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TIpencraBieHbl pacyeTHbIE U 9KCMePUMEHTAIbHbIE YACTOTHBIE XapaKTePUCTUKU COMPOTUBICHUS CBI3U U 3DGHEKTUB-
HOCTU 2KPaHUPOBaHUsI OOPTOBOro Kabdesis JietTaTeJbHOro anmnapara. [IpoBeeHO cpaBHEHUE TEOPETUUECKUX U IKCIEPU-
MEHTAJIbHBIX XapaKTEPUCTUK COMPOTUBICHUN CBSI3U U 3¢ (HEKTUBHOCTU SKPaHMPOBAHMSI OOPTOBOro Kabesisk Ha 3aJaHHOM

Jrara3oHe 4acToT.

Kniouesvie cnosa: 60pTOBOIT Kabeb, COIMPOTUBIICHNE CBSI3M, JIEKTPOMAarHUTHAs IToMexa, 3(P(PeKTUBHOCTb 3KPaHUPO-

BaHMsI.

bopTtoBasi kabenbHasl CeTh JIeTaTeJIbHBIX allapaToB
B CHJIY €€ MPOTSLKEHHOCTU U Pa3BETBIEHHOM CTPYKTY-
pbl HauboJIee MoaBepKEHA BO3/ICMCTBUIO JIeKTpOMar-
HUTHBIX TToMeXx (DMII). IToMexoycTOMYUBOCTh U MO-
MEXO03alIUIIEHHOCTh OOPTOBBIX CUCTEM BO MHOIOM
3aBUCAT OT 3(P(PEKTUBHOCTU SKPAHUPOBAHUST OOPTOBBIX
KabeJsieid, KoTopasi sSIBJsIeTCSl OJHOW M3 OCHOBHBIX Xa-
paKTepUCTUK OOPTOBBIX Kabesieil ieTaTe/IbHbIX aIlrapa-
TOB. D (HEKTUBHOCTh KpaHUpoBaHus [1] GopToBOro
KabeJist MpU MPOTeKaHWK 10 BHELTHEMY 9KpaHUPYIOIe-
MY MOKPBITUIO TOKa MOMEXU MOXET OBbITh paccurMTaHa
Ha OCHOBE M3BECTHOU YaCTOTHOM XapaKTEPUCTUKU CO-
npotuBiaeHUs1 cBsi3u. CONPOTUBIIEHUE CBSI3U IKPAHU-
POBAHHOIO KadeJsiss MOXKET OBbITh ITOJIyuYeHO Ha OCHOBE
U3BECTHBIX TEOPETUYECKUX MoAese [2—5] uim omnpe-

JIEJIEHO DKCIEPUMEHTAIBHO € TIOMOIIbIO KOAKCHUaTbHOM
ycTaHOBKU [6]. Moaenu conpoTUBIEHUS CBSI3U dKpa-
HUPOBAHHOTO Kabesisl pa3inyaroTcs M3-3a pa3JIMuHOro
nojaxoAa K OnucaHuio (pU3nNIecKoro siBJCHUSI HaBele-
HUSI CMH(DA3HOTO HATPSDKEHUST HA BHYTPEHHMX MPOBO/I-
HUKax KabeJis Mpu MpOoTeKaHWU TOKa IO €ro BHEIIHe-
MY 3KpaHMUPYIOLleMy TTOKPLITUIO. YaCTOTHbIE XapaKTe-
PUCTUKHW MOJIEJIEN COMPOTUBJIEHUS CBSI3U OTJIMYAIOTCS
JIPYT OT ApPYyTra, YTO NMPUBOAUT K pa3InunI0 pacCUYUTaH-
HBIX HAa UX OCHOBE YaCTOTHBIX XapaKTepUCTUK 3 heK-
TUBHOCTM DKPAHUPOBAHUS BHEIIHUX KPAHUPYIOLIUX
TNOKPBITUIA.

ConpoTuB/ieHUE CBSI3U OMNpenessieTcsi OTHOLIEHU -
€M HaIPSDKEHUS «XOJIOCTOTO X0Ja» MEXIy BHYTPEHHU -
MU TIPOBOJAHUKAMU U BKPAHUPYIOIIUM MOKPBITUEM
Kabess K TOKY, TPOTEKAIOIIEMY 110 BHEIIHEN MTOBEPX-
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HOCTH 3KPaHUPYIOIIET0 MOKPHITUS Ha eIVMHUILY TN~
HHBI [2]:

R (1)

rae Q on — HaIpsKEHUE XOJIOCTOrO Xo4a MEKAY BHYT-

PEHHUM MPOBOJHUKOM (ITPOBOJHUKAMMU) U SKPAHUDPY-

IOLIMM TMOKpPBITUEM; [, — TOK, MPOTEKAIOLIUii MO

BHEIIIHE! MOBEPXHOCTU SKPAHUPYIOILIETO MOKPBITUS;
| — nnrHa 6opTOBOTO Kabes.

®opwmyna (1) cripaBemIuBa IJIsl «3JEKTPUUECKHU
KOPOTKOTO» Kabes, T.e. 1151 Kabesis, JIMHA KOTOPOro
3HAYUTEJIbHO MEHbIIE JJIUHBI BOJHBI, WU3JydacMoOi
OMII B BUzE 37€KTPOMArHUTHOTO ITOJIS.

YrpougHHas opmysa COMpOTUBIEHUSI CBSI3U Ka-
0eJIsl ¢ BKpaHUPYIOIIUM MOKPHITUEM B BUAE METaJLIu-
3UPOBAHHOTO TUIETEHOrO dKpaHa MMeeT BUI [2]

1+
1+j)dO
2Tv0036(u)shgp(%m
[l

+jaM, (2)

Z () =

—=CB

rae 4, — panumyc 3KpaHa O0pTOBOro xabend; 0, —

yaeabHas TPOBOAMMOCTD MaTepuaia, U3 KOTOPOTo 13-

2
———— — TOJIIWHA CKUH-

rotosyieH okpaH; 8(w) =
W, O,

CJI0s1 MaTepualia, U3 KOTOPOTO U3TOTOBJICH 9KpaH; d —
JIVaMeTp MPOBOJOKM, U3 KOTOPOIl M3TOTOBJIEH 9KPaH;
M — B3amMHas MHAYKTUBHOCTb MEXIY dKpPaHOM M
BHYTPEHHUMM ITPOBOTHUKAMU KaOeJsl, XapaKTepU3yio-

111as1 HEOTHOPOIHOCTH 9KpaHa; M, =M1, — abcomor-

Hasg MarHUTHasg IIPOHULAEMOCTD, Hr — OTHOCHUTEJIb-

STu

Hasg MarHUTHas MPOHMLIAEMOCTb; W, =471t 10
M

MarHuTHasl MOCTOSTHHASL.

ComnpoTuBIEHUE CBSI3U IS TJIETEHOrO 3KpaHa B
COOTBETCTBMM ¢ Mojeybio BeHca [3] ompeneinsieTcs
BBIpaXKEHUEM

ch(w) :ZO((‘O) +juM =
4(1+j)d

q1 )dD+j ’
+J
Td*N, N_a,3 o)cos u@hETE
0 8(w)
rae N, — 4YMCJIO XIYTOB B IUIETEHOM 3KpaHe;

N_ — 4Kcio MpoBOJIOK B KTYTE;

o = arct, A PO :
gm% — YTOJI IUICTEHHUSI;

P — 4ucio nepeceyeHUld XKIyTOB.
BzaumHas MHAYKTMBHOCTh M paccuuThIBaeTCs 110

dopmyne

0

0Tt ¢ (1_[()2 s a < 45°;

D6N E(e)-(1-¢*)K(e) ’
M~

D ) 3

0T, e’ (1-K)2 i > 45,

EBN}K \/]_

rne K =2F - F? — onruueckoe MEePEeKPbITUE TIIETE-

PN d
HOro skKkpaHa; F=—-2=
sina

K (e)- B0

— 3arloJIHEHUE TIIETEHOTO

akpaHa; K(e), E(e) — noyiHble SJUTMIITUYECKUE UHTET-

pajibl IEPBOTO U BTOPOIo poga COOTBETCTBEHHO:

T

1
K(e)= [——————d
© ‘([«/1—e2sin2¢
E(e) :Jza/l -e?sin? p ddy;
0

DDH -tg’a st a < 45°;

e=[]

H/1-ctg’a maa >45°,

dopmyra cCOTTpOTUBIEHUS CBSA3M 1O Monean Taii-
HU [4] nMmeeT BU,

4(1+))d

Za()0 a—
+
Td’N, N_o,5 o)cos akh MD
O

0 3(w)

+j("‘)(Lh _Lb)’ )

I = 2u N, O b ] %—2
" Tcos o BmD E

YTEUKM Yepe3 HEOIHOPOIHOCTH SKPAHUPYIOLIETO Mo-

rac — MWHIAYKTHUBHOCTDb

Kpeitust; D, =2r) +2,5d — CpefHWiA IuaMeTp 3KpaHu-

pYIOIIEr0 TOKPBITUS B BUJE IUIETEHOIO 3KpaHa;

2D _cos a
b= ]’\”[——Nnd — LIMpPUHA HEOTHOPOIHOCTH;
L= M/ (l—tgza) — WHAYKTUBHOCTb IUJIETEHOTO
41D

m
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d2
b+d
TEHOIr0 2KpaHa.
®opmysa COTPOTUBICHUS CBA3U 9KPAHUPYIOIIETO
MOKPBITUSL B BUJIE METATJIU3UPOBAHHOTO ILJIETEHOTO

aKpaHa 1o moaeau Kiiest ¢ 0003HaYeHUSIMU, TIPUHSI-
TBIMU B [5], UMeeT BU.

9KpaHa; /= — TapaMeTp MHAYKTUBHOCTHU TLjIe-

Zr(w)=Zg(Q +jcly {1 %) &y, )
A9
e Zg(w) =R, — — NepesaTouHoe Co-
shEd 7(1 +J)D
0" 8(e) o

IIPOTUBJIICHNEC 3KBUBAJICHTHOTO HWJIMHIAPNYCCKOTO 5K-
paHa;

1 2
R = E!
¢ 0,Gycosa 12D, d

— COIIPOTUBJICHUC I1JIC-

TEHOT0 9Kpaa 10 MOCTOSHHOMY TOKY Ha €IVMHUILY IJI1-
HBI Ka0eJs;

_ mnd .
0= — MUHUMAJIbHBIA KO3 GUILIMEHT 3a-
21D
m
MOJIHEHUS;

m — YUCJIO XTYTOB TJIETEHOTO 9KpaHa;
n — YUCJIO TIPOBOJIOK B KaXKIOM XKTYTE;

D, =D, +2,5d — cpenHunii IMameTp dKpaHa;

D, — BHYTpPEHHUI TMaMETpP SKpaHa;

—_ DT[Dm D .
O = arctg —"[] — YIoJ IUICTeHHUS;
s o

§ — Har IjeTcHuAd,

_ 0,67d
R Vvceosa

LT — UHIAYKTUBHOCTDL CBA3U:

d =(0,7...0,8)d mpu o =20...45°;

u
b=

XE) 8751—T(2 —~cosa)(1 —G)3 e —wcos(Zk al

) 6 n 1 )H7

="
cosa

— KO3(DULIMEHT 3aNOJTHEHUS;

_ Bd
1, =9,6G3 ) — TOKasaTelb, XapakTepusyio-

m
LM 3aTyXaHUE MAarHUTHOM COCTaBJISIOLICH 2JIEKTPO-
MarHMTHOTO I10JIs1, IPOHMKAIOIIEro BIIIyOb KaOess u3-

32 HEOTHOPOIHOCTEI 9KpaHa;

B=G(2-G) — ontuyeckoe MepeKphITHE;

-1
2 i
kl :Z%GO +EH )

(J.)LS — «ITOBEPXHOCTHOC» MHAYKTHUBHOC COITPOTUB-

JIeHYe:
1 1
J = -+~
* o, yaD,
O O
x0nGy cos a(l -G)e ™~ _ 33 s (2k, o)
0 2T[GO 0

B%d
D_ — [0Ka3aTelib, XapakKTepU3yIun

m

1, =12G3

3aTYXaHUE NEKTPUUECKON COCTABIISIIONIEN 2JIEKTpOMAr-
HUTHOTO IOJI51, TPOHUKAIOLLETO BIIyOb Kalessl u3-3a
HEOJIHOPOJHOCTEU IKpaHa;

-1

TP 30
k2 :Z%GO +§H .

DKCIepUMEHTAIbHOE MCCIeJOBAaHUE COMPOTUBIIE-
HUS CBSI3U OOPTOBOIO Kabessl ¢ BHEIIHUM 3KpaHUPY-
IOIIMM MOKPBITUEM B BUJIE METAIM3UPOBAHHOTO TLJIe-
TEHOrO KpaHa MOXKET OBITh IPOBEAECHO C IIOMOIIBIO
YCTAaHOBKM, CIIPOEKTUPOBAHHOMN I10 KOAKCUAIBHOM CXe-
Me [6]. YrpoiéHHag cxema KOaKCUaJIbHOW YCTAHOBKH
npencrasjieHa Ha puc. 1. YacToTrHas 3aBUCHUMOCTb

uI

R,
O

777

Puc. 1. YopouueHHas cxemMa KOaKCUaJIbHOW YCTAHOBKU:
1 — sKxpaH O0opTOBOro Kabess; 2 — BHYTPEHHUI MPOBOM-
HUK 60pTOBOTrO Kabess; R, — cornacyiouee COnpoTUBIIEHNE;
I' — reneparop; VIl — u3mMepuTeTbHBIN TIPUEMHUK

3(PEeKTUBHOCTU 3KPaHUPOBAHUS OMpPEAEIsIeTCS 10
dopmyne

S, (@) =20 () 6)

rne 1, (w) — TOK, MPOTEKAIOIINI 10 BHEIIHEH I10-

BEPXHOCTH 9KpaHa 60pToBoro kadesst; 1 (w) — Tok Ha

BHYTPEHHEM IIPOBOJIHUKE SKPAHUPOBAHHOTO OOPTOBO-
ro Kabes.
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ITpubmrkeHHas (popmyna BeIIucaeHUST 3PPEKTUB-
HOCTH 9KpaHMPOBaHUS S, TIPH YCIOBUH, YTO COIPO-

TUBJICHUE CBSI3U OIIPENeIeHO, UMeeT B [6]

S,[nB]=201g R, -201g Z, =34 -201g Z .,  (7)

rae Z_ — TOJHOE COTNPOTUBICHUE CBA3KM; R, — co-

Iacylollee COIPOTUBJICHNE B KOAKCUAJIBHON YCTAHOB-
ke, R, =50 Om.

COIpOTUBJIEHNUE CBI3U MPU DKCIIEPUMEHTAIBHOM
HCCJIEIOBAaHUM OTIpeelisieTcst o hopMmyJie

Z,, [1BOM] =U,  -U, +34, (8)

e U, — cuHdasHoe HaNpsKEHWe Ha BHYTPEHHMX

nposoaHukax; U  — HampskeHue reHeparopa.

®opmyna (7), koropast cieayer U3 GopMyisl (6),
crpaBeJivBa isl Kabejell nauHoi He 6osee 1 M u
4acToT, He npeBbinatomux 3 MI'n. [Ins 6oiee BbICO-
KHX 9aCTOT HEOOXOIMMO YUUTHIBATh YMEHBIIIEHHE TOKA
MU3-3a BO3PACTAIOIIEero MHAYKTUBHOTO CONPOTUBIICHUS
aKkpaHa kabess [7]. @opmyna st onpeneeHrs COIpo-
TUBJICHUS CBSI3U C YIETOM YMEHBIIIEHUS TOKa, IPOTe-
KaloIlIero Mo 3KpaHUPYIOIIEeMy TMOKPBITUIO Kabes,
WMEeT BUII

Z,[1BOM| =U, , ~U, +201g,[(R, +R,)’ +&312, (9)

rie R, —conpoTusieHue 3Kkpata; L, — UHIYKTUBHOCTD
9KpaHa.

Ha puc. 2 npuBeaeHbl YaCTOTHBIE XapaKTepPUCTU-
KM COIPOTHUBIIEHUS CBSI3U, IMOCTPOCHHbIE B KOMIIbIO-
tepHoii cpene MATLAB [8], mist 6opToBoro kadejs ¢
SKPAHUPYIOLIMM TOKpbiTUeM Mapku I[IMyJl 6,5

(R, =0,050m; L, =1MKI'H ) ¢ napameTpamu:
N, =m=36; N, =n=14;d =50 10°wm;
1y =2,5007m; a=25";0, =5,15500’ %

MOCTPOCHHBIE ¢ UcToJb3oBaHUeM dopmya (2)—(5)
COBMECTHO C auarpaMMaMu COIIPOTHBJICHUS CBSI3H,
IOJIyYEHHBIMU Ha OCHOBE 9KCIIEPUMEHTAIbHBIX U3ME-
peHUIi B KOaKCHaIbHOM ycTaHoBKe. Ha puc. 2 yacrot-
Hasl XapaKTepUCTHKA COIPOTUBJICHUS CBSI3U (KpUBast )
paccunTaHa 1o dpopmyiie (8), Ha OCHOBE KCIIEPUMEH-
TaJIbHBIX JaHHBIX, YACTOTHAsSI XapaKTEPUCTHKA COIPO-
TUBJICHUS CBSI3U (KpUBasi 6) paccuMTaHa 1o gopmyJie
(9) Ha OCHOBE 3KCIEPUMEHTAIbHBIX JaHHBIX.

Ha puc. 3 nmpuBeneHbl 4aCTOTHBIE XapaKTepUCTH -
KU 3G (GEKTUBHOCTA 9KPAaHUPOBAHUS JIJIsI GOPTOBOIO

Z (). 5
//.
3 /
v 4//1
0.1
!
.I‘"r \w)" | l_
—
NNy /6
i 3
N VAt i
W@AN’( /
X e
0.01 \\\ P 7 \/ l‘
NN ;
) [

10
f, MI'n

Puc. 2. YacToTHBIE XapaKTEPUCTUKNA COTIPOTUBIIEHU CB3K Kabess mapku [TMyJl 6,5: 1 — xapakTepHUCTHUKa, ITOCTPOEH-
Hasl ¢ UCToJIb30BaHUEeM (hopmyiibl (2); 2 — XapaKTepUCTUKa, ITOCTPOCHHAs ¢ UCMoJib30oBaHUeM (opmyibl (3); 3 — xapak-
TEPUCTHKA, TTIOCTPOCHHAsI C UCITOJIb30BaHUeM (hOopMYITHI (4); 4 — XapaKTepuCcTHKa, ITOCTPOEHHAs ¢ UCTIOJb30BaHUEM (hop-
MyJbl (5); 5 — XapakTepuCTHKa, TToaydeHHas o ¢opmyse (8) Ha OCHOBE 3KCIEPUMEHTAIbHBIX JAHHBIX; 6 — XapaKTepu-
CTHKa, ToydeHHast 1o ¢opmysie (9) Ha OCHOBE 3KCIMEPUMEHTAbHBIX TaHHBIX

145
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S, (f), ab
85
80 }
2,/ A A‘
75 / \74
- — AR Ve /lf
- N
65 E : \\Q\'
e \\
N 2\ ik ]
55 X
nl
50 3\\\\\
45 \\\
4l K 1 10 100

f, MI'n

Puc. 3. YacToTHbIE XapaKTEPUCTUKK 3(PEKTUBHOCTH dKpaHupoBaHusa (7) skpaHa mapku [IMyJl 6,5 : 1 — xapakrepuc-
THUKa, MTOCTPOEHHAs C UCIMOJIb30BaHUEeM (GopMyJibl (2); 2 — XapaKTepUCTUKA, MOCTPOEHHAsI C UCTIOAb30BaHUEM (DOPMYJIbI
(3); 3 — xapakTepucTHKa, MOCTPOEHHAsI ¢ UCTIOb30BaHUEM (opmy (4); 4 — XapaKTepuCcTUKa, IMTOCTPOCHHAsI C UCIIOJIb-
30BaHueM (opMyJbl (5); 5 — XapaKTepuCTUKa, TOCTPOCHHAs! HA OCHOBaHUU (OpMYJIbI (8), B KOTOPOII MCIHOJIB3YIOTCS 9K~
CIepUMEeHTaIbHbIE JaHHbIe; 6 — XapaKTepUCTUKa, MOCTPOSHHAsT Ha OCHOBaHUU (opMyIThl (9), B KOTOPOI MUCITONB3YIOTCS

OKCIIECPUMEHTAJIBHBIC JaHHBIC

KabeJ1st ¢ SKpaHUPYIOITM TTOKphITHeM Mapku [TMyJ1 6,5,
nocTtpoeHHbIe 110 hopmyie (7). Kpusbie /—4 yactoTt-
HBIX XapaKTepUCTUK 3(PPEKTUBHOCTU SKPAaHUPOBAHMUSI
MOCTPOEHBI ¢ YUYETOM MCIIOJb30BaHus B hopmyiie (7)
Pa3JIMYHBIX aHATUTUUYECKUX (POPMYJT COTTPOTUBIICHUSI
cBsi3u (2)—(5). KpuBast 5 yacTOTHOM XapaKTepUCTUKU
3P EKTUBHOCTH 3KPaHMPOBAHMS MTOCTPOEHA C ITOMO-
111bI0 MOACTAHOBKU B (hopmyity (7) (hopMysIbl CONTPOTHB-
JIeHus! ¢BsI3U (8), B KOTOPOU MCITOJB3YIOTCSI IKCIIepU-
MEHTaJIbHbIe HaHHble. KpuBas 6 4acTOTHO# Xapakre-
pUCTUKHU 3((HEKTUBHOCTU IKPAHUPOBAHUS OCTPOCHA
C MOMOIIBIO TIOACTAHOBKU B popmyny (7) popmyibl
COMpPOTUBIEHUS CBSI3U (9), B KOTOPOI UCITOJIB3YIOTCS
BKCMEPUMEHTaIbHbIC JaHHBIE.

BriBoabl

W3 ananm3a npuBeIEHHBIX YaCTOTHBIX XapaKTepH-
CTHUK CJIeyeT, YTO YaCTOTHBIC XapaKTePUCTUKI COTIPO-
TUBJICHUS CBSI3W Pa3NYalOTCS B 3aBUCUMOCTU OT BBI-
0opa aHaiuTuyeckonr monaenu (2)—(5). Kpusbie /—4
(cMm. puc. 2) UMEIOT HE3HAYMTEIbHBIE pa3Indus
~5...7 MOM/M B "acToTHOI obmactu mo 3 MIm. Ilpu
3TOM KpWBbie [ M 2 UMEIOT MaKCHUMAaJIbHOE pa3JINune
~2...3 MOMm/M. MakcuMabHOE pa3Indue MeXIy KpH-
BeIMU 3 ¥ 4 cocTaBisieT ~150 MOm/M. YacToTHBIE Xa-

PaKTEePUCTUKU COITPOTUBIICHUS CBSI3U, TTOJTyUYeHHBIC TTO
dopmynam (8) u (9) Ha OCHOBE BKCTIIEPUMEHTAIBHBIX
JAHHBIX (KPUBBIE 5, 6), CYIICCTBEHHO OTJIMYAIOTCS OT
XapaKTePUCTHUK, ITOCTPOSHHBIX HA OCHOBE aHAJTUTUYEC-
Kux Mmozenei. CiemyeT OTMETUTD, YTO pa3inyue Jac-
TOTHBIX XapaKTepUCTHK COTIPOTUBIICHUS CBS3U (KPH-
BBIE 5, 6) 00OYCIIOBJICHO YMEHBIIEHNEM TOKa Ha 9Kpa-
HUPYIOIIEM TTOKPBITHM.

W3 aHaiu3a 4acTOTHBIX XapaKTepUCTUK (puc. 3)
caenyeT, yTo 3(pPeKTUBHOCTh SKPaHUPOBAHUS, PACCUN-
TaHHas 1o dopmyise (7) ¢ yuérom cdopmyibl (8) Ha
OCHOBE 9KCIIepUMEHTATLHBIX JaHHBIX (KpUBast J), 3Ha-
YUTEIHHO TPEBBIIIACT 3HAYCHUS 3(D(HEKTUBHOCTH DK-
paHupoBaHus (KpuBble 3, 4), MoJydyeHHbIE HA OCHOBE
AHAJTMTUYECKUX MOJIEJIC COTIPOTHUBIIEHUS CBSI3W B Ya-
crotHoM auanasosHe 10...100 MTI'u. Kak ciuenyer u3
TTOBEZCHUS YaCTOTHOM XapaKTepUCTUKH (D (PHEKTUBHO-
CTH DKpaHUpOBaHUS (KpuBasg 6), pacCYNTaHHOU IO
dbopmyne (7) ¢ yu€tom dopmyinl (9) Ha OCHOBE 3KC-
TTepUMEHTATbHBIX TAaHHBIX, 3HaUeHUST 3(POEKTUBHOCTH
SKpaHUPOBAHUS, paccuumTaHHbIe 1Mo opmyne (7) ¢
yuétoM (opmyiibl (8), MPUBOIAT K 3aBbIILIEHHBIM pe-
3yJbTaTaM Ha yacTtoTax Bblie ~3 MI'1, Tak Kak He yuu-
THIBAETCS TTaficHe TOKa Ha 9KpaHe 60pTOBOTO Kabes.
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ITosTOoMy ITpM OLIEHKE MOMEX03alIUILEHHOCTU 00p-
TOBBIX Kabeseit JIA HeoOXonumo BeIOMpaTh aJeKBaTHYIO
MOJIeIb COMPOTUBIICHUS CBSI3U JISI pacCMaTpUBaeMoO-
ro YaCTOTHOI'O JMara3oHa WIN UCIOJb30BaTh YacCTOT-
HbIE XapaKTePUCTUKN COMPOTUBIICHUN CBSI3U, TTOJy4eH-
HbIE 9KCIEpUMEHTAIbHBIM ITyTéM. [Ipu 3TOM B pacué-
Tax 3(p(peKTUBHOCTU SKPAaHUPOBAHUS TOK Ha dKpaHU-
PYIOIIEM TTOKPBITUY TOJKEH ObITh KOHAYKTUBHOM, HO
He HaBeIEHHOI BHeIIHUM nojeM DMII, T.e. MmoxeT
OBITh, HaIIpUMEpP, OOpPaTHBIM TOKOM OT MPUEMHMKA K
WCTOYHUKY NPU HECUMMETPUYHOM TOJAKJIIOUYCHUMU.
Ecnu Tok Ha BHENTHEM 3KPAaHUPYIOMIEM MOKPBITUU
HaBOIUTCS IIPHY BO3IEUCTBIM n3TydaeMoil DMIT B Buze
3JIEKTPOMArHUTHOTO T10J151, TO pacueT 3(PPeKTUBHOC-
TU 3KPaHUPOBAHUSI HA OCHOBE COMPOTUBJICHUS CBSI3U
MOXET MPUBECTU K 3aBbIIIEHHBIM pe3yabTaTam [9].
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Abstract

Purpose

The flying vehicle on-board cable network is
subjected to electromagnetic interference due to its
length. Electromagnetic interference immunity and
susceptibility of on-board systems strongly depends on
the on-board cables shielding efficiency. It is one of the
main characteristic of flying vehicle on-board cables.
When conducted current induced by electromagnetic
interference flows over the external surface of shielding
cover, the shielding efficiency is evaluated on the basis
of well-known frequency response of coupling
impedance. Coupling impedance of shielded cable can

be calculated based on theoretical models or found
experimentally with co-axial test setup. Coupling
impedance models of shielded cable differ due to various
approaches of describing the physical phenomenon of
the in-phase voltage inducing in inner conductors of the
cable, when current flows through external surface of
shielding cover. Frequency responses of coupling
impedance models differ from each other, which leads
to the deference of frequency responses of external
shielding efficiency, calculated on their basis.

The goal of this work consists in studying of coupling
impedance models of on-board cables for flying vehicles,
their divergence at the specified frequency range and
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comparison with experimental characteristics obtained
using co-axial test setup.

Design/methodology/approach

The theoretical part is based on classical
electrodynamics and electrical engineering. Elements of
the complex variable theory and operational calculus
were used as well.

Findings

The paper presents the results of theoretical and
experimental coupling impedance and shielding
efficiency frequency response of on-board cables for
flying vehicles plotted in MATLAB. It also studies the
differences between theoretical and experimental
coupling impedance and shielding efficiency frequency
response at specified frequency range. It is marked that
shielding efficiency frequency response is valid for case
of conducted current flows through the cable shielding
cover in the absence of external electromagnetic field.
In computing shielding efficiency the current through
shielding cover must be of conductive origin rather than
induced by the field of an external noise, i. . it can be,
for example, a reverse receiver-to-source current in case
of non-symmetric connection. If a current through
external shielding cover is induced by electromagnetic
field effecting the on-board cable, the calculation of
shielding efficiency based on coupling impedance
frequency response can lead to significant erreos/

Current, which flows on cable’s shielding cover,
should be conducted electromagnetic disturbance when
shielding efficiency is calculated. For example, this
current could be common-mode return current from the
receiver to the source. Shielding efficiency calculation
based on coupling impedance frequency characteristic
can lead to significant errors in case the conducted
current induced by electromagnetic field.

Completeness of the reseaerch

The presented paper is a part of the research on
calculation of electromagnetic interferences induced in
on-board cables of flying vehicles.

Keywords: on-board cable, coupling impedance,
electromagnetic interference, shielding efficiency.
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