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N3YUYEHUE 3ATYXAIOIIUX
KOJEBAHUHN B KOJIEBATEJIBHOM

KOHTYPE
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Mocksa 2014 r.



M3YYEHME 3ATYXAIOWMUX KOJIEBAHUM B
KOJIEBATEJIbHOM KOHTYPE

1. Uenb nabopaTtopHou padoThbl

Lenpro nmabopaTopHOW pabOTHI SBIAETCS SKCIEPUMEHTAIBLHOE H3Y4YCHHE
mpoliecca 3aTyxXaHusl KOJeOaHuil B 2JIEKTPUUECKOM KOHTYPE.

2. 3apaum nabopaTtopHouM paboThl

3amaun mabopatopHO pPabOThHI — M3YYEHHE CBOWCTB KOJIEOATEIHLHOTO
KOHTYpa W HW3MEPCHHE OCHOBHBIX XapaKTEPUCTHK 3aTyXaIOIUX KOJICOAHUH —
nepuojia, Ko3pPUIMeHTa U TEKPEMEHTa 3aTyXaHHsl, KpUTUIECKOTO OMPOTHUBIICHHUS
KOHTYpa, TOOPOTHOCTH KOHTYpa.

3. KcnepuMeHTanbHoe obopyaoBaHue, Nnpubopbl K
NPUHaAJSIeXXHOCTHU

7 4

Puc. 1

Jlabopatopubiii ctern (puc.l) BBIOJHEH B BHAE COOMpaeMou U3
MJIACTUKOBBIX MOHTAXHBIX JIEMEHTOB CXEMbl HA MAaTHUTHOM OCHOBE M BKJIIOUAET B
cebs pesuctopsl (3), koHmencaropsl (1, 7), KaTymky HWHAIYKTHBHOCTH (2),
ucrounnk DJIC, xHomku-BbIKIrOoUaTenu (5, 6) /uid 3aMbIKaHUS LEMU 3apPSAKH
KOHJIEHCATOpa U €T0 Pa3psiKu, IEPEMEHHBINA pe3ucTop (8), a TakKe IIEMEHTHI JJIs
COOPKH DIICKTPUUICCKOM IICTIH.

K npubopam u MprHAIICKHOCTIM OTHOCITCS KOMITBIOTEP ¢ HEOOXOIUMBIM
MPOTrPAaMMHBIM OOCCIICUCHHEM, ABYXKaHAIBHBIA OCIMILIOTPAQUUECKHA JaTIHK
HanpsokeHus (4) Ui perucTpaldu SJIEKTPUYECKOW Pa3HOCTH TMOTEHI[MAIOB Ha
aKTUBHOM COIPOTHUBIICHUH, WHIYKTUBHOCTH, JHOO €MKOCTH, COCAUHUTCIBHBIN
Ka0emb IS MOAKIIOYEHUS JaTYMKaA K KOMITBIOTEPY.



4. TeopeTnyeckas 4acTb

B paGote m3yuarorcs cBoOOAHBIE KOieOaHUS B KOJI€OATEIbHOM KOHTYpE,
cocrosimieM u3 uaaykTusHocTr L, emxoctu C u pesucropa R (puc. 2) (pesucrop B
peambHOM cxeme He 00s3aTeNeH: €ro pojib MOXET HCIOJHATh OMHYECKOe
COIIPOTHBIICHUE KATYIIKW caMOMHIYKINH). KoHaeHcaTop KOHTypa 3apspKaeTcs: OT
UCTOYHHUKA MOCTOSHHOTO ToKa. [locine pa3mblkaHus IenH 3apsia U 3aMbIKaHUA
KOHTYpa C HMHIYKTUBHOCTHIO B HEM BO3HUKAIOT CBOOOJHBIC 3JICKTPUUYECKUE
Kosiebanus. HampspkeHue Ha KOHAEHcATOpe MO0 aKTUBHOM CONPOTHUBICHHU
U3y4aroTcs nmpu nomouy ocuwniorpada. [lo xkapTuHe, Bo3HHKArOmEH Ha SKpaHe
(puc. 3), MOXHO ONpEICIUTh MEPUOJl IJICKTPUUYECKUX KoJIeOaHUW B KOHTYpE,
UCCIIeIOBAaTh 3aTyXaHue KoJieOaHuil M ONpeAeNuTh OCHOBHBIC IapaMeTphl
K0J1e0aTeNIbHOTO KOHTYypa. (3HAKOMJIEHME CO CBOWCTBAMU KOJ€0aTEIbHOIO
KOHTYpa U HM3MEPEHHE €ro XapaKTEpUCTHUK COCTABJSAIOT LEIb IpeaaraeMoi
paboTHI.

Puc.2. KonebGaTenbHbIil KOHTYD



Puc.3 3aryxaronue konebaHus

1. O6o3naunm uepe3 ( 3apsa Ha KoHAeHcaTope, yepes U - manpsokenne Ha

HeM, a yepe3 | — Tok konTypa. B coorBeTcTBUE ¢ 3akoHOM OMa Ul 3aMKHYTOM
HEeMnu i cXembl (puc. 1) 3.71.c. CAMOMHIIYKIIMHA B KOHTYpE paBHA CyMMe TaJieHUuM
HanpsbKeHui Ha conporusienun R n konnencarope C:

) e, =IR+U
3apsi KonjieHcaropa (] csasan ¢ TokoM | cootHomennem:

_dg
dt

DJIIEKTPOJBUKYILAsE CHJIA CAMOMHIYKLIHMH OIpPEIENseTcs] UHAYKTUBHOCTBIO
KOHTYpa U CKOPOCTBIO U3MEHEHUS TOKA:

dl
2 =L —
@) G dt

BoCnos1b30BaBIIMCH CBI3bI0 MEKILY 3apsIOM Ha KOHIEHCATOPE, EMKOCTLIO U
nanpsokenreMm (( = CU), naiinem:

_d(eu) _.du
dt dt



[ToacTasisist 3TO BhIpakeHHE B paBeHCTBO (1), mosryunm:

2
9V reY LU -0
dt dt

LC

[Toxemum 510 ypasaenue Ha LC u BBenem 0603Hauenms:
3) o, =1/LC, 8=R/2L

2
BenuuuHbl (DO )51 6 ITOJIOKUTCIILHBI, (DO HMCECT PpasSMCPHOCTDb Y4aCTOTHI, a 6

HaszbIBaeTCs KOA(HUIIMEHTOM 3aTyXaHUs KOHTYpa (CM. HIKE).
O603HauuB onepanuto nudGPepeHITupoBaHUs MO0 BpEMEHU TOYKOH, MOTyIUM
OKOHYATEIBHO:

(4) U +28U +w?U =0

Bhipasum HanpsikeHUe Ha KOHIeHcaTope uepes 3apsi u emxocts: U =q/C,
Torja ypaBHenue (1) ¢ yuerom (2) Oyner BbITIIAIETS:

(5) L9 R+ 90
dt C

[IponuddepenippyeM norydyeHHOE ypaBHEHUE IO BPEMEHH:

2
Ld—|2+Rd—I+I—=O,
dt dt C

¥ IIPOHOPMUPYEM, pasienus Ha L

d’l RdI I
~+——+
dt® Ldt LC

=0, nnu:

(6) | + 231 + 2l =0.

d

Ecnu monoxuts | = d_? = (, ypaBuenue (5) npeobpasyercs K BULY:



. . 0
L+Rg+—==0
q+Rq C
R. q ’
—QO+ —=
d LcI LC
1 OKOHYATCIJIbHO:
) 4+258¢+w;q=0.

Takum 0OpazomM, ypaBHEHHS JJIsl HANPSDKCHUsI Ha KOHAeHcaTope (4), Toka B
koHType (6) wm 3apsma koHmeHcatopa (7) WMEIOT OJMHAKOBBIA BHJI H,
CJIEIOBATEIbHO, HANPSIKEHUE, TOK W 3apsi/l MEHSIIOTCS MO CXOAHbIM 3aKOHAM.

Bepuemcs k paccmotpenuto qudpepeHnnanbHOro ypaBHeHUS.

VYpaBuenue (4) sBuseTcs JHUHEHHBIM TU(GEPEHITMATBLHBIM YpaBHEHUEM
BTOPOr0 TOPSJIKA M OMHUCHIBACT IIMPOKUM KJIACC KOJEOATEeNbHBIX CHUCTEM, Kak
AIEKTPUUYECKUX, TAK U MEXAHUYECKUX. ByZIeM HCKaTh €ro peleHue B BUJIE:

(8) U =Ce"

[ToacraBnsist (8) B (4) W cokpaiias TOJy4YeHHOE YpaBHEHHE Ha ce,
HOJIYYHM:

(9) A+ 280+ =0.

VYpaBuenue (9) HazbiBaeTCsl xapakmepucmuyeckum. OHO omNpenesieT JBa
BO3MOXXHBIX 3HAUCHUS A

2 2
(10) Ay, =—01 /0" —ay

O6mee pernienue (4) MOKET OBITH 3amUcaHo B popme:
(11) U=Ce" +Ce"

H COOCPKUT JABC IIPOHU3BOJIbHBIC KOHCTAHTHI, BBI60p KOTOPBLIX 3aBUCHUT OT

HaYalbHBIX YCIOBMM, HapUMep, oT HauvanbHbIX 3Hagenuid U uU |

B 3aBHCHMOCTH OT COOTHOIICHHSI MEXAy ), U O Hampspkenne U moxer

HN3MCHATBHCA BO BPCMCHHU I10 KOJ'IC621TCJ'H)HOMy HJIN 110 allICpruOANICCKOMY 3aKOHY.

2. KosebaTeapHBIA paspsji MMeeT Mecto npu ®,>0. U3 dopmynsr (10)

CJIeYeT, YTO 7»1 , B OTOM CiIydae KOMIUIEKCHBI. Beenem o0o3HaueHue:



(12) a)=«/oo§ —&°

®opwmyna (10) mpuobperaeT npu 3TOM BU;
A ,=—-0tiw
®opmyny (11) yao6HO B 3TOM ciydae 3amucarh B BUJE:
(13) U =e*(C cosot +C,sinwt), umu U = Ae™ cos(wt —0)

IBe dhopmynsl (13) skBuBaneHTHB. O0€ OHM COJEPKAT JBE MPOU3BOJIBHBIC
xoucrautel: C; u C, B mepsom, A u 0 Bo BropoMm ciryuae. HeTpynHo HaliTu CBA3b
MEXTy HIMH:

C, =Acos0, C,=Asin0

Apryment o1—0 wnaseiBaeTcs (asoit, a kodhduumenT Ae™ npu
TPUTOHOMETPUUYECKON (YHKIMU — aMIUIMTYAOM KojeOaHud. 3amuch pelIeHUs B
dopme (13) sicHo mposBisIeT KojebarenbHbIN XapakTep mporecca. Konebanus
3aTyXaroT, YMEHBIIAsICh MO0 aMIUIUTyJe B € pa3 3a Bpems T =1/8. Benuuunna o,
onpenensiemas (12), HOCUT Ha3BaHUE KPYTOBOM YacTOThl COOCTBEHHBIX KOJIEOAHMI
KOHTYpa.

3. IIpu ®y<O 06a xopHs ypasHenus (10) HeHCTBUTENBHLI U OTPULIATEBHBI.

Paspsin HocuT anepuoawueckuii xapaktep. Kak Bumno u3 (11), HampsokeHue Ha
KOHJICHCATOpE PaBHO CYMM€ JIByX OKCIOHEHT, YOBIBAIOIIUX C Pa3HbIMU
MOCTOSIHHBIMUA BPEMEHU:

1 1

T, = H o T,=

§—\[6% —? RN

4. TIpu 0y=0 00€e IKCIIOHEHTHI OKA3BIBAIOTCS TOKIECTBEHHBIMH, U OCTAETCSA

Bcero onHa mpoussosbHas koHcranta C,+C, ¢ momomprio koTopoii, BooOmIe
rOBOPS, HENb3s YIOBJIETBOPUTH HAYAJILHBIM YCIOBHSAM 33/1aul. JTO MOKA3bIBAET,
uto pemenue (11) B 5T0M ciydae He sBisgercs obmuM. [Ipu my=0 obmee pemenue
MMEET BULL:

(14) U =e"(G+Dt),



rne G u D — npoussonenbie koncrantel. Iloacrasnas (14) B (4), HeTpymHO
yoenuThcss B TOM, 4T0 npu moObix 3HadeHusXx G m D Beipaxenue (14)
IENCTBUTENBHO sABNsieTcs pemenneM (4) (mpu wy=0). Pexum (14) HOcUT Ha3BaHue

Kpumuueckozo. IIpupaBHuBas g 1 O, U3 Gopmyi (3) IOIyUnM:

(15) R, =2\L/C

®opmyna (15) ompenenser KpUTUYECKOE CONPOTHBICHUE KOHTypa. Ilpu
R>R,, paspan mmeer amepmommueckuii, a mpu R<R,, — xomebarembmprii
Xapakrep.

5. B xo1€0aTeIbHOM PEKMME KOHTYD MPUHATO XapaKTEPU30BATh IIEPUOIOM
KoJjeOaHuii, JOOPOTHOCTBIO W JIOTapU(PMUYECKUM JEKPEMEHTOM 3aTyXaHUS.

IMepuon xonebanuii T onpenensiercs mo dbopmyie, cienyromeit us (12) u (13):

(16) T =2n/0 =21/ Jw? - &

HauGonpmmii mpakTUYeCKuii MHTEPEC MPEACTABISIIOT KOHTYPHI CO CIIa0bIM
3aTyxaHueM. B 3ToM ciydae 0<<®y; MU MOXXHO IMOJb30BaThCA MPUOIUKEHHON

dbopmyioi, kotopas ciaenyet u3 (16) u (3) npu ManbIx d:

(17) T =2nJ/LC

Jloopomnocms  kommypa (Q 1OKasbIBaeT, BO CKOJBKO pa3  3amac
KOJIEOATEIbHON SHEPTUU B KOHTYPE MPEBOCXOIUT CPEIHIOI0 MOTEPI0 DHEPTHH 32
BpeMsi, B TeueHue KoToporo asza kosebaHMi uU3MeHseTcss Ha | pajauan.
KonebaTenpHyt0 SHEPTUIO B KOHTYPE MPOIIEe BCETO OMPECIUT, B MOMEHT, KOTIa
OHa 3aKJIIoueHa B KOHJeHcarope, T. €. npu ol=06+27N, rae N - moboe 1emoe
YHCIIO:

(18) W, =CU?/2=CA%*"/2
IloTepst sHEprUM 3a NEpHO paBHA:

AW, = cA” e —

e

e—28(t+T) ] :We (1 . e—st )

Cpennsisi motepsi JHEpruu 3a BpeMsi u3MeHeHust Ga3bl Ha | paauad B 27 pa3
menbiie, yeM AWe. TTonaras 28 T<<1 (cnaboe 3aryxanue), HaiigeMm:



AW, _ gwe
27 T

(19) AW =

[TosTomy mo6poTHocTs QQ paBHa:

(20) 0= W, _ T =Q)OL 1
AW 8T R o)RC

[Tpu nanucanuu nenouku ¢opmyin (20) O6bi1a ucnonb3oBana Gopmyna (16)
st nepuojga U Gopmyinbl (3) ans 4acTOTHl COOCTBEHHBIX KoJieOaHUM wg U
saryxauus O. JlorapuMuueckuil JEKpEMEHT 3aTyXaHHs 3 paBeH Jorapudmy

OTHOILICHHS aMIUIUTY/]l ABYX MOCJIEI0BATEIbHBIX OTKJIOHEHUN B OJIHY CTOpOHY. U3
(13) umeem:

(21) 9=InU, /U,,)=Ine" =8T

Ha npaktuke s onpeneneHds 3 TMOJE3HO WCIOJIb30BATh OTHOLIEHUE
aMIUIATY]l, pa3/IeJIeHHbIX LENbIM YUCIoM nepuogoB N. B sTtoM ciydae dpopmyna
IS OTIPEENIEHNS JTOrapu(pMUYECKOTO IEKPEMEHTA 3aTyXaHUs 3 UMEET BUJI:

(22) 9 =%In(uk/uk+n)

KapTtuny konebanuii yaqo0HO NIPEACTABIATh HE TOIBKO B kKoopauHarax U, t
(Takass KapTMHAa WMEET BHJI 3aTyXalolled CUHYCOWJbI), HO M B KOOpJIWHATAX

U uU , mm, xak rosopsar, B pa3oBoii miockoctu. B 3Tux KoopauHarax Kpupas

He3aTyxaromux Kojaebanuil (0=0) umena Obl BUI OKPYKHOCTH (IIPH OJMHAKOBBIX
ammmrynax U u dU/dt), a xaptuna peanbHbIX KonebGanmii m300paxkaeTcs
CBOpauuBaronieiicss cnupanpio (puc. 4). Jloka3aTenbcTBO 3TUX YTBEPKICHUM MBI
MIPEIOCTABIISIEM YUTATEINIO.

JUist  mpenctaBiieHHs KapTUHBI  KojeOaHWii B (pa30BOM  IMJIOCKOCTH
HanpsDKeHHE Ha KOHJIGHCATOPE TOIAeTCs Ha TePBHIN KaHal OCHUILIOTpaduIecKoro
JaT4vKa, a Ha ero BTOPOW KaHaj MOJaeTcs HaIlpsHKEHHE ¢ Pe3nCcTopa, KOTOpPoe, B
COOTBETCTBMU ¢ 3akoHOM Oma, mponopiuonansHo Toky B koutype (Uy = Ir =

CU r). 3necs yurena nquddepennuansaas cBa3b Mexay TokoM | m nanpsoxernem

na xonjencarope U. ITocrpoenue 3aBucumoctn U=U(l) ocymectsisercs mpu
KOMITBIOTEPHON 00pabOTKE TaHHBIX B paMKaX CIICHapus paboThI.



*“‘VJ
Puc. 4

5. OnucaHne nabopaTtopHON YCTAaHOBKMU

B cocraB naGopatopHoii yCTaHOBKHA BXOAUT HAOOpP 3JIEMEHTOB, COOpaHHBIX
B CXEMy JUISl MCCIIEIOBAaHMUSI 3aTyXaHUs B DJIEKTPUYECKOM KOHTYpE B COCTaBe
CONPOTHUBJICHUM, emKocTed, wuctounuka IJIC, KHOMOK-BBIKIOUATEICH JIJId
3aMBbIKAQHUSl 1I€TH, WHIYKTUBHOCTH, MOHTaXXHBIX TIIE€PEMBIYCK, a TaKxKe
OCIMJIIOrpaUYECKOro JaTYMKa HAPSKCHU.

Emkocts C (puc.l), karymka ungyktusHoct L m compormsnenme R
o0pa3yloT wuccienyemblii KojeOaTenbHbld KOHTYp. Konebanus B KOHType
HAONIOMAIOTCA C TIOMOIIBI0  OCIHIJIIOTPAUYECKOTO JaTYMKa HaIpsSKEHUS,
MOAKIIFOUEHHOT0 K KOMITbIOTEpY. Llenb 3apsia KoHIeHcaTopa COAEPKUT 3apsiAHbIN
pe3uctop compotuBieHrueM 1 KOM HW KHOIKY, MHpU 3aMbIKAHUH KOTOPOMl
KOHJICHCATOp COEAUHSETCS C HCTOYHUKOM MOCTOSIHHOTO TOKa M 3apspkaercs. [lpu
3aMBbIKaHUM KHOTIKOW pa3psiAHON LENH ¢ UHIYKTUBHOCTHIO, B KOHTYPE BO3HUKAIOT
CBOOOJIHBIC 3aTyxalollue KojiebaHus, KOTOpble HAOMIOAAIOTCS Ha DKpaHe
KOMITBIOTEPA.



o B

6. Mopsaaok npoBeaeHns nabopaTopHoOM padoThbl

Oran 1: OIPEAEJIEHUE KOOOOUINMEHTA 3ATYXAHNA
OJIEKTPUYECKOI'O KOHTVYPA.

IHopsinok mpoBeaeHusi J1a0OPATOPHOI padoThl Mo 3Tamy 1

Cobepute 1abOpPaTOpPHYIO YCTaHOBKY B COOTBETCTBHM C PHCYHKOM 1,
ycTaHOBUB KoHAeHcatop | emxocthio C;=4,7 MKk® U CONpOTUBIECHHE
R;=1 Owm.

[Topxmtounte 1-i1 KaHam (KpacHbId) JaTyMKa HAINPSDKEHUS K KiIeMMaM
pe3ucTopa (KpacHbIi KaHal — KaOelln JaT4hKa HANpsHKEHUs, COCTMHEHHbBIC
KPAaCHBIM KEMOPHUKOM).

C noMoIbI0 COETMHUTETBHOTO Ka0essl MOAKIIYUTE OCUUIUIOrpapUIecKuit
natyuk HanpspkeHus K USB nmopty komnerorepa.

Bxir0YnTE HICTOYHUK NTUTAHUS B CETh.

Bxurounte kommbroTep, 3amyctutre mnporpamMmy «lIpaktukym mo oOmuieit

busnke»  (MKOHKa ). [Ipu  3arpy3ke mporpamMma  JIOJDKHA
UACHTU(UUMPOBATh IMPUCOEAUHEHHBIE JAaTYUKU M 3arpy3uTh  OKHO
perucrpauuu JaHHbIX. BriOepute cuenHapuii «M3ydeHue 3aTyxXarwummx
KoJIe0aHUil B K0J1e0aTeJJbHOM KOHTYpe», HaXaB COOTBETCTBYIOIIYIO

KHOIIKY E Ha TMaHENIW WHCTPYMEHTOB, a BHYTPH HEro CIEHapui

BBITIOJIHEHUS TIepBOM vacTu paboThl «Omnpeaenenue KodIpPuumeHTa

3aTyXaHUs.

BrI30BUTE OKHO HACTpPOWKU MapamMeTpoB OCHUIUIOTPa@UUECKOTO JaTurKa
|

HANpsOKCHWH, Ha)kKaB Ha KHOMKY -, M TIPOBEPHTE YCTAHOBJICHHBIC
nmapaMmeTphl 1aT4uKa B COOTBETCTBUU C PUCYHKOM O.

10
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CAWHE ¥CNOBHA 3anycka

Peskiv paboTel :::l,.'J,HIZZZII-EF'F'.THI:-IIH KaHan aAna zanycka @ |I{aHan M2l ﬂ

PazseepTia, mofaen |1 j YRoEEHE Sanycka, B |D,299 j
HApaKTeEp CHrHana | |BO3PF\CTF\HME d
MonoxeHMe Ha 3KpaHe : |1 j

KEaHanel

KaHan M2z

Yy ECTEMTENEHOCTE KaHana, Blaen |I:I.3 ﬂ |1 j
OTOOpAMEHME CMIHANE © v I
OonoseHHE Hy NEEOH AHHKK |I:I ﬂ |I:I ﬂ
OTOBPAMEHHE HY NEBOR NMHHKH : I I
Bra cHrHana |I'IepEMEHHHb|ﬁ ﬂ |I'IepEMEHHb|ﬁ ﬂ

v | x|

Puc.5. M3mepenue korpdunrienta 3atyxanusd. [lapamerpsl gaTunka

Jist pukcanuu nmapameTpoB HAKMUTE KHOTIKY « COXpaHUTHY: [ |

3amyctute m3Mepenus G

3apsauTe KOHIEHCATOp, Ha)kaB Ha KHOMKY 3apsSiKd W yIepKuBas ee
Haxkatoi 1-1,5 cexyH.

Pazpsiaute kKoHIeHcaTOp, KPAaTKOBPEMEHHO Ha)KaB Ha KHOMKY Pa3psiiKu, U
Mocjie  TMOJy4YeHUsT  ocHuuiorpaduyeckod  KapTUHKH,  MOJ0OHOM
M300paXeHHOI Ha pHC. 3, OCTAHOBUTE M3MepeHus (. TTpu Heo6X0aMMOCTH
M3MEHUTE MapaMeTpbl HACTPOUKH JaTUMKa (MYHKT 6) Tak, YTOOBI Ha YKpaHE
nomMenanock 6-10 MoaHBIX KOJIEOAHMIA.

O0paboTka pe3yJbTaTOB M3MepeHuid mo ramy 1

Y cTaHOBUTE KENTHIM MapKep JIEBOW KHONKHU MBIIIM Ha MEPBBIA SKCTPEMYM
KpUBOM 3aTyxaronux koneOanuid. [lepeiinure B okHO 00pabOTKH, HAXKAB Ha

KPaCHYIO KHOTIKY *l MpaBOM BEPXHEM YIiIy pabodero okHa gaTduka. B
OTKpBIBIIEMCSI OKHE (KiaBuia « Tabnuiia») aBToMaTHYECKH 3a(PUKCUPYIOTCS
JaHHBIC O BPEMEHHU M aMILUTHTYE COOTBETCTBYIOIIEH TOUKH Ha KPHBOM.
HaxxmMuTe BKIaAKy «IPOMEKYTOYHBIC JIaHHBIC» W BBEIUTE 3HAUCHHUC
COTIPOTUBJICHUS, HANpPSDKCHHE HAa KOTOPOM HM3MEPSETCS C  TOMOIIBIO
TaT4uka. ITo HE0OXOaMMO JIJIS pacueTa ToKa B TabJIHIIE.

YcranoBuTe OKHO 00pabOTKH B YI0OHOE MECTO IKpaHa M MOCJIeI0BATEIHHO
JIEBOW KHOTIKOW MBIIIA OTMETHTE OCTAIBHBIE SKCTPEMYMbI (MUHUMYMBI U
MakcuMyMmbl) kpuBoi. [locie aBTOMaTHUeckoil (UKcaluu BPEMEHHBIX W
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aAMIUTATYAHBIX 3HAYEHUN MPOUCXOUT MEePEeCcUYeT 3HAUCHUIN HANpSIKEHUS Ha
pe3ucTope B BEIMYMHY TOKa B KOHType. HarypanbHbiii norapudm

aAMIUTUTY/IbI 3aTyXalOMUX KoJieOaHUMN Ae™ — 510 JIUHeHas1, yObIBaroIast
no BpeMeHU (QYHKIUS, TAHTEHC YIJIa HAKJIOHA KOTOPOHl COOTBETCTBYET
3HaYEHUI0 KOOPPUIIUCHTY 3aTyXaHus O.

4. Tlocne 3amonHeHUs TaOMMILI TepelauTe Ha BkiIaaky «[padbux». B okHe
OTpa3sTcs TOYKU rpaduka sorapudma amriuTyasl oT BpemeHu. CreBa B

CIIUCKE KPUBBIX aNIpPOKCHUMAIlMd  BBIOEpPETC JIMHCHHYIO  (DYHKIIHIO
«Y=AX+By.

5. HaxmuTe KHONKY anmpoKCHMalluy 110 METOly HAaUMEHBIINX KBaJIpaToB ;’@J,
Y Ha dKpaHe MOSIBUTCS 3aMuch TUHEHON PyHkuuu. 3anummute B Tabmuiy 2
3HaUYCHHE KOAP(PUIIMECHTa 3aTyXaHus O, COOTBETCTBYIONIEE MOIYJIIO
KO3 PUIMEHTA PONOPLUOHAIBHOCTH MTOJIYY€HHON (YHKIIUU:

5=|Al.
VYuture, 4To Bpems Ha rpaduKe JaHO B MUJUTMCEKYH/IaX, a pa3MEPHOCTh O B
-1
TaOmuie 2 momKHa OBITH C .

6. Coxpanute coOpaHHbIE JaHHBIE B OTYET, HaXKaB KHOMKY * . [Ipn

<
HEOOXOUMOCTH C TIOMOIIHIO KHOIIKH @MO)KHO HKCIIOPTUPOBATH JTAHHBIE C
KpUBOM aIlpOKCUMAIMU B TUYHBIN (DAl

7. 3amenure conpoTuBieHue R; ¢ HomuHamoM 1 OM Ha CONPOTHUBIEHHUE C
HomuHaioM 10 Om u moBropuTe u3MepeHuss mo stany 1 BHOBb. [lpu
HEOOXOAMMOCTH B HAaCTpOMKax Mapamerpa ocuusuiorpada peKoMeHyeTcs
YMEHBIIUTh YYBCTBUTEJIBHOCTh KaHalla, a YPOBEHb 3allycKa YBEIMUYUTH JI0
0,5 B. ConocraBsTe pe3ynbrarbl (KOdOPUIIMEHT 3aTyXxaHus) MOJIy4YCHHbBIS
JUI pa3HbIX aKTUBHBIX CONMPOTUBIIEHUH KOJI€OATETbHOTO KOHTYpA.

Dran 2: OHPEJIEJEHWE NEPUOJIA 3ATYXAIOUINX KOJIEBAHUI B
DJIEKTPUYECKOM KOHTYVYPE.

IMopsiiok npoBeaeHus J1a060PaTOPHOIl padoTHI 1O ITAIY 2

1. BoiObepure clieHapuil BBITIOJNHEHUS paboThl «OmnpeneneHne mnepuoaa

3aTyXamolux KoJe0aHui», HaXaB COOTBETCTBYIOLIYI0 KHONKY =l Ha
NaHEeI UHCTPYMEHTOB U MEPEN/Is B MEHIO CIIEHAPHEB.
2. BbI30BUTE OKHO HACTpPOMKH MapaMeTpOB OCHUIUIOTPadUYecKoro IaTdyuKa
|

HamNpsDKEHUH, Ha)kaB Ha KHOMKY .l IIpoBephTe YyCTaHOBJIEHHBIE
napameTpbl JaT4yriKa B COOTBETCTBHH C PUC. O.

BepHute B koniebaTeNbHbI KOHTYP PE3UCTOp conpoTuBiieHreM 1 Om.
3amyctute m3Mepenus G

3apanure KOHJEHCATOp, HakaB Ha KHOMKY 3apsiKd W YJepKuBas ee
Haxkatoi 1-1,5 cexyH.

ok w
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6. Pa3psauTe KOHIEHCAaTOp, KPAaTKOBPEMEHHO Ha)KaB HAa KHOMKY Pa3psAKH, H
nocjae  MOJy4deHUs ocruuiorpaduuecko  KapTHUHKH, MOJ00HOM
HM300paKeHHOM Ha PHC.3, OCTAaHOBUTE HM3MEPEHUS @] [Ipu HEOOXOAMMOCTH
U3MEHUTE MapaMeTpbl JaTdyrMka (IyHKT 2) Tak, 4YToObl Ha KapTHHKE
moMeraiaock 6-10 moIHBIX KOJIeOaHUId.

OO0paboTka pe3yabTaTOB U3MeEPEHHI Mo ITamy 2

1. BeiOepure 00nacTh Ha KPUBOM 3aTyxarolUX KOJEOAHW, YCTaHOBHUB IO
KpasiM BBIICTICHHON 0OJIaCTH 3€JICHBIN M KeNThI Mapkepbl. HeoOxoaumo
YCTAaHABJIMBATh JIEBBIM Kpaill BBIACICHHON o00JacTu (3€JIeHBIM MapKep
IpaBOM KHOIKOM MBIIIN) K MOMEHTY Hadajia Koyie0aTeIpHOro mpoiiecca, a
npaBblii Kpall (GKENThIM MapKep JIeBOM KHOMKOW MbIIIM) — uepe3 S5—7
MOJIHBIX KOJICOAHWH K MOMEHTY 3aBEpIICHHS IMOcienHero kosebanus. B
000X cIydasx KpUBas B TUX TOYKAaX MPOXOIUT YEpe3 HOb.

2. Ilepeiimute B OKHO 00pabOTKH, Ha)KaB Ha KPACHYIO KHOTIKY Fls IIPaBOM
BEpPXHEM YTy paboyero okHa JaTdyvka. B oTKphIBIIEMcCs OKHE (KiIaBHILA
«Tabnuua») aBTOMaTHYECKU 3a(PUKCUPYIOTCS JaHHbIE 00 MHTEpBaie
BPEMEHU BBIJICIICHHOTO y4acTKa KPUBOM.

3. BnuimTe B COOTBETCTBYIONIYIO SSYEHKY TaOIHUIIbI 3HAYEHUE YMCIIA TTOTHBIX
koneOanuii. JlJis ToJNlydeHHsT B TMpaBOM siUelKe TaOJMIBl TEepHoja
konebanuii T; Haxmute Enter. 3apukcupyiite ero 3HayeHUEe B UTOTOBOM
TaoOmure 2.

4. Tloropute 3Tanm 2 s KOHAEHcaTopa ¢ eMKOocThio 1 Mx®. Onpenenute
3Hauenue T,. IIpu 3TOoM B HacTpoiikax OCHMILIOrpadUuecKoro JaT4vKa
HEO00XOJIMMO YCTaHOBUTH pa3BepTky 0.5 mc/mern.

5. IloacuunTaiite TeopeTndeckue 3Ha4eHUs NepuooB koaedanuit T, u T, o
dbopmyne (17) u BHECUTE UX B TaOIMILy 2.

Oran 3: OINPEAEJIEHUE KPUTUYECKOI'O COIMTPOTUBJIEHU A B
DJIEKTPUYECKOM KOHTYVYPE.

IMopsiiok mpoBeaeHUs J1a060PATOPHOIT padoThI Mo dTamy 3

1. 3amenute akTuBHOE compoTtuBienue R; (puc.1-3) Homunamom B 1 OM Ha
nepeMeHHbI  pesuctop (puc.1-8). Bepuure B 1enb KOHIEHCATOP
eMKOCTBIO 4.7 MKD.

2. Bwibepute CUEHapui BBITIOJIHEHUS paboThI «Omnpenenenue

KPUTHYECKOr0 CONMPOTHBJIEHHS» HAXKaB COOTBETCTBYIOIIYIO KHOIIKY h|
Ha MaHETTM HHCTPYMEHTOB M MEPEH i B MEHIO CIIEHAPUEB.
3. 3amycrture n3mepenus G,

13



2) R 0) B)

Puc.6. a) konebaHue C CHIILHBIM 3aTyXaHHUEM;
0) KpUTHUYECKUIN PEKHM;
B) aliepruoINIECKOE 3aTyXaHHUE.

4. YCTaHOBHTE PYKOSTKY MEPEMEHHOTO PE3UCTOpa B CPEAHEE MOJOKECHHUE U
MPOBEIUTE HECKOJIBKO 3aluceil mporecca pa3psga EMKOCTH Yepes
KOJeOaTeNbHBI KOHTYp TPU Pa3IUYHOM TOJOKEHUH PETYIUPOBOYHOU
PYUYKH TEpEMEHHOro pesucropa. i ynoOCTBa YCTaHOBHUTE <OKIYIIMID)
peXuM pabOThl OCHMILIOTPAPUUECKOT0 JaT4hKa, W BaM HE MPUICTCS
nepe3amyckarb HM3MEpEeHuss B Ipolecce Mnoadopa  CONPOTHBICHUS
epeMEHHOro pe3ucTopa. Brixoa curHana 3a paMKy SKpaHa 10 aMIUIATY/Ie
BIIOJTHE JOMYCTHUMBI, T.K. B 9TOM 4YacTH pabOThl MHTEPEC MPEACTABISCT
MOBEJACHUE OCHWUIOTpaMMbl BONM3KM HyJeBod smHUM. JloOeilTech
YCTAHOBJICHUSI ~ KPUTHUYECKOTO  pEeXHMa —  TEPEXOJAHOr0  MEXIY
KosjebaTenpHbIM | anepuoauueckum (puc. 66). I[lpu HeobxomumocTH
CKOPPEKTUPYHTE HACTPOUKH JaT4yMKa HAMPSHKEHHUH MO YyBCTBUTEIHLHOCTH
U CKOPOCTH Pa3BEPTKH.

5. He u3MeHssa monokeHne pydkyd MEPEMEHHOTO pe3ucTopa (yCTaHOBJICHHOE
HA HEM COTMPOTHBIIEHUE JOJHKHO OCTABAThCA HEU3MEHHBIM), TIPOU3BEIUTE
M3MEHEHHE CXEMbI JJAOOpaTOPHON YCTAHOBKH B COOTBETCTBHU C PUCYHKOM
7. TlepeMeHHBI PE3UCTOP TPHU ITOM OTKIIOYAETCA W3 KOJeOaTeIbHOTro
KOHTYpa M BKIJIFOUAETCS MOCJIEI0BATEIbHO C 3apsAHBIM COMPOTUBICHUEM
R,=1 kOm.

6. [MogkmrounTe K KiIeMMaM 3apsAIHOTO COMPOTUBIEHUs 1-M1 (KpacHbIi)
KaHall, a K TEpPEMEHHOMY pE3UCTOpy — 2-i (CHHHI) KaHajd JaT4yuKa
HaTPSHKCHUS.

14



Puc. 7. I/I3MepeHHe KPUTHYCCKOI'O COIIPOTHUBJIICHHA.

Br130BUTE OKHO HaCTpOﬁKH ImapaMCcTpoOB OCIII/IJ'IJ'IOFpa(bI/I‘IeCKOFO JaTdruKa

HaIpsHKCHUH, Ha)KaB Ha KHOIIKY ’_E}'_I YcraHoBuTe mapaMeTphl JaTYMKa B
COOTBETCTBHUH C PUCYHKOM 8 (pexxum pabotsl — «ABTO», pa3zseptka — 20
Mc/nien1., 4yBCTBUTEIBHOCTh KaHana 1 — 20 B/nen).

=

2% Napame Tpbl

— OBWHE T ¥CNOBKMA 3anycKa
PeskM pafoThl | IF'.EETO j FaHan anAa zanycka ! IHZaHan M2l LI
PazeepTia, Mcfaen |2I:I j ¥poEeHE 3anycka, B i Im vI
AApAKTEpP CHrHanNa : IEOBF‘ACTAHME LI
NonoseHHe Ha 3KpaHe : |1 LI
— KaHanel

YyECTEMTENEHOCTE KaHana, Blaen : IZIII

RIE [

OToBpa%EHHE CHIHANA v v

MNonoMeHHE Hy NEB0H MHHKH | IIII ;I II:I LI

OTODPAMEHHE HY NEEOA NHHKK 2 v

EHa cHrHana: II'I::u:Tn:uﬂHHblﬁ ;I II'I::u:Tu:uﬂHHblﬁ LI
v X
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Puc.8. MI3mMepenue kputudeckoro conpotusieHus. [lapameTpsl narunka

8. 3amycture wm3Mepenns @), Ha »skpaHe TOSBHTCS 3amMCh IajeHMIA
HaIpsKEHUN Ha UCCIIEAYEMBIX CONTPOTUBIICHUSX.

9. VYcraHoBUTE KENTHIM MapKkep B JIOOYI0 TOUKY dKpaHa, U B BEPXHEM JIEBOM
yIJly OKHa TOSBATCS  JAaHHBIE O BEIMYMHAX  HANpsOKEHUM  HaA
CONPOTHBIICHUSAX.

OO0paboTka pe3yabTaTOB U3MePeHHIl Mo ITany 3

1. 3BecTHO, 4YTO HaNpsSHKEHHE Ha TOCIEIOBATEIbHO MOJKIFOYEHHBIX
CONPOTHUBJIEHUSAX  MNPOMOPUMOHAIBHO  BEJIMYMHAM  CONPOTHUBJICHUM.
Hcnonw3ys 3TO yTBEp)KIE€HUE, NOACUUTAUTE BEIUYMHY CONPOTUBIICHUS
Ri1, mepemenHoro pesucropa. [lomcumTaiite BeIMYMHY KPUTUYECKOTO
COITPOTUBIIEHUS KOHTYpA!

Ruip=Ri+ Re
2. IloBropute nmyHkThl 3 — 9 17151 APpyro eMKocTy B KoHType. Haiinure
Rowp = Ra + RL
3anuimTe noxy4YeHHbIE pe3yabTaThl B TAOIUILY 2.
[Tocne ycTaHOBKM B 1IeNb KOHJIEHCAaTOpa €MKOCThI0 1 MK®D HeoOXOoauMo
|

Ha)aTh Ha KHONKY =) © YCTaHOBUTH CIICAYIOIIME IapaMeTpPhI
OCLMIUIOTpauUecKoro AaTuyuKa: PEeKUM — <OKAyLui», pasBeptka - 0.5
Mc/Aeln., 4yBCTBUTENBHOCTh KaHanma 5 B/men. Bropoil kanan cienyer
OTKJIFOUUTH (CHSTH rajJouky B okHe «Kanam Ne2y).

3. IloacumTraiite TeopeTHUEeCKOe 3HAYEHUE KPUTUYECKUX COMPOTHUBICHUN

T
KoHTypa no ¢opmyine (15). Tlonydenusie 3Hauenus R & 3amudimure B

Tadnuiy 2.

Oran 4: OUPEJIEJIEHWE JObPOTHOCTU SJIEKTPUYECKOI'O
KOHTYPA C ITOMOIIBIO ®A30BOU TUATPAMMEL.

IMopsok npoBeaeHus J1a00paTOpHOil padoThl Mo 3Tany 4

1. CobGepure mabOpaTOPHYIO YCTAHOBKY B COOTBETCTBUU C PHUCYHKOM 9,
yCTaHOBHB KOHJieHcaTop | emkocThio 4,7 MKOD.
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2.

3.

Puc. 9. [Tonyuenue ¢pa3zoBoil fuarpammsl

[Mogxmrounte 1-i kaHan (KpacHBIM) JaTydMKa HANPSOHKEHUS K KIeMMaM
pe3ucTopa, a BTOpoi KaHal (CHHHI) — K KOHJIEHCATOPY.
Boibepute cuenapuii BeimonHeHus pabotel  «IlocTpoenme ¢asoBoii

AUATPAMMBID» Ha)XXaB COOTBETCTBYIOIIYIO KHOIIKY EI Ha IIaHEIu
WHCTPYMEHTOB U IIEPEI/Isl B MEHIO CLIEHAPUEB.
BbI3oBUTE OKHO HAcTpOMKH MapamMeTpoB OCLUMILIOrpaUuecKoro aaTdyrKa

HaIlpsDKEHWH, Ha)kaB Ha KHOMKY @], Vcranosure NEpPBOHAYATIbHBIE
napaMeTphl JaT4YuKa B COOTBETCTBUH ¢ pucyHkoM 10.
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o ol

= lMapameTphbi

QuKeE WCNOEHA 3amycka

PexHm paboTe : ZIZI,.'J,HIZIZI}-!ZF'F'.THI:-Il-"i KaHan AnA sanycka : |I{aHan M2l ﬂ

PazeepTHa, McfaAsn |2 ﬂ WPoBEHE Zanycka, B |IIIJ2'.:J'§ j
XApAKTEep CHrHana ! |E!03F‘.ﬁ.CT.ﬁ.HL-'1E j
[onoweHre Ha aKpaHe ; |1 ﬂ

FaHane!

M Kanan Moz
YyBECTEMTENEHOCTE KaHana, Bfaen ; |III.3 j |2EI ﬂ
OToRpaREHHE CHIHANS | v ~
MNono#EHHE HY NEEOH MHHKH | |III ﬂ |III j
OTOOPAMEHHE HY B0 MMHHM | v ~
Bua cHrHana : |I'I|:n:T|:-;|HHb|ﬁ j |I'I|:u:T|:uF|HHb|ﬁ ﬂ

v x |

Puc.10. ITonyuenue dha3oBoii quarpammsl. [lapameTpsl gaTurka

3amyctute m3Mepenms G

3apsauTe KOHJEHCATOp, Ha)XXaB Ha KHOMNKY 3apsiAKu U YAEpKUBas €€
Haxkatoi 1-1,5 cexyH.

Pazpsiqute KOHIEHCATOP, KPAaTKOBPEMEHHO Ha)kaB Ha KHOIIKY Pa3psiKd, U
nocjae  MOJydeHUs  ocuwiiorpauyeckod  KapTHUHKH,  MOJO0OHOM
M3006pakeHHOH Ha prc.11, OCTAHOBHTE H3MepeHNs (2,

Puc.11. 3anuce nageHuii Hanpsi>KEHUH Ha CONMMPOTUBIEHUHA U €MKOCTH
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Breibepute o0nacTh Ha KPUBOM 3aTyXalolMX KOJICOAHWIA, YCTAaHOBHUB TIO
KpasiM BBIICTICHHOW OO0JIAaCTH 3€JICHBIA W KENThI Mapkepbl. Heobxommmo
yCTaHABIIMBATh JICBBIM Kpail BBIIEICHHOW O0JIACTH K MOMEHTY Hadvasa
KOJIE0ATEIPHOTO TIpoIlecca, a MpaBbld Kpallh — K KOHILy 3aliCaHHOTO
rpaduka 3aTyXxaromux KojieOaHui

[epeiinute B okHO «O0OpaboTKa», HaXKaB Ha KPacHBIA 3HAK Fls IPaBOM
BEpXHEM YITy OKHa ¢ rpadukamu. Ha skpaHe BO3ZHUKHET Tabiuia, B
KOTOpYI0 OyAyT BBEICHBI 3HAUCHUsS HAINPSDKEHUS, 3aperucTpUpPOBAaHHBIC

MEepPBBIM KaHaioMm. HaxxMuTe Ha CUHHM 3HAK i, PACIIOJIOKEHHBIN PSIIOM C
KpacHbIM, M J00aBbT€ B TaOJUIly 3HAYCHUS HANPSLKEHUM, W3MEPEHHbIC
BTOPBIM KaHAJIOM.

10.ITpu Be1OOpe Brimaaku «['padux U2(ULl)» Ha skpane mosiBUTCS (hasoBas

auarpaMMa aHaJOrM4Has IPUBEACHHOM Ha puC.4, B KOTOpPOW IO OCH
abcuycc — HanpsyKEHWE Ha CONPOTHBICHMHM, a IO OCH OpAWHAT —
HaIpsKEHUE Ha KOHIAEHCATOPE.

|
11.1Tpn HEOOXOAMMOCTH COCTABIICHUS OTYETa C MOMOIIBI0 KHOIKU @Momﬁo
AKCIOPTUPOBATH rpaduk ¢ (Ha3zoBOM AuarpaMMoi B TUUYHBIN (aiisl ¢ oT4eTOM
0 J1JabopaTopHOM padore.

O0padoTka pe3yabTaTOB U3MepeHuid Mo 3Tamy 4

1. C nomompto rpaduka (Ha3zoBoi AUarpaMmbl U TaOJIUIBI ¢ HAMPSHKCHUSIMU
HaWUTE JBa MOCIIEOBATEIbHBIX (Yepe3 MepUo/l, WIIU OJUH MOJIHBINA BUTOK
Ha AuarpaMMe) 3HaUYCHHUS aMIUTATY/Ibl 3aTyXaloluX KoJaeOaHuii, Harpumep
Ha ocu alcluce (HanpsbKeHrue Ha KOHJEHCaTope) Mt MOMEHTOB BPEMEHH,
KOT/Ia HalpsOKEHUE Ha AaKTUBHOM COMPOTHBJICHUH PaBHO HYIIIO.
3ahUKCUPYUTE 3TH 3HAYCHHS:

U=, U,r=

2. B cootBerctBun ¢ gopmynamu (18) — (20) ompenenute 10OPOTHOCTH B
KOHTYpE JIJISl MaJIbIX 3aTyXaHHi, KaK:

2
QzZRWe =27 ZUt R Y :
A\Ne Ut _Ut+T Ut _Ut+T

OxoHYaTeNbHO JOOPOTHOCTH cunTaeTcs no popmyne (23):

U
23 ~mT——,
(23) Q AU
rae AU =U, -U, .
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3. TloacuwTaiiTe TeOpeTHUECKOE 3HAUCHHE TOOPOTHOCTH 10 (hOpMYyJIE:

T_ T
(24) Q T

N BHCCHUTC O3THU 3HAYCHU B Ta6J'II/IHy 2.

7. OCHOBHbIe pe3ynbTaTbl 3KCNEPUMEHTOB

TAB/IMUA 1
[TapameTpbl KOHTYpa
AKTHUBHOE .
Emkoctb NHIyKTUBHOCTH Conpotusnenue | IlepeMeHHbIi
KOHJICHCATOpa KaTyIIKH CONPOTHBICHHE PE3UCTOPOB pe3ucrop
KaTYIIKH
G, | G L R Ri | R R
MKD MI'H Owm Owm OMm
47 | 1 9.4 2,3 1 [10] 1000 0470
TABJIMUA 2
OCHOBHEBIE PE3YJILTAThI SKCIICPUMCHTOB
Kputnueckoe
Koadpdurment [Tepuon } ConpoTHBICHUE JloOpoTHOCTB
3aTyxaHus KoseOaHui KOHTYpa
KOHTYpa
o To | 7] | T2 | T, | Rip | R}, | Rao | Ry, Q Qr
ot o OM -

8. KOHTpOonbHbIE BONPOChHI

1. Yto Ha3piBaeTcs COOCTBEHHOW YaCTOTOM, JOOPOTHOCTHIO, JIOTApUPMUUECKUM
JEKPEMEHTOM 3aTyXaHHs K0Je0aTeIbHOTO KOHTypa?

2. Kakas mimockocTh Ha3bIBaeTcs (Pa3oBOil MIIOCKOCTHIO KOJIEOaHMt?

3. Kak onpenenuts orapu@Mudeckuil JeKpEMEHT 3aTyXaHHsl KOHTYpa M0 KapTHHE
KoJiebanuii B a30BOM TIIOCKOCTH?

4. Tlomyuute (opmyiy, CBSA3BIBAIOLIYIO TMEPUOa KOJeOaHW W CONMPOTHUBIICHUE
konebarenpHoro koutypa R (mpn Hemsmennsix L u C). Iokaxure, uro R2 u 1/T2
3aBUCAT APYT OT Apyra JInHenHo. Kak Hanutu RKp 110 HaliJIECHHOM 3aBUCUMOCTH?
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