6, Pacuer .

- . 6. 108
/o Pacger M, M, =10 411’1(1 e o )
a‘af

8 Pacuer |[.].

9. Pacuer HanpsKeHHy MIYMA OT KaKA0H 344aHHGH FAPMOIH-
KH,

10. Pacuer pesyanTHpyIOmEro HanpsHKeHHS yma.

1. CpaByenne peaynsTHDPYIOUErC HANPHKeHHs wyma ¢ 1a-
ASHHEIM 3HAYeHHeM H HOppekTHpoBka O.

12. Hosropenne pacueros (m. 2, 6, 9 u 10).

JHTEPATYPA

L Muxataoer M, I u gp, DIekvpoMarFuTiNe sARgHHsS Ha COOpVIKe-
Hug onasn, Mo Ceasg, 1879,

J. UHPEBOUHEK 10 ISKTPOCHADMEHHIO  IReJesHR X aopor f flog pen.

K. ¥. Mapxsapara, M. Tpascumopr, 1980, T. 1.

o Hedwan /LI, Hemupuar K C Teopernyeckne ocHOBR SASKTPO-
TexHUEKR. M. Dpeprun, 1474,

4. Utapoe B M Binsnge 9/eKTPHUCCKEN JKeAE3IHEIX A0POr Ha oMem-
HER ansty cedsd. Meroikueckne VKasauus AJ8 CTYRERTOB V KYPCE B ARD-
aomungas, M., B3HHT, 1983 . ),

5. IHapows B M Basurde 370HTPHYCCKEY Medoadbix ADPOr HA CMEH:-
HHE JRBHH CeAsH. MeTojndeckne VRA3IARHE A%H CTYAEHTOR VoV Kypoon M
Aniaownnxos, Moo BIKHHAT, 16986, 4, o,

G Avawowor B, Il Cepapounik no PACUCTEM HA MHEEDOKAARKVANTO-
pax. M.: Hayxa, 1985,

Jow. R H. UIAPOR

HNIEKTPOMATHHTHAS COBMECTHMOCTh
HA SJTEKTPHYECKHMX XKENE3HBIX JOPOTAX

Jananee #a Kypoopoit npoekt

Perakrop 1. B, Crenmawona
Texn, pegaxrop H. H. Coaosbesna
Koeppertop T. JI. Berneavrrona

Caata r walop M6.51.1088, [lowmmrcauo 5 nevars 3105 | G88. Tupam 2004,

Capaatyps nureparypHag, levare soicoxasm, Bopmar GOx G0,
How o w6075 Vwewman a0 1. Tum zax, 189 Haz. zaw. 457, Becnaamio,

PefaRUHORRO-HaaT. oraen, THROrpadug LA Ts,
Y25808, Mockea, ICI1-47, Yaconasn Vi, 22/2

. BCECOIO3HBIM 3A@UHBIH HHCTHTYT &

“HHKEHEPOB KEJIE3HOLOPOHOI® TPAHCIOPTA

OnuGpeno xadexpoit
SHEProcHal e DHCR TPHUECKIX
WEJSIHLX Aopor

INEKTPOMATHHTHAS COBMECTHMOCTb
HA 3NEKTPHYECKHX
WENE3HBIX JI0POTAX

3apaHue Ha KyPCOBOH npoexr
C METOAHYECKHMM VKaZanHgMy
aad cryaesros Vo kypea

CHCHHANBHOCTH

INEKTPHOHKALHUSA XEJEZHOLOPOXKHOTO
TPAHCHOPTA

CRHELHANNIRUTHK
CHCTEMBlL 3AEKTPOCHABKEHUSE W UX ABTOMATH3AILHY

Mocksa— 10688




PHHE CONMMenusn, KOHIBL NHHHH cBsi3y COBNanamwT ¢ pacnogoxe-
HHEM TAroBRx NOACTAHINME, YOPOLIeHB! pacuery OpH onpenede-
HHH Melawiux BIARSHHUI,

CTABIANOIAX HaNpsKeHus ga UIHHAX THATOBBIX NOACTAHHHN e
AOCJLKHO NPeBHWATL YKasanuorg g 3aManuK 3HaYeHus,

Hcxonnpe N aHHEIe

1. Pacvernas cxema AT onpefeseHns BAHSHNg TArOBO#H ce-
TH Ha CMEXKHYIO JHHHIO cBasp IpHBeeHa Ha pue, |.




[TpunnunuansHas ¢xeMa CIMIAXKHRAOMErD YCTpOlicTBa, OT-
neapHBIe mapamerpel Koroporo (Ly; Ly Ly n () nopjaexar on-
peeseHHio IPHBEJAEHA Ha PHC. 2.

3HAYEHHA BEKTOPOB TapMOHHUYECKHX COCTABISIONLAX BHITPAM-
JTE€HHOrO HaNpPsKEHHS! Ha LIWHAX TATOBHIX NOACTAHUMI npHBege-
HEL B Talul. 2 (Moayan walpsxeHus, B — B YHCAHTENe; Havdalb-
Hag ¢asa, 31. TpasycH — B 3HaMeHaTene),

+33c4 M3 Taba. 2 cieayer 6parh TOAbKO Te FapMOHHYECKHe CO-
T et KC CTaBJAOILIKE, HOMEePA KOTOPHX 3akaHul Tabua. 1.
Tabauya 2
@ Mpeanocsepnns wndpa wagpa )
2 _ | _
= ] ¢ ! 9 3 4 5 | 6 , 7 , 8 | 9
= | _
|
Ly 14,5 5 | 11 5 1 11 | 4,5 5 1 11 5 1 1
Lo {45 | 3| 3 |45 ] 5| 3 5 145 | 3| 3
—_ K Bektopn rapMoHHueckux cocrasasiomux ma wuHax TII-1
HC. _
]
2. CraakKHBalODiHe yCTPOHRCTBA Ha ofenx MOJACTAHIHSX npH- ) 45 43’ 50 1 50 1 47 ?2 ?2 ‘49 50 {46
HHMAIOTCA OAMHAKOBHEIMH., 3HAUCHNS OTAeABHEX napamerpos (Cy; 270 1265 ;260 [ 260 [265 {255 ;9255 | 262 | 260 | 970
. , _ e -
Cy; Co; Ly m Lyy)  croaxmBaiomero yerponcrsa  Gepyres (; g 12 B |3 |3 o s [ a]a | s | o
taGa. 1 ¥ 2 B COOTBETCTBHH ¢ MOC/eAHed H NMpeAnociesneH HP;H 265 | 250 | 240 | 240 | 250 | 225 | 2.5 | 215 | 230" | 360
pamit mrdpa. [IpH 270M 3HayeHHd HHAYKTHBHOCTEH AAQHB B M1H, ~
a emxocrefi — B MK®. B taba, 1 mpusejensl Takxke nHoMepa K 6 171 1212 1214 1214 | 212 | 209 1200 | 217 | 214 | 194
33laHHBIX TAPMOHHYECKHX COCTABASIOIHX BHINPAMJACHHOrNOQ Harl- 955 | 240 1185 | 785 | 240 | 150 | 150 | 210 | 785 | 50
PAIKEHHS HA HMHHAX. g |8 |05 |5 ) 15 | s f s s |15 | 15 | 14
Tabauya 1 250 1230 |J20 [120 | 230 | 80 | 80 | 160 | 120 | 235
Tocaepuss uwdpa wmdpa | {9 50 o4 | 107 | 107 54 | 133 } 133 4 | 107 593
St “ o 235 [ 100 |—925 |—95 1-70 |- — |
Tanmbie ) l | 2 4 . 6 5 g g 20 100 70 70 40 20 1190
6 7 il 19 19 i i8 18 16 19 7
cl 140 | 120 | 150 | 144 | 140 | 130 | 125 | 150 | 135 | 155 2001 35 1120 1120 | 35 §-200 |—200 | 55 | =120 | 130
_ ’ _ 22 47 63 63 47 67 67 63 63 29
90 { 1001 96 001 95 83| 90| 900 | 100 (s !
2 100 S I I 180 |—26 [-170 |—170 |25 |—270 |Z970 | 00 [—70 | 90
1000 96 901 85 |
C3 0 N o0 | Sl 36 [ 19| 19| 6] 2] 2|19 19! 10
K Spogp 2 s sb o0 A2 S 165 |50 | =246 |~240 |-50 |--350 | 350 | 135 |240°| 50
' i “‘* ! ;H 2
241 20| 200 18] 20| 24 20 18| 20 2 oy |3 |30 [ a7 | 47 | 3| se | 5| 3| 47| 25
MMpumeuanrne AKIHBHOS CONPOTHBICHHE KAXAOH BETBH Cnelyer OpH- 100 =120 | ~20 1—20 |~120 |—120 [—120 (240 |—20 §—20
aate 0,2 O,

2 :



LR

Orkoruarie raGa. 2

o Hpeanociesuan undpa mndpa
e - " "
iz 0 I i | 9 ! 3| 4| 5] 6 ' 7 l 8 I 9
= |
K BexTopnt rapMOHHUECKHX COCTABMSIOWMX Ha wiAnax Til-2
13 1 45 | 46 | 47 | a6 | a7 | 46 | 45 | 45 | 43
S v ol e 265 | 270 | 265 | 270 | 270 |90 | 275
) 210 1 22 1 25 1 28 | 25 | 28 | 25 [ 22 | 22 | 21
I ETo Prenl vl el el Breral Pl Il Breall gove
- 153 [ 170 [194 | 212 |94 {212 | 194 | 171 [z | 1s3
" 1355 | %5 | om0 | 290 | 250 280 | 250 | 275 | 255 | 955
It el s el s
8 250 1250 | 235 | 230 19235 19236 1235 | 9250 | 9250 | 250
42 | 50 | 53 | 54 | 53 | 54 | 53 | 50 | 50 | 42
¥ 1 3s 15 | T | Too | Too 00 | 190 [ 235 | 9235 | 933
6 |7 |7 117 7 17 77 |6
S Byl el B Rl Ipns 35 | 130 | 200 |200 | 250
20 | 22 | 20 | 47 | 29 | 47 | 20 | 20| 22| 2
S Eyrall R 90 |—25 | 90 |-25 | 90 | 180 | 180 | 245
5 6 0| 16130 |1 [100]6 |6 |3
20 35 =50 | 20 =3 165 | 165 | 240
240 | 185 | 50 (=30 | 50 |—s50 | 50 5 N E
12 | 13 | 25 | 34 | %5 |3 {2 | 18|13 | 12
25 [T |0 [T | | 1o | oo oo | 250

HpuMenanne AKMruBHOE CONPOTHRIACHHE PEAKTOPOB CleiyeT NPHHATDH

PaBHRM HYJLIO.

3HaveHns qpeay.rmmpymuzem AOTMYCTHMOIO HanpshKeHus 1y-

mMa U,

CO34aB4aeMOrg B JHHHH CBHA3H 3ajdaHHLIMH TapMOHHYQ-

CKHMMN- COCTaBJAIOLIHMY, LUHPHHaZ cOANKeHH# a, AduHa duaep-
HOH 30HBLI [ W NMPOBOAHMOCTH 3€MJH © GepyTca u3 Taba. 3 B co-
OTBETCTBHH ¢ uHdpolt mudpa, 03Hayamwuiedl COTHH.
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- Tabauya 3
udpa mmdpa, O3HAYAIOINAA COTHY
Hexonnue o |
AdHHLie 0 | | 2 3 4 5 6 7 8 G
k. 3
Uy, MB 0.5 0,6 | 0,7 0,8 0,5 0,6 0,7 0.8 0,9 1,0
a, M 10 15 20 | 25 aG |35 | 40 20 | 25 30
[ %M 15 (18 |22 {25 |20 J15 |18 |20 |29 | o5
o, CM/m 10735 1072 10~%s. 1072 10~2lg. 453! 10-2 5 1073 10~2{g. 1078

Ocranbupie nannbe ABAAIOTCHA OOMMY ins
YHCHAO nytel — | nogsecka —

3 - BO3AYIHIHAY CO CTAJLHLIMH 1

Ha TpaBepcax.

B rtabn. 4 npusesenn B 3aBucHMocTH OT YacTOTHI
aKYyCTHUECKOro KoathbdpHIHeHTa p,

K IIOMexaM m, NOCToAHHas pacin

BCeX BapHAHTOB:
MI1204+2M®100; TR AWBNH cBs-

poBojaMHu nHaMerpoMm 5 MM

SHAYCHUSA
HYBCTBHTC/ALHOCTH JIRHHH CBH3N

POCTpaHeHHA OAHONPOBOLHON JH-

HHH CBSISH Y, =@, 4 jB, BoJHOBOE CONPOTHBJAEHHE TAMOBOH ce-
TH 2, ¥ NOCTOSHHAg pacupoCTpaneNust TAroBOM cetH 7y, =
= o, + jB,.
Tabauyn 4
K 2 4 | 6 8 12 1161 181 2 | 9
i, Tu 100 1 200 | 300 | 400 | 600 | 800 | 900 ! 1000 | 1900
p 0,008/0,089|0,295) 0,484] 0,794] 1,00 | 1,07 | 1.2 ] 1.00
7 103 2,65 13,0 13,35 13,6514,35[4,95|5,9515,65| 6.3
ac, mHen/km 3164 14,61 15,55 | 6,47 | 8,9 9,87 (10,6 [11,4 | 12,9
Beo Mpan/km 14,75 18,68 112,5 16,9 |23.3 30,2 33,3 36 | 42,8
Zo, Owixm | 2421 239 | 237 [ 235 | 231 | 298 | 997 | 996 | 994
*ro mHen/km 10,8 10,96 | 1,11 [ 1,97 | 1,57 { 1,86 | 2,0 | 2.i5 | 2,44
Brv Mpan/xw 2,88 5,76 18,64 11,5 17,3 23 26 28,8 134,5



Dxpanupyomuil KosdhduuHeHT PesbcOB 3aBHCHT OT NPOBOIK-
MOCTH 3eMJH H A4 OJHONYTHOIO YYacTKa MoxerT ObIThb NMPHHAT:

npu o==10 "3+ 1072Cm/m — 0,45-:0,5;
npu o=10"2*+5.102Cm/m ~ 0,5~0,55,

Ipu Apyrux 3uaveHHsX NPOBOAHMOCTH 3eMJH 3KpaHHPYIO-
KA KO3 PHUHeHT peJbCOB MOXeT ObITh ONpedesed HHTEPNOJs-
HHEH.

Odopmaenne npoexra

Bece OykBsenmble W yciaoBHBle rpauueckde ofo3HavyeHHs Ha
yepTrexax JOJAHB NOJHOCTBIY COOTBETCTBOBATH AeHCTBYIOUHM
I'OCTaw.

IIpoext AOMKEH COCTOATL M3 NOSCHHTENBHON 3anHCKH C pac-
HETaMH H CHeJVIOUIHX -YepTexKed:

I. Pacuernas cxema 145 onpeleteHMs MelIAOIHX BIHSHHHA
Ha CMEXHYIO JIHHHIO CBSI3H.

2. [lpusunnuanpHasg cxema criaaxuBawllero ycrpofictga ¢
YKa3aHHeM ee MapaMeTpoB.

METOIHUYECKHUE YKA3AHUS
K BbINNOJIHEHUIO KYPCOBOFO NPOEKTA

JACKTPHUECKHE KeJe3Hble JOPOr# MOLYT OKa3eiBaTh Ha JiH-
HHH IIPOBOJHON CBA3H MArHuTHOE, 3JEKTPHUECKOe H rajbBaHHue-
CKoe BJAHSHHE.

‘MarautHoe B/HAHHE BHI3HIBASTCH NPOXOMXK/JECHHEM IO TATOBOMN
CeTH MepeMeHHOro Toka. MAarHuTHOMY -BARSHUIO AOLBEPHKEHH BCe
NPOBOAHBIE JIHHUM CBSI3H, KaK BO3JAYUIHble, Tak H KabeabHbie,

DNeKTPHUECKOe BAMSIHHE OOYCIOBJEHO HaJUuHeM B TATOBOM
CETH IIepeMEeHHOr0 HanpsameHus. EMy noaBepmeHb BO3AYIIHHE
JUHHY ¥ BO3JAYVIIHBE JHHHH, BHINOJHeHHBe KalGeaem Oe3 metan-
Juyeckof obonouky.

FanpBanHYecKoe BAUAHHE BLI3BIBAETCH NPOTEKAHHEM B 38M-
JIe TArMOBHX TOKOB. I'a/lbBaHHYECKOMY BJHSHHIO TIOABEpPIKeHsl 3a-
semuienable 000a0uKY Kalesel u LenH, HCOOAb3VIOUIHE B Kaue-
cree oGpaTHOroO npoBoja 3eMaw. Ero cnegyer yyHTHBaThL NpH
HaJHYHH X0Ts Obl OJHOro 3a3eMJeHus B JO0H TOUKe LEMNH.

ITo creneny n xapakrepy BO3JAEHCTBHA pPa3/nuanT BJIUAHUA
onacHeie H MeHIZIouiHe. |

Barusnue HG36180€TCA ORGCHOIM, €CJIH BO3HHKAIOUIHE B NpO-
BoAax JHHHE CBSI3H HANPSUKEHUT M TOKH CO3JAK0T ONacHOCTh A
o0cayxHBawLero nepcoxana ¥ aboHeHTOB HAH MOrYT TIOBpe-
AWTH anmapartel W npubOpLl, BKAIOYEHHHIE B 3TH Heny

6

Bausnue nasovieaetcs mewiarouiM, Korja B KaHajJax CBs3H
BOSHHKAIOT NOMEeXH, HAPYIIZwHIbe KX HOPMadnHOoe JneficTBHe.

Baaumnoe pacnosnoxende aekTpHHUHPOBAHHON XedesHof
JODOTH H JIHHHM CBA3Y, IPH KOTOPOM B nochenHeld MOTYT BO3-
HEKHYThL OnacHble H MedramouiHe HanpsXeHHs, HA3LBaOT cbau-
HCEHUEM. -

Hauuof cONMMKeHHs HAa3WBAWT TY YacTh JUHHH CBSA3H, KOTO-
pas HaXOAWTCS B 30HE BJAHAHHA TATOBOH CETH,

Hinpuuofi cOnuzKeHNs SBASETCH PACCTOAHHE MEXIY OCBIO JO-
POTH H JHHHEH CBA3H.

IMapanaenpuniy cOanKeHHeM HA3BBAIOT TAK0e B3aUMHOE pac-
MOMOMECHHE JHHHH CBA3H U snexTpHdHuupoBaHHOl XKeae3Hol Jo-
POrd, NpH KOTOPOM (HUPUHA COMMIKEHHMA OTAHUAETCS OT CBOEro
opejtHers spavenns He OGosee ueMm Ha 10Y%. Ecom 310 yenosue He
BRITTONHACTCH, TO CONWKEHHE HA3BIBAWT KOCHIM.

Hanna yuacta gocoro cGAMWKeHHst PaBHa JJHHe HPOeKHHH
JAHHHH CBSI3W Ha OoCb NOJOTHa medeadolt noporu. Ulnpuna yua-
CTKA KOCOro CONHMEHHS ABJASETCS CpeiHereoMerpuyeckoil Beau-
YHHOH PacCTOAHHN, H3MEPEeHHBIX B HauaJe H B KOHIE YY4aCTKOB
cONHHKeHH .

PACHET MEIUAIOWHX BNUAHHHN HA CMEXHYK JIHHHIO CBSI3H

O6uie NOAOXKEeHHH

[Mox MemaouiMMu BJAHAHHSAMH JIOHHMAIOT JJIHTEABHO Cyile-
CTBYIOHIME NOMEeXH, BO3HHKAWINHe B KaHalax CBA3H H JHHHAX
MPOBOAHOrO -BeUlAHHS, Hapyliawulue HX HOpMaabHyIo pabory.
FosroMy pacuer MelnaOWHX BAUAHHHE HPOH3BOAAT AJAS HOPMAaJb-
HOro pexuMa paboThl cHCTeMbl 3JeKTPOcHAOGKeHMs, KOrga B e
TArOBHEIE HOACTAHUNH H THATOBas Ce€Tb MNOAKJAKYEHH COTIAAacHO
NPHHATHM CXeMaM NUTauudA. JIMHUA CBS3H TaKKe IPHHEMAaeTcd
paboTanoued B HOPMAJBHOM pPEXHMe, T. €. NOJHOCTBLIO H3ONHPO-
BAHHOHA OT 3eMJIN.

[lpy BHINOAHEHHH AAHHOIO KYPCOBOIO. NMPOEKTa CUHTAETCH, YTO
KOHILB! JIMHHH CBSi3¥ COBI&JLai0T ¢ PACHoOJOXKeHHeM TATOBBIX HOJ-
CTAHLIHHA, T. €. BAHAHHE Ha JHHHIO CGBA3H OKAa3BIBaeT JUUIL OAHA
(purepHas 3oHa. HockoanKy uanpsixkenus wmyma Uy, cosjgaBae-
Mble OTAENbHBIMH FapMOHHYECKHMH COCTABASIOMMMY, HE 3aBHCHT
APYT OT ApYyra, To pesyiapTHpYIOUlee Hanpsxenne myma Uy, Ha-
XOAHTCA -KBAJPATHYHEIM CJOXKEHHEM 1yMa OT KaxXjgol rapmo-
HHKH

L T £
Uy =Y Euimr (1)
Xors B ofiuleM cayyae TAroBas ceTh OKA3HIBAET Ha JHHHID
CBA3SH OJHOBPEMEHHO H MArHHTHOE H 3/EKTPHYECKOE BIAHSHHE,
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HanpsiKeHusa wiyma o0ycJoBAeHb TVIaBHBIM 00pa3oM BHICIUHMH
rapMOHHYCCKHMH COCTAB/SIONIMMY TOKA B TaroBo# certH. Ilozro-
MY IIPH pacyerax 9THX HaNPSAKeHHH 3JEKTPHULCKOe BAHSHHE He
YUHTBIBAETCH.

Meinatotitee sHanpskeHHe myMa K-H rapMOHHKH 3aBHCHT OT
MPOAOJABHOIO HANpPAKEeHHS, WHAYKTHPOBAHHOIC B JHHHH CBS3H
3TOH rapMOHHKOH BAUSIOUIErQ TOKa, €ro YacToThl Y. CTeNeHH IpOo-
A0NBHOW K TONepeMHOH HecHMMETPHH HPOBOXOB JHHHH CBf3H,

Harnpsixkenus paBHOR aMIIHTYAbl, HO Pa3JiHuyHOH YaCTOTH H3-
3a ocofeHHOCTER YeNOBEYECKOTO CJIVXa CO3XAKT B JIKHHAX CBA3H
HeOJIHMHAKOBHe noMmexH, 1l03ToMy HMHAVKTHPOBaHHLIE PasHBIMH
rapMOHHKAME BJHAWOUEro TOKa HanpsxeHHs NPHBOIAUT K Han-
paxKeHH0 0a30BOfl YacToOTH, B KauecTse KOTOpoH BoGpaHa ua-
crora 800 I'm, Taxkoe wanpszkende Ha3bBAWT NCoOPoOMETpHUe-
ckuM, YIpH PAaBHBIX aAMNJMTYAEX HABEACHHOrQ HanpameHuss OT-
HOUTeHHe HHTECHCHBHOCTH NMOMEXH NpH KakoH-AHO0 4acTore K HH-
TeHCHBHOCTH ee npu wacrore 8§00 I'u HazwBaT KoOSPOUUHEHTOM
AKYCTHYECKOr0 BO3JACHCTBHA P
B nByXNpOBOAHBX JHHHUSAX CBA3H NPOJOJBHAA aﬂempoﬁﬁmﬁ}n
a4 cHaa HHAVKTHPYeTcs: B oboux npoBonax. Beaeacrsue toro,
yto Jobasi pealibHasg JHHHA HWMeeT NPOAOJLHYIO H MolepeuHyio
ACHMMMETPHIO, T, €. NPOBOLA HMEKT HCONHHAKOBHE 3JeKTpuue-
CKHE napaMerpnsl HO JLJUHE, B KOHIE JHHHH MEXAy NpoBOoJLaMH
BO3HHKAET Pe3yJbTHpPYIOllee HalpsixeHHe NOMexH, Koropoe Oy-
ner Tem Ooapine, yeM Goasiie acumMmerpus. Ilosromy KavecTBO
ABYXNPOBOAHONR JIMHUH CBSISH  OLEHHBAECTCH  KOPPUIHCHTOM
YYBCTBHTENBHOCTH 1) OT Kax10# rapMoHuku ¢ HoMepom K. 3ot
KO3t hUuIHeHT npexcTasaser coboH OTHOIEHHE HaUPSKEHHH No-
MEXH K Cpe/lHeMy 3HAYEHHIO HanpsKeHHA Ha KoHUax oboHX npo-
BOJAOB OTHOCHTE/JbHO 3eMJIH.

KosdbdbunuenT 9yBCTBHTEABHOCTH CYILECTBEHHO 3aBHCHT OT TH-
rna JUHAKR cBsA3H, KabeabHbe JIMHHK, Kak HauboJee CHMMeETpHU-
Hete, 06121aK0T 3aMeTHO MeHbluel uyamsmenbnocmm HO CPaB-
HEHHIO ¢ BO3AYIMIHBIMI JIHHHSMU.

C pocTOM YAaCTOTH UYBCTBHTENBLHOCThL K HOMEXaM JIMHHH BCeX
THNOB TIOBBIIIAETCA. 3T0 OOBsicCHAETCA TEM, YTO C YBeJHYEHHEM
YACTOTH BO3PACTAT HHAVKTHRHOE CONPOTHBJEHHE M eMKOoCTHAas
MPOBOANMOCTL JHHHH, & CJeJlOBaTeNbHO, H CTeleHb e¢ HecuM-
MeTDHH.

Takam obpa3oM, 3Hast HaBeIeHHOC B ABYXNPOBOJHOH JNHHHH
OTHOCHTEJNbHO 3eMad Hanpsxkenne K- rapmounkn U, H coor-
BETCTBYIONIHE 3HaueHus Ko3GhHiHeHToB Py U Ty MOKHO Olpe-
NEeAHTh HANpsKeHHe HIVMA, CO3ZaBaeMoe 3TON rapMOHHKOH

U = Uu “ Py ik ‘.52)

Hanpsxenue (', HaBoAHMOe B JHHEHN cBA3H K-H rapMonu-
KON BJARSAIOIErO TOKA NPH H30JUPOBAHHOK OT 3CMJH JHHHH CBS-
34, MoxeT OBITE ONpelesedHo COMIaCHO NOJNOKEHHAM, H3JOMKEH-
uerM 8 1, 2, 4, 5].

C yuerom 3:1)(13&1{?& IKPAHHPOBAHUA BTO HANDSKEHHE B 06-
eM caydae paBHo (MB)

Up=v o, M- 1o 8,0 1, 108 (3)

rie o, — yryoBas yacrora K-it rapMmouuks, pan/c;
M, ~— B3aUMHAf HHAYKTHBHOCTL MEXKAY KOHTAKTHOH CeThbio
M oJdpdeR oBsisy aas K-t rapMonukgy, 'o/m;
I, ~— Bauswouwph ok K- rapMonugn, A;
I, — annua clauXeHud, KM,
S, ~— koahbHUHEHT 3KPAHHPOBAHHS, KOTOPHIH 1451 BO3-
AYILHON JIHHUM CBA3H paBed KOo3(pOUIHeHTY IKPAHH-

pOBaHusd pPeJabCOB.

sh 1, .
shu ] ; K0>bOHIHEHT, YIHTHBAKLIHA BOTHOBHE NPO.
I meccH B JAHHHH cBA3H s K-fi rapMOHHKH;

T,ma + B, — nocTrostHHaAs pacupoCTPaHeHHs OJAHONPOBOJHOM

lleNH, NOABEPHEHHOH BIHAHHIO A4 K-# rap-
MOHHYECKOH COCTaB aiolen.

Bennuuua o XapakTepH3ver H3MeHeHHe aMIIHTYAB Hanpsxe-
HHSt BAOJL JWHMH, a B — H3MeHeHHe (azosoro yraa. B npuse-
AeHHYIo GopMyay cjaeayer NoAcTaBiAATh MOAYJAH 3HAUeHHH TH-
nepboauueckux byuxuui, Ilpy 3TOM CieayeT NOMHHTL, UTO ITH
dyukuur Gepyrest oT KOMIVIEKCHOro nepemenHoro. Onpepenenye
rUnepSONHIECKOro CHHYCa OT KOMNJIEKCHOTO MePeMeHHOTro MOXKeT
GLITL NPOH3BELEHO IO HOMOrpaMMmam, npupejeHHBM B [2], mmbo
no gopmyae

shial + iBl) = shal-cos pl + jchal-sinfl,

BblYHCJAEHHS N0 KOTOPoH yAOGHO NMPOH3BOAHTE C HCMOJbL3OBAHH-
eM NpOorpaMMHPYEMBX MHKPOKaJbKyJsiTopoB. HHXKe npuBeaeHa
NporpamMMa BHIYHCAEHUS THNepOOAHYeCKOro cHHyCa OT KOMILJIeKC-
HOTO MepeMeHHoro Z=x -+ jy, COCTaB/eHHasw 1Jisi MHKPOKalb-

kyasitopa b3-34
UT18 Fext Flix— 2+ HUII9 F cos ¥ T15 U8
Fe't F lix+2-+HI9 F sin X 116 UI15 ¢/n.

ITpu srom 3mauenHe x 3aHoCHTCA B naMarp [18, a sHavenne y —
B naMaATh [19. [locne okoHuanusa BhIYHCAeHHH Ba HHAUKATOpPE BH-
CBEUHBALTCS 3HAUeHHE BeIeCTBeHHOH YacTH, & 3HaYeHHEe MHU-
MOft YacTH xpaHuTCs B namaru II6.
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[Ipexne ueM NPOM3BOJAUTL BBIUMCJIECHHSA, Nocae HalGopa npo-
" rPaMMBI CAEAYET IMPOH3BECTH TEeCTOBBIl KOHTPOJAL:
npu  Z=3-+j2 shZ =—4,168%07 + j9,1544984.

Pazofpae 310T npuMep, JIerkO CaMOCTOATEABHO COCTABHTD
nporpaMMsl Ajg BHuncaenus ch Z n th Z, Tlepeuncaennpe npo-

rpaMmel npusefenn B [6].
[lIpp KOPOTKHX JAHEHAX, KOTOPBe NOJHOCTBIO VYKI41blBAIOTCH
B QHACPHYIO 30HY JUIA HHSKHX YaCTOT, MOKHO NPHHATL v = (5.

PACHET MEHIAIOHIHX BJAHWIHHH

OcHOBHBIM HCTOYHHKOM MeINAMOUIMX BJAHSHHH Ha ydYacTkax
JNEKTPUUCCKHX IKENEe3HLBIX JAOPOT NOCTOSHHOIC TOKA SBJSIOTCH
BHIIPSIMHTENBHBIC YCTAHORKH THIOBHIX NONCTAaHIHE, co3jalollye
Ha WHHAX NyabcHpyloulee Hanpsakenue. [lyapcanus manpaxe.
HUst B 3HAYHTEJNBLHOH CTeNeHH craaxkusaercs (QHALTP-yerpoficT-
BAMH TATOBHIX nogcTaHuui. OaHako u nocie GuALTPa HA BBIXOAE
TATOBOH MOJACTAHIHY BHIIPAMJCHHOE HANPSKeHHE COLEPXHT rap-
MOHHAYECKHE cocTaBiagiomue. 'apMOHHKE 0ZHOH i TOR Xe KpaTHOo-
CTH AJISI CMEXHBIX NOJCTAHOMH TPH ABYXCTOPOHHEM NHTAHHH (DH.
JlepHOA 30HH B O0lleM caydae B CBA3ZH C Pa3NHUHON HArpyskofi
MOACTAHIMA OTAHYAIOTCA N0 aMIIHTYAE W CIBHHYTH JPYr OTHO-
CHTeALHO npyra no ¢ase.

fTon neficTBHEM rapMOHHK BHITIPAMJEHHOTO HAaNpsi#eHHA B
KOHTAKTHOH CETH NPOTeKdioT NepeMeHHEE TOKH COOTBETCTBYIO-
IHX YacTOT, IDTH TOKH BCJAENCTBHE MAariHHTHOrO BJAHSHHS BBHISH-
BAIOT B CMEXKHOH JIHHHM CBSI3H MeIIaloillee HalsKeHHe yMa.

[Tpu nByxcroponreM nutauuy ¢uaepHoll 30HB NepeMeHHBIE
TOKH, 00yC/IOBJIeHHBIe BeKTOPHOH DPa3HOCTBIO HANPSRKeHHH COOT-
BETCTBYIOHIMX TapMOHHMK Ha BHIXOAAX CMEXKHLIX HOACTAHUHE, 3a-
MBIKAIOTCs 4eDes PHALTD OJHON M3 TONCTAHIHNA, TaK KaK 3J0eKT-
POBO3B HOCTOAHHOFNO TOKa HMEIOT 3HAUUTENbHYIO HHAYKTHBHOCTD.
IockoabKY eMKOCTb, BKAIYEHHAS HA HOACTAHUHU NAPaJeNbHO
TArOBOH. CETH, HMeeT OOJbILYIO BeJAHYHHY, MOXKHO NPHHATL, YTO B
3TOM CAyYae TAroBas CeTh HA KOHLE AJS BHICIIMX  TFapMOHHMK
3aMKHYTA HAKOPOTKO, T- €. HMEeT MeCTO PEeXHM KODOTKOro 3a-
muikauns. M3 teopuu pabBoTw oznopoadol auxun [3], xoropyio
peACTaBaAsieT COGOH THrOBaA CeTh, H3BECTHO, YTO CONPOTHBACHHE
TAKOH JIHHHH TIPH KOPOTKOM 3aMBIKAHHU DAaBHO

=12y thyl,
rae Zg— BOJAHOBOE CONPOTHBJACHHE JHHUK]
T — KO3(Q@HUHEHT PACHPOCTPAHEHHS JIHHHH,

[ — JJIHHa JHHHH.
10

Pacuet: HANPSIMERAS 1yMa OT KaxaoH rapMoOHHYECKOH co-
CTaBJSIIOIIEH BJAHAIOIIEIO TOKA Ha OTAebHOR (HIAepHOl 30He H
Pe3yALTHPYIINEro HANPSEKeHHs HyMa NPOH3BOLHTCS TOUHO TaK-
XKe, KaKk H WA yHacTKOB [1epeMeHHOro ToKa, T. €. C HCIOOAh30-
BaHHeM obuwux opmya (1), (2) u (3).

TakuM obpazoM, Jaa pacdeTs MellalOWHX BJAHAHHE Ha yua-
CTK&X MOCTOSHHOrO TOKa HeoOXQIUMO OUPCIeJHTE TI'apMOHHKH
BIAHSIOHIETO TOKA.

Bunsiommit rox K-l rapMOHHKE NIPH XBYXCTOPOHHEM NHTA-
HHH UAepHON 30HH MOMXKHO ONpPEAe/NHTh H3 BHIDAXKEHHS

&

{, = Ugs — U :
é’fﬂ
rie Zrex — BXOJHOE CONPOTHBJAEHHE TATOBOH CETH AAA JaH-

HOrO caydasg- (Zyew = Zu - th Trel)-

Uey u Uy ; — Bertopwl Hanpsixkenufl K- rapMOHHKH Ha BHIXO-
Jax cMeXHBX NMOACTaHOHH
Bexrop nanpsoxenns K- rapMOHHKH Ha BHXOJAE TATOBO NOJK-
CTAHIHH

UH — Udu' el T /_Emn

rie Uy — HanpsxenHe K- rapMOHHKH Ha IIHHAX TAro-
BOH moxcranuun {(go duawrrpa);
Py ~— HauvadpHaa ¢aza K-i rapMOHHKH HanpsKeHHS,

Rex — KO3(DOHUHeHT craaxKuBauusg (GHAbTpa TATOBOR
NOACTAHIHN Mg K-# rapMOHUKH.

TAropsie NOJACTAHUHM NOCTOMHHONO TOKa Goabliell vacThio
0060PYAOBAHE INECTHIIYALCOBRMY BHIIPAMHTENSMH, KOTOpPHE CO3-
Aa0T HA IMHHAX HalpPSKEHHE, cojepalnee Hapsay ¢ NHOCTOSIH-
HOH COCTaBAAIILER H mepeMenHyo. [IpH cHMMETPHYHOM NHTAIO-
IHeM HaNPAKeHHH NepeMeHHas COCTABJSIOIIAA CONAEpXKHT rapMo-
HuKH, Kparable 300 I, 1. e. 300, 600, 900, 1200 'y u# 1. A

Acummerpust ($a30BeX HanpsskeHufi nuTaoell CHCTEMH BeleT
K HOSBJICHHIO B BHIIPAMJSHHOM HAUDSMEHHH AONOJHHTCILHBIX
rapMoHHK ¢ wacroroll, kpartuoi 100 I'n, 7 e, 100, 200, 400 Tu
nT. A

C ypesnueHHeM HarpyskH BHINDSIMHTENeHl BO3pacTaeT yroJ
KOMMYTaUHHE H MEHSIOTCS aMIVIHTYAHR IAPMOHHK (Kak HPaBHAO,
pactyt). O6HYHO [IpH pacdeTe HANPSIKEHHs IOYMa Ha OT/eNb-
HOM dHuaepHON 30HE ABYXCTOPOHHErs NHTAHHA HATPY3Ky OAHOH
TAMOBOH MOACTAHIHE OepyT PaBHOW HOMMHAJLHOH, & APYrof —
MOJIOBHAE OT HOMHHaNBbHOH. (I1pH 0AHHAKOBHX HATPY3KaX BEKTOD-
Has PasHOCTE HaNps:KeHHH BHCLINX rapMOHHK Ha BHIXOJaxX NOJI-
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CTAHUHH H CO3ZaBaeMOe HMHU HanpsXeHHe imyma =[I{}JI}"IB‘I{}TCH
MeHble, )

Hanpsikenuss K-# rapMOHMKM Ha HIHHAX CMeXKHBIX THATOBBIX
noAcTauuMfi B ee HavaJbHbie tha3nl NpHBenenw B tabn. 2 3axa-
HHA, 4 HOMEpa TIapMOHHK, NOIJeXKallHX pacuery,  3ajaHl
tada. 1

OCHOBHEIM MEpPONpHATHEM 110 CHHMKEHHIO MEUIAIOWHX BJIHS-
HHUHf Ha y49acTKax MNOCTOAHHOrC TOKA ABJAAETCH YCTAHOBKa Ha
BCeX THTOBRIX MNOACTAHUHSX CrJa)XeBalOuWuX (MALTPOB, HA3HA-
YeHHe KOTOPBIX COCTOUT B CHHJKEHHH NepeMeHHBIX COCTaBAfIo-
MIMX BRINIPAMJAeHHOro HanpsKeHusi. [IpMHIANHANLHAA CXeMa 3a-
ZaHHOro (QHABTP-yCTPOHCTBA NpHBeAeHA Ha pHce. 2. PHIABLTP-yCT-
POHCTBO COAEPIKHT IBa peakropa, TPH pe30HaHCHBle napaiienh-
HBle BETBH, HACTPOeHHBle coorBeTerBenno Ha 100, 200 u 300 I, u
YeTBEPTYIO YHCTO €MKOCTHYIO NapadenpbHYK BeTBb, HpeAHa3Ha-
YeHHYIO AJA MOAaBJACHHN rapMoHHK 0oJice BHICOKHX NOPSAKOB.

A8 Kamaol pesoHaHCHON BeTBM, HaCTPOEHHOH Ha CBOO Ya-
CTOTY, WHIAYKTHBHOE H eMKOCTHOE COIPOTHBJCHYUE Ha 3TOH 9acTO-
Te NOJIKHBI ObiTh PaBHH, T. €, NOJKHO BHIOOJHATHCA YCJOBHE:

i, Ll J— 1 . B, Lg p— 1 ; 1

!
w, C w, C, wy Oy

rae o; — YrJoBag Pe3’0HAHCHAR YacToTa epBo#d BeTBY;
wg — TO e, BTOPOH BeTBH, |
(3 — TO XKe, TPeTbeH BETBH.

Tak xak eMKOCTHOe H HHIAVKTHBHOE CONPOTHBACHHS HMEOT
pa3HBle 3HAKH, TO Ha PE30HAHCHOH wHacToTe pPe3yaAbTHPYIOIee
CONPOTHBJEHHE BeTBH PaBHO ee AKTHBHOMY conporuBiaentio (0,2
OMma no 3apnanuio). Chenyer OTrMeTHTh, uTo J00asl BeTBs, Ha-
CTpOE€HHasi HAa Kakyw-aHbo Yacroty, Nias APYrod 4acToOTH Npen-
CTABJAET KaKoe-TO KOHeyHoe conporusdaerde. C y4eTOM 3TOrO H
HaZo OnpenetsaTh KO2QPHUHEHT CraaKHBaHHs Bcero (QHIALTPA
AnA xaxoii-1u60o rapmouuku. Iloa kosdduuuentom crnaxnpa-
HHS s K-fl TAapMOHHKH TOHUMAIOT OTHOHIEHHE HATPAKEHH
arofi raDMOHHKH Ha BXoje OWIBTPA K HANPAKEHHIO ITOH rapMmo-
HUKM Ha BHIXOAe QHALTPA. A pasHbIX rapMoHuK KosddHLIHeHT
Craa:KuBanys By/leT HMeTh pasHbie 3HAYEHHSH,

Hasa cxemb QuipTpa, npHBeAeHHoll Ha puc. 2, Ko3QDHUHEHT
cryaxkusanusi Aad K-0 rapMOHHKH oOlpefensiercs Bhlpa}KEHHEM

Z Z
k ::(1 F‘”‘) (1 ) ot 30
b T Zn: + =5 Z” + Z1s

TAe Ly« Zyy, ~— COTNPOTHBJIEHHE TEPBOTO H BTOPOro peakToOpoB
ans K-fi rapMOHHKH;

i2

Zyx — pesyibTHpYIOllee CONPOTHBACHHE MAPas/IeND-
HBIX Pe30HAHCHLIX BeTBell s K-i r'aPMOHHKH;

Z, . — CONPOTHBJAEHHE HeTBepTo# MapalIe bHOH BeT-
BH gast K-8 rapMOHAKH.

[IpuBefennoe BHpaxeHHe A onpejesenus Ko3hpHIHEHTA
CrJIAMKHBAHNHA MOMeT OblTb Jerko BHIBEJEHO CaMOCTOATENBHO
¢ HCHOAbL30BAHHeM Jauiulp 3akoHoB Oma um Kupxroda B HX 00-
HeM BHIe.

Caenyer orMeraTs, uto npd K==2, 4 uau 6 OfHa H3 DapaJ-
JeJIBHBIX BeTBell paboraeT B pes3oHaHce H NOITOMY De3YJNLTHPYIO-
llee CONPOTHBJEHHE ITAapaiJeJbHHX PE30HAHCHBIX BETBEeH MOMKeT
OnTh npuasTo Z,=0,2 OmMm.

[Ipy pacuere 2TOrO CONPOTHBJACHHS AJA JPYTHX IapMOHHK
AKTHBHOE COTNPOTHBJACHHC NapasjedbiblX BeTBeH MOMKHO HE YHYH--
THBATH

Tak Kax CrAaXKHBAOLMHE VCTPOACTBA HAa ODEMX THATOBLIX NOA-
CTAHIHSIX OJAMHAKOBbIE, TO OHH MEHSIOT HauajibHyw (asy rap-
MOHHKH Ha OJHY H Ty e pesuuuny. IHosroMy BO BcexX pacuetax
MOMKHO OHEPHPOBATH ¢ MOAyJAeM Kos(p{pHUHeHTa CIVIaXKHBAHHA,
To e caMoe MOMHO CKa3aTh U B OTHOUIGHHH BOJHOBOTO CONPO-
THBIEGHHSA TATOBOH CeTH, H ee BXOJHOrQ CONPOTHBJICHHH.

Tax xax paccMmaTpHBaercd OxHa QHlepuas 30H&a, TO AOCTa-
TOYHO OrPaHHUYMTBRCS ONpeAeJeHNeM MOAYJAeH BAHAIOMIHX TOKOB,
T. €. NOKeAHTh MOAYJb BEKTOPHOH DPASHHUEBI rapMOHHYECKOH CO-
CTaBAAIOLIEH BLITPAMJESHHOrO HalPAXKEHHs Ha IHHAX TArMOBHIX
NOJACTaHOHH Ha MOAYAb KOo3QQUUHEHTA CrAaXKHBaHHA H MOLYJb
BXOJHOIO CONPOTHBJAGHHA THIMOBOH CeTH.

Brinondsss KypcoBOH NPOEKT, CAeAyeT HNOMHHTBL, YTO OCHOB-
Hasi 3aJa9a DPOEKTHPOBAHHA — OINpEeAe/IeHNe NapaMeTpoB Cria-
AKHBAIOWIEro yCTpoHCTBA, B TOM 4YHCJAe 3HadeHHs eMkocrd (g
TaK, yToOH YKa3aHHOe B 3aJaHHH JONYCTHMOE 3HaueHHe Hanps-
KeHHA IIyMa He ObLIO NPEBLIUEHO NPH BO3SMOMKHO MeHbIIEM 3Ha-
geHuH Ci

Ilpa mepBOM ke pacuere ONPELEJHTCH TAaPMOHHKA, OKAa3hbi-
Baonias Ha JHHHIO cBs3H rRaHboAblIee BAHIHHE, H CO3/aBaeMoe
eI0 HaANpsKeHHe LIyMAa.

IT0 MO3BOJHT JAOBOJBUO pocTo mmppemnpaaa*rb 3iayeHne
Cs4 ¥ OpOH3BeCTH NOBTOPHBIH OKOHUATeJLHBIH pacder.

PEKOMEHIAYEMbBIN TNOPAINOK BbINOAHEHHS INPOEKTA

1. Pacyer HHAYKTHBHOCTell napaJnejbHBIX BeTBeH (HABLTpa

2. Pacuer koatduLHCHTa CrIaXHBAHHS AJs 3aJdaHHHIX rap-
MOHHK K (upuusas npexpapurteapHo Cy=—100 ME®D).

3. PacueT BeKTOPHOH DPAa3HOCTH HaNPsKEHHH IJf 34JaHHBIX
rapMOHHK.

4. Pacuer  |thyn!].

5. Pacuer |Zul- 13



