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IJenv pabomei: vccieq0BaHuEe 3aBUCUMOCTH CHJIBI TOKA B Kojeba-
TEJILHOM KOHTYpE OT 4acTOThI BHEIIHEH 3.J1.C., ONpe/esieHHe PEe30HAHCHON
YaCTOTHI U IOOPOTHOCTH KOHTYpA.

Ilpubopet u npunaonesxcnocmu: TEHEPaTop HHU3KOH YacTOTHI,
JNEKTPUUECKasi CXeMa, MUJUTHBOIBTMETP.

3JIEMEHTBI TEOPUHA

I[Iyctp B  Koneba-
TEIFHOM KOHType (pHcC.
1), cocrosiem U3 coenu-
HEHHBIX TOCJIEOBATEb-
HO KoHjeHcatopa C, WH-

|

AYKTHUBHOCTH L u akTus-

HOro compoTtuBieHus R,

JEHCTBYET BHEIIHSS 3.11.C.
Puc. 1 E, xoTopas u3smeHsercs co
BpeMeHeM t 1Mo rapMoHH-

YECKOMY 3aKOHY: E = Em COS((DZ‘) .

CornacHo 3akony Oma st yuactka renu 1-C-L-R-E-2, mpu yka-
3aHHOM HAalpaBiIeHUuH 00X0/1a KOHTYPa, HIMEEM:

RI=¢;,—@, +E_+E, cos(ot), M

rae £, —3.1.c. CAMOUHIYKIIUH.
B nmannom crydae EC =—Ld]/dt 1 Q, — @ =q/C, MO3TOMY
ypaBHeHHe (1) MOXKHO IepenucaTh CIeAyIOINUM 00pa3oMm:
dl
L—+RI+1=Em cos(mt) - )
dt C
TMockoneky 1=dq/dt , To nocne nenenus Ha L v BBeeHNs COOTBET-
CTBYIOIINX O0O3HAYCHUH MoJydaeM oOudpgpepenuuansHoe ypasHenue 6l
HYMHCOCHHBIX IJIEKMPUYECKUX KOJ1eOaHUll B KOHTYpE:
d? d E
—g+ ZB—q+m02q =" cos(wt), ©)
dt dt L



2
rae @, =.[1/LC — cobcmeennan wacmoma Koumypa, B=R/2L — xo-

Ihuyuenm zamyxanus.
B uHTEepecyoleM Hac Cilydae YCTaHOBUBILIUXCS KOJieOaHUH d4acT-
HOE peutenue oudgepenyuanvrozo ypasnenus (3) uMeeT BUI:

q =q,, cos(®t —y), (4)

rIe Om — aMIUIMTYZAa 3apsga Ha KOHIEHCATOpE; \y — Pa3HOCTh (a3 Mexny
KoJieOaHHsIMU 3aps/ia U BHEIIHEH 3.1.¢. E.

UtoObI ONpeneTTh MOK 6 KOHmYype, TOCTAaTOYHO TpoauddepeH-
LUpOBaTh ypaBHEHHUE (4) 1o BpeMeHH t. Takum o6pa3oM, morydaem:

| =—wq, sin(wt —y) = wq,, cos(wt —y + 7/2) = -
=1, cos(wt —¢),

rae In=0qm — ammiuryna Toka; @=(y - 1/2) — cupur no pase mexay TO-

KOM M BHEIIHeH 3.1.c. E.

Jnst HaxOXKIeHUS amnaumyost moka |, n ¢azoeozo cosuza @
BOCITIOJIb3YEMCSl T€M, UTO JIeBask 4acTh ypaBHEHHUs (2) MpeacTaBisieT co0oi
CyMMY HaIlpsDKEHUI Ha MHAYKTHBHOCTH L, conmporuBiennu R un emxoctn
C. Ilpu 3TOM B Ka)KAbIi MOMEHT BPEMEHHM 3Ta CyMMa paBHA BHELIHEH 3.71.C.
E, To ecThb

U, +Ug +Us =E, cos(or). (6)

3meck, ¢ yaetoM BeIpakeHui (4) u (5):

U, =RI =RI, cos(at —¢), )
a q

U.=—=-—"" t — =
c C C cos(wt —y)
| 7T

=_—"_cos(wt — ¢ — =), ©))
=S (oot — ¢ 2)

U, = Rl =RI_, cos(wt — @),

dl

U, =LE=—03LIm sin(ot — @) =oLl,, cos((ot—(p+g). 9)



\ Uy =L 1, Kak crnengyer u3 tpex mno-
cinenHux ypaBHeHni, Ug HaxommT-
cs 6 paze croxkom |, Uc omcemaem
Ui = Uem I ¢ ¢

E, | no ¢paze or toxa | Ha M2, a U_
p | onepesycaem no ¢aze 10K | Ha
U= R o f- 7/2. Bce 3T0 HArMsAAHO MpeICTaB-
Y Ypp = 1, /a) V4 JIEHO HA 6eKMOPHOIl Ouazpamme
(puc. 2), rae n3o0pakeHbl aMILTU-

Puc. 2

TyZbl HAIPSKEHUI

URm:RIm, Uszlm/(DCy

ULmszIm

U UX BEKTOpHAsi CyMMa, KOTOpasi COTJIaCHO ypaBHEHUIO (6) paBHA 3HAUEHUIO
aMIUIHTY bl BekTopa Ep.

W3 mpssMOyroibHOTO TPEyroJbHHKAa BEKTOPHOM auarpammebl (pHC.
2) HECI0XKHO MOJYYUTh UCKOMBIE COOTHOIICHHUS Ul aMIUIUTYIbl ToKa |y u
¢azoBoro casura (. s 3TOro I0CTaTOYHO BOCIOJIB30BATHCS TEOPEMOI
[Mudaropa u onpeaeneHeM TaHTeHCA.

Takum obpazom:

o E, (10)
"R + (oL -1eC)?
o= 2L Yol (12)

R

W3 ananm3za Beipaxkenuit (10) u (11) ciemyeT, 4To aMIUTUTY 1A TOKa
I B XoHTYpe 1 caBur (a3l ¢ 3aBUCAT HE TOJBKO OT MAPAMETPOB KOHTYypa
L, Ru C, HO ¥ OT LUKIUYECKOM YaCTOTHI (» BHEIIHEH 3.1.¢. E.

Kak BugHO Ha puc. 3, aMIUTUTY/Aa CHIIBI TOKa PE3KO BO3PACTAET C
MPUOJIMKCHHEM YacTOTHl (0 BHEIIHEW 3.1.C. K COOCTBCHHOW 4YacToTe
KOHTYpa @ W 3aTeM BHOBb PE3KO YOBIBAaCT NpPH ®>®. OTO SBICHHE
HA3bIBACTCS PE3OHAHCOM HANPANCeHUN, a TPHUBCIACHHBIE HAa pHC. 3
3aBUCUMOCTH — PE30OHAHCHbIMU KPUGHIMU.

ITpu ®L-1/0wC=0 cuna Toxa umeer 3HaueHne I, = En



CrnenoBaTeibHo,
PE30HAHCHAS YacTOTa JJIst
CHIIBI TOKA COBIIAIAET C
COOCTBEHHOI YacTOTOI
KOHTYpa:

w, =0y =1-/LC (12)

Makcumym  mpu
pe30HaHCE B KOHTYpE OKa-

3BIBACTCA TEM BBIIIC U OCT-

pee, 4€M MCHbBIIC €TI0 akK-

THBHOE CONpPOTUBIEHHE R
W, CIENOBATENLHO, YEM
MeHbIe ko3dpuuuent 3aryxanus B=R/2L.

Crezyet TakKe OTMETUTbD, YTO MPH PE3OHAHCE CIBUT (a3bl MEXKIY
TOKOM W BHeIIHei 3.1.c. (puc. 4) paBeH Hyio. [Ipy ®>®g TOK OTCTAET Mo
¢ase or Bremmneit 3.1.c. (@>0) u onepexaer BHewHtOw 3.1.¢. (<0) 1PH
<M.

Pe3onancHsbie
CBOMCTBAa KOHTYypa Xa-
PaKTEpU3YIOTCA  €ro
0oopomnocmuoio Q,

KOTOpasd, B 4aCTHOCTH,

II0OKa3bIBAET, BO CKOJIb-
KO pa3 aMILIuMTyJa Ha-
NPSDKEHHUS. Ha KOHJIEH-

catope Ug, (wm Ha
Puc. 4 uHaykTHBHOCTH U\ 1)
NIPU PE30HAHCE MIPEBBIIIAET 3HAYEHHE aMILIUTY/Ibl ACHCTBYIOIIEH B KOHTYpe
BHEIIHEH 3.1.¢. En:
o Vo _ 1 1L (19
E ®,RC R\ C

m
B obmem cinydae nobpotHOCcTh Q KONEOATENPHOW CHCTEMBI OINpPENeNsIeTcs Kak
BeJNNYMHA, 00pPAaTHO MPONOPLUUOHAIBHAS A02APUPMULECKOMY OeKPeMeHmY 3amy-

xanua =BT, n oueHnBaercs yncioMm konedbanuii N ¢ meprogom T, coBeprmaeMbIX
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3a BpeMs, B TE€UYEHHE KOTOPOTO aMIUTH- TyAa KoyeOaHWi

yYMEHbIIaeTcs B e~2,7 pasa:
A

CymiecTBYIOT M JpyrHe ONpeaeIeHust T0OpOTHOCTH, HapUMep Ye-
pe3 OTHOCHTENBHBIE HOmepu IHepzuu B KOHTYpE 3a OOWH IepHoi Koieba-

HUil
w
AW
rne W — sHeprus, 3amaceHHas B KoHType; AW — yMeHbIIeHHEe 3HEpruu 3a
OJIUH MEPHOL.

JeicTBUTENBHO,
AW _WO-We+T) 1= | _pr (16)
w W(t) 1

Ipu He3HaunTenbHOM 3aTyxanni (A<<1), €?~1-2).. B Takom ciy-
qae:

AW 1 _a-2)=2u. a7
w

Hanee, mocne coBMeCTHOTO perieHus ypasaenuit (14) u (17), npu-

XOJIUM K YK€ U3BECTHOMY COOTHOIIEHHIO (15):

w
O=2n &

JIoOpOTHOCTh KOHTYpa CBsi3aHA W C JPYrodl BaXKHOW XapaKTepu-
CTUKON PE30HAHCHOU KpUBOW — ee wiupunoii (puc. 5). Oka3pIBaeTcs, 4TO

2 2
TPU BEITIOIHEHUH yCIoBHs 3°<<wmq

0= g (18)

S

rae A®w — wiupuna pe3oHancHoll Kpueoil, U3MEpeHHas Ha “BbICOTE”, paB-
HOi 0,7 OT MakCUMaJIbHOM, TO €CTh Ha YPOBHE, COOTBETCTBYIOLLEM OJIOBHU-
HE MOIIHOCTH B KOHTYpe (KaKk H3BECTHO, MOIIHOCTH IMPOMOPIMOHATbHA
KBaJIpaTy TOKa, IOATOMY NP TOKe, cocTapisitoiieM 0,7 OT MaKCUMaJIbHOTO,

I =(0,71m pes) ~0,501 1 -
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Uto0Bl yOenuTbcs B crpa-
BE/UIMBOCTH COOTHOWeHuA (18), 06- 7 A [ m,max
7

paTtuMcs BHOBB K ypaBHeHuio (10). — —f - —

Ilpu pesonance olL=1/wC. 0’7[02 max |1
2

B »sTOoM cmyuae amIuidTynga ToKa - —t

MakCHMMallbHA W HWMeEEeT 3HadYeHHe
Impe;=Em/R. ITockonmbKy ¢ MaTeMaTH-

TOKa O6y0J'IOBJ'IeHO POCTOM 3HaAMCHa-

AW

tens B ypaBHenun (10), To mpum -

YEeCKOW TOYKM 3PEHHS YMEHBIICHHE * ¥
|
1

1m=0,7lppe; JOIKHO  BBHIIOIHATHCS

yCIOBHE g (*JU

0,7./R? + (oL —1/wC)? =R, Puc. 5

OTKY/1a, C Y4ETOM TOTO, YTO 0,72z0,5, MOYKHO MOJYyYUTh:
oL -1oC=R. (19)
Tenepr Bocnonp3yemcs ypaBHeHusMHE (12) u (13), 3 coBMecTHOTO

peIIeHust KOTOPBIX

L=0R/wg, C=1wyOR. (20)

ITocne moxcranoBku BeIpaxeHuit it L u C B ypaBuenue (19) u
HECJIO)KHBIX MaTeMaTHYECKHUX IIPe00pa3oBaHi TOTydaeM:

(@—op)(@+amy) 1 (21)
g 0
Haee, ¢ y4eToM TOro, 4To (®-wo)=Aw/2, (0+we)~2wy 1 OO0
_ 9%
© Ao

OpnHako cnegyeT HAaOMHHUTH, 4TO 3Ta (hOpMyJa CIpaBelyInBa
TG 1py 6onbux Q, TO €CTh B TOM ciydae, KOr/ia 3aTyXaHHe CBOOOIHBIX
KoJe0aHni B KOHTYpE HEBEIUKO.

OIIMCAHUE SKCINEPUMEHTAJIbHON
YCTAHOBKH
B cocraB ycraHoBkH (puic. 6) BXOAAT: T€HEPATOP TAPMOHUIECKHUX
KosieOaHMH, IepeMeHHoe conpoTuBieHue R, uuaykrusHoctd L1 u L2, em-
koctu C1 u C2, u3mMepuTeabHOe COnpoTHBIIEHHE R1, MIIITUBOIIETMETD.
I'eneparop rapMoHMYECKHX KOJeOaHMH BbIpadaThIBacT MEpPEMEH-

£y
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HOC HalpsAKCHUC CPIHYCOI/IHaHLHOﬁ (bOprI. Yacrora u aMIUIUTyJa 3TOro

HaTIPSDKCHUS MOTYT W3MEHATHCSA C MOMOIIBI0 peryianpoBok ‘“Yacrora” u
“AMIIIUTYAA”, pacloNIOKEHHBIX Ha NepeqHel maHenu reHeparopa. Ilepe-
xmovatend S1 u S2 Ha SKCIIEPUMEHTATHFHOM MaKeTe IO3BOJIIOT H3MEHSTh
3HAYEHMs] MHIYKTUBHOCTU M €MKOCTH KOHTypa. IlepemMeHHOE compoTuBie-
HHUEe R 1o3BoMsieT M3MEHATH 3aTyXaHue B KOJIeOaTeIbHOM KOHTYpe. Mmnin-
BOJILTMETP IpeIHa3Ha4YeH MU U3MEPEHUs HalpsDKEHH HAa N3MEPUTEILHOM
compotuieHnn R1. DTo HampspkeHHE NPOMOPIHMOHANBHO TOKY, NPOTE-
KalolleMy B KOHTYpe.

L1 C1
S1 S2
—{n—
- — MunnueonbTmMeTp
leHepato
parop R L2 i c2 ”
[o00) —

]

—E— L

Puc. 6

MHOPAJOK BBIINIOJTHEHUA PABOTbBI

1. BxIoOYMTH TeHepaTop M MHIJLIHBOJIBTMETpP. JlaTh mpuOopaM HporpeTsest B
TE€YEHUE 5 MUHYT.

2. Pyuxoif “YacToTa” reHeparopa yCTaHOBHUThH 3HAU€HHME YacTOTHI B JUaIla-
30He 6-12 x['m.

3. [Tlepekmrouatens “MV” MHJUIMBOJBTMETPA YCTAHOBHUTH B mojioxenue “100
mv”.

4. VYcranoButh nepeximoyarenu S1 u S2 B monoxxenus L1 u C1 coorBerct-
BEHHO.

5. Pyukoii “YactoTa” HACTPOHWTH T€HEPATOP HA YACTOTY, COOTBETCTBYIO-
LIYI0 PE30HAHCY B KOHTYpE (110 MAaKCHMYyMY HanpsDKeHUsI Ha conpotusineHnn R1).

6. VYcranoButh pyukoir “Berxon I, II” reHepaTtopa OTKIOHEHHE CTPEIKH MILI-
nuBosbT™MeTpa B3-38 B npenenax 70-100 mB.

7. YcraHOBUTH BenUuHHY conpoTtusieHus R B npenenax 0-300 Om.

8. M3menss yacrory reHeparopa B npeaenax 2-20 k[ ¢ marom 0,5-1 I,

MOJYYUTh aMIUIMTYAHO-YaCTOTHYIO XapaKTCPUCTHUKY K0JIeOaTeIbHOTO KOHTYpa



(pPe30HaHCHYIO KPUBYIO).

9. 3aHecTH MOJy4YCHHbBIC JaHHBIC B TAOIHITY.

L1, C1 L2,C1 L1, C2 L2, C2

F, k' U, MB F, k' U, MB F, k' U, MB F, k' U, MB

10. ITo nosy4eHHBIM JaHHBIM ITOCTPOUTH YeThIpe 3aBiuckuMocTH Toka |=Ug/R1
B KOHTYpe oT yactothl F (k['m). Conporusnenue R1=5 Owm.

11. TTo dopmyse (18) paccunrats 10OPOTHOCTH KOHTYpa Q.

BOITPOCHI JJIs1 CAMOKOHTPOJIA
1. Kakue xonebaHus Ha3bIBAIOTCS BBIHYKACHHBIMU? [IprBenTe IpUMEpBHI.

2. Tlomyuute 3aBUCUMOCTh aMIUIUTYABI BBIHYXAEGHHBIX KojeOaHUH (TOka
WM HaNpsDKEHUS) B KOHTYPE OT YaCTOTHI BHEITHET0 HCTOYHHUKA.

3. Hapucyiite aMmiuuTyJHO-4acTOTHYIO M (ha30-4aCTOTHYIO XapaKTepH-
CTHKHM K0JIe0aTeJIbHOTO KOHTypa. YTo Takoe pe3oHaHc?

4. Haiigure caBur no ¢aze MeXIy CUIIOH TOKA B KOHTYpE U HaIlPsDKEHUEM
BHEIITHET0 HCTOYHHUKA IpaUIecKy WIH aHATNTHIECKH.

5. IonyuuTte BhIpa’keHHE A7l PE30HAHCHOW YacCTOTHI MOCIEA0BATENILHOIO
KOJIe0aTeIbHOTO KOHTYpA.

6. HaiinuTe oTHOIIEHNE aMITIUTYABI HAIIPsDKEHHSI Ha KOHAGHCATOpE K aM-
IUINTY/IE€ BHEIITHETO UCTOYHHKA TIPH PE30HAHCE B CIIydae C1aboro 3aTyXaHusl.

7. Ilouemy B LEMSAX NMEPEMEHHOrO TOKA HANpPSKEHUE M TOK HE COBMAAIOT IO
¢baze?
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