lbI CBS131I)
2. He06xo)J.ul\IOCTb 60JIblUHX MOu:r.-

HocTei1 rrepe)J.aT'-IliKOB I1C3

3. He06xo,lI.HMOCTb arrnapaTYpw
cTa6u..1H3aLLIIU II opneHTallHH
I1C3

4. ,Q lH06ecnelleHHH npaBHJIbHOCTII
BbIBO;I.a lIa 33,rr,a1lHYIO Op6HTY
Heo6xo;I.II:\J cTporlll1 KOHTpOJIb
3a YCJIOBIIHMII 33rrYCKa

5. He06xo,AIIMOCTb paKeT 60JIbIllOH

MOu:r.HOCTII

6. 3a,lJ.ep:iKKa CIIrHaJIa BO BpeT\1eHII
7. HeB03MO)KHOCTb nepeKpbITb rro-

JIHpIlbIe 06JIaCTII

DOCKOJIbKY ,LLJI5I KOlVII\lepqeCKOII CB5I3H Tpe6YIOTC5I BbICOKOKa-
o 0

qeCTBeHHbIe KaHaJIbI, e,LLHHCTBeHHOH npneMJIeMOH CHCTeMOH

6Y,LLeT, rro-BH,LLHMOMY, CHCTeMa C aKTHBHbIMH I1C3. B ,LLaJIbHeH"
llleM MbI 6YAeM HCXOAHTb 113 3Toro npeAfIOJIO:tKeHH5I.

3. Coo6paLKeHHSI 0 CMCTeMe

HeCMOTp5I Ha TO qTO YCJIOBH5I pacnpOCTpaHeHH5I CHrHaJIOB

no JIHHHH 3eMJI5I - I1C3 M I1C3 - 3el\1JI5I OAMHaKOBbI, nepe-

,LLaqa CMrHaJIOB no JIMHMH I1C3 - 3eMJI5I npe,[(CTaBJI5IeT 66JIb-
o

llIMe TPY,LLHOCTM M3-3a OrpaHMqeHHOH MO HOCTMrrepe,LLaTqHKa
I1C3. JIHHMH CBH3H 3el'VlJI5I - I1C3 He OrpaHHqeHa MO HOCTbIO

nepe,AaTqHKa, II rr03TOMY rrOTepH npH pacnpOCTpaHeHMM paAHO-
SOJIH cpaBHHTeJIbHO JIerKO KO:\1neHCHpYlOTC5I yseJIHqeHHel\1 MO -
HOCTH nepe,LLaTqHKa II YCHJIeHH5I aHTeHH, KaK 3TO ,lLeJlaeTCH

B Ha3eMHbIX pa,LLHOpeJIeHHbIX JIHHHHX CB5I3H. DpH CB5I3H nc

JIHHHH I1C3 - 3eMJI5I rrOTepH npH pacnpOCTpaHeHHH AOJI}I{HbI

KOMneHCHpOBaTbCH B OCHOBHOI\l 60JIblllHM YCHJIeHMeM Ha3eMHOH
-

0
0

aHTeHHbI If BbICOKOI1 qYBCTBIfTeJIbHOCTblO rrpHel\IHHKa Ha3eI\1HOH

CTaHIlJIH.

OnpeAeJIeHHe AJIH JIHHHH CBH3If C n01'10mbIO I1C3 OrrTHMaJIb-

HOll: qaCTOTbI KaK qaCTOTbI, 06ecrre4HBalOmeH rrpH 3a,LLaHHbIX

MO HOCT5IXnepeAaTqHKa, YCHJIeHHH aHTeHH H lllHpHHe rrOJIOCbI

MaKCHMaJlbHOe OTHorneHHe CHrHaJI/rnYM Ha BXOAe rrpMeMHHKa,
HerrOJlHO, rrOCKOJIbKY rrpH 9T01\1 He npHHHl\1alOTC5I BO BHHMaHHe

3aBHCHMOCTb K. n. Jl.. H sera nepeAaTqHKa OT qaCTOTbI. Do-
o ...

BIf,LLMMOl\lY, rrpaBHJlbHee rrOHHl'VlaTb rroA OrrTHl\1aJIbHOH qaCTOTOH

Ta6AU/1a 2

CncTeM3 CBSl31I C MC3 Ha HH3KIIX op6HTax

n PCHMYI.LJ,CCTBa lIc){.ocTaTI<l1

1. OTHOCI1TeJIbHa51 rrpocToTa
CBH3110i'1 annapaTypbI Ha I1C3

2. BbIXO)J. 1I3 CTpOH O,lJ.HOrO I1C3
lie rrpHBO)J.HT J{ rrOJIHoMY Ha-

pYIlleHHIO pa60TbI ClICTeMbI

1, He06xo)J.IIMO 3Ha'-IHTeJIbHOe KO-

JInqeCTBO I1C3

2. Ha Ka:>K,lJ.OH Ha3eMHoH CTaHIJ.HH

He06xo,!I.HMO IIMeTb )J.Be CJIeJI.H-

u:r.He aHTeHHbI

-
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'ItJcmomoJ rCLJ
<PH r. 1. 3aTyxalllle B 3Tl\10C(1)Cpc:

l-nO)J;HllbIe nJpbI. 7,5 c/ I3;2-1<.II('JIOPU)J; npn .rr.<lUJICIIIIII 7GO JllJll pm. em.
n 20° C; ;] - C pC,n,II5UI 3TI\Iocqwpa JICTlllTO AIfH B Yl\1cpcllllOii 301le, T. e.
l,r; iJ/J1l

3
BO/I,HllhIX lIapOB]I IHfCJIOpO)J; IlpH J aBJIClllIlf 7GO hIM pm. em.

J( 20° C; 4 -JIcrI<'lIii TYl\1Clil I1JIH o6JIaJ<.a C cOp;Cp>KaIllICM 130AHIfOro napa
0.32 c/JJI

3
(BI1)J,I11\10CTL OJ,OJIO 120 JU); 5 -rycToH TYMalJ HJIH 06JIC1Ka C

CO)J;cpR<.mmeM BO)J,HlIoro napa 2,3 c/hI 3 (BU)J;HMOCTb OI{OJIO 30 oM);
lj - CpCP;llHfI J];O>K)J;b, 4 JrLW/ttQC; 7 - CHJIbllblH ,lJ.OR{)J;b, 25 .MM/ttQC;

- JIHBeHb, 50 Jl1..At/ttar,

, 4/

1. J]UHtlU C8R3U C nOA10U{blO uCKyccm8eHHblx cnymHllKo8 3eA'lJlll 25

 F'"'

TaKYIO 4aCTOTY, rrpH KOTOpoi:i  OCTHraeTC5IHe06xo HMa5Ipa3-
60p4HBOCTb CHrHaJIa Ha BbIxo enpHeMHHKa npH l\1HHHlVlaJIbHOlVI

rroTpe6JIeHHH MO HOCTHOT HCT04HI1Ka rrHTaHH5I Ha I1C3 C Y4e-
TOM BeCa arrrrapaTypbI H ee Ha e)KHOCTHHa pa3JIHlJHbIX 4aCTO"

TaX. TaKI1M 06pa30M, Borrpoc 0 BbI60pe OrrTHMaJIbHOH 4aCTOTbI

,[(JIH CBH3H I1C3 C Ha3eMHbIl\1H CTaHIJ.H5IMH OKa3bIBaeTC5I BeCbM3

CJIOMHbIM, rrOCKOJIbKY Ha 3TOT BbI60p OKa3bIBaIOT BJIH5IHHe

rrpaKTHqeCKH Bce rrapaMeTpbI CHCTeMbI. HeKOTopbIe H3 3THX

rrapaMeTpOB 6Y YTKpaTKO paCCMOTpeHbI HH)Ke.

Pa36opqHBOCTb BbIxOAHoro CHrHaJIa OTqaCTH 3aBI1CHT OT

06 eroypOBH5I WYMOB Ha BbIxoAe npHeMHHKa. lUYMbI rrpHeM"
HHKa orrpeAeJI5IIOTC5I raJIaKTHqeCKHMH H aTMoccpepHbIMH WY-
MaMH, WYMaMH 3el\1JIH, Ha3eMHOH aHTeHHbI H Cal\10rO npHeMHHKa.
Bce 3TH WYl\1bI rro rrpHpOJl.e CBoeH TerrJIOBbIe H 3a HCKJIIOqeHHeM

WYMOB nepBbIX KaCKaAOB rrpHeMHHKa nocTyrralOT B rrpHeMHHK

4epe3 aHTeHHY. 06 HHypOBeHb WYMOB 3aBIICHT OT WHpHHbI
rrOJIOCbI qaCTOT rrpHel\1HHKa H 3cpcpeKTHBHOH TelVlrrepaTypbI OT-

 eJIbHbIX HCTOqHHKOB WYMOB (cpHr. 1).

301. WYMbl npueMflUKa

h

.

IIlYl\1bI rrpHeMHHKa pacTYT C YBeJIHqeHHeM qaCTOTbI. B COBpe
a

u u

MeHHOH anrrapaType, BO BXOAHbIX IJ.err5IX KOTOpOH HCrrOJIb3YIOTC5I

JIyqWHe H3 HMeIO HXCHTpHOAOB, WYMbI rrpHeMHHKa rrpeo6JIa-
,r(aIOT HaA BHeWHHl\1H WYlVIaMH Ha qaCTOTax BbIW 150-200 Me4

rrpH aHTeHHe, HarrpaBJIeHHOH B cB060,lJ.HOe npocTpaHcTBo, a Ha

qaCTOTax BbIwe 300-400 Melt npH aHTeHHe" HarrpaBJIeHHOH
B 06JI'aCTb CHJIbHbIX KOCMHqeCKHX WYlVIOB. CJIe yeToTMeTHTb,
qTO Ha 60JIee BbICOKHX qaCTOTax rr05IBJIeHHe rrapaMarHHTHbIX

u

11 rrapaMeTpHQeCKHX YCHJI11TeJIeH npHBeJIO K cOBepweHHo HO"
-

u

BOMY rro xoAY K rrpoeKTHpoBaHHIO CBH3HOH arrrrapaTYpw.

BHYTpeHHHe WYMbI rrpHeMHHKa rrpH HCrrOJIb30BaHHH 3THX HO-
u u

BbIX YCTPOHCTB CHH)KaIOTC5I AO TaKHX HH3KHX ypoBHeH, rrpH
KOTOpbIX onpe eJI5IIO HMHCTaHOB5ITC5I BHeWHHe WYMbI KOC-

MH4eCKoro HJIH 3eMHoro rrpoHCxo:tKAeHH5I. TIapaMeTpHqeCKHe
YCHJIHTeJIH B AHarra30He OT 500 AO 3000 Melf pa6oTaIOT C 3cpcpeK-
THBHOH TeMrrepaTYPoH WYMOB rropHAKa 100

0

K; H3rOTOBJIe.

HbI napalVlarHHTHble YCHJIHTeJIH (l\1a3epbI) Ha qaCToTY B Re-
u

CKOJIbKO TbIC5I4 Merarep C TeMrrepaTypoH WYMOB rrOp5IAKa
150 K.

I
I

28 3aI<:. 232
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2

,[(eJIbI nOJIOCbI 1.1aCTOT, CBo6o,[(HO npOXO)JJIIllJIX CKB03b 3eMHYlO
aTMOCcpepy, 3aAa1OTcH, C O)J.HOll CTOpOHbI, HBJIeHHH1\1H B IlOHO-

ccpepe, npenHTCTBYIOIllJUvlH npOXO:>KJI.eHHIO 1.1aCTOT HH:>Ke 100

M2L ,11, C JI.pyroll CTOpOHbI, nOrJIO eHlleMBO)J.HHbIMH napaMH II

KHCJIOpOJI.OM TP9noccpepbI, KOTopoe 3a leTHOCKa3bIBaeTCH Ha

1.1aCTOTax BbIllie 10 000 M2tt. DOJIbIlIHe nOTepH BbI3bIBalOTCH

oca,[(KaMI1 B BHJI.e JI.O:>KJI.H, CHera HJIH rpa)J.a. TIpeJI.CKa3aTb 3TH

nOTepH O1.1eIIb TPYJI.HO, TaK KaK CHJIbHO H3MeHHeTCH KaK HHTeH-

CHBHOCTb Oca,[(KOB, TaK II 1.1aCTOTa HX Bblna,[(eHHH B 3aBHCHMOCTII

01' reOrpacpHLJeCKOrO MeCTOnOJIO)KeHHH. TIpH MO HOCTHXnepe-

,[(aT1.1HKa, KOTOpble MO:>KHO O:>KH,[(aTb B HaCTOH eeBpeMH, BepX-
u

HHH npe,[(eJI ,[(Hana30Ha OrpaHH1.1HBaeTCH 1.1aCTOTaMH nOp5I)J.Ka
6-10 r2L (CM. cpHr. 1). He06xo,[(HMO npHHHMaTb BO BHHMaHHe

TaK:>Ke raJIaKTHLJeCKHe HJIll KOCMHLJeCKHe WYMbI, HMelOIlJ,He pa3-

JIHLJHYIO HHTeHCIIBHOCTb B pa3JIHLJHbIX 06JIaCTHX He6a II YMeHb-
walOIlJ,HeCH C pOCTOM LJaCTOTbI, 1.11'0 YKa3bIBaeT Ha :>KeJIaTeJIb-

HOCTb HCnOJIb30BaHHH 60JIee BbICOKIIX qaCTOT (cpur. 2).
ECJIH npHeMHaH aHTeHHa HanpaBJIeHa Ha COJIHIl.e, TO paJI.HO-

WYMbI COJIHIl.a l\10rYT Cepbe3HO YXYJI.IlIHTb KaLJeCTBO CBH3H

HJIH JI.a:tKe nOJIHOCTbIO HapYIlIHTb ee.

HHJI.YCTpHaJIbHbIe nOIVleXH 01' JIHHHll 3JIeKTpOnepe,[(a1.1H HJIH

06IlIHpHbIX HaCeJIeHHbIX 06JIaCTeH l\10lliHO, KaK npaBHJIO,
CBeCTH K MHHHMYIVIY BbI60pOIVI TaKOrO MeCTa paCnOJIOlKeHHH

u

npHeMHOH aHTeHHbI, npH KOTOpOlVI CKJIaJI.KH MeCTHOCTII Me:tKJI.Y
Hell H HCT01.1HHKOM IlIY1\10B 06eCne1.1HBaIOT He06xoJI.HMOe oCJIa6..

JIeHHe nOCJIe,[(HHX.

TIpH HCnOJIb30BaHHH CBepXBbICOKHX 1.1aCTOT aTMoccpepHble
nOMeXH 01' JI.aJIbHHX rp030BbIX OLJarOB HHKaKoro 3HaLJeHI1H He

HlVleIOT.

3.2. Brteul1-lue mYMbl

TIYTb pacnpocTpaHeHHH CHrHaJIa C HC3 Ha 3elVIJIlO qaCTHq..

HO npOXOJI.HT B qaCTOTHO-CeJIeKTHBHOH aTMoccpepe 3eMJIH. TIpe-
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3.3. IIIYMbl CllcmeJvlbl

06'beM HHcpopl\1aIJ.HH, l\IorYIlJ,eH nepe,[(aBaTbcH no JIHHHH CBH-

3H, LJaCTHTIHO onpe,[(eJIHeTCH BeJIHLJHHOii OTHOIlIeHHH CHrHaJI/IlIYM
Ha BbIXO,ll,e npHeMHHKa, KOTopoe H3MeHHeTCH 06paTHo

u u

nponOpIl.HOHaJIbHO IlIYMOBOH Tel\lnepaType npHeMHoH CHCTeMbI.

lllYMbI CHCTelVlbI Bblpa)KaIOTCH IlIYl\10BOti TeMnepaTYPoH Ts,
npHQeM Ts = Tr + Te, r,[(e T, - IlIYl\10BaH TeMnepaTypa
rrpHeMHHKa H Te - TeI\lnepaTypa BHeIlIHHX WYMOB, nocTY-
nalOIlJ,HX B CHCTel\lY qepe3 aHTeHHY. B rrOJIoce qaCTOT 1-7 Fel{
HMeIOTCH TPy! OCHOBHbIX HCTOLJHHKa BHeIlIHHX IlIYl\10B

-

WYMbI
3eMJIH, faJIaKTHKH H- COJIHIl.a. TelVlnepaTypa BHeWHHX rnYMOB,

28*
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<lJ Hr. 2. TeMIH paTypa rnYMoB OT,lI.eJIh HbIX 3JIeMeHTOB H CHCT€\:lbI

B  eJIOM
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u ". U

BoCnpHHHl\1ael\IbIX Ha3eI\II-IOH npHel\1HOlI 3HTeHI-IOIl, 3aBHCHT OT

Toro, Ha KaKYlO qaCTb He6a HanpaBJIeI-IbI rJI3BHLIII II 60KoBbie

JIeneCTKH  HarpalVIl\1bI HanpaBJIeHHOCTH aHTeHHbI II KaKOBbI

CBOHcTBa OTpa>KalO efI3eMHoH nOBepxHocTH. YpOBeHb WYMOB,
to

BocnpHHHMaeMbIX aHTeHHOH, 3aBHCHT OT ee Op,HenTal}J1H npH-
MeHeHI-IOH nOJI5IpH3alLHH, lllHpHHbI rJIaBHOrO JIY4a, ypOBH5I 60-

KOBbIX JIeneCTKOB, OTpa)KalO efI cnoc06HoCTH oKPY)KalO eH
nOBepXHOCTI1 3erviJIH H OT BpeMeHH.

u

3eMJIH TaKllie H3JIY4aeT lllYl\lbI onpe eJIeHHOHHHTeHCHBHOC-
u

TH, nOCKOJIbKY OHa HarpeTa  OHeKOTopOH TeMnepaTypbI H He

HBJI5IeTCH HJ(eaJIbHbIl\1 npOBO HHKOM; 3TH WYMbI BocnpHHH-
MaIOTCH 60KOBbIlVIH JIeneCTI{aMH aHTeHHbI. CHI'DKeI-lHe ypOBHH
3TIIX WYl\tOB l\10.iKeT 6bITb )1.0CTHrHYTO nYTelVI KOHCTpYHpOBaI-IHH
aHTeHH C YPOBHeM JIeneCTKOB, l\1HOrO MeHblllHl\I, 4eM Y 06bI4HbIX

I-IanpaBJIeHHbIX aHTeI-III, HJIH, KaK npe)1.JIaraJIOCb, nYTeM nOKpbI-
THH 3eMJIH OTpa)KalO HMMeTaJIJIHqeCKHl\I CJIOeM. TIpOCTbIM Me-

TOJ(OlVi YMeHbllleHH5I lllYMOB 3elVIJIH HBJIHeTCH npeKpa eHHepa-
60TbI pa)1.HOJIHHHH npH M3JIbIX yrJIax MeCTa cnYTHHKa. TaKoe

npe)1.JIOllieHHe, MOllieT 6bITb, npH)1.eTCH npHHHTb, XOT5I OHO H CHII-

:>KaeT npOJ(OJIlliHTeJIbHOCTb ceaHca CBH3H C Ka)K)1.bIl\i I1C3, Ha-

XOJ(HII(HMCH Ha HH3KOH op6HTe. TeMrrepaTypa raJIaKTHqeCKHX

WYMOB MOllieT H3MeHHTbCH Ha qaCTOTe 1 r2lf B npeJl.eJIax OT

10 )1.0 110
0

K, B 3aBHCHl\10CTH OT Toro, HanpaBJIeHa JIH aHTeHHa

B «XOJIOJ(Hoe» He60 HJIH Ha lLeHTp raJIaKTHKH. 3TO H3MeHeHHe

TeMnepaTypbI BHeWHHX WYl\10B l\10MeT npoHcxOJl.HTb 3a BpeM5I

npOJIeTa I1C3 no HH3KOH op6HTe. OHO MO}l(eT npoHcXo)1.HTb 3a

C4eT Bpa eIIHH3eMJIH TaK}Ke H B CHCTeMe co cTalLHoHap-
HbIM I1C3.

B CIICTeMax, HCn0J1b3YIO HXKal< BbICOKHe, Tal< H HH3KHe
u

Op6IITbI, B H3BeCTHble l\10l\1eHTbI rJIaBHbIH JIeneCTOK AHarpaMMbI

HanpaBJIeHIIOCTH npHeMHOH aHTeHHbI 6YJl.eT HanpaBJIeH na

COJIHlLe; B .9TO BpeMH 6Y)1.YT Ha6J1lO)1.aTbCH lllYl\IOBbIe TeMnepa-

TYPbI"B 250 000 H 30 000
0

K Ha 4aCTOTax B 1 H 5 F2lt COOT-

BeTCTBeHHO.

TaKHM o6pa30M, OqeBHJ(HO, qTO 3cpcpeKTHBHoCTb pa60TbI CHC"

TeMbI B Te nepHO)1.bI BpeMeHH, Kor)1.a npHel\IHaH aHTeHHa HanpaB-
JIeHa Ha 3KBaTop raJIaKTHKH HJIH Ha COJIHlLe, 3HaqHTeJIbHO HH-

)Ke, qeM TorJ(a, Kor,na aHTeHHa HanpaBJIeH8 Ha «XOJIO)1.Hoe» He60.

TIpH npoeKTHpoBaHHH CHCTeMbI CBH3H C nOl\10II(bIO I1C3 He06
u

"

XO)1.HMO OCTaHOBHTbCH Ha onpe)1.eJIeHHOM 3HaqeHHlI lllYMOBOH

TeMneparypbI CHCTel\IbI. B CB5I31I C 3THM CJIeJl.yeT 3aMeTHTb, qTO

t J

pa60Ta XopOWO cnpoeKTHpoBaHHoH Ha3eMHOH pa)1.HopeJIeH-
HOll JIHHHH rapaHTHpyeT HaJ(elliHYIO CBH3b B TeqeHHe 99,9°b
pa60qero Bpel\1eHH. 3Jl.eCb nepepbIB CBH3H no Bpel\1eHH, He npe-
I3bIlllalO HfI 1 1/ 1 MUfl 3a CYTKH, MO}KeT npOlICXOJl.HTb BCJIeJ(-

u

CTBHe 3apaHee. 113BeCTHbIX HBJIeHHH, CBH3aHHbIX C pacnpo-
CTpaHeHHeM CHrHaJIa. Ha HeKOTopbIX paJl.HOpeJIeHHbIX JIHHHHX

l\10rYT HaUJIlOJl.aTbCH AonO.TIHHTeJIbHbIe nepepbIBbI CB5I3B, CBH-

3aHHbIe C nonaAaHHel\I B cHcTervIY WYMOB BOCXO,lJJIIILero HJIIl

3aX0Jl.HIILero COJIHlLa, KOTopbIe TaK)!(e IvIOlliHO npC,ABHJl.eTb 3a..

panee. B CHCTeMe CBH311 C nOl\1011LblO I1C3 BJIHHHHe pacnpocTpa-
IIeHHH paJ(HoBOJIH B aTl\10cq)epe 6YJl.eT HH4TOlliHbIM, 1-10 B onpeJl.e..
JIeHHbIe rrepHOJl.bI BpeMeHH CHCTeMa 6YJl.eT nOJl.Bep)KeHa B03Jl.ei-i-
CTBHIO lllYl\10B, CBH3aHHbIX C BbICOKOI'-j Tel\InepaTYPOII COJIHlLa H

raJIaKTH4eCKoro 3KBaTopa. lllYl\1bI raJIaKTHqeCKOrO npOHCXO)K-
 eHI1H6YJl.YT 2 pa3a B CYTKH AaBaTb CHJIbHbIe nOMeXH cHcTeMaM

CBH3H, HCnOJIb3YIO Hl\I11C3. IlIYMbI COJIHQa 6YJl.YT BbI3bIBaTh

nepepbIBbI CBH3H Ha HeCKOJIbKO l\1HHYT B TeqeHHe HeCKOJIbKHX

,AHeM eIKeroJl.HO. HanpHl\1ep, B JIHHHH CBH3H, HCnOJIb3YlOII(eii
I1C3, IfMeIOIILeH npHel\1HYIO aHTeHHY C WI1pHHOM OCHOBHoro JIe-

neCTKa Jl.HarpaMl\1bI HanpaBJIeHHOCTH 1
0

H pa60TalOII(eM Ha qaCTO-

Te 1000 M2t ,TeMnepaTypa BHelIIHHX WYMOB 6YJl.eT npeBblwaTb
30 000

0

K B TeqeHHe 4 MUfl e}Ke,AHeBHO B Te4eHHe 20 Jl.Hell B

B roJl.Y. ECJIH npeJl.nOJIOIKHTb, lITO 60KOBbIe JIeneCTKH oCJIa6JIe-
HbI Ha 30 a6 OTHOCHTeJIbHO OCHOBHoro, TO nOJIYlJHM, 4TO TeMne-

paTypa BHelllHlIX WYMOB_6YAeT paBHa 30
0

K B TelJeHHe 3HalJH..

TeJIbHO 60JIbWHX npOl\le)KYTKoB Bpel\leHH. TIplI pa60Te Ha lJac-

TOTe 5000 M2lf lIIYl\10BaH Tel\lrrepaTypa CHCTel\1bI 6Y,AeT COOT-

BeTCTBeHHO 4000 If 4
0

K.

4. Co06pameHMD 06 annapaType

Ocy eCTBJIeHlleHaJ(e}KHOfI CBH3M C nOMOIlIJ:>IO I1C3 nOTpe-
6yeT perneHHH lLeJIoro pH)1.a np06JIe 1,CB5I3aHHblX C annapaTY-
pOH. BepoHTHo, OCHOBIIOrl 113 3TIIX np06JIel\I HBJ1HeTCH rrp06JIe-
l\Ja l\10II(HOCTH nepeAaTlJI1Ka Ha 11C3.

CYIILecTBYloIILee B HaCT05IIILee Bpel\1H OrpaHHq HHel\IOIILHOCTH

nepBHqHbIX llCT04HHKOB nMTaHHH (TaKoe nOJIO}KeHMC BP5IJl. JIM

cYIILecTBeHHo 113MeHHTCH B 6JIHlliaHllleM 6YAy eM)oc06eHHo
nOJl.qepKHBaeT Heo6xo Hl\10CTb BbICOKoro npOMbIlllJIeHHOrO
K. IT. )1.. nepeJ(aT4HKa (BbI4HCJIHel\10rO KaK OTHOllleHHe BbIXO)1.HOII
MO HOCTHK MOII(HOCTH, nOTpe6JIHeMOH OT HCTOqHHKa nHTaHHH
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rrOCTOHHHoro TOKa). TpaH3HcTopbI 06JIa)I.a1OT BbICOKOH Ha)I.em:-

HOCTblO, HO MorYT )I.aTb MOmHOCTb JIHlIlb B HeCKOJIbKO BaTT

Ha 4aCTOTax ):LO HeCKOJIbKHX COT MerarepIJ.. TIoBbIlIleHH5I nOJIe3-

HOM l\10mHOCTH H rpaHH4HOH 4aCTOTbI TpaH3HCTOpOB B 6JIH)KaH-

lIlHe rO)J.bI O)!{H)I.aTb TPY)J.HO.
Ha)J.e)KHOCTb 3JIeKTpoBaKyyrvIHbIX np1I6opOB nO)J.BepraeTCH

cepbe3HOl\1Y HcnbITaHHIO BO Bpel\15I 3anYCKa J:IC3, Kor,lLa B03HH-

KalOT 60JIblIlHe YCKopeHHH H neperpY3KlI. ,LLocTaT04HaH nOJIe3-

HaH rvIomHOCTb l\IOiKeT 6bITb nOJIY4eHa OT TP MO)I.On C MaJIbIMI1

l\1e)K3JIeKTpO)J.HblrvIH paCCTOHHHHl\1H H OT JIal\1n 6ery eHBOJIHbI

(JIEB), O)J.HaKO B o6oIlx CJIY4aHX Heo6xo)J.Hrvl0 npHMeHHfb OX-

JIalli)I.eHHe. Bce llie HaH60JIee nepcneKTHBHbI, nO-BH)J,HMOMY,

JT5B, oco6eHHO Ha 4aCTOTax 1-5 Felt. OrpaHnqeHHe MOmHOCTH

nepBHqHbIX HCT04HHKOB nHTaHHH B 6JIH)KalllllHe rO,lLbl He n03-

BOJIHT nOJIY4HTb BbIXO)J.HYIO l\10mHOCTb nepe)J,aT4HKa Ha I1C3

60JIblIle HeCKOJIbKHX BaTT.

f

u
u

3TOM BcnOMOraTeJIbHOI1 annapaTypbI )J, TIH YBeJIMqeHHH BbIXO)I.-
HOH MOIII.HOCTH nepe)I.aT4HKa Ha I1C3. fI03ToMY npe)I.n04TeHHe,
B03l\10MHO, 6Y)J,eT OT)I.aHO BceHanpaB.HeHIIbl 1 aHTeHHa , no

KpaHHeM Mepe B rrepBOl\I nOKOJIeHHH CBH3IIbIX I1C3.
ECJIH Ha I1C3 HeT OCTpOHanpaB.n:eHHbIX opHeHTHpyeMblx

aHTeHH C 60JIblIlHl\f K03cpcpHIJ.HeHTOl\1 YClI"TJeHlIH, TO )J,JIH CBH3H

,lI.BYX Ha3eMHbIX nYHKTOB, C KOTOpbIX I1C3 BH,lI.eH O,lI.HOBpel\-leHHO,
aHTeHHbI Ha cnYTHHKax )J,OJIMHbI lI IeTbH30TponHYIO HJIH nOJIY-
H30TponHYlO )I.Harpa:Ml\IY H3JIYQeHHH. TaK KaK H30TponHaH
,lI.HarpaMMa He MO}KeT HMeTb JIHHeHHYIO nOJIHpH3aIJ.HIO, TO no)I.

H30TponHbIM H3JIyqeHHeM nOHHMaeTCH H3JIYQeHHe B JII060M Ha-

npaBJIeHHH OT l1C3 rrpH HeKOTopOM onpe)I.eJIeHHOH MOIII.HOCTH,
u u

4aCTOTe H C onpe,lI.eJIeHHOH nOJIHpH3aUI1eH.
C T04KH 3peHHH Ha,lI.e)KHOCTH rrpe,lI.n04THTeJIbHee HCnOJIb30-

BaHl1e LKeCTKO YKpenJIeHHbIX aHTeHH, a He aHTeHH C MexaHH-

QeCKI1M ynpaBJIeHHeM. ECJIH Kopnyc I1C3 H3rOTOBJIeH H3 npo-
BO):(HIII.ero MaTepHaJIa, TO ero MO)KHO HCnOJIb30BaTb B KaQeCTBe

H3JIyqaTeJIH, «3a3eMJIeHI1H» HJIH OTpa)KaTeJI5I. LIaCTOTa, Ha KO-

TOpOH MO)KHO B036Y):(HTb Kopnyc I1C3, HCnOJIb3yeMbIH B Ka-

lJeCTBe H3JIYlJaTeJIH, 3aBHCHT OT ero pa31VIepOB H cpOpMbI. ,L(pyroH
B03lVIOMHOCTblO 5IBJIHeTCH YCTaHOBKa aHTeHHbI Ha HeKOTopOM
paCCT05IHHH OT I1C3 C Te:t\f, lJTo6bI 3aTeHeHHble yqaCTKH OCBema-
JIHCb 3a CqeT ,lI.Hcp p aKriHH.

,QJI5I nOJIyqeHHH H30TponHoro H3.n:yqeHH5I npH O,lI.HOM H3JlY-
lJalOIII.eM 3JIeMeHTe npOIII.e Bcero HCnOJIb30BaTb TYPHHKeTHYIO
aHTeHHY. TIpH HaJII14HH HeCKOJIbKHX OT,lI.eJIbHbIX H3JIYQaTeJIeH
nOJIYlJeHHe OT KalK,lI.oro H3 HHX H30TponHoro H3JIYQeHH5I He

06H3aTeJIbHO, HO MeJIaTeJIbHO. ECJIH Ha l1C3 YCTaHOBJIeHbI TPH
B3aHMHO nepneH,lI.HKYJI5IpHbIX H3JIYQaTeJI5I, TO )J.JI5I nOJIYQeHlI5I
HYMHOH nOJI5IpH3aIJ.HH lIX Heo6xo)J.HMO nHTaTb OT Tpex nepe-
):(aTQHKOB C HeCKOJIbKO pa3.TIHQHbIl\U1 QaCTOTaMli. YTpoe-
HHe lJHCJIa nepe)I.aTQHKOB BblrO)J.I:IO TaK)I{e M C T04KH 3pe-
HHH Ha)I.e)l{HOCTH. l1cnOJIb3yel\!ble B 3TOM CJIYQae U3JIYQaTeJIH
l\10rYT 6bITb TypHHKeTHbIl\IM, H30TponHbI IH,)J.HnOJIbHbIMlI, III.e-
JIeBbIl\111 lIJIH pe30HaTOpHbIl\IH; OHM  10rYTpacnOJIaraTbC5I KaK

HenOCpe,lI.CTBeHHO Ha CaMOl\1 I1C3, TaK II B6JIH3H Hero.

Heo6xo,l(Hl'YIO OTl\1eTHTb, lJTO aHTeHHY C H30TponHbIM H3JIY-
QeHHel\1 JIerQe ocy ecTBlITbHa 60JIee HH3KHX lJaCTOTax.

DOJIHpH3aIJ.HH H3JIYlJeHHH B HarrpaBJIeHHH Ha3el\1HOii npHeM-
HOM CTaHIJ.HH 6Y,l(eT 3aBHceTb OT nOJIOMeHHH I1C3, HaXO,l(5Ime-
rOC5I B nOJIe 3peHH5I Ha3eMHOH CTaHIJ.HH. TIJIOCKOCTb nOJI5IpM3a-

5. AHTeHHble YCTpoHcTBa
u

AHTeHHble YCTpoHcTBa HrpalOT BalliHYIO pOJIb BO BCHKOIi

CHCTeMe pa)I.HOCB5I3H, nocKo.JIbKY OT HI1X 3aBHCHT 06'bel\'I nep :
,LLaBaeMOM HHcpopl\faIJ.HH. B CMCTe:Me CB5I3H, HCnO TIb3YlOmell

u

I1C3, BeCbMa Heo6xo,LLHl'YIbI aHTeHHble YCTpoHcTBa C .BbICOKHl\1
K. n. )J.. B CB5I3H C l\IaJIOH BbIXO,l(HOH l\10III.HOCTbIO nepe,lLaTqHKa
Ha l1C3.

I
I

r
:1
II

I
I

I

5.1. AHlneflHble YCflZPOllcfll8a Ha flC3

ECJIH VIC3 cTa6HJIH3HpOBaH B CHCTeM.e 3eMHblX HJIH npo-

cTpaHcTBeHHblx Koop,l(HHaT, TO Ha HeM MO)KHO HCIlOJIb30B3Tb

aHTeHHY, 06JIa,LLalOw.YI{) HeKOTOpbIl\I YCHJIeIIIIeM. Y l1C3 nep-

Boro Tl1lIa aI-lTeHHa )J.O.,TI)KHa 6bITb HanpaBJIeHa K IJ.eHTpy 3eMJIH

11 lIlHpIIHa ee )J.HarpaMl\1bl HanpaBJIeHHOCTH ):(OJIlliHa 6bITb 60JIb-

me yrJIa, 06pa3yel\10rO y I1C3 KaCaTeJIbHbIMII K 3eMHoli nOBepx-
HOCTH. AlITeHHY cTa6HJIH3HpOBaHHoro I1C3 l\102KHO lIanpaBHTb
B JIlO6ol\I 3a)I.aHHOl\1 HanpaBJIeHHI1, HO ,LLJIH 3Toro, KpOMe anna-

paTypbI cTa6I1JIH3aIJ.HI1 I1C3, nOTpe6YIOTC5I ellLe H npu60pbI
op l1eHTaIJ.IlH aHTeHH. Yl\1eHblIleHHe Ha,l(e)KHOCTli CHCTeMbI OT

BBe,l(eHI15I ,LLonOJIHlITeJIbHOM CJIO)KHOli annapaTypbI cTa6HJIH3a..

IJ.HH nOJIOlKeHHH I1C3 H, B03MOlliHO, annapaTypbI opneHTaIJ.HH
l\10llieT OKa3aTbC5I HeonpaB,l(aHHbIl'yI; 60JIee onpaB)J.aHHbIM lVlOllieT

OKa3aTbCfl HCn0J1b30BaHHe AOnOJIHHTeJIbHOrO Beca 3a CqeT
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lU1H 113JIYQeHHH n03TOl\IY 6y,[(eT H3MeHHTbCH npl1 npOJIeTe CnYT-
IlHKa, HaXO,[(H erOCHHa IIH3KOIJ Op6HTe, H 6y,[(eT pa3JIH1.IHOH
)J.JIH pa3JIH4HbIX Ha3eMHbIX CTaHIl.HH. CJIe)J.yeT, O,[(HaKO, 3al\fe-

fl1Tb, 4TO npHHHMaeMbIH CHrHaJI Bcer,l(a 6y,[(eT HMeTb JIHHeHHYIO
nOJIHpH3aUJ1IO, eCJII1 I1C3 H3JIY4aeT JIHHeHHo-no.J1HpH30BaH-

u

HbIH CHrHaJI paBI-IOMepHO BO Bcex HanpaBJIeHHHX.

I
,I
I'
I

I

5.2. fla3eAUible afllneflflbl a"Zfl CllClne./1t cafl3ll tlepe3 HC3,
fla.xo8flU{llecR Ha flU 31\UX up611llzax

ECJIH npMHHTb, 1.1TO I1C3 H3JIY4aeT CHfHaJIbI Ha KaKoii-TO.
u

qaCTOTe C onpe)J.eJIeHHOH nJIOCKOCTbIO nOJIHpH3aI1.HH paBHOl\1ep-
110 BO Bcex HanpaBJIeHHH:h, TO, 04eBH)J.HO, He06xo)J.I1l\IO HMeTL

Ha3eMHoe aHTeHHoe YCTPOHCTBO, cnoco6Hoe npllHHl\laTb TaKI1e

CIIrHaJlbl. TIOCI\OJIbKY )KeJIaTeJIbHO ocymeCTBJIHTb CBH3b C I1C3
B Te4eHHe B03MO)KHO 60JIblllerO npOl\le)KYTKa Bpel\IeHI1, TO Ha3eM-

HaH aHTeHHa )J.OJI)KHa, 01.IeBI1)J.HO, 06JIa,[(aTb nOJIY1l30TponHOH
xapaKTepHCTHKOH H3J1Yl.feHHH. TaKYIO xapaKTepHCTHKY l\10)KHO

n0J1Y4HTb JIH60 C HenO,[(BH)KHOH aHTeHHOH, JIH60 C HanpaBJIeH-
Hoii aHTeHHOll, CJIe,[(H eI1 3a 11C3 no 3a aHHollnporpaMMe.

HenO)J.BII)KHaH BceHarrpaBJIeHHaH aHTeHHa npHBJIeKaeT cBoell

npOCTOTOH H OTCYTcTBIIeM CHCTeMbI CJIelKeHIIH. O,[(HaKO BCJIe,[(-
CTBHe orpaHII4eHHH lV[O HOCTH, H3JIY4ael\IOH 11C3, II He06xo-

,[(IIfvrocTH 06eCnel.feHHH nepe,[(aqH 60JIblllOrO o6'bel'vra HHcpopMaUJ111
Ha3el\IHaH aHTeHHa ,[(OJI)KHa 06JIa,[(aTb HeKOTopbIM K03cpcpHII.IIeH-
TOM YCIIJIeHIIH. ECJIH Tpe6yel\10e YCHJIeHl1e He npeBbIlilaeT
15 a6, TO l\10.IKeT 6bITb IICnOJIb30BaHa aHTeHHa THna «BO.J1HOBOI'-i
H:aHaJI». IlpH YCHJIeHHH 20 a6 If BbIlile npe)J.no4TeHHe CJIe,[(yeT
OT.lI.aTb qallle06pa3HoII aHTeHHe. B JIlO60l\1 CJIY4ae He06xo)J.Hl\10
HCnOJIb30BaHHe )J.BYX aHTeHH co B3aHl\IHO nepneH)J.HKYJIHpHbIMH

u

nJIOCKOCTHMII nOJIHpH3al1.HII HJIH )J.BYX aIlTeHH C KpyroBOI1
nOJIHpH3aIl.Ifei1 B 060HX HanpaBJIeHHHx.

I

,

I

II

II

5 ./J. fIa3e,ttHble afll/Z('flHbl aAR CliCllle.lHhl CBR311 t[{'pe3
«c IIHXfJOHH vie» IfC3

KOIICTPYKIUIH Ha3C1\IHoi1 aHTCHIIhI, npc)J.1I33l1alIeHHoH ,AJIH
CBH311 co cTa6HJIII3HpOBaHHbIT\f I1C3 I1a CIIHXpOHHOll op6HTe,
,lJ,OJI)KI-Ia o6eCneQUTb npHel\I Cl1rHaJIOB TOJIbKO O)J.HOH nOJIHpn-
3aUJ1II, nOCKOJlbKY nOJIHpH3all.HH CHrI-laJIOB TaKoro 11C3 He H3-

MeHHeTCH. TIpaKTH4eCKlI 3Ta aHTeHHa )J.OJI)KHa Bce me ,[(ony-
CKaTb He6oJIbWI1e yrJIOBble nepeMellleHIfH ,l{JIH KOMneHcaUHH

I

II

II
III
-
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I
Tex He60JIblllHX H3 [eHeHHiinOJIO)KeHHH I1C3, KOTopble HeH3-

6e)KHbI no KpaHHeH rvlepe B nepBbIx 06pa3Il.aX cTa6HJIH3H-

pOBaHHblx CBH3HbIX l1C3.

Tpe60BaHHH 60JIblllOH nponYCKHOH cnoco6HoCTH pa,[(HOJIH-
HI1I1 npHBe,[(YT - K He06xo,lJ,HMOCTH Yl\leHbIlleHM5I 60KOBbIX JIe-

neCTKOB ,[(HarpaMl\IbI lIanpaBJIeHHOCTH aHTeHH B cHcTeMax, I1C-

IIOJIb3YlOllI.I1X cnYTHI1KH KaK Ha BbICOKHX, TaK 11 IIa Hl13KHX

op6HTax. flO-BlI,lIJIMOMY, He06xo)J.Hl\10 6Y)J.eT npl1MeIIHTb 60JIee

CJIO)J{Hble KOHCTPYKll.HH napa60JIl14eCKHX HJ1H PYIIopHo-napa-
60JII14eCI{HX aIlTeHH.

01

I
C'I
C0

5.4. 01l11111AlaAvHafl (no 1ttOU{HOCfllU Ha BxoBe nplleJtHll1\O)
OJ

ttacnzolna npu pa3.;lll t[HblX fllunax QHflZeHHblX YCtnpOLlCIlz8

lV\OIllJIOCTb Ha BXO,lJ,e npHeMHHKa PR npOnopll.HOHaJIbHa l\10 -

HOCTH nepe,naT4HKa PT , YCHJIeHHIO npHeMHoii II nepe)J.alO eH
aUTeI-lH OR II 0 r II oopaTHO npOnOpll.HOHaJIbHa KBa,lJ,paTaM qac-

TOTbI f H )J.aJIbHOCTI1 CBH3H d, T. e.

P
T
GT GR

PR = a
f2d2

.

LIaCTOTHaH 3aBHClIl\IOCTb 1\IOllI.HOCTH CHrHaJIa IIa Bxo,ne II33eT\1'"

Horo npHel\IHHKa npn pacnpOCTpaHeHHH .3HeprHH B CB060,nHOM

npOCTpaHCTBe MO)KeT 6bITb oxapaKTepH30BaHa CJIe,nYI{) HM

o6p a301\'1:

1. TIpH HeHanpaBJIeHIIbIX aHTeHHax Ha 3el\IJIe H I1C3 HJIn
u

npH 3a,[(aHHOH llIHpMHe HX )J.HarpaT\Il\IbI HanpaBJIeHHOCTH l\[0 -

HOCTb CHrHaJIa Ha Bxo,[(e npHel\fHHKa 06p3THO npOnOpll.HOHaJIb-
Ha KBa)J.paTY QaCTOTW.

2. N\O HOCTbCHrHaJIa Ha BXO)J.e npl1el\IHHKa na 3aBHCIIT

OT 4aCTOTbI, eCJIH aHTeHHa 11C3 - BceHanpaBJIeHHaH HJIH

HMceT HeH3MeHHYlo lllHPHHY )J.Marpal\Il\1bI nanpaBJIeHHOCTH,
3 HanpaBJIeHHaH Ha3ervl1I35I aHTeHH3 Hl\leeT 3a,[(aHHbIC pa3MepLI.

lloC'KOJIbKY OR npoIIopLlIIOHaJILHO f2, TO PR IIpOnOpUJI01l3JIbIIO
PT/d'!..

3. MOlllJIOCTh CIIfHaJI3 I1a BXO,nC npHel\IlIlII<3 np5Il\10 IIp0I10p-

IJ.1I0IlaJIhIla I<Ba,QpaTY 4aCTOTbI, eCJIII npB 3a,AaIlHLIX pa3Mepax
3HTeHH Ha 3el\fJIe II yIC3 OHM 06eCneQHBalOT B03l\IO)l{HOCTb pa-
60TbI C 60JIee OCTpbIl\1H ,lJ,IIarpaMIVIal\IH HanpaBJIeIlHOCTH I1a 60JIee

BbICOKHX 4aCTOTax. [JOCKOJIbI<y GT npOnOpIJ.HOHaJIbHO f2 If

Of?, npOnOpll.HOHaJIbHO t
2

, TO PR npOnOpll.HOHaJIbHO PTf2/d
2

,
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DepBble CBH3Hble HC3, no BCeH: BepOHTHOCTH, He 6YAYT
HMeTb CHCTeMbI opHeHTaIl.HH HX nOJIO)KeHHH, H n03TOMY H3JIY-
IIeHHe HX aHTeHH ,[(OJI)KHO 6bITb H30TponHbIM. MOll1.HOCTb CHr-
HaJIa Ha BXOAe npHeMHHKa He 6y,[(eT 3aBHceTb OT IIaCTOTbI (,[(0
HeKOToporo BepXHero npeAeJIa, KorAa nOrJIOll1.eHHe B aTMoc e-
pe CTaHeT 3aMeTHbI1\1), H BbI60p pa60IIeH IIaCTOTbI 6YAeT BCeIl.eJIO
onpe,[(eJIHTbCH YCJIOBHHMH pa60TbI annapaTypbI. DOJIblllHe
nOTepH npH pacnpOCTpaHeHHH, CBH3aHHble C HCnOJJb30BaHHeM

HC3, HaXO,[(Hll1.erOCH Ha CHHXpOHHOH op6HTe, MorYT 6bITb OT-
IIaCTH CKOMneHCHpOBaHbI 3a CIIeT nOBbIllleHHH MOll1.HOCTH nepe-
AaT4HKa HJIII opHeHTaIl.HH I1C3 (B 3TOM CJIyqae MOlliHO nOJIY-
qHTb YCHJIeHHe uaHTeHHbI cnY1HHKa nopH,[(Ka 7 a6). I1cnoJIb30-
BaHHe CJIe,[(Hll1.eH aHTeHHbI Ha opHeHTHpOBaHHOl\1 HC3 n03BOJIHT

nOJIY4HTb nOBbIllleHHoe 3Ha4eHue K03 cpHIl.HeHTaYCHJIeHHH Ha
60JIee BbICOKHX 1JaCTOTax.

6. OnTHMH3aL\HSI napaMeTpo8 CHCTeMbI

113 BbIllleH3.JIO)J{eHHoro HCHO, IITO He06xOAHMOCTb OrrfH1\IH-
3aIl.HH Bcex napa1\1eTpOB JIHHHH CBH3H y!C3 - 3eMJIH BbI3bI-
BaeTCH OIIeHb orpaHH4eHHOll MOll1.HOCTbIO nepBHIIHbIX HCT01J-
HHKOB nHTaHH5I Ha I1C3.

DOCKOJIbKY J(HarPuaMMa H3JIY4eHHH aHTeHH nepBbIX CB.SI3HbIX
I1C3 6YJ(eT, no BceH BepOHTOCTH, H30TponHoi1, a Ha3e1\1HbIe
aHTeHHbI 6Y,[(YT CJIe,[(Hll1.HMH, 06ll1.ee 3aTyxaHHe CHrHaJIOB 6y,[(eT
no CYIl.(eCTBY He3aBHCHl\IbI1\1 OT 1JaCTOTbI. B TaKHX YCJIOBHHX 1Jac-

TOTa, npH KOTOp01I nOJIY4aeTCH l\IaKCHMaJIbHOe OTHOllleHHe

CHrHaJI/IIlYl\1 CHCTelVIbI, onpe,[(eJIHeTCH TOIIKOH C MHHHlVIaJIbHbIMH

IIlYMaIVIH. 3 0OTHorneHHe 6JIarOJ(apH npHl\IeHeHHIO YCHJIHTeJIei1
C 1Jpe3BbI1JaI1HO HH3KH1\1 ypOBHeM WYMa OrpaHHQHBaeTCH JIHlllb

npHpO,[(HbIMH IIlYl\1a1\IH. 'YnOl\I5IHYTan 4aCTOTa HaXO,[(HTC5I B J(Ha-
na30He 1-7 relt. l{JIH YCTpaHeHH5I nepHoJ(llIIecKoro YXYAllle-
HH5I KalJeCTBa CBH3H CHCTeMbI C BbICOKOH nponycKHoH cnoc06-
HOCTblO lllYl\Iai\IH raJIaKTHKll H Co.nHIl.a )l{eJIaTeJIbHO HCnOJIb30-
BaHHe 60JIee BbICOKOIIaCTOTHOH l.IaCTH 3Toro ,[(llana30Ha.

BHYTPH ,[(Hana30Ha IIaCTOT 1-7 r2l BbI60p pa604ei1 IIaCTOTbI

6y,[(eT B OCHOBH01\I onpeAeJIHTbCH TeXHHIIeCKHMH c006pa)KeHHH"
MH, CBH3aHHhIMH C H3rOTOBJIeHHeM annapaTypbI H HaJIHIIHeM

,He3aHHTbIX IIaCTOT. B HaCTOHll1.ee Bpel\IH 60JIee Bep05ITHO npH-
lVleHeHIIe aHTeHH C H30TpOnHbIl\1 H3JIYIIeHHel'vl H nepe,[(aTqHKOB
C BbICOKHlVt K. n. ,[(. ,[(JI51 HH3KoqaCTOTHoro yqaCTKa ,[(Hana30Ha.

-

I
(;'.
':f.

7. XapaKTepHCTI1Ka CHCTeMbl

Do co06pa:tKeHHH1\1 3KOHOl\1HKll ueJIeC006pa3Ho npoeKTH-

pOBaTb CHCTel\IY CBH3H C nOMOll1.blO HC3 He MeHee qeM Ha 600 ,[(Y-

nJIeKCHbIX TeJIecpoHHbIX KaHaJIOB HJIH 1 TeJIeBll3HOHHbI:H KaHaJI.

)KeJIaTeJIbHO ,rioBeJ(eHHe 1JHeJIa TeJIecpoHHbIX KaHaJIOB ):(0 1 200,
qTO 3aH51J10 6bI nOJIocy qaCTOT, paBHYIO 5 Melt, qTO 3KBHBa-

JIeHTHO nOJIoce qaCTOT CHrHaJIOB BbICOKOKaqeCTBeHHoro TeJIe-

BHAeHHH.

,LLJIH nepe):(aqll TaKHX CHrHaJIOB no 06blqHbIl\1 pa):(HopeJIei1-
HbIM JIllHllHM He06xo):(HMa nOJIOCa qaCTOT nopH):(Ka 20 Mel 

(HOplVIbI MKKP npe):(ycMaTpHBalOT nOJIocy qaCTOT 20 Met{ Ha

Kalli):(bIH CTBOJI). PaCCTOHHHe Me:tK):(Y CTaHIl.HHMH Ha3eMHoH pa-

):(HopeJIe:HHO:H JIllHHH COCTaBJI51eT 50-65 KAt, B TO BpeMH KaK B

CHCTeMe CBH3II C n01\10ll1.blO HC3 OHO ):(OCTHraeT 5 600 K.II1-.

B HaCTOHll1.ee BpervIH Ha pa):(HopeJIeHHbIX JIllHll5IX AonycKaeT"

CH nOJIHa5I l\10ll1.HOCTb WYl'vIOB He BbIwe 3 nBnl Ha 1 K.A1-, 1JTO COOT-

BeTcTByeT l\10ll1.HOCTll WYl\10B B 7 500 naln 3a CqeT annapaTypbI

fllI10TeTII4ecKoII JIHHlIH  J1HHO:H2 500 KM.

B 3TOH Ul1cppe Y4uTbIBaIOTcH KaK TenJIOBble WYMbI, TaK H

u

WY1\1bI HeJIllHeI1HbIX nepexo,[(oB; OHa COOTBeTcTByeT BeJIH4HHe

OTHOllIeHI1H CHrHaJI/lliYI\l 47,7 a6 B KaHaJIe IIIHpHH01I 4 Kel{.

COBeplI!eHHO 04eBll,[(HO, qTO xapaKTepllcTllKH CHCTeMbI CBH311

C nOMOll1.blO I1C3 ,[(OJI:tKHbI 6bITb TaKoro }Ke nopH):(Ka.

K03cpcpHIl.l1eHT lllYlVla npHeI\1HHKa Ha HC3 l\10}KeT 6bITb npll-

MepHo Ha 20 a6 60JIbllIe, 4el\1 K03cpcpl1 ll.HeHT lllYMa Ha3eMHoro

nplIel\1HHKa. YBeJIH4eHHe K03cpcpHIl.HeHTa llIYl\la nplleMHllKa

Ha I1C3 KOl\tIneHcHpyeTcH MOll1.HOCTbIO Ha3el\jHOrO nepeJ(aT-

4HKa, KOTopaH npHI\lepHO Ha 30 a6 60JIbllle MO HOCTHnepe):(aT-

411Ka Ha 11C3; TaKHM 06pa30l\I, YPoBeHb wYl\1a npM nepe):(a4e

C 3elVIJIH Ha I1C3 npH6JIH3HTeJIbHO Ha 10 a6 HH)Ke, 4eM Ypo-

BeHb llIYMa npH nepe):(a4e c HC3 Ha 3el\l.nlO. fI03TOl\1Y npn OIl.eH-

Ke pa60TbI Bcell. CHCTeMbI llIYMaMH "nepe):(allH C Ha3eMHoH CTaH-

UlfH Ha I1C3 lVIO:tKHO npeHe6peqb. IIlYMbI HeJIHHeHHblx nepexo-

):(OB Ha 060HX yqaCTKaX l\10rYT 6bITb O,LLHHaKOBbIMll. B

3THX YCJIOBlIHX ):(onycTHl\1ble TenJIOBbIe lllYI\1bI. Ha Y4acTKe

1:'IC3 -3eMJIH cooTBeTcTBYIOT OTHoweHHIO CHrHaJI/wYM, paBHO-

MY 50 a6.

PacCMOTpHl\1 B Ka4eCTBe nplll\Iepa CHCTeM:Y, llCnOJIb3YIOll1.YIO

opHeHTHpoBaHHwi1 no nOJIO}KeHlIlO y!C3 Ha KPyroBoH op6llTe
BbICOTOH 4 800 KM, H cHcTeMY, HCnOJIb3YIO YIOoplleHTHpoBaH-
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HbIH no nOJlO)KeHIUO I1C3 Ha CHHXpOHHOH op6HTe BbICOTOH
35 810 KM.

3aTyxaHHe CHrHaJIa B CB060,lJ.HOM npocTpaHcTBe Me)K)J.Y H30-

TponHbIMH aHTeHHaMH Ha qaCTOTe 4 Fcq paBHO ...--.,183 a6 )J.JlH
I1C3 Ha HH3KOH op6HTe H 197 au ,nJIH I1C3 Ha CHHXpOHHOH
op6HTe. MOmHOCTb nepe,lJ.aTqHKa Ha HC3 C HH3KOH Op6HTOH
npHMeM paBHoH 4 BIn, a Ha I1C3, HaXO,lJ.HmeMCH Ha CHHXpOHHOH
op6HTe, paBHoH 10 am, qTO, BO-BH)J.HMOMY, He,lJ.3J1eKO OT HCTHIIbI

)I.JlH 6J1HlliaHWero 6Y,lJ.ymero. DpH 3TOM K311eCTBO nepe)J.311H n3

Yll3CTKe I1C3 - 3eMJIH 6Y,lJ.eT 33BIIceTb OT B03MO)KHOCTH opHeH-
T3QHH nOJlOllieHHH cnYTHHK3 (npl1 3TOlVI 1\10lliHO 6Y)J.eT peaJIH-
30BaTb 60Jlee BWCOKoe YCHJIeHHe 3HTeHH) H OT )J.PyrHx napa-
MeTpOB CHCTeMbI, BKJIlOq3H BH,lJ. MO)J.YJIHQHH. B03MO)KHO npH-
l\feHeHHe Tpex OCHOBHbIX BH)J.OB 1\10)J.YJIHQHH: Q3CTOTHOl1 C 60JIb-

U u " u

1ll0H ,lJ.eBUall.UeH qaCTOTbI, H1\fnYJIbCHO-KO,lJ.OBOH If O,lJ.HOnOJIOCHOH
u

alVlnJIHTY,lJ.HOH.

.

7.2. IfJvtnYAbcHO-KOaoeafl MOaY.1Rl{Ufl

CHcTeMbI C 111\lnYJIbCHo-KO)J.OBOH 1\10,lJ.YJlHQHeH (I1KM),
TaK Me KaK H CI1CTeMbI C 4M, HBJIHIOTCH lllHpOKOnOJIOCHbIMH.
06bI4IIO npH nepe)J.a4e no pa)J.HOJIHHHH HHcpopMaQHH B BH)J.C

pelJH, MY3bIKH HJIII TeJIeBH3HOHHoro H306pa)l{eHHH Henocpe)J.-
CTBeHHO Ha BXO,f( MO,nYJIHTOpa nepe)J.aTIIHKa nO)(aeTCH HanpH-

MeHHe, npOnOpll.110HaJIbHOe MO)J.YJlHpYIOmeMY CHrHaJlY. OHO

MO)J.YJlHpyeT H3JIYQael\1ble nepe)J.aTIIHKOM KOJIe6aHHH no aMnJIH-

TY)J.e, llaCTOTe HJIII cpa3e. Cy ecTBeHHoeOTJIHIIHe CHCTeM C I1KM
3aKJlIOllaeTCH B T01\1, qTO MO,lJ.YJIHpYIOmee HanpH)KeHHe 06pa6a-
TbIBaeTCH ,lJ.0 nO,f(aqll Ha nepe)J.aT4HK: OHO npeBpamaeTcH B no-

CJle)J.OBaTeJIbHOCTb HMnYJIbCOB, B KOTOpOH Ka)K)J.aH rpynna HM..

nYJlbCOB xapaKTepM3yeT BeJlHllHHY HanpHMeHHH B ,lJ.HCKpeT"
HbIe rvioMeHTbI BpeI\1eHH. B 33BHCHl\10CTH OT THna HCnOJlb3yel\10rO

nepe)J.aT4HKa 3TH I1MnYJIhCbI MO)J.YJlHPYIOT ero no al\1nJIHTY)J.e,
4aCTOTe HJIH <ra3e. I1MnYJIhcHaH nOCJIe)J.OBaTeJIbHOCTb COCTOHT

H3 rpynn HMnYJIbCoB: qHCJIO HMnYJlbCOB B rp¥nne 3aBHCHT OT

npHHHToro KOJIHqeCTBa ):(HcKpeTHbIx ypoBHeH, npH nOMOmH

KOTOpbIX annpoKcHMHpyeTcH ypoBeHb nepe)J.aBaeMoro CHrHaJIa.

lJHCJlO rpynn 1Il\1nYJIbCOB B 1 eeK onpe)J.eJIHeTCH MaKCHMaJIb-

HOH qaCTOTOH B nepe aBaeMOI\I CHrHaJle. Tpe6yel\laH npH

I1KM lllHpHHa
-

nOJIOChI q3CTOT onpet(eJIHeTCH 3THMH ,lJ.BYMH
IIHCJIaMH.

,l:{JIH nepeJ(aqM CMrHaJIOB C I1KM MOMeT 6bITb npHMeHeH

npocToH H BhICoKo3cp<peKTHBHbIH cnoco6 nepe)J.allH, npH KOTOpOM
«e)J.HHH:QhI» H «HYJIM» )J.BOH4Horo KO)J.a nepe)J. IOTCH YTeMH3Me-
HeHHH cpa3bI KOJIe6aHHH: nepe)J.aTIIHKa Ha 180u . TaKOH BH,lJ. MO)J.Y"
JlHll.HH nOJIyqHJI Ha3BaHHe cpa30pa3HOCTHOH MO)J.YJlHQHH.

BOCCTaHOBJIeHHe )J.BOH4Horo KO)J.a Ha cpOHe lllYMOB H nOMex
u

MO)KeT 6bITb npOH3Be)J.eHO C ropa3)J.0 MeHbll1eH BepOHTHOCTblO
0ll1H6KH, qeM npM onpe)J.eJIeHHH MfHOBeHHoro 3HaqeHHH rvIO)J.Y"

JIHpYIOmero CHrHaJIa, H3 KOToporo nOJlyqeHbI 3HalleHHH KO)J.OBbIX

KOM6HH3lI.HH. ECJIH npHeMHHK npH 3a)J.aHH01\1 ypOBHe llIYMOB

npaBHJIbHO BocnpOH3BO)J.HT KO)J.OBbIe 3HaKH, TO HHcpOpMal1.HH MO.

MeT 6bITb BocnpOH3Be)J.eHa, HeCMOTpH Ha CHJIbHOe 3aTyxaHHe

npH pacnpOCTpaHeHHH. BOJle Toro, HMnYJlbCbI M :YT6bITb pe..

reHepHpoBaHbI )I.JIH )J.aJIhHeHlllHX peTpaHCJIHlLHH 6e3 YXY)J.-
meHHH OTHOllleHMH CHrHaJI/wYM TaK, IITO npH peTpaHCJIHQHH

WYMbI B K3)KJ(Ol\1 MHTepB3JIe He HaKanJIHBalOTCH H He )(06aB-
JIHIOTCH K lllYMaM coce,nHero HHTepBaJIa.

7.1. lllupoKono/locHaJz ttaclllOlllHaJl J.tOBYAfll{UJl

npOBO Hl\1bIeB HaCTOHIlI.ee BpeMH 3KcnepHMeHTbI OCHOBaHbI

Ha npHMeHeHHH llIHpOKOnOJIOCHOH qaCTOTHOH 1\10 YJlHI1.HH(4M),
nOCKOJIhKY 3TOT BH,Z:( MO)J.YJIHl1.HH XOpOI1l0 OTp360TaH II corJIa..

cyeTcH C cYIlI.ecTBYIOmHMH MeTO,lJ.3MH ynJIOTHeHHH. O,lJ.HaKo Ta-

KOH BH,lJ. MO)J.YJlHll.HH Tpe6yeT OqeHb lllIIpOKOH nOJIOCbI qaCTOT.

D03TOMY CeHqaC p3CCM3TpHB3lOTCH If ,nPyrHe BH,lJ.bI l\10,lJ.YJIHll.IfH;
HeKoTopbIe H3 HIfX 06JI3,lJ.31OT KaK onepaTHBHbIl\1H, TaK H

TeXHHqeCKHMH npeHMymecTB3MH.
u

MO)KHO nOKa33Th, '-ITO HCnOJIh30BaHHe IllHpOKOnOJIOCHOH
4M If npHMeHeHHe H33eMHblX npHeMHHKoB C o6paTHoH CBH3bIO

no qaCTOTe n03BOJIHeT TeOpeTHlJeCKH nOJIyqHTb HYMHoe K3-

qeCTBO nepe)J.aqH H3 yqaCTKe I1C3 -- 3eI\1JIH. no. pa604HM
xapaKTepHCTHK31\1 YlJ3CTOK HC3 - 3eMJlH BHe 33BHCHMOCTH

u u

OT ero npOTH)KeHHOCTH MO)KHO Cp3BHI1Tb C pa,lJ.IIopeJleHHOH JIII-

HHel1 ,lJ.JIIIHo i2 500 KAl, Y)J.oBJIeTBOpHlo erlTpe60B3HH5IM MKI(P.
)JJl5I nepe)J.allH 1 200 TeJIecpoHHbIX KaHaJlOB B 3TOM CJIYlIae
He06xo,lJ.HMa nOJIoca qaCTOT, p3BII3H 50 Mcl{. Pacnpe eJIeHHe

..

qaCTOT B HaCTOHmee BpeMH npe,Z:(ycMaTpHBaeT OTBe)J.eHHe TaKOH

nOJIOCbI qaCTOT; 0,lJ.H3KO neperpY)KeHHOCTb qaCTOTHoro cneKTpa
3aCTaBJlHeT BHH1\I3TeJIhHO p3CCl\13TpHB3Tb JII06bIe npe,lJ.JIOllie-
HHH, n03BOJIHIO He CY3HTb HCnOJIb3yeMYIO nOJIocy qaCTOT.

...
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.lV10MHO rrOKa3aTb, 1.ITO npii rrp01.IHX paBHbIx YCJIOBIIHX H HC-

rrOJIb30BaHHH rrepe)l.aT4HKa MO HOCTbIO2 e/n Ka4eCTBO pa60TbI
CHCTeMbI C I1KM npii MHHHMaJIbHOH IlIHpHHe rrOJIOCbI 4aCTOT

CpaBHHl\IO C Ka4eCTBOM pa60TbI CIICTel\1bI C IlIHpOKOrrOJIOCHOii
LIM. YMeHbweIIHe BbIXO)l.I-IOH MO HOCTHnepe)l.aT4HKa Ha 3 86

CB5I3aHO B paccMaTpliBaeMoM CJIY4ae C Yl\1eHhlIleHHeM nepe)1.aBae-
MOll rrOJIOCbI qaCTOT C 50 )1.0 37 M2l{ .

KaHaJIhHOrO CHrHaJIa; rrllK-cpaKTop CHrHa.na (rrpeBbIlllael\1bIH
B Te1.JeHHli 1 °0 Bpel\tleHH) npHHHT paBHbIl\I 2,4 (T. e. + 7,6 86).

7.8. CUClneMbl C OaflOU 60/\,080l1 no./locou liaC/1l0m

I13BecTHO, lITO CHCTeMhI C O)1.HOll 60KOBOH nOJIocoii lIaCTOT

3aHHMalOT nOJIOcy, paBHYIO nOJIOce nepe)1.aBaervloro ClirHaJIa.

3Ta 3KOHOMHH nOJIOChI HB.rIHeTCH OCHOBHbIl\1 npeHMy ecTBOl\I
TaKliX CliCTel\I. ,II,pyrHl\IH npeHl\Iy ecTBal\IH 5lBJI51IOTCH OTCYT-
CTBHe nopora npHeMa H B03MO)KHOCTb O)1.HOBpel\leHHOH pa60TbI
HeCKOJIhKHX nepe)l.aTlIHKOB B O)l.HOl\I 06I.l.{eM CTBOJIe. 3TO n03-

BOJI51eT C rrOMOI.l.{blO O)1.HOrO peTpaHCJIHTOpa Ha I1C3 06ecne-.
lIHTh CBH3b no HeCKO.rlbKHfvl JIHHHHM (B CHCTel\Ie 41\1. 3Toro 1\10)K-

HO )1.0cTHrHYTb TOJIbKO pa3)1.eJIeHHeM KaHaJIa Ha nO)1.)1.Hana30HbI,

Ka)K)1.bIH H3 KOTOpbIX Hl\leeT c06cTBeHHYIO 4acToTHo-MO)l.YJIHpO-
BaHHYIO Hecy ylO).

O)1.HaKO npH :tKeCTKHX OrpaHHqeHH51X MOmHOCTH rrepe)1.aT-
qHKa I1C3, cymecTBYlOmHX Ha cero)1.HHlIlHIIH )l.eHb, HeB03MO}K-

HOCTh YBeJIH4eHHH MOmHOCTH nepe)l.aTqHKa 3a CqeT YMeHbllle..
HHH nOJIOCbI rrepe)1.aBael\1bIX 4aCTOT HBJI51eTCH OCHOBHbIl\1 He)1.0-

CTaTKOM CliCTeMbI C O)l.HOH 60KOBOH rrOJIOCOH qaCTOT. IlpH TaKoH

CHCTeMe npe)l.nHBJIHIOTCH TaK)Ke OqeHb BWCOKHe Tpe60BaHH51
K nliKoBoH 1\10mHOCTH nepe)1.aT1.IHKa. PaC1.IeT nOKa3bIBaeT, 1.ITO

)l.JIH nepe)1.aqH TaKoro )Ke KOJIHlIeCTBa HHcpOp:\lallHH, KaK B npH-
Be)l.eHHOfvl BbIlIle rrp HMepe C 41v1, cHcTervla C o)1.Hoii 60KOBOH no-

u

JIOCOH )l.OJI}KHa IIMeTh CJIe)1.YIO lle napal\1:eTpbI:

CpeJJ.HSISI MOll\HOCTb nepeJJ.a TIJHKa Ha HC3

C HII3KOi[ I<pyronofi Op6UTOii nhIcoToii 4 800 KAt . .

C ClIHXpOIlIlOi-i Op611TOiI BbICOTOli 35 810 K tt . . . .

DOJInan 111l1pUIIa nOJIOCbI lIaCTOTbI ... . . . . .

OTIIoIlleHIIe CnrHaJI/TenJIOBbIe IllYMbI B KaHaJIe ..

20 em

51 ern

5 M2t{
50 iJ6 (npII

1200 KaIl3JIax)

7. 4. Kpa/llKoe cpaBHeflue pa3.11u tlHblX BUaOe J1tOaY./lfll llll

HeJIb3H CKa3aTh, lIT06hI BbI60p BH)1.a MO)l.YJIHlllIH )1.JIH CBH3H

Ha YlIacTKe I1C3 - 3elVIJIH 6bIJI OqeBH)l.HbIM. HaH60JIee MIIoro-

06emalo HMHCHCTeMal\l11 B HaCTOH eeBpeMH HBJIHIOTCH CIIC-

Tel\lbI C 41\\ II 06paTHolf CBH3bIO no qaCTOTe H CHCTeMbI C IIKM,
rrepe)l.aBaeMOii C nOMOmblO cpa30-pa3HocTHOH MO,z:r.YJIHlllIH C no..

)l.aBJIeHllelVl O, HOHOOKOBOII rrOJIOCbI 4aCTOT.

ClicTeMhI C 4lv\ XOpOlIlO H3BeCTHbI H n01.JTH nOBceMeCTHO
U 0

npHl\IeHHIOTcH B annapaType Ha3eMHblX pa)l.HOpeJIeHHbIX JIIIHHH

CBH3H; n03ToMY BnOJIHe BepoHTHo, 4TO B Te1.IeHlle 6JIfDKaHlIlHX
HeCKOJIbKIIX JIeT 6JIaro)l.apH OrpaHHqeHHHl\1 BbIXO)l.HOH 1\10m-
HOCTH nepe)1.aT411Ka I1C3 6Y)l.YT IlIUpOKO npn1\1eH5IThC51 CHCTe-

MbI lIlHpOKOnOJIOCHOH LIM C 06paTHoH CBH3hlO rro 1.IaCTOTe

B rrpHel\1HHKe, KOTophle l\lorYT 6bITh oCYI.l.{eCTBJIeHbI y}Ke
B HaCTOHmee Bpel\1H.

Ilo Mepe HaKOnJIeHHH onbITa pa60TbI C HMnYJIbCHO-KO)1.0BbI"
MH CHcTeMarvIH TaKlie CHCTeMbI, B03MO/KHO, 6Y)l.YT HaXO)l.HTh

Bce 60JIbllIee npHlvreHeHlle. IlpH onpe)1.eJIeHHbIX YCJIOBHHX 3TH
. U

CHCTelVIbI )l.alOT 3Ha1.JHTeJIbHbIH BbIHrpbIIII B MOmHOCTH H 3aHH..
..

MaeMOH nOJIOce qaCTOT.

BBll)1.y CTOJIb BbICOKliX Tpe60BaHliH K l\10mHOCTH nepe,z:r.aT1.IHKa
Ha I1C3 npH nepe)1.aqe O)l.HOH 60KOBOH nOJIOCbI (cpe)1.HHH MOI.l.{-

HOCTh 20-50 am), no KpaHHeH 1\lepe B nepBOl\1 nOKOJIeHIIH CB5I3-

HbIX I1C3, TaKOH rvleTO)l. n03BOJIHeT nepe)1.aTh TOJIbKO npHl\'IepHO
1/5 qaCTb HHcpopfvlallHH. OTHOCHTeJIbHbIe pa60QHe napaMeTpbI
CHCTeM npllBe)1.eHbI B Ta6JI. 3.

HenpHro)l.HOCTb CHCTeMhI C O)1.UOH 60KOBOH nOJIOCOH )l.JIH

Y4acTKa I1C3 - 3elVIJIH He HCKJII01.JaeT B03l\10}KHOCTH ee npH"
MeHeHIIH Ha Y1.IaCTKe 3eMJIH - I1C3, r,l(e Tpe60BaHliH 60JIhlIlHX
rrllKOBbIX MO HocTeiiMorYT 6hITb y)1.0BJIeTBOpeHhI. IlpH 3TOM,

KOIIe1.IHO, Ha I1C3 nOTpe6yeTcH )l.OnOJIHHTeJIbHa51 anrrapaTypa
,l(JIH npe06pa30BaHliH BH)l.a MO)l.YJIH llll; TeM He MeHee TaKaH

CHCTeMa 3aCJIY)KHBaeT BHHMaTeJIhHOrO paCCMOTpeHHH B Tex

CJIY1.IaHX, Kor)1.a Heo6xo)l.HMa pa60Ta Qepe3 I1C3 0)1.HOBpel\1eH-
U

HO 1\1HOrliX Ha3eMHhIX CTaHllHH.

CHCTeMbI C 60JIbiliOlI nponYCKHOH cnoc06HOCTblO 6Y)1.YT He-

06XO,l(Hl\1bI )1.JIH ocy eCTBJIeHHHCBH3H I\Ie}K,l(y )1.ByrvlH nYHKTaMH

II

npH 3TOlVI npe)1.nOJIaraeTCH, QTO nHKOBaH l\10mHOCTb nepe-
,l(aT1.IHKa Ha I1C3 C H1l3KOH Op6HTOH MO}KeT )1.0CTHraTb 115 enl,
a Ha I1C3 C CHHXpOHHOH Op611TOH - 288 em npll nHKax IVIH?rO-

.
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T a6AULt0 3

C 60JIblllHM 06MeHoM HHcpOprv1a:QHH, HanpHMep AJIH TpaHCaT'"
JIaHTHqeCKOH CBH3H. Bo MHorHX ,[(PyrHx CJIyqaHX, Kor,[(a

06llJJfH 06MeH HHcpOpMa:QHeH 6YAeT OqeHb 60JIbIlIHM, cHcTeMa,

BepoHTHo, 6y,[(eT COCTOHTb H3 HeCKOJIbKHX CTBOJIOB, no KO-

TOpbIM o,[(HoBpelVleHHo 6Y.lI.eT oCYI..I:(ecTBJIHTbCH CBH3b C no-

MOI..I:(blO o,[(Horo I1C3. TOJIbKO npHMeHeHHe MHorOKaHaJIb-
u

Horo ynJIOTHeHHH, HCnOJIb3yeMoro npH MHorOKaHaJIbHOH ne-

pe,[(aqe C O):(HOH 60KOBOH nOJIOCOH, ,AaeT B03MOlliHOCTb C no-

MOIll,blO o):(Horo npHel\1HHKa ocy ecTBHTbnpHeM HeCKOJIbKHX

CHrHaJIOB, O,[(HOBpeMeHHo nepe,[(aBaeMbIx B pa3JIHqHbIX yqacT"
Kax 06Ill,ei1 nOJIOCbI qaCTOT. ,[LeMO,[(YJIH:QHH npHHHToro CJIOlliHOrO

CHrHaJIa He npe,[(CTaBJIHeT TPY,[(HOCTH, nOCKOJIbKY OHa o yIll,eCT-
BJIHeTCH npOCTbIM BbI,[(eJIeHHeM HY)KHbIX qaCTOT H3 06I..I:(eH nOJIO-

CbI C nOl'vIOIll,blO cpHJIbTpOB II B CJIyqae He06xo,[(HMOCTH KoppeK-
nHeH C,[(BHra qaCTOTbI B03HHKalOmero H3-3a 3cpcpeKTa ,[Lon..
nJIepa. ECJIH, KpOMe 3Toro, yqeCTb eme 3KOHOMHIO nOJIOCbI qac-

TOT, TO CHCTeMa C O,[(HOH 60KOBOH nOJIocoi1 OKallieTCH npHBJIe-
KaTeJIbHOH If 3aCJIYlliHBalOmeii BHHMaHHH, HeCMOTpH Ha llieCT-

KHe Tpe60BaHHH K JIHHeHHOCTH H He06xo,[(HMOCTb 60JIbIlIHX nH"
u

KOBbIX MOIll,HOCTeH.

I

" u

8. H 3J1.eJl{HOCTb Ii BJ1Ii Hl1e YCJ10BIH1 oKpy*aromeli cpe,nbl
B KOCMoce

YCJIOBHH cpe,[(bI, oKpY)KalOIll,ei1 I1C3 Ha op6HTe, HBJIHlOTCH

BeCbMa THllieJIbIMH ,[(JIH annapaTypbI. AnnapaTypa, no KpaHHei1
Mepe nepBoro nOKOJIeHHH 11C3, 6y,[(eT OrpaHH1.JeHa no Becy,
ra6apHTal\1 11 nOTpe6JIHel\1011 l\10Ill,HOCTH ,[(allie no cpaBHeHHlO
C CaMOJIeTHOH annapaTYPoH. 3Ta annapaTypa ,[(OJIlliHa BbI.lI.ep-
)KHBaTb lVleXaHHqeCKHe H TenJIOBbIe Y.lI.apbI, CBH3aHHbIe C 6bIC-

TpbIl\1 npOXOfK.lI.eHHel\1 cnYTHHKa CKB03b 3el\'1HYH) aTl\10ccpep...y,
H .lI.0JI)KIIa HOPlVI3JIbHO pa60TaTb B YCJIOBHHX OKPY)l{alOmeU

Cpe.lI.bI Ha BbICOTe ,[(0 35 810 Kht.

YCJIOBIIH OKPY:tKalOmei1: Cpe.lI.bI MorYT BbI3bIBaTb 3JIeKTpH-
4eCKHe, MarHHTHbIe HJIH XHMH4eCKHe H3l\1:eHeHHH B He3amHIll,eII-

HO IannapaType Ha I1C3. BbIXO,L( 113 CTpOH ,L(eTaJII1 6Y,L(eT 3aBI1-

ceTb OT Toro, HaCKOJIbKO pa604HH pemI1lVI ;i,aHHoii ,[(eTaJII1 4YB-
u u

CTBHTeJIeH K H3MeHeHI11O YCJIOBI1H oKpymalOIll,eH cpe,[(bI, 4TO

3aBI1CHT OT BbI6paHHOH Op6I1TbI I1C3.

HaH60JIbillYlO onaCHOCTb ,L(JIH pa60TbI annapaTypbI B KOC-

Moce npe,[(CTaBJIHlOT pa.lI.HaIlJIH H BbICOKHII BaKYYI\L Pa3PYIlIe-
HHH, rrpOH3BO.lI.Hl\1ble pa,L(Ha:QHeli, npOnOplIJ10HaJIbHbI 3HeprHH,

npOHHKalOmeii. cnOC06HOCTI1 H 06I.ILel\lY nOTOKY pa.lI.I1aIlJIH,
KOTopble 33Bl1CHT OT BbICOTbI Op6II-TLI. LLJIHTeJIbHOe 06JIY4eHHe
(OKeCTKOH)) pa.lI.HaIlJlei1 BHYTpeHHero pa.lI.HaQHOHHoro nOHca,

l'vIaKCHl\1YM KOTOpOH HaXO)J,HTCH Ha BblCOTe 2 400 KM, l\IO)KeT

BbI3BaTb cepbe3Hble HapyweHHH; 06.nYQeHHe «MHrKOII» pa.lI.Ha-
u

I1.HeH npH BbICOKOlVI BaKYYMe Be.lI.eT K nOBepxHocTHOH 3p03HII.
3KpaHHpoBaHHe OT «)KeCTKOI1)) pa,L(Hall.HI1 He oKynaeT . aTpa-

4IIBaeMoro na Hero Beca, nOCKOJIbKY pa.lI.HaQHH C BbICOKOH 3Hep-
rHeH BbI3bIBaeT BTopH4Hoe 1'-H3JIY4eHHe 3KpaHa, pa3pYlllHTeJIb-

...

Hoe .lI.eilcTBHe KOToporo, BepoHTHo, npeBOCXO.lI.HT ,[(eI1CTBHe nep-
o u

BH1.JHOI1 na.lI.alOmeH pa.lI.Ha:QHH.
3amHTOH OT «l\1HrKOH)} pa,L(HaI1.HH MO)KeT CJIYlliHTb l\1eTaJIJII1-

4eCKl1H KOHTei-'rHep, B KOTOpOM pa3lVlemalOTCH Bce 3JIeMeHTbI.
u

Bce 3JIeMeHTbI, 3a HCKJIlOQeHHeM ,L(BH)J{ymHxcH l-IaCTeH, MorYT
6bITb 3amHll\eHbI OT B03,[(eHcTBHH BblCOKoro BaKYYl\1a nYTelvI rep-
l\1eTH3aQI1H B KancYJIax HJIH 3aJIHBKH KOl\1naYH.lI.OM. 3JIeMeHTbI,
HMelOmHe nO,[(BH)KHbIe qaCTH, MorYT 6bITb 3amHmeHbI OT Hcna-

peHHH TOJIbKO nYTeM nOMeIll,eHHH HX B repMeTHqHbIe Kop06KH.
AnnapaTypa ,[(OJIlliHa BbI eplliHBaTb YCKopeHHH B 15 g

npH BH6pa:QHHx C qaCTOTOH  o2 000 clf.

TeOpeTH1.JeCKHe Tpe60BaHHH K MOLI.\HOCTH 11 lllHpl1He nOJlOCbI 1.JaCTOT

"PH HaJHlIll111 Ha Y laCTKeHC3
- 3eMJIH 1200 TeJle4>oHHblx KaHaJlOB

C OTHoweliHeM Cl1fHaJl/wYM 50 06 B Ka}K).J.OM KanaJIe WHpHHOH 4 K2Lt

Mo yJI5IIJ.JUI

I

C'J 
::rC\)

..,..

C'Jo<,
U

o .

I=;f-<
0 0

 t;

MOll\HOCTb 60pToBoro nepe)J,aPI H J{ a,

am

I{pyroBaH op6HTa
BbICOTOH 4800 ,Ot

CI-IHXpOHIIa5I

op6HTa

AM nJIIITY)J.IIa51 C O)J.HOi'I 60K 0-

Bofi n8nocofi 43CTOT . 5 20 cpe)J.H5IH 51 Cpe)l.THUI. .

115 rrlIKon351 288 TIlIKOB35T

lllIlpOKOTIOJIOCHa51 4aCTOTHa51

C o6paTHoH CR5I3bID no qa-

50 4 10CTOTe . . . . . . . . . .

HMrrynbCHO- KO)J.OBa5I c cpa30-
., u

pa3HocTHOli MO)J.YJl51LLHen
37 2 5

.,

HeCYI.lleH . . . . . . . .

..
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TIOCKO.rIbKY OTKa3 HJIH HeHCnpaBHOCTb annapaTypbI Ha I1C3

YCTpaHHTb HeB03:\fO}KHO, YXY,lI,ll1eHHe napal\ieTpOB pa60TbI an-

napaTypbI I1C3 He,lI,OnYCTH:\10, Ii TaK KaK napa'feTpbI CnCTel\1bI

II 6e3 TOrO HaXO,1JITCH Ha npeAeOlle, a CHCTe:\fa CBH3H C nOMOmbIO

I1C3 ,lI,OJI}KHa pa60TaTb 6e30TKa3HO, TO Ha,lI,e)I{HOCTb annapa-

TYPbI B TaKHX CHCTeM:ax 1If\1eeT peIllaIOIILee 3HalJeHHe.

B 3THX YCJIOBHHX HaH60JIee onpaB aHHbIiino xOAK pewe-
HHlO rrp06JIeMbI 3aKJIlOlJaeTCH B HCrrOJIb30BaHHH B03MO)KHO 60-
JIee rrpocTbIX 3JIel\leHTOB H l.(eneH, Y OBJIeTBOpHIOIILHXTpe6oBa..
HHH:\1 3KCrrJIyaTal.(HH. Bce 3JIeMeHTbI H u.enH AOJI)KHbI 6bITb

rro BeprHYTbIHcrrbITaHHHlVI B Ka!\fepe, YCJIOBHH B KOTOpOH  OJI)I{-
HbI no B03l\10}KHOCTH BocnpoH3Bo HTbyc.noBHH nOJIeTa I1C3.
BeCb!\1a BepOHTHO, lITO Heo6xo H!\faHHa e)KHOCTbMO)KeT 6bITb

 OCTHrHYTaTOJIbKO 3a ClIeT YBeJIHlIeHHH BeCOB, ra6apHTOB H .

rroTpe6JIHeMbIX MOI1l.HOCTe}'! H npH  BOHHOMHJIH Tpot1HOM pe3ep-
BHpOBaHHH arrrrapaTYpw.

9. 3aKJlIOlJeHHe

B HalJaJIe ,lI,aHHoH CTaTbH 6bIJIlI pacc loTpeHbI HeKoTopbIe
li3 cpaKTopoB, orrpe,lI,eJIHlOI1l.Hx nponycKHYID cnoco6HoCTb CHC-

Tel\IbI

rCBH3H, HCnOJIb3YIOmeH peTpaHCJIHTOpbI, pacnOJIO)KeHHble
Ha 11\..J3. B HaCTOHmee Bpe IHl\fO)KHO CKa3aTb TOJIbKO, lITO Ta-

KHe CHCTe1\1bI TeOpeTHlJeCKH OCYIILeCTBHl'vIbI. TIpaKTHlJeCKHe
CHCTel'vIbI CBH3H C nONIOl.[(bIO I1C3 IvIO)KHO C03 aBaTbTOJIbKO noc-

JIe Toro, KaK 6y eT OKa3aHO,lJTO annapaTypa MO)KeT  JIHTeJIb-
Hoe BpeMH pa60TaTb B KOCl\1HlJeCKHX YC.n:OBHHX. ECJIH OKa)l{eTCH,

I'!"

lJTO CpOK CJIY)I{ObI peTpaHCJIHTOpa, pacnOJIO)l{eHHOrO Ha l1C3,
,lI,OCTaTOlJeH  JIH60JIee  ell1eBOH,lIe 1npH cymeCTBYIOI.[(HX Me-

TO;(aX, nepe alJHHHcpopl\1aIJ.HII, 3TOT HOBbIH l'vleTO CMO}KeT KOH-

KypHpOBaTb C cymeCTBYIOmeH KO:\E\1eplJeCKOH CBH3blO B 1\IHpO-
B01\1 l\1aCll1Ta6e.

Pa60Ta nepBbIX CIICTe:\I CBH3H C nO'10llI.bIO I1C3 6YJLeT onpe-

,lI,e HTbCH OCHOBHOl\1 napawIeTpa:\IH arrnapaTYPbI, pacnOJIO)l{eH-
HOIl na I1 3.TIepBOHalJaJIbHO 6Y YTHCnOJIb30BaTbCH cHcTervlbI

C lJaCTOTHOH l\IO YJIHIJ.nell; BnOCJIe,lI,CTBHH B03l\10)l{HO rrpHl'vleHe-
HHe ,lI,pyrHx BH OBl\10..J.YJIHIJ.HH, KOTopble !\forYT 6bITb pa3JIHlJ-
HbIl\1H B pa3JIU4HbIX lIaCTHX CHCTel\IbI.

2.

HeKoTopble
npaKTH eCKHenpo6neM 

CBD3H C nOMOll\blO

HCHYCCTBeHHWX cnYTHHKOB
3 e 1\'1 JI H

1

nupc JI.;)iC.

1. BBe,neHHe

B 06JIaCTH CBH3H C nO:\10llI.bIO HCKYCCTBeHHbIX cnYTHHKOB
3eI\I.JlIl (l1C3) III\leeTCH l\IHO)KeCTBO HepeIlleHHbIX np06JIel\1

2
.

 eJIbIO)l.aHHOH CTaTbH 5IBlIHeTCH KpaTKoe onHcaHHe HeKOTO-

pbIX H3 HHX H H3JIO)KeHHe B3rJIH)I.OB aBTopa Ha 3TH np06JIel\IbI.
Ilpe)K,lI,e Bcero Heo6xOHl\10 OTMeTH'fb, lITO npaKTHlJeCKaH

CBH3b C nOMOllI.bIO :VIC3 l\10}KeT 6bITb oCYllI.ecTB.neHa 6e3 pa3pa-
60TKH KaKHX-JIH6o HOBbIX H elI.

B03I\10}KHO nOCTpoeHHe HeCKOJIbKHX THrrOB CHcreM CBH3H

C nOMOllI.bIO JrIC3. O,lI.HaKO, lIT06bI JII06aH H3 CHCTeM Morna pa-
60TaTb Y OBJIeTBOpIlTeJIbHO,nOTpe6YIOTCH 60JIbll1He saTpaTbI II

npo o..1J)KHTeJIbHOe Bpel\IH  JIH HCCJIe OBaHHH H pa3pa6oTOK.
IlpH BbI60pe THna ClICTel\lbI He06xo;:I,H:\10 Yl\1eTb OTBeTHTb Ha Ta-

Kl1e BonpOCbI, KaK: CKOJIb 6bICTpO l\10)KeT CHCTel\la 6bITb
.

.

1 Pie r C e J. R., Co111m un i cat ion Satell ite s , }\cad e111 i cPress ,

Lnd.- N. Y., 1962, p. 85-94.
2 CB5I3b C rro:\tOIlJ.blO I1C3 1I3YQaeTCH na60paTopHHMH cpnpMbI «EenJI

TeJIecpOIl» C 1954 r. I30JIblilaH rrporpal\1:\ta pa60T no rrpal{TlIQeCKoi'1
CBH3U c nO .. OI.I.J.bIO cnYTHIIKoB npoBo,J.IITC5I Y)Ke 60JIee 2 neT. flepBoe
60JIbIllOe 3KC neplll\1eIITa.TIbHoe nCC.,1e,J,oBa H ue 6bI.TIO npOBe,lJ,eHO cpllp:\foii
rro rrpoeKTY «3xo». <pup:\la npOBO,1.IIT 06111llpHble 3Kcnepu:\leHTaJlbIIble
II npoeKTHbIe pa60TbI, KOTopble ,lJ,0 l}Kllbl npllBeCTu K )I.efiCTBYIOrn.eii
CnCTel\1e CBH311 C nO!\t0l.l.\blO aKTHBHbIX I1C3.

-

..
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BBe)J.eHa I3  eHC:BHe;HaCKOJIbKO OHa CMOllieT Y OBJIeTBOpHTbTpe-
60Ba1l1151M K HeH; 6y eTJI11 OHa 3KOHOMH4eCI{H I3blrOAHOH. TaKIIe
BonpOCbI npHBOAHT K neCKOJIbKO 60JIee Y3KHM, HO Bce }Ke AOC-
TaTOqHO cepbe3HbIM rrpaKTHqeCKHl\I rrp06JIeMaM, HeKOTopble H3

KOTOpbIX 6YAYT KpaTKO paccrvl0TpeHbI HH}Ke.

IlepBa51 H }KH3HeHHO Ba}KHa51 rrp06JIeMa - KaK BKJIIOIIHTb

CHCTeMY CB513H C rrOMOll.(blO l1C3 B Y}J{e cy eCTBYlOll.(HeBbICO-

Kopa3BHTble CHCTeMbI CBH3H  JI51 HX paCll1HpeHH51. MO}KHO,
KOHellIlO, rrpe CTaBHTbce6e CHCTeMY CB513H C nO:VIOllJ,bIO 11C3,
BbInOJIH5I1OllJ,Y1O I{aKYIO-TO llaCTHYIO 3a allY, O)J,I-IaKO nO)J,06Hoe
Orpalll1l1eHHe ee HCnOJIb30B3I-IIIH npeACTaBJIHeTC5I COBepweHIIO
Heon paB)J,aHHbIl\I.

B IIaCTOHllJ,ee Bpel\IH BO BCel\I l\1I1pe HI\leeTC5I OKOJIO 134 MIIJI-

JI HOBOS TeJIecpOHHbIX a601-1eHTOB. 3TH a60HeHTbI (oco6eI-l II 0

B  Bpone,CeBepHoi1 Al\IepHKe H 5IrroHHH) CBH3aHbI I\1e)l{ Yco-
601f C IIOMOllJ,bIO CJIO}I{HbIX 11 rH6KIIX cpe CTBnepe a4HH I{OMMY-
Tal1.UH. I-IapHAY C 3THM CYllJ,eCTBYlOT cpe CTBa JI51 nepe a4H

TeJIerpaq)H,bIX, TeJIeBH3HOHIIbIX H cpOTOTeJIerpaqJHbIX CHrHaJIOB.

EbICTpO paCTeT KOJIHqeCTBO C006llJ,eHHH, nepeAanael\1bIX no

TpaHCOKeaHCKHl\1 TeJIecpOHHbI 1 Ka6eJIHl\I. 4HCJIO 3THX Ka6eJIeii

6y eTBce B03paCTaTb, rrOCKOJIbKY 06llJ,ee 4IICJIO TpaHCOKeaHCKHX
TeJIeqJOHHbIX KaHaJIOB (KaK Ka6eJIbHbIX, TaK II paAlIo) HeAoCTa-
T04HO. OTC TCTBY1OTKaHaJIbI C lllIIpIlHOfi rrOJIOCbI nponYCKaHH ,

.  OCTaTOqHOli,lI,JIH nepeAallli TeJIeBH3HOHHbIX CHfHaJIOB. HaHBLI-

rO)J.HeiilllHI\1 11 HaH60JIee 3KOHOl\1HlleCKII l1.CJIeCOOOpa3HbIM 5IB-

JI HeTCH I1CnOJIb30BaHIIe 11C3 )I.JIH OCYllJ,eCTBJIeIlI1H CBH31I Me)K)].Y
KpynHbIMII BbICOKopa3BIITbIl\IH CIICTeI\'IaI\1I1 CB5I3II pa3JIH4HbIX Ma-

TepIlKOB.

Ilpll 3TOl\I npHXO HTC5ICTaJIKIIBaTbC5I C IJ.CJIbI1\1 pH)J.0l\1 np06-
JIel\1. Y}Ke CYllJ,eCTByeT 60JIblllOe 4HCJIO l\le)KYHapO HbIXJI11HHi'I

CBH3II,  JIH KOTOpbIX IIe06xo HI\'IbI 06llJ,He l\1e}K)J.YHapO)J,HbIC
HOpMbl. 3THM BOnpOCOl\I B Te4CHHe HeCKOJIbKHX  eCHTKOBJICT

3aIllIM eTCH Me}K)J.YHapO)J.IIbIl : COl03 ,naJIbIIeH pa)J.HOCBH3H,
B I-IaCl OHll eeBpeM5I nXO)J.Hll IfIf B COCTaB OpraHH3all.HH 06DC) H-
I-ICHHbIX I-I luu1. B I{a)K oil CTpaHe opraIIH3aIJ.HII, Be)J.alOll lIe
TCJICCj)OHHOIi CBH3bIO, I1l\IelOT 11 3KCnJIyaTIIpY1OT OKOHe4HbIe pa-
)1.HOCTalI.LIJIH TpaHCaTJIalITH4eCKOH CB51311. .i\le)l{ YHapO HbleTC-

JIecpOHH IeKa6eJIH HaXO 51TC51B COBl\1eCTHOM BJIa eHHH opra-
HH3au.IIlI Tex CTpaH, KOTopbIe OHH CB513bIBalOT.

CaMbIM npOCTbIM, Ha)1.e}KHbIM H, B03MOMHO, e HHCTBeHHbIM

nYTeM rrOCTpoeHHH 060IO ORblr0Jl:HOHCHCTeMbI CBH3H c nOMOIII.blO

.

I1C3 HBJIHeTC51 TaKoro }Ke po aYCTaHOBHBllleeC51 l\le)l{ YHapo)J.-
Hoe COTpY HH4eCTBOB Bonpo axTeXHlI4CCKHX HOpl\1, COBMeCT-

Horo BJIaAeHHH H 3KCIIJIyaTall.llll cpe)J.CTB CBH3H. BCHKHH )J.PY-
u

rOI1 no,L(xo K pellleHHIO 31'01'0 Bonpoca l\10llieT JIHlllb BbI3BaTb

II051BJIeHHe l\lHOllieCTBa IIeHY}KHbIX HOBbIX np06.neI\tI.
,[LpyraH, 60JIee Y3Ka5I, np06JIel\la KacaeTC51 KOHKpeTHblX Tex..

HHlleCKJ1:X HOpM, KOTopble AO.H}KHbI 6bITb BblTIOJIHeHbI. CYllJ,eCT"
BY10T Y)f{e YCTaHOBHBlllHeCH HOpMbI Ha TaKHe napal\1eTpbI, KaK

WHpHHa nOJIOCbI 4aCTOT, OTHOllleHHe CHrHaJI/lllYM H  pyrHe.

CYllJ,eCTByeT TaK)Ke npaKTH4eCKHH  onYCKIIa BpeMH 3a ep)KKH

TeJIecpOHHbIX CHrHaJIOB - 3a ep}KKaB TeJIecpOHHOH LLenH npB

O,L(HOCTOpOHHel\I pacnpOCTpaHeHBH He AOJI)f{Ha npeBblwaTb
0,25 peKe 3TO HeCKOJIbKO l\1eHbWe, 4el\1 BpeMH npOXO)f{)1.eHIIH
Cl1rHaJIa K CnYTHHKY, HaXO HllJ,eMYC51 Ha CTaIl.HOHapHoi1 Op-

6HTC, II 06paTHO.
TaKOe Bpel\1H 3Cl,L(ep)KKH 6bIJIO YCTaI-IOBJIeHO l\IHOrO JIeT na-

3a H3 C006pa)f{eI-IHi'I, B TO Bpel\IH Ka3aBWnXCH pa3YMHbIMH.
,[La)Ke npll IICnOJIb30BaHHH qeTblpeX 11 pOBO HOI1JIHI-IlIll BJIHH-

HHe 3TOti 3a ep)KKHnpB HeKOTOpbIX pa3rOBOpaX 6bIJIO 3al\1eT-

HbIM. f1paKTulleCKH HCnOJIb3YlOTC51  ByxnpoBo HbIe.nIlHIIlI,

KOTOpble npB TaKoli 60.nbliiOH 3aAep)KKe Bl\1e1OT He OnYCTnl\II0e
3XO. ,[LJI5I ero yrvleHbllIeHH5I B  JIHHHbIXJIHHHHX CBH3H IIC-

nOJIb3YlOTC5I -3X03arpa)1.HTeJIH, KOTOpbIC npepbIBa10T ncpe a4Y
CHrI-laJIa Ha BpeMH npnel\la. f1pHMeI-IeHIIe 3X03arpa HTeJIerI
MO)KeT npBBeCTH K ncpepbIBaI\tI IIJIII HCKallieHH10 pe4H.

f1oHH)KeHHe Ka4eCTBa nepe aqH, cBo icTBeHHoe 60JIbUJoi-i

3a ep)KKe,KOTopaH HeH36e)KHa npn CB5I3H C nOMOllJ,bIO CTaUJIO-

H-apHbIX HC3,  OJI)KIIO6bITb TllJ,aTeJIhHO IICCJIe OBaHO.COBep-
UleHHO 04eBH HO,O IIaKO,4TO JIlIlIIIH CB5I3II C nOl\10lI1.bIO CTa-

.LUIOIIapHoro liC3 IIIIKorAa He CMO)l{eT 06ecne411Tb Te.ne-

cpOHHbli'I KaHaJI TaKoro )Ke KatJeCTBa, KaK Ka6eJIbIIaH JIIIIIHH

CBH3H.
.

3a!1YCK I1C3 5IBJI5IeTC5I 04eHb TPY HbIMH  oporOCT051I.llJIM.
OnbIT nOKa3bIBaeT, 41'0 B HaCT05un.ee BpeM51 HOBbIe Hnn Mo ep"

HH3HpOBaHHble paKeTbI ern.e HeHa)J.e)KHbI;  a)KeMHorOKpaTHO

npOBepeI-lHble paKeTbI HHor aOTKa3bIBaIOT. HapH YC BbICOKOH

CTOIHvIOCTbIO 3anycKa 11 ern.e 60JIbllIfH CTOHMOCTblO pa3pa60TKH
HOBbIX paKeT 3TO 06CT051TeJIbCTBO 3aCTaBJI51eT npe)J.nOJIO)KHTb,
41'0 3KOHOMH4fCKH onpaB)1.aHHblM HBJIHeTC5I JIHllib 3anYCK I1C3

u

nocpe cTBoMXOpOlllO I1cnbITaHHOJ:I paKeTbl 1I3 qHCJIa HMeIDWJiXC51

B HaJIHIlI1H.
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K C4aCTbID, nOTpp6HOCTH  PyrHxoTpacneA KOCMH4PCKHX

HCCJ1eAOBaHHH 06eCne4UJ1H Hac paKeTaMH, npHrO HbIMH nH

3anYCKa CB>l3HbIX I1C3, H B 6Y,lI.ymeM MO}KHO paCC4HTbIBaTb Ha

rronyqeHHe eme J1Y4WHX paKeT. He06xo,lI.HMO' BOCrrOJIb30BaTh-

C5I 3THM nOJIO}KeHHeM Bl\1eCTO Toro, qT06bI YCJIO}KH5ITh npoeKThI
CHCTeM CB5I3H C rrOMOmbIO l1C3 BeCbMa ,lI.OpOrOCT05ImHMH pa3-
pa60TKal\IH paKeT.

MHoro ,lI.HCKYCCHI1 npOBe,lI.PHO no Bonpocy 0 COnpOBO}l(,lI.e-
IIHH cnYTHHKOB. YaCTO BbICKa3bIBaeTC5I MI-IeHHe, qTO OTCYTCT-
BHe He06xo,lI.HMOCTH conpOBO)I<AeHH5I CTaQHOHapHoro I1C3
,lI.aeT cymecTBeHHoe 3KOHorvlHqeCKOe npeHMymecTBO. TIpe,lI.JIa-
raJIOCb Aa)I<e HCnOJIb30BaIIHe CTaQHOHapHbIX, HeyrrpaBJI5IeMbIX
aHTPHH. O,lI.HaKO Bp5I nH QPJIeC006pa3HO C03 aBaTb 3KcnepH-
MeHTanbHYIO CHCTeMY, OCHOBaHHYIO Ha npe,lI.rrOnO}l(eHHH qTO

CTaQHOHapHbLti: I1C3 6y eTBCer,lI.a HaXO,lI.HTbC5I B nOJIe 31;eHH5I
rJI BHOrO JIeneCTKa ,lI.HarpaMMbI HarrpaBneHHOCTli CTaQHOHap-
HOli aHTPHHbI.

COnpOBO}K eHHe 5IBJIHeTC5I TPY)J,HOH 3a,lI.aqpH. Bo Bpe:rvl5I
3KcnepHMeHTa rro rrpoeKTY «3xo» crrYTHHK cOrrpOBO}K,lI.aJICH
C TOqHOCTblO :t 0,2° H HHOr,lI.a rrpH 60nee TOqHbIX IICXO,lI.HbIX
,lI.aHHbIX C TOqHOCTblO :t 0,1°. TaKa5I TOqHOCTb He,lI.OCTaTOqHa
)J,.TIH CHCTeMbl KOMl\fepqeCKOll CB5I3H C HCnOJIb30BaHHel\1 60JIb-
IlIHX aHTeHH, O,lI.HaKO UOJ1yqeHHe 60JIee BbICOKHX TOqHOCTeH

cOrrpOBO)K,lI.eHH5I B03MO)KHO. EOJIee Toro, rrpH pacclVloTpeHHH
peaJIbHbIX 3aTpaT 3aTpaTbI Ha cHcTeMY cOnpOBO}l(,lI.eHH5I OKa)KYT-
C5I MaJIbIlVlH no cpaBHeHHID C OCTacHbHbIMH 3aTpaTaMH Ha CTPOH-
TeJIbCTBO OKOHeqHbIX cTaHQH iH Te:M 60J1ee l\laJIbIMH rro cpaB-
HeHHlO co CTOHMOCTbIO CHCTeMbI CBH3H B QeJIOM, yqHTbIBa5I CTOH-

MOCTh 3anycKa H 3aMPHhI cnYTHHKoB.

2. np06JIeMbi pa)l.I1aUHH

TIpH CB5I3H qppe3 KOCl\1H1.JeCKOe npocTpaHcTBo n03HHKaeT

MHO)KeCTBO MaJIO HCCJIe,lI.OBaHHbIX npo6JIervr, oKa3bIBaIOllI.Hx
60JIbillOe BJlH5IHHe Ha CpOK CJIym6bI HC3. EOJIbIlIHHCTBO aKTHB-

HbIX I1C3 B KaqpCTBe HCTOqHHKOB nHTaHHH HCnOJIb3YIOT COJI..

He4Hble 6aTapeH H aKKYMYJI5ITOpbI. 3HeprHH COJIHeqHOrO cneTa

COCTaBJIHeT ----1 450 Bm/M
2
H COJIHeqHbIe 6aTapeH MorYT npeo6-

pa30BaTb B 3JIeKTp03HeprHID ----10 ob 3TOM 3HeprHH, T. e. 145 em.
KOCMHqeCKOe npocTpaHcTBo 3anOJIHPHO pa,lI.HaUHeM, KO-

TopaH OKa3blBaeT B.HHHHHe Ha COcHHpqHbIe 6aTapeH. CTeKJIO,

--
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KBapu. HnH cancpHp TOJIIlIJ1HOH B HeCKOJ1bKO MHJIJIHMPTpOB

MorYT Ha,lI.e)KHO 3alllJITHTb COJIHeqHbIe 6aTapeI1 OT 3JIPKT-

pOHOB BHelliHero pa,lI.HaIJJloHHoro n05Ica, 06JIa,lI.aIDllI.erO HaH-

OOJIbilieH HHTeHCHBHOCTbIO Ha BblCOTe nOp5IAKa 20 OUO KM

lIa,lI. nOBepxHocTblO 3eMJIH. 3auLHTa COJIHeqHbIX 6aTapPH OT

npoToHoB BHYTpeHHero pa,lI.Hau.HoHHoro rr05Ica, 06JIa,lI.aIOllI.erO
MaKcHMacflbHoH HHTeHClfBHOCTbID Ha BbICOTe nOp5I,lI.Ka 3 200 KM

H rrpocTHpaIOmerOC5I )1,0 BbICOTbI npH6JIH3HTeJIbHO 8 000 KM,

nO-BH,lI.HMOMY, neB03lYIO}KHa.

.

XOT5I OTKpbITHe H HCCJIe,lI.OBaHHe pa,lI.HaUJIOI-IHbIX n05ICOB

5IBJI5IeTC5I BbI,lI.alOIl.LHMC5I HayqHbHvl ,lI.OCTHllieHHel\l, HX npOT5I)KeH-
HOCTb, HHTeHCHBHOCTb H COCTaB HX pa,lI.HaIJ,HH, paBHo KaK H H3-

MeHeHHH 9THX rrapaMeTpoB BO BpeMeHH, nOKa ellI.e TOqHO He

H3yqeHbI. J13BecTHO, KaKoe YXY,lI.WeHHe KaqeCTBa COJIHeq-

HOM 6aTapeH BbI3bIBaeT pa,lI.HaQH5I pa3JIHQHOM HHTeHCHBHOCTH,
u

HO TOqHO He H3BeCTHa HHTeHCHBHOCTb pa,lI.HalLHH, KOTOpOH

nO,lI.BeprHeTC5I I1C3 Ha op6HTe. !v'\O)KHO 01llH6HTbC5I rrpHl\1epHO
B 3 pa3a npH OlLeHKe BpPMeHH, 3a KOTopoe K. n. ,lI.. COJIHeqHOrO

3J1el\tleHTa yrra,lI.eT Ha KaKYIO-To 3a,lI.aHHYlO BeJIHqHHY, HanpHMep
Ha 5%. HaH60JIblllHM CpOKOM CJIY)K6bI COJIHeqHbIX 6aTapeH
I1C3, HaXO,lI.5ImerOCH Ha op6HTe BbICOTOM rrOp5I,lI.Ka HeCKOJIbKHX

u

TbICHq KHJIOMeTpOB, Ha cerO H5UI1HHH)1,eHb C4HTaeTC5I CpOK OT

HPCKOJIbKHX rvleC5!QeB,lI.O HeCKOJIbKHX JIeT. CpOK CJIY}K6bI COJIHeq-

HbIX 6aTapeM' Ha HC3 C 60JIbllleH BbICOTOM Op6HThI 6Y,lI,eT 60JIbllle.

XOT5I Bce 9JIeKTpOHHble rrOJIyrrpoBO,lI.HHKOBble npH60pbI no,lI.-
u

nep)KeHbI BJIHHHHIO pa)1,HalLHH, OHH B MeHblllPH CTPrreHH qYBCT-
BHTeJIbHbI K HeM, qeM COJIHeqHhle 6aTapeH. KpoMe Toro, OHH

JIYLJrne 3amHmeHbI OT B03,lI.eMCTBH5I pa,lI.Ha:QHH KaK 3a CqeT c06-

cTBeHHoM MeTaJIJ1HqeCKOH 060JI04KH, TaK H 3a C4eT 060JIOqKH

Cal\10rO I1C3. 3TO He 03HaqaeT, O,lI.HaKO, qTO ,lI.JI5I 3JIeKTpOHHOi1
annapaTypbI Ha I1C3, KpOl\1e COlIHeqHbIX 3JIelYleHTOB, He cy-

 pcTByeTcrre:QHaJIbHbIX np06nel\f H onaCHOCTPH B CBH3I1 C npe-
6bIBaHHeM B KOCMHQeCKOl\1 rrpOCTpaHCTBe. BCH annapaTypa
 OJI)KHaBbI ep}KHBaTbYCKopeHH5I B ,lI.eC5ITKH g BO BpeMH 3a-

rrYCKa.
OXJIaiK,lI.eHHe arrrrapaTypbI I1C3 B03MOJKHO TOJ1bKO 3a CQeT

113JIYQeHH5I. Teno-TIo He06xo,lI.HMO rrepe,lI.aTb H3JIY4alOmHM no-

BepXHOCT5IM rrpH rrOcpe,lI.CTBe TenJIOnpOBO,lI.HOCTH; ,lI.allie B rep-

MeTH3HpOBaHHOM 06 eMeOXJIa)I<AeHHH 3a C1.JeT KOHBeKIJ,HH He

6Y,lI.eT, PCJIH I1C3 He BpaIJJ.aeTC5I, rrOCKOJIbKY B HeM Ha op6HTe
cymecTByeT COCTOHHHe HeBeCOMOCTli.
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flpH pe3KO MC'HHIOIlUIXC5I YCJIOilH5IX OKpY)KaIowgH cpe bI

(cnYTHI1K OCB(-' eHH..n:u HaXO,DJ1TC5I B TeHH) H31'\1eHeHHe TeMnepa-
TYPbI pro BHE'WHet'I 060JI04KH 6Y)I,eT 04eHb BeJIHKO; O HaKOTerr-

JIOeMKOCTb ero BHYTpeHHHX 3.neIYIeHTOB, B03l\10i-KHO, 6y eT4ac-
Tll1-IHO crJIa)KHBaTb KOJIe6aHHH TeM:nepaTypbI 3THX 3JIel\IPHTOB.

BaKYYM, a TaK)Ke ra3 npH aTl'vl0ccpepHOM AaBJIPHHH 5IBJIHIOT-

CH XOPOWHl'vlH H30JIHTOpaMH, O)I,HaKO BO BpervlH nO)I,'heMa B03"

I1HKaIOT TaKHe  aBJIeHHH,npH KOTOpbIX  JIHnpo60H  OCTaTO"ll-
1I0 cpaBHHTeJIbHO He60JIbWOrO HanpH)KeHHH. B repMeTH3H-
pOB3HHbIX KOHTeih-Iepax nOCJIe ilbIBo a Ha Op6HTY repMeTH3a-
LLHH l'vIO)KeT 6blTb HapYllleHa. l1cnapeHIIH 01' annapaTypbI MO-

rYT npHBeCTH K 3aMeTHOMY )I,aBJIeHHIO ra3a B 3aMKHYTbIX o6'he-
,

l'vlaX, )I,a)Ke E'CJIH 3TH OO'LPMbl H He nO.TIHOCTblO replVleTH4HbI.
I-Ia e)KHOCTbH CpOK CJIY)K6bI 60pTOBOH 3JIeKTpOHHOH anna-

paTyphI HMPIOT nepBOCTrneHHoe 3Ha4eHHe  ..TIH CB5I3H C no-

 10W.bIOI1C3. OCHOBHa5I Ha4aJIbHaH CTOHlVI0CTb CHCTeMbI CBH3H

C nOMOIL\bI-G 11C3 6YAeT onpeAC'JIHTbCH He06xQ)I,Hl'vIOCTbIO 3a-

nYCKa H 3a leHbI cnYTHIIKOB. EC..rIII CpOK c.nY)J 6bI cnYTHHKa
6Y)I,eT MeHbllle HeCKOJIbKHX JIeT, TO OCHOBHaH 1-IaCTb 3aTpaT
na .3KCTIJIyaTaLLHIO CHCTer\Ibl 6YAeT onpe)I,eJIHTbCH 3aTpaTaMH Ha

3a!'vieHY cnYTHHKOB. flpaKTII"lIHOCTb CBH3H C nOMow.blO vIC3 6y-
)I,eT 3aBHceTb 01' CpOKOB CJIY)K6bI annapaTypbI B KOCMH"lIeCKHX

VCJIOBHHX.
01

H0T COl\riHCHHH B Torvl, "liTO npO)I,OJI)I{HTeJIbHbIe CpOKH CJIY)I{6LI
anrrapa1'ypbI B KOCl'vIH4eCKHX YCJIOBHHX MorYT 6hITb rrOJIYII-f'HhI.
f1epp aT4HKIIC3, 3anyw.PHHblii Ha Op6HTY 60JIee Tpex .TIeT TOi\IY
na3a)I, no rrpofK1'Y «A133Hra P)I,», pa60T3eT  oCHX nop. 31'01' nepe-
 aT411Krrpe C1'aBJIHeTcouoH npoc1'oi-i reHepa1'op H3 TpaH3H-
CTopax. Ha 3TOM IIC3 6bI.TIO YCTaHOBJIeHO 1'aK00 KOJIHlJeCTBO

COJIHe11IlblX 3JIeMeHTOB, lITO HX )J.O.IDKHO 6bIJIO XBaTHTb )l,JI rrH-
1'aHHH nepe aTlJHKa ai-Ke npn pe3KOl'v1 rra eHHH HX K. n. )1,.
DOJIee CJIO)KHa5I annapaTypa pa60TaJIa Ha l1C3 CBbIllle O Horo
ro a(BeCbl'vla MaJIbIH CpOK CJIY:iK6bI C 1'OlIKH 3peHHH CBH3Horo

cnYTHHKa). ArrnapaTypa M:HorHX  PyrHxI1C3 OTKa3aJIa lIPpe3
I-IeCKOJIbKO H0 eJIb HJIH l\tIeCHLLeB npe6bIBaHH5I Ha op6HTe, a

B HeKOTopbIX CJIYlIa5IX lIaCTalIIIO HJIH nOJIHOCTblO BbIWJIa H3

C1'pOH BO BpPMH 3anYCKa.
Oc06eHHo I-IeHa e)KHOii OKa33JIaCb annapa1'ypa, Bh.JII04aI-O-

 a5IC5I no KOMaH)I,e C 3ervl/IH. KaK H CJIe)J.OBaJ10 O)I{H)].a1'b,
HaH60JIbIlieti Ha e:iKHOCTbIO OTJIHQaJIaCb arrnapaTypa, pa..
60TalO aH HenpepbIBHO.

.
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3. npOQJIeMbl opHeHTa HH
u

,[Lo CHX nop paccMaTpHBaJIC5I TOJIbKO MHHHMaJIbHbIH KOMrr-

JIeKT 3J1eKTpOHHOH arrrrapa1'ypbI, KOTOpbIH He06xo HMOHMe1'b Ha

60PTY I1C3. 3TOH anrrapaTypbI  OCTaTOlIHO)l.JIH CBH3HbIX l1C3,
nOCKOJIbKY I1C3, HaXO)l.H HeCHHa HH3KOH op6HTe, He 1'pe6YlOT
TOQHOII opHeHTaIlHH B rrpocTpaHcTBe HJIH  OBOJIbCTBYIOTCH
JIHIllb rpy60H opHeHTaIlHeH. KOHelIHo, cTa6HJIH3aIlHH JIlO60ro

HC3 )l.aeT orrpe)l.eJIeHHble npeH 1y ecTBa,nOCKOJIbKY B 3TOM

c.JiYlIae 3aMeTHO CHH)KaeTCH Tpe6yeMaH MO HOCTbnepe aTlIHKa
I1C3 , Haxo H erocHHa HH3KOH op6HTe, H BeCbMa cy ecTBeHHo

YMeHblllaeTcH He06xo)l,HMaH MO HOCTb rrepe aTlIHKa I1C3,
Haxo)l.H erOC5IHa BbICOKOH op6HTe. OpHeHTaIlHH I1C3 MO)KeT,

o HaKo,CTaTb HeBblro HoH, eCJIH rrpH 3TOM CHIDKaeTCH CpOK
ero CJIym6bI.

TIocMoTpHM,KaKoBocoBpeMeHHoecocToHHHeTexHHKHopHeH-
TaQHH II cTa6HJIH3aIlHH rrOJIO)KeHHH. HOCOBOH KOHYC paKeTbI
«ATJIac» ycnelllHo opHeHTHpOBaJICH B TelIeHI1e )l.ecHTKOB l\1HHYT;

u ,

11C3 «,[LHcKoBepep» rro  epmHBaJICHI1PH 3a)l.aHHoH opHeHTa-
lI.HI1 B TelIeHHe HeC:KOJIbKHX )l.HeH. ECJIH MbI XOTMM, QT06bI CB5I3-

Hble I1C3 MOrJIM 3KOHOMHlIeCKH KOHKypHpoBaTb C Ka6eJIbHbIMH

JIHHHHMH CBH3H, He06xo H lO)l.06M1'bCH opHeHTaIlMH I1C3 B Te-

 eHHeHeCKOJIbKHX JIeT.

l\1orYT JIM ra30pa3p5I)l.Hble JIal\1rrbI pa60TaTb HeCKOJIbKO JIeT

6e3 Y1'elIKH ra3a? MorYT JIll nO lllHrrHHKHpa60TaTb HeCKOJIbKO

JIeT B BaKYYMe, He 3aMep3aH? KaKoBa BepOHTHOCTb, lITO He60JIb-

lllaH HeHcrrpa;BHOCTb B rrpHBo eCHCTeMbI opHeHTaIlHH He 3a-

C1'aBH1' I1C3 Bpa aTbcHBOKpyr CBoeH OCH? KaKOBa Ha)l.emHOCTb

CHCTeM opMeHTaQHH H cTa6HJIH3aIlHH nOJIOmeHH5I? ECJIH 3Ta

arrrrapaTypa 6y eTpa60TaTb no KOMaH)].al'vr C 3eMJIH, MO)KHO JIH

pacclIHTbIBaTb Ha TO, lITO OHa nO lIHHHTCHTOJIbKO HaIllHM KO-

MaH aMH He 6y eTpearHpOBaTb Ha  pyrHeCHrHaJIbI? CerO H5I
MbI MOllieM CTpOHTb TOJIbKO rrpe nOJIOmeHHH.Ha 3TH BorrpOCbI
OTBeTbI  a YTTOJIbKO 3KcrrepHMeHT H orrbIT pa60TbI.

u

ECJIH MbI XOTHM opHeHTHpOBaTb I1C3, HaXO H HHCHHa

op6HTe He6oJIblllOH BbICOTbI, TO  JIH3TOH u.eJIH MOLKHO HCnOJIb-

30BaTb MarHHTHoe rrOJIe 3eMJIH. MarHHTHoe rrOJIe Ha BWCOTe

35 810 KJH BeCbMa cJIa60 H CHJIbHO MeHHeTCH BO BpeMeHH, TaK

KaK OHO 3aBlICHT He TOJIbKO OT MarHHTHoro rrOJIH 3eMJIH, HO H

01' rrOTOKa 3apH}KeHHbIX QaCTHQ, HCXO H HX01' COJIHu.a. TIpH
BbICOTe Op6HTbI B HeCKOJIbKO TbICHQ KHJIOMeTpOB MarHHTHoe
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nOJIe 3eMJIH ,[LOCTaT04HO CHJIbHO, H OHO MO:IKeT CJIY:lKHTb B

Ka4eCTBe onopHoro CMrHaJIa ,[LJIH opHeHTa HHcnYTHHKa; 3TO

nOJIe MOllieT TaK)Ke BbI3BaTb 3aMeTHYlO CHJIY, KOTOpa51 MOllieT

6bITb HCnOJIb30BaHa ,[LJI5I Tex :tKe I.J.eJIeH. TaKOH cnoc06 opHeH-
TaI.J.HH I1C3, O,[LHaKO, nOKa e eHe,[LOCTaT04HO HCCJIe OBaH3K-

cnepHMeHTaJIbHO.
,ilJI5I opHeHTaI.J.HH I1C3 Ha HH3KOH op6HTe MOlliHO HCnOJIb30-

naTb eme H ,[LPyrYIO CI1JIY. DpH 3a,[LaHHOH yrJIOBOH CKOpOCTH

I.J.eHTp06e)KHble ClIJIbI B03paCTaIOT e YBeJIH4eHHeM pa,[LHyca

OpOHTbI, B TO BpPMH KaK CHJIbI npHTH}KeHHH YMeHbwalOTCH
e YBeJIHqeHHeM pa,[LHyca. Booopa3HM ce6e I1C3 B BH,[Le ,lLBYX
4aCTeH C paBHbIMH MaccaMH, CBH3aHHbIX Me)I{,lLY C060H npOBO,[LOM
H paCnOJIO)KeHHbIX OTHOCHTeJIbHO 3eMJIH no pa,lLHYCY. [LeHTpo-
Oe)KHaH CHJIa OY,[LeT ,lLeHCTBOBaTb CHJIbHee Ha ,[LaJIhHIOIO (OT
3eMJIH) Maccy, a CHJIa npHT5I)KeHHH

- Ha OJIH)KHIOIO Maccy.
B pe3YJIbTaTe 3Toro npOBO,[L OY,[LeT HcnbITbIBaTb HeKOTopYIO

CHJIY HaTH}KeHH5I. DpH CMeI.lLeHHH CHCTeMa Bcer,lLa OY,[LeT CTpe-
u

Ml1TbCH K pa,[LHaJIbHOH opHeHTall.HH, XOT5I, KOHe4HO, 3Ta CHJIa

04eHb MaJIa.

I1C3 CJIYlliObI nOrO,[LbI «THpoc-l» H «Tl1poc-2» ObIJIH opHeH-

THpOBaHbI 3a C4eT BpaI.lLeHH5I, KOTopoe nO,lI.,[Lep)KHBaeT HanpaB-
JIeHHe OCH BpaI.lLeHH5I nOCT05lHHbIM. CKOpOCTb BpaI.lLeHH5I I1C3

B MafHHTHOM nOJIe 3eMJIH CO BpeMeHeM na,[LaeT BCJIe,[LCTBHe B03-

HHKalOmHX B HeM BHxpeBbIX TOKOB, n03TOMY I1C3, opHeHTH-

pOBaHHble 3a C4eT HX BpameHH5I, ,[LOJI:lKHbI BpeM5I OT BpeMPHH
u

nOJIY4aTb ,[LOnOJIHHTeJIbHbIH HMnyJIbe BpaIlI.aTeJIbHOrO ,[LBH:lKe-
HHH.

B03MOlliHO, "lITO JIer4e OCYIlI.eCTBHTb opHeHTall.HIO I1C3 Ha

HH3KHX opoHTax, qeM Ha CTall.HOHapHoH opoHTe. O,[LHaKO Ha-

KOnJIeHO eIlI.e CJIHWKOl\1 MaJIO onbITa ,[LJIH Toro, qTOObI MO}KHO

6bIJIO oueHHTb npeH1\I!YIlI.eCTBa H He,[LOCTaTKH pa3.JIHqHbIX MeTO-

,[LOB op.HeHTall.HH.

4. np06J1eMbl KOHCTPYMPOB3HMSI annapaTypbl

TpeoyeMa5I nOJIe3HaH MOIlI.HOCTb nepe,[LaTqHKa B CHJIbHOH

CTeneHH BJIHHeT Ha CpOK CJIYlli6bI I1C3. I1cnbITaHH5I Ha CpOK

CJIY}K6bI nOKa3aJIH 6e30TKa3HYlo pa60TY JIaMn oerYIlI.eH BOJIHbI

(JIBB) MOIlI.HOCTblO 5 em B TeqeHHe qeTbIpex JIeT. I1Me5I Ha,[Le)K-

HYIO JIBB C BbIXO)I,HOH MOIlI.HOCTbIO 2 em (qTO ,[LOJI:lKHO 6bITb ,[LOC-

TaTOqI:fbuvI npH npaBHJIbHOM paCqeTe CHCTeMbI CB5I3H e rrOMOlllblO
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I1C3), MO}KHO nOJIyqHTb rapaHTHpoBaHHbIH CpOK CJIYlliObI 10

JIeT H 6oJIee. C ,[LPyroH CTOpOHbI, cOBepweHHo HeH3BeCTHbI l\1e-

TO,[LbI KOHCTpYHpoBaHHH JIaMn C 60JIbWHM CpOKOM CJIYM6bI MOIlI.-

HOCTbIO B COTHH BaTT; )I,a)Ke npH 1\'fOIlIJIOCTHX B ,[LeC5ITKH BaTT

B03HHKaIOT CJIO)I{HbIe Hepa3peweHHble np06JIeMbI.
MaJIaH MOmHOCTb lI.eJIeC006pa3Ha H C ,[LpyroH TOqKH 3peHH51.

Bec I1C3 3aBHCHT OT l'vIOmHOCTH H nOl.JTH nponopu,HOHaJIeH ell.

MeHbwaH MOIlI.HOCTb nppe,[LaTl.JHKOB n03BOJIHT 3anYCTHTb 60JIb-

wee lIHCJIO I1C3 C nOMOmbIO ,[LaHHOII paKeTbI.
Eme O,lI.HHM npPHMympCTBOlVI nepe,[LaTqHKOB MaJIOM 1\1011 -

IIOCTH HBJI5IeTCH YMPHbIlleHHe c03)I,aB3PMbIX HMH IlOMPX.

B03HHKaeT Bonpoc, KaK CJIe,lI.yeT paCC4HTbIBaTb II CTpOHTb

CHCTeMY, lIT06bI MaJIaH MOmHOCTb 60pTOBoro nepe,[LaTllHKa I1C3

6bIJIa ,[LOCTaTOl.JHOH ,[LJIH CBH3H? Heo6xo)I,HM3H MOmHOCTb onpe-
,[LeJIHeTCH: wYMaMH He6a, HBJIHlOmHMHCH cpYHKlI.HeH qaCTOTbI;

TenJIOBbIMH wYMaMH 3eMJIH, KOTopaH HMeeT rOpa3,[LO 60JIee BbI-

COKYIO TeMnepaTYPY, l.JeM Heao; WYMaMH npHeMHHKa H BH,[LOM
u

HCnOJIb3yeMoH MO,[LYJIHlI.HH.
B ,[LHana30He qaCTOT I-lOr2l WYMbI He6a cooTBeTcTBYIOT

TeMnepaType MeHee 20° K ,[LJIH aHTeHHbI, HanpaBJIeHHOH no,[L

yrJIOM K ropH30HTY >7°. 3TH WYMbI YCHJIHBaIOTC5I BO BpeMH
)I.O:IK,[L5I, l.JTO CJIe,[LyeT npHHHl'vfaTb BO BHHMaHHe, KaK B03MOlli-

u

HbIH HCTOqHHK nOMex.

DapaMarHHTHbIl1 YCHJIHTPJIb (l\1a3ep) ,[L06aBJIHeT WYMbI,

COOTBeTCTBY10mHe rrpHl'vlepHO 10° 1<; 3Ta BeJIHqHHa l\10llieT 6bITb

eme MeHbwe.

TeMnepaTypa 3eMJIH COCTaBJIHeT  300°K. Bo H36e:IKaHHe

npHPMa H3JIyqeHHH 3eMJIH MO:IKHO HCnOJIb30BaTb pynopHo-

napa60JIHqecKYlO aHTeHHY, THna HCnOJIb30BaHHoro B 3KcnepH-
MeHTe no npoeKTY «3xo».

IlpHeMHaH CHCTeMa «3xo» HMeJIa nOJIHYlo 3KBHBaJIeHTHYlO

TeMnepaTYPY WYlVIOB ---.,24° K npH aHTeHHe, HanpaBJIeHHOH B 3e-

IIIIT. DOJIbWaH ,[LOJIH 3THX WYMOB 6bIJI3 CBH3aHa C 3KcnepHMeH-
TaJIbHOI1 annapaTYPoH H l\10rJI3 6bI 6bITb I1CKJIlO4eHa. .lV\O)KHO

O}KMJJ,aTb nOJIyqeHIIH B 6JIH}KaHWPl'vI 6Y,[LYIlLel\.1 TeMnepaTypbI wY-
1\10B 15° K. H B KOHe4HOM HTore lIH)Ke 10° K.

Bblwe ynoMHHaJIOCb, liTO He06xo,[LHMaH MOmHOCTb 3aBHCHT

OT BbI6paHHoro lVleTO,[La MO,[LYJI5II.J.HH. OTHOWPHHe CHrHaJI/WYM
npH 3a,[LaHHOH MOmHOCTH nepe,[LaT4HKa lVIO)KeT 6bITb YJIyqIlleHO

npH HCrrOJIb30BaHHH qaCTOTHOH MO,[LYJIHlI.HH C 60JIbWOH ,[LeBHa-.
u U

lLHeH qaCTOTbI, BO MHoro pa3 npeBbIWalOllI.eH 1\1aKCHMaJ1bHYlO

3*
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qaCTOTY nepe)J.aBaeMoH nonOCH qaCTOT CHrHana. EcnH MaKCH-

ManbHa5I )J.eBHaUH5I qaCTOTbI B 10 pa3 npeBbIlilaeT MaKCH-

ManbHYlO qaCToTY nepe)J.aBaeMoH nOnOCbI, TO- OTHOllleHHe

CHrHaJI/WYM ynyqWaeTC5I n01.ITH B 100 pa3. 3TO, O)J.llaKO,

Tpe6yeT lllHpHHbI nonOCbI 100 Mcl{ )J.n5I nepe)J.aqH TeneBH3HOH-

Horo (HnH ,n,Pyroro) CHrHana c nonocoll qaCTOT 5 M2l{.
06blqHO npH 'npHel\le qaCTOTHo-Mo)J.ynHpoBaHHoro CHrHana

IllHpHHa nonOCbI npHeMHHKa BbI6HpaeTC5I B COOTBeTCTBHH

C nOJIHOM lllHpHHOll nOJIOCbI npHHHMael\10rO CHrHana (B npHBe-

)J.eHHOM npHMepe 100 M21{). )JJI5I pa60TbI npHeMHHKa B npH-

CYTCTBHH lllYMOB CHrHan ,n,OJI:iKeH no KpallHPfI Mepe B 20 pa3

npeBbIwaTb ypoBeHb lllYMOB. ECJIH paClllHp5ITb nOJIOcy qaCTO 
npHeMHHKa TaK, qT06bI npHHHTb qaCTOTHo-MO,lJ,ynHpoBaHHbIH
CHrHan C 60JIblllOH )J.eBHaUHeII qaCTOTbI, TO B03paCTaeT H MO -

HOCTb lllYMOB Ha BXO)J.e npHeMHHKa, BCJIe)J.CTBHe 1.Jero nOJIyqe-
HHe MaKCHManbHoro OTHOllleHHH CHrHaJI/lllYM 6Y)J.eT 3aTpy,lJ,-
HHTenbHbIl\1.

B 1939 r. Lf3cp<pH OITHCaJI npHeMHHK 1.JaCTOTHO-MO,lJ,YJIHpOBaH-
HbIX CHrHaJIOB C lllHpHHOH nonOCbI qaCTOT, ManoH no cpaBHeHHlO
C MaKCHManbHOH )J.eBHaIlJleH qaCTOTbI nepe)J.aTqHKa. B 3TOM

npHeMHHKe CHrHan C BHXO,lJ,a nO,lJ,aeTCH o6paTHo Ha BXO,lJ,  JI5I

H3MeHeHH5I HacTpoHKH cpaBHHTenbHo Y3KOnOJIOCHOrO npHPM-

HHKa, TaK qTO npHeMHHK Bce Bpel\l5I nO,lJ.cTpaHBaeTcH no BXO,lJ.-

HOMY CHfHaJIY. I1cnOJIb30BaHHe TaKoro npHeMHHKa qaCTOTHO-

MO,lJ.YJIHpOBaHHbIx KOJIe6aHHll C 06paTHoH CBH3blO no qaCTOTP

cy ecTBeHHoYMeHblllaeT Tpe60BaHHH K MOIlIJ-IOCTH 60pToBoro
nepe,lJ.aTqHKa B CHCTeMe CBH3H C nOl\10IlI.blO l1C3.

CJIe)J.yeT OTl\1eTHTb, qTO MorYT 6bITb HCnOJIb30BaHbI H APY-
rHe BH,lJ.bI lllHpOKOnOJIOCHOll MO)J.YJIHUHH, BK.TIlOqaH pa3JIH1.JHble

u

CHCTeMH HMnYJIbCHOH MO)J.YJIHQHH.

PaccMoTpHM, KaKOBa )J.on)KHa 6bITb l\10III.HOCTb nepe,lJ.aT1.IH-
Ka Ha O)J.HH TeJIeBH3HOHHbIH KaHaJI (HJIH Ha 600-1 000 TeJIe<p0H-
HbIX KaHaJIOB) C Y4eToM WYMOB He6a, llIYI\10B napaMarHHTHoro

YCHJIHTeJIH npHeMHHKa H lllHpOKOnOJIOCHOH l\10AYJIHQHH. TIpp,lJ.-
nOnO:tKHM, qTO HCnOJIb3yeTcH PynopH -napa6oJIH1.JeCKa5InpHeM-
HaH aHTeHHa C pacKpbIBOM ------320 At'"". Tor,lJ.a MOIII.HOCTb nepe-
,lJ.aT4HKa Ha HeopHeHTHpoBaHHoM I1C3, H3nY1.JalO ervl paBHo-
MepHO BO Bcex HanpaBJIeHH5IX npH BbICOTe Op6HTbI 3 200-

8 000 KM, ,lJ.OJI)KHa 6bITb nopH)J.Ka 2 em. TaKoe me Tpf'60BaI-IHe
no MOIlI.HOCTH )J.OJIlKHO 6bITb npe)J.'bHBneHO K nppe)J.aT4HKY OPHPH-

THpoBaHHoro I1C3, HaXOA5ImerOCH Ha CTau. 10HapHoHop6HTe

u ..,

(BblcoTa 35 810 KAt), C aHTeHHOH, HanpaBJIeHHOCTb KOTOpOH
06eCneqHBaeT 06nYQeHHe Bcell BH,lJ.HMOH nOBepXHOCTH 3eMJIH.

Kpol'vle 3THX 1.IaCTHbIX rrp06JIeM, HMeIOTCH TaK)Ke H MHorHe

CBH3aHHble C HHl\1H C006pa)KeHHH 0 Bcell CIICTeMe. B CHCTeMP,

KOTQpaH HCnOJIb3yeT l1C3 Ha CTalIJIOHapHOrI op6HTe, Tpe6yeT-
CH rrpHMeHPHHe MeHblllero 1.JHCJIa, HO 3aTO 60JIee CJIO)KHbIX H TH-

JKeJIbIX I1C3, qel\I B CHCTeMe C MeHblllei-i BbICOTOil Op6HT l1C3.

)JJI51 06f'Cne1.IeHII5I 6ecnepe6olIHoi1 (HJIH nOQTI1 6ecnppe60i1Hofi)
paUOTbI cHcTervlbI Tpe6yeTC5I MeIIbllIee 4HCJIO 11C3 C BbICOKI1MH

op6HTaMH, qeM npH MaJIOH BbICOTe Op6HT. OTKa3 O)J.Horo H3

I1C3 B CHCTeMe, HCnOJIb3YlOIII.eH 60JIbillOe H 4HCJIO, O)J.HaKO,
nOqTH He YXY)J.lllHT Ha)J.p)KHOCTH CHCTeMbI.

n
aJIee eCJIH C nOMOIII.blO KaKorO-TO qHCJIa l1C3 06eCneqeHOg ,

01
HaJIHqHe Ha )J.aHHOll op6HTe B TeqeHHe, CKa)KeM, 99,9/0 BPP-
MeHH no KpaHHeH Mepe O)J.Horo l1C3, TO HaJIHqHe ,lJ.BYX I1C 
O,lJ,HOBpeMeHHO 6Y,lJ,PT 06eCneQHBaTbC5I 13 TeqeHHe MeHbilleH

qaCTH BpeMeHH, HaJIHqHe Tpex 11C3 - B TeqeHHe eIIJ.e MeHb-

lllell qaCTH BpeMeHH H T. ,lJ,. 3TH )J.onOJIHHTeJIbHble I1C3 l\10rYT
6bITb Hcnonb30BaHbI )J.JIH 06eCneqpHH5I CB5I3H Ha BTopOCTeneHHbIX
nHHHHx, f)J.e MO)KHO )J.orrYCTHTb 60JIbllIHe nepepbIBbI CBH3H.

OqeBH,lJ,HO, QTO O,lJ,HH H TOT :tKe I1C3 MO)KeT 6bITb HCrrOJIb30BaH

B pa3Hoe Bpel\15I )J.JIH CBH3H B pa3JIH1.IHbIX qaCTHX 3eMHoro lllapa.
BeCbMa Ba)KHbIIYI BOnpOCOl\I HBJIHIOTCH B03MOJKHbIe B3aHMHbIe

nO:MeXH MeJK,lJ,Y CHCTeMal'vIH CBH3H C rrOMOIII.blO I1C3 H Ha3.eMHbI-

MH CHCTeMaMH, HCnOJIb3YlOIllJIMH ,lJ,Hana30H CB4. B 3TOM Bon-

poce HCHbIMH HBJIHlOTCH TOJIbKO HeKOTopble 06 HenOJIO}l{e-

HHH. CHHlKPHHe MOIlI.HOCTeH, HCnOJIb3yeMbIx B CHCTeMe CBH3H

C nOMOIIJ.bIO I1C3, npHBo)J.HT K YMeHbllIeHHlo rrOMex Ha3eMHbIM

YCTpoiicTBaM. MaJIble MO HOCTHnepe)J.aTqHKOB, YCTaHOBJIeH-
HbIX Ha I1C3, KOTopble MO)KHO HCnOJIb30BaTb 6JIarO)J.apH HaJIH-

4HlO npHeMHHKOB C l\1aJIOllIYMHIlI.HMH YCHJIHTeJIHMH, H lllHpOKO-
nOJIOCHOH MO)J.YJIHQHet'I Bo06 eHe C03,lJ,a,lJ.YT rrOMex Ha3eMHbIM

CBH3HbIM npHeMHHKaM. BbICOKOKaqeCTBeHHbIP Ha3eMHbIe aH-

TeHHbI C MaJIbIM ypOBHeM 60KOBbIX nenpCTKOB, oc06eHHO py-
nopHO-napa60JIHqeCKHe, nOBbIwalOT nOMeX03a HIII.eHHOCTb.

u
.

TIpH ocy eCTBJIeHHHO,lJ,HOBpeMeHHOH CBH3H C HeCKOJIbKHMH

11C3 He06xo,lJ,HMO HCnOJIb30BaTb pa3,lJ,eJIeHHe KaK no qaCTOTe,
TaK H IJO nOnO)KeHHlO I1C3 Ha op6HTe. TIoCJIe,lJ,Hee OCYIIJ.eCTBHMO
6JIarO,lJ,apH BbICOKOH HarrpaBJIeHHOCTH Ha3eMHbIX aHTeHH.

.

TIo-

BH,lJ,HMOMY, O)J.HOBpeMeHHa5I CBH3b C HeCKOJIbKHMH I1C3 6Y,lJ,eT
B03MOJKHa TOJIbKO npH HCrrOJIb30BaHHH BbIHrpbIllIa B OTHOllle-
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u u

HUH CHrllaJI/WYM, )J,3BaeMOrO WIIpOKOnOJIOCHOH MO.n.YJI51 UJ1eH ;
l'aKHM 06pa30M, paCWHpeHHe (a He CY)KeHHP) nOJIOCbI lIaCTOT

 epe aBaeMoroCHrHaJIa npHBO HTK YBeJIH4eHHID KOJIH4eCTBa
u

HCnOJIb3yeMblx JIHIIHH CB5I3H.

Bonpoc nOMex OllPIIb CJIO)KHbIH; B .9TOI1 06JIaCTH eIl e MHoroe

He H3YlI 1I0.B CBeTC HaWIIX TenppeWIIUX 3IIaIIHIi JIY1Iwe Bcero,
u

nO-llH)J,HMorvIY, HCnOJIb30BaTb l\1eHbWHe ypOBHH MOI.IlHOCTeH

npH 6oJI('e lUHPOKHX nOJIocax IIaCTOT.

BbI60p rvle)KILY pa3JIH1.IHbIMH CHCTeMaMH CB5I3H c nOMOI.IlbIO

I1C3  OJI)KeHOCHOBbIBaTbC5I Ha  ocTHrHYToMypoBHe TPXHHKH

npH OlleHb OCTOPO)KHO!\1 B3BeWHBaHHH pa3JIH4HbIX coo6pa)Ke-
HHH. B03MO)KHOCTH naCCHBHoro I1C3 onpe eJIeHbIC norvl0I.IlbID

.9KCnepHMeHToB no npoeKTY «3xo». TIo HauleMY MHeHHIO, npaK-
TH4Ha5I H .9KOHOMH4eCKH BblrO)J,Ha5I cHcTervla CB5I3H C nOMOI.IlbIO

l\1HOrHX npocTbIX aKTHBHbIX I1C3 C npOH3BOJIbHbI!\IH Op6HT3MH
HE'6oJIbWOri BbICOTbI MO)KeT 6bITb oCYI.IleCTB.TIPHa B He aJIeKOM

6Y)J,YI.IlPM npH YCJIOBHH nOJIO)KIITeJIbHbIX pe3YJIbTaTOB npo6-
HbIX 3anycKoB aKTHBHbIX I1C3.

Pa3JIHlIHbIe CHCTel\lbI CBH3H C norvloll bIO I1C3 6Y)J,YT onpo-
60BaHbI C Te1.IeHHeM BpeMeHH, H B03MO)KHO, liTO B HX 1.IHCJIe 6y-
)J,eT H CHCTPMa CB5I3H C nOMOI.IlbIO I1C3, HaXO)J,5111IJ1XCH Ha CTa-

UHOHapHOll op6HTe.

3.

TeXHHua H 8HOHOMHKa

CHCTeM CBSl3H C nOMOIIl.blO

HCKYCCTBeHHWX cnYTHHKOB
3eMJIU

1

flapao r.

JI 1/1 T E PAT Y P A

1. BBeJI.fHHe

EbIBIllHH npe3H)J,eHT EpHTaHcKoro Me)KrrJIaHeTHOro 0611 pcTBa

I(JIapK rrepBbIH rrpHBJIPK BHHfvl3HHe K B03MO)KHOCT51M HcnO.TIb-

30BaHH5I HCKyccTBeHHbIx crrYTHHKoB 3eMJIH (I1C3) B Ka4eCTBe

pa)J,HoTpaHCJIHUHOHHbIX cTaHUHM B rJI06aJIbHOH CHCTeMe )J,aJIb-

HeM CB5I3H. 3TO npOH30IllJIO 16 JIeT Ha33)J, )1,0 3arrycKa nepBbIx

I1C3, HenOCpe)1,CTBeHHo rrOCJIe BTOpoi'! l\1IipOBOi1 BOHHbI, Kor)J,a

paKeTbI ell e He nOJIY4HJIH npH3HaHH5I. JIUllIb 4epe3 10 .n:eT

BHHMaHHe K .9TOMY Bonpocy CHOBa npHBJIeK flHpC, a 3a nocJIe)J,-

HHe 5-6 JIeT n05lBHJIHCb MHOr04HCJIeHHbIe CTaTLH no pa3JIH1.I-
HbIl\1 BonpocaM, OTHOC5I HMCHK CHCTPMa!\1 CB5I3H C rrOMOI.IlbIO

I1C3. B HaCTOHI.IleM CTaTbe TaKiKe 3aTparHBaPTC5I 3Ta TPl\tla.

B 60JILWHHCTBe paGoT paCCMaTpHBaIOTC5I 4HCTO TeopeTH-
1.IeCKHe H TeXHH4eCKHP np06JIeMbI Ii JIHWb H3pe)J,Ka HCCJJe,n.YIOT-
C5I BonpOCbI .9KOHOMHKH. B paHIIHI1 nepHO,lJ, pa3BHTH5I .9TO GLIJIO

nOH5ITHO H He HMeJIO 60JIbWOrO 3Ha4eHH5I. B HaCT05II.IlCe Bpervl5I,

KOr)1,a 6bICTpO CTaHOB5ITC5I peaJIbHOCTbID npoToTHnbI )1,E'fICTBYIO-
I.IlHX CHCTeM CB5I3H C nOMOIJJ.bIO I1C3, Heo6xo)J,HMO paccMaT-

pHBaTb CHCTeMY B ueJIOM. 3TO OC06eI-IHO cnpaBP JIHBOnpH HCCJIP-

)J,oBaHHH Ba}KHOrO Bonpoca 0 CTOHl\IOCTH.

1 Par doe G., Conl111unica t ions Sa tell ites, Acad. Press, Lnd.-
N. Y., 1962, p. 1-15.

1. CIa r k e A. C., Exploration of Space, TClllple Press, 1951.

2. C I ark e A. C., Extra-terrestrial Relays, Wireless World, 57,

305-308 (1945).

----
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 eJIeC006p33HOn09ToMY c)J,eJI3Tb CH3113JIa 0630p Bcex cpaK-
TOpOB, BJIH5IIO HX Ha TexHHKY H 3KOHOMHKY CHCTeMbI CB513H

C rroMoI bIOI1C3, H p3ccMoTpeTb xapaKTep 9Toro BJIH5IHH5I,
3 33TeM paCCMOTpeTb Te H3 cpaKTOpOB, KOTOpbIe OKa3bIBaIOT

H3H60JIbllIee BJIM5IHHe.

B llaHHOH CTaTbe MbI XOTHM YKa3aTb, KaKOe MHO)KeCTBO

p33JIHllHbIX BOnpOCOB Heo6xo HMOp3CCMOTpeTb, qT06hI C eJIaTb
33KJIIOQeHMe 0 CHCTeMe B ILeJIOM.

2. CHcTeMa B  eJIOM

OCHoBHble 3JIeMeHTbI CHCTeMhI CB5I3H C nOMOI.llhIO I1C3 no-

K333HhI Ha cpHf. 1. TIo HeM MO)1{HO npOCJIe)J,HTh Bce CB5I3H H B3a-

HMOCB5I3H qeTblpex OCHOBHbIX 9JIervleHTOB.  eHTp3JIbHOeMecTo,

.*

..

B npoQPcce no roToBKHK BBe eHHIDHOBOH CHCTel\1bI CB5I3II

YQHTbIBaloTcH p3 ioHbI, KOTopble He06xo)J.HMO 06CJIY)KHTb, H

oQeHHB3IoTCH rrOTeHQHaJIbHbIe' nOTpe6HocTH B npe)J,JIaraeMOl\1

06CJIY:tKHBaHHH. TaKHM 06pa30M, B nepBYIo Ol.Jepp)J.b )J.OJIlliHbI

6LITb npHI-I51TbI peweHHH 0 x3p3KTepe 06CJIY)I{HBaHH5I, npo-
 OJI)KHTeJ1bHOCTHpa60TbI, OXBaTbIBaerv!OM paHoHe 11 LIHCJIe KaHa-

JIOB. ,LLaJ1ee Yl.JHTbIBaeTC5I HaJIHQHe HJIII OTCYTcTBHe cpe cTB
CB5I3H Ha OKOHel.JHbIX nYHKTax, nOCJIe qero npHHHM3IOTCH
BO BHliM3IIHe KJIHM3THl.JPCKHe YCJ10BH5I H Heo6xo HMbIHCpOK
CJIY)K6LI CHCTC'MbI. DOCJIe)J.HHe  BacpaKTop3 B ncpBYIO Oqepe)J.b
orrpe)1.eJI5IIOT CTOHMOCTh, nOCKOJIbKY He06xo)J.HMO pa3pa6oTaTL
H H3rOTOBHTb annapaTYPY C BbICOKOH Ha)J.e}KHOCTbIO H )J.oJ1ro.-
BeQHOCTbIO. I-IaKoHeu., He06xo HMO. onpe)J.eJ1HTb MO HOCTb

nepe)J.3T4Y1Ka H IIYBcTBHTeJ1hHOCTb npHeMHHKa, p3Cn0J10)KeHHblx
H3 60PTY I1C3. 3TH naparvieTpbI OKa3bIB3IOT Hcrrocpe)J,CTB-eHHoe
B.lIH5IHHe Ha pa3MepbI H CTOHMOCTb Ha3eMIIbIX aHTPHH,

nepe)J.aTl.JHKOB H npHeMHHKOB. IlOCKOJ1bKY Ha
u

I1C3 1\/[0-

rYT 6bITb YCTaHOBJ1eHbI J1HllIb nepe)J.aTIIHKH MaJ10H MOII HOCTH,

Ha3eMHbIe aHTeHHbI )J.OJ1)KHhI 6bITb cHa6)KPHbI OTpa)KaTeJ1eM
BeCbMa 60JIbllIHX p33MepOB. CTOHMOCTb TaKHX aHTeHH 3aBHCHT

01' HX pa3fvlepOB H npIIMepHO nponOpIl.UOHaJ1bHa KBa paTY

)1.11aMeTpa 3epKaJIa..

Ha cpHr. 1 B KBa)J.paHTe, OTHOC5II.lleMC5I K I1C3, MO)KHO BH-

)J,eTb HenOCpe)1.CTBeHHoe BJIHHHlle napaMeTpOB Op6HTbI H. QHCJ1a

11C3 Ha KOHCTPYKllJlIO I1C3. Oco6oe" BHHMaHHe CJIe)J.yeT Y)J.e-
JIHTb BbI60PY THna peTpaHCJI5ITOpa: naCCHBHoro HJIH aKTHB-

Horo. TIpHMeHeHHe naCCHBHoro HC3 - peTpaHCJI51TOpa npe)J.'b-
5IBJI5IeT BeCblVla )1{eCTKUe Tpe6oBaHH5I K Ha3eMHLIlVI aHTeHHaf\1,

nepe)J.aT4HKaM H npHeMHHKaM. TOT cpaKT, QTO CHrH3J1, nppe a-
BaelVIbIH C 3eMJIII, He YCHJ1HBaeTC5I Ha I1C3, Tpe6yeT COOTBeT-

CTBYIo ero YBe.TIHl.leHH5I pa3MepOB Ha3eMIIb!X aHTeHH, QTO,

KaK YKa33HO Bblwe, BJ1eqeT 3a C060H 60JIbWOe YBfJIHQeHHe HX

CTOHMOCTH.

33BHCHMOCTb KOHCTPYKQI1lI I1C3 01' napaMeTpOB Op6HTbI
lVIOlliHO CCPOPMYJIHpOBaTb CJIe)J.Y10lll.HM 06pa30M: qeM 60J1bWP

BbICOTa, TeM 60J1bllIe nepeKpbIBaervla5I nJ10lll.a)J.b, TeM 60J1bllle Tpe-

6yeMa51 MOlll.HOCTb rrepe)J.aTQHKa. 31'0 npHBO)1.HT K POCTY no-

Tpe6J15IeMOii MOI..ILHOCTH, T. e. K cooTBeTcTBYlo eMYYBeJ1HLIeHHlo
Beca I1C3.

3TH paCCY)K eHH5InpHBeJIH Hac Henocpe)J.CTBeHHO K nJ10J a)J.-

Kf )J.JI5I 3anYCKa I1C3. 3 eCbpfWaIOlll.llM KpHTepHeM 5IBJI51eTCH
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Hr. 1. 3JTel\1eHTbI CHCTeMbI CBH3I1 C rrO IOIII.bIO 11C3.

OTBe eHHoeBonpocaM CTOHMOCTIf If BbI60pa rrapaMeTpoB Op6H-'
ThI, YKa3bIBaeT Ha BalliHoe 3HaLIeHIIe 9THX BorrpOCOB.
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06ll\HH Bec YCTpoHcTBa, KOTopoe Heo6xo HMOBbIBeCTH IIa op-
6UTY. 3TOT Bec Henocpe cTBeHHoonpe eJIHeTpa3lViep II lJHCJIO

cTyneHeii paKeTbI. OocJIe onpe e.TIeHH5Ipa3MepoB II sera paKeTbI
 aJIbHeHrnee3aBHCHT OT MeTo oB3anycKa C YlJeTOM Mep 6e30-
naCHOCTH II TpaHcnopTHpoBKH paKeTbI npll H3rOTOBJIPHHH H

HcnbITaHII5IX. ,Llo perneHH5I 3THX BonpocoB Heo6xo H1fOonpe e-
u

JIHTb MeCTOnOJIO)l(eHHe cTapToBoH nJIO a KH,II n03ToMY MbI
u

nepeH eMK paccMoTpeHHIO nOCJIeAHerO KBa paHTa HarpaMlVlbI;
u

3TOT KBa paHTBeCbMa Ba}KHbIH, nOCKOJIbKY 3 ecbnpHxo HTCH

YlJHTbIBaTb BonpocbI nOJIHTHlJPCKOrO xapaKTepa, reorpacpHlJe-
CKoro MeCTOnOJIO)l(eHH5I, BonpocbI rocy apcTBeHIIOH 6e30nac-

HOCTH, a TaK)l(p 6e30nacHocTH H  ocTynHocTHpai10Ha 3anycKa.
C TOlJKH 3peHHH 6e30nacHocTH H eaJIbHbIM6bIJIO 6bI pacnoJIo"

U u

}KeHHe nJIO a KHB u.eHTpe H30JIHpOBaHHoH, lvlaJIOHaCeJIeHHOH

06JIaCTH nJIO a,AblOB HeCKOJIbKO COTeH TbIC5IlJ KBa paTHbIXKH-

JIOMeTpOB. ,LlJI5I y o6cTBa 06CJIY}KHBaHHH H cHa6:tKeHH5I nJIO-

 a Ka,AOJI:tKHa 6bITb JIerKO  ocTynHoH,OKPY}KeHHOH TeXHH-

lJeCKHMH H npOMbIlllJIeHHbIMH npe npH5ITHHMH.Onpe eJI5IIOI.IJJ1M
cpaKTopOM, O I-IaKO, 51BJI5IeTC5I reorpacpHlJeCKa5I illHpOTa nJIO-

ma KH,TaK KaK OT Hee 3aBHCHT yrOJI HaKJIOHa Op6HTbI. YrOJI
HaKJIOHa Op6HTbI BJIH5IeT Ha nepeKpbIBae1\1YIO cnYTHHKOlVf nJIO-

ma b,lJTO B CBOIO OlJepeJ(b onpe eJI5IeTnJIO a b,06CJIY)I(HBae-
u

MyIO CHCTeMOH CB5I3H.

3. CTapToBaSl nJlO a)J.Ka

BbI60p MeCTa  JI5IcTapToBoH nJIOma,AKH BO MHorOM onpe)J,e-
JI5IeTCH reorpacpHlJeCKHMH H nOJIHTHlJeCKHMH c006pa}KeHHHlVIH,
oco6eHHo B CB5I3H C TelVf, lJTO B HaCT05I eeBpeM5I B KallPCTBe

nepBblx cTyneI-leii paKeT-HOCHTeJIeH HCnOJIb3YIOTC5I MO HcpHU.H-
pOBaHHble BoeHHbIe paKeTbI. D03TOMY BnOJIHe nOHHTHO cTpeM-
JIeHHe K 3anycKY I1C3 C BoeHHbIX nOJIHrOHOB C HCnOJIb30-

BaHHeM Bcero cooTBeTcTBYIo ero 06oPY,AoBaHH5I, KOIIPlJHO,
C YlJeTOM OrpaHHlJeHHH, HaJIaraeMbIX c006pa}KeHH51MH rocy-
 apCTBeI-lHOH 6e30nacHocTH.

CarvIa no ce6e lvlOmHOCTb paKeTbI, HCnOJIb3yeMoH ,AJI5I 3anyc-
Ka I1C3, lvlO}l{eT onpe eJIHTbMeTO)L 3anycI<a. 4acTo no.TIaraIOT,
1.JTO 3anycK Bcex I1C3 6y eTnpoH3Bo HTbC51C Ha3eMHbIX nJIO-

 a OK,XOT5I Ha calVlOlVI J(eJIe 3TO He TaK. Y}I{P B HaCT051III.ee

Bpel'vI5I 3anYCK KOCMH1.JeCKHX 30HJ(OB npOH3BO HTC5IC B03AYWHbIX
lllapOB H CPpbe3HO paCCMaTpHBaeTCH Bonpoc 0 3anYCKe C nJIa-

nY4H\. BJIaT(l)opM HJIH aBHaHocu.eB 60JIbIllHX paKeT, lIanpHlVlep
THna «CaTYPH». 3arrYCK I1C3 C nOBepXHOCTH MOp5I ).(aeT TO npe-

I'"'

I1MymecTBO, LITO B 3TOl\1 CJIY1.Jae OTnaJ(aeT HeOOXOJ(HMOCTb B TIII.a-

TeJIbHhIX Mepax npeJ(OCTOpO)KHOCTH, KOTopble npHXOJ(HTCH npw-
HHMaTb Ha Ha3e lEbIX nJIO a Kax,YQUTbIBa51 B03MO)KHOCTb

B3pbIBa IlJIH nO:ih.apa.
reorpacpHlJ(,CKa5I lllHpOTa (cenepHaH HJIH IO:iKIIa5l) MCCTOnOJIO-

...

)KeHHH nJIO aJ(KH onpeJ(eJI51eT MlII-IIUvlaJIhHhUI yrOJI HaKJIOHa
u

nJIOCKOCTH Op6HTbI K nJIOCKOCTH 3KBaTopa, KOTOpbIH IYIO)KHO

nOJIYlJHTb C HCnOJIb30BaHHeM npOCTbIX cpeJ(CTB BbIBeJ(eHH5I
I1C3 Ha Op6HTY. TaK, I1C3, 3any eHHbIe,CKa)KeM, C BYMepa
HJIH KOJIYM6 BelJap, pacnOJIO}l{eI-lHbIX IJPH6JIH3HTeJIbHO Ha 31

°

UIHpOTbI (cooTBeTcTBeHHo IO}KIIOH II CeBepI-lOH), MorYT OhITb

BbIBe,lIpHbI Ha Op6UTbI C yrJIOl\l I-IaKJIOHa K nJIOCKOCTH 3KBaTopa

Me:iK Y31 H 90° (T. e. nOJI 51 p Ha5I op6HTa).,LlJI 51 nOJIY1.JeIIH 51 OpOIIT
C yrJIOM HaKJIOHa Me)KJ(Y 31 n 0° (3KBaTOpnaJIbHaH opoHTa)
Heo6xo,lIJIMbI AOnOJIHHTeJIbHbIe cpeJ(cTBa, o6eCnelJHBaIoIII.He B03-

MO)KHOCTb MaHeBpa C lI.eJIbIO H3MeHeHHH nJIOCKOCTH Op6HTbI.
3TO He TOJIbKO YCJIO)KH5IeT paKeTbI, HO If npHBOJ(HT K CHH}I{eHHlO

u u U

J(onYCTHlVIOH nOllle3HOH HarpY3KII npH 3aJ(aHHOH MOll(HOCTH nep-
BOH cTyrreHH. Bce 3TO OTpa)KaeTC5I Ha CTOHMOCTH; paCTYT He

TOJIbKO np5lMbIe 3aTpaTbI Bc.TleJ(CTBHe nOBbIWeHII5I Tpe60BaHHH K

TIII.aTeJIbHOCTH If3rOTOBJIeHIf 51 , YCJIO:tKH5IIOTC5I np06JIPMbI 3anYCKa,
CJIe)KeHIf5I, ynpaBJIeHHH If T. A., HO COOTBeTCTBeHHO nOBbIlllaeTCH

CTOHMOCTb oJ(Horo KHJIOrpaMl\1a nOJIe3HOrO Beca Ha op6HTe.
DOCJIeJ(HHH nOKa3aTeJIb MO)KeT CJIY:iKHTb M:epoi-i K. n. J(. KOCMII-

qeCKOrO Kopa6JI51.
...

ECJIH He yqH fhII3aTb YKa3alIHbIX BbIlue orpaHlII-IeHHH, TO

nJIO aAKYAJIH 3anYCKa l1C3 eCTeCTBeIlIlO ObIJIO 6hI BbI6paTb
B paifOHe 3KBaTopa, IIO, KaK 6bIJIO YKa3aIlO BbIW0, 60JIbWHIICTBO

paKeTHbIX 6a3 paCnOJIO:iKeHO no pa3JIHlJHbIM coo6pa}l{eHHHM
B J(pyrIfx MeCTax. I1HTepecHO OTMeTHTb, GTO cpHpMa «Hug-
hes» C1.II1TaeT I1aHJIY1.Jweii 6a30ii J(JI5I 3arrycKa JIerKHX cnYTHHKoB
CB5I3H Ha CHI-IXpOHHYIO 3KBaTOpHaJIbHYlO Op6UTY OCTpOB PO)KJ(e-
CTBa, pacnOJIO}KeHHbIH B cpe HeHqaCTH THxoro OKeaHa He..

CKOJIbKO IO)KHee 2° c. ill. OpeJ(JIaraeMa51 J(JIH 3TOH u.eJIH pa eTa
51BJIHeTCH MOJ(If<pIfKalI.Hefl paKeTbI «CKaYT» C J(orrOJIHHTeJIbHOH
cTyneHbIO. 3TO yrrpOIII.aeT np06JIeMbI cHa6)KeHHH H o6opYJ(oBa-
HHH nJIOIII.aJ(KH, OJ(HaKO CTOHMOCTb YCTaHoBKH o6opYJ(oBaHH51
J(a}Ke B 3TOM cJIYlJae fvfO)KeT CH lbHOoTpa3HTbC5I Ha 06ll.(eH CTOH-

MOCTH CHCTeMbI.

3B*
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4. PaKeTa 3anycKa HCKyccTBeHHwx cnYTHHKoB 3eM M

KOHCTPYKlI.H10 paKeTbI A.JlH 3anycKa I1C3 CJIeAOBaJIO 6b pac..
cMaTpHBaTb B nepBYlO Ol.J:epeAb C T04KH 3peHHH nOJIe3HOH Ha...

rpY3KH. OAHaKo €AHHCTBeHHO npaBHJIbH M BJIHeTCHaHaJIH3

CHCTeMbI B u.eJIOl\I H npH 3TOM B03HHKaIDT orpaHH4eHH5I, on-

peAf'JI5IIO He Bec J1 pa3l\fepbI I1C3.

XOpOlIlO H3BeCTHO, 4TO Jl.JI5I paKeTbI orpaHH4HBalo HMcpaK-
TOpOM  BJI5IeTC5ITorr.TIllBO, nocKo.llbKY 60JIbllIa5I 4aCTb ee o6'be-
M3 3aH5ITO rOpIOQHM. I1Aea.nbHoe roplo4ee AOJIlliHO o6JIaAaTb
60JIblllOll T5IrOBOH CHJIOI1 Hap5lAY C BbICOKOt'r nJIOTIIOCTbIO, lITO

n03BOJIH.JIO 6bI nOJIYLJlITb HaAelliHYlO MaJIora6apHTHYID pa-
KeTY. C TOqKH 3peHH5I YAo6cTBa o6paU eIIH5InpelIl\ly ecTBaIIa-
XOAHTC5I Ha CTOPOH€ TBrpAoro TOnJIHBa, HO np06JIeMbI ynpaB-

.. t.

JIeHH5I THrOll II nOMep)!{aHHH rOpeHH5I Hapq yC MaJIOlf YAeJIb-
u u

HOH CHJIOH T5IrH CBOA5IT 3TH npeHrv1y ecTBaHa BeT, TaK tITO

e eB Te4eHHe MHorHX JIeT AJI5I BbIBOAa. Ha op6HTY 3Hal.J:lITeJIb-

BbIX nOJIe3HbIX BarpY30K 6YAeT npHMeH5ITbC5I )KHAKOe TOnJIHBO.

B 3TOM CJIYLIae Heo6xOAHMbI KOHCTPYKlI.HH, 06ecne4MBaIOllLIIe
BbICOKoe OTHOIIleHHe np04HOCTH K Macce. Cy eCTBYIOU I1e
MeTOAbI KOHCTpYHpOBaHl15I paKeT lllJIH no nYTH HCnOJIb30BaIIH51

6aKOB AJI5I ropI04ero B Ka1.IeCTBe 060JIOqKH paKeTbI Ii nOJIYLIPIIlI5I
u

BbICOKOH npOlII-IOCTIi KOHCTPYKILHH 3a C4PT HarHeTaHH5I ra3a noJ1.

AaB.neHHeM. TonJIHBo 113 6aKOB nOAaeTC5I K MOTopaM C nOMOIl bIO

Typ6HH fJbIX HaCOCOB.

TIpBJv1eHeHHe l\1HOrocTynf'H4aTOro nplIHlU1fIa YCJIO)KHHeT
I{OIICTPYKQHIO paKeTLI, HO 3aTO n03BOJI5IeT OCB060)l\AaTb 5I OT

u

II3.TIHIllHero Beca B TOM TOqKe TpaeKTopHH, rAe 1.IaCTb ABHraTP-

JIeH cHcTervlbI CTaHOBHTCH HeHY)KHoi1. 3TOT npOl eccOCB060)KAe-
IIH5I OT H3.TIHIllHerO Bf'Ca l\iO)KeT 6bITb nOBTopeH HeCKOJIbKO pa3

(HanpHl\Iep, paKeTa «CKaYT» IHvleeT 4 cTyneIIH). IlpHMeHeHI1e ro-

pI01JerO C MaKCI1MaJIbHOH Y.AeJIbHOti T5IrOH HaI160JIee BblrOAHO
B nOCJ1e.AHI1X cTyneII5Ix paKeTbI, rAe Tpe6yeTcH I-IaHOOJIbWHi1

npHpocT CKOpOCTH. T01.IKM TpaeKTopun, B KOTOpbIX MO)KHO

C6POCI1Tb npeAbIAY HecTyneHH, onpeAeJI5ITC5I Tpe60BaHHHMH
Ge30naCHOCTI1 B paHoHe 3anYCKa, LITO, no Bre BepOHTHOCTH,
l\'IO)KeT nOHI13HTb K03q)(lnIILHeHT nOJIf3I-IOro AeHCTBII5I cTyneHPH.

rIa 3Tane npoeKTlIpOBaHII5I CHCTel\lhI Hf'o6xOAl1l'AO TaK)Ke npe-
AycrvloTpeTb Y)1.06CTBO TpaHcnopTHpoBKH CTOJIb rpoM03)J,Koro
o61JeKTa, KaK paKPTa AJIH 3anycKa cnYTHIIKa, nOCKOJIbKY 3a-

nYCK, BepoHTIIo, 6Y.APT np01I3BeAeH C nJIO a)1.KH,3IIatII1TeJIbHO

Y,LLaJIeHHOH OT MeCTa H3rOTOBJIeHH5I paKeTbI. CTynPHH paKeTbI
6yAYT , no-BHAI1I\IOl\IY, nepeB03HTbC5I OTAeJIbHO. OCTaeTC5I, OA-

HaKO, np06JIel\ia nepeBo3KH nepBoH cTyneHII. B HeKoTopbIX CJIY-
lJa5IX ABHraTeJIH nepBoH cTyneHH MorYT 6bITb OTAeJIeHbI OT 6a-
KOB H nepeBo3HTbCH Ha OTAf'JIbH01\1 CneIl.HaJIbHOM npHl.\ene

MeCTOnOJIO}KeHlIe nJIO aAKHAJIH 3anycKa cnYTHHKOB l\10)KeT
'-, t.

TaK)l{e OKa3aTb BJIH5IHlIe Ha YCTPOHCTBO nepBblx cTyneHeH

paKeTbI. B H,lI,eaJIbHOM CJIYLIae paKeTa KOHCTpYHpyerC5-I TaKH1\1

o6pa30M, 4T06bI nOJIY1.IMTb MaKCIUvIaJIbHOe npHpa eIIHe CKO-

pOCTH OT Ka)J{Aoii cTyneHH (LITO 5IBJI5IeTC5I np06JIeMOH )J,HH3MH-
u "

KIf 3aKJIIOLIalOlU,f'HC5I B }.J,OCTH)KeHHH OnTHMaJIbHbIX OTIIOIllCHIlIl
,

u

Macc cTyneHe )H MaKCHMaJIbHble 06 I1HBec H T5Iry ABI1raTeJIelI

Ka)I{.AO IcTyneHH. OAHaKO }.J,JI5I BbIBOAa I1C3 Ha 3a}.J,aHHYIO op6n-
TY npI1 3anYCKe C KOI-IKpeTHO ICTapTOBOH nJIO a.AKH Heo6xo-

AlIMO 3anYCKaTb I1C3 B onpeAeJIeHHOM HanpaBJIeHHI1. MO)KeT

CJIYLIHTbC5I (LJaCTO TaK H 6bIBaeT), LITO npH onpeAeJIeHHH
u

npOrpa1\1MbI 3anYCKa C nOMO bID3THX cTyneHen B03HHI{aIOT 3a-

TpYAHeHH5I nOJIHTHLIeCKoro nopHAKa. HanpHMep, OTAeJIHBllIHC-

CH nepBbIe cTyneHH paKeT He }.J,OJI)KHbI na.AaTb B rYCTonaCeJIPH-
HOM 1.IaCTH CTpaHbI I1JIH Ha TeppHTopHIO .Apyroro rOCY.AapCTBa.

...

IlocJIe.AHee He)l{eJIaTeJIbHO, )J,a)l{e eCJIH 3TOT paHoH naAeHHH

npaKTHLIecKM Heo6HTaeM; npHMepaMH MorYT CJIY)KIITh nOJIH-

THtleCKHe He)J,opa3yrvleHHH, B03HI1KlllMe npH naAeHIIH KYCKOB
u u

paKeTbI «Top» Ha I(y6y M LIaCTeH paKeTbI, 3any eHHoHB CTO-

POHY JIYHbI B IO)KHOll AcppHKe.
TIpM BbI60pe MeCTa }.J,JIH nJIO a.AKIi,npMeMJIeMOrO no nOJIM-

TH1.IeCKMM H reorpaqH1LIeCKMI\1 co06pa)l{eHH5IM, 11 npM OnpeAeJIP-
HH11 1.IHCJIa cTyneHeH paKeTbI MO:iKeT OKa3aTbCH, 1.ITO nJIOlU,aA-

Ka paCnOJIOllieHa B lI.eHTpe 6e3BoAHoH nycTwHH  JIli B 60JIO-

THCTOH MeCTHOCTH. 1\10)KeT CJIY4MThC5I, LITO BoeHHble opraHM3a-

lI.HH Y)l{e BJIOlliHJIH 60JIbUllle cpeACTBa, 3aKynHB 3eMJIIO H npo-

Be}.J,5I p }.J,pa60T no nO)J,roToBKe 633bI, BKJIID1.IaH cTpOHTeJIbCTBO
lllocceHHblx Ii }KeJIe3HbIX }.J,opor H B3JIeTHO-nocaA01.IHbIX nOJloc.

TIpH HCnOJIb30BaHHH 3THX nJIoll(aAOK CTOIHvl0CTb 3anycKa I1C3
u

,

u

OrpaHH1.IHBaJIaCb 6bI npocTo nJIaTOH 3a nOJIb30BaHHe nJIOll(aAKoH.

Ho MO)KeT CJIYLJI1TbCH H TaR, LITO nJIOll(aAKY .AJI5I 3anYCKa
I1C3 Heo6xOAHMO CTpOHTb C caMoro HaLJaJIa. B 3TOM CJIYLIae

u u

CTOMMOCTb CTpOHTenbCTBa BOHAeT B CTOHMOCTb BceH ClICTeM 

CB5I3H, LITO B CBOID o4epeAb MO)KeT 3aCTaBI1Tb nepeCMOTpeTb

paHee npHH5ITble peUl€HHH.

-
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no cyme, Ha CneLLHaJIbHbIX 6aplliax no peKaM IIJIH Ha :MOpCKHX

cy axB KaqeCTBe naJIy6Horo rpY3a.

KpoMe o6ecneIIeHHH 6e30nacHocTH paHOHa 3anycKa, B npo-

rpaMMe OT eJIeHI1H cTyneHeH Heo6xo HMOTaK)Ke npe ycMoT-

peTb KaKOH-JIH60 MeTo CaMOJIHKBH aLLIIlI paKeTbI-HOCHTeJIH.
B CJIYIIae OTKa3a B CIICTeMe B Be eHHHHa Op6WTY c 3eMJIH

no aeTcHCllrHaJI  JI51 YHH4TO)KeHH5I paKeTbI.
CHcTeMa BbIBe eHHHMC3 I-Ia Op6HTY 6y eTB OCHOBHOM onpe-

 f'JI5ITbC51 Heo6xo HMOH CTeneHbIO T04HOCTll BbIBe eHllH Ha

Op6HTY. nO-BH HMorvIY,CHCTf'MY Cal'vtOHaBe f'HHHMC3 npH eT-
u

CH 3aMeHHTb npOKJIa KOHTpaeKTopnn paKCTbI Ha3erv1]-IbIMII pa..

 HOJIOKaTOpalYIH.BKJIIOIIeHHe nOCJIf' I-IHXcTyneHeli C nOMOmbIO

KOl\t13IIJ1., nepp aBaeMblxno pa HoC 3f'l\IJIH, ynpo aeT60pTO-
BYIO 3JIeKTpoIIIIYIO arrnapaTYPY MC3 II o6ecne4HBaIOT Hf'KO-

Topym B03MO (HOCTbKOppCKTHpOB3HHH Op6HTW.

I

KO aKTHBHbIM. B03MOLKHO TaK:tKe II  aJIbHeHWeeno pa3 eJIe-
HIIe BII OBMC3. TaK, MO)KHO paCC1faTpHBaTb I1C3 C :SOHHOH:
aKTHBHOH peTpaHCJI5IllJlefI, T. e. TaKoH I1C3, B KOTOpOM npe y-
CMOTpeHa He TOJIbKO B03MO)KHOCTb npHeMa, YCHJIeHHH II nepe-
 aIIH06paTHO CHrnacHOB, npHHHTbIX C 3eMJIH, HO H nepe aqa
cnrI-IaJIOB coce HHMMC3, 06pa3YIOmHM CHHXpOHHO pa60TaIO-
myIO ceTb; coce HHHMC3 MO)KeT nepe aTbCHrHaJI  pyrHMI1C3
HJIII nOCJIaTb ero Ha3eMHbIM CTaHllJIHM. nO 06Ha51CHCTeMa 06-

JIa aeTMHorllMH He OCTaTKaMH,KaK-TO: CJIO)KHOCTb aHTeHHblX

YCTPOHCTB, Heo6xo HMOCTb cTa61IJIH3aLLHH nOJIO)KeHHH cnYT-
HHKOB, np06 eMbIra6apHToB, BeeOB H T.  .B JIIo60M CJIYlIae
B TaKoif CHCTeMe He06xo,LLllrvlbI npOl\1e)KYTolIHble Ha3eMHbIe CTaH-

U. U

LLHII  JI51 nO KJIIOlIeHllH ee K MeCTHOH Ha3eMHOll ceTll CB5I3H.

BnOJIHe l\10)KeT 6bITb, lITO MC3 C  BOHHOHaKTHBHoM peTpaHC-
U u

JIHLLHeH HaHJ1.YT npHMeHeHlle B BoeHHbIX CHCTeMax CBH3II, r e

HaJ1.e:tKHOCTb pa60TbI He J1.0JIlliHa onpe eJIHTbCHHaJIHlIHeM npo-
Me)KYTOlIHbIX Ha3eMHbIX CTaHLLHH, TeM 60JIee lITO OCTpa5I Ha-

npaBJIeHHOCTb aHTeHH, rrpeJ1.Ha3HalIeHHbIX  JI51CBH3H MC3 MelK-

Jl.y co60ii, HCKJIIOlIaeT B03MO)KHOCTb rrepexBaTa C006Il.\eHHI1 If

nOMex, 3a IfCKJIlOlIeHHeM np5IMbIX opraHII30BaHHbIX rrOMex

Ka)KJ1.0MY crrYTHMKY CHCTeMbI. I103TOMY CJIeJ1.yeT OlKH aTbrrpH-
MeHeHH51 rrOJ1.06HbIX <;HCTeM C MC3 C  BoifHOllaKTHBHOH peTpaH-

U U

CJIHLLHeH CKopee B BoeHHbIX qeJIHX, lIeM J1.JIH KOMMeplIeCKOH
CB513H.

B aKTHBHOM MC3 60JIbllIYIO pOJIb, OlIeBHJ1.HO, HrpaeT rrp06-
JIeMa HCTOlIHHKOB rrHTaHH51. I103TOMY He06xoJ(Hl\1a 60JIee HC-

"lleprrbIBaI01IJ,aH IIHcpopMaLLHH 0 BJIHHHHH paJ1.HaQHH Ha Op6H-
U

Tax cpe HeHBbICOTbI J1.JIH peweHHH Borrpoca 0 B03MO)KHOCTH

HCrrOJIb30BaHHH COJIHelIHWX 6aTapeM H J1.pyrHx 3JIeKTpOHHWX
YCTPOHCTB CO CpOKal\1H CJIYLK6bI, H3MepHeMbIMH rO,LLaMH. O,[L-
HaKO, YlIHTbIBaH npOBO,LLHMble pa60TbI Ha,[L HCT04HHKal\1H rrHTa-

HHH J1.PyrHx THrrOB, MO:tKHO O}KH aTb,4TO rrpH BbI60pe BbICOTbI

Op6HT C BJIHHHHeM paJ1.HaQHH l'vIO)KHO 6YJ1.eT ClIHTaTbC5I B MeHb-
U

meH CTerreHII, lIeM 3TO  HKTyeTC5IHMelO1IJ,HMHC5I B HaweM pac-
U

nop 5ILKeHHH CBe,LLeHIIHl\1II Ha Cer0J1.HHwHIIH ,[LeHb.
OlleHb na)KHbIM HBJI51eTCH Borrpoc 06 opneHTaIJ.HII I1C3 B CBR"

311 C npHMeHeHHeM HanpaBJIeHHbIX aHTeHH; Tpe60BaHHe opHeHTa..
IJ.HH HeH36e}KHO npHBO HTK 3HalIHTeJIbHOMY POCTY Beca HapHJ1.Y c
3aMeTHbIM YCJIOlKHeHHeM anrrapaTypbI H YMeHbllleHHf'M ee

Ha e)KHOCTH.OTKa3 OT 3Toro Tpe60BaHHH J1.aJI 6bI OlIeHb 60JIb-

WYIO 3KOHOMHIO.

5. I1cKyccTBeHHblH cnYTHHK 3eMJlH

OCIIOBHOM qaCTbIO CHCTeMbI, OIfeBHJl.HO, HBJIHeTC5I I1C3 (rroc-
JIe Toro, KaK BbIBOJ1. Ha Op6UTY 3aAaHHoH HarpY3KH o6ecne4eH).

ECTeCTBeI--IHOfr oTnpaBHoii T04KOrI npH BbI60pe KOHCTPYK-:
IJ.HH 11C3 HBJIHeTC.51 xapaKTPp Tpe6yeMoH CBH3H. I10-BH,lU1MOMY,
npH6.TIH3HTeJIbHO K KOHll.Y 3Toro .n.eC5iTHJIeTHH rrOHB51TC5I I1C3,
06ecnellHBaI01IJ,He Bee B03MO)KHble BII,[LbI CBH3H, I-IalIHHaH OT

Tf'JIecpOHHofI, TeClTJCrpaCpHOI1, TeJIeBH3HOHHOH, rrepe a{IH):(aHHbIX
H T. ):(. Bonpoc 3aKJIIOqaeTC51 B nOp5I)J.Ke o"lIepe HocTH,C KOTOpOH
CJIe,LLyeT BBO HTb3TII pa3JIIl4Hbie BH)J.bI CBH3H. B HaCT05I pe

BpeM51 nepeJT.aqa TCJIecpoHlIblX co06w.eHHH B03MO)KIIa pa3JIl-f1I-
HbIMH cnoco6aMH, B TO BpeMH KaK l'v!e)KKOHTHHeHTaJIbHbIH 06-

MeH TPJIeBH3HOHHbIMH rrporpaMMal\1H B03MO)Kf'H TOJIbKO npH
nOMOllIJ1 CIICTeM CB513H C HCnOJIb30BaHHeM HC3. 04eBH,LLHO,
}KeJIaTeJIbIlO C03 aHHe I1C3, crroc06Horo peTpaHCJIHpOBaTb

TeJIecpoHHbIC CnrH3JIbI Hap 5l;I.y C TPJIeBH3HOHHbIl\lII. I-Ie06xo,LIJI-
Mble  JI5I3Toro WHpHHa nOJIOChI qaCTOT H MOllIJIOCTb nepe aT-
t.IHKOB, rrO-BH,[LHl\IOl\1Y, MorYT 6bITb nOJIY"lIf'I-ILI  a)KeIIa nepBLIX
HeCKOJIbKHX I1C3, 3arrYCKael\1bIX B ,n:aHHOH CHCTeMe. BbI60p
aKTHBHoro llJIH naCCHBHoro I1C3 0J1.H03HaQHO orrpe eJI.51eTC51
BH,[LOM CBH3H, paBHO KaK H CpOKOM CJIYLK6bI HJIH Ha e)KHOCTbIO;

KpOl\1e Toro, HMeIOTCH eme H HeKOTopble ,lI.pyrHe orpaHll4eHH5I.

HanpHMep, peTpaHCJIHIlJl0I-lHbIH I1C3, ocy eCTBJI5II01IJ,IlHnepe-
AalIY HHcpopMaIJ.HH C 3a eplliKOHBO BpeMeHH, MOLKeT 6bITb TOJIb-
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CB5I3b OTCYTCTByeT, H, ,lI.a)Ke eCJIH TaKYIO CB5I3b MOlliHO 6bIJIO 6bI

YCTaHOBHTb, cO,lI.ep)I<aHHe 3THX JIHHHH CB5I3H 6bIJIO 6bI BeCbMa

CJIO)KHbIM M ,lI.OpOrHf\1. bOJIee Toro, ,lI.3)I<e B CiliA BCJIe,lI.CTBHe
u

CMJIbHO nepecet.IeHHOH TeppHTopHH HMeeT CIv1bICJI opr3HH30BaTb

TpaHcKoHTHHPHT3.TlbHYIO CB5I3b C norvIOllI.bIO I1C3. CTOHMOCTb

p33roBop3 no TaKOrI JIHHHH 6bIJIa 6bI 33l\leTHO HH)I<e CTOHMOCTH

pa3roBop3 no CYW.ecTBYIOIll.HM H33PIvlHbII\1 JIHHH5IM CB5I3M. 04P-

BH HO, 4TO B AHrJIHH nOTpe6HocTb B TaKHX JIHHH5IX CB5I311
u

BeCbM3 HeBeJIHK3 H n03TOMY 3,lI.eCb T3KOH npoeKT He MO)KeT

6WTb 3KOHOMHGeCKH onpaB,lI.3HHHM.

,lI.PyrHr Hcp3KTOp3MH, BJIH5IIOIl1J1Mll Ha BbI60p MeCTa OKOHe4-

HOH CT3HIlJIII, 5IBJI5IIOTC5I HaJIH4He cpaBHHTeJIbHO 60JIblllOI1

MeCTHOH nOTpe6HOCTH B o,lI.aHHOI1 CB5I3H (4TO n03BOJIHT H36p)I<aTb

60JIbIllHX paCXO;:(OB Ha COOpY)KPHHe Ha3PMHOri ceTH CB5I3H) H
u

B03MO)KHOCTb nO,lI.KJII04eHH5I K MeCTHOH ceTH CB5I3M.

Tpe6yervlbIII BH CB5I3H onpf',lI.eJI5IeT npoeKT CHCTeMbI B ue-
,.,

JIOM, nOCKOJIbKY, 04PBH,lI.HO, TpeOOBaHHH npH nepe,lI.a4e Tf'JIe-

BH,lI.eHH5I 3Ha4HTeJIbHO OTJI1II-laIOTC5I OT Tpe60BaHHH npH nepe,lI.a-
4e TeJIecpOHHH HJIH TeJIerpacpHU. OCHOBHoe BHHMaHHe B nepBoe

Bpel\1H, HeCOMHeHHO, 6Y,lI.eT o6pallI.eHO
0

Ha YCTaHOB.TleHHe TeJIe-

cpOHHOH II TPJIerpaqJHOll CB5I3H, HO )Kf'JIaTeJIbIIOCTb H3,lI.f'}!{HOfi
Mf')KKOHTHHPHTaJIbHOii TeJIeBH3HOHHOII JIHHHH 04PBH,lI.Ha. LfHCJIO

Heo6xo,lI.HMbIX KaHaJIOB CB5I3H B nf'pBYlO 04epe,lI.b onpp,lI.p..n5IeTCH

nOTpe6HTeJIel\1, HO B HeKOTopbIX CJIY435IX MO)KeT 6bITb orpalIH-
4eHO KOHCTPYKUHel1 cnYTHHKa. ,lI.PyrHI\I B3)hHbU,,1 cpaKTOpOI\1
npH npoeKTHpOBaHHH clicTervlbI 5IB5IeTC5I Tpe6yel\1a5I npO,lI.OJI-
}KHTeJIbHOCTb CB5I3H. TIpH YMeHbweHHH BbICOTLI Op6HTbI l1C3

Hf'o6xO,lI.HMO YBeJIH4HBaTb 4HCJIO 11C3 ,lI.JI5I 06ecne4eHH5I Henpe-

pbIBHOH pa60TbI, npO,lI.OJI)KHTe..lIbHOCTb KOTOpOH onpe,lI.eJI5IeTC5I

Tpe6oBaHH5IMH nOTpe611Tf'JI5I. ECJIH HenpepbIBIIOH pa60TbI He

Tpf'6yeTcH 11 «pa604ee BpeI\IH» Hf' 5IBJI5IPTCH KpHTepHPM OUPHKH

CHCTeMbI, TO rvl0}KHO HCnOJIb30B3Tb CHCTeMY CB513H C nOMOlll.bIO

11C3 THna «I(YPbep».
I If'JIb351 p3ccrviaTpHBaTb nplleJ\lHHh. II nepe,lI.aT4HK Ha 11C3

B OTpLIBP OT H33PMIIbIX nepPAaTlIl1Ka U npneMHHKa. no COBf'p-
Wf'HIIO 04eBH)I.HbIM npHt.IHHal\1 CJIO}KHOCTb 60pTOBoti annapa-

TYPbI H Bec ce 3.neMeHTOB }heJIaTeJIbHO CBeTII K MHHHJ\.iYMY,
LITO npHBO,lI.HT K YCJIQ)KHeHHIO Ha3eMHOH annap3TypbI. lfaCTOT-

Hble orpaHH4eHHH 3aCTaBJIHIOT BbI6HpaTb pa604YIO 4aCTOTY
B )J.Hana30He TbIC5I4 J\.lerarepu, npH4el\1, Y4HTbIB3H MaJIYIO MOllI.-

HOCTb 60pTOBoro nepe)J.aT4HKa, nOTpe6yeTcH 60JIblilaH npHeMHa.ij

Y!MeeT CMbICJI 3aTpOHYTb e eO,lI.HH Q)3KTOP - cpOPMY op-
6HTbI; B 4aCTHOCTH, 04eHb Ba)KeH Bonpoc 0 TOl\JI, CJIe,lI.yeT JIH 3a-

nYCKaTb l1C3 Ha CHHXpOHHble Op6UTbI HJIH MO}KHO npHMHpHTb-
C5I C nepno,lI.HIIPCKHM- nOHB..TIeHHel\Jl l1C3 BaA ,lI.aI-IHOll T04KOii

3eMHofi nOBepXHOCTH. Ha pf'IlleHHe 3Toro Bonpoca B 60JIblilOH

Mepe BJIHHeT B03l\IO)KHOCTb MI-IOrOKpaTHoro 3anYCKa, TaK KaK

3anYCK, nanpHMep, 50 cnYTIIHKOB CHCTeMbI Ha Op6MTbI pa3JIH4-
BOli cpOpMbI MO)I<eT cepbe3HO paCCl\.laTpHBaTbCH TOJIbKO npH
B03MO}KHOCTH 3anYCKa HeCKOJIbKHX cnYTHHKOB C nOMO bIO

O,lI.HOH paKeTbI-HOCHTeJIH. KpoMe Toro, nO,lI.06Ha5I CHCTeMa He

 IO}KeT 06ecne4HTb 6f'cnepe60lIHYIO CBH3b. ,lI.a}Ke, HanpHMep,
npH BepOHTHOCTM 6ecnepe60HHOH CBH3H 98% OCTaBlllHeC5I

2% BpeMeHH MorYT COBnaCTb KaK pa3 C Cepe,lI.HHOH nepf',lI.a4H
Ba}KHeHIllHx ,lI.3HHbIX HJIH TeJIPcpoHHoro pa3roBopa, HJIH TeJIe-

u

BH3HOHI-IOH nepp,lI.a4H, nOCKOJIbKY npe,lI.cKa3aTb 3TO BpeMH He

npe,lI.CTaBJI HeTC5I B03MO)KHbIM.

6. AnnapaTypa OKOHellHblX CTaHlJ,""

CocTaB annapaTypbI OKOIIe4HblX nYHKToB BO J\.IHOrOl\I onpe-
,lI.eJI5IeTC5I Tpe60BaHH5IMH nOTpe6HTeJIefi. OpraHH3a HHCB5I3H

JIIo6bIX ,TJ,BYX nYHKToB 3aBHCHT OT p5I,lI.3 cpaKTopoB, H3 KOTOpbIX
Ba){(!--IetlwHMH 5IB.TI5IIOTC5I: Tpe6yervlbIH BIl,lI. CBH3H, 4HCJIO KaHa-

JIOB, npO,lI.o.Jl)KHTeJIbHOCTb pa6oTbI, paCCT05IHHe MP)K)I.Y nYHKTa-
MH, npocpHJIb l\IeCTHOCTH Me)I<,lI.Y nYHKTaMH, CTOHMOCTb.

TIpH paccMoTpeHHH 4HCTO reorpacpH4ecKHx cpaKTopoB B03-

IIHKaeT HeCKOJIbKO OCHOBHbIX BonpocoB. JIHHH5I CBH3H C no-

MOllI.bIO 1"1C3 o6pcne4HBaeT CBH3b Ha 60..TIblllHX paccToHHHHX
C Ha.rr.e)KIIOCTbIO, He YCTyrraIOllI.eI1 H3,lI.e}I{HOCTH Ka6eJIbHOH JIM-

HHH. flpH 3TOM OTCYTCTBYIOT Bce Te np06JIeMbI 060PY,lI.OBaHHH,
KOTOpbI CBOHCTBeHHbI CB5I3I1 no Ka6e.J1IO. 3TO npeHI\fYlu.eCTBO
HP orpalIlIIleHO TpaHCOKeaHCKHIVIH .TIHHH5IMlI, nOCKOJIbKY npo-
(lHiJlb I\leCTIIOCTII I\10)I<eT C PJIaTb IIPUPJIeCoo6pa3HbIM coopy-
:tKeHHe TpaHCKOIITHIIeHTaJIbHbIX H33el\IHbIX JIHHHrl CB5I311. Ilpe-
KpaCHbIl\IH npIlMPpaMII nO,[(OOIIoro nOJIO)I<eHHCJ MorYT CJIY)KHTb
AcppHKa nIO)I<Ha51 Al\1epHKa. 113-33 OTCYTCTBH5I JIHIIHH CB5I3H 4e-

pe3 KOHTHHeHT B I-IaCT051lll.ee BpeMH CB5I3b Me)I<,lI.Y ropOAaMH AI<-

I(pa (3ana,lI.Ha5I AcppHKa) H HafIpo6H (BocT04IIa5I AcppHKa)
OCYIlI.eCTBJIHeTCH 4epe3 JIOH,lI.OH. T04HO TaK }Ke CBH3b ropO)J.OB
JIUMbI (TIppy) H PHo- e-)I\aHei1po OCY f'CTBJI5H TCH4epe3 13ap-
oaAoc. B 060HX CJIY4a5IX np 5IMa5I K36E'JIbHa5I HJIH pa;U10peJIellH3 51

.(h
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aHTeHHa (C )lJlaMeTpoM 3epKaJIa ,no 30 M) H HPCKOJIbKO MeHbliiaH

nepe,nalOlll.aH aHTeHHa. TIoCKOJIbKY O):(Ha napa aHTeHHblX yc-
TpOHCTB 6y,neT CJIP,nHTb 3a ,naHHblIvII1C3, nOTpe6yeTcH elll.e o,nHa

napa aHTeHH ,nJIH CBH3H co cJIe,nYlOlll.HrvI I1C3, KaK TOJIbKO OH

OKa:tKeTCH B npe,neJIax np 5IMOM BH,nHMOCTH. O,nHaKo, nOCKOJIbKY
TaKHe JIHHHH CBH3H 6y,nYT pa60TaTb He TOJIbKO B O,nHOM Ha-

npaBJIeHHI1, MO)KHO npe,nCTaBHTb ce6e THnHqHYlO OKOHeqHYlO
CTaHQHIO C HeCKOJIbKHMH napaMH aHTeHH. Ha Bxo,ne npHeMHHKa
Heo6xo,nHMO BKJIIOqHTb MaJIOllIYM51lll.I-I11 YCHJIHTeJIb THTIa napa-
MarHHTHoro HJIH napaMeTpHqeCKOrO, TaK KaK MOlll.HOCTb nepe-
,naTqHKa Ha I1C3 6y,neT paBIIa Bcpro HeCKOJIbKIIM BaTTal\I.

,[(JIH BXO:tK)1,eHHH B CBH3b co CJIe)1,YlOlll.HM cnYTHHKOM Heo6-
XO)I,HMO 3apaHee 3HaTb HanpaBJIeHHe, C KOToporo OH nOHBHTCH

(CJIe,nyeT nOMHHTb, qTO ,nJIH nOBopOTa aHTeHH C 60JIbllIHMH 3ep-
KaJIaMH Ha 180

0

Tpe6yeTcH HeCKOJIbKO MHHYT). TIO-BH,nHMOl\IY,
HaH60JIee u.eJIeC006pa3Ho ,n.nH npe,nCKa3aHHH nOJIO)KeHHH I1C3
Ha op6HTe HCnOJIb30BaTb 3JIeKTpOHHble BblqHCJIHTeJIbHble Ma-

lllHHbI C BBO,nOM B HHX' HHCPOpMaU.HH, nOJIyqaeMOM npH conpo-
BOlli,neHHH I1C3 06blqHbIMH MeTO)J..aMH.

B TOM CMhICJIe, qTO IIMeeTCH npe)J..eJI HarpY3KH, KOTOPYIO l\10:JKeT

no,nHHTb nepBaH cTyneHb TaKoro THna. 3TO onpe,neJIHeT pa3-

MephI nOCJIe,nYlOlll.HX cTyneHeM, XOTH He6xo,nHMO OTl\1eTHTb, qTO

B03MO)KHO 3HaqHTe.TlbHoe paClllHpPHHe pa60qHX xapaKTPpHCTHK

POl<ema-
HOI:UmC./lb

H.1l0mOB/lCh'O
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U32omOSneHlJJ1

pOKembl

L
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monnU80

/lOM014b
npOMbl/U -

/leHHocml1

J!cnblmaHUP

{j

MocmepCJ<ue TpOHcnopm{jp08KO .QocmynHocmb

06uJee
cHad*e-

Hue

...

BorJa

I

I
1 K/lUMam I

MeCRlHtJlU
lICmOtiHUK

'/leKmp03Hep-
ZliU

7. 06 He3aMeQaHHSI

BhIllie 6bIJIH OTMeqeHbl Te oTcTynJIeHHH OT H,neaJIbHbIX YCJIO-
BHM, KOTophle HMelOT MeCTO B peaJIbHOH 06CTaHOBKe. TI03TOMY
HMeeT CrvlbICJI paCCMOTpeTb OrpaHHqeHHH, HaJIaraeMble Ha CHC-

Te:rvlY B lLeJIOl\1 ,nJIH Toro CJIyqa5I, Kor,na B03MOlliHO H Heo6xo-

,nHMO HCnOJIb30BaTb HMelOlll.HeCH B HaJIH1.IHH Cpe)I,CTBa ,
a He

npoeKTHpOBaTb CHCTeMY C caMoro HaqaJIa. ,[(JIH HarJI5I)I,HOCTH

paCCMOTpHM BonpOCbI, CBH3aHHble C 3anYCKOM I1C3 C nOfvl0lll.blO

pa3pa6oTaHHOM )I,JIH 3TOM u.eJIH paKeThI «EJIY CTPHK».

a) CTapTOBaH nJ10II(a,nKa (cpHr. 2)
CTapTOBa5I nJIOlll,a)I,Ka ,nJIH nycKa 3TOH paKeTbI Bbl6paHa

B BYMepa (ABcTpaJIHH), H B TOM HJIH HHOH Mepe 3JIeMeHTbI CHC-

CTeMbI HaXO)I,HTCH no,n BJIHHHHeM HJIH onpe)J..eJIHlOTCH HaJIHqHel\1

3TOH nJIOma,nKH, cTpOHTeJIbCTBO KOTOpOH B OCHOBHOM 3aKOH-

qeHO.

6) P a K eTa ,n JI 51 3 any C K a (cp Hr. 3)
BbI60p B KaqeCTBe nepBoH cTyneHH p8KeTbI Tl1na «I3JIY

CTpHK» B Cl1JIbHOH CTeneHH BJIHHeT Ha 6o.rlblllHHcTBO 3JIeMeH-

TOB paKeTbI, npe,nHa3HaqeHHOH ,nJIH 3anycKa HC3 Ha OP6HTY,

flOR{JmUCleCKl1e
CootJpOlKt'HUR

/7nOll.joo(G OFiR
3U17YCKG

Meclno

I flpon. cnoro61 ocmbCnO}l(HOcmh

cJ./li'xmpo-
CHOOH<eHlle

Ct1CTEMA

8 4E/lOft'!

CmOllMocm6
cmpoume/ltJcmoo
u .JKCn/lyamoqu!J I

flnomo.3o IU17U: JOFlyCK

'

..

<I> Hr. 2. <l>aKTopbI, BJIlIHIOm.ne Ha CTOIIMOCTb CoopY>KeHHH
n co.rr.ep/KaHHH CTapTOBOH rr..TIom.a)J.KH.

:"I

I
C' 
 ,

MIIorocTyrreH1.IaTbIX paKeT, nepBOH cTyneHblo KOTOphIX CJIY)KHT

paKeTa «I3JIY CTpHK». D03TOMY Bbl60p paKeTbI-HOCHTeJIH BO

MHOrOl\f OIlpe,neJIHPT co,nep)KaHHe KBa,npaHTa Ha cpHr. 4, BKJIIO-

qaIorn.ero B ce6H 3JIel\1eHTbI.paKeTbI-HOCHTeJIH.
.

B) CnYTHHK (cpHr. 4)
Pa3JlHqHble cpHPMbI npe,nycMaTpHBaloT npHMeHeHHe HC3

pa3JIH"lIHOrO Beca - OT e,nHHl1lL ,no HeCKOJIbKHX )J..eCHTKOB KH-

JIOrpaMM. 3,necb paccMaTpHBaloTcH TOJIbKO aKTHBHhle I1C3,

rrOCKOJIbKY HX nOTeHlLHaJIhHhle B03MO)KHOCTH HecpaBHeHHo
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BbIwe, "[IPM Y naCCHBHbIX I1C3, HeCMOTpH Ha CBoHcTBeHHYIO no-

CJIe HHMBbICOKYIO Ha e)KHOCTb ECJIH Bec I1C3 C  ocTaTo4HbIM

 Hana30HoMpa604HX napa1\1eTpOB 6y,neT paBeH HfCKO.llbKHM

 ecHTKaMKHJIOrpaMMOB H eCJIH e nOMOlI(bIO O)JJ-IofI paKeTbI

8/lURHlJe
HO CITlOUMOCmo

cucmeMbI

 .n51 3TOi:.r lLeJlH HenpHrO HbI. ECJllI MO)KHO 6y eTllCnOJIb30-

BaTb 60JIee MOlI(Hble nOc.rle HHecTyneHH, TO e nOMOlI(blO pa-

KeTbI «I3JIY CTpHK» y acTcHBbIBeCTH Ha cTalLHOHapHYIO Op6HTY
(35 810 KM) nOJIe3HYlo IIarpY3KY  ocTaTo4HotiBeJIH4HHbI, B TO

npeM5f KaK e nOCJIe)I.YIOll Hl\lH cTyneIl51MH, pa60TaIOIlIJ1MH lIa
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.
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All

Cn70U -

MOCIT '(1
, 'O/(embl

Ycno8IJR {JIIPY-
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061 HO op6ume

J1C3

nfJ()nyCI(HOq
ClIOCOOHocmb
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ycmflotJc,71BO
flepeKpbl -

mue

Op6uma CmeneHb
mO<lHOCmU

!UUPUHO f7O/74

CM l/aJ1nom

l./IiC/TD

KOHO/lOB

Op6uma
<P II r. 3. BJIII5IHIIe THrr3 paKeTbI Ha 06ll1.YIO CTOIlMOCTh CIICTeMbI.

Ha OPOHTY 6y eTBbIBe PHTOJIbKO O,lI.liII I1C3, TO OK3)KeTC5I,
liTO )J}IH nOCTpOeHH51 rJI06aJIbHOH CIICTeMbI CB513H n('06XO)I.HM
IIa60p y!C3 CO CpP,lI.HHMH BbICOTaMli Op6HT (HanpHMfp, 6 400 
1 G 000 l{J(), npIllIPM B3alIMHoe nOJIO)KfIIHe cnYTHIlh.OB  OJI)KHO
6blfb CTporo qJHKCHpOB3HHbll\L BbIBP 01I1IeI1C3 Ha TaKYlO op-
611TY (npn cy eCTBYIO frvlypOBIIe Te'(HIlKH) TpeGYfT npHMe-

IICI H5I IvIl-IOrocTyrr
ueH4.?TOH pah.eTbI e T5Iroii B lYIOMPIIT OTpblBa

Of 3E'f\1JlII no KpaliHeli Mepe 80-120 I1lft. nO 'beMHaHT5Ira pa-
J('TbI «DJIY CTpllK» MO)KPT 6bITb nOp5I Ka120 I1U-l, 113 l.Iero CJIe-

,lI.yeT, 4TO 3Ta paKeTa y OBJIeTBOp5IeT HaWHl\I Tpe6oBaHH51M,
l1 JvleHblllHe paKeTbI, HanpIIMep «CKaYT», «Top» II ,lI.pyrHe,

<I) II r. 4. <P3KTOpbI, B TIIHIIOll1.He H3 BbI60p HCKyccTBeHlIoro crrYTHIIK3
3ei\IJIH.

06bI4HOM TOTIJIHBe, Ha 3TY Op6HTY MO)KHO BbIBeCTH I1C3 BeCOM

Bcero B HeCKo.nbKO KHJIOrpaM1\10B.
04eBH HO,4TO BbI60p paKeTbI-HOCHTeJIH THna «I3JIY CTpHIO>

orpaHH4HBaeT Bee HC3, O HaKO3 PCbBaJKHO OTMeTHTb, 4TO
u

.
C nOMOlI(bIO TaKOH paKeTbI MO)KHO BbIBeCTH Ha cooTBeTcTBYIO HC

Op6HTbI HC3 )1.0CTaT04Horo Beca I1, TaKHM o6pa30M, C03)1.aTb

 eCbMa06WliPHYIO CHCTel\,IY CB5I3H e nOMOlll.blO I1C3.

BnOJIHe nOH5ITHO, 4TO HCnOJIb30BaHHe 6o.nee 1\10lI(HOll nep-
BOH cTyneHH, HarrpHMfp «ATJIac-AreHa» HJIli «ATJI3C-KeHTaBp»,

.01
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CKOJIbKO JIeT nOCJIe HaqaJIa 3KCnJIyaTauJ1H. TIo npOWeCTBI1H
3Toro cpoKa npH6bIJIb, T. e. npeBbIweHHe AOXOAOB Ha pacxo-
 al'\'lH, 6YAeT nOp5I Ka eC5ITKOB MHJIJIHOHOB cpYHTOB B rOA.

He06xoAHMO, o HaKo,nO qepKHYTb3Aecb, qTO npHBeAeHHaH
BbIlile u.y!(ppa HBJI5IeTCH cyry60 npH6JIH)KeHHOH, H AJIH 60JIee
TOQHOH ou.eHKH He06xo HMOropa3 060JIee no p06HoepaccMoT-
peHHe Bcex BXO,n5I HX3JIeMeHTOB, qervl 3TO 6bIJIO npoBe,neHo
AJI5I AaHHoro qaCTHOro cJIyqa5I.

Ba)KHeHllIei1 qaCTblO 3KOHOMHqeCKOrO HCCJIe,noBaHHH 5IB-

JI5IeTCH aHaJIH3 0)KHj.\ae110ro YBeJIl1qeHH5I 06'beMa nepe,naBae-
MbIX coo6 eHHH.BBe,neHHe HOBbIX B03MO)KHOCTeH CB5I3H no-

cpeAcTBoM I1C3 ,nOJI)KHO npHBecT11 K rOpa3)l.O 60JIblileMY YBeJIH"
qeHHIO 06'beMa nepe,naBaeMblx co06 eH11H,qeM MOMHO O:tKH,naTb

npH 06blqHbIX BH,nax CB5I3H, B oc06eHHocTH B Tex cTpaHax,
KOTopble ,no CHX nop 6bIJIH H30JIHpOBaHbI 11 TO.HbKO HaqHHaIOT

pa3BHBaTb c06cTBeHHYlO BHYTpeHHlO1O ceTb Ha3eMHbIX TeJIecpoH-
HbIX 11 TeJIeBH3HOHHbIX JIHHHll. O,nHaKo ,na:tKe OqeHb OCTOpO)KHaH
ou.eHKa B03MO)KHOrO YBeJIHQeH115I 06'beMa nppe,naBaeMblx co06-

 eHHHno,nTBep)K,naeT npHBej.\eHHYIO BbIlile I.I.HcpPY O:tKH,nae-
MbIX npH6bIJIeH.

HOBbIe CHCTeMbI CB5I3H, KOTopble 6Y)J.YT BBe,neHbI B 3KCnJIya-
TaI.I.HIO B TeqeHHe 6JIHlKaHllIHX HeCKOJIbKHX .rIeT, 6Yj.\YT, HeCOM-

HeHHO, 06JIa,naTb cy ecTBeHHbIMHOTJIHq115UvIH, TaK KaK 3aB11-

CHMOCTH Me)K,ny OT,neJIbHbIMH 3JIeMeHTaMH CHCTeMbI HOC5IT OQeHb
u

CJIO)KHbII1 xapaKTep 11 3TO ,nOJIMHO npHBeCTH K pa3JIHqHbIM pellle-
HH5IM B 3aBHCHMOCTH OT nOCTaBJIeHHOH 3a)J.aQH. B03MO)KHOCTb

ocy eCTBJI5ITb CB5I3b nocpe)J.CTBOM HC3 6e3 COMHeHH5I 6Y)J.eT
OAHHM H3 caMblX nporpeCCHBHbIX C06bITHH Halilero BpeMeHH.

)J.aCT B03f\,10lliHOCTb BbIBeCTH Ha Op6HTY HC3 60JIblilPrO Beca

HJIH HeCKOJIbKO I1C3 o,nHOBpeMeHHO. O)J.HaKO  JIHC03)J.aHH5I

nrpBOHaQaJIbHbIX CHCTeM CB5!3II, HCnOJIb3YIO HXI1C3, npHMe-
HeHHe TaKHX MO HbIXpaKeT He 065I3aTeJIbHO.
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<P II r. 5. <paKTopbI, BJIIHIlOlUHe Ha BbI60p 06opy,rr,oBaHIHI ""'OKOHe1.IHbIX
CTaHIJ.Hfl.

.

r)-- 0 6 0 P Y ,[( 0 B a H H e 0 K 0 H e q H bI X C T a H I.I. 11 Ii
II C 11 C T e IVI a B U e JI 0 1\1 (cp Hr. 5)

DpoeKTHpoBaHHe CHCTeMbI B ueJIOM H ee 3KOI-IOMH4eCKaH

ou.eHKa MorYT 6bITb npOH3Be,lI.eHbI TOJIbKO nOCJIe T aTeJIbHOrO

II3YQeHHH OITHCaHHblX Bblwe 3JIeMeHTOB.

TIpHH5IB HeKOTopble )J.OBOJIbHO IllHpOKIIe npe,nITOJIO)I{eHI15I,
MO:>KHO c06paTb j.\OCTaTOIIHble CBe)J.eHHH ,[(JI5I 3KOHOf\,fHQeCKOH
ou.eHKH TaKOH CHCTPl\lbI. 113YQeHHe Bonpoca nOKa3aJIO, IITO 06-
 He3aTpaTbI Ha C03,naHHe CHCTPMbI oKynalOTcH 1-Jepe3 He-

.1



4.

CHcTeMbI CBSl3M

c HcnO b30BaHueM

HCHyccTBeHHbIx cnYTHHHoB 3eMJUI

 nHo6cnymHBaHuD cTpaH
u 1

6pHTaHCKOrO CO PY}l{eCTBa Ha",UH

4. CucmeAtbl CBR3U c no.MoU{blO NCB a.l1fl cnzpafl Epumafl. coapyOlC. 7 

60JIbllll1IICTBO TeJIecpOHHbIX a6oHeHToB II  eHCTBYlOIIJJIX TeJIe-

cpOHOB (cpHr. 2). TaKHt1 o6pa30rvr, pellleHlle, KOTopoe npe JIa-
raeTCH B pa60Te [1]  JI5106eCneqeHH51 CB5I3H B ceBepHoM nOJIY-
mapHll, B  aHHOl'v1 cJIyqae OKa3bIBaeTC5I Henpllro HbIM. 3 ecb

4

X 1l j} nl 0 /-l Y

1. BBe)l.eHMe

MHorlle ropo a5pHTaHcKoro cO PY:lKeCTBaHalI.HH y aJIeHbI
OT lVlarHCTpaJIbHbIX JIHHHll CB5I3H. CHcTeMa Ka6eJIbHbIX JIllHH1I
MOrJIa 6bI YCTpaHHTb 3TOT He OCTaTOK.O HaKoCTOHMOCTb llX

u

pacTeT C npoT5L/KeHHocTblO, B TO BpetI51 KaK CTOH110CTb JIHHHH

CBH3H C I1C3 He 3aBllCHT OT paCCT05IHI15I, nOCKOJIbKY .IT1060H

pa3fOBOp npOXO llTqepe3 O HOII TO me 060PY OBaHlleHa 3eM-
JIe 11 Ha I1C3. I1CKJIIOqeHHe COCTaBJI5IeT CB5I3b C aHTHnO,[LaMH,
TaK KaK OHa  OJDl{HaOCYI.I(eCTBJI5ITbCH qepe3  BaH 60JIee 11C3.
l-'aKHM o6pa30M, JIlO6oe cpaBHeHHe Ka6eJIbHbIX CHCTeM CB513ll

H CllCTeM C I1C3 6y eTcpaBHeHHeM CHCTeM C BeCbMa pa3JIHq-
HbIMH CBOHCTBaMH. JIllHHH CB5I3H, COe llH51IOI.I(He cTpaHbI Co,l1.-
PY:lKeCTBa, llMelOT 60JIbWYIO npOT5I)l(eHHOCTb, qeM TpaHcaT-
JIaIITHqeCKHe MarHCTpaJIH, HO MeHbwYlo 3arpY3KY. CxeMa JIllHllH
CB5I3ll npllBeAeHa Ha cpllr. 1. 113 Hee XopOWO BI1)1.HO, qTO JIHHHH

CB5I3ll CO PY)KeCTBanpOXO)1.5IT CHMMeTpllI-IHO ceBepHee II IO)KHee

3KBaTopa. B OTJIllqHe OT 3Toro MllpOBble Me)K)1.YHapO HbleCB51-
3ll xapaKTepll3YIOTC51 TeI\1, qTO B6JIH3ll 40° c. I.ll. HaXO)1.HTC5I

t

<I> Hr. 1. rOpo,lI.a EpHTaHcKoro cO)J,PY)KeCTBa Hau.HH H B03 IO)KHbIe

JIHHIIII CBH3H Me>K)J,Y HHMII.

C'4

"I
.,

.

.

nOTpe6YPTC51 I1C3, HaxOA5II.I(llHC5I Ha KaKOH-JII160 3KBaTO-

pllaJIbHOH op6UTe.
IlocJIe oBaTeJIbHocTb BonpOCOB, KOTopble CJIe yeT pac-

cMOTpeTb npH pa3pa6oTKe CllCTeMbI CB5I3ll qepe3 I1C3,  OJI-

:lKHa 6bITb CJIeAYIOIIJ.eH:
a) 3KOHOMllQeCKHH 0630p pbIHKa;
6) BbI60p OnTHMaJIbHOH Op6HTbI (Op6HT), Y OBJIeTBOp5IlOIlI.eH

nOCTaBJIeH HbIM Tpe6oBaHH51l'vI;
B) npaBllJIbHOe pacnpe)I.eJIeHlle CJIO)KHOCTll CHCTeMbI H

CTOHl'vIOCTH Me:IK YHa3eMHbII\1H CTaHlI.H5Il'vlH Ii I1C3 (IiCCJIe)I.OBa-
Hlle cHcTeMbI);

r) npoeKTHpoBaHHe Ha3eMHOH CTaHlI.llll;

 )npoeKTllpOBaHHe 11C3;

6

1 I-I i I ton \V. F., COlnmu nica t ions Sa tell ites, Acad. Press,
Lnd. - N. Y., 1962, p. 95-112.

.

.

 -
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u ...

e) npoeKTHpoBaHHe nycKoBoH paKPTHoH YCTaHoBKH H
u

cTapToBoH nno a KH;

:IK) pa3pa60TKa BCnOl\IOraTeJIbHOH annapaTypbI (CqeTHO-
pemalo HeYCTpoiicTBa, YCTpoHcTBa BpeMeHHoro ynJIOTHeHH5I
H T.  .).

OT enhHbIX qaCTHbIX BonpocoB CHCTeMbI He06xo HMOC)J,eJIaTb

pa3YMHbIP npeJI,nOJIO:IKeHHH OTHOCHTenbHO opHeHTHpOBOqHbIX

nYTeH pemeHHH Bcex 3THX BonpocoB. TaK, HanpHMep, He06-

XO)J,H1\10 HMPTb XOTH 6bI rpy60e npeJI,cTaBneHHe 0 napaMPTpax

Op6HTbI )I.n51 Toro, qT06bI pa3JI,enHTb Bce Tpe60BaHHH K MHpOBOH
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<I> II r. 2. Pacrrpe)J,eJIeHIIe HaceJ1eHIIH H TeJIecpoHoB no lllHpoTaM.

 1
.90 6'0 30

IOlfj
cD Hr. 3. MaKCIIMaJIbHble Tpe60BaHII5I )J,aJIbHeH CB5I3H,

1I306pa)KeHHbIe B BlI)J,e rrpocTpaHcTBeHHbIx ocei1.

4

TeJIecpOHHo 'ICBH3H Ha He60JIbmOe qHCJIO rpynn, a He nbITaTb-

CH HCCJIeJI,OBaTb pacnpeJI,eneHHe Tpe60BaHHH no BceH HaCeJIPH-
u

HOH qaCTH 3eMHoro mapa.
u

MO)KHO, HanpHMep, HCCJIeJI,OBaTb pacnpeJI,eJIeHHe CBH3eH

no mHpOTaM, KaK 3TO CJI,eJIaHO Ha cpHr. 2. B03MO:IKHO, qTO 3TOT
u

MeTOJI, XOpOIIl JI,JIH MHpOBbIX CBH3eH, HO OH HenpHrOJI,eH JI,nH

BpHTaHcKoro COJI,PY)KeCTBa HaUHH. ECJIH, OJI,HaKO, npeJI,noJIo-

}KHTb, qTO CBH3b cTpaH COJI,PY:lKCCTBa JIyqme Bcero MOlliHO 06-

CJIY)KHTb ILenOqKOH 11C3 C 3KBaTOpHaJIbHbIMH op6HTaMH, TO

ILeJIeco06pa3HO pacnpeJI,eJIHTb Tpp60BaHHH K KOJIHqeCTBY CBH-

3eH Me:IKJI,Y MepHAHaHaMH (BpeMeHHbIMH 30HaMH), H 3TH

Tpe60BaHHH 1iO)KHO npeJI,CTaBHTb B BHJI,e JI,JIHHbI JIHHHH OT

3KBaTopa.
Ha cpHr. 3 npHBeJI,eHbI pe3YJIbTaTbI TaKoH rpynnHpoBKH no

30-rpaJI,ycHbIM ceKTopaM JI,OJIrOTbI HJIH no JI,BYXqaCOBbIM HH-

TepBaJIaM. MaKCHMaJIbHOe KOJIHqeCTBO HCnOJIb3yeMblx Ka-

B HaCT05Ime 1CTaTbe 6YJI,YT paccMaTpHBaTbC5I nepBble TPH

Bonpoca.

2. 3KOHOMl-fl-IeCKl-ti:i 0630p.

Ka6eJIbHbIe JIHHHH yJI,OBJIeTBOpHIOT HfKOTOpbIM Tpe60Ba-
HHHM, npeJI,'bHBJIHeMbIM K MHpOBbIM JIHHHHM CBH3H, B TeqeHHe

Bcero BpeIVleHH, B TO BpeM5I KaK OJI,HH HC3 MO)KeT y OBJIeTBO-

pHTb pa3nHqHbIl'v1 Tpe60BaHHHM B TeqeI-IHe Bcero BpeMeHH HJIH

B onpeJI,eJ1eHHbIe HHTepBanbI BpeMeHH B npOLLecce ero 06parn.eHHH
BOKpyr 3eMJIH. CJIeJI,OBaTeJIbHO, npH 0630pe 3KOH01\1HqeCKH 
BonpOCOB He06xoJI,HMO HccneJI,OBaTb 3aHBKH Ha CBH3b Ka)K OH

CTpaHbI c yqeTOM Bpe:rvIPHH CYTOK, K KOTOPOMY 3TH 3aHBKH OT-

HOCHTCH. PemeHHH no nYHKTa1\1 OT a) JI,O )K) B 3HaqHTenbHOH

CTerreHH B3aHMOCBH3aHW, TaK qTO  OJI,eTanbHOH pa3pa60TKH

I
C'"
cr>
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700

o

-

TpeoOBoH.'ifI 8cex

C?H
30 UCK/lIOl./eHueM

CCCP u Kif.

MHqeCKOrO .3cpcpeKTa - HX HeJIb3H HCnOJIb30BaTb AJIH YBe-
JIHqeHHH Me)KAYHapOAHOro 06MeHa. B .3TOl\1 CJIyqae rH6KaH

CHCTeMa c u.enOqKOH cnYTHHKOB 06JIaAaeT OnpeAeJIeHHbIMH
npeHMymecTBarvlH no cpaBHeHHIO C Ka6eJIbHbIMH JIHHHHMH. 113-

6bITOqHaH eMKOCTb MO:tKeT "6bITb HCnOJIb30BaHa B .3TOT nepHOA
)l.JIH YAOBJleTBOpeHHH MeCTHbIX HYlK)l.. B qaCTHOCTH, B ABCTpa-
JlHH B nepHOA C nOJlYHOqH AO 08.00 ttac no fpHHBHqy 06MeH MaK-

CIiMaJIeH II TaM u.eJIeC006pa3HO IIMeTb MHoro Ha3eMHbIX CTaHu.IIH
)l.JIH IICnOJIb30BaHHH H36bITOqHOH eMKOCTII I1C3 Ha cpaBHIITeJlb-
HO KOpOTKIIX JIIIHHHX CH)l.HeH - nepT - MeJIb6YPH - A)l.e-
JIaHAa

- I3pHc6eHH, a TaKlKe Ha HaH60JIee BalKHbIX Me2KKOH-

THHeHTaJIbHHX JIIIHHHX.

HaH60JIee HHTeHCHBHbIH Me)KKOHTIIHeHTaJIbHbIH 06MeH

AMepliKa - EBpona HfvleeT fvleCTO B MeCTHble qaCbI pa60TbI H

cpa3Y nOCJIe HIIX H OXBaTbIBaeT nepHOA C 08.00 ttac no fpHH-
BHqy AO nOJIYHOqlL AMepIIKaHcKaH HarpY3Ka nOqTH B )l.Ba

u

pa3a npeBbIlliaeT eBponeHcKYlO, H KOJIHqeCTBO oAHoBpeMeHHo
Be)l.Ylll.HXCH Me:tK)l.YHapo):(HbIX TeJIecpoHHbIX neperoBopoB HHor-

Aa AOCTHraeT 880. TaKoBa o6rn.aH KapTIiHa .3KOHOMHqeCKOH 06-

CTaHOBKH, npHqeM H3yqeHHe .3TOrO HeHCqepnaervloro H HenoA-

)1.aIorn.erOCH TOqHOMY HCCJleAOBaHHlO Bonpoca npoAOJl2KaeTcH. B

)l.eHCTBHTeJIbHOCTH 0630p 3KOHOMHqeCKOH CHTyaU.HH H nonbITKH

ee npeAcKa3aHHH pe)1.KO OKa3bIBalOTCH TOQHbIMH. B CBH3H C .3TIIM

B03HHKalOT TPY)l.HOCTM npH cpaBHeHHH "B03fvlO2KHOCTeH I1C3 H

Tpe60BaHHM K HHM. B03MOlKHOCTH I1C3 06blqHO C BbICOKOH TOq-

HOCTblO nO)l.CqHTbIBalOTCH C nOMOlll.bIO 3JIeKTpoH"HbIX BblqHCJIII-

TeJlbHbIX MalllHH, B TO BpeMH KaK U.HcppbI, xapaKTepH3YlOlll.He
Tpe60BaIIH5I, MorYT 6bITb BeCbl\1a HeTOqHbIMH 11 MorYT CHJIbHO

H3MeHHTbCH B 3aBHCHMOCTH OT )KeJIaHHH a60HeHTOB, Be)l.Ylll.HX
TeJIecpOHHble neperOBopbI.

npH paCCMOTpeHHH npeAeJIOB H3MeHeHHH KOJIHqeCTBa 3aHBOK

Ha CB5I3b CJIe)1.yeT IIMeTb B BH)l.Y, qTO CHCTeMbI CB5I3H HCnOJIb-

3YlOTCH TaKlKe cJIYlK6aMH HHcpOpMaU.HH, npeCCbI H paAHO. 3Ha-

qHTeJIbHOe, HO onpeAeJIeHHOe KOJIHqeCTBO HHcpopMau.HH )l.OJI}K-

HO 6bITb c06paHO e:tKe)1.HeBHO, HO nYHKTbI, OTKYAa nocTynaeT
.3Ta HHcpOpMaU.H5I, MorYT 6bITb BeCbMa pa3JInqHbIl\1H. fH6KOCTb
CHCTeMbI CBH3H C I1C3 o6eCrreqHBaeT eM B .3TOM cJIyqae onpeAeJIeH-
Hoe npeHMYlll.eCTBO no cpaBHeHHIO C CHCTeMOM CBH3H no Ka6e-
JIHM. ,.QonOJIHHTeJIbHble KaHaJIbI CBH3H MorYT np e,[LOCTaBJIHTbCH

TeM nYHKTaM, H3 KOTOpbIX B AaHHoe BpeMH nepeAaeTCH 06111HP-
HaH HHcpOpMaU.IIH, 3a CqeT )1.pyrH:A nYHKTOB, H3 KOTOpbIX HHCPOp-

HaJIOB BO Bcex HarrpaBJIeHHHX xapaKTepH3yeTcH )1.JI11HOM JIH-

HHH, HCXOAHIlIJIX OT 3eMJIH. B Te4eHHe Hf\npOAOJI:tKHTeJIbHbIX

nepHOAOB Bpf\MeHH Op6HTbI I1C3 OCTaIOTCH cpHKCHpOBaHHbIMH
OTHOCHTeJIbHO npOCTpaHCTBeHHbIX oceM, nO.3TOMY TaKOH cnoco6

H306pa:tKeHHH OKa3bIBaeTCH Y)1.06HbIl\1 )l.JIH BbI60pa Op6HTbI.
B TeqeHHe 60JIee AJIHTeJIbHHX HHTepBaJIOB BpeMeHH(nopHAKa
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CpeOHee BpeMfi no rpUHBUl./Y

<D Hr. 4. CYT01.IHbIe H3MeHeHlUI Tpe60BaHIIH Ha TeJIecpOHHbIe Kalla JIb!.

MecHu.eB) HanpaBJIeHHe Op6HTbI B npOCTpaHCTBe MOlKeT BCJIeA-
CTBHe KaKHX-JIII60 B03MYlll.eHHH H3MeHHTbCH. HanpaBJIeHHe
Ha COJIHu.e TaKlKe 6Y)1.eT COBeprnaTb OAHH 060POT 3a ro)1..

uHa cpHr. 4 npe)1.cTaBJIeHa )l.HarpaMl\1a BceMHpHbIX Tpe60Ba-
HIIH K CBH3H. 113 Hee HCRO BM)l.HO, qTO Tpe60BaHHH K CBH3II BO

BceMlipHoM MacllITa6e OT nOJlYHOqII )1.0 08.00 ttac no fpIIHBIIqy
HHqTOlKHO MaJIbI no cpaBHeHIIlO C OCTaJIbHbIM BpeMeHeM CYTOK.
3TO cnpaBeAJIIiBO KaK AJI5I I1C3, TaK II AJIH Ka6eJIbHbIX JIHHHH
11 TeM He MeHee Tpe60BaHHH K CBH3H onHTb MOlKHO pa36IITb Ha

rpynnbI.
He3aBHCliMO OT Toro, B KaKOM MeCTe HaXO)1.HTCH I1C3,

u

B qaCbI MaJIOH HarpY3KH HeJIb3H nOJIyqHTb HHKaKoro .3KOHO so
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MaIJ,H5I BpeMeHHO He nocTynaeT. TIOCT051HHbIH 06MeH HHcpopMa-
ll.HH, He06xo,lIJIMbIH H3,AaTeJI51M, lIT06bI 3anOJIHHTb HX ra3eTbI,

npHBP,AeT B pe3YJIbTaTe K nOCT05lHHOMY HCnOJIb30BaHHIO eM-

KOCTH CB5I3HOrO I1C3.

3. OUTI1MaJlbHble Op6"Tbl " peTpaHCJlSI "OHHbleCTaH",""

DocJIe Toro KaK onpe,AeJIeHbI Tpe60naHH5I K CHCTeMe CB5I3H

 JI51cTpalI opHTaIIcKoro cO,ApY)l\eCTBa lIau.Hi-1, MO)KIIO nepet'ITH
K paccMoTpeHHlo B03MO)KHbIX Op6HT, KOTopble MorYT 06ecne-
IIHTb BbIIlOJIHeHHe 3THX Tpe60BaHHii. B COOTBeTCTBHH C pa6oToii
II ] ,AJI51 YCTaHOBJIPHl151 CB513H C K3KOii -JIII60 TOlIKOH 11C3 ,AOJI-
)KeH nO,AH51TbC5I Ha,A rOp1130HTOl\1 60JIee lIel\1 113 7,5°. ECJIl1 011

,lI,OJI)KPH 06ecne4HTb CB513b l\1e)K)J.y ,lI,BYM5I T04KaMl1, TO BpeM51 06-

CJIY)l\l1BaHH51 onpe,AeJI51eTC5I BpPMeI-lel\I, B Te4eHHe KOToporo
:Y!C3 BH,AeH O,AHOBpel\leHHO 113 06PHX T01.IeI<.

1\11>1 He l1MeeM B03lVIO)KHOCTI1 paCCMOTpeTb Bce CKOJIbKO-HH-

6YJJ.b 3Ha411TeJIbHble JIl1Hllll CB513H MP)KJJ.Y BceMH B03MO)KHbIMH

KOM611HaIJ,H51Ml1 nap rrYHKTOB. OJJ.HaKO MbI l\10)KeM paCCMOTpeTb
Bonpoc 06 06CJIYllillBaHHl1, 06ecne4HBaeMoM CHCTeMOH CB513H

C I1C3 ,lI.JI5I O,AHOrO onpe,AeJIeHHOrO nYHKTa. f1pe,lI.rrOJIOlliHM,
lITO BCer,Aa B TOT MOMeHT, KOr,Aa O,AHH I1C3 YXO,lI.HT 3a JIHHHIO

ropH30HTa Ha BOCTOKe, )J,pyroH n051BJI5IeTC5I Ha 3arra,Ae. MbI MO-

}KeM 31'0 Ha3BaTb «HerrpepbIBHbIM nepeKpbITHeM». HH)Ke npHBO-
)JJITC5I Ta6JI,HlJ,bI B KOTOpbIX nOl'vlellI.eHbI ,naHHble 0 WHpOTax,
Ivle)K,Ay KOTOpbIl'vIH 06ecne4HBaeTC5I HenpepbIBHoe nepeKpbITHe
B 3aBHCHl\10CTH 01' Tpe6yerJloro KOJIH4eCTBa I1C3. 3TO nO,lI.,AaeTC5I

T04HOMY MaTeMaTIl4eCKOl\1Y paC4eTY.
f1pe)J,nOJIO:tKHM, 41'0 nYH.KT, C KOTOpbIlVI He06xo)J,IlMO HMeTb

CB5I3b, He Bl1,lI.eH C O)J.Horo I1C3, 06CJIY)KHBalOIlLero Hac. B 3TOM

CJIY1.Iae He06xo,lI.l1MO npHMeHHTb OJ(HY HJIH J(a)Ke J(Be npOMe:tKY-
T04Hble peTpaHCJI511J,110HHbIe Ha3eMI-ILle CTaHIJ,HH. EOJIbllIOe KO-

u

JIHIleCTBO peTpaHCJI51IJ,HOHHbIX CTaHlI,l1I1 npUMeH51Tb He)KeJIa-

TeJIbHO H3-3a YBeJIH4eHH51 )J.JIHHbI TpaCCbI, KOTopoe npHBOJJ.HT
K J(OIlOJIlIHTeJIbHOMY 3ana3)J,bIBaIIHlo CHrIIa.TIOB B JIHHHH CB5I311,
liTO MO)KeT OKa3aTbC5I HenpHeMJIeMbIM J(JI5I a60HeHTa. PeTpaHC-
JIHIJ,HOHHa5I CTaHllH51 J(OJI)KHa «BHJ(eTb» OJ(HOBpeMeHHO J(Ba I1C3,
T. e. OHa J(OJI)KHa HaXO)J}ITbC51 B 30He, nepeKpbIBaeMOH 060HMl1
I1C3. CJIe,lI,Y51 npl1HlJ,l1naM, 113JIO)KeHHbIM B pa60Te [21 J(JI5I

CTalJ,HOHapHbIX Op611T, paCCMOTpl1M H,lI,elO KOJIblJ,a Ha3eMHblX
u

peTpaHCJI5I1J,110HHWX CTaHIJ,HH.

I
.

- 
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A60HeHT rrOCbIJIaeT BbI30B H3 JIlO60H T04Kl1 nJIOmaJ(l1, B npe-

,lI,eJIax KOTOpOH Bl1,lI,eH nepBbIH I1C3. Ero BbI30B HanpaBJIHeTC5I
Ha3eMHoH CTaHlJ,l1eH Ha I1C3. "ECJIH BbI30B HanpaBJIeH B nYHKT,

HaXOJ(51IIJ.HHC5I 3a npeJ(eJIaMH Kpyra «BH)J.HIvl0CTH» 3Toro I1C3,
TO OH J(OJI:tKeH 6bITb peTpaHCJIHpOBaH OJ(HOH HJIH 60JIbllIHM
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KOHfflyp61 fludttUlJ(YT1lJ --- -

npoel( LlR Jfi7b1- ---...- I(jlYZ « DUQ;,JMOCI71ff»
110 3eM/l1O

cD II r. 5. KOHTYP Bll,lI.I1l\lOCTII )I,JUI 7-qaCOBOro 3KBaTOpnaJIbHOrO Kpyra.

QHCnOM MarHCTpaJIbHWX Ha3eMHWX peTpaHCJI51IJ,HOHHWX CTaH"

IJ,HH, Ka:tK a5I 113 KOTOpbIX  OJI)KHa 6bITb CB5I3aHa C J(BYM51

coce HHMHI1C3. TaKHM 06pa30M, Ka:tKJ(a51 MarHCTpaJIbHa51 pe-

TpaHCJI5IIJ,HOHHa51 CTaI-IIJ,H5I BcerJ(a ,lI,OJI)KHa «BH eTb»,lI,Ba CO-

ceJ(HHX I1C3. f1pH )KeJIaHHH MO)KHO HMeTb l\1eHbllle Ha3eMHhIX

CTaHQHH H 60JIbllIe I1C3, 1I0 3KOHOMHlIeCKa51 CTOpOI-Ia 3Toro

Bonpoca Tpe6yeT MaTeMaTH4eCKoro paCqeTa, K KOTOPOMY MLI

Tenepb H npHcTynHM.

DYCTb HMeeTC5I n 9KBaTOpHaJIbHbIX I1C3, Ka)KJl.bIH H3 KO-

TOpbIX nepeKpbIBaeT Ha 3eMJIe Kpyr J(l1aMeTpOM eo, KOTOphIH
nepeKpbIBaeTC5I CO CJIe,lI,YIOIIJ.HM KpyroM Ha fJo (Ha 3KBaTope).
I10CKOJIbKY 3TH 3KBaTOpHaJIbHbIe peTpaHCJI5IUJIOHHbIe CTaHIJ,HH
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(
- --

) 3600
qrrCJIO l1C3 = 1 + p 60

.

HarrpHMep, ,l(JIH 6-QaCOBOro Kpyra 0 == 120°
qeTOB (CM. cpHr. 5. 11 6) rrOJIyqaeM pe3YJIbTaTbI,

u

B CJIe,l(YIOlI(eH TaOJIHQe.

Ta61lu4a 1

KOJII1QeCTBO I1C3 M Ha3eMHblX CTaH I1","PH KO TOpblX CTOI1MOCTb

CI1CTeMbl JI.JUI 6-1.JaCOBOro 3KBaTOpl1aJIbHOrO Kpyra 6YJI.eT HaHMeHbllleu

K. CQaCTblO, 60JIbWHe OllIH6KH B orrpe,l(eJIeHH11 CTOHMOCTH
u

B rOpa3,l(O l\1eHbllieH CTerreHH H3l\tleHHIOT COOTHOllIeHHe Me}KJJ;Y
KOJIHQeCTBOM I1C3 H peTpaHC.J1HQHOHHbIX CTaHQHH. 3TH peTpaHc-
JIHILHOHHble CTaHQHH HBJI5IIOTCH HeH36e)KHbIM 3JIOM H Ha rrpaKTH-
Ke CJIeJJ;yeT rrpHHHMaTb Bce M:epbI K TaKOMY HX pa3MelI(eHHIO,
rrpH KOTOpOM 6JIH3JIe}KalI(He ropo,l(a HCrrOJIb30BaJIli 6bI 3TII

CTaHIlJIIi JJ;JIH CBH3H II HX MO)KHO 6bIJIO 6bI ClllITaTb Ha3eMHbIMH

a60HeHTcKHMH CTaHQH5IMH.

HH}Ke paCCMaTpHBalOTCH pa3JIHqHble Op6HTbI HC3, KOTopble
MOrYT 6bITb HCrrOJIb30BaHbI JJ;JIH CBH3H Me}K)I.Y CTpaHaMH CO-

JJ;p Y}KeCTBa.

)J,OJI}KHbI OJJ;HOBpeMeHHO BH)J,eTb )I.Ba HC3, TO Heo6xo)I.HMOe qHCJIO

peTpaHCJIHIU10HHbIX CTaHILHH paBHO 360°1 fJ.

4eM 60JIbllie HC3 IICrrOJIb3yeTcH B CHCTeMe, TeM MeHbllie

Tpe6yeTcH Ha3eMHbIX CTaHQHH, H Hao6opoT. TIYCTb, HanpHMep,

J cnYfflHlIKO 06eCfleL/UOGiOm OOl/HOl/HOe nepe/(pblmue 96/ll.i311

.JKBomopo

-::-t-.
- 6'0, 6'

0

c w.

10, 9°c. w.

/
JKBomop

.
/

'0, 9
0

f(}. UI CTOHMOCTb 1 I1C3 paBHa CTOH-

MOCTH 9 Ha3eMHbiX CTaIIIJ.H 'r
.

/ I
6'0, 6' %.lLJ.

180
o

J.d 0
0 - ;.iJ.

6' cflymHlII<o8 o6eCnel/UBOlOm oootJHoe nepel<p6/mue iJo

/4 g
°

C.1ll. U 10. Uf.

r

CTOHMOCTb 1 :YIC3 paBHa CTOH-

MOCTH 4 Ha3eMHbIX CTaHIJ.nlI

CTOHMOCTh 1 I1C3 paBHa CTOH-

MOCTH 2,25 Ha3eMHbIX CTaHIJ.ui'I

CTOHMOCTb 1 I1C3 paBHa CTOH-

MOCTI1 1 Ha3eMHoH CTaHLLHH

180J..a 0°
tlJecmb pempoHc:'R4l.iOHHbIX I

"

jcmoH4{j{j (R) B .

'

180
0

8. a.

MeJ/({]Y CmOHlp.lR1vflI 8 f
.

// B03MO)KHO
Henpepb/8HOR C811.Jb, HflnpflMep, Me)/(rJv
1l0HOOHOM u CUdNC!!/1I1

<P 11 r. 6. Ha3eMHbIe peTpaHCJIHu.HoHHhIe CTaHIJ.Hll )J,O JI)KHhI «BH)J,eTb»
2 crrYTHHKa.

rrOCTaBJIeHa 3a)I.aqa CBeCTH K MHHHMYMY rO)1.0BYIO CTOHMOCTb

3KCrrJIyaTaIl.HH CHCTeMbI. TIpeJJ;rrOJIO}KHM, 4TO rO)I.OBble 3aTpaTbI
Ha Ka}K)I.bIH CrrYTHHK B p pa3 60JIbllie 3aTpaT Ha Ka}K)I.YIO Ha3eM-

HYIO CTaHIl.HIO, rrpHqeM KarrHTaJIbHble 3aTpaTbI aMOpTH3HPYIOTCH
B cpOpMP rOJJ;OBbIX CTOHMOCTeH.

LlHcpcpepeHlLHPYH H rrpHpaBHHBaH HYJIIO, HaXO)1.HM, qTO

06 aH CTOIHv10CTb l\IHHHl\'laJIbHa B TOM CJIY4ae, KOr)1.a Ha

Ka}K)1.bIH CrrYTHHK rrpHXO)1.HTC5I vP- Ha3el\1HbIX CTaHQHH; (1)
HaHl\1eHblllaH CTOHMOCTb CHCTeMbI 6y,neT Kor,na

(2)

II rrOCJIe pac-

rrp HBe,l(eHHbIe

4 HC3 pa60TalOT C 12 3KBaTOpHaJIh-
HbIMH peTpaHCJI5IIl.HOHHbIMH CTaH-

IJ.HHMH
.

4,5 I1C3 pa60TalOT C 9 3KB3TOpH-
aJIbHbIMH peTpaHCJIHIJ.HOHHbIMH
CTaHIJ.H5IMH

5 I1C3 pa6oTalOT C 7,5 3KBaTopH-
3JIbHhIMH peTpaHCJIHIl.HOHHbIMH
CTaHIl.HHMH

6 I1C3 pa60TalOT C 6 3KBaTopH-
aJIbHbIMH peTpaHCJIHIJ.HOHHhIMH
CTaHIl.HHMH

4. Op6HTa C HaKJIOHOM 63° H anoreeM npH 63° c. Ill.

3Ta op6HTa 6bIJIa orrHcaHa B pa60Te [1 L OHa 06eCrreQHBaeT

JIYQllIee 06CJIY)KHBaHHe ceBepHoro rrOJIyrnapHH B ymep6 lO}KHO-

MY. TIpH 3TOM oco6eHHO rrJIOXHM 6YJJ;eT 06CJIY}KHBaHHe ABCTpa..
JIHH H HOBOH 3eJIaH)J,HH. Op6HTa rrOJIHOCTblO rr03BOJIHeT M36e-

u

LKaTb B03)J,eHCTBHH pMHaIl.HOHHoro nOHca.

4 3aK. 232
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3anYCK I1C3 MO}KeT ocy eCTBJI5ITbC5I B BYMepe. CMe eHMe

Op6MTbI K ceBepy HaCTOJlbh.O 3Ha1.JMTeJIbHO, lITO JIMHM5I CB5I3M

JIOH,il,OH - BaHKYBep 06eCne1.JMBaeTC5I TaK }Ke XOpOIllO, KaK M

rOpa3,il,0 60JIee KOpOTKa5I, HO npOXO 5I a5I10}KHee JIMHM5I
u

J10H OH- HbI0-110pK.
,llJI5I paCCMaTpHBael\IOfI Op6MTbI re011eTpM1.J:eCKH M eaJIbHOe

u

paCnOJIO:tKeHMe peTpaHCJI5IlIJIOHHbIX CTaHlLHH Me)K YCnYTHM-
KaMH 6Y,AeT He Ha 3KBaTope, a ceBepHee 63° c. 1Il.B 3TOM cJIyqae

u

,AJIHHa OCHOBHOM MarHCTpaJIH  JI5I peTpaHCJI51u.MOHHbIX C1'aH-
..

U.HH COC1'aBt-TI5IeT l\1eIIbWe nOJIOBHlIbI )I.JIHHbI 3KBa1'opa, 1.11'0 ,AaeT

cymecTBeHHYlo 3KOIIOMMIO. fIpe CTaBJI5IPTC5IB03MO)KlIbIM KOM-
u

MepLJeCKOe HCIIOJIh30BaHHe pe1'paHCJIHu.HOHHbIX C1'aHUJIH, eCJIH

paCnOJIO}KM1'b HX B6JIH3H TaKHX ropO OB,KaK J10H OH,TOKHO
H BaHKYBep. Tpe6oBaHI1e K paCnOJIO)KeHHlO pP1'paHCJI5Iu.MOII-
HbIX c1'aHu.MH B6JIM3H 3KBa1'opa HeM36e:tKHO npHBe eTK coopy-
)KeHHIO Ha3eMHblX CTaHlIJIH Ha l\leJIKHX OCTpOBax TMxoro

OKeaHa 6e3 nepcneKTHB HX HCnOJIb30BaHH5I  JIHl\1PCTHbIX HY)K .

5. 3KBaTOpHaJ1bHbIU «c0J1He4HbIU» 3J1J1HnC

31'a op6H1'a TaK}Ke OHMcaHa B pa601'P [1]. OHa ,AOBOJIbHO

XOpOIllO COOTBeTcTByeT rpacpHKY nOTpe6HOCTH, nOKa3aHHOfvlY Ha

cpl1r. 3, XOT5I AHrJIMH M KaHa,Aa OKa3bIBalOTCH OKpaHHHbIMM
06JIaCTHMM. H01.JbIO 31'a op6MTa He 06eCneqHBaeT CB5I3b, eCJIH

DHa He JJ,y6JIMpyeTC5I Ha 3aTeMHeHHOH CTopOHe 3eMJIM. I\pOl\1e
Toro, 3Ta op6MTa He n03BOJI5IeT M36e:tKaTb B03,lI.ei1CTBM5I Ha I1C3
n051ca pa HalI.HMH Ha Bee 1'PY HOOCYlI1,eCTBI1Tb 3arrYCK I1C3 113

BYMepa.

6. 3KBaTOpHaJ1bHaSl KpyroBaSl op6HTa C BblCOTOU 10400 K.At

3Ta op6MTa, Ha KOTOpOH I1C3  PJIaeT4 06opoTa B CYTKH,
o6PCneqHBaeT O)I.HIIaKOBoe nepeKpbITMe no 3KBaTopy )1.HeM H

HOqbIO. 31'0 He}KPJIaTeJIbHO M HP cooTBeTcTByeT Tpe6oBaHH5IM
(CM. cpl1r. 3). OHa n03BOJIHeT nOJIHOC1'bIO H36p}KaTb B03)I.eHCTBH5I
n05Ica pa)J.Hau.HM, O HaKOI1C3 He.Jlb35I 3arrYC1'IITL 113 BYMepa.
31'a op611Ta Tpe6yeT 01' paKeTbI HaH60JIbIlJeH rpY30nO Del\1-
HOCTH npM  aHHOHCI1CTeMe 3anYCKa no cpaBHeHHlO C JIlO60H

,il,pyroH paCCMaTpMBaeMOH Op6HTOH.
5yLtYlJH KpyroBoi1, OHa Hl\1eeT Ha O HHnapaMeTp MeHblIle,

qeM 3JIJIHTITHlIeCKa5I. ,QaTa 3anYCKa I1C3 MO}KeT 6bI1'b npOM3-
BOJIbHOH. OHa Tpe6yeT MeHblilero qHCJIa 3KBaTOpHaJIbHbIX

4. Cucme 1tbl C8R3ll C nOJ OU{bl0HC3 a/l.Jl cmpaH EpurnaH. coapyaIC. 83

Ha3eMHbIX CTaHlLI11I, qervl 60JIbWHHC1'BO  pyrHx3KB3TOpMaJIb-
HbIX Op6MT.

7. «COJlHeLJHbIH» 3KBaTOpMaJlbHbiU 3J1J1MnC (5,5 o6/cymKu)

31'01' 3JIJIMnC HMeeT J(HeBHoH anoreH B 12 200 K.l1t M HOqHOH

l1epMreI1 B 1930 K.M. I10JIO)KeHl1e anore5I 113M:eH5IeTCH TaKI111

..

1(OHmypbl p06/fOU
6UOUMOCI71U

- -- npoeK[JUR opoumbl rz- (lUUUMOCmt1
HO 3eM/11O UT1cymt:mtJye/T1

<I> Hr. 7. I1epeKpblTlle ,II.JHI OpOliTbI, onncaHHolI B n. 7.

06pa30M, LITO OH B TeqeHHe Bcpro rO)I.a HanpaBJIeH B CTOPOIIY

COJIHu.a. TaKa5I op6HTa 06eCne1.JHBaeT 06CJIY}KHBaHHe 60JIbWeH
u U

nJIOI.1.LaJ(M ,AHPlYI H MeHbllleH fIJIOIlI.aJ(H H01.JblO M B ,AaJIbHeHWeM

BnOJIHe MO)KeT 6bITb MCnOJIb30BaHa ,lI,JI5I lLeJIeH CB5I3H, B qaCT-

HOCTH Tor)J.a, KOr)I.a HOBbIe MCTOqIII1KH nHTaHH5I rr03BOJIHT

y!C3 npOXO,lU1Tb 6e3 Bpe,Aa lIepe3 n05IC pa)J.HaUHH.
ECJIH Mbl 6YJJ,eM HaCTaHBaTb Ha 11pnpepbIBHorvl  BOliHOt\lnp-

t>

pPKpblTHH 3KBaTopHa.nbHbIX peTpaIlCLTI5IlLHOHHbIX CTaHllJIH

HOqbIO, TO 31'0 npHBe eTK 3HalIHTeJIbHOMY YBeJIM1.JeHHIO ql1CJla

HC3, H36hIT01.IIIOMY ,lI,JIH ,l1,H5I, eCJII1 He HMeTb B BH,Ay nOTpp6HOC-
TeH 6Y,AYI.1.Lero.

«BH HlYIOCTb» 3TOH Op6HTbI nOKa3aHa Ha KapTe (cpl1r'. 7).
4*

jJJ
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8. 3J1J1MnTM1.JeCK3SI op6MTa C HaKJIOHOM B 63°, anoreeM B 0°
II C 6-QaCOBbIM nepUOJI,OM o6pa eHMSI

Bce Op6HTW C HaKnOHOM 63° K 3KBaTopy o6na a TTeM
n U U II

CBOHCTBOM, 4TO HX arroreH BCeI')1.a OCTaeTC5I Hal-( O)].HOll H TOB

)I(P 1JIHpOTOi-i. PaCCM3TpHBaeMaH Op61lTa npIIne)1.PHa IIa (PHI'. 8.

IIC3 1\10)KeT ObITb 3any eIII-Ia TaKYlo Op6HTY H3 BYMepa C npH-

5/lU.JKO
1,00

.

\-

fJpoex4Wl Op6l1mbl
HG JeM/l}()

<}) II r. 9. OpOeKLLII5I Ha 3e1\l.lIIO Op6I1TbI, paCC1\10TpeIlHHOn B rr. 8.

5,00

<P Hr. 8. Bu)J. 6-qaCOBOH Op611TbI c yr.TIOl\I HaKZlOHa 63° B npocpHJIb
H C60KY.

 '
. cv..-:i

MPpHO B 10 pa3 60J1bIlIHM neCOM, lIPI\1 113 CTalI.HOHapHYIO op6H-
TY, KOTOpa5I B nI060M cnY4ae Tpe6yeT, 4T06bI T04Ka 3anycKa
lIaXO)1.HJIaCb Ha 3KBaTope. TIpHMepHO  .TI5I 4-4acoBoro rrepHo-

 aB6nH3H anOI'e5I yrnOBaH CKOpOCTb BpaIII.eHH5I 3eMnH XOpOlliO
coI'nacyeTcH C 3KBaTopHanbHoii cocTaBnHIOll1.eH CKOpOCTH l1C3,
1.ITO npHBO,lJ.HT K  ononHHTPnbHoMY BH)KeHHIO11C3 C ceBepa
Ha lor 4epe3 3KBaTOp. 3TO nY4we Bcrro BII HOrrpH H3HeceHHH

Ha KapTY npOPKll.HH TparKTopHH  BH)KrHHHcnYTHHKa, KaK 3TO

c enallo Ha cpHr. 9.

BbI4cpllHBaH OKPY)KHOCTH BH IIMOCTHB noc.ne,lJ.OnaTPnblIbIe

IIHTepna.nbI BpeMeHH II OTI\1e435I T04KH, B KOTOpbIX OIlH nf'pf'-
ceKaIOTC5I, MO)KHO, coe HHHB3TH TOlIKH, rronY4HTb KOHTYPbI lIa-

u u u "

COBOH, )].BYXqaCOBOH, TpeX4aC0I30H M qpThIpeXqaCOBOH IIPIlpe-
phIBIIOii nII IHvIOCTH IIC3 ((PHI'. 1 0).

113 (PHf. 10 BH HO,LITO 3KBaTopHanbHblI1 rr05IC TpeX4aCOBO-
ro nepeKpbITH5I HMeeT IllHPHHY  115e,TaK lITO 8 cnYTHHKoS,

I'

-

KOHmypbl paOHOli - - - np06'K4lU1 op6LJ- (Wh '/7J811allMocmtJ
8n  ur.c.' / 1 IuUi..u,,'v  "L,J 'n/; .'-10 veMflfO cfi7cyn7cmey;:,Jf)

<I> Hr. 10. BpeMH Bn HMOCTH,n;.rIH Op6HTbI, paccMoTpeHHoii B n. 8.

....
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C.TlP,lI,YIOIlIJIX 110 O;I.Hoii TpaehTopnn, 06ecne43T HenpepbIBHoe

nepPKpbITHe npH npHl\tPpHO 15 Ha3rl\lHbI cTaH  151x,paocnoJIo-
)I<CHHbIX BO.,lH3H 3KBaTopa. 3TO CHCTeMa C caMOH HH3KOH CTOH-

MOCTLIO eCJIH npHH5ITb, 4TO rO)1.0Ba51 CTOHMOCTb I1C3 npHMepHo,
tI U

B 3 p33a Bhlwe CTOHMOCTH H33Pl\fHOH peTpaHCJI5Il1,HOHHOH
CTaI-Il1,HH. O)1.HaKO reorpacpH4ecKH oOJIee npOCTaH CHCTervIa, co-

o

CT05IW:35I H3 12 I1C3 H 7 H33eMHbIX CTaHl1,HH, MO)KeT OKa3aTbCH

npe)1.n04THTeJIbHefl. CHcTPMa C 8 VlC3 MOJF eT06ecn 4HTbI1P-

npepbIBHoe nepeKpbITIIe 30HbI npIl lepHO f\le)KAY 45 c.
o

Ill. H

45° 10. Ill. H BPPMPHHOP 06C.nYJI{lIBaIllIp HPKOTOPLIX paHOHOB,
u

.n(-\)K311 HX Bile 3TOII 30HL!.

YK33aIIHoe 06CT05ITE'.nbCTBO, 3 TaK)Ke npO"\O)KAeHne OPOH-
TbI BHe BHYTpPHHPro II05Ica paAHa1U1I1 .LJP.naeT {'e )I(p.naTP.nb-

HOH, pc.nn JlOIlAOH TO)Ke )1.0.n)Ken OLITh BKJII04ClI B 30HY Henpr-

pLIBHoro nepPKpbITH5I. 3TO B CBOIO 04Ppr)1.h npHBO)1.HT K opOHTe,
paCCMaTpHBaeMOH B CJIe)1.YJOw:eM pa3Ae.ne.

npe.ll,e eHHbIX no )1.0.nrOTe. 3TO COOTBeTcTByeT lllHpOT3M OT 45.lI.O 50 c. ill. KO.'Ib1!.O TaIUlX CTaH1!.Hii H306patKeHo lIa <PHL 13.I1ocKOJIbKY CeBE'plIbIe illlipOTbI 60Jlee ryCTo HaCeJIeHbI, TO MQ)KHO
YCTaHOBHTb TO.TIbKO 4 He npHHOC5IIlIJIX )1.0XO)1.a CTaIIl HH KO-,TopbIe OCOOO OTl\frlJ('HhT n3 .cIJHr. 13.

9. 3J1J1M"THIJeCKaSl op6MTa C HaKJlOHOM 63°, C anoreeM

"PM 20° c. 111. Ii nepMo)J,oM o6pallleuMSI 6 'lac

3Ta op6HTa 06JIaAaeT BceMH )1.0CTOHHCTBaMH Op6HTW, onH-

caHIIoii B nYHKTe 7, BKJII04a51 npOxO)KAeHHe 3a npe)1.eJIaMH

BIIYTpeHHPro pa)1.H3l1,HOHHOro n051ca, cTa6HJIbHOCTb nOJIO)KeHH51

WHpOTbi anore51 (20° C. Ill.) H T. )1.. I(poMe Toro, OHa n03BOJI5IeT

3Ila4HTeJIbHO YBeJIH4HTb n.nOm3)1.b HenpepbIBHoro nepeKpbITH5I
B ceBepIlOM nOJIYlllapHH 3a C4eT HeKOToporo YMeHbIUeHH5I nJIO-

ll a)1.HnepeKpbITH5I B IO)KHOM nOJIywapliH, liTO rr03BOJI5IeT JIY4111P
corJIaCOBaTb ee C WHpOTHLI lpacnOJIO)J{CI-IHPM rOpO)1.0B 5pHTalI-
CKoro CO)1.PY)J{{,CTBa. flpoeKllHH OpOHThI na 3el\IJIIO H BpeM5I BH-

)1.Hl\fOCTH npHBP)1.eHbI COOTBeTCTBeHIIO IIa cpHr. 11 Ii 12.

PaccMaTpHBae 1351Op6HT3 06JI3,[(aeT eIlI.e H npeHMymecTBoM

Op6HTbl, onHcaHHoH B nYHKTe 3, nOCKOJIbKY JIIo6aH napaJIJIeJIb

KopOlle 3KBaTopa, H n03TOMY KOJILl1,O peTp3HCJ151l1,HOHHbIX CTaH-

l1,HH Ha GO c. Ill. 6YAeT HMCTb )1.JIHI-IY pOBHO B )1.Ba pa3a MeHbIllP

)1.JIHHbI 3KB3Topa (04eHb )KaJIb, lITO )1.JI5I nO.,l5IpHbIX op6HT neJIb-

351 YCTaHOBHTb OCHOBHYIO pPTpaHCJI 5I llHOHHYIO CTaHl1,HIO Ha

ceBeplIOM nOJIloce).
OnTHtvlaJIbHOe paCrrOJIO)KeHHe KOJIbl1,a Ha3eMHbIX peTpaHCJIH-

llHOHHbIX CTaHl1,HH AJI5I paCCMaTpHB3eMoi1 Op6HTbi 6Y)1.eT HP-

CKOJIbKO 10)KHee 50° c. Ill. no paclleTY KOJIbl1,O )1.0JI)KHO COCTOHTb
u

H3 7 II33eMHblX peTpaHCJI5Il1,HOIIHbIX CTaHl1,HII, paBHoMepHo pac-

<P II r. 11. DpoeKLlHH na 3el\IJIIO upGnTbI, paCC\IOTpeHlloii H n. 9.

3TO KOJIh1!.O Ha3eMHbIX peTpaHCJI5I1!.IfOHHhIX CTaH1!.m'i MmKeTpa60TaTh C 8 I1C3, IIMeIOl1I.JIMII Op6UTbI C O.ll.U!IaKOBbIMif npOE'K-1!.li5IMli Ha 3eMJIIo. I1pu .9TOM 6Y.ll.eT o6ecnelIUBaTbC5I nE'peI\pbI-Tlie .lI.JI51 Bcex ropo)/,oB OT 76
0

c. ill. .lI.0 22
0

IO. ill. B X Y.lI.illE'M CJI Y
_

lIae H  o40° 10. ill. B .nYlJWeM c/IYlJar. 3TO H3IvlPIlPIIHe BbI3bI-BaeTC5I He60JIbillliMU CMell eHH5Il\1HOp6IITbI n npuBO.ll.HT K TOMYlITO 06CJIY)I{UBaHlie HOBoil 3eJIaH ,\Ifli B TelIeHue HeKOTopbIX Me:C5I1!.eB 6Y.ll.eT BeCTlICb C KpaTKOBpeMeHHbIl\lli nepepbIBaMli. I-Ia
)1.PyrHx CTpaHax CO PY)J{eCTBa3TO He CKa)KeTC5I. B03MO)J{HO,lITO npH WHpOTe anoreH f\re)K)1.Y 3KBaTopOM Ii 20° c. Ill. nepeKpbI-THe IO)KHOrO nOJIywapHH YJIYlllllHTC51 6e3 yxy weHH5InepPKpbI-THH ceBepHoro rrOJIywapHH.

PaCCMaTpUBa5I HeKpyroBbIe Op6liTbI, CJIe)I.yeT liMeTb B Bli.ll.VO HO51BJIeHHe, a H leHHO HCK3)KeHHe OpOHT no)1. BJIH51HHeM
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COJIHu:a H JIYHbI, CTpel\I51I.I.(HXCH C)1.eJIaTb fiX KpyroBbIMH. YCTa..

HOBJIeHO, liTO )!.JIH Op6HT, onHcaHHbIX B rrYHKT3x 3 11 4, 3TOT 3cp-
cpeKT HHlITOllieH. ,LLJI5I Op6MT orrnC3HHbIX B nYHKTaA 6-8, on

eI.I.(e He BblqHCJIen.

,
,

,
,

KOhmy;opl pOOHOU
diJduMocmu

- -- npcvtqu;7 omtJ/77bl
HO .JeMnIO

<}) Hr. 12. BpeMH nH)J,HMOCTH Op6HTbI, paccMoTpeI-IHoH B n. 9.

O)l.HaKO npeHMYI.I.(eCTBa paCCMaTpHBarMOH Op6HTbI TaKOBbI,

lITO MO)KeT OKa3aTbC5I BblrO)!.HbIM BOCCTaHaBJIHBaTb Op6HTY
u

C rrOMOI.I.(bIO peaKTHBHbIX )!.BHraTeJIeH.

CTaUJIOH3pHa51 op6UTa 6bIJIa HCKJIIOlIeHa 113 paCCMOTpeHHH,

rrOCKOJIbKY npOCTOH 3KcnrpHMeHT C l\1arHl1TocpOHOM nOKa3bIBaeT,

liTO 3ana3)l.bIBaHHe CHrHa.na )!.JIH aIITHnO)l.a Ha 1 200 JlttCC/\, H

OTpa)KeHHH B ,lI.HcpcpepeHI..LHaJIbHOfl CHCTeMe Ha )l.aJIbHel\1 KOHI..Le

c)!.eJIaeT 3TOT BH)!. CB51311 ,lI.lI51 fvlHorHX a6oHeHTOB npaKTH"lIeCKH

HenpHeMJIeMbIl\1. B03MO)KHO, "liTO .y)!.aCTCH YCTpaHHTb 3TH OTpa-
:>KeHH 51, "liTO YMeHblllHT 3arra3,lI.bIBaHHe CHrHaJIOB If C,l(eJIaeT

CB5I3b npHrMJIeMOH )l.JI5I MHOrHX a60HeHTOB. CTaU:HOHapH35I
op6HTa npe)I.CTaBJI5IeTCH HaH6o.n:ee Y)I.06HOH )I.JI5I nrpe)(allH TeJIe-
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TOAbKO  maH411U,OI1!Mel./eHHble 3HOVKOMU 0 HepeHI7106efltJHbl
.

..

HeCKOJIbKHMH CJIO)KHbIMH :VIC3. ECJIH  lbI B03bMe 1 Op6I1TY,
OnHCaHHYlO B nYHKTe 8, C 9 I1C3, TO B JII060M MOMeHT 6 I1C3

HaXO HTCHB pa6011eM nOJIO)KeHHH, a 3 npoxo HTlIepe3 IIepH-
reM. CJIe OBaTeJIbHO, Ka)K bIM I1C3  OJI)KeH 06ecnelIHBaTb

500 KaHaJIOB, nOCKo.nbKY 6 X 500 == 3 000. ECJIH HCnOJIb30-

BaTb 80 JIerKHX I1C3, TO Ka)K LIH113 HHX  OJI)KeH6y eTo6ec-
neqHTb TOJIbKO 50 KaHaJIOB, II BMeCTO 9 60JIbllIHX paKeT MO)KHO

HCnOJIb30BaTb 80 MaJIblX.

Ka)K aHHa3eMHa51 CTaHll.H5I  OJI)KHa6y eTpa60TaTb O IIO-

BpeMeHHo Ha 10 I1C3, HCnOJIb3YH 10 60JIbllIHX aHTeHH nJIIOC

O HYpe3epBHYlo, BMeCTO o Hoiipa60qeM H OAHOH pe3epBHoH
B CJIYllae 500-KaHaJIbHbIX I1C3. 3TH ll.HCPPbI AOJI)KHbI 6bITb Yll.-
BoeHbI, eCJIH nepe,[(aTqHK H npHervlHHK HCnOJIb3YlOT pa3HbIP aH-

TeHHbI. Ka)K,[(aH napa aHTeHH BMeCTe co BceM HX 060PY OBa-
u

HHeM, KOTopoe 3a H aeTHX OT pa3JIHqHbIX nOMex H OTpa)KeHHH,

6YAeT CTOHTb OKOJIO 0,5  IJIH. cpo CT.

TaKHM 06pa30M, C 3KOHOMHqeCKOM TOqKH 3peHHH npell.noq-
THTeJIbHee HMeTb 9 TH)KeJIbIX I1C3, nocKo.lIbKY npH 3TOM

3KOHOMHTCH 4,5 MJIH. cpo CT. Ha CTOHMOCTH Ha3eMHbIX CTaHIl.HM.
,LLonOJIHHTeJIbHbIe npeHMy ecTBaB03HHKalOT, eCJIH I1C3 HMelOT

cpe,[(CTBa opHeHTall.HI1. MeXaI-IH3M CHCTeMbI opHeHTaIJ.HH YBP-
JIHqHBaeT Bec I1C3, II 3TO CTaBHT B HeBbIrO,[(Hoe nOJIO)l{eHHe

CHCTeMY C 80 JIerKHMH II 60JIee npOCTbIl\1H I1C3. npeHMy ecTBa
I1C3, HMelO HX CHCTeMbI opHeHTaIJ.HH, paccMoTpeHbI B pa-
60Te [3].

BHAeHHH, r e3ana3)l.bIBaHHe CHrHaJIOB He HrpaeT PO.,lH.

06CY>K)l.aH HeKoTopbIe )l.eTaJIH pa60TbI Ha3PMHbIX cTaHLLHH,
1\1 hI ynoMHH3JIH 0 HP06xo,[(HMOCTH KOM.npOMHcca Me)K Y:£3a-

I

I ---

.

.. It'..
""

. ..
. .

.

).

<1> II r. 13.  eJIbHa3eMHhlX peTpanCJI5II..J.HoHHbIX CTaHll.lIH )J.JI5I Op6IITbI,
paccMoTpeHllofl B n. 9.

TpaTaMH Ha EHa3PMHble Cpp)l.CTBa H lIa I1C3. flapaMPTpbI
paccMoTpPHHbI Op6HT npHBP,[(eHbI B Ta6 TJ. 2. t 1. nOJIoca LJaCTOT

10. PacnpeJl,eJIeHl1e CJIOJKI-IOCTI1 o6oPYJJ.oBaHI1S1 MeJKJl.Y I1C3
H H33eMHblMI1 CTaH I1S1M"

,Qo CHX nop MbI 06cY)K)J,aJIH KOJIHlIPCTBO JI33eMHhlX cTaHLLHii,
TPnppb paccMoTpHM 11\: CJIO)KIIOCTb. C,[(CJIaeM 3TO C nOMOIl bIO

IJHC.TIOBOrO nplll\1epa. B nYHKTe 2 ynoMHHaJIOCb, lITO HaH6oJIb-
111('(' lJIICJIO KanaJIOB, O HOBpPMeHHOHCnOJIb3yrMblx BO BCPI\1I1p-
110M MdCllIT30e, MO)I<eT COCTaBHTb npHMepHO 900. ECJIH MhI

6Y,l eMC4HTaTb, lITO Ka)l{,[(bIH KaHaJI 3aHHT 18 AUlH Ka}J(AOro lIaca,
TO nOJIYlIaPM 900 X 60/18 == 3 000 KaHaJIOB.

CJIP yeT JIH HX pacnpe eJIHTb l'vIP)I( Y 60JIbWHM QI1CJIOM

npocTbIX JIerKHX I1C3 HJIH JIYlIwe CKOHLLPHTpHpoBaTb MP)I{,[(Y

AKTHBHbIe peTpaHCJIHTOpbI Ha I1C3 cnoco6HbI o6eCneQHTb

Tpe6yeMoe KOJIHqeCTBO paJ(HoKaHaJIOB, Heo6xo,[(HMoe J(JIH Y OB-

JIeTBOpeHHH HY)KJ( CBH3H cTpaH Co,[(py*ecTBa,[(o KOHIJ.a X X BeKa.

B KOCMoce MO)KHO He TOJIbKO HCnOJIb30BaTb ):(JIH ,[(aJIbHHX
CBH3eM AHana30H 300-10 000 Mclf, HO 6JIaro,[(apH aHTeHHaM

u

C OCTpOH HanpaBJIeHHOCTblO H3JIYQeHHH, npHMeHHeMbIx Ha

3THX qaCTOTax, MHorHe I1C3 MorYT pa60TaTb Ha O,[(HHaKOBbIX
qaCTOTax o HoBpeMeHHo,npHlIeM pa3 eJIeHHeCHfHaJIOB BbITIOJI-

HHeTC5I 3a CQeT  HarpaMM HanpaBJIeHHOCTH aHTeHH.

fpy60 rOBopH, lvIbI pacnOJIaraeM ,[(Hana30HOl'vI l.IaCTOT, npe-
BbIwalOlliJIM B 100 pa3 nOJIocy qaCTOT O,[(Horo KaHaJIa, H n03ToMY
O,[(Ha Ha3eMHaH CTaHll.HH lvIO)KeT pa60TaTb C 20 I1C3 o,[(HoBpel'vleH-

u

HO nYTeM HCnOJIb30BaHHH TeXHHKH HanpaBJIeHHOH nepe,[(aqH H

48*

---
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npHeMa. fIpH HCIlOJIb30BaHHH aKTlIBHbIX I1C3 - peTpaHCJIH-
TOpOB 31'0 06eeIle1.IHT ,lLHana30H B 2 000 pa3 60JIee IllHpOKHiL

fIpe,lLCTaBJIHeTC5I, LITO MO)KHO C3KOHOMHTb 3Hep flllO IIC-

T01.IHHKa Ha I1C3 nYTeM npHrvIeHeHHH LIaCTOTHOH IVIO,lLYJIHll}IH
C 60JIblilOH ,lLeBHalIJieH H 06MeHHTb MOll\HOCTb Ha nOJIoey, CO-

xpaHHH BeJIH1.IHHY OTHOIlleHHH CHrHaJI/WYM.
B ,lLaJIbHeHllleM MbI 6Y,lLeM HMeTb 60JIee ,lLpweBble H 60JIrp

MOll\Hble HCTOllHHKH nI1TaHHH, lIeM eOJIHellI-Ible 6aTapeH, CO

CTOHMOCTblO nOpH,lLKa 100 TbIC. cpo CT. Ha 1 Kern nOCTOHHHoro

TOKa. MO)KHO Ha,lLeHTbCH, 41'0 3TH HOBbIe HCTOllHHKH 6Y,lLYT pa3-
pa60TaHbI,lL0 Toro, KaK nOHBHTCH He,lLOCTaTOK lIaCTOT 113-3a npe,lL-
JIaraeMOro HCnOJIb30BaHHH LI.N\ C 60JIblilOH ,lLeBHalI.HefI.

3TY HOBYlO cHcTeMY. BbICOKHM K03cpcpHUHeHT HCnOJIb30BaHHH,

6e3yeJIOBHO, 06ecne4HT H BbICOKYlO peHTa6PJIbHOCTb CHCTeMbt.

CTOHMOCTb pa3pa60TKH paKeT, He YlITeHHaH BbIwe, OlI.eHH-

BaeTC5I npI1MepHO B 80 MJIH. CPYHTOB. OHa MO}{{eT oKynHTbC51 3a

1 rOJ ;PCJIH CTeneHb HCIlOJIb30BaHHH nO,lLHHTb,lLO 3,7% 01' no-

TCIIUHaJIbHbIX B03lvI0)KIIOCTPti CHCTe 1bI. TIpaKTHlIPcKH 60JIee

npaBHJIbHbIM 6Y,lLeT 3Ha4HTeJIbHO CHH3HTb paCxO,lLbI, pa3JIO)KHB
CTOHMOCTb pa3pa6oTKH Ha HeCKO.J1bKO JIeT H CTHMYJIHPYH YBe-
JIHIIPHHe  t'ufpoBoroTpacpHKa.

t 2. 06 aSlrO OBaSlCTOI1MOCTb

,D,eTaJIbHOe HCCJIe,lLOBaHHe CTOHtvtOCTH CHCTeMbI CBH3H C IIC-

nOJIb30BaHHeM HC3 JI.JIH cTpaH CO,lLPY)KeCTBa CJIHIllKOM CJIO)KHO

JI.JIH Toro, 4T06bI ero npoBoAHTb B paMKax ,lLaHHOH CTaTbH.

OJI.HaKO HHTepecHo npHBecTH XOTH 6bI HeKoTopble lI.HcpPbI, Ha-

npHMep ,lLJI51 CHCTeMbI C 9 I1C3, paccMoTpeHHoM B nYHKTe 8.
ECJIH CpOK CJIY)K6bI cnYTHHKa COCTaBJIHeT TOJIbKO O,lLHH

roJI. H 50% 3arrYCKOB npOXO,lLHT ycnelllHo, TO CTOHMOCTb Tpe-
6yeMblx 18 paKeT «5JIY CTpHK» C nOCJIe,lLHHMH cTyneHHMH co-

CTaBHT npHMepHo 18 MJIH. cpo CT.

CTOHMOCTb O,lLHOH Ha3eM:HOH CTaHlI.HH COCTaBJIHeT OKOJIO

1 MJIH. cpo CT., a ee CpOK CJIY)K6bI MO)KHO ClIl1TaTb paBHbIM 10

rO,lLaM. CTOHrvIocTb CHCTeMbI 24 Ha3eMHblX CTaHlI.HH TaKHM: 06pa-
30M 6Y,lLeT paBHa 2,4 MJIH. cpo CT. B roJI.. 06CJIY)KHBaHHe, pac-
XOJI.bl Ha aJI.MHHHCTpalI.HIO H TeKYll\He paCXO bIHa CO,lLep)KaIIHe
24 Ha3eMHblX CTaHlI.HM H BbIlIHCJIHTeJIbHOrO lI.eHTpa, BepoHTHo,
COCTaBHT OKOJIO 10 MJIH. cpo CT. B roJI.. ECJIH npHBe,lLelIHble BbIllle

IJ.HcppbI ,lLOCTOBepHbI, TO 06rn.a51 rO,lLOBaH CTOHMOCTb CHCTeMbI CO-

CTaBHT 30 MJIH. cp. CT.

LleBHTb HC3 Ha 720 KaHaJIOB Ka)K,lJ,bIM eMorYT 06ecne4HTb
3 396 MJIH. KaHaJIO-MHHYT B roJI.. ECJIH CTOHMOCTb 1 MliH TpaHc-
OKeaHCKoro TeJIecpoHHoro pa3roBopa eOCTaBJIHeT 1 CPYHT, TO

,lLJI51 Toro, lIT06bI CHCTeMa oKyrraJIaCb, ,lJ,OCTaT04HO HCnOJIb30BaTb

ee Ha 1 %. 3TH 30 MJIH. MHHYT HY)KHO CpaBHI1Tb C cOBpeMeHHbIM
YPoBHeM npHMepHo B 225 MJIH. OrrJIalIPHHbIX MI1HYT B roJI. no

BceM MHpOBbIM JIHHH51M JI.aJIbHeM CB513H. 04eBHJI.HO, lITO TOJIbKO

qaCTb CYll\eCTBYIOll\erO TpacpHKa MO)KeT 6bITb nepeKJIIOlIeHa Ha

13. 3aKJ1IOI.JeHHe

,LLJIH CBH3B cTpaH 5pHTaHcKoro CO,lJ,PY.iKeCTBa HalI.HH HP06-

XO).IJIMO HMeTb no KpaiiHeII Mepe 9 HC3 Ha op6HTax, OTIHCaHIIblX

B rrYHKTe 8. OHH JI.0JI)KHbI JI.JIH Y,lLOBJIeTBOpeHHH M:aKCHMaJIbHbIM

Tpe60BaHBHM HMeTb no 720 KaHaJIOB. TaKHe HC3 l\10rYT 6bITb

3arrYll\eHbI H3 BYMepa (ABcTpaJIH51) C HCnOJIb30BaHHeM B Ka-

lIeCTBe nepBoM cTyrrPHH paKeTbl «OJIY CTpHK».
CHcTeMa CBH3H C HC3 MO)KeT 6bITb BBe,lLeHa B JI.eHCTBHe ,lJ,0

OKOHqaHHH nocTpoHKH Ka6eJIbHOH CHCTPMbl cTpaH CO,lLPY.lKe-
CTBa, T. e. )1,0 1967 r. fIocJIe)1,HH51 )1,OJIiKHa B 3TOM CJIYlIae
OKa3aTbC5I He3KOHOMHlJHOH H3-3a BbICOKHX TapHcpoB.
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5.

HCnOJIb30BaHHe

CTa HOHapHMXHC«yccTBeHHMx

cnYTHHHoB 3eM H. nDCBD3H
1

CJI5IIlJIH CTaIlHOHapHble I1C3 npe)J,CTaBJI5IIOTC5I MeHee )KeJIaTe.nb-

HbHvIH, qeM I1C3 Ha 6o.nee HH3KHX op6HTax. CTaIlHOHapHble I1C3

06JIa)J,aIOT, nO-BH,lJ.Hl\10l\1Y, 60JIbIllHMH npeHMYll\eCTBaMH npH
HX HCrrOJIb30BaHHH )J,JIH pa,lJ.HOBemaHHH.

2. CooTHOllleHI1S1, onpe,n,eJUilOlli,MC nCJle3HYlO HarpY3KY

OTHOCHTeJIbHa51 BeJIH4HHa 3HeprHH, Heo6xo)J.Hl\IOfI  JI51 BbI-

Be)J,eHHH Ha Op6HTY 3a)J,aHHo rrOJIe3HO HarpY3KH, HaH60JIee

XaeU.'lefla P.
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B CTaTbe paCCl\rlaTpHBaIOTC5I BOnpOCbI npHMeHeHH5I CTaIlHO-

HapHbIX HCKYCCTBeHHbIX CnYTHHKOB 3eMJIH )J,JIH IleJIe CB5I3H.

Do)J, TepMHHO f«CTaIlHOHapHbIH CnYTHHK» nOHHMaeTC5I CnYTHHK,
HenO)J.BH)KHbIH OTHOCHTeJIbHO 3elYIJIH. TaKoH I1C3 06pall\aeTC5I
BOKpyr 3eMJIH no KPyroBoH 3KBaTOpHaJIbHOH op6HTe C nepHo)J,oM
24 'lac H"\  blCOTe35 810 KM, T. e. CHHXpOHHO C BpaIILeHHeM
3eMJIH.

B CTaTbe )J,aeTCH 0630p HeKoTopbIX rrapaMeTpoB cTaIlHoHap-
HbIX I1C3 B cpaBHeHHH C I1C3, o6pama1OIILHl\1HCH BOKpyr 3eMJIH

Ha MeHblllHX BblCOTax. K 3THrvl napaMeTpaM OTBOC5ITC5I: no.ne3-

Ha5I HarpY3Ka, 30Ba 06CJIY)KHBaHHH, BpeM5I 3ana3)J,bIBaHHH CHr-

HaJIa 11 CpOKH 3aMeHbI I1C3.
CHa1.JaJIa YKa3aHHble napaMeTpbI paccMaTpHBalOTC5I )J.JIH I1C3,

npHMeH5IeMOrO )J,JI51 peTpaHCJI5IIlHH coo6meHHH H3 O)J,Horo nYHK-
Ta 3el\1HOH nOBepxHocTH B )J,pyroi.f. 3aTeM paccMaTpHBaeTC5I I1C3,

u

npe)J,Ha3Ha1.JeHHbUf )J,JIH pa)J,HoBell aHH5Ic nepeKpbITHeM 06111HP-
HbIX TeppHTopHH. TIoKa3bIBaeTC5I, 1.JTO )J,JI5I o6eCneQeHH5I peTpaH-

1 Haviland R. P., Communications Satellites, Academic

Press, Lnd. - N. Y., 1962, p. 113-129.
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l

.n:erKO onpe)J,eJI5IeTC5I npH nOl\'IOIlJJ1 napaMeTpa «H)J,eaJIbHOii CKO-

pOCTH» Vi' Bblpa)KaeMOH ypaBHeHHel\1

Vi == VU3JI + V
pcr + V

rpaB
- Vnpau.t. (1)

OCHOBHLIMH lIJleHal\IH 3Toro ypaBHCIIH5I 51BJI5IIOTC5I CKOpOCTb
I33JleTa VB3Jh Tpe6yeMa5I )J,JIH  OCTH)KeHH51 Op6HTbI 3a)J,aHHOH
BbICOTbI, H CKOpOCTb perYJIHpOBaHHH Vpcr, IIeo6xo,lJ.HMa5I )J,JI5I

coxpaHPHH5I napaMeTpOB Op6HTbI. CYl\1Ma 3THX 4JIeHOB rrpe)J,-
CTaBJIeHa lIa (lH1f. 1 ,lLJI5I pa3JIHlJIIbIX 3I1a4PIIHH BbICOT Op6HT H

,lLJIH CTapTOBbI'\ nJIOIlLa)J,OK, Ha ,(O 5IW.HXC5I KaK B nJIOCKOCTH

Op6HTbI, Tal{ II BHe ee.

HanpHl\1ep, cpaBHHBa5I CTaIJJIOHapHblH I1C3 c I1C3, Haxo-

)J,5IIILHl\IC5I Ha op6HTe BbICOTOH 11 100 KJt, MO)KHO BH)J,eTb, t.ITO

-
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 JIHCTaI.JJ10HapI-IOrO HC3 Tpe6yeTcH H eaJIbHaHCKOpOCTb no-

p51 Ka11 750 Jvtlce1\, B TO BpervlH KaK  JIH60JIee HH3KOt'I op611-
TbI 3Ta BeJIH4l1Ha COCTaBJI5IeT 10 700 MiceK. ECJIH cTapTOBa5I
nJIOll..(a Ka pacnOJIO)I<eHa BHe nJIOCKOCTH Op6HTbI, TO 3TH CKO-

pOCTH  OJI)KHbIObITb eme 60JIblllP. 3TO Hl\IeJIO 6bI MeCTO B CJIY-
4ae, eClIH 6bI C MbIca I<eHHe H I1C3 3anycKaJIl1Cb Ha 3KB3TO-

pH3JIbHbIe Op6HTbI. IlpH 9TOM  JIH3anycKa cTauJfoHapHoro I1C3

nOTpe60BaJIl1Cb 6bI CKOpOCTl1 nopH,lIJ<a 12 200 Mlceh., B TO BpeMH

I

l

C 1 100 /(2 npH BbICOTe Op6I1TbI 11 100 K.kt  o780 f{2. 3anycK HC3
C Mblca KpI-IHe HnpHBeJI 6bI K 60JIbllIervlY CHH)KeHHIO Beca nOJIe3-

HOli lIarpY3KH, KOTopaH COCT3BHJIa 6bI npHl\1epHO 460 1\2  JIH

CTaI.JJ10HapHOH Op6UTbI n ,--,,700 1\2  JI5I Op6l1TbI BbICOTOI1:

11 100 KJvt.

3. 30Ha nepeKpbITliSl

J3JIaro ap5I 60JIblllO I BhICOTP Op6HTbI CTalIJ10I-I3pHOrO 11C3

OH MO)KeT nppeKpbIBaTh 60JlhU1YIO 30I-lY 3ervllloi1 nOBepxHocTH
1BOO
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K3K  JI5II1C3 C BbICOTOit Op6HTbI B 11 100 KAt Tpe6Yf'l\Ia5I CKO.

pOCTb COCTaBJIHJIa 6bI 11 600 .Allcel{.

BCJIe CTBHeToro 4TO CKOpOCTb, Heo6xo HMa5I .nHBbIBe e-
IIHH Ha ?P6HTY CT LLHoHapHoroI1C3, 6otJlbllle,  JIHHerO npH
3a aHHOHnOJIe3HOH HarpY3Ke nOTpe6yeTC5I paKeTa 60JIblilP1I

MomHOCT ,qeM  JIHBbIBo a l1C3 H3 6o.nee IIH3KYIO Op6HTY.
C  pyroHCTOpOHbI, paKeTa onpe eJIeHIIOl1 MOmHOCTH MO)KeT

BhIBeCTH Ha CT3LLHOHapHYIO OPOHTY MeHbllIYIO nOJIf'3HYIO Ha-

rpY3KY. 3TO BH HOU3 <pHr. 2, Ha KOTOpOI1 npC,l.(cTaBJIPHa 3a-
u

BHCHMOCTb nOJIP3HOH HarpY3Kl1 OT BhICOTbI Op6HTbI  JI5IrHnOTP-
..

TH4eCKOH paKeTbI co cTapToBbIM Bf'COl\1 ,--." 137 000 K2, B KOTOpOH
B Ka4e;TBe rOpIOqerO .n..n5I nppBblx cTyneHeti I1CnOJIb3yeTcH
)1{1I,l.(KHH KHCJIOpO l1 KPpOCHH, 3  JIHnoc.ne HeHcTyneHl1-
BO OpO H KIICfIOpo . 3anycK I1C3 co cTapToBoH rrJIOma KH,

paCnOJIO)KeHIIOH Ha 3KBaTope, na cTaLLHoHapnYlo Op6HTY npH-
BO HT K CI-U,DKeHl11O nOJIe3Hoti HarpY3KH npH6JIH3HTeJIbHO
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4elVI vIC3, HaXO 5Illi.HeC5IHa l\ICHblllHX BbICOTax. 113 cpaBHeHH5I
30H nepPKpbITH5I CHCTeMbI 113 10 HC3, HaXO 5Iml1XCHHa Op6l1Te
BbICOTOH 11 100 KJvt, H CI1CTPl\1bI 113 Tpex CTaQl10HapHbIX HC3 BH -

HO, 4TO )J..n5I CTaQHOHapHoH Op6l1TW 30Ha nppeKpWTl1H 3Ha4H..

Te TIbHO 60.nbllIP, nOCKOJIbKY B 3TOl'A CJIY4ae OHa npOCTHpaeT-
C5I }J,O 81,5° WHpOTbI no cpaBHcHHIO C 68°  JI5IOp6HTbI BbICOTOH

11 1 00 K.Iv!.

-
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3Ta pa3HHII.a B CTerreHH rrepeKpbITH5I, rrOKa3aHHa51 Ha cpHr .3.,
onpe eJI5IeTTaK)Ke 30HY, KOTOpylO MO)KHO 06CJIY:>KHTb rrpH rro-
000

MO HO HOHHa3eMHOH CTaHII.IIH B cHcTervre peTpaHCJI5IlLHOHHOH
CBH31I. 3cpcpeKTHBHoCTb peTpaHCJI5IlLHH  JI5I cTalLlIoHapHoro
vIC3 He 3aBHCliT OT l\IPCTOnOJIO)KPHII5I Ha3eMHOH CTaIIlLHH, B TO

BpeM5I KaK rrpH 60JIee HH3KHX op6lITax OHa YMPHbWaeTC5I no

Mepe Toro, KaK CTaHlLH5I YJ(aJI5IeTC5I OT 3KBaTopa. HeCKOJIbKO
60JIbWee rrepeKpbITHe B HanpaBJIeHHH 3ana,L( - BOCTOK ,L(JI5I

Op6lITbI C BbICOTOH 11 000 KAt nOJIYIlaeTC5I 3a CIleT CJIeJ(51 eH
aHTeHHbI. CJIe,lI.yeT 3aMeTlITb TaK)Ke, 1.ITO 1I3 HeKOTopblX Ha3eM-

IIbIX CTaHlllIH 6Y YT OJ(HOBpeMeHHO BH,L(HbI 2 cTalLHoHap-
HbIX I1C3. 3TO ,lI.OJI)KHO YBeJIHIlHTb nepeKpbITHe B ,lI.Ba pa3a.

Tpe6yeMa5I 30Ha CB5I3H l\10)KeT 6LITb HaII,lI.eHa, eCJIIi pac-
..

cMoTpeTb pacnpeJ(eJIeHHe ropOJ(OB H HaCeJIeHlI5I Ha 3el\1HOH

nOBepXHOCTI1. 50 KpynHeiiwHx ropO OB Mlipa JIe:>KaT Me)K,lI.y
60° c. w. H 40° 10. ill. TOJIbKO 13 ropo oBHaXO,L(51TC5I ceBepHee
40° c. m. EOJIbWa51 nJIOTHOCTb HaCeJIeHHH Ha6JIloJ(aeTC5I B CpeJ(-
HHX wlipoTax, l\tle:>KJ(Y 20-H H 50-H napaJIJIeJI 51MH . ,D,ocTaToIlHo
60JIbWa51 H Bce YBeJIHIlHBalOI.lJ,a5lC5I rrJIOTHOCTb HaCeJIeHHH

HMeeTC5I B 30Re 3KBaTopa. B TO )Ke Bpel\1H cy6apKTHIleCKHP
pafIOHbI HaCeJIeHbI cJIa60. IlpHMepHo 98% HaCeJIeHHH 3eM-

Horo mapa cocpeJ(oTOqeHO B nOJIoce l\1e.IKJ(Y 60° c. w. H 40°
10. w. IloCKOJIbKY B 3TOiI nOJIoce pacnOJIaraIOTCH Bce KpynHeH-
mHe ropo a,HMeHHO OHa  OJI)KHa6bITb nepeKpbITa CB5I3HbIMH

I1C3. IlpocToH paCqeT nOKa3bIBaeT, qTO .TII06aH 3KBaTOpHaJIb-
Ha5I op6HTa C BbICOTOH, rrpeBOCXO 51I.lJ,eH 9 650 KAt, n03BOJIHT

opraHH30BaTb Ha e)KHYIOCBH3b.

4. BpeM 3ana3 WBaH" C"rHa a

BpeM5I, He06xo HMoe JI5IToro, qT06bI ClirHaJI OT OAHOH
u U U If

Ha3eMHOH CTaHlLlI1i J(OCTlir ,lI.pyroH Ha3eMHOli CTaHlLHH, npOH,lI.51

qepe3 peTpaHCJI5II1.IIOHHbIH I1C3, nOKa3aHO Ha cpHr. 4 J(JI5I He-

CKOJIbKHX Op6lIT C pa3HbuvlH BbICOTa .11I, rrpHI.IeM OTl\1eqeHbI MaK-

CIiMaJIbHOe H MHHIIMaJIbHOe 3ana3J(bIBaHII5I. ,LLJI5I cTalLlIoHapHoH
CHCTel\1bI BpeM5I 3ana3,lI.bIBaHIiH npe,lI.CTaBJI5IeT C060H BeJIIII.III-

'-It tt "

HY, KOTOpa5I 1I3MeH5IeTC5I OT O,lI.HOH Ha3eMHOH CTaHlLHH K ,lI.pyroH.
,LLJI5I ,lI.pyrHx CHCTeM 3ana3,lI.bIBaHlie 6Y,lI.eT KOJIe6aTbC5I BOKpyr

.. 0

HeKoTopoIl cpe HeHBeJIHqHIIbI,  OCTHraH B xY,lI.weM CJIYIlae
MHHHMaJIbHbIX H MaKCHMaJIbHbIX B03MOJKHbIX 3HaqeHIIH. MO)K-
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HO 3aMeTHTb, O,lI,HaKo, qTO 06111Jle H3tvleHeHHH BpeMeHH 3ana3,lI,bI-
BaHHH ,lI,JIH Op6HTbI ,lI,aHHoH BbICOTbI OTHOCHTeJIbHO MaJIbi.

KPI1BbH:) YKa3bIBalOT TaK)Kf Ha B03l\10)KHOCTb YBf'JIlflleIIHH

nepeKpbITHH npH 60JIbIllHX BbICOTax Op6HT. TIpHMf'pHO ).\0

4 800 f(j1t nepeKpbITHe pacTeT nOqTH TaK )Ke, KaK 3ana3,lI,bIB3-

HHe. TIpu BbICOTax, npeBbIIllaIOIlI.H\: 11 100 KAt, pOCT nepeI<pbI-
TH5I 3aMe,LI}IHeTC5I, B TO BpeM5I Kah. 3ana3 bIBaHHenpo,n,OJI)KaeT

paCTH no-npe)KHeMY .

,lJJI5I 06eCneqeHHH nepf'KpbITH5I, npf'BbIIllalO eI'O paCCT05I-
HHe np 5IMOH BH,lI,I1MOCTH, ,lI,OJI)I HbI 6bITb npe,n,YCl\fOTpfHbI Ha3ervl-

Hwe peTpaHCJIHUHOHHwe CTaHUHH HJIH peTpaHCJI5IUHH Melli,lI,Y
I1C3. ,LLJI5I 3Toro CJIyqaH Bpf'MH 3ana3,lI,bIBaHHH nOKa3aHO

Ha c})HI'. 5. B3aHMHaH peTpaHCJIHILHH Mf'A<AY l1C3, HaXO,lI,5IlllJ1MH-
CH Ha MfHbIllHX BbICOTax, n03BOJI5IeT B 60JIbIlleii CTf'IH HHYBC-
JIHqHTb nepeKpbITHe npH HP60JIbWOl\1 YBeJIHqeHHH BpeMeIlH 3a-

n a3)J,bIBaHHH.

3aMf'HhI OAHoro "YIC3. BpeMH, Heo6'Xo,llJIl\Ioe)J}I5I BbIBe,lI,eIU1H cnYT-
I-IHKa Ha Op6I1TbI C BblCOTOH 11 100 H 35 810 KAt, npf',lI,CT3BJIf'HO
Ha (PHI'. 6, H KOTOpOH BII,lI,HO, qTO npH I\IHHHMaJIbHOH 3HeprHH,
Heo6xo HMOH,lI,JIH 3anycKa nOJIe3Hoi:i narpY3KH C M3KCHMaJIb-

HbIM BeCOM ,lI,0 BbIBo,n,a Ha Op6HTY cTaUHoHapHoI'o cnYTI-IHKa,
Tpe6yeTcH  5:ac, qTO nOlJTH B 3 pa3a 60JIbille, qeM ,lI,JI5I

Op6HT C MeI-IbWel1 BbICOTOH. B pf'M5I BbIBe,n,eHI15I Ha OPOHTY MO-

)KeT ObITb HeCKOJIbKO YMeHblueHo npn nCnOJIb30BaIIHH 60JIee

BbICOKI1X CKOpOuCTfH B KOHue aKTI1BHOI'O YlJaCTKa TpaeKTOpl1l1,
lIO nOJIYlJaeMblH npH 3TOlVI BblHrpbIlli OTHOCI1Tf'JIbHO MaJI, eCJIH

lIe HCnOJIb3YIOTC5I BeCbMa BbICOKl1e CKOpOCTH. 3TO 06CTOH-

Te",:bcTBo, KOHeqHO, 3HaqI1Tf'JIbHO CHH)KaeT BeJIHlJHHY nOJIe3-

HOM HaI'pY3KH.
OTKa3 annapaTypbI CTaUI10HapHOro I1C3, 6e3YCJIOBHO, BbI-

30BeT ,lI,OBOJIbHO ,lI,JIHTeJIbHbIH nepf'pbIB CB5I3H. Ha MeHbIlIHX

BblCOTax 3Toro nepepbIBa MO)KeT He 6blTb B Tex CJIyqaHX, Kor,n,a

I1C3 paCnOJIO)KeHbI no KOJIbUY, TaK KaK 3aMeHa I1C3 6y,n,eT
npoHcxo,n,HTb aBTOl\iaTHqeCKH. TIepepbIB, BbI3BaHHblH naBpe)K-
,lI,eHHel'vl I1C3, YM:eHbillHT 30HY nOCTOHHHoro nepeKpbITH5I HJIH

npHBe,lI,eT K KOpOTKHl\1 nepepbIBal\1 CBH3H. O,lI,HaKO 3Toro MO)KHO

H36e)KaTb nYTel\I BBe,lI,eHHH ,lI,OnOJIHHTfJIbHbIX peTpaHCJIH-
UHOHHblX yqaCTKoB.

5. CpOKH 3aMeHbI I1C3 Ha op6HTe

u

BHe3anHblH BbIXO,lI, H3 CTpOH annapaTypbI 11C3 MO)KeT npoH-
3011TH, H3npHMep, npH OTka3e HCTOlJHHKOB nHTaHH5I. B 3TOM

cJIYlJae HMeeT 60tlYJbillOe 3HalJfHHe BpeMH, Tpe6YloIILeecH ,lI,JI5I

!OJ

12

6. Tpe60BaHMSI K HC3-peTpaHCJISlTOpaM

OCHOBHblf Tpe6oBaHH5I K peTpaHCJIHUHOHHbIM I1C3 CJ1e,lI,Ylo-
IlI.He: 60JIblllOe nepeKpbITHf' 3f'MI-IOi-i nOBepxHocTH, BbICOKoe Ka-

lJeCTBO CBH3H H OTCYTcTBHe nepepbIBoB CBH3H.

Bonpoc 0 30Hax nepeKphITH5I paccMaTpHBaJICH BbIwe. 110-

CKOJIbKY 60J1billaH qaCTb rvle)K,lI,YHapO,lI,HbI'X cBH3eH ocy eCTBJIHeT-
u u

CH Me)J( Y paHoHaMH C BblcoKopa3BHToH npOMbIlIlJIeI-IHOCTbIO
Ii oc06eIlHo Me)K,lI,Y I'opO,lI,al\H1, OKOHeqHble 06CJIY)KI1BaeMble
nYHKTbI 06blqHO pacnOJIaI'alOTC5I B nOJIoce Me:tK,lI,Y 60° c. ill. H

40° 10. Ill. l103Tol\IY Y,lI,OBJIeTBOpI1TeJIbHOe nepeKpbITHe 3eMHoH

nOBepxHocTH MO:tKeT 6bITb ,lI,OcTHrHYTo nOCpe,lI,CTBOM BbIBO.l(a

I1C3 I-Ia JIIo6ylO .9KBaTOpHaJIbHYlO Op6HTY BbICOTOH OKOJIO

10 000 KM. (Heo6xo,lI,HMOe nepeKpbITHe MO)KHO 06ecne4HTb

TaK)Ke npn nOMOIILH HeCKOJIbKHX I1C3 C nOJI5IpHbIMI1 op611TaMH
BblcoTofr nOp5I,lI,Ka 6 500 KAt.) 3cpcpeKT {(Bblna,lI,eHH5I» I1C3 TaK)Ke

paccMoTpeH Bblwe. TIpH HCnOJIb30BaHHH cTaUHoHapHoH op-
6HTbI BbIna,lI,eHHe I1C3 HeH36e)KHO npHBe,lI,eT K nepepbIBY

"

10 2

HUlfG/lbHbIU YZ0/7 93/lCma 20°

....

t
/0'

100 -

8bl"oma
optJumb/
3S810KM

.

93 10-
10 J,'

CKopocmb 8 KOHqe OKmLl6'H:.JZO Y'locml(0J /(M/ceK

86/como opOllmb/ 171001<+1

cP II r. 6.
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CB5I3H, eCJIH TOJIbKO npHMepHO B O,l(HOM H TOM )Ke MeCTe He 6y-
,l(YT nOMeIII.eHbI ,l(Ba I1C3. 3TO He 065I3aTflJIbHO CnpaBe,l(JIMBO
Ha MeHbllIMX BbICOTax npH YCJIOBHH HcnO.TIb30BaHH5I COOTBeT-

u

CTBYIOIII.MX Ha3eMHbIX peTpaHCJI5IIlHOHHbIX cTaHu.MH.

7. BnH HHeOp6HT Ha KaqeCTBO CB 3"

TIapaMeTpaMH, KOTopble, 6e3YCJIOBHO, HMeIOT 3Ha4eHHe npH

Bbl60pe Op6HT II KOTopbIe MorYT OKa3aTb BJIHHHHe Ha Ka4eCTBO

CBH3H, HBJIHIOTCH TOJIbKO BpeMH 3ana3,l(bIBaHHH Hero H3MeHeHHH.

,LLJIH TeJIerpacpHOH CBH3H HaH60JIee Ba)l{HO H3MeHeHHe BpeMeHH
3arra3,l(bIBaHH H. COBpeMeHHble TeJIerp acpHbIe CHCTeMbI OCHOBaHbI

Ha rrpHMeHeHHH KoppeKTHpYIOIII.HX KO,l(OB. BHe3anHoe H3Me-

HeHHe BpeMeHH 3ana3,l(bIBaHHH npHBe,l(eT K nponYCKY 3HaKa HJIH

O,l(HOBpeMeHHOMY npHeMY ,l(BYX 3HaKOB. B JII060M CJIY4ae nepe-
,l(a4a 6Y,l(eT npepBaHa AO Tex nop, nOKa 01lIH6Ka He 6YAeT HC-

npaBJIeHa.
TIO,l(06HbIe H3MeHeHHH BpeMeHH 3ana3,l(bIBaHHH He 6YAYT

HMeTb MeCTa B CJIY4ae HCnOJIb30BaHHH cTau.HOHapHbIX I1C3 npH

YCJIOBHH Ha,l(JIe:tKameH cTa6HJIH3au.HH HX rrOJIO:tKeHHH. 3Toro

TaK:tKe JIerKO H36e)KaTb npH HCnOJIb30BaHHH Op6HT C ApyrHMH
BbICOTaMH nYTeM nepe,l(a4H nOTOKa HHcpOpMaU.HH OT O,l(HOrO I1C3

K ,l(pyrOMY B TOl\f CJIY4ae, KOr,l(a BpeMH 3ana3,l(bIBaHHH ,l(JIH HO-

Boro I1C3 CTaHOBHTCH paBHbIM BpeMeHH 3ana3,l(bIBaHHH ,l(JIH

CTaporo cnYTHHKa. TIpH 3TOM OLJeBH,l(HO, 4TO ,l(JIH TeJIerpacpHOH
CBH3H 6Y,l(eT npHrO,l(Ha JII06aH op6HTa. TIpH TeJIecpOHHOH CBH3H

H3MeHeHHe BpeMeHH 3ana3,l(bIBaHHH HMeeT MeHbllIee 3Ha4eHHe,

nOCKOJIbKY 3ana3,l(bIBaHHe Ha BpeMH ,l(0 35 .iHCeK rr04TH He 3a-

MeTHO. Bce )Ke 3ana3,l(bIBaHHe caMO no ce6e HerrpHHTHo, a ,l(eH-
CTBYH COBMeCTHO C ,l(pyrHMH cpaKTopaMH, OHO MO}KeT CTaTb

u u

cepbe3HOH nOMeXOH.

4T06bI y6e,l(HTbCH B 3TOM, paCCMOTpHM cxeMY rrpHeMa H

nepeAa1.Il1, rrOKa3aHHYIO Ha cpHf. 7. 3,l(eCb, KaK 06bI4HO, TeJIecpoH
HMeeT ,l(ByxnpOBO,l(HbIH BbIXO,l(. ,LLJIH pa3APJIeHMH CHrHaJIOB na

2 KaHaJIa nepe,l(a4H HCrrOJIb3yeTcH rrpHMeHHeMaH B ,l(aJIbHeH
CBH3H ,l(HcpcpepeHu.MaJIbHaH cxeMa COe,l(MHeHHH. TIOCKOJIbKY Ta-

KHe AHcpcpepeHu.HaJIbHble cxeMbI HecoBepllIeHHbI, 4aCTb 3HeprHH,
npHHHl\taeMoti CJIywaIOIII.HM a60HeHToM, B03BpamaeTcH K rOBO-

PHIllgMY. TaKHM o6pa30M, 4aCTb 3TOH OTpa)KeI-IHoH 3HeprHH
rrpOXO,l(HT 4epe3 ,l(HcpcpepeHILHaJIbHYIO cHcTeMY fOBOpHmero,
TaK 4TO OH caM H CJIywaIOIII.HH ero a60HeHT rrpHHHMaIOT 3XO-

--r---
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CHrHaJIbI. 3xo, BocnpHHHMaeMoe CJIywaIOIII.HM a60HeHTOM,
KOHe4Ho, CJIa6:fl, TaK KaK OHO oCJIa6JIeHO ABa)K,l(bI. I1HTflpecHO,
4TO rOBOp5IIII.HH a60HPHT 60JIee Bcpro nO,l(Bep)KeH B03,l(eficTBIHO
3xa, KOTopoe fvlO:IKeT BbIHY,l(HTb ero 3aMe)I.JIHTb CBOIO pe4b,
Ha4aTb 3anl1HaTbCH l1JIl1 )I.a)Ke 3aMOJI4aTb. I1HTPHCHBHOCTb 3TO-

ro 3cpcpeKTa 3aBHCHT OT IIHTeHCHBHOCTH 3XO-Cl1rHaJIa H BPPMPHH
3arra3,l(bIBaHH5I. I-Ia cpHr. 8 nOKa3aHbI peKOMeH,lI,OBaHHble IVle)K,l(y-
Hapo,ll)-lbIM KOHCYJIbTaTHBHbUvt KOMHTeTOM no TPJIecpoHHH II TP-

JIerpacpHH (1\\K.K.TT) BeJIH4HHbI ,l(orrycTHrvroH HHTf'HCHBIIOCTH

» ..
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9XO-CHrHaJIa B 3aBHCHMOCTH OT BpeMeHH 3arra3,l(bIBaHHH. 3,l(eCb
npe,l(CTaBJIeHbI ,l(Ba CJIY4a5I. BepXHHH KpHBaH OTHOCHTCH K CXfl-

Me, H306pa:iKeHHOH Ha cpHf. 7. Ha HH:lKHeH KpHBOH npe,l(CTaB-
JIflHa ,l(OnycTHMa5I HHTflHCHBHOCTb 3XO-CHfHaJIa npl1 HCrrOJIb30-

BaHHH
u

nO,l(aBJI5IIOll1,HX YCTPOHCTB. 06bI4Hoe nO,l(aBJI5IIOmee

YCTPOHCT O3aMbIKaeT HaKopoTKO O)I.HY u.enb, B TO BpeM5I KaK

no ,l(PyroH nepe,l(aeTC5I pelJb. OlJeBHAHO, 4TO TaKHe nO,l(aBHTeJIH
06ecne4HBalOT 3Ha4HTeJIbHOe YBeJInlJeHHe ,l(OnYCTHMOi:f HHTeH-

CHBHO TH.3XO-CHrHaJIa. OAHaKO rrpH HCrrOJIb30BaHHH TaKHX

YCTPOHCTB B03HHKaIOT ,l(OnOJIHHTeJIbHbIe TPYAHOCTH, CBH-

3aHHble C rrOJIHbIM npeKpameHHeM CBH3H, KOTopoe npOHCXO,l(HT
B CJIYLJae, eCJIH 06a a60HeHTa nbITalOTCH rOBopHTb OAHOBpeMflH-
HO. B 3TOl\1 CJIY4ae 06e IlpnH OKa3bIBaIOTCH 3arvlKHYTbIMH Ha-

KOpOTKO H C006ll1,eHHe rrepe)I.aBaTbCH He 6YAeT.
TIp06JIeMbI, CB5I3aHHbIe C BpeMeHeM 3ana3AbIBaHH5I, 3XO-

CHrHaJIaMH H rrOJIHbIMH rrpeKpaIILeHH5IMH CB5I3H, H3BeCTHbI

,l(aBHO. BnepBbIe C 3THMH np06JIeMaMH BCTpeTHJIHCb rrpH HC-

nOJIb30BaHHH HarpY}KeHHbIX B03,l(YWHbIX rrpOBO,l(HbIX JIHHHH

..
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TaK KaK Ha3eMHhle cTaHu.llll, pa60TalOllI.He C O,[(HIIM I1C3, 6YAYT,
nO-BHAHMOMY, HCnOJIh30BaTh pa3HhIP lJaCTOTbI, TO nOJIOCa lIaC-

TOT, 3aHHMaeMa5I CHCTeMOH CTau.HOHapHbIX I1C3, 6y,[(eT 60JIhllle,
lJPM 3aHHl\1aeMaH CHCTeMOH 113C Ha Op6HTaX MeHbllleH BbICOThI.

O,[(HaKO BCJIe,[(CTBHe HepaBHOMepHOrO pacnpe,[(eJIeHH5I B03-

MO)KHhIX a60HeHTOB no 3e:MH0l\1:y wapy MaKCHMaJIhHOe lIHCJIO

 TaHu.HH,06CJIY)KHBaeMbIX cTau.HOHapHbIM I1C3, TOJIhKO B ,[(Ba

pa3a npeBbIlllaeT lJHCJIO Ha3el\1HbIX cTaHUJIH, 06CJIY}l(HBaeMbIx
I1C3 Ha HH3KHX op6HTax, If n03ToMY Tpe6yeTcH npHMepHo
B J(Ba pa3a 60JIbllla5I nOJIoca lIaCTOT. ,I:Lo 1970 r. 3TO 06CTO51-

TeJIhCTBO lie 6YJ(eT, nO-BH,[(HMOMY, HrpaTb cYllI.eCTBeHIIolI pOJIH,
TaK KaK He06xo.1l.HMa5I nOJIoca qaCTOT .1l.JI5I 11C3 Ha HH3KHX op-
6HTax COCTaBHT ------500 M2lt, a J(JIH cTau.HoHapHoH Op6HThI-
1 000 Melt. nporH03 HHTeHCHBHOCTH pa.1l.Ho06MeHa Ha 1980 r.

YKa3bIBaeT, OJ(HaKO, Ha TO, lJTO CHCTeMa C HH3KOH Op6HTOH no-

Tpe6yeT nOJIOcy lJaCTOT 1 500 Melt, a CHCTeMa CO CTalI.HOHapHbI-
 1Hop6HTaMH - OKOJIO 3 000 MeLt.

BrrOJIHe B03MO)KHO pacrrpeJ(eJIHTh lJaCTOThI Me)K,[(y CHCTeMaMII
CBH3H, HCnOJIb3YIOllI.H1IH 11C3, H Ra3eMHbIMH CJIY}I{6aMH, HO

J(onOJIHHTeJIhHaH nOJIOca lJaCTOT, Tpe6yervlaH cHcTe 10HCO CTa-

U.IIOHapHOH Op6HTOH, YCJIOlKH5IeT 3a,[(alJY. OTCIO,lLa MO)KHO c.1l.e-
JIaTb BhIBO,lL, lJTO CHCTel\lhI C 6JIHlKHHMH Op6HTaf\.IH C 3TOH TOlJKH

3peHHH HBJIHIOTCH 60JIee rrpHer\  lel\lhIMH.

u

C MaJIOH CKOpOCTbIO pacnpocTpaHeHH5I 3JIPKTpOMarHHTHoH 3Hep-

rHH. COBpeMeHlIbIP CBLl paAHOpeJIeMHble JIHHHH n04TH cBo60,l(-

RbI OT 3THX HBJIeHHM. I1pM HcnO.Hb30BaHIIM 11C3 3Ta np06JIeMa
B03HHKaeT CHOBa BCJIe.1l.CTBHe 60JIblilOM npOT5DKeHHOCTH Tpacc.

35

30 MKKTT

25

5

50 100 ISO 200 250

BpeMR ooycmopoHHBU 30dep}f(Kll, MceK

<pnr.8.

B HaCTOHIlI.ee Bpervl5I B 3TOH 06"lacTH npOBO)J,5ITCH lllHpoKHe

fiCCJIejJ.oBaHH5I. TaK, HanpHl\lep, KOl\lnaHH5I «AMepHKeH TeJle-
. u

cpOH 3H,l( TeJIerpacp KOl\lnaHH» B CBoeM OTBeTe <PeAepaJIbHOl1 KO-

rvlHCCHH CBH3H C006IlJJilJIa, lIfO no npe,IT,BapHTeJIbHbIM ,[(aHHhIl\1

BpeMH ABYXCTopoHHero 3ana3,l(hIBaHHH 0,6 CCK y)Ke BeChMa He-

)KeJIaTeJIbIIO, a 3arra3,[(bIBaHHP, paBHoe 1 eeK, cOBepllleHHo He-

.1l.0nYCTHMO. B031\fO)KHO, l.ITO B 06JIaCTH TeXHHKH nOAaBJIPHHH

3XO-CHrHaJIOB 6YAYT C,lI,eJIaHbl 3HalJHTeJIbHble ycoBeprneHcTBo-
BaHHH QTO n03BOJIHT HCnOJIb30BaTb I1C3 Ha 60JIPe BbICOKHX

,

op6HTax. O,[(HaKo npH HCnOJIh3yeMoM B HaCT051 eeBpeMH 060-

Py,[(oBaHHH BbICOTbI Op6HT nop HjJ.Ka 9 560 K.kt HBJI 51IOTC5I, no-

BHjJ.HMOMY, l\1aKCHMaJIbHbIl'vIH, n03BOJIHIO Hl'vIHp e06ecnp4HTb

BblcoKoKa4ecTBeHHYlo TeJIecpoHHYIO CB5I3b.

8. BJIMSlHMe BblCOTbI Ha Bbl60p 1.JaCTOT

B cppjJ.HeM OAHH cTaUHoHapHbIM I1C3 l\lO)I{PT 06CJIYiKHTb
u

B TPH pa3a 60JIbllle Ha3eMHhlX CTaHUHH no cpaBHPHHIO C CHCTP-

MOlI 113 10 11C3, HaXO,[(H HXCHHa op6HTax BbICOTOH  10000 KAt.

'I

I
.'1
'fJ

9. OOI1\M" BbIBO)J. no peTpaHCJ1S1 MOHHbIMHC3

113 npl1Be,[(eHHoro Bblwe KpaTKoro aHaJIH3a MO}l{HO 3aKJIIO-

lJHTh, lJTO ,L(JI5I peTpaHCJIHu.HH C006llI.eHHM Me)K,lLy pa3JIHlIHbIlVIH
u

nYHKTaMII 3eMHOH nOBepXHOCTH cTau.HOHapHLIe I1C3 MeHee

BblrO.1l.HhI, LIeM I1C3 C MeHee BhICOKHMH op6HTaMH, H lJTO Ha npaK-
THKe C au.HOHapHbIll11 3He MO}l{eT 06ecne4HTb Y,lI,OBJIeTBOpH-
TeJIbHOH CBH3H. TaKoH I1C3 HeH36e}l{HO 3aMMeT 60JIbillYlO
lJaCTh HMeIOllI.erOCH cneKTpa lJaCTOT. IlepepbIBbI CB5I3H 6Y,L(YT
60JIee .1l.JIHTeJIbHbIMH. ,I:LJI5I 06CJIY}l{HBaHH 51 onpe,neJIeHHOH Tep-
pl1TOpHH nOTpe60BaJIHCh 6hI 60JIee MOllI.Hble paKeThI. HaKOHeu.,
Ha1\1 npe,L(CTaBJI5IeTCH, lITO BpelVUI Sana3,lLbIBaHHH CHrHaJIOB 6Y.1l.eT
CJIHlllKOM 60.HblllHM, BCJIe,L(CTBHe lJero He MO)KeT 6bITh 06ecne-
lIeHO Y,lLoBJIeTBOpHTeJIhHOe KaQeCTBO CBH3H. XOTH npH .1l.aJIbHeti-
lllHX pa3pa60TKax KaQeCTBO CB5I311 MO}l{eT 6bITh YJIYl.IllleHO,
OCTaJIhHble rrepelJHCJIeHHble He,[(OCTaTKH Bce }l{e OCTaIOTCH. I1c-
XO,L(H H3 3Toro, CJIejJ.yeT 3aKJIlOlJHTb, lJTO peTpaHCJI5Iu.HOHHa5I

-.-
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CBH3b lIepe3 I/IC3 ,lI.OJDKHa ocy eCTBJIHThC5IC HCIlOJIb30BaHHeM

60JIee IIH3KHX Op6HTaJIbHbIX BbICOT. BbICOTbI OKOJIO 11 100 K!vt

CJIe,lI.yeT ClJHTaTb OIlTHMaJIbHbIl\tllf C TOlIKH 3peHH5I 30H rrepeKpbI-
THH If xapaKTepHcTHK CHCTeMbI.

B Ta6.J1. 1 npHBe,lI.eHbI 3HalJeHH5I  10IllJIOCTH nepe,lI.aTI-IHKa,

Tpe6yeMoH AJIH Tpex cTaH,lI,apTHblx h..aTeropHH TeJIeBH3HOHHbiX

CHrHaJIOB IlpHIIHTbIX B CIilA. B Ta6JIHlLe npHBe,lI.eHbI BeJIHlJHHbI,

paCClJHTa;Il-Ible ,lI,JI5I nOJIHOH 30HbI nepeKpbITH5I cTalLHoHapHoro

I1C3, H 3HalJelIH5I nJIO aAeH,KOTopble MorYT 6LITb nepeKpbITbI

Be aHHeM,eCJIH MOmHOCTb nepeA3TlJHKa OrpaHHlJHBaeTC5I Be-

JIHlJHHOH 50 Kam.
Ta6/llll{a 1

10. MCnOJlb30BaHHe CTa "OHapHOroI1C3 ,lI..TUI pa "OBelIJ.aHHSI

IlpH HCrrOJIb30BaHHH I1C3 AJI5I paAHoBe aIIHH rJIaBHbIMH

cpaKTopaMH HBJIHIOTC5I KalJeCTBO 06CJIY)KHBaHHH CJIyw3TeJIeif
11 CTOHMOCTb 3Toro 06CJIY)KHBaHHH. Ilpe,lI.cTaBHM ce6e, I-Ianpl1-
l\1PP, lITO 100 M.nH. lJeJIOBeK meJIaIOT npHHHMaTb nepeAalJH I1C3.
3TO npHMepHo paBHO lJHCJIY TPJIeBH30pOB, HI\1eIO HXC5IBO BceM

MHpe B HacToHIlIge BpervI5I. ECJIH 6bI paCXOAbI Ha CnelLHaJIbHOe

060PYAOBaHHe COCTaBJI5IJIH 10 ,lI.OJIJI. Ha Ka)K,lI.Oro p3,lI.HOCJIywa-
TeJI5I, TO KanHTaJIOBJIO)KeHHH, KOTopbIe MO)KHO 6bIJIO 6hI cAe-
JIaTb 3a ClJeT MaCChI pa,lI.HOCJIywaTeJIeH, COCTaBHJIH 6hI KpynHYIO
CYl\1MY B 1 MJIPA. AOJIJI. 4T06hI OrpaHHlJHTh 3TH KanHTaJIOBJIO-
)KeHH5I pa3YMHbIM ypOBHeM, paAHOBe aTeJIbHbIHI1C3 AOJI)KeH
pa60TaTb COBMeCTHO C COBpel\IeHHOH THnOBOH npHeMHOH anna-

paTYPOH. 3TO 03HalJaeT, lJTO paAHOBemaTeJIbHble nepeAalJH
C I1C3 AOJI)KHbI HMeTb CTaHAapTHbIe xapaKTepHCTHKH C ypOB-
HHMH, THnHlJlIbIMH AJI5I COBpeMeHHbIX CHCTeM, npH KOTOpbIX
MorYT npHMeH5ITbC5I CTaHAapTHbIe aHTeHHbI. 110 C006pa)KeHHHM
CTOHMOCTIf CJIeAH HeaHTeHHbI OKa3bIBaIOTC5I HenpHeMJIeMbIMH.
B pe3YJIbTaTe rrpHXOAHM K BbIBOAY, lJTO paAHOBe aTeJIbHa5ICHC-
TeMa C npHMeHeHHeM I1C3 AOJI)KHa 6a3IIpOBaTbCH Ha nCrrOJIb-

30BaHHH CTalLHOHapHOH Op6HTW.
,LLJI5I OlLeHKH B03MO)KHOCTeH paAHOBe aHHHpaCCMOTpHM OA-

ny H3 B03MO)KHbIX CHCTeM. IlOCKOJIbKY TeJIeBH3HOIII-IOe BeIl.\aHHe
5IBJI5IeTC5I HaH60JIee CJIO)KHbIM, AJI5I rrpHfvlepa BbI6paH 3TOT THTI

Be aHH51. HH)l(e 6YAYT rrOKa3aHhI HeKOTopble B03MO)l{HOCTH

C03AaHH5I MeHee CJIO)KlIbIX CHCTeM Re aHH5I.

MOll\1I0CTb nepeJJ,aTlJl1Ka II 30Hbl 06CJ1Y)KIIBaHIlSI
TeJ1enU31tOH HblM Bell\au iteM

KaTcropllH
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11. TeJleBH3HOHHblH nepe aTLJ"K

Tpe6yeMYlO MOllI.HOCTb 60pTOBoro TeJIeBH3HOHHoro nepeAaT-
l{HKa npOllI.e Bcero paCClJHTaTb, onpeAeJIHB 3HeprHIO Ha eAHHHlLY
nJIOllI.aAH, He06xOAHMYIO AJIH 06eCnetIeHHH onpeAeJIeHHOrO
ypOBHH CHrHaJIa, H YMHO)l(HB 3TY BeJIHllHHY Ha BCIO rrJIO a,lI.b,
nepeKpbIBaeMYIO BemaHHeM C I1C3.

t;
..

113 3TOH Ta6JIHU\bI BHAHO, lITO OAHH nepeAaTll K MO)KPT 06-

CJIY)KHTb BemaHHeM BCIO BH)J.HMYIO lJaCTb 3eMHOH nOBepXHOCTI1

TOJIbKO rrpH CaMOl\tl HH3KOM ypOBHe rrpHHH!vlaeMoro CHrHaJIa.

TaM, rAe :tKeJIaTeJIbHO 06eCnelJHTb 60JIee BbICOKoe KaqeCTBO Be-

llI.aHH5I, 30HY 06CJIy:tKHBaHH5I He06xo,IJ.HMO orpaHHLIHTb. Be-

w.allHe KaTeropHH «A» npH nCnOJIb30BaHHH nepeA3TIIIIKa

MOIllJIOCTbIO 50 Kern OXBaTbII3aeT lJaCTb TeppHTopHH CiliA,

JIC)KallI.YIO 130CTOtIHee MHCCHCl1nH H paI3HYIO no pa3MepaM.

TeppHTopHH 3ana TLHOi'I EBpO bI. TaKa5I 30lla ncp KpbITHH
npeJI,cTaBJIHCTC5I JLOCTaTOLIIIOl1. Olla I1MeeT npeIlM) llI.eCTI30,

3aKJIIOII3IOllI.eeC5I B OrpaHHlJel-IHH 30HbI 06CJIY)KHI3aIlHH JLBY-

MH BpeMellllblMH nOHcaMH. 3TO :tKeJIaTeJIbHO C TOqKH
u

3peHH51

y,lI,06CTBa TIJI a HHpOl3aHHH nporp a 1\11\1 B II aCLI TI p5Il\lOH 1311 Q.II-

MOCTH HC3.

OOCKOJIbKY OCHOBHoe rrpeHMYI.lLeCTBO pa)1.HOI3e aTCJlh-
HbIX I1C3 COCTOHT B B031\10)KHOCTH nepeKpblTH5I BceH 3eM-

HOll nOBepXHOCTH, TO npe,lI,CTaBJI5IeTC51 ll.eJIeC006pa3Hbl1\1

060pYJlOBaTb I1C3 HeCKOJIbKHl\1H nepeJI,aTIIHKalYIH. O,lI,HH HJIH

,l:LBa H3 HHX ,LLOJI)KHbI HCnOJIb30BaTbCH ,lI,JIH 06CJIY)l(HBaHHH
BI1)JJIMOi1 qaCTH 3el\1HOfl rrOBepXHOCTH. O,lI,I1H lIJIlI 60.nee AO-

rrOJIHHTeJIbHbIX nepe,lI,aTlJIIKOB AOJI)KHbI 06eCne
u

qHBaTb 06CJIY-
)KHBaHHe OrpaHHQeHHbIX paHOHOB C 13bICOKOH nJIOTHOCTblO

,

t

--t--
.
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HaCeJIeHHH. B OnbITHbIX 06pa3[(aX HC3 I\10)KHO HCrrOJIb30-

BaTb JII060fl 113 MeTO,LLOB, HO, rrO-BH,QHl\10I\1Y, Ha nepBbIX I10-

pax CJIC,LLyeT npe,lJJl0QeCTb 06CJIY)KHBaHI1e BeIl.{aHHeM 60Jlb-
u

lllI1X nJIOIILa,QeH.

t 2. nepCneKTI1Bbl TeJIeBI13110HHOro BelI\aHI1SJ C nOMOll(blO HC3

I10pe aT4HKM lOIlJJIOCTbIO 50 Kern I-IP l\10rYT 6bITL MHIIHa-

TIOpHbIMM, H, KpOMe Toro, rroTpe6JI5IervlaH HMM MO HOCTbBeJIH-

Ka. BBH Y3Toro TeJIeBH3HOHHoe Be aHHeHe MO)KeT 6bITb pea-
JIH30BaIIO C MCnOJIb30BaHHel\1 MaJIbIX paKeT. I1epcrrPKTHBbI BHe -
peHH5I TeJIeBM3HOHHoro Be aHH5IC rrOl\10lll.bIO MC3 no rOA3M
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npe CTaBJIeHbIHa <pHr. 9 H 10. Ha HMX npIIBe eHbIcOBpeMeHHbIe
 aHHbIe0 Becax rrOJIe3HbIX HarpY30K H MOlll.HOCTH MCTOllHHKOB
nHTaHH5I KocMH ecKHxKopa6JIeH, a TaK)Ke nporH03 Ha 6y y-
ll.(ee, HCXO Hll(HMM3 rrOCT05IHCTBa rrpOI1.eHTa rrpMpOCTa. flpeA-
nOJIaraeTC5I, qTO rrepeAaTllHK MO HOCTblO50 Kern 6y eTBeCHTb
4 500 K2, a CYMMapHa5I MOll(HOCTb nepBMllHbIX MCTOllHHKOB nM-

TaHM5I I1C3 AOJI)KHa COCTaBMTb -----400 Kenl, BKJIIOllaH nOTpe6-
HOCTH rrepe aTqHKOB 3BYKoBoro conpoBO}KAeHMH. TIpe rroJIa-
raeTC5I, lITO OAHH 50 Kern rrepeAaTqHK MO)KeT 6bITb YCTaHOBJIeH
Ha I1C3 rrpMMepHo llepe3 7 JIeT. CMcTeMa C HeCKOJIbKHMH rrepe-
AaTllHKaMH MO}KeT rrOHBHTbC5I B nepHoA 1970-1975 rr. 3TO rro-

--t--
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.

Ka3bIBaeT, qTO TeJIeBH3HOHHbIH I1C3 He HBJI5IeTCH AeJIOM ce..

rO)J.H5IIIlHerO AH5I. O HaKOrrepHO)1. B 10 JIeT npaKTMllecKH HeBe-

JIMK. 3TO 3HaqHT, qTO eCJIH l\1bI HaMepeHbI BBeCTH TaKYIO CMCTe-

MY Tor a, Kor aypOBeHb TeXHMKH 3TO rr03BOJIMT, TO Y)Ke
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ceHllac He06xo MMOnpHcTyrrHTb K HCCJIe)1.0BaHHIO, o6CY}K)1.eHHIO
u

H rrJIaHHpOBaHMIO 3TOH CMCTeMbI.

13. HeKoTopble Bonpocbl, nO)J,JIe}l{a He H3YlfeHHIO

3aMaHIIHBa5I B03MO)KHOCTb oCYll(ecTBJIeHH5I BceMMpHoro Te-

JIeBH3HOHHoro Bell(aHM5I MO)KeT 6bITb peaJIM30BaHa rrpoll(e -Bcero

npH rrOMOll(H CMCTeMbI M3 Tpex I1C3, Ka)l{ bIHM3 KOTOpbIX 06-

CJIY)l{HBaeT oTBe)J,eHHYIo eMY 30HY. AHaJIH3 pa3Melll.eHH5I MaTe-

pHKOB H HaCeJIeHMH rrOKa3bIBaeT, qTO I1C3 He )J,OJI)KHbI Haxo-

AMTbC5I Ha paBHbIX paCCTOHHM5IX M qTO HaHJIYllIIlero nepeKpbI-
THH 3eMHOH nOBepXHOCTH MO)KHO )J,OCTHllb, eCJIH I1C3 6Y)J,YT Ha-

XO MTbCHHaA MepH MaHaMH100
0

3. )1.., 30
0

B. )J,. H 120
0

B. ,lL.

TIOJIYllaiOll(eeC5I npH 3TOM pacnpe)1.eJIeHMe 30H 06CJIY)KHBaHH5I
nOKa3aHO Ha <pur. 11.

BLICOKOKaqeCTBeHHoP BPlnaHHe CJIe yeT orpaHIIllMTb, no-

BH,lI)1MOMY, 06JIaCTHMM C pa3BMTofI rrpOMpIlIlJIPHHOCTblO, pac-
nOJIO)KeHHbIMH B YMepeHHbIx llIMpOTax. Ha cpHr. 12 nOKa3aHO

-
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B03MO)KHOe paCnpe eJIeHH 30H 06CJIY)I{HBaHH5I, 06eCneLII1B e-
MOe C nOMollLblO TpeX n pPAaT4I1KOB JI5ICIlIA, Tpex  JIR101l{-

HOH AMepHKH H T. A. TaKoe pacnpe):LeJIeHHe npe):LJIo:tKeHo AJI5I
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H3Y4eHH5I Bonpoca. OKOH4aTeJIbHOe pacnpe eJIeHHe30H 06CJIY-
lliHBaIlH5I  OJI)KHO6bITb YCTaHOBJIeHO C Y4eTOM nJIOTHOCTI1 pac-

u

npe)J,eJIeHHH TeJIe3pHTeJI H II MeCTH XHHTepeCOB.

)KeJIaTeJIbHO npHH5ITb CHCT MYH3 Tpex HC3 B KaLI CTBe

THnoBoH. Ka)K)J,bI1I I1C3 6Y)J,eT cO)J,ep)KaTb 2 KaHaJIa )J,JI5I o6cJIY-
lliHBaHH5I oTBe eHHoHeMY 30HbI H 6 KaHaJIOB )J,JI5I orpaHH-
LIelIHblX paHoHoB. CooTBeTcTBY10llI.He aHTeHHbI )J,OJI)KHbI 6bITb

cTa6HJ1U3HpOBaHbI no OTHoweIlHlO K 3eMJIe. TaK KaK KOCl\1]fl{e-

CKHe Kopa6JIH cooTBeTcTBYIOllLHX pa3Mepos, IH COl\IHeHI-IO,

6Y)J,YT 06CJIYlliHBaTbcH JIlO)J,bl\1H (liTO 06ecne4HT l\leHblliHe pac-

XO)J,bT M 60JIbllIHfI CpOK 3KCnJIyaTaUHH), 6bIJIO 6bI llieJIaTeJIbHO

C03)J,aTb HCKYCCTBrHHoe nOJIe T5IrOTeIIH5I, I1CnOJIb3YH BpaIlLe-

HHe I1C3. B 3TOl\1 CJIY4ae )J,OCTHraeTC5I eCTeCTBeHHa5I opHeH:aUHH
I1C3, npH KOTOpOH ero OCb BpalI(eHH5I napaJIJIeJIbHa 3eMHOH OCH,

+-

5. HcnOAb30eaHue cmal{lloHapflblx HC3 111

a aHTeHHbI paCnOJIO)KeHbI Ha KOHuax OCM I1C3. AHTeIIHbI,
Bep05lTHO, MorYT ObITb BbInOJIHeHbI B BH e60JIblllHX rrapa60JIOH-
)J,OB pa3M paMH60 X 90 At Ka)K)J,bIH )J,JIH 06CJIY)KHBaHH5I orpa-

u
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CP H f. 12.

MaJIbIX aHTeHH - )J,JIH 06llLerO nepeKpbITH5I 3eMHOH nOBepXIIOC-
uTH H npHeMa CHrHaJIOB, nepe)J,aBaeMbIX C Ha3el\IHbIX CTaHUHH..

)I\H3HeHHO Ba)KHa5I annapaTypa lVlorJIa 6bI pa3MellLaTbCH
B u.eHTpaJIbHOH TOpOH)J,aJIbHOH LIaCTH Kopa6JI5I. HaH60JIee Be-

p05ITHOe 3H3lleHHe pa60QeH QaCTOTbI 6YAeT, nO-BH)J,HMOMY,
nopH)J,Ka 500 Mc?t{.

14. 60JIee npOCTble BMJJ.bl paJJ."08e aHMH

113 rrpHBe)J,eHHbIX BbIllle paCCY)K)J,eHHH CJIe)J,yeT, LITO OCYllI.eCT-
BJIeHHe CHCTeMbI rJI06aJIbHOrO TeJIeBH3HOHHOrO BellI.aHH5I
5IBJI5IeTCH Qpe3BbILIaHHO CJIOLKHOH 3a)J,a4eii. 3TO 3HaLIHT, lITO KOC-

-
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5. HcnOAb308afLue cmal{uoflapHblx I1C3 ]13

MHqeCKOe pa HoBemaHHe OJI)KHOHaqaTbC51 C 60JIee npOCTbIX
BH OB.Bep051THO, HaHJIyqlllHM BH OMTaKoro BemaHH51 6bIJIa 6bI

BbICOKOKaqeCTBeHHa51 nepe aqapeqn H MY3bIKH C HCnOJIb30Ba-

HHeM qaCToTHoti MO YJI5IIJJ1H. HeKOTOpble paCqeTbI, BblnOJIHeH-

Hble  JI5I 3Toro CJIyqa5I, nOKa3bIBar-OT, qTO BbICOKoe KaqeCTBO

Ha3HaqeHHbIM  JI5I nepeKpbITH5I 60JIblllHX TeppHTOpHH. 3anYCK
TaKoro I1C3 Mor 6bI 6bITb ocymeCTBJIeH B 1968-1970 rr.

50JIbllla51 MHorOKaHaJIbHa51 CHCTeMa C 3KHnallieM 110rJIa 6bI
nOCJIe OI3aTb 3a HHl\I npHl\lepHO qepe3 10 JIeT.

t 5. CBoJ],Ka OCHOBHblX clJaKTopoB, BJII1S1IO I1X
Ha KOCMMlJeCKOe pa.n110Bel aHl1e

B03MO)KHOCTb opraHH3all,HH KOCMHqeCKoro pa)JJ1oBeI.IJ.aHHH
3aBHCHT OT qeTbIpex cpaKTopoB. IlepBbIM 113 HHX 51BJI5IeTC5I Tex..

HHQeCKa5I np06JIeMa OCYI.IJ.eCTBJIeHH5I BbICOKOKaqeCTBeHHoro pa-
 HOBeIlI.aHH5IH3 KOCMoca. BbIlile 6bIJIO YKa3aHO, lITO pa HOBe-
I.IJ.aHHe C 4M MOlKeT 6bITb OCYIl1.eCTBJIeHO B KpaT4aHlllHH CpOK,
a onbITHoe O HOKaHaJIbHOe TeJIeBH3HOHHoe BeI.IJ.aHHe Qepe3
5-10 JIeT.

BTOpa5I np06JIel\la CBO HTC5IK HeCOBMeCTHMOCTH, B03HHKalO-
u u

I.IJ.el1 BCJIe CTBllepa3JIHQl1H B CTaH apTaxCHrHaJIOB H B THnax
u

npHeMHHKOB, a TaK)Ke BCJIe CTBHeH3MeHeHHl1 qaCTOT, npe o-
CTaBJIeHHbIX  JI5I KOCMI1QeCKOrO BeI.IJ.aHH5I. CJIOlliHOCTb npo6-
JIeMbI M01KHO BH eTb H3 Ta6JI. 2, B KOTOpOH npe)J,cTaBJIeHbI
cOBpelVleHHbIe TeJIeBH3HOHHbIe cTaH apTbI.

MeXGHU3M
opueHmOlillU

CnUpO/7bHOR
OHmeHHD

Ta6AUl{a 2.

COBpeMeHHwe TeneBH3HOHHwe CTaH apTW

CTpaHa
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<I> II r. 13.

nepe)J,aGH MO}KeT 6bITb o6eCneQeHO npH fvrOmHOCTH nepe aT.:HKa
I-Ia 11C3, paBHOH ----- 1 500 em, If npn o6ru.eM Bece nOJIe3I-IOH Ha-

rpY3KH -----225 Kc. 113 cpHr. 11 H 12 BH HO,GTO 3TO  OCTH}KHMO

npH cOBpeMeHHOl\l ypoBHe TeXHHKH.

Ha cpHf. 13 nOKa3aH 3CKH3 I1C3, npe Ha HaGeHHOrO JI5I
pa HoBemaHH5I,C naHeJI5IMH COJIHeGHbIX 6aTapeH. 11C3 cTa6HJIH-

3HpyeTC5I TaR, GTo6bI ero BepTHKaJIbHa OCb 6bIJIa HanpaBJIeH 
K lLeHTpy 3eMJIH. Bparu.eHHe BOKpyr 3TOH OCH H HaKJIOH naHeJIeH

npHMeH5I10TC5I  JI5IHaH60JIee 3cpcpeKTHBHoro HCnOJIb30BaHH5I COJI-

HeGHOH 3HeprIfH. CnHpaJIbHa51 aHTeHHa npHMeHeHa  JI51YCTpa-
HeHH5I BJIHHI-IH51 Bparu.eHH51 Kopa6JI5I Ha BeJIHl.JHIIY CHrHaJIa 
BCJIe 3a 3THM onbITHblfvl I1C3 MO)KeT 6bITb 3anymeH onbITHbIH

3BTOMaTHI.IeCKHH TeJJeBH3HOHHbIH 1-'1C3 C O,DJIHM KaHaJlOM, npe)1.-

;-: 
 cv
o
'-<

UcQ
 o
::reo

ABCTpll51 . . . . . . 625 50 7 5,5 4M
EeJIbfH5I . . . . . . 625 50 7 5,5 A!\\

<DpaHLLIIH . . . . . . 819 50 14 11,15 4M
BeJIIIK06pllTaHIIH . . 405 50 5 3,5 AM
CLUA . . . . . . . . 525 60 6 4,5 4M
HOBa51 peKoMeH)J.aI..J.I1H

1\1I\I(P . . . . . . 625 50 8 6,5 4M

OQeBH HO,6bIJIO 6bI )KeJIaTeJIbHbIM HMeTb e HHbIHcTaH)J,apT,
HO B03MOIKHO HCnOJIb30BaHHe  BYXHJTH Tpex cTaH apToB-
5 3aK. 232
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no O)I,HOMY )I,JI51 Kalli)I,OH 30HbI, 06CJIYlliHBaeMOH CHCTeMOH H3

Tpex I1C3.

TpeTbeH np06JIeMOH 5lBJI51eTCH yqeT  a3JIHqHHB npHBWq-
Kax n 06bILIa51X HaCeJIeHHH pa3JIH4HbIX paHOHOB MHpa, a T3Kllie

nOJIHTHLIeCKHX II II)I,eo.nornqeCKIIX pacxolli)I,eHHII. B HeK01'opOH
crerreHII 3Ta np06JIel\1a 06JIer4aeTCH HaJIH4Hel\i Tpex OT)I,eJIbHbIX

I1C3, O)I,HaKO 3)I,eCb npH,LI,eTCH eme npeO)I,OJIe1'b l\IHOrO TPY)1.HOC-
"

Tell.

IlocJIe)I,HeH np06JIel\10rI 5lBJI51eTCH np06JIeMa H3bIKa. TIo-

Blf,lI,HMOl\1Y, O)I,HHM 113 paIJJIOHaJIbHbIX nO)I,XO)1.0B K 3TOH npo6-
JIeMe HBJIHe1'CH npe)1.0C1'aBJIeHHe )1.eJI eCTeCTBeHHOMY XO)1.Y CO-

6bITH1I, X01'H npH C03)I,aHI1H rJI06aJIbHOH CI1C1'eMbI BeIII.aHHH,

B03MOfKHO, n05IBHTCH TeH)1.eHUHH K Bblpa601'Ke HeK01'oporo

o6III.ero H3bIKa.

6.

MC"YCCTBeHH eCUYTH"""
3 e M JI ",

npHMeHSIeMble
1

,l(JISI CBSl3H

MIOJlJlep T4, Xe6el-llUmpeUm B., lllnel-lcJlep 34

16. CHcTeMa paJI,MOBemaHHSI Qepe3 I1C3 H cymecTBYIOll\He
l\1eTOJI,bI CBSl3H

,.

Pa)I,HOBeIII.aHHe C nOMOIII.blO I1C3 xapaKTepII3yeTC5I npelli)1.e
Bcero OXBa1'OM 60JIbIIlHX TeppIIToplIH, npocTlIpaIOIII.HXC5I OT

qaCTlI KOHTIIHeHTa )1.0 nOBepxHocTlI 3ervIHoro nOJIYIIlapII5I. X01'5I

06CJIYfKHBaHIIe MeHbIIlHX nJIOIII.a)1.eH TeXH1I4eCKH B03l\10mHO,

O)I,HaKO OHO 6bIJIO 6bI 3KOHOI\1H4eCKlI l\1eHee BblrO)I,HbIM no cpaB-
HeHHIO C ,lI,eHC1'BYIOIlIJ1l\IH B HaC1'OHIII.ee BpeM5I CHCTeMaMH, Y411-
TbIBa5I 3Ha4HTeJIbHYlO CT0l1lVI0CTb paKeT. TIo 31'OH np1I4HHe KOC-

MII4eCKoe pa,lI,HOBeIII.aHlIe CJIe,lI,yeT paCCMaTpHBaTb KaK )1.0nOJI-

HeHlIe K CYIII.eCTBYIOIII.HM MeTO)1.aM pa)1.HOBeIII.aHH5I4

t. BBe,neHHe

3a nOCJIe)I,HHe rO)1.bI 3Ha4HTeJIbHO aKTHBH31IpOBaJIlICb pa3"
pa60TKH B 06JIaCTlI ClICTeM CB5I31I C lICnOJIb30BaHIIeM HCKYCCT-
BeHHbIX cnYTHHKOB 3eMJIlI (I1C3). OCHOBHOH np1I41IHOH 31'0-

ro HBJIHeTC5I Bce 60JIee IIlHpOKoe npH3HaHHe CJIe,lI,YlOmHX nOJIO-

JKeHHII: 1) pa3pa60TKa CHCTeMbI CB5I3H C HCnOJIb30BaHHeM HC3
TeXHH4eCKH oCYIII.eC1'BHMa; . 2) 3KCnJIya1'au.H5I TaKoH CHCTeMbI

3KOHOMH4eCKH OnpaB,lI,aHa.
K CHC1'eMaM CBH3H C HCnOJIb30BaHHeM I1C3 npe,lI,'bHBJIHIOTCH

onpe,lI,eJIeHHbIe KOlVIMep4ecKHe II BoeHHbIe Tpe6oBaHIIH, npHQeM
cOBpeMeHHaH TeXHHKa n03BOJIHeT BblnOJIHIITh 3TH Tpe60Ba..
HHH.

B OCHOBe TeXHH4eCKOH ocymecTBHMOCTH TaKOH CIICTeMbI JIe-

)KaT CJIe,lI,YIOIII.He cpaKTopbI:
1. B npouecce II3rOTOB.neHIIH 6a.n.nIIc1'H4ecKHx paKeT 3Ha..

4II1'e.nbHO ycoBepIIleHcTBoBa.nacb TeXHo.norIIH IIX npOII3BO,lI,CTBa;
,lI,OCTHrHYTo 3Ha4H1'e.nbHoe y.nY4IIleHHe IIX xapaKTepHcTHK II no..

BbIIIleHIIe Ha,lI,eMHOCTH.

1 Muel lerG. E., Hebenstreit W. B., Spengler E. R.,
COlllmunications Satellites, Academic Press, Lnd. - N. Y., 1962,
p. 131-183.
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2. rIpn06peTeH onbIT H3rOTOB.,TJeHHH l1C3, HX 3anycKoB
B KOCMlIlfeCKoe rrpocTpaHcTBo II CBH3I1 C HHl\IH.

3. OOnOJIHHJII1Cb CBe,lI,eHIIH 06 ohpY)I{alOIlIJ1x YCJIOBIIHX
B KOCMoce II 06 IIX BJIHHHIIII Ha annapaTYPY.

4. Pa3pa60TaI-IbI 3JIeKTpH4ecKHe HCT04HlIKH nHTaHIIH,

npe06pa3YlOIlIJle COJIHe4H)'1O 3Heprillo HJIH HCnOJIb3YlOmHe

H,lI,epHOe lIJIH XIII\III4eCKoe TOnJIHBO.

5. C03)J.aHbI npHel\1HHKI1 co CBepXHH3KIIM ypoBIIel\1 WYMOB.
6. Pa3pa60TaHbI ,lI,aT4HKH H. CHCTel'vIbI ynpaBJIeI-IHH nOJIOllie-

HHel\1 l1C3 B npocTpaHcTBe.
7. Pa3pa60TaHbI Ha3e:\1Hble CTaHl.IJIH cOnpOBO)I{,lI,eHHH.
8. 113roTOBJIeHbI BbICOKOCKOpocTHble 3JIeKTpOHHble CI.J:eT-

Hble l'vlalllHHbI ,lI,JIH ynpaBJIeHHH KpaTKOBpel\leHHbIl\1H 6bICTpO
npOTeKalO Hl\IH npOIJ.eCCal\III.

Ilo nporH03Y KOl\inaHHH «Al\lepUKeH TeJIecpoH 3H,lI, TeJIerpacp
hOl\1naIIH» K 1980 r. 6Y,lI,eT Heo6xo)J.HMO Hl\1eTb 12 000 ,lI,BYXCTO-

pOHHHX TeJIecpoHHbIX TpaHcoKeaHcKHx KaHaJIOB. 3Ta u.ncppa
BbIrJIH,lI,HT 04eHb BHYlllHTeJIbHO no cpaBHeHHIO C 345 KaHaJIal\1H,

CBH3bIBaBllIHl\IH CiliA C 3aMOpCKHl\1H TeppHTOpHHl\IH K cepe-

,ZJ.HHe 1960 r. YKa3aHHbIH nporH03 OCHOBaH Ha OlliH,lI,aeMOM B Te-

4eHHe 6JIHlliaHlllHx 20 JIeT TpH,lI,u.aTHKpaTHoM YBeJIH4eHHH 4HCJIa

TpaHcoKeaHcKHx TeJIecpoHHbIX neperoBopoB, cymecTBeHHoM

YBeJIH4eHHH qHCJIa l\ie)K,lLYHapo,lI,HbIX a60HeHTcKHx H 4aCTHblX

TeJIerpaCpHblx JIHHHH, YBeJIH4eHHH 06'bel\1a pa3JIH4HOH nepe,lI,a-
BaeMOH HHcpOpMaU.HH H Ha B03MO)KHOl\1 BBe,lI,eHHH nepe,lI,a4 TeJIe-

BH,lI,eHHH rro 3aKpbITbIl\1 JIHHHHM, a TaK)Ke pa3BHTHH TeJIeBH3HOH-

Horo BemaHHH. IlpH 3T01\1 04eBH)l.HO ,
4TO peaJIbHbIe Tpe6oBa-

HHH 6Y,lI,YT B 60JIblllOH CTerreHH 3aBHceTb OT Ka4eCTBa Ii

CTOHMOCTH 06CJIY)KHBaHHH.
HerrpepbIBHO B03pacTalOT TaK)Ke nOTpe6HOCTIi BoeHHbIX

u

B JIIiHHHX ,lI,JIH nepe,lI,a4Ii a,lI,l'vIHHIiCTpaTHBHbIX paCnOpH)KeHHH Ii

paCrrOpH)KeHHH no opraHH3aIJ.HH TbIJIa Ii cHa6)KeHHH. Tpe6oBa-
HHH K TaKIil\tI JIHHHHM aHaJIOrH4HbI Tpe60BaHHHM K KOMMep4e-
CKHM JIHHHHl\1. KpoMe 3Toro, BoeHHbIM He06xo,lI,HMbI ,lI,JIH npo..
Be,lJ,eHHH crreu.HcpH4eCKHX BoeHHbIX orrepau.HH cHcTeMbI, Y,lI,OBJIeT"

BOpHlOmHe crreu.HaJIbHbIl\I Tpe60BaHHHl\1. Oco6eHHo Heo6xo-

,lI,HMbI JIHHHH ,lI,aJIbHeH CBH311 (BKJII04aH CBH3b C rrO,lI,BH}KHbIMH

cTaHu.HHMH, HanpHl'vIep CaMOJIeTHbII\IH), B KOTOpbIX 06'beM nepe-
,lI,aBaeMOH HHcpopMaIl.HH cpaBHHTeJIbHO HeBeJIHK, HO caMH co06..

 eHHHBeCbMa Cp04HbI H Ba)KHbI. TaKHe C006meHHH ,ZJ.OJIlliHbI

,lI,OXO,llHTb JIO a,ZJ.pecaTa ,lI,a)Ke BO BpeMH 60eBbIX ,lI,eHCTBHH c npM-

6. HcKyccm8eflflble cnymHt.lKU 3e"HJlU, nplllvleflJleMble aAfl CBfl311 117

l\1eHeHHel\1 H,lJ,epHoro 0pY)KHH, a TaK)I{e npH HCrrOJIb30BaHHII npo-
THBHHKOM CneIJ.HaJIbHbIX l\1ep, npe,lJ,Ha3Ha4eHIIblx ,lI,.,11H HapYllIe-
HHH CB5I3H (C03,lJ,aHHe nOMex, YHH4TO)KeHHe I1C3 H Ha3eMHbIX

KOMITJIeKCOB). TaKHl'vI 06pa30M, C O,lI,HOH CTOpOHbI, cy eCTBYI-OT
orrpe,lI,eJIeHHbIe Tpe60BaHHH K CHCTeMe CBH3H H, C ,lI,pyroH CTOpO-
HbI, pa3pa60TaHbI l\1eTO,lI,bI H anrrapaTypa, KOTopble n03BOJIHIOT

Y,lI,OBJIeTBOpHTb 3TH Tpe60BaHHH XOTH 6bI QaCTH4HO. B Ha-

CTOH ej:I pa60Te MbI paCCI\10TpHM Ba)KHeHlllHe np06JIeMbI,
B03HHKaIoIlU1e rrpH C03,lI,aHHH CHCTeI\I CBH311 C HCrrOJIb30BaHHeM

vIC3.
CHCTel\Ia CBH3H C HCnOJIb30BaHHel\1 l1C3 CO,lI,ep)KHT OOJIb-

ruoe KOJIH4eCTBO CJIO)KHbIX H CJIO)KHbIM 06pa30M B3aHMOCBH-

3aHHbIX cy6cHCTelVI. l1MeeTcH 60.TIblllOe 4HCJIO rrapaMeTpoB, xa-

paKTepH3YlOmHX TaKYIO CHCTel\1Y (BbICOTa Op6HTbI, ee cpopl'vla H

HaKJIOH, pa604aH 4aCTOTa Ii lllHpl1Ha rrOJIOCbI, KOJIH4eCTBO Ha3eM-

HbIX YCTaHoBoK, THrr paKeTbI-HOCHTeJIH, THIT 11C3 H T. ,lJ,.)
u

H ,lI,JIH Kalli,L(OI1 CHCTel\IbI HMeeTCH KOHCTPYKIl.I1H, o6ecrre4HBalO-
I.l\aH (B pe3YJIbTaTe H3Y4eHH5I B3aHMocBH3eH H BbI60pa orrpe,lJ,e-
JIeHHbIX cy6cHcTelVI) ee OrrTHl\laJIbHOe CPYHKIJ.HOHHpOBaHHe. Bo
MHorHX CJIY4aHx BbI60p CHCTeMbI He06xo,lI,Hl\IO ITpOH3BO,lI,HTb
C Y4eTOl\1 Bcex TeXHH4eCKHX ,lI,aHHbIx (HarrpHl\1ep, MO)KHO JIH

HCITOJIb30BaTb HlVIeIOI.lLueC5I 4aCTOTbI COBMeCTHO C ,lI,pyrHI\lH CHC-

Tel\1al'vIH H KaKOBa 6Y,L(eT Ha,lJ,e)KHOCTb H CTOHl\10CTb paKeT 4epe3
5-10 JIeT), a TaK)Ke HenOJIHbIX H YMo3pHTeJIbHbIX coo6pa)Ke-
HHH OTHOCHTeJIbHO Tpe6oBaHHi1 rro'rpe6HTeJI 51 (Harrp Hl\1ep, Ka-

Koe BpervIH OlliH,lI,aHHH MO)KHO 6Y,lI,eT ,lI,OrrycTHTb 11 CKOJIbKO rro-

Tpe6nTeJIb 6Y,lJ,eT nJIaTHTb 3a 06CJIY)K11BaHHe C pa3JII14HbIlVI
Ka4eCTBOl\I) .

BOJIee Y3KOt'I 3a,lJ,a4eii HacToH er.CTaTbli HBJIHeTCH paCCI\tl0T-

pelIHe OCHOBHbIX BonpOCOB KOHCTPYKILHH CHCTPl\.1bI, HX B3aHMO-

3aBHCHl\10CTH H HX CBH3II C pa604III\1H TpeOOBaHII5Il\111 IfJIH Tpe-
60BaHHHI\1H rroTpe6HTeJIH.

2. Tpe60BaHMSI

CymecTBYlOT TPH OCHOBHbIX THrra .nlIHHii CBH3H: 1) 1\1arH-

CTpaJIbHbIe JII1HHH, 60JIbillOe KOJII14eCTBO KOTOpbIX CXO,lI,I1TCH
B O,lI,HOM u.eI-ITpaJIbHOl\I nYHKTe H no o6w.eMY. MarHCTpaJIbHoMY
KaHaJIY nocTyrraeT Ha ,lI,pyroH u.eHTpaJIbHbIH rrYHKT, r,lJ,e 3TH

JIHHHH CHOBa pa3BeTBJIHlOTCH H HarrpaBJIHIOTCH K a6oHeHTaM;
2) JIHHHH CBH3H l\Ie)K,lI,y OCHOBHbII\I IJ.eHTp01\1 CBH3H H  BM)KymH-

--.-
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MHCH 06'beKTaMH, HanpHMep CaMOJIeTaMH HJIH Kopa6JIHl\1H;
3) JIHHHH CBH3H Me}K Y BH)KymHMI1CH06'beKTaMH, HanpHMep
MelliJ(Y OT eJIbHbIMHCaMOJIeTaMH HJIH Kopa6JIHMH. EOJIbWI1H-

u

CTBO KOlVIMep4ecKHx CBH3eH ocymeCTBJIHeTCH no JIHHHHM nep-
Boro THna H Tpe6yeT coopY)KeHHH 60JIbiliOrO KOJIH4eCTBa JIH-

HHH. Ha cpHr. 1 nOKa3aHbI MarHCTpaJIbHble JIHHHH, HCnOJIb3ye-
Mble B HaCTOHmee Bpe:MH CiliA J(JIH Me)KKOHTHHeHTaJIbHbIX

CBH3eH. IlJIOTHOCTb nOTOKa C006meHHi'I, npOXO HBIlIHXno 3THM

J)HIII1Hl\1 B 1958 r., np HBeJ(eHa B Ta6JI. 1.
CBH3Hble JIHHHH o6ecne4HBalOT B HaCTOH eeBpel\1H TPH OC.

HOBHbIX BHJ(a CBH3H: J(ynJIeKcHYlO TeJIecpoHHIO, CHlVlnJIeKcHYlO
nepeJ(a4Y nHCbMeHHblX C006meHHH (TeJIerpacp) H CHl\1TIJIeKcHYlO
TIepeJ(a4Y TeJIeBHJ(eHHH. BCel\1HpHble nOTpe6HocTH B J(BYX nep-
BbIX BHJ(ax CBH3H B 6JIHlliaHlllHe rOAbI pe3Ko B03pacTYT H B03-

l\/IO:tKHO, 4TO K 1980 r. BCTynHT B CTpOH )lBYXCTopoHHHe TeJIeBH-

3HOHHble JIHHHH. OCHOBHOii 06JIaCTblO, B KOTOpOH O)KHJ(aeTCH
HaH60JIbllIfUf pOCT, HBJIHeTCH nepeJ(alla BCeB031\10IKHbIX J(aHHbIX.

TaK)Ke 6bICTpO pacTYT Tpe6oBaHH.H K BoeHHbIM JIHHH5I:M CBH3H.

HMelO HecHB HaCTOHIl\ee Bpel'vIH B pacnOp5I)KeHHH BoeHHblX pa-
,lI.HO H Ka6eJIbHble JIHHHH B CKOpOM BpeMeHH 6Y,lI.YT HaCbI eHbI
06bIlIHbIMH a,lI.MHHHcTpaTHBHbIlVIH pacnopfDKeHHHMH H KOMaH,lI.a-
lVIM CJIy:tK6 cHa6:tKeHHH H 06ecnelleHHH. B lIaCTHOCTH, B 6JIH:tKaH"-
llIervI 6Y,lI.y eMpe3Ko YBeJIHlIHTCH 3arpY3Ka JIHHHH CBH3H Me)I{,lI,y
HenOJ(BHlliHbII\1H ILeHTpal\Hi CBH3H II  BH)KymHMHcH06'beKTal\1H,
a TaKllie Me)KJ(Y OT,lI,eJIbHbIlVIH ,lI.BH)KY HMHCH 06'beKTarvIH.

HaKOHeIl., MOlliHO npe BH,lI.eTb HOBbIH BH,l( CBH3H, KOTOpbII1
nOHBHTCH 6JIarO apHHaJIH4HlO CBH3HbIX 11C3, a HMeHHO CBH3b

u

npH ocymeCTBJIeHHH cnaCaTeJIbHbIX onepaILHI1 B Mope HJIH Ha

OTJ(3JIeHHbIX YlIaCTKax CYlllH.
IloHBJIeHHe HOBbIX CJIY:tK6, a T3K:tKe BepOHTHbIH pOCT CBH-

3eM co CJIa60pa3BHTbIl\1H CTpaHaNIH MHpa OTpa)KeHbI B T36JI. 1.

1\3lli bIHBH CBH311 npe 'bHBJIHeTCBon oco6ble Tpe60B3HHH.
BbI60p lllHpHHbI nOJIOCbI HJIH, liTO nOllTH 3KBHBaJIeHTHO, KOJIH-

lIeCTBa K3HaJIOB 6y eTonpe eJIHTbCHTHnOM H KOJIHlIeCTBOM

Tpe6yeMblx CBH3eH. C 3THM llie CBH3aH BbI60p MeTO OBl\10,lI.YJIH-
ILHH, OT KOToporo 3aBHCHT OTHOllleHHe lllHpHHbI cneKTpa CHf-

HaJIa K lllHpHHe nOJIOCbI K3HaJI3, 9TO onpe eJIHeT3cpcpeKTIIB-
HOCTb HCnOJIb30BaHHH nOCJIe He'ro.

Pa3YMHaH OlLeHKa WHpHHbI cneKTpa CHrHaJIa, nepe,lI,allY
KOToporo J(OJIlliHa 6Y,lI,eT 06ecnellHTb pa,lI.HopeJIeHHaH CHCTeMa

CBH3H, MOllieT 6bITb TIOJIYlleHa H3 paCCl\10TpeHHH BH,lI.OB CBH3H,

.......

KOTopble 6Y YTHCnOJIb30BaHbI B CHCTe1\Ie. CHrHaJIbI, BepOHTHO,

6Y,lI.YT COCTOHTb H3 BH eonepe a4,TeJIecpOHHbIX H TeJIerpacpHbIX
nepe,lI.a1.I, BKJIlO1.IaH nepe,lI.a1.IY lLH<PPOBbIX  aHHbIX.IlIHpHHa rrOJIo"

Cbl BH,lI.eOCHrHaJIa (no aHaJIOrHH C nOJIOCOH, Tpe6yeMoH ,lI.JI H Te..

JIeBH3HOHHOll nepe,lI.a4H) paBHa ----5 Mel{. illnpHHa nOJIOCbI,

He06xo,lI.HMaH  JIHT ecpoHHoroCHrHaJIa, MO:tKeT H3MeHHTbCH

B 3aBHCHMOCTH OT Tpe6yeMoro KaqeCTBa CBH3H. ,LLJIH nOJIY4eHHH

YJ(oBJIeTBOpHTeJIbHOrO Ka1.IeCTBa nepe)1.a4H pe1.IH He06xo)1.HMa

IlIHpHHa nOJIOCbI 4 Kelf. IlIHpHHa nOJIOCbl THnoBoH TeJIerpaCpHoH
JIHHHH COCTaBJIHeT ----200 clt. HecMoTpH Ha TO liTO Tpe60BaHHH
K lliHpHHe nOJIOCbl nponYCKaHHH JIHHHH nepe,lI.a4H ,lI.aIIHbIX MorYT
H3MeIIHTbCH B lllHpOKHX npe,lI.eJIax, B Ka4eCTBe THnOBoi1 Il.H<PPbl
)1.JIH Cp3BHHTeJIbHO 6bICTpO)1.eIICTBYIOI11.eA nepe,lI.a4H MO)KHO npH-
H5ITb 20 K21f. T3KHM o6pa30M, no O,lI.HOMY KaHaJIY, npe,lI.Ha3Ha-

IleHHoMY )1.JIH nepe)1.allH ,lI.aHHbIX, MO)KHO nepe,lI.aTb OKOJIO 100

TeJIerpacpHblx H 5 TeJIecpoHHblX co06 eHHHHJIH ,lI.pyrylO COOT-

BeTcTBYIomyIO KOM6HHalLHlO HX.

Ha OCHOBaHHH Tpe60BaHHH K IlIHpHHe nOJIOCbl, He06xo)1.HMOH

J(JIH nepeJ(a4H CHrHaJIOB pa3JIHlIHblX THnOB, a TaKllie Tpe60BaHHH
K KaHaJIaM, nOKa3aHHblM B Ta6JI. 1, MOlliHO onpeJ(eJIHTb He06-

XO,lI.HMYlO IllHPHHY nOJIOCbl ):(JIH nepBblx CHCTeM CBH3H C HCnOJIb-

30BaHHeM I1C3.

XOTH KOJIH1.IeCTBO KaHaJIOB, KOTopoe  OJIllieH06ecnellHBaTb

I1C3, H3MeHHeTCH B 3aBHCHMOCTH OT Bbl6paHHoH napbl KOHe1.I-

HbIX nYHKToB, BepoHTHo, 3KOHOMH1.IeCKH u.eJIeco06pa3Ho ):(e-

JIaTb Bce I1C3 O):(HHaKOBbIMH If BbI6HpaTb KOJIH1.IeCTBO KaHaJIOB

Ha O):(HH I1C3 H KOJIH1.IeCTBO I1C3 TaK, 1.IT06bI 06ecnellHTb pa60TY
npH MaKCHMaJIbHOH olliH,lI.aeMOH nJIOTHOCTH nOTOKa HHcpopMa..
 HHMelli):(Y JIIOObIMH  BYMHT01.IKaMH JIHHHH CBH3H.

MbI npe):(nOJIaraeM, 1.ITO MaKCHMaJIbHOe KOJIHlIeCTBO KaHaJlOB,

He06xo):(HMoe ):(JIH CBH3If Melli Y JIlO6blMH  BYMHHa3eMHbIMH

nYHKTaMH, B 1970 r. 6YJ(eT COOTBeTCTBOBaTb IlIHpHHe cneKTpa

15 MeLf. 3Ta ):(aTa Bbl6paHa nOTOMY, 1.ITO I1C3, H3rOTOBJIeHHble

B HaCTOH eeBpeMH, )1.0JI:tKHbI HMeTb CpOK CJIYlli6bI, 06eCne1.IH"

BalO IfII HX pa60Tocnoc06HoCTb no KpaHHei1: Mepe,lI.O
1970 r.

u"

,LtBYXCTOPOHHHH CBH3b Melli):(y napoH Ha3eMHblX CTaH HH

Tpe6yeT MHHHMYM 4eTbIpex pa):(H01.IaCTOTHbIX KaHaJIOB, pa3J(e-
JIeHHbIX 3a11.LHTHbIMH nOJIOCaMH: O)1.Horo ,l1.JIH nepe a1.IHOT CTaH-

lLHH A Ha I1C3 C; ):(pyroro J(JIH nepe,na4H C I1C3 Ha CTaHlLHlO

B H e e,lI.BYX KaHaJIOB ,l1.JIH nepe,na1.IH B 06paTHoM HanpaBJIeHHH.
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ECJIH oAHa HJIH 60JIbrnee I.JHCJIO .JI.0rrOJIHHTeJIbHbIX rrap CTaHIl.HH

HCnOJIb3YIOT O,L(HH H TOT LKe I1C3, TO Tpe6YIOTCH .JI.orrOJIHIITeJIb-
HbIe rpyrrrrbl, cO.JI.ep)Ka lIerro I.JeTblpe pa.JI.IIOI.JaCTOTHbIX KaHaJIa

KalK.JI.a5l. Kalli:AaH napa (A-C II C-E) 6Y.JI.eT IICrrOJIb'30BaTb
OAHH II TOT }Ke YCIIJIIITeJIb Ha I1C3. B HaCTOH eeBpeMH MOlKHO

CI.JIITaTb, I.JTO perneHlIe Borrpoca 0 TOM, 6YAYT JIll .JI.pyrHe rrapbl
IIMeTb IIH.JI.HBH.JI.YaJIbHbIe YCIIJIHTeJIH IIJIH Bce KaHaJIbl .JI.0JI)KHbI
6WTb ynJIOTHeHW II 6YAYT rrpOXO.JI.HTb qepe3 O.JI.HH YCHJIIITeJIb,
rrpe.JI.OCTaBJIHeTCH Ha YCMOTpeHlIe KOHCTpYKTopa.

BbI60p BII.JI.a MO.JI.YJIHU,HH I.JaCTHI.JHO onpe.JI.eJIHeTCH Tpe6oBa...
HHHMH K OTHorneHHIO CHrHaJI/llIYlVI, I.JaCTHI.JHO Tpe60BaHHHMH Ha..

.JI.elli:HOCTH II HMelO HlvIHCHB HaJIHI.JHH .JI.eTaJIHMH H HCTOI.JHHKaMH

nHTaHHH, oco6eHHO .JI.JIH I1C3. OTHOllIeHlIe CHrHaJI/llIYM .JI.JIH

MaTIICTpaJIbHbIX TeJIecpOHHblX KaHaJIOB CBH3H no HopMaM cpHpMbI
«EeJIJI CHCTeM», YCTaHOBJIeHHblM HeCKOJIbKO JIeT Ha3a,I.(, paBHO
45 86.

qTO KacaeTCH Ha.JI.e)KHOCTH CBH3HblX I1C3, TO 3.JI.eCb Heo6-

XO.JI.HMO yqHTbIBaTb KOJIHI.JeCTBO OIllH6oK, CO.JI.epLKa HxcHB ne..

pe.JI.aHHoM coo6 eHHII, H BbIXO,I.( 1I3 CTpOH IIJIH rrOCTeneHHoe

YXY,I.(IIIeHIIe rrapaMeTpOB OT.JI.eJIbHbIX 9JIeMeHTOB CHCTeMbI. B 9TOM

Bonpoce B03MOLKHO YJIYI.JIIIeHlIe O.JI.HHX xapaKTepHcTIIK 3a CqeT

.JI.PyrHx, TaK KaK MOLKHO .JI.06HTbCH HeKoToporo CHH:tKeHHH KOJIH-

qeCTBa ornH6oK C IIOMO blO.JI.eMO.JI.YJI5IU,HH II IIOBTOpHOH MO.JI.YJIH"
U,HH Ha I1C3. O)1.HaKo 9TO lVI0LKeT B CBOID oI.Jepe.JI.b IIOTpe6oBaTb
,I.(orrOJIHIITeJIbHbIX 9JIeMeHTOB H B pe3YJIbTaTe rrpIIBeCTH K YXY.JI."
IlleHIIIO o6 eHHa.JI.e:IKHOCTH CHCTeMbl.

B rrOCJIe.JI.HHe rO.JI.bl rrOHBHJIHCb 9JIeMeHTbI cxeM, 06JIa.JI.alO He
60JIbIlloj:r ,I.(OJIrOBeqHOCTblO H llIHpoKorroJlocHOCTblO. B qaCTHOC-

TH, JIaMrrbI 6ery eHBOJIHbI (JIEB) C BbIXO.JI.HOH MO HOCTblO
B HeCKOJIbKO BaTT H .JI.OJIrOBeI.JHOCTblO B .JI.eCHTKII JIeT HBJIHIOTCfI

H.JI.eaJIbHbIMH YCTpOHCTBaMH ,I.(JIH CBH3HbIX I1C3. 3TH JIaMnbI HMe-

lOT rrOJIOcy YCHJIHBaeMbIX qaCTOT 100 Met{ H 60Jlee. MO HOCTb
nepe.JI.aTQHKa Ha I1C3 OrpaHHqeHa BCJIe.JI.CTBHe Toro, qTO:

60JIblllHe MO HOCTH npHBO,I.(HT K YBeJIHI.JeHHIO Beca HC3;
06blI.JHO Be.JI.YT K YXY.JI.IIleHHIO Ha,L(e)KHOCTH; H YBeJIHI.JHBaIOT
BepoHTHoCTb rrOMex .JI.PyrHM CHCTeMaM. 3.JI.eCb TaK)Ke eCTb

B03MO)KHOCTb .JI.JIH H3MeHeHHH O,I.(HHX xapaKTepHcTHK 3a

CI.JeT .JI.PyrHx, TaK KaK 9cpcpeKTHBHaH H3JIyqaeMaH MOI.I.LHOCTb
3aBHCHT OT YCHJIeHHfl aHTeHHbI. TIoCJIe,I.(Hee B CBOIO Oqepe,I.(b
3aBHCHT OT H,I.(eH CHCTeMbl (HanpIIMep, 06JIYI.JaTb BCIO IIO-

BepxHocTb 3eMJIH HJIH HCIIOJIb30BaTb HeCKOJIbKO aHTeHH ,I.(JIH

06JIYI.JeHHH TOJIbKO }KeJIael\tlbIX YI.JaCTKoB) If OT TOI.JHOCTII CHCTeMbl

opHeHTaU,HH I1C3.

Heo6xo.JI.HlVIO paccMoTpeTb CJIe,I.(YIO He THnbl MO,I.(YJIHILHH:

aMnJIHTY.JI.HYIO OAHO- II ,I.(ByxnOJIOcHYIO, I.JaCToTHYlO H cpa30BYIO
IIlHpOKOnOJIOcHYIO H Y3KOnOJIOcHYIO H pa3JIH4HbIe CHCTeMbI

KOAHpoBaHHH. B OCHOBHOM Bce BII.JI.bI MOAYJIHILHH, 3a HCKJIlOI.Je-

HHeM aMnJIHTY.JI.HOH H Y3KOrrOJIOCHOH I.JaCTOTHoH HJIH cpa30Boi'!,
.JI.alOT YJIYI.JWeHHe BbIX0.JI.HOrO OTHoweHHH CHrHaJI/wYM 3a ClleT

YBeJIHI.JeHHH OTHOllIeHIIH llIHpHHbI IIOJIOCbl CTBOJIa CBH3H K lllH-

pHHe crreKTpa HHcpopMaIl.HH. K CI.JaCTblO, .JI.JIH pa3pa6oTI.JHKa
CHCTeMbI CBH311 C HCrrOJIb30BaHHel\1 I1C3 HeT Heo6xo,I.(HMOCTH
3apaHee orrpe)1,eJIHTb BII.JI. MO,I.(YJIHU,HH HJIH .JI.allie l\1eTO.JI. pa3.JI.eJIe-
HHH KaHaJIOB. 06eCneI.JeHHe nOJIOCbl B 100 Metf Ha I1C3 n03-

BOJIHT Bbl6paTb clIcTeMY MO.JI.YJIHILHH, Y.JI.06HYlO .JI.JIH Y.JI.OBJIeTBo"

peHHH I.JaCTHblX Tpe60BaHHH H .JI.OCTaTOI.JHO rH6KYIO, C TeM I.JTo6bl

rroTpe6HTeJIH B pa3JIHI.JHbIX I.JaCTHX CBeTa MOrJIH 6bI IICrrOJIb30"

BaTb pa3Hble BII.JI.bl MO.JI.YJIHILIIH Ha TOM LKe I1C3.

TaKHl\i o6pa30M, .JI.JIH MarlICTpaJIbHblX JIHHIIH CBH31I (BoeH"
HblX IIJIH KOMMepI.JeCKHx) llIHpHHa rrOJIOCbl Ha I1C3 .JI.OJIlliHa

6blTb nopH,lJ,Ka 100 Met{, I.JTO rrpHMepHo cooTBeTcTByeT MaKCH"

MaJIbHOH no.TIOce, KOTopaH MOllieT 6blTb nOJIYI.JeHa B HaCTOH ee

BpelVIH 6e3 oco6oro TPY.JI.a. Bbl60p BH.JI.a MO.JI.YJIHILHII MO}KeT 6blTb

npe.JI.oCTaBJIeH rroTpe6HTeJIHM.
O.JI.HaKO HMeeTCH no KpaHHeH l\1epe O.JI.HO Tpe60BaHHe K

u

BoeHHblM JIIIHHHM, onpe.JI.eJIHlO ee cOBeprneHHo HHOH no,z:("

XO.JI. K Bbl60PY nOJIOCbI. 3TO Tpe60BaHHe OTHOCHTCH K o6ecneqe..

HHlO rrepe.JI.aI.Jn KpaTKoH, HO OI.JeHb Ba)KHOH HHcpopMaILIIH H3

KOMaH.JI.HOrO ILeHTpa COe.JI.HHeHHblx III TaTOB, HarrpHMep, Ha

BeCbMa Y.JI.aJIeHHble rrO.JI.BHlKHble 06'beKTbl (caMOJIeTbI, He60JIbllIHe

MOTopH30BaHHble 06'beKTbl) HJIII Ha OT.JI.aJIeHHble BoeHHble 6a3bI.

,[LJIH TaKIIX CJIYI.JaeB rrpHMeHeHHe yrrpaBJIHeMbIX HarrpaBJIeHHblX
aHTeHH Ha Ha3eMHbIX HJIH CaMOJIeTHblX rrYHKTax MO}KeT OKa-

3aTbCH HeB03lVIO}KHbIM. 06blI.JHO npHxo.JI.HTCH rrpHMeHHTb He-

II0.JI.BH)KHble aHTeHHbl He60JIbllIHX pa3MepoB pe30HaHcHoro TH"

IIa, HanpHMep rrepeKpe eHHble.JI.HrrOJIH.

. ,[LJIH nOJIYI.JeHHH lVlaKCHMaJIbHOrO YCHJIeHHH CHCTeMbl, HC"

nOJIb3YlO eH.JI.HnOJIbHble aHTeHHbl, Heo6xo.JI.HMO CHHLKaTb I.Jac-

TOTY. DpH 9TOM jLJIH o6eCrreI.JeHHH MaKCHMaJIbHOrO YCHJIe-
HHH CHCTeMbl Heo6xo.JI.HlVI0 HCrrOJIb30BaTb HaH60JIee HH3KlIe

qaCTOTbl H llIHPHHY nOJIOCbl, B03MO)KHble npH peaJIlI3yeMbIx

pa3Mepax npocTblX .JI.HIIOJIbHbIX aHTeHH. Ha HH)KHlOlO rpa-

5B*
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HHU.Y qaCTOTbI cepbe3Hoe OrpaHHqeHIIe HaKJIa bIBaeT3cpcpeKT
nOrJIOl.lLeHH5I pa)J,HoBOJIH B pe3YJIbTaTe H)J,epHbIx B3pbIBOB.
HCCJIeAOBaHH5I TIOKa3aJIH, 1.JTO OTITHMaJIbHOH C 3TOH TOqKH 3pe-
HHH HBJIHeTCH qaCTOTa B HeCKOJIbKO COTeH MerarepIl..

[lOCKOJIbKY 3TOT BHA CBH3H XapaKTepH3yeTcH OqeHb MaJIbIM

KOJIUqeCTBOM HHcpOpl\lallJ11I, KOTOpa5I, oAHaKo, 06H3aTeJIbHO

AOJI)KHa )J,OHTH AO a60HeHTa,. uiHpHHa cneKTpa Mom:eT 6bITb

MaJIa. B 60JIblllHHCTBe CJIyqaeB OHa COOTBeTcTByeT OAHOMY
HJIH ABYl\'l TeJIecpOHHbIl\1 KaIlaJIaM, HJIH TeJIerpacpHbIl\1 CHrI-IaJIaM,

u

HJIH )Ke OlleHb MeAJIeHHOll nepeAaqe AaHHbIX.

HCCJIe)J,OBaHHe CBOHCTB naCCHBHoro OTpa)KaTeJI5I, COCT05I-

l.lLero 113 OqeHb 60JIbillOrO KOJIHqeCTBa 1\leJIKHX AHnOJIeti: (<<Mro..
JIOK»), 06pa3YlOl.lLHX n05IC BOKpyr 3eMJIH, nOKa3aJIO, qTO 3TOT

350
CrpepUtl8CKlJ{) naCC1.I8HblL]

I1C3
Gad

300
..

3. AKTHBHble " naCC,HBHble I1C3

MHoro YCIfJIHH 3aTpaqHBaeTCH Ha H3yqeIlHe B03MO)KHOCTH

HCnOJIb30BaHHH HC3 B KaqeCTBe naCCHBHbIX peTpaHCJIHTOpOB.
3ra HAeH npHBJIeKaTeJIbHa 6JIaroAap5I cBoeH npocToTe H TOMY
06CT05ITeJIbCTBY, qTO 60JIbillOe qHCJIO Ha3e1\1HbIX CTaHIJJ1H MO)KeT

o)l.HoBpeMeHHo HCrrOJIb30BaTb OAHH If TOT )Ke rraCCHBHbIH OTpa..
)KaTeJIb. I1pOBeAeHHbIe HCCJIeAoBaHH5I nOKa3aJIH, qTO npluvle-
HeHHe npocTbIX rraCCHBHbIX OTpa)KaTeJIei1 AJIH MarHCTpaJIbHbIX
MHorOKaHaJIbHbIX BoeHHbIX HJIH KOMMepqeCKHX JIHHHH CBH31f

MeHee Il.eJIeC006pa3HO, qeM aKTHBHbIX I1C3. HH)Ke npHBo.1JJITCH
cpaBHeHHe 9THX )l.BYX THrrOB peTpaHCJI5IIJ.HH H HCCJIeAYIOTcH or-

paHHqeHH5I Ka)KAoro U3 HHX.

[laccHBHbIe OTpa)KaTeJIH )J,eJIHTC5I Ha cTa6HJIH3HpOBaHHbIe
If HeCTa6HJIH3HpOBaHHbIe. K cTa6HJIH3HpOBaHHbIM OTHOC5ITC5I:

a) nJIOCKHe OTpa)KaTeJIH; 6) HanpaB.neHHbIe OTpa)KaTeJIH 06-

paTHoro paCCe5IHH5I, HarrpHMep JIHH3bI JIlOHe6epra HJIH yroJI-
KOBbIe OTpa)KaTeJIH; B) 3aKOpOqeHHbIe aHTeHHbI, TaKHe, KaK

rpynna pe30HaHCHWX 3JIeMeHTOB HJIH napa60JIHqeCKHe OTpa-
)K3TeJIH C 3aKOpOqeHHbIMH 06JIYQaTeJI5IMH.

CTa6HJIH3HpOBaHHbIe OTpa)KaTeJIH Tpe6YlOT TOQHOH opHeH"
TaIl.HH, qTO BbI3bIBaeT He06xoAHMOCTb npHMeHeHHH 3JIeK-

TpOHHbIX cHcTervl H Tel\1 Cal\IbIl\l CBO)l.HT Ha HeT rJIaBHbIe npeHMY-
meCTBa (npOCTOTa H Ha)l.e)KHOCTb), CBOHCTBeHHbIe naCCHBHbIM

OTpa)KaTeJI5IlVI.
K HeCTa6HJIH3HpOBaHHbIM HJIH HeopHeHTHpOBaHHbIl\1 OTpa-

)KaTeJI5IlVI OTHOC5ITCH: a) Ha60p yrOJIKOBbIX OTpa)KaTeJIeH;
6) Ha60p JIHH3 JIlOHe6epra; B) MeTaJIJIHQeC!{He ccpepbI;
r) 60JIbillOe KOJIHtIeCTBO «HrOJIOK», paBHOMepHO pacnpe)l.e..
JIeHHbIX no op6HTe.

250

 ...200

r;
t 7S0

.....

..

J1C3
YClJ/78HIIB OlimeHH6/ 086

-- =. 1086
 ---

---

YClUiCHlJe GHmeHHbl IOu6-.-

700 :

.

so ........-
I I I L..l.. I'.. J J

10z Z J 4 S 10
3 Z 3 4 S'Ot;

PaccmoRHlIe on} 1103 i10 H03C/fr1HOU CmaH l1Ux 1, 6'KM

<P 11 r. 2. CpaBHeHlIe nOTepb ,l1.J1H aKTHBHbIX H naCCI1BHbIX

cnYTHIIKoB.

l\1eTOJ( HenpHfoJ(eH )l.JI5I lllHpOKOnOJIOCHbIX ClICTel\1, nOCKOJIbKY

pa36poc 3ana3)l.bIBaHHH npu l\1HOronYTHOl\1 pacnpocTpaHeHuH
J(OCTHraeT 2 JtCeK, a pa36poc )J,onn TJepOBCKoroCl\lel.lLeHIIH qaCTO-

TbI I-Ia qaCTOTe 8 000 l\12l )l.OCTIIraeT 5 K2l{ [5]. KpOI\Ie Toro,

CBH3b C 06'beh.TalVIH B KOCl\10Ce qepe3 TaKOH nOHC Ha pe30HaHc-
HbIX tIaCTOTax J(HnoJIell 6bIJIa 6bI CHJIbHO 3aTpYJ(HeHa.

IlpeHMYI.l.\ecTBo naCCHBHoro I1C3 3aKJIlOqaeTC5I B OTCYTCTBHII
Ha HelY! 3JIeKTpOHHbIX npH60poB. I-IeAocTaToK COCTOHT B TOM,

lITO J(ecpopMaUJ1H nOBepXHOCTH I1C3 CO Bpel'vleHeM npHBe)l.eT
K YlVleHbweHHIO ee K03cpqHfIl.HelITa OTpa)KeHHH.

HanpHI\1ep, y HC3 «3xo», (PYHI\lI.HOIIHpOBaBwero BeCbl\la

ycnelllHo, J1.eqJopl\lalI.UH 060JIoql\U BbI3BaJIa CIIJIbHOe «3al\1IIpa-
Hue» OTpa:iKeHHbIX CIIrHaJIOB.

OCHOBHOH He)l.OCTaTOK HCnOJIb30BaHlIH naCCHBHbIX HC3 C lie-
u u

HanpaBJIeHHOH AHarpaMMoH H3JIYlIeHHH 3aKJIIOtIaeTCH B cpaB"
HHTeJIbHO MaJIOM OTHOllleHHH CHrHaJI/lllYM, nOJIYQaeMOM Ha Me)K..

KOHTHHeHTaJIbHbIX Tpaccax 60JIbillOH npOTH)KeHHocTH. 110-

 KOJIbKYnOTepH nplI pacnpocTpaHeliHH 3aBHCHT OT oTpam:eHH5I;

-
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u

TO OHH H3MeHHIDTCH npOnOpLlHOHaJIbHO qeTBepTOI1 CTeneHH pac-
CTOHHHH. C ,lI.pyroH CTOpOHbI, )l.JIH aKTHBHOrO I1C3 nOTepH Ha

paCnpOCTpaHeHl1e nponOPQI10HaJIbHbI TOJIbKO KBa,lI.paTY pac-
CTOHHI1H, TaK KaK I1C3 YCHJIHBaeT npHHHTbIH CHrHaJI nepe,lI. TeM,

"soo

1,50

N

)c

...

'-.) 4S

 s

MepOB naCCHBHOrO I1C3 )l.JIH nOJIyqeHHH 60JIbllIOrO YCI1JIeHI1H
no MOII(HOCTH 6bICTpO npHBO,lI.HT K He,lI.onYCTHMOMY YBeJIHqeHHJO
Beca.
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<I> II r. 4. 3aBHc.HMocTb cKOpOCTII rrepe)J,aqn HHcpopMaI..JJIl1
OT BbICOTbI )J,JI5I 4eTbIpex THTIOB CBH3HblX I1C3.

1 - aKTHBHbItt I1C3, MOIlI.HOCTb I em, llmpHHa ,D;HarpaMMbI 10;
2 - aKTHBHbIfI I1C3, MOIlI.HOCTb I ern, 06JIYQaeTCH BC5I BH,lJ;HMaH no-

BepXHOCTb 3eMJIH; 3-aKTHBHbIH I1C3, MOIlI.HOCTb I em, HanpaBJICH-
HaH aHTCHHa; 4 - naccHBHbIll cQJepuqeCI{UH I1C3 J ,lJ;naMeTp 30M.

<P II-r. 3. 3aBIlCIIl\IOCTb Heca 11C3 OT H3JIytlael\Ioii
l\I 0 ll1.I-I OCT II .

KaK paC1'paHCJIl1pOBaTb ero. Ha cpl1r. 2 CpaBHI1BaIOTCH nOTepH
Ha pacnpoc1'paHeHHe ,lI.JIH aKTHBHbIX H naCCHBHbIX I1C3.
YBeJIl1qeHHe )l.Hal\leTpa ccpepHl}eCKOrO naCCI1BHOrO I1C3 B 2

pa3a Yl\IeHbWae1' nOTepH Ha pacnpocTpaHeHHe TOJIbKO Ha 6 a6.

BepxHHH KpHBaH ,lI.JIH aKTHBHoro I1C3 OTHOCHTCH K CJIyqaIO
npHMeHeHI1H Ha HeM HCHanpaBJIeI-IIIOli aIITCHIIbl. BCHO, lITO

norepH Ha pacnpOCTpaHeHHe i\10ry1' 6bITb Yl\IeI-IbWeHbI B CJIyqae
npl1lVleHeHHH lIa 11C3 HanpaBJIeHHOi1 aHTeHHbI. B KaqeCTBe

npHMepa Ha cpHr. 2 npl1Be)J.eHa KpHBaH )l.JIH aHTeHHbI C K03cpcpH"
Il.lIeHTOM YCHJIeHHH B 10 a6.

Ha cpHr. 3 ,lI.aHO cpaBHeHHe BeCOB naCCHBHbIX H aKTHBHbIX

I1C3. 113 npHBe)J.eHHbIX KpHBbIX BH)J.HO, qTO YBeJIHqeHHe pa3-

KOJIHqeCTBO HHcpoprvlaQHH, KOTopoe 1\10)KeT 6bITb nepe)l.aHO
C nOMO blOaKTHBHbIX H rraCCHBHbIX 11C3 B e)J.HHHIl.Y BpeMeHH,

npHBe)J.eHO C yqeTOM peaJIbHbIX OrpaHHqeHHH CHCTeM Ha cpHr. 4.

OqeBH)J.Ho, qTO HeT CMbICJIa nepe)J.aBaTb CHrHaJIbI Te.necpoHHoro
KaHaJIa C nOMO blOnaCCHBHoro oTpaLKaTeJIH, no,nHHToro Ha

BbICOTY 60JIee 3 700 KM, O,lI.HaKO )J.aLKe npn TaKoH BbICOTe, oqe-

Bn,nHO, He y acTcHBblnOJIHHTb MHHHrvlaJIbHble Tpe60BaHHH K 01'-

HorneHHlO CHrHaJI/rnYM ,lI.JIH MarllCTpaJIbHbIX JIHHHH CBH3ll.

AKTHBHbIH I1C3 C HeHanpaBJIeHHbIMH aHTeHHaMH, npe)J.Ha3Ha-

-

....
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I<a:>K bIHI1C3 6y eTBH eHH3 JII060H T04KH 3eMJlU, Haxo-
u

u

 HmeHcHB npe eJIaXOKPY)hHOCTH, IJ.eHTp KOTOpOH Haxo HTCH

npHl\IO I10J( HHl\1, a.  nal\1eTp YBeJIH4HBaeTCH C YBeJIH4eHHeM
BbICOTbI Op6HTbI I1C3. TIo l\1epe npH6JIH:>KeHHH K I1epHMeTpy
3TOH OKPY:>KHOCTH Bce 60JIb-

maH qaCTb 3eMHOH aTMocq)C-
pbI OKa3bIBaeTCH Ha nYTH K

I1C3, qTO npH OqeHb MaJIbIX

yrJIax B03BbIllleHHH npl1BO-
 HTK 4aCTOTHO-CeJIeKTI1BHO-

MY 3aTyxaHI11O pa HOBOJIH.
3TO HBJIeHHe 6bICTpO OCJIa-

6eBaeT C YBeJIH4eHHel\1 yrJIa
nO 'be IaI1C3 Ha ropH30H-
TOM H <!JaKTH4eCKH HM MO)l{-

HO npeHe6peqb I1PH yrJIax
B03BbIllleHHH 10° H 6oJIee.

KpoMe Toro, Ha3eMHaH

aIITeHHa CBOHM fJIaBHbIl\I JIC-

neCTKOlVI 06bI4HO I1PH l\taJIbIX

yrJIax B03BblweHHH 06JIY4a-
u

eT H qaCTb 3elVIHOH nOBepx-
HOCTH, B pe3YJIbTaTe 4ero ee

3q)q)eKTHBHaH wYl\IOBa51 Tel'vI-

nepaTypa npe CTaBJlHeTco-

GOt'! He4TO cpe Hee l\le)K y <P 11 r. 5. OOBepxHocTL 3eMJIII, ne-

Tel\InepaTYPoCI KOCl\10Ca II
peKpbIBaeMa51 I1C3.

3el\'1JIH. CJIe OBaTeJIbHO, JIH

Y OBJIeTBOpHTeJIbHOiiCBH311 IlC3 Bcer a OJI)KeH HaXO IITbCH
u u

no KpaHHeH l\Iepe Ha HeCKOJlbKO rpa ycoB Bblwe ropll30llTa
t. t.

 JIHTOll TOqKH 3eMHOH nOBepXHOCTII, B KOTOpOH co6npalOTCH
IICnOJIb30BaTh l1C3. 3TO l\IHIIHl\IaJILHOe B03BbIllleHHe  tO)I<CT

Haxo nThCHl\lelli Y 5 II 10° B 3aBHCIIl\10CTH OT Tpe6yeMoro
}<a4eCfBa CBH3H H TIIIIa HCnOJIh3yel'vl0H annapaTypbI. Bo Bcex

pac4eTax, npIIBoJ(Hl\ILIX J(aJIee B HacTOHmeii pa6oTe, yroJI 0 npll-
lIHl\IaeTCH paI3lIbIl\I 7,5°.

Paj HYcncpCKpLII3aCMOii OI<PYlliHOCTH oI1pe eJIHeTC5IyrJIOM
o (cpIlr. 5)

e = [arc cos (R : h
cos 6)] - 6,

rAe R - paJ(HYc 3eMJIH II h - BbICOTa Op6HTbI I1C3.

..

qeHHbIH  JIHnepe aqHKaqeCTBeHHoro TeJIeBII eHHH C TOqKH

3peHIIH Yl\leHbWeHHH nOTepb Ha pacnpOCTpaHeHHe,  OJI:>KeHHa-

XO HTbCHHa BbICOTax, He rrpeBbIlIlalO Hx7 500 KM. KpHBbIe,
nocTpoeHIIbIe  JIHHanpaBJIeHHbIX aHTeHH, HCHO YKa3bIBalOT Ha

He06xo I1MOCTbHX rrpHMeHeHHH  JIHwHpOKOnOJIOCHbIX  aJIb-
HUX cBH3eli C HCrrOJIb30BaHHeM I1C3, I-IaXO HmHXCHHa 60JIb-

WIIX BbICOTax. TaKIIl\1 o6pa30M, cpaBH I1TeJIbHO MaJIbIe B03l\10)1{..

HOCTH (c TOqKH 3peHHH 06'beMa H CKOpOCTH nepe a4HIIHCPOp-
l\1all.III1) IIPH HCnOJIb30BaHHH rraCCHBHbIX HC3 II Heo6xo HMOCTb
60JIblliOrO KOJIH4eCTBa 3THX I1C3 B CHCTeMe npHBo HTK BbI60py
 JIHu.eJIeH KOMMepqeCKOH H BoeHHOH CB5I3H aKTHBHbIX I1C3.

KpoMe Toro, KaK 6y eTnOKa3aHO HH.lKe, IICnOJIb30BaHHe aK-

TIIBHbIX IIC3 rr03BOJIHeT 3HaqUTeJIbHO Yl\teHblllHTb CTOHl'vl0CTb

ClICTel\lbI CBH3H.

4. Op611Tbi

B HaCTOHmee Bpel'vlH B Bonpoce 0 BbI60pe Op6IITbI IIMeeTCH

3Ha4HTeJIbHO MeHblilee CorJIaCI1e, 4el'vt B Bonpoce 0 Tpe60BaHHHx
K pa60QeH qaCTOTe II lIlHpliHe rrOJIOCbI. 3TO He Y HBHTeJIbHO,
eCJIH Y4eCTb TOT cpaKT, lITO BbI60p Op6HTbI  OBOJIbHOCJIO.lKHbIM

06pa30l\1 CBH3aH C BbI6opOM MHorHX  PyrHx3JIeMeHTOB H napa..
1\1CTPOB CHCTel\1bI. HanpHl\Iep, BbI60p Op6HTbI 3aBHCHT OT

1) KOJIH4eCTBa H pa3l\lemeHIIH IIa3eMHbIX nYHKToB;
2) KOJIH4eCTBa KaHaJIOB, KOTopbIe ,lI.OJI)KHbI Coe,llHHHTb pa3-

.n 1I4HbIe napbI Ha3el\IHbIX nYHKToB;
3) halleCTBa 06CJIY)I{HBaHH5I, oc06eHlIo: a) pacnpe eJIeHIIH

BpeMeHII O)KII aHHH,6) npel\leHII 3ana3,lI.bIBaHHH CHrHaJIOB ,llJIH

.n.YIIJIeKCHOrI TeJIeqJOHHOrl JIHHIIH;

4) paI{eTbI-HOCHTeJIH: a) HarpY30QIIbIX xapaKTepHcTIIK,
6) CTOHMOCTH, B) Ha elliHOCTH, r) ,lI.ocTyrrIIocTH;

5) IIC3: a) Beca, 6) CTOHl\10CTH, B) Ha e)l{HOCTII;

6) Ha3el\1HOii CTaHll.HII: a) CJIO)l{HOCTII, 6) CTOHMOCTH;

7) npOOJIeM, CBH3aHIIbIX C I{Oop.n.lll1aI lIeii CIICTel\1bI;

8) BJIHHI-IIIH I{OCMIIQeCI{I1X YCJIOBIIii lIa AOJIrOnelIHOCTb an-

napaTypbI IIC3 B 3aBIICHMOCTII OT BLICOTbI.

I IMceTcH, 04eBH HO,6ecKoHellI-loe MHO)I<CCTBO B03MO)l{IIbIX II ,

BepoHTHo,  a)KepeaJIH3yeMbIx Op6HT. ,L\\bI rronbITae ICHB aTOM

pa3 eJIeYCTaHOBHTb HeKOTopbIe KpHTepIIII, C rrorvIomblO KOTOpbIX
MO)KHO 6Y,lI.eT CBeCTH aTO MHOllieCTBO K O)1.HOH op6HTe HJIH no

u u

 paHHeHMepe K HeCKOJIbKHM HaH60JIee 6JIarOnpHHTH M.

4 ..

1 
)

--"'l1lI
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YBeJIlIqeHHe rrJIOIII.a.1JJI rrepeKpbITH5I, nOJIyqaIO eeC5I 3a

CqeT YBeJIllQeHIl51 BbICOTbI I1C3, 51BJI5IeTC5I qpe3BbIqaHHO CY-
 eCTBeHHb[\IHa Bcex BbICOTax npHMepHO  o8 000 KM. O HaKo

OepuoObl 2, ", 0, 12, 21.; lffJCa
I 1"00

J

JIe C J(llaMeTpoM, cooTBeTcTBYIOllJJIT\1 yrJ1Y 60°, rvlaKCH1\1aJIbHOe

BpeM5I B3allMHOH BH.1l.Hl\10CTH YI<a3aHHbIx nYHKToB COCTaBllT

-----10 Atll.fl 3a OJ(IlH 060pOT. ECJIll nOJ(H5ITb I1C3 Ha qeTbIpeXqa..

COBYID Op6HTY (BbIcoTa 7350 KM), TO nepHO B3allMHOH Bll.1l.11MOC"

Tll YBeJIllqllTC5I rrOqTH ,nO ,nBYX qaCOB 3a O HH060pOT. 06J1aCTH
B3aHMHOfr BH.1l.11l\10CTH  JI5I3TllX Op611T rrpHBe eHbIHa cpHr. 6,
a rrpoeKUHH Ha 3eMJIIO 3THX Op6HT nOKa3aHbI Ha cpllf. 7.

TaKHM o6pa30M, npo eHTBpeMeHH, B TeqeHHe KOToporo
O.1l.HII I1C3 Ha rrOJI5IpHOll op611Te 6y,neT o6eCrreqHBaTb CB5I3b

t..
t,

MeM,ny HhIO-Y!OpKOM H TIapHMeM, YBeJIlIqHBaeTC5I C BblCOTOI1

Op611TbI. TIepeKpbITlle, KOHeQHO, 6y,neT TaK}Ke H3MeH5ITbC5I

C II3MeHeHlleM rrOJIO}KeHllH rrJIOCKOCTll Op611TbI OTHOCHTeJIbHO

J(BYX fOpO OB.113 cpHf. 7 MO}KHO c,neJIaTb BbIBO ,qTO Ha MaJIbIX

BbICOTax QaCTO BCTpeQaIOTCH Op6HTbI, KOTopbIe He 06eCrreQHBalOT
B3alIMHO I BH.1l.H1\10CTH nYHKTOB, HO C YBeJIHQeHHeM BbICOTbI

TaKlle Op6HTbI BCTpeQalOTC5I Bce pellie.
ECJIll Ha 3e1\1HOM llIape J(JIH CB5I31I BbI6paHbI J(Ba nYHKTa,

JIe}KaIlIJle no o6e CTOpOHbI OT 3KBaTopa, HanpHMep Mai1:aMH

II I3Y3Hoc-Ai1pec, TO nOJ1HpHble Op6HTbI Y}Ke He OKa3bIBaIOTCH

OnTllMaJIbHbIMH. I1C3 Ha 3KBaTOpHaJIbHOH op6HTe B 3TOM
u

CJIyqae o6eCneqllT 6oJ1ee qaCTbIe nepHoJ(bI B3aHMHOH BH,nH-

MOCTH, eCJIH, KOHeqHO, efO BblCOTa rrpeBbIlIlaeT MHHHMaJIbHYIO,

npH KOTOpOi1: B3aHMHaH BHJ(HMOCTb Boo6II.(e MO}KeT Hl\1eTb MeCTO.

KpoMe TOfO, nOCKOJIbKY I1C3, HaXO.1l.HII.(HHCH Ha op6HTe, pacno-
JIaraIOl.I(eHC5I npHMO Ha.1l. 3KBaTopOM, 6YJ(eT rrpH Ka}KJ(OM o6opo-

u

Te npOXOJ(HTb HaJ( O.1l.HllMll H Te1\llI Me TOQKaMH 3eMHOH rrOBep X-

HOCTH, TO rrp06J1e1\1a 6eCnOJIe3HbIX Op611T B 3T01\1 CJIyqae
He B03I-1HKaeT.

KpyroBble Op6HTbI 60JIee BblfO.1l.HbI C TOqKH 3peHH5I 06ecrre..

LIeHHH paBHoMepHofo rrepeKpbITIl51 rroBepxHocTH 3elVIJIH H noc..

TOHIICTBa OTHOlIleHllH CllfHaJI/wYM. O.1l.HaKO H 3JIJIHrrTllLIeCKlle

Op6UTbI HMelOT CBOH npeHMYl.I(eCTBa, B QaCTHOCTH Op6HTbI C Ha-

KJIOHOM 63,5°. B 3TOM CJIYLIae rrpH rrpaBHJIbHOM BbI60pe
.."

rIepI1o.1l.a npoeKlUIH Op6I1TbI na 3eMJIIO OKa3bIBaeTC5I rrOCT05IHIIOl1.

9JIJIHrITH4ecKaH op6HTa HMeeT TO npeH1\1Yl.I(eCTBO, LITO npH 3a-

J(aHHoii 1\10II.(HOCTII paKeTbI-HOCHTeJIH Ha 3JIJIHrrTHQecKYIO

Op6HTY MO:tKeT 6bITb BbIBe eHJ1C3 C 60JIbllIH1\1 BecoM, LIeM Ha

KpyroBYIO Op6HTY, BbICOTa KOTOpOlI paBHa arroreIO 3JIJIHII-

THQeCKOH Op6HTbI. ECJIH op6HTa BbI6paHa TaK, LITO I1C3 OKa..

3bIBaeTCH B arroree J(He1\I, l<or,na OH BH,neH C rycToHaCeJIeHHbIX
TeppHTopHH, a B rrepHree HOLIbIO, KOfJla OH HaXO.1l.HTCH Ha.1l.

.

8

<}) Hr. 6. OOJIaCTIi B3aHMHOH BII)J,HMOCTH )J,JIH HblO-YIopKa H OaplnKa
npn pa3JIHQI-IhIX BhICOTax.

-

I
,...

t.O

J(aJIbHeHllIee YBeJIHQeHlle BbICOTbI IIpHBO HTK MeHee 3aMeTHOMY
YBeJIllLIeHHIO nJIOII.(a n rrepeKpbITHH. ECJIH MbI B03bMeM J(Be
TOQKH Ha 3eMHOM llIape, Me}KJ(Y KOTOpbIMH MbI XOTHM OCYl.[(eCT-
BHTb CBH3b, HanpHMep HbIO-HopK II TIapH}K, II I1C3 Ha Kpyro..
BOM IIOJIHpHOi1: op6HTe, rrpOXO HmeHMe}KJ(y 3THMH .1l.BYMH IIYHK"
TaMH, TO rrpH J(BYXqaCOBOH op6HTe (BbIcoTa 1930 KAt rrpH yrJIe
e == 30°) II, CJIeJ(OBaTeJIbHO, OKPY}J{HOCTII IIepeKpbITH5I Ha 3eM..

-

-
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134 MIOA.Ilep r., Xe6eHWmpeum B., llineH2/lep 9.

OKeaHal\IH HJIH nYCTbIHHMH, TO nOJIyqaeTCH HaH60JIee 3q)(peKTHB-
HOe HCnOJIb30BaHHe 11C3. C nOMoIILblO orpaHHIIeHHoro IlHCJIa

I1C3, IIaXO HmHXCHHa 3JIJIHnTHIIeCKHX op6HTax, MOLKHO 06ec-

neIIHTb CBH3b B ,nHeBHbIe qaCbI 60JIblIIHIICTBa IJ.eHTpOB, YKa3aH-

HbIX II3 (pur. 1. KOJIHlJeCTBO 11C3 Ha 3THX HaKJIOHHbIX 3JIJIlIII..

THlJeCKHX op6HTax, He06xo,lJ)1MOe  JIHo6eCnelJeHHH HenpepbIB-
HofI CBH3H l\le}K,ny TpeMH napaMH ropo,noB, YKa3aHo Ha cpHr. 8

J I./OC l/OC 6' ClOC 12 lIac 24 l/OC
20

18

16'

14

12

/0

8

6'

2

o

I I

\\ I

"

HelO - J10pK - flaplJ)/(\ \..

"''-., TOKl/O - !7opmneHo

f10jJm./7eH K
HbfO-#OOK ............... ::""000...

/0 6'0 70

"

..

B 3aBHCHMOCTH OT anoreH. Ha060poT, 3aBHCHMOCTb 06CJIY)KHBae-
MOM 30HbI OT KOJIHIIeCTBa I1C3 npH cpHKCHpOBaHHOM anoree

npHBe,neHa Ha cpHr. 9.

O,nHaKo 3JIJIHnTHQeCKHe Op6HTbI Hl\lelOT TPH He,nOCTaTKa.

,[(JIH nOMep)KaHHH nOCTOHHHoro OTHOllIeHHH CHrHaJI/llIYI\1 npH

npHeMe CHrHaJIOB OT I1C3 B cJIY1Jae 3JIJIHnTHlJeCKOM Op6HTbI He..

06XO,nHMO H3MeHHTb YCHJIeHUe aHTeHHbI. TIepHreii 06bIlIHbIX

9JIJIHnTHQeCKHX Op6HT TaKOB, 1JTO ,nOJIlKeH 6y,neT npoxo,nHTb

1Jepe3 BHYTpeHHHM pa,nHaIJ.HOHHbIM nOHC 3el\IJIH C BbICOKOH HH-

TeHCHBHOCTblO pa,nHaIJ.HH. HaKOHeIJ., eCJIH nepHreH COCTaBJIHeT

MeHee 370 KM, TO TOpMO)KeHHe B aTMoccpepe npHBe,neT K HeCTa-

6HJIbHOCTH Op6HTbI. TaKHM 06pa301\1, npHxo,nHTCH C eJIaTbBbI..

BO):(, liTO, 3a HCKJIlOlJeHHeM CneIJ.HaJIbHbIX CJIYlIaeB, I<pyroBble op-
6HTbI HBJIHIOTCH npe,nnOQTHTeJIbHbI1\1H.

  -
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Jl.JIH Yl\leHbllIeHHH CJIOlKHOCTH CHCTeMbI BbICOTa Op6HTbI
,nOJI)KHa npeBbIlIlaTb HeKoTopbIli MHHHMYl\1. OpHBe,neM npHMep.
ECJIH )KeJIaTeJIbHO ocymecTBHTb nepe,nal.JY C 3ana,nHoro no6e-

pe)KbH Coe,nHHeHHblx lllTaToB B 5!noHHlO, TO Heo6xo)l.HMO HMeTb
11C3 B cpe,nHei1 TOl.JKe ,nyrn 60JIbllIOrO Kpyra, coe,nHHHIO efI

.36'
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8b/COflJO G/7DZeR

1
KMX /0 3
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CP II r. 8. KO"TIH4eCTBo IIC3 C HaKJIOHHbIMH 3.H.TIHnTIl4CCKIIMIl

op6uTaMII, He06xo,l1.l11\1bIX ,lI,JI5I 06eCrreqeHHH nerrpepbIBHoH CB5I31I

Me}KAY TpeMH rrapaMII rOpO,l1.0B.
)1,JI5I Kam oroanoreH H AJIH Kam,lI.oii napbI CTaHIJ,Hii 6bIJ1H PLI6paIlbI
BbICllIHe TOtIKU nepeCe1JeHH5I Op6HT, tJT06bI CBCCTH J{ MHHHMYMY I{OJIH-

tICCTEO I1C3. Tm{HM 06pa30M, lie BC3;\C Ha I<PHBbIX 3TH TOt.II\H ncpccc-
1JeHHll OKa3bIBaIOTC5I O,lI.nHMH H TeMH me.

5

/0 20 30 1;0 50 6'0 70 80 90 100
flpo eHmnepeKpb/mliR pocC'mORHUH

<I:> II r. 9. CB5I3b Me)KJJ.Y HblO-I1:0pKOM II naplDKeM C rrOMOmblO 11C3 Ha

HaKJIOHHbIX .9"TJJIHrrTH4eCKHX op6HTax npII pa3JIHqHOH BbICOTe anoreH.

l-DbICOTa anore51 2420 KM, nepHO,II. 2 ttac; 2-"BbICOT3 anore51 7400 KM, nepHo 
3 tlaC; 3-BbICOTa anore51 11900 KJd, nepnoJ]; 4 ttaC; 4-BbIcoTa anore51 19 800 IOrt,

nepHoJ]; 6 tlaC; 5-BbIcoTa anoreH 29800 KAt, nepHo}J;,12 1Jac.

9TH ,nBa nYHKTa. TIp Hl.JeM, ,nJIH TOrO l1T06bI 11C3 BCe BpeMH Ha-

XO,nHJICH B nOJIe 3peHHH o6eHx CTaHI1.HH, BbICOTa Op6HTbI ,l(OJI)KHa
COCTaBJIHTb no MeHbllIeH l\1epe 1670 KAt. ,QJIH Toro lIT06bI no,l(-
,l(ep)KHBaTb CBH3b Me)K,l(y CaH-CPpaHI1.HCKO H TORHo, lITO COOT"

BeTcTByeT pa3HOCTH ,nOJIrOT 30° (l1TO nOTpe6yeT MHHHMYM 12
I1C3), Heo6xo,nHMO HMeTb 11C3 Ha 9KBaTOpHaJIbHOH op6HTe
C BbICOTOH 60JIee 13 000 KM. KpoMe Toro, MO)KHO rrORa3aTb,
1JTO ,nJIH HenpepbIBHoH CBH3H CaH-<PpaHI1.HCKo - TORHo no..

Tpe6yeTcH He MeHee 5 Y!C3 Ha 9KBaTOpHaJIbHbIX op6HTax
HJIH 6 I1C3 Ha rrOJIHpHbIX op6HTax, pacnOJIO)KeHHbIX Ha JII06oH,
,name 6eCKOHe1JHOH BblCOTe. E,l(HlIcTBeHHbIM HCKJIIOl.JeHHeM HB..

JIHeTCH HC3 Ha CHHXpOHHOII op6HTe. B 3TOM cJIyqae  OCTaT01J"

...
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HO O)J.Horo I1C3. Ha cpHr. 10 npllBe):(eHbI ):(aHHbIe 0 KOJI1I4eCTBe

I1C3 Ha KpyroBbIx no.J1HpHbIX op6l1Tax, Heo6xo,lIJiMOM ):(JI5I nOJIY-
qeHHH HenpepbIBHoH CBH3H lVle)K,lI,Y TpeMH napaMH ropo):(oB.

TIpH nocTpoeHHH KpHBbIX cpHr. 10 npe,lI,noJIaraJIOCb, I.ITO

MO)J{HO ynpaBJIHTb nOJIO)l(eIIHervl VIC3 Ha op6uTe, npnqeM rvTO)h.eT

Te BbICOTOH 3700 KM HY)KHO HMeTb 100 cnYTHHKoB, a npH BbICO-

Te Op6HTbI 9250 KM - TOJIhKO 25. ,LLJIH nOJIY4eHHH TaKoro JKe ne-

peKpbITHH lVIeIK):(Y TOKHO H flOpTJIeH):(oM (WT. OperoH) Heo6xo-
,lI.HMO 60JIbIllee KOJIH4eCTBO I1C3. <PaKTHqeCKH KOJIHqeCTBO npo-
H3BOJIbHO pa3MemeHHbIx Ha Op6HTf I1C3, Heo6xo):(HMoe ,lI.JIH

36'
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<P Hr. 10. 1(0JIUqeCTBO I1C3 C KpyroBhIMH nOJIS1p-
HbIMH op6uTaMII, Heo6xo)1,IIMOe )1,JTH 06eCrreQeHII5t

nerrpepbIBHoii CBS13II Me}K)1,y TpeMS1 napaMH ropoJ(on. 8 76' 32 80 lfiO
Db/coma Op611mbl, 10

3
Kkl

cP II r. 11. I( O.lIIP-IeCTBO 11C3, lIc06xo)J,IIMOe ,lI,JIH 06ecne-
1JC1I1I5I Cn5I3II Me;'K;I.Y HbIO-VIopKOJ\1 II OaplJ}J(eM )1,,,1151 Op6IIT

QeTbIpeX TIITIOI3.

1 - IIpOH3ROJIbHOe pacnOJIO>KCIIIIC Bel I\p)TOBoH Op6I1TC (ncpeKphlTHC
9 9 o); 2 - 11:1 3TOii BbICOTC Tpc6YCTC5I TOJILhO OAHII HC3; 3 -I<pyro-
naH 31<BaTOpmlJIbIIClH Op6I1Ta. HC3 co cTa6I1JIH3(1l.1,HCii; 4 -l<pyrom1H
nOJI5Ipll:m 01'6HTa, HC3 co CTC10IlJIH3ClI..1,HCii; 5 - 3JIJIHnTHtIcCKa5I HCl-

EJIOIlIlt:15I op6HTa (yroJI B(]J{JIOlia 63,5
0

), IIC3 co cTa6HJIH3aI..1,Hcii.

,
l6' 'J

2
J

H3MeHHThCH HX HaqaJIbHOe nOnOmeHHe Ha Op6HTe H B Aanh-

HeHllleM 3TO nOJIOmeHHe 3a Bpel\lH cy ecTBoBaHHHI1C3 MO)KeT

COXpaHHThCH. C ,npyroH CTOpOHbI, ):(JIH 3KOHOl\1:HH BeCa CHCTelVlbI

ynpaBJIeHHH I1C3 MO)KHO 3anYCKaTb Ha onpe):(eJIeHHYIO KPY-

rOBYIO OP6HTY, He nbITaHCh ynpaBJIHTh ero nOJIO)KeHHeM Ha 3TOH

op6HTe. ,[{JIH Toro qTo6bI 06eCne1.JHTb B3aHMHYlO Ha,lI,e)KHYIO BH-

,lI,HMOCTb O):(Horo y!C3 H3 ):(BYX Ha3eMHbIX nYHKTOB npH npOH3-
BOJIbHOM pa3Me eHHHHC3 Ha op6HTe, Heo6xo):(HMO Hl'vleTb 3Ha-

qHTeJIbHO 60JIblllee HX KOJIHt.J:eCTBO O):(HaKO H B 3TOl\1 CJIY4ae
rpe6yeMoe KOJIH1.JeCTBO pe3KO 3aBHCHT OT BbICOTbI Op6HTbI, eCJIH

OHa MeHbllle 9250 KM. KaK CJIe,lI.yeT H3 cpHr. 11, AJIH nOJIyqeHHH
99% nepeKphITHH Mem):(y HblO-I10pKOM H OapH/KeM npH npo..
H3BOJIbHOM pacnOJIO/KeHHH HC3 Ha KpyroBoH nO.ITHpHOH Op6H"

CBH3II l\1e)K,lI.y ):(BY1\1:H 3THMH ropoJ],alVIH, B TO )Ke BpeMH n04TH

ooecne4HBaeT rJI06aJIbHYlO CBH3b.

OpH HeHanpaBJIeHHbIX aHTeHI-IaX Ha aKTHBHOM I1C3-pe-
TpaIICJIHTOpe, OQeBH,lJJ-IO , HeB03MO)J{HO 06ecne4IITb Tpe6yeIVIoe
KaqeCTBO TeJIeBH,L(eHHH npH BbICOTe Op6HTbI 60JIee 7400 KJrt.

TaKHM o6pa30M, eCJIH ):(OJIJKHa HCnOJIb30BaTbCH HeHanpaBJIeH-

. -
...
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Ha51 aHTeHHa, TO Op6HTa ,.l\OJI)KHa HMeTb MeHblllYIO BbICOTY, }Ke-

JIaTeJIbHO He 60JIee 3700 KAt. IlpH 60JIblllOl1 BbICOTe Heo6xo)I.H-
MO BBO)I.HTb CHCTel\1Y cTa6HJIH3aLLHH nOJIO}KeHHH I1C3 )I.JIH o6ec-

ne4eHHH nOBopOTa HanpaBJIeHHbIX aHTeHH K 3eMJIe. IlpH naJIH-

lIHH CHCTeMbI cTa6HJIH3aLLHH nOJIO)KeHHH HeKOTopbIe )I.PyrHe cy6-
CHCTeMbI I1C3 JIH60 ynpOll(aIOTCH, .nII60 YM)eHblllaeTCH HX Bec.

ECJ1I1 B Ka4eCTBe HCT04HHKOB nlITaHHH HCnOJIb3YlOTCH COJIHe4-

HbIe 6aTapeH, TO CHCTel\la cTa61IJIH3agHH l\10}KeT 06ecne4HBaTb

opHeHTaLLHIO 6aTapeii Ha COJIHLLe, 4TO n03BOJIHeT 3Ha4HTeJIbHO

YMeHblllHTb KOJIH4eCTBO 6aTapeii H HX Bec. IlpooJIeMa nOMep-
MaHH5I TeMnepaTypbI TaK)Ke ynpOll(aeTC5I npH HaJIH4HH CIICTeMbI

cTa6HJIH3aLLHH, TaK KaK TO 06CTOHTeJIbCTBO, 4TO HeKOTopble no-

BepXHOCTH I1C3 Bcer,.l\a nOBepHYTbI K COJIHLLY, a ,.l\pyrHe Bcer)I.a

OCTaIOTC5I B TeHH, l'vl0)KeT 6bITb HCnOJIb30BaHO )I.JIH 06ecne4eHH5I

3cpcpeKTHBHoro OTBO)I.a TenJIa OT I1C3. KpoMe Toro, nOCKOJIbKY
CHCTeMa cTa6HJIH3aLLHH n03BOJIHeT Bce BpeNIH HanpaBJIHTb aH-

TeHHbI Ha 3eMJIIO, TO )I.JI5I )I.aHHoro Y4aCTKa nOBepXHOCTH 3eMJIH

Tpe6yelVloe OTHOllleHHe CHrHaJI/lllYl\1 He 3aBHCHT OT BbICOTbI;
u

no Mepe YBeJIH4eHHH BbICOTbI OCBell(eHHe TOH me nJIOll(a,.l\H Ha

nOBepXHOCTH 3eMJ1H 06ecne4HBaeTCH aHTeHHOll: C 60JIee OCTpOll:
u

,[(HarpaMMOH HanpaBJIeHHOCTH.
TaKH1\I 06pa30l\I, H:\1eeTCH KpHTH4eCKaH BbICOTa nopH,.l\Ka

9250 KM, HH)Ke KOTOpOll: IvIOMHO HCnOJIb30BaTb HeHarrpaBJIeH-
Hble aHTeHHbI H OTHOCHTeJIbHO npocTble I1C3. Ha 60JIbIllHX BbI..

COTax )KeJIaTeJIbHO HCnOJIb30BaTb HanpaB.neHHble aHTeHHbI H

CHCTeMY cTa6HJIH3aLLHH. O)I.HaKo B TO Me BpeMH npH I3bI-

COTe 60JIee 9250 KAt Tpe6yervloe KOJIH4eCTBO I1C3 pe3KO COKpa-
 aeTCH.

BaLKHbIM 06CTOHTeJIbCTBOl\I npH BbI60pe BbICOTbI I1C3 HB-

JIHeTCH 3arra3,.l\bIBaHHe, rrOJIY4alOll(eeCH npH rrpOXO)K)I.eHHH
CHrHaJIa rro BCell: JIHHHII CBH3H. B HaCTOHll(ee Bpel\IH npOH3BO-
,[(HTC5I HCCJIe,.l\OBaHHe BJIIIHHHH 3Toro 3arra3,.l\bIBaHHH Ha TeJIe-

cpOHHbIH pa3roBop [9], B03l\10)KHO, 4TO 06ll(ee 3ana3)I.bIBaHHe

B 0,6 eeK, BBO)I.Hl\10e CHCTeMOll: peTpaHCJIHLLHH C nOl\IOll(bIO I1C3
Ha paCCTOHHHHX, cooTBeTcTBYIOll(HX CHHXpOHHOH op6HTe,
c,[(eJIaeT Herrp Hro)I.HOll: TaKYIO Op6HTY )I.JIH KOM1\lep4eCKoH Te-

JIecpoHHoH CBH3H, eCJIH TOJIbKO He 6Y)I.YT pa3pa60TaHbI cnelLHaJ1b-
Hble MeTO)I.bI nepe)I.a4H H npHeMa. C )I.pyroH CTOpOHbI, 3TO

3arra3)I.bIBaHHe He 6Y)I.eT napyrnaTb O)I.HOCTOpOHHIOIO CBH3b H

He 6Y,.l\eT BJIHHTb Ha BbIrrOJIHeHHe BoeHHbIX Tpe6oBaHHH. B BoeH-

HOM CBH3H 3arra3,.l\bIBaHHe MomeT OKa3aTbCH ,.l\a:tKe rrOJIe3HbIM

C TOQKH 3peHH5I ynpOIJJ.eHH5I TeXHHKH 3all.{HTbI OT C03,[(3Bae-
MbIX npOTIIBHHKOl'\'1 nOl\lex.

CJIe,[(YIO HM cpaKTopOM, KOTOpblH HYlliHO Y4HTblBaTb npH
BbI60pe I3bICOTbI I1C3, HBJIHeTCH BJIHHHHe Ha I1C3 KOCMHqeCKHX

YCJIOBl1iL CJIe,[(YIOll(l1e 7 H3 H3BeCTHblX B HaCTOHll(ee BpeMH cpaK"
u u

TOpOB KOCMH4eCKOH cpeAbI MorYT OKa3bIBaTb Bpe,[(Hoe B03)1.eH-
CTBUC: BhICOKHii BaKYYl'vl, MHKpOl\leTeOpHTbl, YJIbTpacpHOJIeTO-
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cP Hr. 12. 3aBIIcIIMoCTb aTMocqJepIloro }.I.aBJIeHHH OT nhICOTbI.

Boe 1I3JIY4eHHe, peHTreHOBCKOC H3JIY4eHHe, ,\,-JIyqH, 3aXBaqeH-

Hble 3JIeKTpOHbl H 3aXBa4eHHble npOTOHbI. IlOCJIe)I.HlIe 4eTbIpe
'f u u

cpaKTopa B 3Ha4HTeJIbHOH CTeneHH 3aBHCHT OT BblOpaHHOI1 Bbl-

COTbI. BJlII5IHlIe l\1arHHTHLIX noneH, HHcppaKpaCHbIX H KOCMH4e-

CKHX JIyqeH, HelfTpoHOB, a-4aCTIIll. II qaCTIIll. C 60JIbIllefi MaCCOM
MOllieT He yqHTbIBaTbCH JIH60 BCJIe CTBHenpeHe6pe:tKIIMO MaJIO-

ro 3cpcpeKTa, npOH3Bo HMoroHMH, JIH60 BCJIe)I.CTBHe npeHe6pe-
)I(H1\10 MaJIOH BepoHTHoCTH HX B03 eCICTBI1H [3].

BbICOKHH BaKYYM KOCMHqeCKOrO npocTpaHcTBa, KOTOpbIH,
KaK nOKa3aHO Ha cpHr. 12, npII6JIHlliaeTCH K 10-12

MJll pIn. cln.

Ha BblCOTax 9250-3700 KAl, OKa3bIBaeT CHJIbHOe BJIHHHHe Ha

TBep ble MaTepHaJIbI. YCKOp5HOTC5I npOLLeCCbI HcrrapeHHH H

B03rOHKH, TaK KaK MOJleKYJlbl, nOKHAaIOllI.He nOBepXHOCTb Ma-

- -

...



.

140 MIOAAep r., Xe6eHLUmpet1m B., lllnefl2/lep 9. 6. HCKyccm8eflHble cnymHuKu 3eMAu, npUJ1eHRe.Alble a/lR cBR3U 141

soo

...

,.,.

""

./

 ,

/

/
---,

'IT
J

7

-7 .

I

I
II

cpHr. 12, Ha BblCOTax 60JIee 1850 KJU H3MeHeHHe aTMoccpepHoro
AaBJIeHH5I C BbICOTOI1 OqeHb MaJIO. BJIH51HHe YJIbTpacpHOJIeTOBO-
ro H3JIyqeHH5I B KOCMHlIeCKOM npocTpaHcTBe TaK)Ke npHBo,lIJIT
K YCKopeHHlO B03rOHKH MaTepH3JIOB; ero MO}KHO OCJIa6Jl51Tb TeM

}Ke cfIoco60M - Bbl6op01\1 CJIa60B03rOH51IoUJ.nXC51 MaTCpHaJ10I3.
Ha cpHr. 13 npHBeAeHa KpHBa5l, nOJIYQCHHa51 BO BpeM5I 00-

CJIe HHXHCCJIeAOBaHHH KO.HIIQeCTBa II pacnpeAeJIeHH5I 3I1eprHH

lVII1KpOMeTeopHToB B KOClVIIIQeCKOlVI npocTpaHcTBe.
OHa xapaKTepH3yeT Bep051THOCTb npo6l1BaHH51 Y!C31\1HKpO-

MeTeopHToM. TIp06HB3HHe MHKpoMeTeOpHT01\1 B03MO)KHO, HO,

KaK rrOKa3aHO Ha cpHr. 13 B He06xoAHMbIX CJIY4a51X, narrpHl\lep
AJI51 repMeTH4ecKH 3arra51HHbIX 63TapeH, OHO MO)KeT 6blTb rrpe-

AOTBpa eHOnYTeM YBeJIH4eHH5I TOJIIl1JIHbI 060JIOlIKH, 06e rrelIH-
Ba5I HX coxpaHHOCTb B TelIeHHe Bcero BpeMeHII CYIJJ.eCTBOBa-
HH51 I1C3. TIoA AellCTBHelVl CTOJIKHOBeHHii C l\1.HKpOrvleTeopHTaMH,
06JIaAalO HMHrvleHbllIeH 3HeprHei1, 6YAYT B03HHKaTb 3p03H51 H

ruepoxoB3TOCTb nOBepXHOCTH l1C3. BpeAHoe BJIH51HHe 3p03HH,

HarrpHMep Ha norJIOIJJ.eHHe TenJIa, MO)l{eT 6bITb YCTp3HeHO crre-

ll.Ha.HbHbIM rrpeABapHTeJIbHbIM orpy6JIeHHeM nOBepXHOCTH HJIH

OKCH,L(HpOBaHHeM ee. YCTaHOBJIeHO, lITO 06bIlIHO nOTOK MHKpO-
MeTeopHTOB C BbICOTOH Yl\IeHblllaeTC51, TaK lITO Tpe6oBaHH51
K 3KpaHHpOBKe, BbITeKaIOII\He H3 <pHr. 13, 5IBJI5IIOTC5I l\1aKCH-

MaJIbHbIMH.

COJIHelIHa5I 3HeprH5I B AHana30He peHTreHoBcKHX JIyqeti
(1-100 A) H V-JIYlIeH (0,1-1 A) npeHe6pe)KHMO MaJIa, 3a HC-

KJIIOlIeHHeM rrepHO,L(OB HHTeHCHBHbIX BcnbIllleK H3 COJIHIl.e,
OJ(HaKO HHTerpaJIbHbIH 3cpcpeKT 3THX BcrrblweK HeJ(OCT3TOlIeH

AJI5I Toro, QT06bI BbI3BaTb CYU-LeCTBeHHble nOBpe}KAeHH5I arrna-

paTypbI I1C3. TIoBpemAeHHe I1C3 MomeT 6bITb BbI3BaHO 3cpcpeK-
TOM TOpM03Horo H3JIY4eHH5I, rrpIl KOTOpOlVl 4aCTb 3HeprHH H3JIY-

U U U

4aeMbIX 4aCTHll., B3aHMOJ(eHCTBY51 C OKpY)KalOII\eH MaTepHeH,
npHBOJ(HT K rr05IBJIeHHlO V-JIYlIeH. XOT5I 3HeprH5I 3Toro BTO-

pHlIHoro H3JIY4eHH51 BcerJ(a 3Ha4HTeJIbHO HH}l{e 3HeprHH rrep-
BH4Horo H3JIY4eHHH, TO 06CT05ITeJIbCTBO, 4TO TOpM03Hoe H3JIY-
4eHHe 06JI3J(aeT 60JIbWOH rrpOHHKaIOIII.eii crroc06HOCTbIO,

U

J(eJIaeT 3KpaHHpOBKY 3aTpYAHHTeJIbHOH, a ero BJIH5IHHe Ha

rrOJIyrrpoBoAHHKOBble rrpH60pbI H opraHH4eCKHe MaTepHaJIbI,
HCnOJIb3yeMbIe J(JI5I H30JI5Ill.HH, MomeT C Te4eHHeM BpeMeHH
pe3KO YXYJ(lllHTb HX pa604He xapaKTepHCTHKH. TeM He MeHee

3aIII.HTa OT nepBH4Horo H3JIY4eHH5I HCKJI104HT B TO me BpeMH
B03MO)l{HOCTb nOBpe)l(J(eHHH annapaTypbI 'Y-JIY4aMH..

TepHalla, HMeIOT MeHbWYlO Bep051THOCTb CTOJIKHOBeHH51 C MO-

JIeKYJIal\IH aTl\10ccpepbI, 3 CJIeAOBaTeJIbIIO, H B03BpaIII.eHHH B Ma-

TepHaJI. KpoMe Toro, YCTpaHeHHe ra30BOH nOBepxHocTHOfI
nJIeHKH, KOTOpa51 rrOKpbIB3eT rrOBepXHOCTH Bcex MaTepHaJIOB
npH aTMoccpepHoM 1:I.aBJIeHHH, COOTBeTCTBYIOIl1.eM ypOBHIO MOp51,
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<P Hr. 13. BepoHTHaH qaCTOTa np06IIBaHIIH
MHKpoMeTeopnTaMH aJIIOI\lH H lIeBOlf c(l)epbI Jl.1I a-

MerpoM 3 .M B KOCMH1.JeCKOM npocTpaHcTBe
B6JIH311 3eMJIH.

npnBO)J,HT K coe)J,HHeHHIO HX C J1I060H HaXOJ(HIl1.eHC5I C HHMH

B KOHTaKTe nOBepXHoCTblO. I1cnOJIb30BaHHe MaTepHaJIOB C HH3-

KHM J(aBJIeHHeM napOB (rrJ1aCTIIKH, 3JIIOMHHHH, 6epHJIJIHi1, THT3H
H 30J10TO) MO}KeT YIVleHblllHTb BJIHHHHe 3THX cpaKTopOB AO HH4-

TO}KHO MaJIOH BeJIH4HHbI H pelllaeT nepBYlO np06JIeMY. TIpa-
BHJIbHaH KOHCTPYKll.HH, YCTpaH51IOIl1.a51 TpYI.1.-LHeC5I rrOBepXHoCTH,
MomeT pelllHTb BTOpYIO rrp06JIeMY. KaK MO)KHO BHJ(eTb H3

..
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DepBHIIHbIH KocMHlleCKHH nOTOK COCTOHT 113 II aCTHIl" 3Hep-
rHH KOTOpWX Ko e6neTCHOT HeCKO bKHXAO 109

MHnnHOHOB

Mae, npHqeM nOTOK Ha 80 0
0 COCTOHT H3 npoToHoB. MaKcHManb-

u

lIaH nnOTHOCTb KOCMHlleCKHX JIYlleH COCTaBJIHeT npHMepHo
2 tlQCI/IUl{bllChZ

2
. ceK. TaKaH nJIOTHOCTb AOCTHraeTCH HaA 3K-

BaTopoM Ha BbiCOTax 60Jlee 27 800 KAl, a B nOJI5IpHbiX patio-
Hax 60JIee 18 520 KAl. Iv\aKclIMaJlbHaH HOHH3allH5I B nlo6oM
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cD n r. 14. Pa)1.lIal1.lI0HHble rrOHca 3eMJIlf.

MaTepHaJIe, BbI3BaHHaH KOCMHlleCKHMH JIyqaMH, COCTaBJIHeT

1 hlUJlAUpel-lm2el-litLac H He MO)KeT CYI.I.LeCTBeHHO BJIHHTb Ha

pa60TY 11C3.

,[LocTaToIIHo nonHaH KapTa HOHH3HpYIOI.I.LerO H3JIyqeHHH,

ynaBJIHBaeMOro MarHHTHbiM nonervl 3eMJIH, 6bIJIa c03AaHa no

pe3ynbTaTaM, nOJIYlleHHbiM B onbiTax C 11C3 «3KCnJIoypep-6»
(cpHr. 14). 113 3THX AaHHbIX H npOAeJIaHHbIX paHee H3MepeHHM
MO)KHO CAeJIaTb BbIBOA 0 HanHIIHH ,l(BYX OCHOBHbiX n05ICOB pa-
AHallHI1 - BHYTpeHHero nOHca, COCT05II.I.LerO rJIaBHhIM o6pa-

u u

30M 113 npOTOHOB C BbICOKOH 3HeprHeH, H BHelliHero nOHca,
u u

COCT05II.I.Lero B OCHOBHOM H3 3JIeKTpOHOB C MaJIOH 3HeprHeH.
MexaHH3M OCHOBHhIX nOBpelliAeHHM, BhI3hIBaeMbIX H3JIY-

qeHHeM, 3aKJIIOllaeTCH B HOHH3aILHH H CMeI.I.LeHHH aTOMOB 06JIY-

--it--
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lleHHoro MaTepHaJIa, B pe3ynbTaTe llero B03HHKaIOT 113MeHeHH5I

3JIeKTpHlleCKOH npoBoAHMOCTH H cpH311QeCKHX CBOMCTB MaTepHa-
JIa. 3KpaHHpOBKa OT 3JIeKTpOHoB, 06JIa,lI,aIOI.I.LHX MaJIOH 3Hep-
fHeM, BCTpellaIOll.LHXC5I B KOCMoce noBCIOJJ.Y , nOQTH He Tpe6yeT

u

YBenHlleHH5I neca, OAHaKO 3KpaHHpOBKa npOTHB B03AeH-
CTBHH npOTOI-IOB C 60JlblllOli 3HeprHeti BO BHCWHeM nORce paAHa-
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2

cD Hr. 15. YMcHbIlleHHe TOh.a KopoTKoro 3aMbIKa-

HHH npu B03,lI.eilCTBHII rrpoToHoB C 3HeprHeii 740 Mae.
\

IJ.HH TIOQTH HeB03MOiKHa. Il.noTHocTb nOTOKa npoToHOB C 3Hep-
rl1HMH 20-75 Mae l\lO}KeT AocTHraTb 104-106 npomofloel
CM

2
. ceK Ha BbICOTax OT 1850 AO 18 500 KM. DpOTOHbI C HaHBblC-

IlII1MH 3HeprHHMH (700 Mae H 60JIbllle) BCTpeQaIOTCH Ha BhlCOTax

OT 3700 AO 7400 KM. TIoBpe)KAeHH5I, KOTopbIe MorYT 6bITb Bbl-

3BaHbI 3THM H3JIYQeHHeM, HJIJIIOCTPHPYIOTC5I cpHr. 15. KpHBaH
xapaKTepH3yeT H3MeHeHI1e TOKa KopoTKoro 3aMbIKaHHH KpeM-
Hl1eBbIX conHe1II-ibIX 6aTapeH AO H nOCJIe 06JIYQeHHH npoToHaMH
C 3HeprHeM 740 Mae [1]. 11HTerpaJIbHbiM nOTOK TIJIOTHOCTbIO

Bcero 7,5.1010 npOmOl-llCAl2 npl1 3HeprHH 740 Mae npl1BoAHT
K YMeHbllleHHlO TOKa 6aTapeH Ha 25 %. TIpH nJIOTHOCTM nOTOKa

10 12 npomol-llClvl
2

TOK YMeHblIlaeTC5I Ha 50 %.

-
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4 70

<PIIr. 16. TOJIll1.HH3

3KpaHa, He06xo)J.IIMaH
'-'

)1..J1H 3 alI1.IITbI OT B03)J.eH-

CTBHH npOTOHOB C BHCO-

KIHvlH 3HeprHHMII.

1850 KJrt, TO Tpe60BaHMH 6YJl.YT BblnOJIHeHbI npH HeHanpaBJIeH-
HbIX aHTeHHax II OTHOCMTeJIbHO npOCTbIX cy6cHcTeMax I1C3.
OOCKOJIbKY Me:tKKOHTMHeHTaJIbHaH BHJl.HMOCTb 06eCrreqHBaeTC5I

npH HaHMeHblIleH BbICOTe rrOp5lJl.Ka 3 700 KJvl, TO MO:tKHO CJl.eJIaTb
BbI,BOJl. qTO aKTHBHble I1C3, HaXOJl.5IIllJieCH Ha HM3KMX op6MTax
M MCrrOJIb3YlOIlIJle nOJIynpOBOJl.HHKOBbIe np1160pbI, HenpMrOJl.HbI.
B JII060M CJIyqae npH KpyroBbIx Op611TaX C BbICOTOH 1 850-
3 700 KhZ rroTpe6YlOTCH COTHH I1C3 Jl.JIH 06eCneqeHHH HaJl.e:tK-
HOrO 06CJIy:tKHBaHMH. nOJl.Jl.ep:tKaHl1e pa60Tocrroc06HOCTH Cl1C-

TeMbI nOTpe6yeT npOH3BOJl.l1Tb e)l(erOJl.HO 3anYCK 60JIbIlIOrO KO-

JIHqeCTBa I1C3.

,l:LJlH TOrO qT06bI 3aMeTHO YMeHbIlIHTb KOJll1qeCTBO 3anYCKae-
MbIX I1C3, CJIeJl.yeT HCnOJIb30BaTb op 611TbI BbICOTOH 60JIee
9 000 KM. npl1 3TOM Jl.JIH rroJlYQeHH5I BbICOKOKaQeCTBeHHOH
CBH3H vIC3 Jl.OJl}KHbI 6bITb aKTl1BHbIMl1. OJl.HaKo rrpM BbI60pe
aKTHBHbIX HC3 KOCl\1HQeCKHe YCJIOBHH BbIHY}KJl.aI-OT MCrrOJIb-

30BaTb Ml1HHMaJlbHYlO BbICOTY Op6HTbI, paBHYlO 18 500 KM.

B 3TOM cJlyqae CJIeJl.yeT BbI6HpaTb BbICOTY H nOJlO:tKeHHe Op6H-
TbI TaKMMM, QTo6bI Tpe60BaHMH K CHCTeMe CB5I3H BbInO.TIH5IJlHCb

rrpH HaHMeHbIlIeM KOJIMQeCTBe HC3. B QaCTHOCTH, Jl.JI5I 06ecrre-
QeHH5I Jl.BYXCTopoHHeH CB5I31I Me:tKJl.Y nOQTII JIlO60H napoH Kpyn-
HbIX ropOJl.OB OJl.Horo rrOJIYIlIapHH JIOrHQHO BbI6paTb KpyrOBYlO
3KBaTopHaJlbHYlO Op6HTY C BbICOTOH 35 810 KJl. B 3TOM cJIYQae
Jl.OCTaTOQHO OJl.Horo HC3. ECJIH B03HHKalO eerrpH 3TOM 3ana3-

Jl.bIBaHHe ClirHaJlOB 5IBHTCH nperrHTcTBHeM Jl.JI5I HOpMaJIbHOH TeJIe-

cpOHHOH CBH3H, TO CJleJl.yeT BbI6paTb Op6HTY C 12-QaCOBbIM rre-

pMOJl.OM 06pameHM5I.

3a HTaOT H3J1YQeHHH l\10:tKeT 6bITb 06eCneqeHa COOTBeTCT- .

BYIOll\eH 3KpaHHpOBKOiL 3KpaHHpOBKa, Tpe6yeMaH Jl.JI5I 3all\HTbI

OT npOTOHOB, 06J1aJl.aIO HX bICOKHl\lH3HeprHHIvlH, MOllieT 6bITb

HaHJl.eHa H3 rpacpl1Ka cpHr. 16. OqeBHAHO, QTO 3a HTaOT nOBpe:tK-
u

Jl.eHI1H, BbI3bIBaeMbIX npoToHaIvIH, BCTpeQalO HMHcHBO BHYTpeH-
HelVl nOHce paJl.Hau.HH, Tpe6yeT HaJIHqU5I 3KpaHa H3 I-IaH6oJIee
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3cpcpeKTHBHoro npOTl1B rrpOTOHOB MaTepHaJ1a TOJI HHOHno IV1eHb-

IlIe IMepe 25 C  l.OTcloJl.a CJIeJl.yeT, qTO eJl.HHCTBeHHbIM HaJl.e)KHbIM

cnoc06oM 3a HTbICB5I3HbIX HC3 OT nOBpe)l(Jl.eHHH nOTOKOM

rrpoToHoB 5IBJIHeTCH Bw60p Op6HTW, npoxoJl.HmeH HMme MJIM

BbIllie BHYTpeHHero n05Ica paJl.Hau.HH. 3TO 03HaqaeT, QTO HC3

Jl.OJDKeH HaXOJl.l1TbCH Ha BblCOTax Hl1)Ke 1850 KJvl H.nH BbIllie

18 500 KJvl.

TaKHM 06pa30M, H3 CKa3aHHoro BblIJJe CJleJl.yeT, QTO BbICOTa,

paBHaH npHMepHo 9000 KJvl, HBJlHeTC51 Jl.OBOJIbHO QeTKO Irpa-

HHQeH, pa3Jl.eJIHlO erl Tpe6oBaHHH, npeJl.'bHBJIHel'vlble K CJIO)K-

HOCTI1 CHCTeM CBH3HbIX HC3, C OJl.HOH CTOpOHbI, H K KOJIM4eCTBY

HC3, Heo6xo HMbIX,AJIH o6eCneQeHHH 3aJl.aHHoro nepeKpbITH51,
C Jl.pyroH CTOpOHbI. Ha BblCOTax OT 1850 ,lI.O 9000 KM aKTI1BHblt'I

CBH3HOH I1C3 He MO:tKeT Jl.OJlro pa60TaTb. ECJ1H BbICOTa M.eHee

5. BbI60p l.JaCTOTbl

OnpeJl.eJI5IlO eHnpH BbI60pe QaCTOTbI HBJIHeTCH cpeJl.a H ee

xapaKTepHcTHKH. HC3, HaXO.AH HeCHB TeqeHHe Jl.JIMTeJIbHOrO

BpeMeHH Ha reOu.eHTpMqeCKOH op6HTe, Jl.OJI:tKHbI o6eCrreQMBaTb
CBH3b C 3eMJleH rrpH HaJIHql1H BceB03MO)KHbIX paJl.HoillYMOB
He6a, BKJllOQa5I IlIYMbICOJIHu.a. Ha 3eMJle Ha BbI60p QaCTOTbI

BJIHHlOT TerrJlOBbIe IlIYMbI, BbI3bIBaeMbIe TeMnepaTypoH 3eMJIH,
H 3aTyxaHHe B aTMoccpepe.

np06J1eJ\1a BbI60pa OnTI1l\1aJIbHOH QaCTOTbI Jl.JI5I KOCMHqeCKOH

CBH3H Y}Ke HCCJIeJ(OBaJlaCb [6]. OCHoBHbIe OrpaHHQeHH5I npOHJI-
JIlOCTpHpoBaHbI Ha cpHr. 17. ,lJJIH CBH3HbIX HC3 C HeHanpaBJIeH-
HbIMH aHTeHHaMI1 OIITHl\IaJlbHa5I QaCTOTa nepeJ(aQH C 3eMJIM Ha

6 3aK. 232

-
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I1C3 COCTaBJ15IeT 400 M2t{, B TO BpeM5I KaK qaCTOTa rrepe,lI.,aqH

CO CrrYTHHKa Ha 3eMJ11O BCJ1e,lI.,CTBHe rnYMOB raJ1aKTHKH ,lI.,OJ1lliHa

6bITb Bblrne 1 000 M2t{. B cJ1yqae HarrpaBJ1eHHbIX aHTeHH H rrac-

CHBHbIX HC3 OrrTHMaJ1bHa5I qaCTOTa C TOqKH 3peHH5I BJ1H5IHH5I

oKpY2Kalom.ei'I Cpe,lI.,bI Ha rrepe,lI.,aqy ,lI.,OJ12KHa J1elliaTb Melli,lI.,Y 1 000
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. <P Hr. 17. 3a13I1CIIMOCTb YCHJIeIIIUI aHTeHIIhI

I1C3 OT '-IaCTOTbI rrpn Tpex 3I1a'-IeHII5IX ee neCd

WA H H3JIYQaeMOH MOllI.HOCTH PT .n.JI5I QeTbI-

pex 3HaqeHHH Beca nepe.n.aTqHKa.

M 10 000 M2l{. ,UpyrHM cpaKTopoM, BJ1H5IlOIILHM Ha BbI60p qac-

TOTW, 5IBJ1HeTC5I 3aBHCHMOCTb Beca OT xapaKTepHcTHK o6opy-
,lI.,OBaHH5I CB5I3HbIX cy6cHcTeM I1C3. B He,lI.,aBHO rrpOBe,lI.,eHHbIX
orrbITax C BbICOKOqaCTOTHbIMH 3J1eMeHTaMH rrOJ1yqeHbI orrpe,ne-
J1eHHble COOTHorneHHH Me:iK,lI.,y TaKHMH rrapaMeTpaMH, KaK YCH-
JIeHHe, qaCTOTa H Bec rrepe,naTqHKa, BKJ1IOqa5I HCTOq"HHKH rrHTa-

HH5I H rrpH60pbI perYJ1HpOBaHH5I TeMnepaTypbI. 3TH COOTHorne-

HH5I rpacpHqeCKH H306pa}KeHbI Ha cpHr. 17. no CYTH ,lI.,eJ1a, 3TH

KpHBble 5lBJl5l1OTC5I Bblpa)KeHHeM Toro cpaKTa, qTO YCHJ1eHHe
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aHTeHHbI rrponopl]J10HaJ1bHO KBa,lJ.paTY ee ,lI.,HaMeTpa, Bblpa-
}KeHHoM.y B ,lI.,.JIHHaX BOJ1H, Bec aHTeHHbI rrporropILHOHaJ1eH ee

rrJ1om.a,lI.,H, a Bec HCTOqHHKOB rrHTaHH5I YBeJ1HqHBaeTC5I C qaCTO-
u

TOH H3-3a YMeHhWeHH5I K. n.,lI.,. rrepe,lJ.aTqHKOB. B HaCT051IILee

BpeM5I MO)KHO rrOJ1yqHTh K. n. ,lI.,. 50-80% ,lJ.J151 rrepe,lI.,aTqHKOB,
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<P 11 r. 18. 3aBIICIll\IOCTb H3JIY4ael\IOfl l\IOlll.HO-
CTII OT '-IaCTOTbl ,n;JI5I Tpex 3Ha4eH 11M Beca,

npHxo,n;51 w.eroc5I Ha nepe.n.alOllUie 3HTeHHbl H

nepe,n;aTqIIKII.

10000
.

pa60TaIO HXHa qaCTOTax. HH}Ke 1 000 M24, II 50-10% Ha

qaCTpTax Bblwe 1 000 M2l{.
TIpoH3Be,lI.,eHHe H3J1YQaeMOH MOllI.HOCTH Ha YCHJIeHHe aHTeH-

HbI )I,ae:: 3cpcpeKTHBuylO H3JIYQaeMYlO MOllU-IOCTb, 3aBHCHMOCTb

KOTOpOH OT qaCTOTbl rrpHBe,lI.,eHa Ha cpHr. 18. OqeBH,nHo, qTO Ha

qaCTOTax ,no 10 000 M2t{, Ha KOTOpbIX HCTIOJIb3YlOTC51 HanpaB-
J1eHIIble aHTeUHbI, YBeJ1HqeHHe qaCTOTbI npHBo,nHT K YBeJ1HQe-
HHIO 3cpcpeKTHBHoII H3JIYQaeMOli MOllI.HOCTH. Ha qaCTOTax BbIwe

0 000 M2t{ HeB03MO)KHOCTb BbITIOJ1HeHHH B03pacTalOIILHx Tpe..
6*
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60BaHHH K l\1exaHH4ecKHM ,lI,OnycKa1\1 npHBO,D,HT K nOrpelllHOCTH

npH HCnOJIb30BaHHH KpHBbIX cpHr. 18. )KecTKHe MexaHH4eCKHe

AonycKH H YBeJIH4eHHe 3aTyxaHHH B aTM ccpepeHa 4aCTOTax

BbIllie 10 000 1\124 OrpaHHqHBalOT BepxHHH npe,lI,eJI ,lI,Hana30Ha

CBH3HbIX l1C3 qaCTOTOH nOp5I,lI,Ka 10 000 Me4.

6. Bbl60p HCTOLJHHKOB nMTaHHSI

B HaCTOH ceBpeMH AJIH KOCM.H4eCKHX hopa6Jleti, HY}KAaIO-

 HXC51B lfCTOqHHKaX nHT3HHH ,lI,JIH npo,lI,OJ1)KHTeJIbHOH pa6oTbI,
npoH3Bo,D,HTC51 cepH IHoCOJIHeqHble 6aTapeH. K. TI. ,D,. HMelOlllJ1X-

C51 Kpel\IHHeBblx COJ1HeqHbIX 6aTapeM COCT3BJIHeT 7-12  b.B JIa..

6opaTOpH5IX nOJIY4eH K. TI. ,lI,., 6:Ilf3KHii K 14u%. B 6JIH}KaHIlIHe

rOAbl O)KH,D,aeTCH TIOBbIllIeHHe K. n.,lI,. Cepl1HHblX KpeMHHeBblx

6aTapeii ,lI,O 15 ° 0 . Pa3pa6oTKa HOBbIX cpoT03JIeKTpH4ecKHx Ma-

TepHaJIOB, TaKHX, KaK apCeHH;( ra.}l.TIH51, :MOllieT npnBecTH K cy-

Ul,eCTBeHHoMY YBeJIHqeHHlO K. n. ,D,. COJIHeqHbIX 6aTapeH, oco6eH-

HO B 06JIaCTli nOBblllIeHHblX pa604Hx Te lnepaTYp.MaKCJ1MaJIb-
HblH TeOpeTHqeCKHrI I\:. n. ,lI,. ,D,JIH 6aTapeH C apCeHHAOl'v1 raJIJIHH

COCTaBJIHeT TIpH1\1epHO 25 °0 Bl\1eCTO 20% AJIH KpeMHaeBblx 6aTa-

pelf. Ha6ap COJIHeqHbIX 6aTapeH C pa3JIHqHbIMH 3HepreTHQe-
CKHMH ypOBH5IMli TaK}Ke, BepoHTHo, TI03BOJIHT nOBblCHTb K. TI. ,D,.

113 cpHr. 19 BHAHO, qTO TeopeTlIqeCKH TOTIJIHBHble 3JIeMeHTbl

,D,alOT BbIHrpbIlll B Bece no cpaBHeHHlO C CO.;lHeQHbIMH 6aTapeHMH
npH pa60Te npo,D,OJIlliHTeJIbHOCTblO MeHee 100 "lac. OAHaKO
K HaCT0 5I llI.eMY Bpel\leHH CllI.e He pa3pa6oTaHbi TOnJIIIBHble 3JIe-

MeHTbr pereHepaTHBHoro THna, TIpHrO,lI,Hble ,D,JIH lICTIOJIb30BaHHH

Ha l1C3, H HX pa3pa6oTKa nOTpe6yeT eUl.e HeCKOJIbKO JIeT.

npH 3TOM ,D,JI5I CBH3HbiX HC3 pa60qee Bpel\lH ,lI,OJImHO COCTaBJIHTb

no MeHbllIeH Mepe 10 000 "lac. Ha cpHr. 19 npHBo,D,HTCH TaKme

cpaBHeHHe cOBpeMeHHblx COJIHeQHbIX KOJIJIeKTOpOB, HCTIOJIb3ye-
MbIX B KaqeCTBe HCTOQHHKOB TeTIJIa ,D,JIH Typ6oreHepaTopoB,
C Ha6opoM opHeHTHpoBaHHblx COJIHeQHbIX 6aTapeti.

B HaCTOHllI.ee BpeMH CQHTalOT, 4TO Typ6oreHepaTopbI, HC-

TIOJIb3Ylo He B KaqeCTBe HCTOqHlIKa 3HeprHH AJI5I pa60Qeii
>KH,lI,KOCTH pa,D,HoaKTHBHbIe H30TonbI, B OTHOllIeHHH Beca 6YAYT
HMeTb npeHMYllI.eCTBO nEpeA COJIHeqHbIMH 6aTapeHMH. He,D,o-
CTaTKaMH H,D,epHblX YCTPOHCTB, HCnOJIb3yeMbIx B Ka4eCTBe HC-

TOQHHKOB nHTaHHH, HB.TIHeTCH neo6xoAHl\10CTb HX 3KpaHHpoBKH
AJIH 3aWJ1TbI OCTaJIbHOrl arrnapaTypbl IIC3 H OTIaCHOCTb, KO-

TOpylO OHI1 C060H npe,lI,CT3 JIHIOT BO BpeMH 3  nYCKa. B3pbIB

,

.
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-
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u

B 3TO BpeMH MO:tKeT npHJ3eCTI1 K 3apameHHlO cTapTo oHnJIO"
llI.3)J,KH, eCJIH I1C3 CO,D,ep)KaJI 5IAepHbIH nCTOqHliK nHT3HH51.

Ho, TIO)KaJIYH, rJIaBHblM npeTIHTCTBHeM: HB.J1HeTCH ellI.e cpaBHH-
TeJIbHO p3HH5IH CT3,D,HH pa3pa6oTKH H,D,epHbIx HCTOqHHKOB TIII-

TaHH5I, 3 OTCIO,D,a H OTCYTCTBHe YBepeHHOCTH B crroco6HOCTH 3THX

10
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 .
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BpeMR po60mb/ 'IOCb/
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CP Hr. 19. Y)J.eJIbHhIfI Bec pa3JInGHbIX HCTOqHHKOB rrHTaHII51

JJ.JT5I I1 C3.
1 - COJIlIetIlIbIH KOJIJIeKTOp; 2 - TepM03JICKTpHtJCCIUIH npco6pa30Ba-
TCJIb; 3 -10nJIIIBlIble 3JICMCHThl; 4 -oplleHTHpoBalHlhlc COJlHCIJllhlf'

6aTapell; 5 - 5I,lI.C'}>Jlbl:H Typ60reflcpaTop.

HCT04IIHKOB 06eCneQHB8Tb Ha,D,e}KHYIO pa60TY B TeqeHHe ,AJIH-
TeJIbHbIX nepHoAoB BpeMeHH.

ECJI11 COJIHeQHble 6aTapeH nOKpbITb cBepxy CTeKJIHHHbIMH

nJIaCTHHaMI1 TOJI HHOH1,65 hl.Al, 3 C3a,D,H - CJIOeM aJIIOM11HHH

TOJIllI.HHOH 0,68 .lWA"l, TO 3THM ,lI,OCTHraeTCH nOJIHa5I 3a HTaOT

3JIeKTpOHOB C 3HeprHeH ,D,O 0,8 Mae 11 npOTOHOB C 3HeprHeif ,D,O
17 Mae. 3T3 3allI.I1Ta ,lI,OCT3TOQHa ,D,JIH JIlO6bIX Op6HT, 3a I1CKJIlO-

U u

QeHHeM Tex, KOTopble npOXO 51TQepe3 HH)KHHH 3eMHOH TIOHC

paAHall.HH. TIpe,lI,CTaBJI5IeTCH, qTO npaKTHQeCKH HeB03MOlliHO

C03,D,aTb TaKYIo 3allI.HTY, KOTopaH o6eCneqHJI3 6bI pa60ry I1C3
B 3TOH 30He npO,D,OJIlliHTeJIbHOCTblO 60JIee HeCKOJIbKHX AHeM.
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lv\O,AYJIbHa5I KOHCTPYKUHH ,AOJDKHa 6bITb AOCTaT04HO MaCCI1B-

HOM, qT06bI nOMep>KHBaTb TeMnepaTYPY JIOnaCTH C 6aTa""

pe5IMH BbIIlle -130° C B TeqeHHe ABYXqaCOI3oro 3aTeHeHl!5I
1
).

YJIbTpacpHOJIeTOBble H HHcppaKpacHble nOKpbITH5I cJIyma'if AJIH
u

YMeHbIlleI-IH5I norJIorn.eI-IH5! COJIHeqHOH 3HeprHH B Tex qaCT5IX

crreKTpa, B KOTOpbIX qYBcTBHTe"TIbHOCTb COJIHeqHbIX 6aT3peii
HHqTO)KHa. dTO YMeHblliaeT pa60qYlo TeMnepaTYPY JIOnaCTH npH
npOXO)K,AeHHH I1C3 no oCBern.eHHoM 4aCTH Op6HTbI 11 3arn.H-

IlI.aeT CB5I3bIBa10mee BeIlI.eCTBO OT YJIbTpacpHOJIeTOBOro H3JIY-
qeHll5I.

C COJIHeqHbIMH 6aTape5IMli ,AOJI}KHbI 6bITb CB5I3aHbI YCTPOlI-
CTBa aKKYMYJIHpOBaHH5I 3JIeKTp03HeprHH. HaHJIYQIllHMH AJI5I

u

3TOH ll.eJIH 5IBJI5IlOTC5I repMeTllqeCKli 3ana5IHHble HllKeJ1b- K3,A-

MHeBble aKKYMYJ15ITOpbI. OHM AOJ1)KHbI 06eCneqllBaTb 3J1eKTpO-
nliTaHlie B neplioAbI 3aTeHeHH5I II B Te neplioAbI, Kor,Aa COJ1HetI-

Hble 6aT.apeH pacnOJ1aralOTC5I TaK, qTO nOJ1yqalOT He,AOCTaTOqHOe
KOJ1HqeCTBO COJ1HeQHOrO H3JIYQeHHH, HanpHMep BO BpeMH 3a-

nYCKa. I1pM HOpM3J1bHbIX YCJIOBll5IX BO BpeM5I nOJ1eTa no op-
6MTe COJIHeQHble 6aTapeH AOJI}KHbI pa3BMBaTb MOIlI.HOCTb, ,AOC-

TaTOQHYlO KaK ,AJIH nOA3ap5I KH aKKYl\1YJ1HTOpOB, TaK H ,AJIH

"

nHTaHH5I annapaTypbI I1C3.

I1pH MaJIbIX BbICOTax Op6HTbI (1 850 KJU) aKKYMYJIHTOp ,AOJI-
)KeH BbI,lLep}KllBaTb OKOJIO 6 000 3ap5I,lLHo-pa3p5I,[(HbIX 1l.1lKJ10B

B fOA, QTO YMeHbliiaeT ero AOJIrOBeQHOCTb. Pa60Ta aKKYMYJ1H-
u

Topa B CHJIbHOH CTeneHH 3aBHCHT OT ero KOHCTPYKIJ.HH, BHYTpeH-
HeM TeMnepaTypbI, fJ1y6HHbI pa3p5I,Aa npH nOBTOp5I1OIlI.HXC5!
3ap5!AHO-pa3p5I'[U-IbIX ll.HKJIaX H cnoc06a 3ap5I,AKli. ,lJJI5I nOJIY-
QeHllH 60JIbIllOH ,lLOJIrOBeQHOCTH pa3p5I,[( B TeQeHHe Ka}K,lLoro

ll.HKJIa ,lLOJI)KeH COCTaBJIHTb TOJIbKO QaCTb HOMHHaJIbHOH eMKOCTH

aKKYMYJIHTopa.
TaKlIM 06pa30M, MbI npllxo,AHM K BbIBO,lLY, QTO B HaCT05IIlI.ee

BpeMH JIYQlllHM 11CTOQIIHKOM nHT3HH5I AJIH CB5I3HbIX I1C3 HBJI5I-

eTCH CHCTeMa COJIHeQHa51 6aTapeH - aKKYMYJI5ITOp. B ,lLaJIbHelI-
rneM, Kor,[(a OT llCTOQHHKOB nHTaHHH nOTpe6yeTcH 60J1bIlla5I MOIlI.-

HOCTb, a pa3pa6oTKH ycnelllHo npOABHHYTC5I Bnepe,lL, O,lLHHaKOBO

nepcneKTHBHbIMH CTaHYT H,AepHble HCTOqUHKll nHTaHll5I H COJI.-

HeQHble I\OJ1JIeKTopbI.
.

1) Ha CHHXpOHHOH op6UTe MorYT IIMeTh MeCTO 3aTeHeHHH npo oJT-
)KHTeJIbHOCThlO ]1.0 74 MUfl.

.......

J
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7. CTa6HJIH3a",uSI nOJlOJKeHHSI I1C3

I1poIlI.e Beero ynpaBJIHTb nOJIO}KeHHel\1 I1C3, 3aCTaBHB ero

BpaIlI.aTbCH BOKpyr OCM MHHHMaJIbHOM HJIH MaKCHMaJIbHOH HHep-
IJ.HH. MOMeHT BpaIlI.eHHH npHBo,AHT K TOMY, qTO OCb Bparn.enHH
OKa3bIBaeTCH cpl1KCHpOBaHHOM B HHepIJ.HaJIbHOlVI npOCTpaHCTBe.
dTOT MeTO,lL ycnelllHo llCnOJIb30BaJ1CH B nepBbIX I1C3, TaKHX,

KaK «I1HoHep-5».
O,[(HaKO HCnOJIb30BaHHe Bpalll.eHHH B KaQeCTBe MeTOAa cTa6H-

J1H3aIJ.HH CBH3HbIX I1C3 Ha 60JIblllHX BbICOTax He npeACTaBJIHeT-
CH npaKTHqHbIM. ECJIH OCb Bpalll.eHHH HanpaBJIeHa B,lLOJIb MeCT-

HOM 3eMHOH BepTllKaJ1H, TO He06xo,ilJfMO HMeTb nOCT05IHHbIH HM-

nyJIbC, 06eCneqllBalOlll.HH npell.eCCl'I10 I1C3 Ha 360°. B CYTKH.

I1pH B03MOlKHbIX B HaCTOHlll.ee BpeMH Hl\InYJIbCaX TaKaH npe-
ll.eCCH5I nOTp 6yeTHe,[(onycTHMo 60J1blllOrO YBeJIHQeHHH Beca.

HanpHMep, AJIH C03,lLaHHH THnHqHOrO yrJIOBOrO MOMeHTa B

B 400 K2 . At . eeK nOTpe6yeTC5I HMn-yJIbC B 1,3. lOG K2. eCK. KpOl\1e
Toro, npH cTa6HJIH3all.HH OCII Bpalll.eHHelVl no HanpaBJIeHHlO
3eMHoH BepTHKaJIH K. n. A. COJIHeqHbIX 6aTapeti 6y,rr,eT B JIyqlllel\1

cJIyqae COCTaBJIHTb 25  bOT K. n. ,A. COJlHeqHbIX 6aTapeM, opneH-

THpoBaHHblx Ha COJlHIJ.e.
-

OpneHTall.H5I OClI BpaIlI.eHHH Ha COJIHue IloTpe6yeT rrpeIJ.ec-
CHH OCH Bpalll.eHHH co CKOpOCTblO Bcero OAHH 060POT B ro 

I1JIIOC CKOpOCTb, Heo6xo,AHMa5I AJIH KOMneHCaIJ.HH perpeccHH

Y3JIOBbIX TOQeK Op6HTbI. OHa I103BOJI5IeT nOJIyqHTb TaKOll }Ke

K. I1. A. COJIHeqHbIX 6aTapeM, KaK npH opHeHTHpOBaHHbIX
JIOrraCT5IX C 6aTapeHMII. O)1.HaRO B 3TOl\'1 CJIyqae B03HHKaeT

He06xo HMOCTbB pa3,lLeJ1bHHX CHCTeMax opHeHTall.HH aHTeHH

YIC3, qTO npHBOAHT K YBe<l1JH4eHHlO .Beca.

B ,Aono.TIHeHHe K Becy CHCTeMbI, Heo6xo)J,HMOH  JI5IopHeHTa-.
ll.HH aHTeHHbI, nO,lLAeplKaHHe opHeHTaLLHH OCH BpaIlI.eHH5I I1C3 Be-

COl\1 654 K2 B HarrpaBJIeHHH Ha COJIHll.e B TeqeHHe ro anOTpe6yeT
I1HCBM3THQeCKOrO HMrrYJ1bCa npHMepHo B 3 270 K2.ceK, qTO.
3KBHBaJIeHTHO HCrrO.Tlb30BaHHlO B OnTHMaJIbHOH CHCTeMe 130 K2

a30Ta.

OpHeHTall.H5I OCH Bpa eHHHB HanpaBJIeHHH HOpMaJIH K

nJIOCKOCTH Op6HTbI I1C3 HBJI5IeTCH KOMrrpoMHccOM Me}l{ yYKa-
3aHHbIMH BbIllie ,ABYM5I CHCTel\laMH opHeHTaLLHH, HO II B 3TOM

cJ1yqae Tpe6yeTcH BeCbl'via 3HaQHTeJIbHOe YBeJIHqeHHe Beca AJI5I

KOMneHCall.HH YMelIbllIeHH5I. YCHJ1eHHH aHTeHHbI H K. n.,lL.

llCTOqHHKOB nHTaHHH. K. n. .COJIHeqHbIX 6aTapeH npH TaKOH
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opHeHTaUJIH 6Y)1.eT COCTaBJI5ITb Ha 3KBaTOpHaJIbHOM Op6HTe
B JIyqWeM cJIyqae 28 %. IlpH )1.0JIrOBeQHOCTH I1C3, paBHofI
1 ro)1.y, B pe3YJIbTaTe qepe)1.oBaHH5I 3KBaTOpHaJIbHbIX Op6HT
H Op6HT, HMeIOmHX 3aTeHeHHble yqaCTKH, K. TI. )1.. YMeHbWHTC5I

)1.0 22 %. Ha nOJI5I]?HOH op6HTe MaKCHMaJIbHbIM K. n. )1.. COJIHeq-

HbIX 6aTapeM TIP H opHeHTaIJ.HH HX Ha COJIHIJ.e 6Y)1.eT COCTaBJI5-ITb

25%.
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cD II r. 20. 3aBIIcIIMoCTb Bpall1.alOlllero MO leHTa
u u'

B03HH KalOll1.erO no)J. )leHCTI3Hel\l COJIHeqHOli pa)J.lIaLLHH,
OT rrJIOll a)J.1I II )J.JIIIHbI rrJIeqa.

I1pH BpameHHH HC3 BOKpyr 3eMJIH Ha Hero )1.eHCTBYlOT pa3-
JIHqHbIe CHJIbI: COJIHeqHOe H3JIyqeHHe, rpaBHTaIJ.HOHHoe nOJIe,
MarHHTHoe nOJIe, MHKpOMeTeopHTbI, BHYTpeHHHe BpamalOmHeC5I

qaCTH H aTMOCQ;>epHoe TOplVI0)KeHHe. Ka)K)1.a5I H33THX Bp am3lO-

mHX CHJI, 3a HCKJIlOqeHHeM Tex, KOTopble B03HHKalOT nOA
u

)1.eHCTBHeM MHKpo:MeTeopHToB, COBl'vleCTHO C M3.TIOMOllJJlbII\lH

peaKTHBHbIl'vlH )1.BHraTeJI5IMH MO}KeT HCnOJIb30BaTbC5I )1.JI5I nOJIY-
qeHH5I ynpaB.TI5IlOmHX lVlOlVleHTOB HJIH }Ke Bce 3TH CHJIbI MorYT
paCCMaTpHBaTbC5I KaK B03MymaIo He,H HX BJIHHHHe )1.0JI}KHO

npeO)1.0JIeBaTbC5I HeKOTopOM )1.pyroH CHCTeMOM, nOpOR{)1.alO eH
MOMeHTbI Bpa eHH5I.

bbIJIH H3YQeHbI BonpOCbI HCnOJIb30BaHH5I COJIHeqHOrO

H3JIYQeHHH )1.JI5I 06pa30BaHH5I TaKHX MOMeHTOB Bpa eHH5I.
Me)K)1.y lI.eHTpOM )1.aBJIeHH5I, C03JI.aBaeMoro COJIHeqHbIM H3JIY-
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qeHHeM, 11 lI.eHTpOI\1 TH)KeCTI1 HC3 fvl0)KHO nOMeCTlITb pblqaf
C YKpenJIeHHOH Ha HeM 60JIblilOH nOBepXHOCTbIO, qaCTO H33bI-

B3eMOH «COJIHeqHbIM napYCOM». Tpe6yeMa5I )1.JIHHa TIJIeqa PhI-
q3r3 )1.JI5I nOJIyqeHH5I )1.0CT3TOqHOrO Bpa alO eroI\10MeI-ITa no)(

JI.e iCTBHeM COJIHeqHOrO 113JIYQeHH5I nOKa3aHa Ha cpHr. 20.

3TOT MOMeHT MO}KHO perYJIHpOBaTb JIH60 BpameHHeM I1C3, JIH-

60 H3MeHeI-IHeM nOJIO)KeHH5I «napyca». I-Ieo6xo)1.Hl'vlbIe pa3MepbI
\J':
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Bb/coma, KiA

3aBHCH IOCTb MOMeHTa rpa}J.HeHT3 CIIJIhI

T5DKeCTII OT BhICOTbI.

30000

l
I

I

«napyca», np06JIeMbI ynaKoBKH ero Ha nepHO)1. 3anYCKa H He-

06XO)1.HMOCTb ynpaBJIeHHH ero nOJIO>KeHHeM B nepHO)1.bI 3aTe..

HeHHH )1.eJIalOT 3TOT MeTO)1. npaKTHqeCKH HenpHrO)1.HbIM )1.JI5I HC-

nO.nb30BaHH5I B CHCTeMe opHeHTaIJ.HH CBH3HbIX HC3.
HC3 C HeCHMMeTpHqHbIMH rJIaBHbIMH lVI0MeHTaMH HHep-

lI.HH 6Y,AeT HMeTb TeH eHIJ.HlO 3aHHMaTb TaKoe nOJIOmeHHe,

npH KOTOpOM ero MHHHMaJIbHa5I OCb 6Y)1.eT HanpaBJIeHa B)1.0JIb
u u

MeCTHOH 3eMHOH BepTHKaJIH, qTO 5IBJIHeTC5I pe3YJIbTaTOM Ha-

JIHQH5I rpa)1.HeHTa BeKTopa rpaBHTaIJ.HH no )1.JIHHe TeJIa cnYT-
HHKa. 3TO 03HaqaeT, QTO eCJIH CHJIa TH)KeCTH )1.eMcTByeT He

u

B)1.0JIb JIHHHH, npoXO,A5IUI.eH qepe3 lI.eHTp T5I)KeCTH, TO B03HHI\a-

eT MOMeHT, CTpeM5IUJ,HHC5I IIOBepHYTb I1C3. 3TOT MOMeHT MO)KHO

HCrrOJIb30BaTb )1.JIH cTa6HJIH3alI.HH HC3 B TOM CJIyqae, eCJIH

B ero KOHCTPYKlI.HH 3TO 06CT05lTeJIbCTBO npe)1.YCMOTpeHO. BJIH5I-

HHe rpaAHeHTa BeCbMa 3aMeTHO Ha MaJIbIX BbICOTax (HH)Ke
550 KJvl).
6B 3aK. 232
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B crrYTHHKe «Mll aC)}rpa lleHTCllJIbI T5DKeCTH ycrre1IlHO HC-

nOJIb3yeTcH  J15IopHeHTaII.HH OTHOCI1TeJIbHO 3eMJIH. aTO 5IBJIe-

HHe 6bICTpO OCJ1a6eBaeT C BbICOTOH 11 Ha BbICOTax 60JIee 1 850 KM

efO oqeHb TPY HOHCrrOJIb30BaTb. 3aBHcHMoCTb MOMeHTOB Bpa-
u

meHH5I, B03HHKalO HX no  eHCTBHeM fpa HeHTa CHJIbI

T5IllieCTH, OT BbICOTbI npHBe eHa Ha cpHr. 21. DOCKOJIbKY
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22. B3aHMo eHcTBHeKOHTypa, 06TeKaeMoro

TOKOM, c MarHHTH MnoneM 3eMnH.

peaJIbHbIH CB513HOH I1C3 AOJI)KeH HaxO HTbC5I Ha 60JIb1IlOH

BbICOTe, 3TOT MeTo cTa6HJIH3all.HH TaK)Ke npe CTaBJ15IeTC51

HenpHfO HbIM.
I1cCJ1e OBaHH5I,OCHOBaHHble Ha H3yqeHHH MafHHTHbIX CHC-

TeM, AeMrrcpHpOBaHH51 Bpa eHH5I MeTeOp0J10fHqeCKHX cnyT"
HHKOB «THpoc» 1 H 2, nOKa3aJ1H, QTO. HMeeTC51 B03MO)KHOCTI:;>

HCnOJIb30BaHH5I MarHHTHoro nOJI5I 3eMJ1H  J151 nOJIYQeHH51 yn-

paBJ151lO HXMOMeHTOB Bpa eHH5I.DOCKOJ1bKY Harrp51llieHHOCTb
MarHHTHoro nOJI5I Ha 60J1b1IlHX BblCOTax OqeHb MaJ1a, TO  JI5I

nOJ1yqeHH5I AOCTaTOqHOrO BpamaIOmero MOMeHTa npH1IlJ10Cb
6bI HCrrOJIb30BaTb BeCbMa AJIHHHble MafHHTHble AHrrOJIH. 3aBH"

CHMOCTb BpamalOmero MOMeHTa OT BbICOTbI npHBeAeHa Ha

cpHr. 22.

Ha MaJIbIX BbICOTax, 185 KM H HH)Ke, B KaqeCTBe HCTOqHHKa

BpamaIo eFoMOMeHTa MO)KHO HCnOJIb30BaTb MOJIeKYJ1bI B03"

-
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,[(yxa, O HaKO TOT HCTOQHHK HeJIb3H HCll0J1b30BaTb Ha 60J1b..
lliHX BbICOTax. l(pol\1e Toro, TaKOH MeTO lloTpe6yeT rrepeMeH-
HOH opHeHTaUllH COJIHeQHbIX 6aTapeH no OTH01IleHHIO K nJIOC-

KOCTH Op6HTbI.
B03MO)I(]-!O T3K)Ke ynpaBJ1eHHe n0J10)KeHHeM IIC3 C nOMOll bI{)

Bpa aIolI HxMOMeHTOB, C03 aBaeMblX peaKTHBHbIMH CHJ1aMH

.
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<P H r. 23. 3aBHcHMoCTb Beca OT cpoKa CJTY)K6bI
 JT5I CIICTeMbI ynpaBJIeHII5I rrOJIO)KeHlIeM, HCrrOJIb3YIO-

OJ

I.I..(EH peaKTIIBHbIe pOTOpbI II KOM6nHaIl.HIo peaK-
THBHhIX pOTOpOB II XOJIO HOrOra3a.

5 Ii

.

(BbI6paCbIBaHHe rro)J,  aBJIeHHeM.XOJIOAHbIX I-I.ITH rOp51QHX ra-

30B, npHMeHeHHe HOHHbIX HJ1H nJIa3MeHHbIX  BHfaTeJ1eH).
Cpe HMeTo)J,oB, HCll0J1b3YlOmHX peaKTHBHbIe CHJIbI, HaH60JIee

IllHpOKO HCIIOJIb3YIOTC5I CHCTeMbI BbI6paCbIBaHH5I XOJIO HbIX
ra30B, nOCKOJIbKY OHH nOJIHee H3yqeHbI H 60JIee H3 e)KHbI.
O,[(HaKO TaKHe CHCTeMbI Tpe6YlOT 60JIb1IlerO Beca, qeM KOM6H-
HHpOBaHH35I CHCTeMa C X0J10 HbIMra30M H peaKTHBHbIMH Ma-

XOBHKaMH (HMelOTC5I B BH YKOCMHqeCKHe Kopa6JIH C 60J1bllIOH
 OJIrOBeqHOCTblO). Ha cpHr. 23 npeACTaBJIeHa 3aBHCHMOCTb

Me)K YBeCOM I1C3 H ero  OJIfOBeqHOCTblOB cJIYQae HCnOJIb-

30BaHHH CHCTeMbI TOJIbKO C XOJIO HbIM fa30M HJIH CMCTeMbI

C KOM6HHall.HeH ra3a H peaKTHBHwX MaXOBHKOB.

6B*
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I1HepI.I.naJIbHblii l\laXOBllK, pacKpYI.J:IIBael\lblii l\IOTOpOM, 06ec-
u

neI.J:I1BaeT HaKOTIJIeHHe MOl\JleHTa, KOTOpbIH fvIO:iKeT l1CnOJIb30BaTb-

C5I JIH60 ,[(JI5I ,[(eMncpHpOBaHH5I, JIH60 ,nJI5I HaKOnJIeHH5I nepHo,[(H-
I.J:eCKHX H3MeHel-IHH B03l\tYl.l\310IlIJIX MOl\leHTOB. KOl\t6uI-IaI.I.I151

peaKTHBHoro l'vlaXOBHKa H CHCTeMbI peaKTHBHoro BbI6poca
HCKJIIOI.J:aeT Heo6xo,nHMOCTb Bbl6pacbIBaHH5I ra3a BO BpeM5I ne-

pHo,nH4ecKHx H3MeHeHHH Bpa aIO eroMOMeHTa 11 o6ecne-
I.J:HBaeT B03MO:iKI-IOCTb YCTpaHeHH5I nOCT05lI-IHbIX B03MYlI alo Hx
MOMeHTOB. B CJIY4ae CHCTeMbI 6e3 peaKTHBHoro BbI6poca pa3-
MepbI HHeplI.H3JIbHOrO MaXOBHKa Hero npHBo,[(a 6Y,[(YT OqeHb

BeJIHKH. I1cnOJIb3Y5I COBMeCTHO cnoc06HOCTb peaKTHBHbIX Ma-

XOBHKOB K HaKanJIHBaHHIO  10MeHTaII peaKu.1llO HCTelleHHH XO-

JIO}1.Horo ra3a, l'vlO)KHO no.TIY4HTb CHCTel\lY ynpaBJleHH5I nOJlOJKe-

HHeM C MHHH laJIbHbIMBeCOl\1 H ,nOJlrOBeI.J:HOCTbIO nOp5lAKa 0,[(-

Horo ro,[(a.

O,[(HH 113 BapHaHTOB CHCTeMbI ynpaBJ1eHHH nOJIOJKeHHeM,
B KOTOpOM HCnOJIb3yeTcH KOM6HHau.HH peaKTHBHoro Bw6poca
.c peaKTHBHbIMH MaXOBHKaMH, co,nepJKHT ,naTI.J:HKH, 3JIeKTpOHHoe

o60py,nOBaHHe, npHBo,nHble MexaHH3MbI H ra3 ilO,[( ,[(aBJIeHHe:M.

COJIHeI.J:Hble ,[(aTllHKH, npe,nCTaBJI5IIO HeC060H COJIHellHble 6a- ,

TapeH C COOTBeTCTBYlOIl(HMH lllTOpKal\lH, HCnOJIb3YIOTC5I ,[(JI5I

nOJIYI.J:eHHH CHrHanOB OlllH6KH, npOnOpI.I.HOHaJIbHHX OTKJIOHe-

Hino I1C3 HJIH nJIOCKOCTH COJIHeI.J:HbIX 6aTapei1 OT HanpaBJIe..
HH5I Ha COJIHI.I.e. YCTpOHCTBa, qYBCTBHTeJIbHble K HHcppaKpac-
HOMY H3JIYlleHHIO, HCnOJIb3YlOTCH AJI5I 06HapY)KeHH5I 3eMJIH.

3JIeKTpOHHble YCTpOHCTBa 06eCneI.J:HBaIOT Heo6xo,nHMoe YCHJIe-
Hlfe 11 06pa6oTKY CHrHaJIOB, a TaK)Ke JIOrHlleCKHe Onepall.HH,
neo6XO,[(HMble ,[(JI5I npHBe,neHH5I B AeHCTBHe HCTOllHHKOB BpaIl( nO-
III.ero f\10 IeHTa HJIH npHBO,[(HbIX l\IeXaHH3l\IOB. Bpa al0III.He
MOMeHTbI C03,[(aIOTCH nHeBMaTHlleCKHMH ra30BbIl\1H CTPY5lMH H

HHepll.HOHHbIMH MaXOBHKaMH, paCKpYI.J:HBaeMbIMH He60JIblllHMH

cepBo,nBHraTeJIHMH. DJIaro,nap51 CBOHCTBY MaXOBHKa HaKan..

JIHBaTb MOMeHT KOJIHlleCTBa ,[(BH:iKeHHH l1CnOJIb3YIOTCH ncpHO-

AHlleCKHe Bpall aIOIII.HeMOMeHTbI, B03HI1KaIO He B pe3YJIbTaTe

B03MymeHHH H H3MeHCHHH Op6HTaJIbHOH CKOpOCTH. CTpYH
a30Td BbI3bIBalOT nOHBJIenHe MOMeHTOB, Heo6xo,nHMhIX npH

u

HYJIeBhIX HaI.J:aJIbHbIX CKOpOCT5IX n ,[(J151 npOTI1Bo,[(eHCTBHH noc-

T05lHHbIM B03My aIOlll.HMMOMeHTa L

JIonacTb, Ha KOTOpOH paCnOJIO)KeHbI COJIHeI.J:HbIe 6aTapeH,
cHa6JKeHa cepBOCHCTeMaMH Ii npHBOAHbIMH MexaHH3MaMH ,[(JI5I

06ecnelleHHH ee npaBHJIbHOrO nOJIO:iKeH H5I OTHOCHTeJIhHO oceH

6. HCKYCCT6eflflble cnYTflUKU 3e.M/lu, npU.AleflReAtble a,lfl CBfl.1U 157

KOCMHlleCKoro Kopa6J1H. fepMeTHlleCKH 3ana5lHHWll 6J10K
u

C cepBo,[(BHraTeJI5IMH H pe,nYKTopOM ynpaBJIHeT opHeHTaUl1eH
COJIHellHbIX 6aTapeii.

8. PerYJlMpOnaIlMe TeMnepaTypbl

TeMnepaTYPY CBH3Horo I1C3 CJIe,nyeT BbI6HpaTb TaKoii,
llT06bI ):(JIH ero 3J1eMeHTOB II cy6cHcTeM o6eCrreI.J:HBaJ1HCb 6.TIa-

rOnpH5ITHbIe oKpY)KaIOllI.ne YCJIOBII5I. TIo;JJJ,epJKaHHe TeMnepa-
TypbI Kopnyca I1C3 B rrpe,neJIax 10-25° C C03):(aeT YCJ10BH5I,
o6ecnellHBalO HeMHHHMaJIbHYIo 4acToTY B03HHKHOBeHHH lIe-

u
u

HcnpaBHocTeH 3J1eMeHTOB, LITO 51BJI5IeTC5I BeCbl\ta cy ecTBeHHOH
u

4epTOH CHCTeM, ,no..1rOBeI.J:HOCTb KOTOpbIX ,[(OJIJKHa H3:\'lep5ITbCH
ro,nal\1H. K. n. ,[(. aKKYMYJI5ITOpOB, COJIHellHbIX 6aTapeH II MHO-

rHX ):(PyrHx 3JIeMeHTOB 11C3 H3l\leHHeTCH C H3MeHeHHeM TeM-

nepaTypbI. B HeKoTopbIX cJ1YQa5Ix ):(onO..TIHHTeJIbHbIH Bec YCTpoii-
CTBa perYJIHpOBaHHH Tel\lnepaTypbI 6JIarOAap5I OnTHl\IH3alI.I1lf

K. n. ):(. HeKoTopbIX arperaToB I1C3 npHBo HTB h.OHellHOM ClleTe

K 3KOHOMl1H Beca.

CYlll.eCTBYloT  BaOCHOBHbIX MeTo,[(a perYJIHpOBaHI15I TeM-
u

nepaTypbI B Kocrvloce: naCCHBHbIH, npH KOTOpOM: BHellIHH5I no-

BepxHocTb I1C3 paccllHTbIBaeTC5I TaKI1l\l 06pa30l\I, QTo6bI YCTa-
HaBJIHBaJICH onpe,neJleHHblii 6aJIaHC MeJK):(Y norJlOlll.eHHeM H

u

H3JIYlleHHel\1 CBeT3 H TenJIa, H aKTHBHbIH, npH KOTOpOM H3Me-
u u

HeHHe BHYTpeHHeH TeMf1epaTypbI npl1BO;:(HT B ):(enCTBHe cHcTeMY
perYJIHpOBaHHH, 06eCneI.J:nBaIOw.Ylo nO)CI.ep:iKaHHe He1l3l\1eHH0I1

Tel\lnepaTypbI BUYTPH IIC3. TIaccHBHbIII l\leTO,A, KOTOpbIH 6bIJI

nplIl\1eHeH Ha Cf1YTHHKe «IlI1oHep-5» (cpnr. 24), HMeeT OlleBII,n.
Hoe npeHI\ly ecTBo,3aKJIIOqalow.eeCH B ero npOCTOTe, HO ero

.,

He,nOCTaTKOl\1 HBJIHeTC5I TO, liTO Il3l\leHeHHe CBOIICTB nOBepx-
HOCTH vIC3 co npeMeHe1\1 npHBO,ITJIT K H3lVleHeHH5IM TCMnepaTY-
pbI ero nOBepXHOCTH. AKTI1BHbI IMeTO TaKiKe ,[(OCTaT04HO npOCT.
I-IanpHMep, HcnO.TIb30BaBllII1eCH B KaI.J:eCTBe ,n3T4HKOB TepMHlle-
CKl1e JIOnaCTH Ha I1C3 «3ii6J1-5» (CM. cpHr. 24) 6bIJIH ):(OCTaT04HO

npocTbI H TaK JKe Ha):(e:iKHbI, KaK naCCl:IBHaH ClICTeMa. 1-10 KaKoil
6bI npocToH no KOHCTpYKUHII aKTHBHaH CHCTeMa 1-111 6bIJIa,
OHa Tpe6yeT 60JlblllerO Beca, lleM rraCCHBHaH. TIpaKTHI.J:eCKH,
KOHellHO, Tel\lnepaTypa JI1060H nOBepXHOCTIt B }<OCMoce onpe..
,neJIHeTC5I BpervleHeI\f ee 06JIY4eHHH COJIHu.eM Ii )I.PyrHMH H3JIY4a-

u ..

IOlll.Hl\lH TeJla lH, OTIIOllleHHel\l H3J1YllaeMOH 3TOH nOBepXHOCTbIO
u

3HeprHl1 K norJIOlll.aeMOn H ee TenJIOBbIM KOHTaKTOM C Kopny"

-
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COM KOCMHqeCKOrO Kopa6.rI5I. YCTpOHCTBO JII060H CHCTeMbI

perYJIHpOBaHHH TeMrrepaTypbI B KOCM:OCe OCHOBaHO Ha norJlO"

meHHH H H3JIyqeHHH TerrJIa rrOBepXHOCT5IMH.
ECJIH OpHeHTalLH5I CB513HOrO I1C3 OTHOCIITe.TIbHO COJIHlLa pe-

rYJIHpyeTC5I, l.ITO no P5IAY npnqHH }KeJIaTeJIbHO, TO np06JIeMa
perYJlHpOBaHH5I Te trrepaTypbI 3HaqHTeJIbHO yrrpOllI.aeTC5I. Te
qaCTH I1C3, KOTopbIe HHKorAa He 06pallI.eHbI K Co.nHlLY, MorYT
HCrrOJlb30BaTbCH B KaqeCTBe 3cp:peKTHBHbIX H3J1yqaTeJIefI TenJla,
B TO BpeM5I KaK APyrne qaCTn nOBepXHOCTH MorYT 6bITb H30"

JIllpOBaHW. CnCTeMa perYJIHpOBaHH5I TeMnepaTYpw, OCHOBaH"
u

HaH Ha 3TOM npHHlLHrre, COCTOHT Bcero H3 Tpex qaCTerI: 1130JIH"

lLHI1, }KaJI103H Ha 3aTeHeHHOH qaCTH H COOTBeTCTBYlOlliJIl\1 o6pa..
30M nOAo6paHHbIX nOBepxHocTei1. rIOCKOJIbKY I1C3 BCer,L(a 6YAeT
pacceHBaTb TeI1JIO, BbI;(eJI5IeMOe 3aKJIlOqeHHbIl\IH B HeM npH6o-
paMH, TO 3TO TerrJIO l\10)l{HO HCrrOJIb30BaTb AJl5I nOMepiKaHHH TeM-

rrepaTypbI BbIllie HeKOToporo >Ke.TIaTeJlbHOrO MHHHMYMa, BKJIIO"

qaH nepHO,L(bI npe6bIBaHH5I I1C3 B TeHlI. TaKofI rrpHHIl.Hrr pery-
JlHpOBaHHH TeMrrepaTypbI 6bIJI HCnOJlb30BaH Ha I1C3-reo-

cpH3UqeCKoi1 06cepBaTopHH, YCTpOi1CTBO KOToporo nOKa3aHO

Ha cpHr. 24.

,[lBe 6oKoBbIe CTeHKR 11C3", nepneH)IJIKYJlHpHble naHeJlH

COJIHeqHbIX 6aTapei1, HCrrOJlb3ye lbleB KaqeCTBe H3J1yqalO HX

nOBepxHocTei1, MorYT 6bITb BbIrrO.HHeHbI B BH.lI.e COTOBOH CTPYK-

TypbI H3 aJllOMHHH5I, o6..1aAalO ero xoporneH TerrJlO rrp0BOA"
HOCTblO. TOJImHHa 3TOH CTPYKTypbI ,L(OJl)KH"a 6bITb AOCTaTOqHOH

u

AJI5I pacrrpeAeJleHHH BHYTpeHHero TenJla paBHOMepHO no BceH

nOBepXHOCTH. OCHOBHbIe Tpe6YlOI.IJJle pacceHBaHH51 TerrJIa npH"

60pbI yrrpaBu1eHHH no.TIO>KeHHeM, TeJleMeTpHH II CB5I3H MorYT
6bITb CMOHTHpOBaHbI HenocpeAcTBeHHO Ha 3THX 60KOBbIX CTeH-

Kax. BHeUIHHe rrOBepXHOCTH MorYT 6bITb nOKpbITbI MaTepHaJIOM,

Y KOToporo H3JIyqaTeJIbHaH crroco6HOCTb B I1K-QaCTH crreKTpa
COOTBeTcTByeT qepHOMY TeJlY.

PerYJlHpOBaHHe H3J1yqeHHH fvlO)KeT OCYllI.eCTBJI51TbC5I C rro-

MO blOTel\trrepaTypHbIX AaTQHKOB H CHCTe fbI>KaJl103H. )l\aJlIO-
3H rrOKpbITbI nOJIY3epKaJ1bHbIM MaTepHaJlOM C BbICOKHM K03cp-
cpHIl.HeHTOM OTpa)KeHHH, Hanpfll\iep JIHCTOBbI:\1 aJlIO IHHHeMHJIH

aJIIOMHHHeM, paCrrbIJleHHbIM B BaKYYMe. OHM: MorYT nOBOpaQH"
BaTbCH npll nO:\IOrnH pbIQa)I{HOrO l\1eXaHH3Ma, npHBO HMoro

u u U

B AeHCTBHe CHCTe:\101I npHBOAa, HanOJIHeHHOH }KH KOCTblO,

HarrpliMep, neHTaHOM, HMelOllI.M:M BbICOKHH K03cpcpnIl.HeHT
06'beMHOrO TenJlOBOrO paClIIHpeHH5I. rIpHBo HaHCHCTeMa coe..

\

.
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AI1IIena C Tpy6KOH, HarrOJIHeHHOH pa60qeH }KHAKOCTblO, rrpHKperr..
JIeHHOH K BHYTpeHHeH cTopoHe M3JIyqalO HXrrJIaCTMH. ,LLJIMHa H

paCnOJIOLKeHMe Tpy6KH rroAo6paHbI TaKH!\f 06pa30l\1, qTO CMCTe.

Ma pearHpyeT Ha CpeAHee 3HaqeHHe TeMnepaTypbI nJIaCTHH.

KOJIe6aHH5I TeMnepaTypbI IlJIaCTHH rrpe06pa3YIDTC5I B M3MeHe..

HHe rrOJIO)KeHH5I }KaJIID3H M3-3a H3MeHeHH5I 06'beMa lKH J{OCTH.

6'0

1;0
5amo eu

c..:>
'0

. -

BHympeHHRR l/OCfflb HC3

IIOHenIJ c COnHel/Hb/MU
:J./leM!?HmOMl/

-6'0

-80
o 10 20 JO 40 SO 6'0 70 80

-

 O100
Bpei.1R, MlIH

<P H f. 25. 3aBIICIIl\IOCTb -Tel\lnepaTypbI l1C3 OT BpeMellH
., ,...,

113 TeHeBOll llaCTII OpOlITLI.

3TH!\1 06eCneqHBaeTC5I Ha e)KHOe aBTOl\rlaTH4eCKoe peryJIHpO-
BaHHe TeMnepaTypbI vIC3, KOTopoe 06ecn<:4HBaeT rrOMep)Ka-
HHe nOCT05IHCTBa TeMrrepaTypbI (KorAa yIC3 He Ha:AO,lIJiTC5I Ha

TeneBOH QaCTH Op6HTbI) B rrpeAeJIaX =:t: 2° C. Ha TeHeBO!I qaCTH

Op6l1TbI TCMncpaTypa 3aBI1CI1T OT MOlllJIOCTH, paCCCHI3aCMOH
BHYTPH vIC3. THrrHQHbIH rrpHMep O}l{HAaeMbIX H3MeHeHHi1

Tel\1nepaTypbI HC3 rrpHBeAeH Ha cpHr. 25.

Pa3pa6oTKa «cyrrepH30JI5IUHH» OKa3aJIaCb OqeHb rrOJle3Hoi:i

)I.JIH KOCMH4eCKlIX Kopa6JIeH. BHelllHHe rroBcpxHOCTH Kopnyca
HC3, 3a HCKJIIOqeI-IHeM ABYX CTOpOH, HCnOJIb3yeMblx B K3qeCT-

Be H3JIYQaTCJlei1, AOJIlKHbI 6bITb H30JIHpOBaHbI C rrOMOlll.bIO Ta-

Koro MaTepHaJIa I1pHHUHIl cyrrepH30JI5IUHH 3aKJII01.JaCTC5I

B C03AaHHH 60JIblllOrO KOJIllqeCTBa H3JIYQalOlll.HX 3KpaHOB,
rrOBepXHOCTb KOTOpbIX rr..TJ:OXO rrorJIO aeTII H3JIYQaeT 3HeprlIIO.
3TH 3KpaHbI 06bI4HO rrpeACTaBJI5IlOT C060H TOHKHe JIHCTbI aJIIO-

MHHH5I liJIH liCKYCCTBeHHOH rrJIeHKli (MliJIapa) C HaHeceHHbIM

.
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Ha HHX C ABYX CTOpOH B BaKYYMe aJIIOMHHHeM. OHli pa3AeJIeHbI
u

MaTepHaJIOl\1 C nJIOXOII TerrJIOrrpOBOAHOCTblO, HanpHMep, CTeK-

JIOBOJIOKHOM. TllrrU4Ha5I KOHCTPYKUH51 COCTOHT li3 12-15

qepeAYIOlll.liXC5I CJIOeB CTeKJIOBOJIOKHa H aJIlOl\IHHHeBoH cpO.J1b-
rH TOJIIILHHOHo 0,6 MM. Bce 3TO nOTOM nOMelll.aeTC5I B KO}KYX,

..

H AJl51 Ha 3e!\IHbIX rrpHMeHeHI1H B ynaKoBKe nO,AAeplKHBaeTC5I
BaKYYM. B KOC!\10Ce B3KYY!\1 nOMeplKHBaeTC5I aBTOMaTHQeCKH.

4aCTH HC3, pacnOJIO}l{eHHble BHe ero Kopnyca, KaK-TO:

COJIHe1.JHble 6aTapeli li aHTeHHbI, - 06blQHO yrrpaBJI5IlOTC5I rrac-

CHBHbl J:Icpe CTBaNIH.11crrOJIb30BaHHe B COJIHe1.JHbIX 6aTape5IX
KBapueBblX HJIH CTeKJI5IHHbIX 3Kp3HOB C HaHeceHHbIM Ha HHX

B BaKYYMe cpHJIbTpOM MOlKeT 06eCrre1.JHTb rrOMep}KaHHe HX TeM-

rrepaTypbI HHlKe Toti, KOTOpa5I MO}l{eT YXYAlllHTb HX pa60TY,
B TO BpeM5I KaK B TeHeBOH 1.JaCTH Op6HTbI MOlKeT nOMeplKH-
BaTbC5I f\1HHHMaJIbHa5I Tel'vlnepaTypa, HCKJIIOQaIOllLa5I rrOBpe:tK-
AeHHe 6aTapeH, 6.,larO ap5I AOCTaT01.JHol'I TerrJIOeMKOCTli nOA-

u

Aep:tKHBalOllI,HX KOHCTPYKUHH.
CpaBHeHHe orrHcaHHblX Bblllle CHCTeM C APyrHl\1H B03MO}KHbI-

MH BapHaHTa!\1H npHBeJIO Hac K BbIBOAY, l.ITO KOM6HHalLli5I nac-

CHBHblX li aKTliBHblX CliCTeM perYJIHpOBaHH5I TeMrrepaTypbI
06eCrre1.JHT npli 33AaHHOM Bece HaH6o..TJ:ee YCTOHqHBYlO Tef\1ne-

paTYPY BalKHeHlllHX 3JIeI'vleHTOB 11C3 H f\10lKeT HaAe)KHO Ael'I-
CTBOBaTb B YCJ10BH5IX KOCMoca B Te1.JeHHe AJIHTeJIbHOrO BpeNleHH.

9. CJICTeMbl CBSI3H

I
C:' 
c.Y)

PeTpaHCJI5I OpHa CB5I3HOl\1 I1C3 AOJI)KeH HI'vleTb YCIIJIHTeJIb,
cnoco6HblrI rrpHHHl'vlaTb C 3eMJII1 04eHb CJla6ble CHrHaJIbl, YCHJIH-
BaTb liX, npeo6pa30BbII3aTb HX 1.JaCTOTY H 3aTeM OIl5ITb YCIIJIH-
BaTb  Jl5InepeAaqH Ha 3el\1JIIO. AUTeHHaR CHCTeMa IvIO}KeT co-

CT05ITb H3 rrpocToro  HrrOJIHlInH H3 aHTeHHH HanpaBJIeHHOrO
AeHCTBH5I, nOCT05IHHO o6palll.eHHoli K 3eMJle.

B pa3A. 2, B KOTOpOM paccMaTpHBaJIHCb pa3JIH1.JHble CHC'Te-

MbI CB5I3H, 6bIJIO rrOKa3aHO, 1.JTO OrrTHl\1aJIbH35I aKTI1BHa5I CHCTC-
..

Ma CI35I3H AOJIlKHa cOAeplKaTb lllHpOKOnOJIOCIILIH peTp3nCJI5I-

TOp, npI1crrOC06JIeHIILIH K pa60Te npH pa3JII1QHbIX BMAax MO-

AYJI.5IUHH. HaJIHQHe J15B C lllHpHHOH nOJIOCbl nporrYCKaHH5I B

100 1\1ct ,C BblCOKOII HaAe}KHOCTbIO, f\1a.TIblI\1 BeCOM II AOCTaT01.JHOCI
u

BbIXOAHOH MO HOCTbIOAeJIaeT B03MO}KHbIM pe3JIH3alI.HID Ta-
u

KOH CliCTeMbI YlKe B HaCT05I eeBpeM5I.

--'"
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O)J.Ha 1I3 B03MOLKHbIX 6JIOK-CXeM TaKoro peTpaHCJIHTOpa

rrpliBeAeHa Ha cpHr. 26. npHHHMaeMble CHrHaJIbI rrpoxoAHT

qepe3 cpl1JIbTp H rrocTyrralOT Ha rrepBbIH YCHJIlITeJIb, co6paHHbIll
Ha JIB B. <PI1JIbTp lICKJIlOqaeT o6paTHoe B03AellCTBl1e Cl1rHaJIOB,

u

peTpaHCJIHpOBaHHblx CI1CTeMOI1, KOTopble CMemeHbI rro qaCTOTe

. f/JIJ/76mp YCU/ll/meflbIU
HIJJNHl/X f-.--. HO f.-.. CMeCUme/lb remepoouH
C/iJcmom nEB

.

.

blU YCU/lUmefltJ
HO -- f/JU/lbmp

/7/iB

flpUHllmb
CUZHO/l

'I'

J.1..1/7Yl/aeM

CUZHon

cP II r. 26. Ynpom.eHHa5I 6JIOK-CXe laHC3-peTpaHCJT5ITOpa.

OTHOClITeJIbHO rrpI1H51TOfO CHfHaJIa. TIepBbIll YCI1JII1TeJIb Ha

JIBB, pa6JTalO HllB HeAoHanpHmeHHoM pe}KI1Me, orrpe,neJI51eT
06ml1H K03 1>alI.HeHT rnYMa CI1CTeMbI I1C3. YCH.neHHbIH BbI-

v

XOAHOH Cl1fHaJI CMeIllI1BaeTC51 C Hanp 5lLKeHl1el\1 feTepOAHHa,

rrOJIyqa51 Heo6xOAl1MbIH c,nBl1r rro qaCTOTe. BbIxoAHoe Harrp51-
}KeHl1e CMeCI1TeJI51 cpHJIbTpyeTcH II rro,naeTcH Ha OKOHeqHbIH

KacKa,n YCI1JIHTeJI51 Ha JI6 B.

ECJIH BbI6paHa JIBB C nOJIOCOH: rrporrycKaHH51 10 Mclf,
TO rrpe}l{Ae Bcero' HymHo CAeJIaTb BbI60p MemAY JIHHeHHbIM YCH-

u

JIeHl1eM H HeJII1HeHHbIM YCHJIeHHelVl C }KeCTKHM OrpaHHqeHHeM.
BbIXO,nHOii CHfHaJI B rrOCJIe,nHeM CJIyqae rrOqTH He 3aBl1CHT OT

ypOBH51 Bxo,nHoro CHrHaJIa. I1cCJIe,nOBaHHe pa60TbI YCI1JIlITeJIei1
C }KeCTKI1M OrpaHHqeHHeM I10Ka3aJIO, qTO OHH XOpOlllO pa60TaIOT

u

B KaqeCTBe MHorOKaHaJIbHbIX YCI1JIHTeJIeH Cl1rHa.nOB, MO,nyJII1..

pOBaHHbIX I10 qaCTOTe. TIOCKOJIbKY Tpe6oBaHH51 K rvl0 HOCTI1,

cTa6l1JIbHOCTl1 BCI10MOraTeJIbHbIX CHCTel\l, 11, CJIe,nOBaTeJIbHO,

K Ha,ne}KHOCTH I1PII TaKOM BRAe pa60TbI BbIllle, TO 0I1HCaHHb1H

BapIIaHT npeACTaBJIHeTCH  eJIeC006pa3HbIM. I1cnOJIb30BaHHe

YCHJIHTeJIH c meCTKIIM OrpaHIIqeHIIeM HaKJIa,nbIBaeT OrpaHHqe-
HHe Ha B03MomHble BHAbI MO,nYJI51lI.HII. Hal160JIee rro,nXOA51 HMH

HBJIHlOTCH qaCTOTHaH MO,nyJIHlI.HH, cpa30BaH MO,nyJIHUH51 II pa3-
u

JIHqHbIe BH,nbI HMI1YJIbCHO-KO,lJ.OBOH MOAYJIHlI.HH.

v
('\..

l
K

----
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B ,npyrO!v1 Bapl1aHTe 6JIOK-CxeMbI peTpaHCJI51TOpa (cpHr. 27)
u

rrpHHI1I\laeMbIH Cl1rHaJI rrpn rro.l\10 H reTepo,lJ.HHa TpaHcno-
HHpyeTC5I B 06JIaCTb rrpOMe}KYTOqHbIX qaCTOT. -nOCJIe rroJIY-
npoBo,nHHKoBoro YfI4 CTOHT e eO,nHH CMeCHTeJIb, TpaHcrro..
HHPYlOI HHCHrHaJI Ha 4acToTY rrepe,naqH (cMe eHHYI{)OTHO-
CHTeJIbIIO qaCTOTbI rrpHHHMaeMoro CnrHaJIa). nOcJIe CMCCHTeJI51

CHOBa BKJIIOqeH YCHJIHTeJIb Ha JIBB. npeHMy ecTBoTaKOH

A",meHH
-

-

a llyn/7l'/(c 'P CMeCUme/ltJ - Yfi'l,
f-- CMeCUme/7b1- Jjf=!OOMz4

f--

f

YMIIOJlJUmeflO
re'71epOVUH

YMHON(Ume/76
IIOCfl/OfT/lll

:.......-- -'
l./{)en/0fT/tJ I

J-C!.iflUmenb
J-IO

-
.f7{;3

cP II r. 27. DJIO!{ -cxeMa BToporo BapnaHTa peTpaHCJI5ITOpa.

cxeMbI 3aKJllOqaeTC51 B TOM, qTO OCHOBHOe YCHJIeHHe o6ec-
rreqHBaeTC51 c rrOMOmbIO rrOJIynpOBO,nHHKOBbIX rrpH6opOB, no-

Tpe6JI51IO I1XOqeHb MaJIO 3HeprHH H 06JIa,naI{) HX04eHb BbI-

COKOH Ha,ne}KHOCTblO. JIBB TaK}Ke HCnOJIh3YIOTCH B OrrTHMaJIb-

HbIX YCJIOBH51X.

CJle YIO HMBa}KHbIM ILIa rOM HBJIHeTCH onpe,neJIeHHe MOIl HO-
CTH. OqeBH,nHO, qTO OHa 3aBlIcnT OT pH,Ra cpaKTopOB, B TOM qHCJIe

OT YCHJIeHII51 Ha3eMHoti aHTeHHbI, YCHJIeHH5I aHTeHIIbI I1C3, BbI-

COTbI, ypOBHH WYl\10B, Tpe6yeMoro OTHOllleHH5I Cl1fHaJI/rnYM,
ypOllH5I WYMa YCHJIHTeJIeH H ,npyrHx cpaKTopOB.

B TaOJI. 2 rrpHBe,neHbI pe3YJIbTaTbI HCCJIe,nOBaHH5I B03MO)K-

IIbIX BapHaHToB ,nJIH JIHHHH 3el\1JIH -I1C3 II I1C3 - 3eMJI5I ,

KOTopLIe B HaCT05l ee BpervIH I1pe,ncTaBJI5IIOTC5I HaH60JIee

pa3YMHLIl\IH. OCHoBHble coo6pa,KPHHH, na OCHOBaHHH KOTOpbIX
npoH3Bo,nIIJIC51 BbI60p napaMcTpoB, npHBe,neHHblx B 3TOH Ta6-
JII11 e,3aKJIlOl.laJIHCb B TOM, tITo6bI CJJ.eJIaTb aKTHBHbIH I1C3 HaH-

60JIee npOCTblM H na,ne}KHLIM. Ha,ne}KHOCTb IIOBblrnaeTC5I 3a
u

CqeT IICrrOJIb30BaHHH l\laJIOH l\IOIII.HOCTH, rrOCKOJIbKY npH 3TOl\1

nOBbIlliaeTCH Ha,ne}KHOCTb JIaMI1bI, nepe,naT4HKa, a TaKJKe ynpo-
 aeTC5ICHCTefvla TIHTaHH5I II 06JIerllaeTC5I pe)KHM ee pa60TbI. no..

.
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9TOMY MOllI.HOCTb nepeAaTIlHKa 11C3 BbI6HpaeTCH B03l\IO)KHO 60-
Jlee I-IH3KOH, HO TaKoH, npH KOTOpOH MO)KHO nOJIYtIHTb CTaHAapT-
Hoe )];JI5I Ka6eJIb bIXJIHHH CB5I3H OTHOIIleHHe CHrHaJIIIIlYM na

BbIXOAe Ha3eMHOH npHeMHOH CIICT MbI.COOTBeTCTBYIOIlI.HM o6pa-
301\1 rrOA6HpalOTC5I OCTaJIhHbIe AapaKTepHCTIIKH.

3cj)(peKTHBHa5I MOllI.HOCTh CHrH3JI3, H3JIYIlaeMoro HC3,
MO)KeT 6DITb nOBbIllleHa rrYTeM yneJIHtIeHH5I MOIl HOCTHrrepeAaT-
IlHKa I1C3, nonbIWeHH5I K. n.)];. rrepe)I.aTtIHKa HJIH YBeJIHtIeHH5I
YCIIJIeHH5I aHTeHHbI. ,LLJIH YBeJIHIleHHH MOIlI.HOCTH nepe)I.aTtIHKa
Heo6xOAHMbI 60JIPe MOIlI.Hhle HCTOlJHHKH nHTaHH5I C 60JIhlllHM
BeCOrt1, a TaK)Ke 60JIPe TfDKeJIbIe H C.HO)KHbIe t1PxaHH3MbI )J}I5I

perYJIHpOBaHH .TeMnepaTyphI. Bcp 3TO B pe3YJIhTaTe rrpHBO)I.HT
K nOlJTH JIHI-IeHHOMY YBeJIHtIeHHIO Beca J1C3 C YBeJIntIeHHeM
MOIlI.HOCTH (c .cpHr. 3). 5bIJIO nOKa3aHO; IlTO AOJIrOBeqHOCTb
YCHJIHTeJIbHOH arrrrapaTypbI 5IBJI5IeTC5I CPYHKll,Heii ypOBH5I MOIl -
HOCTH, npHlJel\1 npeAeJIOM, )KeJIaTfJIbHhIM B HaCT05IIlI.ee BpeM5I,
5IBJI5IeTC5I ypOBeHb HH)Ke 10 BIn. AHTeHHhI HC3 C BeCbl\la 60JIb-
IIIHM K03cpcpHll,HeHTOM ycnneHH5I TaK)Ke l\10rYT 6bITb rrOJIyqeHbI
JIHlllb 3a CqeT YBeJIHqeHH5I Beca H CY)KeHH5I nOJIOCbI, IlTO orpa-
HHqHBaeT 06JIyqaeM:YIO TeppHTopHIO H nOBbIIllaeT Tpe60BaHH5I
K TOqHOCTH CHCTeMbI opHeHTall,HH.
YCHJIeHHe IIJIH HarrpaBJIeHHOCTb aHTeHHbI 11C3 onpe)I.e-

JI5IeTC5I ee anepTYPOH. C TOtIKH 3peHH5I nOJIOCbI nponYCKa-
HH5I H Beca HaHJIyqWeH 5IBJI5IeTC5I, rrO-BHAHMOMY, rrapa60JIH-
qeCKa5I aHTe Ha.Pa3 epbIaHTeHHbI I1C3 51BJI5IIOTC5I, OqeBHA-
HO, cpYHKll,HeH pa60QeH qaCTOThI H Tpe6yeMoH IIlHpHHhI )I.HarpaM-
MbI HarrpaBJIeHHOCTH. Ha qaCTOTe 8 000 Melf napa60JIu-
l.IeCKa51 aHTeHHa AHaMeTpoM 11,5 Cht HMeeT IIlHPHHY rJIaBHOrO

JIerreCTKa )I. arpaMMbIHarrpaBJIeHHOCTH 20°, IlTO 06eCrreQHBaeT
3anae '"'-'2,5 no cpaBHeHHIO C yrJIOM 17,5°, no,n; KOTOphIM BH,n;Ha
3eMJI5I C BbICOTbI CHHXpOHHOH Op6HThI. IIIHpHHa fJIaBHOrO JIe-
neCTKa )I.HarpaMMbI HarrpaBJIelIHOCTH B 1

°

nOJIYQaeTC5I Ha Qac-

TOTe 8 000 Melf npH ,n;HaMeTpe aHTeHHhI 230 CM. Ha QaCTOTe
2 000 Mel{ ,[(JI5I nOJIYQeHH5I rJIaBHOro JIeneCTKa ,n;HarpaMMbI Ha-

np3BJIeHHOCTH IIIHpHHOH 20° aHTeHHa )I.OJI)KHa HMeTb B LlHaMeTpe
46 CM.

HaKoHeu., CYllLecTByeT np06JIeMa, CB5I3aHHa5I e 06ecrreqe-
HJ:IeM Ha3eMHbIX nYHKTOB TeJIel\leTpHIIeCKOH HHcpopM3ll,HeH, xa-

paKTepH3YIOIlI.eH pua60TY Ca1\IOro 11C3. TIlI.aTeJIbHOe paCC 10T-
peHHe YCJIO)KHeHHH, B03HHKaIOIlI.HX npH BBe)I.eHHH TeJIeMeTpH-
qeCKHX CHrHaJIOB B CHCTeMY CB5I3H H, B qaCTHOCTH, OrpaHHqe..

,

'1

- . 
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HHH, HaKJIaAbIBaeMbIX BHAOM MOAYJI5Ill,HH, C KOTOpbIM AOJI:tKHa

pa60TaTb cnCreMa 11C3, npHBeJIO K BbIBO,n;y, qTO ll,eJIeC006pa3Ho
rrpHMeH5ITb oT,n;eJIbHYlo TeJIeMeTpHqecKYlO cHcTeMY. 3TO n03-

BOJI5IeT nOBblCHTb o6 ylOHaAe)KHOCTb CHCTeMbI. TeJIeMeTpH-
QeCKa5I cHcTervla paccMaTpHBaeTC5I B pa3,n;eJIe 10. Heo6xo,n;HMOCTb

YMeHbrneHH5I Beca If yrrpoIII.eHHH annapaTypbI I1C3 npH pa3pa-
60TKe CHCTeMbI CB5I3H Tpe6yeT, IIT06bI BHHMaIIHe y,n;eJI5IJIOCb

. u

npHeMHOH: annapaType Ha3eMHblX CTaHll,HH.

YJIyqWeHHe xapaKTepHcTHK, ,n;ocTHrHYToe npH pa3pa6oTKe
Ha3eMHblX CTaHUJIH, He nOTpe6yeT YBeJIHqeHH5I Beca I1C3.

,L:LocTynHocTb Ha3eMHoro 06opYAOBaHH5I n03BOJI5IeT 3a CqeT

YCJIOJKHeHH5I II YJIYQWeHH5I xapaKTepHCTHK 3Toro o6opYAOBa-
IIH5I ynpocTHTb annapaTYPY I1C3.

OTHOllleHHe CHrHaJI/lllYM Ha3eMHoH CHCTeMbI MO)KeT 6bITb
u

YJIYQrneHO JIH60 3a CQeT YBeJIliQeHH5I nJIoIII.a,n;li npHeMHOH aH-

TeHHbI, JIH60 nYTeM Y1\leHbIIleHH5I 9cpcpeKTHBHOH IUYMOBOH: TeM-

nepaTYPbI BXO HbIXu.enei1 rrpHeMHHKa. ,L:La)Ke C JIyqWHMH npe,n;-

BapHTeJIhHbIMH YCHJIHTeJI5IMH
- rrapa larHliTHbI IH,o6III.a5I 3cp-

u

cpeKTHBHa5l111YMOBa5I TeMnepaTypa rrpHeMHOH CHCTeMbI He MO)KeT

6bITb CAeJIaHa HH)KP 20° K li3-3a WYMOB aHTeHHbI. TaKHM o6pa-
30M, npaKTHQeCKH HeB03MO)KHO ,n;aJIbHeHWee CHHJKeHHe 3cpcpeK"

u u
u

THBHOH WYMOBOI1 Te:rvlnepaTypbI npHeMHOH CliCTeMbI.

,lJHaMeTp aHTeHHbI CB5I3aH C ,n;pyrlIMli rrapaMeTpaMH CliCTeMbI

COOTHorneHHeM

(
S

)
1/2

lkTBn Ii
D == 4R

P T GT
E

'

rAe D - ,n;HaMeTp Ha3eMHOH npHeMHOH aHTeHHbI, M; KT ==

= 1,3.10-23 .300===4.10 -21 aJIC; R - paCCT05lHHe AO- HC3, M;

n - K03cpcpHIJ.HeHT IIlY lanpHef\1HHKa; SIN - Tpe6yeMoe OTHO-

rneHHe CHrHaJI/wYl'vI; PT - MOllI.HOCTb, H3JIytIaeMa5I rrepe,n;aT-

IlHKOM cnYTHHKa, anI; Or - YCHJIeHHe nepe,n;alOrneH: aHTeHHbI

HC3; B - IllHpHHa nOJIOCbI, et{; l - rrOJI5IpH3au.HoHHble no-

TepH, nOTepH B Ka6eJI5Ix H T. rr.; B - K. n.,,n;. aHTeHHbI.

3a aAH 1cHcJIeAYIOIII.HMH napaMeTpaMH CHCTeMbI CB5I3H

C HCnOJIb30BaHHeM 11C3: R === 3,5.107
M; n== 1,07 HJ1H 0,7 a6;

SIN === 50 a6; PT === 1 em; OT === 18 a6; B == 100 Met{; l
--:

= 3 a6; B === 0,5. TorAa f\IHHHMaJIbHbIH )I.HaMeTp Ha3eMHOM

npHeMHoH aHTeHHW OKa3WBaeTC5I nOp5l)I.Ka 10 M. B peaJIbHOH
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YCTaHOBKe npHMeneHHe napaMeTpH4ecKoro YCHJIHTeJIH B Ha3eM-

HOM npHeMIIOI1: CHCTeMe MO)KeT YBeJIHl.J:UTb BeJIH4HHY un npH-
6JIH3HTPJIbHO ,lI.O 2 a6. rIpn 3THX 3Ha4eHH5IX a,lI.eKBaTHbIH npHelVl

o6rcne4HBaeTcH 3HTeHHoH C 3cpcpeKTHBHbIM ,lI.HaMCTpOl\1 15 At.

,QJIH 06eCnel.J:eHHH rH6KOCTI1 H 3anaca no YCHJIeHHIO npe,lI.CT3B-
u

JIHeTC5I u.eJ1ecoo6pa3HbIM HMeTb Ha Ha3el'vlHOH CTaHIJJiH aHTeHHY

,lI.HaMeTpoM 18 M.

Pa3MepbI aHTeHHbI Ha3eMHOH CTaHUJ1H orpaHHlIHBaloTcH TOl.J:-

I-IOCTbIO, C KOTOpOH MO)KeT ocymeCTBJI5ITbCH CJIe)KeHHe 3a I1C3,
H TOl.J:HOCTbIO pa3l\IPpOB aHTPHHbI, BbIpa)KeHHbIx lIepe3 ,lI.JIHHY

BOJIHbI, C KOTOpOH OHa MO)KeT 6bITb H3rOTOBJIeHa H KOTopaH
MO)KeT coxpaIIHTbCH B npou.ecce 3KCnJIyaTau.HH. B IIaCT05I pe

BpeM5I naHI3blCUlaH 1.IaCTOTa, npH KOTOpOH TOl.J:HOCTb H3rOTOBJ1 -
HH5I aHTPIIHbI ,lI.HaMeTpOM 18 ,,1tl OKa3bIBaeTCH ,lI.OCTaTOl.J:HOH,

paBHa 10 000 M21{. lllHpHHa rJIaBHOrO JIeneCTKa ,lI.HarpaMMbI

HanpaBJ1eHHOCTH aHTeHHbI npII 3TOM COCTaBJIHeT 0,1°. TaKaH

ulHpHHa ,lI.HarpaMMbI cooTBeTcTByeT Heo6xo,lI.HMOH TOl.J:HOCTH

CJIe:tKeHHH 3a I1C3 C Ha3eMHoH CTaHIJJ1H. YCHJIenHe aHTeH..

HbI paBHo npHMepHo 63 a6.

,QJIH nOJIYl.J:eHHH B03MO:tKHO 60JIee HH3KOH 3cpcpeKTHBHoH wy-
MOBOH TeMnepaTypbI Ha3eMHoro .npneMHHKa CJIe,lI.yeT HCnOJIb-

30BaTb PynopHo-napa6oJIHl.J:ecKYlO aHTeHHY. fIpH HaJIHl.J:HH Ta-

KOM aHTeHHbI npe,lI.BapHTetlTJbHbIH napaMarHHTHbIH YCHJIHTeJIb
MO:tKeT ,lI.aTb npH yrJIax B03BblweHHH nopH,lI.Ka 10 Ha ropH-
30HTOM H BbIwe ypoBeHb wYMa, cooTBeTcTBYIOmHH 20 K.3Ta

3cpcpeKTHBHaH wyMoBaH Tel'vlnepaTypa HCnOJIb30BaJIaCb npH

pac4eTe Ta6JI. 2. Ol.J:eBH,lI.HO, lITO H 3,lI.eCb B03MOlliHa 3aMeHa py-

nopHo-napa6oJIHl.J:eCKHX aHTeHH Ha 3HalIHTeJIbHO 60JIee npOCTbIe

napa60J1HlIeCKHe aHTeHHbI, TaK )Ke, KaK 3aMeHa rrapaMarH..HT-
HblX YCHJIHTeJIeM Ha rrapaMeTpH4eCKHe. Dpe,lI.CTaBJI5IerCH, 4TO OC-

HOBHbIe Tpe6oBaHH5I CHCTef\lbI CB5I3H C HCnOJIb30BaHHeM
u

I1C3

MorYT 6bITb BbIrrOJIHeHbI npH HCnOJIb30BaHHH yrrpaBJIHeMOH rra-

pa60JIHl.J:eCKOH aHTeHHbI AHal\1eTpOM 18 At II napaMeTpH1.IeCKOro

YCHJIHTeJI5I .

Ha JIHHHH 3eMJI5I - HC3 u.eJIPC006pa3Ho HCrrOJIb30BaTb

aHTeHHY C TaKoH :tKP 3<pcpeKTHBHoH arrppTYPoH. ,QJIH pa3,lI.PJIe-
HHH H3JIY4aeMbIx CHrHaJIOB Ha3eMHofI CTaHlLHH H npgHHMaeMblx

CHrHaJIOB, HMPIO HX pa311bIe 4aCTOTbI, MO:tKHO npHMeH5ITb

AyrrJIeKCepbI, 4TO, BepoHTHo, 3KOHOMH4eCKH 60JIee lLeJIecoo6 
pa3Ho, l.J:eM HCrrOJIb30BaHHe OT,lI.eJIbHoi'I Ha3eMHOH rrppe,lI.aIOIll.eH
aHTeHHbl. MOIll.HOCTb Ha3eMHoro rrepe,lI.aTqHKa BblqHCJlHeTC5I

rro cpopMYJIe
S

16R2 lkTBn7\j
p=

D2G
r

E

CJIe,lI.OBaTeJIbHO, ,lI.JI5I nOJIYl.J:eHH5I OTIIOUleHI1H CHrHaJI/rnYM 40 a6
Ha BXO,lI.e npHeMHI1Ka I1C3 Tpe6yeTC5I nepe,lI.aTlIHK MOIll.HOCTbIO
OT 2 ,lI.O 1 000 GIn, B 3aBHCHMOCTH OT YCHJIeHH5I aHTeHHbI I1C3.
,QJIH o6eCnel.J:eHH5I HeKoToporo 3anaca, Bep05ITHO, B JIlo6oM CJIY-
l.J:ae eCTb CMbICJI HCnOJIb30BaTb nepe,lI.aTl.J:HK MOIll.HOCTbIO 1 000 em.

,
t

4

10. TeJIeMeTpHSI, cOnpOBO)K eH"eH ynpaBJIeHHe

,QJIH c60pa HHcpOpMalLHH OTHOCHTeJIbHO fvIeCTOnOJIO)KeHHH H

COCT05IHHH CB5I3HOrO I1C3, a Tah)Ke AJI5I ynpaB.neHH5I .ero pa6o-
TOM He06xo,lI.HMa OT,lI.PJIbHaH CHCTel\la, annapaTypa I-\OTOpOlI pac-
nOJIaraeTCH KaK Ha f1C3, TaK If Ha 3eMJIe. K.aK OTMel.J:aJIOCb

B pa3,lI.. 9, He)KeJIaTeJIbHO YCJIO)KH5ITb caMY cHcTeMY CB5I3H

C lLeJIblO HCnOJIb30BaHH5I ee pa,lI.110QaCTOTHoro KaHaJIa ,lI.JI5I TeJIP-

MeTpHH, cOrrpOBO:tK eHHHIf nepe,lI.aqn KOMaH,lI. ynpaBJIeHHH. O,lI.-
HaRO  eJIeC006pa3Ho 06ne,lI.HHHTb 3TH TPH  YHKllHHB O,lI.HOH
CHCTeMe, Kah. 3TO 6bl.nO C,lI.PJIaHO, HanpI1Mep, Ha I1C3 «3KCnJIOY-
pep-6» H «rIHoHep-5». 06nP,lI.I1HeHHe  YHKlLHH OKa3bIBaeTC5I

B03MO:tKHbIl\1 6JIarO,lI.apH TOMY, 1.11'0 pa,lI.HOJIHHH5I 3eMJI5I - HC3,
CJIY:tKamaH ,lI.JIH nepe,lI.al.J:H KOMaH,lI., MO)KeT HCrrOJIb30BaTbC5I O,lI.-

HOBpeMeHHO ,lI.JIH COnpOBO)K,lI.eHHH I1C3 no CHrHaJIaM ynpaBJIe-
HH5I, KOTopble nepeH3JIyqaIOTC5I o6paTHo Ha 3eMJIlO. AHaJIOfHQ-
IIblM o6pa30M CHrHaJI pa,lI.HO.,1HHHH, B03BpaIlI.aIOIll.HHC5I Ha

3eMJIIO H CJIY)KamHH ,lI.JI5I lLeJIeM CJIe)KeHHH, l\10)KeT TaK)Ke MO-

,lI.YJIHpOBaTbC5I TeJIe 1eTpHl.J:eCKOiI HI-H:popMalLHeH. )I(eJIaTeJIbHO
06ne,lI.HHeHHe  YHKlLHHH l'vIHOrOlLeJICBOe HCnOJIb30B3HHe npHeM-
HHKa, nepe,lI.aT1.J:HKa H aIITeHHofI CHCTel\tlbI HC3, nOCKOJIbKY

u

3TO n03BOJI5IeT nOJIYl.J:HTb CYIll.eCTBeHIIbIH BblHrpblw B Bece H

ra6apHTax 06oPY,lI.OBaHH5-I 6e3 YXY,lI.weHH5I ero Ha,lI.e)KHOCTH.

I10CKOJIbKY BbIXO,lI. H3 CTp05I O,lI.HOro H3 Tpex '3JIeMeHTOB - TeJIe-

MeTpHH, COnpOBO)K,lI.eHH5I HJIH ynpaBJIeHHH Ha aKTHBHOM HC3 -

peTpaHCJIHTOpe, ynpaBJI5IeMOM C 3eMJIH, ,lI.eJIaeT pa60TY ,lI.BYX
,lI.pyrHx 3JIeMeHTOB 6eCnOJIe3HOiI, TO npH pa3,lI.eJIeHHH HX o6Ill.a5I
Ha,lI.elKHOCTb HC3 He nOBbIWaeTC5I.

DOJIYQaeMaH C I1C3 HH Opl\IalLH5IAeJIHTC5I Ha ,lI.Be KaTero-

pHH: HHcpOpMalLHH CHCTeMbI COnpOBO)K,lI.eHH5I, onpe,lI.eJIHIOIll.eH



170 MIO/l/lep t., Xe6eHUlmpaum E., Wnefl2/lep .:9.

nOJIO}KeHHe I1C3, H TeJIeMeTpHI.J:eCKaH IU-IcpOpl\1aUJIH 0 COCTOH-

HHH H pa60Te I1C3 H CBH3Horo peTpaHCJIHTopa.
Ha OCHOBe 3THX  BYXBH OBHHcpOpMaILHH Ha3eMHaH CHC-

TeMa cOnpOBO:tK,[(eHH5I H o6pa6oTKH  aHHblxBbII.J:HCJIHeT Tpe6ye-
u

MWH 3aKOH ynpaBJIeHHH  HarpaMMaMHH3JIyqeHHH Ha3eMHWX

aHTeHH H onpe,[(eJIHeT KOMaH,[(bI, KOTOpble  OJI}KHbI6hITb nepc-
AaHbI Ha 11C3. ,L:LJIH BblqHCJIeHHH Koop HHaT11C3 )KeJIaTCJIbI-IO

HMeTb O HHILeHTpaJIbHbIH nYHKT o6pa6oTKH H aHaJIH3a HHCpOp-
MaILHH. 3TOT nYHKT  OJI)KeH6bITb 060pY OBaH6bICTpOAeHCTBY"
lO HMH3JIeKTpOHHbIMH BbIqHCJIHTeJIbHbIMH MalllHHaMH H  JIH06-

JIerqeHHH pa6oTbI. 9Toro lLeHTpa llieJIaTeJIbHO HCnOJIb30BaTb

II.HcppOBYlO TexHHKY KaK  JIHTeJIeMeTpHH, TaK H  JIHynpaBJIe-
HHH.

I-Ia I1C3, HaXO HlllJ1iicH Ha CHHXpOHHOH op6HTe, Heo6xo-

AHMO nepe aBaTbnpHMepHo 60 pa3JIHqHbIX KOMaH ,06ecne-

1IHBalOIl01X KoppeKILHlO Op6HTbI H nOJIO:tKeHHH 11C3, ynpaBJIHIO-
I HXrrepe aTqHKaMH,CBH3HbIM o60pYAoBaHHeM H BblnOJIH5IlOIlIJIX

APytHe CPYHKILHH. CJIe yeTnpe ycMoTpeTbB03MO}KHOCTb KOH-

TpOJIH TaKoro :tKe KOJIHqeCTBa napaMeTpoB 11C3 (TeMrrepaTypa,
HarrpH)l{eHHH, TOKH, nOKa3aHHH TaxoIv1eTpa CHCTeMbI yrrpaBJ1e-
HHH rrOJIO:tKeHHeM, ,[(aBJIeHHe ra3a H T.  .).COnpOBO)K eHHe06ec-
neQHBaeTCH nYTeM orrpe eJIeHHH CKOpOCTH H3MeHeHHH ,[(aJ1b-

HOCTH  onrrJIepOI3CKHM l\leTO,[(OM.

Me JIeHHble H3MeHeHHH rrOTOKa HHcpopMal{HH, nepe aBae-
u

MOH no -TeJIeMeTpHqeCKOl'vlY KaHaJIY, n03BOJIHlOT OrpaHHqHTbCH

cpaBHHTeJIbHO Y3KOH nOJIOCOH nopH,[(Ka 300 elf, npHqeM pe3YJIb-
u

TaTbI OT eJIbHbIXH3lYlepeHHH nepe alOTcHno TeJIeMeTpHqeCKOMY .

KaHaJIY, HarrpHMep, ,[(Ba pa3a B 1 eeK, O HHpa3 B 10 eeK HJIH  a:tKe
u

eme Me,[(JIeHHee, B 3aBHCHMOCTH OT BH aH3MepHeMoH BeJIHqHHbI

HJIH BepoHTHoH CKOpOCTH ee H3MeHeHHH. 113 MHorHX B03MO)KHbIX

MeTO OBKO HpOBaHHHTeJIeMeTpHqeCKOH HHcpopMaILHH  JIHne-

pe aqHno JIHHHH I1C3 - 3eMJIH HaH60JIee rrpOCTbIMH, a CJIC-

AOBaTeJIbHO, HaH60JIee TOqHbIMH C TOqKH 3peHHH Tpe60BaHHH,
KOTopble  OJI:tKHbI6bITb BblrrOJIHeHbI npH cpaBHHTeJIbHO MaJ1oi1

4aCTOTe nepe,[(aqH ,[(aHHbIX, 5IBJIHlOTC5I HMrrYJIbCHO-KO OBa5Il\10,rr.y-
JIHILHH (11KM) H 3MrrJIHTy,rr.HO-HMrrYJIbCHaH MO YJIHILHH(A11M).
TIOCKOJIbKY I1KM MO)KeT o6ecne4HTb 3Ha4HTeJIbHO JIyqlllee OT"

HOIlleHHe CHrHaJI/IllYM, TO OHa 3aCJIY)KHBaeT npe rr04TeHHH.

11crrOJIb3YH BOCbMI1pa3pH,rr.HbIH KO , ,rr.Ba pa3pH,rr.a KOToporo

CJIYfKaT  JI5I orr03HaBaHHH, MO)KHO nepe aBaTbTeJIeMeTpH4e-

CKYIO HHcpopMaILHIO CO CKOpO TbIO256 ,rr.BOH4HbIX e HHHlLB 1 eeK.
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B03MOLKHaH CXeM.3 nOCJIe,rr.oBaTeJIbHOCTH rrepe,lJ.aqH  aHHbIx

npHBe,rr,eHa Ha cpHr. 28. B 3TOH cxervle TPH H3MepeHHH nepe,rr.alOT-
CH B Ka:>K OMlLHKJIe, a 64 - B Ka:tK OM16-M lLHKJIe. KaK CJIe-

,rr.yeT H3 <pHr. 28, CHrH3JI ocymeCTBJIHeT 6HTIOJI5IpnYlo MO-
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<P II r. 28. EJIOK-CXeMa CIICTe:\lhI TeJIeMeTpHII, C.lIe)KeHHH II yrrpaBJIeHH5I.

,rr.Y.JIHILIU-o HecymeH . TIOJIaraH -HPcymyIO qaCTOTY JIHMHH I1C3--
3eMJIH paBHoi1 400 M2l{, MO)KHO nOJIyqHTh CJIe YIOIIJ,HexapaK-
TepHCTHKH CHCTeMbI (a6.M)1).

I1 JIYtIaeMa5I crrYTHHKOM MOI1l.HOCTb (18m) . . .

YCHJIeHHe aHTeIIHhI I1C3 . . . . . . . . . . .

YCIIJIeIIHe Ha3eMIIoH 3IITeHHbI . . . . . . . . .
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OrrbIT nOKa3aJI, QTO JIerKO rrOJIY4HTb rrpHeMHHKH CHCTeM TP-

JIeMPTpHH H cOrrpOBO)K eHH5I C 4YBcTBHTeJIbHOCTbIO rrOp5I,LI,Ka
-150 a601H, a CJIP OBaTeJIbHO,JIHHH5I I1C3 - 3eMJI5I MO)KeT pa-
60TaTh C I-If'HanpaBJIeHHOrl aHTeHHOI1, 06pcne4HBa51 nepe a'qyH

npHeM CHrHdJIOB  a)KenpH BpaIl eHHHI1C3.
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cI;> n r. 29. YBeJIIJ11elllle
TOQHOCTII corrpOBOiK)I,elllI5I
co BpeMeHeM (cnYTHHK
Ha 37000 KM op6I1Te).

42
1-

0.1:J 0 Ii /2 /8 2 30 36'  248 54

8peMR, '10C6/ f70cne HOl/O/10 C0/7p080)/{-
oe/-{ufl

H3MepeHHe  onnJIPpOBCKoro C BHra CHrH3JIa n03BOJIHT

Henpeph!BHO H3Mep5lTb CKOpOCTb H3fvleHeHH5I paCCT05lHH5I  O
HC3. OTBeTLJHK HC3 H3MeH51eT 4aCTOTY npHH5ITOrO C 3eMJIH
CHrHaJIa B lI.eJIoe 4HCJIO pa3. AnrrapaTypa Ha3eMHOH CTaHlI.HJI
n03BOJI51eT nYTeM cpaBHeHH5I 4aCTOTbI CHrHaJIa JIHHHH 3eMJI5I -

HC3 C 4aCTOTOH OTBeTHoro CHrHalla JIHHHH I1C3 - 3eMJI51
u

C 04PHb BbICOKOH T04HOCTblO npOH3BO HTbH3 1epeHH5I onnJIe-

pOBChoro C BHra4aCTOTbI. 8TH H3MepeHH5I n03BOJI51lOT onpe-
 eJI51TbCKOpOCTb I1C3 C T04HOCTblO  o0,3 MiceK npH BpeMeHH
ycpp,lI,HeHH5I 1 CCK. H3MepeHH5I yrJIOBbIX BeJIH4HH C rrOMOIlLbIO

..

Ha3eMHOH aHTeHHbI rrpH BpeMeHH ycpe HeHH5I1 ceK o6ecne4H-
BalOT T04HOCTb He xYMe 1 Mpaa. COnpOBO:IK,lI,eHHe CHHxpoHHoro
HC3 3a rrpO,lI,OJI)KHTeJIbHbIH rrepHO,lI, BpeMeHH MOMeT oCYIlLecT-
BJI5ITbC5I C T04HOCT5IMH, npHBe eHHbIMHHa cpHr. 29.

---:,---
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t t. Ha.neLKHOCTb

,LLJI5I Toro 4T06bI cHcTerv!a CB513H C HCnOJIb30BaHHeM HC3 HP

OKa3aJIaCb CJIHlllKOM ,lI,OpOrOH, Heo6xo,lI,HMO, 4T06bI HC3 o6JIa-
u u

,[LaJ1 BbICOKOH Ha,[Le)KHOCTbIO H ,[LOJIrOBe4HocTbIO no MeHbllJeH

Mepe rrOp5l,lI,Ka o Hororo a. ,LLJI5I onpe eJIeHH5I Ha,lI,e)KHOCTH
.. u

CJIO)KHOH 3J1eKTpOHH0I1 CHCTeMbI B 3aBHCHMOCTH OT Bpel\leHH
u

MbI npHMeHHJIH hJIaCCHLJeCKH I MPTO , C nOMo bIOKOToporo

YCTdHOBHJIH, 4TO ,[LJI5I rHnOTPTHLJeChOrO CB5I3HOrO I1C3 TaKoro
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<I:> II r. 30. 3aBHcH 10CTbHa,lle)KHOCTH y!C3 OT BpeMcHII.

u u

THDd, KOTOpbIH paccMaTpHBaJIC5I HaCTOHllI.eH cTaTbe, cpe.n.-
Hee BpPM5I 6e30TKa3HoH pa60TbI ,lI,OJI)KHO COCTaBJI5ITb 60JIee

DOJIYTopa JIeT.
.

KpHBa5I 3aBHCHMOCTH Ha.n.e)KHOCTH I1C3 OT BpeMeHH npH-

Be)].eHa Ha cpHf. 30. OTKJIOHeHHe OT pacnpe,[LeJIeHH51 f1yacco-
Ha 06'b5lCH51eTC5I HCnOJIb30BaHHeM H36bIT04HOCTH. 113JIOM KPH-
BOH npH a6ClI.HCCe, cooTBeTcTBYIOllI.eH 5 ro aM, nOJIY4HJIC5I

nOTOMY, 4TO CHCTet1a ynpaBJIeHH5I rrOJIO:IKeHHeM I1C3 cHa6:IKeHa

n5ITHJIeTHHM 3arraCOM ra3a. Pac4eTbI, 6a3HPYlOllI.HeC5I Ha 3TOH

KPHBOfl, nOKa3bIBaIOT, 4TO cpe)].Hee BpeM5I 6e30TKa3HOH pa60TbI
I1C3 COCTaBJI5IeT 1,5 rO)I.a. LLJI5I KOMneHCalI.HH Heonpe.n.PJIeH-

HocTeH, KOTopbIe nOKa eIlI.e CYllI.eCTBYIOT B OTHOllleHHI1 KOCMH-
u

1.JeCKHX YCJIOBHH, npH onpe,lI.eJIeHHH 4aCTOTbI OTKa30B 3JIeK-

TpOHIIbIX 3JIeKTpOMeXaHlrQeCKHX 3JIeMeHTOB 6bIJ1 B351T K03cpcpH-
l HeHTYXY,lI,weHHH 0,33. BnOJIHe B03t10:tKHO, QTO BJIHHHl1e KOC-

MH1.JeCKHX YCJIOBI111 ou.eHeno CJIHllJKO 1 )KeCTKO H 4TO 60JIee

nO XO,Ll5IIlI.HM K03cpcpHlI.HeHTOM 5IBJI5IeTC5I 0,5 HJII1 0,7. I1c-
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rrOJIb30BaHHe 3THX K03cpcpHUHeHTOB rrOBbICHT O,lI.HorO,lI.HIIHYIO
Ha,lI.e)KHOCTb HC3,lI.0 0,6-0 7II YMeHbIllHT cooTBeTcTBYIOI.I(HM

06pa30M KOJIHlIeCTBO rpe6yeMblx 3arrycKoB.
.

f10JIHbIH BbIXO,lI. H3 CTpOH 11'C3 B HarneM HCCJIe,lI.OBaHHH xa-

paKTepH3yeTcH CJIe,lI.YIOI.I(HMH ,lI.BYM5I cpaKTopaMH: a) Hecrroc06-

HOCTblO CB5I3HOH cy6cHcTeMbI rrepe,lI.aBaTb H rrpHHHMaTb CHr-

HaJI C ,lI.OCTaT04HbIM ypoBHeM MOI.I(HOCTH H 6) OTKJIOHeHHeM l1C3
OT rrpaBHJIbHOrO rrOJIOJKeHH5I Ha 1 ,5°.

f1pe,lI.rroJIaraJIOCb pa3YMHoe npHMeHeHHe Cpe,lI.CTB, n03-

BOJI5IIOI.I(HX rrOBblCHTb Ha e)KHOCTb,B lIaCTHOCTH, HCnOJIb30Ba-

HHe KOHCTPYKTHBHbIX 8arraCOB, perYJIHpOBaHH5I TeMnepaTypbI,
TI.I(aTeJIbHOH C60PKH H npOBepKM. DbIJIO rrO,l(C4HTaHO, 4TO aK 

THBHbIH l1C3 - peTpaHCJIHTOp C aKTHBHOH cxeMOH perYJIHpO-
BaHH5I TeMnepaTypbI H cTa6HJIH3aUHeH nOJIO)KeHHH rroTpe6yeT
500 aKTHBHbIX 3JIeMeHTOB, o6ecnelIHBalOI.I(Hx Cpe,lI.Hee BpeM5I
6e30TKa3HOH pa60TbI 4 000 iiac. TI.I(aTeJIbHOe 06'be,lI.HHeHHe
250 H36bIT04HbIX aKTHBHbIX 3JIeMeHTOB YBeJIH4HBaeT Cpe,lI.Hee
BpeMH 6e30TKa3HoH pa60TbI )],0 12 000 iiac. KpoMe Toro, npe,lI.-

rrOJIaraeTC5I, lITO Kalli,lI.bIH 3JIelVleHT pa60TaeT npM HarpY3Ke,
paBHoH 25% OT HOMHHaJIbHOH, H lITO TeMrrepaTypa I1C3 He no,lI."

HHMaeTCH BbIllie 30° C B JIlO60H TOIIKe, 3a HCKJIIOlIeHHeM BbIXO,lI.-
Horo KaCKa,lI.a YCHJIHTeJIH MOI.I(HOCTH.

)JaJIbHeHlllee rrOBbIllleHHe Ha,lI.e)KHOCTH OT,lI.eJIbHbIX 3JIeMeH-

TOB 6Y,lI.eT, Bep05lTHO, ,lI.OcTHrHYTo lIepe3 HeCKOJIbKO JIeT. l1c.

XO,lI.H H3 nepBblx pe3YJIbTaTOB npOBO,lI.HMbIX pa60T MO)KHO npe)J,-
nOJIaraTb, liTO ,lI.OJIrOBe4HOCTb CBH3HbIX 11C3 MO)KeT 6bITb YBe..
JIH4eHa ,lI.0 10 JIeT H 6oJIee.

6JIHlliHHe Op6HTbI HJIH lKe HCnOJIb3YlOTCH MOI.I(Hble paKeTbI 11

60JIee CJIOlliHble MPTO,lI.bI 3anycKa aKTHBHbIX peTpaHCJIHTOpOB Ha

,lI.aJIbHHe Op6HTbI. Tpe60BaHHH K l\10I.I(HOCTH H pa3MepaM aHTeHH

Ha3eMHblX cTaHUHH B03pacTaloT C YBeJIHlIeHHPM BbICOTbI op-
6HTbI l1C3, HO B TO llie BpeMH yrJIOBa5I CKOpOCTb rrepeMerneHH5I

Ha3eMHOH aHTeHHbI rrpM COnpOBO)KAeHHM C YBPJIH4eHHeM BbI-

COTbI l1C3 6Y,lI.eT YMeHblllaTbC5I.
f1pHMepHa5I CYMMapHa5I CTOHMOCTb O,lI.HOrO 3anYCKa, COCT05I-

w.a5I H3 CTOHMOCTH l1C3, paKeTbI-HOCHTeJI5I H npOue,lI.ypbI 3a-

nYCKa, HaXO,lI.HTC5I B n pe,lI.eJIax OT 500 TbIC. ,lI.OJIJI. ,lI.0 5 MJIH. ,lI.OJIJI.

,lI.JI5I I1C3 - peTpaHCJIHTOpOB, KOTopble He HMeIOT CpP,lI.CTB
cTa6HJIH3aUHH HX nOJIOllieHH5I Ha Op6HTP; npH4eM CTOHMOCTb

3anYC'Ka B03paCTaeT C BbICOTOH I1C3 l2]. AHaJIOrH4HbIl1 pac-
lIeT ,lI.aeT CTOHMOCTb 3anYCKa ynpaBJI5lel\lbIX I1C3 OT 5 AO

9 MJIH. ,lI.OJIJI. CTOHMOCTb Kalli,lI.OH Ha3eMHOH CTaHUHH ou.eHH-

BaeTCH B 2,5 MJIH. ,lI.OJIJI.

f1pe,lI.cTaBJI5IeTC5I pa3YMHbIM nOJIaraTb Cpe,lI.Hee BpelVIH 6e3-

OTKa3HOH pa60TbI I1C3 - peTpaHCJIHTOpa paBHbIM nOJIYTopa
rO,lI.aM, a BepoHTHoCTb ycnelliHoro 3anycKa paBHoH 0,75.
CTOHMOCTb C03)I.aHH5I CHCTelVlbI CBH3H C l1C3 MOllieT 6bITb npH6..
tlT£HllieHHO onpe,lI.eJIeHa no cpOprvlYJIe

C
E
= Cg Ng + : (Cs + nCs).

CTOHMOCTb e./KerO,lI.HOH 3aMeH-bI npe,lI.rrOJIO./KHTeJIbHO paBHa

C
III
= ;.; (CB + nCs)'

12. CTOHMOCTb

f1pH c03,lI.aH;MM H 3KCnJIyaTaUHH CHCTeMbI CBH3H C I1C3 oc-

HOBHa5I CTOHMOCTb p acnpe,lI.eJI HeTCH MeJK,lI.y TpeM5I 3JIeMeHTaMH:

caMHMH I1C3, Cpe,lI.CTBaMH 3anycKa H Ha3eMHbIMH CTaHUHHMH.
CTOHMOCTb 3TMX 3JIeMeHTOB, pa3YMeeTC5I, 6Y,lI.eT 3aBHceTb OT

KOJIH4eCTBa H CJIOlliHOCTH KalK,lI.OrO H3 HHX. CTOHMOCTb l1C3 6y-
,lI.eT MHHHMaJIbHOH ,lI.JI5I He60JIblllHX naCCHBHbIX oTpalliaTeJIei1 H

u

MaKCHMaJIbHOH ,lI.JIH aKTHBHWX peTpaHCJIHTOpOB C HanpaBJIeH-
HbIMH aHTeHHaMH M co cTa6HJIH3au.HeH HX nOJIOllieHH5I. CTOH..
MOCTb CpP)],CTB 3anycKa 6y)],eT M3MeHHTbCH B 3aBHCHMOCTH OT

Toro, HCnOJIb3YIOTC5I JlH OTHOCHTeJIbHO He60JIblllHe paKeTbI Ii

npocTble cnoc06w 3anycKa ,lI.JI5I BbIBO,Q.a naCCHBHbIX I1C3 Ha

r,lI.e N I!.
- 4HCJIO Ha3eMHbIX cTaHUHH; N

s

- lIHCJIO ,lI.eticTBYIO-
lll.HX I1C3 Ha op6HTe; p

-

BepoHTHoCTb ycrrelliHoro 3arrycKa;
t - Cpe,lI.H5IH ,lI.OJIrOBe4HOCTb cnYTHHKa; n - IIHCJIO 3anYI.I(eH-
HbIX cnYTHHKoB Ha O,lI.HY paKeTY-HoCHTeJIb; Cg

- CTOHMOCTh

OAHOH Ha3eMHoH CTaHIl.HH; CB - CTOHMOCTb paKeTbI M npo-
ll,e,lI.ypbI 3arrycKa; Cs

- CTOHMOCTb paKeTbI-HOCHTeJI5I.
06rna5I CTOHMOCTb, onpe,lI.eJIeHHa5I TaKHM cnoc060M, n03BO-

JIHeT cpaBHHBaTb pa3JIH4Hble cHcTeMbI,. HO, KOHe4HO, He n03-
u

BOJIHeT YCTaHOBHTb TOlJHYIO CTOHMOCTb C03)I.aHHH COBpeMeHHOI1

CHCTeMbI, nOCKOJIbKY 3,lI.PCh He Y4HTbIBalOTCH TaKHe cpaKTopbI,
KaK CTOHMOCTb pa3pa60TKM M 3KCnJIyaTaUHM pe3epBHoro 060-

PY,lI.OBaHHH ,.
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Ha <pHr. 31-35 YKa3aHa rrpH6JIH3HTeJIhHaH CTOHMOCTh C03-

,naHHH Ii 3KCrrJIyaTall.HH CHCTeMhI CBH3H C !:lC3 ,l1.JIH ](OHKpeT-
HOM MarHCTpaJIhHOM JIHHHH CBH3H (HhlO-110pK - TIapHlli) H

JI.JIH rJI06aJIhHOH CBH3H rrpn HaJIH4HH KaK rrpOH3BO.RhHO pacno-
JIO)KeHHbIX, TaK H yrrpaBJIHeNlhlx I1C3. :Y!3 cpHr. 31 BH,l1.HO, 4TO
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<t> Ii r. 31. CTOIlMOCTb C03)J.aHHH CIICTeMbl

CB5I'3H, o6ecne411BalOlllefi HenpepbIBHYlO CBH3b

Ha JIIIHIIII Hblo-tlopK-napIDK.

rrpH BblCOKHX op6HTax, rrpeBhIwalolliJ1x 11 000 HJIH 13 000 KJvt,
u

C03,l1.aHHe Ii 3KCrrJIyaTall.HH JIHHHH CBH3H Me:tK).J,y HhIO-vlopKOM H

DapH)KeM 06XO,l1.HTCH ,l1.fweBJIe rrpH HCrrOJIh30BaIIHH yrrpaBJIHe-
MbIX I1C3, HeCI\IOTpH Ha TO, 4TO CTOHMOCTh OT,l1.eJIhHhIX I1C3 H

HX 3arrYCKOB rrpH 3TOM B03paCTaeT. 50JIee Toro, CTOHMOCTh CH-

CTeMbI npH BhICOTe 35 810 K.lU MHHHMaJIhHa. TIepeKphITHe IIa

3TOM BblCOTe MO)KeT 6hITb rrOJIY4eHo C rrOMOmbIO TOJIbKO O).J,Horo

I1C3, H ,l1.JIH BbIBe,l1.eHHH vIC3 Ha Op611TY ).J,OCTaT04HO rrp0l13Be-
CTI1 2 3anycKa. Tor)l.a npH CTOI1MOCTI1 O,l1.HOrO 3arrycKa rrpHMepHo
B 9 lYIJIH. ,l1.0JIJI. C03,l1.aHl1e CI1CTeMhI rroTpe6yeT 3aTpaT B

18 MJIH. )J,OJIJI., a Bl\1eCTe co CTOI1MOCTbIO na3eMHhlX cTaHll.l1rI -

23 MJIH. Jl.OJIJI. 113 TaKHX )l{e C006pa:tKeHHH onpe,l1.eJIeHa CTOH..

dO . 
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MOCTb 3KCIIJ1yaTall.HH C HCTeMbI, KOTopaH, KaK CJIe,l1.yeT H3 cpHr. 32,
rroTpe6yeT e:tKerO,l1.HbIX pacxOJI.OB 8 MJIH. ,l1.0JIJI. B rrpe,nrroJIo:tKe-
HHH, 4TO JI.JIH 3aMeHhI I1C3 nOTpe6yeTc5I 0,9 3arrycKa B [,OJI..

KpHBble cpHr. 32 JI.JIH BbICOT MeHee 18 000 KAt He Y411TbIBalOT
nOBpe:tK,neHHH, KOTopble 6YJI.YT B03HHKaTh no,l1. JI.eHCTBHeM npo-
TOHOB BhICOKHX 3HeprHH. KaK nOKa3aHO Bhlwe, B 3TOM CJIY4ae

.

SOO

cD II r. 32. CTOHMOCTb

rO,lI.OBoH 3KCnJIyaTa u.HH

CHCTeMbI CBH3H C I1C3,
06eCrreQl1BalOllleH He-

npepb!BHYIO CBJI3h Ha

.:lHHHH HhlO-l1opK-'-
DaPH}!C

t

\
I

C'mo6U/lU3UP08oHHble
I

nf1!U3SMhHble
, /

'- ...- ............. --

/;00

C'tS

;t:
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100

o S 10 .1S 20 2S 30 JS
Db/coma cnymHlIKG mb/C- KM

CpOK CJIy:tK6bI I1C3-peTpaHCJIHTOpOB 6Y).J,eT cpaKTH4eCKH HC-

4HCJIHThCH ,nHHMH HJIH He,neJIHMH BMeCTO 18 MeC.Hll.eB.

,QJIH rrOJIY4eHHH rJI06aJIbHOH CHCTeMhI CTOHMOCTb C03)].aHHH
Ha3eMHhlX cTaHQHH CTaHOBHTCH cpaKTopoM, KOTOphIH TaKllie 6y-
JI.eT H3MeHHThC.H I1PH H3MeHeHHH BhICOThI I1C3, nOCKOJIbKY
60JIhWee KOJIH4eCTBO cTaHQHH rroTpe6yeTcH B TOM c.nY4ap,
Kor,l1.a I1C3 6Y,l1.YT HaXO,l1.HThC.H Ha HH3KHX op6HTax. KaK BH,l1.HO
113 cpHr. 33, MHHHMaJIbHaH CTOHMOCTb C03 aHHHrJI06aJIhHOH CH-

CTeMhI rrpH rrpOH3BOJIhHOM pacrrOJIO:tKeHHH I1C3 Ha op611Te
Hl'vleeT MeCTO IIPH KpyroBhlx nOJIHpHhIX op6HTax BhICOTOH OKO-

JIO 11 000 KJrt, rrpH 3TOM rrpHMepHo 32 fvIJIH. AO.J1JI. COCTaBJIHlOT

CTOl1ivlOCTb Ha3eMHhlX CTaHlI.HM H 93 MJIH. ,nOJIJI.
- CTOHMOCTh

I1C3. MHHHMYM CTOHMOCTH CHCTeMhI C yrrpaBJIHeMhIMH I1C3

(CM. cpHr. 34) nOJIyqaeTC,Sl npH BbICOTax, cooTBeTCTBYlOII.I.HX
7 3aK. 232

-
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CHHXpOHHOH Op6HTe" B o6rn.ylO CTOHMOCTb 70 MJIH.  OJIJI.

BXO HTCTOHMOCTb qeTblpex 3anycKoB, KOTopble, Bep051THO,
nOTpe6YIOTC51  JI5I3anycKa Tpex I1C3 Ha CHHXpoHHble Op6HTbI.
E>KerO Hble3KCnJIyaTaQHoHHble pacxo bI ,nJIH 3TOH CHCTeMbI

COCTaBHT 18 MJIH.  OJIJI. C YlJeTOM 1,96 3anycKoB. KpHBble
cpHr. 35 TaK)Ke Tpe6YIOT BBe,neHHH nonpaBoK Ha BepoHTHoCTb

250

200

C'tS

150

cP II r. 35. npe,D,noJTa-
raeNaH CTOHMOCTb

rO,D,HqHOH 3KCrrJIyaTa-
IUIII rJI06aJIbHoi-i CH-

CTeMbI CB5I3H C IIC-

rrOJIb30BaHHeM I1C3.

...

<:I

c:s

100

so
maOU/lU311pO-

BOHHble

OSlO 15 20 25 30 35

8blcomo} mblC. KM

nOBpe)K eHHH I1C3 npoToIIaMH BbICOKHX 3HeprHH Ha BbICOTax

MeHee 18 000 KM.

ECJIH HCKJIIOlJHTb Bce Op6HTbI HHme 18 000 KAt, TO OCTaHYTC51
TOJIbKO 12-lJaCOBble KpyroBble nOJIHpHbIe Op6HTbI, 12-lJaCOBble

KpyroBwe 3KBaTOpHaJIbHWe Op6HTW H CHHXPOHHWP Op6HTW.
ECJIH yqHTbIBaTb TOJIbKO CTOMMOCTb, TO CJIe,nyeT HCKJIIOlJHTb

12-lJaCOBbIe Op6UTbI M C eJIaTbBbIBO,n 0 TOM, lJTO OnTHMaJIbHOH

6y,[(eT CMCTeMa C CHHXpOHHOH Op6HT0i1. O HaKO3ana3,[(bIBaHMe
u

CHrHaJIOB B TaKOH CMCTeMe MO)KeT nOMemaTb ee npHMeHeHHIO ,nJI51

KOMMepqeCKOH TeJIe OHHOHCBH3H. Bonpoc 0 TOM, 6y,neT JIM

3TO 3ana3 bIBaIIHecepbe3HbIM npen51TCTBHeM  JIHTeJIecpOHHo i
CBH3H, rrOKa eme He pemeH. EbIJIO npOBe,neHO OrpaHHQeHHOe KO-

u

JIHlJeCTBO HcnbITaHHH, B KOTOpbIX HMHTHpOBaJIHCb KaK 3ana3,lI.bI"

7*



180 MIOAAep r., Xe6eflUlmpeUm B., llInefl2/lep 3.

u

BaHHe CHrHaJIOB, TaK H HX BbIrraJ(eHHe rroJ( J(eHcTBHeM .3XO-

3arpaJ(HTeJIeli. K COfKaJIeHHIO, pa3JIHqHble HCCJIeJ(oBaHH5I rrpH-
BeJIH K rrpoTHBOpeqHBWM pe3ynbTaTaM, TaK qTO J(o CHX rrop
Y Hac HeT J(OCTaTOqHbIX OCHOBaHHH J(Jl5I BbI60pa Me)K)J.Y
12-qaCOBbIMH rrOJl5IpHbIMH H CHHXpOHHbIMH op6HTaMH. TIepBbIH
BapHaHT MO)KeT OKa3aTbC5I B .3KCrrJlyaTaUHH B 2--3 pa3a J(O-

pO)Ke, HO, Bep05ITHO, Ha .3TO ueJIeC006pa3Ho rrOHTH.

OCHOBHbIM correpHHKoM CHCTeM CB5I3H C 11C3 Ha TpaHcoKeaH-
CKHX JIHIIH5IX 5IBJl5IIOTC5I rrOJ(BOJ(Hble Ka6eJIH, HO cpaBHeHHe CTOH-

MOCTeH Ka6eJlbHbIX JIHHHH H CHCTeM C 11C3 rrOKa3bIBaeT, qTO

HMeeTCH cYlll.eCTBeHHaH pa3HHua B rrOJIb3Y HC3. l3ep5I J(JI5I

pac4eToB HOBbIM THrr Ka6eJIH (PHPMbI «Af\IPpHKPH TeJIerpacp .3H,lI.

TeJIecpoH KOf\1rraHI1» 11 cHcTeMY C 11C3 na CIIHXPOHIIOii op61ITe,
MO)KHO nOKa3aTb, 4TO e)KerOJ(HbIe pacxo)J.bI Ha CO,lI.ep)KdHlIe
TpaHCOKf'aHCKOH JIHHlIH npOT5I)KeHHOCTbIO 5 500 Kjv! 6Y,lI.YT co..

CTaBJIHTb '--' 27 TbIC. J(OJI.TI. Ha OJ(HH TeJIPcpoHHbIJ i KaHaJI no

cpaBHeHHIO C 10 TbIC. J(OJIJI. B cHcTervle C 11C3 1
).

u

CYlll.eCTBY10lll.He B HaCT05Illl.ee BpeM5I Ha3eMHble paJ(Hope.neH-
HbIe JIHHHH J(JIHHOH 4 000-5 000 KAt 06XO,lI.5ITC5I J(ellleB.ne,
qeM CHCTeMbI C HC3. OJ(HaKO J(JI5I CB5I3H Me:tKJ(Y ,lI.BYM5I no6p--

pe)Kb5IMH HC3 C CHHXpOHHOH Op6HTOH MO)KeT COnepHHQaTb
C Ha3eMHbIMH paJ(HopeJIeHHbIMH JIHHH5If\111 [4].

I

13. 3aKJIIOLJCHHe

B HaCTO}llll.e 1 pa60Te MbI rrpHlllJIH K CJIP,lI.YlOIllJlfvf OCHOBHbIM

BbIBOJ(aM OTHOCHTeJIbHO xapaKTepHcTHK ClICTeM CBH311 C l1C3.
1. CHcTeMa Marl1CTpaJIbHOH CB5I31I C I1C3 3KOI-IOMIIlJeCKH 1I

TeXHH4eCKH peaJIH3yeMa.
2. 11C3 J(OJI)KHbI rrpeJ(cTaBJlHTb c060ii aKTlIBHbIe peTpaHCJI5I-

TOpbI.

3. Op6MTa J(OJI:tKHa 6bITb KPyroBoH C rrepHoJ(Of\1 06palll.eHH5I
I1C3 24 MJIM 12 i{QC.

4. Pa60QMe qaCTOTbI J(OJl)KHbI JIe:t!{aTb B ,lI.Hana30He

1--10 r2l{ .

5. B KaQeCTBe HCTOqHHKOB f1HTaHHH Ha I1C3 J(OJI)KHbI HC-

nonh30BaTbC5I COnHeqHbIe 6aTapeM M aKKYf\IYJI5ITOPbI
6. TIOJIO)KeHHe 11C3 Ha op6MTe J(OJI:tKHO KoppeKTlIpoBaTbcH.
7. Heo6xoJ(HMO nplIMeH5ITb cTa6HJIH3al{IHO rrOJIO)KPHH5I 11C3.

.,

1) CTOIiMOCTh o).J.Horo KaHana Ha ,n.encTBYIOIlleM TpaHcaTJTaHTH4e 
CKOM Ka6eJIe (npOJIO>KeHHOM B 1956 r.) COCTaBJUleT 240 TbIC. ,AOJlJI.

 F

6. 11cKyccnzBeflflble cnymfluKu 3eM/lll, npUMeflJleMble a/lR CBR3U 181
.

8. 11C3 J(OJI:tKHbI HMeTb aKTHBHYlO cHCTeMY perYJIHpOBaHH5I

TeMrrepaTypbI.
9. CpOK CJIY)K6bI 1-1C3 J(OJI:tKeH 6hITb 60JIee 18 Mec.

10. 06IlI.a5I CTOlIMOCTb C03J(aHH51 H .3KCnnyaTaQl1lI CHCTeMbI

C 11C3 B Te4PHlIe 10 JleT COCTaBHT nplI 1epHO250 MJIH. J(OJIJI.
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7.

CHcTeMbI CBSl3H

C Hcnonb30BaHHeM

HCHyccTBeHHbIx cnYTHIIKoB 3eMJIII,
o6eCneIJIIBalOUJ,IIe pa3.l1.eJIeHlle

1

rpynn KaHaJIOB

C a fl a e  ta fl E.

XOT51 orrHChlBaeMaH 3 eCbCI1CTeMa CB51311 paCCMaTpl1BaeTC5I
TOJIbKO  JIHCJIY1.lan npl1MeHeHH5I 3KTl1BHbIX 11C3, OHd rrpHro -
Ha H rrpM HCnOJIb30BaHI1l1 naCCIiBHoro l1C3 rrpl1 C06JIIO eHI1HCJIe-

..

 YIOlI(I1XYCJIOB 11 II : MO HOCTbHa3eMHoro nepe aTqHKa OJI}I{Ha
UblTb nop51 Ka100 1\6nZ; Ha naCClIBHOM l1C3 He- OJDKHOnpoHc-
XO I1TbC Bl1ra4aCTOTbl;  JIHCBH3H lfCrrOJIb3yeTC5I COOTBeTCT-

BYIOlI(aH  JII1Ha BOJIHbI.

Orn1cbIBaeMa5I CHCTeMa CB513H cnoc06Ha pa60TaTb KaK

C opHeHTHpoBaHHbIM I1C3, HaXOA5I HMC51Ha CHIIXpOHHOH op-
6HTe, TaK Ii C rpynnoH HeopHeHTHpoBaHHblx l1C3 co cJIY4ati-
HbIMH Op6I1Tal\1H, eCJIH HMeeTCH YAOBJIeTBOpHTeJIbHOe perueHHe

u

Bonpoca IiCnOJIb30BaHIi51 Ii KOl\IMYTaUJIH aHTeHHblX YCTPOHCTB.
OrrIiCbIBaI{)TCH BHAOH3MeHeHHH CHCTeMbI CB513H, n03BOJI51IO-

IlLl1e oCYlI(ecTBJI5ITb MarHCTpaJIbHYIO CB513b, a TaK}I<e 06CJIYlliH-
BaHHe onpeAeJIeHHbIX nJIOIlLa eH. B nepBOl\tI CJIY4ae 06ecrre4H-
BaeTC5I MHorOKaHaJIbHa51 CB5I3b TOJIbKO MelliAY ABYM5I Ha3eM-

I-IbIMH CTaHU}IHMH, B TO BpervlH KaK BO BTOpOM CJIY4ae JII06a5I H3

Ha3eMHbIX CTaHII.HH l\IO}KeT YCTaHOBHTb CB5I3b C JIIo60H APyroiJ
CTaHII.HeH B npe eJIaxAaHHOH nJIOIlLa H.B 3TOM CJIY1.Jae I1C3
no CYlI(eCTBY BhlnOJIH5IeT cpYHKII.HH TeJIecpOHHoro KOMMYTaTopa;
 JI5IYCTaHOBJIeHH5I CB5I3H l\tle}KAY ABYM51 Ha3eMHbIMH CTaHII.H5I-

MH  OCTaT04HO HaCTpOHTb nepeAaT4HKH H rrpHeMHHKH 3THX
u

CTaHII.HI1 Ha O HYH3 4aCTOT, OTBe eHHbIX,l(JI5I CB513H.

1. BBeJI,eHHe

HCnOJIh3Y5I MeTO,l( pa3AeJIeHH51 rpynn KaHaJIOB, MOlliHO npH
nOMOlI(H HC3 06ecne4HTb CB513b 0,l(HOBpel\1eHHO MelliAY HeCKOJIb-

u

KHMH napaMH Ha3eMHbIX CTaHII.HH.

B OCHOBY HaCT05lIlLefI CTaTbH nOJIOllieHa lVI0AeJIb CHCTeMbI

CB513H 4epe3 I1C3, pa3pa60TaHHaH C II.eJIblO onpeAeJIeHH5I Tpe-

6yeMoH MOlI(HOCTH nepeAaT4HKa, YCTaHOBJIeHHOrO Ha I1C3.

MOAeJIb BrrOCJIeACTBHH 6bIJIa ycoBeprueHcTBoBana C TeM, 4T06bI
u u

OHa MOrJIa AeHCTBOBaTb B KalleCTBe npaKTH4eCKOH CHCTeMLI H

nO,l(TBepAHTb HCXOAHYIO H eIOnpH nOMOlI(Ii OnpeAfJIeHHbIX IJ.uq)-
pOBbIX BeJIHqHH. OnHcaH npOCTOH rvleToA YCTpaHeHH5I 3cpcpeKTa

u u

3xa OT AaJIbI-lerO KOHII.a 4eTblpexnpOBO,l(HOH Ha3eMH0l1 JII1I1I1H,

pa60TaIOIlLeCI COBMPCTHO C paA110JIHHl1ei"'I C HCnOJIb30BaHHeM l1C3.

Tpe6onaHH5I K MO HOCTH nepeAaTQHK3 rrpHBe,l(eHhI AJI5I

CJ1yqa5I npHMPHeHH5I cnCII.l1aJILHOrO KO,l(a, npH KOTOpOM HarpY3-
Ka nepeAaTlJHKa, pacnOJIOmeIIHOro Ha 60PTY l1C3, nOJIY4aeTC5I
MIiHIiMaJIbHOH. IlpIiMeHeHHe 3Toro Ko aHeCKOJIbKO YCJIO}I{H5IeT

annapaTYPY no cpaBHeHHIO co CJIY4aeM HCnOJIb30BaHIi5I anna-

paTypbI C IiMnYJIbCHO-KOAOBOH MOAYJI5III.IiefI (I1KM), OCHOBaHHoCI

no CYIlLeCTBY Ha npHHIJ.Hne lLHcppOBoro BOJIbTMeTpa.

1 Sandeman E. K., Communications Satellites, Academic

Press, Lnd. - N. Y., 1962, p. 17-73.

,)It.
'-

I
...

2. OnHCal-IHC CI1CTeMbl

A. CllcllzeJrla aaJlbfleU CB.R3U

OCHoBHble Tpe6oB3HH5I

a) CHcTeMa AOJI)KHa C nOMO bIOOAHoro YIC3, cHa6}KeH-
Horo OAHHM HJIH HeCKOJIbKHMH npHeMonepeAaTQHKaMI1, 06ec-
rrC4HTh nepPAaqy m TeJIecpoHHLIX pa3roBopoB l\le)KAY JII060H 113

G Ha3eMHhIX CTaHll.HH, pacno.TIO}!{eHHbIX Ha OOCJIY}I{HBael\IOH
nJIOI aAH,H JI1060i 1 PyroHCTaIlll.neH, HaXO 51ll er.C5IB rrpeAeJIax
3TOti )KC nJIOll a H.,QOJIlliHa 6bITb 06ecrreIIPIIa B03MO}I{HOCTb

nepCAaqH oAHoBpeMeHHo no M TeJIecpoHHbIM KaHaJIaM. (3Ha-
qeHH5I M H nl 3aBHC5IT KaK OT nOTpe6HocTH B CB51351X, 3a5IB-

JIeHHOH Ha3ervlHbIMH CTaHIl.H5IMH, TaK 11 OT rrponycKHoH cnoc06-

HOCTH arrnapaTypbI HC3). MarHCTpaJIbHOH CBH3H COOTBeTCT-

ByeT G == 2.

6) ,QJI5I CBH3H Me)KAY Ha3eMHbIl'vIH CTaHII.H5IMH AOJIlliHbI HC-

rrOJIb30BaTbC5I TOJIbKO rrepe,l(aTQHKH H npHeMHHKH 3THX CTaH-

...........
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u

IJ}IH H lLeHTpaJIbHa51 C'faHlLH5I ynpaBJIeHHH, CJIY)l{a a5I )l}I51

pacnpe eJIeHH5I(BpeMeHHoro HJII1 nOCT051HHoro) pa6oqI1x qaCTOT

CB5I3I1.

B) B3aHMHble rrOMeXH Me}K yTeJIecpOHHbIMH K3H3JI3MI1 He

 OJI}KHbInpeBbIIll3Tb  onYCTI1MYIOBeJII1qHHY.
r) HCK3:tKeHI1H peQH, CB513aHHble C HeJII1HeHHOCTblO q3CTOT-

HbIX xap3KTepI1CTHK HJIH I113rOM KBaHTOBaHH5I (B CHCTeMax

C HKM), He  OJI:tKHbI6bITb 60JIbIlle  onYCTHMbIX.
 )JI.OJI}KHO 6bITb o6eCneQeHO  OCT3TOQHO BbICOKoe OTHO-

IlleHHe CHrH3JI/IllYM.
e) JI.JI5I JII06oro 3a 3HHoroQHCJI3 KaHaJIOB AOJI:tKeH 6bITb

H3H eHKOMnpOMI1CC Me)K yTpe6oBaHH5IMH MHHHMaJIbHOH MOIII.-

HOCTI1 nepe aTQHK3Ha I1C3, MHHHMaJIbHOH HCnOJIb3yeMot'1 IllH-
u

pHHbI nOJIOCbI QaCTOT H npocToTOH annapaTypbI.
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C H C T e 1\1 a, y 0 B JI e T BOp 51 10 3 51

H33BaHHHM Tpe6oBaHH5IM

Ha cpI1r. 1 nOKa3aHa 6JIOK-CXeMa anrrapaTypbI  BYXH33eM-

HbIX CTaHlLI1H A I1 B, BXO 51 HXB COCTaB CHCTeMbI CB513H C no-

MO blOHC3, y OBJIeTBOp5IlO eHOCHOBHbI 1Tpe6oBaHH51M. 3TH

ABe Ha3eMHble CTaHlLHH BXO 51TB o6 ylOCHCTeMY, B KOTOpOll
MO:tKeT 6bITb  o20 cTaHlLHll. 113 6JIOK-CXeMbI BH HO,QTO B CO-

u

CTaB Ha3eMHOH CTaHlLHH BXOA51T npHeMHHK, nepe aTQI1KH Bcno-

MOraTeJIbHa5I annapaTypa.
DJIOK-CXeMa OCT3eTC5I B o6 eMHeI13 1eHHollHe3aBHCHMO OT

QI1CJIa TeJIecpOHHbIX KaHaJIOB Ha pa HOJIHHI1HH33eMHa5I CTaH-

lLH51
- HC3. TIpH H3MeHeHHH QHCJIa K3HaJIOB MorYT JIHillb

(XOT51 I1 He 06fI33TeJIbHO) I13MeHHTbC51 0603HaQeHI151 HeKOTopbIX
3JIeMfHTOB 6JIOK-CXeMbI. Tpe60BaHHH K Ha3eMHOll CTaHlLHH,

KOTOpa5I  OJI)KH3npI1HHMaTb coo6 eHH51no OAHOMY KaHaJIY OT

20  PyrHxH33eMHblX CT3HlLHll, OQeBH HO,6Y YTOTJIHQaTbCfI
OT Tpe60BaHHll K CTaHI1.HH, nO  ep}KHBalOIII.ellTeJIecpoHHYlO
CB5I3b TOJIbKO C O HOllcTaHlLHell no 50 KaHaJIaM.

Bo Bcex  aJIbHellIllHxpaccY)K eHI151XnpHHHMaeTC51, qTO Ka}K-
u u

 OllH33eMHOH CTaHI1.HH oTBe,lIgHo HeCKOJIbKO Q3CTOTHbIX nOJIOC

)l.JI5I rrepe aQHI1H<popMalLHH; 3TH rrOJIOCbI 0603H3qalOTC51 6YKBOll
T H QHCJIOM; K3)l(AYIO T3KYlO nOJIOcy QaCTOT 33HllMaeT O HHTe-

JIecpOHHbIll KaHaJI. H3 HC3 K3LK)l.3fI H3 3TI1X Q3CTOTHbIX rrOJIOC
u

nepeBO)l.HTC5I Ha APyroH YQ3CTOK ,ll.H3na30Ha; HOBaR nOJIOca

Q3CTOT H3 cpHr. 1 0603HaQeH3 6YKBOll R H QI1CJIOM.
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TIpe)J,nOJIO)KHM, HanpHMep, qTO )J,JIH nepe)J,aTqHKa CTaH:QHH A

OTBe.D-eHa nOJIoca qaCTOT T. 470, a CTaH:QHH 5 ,[(JIH OTBeTHOH ne-

pe)J,aqH OTBe)J,eHa nOJIoca T. 175. Tor)J,a )J,JIH YCTaHOBJIeHHH CBH-

311 Melli)J,Y 3THMl1 CTaH:QHHMH qaCTOTbI I1CnOJIb3YIOTC51 B CJIP)J,YI-O-
JJJ.eM nop.H)J,Ke: CTaH:QHH A Be)J,eT nepe)J,aqy Ha I1C3 B nOJIoce

T.470 H nepe)J,aqy C I1C3 B nOJIoce R.470, nepe)J,aqa C I1C3 Ha

CTaHlLHIO 5 npoH3Bo)J.HTCH B nOJIoce R .175, a nepe)J,aqa Ha

I1C3 - B nOJIoce T.175. TaKHM 06pa30M, npHeMHHK CTaH:QHH

A )J,OJI)KeH 6bITb HaCTpoeH H3 nOJIOcy R.I75, a Ha CTaH:QHH 5 -

Ha R.470.
Ha Ha3eMHbIX CTaH:QH5IX He nOKa3aHbI OKOHeqHbIe KOMMYTH-

PYlOlllJle YCTpOHCTBa, a JIHHHH, nO)J,XO)(5IJJJ.He Ha  Hr.1 cnpaBa H

CJIeBa, npe)J,CT3BJI5IIOT C060H JIHHHH OT KOMMYTaTopoB, KOTopble
,lI.aJIbllle nepexo)J,HT B a60HeHTCKHe )J,ByxnpoBo)J,HbIe JIHHHH.

ECJIH nOCJIe KOMMYTaTop a I1CnOJIb3YIOTC5I qeTblpexnpoBo)J,HbIe
JIHHHH, TO 3TO He HapyrnaeT xO)J,a paCCYlli)J,eHHM. Ha cpHr. 1

,lJ,ByxnpoBoAHwe nl1HHH Ha Kalli,[(oH OKOHellHOM CTaH:QHH 060-

3HaqeHbI 6YKBaMH H ll.H paMH,YKa3bIBaIOJJJ.HMH nOJIOCbI qaCTOT,

HCnOJIb3yeMbIe COOTBeTCTBeHHO )J.JI5I nepe,lJ,aqH TeJIecpoHHoro
coo6JJJ.eHHH a60HeHTa Ha I1C3 H )J.JI5I npHeM3 OT I1C3 TeJIecpoH-
Horo coo6llLeHHH BToporo a60HeHTa.

L(enH, nOKa3aHHble Ha 6JIOK-CXeMe cpHr. I, n03BOJI5IIOT BeCTH

Melli)J,Y CTaH:QHHMH A II B o)J,HoBpeMeHHo 3 TeJIe OHHbIXpa3ro-
Bopa. CTaH:QIIII, nOKa3aHHble Ha  Hrype,H .LlpyrHe Ha3el'vIHble

CTaH:QI1H, He nOKa3aHHble Ha cpHrype, O)J,HOBpeMeHHO MorYT ocy-
JJJ.eCTBJIHTb TeJIecpOHHYIO CBH3b Me)K)J,y C060H qepe3 HC3, HC-

nOJIb3Y 51 )J,PyrHe KOM6HHa:QHH qaCTOTHbIX nOJIOc.

CJIeJ1.yeT 3aMeTHTb, lITO qaCTOTHble nOJIOCbI R )J,OJIlliHbI 6bITb

OT)J,eJIeHbI OT lIaCTOTHbIX nOJIOC T TaK, qT06bI Melli)J,Y 6JIH)KaM-

lllHMH lIaCTOTaMH nepe)J,allH H npHeMa OCTaBaJICH HHTepBaJI
100-300 Melt.

PaccMoTpHM Tenepb annapaTYPY, C nOMOllI.bIO KOTOpOM a60-

HeHT )J,ByxnpoBo)J,HOH JIHHHH T .470 (R .175) CB513aH C a60HeHToM

.LlByxnpoBo)J,HOH JIHHHH T .175 (R.470). 3)(eCb CJIeJ-LyeT nO)J,lIepK-

HYTb, qTO )(ByxnpOBO)J,Hble JIHHHH, 0603HalleHHbIe T .175 (R .470),
H )(pyrMe CJIYlliaT )J,JIH 06brQHOM )J,ynJIeKCHOM TeJIecpoHHoH CBH-

3M. IlpH 3TOM Melli)J,y )J,ByxnpOBO)J.HOH JIHHMeM H nepr)(aTlIHKOM H

npMeMHHKOM 06H3aTeJIbHO )J,OJIlliHO HaXO)J.HTbCH YCTPOHCTBO,
nO)J,KJIIOqaIOJJJ.ee )J,ynJIeKCHYIO )J,BYX npOBO)J,HYlO TeJIP4JOHHYIO
JIHHHIO TO K npHer\1HHKY, TO K nepe)J,aTlIHKY. 9TO YCTPOHCTBO
He06xo)J,HMO )J,JI51 npe)J.OTBpameHHH npOXOlli)(eHHH 3BYKOBbIX

,
.
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lIaCTOT 113 lI,enH npHeMa B :Qenb nepe)J,aqH, liTO BbI3bIBaeT 3  eK-
TbI 3XO II CBHCTbI.
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cD Hr. 2. PeJIe, ynpaB.rlHeMOe pet.JhlO (PYP).

PeJIe, ynpaBJISleMOe peIJblO (PYP). 3TO peJIe B OTCYTcTBlIe
pellH B :QenH npHeMa nO)J,KJIIOlIaeT )J,ByxnpoBo HbleJIHHIIH Ha

Ka)K)J,OM KOH:Qe K COOTBPTCTBYIOIlT,HM nepe)(aTlIHKaM. Kor)(a Ha

BbIXO)J,e npHeMHHKa nOHBJI51eTC51 ClIrHaJI, PYP nO KJIlOlIaeT

rrpHeMHHK K )(ByxnpOBO)J,HOH JIHHIIII. DJIOK-CXeMa peJIe, ynpaB-
JI51eMOrO peqbIO, nOKa3aHa Ha  Hr.2; B cxeMY BBe)J,eHa :Qenb

3a)J,eplliKII )J,JI51 YCTpaHeHIIH OrpaHHqeHIIH pelleBoro CHrHaJIa 3a

ClIeT BpeMeHH cpa6aTbIBaHH5I peJIe. O HaKoonbIT, npH06peTeH-
HbIM aBTopOM 30 JIeT Ha33)J, Ha JIHHIIII CB513H M3)J.pH - BY3HOC"
AHpec, nOKa3aJI, liTO BBe)(eHHe 3a)J,eplliKH He HBJIHeTC51 06513a-
TeJIbHbIM. Pa60Ta TaKoro YCTpOMcTBa Ha JIHHHH CB513H Ma)(pH)J,-
EY3Hoc-AHpec HJIH  allie Ha )J,JIHHHOBOJIHOBOH JIHHHH CBH3H

C Per6H 6bIJIa HeB03MolliHOM B CBH31I C HH3KHM OTHOllleHHeM

CHrHaJI/WYM Ha BbIxo enpHeMHHKa. B 3TOM cJIYllae nplIWJIOCb
u

npHMeHHTb )J,pyrylO clIcTeMY, B KOTOpOH HOpMaJIbHO )J,Byxnpo-
u

BO)J,Ha51 JIHHHH nO KJII01.IeHa K npHeMHHKY, 3 peqeBOH CHrH3JI

nepeKJIlOlIaeT 3TY JIHHHlO K nepe)J,aTqHKY. DpH HCnOJIb30BaHlIH

TaKOH CHCTeMbI HMeeTC5I BepOHTHOCTb Toro, liTO 06a a60HeHTa,
He 3HaR 06 3TOM, 6Y)J,YT rOBoplITb o HoBpeMeHHo.TaKoe HBJIe-

7B*
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HHe MOlli:eT 6bITb Ha3BaHO B3aHMHoH 6JIOKHPOBKOH. BepoHT-
HOCTb B3aHMHoH 6JIOKHpOBKH B03pacTaeT C YBeJIHGeHHeM
3a):leplli:KH B JIHHHH nepe):laGH. Pa60Ta npe):lJIaraeMOH 3,[(ecb

CHCTeMbI B03MO:tKHa, TaK KaK 3a CqeT npH leHeHHHI1KM 06ec-

neqHBaeTCH BbICOKoe OTHOllleHHe cHrHaJI/wYM.
PeJIe, ynpaBJIHeMoe. peqblO, ):lOJI)KHO cpa6aTbIBaTb lIepe3

5-10 MceK nOCJIe npHXO):la peqeBOrO CHrHaJIa.

B cJIyqae HCnOJIb30BaHH5J I1C3, HaX01J,5I HXCH Ha op6n-
Tax cpaBHHTeJIbHO He60JIbWOH BbICOTbI (10 000-13 000 KAt),
BpeM5l y,[(ep:tKaHH5l peJIe He06xo,[(HMO YCTaHOBHTb OnTHMaJIb-

HbIM ,[(JI5l Toro, lIT06bI H36elli:aTb OTnYCKaHH5l B nepepbIBax Me}K-

JJ..Y rJIaCHbIMH 3BYKaMH, Kor)J.a Hanp Hlli:eHHe 3BYKOBOH lIaCTOTbI

na)J.aeT. ECJIH BpeMH pacnpOCTpaHeHH5l CHrHaJIa no lIeTwpex-
U U U

npOBO)J.HOH JIHHHH, CBH3aHHOH OJJ..HHM KOHllOM C JIHHHeH CB5l3H

C I1C3, 60JIbWe nOJIOBHHbI BpeMfHH 3a):lep)l{KH peJIe, TO OTpa}Ke-
HH5l OT ,[(aJIbHerO KOHlla lIeTbIpexnpOBO,[(HOH JIHHHH 6Y):lYT
npHXO):lHTb 06paTHO K rOBOpHIII.eMY. TIO-BH)J.HMOMY, TaKoe 3XO

npH BpeMeHH pacnpOCTpaHeHHH, Ha6JIIO):laeMOM B CHCTeMax

CBH3H C nOMOmbIO I1C3, HaXO)J.HmHXC5l Ha op611Tax C BbICOTOH

He 60JIee 10-13 TbIC51ll KAt, MO:tKeT ClIHTaTbCH ,[(onYCTHMbIM,
nOCKOJIbKY OTpa:tKeHH5l npHXO,[(5IT 06paTHO qepe3 cpaBHHTeJIbHO
He60JIblliOH HHTepBaJI BpeMeHH nOCJIe npeKpa eHH51pelIeBoro
CHrHaJIa.

B CJIYlIae HC3, HaXO,[(51 HXC5l Ha CHHXPOHHbIX op6HTax,
9XO OT ,[(aJIbHerO KOHlla CB513aHHOH C 3TOH CHCTfMOH qeTblpex-

npOBO):lH0H JIHHHH TeJIecpOHHOH CB5I3H MOlli:eT BbI3BaTb 3aMeTHoe

YXY):lweHHe KalleCTBa CB5I3H.

ECJIH CBH3aHHa5I C CHCTeMOH lIeTbIpexnpOBO,[(Ha5l JIHHH5I

xapaKTfpH3yeTC51 BpeMeHeM pacnpOCTpaHeHHH CHrHaJIOB, npe-
BbIlliaIO HM nOJIOBHHY HOpMaJIbHOrO BpeMeHH 3a,[(ep)KKH, TO

BpeMH 3a):lep)KKH cpa6aTbIBaHHH peJIe He06xo,[(HMO YBeJIHqHTb.
aTO BpeMH ,[(OJIlli:HO BbI6HpaTbC5l HJIH OnTHMaJIbHbIM ,[(JIH nepe-
KpbITH5l npOMelli:YTKa Melli):lY rJIaCHbIMH 6YKBaMH, HJIH npeBbl-
lllaIOlllJIM B ):lBa pa3a BpeMH pacnpOCTpaHfHH5l no qeTbIpexnpo-
BO,[(HOH JIHHHH C 3anaCOM nOp5l)J.Ka 5 MceK (B 3aBHCHMOCTH OT

Toro, KaKoH OTpe30K BpeMeHH 60JIblIle). TaKoe BpfM5l 3a)J.ep:tKKH
o6ecnelIHT OTCYTcTBHe 3xa, H pa3roBapHBalO Heno CHCTeMe

a60HeHTW He 0 YT5ITHHKaKHX HeY):l06cTB.
!\laKcH laJIbHoeBpeM5I pacnpocTpaHeHHH CHrHaJIa no Ha3eM-

HbIM JIHHH5IM CBH3B, BCTpelIalO epcHHa npaKTHKe, COCTaBJI5IeT

OKOJIO 100 MceK. ,LLJI5I onpe):leJIeHHH B03MOlliHOCTH HCnOJIb30-

BaHHH peJIe C 3a,[(eplli:KOH 200 .MCeK npH OTCYTCTBHH 3a,[(fp)l{KH
CHrHaJIa, nocTynalO ero Ha PYP, He06xo):lHMa nOCTaHOBKa

cneQHaJIbHbIX 3KcnepHMeHToB. ECJIH TaKa5l 3a,[(ep)KKa OKa-

)KeTC5l ,[(onYCTHMOH, TO OTna):leT He06xo,[(HMOCTb perYJIHpOBKH
BpeMeHH 3a,[(ep)KKH B 3aBHCHMOCTH OT  JIHHbIJIHHHH.

OnHcaHHoe YCTPOHCTBO YCTpaHHeT KaK 5IBJIeHHe B3aHMHOH

6JIOKHPOBKH, TaK 11 3XO, nOCKOJIbKY 3ana3):lbIBaHHe OTBeTa Ha

Bonpoc, paBHoP 0,6 CCK, MO)KeT ClIHTaTbC5l AonycTHMbIM. TaKa5l

cX Man03BOJI5leT H36elKaTb HeY):l06cTB, CB5l3aHHblX C 3a,[(ep)K-
KOH CHrHaJIOB npJ1 HCnOJIb30BaHHH B CHCTeMe CB513H I1C3 Ha

cTaUHoHapHoH op611Te.
fIpOTHBHHKH HCnOJIb30BaHH5I I1C3 Ha cTaUlioHapHoH op-

6HTe YKa3bIBalOT Ha TO, lITO npH BBe):leHHH B cxeMY YCTPOHCTB,
YCTpaHHlOmHX OTpalli:eHHH CHrHaJIOB OT ):laJIbHerO KOHua JIH-

HHH, a60HeHT He CMOIKeT nepe6HTb pellb CBoero C06eCe):lHllKa.
aTO ):leHCTBHTeJIbHO 6Y):leT HMeTb MeCTO, eCJIH He npHHHTbI cne-

Il.HaJIbHbie MepbI. O):lHaKO aHaJIOrHlIHOe 5lBJIeHHe Ha6JIIO):laeTCH
II npH MeHblIlHX BbICOTax Op6HTbI I1C3, eCJIH TOJIbKO He OTKa-

3aTbCH OT nO):laBJIeHHH 3xa. ,LLonYCTHMOCTb 3xa B CHCTfMax

CBH3H C nOMO blOI1C3 Ha op6HTax cpaBHHTeJIbHO He6oJIb-
U

WOH BbICOTbI onpOBepraeT YTBeplK)J.eHHH npOTHBHHKOB TaKHX

CHCTeM, liTO npH HX HCnOJlb30BaHHH KaqeCTBO CB5l3H 6Y):leT
XYllie, lIeM npH HCnOJIb30BaHHH cy eCTBYIO HXKa6eJIbHbIX H

Ha3eMHbIX pa):lHOJIHHHH CBH3H. ,LLJI5I )I..OKa3aTeJIbCTBa Toro
. ,

liTO 60JIblilaH 3a,[(epmKa 5IBJIHeTCH cy ecTBeHHbIM He):lOCTaT-
KOM CHCTeM CBH3H C nOMO blOI1C3, HaXO)(H HXCHHa CHH-

XpOHHbIX op611Tax, Heo6xo):lHMO nOKa3aTb, lITO npH HCnOJIb30-'

BaHlili I1C3 C MeHblllHMH BbICOTaMH Op611T HaJIH4He 3xa 60JIee

):lonYCTHMO, qeM OTCYTCTBHe B03MO)l{HOCTli 6bITb HeBe)KJIHBbIM.

11, HaKOHeu., cy ecTByeTcxeMa, n03BOJI5IIO a51nepe6HTb a60-
HeHTa BO BpeMH pa3rOBopa.

I1MnYJ1bcHo-KO,II,OBhIH MOJJ.YJ1S1TOp. BepHeMCH Tenepb CHOBa

K <pHr. 1 11 npOCJIe,[(HM llenb OT PYP ,[(0 pa):ll1onepeAaTlIliKa.
3):leCb MbI BCTpeTHM HMnYJIbCHo-KO,[(OBbIH MO,[(YJl5ITOp (I1KM).
HanpH)KeHHe peqeBbIX CHfHaJlOB KBaHTyeTcH no BpeMeHH C ne-

plIO):lOM 118 000 eeK H 3aTeM KO):lHpyeTcH C nOMO bIO7-pa3p5lJ-(-
Horo KO)(a. LL.TIHT JIbHOCTbKalli:,[(oro HMnYJIbCa B KO,[(OBOH rpyn-
ne COCTaBJIHeT 1/8 000 X 7 == 1/56 000 eeK.

TaKHM 06pa30M, CHrHaJl 3BYKOBOH qaCTOTbI no cy ecTBY
npeBpa aeTcHB TeJIerpa<pHbIH, a HMeHHO B nOCJIe,nOBaTeJIbHOCTb

BpeMeHHblx HHTepBaJIOB, B TelIeHHe KOTOpbIX HMnYJIbCbI Bcer,na

-

-
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O)l,HOll H TOM me al\II1JIHTY)l,bI JIH60 HMeIOTcH, JIH60 OTCYTCTBYIOT.
TaKaH nepe,naqa Ha3bIBaeTC5I nepe,naI.JeH ABOIiI.JHbIM KO)l,OrvI.

06pa30naHHe nOJIOCbl LJaCTOT OCHOBHoro KaHaJIa. B CBH311

C TeM q1'O HHcpopMallJIH Ha BblxoAe I1KM l\10AYJIH1'Opa, HMeIO-

 aHCPOPMY nOCJIeAOBaTeJIbHOCTH HMnYJIbCOB, 3aHHMaeT nOJlocy
qaCTOT, HaqHHalOlll.YlOcH 01' HYJIH, He npeACTaBJIHeTCH B03MO)K-

HblM BbIAeJIHTb 113 3TOH nOJIOCbI 60KOBYlO nOJIOcy C TeM, l.IT06bI

3aTeM TpaHcnOHHpOBaTb ee B APyrylO qaCTb cneKTpa. B 6aJIaHC-

HbIX MO YJIHTOpaX 6aJIaHC HeAOCTaTOqeH AJI5I nOJIHOrO

nOAaBJIeHI1H HeHYLKHOH 60KOBOH nOJIOCbI, 11, CJIe,nOBaTeJIbHO,

HX TaKLKe HeB03MO)KHO npHMeHHTb.. D03TOl\1Y cnepBa 06pa3YIOT
u

npe,nBapHTeJIbHYlO nOJIOcy qaCTOT nYTel\1 MO,nYJI5IUJIH HeKOTopOH
u

HeCYlll.eH qaCTOTbI BbIXO,nHbIi\1H HMnyJIbCaMH Ko,nOBoro MO,nyJIH-

Topa H C nOMOlll.blO cpHJIbTpOB II IJ.eneH, KoppeKTHpYlOlll.HX l.Iac-

TOTHYIO xapaKTepHCTHKY, BbIAeJIHIOT OAHY 60KOBYlO nOJIOcy, He-

CYlll.YIO qaCTOTY H OCTaTOK BTOpOH 60KOBOH nOJIOCbI. KOppeKllJIH
qaCTOTHOH xapaKTepHCTllKll np01l3BOAHTCH TaKHM 06pa30M,
qT06bI nOCJIe AeTeKTHpOBaHllH nOJIyqllTb IVI0AYJIHpYlOlll.ee Ha-

np5ILKeHHe B ero nepBOHaqaJIbHOM BHAe, T. e. B BH,ne nOCJIeAO-

SaTeJIbHOCTll IIMnyJIbCOB.

AnnapaTypa ynJIOTHeHHSI. AnnapaTypa qaCTOTHoro ynJIOT-
HeHH5I npeACTaBJIHeT C060H CHCTe11Y MOAYJIHTOpOB 11 cpllJIbTpOB,
C nOMOlll.blO KOTOpbIX nOJIOca qaCTOT OCHOBHoro KaHaJIa nepe-
HOCHTCH B HymHYlO qaCTb qaCTOTHoro cneKTpa.

CHCTeMa MarnCTpaJIbHOH CBSl3H. CHCTeMa rvlarHCTpaJIbHOM
CB5I3H CTpOHTCH nYTeM YI1JIOTHeHl1H 12 OCHOBHbIX KaHaJIOB,

COOTBeTCTBeHHO TpaHcnoHHpoBaHHbIx no qaCTOTe B ,nPyrylO
P

qaCTb AHana30Ha C nocJIeAYlOlll.HM paCnOJIO)KeHHeM HX p5IAOM
u

OAHoro B03 eApyroro AJI5I nOJIyqeHHH OCHOBHOH rpynnw H3

12 KanaJIOB. 5 OCHOBHblX rpynn, TpaHcnoHHpoBaHHblx B COOT-

BeTcTBYlO..Il YIOqaCTb cneKTpa H paCnOJIO)KeHHbIX o,nHa 3a ,npy-
rOH, 06pa3YlOT OCHOBHYlO cyneprpynrry. He06xo,lI.Ul\iOe qnCJ10

cyneprpynn TpaHcnoHHpYIOTC5I no qaCTOTe H pacnOJIaralOTC5I

p5I;LOM. HHJKe npHBOAHTC5I qHCJleHHbIH npUMep TaKOH CHCTeMbI
'" '-,

ynJIOTHeHH5I, KOTOpa5I Ha3bIBaeTC5I OCHOBHOH CHCTe1v10H qa-

CTOTHoro MHorOKaHaJIbHOrO ynJIOTHeHI15I.
CHCTeMa CBSl3M, 06CJIY.>K"BalOll aSl 3a)I.aHHYIO nJlOma)I.b.

B TaKOM CHCTeMe MOLKHO npHMeHHTb OCHOBHOM BH)!, MHorOKa-

HaJlbHOrO qaCTOTHoro ynJIOTHenH5I nYTeM HCnOJIb30BaHHH MHHH-

MaJIbHO Heo6xo)!,HMoro qHCJIa 3JIeMeHTOB annapaTYpw ynJI01'-
HeHH5I. B 3TOM CJIyqae ynJIOTH5IeTC5I MeHbillee no cpaBHeHl1lO

..

-

7. CucmeMbl C8R3U, o6eCnettll8aroU{ue pa3aeAeflue 2pynn /(aHa'lOB 191

co CJIyqaeM MarHCTpaJIbHOH CBH3H ql1CJIO KaHaJIOB, HCnOJIb"

3yeMblx )l,JI5I nepeAaqH Ha3eMHbIMH CTaHIJ,H5IMH.

3;LeCb CJIeAyeT OTl\1eTHTb, q1'O BbI.L\eJIeHHble ,nJI5I Ka)KAoro

nepeAaTqHKa nOJIOCbI qaCTOT 3aKpenJI5IlOTC5I 3a HHM nOCT05IHHO

H npH KaKOH-JIM60 MOAHcpHKaUMH CMCTeMbI (CM. HH)Ke) Ha60p
annapaTypbI ynJIOTHeHH5I, npOH3Bo,n5Illl.HH TpaHcnoHHpoBaHHe
qaCTOTlIbIX nOJIOC KaHaJIOB B 3aJ(aHHYlo qaCTb cneKTpa l.IaCToT,
OCTaeTCH HeH3rvleHHbIM; npH 3TOM annapaTypa ynJIOTHeHH5I lIe

Tpe6yeT HHKaKoH HaCTpOHKH.
Pa)I.HOnepe)I.aTQHK. BbIXO,nHOH cneKTp annapaTypbI ynJIOT-

HeHH5I nOAaeTC5I Ha nepe;LaTqHK. B nepe,naTqHKe 3TOT cneKTp
TpaHcnoHHpyeTcH B nOAxoAHmylO J(JIH H3JIyqeHH5I qaCTb cneKTpa
qaCTOT II nepe)l,aeTcH Ha I1C3. HaH60.n:ee nOAxOA5ImMMM AJIH
naCCHBHbIX I1C3 5IBJIHlOTC5I qaCTOTbI ----- 6 000 MeL .3TH llie qac-

TOTbI npHroAHbI AJIH aKTHBHbIX HC3. Bonpoc 0 TOM, noqeM T
B nOCJIeAHeM CJIyqae AOJI}KHa HCnOJIb30BaTbCH CTOJIb BbICOKa51

qaCTOTa, 6Y;LeT paCCMOTpeH HHLKe.

CBSl3HaSi annapaTypa HC3. Ha cnYTHIIKe npHH5ITbIH CMrHaJI

C,ABHraeTC5I no qaCTOTe Ha BeJIHqMHY 100-300 Met{ II nepeH3-
JIyqaeTC5I Ha 3ervIL11O. 3;Lecb MbI He npeAnOJIarael\1 06CY}KAaTb
BonpOCbI npIIeMaII KOIVIlVlYTalJ.l1UCHrHaJIOB.KOTopble.nO-BH-
AMMOMY, MorYT 6bITb perneHbI. Tpe6oBaHH5I K MOllI.HOCTH nepe-
)l,aTQMKa :V!C3 paCCMOTpeHbI HMLKe.

OCHOBHOH Ha3el\-IHbIH npHeMHHK. B Ha3eMHOM pa,AHonpHeM-
HHKe npeABapHTeJIbHOe YCHJIeHHe BWCOKOR qaCTOTW npOH3BO-
,nMTCH C nOMOllI.blO napaMarHHTHoro YCHJIHTeJI5I (Ma3epa).
TaKOH YCHJIHTeJIb HMeeT 3cpcpeKTHBHYlO rnY iOBYlOTeMnepaTYPY
_____40° 1< npH yrJIe MeCTa I1C3 Ha,n ropM30HTOM 10° H COOTBeT-

CTBYIOllLeM yrJIe MeCTa JIyqa npHerV1:HOH aHTeHHbI. 3Ta Ql1cppa
yqHTbIBaeT WYMbI He6a, KaK 31'0 nOKa3aHO Ha  nr.3 H 4,
KOTopble nocTpoeHbI no IvlaTepHaJlal\1 pa60TbI [51-

TIpHeMHHK npeAc:r3-BJIHeT C060H cynepreTepo,nHH C ,nBOMHbIM
HJIM TpOHHWM npe06pa30BaHMeM qaCTOTW M BOCCTaHOBJIeHHeM

HecYlll.eH Ha KaKOH-JlH60 nO,Axo,n5IllI.eM qaCTOTe. fIOCKOJIbKy
U u

npMHHMaeMbIH CHrHaJI I1MeeT c,nBHr no qaCTOTe, BbI3BaHHbIH

3cpcpeKToM LLonnJIepa, TO qaCTOTa BoccTaHaBJIMBael'AoH HecYI.IJ.pii
HeII3BeCTHa, H n03ToMY ,nOJIJKHbI 6bITb npeAycMoTpeHbI aBTOMa-

u u

THqeCKa5I nOJ(cTpOHKa qaCTOTbI 11 aBTOMaTllQeCKHH 3aXBaT

CHrHaJIa.

OCHOBHOM npHeMHHK AOJI>KeH npHHHTb nOJIocy qaCTOT BXO)I,-

Horo CMrHaJIa H TpaHcnoHHpoB3Tb ee no qaCTOTe B nOJIocy qac-
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TOT, 3aHHMaeMYIO nepBOHaqaJIbHOH HH<pOpMaIlHeH Ha BbIXO ean-

napaTypbI ynJIOTHeHH51 Ha nepe alOlligH CTaHIJ.HH. nOJIyqeHHa51
TaKI1M 06pa30M nOJIOCa qaCTOT, B KOTOpOH 3aKJlI04eHa HI-HpOp-
MaIJ.I151, nO aeTC51Ha BXO,ZI, annapaTypbI pa3,ZI,eJIeHHH KaHaJIOB.

36

:12

lfocmoma 65rZ4
o lI3MepeHHon

28 meMnepomypa
CUcmeMbl

6 l/3MepeHHOR n;eM
ne. 'Gm '(] He/Jo 2')0

300

8

so

o

21;
c:o
<::::I

 20

16
E::

c::: 12

K

200

15U

100

4

Teopemll'l. ;JHOll.

I meMn ponlYP61 Heoa

o 20 40 6'0 80
JeHumHbll) Y20/7,

'00

2patJ

o
fEO

<l> II r. 3. 113Mepelllla5I H paC 1leTIla5I TeMnepaTypa
IIIYi\IOB He6a.

AnnapaTypa qaCTOTHoro pa3J1.eJleHHSI KaHaJlOB " npHeMHbIH
CeJleKTOp KaHaJlOB. 3a,ZI,aqeH 3TOH annapaTypbI 5lBJI51eTCH BbI-
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,ZI,eJIeHl1e CHrHaJIOB npHHHMaeMoro KaHaJIa ,ZI,aJ1bHel1 Ha3eMHOH

CTaHIJ.HI1.,. 3TOT Cl1rHaJI nocTynaeT Ha peJ1e, ynpaBJ1HeMOe pe4blO
(PYP). CHrHaJ1 3Toro LKe KaHaJ1a, npoxO,ZI,5IIII.I1H 4epe3 PYP,
rrocTynaeT Ha arrnapaTYPY yrrJIOTHeHI1H. OH 3aHHMaeT onpe-
,ZI,eJIeHHYIO rroJIocy qaCTOT. ,LLPyraH Ha3eMHa5I CTaHI.I.HH TaK)Ke

HacTpoeHa Ha 3TY nOJIocy qaCTOT.
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CHCTeMa MarHCTpaJlbHOH CBSl3H. B 06III.eM cJ1yqae YCTPOH-
CTBO OKOHeQHOH CTaHIJJIH MarHCTpaJIbHOH J1HHI1M CBH3H 6Y,ZI,eT
OTJIHQaTbCH OT YCTpoMCTBa Ha3eMHoH CTaHIJ.HH B CI1CTeMe CBH3H,

06CJIY:tKHBaIOIneii onpe,ZI,eJIeHHYIO nJIoIII.a,ZI,b H HCn0J1b3YlOIII.ei1
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CP II r. 4. 3aBIICHMOCTh IllYf\10130H TeMrrepaTypbI, BbI313aHHoi-i rror.'IOIIJ.e-

IIHeM B aTMoccpepe rrpll H;J.eaJTbHOii aHTeHIIe, OT yr.TIa MeCTa

11 qaCTOTbI

BbI,l(eJIeHl1e KaHaJIOB. ,QJI51 CTaHIJ.HH MarHCTpaJIbHOH CB5I3H

CTpYKTypa aIlnapaTypbI pa3,ZI,eJIeHI1H KaHaJIOB H ,ZI,eMO,ZI,Y-

JIl1pYlOInHe QaCTOTbI 6Y,ZI,YT HeH3MeHHbIMI1. Pa3,ZI,eJIeHHe KaHaJIOB
... u

npOH3BO HTCH nOCJ1e,l(OBaTeJIbHOH CeJIeKIJ.HeH cyneprpynn,
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rpyrrrr 11 KaHaJIOB. BbIXO)l.bI arrrrapaTypbI pa3)l.eJIeHI151 (T. e.

KaLK)l.a51 rrOJIOCa qaCTOT OCHOBHOrO KaHaJIa) rrO)l.aIOTC5I Ha )l.eTeK"

TOpbI D, BbIXO)l.bI KOTOpbIX rrOCT05lHHO nO)l.KJIlOqeHbI (Ha pacnpe..
)l.eJIHTeJIbHOM YCTpOHCTBe E cpHr. 1) K cooTBeTcTBYIOIIlJIM )l.eKO"

,lI.HPYIOlliJIM YCTpoHcTBaM, 11 Qepe3 HHX npl1 nOMOIl\H PYP
K KOMMYTaTopy pa,lI.HO TIHHHH.

CHcTeMa CBSI3H, 06CJlY}I{MBalO aSl onpe}.l.eJleHHYIO 30HY.
B 3TOM c.nyqae arrnapaTypa 6Y,lI.eT OTJIl1qna OT anrrapaTypbI
OKOHeqHOM CTaHlIJIH MarHCTpaJIbHOH CB5I311. KpoMe Toro,

arrrrapaTypa Ha pa3JIl1qHbIX Ha3eMHblX CTaHlI.H5IX 6Y,lI.eT pa3JIHq..
u

HOM B 3aBl1CMMOCTl1 OT Toro, HaCKOJIbKO rrOCT05lHHbIMM 6Y)l.YT
Coe)l.I1HeHI151 OT)l.eJIbHbIX )l.aJIbHHX Ha3erviHbIX CTaHlI.MH Ha pac..
rrpe):(eJII1TeJIbHOM YCTpoHcTBe E.

ECJII1 Bce ,lI.eKo):(MpYIOIl\He YCTpoHcTBa rrOCT05lHHO CBH3aHbI

C orrpe):(eJIeHHbIMH Ha3eMHbIMH CTaHlI.H5IMH, TO HeT Ha,lI.06HOCTH
B rrepeKJIlOqeHlIH BXO)l.OB TeJIecpOHHbIX KaHaJIOB, ITOCKOJIbKY
tIHCJIO KaHaJIOB Ha KalK,lI.YIO Ha3eMHYlO CTaHlI.HIO 51BJI5IeTC5I JIHlllb

MaJIOH QaCTblO OT 06Ill,ero qHCJIa KaHaJIOB, Ha KOTopoe paCCqlI-
TaHa CI1CTeMa qaCTOTHoro yrrnoTHeHH5I.

B 3TOM CJIyqae He06xo):(HMO CHCTeMY pa3):(eJIeHI151 KaHaJIOB

c06HpaTb H3 MHHlIMaJIbHOrO qHC la):(el\10):(yJI5ITOpOB 11 cpHJIbTpOB,
)l.OCTaTOqHOrO ,lI.JI5I BbI):(eJIeHH5I KaHaJIOB, rro):(coe,lI.HHeH"HbIX ITO"

CT05lHHO K PYP. BbI):(e.neHHble KaHaJIbI, KaK H B rrpe):(bI):(YIll,eM
CJIyqae, 6Y)l.YT C BbIXO OB)l.eTeKTopOB D nOCT05IHHO no):(coe):(l1-
HeHbI K COOTBeTCTBYIOIl\IIM JIHHHHl\1.

ECJIII HeKOTopble HJIH Bce PYP 06CJIY)l{HBaIOT CB5I3b C )l.aJIb"
HHMJl Ha3eMHbIMH CTaHlI.I15IMI1, TO B03MOlKeH Il.eJIbIH p5I)l. pa3-
JIIIqHbIX KOM6HHalI.HH. npH Bcex 3THX KOM6HHalI.H5IX )l.OJIlKHa
6bITb 06eCrreqeHa B03MO)KHOCTb rrpHCoe,lI.IIHeHH5I rrpHeMHOH qaCTH

PYP K JIlO60MY H3 1200 HJIH 2000 npHeMHbIx KaHaJIOB.

npH nepBoM rrpe,lI.JIaraeMOM MeTO,lI.e arrnapaTypa pa3,lI.eJle-
HH5I KaHaJIOB, ):(ereKTOpbI D H pacnpe,lI.eJIHTeJIbHOe YCTPOHCTBO E
3aMeH5IIOTC5I CJIe,lI.YIOIlI.HM 060PY)l.oBaHMeM: ,lI.JI5I KalK):(oH BXO,lI."
HOM lI.errl1 CTaBI1TC5I YCTPOHCTBO, no 06HoecynepreTepo,lI.HH.'
HOMY rrpHeMHHKY, HCnOJIb3YIOIl1.eMY cooTBeTcTBYIOIl1.l1e cpHJIbTpbI

u

II CMeCHTeJIH H3 OCHOBHOH anrrapaTypbI yrrJIOTHeHH5I B COqeTa-

HHH C rrepeCTpal1BaeMbINl nOJIOCOBbIM cpHJIbTpOM II reHepaTopaMH
u ...

C II3MeH5IeM0I1 qaCTOTOH.

3TH cyrrepreTepO):(I1HHbIe rrpHeMHble YCTpOHCTBa He CJIe)l.yeT
CMellIHBaTb C OCHOBHbIM pa,lI.Honpl1eMHI1KOM, Orrl1CaHHbIM BbIllie.

¥Ix 3a,lI.aqeM HBJI5IeTC5I BbI):(eJIeHIIe nOJIOC IIH,lI.I1BH):(yaJIbHbIX

IJ
C
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KaHaJIOB rrYTeM HaCTpOHKI1 Ha qaCTb 06Il1.ei1 nOJIOCbI qaCTOT,
B KOTOpO Irrepe)l.aeTC5I I1HcpopMaUJI5I.

Bo BpeM5I HacTpoflKH C rroMoIl\blO nepecTpaHBaeMoro KOHTY-
pa npoH3Bo):(HTC5I rpy60e BbI):(eJIeHHe Tpe6yeMo IcyrreprpynnbI
(KaK 6Y)l.eT nOKa3aHO HHlKe, lliHpHHOM 3780 Kel{). BbI):(eJIeHHa5I

cyrreprpynna TpaHcnoHHpyeTC5I rro qaCTOTe C nOMOIl\blO nepe-

cTpaHBaeMoro reHepaTopa 11 CMeCHTeJI5I B rroJIocy qaCTOT, 3a-
u u u

HHMaeMYlo OCHOBHOH cyneprpyrrrroH, H3 KOTOpOH OHa BbI,lI.eJI51eT-

C5I CTaH,lI.apTHbIM cpHJIbTpOM.
HaKOHeIl., C rrOMOIlI.blO eIll,e O)1.Horo rrepeCTpaHBaeMoro reHe-

paTopa H CMeCHTeJI51 CHrHaJIW KaHaJIa TpaHcnOHHpYlOTC5I no

qaCTOTe B nOJIOcy, 3aHHMaeM:YlO OCHOBHbIM KaHaJIOM, 113 KO-

TOpOH HYlKHbIM KaHaJI BbI):(eJI51eTC5I C nOMOIl\blO cpHJIbTpa. BbI-

XO):( cpHJIbTpa OCHOBHoro KaHaJIa no):(aeTC5I Ha ,lI.eTeKTOp.
Ha rrpaKTHKe BeCb orrlIcaHHbIH BbIllle npOlI.eCC l\10:JKeT 6bITb

OqeHb rrpOCTO aBTOMaTH3IfpOBaH. TIepecTpaHBaeMbIe reHepaTopbI

MorYT 1I3MeH5ITb qaCTOTY CKaqKaMH. ¥Ix MO:JKHO 3aMeHHTb reHe-

paTopOM CTaH,lI.apTHbIX CHrHaJIOB, CO)1.eplKaIll,HM BeCb ,lI.Harra30H

He06xo,lIJINlbIX qaCTOT, nepeKJIlOqaeMbIX HalKaTHeM KRonOK.

CxeMa BbI):(eJIeHH5I Tpe6yeMoH cyneprpynI1bI MO)KeT CO,lI.ep)KaTb
JIH60 Ha6ap cpHJIbTpOB H3 arrrrapaTYpw pa3):(eJIeHlI5I KaHaJIOB,

JIH60 rrpe,lI.CTaBn5ITb C060H nepeCTpaHBaeMbIH CKaqKaMII TIOJIO-

COBOH cpIfJIbTp. f1epecTpoHKa 3TOH cxeMbI MO:tKeT TaK:tKe rrpoH3-
BO)JJITbC5I nYTeM HalKaTH5I KHonOK.

IlplI 3TOM MeTOAe BXOlK):(eHHe B CB5I3b ,lI.BYX Ha3eMHblX CTaH-
u U

LI.HH npoH3BOAHTC5I YCTaHoBKoH anrrapaTypbI pa3,lI.eJIeHH5I HJIH

cyrrepreTepo)1.HHHbIX npHel\1HIIKOB Ha 3apaHee BbI6paHHble rro-

JIOCbI.

l\t\O.[(HcpHKaLLHH
CHcTeMa MarHCTpaJIbHOM CBSI3M. npH MarHCTpaJIbHOH CB5I3H

B03MOlKHbI )1.Ba pa3JIHQHbIX BapliaHTa CHCTeMbI:

a) CTaHAapTHaH arrrrapaTypa ynJIOTHeHH5I, HCnOJIb3YIo a5I

rpY£1nbI no 12 KaHa.nOB, 3aHHMaIO He,,lI.onycTHM, nOJIocy qac..

TOT B 48 Kelf HJIH cyrreprpyrrrrbI £10 60 KaHaJIOB. CrreKTp JI1060ro

QHCJIa 3THX rpyrr£1 HJIH cY£1eprpynn nocTynaeT Ha 06 ee
U

YCTPOHCTBO HM£1YJIbCHOrO KO)1.lIpoBaHH5I, B KOTOpOM OH KBaH-
u U

TyeTC5I BO BpeMeHH rrpH COOTBeTCTBYIO eHTaKTOBOIf qaCTOTe If
u

KO.[(HpyeTC5I £1pH 3aAaHHOlVi qHCJIe ypOBHeH.
B 3TOH CHCTeMe Tpe6oBaHH5I K OT):(eJIbHbIM 3JIeMeHTaM pe3Ko

U

B03pacTalOT no Mepe pacIllHpeHH5I HCrrOJIb3yeMoH rrOJIOCbI LIac-

,

...
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TOT H YMeHbIlleHH5I ,lI..JIHTeJIbHOCTH HMrryJIbCOB. O,lI..HaKO npH He

CJII1IllKOM IllHpOKI1X rrOJIOcax qaCTOT, Kor,lI..a e eHe B03HHKaeT

60JIbIllHX 3aTpy,lI..HeHI1H KOHCTPYKTI1BHOrO IIOp5I,lI..Ka, rrpeHMY-
u

 eCTBOMTaKOI1 CI1CTeMbI 51BJI5IeTC5I B03MO}KHOCTb HCnOJIb30-
u

BaHI151 O,lI..Horo YCTpOI1CTBa HMnYJIbCHOrO KO,lI..HpOBaHI15I BMeCTO

HeCKOJIbKI1X. Pe3YJIbTaTbI 3KcnepHMeHTaJIbHOrO HCCJIe,lI..OBaHH5I

BbICOKOCKOpOCTHOH I1KM npI1Be,lI..eHbI B pa60Te [20].
nOJIyqeHHa51 rrOCJIe HMrryJIbCHOrO KO,lI..HpoBaHH5I rrOJIoca

qaCTOT HaqHHaeTCH OT HYJI5I 11 rr03ToMY He06xo,lI..HMO TpaHcno-
HHpoBaTb ee B 06JIaCTb 60JIee BbICOKHX qaCTOT, nO,lI..aBJIH5I O,lI..HY

60KOBYIO rroJIocy. YBeJIHqeHI1e lIlI1pI1HbI I10JIOCbI qaCTOT 3a CqeT

HeI1,lI..eaJIbHOCTI1 xapaKTepI1CTMKM 3aTyxaHM5I  MJIbTpa 6Y,lI..eT
paBHo YBeJII1qeHMIO 06 eHI10JIOCbI qaCTOT 3a CqeT HeM,lI..eaJIb-
HOCTM qaCTOTHbIX xapaKTepMcTMK MH,lI..MBM,lI..yaJIbHbIX  HJIb-
TpOB npl1 HH,lI..I1BHJI,yaJIbHOM rrO,lI..aBJIeHHH 60KOBbIX rrOJIOc.

3TOT CI1oc06 HeCKOJIbKO xyme no cpaBHeHHIO C CMCTeMOH

HMrrYJIbCHOrO KO,lI..HpoBaHH5I Kam,lI..oro KaHaJIa C paBHbIM IllarOM

KBaHTOBaHH5I, rrOCKOJIbKY rrpH KO,lI..l1poBaHHM cYMMapHoro Ha-

np5ImeHMH HeCKOJIbKMX KaHaJIOB npHxo,lI..HTC5I YBeJIMqMBaTb
qHCJIO YPoBHeH KBaHTOBaHM5I. 3TO 03HaqaeT, qTO pa3p5IJI,HoCTb
KOJI,a JI,OJI)KHa 6bITb YBeJIMqeHa, qTO npHBo,lI..MT K He06xo,lI..HMOCTH
pacIllHpeHH5I rrOJIOCbI qaCTOT. no cpaBHeHHIO C CHCTeMOH HM-

rrYJIbCHOrO KOJI,l1poBaHM5I OT,lI..eJIbHbIX TeJIecpoHHbIX KaHaJIOB npH
OI1TI1MaJIbHO H3MeH5IIOIlI.HXC5I llIarax KBaHTOBaHH5I CHCTeMa KO-

,lI..HpOBaHM5I rpyrrI1bI KaHaJIOB JI,orrOJIHHTeJIbHO npOHrpbIBaeT eUl.e
H B lIlHpMHe rrOJIOCbI I1CrrOJIb3yeMblx qaCTOT, rrOCKOJIbKY B 3TOM

CJIyqae HeB03MO)KHO MCI10JIb30BaTb rrJIaBHOe H3MeHeHHe lIlarOB

KBaHTOBaHH5I I).

6) rpYI1rra M3 n TeJIe OHHbIXKaHaJIOB KOJI,HpyeTcH B CJIe-

JI,YIOIlI.eM rrOp5I,lI..Ke. npOH3BOAMTC5I MHJI,HBHJI,yaJIbHOe KOJI,MpO-
BaHHe Ka)KJI,oro TeJIe OHHOro KaHaJIa, npHqeM JI,JI5I Ka)KJI,oro
KaHaJIa HCI10JIb3YIOTC5I MMrrYJIbCbI )J.JIHTeJIbHOCTbIO B n pa3

u

MeHblIle, qeM MHTepBaJI BpeMeHM, OTBeJI,eHHbII1 Ha OJI,MH KaHaJI.

I1MI1YJIbCbI Ka)KJI,oro KaHaJIa CJIeJI,YIOT rro BpeMeHH O,lI..MH 3a

JI,pyrHM, TaK qTO MMI1YJIbCbI, HecYIlI.He HH opMaUHIOB BMJI,e

KOJI,OBbIX rpynI1, qepeJI,YIOTC5I BO BpeMeHM, TeM caMbIM 06pa3Y5I
CHOBa MHorOKaHaJIbHYIO CHCTeMY C YI1JIOTHeHMeM BO BpeMeHM.

1) CHCTeMa KO HpOBaHHHC I13MeHHJOIII.HMHC5I IllaraMH KBaHTOBaHIHI

rrpepYCMaTpHBaeT HaJIHqHe KOMnaH epOB:KOMrrpeccopOB HHaMHqeCKOrO
 Hana30HapeqH Ha rrepe.rr.aJOIII.eM KOHI..J.e II 3KcnaH epOB (paCIllHpHTe-
JIeH) - Ha rrpneMHOM. - npUM. pea.

..

..,
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HeJI,OCTaTKOM 3TOH CMCTeMbI HBJI5IeTCH HaJIHqHe HH,lI..HBMJI,Y-
aJIbHOH I1KM Ka)KJI,oro KaHaJIa; rrpeHMYIlI.eCTBOM ee 5IBJI5IeTC5I

u

HeCKOJIbKO 60JIee Y3Ka5I rroJIoca, qeM B orrHcaHHOM BbIIlle CHC-

TeMe, JI,a)Ke eCJIH He rrpHMeH5IeTC5I rrJIaBHOe M3MeHeHHe IllarOB

KBaHTOBaHH5I. npH HCI10JIb30BaHMH KO,lI..a, 06eCrreqMBaIOIlI.erO
OrrTHMaJIbHOe HCrrOJIb30BaHMe MOIlI.HOCTM rrepeJI,aTqHKa, rrJIaBHOe

M3MeHeHHe IllarOB KBaHTOBaHMH, rro BceH BepOHTHOCTM, npH-
MeHHTbCH He 6Y,lI..eT.

npHMeHeHHe OUHcaHHblX BbIlIIe MO,IJ.H4>HKal HH"PH pa3,IJ.eJle-
HHH KaHaJlOB. 06e orrHcaHHbIe BbIIlle CHCTeMbI MorYT 6bITb

rrpHMeHeHbI rrpH pa3,lI..eJIeHI1M KaHaJIOB, eCJIH Bce KaHaJIbI, CO"

CTaBJIHIOIlI.He eJI,MHYIO MHorOKaHaJIbHYIO cHcTeMY C yrrJIOTHe-
u

HHeM BO BpeMeHH, rrepeJI,aIOTCH TOJIbKO C OJI,HOH CTaHUHH H

npHHI1MaIOTCH TOJIbKO OJI,HOH cTaHUHeH; cooTBeTcTBYIOIlI.aH rro-

JIoca qaCTOT TpaHcrroHMpyeTcH B JI,pyryIO 06JIaCTb CHCTeMOH

MHorOKaHaJIbHOrO qaCTOTHoro yrrJIOTHeHHH.

nOJIyqaeMaH TaKHM 06pa30M CHCTeMa MHorOKaHaJIbHOrO

qaCTOTHoro yrrJIOTHeHHH He 6YJI,eT 06JIaJI,aTb YHHBepCaJIbHOCTbIO,
I1pMCYW.eH OCHOBHOH (orrHcaHHOH BbIIlle) CHCTeMe, HarrpMMep,
CHCTeMe MarMCTpaJIbHOH CB5I3H. nOTpe6yeTcH 60JIee TIlI.aTeJIb-

Hoe pa3MemeHHe qaCTOTHbIX rrOJ10C, MOAYJIHPYIOIlI.MX qaCTOT H

T. rr. B rrpHHUHne, OJI,HaKO, cepbe3HbIX TeXHHqeCKHX 3aTpY,D.He-
u

HHI1 He B03HHKHeT.

C ToqKH 3peHH5I Y,lI..06CTBa 3KCrrJIyaTaUHH, nO-BHJI,HMOMY,
He06xoJI,H1\10 rrOCT05IHHO 3aKperrHTb 3a JI,BYMH CTaHUHHMH )J,JI5I

,D.BYXCTopOHHeH CBH3H-Me)K,lI..y HI1MH orrpe,lI..eJIeHHWe OJI,HHaKO-

BbIe KaHaJIbI.

nonpaBKa Ha cJ1.BHr LJaCTOTbI H3-3a aclJ<1.JeKTa ):(onnJlepa.
3Ta rrorrpaBKa rrpeHe6pe)KHMO MaJIa B CJIyqae CHCTeMbI C I1C3

Ha CHHXpOHHOH Op6I1Te 6e3pa3JIHqHO, 6YJI,b TO B CHCuTeMe Ma-

rI1CTpaJIbHOH CBH3H HJIH B CHCTeMe, 06eCrreqHBaIO eMCBH3bIO

orrpe,D.eJIeHHYIO rrJIOmaJI,b.

BeJIMqMHa CJI,BHra qaCTOTbI H3-3a 3cpcpeKTa ,ILorrrrJIepa rrpH

npOXO)K,lI.eHHH CHrHaJIa C 3eMJIH Ha HC3 (HJIH Ha060pOT) 3a-

BMCHT OT JI,JIMHbI BOJIHbI H COCTaBJIHlOmeH CKOpOCTH l1C3 OTHO-
u

CHTeJIbHO Ha3eMHOH CTaHUHH rro HarrpaBJIeHHIO JIHHHH rrp5IMOH

BHJI,HMOCTH I1C3 - Ha3eMHa51 CTaHUHH.

CKOpOCTb l1C3 OTHOCHTeJIbHO 3eMJIH HMeeT JI,Be  OCTaBJIHlO-
Ill.HX: CKOpOCTb I1C3 B HHepUHaJIbHOH CHCTeMe Koop,lI.HHaT H

CKOpOCTb Ha3eMHOH CTaHUHH B HHepUHaJIbHOH CtICTeMe KOOp,lI..H-

HaT, orrpeJI,eJI5IeMaH BpameHHeM 3e JIH, ,
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Ha1l6oJIbililie 113MeHeHH5I B COCTaBJI5UOlll.eH CKOpOCTH HC3
no HanpaBJIeHHIO JIHHHH np5lMOH BH,nHMOCTH Ha6JIIO,naIOTC5I

u

,l(JI5I Ha3eMHbIX CTaHUHH, paCnOJIO}KeHHbIX Ha 3KBaTope Ha
" u

rpaHHLLax nJIO a,nH,OOeCneqHBaeMOM CB5I3bIO, T. e. npH naH-

MeHbllIl1X ,l(onYCTHMbIX yrJIax MeCTa HC3.
BAUfl!-lUe 8pall{eflUfl 3e.l1lJlu Ha eocmaeAfllOU{YIO CKOpOet71U no

AUHUll npRAloL"i euiJuMOClllU. CKOpOCTb Bpalll.eHH5I 3eMJIH Ha

3KBaTope COCTaBJI5IeT 464 hlleeK 11 ee BJIH5IHHe Ha COCTaBJI5IIOlll.YIO
u

CKOpOCTH no HanpaBJIeHHIO JIHHHH np5IMOH BH,l(HMOCTH onpe-
,l(eJI5IeTC5I KaK 464 cos 11' JvllceK, r,n;e 11' - yroJI MeCTa HC3 Ha,n;

ropH30HTOM.
ECJIH HaHMeHbIllHH ,l(onycTHMbIH yroJI MeCTa I1C3 COCTaB-

JI5IeT 10°, TO MaKCHMaJIbHOe npHpameHHe COCTaBJI5IIow.eH CKO-

pOCTH no HanpaBJIeHHlO JIHHHH np5IMOH BH,l(HMOCTH HC3, Ha-

XO,l(5IlI(erOC5I Ha 3KBaTOpHaJIbHOH op6HTe, 3a CqeT BpaIILeHH5I
3eMJIH paBHO

464 X 0,9848 == 457 MIceK.

DOCKOJIbKY MbI HHTepecyeMC5I MaKCHMaJIbHbIMH H3MeHe-

HH5IMH COCTaBJI5IIOIILeH CKOpOCTH HC3, CB5I3aHHOH C COCTaBJI5IIO-

lIJ,eH CKOpOCTH 3eMJIH, KOTOpa5I ,l(06aBJI5IeTC5I HJ1H BbI1.IHTaeTC5I

H3 CKOpOCTH HC3, 6y,neM CqHTaTb, 1.ITO Ha3eMHbIe CTaHUHH pac-
n0J10:tKeHbI Ha KpalO nJIow.a,nH, o6eCneqHBaeMOH CB5I3bIO, r,n;e

11' == 10°, TaK 1.ITO npHpaIILeHHe CKOpOCTH 3a CqeT BpaIILeHH5I
3eMJIH 6y,neT Bcer,na o,nHHaKOBbIM H paBHbIM :I:: 457 JvZleeK.

B Ta6J1. 1 npHBe,neHbI npe,neJIbI H3MeHeHH5I c,nBHra qaCTOTbI
3a C1.IeT 3cpcpeKTa JJorrnJ1epa OT o6eHx YKa3aHHbIx npHqHH ,nJ15I

pa3JIH1.IHbIX 3HaqeHHH BbICOTbI HC3 npH ,n;BYX pa3JIHqHbIX ,nJIH-
Hax BOJ1H.

MaKeUMaJlbHblU OlnHOeUmeJlbHblLl e8eu2 fiaemom KaflaAoe 8JlR

pa3JlUfiflblX Ha3eJWHblX cmafllfuu. CAytiaU 1. C88U2 Ha HC3.
MaKCHMaJ1bHbI 1OTHOCHTeJIbHbIH c,nBHr B03HHKaeT, Kor,na qaCTO-
TbI o,nHoro KaHaJIa 3a CqeT 3cpcpeKTa JJonnJIepa c,nBHraIOTC5I

u

BBepx, a ,npyroro
- no TOM }Ke npHqHHe c,nBHraIOTC5I BRH3 Ha

TY me BeJIHqHHY. BeJIHqHHbI OTHOCHTeJIbHOrO c,nBHra B 3TOM

CJ1Y1.Iae B,nBoe 60J1bIlIe BeJ1H1.IHH, npHBe,neHHbIX B Ta6JI. 1.

CJlljtiau 2. Caeu2 Ha 3e.klAe. l\1.aKcHMaJIbHbIH OTHOCHTeJIbHbU1
c,nBHr 1.IaCTOT ,l(BYX KaHaJIOB MO}l{eT HMeTb MeCTO B cJIyqae

u u u

npHeMa Ha3eMHOH CTaHUHeM CHrHaJ10B TaKOH CTaHUHH, Y KO-

TOpOH c,n;BHrH 3a CqeT 3cpcpeKTa LLonnJ1epa CKJ1a,nbIBaIOTC5I H3
u u

CHrHaJIOB ,npyroH CTaHIJJIH, y KOTOpOH C,LI.BHrH qaCTOTbI KOMneH-
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Ta6/lul{a 1

n peneJlbHbIe 3HaIJeHIHI ,lI.onnJlepOBCI(OrO C,lI.BMra qaCTOTbI,

,lJ.JlH pa3nMIJHMX ,lI.n"H BonH "PH nepe,ll.aqe c 3eMJlM

Ha "C3 MJUI Hao6opoT

3KBaTOpHaJTbHaH op6HTa
MIIHIINlaJIbHbIH yroJI MeCTa I1C3 10°

I-IanpdBJIeHIIe npaw.eITHH I1C3 conna)J.aeT
c -npaUI.enneM 3eMJIII

BbICOTa YIC3,

I COCTaBJI5IIOll a5I
Op6HTaJIb- CKOpOCTH YIC3
lIan CI(O- no lIanpaBJIC-

pOCTb YIC3 HlHO  HHHlI,

np5IMOH BH)J;H-
K.lH/ecK MOCTH. KM/ eeK

A= 5 eM A = I 5 eJrt

COCT3 DJImOII a5I C):{.13Hra
qaCTOTbI OT CI(OPOCTH

I1C3, Kclj

K 1-1

4800 5,97 3,347 57,7 19,2

9600 5,0 1 , 958 30,1 10,0
, 12 800 4,56 1,487 20,6 6,9

«

19 200 3,496 0,854 8,0 2,7

28 800 3,36.t 0,6 1 ,85 0,62

35810 (cTa- 3,077 o 457 0 0

Il.HOHapHaH
op6HTa)

CHPYlOTC5I. Pe3YJIbTaTONI, KaK H B CJIyqae 1, 6y,neT y,l(BoeHHe
BeJIHqHHbI c,n,BHra qaCT0TbI, npHBe,n,eHHOH B Ta6JI. 1.

,LLJ1H YCTpaHeHH5I BJ1H5IHH5I ,norrnJ1epOBCKoro C,LI.BHra 1.IaCTO-

TbI ,D,OJ1)KeH 6bITb npHMeHeH pa3HOC nOJ1OC qaCTOT, 3aKpenJIeH-
u ...

HbIX 3a Ha3eMHbHvlH CTaHll.H5IMH, no KpaHHeH Mepe Ha y,D,BoeH-
Hoe 3HaqeHHe MaKCHMaJ1bHOrO CABHra qaCTOTbI H3-3a 3cpcpeKTa
JJonnJIepa.

E. l.j llC/108ble 3flatteflUR, UA/lIOCmpupYIO ueOCflOBflYIO

eucmeMY
-

"

a rr p e ,D, e JI..eo.H H e

Do,n «OCHOBHOH» B ,naHHOM cJIyqae rrOHHMaeTC5I CHCTeMa

MarHcTpa.nbHoH CB5I3H, nepe,naIOIIlaH Tpe6yeMoe KOJIHQeCTBO

cyrreprpyrrn KaHaJIOB C HH,nHBH,nyaJIbHOH  KM.
OCHOBHa5I CHCTeMa 5IBJI5IeTC5I oTrrpaBHoH npH onHcaHHH,

u

HanpHMep, arrrrapaTypbI Ha3eMHoH CTaHUHH, COCTaBJI5IlOmeH

--.-
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qaCTb cHcTeMbI, 06CJIYlKHBalO eH3a):(aHHYlO nJIOma):(b. ,I:LJIH 3TOH
n.eJIH npHxo):(H1'CH HeCKOJIbKO BH):(oH3MeHH1'b CHc1'eMY, KaK 31'0

6bIJIO OITHCaHO BbIllIe, He HCnOJIb3YH qaC1'b annapa1'ypbI HJIH

BBO):(H CneUHaJIbHble cynepre1'epO):(HHHble npHeMHHKH BMec1'O

annapa1'YP qaCT01'Horo ynJIOTHeHHH H pacnpeAeJIHTeJIbHOrO
u

YCTpOHCTBa H T. ):(.

3clJelJeKTMBHaSl nepe,!(aBaeMaSl nOJIOca lJaCTOT KaHaJIa.

OnHcbIBaeMaH CHCTeMa HMeeT 3cpcpeKTHBHYlO nOJIocy nepeAa-
BaeMbIX qaC1'OT 300-3400 2l{. TaKaH nOJIoca HBJIHe1'CH CTaH"

AapTHoM ITPH nepe):(aqe peqH no KOaKCHaJIbHoMY Ka6eJIID npH
nOMO HannapaTypbI MHorOKaHaJIbHOrO 4aCTOTHoro ynJIOTHe-
HHH. f1pH 3TOM Ha OKOHe4HblX CTaHUHHX Tpe6yeTcH MHHHMaJIb-

HaH 06pa60TKa CHrHaJIOB. CHcTeMa cnoc06Ha TaKlKe nepe,n,a-
BaTb nOJIocy qaCTOT 200-3050 2l{, HCnOJIb3yeMYID ,n,JIH 1'eJIe-

cpOHHOM CB5I3H ITO TpaHCaTJIaHTHqeCKoMY Ka6eJIID MelK,n,y HbID-

cpaYHAJIeH):(oM II 06aHoM.

..

Hoe H3lVleHeH lie llIara MOlKeT H He ITplIMeHH1'bcH (06 3TOM no):(-

po6Hee 6YAeT CKa3aHO HH)Ke).
I1M'uYJIbCHblH KO)1.. I1MnYJIbCHbIH KOA xapaKTepH3yeTC51

n.eJIbIM pHAoM pa3JIHqHbIX napalVleTpoB, cpeAIi KOTOpbIX MO)KHO

Ha3BaTb C31e):(YIO He:
1) MeToA npe06pa30BaHHH HanpH}KeHHH B KBaHTOBaHHble

.

u

ypOBHH, BKJII04aH 4HCJIO ypoBHeH KBaHTOBaHHH.

2) Pa3pHAHoCTb KOAa.

3) MeToA, C nOMO blOKOToporo KOAoBble KOM6HHan.HH CBH-

3bIBalOTCH C ypOBHHMH KBaHTOBaHHH.

Memo8 KeaflmoeaflUfl. 06bl4HO HanpHlKeHHeM BbIllie HeKO-
u

Toporo ypOBHH, xapaKTepH3yeMoro BeCbMa MaJIOH BepoHT-
HOCTblO nOHBJIeHHH, npeHe6peralOT; npeAl10310)KHM, qTO ,lI}IH

3Toro HCn031b30BaH orpaHH4HTeJIb. OnTHMa31bHOH perYJIHpOB-
u

KOM OrpaHHqHTe.J1H 06bI4HO C4HTalOT TaKYID, npH KOTOpOH orpa-
HH4HBalOTCH ypOBHll HanpH)KeHHH, BepoHTHoCTb npeBbIllleHHH
KOTOpblX MeHee 1 %. OrpaH1l4HTeJIb OrpaHHqllBaeT KaK n0310-

}KHTe31bHble, TaK II oTplIuaTe31bHble 3HaqeHlIH HanpH)KeHH5I,
npeBbIllIalOmlie 31'01' ypOBeHb.

PaCCMOTpliM npoll.eCC KBaHTOBaHIiH nOJIO)KllTeJIbHbIX ypOB-
HeM HanpH)KeHllH, HMeH B BHAY, IITO KBaHTOBaHHe OTpHII.aTeJIb-
H XypOBHeM npoH3Bo)J.HTCH aHaJIOrHIIHO.

u

Becb AlIana30H n0310lKlITeJIbHbIX 3Ha4eHHII HanpH)KeHHH
MO)KeT 6bITb pa3Ae31eH' JIH60 Ha paBHble llIarlI, JIlI60 Ha lllarli

C paBHOBep05ITHbIMli ypOBHHMH KBaHTOBaHHH. B nOC31eAHeM

cJIyqae nplIMeHHeTcH n31aBHOe H3MeHeHHe llIara, YBeJIHqHBalO"

merocH no Mepe pOCTa HanpHlKeHHH. MOlKeT 6bITb HCnOJIb30-

BaH H APyroH 3aKOH H3MeHeHHH llIara KBaHTOBaHHH.

OnbIT nOKa3bIBaeT, IITO Aa)l{e eCJIH 3aKOH H3MeHeHHH BeJIH-

qHHbI llIarOB KBaHTOBaHHH He onTHMH3HpOBaH, Bce )Ke npHe:rVl-
JIeMaH pa360pIIHBOCTb H KaIIeCTBO peIIH MorYT 6bITb 06ecneIIeRbI
31H60 7-pa3pHAHbIM KOAO 1C paBHbIMH lllaraMlI KBaRTOBaHHH,

31H60 6-pa3p5IARbIM KOAOM C nJIaBHbIM 3aKOHOM H3MeHeHIIH llIara

KBaHTOBaHliH.

!ieOUtiflblLl Ko8. f1peAJIaraeTCH HCnOJIb30BaHHe KOAa, xapaK-
TepH3yeMoro JIH60 OTCYTCTBHeM, JIH60 HaJIH4HeM EMnyJIbCa

C onpe):(eJIeHHOH aMnJIHTYAoM. Bce HMnYJIbCbI llMelOT OARY H

TY )Ke aMn31IITYAY. TaKoll KOA Ha3bIBaeTCH ABOH4HbIM.

Pa3pfl8flocmb Ko8a. Cy eCTBYIOTKOAbI Tpex BHAOB: 7-pa3 
PHARbIH KO)J. C paBHbIMlI llIaraMII KBaHTOBaHIIH; 6-pa3pHAHbIH
KO)J. C n31aBHbIM 1I3MeHeHlleM paBHOBepOHTHbIX lllarOB KBaHTO-

11 rvI n Y JI b C H 0-K 0 ,n, 0 B a 51 M 0 ,n, Y JI 51 II. H 51

HMnYJIbCHOe KO,!(HpOBaHHe OT,lI.eJIbHbIX TeJIeclJoHHblX KaHa-

JIOB. DpIiMeM, IITO B JII060M TeJIecpOHHOM KaHaJIe HeT COCTaB-

JIHlOmHX HanpHlKeHHH C qaCTOTOll BbIllie 4 K2l{. ECJIIi TaKHe

COCTaB31HlOmHe HMeIOTCH, OHH ):(OJIlKHbI 6bITb OTcplI31bTpOBaHbI.
Hanp5J)KeHlIe 3BYKOBOH 4aCTOTbI cnepBa YCH31lIBaeTCH YCH-

JIHTeJIeM, BblpaBHHBaIOmHM 1I3MeHeHlI5J aMllJIHTY):(bI HanpH)Ke-
u

HHH, CBH3aHHble C pa331H4HOli rpoMKocTblO pe4H H pa3JIlI4HeM
xapaKTeplIcTHK annapaTypbI. CHrHa31, n031Y4eHHbIll Ha BbIxo,n,e
SToro YCHJIIITe31H, 3aTeIvI Ko,n,HpyeTCH. f1pH 3TOM HCn031b3yeTcH
KO,n,HpYlO ee YCTPOMCTBO C nJIaBHO H3MeHHIDIII.HMCH lllarOM

KBaHTOBaHHH; 3aKOH H3MeHeHHH lllara KBaRTOBaHIiH BbI6HpaeT-
CH OnTHMa31bHbIM C T04KH 3peHH5J YMeRbllleHHH lllYMOB KBaH-

TOBaHHH. KaK npaBH310, BeJIlI4HHa lllara YBe31HqHBaeTCH npo-
nOpII.HOHa31bHO HanpHlKeHHIO 3BYKOBOM 4aCTOTbI. HaM HeH3-

BeCTHbI pa60TbI no onpe,n,e31eHHlO OnTHMa31bHOrO 3aKOHa H3-

MeHeHH5J BeJIlI4HHbI lllara KBaHTOBaHHH. TIJIaBHOe H3MeHeHHe

BeJIH4HHbI lllara MOlKeT ocymeC1'BJIHTbCH cooTBe1'cTBYlO HMHe-
JIHHeMHbIM YCTPOllCTBOM: JIlI60 C nOMOIII.blO HeJIHHeMHOro npe-

u

06pa30BaTeJIH, nOCJIe KOToporo BKJII04eHO JIHHeHHOe KBaHTYlO-
.

u

III.ee YCTPOllCTBO, JIH60 C nOMoIII.blO He.TIHHeHHOro KBaHTYlO-
III.ero YCTpollcTBa. f1pH HCI10JIb30BaHIiH Ko):(a, 06eCneQHBalOIII.e-
ro OnTHMa31bHOe HCI10JIb30BaHHe MOI.l\HOCTH nepe)J.aT4HKa, I131aB-

,
.

--:L ..
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BaHll51; YCJIOBHbIti  BOHlIHbIHIl.HcppOBOH KO C paBHbll\1H rnara..

MH KBaHTOBaHH51, onncaHHblii B OpHJIO)KeHHH I I.

B Ka)K OMcJIYlIae CllHTaeTCH, liTO B KO BBe eH,lI,OnOJIHH-

TeJIbHblt'I HHTepBaJI BpeMeHH, 06eCnellHBalO HII npOTeKaHHe
He06xo HMbIXnpH KO,lI,HpOBaHHH H ,lI,eKO HpOBaHHHnpOll.eCCOB.
3TO  eJIaeTCH,lI,JI51 Y,lI,06CTBa paClIeTa OTHOlIleHHH CHrHaJIIlIlYIVI.

CBfl3b YpOBfieU KBafilll0BaflUfl C KOiJOBblMll KOM6uliaqufl.A'lU.
B CJlYlIae OrrHCaHHOH BbIllle CHCTeMbI I1KM, HCnOJIb3YIO eH
6-pa3p5IAHbIH paBHOBep05ITHbIH ,lI,BOHllHbIH KO ,HMeeTC5I orpa-
HH4eHHOe QHCJIO KO,lI,OBbIX KOM6HHaUHH; BCe OHH HCnOJIb3YIOTC5I
,lI,JlH oTo6pa:tKeHHH ypOBHeH Harrp51LKeHHH. OrpaHH4eHHe 4nCJIa

KO,lI,OBbIX KOM6HHall.HH npOHCXO,lI,HT BCJIeACTBHH paBHOH Bep05IT-
HOCTH Ka)I(,lI,OrO ypOBHH Hanp51LKeHHH. DpH 33,lI,aHHOM 4HCJIe

,lI,BOH4HbIX eAHHHll. B KO,ne Cpe HHHllaCTOTa CJIe,lI,OBaHH5I HM-

rrYJIbCOB H, TaKHM 06pa30M, BepOHTHOCTb rrOHBJIeHHH HMrrYJIbCa
B JIlO60H MOMeHT BpeMeHH He 3aBHCHT OT crroc06a, onpe,lI,eJIH.
mero CBH3b Me)K)J.Y ypOBH51MH KBaHTOBaHHH H rrpe,lI,CTaBJI5IIO-
 HMHHX KO}l.OBbIMH KOM6HHall.HHMH.

7-pa3pRiJfiblii iJeoll4fibul KoiJ, o6ecne4UealOll{UU onmU.klaflbfioe

UCnOJlb30Bafiue AlOU{fiOCmU nepeiJanltfUKa. ECJIH B orrHcaHHOH
BbIlile CHCTelVle I1K1Vl YCTaHoBHTb TaKOH 3aKOH H3MeHeHHH lIla-

rOB KBaHTOBaHHH, rrpH KOTOpOM qHCJIO HMrrYJIbCOB 6Y}l.eT Ha-

CKOJIbKO B03MOlliHO rrpOnOpll.HOHaJIbHO 3Ha4eHHlO ypOBHH, TO

Cpe}l.H51H 4aCTOTa rrOCJIeAOBaTeJIbHOCTH HMrrYJIbCOB 6Y}l.eT CBe-

}l.eHa K MHHHMYMY H, T3KHM 06pa30M, YMeHblIlHTC5I Bep051THOCTb
n05IBJ1eHH5I HMnYJ1bCa B J11060H MOMeHT BpeMeHH.
npUJvlep. B Ta6JI. 2 npHBe}l.eH rrpHMep 7-pa3pH}l.Horo }l.BOHQ-

Horo KO}l.a, B KOTOpOM B OCHOBHOM Y}l.OBJIeTBOpHIOTCH 3TH YCJIO-
BH5I. KBaHTOBaHHble ypOBHH n0J10)KHTeJIbHbIX H3npH)KeHHII
B Ta6JI. 2 OTJIH4alOTCH OT ypoBHeH OTpHll.aTeJIbHOrO HanpH)Ke-
HH51 TOri :tKe BeJIHlIHHbI pa3JIH4HeM KO}l.OB. I<a)l(AbIl'I ypOBeHb

u

npe}l.CTaBJIeH 4HCJ10l\1, rrOKa3bIBaIOlll.Hl\I KBaHTOB3HHbIH ypOBeHb
H3npH)KeHlIH OT HYJI5I,lI,O M3KCHMYMa (nOJIO)KHTeJIbHOrO HJ1H OT-

pHll.aTeJIbHOfO), H 3H3KOM, YKa3bIB310llJJIM nOJI5IpHOCTb Hanp5I-
meHH5I. I1CKJIlO4eHHe COCTaBJI5IeT ypoBeHb, Cpe,lI,Hee 3HalleHHC

u u

KOToporo paBHO HYJ1IO, OTMe4eHHbIH KpaHHHMH ero npe}l.eJ13MH:
+ 1/2 H - 1/2.

TaKOH KO}l. Tpe6yeT MHHHMaJIbHOH MOlll.HOCTH rrepe}l.aTlIHKa
Ha I1C3. OAHaKO KO}l.HpOBaHHe H ,[(eKO}l.HpOBaHHe B AaHH011

CJIYllae He MO)KeT npOH3BO}l.HTbC5I npOCTbIMH H 06blllHbIMH MeTO-

)J,aMH, HanpHMep, C nOMO blOll.HcppOBbIX BOJIbTMeTpOB H 06bIll-

Ta6Aul{a 2

Ko}.l., o6eCneIJHBalOIlI.HH MIIHHMaJlbHYIO MOlll.HOCTb nepe}.l.aTIlHKa

YpOBenh (onpCAeJH:'1I no BCPXIICMY 3Ha1JCI-IlIIO)

'-InCJIO

HMnYJIbCOB
n KOAOROU

J<oM611I1al nll

4HCJIO YPOBIiCii,
COOTBeTCTnYIOll ee
KO,lt.OBOli l\OMon-

HaqIiH npn p;aIlIlOM
tIlICJIC HMnYJlLCOB

1:0,5
+ 1 ,5 AO +4,5 II -1,5 Jl.O -3,5

+5,5 Jl.0 + 1 '1,5 II -4,5 Jl.0-14, 5

+15,1 Jl.0 +32,5 H -15,5 Jl.0 -31,5

+33,5 Jl.O +49,5 II -32,5 ,lJ.0 -49,5

+50,5 Jl.0 +60,5 II-50 ,5 )LO -59,5

+61,5 ,lJ.0 +63,5 II -60,5 ,lJ.0 -63,5
06I.I.J.ee LJHCJlO YPouHeii II KO,l.I.OBbIX

KOM6HHaI..J,l1i:i

o

1

2

3

4

5

G

1

7

21

35

35

21

7

127

.

HbIX rrpe06pa30BaTeJIeH AHCKpeTHbIX ,naHHbIX B HenpepbIB-
Hble. flpHMeHeHHe TaKOfO KO}l.a J(aeT B03MO)KHOCTb YMeHblIle-
HH5I MOmHOCTH nepeAaT4MKa cnYTHHKa B 5 pa3 no cpaBHe..
HHIO co CJIyqaeM npHMeHeHH5I 06bI4HOH HKM (CM. TIpHJIO)l(e..
HHe I I).

Cnoc06 KO}l.HpoBaHH5I H ,lI,eKoJ(HpoBaRH5I npn TaKOM KO}l.e

OIlHcaR B pa60Te [16].
nOJloca lJaCTOT KaHaJla "pn HI(M. DpH rrepeAalle pe4eBbIx

coo6 eHHHB nOJ1oce 300-3400 2l{ C IlOMO blOcpHJIbTpOB MO)I(HO

o6eCneQHTb OTCYTcTBHe COCTaBJI5IIOIl\HX C q3CTOTOH BbIlile K2l{.

fl03TOMY KBaHTOBaHMe pe4eBbIx c006Il\eHHH BO BpeMeHH MO)l(HO

npoH3Bo}l.HTb C qaCTOTO 18 K2l{, 4TO cooTBeTcTByeT TaKToBoMY

HHTepBaJIY 1/8 000 ceK. B 7-pa3p5l}l.HoM I{OJ(e (Ta6JI. 2) MO)KeT

nOH3}l.06HTbCH BBe,lI,eHHe elll.e O}l.Roro J(onOJlHHTeJIbHOrO Bpe..
u

MeHHoro HHTepBaJIa }l.JIH rrepeKJI104eHHH, TaK qTO KO}l. no cY-

Il\eCTBY CTaHOBHTC5I 8-p33pH,lI,HbIM.  JI5I npocToTbI paccym)J.e..
HHH, O}l.HaKO, 6Y}l.eM paccMaTpHBaTb 7-p33pHJ(HbIH KO}l..

,LLJ15I CHfHaJIa C MaKCHMaJIbHOH 4acToToH 4 K2l{ He06xo}l.HMa
qaCTOTa KBaHTOBaHHH 8 K2l{, qTO AaeT 4acToTY CJIeAOBaHHH

HMrrYJ1bCOB 3aKoJ(HpoBaHHofo CHfHaJIa 56 000 2l{. ,LLJ15I nepe-
}l.aQH TaKOH nOCJIeAOBaTenbHOCTH He06xoJ(HMa nOJIoca OT 0 ,[(0
28 K2l{.

HJvlnYJlbCfiOe KoiJupoeafiue 2pynnbl ynJlOmfiefifiblx no tfacmome

KafiaA08. B 3TOM CJIY4ae 60JIee OnpaB,lI,aHo npMMeHeHHe

--;-- .



204 CaflaeAtafl E.

cpaBHHTeJIbHO 60JIee CJIo)KHoti annapaTypbI, He06xo,ll,MMOH ,nJ151

KO,ll,HpOBaHH51 THna, npHBe,ll,eHHoro B Ta6JI. 2, 1I0CKOJIbKY 1IHCJ10
u

hO,ll,HPYlOlllJ1X H ,ll,eKo,ll,HpYIOIllJfX YCTPOHCTB npH 3TOM YMeHb"
IlIaeTC51.

YrrJIOTHeIIUe K1H3JIOB rro qaCTOTe (cpnr. 5)

3,ll,eCb 1\1LI He n pe,ll,nOJ1araelvl nO,ll,p06HO OI1HCbIBaTb MO,ll,YJ1H-
u

PYlolIlJle YCTpoHcTBa, HCn0J1b3yeMble ,ll,J151 TpancnoHHpoBaHH51

\

fio/loca I./Gcmom, 30Hf./MOCMan COOOLL1;eH/l(!M npu J1J(M (nO/lOCU Haux{}(Jcma)

o 28 lfacmomo, 1<-24

OCHOBHGR nO/loca tI/lU KaHan c J1!(M

l-1 W'0" 'l'/$//,ij /0"h0'&  
o 210 22'1 .-'1ocmoma Hec. etJ 280 llacmoma, K2l!J

OCHOBHGR zpynno.l 12 KOIiO/lOB

[ d'c/ "2d u LJ1 cV   ;(.d
OCHOBHOR 2fJynno

II/lli RCHocmu I<UHG/ltJ/ .Jawmpuxo8oHb/ C/epe3 OOlJH

f lIacmoma · K24
189010S0

OCHOBHan cynepzpynna UJ S zpynn

Lt: hMf      ;;   ';'Iacmoma, K2 
o 51{.60 96'6'0

YnJ70mHef/Ue cynepzpYfJn (I./OCmomHble UHmep60/lbJ He 8 MOClLlmaoeJ.
 )

C\.J t:'.:::iC\.J
......  l.r:> 'J'-...::)- C\J f'.", ......-.  l.r:>

........... ..... <::-.:I C\..3 t'.J C'-.) C'» 'J'- -.J- '1-

lfocmomo, K2,-,

cP 1'1 r. 5. MnorOKaHaJlbHOe lJaCTOTlloe ynJIOTHeIllIe.
npllMCp, HJ1JIIOCTPHPYIOll(lIii CJIC ,lJ.YIOIl(IIC YCJIOBliSI: }{0,lJ. 7 - pa3pH,AHblii, TnI<TOB:lS1 lra-

CTOTd 8000 C! l{, qaCTOTa CJIe)l.OBaIlIHI liMn) JIbCOB 56 000 2LJ, nOJIOC:l. }-JdllI{BlIC f3
28 1\°C!lJ, OCIlO HaHnOJ1oca I1l(.lV\ 70 Ki'LJ.

cneKTpa lIaCTOT OCHOBHOrO KaHaJ1a C 11KM B OTBe,ll,eHHOe ,ll,J15I

HerO MeCTO B rpynne KaHaJ10B, ,ll,JI51 TpaHcnOHHpOBaHH51 cneK-
It.

Tpa OCHOBHOH rpyrrnbI KaHaJ10B B OTBe,ll,eHHoe ,ll,J1H Hee MeCTO B

cyneprpynne M T. ,ll,. I1cK.TIlOqeHHe 6Y,ll,eT C,ll,eJIaHO ,ll,JIH nepBOH
cTyneHH MO,ll,yJI51ll.HH. PeaJIH3yeMocTb npe,ll,J1arael\'10H CHCTeMbI He

orrpe,ll,eJI51eTCH npHBO,ll,HMbIMH 3,neCb QHCJ10BbIMH 3HaqeHHHMH,
XOT51 6e3 HHX, OlleBH,ll,HO, I1pe,ll,JIaraeMaH CHCTeMa nOKa)KeTC51

,.

---,--
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HeCKOJIbKO HeHcHoH. O,ll,HaKo rrpHBe,ll,eHHwe 3,ll,eCb 3HaQeHHH,
nO-BH,ll,HMOMY, 6J1H3KH K TeM, KOTopble MorYT HCrrOJIb30BaTbCH

B npaKTHQeCKI1X CHCTel\1ax.

4HCJ10Bble 3HaQeHH51, YKa3aHHble Ha cpHr. 5, nOJIYQeHbI
nYTeM YMHO)KeHH51 QaCTOTHbIX rrOJIOC, I1pHH51TbIX ,ll,J151 CTaH,ll,apT"
HbIX H OCHOBHbIX rpynrr, cyneprpynn II OCHOBHbIX cyneprpynn,
Ha OTHOllleHHe n0J10CbI, 3aHHMaervroH KaHaJ10M C I1KM (BbIQHC-
J1eHHe npHBeAeHO HH}Ke) K 4 Kclf. lllHpHHa n0J10CbI4 K2lf HC"

nOJIb3yeTC51 B CTaH,ll,apTHOH annapaType ynJIOTHeHH5I. I1pH
3TOM K cpHJ1bTpaM H MO YJI51TOpa He rrpe,ll,05IBJ151eTC5I KaKHX"

JIH60 HeBblnOJIHHMbIX Tpe60BaHHH [8-10].
«f>opMMpoBaHHe OCHOBHoro KaHaJIa c I1KM B nOJIoce lJaCTOT

210-280 "211;. 3TOT KaHaJI COOTBeTcTByeT OCHOBHOMY KaHaJ1Y
IlIHpHHOH 4 K2f{. CooTBeTcTBYIOllI.HH rrpoll.ecc rrpoHCxO,ll,HT npH
06pa30BaHHH KaHa.TIOB nO,ll,rpynnbI B 3KOHOMHQHOH CHCTeMe

qaCTOTHoro ynJIOTHeHH51, HCn0J1b3YIOllI.eti nOJ1ocy 3BYKOBbIX
qaCTOT OT 200 ,ll,O 3050 2lf [3]; npH 3TOM nO,ll,aBJIeHHe O,ll,HOll
60KOBOH nOJ1OCW qaCTOT He npQH3BO,ll,HTC51.

I10CKOJIbKY co06IlLeHHe Ha BbIXO,ll,e Ka}K,ll,oro HMnyJ1bCHOrO
u

KO,ll,HpYIOIlLero YCTpOHCTBa 3aHHMaeT I10JIOCY QaCTOT OT 0 ,ll,0
28 K2l{, He06xo)JJ1MO 06pa30BaTb TaK Ha3bIBael\1bIH OCHOBHOH
KaHaJ1 C I1I(lV1. 3TOT KaHaJI o6pa3yeTc51 nYTeI\1 MO,ll,yJI5Ill.HH He-

KOTOpOH HecYIlLeH qaCTOTbI (npe,ll,JIaraeTC51 QaCTOTa 224 K2lf)
YKa3aHHbIl\1 cneKTpoM qaCTOT. 3aTeM BbI,ll,eJ151eTC5I BepxHH51 60-
KOBaH nOJIoca qaCTOT, HecYIlLa5I qaCTOTa H qaCTHqHO nO,ll,aBJ1eH-

HaH HH)KH51H 6oKoBaH nOJIoca. BbI,ne.n:eHHe npoH3BO,ll,HTC51 C no-

MOIll.bIO cpHJIbTpOB H KoppeKTHpYIOllI.HX uerreii, paCCqHTaHHblx
TaKHM 06pa30M, qT06bI nOCJIe ,ll,eTeKTHpOBaHH5I rrOJIyqHJIaCb
nJIOCKa51 qaCTOTHa51 x3paKTepHcTHKa.

OnbIT rrOKa3bIBaeT, liTO eCJIH He ,ll,eJ1aTb OqeHb CJIO)KHbIX

cpHJIbTpOB, TO BepXH515I 60KOB351 nOJIOca C yqeTOM rrOJIOCbI 3a-

TyxaHH5I cpHJIbTpa ,ll,OJI)KHa HMeTb IlIHPHHY 56 K2f{ (T. e. KpYTH3Ha
CppOHTOB cpHJ1bTpa He CJ1HlllKOM 60.Jlbllla51), a HHlKH5I5I 60KO-
Ba51 nOJIOca nOJIHOCTblO no,naBJ1eHa B 06J1aCTH qaCTOT, OTCT05I-

llI.HX Ha 14 K2lf OT HecYIlLeiL I103TOMY ,ll,JI51 YIlJIOTHeHH51 HCnOJIb-

3yeTC5I nOJIoca qaCTOT OT 224-14 == 210 K21f ,ll,0 224 + 56 ==

== 280 K2l-f, IlIHpHHOH 70 K2l{. TaKHM 06pa30M, K03cpcpHll.HeHT
pacIllHpeHH51 nOJIO(:bI [7] COCTaBJIHeT 70/4 == 17,5.

3cptPeKTHBHaH IlInpHHa BepxHeH 60KOBOH nOJIOCbI qaCTOT

MOLKeT 6bITb YMeHblIleH3 npH npHMeHeHHH 60JIee CJ10)KHbIX

<pHJIbTpOB..

...
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TaKMM 06pa30M, BbIXO KaLK OrOM3 HMnYJIbCHO-KO OBbIX

MO yJI51TOpOB, BKJIlOlJeHHbIX B KaLK bIHTeJIe<pOHHbIH KaH JIOC-
HOBHOH CMCTeMbI, HCnOJIb3yeTC51  JI51MO yJI51UHM Hecyrn.eM lJaC-

TOTbI 224 Kelt H 06pa30BaHM51 onHcaHHbIM BbIIlle cnoc060M nOJIO-

CbI lJaCTOT OT 210  o280 Kelt, KOTOpa513 eCbHa3bIBaeTC51 OCHOB-

HbIM KaHaJIOM C HKM.
CMCTeMa MarMCTpaJIbHOH CBSl3M. f/JOPAlUpOBQHUe OCHOBHOU

MHOeOKaHaJlbHOU 2pynnbl, ynJlOmHeHHOU no 4acmome 12 KaHa-

AaMU C HKM B nOJloce 1050-1890 Kelt (mupUHou 840 Kelt). TIy-
TeM MO YJI51UHHKaLK bIM113 12 OCHOBHbIX KaHaJIOB C HKMcoOT-
neTCTBeHHO 12 lJaCTOT 11 BbI eJIeHH51HM)KHHX 60KOBbIX nOJIOC

YKa3aHHble 12 KaHaJIOB pa3MelI1.aIOTC51 B nOJIoce lJaCTOT 1050-

1890 Kelt; TaKMM 06pa30M 06pa3yeTC5I OCHOBHa51 rpynna.

CPOPA1UpOBQHUe OCHOBHOU cynep2pynnbl U3 60 I CJlecpoHHblX
KaflaJlOB C 11KM B nOJloce 5460-9660 Kelt (mupuflou 4200 K2f{).
TIYTeM MO YJI51UHHKaLK oHH3 50CHOBHbIX KaHaJIbHbIX rpynn
C I1KM COOTBeTCTBYlOlI1.MX 5 lJaCTOT H BbI eJIeHH51HHLKHHX 60KO-

BbIX nOJIOC YKa3aHHbIe 5 rpynn pa3Mern.aI{)TC51 B nOJIoce lJaCTOT

5460-9660 Kel{; TaKHM o6pa30M o6pa3yeTC51 cyneprpynna.
YnJlOmHeHUe cynepepynn. IV\.o YJIHPY51 KaLK oHH3 OCHOB-

HbIX cyneprpynn nO XO 51lI1.YlOlJaCToTY 11 BbI eJI5151 B KaLK OM

cJIYlJae HHJKHlOlO 60KOBYlO nOJIocy, MO)KHO ynJIOTHYlTb cynep-

rpynnbI no lJaCTOTe C TeM, lJT06bI OHYl 3aHHMaJiH nOJIOCbI lJaCTOT

B COOTBeTCTBHH C Ta6JIHueH 3, B KOTOpOH npHBe eHbInOJIOCbI

 Jl51nepBblx  eC51THcyneprpynn. Me)K ynepBbIMH TpeM51 cynep-

rpynnaMH lJaCTOTHbIH YlHTepBaJi npMHMMaeTC51 paBHbIM 210 K21{,

MeJK yOCTaJIbHbIMH cyneprpynnaMH
- no 140 K21{.

TaKMM 06pa30M, 10 cyneprpynn, co ep)Kalll.HX 600 TeJIe-

<pOHHbIX KaHaJIOB, 3aHHMalOT nOJIocy qaCTOT 44 Mel{. TIonYTHo

Ta6AUl{a 3

lJacToTHble cneKTpbl nepBblX to cyneprpynn

HOMepd
cynep-
rpynn

HOMepa
cyncp-
rpynn

n0J10ca QaC10T, K2lJn0J10ca qaCTOT, Kcl1

I
1 050- 5 250

5 460- 9 660

9870-14070

1.1 210-18 4 10

18 550-22 750

6

7

8

9

10

22 890-27 090

27 230-31 430

31 570-35 770

35910-40 110

40 250-44 450

1

2

3

4

5

..#
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CJIe yeToTMeTHTb, QTO  aJKe JI5IrrapaMarHHTHoro YCHJIHTeJI5I
rrOJIOca qaCTOT B 44 Met 5lBJI51eTC5I OqeHb IlIHpOKOH, TaK KaK

no MMeIO Hl\1C5I aHHbIMlllHpHHa rrOJIOCbI YCHJIeHH51 rrapaMar..
HHTHoro YCHJIHTeJI5I (Ma3epa) COCTaBJI5IeT 25 Met{ [4].
XOT51 3TO MOJKeT BbI3BaTb 3HaqHTeJIbHble 3aTpY HeHH5I rrpH

u u

rrocTpoeHHM CMCTeMbI MarHCTpaJIbHOH CB5I3H, Kor aHa O HOH
u

Ha3eMHOH CT3HlLHH  OJIJKHbI rrpHHHMaTbC51 H rrepe aBaTbcH
coo6 eHH5Irro BceM 600 TeJIecpoHHbIM KaHaJIaM, npH rrocTpoe-
HHH CHCTeM CB513H, 06CJIYJI{HBaIOlll.HX 3a aHHYlO rrJIOlll.a b,

u

TaKHX 3aTpY HeHHHHe B03HHKaeT, rrOCKOJIbKY qHCJIO KaHaJIOB

 JI5IO HOHCTaHlLHH Bp5l JIH rrpeB30H eT300, a B 3TOM cJIyqae
Tpe6yeTC51 nOJIoca qaCTOT lliHpHHOH HeMHoro 60JIee 22 Met{.

JIa6opaTopHH cpHPMbI «53JIJI TeJIecpoH» Be YTpa3pa60TKH
rrapaMarHHTHbIX YCHJIHTeJIeH, KOTopbIe  OJI}KHbI 06eCneqHTb

HYJI{Hble  JIHCB513H C nOMOlll.blO HC3 nOJIOCbI qaCTOT [25].
lfacmomHoe ynJlOmHel-lue aAfl CBR3HblX cucmeM, o6cJlYOlCuea-

10U UX3aaaHHble nfloU{aaU.
OTJIHqH5I 3TOH CHCTeMbI OT CHCTeMbI MarHCTpaJIbHOH CB.H3H

 OCTaTOlJHOno po6HOOCBell1,eHbI BbIllle.

B. H3JlYiiaeMaJl nOfloca iiacmom, c/lYJfCaU aR aflR nepeaattu
coo6u e1-luu

CMcTcMa Marl1CTpaJIbHOM CBSl3H I1JIM OCHOBHdSl CMCTeMa.

IloJIoca lJaCTOT, B KOTOpOH nepe aIOTCH co06 eHH5I, nOCJIe

ynJIOTHeHH5I 3aHHMaeT cneKTp 1,05-44,45 M2t{. 3TY nOJIocy
lJaCTOT lliHpHHOH 43,4 Melt Heo6xo HMO TpaHcnoHHpoBaTb
B 06JIaCTb qaCTOT 1000-10 000 Melf. B HaCTOHlll.eH CTaTbe

6Y YTpaccMoTpeHbI  Ba Hana30Ha:2000 H 6000 Met{. TIpe ..
nOJIaraeTC5I, lITO nOJIOca lJaCTOT 1,05-43,4 Met{ C nOMOll1,blO

MO yJI5II1.HH cooTBeTcTBYIOI..U.erO BH a(B03IVIOJKHO, C nOMOI.I.LblO
 BOHHOHMO YJIHUHH) TpaHcnoHHpyeTC5I B O IIH H3 CJIe ylO"
ll1,HX  Hana30HOB:5956,6-6000 Melf HJIH 1956,6-2000 M2t .

CHrHaJIbI, 3aHHMalOI..U.He 3TH crreKTpbI lJaCTOT, 3aTeM YCHJIH"
BalOTC5I II H3JIYlJaIOTC5I. He HCKJIlOlJaeTC51 B03MO)KHOCTb MO yJI 51-
 HHB nOCJIe HeMKaCKa eYCHJIeHH5I.

CucmeMa CBJl3U, 06CJlY[)ICuBalOU{afl 3aaaHNYlO I1JloU{aab.
BrrOJIHe rrOH5ITHO, lJTO KaJK a51 lIa3eMHa51 CTaHlLH5I CHCTeMbI

CB5I3H, 06CJIYJI{HBaloIILei1 OIlpe eJIeHHYlorrJIOll1,a b, HCrrOJIb3yeT
He06xo HMYlOlJaCTb annapaTypbI ynJIOTHeHH5I H H3JIYlJaeT Ha

OTBe eHHbIX JI5IHee YlJaCTKax. ,l(Hana30Ha lJaCTOT.
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T. PeeYJlUp08Ka M014flocmu CBlf, US 1YttaeMor1HaseMHblMU

nepeaamttUKaMU u HC3

Heo6xo)l.HMO npe)l.YCMOTpeTb paBeHCTBO H3JIYllaeMOH I1C3

HMnyJIbCHOH f\IOIllJIOCTH B JIlo6oM KaHaJIe BHe 3aBHCHMOCTH OT
u u

nOJIO)I{eHHH Ha3eMHOH CTaHlI.HH, rrepe)l.aBllIeH HMnYJIbC Ha

I1C3. 3TO Tpe60BaHHe )l.OJI)KHO BblnOJIH51TbC51 KaK B CHCTeMax

MarHCTpaJIbHOH CBH3H, TaK H B CHCTeMax, 06CJIY}I{HBalOmHX
CBH3bIO orrpe)l.eJIeHHble rrJIOma)l.H. 3a)l.aHHa51 BeJIHIIHHa HMrryJIbC-

HOM MOmHOCTH )l.OJI)KHa, KOHe1.IHO, 6bITb O)l.HHaKOBofI )l.JIH Bcex

Ha3eMIIbIX CTaI-IIJ.HH If )l.OJI)KHa 06eCne1.IUBaTb paClleTHoe craTH..

CTHIleCKoe 3HaqeHHe HarpY3KI1 rrepe)l.aTIIHKa BceMH KaHaJIaMH.

/l,. Bbl60p pa60tlell tlaCfnonlbl [18]

naccMBHbIH I1C3. MO)KHO nOKa3aTb, lITO B CJIYllae HCrrOJIb30-

BaHHH I1C3 B KalleCTBe naCCHBHoro peTpaHCJIHTOpa rrpH f\lOm-

HOCTH Ha3eMHoro rrepe)l.aT1.IH-Ka 100 K8m Ha llaCTOTe 6 Tel{ H

rrpH )l.HaMeTpe Ha3ervIHbIx aHTeHH 30 .Att MOmHOCTb rrepeH3-

JIYlleHHaH HC3 )l.JIH 600 )l.yrrJIeKCHbIx KaHaJIOB COCTaBHT 1 8m

rrpH )l.HaMeTpe ccpepHlleCKoro I1C3 42 At H paccToHHHH 8000 KM

(T. e. rrpe)l.eJIbHOM paccToHHHH )l.JIH BbICOTbI Op6HTbI I1C3
4800 KA1,). 3TO 3Ha1.IHTeJIbHO MeHbllIe, 1.IeM MOmHOCTb, KOTOPYIO
)l.OJI)KeH H3JIYllaTb 60pTOBOH nepe)l.aTIIHK Ha aKTHBHOM I1C3

rrpH BceHanpaBJIeHHOH aHTeHHe. Doc.rre)l.H51H MOIII.HOCTb co..

CTaBJIHeT 6 8m HJIH 128m rrpH K03cpcpHlI.HeHTe YCHJIeHH5I aHTeHHbI

0,5.
Ha 60JIee HH3h.OM llaCTOTe YCHJIeHHe Ha3eMHbIX aHTeHH

6Y)l.eT MHoro MeHbIll..e H B COOTBeTCTBHH C 3THM YMeHbllIHTC5I
MOIII.HOCTb, nepeH3JIYllaeMaH rraccHBHbIrvl I1C3.

TaKHM o6pa30M, BbI60p llaCTOTbI 6 Tel{ )l.JIH CHCTeMbI CB513H

C rrOMOmblO rraCCHBHoro I1C3 MO)KHO C1.IHTaTb BrrOJIHe 060CHO-

BaHHbIM.

AKTMBHbIH I1C3. )JJIH CHCTeM CBH3H C nOMOmblO I1C3 rrpe,[L"
JIaraeTC51 )l.Hana30H llaCTOT 1-10 Tel-{. 06ocHoBaHHeM 3TOMY

CJIY)KaT cpHr. 3 H 6.

ABTop CIIHTaeT HaH60JIee nO,[LXO)l.HmHMH qaCTOTbI B )l.Ha..

na30He 2 Feif no c.TIeAYlOmH f npHIIHHa 1:

1) Ha llaCTOTe 2 T2i{ KOCMHlleCKHe HJIH raJIaKTHlleCKHe WYMbI
MeHbllIe aTMocQJep HbIX )l.JIH HaH60JIee BepoHTHbIX MHHHMaJIbHbIX

yrJIOB MeCTa (5 H 10°) )lHarpaMMbl HanpaBJIeHHOCTH aHTeHHbl

7. Cucme,Jrtbl C8R3U, o6eCnetf.ll8alOU{ue pa3aeileHue zpynn KaHQIl08 209

u

rrpHeMHOH CTaHlI.HH, B TO BpeM5I KaK Ha 60JIee BbICOKHX lla..
CTOTax aTMoccpepHbIe llIYMbI B03pacTa1OT.

2) lllYMbI, BbI3hIBaeMble OCa,[LKaMH, pacTYT C nOBbIlIleHHeM
qaCTOTbI.
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'1acmoma, rZll,

<P If r. 6. CYMMapHoe nOrJIow.eHHe 3HepruH B Tponoccpepe
npH pacnpocTpaHeHMH BOJIHbI B O,lJ.HOM HanpaBJTeHHH.

2

3) 3cpcpeKTHBHaH TeMnepaTypa 3eMJIH, Ha6JIlO)):aeMa51 C I1C3,
nOHH)KaeTCH C nOHH)KeHHe iqaCTOTbI.

4) Ha llaCTOTax 2 T2if rroTepH 3HepruH B Tponoccpepe
(CM. cpHr. 6), KOTopbIe f\Ic.lJIbI, H rrOTepH B OCa,[LKax, KOTopbIe
MorYT 6bITb BeCbMa BeJIHKH, pacTYT C YBeJIHtIeHHeM qaCTOTbI.

8 3aK. 232

-
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5) Depe,lI.aTqHKH Ha3eMHblX cTaHlLHH, pa60TalOll\He B )I,Ha-

na30'He 2-4 FeLf, no BceH Bepo51THoCTH, JIerqe Bcero 06ecne-

l.IHTb MOmHbIMH 3JIeKTpOHHbIMH JIaMnaMH.

2-

:::;"

t:::::
!

Ha cpHr. 7 nOKa3aHbI 3HaqeHH51 nOTepb 3a CqeT 3cpcpeKTa
<Papa)I,e5I )I,JI51 BOJIH C JIHHeHHOH nOJI51pH3alLHeH. TaKHM 06pa30M,
I10TepH B HOHoccpepe Ha 1JaCTOTax

.

BbIllle 2 Felt, nO-BH)I,HMOMY,
HHqTO)KHO MaJIbI H HMH MOlliHO npeHe6peqb.

P 3rvtepbIaHTeHHbI Ha HC3. He06xo)I,HMoe YCHJIeHHe aHTeH..

HbI yIC3, npH KOTOpOM lllHpHHa JI.HarpaMMbI HanpaBJIeHHOCTH no

nOJIOBHHHOMY 3HaqeHHIO MOll\HOCTH TaKOBa, qTO aHTeHHa

OCBell\aeT TY qaCTb rrOBepXHOCTH 3eMJIH, BO Bcex TOqKaX KO"
u

u

TOpOH yrOJI MeCTa aHTeHH Ha3eMHbIX CTaHlLHH, HanpaBJIeHHbIX
Ha 11C3, 6Y)I,eT 60JIee 10°, COCTaBJI5IeT 28,8° npH K. n. J(. aH..

TeHIIbI, paBHoM 50%. I13 3Toro CJIeJI.yeT, qTO )I,HaMeTp aHTeHHbI

)l.OJLlKeH COCTaBJI5ITb 70 CM, qTO, nO-BH)I,HMOMY, npHeMJIeMO.

sv ::.1lJ
0

JO
J

()
tI

Y 20/1 Mecma

J --

0,5 0 7 I J

'Iacmomo, rZll;

5 7

H a Jl H q H e C B 0 6 0 ,lL H bI X )I. H a IT a 3 0 HOB II aCT 0 T

KaK BHJI.HO H3 npHBO)I,HMOH HH)Ke BbI)I,eplliKH H3 pa60TbI
[11], BeCb )I,Hana30H qaCTOT OT 1 )1.0 6 Felf B HaCT051mee Bpe-
M5I y)Ke 3aH51T. ,QHana30H qaCTOT BhlIne 8,4 Felt He. pac..
CMaTpHBaeTC51, nOCKOJIbKY, no Harne:MY lVIHeHHlO, OH He npe)I,-
CTaBJI51eT HHTepeca.

B npHBO'zUIMOH HHllie Ta6JIHu.e npHH51TbI CJIe)I,YlOmHe 0603Ha...
qeHHH:

.

1-51 30Ha - AcppHKa, EBpona H CCCP;
.2-51 30Ha - IOlliHa51 H CeBepHa51 AMepHKa;
3-51 30Ha - A3H51, IOro-BoCTOqHa51 A3H51 H ABCTpaJIH51.

BbIXO)l. M3 TaKoro nOJIO)KeHH51, KOr)l.a nO)I,XO)l.51 He )I,JI51
CHCTelVI CB5I3H C nOMOlll.blO 11C3 )I,Hana30HbI y)Ke 3aH51TbI )I,pyrHMH
cJIYlli6aMH, COCTOHT, nO-BH)I,HMOMY, B COBMeCTHOM HCnOJIb30Ba..

HHH 3THX )I,Hana30HOB. BBM)I,y qpe3BbIqaHHO MaJIOH: MOlll.HOCTH
CMrHaJIa, rrpHHHMaeMoro C I1C3, TaKOH BbIXO)l., B03MO)KHO,
oKallieTC51 HeY)I,OBJIeTBOpHTeJIbHbIM. He06xo)l.HMO npoBecTH
3KcrrepHMeHTaJIbHbIe HCCJIe)I,OBaHH51 )I,JI51 pellleHH51 3Toro BO-

np oca.

<P Hr. 7. DOTepH 113-33 3cpcpPKTa <Dapa,lI.eH npn

pacrrpOCTpaHeHHH BOJIHH B O,lI.HOM HanpaBneHHH.

6) IllHpHHa )I,HarpaMMbI HanpaBJIeHHOCTH no rrOJIOBHHHOMY

3HaqeHHIO MOIlJ,HOCTH Ha3eMHoH aHTeHHbI )I,HaMeTpoM 30 At

COCTaBJIHeT ::l=18 )I,yroBbIx MHHYT Ha qaCTOTe 2 Felt. 3TO 03Ha..

qaeT, qTO C TaKOH llie TOqHOCTbIO )I,OJI)KHO ocymeCTBJI51TbC51
)I,BH)KeHHe aHTeHHbI. Do Mepe nOBbIllleHH51 qaCTOTbI COOTBeTCT-

BeHHO )I,OJI)KHa YBeJIHqHBaTbC51 H TOqHOCTb. I-IanpHMep, Ha

l.IaCTOTe 6 Felt TOqHOCTb )I,OJIlliHa COCTaBJI51Tb :1:3 )I,yroBbIx

MHHYTbI, qTO, B03MOlliHO, 6Y)l.eT TPYAHO ocymecTBHMO npH

CB513H C I1C3, HaXO)l.HmHMHC51 Ha HeCHHxpOHHbIX op6HTax.
.

BJlMSlHHe MOHoccpepbI. COrJIaCHO pa60Te [12] nOTepH B MOHO-

ccpepe COCTaB.H51lOT 0,3 a6 Ha qaCTOTe 100 Melt. H YMeHblllalOTc51
C pOCTOM qaCTOTbI.

Do )l.aHHbIM Toro )Ke IICTOqHIIKa, MaKCIIMaJIbHOe yrJIOBOe

OTKJIOHeHHe JIyqa, npoxo)I,Hll\ero qepe3 IIoHoccpepy, Ha qaCTOTax

B6JIH3II KpHTHqeCKOH COCTaBJI51eT HeCKOJIbKO MHJIJIHpa,lLHaH H

YMeHblllaeTC5I 06paTHo rrponoplLHOHaJIbHO KBaApaTY qaCTOTW.

BJIH5IHHe ocaAKOB

TIInHqHbIe 3HaqeHH51 nOTepb, BHOCHMbIX )I,O)K)I,eM, rrpHBeAeHbI
B Ta6JIIIu.e 5. ,QaHHble Ta6JIHQbI nOJlyqeHbI II3 cpIIr. 7 pa60TbI
[2] B npe)I,nOJIO)KeHHH )I,OnycTHMoCTII 3KCTpanOJI51 HHC 10 )I,O
15 CM II I1PH BBe)I,eHHII rrorrpaBKH Ha TeMnepaTYPY (0° C),
rrpH KOTOpOH rroTepH Ha 60JIee HH3KHX qaCTOTax MaKCHMaJIbHbI.

8*



Ta6AUl{Q 4

PeKoMeHAyeMwe  aCTOT B  Hana30He1--10 rZl{
(4acToTbl B M2l{)

I-H 30na

960-1215

1215-1300

1300-1350

1350-1400

CTaUHoHapHaH CB513b

Ilo,UBH>KHaH CBH3b

Pa)J,HOJIOKaLLHH

1400-1427

1427-1429

1429-1535

CTauHoHaplIaH CBH3b

Ilo)J,BIDKHaH CB513b

(KpoMe CBH3H c ca-

MOJIeTaMH)

-

I-51 30ua

1535-1660

2-H 30na 3-H 30na

1660-1700

CaMOJIeTHaH pa)J,HoHa-
BHrau.HH

PaJJ.HOJIOKaUIHI

PaJJ.Honm6HTeJIbCKaH
CBH3b 1700-1710

CTaUHoHapHa51 CBH3b

KocMu4ecKaH CBH3b

nO)J.BH)KHaH CI3H3b

CBH3b 3eMJIH - KOCMOC

CaMOJTeTHaH pa)J,lIoHa-
BHraLLHH

Pa)J,HOJIOKaUUH

1350-1400 Pa)J,HOJIOKallHH 1710--2290

CTaI..J.HOHapHaH CBH3b

IlO)J.BIDKHaH CBH3b

Pa,lI.IIOaCTpOHOMHH
2290--2300

CTaUHoHapHaH CBH3b

KOCMHLJeCKaH CBH3b

IlO,lI.BIDKHaH CBH3b

CBSl3b 3eMJI51 -- KOCMOC

KOCMHqeCKaH CBH3b

CTallHoHapHaH CBH3b

CBH3b C nO.lI.BIDKHb1MH

060eKTaMH (KpoMe
CBH3H C CaMOJIeTaMH)

CBH3h 3eMJI51 - KOCMOC

2300-2450

CTaUHOJlapHaH CBH3b

Pa)J.HOJII06HTeJIbCKa 51

CB513b

Ilo)J.BH>KHaSl CB513 
Pa)J,HOJIOKaLlHH

1429-1435 1429-1535

CTallHonapHaH II no)J,- CTaLLnoHapHaH H rro)J,-

BIDKHaH CBH3b BIDKHa51 CBH3b

1435--1535

CTaUHonapHaH II no)I.-

BIDKHa51 CBH3b

2450--2550

CTaUHoHapHaH CBH3h

Ilo.lI.BH}KHaH CBH3b

Pa)J.HOJIOKaUH51

2-51 30Ha

CaMOJIeTH3H pa)J.HOH3-
BUT au.u5I

I
MeTeOpOJIOrIlLJeCI<3H

CJIY}Koa. CTaUHOllap-
HaH CBH3b

Ilo)J.BIDKHaH CBH3b

(KpOMe CBH3H C ca-

MOJIeTaMH)

1700-1710

1710-2290

2290-2300

2300-2450

2450-2550

npoiJoA efluema6A. 4

3- 51 30Ha

CTaUHOHapHaH CBH3b

Ilo)J,IHDKHaH CBH3b

I(ocMUqeCKaH CBH3b

CBS13b 3eMJIH - KOCMOC

CTaLLnOHapHa51 CB513b

nO)J.BIDKHaH CBH3b

CTaUIIOHapHaH CBSl3b

nO)J.BIDKHaH CBSl3b

KOCMHlJeCKaH CBH3b

CBSl3b 3eMJI51 - KOCMOC

Pa)J,1I0JIOKaUH5I
Pa)J.H OJI 106uTeJIhCK3 51

CB513b

CTaUHoHapHaH CB513b

nO}J.BIDKIIaH CB513b

CTaI..J.HOHapHaH CBH3b

IlO)J.BIDKHaH CBH3h

Pa)J.HOJIOKaUH51



[
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npOaOJl:JfCeflUe ma6/l. 4

npOaO/lJfCeflUe l1la6A. 4

I-51 30Ha 2-51 30Ha 3 -51 30Ha

1-51 30Ha 2-51 30Ha 3 -51 301Ia

255u-2700 CTaLlIIOIIapIId5I CI35I3b

5255-5350

OO,l1.I3IDKHa51 C135I3b
5350-5460

2700-2900 C3MOJIeTHa51 pa)J.TIona-
Bllrall.UH

I Pa)J.1I0JIOKaLLHH 5460-5470

2900-3100
.

Pa;I.HOHaBHrall.H5I
I

Pa)J.IIOJIOKaLlII51
5470-5650

3100-3300 Pa,ll.lIOJIOKall.n 51

PaJI.IIOJlOKall.lI51

I

CaMOJIeTII351 pa)J,I10Ila-
I3Hrall.lI5I

Pa)J.1I0JIOKall.II5I

Pa)J.IIOHaBIlr aLLII5I

Pa)J.HOJIOKall.H5I

MopCKa51 p3)J.1l0HaBII-
raLLHH

Pa)J.HOJIOKall.H5I

,

5650-5850 Pa)J.HOJIOKall.lI5I

Pa)J.II OJI 10 61ITeJI bCKa 51

CBH3h

3300-3400

Pa,H\IIOJIOKall.lI5I 3300-3500

Pa)J.HO.TIOKa III I 51

Pa)J.lIoJII06uTeJILCK3 51

CBH3h

3400-3600

CTaLLHOHapHa5I CBH3b

nO)J.BluKHa H CBH3b

Pa)J.IIOJIOKaLlHH

3500-3700

CTall.lIOnapHa5I CBH3b

OO)J.BluKHaH CBH3b

Pa)J.lIoJIoKaLLu51

3500-3700

Pa)J.Ho.HoKaI..J.II5I

CTaIl.HOHapHa51 CB5I3b

OO)J.BIDKHaH CB5I3b

5850-5925

CTau.nonapIla5I CB5I3b

OO.lJ,BIDKHa5I CB5I3b

5850-5925

Pa):(HOJIOKau.II5I

Pa):(HOJII06I1TeJIbCKa H
CBH3b

5850-5925

CTaLLIIOHapHa5I CB5I3b

DO,l1.BIDKIIarr CB5I3b

Pa)J.IIOJIOK3LlH5I

3600-4200

CTau.IIOn3pn351 CB5I3b

OO)J.I3IDKH35I CB5I3b

3700-4200

CTall.HOHapHa5I CB5I3b

OO)J.BIDKHa5I C1l5l3b

Ta6Jllll{Q 5

.
nOTepn B OCa,II.KaX, OTlleceHHble K paccToHHIHO 16 KAt (a6)

,II.nH pa3J1HQHWX QaCTOT

4200-4400 CaMOJICTIIa 51 p3)J.1I0Ha-
BII rall.I1 51 BCJ1lm:06pHTa HII51 HII IIH

4400-5000 CTall.lI0Hapn351 CB5I3b

OU)J.BIDKHa5I CJ3H3b

'"

I

Oca)J.KII, AtM / 'lac . . . . . .
13 26 52 300

LJnCJIO pa3 B ro}J., I\:or )J.3

oca)J.KH )J.JIHTC5I
,.,

OOJIbllle

3 /rUl f{, . . . . . . . . . 12 4 1 1

6 r2Lf . . . . . . . . 1 ,0 2,0 4,0 23,1
3 » . . . . . . 0,12 0,24 0,48 2,9
2 » . . . . . . . 0,006 0,012 0,024 0,13. . .

5000-5250 CaMOJIeTH35I p3)J.lloHa-
BlIrall.HH

5250--5255 Pa)J.HOJIOKall.HH

KOCMUqeCKaH CB5I3b

CB5I3b 3eMJl5I - KOCMOC

--..01.....
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,LLaHHbIe Ta6.nHIl,bI He OqeHb pe3KO rro qepKHBalOT rrpeH-
My ecTBoqaCTOTbI 2 r2[f no cpaBHeHHIO C 6 r2[f, HanpHMep  .n5I

BeJIHK06pHTaHHH. CBe eHH5I, KacalO HeC5I OCTaJIbHOH qaCTH

3eMHoro wapa, He OCTaTOqHbI.TeM He MeHee MbI CqHTaeM He-

06XO HMbIMBbI6HpaTb B03MOlliHO 60JIee HH3KHe lIaCTOTbI, orpa-
HH1.IHBaeMbIe TOJIbKO pa3MepaMH aHTeHHbI I1C3, npH YCJIOBHH,
lITO lIaCTOTa He 6y eTMeHbwe 2 reLf.

I)

G1H npOBe eHaropH30HTaJIbHO qepe3 Ha3eMHYlo CTaHIl,HIO G1 .

I1pH 3TOM 11 == OSOl - yro.n r\fe.II{ Y rrpOj(OJDKeHHeM pa Hyca
3eMJIH qepe3 I1C3 H .nHHHeH np HI\10H BH.1l.Hl\10CTH I1C3 - Ha3eM-

Ban CTaIIIl,HH G1 ; 1p-MHHHMaJibBO  onYCTIIMbIHyrOJI MeCTa I1C3
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3. HMnYJIbCHaSi MOlll.HOCTb nepe)l.aTI.JHKa HC3

A TeoMempufl HC3 - 3eMJlfl

Ha .1l.HarpaMMax, nOMe eHHbIXB yrJIax cpHr. 8-10, no-

Ka3aHbII1C3 B TOqKe S, Haxo.1l.H eHC5IHa 3eMJIeH C pa.1l.HYCOM
r Ha BblCOTe h, H .1l.Be Ha3eMHbIe CTaHIl,HH 01 H 02, paCrrOJIOllieH-
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Db/como HCJ h x ',G 11M

q) Hr. 9. reoMeTpH1lecKHe COOTHOIlleHHH 13 CHCTeMe I1C3-3eMJIH.
n 0 51 C II C II He: OH:PY>!{HOCTb. npOXO,l];5111 a51 tJepe3 G J H G 2' onpC,lI,CJI5ICT

npC,lI,eJI nJIOIl1.3,lI,H ncpeKpbITH5I HCXO,l];51 H3 MHHHMaJIbIlO ,l];OnYCTHT\WrO 31I31IemI5I

yrJI3 MCCT3 tp. RMaKc
- MaI(CHMaJIbHOe paCCT05IHHe OT I1C3 l1.0 JIIo60fi na3eM-

Hoii CT3m.I.HH, Rc- p3l1.HYC nJIOIl1.3,lI,H nepCKpLITH5I, H3Mepem-lbIfi no nOBepx-

HOCTH 3el\1JIH npH  =10°.

2 3

"0
C:5

/78

r::.. J0
IJI

5 6 8
10 

2 J

Db/coma I1CJ X 6' KM

cD Hr. 8. reOMeTpHlJeCKHe COOTHOIlleHHH B CIICTeMe I1C3-3eMJTH.
n 0 51 C H e H He: OKPY)KIIOCTb, npOXO,lI,5IIl1.a51 tJcpe3 G 1 H G 2' onpe,u.eJI5ICT npe,l];CJI

nJIOIl1.al1.H nepCI<pbITH5I, HCXO,l];51 li3 MliHHMaJIbHO l1.0nYCTHMoro 3I1atJeHHH yrJIa
MeCTa  .

o

10
3

.

2 J
o

'-t S fi 8.
'Os

I Hat( ropH30HTOM Ha3eMHOH: CTaHIlJ1H, 06ecne4HBaIO HH:y OB'"
JIeTBOpHTeJIbHYlO CB5I3b; SOl ==RMaKc - MaKCHMaJIbHOe paCCTOH"
HHe OT vIC3  OHa3eMHOH CTaHIl,HH, npH KOTOpOM 06eCneqH'"

BaeTCH y OBJIeTBOpHTeJIbHaH CBH3b.
Ha cpHr. 8 nOKa3aHa 3aBHCHMOCTb 11 H  JIHHbIAyrn 60JIblilOrO

Kpyra 0102 OT BbICOTbI Op6HTbI I1C3.

8B 3mc 232

-

od/

Hble Ha npe eJIbHOM paCCTOHHHH, 06eCne4HBaeMOM CB5I3blO

C nOMO blOI1C3. 3TO paCCT05IHHe Onpe eJI5IeTCHMHHHMaJIbHO

l(OnYCTHMbIM yrJIOM MeCTa I1C3 HaA rOpH30HTOM ,p. JIHHH5I

- 
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Ha cpHf. 11 npHBe)].eHbI pe3YJIbTaTbI paCqeTa )J.JIH cJIyqa51
...

O)].HonOJIOCHOH nepe)J.allH C llaCTOTHbIM ynJIOTHeHHeM MHoro..

KaHaJIbHWX TeJIecpoHHwx co06 eHHH(noJIoca  aCTOTKaHaJI8

Ha cpIIr. 9 nOKa3aHa 3aBHCHMOCTb  IaKCHMaJIbHOrOpaCCT05l-

HHH OT I1C3 )].0 Ha3eMHoH CTaH HHII )J.HaMeTpa 06JIaCTH, 06..

CJIY)KHBaeMoH CBH3blO C nOMOmblO HC3, OT BbICOTbI Op6HTbI
npH 'llJ = 10°.

2 J 'I S 6 7 89
'0

{o Z J

8blcomo J1C3 h x 1, 6 KM

<P II r. 10. 3aBHCHl\IOCTh YCHJIeHH5I aHTeHHbI I1C3 OT era BbICOTbI.

n 0 51 C H e H H e: OKPY}I{HOCTb, npoxo,z:r.H aHtIepe3 G l H G2 . onpe,z:r.eJIHeT npe,z:r.eJI

nJIOIU.a HnepeKpblTHH HCXO,lI.H H3 MHHHMaJIbHO ,lI.OnYCTHMoro 3HaqeHHH yrJIa MeCTa  .
AHTeHua paCCtIHTaHa TaKHM 06pa30M, qTO TOtIKH rJIaBHOrO JIeneCTI<a ,lI.HarpaMMbI

HanpaBJIem-IOCTH, COOTBeTCTBYIOIU.He nOJIOBHUHOMY 3HaQeHHIO M0W.HOCTH, na,lI.aIOT Ha

Te MeCTa Ha 3eMHofI nonepXHOCTH, H3 KOTOpbIX I1C3 BH,z:r.eH no,z:r. yrJIOM MeCTa  .
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PoccmoRHue 00 I1CJ R x 1, 6' KM

<P H r 11. fIHKoBaH MOIlI.HOCTb nepe}I.aTqUKa I1C3, He06-
XO}I.HMaH rrpH rrepe}I.aqe O HOH60KOBOH rrO OCH.

Y C JI 0 B H H: cpe JieeOTHOIllCHHe CHrnaJI/IllYM 37 a6 ,z:r.JIH rf = 50,
3 )cPeKTHBIIaH IllYMoBaH TeMnepaTypa napaMarHHTHoro YCHJIHTCJIH
39 0

1\, .lI.HaMeTp Ha3eMHoii npneMHofi aUTCIIHbI 30 M. YCHJIeHHC allTen-
IILI I1C3 O,5,noJIoca tIaCTOT TCJIc<poHllOro KaUaJIa 300-3400 elJ.

Ha <pHf. 10 npHBe)J.eHa 3aBHCHMOCTb YCHJIeHH5I aHTeHHbI

HC3 OT BbICOTbI Op6HTbI HC3. f1pHHHTa aHTeHHa B <popMe 3ep..
KaJIa C paBHbIMH cpa3aMH B nJIOCKOCTH paCKpbIBa. Pa3MepbI
3epKaJIa BbI6paHbI TaKHMH,  TOnpHMbIe, npOXO)].HmHe llepe3

u
u

TOqKH nOJIOBHHHOH MOmHOCTH Ha fJIaBHOM JIeneCTKe nOJIHpHOH

)J.HarpaMl\IbI, npOXO)].HT qepe3 01 H O2 . K. n. ,Q. aHTeHHb npHHHT
paBHbIM nOJIOBHHe TeOpeTHlleCKOrO.

300-3400 cl );paCCTOHHHe Me)l{,ny coce,nHHMH KaHaJIaMH B351TO

paBHbIM 4 Kcl .
Pe3YJIbTaTbI paCqeTa nepe)J.aqH Tex Me C006lll.eHHH c no-

u

MO blOllaCTOTHOH MO)].yJI5Ill.HH nOKa3aHbI Ha cpHf. 12.
Ha cpHf. 13 npHBe)].eHbI pe3YJIbTaTbI pac eTa,QJIH cJIyqa51

onHcaHHOH BbIlile HKM, HCnOJIb3YIo eHpaBHOBep05ITHble ma-

rH KBaHTOBaHHH. B 3TOM cJIyqae, npH onpe eJIeHHbIXnpe)J.no..
JIOMeHHHX, MO HOCTbnepe)].aTqHKa Ha HC3, Heo6xo)].HMaH J{JIH
rrepe)J.aqH 3a)].aHHoro 060eMa HHcpopMall.HH B e)J.HHHll.Y BpeMe..
HH, He 3aBHCHT OT BHAa HCrrOJIb3yeMofo KO,Qa.

BB*

Ii. MOU{flocmb nepeaamtlUKa fla HC3

PaCqeT MO HOCTHnepe,QaTqHKa Ha HC3 AJI5I lleTbIpex pa3"
JIH HbIX CJIYllaeB 6bIJI npOBe)J.eH AH)J.epCOHOM; pe3YJIbTaTbI

paClleTa npHBe)J.eHbI Ha cpHr. 11-14.

-
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Pe3YJIbTaTbI paC1.IeTa, npHBe,LLeHHble Ha cpHr. 14, OTHOC5ITC5I

K CJIY1.IaIO onHcaHHoH Bblwe 11 KlVl, HCnOJIb3YIOIlI.eH npH6JIIliKe-
HHe K paBHbIM rnaraM KBaHTOBaIIH5I (HeCKOJIbKO DH,LLOH3MeHeH-
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PaccmDRHlle 00 t1C.3 R -< 6' KM

cp iI r. 12. MOI.IJ.HOCTb nepe,llaTqHKa Ha I1C3,lIe06xo,llIU\'135I
rrpH IICnOJIb30BaHIIH 4 1.

Y C JI 0 B H 51: cpeAHec OTHOIllCIIHe CHrllaJI/rnYM 37 iJ6 ,lI.JI5I q;=5°,
MaJ<CIIMaJILlIa5I ,lI.eBlWlI.H5I tJaCTOTLI 20Mcl{. aq)q)CI'i:TIIBlIa5I rnYMona5I
TCMncp<.lTypa nap3Man-IHTHoro YCHJIIITeJI5I 39

0

K, )!.lHIMCTp Ha3cMIIoH

npHcMHoii aIITeHHLI 30 At, YCIiJICIIl-IC mlTeIIlILI I1C3 0,5. nOJIoca

lIaCTOT TCJIccPOIllloro K11I3JIa 300-3 '100 cLJ.

2

Hoe  JI5I ynpOIlI.eHH5! paC1.IeToB) H 7-pa3p5I HbIH KO , npH

KOTOpOM HMeeT MeCTO OnTHMaJIbHOe HCnOJIb30BaHHe M0IlI.HOCTH

nepe aTqHKaHa I1C3.

Y C JI 0 B H 51, n p H H 51 T bI e n p 1I pac q e T e

Pe3YJIbTaTbI paC1.IeTOB, npHBe eHHbleHa cplir 11-14, no.

JIyqeHbI npH CJIe YIOll1J1X YCJIOBH5IX:
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PoccmORHue 00 cnymHuKo R x I, 6' KM

<1) II r. 13. TIlIKOBa5I MOI.IJ.HOCTb nepe)J,aT4HKa Ha HC3

nplI I1I(M II 6-pa3p5I)J,HOM KO)J.e C paI3IIOBepOHTHOCTHbIMII
waraMII Kl1aHTOll3HIlH.

Y C JI 0 U II H: nOJIoca Hl(!\\ 28 Kcl{. OTllornCIfHe CllrIfaJI/rnYM
n l{alldJIC 20 a6, lITO COO I'BeTcTnyeT BCp05ITIIOCTII OrnU61<11 1'i:0,lI.0-
noii hOi\IGllllal 1f1l 10-6

. BC'p05ITIlOCTL IlCpcrpY31{11 nepC)J.aPIlII<a
n JIlo60ii IfJlTC'pnaJI npel\1Clln 1 o-G. aq>q)CI<THBlla5I rnYMOBaH TeM-

IIl'I?aTypa napa:\larllllTlIOrO yrHJIH rCJIH 39 0

1(. .lI.naMeTp IICl3eM-

11011 <.lIlTCIIIILI 30 J1l, YCIIJICIIIIC 3 IITCIIII LI I1C3 0.5. UCp05ITIIOCTL
n051BJICIIlIH I1:\.tnYJIbCa B JI 1060 J\I haua.nc B JIlo60ii HllTepnaJI Bp -

MCIII-IO.125.

-
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Q) II r. 14. nllKoBaH MOIl(IIOCTb nepe)J.aT4HKa lIa IIC3
npn I1KM II 7- pa3pH)J.HoM KO,lJ.e, 06eCrrelJlII3alOIl(eM

MIIHIIMa.nbHYIO MOllJ,HOCTb nepe)J.aTqIIKa.
Y C n 0 B Ii 51: nOJIOca 1.J3CTOT 28 KZI{, OTllorneHHe CHrn3JI/ruYM

D l{allaJIe 20 a6, 1.JTO cooTBeTcTByeT BepoHTlloCTII OlllH6KH I{O,11.0-
nuH KOM6HJlaLI.HII 10-6

, BCpOHTJlOCTb IIcpcrpY3KII ncpC,lI,aTtIHI<3
R JIloooii IJIITepB3n BpCMCll1l 10-6

. BepOHTJlOCTb n051BJICIIlfH
IIMnYJIbCa B JIlo6oM KaHaJIC B JIIOOOti lIJlTCpBan BpeMeHH 0,04.
3q)Q>cKTliBlla51 mYMoBaH TCMlIepaTypa napaMarHHTHoro YCHJIHTeJIH
9 0

1\, ,lI,lIaMeTp lIa3eMIIofi allTCHHbI 30.JIt, YCIIJIeHJfe aHTelll-lbI

rIC3_0,5.

\
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I1cnOJIh30BaHHe nepephIBOB BO BpeM5I pa3rOBOpOB, KaK 3TO

C,QeJIaHO B cHcTervle TASI 1), He npoH3Bo,QHJIOCh [6]. IllYMhI,
u

cOnpOBO)K,QalOIlIJ1e 3BYKOBOH CHrHaJI Ha BXO,Qe JIHHHH CBH3H

lJepe3 I1C3 (T. e. Ha BhIXO,Qe ,QByxnpoBo HhIXJIHHHH Ha cpHr. 1),
B paCLIeT He npHHHMaJIHCh.

/.0

a8

, P P-oeponmHocm6 O/7zeopa-

{l6
UlfeCKOZO npeOblLLleHUR L

alj

a? \
,

.....

"'---

70 6'0 SO 1;0 30 20 10 0 10 20 30 1;0 SO 80 70

YpoBeH6 HonpnW8HtJR no l/UCRY KOGHmOeO-HHb/X YPo8Heu, L

<P II r. 15. TurroBoe pacrrpe,lJ,eJIeHHe HanpH}J{eHldi 3BYK0I3bIX lJaCTOT peQH.

YCHJIeHHe aHTeHHhI, paCnOJIO)KeHHOH Ha HC3, 6hIJIO npH-
HHTO paBHhIM 0,5. ,LLHaMeTp 3epKaJIa npHeMHoH Ha3eMHOH aH-

TeHHhI npe,QnOJIaraJIC5I paBHhIM 18 M, a K. n. ,Q. Ha3eMHhlX aH-

TeHH - paBHblM 50% TeopeTHLIeCKoro. 3cpcpeKTHBHa51 TeMnepa-

Typa naparvlarHHTHoro YCHJIHTeJI5I 6hIJIa npHHHTa paBHoH
39° K, LITO COOTBeTcTByeT yrJIY MeCTa 5° [5]. TIepe,Q3BaeMhIH
AHana30H 3BYKOBhIX lJaCTOT TeJIecpoHHoro KaHaJIa 300-3400 cl{.

Pacnpe,QeJIeHHe YPoBHeH 3BYKOBbIX CHrHaJIOB H oTHoIlIeHHH
u u

nHKOBOH MOIlI.HOCTH K cpe,QHeH ,QJI5I pa3JIHlJHOrO lJHCJIa KaHaJIOB

B35ITO H3 pa60ThI [1], no MaTepHaJIaM KOTOpOH rrocTpoeHa

KpHBaH 15.

nepeJI.a1.Ja npH OJI.HOnOJIOCHOH n 1.JaCTOTHoH MOJI.YJISlQH"

(£}Jnr. t t " 12). OTHollleHHe cpe,QHeH 3BYKOBOH MOmHOCTH K cpe,Q"
HeM MO HOCTHIlIYMOB npHH5ITO paBHhIM 37 86 Ha Kpa5lX

1) TASI (Time Assignement Speech Interpolation) - Bpe leHHoe

ynJIOTHeHUe pelJeSbIX CnrHaJIOB C HHTepnO/1HLLueii. -flpUM. pea.
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OOCJIy:tI{HBaeMOH nJIO a H,T. e. TaM, r eyrOJI MeCTa cnYTHHKa
Ha rop1I30HTOM paBeH 5°.

nepeJl.al!a np" O,1J.HOnOJIOCHOM MO,ll.YJISll\"H (clJl1r. 11). TIoJIoca
u

qaCTOT Ha BbIxo ecTaH apTHoroYCTpoHcTBa qaCTOTHoro ynJIOT-
HeHHH, B KOTOpOM KaHaJIbI paCnOJIOMeHbI Ha paccToHHHH 4 K2lf
 pyrOT  pyra,3aHHMaeT 2-3 M2lf; 3Ta nOJIoca qaCTOT TpaHC-
nOHHpyeTcH B  Hana30H2 HJIH 6 r2l{, YCHJIHBaeTCH H nepe-
 aeTCHC 3eMJIH Ha I1C3. Ha I1C3 npHH5ITbIH: CHrHaJI C BHraeTCH

no qaCTOTe Ha 100-300 M2l{ H peTpaHCJIHpyeTcH Ha 3eMJIlo.

nepeJJ.aqa np" qaCTOTHOH MOJl.YJISI "" (clJHr. 12). MaKcH-
MaJIbHa5I  eBHaIJ.H5IqaCTOTbI paBHa :1:20 Mctf. B CHCTeMe C 4.1\11

u u

CHrI-I3JI C BbIxo aynJIOTH5IIO erO YCTpoHcTBa, 3aHHMaIOII.LHH
u

nOJIocy 1faCTOT IIIHpHHOH B HeCKOJIbKO MerarepIJ., HCnOJIb-

3yeTC5I ,lI.JI5I l\10,lI.yJI5IIJ.HH no qaCTOTe Hecy eHB ,lI.Hana30He 2-
6 rclf C l'vlaKCHMaJIbHOH:  eBHaIJ.Heti 1faCTOTbI ::l:20 M2lf. MO YJIH-
pOBaHIIaH no qaCTOTe Hecy a5Inepe aeTC5IHa I1C3, r eOHa

YCHJIHBaeTCH, C BHraeTC5IHa 100-300 M2lf If peTpaHCJIIfpyeTcH
Ha 3eMJIlO.

06paTHaH CB5I3b no 1faCTOTe, onHCaHHa5I B pa60Te [7],
He npHl'vleH5IeTCH H3-3a B03HIfKalO HXnpH 3TOM TeXHH1feCKHX

TPY HOCTeH:.OTCIO,lI.a BbITeKaeT, 1fTO Tpe60BaHHe HMeTb Ha BXO-

 eOrpaHH1fHTeJI5I Ha3eMHoro npHeMHHKa qaCTOTHO-MO YJIHpO-
BaHHbIX CHrHaJIOB OTHOIlleHHe CHfHaJI/IllYl\1 He MeHee 13 86 MOMeT

I'" u

OrpaHH1fHTb MHHHl\1YM HeOOXO)JJ1l\rIOH MOIlI.HOCTH nepe,lI.aT1fHKa
Ha :YIC3. 3TOT rropOrOBbIH: ypoBeHb OTMe1feH Ha cpHr. 12 ro-

pH30HTaJIbHOH: JIHHHeH, 0603Ha1feHHOH: «noporOBWH: ypoBeHb
13 86».

,QJI5I onpe,lI.eJIeHH5I He06xo,lI.Hl\10H: MOmHOCTH nepe,lI.aT4HKa
Ha I1C3 H3 cpHr. 11 H 12 110 OCH a6clLHcc OTKJIa bIBaIOTpaCCT05I"
IIHe AO I1C3, a no OCH op HHaT

-

IIIHPHHY nepe aBaeMoH
nOJIOCbI qaCTOT. I1cKOM35I MOmHOCTb OTC1fHTbIBaeTCH no HaKJIOH-

IIbIM JIHHH5Il\1 nOCT05IHHOH MOIlI.HOCTH. B MHorOKaHaJIbHOH 4M

TeJIeqJOHIIOH CHCTeMe C l.IaCTOTHbIl\1 ynJIOTHeHHeM,  JIHKOTOpoi1
CnpaBe,lI.JIHBbI rpacpHKH cpHr. 12, npHH5ITbIH: B Ka)K,lI.OM KaH.aJIe

u

IllYM npOnOpIJ.HOHaJIeH KBa paTYcpe HeH l.IaCTOTbI KaHaJIa.

CJIeJI.OnaTeJIbHO, MOll HOCTbIlIYl\10B B KaH3JIe C naHBblcIlleti cpeJI.-
Heii l.IacToToH npH6JIH3HTeJIbHO B 3 pa3a (HJIlI Ha 5 a6) 60JIbWe

ycpeJl.HeIIHoH no BceM KaHaJIaM l\10IlI.HOCTH IllYMOB. OTHoIlleHHe

cnrHaJI/llIYM ,lI.JIH rpacpHKoB cpHr. 12 cooTBeTcTByeT 1I1YMY, ycpe -
HeHHoMY no BceM KaHaJIaM. OTCIO,lI.a CJIe)."(yeT, qTO B HaHxY,lI.IlleM
cJIY1fae OTHOIlleHHe CHrHaJI/IIIYM COCTaBJI5leT Bcero 32 a6.

'.
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I
MO:tKHO, O,lI.HaKO, npHMeHHTb npe,lI.BapHTeJIbHYlO KoppeKIlHIO,
C nOMoll blO KOTOpOH: OTHoweHHe CHrHaJI/WYM MO}KeT 6bITb

nO)IJI5ITO ,lI.0 37 a6 BO Bcex KaHaJIax.

nepe,ll.alJa "PH MKM (clJHr. 13 " 14.). Ha cpHr. 13 H 14 npH-

Be eHbIpe3YJIbTaTbI paC1feTa He06xo HMOH:MOll(HOCTH B MM-

nYJIbCe nepe,lI.aT4HKa Ha I1C3 npH HCnOJIb30BaHHH onHCaHHOH:

B HaCT05III.LeH: CTaTbe CHCTel\1bI 11 Kl\'\. E HHcTBeHHoeBH OH3Me-
HeHHe nOCJIe,lI.HeH COCTOHT B  06aBJIeHHHeIlI.e O)J,Horo BpeMeH-
Horo HHTepBaJIa B TaKTOBOM nepHo e JI5I 06eCne1.1eHH5I npo-

ueCCOB HMnYJIbCHOrO KO,lI.HpOBaHHH H  eKO,lI.HpOBaHH5I; He06-

XO HMOCTb3Toro HHTepBaJIa onpe,lI.eJI5IeTC5I xapaKTepoM HC'"

nOJIb3yelvIQro KO)I,a.

,LLJI5I ueJIeH KBaHTOBaHH5I no ypOBH5IM npeAnOJIaraeTCH,
u

4TO Bce MrHOBeHHbIe 3Ha4eHI15I Hanp5I}KeHH5I 3BYKOBOH 1.1a-.

CTOTbI, Bep05ITHOCTb KOTOpbIX COCTaBJI5IeT l\1eHee 1  b, cpe3a..
lOTC5I orpaHH4HTeJIel\1. OCTaBWI1HC5I ,lI.Hana30H HanpH)KeHHH
pa36HBaeTcH Ha p 5I,lI. YPoBHeH: C paBHbIMH HJIH H3MeH5IIOlllJ1l\rUICH

no nJIaBHOMY 3aKOHY Waral\rIH KBaHTOBaHH5I.

,LLonycTHMoe Cpe,lI.Hee KOJIHQeCTBO oWH60K 3a C4eT WYMOB

npHeMHHKa COCTaBJI5IeT 1 3HaK Ha 106
3HaKoB, 1.1TO onpe,lI.eJI5IeT

Tpe6yeMoe OTHoweHHe HMnYJIbCHOH l\10 HOCTH K cpe HeH
MOll(HOCTH WYMOB paBHbIM 20 86 (cpHr. 16). 3TO npHBo HT
K nOHBJIeHHlO OWH6KH npH C1fHTWBaHHH ypOBHH B Cpe)I,HeM
1 pa3 B 125 MKceK (T. e. O HHpa3 3a 106/8000 ceK, nOCKOJIbKY

HMeeTCH 8000 TaKTOBbIX nepl10 OBHJIH 8000 3HaKOB B 1 cef{).
Ha cpHr. 16 nOKa3aHa 3aBHCHMOCTb Pc (Bep05ITHOCTb oWH6KH

B 3HaKe ,lI.JI5I 7-pa3p5I HOrO Ko a)OT OTHOWeHH5I MOll(HOCTM
u

B HMnyJIbCe K cpe HeHMOll(HOCTH WYMOB ,lI.JI5I pa3JIH4HbIX 3Ha-

4eHHH P (Bep05ITHOCTH n05IBJIeHH5I HMnYJIbCa BO BpeM5I TaKTO-

Boro nepHo aB JIIo60M H3 TeJIecpoHHbIX KaHaJIOB). 04eBH Ho,
u u

P 3aBHCI1T OT pacnpe eJIeHH5I ypoBHeH 3BYKOBOH l.IaCTOTbI,

3aKOHa KBaHTOBaHH5I no YPOBH5IM H BH,lI.a HCnOJIb3yeMoro KOAa.

,QonycTHMoH C4HTaeTC5I cpeAHHH neperpY3Ka nepe)I,aT4HKa
t-IC3 1 pa3 3a 106

Bpel\1eHHblx HHTepBaJIOB. DOCKOJIbKY B Ka)K-

AOlVI TaKTOBOM nepHo eHMeeTC5I 6 HJIH 7 HMnYJIbCOB, a TaKTO-

BaH qaCTOTa paBHa 8 K2l{, TO Cpe,AII5I5I neperpY3Ka COCTaBJIHeT

1 HMnyJIbC 3a 20,8 HJIH 17,8 ceK.

PacIIeTbI MO HOCTH,pe3YJIbTaTbI KOTOpbIX npHBeAeHbI na

rpacpHKax qJHr. 13 H 14, BbIl1o.nHeHbI B npe,lI.nOJIO)KeHHH, 4TO
u

Bep05ITHOCTb npeBbIWeHHQ HMnYJIbCHOH MOI.IJ.HOCTM nepe aT"
qMKa I1C3 COCTaBJI5IeT 10--6 .

-
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npeAnonaraeTC CHHxpOHHoe AeTeKTHpOBaHHe npHHRTWX
OCHOBHbIX qaCTOTHbIX nOJIOC C I1KM, cO)J.epMallI.HX C006llI.eHH5I.

nepeJI.aqa UP" I1KM (<1Jur. 13). STOT CJIyqaH I1KM OTJIII..

qaeTC5I OT MOAYJI5Ill.HH, 06eCneqHBaIOllI.eH OnTHMaJIbHOe HC"

nOJIb30BaHHe MOllI.HOCTH nepe)J.aTqHKa Ha I1C3 (CBeAeHH5I
o KOTOpOH npHBeAeHbI B Ta6JI. 2 H cpHr. 14) TeM, qTO HCnOJIb-

u

3yeTc MeTOA KOAHpoBaHH ,npH KOTOpOM BeCb B03l\10MHbIH

AHana30H Hanp :tKeHHH 3BYKOBOH qaCTOTbI pa36HBaeTc Ha

OTAeJIbHble ypOBHH KBaHTOBaHHH TaK, qTO n05IBJIeHHe B 3BYKO"
BOM CHrHaJIe KaMAoro ypOBH5I paBHoBepoHTHo.

DpH TaKOM MeTO)J.e KBaHTOBaHHH YPoBHeH HarpY3Ka rrepe..
AaTqHKa Ha I1C3 He 3aBHCHT OT BH)J.a HCrrOJIb3yeMoro KOAa, H

rr03TOMY B03MOMHO rrpHMeHeHHe TaKoro KO)J.a, rrpH KOTOpOM
II.OCTHraeTCH HaH6oJIbllla5I rrpOCTOTa annapaTYPbI. Bep05ITHOCTb
nOHBJIeHH5I HMnYJIbCa B eAHHHIJ.Y Bpel'vleHH B TeqeHHe TaKTOBoro

nepHOJ(a COCTaBJI5IeT 0,125.
lllHpHHa OCHOBHOH rrOJIOCbI qaCTOT (paBHa5I lllHpHHe O)J.HOH

60KOBOH nOJIOCbI rrJIIOC OCTaTOK BTOpOH) rrpHHHMaeTC5I B 2,5 pa3a
illHpe rrOJIOCbI HaHKBHCTa.

nepeJl,alJa "PU I1KM (<1Jur. 14). KOA B 3TOM cJIyqae rrOqTH

cooTBeTcTByeT 7-pa3p5IAHoMY KOJ(Y, o6eCneqHBaIOllI.eMY orrTH..

l\1aJIbHOe HCnOJIb30BaHHe MOllI.HOCTH rrepeAaTqHKa Ha I1C3,
nOKa3aHHoMY B Ta6JI. 2. lllHpHHa nOJIOCbI qaCTOT Ta Me, qTO

H Ha cpHr. 13.

,LLJIH npOCTOTbI pac4eTa KOJ(, npHBeAeHHbIH B Ta6JI. 2, BH)J.O-

H3MeHeH nYTervI AeJIeHH5I Ka:iK)J.oro ypOBH5I Hanp5I)KeHH5I Ha

ypOBHH KBaHTOBaHH5I, qHCJIO  {OTOPbIXpaBHO 4HCJIY HMnYJIbCOB
Ha pa3p5IA (T. e. ypOBeHh OT 1,5 AO 4,5 HJIH YPoBeHb OT -1,5
J(O -4,5: Bce ypOBHH B 3TOM )J.Harra30He Hanp5I:tKeHHH HCnOJIb-

3YIOT 1 HMnYJIbC Ha pa3pHA), TaKHM o6pa30M, qTo6bI rrOHBJIe-

HHe 3TI1X HOBbIX YPoBHeH KBaHTOBaHHH 6bIJIO 6bI paBHOBep05IT-
HhIM. 3TO 03HaqaeT, qTO Ka)KAa5I KO)J.OBaH rpynrra C OAHHaKOBbIM

u U

llHCJIOM HMnYJIbCOB cooTBeTcTByeT OAHOH rpynne YPoBHeH
KBlIHTOBaHHH Ta6JI. 2, HO SHY'f.pH Ka)K)J.oH rpyrrnbI rrpoBe-
)J.eHO AeJIeHHe lllara KBaHTOBaHH5I Ha AOnOJIHHTeJIbHble

ypOBHH.

DOJIyqeHHbIH TaKHM o6pa30M KOA xapaKTepH3yeTC5I Be..

p05ITHOCTbIO rr05IBJIeHHH HMrrYJIbCa B eAHHHll.Y BpeMeHH, pas..
HOM 0,04. npHBeAeHHble Ha <pur. 14 3HaqeHHH MOllI.HOCTH npH
HCnOJIb30BaHHH TaKora KOAa, OqeBH)J.HO, HeCKOJIbKO 3aBhI-

meHbl.
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f1 p e H M Y e C T B 3, IT 0 JI Y q 3 e 1\[ bI e II pHil C II 0 JI b 3 0-

B a H H H K 0 ,n a, 0 6 e C II e q H B 3 10 ll1. e roo nTH  Ia JI b Hoe

HCnOJIb30B3HHe MO HOCTHnepe aTqHKa

3HaqeHH51 HMrrYJIbCHOH MO HOCTH,rrpHBe,neHHhIe Ha cpHr. 14,
BbIqHCJIeHhI ,nJI5I Ko,na, YKa3aHHoro B Ta6JI. 2, rrpH ,n06aBJIeHHH
O HoroHMrrYJIbCa (T. e. Btero 8 HMITYJIbCOB 3a rrepHO,n KBaHTOBa-

HH51)  JI51 KO,AHpOBaHH51 H  eKo,nHpOBaHHH, IIpH4eM ypOBHH
KBaHTOBaHH51 BH)J.OH3MeHeHbI, KaK YKa3aHo BbIllle.

KaK Y)Ke ynoMHHaJIOCb, pe3YJIhTaThI pac4eTa MOlll.HOCTI1
B I1M:rryJIbCe, IIpHBe,neHHbIe Ha cpHr. 13, rrOJIY4eHbI ,nJI51 CJIY4351
llIarOB KBaHTOBaHH51 C paBHoH Bepo51THoCTbIO rr051BJIeHH51. ECJIH
BO Bcex cnY4a51x HCrrOJIb3yeTc51 o,nHHaKoBwH Ha60p KO,nOBWX

3HaKOB, TO 3TOT MeTO,n KBaHTOBaHH51 06ecrre4HBaeT He33BllCH-

MOCTb rroTpe6JI5IeMOH Ha I1C3 MO HOCTHOT pacrrpe,neJIeHI15I
KO,nOBbIX KOM6HH3IlJ'IH no rnaraM KB3HTOBaHH5I.

CpaBHeHHe He06xo)JJHvlbIX 1\10III.HOCTeH B HMrrYJIhCe, npll-
Be,neHHbIX Ha cpllf. 13 H 14 ,nJIH o,nHHaKOBoro qHCJIa KaHaJIOB If

paBHblx BbICOT I1C3, rrOKa bIBaeT, qTO Hcrro(Ib30BaHlle Ko,na,

06ecrrellHBalO ero MHHllMaJIbHYIO fvIOIII.HOCTb rrepe,naTqllKa Ha

I1C3 H nepe,naIOIII.erO 2 e,nHHHIl.bI HHcpopMaLLHIf (cpHr. 14),
,naeT BbIHrpbIlll B 5 pa3 rro cpaBHeHlllO C KO,nOM, rrepe,naIOIII.IfM
6 e,nIfHHLL HHcpoprvlaLLllH (6HT) If HMelOIII.IfM paBHOBep05ITHble
lllarIf KBaHTOBaHHH.

TaKHM 06pa30M, rrpH paBHoM KOJUfqeCTBe rrepe aBaeMbIx
e)J.I1HIfLL HHcpopMaLLIfIf rrpH1\1eHeHlle Ko,na, o6ecrrellllBalOIII.erO
OIITI1MaJIbHOe HCIIOJIb30BaHlle MOIII.HOCTll nepe,naTqllKa Ha l1C3,
npHBo,nHT K rroTpe6JIeHllIO B 6 pa3 MeHbllleH MOIII.HOCTH, qeM

HCIIOJIb30BaHl1e Ko,na C paBHoBepo51THbIMH IllaraMH KBaHTOBa..

HllH. B npHJIOllieHHH I I rroKa3aHo, liTO MO HOCTb,nOTpe6JI5I-
eMa51 npH HCrrOJIb30BaHllH 06WqHOrO HMnYJIbCHOrO K ,nHpOBa-
HH51, OCHOBaHHoro Ha IIpllHlLHne lLllcppoBoro B0JIbTMeTpa, rrpll-
MepHo B 5 pa3 60JIbIlle, qeM B CJIY1.Iae HCrrOJIb30BaHH5I Ko,na,

o6eCrreqHBalO ero OTITI1MaJIbHOe HCnOJIb30BaHHe MOlll.HOCTH

nepe,naTIIIlKa Ha I1C3.

T II n 0 B hI e 3 H a q C II 11 51 1\1 0 W. HOC T II n p II H 1\1 II Y JJ L C-

H 0 1\1 K 0 ):( e, 0 6 e C n e II If B a 10 IIl. e 1\1 0 nTH Ivl a JJ b Hoe

II C II 0 JI b 3 0 B a H H e 1\1 0 HOC T 11 IT e p e,n a T q II K a 11 C 3.

,LLaHHbIe, npHBe,neHHble B Ta6JI. 6, B3RTbI li3 cplir. 14 ,nJLH

pa3JIlIQHbIX BhICO'F I1C3, npll4eM ,lJ.OrrYlll.eHbI He60JIbillHe OIllH6KlI
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3a CqeT llHTeprrOJI51lLHH. DpHBe,neH II hIe 3HalleHI15I )J.aHbI AJI5I

CJIyqa51 YCHJIeHI15I aHTeHHU 0,5 H YCllJIeHllH, nOKa3aHHWX Ha

cpllr. 10, cooTBeTcTBYIO IlX BbI6paHHbIM BbICOTaM l1C3.

B. Te/zeBllaeflue

f1 p e ,[( B a p H T e JI b H bI e coo 6 p a )I( e I-I H 51

LLJI51 rrepeAalllI TeJIecpoHHbIX co06w.eHHH C nOMOlll.bIO OIIH-

caHHOH BbIllle CHCTeMbI HI(M, o6eCneQHBalOw.ei:r OnTHMaJIbHOe

HCrrOJIb30BaHHe MOlll.HOCTH nepe,naTqHKa I1C3, He06xoAllMbI
rrpHBe eHHbIe B Ta6JI. 6 3HaqeIIHH MOlll.HOCTH nepe aTIIHKa
B HMIIYJIbce. TaKHe 3HalleHHH MOIl(HOCTH o6eCneQHnalOT B JIIO-

60M npHH5ITorvi KaHaJIe OTHOllleHHe fvIO HOCTH B I1fvlrrYJIbCe
K Cpe,lJ.HeH MO HOCTHWYMOB, paBHoe 20 a6 (AO  eKoAllpoBa-
1-11151); 3TO cooTBeTcTByeT Bep05ITHOCTH nOTepH 1 HMITYJIbCa
H3 7. 10 6

. H Bep05ITIIOCTH nponYCK3 OAROM KO,nOBO 1 KOM6H-

HalLuM M3 lOG. K.a)I\:) bIHKaHaJI C I1K.M 3aHHMaeT nOJIocy qaCTOT

lllHpHROH 70 Kelf.
Ta6Jlu4a 6

Heo6xo,Il,HMble MOI.IJ.HOCTH B I1MnYJlbce nepe.u.a TI.JHKa na HC3

I1MnYJIbCHO- KO)].OBa5I MO)].Y 01151 LLU5I C 4aCTOTHbIM yrrJIOTHeHlIeM
II rrepe)].aqeii O)J,HOH 60KonOli rrOol10CbI.

7-pa 3p5I)].lIbIi:i KO)]., 06ec neI.lIl BaIOlll.H Ii OnTHMaJIbHOe HCnOJTL30BalIlle

l\IOlllHOCTII nepe,lI.3TI.IlIKa

BhICOTa I1C3. ICM
4800 9600 12 800 35 700

PaCCT05IlIlIe OT I1C3 )].0 rpaIlHLLbI 06JTaCTH

CBH311, KM . . . . . . .
. . . . . . 9123 13 563 16 991 40 446

MOlll.HOCTb nepe)J,aT4l1Ka
npH YCIIJTeIll11I aHTeHHLI

rro MOIlI,IlOCTII 0,5, 81n I
600 K3HaJIOn

900 »

1200 »

300

560

900

12
,
1 33

,
7 53 ,

1

22 ,6 61 ,8 99 ,0
36 ,

3 1 0 1
,
0 159 ,

2

MOllI.HOCTb nepe)].aT'-lHKa 600 KaHaJIOB 2,8 3,87 4,2 5,2
npI1 YCHJIeH HH allTeHHbI, 900 » 5,3 7

,
1 7,9 9,7

cooTBeTcTBYIOIll.eM 1200 » 8,53 11 ,6 12,6 15,8
cplIr. 10, BIn \

YCIIJIeIlHE' a IITeHHbI, cooTBeTcTBYIOIll.CC
8,0 14,6q)Hr. 10, npll = 10°, a6 . . . . . . 3,2 6,4

YCHJTeIlHe 3HTeHHbI, cooTBeTcTBYIOlll.ee

cplIr. 10, KaK 07HorueHue MOllI.HOCTeii 2
, 13 4 ,4 6 ,3 28,8

-
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Bep051TIIOCTb n051BJIeHH5I HMnyJIbCa B JI1060l'v1 TeJIecpOHHOM
KaHaJIe npll HCnOJIb30BaHHH Ko a, 06eCneqHBalO ero onTH-
MaJIbHOe lICnOJIb30BaHHe l'vIO HOCTH nepe aTqHKa, paBHa
0,04; qHCJIO HMnYJIbCOB, nepe aBaeMbIx C I1C3 B CJ(HHHLLY
BpeMeHH, no BCel\1 KaHaJIaM, OlJeBH HO, 3aRHCHT OT qnCJIa

K3H3JIOB. fIpHMepbI TaKoH 3aBHCHMOCTH J(3HbJ B Ta6JI.7.
B 06 eiIIlIHpHHe n0JIOCbJ Q3CTOT lie yqTeH pa3Hoc Me:>K)1.y

cyneprpynnaMH TeJIecpoHHbIX KaH3JIOB.

Ta6/lut a7
3aBHcHMoCTb IfHCJIa UMnYJIbCOB, nepe.n.aBaeMblX C I1C3

B eJ\HHI1 YBpeMeHIf, OT qUCJla TeJle4JoHHblx KaHaJlOB

LJHCJ10 TCJ1eq)QHllbIX

1{3 Ira J10B

l.JHCJ10 HMnYJ1bCOB npH
BepOHTHOCTH npeBW-

IlICHlUI 10-G

06m.aH IlIlIPHH8 no-

J10CbI qaCTOT, MclJ

600

1000

42

70

46,8

69,4

MeT 0)1. n e p e )1. a q H T e JI e B If 3 H 0 H H bI X C H r H a JI 0 B

H 3BYKOBoro COnpOBO)K)1.eHH5I

TeJIeBH3HOHHbIH CHrHaJI H K3HaJl 3BYKOBoro COnpOBO)K-
 eHH5I MO)KHO KO)1.HpOBaTb C nOMO b10I1KM H ynJIOTHHTb
HX no qaCTOTe. ,I:{JI5I KaHaJIa 3BYKOBoro COnpOBO)K)1.eHH5I KOM-

npeCCHH nOJIOCbI qaCTOT He Tpe6yeTC5I. TIOCKOJIbKY npOlLeCCbI
HKlVl H ynJIOTHeHH5I 3BYKOBoro KaHaJIa y)Ke 6bIJIH paCCMOT-
peHbI BbI e,TO 3 eCbOHH 3aTparHBaTbCfI He 6Y YT.

CJIyqaH nepe)1.aqH cneKTpa TeJIeBH3HOHHoro CHrHaJIa 6e3

KOMnpeCCHH nOJIOCbI qaCTOT 6Y)1.eT paCCMOTpeH HH)Ke 60JIee

nO)1.p06HO.

Il e p e )1. a qaT e JI e B If 3 H 0 H H bI X C H r H a JI 0 B

6e3 KOMnpeCCHH nOJIOCbI qaCTOT

,I:{JIH 3TOll lLeJIH npe)1.JIaraeTC5I HCnOJIb30BaTb HKM. TeJIe-
u

BH3HOHHbIIf BH)1.eOCHrHaJI KBaHTyeTC5I BO BpeMeHH C qaCTOTOH S
u u u

'

paBHOH Y B eHHOIiHH:JKHeH qaCTOTe, COOTBeTCTBYlOmeH HYJIe-
BOMY 3HaqeHHlO aMITJIHTY;L(, HJIH B 2,5 pa3a 60JIblIIe HaHBbIClIIeH
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l.IaCTOTbI cneKTpa nepe)1.aBaeMOro CHrHaJIa; BbI6HpaeTC5I HaH-

60JIblilee H3 3THX )1.BYX 3HaqeHHiL HeKOTopoe YXY)1.11IeHHe Ka-

qeCTBa nepe)1.aqH Ha6J1IO)1.aerC5I npM HCnOJIb30BaHHH 5-pa3-
p5I)IJIoro KO)1.a C paBHbuvlH lllaraMH KBaHTOB3HH5I; npH HCnOJIb-

30BaHHH 6-pa3p5I)1.HorO KO 3C paBHbIl'vIH rnaraI\I1i 3Toro YXY)1.-
llleHH5I KaqeCTBa He IIa6JIIO)1.aeTC5I. BeCbMa Bep05ITHO, lITO npH-
MeHeHHe OnTHMaJIbHOrO 3aKOHa H3MeHeHHfI waron KBaI-ITOBa-

HH5I )1.aCT B03MO)KHOCTb ocy ecTBllTbnepe)1.aqy npHel'vIJIeMOfO
KaqeCTBa C nOMOmbIO 5-pa3pfl)1.HOrO KOAa; no 3TOM npHqHHe
3)1.eCb 6YAeT paCCMOTpeH Hl'vleHHO CJIyqaH 5-pa3p5IAIIOrO KO)1.a.

DOJIoca qaCTOT, 3aHlll\lae:Ma51 co06 eHHeM nOCJIe HKM,
HMeeT lllHPHHY 1/2x 5x S. TIpe)1.nOJIara5I, qTO nepe)1.aqa Be-

AeTC5I C qaCTHQIIbIl\1 nOAaBJIeHHeM O)1.HOM 60KOBOM rrOJIOCbI, H3-
u u

JIyqaeMbII1 TeJIeBH3HOHHbIH CHfHaJI )1.0JI)l{eH 3aHHMaTb nOJIOcy
B 2,5 pa3a lllHpe 3TOM nOJIOCbI HaMKBlicTa; npH 3TOM npeATIoJIa-
raeTC5I, I.ITO HCnOJIb3YlOTC5I cpaBHHTeJIbHO JIerKO peaJIH3yeMbIe

CpHJIbTpbI. TaKHl\i1 06pa30l\f, 3aHHMaeMa51 nOJIoca qaCTOT co-

CTaBHT 6,25S. 3TY nOJIOcy MOMHO YMeHblIIHTb )1.0 5S rrpH
HCTIOJIb30BaHHH 60JIee CJIO)KHbIX cpHJIbTpOB.

HeKoTopbIe )1.aHHble ,ll.JI5I l.IeTbIpex CHCTel\ITeJIeBH)1.eHHfI npH-

BeAeHbI B Ta6JI. 8, B351TOH H3 pa60TbI [17].
Ta6/lul{a 8

LUHpHHa nOJlocw qaCTOT npH nepe aqeTeJleBM3HOHHoro CHrHaJla

MeTO OM11 I(M  JUIpa3JU1t.JHbIX CTaH apTOB
.

CTaH}J.apT (1.IHCJ10 CTpOK)
625 (Me1K

405 525 625 }J. YHa pO}J. -

H LI f1 )
.

II a II BhIC III a 51

M2t{ ·
. .

4aCTOTa BII)J,eOCrreKTpa,
5 63 4,2. . . . . . . . . . . .

I-IaHIIH311Iafl qaCTOTa BHJJ.eOCnel{Tpa,
COOTBeTCTBYIOI.I.J.aH HYJTenOH al\IrrJUI-

TYJJ.e, M2t{ . . . . . . . . .. 3,5 4,5 5,5 6,5

4aCTOTa }{BaHTOBaHHH S, M2t{ . . . .1 7,5 11G,5/12,S/ 15

6,5 S-nOJIOca 4aCTOT TeJIeBH3110HHoro

CHrHaJIa npII npOCTblX cplIJIbTpaX,
M2t{ . . . . . . . . . . . .. . 48,75 68,25 81,25 97 ,5

nOJIOca t.IaCTOT TeJIeBH3HOHHoro CHr- I
HaJIa 5 S rrpu CnellHaJIbHbIX CPIIJIbT-
pax, M2l . . . . . . . . . . . . 37,5 52,5 62,5 75



232 Cafl8eJrtafl E. 7. CucmeMbl CBfl3U, o6eCnettUBalOl-l{lle pa30elleflue epynn KQHaA08 233

Tpe60BaHMSI K nOJloce IJaCTOT. CpaBHIfBaH lllIfPIfHY nOJIOCbI,

Heo6xo
/LJJ1MYIO npH nepe aqeTeJIeBH3IfOHHoro  HrIIaJIa C rro-

JIOCOH, 3aHHMaeMOH TeJIecpOHHbIM KaHaJIOM, MO)KHO BH eTb,

qTO rrpH rrpHMeHeHIfII CneIJ.IfaJIbHbIX cpIfJIbTpOB  JIHCY)KeIIIIH
nOJIOCbI qaCTOT  JIH nepe aqHTeJIeBH eHHH C KOJIHlJeCTBOM

CTpOK pa3JIO)KeHHH 405 Heo6xo IfMaTaKaH )Ke nOJIoca LIacToT 
KaK H  JIHnepe aqIf600 TeJIecpoHHbIX KaHaJIOB. TeJIeBH3HOIIHbIH
CHrHaJI C Me)K)].YHapO HbIM CTaH apTOM 625 CTpOK MO)KeT

6hITb nepe)J.aH B nOJIOce, 3aHliMaeMOH 1000 TeJIecpOHHbIMH
KaHaJIaMH, eCJIH yqeCTb qaCTOTHble HHTepBaJIbI Me)K)J.Y cynep-

rpynnaMH.
Tpe60BaHHSI K MO HOCT"nepe aTqHKaHa I1C3. MOIlJJ-IOCTb,

He06xo)J.HMaH )J.JI5I rrepe)J.aLIIf  fHorOKaHaJIbHbiX TeJIecpoIlHbIX
C006IlJ,eHHH, 60JIee qeM  OCTaTOqHa JIHnepe allHTeJIeBIf3HOH-

HbIX CIfrHaJIOB npH YCJIOBHI1, qTO He06xo)J.HMaH )J.JIH nepe aLIH
TeJIeBIf31I0HHbIX CHrHaJIOB nOJIOCa qaCTOT He npeBOCXO)J.HT
nOJIOCbI qaCTOT npli nepe aqeIvIHorOKaHaJIbHbIX TeJIecpOHHbIX
CHrHaJIOB. 3TO MO)KeT 6bITb npOBepeHO BbILIHCJIeHIfeM OTHOllle-

HIfH nIfKOBOH MO HOCTH K cpe HeHMO HOCTIflllYMOB  JIH

CJIYlJaH nepe)J.allIf TeJIeBH3IfOHHbIX KaHaJIOB C nOMOIlJ,bIO

I1I<M.
u

npMMep BblIJMCJleHMSI OTHOllIeHHSI "MKOBOM MOrn.HOCTM TeJle-

BM3HOHHOfO CHfHaJIa K cpe.ll.Heii MOll(HOCTH lllYMOB (,lJ,JISI "PH-
HSlTblX HMnYJIbCOB C I1KM). 3HaLIeHH5I MOIlJ,HOCTH, npHBe eH"
HbIe B Ta6JI. 6, paCCqHTaHbI B npe nOJIO)KeHHH, qTO qHCJIO

HMnyJIbCOB OT Bcex KaHaJIOB HHKOr)l.a He npeBbIlllaeT lJI1CJIa HM..

nyJIbCOB, np HBe)J.eHHoro B Ta6JI. 7. TIp If .3TOM npe)l.noJIaraJIOCb
TaK)Ke, lJTO MO HOCTbnepe)J.aTlJHKa I1C3 npOnOpIJ.HOHaJIbHa

lJHCJIY HMnYJIbCOB, TaK lJTO rroTpe6JI5IeI\laH MOIlJ,HOCTb rrponop-
I(HOHaJIbHa KBa)l.paTY lJIfCJIa HMnYJIbCOB. CJIe)J.OBaTeJIbHO,
IIHKOBaH MOIlJ,HOCTb npHH5ITOrO TeJIeBH3HOHHoro HMnYJIbCa
(OTHeceHHaH K O)l.HOMY TeJIecpOHHOMY KaHaJIY) )l.OJI)KHa 6bITb

rro KpaHHeH Mepe He MeHbllle, qeM MOIlJ,HOCTb, COOTBeTCTBYlO"

IlJ,a5I lJHCJIY HMnYJIbCOB, npHBe eHHbIXB Ta6JI. 7, MHHYC O HH,

}J.pyrIfMH CJIOBaMH, B 45,82 """"' 2098 H 68,4 2 """"' 4679 pa3
60JIblile MOIlJ,HOCTH O)].Horo HMnYJIbCa JIlo60ro TeJIecpoHHoro
KaHaJIa C I1KM.

lV\OIlJ,HOCTb lllYMa, rrpHHHToro BMeCTe C HMnYJIbCOM TeJIe-

BH3HOHHoro KaHaJIa}J.O )l.eh.O)l.HpOBaHH5I, OLIeBH)l.HO, B 5S/0,07
== 71,45 pa3 60JIbllle MOIlJ,HOCTH WYMOB B TeJIecpoHHoM KaHaJIe

c I1KlY\, 3aHHMaIo eMnOJIocy lJaCTOT 70 Kelf (KaK 6b1JIO CKa3aHO
I

u

BbIIlle, MbI paccMaTpuBaeM: CJIYlJaH npliMeHeHlI5I cneI(uaJIbHbIX

cpUJIbTpOB, rrO.3ToMY 11 B3HTO 5S).
ECJIH )J.JI5I rrepe)J.aqH TeJIeBH3HOHHoro ClirHaJIa C qHCJIOM

CTpOK pa3JIO)l{eIlHH 405 HCnOJIb3yeTcH CHCTeMa CB5I3H, npe)J.Ha3-
HalJeHHa5I )J.JI5I nepe)].al:llI CHrHaJIOB 600 TeJIeCpOIlHbIX KaHaJIOB,
TO OTI-IOllleHHe rrHKOBOH MOI.l\HOCTH CHrHaJIa K cpe)J.ueH MOIUJIOCTH
rnYMOB 6Y)J.eT BbIlIle, lJeM B CJIyqae nepe)].a1IH TeJIecpOHIIbIX co06-

 eHHH (20 86) B 2098/71,48 == 2098/71,4X7,5 == 3,9 pa3a,
T. e. IIOqTII Ha 6 86.

BhIHrphIlli B OTHoweHlI11 CHrHaJI/wYI\I npH nepe)J.alJe TeJIe-

BH)J.eHHH C Me)I{)J.YHapo)J.HhIM cTaH)J.apToM 625 CTpOK no JIlIHHH,

npe)J.Ha3HalJeHHOH )J.JI5I rrepe)J.alJIf 1000 TeJIecpoHHwx KaHaJIOB,
COCTaBJI5IeT 4679/71,4. 5 == 4679/71,4 X 15 == 4,3 pa3a, IIJIH

HeCKOJIbKO 60JIblIle 6 86.
u

B Ka)K)J.OM H3 3THX CJIYlJaeB OTHOlIleHHe HMnYJIbCHOI1 MOIlJ,-

HOCTH CHrHaJIa K cpe)J.HeH MOIl.\HOCTH wYMa COCTaBJIHeT 26 86.
COrJIaCHO cpHr. 15, TaKoe OTHOllIeHHe cooTBeTcTByeT Bep05IT-
HOCTH rroTepH O)J.Horo liMnYJIbCa 113 1013 npH HCrrOJIb30BaHHH

7-pa3p5I)J.Horo KO)J.a. Bep05ITHOCTb eI.l\e HH)Ke rrpH 5-pa3p5I)J.-
HOM Ko)].e. 3TO 03HalJaeT, IITO )J.am:e npH lJaCTOTe KBaHTOBaHHH

BO BpeMeHH 15 M2l{ cpe)J.Hee lJHCJIO OllIH6oK B 3JIeMeHTax TeJIe-

BH3HOHHoro 11306pa)l{eHHH He npeBbIlliaeT 15 3a MHJIJIHOH

ceKYH)]..

"'aclJcpeKTuBHoCTb KO.ll.a, o6eCnel.JHBalO eroOnTUMaJlbHOe HC-

nOJIb30BaHue MO HOCTMnepe aTIIHKa"PM nepe alleTeJIeBM)J.e-

HUSI. I1pHBe)J.eHHbIe BhIlile BbIlJHCJIeHHH cnpaBe)J.JIHBhI )l.JIH

O)J.Horo TeJIeBH31IOHHoro KaHaJIa BHe 3aBHCliMOCTH OT Toro,

rrpHMeH5IeTC5I JIll KO)]., 06eCnelJHBaIOIl.\HH: OTITHM3JIbHOe HCnOJIb-

30BaHHe MO HOCTHnepe)].aTQI1Ka, HJIH BeT. IlpHMeHeHHe TaKO-

1'0 KO)J.a TOJIbKO YMeHbIllaeT QHCJIO nepe}J.aBaeMbIX I1MnYJIb-
COB, He H3MeH5I5I HX aMnJIHTY)l.bI. TaKIf I06pa30M, rrpH HeH3MeH-

HOM nHKOBOJ1 MOmHOCTH CHH)KaeTCH cpe)J.HH5I MOmHOCTb, 113-

JIYlJaeMaH nepe)J.aTlJHKOf\1 I1C3.

MeTO,l\ KOAHpOBaHUSI npH I1KM. 3KcnepHMeHTaJIbHaH CH-

CTeMa rrepe)J.alJH TeJIeBH)J.eHH5I C nOMOIlJ,bIO I1K.lV\ onHcaHa B pa..
60Te [24 J. KBaHToBaHHe BO BpeMeHH TeJIeBH3HOHHoro CHrHa..

JIa C HOMHHaJIbHOM lIlHpHHOH rrOJIOCbI lJaCTOT 4,5 M2lf rrpoH3-
BO)J.HJIOCb C IIacToToH 10 Mel{. KO)J.HpoBaHHe npoH3Bo)].HJIOCb
C rrOMO blO3JIeKTpOHHO-JIYl:leBOH TPy6KH, JIYl:l KOTOpOH OT"

KJIOHHJICH Hanp5I)KeHHeM TeJIeBH3HOHHoro CHrHaJIa. UUHpHHa
JIYlJa )l.OCTaTOQHa )l.JIH nepeKpbITH5I 6 nOJIO}KeHHH Ha 3KpaHe,

(i

-
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Ha KOTOpOM HaHeceH C nOMOll1-bIO OTBepCTHH 6-pa3p H,[(HbIH KO,L(,

npe,[(CTaBJI5IIOmHH BeJIH4HHY OTKJIOHeHH5I JIY4a. KO,[(HpOBaHHbIH
ClfrHaJI, cHHMaeMbLH 6 KOJIJIeKTOpHbI1'IH nJIaCTHHaMH, paeno""
JIO)KeHHbIMH 3a oTBepcTHHMH .3KpaHa, nepe,[(aeTC5I napaJIJIeJIbHO
no 6 KaHaJIaM. ITO-BH,lIJ1MOMY, HeTpYAHo nepeBecTH TaKOH: KO,L(
B rrOCJle,[(oBaTeJIbHYIo rpynny C qaCTOTOH: 3HaKOB 6 . 10 7

B 1 eeK.

Depe,[(aqa TeneBH,[(eHHH

C HCnOJIb30BaHHeM KOMnpeccHH
nOJIOCbI qaCTOT

qacTHqHO ocy eCTBJIeHa H npO,L(eMOHCTpHpoBaHa [13]
u

OIIbITHaH CHCTeMa, B KOTOp0H npoH3Be,[(eHo cymecTBeHHoe C)Ka-
u

TIfe nepe,L(aBaeMOH nOJIOCW qaCTOT npH BnOJIHe npHeMJIeMOM
KaqeCTBe TeJIeBH3HOHf OHnepe,[(aqH. OCHOBHOH npHHl(Hn pa60TbI

u

9TOH CHCTeMbI 3aKJIIOqaeTC5I B pa3,[(eJIeHHH BH,L(eOnOJIOCbI Ha

ABe qaCTH: nepBaH qaCTb CO,L(epLKHT KOMnOHeHTbI C qaCTOTaMH
u u

OT HYJI5I ,[(0 KaKOH-TO onpe,L(eJIeHHOH BeJIHqHHbI, HanpHMep
350 K2f{, H nepe,L(aeT HHcpopMal(HIO 06 OCBemeHHOCTH cpaBHH-
TeJIbHO 60JIblllHX nJIo a,L(eH: Ka,L(pa; BO BTOpOH qaCTH nepe-
,L(alOTC5I qaCTOTbI OT 350 KZl{  oHaHBbIC111eH: qaCTOTbI BH,L(eO-

CHrHaJIa (CM. Ta6JI. 8), CO,L(epllia He HHcpopMal(HIO 0 Kpa5IX

H306pallieHH5I HJIH nepeXO,L(ax HpKOCTH.
B TOM LKe HCTOqHHKe YKa3bIBaeTCH, qTO ,L(JIH rrOJIyqeHH5I Ka..

qeCTBeHHoro H306pa)KeHHH B TeJIeBH3HOHHOH CHCTeMe C lllHP1f"
HOH: nOJIOCbI 4 M2tf He06xo,L(HM HMnYJIbCHbIH KO,[(, onpe,[(eJIHIO-
 HH128 YPoBHeH HanpHMeHH5I npH qaCTOTe KBaHTOBaHHH BO

BpeMeHH  12Melf. YqHTbIBaH nepe,L(aqy qaCTHqHO no,[(aBJIeH"

HOM 60KOBOH nOJIOCbI, 9TO COCTaBHT -------IS M2lf ,L(JIH 06 eH111H..

pHHbI nOJIOCbI.

DpH nepe,L(aqe KpaeB Ka,L(pa Ka)K,[(a51 cTpoKa 3anOMHHaeTCH

H aHaJIH3HpyeTcH ,[(JI5I onpe,[(eJIeHHH rrOJIO)KeHHH H BeJIHqHHbI ne-

pcnaAa OCBelI..\eHHOCTlI. ,QJIH Ka)K,L(OrO npOMe)KYTKa paBHoH 51P-
KOCTH BbIpa6aTbIBaIoTcH KO,L(OBbIe rpynnbI, xapaKTepH3YIoll He

,[(JIHHY npOMe./KYTKa, ero HpKOCTb, a TaKMe BeJIHqHHY H 3HaK

nepexo,[(a HpKOCTH Ha KOHu.e Kam,L(OrO npOMe)I{YTKa. IloJIyqa-
eMaR TaKHM 06pa30M HHcpopMaUJ1H nepe,[(aeTcH npH nOCTORHHOH

qaCTOTe 3HaKOB; nOCJIe ,[(eKoJ(HpoBaHHH Ha npHeMHoM KOHl(e

reJleBH3HOHHoe H306pa)KeHHe BOCCTaHaBJIHBaeTC5I H3 OT,L(eJIb-

HbIX KYCKOB.

--

"
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BbIBO)l.bl

B JI H 51 H H e B p e t\I e H If pac II p 0 C T P a H e H H 51

npH HCIIOJIb30B3HHH I1C3
Ha CHHXPOHHOii op6HTe

BJIH5IHHC BpeMeHH pacnpocTpaHeHHH CHrHaJIa B 9TOM cJIyqae
npOHBJI5IeTC51 B 60JIb1110M 3arra3,[(bIBaHHH CHrHaJIa H B3aHMIIoH

6JIOKHpOBKe. 3TH HBJIeHHH YCTpaHHIOTCH C nOMo bIOnepeKJIIO-
qeHH5I l(enei1, nOKa3aHHbIX Ha cpHr. 1 H 2. I(poMe Toro, npH Ha-

u

JIHqHH ,[(BYX Ha3eMHbIX CTaHl(HH, paCnOJIO)KeHHblx Ha KpaHx
06eCneqHBaeMoi1 CBH3bIO nJIO a,[(H, BpeMH OTBeTa Kam,L(OrO

H3 a60HeHToB YBeJIHllHBaeTcH Ha 0,56 ceK. 3TO ,[(onOJIHHTeJIbHOe

BpeM5I COBep111eHHO He o y aeTC5InpH 06blqHbIX TeJIecpOHHbIX
neperOBopax; aBTOpy y,[(aBaJIOCb 06HapY2KHTb 3TO ,[(onOJIHH-

TeJIbHOe BpeM5I TOJIbKO npH nOMO HHenocpe,[(CTBeHHoro cpaB-
HeHH5I C JIHHHeH 6e3 3a,[(epMKH Ha 3KcnepHMeHTaJIbHOM MaKeTe,

BocnpOH3BO,L(HBrneM peqeBbIe CHrHaJIbI.

TIocTpoeHHe annapaTypbI nepeKJII04eHHH H nO,L(aBJIeHH5I 3xa,

n03BOJI5IIOlI..\ei1 O,L(HOMY H3 a60HeHTOB npepbIBaTb ,[(pyroro,
BnOJIHe B03MOLKHO.

Pa3,[(eJIeHHe KaHaJIOB

Ha paHHeH CTa,[(HH pa3BHTH5I CHCTeM CB5I3H C nOMO blOHC3

pa3,[(eJIeHHe KaHaJIOB 5IBJI5IeTCH COBepllleHHO He06xo,[(HMbIM
napaMeTpOM CHCTeMbI, .n03BOJIHlO HM HCnOJIb30BaTb MaKCH-

MaJIbHbIH: pOCT TpacpHKa H TeM caMbIM CBO,[(H HMK MHHHMYMY
nepBOHaqaJIbHbIe 3aTpaTbI. Kor,L(a CHCTeMa CB5I3H C nOMO bIO

I1C3, nepeKpbIBaIO aH onepe,L(eJIeHHYIO nJIO a,[(b, OKa)KeTC5I

nOJIHOCTblO 3arpY)KeHHOH, qaCTb HarpY3KH MomeT 6bITb nepe-
u

ne,[(eHa Ha O,L(HY HJIH HeCKOJIbKO cnCTeM MarHCTpaJIbHOH CB5I3H.

,QJI5I BbI,l:(eJIeHHH KaHaJIOB He06xo,l:(HMO HcnO.J1b30BaHHe CHCTeMbI

MHorOKaHaJIbHOrO qaCTOTHoro ynJIOTHeHHH.

11 C n 0 JI L 3 0 B a H H e H t\1 II Y JI h C H 0-K 0 ,[( 0 B 0 H

t\I 0 ,[( Y JI 51 U. H H

HKM HMeeT IIeKOTopbIe npeHMYll. eCTBa no cpaBHeHHlO
C ,[(pyrHMH BH,[(aMH MO,[(YJI5IIl.HH, n03BOJI5I5I ,[(OCTHrHYTb on-

THMaJIbHOrO COOTHorneHHH l'vre2K,L(y Tpe60BaHH5IMH MHHHMaJIbHOH

MOInHOCTH Ha3eMHoro H 60pTOBoro nepe,L(aTqHKOB H MHHHMaJIb-

HOH 111HpHHbI nOJIOCLI qaCTOT. ,QJI5I BbI JIeHHH OT,L(eJIbHbIX Ka-

HaJIOB He06xo,[(HMO npHt\leHHTb I1K.lVl B Kam,[(OM KaHaJIe. ECJIH
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 JIHCBH3H Me)K Y BYMHHa3eMHbIMH nYHKTaMH BbI)J.eJIHerCH

Onpe eJIeHHaHrpynna KaHaJIOB, TO I1K.M MOlliHO npHMeH5ITb
 JIHBceH rpynnbI KaHaJIOB. HeKOTopoe YMeHbllIeHHe 1lII1pHHbI

u

..

3aHHMaeMOH nOJIOCbl qaCTOT H 3KOHOMHH MOIlIJ-IOCTH MorYT
6blTb  OCTHrHYTblnpn HII HBH yaJILHOMHMnYJIbCHOM KO,LI)1-

pOBaIIHH Ka)J{Aoro OTACJIbHOrO KaHaJIa rpynnbI H npH Bpe-
MeIIHOM pa3 eJIeHHH.TIoCJIe HHe BanOJIO)KeHHH cnpaBe):(JIlIBbl

u

TaK)l{e  JIHCHCTe11bI MarHCTpaJIbHOIf CBH3H.

K 0)1., 0 6 e C n e q If B a 10 Ill. 11 H 0 n T If !\1 a JI b Hoe

If C n 0 JI b 3 0 B a H If e !\I 0 HOC T If n e peA a T II H K a

OnHcaH Cne IfaJIbHWHMeTo HMnYJIbCHOrO KOAHpoBaHIfH,
npH KOTo"pOM Tpe6yeMaH MIvlnYJIbCHa5I MOIl(HOCTb KaK Ha3eM-

IIoro, TaK H 60pToBoro nepe)J.aTqIfKOB MHHHMaJIbHa.

TIocJIe HanHcaHHH  aHHoHCTaTbH B neqaTH nOHBHJIOCb co-

06Il(eHHe [21 ] 0 B03MO)KHOCTH ocy eCTBJIeHHHno o6I1oroKOAa.

I1lVl n Y JI b C H a 51 !\I 0 Il( II 0 C T b n e p e )l. a T II H K a 11 C 3

Heo6xo HMaH HMnYJIbCHaH MOIl(HOCTb nepe aTIIHKa, YC-
TaHOBJIeHHOrO Ha I1C3, npHBe eHaHa cpHI". 11  JIHCJIyqaH ne-

peAaqH O HOH60KOBOH nOJIOCbl; Ha cpHI". 12 -  JIHCJIyqaH
nepe aqHC LI.Nl; Ha cpHr. 13 H 14 -  JIHcJIyqa51 nepeAaqH
C HI(M. B Ta6JI. 6 CBe eHbITpe6oBaHIf51 K MOIl(HOCTH 6opToBoro
nepe aTqHKa JI5IHeKoTopbIX qaCTHbIX CJIyqaeB nepeAaqH npH
I1K.M. Bo Bcex CJIyqaH:X IfMeeTC5I B BH ynepe aqaOAHHaKO-
Boro THna KaK C Ha3eMHoH CTaHIl.HH Ha I1C3, TaK If o6paTHo.
TIpH nepe)J.aqe OAHOH 60KOBOH nOJIOCbI npHMeHHeTC5I IIaCTOTHoe

MHorOKaHaJIbHOe ynJIOTHeHHe TeJIecpoHHbIX KaHaJIOB. CHrHaJIbI
C qaCTOTHbIM ynJIOTHeHHeM nepe)J.aIOTC5I TaK)Ke MeTO)J.OM qaCTOT-

HOH MO YJIH HH.TIpM nepe)J.aqe C HK.M ynJIOTHeHHbIe nOJIOCbI
u u

-

nepe)J.alOTcH MeTO OMO)J.HonOJlOCHOH aMnJIHTYAHOH MO YJI5IIl.HH.
I1cnoJIb30BaHHe qaCTOTHOH M(!) YJIHIl.HH He n03BOJIHeT npOH3-
BOnHTb pa3AeJIeHHe KaHaJIOB.

TIpoH3Be eHHbIHpaCqeT HMnyJIbCHOH MOIl(HOCTH ):(JI5I CJIyqaH
npHMeHeHHH I1I(M ):(aJI HeCKOJIbKO 3aBbIllIeHHbIe 3HaQeHHH,

rrOCKOJIbKY rrpH paCIIeTe CIIMTaJIOCb, qTO HMrrYJIbCHOe HarrpH:tKe-
HHe n HMnYJIbCOB (OT 48 l1JIH 69 HMrrYJIbCOB, CM. Ta6JI. 7)
B n pa3 60JIbllIe HarrpH)KeHH5I OAHoro HMrrYJIbca. YqHTbIBa51

cTaTHcTHKY, MO)KHO npHHHTb rrHKOBoe 3HaqeHHe MeHbllIHM,

)J.onycKaH HeKoTopylO BepoHTHoCTb rrpeBbIllIeHHH 3Toro 3Haqe-

--

N
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HHH. GAHaKO 3TO rrOJIOllieHHe HY)K)J.aeTC5I B no po6HOMHC-

CJIe OBaHHHH MO)KHO O)KM):(aTb, qTO 3TH HCCJIe OBaHH5I n03"

BOJIHT cy ecTBeHHOCHH3HTb Tpe6yeMYIO MOIl(HOCTb nepeAaT"

1:IHKa [20], [22] H [23].

Cpe):(HH5I MOII(HOCTb nepeAaTQI1Ka I1C3

Cpe):(HHH MOrnHOCTb nepeAaTqHKa npM HCnOJIb30BaHHH

LIM paBHa rrMKOBOMY 3HaQeHHIO MOrnHOCTH nepe):(aTqHKa,

rrpHBe):(eHHOMY Ha cpHr. 12.

flpH nepe):(aqe C I1K1\\ C 7-3HaIIHbIM KO):(OM, KaK

CJIe)J.yeT H3 Ta6JI. 7, qHCJIO IUvlnYJIbCOB, Ha KOTopoe )J.OJI"

)KeH 6bITb paCCqHTaH nepe):(aTqHK I1C3 AJIH nepeAaqH 600

TeJIe(pOHHbIX KaHaJIOB, paBHo 47. OTclo):(a MaKCHMaJIbHa5I

MOrnHOCTb nepe)J.aTqHKa )J.OJI)KHa 6bITb B 47 2
pa3 60JIbllIe MOIl(-

HOCTH O):(Horo HMnYJIbca. 113 cpHr. 14 MO)KHO 3aKJIIOQHTb, QTO

cpeAHHH BepoHTHoCTb nOHBJIeHM5I If!\1nYJIbCa B KaKOM-JIH6o Ka-

HaJIe paBHa 0,04. D03TOMY cpe)J.HHH MOIl(HOCTb B 600 X 0,04 ==

,== 24 pa3a 60JIbllIe MOIl(HOCTM O)1.HOrO IfIvlnyJIbca.
u

CJIe OBaTeJIbHO, cpeAHHH MOmHOCTb paBHa nMKOBOH, no..

,lI.eJIeHHOH Ha 472/24 == 92. AHaJIOrHqHO, B cJIyqae 1000 TeJIe-
u

cpOHHbIX KaHaJIOB ,lI.JI 51 HaXO)K,lI.eHHH cpeAHeH MOIl(HOCTM nMKO"

BYIO MOIl(HOCTb Heo6xo,lI.HMO pa3,lI.eJIHTb Ha 6 2/40== 119.

TaKHM o6pa30M, ,lI.JIH onpeAeJIeHH5I cpe,lI.HeH MOlI1.HOCTH

onpe,lI.eJIeHHOe no cpHI". 14 3HaQeHHe MOlI1.HOCTH Heo6xo,lI.MMO pa3"
,lI.eJIHTb Ha 92 ,lJ,JIH CJIyqaH 600 TeJIecpoHHbIX KaHaJIOB If Ha 119

,lI.JI5I CJIyqaH 1000 KaHaJIOB.

I-ianpHMep, K MOlI1.HOCTH H lllMpHHe nOJIOCbI qaCTOT npH

nepe,lJ,aqe CHfHaJIOB 600 TeJIecpoHHbIX KaHaJIOB, 3aHHMaIDlI1.HX

Ka)K)1.bIH nOJIocy 4 K2l{, a Bce BMeCTe - 2,5 M2l{ Ha BbIXO,lJ,e

annapaTypbI qaCTOTHOfO ynJIOTHeHHH, npM BbICOTe I1C3

12 800 KM II YCHJIeHHH aHTeHHbI I1C3 0,5 npe)1.'bHBJIHIOTC5I
Tpe6oBaHHH, npHBe)J.eHHwe B Ta6JI. 9.

Ta6AUl{a 9

MOlll.HOCTb II IlHlpllHa nOJlOCbl lJdCTOT npl nepe)J.allc
CllfHaLJIOB 600 TeJle OnHblx KanaJlOB

BlI]]; MO,lJ;YJI5I-
lI.HM

TpeoyeMaH Cpe,lJ;IIHH
MOIIJ.HOCTb, em MOll\HOCTb. 8m

3aHHMaeMaH
nOJIOca t.IaCTOT,

Mzij

4M ..... 25(cpnr.ll)
I1KM . . . . . 30 (£pur. 14)

25

0,326

105

44,45
I
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ECJIH YMeHbIllHTb nOJIocy qaCTOT npn qaCTOTHOH MO YJI5I-
I(HH  o3HaqeHH5I lIlHplIHbI nOJIOCbI npH 11KM, TO Cpe):(H5I5I
MO HOCTb, Tpe6yel'vla5I npH qaCTOTHOH MO)J,YJI511l.HH, 6y eTB
478 pa3 60JIblIle, I-IeM nplI 11KM.

Cpe HH5IMO HOCTbnepe aTqHKa11C3, H3XO H erOC5IH3
CIIIIX pOHHOI1 op6HTe, )J,JI5I CJIyq35I npe JI3r3eMOHCHCTeMbI H3

600 TeJIecpoHHbIX KaHaJIOB C lIKM COCT3BHT -----60 JrlBnl npH KO"

3Cl)(pIIIlJIeHTe YCHJIeHH5I aHTeHHbI (no MOllJJIOCTH) 28,8.

3 a H H 1\1 a e 1\1 3 51 n 0 JI 0 C a q aCT 0 T

lllnpHHa OCHOBHOI1 nOJIOCbI q3CTOT K3I-13JIa npH lII,Nl CO-

CT3BJI5IeT 70 K2lf; OCHOBHaH rpynna 1I3 12 K3HaJIOB 3aHH1\laeT

840 K2q; OCHOBHaH cyneprpynrra 1I3 60 K3HaJIOB 3aHHMaeT

4200 K2q.
11HTepBaJI Me)K y)J.BYMH Cal'vlbIMII HH3K04aCTOTHbIMlI cyrrep-

rpynnaMH COCTaBJIHeT 12 AJclfl. Me)K)J.y BceMH OCTaJIbHbIMH 8J\t12lf.
TaKHM 06pa30M, IllHpHHa nOJIOCbI I-IaCTOT, 3aHHMaeMaH N

K3H3JI3MH, p3BHa 70 N K2q rrJIlOC HHTepB3JIbI Me./K ycyrreprpyn-
rra1\IH.

HanpHMep, 600 CHl\InJIeKCHbIX TeJIecpoHHbIX K3H3JIOB 3a-

HHMalOT nOJIOcy q3CTOT (600 X 70 + 2 X 210 + 7 X 140) K24,
paBHYIO 43,4 M2lf. ,I:(JI5I nepe)J.aqH 600 )J,yrr TIeKCHblx KaHaJIOB

nOTpe6yeTC5I 4 T3KHe nOJIOcw: 2 HenpepwBHwe nOJIOCW ):(JI5I

nepe)J.aqH C I1C3 Ha 3eMJIIO (86,8 Mel{), 2 CMe)KHble nOJIOCbI

)J.JIH nepe)J.aqH C 3eM 11I H3 vIC3 (86,8 M2lf) H HHTepBaJIbI Me)f{-

)J.y 3THl'vIH nOJIOCaMH, KOTopble B ):(H3na30He 2 F2lt  OJI./KHbI3a-
HHMaTb  100M2lf. 06 a5I3aHHMael'vla5I nOJIoca 4aCTOT, Ta-

KHM 06pa30M, paBHa 273,6 M24.,
,I:(JI5I )J.Hana30Ha 2 F2lt pa3Hoc qaCTOTHbIX nOJIOC B 100 lV12lf

MO)KHO CqHTaTb ):(OCTaTOqHbIM; B 60JIee BbICOK04aCTOTHbIX )J.Ha-
na30Hax He06xo)J.HMO YBeJIHqHBaTb TaK.lKe H IIHTepBaJI Me./K)J.Y.
qaCTOTaMH nepe)J.aqH II npHeMa, qTO 5IBJI5IeTC5I  OnOJIHIITeJIb-
HbIM aprYMeHTOM B nOJIb3Y npHMeHeHH5I )J,lIana30Ha 2 F2l{.

IloJIoca qaCTOT, 3aHIIMaeMa5I qaCTOTHo-MO)J,yJIlIpOBaH-
HbIM ClIrHaJIOM nplI )J.eBHall.IIH qaCTOTbI :1:50 M2l{, COCTaBJI5IeT

100 M2lf (Ha Ka.lK)J.bIH CTBOJI) HJIII 60JIee 500 M2lf )J,JI5I )J,ynJIeKC-
HOll CB5I3H C 11C3. IloJIoca qaCTOT, 3aHHMaeMa5I CHCTeMOH

u

O)J.HonOJIOCHOH nepe)J.311n, 3IIaqHTeJIbHO MeHbIlIe, O)J,HaKO B 3TOM

CJIyqae K MOmHOCTH nepe aTqHKaHC3 npe):('bHBJIHIOTC5I co-

BeprneHHO HeBblnOJIHHMble Tpe6oaaHH5I.

I

He)J,OCTaTKll CHCTeM

cpa 3 e JI e H II e 1\1 K a H 3 JI 0 B

Tpe60B3HHe pa3):(eJIeHlI5I KaH3JIOB Orp3HHqHBaeT HMnYJIbC"
Hoe KO)J.l1pOBaHHe CTaH)J,apTHbIMII nOJIOCaMII TeJIecpOHHbIX Ka-

HaJIOB C MHorOKaHaJIbHbIM ynJIOTHeHlIeM no llaCTOTe. ECJIH

 JI5ICBH3H )J,BYX H33eMHblX cTaHUHH Tpe6yeTcH qHCJIO KaHaJIOB,

lI.OCTaTOqHOe )J,JI5I Toro, qT06bI o6pa30BaTb rpynny, cynep"

rpynny IIJIH HeCKOJIbKO cyneprpynn, TO COOTBeTCTBYlOllJJ1e

CTaH)J,apTHble rrOJIOCbI C llaCTOTHbIM MHorOKaHaJIbHbIM ynJIOT-
HeHHeM MorYT 6bITb 3aKO)J,lIpOBaHbI ueJIHKOM. B CJIyqae, Kor):(a

u

tIHCJIO KaH3JIOB, OTBe)J,eHHoe )J,JI5I nOCTOHHHOH CB5I3H, MeHbrne

12, T. e. MeHhllle, qel'vI qHCJIO KaHaJIOB, COCTaBJI5IIO HXrpynny,
l\10)KeT OKa3aTbCH y)J,06Hee npHMeH5ITb HH,D.IIBH):(yaJIhHOe KO,D.H-

pOBaHHe H )J,eKo)J,l1poBaHHe Ka./K)J,oro KaHaJIa. I1H)J,IIBH,D.yaJIb-
Hoe KO,D.HpOBaHlIe H )J,eKO)J,HpOBaHHe Ka)K)J.oro KaHaJIa OKa)KeT-

C5I He06xo HMWM,eCJIII rr05IBlITC5I Tpe60BaHlIe HH)J,HBH,D.yaJIb-
Horo nepeKJIIOqeHHH TeJIecpOHHoro KaHaJIa C O):(HOH CTaHll,HH Ha

)J,pyryIO.
OTCIO,D.a BH)J,HO, qTO pa3)J,eJIeHHe KaHaJIOB BJIeqeT 3a

-

C060H

3HaqHTeJIhHOe YCJIO}KHeHlIe CHCTeMhI npH HaJIHqHH 60JIhillOrO

4HCJIa KaHaJIOB, KO)J,HpyeMblx HH)J,HBH)J,yaJIbHO. O)J,HaKO B 3TOM

CJIyqae rrpIIXO)J,HTC5I II,lJ,TH Ha TaKoe YCJIO)KHeHHe, nOCKOJIbKY
u

U

)J,pyroH MeTO pa3 eJIeHH5IKaHaJIOB, )J,aIOIlI.HH TaKYIO .lKe 3KO-

HOMMlO MO HOCTHHa3el'vIHOrO H 60pTOBoro nepe,D.aTqHKOB rrpH

rrpOCTOH 60pTOBOll annapaType H npH HCnOJIb30BaHHH cpaB-
HIIMOH rrOJIOCbI qaCTOT, HeH3BeCTeH.

JlPl1JIO)I( EI-I11E I

OnpeaeAeftUR

KaHaJI CBSl3H. Cpe)J,CTBO nepe)J,aqH O)J.Horo C006IlI.eHHH
He3aBHClIMO OT era BH)J,a (peqb, TeJIerpaqJl-IaH nepe)J,aqa, TeJle-

BH)J,eHHe HJIH cpOTOTeJIerpacpHa5I nepe)J,aqa).
KaHaJI MO)KeT 6hITh CHMnJIeKCHbIM, II B 3TOM CJIyqae nepe-

)J,aqa C006meHI1H rrpOHCXO):(HT TOJIbKO B O)J,HOM HanpaBJIeHHH,

HanpHMep 113 rryuKTa A B nYHKT B. ,I:(yrrJIeKCHbIH KaHaJI, KpOMe

Toro, MO)KeT nepe,lJ,aBaTb co06II eHHH113 rrYHKTa B B rrYHKT A.

AByxnpOBOJI,HaSl JlHHHSI. KaHaJI, ,D.yrrJIeKCHbIH HJIH CHMnJIeK-
u u u

CHbIH, COCTOHInHH 113 O,L(HOH napbI npOBO,L(OB.
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l.JeTbIpexnpOBO.ll.HaSl JlHHHSI. ,llyrrJIeKCHbIH KaHaJI, COCTOH-.
u

IIJJIII 1I3  BYXrrap rrpOBO OB; O Harrapa IICrrOJIb3yeTcH  JIH

rrepe aqHco06 eHHHB O HOMHarrpaBJIeHIIII, a BTopaH rrapa -

 nHrrepe aqlI B 06paTHOM HarrpaBJIeHIIII.
ClfCTeMa MarlfCTpaJlbHOH CBSl3H. CIICTeMa CBH31I, B KOTOpOH

u u

Bce KaHaJIbI HaqHHaIOTCH Ha O HOIiOKOHellHOH CTaHIl.HH H KOH-
u

qaIOTCH na  pyrOH.

ClfCTeMa CBSl3H, 06CJlY}K"BalO aSlnJlOllla b.CHCTeMa CB5I3H,
B KOTOpOH JII06aH Ha3el\1Ha5I CTaHIl.H5I, HaXO 5I aHCHB rrpe e-
JIax orrpe eJIeHHOHrrJIO a H,rvrO)KeT HMeTb CBH3b C JII060H  py-
rOM Ha3eMHoH CTaHIl.Heii, Haxo H ei1C5IJIH60 B rrpe eJIax3TOM
:>Ke rrJIO a H,JIH60 B rrpe eJIax pyroH,BrrOJII-Ie orrpe eJIeHHOH
rrJIO a,l(H.

MHorOKaHaJlbHOcTb. JII060H crroco6, C nOMO bIOKOToporo
KaKOe-JIH6o cpe cTBoCBH3H (npHeMHHK, nepe aTqHK,KoaKCH..

3JIbHbIH Ka6eJIb, JIHHHH CBH3H lIT.  .)06CJIY)KHBaeT HeCKOJIb-

KO K3HaJIOB.

MHorOKaHaJlbHOe 4aCTOTHoe ynJloTHeHlIe. MHorOKaHaJIb-
u

Ha5I CHCTeMa, B KOTOpOH HeKOTopoe qHCJIO nOJIOC qaCTOT,

HeCY HXco06 eHHH, pacrrOJIaraeTCH pH OM pyrC  pyroM
no OCH qaCTOT C HHTepBaJIal\tIH Me:>K yHHfvlH, 06blqHO onpe-
 eJIHeMbIMH KPYTH3HOH xapaKTepHCTHKH 3aTyxaHHH CPHJIb"
TpOB.

 HorOKaHaJlbHOeBpeMeHHoe ynJloTHeHHe. MHorOKaHaJIb-
HaH CHCTeMa, B KOTOpOH KaKOe-JIH60 cpe CTBOCBH3H CJIY:>KHT
 JIHnepe aqHno HeMY CnrHaJIOB HeCKOJIbKIIX KaHaJIOB nYTeM
nOCJIe OBaTeJIbHOflnepe aqHBO BpeMeHH co06 eHHHKa)K OrO
KaHaJIa. B  aHHotiCTaTbe HMnYJIbCbI, KOTopbIe rrpli rrepe aqe
O HoroKaHaJIa HMeJIH 6bI  JIHTeJIbHOCTb, paBHYIO O HOMY

TaKTOBOMY nepHO Y (CM. HH:lKe) ,  eJIHTCH Ha HHTepBaJIbI,
t.IHCJIO KOTOpbIX paBHO qHCJIY KaHaJIOB H 3a BpeMH O HoroTa-

u

Koro HHTepBaJIa nepe aeTCH HMnYJIbC MaJIOn  JIHTeJIbHOCTH

nOCJIe OBaTeJIbHOlIJIn rpynna HMnYJIbCOB Ka)I{ Oro KaHaJI-a.

3TOT npOIl.eCC nOBTopHeTCH B Ka}l{ OM TaKTOBOM ne-

pHo e.

AMnJlI1TYJI.HaSi 11 4aCTOTHaSi MOAYJlSILI,HSI. CHCTeMbI MO Y-
JIHIl.HH, nplI KOTOpbIX aMnJIHTy aHJIH COOTBeTCTBeHHO qaCTOTa

HeCYll eroKOJIe6aHHH H3MeH5IIOTCH npOnOpIl.HOH3JIbHO MrHOBeH-

HOMY 3HalleHHIO HarrpHlKeHHH co06 eHHHO.1lHOrO HJIH HeCKOJIb-

KHX KaHaJIOB.

-

7. CucmeMbl CBR311, c6ecnC tlU8QIOU{Ue p03aeAehue 2pynn KaHGAu8 2, I

nepe,il,aLJa OAHOH 60KOBOM nOJlOCbl. CHcTervta nepe aqH,
u

B KOTOpOH H3 crreKTpa aMnJIHTY HO-MO YJIHrOBaHHoroKOJIe-
6aHH51 BbI eJI5IeTCH o)]Jla 60KOBa5I rroJIoca, KOTOpa5I H rrepe-
) aeTC5I.

nepeAaLJa C LlaCTMllHblM nO.!l.aBJleHl1eM 60KOBOM nOJIOCbl

LlaCTOT. B CJIyqae Kor anOJIOca MO YJIHPYIO HXqaCTOT H3qH-

HaeTC5I OT HYJIH (KaK, HanpHMep, 13 CJIyqae I1KJ\1 TeJIecpOHHOI 'J

KaHaJIa),  a)l{eHCnOJIb30BaHHe  BoiilIbIX 6aJIaHCHbIX MO yJI5I-

TOpOB He n03BOJIHe'!' ocy ecTBHTbnepe alJYO)JJIOH «1JHCTOI1»
60KOBOH nO TJOCbI,nOCKOJIbKY B CHrHaJIe Bcer aHI\'leIOTCH CJIe hI

BTOpOM 60KOBOlI nOJIOCbI. B TaKHX CJIY1.Ia5IX npOH3BO Hl(:5I
nepe aqaO HOM60KOBOH nOJl0ChI H qaCTHlJHO nO aBJIeHHOH
BTOpOM 60KOBOH rrpH BBe eHHHCOOTBeTCTBYlO eHqaCTOTHOH
KoppeKUHH, C Te1\1 lJTo6hI nOCJIe  eTeKTHpOBaHHH nOJIY1.IHTb
nJIOCKYIO qaCTOTHYlO xapaKTepHCTHKY. B onHcaHHOH 3)l,eCb
CHCTeMe MHorOKaHaJIbHOrO qaCTOTHoro ynJIOTHeHHH pe3YJIb
THpYIOII.La5I nOJIOca 1.IaCTOT, nOJIyqeHHaH 113 O HOH60KOBOH
nOJIOCW H qaCTHqHO nO aBJIeHHOHBTOpOH 60KOBOH nOJIOCill,

ynJIOTHHeTC5I B Ha60pe O HHaKOBbIXllaCTOTHbIX nOJIOC C MH-

HHMaJIbHO  onYCTHMhIM HHTepBaJIO I Me)K Y HHMH, onpe-
 eJI5IeMbIM COOTBeTCTBYlO eflCHCTeMOM MHorOKpaTHOH MO Y-
JI5IUJIH.

HMnYJIbCHO-KO,ll,OBaSl MO,ll,YJISI HSI (HKM). B 3TOH CH-

CTeMe Ha3aBHCHMO  pyrOT  pyranpOH3BO HTC5IKBaHTOBa-
HHe BO BpeMeHH H no ypOBHIO HanpHJKeHH5I, HeCYlI. ero
HHcpopMaIl.HIO. KBaHTOBaHHe no ypOBHIO npOH3BO HTCH 3a

BpeMH O HoroTaKTOBoro nepHo a; B CJIe YIO eMTaKTOBOM

nepHo enepe aeTCHKO HpOBaHHa5Irpynrra H lnYJIbCOB,onpe-
 eJIHIO aH3TOT ypOBeHb Hanp5I)KeHHH. fpynna HMrrYJIbCOB
,lI,eKO HpyeTcH Ha npHeMHOM KOHue JIHHHH.

rpynna. B uCHCTeMe MHorOKaHaJIbHOrO qaCTOTHoro ynJIOT-
HeHH5I rpynnoH Ha3bIBaeTCH HeKOTopoe qHCJIO TeJJe<poHHbIX
KaHaJIOB, 06'he HHeHHhIXH pacnOJIO:tKeHHbIX B cneKTpe I.laCTOT

TaKHM 06pa30M, qT06bI 06eCne'-lHTb B03MO:tKHOCTb ynJIOTHeHH5I
rpynn nYTeM TpaHcnOHHpOBaHHH qaCTOT B .ApyroH lI.Ha-
na30H. B CTaTbe npe JIaraeTCH HCnOJIb30BaHHe rpynn li3

12 KaHaJIOB.

Cyneprpynna. Cyneprpynna CO ep}KHT S" rpynrr, ynJIOT-
HeHHbIX no qaCTOTe, paCrrOJIOllieHHbIX B y 06HOM JIH ynJIOT"
HeHHH cyneprpynn yqaCTKe qaCTOTHoro  Hana30Ha.

9 3aK. 232
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I .

4aCTOTa KBaHTOHaHM5! EO Bp 1\1eHM (TaKTOBaSl lJaCTO'

Ta). 4aCTOTa, C KOTOpOH npOH3BO)JJITC5I KBaHTOBaHHe BO

BpeMeHH ypOBHH Hanp5I)KeHHH, oTo6pa)KaIOll(erO co06-

ll(eHHe.
TaKTOBblH nepMO,ll.. BeJIHqHHa, o6pa.THaH qaCTOTe KBaH-

TOBaHHH BO BpeMeHH, paBHaH npeMeHH, 3aTpa4HBaeMOMY Ha

npOlLecc KBaHTOBaHHH H Ha nepe aqyKO OBOHKOM6HHaLLHH
u

'

COCTOHll(eH 113 cepHH HHTepBaJIOB, 3anOJIHeHHhIX HJIII He3anOJI-

HeHIIbIX HMnyJIbCaMH.

Illar KBaI-lTOBaHMSI. Pa3HOCTb Melli Ycoce HHMHYPOBHHMH
KBaHTOBaHHH (npH KBaHTOBaHHH no YPOBHIO).

I1HTepnaJI BpeMeHH. BpeMH nepe)l.aqH O Horo3HaKa Ko a,

onpe eJIHIOU eroypOBeHb HanpH)KeHHH. ,QJIHTeJIbHOCTb Bpe-
MeHHoro HHTepBaJIa B n pa3 KOpOqe  JIHTeJIbHOCTHTaKTOBoro

nepHo a, r en
- qHCJIO HHTepBaJIOB B Kalli)1,OH KO OBOH

KOfvi6H HalLHM.

KOJI.OBaSl KOM6MHa MSI.CyrvfMa HHTepBalIOB BpeNIeHH, 3a-

nOJIHeHHbIX HMnYJIbcarvIH HJIH He 3anO.TIHeHHbIX HMH, HCnOJIb-

3yeMaH  JIHoTo6pa)KeHHH HJIH onpe eJIeHHHypOBHH HanpH-
llieHHH.

J
\

J

lIHCeJI BH HO,IlTO B nepBOM 3HaKe HMeIOTCH e HHHLLbIH HYJIH,
B TO BpeMH KaK BO Bcex IlHCJIaX, oTo6pa)KaIOlllJ1X OTpHlLaTeJIb-
Hble ypOBHH, B nOCJIe HeM3HaKe e HHHLLHeT; B TO )Ke BpeM5I
BO Bcex IlHCJIaX, onpe.n..eJIHIOll(HX nO..TJOlliHTeJIbHble YPOBHH, B

nOCJIe HeM3HaKe HM:eIOTC5I e,DJ1HHII.bI.

OTCIO)l.a CTaHOBHTCH OlIeBH HbIM,lITO npI1 nepe)l.aqe Henpe-
pbIBHOH: peIlH BepOHTHOCTb nOHBJIeHHH 1 HJIH 0 B nOCJIe)l.HeM

3HaKe paBHa 0,5. TIpaKTHlIecKH )l.a)Ke npH HenpepbIBHOM pa3-

rOBope O Horoa60HeHTa 3Ta BepOHTHOCTb paBlIa TOJIbKO 0,25,
IlTO CBH3aHO C HaJIHqHeM naY3, B TO BpeMH KaK npH pa3rOBope
ABYX a60HeHTOB OHa na)l.aeT )1.0 0,125. TaKaH me BepOHTHOCTL

xapaKTepH3yeT JII060H pa3pH)l. IIHCJIa (H B Ka)K YIOe,lI,HHHLLV

BpeMeHH) npH HCnGJIb30BaHHH KO)l.a C paBHoBepoHTHbIMH llla"'-
raMH KBaHTOBaHHH. TaK)Ke MO)KHO YTBep)K aTb,IlTO BepoHT-
HOCTb nOHBJIeHHH e HHHII.bI B HH3llleM pa3pH epaBHa 0,125.
STO 06'bHCHHeTCH Ter\I, IlTO e HHHlLbIH HYJIH MeHHIOTCH MeCTaMH

B pa3pH)l.ax, B TO BpeMH KaK pa3HHII.a B BepOHTHOCTH nOHBJIe..
u

HHH Kalli oro JIHHeHHO KBaHTOBaHHoro ypOBHH He-

BeJIHKa.

BepOHTHOCTb n05IBJIeHHH HMnYJIbCa B JII06YIO e HHHlI.YBpe-
MeHH npH HCnOJIb30BaHHH onHcaHHoro Bbune )l.BOHIlHOro Ko a

MeHbllle 0,125.
OTCIO)l.a CJIe)l.yeT, IlTO BepOHTHOCTb neperpY3KH nepe)l.aT"

4HKa, paccIlHTaHHoro Ha nepe)l.aqy JII06oro IlHCJIa HMnYJIbCOB,
B03HHKaIOll(HX B e)l.HHHlI.Y BpeMeHH, npH MCnOJIb30BaHHH KO)l.a

u u

C JlHHeHHbIM KBaHTOBaHHeM YPoBHeH MeHbIlle, lIeM npH paBHO"

BepoHTHbIX Illarax KBaHTOBaHHH.

MOMHO nOKa3aTb, O,l(HaKO, IlTO pa3HH:u.a B Tpe6yeMoii M0lll."

HOCTH ,l(JIH 3THX ,ll,BYX CJlYlIaeB npeHe6pe)KHMO MaJIa, XOTH

BBH,l(Y CJIOMHOCTH nOJlHOrO aHaJIH3a 3Toro nOJlO}KeHHH npo..
Be,l(eHO He 6wJIO.

.

Ha cpHr. 17 nOKa3aH rpacpHK BepoHTHoCTH npeBbIllleHHH

p JII060ro IlHCJIa HMfIYJIbCOB N B JIIo60H: HHTepBaJI BpeMeHH

npH nepe,l(aIle 600 TeJIecpoHHbIX KaHaJIOB, HMnYJIbCbI Ka)K,l(OrO

H3 KOTOpbIX nocTynaIOT B O)l.HY H TY Me e)l.HHHlLY BpeMeHH.

TIpe,l(nOJIaraeTCH, IlTO BepOHTHOCTb nOHBJIeHHH HMTIYJIbCa B JIIO-

60M KaHane paBHa 0,125.
TaK KaK BepOHTHOCTb p == 0,125 OTHOCHTCH K Jllo60MY

HHTepBaJIY BpeMeHH npH KO)l.e c paBHoBepoHTHbIMH lllaraMH

KBaHTOBaHHH H K )l.BYM HHTepBaJIaM BpeMeHH npH ,l(BOHqHOM

KO)l.e, TO ,l(aHHhIe, npHBe,l(eHHble Ha cpHr. 17, MOlliHO HCfIOJIb30"

9*

n PI!JIO)I( EHIIE I I 1
Cpa8fleflue JrlOUI/-lOCmeu nepe8amttuKa HC3, mpe6yeMblx
npu. ucnOAb30BaflUU pa3AUilflUX KOa08

CpaBHeHHe Ko,na c paBHOBepOSlTHblMH IIJaral't'fH KBaHTOBa,

HMSI Ii .II.BOHLiHOro ",I1QJpOBoro KO,Il.a, 06blI.JHO IICnOJIb3yeMoro
npH I1KM. TIO,l( )l.BOHqHbIM lI.HcppOBbIM KO)l.O 1 B ,l(aHHOM CJIY-
llae nOHHMaeTCH KO)l., BbIpa6aTbIBaeMbIl1 lI.HcppOBbIM BOLTIbTMeT-

pOM np H3MepeHHH HanpHMeHHH. TIpe,l(nOJIaraeTCH, lITO

lI.HcppOBOH EOJIbTMeTp npH HaH60JIbIlleM OTpHII.aTeJIbHOM Ha-

npH./KeHHH HMeeT HYJIeBOe nOKa3aHHe, Ha CJIe)l.YIOll(eM ypOB-
He - nOKa3aHHe 10, Ha CJIe,l(YIOll(eM 3a HHM-l1 H T.  .
Ha1160JIblllHH: nOJIO}KI1TeJIbHbIH ypoBeHb B TaKOM CJlYIlae
6Y,l(eT npe,l(CTaBJIeH )l.BOHIlHbIM lIHCJIOM C 1 B Ka:tK)l.OM pa3-

pH,l(e; ,l(JIH 7-pa3pH,l(HOrO KO)l.a HaH60JIbIllHH nOJIO)KHTeJIbHbIH

ypoBeHb 6Y)l.eT npe)l.CTaBJIeH QHCJIOM 1111111.
B 3TOM CJIYIlae npH 7-pa3pH,l(HOM KO,l(e, 0603I1aqaIOlll.eM

128 YPoBHeH, npH 3anHCH no nOpH)l.KY nepBbIx 128 )l.BOHQHbIX
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eeponmHocmb npeBblWe/fUR Komopou pOOHa p

<1> Hr. 17. 3aBIIcIIMoCTb BepoHTHoCTH npeBbIlueHHH t11lCJ13

Ht\lnYJIbCOB B 600.KaH3JIbHOif CIICTel\le OT tlUCJla HMnYJIbCoB.

06 ceQHCJ10 KaHaJIOB 600, nepoHTHoCTb nOSIBJIenHSI HMnYJ1bCa

B O,lJ.HOM Knllane B e,lJ.1IBHLl.Y DpcMeHH 0, 125.
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BaTb )J}I5I 060HX CJIYIlaeB, eCJII1 OrpaHHIlI1TbC5I )J..BYMH e)J..HIIHIl.arvlH

BpeMeHH.

Ilpe,l.I.noJIO}l(H!v1 Tenepb, 1.JTO nepe,l.I.aT4HK CKOHCTPYHPO-
BaH TaKHM 06pa30M, IlTO OH MO)I(eT BbI,lLepMHBaTb neperpY3KH,
Sep05ITIIOCTb KOTOpbIX B JII06YIO e,l.I.HHHIl.Y BpeMeHH paBHa 10-6

npH HCnOJIb30BaHHH KO)J..a C paBHOBep051 f'HbHvIlI rnararvfH KBaH-

TOBaHH5I. I13 cpHr. 17 BH,l.I.HO, IITO nepe,naTIlHK ,nOJI )KeH nepe..
,na.Tb 114 HMnyJIbCOB (qHCJIO 113,5 He HMeeT C!vlbICJl3, Tal<

!\:}K f..fO)KHO paCCMaTpHBaTb TOJIbKO ll.eJIble IlnCJIa HMnYJIb...
COB) .

3aMeTHt1, IlTO KalKAaH H3 7 e)JJIHHIl. BpeMeHH npn KO,lLe
C paBHOBep05lTHbIMH IlIararv1H BHOCHT CBOIO ,lLOJIIO B Bep05IT'"
HOCTb neperpY3KH, n03ToMY o6 aHBepoHTHoCTb neperpY3KH
6Y,lLeT paBHa 7. 10-6

.

Tenepb nO.ne3HO 3a,lLaTbCH BonpocO!vI 0 TOM, KaKOBa HaIIMeHb-

waH nponYCKHaH cnoco6HOCTb (no HMnYJIbCaM) nepe,naTqHKa
I1C3, npH KOTOpOH BepOHTHOCTb neperpY3KH TOJIbKO OT nep-

u . 

Boro H nOCJIe,l.I.HerO HHTepBaJIa BpeMeHH Ka)K,lLOH ,lLBOHqHOH

KO,l.I.OBOH KOM6HHaIl.HH COCTaBHT 7 · 10-6
. OTBeTOM, OqeBH,lLHO,

51BJIHeTC5I TaKoe IlHCJIO IU\InYJIbCOB iV, KOTopoe COOTBeTcTByeT
neperpY3Ke 3,5 pa3 3a 106

eAHHH BpeMeHU, T. e. 3,5 . 10-6

(Ha caMOM  eJIeIlaCTOTa neperpY30K nepe,lLaTIlHKa B 3TOl\1 CJIY-
Ilae 6Y,lLeT HeCKOJIbKO BbIllie 6JIaro,lLap51 TOll ,nOJIe, KOTOPYIO BHe-

CYT OCTaJIbHbIe 5 e,lLHHUIJ. BpeMeHH, KOTOpbIMH MbI npeHe6per-
JIH) .

113 cpHr. 17 BH,nHO, IlTO Bep05ITHOCTH 3,5 · 10-6
COOTB 1'-

cTByeT 111,5 HrvlnYJIbCoB. TIOCKOJIbKY nOJIOBHHa Hl'vlnYJIbCa
He H!vleeT CMbICJIa, npHMeM 3TO qnCJIO HMnyJIbCOB 3a 111.

ECJIH npe,l.I.nOJIaraTb JIHHeHHOe CYMMHpoBaHHe HanpH)Ke-
HUH, TO MO HOCTbB CJIYIlae ,lLBOHIlHOro KO,lLa ,lLOJIlKHa 6bITb

60JIee (111/114)2 == 0,95 MO HOCTHnpH KO,lLe C paBHoBepoHT-
u

HbIMH lllaraMH KBaHTOBaHHH npH O,lLHHaKOBOH neperpY3Ke..
OqeBH,lLHO, QTO 3HaqeHHe 0,95 HeCKOJIbKO 3aHH)l{enO no CJIe)J.Ylo-
 HMnpHIlHHaM: npH BbI4HCJIeHHH  lbInpeHe6perJIH BceMH 3Ha..

KaMH ,lLBOHqHOrO KO,lLa, KpOMe .nBYx; tIHCJIa HMnYJIbCOB oI<Pyr-
JIHJIHCb B nOJIb3Y ,lLBOHqHOIO KOAa; H, HaKOHe ,pe3YJIbTaTbI

paCqeTa, npHBeA HHbIeHa cpHr. 14, nOJIyqeHbI npH HCnOJIb30-

BaHHH AJI5I 06JIerqeHHH pac4eTa HeBwroAHoH B 3TOM CMWCJIe

pa3HoBHAHOCTH KO,lLa, 06eCneqHBalO ero3KOHOMHIIHoe HCnOJIb"

30BaHHe MOlll.HOCTH nepe.n.aTIlHKa.

9B 3aK. 232
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.

B p a a Jl U )1, mc.

KO OBOHMO YJIHl.J.I1H (I1KM) BH eOCHrHaJIOBOCHOBaHhI Ha HC"

nOJIh30BaHHH 3JIeKTpOHHO-JIY1.IeBbIX KO HPYIO HXTPy60K [2]
H OrpaHH1.IeHbI KO OM rpe5I. nOCJIe YIOI.IJJie pa3pa60TKH,
B03MO)l{HO, n03BOJIHT OTKa3aTbCH OT 3Toro OrpaHHqeHHH.

OnHcbIBae lbIHHH}Ke MeTOA eme He npOBepeH 3KcnepHMeH"
TaJIbHO, O;I.HaKO MHorHe HCnOJIb3yeMhIe 3JIeMeHTbI annapaTypbJ

u

HBJI5IIOTC5I CTaH apTHbIrvIH  JIH BbIqHCJIHTeJIbHOH TeXHHKH.

B KaqeCTBe 3JIeMeHTOB naMHTH npH KO HpOBaHHHH  eKO Hpo"
BaHHH npHMeIlHIOTCH CTaH apTHbIecpeppHTOBhIe Cep eqHHKH;
B03MO)J{HO, 1.ITO cpeppHTOBbIe Cep eqHHKHC 60JIblllHM qHCJIOM

OTBepCfHH, onHcaHHbIe B pa60Tax [3] H [4], 06JIa a1OTB  aH-
HOM cJIyqae HeKoTopbIMH npeHMy ecTBaMH.

1. BBe,neHHe

B CTaTbe CaH eMaHa [1], nOCBHl.J eHHOH CHCTeMaM CBH3H

C nOMO blOI1C3,  JI5I 60JIee nOJIHOrO HCnOJIb30BaHHH nOJIOCbI

1.IaCTOT H  JIHy IeHbllleHHHMO HOCTHnepe aTqHKa npe JIa-
raeTCH nepe aqypeqeBbIX CnrHaJIOB npOH3BO HThC nOMOmblO

 BOHIIHbIX qHCeJI, KO HpOBaHHbIX cneu.HaJIbHbIM cnoc060M.

MO YJIHpYIomeeHanpH}KeHHe  OJI)KHOKBaHTOBaTbCH BO Bpe-
MeHH C nepHO OM 125 .MKCeK H KO HpOBaTbCH C nOMOmbIO
6- MJIM 7-pa3pHJ(Horo KOJ(a. CMcTeMa KO,lIJlpOBaHHH BbI6HpaeTcH
TaK, lIT06bI KOJ(OBaH KOM6HHall.H5I cOJ(ep)J{aJIa TeM 60JIhllle

HYJIeii, lIeM MeHblile YPoBeHb MOJ(YJIHPYIOmefo CHfHaJIa. Ta-
KHM 06pa30M, cpeJ(HHH MOmHOCTb nepeJ(aTqHKa OKa3bIBaeTCH

u

MHHHMaJIbHOH.

B J(aHHoH CTaTbe npeJ(JIaraeTCH MeTOJ( KOl(HpOBaHHH H J(e-

KOl(HpOBaHHH, npH KOTOpOM MO}KeT 6hITb MCnOJIb30BaH KOJ(

JIIOOOrO BHl(a. ,l:LJIH npeJ(JIafaeMOro BHJ(a KOJ(a 3TOT MeTOl( o6ec-

neIIMBaeT npOCToe, HaJ(e)J{Hoe M 3KOHOMHqHOe perneHHe, XOTH

npH 3TOM M He OOeCne1.IHBaeTCH CKOpOCTb, Heo6xoJ(HMaH npM
nepeJ(aIIe BMJ(eOCMrHaJIOB. Cy eCTBYIOIlIJ1e leTOJ(hIHMnYJIbCHO"

1 Bra die y J., Communication Satellites, Acadernic Press,
Lnd.-N. Y., 1962, p. 15-83.

2. B03MO}KHbIe MeTO,ll,bI

OCHOBHa5I 3al(a1.Ia COCTOHT B onpeJ(eJIeHHH I'tlrHOBeHHoM

al'vITIJIHTYJ(bI CHrHaJIa H cpaB HeHlIH ee C HeKOTopbIM 4HCJIOM

YCTaHOBJIeHHhIX YPOBHeH HanpH}KeHlI5I (B  aHHOMCJIyqae 3TO

1.IlICJIO nplIHHMaeTCH paBHbIM 64); B pe3YJIbTaTe 3Toro cpaBHeHH5I
 o.TDKeHcpa60TaTb 3JIeKTpOHHbIH nepeKJIlOqaTeJIb, no,nalOmHH
Ha nepe,lI.aTqHK cooTBeTcTBYlOmyIO KO,lI.OBYIO KOM6HHall.HIO.

IloCKOJIbKY l\lrHOBeHHoe 3HaqeHHe cn:fHaJIa HenpepbIBHo Me-
u

HHeTC5I, TO OHO ,nOJI)J{HO 3an01IHHaTbC5I Ha Bpe1fH H3MepeHHH.
3TO MO)KeT 6bITb ,lI.OCTHfHYTO nYTeM 3apH aKOHl(eHCaTopa ,[(0

3Toro ypOBHH.
HanpH)KeHHe C 3Toro KOH,neHcaTopa J(OJI)KHO 6hITh nOJ(aHO

Ha 64 KOMnapaTopa, BbIXOJ(bJ KOTOphIX HCnOJIb3YIOTCH J(JIH 3a..
u

nycKa cooTBeTcTBYIOlllJiX nepeKJII01.IaTeJIeH, nO,lI.aJOIII.HX Ha

nepe,naT1.IHK KOJ(OBble KOMOHHall.HH OT reHepaTopa KOJ(OBbIX

nOCJIe,[(oBaTeJIbHOcTeH. reHepaTop KOJ(OBhIX nOCJIe,nOBaTeJIb'"

HocTeH )l.OJI)KeH BhIpaoaThIBaTb 64 KOM6HHall.HH; OH 5IBJIHeTC51

OO HMAJlH Bcex KaHaJIOB. CHrHaJIbI nepeKJII04eHHH Heo6xo-

,lI.Hfvl0 3aTIOMHHaTh Ha TpHrrepax, 1.ITOOhI o6eCne1.IHTb HX HeM3"

MeHHOCTh 3a Bpel\l5I C1.IHTbIBaHHH BbI6paHHoH KO OBOHKOM6HHa..
Il.HH. B no,n06Hofl CHCTeMe, TaKHM o6pa30M, He06xo,nHMO HMeTh

64 KOMnapaTopa co CBH3aHHbIMH C HHM:H JIOrMqeCKHMH YCTpoii..
CTBaMH, 64 3anOMHHaIOIII.HX TpHrrepa H 64 nepeKJII01.IaTeJIH.

L(pyroH BapHaHT COCTOHT B HCnOJIb30BaHHH O,lI.HOro KOM 

napaTopa H 6 TpHrrepoB, ynpaBJIHIOIll.HX nepeKJII01.IaeMbIMH co 

npOTHBJIeHH5IMH, KaK 3TO c,neJIaHO B OOhI1.IHOM Il.HcppOBOM BOJIbT"

MeTpe. TaKHM oopa30M, YPOB HbCHrHaJIa 6y,neT 3aKoJ(HpoBaH
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fJ6bIqHbIM J{BOHIIHbIM KO,ll.OM. ,QJISI 3anOMHHaHHH C006meHHH
Ha BpeMH HOBoro HSMepeHHH nOTpe6yroTcH eIQe 6 TpMrrepoB
B cJIyqae, eCJIH H3MepeHHe 3aHMMaeT 60JIee 18 MKceK. CHfHaJIbI
C BhIXOj\a TpHfrepoB nocTynaloT B ,lIJ10,ll.HYlO MaTpHu.y, pa3Ae..

JI5IlOmylO 64 B03MO)KHbIX COCT05IHHH H 3aCTaBJI5I1O YIOcpa6a-
u

TbIBaTb cooTBeTcTBYlOI.1JJIH nepeKJIIOqaTeJIb, TeM caMbIM npo..

nycKaSI HY>KHYlO KOJ(OBYIO KOM6HHaQHIO K rrepe,lI.aTllHKY.
B MaTpHI1.e HCnOJIb3YlOTCH 384 ,lJJIO,ll.a, n03ToMY 3TOT MeTOJ(
MO.iKeT 6bITb MeHee 3KOHOt\1HllHbIM, lleM YKa3aHHbIH BbIrne.

YcoBeprneHcTBoBaHHe MeTO,l1.a MO)KeT 3aKJIIOlJaTbCSI B 3a-

l\leHe ,ll.HOJ{HOH MaTpHu.bI Ii 6 TpHrrepoB MaTpHll.eH 113 cpeppHTO-
u u

BbIX CepJI.elJHHKOB C npHMoyrOJIbllOH neTJIeH rHCTepe3Hca.
fIaMHTb Ha cpeppliTOBbIX Cep,ll.ellHHKax MO)KeT 6bITb HCnOJIb-

30BaHa J(JISI 3anOMHHaHHH BbIXO,ll.HbIX CHrHaJIOB ll.I-HppOBOro
BOJIbTMeTpa H J(JIH cpOpMHpOBaHMH Heo6xoj\HMOll KO,l1.0BOH KOM-

6HHau.HH. I1MeHHo 3TOT MeTO,l1. 6Y,l1.eT paCCMOTpeH B HaCTOH-
u

 eHCTBTbe.

3. OnHcaHHe MeTOAa

5JIOK-CXeMa YCTpoHcTBa rrOKa3aHa Ha cpHr. 1. MrHoBeHHoe
3HalJeHHe BXO,l1.HOfO CHfHaJIa 3anOMHHaeTC5I Ha KOH,ll.eHCaTOpe

,
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<I> Hr. 1. DJIOK-CXeM3 KO)lUpYIOll..{erO YCTpoi1cToa.
.-

I

H3 BpeI\I5I H3MepeHHH n.pH pa30MKHYTOM KJIIOqe. HanpH)KeHHe
Ha KOH)1.eHC3TOpe 1I3Mep5IeTCH 6-pa3pHJI.I1bIM U.HcppOBbIM BOJIbT..

MeTpoM 06blqHOrO THna. BbIXO HOHCHfHaJI BOJIbTMeTpa B BH)1.e
u

ABOHllHoro KO,l1.a nocTynaeT B 3anOMHHaIOIll-ee YCTPOHCTBO H3

MarHHTHbIX CepJI.eqHHKaX, KOTOpOe CO,l1.ep*HT Bee ,ABOHQHble

-
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qHCJIa OT 0 ,l1.0 63. npH rrocTynJIeHHH B 3TY MaTpHII.Y CHrH3JIa

OT BOJIbTMeTpa H3MeHHTCH Bce 3TH QMCJIa, KpOMe O,l1.HOro, KO-

Topoe COOTBeTcTByeT HanpH:tKeHHIO Ha BbIXO,l1.e BOJIbTMeTpa.
64 BbIXO,l1.a 3anOMHHalO eroYCTpoMcTBa orrpe)1.eJIHIOT H3MeHe-

HI1H B 3anOMI1HaeMOM coo6w.eHHH. JIHlllb Ha O,l1.HOM BbIXO,l1.e
He 6Y,AeT 06HapYiKeHO HHKaKHX H3MeHeHHH 11, TaKHM 06pa30M,
3TOT BbIXO,l1. 6Y,l1.eT O,l1.H03Ha1JHO onpe,l1.eJIeH.

3rOT BbIXO,ll. HCnOJIb3yeTC5I ,l1.JI5I B036Y)K,l1.eHH5I BToporo
MarHHTHoro 3anOMHHaIOlI1.erO YCTpOHCTBa, KOTopoe cpopMHpyeT
COOfBeTCTBYlOmYIO KO,l1.0BYIO KOM611HaQHIO, KOTopaH 3aTeM

CllHTbIBaeTC5I Ii nO,I1.aerC5I Ha BXO.1( nepej\aTlIHKa.
OepBoe MarHHTHoe 3anOMHH310mee YCTPOHCTBO MO)!<eT 6bITb

BblnOJIHeHO Ha 12 CepJI.ellHHKax, BTopoe -H3 6 CepJI.ellHHKax.
K COiKaJIeHHlO, HeB03MO)KHO H36e:tKaTb 64-x u.eneti Me)K,l1.V

YCTpoHcTBaMH rraMHTH, nOTOMY liTO HeT KaKOH-JIH60 rrpocToh
3aBHCHMOCTH Me)KJI.Y 06bIlJHbII\f H Cnell.Ha.HbHbIM )1.BOHlIHbIM

KO,l1.aMH. B Ka)K,AOH H3 3THX u.eneH He06xo)1.HMO craBIITb YCH"
JIHTeJIb. 3KOHOMH4HOCTb ,l1.aHHoro MeTOj\a BO MHorOM 6Yj\eT
onpe,l1.eJIHTbCH npOCTOTOH 3Toro 6JIOKa. ,[(eKO,AlIpOBaHHe npH-
HHToro ClIrHaJIa npOH3BO,l1.HTCH aHaJIOrlI4HbIM 06pa30M.

PaCCMOTplIM 60JIee nO,l1.po6HO Heo6xo,lIJ1MYlO ,[{JI5I BbIDOJIHe-
u

HHH onHcaHHbIX BbIllie onepau.HH annapaTYPY H rrpHH[(l1nbI ee

pa60TbI.

4. reHepaTop noc eAOBaTe bHOCT"HMnY bcoB

3TOT reHepaTop BbIpa6aTbIBaeT rrOCJIe,l(OBaTeJIbHOCTb 113

ceMH HMrrYJIbCOB PI, P2, ... ...P; 3a Ka)l{ bIHnepMO,A I<BaHTO-

BaHH5I, paBHbIH 125 ./IttKCeK. I1MrrYJIbCbI nO,ll.aIOTC5I Ha Bce KO,[(M-
u

pYIo HeYCTpOI1CTBa, Y KOTOpbIX OJ(Ha H3 KJIeMM 3a3eMJIeHa.

5. L(" POBO"BOJIbTMeTp

DJIOK-CXeMa 3Toro Y3JIa rrpHBe,l(eHa Ha cpHr. 2. OHa COCTO-

HT 113 6 TpHrrepoB, Ka)K bJHH3 KOTOpbIX ynpaBJI5J€T  Byxrro-
31Ill.HOHHbIM nepeKJ1104aTeJIeM. Yepe3 KOHTaKTbI nepeKJII04aTe..

OJ

JIelI HMelOlll.HeC5I conpOTHBJIeHI1H nO,l1.KJI104alOTC5I K I<opnycy
HJII1 K onopHoMY oTpHuaTeJIbHoMY HanpHiKeHl1lO B 3aBHCH-

MOCTII OT COCTOHHH5I TpHrrepa. COCe,l1.HHe corrpOTIIBJIeHH5I OTJIH-

llaIOTC5I ,[(pyr OT JI.pyra no BeJIH1.IHHe B ,[{Ba pa3a B COOTBeTCTBHH

co 3HaqeHH5I fM, nplInHcblBaeMbIMII TpnrrepaM. BTopbIe KOH..
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u

ll.bI COnpOTHBJIeHHH qepe3 COnpOTHBJIeHHe CMe eHH5InO)l.KJIIO-

qeHbI K rrOJIOlliHTeJIbHOMY OrrOpHOMY HanpHllieHHIO H qepe3 BXO)l.-
Hoe corrpOTHBJIeHHe

- KO BXO)l.Y Y3JIa. HanpH}KeHHe 06llI.eH
u

T01.JKH Bcex conpOTHBJIeHHH rrpHBO)l.HTCH h HYJIIO C nOMOllI.bIO

Hanp5Illi.eHHH, ynpaBJIHlow.ero COCT051HHeM TpHrrepOB. TpHr-
repbI 3anYCKaIOTC51 rrOOqepe)l.HO CHrHaJIaMH OT HMnYJIbCIIOrO
reHepaTopa. ECJIH nO)l.KJIIOqeHHe corrpOTHBJIeHH51 H3MCH5!eT

['I

tnYCK08b1e

c.xeM/)/ }- I Ii s 6- ]l. J

Omp/./ljOme/lbHOP
OIlOf]HOe

HonpR)/(eHUe

l7o/lo}l(ume/lbHfJJ R

OllopHoe
HOnp.R)/(tlHUe

r.7ZR
.

8xotl

cP II r. 2. TIpHIIIJ.IInlIa.TIbI-IaH CXeI\Id LlHcppoBoro BOJTbTMeTpa.

rrOJI5Ip HOCTb Harrp 5!lKeHH51, yrrpaBJI51IOw.ero rrOJIOllieHHervl TpI1r..
u

repOB, TO )J.aHHbIH TpI1rrep B03Bpaw.aeTC5I B HCXOJI.Hoe rrOJIO}Ke-

RHe CJIeJI.YIO HMI1MrrYJIbCOM. OKOHqaTeJIbHOe COCT05IHHe TpI1r..
repOB orrpe)l.eJI5IeT 6-pa3p51JI.HbIH )l.BOHqHbIH KOJI..

YCTpOHCTBa TaKoro pO)l.a 1\10rYT pa60TaTb Ha rOpa3JI.O 60JIee
BbICOKHX CKOpOCT51X, qeM 3TO Tpe6yeTC51 B paCC laTpHBaeMorvl
CJIyqae. B )I.aHHOll CHCTeMe Tpe6oBaHH51 CBOJI.51TC51 K TOMY, 1.ITo6bI

BpeM51 cpa6aT BaHH51H BpeM51 nO)l.KJIIOqeHH51 BXO)l.HOrO KOH-

,n.eHcaTopa K Harrp H}KeHHIO CHrHaJIa B CYMMe He rrpeBbIrnaJIH
300 MKceK.

6. 3anoMHHalO eeYCTpoMcTBo Ha MarHHTHblX

Cep)(e1JHHKaX

PaccMoTpHM rroKa3aHHYIo Ha cpHr. 3 cI1cTeMY 113 12 M.!ir-

HHTHbIX cep,n.eqHHKOB, pacrrOJIOmeHHbIx B 2 pH)l.a no 6 cep,n.eq-
HHKOB. KalKAbLH p51JI. CBH3aH «p51)l.HOH» II.enblO. I1MnYJIbC TOKa,
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u

nporne,lIJIlHH no JIeBoMY P51)l.y, npHBe)l.eT Cep)l.eqHHKH B COCT05I-

HI1e, K .TopoeMbI 0603HaQHM qepe3 «0». I1MnYJIbC TOKa, npo..
lIle,LIJllHH no npaBoMY P51,n.y, npHBeJI.eT Cep)l.eqHHKH 3Toro p51)l.a
B COCT051HHe, 0603Haqa€MOe «1». HarrpaBJIeHHe TOKOB nOKa3aHO

CTpeJIKaMH; 0603HaqeHH51 COCT051HHH rrpHH51TbI TOJIbKO )J.JI51
06JIer1.JeHH51 06'b51CHeHH51 npHH[(Hna pa60TbI YCTpollcTBa.
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cD Hr. 3. 4acTb cxeMbI 3anOMIJIIaIOlllCro YCTpoi:fCTBa Ha l\1arHHTHhIX

cep)J,elHlIrKax.

,

06MOTKH Cep eqHHKOB JIeBOrO p 5l)l.a nO)l.KJIlOqeHbI C no-

MO bIOI1H)l.HBH yaJIbHbIX nepeKJIIOq.aTeJIeH K BbIXO yP HM-

nYJIbCHOrO reHepaTopa. AHaJIOrHqHO nO)l.KJIIOqeHbl 06MOTKH

rrpaBoro p51)l.a Cep)l.eqHHKOB. IIIecTb nap nepeKJIlOqaTeJIeH
ynpaBJI51lOTC51lIleCTblO TpHrrepaMH IJ.HcppoBoro BOJIbTMeTpa TaK,
1.JTO eCJIH Tp11rrep Ha O)l.HTC51B COCT051HI1H «0», TO JIeBbIH ne-

u

peKJII01.JaTeJIb pa30MKHYT, a rrpaBbIH-3aMKHYT.
Cep)l.eqHHKH CBH3aHbI 64 [(enHMH, npHqeM KalK)l.a51 [(enb

npOXO)l.HT qepe3 OAHH Cep)l.eqHHK napbI B cTporo onpe)l.eJIeH"
HOM nOp51)l.Ke. TaKHM 06pa30M, qepe3 Ka)K bIH Cep eqHHK
npoxOJI.51T 32 TaKHe lLenH. O Ha113 3THX lLeneH nOKa3aHa Ha

cpHr. 3. OHa onpe)l.eJIHeT  BOHqHOeqHCJIO 010011 11 fI03TOMY
npOXO)l.HT Qepe3 nepBbIH (T. e. BepxHHH) JIeBbIH (0) cep.1l.eq..
HHK, BTOpOH npaBbIH (1) cepJ(eqHHK H T. )l..

TIpe)l.nOJIO}KHM, QTO TpHrrepbI IJ.HcppoBoro.BOJIbTMeTpa 33-

perHCTpHpOBaJIH TaKYIO )J{e [(HCPPY. Tor)l.a nepeKJIlOqaT€JIH

, t

.
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1,3 H 4 cnpaBa H 2, 5 H 6 CJIeBa 6Y,lI-YT 3aMKHYTbI. Il09ToMY
HMnyJIbC P 7 nepeBe,lI-eT 9TH Cep,lI-eqHHKH B npOTMBOrrOJIO)KHOe
COCTOHHHe. IlpH 3TOM H3MeHeHHe MarHHTHOrO rrOTOKa Cep,lI-eq-
HHKOB npHBeAeT K HaBeAeHMlO "TOKa BO BCeX OCTaJIbHbIX 63

u

u.enHX, KpoMe 0,lI-1-I011, TaK KaK 3Ta eAHHCTBeHHa5I u.enb, He

npOXOAH a5Iqepe3 nepeKJIlOqaeMbIe Cep,lI-eqHHKH. BbIXOj(Hble
HMnYJIbCbI, nOHBHBlllHeC5I B 3THX 63 u.en5IX, MCnOJIb3YlOTCH
)I.JIH 3arrpe eHHH63 H3 64 cTpo6HPYIO HXYCTPOHCTB OT OJ

ao 064 .

B TO Me BpeM5I BTOpOH p5I,lI- 113 6 CepJI.eqHHKOB B036y.fK-
)I.aeTCH HMnYJIbCaMH P"j lIepe3 G17 G2 H T. A.; BbIXO)I.HbIe HM-

nYJIbCbl nepBoro p5I,lI-a 3anpe aIoT npoXO.fK.n.eHlfe lfMnYJIbCa
no 63 H3 64 IJ.eneH BO BTOpOH pHJI., H306pa:tKeHHbIH Ha cpHr. 3

crrpaBa.
3TH llleCTb Cep,lI-eqHHKOB COe,lI-HHeHbI 64 IJ.enHMH aHaJIO-

rHlIHO CpeAHelYlY PH)J.Y cpHr. 3, HO Kalli)J.a5I IJ.errb rrpOXO)J.HT He

qepe3 Ka:iK)J.bIH cep)J.eqHHK rrapbI, a JIH60 rrpoxo)J.HT qepe3 cep-
JI.eqHHK, .aH60 06XOJI.HT ero. O)J.Ha H3 3THX IJ.erreH nOKa3aHa Ha

cpHr. 3 crrpaBa; OHa COOTBeTcTByeT qHC lIY 101101. Becb p5IJI.
CepJI.eqHHKOB B03Bpa aeTC5IrrOCJIeJI.OBaTeJIbHO B HYJIeBOe co-

CTOHHHe HMrrYJIbCaMH PI - P6' rrocTyrraIOIl(HMH OT HMrrYJIbC-
Horo reHepaTopa. Bo BpeMH TaKara c6poca B 06Il(YIO BbIX0JI.-

nyIO IJ.errb ClIHTbIBaHHH BbIJI.aeTCH 6-pa3pH)J.HbIH KOA.

IlpeJI.rroJIo:tKHM, lITO Bce cep)J.elIHHKH rrepBOHalIaJIbHO Haxo..

)I.HTCH B COCT05IHHH «0». KorJI.a no OJI.HOH uenH, nOKa3aHHOH

Ha cpHr. 3 crrpaBa, npOXOAHT HMnYJIbC P 7 (no OCTaJIbHbIM 63

IJ.err5IM rrpOXO:iKJI.eHHe HMnYJIbCa 3arrpew,eHO BbIX0JI.HbIMH CHrHa..

JIaMH rrepBoro Ha60pa cepAelIHHKoB), rrepBbIH, TpeTHH H lIeT"

BepTbII1 cepAelIHHKH rrepeBO)JJITC5I B rrOJIO)KeHHe «1». Il03ToMY
rrpM rrOCJIe):(OBaTeJIbHOM B03BpaTe eepAeqHHKOB B HYJIeBOe

u

rrOJIO:iKeHHe 3THMH TpeMH cep)J.elIHHKaMH B BbIXOAHOH IJ.errH
K rrepe)J.aTlIHKY 6YAYT BbI aHbI HMrrYJIbCbI. flOJIyqeHHaH
KO)J.OBaH KOM6HHaUHH HMrrYJIbCOB rrOCJIe cpOpMHpOBaHH5I H

YCHJIeHHH npeACTaBJIHeT C060H 6-pa3pH)J.HbIH CHrHaJI. Ha
MeCTO 7-fO pa3pH)1,a BBO)J.HTCH CHHxpoHMrrYJIbC, YHHlITO:tKalO-

u

 HHrrapa3HTHble HMrrYJIbCbI, Koropble MorYT B03HHKHYTb OT

HMrrYJIbCa P7. 3THM 3aKaHlIHBaeTCH IJ.HKJI cpOpMHpoBaHHH KO"

,lI-OBOH KOM6HHaIJ.HH.
Heo6xoJI.HMbIH rrepexo)J. OT 06bI4HOfO )J.BOU4Horo K cne-

u.HaJIbHoMY JI.BOHlIHOMY KO)J.y ocyw,ecTBJIHeTCH COOTBeTCTB YIO.
IIJ.HM pacn0J10}KeHl1eM 64 coeAHHHTeJIbHbIX [(erreH Me.lK)J.Y ABY"

M5I 3arrOMHHalOmHMH YCTpoHcTBaMH. CJIY4aHHble HMnYJIbCbI,

KOTopble MorYT B03HMKHYTb rrpM c6poce Ha «0» nepBoro YCT-

pOHcTBa (qTO MO:iKeT npoM3BOJI.HTbC5I B JI1060H rrepMOJI. BpeMeHM,

KpOMe P7), He rrpOXO)J.HT Ha BTopoe YCTPOHCTBO, TaK KaK P7
)J.eHcTByeT KaK cTp06-CHrHaJI.

7. AeKO "pOBaHMenpMH ToroCMrHa a

,QeKo)J.HpoBaHHe rrpoH3BoAMTCH aHaJIOrHIIHbIM crroc06oM.

IlpHHHTaH KOAOBaH KOM6MHaIJ.HH (3a HCKJI104eHHeM CHHXPO"

...

}
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<1> 11 r. 4. CxeMa MarHHTHoii naMSlTH ,lJ,eKO,lJ,npYlo ero
..

YCTpoHcTlla.

-

.

HMrr YJIbca) 3arrHCbIBaeTC5I C nOMOll..{bIO 06bll-IHbIX cxeM COBI1a e-

HH5I Ha 6 napax cep,nelIHHKOB TaK, lITO «0» B npHH5ITOM CHrHaJIe

COOTBeTcTByeT «0» H «I» B nape cep)J.eqHHKOB ,naHHoro pa3pH)J.a.
AHaJIOrHlIHO «I» B npMH5ITOM CHfHaJIe cooTBeTcTByeT «I» H

«0» B nape cepAeIIHHKoB 3Toro pa3p5I a,

-
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COOTBeTCTBYlOma51 cxeMa nOKa3aHa Ha cpHr. 4. 3):leCh 12

cep eLIHllKoBcoeJ(llHeHbI 64 I1.en5lMH TaK )Ke, KaK Ha cxeMe

cpHf. 3. Ha cpHf. 4 nOKa3aHa OJ(Ha H3 lLenew, oT06pa)KaIOlI(a51
KOJ(OBoe LIHCJIO 010011. CepJ(e\1HHKll B036Y)K alOTCHnonapHo
HMnYJIbCaMH PI-P6 TaK }l{e, KaK B cxeMe cpHf. 3 cnpaBa.
Cep eLIHHKHcoe HHeHbIJ(BYM5I «p5lJ(HbIMH» n.en5lMH, KOTopbIe

npHBoJ(HT HX B HYJIeBOe COCT05lHHe. KpoMe Toro, 06a p5lJ(a
u

cepJ(e1.IHHKOB CBH3aHbI «3anHCbIBalOmeH» u.enbIO OT npHeMHHKa
TaK, KaK 3TO nOKa3aHO Ha cpHf. 4. flo 3TOH u.enH 6YJ(YT nepeJ(a.
BaTbCH nOJIO)KHTeJIbHbIe HMnYJIbCbI TOKa npH nepeJ(a1.Ie e,lIJI"

I1HU. H oTpHu.aTeJIbHbIe..- npH nepeJ(aqe HYJIew. CTpeJIKaMH
nOKa3aHO nOJIO}KHTeJIbHOe HanpaBJIeHHe TOKOB. TOKH OT CTpO"
6HPYlOmHx HMnYJIbCOB PI - P6 II HMnYJIbCOB CHrHaJIOB no-

p03Hb COCTaBJIHlOT JIHllIb nOJIOBHHY TOKa, Heo6xoJ(HMoro J(JI5I
H3MeHeHHH COCTOHHH5I Cep,lI.e1.IHHKa. TaKHM 06pa30M, J(JI5I H3Me..

HeHH5I COCT05lHH5I Cep,lI.e1.IHHKa He06xo HMO OJ(HOBpeMeHHoe
npOTeKaHHe TOKa cTpo6HPYIOmero HMnYJIbCa II HMnYJIbCa
CHrHaJIa. flOJIOMHTeJIbHbIe TOKH cTp06HPYIOIlI.erO HMnYJIbCa
H HMnYJIbCa CHfHaJIa nepeBOJ(HT cepJ(eLIHHKH JIeBOrO p5lJ(a B

COCT05lHHe «1»; OTpHI1.aTeJIbHbIe TOKH OT Tex :tKe HMnYJIbCOB
rrepeBoJ(51T cepJ(eLIHHKH rrpaBoro p5lJ(a B TO :tKe COCT05lHHe. Ta-
KHM 06pa30M, KOJ(OBa51 KOM6HHalLH5I CHrHaJIa BBO)J.HTC5I B JIe-

BbIH pHJ( cepJ(eLIHHKOB, a ee J(orrOJIHeHHe-B rrpaBbUf P5lJ(. TIoCJIe
3Toro aHaJIOfl11.IHbIM 06pa30M (c nOMOIlI.bIO HMnYJIbCOB Pi)
rrpOH3BOJ(HTC5I nepe6poc HH opMalLHHBO BTopoe 3arrOMHHalO..

mee YCTPOHCTBO, COCT05lmee H3 6 cepJ(eqHHKoB. 3TO 3arrOMH-

HaIOI.I(ee YCTPOHCTBO nOJIyqaeT, TaKHM 06pa30M,  BOHLJHbIH
3KBHBaJIeHT KOJ(OBOW KOM6HHalLHH CHfHaJIa, KOTopaH nepeJ(aeT-
C5I ()KeJIaTeJIbHO rrap,aJIJIeJIbHO T. e. 3a OJ(HH nepHoA CJIeJ(o-
BaHH5I HMnYJIbCOB BO Bce 6 cepJ(eqHHKOB aHaJIOra Ma pHI1.w,
cpHr. 3 cnpaBa, HanpHMep, nYTeM nOJ(aqH HMnYJIbCa PI) Ha

6 TpHrrepoB. 3TH TpHrrepbI ynpaBJIHIOT  Byxno3Hu.HoHHbIMH
rrepeKJIIOqaTeJIHMH, KOTopble CYMMHPYIOT 3HaqeHH5I llleCTH co..

npOTHBJIeHHH TaKHM 06pa30M, qTO Ha 06I.I(eti BbIXOJ(HOW To.qKe
u

BOCCTaHaBJIHBaeTC5I HanpH)KeHHe, cooTBeTcTBYIOlI(ee  aHHOH

 BOHqHOHKOJ(OBOii KOM6MHaI1.HH.
MO)KHO YCTpaHHTb Heo6xoJ(HMOCTb feHepHpoBaHHH nOJIo"

)KHTeJIbHbIX H OTpHI1.aTeJIbHbIX HMnYJIbCOB B 3aBHCHMOCTH

OT npHHHMaeMofo CHfHaJIa. BMecTo 3Toro MO./KHO HCnOJIb30"

BaTb TOJIbKO nOJIO:tKHTeJIbHble HMnYJIbCbI H YJ(BOHTb 3HaqeHH5I

TOKOB OT cTp06HPYIOIIIJfX HMnYJIbCOB npaBoro pH aCep e1.IHH-

KOB. O HaKoB 3TOM cJIY1.Iae  10fYTB03HHKHYTb 3aTpY HeHH5I
u

C CHHxpoHH3alLHeH.

8. CI1HXpOHH3au.HSI
ECJIH l\lrHOBeHHoe 3HaqeHHe CHfHaJIa rrepeJ(deTC5I Ka)KJ(bIe

125 MKceK B BH e7-pa3pHJ(HoH KO):(OBOH KOM6HI-IaI1.HH, TO

CHHxpoHH3au.HH Ha CTopOHe nepeAaqH OCYI.ILeCTBJIHeTCH CJIe..

J(YIOlll.HM 06pa30M.
CeJ(bMoti pa3p5lJ( KOJ(a 51BJI5IeTCH CHHxpOHMnYJIbCOM P 7.

3a BpeM5I, OTBe eHHoe JI5Ipa3p5l,Aa, HHcpOpMalLH5I H3 rrepBoro
3arrOMHHaIOllJ,erO YCTpOHCTBa nepeBO,AHTC5I BO BTopoe. BTopoe
3anOMHHaIOlll.ee YCTPOHCTBO rrOCJIeJ(OBaTeJIbHO c6paCbIBaeTC5I
I1MnYJIbCaMH P1-PG , K KOTOpbIM J(06aBJI5IeTC5I CHHXPOHM-

nyJIbC P 7. 3TOT I1.I1KJI rrOBTOp HeTCH. Bo BpeM5I npOXO:tK):(eHH
u

51

HMrrYJIbCa P7 BOJIbTMeTp He J(OJIiKeH npOH3BO)J.HTb H3MepeHHll f

ITOCKOJIbKY 3TOT HMrrYJIbC yrrpaBJIHeT c6paCbIBaIOllJ,HMH nepe..
KJIIOqaTeJI5IM H nepBoro 3arrOMHHaIOI.I(erO YCTpOHCTBa. TI03TOMY
KOH)J.eHcaTOp Ha 3TO BpeM5I nOJ(KJIlOqaeTC5I KO BXO)J.Y H 3apH:tKaeT-

u

CH AO HOBoro ypOBHH. Ha BOJIbTrvleTpe YCTaHaBJIHBaeTC5I HOBbIM

ypoBeHb Hanp5l}KeHHH 3a rrepHOJ( PI - P6. 3a 3TC: ./Ke BpeM5I
BOCCTaHaBJIHBaeTC5I COCTOHHlle cepJ(e1.IHHKOB rrepBOH MaTpHu.bI.

I1MrrYJIbCbI CllHxpoHH3au.HH BbIpa6aTbIBaIOTC5I reHepaTopOM,
06lll.HM )J.JI5I Bcex KaHaJIOB.

TIpM rrpHeMe KOJ(OBa51 KOM6HHau.HH CllfHaJIa ):(OJI}KHa 6bITb

CUHXpOH1l3HpOBaHa C MeCTHbIMH CHHXpOHl\lrrYJIbCaMH. 3TO

MOllieT 6bITb OCYI.ILeCTBJIeHO rrYTeM cpOpMllpOBaHH5I HMITYJIbCOB

MeCTHOH CHHXpOHH3aI1.HH J(JIH Ka)KJ(oro KaHaJIa OTJ(eJIbHO C

YCTPOHCTBOM, yrrpaBJI5IeMbIM rrepe aHHbIM CHHxpOHMrrYJIbCOM.

,LLPyrHM crroc060M MO)KeT 6bITb 3arrOMHHaHHe npHHHToro CH-

rHaJIa B cpeppHT-TpaH3HCTOpHOM perHCTpe C)J.BHra. 113 Hero HH..

cpOpMaU.H5I ITO CHHxpOHMnYJIbCY nepeBO)J.HTC5I napaJIJIeJIbHO
B rrepBoe 3anOMllHaIO ee YCTPOHCTBO aHaJIOrH1.IHO c6pocy
BOJIbTMeTpa BO BpeM5I rrepe aqH. ({3arrHCbIBaIO a5l» H «CTpO"

6HpYIO a5l»u.eITH (CtvI. cpHr. 4) npH 3TOM MeH5IIOTC5I pOJIHMH;
Ha BbIxo eperHcTpa C)J.BHra nOTpe6yeTc5I 6 YCHJIHTeJIeH.

,I:LJIH ou.eHKH 9KOHOMH1.IHOCTH 3THX MeTO OB He06xo)J.HMO

rro p06HOpaCCMOTpeTb BCIO MHorOKaHaJIbHYIO CHCTeMY. MHO-

roe 3aBHCHT OT cnoc06a cpOpMHpOBaHH5I HMnYJIbCOB TOKa

60JIbIIIOH CHJIbI (rrOp5l)J.Ka lvlHOfHX aMnep) H MaJIOH  JIllTeJIb-
HOCTH H OT TOfO, KaK pacnpeJ(eJI5IeTC5I HafpY3Ka reHepaTopa

Melli)J.Y pa3JIHQHbIIYIH KaHaJIaMH.

"1
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9. AOnOJlHHTeJlbHble coo6paLKeHHSI

CKa3aHHoe B KOHlLe rrpeAbI ymero rraparpacpa OTHOCHTC5I

H KO BceH CHCTeMe. B HallaJIe CTaTbH 6bIJIO onHcaHO HeCKOJIbKO

pa3JIH1.IHbIX MeTO OB.TIpH rro p06HOl\fpaccMoTpeHHH BCe OHM

OKa3bIBaIOTC5I AOBOJIbHO CJIO:iKHbIMH.  eHHOCTbOrrHCaHHOH BbIllle

CHCTeMbI 3aBHCMT OT TOrO, HaCKOJIbKO 3KOHOMH1.IHbI 6Y YTHM..
nYJIbCHbIe reHepaTOpbl H 64 YCHJIHTeJIH, Heo6xo HMhle rrpH
nepe a1.Ie HHcpOpMalLHH Me)K Y BYM5I3arrOMHHalO HMH YCT-

u

pOHcTBaMH.
HeKoTopble BonpochI, B03HHKalO He nplI nocTpoeHlIH

.9TOM ClICTeMhI, MorYT 6bITh pellleHbI TOJIbKO 3KcneplIMeHTaJIb-
HhIM rrYTeM. K. TaKHM BonpocaM OTHOCHTC5I B03MO}KHOe B03"

HlIKHOBeHHe JIO}KHbIX HMnYJIhCOB lI3-3a B3aHMHhIX HaBO OK

Me}KAY 64 lLerrHMH B nepBoM 3anOMHHalOmeM YCTpoHcTBe Ha

rrepe alOmeHcTopoHe. TIpH Heo6xoAHMOCTH .3TOT HeAOCTaTOK
MO}KHO YCTpaHHTb, rrpHMeHHB rrOCJIeAOBaTeJIhHOe HaKOI1JIe-

u

HHe, TaK KaK BOJIbTMeTp no CBoeM npHpoAe
-

rrOCJIeAOBaTeJIh-
Hoe YCTPOHCTBO. YCHJIHTeJIH Ha BXOAe BToporo 3arrOMHHalO..

Il.(ero YCTpOHCTBa AOJI}KHhI 6bIJIH 6bI B .3TOM CJIY1.Iae 3anOMH..

HaTb Bce CHrHaJIhI 3anpeTa, Bblpa60TaHHhIe AO npHxOAa HM-

nYJIhCa P7. TaKHe BonpOCbI HY}KAaIOTC5I B .3KCnepHMeHTaJIbHOM
HCCJIe)l.OBaHHH.

,[LaJIee, HeKOTOpa5I .9KOROMH5I MO}KeT 6bITb AOCTHrHYTa 3a

C1.IeT HCrrOJIb30BaHH5I 60JIblllOH lJaCTH nepe alOmeMannapaTY-
pbI )l.JIH lLeJIeM npHeMa. 3TO, O HaKO,eme 60JIee OCJIO}KHHJIO 6bI

rrp06JIeMY BbI60pa O)l.ROrO H3  BYXa60HeHTOB, }KeJIaIOIJ.:(HX

OAHOBpeMeHHO BeCTH neperOBOpbI.

9.

HCKYCCTBeHH HCUYTH""
3eMJIH

"KYPbep"
1

3 U 2 JZ U Ii [J. , C e fl H /l,:JIC .

.

JII1TEPATYPA

1. BBe)I.eHUe

flpHMeHeHHe HCKyccTBeHHbIx cnYTHHKoB 3eMJIH (I1C3)
u

B Ka1.IeCTBe peTpaHCJI5IIJ,HOHHbIX CTaHlLHH, KOTopbIe npHHH-
MaIOT C 3eM 1JH,3anacaIOT H nepe)l.alOT co06 eHH5Ino KOMaH e

C 3eMJIH, npe CTaBJI5IeTC060M 3cp<peKTHBHbIH cnoc06 YMeHbllle-
u u

HH5I cy ecTBYlO ellneperpY3KlI Me)K YHapo,nHbIX JIHHHH

CBH311. ,lJ,ocTaTOlJHO pacclVloTpeTh HHTeHClIBHOCTb Me)KAYHapo -
Horo 06MeHa lIHcpopMaQlleM H npeAnOJIaraeMbIM pOCT ero B  eM-
CTBYlO HXHhIHe CIiCTeMax, 1.IT06hI B nOJIHOH Mepe OQeHlITh KO-

peRHOM c,nBlIr, KOTOpbIM MorYT rrpOH3BeCTH CBH3HbIe I1C3 B

Bonpocax nJIaHHpOBaHHH JIlIHIIM CB5I3lI Ha 6y,nymee, a TaK)Ke

rrepcrreKTHBW, KOTopwe OTKpWBaIOTCH B 06JIaCTH rJI06aJIbHOH

CB5I3H npM HCnOJIh30BaHHH I1C3.

flpoeKT «KYPhep» npe CTaBJIHJIC060H MCCJIe,nOBaTeJIhCKYIO

pa60TY, rrpe,nnpMH5ITYIO C lLeJIblO  eMOHCTpalLHHTeXHMlJeCKHX
u u

H .3KOHOMH1.IeCKHX B03MO)KHOCTeH CHCTeM CBH3H C BhICOKOH

nponYCKHOH cnoc06HOCTblO. B BhlnOJIHeHHH nporpaMMbI YlJaCT-
BOBaJIH CJIe,nYlOIILMe OCHOBHble no)l.p 5I,n1.IHKH: 60pToBoe 060-

Py,noBaHHe I1C3 - cpMpMa «<PHJIKO», aHTeHHbI Ha3eMHhIX CTaH-

1 S i g I i n P. W., S e n n G., Communication Satellites, Acade-
mic Press, Lnd - N. Y., 1962, p. 185-197.

1. Sandeman E. K., Satellite communication system providing
channel dropping, British Interplanetary Sec. Syrup. on Com-

munica tion Satellites, 12 May, 1961.

2. Car b r e yR. L., V ideo transmission over telephone cable pa irs

by pulse code modulation, Froc. /. R. E., 48, N2 9 (Septem-
ber 1960).

3. R a j chman J. A., Lo A. W.
t The trausfluxor, Proc. I. R. E.,

44, 321. -332.
4. R a j c h man J. A., era ne H. D., Current steering in mag-

netic circuits, Trans. I. R. E. (!\1.arch 1957).

-
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lIJrH - (jJllpMa «P3 ll3MWH» II Ha3eIvlHoe 060PY OBaHlle-
JIa60paTOpHH KOMnaHllH lIT. I1cCJIeJ(oBaTeJIbCKa5I JIa6opa-
TOpHH CBH3ll apMHH ClllA o6ecnetJHBaJIa nJIaHHpOnaHHe,
KOOp,DJ1HaUluo II TeXHI!1IeCKOe PYKOBOJ(CTBO.

I1C3 «Kypbep» IvIOfKeT npoll3BoJ(HTb nplleM H 3anHCb coo6-
u u IU t.t

l..[(eHHH OT Ha3eMHOH CTaHll.Hll C rrOCJIe YIOllI.eH rrepe)LalleH 3THX

coo6ll eHHH- nOCJIe rrpHeMa cooTBeTcTBYIOIl\eH KOMaH)LbI-
Ha )LPyrylO Ha3eMHYlo cTaHu.HIO. OrcloJ(a H Ha3BaHHe I1C3

«KYPbep». I1C3 crroco6eH pa60TaTb TaKfKe B pe)KHMe np5IMOH
peTpaHCJI5Iu.HH TeJIecpoHHbIX, cpoTOTeJIerpa(jJHblx HJIH TeJIerpacp-
HbIX C0061..[(eHHH B peaJIbHOM MaclllTa6e BpeMeHH (6e3 3a)Leplli-
KH) OT O)LHOH Ha3eMHoH CTaHll.llH K )LpyroH npII HaJIHqHII rrp5I-
MOM BHJ(HMOCTll I1C3 C o6eHx cTaHu.HH.

OCHOBHbIMII HCXOJ(HbIMH rrapaMerpaMH )LJI5I npoeKTllpOBa-
HH5I CHCTeMbI 5IBJIHIOTCH: nYHKTbI YCTaHoBKH Ha3eMHbIX CTaH-

Il.HH, 30HbI, 06eCneqHBaeMble CB5I3bIO, KOJIHlleCTBO ceaHCOB

CB5I3ll II HX )LJIHTeJIbHOcTb. B cIIcTeMY BXO 5ITKOMnJIeKCbI Ha-

3eMHbIX CTaHll.HH, KOTopbIe, HaXO)LHCb B KOHTaKTe C I1C3,
OCYl..[(eCTBJI5IIOT O)LHoBpeMeHHo corrpOBOfK)LeHHe I1C3, o6MeH

)LaHHwMH If rrplleM TeJIeMeTpHlleCKOM llHcpOpMaUHll.
XpaHeHHe C006I..[(eHI-I11, nocTynaIOllI.llX OT Ha3eMHbIX craH-

JJ.IIH, Ha 60PTY I1C3 rrpoH3BO HTC5IrrYTeM 3arrHCH Ha MarHHT"

HYIO JIeHTY. TIo KOMaH eC 3eMJIll I1C3 rrepe)LaeT 3TII coo6llI.e-
HH5I Ha )LPyrYlo Ha3eMHYlo CraHll.IIIO, KaK TOJIbKO rrOCJIe)LH5I.H

06HapY)KHT ero H 6y eTrorOBa K rrpHeMY C006llI.eHHH.
Ha I1C3 «I(YPbep» YCTaHOBJIeH CTaH)LapTHbIH pa)LHOMa5IK

u

-MeTpoBoro )LIIana30Ha BOJIH, KOTOpbIII rr03BOJI5IeT CJIe HTb3a

I1C3 C rrOMOllI.bIO CYl..[(eCTBYIOllI.eM MllpOBOH ceTH CJIe)L5IIlIJ1x
cTaHu.IIH ° dTO CJIe)KeHHe Be)LeTC5I C ll.eJIbIO nOJIYlleHH5I 3cpeMe-
pll HbIXJ(aHHbIx, HCrrOJIb3yeMblx Ha3eMHbHvIll CTaHll.H5IMH CllC-

TeMbI «KYPbep». dcpeMepl1 Hble )LaHHbIe, rrepe aBaeI\1ble Ha
Bce Ha3eMHbIe cTaHUHH, rr03BOJI5IIOT nOJIYQllTb nOCJIeJ(oBaTeJIb"

u

HOCTb 3HalleHllH a3HMYTa H yrJIa MeCTa aHTeHHbI )LJI.H )LHCKpeT"
HhIX HHTepBaJIOB BpeMeHH npH Ka}KJ(oM rrpOXO}K)LeHllII I1C3 Ha)L
Ha3eMHoH CTaHJJJleH. ,QJI5I Toro Qr06bI 06JIerQllTb 06HapY}KeHHe
I1C3, Ha3eMHa5I CTaHUH5I nepe)LaeT HallaJIbHYIO KOMaH)LY «BKJIIO-

qHTb» no paJ(HOJIllHllH I\IerpOBoro )Lllarra30Ha. TIoCJIe o6Hapy-
:tKeHH5I I1C3 )LaJIbHeHlllHH 06MeH C006llI.eHllH H nepe)LaQa
KOMaHJ( Be)LeTC5I rro J(eUHl\IeTpOBOH pa)LllOJIHHHll. TeJIeMeTpH-
qeCKa5I llHcpOpMall.H5I rrepe)LaeTC5I C I1C3 Ha Ha3eMHble CTaH-

nHH no paf-(HOJIHHHH I\1eTpOBoro J(Harra30Ha..

TIpoeKTllpOBaHHe CHcreMbI «KYPbep» OCHOBaHO Ha llC"

nOJIb30BaHHH rrOQTH KpyroBoll Op6HTbI C BbICOTOH ,-,1170 KM.

BafKHeHwHe napaMeTpbI CHCTeMbI npeJ(CTaBJIeHbI B Ta6JI. 1 II .2.

rIpoBe)LeHHbli1, HCXO 5IH3 3THX naparvleTpoB, paCQeT BeJIHIIHHbI

o fHOllIeHH5I CHrHaJI/wYM nOKa3bIBaeT, IITO no JIHHHH I1C3 -

3eMJIH I1PH HaKJIOHHbIX J(aJIbHOCT5IX nOp5IJ(Ka 5000 KM o6ecne..

4HBaerCH BWCOKHH ypoBeHb CHrHaJIa KaK B MeTpoBoM, TaK H

B J(ell.HMeTpOBoM AHarra30Hax BOJIH.

Ta6llul{a 1

napaMeTpw nHHHH ne HMeTpOBoronMana30Ha

I1C3 Ha3eMBaH CTam,J,HH

BbIXO,II,Han t-.IOlllHOCTb rrepe,lJ.aT-
qHKa, BIn ... 0 . . . . .

K03cpcbHlI.lleHT WYMa npl1eMHIIK3,
a6 ..,..........

4 1000

14

3cpcpeKTIl13Ha5I WYMOBaH TeMne-

paTypa npueMHHKa, °I( . . .

DOJIoca nponYCKBHHH no rrpol\le-

>KYTOqHOll qaCTOTe, K2lt . . .

Y CHJIeHlIe 3HTeHHbI, a6 . . . .

nO..1Hp1f3aLlUH aHTeHHbI ° 00 ..
.

640

550

4

J1HHeH:HaH

100, 200 HJIl1 500

41

I(pyroBa51 Ha nepe,lJ.aqy
Pa3HeCeHH H:rrpHeM

OTHOUleHlIe CUrHaJI/wYM npn
lIaK.lOH HOII ,lJ.aJIbHOCTH 4800 K H,

a6

JIlIHlI51 I1C3 - 3eMJIH · . .

,TI 11111151 3e 1\'1 JI 51 -- 11C3 .
. .

22

21

,

\

, EMKOCTh Ka}J{,lJ.OrO 113 qeTblpex

lI.ncppOI3bIX H3KOrrHTeJIeH:,
ae. ed. . . . . .

0 . . . .

CKOpOCTb rrepej1.aqlI, aa. ea /ceK

13200000

55 000

-
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Ta6AUl{a 2

napaMeTp  HH"HMeTpOBoro AHana30Ha BonH

I1C3 Ha3eMllan CTallL.J.IUI

HalJaJIbHaH (pe3epBH3H) BbIXO)J.-

HaH MOIlI.HOCTb nepe)J.aT1.IllKa,
50

1 ,5 100

8 4

30 6

'1 19

KpyroBa5I JIllHe IHaH rrpn nepe-
)J.aqe

I Pa3HeCeHHbI'H npneM

M8m . . . . . . . .. . . . .

Pa60qaH BbIX0JI.HaH l\10IlI.HOCTb

nepe)J.aTqHKa, 8m . . . . . .

K03q)(lnuUIeHT ruYMa npHe IHnKa,
iJ6 ............

nOJIOca nporrycKaHH5I no rrpoMe-
:>KYTOqHOH qaCTOTe, K2£{ . . .

YCIIJIeHHe aHTeHHbI . . . . . .

nOJIHpH3alIJIH aHTeHHbI . . . .

OTHOIlleHHe CHrHaJI/ruYM npn
HaKJIOHHOH )J.aJIbHOCTU 5000 KA-l,
iJ6

JIHHlIH I1C3 - 3eMJIH (Ha-
qaJIbHbIH pe>KHl\I) . . . . 18

JIHHH5I I1C3 - 3eMJIH (pa-
60qUH pe)KHM) . . . . . 25

JIHHHH 3eMJI5t - 11C3 . .. 32

2. Pa60LJHH pe}KHM Ii CJlC}KeHUe

npH 06MeHe co06 eHH5IMHMe)K YI1C3 H Ha3CMHOH CTaH"

QHeH HH OpMa H5I,npe BapHTe bHO3anHCaHHa51 Ha 3eM e

Ha MarHHTHYIO  eHTY,noc eAOBaTe bHOnepeAaeTC5I Ha I1C3

C 3cpcpeKTHBHoH CKOpOCTblO 55 000 aB. ea/ceK H 3anHCbIBaeTC5I
u

Ha HeM Ha  eHTY3anOMHHalO eroYCTpOHCTBa, npeAHa3Ha4eH-
Horo  JI51pa60TbI C  PyrHMHHa3eMHbIMH CTaHIJ}I5IfvIH. EMKOCTb

Ka)KAOrO HaKOnHTeJIH COCTaBJI5IeT 13 200 000 AB. e . C4H-

TbIBaHHe  aHHbIX na I1C3 ocy eCTBJIHeTC5I (no KOMaHAe)
o HoBpeMeHHoC nepe a4eHco06 eHHHHa Hero.C ue bIOYMeHb-
rneHHH Bpe HbIXB03AeHCTBHH Ha nepeAa4Y HHcpopl\laUJIH C l1C3,

06YCJIOB eHHblx Bpa eHneM H KYBbIpKaHIIeM nOCJIe)(HerO,

-
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nepeAa4a npoH3BOAHTC5I C pa3HocoM no 4acToTe, npH4eM npHeM
u

Ha Ha3eMHOH CTaHUHH BeAeTC5I C pa3HocoM no 4aCTOTe H no

nOJI5IpH3aUHH. B Ha3eMHoH annapaType npHMeHHeTcH CJIO-

:tKeHHe BbIXOAHbIX CHrHaJIOB npHefvIHHKoB C pa3HocoM no qac..

TOTe H npHeMHHKOB C pa3HOCOM no BHAY nO HpH3a HH.
06HaPY)KeHHe l1C3 H C e)KeIIHe3a HHM ocy eCTBJI5IIOTC5I

npH nOMO Hnapa60JIH4eCKOH aHTeHHbI AHaMeTpoM 8,4 At

C ABYM5I o6 Y4aTeJIH 1H.AHTeHHa H3 Y4ae 3HeprHIO B MeTpo"
BOM H AeUHMeTpoBoM AHana30Hax BOJIH B BHAe KOH eHTpHqe-
CKHX  Y4eH, JI5I4ero H npeAHa3HaqeHbI 3TH ABa 06JIY4aTeJI5I.
KpoMe Toro, AJI5I KOHH4eCKoro CKaHHpOBaHH5I B Ae HMeTpo-
BOM )1.l'Iana30He BOJIH HCnOJIb3yeTcH  TIHH30BOe CKaHHpYIOllI.ee

u
u

YCTPOHCTBO C npHBOAOM, KOTopoe HBJI5IeTCH COCTaBHOH qaCTblO

aHTeHHOH CHCTeMbI C aBToMaTH4eCKHM CJIe)KeHHeM 3a l1C3.
T04HOCTb aHTeHHbI B pelliHMe CJIe)l{eHHH paBHa 0,5

0

npH CKO"

pOCTH Bpa eHHH15° B ceKYHAY. lIlHpHHa rJIaBHOrO JIeneCTKa

AHarpaMMbI HanpaBJIeHHOCTH B MeTpoBoM AHana30He BOJIH

COCTaBJIHeT 18° H B Ae HMeTpoBoMAHana30He 1,35°.
BbI60p MeTpoBoro AHana30Ha BOJIH AJI5I 06Hapy:tKeHHH,

TeJIeMeTpHH H nepeAa4H KOMaHA 6bIJI CAeJIaH C  eJIbIOHCnOJIb30-
u

BaHH5I lllHpOKOH AHarpaM:MbI HanpaBJIeHHOCTH aHTeHHbI B 3TOM

AHana30He, 4TO n03BOJIHeT AOBOJIbHO npocTo peIllHTb 3aAa4Y
nepBOHa4aJIbHOrO o6HaPY)KeHH5I l1C3. B KaqeCTBe paAHOKaHaJIa
C nOJIocoiI, cooTBeTcTBYIO eHrrepeAaBaeMoMY 06'beMY HH<pOP-
Ma HH,6bIJIa BbI6paHa JIHHH5I CBH3H Ha Aeu.HMeTpoBbIX BOJI"

Hax, HMeIO HXxopoIllHe xapaKTepHcTHKH pacnpocTpaHeHHH
H 06ecne4HBaIO Hx HH3KHH ypoBeHb IllYMOB.

Ha cpHr. 1 nOKa3aHa ynpo eHHaH6JIOK-CXeMa 3JIeKTpOHHOH
annapaTypbI I1C3. B annapaType, cJIY)KaI.l(eH AJI5I TpaHCJIHUHH
C096l.l.(eHHH OT o HoiIHa3eMHOH CTaH HHK APyroH, HCrrOJIb"

3YIOTC5I npHMepHo 1300 rrOJIyrrpoBo HHKOBbIXTpHOAOB H AHO-
AOB H 2 3JIeKTpOHHble JIaMnbI. AnnapaTypa MeTpoBoro AHarra-
30lla BOJIH cOAeplKHT C BoeHHblenpHeMHHKH, pe3epBHble paAHo"
Ma5lKH, TeJIeMeTpHqeCKHe nepe aT4HKHH TeJIeMeTpH4ecKHH re..

HepaTop. 3Ta 4aCTb o60py oBaHHHI1C3 06eCrreQHBaeT rro aqy
CHrHaJIOB pa HoMaHKaCJIe:tKeHH5I, no aQyHaqaJIbHOH KOMaH bI
«BKJIIOqHTb», TeJIeMeTpHqecKYIO nepe aQy35 rrapaMeTpoB anna-

paTypbI l1C3 H rrOJIyqeHHe rrO,ATBep)K eHHH0 npHeMe KOMaH,A.
4eTbIpe IllTblpeBbIX aHTeHHbI, rrHTaeMbIe 3JIeKTpHqeCKH B KBa,A-

paType, c03AaIOT  HarpaMMY HanpaBJIeHHOCTH C KpyroBoH
u

u

nOJIHpH3a HeHCMrHaJIa B OJIbOCM, HOpMaJIbHOH K nJIOCKOCTH
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IIITbIpeii. KalK bliinpHeMHHK MeTpOBOrO  Hana30Hanpe)I.CTaB-
.nHeT C060H C06paHHbIH no.nHOCTblO Ha nOJIynpOBO)I.HHKOBbIX
npH60pax cynepreTep0)I.HH C O)I.HOKpaTHwM npe06pa30BaHHeM
qaCTOTbI 11 h03cpcpHIl.HeHTOM WYMa 8 a6. CHrHaJIbI pa)I.I10Ma5lK3 H

Te.neMeTpHqeCKHe CHrHa.nbI nepe)I.aIOTC5I OT)I.eJIbHbIMH nepe)I.aTqH"
KaMH. rIpe)I.ycMoTpeHbI pe3epBHble 6JIOKH, KOTopble BKJIlOqaIOT-

CH no cooTBeTcTBYlOmeH KOMaH)I.e C Ha3eMHOH CTaHIl.HH. Depe-
 aTqHKHco6paHbI nOJIHOCTblO Ha nOJIynpOBO)I.HHKOBbIX npH-
6opax. Pa HoMaHKH3JIyqaeT He3aTyxaIOmHe KOJIe6aHHH, a

u

Te.neMeTpHqeCKHH nepe)I.aTqMK MO)I.YJIHpyeTC5I no qaCTOTe no)I.-

HecymHMH qaCTOTaMH, o6eCrreqHBalOmHMH nepe)I.aqy 35 napa-
MeTpOB arrnapaTypbI I1C3.

Pa)I.Ho.nHHHH CB5I3H MefK)I.y I1C3 H Ha3eMHbIMH CTaHIl.H5IMH

pa60TaeT B )I.eIl.H!\IeTpOBOM )I.Hana30He. ILBe JIHHeHHO nOJI5Ipn-
30BaHHbIe aHTeHHbI06ecrreqHBalOT H3JIyqeHHe B npe)I.eJIax Te-

.neCHoro yrJIa, npeBbIIllalOmero rroJIyccpepy. C KafK)I.oH aHTeH-
u u

HOH COe)I.HHeH OT)I.eJIbHbIH npHeMHHK, K KOTOPOMY rrOCT05IHHO

nO)I.K.nIOqeHbI pe3epBHbIe 6.nOKH. ILBa )I.eIl.HI\leTpOBbIX nepe)I.aT-
qHKa C pa60QHMH qaCTOTaMH, pa3HeceHHbIMH npHMepHO Ha

20 Met{, o6eCneqHBalOT qaCTOTHO pa3HeceHHYlO nepe)I.aqy
Ha Ha3eMHYlO CTaHIl.HIO. CHrHa.nbI C BbIXO)I.OB qeTbIpex npHeM-
HHKOB CKJIa,AbIBalOTCH B CYMrvlHpYlOmeM YCTpoHcTBe. KafK,AbIH
H3 rrpHeMHHKoB npe)I.CTaBJI5IeT C060H co6paHHbIH nOJIHOCTblO

Ha no.nynpOBO)I.HHKOBbIX npH60pax cynepreTep0)I.HH C O,AHO-

KpaTHbIM npeo6pa30BaHHeM qaCTOTbI11 K03cpcpHIl.HeHTOM wYMa,
paBHbIM 14 86. Ha I1C3 HMeeTCH 4 rrepe)I.aTqHKa )I.eIl.H!\leTpOBoro
)I.Harra30Ha (2 OCHOBHbIX H 2 pe3epBHbIx). ILBa )I.eHcTBYlOmHx
nepe)I.aTqHKa MO)I.YJIHpOBaHbI no qaCTOTe O)I.HHM H TeM fKe CH-

rHa.nOM. TIapa pe3epBHbIx nepe)I.aTqHKOB BK.nIOqaeTCH no
u

KOMaH)I.e Ha3eMHOH CTaHIl.HH.

C006meHH5I, 3anHcaHHbIe Ha MarHHTHoH JIeHTe, XpaH5ITC5I
B O)I.HOM H3 rrHTH 3arrOMHHaIOmHX YCTpoiicTB. TIoCJIe)I.HHe BhI-

rrOJIHeHbI TaKHM o6pa30M, 1.J:TO 3arrHCb H BocnpOH3Be)I.eHHe ocy-
IlI.eCTB.n5IIOTCH npH npoTHBorro.nofKHhIX HarrpaBJIeHHHX )I.BHfKe-

HHH JIeHTbI. TI03TOI\1Y C006meHHe CqHTbIBaeTC5I B o6paTHoM no-

pH,AKe (OT KOHIl.a K HaqaJIY), qTO BbI3bIBaeT Heo6xo)I.HMOCTb
BBe)I.eHH5I YCTpoHcTBa, peBepcHpYIOmero C006I.I.I.eHHe. CTapbIe
3anHCH aBTOMaTHqeCKH cTHpalOTC5I nOCT05IHHhIM MarHHTOM

B nepHO)I. BocnpOH3Be)I.eHH5I. Ka)KJI.Oe 3arrOMHHalOmee YCTPOH-
C BOBeCHT 2,2 K2 H rroTpe6.n5IeT MOmHOCTb 10 em. YCTpoHcTBa
repMeTHqeCKH 3ana5IHbI B cnapHOM a.nIOMHHHeBOM KO)Kyxe,

10 3aK. 232

-
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qTO Heo6xo,lJJ1MO  JIH 06eCrreqeHHH Ha e}KHoti pa60TbI MeXa-

HH3MOB B YCJIOBHHX KOCMHqeCKOrO npOCTpaHCTBa.

ArrnapaTypa I1C3 rrHTaeTC5I OT HHKeJIb-Ka MHeBhIXaKKY"

MYJIHTOpOB, 3apH}J(aeMbIX OT COJIHeqHbIX 6aTapeti. Pe3epB-
H35I MOmHOCTb arrnapaTypbI CrrYTHHKa B nepHO bIMe}K YCeaH-

CaMH CBH3H COCTaBJIHeT 138m; lvlaKCHMaJIbHa5I MOmHOCTb,

nOTpe6JIHeMa5I B  ynJIeKCHOMpelliHMe o6MeHa coo6 eHHHMH,
paBHa 225 em. Co.n:He1.IHaH 6aTape5I, COCTOH aHH3 19 152

3JIeMeHTOB pa3MepoM 1 X 2 CM, OT aeT MO HOCTb 60 em

 JIH3apH KHaKKYMYJIHTOpOB.
OnepaTop Ha3eMHOH CTaHllJIH HMeeT B03MO}KHOCTb nepe aTb

Ha I1C3 no o6eHM pa HOJIHHH5IMBcero 21 KOMaH Y.KOMaH bI,
ynpaBJI5IIO He pa6oToti 3arrOMHHaIOllLHX YCTPOHCTB If .n,ell.H-

l\leTPOBbIX nepeAaTqIdKOB, KO HPYIOTC5I  .TI5I o6eCne1.IeHH5I

CKpbITHOCTH pa60TbI.
LI.JI5I rrOBbIllIeHHH Ha.n,eMHOCTH o6oPYAoBaHH5I 3HaQHTeJIbHOe

BHHMaHHe 6bIJIO y eJIeHO pe3epBHbIM u.err5IM 11 3JIeMeHTaM.

TaKIfe YCTpoHcTBa, KaK pa HOMa5I1.IHbIeIf TeJIeMeTpHqeCKHe ne-
u

peAaTqHKIf, 3arrOMHHaIOllLHe YCTpoHcTBa If ,nell.Hl\'leTpOBbIe rrepe-
 aTqHKH,BKJIIOqaIOTC5I rro KOMaH aI"L ,Qpyra5I arrnapaTypa,
HanpHl'vlep rrpHeMHHKH )J.ell.IfI\leTpOBoro  Ifarra30Ha,aKKYMYJIH-

TOpbI If COJIHeqHbIe 6aTapeIf, BKJII01.IeHbI nOCT05IHHO, C TeM

qTo6bI oOeCrre1.IHBaJIaCb HenpepbIBHa5I pa60Ta OCTaIOllLHXCH

6JIOKOB B cJIyqae, eCJIH HeKOTopble 113 HHX 6Y)J.YT rrOBpe}K eHbI.
B rrpou.ecce pa60TbI TeJIeMeTpnpYloTC5I CJIe YIOllLHe napa-

MeTpbI 60pTOBOH arrnapaTypbI: TepMnepaTypa, HanpH}KeHHe
u

aKKYMYJIHTOpOB, 3apH HbIH TOK, MOW.HOCTb rrepe aT1.IHKOB,

Hanp5IllieHl1e APY rrpHeMHHKoB H nOJIO}J(eHHe JIeHTbI Bcex 3a..
u

nOMHHaIow.HX YCTPOHCTB.
Ha BpeM5I npOXO}K eHH5I I1C3 Ha Ha3eMHOH: CTaHIJ.HeH

o

aHTeHHa rrOCJIe UeH HanpaBJI5IeTCH B TOqKY rrpocTpaHcTBa,
r)J.e 11C3  OJI}KeH6blTb BnepBbIe o6uaPY}J{eH. TIoCJIe OBaTeJID-
HOCTb OrrepaIJ.HH, BblnOJIHHeMbIX B rrpOIJ.eCce o6HapY}J{eHH5I
I1C3, nOKa3aHa Ha cpHr. 2. Kor)J.a Ha Ha3eM:HOH CTaHllJIH «KYPb-
ep» 6YAYT npHHHTbI CHrHaJIbI l\leTpOBoro lvlaHKa, orrepaTop no-

CbIJIaeT KOI\1aHAY «BKJIIOQHTb» rro pa HOJIHHHH 3eMJIH-HC3.
TIo 3TOH KOMaH,[le Ha I1C3 BKJIIOqaIOTC5I CBH3HbIe rrepe aT1.IHKH
H npHeMHHKH .n,ell.Hl\1eTpOBoro  Hana30Ha,BbIKJIIOqaeTC5I pa Ho-

u u

Ma5IK, BKJIIOQaeTC5I MOW.HbIH TeJIeMeTpH1.IeCKHH nepe aT1.IHK,

pa60TaIOI.IJ.HM Ha TOM }Ke qaCTOTe l\leTpOBoro  Ifana30Ha,qTO

H paAHOMa5!K, II npHeMHHKH 3Toro  Ifarra30HanepeBO HTCH113

---
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MeHH). B 9TOM pe>KHMe COOOIIJ.eHllH peTpaHCJ1HpYIOTC5I 3J1eKTpOH-
HOH annapaTYPOH I1C3 6e3 3a ep:tKKll.

pe:tKllMa C Bpel\1eHHbHvl pa3 eJIeHHeMB pe)KHM, Kor aHenpepbIB-
HO pa60TaeT O.l(llH npHeMHHK. DocJIe 40-CeKYH,l(HOrO nporpeBa

u

nepe aT4HKoBAellHl\leTpOBoro  Hana30HaaHTeHHa Ha3eMHOH

CTaHllHH Ha4HHaeT nOBCK, 3aXBaTbIBaeT H aBTOMaTH4eCKH CO-

npOBO.iK,AaeT I1C3 IIa lIac.TOTe JIHHHH CB5I3H B TeqeHlle Bcero

OCTaJIbHOrO nepHO,Aa npOXOiK,AeHHH cnYTHHKa. B pe)KHMe aBTO-

MaTllqeCKOrO conpOBOiK,AeHllH MO)KeT ocy eCTBJ1HTbC5I o6MeH
HaKOnJIeHHOH llIHIJOpMallHeH Me:tK,AY Ha3eMHoH..cTaHllJ1eH H I1C3.
B THnH4HOM cJ1yqae onepaTop Ha3eMIIOH CTaHIJ.llH nOCbIJIaeT

KOMaHAY Ha O,AHO lI3 3anO IHHalOIll.HXYCTPOHCTB I1C3 - «BOC-

npoH3BecTH» 3anHcaHHbIe coo6 eHHH.B npOIJ.eCce Bocnpoll3-
BeAeHH5I coo6ll eHH5IOHO aBTOMaTH4eCKH CTHpaeTC5I, C TeM qTO..

6bI MarHHTHaH J1eHTa 6bIJ1a nO,ArOTOBJIeHa ,AJI5I 3anHcn HOBoro

C006 eHH5I. Ha Ha3eMHOH CTaHllHH nepe,l(aHHbIe C006Ill.eHH5I
3anHCbIBaIOTC5I Ha M:arHHTHYIO JIeHTY. O,l(HOBpeMeHHO onepa-
TOp rrepe,AaeT Ha ,l(Pyroe 3anOMHHalo eeYCTPOHCTBO I1C3

KOMaH,AY «3anHCb», nOCJIe qero Ha I1C3 rrepe,AaIOTC5I C006Ill.eHH5I,
u

npe,l(BapHTeJIbHO 3aITBCaHHbIe Ha Ha3eMHOH CTaHIJ.HH Ha MarHHT-

HYIO JIeHTY. 3Ta onepallH5I MOMeT 6bITb nOBTopeHa ,AJI5I Ka:tK-

,Aoro 1I3 IT5ITH 3anOMlIHaIO lIXYCTPOHCTB I1C3. 4eTbIpe H3 HHX

lICnOJIb3YIOTC5I ,l(JI5I 3anHCH TeJIerpacpHbIX C006Ill.eHlIH B IJ.HcppO-
BOH cpopMe, n5ITbIH - aHaJIOrOBOro THna CJIY:tKHT ,l(JI5I 3anHCH

TeJIecpoHHbIX 1I cpOTOTeJIerpacpHbIX C006Ill.eHHH. TIepllo,l( 3anllCH
u

HJIH BocnpOH3Be,l(eHlI5I ,l(JI5I Ka:tK,l(OrO YCTpOHCTBa COCTaBJI5IeT

4 MUfl. TeJIerpacpHble ,l(aHHble nepe,l(aIOTC5I Ha (HJIH c) IJ.HcppO-
BbIe 3anHCbIBalO HeYCTpoHcTBa co CKOPOCTbIO 35 000 ae. e8/eeK.
3a 4 MUH MOMeT 6bITb 3anHcaHO HJIH BocnpOH3Be,l(eHO 13200 000

,l(B. eA., qTO 9KBHBaJIeHTHO 300 000 CJIOB.

BpeM5I 06MeHa C006Ill.eHH5IMH OrpaHHqHBaeTC5I nepHO,l(OM
npHMoH BH,l(HMOCTH I1C3 C Ha3eMHOH CTaHIJ.HH. TIocJIe OKOHqa-

HHH o6MeHa Ha3eMHaH CTaHIJ.HH nO,AaeT Ha I1C3 KOMaH,AY
nepexo,l(a Ha pe3epBHbIH pe:tKHM, npH KOTOpOM pa60TaeT
TOJIbKO pa,AHoMaHK, H3JIYIIalO HHHa MeTpoBbIX BOJIHax. B CJ1Y-
IIae eCJIH Ha3eMHa5I cTaHllHH He MO:tKeT nepe,l(aTb 3TY KOMaH,l(Y,
annapaTypa I1C3 4epe3 20 eeK aBTOMaTHqeCKH nepeKJIlOqaeT-
CH Ha pe3epBHbIH pe)KHM. OrrHCaHHa5I BbIllie nOCJIe,l(OBaTeJ1b"

u

HOCTb onepallHH xapaKTepHa ,l(JIH pe:tKHMa peTpaHCJI5IIJ.HH C 3a-

,nep:tKKoH. ECJIH B TeqeHHe KaKorO-TO npOMe)KYTKa BpeMeHH HC3
u

BH,l(eH oAHoBpeMeHHo C ,ABYX Ha3eMHbIX CTaHIJ.HH, TO Ha Hero

MO:tKeT 6bITb nOCJ1aHa KOMaH,l(a, no KOTOpOH OH nepeH,l(eT B pe-
}KHM MrHOBeHHOH peTpaHCJIHIl.HH (B peaJIbHOM MaCIIITa6e Bpe..

3. KOHCTPYK HDcnYTHHKa

I1C3 «KYPbep» npe,ACTaBJIHeT C060H ccpepy ,AHaMeTpOM
130 CM H BeCHT 200 K (cpHr. 3). OKOJIO 80°0 nOBepXHOCTH
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<1) II r. 3. BHellJIIllfl 1311,lJ, 11C3 «I(ypLep».

ccpepbl nOKpbITO 9JIeMeHTarvIH COJIHeQHbIX 6aTapefi (o6 eeqHCJIO
HX COCTaBJIHeT 19 152), KOTopble ClVlOHTHpoBaHbI B MOAYJIH.

l(a}K,AbIH 3JIeMeHT nOKpbIT OnTI'f1-IeCKlUvI CTeKJI5IHHbIM cpHJIhTpOM,
3aKpenJIeHHbIM a,Are3HBHhlrvI COCTaBOM. 3TH cpHJIhTpbI He npo-
nYCKalOT HH<ppaKpaCHYIO IIaCTb crreKTpa COJIHe4HOro H3JIY4e-
HHH, qTO nOBblIIIaeT 3cpcpeKTHBHOCTb pa60TbI COJIHellHbIX 6aTa..

pefI. 4eTbIpe IIITblpeBbIe aHTeHHbI MeTpOBoro ,[(Harra30Ha pa3-

---
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HeceHW Ha paBHwe paccToRHMH OTHOCMTe bHO eHTpa bHoro
MarHMeBoro o6Pyqa, a  BeCB4  e eBbIeaHTeHHbI pacno o-
:tKeHbI B npoTHBOnO O:lKHbIXTOqKaX Toro )Ke 06PYI-Ia.

BHYTpeHHHH KapKac I1C3 HeceT Ha ce6e 3 eKTpoHHYIOanna-

paTYPY, 3aKpen eHHYIOHa cpe HeH,BepXHeH If HH)l{HeH n aT-

coo6 eHHH,BXO H HI1B KOMaH Hoe eKo HpYIOIl.\eeYCTpOH"
CTBO. Ha cpHr. 5 nOKa3aH BH CHH3Y Ha annapaTYPY I1C3.

3 ecb H HbI3anOMHHaIOllI.He YCTpoHcTBa, CMOHTHpoBaHIIbIe Ha

HH:lKHeH rr aTcpopMe; elIJ1MeTpOBbIerrepe aTqnKHH npHeMHHKH,
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<P II r. 5. BIIA annapaTypbI l1C3 C1I1I3Y.
<P Hr. 4 BHA annapaTypbI I1C3

_
cBepxy.

cpopMax COTOBOH KOHCTPYKU.HH, BbInO HeHHbIXH3 CTeK OBO OK-
u

Ha H 3nOKCH HOHCMO bI.

OnopaMH n aTcpopM C Y)KaT a IOMHHHeBble TPy6KH. Ha

cpHr. 4 npe CTaB eHBH cBepxy Ha BHYTpeHHee pacnO O:lKeHHe

annapaTypbI B I1C3: BH HbICqHTbIBaIOIl.\He YCTpoHcTBa, npHeM"
HHKH MeTpOBoro  Hana30Ha,paCnO O)KeHHbIeHa BepxHeH n aT-

cpopMe,  e HMeTpoBblenepe aTqHKH,aHTeHHbIe nepeK IOqaTe H
11 npHeMHHKH Ha cpe HeHn aTcpopMe.TIo BepxHeH nJIaTcpopMoH
CMOHTHpOBaH nepe aTqHK pa HOMa5IKa H Te eMeTpHqeCKHH
nepe aTqHK,Te eMeTpHqeCKHI1reHepaTOp H 6 OKBbI e eHHR

I
)

a T K)KeJIOrHqeCKHe 6 OKHKOMaH,nHoro ,neKo HpYlOIl.(erOYCT-

pOHcTBa, CMOHTHpoBaHHoro Ha HII)KHeH cTopoHe cpe HeHnJIaT-

cpOpMbI. KOHTeHHepbI C HHKe b-Ka f\lIHeBbIMHaKKYMY HTopaMH
YCTaHoB eHbITaK:lKe B  eHTpecpe HeHrr aTcpopMbI. Ka)K bIH
6 OKTepMHqeCKH H30JIHpOBaH OT  PyrHx.PerY HpoBaHHeTeM-

nepaTYuPbI  OCTHraeTCHnYTeM no 6opacooTBeTcTBY10llI.HX no-

KpbITHH nOBepxHocTH 6 OKOB11 BbI6opOM cooTBeTcTBYIOllI.eH
«reoMeTpHIf H3JIyqeHH5I» pa3JIHQHbIX 3 eMeHTOB. KO bU.O,
BH HoeB BepxHefI qaCTH cpHr. 5, npM eraeTK BpaIl.\aIOIl.\eHCH

u

n HTeBTOpOH cTyneHH paKeTW.

-
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Ha cpHf. 6 rrOKa3aH ,AeIl.Hl\leTpOBbIH nepe aTqHKco cxeMoH
aBTOMaTHqeCKOH  O)::{,CTpOHKH qaCTOTbI (nepeA repMeTH3auJleH
6JIOKa) .

Ka)KAbIt'I nepeAaTqHK repMeTH3HpyeTC5I B cBapHoM MarHHe-

BOM KO)Kyxe C lLeJIblO 06eCneqeHH5I Ha)::{,e)KHOH pa60TbI MexaHH..
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<P Hr. 6. ITepe,lJ,aTQHK JJ,eIl.lIMeTpoBoro ,lJ,lIana30IIa.

qeCKHX 3JIeMeHTOB cxeMbI aBTOMaTHqeCKOH nO CTpOHKHlIaCTOThI

(Ar:y:) B YCJIOBH5IX KOCMHqeCKOrO npOCTpaHcTBa. flp5IMoyrOJIb-
HbIH 6JIOK B HH)KHervl npaBoM yrJIY npe)::{,cTaBJI5IeT C060H TenJIO-

OTBO)::{" HanOJIHeHHbIH BOCKOM, pa60Ta KOToporo OCHOBaHa Ha

nOrJIO eHHHTenJIa npH nepexo)::{,e BOCKa H3 TBep oroB )KH KOe
COCT05IHHe B npOlLecce ero HarpeBa npH OXJIalli eHHH aHo a
JIaMnbI nepe aTqHKa.

Ha cpHr. 7 nOKa3aH TeJIeMeTpHqeCKHH rrepe)::{,aT4HK MeTpo-
Boro AIIana30Ha BOJIH, nOJIHOCTblO co6paHHhIH Ha nOJIynpoBo)::{,-
HHKOBbIX npH60pax. LIacToTa 3Toro nepe)::{,aTqHKa cTa6HJIH3H"

pyeTC5I npH nOM01.I:(H KBapIl.a B npe)::{,eJIax ::f:::O,002 °6. BhIXOAHa5I
MOI..l.'(HOCTb COCTaBJI5IeT 18m. Bce 3JIeMeHTbI l1C3 6hIJIH HcnbI-

TaHW Ha BH6pa HOHHOMcTeHAe np" BH6palLHH C YCKopeHHeM

9. HcKyccmeeHHblu cnymHuK 3eAt/lu «KYPbep» 273

11,5 g H no WYMOBOMY 3aKOHY co cneKTpoM 20-2000 eft B Te..

qeHHe 3 MUIi. l1C3 B u.eJIOM 6bIJI HcnbITaH npH BH6paIJJ-IH 7,5 g
B TOM me WYMOBOM cneKTpe. :VIC3 «I<YPbep» HcnbITbIBaJIHCb

TaKllie B BaKYYMHbIX KaMepax B YCJIOBH5IX, MMHTMPYIOIlLHX YCJIO-
BM5I Ha op6HTe. B YCTaHoBKe, CJIY)KHBWeH  JI5IHcnbITaHHH,
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<P Hr. 7. TeJIeMeTpnllecKlIif nepe,lJ,aTlIlIK MeTpuBoro )J.Hana30Ha.

;..

u

l\le}l{,ny CTeHK31\IH Ka11epbI nponYCKaJICH )KJiI)::{,KHH a30T, HfviHTHpO-
BaBwHfI XOJIOA KOCl\1HlIeCKoro npocTpaHCTBa. ,.QaBJIeHHe B Ka..

Mepe 6bIJIO CHM)KeHO ,no 10-5
M.lU pfn. em. l1MHTalLH5I COJIHe4HOro

TenJIa npOH3BO HJIaCbnpn nOMollIJI 9JIeKTpHtIeCKOrO HarpeBa..
TeJIbHOrO 3JIeMeHTa, KOTOpbIH Bpa aJICHBOKpyr I1C3 co CKO"

u

pOCTblO, cooTBeTcTBYIoIlLeH CKOpOCTH BpaIlLeHHH nOCJIe Hero.
_I

I
0-1
lO 4. Ha3eMHbie CTaH,-""J.-IH

Ha3eMHbIe CTaHIl.HH 6bIJIH paCnOJIO)KeHbI B cpopTe MOHMYC
(WT. HbIo-L()KepcH) H B K3Mn CaJIHHaC (flY3PTO-PHKO). Pac-

u

nOJIO)KeHHe CTaHl1.HH B 9THX nYHKTax n03BOJIH.TIO npoBecTH

3KcrrepHMeHTbI C I1C3 B pe)KHMe 3aAep)KaHHOH H MrHoBeHHoH

108 3aK. 232

-
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peTpaHCJIHll.HH. BbICOTa H HaKJIOH Op6HTbI I1C3 CAeJIaJIH B03-

MO:tKHbIM npHMepHO H3 14 060pOTOB I1C3 B CYTKI1 HCnOJIb30BaTb

5 060pOTOB AJIH pa60TbI C cpOpTOM MOHMYC II 7 060pOTOB C

nY3pTopHKaHcKoH CTaHIJ.HeH. CeaHcbI CB5I3H npOAOJI:lKaJIHCb

Tefle<'l20tjJ- Pe/le YcmjJOUCm60, JanUCb J

H/JIU .;7bfmonpo- CClUfTloI80/0t4E£ BOCnp01.l3-
'77R)J(HOZO C

r
Bedeliue

Jnnopom
14tXOnU.JMO fJepI/'lO/leH/Tlbl -to leHlTJ

flpooeplfU ycmpOUCff/8Q JonUCU

fleprpopamop
 i3 /leh'lTlbl

tlJopMl/PO-
:lOtTItY7b

CrntlHdopm LJMt7Y/lbCOe

'facmombi

JOnLlCb II
BOCI7P0l/3.
BedeHue
'10 .;lellm

flpueMHUKlI c I
CYMMUPYI01.4t? nOflRpUJOljlYOHlfblM I
ycmpoticmeo II 'IOCfTlomHj/M I

pO.JHOCOM t
I

CuEffa./l cfle;;reHU51 If OHmeHHe I

l7epeuom'lul( I
Mempoeoco Il ' 

'PQi/OnO.JoHo yn/lef(Cr;;,

80/lH

4HmeH'IO
iJe411MPmpoBo2.J
dlJ(JfitlJOHU

PY OBaHHeHa3eMHOH CTaHll.HII, pa60TaIOmee B MeTpOBOM AHa-
u u

rra30He, HCrrOJIb3yeT pa3HeceHHbIli rrpMeM C CeJIeKllJfeli no nOJIH-

pH3aIJ.HH, rrpHLIeM npll nepeAaqe rrpe)l.YCMOTpeHO nepeKJIIOqe-
u

HHe Ha ropH30HTaJIbHYlO HJIH Ha BepTHKaJIbHYIO JIHHeliHYlO
rrOJI5IpH3aIJ.HlO. DpHeM CHrHaJIOB paAHOMa5IKa H TeJIeMeTpHqe-

u

CKHX CHrHaJIOB Be,L(eTC5I C nOMOmbIO 3TOII annapaTYPbI MeTpOBbIX
BOJIH. TeJIeMeTpHqeCKa5I HHcpopMaIJ.H5I 3anHCbIBaeTC5I Ha JIeHTY
caMonHCIJ.a. I1oCJIe,L(HHH npHMeH5IeTC5I AJI5I Ha6JIIOAeHHH 33

u

YCJIOBHHMH 3arpY3KH 3anMCbIBaIOmero YCTpOHCTBa C MarHHT-
u u

HOH JIeHTOH, a TaK:tKe AJIH KOHTpOJIH CTeneHH 3apH)KeHHOCTH
HHKeJ1b-KaAMHeBbIX aKKYMYJ1HTOpOB B HaqaJIe ceaHca.

B AeIJ.HMeTpOBOM )l.Hana30He npIIMeHHeTC5I KpyroBaH nOJ1H-
u u

pH3aIJ.H5I npH nepeAaqe H qaCTOTHbIH H n0J15IpH3aIJ.HOHHbIH pa3"
HOC npH npHeMe. ,LLJ15I 06eCneqeHH5I qaCTOTHoro H nOJIHpH3a-

u u

IJ.HOHHOro pa3Hoca B npHeMHOli annapaType Ha3eMHOH CTaH-
u

IJ.HH npHMeH5IeTC5I cynepreTepOAHHHaH cxeMa C ABOHHbIM npe..
06pa30BaHHeM qaCTOTW, B KOTOpOH HCn0J1b3yeTcH 4 napaMeT"
pHqeCKHX YCHJIHTeJ15I. HeKorepeHTHaH pa60Ta ABYX nepeAaT"
qHKOB I1C3 Tpe6yeT CJIOLKeHIIH CHrHaJIOB KaK AO, TaK H rrOCJIe

,L(eTeKTopa. DpHeMHoe YCTPOHCTBO HMeeT AHHaMHqeCKHH AHa-
na30H OT --140 AO --100 86 OTHOCHTeJIbHO BaTTa.

,LLJI5I nOBbIIlleHH5I nponycKHoH cnoc06HoCTH npH nepeAaqe
TeJIerpacpHbIx C006meHHH npH IeH5IeTC5I6ycpepHbIH MeTOA npe..

06pa30BaHHH CKOp CTH nepe)l.aqH. TeJIerpacpHwe C006meHH5I
C 6YMaLKHoll JIeHTbI npe06pa3YlOTcH B 3JIeKTpMqeCKHe CHrHaJIbI

co CKOpOCTblO 200 KOAOBbIX KOM6HHaIJ.Hll B ceKYHAY H 3anHCbI-

BalOTCH Ha MarHHTHYlO JIeHTY, ABH:tKYI.I.LYlOCH co CKOpOCTblO
4,2 c tIceK. Ka:tKAaH KOAOBaH KOM6HHaIJ.H5I C006I.I.LeHHH 3anHCbI-

BaeTCH napaJ1JIeJ1bHO Ha 6 AOpO)KKaX MarHHTHOH JIeHTbI. 3Ta

HHcpopMaIJ.HH BocnpoH3BOAHTC5I 3aTeM npH CKOpOCTH ABH)I{eHHH
J1eHTbI, paBHoH 152 cJrt/ceK. CHrHaJIbI C MarHHTHOH JIeHTbI npe-
o6pa3YlOTcH H3 napaJIJ1eJIbHOH B nOCJIeAOBaTeJIbHYIo cpOPMY H

u u

HCn0J1b3YlOTCH AJ15I qaCTOTHOH MOAYJIHIJ.HH HecYI.I.LeH,
cJIy:tKaI.I.LeH AJIH nepeAaqH HHcpoprvfaIJ.HH Ha HC3 co CKOpOCTblO
55 000 88. e8/ceK. CeAbMoH, HJIH cTonoBbIH, ABOHqHbIH 3HaK

Ka:tKAOH KOAOBOll KOM6HHaIJ.HH BBOAHTCH B YCTPOHCTBO, rrpe-
06pa3YlO ee aHHbIeH3 napaJIJIeJIbHOll B rrOCJIeAOBaTeJIbHYlO
cpOPMY. C006I.I.LeHHH, nocTynaIomHe C I1C3 Ha Ha3eMHbIe

rrpHeMHHKH, rrpe06pa3YlOTcH H3 rrOCJIeAOBaTeJ1bHOH B napaJI-
JIeJIbHYlO CPOPMY H 3anHCbIBalOTCH Ha MarHHTHYIO JIeHTY, ABH-

JKY YIOCHco CKOpOCTblO 152 cM/ceK. 3TH C006meHHH 3aTeM

IOB*

.----

reHepomop
KOdoe u

IfOMOHO

Omo)/(oeCfl78-
/leHue

I(OMOIiO

IIpyz{Je CucmeMlJl

YCfl7potiCfl7e.
anR .Jonucu

onopHbU
tloIiH /;r

CU2HO/ibl
cmOHl UlI

ilUHlfble
C/leJ/(eHug

A HmeHHI1
MempOBOlO

I
tJuuno "oHa

I

1.'C'Y'- -

ff",oUlromop
U Jt'Kopdep
J/IR otJlcmpotJ
dffO"trO/4UU

JleMooY/l.RljUR
me/lt'MempU'IeCKlIX

CUZHO/lOB
u 8bloe/7eHue

uHdu8uOyOflbtibl%
/fOHO/70B

flpueMHuKU
MempOBOZO
OUOfiO.JOHO
Cf]{l]I-KJCOtrl no
t10/lifpU.JOqU{J .J

BblXOO CUZ/-Io/70 APY

<P II r. 8. EJIOK-CXeMa Ha3eMHoII CTaH LlHII.

OT 8 AO 19 MUH, npH 3TOM B TeqeHHe 3HaQHTeJIbHbIX npOMe:>KYT-
KOB BpeMeHH I1C3 HaXOAHJICH B 30He npHMOH BH)l.HMOCTH

06eHX CTaHIJ.HH. 3TO n03BOJIHJIO npOBeCTH 3KcnepHMeHTbI B pe-
:tKHMe MrHOBeHHOll peTpaHCJI5IIJ.HH. B KOMrrJIeKT CTaHIJ.HH B cpopTe
Iv\oHMYC BXOAHT napa60JIHIIeCKaH aHTeHHa AHaMeTpOM 8,4 M,

3 nOJIynpHll.ena -H peMOHTHbIH cpyprOH. 06oPYAOBaHHe rrOJIY-

npHIJ.enOB 06eCneQHBaeT COrJIaCOBaHHoe ynpaBJIeHHe rrpOIJ.ec..
Cal'vfH CBH3H If BKJ1lOqaeT B ce6H nYJIbT ynpaBJIeHHH II ILeHTp

06pa60TKIf C006II."(eHHH. Pa,L(HOnpHIJ.err co"nep:tKHT BCIO nepeAalO-

II(YIO annapaTYPY MeTpOBoro H AeIJ.HMeTpOBoro AHana30HOB
I30JIH.

Ha cpHr. 8 npe..nCTaBJIeHa ynpOII."(eHHaH 6JIOK-CXeMa Ha3eM-

HOll CTaHIJ.HH. 0:HcTeM8 ITHT8HHH aHTeHHbI COAep:tKHT 3JIeMeHTbI

AJIH B036Y}KAeHHH ee B AeIJ.HMeTpOBOM Ii B MeTpOBOM  Hana30"
u

Hax BOJIH, 8 TaKMe JIHH30BOe CKaHHpYIOII."(ee YCTPOHCTBO C

npHBO,L(OM, 06errreqHBalO eeKOHHLIeCKOe CKaHHpOBaHHe. 060-

-
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BocnpOH3BO,l],HTC5I npH CKOpOCTH ,l],BH)KeHHH JIeHTbI 4,2 cMlceK
II nOA310TCH H3 nepcpop3TOp C 6YM3)KHOH JIeHTOH, p36oT3lOIlIJIH
co CKOpOCTblO 200 KO,l],OBbIX I{OM6HH3lLHH B ceKYH,l],Y. DOJIyqeH-
H3H B pe3YJIbTaTe JIeHT3 MO)KeT 6bITb HCnOJIb30B3H3 CTaH,l],aPT"
HbIMH TeJIerpacpHbIMII annapaTaMH.

3anHcaHHoe peqeBOe coo6 eHHeo6pa6aTWBaeTC5I APyrHM
cnoco6oM. AHaJIOrOBOe coo6 eHHenepBOHaqaJIbHO 3anHCW"

BaeTCH Ha MarHHTHYlO JIeHTY C HOpMaJIbHOll CKOpOCTblO. 3aTeM

coo6 eHHeBocnpoH3BoAHTCH H nOCbIJIaeTCH Ha I1C3 C YABoeH"
HOH CKOpOCTblO. PeqeBble co06 eHH5I,npHHHTbIe C I1C3, 3a-

u

nHCbIBalOTCH Ha MarHHTHYIO JIeHTY C YABoeHHoH CKOpOCTbIO
(rro cpaBHeHHlO C HOpMaJIbHoH), a npH BocnpoH3BeAeHHH 3Toro

coo6 eHHH npHMeHHeTcH nepBOHaq3JIbHaH CKOpOCTb.
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5. 3anYCK I1C3 «KYPbep-lB»
.

I1C3 «KYPbep-1B» 6blJI 33ny eH C Mblca K:eHHe.L(H
40KTH6p5I 1960 r. B 12 liac. 50 MUH no BOCTOqHOMY CTaHAapT-

HOMY BpeMeHH. 3anycK 6bl.n npOH3BeAeH TOqHO Ha BOCTOK co

cTapToBoH rrJIO aAKH 17B. Ha I\1bICe KeHHe,l\H I1C3 6bIJI Bbl-

BeAeH Ha Op6HTY C HaK.HOHOM K 3eMHoMY 3KB3TOpy B 28,3°.
BblxoA I1C3 Ha Op6HTY npOH3011IeJI HaA IO:tKHOH AcppHKOH,
K3K nOKa33HO Ha cpHr. 9.

PaKeTa «Top-3H6 TICT3p», HecY 35II1C3, HMeeT B jI.JIHHY
60JIee 23,7 .Nt H cTapToBbIH Bec 60JIee 44 000 K2-. Ha cpHr. 10 no-

K33aHa paCqeTHa5I Tpacc3, cooTBeTcTBYIO aHop6HTe nepBoro

crrYTHHKa «IZYPbep-1B».  HcppbI0603HaqaIOT MHHYThI nOCJIe

BblXOA3 I1C3 Ha Op6HTY. 3anycK 6blJI ycrreIllHbIM
- I1C3 BbI"

lIleJI Ha Op6HTY C anoreeM 1200 KJvt, 'nepHreeM 957 KM H nepHo-
AOM o6pa eHH5I 107 JvUlH.

Pa60Ta CHCTeMbl CBH3H AaJIeKO npeB30IllJIa O:tKHAaHHH KOH"

CTPYKTOpOB. MO HOCTbCHrHaJIa, rrpHHHMaeMoro Ha 3eMHbIX

CTaHlI.HHX, npeBoCxOAHJIa
- 95 a6.Ai. 3KcnepHMeHTbl no 3aAep"

)KaHHOH H MrHoBeHHoH peTpaHCJIHlLHH TeJIerpacpHbIx H peqeBbIX
coo6IILeHHH 6blJIH npoBeAeHbI ycnelIlHo.

HanpHMep, C I1C3 «KYPbep» 12 OKT5I6p5I 1960 r. 6bIJI rrpH"
HHT cpOTOCHHMOK B pe:tKHMe He3aAep:tKaHHOH cpoTOTeJIerpacpHoH
nepeAaqH. 06 a5IrrpOTH)KeHHOCTb Tpaccbl npH 3TOH cpoToTe-
JIerpa HoHnepeAaqe COCTaBJIHJIa OKOJIO 6400 KM.

C 22 OKT5I6pH 1960 r. HC3 rrepeCTaJI pearHpoBaTb Ha

KOMaHAbI, nepeAaBaeMble C Ha3eMHhlX CTaHIJ.HM. PaAHoMaHK I1C3
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rrpOAOJIiKaJI pa60TaTb, QTO CBHAeTeJIbCTByeT 0 TOM, qTO o6opy..
AOBaHHe I1C3 CPYHKll.HOHHpOBaJIO B pe3epBHOM pe)KHMe.

XOTH CpOK CJIY}K6bI I1C3 OKa3aJICH He6oJIblllHM, CH-

CTeMa npOAeMOHCTpHpOBaJIa B03MOmHOCTH, KOTOphle rr03BOJIHT

eM KOHKypHpoBaTb C TpaHCaTJIaHTHqeCKHMH KOpOTKOBOJIHO-
BbIMH H Ka6eJIbHbIMH JIHHHHMH CBH3H. flpH ee ycoBepllleHcTBo-
BaHHH TaKaH CHCTeMa fvlO)KeT 6bITb CAeJIaHa KOHKypeHTocnoco6-
HOM H B 3KOHOMIIQeCKOM OTHOllleHllll.



10.

AHTeHHWe YCTpoficTBa
u

Ha3eMHbiX CTa""-""

B CHCTeM8X CBSl3H

C nOMOlIl,blO HCHYCCTBeHHblX

cnY1HHHOB 3eMJlH
l

T 0 a 0 /l, :JIC.

1. BBc.ncHMe

B TIelIaTH lliHpOKO 06cY)K,naeTcH HacTynJIeHHe HOBOH .9pbI
BceMHpHoH CBH3H C nOl'vl0lll.bIO HCKyccTBeHHblx cnYTHHKoB 3eM"
.TIM (I1C3). XOTH B OCHOBHOI\1 paCCI\tIaTpHBaeTcH TpaHCaTJIaHTH-
lIeCKoe TeJIeBII eHHe,TaKoH MeTO MO)KeT 6bITb npHMeHeH ,nJIH
06WQHOM KOMMepqeCKOH H BoeHHoH CBH3H. B  aHHoHCTaTbe

OTIHCaHbI HeKoTopble Tpe60BaHHH K Ha3eMHbIM aHTeHHbIM YCT-
pOHCTBal\1 npH HCnOJIb30BaHHH HX B CHCTeMax CBH3B C nOMOlll.bI-o

I1C3.
,

2. napaMeTpbI CHCTeMbI

,LLJIH CBH31I C nOMOlll.bIO I1C3 I\tIOfYT 6bITb HCnOJIb30BaHbI

lIaCTOTbI OT 20 M2lt  O10 F2lt. TIo Mepe nOBbIIJleHHH Tpe6oBa-
HHM K KaqeCTBY CBH3H .cTaHOBHTCH )KeJIaTeJIbHbIM HCnOJIb30Ba-

HHe Bce 60JIee BbICOKHX qaCTOT KaK C TOqKH 3peHHH YMeHbllle..
HH5I nOMex, TaK H C TOqKH 3peHHH nOJIyqeHHH 60JIee lllHpOKOH
nOJIOCbI qaCTOT. O HaKoHCnOJIb30BaHHe CJIHlllKOM BbICOKHX

1 T 0 d d J. K., Point to Point Telecolnnlunica tions, v. 6, N2 3,
1962, 30-42.
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qaCTOT npHBO HTK 3aMeTHOMY 3aTyxaHHlO CHfHaJIOB B oca Kax;

.9TO B CBOIO Oqepe b,COf.naCHO TeopeMe 06paTHMOCTH, BbI3bIBaeT

pOCT TenJIOBbIX rnYMOB; KpOMe TOfO, caMH rrpHeMHHKH B .9TOM

CJIyqae HMeIOT 60JIee BhICOKHM K03cpcpHlI.HeHT IllYMa. TIO.9TOMY
OnTHMaJIbHbIMH qaCTOTaMH HBJIHIOTCH qaCTOTbJ OT 2  o6 rc4.

3. lllYMbl aHTeHHbIX YCTPOHCTB

I1C3 MOfYT 6bITb aKTHBHbIMH HJIH naCCHBHbIMI1. B JII-06oM

cJIyqae cnoco6HoCTb Ha3eMHoH npHeMHoH CTaHlI.HH rrpHHHMaTb

qpe3BbIqaMHO MaJIbIe ypOBHH CHfHaJIa 6y eTOfpaHHqHBaIO HM
cpaKTopoM. TIO.9TOMY nOTpe6YIoTcH aHTeHHble YCTpoHcTBa C

60JIbIllHM K03cpcpHIlJ1eHT01\1 YCHJIeHHH, lITO BbI30BeT Heo6xo H-
MOCTb npHMeHeHH5I ynpaBJIHeMbIX 3epKaJI  HaMeTpOM B 18
H 60JIee MeTpoB. KpoMe TOfO, lIpe3BblqaHHYIO Ba)KHOCTb npH"

o6peTaIOT xapaKTepHcTHKH BceM npHeI\tlHOM CHCTeMbI (BKJIIOqaH
aHTeHHble YCTpoMcTBa) H ypoBeHb lllyrvIoB KaK BHYTpeHHHx,
TaK H BHernHHX. floCKOJIbKY HCnOJIb3YIOTC5I MaJIOrnYMHIlI.He
npHeMHble YCTpOHCTBa, TO Heo6xo Hl\10 paCCMOTpeTb rnYMbI,
BHOCHMbIe aHTeHHbIMH YCTpOHCTBaMH.

I
--

I

4. 3£iJcpeKTHBHaSl mYMoBaSl TeMnepaTypa aHTeHH

HeCKOJIbKO  eCHTHJIeTHHHa3a lIYBcTBHTeJIbHOCTb npHeM"
HOM CHCTeMbI OfpaHHQHBaJIaCb YCHJIeHHeM npHeMHHKa 11 YBeJIH-

I!!'

lIHBaJIaCb nYTeM  OOaBJIeHHH  OnOJIHHTeJIbHbIX JIaMnOBbIX

KaCKa OB.BnoCJIeACTBl111 6bIJIO YCTaHOBJIeHO, lITO HapHAY C rro-

JIe3HbIM CHfHaJIOM B .9THX KaCKa axYCHJIHBaIOTCH TaKLKe 11

rnYMbI, TaK lITO Hl\1eeT MeCTO HeKOTopoe npe eJIbHOeYCHJIeHHe,
nOCJIe KOTOpOfO  aJIbHeMrneeYBeJIHlIeHHe YCHJIeHHH He npH-
BO)J,HT K POCTY OTHOllleHHH CHfHaJI/lllYM. TOfAa Bce 60JIbrnee

BHHMaHHe CTaJIH 06paIlI.aTb Ha YMeHbllleHHe ypOBHH rnYMoB
CHCTe!\.lbI H YBeJIHQeHHe OTHOllIeHHH CHfHaJI/IllYM  OCTHraJIOCb

3a ClIeT npHMeHeHHH KacKa Hblx TpHO HbIX YCHJIHTeJIeH C

MaJIbIMH rnYMaMH. TIOJIOLKeHHe, cy ecTBoBaBllleepaHee B YCH-
JIHTeJIHX, Ha6JIIO aeTCHTenepb B aHTeHHbIX YCTpOHcTBax.

KpoMe nOJIe3HOfO CHfHaJIa, rrpHHHMaeMofo OCHOBHbIM JIe-

rreCTKOM  Hafpal\1MbI HanpaBJIeHHOCTH, aHTeHHaH CHCTeMa

npHHHMaeT TaKLKe rnYMbI KaK no OCHOBH01\1Y JIenecTKY, TaK If

no 60KOBbIM H 3a HHMJIeneCTKaM. IllYMbI B03HHKaIOT TaKLKe

B cpH epe.3TH WYMbI MOfYT 6bITb BbI3BaHbI rrOMexaMH, HO EO
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MHorHX CJIY1.J:aHX ypoBeHb TenJIOBbIX WYMOB HBJIHeTCH onpeJI.e-
JIHIOlllJ1M. T01.J:HO TaK )Ke KaK pa3pa60TKa 60JIee BbICOKOKa1.J:eCT"
BeHHbIX YCHJIHTeJIeH OTKpbIJIa HaM 3Ha1.J:eHlie WYMOB, B03HH-

KalOIllJ1X B nepBbIX KaCKaJI.ax nplieMHOH CliCTeMbI, TaK H HOBbIe

COBpeMeHHble YCHJIHTeJIH
-

napaMarHHTHble, napaMeTpH1.J:e-
CKHe C OXJIa)K,AeHHeM If JI.a)Ke HeOXJIa)KJI.aeMbIe napaMeTpH1.J:e..
CKHe YCHJIHTeJIIf n03BOJIHJIH o eHHTbrnYMbI c06CTBeHHO aHTeH"

HbIX YCTPOHCTB.
lllYMOBbIe xapaKTepHCTHKH 60JIblllHX aHTeHHbIX YCTPOHCTB

(H  pHeMHHKOB)1.J:aCTO Bblpa)KaIOTCH B BH,ne 3cpcpeKTHBHOH lllYMO"
BOB TeMrrepaTypbI B rpaJI.ycax KeJIbBHHa. TIOpH):(OK BeJIH1.J:HH

3cpqJeKTHBHOH WYMOBOH TeMnepaTypbI COBpeMeHHbIX BX0JI.HbIX

YCHJIHTeJIeH npHel\IHHKOB (0 K):
2000 - JI.JI5I YCHJIHTeJIeH Ha JIaMrraX 6eryw.eH BO.IIHbI (JIBB),
150 - ,nJIH napaMeTpH1.J:eCKHX YCHJIHTeJIeH,
20 - ,nJIH rrapa 1eTpH1.J:eCKHX YCHJIHTeJIeH C OXJIa)KJI.eHHe f,

10 - JI.JIH napaMarHHTHbIX YCHJIHTeJIeH.
3cpcpeKTHBHaH wYMoBaH TeMnepaTypa aHTeHHbIX YCTPOHCTB

3aBHCHT OT MeCTHbIX HCT01.J:HHKOB nOMex, OT JI.HarpaMMbI HanpaB-
JIeHHOCTH aHTeHHbI, OT yrJIa nOJI.'beMa JIeneCTKOB JI.HarpaMMbI,
nOTepb H T. JI.. OHa MO)KeT l\feHHTbCH OT BeJIHqHH MeHblllHX

20° K, JI.JI5I 01.J:eHb CJIO)KHbIX aHTeHH JI.O 250° K -'):(JIH 60JIee

npocTbIX aHTeHH. 3cpcpeKTHBHa51 wYMoBa5I TeMrrepaTypa BceH
CHCTeMbI MO)KeT 6bITb HaHJI.eHa KaK cYMMa 3cpcpeKTHBHbIX WYMO-
BbIX TeMnepaTYP OTJI.eJIbHbIX KOMnOHeHT CHCTeMbI.

3a OTpa)l{aTeJIeM o6JIYQaeTC5I, 4TO npHBoJI.HT K nOHBJIeHHIO 60-

KOBbIX JIeneCTKOB ):(HarpaMMbI HanpaBJIeHHocTH. KorJI.a aHTeHHa
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5. THnbl aHTeHHblX YCTPOHCTB

,[lJI5I nocTpOeHH5I aHTeHHblX YCTPOHCTB 60JIbllIHX pa3MepoB
HCnOJIb3YIOTCH TPH OCHOBHble CHCTeMbI, npHBeJI.eHHble Ha

cpHr. 1.
Ha cpHr. 1, a nOKa3aH HaH60JIee npocToii THn, B KOTOpOM

06JIyqaTeJIb B cpopMe Pyrropa (HJIH JI.Pyroro BHJI.a) YCTaHaB-
JIHBaeTC5I B cpoKyce napa60JIHqeCKOrO OTpa)KaTeJIH. MaKcH"

MaJIbHOe YCHJIeHHe TaKoi1 aHTeHHbI MOllieT 6bITb nOJIyqeHO npli
onpeJI.eJIeHHOM 06JIYQeHHH OTpa)l{aTeJI5I pyrropoM. ,[lJIH nOJIY"
QCHHH MaKCHMaJIbHOrO YCHJIeHHH 06JIYQaTeJIb pacnOJIaraeTCH

06bI1.J:H 3a nJIOCKOCTbIO pacKpbIBa OTpa)KaTeJIH. YrOJI, 06pa-
3yeMbIH KpaHMH OTpa)l{aTeJIH y pynopa, 06bIQHO COCTaBJIHeT

120
0

. B 3TOM cJIYQae, O):(HaKO, nOJIYQaeTCH QaCTH1.J:HOe H3JIY1.J:e..
HHe 3a Kpa51 OTpa)l{aTeJIH M 3eMJI5I (HJIM ,npyrHe npeJI.MeTbI)

--- 
,...................
.

----.....

I ................---
o ___uuuu =::.:::- >-

8

<t> Hr. 1. THnhI aHTeUHbIX cnCTe:\( H33eMHhIX CT3H-

uHii, nCnOJIb3yeMblx }J.JIH CB5I3I1 C nOMOIlI.bIO I1C3.

a _ OObIlIUblfi napaOOJIHlIeCKHfi OTpa>KaTeJIb; 6- CHCTCMa

l(acC'erpeHa; 8 - pynopllo-napa60JIUlIeCI<aH aHTemIa.

,

\

I
Hcrronb3yeTcH JI.nH npMeMa CHrHaJIOB Qepe3 3TH 6 KOB ene-
neCTKH, B CHCTeMY 6YAeT nOnaAaTb ,nOnOJIHHTenbHbIH llIyM KaK

OT nOMeX BOCnpHHHMaeMbIX 60KOBbIMH JIeneCTKaMlI, TaK H OT

TerrJIOBbI; llIYMOB. HarrpHMep, eCnM Ha nOBepXHOCTb 3eMJIH

naAaeT 15 % o6rneti MOrnHOCTH, H3 KOTOpbIX 60 % norJIOrnaIOTCH,

TO B HarpY3Ke (B 3eMJIe) nornOrnaeTC5I 9 % o6rneii MOllJ.HOCTH
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npH TeMnepaType 290° 1<. 113 TeOpeMbI 06paTHMOCTH CJIe)].yeT,
lITO 3cpcpeKTHBHa51 WYMOBa51 TeMnepaTypa CHCTeMbI YBeJIHlIH-
BaeTC5I Ha 0,09.290° K, T. e. Ha 26° K. I103TOMY C TOlIKH 3peHHH
KalIeCTBa Bcei1 CHCTeMbI lIaCTO ClIHTaeTC5I 60JI(!e II.eJIeC006pa3-
HbIM KOHCTpYHpoBaTb oTpamaTeJIb TaK, lIT06bI 06JIYlIaTeJIb Ha-

XO)].HJIC5I JIH60 B nJIOCKOCTH pacKpbIBa, JIH60 3a Hei1; TaKHM

06pa30M H3JIYlIeHH5I 3a KpaH OTpa)KaTeJIH YMeHbwaIoTcH, HO

He BCH nOBepXHOCTb OTpamaTeJIH B 3TOM CJIYlIae 06JIYlIaeTCH
OnTHMaJIbHbIM 06pa30M. 3TO npHBO)J.HT K CHH)KeHHIO KaK BeJIH-

lIHHbI 60KOBbIX JIeneCTKOB, TaK H YCHJIeHHH, HO YCHJIeHHe B 3TOM

CJIYlIae na)].aeT Me)].JIeHHee no cpaBHeHHIO C YMeHbllleHHeM ypOB-
HH 60KOBbIX JIeneCTKOB.

B HaCTOHll\ee BpeMH 60.nbWOH HHTepec BbI3bIBaeT aHTeHHa5I

CHCTeMa I<accerpeHa (cpHr. 1, 6). B 3TOH CHCTeMe cpOpMbI )].BYX
oTpamaIOlIJJ1x nOBepxHocTeH B3aHM03aBHCHMbI, T. e. eCJIH rJIaB-

HbIH (60JIbllIOt'I) OTpa)KaTeJIb napa60JIHlIeCKHH, TO MaJIbIH OT-

paLKaTeJIb )J,OJI)KeH 6bITb rHnep60JIHlIeCKHM. O)].HHM H3 npeH-
My ecTB3Toro THna aHTeHHbIX YCTPOHCTB HBJI5IeTCH MaJIOe

paCCTOHHHe Me)K)J,Y 06JIYlIaTeJIeM H npHel\IHHKOM. (Kor)].a 06JIY-
qaTeJIb pacnOJIaraeTC5I B cpOKyce OT)].eJIbHOrO rrapa60JIHlIeCKOro
OTp'amaTeJI5I, TO )].JIHHa cpH)J,epa OT 06JIYlIaTeJI5I )].0 rrpHeMHHKa

paBHa no KpaHHeH Mepe )].HaMeTpy OTpaLKaTeJI5I, KaK 3TO rrOKa-

3aHO Ha cpHr. 2.) 11crrOJIb30BaHHe CHCTeMbI KaccerpeHa rr03BO-

JI5IeT YMeHbllIHTb )].JIHHY cpH)].epa )].0 HeCKOJIbKHX )J,eC5ITKOB HJIH

)].aLKe e)].HHHII. )].eII.HMerpoB. 3ro BeCbMa BaLKHO, rrOCKOJIbKY
rrorepH B cpH)].epe MorYT )J.aTb 3cpcpeKTHBHYIO IlIYMOBYIO TeMne-

paTYPY, COCTaBJI5IIO YIO 3aMeTHYIO lIaCTb 06 eHlllYMOBOH
TeMnepaTypbI. (HarrpHMep, eCJIH 3aTyxaHHe cpH)J,epa paBHO 1 a6,
TO nOTep5I MO HOCTHCOCTaBHT 21  o,lITO rrpHBO)].HT K POCTY
3cpcpeKTHBHOH IlIYMOBOH TeMnepaTypbI Ha 0,21 · 290° K ==

== 61° K.)
C TOlIKH 3peHHH MHHHMaJIbHbIX IlIYMOB HaH60JIee nepcneK-

THBHOH ClIHTaeTCH PyrropHo-rrapa60JIHlIeCKa5I aHTeHHa, rrOKa-

3aHHaH Ha cpHr. 1,8. MO)J.eJIH aHTeHH TaKoro THna 6bIJIH pa3-
pa60TaHbI H H3rOTOBJIeHbI B JIa60paTopHHx cpHPMbI «I3eJIJI

TeJIecpoH». TIo MHeIIHIO CrreII.HaJIHCTOB 3TOH cpHPMbl, 3cpcpeKTHB-
Ha51 mYMoBaH TeMnepaTypa aHTeHH TaKoro THna MO)KeT 6bITb

nOp5I)J.Ka 20° K. He)J.ocTaTKaMH TaKHX aHTeHH 5IBJIHIOTCH TPY)J.-
HOCTH ynpaBJIeHH5I HX nOJIO)KeHHeM H 60JIblllaH ee )J.JIHHa.

C TOlIKH 3peHHH OTHOmeHH5I CHrHaJI/wYM BceH CHCTeMbI MO)KeT

6bITb ILeJIecoo6pa3Ho, O)J.llaKO, HCnOJIb30BaHHe TaKoH aIITeHHbI

t

..

"4

".,\ ,,"> .11 , 
, .

:.

. : '

\ jL .

t..
,:  J4#:':/':::" \

i
·

"
.

 <:' ;:: ':' (#"'. >1
.

.,,< ""'" -

i
.

.
 "

.
'; '.

-

-8

.

P' : ::.:.,  (:

t?&\!,:: 'j ," t

i
.:::.:. :\\@t::.:.

 :i:

'%"

rt'"

. ...v)!:w-.;..;......

 .",..

. 

." 
>
;;:.;.

::::......:
.

>

,
.::

. ,

"' ".: :1};::
--'

.:':...:.. >j,    rf.

., «;  ;-.:

... :,':::"'-'

--   SJ?
.":<  .."

,'.
,.'

:::"/ ..:.:'..:"'"
.....x...

_ .  ..:::... 

 ;\>/ 1: {: \::'" .:.1jk : W:

.'. o;

 \
 L'.::.:

.J'"

\

"'h

  !  'x:+lh:t:::

J

J

:'1

::;1

:  

J
  1

!

I

::jj
.:-::

;J\\ \\\\j\\  \I!'

..:::: ;;; \\ 
':::::'1l

1

J
:.:. 
I

...J
.  il
::: 

J
'

 ....

>: .:"::

.:.:.:-<. 1

: ..:0..;.... .   -. .':  J-
 :

.  \$:  -:::...... . .»:oO:":.  -x :...
.

:;.-: "i:.";!o': :.»-:.: ..: .-: . ...:.:::... ... :.".:::.. .,. .:.....:....:.;,,:.:...-.:=-::-: x. '", .'..... .".:.: ::;:::-:.:........:..... :.. ... ...... :- :..»..:-...... . ..;.: .:..:.:.;.:'V ...J...: .' 

<P II r. 2. 06bIQHaH ynpaBJlHeMaH rrapa60JlIIQeCKaH aHTeHHa

(BlIAHa BOJIHOBO)I.HaH CHCTeMa).
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co cpaBHHTeJIbHO He60JIblllMM pacKpbIBOM H YCHJIeHHeM, HO

3aTO C HM3KOH TeMnepaTYPOH IllYMOB BMeCTO aHTeHHbI C 60JIb-

lllHM YCH.JIeHHeM H pacKpbIBOM H C 60JIbIllHMH lIIYMaMH. MHe-

HHR no nOBoAY OnTHMaJIbHOH KOHCTPYKQHH pe3Ko pacxoART-

CR, H 3TOT Bonpoc B HaCT05Ill\ee BpeM5I T aTeJIbHOH3yqae-TC5I.

6. YCHJIeHl-le aHTeHHbl 1-1 lllHpHHa OCHOBHoro JIeneCTKa

 "arpaMMbIHanpaBJIeHHOCTH

OTpa:tKaTeJIb aHTeHHoro YCTpoHcTBa npeAHa3HaQaeTC5I AJIH

YBeJIJtP-IeHH5I YCHJIeHHR aHTeHHbI B 3a)I.aHHOM HanpaBJIeHHH (no
cpaBHeHlllO co BceHanpaBJIeHHOH aHTeHHoH). IlpH 3TOM, KO-

He1.IHO, YMeHbiliaeTC5I H IlIllpHHa OCHOBHoro JIeneCTKa AHarpaM-
MbI HanpaBJIeHHOCTH aHTeHHbI. HaH60JIbillee BJIH5IHlle 3,lI.eCb

OKa3bIBaeT )I.HaMeTp OTpa:tKaTeJI5I, H3MepeHHbIH B )I.JIHHaX BOJIH.

HanpliMep, K03cpcpllQHeHT YCllJIeHll5I H llIllpHHa OCHOBHoro

JIeneCTKa 6Y)I.YT

G _
47i:A

-

I\.2 ,

A
e == 75

d '

rAe A, 'A H d llMelOT oAliHaKoBYIO pa3MepHocTb, yroJI e BbIpa:tKeH
B rpa)1.ycax no T01.IKaM nOJIOBHHHOH MOll\HOCTH, G - K03cpcpH"
QHeHT YCHJIeHMR no MOmHOCTM.

TIpHBe)1.eHHbIe cpOPMYJIbI RBJI5IIOTCR HeCKOJIbKO ynpomeH "

HbIMM M n03TOMY npM6JIM1KeHHbIMH. OqeHb 1.IaCTO YCHJIeHHe

nOJIY1.IaeTC5I paBHbIM npHrvlepHo 50 % OT paCC1.IMTaHHOro no 3TOH

cpopMYJIe B CB5I3H C HepaBHoMepHocTblO 06JIY1.IeHHR OTpa:tKaTe..
JI5I, XOTR HeKOTopbIe TMnbI aHTeHHbIX YCTpOH:CTB )I.alOT YCllJIeHHe,

AOCTMraIOII ee85 % OT TeOpeTH1.IeCKOrO 3Ha1.IeHH5I.

TIpH nocTpoeHMH ynpaBJIReMbIX aHTeHHbIX YCTPOHCTB C

BbICOKHMM K03cpcpHI.J.MeHTaMH YCMJIeHHR B03HMKaeT MHoro TPYA-
HOCTeH:. Bo-nepBbIx, C YBeJIH1.IeHHeM pa3MepOB aHTeHHbI YCJIO:tK..
H5IeTCR H MexaHH3M npMBO)I.a, KOTOpbIH AOJI:tKeH rrOBOpaqHBaTb

OTpalKaTeJIb C 3a)1.aHHOH: T01.IHOCTbIO. TIJIOmaAb OTpa:IKaTeJIR
H3MeHReTCR rrporropI.J.llOHaJIbHO KBaApaTY ero JIMHeHHWX pa3"

MepOB, a OT rrJIOmaAH 3aBHCHT BeTpOBaR HarpY3Ka YCTpoHcTBa.
CJIeAOBaTeJIbHO, orrpoKHAbIBalOmHH MOMeHT rrpH6JIH3HTeJIbHO
rrpOrrOpI.J.HOHaJIeH Ky6y JIHHeHHWX pa3MepoB; Bec YCTpOH:CTBa

--
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TaK)Ke rrpH6JIH3HTeJIbHO npOnOpI.J.HOHaJIeH TpeTbeH CTeneHH

JIHHeHHbIx pa3MepoB.

,LLaJIee, 1.IeM 60JIbille pa3MepbI OTpalKaTeJIH, TeM npI1 3a)1.aH-
HOH qaCTOTe MeHbille lIIHpMHa OCHOBHoro JIeneCTKa ,lI.HarpaMMbI
HarrpaBJIeHHocTM. 4eM MeHblIIe IlIMpHHa OCHOBHoro JIeneCTKa,
TeM 60JIbllle Tpe6yervlan T01.IHOCTb opMeHTaI.J.MH alITeHHbI. ECJIH
MOMeHT, C03)1.aBaeMbIH: BeTpOBOH HarpY3KOH, npOnOpIJ.HoHaJIeH
Ky6y JIHI-IefIl-IbIX pa3MepOB, a IlIMpMHa OCHOBHoro JIeneCTKa

06paTHO rrp rrOpIJ.HOHaJIbHaJII1HeHHbIM pa3MepaM, TO )KeCTKOCTb

rrpHBOAa, orrpe)I.eJI5IeMa5I KaK BOCCTaHaBJIMBalOmHH MOMeHT Ha

eAHHHIJ.Y yrJIOBOH 01llI16KH, AOJI:tKHa H3MeH5ITbCR npOrrOpIJ.HO-
HaJIbHO 1.IeTBepTOH CTeneHH JIHHeH:HbIX pa3MepOB.

CTerreHb rrpH6JIH)KeHHR K OrrTI1MaJIbHbIM xapaKTepHCTHKaM
aHTeHHW BO MHorOM 3aBHCHT OT TOqHOCTH H3rOTOBJIeHHR rro-

BepXHOCTI4 OTpa:tKaTeJI5I. ,LLonYCK 3AeCb MO)KeT 6bITb npliMepHO
1/16 AJIHHbI BOJIHbI, 1.ITO Ha qaCTOTe 6000 Met{ COCTaBJI5IeT Be..

JIH1.IHHY rrOp5IAKa 3 MM. CoxpaHeHHe cpOpMbI nOBepXBOCTM OT-

pa:tKaTeJIeH 60JIblllMX pa3MepOB, BpamaeMbIX rrpH BeTpOBbIX
HarpY3Kax HJIH )1.a:tKe C Y1.IeTOM TOJIbKO HX c06CTBeHHoro Beca,
C YKa3aHHOll T01.IHOCTblO, 5IBJIReTC5I cepbe3HOH np06JleMOH.
Oc06eHHO TPY)1.HO 06eCrre1.IHTb He06xo)1.I1MYIO T01.IHOCTb pa3Me-

pOB aHTeHHoro YCTpOllCTBa, KOr)1.a )1.HaMeTp OTpalliaTeJI5I rrpe-
BOCXO)1.HT 600 )1.JIHH BOJIB.

f1pHBe)1.eHHbIe BbIIlle co06pa:tKeHHR OCHOBbIBaJIHCb Ha onpe-
)1.eJIeHHH lIII1pIIHbI OCHOBHoro JIeneCTKa )1.I1arpaMMbI HarrpaBJIeH-
HOCTM rro TOqKarvI, cooTBeTcTBYlOmHM rrOJIOBI1HHOll MOmHOCTI1,
110 B HeKoTopbIX cJIYl.Ja5Ix CHH1KeHHe MOmHOCTH Ha 3 a6 MO)KeT

6bITb HerrpHeMJIeMo. DOJIee TOl.JHbIM ynpaBJIeHHeM nOJIO:IKeHI15I

aHTeHHbI B03MO)KHO YMeHbIlIHTb rroTepH )1.0 1 a6. lllHpHHa oc-

HOBHoro JIenCCTKa no T01.IKaM, cooTBeTcTBYlOmI1M YMeHbllleHHlo
MOmHOCTH Ha 1 a6, paBHa npiIMepHo rrOJIOBI1He IllHpHHbI 'OC"
HOBHoro JIeneCTKa, orrpe)1.eJIeHHOrO rro TOl.JKaM, cooTBeTcTBYIO-
mHM rrOJIOBH HOHMOmHOCTH; He06xo,l1.HMa5I TOIIHOCTb HanpaB-
JIeHH5I aHTeHHbI TaK:lKe B03pacTaeT B,l1.Boe.

,LLJI5I HJIJIIOCTpaIJ.HH paccMoTpHM rrpaKTHl.JeCKHH: cJIYl.Jai1
OTpa:tKaTeJI5I )1.HaMeTpoM 18 M, rrpe,nHa3Hal.JeHHOrO ,nJIR pa60TbI
Ha 1.IaCTOTe 6000 A1et{. UUHpHHa OCHOBHoro JIerreCTKa TaKOH:

aHTeHHbI no TOQKaM 3 a6 paBHa 12', 1.ITO npHBO)1.HT K He06xo)1.H"
MOll T01.IHOCTH YCTaHOBKH HarrpaBJIeHHH (c Y1.IeTOM Bcex Harpy-
30K, BKJII01.IaR BeTpOBbIe) He xY:tKe 3' (npH rroTepHx MOmHOCTH,
He rrpeBbIlIIalOlI\HX 1 a6).
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7. YnpaBJleHHe aHTeHHaMM

06blqHO rrpHMeH5IIOTC5I aHTeHHbI, rrocTpoeHHble rro rrpHHLLHrry

HJIJIIOCTpHpyeMoMY cpHr. 1, a; rrpeHMYIlI.eCTBa aHTeHH, H306pa-
llieHHbIX Ha cpHr. 1, 6 H 8, CI1JIbHO CKa3bIBalOTCH rrpH rrpl1eMe
BeCbMa CJIa6bIX CHrHaJIOB. B YCJIOBH5IX 06bIqHOH CB5I311 nepe-
):(aTql1K 11 rrpHeMHHK pacnOJIaralOTC5I B ):(BYX' HerrO):(BI1)l{HbIX

TOlIKax, H B 06IlI.eM CJIyqae HanpaBJIeHl1e aHTeHHbI He HY)K):(aeTC5I
B KaKOH-JIH60 KoppeKTHpOBKe rrOCJIe rrepBOHalIaJI HOHID€TH-
pOBKI1 aHTeHH. OqeBI1):(HO, O):(HaKO, qTO HCrrOJIb30BaHHe I1C3

rrpHBO):(HT K Heo6xo):(HMOCTH TOqHOrO ynpaB eHH5I):(BH)KeHHeM
OCHOBHoro JIeneCTKa, rrpHlIervr TOqHOCTb 3Toro ynpaBJIeHHH
B 60JIbllIOH CTerreHH onpe):(eJIHeTCH lllHpHHOH OCHOBHoro JIeneCT-

Ka ,nH3rpaMMbI HanpaBJIeHHOCTH.
B pa):(HOJIOKaLLHOHHbIX cHcTervIax TaK)Ke He06xo,lI,HMO Hl'vleTb

B03MO)KHOCTb BpaIlI.aTb aHTeHHoe YCTP01ICTBO 60JIblIlHX pa3Me-

pOB, HO 06bIlIHO 3TO BpaIlI.eHHe rrpOH3BO,lI,HTC5I c rrOCTOHHHOH

CKOpOCTbID. B pa,lI,Ho.n:OKaLLIlOHHbIX CTaHLLHHX yrrpaBJIeHH5I

orHeM, O):(HaKO, rrpHMeH5IIDTC5I aHTeHHble YCTpOHCTBa, 3a,lI,a-

l.J:eH KOTOpbIX 5IBJI5IeTC5I nOHCK H COrrpOBO)K,lI,eHHe LLeJIH; MeTO-

):(HKa peaJIH3aLLHH TaKHX Tpe60BaHHH XOpOlliO H3BeCTHa ,lI,JIH

aHTeHHbIX YCTPOHCTB He60JIblllHX pa3l\lepOB. TaKHM 06pa30M,
rrp06JIeMa 3aKJIIDlIaeTCH B rrpHMeHeHHH 113BeCTHOH MeTO)I,HKH

ynpaBJIeHH5I  IaJIbIl\IH )KeCTKI1MH aHTeHHaMH K CJIyqaID ynpaB-
. JIeHI1H 60JIbllll1MI1 TH)KeJIbIMH H, Bep05ITHO, MeHee YCTOlrqHBbI"
MH aHTeHHal\1H.

IlOJIe3HO paCCMOTpeTb 3TOT Bonpoc KOJIHqeCTBeHHO. MbI

BnpaBe npHHHTb, lITO ):(BH)KeHHe HC3 OTHOCHTeJIbHO aHTeH-

Horo YCTPolfcTBa npOHCXO,lI,HT C yrJIOBOM CKOpOCTbIO 2° B MI1-

HYTY. ,LLJI5I oCYIlI.eCTBJIeHHH CBH3H C HC3 aHTeHHa 06blqHO MOH"

THpyeTC5I Ha ):(ByxoceBoH nOBopoTHOH rrJIOIlI.a):(Ke (o,lI,lla OCb

BepTI1KaJIbHa, BTOpa5I ropH30HTaJIbHa). OTpa)KaTeJIb ):(OJI)KeH

6y):(eT ,lI,Bl1raTbCH C He3HaQHTeJIbHOH CKOpOCTblO, 3a HCKJIlOQe..

HHeM CJIYlIa5I rrapaJIJIeJIbHOCTH O,lI,HOH H3 oceM - OCH Op6HTbI
HC3. HanpHMep, eCJIH op6HTa COCTaBJI5IeT C BepTHKaJIbHOH
OCblO yrOJI, ,lI,OnYCTHM B 5°, TO a3HMYTaJIbHOe ):(BHllieHHe 6Y,lI,eT
BeCbMa Me,lI,JIeHHbIM BO BpeMH npH6JIH)KeHHH HC3 K 3eHHTY,
nOCJIe lIero HarrpaBJIeHHe aHTeHHbI ,lI,OJI)KHO 6Y,lI,eT H3MeHHTbC5I

OlIeHb 6bICTpO nOQTH Ha 180°. CHcTeMbI TaKHX rroBopoTHbIX

YCTPOHCTB XOpOlliO H3BeCTHbI H HcnbITaHbI, O,lI,HaKO paCCMOTpeH-
Hoe BbIllie Tpe60BaHHe 6DICTPQH nepe6pOCKH HanpaBJIeHH5I MO- r

--
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meT npHBeCTH K He06xo,lI,HMOCTH HCrrOJIb30BaHHH ,lI,pyrHx CHCTeM.

HanpHMep, nOBopOTHoe YCTPOHCTBO C ):(BYM5I rOpl130HTaJIbHbIMH

B3aHMHo-nepneH,lI,HKYJIHpHbIMH OCHMH MO)KeT 06eCneQHTb co-

npOBO)K,lI,eHHe B6JIH3H 3eHHTa 6e3 OC06bIX TPY,lI,HOCTeH; npH
STOM, O,lI,HaKO, nOTpe6YIOTC5I 60JIblilHe CKOpOCTH H YCKopeHH)"l
npH COnpOBO)K,lI,eHHH HC3, HaXO):(H erOC5IB6JIH3H ropH30HTa.
MO)KHO npHMeHHTb TaK)Ke CHCTeMY C TpeMH B3aHMHo-nepneH"
,lI,HKYJIHpHbIMH OCHMH.

Ilo KpaHHeH fvlepe O,lI,Ha CHCTeMa TaKorc THna y)Ke H3rOTOB-

JIeHa. IlpH 3TOl\1 Bce .EKe OCTaeTCH HepellleHHOH np06JIeMa BbI-

COKHX CKopOCTeH H YCKopeHHH. IlpaKTHlIeCKOH 3a,lI,aQeH npH
nocTpoeHHH TaKHX CI1CTeM HBJI5IeTC5I KOMnpo AHCCHoe pellleHHe,
a HMeHHO 3a,lI,aeTC5I CKOpOCTb yrJIOBor'<J ,nBH)KeHH5I 3° B ce-

KYH,lI,y H YCKopeHHe 3°/ceK"!.; npH 3TOM, O,lIJIaKO, nOJIYlIaIOTC5I
3HaQHTeJIbHbIe MepTBbIe 30HbI, B KOTOpbIX aHTeHHa He MO)KeT

COnpOBO)K,lI,aTb HC3.
BbIlile rOBOpHJIOCb 0 TOrvl, qTO TOQHOCTb COnpOBO)K,lI,eHH 

AOJI)KHa COCTaBJI5ITb 3'. 3TO B03MO)KHO npH HCKJIIOI.J:HTeJIbHO

BbICOKOH TOqHOCTH n pHBO,lI,a H TOlIHOCTH CDeMa ,lI,aHHbIX 0 nOJIo"

)KeHHH aHTeHHbI. ,LLaJIee, eC.J1H CTaTOp a3HMYTaJIbHOrO ,lI,aTI.J:HKa
MO)KeT JIerKO 6bITb npHB5I3aH K 3ervIJIe, TO 3Toro HeJIb35I CKa3aTh

o ,lI,aTI.J:HKe yrJIa MeCTa, KOTOpbIH paCnOJIO)KeH B6JIH3H LLancpbl
nO,lI,lllHnHHKa.

B CJIYI.J:ae OTpa)KaTeJI5I ,lI,HaMeTpoM 18 M 3TI1 nO,lI,lllHnHH-
KH MorYT pacnOJIaraTbC5I Ha BbICOTe nOpH,lI,Ka 12 .M Ha,lI, 3eM-

JIeH H Ha cTaTop 6Y):(YT B03,lI,eHCTBoBaTb Bce JIlOcpTbI, KaI.J:a-

HHH H HCKa)KeHHH CJIO)KHOH MeXaHHI.J:eCKOH CHCTeMbI. Il03TOMY
He06xo,lJ,HMO HaHTH cnoc06 npHBH3KH cTaTopa K 3eMJIe. Yca):(Ka
caMOH nOI.J:BbI MO)KeT ):(OCTHraTb 3' B ro):( 11 He06xo):(HMO 6y):(eT
npoH3Bo):(11Tb nepHo):(HI.J:ecKYIO npoBepKY nOJIO)KeHH51 aHTeHHbI

C nOMOIlI.blO KJIHHOMeTpa.
TOI.J:HOCTb ):(aTQHKOB ):(JIH nOJIYI.J:eHHH cOnpOBO)K):(eHHH C TOlJ-

HOCTblO B 3' ,lI,OJIlliHa 6bITb Ha nopH):(oK BbIllie. TaKYIO TOI.J:HOCTb

HeB03ivIO)KHO nOJIYI.J:HTb npH HenpepbIBHoM C'be11e ,lI,aHHbIX H

n03ToMY npe):(nOI.J:THTeJIbHO npHMeHeHHe IJJfcppOBOH CHCTeMbI.

B HaCTOHIlI.ee BpeM5I HMelOTCH 18-pa3pH,lI,HbIe CHCTeMbI C pa3pe-
lllalOIlI.eH cnoc06HOCTblO B 3 ceK C cpoT03JIeKTpHI.J:eCKHMH ,lI,aT-
QHKaMH. )KecTKocTb caMOH MeXaHHI.J:eCKOH KOHCTPYKLLHH ):(OJI)I{..
Ha 6bITb eIlI.e BbIllie KaK ,lI,JIH o6eCneI.J:eHH5I MaJIOH pa3HHLLbI
MeJK,lI,Y nO.lIOllieHHeM aHTeHHbI H nOKa3aHHeM ,lI,aTI.J:HKa, TaK
H )I,JIH xopomeif pa60TbI cepBOnpHBO,lJ,a.
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8. ABTOMaTHIJeCKOe cOnpOBOJK,l(eHMe M ynpaBJleHMe

nOJlo*eHHeM aHTeHHW

MeToJ( nOJIYlJeHH5I H BBOJ(a yrJIOBOH HHcpOpMalLHH B cepBo-

npHBoJ( B 60JIblllOH CTeneHH 3aBHCHT OT Toro, Be,[(eTCH JIH pa60Ta
C naCCHBHblM HJIH aKTHBHbIM I1C3. B cJIYlJae aKTHBHoro I1C3

MO)KeT 6bITb npHMeHeH O)(HH H3 MeTOAOB, pa3pa6oTaHHbIx, Ha-

npHMep, ,[(JIH pa,[(HOJIOKalLHOHI-IbIX CHCTeM ynpaBJIeHHH ornCM.

B HaH60JIee H3BeCTHOl\1 tvleTOAe, HOCH el\1 Ha3BaHHe KOHHlJe-
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<P Hr. :3. Pa3JHI4HbIe MeTO.LI.bI aBTOMaTlIlIeCE:oro

COnpOBO)K,IT.eHIISI .

a - BpallJ,aIOllJ,HMCH 06JIYQaTeJIb; 6- Ha60p 06JIYQaTeJIefI.

CKoro CKaHHpOBaHHH, 06JIYlJaTeJIb nOMell(aeTCH HeCKOJIbKO

B CTOpOHe OT cpOKyca OTpa:tKaTeJIH H Bpa aeTCHBOKpyr OCH

nOCJIej:(HerO. B ,[(p'yroM BapHaHTe npHMeHHeTCH HeI10j:(BH)KHbIH

06JIYlJaTeJIb C BpaIII.aIOIII.eHCH nepej:( HHM HeMHOrO CMe eHHOH

3JIeKTpHlJeCKOH JIHH30H. TIOCTOHHCTBO alYlI1JIHTY,[(bI CHrHaJIa

YKa3bIBaeT Ha I1paBHJIbHOCTb I10JIO)KeHHH; eCJIH I1C3 HaXOj:(HTCH
He B IJ.eHTpe, TO 6y,[(eT lIMeTb MeCTO MOJ(YJIHlLHH, cpa3a KOTOpoii,
no cpaBHeHHIO C I10JIO)KeHHeM 06JIYlJaTeJI5I, YKa3bIBaeT Ha yrOJI

Me:tK,[(y HanpaBJIeHHeM Ha I1C3 If OCblO aHTeHHbI. DpH J(pyroM
MeTo,[(e, Ha3bIBaeMOM CYMMapHo-pa3HOCTHbltvI HJIH tvfOHOHMnYJIbC-
HbIM, npHMeHHIOTCH lJeTbIpe 06JIYlJaTeJIH,  aCI10JIO)KeHHbIXCHM..

MeTpHlJHO BOKpyr  oKyca.CHrHaJIW I1paBOrO H JIeBOrO lIJIH

,

(
I

 .

----
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<P II r. 4. 3CKII3 aHTeHHbI .LI.HaI\IeTpOM 25,5 .-1-t )1.J15I CBH3II C nOMOlll.bIO 11C3.
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BepXHero H HH)KHerO o6J1YQaTeJleH cpaBHHBalOTCH no cpa3e M

TaKHM 06pa30M Bblpa6aTbIBaeTCH CHrHaJI OllIH6KH.

He06xo HMOoTMeTHTb, QTO B 060HX CJIYllaHX nOJIO)KeHMe
I1C3 Ha npO OJI)KeHMHOCH aHTeHHbI He COOTBeTcTByeT MaK-

CHMaJIbHOMY ee YCHJIeHHIO. OHO B 3aBHCHMOCTH OT KOHCTPYK"
lI.HH MO}KeT 6bITb HH)Ke Ha 3 a6. B CJIYllae CHCTeMbI C KOHHqe-

CKHM cKaHHpoBaHHeM 3Ta nOTep5I CHfHaJIa HeH36e)KHa, B CJIY"
qae cYMMapHo-pa3HocTHOH cHcTervlbI nOJIHOe YCHJIeHHe MO)KeT

6bITb peaJIH30BaHo TOJIhKO nYTeM CJIO}KeHHH CHfHaJIOB OT Bcex

qeThlpex 06JIyqaTeJIeH B cYMMapHoM KaHaJIe (HO He B KaHaJIe

01lIH6KH). 3TO nOJIO)I{eHHe HJIJIIOCTpHpyeTcH cpHr. 3.

,LLJIH u.eJIeH aBTOMaTHqeCKOfO cOnpOBO)K eHHH naCCHBHbIe
I1C3 MO)KHO npeBpaI.I.I.aTb B aKTHBHhIe, nOMemaH Ha HHX nepe-
 aTqHK-l\1aHK. ,LLPYfHM nYTeM HBJIHeTCH COnpOBO)K eHHenac-
CHBHoro I1

u

C3 C nOMOI.I.I.blO pacnOJIO)I{eHHOH B cTopoHe pa HOJIO-
Kau.HOHHOH cTaHu.HH. nOCJIe BHeceHHH nonpaBKH Ha napaJIJIaKC
 aHHweOT pa HOJIOKau.HoHHoH CTaHUHH HCnOJIb3YIOTCH  JI5I

HanpaBJIeHHH CB5I3HOH aHTeHHhI Ha I1C3. CTOHMOCTb  BYXOT-

 ecnbHbIXYCTaHoBoK, O HaKO,MO)KeT 6bITh OqeHb 60JIhIlIOH.

,LLPyrHrvI MeTO OMHBJIHeTC5I BbIQHCJIeHHe Op6HTbI I1C3 nOCJIe

Ha6JIIO eHHHHeCKOJIbKHX efO BHTKOB H 3arrHCb rrapaMeTpoB op-
6HTbI Ha MafHHTHYIO JIeHTY. no 3THM  aHHbIMC rrOMOmhlO COOT-

BeTcTBYIOI.I.I.eH arrnapaTYPbI aHTeHHoe YCTPOHCTBO MO)KeT 6bITb

Hau.eJIeHO B HY)KHOM HanpaBJIeHHH. ,LLJIH YCTpaHeHHH HeH36e)K..
HbIX OIlIH6oK MO)KHO BBeCTH HeKoTopylO KoppeKUHlo a311MYTa H

yrJIa MeCTa.

.,. CO.lI.EP)KAHHE

'"

BCTynHTeJIhHaH CTaTbH pe)J.aKTopa nepeBO)J.a. C:WCTeMhI CBH3H

C HCnOJTb30BaHHeM HCKYCCTBeHHWX cnYTHHKOB 3eMnH . . 5
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KOHCTPYHpOBaHHe H H3fOTOBJIeHHe aHTeHHOH CHCTeMbI  JIH
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CHCTEMbl CB5I3H
C HCnOJIb30BAHI1EM

HCI(}'CCTBEHH blX CnYTHHI(OB
3EMJIH

zomOBum 1(, U30aHU1O 8 1965 z.

«HUZU no paOU03.1leKmpOHuKe

I13,.J.ATEJlbCTBO «M 11 P»

MOCKBa, l-fI PIDKCKHH nep., 2

MHHl1aTlOpH33.Ll.IHI 1'1 MHKpOMHHHaTIOpH3aQHfl paAH03J1eKTpOH"
HOM: annapaTYPbl. JIOH.lI.OH, 1961, nepeBOL{ c aHrJIHHCKOro, H3L{-BO

«MHP», 25 H3.lI.. Jr., THpa}I{ 16 TbIC. 3K3., IleHa 2 p. 10 IC (IKB.).

B KHl1re paccM3TplIBalOTcH MeTO.lI.bI II rrpneMbI MIIHIIaTlOpH3a-

I..J.IIH cxeM H .n.eTa JIei'1 , a TaK)Ke o6pa31lbI MIIHHaTlOpHbIX KOHCTPYK-
LlnCI 3JIeKTpOHHoro o6oPy.n.oBaHHH. OnncbIBalOTcH TPH OCHOBHbIe

CIICTE;MbI MIIKpoMlIHIIaTlOpH33Il.IIH: MIIKpOMO.lI.YJIH HJIH co6paHHbIe
II3 MHHHaTlOpHhIX L{eTaJIefI OTL{eJIbHbIe Y3JIbI; MHKpocxeMhI rrJIe-

HOqHhIe HJIH nO.lIY4eHHbIe BaKYYMHbIM ocaMAeHlIeM; TBep.lI.hIe cxeMbI

IIJTH Y3JTbI, o6pa30BaHHbIe Ha MOHoKpIlCTaJTJTH4eCI{OH rrOJIynpOBO)I.-
HIIKOBOH rrJIaTe. PaCC\faTpUBaIOTcH TaK/Ke BorrpocbI rrepcrreKTHB-
Horo pa3BHTIHI pa3HbIx HanpaBJleHHl1 MIIKpoMIIHHaTlOpH3aUJIH, rrpo-
6JIeMbI, CBH3aHHbIe C npOII3DOL{CTBOM MnKp03JIeMeHTOB, C IIX 3KC-

BJIyaTau.HeH II Ha.lI.e>KHOCThIO AeiicTBHH.

KHHra MO>KeT cnY)KIITb crrpaBo4HbIM rroco6HeM KaK )1)151 HH-

)KeHepOB, TOJIbKO liTO rrpHcrynHBIllHx K rro,J,06I1oro pOJ],a pa60TaM,
Tal{ .11 L{JIH cneu.I1aJIIICTOB, HMelOlllHX Y>Ke onbIT B 3TOH 06JIaCTH

TeXHHKH, a TaK>Ke AJIH IllHpOKoro Kpyra HH>KeHepOB II 3KOHOMlf-

CTOB, 3aHHTbIX rrJIaHHpOBaHHeM 11 opraHH3au.ueii npOIl3BOL{CT13a
B 3JTeKTpOHHOH rrpOMbIIllJTeHHOCTH, B MaIllHHO- II anrrapaTO-

CTpoeHHII.

Pe aKTOpn. KopoeRhoe
XYP;O}KHHK E. C/JOltIUH

XY O)KeCTBeHllbIfi pe aKTop H. 30moea
T XHHqCCKHii pe aKTop JI. l(oHalOKoea

I(oppeKTop B. KuceAeea

.

C.n;a lo B npoH3Bo.n;CTBO 19/V 1964 r.

nO nHcaHoK neqaTH IS/IX 1964 r.

I'YMara 84XI08/32=4,63 6YM. JI.

9, 25 neq. JI..

Y(I.-H3 .JI. 13,9. I13 ..N220/2136
IJ,eHa I p. 12 K. 3aK. 232

MOCI{OBCKa5I THn. N 4 «rJIaBnOJIHrpadJ.
npoMa» rocy apcTBeHHoro KOI\.lHTeTa

COBeTa MHHHCTpOB CCCP no neqaTH

E. nCpeHCJIaBCKaH. 46.

nOJlynpoBOA""KOBble c1JoTonpHeMHMKH 11 npeo6pa30BaTeJIH

H3J1YLJe"HH. TIepeBoA C aHrJIIII1CKOro, cppaHLlY3CKoro, HeMeI..J.KOrO,

If3JI. - BO «Mup», 28 If3A. JI., TlIpa}K 10 TbIC. 3K3., llCHa 2 p. 20 K.

(I KB.).

DpIlMeHeHlIe cpoT03JIeKTpH4ecKllx nOJIyrrpOBOL{HIIKOBbIX YCT-
POiICTB HMeeT 60JIbIllOe 3HaqeHIIe AJIH .n.aJIbHeflIllero COBepIlleHcT-
BOBaHHH KOHTpOJIbHO-U3MepHTeJIbHOH arrrrapaTypbI, CqeTIIO-peulalO-
lllHX YCTPOHCTB, CHCTeMbI aBTOMaTHIGf, TeJIeMeX3HHKII II L{aJIh-

HeH CBH3H.

B co6paHHbix B KHHre CT3Tb.HX OCBelI1.aIOTC5I cpH3H4ecKHe rrpo-
LleCCbI, npOllcxOAHllllIe B rro.nyrrpoBoAHHKOBbIX rrpll60pax YKa3aHHO-



ro TIUTa, orrHChIBalOTCH HOBbIe pa3pa60TKH, HX rrapaMeTpbI II xa-

paKTepHCTHKH, o6CY}KJJ.aIOTCH pa3JUlqHhIe rrpaKTHQeCKHe rrpHMeHe-
HIHI 3THX YCTPOHCTB.

Il.eHHocTh KHHre rrpHL{aeT npHJIO}KeHHaH K HeM 06wnpHaH 6116-

JIHOrpacpHH 3apy6e}KHhIX 11 OTeQeCTBeHHhIX pa60T no YKa3aHHOH
reMe.

KHIIra npeL{Ha3HaQeHa L{JIH WHpOKoro Kpyra HaYQHhIX pa60T-
HHKOB II HH}KeHepOB, 3aHHMalOIIlJIxcH pa3pa6oTKOH cpOT03JIeKTpn-
QeCKHX rrOJIynpOBOL{HHKOBhIX rrpH60pOB H HX rrpHMeHeHHeM B CH..

CTeMax aBToMaTIIKH, TeJIeMeXaHliKH If CBH31I, a TaK}Ke AJIH rrpe-

rrOL{aBaTeJIeii, acrrHpaHTOB 11 CTYAeHTOB cTapwHx KypCOB paL{IIOTex-
HI1QeCKHX YQe6HbIX 3aBeL{eHHM.

YBA)!(AEMbIE lfHTATEJIf/!

Ha 20TOBRU{uecR K u38afluIO KflU2U Ma2a3Uflbl KflU20Topza
npuflu.!rtaIOT npe8BapUTe/lbflble 3aKa3bl. 3anOJlflUB B Ma2aSUfle nott-

TOBYIO OTKPblTKY, Bbl nO/lyttUTe u3BeU{eflue 0 nocTyn/leflUU UflTe-

peCYlOU{eu Bac KflU2U B npo8aJICY.
npe8BapUTe/lbflblU saKas 2apafll upyeT npuo6peTeflue flYJICflOU

BaJl KflU2U U nOM02aeT B npaBU/lbflo.Jl YCTafloB.ReflUU ee TUpaJICa.


