I'maBa 7

OBECIIEYEHHME JAJIBHOCTHU CBA3U
MO JJUHEMHOMY ITPOBOJHOMY TPAKTY

7.1. Yeuaurenu JIMHEHOT0 TPaKTa

Kanane! mepefadyl MOHOTOKaHAIBHBIX CHCTEM JIOJDKHBI, KaK MPaBHIIO, 00ecredn-
BaTh JBYXCTOPOHHHE CBS3U. [109TOMY yCHJINTENN JTMHEHHOTO TPaKTa UMEIOT YCHIIH-
TEJIbHBIE DIIEMEHTHI JJIsL KayKIOTO HAIIPABIICHUS TIepeiadn.

B ABYXIIPOBOIHBIX ABYXIIONOCHBIX TPAKTaX pa3/ielieHHe YCHIUTENEeH MPOTUBOIIO-
JIOXKHBIX HATIPAaBICHUH IIepenadn 0OecTieqnBaeTCs HapaBsonMy GrmsTpamu HO,
KOTOpBIE IPENCTABIAIOT cO000# mapy ¢pminbsTpoB HY 1 BU, BKIFOUSHHBIX TTapajuiesHO
(puc. 7.1, a). B 4eThIpeXnpOBOIHBIX JTMHEHHBIX TPAKTaX YCHIMTEIN Pa3HbIX Halpasie-
HUI TIepeaayyl BKIIIOYAIOTCS B pa3HbIE Maphl YeTHIPEXIpoBoIHOH 1ieru (puc. 7.1, 6). B
HEKOTOPBIX JIBYXIIOJIOCHBIX TPAKTAX OJHMH M TOT XK€ YCHIUTENb MOXKET UCIOJIBb30BaTh-
csl U yCriIeHns1 B 000MX HampaBieHUsX (puc. 7.1, B). OTo Jemaercs ¢ menbio MOBEI-
IICHUS] HAJIGKHOCTU W SKOHOMHH TOKA TUCTaHIMOHHOTO nuTaHus. HampaBieHus me-
pelavyn Ha Takoi YCHIIMTEIBHOH CTaHIMH pa3leliaioTcs HaNpaBJISIOIUMU (QHIBTpa-
mu. [lo maHHOI cXeMe MOCTPOEHBI YCHIMTENN Ha Kabelsix, coaeprKalux OAHy KOaK-
CHaITbHYI0 mapy (moaBoaHble kabemwn, BKIIIT).

B MECTHBIX CeTAX CBS3H, a TaKXKe JUI OpraHu3a-

CYILLECTBYET 3aMKHYTasl Llerlb 0OpaTHOI CBsi3M, KOTO- ~
pas IIpH OINpEENICHHBIX YCIOBHAX MOXET BBI3BAaTh i

MK CITyXeOHO# Tene(pOHHOM CBSI3M Ha THHUAX MHO- &) 1mooo- . S1 1mooo- .
TOKaHANBHON CBS3M IIMPOKO HCIHOJB3YIOTCS HU3KO- LR > HH
yactotHple kaHanel (HY), pacnonokeHHble Hmke || | : | o
NuHelHoro cnekrpa yactor. Kananst HU MoryT ObITh i HO i S2 i HO i
KaK YeTHIPEXIPOBOJHBIMH, TaK M JBYXIPOBOIHBIMU. L~ [ L~
B neme\f cnyiae TSt OpFaHI/IBaHI/IHyCBEI)BI/I UCIIOJNb- E_ s T < E_ i !
3yIOTCA JIBE LENH, B KOK/IYI0 U3 KOTOPBIX IIpH Heob- 0 S
XOJMMOCTH YBEJMYEHHs JalbHOCTH CBSI3M BKIIOYa- > 1
oTcs ycwiutend. B nByxnpoBoaHoMm kanane HY A
JBYCTOPOHHEE YCHICHHE OCYLICCTBIACTCS IpPH IIO- Ao S
MOIIY TAaK Ha3bIBAGMbIX IYIUIEKCHBIX ycmiuteneid ¢ J1 4 J1
Pa3BA3BIBAOLIMMU YCTPOMCTBaMH THHA AUddepeH- O el \ r----- \
uuansHoi cucremsr JIC (puc. 7.2). L I~
Hu onna W3 mNpHBENEHHBIX CXEM JBYCTOPOHHHUX ! ~ i \| [ : ad i
YCHJITENCH He MCKIIYAeT BIMAHMS BBIXOZA OfHOro  JI|j .. ! v Do L
YCHJIMTENBFHOTO 3JIEMEHTa Ha BXOJ JAPYroro, TO €cTh | : | :
: | |
|
|

00 caMOBO30YXKICHUE YCHIIUTENS, JIN00 UCKAXKCHUE
nepeIaBacMbIX CHTHAJIOB.
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S [Mpoananusupyem pabOTy IBYCTOPOHHEIO YCH-

> JWTENs TPH Hanu4uu obpartHoit ceszu. Ha puc. 7.3
| 1C I | npuBeseHa O0OOOIIeHHas cXeMa, INpUroaHas Iyl
_H<>_|:| S D_<>A aHaJIM3a BCEX PACCMOTPEHHBIX BBIIIE JBYCTOPOHHUX
| Toe o Zo | YCUIHUTETEH.
< B kauecTBe OCHOBHOT'O BBIICNIMM HallpaBJICHUE Ie-
Prc. 7.2 peladn cneBa HApaBoO, a YCUIMTENb BCTPEYHOIO Ha-
uc. 7.

NPABJICHUS] W YETHIPEXIOJIOCHUKH, OTOOpaKaroIife
Ppa3Bs3bIBAIOIIME YCTPOWCTBA, IIOMECTUM B Liellb 0OpaTHOW cBs3u. BBenmem o00o3Haue-
HUsL: §; = a; +b; (1 =1,2) —nocrosHHBIC Tepenadn CXeM pas3BsI3KH B HaIpaBICHHH 3a-
nepxuBaHus; S; =S; + jo; (i =1,2) — KOMIUICKCHbIC YCUICHHS YCHIUTENICH BCTPEUHBIX
HarnpaBieHui. B cooTBeTcTBHM ¢ KpuTeprem HalkBucTa 1y caMOBO30YKIEHUS YCHIIUTE-
7151 HeOOXOIMMO BBINOJHUTE JIBA YCIOBHS: YCa06ue ¢has — 10 3aMKHYTOW LTI OOpaTHOM
cBsi3u koa¢dunment ¢aser b, = 2k 7 (k=0, 1, 2,...), TO ecTh 0OpaTHast CBSI3b HAa KAKOM-
700 YacToTe TepejaBaeMOoro CUrHajIa MOJIOKHUTENNbHA — HANPSDKEHUE C BBIXO/A YCHIIUTE-
71 HoJaeTcsl Ha ero BXOA B (hase; ycaosue amniaumyo — IO 3aMKHYTOH LieIn oOpaTHOH
CBSI3U HA ITOIf Jke yacToTe 3aTyxaHue a,, <0, To ecTb IpHU MPOXOXKIECHUHU 110 3aMKHYTON
1enu oOpaTHOH CBSI3M KOJIeOaHMs 3TOM YacTOTHI HE 3aTyXaroT, a ycriBatoTest. [Ipu omHo-
BPEMEHHOM BBIIOJIHEHHM O0OMX YCIIOBHI yCHWIIUTENh BO30OYAUTCS M OyIET TeHepHpoBaTh
3Ty 4acToTy. B HameMm cirydae ycrnoBust caMoBO30YKICHHUS Oy IyT UIMETh BHI:
by =b, +b, —(¢; +¢,) = 2k, (7.1)
a, =a, +a, —(5,+S,) <0, (7.2)

rae a, 1 by, — koddduumeHt 3aryxanus u kod3duIHeHT Bassl 10 MeTIe 0OpaTHON
CBSI3M COOTBETCTBEHHO, K = £0, 1, 2,..., @1 ¥ @, — 3aTyXaHUsl N0 IIyTH OT BBIXOAA OJHO-
TO YCHINTEISI K BXOJLY JIPyroro, S; ¥ S; — YCHIIEHHS YCUIIMTEIbHBIX JJIEMEHTOB.

Pabounii quana3oH 4acTOT JABYCTOPOHHHX YCHJINTENIEH OOBIYHO JOCTAaTOYHO INH-
POK, a oOpaTHasi CBSI3b UMEET HEKOHTPOJIMPYEeMbIi xapakrep. [loaToMy MoXxHO mpen-
TIOJIOKHUTH, 4TO ycioBue (7.1) Bcerna BBIMONHAETCS XOTS Obl Ha OIHOM KakKoH-JIHOO
gacToTe pabodeld TMONOCH 4YacToT ycmutens. Torma u3 (7.2) ycinoBue yCTOHYUBON
paboTHI MPUHUMAET BUJT
a;+a, >S;+S, (7.3)

Ecmu a,. =0, T0 @:+a,>S:+S, — 3T0 yClI0BHE COOTBETCTBYET MOPOTY CaMOBO30YXIe-
Hust. OOBIMHO MOPOTOBBIE YCUIIEHUs YCUJIUTENEH OJIMHAKOBBI, TO €CTh S; =S, =S, —

TaKkoe yCHJIEHHE Ha3bIBaeTCs KpuTHieckum S, = (a; +a,)/2.
Bemiunna passoctn 6 =S, —(S; +S,)/2 onpeznenser ycTOHYMBOCTS yCHIHUTE-

JIS1 OT CaMOBO30YKICHUS
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c=12a, =12(a; +a,)-1/2(S; +S,) (7.4) S

Hcmoms3ys Belpakenue (7.4), OICHIM YCTOWUHBOCTD YCH- —» > —
JIUTENEN IMHENHBIX TPAKTOB PA3IMYHBIX CUCTEM MIEPEAAUN. l !

B 4eTBIPEXIIPOBOIHBIX OJHOMONOCHBIX CHCTEMAX Iepeaa- f @ s ol
un (puc. 7.1,0) yCTOHYIMBOCTH OMpenessieTcsl IepeXOaHBIM < g |
3aTyXaHHeM MEXIy LelsiMA KalOers Ha OMIDKHHI KOHeIl Ao,
TaKKaK a; =a, = Aymo=a, /12=A,—(S,+S,)/2.B Puc.7.3
JBYXTIPOBOJIHBIX JIBYXIIOJIOCHBIX cHCTEMAxX nepenaun (puc. 7.1, a, B)

a=a,=A,+a, uc=4,-a, — (5, +S,)/2, rne 4, u a, —3aryxaHue Hanpas-
mroumx unerpos (PHY u ®BY) B monoce 3aaep)XuBaHusl U HPOITYCKaHUS COOT-
BeTCTBEeHHO. CJIe10BaTEeNIbHO, yCTOWYMBOCTD OIPEAEISIETCS IPH 3aJaHHBIX YCUIECHUIX
HepenajioM 3aTyXxaHuil GuiIbTpoB.

B npyxnpoBoaHoMm kanaie HU (puc. 7.2) ycToitunBOCTh onpeiensieTcs: 0ajaHCHBIM 3aTy-
xaHeM 1ubdepeHmmansioi  cucteMel  a, = 2019((Z, +Z, ) (2, —Z 4 )) (cmr.10)
uc=a,—(S;+S,)/2

PaccmoTpum ycToiunBocTh kaHana TU. B mro6oii cucreme nepenayun kanan TH
3JEKTPUYECKH YeTHIPEXIIPOBOAHBIN U aOCOTIOTHO YCTOWYHB, TaK Kak IOJIOCH IIep e-
Jlaud U MpHeMa HaJle)KHO PasJelIoTCs JIeKTpuieckuMu ¢GuiabTpamu. Ho ans ort-
KPBITOU Tesle()OHHOW CBS3HM OH MEPEBOAUTCS B ABYXIIPOBOJAHOE OKOHUAHHE MOCPE-
CTBOM BKJIIOUYCHHS Ha KOHIaX kanana auddepennumansueix cucrem ([C). DxBuBa-
JICHTHOE YyCWJICHHE B KaHalle ompenensercsd s O0OOMX HaIlpaBIeHHH Kak

S, =2S;—Xa;, rae S;u a; — yCHICHHE i-T0 YyCHIMTENs U 3aTyXaHWe i-ro dle-

MEHTa B TpakTe KaHana. Torga ycToM4mBocTs G =4a, —S TO €CTb ONpeJeNseTCs

o !
GamaHCHBIM 3aTyxXaHHEM (3aTyxaHHEM B HampaBieHuHU 3aaepxuBanus) JC. MoxHO
MOKa3aTh, YTO Jaxe npu pazdanancupoanHod [IC (Hampumep, MpU OTKIIOYEHUH
aboHEHTa, B YCIOBHUIX XOJIOCTOTO X0/1a), YCTOHYHUBOCTh KaHajla paBHA OCTATOUHOMY
3aTyXaHHI0 OC,, =d,. TakuM 00pa3oM, ABYXIIPOBOJHBIC KaHAJIBI 3JIEKTPOCBSZH
a0COJIIOTHO YCTOMUYMBEI IPH 1000 JaNbHOCTH CBSA3H, €CIM B HUX OOecIieunBaeTcs
ocTaTOYHOe 3aTyxaHue, To ectb S, < 0.

BrrsicHnM, Kak BIHsET OOpaTHas CBSI3b HAa YAaCTOTHYIO XapaKTEPUCTUKY yCHIICHHS
JIBYCTOPOHHETO YCHUIIUTEIIS.

ITycte Ha puc. 7.3 S; =S, = S. Bocmob3yeMcsi BRIPaKCHHEM, OMPEICISIOIIIM YCHU-

OKB

JIeHHe YCHIIUTEIs ¢ OTPHIATEbHON 06paTHO cBsisbio (eM. T 13) S” =S — 20 Ig[L—kp|,

rae S — ycuieHue 0e3 o0paTHol cBsi3u; K — koadduLueHT yeuneHus; 3 — kodadpuireHt
00paTHOM CBS3H.
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Tak xax (kB) " ompenenser coGoit KO(b(HIMEHT Nepeiauy 3aMKHYTO# e 06paT-

. -9 . .
HO# cBs3u, To kB =e "°C, rne g, =a,. + jb,, —mocrosHHas nepexaun >Toit LenH.
CrieioBaTeNbHO,
S'=5-201g|1-10"%5% .o~ b (7.5)

BenuunHa MCKaXCHUH OT OOpaTHOW CBSI3M 3aBHCHT OT d,, ¥ D, , Tak Kak mpu
Pa3IMYHBIX YaCTOTaX OHH MOTYT OBITh PA3MMYHBIMH, MPU 3TOM XapakTep o0OpaTHON
cBsi3U (MOJIOXKUTENIBHAS WITH OTPHULATENIbHAS) OYAET M3MEHATHCS B 3aBHCHMOCTH OT
b_. . IIpu b,, = 2km oO6paTHast CBS3b MONOXKHUTEIBHAS U YCUICHHE

oc

0,524
S, =S-20Ig|1-10 (7.6)
IIpu b, =(2k +1) 7 obpartHast CBsA3b OTPHUIATENbHAS H YCHICHUE
S! =S-20lg[1+10"" (7.7)

UYepenoBaHue MOJOKUTEIBHOW W OTpPULIATETILHOW OOpaTHOW CBsi3M B pabouyem
CIIEKTpPE YaCTOT IPHUBEJET K BOJIHOOOPA3HON YaCTOTHOW 3aBUCHMOCTH YCHIICHUS YCH-
autens. BeanunHy momoOHBIX HpeNeNbHbIX MCKaKEHHH MOYKHO OLICGHHTH Pa3HOCTBIO
AS, =S—-S, u AS_=S-S".

AS, = 201g|1-10 "% (7.8)

AS_ =20 |g| 1+10 %05

(7.9)

[NomyuenHbIe BBIpaXKEHHS MO3BOJISIIOT ONPEAEINTD 3aTyXaHHe e 0OpaTHOH CBs-
3U a,,, KOTOpoe He0OXOANMO JAJIsl BRIIOJHEHUS 3aJaHHBIX TPeOOBaHMI K JOIyCTH-

oc?
MBIM 3HAYCHUSIM UCKaKEHUH 00paTHOH cBs3H AS.
U3 (7.8) u (7.9) cenyer

1
a,. = ZOIgW (710)
1
a.oc = 20 Igl_low (711)

Ipu AS <<1, xak 310 00bIYHO TpebyeTCs,
a,, =20lgQ/AS, |, [1B] (7.12)
Iome3ysice BeipakerussmMu (7.10), (7.11) wmm (7.12), MOXKHO ONPEHCTUTH TAKKE
yCWIICHHE JBYXCTOPOHHEro ycwimntens kaHana HY mpu moctmwxumoi BennunHe Oa-
mancHoro 3aryxanusa [IC, a mpH 3amaHHBIX a,, W S—3aTyXaHHSA HANPaBISIOMINX
¢unbTpoB Ay IBYXIPOBOAHOTO ABYXIIOJIOCHOTO TPAKTa FIJIM HEPEXOTHOE 3aTyXaHHE
Ha OMIKHEM KOHIIE Ao 9eTBIPEXIIPOBOIHOTO OJHOIIOJIOCHOTO TPAKTA.
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7.2. Pa3meleHHe yCHUIUTeJIel B JHHEIHOM TpaKTe
U IUarpamMMa ypoBHeil nepenaqu

Kax Oyzer rmokasaHo B CIeIyIOIeM naparpade, Ha pa3MeIleHIe YCUITUTEIICH B JIMHEHHOM
TPaKTe CYIIECTBEHHOE BIMSHUE OKa3bIBaeT COOCTBEHHBIN (TepMHYeCcKuii) ryM. PaccMoTpum
3aBUCHMOCTb YPOBHSI 3TOTO IITyMa Ha BBIXOJIE KaHaJIa OT YKCJIa U B3AUMHOTO PACTIONIOMKEHHS
YCUJIUTEIICH B IMHEMHOM TPAKTE 33JaHHOM IPOTSHKEHHOCTH.

Ha puc. 7.4 npuBesieHO OJTHO HarpaBjeHHE Mepesiauu, CoAepKaliee N yCHIUTENb-
HBIX Y4YacTKOB. YPOBEHb COOCTBEHHOTO IlIyMa, NPHBEACHHBIM K BXOJY JIMHEHHOTO
yemmarenst (JIVC) B criekTpe 4acToT OHOTO KaHaa, IPUHAT OAWHAKOBBIM M PaBHBIM
Pu, 3aTYXaHHS YCHIIMTENBHBIX YYaCTKOB dj, dy,..., dn, YPOBHU HEpenadd pi, Pz,..., Pu
OTHOCHTEJIbHBIH YPOBEHb Ha BBIXOJIEC KaHAJA Ppyix.

I[J'IH IMPOCTOTHI HE YUUTBIBAEM 3aBUCUMOCTDL OT YaCTOTHI aj, p;. ypOBeHL npueMa Ha
BXOJI€ i-I'0 YCHIIUTEINS Py, = pi — di. YPOBEHb COOCTBEHHOTO IlIyMa Ha BBIXOJE KaHaja,

OOYyCIOBNIEHHBIH IIyMOM Ha MHEPBOM YYACTKE Py = PutSa, TAE Sy = Pay Pupt —
9KBHBAJICHTHOE YCUJIEHHE ydacTka JHHUU oT Bxona JIYC-1 no BeIxona kaHana. Toraa
Puit = Put Doy Prpl- AHAJIOTUYHO OINPEZIENAETCA YPOBEHb IIyMa Ha BBIXOJIE KaHana 3a
CYCT KaXJIOT0 MOCIEAYIOIEro yYacTka : Py = P+ P = Do -

OO61mas MOIIHOCTH IITyMa Ha BBIXOJIE€ KaHala 3a CYET BCEX YCUIUTENbHBIX y4acT-
KOB OIpeJessieTcs o Gpopmysie

pmo — Zloovlpmi :100,1(p,..+p.;.,.x) Zloo’l(ai_pnpi) (7.13)

Ilokaxxem, 4TO IpU 3aJaHHOM 4YMCJIE YCHWJIMTENIBHBIX Y4aCTKOB, MOILHOCTb LIyMa
OyzneT MUHHMAJIBHOH NpH paBEHCTBE 3aTyXaHMWH BCEX YYACTKOB M YpPOBHEW mepenadn
BCEX yCHJIUTENEH, TO €CTh @; = const u P; = const.

[ycts p; =Py, a & =a,+Aa u a;,=3a,-Aa, a, =(a; +8;,)/2, tne

acp — CpC€aHEC 3HAYCHUC, Aa — OTKJIIOHEHUE 3aTyXaHUusd YCHUJIUTCIIbHBIX YYaCTKOB.

Tornaa cormacHo (7.13) MOIIHOCTH IIryMa 3a CYET JABYX Y4acTKOB i-ro u (i+1)-ro
0,1(p,,,+p —pota.,)
jiig BbBIX —
P, =10 P’ . (1091 4107014 Nannas mowmocts Gyner
MUHHMAJTBHOM, €CII MUHAMAIBHOE 3HAYCHUE MTPUMET CyMMa 10%%4 11070 19
ectb mpu Aa=0.

PacnipocTpaHsisi MOJTydeHHBIN pe3yabTaT Ha JBE JIOObIe Mapbl YCUINTEIBHBIX yua-
CTKOB, MOXHO CIIeJIaTh 0Ouwuil 6bi600: MOIIHOCTH COOCTBEHHOTO IIIyMa B KaHAJIE MU-
HUMaJIbHA TIPU PABEHCTBE YPOBHEH Mepelaud U OJMHAKOBBIX JJIMHAX YCUJIUTEIbHBIX
y4acTkoB. M3 3TOro clienyeT, 4YT0 KaXbIi JIMHEHHBIA YCHIMTENh JOJDKEH KOM-
MEHCHPOBATh 3aTyXaHUE MPEINIECTBYIONIEr0 YUYaCTKA B TMHEHHOM CIIEKTPE YaCTOT.
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P, P, Pa Paccmorpum Bompoc pasmenie-
rHYC 1rﬂyc 2 r HHUsl YCHIIMTENIEH ¢ MO3ULKMK obecte-
Kl‘:ig om s el P il on | KTaII; yeHus TpeOOBaHW K HIYMOBOH 3a-
IUIIEHHOCTH &, .
Pupt Pup2 Papn L Tak Kak COOCTBEHHBIE IIyMbI
: Z‘" : P : P i Pusx  HOPMHDYIOTCS [PHBEICHHBIMH KO
A ! ! BXOJLy YCUIIHTEIIS, TO ISl 3TOM TOUKH
' S : ' OIpeAEeAUM M IIyMOBYIO 3allHIIECH-
L S HOCTH
Puc. 7.4 Ay =P~ P = Po —Ayy — Dy (7.14)

Homyctum, 9to TpeOyeTcss 00eCeunTh CBSI3b MEXKIY IBYMSI OKOHEUHBIMH ITyHK-
TaMH 0€3 TIPOMEKYTOUHBIX YCHIIMTENECH, TO €CTh C OJHUM YCHIIMTEIBHBIM Y4aCTKOM.
Jis KoHKpeTHOCTH BOo3bMeM 60-KaHanmbHYIO cucteMy mepenmaun [1-306 Ha kabene
MKC 4x4x1,2. KoadpuuueHnT 3aTyxaHusi Ha BEpXHEH 4acTOTEe JIMHEWHOTO CIIEKTpa
(12...252 xI'y) @60 = 2,7 1b/KM, ypoBeHb IIyMa, MPUBEACHHBIA K BXOIY YCHUIJIUTEIS
puw = —130 nb, HopMma 1mymoBo#i 3amuienHocT a, = 50 ab. ITycts Tpebyercs obec-
TeYHTh CBA3b Ha JanbHOCTh L = |,y = 100 km. Toraa a = a-l,, =270 ab. Onpenenum u3

(7.14) xakoit motpeOyeTcsi YpOBEHb Nepeauu JJIsl YCHIUTENS TOJbKO Ha Mepearo-
UIeM KOHUE po =d, +da, +p,= 50+270—-130 = 190 b wmiM MOIIHOCTH HA BBIXOIE

yewmrens P, = 10%° = 10" MBr = 10 mym kBr! (Mommocts Bparckoit I'IC 4,5 v kBT).

[Ipn BIIIOYEHWH YCHIINTENS TOJIBKO HAa IIPHEMHOM KOHIIE, MMes Ha Iepenade He-
GouIbIION YpOBEHb, K TIpUMeEpy, p, = 0 1b, TO B 3TOM ke mpuMepe Ha BXOJ MPOTHBO-
TI0JIOKHOTO OKOHEYHOI'O MyHKTa CHIHAJ MPUJET C YPOBHEM py, = —270 ab, uTo 3Ha-
YUTEIBHO HIDKE YPOBHS myMoB (py, = —130 nb).

Takum o0Opa3om, 3amada YBEIWYCHWsI JAJTBHOCTH CBSI3M C NPUMEHEHHEM OTHOCH-
TEJIbHO MaJIOMOIIHBIX YCHJINTENEH U IOIMyCTUMOM Pa3sHOCTH YPOBHEH CHTHalIa U IIyMa,
o0ecreunBasi Hy)KHYIO IIIyMOBYIO 3aIIMIIEHHOCTb, MOXKET OBITh peIlIeHa TOJBKO Ha OC-
HOBE PaBHOMEPHOTO Pa3MEIIeHUs] YCWIIMTENEH IO JIMHEWHOMY TPaKTy — 3TO OCHOBHOU
npuHyun obecneyerust OaIbHOCIU CE:A3U.

[Ipr mpoeKTHPOBaHUM CHCTEMBI NEPENadd YCHINTEIbHBIC ITYHKTHI Pa3MEIaroT
pPaBHOMEpPHO Ha TaKHWe PACCTOSHHS APYT OT JApyra IO JIMHWU Tepeiaun, 4ToObl Ha
BXO0JI€ K&)KIOTO YCHINTENS MO /IepKUBallach HE0OX0ANMasl 3aINIIEHHOCTh OT COOCT-
BEHHBIX (TEPMHYECKHX LIYMOB). Takoe MOJIOKEHHE XapaKTepu3yeTcsi rpaduuecKu
JuarpaMMoi ypoBHEH nepeaaym.

Jluazpamma yposnueii nepedayu — 310 TpahuK U3MEHEHHUSI OTHOCUTEJILHOTO YPOBHS
10 BCEMY TPakTy KaHajia Iepeiadyd Npu Mojade Ha BXOJ KaHaja CHHYCOMJaJbHOTO
M3MEPHUTENILHOTO CHUTHAJla C HOMHMHAJIbHBIM ypoBHeM. Jlmarpamma crpoutcs B 00a
HaIpaBJIeHHs TIepeIadH.
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rpo=0 5 r Po=0 S r Po=0 S r Po=0
OI1-1 > a > a > a OI1-1
ayy:48 nb I:: Pup YY L ” I:: Pup ” L
p, 1b P P P Pu
+4l
0
L, km
-10T
-20T
-30T
40T
50T —48 1B —48 1b —48 1b —48 1b
Puc. 7.5

B cnywae mpenbickakeHus: (mepekoca) ypoBHEH mMepenadyd JuarpamMma CTPOUTCS
JUUISL BEpXHEHW 4acTOThI JMHEHHOTO CIIEKTpa.

Ha puc. 7.5 npuBenena auarpaMMa ypoBHEW nepeadu Il OJTHOTO HaIlpaBJICHUS
OJTHOPOJHOTO y4YacTKa JIMHEHHOTO TpakTa MPOTSKEHHOCThIO L kM. Ycumurenu pas-
MEIIEHBl CTPOTO PABHOMEPHO depe3 pacCTOSHHUA C OJMHAKOBBIM 3aTyXaHHEM
ay, =48 1b. YcunuTenu UMEIOT ouHaKoBoe ycunenue S =48 nb u yposeHs nepenauu
o =0 nb, TouHO KOMIIEHCHPYSI 3aTyXaHUE MPEIIECTBYIOIErO YCHIUTEILHOTO YUacTKa.
Taxk kak 3aTyxaHue JIMHUU IPSMO MPONOPIMOHAIBHO €€ JJIMHE, TO M YPOBEHb Nepe/a-
Y1 B JIMHUU YMCHBINACTCA I10 HHHeﬁHOMy 3aKOHY.

B PCABHBIX YCJIIOBUAX 3aTyXaHUC OTACIbHBIX YCUJIMTCIBHBIX YIYaCTKOB 6y}ICT OoT-
JIMYaThCs ApYr OT Apyra. JluarpaMma ypoBHEH, KOTOpasi paCCUUTBIBACTCS U CTPOUTCS
Ipyu OPOCKTUPOBAHNU, AACT BO3MOXKHOCTH OIPCACIIUTL BECIIUMYUHY OTHOCUTEIIBHOTO
YPOBHA IepeAayd B JIF000I TOUke JIMHEHHOTO TpaKTa U CYIWThH O IpeAerax M3MeHe-
HHUA OTOTO YPOBHA C TOUYKH 3PCHUSA BIIUAHUA €0 Ha ITYMOBYIO 3allIUIICHHOCTD.

7.3. LLllymbI 1 NOMeXH B MPOBOAHBIX JHHEHHBIX TPAKTAaX

Ilomexu TPEACTAaBIAIOT cOOOH >IEKTpHYECKHE KOJIeOaHHs, CIIEKTP YacTOT KOTO-
PBIX YACTUYHO MM IIOJHOCTBIO COBIIAJAET CO CIIEKTPOM YacCTOT IIOJIE3HOTO CUTHaa.
ITomexu, uMeroLMe paBHOMEPHBINA U HENPEPBIBHBIN SHEPTETUUECKUN CIIEKTP B JIaH-
HOM I0JIOCE 4YacTOT, IPUHATO HA3bIBATh wiyMamu. B KaHanmax W TpakTax nepenayu
LIYMBbl ¥ IOMEXH BO3HUKAIOT BCJIECJCTBUE BHYTPEHHUX U BHEIIHUX IIPUYUH.

3a cuem enympennux npuuun BO3HUKAIOT COOCMGeHHble (mepmudeckue, menjo-
evle, PIYKMyayuoHHsle) wiyMsl TUHAN, YCUINTENEH U APYTUX COCTaBIIIOIINX KaHAI
nepelayy YeThIPEXIOMIOCHUKOB, a TAKXKE IIOMEXU U IIYMbI HEJIMHEHHOIO IIPOUCXOXK-
JeHUs. 3a cuem GHeWHUX NpU4UH BO3HUKAIOT ITOMEXHU M LIyMbI M3-33 MEPEXOIHBIX
BIMSIHUM MEXIY Napajule]bHbIMU LEISIMU U OTIENbHBIMU YCTPOMCTBAMH TpPaKTa Iie-
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penauu, arMocepHbIe IIyMBbI, IPOMBIILICHHBIE [IIyMbI, IOMEXH OT PaAUOCTAaHIMH, OT
JIMHUH 3JIEKTporiepesiad U OT MEXaHUYECKHX BO3ICHCTBUI Ha 3JIEMEHTHI TPaKTa Iepe-
Jaun (HapylIeHHs KOHTAaKTa, MOJKIIOYEHHE HM3MEPUTENBHBIX MPUOOPOB, PEryaupo-
BOYHBIE JICUCTBUS U T.11.). [loMexu JI0060ro NpouCcXoXIeHNS! MOTYT OBITh BHTHBIMHU H
HEBHATHBIMHU.

Buammuvie nomexu — 310 1MOMEXH, COBIAJAIOIINE IO XapakTepy ¢ curHajioMm. Ha-
npuMep, B TelaeGOHHOM KaHalle — 3TO MEPEeX0IHOI pa3roBop, KOTOPHINA MPOCITyIIBa-
€TCsl U MOXKET MaCKUpOBaTh (3ariylaTs) IPUHUMAEMBbIH roJioc (CUTHAI); B TEJIEBU3U-
OHHOM KaHaJIe — 3TO HOSBIICHHUE JONOJHUTEILHOTO H300paKEHUsI, KOTOPOE HAKIIAIbl-
BAaeTCsl HA OCHOBHOE.

Hesnsamuvle nomexu — 5T0 IOMEXH, HE COBIIAJIAIONIKE TI0 XapaKTepy ¢ CUTHAJIOM,
BOCHPUHHUMAIOTCS KaK IIyM, yXYAIIAIOT WU MOJaBISIIOT IPUHUMAEMbIH CHTHAIL.

BHsiTHBIE TOMEXHM HauOoJiee OMAacHbI, MOITOMY OHHM JOJDKHBI OBITH MPAKTHYECKU
yCTpaHEHBI HJIH ITPEeBpallieHbl B HECOBNAAAONTHE (HEBHATHBIC) IOMEXH (IIyM).

Tepmuueckue (TCIUIOBBIC, COOCTBEHHBIC, (DIYKTYAIHOHHBIC) TIOMEXH OMPEICIIIOTCS
TEIUIOBBIM JIBW)KEHHEM OJICKTPHYECKUX 3apsiioB ((IIyKTyared) B TPOBOJHBIX LEISIX,
a TaKKe B LIETSX MOIYIPOBOAHUKOBBIX MPHOOPOB, MUKPOCXEM U MPAKTHYECKH PaBHOME-
HO pacrpesieNieHbl MO CIEKTPY OT CaMbIX HU3KMX YacTOT JO 4acToT MOpsaKa 108 I,
MOoIIHOCTh TEPMUYECKOTO IIyMa OIpeensieTcst opMyInoi

P, =KTAF,[BT], (7.15)
rae k = 1,38:10% Bt ¢/rpax — nocrosinaas Bonbimana; T — aGCOMOTHAS TeMIIEpaTypa
B rpagycax KemsBuHa; AF — monoca 4acTot, B KOTOpOH OIpEneNnseTcs IIyM.

CoOcTBeHHBIC IMIYMBI yemnTeneil B 3...5 pa3 Oonblle TEPMUYECKUX ITYMOB IIe-
neii muHud. VX MOIIHOCTB paccuuThIBaeTCA Mo Gopmyne Py = KTAFK, K%, rae Ky —
K03((DUIUMEHT IIyMa TPaH3UCTOPOB, MuKpocxeM; K, — ncodomerpuueckuii kos¢-
¢umment. ns momocel wactor kaHama TU AF = 3100 I'm mpu Temmepatype t=—
20°C(T = 293" K) ypoBeHb mcohOMETPHIECKOH MOIIHOCTH COOCTBEHHOTO IIYMa YCH-
JUTENs, NPUBEICHHOTO K €ro BXOAy, OyJieT paseH Py .= 101gP, . = —(130...135) nb.

MolHOCTh COOCTBEHHBIX LIYMOB B I0JOCE KaHajla M LIyMOBAas 3allUIEHHOCTb
a, =p.— P, B KOHIE JUHUYU 3aBUCUT OT IPOTKEHHOCTU YCHIMTENbHBIX Y4aCTKOB

U ux oOmero uucna. JleWCTBUTENbHO, MyCTh HA TNPHUBEACHHOW BBINIE JUarpamMMe
ypoBHeW mepenaun (puc.7.5) yCHIUTENN pa3MeIleHbl PaBHOMEPHO (BCE YCHIIMTEINb-
HBIE yJaCTKH OJIMHAKOBHI C 3aTyXaHHEM &yy), UMEIOT OJMHAKOBOE YCHICHHE S = ayy U
BBIXOJHOH YPOBEHb pj, YPOBEHb IIyMa B KOHIIE KaXKAOTO y4acTKa B MOJOCE OJHOTrO
KaHaja paBeH p,,. Toraa o0Imas MOIIHOCTG IIIyMa Ha BBIXOJIC IIOCIIEJHEr0 YCHJIHMTE-

M5 3a cueT BceX N yuacTkoB Py, =Nn10%'Pw  ymm yposems oGmero myma
Puo = pwt10lg n. TlymoBast 3alMIMEHHOCT dy = PupPuy TAE Pup = Pe= Po — YPOBEHB
HpremMa CHrHaina Ha Bxoge ycuwuresst. CieoBaresbHo,

Ay = po—pu—10Ign —a,, (7.16)
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Ha BO3IyHIHBIX JIMHUSIX CBSI3M ONPEACIISIOIUM SBIISIETCS aTMOC(EPHBIH LIyM, KO-
TOPBIH M YUUTHIBAE€TCSA IPU NMPOEKTUPOBAHUU cHUCTeM mepenaud. CTaTUCTUYECKUMU
U3MEPEHUsIMH yCTaHOBJIEHBl YPOBHHU 3TOr0 IIyMa B Irosioce oxHoro kaxama TU Ha
OJTHOM YCHJIUTEIBEHOM ydacTke (Ha Bxoje ycunurens): —72 nb nserHsie nenu (=79 nb
cTanbHble) B auanasoHe 4dacToT 10 30 xI'm; —80 nb — B Auama3oHe 4acTOT BHIIIE
30 k[ (UBETHBIC LICTH).

LIymel u nomexu HeruUHeUH020 NPOUCXOJiCOeHUs BOSHUKAIOT BCIIEJCTBUE MPOSIBIIC-
HUsI HEJIMHEIHBIX CBOWMCTB B TPYIIOBBIX 3JIEMEHTaX TPakToB nepegauu. K takum
3J€eMEHTaM OTHOCSITCA MOJYNATOPBI, TPAH3UCTOPHI M MMKPOCXEMBI YCHIMTENEH,
TpaHcopMaTopsl M KAaTYIIKW WHAYKTUBHOCTH C (DEPPOMAarHUTHBIMHU CEpJeYHUKAMHU,
(UIBTPBI M CaMU LENH JIMHUHA CBS3H.

Hanpumep, Ha BXoJ ycunuTens nogaercs 12-kaHanbHbINA MpynnoBoil curHai B Mo-
noce yactoT 12...60 k' (puc. 7.6). Ha ero Brixone u3-3a HEWACATHHON JIMHEHHOCTH
OyaeT He TONBKO ITOT CIeKTp ¢ 4yactotamu f, f, , HO Takke rapMOHMKH KaXmOW W3
COCTaBILIFOIINX CIEKTp 4acToThl 2f, 2f, 1 KOMOMHAIIMOHHBIE YaCTOTHI OT B3aUMOICH-
CTBUSI COCTABIISIFOLIMX CIIEKTpP 4acTOT, Harmpumep, Buaa f£f, rae f, u f, — mro0bie vacro-
THI B cliekTpe nuHelHoro curHana 12...60 k['m. Takum o0pa3oMm, BO3ZHHUKAET CILTONI-
HOM CHEKTp HEMMHEHHBIX NpoaykToB B auana3zoHe 0...120 k['u. [lomamas B mojockl
KaHAaJIOB, 3TH MPOAYKTHl BOCHIPUHUMAIOTCS KaK IIyM.

B TpakTe aHaNMOrOBEIX CHCTEM Iepeladd OCHOBHBIMH y3JaMH, TJi¢ BOSHHUKAET He-
JMHEWHOCTD, SIBISIFOTCS YCHIIUTENH, OCOOCHHO T'PYNIOBBIE M YCHINTEIH JIMHEHHOTO
TpakTa. HenmuHeiHbIe HCKaXEHHS MEPEUNCICHHbBIX YCTPOICTB caMul 1o cebe HeBen-
Ki (MMEIOT BEChbMa Mallyl0 HENMHEHHOCTh), HO MPH Meperade IPYyNIIOBOrO CHTHaja
yepe3 TaKhe YCTPOMCTBA BO3ZHHKAIOT B3aMMHBIE ITOMEXH, KOTOpPBIE HPOSBIAIOTCS B
BHUJIE BHATHBIX IIEPEXOIHBIX OMEX WM mryma. Ecim ygecTs, 4TO B IMHEHHOM TpakTe
uMeeTcsl OOJBIIOE YUCIIO MOCIIEA0BATENHPHO BKIIOYEHHBIX YCHIIMTENCH (y3J7I0B ¢ Ma-
JIOM HENMHEHHOCTPHIO), TO OYEBHIHO: HEOOXOJMMO YYMTHIBATH UMEHHO 3TH Y3IIbI 32
OCHOBHOM HCTOYHHMK HEJIMHEHHBIX MOMEX W NPEABSBISATH K HUM BECbMa JKECTKHE
TpeOoBaHMs K BEJIMYMHE HEIMHEWHOCTH. B cienytomeii rimaBe 3TOT BOpoc paccMoT-
peH Goiee moapoOHO, a 37iech 00paTHM BHUMAaHHE Ha TO, YTO 3TOT BHJ IIYMOB 3aBH-
CHUT OT JIMHEWHOCTH KaXKIOTO YCHINTEIS W HX

YKclia B TPAaKTe, HO HE 3aBHCHUT OT [UIMHBI ycu-  BX > BRIX
JIMTENBFHOTO yYacTKa. 1 1 1 1 1 fi e

Llymol nunetinvix nepexo0o6 HOSBIAIOTCS LAA-AA kT
BCJIEJICTBME B3aHMHOTO  3JIEKTPOMArHUTHOTO 12 60 kw12 60
BJIMSHUSA MEXIY IapajlelbHbIMU LEMIMH JId- 2, .ffffk r
HHI CBS3U. 3a CYET B3aMMHOT'O BJIHMSIHHUS Mepe- 24 120K "
XOIHbIE MOMEXH MOTYT MpPOSIBIAThCSA JHOO B fi £,
BUJE NPOCIYLIMBAHUSA PAa3rOBOPOB, BELYLIUXCS AN AA kT
1O JpPYrUM KaHajaM (BHSTHas IepexoJHas 0 48
nomexa), 100 B BHJE IIYMOB (HEBHATHAsS Iie- Puc. 7.6
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pexoanast nomexa). LIIymbl JMHEHHBIX TIepeX0/l0B HAONIOAIOTCS B TOM CIIydae, Korja B
OJIMH W TOT K€ KaHaJl OJHOBPEMEHHO IONaJaloT BHITHBIE NEPEXOIHBIC TOMEXHU C He-
CKOJIBKHX BJIMSIIOIIUX KaHAJIOB, JIMOO KOT/Ia YaCTOTHBIE CIIEKTPHI KaHAJIOB, 00pa3oBaH-
HBIX Ha COCEIHHUX LEISX, B3aMMHO HMHBEPCHUPOBAHBI WM CABUHYTHI IO OTHOIICHHIO
ApYT K ApYTY.

[epexoaHble BAUSHUS MEXIY OTASIBHBIMU LEMSIMH BO3AYIIHBIX MM CUMMETPHY-
HBIX KaOeJIbHBIX JIMHUH Pa3InvaloT JBYX BHJOB!

MepexXoHOe BIMSIHUME HA OMvbkHEM KoHIe (puc. 7.7, a), KOTrAa 4acTh SHEPIuu ¢
BBIX0/1a YCHINTENSI OJTHOTO HANpaBJICHUs Nepeladyu U3-3a HEJ0CTaTOYHOTO Mepexo-
HOTO 3aTyxaHust Ag Ha OJMMDKHMI KOHEIl MepexXOAMT Ha BXOJ BKJIIOYEHHOTO B Tapall-
JIETBHYIO LIeTb YCUIINTENS 00paTHOTO HANPABIICHUS MIEpEelaudl TOTO )K€ YCHIIUTENLHO-
o IyHKTa (Ha OJMKHEM KOHIIE);

MepexoAHOE BIMSIHUE Ha JanbHeM KoHIe (puc. 7.7, 6), KorJa 4acTh SHEpIUH C BBI-
XO/la YCHJIUTEIIS] OJJHOTO HAIlpaBJIeHUs Mepeiadyn U3-3a HeIOCTATOYHOTO MePEX0JHOTO
3aTyxaHusi 4, Ha JaIbHUN KOHEI| NePEeXOJUT Ha BXOJ BKIIOUCHHOI'O B MapajuIeIbHYIO
LEMb YCUJIUTENS 3TOr0 K€ HAIPaBJICHHs Nepe/iaur, HO PacIONI0KEHHOTO B COCETHEM
MyHKTe (Ha JaJbHEeM KOHIIE).

Mematoriee neiicTBHE MOMEX OT NMEPEeXOIHBIX BIWSIHUI B KaHalle OLIGHHBACTCS
3alIMIIEHHOCTBIO, KOTOpasl paBHA Pa3HOCTH YPOBHEH MOJIE3HOTO CHUTHAJA p. U Iepe-
XOJHOW TOMEXH B TOUKE Npuema curHana. J[ns onpeneneHus: 3alIMIIEHHOCTH Ha
6mwxHeM (a,,) U JaibHeM (@, ) KOHLE [0JaracM, 4To 3aTyXaHHUs BCEX YCHIUTENb-

HBIX YYaCTKOB OAWHAKOBBHI U PABHbI YCHUJICHHUIO KAXKXIOT'O M3 JIMHCHHBIX YCHJII/ITGJIeﬁ

ay,y,=S, YypOBHM Ilepefaud Bcex

a) s Po1 S Pot S Pot v
ycuauTeNell JaHHOrO HalpaBlIeHUS
> > > OJIMHAKOBBI, IIEPEXOJHBIE 3aTyXaHUs
Be] ¢ Ao P ﬂé’C 2) o] o Ao A, ¥ A, Ha BceX YCHUJIUTENIbHBIX yda-
CTKaX OAMHAaKoBBL. Toraa 3amuieH-
< ayy < dyy < HOCTb 3a CYET BJIUSIHUA Ha OJHOM
J JyC YCHJIMTENbHOM Y4acTKe OIpelesseT-
Po 12 Ay = Pe = P> rae
6) S Po1 5 Po1 5 Po1 .
Pe = Po1r —qyy, Pun = Po1 — Ay

> > >
MHYC Y} a3|l:pc_puu7r‘ue pnn:pol_Al'
s [P g [P S |FE Ilomexu B KOHIE JINHUH CyMMHU-
> > pyIOTCSL 3a CHET BIMSIHUSL Ha BCEX
dyy dyy YCHJIMTENBHBIX y4dacTKax. Iloaromy
Ve MOTY4UM:
Pe
Puc. 7.7
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a, = Ay —a,, —10lgn—(po; — Poz) » (7.17)

a, =A -a, -10lgn-(py; — Pg,) - (7.18)
3neck: 4,, A — nepexonHoe 3aTyXaHue Ha OJMKHEM U JAalbHEM KOHIIE COOTBETCTBEH-
HO Ha JUTMHE OJHOTO YCHJIMTENILHOTO y4acTKa; N — YUCIIO YCHIIMTENBHBIX YU4aCTKOB; Py
U P, — YPOBHH Nepe/laull yCHWIIUTENEl pa3HbIX HANpaBJCHUH Nepenay Wid JIBYX IHa-
paJUIeNBHBIX LeNel nepeaady.

Ananuz nocnerHux (OpMyJl MOKa3bIBaeT, YTO 3HAYECHUs 3AIIUIIEHHOCTH OT JIH-
HEWHBIX MEPEeX0JI0B YMEHBIIAIOTCS C POCTOM YHMCIIa YCHINTEIBHBIX YYaCTKOB U 3aBH-
CAT OT Pa3HOCTH YpoBHEi nepenaun. OOBIYHO 3Ta pa3HOCTH He mpeBbimaet 2...3 ab.
B cummerpuuHbIX Kabensix Beerna A, > A, NOATOMY 3aIIUIIEHHOCTh HA JajJbHEM KOH-
1€ BCEer/ia BBIIIE 3aIIUIIIEHHOCTH Ha OJIMXKHEM KOHIIE.

Mematoriee qeiicTBHE pa3MyHBIX IIYMOB M IIOMEX B JIMHEHHBIX TPAKTaX CUCTEM
nepeAayn NposBISETCSA MO-pa3HOMY B 3aBUCHMOCTH OT THIIA HCIONb3YeMOH JHMHUH,
NPOTSHKEHHOCTH U CXEMBI JINHEHHOTO TpaKTa.

B kananax cucmem nepedauu KoaxcuanbHvlx KabenvHwvlx aunuli Ipeobianaromiee
3HAa4YeHHUE UMEIOT COOCTBEHHBIE (TEpMHUECKHE) IIyMBI U MOMEXH HEJIMHEHHOIo Ipo-
ucXoxkaeHus. JIMHelHHble mepexoabl MeXIy KOAKCHAIbHBIMM NapaMH NPaKTHYECKH
OTCYTCTBYIOT, U C HHMH MOXKHO He cuuTaThesl. [103TOMy Npu MPOEKTUPOBAHUH CUCTEM
nepenayy oOIias JOMyCTUMasi MOIIHOCTH IllyMa paclpeaenseTcss MexXIy coOCTBeH-
HBIMH M HEJIMHEHHBIMHU IIyMaMH, a TPH pacyere IJIHHBI YCHUIIUTENBHBIX y4acTKOB
YUYHUTBIBAIOTCS TOJILKO COOCTBEHHBIE IIyMBI.

B kamanax cucmem nepeoauu CUMMEmMPUUHbIX 0OHOYEMBEPOUHBIX U MHO204em-
6epOUHBIX KADOENbHbIX JUHUL TOJDKHBI YUUTHIBATHCS COOCTBEHHBIC, HEIHHEHHbBIE U
MEepeXOHbIe IIYMbl U NOMeXH. [IpH NMPOEKTUPOBAHUM TAKUX CHUCTEM IIOJIOBHHA J10-
MYCTUMO# MOIITHOCTH IlIyMa OTBOJAMTCS HA IIYMBI JINHEIHBIX NIEPEX0JI0B, a OCTAJIbHAs
4acTh PacHpeessieTcsl MOPOBHY (10 OJHOM YETBEPTH) MEXAy COOCTBEHHBIMHU (Tep-

MHYECKHMH) ¥ HeNMHEHHbIMY yMamu Py =1/2P  +1/ 4P, +1/4P, .

JInHeHbIH TPAaKT B MHOI'OYCTBCPOYHBIX KabeIsx BCEraa ‘ieTBIpeXHpOBO,I[HBIﬁ
,I[ByXKa6eHBHBII>'I, MO3TOMY HNEPEXOAHBIC BIUAHUA UMCIOT MECTO 31€Ch JIMIIb Ha JaJlb-
HEM KOHIEC, 3alIUIICHHOCTD OT TaKUX IEPEXOJAHBbIX MOMEX HC 3aBUCHUT OT MJIMHBI YCHU-
JIMTCJIBHOT'O Y4acCTKa, IO3TOMY IIPHU MPOCKTUPOBAHUUN JJIMHBI YCUIIUTCIIbHBIX YHYaCTKOB
OIMPCACIIAIOTCA UCXOASA U3 HOPMbBI 3allIUIIICHHOCTH OT COOCTBEHHBIX LIIyMOB U MPOT:I-
JKEHHOCTH JIMHEHHOTO TpakKTa. B kawnanax cucmem nepe()a!m CUMMCTPHUYHBIX OJHO-
YCTBCPOYHBIX KaO€ebHEBIX JTUHUN Ipr UCOJIb30BAHUUN ,Z[ByXKa6eJ'IBHOFO pexKruMma yiu-
TBIBAOTCA IIYMbI U IIOMEXH, a4 TAKIKE OINPCACIIAIOTCA YCUIIUTCIIbHBIC YUYAaCTKU aHaJI0-
TUYHO MHOTOYE€TBEPOYHBIM KaOeJILHBIM JTUHUSIM.

B kananax cucmem nepedal{u CUMMEMPUUHBIX odﬂoqemeepowblx KabeNbHbIX TUHULL
IpU UCIIOJIB30BaAHUN OHHOK&6€J’IBHOFO peKuMa pa60TaeT OJlHa CUCTEMa nepeaaliun, B3a-
HUMHBIC BJIMAHUA OTCYTCTBYIOT, IIO3TOMY YUYHUTBLIBAIOTCH, KaAK U B KOAKCHUAJIbHBIX CHUCTC-
Max rnepeaadun COOCTBEHHBIE U HEMHEHHBIE LTYyMBbI U IIOMEXH, AO0ITyCTUMAasAs MOIIHOCTb
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=1/2P,, +1/2P,, . llpu pacuere

HPOTSHKEHHOCTH YCHIMTEIBHOTO YJacTKa OJHOKAOEIBHOTO ABYXIIOJOCHOTO JIMHEHHO-
TO TPaKTa MCXOIAT U3 HOPMBI IIyMOBO 3aIMINEHHOCTH. B ciyuae geTbpexnpoBo-
HOTO OIHOIIOJIOCHOTO TPakKTa pacdeT HMPOU3BOIJHUTCS IO IOMyCTUMOW HOpME 3alu-
IIEHHOCTH TPakTa MpHeMa OT TPakTa Mepefadn (MEXTy MPOTHBOIOIOKHBIMU Ha-
MpaBJICHUSAMH Tiepenadn) B kaHane TY.

KOTPBIX PacnpeNesAeTcs MOPOBHY, TO €CTh Py o,

7.4. Pacuer MNPOTHKCHHOCTH YCH/IUTECJIBHBIX YIACTKOB

TTpOTSHKEHHOCTD YCHITUTENBHBIX YUACTKOB ONMPEIEISETCS, UCXO/S U3 MPOTHKEHHOCTH
OJIHOPOJHOTO y4YacTKa JIMHEHHOrO TPaKTa W W3 YCIOBHMH BBITIOJHEHHS HOPM Ha 3a-
[UIIEHHOCTh OT COOCTBEHHBIX (TEPMUUECKUX) MIYMOB (MEPBBIA (AaKTOpP) MM 3alllk-
[IEHHOCTh MEKIy HAIpPAaBICHUAMHU Tepeaaud U nprema (BTopod (akTop) KaHasa
nepeaayn B 3aBUCHUMOCTH OT CXEMBI MOCTPOEHHs TMHEHHOrO TpakTa (BUaa MPOEKTH-
pyeMoii cuCTeMBI Iepeiaun).

B IBYXIPOBOMHBIX ¥ YETHIPEXTIPOBOAHBIX OJHOKAOENBHBIX JBYXIIOJOCHBIX CHCTE-
Max (TpaKTax), a TaKKe B YETHIPEXMPOBOIHBIX OJHOMOJOCHBIX JBYXKAOEIbHBIX CHC-
TeMax (TpaKTax) OMPEAEISIOIIMM SBISETCS TEPBBIA (PAKTOP, B YETHIPEXIPOBOIHBIX
OJIHOTIOJIOCHBIX OJHOKAOEILHBIX CHCTEMAX (TpaKTax) — BTOpOH (akTop.

Onpeoenenue OnUHbL YCUTUMENLHO20 YHACMKA NPU COOMIO0CHUU HOPM HA ULYMO-
6yio 3auwuugennocms. VICXOMHON sBJISETCA TOMyueHHas (GopMyna Ajs IIyMOBOU 3a-
IIMIIEHHOCTH ay, (7.16). IogcraBum B Hee 3HaueHus N =L/ lyy; a,, :oc~|yy roe N —

YHUCIIO YCHWIMTCIIBHBIX YYAaCTKOB MPOTSXKECHHOCTHIO Iyy Ha JAJIBbHOCTHU CBA3H L, o —
KWIOMETPHUUCCKOC 3aTyXaHUE€ JJid BerHeﬁ YaCTOTHI JUHEHHOTO CIICKTpa 4acCTOT.

a, =po—p,—o-l,-10lgL/I, (7.19)
OTcroza OyYuM pacueTHY (GOpMyIy IS ONpEeAeTICHHUs [UIMHBI YCHITHUTEIBHBIX
Y4acCTKOB

a-l, -10Igl,, = p, -p, -10lgL-a,. (7.20)

HpI/I 3aJaHHbIX BCIIMYHMHaX JaJIbHOCTHU CBA3H ,I[aHHOﬁ CHUCTEMBbI IIepeaaIn L, YpOB-
HSA TCPMHUYCCKOI'O IIyMa Ha BXOAC YCI/IHHTCHeﬁ P, HOPMBI LHyMOBOfI 3allMMIICHHOCTHU

am 1 MIPUHATHIX YPOBHAX MEPEIavYU Ha BBIXOAE BCEX JIMHEWHBIX ycymHTeneﬁ Po O1Ipe-

JENAETCS CpeHsAs JIMHA YCHIUTENBHOro ydyacTka ly,. ITpu pacuerax ciemyer umeTh
BBHJY, YTO Ha KaOEIbHBIX JMHEHHBIX TPAKTAX Py — 3TO YPOBEHb TEPMUIECKOTO (COO-
CTBEHHOT0) IIIyMa B KOHIIC YCHIMTEIBHOTO Y4acTKa, MPUBEICHHBIN K BXOY YCHINTEIA
(mopmupyercst gt OYIT u HYII cooTBeTCTBYIOINX CHUCTEM Iepenadu), a Ha BO3IYIII-
HBIX JIMHHASX — YPOBEHb aTMOC(HEPHOro IIymMa, KOTOPBIH TaKKe HOPMHUpPYETCS Ui
pa3ubix TunoB BJIC mpuBeneHHBIM K BXOXy YCHJIMTENEH COOTBETCTBYIOIIMX CHCTEM
neperayn.
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Onpenenum ontuMansHoe 3Hauenue lyy. 13 (7.19) cneny- Oy

€T, 9TO MpH (PUKCHPOBAHHBIX 3HAYCHUSX Po, P., O U Loy (TIpO- i
TSDKEHHOCTh OJHOPOJHOTO Y4acTKa JHMHHH BMECTO Lpay) !
IIyMOBasi 3aIlHICHHOCTh sBIseTcs GyHKuuei |y, (puc. 7.8). :
i

1

Ilpu |y, =1,, momxydaercs MakCHMyM 3alHUIIEHHOCTH 4, .

IpupaBusie ~ Hymo  npousBoanyio  da/dl,, momyunm

aly, = 4,35 0b — onTHManbHOE 3aTyXaHHE  YCHIHTEIBHOTO lomr
y4acTKa. Puc. 7.8

B kauectBe mpumepa onpeneauM ONTUMAJbHBIA yCHIIHU-

TENBHBIA y4aCTOK M MaKCUMaIbHYIO JAIIBHOCTh CBS3M cHcTeMbl nepenauu [1-306 o
kabemro MKC mpu  oigo= 2,7 nb/km. Tlomyuaem |, = 1,6 kM u mpu 3amaHHBIX
a., =50 nb, p, =0 1b, p,, = —130 b MakcuManbHast TATBHOCTH L sy = 55 MITH KM.

CrenoBatenpHO, MPU ONTUMATIBHOM a,, = 4,35 b MOKHO 00€CHCYHUTh MPAKTHYCCKU
HEOTPaHWYEHHYIO JaTbHOCTh CBSA3H, HO IIPU 04YeHb ManoM ly, = 1,6 kM. Ha npakTuxke B
YCIOBHAX 3€MIIM TaKas JajdbHOCTH CBSI3M HE Hy)XHA. [103TOMy ¢ y4eTOM BBITIOHEHUS
HOPMBI d,, MBI MOXKEM YBEJIMYHUTH NMPOTSHKCHHOCTS |,,, YMEHBIIUTE MX YHCIO N ¥ Jajb-
HOCTh cBs3u. Tak, mma cuctemst I1-306 mpumaro: |y, =20 kM, Loy = 2500 kM, mams-
HOCTB CBS3H Ly = 12 500 kM.

Onpedenenue ONUHBL YCULUMETLHO2O YUACMKA NPU COOMO0EHUU HOPM HA 3auju-
WeHHOCMb  NPOMUBONONIOJICHbIX HanpasieHull nepedayy. BHadane paccMOTpUM pa-
60Ty 1O OZHOMY MHOTOYETBEPOYHOMY KaOeNl0 ABYX UYETHIPEXIPOBOIHBIX OJHOIIO-
JIOCHBIX CHCTEM miepenadd (puc. 7.9). B aToM ciydae MexIy OJHOMMEHHBIMHU KaHa-
JaMH CHCTEM Iiepesiadd, paboTarolmMx IO Pa3HBIM YeTBEpKaM KaOeis, BO3ZHHKAIOT
BHSTHBIE [IEPEXO/JHBIC BIUSHU. B KauecTBe MCXOJHOW A pacueToB ABIAeTCS Qop-
MyJa JUIsl 3alIMINEHHOCTH OT NMEePeXOJHbIX BIMSHHUN Ha OmmkHeM KoHue (7.17) mpu
paBeHCTBE YpOBHEH repeayun

Por = Poz 4y = Ao — ayy —-10Ign (7.21)

3alIMIIEHHOCTh OT BHATHBIX NEPEXOHBIX BIUSHUN MEX/1y OJHOUMEHHBIMU KaHa-
JaMu pasHbIX cucteM nepenauu (Ha puc. 7.9 — CII-1 u CII-2) nomkHa ObITh B npejie-
nax a, = 52...58 nb, a AOCTHXHUMBbIE BEJTMYUHBI TIEPEXOTHOTO 3aTyXaHUSI Ha OIMKHEM
KOHIIE CMMMETPHYHBIX KaOenbHbIX JIMHUI nopsanaka A, = 60...65 n1b. U3 dbopmyisl
(7.21) BumHO, 4TO HOpMAa 3AIIUIIEHHOCTH OT BHATHOW MEPEXOAHON MOMEXU Ha OJIFK-
HEM KOHIIE MOKET OBbITh BBIMIOJIHEHA TOJILKO ITPU OJJHOM YCHIIUTEIHLHOM ydacTke N = 1
W 3aTyXaHHUH ero a,, = 2...7 1b, To ecTh TEXHNKO-3KOHOMHYECKasi CTOPOHA UCKITIOYAeT
OJTHOKAOENBHBIIN OHOIIOJIOCHBIN IMHEHHBIH TPAKT B MHOTOYETBEPOYHOM Kabere.

IIpu nByxXKaOEeTHHOM OHOTIONIOCHOM JIMHEHHOM TpakTe HE0OXOIMMOE MEepexX0HOe
3aTyxaHue Ha OmmkHeM KoHIe (4, ~ 140 1b) obecrnieunBaeTcst SKpaHUPYIOIUM JICHCT-
BHEM METAJUTMYECKOH O00OJIOYKH M 3KpaHa Kadewsd, YTO JaeT BO3MOXXHOCTh PEalTU3aIINH
3aIIUIIIEHHOCTH MKy KaHAIAMH d,, C 3aI1acoM.
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I—EO ITosTOMY OIHOMONIOCHBIE TPAKThI

1] Ha MHOTOYETBEPOYHBIX KaOeysIx HpH-

. > MEHSIIOTCSI TOJIbKO B JIByXKaOeJIbHOM
2 CI-1 >\€° A‘D\ BapUaHTe.

N dyy < YeTbIpeXnpOBOIHBIE OJHONOJIOC-

pﬂd Ed HblE  OJHOKaOeNbHBIE  JINHEHHbIC

I—BO TPAKThI PEATM3YIOTCS JIUIIb Ha OCHO-

1] B€ OJHOYETBEpOYHOro Kabens (Ha-

— > / npumep, I1-296) npu oTHOCUTENHHO

2_ CII-2 / HeOompIoM uHche KaHanoB TU u

n— P d HeOOJIBUIMX JAJTbHOCTIX CBsI3U. B

PniJ Ed 9TUX TPaKTaX BIMSHUE MEXIY LEIs-

Puc. 7.9 MU Kabens Ha OJNMKHEM KOHIIEC IpO-

SABIACTCA B KaXIAOM KaHaJIC Kak
BJIMAHUEC TpaKTa Mepe€aavuu Ha TPAKT Ipuema, u Tpe60BaHI/Ie K 3alMUIICHHOCTH B 3TOM
ci1y4dac Iipu MaKCHUMaJIbHOM JAIIBHOCTHU CBSI3U CHIKAECTCA 0 3HAUYCHUS U4 = 35 I[B.
I[J'II/IHa YCUIIUTCIBHOI'O Y4JacTKa AJI1 OAHOIIOJIOCHBIX OZ[HOK8.6€J'IBHLIX CHUCTEM IIepcaa-

491 ompesenseTcs u3 (7.21), ecnu HOJCTABUTh 3HAYCHHS
a,=oa-l, u n=L, /1,
a-ly,—101gl,, = 4y —a, —101g L, (7.22)

HpI/I OOJIBIIIOM YHCIIE KAHAJIOB TAKUX CUCTEM nepeaayu yCUJIMTECIIbHBIC YUaCTKU CTa-
HOBSITCSI CJIMILIKOM MaJIbIMU W3-32 PACIIMPEHHUs] JIMHEHHOro CIIeKTpa 4acToT, U CUCTEMa
nepenayd OKa3bIBaeTCS IKOHOMHYECKH HEBBITOJHOM MM BOBCe Hepeannzyemoi. Ha-
MpUMEp, OJHOIOJIOCHBIE CHUCTEMBI mepenaun mo kabdemo I1-296 B onxHOkaOenpHOM
BapHaHTE Peajn30BaHbl MoJIeBbie cucTeMbl nepenaun [1-302 Ha 12 xanamos u I1-301
Ha 24 xanana mpu L = 1000 xm, Iy, =15 u 10 kM cooTBercTBeHHO. OjHOMONOCHAS
cucrema nepegaun 11-300 Ha 60 kaHAJIOB IO ITOMY k€ KaOemo peann3oBaHa B JBYX-
kabenpHoM BapuanTe mpu L = 2500 xm u Iy, = 10,5 xm. Cucrema nepemaun I1-330-60
(Taxxe 60 xananoB) npu ganeHOCTH L = 2500 KM, lyy = 6,5 kM peanmsoBana B 00HOKa-
6eIbHOM 08YXNOJIOCHOM PEXKHUME, UTO 3HAYUTEIbHO dKoHOMIYHEee [1-300.

7.5. Pacuer ceKIMu TUCTAHIHOHHOTO YJaekTponnTanus HYII

Jis snexTpornmTaHus HEOOCTY)KHBAaGMBIX YCHJIMTENBHBIX ITyHKTOB Ha JIMHHUSX
MHOTOKaHAJIFHON CBS3M OPraHM3YIOTCS ceKuuu aucrannnonHoro nutanus (I1) Cek-
mus JII cOCTOMT M3 yCUIIMTENBHBIX YYacTKOB, Pa3MELIEHHBIX MEXIY COCEIHUMH
OVII mmu OIT u OVII. Kaxgprit OVII (OII) umeer cBoit ucrounuk JI1, or koToporo
obecmieunBaetcs nexTponuTanneM nonoBuHa HYII manHo# cexmum. [Tostomy cym-
MapHO# 1noJie3HOW Harpy3koi uctounuka JII sBisieTcst conpoTUBieHUE Lienei nura-
aust HYII va momycexmuu J{I1. OgeBunno, uro amuHa cexiuu JII1 Oymet onpenensiTsb-
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cst skoHoMuuHOCThI0 HYII 1o noTpebieHnto 3JeKTpOsHEPTUd U JUIMHOW YCHIIUTEIb-
HBIX y4acTKOB. B Hacrosmiee BpeMs BO BceX KaOENbHBIX CHCTEMax IMepeiad AUCTaH-
onHoro nuranne HYTI ocymecTsisercst mo pabodnm 1ensim kabensi, a Ha BO3Ly -
HBIX JIMHUSIX - TI0 NTPOBOAAM JaHHOH nenu. TodHee, B 000MX Clly4asx Jjis IPOBOJIOB
JI1 ucnone3yloTcst cpeJHue TOYKU padounx Leneil, 00pa3oBaHHbBIE C TOMOIIBIO AU (-
(epeHIMaIbHBIX JTMHEWHBIX TPAaHC(HOPMATOPOB.

JucrannuonHoe nutanue HYII MoxeT ocylecTBIATHCA KaK NOCTOSIHHBIM, Tak
U TIepeMeHHBIM ToKoM. OfHaKo, HecMOTps Ha mpocToTy ucrouHukos (I OVII cuc-
TeMa MUTaHUS NePEeMEHHBIM TOKOM HMEET CYIIECTBEHHbIE HEIOCTATKU: YCIOKHEHHE
obopynoBanuss HYII 3a cyer rpoMO3KHX BBIIPSIMHUTEIBHBIX YCTPOHCTB, HEOOXOIH-
MOCTb B YCTPOMCTBE 3alllUTHI OT MIOMEX 3a CUET FapMOHUK NEPEMEHHOro TOKa MUTa-
HUs, OoJiee BBICOKHE TPEOOBaHUS K DIIEKTPHYECKOH IIPOYHOCTH KaOesi, OTHOCUTEIBEHO
Hu3kuii KI1JI. B cucremax JI1 noctosiHabIM TOKOM 000pyaoBanue I OYII oka3bl-
BaeTcsi OoJiee CIOXKHBIM, HO ycTpoiictBa mpuema [T HYII cymectBenHo ympomaroT-
Cs1 ¥ TTOJTy9aroTCs O0Jiee HAJCKHBIMH U 9KOHOMUYHBIMHU. [locTpoenue cxem neneit J{I1
paccMOTpeHo B riiase 28.

Harpyskamu nenu JII sBIsAIOTCS SKBUBaJECHTHBIE COMPOTUBIICHUS LIETIEN MUTaHUS
kaxaoro HYII. Otu Harpy3ku MO>KHO BKJIFOYATh JIMOO MapajuiesbHO, JIMOO TOCIeno-
BarenbHO. [Ipu mapannensHom noaximroueHnn HYII HanpskeHrne Ha KaXkJIoM M3 HHUX
OyneT yMeHbIIaThCsl 10 Mepe yaaineHus oT ucroynuka J{I1, uto oObscHseTcs 3HaYU-
TEJBHBIMU TIOTEPSIMM Ha CONPOTHUBICHUH JHMHEHHBIX NMpoBoxoB. [Ipu BKIIOUEHUH
HVII nocnenoBatensHo B niens Il Tok nutaHusa oka3blBaeTcs MPaKTHUECKU OJHUHA-
KoBBIM U1 Bcex HYII, moToMy 4TO CONPOTHBICHUE U30JIALIUY Lieniel Kabens BO MHO-
ro pa3 OoJbIlle CONMPOTHBICHUN HArpy30K. DTO IO3BOJISICT aBTOMAaTHUECKH CTAOMITH-
3upoBath ToK JIII B MyHKTax ero moja4yu ¥ TeM CaMbIM 00ECHEeYUTh HE3aBHCHMOCTh
pexuma nuradus HYIL or TemmepaTypHBIX U3MEHEHMH CONPOTUBIICHMS LETEH JIU-
HeWHoro kKabesns. B cumy oTMeueHHBIX JOCTOMHCTB crioco0 JI1 cTabHIH3HpOBaHHBIM
MOCTOSIHHBIM TOKOM IIPH TIOCJIEIOBATEIbHOM COEJHHEHHH HAarpy30K SBISIETCS OCHOG-
HblM O cospemennbix cucmem J{I1. OH IpUMEHSETCS Ha CTAllMOHAPHBIX KOAKCHAIb-
HBIX U CHMMETPUYHBIX KaOCJIBHBIX JTUHUSIX M HA BCEX MOJIEBBIX KaOCIbHBIX THHUSX.

Onpedenum MaAKCUMATLHO 803MONCHYIO NPOMANCEHHOCMb CeKYUlU OUCTAHYUOHHO-
2o numanus. Ilanenue Hanpsbxkenus Ha nenu /I kaxaoro ycuiauTenabHOro ydacTka
Uy, =lm (Rl +R,), rae I, — 1ok I, R — conporusnenue uenu 1 nmnoii | kwm,

Rer — compoTuBieHne CTaHIMOHHBIX 1eMeHToB enu JI1.
IIpu mocnenoBaTeIbHOM BKIIIOYEHUM LENEH MUTAHUS yCUIHMTENIEH pasHBIX HaIpaB-
JIEHHH Nlepefady 3TO JKE€ HAIPSIKEHHE Ha yJacTKe JIMHUS + YCUIIMTENb ONPEAEIAeTCs
U, =luRl, +R,)+2U (7.23)
rae Uy —Hampsoxkenne  JII  ycuiMTens  OOHOrO  HanpaBleHUs — IEpenayM,
Iy =P /U, rme P, —momHOCTb, MOTpeOIsiEMas YCUIUTENEM OJIHOTO HAIpaB-

JICHMUA.
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Ioncrasys B (7.23) 3nauenue |y, npommddeperimpyem ero no Uy, 1 NpUpaBHIEM HyITHO
du/du,, =-P, (Rl +R,)/U?c+2=0.

Orcronal = [1/2(Py.(Rlyy+R.,)) —Tipu TakoM 3HaueHuuU . OyaeT MUHMMAIb-

HBIM HalpsDKEHUE B LU JIMHUSHYCIIIUTENb JUIS OAHOTO YCUIIUTENBHOTO yyacTKa.
Ioacrasus 3nauenue Uy, B (7.23), momyuum

U,, =8P (Rl,,+R, | wm U, = 8P R, (7.24)

TaK Kak 3HaueHneM R. MOXHO mpeHeOpeds.

IMoTpebnsemas ycuauTeneM MOIIHOCTh Py, onpenensercs MaKCUMAalbHOH HeHc-
Ka)KEHHOU MOILIHOCTBIO Prak. B IpakTHke NpoeKTUpOBaHUS YCUIUTENEH aHaJIOrOBBIX
CHCTEM Iepeady HONb3yIOTCS SMITUPHUIECKOI 3aBUCHMOCTHIO

Py = 300+5P . MBT (7.25)

U3 rnaBsr 6, popmys (6.4)

Prvax = 1/ 1001 €0+ P 4P (7.26)

OueBuaHO, uTo MOMIHOCTh Toka JII1, morpebisemast omanm HYII onpenensiercs
BBIPAXKEHUEM Puyy = 2(Pyc+P.)+P,, Tae Py —pacxon B ycrpoiictee APY, P, — no-
TMOJHUTEJIbHBIC TOTEPU MOITHOCTU B YCTPOUCTBAX 3alllUThI, TEJICKOHTPOJIA U T. 1.

IIpu n3BectHOM HampspxkeHun HII Uy, ompenenseMoM 3MeKTpUYECKOH MPOYHO-
CThIO Ka0eNs U COOOpaKEHUSMHU TEXHUKK Oe30macHOCTH, AniHa cekimu JII1 HaxomuT-
cs1 o Gopmyiie

Ly = (U 0 /Uy, +D)-1,,, (7.27)

roe 2U o /U yy — aucno HYTI, maraempix ot o6oux OVII.

Tak kak Ly = ¢(lyy) — dyskuus, 3aBucsamas ot ly, , To MakcHMabHOE 3HaUYEHHE
nmunel cexiuu I otHOCHTENBHO |y, onpenensercs u3  ycnosus dl, / dlyy =0, To

ects 2U,, U 1y +U zyy_lyy(duyy/dlyy)'zuﬂ” =0.

Otcrona

U U
_ yy yy
by =g i 5120 +1| (7.28)
yy\vyy All

ToacraBmnss (7.28) B (7.27), HaXOTUM Ly
U, +U_)°
Lot mex = R +95,)" (7.29)
2u..(,,)U
yy \yy/ "~
rae Uy, (yy _— npousBoaHas 110 ly, Beipaxkenus Uy, u3 (7.24) ¢ yuaerom (7.25) u (7.26).

Takum 00pa3oM, MPH 33JaHHOM 3HAYECHHH MAaKCHMAJIBHO JIOMYCTHMOTO HAIpsiKe-
Hus JII1 n usBectHoM HanpskeHuH Uy, MOXHO U3 (7.27) ONpeNenuTh TaKy npomsi-
JICEHHOCIb YCUTUMENbHO20 yuacmKa lyy, TIPH KOTOpoi 00ecreunBaeTCcs MaKCcUMab-
Has onuna cexyuu J{11.
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B 3aBucumocTH OT THIA TpakTa onpeaeneHHbie no popmyiam (7.20) u (7.22) npo-
TSHKCHHOCTH YCHUJIMTEINIBHBIX y4acTKOB CPaBHHBAIOTCA C MPOTSIKEHHOCTHIO lyy, ompe-
JeneHHoi o ¢opmyie (7.27), u 111 IPOSKTUPYEMOH CHCTEMBI Iepeiadu BEIOUpaeTcs
MeHblIee 3HayeHue ly, . ITo BEIOpaHHOMY 3HaueHHIO ly, paccUMTBHIBAaEeTCS HPOTSHKEH-
HocTh cekuuu 11 B cooTBeTcTBHM ¢ popmyioii (7.27).
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