SNNEMEHTbI M YCTPOUCTBA
BO/IHOBOAHbIX TPAKTOB CBY



BONHOBOAHbIN TPAKT 3€MHOMU

o PeanbHble anemeHTbl CBY
CTaHUMU CNYTHUKOBOWU CBA3U




BonHoBaA matpuua pacceAHUA SKBUBAJIEHTHOrNrO MHOrono/J1IlDCHMUKA

NapatoLan BoMHa OTparkeHHas
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BaxkHo! BonHoBas MaTpULa pacCCeAHNA CBA3bIBAET HOPMUPOBAHHbIE BOJIHbI, PpaCCeAHHbIE (OTpaH'(EHHbIe)

MHOTONONTMICHNKOM, C BOTHAMU, NaaatolUMMMN Ha HETO.




BonHoBaA MaTpuUula nepenaydn SIKBMBaJIeHTHOro MHOronos1lCHUKa

MNapgatowan BOsHA
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BOJIH Ha BbIXoAae
BOJIH Ha BXoAe

KBagpaTtHaA Boa1HOBaA

T11 - KO3dduuMeHT ocnabneHns mexay BXoAoM 1 1 BbIXOAOM 2 Npw L'I; =10 MaTpuLia nepeaativ
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- KO3pPUUMEHT PuUabTpaLUM mexay naedammn 1 un 2 npum {',F; =0

BakHo! BonHOBaA maTpumua nepeaayn cBA3bIBAET NafatoLLyo U paccesHHYo (OTparkeHHYH) BOJIHbI Ha
BXOA€e MHOrOMOJIFOCHMKA C NajatoLLein n paccesHHOM (OTParKeHHOM) BONHAMM Ha ero Bbixoae




CouneHeHuA BONHOBOAOB

KoHTaKTHOEe couneHeHue [lpoccenbHoe couneHeHune
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N3rmnbbi, CKPYTKH

U3rmbbl BONHOBOAOB B W3ru6 sonHosoaa B nnockocTn Bekropa H nog 90 rpagycos
NIocKocTU BekTopa H
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TpaHcdopmaTopbl TUNOB BOJH

ﬂepexo,u, C KOAKCHNaAN1bHOTO
Ha HpFIMOYI'OI'IbeII?I BO/IHOBOA,
T{I}_} Hj_I]D HIDD J.-"Hllﬂ

Mepexoa C NPSAMOYro/ibHOrO Ha KPYI/bli BONHOBOA,

nepexop ¢ NPAMOYronbHOTO Ha Kpyrbii
BOMHOBOA

7H,




Pa3seTBUTENM

PasBeTBuTE/1b NPAMOYIo/ZibHOro
BO/THOBO/AA B NMN/IOCKOCTU BEKTOPA E

Pa3seTBuTENIN NPAMOYrO/1IbHOIO
BOJIHOBOAA B MNMNJIOCKOCTWU BEKTOPA H

Y - pa3seTBuTeNb T - pa3seTBuTesNb T - passeTsuTeNb

Pa3seTBuTENIN NPAMOYIO/1IbHOIO

PasseTBUTE/Ib KOAKCMAIBHOTO BO/IHOBOAA Ha ABa KPYyr/iblX BO/IHOBOAA

BO/IHOBOAA
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T - pasBeTBUTENb

T - pasBeTBUTE/b H - pa3seTBuTeNb



CornacoBaHHble (NnornowjaloLmne) Harpyskm

CornacoBaHHble Harpy3kmn anAd
KOaKCHNa/1bHOIo B0O/IHOBOAaA

CornacoBaHHble Harpysku ana
NPAMOYro/IbHOro BONHOBOAA
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®oT0 peasibHOW COrNacoBaHHOM
Harpy3KM KOaKCMaAbHOIro BOHOBOAA ‘ < A
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CHE KOAKCHANLHARA COMNMacoBanHan Harpyixka




ATTeHIoaTopbl

Cxema O603Ha4YeHuns 3 6 ( )
HOCUM nabnexu TyXaHMU
VC/IOBHbBIE ocumoe ocnabneHue (3atyxaHue
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ATTeHloaTopbI C N1aBHOM pPEeryinpoBKoi ocnabneHmnsa

Mornowatouwaa naacTmHa
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dasoBpawiarenu

da3oBpallaTenem HasbIBaOT ABYXMNAEYHbIN y3€en, NPy NPOXOXKAEHUN Yepes KOTOPbIH
BO/IHa paboyero TMna npmobpeTtaeT onpeaeneHHbIn casur no ¢ase.

O603HauyeHne ycnoBHOE: AN1A Heperyanpyemoro ¢asoBpallaTtens ¢ =

ANs perynmpyemoro —%

-
[IM3neKTpUYECKas MnacTuHa ¢ Manbim LG8 1 6onbwmm £a

N <X )\

PasHoCTb a3 meskay Bxogom u Bbixogom A = il = w, /&, gl



NMonapusatopbl

MonspusaTop — 3TO YCTPOICTBO A1 MOBOPOTA NIOCKOCTM NOMAPM3aLUN IMHENHO
nonapusosaHHoM BonHbI 11 B Kpyrnom BonHoBOAE .

BaxkHo! Moabopom ANMHbBI NNACTUHDI
obecneumnBaeTcs pa3HoOCTb pa3 &
MW g, ,PaBHaA 180 rpagycam.

dex

®a3bl E,_wn E _, OOWNHAKOBbI.

Pe3synbraT — Bektopbl E,, U E_,

MpogonbHas . . A
[VaNEeKTpUYecKas NMeT mexkay cobown yron, pasHbin =¥
niacTtuHa

Obecneums BO3MOXKHOCTb NOBOPOTA NJIACTMHbI BOKPYr OCK BOAHOBOAA B npeaenax ot 0 ao 90
rpagycoB, MOXXHO NOBOPAYMBaTb MNJIOCKOCTb NONAPM3ALMN PACNPOCTPAHAIOLWENCA B BONTHOBOAE
sBonHbl 11 B npepenax ot 0 o 180 rpasaycos.

Ecan nnactvHa noBepHyTa Ha yron 45 rpaaycoB OTHOCUTENbHO NIOCKOCTM NONAPU3aLMN BOJHDI
H,, TO@amnantyasl E, w1 E,  6yayT pasHbl. [oa60pom AMHbI NNACTUHBI MOXKHO 0becneunTtsb

pa3HocTb ¢a3 Bres n Faawr 90 rpagycoB. B pe3ynbraTe AMHEMHO Noaspu3oBaHHaA BOHA
npeobpa3syeTca B BOJIHY C KPYroBOM NoaspusaLmen.
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Hal'lpaB.l'IEHHble oTBeTsnUTeENN

O6o6uweHHas cxema HO

OBJIACTH
CBA3H

MapameTpbl Ha NpMMepe COHaNpPaBIEHHOro TUMNa

NepexoaHoe ocnabnenne ¢ = 1pig(p, /p,) C=20...30 ob

HaﬂpanIEHHOCTb

Pa3BAa3ka
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O603HayeHKne ycnoBHoe

20
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BaxkHo! HO c nepexogHbim ocnabneHmnem 3 Ab Ha3biBaeTca moctom. MocT
obecneuymBaeT Ae/ieHME MOLHOCTU MOPOBHY MEXKAY ABYMA BbIXOAHbIMU NI€YaMMU.



HanpaBneHHble oTBeTBUTENU

HO c anemeHTamm CBA3M Ha LUMPOKOWN HO c anemeHTamu CBA3M Ha Y3KOU
CTEHKe NPAMOYro/ibHOro BOJIHOBOAA CTEHKE NPAMOYro/IbHOro BO/IHOBOAA

BOTHOBOY
/ N\ “
4. Cor/1acoBaHHan —— BOIOMOT aT®THHLIH

Harpyska BOJIHOBO/L

HO Ha NO0/10CKOBbIX TNHUAX

HO Ha onTuyecKkux BonokHax (OB)
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MocTbl

. . Nonockosbin MonocKkosbin
BonHoBoaHbIM T-06pa3HbIf mocT o -
KOJibLLeBOM KBaZpaTHbIN
(«marmnyeckoe couyneHeHue)
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O6bemHble pe3oHaTopbl

CmyneHu 380s1104UU PE30HAHCHbIX cUCmem

H
> N ® © e
f, = ©® © ® ®
O OpmeeRe ©f ()
MNapannenbHbIn KoHTyp, cocTosawwmm 3aKpbITbIN OTKpbITbIN
KonebatenbHbIN KOHTYP C M3 KOHAEHCATOpa U 06beMHbIN 06beMHbIN
cocpenoToYeHHbIMMU pacnpeaeneHHbIx pe3oHaTop C pe3oHaTop C
napametpamu L n C NoJlyBUTKOB pacnpefeneHHbIMMU pacnpeaeneHHbIMu
NHAYKTUBHOCTHU napameTpamu napameTpamu

OCHOBHbIe XapPaKMepucmuKu pe3oHamopa

Tun KonebaHua, cTpykTypa IMI, cobcTBEeHHan (pe30HaHCHasA) YacToTa — onpeaenaATca
N3 pelleHna COOTBETCTBYIOLLLEM TPAHNYHOM 3a4a4M 0 COOCTBEHHbIX KoiebaHMAX pe3oHaTopa.

BarkHo! O6bemHble pe30oHaTopbl, B OTIMYME OT OObIYHbIX KOHTYPOB M3 COCPEAOTOYEHHbIX

3/1EMEHTOB, PE30OHUPYIOT HE Ha OAHOM YacToTe, @ Ha 6ECKOHEYHOM MHOXKecCTBe
ANCKPETHbIX YacToT. Kakaoi pe3oHaHCHOM YacToTe COOTBETCTBYET CBOSI CTPYKTYPA

JDMI1 B pe3oHaTope.
O603HayeHus ycnoBHble: : ¢



OCHoBHble xapaKmepucmuKu pe3oHamopa (npooonxceHue)

[o6poTHOCTb — onpeaenaeTca no popmyne Q@ = 2m(WL/W,) = wy WL/F,

W, - sHeprua, 3anaceHHas B pesoHaTope; W, - sHeprua, paccevBaemas 3a OAMH
Nepuoz Ha pe3oHaHCHOM YacToTe; g - PE30HAHCHAA YacToTa ;

F. - MOLHOCTb NOTEPD.

JHeprua, paccenBaemas 3a Nepmnos, ABNAETCA Cymon Wy =W, +W:* | rne WS - 3Heprus,
pacceMBaemasa B pe3oHaToOpe Ha pe30HaHCHOW yactoTe, WEE - sHeprus,
paccemBaeman BO BHELWHEN LEenn Ha pe30HaHCHOM YacToTe.

PaznunyatoT BUAbI 0OPOTHOCTEN PE30HATOPOB :

- HeHarpy>keHHasa (cobctBeHHan) Qg = 2m(WL/WrF)
- BHeWHAA  Qou = 2m(WL/WE")

- HarpyskeHHaa @, = 2aWl/ (W + WE¥)

3HauyeHMa [O6POTHOCTel cBA3aHbl Mexay cobol 1/Qx =1/Qp+ 1/Q.s

CobcTBeHHan (HeHarpyskeHHas) 4obpoTHOCTb Yo cBA3aHa C NONOCOM NponycKkaHua 2Aw
pesoHatopa Qg = wy/2Aw

J p
KoadhdULMEHT CBA3N — OTHOLEHWE MOLHOCTH, NepeaaBaeMoi pe3oHaTopom Bo fog
BHELWHO Lenb FE. , K MOWHOCTK, TEpAEMOi B pe30HaTope Ha pe30HAHCHOW YacToTe

K..=P/P}



Buabl 06beMHbIX pe30HaToOpoB

3aKpbITble (3aKOpOYEHHbIE C ABYX CTOPOH) 06 beMHble pe3oHaTopbI
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MPAMOYronbHbI pe3oHaTop LUnnnHapuueckunii pesoHatop  KoakcuasibHbIN pe3oHaTop
BonHbl TMna Hmnp n Epnp BonHbl TMNa Tmny M Epny BonwbiTvna Tp

MpoxoaHble 06beMHble pe3oHaTopb| OTKPbITbI 06bEMHbIN pe30HaTOp

I
MpAMoyronbHbIN pe3oHaTop  KoaKcuanbHbI pe3oHaTop OTpe3oK MMKPOMNOAOCKOBOM IMHUK
C HEOA4HOPOAHOCTAMM C HEeOAHOPOAHOCTAMM
(MHAYKTUBHbIMMU (eEMKOCTHbIMU WeEenamm)

Anadparmamm)



Bo36by)xaeHue nonbix 06beMHbIX pe3oHaTopoB

Xﬂmﬁfpcmaf ebasi
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®dunbrpbl CBY — 061WiMe cBegeHunn
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Monocosble GUNBLTPLI Ha NPOXOAHDbIX 06bEMHbIX pe3oHaTopax

[MonocoBoit GUNLTP U3 TPEX NPOXOAHbIX 06 bEMHbIX PE30HAaTOPOB Ha OCHOBE NPAMOYIrO/IbHOrO
BO/IHOBOAA C MHAYKTUBHbIMU Anadparmamm U HaCTPOEYHbIMU LUTbIPAMMU

2 Hacmpoe4Hsbil wmeipb

/ Auappazma

Q4 O3 —napannenbHble

Q. BMecTe C 421 [ 22 — nocnepgosaTenbHbli KOHTYP

KOHTYpbI

MonocoBon GUNLTP U3 NPOXOAHbIX 06 bEMHbIX MonocoBon GpUNLTP U3 NPOXOAHbIX 06 BEMHbIX

pe30HaTOPOB HA OCHOBE KOAKCUANbHOIO Pe30HaTOpPOB HA OCHOBE MONOCKOBbIX IMHUN
BOJIHOBOAA C EMKOCTHbIMU CBA3AMM c 60KOBbIMM CBA3AMM




o - BEKTOP NMNOCTOAHHOIO
A MarHMTHOro noss

TpaekTtopusa OBMXEHUSA KOHUa
BeKTOpa HamMarHM4eHHOCTH
: —\\/ BOKpYr HanpaBneHus
B NOCTOSAHHOrO MNond C
-t-A" yactoton @, = yH

—_

M - BEKTOpP HAMarHNM4eHHOCTH
[LOMEHOB

B3aumopencTteune

Bsanmopgencrtsume
depputa ¢ OMI1 npason
Kpyrosow nonapusaumm

HZ

depputa ¢ Ml neson
KpyroBou nonspusauum

HZ

B3aumopeictesme CBY MM ¢ nogmarHuuyeHHon pepputoBOM Cpeaomn

YCTaHOBUBLLNNCS PEXUM

—

AHO




MarHuTtHan NPOHULAEMOCTb cbeppma, noaomMmarHMU4eHHOro noCToAHHbIM nonae HD

.
Im( e, pt,)

A

A

Im g

XapaKTep 3aBUCMMOCTM MHUMbIX COCTaB/IAOLLMX
MArHUTHOM NPOHMLAaeMOCTu deppuTa 415 BOSH

T ——

+
Tmye, c neBou (-) n npaBoW (+) KpyroBon noaspusauUaAMm
- OT HaNPSA*KEHHOCTU MarHUTHOro NonA
H0
XapaKTep 3aBUCUMOCTU AENCTBUTE/bHbIX
COCTaBAAOLWMX MAarHUTHOM NPOHMLAEMOCTHU
Re _u: dbeppuTa AnA BONH C neBoM (-) n npasow (+)
KpYyroBow nNonsipusaumsamm ot HanpsKeHHOCTH
MarHMTHOro nons
HO
ug = o+ ¥M/ (e —w) pz =potyM/(wo+w)
—
+ _ + - — fe
BT = mﬂlgu.l'-‘-"u = o Eqlln

| _ —=
vg =1/ [eakia vy = 1/\eatiz



ddPeKTbl, Habnogaembie Npr pacnPoOCTPaHEHUU BOJIHbI
Im( u’. ) B NPOAO0/AbHO NOAMarHM4eHHom dpeppurte
A, B .

A

Mpn npaBOW KPYroBoM NOAAPU3ALMN W (@ = (g HACTynaet

NPOAONbHbIN PEePPOMArHUTHBLIA PE30HAHC U MAaKCMMAJIbHOE
1111,,{{;,F nornoweHune aHeprmuun nona CBY pepputoBomn cpeaon.
3HaueHne Hy, obecneumBatolLee paBeHCTBO ! = g,
Ha3blBaeTCA pPe30HaHCHbIM M 0603HavaeTcA Hp pes ~ TOUKE 3.

Im g,

Fope Ho Mpn Hp << Hye: - TOKA 1 - B NpoLuecce pacnpocTpaHeHus

JIMHENHO NONAPU30OBAHHOWM BOJIHbI HabatoaaeTcA

NOBOPOT NJIOCKOCTM NOAAPU3aLUN OTHOCUTE/IbHO

Re ,u: HanpaBNeHWUA MOAMArHUYMBAOLWLErO NOAA H, Ha
HEKOTOpPbIN yron. 3To ABAEHME NOJYyYMN0 Ha3BaHME

- apdeKT Papagesn.
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B ob6nacTu, rae 3HaveHve Uz <0 Habniopaetca aBneHue, HasbiBaemoe 3bperTom
cMelleHnA noas. 9To aBneHne HabatogaeTca NOTOMY, YTO B 3TOM C/ly4ae 3HayeHue
KoaddpuumneHT dpasbl g+ = mdsﬂl,u; CTAaHOBMUTCA YUCTO MHMMOW BeNNYNHON. BonHa ¢ npasou
KPYyroBow nonspusauuen B peppuUtoBon cpese pacnpoCTPaAHATLCA HE MOXKET — €€ none
3KCNOHEeHUMaNbHO 3aTyxaeT. Ecnm cpena 3aHMMaeT orpaHUYeHHbIM 06bemM, TO BOJIHA
BblTeCHAETCA U3 peppuTa U pPacnpocTpaHAETCA BHe ero.



dddeKTbl, Habnoaaembie NPU PacNPOCTPAHEHMUU BOIHbI

TR - B nonepevyHo nogmarHu4yeHHom oeppuTte
Il‘n(/“a "/u'a ) p ¢ pp

A
Mpu ychoBun Rep; = —py (Touka 2) Habnopaetca
nonepeYyHbIn pe3oHaHc . Mpnpoga nonepeyHoro
PE30HaHCa He CBA3aHa C NPUpPoaon NPoaoabHOro
Pe30HaHca.
MonepeyHbin pe3oHaHc 0bbAacHAeTCcA HeCKOHEeYHO
Hopes H, 6onbwnm 3Ha4YeHnem nonepevyHom MarHMTHOM
npoHuuaemoctn depputa i, = 2ps /(s +puz)
N HAaNYNEM AUINEKTPUYECKUX NOTEPb B HEM.
Re ,u+ B sTtom cnyyae kKoadpduumeHT dpasbl y
“ PAacNpPOCTPAHAIOLWENCA BOJIHbI MMEET CYLLECTBEHHYIO

i 7 MHUMYIO YacTb. OTO U onpeaenaeTr UHTEHCUBHOEe

0*& , 3aTyXxaHWe BO/IHbI C MPaBOWN KPYroBomn noiapusaumen.

+
Imye,

0 S S
\ 4

w,_\

BaxkHo! NonepeyHbIM pe3oHaHC BO3HMKAET Npu 60s1ee HU3KMX 3HAYEHNAX HAaNPAXKEHHOCTH
nonA NoAMarHMYMBaAHMA B CPAaBHEHNU C 3HAYEHUAMM HAMPAXKEHHOCTM NOAMATHUYUBAHUA
B C/1y4ae NpoAo0AbHOIo pe3oHaHca.

BakHo! Mpn nonepeyHOM NOoAMArHMYMBaAHUU, Kak U NPOAO/IbHOM, UMEET MeCTO 3PPeKT
CMELLEHMA NOoNS.



depputoBble pe30HAHCHbIE BEHTUIU C UCNO/Ib30BaHMEM NONEePeYHOro pe3oHaHca

MOCTOAHHbIN
MarHuT

MOCTOAHHbIN
MarHuT

I\

1. [dunaneKkTpuyecKasa nnactmHa 1. ®deppomarHUTHbIE BCTAaBKMU.
2. ®deppomarHMUTHaA BCTaBKa 2. CreHKM BONHOBOAA

N
n

YcnoBHoe 0603HayeHume

MOCTOAHHbIN
MarHuT

depputoBble BEHTUNAU HA 3P PeKTe cmeLeHUA nona

PacnpeaeneHua amnauTyabl Nons
nafatoLLeN BONHbI

y
MapameTpbl BEHTUNEN
// \\
/’ < 1. NMpsamoe ocnabnenune (gb)
/ /\\ X 2. O6paTHoe ocnabnenue (ob)
/ a

1. deppomarHMUTHAA NAacTUHA

2. MMornowatowasa nnacTmHa Pacnpeaenexua amnanTyat: == "

OTpa)KE‘HHOﬁ BOJIHbI



dddekT Papapen B npoaobHO nogMmarHuyeHHom peppute

Lnpkynatopsbl

LMpKynaTop — 31O TpPeEX- UM YeTbIpeXnae4yHoe YCTPOMUCTBO, SHEPTMUS B KOTOPOM NepeaaeTcs
TONbKO OT OA4HOrO Naeya K APYyroMy B CTPOro onpeaesieHHOM nopAakKe.
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