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UCCJIEJJOBAHMS BUTOM IMAPHI IIPY DKCITIO®YHKIIMOHAJIBHBIX
BO3JEVICTBUAX

JTOCJAIKEHHA BUTOI TAPHU ITPY EKCTITO®YHKIIIOHAJIBHUX JISX

RESERCH OF THE TWISTED PAIR UNDER EXPOFUNCTIONAL EXCITATION

AHHOmMauusi. [aHa wmaTemaTudeckad wmMogenb BUTOM napbl kateropum 5S5E knacc D npwm
3KCMOyHKUMOHANBLHOM  Bo3fdencTBun.  [loka3aHa  CMOCOOHOCTb — 3KCMOMYHKUMOHANBHOIO  curHana
KOMMNEHCMpPOBaTb YaCTOTHO3aBUCUMbIE NOTEPU B KaDENbHOM NIMHWUM CBA3MN.

AHomauiss. [daHo martemaTudHy Mogenb BWUTOI nNapwu kateropii 5E knacy D npwu
ekcnodyHKuioHanbHMX  Aisax. [oBegeHo 34aTHICTb  eKCMOMYHKUIOHANbHOMO  CUrHamy KOMMEeHCyBaTu
YaCTOTHO3aneXHi BTpaTu B KabenbHiln NiHil 38’A3Ky.

Summary. The mathematical model of the twisted pair of category 5E class D under expofunctional
excitation is given. Ability of expofunctional signals to compensate frequency-dependent losses in a cable

link is proved.

B coBpeMEHHOM MHpE TEICKOMMYHUKALMA SBHO IPOCIEKHUBACTCA KOHKYPEHLUS
0ecpoBOJHBIX M IPOBOJAHBIX (KaOesibHBIX) wHHTep(eiicoB. CHUXEHUE ILEHbl 3JIEKTPOHHBIX
YCTPOWCTB MPHUBEJIO K TOMY, YTO OECIIPOBOAHBIE MHTEP(EHCH CTaH AemieBie KabenbHbIX. OIHaKO
OHM YCTYIAaIOT KaOEJbHBIM MO MPOMYCKHOW CIIOCOOHOCTH B HECKOJIbKO pa3. EcTh Bce ocHOBaHUSA
CUMTaTh, YTO TAKOE OTCTaBaHME COXPAHUTCA U B OnmkaiimeMm o6o3pumom Oyaymem. Kpome Toro,
OecrpoBOIHbIE HHTEP(ENCHI €1a00 3alMIIEHbI OT HECAHKIIMOHUPOBAHHOTO JocTyma [1].

WHcTanampoBaHHble HAa CETOJHSIIHMM JI€Hb CTPYKTYpPUpPOBAHHbIE KaOe€lIbHBIE CHUCTEMBI
(CKC) [2], xoTOpBIE SIBIAIOTCS 3JIEMEHTOM HH(MOPMAIIMOHHOTO MPOCTPAHCTBA M HEOThEMIIEMOMN
4acTbl0 JTFOOOT0 COBPEMEHHOI'0 OOIIECTBEHHOTO 3/1aHusl, 3aTParuBalOT MpoOJieMy, CBSI3aHHYIO C
TeM, 4To ykasaHHble CKC He MMeroT pe3epBa ¢ TOUKHM 3pEHUS IOBBIIIEHUS CKOPOCTEH INepenadyu
uHpopmanuu. CornacHo TpeOoBaHMSIM (CTaHAApTaM), OMMCAaHHBIM B JUTeparype [2, 3], oTpe3ok
BUTON mapsl kateropun SE kmacca D, coenunstonuiit KOMMyTallMOHHOE 000pyA0BaHHUE ¢ paboueid
CTaHIIMEH, He MOXKeT mpeBbiarh AuHy 100 M mpu ycinoBuu, 4to pabodasi 4yacToTa OorpaHHYeHa
cBepxy Ha ypoBHe 100 MI'L, Tak Kak @pEBBILIEHHE YKa3aHHBIX BEJINYMH NPUBOIAUT K
KPUTHYECKOMY 3HAUEHHWIO 3aTyXaHHWs CHUTHajla B YyKa3aHHOM kaOese. OCHOBHOM NpUYMHON
OTpaHMYEHUS] CKOPOCTH Iepeadl HHPOpMAIUK 110 OPUCHBIM KaOeIbHBIM CETSIM SIBJISIFOTCS TIOTEPH,
BO3pacTaolllie B MPOBOJHUKAX C MOBBIIIEHHEM YacTOThI IepeaaBaeMoro curnaiga. Kommnencanus

YKa3aHHBIX MMOTCPb MMO3BOJIUT PACIIUPUTH BO3MOKHOCTH CYIICCTBYROIIUX CKC.



B ocHoBe onHOro u3 crnoco0oOB pelieHUs 3aJaud KOMIEHCAIlUU MOTEPb B JMHUU JIEKHUT
OoTKpeITOe B 1994 1. siBlieHHE BBIACIICHUS AKTUBHOM MOIIHOCTH PEAKTHUBHBIMHU 3JIEMEHTAMU
ANIEKTPUYECKON IIeNU TPH dKCNOo(yHKIMOHAIBHOM Bo3aeiicTBuu [4]. B pabore [5] Ha mpumepe
MIOJIOCKOBOM JIMHUHU JIOKA3aHO CIOCOOHOCTh 3KCHO(YHKIMOHAIBHBIX CUTHAIOB KOMIIEHCUPOBATH
4acTOTHO3aBUCHMBbIE TToTepH. [Ipu 3ToM HEOOXOIUMO OTMETHUTb, YTO MCCIIEA0BAHUE OJHOPOIHBIX
Ieneil C  pacmpeleiCcHHBIMH — MapaMeTpaMd MpH  IKCMO(YHKIIMOHATBHBIX — BO3JCHCTBHSIX
MPOBOAMIIMCh, HAMHOTO mupe. Tak, yka3aHHBIM B pabote [5] mcciaemnoBaHUsM, MPEANISCTBOBAIA
pabora [6], Toe uccieoBaHbl aMIUIMTYIHO-YAaCTOTHBIE U MEPEXOTHBbIE XapaKTEPUCTHUKU CUCTEM,
COJZIEp>KaIINX AIEKTPUUYECKUE LENU C paclpelleIeHHbIMU MapaMeTpaMH, KOTOpPbIE 3KBHUBAJCHTHbI
KOPOTKHM OJIHOPOJHBIM JUHUSM 0€3 HCKOKEHUH MpU IKCIOTapMOHHYECKOM BO3JCHUCTBUU;
MCCIIEIOBAHbl OTKJIMKH TAKUX CHCTEM Ha IOCJIEA0BATEIBHOCTh MPSMOYTOJIBHBIX HMITYJIbCOB. B
pabore  [7] paccmorpensl  TenerpadHble  ypaBHEHHs ~ OJHOPOJHBIX  JIMHUH  TIpH
9KCMO(YHKIIMOHATIBHBIX CHUTHAJIAX M HCCIEIO0BAaHbl aMIUIMTYAHO-4aCTOTHBIE XapaKTEePUCTUKH
JUTMHHBIX OJHOPOJHBIX JIMHUHK Oe3 uckaxeHuil. B pabdore [8] mano monstue 3xcmo-I1-o6pa3Horo
CUTHaJa ¥ pPAacCMOTPEHBI OCOOCHHOCTH TMPOXOXKJICHUS TaKUX CHUTHAJIOB Yepe3 IMHHYIO
OJTHOPOJIHYIO JHMHHIO 0e3 uckaxkeHuid. B pabore [9] mpencraBieHbl HCCIEIOBaHUS OAHOPOIHON
JUHUM C TPOU3BOJIBHBIMHU MOTEPSAMU TMPH OSKCIODYHKIMOHANBLHOM BO3AeicTBuM. (OgHAKO
UCCIIeIOBaHMS KaOeIbHBIX JTMHUH C YaCTOTHO3aBUCUMBIMH MOTEPSMHU TIPH IKCIO(YHKITMOHATBHBIX
BO3JICUCTBUSIX HE TMPOBOAMINCH, IOATOMY IIEJIbI0 JAHHOW CTaThbU SBISETCA HCCIEIOBaHUE
BO3MOKHOCTH KOMITEHCAlIUM YaCTOTHO3aBUCHUMBIX MOTEPh HA MPHUMEpPE BUTOU Napbl kareropuu SE

kiacc D.

1. MaremaTn4yeckasi MoJieJib BUTOH Napbl NPHU IKCNOPYHKIUOHAIBLHOM BO31CHCTBUM.
MatemaTuyeckyr0o MOJEIb BHUTOM mMaphl MNpU HKCHOPYHKIMOHATBHOM BO3JEHCTBUM MOKHO
MOJIyYNUTh, ONMUPASACh HAa MOJEIU JIMHUM C YAaCTOTHO3ABHUCUMBIMU INOTEPSIMH, KOTOpBIE IAHBI B
pab6ore [5].

KopoTko omnumieM OCHOBHBIE TPUHIMUIBI PabOThl MaTEMAaTHYECKUX MOJEIeH JUHUMI,
IpeIOKEeHHBIX B padote [5].

MaremaTtrueckass MOJENb JIMHAU MPU TapMOHMYECKOM BO3JEHCTBUH MOJIPOOHO OIMHMCaHa,
Hanpumep, B nuteparype [10, 11], rme oTpe3ok OJHOPOAHON JHMHHHM pacCMaTpUBAETCS Kak

CUMMETPUYHBIN YETBIPEXIIOIIOCHHK, HArPY)KEHHBIH Ha comporusienue Z , (puc. 1).
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Pucynox 1 — CuMMeETpUYHBIN YETHIPEXTIOIIOCHUK, HATPYKEHHbIM HA Z

PaccmaTpuBasi JMHUIO KaKk CHMMETPUYHBIM YETBIPEXIIONIOCHHUK, aBTOpbI pador [10, 11]
OIIPENeNIAI0T YacCTOTHbIE (DYHKIUH, KOTOpBIE XapaKTEpU3UPYIOT JaHHBIA YEThIPEXIOJIIOCHHUK,
HarpykeHHbIi Ha Z . B kauyectBe Takumx (yHKIMI paccMaTpUBAIOTCS aMIUIMTYIHO-YacCTOTHAs
xapakrepuctrka (AUX) u ¢dazouacrotHas xapakrepuctuka (OUX). s Toro 4roObl MOTYyYUTH
AUX m OUX  4YeTBIPEXIONIOCHHKA, HArpy)KEHHOTO Ha CONPOTHUBIEHUE Z , 3alMIIEM €r0

KOMILJICKCHYIO TIepeIaTouHy0 (QYHKIUIO 10 Hanpsbkeruto [10, 11]

z Z, 1)

) AZ *A, Zch()+2Z,sh()’

rae K(®) — AUX; o(®) — ®YX; o =27f — yrioBas 4acTora; U'1 u Uz — HAIpPSKEHUE B
KOMIUIEKCHOM BHUJI€ HA BXOJI€ U BBIXOJE YETHIPEXIOJIOCHUKA COOTBETCTBEHHO; Z , — KOMILJIEKCHOE
COIIPOTHBIIEHUE HAarpy3kH; Z, — KOMIUIEKCHOE BOJIHOBOE CONPOTHUBIEHHUE; A, A, — DJIEMEHTHI
MaTpULbI k. IUTSL OTpEe3Ka OJJHOPOJHOM MUHHUH; ¥ — KOA(PQUIIMEHT pacHpOCTpaHEHUS IMHUU; | —
JUITMHA OTpe3Ka JINHUH.

VYkazaHHas BbIlIe MaTeMaTHUECKas MOJIEb OJHOPOIHON JIMHUU pa3paboTaHa, OMHUPAsCh Ha
M3BECTHBIE TejerpadHble ypaBHEHUS OTHOPOJHOMN JIHHUH [TPU FApMOHUYIECKOM Bo3eiicTBuu [10].

[Ipu SKCIOPYHKIIMOHAIHPHOM  BO3JICUCTBUM  TejierpadHble ypaBHEHHs Ui szep

skcriopyukimii U &t =0, i & t_=i BeIrmsAAAT cieayromum odpasom [7]:

di

du -

Mo gL Y )
dx dt
di ~ _dd

—_':(;ixcj,|+c_u, (3)
dx dt

rae A > 0 — mapaMeTp, XapaKTepHU3YIOIIHi dKCIO(yHKIIMOHAIbHOE Bo3ekcTBre [12]; U, i
— NPOM3BOJILHBIE (DYHKLIUM HAMPSHKEHUS M TOKA COOTBETCTBEHHO, HE MMEIOIIUE MHOXKMTENb e

[12]. I3 (2), (3) BUAHO, YTO MOSBUINCH HOBbIC MEPBHUHEIC mapamerTphl & * A_u €=*ac .



KOTOpBIE XapaKTEpU3YIOT MOTEPU B JIMHUU MPHU SKCIODYHKIIMOHATLHOM BO3JEUCTBUU (HMCHOIB3YS
HWOKHHUH 3HaK TIPU A MOKHO TOOMTHCS KOMITEHCAITNH MTOTEPh B JIMHUH).

Onupasick Ha paBeHCTBa (2) u (3), 3anuieM BbIpaXKEHUS ISl COCTABIISIONINX MePeIaTOUHON
¢byHkuu no HanpsbkeHuto (1) mpu 3KCoQYHKIIMOHAIBHOM BO3JCHCTBUM ISl IMHUU, TIEPBUYHBIC

napametpsl R u G KOTOpOii 3aBHUCAT OT YaCTOTHL: ¥ — KO3 UIUEHT pacIpOCTpaHEHUs JIMHUN

T(h, )= ()AL > joL & (f)-2rC F joC _, (4)

Z , — BOJIHOBOC CONIPOTUBJICHUE

€(f)- AL + joL
€(f)-1C + joc

zZ,(n )= ()

[ToncraBuB BeipaxeHus (4) u (5) B Beipaxenue (1), moaydnum nepeaaTounyro GyHKIUIO O
HANPSDKCHUIO JUIE  MOJENIN OJHOPOJHOM JIMHUM C YaCTOTHO3AaBHUCHMBIMH IOTEPSIMH  TIPH
SKCHO(YHKIIMOHAIEHOM Bo3jeicTBUHM. M3 Bolpakenuid (4) um (5) Takke BUAHO, 4YTO MpHU
YaCTOTHO3aBUCUMBIX TOTEPSIX B JIMHUM BO3MOXKHA TOJHAs KOMIIEHCAllMs MOTEPh, HO JIUIIb Ha
OJTHOM KOHKpPETHO 3aJaHHOM uyacTtore. [Ipm »STOM mapamerp A, KOTOPBIA XapaKTepU3yeT

9KCHO(YHKIIMOHAILHOE BO3ICHCTBUE, PACCUUTHIBACTCS 110 (hopmyiie [5]

R(f)C+G(f)L
2LC

MF) =

(6)

JUISL OTHOM KOHKPETHO 33JaHHOM YaCTOTHI.

3HaueHUs YaCTOTHO3aBUCUMBIX IOTCPb OMPEACIACM COIJIACHO CICAYIONMIEMY BBIPAXKCHUTIO

[13]:
: (7
rae R — pacnpeseneHHOe CONPOTHBIEHHE JIMHUU Ha 4acToTax no f ; f — moporopas
4acToTa; f — 3HAa4YEeHHE 4YacTOTHI CBBIINIE MOPOroBoil f, . 3HauYeHHE NMPOBOIUMOCTH H3OJIALUH
JIMHHUH HAa 4aCTOTaX CBBIIIC fn BO3paCTaCT CorJiaCHO CJ'IC,Z[YIOU_ICMy BLIpa)KCHI/IIO [13]
ot
G(f)=G — (8)

n

e G - MMPOBOAUMOCTDH U30JIIUA JIMHUW HA YaCTOTC fn .



Jns Toro 4toObl MpUBENEHHAs BbIIIE MaTeMaTHuecKas MOJelb OJHOPOAHOW JIMHUU C
9aCTOTHO3aBUCUMBIMU TOTEPSIMH TIPH AKCIMOPYHKIIMOHATHHOM BO3ACHCTBHM OTOOpa)kaia MOJEINb
BUTOMN mapel kareropun SE kimacc D HeoOxoauMo 3a1aTh 3HaYCHUsI IEPBUYHBIX TAPAMETPOB JIMHUU
R, G, L, C Ha mOCTOSIHHOM TOKE, a TaKKe€ COIMPOTHUBICHHE HArPy3KH Ry, MIuHY oTpeska nuaun | u
HoporoBoo yactory f , mocie koTopoit morepu NpUOOPETAIOT 3aBUCUMOCTD OT YaCTOTHI.

B mureparype [2] mpuBenenbl 3HaueHus BenmunH R, G, C Ha omnpejeieHHbIC THHBI
OTpe3KOB BHUTOW mapel. [IpuHMMas BO BHHUMAaHHE YyKa3aHHbIC BEIWYUHBI, MOJYYHM 3HAYCHUS

NEPBUYHBIX [MapaMeTpPOB JIMHMUM Ha JUIMHY OTpe3ka OJuH MeTp: R =0,095 Owm/m,
G=0,2%x10 ¥ Cwm/M, C=52%10 ¥ /M, 3HaYeHHWs IOTOHHONA HUHIYKTUBHOCTH HE TPYAHO
BeiuncuTh [10] L =6,877 x10 ' I'm/M. CompoTUBIEHHE HArpy3KH BO3bMEM DPABHOE BOJHOBOMY
COMpOTHBJIEHHIO R, =Z =115 Owm [2], muHy orpe3ka Butod mapel | = 100 m. Takum oGpa3zom,
OCTaeTcsl ONPEIEIUTh HOPOroBoto yacrory f .

JUist  3TOro  HpoaHaJM3MPYyeM  aMIUIUTYAHO-YaCTOTHYIO  XapakTepucTuky (AUX)
OKBHBAJICHTHON CXEMBbI 3aMeIlleHUs] BUTOW mapbl (aiamHa oTpe3ka 100 M) ¢ 4acTOTHO3aBHCHMBIMU
norepsimu (puc. 2) [1, 3].

R8 R26

20,5 43,2
1 |

B I—
R10 L1 R11 L2 R12 L3 R15 L4
0,75 3,5 mklH 0,75 1,0 mkH 0,75 0,43 mxlH 0,75 0,43 mkH

R6 R7 R4 R5
50 50 50 50

K nepenatowueit cropore
K npuemHo# cTopore

R30 L5 R31 L6
0,75 3,5 mklH 0,75 1,0 MKMH

R34 R35
20,5 43,2

1 | |
| S LT

PI/ICYHOK 2 — DKBUBaJICHTHAs cXeMa 3aMeIIEHUS BUTOM napsl ¢ 4aCTOTHO3aBUCUMbIMHU

norepssMu cornacHo cranaapty IEEE 802.3 (1 = 100 m)

Colepem, TIOKa3aHHYIO Ha pHC. 2, CXeMy B NMpOrpaMMHON cpene Moaenupoanus Multisim

[14] u moctpoum ee AUX (puc. 3).



A(nE)

Lop 100.0pt 10.0m 10 1000 10.0k LOM 100.0M
(I

Pucynok 3 — AUX »KBHUBaJIGHTHOM CXeMbI 3aMeIIeHHsI BUTOHM mapsbl (JymHa otpeska 100 wm,

YaCTOTHAaA IIKaJla IIOKa3aHa B J'IOl"apI/Iq)MI/I‘leCKOM MacmTa6e)

Ha puc. 3 oroOpaxena AUYX HKBHBAJICHTHOM CXEMBbI 3aMEIICHWS BUTOW Mapbl (JUIMHA
orpe3ka 100 M) mpu ycioBHM, YTO YAaCTOTHasl IIKaJla MPUBEJEHA B JOorapugmuueckoM macurade.

.]IOFapI/Iq)MI/IquKI/Iﬁ MacimTad YacTOTHOM IIKaIbI O6yc.]'IOBJ'IeH HCO6XO,Z[I/IMOCTBIO BBISIBUTH

IMOpOTOBOI0 YaCTOTY fn , T.C. HaCTOTYy, IIOCJIC KOTOpOﬁ MMOABJIAIOTCA 4aCTOTHO3aBUCHUMBIC ITIOTCPU.

Cornacho puc. 3, f ~30 kl'm.

Heo6xonnmo oTMeTuTh, 4TO NpeuiokeHHas B cranaapte |IEEE 802.3 skBuBanenTHas cxema
3aMeIIeHus] BUTON mapbl (pHc. 2) sBISETCS HE TOYHOM MOJETbIO OTpe3Ka BUTOW Maphl, Tak Kak
npencrasisier coborr RLC-mens ¢ cocpenoToueHHBIME TapameTpamu. BBuay BBIIIECKa3aHHOTO,
yKa3aHHasg cXeMa HE MOXKET OTOOpakaThb BCE XapaKTEPUCTHKU LIENMU C paclpeiesieHHbIMU
napaMeTpamu, HallpuMep, JaHHBIM IPOTOTUIl HE OTPAXKAET TAKYyIO0 BEJIMYMHY KaK BPEMsl 3alE€pPiKKH
CUTHAaJIa IIPU €70 MPOXO0KIECHUH Yepe3 OTPE30K BUTOM napbl AinuHon 100 M.

TakuM 006pa3oM, UCTOIb3YsI HHCTPYMEHT B BUJIE MEPEAATOYHON (PYHKIIMH MO HAIPSIKEHUIO
JUI MOJEN OJHOPOAHON JMHHUM C YAaCTOTHO3aBUCHMBIMH MOTEPSIMU MPU IKCIOPYHKIIMOHATHBHOM
BO3JCUCTBUM, TPEABAPUTEIBHO 3aJaB BCE HEOOXOAWMBIE MapaMeTpbl JIMHUM, MOIY4YUM
MaTeMaTHYeCKyl0 MoJiesib BUTOM mapbl kareropuum SE  kimacc D mpu skcnodyHKIMOHATEHOM
BO3JICHCTBUMH.

2. AHaimM3 MaTeMaTH4yecKoil MoJelH BHTOH mnapbl NpH IKCNOPYHKIHOHATbHOM
Bo3aeiicTrBuu. [IpoBeneM aHanu3 OIHOPOAHOM LIENIH C PACHPEIEIIEHHBIMH 4aCTOTHO3aBUCUMBIMU
NIEPBUYHBIMH TapaMeTpaMu Ha IpuMepe BUTOW mapbl kareropuu SE kmacc D [2]. VkazaHHBIM

otpe3ok BUTOW mapel umHOW | = 100 M wuMeeT cienyrolMe MEPBUYHBIC MaPAMETPHI:

R =0,095 Owm/M (Ha yacrorax qo0 f_), G =0,2%10 * Cwm/M (Ha yactore f_ ), C =52 x10 * ®/m,



L =6,877 x10 ' T'm/m. ComnporusieHue Harpy3ku R, =2Z =115 Owm, [OOpOroBas 4acrora
f, ~30 kl'm.
[Toctpoum u mpoananuzupyemM AUX ykazaHHON BbIlle OAHOPOAHOW JIMHUM C YaCTOTHO-

3aBUCHMbBIMU MEPBUYHBIMU NapaMeTpaMu R u G (puc. 4), UCHoab3ys Ui 3TOro BbipaskeHue (1).

ITapamerp A paccunraeMm 1o popmyie (6) wis wactorsr 10 M (L = 1,283x10° ¢ ™).
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Pucynok 4 — AUX monenu nuHuu (koMreHcaius Ha yactore 10 MI'n)

Ha puc. 4 xpuBas 1 — sto AUX Mozaenu JUHUM C YaCTOTHO3aBUCHMBIMU IOTEPSIMHU IIPU
9KCMO(GYHKIIMOHATILHOM BO3JEHCTBUH (Iapamerp A = 1,283x10°% ¢ paccuuTaH mjg 4actorsl 10
MI'n (* — Touka MOJHOW KOMIIEHCAIMHU TTOTEPh B JIMHKM)); KpuBas 2 — 310 AUX Moaesnu nuHuu 6e3
noteps (R =0, G = 0); kxpuBas 3 — 310 AUX MoJ1eu TUHUH C YaCTOTHO3aBUCUMBIMH ITOTEPSIMH TTPH
rapMOHUYECKOM BO3/IeiCcTBHH (3aTyxaHue Ha yactote 10 MI'1t cocraBnsiet 6,55 1b).

B nurteparype [2] mpuBeneHbl M3MEpPEHHbIE 3HAUCHMs 3aTyXaHHUS HCCIEIyeMOro OTpe3ka
BUTOW Hapbl HAa HEKOTOPBIX yacToTax. CpaBHUM 3HaueHMs 3aryxaHus AUYX, mpejacraBieHHbIE B
auTepatype [2], U noiaydeHHble 3HaueHUs 3aTyxaHusi AUX IUHUM B pe3ysbTaTe MOJEINPOBAHUS
(tabm. 1). U3 Tabn. 1 BUIHO, YTO PACXOKAEHUS MEXKy N3MEPEHHBIMU 3HaUEHUAMU 3aTyxaHus AUX
[2] ¥ MOTYYEeHHBIMH C TIOMOIIBIO OMMCAHHONW B JAaHHOM paboTe MaTeMaTH4ecKOH MOJenu He
npeBbIIAlOT 5 %, a pacxXoXAeHUs MEeXJy H3MEpeHHBbIMH 3HadeHusMH 3aTyxaHus AUX [2] u
MOJYYEHHBIMHA C MOMOIIBIO Cpesbl MonenupoBanus Multisim we mpesbimator 22 %. U3 Bbimie
CKa3aHHOTO CJIEJyeT, YTO MaTeMaTHYecKash MOJeNb JMHHHA TPH TapMOHUYECKOM BO3/ICHCTBHH,
npeuiokeHHas B pabotax [10, 11], u mpu 3KkcnopyHKIIMOHATFHOM BO3JICHCTBUH, MPEJIOKEHHAs B
JaHHOM paboTe, CIOCOOHBI C BBICOKOH TOYHOCTBIO OTOOpa)XaThb AJIEKTPOMArHUTHBIE IMPOIECCHI,

MPOUCXOAAIIHNE B JIMHUH.



Tabmuma 1 — 3nauenus 3aryxanuss AUX BUTOM mapbl

3HayeHus 3aTyxaHus | 3HadyeHusl 3aryxaHus AUX
M3mepeHHbIe 3HAYCHUS
AUYX monmenu muaun | moxenu munuu (MathCad,
f, MI'n 3aryxanus AUX [2] ltisi
14|, 1B (Multisim, puc. 3) puc. 4 xpuas 3)
’ |4l, b |Al, nb
0,772 1,8 1,3 1,73
1 2 1,63 2,24
4 4,1 3,96 4,09
10 6,5 7,13 6,55
16 8,2 10,22 8,3
20 9,3 12,3 9,26
31,25 11,7 15 11,58
62,5 17 20,9 16,37
100 22 22,3 20,9

Anamm3upys  kpuByto AUYX mox Homepom 1 (puc. 4), BHUAHO, YTO MpHU
9KCIOYHKITMOHATFHOM BO3JICHCTBUY IOJTHASI KOMITCHCAIUS ITOTEPh B JIMHUU BBITIOJHSICTCS TOJIBKO
T Ha TOW OMpPEIENIEHHOW YacToTe, JJIS KOTOpOHM paccumTaH mapamerp A. Takum oOpazowm,
paccuuThIBasl mapameTp A JUis ONPEEICHHON 4acTOThl, TOYKY MOJHOM KOMIEHCAIMH MOTeph B
auHuM (*) MOXKHO TepeMeniaTh MO YacTOTe KakK BIIPaBO, TaK W BJIEBO IO XapaKTEPUCTUKE 2.
Hampumep, mis komrnencauuu norepb Ha yactore 50 MI'1 HeoOX0oaMMO paccyuTaTh BEIUYUHY
napamerpa A mo ¢Gopmyne (6) ans ITOW YACTOTHI, TMOCJIE Yero IOAaTh HAa BXOJ JIMHUU
9KCMOGYHKIIMOHATIBHBIA CUTHA C YYeTOM pPACCUUTAHHOW BeTWYHHBI (A = 2,868x10° cfl), B

pesynbrare nonyaum AUX (puc. 5).

5 ] ——
*
25 k_) -~ 2 J
0 TR s T e,
- 25 e —
,5\ RN il CEY — ~
\ . - \,—1 O
[ -75 S 1
. '_4 \
o~ - ’
" \x
- 1257 —
- 15 S ——]
- 175 3 r [ ———
- 20 —~———
- 225
-2
8
0 1%10" 2x10" 3x10" 4x10” 5x10" 6x10 " 7x10” 8x10" 9x10" 1%10
f, T

Pucynok 5 — AUX monenu nuHuu (koMreHcamus Ha yactore 50 MI'n)

Ha puc. 5 (kpuBas 1) BUAHO, YTO TOYKA MOJHOW KOMIICHCAIIMU TMOTeph B JHUHUU (*)
Haxoautcs Ha yactore 50 MI'm, B TO BpeMs Kak 3aTyXxaHHE TapMOHMYECKOTO CUTHAJIa Ha 3TOU ke

yacrtore paBHo 14,9 nb (kpuBas 3 puc. 5). Jas komneHcanuu motepb Ha uvactote 120 MIn




HEOOXOIMMO TO/JaTh Ha BXOJ MOJIEIH JIMHUHM SKCIO(YHKIIMOHAIBHBIN CUTHAN, MPEIBAPUTEIHLHO

paccumuTaB mapameTp A s ykasaHHo# actots (A = 4,443x10° ¢ ) (puc. 6).
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Pucynok 6 — AUX monenu nuHuu (komrneHcanus Ha yactore 120 MI')

N3 puc. 6 (kpuBas 1) BUIHO, YTO TOYKA TMOJHOM KOMIICHCAIIUU TMOTEPh B JIMHUH (*)
nepemectuiach Ha yactoty 120 MI'n, a 3aTyxaHue rapMOHHYECKOTO CUTHAJNIA HA ATOM K€ 4acToTe
paBHo 23,5 1b (kpuBas 3 puc. 6).

Anam3 AUX, mpencTaBieHHBIX Ha puc. 5 U 6 (0003HaYCHHS Ha PHUC. 5 U 6 COOTBETCTBYIOT
ONMUCAHHWIO 0003HAYCHUH s puc. 4), MOKa3bIBaCT, YTO MPH JOMYCTHMOM 3aTyXaHWU B JIUHHH,
Hanpumep, 3 1b ¢ moMoImb0 KCMOGYHKIIMOHATHFHOTO BO3JAEHCTBUS MOXHO OOECHEUUTH MOJIOCY
npomnyckanus 40 — 45 MI'u. Ilpu 3ToM HEOOXOAMMO OTMETUTh, YTO MPOBEACHHBIE B pabote [5]
uccaenoBaHus NMpoxoxaeHus [1-00pa3HBIX MMIYIBCOB 4Y€pe3 MOJIEIbh IMOJOCKOBOW JHMHUHU TPHU
AKCTIO(PYHKITMOHAIIBHOM BO3JICHCTBUU, BBISBUIN OCOOCHHOCTH, CBSI3aHHBIE C BPEMEHEM 3aEP’KKHU
CUTHaja, KOTOpbIE TIOSABHIWCH BCJIEACTBUE BIUSHUSA (DAa30-4acCTOTHONW  XapaKTEPUCTHUKU
9KCMOYHKIIMOHATBPHOTO CUTHaNA. TakuMm o0pa3oM, OMHpasch Ha Pe3ylbTaThl HCCIEAOBAHUU,
KOTOpbIE TIPOBEJCHBI B paboTe [5], MOXHO yTBEp)KAaTh, YTO MPH SKCMIOPYHKIHOHATHHOM
BO3JICHICTBUM HAa MOJENb JIMHUHU, UCCIEAYyeMOHl B JaHHOM paboTe, MOXKHO 00eCHneduTh IO0JIOCY
MpoIyckaHus (MakCUMallbHOE 3aTyXaHue B rosioce npomnyckanus 3 n1b) mmpunoit 40 — 45 MI'n ipu
yCIOBUH, 4TO (a3a BBIXOJHOTO CHTHANA MPHU IKCIOBO3ACHCTBUU OyneT ornuvarhes Ha 180° ot
(ha3pl BEIXOJTHOTO CHTHAaJa 0€3 IKCIOBO3ACHCTBUA. Ecnu ke HeoOXoaumMo coXpaHuTh CHH(a3HOCTh
BBIXOJIHOTO CHUTHAJIa TPH SKCHOPYHKIIMOHATHPHOM BO3JCUCTBHU C BBIXOJHBIM CHUTHAJIIOM 0€3
9KCMOGYHKITMOHATHHOTO BO3JICHCTBUS, TO IIMPHUHA TIOJIOCHI MPOMYCKAHUS C 3aTyXaHHEM He OOJIbIIe
3 nb npu skcnodyHKIIMOHATHFHOM BO3/ICHCTBUU YMEHBIIIAETCS POBHO B JIBa pa3a u coctapisieT 20 —
22,5 MI'i. B cBsi3u ¢ ykazaHbIM BhIIIEe (PaKTOM, HEOOXOJMMO BHECTH KOPPEKTHBHI B BHIPAKCHHE

(6), kKoTOpOE TpeAHA3HAYEHO IS pacueTa 3HA4YeHHs mapameTpa A. T.e., UIsI KOMIIEHCAIUH



YaCTOTHO3aBUCHUMBIX MOTEPh B JIMHUM BEJIWYMHY A HEOOXOJHWMO pPacCUUTBIBATH MJSI YaCTOTHI,
koTtopas Ha 0,1 MI'1 MeHbIIIe TOM YacTOTHI, HA KOTOPOH HEOOXOANMO CKOMIICHCHPOBATh MoTepu. B
pe3ynbTaTe, Takas METOJMKA pacueTa mapaMmerpa A JacT BO3MOXHOCTh MOIy4uTh cuHpazHyro OUYX
Ha TOM YacToTe, Ha KOTOPOH HEoOXOIMMO CKOMIIEHCHpOBaTh morepu. Hampumep, eciau morepu B
JUHUM HEOOXOJMMO CKoMIeHcupoBarh Ha uactore 10 MIm, To mapamerp A HeoOXoIuMo
paccuuThiBaTh JUIs 4acToThl 9,9 MI'L, 4TO B CBOIO OYepeab MPUBEAET K MOJTHOM KOMIIEHCAIUU
notepb Ha yactote 9,9 MI'm u He3HauutenbHON HelokoMIieHcauu Ha yactote 10 MI'm, no ®UX
Ha yactore 10 MIm npm 53KcrnodyHKIMOHAILHOM W TapMOHHWYECKOM BO3ACHCTBUAX OyIyT

cuH(}a3HBbI.

3. IIpoxoxnenue I-06pa3Hbix U 3Kkcno-II-00pa3HbIX UMIYJILCOB Yepe3 MoOjieJIb BUTOM
napsl. [lanee paccmotpum npoxoxaenue [1-o0pasubix u skcno-I1-o0pasubeix uMnynbcoB [8] uepes
BBIIICTIPUBEACHHBIE MOJenu JTuHUM. J{1s 3Toro mo usBecTHbIM (hopmynam [10, 15, 16] paznoxum
[T-o0pa3ublii curHan B koMmiuiekcHbId psan Dypoe. Ilapamerpst II-o0pa3sHoro curnama BO3bMEM
CIICAYIOIINE: YacTOTa clieaoBaHust uMiyabcoB f= 10 MI'u, murensaocts [I-ummynsca t,= 50 He,

KOJIM4YeCTBO wieHOB psijga Dypbe N = 9, (puc. 7).
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Pucynok 7 — [1-o0pa3Hslii curaain

Ha puc. 7 xpuBas mox HomepoMm | — 3710 ammpokcumupyomas Qyskius [1-o6pasHoro
HMMITYJIbCa, KpWBas Moa HoMepoMm 2 — 3To Tpaduueckoe m3zoOpaxkenue I[I-oOpaszHoro curnana,
pazioxkeHHoro B pan ypre.

[Tonagum [T-00pa3Hblii CUTHAT, TOKA3aHHBIM HA PUC. 7, HA BXOJ MOJIEJeH BhIIIEYKAa3aHHBIX

JIMHUH U B PE3YJIbTATC HA BBIXOAC MOJYUYUM CICAYIOIIUC XapaKTCPUCTUKH, (pI/IC. 8)
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Pucynok 8 — [1-00pa3HbIif CUTHAI HA BBIXOJIE MOJIENICH JTMHUH

Ha puc. 8 kpuBas 1 — sto [1-00pa3HbIii cHUTrHANM Ha BBIXOJIE MOJENHU JIMHUU O€3 MOTeps;
KpuBas 2 — 310 [1-00pa3Hblil CUTHA Ha BBIXOJE MOJENU JUHUHU C YACTOTHO3aBUCUMBIMU MOTEPSIMH
npu AKCHO(YHKIMOHAIBHOM BO3JACHCTBHM (Tapamerp A paccumtaH Uit yactotel 9,9 MIn
(A = 1,282x10° cfl)); kpuBasi 3 — 9310 [I-00pa3HBIii CHTHAJ Ha BBIXOJE MOJEIU JIMHUU C
YaCTOTHO3aBUCHUMBIMU TOTEpsIMH (3aTyxaHue curHaia paBHo 6 ab). Ha puc. 8 sBHO BuaHO, 4TO
9KCMOGYHKIIMOHATIBHBIA curHanl (3kcmo-I1-o0pa3uelii  curHan) oOecreynBaeT KOMIICHCAIIUIO
YaCTOTHO3aBUCHUMBIX MOTEPh B UCCIICAYEMOIN MOIETN JTUHUH.

Ha cnenyromem stane yBenuyum 4dactoTy cienoBanus [I-ummnynscoB B 10 pa3, mogaB Ha
BXO/JI HCCTIEAyeMBIX Mojeneit muHuil [1-00pa3Hblii CUTrHAM CO CIEAYIONIMMU MapaMeTpaMu: 4acToTa
cienoBanus umiyiabcoB f = 100 MI', mmmrensHoCTh [1-MITynbCa t; = 5 HC, KOJIMYECTBO YJICHOB
piga ®@ypee N = 9. B pesympraTe Ha BBIXOJE MOJCICH JIMHHNA TOJYYUM CIICIYIOIIHE

XapaKTepUCTHKH pHc. 9.
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Pucynok 9 — I1-00pa3HbIii CUTHA Ha BBIXOJIC MOJICIICH JIMHAN
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Ha puc. 9 kpuBas 1 — sto [I-00pa3HbIii curHain Ha BBIXOJE MOJACIH JUHUU O€3 MOTEeph;
KkpuBas 2 — 310 [1-00pa3HbIil CUTHAT Ha BBIXO/E MOJEIN JTUHUHU C YACTOTHO3ABUCUMBIMU TTOTEPSIMH
IpU SKCIO(PYHKIIMOHAIBHOM BO3JeHCTBHM (mapamerp A paccuutaH s 4dactoTel 99,9 Ml
A= 4,054x10° c'l)); kpuBas 3 — 310 [[-00pa3HbIii CUTHAII HA BBIXOJIE MOJICIH JIMHUHM ¢ YaCTOTHO-
3aBHCUMBIMU MOTepsiMH  (3aryxanue curHana paBHo 20,9 nb). Ha puc. 9 BuaHo, uTO
SKCHO(YHKIIMOHAIBHBIA cUrHan (3kcmno-I11-o0pa3Hblil  curHaim) obOecrnednBaeT KOMITEHCAILUIO
YaCTOTHO-3aBUCUMBIX MOTEPh HA YACTOTE clieoBaHust uMnyabcoB 100 MI'w.

VBeIMYUM B UCCIIEAYEMbIX MOJEIAX UTMHY OTpe3Ka jimHuu | 10 150 M 1 mogaaum Ha BXOJ
MOJIyYeHHBIX Mojenei nuHuu [I-00pa3HbIii curHam ¢ 4YacTOTOM CIIEJJOBaHMSI HMITYJIbCOB
f = 100 MI'u, mmurenpHOoCTh [l-mMmyibca t, = 5 HC (W1 3KCMOPYHKIIMOHAIBHOIO CHUTHAA
napamerp A paccumraeM g 4actoTel 99,9 MI'm). B pesynbrare Ha BBIXOJE MOJEICH MOIYIUM

clieyrolre Xxapakrepuctuku puc. 10.
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Pucynoxk 10 — IT-06pa3Hbliit curHan Ha Beixoe moaesneit auaud (I =150 m)

Ha puc. 10 xpuBas 1 — 3710 [1-00pa3HbIii cUTHAJI Ha BBIXOJIE MOJEIH JHHUU 0€3 MOTeph;
KkpuBas 2 — 310 [1-00pa3HbIil CUTHAT Ha BBIXO/E MOJCIN JJUHUHU C YACTOTHO3ABUCUMBIMH ITOTEPSIMH
IpH IKCIO(PYHKIIMOHAIBHOM BO3JEHCTBUM (TapameTp A paccuutad mna yactorel 99,9 Ml
A= 4,054%10° cfl)); kpuBasi 3 — 310 [1-00pa3HbIil cUTHAN HA BBIXOJIE MOJENHU JIMHUU C YaCTOTHO-
3aBUCHMBIMH MOTEPSIMU (3aTyxaHue curHana paBuo 31 nb).

Takum oOpa3om, B gaHHOW paboTe MoOdydyeHa MaTeMaTH4ecKas MOJENb BHUTOW Tapbl
kareropuu SE kmacca D mpu 3KkCcnodyHKIIMOHAIBEHOM BO3JCUCTBUU. Pe3ynbTaThl UCCIIETOBAHHIMA
MOJIYyYEHHOM  MOJeNM  JOKa3bIBAIOT  CIOCOOHOCTh  AKCIMOQPYHKIIMOHAIBHOTO  CHUTHANA
KOMITEHCHUPOBATh YaCTOTHO3aBUCUMBIC IMOTEPU B KaOCIBHBIX JIMHUAX CBs3H. CIeIoBaTeIIbHO, TIPH
HEOOXOJIMMOCTH, HWCIIONB3ysS AKCIMOPYHKIIMOHAIBHBIA CHTHAN, JUIMHY OTpe3Ka BHUTOW Taphl,
COEUHSIONINI KOMMYTallMOHHOE 000pyAoBaHue ¢ paboyeil cTaHlueld, MOKHO YBEIUYUTh. Wnu xe

Ipu peKoOMeHayeMoil B craHiapTe JuymHe cermeHTa (100 M) yka3aHHOTO BBIIIE OTpe3Ka Kadens ¢
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MTOMOMUIBIO AKCITOPYHKIIMOHATBHOTO CUTHAJIA MOKHO HECKOJIBKO PACUIMPUTh €ro pabouunii Auana3ox

4acCTOT, a4 3HAYUT YBCIIMYHUTH CKOPOCTH NICpCaain I/IH(bOpMaI_II/II/I.
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