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BBenenue

JlaGopatopHbie 3aHATUSA o yueOHOMI JVCLUTUIAHE OIl.10
PannorexHnueckue Lenu U CUTHAJIBI COCTABISIOT BaKHYIO YaCTh TEOPETUUECKOU U
npodeccoHanbHOM  MPaKTUYECKOM  MOATOTOBKM M HAMpaBlIEHbl  Ha
MOJTBEPKIACHUE TEOPETUUECKUX TOJOXKEHUM U (OpMUPOBAHHE MPAKTUYECKUX
YMEHHI U TPaKTUYECKOTO ONbITA:

— V¥ 1 - u3MepsATh OCHOBHBIE XapAKTEPUCTUKHU U OMPEALIATh MapaMeTphbl
JMHEUHBIX PAAMOTEXHUUYECKHUX IEMel C COCPEOTOUCHHBIMU MapaMeTPaMH.

— VY 2 - paccuuThIBaTh MapameTpbl U XapaKTEPUCTUKU PaAUOTEXHHUYE-
CKHX LIENEN JJIsI MPOXO0KICHHS CUTHANA C 3aJJaHHBIM CIIEKTPOM.

— ITO 1 - HacTpauBaTh U pEryaUPOBaATH MapaMEeTPhl PATUOTEXHUUECKUX
CUCTEM, YCTPOMCTB U OJIOKOB.

JlaGopatopHbIe 3aHATHSL OTHOCSTCA K OCHOBHBIM BUJIaM YUEOHBIX 3aHSATHUM.

BrinosHeHue cTyieHTaMu 1ab0OpaTOpPHBIX padOT HAMPABIIEHO:

— Ha  0000mIeHHe,  CcUCTeMaTu3aluio,  YriayOJeHue,  3aKperuieHHe
MOJIYYEHHBIX TEOPETUUECKUX 3HAHUI M0 KOHKPETHBIM TeMaM AUCHUILINHBI;

— (QopMUpOBaHUE YMEHHI NMPUMEHSTH MMOJTYyYEHHbIC 3HAHUS HA MTPAKTHUKE;

— BBIPaOOTKY MPHU PELICHUU MTOCTABJICHHBIX 3a7a4 TaKUX MPOPECcCUOHATIBHO
3HAYMMBIX Ka4yeCTB, KaK CaMOCTOSITEIbHOCTb, OTBETCTBEHHOCTb, TOYHOCTb,
TBOpYECKash MHUIIMATHURA.

Benyimelhi aumakTHyeckol 1enbl0  J1a0OpaTOPHBIX 3aHATHI  SBISIETCS
AKCIIEPUMEHTAIILHOE MOJATBEPKIECHUE U MPOBEPKA CYIIECTBEHHBIX TEOPETUUECKUX
MOJIO’KEHU (3aKOHOB, 3aBUCUMOCTEH ).

ConepxanueMm  1a0OpaTOpHBIX  pabOT MO  JUCHUIUIMHE  SBIISIFOTCS
DKCIIEpUMEHTaIbHAA TpoBepka GOpMys, METOJMK pacyeTa, YCTaHOBJICHUE U
NOATBEPKACHUE 3aKOHOMEPHOCTEW, O3HAKOMJIEHME C METOAUMKAMHU MPOBEIACHUS
u3MepeHuil. B xozme BBIIONIHEHHsS] 3aJaHUNl Yy CTYACHTOB (DOPMUPYIOTCS
NPAKTUYECKUEe YMEHHS U HaBBIKU pabOThl C pa3IMYHBIMH TpUOOpamH,
yCTaHOBKaMHM, JaOOpaTOPHBIM OOOPYJOBaHUEM, amnmapaTrypoil, KOTOpble MOTYT
COCTaBJISITh 4acTh MNPO(HECCUOHATBHOM MPAKTUYECKOW TMOJATOTOBKH, a TaKXKe
uccleoBaTeNibckue  ymeHuss  (HaOmromaTh, CpaBHHMBATh,  aHAJIU3UPOBATH,
yCTaHABJIMBATh 3aBUCHUMOCTH, J€JIaTh BBIBOJBI W OOOOIICHUS, CAMOCTOSITEIHHO
BECTH HCClieoBaHue, 0QOPMIISTh PE3YIbTaTHI).

Conepxanue  1abOpaTOpPHBIX  3aHATHH  OXBaThlBa€T  BECh  KPYT
npodeCCUOHANILHBIX YMEHUMN, Ha MOJATOTOBKY K KOTOPHIM OPUEHTUPOBAHA JTaHHAs
JTUCLUUIUIMHA, KOTOPbIE€ B JalbHEMIIIEM 3aKpeIUIIOTCS U COBEPIICHCTBYIOTCS
MPAKTUKOM 1O PODUITIO CTICIMATIEHOCTH ¥ MPEIUTIIOMHON TIPAKTUKOM.

JlaGopaTopHble 3aHSATHS TPOBOMATCS B CIEIHAIBHO 00OPYIOBAHHBIX
y4eOHbIX sabopatopusix. IIpomoDKUTENBPHOCTh 3aHATHS — HE MeHee 2-X
aKaJleMUYecKnX 4YacoB. HeoOXOoAMMBIMEH CTPYKTYpPHBIMH JJIEMEHTAMH 3aHSITHS,
MIOMUMO CaMOCTOSITENIbHOW JEATENbHOCTA CTYAEHTOB, SBISIOTCA HWHCTPYKTAK,
MPOBOJIMMBIN TIpEToJaBaTesieM, a TaKXKe OpraHu3aius OOCYXICHUS HUTOTOB
BBITIOJTHEHUS PA0OTHI.



Bce crynenThl, cBsi3aHHble ¢ paboToM B jabopaTopuu, oOs3aHbl MPOUTH
WHCTPYKT@X IO O€30MacHOMY BBINOJTHEHUIO padOT, O YE€M pACIHCHIBAIOTCS B
KypHaJle THCTPYKTa)Ka M0 TEXHUKE O€30MaCHOCTH.

Boinonnenuto 1abopaTopHbIX pabOT MpEANIeCTBYET MPOBEpPKa 3HAHUM
CTYJICHTOB, X TEOPETUUECKOW TOTOBHOCTH K BBITTOJIHEHUIO 3a]JaHUSI.

JlabopaTopHble paOOThl CTYACHTHI BBIMOJHAIOT TMOJ  PYKOBOACTBOM
npenojasaress. [Ipu npoBeneHnn 1a00paTOPHBIX 3aHATHI yuyeOHas Tpynna MOKET
JEUTHCS HA TIOATPYIIITEI YUCIICHHOCTRIO He MeHee 8 yenmoBek. OO0beM 3aMaHuil 1is
71a00paTOPHBIX 3aHATHI CIUIAHUPOBAH C PacdyeToM, YTOOBI 3a OTBEACHHOE BpeMs
OHHU MOTJIH OBITh BBHITIOJHEHBI KAYECTBEHHO OOJBIIIMHCTBOM CTYICHTOB.

®opmbl opraHuzanuu paboThl 00y4aromMxcss Ha JTaOOpPaTOpHBIX paboTax:
TPYNIOBast U MHAUBHUIyaIbHAS.

[Ipu rpynnoBoii popMe opraHu3aiuy 3aHsITHI OJHA U Ta K€ padoTa BBINOJI-
HieTcs Opuragamu mno 2 — 3 wdenoseka. llpu mnauBuayanbHOM — Qop-
M€ OpTraHU3alUU 3aHATUNA KaXKIbIA CTYJICHT BBINOJHSAET UHANBUIYAIbHOE 3aaHHE.

Otuer no snabopaTopHOW paboTe mpeacTaBiseTcsa B ¢opMmare, MpeaycMoT-
pPEHHOM IIA0JIOHOM OTYeTa JJabopaTopHOM paboTe. 3amuTa OTYeTa MPOXOAUT B
(dopMe 0TBETOB 00YUAIOLIETOCsl HAa BOIPOCHI MPEINOaBaTENs MO BHIIOJIHEHHOH pa-
oore.

OueHKH 3a BBITOJHEHHE Ja00PATOPHBIX padOT 3aHATUN MOTYT BBICTABIISATh-
Csl 10 MATHOAIIIFHON CHCTeME WM B (hOpMe 3adeTa M yUYUTHIBAThCS KaK IMOKa3aTe-
JM TeKYIIeH yCeBaeMOCTH CTYICHTOB.

Kputepuu onieHk# 1a60paTopHBIX padoT.

Kputepun orieHKkH HaOI0ICHUS 32 BBIMIOJHEHUEM JIA00pAaTOPHOU pabOThI:

- OLIEHKa «OTJMYHO)» BBICTABJISETCS, €CIIM B XOJE BBIMOJHEHUs Jaboparop-
HOM paboThl 00yyarIMACS COONIOAAET MOPAIOK BBINOJHEHUSI pabOThl COrJacHO
METOJMYECKUM YyKa3aHUsSIM, MPOSIBIISIET CAMOCTOSATEIbHOCTh, 3HAHUE H3MEPUTEIb-
HBIX PUOOPOB U YMEHHE TOJIb30BAThCS MU, COOJI0IaeT TPEOOBAHMS TTPABUI TEX-
HUKHA 0€301aCHOCTH,

- OLICHKA «XOpOIL0» BBICTABIIAETCS, €CIIM 00yYarOIIUiiCS HE BCET/1a MPOsIBIIS-
€T CaMOCTOSITEJIbHOCTh, HO YMEET MOJb30BaThCsl M3MEPUTENIbHBIMU IMpHOOpaMu,
cobioaeT TpeOoBaHMS MTPaBUII TEXHUKH 0€30IIaCHOCTH;

- OLIEHKA «YJOBJIETBOPUTEIHHO» BBICTABIISECTCSA, €CIM 00yUaIOLIUiCs HE BCe-
r7la TPOSIBIIET CAMOCTOSATEIBHOCTh MPH BBHIMIOJIHEHUN JIAOOPaTOpHO paboThI, HE
BCETJla YMEET IOJIb30BaThCsl M3MEPUTEIbHBIMU TTpUOOpaMu, coobrogaeT TpedoBa-
HUS TIPaBUJI TEXHUKU O€30MMaCHOCTH;

- OLIEHKA «HEYJOBIIETBOPUTEIBHO» BBICTABIISIETCS, €CIM OOYyYaroluics He
MIPOSIBIISIET CAMOCTOSITETFHOCTH TIPH BBITIOTHEHUH pa0OThI, HE YMEET MOJIb30BaThCs
U3MEPUTEILHBIMH IPHUOOPAMH.

Kputepuu o11eHKH BBIITOJHEHUS OTYETa U 3aIUThI Ja00paTOPHON padOThI:

- OLIEHKA «OTJIMYHO» BBICTABIIAETCS, €CIIM JaHbl IPaBUIIbHBIE OTBETHI Ha BCE
BOIPOCHI B TTOCOOMU TIO JTAOOpaTOPHOM padoTe, MpaBWILHO OPOPMIIEH OTYET, BCE
pacueTsl BBIIOJTHEHBI 0€3 OLIMOO0K, C/1eIaHbl IPABUIIbHBIE BHIBO/IBI B OTUETE;



- OIICHKA «XOPOIII0» BBICTABISAETCS, €CIIM JaHbl MPABUIbHBIC OTBETHI HE Ha
BCE BOIIPOCHI B MOCOOHUH IO JJAOOPAaTOPHOM paboTe, MPaBHIBLHO O(OPMIICH OTYET,
pacueThl BBIMIOJIHECHBI C HE3HAYUTEIIbHBIMA MAaTEMAaTHYCCKUMH OIIMOKaMH, HE IO
BCEM IPEJIJIOKCHHBIM BOTIPOCAM B OTYETE CJICTIaHbI BHIBOIBI;

- OIICHKA «Y/IOBJICTBOPUTEIILHO» BBICTABJISICTCS, €CIIU JaHbI MPABUIBHBIC OT-
BETHI HE Ha BCE BOIPOCHI B TOCOOMU 10 JIabopaTopHOi paboTte, oT4eT odopMicH
MIPABHIIBHO, PAacUYeThl CICIAaHbI C TPyOBIMU OINMMOKAaMH, BBIBOJBI B OTYETE HEIIOJI-
HBIC;

- OIICHKA «HEYJIOBJICTBOPHUTEILHO» BBICTABIIACTCS, €CIIM HE JIaHBI TPaBUIIb-
HBIE OTBETHI HA BOTIPOCHI B TOCOOMH TI0 JTaOOopaTOpHOU padboTte, 0T4eT oPopMIIeH ¢
OIIMOKAMH, pac4eThl HE CJICJIaHbl, BEIBOJIBI B OTYETE HE C/ICIaHbI.



JIABOPATOPHOE 3AHSATHUE Ne 1
HccaenoBanne nocjieoBaTeIbHOT0 KOHTYpa

1. Iens 3ansaTus
HccnenoBath N30MpaTelIbHBIC CBOWCTBA MOCIIEIOBATSIIBHOIO KOHTYPA U BIMSHHUE €T0

3JIEMEHTOB Ha (OpMYy PE30HAHCHON KPUBOM U MapaMeTpbl KOHTYDA.

2. Kparkue TeopeTuueckue CBeACHUS L

HAa3bIBACTCS 3aMKHYTas 3JIEKTPUYECKAs [1EIb, COCTOSIIAS U3
KaTyIIKH MHIYKTHBHOCTH U KOHIICHCATOPA, BKIIFOUCHHBIX
MIOCJICIOBATEILHO C UCTOYHHKOM BXOJHOTO CHUTHAJIA
(puc. 1).

SIBiieHMEe pe3oHaHCa HAPSHKCHUI HACTYIAeT B KOHTY- Puc. 1
penpufr=fou | Xc|=|X.]|.

[TocnenoBarenbHBIM KOJIEOATENTEHBIM KOHTYPOM |
@ G

B sTom ClIy4ac KOHTYP IMpCACTABIIACT AJIA HCTOYHHNKA CUT'HAJIa HAMMCHBIICC COIIPOTUB-
JICHHC.

Zsxres = R.

HanmeeHI/Ie Ha KOHACHCATOPC B MOMCHT pC30HAHCA:

UC o3 :ULpengUGX’ (l)

p

Q="=35 @

rae  Zs— BOJHOBOE COIIPOTHBIICHUE KOHTYPA,
Q — 100pPOTHOCTH KOHTYA.

KoadduunenT nepegaun KOHTypa 1o HaNpsKEHUIO

IIpu pezonaunce

3aBucuMoOCTh KO3 (dulMeHTa nepeayn KOHTypa M0 HanpsKEHUI0 OT YacTOTHI BXOJHOIO
CHTHaJIa Ha3bIBaeTCs aMIUIUTYTHO-4YaCTOTHOM XapakTepucTUKon KoHTypa (AUX).

®opma AUX 3aBucur ot nmapamerpoB koHtypa (C, L, R), Tak xak nmpu W3MEHEHUH Tapa-
METPOB U3MEHSETCSI JOOPOTHOCTh KOHTYpa.



KfKo (Uc/Uepes)
K I
Q1>Q2
0.707
Q1
QL-Q2
Q2
Ql
2
Q 0
-af m af k'
m
Tyeo f
Puc. 2. AUX B abGcomroTHOMN Puc. 3. AUX B OTHOCUTEIILHONU
CHUCTEME KOOpAUHAT CUCTEME KOOpAUHAT

Pe3oHaHCHON XapaKTepUCTUKON B a0COIIOTHBIX KOOpJAMHATAaX MO HANPSKEHUIO HA3bIBACT-
Csl KpUBas, MMOKa3bIBAIOIASl 3aBUCHMOCTh HAIPSDKEHUS HA PEaKTHBHBIX 3JIEMEHTaX KOHTYpa OT
YaCTOTHI FTeHEPaTOpa BOJIU3U PE30HAHCHOM 4acTOThI (pHc. 4).

Pe3oHaHCHOI XapakTepUCTUKONH B OTHOCHTEIBHBIX KOOpAWHATAX MO HAMPSHKEHHUIO HA3bI-
BacCTCsA KpUBas, MOKa3bIBaromiasa 3aBUCUMOCTb OTHOIICHUA aMIIJIMTYAbl HAIPSXKCHUSA HA PCAKTHUB-
HBIX 3JIEMEHTAaX KOHTypa K aMIUTUTYJE HaIpsDKeHUS Ha PEaKTHBHBIX 3JIEMEHTAaX KOHTypa Mpu
pe30HaHCce OT KaKOW-THO0 PacCTPOMKH MPU MAJIbIX paccTporkax (puc. 5).
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fpeB ff
Puc. 4 Puc. 5

Jl51g cpaBHEHMSI pa3IUYHbIX KOJeOaTeNbHbIX KOHTYpOB cTposIT AUX ninu pe3oHaHCHBIE
KpUBBIE B OTHOCHTEJIBHOH CHCTEME KOOPJIUHAT.

ITo ocu abcuuce oTkiIaabIBaeTCs a0COMIOTHAS Af=fT—fpes (KI'I1) MM OTHOCUTENBHAS pac-
cTpotika % Af% Y.

pes

N36uparenbHble cBOCTBA KOHTYpa OLIEHUBAIOTCS MOJIOCOM MPOITYCKAaHUsI, IO KOTOPOM MOo-
HUMAIOT JIMara3oH 4acToT, B pejiesiaXx KOTOpOoro Ko GHUIMEHT Nepeiayn U BIXOIHOE HampshKe-
Hue (Uc) cocramsirot 0,707 oT pe30HAHCHOTO 3HAYCHHUS.

ITo sxcniepuMenTanbHO U3MepeHHOH AUX MOXKHO ONpeeNuTh 100pOTHOCTh KOHTYpa:

fpe3
Q= 3)



3. KoHTpoibHBIE BOMIPOCH

3.1 Yrto Ha3bIBaeTcs KoeOaTeNbHBIM KOHTYPOM?

3.2 Kakoi KOHTYp Ha3bIBa€TCs MOCIE10BaTEIbHBIM?

3.3 Kakoe siBjieHHE B KOHTYpE Ha3bIBAETCSl pE30HAHCOM?

3.4 TloueMy pe30HaHC B MOCIIEIOBATEIHHOM KOHTYpPE Ha3bIBAETCSl PE3OHAHCOM HAPSDKEHUIA?
3.5 Ilepeunciure ycaoBHsI pe30HaHCa HAIIPSKEHHUSL.

3.6 Kak MOHO HACTPOUTH KOHTYP B PE30HAHC?

3.7 Uro Takoe ko3 puiMeHT nepeaadn KOHTypa 1Mo HAMpPsHKEHUIO M Y€MYy OH PaBeH MPH
pe3onance?

3.8 Kak u3mensiercst AUX KoHTypa npHu BKJIOYEHUH B KOHTYP PE3UCTOPA, U3MEHEHUHU
€MKOCTHU KOHJIeHcaTopa?

3.9 Yto Ha3bIBAaeTCS MOJOCOU MPOITYCKaHUS KOHTYpa?

3.10 Ot xakux nmapameTpoB 3aBUCUT BEJIMYMHA MTOJIOCHI MPOMYCKAaHUs KOHTypa?

3.11 Yro takoe AUX B OTHOCUTENLHOM U a0COMIOTHOM MaciiTtabax? Kakue BennduHbI
OTKJIAIBIBAIOTCSL TIO OCSIM KOOPAUHAT?

3.12 Yto Takoe abCOJIFOTHAS PacCTPOiKa, OTHOCHTEIIbHAS pAcCTPOUKa?

3.13 Kak 3KkcriepuMeHTAILHO OMPEIEIUTh TOOPOTHOCTh KOHTYpa?

4. Tlepeuenb npuOOPOB U 0OOPYIOBAHUS
41 T'eneparop ['4-102.

4.2 MunmusonbsT™eTp B3-38.

4.3 KonebaTenbHbIi KOHTYD (Maker).

5. [Topsa0K BBIMOTHEHUS PaOOTHI
5.1 CobOpatb cxemy u3mepenuii (puc. 6).

]

| E—

rqy-ioz 2 B3-38

o]

Puc. 6

5.2 BKJIFOUMTB FeHEpaTOp U BOJIBTMETP.
5.3 YcraHoBUTB B KpaliHee JIeBOe MoJIokeHHe pyuky nepemeHHoro kouaencaropa C (Cmin).

HepeCTpaI/IBaH reaeparop mo 4actore, ,Z[O6I/ITLC5{ PE30HaHCa HAIIpSKCHUS. YcTaHOBUTH

pYUKy mepeMeHHoro pesuctopa R B kpaiinee neBoe nonoxenue (Rmin). 3mMeputs 3aBUCHMOCTH
HaIpsDKEHHUS Ha KOHJEHCATOpE OT 4YacTOThl IE€HEpaTropa, IepecTpauBas FEHepaTop € IIaroM

5 x['n. I3mMepenus pe30HaHCHOM KPHBOIM MOXKHO 3aKOHUMTH, ecin Ug = 0,5 U pes

Pesynbratel uamepenuii 3anectu B Tabu. 1.

YCTaHOBUTH PYUKy MEpEeMEHHOro pe3ucrtopa R B kpaitHee mpaBoe mosoxeHue (Rmax) u3-

MEpPUTh BTOPYIO PE30HAHCHYIO KpHUBYIO. Tak kak JOOPOTHOCTh KOHTypa OyAeT Maia, TO pe3o-

HaHCHas KpuBasd 6y,[[eT noJjoras, 1 UISMCPCHUSA MOKHO ITPOU3BOJUTD C IArOM 10 Kl 1.

Pesynbratel uamepenuii 3anectu B Tabi. 1.



Ta6muma 1(2)

fr, k'

Uc, B

Rmin

Rmax

fp

fp+5kly

fp+10xI'

fp-5xI'n

fp-10kI'g

5.4 YcTaHOBUTD B KpaiiHee MpaBoe MOJI0KEHHE PYyUKY IEPEMEHHOr0 KOHIeHcaTopa

C(Crmax).

IlepecTpauBas reHepaTop I10 4acTOTe, JOOUTHCS pe3oHaHca HanpspkeHuil. M3meputs 3a-
BHUCHMOCTb HAINpSKEHUS Ha KOHJIEHCATOPE OT YacTOThl FreHepaTopa npu kpaiiHeM J1eBoM (Rmin) u

KpaiiHeM 1mpaBoM (Rmax) MOJIOXKEHUN PYUYKH ITEpeMEeHHOr0 pe3ucropa R.
PesynbTaTel u3MepeHuii 3aHecTu B Ta0. 2.
5.5 Ilo manubIM Tabsuir 1 ¥ 2 pacCUUTaTh U 3aIIOJHUTH Ta0d. 3 U 4.

Ta6muma 3(4)
Af, xI'l Ue/Ue pes
Rmin Rmax

0 1

+5

+10

-5

-10

5.6 o marHBM TaOMI 1-4 IOCTPOUTH PE3OHAHCHBIC KPUBBIC B A0COFOTHOM M OTHOCHTEITh-

HOM MacIiurade.

5.7 Onpenenutsb rpaguvecKu MOJIOCY MPOMYCKaHUs KOHTYpa.
5.8 Paccuurars n0o6poTHOCTh Q, 3aTyxaHue d, JorapudMUUecKuii 1eKpeMeHT 3aTyxaHus 0

KOHTypa s pa3nuuHbix 3HaueHuit C u R.

6. ConepxaHue otyera
6.1 Ha3zBanue paOoTHI.

6.2 Llens paGoTHI.

6.3 [IpubopHI, KCIIOIBE3YEMBIE TPH U3MEPECHUSX.

6.4 Cxema n3MepeHui.

6.5 Pe3ynbraTsl u3mMepeHuil (TaOIHIIb).

6.6 Pe3zoHaHCHBIE KpHBBIE B OTHOCUTEIHLHOM M a0COIIOTHOM MaciiTade.

6.7 Pe3ynbraThl BRIUKCICHUH MOJI0CHI Tiporyckanust [1, nooporHocTr Q, 3aryxanus d,
Jorapu(pMHUUECKOro JeKpeMeHTa 3aTyxaHus 0 .

6.8 BBIBOIBI O BIMSHAN BEIMYMHBI eMKOCTH KOHIeHcaTopa C Ha pe30HAHCHYIO YacTOTY

KOHTYpa, BEJIMYUHBI CMKOCTH KOHJACHCATOPa Cu COIIPOTUBJICHUA PE3UCTOPA R Ha (I)OpMy pe30-

10



HAHCHBIX KPHUBBIX U MapaMeTpbl KOHTYpa.
OTBeTHl Ha KOHTPOJbHBIE BOMPOCHI

11




I'pynna

JlaGopaTopust paaIuOTEeXHUKH

Hara

0)5(0)

JlaGopaTtopHoe 3ansTre Ne 1

((HCCJ'ICI[OBaHI/Ie IMOCJICA0OBATCIIBHOTO KOHTYpa»

3aueT

1. Llenp 3aHsaTHS

HccnenoBaTh U30uparenbHble CBOWCTBA MOCIIEA0BATENLHOIO KOHTYPA U BIUSHUE €ro dJje-
MEHTOB Ha (hOpMy PE30HAHCHOHN KPUBOH U TapaMeTpbl KOHTYpa.

2. [lepeuens npubOOPOB U 0O00PYIOBAHUS
2.1 I'eneparop 1'4-102.

2.2 MwmuoneT™MeTp B3-38.

2.3 KoneGaTenbHblil KOHTYp (MakeT).

3. CxeMa u3MepeHuit

]

| IS |

Iry-i1oz == B3-38

4. Pe3ynbTaThl U3MEPEHUN

41C= Cmin.

Pezonancheie kpuBbie pu C = Cpin

Tabmuna 1

fr, k'

Af, xT'

Uc, B Rmin

Rmax

Uo/Ue pey |-mIn

Rmax

42C= Cmax

Pezonancueie kpuBble PH C = Cmax 0

Tabnura 2

f, k'

Af, xI'g

Uc, B Rmin

Rmax

Rmin

Uc/U. pe3

Rmax
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5. Pe3onaHcHbIE KpHUBBIE
5.1 Pe3oHaHCHBIE KpUBBIE B A0COJFOTHOM CHUCTEME KOOPAMHAT.

U.( )

Ipu C= Cmax

pu C = Chin

5.2 Pe3oHaHCHBIE KPUBBIC B OTHOCHUTEJIbHOM CUCTEME KOOpJAHUHAT.

IIpu C= Cmax

U, /U

Cpe3

A

— Af

+ Af (

NP\ 4

6. Pe3ynbTaThl BEIYHCICHUN

6.1 C=Cmin R = Rmin

fpe3:

C = Cnin

fpe3:

II1=
R = Rmax

1=

6.2 C = Cmax R = Rmin

fpe3:

C = Cmax

fpe3:

II;=
R = Rmax

1=

f.

Ql = pe3 =
Hl

f

Q2 — pes —
HZ
f e

Ql pes
Hl
f

pes

Q, 1,

S )
pu C = Cin UC/UCpe3
A

—AF A D
91=Ql=ﬂd= dl:Qiz

1 1
@zgcmz %zéc

2 2
91=Ql=ﬂd= dl:Qiz

1 1
92=Ql=ﬂd= dzzQiz

2 2
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7. BBIBOZIBI

7.1 VYka3aTh, KaK BIUSET BEJIUYHMHA EMKOCTH KOHJEHCATOpa KOHTYpa Ha PE30HAHCHYIO
4acTOTy KOHTYpa.

7.2 Yxa3aTh, KaK BIMSICT BEJIMUMHA CONPOTHUBIICHUS ITOTEPh KOHTYpa Ha JOOPOTHOCTb,
norapuMuUECKUN JEKPEMEHT 3aTyXaHus, TI0JI0Cy MPOMmycKanus, popMy pe3oHaHC-
HBIX KPHBBIX U U30HMPATEIBHOCTh KOHTYpA.
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JIABOPATOPHOE 3AHSATHE Ne 2
HcceaenoBanue napajijiebHOTO KOHTYpa

1. lenb 3anaTus
M3y4uTh 4aCTOTHBIC CBOMCTBA IMAPAILICIIBHOIO KOHTYPa M CIIOCOOBI PACITUPEHHUS MTOJIOCHI
MIPOITYCKAHUSI.

2. KpaTtkue TeopeTruecKue CBEeACHUs R

[TapamienbHpIM - KOJIEOATETBHBIM  KOHTYPOM [ 1
Ha3bIBACTCSl 3aMKHYTasi JJIEKTpUYecKas LeMb, CO- ?
cTosiIasi U3 KaTyIIKH MHIYKTUBHOCTU U KOHJICHCA-
TOpa, BKJIIOYEHHBIX MapajuIeIbHO C HCTOYHUKOM CT) o o
BXOJHOTO curHaina (puc. 1). k

Ecmn wacrora reneparopa paBHa COOCTBEHHOM % L T C Ru
YacTOTe KOHTYPA, TO B KOHTYpE HACTYyIaeT PE30HAHC
TOKOB. [Ipn 3TOM peakTHBHBIE POBOAUMOCTH IO a0-
COJIFOTHOM BEJTMYHMHE PABHBI, a 00IIas peaKTUBHAS
IPOBOAMMOCTb paBHA HyII0. BXomHoe conpoTrBieHne Pre. 1
KOHTYpa MU Pe30HAHCE MaKCUMAJIBHO:

2
Zkp = 760 = Z?g, Q)

rae Z6— BOJIHOBOE COIPOTHBIICHUE KOHTYPA,
Q — 10OPOTHOCTH;
R — akTUBHOE CONMPOTHBIICHUE MMOTEPh KOHTYPA.

IIpu aHanM3e YaCTOTHBIX CBOWCTB MapajjIeIbHOTO KOHTYpa HEOOXOAMMO YUUTHIBATh BIIUS-
HHE BHYTPEHHETO COMpPOTUBJICHUS ucTouHrka curraia Ri. DJIC uctounuka curHaina pacnpeje-
JSIETCSI MEXKy BHYTPEHHUM COINPOTUBIIEHUEM, KOTOPOE MOKHO CUMTATh HE 3aBUCSIIHMM OT 4Ya-
CTOTBI, U KOJI€0ATEIbHBIM KOHTYPOM.

OT COOTHOIICHUS COMPOTUBIICHUsT UCTouHHKA Ri u Zkp 3aBucut popma AUX u nzbdupa-
TENbHBIC CBOWCTBAa KOHTYypa: mpu Zkp > Ri mpeobiagaer n30HpaTenbHOCTh MO HAMPSHKCHUIO,
npu Zkp < Ri u361parenbHOCTh MO TOKY.

Ha npaxTuke napamienbHbli KOHTYP IIMPOKO MPUMEHSAETCS B CXEMaxX PE30HAHCHBIX YCH-
JIUTENIeH U DIIEKTPOHHBIX TEHEPATOPOB ¢ OONbIINM Ri, KOTOpOE BKIFOUCHO MapaliebHO KOHTY-
Py U CHUXKaeT JOOPOTHOCTh KOHTYpa.

_Q
1+ Zkp

Q 9KB — (2)

Ri

BxoaHoe COIIPOTUBJICHUEC MOCICAYIOMNX KAaCKaJO0B TaKXKXE OKa3bIBACT BJIUAHUC HaA HO6pOT-
HOCTbB U IMOJIOCY MPOITYCKAHUS KOHTYPA.
C nennro paciIupCHU MMOJOCHI IMTPOIMYCKaHWA 4aCTO IMOAKIIOYAar0T Rm, TorJga:

Q3K3= #, Ik = k(l-i-zip-l-ZKpj (3)
1_}.@4_2& Q Ri RW

Ri Ruw

15



Ha mpaxTike B mapauieTbHOM KOHTYpE 4Yalle BCEro pacCMaTPHBAIOTCS PE30HAHCHBIC Xa-
PAKTEPUCTHUKH 10 HATIPSHKCHHUIO.

Pe3oHaHCHOW XapaKTEPHCTUKOM B aOCOITFOTHBIX KOOPJMHATAX 10 HANPSDKEHUIO HA3bIBACT-
Csl KpHBasi, TIOKa3bIBAIOIIAsl 3aBUCUMOCTh HalpsDKEHUsI Ha KOHTYpe U, OT 4acToThl reHeparopa

BOJIM3H PE30HAHCHOM YacTOTHI (puc. 2).

Pe3oHaHCHOM XapaKTepUCTUKOW B OTHOCUTEIBHBIX KOOPAUHATAX 110 HAIIPSKEHUIO HA3bIBa-
€TCsl 3aBUCUMOCTbh OTHOILICHHUSI HANPSHKEHUS Ha KOHTYpEe K HANpsHKEHUIO Ha KOHTYpe MpU pe3o-
HaHCE OT KaKOW-Tu00 pacCTpolKH IMpHU MabIX paccTpoiikax (puc. 3).

. U/ Ure .
1
: 0.707
I
I
I
I
|
|
f!peB tr —4f +af
I
Puc. 2 Puc. 3

UT0oOBI SKCIIEPUMEHTATIBHO OMPEACTUTh JOOPOTHOCTh HATPYKEHHOT'O KOHTYPA, HYKHO:
- U3MEPUTH U TIOCTPOUTH PE30HAHCHBIE KPUBBIE KOHTYPA,
- rpaduyecKy onpeAenuTh NoJI0Cy Nponyckanus Koutypa I1,
- paccuuTaTh JOOPOTHOCTH KOHTYPA Qsis IO OpMyIIE:

f

Qe = 7 (4)

JK6

rae T pes — pe30HaHCHAs 4acToTa KOHTYpa,
[T,k — PKBUBaJIEHTHAS MOJIOCA MTPOITYCKAHUSI.

3. KoHTpoibHBIE BOPOCHI

3.1 Kakas 1ienp Ha3bpIBaeTCsl NapajiiebHbIM KojeOaTeIbHBIM KOHTYPOM?

3.2 Tlouemy pe3oHaHC B apajuIeIbHOM KOHTYpE Ha3bIBA€TCSl PE30HAHCOM TOKOB?

3.3 Kakoii xapakTep HOCUT BXO/HOE CONPOTUBIIEHUE MapajIeTbHOIO KOHTYpa MpH pe3o-
HaHce?

3.4 Yemy paBHO BXOJJHOE€ COIIPOTHUBIICHUE MapaJIEIbHOTO KOHTYpa IpHU pe3oHaHce?

3.5 Ilepeuncnure ycioBus pe30HAHCOB TOKOB. Kak MpakTHYECKH MOMKHO OIPEIEIUTh
HACTYIJIEHUE PE30HAHCA TOKOB?

3.6 Kaxk Bimsier Ri u Rur Ha popMy pe30HaHCHBIX KPUBBIX U H30UPATEILHOCTh KOHTYpa?

3.7 Ilouemy BBeJM MOHATHE SKBUBAJIEHTHOM TOOPOTHOCTH NMapajuIeIbHOTO KOHTYpa?

3.8 O0psacHHUTE HU3UICCKUH CMBICI TOOPOTHOCTH MAPAICIIBHOTO KOHTYPA.

3.9 Kak npakTH4ecKl MOKHO PacIIMpUTh MOJIOCY MPONYyCKaHUs KOHTypa?

3.10 KakoBa fomkHa ObITh BeTMYMHA CONPOTHUBIICHUS IIyHTa?

4. TlepeueHb npuOOPOB U OOOPYIOBAHUS
4.1 T'enepartop I'Y-102.

4.2 MumnuBonsT™MeTp B3-38.

4.3 KonebarensHbII KOHTYp (Maker).

16



5. Tlopsimok BBITIOTHEHUST PaOOTHI
5.1 CoOpatb cxemy u3MepeHuii (puc. 2).

R

T'4-102 L ==C | |[r, |B3-38

Puc. 2

5.2 BxJIHOUUTH T€HEpaTOp U BOJIBTMETP.
5.3 YcranoButs yactory reneparopa 200 xI'm.
5.4 Nsmenss eMKOCTh KoHAeHcaTopa C, HAaCTPOUTH KOHTYP B PE30HAHC.

5.5 W3meHss yacToty reHepartopa depes S k1, CHATh pe30HaHCHYIO KpuBYyto 6e3 R, pe-
3yJlbTaThl U3MEPEHUN 3aHECTH B Ta0. 1.

5.6 Hactpouts konebaTesbHbIN KOHTYp B pe30oHaHC Ha yacToty 200 kI'm.
5.7 HoaxmounTth Ril nepeMpluKoi U CHATh PE30HAHCHYIO KpHBYIO ¢ Rul. Pe3ynpTarsl us-
MepeHHit 3aHecTH B Tabm. 1.

Tabmuua 1
Pe3oHaHCcHBIE KpUBBIE B a0COJIIOTHOM CHCTEME KOOPIMHAT

fl", KFI_I UK|UK pes.,B
0e3 R ¢ Rur
200
205
210
195
190

5.6 Paccuntarh pe30HaHCHYIO KPUBYIO B OTHOCUTEIBHON cucTeMe KoopauHat. Pe3ynbra-
TBI PACYETOB 3aHECTH B TaOJ. 2.

Tabmuia 2
Pe3onaHCcHBIE KpUBBIE B OTHOCUTEIBHON CUCTEME KOOPIUHAT

Af, kT’ Uk/UK.pes.,B
0e3 R ¢ Rt
0 1 1
+5
+ 10
5 ............
-10
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5.7 IlocTpouTh pe30HAHCHBIE KPUBBIE B A0COTIOTHON M OTHOCUTEIHHOM CHCTEME KOOPAMHAT.

5.8 I'padmuecku onpenenuTh MoI0Cy NPOIYCKaHHs.

5.9 Paccuntarb 10OPOTHOCTD, 3aTyXaHUE U JIOTApU(PMUUYECKUI TEKPEMEHT 3aTyXaHus Ma-
paJUIETILHOTO KOHTYpA C IIYHTOM H 0e3 IIyHTa.

6. ConeprkaHue otyeTa

6.1 HazBanue paboThI.

6.2 Llenb paboThI.

6.3 [Ipubopsl, UCTIONb3yeMbIE IPH U3MEPCHUSX.

6.4 Cxema u3MepeHHil.

6.5 Pe3ynbrarel uaMepeHuil (Tabiauib).

6.6 Pe3onaHcHbIE KpUBbIE B OTHOCUTEIBHOM M a0COJIIOTHOM MaciuTabe.

6.7 Pe3ynbTarhl BEIHCIICHUI I0J0CH ponyckanus [1, nodpoTHoctu Q, 3aTyxanwus d,
JOrapu(pMHUUECKOTO JeKpEeMeHTa 3aTyxaHus 0.

6.9 BrIBoabl 00 M30UpPATEITHHBIX CBOMCTBAX MAPAIIICIIEHOTO KOHTYPA, BIUSHUHM COMPO-

TUBJICHUS IIyHTa Ha ()OPMY PE30HAHCHBIX KPHUBBIX, MIOJIOCY MPOIYCKaHUS KOHTYpa,

HanpsDKEHUE Ha KOHTYPE.

OTBeTHI HA KOHTPOJIBHBIC BOIIPOCHI
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I'pynna

JlaGoparopust paglOTEeXHUKU

Jlara

0)5(0)

JlaGopaTtopnoe 3ansTue No 2

«HCCJ’IGI{OB&HI/IC mapajlyicJIbHOI'O KOHTYpa»

3aueT

1. Llenp 3aHsaTHS

HCCJ’IGHOB&TB I/I36I/IpaTeHBHI)Ie CBOMCTBaA IIapajlyiCJIbHOI'O KOHTYpPa U BIIMAHUC IIIYHTA HA

II0JIOCY MPOITYyCKAHUS.

2. [lepeuens npubOOPOB ¥ 060PYAOBAHHS

2.1 T'eneparop '4-102.
2.2 MumBonsT™MeTp B3-38.

2.3 KonebatenbHblil KOHTYp (MaKer).

3. Cxema u3MepeHuit

R

==

I'4-102

| I—

2l
Iy
!

=

E
vy,

o)

0o

0

4. Pe3ynbpTaThl N3MEpPEHUM

Tabmuna 1

Pe3onancHbIC KpUBBIE KOHTYpa B A0OCOJFOTHOW U OTHOCUTEIILHON CUCTEME KOOPIUHAT

fr, xI'ng

Af, xI'g

0e3 Ry

Uk, B
¢ Ru

0e3 Ry
UK/UK pe3

¢ Ru
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5. Pe3oHaHCHBIE KpUBBIE KOHTYpa
5.1 Pe3oHaHCHBIE KpUBBIE B A0OCOJIFOTHOM CUCTEME KOOPAMHAT.

Ue ()

A

»fr( )

5.2 Pe3onaHCHBIE KpPUBBIC B OTHOCHUTEJIbHOM CUCTEME KOOpJAHUHAT.

UK/Uer3

A

— Af > LAF( )

6. Pe3ynbTarsl BEIUMCIIEHUN

6.1 bez Ry
_ _ - 0=""-1d =
fpe3 H Q H Q
6.2 CRy
f T
= = = pe = 0 - = ﬂd =
foes IT Q 17 0
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7. BEIBOIBI
7.1 Ykazarsb, Kak BiiseT BenmmurHa Ry, Ha Bermmunny Uy, T0OpPOTHOCTB, JIOTapru(hMUYECKHMA Je-

KPEMEHT 3aTyXaHUsl, TI0JIOCY MPOMyCKaHus, (GopMy pe30HAHCHBIX KPUBBIX U U30UpaTesb-
HOCTb KOHTYpa.
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JJABOPATOPHOE 3AHATUE Ne 3
Crnoco0bI HACTPOIKH CBSI3AHHBIX KOHTYPOB

1. Lenp 3aHaTHSA

[IpakTHuecku U3yuuTh CIOCOOBI HACTPOMKHU CBA3AHHBIX KOHTYPOB.

Cq
[|e Tp
il

O

Puc. I.

1. Kparkue TeopeTuyecKre CBEICHUS

CBsI3aHHBIMH KOHTYpaMH Ha3bIBAlOTCS J[BA WIIH HE-
CKOJIPKO KOHTYPOB, BKJIIOUYEHHBIX TakUM 00pa3oM, uTo

Co  MEKIY HAMHU IIPOUCXOJUT OOMEH SHEPIUEH.

KoHTyp, B KOTOpBIN BKIIIOYEH FE€HEPATOP, HA3bIBACTCS
niepBuvHbIM (l), KOHTYp, B KOTOPBINA SHEPIHsl MOCTYIACT U3
nepBuuHoOro, HasbiBaercst BropudHbiM (I1). CymiecTByroT
pa3M4HbIe BUBI CBSA3HM MEXITy KOHTypaMu. PaccMoTpum
CIOcOOBl HACTPOMKM Ha TNpUMEpe IBYX KOHTYPOB C
TpaHchopMaTOpHOI CBs3bIO (puc. 1).

Bropuunbiii KOHTYp sSIBIISIETCST pabOYMM, TTOITOMY LIETBI0 HACTPOWKU CBS3aHHBIX KOHTYPOB SIB-
JIsIeTCs TOyYeHHe MaKCUMAaIILHOTO ToKa Bo |l koHType.

Cy1iecTByeT HECKOJIBKO CIIOCOO0B HACTPOMKY CBSI3AHHBIX KOHTYPOB:

-TIEPBBIN YaCTHBIN PE30HAHC;

-BTOPOM YaCTHBIN PE30HAHC;

-[IOJIHBIA PE30HAHC;
-CJIO’KHBIA PE30HAHC.

Crioco6 HaCTPOWKM 3aBUCUT OT KOHKPETHOT'O IPUMEHEHUS CBA3aHHBIX KOHTYPOB.
PaccMoTpuM KaKIIbIid U3 3TUX CITOCOOOB.

LI,

L

@n

Puc. 2

[TepBrIii YaCTHBIN pe30HAHC

[Ipu sToM criocoOe HacTpauBaeTcsi B pe3oHaHC | KoH-
Typ mpu claboil CBsA3M MEXay KoHTypamu, |l koHTYp He
HACTPaMBAETCs, CBSI3b MEXIYy KOHTYpaMH HE HW3MEHSETCH.
Hactpoiika | koHTypa ocyliecTBIseTCS U3MEHEHHEM BeEIU-
yuHBl eMKocTu KoujaeHcaTopa | kontypa Cl. Ilpu cnaboit
CBSI3M BHOCHMBIE COTPOTHUBIIEHUSI Majbl U UMH MOXHO Tpe-
HeOpeub. [lockonbky npu pe3oHaHce B | KOHType ero nonHoe
peaktuBHOe compotuBieHne X1 = 0, To conportusienue |
KOHTypa HOCUT YHCTO aKTHBHBIA XapaKTep W Majo, a TOK |
koHTypa MakcumareH. [lockoneky 3JIC, HaBomumas Bo |l koH-

Type E2, 1 TOK BO BTOPUYHOM KOHTYpe J2 IpsiMO TIPOTIOPIMOHATIBHBI TOKY | KOHTYpa, To ToK J2 Oy-
JIeT Toxe MakcuMalieH. Pe3onancHbie kpuBble | 1 |l koHTypoB npu | yacTHOM pe3oHaHce H300paKeHbI

Ha pHC. 2.

LI

ot
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Bropoii yacTHbIl pe30HaHC

[Ipu BTOpOM YacTHOM pe30HAHCE HACTPAUBAETCS B pe-
3oHaHC |l xoHTYp mpu cnaGoil cBsi3u MexJIy KOHTypamu, |
KOHTYp HE HacTpauBaeTCs, CBA3b MEXIY KOHTYpaMH HE U3Me-
usercsa. Hactpoiika |l koHTypa ocyliecTBiseTcs H3MEHEHHEM
BEJIMYUHBI eMKOCTH KoHaeHcaTopa |l xontypa C2. IIpu stom
noyiHoe comnpoTuBieHue || KoHTypa cTaHeT YHCTO aKTUBHBIM
U MUHUMAaJbHBIM, a TOK J2 — MakcHUMajJbHBIM. YBeEJIHYEHHUE
Toka J2 conpoBoxaaercst poctoM DJ1C, uaaynmpyemoii B | KoH-
TYpe, @ BMECTE C HEH PacTeT U CONPOTHUBIIEHHE, BHOCUMOE U3
Il koHTYpa, BCiencTBHE Yero ymMeHblnaercs ToK B | KoHType.
Pe3onancuele kpusble | 1 Il konTypoB nipu |l yacTHOM pe3oHaHce
M300payKeHbI Ha puc. 3.



[TonHbIid pe3oHaHC

ITpu nomHOM pe3oHaHce MpH cnaboil CBA3M MEXTy KOHTY-
pamu HacTpauBaeTcs B pe3oHaHc | koHTyp, 3arem |l koHTYD,
MIOCJI€ YETO YCUIIMBACTCS CBSI3b MEXK]Iy KOHTYpaMHu JI0 MOJy4e-
HUS MAaKCUMaJIbHO BO3MOKHOTO Toka BO |l koHTYype l2max m
(MakCUMyM-MaKCUMOPYM).

[TonHbIN pe30HaHC TOCTUTAETCS PU KPUTUIECKOU
CBSI3U.

Kputrueckuii koaddurment csa3n Kkp MoXKHO paccuuTarhb
yepe3 napamMeTpbl KOHTYPOB

Kip= — 2

JoQ,

rae Q, u Q, coorBercTBeHHO 1006poTHOCTH | M I KOHTYpOB.

L1

IZmaxm—

IIpu 3TOM TOK l2max m , TOJIy4E€HHBIH B pe3ysbTaTe HACTPOUKHU

E

2maxm _2 R{R> )

Pe3onancusie kpuBbie | 1 || KOHTYPOB MpHU MOJIHOM pe30oHaHce U ycloBuu R1 =R n3006-

pakeHbl Ha puc. 4.

CrnosxHbI pe3oHaHC

[Ipn crnokHOM pe3oHaHCe CHavajia YyCTaHABIUBAIOT
OMH M3 YacTHBIX DPE30HAHCOB, a 3aTeM YCTAaHABIMBAIOT
CBSI3b MEXJIy KOHTYpaMHu 10 MOJy4YeHHs MaKCHUMalbHO BO3-
MO>KHOTO ToKa BO Il koHTYpE l2max m. DTOT criocod HacTpOUKU
JIOCTUTAeTCsl TpH Ooliee CHIBHOW CBS3UM MEXKIY KOHTYpPaMH,
K>Kxp. [Ipu aTom BenmmunHa Toka Bo |l koHTYpE lomax m oITY-
YaeTcs TaKOH ke, KaK U TPH MOJTHOM PEe30HaHCe.

E

| omaxm = ———
2/RR,

IZmaxm_ _

LI

OnHako pe30HaHC BO3HUKAET HE HA YaCTOTaX HACTPOMKU KOHTYPOB (o, a HAa ABYX 4acTO-
Tax M| U 2 , HA3bIBAEMBIX YaCTOTAMU CBsI3H, B pe3ynbTare uero gpopma AUX usmensercs, cra-

HOBUTCS JIBYTOPOOIA.

Pe3onanchas kpusas || KoHTYypa npu CIIO)KHOM pe3oHaHce n300pakeHa Ha puc. 5.

PaccMoTpuM mpuvrHY BOSHUKHOBEHHS JBYX PE30HAHCHBIX YaCTOT O] U 2 TMPU CHIIbHOU
cBs3U. Pe3oHaHC Ha YacToTe |, MEHbIIEH COOCTBEHHOW YacTOTHI KoyieOaHHid KOHTYpa wo (o) <
(0) HACTYIAeT BCIEACTBHE TOrO, YTO HA ATOW YAaCTOTE COOCTBEHHOE EMKOCTHOE PEAKTHUBHOE CO-
npoTuBieHHe | KoHTypa X| OKa3bIBae€TCsl paBHBIM 110 MOJYJII0 MHAYKTUBHOMY BHOCHMOMY CO-

npotusieHuto u3 |l koutypa AXgy.

[Xi] = [AXgy]-
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CrnenoBatenbHO, IOJTHOE PEAKTUBHOE COMPOTUBIEHHE | KOHTYpa X paBHO HYIIO, UTO COOT-
BETCTBYET yCIIOBUIO pe3oHaHca. Ha uactore 2 > wo COOCTBEHHOE PEaKTUBHOE CONPOTHBIICHUE
| KOHTYpa HOCUT MHIYKTUBHBIN XapaKTep, a BHOCUMOE — €MKOCTHBIH, U 110 MOYJIIO OHU PaBHBI:

[Xl] = [AXBH],

II03TOMY II0JIHO€ PEaKTUBHOE CONpoTHUBIeHUE | KOHTYpa obpamaercs B HOib X = 0.

3. KoHTposbHbIE BOIIPOCHI

3.1 Yto Ha3bIBaeTCS CBA3aHHBIMU KOHTYpaMu?
3.2 Kakoii KOHTYp Ha3bIBaeTCs NEPBUYHBIM, KAKOH BTOPUYHBIM?

3.3 KakoBa 11e;1h HAaCTPONKH CBSI3aHHBIX KOHTYPOB?
3.4 Onummre cnocod HACTPONKH:
3.5 Onumwmre crmocod HaCTPONKHU:
3.6 Onmmmre cocod HACTPONKU:
3.7 Onummre crnocod HaCTPOUKH:

IIEPBBIN YaCTHBIN PE30HAHC.
BTOpPOM YaCTHBIN PE30OHAHC.
MOJIHBIN PE30HAHC.

CJIOHBIN PE30HAHC.

4, Tlepeuens mpuOOPOB U 0OOPYAOBaAHUS
4.1 T'eneparop 1'4-102.
4.2 MunnuBonst™eTp B3-38.

4.3 Wccnemyemblii Maker.

5. IlopsitoK BBITIOTHEHUST paOOTHI
5.1 Cobpathb cxemy u3mepenuii (puc. 6).

C1
L
il
T4 -102 F13¢Lo —*c, |B3-38
R1 % R2
Puc. 6
5.2 HactpouTh cBs3aHHbIE KOHTYpbI, IpUMEHHUB croco0 HacTpoiiku — |l gacTHbI pe3o-

HaHC, OJId 4Y€ro.

5.2.1 YcTaHoBUTH €1a0yI0 CBA3b MEXY KOHTYPaMHU.

5.2.2 YcranoButh yactoty reaeparopa 200 kI .

5.2.3 V3meHss BenMuuHy eMKOCTH KoHaeHcaTopa Cl, HacTpouTh nepBUYHBIA KOHTYp B
PE30HAHC 110 MAKCUMYMY HaIPsDKEHUs Ha KOHJIEHCATOpe BTOPUYHOT0 KOHTypa UC:.

5.2.4 YcTaHOBUTH MUHHMAJIBHOE 3HAUYCHHE COMTPOTHBIICHUS pe3ucTopoB R1 n R2.

5.2.5 CHATb 3aBUCUMOCTh HaIpsbKeHHs Ha KoHJeHcarope |l koHTypa UC2 0oT 4acToThl re-
Heparopa, nepectpauBas reaepartop ¢ marom 5 kl'i. 3mepenust npoBOIUTh 10 JOCTUKEHUS

UCZ = 0,5 UCZmax.

5.2.6 Pe3ysbTaThl H3MepeHHii 3aHecTH B Ta0u. 1 (2-4).

Tabnuna 1 (2-4)

foxlm

200

205

210

195

190

185

Ucz(B)
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5.3 HactpouTh cBsi3aHHBIE KOHTYPBI, IPUMEHUB CIIOCO0 HACTpoWku — || gacTHBIN pe3o-
HaHC, JJIS Yero:

5.3.1 ¥YcraHoBUTH Cl1a0yI0 CBSI3b MEXKIY KOHTYpPaMH.

5.3.2 VYcranoButh yactoty reaeparopa 200 kI'm.

5.3.3 U3menssa BenuuuHy eMKOCTH KoHAeHcaTopa C2, HacTpouTh || KoHTYp B pe3oHaHc
10 MakCUMyMy HallpsbKeHUs Ha KoHzaeHcatope || konTypa Ucs.

5.3.4 IloBropuTh MyHKTHI 5.2.4-5.2.6, 3an0aHUTh Tab. 2 (aHagoruuHo tadi. 1).

5.4 HactpouTh CBs3aHHBIE KOHTYPBI, IPUMEHUB CIIOCOO HACTPOWKM — MOJIHBIM pPe30HAHC,
JUISL 4ero:

5.4.1 YcTaHoOBUTH cl1a0yio CBSI3b MEXKITY KOHTYpaMH.

5.4.2 YcranoButh yactoty reneparopa 200 kI'm.

5.4.3 Uzmensis BenuuuHy eMKOCTH KoHieHcaTtopa Cl, HacTpouTh | KOHTYp B pe30HaHC 1O
MaKCUMyMy HanpsikeHus: Ha konaeHcarope |l kontypa Uco.

5.4.4 V3menss BeNMMUMHY eMKOCTH KoHueHcatopa C2, Hactpouth |l KOoHTYp B pe3oHaHC
o MakcuMymy Hampspkerus Ucs.

5.4.5 Ycunuth cBS3b MEXIY KOHTYpaMH [0 MOJYyYEeHHS MaKCHUMAaIbHO BO3MOYKHOTO
HanpspkeHus Ha kongeHcaTtope |l kontypa Ucz. OTo npousoiiier npu KpUTUYECKOH CBS3H.

5.4.6 TloBTOpHUTH MyHKTHI 5.2.4-5.2.6, 3am0aHUTH Ta0. 3 (aHasorudHo Tabs. 1)

5.5 Hactpoutb cBsi3aHHBIE KOHTYpbI, IPUMEHUB CIIOCOO HACTPOMKU — CIIOKHBIN pe3o-
HAHC, JJIS 4ero:

5.5.1 YcraHoBUTH cl1a0yI0 CBSI3b MEXKIY KOHTYpPaMHU.

5.5.2 YcranoBuTth yactoty reaeparopa 200 xI'i.

5.5.3 U3menss BenmmuuHy eMKOCTH KoHaeHcaropa C2, HacTpouth |l KOHTYp B pe3oHaHC
[0 MaKCUMYyMY HampsbkeHus Ha koneHcatope |l konrtypa.

5.5.4 Yeunuthb cBA3b MEXKIAY KOHTYpaMu J10 IOJy4Y€HHUs HanpskeHus Ha KoHaeHcarope |l
koHtypa Ucz paBroro 0,7 Ucomax Ha f =200 kI

5.5.5 [oBropuTh MyHKTHI 5.2.4-5.2.6, 3anonHuTth Tab. 4 (aHajgoruduo taodi. 1).

5.6 Ilo pesynbTaram usmepenuii (tadiu. 1-4) mocrpouts pe3oHaHcHbIe kKpuBble || KOHTY-
pa B abCOIOTHON cucTeMe KOOpAMHAT MPHU Pa3IMYHbIX CI0c00ax HACTPOMKH.

6. Conepxanue oTdera

6.1 Ha3Banue paOoThI.

6.2 Llens paGoTHI.

6.3 IIpubopsl, UCIIONIB3yEMBIE TPU U3MEPEHUSX.

6.4 Cxema u3MepeHui.

6.5 Pesynbrarel usmepenwuii (tadi. 1-4).

6.6 Pe3onancusie kpuBbie || KOHTYpa MmpH pa3HBIX crtoco0ax HACTPOUKH.

6.7 BbIBOA O LIESIX U CIIOCOOAX HACTPOMKH CBS3aHHBIX KOHTYPOB, O BEIMYMHE HAIIPSHKEHUS U
(hopMe pe30HaHCHBIX KPUBBIX MPU PA3IUYHBIX CIIOCO0aX HACTPOUKH CBSI3aHHBIX KOHTYPOB.

OTBeTHI HA KOHTPOJIBEHBIC BOITPOCHI
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JIABOPATOPHOE 3AHSATHE Ne 4
HccaenoBanue Biansinusa kodgduunenrta cBsa3u Ha Gopmy
PE30HAHCHBIX KPUBBIX U M0JIOCY MPONMYCKAHUS CBA3aHHBIX KOHTYPOB

1. Llenp 3aHsaTHS
[IpakTHvecku uccaeI0BaTh BIMsIHEE KO HIMeHTa CBA3K HA (OPMY PE30HAHCHBIX KPH-
BBIX BTOPUYHOTO KOHTYpPa U BEIMYUHY IMOJIOCHI IPOITyCKAHUSI.

2. KpaTkue TeopeTuueckue CBEACHUS

[TockonbKy B CBA3aHHBIX KOHTYpax pabouum siBisercs |l koHTyp, TO HauOonbmIni Ipak-
TUYECKUIM UHTEpEC UMEIOT pe30HaHCHbIe KpuBble || KoHTYpa.

Pe3onancusie kpuBbie || kOHTYpa 1Mo TOKy (110 HaNpPsHKEHHIO) B a0COIIOTHBIX KOOPIWHATAX
Ha3bIBAIOTCSl KPUBBIE, MOKA3bIBAIOIINE 3aBUCUMOCTh aMIUIUTYbl ToKa BO |l konType |2 (ammiu-
TyAbl HampsbKeHUs: Ha koHjeHcaTope |l konTypa UC2) OT 4acTOThI reHepaTtopa MpH pa3IudHbIX
KOd(QpHUIHEHTaX CBSI3H.

Pe3onancupiMu kpuBbiMU || KOHTYpa 1Mo TOKY (TO HAMPSHYKEHUIO) B OTHOCUTEIBHBIX KOOP-
JMHATaX Ha3bIBAIOTCS KPUBBIC, MMOKA3bIBAIONINE 3aBUCUMOCTh OTHOMICHUS l2/lomax (UC2/UComax)
OT KaKoW-1100 pacCTPOKU MPU Pa3IMYHBIX KOIPPUIIMEHTAX CBSI3U.

dopMa pe30HAHCHBIX KPUBBIX CBS3aHHBIX KOHTYPOB OINPEIEISIETCS HE TOJBKO JOOPOTHO-
CTBI0, HO ¥ KOO(PPHUIIMEHTOM CBSI3U MEXKIY KOHTYPaMH.

[pu xoxpdumente cBszu MeHble kputudeckoro (Ki<Kyp), popma pe30HaHCHBIX KPUBBIX TaKast

e, KaK U y OJMHOYHOrO KOoHTYpa. [1pn yBenmmuennn koaddummenta csiu 10 Kyp, yBemmumBaercs |2 1,
cooTBEeTCTBEHHO, UC2, 0/1HaKO (popMa Pe30HAHCHBIX KPUBBIX HE U3MEHSETCSl U OCTACTCS TAKOH XKe, KaK y
OIMHOYHOTO KOHTYpa. [Ipn naneHelimem yBemmdennn koddduimenta cBs3u npu K2>Ki,, dpopma peso-
HAHCHBIX KPUBBIX N3MEHSIETCS, CTAHOBHUTCS IBYTOpOoii (prc. 1).

Ucﬂ
Ud U{me
kK
[ I L
| K—,@, | K 2
|
: : \ I Kip
I \ £
[ | ' ¥
| \ |
I | 7
| 1 — A 0
A A A T4

0)
Puc. 1

[TprunHO#l n3MeHeHs! GOPMBbI pE30HAHCHBIX KPUBBIX MPHU CBS3U OO0JIbIlIE KPUTHUECKOH 5B-
JsIeTCs TOsIBIICHHE ABYX pe30HaHCHBIX 4acToT f1 u f2, Ha3piBaembIxX wacToTamu cBs3u. [Ipu ganb-
HeHIIeM yBelndeHUH KodPuiueHTa cBs3u (opMa pe30HaHCHBIX KPUBBIX OCTaeTcsl ABYropOoii,
OJTHaKO «TOpOBD) pa3IBUTAIOTCS, TaK Kak yacToTsl cBsizu 1 u f2 Bce Oonee ynanstorcst oT yacTo-
ThI COOCTBEHHOHN HacTpoiiku KOHTYpoB fo. IIpuunHOil 3TOrO SBISETCS TO, YTO C yBEIHMYCHHEM
KO3 pHIIMEHTa CBA3H BO3pACTACT BEJIMUYMHA PEAKTUBHOIO BHOCHMOTO CONPOTUBIECHUS AXgy U3

Il koHTypa B |, U TpeOyeTcs Bee Oobliast paccTpoiika s BeioiHeHUs paBeHeTBa [ X1] =[AXgy],
T.€. JUIsl TOTO, 9TOOBI PeaKTHBHOE COMPOTHBIICHNE IEPBHYHOTO KOHTYpa CTAJO PaBHO HYIIIO, YTO
COOTBETCTBYET YCIOBHIO pe3oHaHca. Ha wactote fo «mpoBam» yBenuyuBaeTcs, Tak Kak C YBEJH-
yeHreM Kod(p(UIMEeHTa CBA3M BO3pACTAeT BHOCHMOE aKTHUBHOE conpoTuBieHue ARgy u3 Il xoH-

typa B | (puc. 2).
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[Tonocoii mpomyckanus CBA3aHHBIX KOHTYPOB

HAa3bIBACTCA MTOJIOCA HaCTOT, B IIPCACIax KOTOpOfI TOK BO

Il korType (l2) wim HanpspDKeHWe Ha PEAKTUBHBIX dJ1e-

MeHTax KoHTypa (UC2) yMeHbI1aeTcs 10 CpaBHEHUIO C

MaKCHMAaJIbHEIM 3Ha4YeHUEM He OoJjee, UeM B V2 pas.
[Tomoca mpormyckaHus CBS3aHHBIX KOHTYPOB 3aBH-

cut ot kodddunuenta cBs3u Keg. Uem Oonbiie Keg, TEM

0OJIbIIIE TOJIOCA TIPOINYCKAHMS CBSI3aHHBIX KOHTYPOB

(puc. 3).
Amnanu3 nokassiBaet, 4to eciu Kep < 0,68 Kyp,

TO IT0JIOCA MPOITYCKAHUA CBA3dHHBIX KOHTYPOB HCB

Uc 2

Puc. 2

MEHbIIIE, YEM I10JI0ca MPOIYyCKaHUsI OAMHOYHOTrO KoHTypa |l ¢ Takoit xe nodpoTHOCThIO. Tak,
Hanpumep, npu Keg = 0,1 Kyp Ileg = 0,65 (I1). YBenuuenue korpduumenTa cBa3u NpUBOIUT K

pacUIMpEHHUI0 TOJIOCHl mpornyckanus u npu Keg =
0,68 Kyp [1cg = II. IIpu kpuTHUECKON CBSI3M MOJI0CA

IIPOITyCKaHMs CBA3aHHBIX KOHTYpOB Ily, B 1,41 pa3za
Oombile, YyeM OJMHOYHOTO KoHTypa. Ilpu cBs3u
BBIIIIE KPUTHUYECKON IOJIOCA TPOIYCKAHHUS CTaHO-
BUTCS ellle mupe u pocturaetT makcumyma (IImax),
korga Uc, cranoButrcst paBubIM 0,7 UComax Ha 4ya-
crore fo. Ilpu 3ToM Kep = 2,41 Kyp 1 IImax = 3,1
(IT).

B03MOXXHOCTh M3MEHEHHS! MIUPUHBI TOJOCHI
MPOIMYCKaHUS IJIABHOW WM TUCKPETHOM peryiu-
POBKOI CBSI3U SIBJIIETCSI BaKHBIM IIPEUMYIIIECTBOM
CBSI3aHHBIX KOHTYpOB Mepea oJuHOYHbIMU. [Ipruem B
CBSI3aHHBIX KOHTYPaX MOXKHO TOJIYYUTh TaKyl K€

_y

Puc. 3

+ A

MOJIOCY TIPOMYyCKaHMsl, Kak B OJJUHOYHOM KOHTYpe, HO MpU OoJiee BBICOKOM JOOPOTHOCTH (TIpH-
MepHO B 3 paza OoJjbIieil), T.e. popMa Pe30HAHCHBIX KPUBBIX CBSI3AHHBIX KOHTYpPOB OJIMKE K
ueanbHON (MPSAMOYTOJBHOM), a, CIeAOBaTeIbHO, H30UPATENBbHOCTh CBS3aHHBIX KOHTYpPOB

0oJIbIlIE, YeEM OJMHOYHOTO.

3. KonTpomsHbIE BOIPOCH

3.1 [aiite onpeneneHne pe30HaHCHBIX KPUBBIX CBSA3aHHBIX KOHTYPOB B a0COJIFOTHBIX

KOOpJMHATaX.

3.2 I[aﬁTe OIIpEACIICHUC PC3OHAHCHBIX KPUBBIX CBA3AHHBIX KOHTYPOB B OTHOCHUTCIIbHBIX

KOOpJMHATaX.

3.3 Kak 3aBucuT popmMa pe30HaHCHBIX KPUBBIX OT BEIMYMHBI KOIPPHUIIMEHTA CBIA3H MEXK-

1y KOHTypamu?

3.4 OOBsICHUTE MOSBICHUE JABYX MAaKCUMYMOB B PC30HAHCHBIX KPUBBIX IIPH CHJILHOM

cBsi3d (Kep > Kip).

3.5 Tlouemy mpu K¢z > Kyp ¢ yBenmuennem koadduripenta cBsizu «roposm» Ha AUX

pa3aBUTarOTCS?

3.6 [laiiTe onpezaeneHne MOJIOCH IPOIMYCKAHUS CBSI3aHHBIX KOHTYPOB.
3.7 Kak mosoca mporycKaHusl CBSI3aHHBIX KOHTYPOB 3aBHUCHT OT BEITMYMHBI KOAPPHITHEHTA

cBsA3U?

3.8 KakoBa m30upaTeinbHOCTD CBA3aHHBIX KOHTYPOB MO CPAaBHEHHIO C OIMHOYHBIM?
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4. TlepeueHb npuOOPOB U 0OOOPYIOBAHUS
4.1 I'eneparop 1'4-102.

4.2 MunmnusonsT™MeTp B3-38.

4.3 VccnemyeMblil Maker.

1. Tlopsmox BBITIOJIHEHHS pabOTHI
C1

||+
Al

T4-102 L1s¢cLs 2 B3-38
R1 %R27 2

Puc. 4

5.1 Cobpatb cxemy usMepenuii (puc. 4).
5.2 VYcranoButh yactoTy reHeparopa 200 kl'm.
5.3 HacrpouTts B pe3oHaHc || koHTyp mnpu cnaboii CBA3M MEXIY KOHTYpaMHu.

5.4 M3meputh pe3oHancHyto kpuyto |l korTypa mpu crnaboii cesizu (K < Kyp).
5.5 PesynbraThl u3MepeHwmii 3aHecTy B TaoI. 1.

Tabmuma 1

fo(xI') Ucy, B

5.6 YcmuTh CBS3b 10 KPUTHYECKOH.

5.7 U3mepuThb pe3oHaHcHyo KpuByto || koHTypa npu kputiueckoii cBsizu (K = Kyp).
5.8 PesynbTarhl n3MepeHui 3anectd B Tadi. 1.
5.9 YcTaHOBUTH CHIIBHYIO CBSI3b MEXKTY KOHTYpamH ( 6onbine kputideckord, Ki>Kyp ).
5.10 Usmeputs pezoHaHcHyI0 KpuBYIo || KoHTYpa npu cunbHOM cBsi3n Ki>Kyp.
5.11 Pe3ynbraThl U3MepeHHii 3aHecTH B Ta0d. 1.
5.12 YcTraHOBUTH OOJIee CHIIBHYIO CBSI3b MeX Ty KoHTypamu Ko>Ki.

5.13 U3MepuTh pe30HAHCHYIO KPUBYIO CBSI3aHHBIX KOHTYPOB ITpH Koadduuuente cBsizu Kz > Ki.
5.14 Pe3ynbTarhl U3MepeHUl 3aHeCTH B Ta0u. 1.

5.15 Tlo pe3ynbTatam u3mepeHwuii (Tabim. 1) paccuuTarh pe30HaHCHbIE KPUBBIE CBSI3aHHBIX
KOHTYPOB B OTHOCHUTEIIbHBIX KOOPAMHATAX MPH YETHIPEX 3HAUCHUSIX KOI(D(PUIIMEHTaX CBSA3H:
K < Kgp

K: KKp
K> KKp
K2>Ki
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Pe3ynbraTsl BRIYMCICHUN 3aHECTH B Ta0II. 2.

Tabmuna 2
UCZ/U C2max
AT (k') K<Kyp K=Kyp Ki> Kyp K2>K3
0
+5
+ 10
-5
-10

5.16 Ilo pesympratam Tabi. 2 MOCTPOUTH pe3oHaHCHbIe KpuBbie |l KOHTypa B OTHOCH-
TEJIbHBIX KOOpJIUHATaX.

5.17 Ompenenuthb rpapUecKy MOIOCY NPOITYCKAHH KOHTYPOB IPHU pa3HbIX K03 duiu-
€HTax CBS3H.

5.18 Paccuurats n00poTHOCTH Q, 3aTyXanue d, torapupMuIecKkuii IeKpEeMEHT 3aTyXxaHus 0
KOHTYpa IIpU pa3HbIX K03()HULIUEHTAX CBSA3H.

6. CogepxaHue oT4yeTa

6.1
6.2
6.3
6.4
6.5
6.6

6.7

HasBanue paboThl.

Llenans paboThI.

[Tpubopsl, UcrosIb3yeMble ITPU U3MEPEHUSIX.

Cxema nsmepeHuil.

PesynbTarel u3mepenwuii (tadi. 1, 2).

Pe3oHaHCHBIE KpUBbIE CBA3aHHBIX KOHTYPOB B @0COJIFOTHBIX U OTHOCHUTEIIBHBIX
KOOpJUHaTaX IpHU c1a00i, KpUTUYECKON U CHIIBHOM CBSI3AX.

BeiBoJ1 0 BiMsiHMM BeMYMHBI KO3(h(HUIIMEHTA CBSI3H Ha (JOPMY pE30HAHCHBIX KPHBBIX,
I10JIOCY MPOITyCKaHUsl, U30UPaATEbHOCTh U MTapaMeTPhbl CBA3aHHBIX KOHTYPOB.

OTBeTHI Ha KOHTPOJIbHBIC BOITPOCHI
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I'pynna JIaGoparopust paglOTEeXHUKU

Jara

OO Jlaboparoproe 3ansitue Ne 3, 4

«CnocoObl HACTPOWKHU CBSI3aHHBIX KOHTYPOB.
HccnenoBanue BiusiHUS K03 uImeHTa
CBsI3U Ha (pOpMy PE30HAHCHBIX KPUBBIX

CBSI3aHHBIX KOHTYPOB»

3aueT

1. Lenp 3ansTHS

[To3HakOMUTBCS O crioco0aMH HACTPOMKH CBA3aHHBIX KOHTYpOB. MccnenoBars BiausiHIE

koaduimenTa cBs3u Ha GOpMy PE30HAHCHBIX KPUBBIX U IapaMeTpbl KOHTYpa.

2. Ilepeyens npruOOPOB M 000PYIOBAHHUS
2.1 TI'eneparop 1'4-102.

2.2 MunnuBoasT™MeTp B3-38.

2.3 KonebarenbHbIi KOHTYD (MaKer).

2. CxeMmbl U3MEpeHH

LN
T

T'4-102 Li3tLy 2 - B3-38
R1 R2 | %

4. Pe3ynbpTaThl N3MEpPEHUM

Tabmumna 1
Pe3oHaHCcHBIE KpUBbIE B A0COIOTHON M OTHOCUTENIBHON CUCTEME KOOpANHAT
fr, xI'ng
Af, xT'
KCB<KKp
U, B Kip
KCB>KKp
KCB<KKp
UCZ/UC2 pe3 pr
KCB>KKp
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5. Pe3onaHcHbI€ KpUBBIE KOHTYpa B aDCOIIOTHON M OTHOCUTEIBHOM CUCTEME KOOPAUHAT

- Af

> ()

6. Pe3ynbTarsl BEIYMCIICHUN
6.1 HpI/I KCB<KKp

N = Q= ]”7 =
6.2 Ilpu Kyp

from - Q=22 -
6.3 Tlpu Ke>Kyp

Tpes= = Q= 1[;3 —
7. BeIBOIBI

7.1 Onucatpk cnocoObl HACTPOMKU KOHTYPOB.

UCZIUCZpey
A
» + Af ( )
9=""—d = d=t_
Q Q
0=""1d = d=1_
Q Q
0="=rd = d=L-
Q Q

7.2 Yxazarb, kak Bimser BenmmunHa K Ha BemunHy Ucz, 100pOTHOCTB, JTOrapupMUUecKHit
JIEKPEMEHT 3aTyXaHHsl, OJI0CY MPOIMYCKaHus, (OPMY PE30HAHCHBIX KPUBBIX M N30MPATEIIEHOCTh
CBSI3aHHBIX KOHTYPOB.
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JIABOPATOPHOE 3AHATHE Ne 5
Hccaenopanue GpUIbTPOB HUKHUX M BEPXHHUX 4acTOT

1. Ilens 3ansTHS
HccnenoBaTh 9acTOTHBIE CBOMCTBA (PHIIBTPOB HIDKHUX M BEPXHUX YACTOT W BIUSHUE Be-
JIMYMHBI COITPOTUBJICHHS HarPy3KH HAa YaCTOTHYIO XapaKTePUCTHKY (PHIIbTpa.

2. Kparkue TeopeTH4ecKue CBeICHHS
DNeKTpUUeCKUM (PHIITPOM Ha3bIBACTCS YETHIPEXITOIIOCHUK, MPEIHA3HAYCHHBIHN IS mepe-
Jla4¥ CHTHAJIa ¢ MUHHMAJIbHBIM OCIA0JICHUEM B 3aJaHHON YacTH CIIEKTpa M MaKCHUMAaJIbHBIM
ocnabJieHueM B OCTaJIbHOW 4acTH criekTpa. [lepBas 00acTh 4acTOT HA3BIBAETCS IMOJIOCOU IMPO-
3padHOCTH (TIPOITYCKaHHMs), BTOpasi — MOJIOCOH 3ajiepKuBaHus (3arpaxaeHus). Yacrora, pasne-
JSIFOILAst 9TH 00JIACTH, HA3bIBACTCS 4aCTOTOM cpe3a fep.
DKBHUBaJICHTHAs cxeMa ['-o0pa3Horo 3BeHa ¢puiabTpa n3o0paxeHa Ha puc. 1.

Z1
o—I ] o Takue pUIBTPHI BHOCAT 3aTyXaHUE B TPAKT Mepeadn
CUrHajia, BCJIM4MHAa KOTOPOTO OLICHUBACTCA C IIOMOIIBIO KOB(l)-
Uttlex 22 Ulleex (1)
HWIHCHTA 3aTyXaHUs & .

- - 3aryxaHue ¢ TMOKa3bIBaeT CTENEHb YMEHBIICHHS aMILIU-
TyAbl HanpsKeHUs oT BXoaa UMgy k Beixoay UMg.,x dunbsTpa:

Puc. 1
a (16) = 201g (UMgyx/UMgyi).

O kauectBe (huIbTpa CyAT, IPEKIE BCETO, 10 €0 YACTOTHON XapaKTEPUCTHUKE.

YacToTHOW XapaKTePUCTUKON (MIIbTpa HAa3bIBACTCS KPHUBAsi, MIOKA3bIBAIOIIAS 3aBHCUMOCTh
3aTyXaHHsl, BHOCUMOIO (PUJIBTPOM B TPAKT NEpeAayl CUTHAIOB (@ ), OT 4aCTOThl BXOJHOI'O CHI-
Haja.

OunbrpoM HUKHUX YacToT (PHY) HaswiBaeTcs (GuiabTp, mosioca Npo3pavyHOCTU KOTOPOTO
JeXUT B npeaenax ot f = 0 1o fep, a mosioca 3a/iepKUBaHUs — B OCTAIbHOM 06sacTu yactot. Ya-
croTHas xapaktepuctuka ®HY n3o0paxena Ha puc. 2.

Hcxons u3 naHHOro TpeOOBaHUs, /Ul HUKHUX 4acTOT
MOCJIeIOBAaTEIbHOE COMPOTUBJICHHE Z1 (DUIbTpa TOJKHO
ObITh OJIM3KMM K HYJIO JJIsi TOCTOSHHOM COCTaBJISIOIIEH.
JUis BEpXHMX 4YacTOT CONPOTHUBIEHHWE Z1 JOKHO OBITh
6onbmM. OYeBHIIHO, 3TUM TpPEOOBaHMSIM YAOBIETBOPSIET
Karyiika nHayktuBHocTH L. HaoGopot, mapannensHoe corpo-
THBJIEHHE Z2 JUIi TOCTOSHHOM COCTaBIStOIEH W o0nactu
HWKHUX YaCTOT JIOJHDKHO OBITh KaK MOXKHO OOJIBIIIMM, YTOOBI
Fep Exn e OKka3bIBaTh IIYHTUPYIONIErO BIMAHHA. B TO e Bpems s
BEPXHUX YacTOT CONPOTHUBIEHHUE Z2 JIOJKHO OBITH MajbIM.
OtuM TpeboBaHUAM yoBIeTBOpsieT konaeHcatop C. Takum
oOpasomMm, mocienoBarenbHas BeTBb @HY mpencraBnser co00il WHIYKTUBHOE COMPOTHUBIICHHE

o (AR

Puc. 2

Zi= joL, napannenbHas — eMKOCTHOE Z, = }/J WG

Ha puc. 3 nzo6paxens I'-,T-,I1- o6pa3ubie 3Benbst PHYU
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L L/2 L/2
Uex —— U U — Uppe
O Oy 2
T T
L
Lo -]
— c/Z —c/Z
O ]
II
Puc. 3

OuibTpoM BepxHux yacToT (OBY) HazeiBaeTcs GUIbTp, mojoca MporycKaHus KOTOPoro
JISKUT B mipeaenax ot fep 10 00, a mosoca 3aaepkuBanusi — ot 0 10 fep.
YacrorHas xapakrepuctuka ®BY n3obpakena

Ha puc. 4. w (2F) |
Jms ®BY nocnenoBarensHast BETBb MPEACTABISAET CO- |
0011 eMKOCTHOE COTIPOTUBIICHHE, a MapaljieabHas — UHIYK- :
THUBHOE. |
Ha puc. 5 m3o06paxensl -, T-, [1- oOpa3HbIe 3BEHBS '
dBY :
fcp fo, il
Puc. 4
C 20 20 C
|| || [l ||
i i Il |l
UBX L Uprx UBX L UBRIN UBx L L UBklx
Puc. 5

M3-3a HENOCTOSIHCTBA BOJIHOBOT'O CONPOTHBIIEHUS Z 6 (DUiIbTpa B MOJIOCE MPO3PAYHOCTH
HEBO3MOXHO COIJIacoBaTh (MIIBTP C HArpy3KOH BO BCEH MoJjioce MpO3payHOCTH, YTO MPUBOJIUT
K HEpaBHOMEPHOCTH YaCTOTHOM XapaKTEpUCTUKU B IOJIOCE MpO3payHOCTU. YeM sydiie coria-
COBaH (WIBTP C HArpy3Koil, TeM paBHOMEpHEe YacCTOTHasl XapaKTepUCTHUKa (HUIbTPaA B IOJIOCE
MIPO3PAaYHOCTH, U MEHBIIIE MOTEPU B MOJIOCE TPO3PAYHOCTH.

3. KonTponbsHBIE BOPOCH

3.1 Yro Ha3bIBaeTCS MEKTPUUECKUM PHIBTPOM?

3.2 Yro Takoe moyioca mpo3pavyHOCTH U T0JI0ca 3aiepKUBaHus QUIbTpa?
3.3 UYro Takoe 3atryxanue, BHocumoe GpuibtpoM. Kak ero paccuurars?
3.4 Urto Takoe 4acTOTHAs XapaKTepUCTHKA?

3.5 [laiite onpenenenne ®HY.
3.6 Kax nmoctpouts 3BeHbst DHY?
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3.7 N3obpa3zute yacToTHyIO Xapaktepuctuky OHY.
3.8 [aiite onpenenenne ®BY.
3.9 N3obpa3zute yacToTHYIO XapakTepuctuky O@BY.
3.10 Kak moctpouTts 3BeHbss ©PBY?
3.11 Kak BiusieT CONpOTHBIICHUE HArPy3KX HA YACTOTHYIO XapaKTEPUCTHKY (HuiibTpa?
4. TlepeueHb npuOOPOB U 00OPYIOBAHUS
4.1 I'eneparop 1'3-111.
4.2 MunnuBonsT™MeTp B3-38.
4.3 Uccnenyemsblit punbTp (Maker).

5. Ilopsanox BbIOIHEHUS PaOOTHI
5.1 U3mepuTth yactoTHy0 Xapakrepuctuky ®HY, niis yero:
5.1.1 Cobpatb cxeMy usmepeHuii (puc. 6).

ra-111 —¢ Ri| |R: B3-38

Puc. 6

5.1.2 BKi1ro4UTh T€HEPaTop U BOJIBTMETP.

5.1.3 U3MeHss 4acToTy renepaTopa, Mi3BMEpUTh C MOMOIIIbIO BOJIbTMETpa 3aTyxanue o (ub),
BHOCHMOE (PUIIBTPOM IIpH JIBYX 3HAUCHUSX CONPOTUBIEHUs HArpy3ku R1 u R2, s vero:

- YCTAaHOBUTH NepeKIItouaTens BojabTMeTpa B3-38 B nonoxenue «0» J16;

- COeIMHUTH BeIX0[ reHeparopa I'3-111 co Bxomom BosnbT™MeTpa B3-38;

- YCTAaHOBUTH TaKO€ HaIpsLDKEHUE Ha BbIXoJie TeHeparopa ['3-111, koTropoe cooTBeTCTBYET
«0» mkansl BonbT™METpa B 1b;

- IO1aTh HAIPsDKEHUE OT FeHepaTopa Ha BX0J (PUIIbTPA;

- MOJIKJIFOYMUTh BOJBTMETP K BBIXOY (PUIIBTpA;

- B CJIy4ae 3alIKaJIMBaHUsI CTPEJIKH BOJIBTMETPA HEOOXOAUMO YCTaHOBUTD NEPEKII0YATEh
BOJIETMETpA B MOJIO’KEHHE, YI00HOE JUIst u3MepeHus. [t orcuera ocnabneHuss He0OX0MMO
CJIOKMTb ITOKA3aHUS LIKaJIbl M MOKAa3aHUs MepeKIoyaTes.

PesynbraThl u3MepeHuii 3aHectu B Tab. 1.
Ta6muma 1 (2)

foxI'm| 0,1 0,2 05 1 2 5 10 20 50 100 | 200
o, 1b

R1

R2

5.2 3meputhb yacToTHYIO Xapakrepuctuky ®BY, nis gero:
5.2.1 CoGpaTtb cxemMy u3MepeHnuii (puc. 7).
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r3-111 iir R1 R2 B3-38

Puc. 7

5.2.2 IloBropute nyHkT 5.1.2, 5.1.3.
5.3 o nannbM Tabaun 1(2) moctpouTts yactoTHeie XapakTepuctuku @HY u OBY.
5.4 OnpenenuTs 10 YaCTOTHBIM XapaKTEPUCTHKAM I10JI0CY MPOITyCKaHHUs, I10JI0CY 3aep-

xuBaHus U yactoty cpeza ®HY u ®BY na yposne 3 1b.

5.5 Omnpenenure, ¢ kakoii Harpyskoii (R1 unu R2) ®HY u ®BY ny4ie corinacoBaHsbl.

6. ConepxaHue oTyeTa

6.1 HasBanue paOoTHI.

6.2 Llenb paboTHI.

6.3 [IpuGopsI, UCIIOTB3YEMBIC IPU U3MEPECHHSIX.

6.4 Cxembl U3MEpPEHUIA.

6.5 Pesynbrarhel n3mepeHui (TabauIb).

6.6 Yactorusie xapakrepuctuku @PHY nu ®BY.

6.7 BeiBog 0 wacToTHbIX cBoiicTBax ®HY, ®BY u BiusHUM COTPOTUBIICHHS HATPY3KH
Ha UX YaCTOTHYIO XapaKTEPUCTHUKY.

OTBeTHI Ha KOHTPOJIbHBIC BOIIPOCHI
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I'pynna JlaGoparopust pagHOTEeXHUKH

Jlara

OdUO JlaGopaTtopnoe 3ansTue Ne 5

«MccnenoBanue GpuiabTpoB
HUOKHHUX U BEPXHUX 9aCTOT»

3aueT

1. Lenp 3aHsaTHS

2. I[lepeuens mpuOOPOB U 0OOPYAOBaAHUS
2.1 T'eneparop ['4-102.

2.2 MunnusonbTMeTp B3-38.

2.3 Uccnenyemsrii GuiIbTp.

3. Cxembl u3mMepeHuit

HccnenoBaTh 4aCTOTHBIE CBOMCTBA (DMIIBTPOB HIDKHUX M BEPXHUX YACTOT U BIIHSIHHC BE-
JIUYMHBI COMTPOTUBJICHHS HArPy3KH Ha YacTOTHYIO xapaktepuctuky (UX) dunbtpa.

Ly Lo 5
r3-111 TC Ri| |Re B3-38
Cxema usmepenuit YX ®HY
Cq C2
I [| 8
I I
ra-111 L Rﬂ Rz B3-38
Cxema n3mepenuit YX ©BY
4. Pe3ynbpTaThl N3MEpPEHUM
4.1 Pe3ynbratel usmepenuit ©@HY.
Tabnuna 1
UX ®HY
fr, k[’ 0,1 1 10 20 50 | 100 | 1000 | 2000
Ig fr
RH= Rl
“ " R=R,
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4.2 Pesynbratel u3mepenuii @BY.

Tabmuma 1
UXx ®BY
fr, kg 0,1 0,2 0,5 1 2 5 10 20 50 100
Ig f;
@25 R,= R,
5. HacToTHBIE XapaKTEpUCTUKHU
a (1b) YX ®HY a (1b) YX ®BY
A A
»f.C ) »f.C )

6. BriBoIBI

6.1 Ykazarh mosiocy mpoIrryckanus u mosiocy 3anepxkuanus ®HY nu OBY.
6.2 Yka3ath 4actoThl cpe3a (fep).

6.3 OmpenenuTh, ¢ KaKOW HArpy3KO# QHIILTp JyUIIle COTJIAaCOBAH.
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JIABOPATOPHOE 3AHSITHUE Ne 6
HccnenoBanue mo0coBOro u 3arpakaanuiero GujibTpos

1. [lenp 3ansTHSA
HccnenoBath 4acTOTHBIE CBOMCTBA MOJIOCOBOTO M 3arpakIaromiero (YMIbTPOB U BIMSHHE
BEJIMYUHBI CONTPOTUBJICHHS HATPY3KH HAa aMIUTHTYIHO-9aCTOTHYIO XapaKTePUCTHKY (pUibTpa.

2. KpaTkue TeopeTuuecKkue CBEICHUS

[TonocoBeM (monoconpomnyckatronmm) Guiibrpom (II1D) HazeBaercs GuIbTP, MOIO0CA MPO-
3payHOCTH KOTOPOTO JIEKUT B Mpeaeax OTfept A0 fep2, @ MOJIOCA 33A€PIKUBAHNS B OCTAJILHON 4aCTH
00J1aCTH 4acToT.

AMIUTUTYTHO-4aCTOTHOU XapakTepucTukor (AUX) ¢puibTpa Ha3bpIBaeTCs KpUBasi, HOKA3bI-
Balollas 3aBUCUMOCTh Ko3(duuuenta nepenauu ¢GuibTpa o HanpskeHuo Ky oT 9acToTsl

BXoaHOTrO curHana f.. AUX oOparHas 4aCTOTHOM XapakTepucTUkKe. YacTOTHAsE XapaKTEPUCTHKA
[T1® nzobpaxkena Ha puc. 1.
oA Ky 4

AYX TITI®D n3obpaxeHna Ha puc. 2.

Ucxons u3z ycnosuii pabotsl [1I1D, ero mocnegoBaTenbHas BETBb MPEACTaBIsSET COOO0H 10-
clieZIoBaTeNbHBIN KOJeOaTeIbHBINA KOHTYp, MapajuleabHast — napauienbHbii kKoutyp. I'-, T-, I1-
o6pasubie 3BeHbs [1I1D n3o6pakeHsr Ha puc. 3.

Cq L
1 2C 20
I L1/2 Lp/z
|| }7#\#\(\ -y
=—C29 L, —Co: Lo
T
T
ﬁl L1
|| ey
T Co/2321f2 T C2/27% 210/2
II
Puc. 3

OOBIYHO 3TU KOHTYPBI HACTPAUBAIOTCS HA OJIHY U TY’K€ YacTOTy fo, Ha3bIBAEMYIO CpeHeN
4acTOTOW IMOJIOCHI IPOITYyCKaHUS:
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fO = \ f<:pl fcp2 '

[II1® moxHo paccmarpuBaTh kKak komOuHaruio @HY (L1,C2) u ®BY (Cl1, L2). [Tonoca
nporyckanus ¢puibtpa I1 onpenensiercs pa3HOCTBIO YaCTOT:

H=fcp1_fcp2-

Tak xe, kak u 15 Bcex ¢unbTpoB, i [1T1dD xapakrepHa HEBO3ZMOKHOCTh COTIIACOBAHHMS
bubTpa ¢ Harpy3Koi BO BCEl MMOJIOCE MPO3PAYHOCTH, YTO MPUBOAUT K HepaBHOMepHOCTH AUX
B I10JI0CE [TPO3payHOCTU. B nosoce 3aaepkuBaHus 3aTyXaHue HapacTaeT MEIJICHHO.

3arpakgaromum (I0JI0CO3arpakKaaoINM UK pexXeKTopHbIM) GuinbTpoM [13dD Ha3biBaeT-
csi GUIBTP, MOJOCA 3aJCPKUBAHUS KOTOPOTO JICKUT B MPEeNax OT fepl A0 fep2, @ MOJIOCA MPO-
3pavyHOCTH B OCTaJIbHOM oOsacth vactoT. YactoTHas xapaktepuctuka [13d um3zoOpakena Ha
puc. 4, a aMIUINTYAHO-4aCTOTHasA xapakrepuctuka [13® — Ha puc. 5.

oA Ku 4

AV

I
fcpl :%I fcp2

Puc. 4 Puc.5

[TocnenoBarenvHas BerBh [13® mpencraBiser coOOW mapaylielbHBIM KOHTYp, a mapali-
JenbHask BETBb — MOCJIEI0BATEIbHBIN KOHTYP.
I'-, T-, [1-o6pa3ubie 3BeHbs [13D n3o0paxxeHs! Ha puc. 6.

Cl 2C’I 2C'| C'I
] —
O—
L. L1 L1 L1
C2 L2 2L 2Lz
N T T2 ok
Cr ) O ] [ <
T T I

Puc. 6

Bce ocranbsnoe, ckazannoe Boiie o [1I1®D, cnpaBennuso u amns [130.

3. KoHTposbHBIE BOIPOCHI

3.1 Maiite onpenenenue nojoconpomnyckaromiero ¢uibrpa (II1D).
3.2 Kaxk noctpouts 3BeHbs [1T1D?

3.3 UYro HazwIBaeTcs nmooco3arpaxkaaromum Guastpom (I13D)?
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3.4 Kak noctpouTs 3BeHbs [13D?
3.5 Ha kakyto yactory HacTpauBaroTcst KOHTYpbI [IT1D u [13D?
3.6 Kak moxxno npenctaButh 111D u [13D B Buae komOuHaruu 3seapeB PHY 1 ®BY?
3.7 Kax BamseT COnpoTHBIICHHE HArpy3KH Ha yacToTHBIE cBoiicTBa [1I1D u [13D?

4. Tlepeyenb npuOOPOB U 0OOPYAOBAHUS

4.1 I'eneparop '4-102.
4.2 MunmnuBonsT™MeTp B3-38.

4.3 Uccnenyemslit puibTp.

5. Tlopsaok BBITIOHEHUST pAOOTHI
5.1 Cobpatb cxeMy u3MepeHuii (puc. 7).

5.2 3smeputh aMIUIMTYAHO-4aCTOTHYIO Xapakrepuctuky [1I1®D, nns gero:

I4-102

t llj
9]
)
i
=
&)

R1[ [R2

B3-38

Puc. 7

5.2.1 V3MeHss yacToTy reHepaTropa, U3MEpPUTh C IOMOUIBIO BOJBTMETPA HANPSKEHUE Ha
BBIXOJIE (PHIIBTPA MPH JIBYX 3HAUCHUSIX CONPOTHBIICHUS HATPY3KH.

5.2.2 Pe3ynbTaThl MN3MEPEHHI 3aHECTH B Ta0I. 1.

Tabnuna 1
fr, kI'1g 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500 | 600 | 700
UBBIX; B
R1
R2
5.2.3 PaccunTaTh KO3(pGUIMEHT nepenaun GuiibTpa:
K = Do
Pe3ynbraTsl BBIYMCICHUHN 3aHECTH B Ta0II. 2.
Tabnuna 2
k['m | 100 | 150 | 200 | 250 300 350 | 400 | 500 | 600 | 700
Ky
R1
R2

5.3 CoOpatb cxemy u3mMepenwii (puc. 8).
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& C3
Il Il

T4 -102 Ly | L3 3 B3 - 38

e

Puc. 8

5.4 HW3MepuTh aMIUTMTYAHO-YaCTOTHYIO XapaKTEPHCTUKY TOJI0CO3arpaKAaromiero (uib-

tpa (I13®D), nns yero moBTOpUTH M.11. 5.2.1-5.2.3.

5.5 Ilo manHpIM Taba. 2 MOCTPOUTH AMILUIMTYAHO-YACTOTHYIO XapakTepHUCTUKy (AUX)

[T u I13D.

5.6 Onpenenuts o AUX monocy nponyckanus (Ha ypoBae 3 1b), mojocy npo3paqHOCTH

yactoty cpe3a [II1®P u nonocy 3aaepxuBaHus U 4acToTy cpesa ais [130.

5.7 Onpenenutsb, ¢ kakoit Harpy3koi (R1 wiau R2) TII® u [13® nyurne corinacoBaHsbl.

6. Coneprkanue oTyera

6.1 Hazpanue paboTHI.

6.2 Llenb paGoTHI.

6.3 IIpuGopsl, UCTIOIB3yEMbIE IPU U3MEPEHUSX.

6.4 CxeMbl U3MEPEHUH.

6.5 Pe3ynbpTaThl n3MepeHui (TabIuIIbI).

6.6 AUX [TID u [130.

6.7 BoiBog 0 yactoTHbIX cBoiicTBax [I11®D u [13® u BnusHUM CONPOTUBIICHUS HATPY3KH
Ha ux AUX.

OTBeTHI Ha KOHTPOJIbHBIC BOITPOCHI
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I'pynna

JlabGopaTopus paguOTEeXHUKHU

Jara

0)5(0)

JlaboparopHoe 3ansTHE No 6

Tpa»

«HccnemoBanue mojg0COBOTO M 3arpaXk/JatoNIero (riib-

3auer

1. Henpb 3aHsTHS
HccnenoBaTh 4acTOTHBIE CBOMCTBA MOJIOCOBOTO U 3arpakKJaroniero GuiIbTpoB U BIHSHHE

BCJIMYHHBI COMTPOTUBIICHUSA HAI'PY3KHW HAa aMINIUTYIHO-YaCTOTHYIO XapaKTCPUCTUKY (1)I/IJ'II>Tpa.

2. [lepeuens npuOOPOB U 00OPYIOBAHUS

2.1 T'eneparop 1'4-102.
2.2 MwmuBonsTMeTp B3-38.
2.3 Uccnenyemslii GuibTp.

3.
MEepEeHU

T4 -102

Ly

e

o Ly

e

C2
i i
ﬁ .

—C L1
2 g 2 R‘1 R2

|

B3-38

CxeMBbI U3-
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Cxema uzmepenuii [111D

&) [
Il Il

4 - 102 1o | 3 5 B3 - 38

i

Y
T

Cxema nsmepenuii [13®

4. Pe3ynbTaThl U3MEPEHUI
4.1 Pe3ynbratel usmepenuit I11D.

Pe3ynbrarsl n3MEepeHNn aMILTUTY AHO-4aCTOTHOU xapakTepucTuku 111D

Tabmuua 1

fr, K[y 100 | 150 | 200 | 250 | 300
UBbIXl l_IpI/I Rl
MB | pu Rz

4.2 Pesynbratsl usmepennii [13O.

Tabmuna 1
Pe3ynbpTaTel U13MEpEeHNH aMIUINTY AHO-4aCTOTHOM XapakTepuctuku [13P
fr, kx['1x 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500 | 600 | 700
User, npu R1
MB | mpu R
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5. AMIUTUTYTHO-4aCTOTHBIE XapakTepucTuku (AYUYX)

U (MB) AUX [P U, (MB) AUX 130

A

»f. ()

6. BoiBos1bI

6.1 VYxkazare monocy npomnyckanus u nonocy 3anaepxkuBanus [1I1O u [13D.
6.2 VYka3zarh 4acTOThI cpe3a (fcp).

6.3 OrmpenenuTs, ¢ KaKoil Harpy3Koi (GUIBTp Jydlle COTJIacOBaH.

6.4
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