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BBenenue

JlaGopatopHble W MpakTUYECKHE 3aHATHA 1o ydeOHou nucuuruimHe OI1.14
Paouomexnuueckue yenu u cuenanvt COCTaBISIIOT BAXKHYIO YacTh TEOPETHUYECKON U
npodecCHOHAIbHON MPAKTHYECKON MOATOTOBKM M HAmpaBJICHBI HA IMOJTBEPKICHUE
TEOPETHUECKNX TIOJOKEHWA W  (DOpMUPOBAHWE TMPAKTUYECKUX YMEHUU W
MPAKTUYECKOTO OIbITA!

— VY 1 - u3MepsITh OCHOBHBIE XapaKTEPUCTUKU U OMPEACIATh MapaMeTpbl
JUHEUHBIX PATUOTEXHUYECKUX IENEel C COCPEIOTOUYCHHBIMHU IapaMeT-
pamu

— VY 2 - paccuuThIBaTh NapameTphbl U XapaKTEPUCTUKU PATUOTEXHUUYECKUX
1enen sl MPOX0KACHUS CUTHAJIA C 3aJaHHBIM CIIEKTPOM

— TIO 1 - HacTpauBaTh U PETYyIUPOBATH MAapaMETPbl FIECKTPOHHBIX CUCTEM,
YCTPOMCTB 1 OJIOKOB

JlaGopaTtopHble M TPAKTHYECKHUE 3aHATHS OTHOCITCA K OCHOBHBIM BHJIaM
Y4EOHBIX 3aHSATUM.

Brinmonnenune cTyaeHTamMu J1a0OpaTOPHBIX M MPAKTUYECKUX paboT
HaIpaBJICHO:

— Ha 0000IIeHue, CUCTEMAaTH3alluI0, YITyOJIeHue, 3aKperieHue MOTyYeHHbBIX
TEOPETUYECKUX 3HAHUM MO0 KOHKPETHBIM TeMaM JIUCIUTLINH;

— ¢dopMUpOBaHHE YMECHHUN MPUMEHSTH MOJYyICHHBIC 3HAHHS Ha IPAKTHKE;

— BBIPAOOTKY IPH PEIICHWU TOCTAaBJISHHBIX 3a/lad TaKUX MpodeccCHoHaIbHO
3HAUMMBIX KA4eCTB, KaK CaMOCTOSATCIBHOCTHb, OTBETCTBCHHOCTh, TOYHOCTb,
TBOpYECKasi UHUIIMATUBA.

Benymelh auaakTUueckod 1eNnbl0  J1a0OpATOPHBIX  3aHATUN  SIBJISIETCS
AKCIIEPUMEHTAIIbHOE TMOJITBEPXKJICHUE W TMPOBEPKA CYIIECTBEHHBIX TEOPETUUECKUX
MOJIO’KEHU (3aKOHOB, 3aBUCUMOCTEH ).

Benymen IMAAKTAYECKOM  LEIBbK0  NPAKTUYECKUX  3aHATHUM  SABJISETCSA
dbopMHpOBaHUE TPAKTUYECKUX YMEHUW — MPOPECCUOHATBHBIX  (BBITOJHATDH
ompesesieHHbIe  JCHCTBUA, OIepaldyd, HEOOXOJUMbIE B  MOCIEAYIOMEM B
MpoEeCCUOHANILHON  NIeATeNTbHOCTH) WM y4eOHbIX (pemath 3amadyud u  Jp.),
HEOOXOUMBIX B MOCIEIYIOIEeH yueOHO! JesTeIbHOCTH.

ConepxkanueM  J1aOOpaTOPHBIX ~ PabOT MO  JUCHMIUIMHE  SBIISIIOTCS
DKCIIEpUMEHTAbHAs TPOBEpKa (QOopMyJ, METOAWK pacueTa, YyCTAHOBICHUE W
MOATBEPKIACHUE 3aKOHOMEPHOCTEH, O3HAKOMJICHHME C METOJMKAMM TPOBEICHUS
u3MepeHuii. B Xoje BBINONHEHUS 3aJaHU y CTYAEHTOB  (OPMHUPYIOTCA
MPaAKTUYECKUE YMEHUSI U HABBIKU Pa0OThI C pa3IUYHBIMU MPUOOpPaMH, YCTAaHOBKAMH,
Ja00paTOPHBIM O0OPYJIOBAHUEM, amlmapaTypol, KOTOpbIe MOTYT COCTaBJSATh YacTh
npodeCCUOHAILHONM TMPAKTUYECKOW TOJTOTOBKM, a TakKe MCCIeI0BaTEIbCKHUE
ymeHusi (HaOmoaaTh, CpaBHUBATh, aHAJIM3UPOBATh, YCTAHABIMBATH 3aBHUCUMOCTH,
JIeNaTh BBIBOJBI M OOOOIIEHHUS, CAMOCTOATEILHO BECTH HCCIEI0BaHHUE, 0()OPMIISTH
pe3ynbTaThl).



CopnepkaHueM MPaKTUYECKUX 3aHATUA MO JTUCUUIUIMHE SIBJISIOTCS PEIICHHE
pa3HOro poja 3aJay, B TOM 4Yuciie MPOPECCUOHAIBHBIX (BBIMIOJHEHUE BBIYUCICHUH,
pacyeToB, paboTa ¢ HOPMAaTUBHBIMHU JJOKYMEHTaMU, HHCTPYKTUBHBIMU MaTepuaiamu,
CIIPaBOYHHKAMHU.

CopeprkaHre MPaKTUYECKUX, JTAOOPATOPHBIX 3aHSATUN OXBATHIBAIOT BECh KPYT
npo(ecCHOHANBHBIX YMEHUH, Ha MOATOTOBKY K KOTOPBIM OPHEHTHPOBAHA JaHHAs
OUCUUIUIMHA, KOTOpbIE B JaJbHEMINEM 3aKpEIUISIOTCS M COBEPIIEHCTBYIOTCSA
MPAKTUKON MO MPOPUITIO CTIEHUATBHOCTH U MPEATUIIIOMHON MPaKTUKOM.

JlaGopaTtopHble ¥ TNPAKTUYECKUE 3aHATUS TMPOBOAATCS B  CICLHUAIBHO
000pyI0OBaHHBIX YUeOHBIX JTabopaTopusax. [IpogomKUTENIBHOCTD 3aHATHS — HE MEHEe
2-X axkajeMuyeckux 4dacoB. HeoOXOAMMBIMHU CTPYKTYPHBIMU SJIEMEHTAMHU 3aHATHS,
IIOMUMO CAMOCTOSITEIbHOM JI€ATETbHOCTH CTYIEHTOB, SIBJSIOTCS HMHCTPYKTaX,
IPOBOAMMBIN MpenoJiaBaTeleM, a TakkKe OpraHu3auus oOCYXKJIEHUS HTOIrOB
BBITIOJTHEHUS paOOTHI.

Bce cryneHthl, cBsizaHHble C paboToil B jaboparopuu, 00s13aHBl MPOUTH
MHCTPYKTaX MO O€30MacHOMY BBIIOJHEHUIO pPA0OT, O YEM paclHCHIBAIOTCA B
’KypHaJle UHCTPYKTaXka [0 TEXHUKE OE30MaCHOCTH.

BrimonHeHuno 1abopaTOpHBIX U MPAKTUYECKUX pabOT MpeIlIecTBYET IPOBEpKa
3HAHUH CTYJEHTOB, X TEOPETUYECKON TOTOBHOCTH K BBITIOJHEHHUIO 3aJaHUsl.

JlabopaTopHble W TpakTUYECKHE paldOThl CTYAEHTHl BBINOIHSIIOT TOJ
pyKoBOJACTBOM TpenonaBarens. [Ipu mpoBeaeHUN 1a0OPATOPHBIX M MPAKTUYECKUX
3aHATHI yuyeOHas Tpynna MOKET JEIUThCS Ha MOArPYIIbl YUCIEHHOCThIO HE MEHee 8
yenoBek. OObeM 3agaHuil  ans  7a0OpaTOpPHBIX W MPAKTUYECKUX  3aHSITHMA
CIUTAHUPOBAH C PacuyeTOM, UTOOBI 32 OTBEJIEHHOE BPEMsI OHU MOTJIA OBITh BBITOJTHEHBI
KaueCTBEHHO OOJIbIIMHCTBOM CTYJIEHTOB.

®opMbl OpraHuzanuu padoThl 00yYaroONIUXCs Ha JA0OpPaTOPHBIX paboTax H
MPaKTUYECKUX 3aHITHUSIX: TPYIINOBAs U UHMBUIyaIbHAS.

[Tpu rpynmoBo# GpopMe opraHu3aiiy 3aHsITHI OJIHA U Ta e padoTa BBIMOJIHS-
ercst Opuranamu 1o 2 — 3 yenoBeka. [Ipu unnuBHayanpHOM GOpMe OpraHU3aIUH 3a-
HSATUN KaXK]IBIN CTYJCHT BBITIONHSACT WHANBUYAIbHOE 3a/IaHNC.

OT4eT 1o MPaKTUYECKOMN U JTabopaToOpHO# paboTe mpeacTaBiseTcs B hopmare,
MPEyCMOTPEHHOM I1a0JIOHOM OTYeTa MO MPaKTUYECKOM, JJabopaTopHOil padoTe. 3a-
[IUTa OTYETa MPOXOAUT B (POpME OTBETOB 00YUaIOIIEToCcsl Ha BOIIPOCHI MpernoaaBaTe-
JIsl TIO BHITIOJTHEHHOM pabore.

OueHKH 3a BBIMOJIHEHUE Ja00paTOPHBIX padOT M MPAKTUYECKUX 3aHATHUH MO-
I'YT BBICTABIATHCS MO MATHOAIIBLHON CUCTEME MM B (pOpME 3a4eTa M yUYUTHIBATHCS
KaK MOKa3aTesid TeKyIIeil yCIieBaeMOCTH CTYACHTOB.

Kpurtepun oneHKH J1adopaTOPHBIX, IPAKTHYECKHUX PadoT.

KpuTtepun oneHkn Ha0/I10/1eHUA 32 BBIIOJHEHUEM J1a00paTOPHO padoThI:

- OLIEHKA «OTJIMYHO)» BBICTABJISIETCS, €CJIU B XOJE BBIITOJIHEHHUS JJaA0OPaTOPHOI
paboThl 00yUaroIIMiics COOMIOAAET MOPSIOK BBHIIOJHEHHS PaOOTHI COTJIACHO METO.U-

YCCKHUM YKa3aHUAM, HPOABIICT CaMOCTOATCIIbBHOCTb, 3HAHNC U3MCPHUTCIIBHBIX HpI/I60—
5



POB M YMEHHE TOJIb30BATHCS UMHU, COONIOAAET TpeOOBaHUs MPABUII TEXHUKU Oe301ac-
HOCTH;

- OIIEeHKA «XOPOII0» BHICTABIISETCS, €CIIU 00yUaIOIUiCA HEe BCET/Ia MPOSBISET
CaMOCTOSITEIBHOCTh, HO YMEET MOJIb30BaThCS U3MEPUTEIbHBIMU MTPUOOpPaMH, COOITIO-
naeT TpeOoBaHUs MPaBUI TEXHUKHU 0€30MaCHOCTH;

- OLIEHKA «yJ0BJIETBOPUTEJIBHO» BBICTABIISIETCS, €CIIM 00y4YarOIIUiCs HE BCe-
I71a POSIBJISIET CAaMOCTOSITENIHHOCTD TP BHITIOJHEHUH J1a00paTopHON paboThI, HE BCe-
r1a yMEeT IMOJbh30BaThCA H3MEPUTEIBHBIMUA TPHOOpaMH, COONIIOMAaeT TPeOOBaHUS
MPaBUJI TEXHUKHU O€30MaCHOCTH;

- OLIEHKAa «HEeYJOBJIETBOPUTEJIbHO» BBICTABJISETCS, €CIM OOydYaronuics He
MPOSIBIIIET CaMOCTOSATEIILHOCTU TIPU BBIMOJHEHUU Pa0OThI, HE YMEET MOJIb30BATHCS
M3MEPUTEIBLHBIMU TPUOOPAMH.

Kpurepnu ouneHKH BBINOJHEHHUS 0TYETa W 3aIIUTHI J1a0OPATOPHOH pado-
ThI:

- OllEHKA «OTJIMYHO» BBICTABIISCTCS, €CIU JaHbl MPABUIbHBIE OTBETHI Ha BCE
BOIIPOCHI B MOCOOMM 1O JIabopaTopHOW paboTe, MpaBUILHO O(POPMIIEH OTYET, BCE
pacyeThl BBITIOJIHEHBI 0€3 OIMOOK, ClIeNIaHbl MPABWILHBIE BBIBOJIBI B OTUETE;

- OLIEHKA «XOPOII0» BHICTABJISAETCS, €CIIH JIaHbI TIPABHILHBIC OTBETHI HE HA BCE
BOIIPOCKI B MOCOOUU 10 1abopaTopHO padoTe, mpaBWIbHO 0GOPMIIEH OTYET, pacye-
THl BBIMIOJTHEHBI ¢ HE3HAYMTEILHBIMH MAaTEMaTHYCCKUMH OIMMOKaMH, HE 1O BCEM
MIPEIIOKCHHBIM BOITPOCAM B OTYETE ClICTIaHbl BHIBOIBI,

- OIIEHKA «Y/I0BJIETBOPUTEJIbHO)» BHICTABIISICTCS, €CITU JTaHbBI MPABHIBHBIE OT-
BEThl HE Ha BCE BOMPOCHI B MOCOOMU MO jabopaTtopHOil paboTre, OTYET OPOpMIICH
MPaBUJILHO, PACYETHI CACIIaHbI C TPYOBIMHU OIMMOKAaMH, BHIBOJBI B OTYETE HETIOJHBIC,

- OLIEHKA «HEY/JAO0BJIETBOPHUTEJIbHO» BBICTABISETCS, €CJIU HE JaHbI MPaBUIIh-
HBIE OTBETHI Ha BOMPOCHI B ITOCOOMM 10 JabopaTopHOM paboTte, oTdyeT OPOpMIICH C
OIMUOKaMH, PaCYEeThl HE CJCIIaHbI, BEIBOJIBI B OTUETE HE C/IETIAHBI.

Kpurtepnu onieHKHM NpakTu4ecKux padoT o0y4yaromuxcst

- OIIEHKA «OTJHMYHO» BBICTABIISIETCS, €CJIM JIaHbl MMPABWIbHBIE OTBETHI HA BCE
BOIIPOCHI B MOCOOMU MO TMPaKTUUECKON paboTe, mpaBUIbHO O(QOPMIIEH OTYET, BCE
pacueThl BBITIOJIHEHBI 0€3 OIIMOO0K, C/IeJIaHbl MPaBUJILHBIE BHIBOJIBI B KOHIIE OTUECTA;

- OIlEHKA «XOPOII0» BBHICTABIISACTCS, €CIM HE JaHbl MPaBUIbHBIC OTBETHI HA
TpU BONpPOCA B MOCOOUM TO MPAKTHYECKOW paboTe, MpaBUILHO O(POPMIIEH OTYET,
pacueThl BBIMOJHEHBI C HEOOJBIIMMU MaTEMATHYECKUMH OIIMOKaMu, HE MO BCEM
MPEeI0KEHHBIM BOTIPOCAM CJI€JIaHbI BHIBOJIBI B OTYETE;

- OLleHKAa «YyJI0BJIETBOPUTEJbHO» BBICTABIISICTCSA, €CIU HE JaHbl MPABUIIbHbBIE
OTBETHI Ha 5-6 BOIPOCOB B MOCOOHMM TIO MPAKTHYECKOW paboTe, oTdeT odopmieH
MPaBUJILHO, PACUETHI CAEIaHbl C TPYOBIMH MaTeMAaTHUYECKUMH OIIMOKAaMU, BHIBOJIBI B
OTYETE HEMOJIHBIE;



- OII€HKAa «HEYJAOBJIECTBOPHUTEC/ILHO» BLICTABISICTCA, €CJIM HC JaHbI ITPABUJIb-
HBIC OTBCTBI Ha BOIIPOCHI B rmocoouu 1mo HpaKTH‘{CCKOﬁ pa60Te, OTUYCT O(i)OpMJIeH C
OIIIPI6K&MH, PacCUCThI HE CACIAHbI, BBIBOJABLI B OTYCTC HC CACIIAHBI.



JIABOPATOPHOE 3AHSATHE Ne 1
HN3mepenune napaMeTrpoB aMILIUTYIHO-MOAY/THPOBAHHBIX CHTHAJIOB

1. llenv 3anamus
HccnenoBars BpeMeHHBIC JUarpaMMBbl B CIIeKTp AM-CUTHalIa U HAyYUThCs U3MEPSATh Iapa-
METpPBI aMIUTHTYAHO-MOIYTUPOBAHHBIX CUTHAJIOB.

2. Kpamkue meopemuueckue c8e0eHusl

Amnaumyonas Mooyasyuss — 3TO MPOIecC U3MEHEHHS aMILTUTY/Ibl HECYIIETO CUTHAJA IO 3a-
KOHY YIPaBJISIONIETO CHUTHAJIA.

CurHain, KOTOPBI MOJIydaeTcsl B pe3ysbTaTe aMIUTUTYIHOW MOAYJALNU, HA3bIBACTCS aMNIU-
MyOHO-MOOYIUPOBAHHBIM.

B mporiecce aMIMTyIHOM MOAYJISIIMKM  aMIUIMTY/Ia HECYIIETr0 CUTHAJA MOJydaeT Ipupaiie-
HUE, N3MEHSIONIEECs 110 3aKOHY YIPABJISIOIIEr0 CUTHaIA

Kosgppuyuenmom mooynayuu (M) Ha3pIBa€TCS BEIUYMHA, KOTOPas MOKAa3bIBAET, KAKyIO J10-
JIO COCTaBJISIET MaKCHMaJIbHOE MPUPAICHHE aMIUTUTYbI HECYIIEro CHUTHaja B MPOLECCEe aMILIH-
TYIHOW MOJYJISIIIMKA OT aMILTUTY/IbI HECYIIETO CUTHATIA.

m

MOAYJISILINY;
U — aMIuTy/1a HeCyIero CUrHaa.
Koaddumment moaynsiuu nu3MepsieTcs B pa3zax U B npoueHTax (%) v u3MeHseTcs B mpezenax
O<m<l.

[Ipu m > 1 Bo3HUKAET MEPEMOTYIISITHS.
[Tepemoaymnsius MPUBOAUT K UCKAKEHHUIO CUTHAJIA, IOATOMY TaKOH peXUM pabOThl MOAYIs-
TOpa HE MPUMEHSIETCS.

Bpemennas nuarpaMMa aMIUIMTYAHO-MOJYJIMPOBAHHOTO CUTHAIAa YUCTHIM TOHOM
(rapMOHHMYECKHM CUTHAJIOM) H300pakeHa Ha puc. 1.
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ThIBaeTcs 1o Gpopmyie:

UAM max — Um (l+ m) (2)

MunumanbHas aMIuTyaa AM-CUTHaIa pacCUUTHIBACTCS 1O hopMyIie:
Uammin= Um (1- m) (3)

3Hasi MAKCUMAJIbHYIO 1 MUHUMAJIbHYI0 aMIUTHTYLy AM-cHUrHaia, MOXKHO pacCuuTaTh KO-
(buIeHT MoIyIsLuU o hopmyrie:

U -U :
m= AM max AM min . (4)

U vrmex Y 407 min

BBIpa)KeHI/IC AJIsI MTHOBCHHOI'O 3HAYCHU S HAIIPSPKCHU A aMINITUTYAHO-MOAYJIMPOBAHHOI'O CUT-
HaJia:

Uw () = U, _sinot+ ml;m sin(w+Q) t+ ml;m sin(w—-Q) t. (5)

B pe3ynbrare aMIiuTyqJHOM MOIYJISIUMHA YUCTBIM TOHOM IOJYYAETCS CIOMXKHBIA HErapMOHU-
YEeCKUI CUTHAN, COCTOSIINMA U3 TPEX TAPMOHHUECKHUX KOJIeOaHui:
- Hecymiero kKoiedanus ¢ ammmtyaoi Um u yactoTon ;

muU

- BepxHero 00koBoro (B.0.) KoyiebaHus ¢ aMITUTYAON 2 ¥ 4acToTou ® + €;
muU

- HIDKHETO OOKOBOTO (H.0.) KoneOaHusi C aMIUTUTYA0M 2 Y 9acTOTON - L2..

Bce cocrapnsromniue B ciektpe AM-cUrHana BBICOKOUYACTOTHBIE.

CHCKTpaJ'II)Haﬂ JuarpaMma aMIlIMTyJHO-MOAYJIUPOBAHHOI'O CUTHAJIA MPHU aMHHHTYHHOﬁ MO-
AYJIAIUHA YUCTBIM TOHOM IIPEACTABJICHA HAa pI/I02

Lim
mlm mlin
2z 2
0 7-F f 7+F /
Iam
Puc. 2

IupuHoit ciekTpa aMIUIUTYAHO-MoayupoBanHoro curHana (Illam) Ha3bIBaeTcs quana3zoH
4acTOT, B KOTOPOM pACIHOJIOKEHBI BCE  CIIEKTPAIBHBIE  COCTAaBJISIIOIIME  aMIUIMTYIHO-
MOZYJIUPOBAaHHOI'O CUTHAJIA.

[Ipy amMIUIUTYZHONM MOAYJSIIMM YHUCTBIM TOHOM IIMpPUHA CHEKTpa aMIUIMTYAHO-
MOJYJINPOBAHHOI'O CUTHAJIA PaBHA yJIBOCHHOW 4aCTOTE YIPABJIAIOIIErO CUTHAJIA!



Iam = 2F (6)
3. KoumponvHvie 60npocsi
3.1 JlaiiTe onpeneneHne aMILTUTYIHOW MOTYJISIIHH.
3.2 Kak Ha3bIBaeTcsl CUTHAN, KOTOPBIM MOTy4aeTcs B pe3y/ibTaTe aMILIUTYTHON MOy SN ?
3.3 Uro 3naunT AM 4HCTHIM TOHOM?
3.4 Kak u3MeHsIeTCsl aMIUTMTY/a HECYIIEro CUrHajia B mpouecce AM?
3.5 Jlaiite onpenenenue KO3PPUIUEHTA MOTYIISIIHH.
3.6 Hanummre Gpopmyiy it Kod3pUIIMEHTa MO ISALIAHN.
3.7 B kakux enuHUIAX U3Mepsiercs KodpPpuuueHT Moy asumn?
3.8 B kakux npezaenax usmMeHsetTcst KodhpUuimueHt Moxynsnun’?
3.9 Uemy paBHa MakcuMalibHas amIuiutyaa AM-curnana?
3.10 Yemy paBHa MUHUMAaIbHAs aMIIuTyna AM-curnana?
3.11 Yemy paBHa mupuHa cnektpa AM-curnana npu AM 4ucTbIM TOHOM?
3.12 Ot yero 3aBUCHUT IIMpUHA criekTpa AM-curnana?

4. [1epeuenv npubopos u 060py0oeaHus

4.1 T'eHeparop CUTHAJIOB BHICOKOYACTOTHBIN ['4-151.
4.2 Ocummnorpag C1-65A

4.3 I'eneparop ['3-112

4.5 Anammsarop cnekrpa CK4-59

S. Ilopsiook vinonnenus pabomol
5.1 Cobpatb cxemy usmepenuii (puc. 3)

A 4

4 -151 C1-65A

Puc. 3

5.2 BximtounThb reHepaTop u ocruiorpad.

5.3 Ha reneparope ['4 — 151 ycraHoBUTB
- BHYTPEHHIOI MOIYJIAIUIO (4acToTa yrpasistomiero curaana 1 kI'm).
- yactoTy Hecymied 20MI .
- k03hpurrent moayssituu 40%.

5.4 Tlo ocummorpamMme onpeaenuTh MakCcUManbHYI0 Uammax 1 MUHUMATBHYIO Uam min
amuTyny AM-curnana.

5.5 o pe3ynbpTataM U3MEPEHUN paccuuTaTh KOA(PGUIMEHT MOAYIISLUU U CPABHUTH €T0 C
3aJIaHHBIM.

5.6 Ilo pe3ynbraraM M3MEpEHHI MOCTPOUTH BPEMEHHYIO 1uarpaMMy AM-curnaiia.

5.7 Uzmensist kKo GUITMEHT MOTYIISAIIH, 10 OCIIHJLIOTPAMME CIeaTh BHIBOJI O BIUSHUN
Kod¢duireHTa MOAYISIIUN Ha aMIUTUTYRy AM-curnana.

5.8 CoOpatb cxemy uaMepenuit (puc.4).

A 4

4 - 151 CK4 - 59

A

r3—112 10

Puc. 4



5.9 BritounTh reHepaTopsl U aHAIU3aTOP CIIEKTPA..
5.10 Ha renepatope ['4 — 151 ycraHOBUTh
- BHELIHIOK MOAYJISLMIO.
- gacrorty Hecymiei 20 MI g
- koappunment moxymsauu 40%
5.11. Ha reneparope ['3— 112 ycraHoBUTB YacTOTy yIpasisiolero cursana 15 kI'm.
5.12 o aHanu3atopy crekTpa ONnpeAeauTh YaCTOTY HEeCYIIel, YaCTOThl OOKOBBIX
cocraBisomux AM-curnana.
5.13 Ilo pe3ynbpTaTaMm U3MEpPEHUN paccUuTaTh IMIMPUHY cliekTpa AM-curnana.
5.13 Ha reneparope ['3— 112 ycTaHOBHUTB 4acTOTy yrpasistomero curaana 20k i
5.14 Tlo ananu3atopy creKkTpa ONpeaAeuTh YaCTOTY HEeCYIIel, 4aCTOThl OOKOBBIX
cocTaBsAOIKUX AM-curuaina.
5.15 Ilo pe3ynbpTaTtaMm U3MEpEHUN paccuuTaTh IIUPUHY cliekTpa AM-curnana.
5.16 PaccunTarh mpuHy CEKTpa o GopMylie ¥ CpaBHUTH PE3YJIbTaThl U3MEPEHUH C
pe3yabTaTaMH BbIUUCICHUM.
5.17 CnenaTh BBIBOJI O BJIMSHUU YaCTOTHI YIIPABIISIFOIIETO CUTHANA Ha LIMPUHY CIEKTpa
AM-curnana.
5.18 N300pa3uth cekTpaibHble 1uarpaMmbl AM-curHana npu 4acToTe yIpaBJIsoNIero
curdana 10kI'n u 20 xI'p 0603HaUNTh MWUPUHY criekTpa AM-curnana.
5.19 CnenaTh BBIBOJI O YaCTOTHOM cocTaBe AM-cUrHaia YuCTbIM TOHOM.

6. Cooepoicanue omuema
6.1 Ha3zBanue paOoThbI.
6.2 Llexnb paGoTHI.
6.3 IIpuGopsl, HCIOIB3yeMbIe TPH U3MEPEHUSX.
6.4 Cxembl U3MEPEHUA.
6.5 Pe3ynbTaThl U3MEpeHUI U BBIYUCICHUH.
6.6 BeiBosbI 0 BivstHUM K03 pHIIMeHTa MOy ISIMH HA aMIUTATY Ly AM-cHurHama.
O BJIMSIHUM YacCTOTHI YIPABISAIOLIETO CUTHANIA Ha IIMPUHY criekTpa AM-curnaa.

Omeemvl Ha KOHmMpOJ/tbHblE 60NPOCHL
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I'pynna JlabopaTopusi painoTeXHUKH Hara

0)5(0) JlabopaTopHoe 3ansiTne Ne 1 3auer

«I/I3Mepe}me mapaMmeTpoB aMILJIMTYIHO-
MOAYJHPOBAHHBIX CUTHAJIOB»

1. lenv 3ansamus

HccnenoBaTe BpeMEHHBIE JUarpaMMBbl U clieKTp AM-curnana u Hay4uTbCsl U3MEpsTh Iapa-
METPBI AMIUIMTYIHO-MOAYJIUPOBAHHBIX CUTHAJIOB.

2. Ilepeuenv npubopos u 0bopyoosanus

2.1 I'eneparop cUTHAIOB BHICOKOYAcTOTHBIN ['4-151
2.2 Octmmnorpad C1-65A

2.3 I'eneparop ['3-112

2.4 Anammsarop criektpa CK4-59

3. Cxema uzmepenuii

A 4

4 —-151 C1 - 65A

4. Pe3ynomamul usmepenutl u 8bl4UCi1eHUl
4.1 - BHyTpeHHss MOAyJsALus (YacToTa ynpasisitoniero curnaia 1kI'm)
- yacroTa Hecymend 1MI'ny
- koo punment moxymnsuu 40%.
4.2 OnpenenauTs Mo ocuMUIorpady MakCUMalbHYIO aMIUIUTYAy AM-curnana.
Uammax =

4.3 OmpenenuTs 1Mo ocIuIorpady MUHUMAIIbHYIO aMIUMTyy AM-curnana

Uammin =

4.4 Paccuutarh KOA(PPUIMEHT MOAYISALUN

_ UAMrmx _UAM min

U vrmax Y 47 min

14



4.5 Ilo pe3ynpraTaM U3MEPEHUN TOCTPOUTH BpEMEHHYIO Juarpammy AM-cursana.

5. Cxema uzmepenuti

Y

4 - 151

A

CK4 - 59

3-112

6. Pe3ynomamul usmepeHuti u 6b14UCIeHUL

6.1 - BHEIIHAS MOIYSIUS
- yacrora Hecymei 20 MI .
- YacTOTa ympaBistoiero curaana 15 kl'm.
- k03pdunmeHT moayisituu 40%.
6.2 OnpenenuTs 10 aHAINU3aTOPY CHEKTpa napaMeTpsl cnekrpa AM-curuana

- 4aCTOTYy HeCyIleH

-4acTOTy BEpXHE OOKOBOMA

15



-4acTOTY HIKHEN OOKOBOM
fH6 =
6.3 PaccuuTtarh 1o pe3yibTraraM U3MEpPEHUHN UPUHY criekTpa AM-curunana.
Hlam = f66 - fH6 =.
6.4 Paccuutarh mupuHy ciektpa AM-curHana rmo gpopmyiie
Iam = 2F =

6.5 IlocTpouTth cekTpantbHbIe AHarpaMMbl AM-CUTHaIA IO pe3yiibTaTaM U3MEPEHUN U
BBIYMCIICHUU

16



7. Bvisoowl
7.1 CpaBHHTD 33JJaHHBIA U PACCUUTAHHBIN MO pe3y/IbTaTaM U3MepeHuil Ko3dduruent

Moayisinuu AM-curnana
7.2 Ykazatp, KaK BIUsAET KOA(PPUIHESHT MOAYIALNU Ha aMIUIUTYyay AM-curnana.
7.3 Caenatb BbIBOJ O ciekTpe AM-curHana npu AM 4uCTbIM TOHOM.
7.4 CpaBHUTH paCCUYUTAHHYIO 1O PE3yJIbTaTaM U3MEPEHUM U aHATTUTUYCCKU ITUPHUHY CIEK-

Tpa AM-cursana.
7.5 Yka3aTh, KaKk BIMSET 4acTOTA YIPABJISAIOUIEr0 CUTHAJIA HA IIUPUHY CIIEKTpa

AM-curnana.
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JIABOPATOPHOE 3AHATHUE Ne 2
HccaenoBanue crekTpa 4acTOTHO-MOAYJIMPOBAHHBIX CHTHAJIOB

1. llenv 3anamus
Hccnenosats criektp UM-curnaiga ¥ HAy9UThCSI K3MEPSTh MapaMeTPhl YaCTOTHO-
MOJIYJIMPOBAHHBIX CUTHAJIOB.

2. Kpamkue meopemuueckue c8e0eHusl

Yacmomuas mooynayus (YM) — 3TO mpoLecc M3MEHEHHUsT YaCTOThl HECYILIIET0 CUTHAJIA IO 3a-
KOHY YIPaBISIOLIETO CUTHANA.

Curnain, KOTOpbIi Nody4yaeTcs B pe3yiabTaTe YaCTOTHON MOIYJISLIUHU, HA3bIBACTCSA YACHMOMHO-
MOOYIUPOBAHHBIM.

Hesuayusi yacmomul — 5mMo  MAKCUMATbHOE NPUPAUEHUEe YACTOMbL HeCyWe20 CUSHALA 8 NPO-
yecce Yacmomuou MoOYIAYUU.
Hesuayust wvacmomsi npONOPYUOHANLHA AMIAUMYOE YAPAGIAIOWE20 CUSHANA.:

A w~ Uy
WHeKc MOy IALUM.
M =A@
Q

®u3nyecKuil CMBICI HHIEKCA MOAYJISIMHN: OTHOLIEHHUE IEBUALlUU YaCTOTHI K 4aCTOTE
YIPaBIIAIOETO CUTHATIA.
Hnoexc mooynayuu 3a8ucum monvKo Om napamempos Ynpaeiaoue2o CUSHANd, OH NPSAMO
NPONOPYUOHANEH AMIIUMYOe YNpasiaouje2o CUZHAaIA u 00pamHo nponopYUOHaIeH e2o yacmome.

Criextp UM — curnaia TeopeTHuecku OECKOHEYHO OOJIBIION, Jake KOT/a YIpaBIIsIOIHMA
CUTHaJI TapMOHUYECKUH (YUCTHIN TOH).

BeIpakxeHue 111 MTHOBEHHOTO 3Ha4eHUs HanpskeHns UM-curnana npu MOIyJISLUN YH-
CTBIM TOHOM

u,, (t) =U, sinet+> U, sin(w+kQ)t— > U, sin(w —kQ)t.
= P

W3 3TOTO YpaBHEHHS BUIHO, YTO 8 pe3yabmanme YacmomHOU MOOYIAYUU NOJYHACMCSL CTLONC-
Hoe KolebaHue, meopemuyecKu cocmosuee u3 OeCKOHeyHo OONbUL020 YUCIA 2aPMOHUYECKUX CO-
CMAGIAIOWUX:

- Hecywe2o konebanus ¢ amnaumyoou Ug u uacmomou w,

- beckoHeuHO DOBLUI020 YUCTA BEPXHUX DOKOBBIX KONEOAHUL, KaXcdoe CO C80el aMniumyoou
Uk u co ceoeti vacmomoit w+kQ;

- OeCKOHEUHO OONbUI020 YUCIA HUNCHUX OOKOBbIX KOJNEOAHUU, KaANCO0e CO C8oell aMNIUmy-
oot Uk u co ceoeti wacmomoti w-KQ.

[Tepen HWXHUMH OOKOBBIMH, B OTJIMYME OT aMIUIUTYAHOU MOYJISIIMHA, CTOUT 3HAK “‘—*.
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B criekTpe 4acTOTHO-MOAYJIMPOBAaHHOTO CUTHAIA aMIUTHTY/IBI IEPBBIX OOKOBBIX OOJIBIIE, YeM
aMIUTATYy1a Hecylnero. B HeKoTophIX cirydasx Hecyiee kojebanue orcyTcTByeT (Ug = 0 mpu M =
2,4, M =5.)5).

HOCKOHBKY C YBCIMYCHHUEM HOMCpa 6OKOBBIX X aMIIMTyJJa YMCHbIIACTCA, TO HA IMPAKTUKE
CIIEKTP YaCTOTHO-MO/YJTUPOBAHHBIX CUTHAJIOB OFPAHUYMBAIOT CBEpXy U cHu3y (M+1)-it coctapms-
IOLICH.

Takum 00pa3oM, B CIEKTPE 4aCTOTHO-MOIYJIHMPOBAHHOIO CHUTHAjda mpakthdecku 2(M+1)+1
COCTABJISFOLIHX.

CnexTpanpHas quarpaMMa 4acTOTHO-MOJIYJIMPOBAHHOTO CHTHaia s M = 5 wu3o0paxkeHa
Ha puc. 1.

U 2
U, o,
i Ty i
U, U,
U, U;

s T T Yy
0 R T - T = T T -2 b, 4
s [P T I o | f + oo = [e)
| 1 | | Lo -y + 4+ 4+ o+ +
! M Ty ey ey Uy e e ey e
Moy

Puc. 1

[Ipu M << 1

Uy (£) = Uy, sin wt+%sin(a)+9)t— M;]m sin(w-Q)t .

Taxum obOpazoMm, npu M << [ @ pe3yrbmame 4acmomHou MOOYIAYUY NOTYYAEMC CILONHCHOE
He2apMoHUYecKoe Koiebauue, cocmosiyee max xce, KaK u npu amuaumyoHot MOOVIAYUYU YUCTIBIM
MOHOM, U3 3-X 2APMOHUYECKUX COCMABTSIIOUUX:

- Hecywye2o Konebanus ¢ amnaumyoou Um u wacmomou w;

- gepxHe20 60K08020 (8.0.) KonrebaHus ¢ AMnIAUMYOou u wacmomou w+€);

- HUdICHe20 OOK06020 (H.0.) Kolebanus ¢ amMnaumyoou > ™ u yacmomou w-QQ..

AMnﬂumy()a 60KOBbIX cocmasiAnuwux HAMHO20 MeHbUlLe amnﬂumydbl Hecyuyeco KOJZ€6CIHM}Z,
maxk kak M namnozo menvue 1.

CrnexrpanbHas nuarpamma UYM-curnana npu M <<l npezacrasieHa Ha puc. 2.
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Mim I
2z 2
0 F-F 7 FAF 7
lum
Puc. 2

lupunoti cnekmpa uacmomuo-mooyauposanto2o cuenana (Lllyy) Ha3pIBaeTCS AMANa30H Ya-
CTOT, B KOTOPOM DAacCIOJIO)KEHBI BCE CHEKTPAIbHBIE COCTABJIIIOLIUE YACTOTHO-MOAYIMPOBAHHOTO
CUTHAJIA.

lHqM = 2Af

Buisoo. Illupuna cnexmpa uacmomuo-mooyiupo8anHo2o cueHana 3asucum om M u npu
anyookou mooyaayuu (npu M >> 1) pasna y08oerHOt desuayuu Yacmomol.

3. Konmponvnuie 6onpocsi

3.1 JlaiiTe onpeneneHne YaCTOTHON MOAYJISALINY.

3.2 Kak Ha3bIBaeTCsl CUTHA, KOTOPBIHM MOTYYaeTCs B PE3yIbTaTe YACTOTHON MOYJISIIIAN?

3.3 Yto 3Hauut YM uyuctbiM TOHOM?

3.4 Kax u3aMeHsIeTCsl 4acTOTa HeCyIero CUTHajia B mporecce YM?

3.5 Jlaiite onpenenenue 1eBUAIMM YaCTOTHI.

3.6 B uewm 3akmouaercst GU3NIESCKUI CMBICIT JCBHAIIMH YAaCTOTHI?

3.7 CxonbKo TeopeTHdecky B criekTpe YM-curnana coctaBiasonmx?

3.8 Hanmummte BhIpa)keHUE /111 MTHOBEHHOTO 3HAYeHUs HanpspkeHus: UM-curnana.

3.9 HazoBuTe 0cOOEHHOCTH CIIEKTPa YaCTOTHO-MOYJIUPOBAHHOTO CUTHAJIA.

3.10 KoTtopoii cocTaBisomed 1 Ha KAKOM OCHOBAHMM OFPAHMYMBAIOT HA IPAKTUKE CIIEKTP
4aCTOTHO-MOJYJINPOBAHHOI'O CUTHAJIA?

3.11 Ckonpko nmpakTryecku B ciekTpe YM-curnana cocTaBistoIux ?

3.12 N3ob6pasure cniektp UM-curnana npu M = 4.

3.13 Hanummre BeIpa)keHue AJIs1 MTHOBEHHOI'O 3HAYECHHUSI HAPSKEHUS YaCTOTHO-
MoayirpoBaHHoro curiana npu M <<I. IIpoananusupyiire ero.

3.14 U3o6pa3ure cnexktp UM - curnana npu M<<I.

3.15 Mlaiite onpenenenue mupuHsl cnekrpa YM-curnana.

3.1 Hanumute Tounyto opMyIty AJs onpeaenaeHus upuHbl cnektpa YUM-curnana.

4. [lepeuenv npubopos u 06opyoosanus

4.1 I'eneparop cUrHauoB BICOKOYACTOTHBIM ['4-151.
4.2 T'eneparop ['3-112

4.3 Anamzarop criektpa CK4-59

5. Ilopsdok evinonnenus pabomol
21



5.1 Cobpatb cxeMy u3mepeHuii (puc. 3)

A\ 4

4 —-151 CK4 - 59

3—-112

Puc. 3

5.2 BrIII0YHTh TeHEpaToOphl U aHATIM3aTOP CIIEKTPA.
5.3 Harenepatope ['4 — 151 ycraHoBUTH
- UM, BHELIHA MOIYJISALIMS.
- 4acToTy Hecymiero curaana 20MI iy
- neBuanusa yactorsl 45 k'
5.11 Ha renepatope ['3— 112 ycTaHOBUTB 4acTOTY ylpasJiisitolero curnana 15 kl'm.
5.12 Ilo aHanu3aTopy CHIEKTpa ONpPEAENIUTh KpailHue 4acToThl criektpa YM-curnana.
5.13 Ilo pe3ynbpTaTam U3MEpeHH paccuuTaTh WUPUHY ciekTpa UM-curnana
U JIEBUALUIO YACTOTHI
5.14 PaccuuTaTh MIMPUHY CIIEKTpa IO (popMyJie U CPaBHUTH PE3yNIbTAThl U3MEPEHHH C
pe3yJIbTaTaMy BBIYMCIICHUH.
5.15 Ilo pe3ynbpTaTam u3MepeHuil n300pa3uTh CIEKTpasibHYI0 quarpaMmy UM -curnana u
0003HAUUTh €r0 LIMPUHY CHEKTPA.
5.16 CnenaTh BBIBOJ O YaCTOTHOM cocTaBe UM-curHana YucTbM TOHOM.

6. Cooepoicanue omuema

6.1 Ha3zBanue paOoThbI.

6.6 Llems paGoOTEHL.

6.7 IIpuGopsl, HCIIONIB3yEMbIE TPH U3MEPEHUSX.

6.8 Cxembl U3MEpEeHUiA.

6.9 PezynbTaThl U3MEpEHUI U BBIYUCICHUH.

6.7 BeiBosbI 0 BiwstHUM K03 punmeHTa Moy sy Ha aMIuiTyy AM-curHana, o BIus-
HUM YaCTOTHI YIPABJISIOIIEr0 CUTHANIA Ha MIUPHHY cliekTpa AM-curHana.

Omeemvl Ha KOHmMpPOJ1bHblIE 60NPOCHL
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I'pynna JlabopaTopusi painoTeXHUKH

ara

JlabopaTopHoe 3ansiTue Ne 2

5(0)

«Hccnedosanue cnekmpa uacmommuo-
MOOYIUPOBAHHBIX CUZHATI06)

3auer

1. I]env 3anamus

Hccenenosats criektp UM-curnana u HayduThCsi U3MEPATH MapaMETPhl YACTOTHO-

MOAYJIUPOBAHHBIX CUTHAJIOB.

2. Ilepeuenv npubopos u 0bopyoosanus
2.1 I'eneparop curHayioB BbICOKOYacTOTHBIM ['4-151.
2.2 I'eneparop 1'3-112
2.3 Anamuzarop crnektpa CK4-59

3. Cxema uzmepenuu

A 4

4 - 151

A

CK4 - 59

3-112

Puc. 4

4. Pe3ynomamul usmeperuti u 6bl4ucieHuu

4.1 - BHEUTHSISI MOIYJISIITUS

- yacToTa Hecyiero curiana 20MI'm

- neBranusa 4acToThl 45k

- qacToTa ynpasisroniero curiana 15 xl'n
4.2 Paccuutarth MHAEKC MOIYJISAIINN

oA
F

4.3 OnpenenuTh 10 aHATH3ATOPY CIIEKTpa mapaMmeTpsl criekTpa YM-curHaia

-4acTOTY BepXHEH KpaliHel 00KOBOMU

feomax =

-4aCTOTY HIDKHEH KpaiiHel O0KOBOM

fu6 min =

25



4.4 PaccuuTarts 10 pe3yjbTaTaM U3MEpEHUH IKpuHy criekrpa YM-curnana.

L1y = fe5 max - Tugmin =

4.5 PaccunTaTh 1€BUALIMIO YaCTOTHI
2Af = Ul 12
4.6 PaccunraTh mupuHy cnekrpa YM-curnamna o ¢popmyse

L, =2Af =

4.7 TlocTpouTh CEKTpalibHYIO nuarpaMMmy UM-curHana mo pe3yibrataM U3MEpeHHIA.

5. Bvigoowl

5.1 Cnenats BeIBOA 0 ciekTpe UM-curnana npu UM 9uCTBIM TOHOM.

5.2 CpaBHUTbH paCCUMTAHHYIO 10 PE3YJIbTaTaM U3MEPEHUN U AHAIUTUYECKH IIUPUHY CIIEK-
Tpa UM-curnasna.

5.3 CpaBHMTbH pacCCUMTAHHYIO 10 pe3yIbTaTaM U3MEPEHUI U 3alaHHYIO IEBUALINIO YaCTOThI
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HNPAKTUYECKOE 3AHATUHE Ne 1
Pacuer 0CHOBHBIX MapaMeTPOB CBOOOIHBIX KOJIeOaHMIT

1. I]env 3auamus

PaccuuTats nmapameTpsl CBOOOIHBIX KOJIeOaHHI, TOCTPOUTH KPUBBIE 3aTyXaHUs KOJIeOaHUI
IIPY Pa3HBIX 3HAYECHUSAX CONPOTUBIICHUS NIOTEPD.

2. Ilopsioox evinonnenuss pabomuol
Pabota npoBoautcs Ha IBM PC ¢ ucnone3oBanuem nporpammel «Afair.

2.1 OTBETUTh HA KOHTPOJIbHBIC BOMPOCHI U TIOJIYYUTH JIOMYCK K BBITOJHEHUIO TPAKTUYECKON
paboTHLI.

2.2 Paccuurarhb mapaMceTphbl CBO6OI[HLIX KoJIeOaHui KOHTYpa CO CIICAYHOINNUMHA JaHHBIMU:

HHIyKTUBHOCTH KOHTYpa (MK H) L =
eMKOCTh KOoHTYypa (nd) C =
COMPOTHBJICHHE MOTeph KOHTYpa (OMm) Ri=
COIIPOTHUBIIEHUE NOTEPH KOHTYpa (Om) R2=

3navenus L u C BBoATCS C KJIaBUATYpbl, CONPOTHBIEHUS OTEPh 3a1aHbl 110 Ne B )KypHae.
Pacuets! mpoBoasTCs 110 hopMyiiam, He BBIBEZCHHBIM Ha 9KpaH MOHHUTODA.

BoisiHOBOE conpoTuBieHUE
Zg =.|—
P :
C

[Tepuon cBOGOIHBIX KOJIEOAHUI

TO = 27[\/ LC .

KonnuectBO CBOOOIHBIX KOJICOAHMIA

N =23
1)
Jlorapupmuueckuii IEKPEMEHT 3aTyXaHHs
="
ZB

AMHJ’II/ITyI[a 3aTyXaromux KoJIeOaHMH pacCUUTBIBACTCA 110 (bopMyJIe:

Hauanpnas ammuryna Ump = Uy = 100 B.

Pe3ynbraThl pacuyeToB BBIBOASATCS HA DKPaH MOHUTOPA.
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2.3 Pe3ynbTarhl pacyeToB.

BomHoBoe conporusienue koutypa (Om) Zy =
[Tepuon cBOOGOAHBIX KOseOaHui (C) To =
KonngecTBo cBOOOIHBIX KOJeOaHMI KOHTYpa pu R Ni=
KonndecTBo cBOOOAHBIX KOeOanmii KOHTYypa npu R2 N2 =
Tabmuua 1
Kpusble 3aTyxanust
R1 R2

U= U=

U= U,=

Us= Us=

Us= Us=

Us= Us=

Us= Us=

Ur= U7=

Us= Us=

Ug= Ug=

Uio= U=

ITo pe3ynpTaTram pacdera mporpaMma CTPOUT KPUBBIE IBYX 3aTyXAIOMIMX KOJIeOaHUMN TIPH

PAa3HBIX 3HAYCHUAX COIIPOTUBJICHUA MOTCPL B KOHTYPC.

2.3 Paccumrare n00poTHOCTE Q, 3aTyxanue d, norapudMHUUYECKUil JEKPEMEHT 3aTyXaHHs

KOHTYpa 6 1o opmynam (CTyE€HThI PACCUUTHIBAIOT 3TU IApPaMETPhl CAMOCTOSITENIBLHO).

[Tapametps! koHTYpa npu Ri:

_Zs _
Ql—Rl
1
d = =
tQ
T
(91261272111:

2.4 KpuBble 3aTyXaHHUsl.

[TapameTps! koHTYpa npu R2:

Q

KpuBble 3aTyxaHus nporpaMMa BbIBOJUT Ha 3KpaH MOHUTOPA.

_Zg
R,
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3. Koumponwvusie sonpocoi

3.1 Yro Ha3bIBaeTCs KojeOaTeIbHBIM KOHTYPOM?

3.2 Yro HazpIBaeTCsi CBOOOJHBIMH 3JIEKTPOMArHUTHBIMU KOJICOaHUSIMU?

3.3 Ilo kakoit (popMmyIie pacCUUTHIBACTCS SHEPIUS NMEKTPUUECKOTO MOJIst KOHJeHcaTopa?

3.4 Tlo kakoii opMyIie pacCUMTHIBACTCS SHEPIHSI MATHIUTHOT'O TOJISI KATYIIKH MHyKTUBHOCTH?

3.5 Yto noka3bIBaeT JUHEHHAs YacToTa CBOOOIHBIX KOJIEOaHMiT?

3.6 JlaliTe onpenencHue JUIMHBI BOJHBI CBOOOTHBIX KOJICOAHU.

3.7 B ueM 3axirouaeTcsi GU3NYECKUN CMBICIT BOJTHOBOT'O COIPOTUBIICHUS KOHTYpa?

3.8 JlaliTe onpenencHue meproa CBOOOIHBIX KOJICOaHHHA.

3.9 Ilo xakoii (hopmyIie pacCUUTHIBAETCS JUIMHA BOJHBI CBOOOIHBIX KOJIeOaHU?
3.10 Ilo xakoii popmyse pacCUUTHIBAETCS MEPUOJT CBOOOTHBIX KOJIeOaHMIA?
3.11 Ilo xakoii popmyse paccuuThIBaETCs TUHEHHAS YacTOTa CBOOOAHBIX KoJeOaHu?
3.12 Ilo xakoii popmMyse pacCUUTHIBAETCS BOJIHOBOE CONPOTHUBIICHHE KOHTYpa?

3.13 Ha3zoBuTe equHMIIBI K3MEPEHUI TTapaMeTPOB CBOOOIHBIX Kojebanwuii Zg, T, fo.

3.14 Kak n3meHsieTcsi Co BpeMeHeM aMITIUTY/Ia CBOOOIHBIX KONeOaHH B pealbHOM KOHTYpe?
3.15 Kakue BubI NOTEPH SHEPTUU BO3HUKAIOT B PEaJIbHOM KOHTYpe?

3.16 Yro Ha3zpiBaeTcs KO GUIMEHTOM 3aTyXaHus?

3.17 Ilo xakoii popmysie pacCUUTHIBACTCS YIIIOBasi 4acToTa?

3.18 Ipu kakoM YCIIOBUH B peaTlbHOM KOHTYPE BO3HHUKAIOT MEPHOINUECKUE KONeOaHus?
3.19 Yro Ha3zpiBaeTcs JorapupMUIECKUM JIEKPEMEHTOM 3aTyXaHUs?

3.20 ITo xakoit popmyme pacCUUTHIBAETCS TOTapu(PMUIECKUI TeKPEMEHT 3aTyXaHUs ?

4. Cooeporcanue omuema

4.1 Ha3BaHue 3aHATHS.

4.2 Ilenp 3aHATHS.

4.3 VcxonHble NaHHBIE.

4.4 Pe3ynbTaThl BBIYUCICHUI.

4.5 KpuBsble 3aTyXaHusl.

4.6 BbiBoibI O BIMSHUM BEIMYMHBI CONPOTUBIIEHUS MOTEPh KOHTYpa Ha aMIUIMTYAY HaIps-
JKEHUS, KOJIMYECTBO CBOOOIHBIX KOJIeOaHHUM, TOOPOTHOCTH, JIOTapU(pMHUUECKUN JeKpe-
MEHT 3aTyXaHHs M BOJIHOBOE CONPOTHUBICHHE KOHTYpa, O XapakTepe KoyeOaTelbHOro
mpolecca B pealbHOM KOHTYpE.
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Omeembol Ha KOHmMPpOJ1bHbIE 60NPOCHL
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I'pynna JlabopaTopusi painoTeXHUKH

ara

0)5(0) IIpakTyeckoe 3ansaTue Ne 1

«PacyeT OCHOBHBIX MapaMeTPOB
CBOOOAHBIX KOJICOaHUI»

3auer

1. I]env 3anamus
IIPU pa3HBIX 3HAYCHUSIX COTIPOTUBIICHUS ITOTEPb.

2. Ilopsiook evinonnenusi pabomol

- UHJIlyKTUBHOCTb KOHTYpa (MKI H) L =
- eMKOCTb KOHTYypa (d) C =
- COMPOTHBJIEHHE MOTeph KOHTYpa (OM) Ri=
- CONPOTHUBIIEHNE NTOTEPH KOHTYpa (OMm) R2=

2.2 Pe3ynbpTaThl pacyeToOB:

- BOJTHOBOE COMpOTHUBIICHHE KOHTYpa (Om)
Zy =

- IepuoJ] cBOOOIHBIX KosieOaHui (c)
To =

- KOJIMYECTBO CBOOOIHBIX KosieOaHUi KOHTYpa pu R1
Ni=

- KOJIMYECTBO CBOOOIHBIX KosieOaHuil KOHTYpa pu R2
N2 =

- norapumMuuecKkuil JeKpeMeHT 3aTyxaHus npu Ri
0=

- norapumMuyuecKkuil JeKpeMeHT 3aTyxaHus npu R
O, =

Paccunrars napamerpsl CBOOOJHBIX KOJIEOaHUM, TOCTPOUTH KPUBBIE 3aTyXaHUsI KoJeOaHUu

2.1 Paccuurars mapaMeTpsl CBOOOTHBIX KOJIEOaHHI KOHTYpA CO CIISYFOIIMH JaHHBIMH:

Rl RZ
U= U=
Uo= U=
Us= Us=
Us= Us=
Us= Us=
Ue= Ue=
U7= U.=

Tabmura 1
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Us= Us=
Ug= Uo=
U1o= U=

Paccunrath 100poTHOCTH Q, 3aTyXaHue d, TorapupMUIECKUi TCKPEMEHT 3aTyXaHUsl KOHTY-
pa npu pa3HbIX 3HAYEHUAX COIIPOTUBIICHUS I1OTEPD.

[TapameTrps! KOoHTYypa npu Ra:

Z
Q=-"5=
Ry
1
d1=—=
Q
T
01=—=
Q1

3. Kpuevle 3amyxanus

u(t)

A

[TapameTrpsl KOHTYypa npu Rz:

Z

Ry

1
dy=— =

Q2

T
0y =2 =

Q2

\ 4
—

4. Bvi6oowl

4.1 Yxa3aTb, KaK BIUSET BEIMYMHA COITPOTHBIICHHS ITOTEPh HA aMILTUTY/Y HAIPsHKEHUS, KOJU-
YEeCTBO CBOOOIHBIX KOJIEOAHUN, TOOPOTHOCTH, Jorapu(pMUUECKUil JEKPEMEHT 3aTyXaHUs

1 BOJIHOBOC COITPOTUBJICHHUEC KOHTYpaA.

4.2 OOBACHUTH XapakTep KOJIeOaTeTbHOrO MPoIlecca B pealbHOM KOHTYPE.
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JABOPATOPHOE 3AHSITHUE Ne 3
HccienoBanne mocJjieaoBaTeJbHOI0 KOHTypa

1. l]enw 3ansamus
HccnenoBats n3duparebHbIE CBOMCTBA ITOCIICIOBATEIIFHOTO KOHTYPA U BIUSHUE €T0 3Jie-
MEHTOB Ha OpPMY PE30HAHCHON KPHBOW U TTapaMETPhl KOHTYpA.

2. Kpamxue meopemuyeckue ceedeHus

ITocnenoBaTenbHBIM Koae0aTeIbHBIM KOHTYpOM

Ha3bIBACTCS 3aMKHYTAsl JIEKTPUYECKas eI, COCTOSIIAs U3 e
KaTYLIIKH MHAYKTHBHOCTH U KOHJEHCATOPA, BKIFOUCHHBIX
HIOCJIEIOBATEIBHO C MCTOYHHKOM BXOIHOTO CHUTHAJIA |
(puc. 1).

SIBneHne pe3oHaHCca HANPSHKEHUH HACTYIIAeT B KOHTY- Puc. 1
penpufr=fou | Xc|=|Xc]|.

B stom CJIy4ac KOHTYDP NPEACTABJIACT IJId HCTOYHUKA CUTHAJIA HAMMCHBIICC COIIPOTHUBIIC-
HHUe.

Zsxres = R.

HaHp}I)KCHI/Ie Ha KOHACHCATOPC B MOMCHT PC30HAHCA:

Ucpes :ULpe3 =QU@X’ (1)
_Zs AWLIC
Q_F_ R ’ (2)

rne  Zg— BOJHOBOE CONPOTHBIICHHE KOHTYPA,
Q — 10OpPOTHOCTH KOHTYpA.

Koadduuurent nepenaun KOHTypa 1o HanpsKEHUEO

IIpu pe3onance
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3aBHCUMOCTb KOA(PUIMEHTA TIepeaddl KOHTYpa MO HAMPSKEHUIO OT YaCTOTHI BXOAHOTO
CUTHaJIa Ha3bIBACTCS aMIUTMTY/IHO-4YaCTOTHOW XapaKTepUCTUKON KOHTYpa (AUX).
®opma AUX 3aBucuT oT napameTpoB koHTypa (C, L, R), Tak Kak mpu n3MEeHEHHH NapaMeT-

POB U3MEHSIETCSI TOOPOTHOCTh KOHTYpA.

K
Q102
Q1

Q2

fres f

Puc. 2. AUX B aOCOIIOTHON
CUCTEME KOOPJIHHAT

K/Ko (U¢/Urpes)
1

0.707

QL2

Ql

Af m af.xTn

Puc. 3. AUX B OTHOCUTEIILHOU
CHCTEME KOOPIHAT

Pe3zonancnoii xapakmepucmurkoii 6 adcollomHbIX KOOPOUHAMAX NO HANPANCEHUIO HA3bI-
BaeTCsl KpHBas, I0Ka3bIBAIOILAS 3aBUCUMOCTh HANPSDKEHUS HA PEAKTUBHBIX DJIEMEHTaX KOHTypa OT
YJaCTOTHI TeHEPAaTOpa BOJIU3U PE30HAHCHOM 4acTOThI (pHc. 4).

Pezonancnoii xapakmepucmukoil ¢ OMHOCUMENbHBIX KOOPOUHAMAX NO HANPANCEHUIO
HAa3bIBACTCA KpHUBas, MOKa3bIBAromass 3aBUCUMOCTb OTHOLICHUS aMIUIUTY/Ibl HAIIPSXKCHUA Ha pCaK-
THUBHBIX 2JIEMEHTAX KOHTYpa K aMIUIUTYJE HalpsKEHUS HAa PEAKTHBHBIX JIEMEHTAaX KOHTypa IpH
pe30HaHCe OT KaKOW-THO0 PacCTPONKH MPU MAJIbIX paccTporkax (puc. 5).

Ue, Ut

UC/UCpeg

1

0

Puc. 5

JI71st cpaBHEHUS pa3IMYHBIX KOJIEOATEIbHBIX KOHTYPOB cTposIT AUX min pe30HaHCHBIC KpH-

BbIE B OTHOCHUTEILHOI CHCTEME KOOpAHuHAT.

ITo ocu abcuuce oTknangbIBacTCs a0COMIOTHAS Af=fT—fpe; (KI'I1) mam oTHOCHTENBHAS pac-

cTporika % Af% Y.
pe3
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N36uparenbHble CBOIICTBA KOHTYpA OLIEHUBAIOTCS TOJIOCOM MPOITYCKAaHUS, TI0J] KOTOPOii TIOHU-
MarOT JIHaIa3oH 4acToT, B Ipeeax KoToporo koddduimenT nepenaun 1 BbixoHoe Hanpsokenue (Uc)
coctaBiisitoT 0,707 OT pe30HAHCHOT'O 3HAYCHUS.

[To sxcniepuMeHTaIbHO M3MepeHHON AUX MOXKHO ONpeAenTh JOOPOTHOCTh KOHTYpa:

.
Q=2 (3)
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3. KoumponvHbie 6onpocwl

3.1 Yto Ha3bIBaeTcs KoieOaTeaIbHbIM KOHTYPOM?

3.2 Kakoii KOHTYp Ha3bIBA€TCS MOCIEA0BATEIbHBIM?

3.3 Kakoe siBI€eHUE B KOHTYpE Ha3bIBAETCSl PE30HAHCOM?

3.4 Tlouemy pe3oHaHC B MOCIIEIOBATEILHOM KOHTYPE Ha3bIBACTCSl PE30HAHCOM HAIPSDKEHUIN?

3.5 IlepeuncnuTe ycnoBUs pe30HAHCA HAIIPSKEHUSL.

3.6 Kak MOXHO HACTpOUTH KOHTYP B PE30HAHC?

3.7 Uto Takoe ko3 PuUIMEHT nepeaun KOHTypa 110 HAPSHKEHUIO U Y€MYy OH PaBeH IPH pe-
30HaHce?

3.8 Kak usmensercs AYX KoHTypa Npu BKIIOYEHUH B KOHTYP PE3UCTOPA, U3MEHEHUH
€MKOCTH KOHJieHcaTopa?

3.9 Yrto Ha3bIBaeTCA MOJIOCOM MPOITYCKaHUS KOHTYpa?

3.10 OT kakux nmapamMeTpoB 3aBUCUT BEJIMYMHA MTOJIOCHI IPONYCKAaHUsI KOHTypa?

3.11 Yto takoe AUX B oTHOCUTENEHOM U aOCOMIOTHOM MaciTabax? Kakue BeIu4uHbI OT-
KJIQJBIBAIOTCSA IO OCSIM KOOPAUHAT?

3.12 Yro Takoe abCONIOTHAS pacCTPOiiKa, OTHOCHTEIbHAS pacCTpoiika?

3.13 Kak skcnieprMeHTaNbHO ONPEAETUTh T00POTHOCTh KOHTYpa?

4. [lepeuenv npubopos u 060pyoosanus
43 T'eneparop I'4-102.

4.4 MunnuBonsT™eTp B3-38.

4.3 KonebaTenbHbIN KOHTYpP (MakKer).

5. Ilopsook évinonnenus pabomol
5.1 CoOpatb cxemy usmepeHuii (puc. 6).

B

| I |

ry-1o02 AT B3-38

Puc. 6

5.2 BKIIIOYMTB reHepaTop U BOJIBTMETP.

5.3 YcraHOBUTB B KpaliHee JIeBOe MosioxkeHune pydky nepemerHoro kouaeHcaropa C (Cin).

[lepecTpauBas reHepaTop Mo 4actore, JOOUTHCS pe30HaHCa HANpSKEHUs. Y CTAHOBUTH PyU-
Ky InepeMeHHoOro pesucropa R B kpaiiHee neBoe mosoxeHue (Rmin). M3MepuTh 3aBUCHMOCTH
HaIlpsDKEHHsT Ha KOHJEHCATOpE OT YacTOThl TE€HEpaTropa, NepecTpavBas TIE€HEpaTop C I1arom

5 xI'u. 3mMepeHus pe3oHaHCHOM KpUBON MOXKHO 3aKOHUUTH, eciu U= 0,5 U pes

Pesynpratel n3mepenuit 3anectu B Taou. 1.

VYcraHoBUTH PYUKY MEpEeMEHHOro pe3ucropa R B kpaitHee mpaBoe nosoxenue (Rmax) nzme-
PUTH BTOPYIO PE30HAHCHYIO KpHBYIO. Tak Kak 10OpOTHOCTh KOHTypa OyJeT Maja, TO pe30HaHCHAs
KpuBas OyAeT mojoras, U U3MEPEHHS MOKHO POU3BOAUTE ¢ maroM 10 kIl'r.

Pesynbratel n3mepenuit 3anectu B Taou. 1.
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Ta6muma 1(2)

fr, kI'n Uc, B
Rmin Rmax

fp
fp+5kly
fp+10xI'

fp-5xI'n
fp-10xI'x

5.4 YcraHOBHTH B KpaiiHee paBoOe MOJI0KEHUE PyUKy nepeMeHHOro konaeHcaropa C(Cmax).

[lepectpanBas reHeparop IO 4aCTOTE, 10OUTHCS pe30HAHCa HanpsuKeHui. M3mepurs 3aBu-
CHUMOCTb HAIPsHKEHUs Ha KOHAECHCATOPE OT YaCTOThI FeHepaTopa npu kpaiHem jeBoM (Rmin) 1
KpaiiHeM npaBoM (Rmax) OJI0KEHNN PYUKH IIEpeMeHHOro pe3uctopa R.

Pe3ynbpTaThl U3MepeHUii 3aHecTH B Ta0I. 2.

5.5 o mannbM TabmuIl 1 1 2 paccyuTaTh U 3aOIHUTH Ta0. 3 1 4.

Ta6muma 3(4)
Af) Kru UC/UC pe3
Rmin Rmax

0 1 1

+5

+10

-5

-10

5.6 TTo ganHBIM TabIWMIL 1-4 IOCTPOHUTEL PE30HAHCHBIC KPUBBIC B A0COIFOTHOM U OTHOCHTEIILHOM
Maciraoe.

5.7 Onpenenuth rpaduvIecKy MOJIOCY MPOMYCKAaHUS KOHTYpA.

5.8 Paccunrarh 100poTHOCTE Q, 3aTyxanue d, morapudmMudeckuii JeKpeMeHT 3aTyxaHus 0
KOHTypa Juisl pa3nuuHbix 3Ha4eHuit C u R.

6. Cooepoicanue omuema

6.1 Ha3zBanue paboTHI.

6.100enp paboTHI.

6.11I1puGopsI, HCTIOTB3yeMbIC TIPH U3MEPEHHSIX.

6.12CxeMa u3MepeHHiA.

6.13Pe3ynbTaThl H3MEPEHU (TAOTUIIBI).

6.8 Pe3oHaHCHBIE KPHBBIE B OTHOCUTEIHLHOM M a0COIIOTHOM MaciiTade.

6.9 PesynbTaThl BRIYHCACHUH TOJI0CH Iporyckanus [1, modopotHocTn Q, 3atryxanus d, j1o-
rapupMHUECKOr0 ACKPEMEHTa 3aTyXaHus 0 .

6.10 BrIiBObI O BIIMSIHUY BEIMYMHBI €MKOCTH KOHAeHcaTopa C Ha pe30HAaHCHYIO YacTOTY
KOHTYpa, BETMYMHBI eMKOCTH KOoHJIeHcaTopa C U cONpoTHBIEHUS pe3ucTopa R Ha Gpopmy pe3o-

41



HAaHCHBIX KPHBBIX U IIapaMETPhI KOHTYpa.
Omeemvl Ha KOHmMpOJibHblE 60NRPOCHI
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I'pynna

JlabopaTopusi painoTeXHUKH

ara

0)5(0)

JlaGopaTopHoe 3ansitue Ne 3

«HUccnenoBanue MocJaea0BaTEIbLHOIO KOHTYpa»

3auer

1. lenv 3ansamus

Hccnenosath I/I36I/IpaTeJ'IBHLIC CBOMCTBA I10CJIEA0BATEIBHOIO KOHTYpa U BJIMAHHUC €TI0 3JIC-

MEHTOB Ha (hOpMy PE30HAHCHOH KPUBOH U TapaMeTpbl KOHTYpa.

2. llepeuenv npubopos u 0bopyoosanus
2.1 I'eneparop '4-102.

2.2 MumuBossT™MeTp B3-38.

2.3 KonebarenbHbIil KOHTYp (Maker).

3. Cxema uzmepenuu

]

| IS |

ry-10o2 B3-38

4
|7
0

4. Pezynomamol usmepenuu

41C= Cmin.

Pe3onancHbie kpuBbie npu C = Cmin

Tabmura 1

fr, kI'g

Af, xI'g

Uc, B Rmin

Rmax

Uo/Uepes |-min

Rmax

42C= Cmax

Pe3onancubie kpusbie npu C = Cmaxo

Tabmnura 2

fr, KFH

Af, xI'g

Rmi
U, B min

Rmax

Uc/Uc pes Rmin
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Rmax

5. Pe3onancnhule Kpusbvie

5.1 Pe3oHaHCHBIE KPUBBIE B a0COIIOTHOM CUCTEME KOOPIUHAT.

Uc ( ) Ipu C = Cmax npu C = Cnin
A
» Fr(
5.2 Pe3oHaHCHBIE KPUBBIE B OTHOCUTEIILHON CUCTEME KOOPIUHAT.
HpI/IC:Cmax UC/UCPC3 HpHCszin Uc/Ucpez
A A
AT TAFC ) AT TAF(
6. Pezynomamul gvruucnenuii
6.1 C =Cmin R =Rmin
f Vs 1
fe3= 1= =22 0, =—=nd= d,=—
" %= ) i)
C =Cnin R = Rmax
fpe3= Il= Q2= fpw_ 92=l=ﬂd= dzzi
1, Q, Q,
6.2 C = Cmax R = Rmin
f T 1
- - — pes 9 == 7Zd = d = —
fpe3 Hl Ql Hl 1 Ql 1 Ql
C = Crnax R = Rmax

) 4
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= pe = 9 == ﬂd = d - =
fpes™ M= Q=7 7 Q, 27 Q,

7. Bb1600bl

7.1 VYka3aTh, Kak BIUSACT BEJIMYMHA EMKOCTH KOHJICHCATOpa KOHTYPa Ha Pe30HAHCHYIO
9acTOTy KOHTYpa.

7.2 Yka3aTbh, KaK BJIHMSET BEJIMYMHA COMPOTUBIICHUS TIOTEPh KOHTYpa Ha TOOPOTHOCTD,
norapuMUYECKHd TEKPEMEHT 3aTyXaHusl, TI0JIOCY MPOIyCKaHus, opMy pe30HaHCHBIX
KPHUBBIX U U30MPATEIIBHOCTh KOHTYPA.
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JIABOPATOPHOE 3AHATHE Ne 4
HccnenoBanne napajjieJibHOro KOHTypa

1. Henv 3anamus
N3yunTh 4aCTOTHBIE CBOMCTBA MApPAILICILHOTO KOHTYpPa U CIIOCOOBI pACITUPEHUS TTOJIOCHI
MIPOMYCKaHUSI.

2. Kpamkue meopemuueckue céedeHus R

[MapasnenbHBIM — KOJE0ATEIBHBIM — KOHTYPOM L
HA3BIBACTCS 3aMKHYTasl DJIEKTPUYECKAs I[E€Tb, COCTOS- — )
mas M3 KaTyIIKH WHIYKTHBHOCTH W KOHJEHCATOpa,
BKJIFOUEHHBIX TTapajlIeIbHO C KMCTOYHHKOM BXOIHOTO CT) G T
curnana (puc. 1).

Ecmu wacrora reHeparopa paBHa COOCTBEHHOM g L =& C Ru
4acToTe KOHTYpa, TO B KOHTYpPe HACTYIIaeT Pe30HaHC
TOKOB. [IpH 3TOM peakTHBHBIE POBOIMMOCTH TI0 abco-
JIFOTHOM BEJIMYMHE PaBHBI, a 00IIast peakTHBHAS
MPOBOIMMOCTH PaBHA HYITO. BXOIHOE COMpOTHBIICHHE
KOHTYpa IIPH PE30HAHCE MaKCHMAJIBHO:

Puc. 1

2

Zkp = 280 = Z?e’ (1)

rae Z 6— BOJHOBOE CONPOTHBIICHUE KOHTYPA;
Q — 106pOTHOCTS;
R — akTMBHOE CONPOTHBIICHNE MTOTEPh KOHTYPA.

[Tpu aHanm3e YaCTOTHBIX CBOWCTB MapajieIbHOTO KOHTYPa HEOOXOAMMO YUUTHIBATh BIUSHUE
BHYTPEHHETO CONPOTHBICHUSI MCTOUHUKA curHaia Ri. DJIC ucTOYHMKA CHUTHANIA PacHpeleseTcs
MEXly BHYTPEHHUM COIIPOTUBIIEHUEM, KOTOPOE MOXKHO CUATATh HE 3aBUCALIMM OT 4acTOTBI, U KO-
nebare’abHbIM KOHTYPOM.

OT COOTHOIIICHHS COMPOTUBIICHUS HcTOUHUKA Ri 1 Zkp 3aBucut popma AUX u n3buparens-
HBIE CBOICTBA KOHTYpa: mpu ZKkp > Ri npeodiagaet n3doupaTebHOCTD M0 HAMPSHKEHHIO, IPU ZKp <
Ri n30uparenbHOCTD MO TOKY.

Ha npakTuke nmapayuienbHbli KOHTYp HIMPOKO MPUMEHSETCS B CXeMaX PE30HAHCHBIX YCHIIH-
TENIeH M AIIEKTPOHHBIX TEHEPAaTOPOB ¢ OONMbIIUM Ri, KOTOpOEe BKIIIOYEHO MapajjiebHO KOHTYPY H
CHMJKAeT JOOPOTHOCTh KOHTYpa.

_Q
1+ —ZKfD
Ri

Q 9K6 = (2)

BxogHoe compoTHBIIeHHE MOCTENYIOIUX KAaCKaJOB TakXKe OKa3bIBaeT BIMSHHME Ha J00pOT-
HOCTb U IIOJIOCY NMPOITyCKAHMsI KOHTYpa.
C nenpro paclMpeHus NoJ0Chl MPOMYCKAHNS YacTO NOAKIIOUAT Ry, Tora:

f
Q3K8: L, HaKB — _0(1+Zi-p+ ZKpj (3)

Ri R
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Ha mpaktuke B nmapajiesbHOM KOHTYpPE Yalle BCEro paccMaTpUBAIOTCA PE30HAHCHBIE Xapak-
TEPUCTUKH 10 HAMPSIKEHHUIO.

Pe3onancnoii xapakmepucmukou 6 adcoalOmHbIX KOOPOUHAMAX NO HANPAICEHUIO HA3bI-
BAeTCs KpUBas, IOKa3bIBAIOLIAs 3aBUCUMOCTb HaNpsKeHUs Ha KOHType U, OT 4acToTsl reHepaTopa
BOJIM3M PE30HAHCHOM YacTOTHI (puc. 2).

Pe3onancnoii xapakmepucmukoii 6 OMHOCUMEIbHBIX KOOPOUHAMAX N0 HANPAHCCHUIO
Ha3bIBACTCSI 3aBUCUMOCTH OTHOILIEHHUS HANPSLKEHHUS] HA KOHTYPE K HANPSHKEHUIO HA KOHTYpPE MpU
pEe30HaHCe OT KaKOM-TMO00 PacCTpONKH IPHU MajbIX paccTpoiikax (puc. 3).

Uy /Uy
. AUk p,
1
: 0.707
|
|
|
|
|
f!peB L - +af
L1
Puc. 2 Puc. 3

YToObl S3KCIIEPUMEHTATIBHO ONPEASTUTh JOOPOTHOCTh HAIPYKEHHOTO KOHTYpPa, HYKHO:
- U3MEPUTH U MIOCTPOUTH PE30HAHCHBIE KPUBBIE KOHTYPA,
- rpadUecKu OIpeeNIUTh MOJI0CY NponyckaHus KoHTypa I1,
- paccuuTaTh T0OPOTHOCTH KOHTYPA Qs TIO OpMyITE:

Q. = 7 (4)

9K8

rae f,e; — pesoHaHCHas yacTOTa KOHTYpa,
[ xs — PKBUBaJIEHTHAs [10JIOCA MPOITYCKAHUS.

3. KoumponvHule 6onpocwl

3.1 Kakas 1enpb Ha3bIBaeTCA MapajljiebHbIM K0oieOaTelbHbIM KOHTYpOM?

3.2 Ilouemy pe3oHaHC B NapajuIeIbHOM KOHTYPE Ha3bIBAETCSI PE30HAHCOM TOKOB?

3.3 Kakoi#l XxapakTep HOCHT BXOJHOE COIPOTUBIIEHHE MTAPAJUIEIIBHOTO KOHTYpPa IIPU PE30HaH-
ce?

3.4 Yemy paBHO BXO/JHO€ COIIPOTHUBIIEHUE NAPAJUIEILHOIO KOHTYpa IIPU pe30oHaHce?

3.5 Ilepeunciure ycioBus pe30HAHCOB TOKOB. Kak MpakTHUeCKH MOXKHO ONPEAEIUTD
HAaCTYIUIEHUE PE30HAHCA TOKOB?

3.6 Kaxk Bimmsier Ri u Rur Ha popMy pe3oHaHCHBIX KPUBBIX U H30MPATENLHOCTh KOHTYpa?

3.7 IloueMy BBeNM MOHSATHE IKBUBAJIEHTHON JOOPOTHOCTH NapaljIeIbHOIO KOHTYpa?

3.8 O0bsicHUTe PUBNYECKUI CMBICT TOOPOTHOCTH MApajlIeIbHOTO KOHTYDA.

3.9 Kak npakTH4ecKy MOXHO PaCIIMPUTh MOJIOCY MPONYyCKaHUs KOHTypa?

3.10 KakoBa noimkHa ObITH BETMYMHA COTIPOTUBIICHUS ITyHTA?

4. [lepeuens npubopos u 06opyoosams
4.1 T'enepartop I'4-102.
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4.2 MunnuBonstMmeTp B3-38.
4.3 KonebarenbHbIi KOHTYp (Maker).

5. Ilopsook evinonnenus pabomol
5.1 Cobpath cxemy u3MepeHuii (puc. 2).

R

[

| I

T'4-102 L —~c | g, |B3-38

Puc. 2

5.2 BKiII0YMTH F€HEPATOp U BOJIBTMETP.

5.3 YcranoButh yactoty reneparopa 200 xI'i.

5.4 N3menss eMKocTh KoHAeHcaTopa C, HACTPOUTbh KOHTYP B PE30HAHC.

5.5 U3Menssa yactoTy TreHepaTopa depe3 5 kl'1I, CHATh PE30HAHCHYIO KpuBYylo 0e3 R, pe-
3yJIbTaThl U3MEPEHHIA 3aHecTH B Ta0. 1.

5.6 HactpouTs konebaTenbHbIil KOHTYp B pe3oHaHc Ha yactoty 200 kl'm.

5.7 lonxiounTh RIl mepeMbIYKO U CHATh PE30HAHCHYIO KpHBYIO ¢ R Pe3ynpraThl n3me-
peHuii 3aHectu B Tabu. 1.

Tabmuna 1
Pe3onaHcHBIE KpUBBIE B A0COJIIOTHOM CHCTeMe KOOPAUHAT

fr, k' Uk|Uk pes.. B
0e3 Rmr ¢ Rm
200
205
210
195
190

5.6 Paccumtath pe30HaHCHYIO KPUBYIO B OTHOCHTEIHLHOUM CHCTEME KOOPAUHAT. Pe3ynbTaTel
pacyeToB 3aHECTH B TaOII. 2.

Tabmnura 2
Pe3oHaHCHBIe KPUBbIE B OTHOCUTEIBHOM cHCTEMe KOOPAMHAT

Af, k' Uk/UKk.pes.,B
0e3 Rm ¢ R
0 1 1
+5
+10
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5.7 IlocTpouTh pe30HAHCHBIC KPUBBIC B A0COTIOTHON M OTHOCUTEIHLHOM CHCTEME KOOPAMHAT.
5.8 I'paduueckn onpeaenuTh MOJIOCY MPOITYyCKAHHUS.
5.9 Paccuntarh 10OPOTHOCTD, 3aTyXaHUE U JIOTapU(PMUUECKHI TEKPEMEHT 3aTyXaHHUsI Iapa-

JIEJIBHOTO KOHTYpa € IIYHTOM U 0€3 IIyHTa.

6. Codeporcanue omuema

6.1 HasBanue paboThI.

6.2 Llenb paboTHI.

6.3 IIpubopsl, ucnonp3yembie IPU U3MEPEHUSX.

6.4 Cxema U3MepeHui.

6.5 Pe3ynbTaThl n3MepeHuil (TabIuIb).

6.6 Pe3onaHCHBIE KPUBBIE B OTHOCHUTEIFHOM M a0COIIOTHOM MacIiTabe.

6.7 Pe3ynbTaThl BRIYUCIICHHI OJIOCH ponyckanus [1, modopotHoctu Q, 3aTyxanwus d,
JorapupMHUECKOT0 JeKpEeMEHTa 3aTyXaHus 0.

6.11 BsiBoabl 00 N30MpaTENbHBIX CBOWCTBAX MAPAIIEIBHOIO KOHTYPA, BIUSHUN COMPOTHUB-

JIeHHs IIyHTa Ha (OpMY PE30HAHCHBIX KPUBBIX, OJIOCY MPOIYCKAaHUSI KOHTYpa, HAIpsKEHNE

Ha KOHTYpE.

Omeemvl Ha KOHmMpOJibHble 60RPOCHL
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I'pynima

JlaGoparopusi paaMoTeXHUKH

Hara

0150

JlaGopaTopHoe 3ansitue Ne 4

«HMccaenoBanue nmapamuieJibHOr0 KOHTypa»

3aueTt

1. llenv 3anamus

JI0CYy MPOIYCKAHHUS.

2.1 TI'eneparop 1'4-102.
2.2 MummmBonsTMeTp B3-38.

3. Cxema usmepenuii

2. Ilepeuenv npubopos u 060pyooseanus

2.3 KonebarenbHblil KOHTYp (MaKeT).

R

==

r4-102

| I—

4. Pesynomamot usmepenuil

Hccnenosath I/I36I/IpaTeJ'IBHLIC CBOMCTBA [apajuiCJIbHOI'O KOHTYpPA U BJIHMAHHUC LIYHTA HA I10-

Tabnuna 1
Pe3onaHcHBIC KpHBBIE KOHTYPa B A0COIIOTHON M OTHOCUTEIbHOM CHCTeMe KOOPpAMHAT
fr, xI'n
Af, xI'g
0e3 Ru
Us, B
¢ Ru
6e3 Ru
UK/ UK pe3
¢ Ru
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5. Pe3onancnule kpusvle KoOHmypa

5.1 Pe3onaHcHbIe KpUBbIE B a0COIIIOTHOM CHCTEMEe KOOpMHAT.

Ue ()

A

5.2 Pe3onaHCHEIE KpPHUBLIC B OTHOCHUTEJIBHON CUCTEME KOOpAUHAT.

A

— Af

»fr( )

> +AF( )
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6. Pe3ynomamul ebiuucienuil

6.1 bez Ry,
1
_ _ e 0=" = g-l_
foes I1 Q 7 o 0
6.2 CRu
f T 1
— = = pe3: 9:—:7Zd: d:—:
fpeS IT Q I7: Q Q
7. Bvisoowt

7.1 Ykazarp, kak BiuseT BenumurHa Ry, Ha Benmuunny Uy, 100pOTHOCTB, JOrapuMUYecKuii jie-
KPEMEHT 3aTyXaHWUsl, TIOJIOCY MPOIYCKaHUs, (POpMY pe30HAHCHBIX KPUBBIX U H30UpaTEITh-
HOCTb KOHTYPA.
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ITPAKTUYECKOE 3AHATHUE Ne 2
Bausinue ko3(ppUIHEHTA BKIOYECHUA
Ha popmy AYX u mapamMeTpsbl NapaiieJIbHOT0 KOHTYpa

1. Ienv 3anamus

Paccuntath OCHOBHBIE TapaMeTphl MapalljIeIbHOTO KOHTYpa U moctpouth AUX ¢ yyeTtom
BIIMSIHMSI BHYTPEHHETO COMPOTHUBIICHHS TeHepaTopa Rj u conmpoTuBieHus nryHta Ry, mpu moJiHoM u
HETIOJTHOM BKJIFOUEHUHU KOHTYpa.

2. Tlopsoox evinonnenus pabomol

Pabora npoBomurcs Ha IBM PC ¢ ucnons3oBanuem mporpammel «Afair.

2.1 OTBeTHTH HAa KOHTPOJIbHBIEC BOTIPOCHI U TIOTYYUTh JIOIYCK K BBITOJHEHUIO TPAaKTUIECKON
paboThI.

2.2 PaccunTaTh mapaMeTphl MapauieIbHOTO KOHTYPa CO CIETYIONUMH JaHHBIMH:

COMPOTHUBIIEHUE TTOTEPH [OM] R =
COMPOTHUBIIEHNE UCTOYHHKA [OM] Ri =
colnpoTtusiieHue myHTta [Om] Ry =
MHIYKTUBHOCTb KOHTYpa [MKI'H] L =
E€MKOCTh KOHTYpa [D] C =

WHIyKTUBHOCTB U €MKOCTb 3aJal0TC MIPENOAABATENIEM 10 HOMEPY BApUAHTA.
Pacuerts! npoBoasaTcs o popmynam, He BEIBEIEHHBIM Ha SKpaH MOHUTOPA.

BosiHOBOE conpoTuBieHUE

L
Zg=.|—.
¢ \c

Pe3onaHcHas yacToTa

fpey =———— T,

pes ;
274 LC -103

J1oO6pOoTHOCTH KOHTYpA
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— -6
Q R
Pe3onancHOE COITPOTHUBIICHKE
7%
Zyp = ;
ITonoca npornyckaHnus KOHTypa
=P
Q

B Tabx. 2 mapaMeTpbl pacCYUTHIBAIOTCA O (hopMyiam:

SKBHUBAJICHTHAs JOOPOTHOCTh Qoke =

14 Zy, pes
Ri
fo Zy. pes
9KBUBAJIICHTHAS 110JI0CA IPONYCKaHUST [0 = =111+ — |.
Qoke Ri

B ta6u. 3, 5, 7 aMmmmuTyqHO-9acToTHAs Xapaktepuctuka AUX paccuutsiBaercs mo Gopmyie:

K _ 1 (1)

Ko V1+ a32 1

2Af
T Qoke s
pes

A f —abconroTHas paccTpoiika ¢ marom B 5 k1.

rac ap =

B Tabn. 4 mapaMeTpbl pacCUMTHIBAIOTCA MO (hopMyam:

OKBHBAJICHTHAA )106pOTHOCTL

Q
ZK.pea N ZK.p€3
Ri Ru

Qaz

1+

OKBHUBAJICHTHAA I10JIOCA TPOITYCKAaHHUA

z z
Iy =H(1+ Ki:f_ea) + 7;pe3]
' w
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HpI/I pacueTe SKBUBAJICHTHOM ,Z[O6pOTHOCTI/I W IIOJIOCHI ITPOITYCKaHHWs ITPH HECIIOJIHOM BKIJIHOYC-

HUM KOHTYpa (Tabi. 6) Ay ABYX pa3HbIX KOA(PPHUINEHTOB HEMOIHOTO BKIIOUYEHHUS IO WHIYKTUBHO-
CTH UCHOJIb3YIOTCS (POPMYIIBI:

Q
Qoke = 7 ZZ ’
1:,0 1<_.p63+,0 K.pe3
Ri Ru
2 2
Z Z
Mg = 11 1+ P 1<..pe3 N P Lik.pe3
Ri Ru

Jlnst pacyera AUX (tabim. 7) B hopmyity (1) moaCTaBISIFOTCS COOTBETCTBEHHO SKBUBAJICHTHBIC
nobporHoctu (tadi. 6).

2.3 Pe3ynbTaThl pacueToB.

Tabnuna 1
be3 yuera Ri(Ri=%) 6e3 Ru
Bonnosoe conporusienue koutypa [Om]  Zg
PesonancHas yacrora [kI'1] foes =
J1oOpOoTHOCTH KOHTYpa Q =
ITosoca nponyckanus [kI'] I =
Pe3onancHoe conpotusienue [Om] Zp =
Tabmumna 2
IMonHoe BKiIOYeHHe KOHTYpPa Ri= 0e3 Ru
DKBUBaJICHTHAS JOOPOTHOCTH Qo =
OKBUBaJIEHTHas 1oJsioca npomyckanus [Kl'm] Iloxs =
Tabnuna 3
IMosiHoe BriIOYeHHE KOHTYpa Ri = 0e3 Ru
AbcouoTHas paccTpoiika, Kl
3HayeHrne KpUBOM M30MPaTEIbHOCTH
Tabnuma 4
IHonHoe BriIOYeHHEe KOHTYpPa Ri= Ru =
DKBUBaJICHTHAs JOOPOTHOCTh Qoxe =
OKBUBAJICHTHAs 1oj10ca mponyckanus [kl I =
Tabnuna 5
AYX KOHTYpa NpH NOJTHOM BKJIIOYeHUH KOHTYpa Ri= Ru=
AOcoroTHast paccTpoiika, Kl 11

3HayeHue KpUBON M30MPATEIbHOCTH
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Tabmuna 6

HenosHoe BKJIIOYeHHEe KOHTYPA MO0 HHAYKTHUBHOCTH Ri= Ru=
P1=0,3 P,=0,5
DKBHUBaJICHTHAs IOOPOTHOCTh Qoxs = Qoxs =
DKBUBaJICHTHA 110JI0CA npormycKanus [KI 1] Mhxel = o2 =
Ta6mmma 7
AYX KOHTYpa NPH HENMOJHOM BKJIIYEHNUH KOHTYPA 10 WHAYKTHBHOCTH
Ri= R =

AOcoroTHas paccTpoiika, kI 11
3HaueHue KpuBo nzduparenbHocty npu p = 0,3
3HaueHue KpuBou nzduparenbHocTy npu P = 0,5

[To tabnuuam 3, 5 u 7 nporpamma ctpouT rpaduku AUX napamiensHOro KOHTypa.

2.4 AUX koHTypa B OTHOCUTEIIbHOI cucTeMe KOOpAHHAT.
AUYX xoHTypa nmporpamma BBIBOJAMT HA SKPaH MOHUTOPA.

3. Konmponvnsie 6onpocul
3.1 Yro HazbpIBaeTCs MapajuiebHBIM KOJeOaTeIbHBIM KOHTYpOM?
3.2 TlepeuncnuTe yCIOBUS PE30HAHCA TOKOB.
3.3 [louemy pe3oHaHC B MapajuIeIbHOM KOHTYpPE Ha3bIBAE€TCS pPE30HAHCOM TOKOB?
3.4 Tlo kako# ¢opMyIe pacCUUTHIBAETCS TOOPOTHOCTH MApaIeTLHOTO KOHTYpa?
3.5 B uem 3akimoyaercst pusnyeckuii CMbICH T0OPOTHOCTH B NapasuieIbHOM KOHTYpe?
3.6 Tlowemy B mapasiebHOM KOHTYPE BBE/ICHO TIOHSATHE YKBUBAJICHTHOM JTOOPOTHOCTH?
3.7 Ilo kakoit ¢popMmyIe pacCUUTHIBAETCS SKBUBAJICHTHAS 10OPOTHOCTH?
3.8 Kakum HaJ1o BBIOpaTh BHYTPEHHEE COMPOTHBIICHHE TeHeparopa Ri, 4To0bI MOMy4nTh 00JIBIION
K03 puLIMeHT nepesauu KoOHTypa?
3.9 Kakum HaJ1o BBIOpaTh BHYTPEHHEE COMPOTHBIICHHE TeHeparopa Ri, 4To0bI moMy4uTs 60I1b-
HIyI0 100pOTHOCTH?
3.10 Kaxum Has10 BEIOpaTh BHYTPEHHEE COMPOTHBIICHHE reHeparopa Ri, 4To0bI MOTy4uTh BHICO-
KYIO U30MpaTeIbHOCTh M Y3KYIO I0JIOCY MPOIYCKaHUs?
3.11 y1s kaKoii ey K KOHTYPY TOJKJIFOYA0T IITYHT?
3.12 Hanummmre GopMyiy Uit SKBUBAJIEHTHOW JOOPOTHOCTH KOHTYpa ¢ yueToM Rj 1 Ry.
3.13 C kakoif 1es1bl0 MPUMEHSIOT KOHTYPBI C HEMOJHBIM BKJIIOUEHUEM?
3.14 Tlo xakoit popMyie pacCUUTHIBAETCS PE30HAHCHOE COMPOTUBIICHUE TTAPAIUIETHHOTO KOH-
Typa?
3.15 Kakoii xapakTep HOCUT COITPOTUBIICHHE MapaJICIbHOTO KOHTYpa MpH pe3oHaHce? Kako-
Ba €ro BeJIuuuHa?
3.16 Kakyro 4acToTy MOXHO OT(GHIBTPOBATH C TOMOIIBIO0 KOHTYpa 2-TO BHIA?
3.17 Kakyro 4yacToTy MOXHO OT(UIBTPOBAThH C MOMOILBIO KOHTYpa 3-T0 BUIA?
3.18 Tlo xakoii (hopMyIie pacCUNTHIBACTCS PE30OHAHCHOE COMMPOTUBIICHHE KOHTYypa 2-To Buaa?
3.19 Ilo kakoit popmyse pacCUUTHIBAETCS PE30HAHCHOE COMPOTUBIICHNE KOHTYpa 3-ro Buaa?
3.20 Yemy paBHa SKBHUBAJICHTHAsI IOOPOTHOCTH KOHTYpa 2-T0 BUaa?

4. Cooepoicanue omuema
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4.1 Ha3BaHue 3aHATUS.

4.2 llenn 3aHATHS.

4.3 Ucxonuble faHHEIE.

4.4 Pe3ynbTaThl BEIYUCICHUM.

4.5 AUYX KoHTypa B OTHOCUTEIbHOM CUCTEME KOOPJUHAT.

4.6 BeiBoibl 0 BNMsIHUM BenuuuHbl Ri 1 Ry Ha 10OpOTHOCTE, M0JI0CY MPOIYCKaHUS U
n30UpaTeIbHOCTh KOHTYPA, O BIUSHUM HEMOJIHOTO BKIIOYEHUS KOHTYpa Ha JOOPOTHOCTb,
I10JIOCY IIPOITyCKaHUs U U30UpaTEbHOCTh KOHTYpA.
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Omeemul Ha KOHmMPOJIbHblE 60NPOCHL
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I'pynna

JlabopaTopusi painoTeXHUKH

ara

015(0)

IpakTnyeckoe 3ansiTue Ne 2

«Biausinne ko3(pPpunuenTa BKIKOYEHUs1 Ha Gopmy
AYX 1 nmapaMeTpsl NapajieJIbHOT0 KOHTYpa»

3auer

1. I]env 3ansamus

Paccuntarh OCHOBHBIE MapaMeTphl MapaILIEIbHOIO KOHTYpa U noctpouth AUYX ¢ yuetom

BJIMSAHUS BHYTPCHHETO COIIPOTUBJICHUA I'CHEPATOPA Ri " COIIPOTHUBJICHUS LIIYHTA Rm, IIpH I1OJIHOM
" HCTIOJIHOM BKIIFOYCHHWU KOHTYpPA.

2. Ilopsiooxk evinonnenusi pabomol

2.1 PaccuuTaTh napameTpsl apajuieIbHOTO KOHTYpa CO CIECAYIOUUMU JaHHBIMU:
- CONpoTUBIIEHHE TOTEPh [OM] R =

- COMPOTUBJICHHE UCTOYHUKA [OM] Ri =

- CONpOTHBIIEHHE HIyHTa [OM] Ru
- HHIYKTUBHOCTh KOHTYpa [MKI H] L =
- eMKOCTb KOHTYpa [nD] C

2.2 Pe3ynpTaThl pacueToB.

Tab6muma 1
be3 yuera Ri(Ri=%0) 6e3 Ru
BosiHoBoe conpotuBienne Koutypa [Om] Z; =
Pe3onancnas yacrora [KI'11] foes =
JIoGpOTHOCTH KOHTYpa Q =
ITonoca mpomyckanust [kl 1] IT =
Pe3onancHoe conporusienne [Om] L=
Tabmuma 2
IMonHoe BKiIOYeHHe KOHTYpPa Ri= 0e3 Ru
DOKBUBaJICHTHAS JOOPOTHOCTH Qoxs =
DxBUBaJICHTHAs mojioca nmponyckanus [k 1] [y =
Tabnuna 3
AYX KOHTYypa NpH NMOJTHOM BKJIIOYEHUH KOHTYpa Ri = 0e3 Ru

AbcomoTHas paccTpoiika, Kl

CTH

3HaveHHEe KPUBOM N30MpaTeIbHO-
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Tabmuma 4
IMonHoe BKiIOYeHHe KOHTYpPa Ri= Ru =

DKBUBaJICHTHAS JOOPOTHOCTH Qoxs =
DOxBUBaJIeHTHAs nojioca nponyckanus [kl [y =

Tabnuna 5
AYX KOHTYpa NpH NMOJTHOM BKJIIOYeHUH KOHTYpa Ri= Ru=
AOconroTHas paccTpoiika, Kl 11
3HaueHue KpUBOW N30MpaTeIbHOCTU
Tabnuna 6
HemnoJiHoe BKiIIOYeHHE KOHTYPA M0 HHAYKTHBHOCTH Ri= Ruw =
P1=0,3 P»=0,5
DKBUBaJICHTHAs JOOPOTHOCTh Qoxs = Qoxs =
DKBHUBAJICHTHAs MoJioca nponyckanus [kl 1] kel = ITxe2 =
Tabmuna 7
AYX KOHTYpa NpH HENOJHOM BKJIKYeHHH KOHTYPA 0 MHAYKTHBHOCTH
Ri= R =

AOcoroTHas paccTpoiika, kI 11
3HavyeHue KpuBoi n3duparensHocty npu p = 0,3
3HavyeHne KpuBoi m3buparensHocty ipu P = 0,5

3. AYX KOHTypa B OTHOCUTEIBLHOW CUCTEME KOOPINHAT.

K/Ko

A

Af JAF( )

4. Bvioowi
4.1 Kak Brnusier BennuuHa Ri 1 Ry, Ha 10GpOTHOCTD, OJ0CY MPOITYCKAHUS U U30HpaTelb-

HOCTb KOHTYpa?
4.2 Kak BIUsIeT HETOJIHOE BKIIOYEHUE KOHTYpa Ha JOOPOTHOCTD, MOJIOCY MPOMYCKaHHUS
U U30UpaTenbHOCTh KOHTYpa?
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JJABOPATOPHOE 3AHSTHUE Ne 5
Cnoco0b1 HACTPOHMKH CBSI3AHHBIX KOHTYPOB

1. Henv 3anamus

HpaKTI/IqGCKH HU3YUUTb CII0COOBI HaCTpOﬁKH CBA3aHHBIX KOHTYPOB.

C1

Do ul

. Tp
1l

LI

Puc. I.

1. Kpamkue meopemuueckue ceedenusi

CBsi3aHHBIMM KOHTYpaMU Ha3bIBAIOTCS J[BA WJIM He-
CKOJIbKO KOHTYpPOB, BKJIIOYEHHBIX TaKHUM 00pa3oM, 4YTO

Cp MEKIY HAMH IPOMCXOJUT OOMEH SHEPIUCH.

KoHTyp, B KOTOpBIH BKIIIOUEH TI'€HEpaToOp, Ha3bIBACTCS
nepBuyHbIM (), KOHTYp, B KOTOpbIM 3HEprus MOCTyHaeT W3
niepBuaHOro, HasbiBaercs BropuyHbiM (I1). CymiecTByroT pas-
JIMYHBIE BUBI CBSA3M MEXIy KOHTypamu. PaccMoTpum crio-
coOBbl HACTPOIKHM Ha MpHMepe JABYX KOHTYPOB C TpaHChop-
MaTOpHOM cBsI3bI0 (pucC. 1).

BropHunblii KOHTYp sIBISETCsl pabounuM, TOITOMY LIETbI0 HACTPOMKH CBS3aHHBIX KOHTYPOB SIBJIS-
€Tcsl NOTy4eHne MaKCUMaJlbHOTro Toka Bo |l koHTYpe.

Cy1ecTByeT HECKOJIBKO CITOCOO0B HACTPONKHU CBSI3aHHBIX KOHTYPOB:

-IIEPBBIA YaCTHBIM PE30HAHC;

-BTOPOM YAaCTHBIN PE30HAHC;

-TIOJIHBIM PE30HAHC;
-CJIO’KHBIN PE30HAHC.

Crioco0 HacTpOMKM 3aBUCUT OT KOHKPETHOT'O IPUMEHEHUS CBA3aHHBIX KOHTYPOB.
PaccMoTpuM KakJIplii U3 3THX CIIOCOOOB.

L

@0 ©

Puc. 2

Ilepewiii wacmuwiii pe3oHanc

IIpu sToM crocobe HacTpauBaeTcst B pe3oHaHC | KOHTYp
Ipu ci1aboii cBsi3u MeXAy KoHTypamu, || koHTyp He HacTpauBa-
eTcs, CBA3b MEXIY KOHTypamH He u3Mensiercs. Hactpoiika |
KOHTYpa OCYIIECTBISIETCS H3MEHEHHEM BEIUYMHBl E€MKOCTHU
koHzeHcaropa | koutypa Cl1. Ilpu cinaboii cBsI3u BHOCUMBIE CO-
IIPOTUBJICHHS MaJIbl U UMU MOKHO NpeHedpeub. [lockonbKy mpu
pe3oHaHce B | KOHTYpe ero nojHoe peakTUBHOE CONPOTUBIICHUE
X1 = 0, To comporuBnenue | KOHTypa HOCHT YUCTO aKTHBHBIN
XapakTep 1 Mailo, a Tok | konTtypa MakcumaneH. [lockomeky O/1C,
HaBoguMasi Bo Il koutype E2, u TOk BO BTOpUYHOM KOHTYype J2

NPsIMO TPONOPIMOHATBHBI TOKY | KOHTYpa, To ToK J2 Oyzer Toxke MakcuMaieH. Pe3oHaHcHbIe kpuBble | 1
Il koHTYpOB MpH | YacTHOM pe3oHaHCe N300paKEHBI Ha PUC. 2.

Bmopoti yvacmuwiii pezonanc
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11, [Ipn BTOpOM YacTHOM pe30HAaHCE HACTpPauBaeTcsi B pe3o-
HaHc || kouTyp npu cnaboil cBsI3M Mexay KOHTypamu, | KOHTYp
| I HE HACTpPamBaeTCs, CBSI3b MEX]y KOHTypaMU HE HU3MEHSETCS.
! Hacrpoiika |l koHTypa ocyiiecTBiIsieTCs: U3MEHEHUEM BEJIMYUHbI
Iy, i eMkoctn koHzAeHcaTopa |l kontypa C2. [Ipu 3TOoM moJIHOE CO-
npotusieHue |l KoHTypa cTaHeT YMCTO aKTUBHBIM U MUHUMAJIb-

L HBIM, a TOK J2 — MakCUMaJbHBIM. YBeEJIIMUEHHUE TOKa J2 compo-
Boxaaercs: pocrom JIJIC, unaynupyemoii B | KoHType, a BMecTe ¢

©  Hell pacTeT U compoTuBieHue, BHocuMoe u3 |l konrypa, Bcien-

0y
Prc. 3 CTBHUE 4e€ro yMeHbIaercs ToK B | koHType. Pe3onancHbIe kpuBbie |
- u Il kouTypoB npu |l yacTHOM pe3oHaHce n300pakeHbI Ha pUC. 3.
Tonnwviu pesonanc

[Ipu monHOM pe3oHaHce mpu c1adoil CBSI3U MEXy KOHTY- Bt

pamu HacTpauBaeTcs B pe3oHaHc | koHTyp, 3areM Il koHTyp,

IIOCJIC YCer0 YCHIIMBACTCS CBSI3b MEXKIY KOHTYPAMH JI0 monyde- I, . |
HUSL MAaKCUMaJIbHO BO3MOKHOTO ToKa BO |l koHTYype l2max m |
(MaKCUMyM-MaKCUMOPYM). |
[lomHplii pe30HaHC OCTUraeTcs NpyU KPUTUYECKON | I,(I)
CBSI3H. |
|
I o)
g
Puc. 4

Kpurnueckuii koapdurment csa3u Kxkp MokHO paccunrarh
4epe3 napaMeTpbl KOHTYpOB

Kip= ——

JoQ,

rae Q, u Q,coorBercTBeHHO 10OpoTHOCTH | M I KOHTYpOB.
IIpu 3TOM TOK l2max m , TOJIy4EHHBIN B pe3ysbTaTe HACTPOUKHU

E

2max m =2—/m

Pe3zonancHsbie kpuBble | 1 || KOHTYpOB npH MOTHOM pe3oHaHce U yciioBuu R1 = R2 nuzobpaxe-
HBI Ha pHucC. 4.

Cnoorcnwlil pe3oHamnc LT

[Ipu cnoxHOM pe3oHaHCe CHayalla YCTaHaBIMBAIOT OAMH
U3 YaCTHBIX PE30HAHCOB, a 3aTEM YCTAHABIMBAIOT CBS3b MEXIY
KOHTYpamH JI0 MOJIyY€HHS MAaKCHUMaJlbHO BO3MOXXHOT'O TOKa BO
Il koHTYypEe l2max m. DTOT crocoO HACTPONKH TOCTUTACTCS TIPU OO-
Jiee CWIIBHOM CBs13U Mex Ay KoHTypamu, K>Kkp. IIpu sTom Benu-
yrHa ToKa BO |l KOHTYpe l2max m MOTydaeTcst Tako ke, Kak U npu
MIOJIHOM PE30HAaHCE.

IZmaxm_ _

E

I 2maxm = ———
max m 2\/?1R2
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OnHako pe30HaHC BO3HHMKAET HE HAa YacTOTaX HACTPOMKH KOHTYPOB o, @ HA JIBYX YacTOTax
O 1 2 , HA3BIBAEMBIX YaCTOTAMH CBS3H, B pe3yabpTare yero ¢popma AUYX U3MeHAETCs, CTAHOBUTCS
JIBYTOPOOH.

Pe3onanchas xkpusas || KoHTYpa npu CIOKHOM pe3oHaHce N300paXkeHa Ha puc. 5.

PaccMoTpuM npudrHy BO3HUKHOBEHUS JIBYX PE30HAHCHBIX YAaCTOT M| U (M2 TIPHU CHIIBHOW CBS-
3u. Pe3oHaHC Ha YacToTe M, MEHBIIEH COOCTBEHHOM YacTOThI KojieOaHHi KOHTYpa mo (1 < ®o)
HAacTymnaeT BCIEJACTBUE TOTO, YTO Ha 3TOM YacCTOT€ COOCTBEHHOE €MKOCTHOE PEaKTUBHOE COMPOTHB-
neHue | koHTypa X| OKa3bIBa€TCsl paBHBIM 110 MOJYJII0 HHAYKTUBHOMY BHOCUMOMY COIPOTHBIIEHUIO

u3 |l xonTypa AX),

[Xi] = [AXgx].
Crnieq1oBaTeNbHO, MOJIHOE PEAKTHBHOE compoTuBieHue | konTypa X paBHO HYJIIO, YTO COOT-
BCTCTBYCT YCJIOBHUIO PC30HAHCA. Ha uactote ®2 > o CO6CTBCHHOC PCAaKTHUBHOC COIIPOTHBJICHUC
| KOHTYpa HOCHUT WHIYKTHBHBIN XapaKkTep, 8 BHOCHMOE — €MKOCTHBIM, U [0 MOJIYJIFO OHU PABHBIL:

[Xl] = [AXGH]’
MO3TOMY MOJTHOE peakTUBHOE conpoTuBieHue | konTypa obpamaercs B Hoib X = 0.

3. KonmponvHwvie 6onpocol

3.1 YUto Ha3bIBaeTCS CBSI3aHHBIMUA KOHTYpaMu?

3.2 Kakoit KOHTYp Ha3bIBaeTCs NEPBUYHBIM, KAKOH BTOPUYHBIM?
3.3 KakoBa 11e1b HACTPOIKH CBS3aHHBIX KOHTYPOB?

3.4 Onummre cnocod HaCTPOMKK: MEepBBII YAaCTHBIM pe30HaHC.
3.5 Onummmre criocod HaCTPOHKH: BTOPOH YaCTHBIN PE30HAHC.
3.6 OnummTe cnocod HaCTPOMKU: MOJHBIA PE30HAHC.

3.7 OnummwmTe crocod HACTPOUKH: CIIOKHBIA PE30HAHC.

4. Ilepeuenv npubopos u 060pyoosanus
4.1 I'eneparop 1'4-102.

4.2 MummBoiasT™MeTp B3-38.

4.3 Uccnenyemblii MakerT.

5. Ilopsaodox évinonnenus pabomol
5.1 Cobpatb cxemy u3mepenuii (puc. 6).

C1
JE
Tl
- L L _
r4-102 1 2 —=C, |B3-38
R1 % R2
Puc. 6
5.2 Hactpouth CBsi3aHHBIE KOHTYpBI, IPUMEHHUB cI10cOO HAcTpoiiku — || gacTHBIN pe3oHaHC,

IJISL 9ero:
5.2.1 YcTaHoBUTH c1alyio CBSA3b MEXy KOHTYPaMHU.
5.2.2 YcranoBuTh yactoTy reneparopa 200 kl'.
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5.2.3 W3menss BenmnuuHy eMKOCTH KoHAeHcaTopa Cl, HaCTpOUTh MEpBUYHBIN KOHTYp B
PE30HAaHC 110 MAaKCUMYMY HapsKEHUsS! Ha KOHEHCAaTOpe BTOPUUHOTO KOHTypa UCs.

5.2.4 YcTaHOBUTh MUHMMAJIBHOE 3HAYEHHUE CONTPOTUBIICHHS pe3ucTopoB R1 u R2.

5.2.5 CHaTb 3aBUCUMOCTH HampsikeHus: Ha koHaencarope |l kontypa UC ot yacTtoTsl renepa-
TOpa, epecTpanBas reHepatop ¢ maroM 5 kI 1. MI3Mepenust npoBOIUTH 10 JOCTUKEHUS
UCZ = 0,5 UCZmax.

5.2.6 Pe3ynbraTel M3MepeHuii 3anecTr B Tabd. 1 (2-4).

Tabnuua 1 (2-4)

fo k[ [200 205 (210 |..... [..... 195 190 [185
Ucz(B)
5.3 Hactpouts cBsi3aHHBIE KOHTYPBI, IPUMEHUB CIOCO0 HAacTpoiiku — |l yacTHBIM pe3oHaHc,
IUIS 4ero:

5.3.1 VYcranoBuUTH cnadyro CBSI3b MEXY KOHTYpaMH.

5.3.2 YcraHoBuTh yactoTy reHeparopa 200 kI'm.

5.3.3 H3menss BenmumunHy eMKOCTH KoHaeHcaTopa C2, HactpouTh |l KOHTYp B pe3oHaHC
[0 MakCUMyMY HamnpsbkeHus Ha koHzaeHcarope |l kontypa Uce.

5.3.4 TloBTOpUTH MYHKTHI 5.2.4-5.2.6, 3anonHuTh Tab. 2 (aHasoruyuo taodi. 1).

5.4 HactpouTh CBsI3aHHbIE KOHTYPbI, IPUMEHUB CIIOCOO HACTPOMKH — IMOJIHBIA PE30HAHC,
IUISL 9€TO:

5.4.1 YcraHOBUTH Ca0yio CBSA3b MEXKIY KOHTYPAMH.

5.4.2 YcranoButh yactoty reaeparopa 200 kI 1.

5.4.3 M3MmeHss BenMUMHY eMKOCTH KoHAeHcaTopa Cl, HacTpouTs | KOHTYp B pe30HaHC 110
MaKCUMYMY HanpsikeHus Ha koHaeHcarope |l kontypa Uco.

5.4.4 M3MmeHss BeIMUUHY eMKOCTH KoHAeHcaTopa C2, HacTpouTh || KOHTYp B pe3oHaHc 1o
MakcUMyMy HarpspkeHus: Uce.

5.4.5 Ycunute cBA3b MEXJy KOHTYpaMH JI0 MOJy4EHUs] MAKCUMaJIbHO BO3MOKHOTO HaMps-
»eHus Ha korjaeHcarope |l koutypa Ucz. DTo mpon3oiiieT npu KpUTUIECKOHN CBSI3H.

5.4.6 TloBroputh MyHKTHI 5.2.4-5.2.6, 3an0nHUTH Tabm. 3 (aHanOruyHo Tadm. 1)

5.5 Hactpoutsb cBsi3aHHbIE KOHTYPBI, IPUMEHUB CIIOCOO HACTPOUKH — CIIOKHBIN pe30HaHC,
IUISL 4ero:

5.5.1 YcraHoBUTH cl1a0yIo CBSA3b MEXKIY KOHTYpaMHU.

5.5.2 YcranoButh yactoty reaeparopa 200 kI'm.

5.5.3 U3menss BemmunHy eMKOCTH KoHIeHcaTopa C2, HacTpouTh || KOHTYp B pe3oHaHC 1Mo
MaKCUMyMY HaIpsDKeHus: Ha KoHzeHcarope |l koHTypa.

5.5.4 Yceunuth cBs3b MEXAY KOHTYpaMu J0 MOJIy4eHUsI HallpsKeHHUs Ha KoHieHcarope ||
koHTypa Ucz paBroro 0,7 UcomaxHa f = 200 k11

5.5.5 [oBTropuTh MyHKTHI 5.2.4-5.2.6, 3anonHuTh Tabm. 4 (aHajgoruduo taodm. 1).

5.6 Ilo pe3ynpraTam nsmepenuii (tTadmn. 1-4) mocrpouts pe3oHaHCHbIE kKpuBble || kKOoHTYypa B
abCOTIOTHON cucTeMe KOOpAMHAT NP PA3IMYHBIX CITOCO0aX HACTPOUKH.

6. Cooeporcanue omuema

6.1 Ha3Banue paOoThI.

6.2 Ilenb paGoTHLI.

6.3 IIpubopsl, UCTIOIB3YEMBIE IPU U3MEPEHUSX.

6.4 Cxema u3MepeHuil.

6.5 PesynbraThl u3mepenuii (tadm. 1-4).

6.6 Pe3onancusie kpuBbie || KOHTYpa mpH pasHBIX criocob6ax HACTPOUKH.
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6.7 BbIBOA O LIESIX U CIIOCO0AX HACTPOMKH CBA3aHHBIX KOHTYPOB, O BEIMYMHE HAIIPSHKEHUS U
(opMe pe30HaHCHBIX KPUBBIX MPU PA3IUYHBIX CIOCO0aX HACTPOUKH CBSI3aHHBIX KOHTYPOB.
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Omeembut Ha KOHmMpOJtbHble 60NRPOCHL
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JJABOPATOPHOE 3AHSATHUE Ne 6
HccaenoBanue Biansinus kodgduumnenra cBsa3u Ha gopmy
PE€30HAHCHBIX KPUBBIX H MOJI0CY MPONYCKAHNUS CBA3aHHBIX KOHTYPOB

1. I]env 3auamus
[IpakTudecku ucciaenoBaTh BiIusHEE Kod(hduireHTa cBs3u Ha GopMy PE30HAHCHBIX KPHBBIX
BTOPUYHOTO KOHTYpA M BEIMYMHY TOJIOCHI POMYCKaHUSI.

2. Kpamxue meopemuueckue céedenus

[TockonbKy B CBsI3aHHBIX KOHTYpax padouum siisiercs || koHTyp, To HanboapLIIMil IpakTHye-
CKHUIl MHTepec UMEIOT pe30HaHCHbIe KpuBble || KoHTypa.

Pe3onancHeie kpuBble |l KOHTypa 1Mo TOKy (IO HampsKEHHIO) B aOCOJIOTHBIX KOOpAMHATaX
Ha3bIBAIOTCS KPUBBIE, TOKA3bIBAIOIINE 3aBUCUMOCTh aMILTUTY/AbI TOKa Bo |l koHTYype |2 (aMmunTy b1
HanpspKeHus Ha KoHjeHcarope |l konTypa UC2) OT 4acToThl reHepaTopa npu pa3audHbIX Kod(hhu-
LIUEHTAaX CBA3H.

Pe3onancHpiMu KpuBbiMH || KOHTYpa Mo TOKY (110 HaNps>KEHUIO) B OTHOCUTENIbHBIX KOOPIU-
HATax Ha3bIBAIOTCS KPHMBBIC, TOKA3BIBAIOIINE 3aBUCUMOCTE OTHOIIEHHUS 2/l2max (UC2/UC2max) OT Ka-
KON-TM00 paccTpOMKH MpHU pa3InYHBIX KO3(PPUIIMEHTaX CBS3U.

®dopma pe30HaHCHBIX KPUBBIX CBA3aHHBIX KOHTYPOB ONpPENENIeTCsl HE TOJIBKO T0OPOTHOCTHIO,
HO ¥ KO3 (HUIIMEHTOM CBSI3U MEXKIy KOHTYpaMHu.

ITpu xoaddrimente cBsa3u Menblue kpurraeckoro (Ki<Kyp), hopma pe3oHaHCHBIX KPHUBBIX TaKas e,

KaK ¥ y OJIMHOYHOTro KoHTypa. Ilpu yBenmuennn xosdduumenta cessu 10 Kyp, yBenmuusaercs 2 1, coor-
BETCTBEHHO, UC2, 0/1HaKo (hopMa pe30HAHCHBIX KPHBBIX HE M3MEHSETCSl U OCTAeTCsl TAKOM )Ke, KaK y OfIU-
HOYHOTO KOHTypa. IIpu nanereimem ysenudennn kodhdumenta cesasu npu Ko>Ky, hopma pe3onaHCHBIX
KPHBBIX H3MEHSICTCSI, CTAHOBHTCS IBYrop0oit (puc. 1).

Ucﬁ
Uﬂ Uc‘.!mnx
&
[ ! L
| £y Kz
I

: : \ I Ko

I \ K

I | ' K4

1 \ |

] | 7

| . —Af 0

Lo A A tH

0)
Puc. 1

[TpuunHO# U3MeHeHus GopMbl pe30HAHCHBIX KPHUBBIX MPH CBSA3U 0OJIbIIE KPUTHUUECKON SIBIIS-
eTCsl OSIBJICHHE JBYX pe30HaHCHBIX YacToT f1 u f2, Ha3pIBaeMbIX yacToTamu cBs3u. [Ipu manbHei-
IeM YBeIMYeHHH K03 (uImenTa cBa3u popma pe30HAHCHBIX KPUBBIX OCTaeTCs ABYropoOoii, ogHa-
KO «TOpOBI» pa3BUTAIOTCS, TaK Kak 4acToThl cBsi3u f1 u f2 Bce Oosee ymansoTes oT 4acToThl cO0-
CTBEHHOH HacTpoiiku KoHTYpoB fo. [IpudnHOI 3TOTO SABISETCS TO, YTO C YBEIUYEHHEM KOd(PHIU-
€HTa CBS3M BO3pACTAET BEJIMYMHA PEAKTUBHOIO BHOCUMOTO conpoTuBieHus AXy, u3 |l konTypa B |,

u TpebyeTrcst Bce OOJbIas paccTpoiika it BeimonHeHus paBeHcTBa [Xi] =[AXgy], T.€. It TOTO,
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YTOOBI PEaKTUBHOE COMPOTUBIICHUE MEPBUYHOTO KOHTYpa CTaj0 PaBHO HYIIO, YTO COOTBETCTBYET

ycioBuio pe3onanca. Ha wacrore fo «rmpoBain» yBenn4mBaeTcsi, Tak Kak ¢ yBEJIHUCHUEM KOIPPHLIU-

CHTa CBSI3U BO3pPACTaeT BHOCUMOE aKTHBHOE comnpotuBiacHue ARy, u3 |l kontypa B | (puc. 2).
ITonocoy npornyckanus CBA3aHHBIX KOHTYpOB Has3blBa- U7,

eTcsl 10JI0ca YacToT, B IIpeenax KoTopoii Tok Bo Il koHType

(I2) mu HampspKEHUE Ha PEaKTUBHBIX AJIEMEHTAaX KOHTYpa

(Uc2) ymeHbIaeTest o CpaBHEHHIO ¢ MAKCUMAJIbHBIM 3Ha-

yeHueM He Goltee, 1eM B /2 pas.
[Tosoca mpomycKaHusi CBSI3aHHBIX KOHTYPOB 3aBUCHT

ot ko3 unmenta cszu Keg. Uem Gomnbie Keg, TEM Ooubiiie
10J10Ca TMPOITYCKaHMS CBA3aHHBIX KOHTYPOB (pHc. 3).

Amnanus nokassiBaet, uTo ecii Kep < 0,68 Kyp,

TO 110J10Ca POIYCKAHUS CBSI3aHHBIX KOHTYPOB [lcp
MEHBIIIE, YEM I10JI0Ca MPOITYCKAaHUSI OAMHOYHOIO KOoHTypa ||

C Tako# ke nooporHocThio. Tak, Hanpumep, npu Keg = 0,1 Ky, Ies = 0,65 (IT). YBennuenne xoad-
¢bunueHTa CBA3U NPUBOANUT K PACIIMPEHUIO MTOJIOCHI
npomyckanus u npu Keg = 0,68 Kyp Il = I1. Ilpu
KPUTHUYECKOW CBSI3M TI0JIOCA TPOITYCKAHUS CBS3aH- U camne
HbIX KOHTYpOB Il B 1,41 pa3a Gonblue, ueM oau-
HOYHOTO KOHTypa. [Ipu cBsi3u BbIlle KPUTHUECKON
0JIOCA MPOITYCKAHUSI CTAHOBUTCS €I IHUPE U JI0-
cruraet makcumyma (IImax), xorma Uc, ctaHOBUT-
cst paBHbIM 0,7 UComax Ha vactote fo. IIpu aTom Kep
= 2,41 Kyp 1 Imax = 3,1 (I1).

B03MOXXHOCTh M3MEHEHHSI HIMPUHBI TOJIOCHI
MPONYCKAHUSI TIJIAaBHOW WJIM JUCKPETHOW pErysu-
POBKOM CBSI3U SIBJISICTCS BaXXHBIM TPEHMYIICCTBOM
CBSI3aHHBIX KOHTYPOB Iiepe/l OAUHOYHBIMU. [Ipruem B Puc. 3
CBSI3aHHBIX KOHTYpPAaX MOXKHO ITOJIYYHTH TaKyIO IKe
MOJIOCY MPOIYCKaHUA, KaK B OIMHOYHOM KOHTYype, HO TpH 0ojiee BRICOKON TOOPOTHOCTH (MpUMep-
HO B 3 paza Oouibiieii), T.€. popMa pe30HAHCHBIX KPUBBIX CBSI3aHHBIX KOHTYPOB OJIMKE K UICATHHOM
(IpsSIMOYTONBHOM), a, CIeA0BaTENbHO, U30UPATEIILHOCTh CBA3AHHBIX KOHTYPOB OOJbIIE, YEM OJIU-
HOYHOTO.

Puc. 2

-4 +Af

3. KoumpoavHvie gonpocul
3.1 Jlaiite omnpenesneHrue pe30HAHCHBIX KPUBBIX CBSI3aHHBIX KOHTYPOB B a0COJIFOTHBIX

KOOpJUHATaXx.

3.2 laiite orpenieneHre pe30HAHCHBIX KPUBBIX CBSI3AHHBIX KOHTYPOB B OTHOCUTENBHBIX KO-
Op/MHATax.

3.3 Kak 3aBucuT opma pe30HaAHCHBIX KPUBBIX OT BEIMYMHBI KOI(PDUIIMEHTA CBI3H MEKIY
KOHTYpamu?

3.4 OOBbscHUTE NOABICHHUE ABYX MAKCUMYMOB B PE€30HAHCHBIX KPUBBIX ITPH CHIIbHOM
cBs13u (Keg > Kip).

3.5 Iouemy mpu K¢ > Kyp ¢ yBenmmuennem xospduimenta cpsaszu «roposn» Ha AUX
paznBuUraroTcs?

3.6 JlaiiTe onpeaeneHne MOIOCHI TPOMYCKAHUS CBSI3aHHBIX KOHTYPOB.

3.7 Kax nosoca nponycKaHusl CBSI3aHHBIX KOHTYPOB 3aBHUCHT OT BEJIMUMHBI KOd(duIreHTa
cBA3U?
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3.8 Kakona I/I36I/IpaTeHBHOCTB CBs3aHHBIX KOHTYPOB I10 CPABHCHHIO C O,Z[I/IHOLIHBIM?

4. [lepeuensv npub6opos u 06opyoosamis
4.1 I'enepatop 1'4-102.

4.2 MunuBonsT™meTp B3-38.

4.3 VccrnenyeMblii Maker.

1. Ilopsook svinonnenus pabomoi
C1
||

il

T4-102 L1::¢Ls A B3-38
R1 ERf 2

Puc. 4

5.1 Cobpatb cxemy usmMepenuii (puc. 4).

5.2 VYcraHoButh yacTtoTy reHeparopa 200 kl'm.

5.3 Hacrtpouts B pe3oHaHc || koHTyp npu ci1aboii CBA3U MEXIY KOHTypaMH.
5.4 U3meputs pezoHaHCHYIO KpuBYyIo || koHTYpa npu craboii cBssu (K < Kip).
5.5 PesynbTarsl u3Mepenuii 3anectu B Tab. 1.

Tabmura 1

fo(xI'1r) Uc, B

5.6 YcwmTh CBSI3b 10 KPUTHYECKOH.
5.7 Usmeputs pe3oHancHyro kpuByto || konTypa npu kputnueckoit cBssu (K = Kyp).
5.8 Pe3ynbraThl u3MepeHuii 3anecTu B Tab. 1.
5.9 YCcTaHOBHUTH CHIIBHYIO CBSI3b MEXIYy KOHTypamu ( 6ombiie kputideckoit, Ki>Kip ).
5.10 M3meputs pe3oHaHcHyto kpuByto || konTypa npu cunbHOi cBsa3u Ki>Kyp.
5.11 Pe3ynbraThl H3MepeHHii 3aHecTH B Ta0d. 1.
5.12 YcranoButh 0oJiee CUIIBLHYIO CBA3b MEX Ay KoHTypamu K>>Ki.
5.13 U3mepuTh pe30HAHCHYIO KPUBYIO CBSI3aHHBIX KOHTYpOB IpH Koaddunuente cBszu Kz > Ki.
5.14 Pe3ynbTaThl H3MEpPEHUI 3aHECTH B Ta0I. 1.
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5.15 Tlo pe3ynbratam uaMepenuii (Tadi. 1) paccuuTaTh pe30HAHCHBIC KPUBBIC CBSI3aHHBIX
KOHTYPOB B OTHOCHUTEIHHBIX KOOPJAUHATAX MPH YETHIPEX 3HAUCHUAX KOd(DPHUIIMEHTAX CBS3U:

K < Kgp
K= Kgp
K> Kgp
K2>Ki

Pe3ynbratrhl BeIYMCIIEHUH 3aHECTH B Ta0. 2.

Tabmuma 2
UCZ/U C2max
AT (k') K<Kyp K=Kyp Ki> Ky K2>K3

0

+5

+ 10

-5

-10

5.16 TIlo pe3ymnbraTam Tali. 2 TOCTPOUTH pe30HAHCHBIE KpuBHIE || KOHTYypa B OTHOCHTEIH-
HBIX KOOpAWHATAX.

5.17 Omnpenenuts rpauuecky MoJIoCy NPONyCKaHHsI KOHTYPOB MPHU Pa3HbIX KO3 PuiiueH-
Tax CBS3M.

5.18 Paccuurath 100poTHOCTH Q, 3aTyXaHue d, TorapuMUIECKUil JEKPEMEHT 3aTyXaHus 6
KOHTYpa IpH pazHbIX K03()(HULIUEHTAX CBSA3H.

6. Codepoicanue omuema

6.1 Hazpanue paboTsbl.

6.2 Llenb paboOTHI.

6.3 I[IpuOopsl, HcTONB3yeMblIe IPH U3MEPEHHUSX.

6.4 Cxema M3MEpeHHI.

6.5 PesynbraTel n3mepenwuii (tadm. 1, 2).

6.6 Pe3oHaHCHBIC KpUBBIE CBSI3aHHBIX KOHTYPOB B a0COTFOTHBIX U OTHOCHUTEIBHBIX
KOOpJIMHATAaX MpH cIa00l, KpUTUUECKON U CUITBHOU CBSI3SIX.

6.7 BrBox 0 BIHsSHUM BeTHYHHBI KOd(duIenTa cBsi3u Ha GOopMy Pe30HAHCHBIX KPUBBIX,
M0JIOCY MPOMYCKaHUs, N30MPATEIbHOCTh U MapaMeTPhl CBS3aHHBIX KOHTYPOB.

Omeemvl Ha KOHmMpOJibHblE 60RPOCHL
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I'pynna JlabopaTopusi paAnoTeXHUKHU Hara

OUO JladopaTopHoe 3ansitue Ne 5, 6

3aueTr
«Cnoco0bl HACTPOHKHU CBSI3AHHBIX KOHTYPOB.

HUccnenoBanue Biausinus ko3¢ puuuenra
CBSI3U HA (popMY pPe30HAHCHBIX KPUBBIX
CBSI3AHHBIX KOHTYPOB»

1. llenv 3anamus

[To3HakoMuTHCS cO crioco0aMH HaCTPOMKH CBA3aHHBIX KOHTYpOB. MccnenoBars BIUsHUE KO-
a¢dunrenTa cBsi3u Ha GOpMy PE30HAHCHBIX KPUBBIX U MTapaMeTpbl KOHTYpa.

2. Ilepeuenv npubopos u 0bopyoosanus
2.1 I'enepatop '4-102.

2.2 MummBonsT™MeTp B3-38.
2.3 KonebarenbHbIN KOHTYp (Maker).

2. Cxembl usmepeHuii

T

LN

r'4-102 L1 4tLo

. 7=C2 |B3-38

4. Pezynomamol usmepenuu

Taobmwma 1
Pe3oHaHCcHBIe KPpUBBIE B A0COJIIOTHOM M OTHOCUTEJIbHOM CCTeMe KOOPAUHAT

fr, xI'n

Af, xI'g
Kes<Kxp
U, B Kip
Kes>Kip
Uc2/ Ue pe3 KCB<KKp
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KCB>KKp

5. Pe3oHaHcHble Kpugble KOHMYpa 6 AOCOIIOMHOU U OMHOCUMENbHOU CUcmeme KOOpOUHam

u,,/U

c2pes
A
> f]“ ( ) - Af > +Af ( )
6. Pe3ynomamul 8bluucienu
6.1 HpI/I KcB<KKp
f Vs 1
—_— p63 —_— —_—— — —_———
fpe3: H: Q - H - 9 Q 7Zd d Q
6.2 IIpu Kyp
f Vs 1
= pesz (9=—=7Z'd= d:_:
fre = ° Q Q
6.3 ITpu Kep>Kip
fpe3: H: Q:fp€3: szzﬂd: d:l:
1 Q Q
7. Bv1600bl

7.1 Onucatb cocoObl HACTPOHKU KOHTYPOB.

7.2 Yxazarh, kak BimsieT BenmmunHa K Ha BemmunHy U, 100pOTHOCTS, JIoraprudMUudecKuit

JIEKPEMEHT 3aTyXaHHsl, IOJIOCY MPONYyCKaHus, (opMy pe30HAHCHBIX KPUBBIX M N30MPATENLHOCTh
CBS3aHHBIX KOHTYPOB.
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JIABOPATOPHOE 3AHATHUE Ne 7
HccaenoBanue puibTPOB HUKHUX M BEPXHHUX YacTOT TUNA “K”

1. Lenv 3anamus
HccnenoBaTh 4aCTOTHBIE CBOMCTBA (PHIIBTPOB HMKHHMX M BEPXHHX YacToT Thna «K» u Bius-
HUE BEJIMYUHBI COMPOTHUBIICHUS HATPY3KU HA YACTOTHYIO XapaKTEPUCTUKY (QUIbTpA.

2. Kpamxue meopemuueckue céedenus

DnexTpuueckuM (UIBTPOM Ha3bIBAETCS YETHIPEXIIOIIOCHUK, MpeJHa3HAYeHHbIN U1 repeaa-
YM CUTHAJIa ¢ MUHUMAJIbHBIM OCJIabJIeHHEM B 3a/laHHON YacTH CIEKTpa M MaKCUMaJIbHBIM ocialie-
HUEM B OCTAJIbHOW 4acTH crekrpa. IlepBas 00macTb 4acTOT HA3bIBAETCS MOJIOCOM MPO3PAYHOCTH
(mporyckaHus), BTOpast — IOJIOCOM 3aJiepKUBaHus (3arpaxaeHust). Yactora, pazaesnstonas 3Ti 00-
JaCTH, Ha3bIBAeTCS 9acTOTOH cpe3a fep.

@unbTpel THNA «K» — 3T0 Takue QUABTPHI, Y KOTOPHIX MPOU3BEACHNUE CONPOTHBIICHHUH 31€e-
MEHTOB, CTOSIIIUX MOCIE0BATENBHO C HArpy3Koi Zi, ¥ NapajliesIbHO ¢ Harpy3koi Zp

Zy - Z,=X,
L

rae K=_.—.
C

OkBHBaJIeHTHas cxeMma [-o0pa3Horo 3BeHa GpuiIbTpa n300paXkeHa Ha puc. 1.

21
o— T o Taxue GUABTPHI BHOCAT 3aTyXaHUE B TPAKT MEpeaydl CUTHA-
|j . J1a, BETMYMHA KOTOPOTO OLEHUBAETCS C MOMOIIBI0 KO3 uirenTa
= IMerm
2

Umttex 3aTyXaHUs o .
3aryxaHWe @ TOKa3bIBACT CTENCHb YMEHBIICHUS aMILIUTY-
JIbl HanpspKeHUst oT Bxoaa UMex K BIX0Y UMeyx umbTpa:

o

<2

Puc. 1
a (16) = 201g (UMex/Umg,,x).

O kauectBe (hUIBTpa CYIAT, PEKIE BCETO, IO €r0 YACTOTHOW XapaKTEPUCTHUKE.

YacToTHOM XapaKTEPUCTUKON (DUIbTpa HA3BIBACTCS KPUBas, MOKA3bIBAIOIIAs 3aBUCUMOCTbD 3a-
TyXaHus, BHOCUMOTO (GUIBTPOM B TPAKT Mepeaur CUTHAJIOB ( & ), OT 4aCTOTHI BXOJHOTO CUTHAJIA.
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OunbrpoM HIkHUX YacToT (DHY) HaspiBaeTcs QuibTp, Moj0ca MPO3pavyHOCTH KOTOPOTo Jie-
XKUT B ripesenax oT f = 0 1o fep, a mOJ0Ca 3a1€pKUBAHUS — B OCTaJIbHOM 0o0nacTu yactot. YactoT-
Has xapakrepuctuka ®HY n3obpaxkena Ha puc. 2.

Hcxons u3 naHHoro TpeOOBaHMSA, ISl HUKHHUX YacTOT
MOCJIeI0BAaTEIbHOE CONPOTUBIIEHNE Z1 (DUIBTPA JOHKHO OBITh
OJIM3KUM K HYJIO JUIsl IOCTOSIHHOM cocTaBisitoei. [ Bepx-
HUX YacCTOT CONPOTHUBIIEHUE Z1 JOHKHO ObITh OonbiuM. Oue-
BUJHO, TUM TPEeOOBAaHUSAM YIOBJIETBOPSCT KaTyIIKa WHIYKTHB-
Hoctu L. HaoGoport, mapamnensHoe conpoTuBieHue Z I 10-
CTOSIHHOW COCTABJISIIOLIEH M OO0JIACTM HMXKHUX YacTOT JIOJKHO
OBITh KaK MOYKHO OOJIBIIMM, YTOOBI HE OKa3bIBaTh UTYHTHUPYIOIIIE-
Eep Exln 1o pnmsHMA. B TO jKe BpeMst U1 BEpXHHX YacTOT CONMPOTHUBJIE-
HUe Z2 TOJDKHO OBITH MallbiM. DTUM TPEOOBAaHUAM yIOBJIETBO-
pser kongeHcarop C. Takum o0pa3zom, mociegoBareabHas
BETBb OHY MPEJICTaBIISIeT co0oif WHAYKTUBHOE COIIPOTHBIICHUE

ot (AE)

Puc. 2

Zi= joL, napaynenbHas — eMKOCTHOE Z, = }/J WoC

Ha puc. 3 uzo6paxens -, T-,I1- o6pa3znasie 38eHbst ®HY Tumna «K».

L L/2 L/2
Uex —— U U — Uppe
Ok Oy ]
T T
L
< ]
— /2 —c/Z
O o
II
Puc. 3

@unbTpom BepxHUX yacToT (PBY) Ha3bIBaeTcs GUiIbTp, Mojioca MpoIycKaHust KOTOPOTro Jie-
KHT B mipezienax oT fep 10 o, a momnoca 3anepkuBanus — ot 0 110 fep.
YacroTtHas xapakrepuctuka ®BUY nzobpaxena
Ha puc. 4. c (AE) .
Hns ®BY nocnenoBarenbHasi BETBb MPEICTABISIET COO0H |
€MKOCTHOE CONPOTUBIIEHUE, a NapaJlIesIbHAsl — UHIYKTUBHOE. :
Ha puc. 5 uzo0paxens! I'-, T-, [1- o6pa3ubie 3BeHbss PBU |
tuna «K». '
|
|

f op o5l
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P
¥
—_
]
2

UBx L Uk UB L UBLIX UBx L L Upnx

Puc. 5

JocTouHncTBOM 3THX (HUIBTPOB siBisgeTcs MpocToTa. OqHako GuiabTpsl «K» 00agaroT psgom
HEZ0CTaTKOB:

- U3-3a HEMOCTOSHCTBAa BOJIHOBOI'O CONPOTHBIEHUS Zg (UiIbTpa B MOJIOCE MPO3PauHOCTU
HEBO3MOXHO COIJIacoBaTh (PUIBTP C HArpy3Koil BO BCEHl MOJIOCE MPO3PAaYHOCTH, YTO MPUBOJUT K
HEPaBHOMEPHOCTH YaCTOTHOM XapaKTEPUCTHKHU B II0JIOCE MPO3PAYHOCTH. YeM iydllle coriiacoBaH
GUIBbTp ¢ Harpy3Koi, TeM paBHOMEpHEE YacTOTHAs XapaKTEpPHUCTUKA (HIBTPa B MOJOCE MPO3pad-
HOCTH, XU MEHBLIE IIOTEPH B M10JI0CE IPO3PAYHOCTH;

- B I10JIOCE 33JICP’)KUBAHUS 3aTyXaHUE HAPACTAET MEIJICHHO.

3. KoumponvbHule 6onpocol
3.1 UYrto Ha3wpIBaeTCs AAEKTPUUSCKUM (HUIBTPOM?
3.2 Yto Takoe 1moJioca Mpo3pavHOCTH | 10JI0Ca 3a/Iep)KUBaHUS PUIBTpa?
3.3 Uro Takoe 3aTyxaHue, BHocuMoe punbtpom. Kak ero paccunrars?
3.4 Yto Takoe 4acTOTHAs XapaKTepUCTUKA?
3.5 [laiite onpenenenne ®PHY.
3.6 Kak moctpouts 3BeHbst @HY THIA «K»?
3.7 MN3o6pa3ure yactoTHyro Xapaktepuctuky @HY.
3.8 Jlaiite onpeneneane ®BY.
3.9 M3o6pa3ute yactoTHyIO XapakTepuctuky ®@BY.
3.10 Kak moctpouts 3BeHbss @BY THma «K»?
3.11 Kak BinusieT conpoTHUBIIEHUE HArpy3KU HA YaCTOTHYIO XapaKTepUCTUKY GuibTpa?

4. Ilepeuensv npubopos u 060pyoosanus
4.1 T'eneparop '3-111.

4.2 MunnuBonbsTMeTp B3-38.

4.3 VccnenyeMbrit GuinbTp (Maker).

5. Tlopsoox evinonnenus pabomol
5.1 U3meputsb yacToTHYyIO Xapaktepuctuky ®HY, nns gero:
5.1.1 CoOpats cxemy u3mepenuit (puc. 6).

ra-111 —C Ri| [R2 B3-38

Puc. 6

5.1.2 BKJIIOUUTH FE€HEPATOP U BOIBTMETP.
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5.1.3 W3meHnsisi 4acTOTy T€HEepaTopa, U3MEPUTH C MOMOIIBIO BOJbTMETpa 3aTyxaHue « (ab),
BHOCUMOE (PUIIBTPOM MPH JIBYX 3HAYCHHUSAX CONPOTUBIEeHUs Harpy3ku R1 u R2, nis yero:

- YCTAaHOBUTH NepeKiIouaTens BoabTMeTpa B3-38 B monoxenue «0» J10;

- coeAMHUTH BBIX0J reHeparopa ['3-111 co Bxomom BosibTMeTpa B3-38;

- YCTAaHOBUTh TaKO€ HAIpsDKEHUE Ha BeIxoJie reneparopa ['3-111, koropoe coorBeTcTBYeT «0»
IIKaJIbl BOJIBTMETpA B Ab;

- I0JIaTh HANPsDKEHHE OT TeHepaTopa Ha BXoA (QuiIbTpa;

- IOAKJIFOYUTH BOJIBTMETP K BBIXONY (pUIbTpa;

- B CJIy4ae 3allIKaJIMBAHUS CTPEJIKH BOJIBTMETPA HEOOXOAUMO YCTAHOBUTD NEPEKIIOYATEID
BOJILTMETpA B MOJIOKEHHE, yI00HOe 15 u3MepeHusd. s orcueTa ociabieHus Heo0X0IuMo CJ10-
KUTh TOKAa3aHMsI IIKAJIbl U TIOKa3aHUS epeKIIIoyaTes.

Pesynbrarel u3mepenuii 3anectu B Ta0. 1.

Tabmuua 1 (2)

foxI'm| 0,1 [ 0,2] 0,5 1 2 5 10 20 50 100 | 200
a,1b
R1
R2

5.2 Usmeputh yacToTHyIO Xapakrepuctuky ®BY, mis yvero:
5.2.1 CoOpatb cxemy usmepeHuii (puc. 7).

Cq Co
| |
I I

rs-111 ¥ R1 R2 B3-38

Puc. 7

5.2.2 IloBropure nyHkT 5.1.2, 5.1.3.

5.3 Ilo mannbM Tabmull 1(2) noctpouTs yactoTHble Xapaktepuctuku @HY u @BY.

5.4 OnpenenuTs MO YaCTOTHBIM XapaKTEPUCTUKAM I10JI0CY IPOITYCKAHMS, MOJIOCY 3a1€PKHU-
BaHusa U vactory cpeza PHY u ®BY na yposhe 3 1b.

5.5 Ompenenure, ¢ kakoit Harpy3koi (R1 naun R2) ®HY u ®BY nyurmie cornacoBaHsbl.

6. Cooepocanue omuema

6.1 HazBanue paboThl.

6.2 Llenp paboTHI.

6.3 [IpuOopsl, UCTIONB3yEMBIE IPU U3MEPEHUSX.

6.4 CxemBbI U3MEPEHUIA.

6.5 Pe3ynbraThl n13MepeHuil (TaOauLIb).

6.6 Yacrotusie xapaktepuctuku ®HY u ®BY.

6.7 BoiBo 0 yactoTHbIX cBoiicTBax ®HY, ®BY u BAMsHUN CONPOTUBICHHS HATPY3KH
Ha MX YaCTOTHYIO XapaKTEpPUCTHUKY.
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Omeembol Ha KOHmMPpOJ1bHbIE 60NPOCHL
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I'pynna

JlabopaTopusi paIMOTeXHUKH

ara

0150

JlaGopaTopHoe 3ansitue Ne 7

«HccnenoBanue puabTpoB
HHMKHUX M BepXHHUX yacToT Tuna ""K''»

3auer

1. Ilenv 3anamus

HccnegoBaTh 4aCTOTHBIE CBOMCTBA (I)I/IJ'ILTpOB HWXHHUX U BCPXHUX YACTOT THUIIA «K» u Bug-

HUE BEJTMYMHBI COMTPOTUBIICHUSI HATPY3KH HA YaCTOTHYIO XapakTtepuctuky (UX) ¢uibtpa.

2. Ilepeuenv npubopos u 0bopyoosarnus

2.1 T'eneparop 1'4-102.

2.2 MwmuBonsT™MeTp B3-38.
2.3 Uccnenyemslii GuibTp.

3. Cxembl usmepenuil

r3-i11

L Lo

B3-38
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Cxema usmepenunit YX OHY

6. Bvi6oowi

Cq Co
[l I 8
I I
's-111 L Rﬂ Ro
Cxema uzmepenuit YX OBY
4. Pesynomamol usmepernuii
4.1 Pe3ynbratel u3mepenuit ©@HY.
Tabnuna 1
YX ®HY
fr, kI'1g 0,1 1 20 50
RH: Rl
25 R.=R,
4.2 Pesynbratel n3mepenuii @BY.
Tab6numa 1
YX ®BY
fr, k't 0,1 0,2 0,5 1 2 100
H— Rl
o, 1b R.= R,
5. Yacmommnwie xapaxmepucmuxu
a(1B) YX ®HY a (1b)
A
() frC )
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6.1 Ykazarh mosocy nporyckanus u noiocy 3aaepxxuanus ®HY u OGBY.
6.2 Ykazath yactoTsl cpe3a (fep).
6.3 OmpenenuTtpb, ¢ KakOW HArpy3Koi QUIBTp JTy4Ille COrJIacOBaH.

JIABOPATOPHOE 3AHSTHUE Ne 8
HccnenoBanue no1ocoBoro u 3arpasxaammero ¢guiasrpos tuna "K'

1. Ilens 3anamus

HccnenoBaTh 4aCTOTHBIE CBOWCTBA MOJIOCOBOTO U 3arpaxjaaromiero ¢GuiabTpoB Tuna «K» u
BIIMSIHME BEJTMYMHBI COTIPOTUBIICHUS HArpy3KH Ha aMIUTHUTYIHO-YaCTOTHYIO XapaKTePUCTUKY (DUITh-
Tpa.

2. Kpamkue meopemuueckue cee0eHus.

[MonmocoBsM (Tonocomnpomyckaronmm) ¢puibtTpoM (I[TT1D) HazkBaeTcs GUIbTp, MoI0Ca IPO3pad-
HOCTH KOTOPOTO JISKUT B NIPE/IENax OTfep1 0 fep2, @ TIOJIOCA 33/IEPKUBAHUS B OCTAILHOM YacTH 001acTH
4acToT.

AMITTUTYAHO-4acTOTHON XapakTepuctukoi (AUX) ¢uinbTpa Ha3biBaeTCs KpUBasi, MOKa3bIBa-
Iol1ast 3aBUCUMOCTh K03 dunmenta nepenaun GpuiabTpa no HanpspkeHHro Ky 0T 4acTOTBI BXOJTHOTO

curHana f.. AUX oOparHas yacTOTHOM Xapakrepuctuke. HacroTHas xapaktepuctuka [1I1D n306-

pakeHa Ha puc. 1.
m 0,707

oA Ky 4
|
|
|
|
|
|

|
|
;
: 88
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Puc. 1 Puc. 2

AUX I uzobpakena Ha puc. 2.

Hcxons u3 yenosuit padots! [111®D, ero nocienoBarenbHas BETBb MPEICTABISAET cO00i mo-
CJIeIoOBaTeIbHBIN KoeOaTeIbHbII KOHTYP, MapajieibHas — mapauiebHbi KouTyp. I'-, T-, I1-
obpasuble 3BeHbs [1I1D n3obpakens! Ha puc. 3.

o 1
1 2Cl 2Cl
|| Patatay Ll /2 Lj_ /2
|| o }71'\1'\1"\ LT Ve -
— ) Lo = Lo
T
T
ﬁl L1
I e
T C2/2320/2 T C2/23 2,02
II
Puc. 3

O6LILIHO 9TU KOHTYPBI HACTPAHWBAKOTCA HAa OAHY U TYKC HYaCTOTY an Ha3bIBACM YO Cpe,[[HeI?'I
YJacTOTOM IOJIOCHI HpOHyCKaHI/IﬂZ
fO = V fcpl fcpZ '

[I1® moxHO paccmarpuBaTh kak komOuHanuo @HY (L1,C2) u ®BY (C1, L2). [Tonoca npo-
myckanus ¢uibTpa [1 onpenensercs pa3HOCTHIO YacTOT:

H:fcp]*fcpZ-

Taxk xe, kak u 1 BceX punbTpoB tuma «K», ms IO xapakrepHa HEBO3MOXHOCTH COTJIA-
coBaHus GUIBTPA C HATPY3KOH BO BCEi MOJ0CE MPO3PAYHOCTH, YTO MPUBOAUT K HEPABHOMEPHOCTHU
AUX B mosoce nmpo3payHocTH. B mosoce 3a7epkuBaHus 3aTyXxaHHE HApacTaeT MEJICHHO.

3arpaxxgaromuM (TI0JI0CO3arpKIAIOIINM WU PeXEeKTOpHBIM) (uibTpoMm [13D HazbiBaeTCs
buibTp, MoJsioca 3aAep>KUBAHUS KOTOPOTO JIEKHUT B MpeAenax oT fcpl 10 fep2, @ MOJOCA MPO3PAUYHO-
CTH B oOcTajgpHOW oOmactu uactor. YactoTrHas xapakrepuctuka I[I13d wu3obpaxkena Ha
puc. 4, a aMIUTUTYTHO-9acTOTHas xapakrepuctuka [13®d — Ha puc. 5.

oA Ku A
m 0,707
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Puc. 4 Puc. 5

[TocnenoBarenpHas BeTBb [13® mpeacraBiseT co0oil mapaiebHBIN KOHTYD, a MapaiieibHas
BETBb — [10CJIEI0BATEIbHBIA KOHTYP.
I'-, T-, [1-o6pa3usie 3BeHbs [13® n300paxens! Ha puc. 6.

C1 2CH 2C4 C
] —
O—
L L1 L1 L1
C2 Lo 2L, 2Lz
L2 T C2 T Col2 T Cal2
O ] O 0 [, L]
T T I
Puc. 6

Bce ocranbHoe, ckazanHoe Boie o [1I1®D, cnpaBennuso u ans [130.

3. KoumponwvHule 60npocwl

3.1 JlaiiTe onpeaenenue nojiocomnpomyckawomero guiabstpa (I1I1D).

3.2 Kaxk noctpouts 3BeHbs [1T1D tuma «K»?

3.3 Yto Ha3zbIBaeTcs nosoco3arpaxaaromum Guiastpom (I13D)?

3.4 Kaxk noctpouts 3BeHbs [13®D tuma «K»?

3.5 Ha kakyto yactory HacTpauBaroTcst KOHTYpbI [IT1D u [13D?

3.6 Kak moxno npeicraButh [I1D u [13® B Bue komOuHanmu 3seabes @HY u ®BY?
3.7 Kak BauseT conpoTHBIIEHHE HArpy3ku Ha yacToTHble cBoiicTBa [1I1D u [13D?

4. Ilepeuenv npubopos u 060pydosarus
4.1 T'eneparop 1'4-102.

4.2 MuuBossT™MeTp B3-38.

4.3 Uccnenyemblit GUIBTP.

5. Iopsodok svinonnenus pabomol
5.1 Cobpath cxemy u3mepenuii (puc. 7).

Cz
|| ||
I4-102 I 4‘7 I g B3-38
g R1 |R2
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Puc. 7

5.2 VI3mepuTh aMIUIUTYIHO-4aCTOTHYIO XapakrepucTtuky 111D, nis yero:

5.2.1 3MeHss 9acTOTy reHepaTopa, U3MEPUTH C IIOMOILBIO BOJIBTMETPA HANPSIKECHUE HA BbI-
xo7ie (pUIbTpa MpH ABYX 3HAYCHUSX COMPOTUBIICHUS HATPY3KH.

5.2.2 Pe3ynbTaThl H3MEpPEHUI 3aHECTH B TaOI. 1.

Taomuua 1
fr, k't 100 150 200 250 300 350 400 500 600 700
UBBIX1 B
R1
R>

5.2.3 Paccuuratp ko3pdunment nepeaaun priibTpa:

R‘ —_ UBbl,‘C .

U

6X

Pe3ynbTaThl BIYMCICHUHN 3aHECTH B Ta0II. 2.

Tabmnura 2
k[ | 100 | 150 | 200 | 250 300 350 400 500 | 600 | 700
Ky
R1
R>

5.3 Cobpatb cxemy u3mepenuii (puc. 8).
&

|1 /]
Il

T4 - 102 L1 | Lz

PPN P S B3 -38

Puc. 8

5.4 M3MepuTh aMIUMTYIHO-YACTOTHYIO XapaKTEPUCTHUKY TOJI0CO3arpaXKAaroNiero Gpuibrpa
(IT3®), nyis yero moBTOPUTSH I.1I. 5.2.1-5.2.3.

5.5 Ilo ganHbIM Ta0d. 2 MOCTPOUTH AMIUIUTYJHO-YaCTOTHYIO XapakTepuctuky (AUX) IO u
[13®.

5.6 Ompenenuth mo AUYX nonocy nporyckanus (Ha ypoBHe 3 1b), Mojocy mMpo3pavHOCTH U
gactoTy cpe3a [IIID u nonocy 3aaepxuBanus u yactory cpesa 1 [13D.

5.7 Onpenenuth, ¢ kKakoil Harpy3ko# (R1 nmu R2) I u [13® nyumie coriaacoBaHbl.

6. Cooepoicanue omuema
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6.1 HazBanue paboThI.

6.2 Llens paboTHI.

6.3 IIpuOopsI, UCIIONB3YEMBIC TPU U3MEPECHHSIX.

6.4 CxeMbl U3MEPEHUH.

6.5 PesynbTaThl u3MepeHul (TabIuIIbI).

6.6 AUX TIIID u I130.

6.7 BeiBoa 0 yactoTHbix cBocTBax 111D u [13® u BAusHUM CONPOTUBIICHUS HArPy3KU
Ha ux AUX.

Omeembol Ha KOHmMPpOJ1bHbIE 60NPOCHL
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I'pymma

JlabopaTopusi paiMOTeXHUKH

Hara

0150

JlaGopaTopHoe 3ansaTHE Ne 8

«HccaenoBaHue mojaocoBoro u 3arpaxkaarouiero

¢puabTpa THHA "K''»

3auer

1. l]env 3anamus

HccnenoBath 4acTOTHBIE CBOMCTBA TOJIOCOBOTO M 3arpakaaromiero GpribTpoB tumna «K» u
BJIMSTHUE BEJIMYUHBI COIIPOTUBIIEHUS HAIPY3KU HAa aMINIUTYIHO-YaCTOTHYIO XapaKTE€PUCTHUKY

bunsTpa.

2. Ilepeuenv npubopos u 0bopyoosanus

2.1 T'enepatop ['4-102.
2.2 MunnusonsTMeTp B3-38.
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2.3 Uccnenyemslii GuiIbTp.
3. Cxembl uzmepeHuii

Ly “1 Ly

Larart

||
T4 - 102 I ﬁ I g B3 -38
—C2 Ly
B

& o
I Il

T4 - 102 Ly | L3 < ——

(P o ¥ R

[ Y
T

Cxema usmepenui 113D

4. Pezynomamsi uzmepenui
4.1 Pesynbratel nsmepenui 111D.
Tabnuna 1
PesyiabTarhl H3MEpEeHNH AMILIMTYAHO-4aCcTOTHOH XapakTepucTuku TP

fr, kxI'1x 100 | 150 | 200 | 250 | 300
UBBIX1 HpH Rl
MB | ipu R2

4.2 Pesynbratel ndmepenuii [13O.
Tabnuna 1
PesyabTaThl H3MepeHUH aMILIMTYIHO-4aCTOTHOM XapakTepuctuku [13®

fr, xI'1x 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500 | 600 | 700
Usuix, npu R1
MB | mpu R

5. Amnaumyono-vacmommuuwie xapakmepucmuxu (A4X)

U, (MB) AUX TP U,.. (MB) AUX 130

A
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6. Bv1600b1
6.1 VYxkasare mosiocy npomnyckanus u moyiocy 3anaepxxuBanus [1I1O u [13D.

6.2 VYkaszaTb 4acToThl cpe3a (fcp).
6.3 Omnpenenutp, ¢ KAKOK HArpy3Koi (PUIBTP JTydIlle COTIACOBaH.
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BBenenne

JlaGopatopHsbie 3aHATHS o y4eOHO JTUCLIUIIINHE OIl.14
Paouomexnuueckue yenu u cuenanvl COCTABISIIOT BaXKHYIO YaCTh TEOPETUUECKOUN U
npodecCHOHANBPHOM ~ MPaKTUYECKOW  MOATOTOBKM W HampaBleHbl  Ha
MOJITBEPXK/ICHUE TEOPETUYECKHX IMOJOKEHUH H (OPMUPOBAHUE MPAKTUUECKUX
YMEHUM U MPAKTUYECKOTO OIbITA:

— V¥ 1 - u3MepsATbh OCHOBHBIE XapAaKTEPUCTUKH U ONPEICIATh TapaMeTphl
JMHEWHBIX PAAUOTEXHUYECKUX LENEN C COCPEAOTOUYEHHBIMHU ITApAMETPAMU;

— VY 2 - paccuuThIBaTh MapameTpbl U XapaKTEPUCTUKU PaAUOTEXHHUYE-
CKHX LIENEN ISl IPOXO0KICHUS CUTHAJA C 3aJJaHHBIM CIIEKTPOM;

— V¥ 3 - u3MepsATh OCHOBHBIE XapAKTEPUCTUKHU U ONPEAEIATh MapaMETPhI
JMHEWHBIX PAAUOTEXHUUECKUX LENEH C PACIIPENEICHHBIMU ITapaMETPaMH;

— I1O 1 - HacTpauBaTh M PETYIUPOBATH NAPAMETPBI PATUOTEXHUIECKHUX
CUCTEM, YCTPOMCTB U OJIOKOB

JlabopaTopHbIe 3aHATHSA OTHOCSTCS K OCHOBHBIM BHJIaM Y4€OHBIX 3aHSATHU.

BrinonHenue cryaeHTaMmu 1a00paTOpHBIX pabOT HAIIPABIICHO:

— Ha  o0oOmieHue,  cUCTEeMaTH3alUio,  yriayOjleHue,  3aKperuieHue
IIOJIyYEHHBIX TEOPETUYECKUX 3HAHUM [0 KOHKPETHBIM TEMaM JIUCLHUILINH;

— (QopMUpOBaHUE YMEHHI NPUMEHSTH IMOJTYyYEHHbIC 3HAHUS HA MTPAKTHUKE;

— BBIPA0OTKY IPH PEIICHUH MOCTABJICHHBIX 33/1a4 TAKUX NPO(EeCcCHOHATBHO
3HAYMMBIX Ka4eCTB, KaK CaMOCTOSITEIBHOCTb, OTBETCTBEHHOCTb, TOYHOCTb,
TBOpPYECKAs] MHUIIMATHBA.

Benymeit aumakTHdeckodl Ienbi0  J1a0OpaTOPHBIX 3aHSATUN  SIBIAETCS
DKCIIEPUMEHTAIIBHOE MOATBEPKIACHNUE U MPOBEPKA CYIIECTBEHHBIX TEOPETUYECKUX
MOJIOKEHHM (3aKOHOB, 3aBUCUMOCTEH ).

CopmepxaHueM  J1abOpaTOpHBIX  pabOT MO  JUCUUIUIMHE  SBIISIOTCS
SKCIIEpUMEHTaJbHas MNpoBepKa (opMmysn, METOAMK pacuera, YCTAaHOBJICHHE U
MOATBEPKIAECHNE 3aKOHOMEPHOCTEM, O3HAKOMJIEHME C METOJWKAMHU IPOBEACHUS
u3MepeHnii. B Xoje BBIMONHEHUS 3aJaHUd y CTYIAEHTOB (POPMHUPYIOTCS
MPAaKTUYECKUE YMEHUSI M HaBBIKM pPAa0OThl C pa3IMYHBIMU [pPUOOpaMH,
YCTaHOBKAMHM, J1TA0OpAaTOPHBIM O0OPYJOBaHUEM, anmnaparypoil, KOTOpble MOTYT
COCTaBJISITh 4acTh MNPO(ECCHOHATBHOM MNPaKTUYECKOM TMOATOTOBKH, a TaKkKe
UCCeIoBaTeNIbckue  yMeHus  (HaOmonath,  CpaBHHMBAaTh, AHAJIU3UPOBATH,
yCTaHABJIMBATh 3aBUCHUMOCTH, JENaTh BBIBOABI U OOOOLIEHUS, CAMOCTOSITEIHHO
BECTH HCCclie0BaHNE, ODOPMIIATH PE3yJIbTaThl).

Conmepxanue  1aOOpPaTOpPHBIX  3aHSATHM  OXBaThIBA€T  BECh  KPYT
npo(hecCHOHANBHBIX YMEHUHN, Ha MOATOTOBKY K KOTOPHIM OPHUEHTHUpPOBaHA JaHHAs
JUCLUIUIMHA, KOTOPbIE B JNAJIBHEWIIEM 3aKpEIUIAIOTCS M COBEPLICHCTBYIOTCS
MPAKTUKON 1O PODUITIO CTICTIMATTEHOCTH U MPEIUTUIOMHON TTPAKTUKOM.

JlaGopatopHble 3aHATUS MPOBOASTCS B CIEUUATBHO 000PYAOBAHHBIX
y4eOHBIX J1abopaTopusix. I[IpomOmKUTEILHOCT, 3aHATHUS — HE MEHee 2-X
aKaJeMHyecknux 4vacoB. HeoOXOAMMBIMH CTPYKTYpHBIMH 3JIEMEHTAMH 3aHSTHS,
IIOMHUMO CaMOCTOSITEJIbHOM JESATEIbHOCTU CTYIEHTOB, SIBJISIOTCS HWHCTPYKTaXK,
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IPOBOAMMBIN TpenojaBareieM, a TaKKe OpraHu3anus OOCYXACHHS HTOTOB
BBITIOJTHCHUS PaOOTHI.

Bce crynenTsl, cBsi3aHHble ¢ paboToil B jaboparopuu, OO0S3aHBI MPOUTH
UHCTPYKTaX MO OE30MacHOMY BBIMOJIHEHHUIO PabOT, O YeM pACIUCHIBAIOTCS B
KypHaJIe MHCTPYKTaXka M0 TEXHUKE OE30MaCHOCTH.

Brimonuenuto 1a00paTopHBIX MPEAIIECTBYET MPOBEpKa 3HAHUM CTYACHTOB,
UX TEOPETUYECKON TOTOBHOCTH K BBIIIOJHEHUIO 3aaHMSL.

JIaGoparopHble pabOThl CTYAEHTHl BBINOJHSIOT MOJX PYKOBOACTBOM
npenoaasareis. [lpu npoBeneHNM 1a00paTOPHBIX 3aHATHI yueOHas TPYIIa MOKET
JEJIATHCS HA NOJArPYNIbl YUCIEHHOCTBIO HE MeHee 8 yenoBek. O0beM 3aaHuil AJis
71a00paTOPHBIX 3aHATUI CIUIAHMPOBAH C pacdyeToM, YTOOBI 32 OTBEIAECHHOE BpeMs
OHU MOTJIM OBITh BBIIIOJHEHBI KAYECTBEHHO OOJIBIIMHCTBOM CTYACHTOB.

®opmbl opraHuzanuu paboThl 00yYaromMXcs Ha JJaOOpaTOpHBIX padoTax:
TpyMIOBAs.

[Ipu rpynnoBoii popMe opraHu3aiuy 3aHsITHI OJIHA U Ta K€ padoTa BBINOJI-
HsieTcst Opuragamu mo 2 — 3 4emoBeka.

Otuer nmo ynaboparopHoi paboTe mpeacTaBiseTcs B ¢opmare, MPeaycMOT-
pPEHHOM I11a0JIOHOM OTYeTa Mo JabopaTopHOMl padoTe. 3aluTa OTYeTa MPOXOJAUT B
dhopme 0TBETOB 00YUaIOIIETOCs Ha BOMPOCHI MPETOo/iaBaTelis M0 BHIMOJHEHHOU pa-
oore.

OrneHKH 3a BBINOJIHEHUE JIaOOPATOPHBIX pabOT MOTYT BBICTABIATHCA IO IIsi-
TUOAJIIIBHON CUCTEME WMJIM B (pOpME 3aU€Ta U YUUTHIBAThCA KaK MOKa3aTeNN TEKY-
11} yCIIeBaeMOCTH CTYACHTOB.

Kpurepuu otienku 1adbopatopHbix padoT.

Kpurepuu onieHku HabItOI€HNS 32 BBITIOJITHEHUEM JTA00PaTOPHON PaOOTHI:

- OLIEHKa «OTJMYHO)» BBICTABJISIETCS, €CIM B XOJE BBIMOJHEHUs Jaboparop-
HOM paboThl 00y4aroIMics COONIOAAET MOPAIOK BBINOJHEHUSI pabOThl COrJacHO
METOJMYECKUM YyKa3aHUSIM, MPOSIBIISIET CAMOCTOSATEIBHOCTh, 3HAHUE H3MEPUTEITh-
HBIX MPUOOPOB U YMEHHE MOJIb30BATHCS UMM, COOI0IaET TPEOOBAHMS TPaBUI TEX-
HHUKH 0€30MaCHOCTH,

- OIICHKA «XOPOII0» BBICTABIIACTCS, €CIIM 00YJArOIINIICS HE BCET/Ia MPOSIBIIS-
€T CaMOCTOSITEJIbHOCTb, HO YMEET MOJb30BaThCsl M3MEPUTENIbHBIMU IMPpHOOpaMu,
cobioaeT TpeOoBaHMS MTPaBUII TEXHUKH 0€30IIaCHOCTH;

- OLICHKA «YJIOBJIETBOPUTEIHHO» BBICTABIISIETCS, €CIIM 00y4aroIuiics He BCe-
r7la MPOSIBJIET CAMOCTOSATEIBHOCTh MPH BBIMOJIHEHUU JIAOOpaTOpHO paboThI, HE
BCET/Ia YMEET MOJIb30BATHCS M3MEPUTEIbHBIMU MpUOOpamMu, coOmrogaeT TpedoBa-
HUS TTPaBUJI TEXHUKHU 0€30MMacCHOCTH;

- OIICHKAa «HEYJIOBJETBOPHUTENIHHO)» BBICTABIISETCS, €ClIM OOydJaroImuics He
MIPOSIBIISIET CAMOCTOSITETFHOCTH TIPH BBITIOTHEHUH pa0dOThI, HE YMEET MOJIb30BaThCs
U3MEPUTEILHBIMH IPHUOOPAMH.

Kputepun o11ieHKU BBIMOJHEHUS OTYETA U 3aUTHI JJA0OPATOPHOUN pabOThI:



- OIICHKA «OTJIMYHOY» BBICTABJISICTCS, €CIIM JaHBI IPABUIIHLHBIC OTBETH HA BCE
BOITPOCHI B TTOCOOWH TIO JIaOopaTOpHOH padoTe, MpaBUIBLHO 0OPMIICH OTYET, BCE
pacyeTsl BHITIOJIHEHBI 0€3 OIMUOOK, CIeJIaHbl MPABWILHBIE BHIBOJIBI B OTUECTE;

- OIICHKA «XOPOIII0» BBICTABIIACTCS, €CIIA JIaHBI TIPABUIILHBIC OTBETH HE Ha
BCE BOIIPOCHI B MTOCOOUH IO JTAOOpaTOpHON padoTe, MpaBWIBHO OGOPMIICH OTYET,
pacyeTsl BBHIMOJHEHBI C HE3HAYUTEIHPHBIMA MAaTEMAaTUYECKUMH OIMMOKaMH, HE TIO
BCEM IPEJIOKEHHBIM BOIIPOCAM B OTUETE C/ICJIaHbl BBIBOIBI;

- OLICHKA «YJIOBJIETBOPUTEIHLHOY» BBICTABIISAETCS, €CJIU JIaHbI TPaBUIILHBIC OT-
BEThl HE Ha BCE BOMPOCHI B OCOOMU 1O JTabopaTopHO paboTe, oTyeT oopMIieH
PaBUJIBHO, PACUEThl CAENIaHbl ¢ TPYObIMU OMIMOKAaMH, BBIBOJBI B OTYETE HEMOJI-
HBIC;

- OLICHKA «HEYJIOBJIETBOPUTEIHLHO» BBICTABIISIETCS, €CIM HE JaHbl MPaBUIb-
HBIE OTBETHI Ha BOMPOCHI B MOCOOUHU MO J1TaOOpaTOpHOM paboTte, 0T4eT OPOpPMIIEH ¢
OIMMOKAaMH, pacYeThl HE CJCIIaHbI, BEIBOJIBI B OTUETE HE CICIIAHBI.



JJABOPATOPHOE 3AHSATUE Ne 1
HccnenoBanne nociaen0BaTeNIbHOTO KOHTypa

1. I]env 3anamus
HccnenoBath n30upaTenbHbIC CBOWCTBA MOCIIEIOBATEIIBHOTO KOHTYpPA U BIUSHUE €T0

3JIEeMEHTOB Ha (HOpMY PE30HAHCHON KPUBOM U IapaMeTphl KOHTYpa.

2. Kpamkue meopemuueckue ceedenus L

Ha3bIBACTCS 3aMKHYTasl SJIEKTPUYECKasi elb, COCTOSIIAs U3
KaTyIIKH MHAYKTUBHOCTH U KOHJICHCATOPA, BKIFOUYCHHBIX
IIOCJIEJOBATEILHO ¢ HCTOYHUKOM BXOJHOTO CHI'HAJIA
(puc. 1).

SIBieHHe pe3oHaHca HANPSHKEHUI HACTYIIAeT B KOHTY- Puc. 1
pempufr=fou | Xc|=|XL].

HOCJ’IC,Z[OB&TCJ'IBHBIM KoJ1e0aTeIbHEIM KOHTYpOM |
@ G

B atoMm CJIydac KOHTYp NPCACTABJIACT JJId HCTOYHHKA CUT'HAJIa HAUMCHBIIECSC COIIPOTHUB-

JICHHE.
Zpxrez = R.

Hampsxenue Ha KOHJEHCATOPE B MOMEHT pe30HaHca:

p

Ze ALI/IC
Q_?_T’ (2)

rne  Zs— BOJHOBOE CONPOTHBIIEHHE KOHTYPA,
Q — 10OPOTHOCTH KOHTYPA.

Koaddunrent nepenaun KOHTypa 1o HaIpsHKEHUIO

[Ipu pezonance

3aBUCUMOCTh KOA(PPHUIMEHTA Mepeiayll KOHTYpa M0 HANpPSHKEHUIO OT YacTOThI BXOJHOTO
CUTHAJIa Ha3bIBAETCS aMIUIMTYAHO-4YaCTOTHOM XapakTepucTUKoi KoHTypa (AYX).

®opma AUX 3aBucut oT napamerpoB koHTypa (C, L, R), Tak Kak mpu n3aMeHeHU! napa-
METpPOB U3MEHSAETCS 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 aOGcomroTHON Puc. 3. AUX B OTHOCUTEIILHONU
CHUCTEME KOOpAUHAT CUCTEME KOOpIAUHAT

Pe3zonancnou xapaxmepucmuxotl 6 abconomuslx KOOPOUHAMAX NO HANPSHCEHUIO Ha3bI-
Ba€TCsl KpHUBasi, MOKa3bIBAIOIIAS 3aBUCUMOCTh HANPSIKEHUSI HA PEAKTHUBHBIX 3JIEMEHTaX KOHTypa
OT YaCTOThI TeHEpaTOpa BOJIHM3HM PE30OHAHCHOM YacTOTHI (puc. 4).

Pezonancnou xapaxmepucmukou 6 OMHOCUMENbHBIX KOOPOUHAMAX NO HANPANCEHUIO
Ha3bIBACTCSl KpUBasi, NOKa3bIBAKOLIAsl 3aBUCUMOCTh OTHOIICHHS aMILJIUTY 1l HAIIPSKEHUS Ha pe-
AKTUBHBIX 3JIEMEHTaX KOHTYpa K aMIUIMTYJEC HANpsDKEHHUS HAa PEaKTUBHBIX AJIEMEHTaX KOHTYypa
IIPH PE30HAHCE OT KaKOM-TuO0 pacCTpONKH MPH MaJIbIX pacCTpoikax (puc. 5).

UC/UCpe3

UC,UL 1

|

|

|

|

|

|

' -a +a

| 0

fpeB ff
Puc. 4 Puc. 5

Jlist cpaBHEHMS Pa3JIMYHbIX KOJIEOATENbHBIX KOHTYPOB CTPosIT AUX UM pe30HaHCHBIE
KpUBbIE B OTHOCUTEJIBHOHN CHCTEME KOOpAMHAT.

ITo ocn af6cu1zlcc OTKJIafbIBaeTCa a0bcomoTHasd Af=fr—fpe; (k') nim oTHOCHTENBHAS pac-
cTpoiika % A ;N

es

N36upatenbHble CBOMCTBA KOHTYpPA OLIEHUBAIOTCS MOJIOCOI MPOITYCKaHUs, TI0/1 KOTOPOH 1o-
HUMAIOT JIMaIa3oH 4acToT, B Ipeesax KOToporo K03 GUIMEeHT nepeadn U BRIXOJHOE Halpsike-
uue (Uc) coctaBisitot 0,707 OT pe30HAHCHOTO 3HAYEHUSI.

[1o sxcnepumeHTaNIbHO M3MepeHHON AUX MOXKHO onpeeauTh 100pOTHOCTh KOHTYpa:

f
Q=—"=. 3



5 k['. MI3MepeHus pe30HaHCHOM KPUBOM MOKHO 3aKOHUYUTH, ecii Ug = 0,5 U

3. KonmponbHble 6onpocsi

3.1 Yro Ha3pIiBaeTCs KOIeOATEILHBIM KOHTYPOM?

3.2 Kakoii KOHTYp Ha3bIBAETCS MOCJIEI0BATEIBHBIM?

3.3 Kakoe siBjieHuE B KOHTYpPE Ha3bIBACTCS PE30HAHCOM?

3.4 Tlouemy pe30HaHC B MOCIEI0OBATEIFHOM KOHTYPE HA3bIBACTCS PE30HAHCOM HAIPSLKEHUN?
3.5 Tlepeuncnure ycinoBusl pe30HAHCA HAITPSKEHUSI.

3.6 Kak MO>XHO HaCTpOUTb KOHTYp B pE30HAHC?

3.7 Uro Takoe ko3 punreHT nepegaun KOHTypa 1o HANpsHKEHUIO M UeMy OH paBeH MpH
pe3oHance?

3.8 Kak uzmensercs AYX KoHTypa Ipu BKIIOYEHUH B KOHTYp PE3UCTOPA, U3MEHEHUU
€MKOCTH KOHJIeHcaTopa?

3.9 Urto Ha3bIBaeTCs M0JIOCON MPOITYCKaHUS KOHTYpa?

3.10 Ot kakux mapamMeTpoB 3aBUCUT BEIMYMHA MTOJOCHI MPONMYCKaHUS KOHTypa?

3.11 Yro takoe AUX B OTHOCUTEIILHOM H a0COMIOTHOM MaciiTabax? Kakue BenmnauHbI
OTKJIAJIBIBAIOTCS IO OCSAM KOOpAUHAT?

3.12 Yto Takoe abcoiroTHAs pacCTpOiika, OTHOCUTENbHAS PacCTpOrKa?

3.13 Kak 3kcrniepuMeHTaIbHO ONPeNeTUuTh T00POTHOCTh KOHTYpa?

4, [lepeuenv npubopos u 060pyo0osanus
4.1 T'eneparop ['4-102.

4.2 MunnuonsT™eTp B3-38.

4.3 KonebaTenbHbI KOHTYp (MaKer).

S. Ilopsook vlnonnenus pabomol
5.1 CobpaTthb cxemy u3mepenuii (puc. 6).

R

| E—

rqy-ioz 2 B3-38

o]

Puc. 6

5.2 BKITIOUHUTB T€HEPATOP U BOJIBTMETP.
5.3 YcraHOBUTS B KpaiiHee JieBoe HoNokeHHe pyuky nepemenHoro konaeHcaropa C (Crin).

[lepectpauBasi TeHepaTOp MO YaCTOTE, JOOUTHCS PE3OHAHCA HANPSIKEHUs. Y CTaHOBUTH

PYUKy MepeMeHHOro pe3uctopa R B kpaiinee seBoe nonoxenne (Rmin). I3MepuTh 3aBUCHMOCTD
HANpsDKEHHUS Ha KOHJIEHCATOpEe OT 4YacTOThl IeHepaTropa, IepecTpauBasi TeHepaTop C I1aromM

Cpgg '
PCSyJILTaTLI I/ISMepeHI/Iﬁ 3aHecTH B Ta0I. 1.

YcTaHOBHUTH PYUYKY MEPEMEHHOTO pe3uctopa R B kpaiinee mpaBoe mosioxeHue (Rmax) n3-

MCPUTH BTOPYHO PC30HAHCHYIO KPHUBYIO. Tak kax ,[[OﬁpOTHOCTB KOHTYpa 6y,£[eT Maja, TO pe€30-

HaHCHas KpuBas OyJeT Mojoras, U U3MEPEeHUsI MOXKHO MPOou3BoauTh ¢ marom 10 kI'.

Pe3ynbraTel u3MepeHuit 3aHectu B Tad. 1.



Tabnuna 1(2)

fr, kI'n Uc, B
Rmin Rmax

fp
fp+5kIy
fp+10xI'1

fp-5xI'n
fp-10xI"11

5.4 YcTaHOBUTH B KpaifHee MpaBoe MOJIOKEHUE PYUKY IEPEMEHHOT0 KOHAEH caTopa

[lepectpanBas reHepaTop IO YacTOTE, JOOUTHCS pe30HaHCca HanpsukeHui. M3meputs 3a-
BHUCUMOCTb HaIIPSDKEHHsI HA KOHJCHCATOpe OT YacTOThI F'eHepaTopa npu KpaiiHeM JieBoM (Rmin) 1
KpaiiHeM npaBoM (Rmax) OJI0KEHNN PYUKH IIEpeMeHHOro pe3ucrtopa R.

Pe3ynbpTaThl U3MepeHUii 3aHecTH B Tab. 2.

5.5 o mansbIM Tabmull 1 1 2 paccYuTaTh U 3aMOITHUTH Ta0. 3 1 4.

Ta6muma 3(4)
Af) KFH UC/UC pe3
Rmin Rmax

0 1 1

+5

+10

-5

-10

5.6 TTo nanabIM TabmWIT 1-4 IOCTPOUTH PE30HAHCHBIC KPUBHIC B A0COTFOTHOM U OTHOCHTEITh-
HOM Macrrade.

5.7 Onpenenuthb rpapuyecKy MOJIOCY MPOMYCKAaHUS KOHTYpA.

5.8 Paccuurarh 100poTHOCTD Q, 3aryxanue d, TorapuMUIEcKuii JeKPEeMEHT 3aTyxaHus 0
KOHTYpa Juisl pa3nuuHbix 3HaueHuit C u R.

6. Cooepoicanue omuema

6.1 Ha3zBanue paboTHI.

6.2 Llens paGoTHIL.

6.3 [IpuOopHI, UCTIONIBE3YEeMbIE IPH H3MEPECHHUSX.

6.4 Cxema n3MepeHui.

6.5 Pe3ynbraTel n3MepeHuit (Ta0IHIIb).

6.6 Pe3oHaHCHBIE KPUBBIE B OTHOCUTEILHOM U a0COTIOTHOM MacIiTade.

6.7 Pe3synbTarhl BEIYKCICHUH M0JI0CH! Tiponyckanus [1, noopotHocTr Q, 3aryxanus d,
Jorapu(pMHUECKOro JeKpeMeHTa 3aTyxaHus 0 .

6.8 BBIBOIBI O BIMSHUN BEJIMYUHBI eMKOCTH KOHIeHcaTopa C Ha pe30HAHCHYIO YacTOTY
KOHTYpa, BETMYUHBI eMKOCTH KOoHJIeHcaTopa C U CONpOoTHBIEHUS pe3ucTopa R Ha ¢popmy pe3o-
HAHCHBIX KPUBBIX U TTApaMeTPhl KOHTYpa.
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Omeemul na KOHMPOJIbHblE 80NPOCHL
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I'pynna JIaGoparopust pagrOTEeXHUKU [Hara

OUO JlaboparopHoe 3ausTue Ne 1 3auer

«HccnenoBanue MoCiaeI0BaTeILHOTO KOHTYpa»

1. I]env 3auamus
HccnenoBaTh n30MpaTeIbHBIE CBOWCTBA MIOCIIEI0OBATEIFHOTO KOHTYPA U BIUSHUE €T0 dJIe-
MEHTOB Ha (hOpMy PE30HAHCHOW KPUBOW M MapaMeTpbl KOHTYpA.

2. Ilepeuenv npubopos u 0bopyoosanus
2.1 T'eneparop 1'4-102.

2.2 MunnuBoseT™meTp B3-38.

2.3 KonebaTenbHblil KOHTYp (MakKer).

3. Cxema uzmepenutl

5]

| IS |

Iry-i1oz == B3-38

4. Pe3ynomamwl uzmeperu
41C-= Cmin.

Tabmura 1
Pe3zonancusie kpuBblie npu C = Cpin

fr, xI'g
Af, xI'g

Rmin
Rmax
Rmin
Rmax

Ue, B

UC/Uc pe3

42C= Cmax

Tabmuma 2
Pezonanchueie kpuBbie pH C = Chax 0

fr, xI'n
Af, xI'g

Rmin
Rmax
Rmin
Rmax

Ue, B

UC/Uc pe3
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5. Pe3onancnule Kpusbvie
5.1 Pe3oHaHCHBIE KPUBBIE B a0COIIOTHOM CHCTEME KOOPIUHAT.

) IIpu C= Cmax

Ipu C= Cmin

IIpu C= Cmax

5.2 Pe3oHaHCHBIE KPUBbBIE B OTHOCUTEIBLHOW CUCTEME KOOPIMHAT.

u,/uU

A

C pe3

— Af

+ Af (

6. Pe3ynomamul ebiuucienu

6.1 C=Cmin R = Rmin

fpezz =
C = Chin R = Rmax
fpe3= II>=

6.2 C = Cmax R = Rmin

fpes— 1=
C = Crmax R = Rmax
fpes— IT>=

p)

:fr( )
HpI/IC:Cmin UC/Ucpc3
A

AT AT ()
0, =2 =nd = d, =~ =

Ql Ql
0,=—=nd = d,=— =

Q, Q.
0, =2 =nd = d, =~ =

Ql Ql
AL U

Qz QZ
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7. Bv1600bl

7.1 VYka3aTp, KaK BIUSET BEJIMYMHA EMKOCTH KOHJEHCATOpPa KOHTYpPa Ha PE30HAHCHYIO
4acTOTy KOHTYpa.

7.2 Yka3zaTh, KaK BIHSCT BETUYMHA COMPOTHUBIICHUS TIOTEPh KOHTYpa Ha I0OPOTHOCTb,
norapupMuUecKUil JEKPEMEHT 3aTyXaHusl, MOJI0Cy NMPOIycKaHus, GopMy pe3oHaHC-
HBIX KPHBBIX M U30UPATEILHOCTh KOHTYpA.
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JIABOPATOPHOE 3AHATUE Ne 2
HccnenoBanue napasuieabHOro KOHTypa

1. Ienv 3ansamus
W3y4nTh 4aCTOTHBIC CBOICTBA MAPAIIEIIBHOTO KOHTYPA U CIIOCOOBI PACIITUPEHUS MTOJIOCHI
MPOITYCKaHUSI.

2. Kpamkue meopemuueckue ceedeHus R

[TapamienpHbIM  KOJIEOATENLHBIM KOHTYPOM L i
HA3bIBACTCS 3aMKHYTasl JJICKTpUYECKas Ielb, CO- —
CTOSIIAs U3 KATYIIKH WHAYKTUBHOCTH U KOHJICHCA-
TOpa, BKIIOYCHHBIX IapajuIeIbHO C HCTOYHHUKOM CT) o T
BXOJHOro curHaia (puc. 1).

Ecnu vacrora reneparopa paBHa COOCTBEHHOM % L =T C Ru
YacTOTe KOHTYpa, TO B KOHTYpE HACTYMaeT pe30HAHC
TOKOB. [Ipy 3TOM peakTHBHBIC IPOBOAUMOCTH TI0 a0-
COJTFOTHOM BEJTMYMHE PABHBI, 2 00IIAs PEaKTUBHAS
MPOBOIMMOCTh PaBHA HYITI0. BXoHOE conpoTrBiieHne
KOHTYpa IPU PE30HAHCE MAKCUMAIILHO:

Puc. 1

2

z
Zkp = Z6Q = ?6, 1

rae Ze— BOJHOBOE COMPOTHBICHUE KOHTYPA;
Q — 10OpPOTHOCT®H;
R — akTUBHOE COMPOTUBIIEHUE TTOTEPb KOHTYPA.

[Ipu ananu3e 4aCTOTHBIX CBOICTB MapasuieIbHOTO0 KOHTYpa HEOOXOIMMO YUYUTHIBATh BIIHUSI-
HHE BHYTPCHHETO COMpPOTUBJICHUS McTOuHKMKa curHaia Ri. DJIC ucTouHuka CUrHaia pacmpeje-
JSITCSl MEXKy BHYTPEHHUM COIPOTUBIEHUEM, KOTOPOE MOKHO CUMTATh HE 3aBUCSIIUM OT 4Ya-
CTOTBI, U KOJIEOATEIbHBIM KOHTYPOM.

OT COOTHOIICHHS COMPOTUBJICHUS UCTOYHMKA Ri 1 Zkp 3aBucut dopma AUX u uzdupa-
TeNbHBIC CBOWCTBAa KOHTYpa: mpu Zkp > Ri mpeobiagaer n30HpaTenbHOCTh MO HAMPSHKCHUIO,
npu Zkp < Ri 130upaTenbHOCTh 10 TOKY.

Ha npaktuke napajiienbHblii KOHTYP IIMPOKO IPUMEHSETCS B CXEMax PE30HAHCHBIX yCH-
JIMTENICH M DIICKTPOHHBIX TEHEPATOPOB ¢ OOMbIIMM Ri, KOTOpOE BKIIOUEHO MapajiebHO KOHTY-
PY ¥ CHHXKaeT T0OPOTHOCTh KOHTYpA.

Q.
Z H
1+ kP

Q K6 — (2)

Ri

BxonHOe conpoTuBiIeHNE MOCTEIYIOIUX KAaCKaI0B TaKXKe OKa3bIBAeT BIMSHUE Ha 100pOT-
HOCTb U MOJIOCY ITPOITYCKaHUS KOHTYpa.
C 1enpio pacmypeHys N0JI0Ckl IPOIYCKaHHs YacTo MOAKIIOYaoT Ry, Toraa:

f Z Z
Q3K6’= #, HBKB = —0(14‘&4—&) (3)
14 Zxp N Zxp Q Ri R

Ri Ruu
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Ha npakTuke B mapanieibHOM KOHTYPE 4allleé BCErO paccMaTpUBAIOTCS PE30HAHCHBIEC Xa-
PaKTEPUCTUKH 10 HAMPSKEHHUIO.

Pe3onancnoii xapaxmepucmuxoti 8 aOCOIOMHBIX KOOPOUHAMAX NO HANPANCEHUIO Ha3bIBa-
eTcs KpUBas, IOKa3bIBAIOIIAs 3aBUCUMOCTb HAIPSHKEHU HAa KOHTYpe U, OT 4acTOTHI T'€HEepaTo-
pa BOJIM3M PE30HAHCHOM YacTOTHI (pUc. 2).

Pe3zonancnoii xapakxmepucmukou 6 OMHOCUMENbHBIX KOOPOUHAMAX NO HANPAANCEHUIO
Ha3bIBACTCS 3aBUCUMOCTh OTHOIICHUS HANIPSIKEHUSI HA KOHTYpE K HANPSsDKEHHUIO HAa KOHTYPE MpU
pEe30HaHCe OT KaKOM-TH00 PacCTpONKH IPHU MaJbIX paccTpoiikax (puc. 3).

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

UT0oOBI SKCIIEPUMEHTAIBHO ONPEACIUTh JOOPOTHOCTh HATPYKEHHOT'O KOHTYpPa, HYKHO:
- U3MEPUTH U MIOCTPOUTH PE30HAHCHBIC KPUBBIC KOHTYPA,
- rpaduuecKy OMpeAeIUTh OJIOCY MPOIyCKaHus KouTypa 11,
- paccuuTaTh J0OPOTHOCTH KOHTYpaA Quis 11O hOpMyIIE:

f
Qw =——, )

JKe6

rae f,e; — pesoHaHCHas yacTOTa KOHTYpa,
I15ks — PKBUBAJIEHTHAs 110JI0CA POITYCKAHUS.

3. Koumponvuwvie sonpocoi

3.1 Kakas 1enp Ha3bIBaeTCA MapajljiebHbIM KOe0aTelbHbIM KOHTYpOM?

3.2 Ilouemy pe3oHaHC B NapajuIeIbHOM KOHTYPE HA3bIBAETCSI PE30HAHCOM TOKOB?

3.3 Kakoli xapakTep HOCUT BXOJHOE COIPOTHUBIICHUE NTapaUIEIbHOIO KOHTYpPA IIPHU pe30-
HaHce?

3.4 YeMy paBHO BXOJHO€ COIPOTUBIICHUE MAPAJICIIBHOTO KOHTYpa IIpU pe3oHaHce?

3.5 Ilepeunciure ycioBus pe30HAHCOB TOKOB. Kak MpakTUUeCKH MOXKHO OIPEAEIUTD
HACTYIUIEHUE PE30HAHCA TOKOB?

3.6 Kak Bimmsier Ri n Rur Ha popMy pe30oHaHCHBIX KPUBBIX U H30MPATENLHOCTh KOHTYpa?

3.7 IloueMy BBeNM MOHSATUE IKBUBAJIEHTHON JOOPOTHOCTH MapaljIeIbHOrO KOHTYpa?

3.8 O0bsicHUTE PUBNYECKUI CMBICT TOOPOTHOCTH MapajuIeIbHOTO KOHTYpA.

3.9 Kak npakTH4ecKu MOKHO paCIIMPUTh MOJIOCY IMPOITYCKaHUs KOHTypa?

3.10 KakoBa oykHa ObITh BETMYMHA COTIPOTUBICHUS ITyHTA?

4. [lepeuensv npubopos u 060py0osanus
4.1 T'enepartop I'4-102.

4.2 MuumnBonsT™MeTp B3-38.

4.3 KonebarenabHbIi KOHTYp (MakKer).
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5. Ilopsook evinonnenus pabomol
5.1 Cobpatb cxeMy usMepenuii (puc. 2).

R

r4-102

Puc. 2

5.2 BKI10YUTh F€HEPATOP U BOJIBTMETP.
5.3 YcranoButh yactoty reneparopa 200 xl'm.
5.4 Usmenss eMKkocTh KoHAeHcaTopa C, HACTPOUTH KOHTYP B PE30HAHC.

5.5 U3meHss yactoTy reHepartopa yepes 5 k['11, CHATh pe30HaHCHYIO KpuBylo 0e3 R, pe-
3yJabTaThl U3MEPEHUM 3aHecTH B Ta0. 1.

5.6 Hactpouts konebaTenbHbIi KOHTYp B pe3oHaHc Ha yacToty 200 kI'm.
5.7 HoakmrouuTh Ril mepeMbIYKON U CHITh PE30HAHCHYIO KpHUBYIO ¢ Rii. Pesynbrarsl u3-
MepeHul 3aHecTH B Ta0. 1.

Tab6nuua 1
Pe3oHaHCHBIC KpHBBIE B a0COJIOTHOM CHCTEME KOOPIMHAT

fr, k' Uk|Uk pes.. B
0e3 Rmr ¢ Rm
200
205
210
195
190

5.6 PaccunTaTh pe30HAHCHYIO KPUBYIO B OTHOCHTEIILHON cUCTeMe KoopauHat. Pe3ynbra-
ThI PACU€TOB 3aHECTH B TaOI. 2.

Tabmnuma 2
Pe3oHaHCHBIC KPUBBIC B OTHOCHUTEIBHON CUCTEME KOOPIUHAT

Af, xT'g Uk/Uk.pes.,B
0e3 R ¢ R
0 1 1
+5
+10
-5
-10
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5.7 TlocTpouTh pe30HAaHCHBIC KPUBBIE B a0COTIOTHOW U OTHOCUTEIILHOM cHCTeMe KOOPAMHAT.

5.8 I'paduueckn ompenenuTh MOJI0Cy MPOIYCKaHHMS.

5.9 PaccuuTaTh TOOPOTHOCTH, 3aTyXaHUE U JIOTAPUPMUICCKUI TEKPEMEHT 3aTyXaHHUs Ma-
paJIENIBHOTO KOHTYpa € UIYHTOM U 0e3 IIyHTa.

6. Codepoicanue omuema

6.1 Ha3zBanue paboTsbl.

6.2 Lleas paboTHI.

6.3 [Ipubopsl, UCTIONb3yeMbIE IPU U3MEPEHUSX.

6.4 Cxema n3MepeHui.

6.5 Pe3ynbpTaTel n3mMepeHuit (TabIuIIb!).

6.6 Pe3onaHCHBIE KPUBBIE B OTHOCUTEIFHOM M a0COIIOTHOM MacIiTabe.

6.7 Pe3ynbTaThl BEIUMCICHHH ITOJIOCHI Mportyckanus [1, nodpotaoctu Q, 3aTyxanus d,
Jorapu(pMHUECKOro JeKpeMeHTa 3aTyxaHus 0.

6.9 BriBoabl 00 H30MpaTENBHBIX CBOMCTBAX NapayuIEIbHOTO KOHTYPA, BIMSIHUU COIPO-

TUBJICHUS IIyHTa Ha (OPMY PE30HAHCHBIX KPHBBIX, OJOCY MPOIMYCKAaHUS KOHTYpA,

HalpspKEHHE Ha KOHTYpE.

Omeemul na KOHMpPOJIbHblE 60NPOCHI
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I'pynma JlaGopaTopus paauOTEeXHUKH Hara

0)4(0) JlaboparopHoe 3ansiTue Ne 2 3auer

«HccnenoBanue napajijiCJIbHOI'O KOHTYpa»

1. I]env 3auamus

HccnenoBaTh n30uparenbHble CBOWCTBA MMapaUIEIbHOIO KOHTYpA U BIMSHUE IITyHTA Ha
I10JIOCY ITPOIYCKaHUS.

2. Ilepeuenv npubopos u 0bopyoosanus
2.1 T'eneparop 1'4-102.

2.2 MunnmuBosbT™MeTp B3-38.

2.3 KoneGarenpHbIi KOHTYp (MakeT).

3. Cxema usmepenuii

R

==

| I—

I'4-102

4. Pezynomamol usmepenuu

Tabmura 1
Pe3onaHcHBIE KpUBbIE KOHTYpa B a0CONIOTHON M OTHOCUTEIHHON CUCTEME KOOPIUHAT

fr, xI'n

Af, kI'1

6e3 Ru
¢ Ru

6e3 Ru
¢ Ru

U, B

U/Ux pe3
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5. Pe3onancnule kpusble KOHmMypa
5.1 Pe3oHaHCHBIE KPUBBIE B a0COIIOTHOM CUCTEME KOOPIAUHAT.

Ue( )

A

»fr( )

5.2 Pe3oHaHCHBIE KPUBBIE B OTHOCUTEIBLHONW CUCTEME KOOPIMHAT.

Uk IUx pes

A

_ Af >+ Af ( )

6. Pezynomamui gvluucieHuti

6.1 be3 Ry
f T
— - = O=—=nd =
foes IT Q 7 9
6.2 CRp
f T
fpes= I1= == 0=_—=d=
P Q Il Q




7. Bo16o0wi

7.1 Yka3arsp, KaKk BiuseT BenmurHa Ry, Ha Bemmunny Uy, 100pOTHOCTB, TOrapu)MUIeCKHid Jie-
KPEMEHT 3aTyXaHWUsl, TI0JIOCY MPOMYCKaHus, (HOpMy Pe30HAHCHBIX KPUBBIX U H30UpaTEIIh-
HOCTb KOHTYpa.
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JIABOPATOPHOE 3AHSITHUE Ne 3
CniocoObl HACTPOHKH CBSI3aHHBIX KOHTYPOB

1. Ienv 3anamus

[IpakTH4ecku U3y4uTh CIOCOOBI HACTPONKU CBA3AHHBIX KOHTYPOB.

C1

Do i

s Tp
Tl

LI,

Puc. I.

1. Kpamxue meopemuueckue ceedeHus

CBs3aHHBIMH KOHTYpaM{ Ha3bIBAIOTCS JBa WM He-
CKOJIbKO KOHTYpOB, BKJIIOUEHHBIX TakuM OOpa3oM, 4TO

Co  MEXy HUMH IPOMCXO/UT OOMEH SHEPrHei.

Kontyp, B KOTOpBII1 BKIIFOYEH T€HEpPaTop, Ha3bIBaeTCs
nepBUYHbIM (), KOHTYp, B KOTOpBIN 3HEPrusl MOCTyHaeT U3
nepBuyHOro, HasbiBaercs BropuyHbiM (I1). CymiecTByroT
pa3IUYHbIC BUABI CBSA3M MEXIYy KOHTypamu. PaccmoTpum
CrocoObl HACTPOWKH Ha IMpHUMEpe [BYX KOHTYpPOB C
TpanchopmMaTopHOil CBs3bIO (puc. 1).

Bropuunblif KOHTYp sBIISIETCS PabOUMM, TOITOMY LIEIbIO HACTPOMKH CBS3aHHBIX KOHTYPOB SIB-
JsIeTCA MOJTy4eHHE MaKCUMAaJIbHOTO ToKa Bo |l koHType.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB HACTPOMKHU CBSI3aHHBIX KOHTYPOB:

-IIEpBBIM YaCTHBIN PE30HAHC;

-BTOPOM YaCTHBIN PE30HAHC;

-TIOJIHBI PE30HAHC;
-CJIO’KHBIA PE30HAHC.

Crioco6 HaCTPOWKH 3aBUCUT OT KOHKPETHOTO MPUMEHEHHSI CBS3aHHBIX KOHTYPOB.
PaccMoTpuM KakJblil U3 3TUX CLIOCOOOB.

L

@n

Puc. 2

Ilepsviii vacmmuwlil pe3oHauc

IIpu sTom crocobe HacTpauBaeTcs B pe3oHaHC | KOH-
Typ Tpu cinaboii cBs3u Mexay koHtypamu, |l koHTyp He
HACTPanWBaeTCs, CBA3b MEXAY KOHTypaMHU HE HM3MEHSETCS.
Hactpoiika | koHTypa ocyliecTBisieTcs U3BMEHEHUEM BeJu-
YuHbI eMKocTH KoHneHcartopa | kontypa Cl. Ilpu crnaboit
CBSI3M BHOCHMBbIE CONPOTHUBIIEHUS Majbl U UMM MOXKHO TIpe-
HeOpeub. [TockonbKy npu pe3oHance B | KOHTYpe ero nojaHoe
peaktuBHOe compoTuBieHne X1 = 0, To conporuBnenwue |
KOHTYpa HOCHT YHCTO aKTHBHBIM XapakTep U Majio, a TOK |
koHTypa MakcuMmasieH. [lockonpky DJIC, HaBogumast Bo |l koH-

Type E2, 1 TOK BO BTOpUYHOM KOHTYpe J2 mpsiMO IPOMOpLMOHATIBHBI TOKY | KOHTYpa, To Tok J2 Oy-
JIeT Toxke MakcumaiieH. PesonancHble kpusble | 1 || koHTypoB nipu | yacTHOM pe3oHaHce U300paKeHbI
Ha puC. 2.

LI

ot

Bmopoii yacmuwiii pezonanc
[Ipu BTOpOM YacTHOM pe30HAaHCE HACTPAaWBAETCS B pe-
3oHaHC || xoHTYp mpu cnaboil cBs3W MeXay KOHTypamd, |
KOHTYp HE HaCTPaWBaeTCs, CBA3b MEKIAY KOHTYpaMH HE H3Me-
usercs. Hacrpoiika |l koHTypa ocymiecTBisieTcs n3MeHEeHUEM
BEJIMYMHBI eMKocTH KoHAeHcaTopa |l kontypa C2. [Ipu sTom
nojiHOe conpoTtuBieHue |l KOHTypa CTaHET YMCTO aKTUBHBIM
U MUHUMAJBHBIM, a TOK J2 — MaKkCHMaJbHBIM. YBEIHYCHHUE
Toka J2 conpoBoxxaaercss poctoM DJIC, unaynupyemoii B | KoH-
Type, a BMECTEe C HE pacTeT W CONMPOTUBIICHHE, BHOCUMOE U3
Il koHTYypa, BCIeACTBHE Yero yMeHbIaeTcsi ToK B | KoHType.
Pe3onancubie kpusbie | u 1l konTypoB npu |l vactHOM pe3oHaHce
M300pa’keHbI Ha puc. 3.
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Tonnwui pezonanc

[Ipu nonHOM pe3oHaHce npu c1adoil CBSI3U MEXTy KOHTY-
pamu HacTpauBaercs B pe3oHaHc | koutyp, 3arem |l koHTyp,
IIOCJIE YET0 YCUIIMBAETCS CBSI3b MEXKY KOHTYpaMu J0 MOJyde-
HUS MaKCUMaJIbHO BO3MOKHOT0 ToKa BO |l koHTYype l2maxm
(MaKkCHMyM-MaKCHMOPYM).

[TonHbIM pe30HaHC TOCTUTAETCS PU KPUTUUECKOU
CBSI3U.

L1

IZmaxm—

Kpurnueckuii ko duiuenT csa3u Kkp MOXKHO paccuuTarh
Yyepe3 mapamMeTpbl KOHTYPOB

1
Kkp = ——

J.Q,’

rae Q, u Q, coorBercTBeHHO J0OpoTHOCTH | 1 || KOHTYpOB.
[Tpu 5TOM TOK l2max m , TOJTyYEHHBIH B pe3ysIbTaTe HACTPONKHU

E

2maxm 2 /RlRZ )

Pe3onancubie kpuBble | u || KOHTYpOB IpHu MOIHOM pe3oHaHce U ycnoBuu Ri1 =Rz n3006-
paxeHbI Ha puc. 4.

CrooicHblil pezonanc LT

[Mpu cnoXHOM pE30HAaHCEe CHayajla YCTAaHABIMBAIOT
OJMH W3 YaCTHBIX PE30HAHCOB, a 3aTe€M YCTAHABIMBAIOT
CBSI3b MEXJy KOHTYpaMH JIO MOJIyYCHUS] MaKCHMAJIbHO BO3-
MOXHOTr0 ToKa BO |l koHType l2max m. DTOT cnoco® HacTpoiiku
JIOCTUTAeTCsl TIpU OoJiee CUITbHOM CBSI3M MEXIYy KOHTYpPaMu,
K>Kxp. [Ipu sToM Benmnumnna Toka Bo |l koHTYpe lomax m momy-
YaeTCsl TAKOM ke, KaK ¥ IIPH TIOJTHOM PE30HAHCe.

I2maxm_ _

E

| omaxm = ———
max m 2\/?1R2

OnHako pe30HaHC BO3HMKAET HE Ha YacTOTaX HAaCTPOMKU KOHTYPOB (o, a Ha JABYX 4acTo-
Tax ®| ¥ 2 , HA3BIBAEMBIX YAaCTOTaMH CBSI3H, B pe3ysbrare 4ero ¢popma AUX u3meHnsercs, cra-
HOBHTCS IBYTOpOOH.

Pe3onancHas kpuBas || KoHTYypa IpH CII0’)KHOM pe3oHaHCe U300pakeHa Ha pucC. 5.

PaccmoTpuM npuYMHY BOSHMKHOBEHHS JIBYX PE30HAHCHBIX YacTOT M| MU M2 MPH CUIBHOM
cBsi3u. Pe30HaHC Ha 4acTOTE M, MEHbBIICH COOCTBEHHOM 4acTOTHI KoJjeOaHuit KOHTypa o (w1 <
(®0) HACTYMAET BCJIEACTBHE TOTO, YTO HA 3TOM 4acTOTE COOCTBEHHOE €eMKOCTHOE PEaKTUBHOE CO-
npotusieHue | koHTypa X| OKa3bIBaeTCsi paBHBIM MO MOYJII WHIYKTMBHOMY BHOCHMOMY CO-

npotusieHuto u3 |l koutypa AXg,.

[Xi] = [AXgn].
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CrnenoBaTenbHO, MOJTHOE PEAKTUBHOE cOonpoTuBIeHue | KoHTypa X paBHO HYIIO, YTO COOT-
BETCTBYET YCJIOBHUIO pe3oHaHca. Ha yacTore w2 > o COOCTBEHHOE PEaKTUBHOE COMPOTHBIICHUE
| KOHTYpa HOCUT UHAYKTUBHBIN XapakTep, a BHOCUMOE — €MKOCTHBIH, U 110 MOIYJIKO OHU PaBHbI:

[Xl] = [AXKH]’

M03TOMY IIOJTHOE PeakTUBHOE conpoTuBieHue | kontypa oOpamaercs B Hoib X = 0.

3. KonmponvHbsie 6onpocwi

3.1 Uto Ha3bIBaeTCs CBSI3aHHBIMU KOHTYpamMu?
3.2 Kakoit KOHTYp Ha3bIBA€TCS MEPBUYHBIM, KAKOW BTOPUIHBIM?

3.3 KakoBa 11e11b HACTPOMKH CBA3aHHBIX KOHTYPOB?
3.4 Onummmte crocod HaCTPONKH
3.5 Onummmre cnoco6 HACTPONKU
3.6 Onummre cnocod HaCTPOHKH
3.7 Onummre crnocod HACTPONKU

4. [1epeuenv npubopos u 060py0oeaHus
4.1 TI'enepatop 1'4-102.
4.2 MummBonsT™MeTp B3-38.

4.3 Uccnenyemblii Maker.

5. Ilopsioox evinonneruss pabomol
5.1 CobOpatb cxemy u3mepenuii (puc. 6).

: IEPBBII YaCTHBIN pE30HAHC.
: BTOPOM YaCTHBIN PE30HAHC.
: TIOJIHBIM pe30HaHC.

: CJIO’KHBIN PE30HAHC.

C1
||+
1l
- L L -
r4-1o02 1 2 —*~c, |B3-38
R1 % R2
Puc. 6
5.2 HactpouTh CBSiI3aHHBIE KOHTYpbI, IPUMEHUB CIIOcOO HacTpoiku — || "acTHbIN pe3o-

HaHC, OJId 4Y€ro.

5.2.1 YcranoBuTh ci1abyro CBsI3b MEX/y KOHTYPaMHU.

5.2.2 YcranoButs yactoty reseparopa 200 kI,

5.2.3 V3meHss BenMuuMHYy eMKOCTH KoHieHcaTopa Cl, HacTpouTh NepBUYHBINA KOHTYp B
PE30HAHC 110 MAKCUMYMY HaIPsDKEHHS Ha KOHJIEHCATOpe BTOPUYHOTO KOHTYpa UC:.

5.2.4 YcTaHOBUTH MUHHMAJIBHOE 3HAUYCHHE COMTPOTHBIICHUS pe3ucTopoB R1 n R2.

5.2.5 CHATb 3aBUCUMOCTh HaIpsbKeHHs Ha KoHJeHcarope |l koHTypa UC2 OT 4acToThl re-
Heparopa, nepectpauBas renepatop ¢ marom 5 kI . U3mepenust npoBOIUTH 10 JOCTUKEHUS

UCZ = 0,5 UCZmax.

5.2.6 Pe3ynbraThl n3MepeHuii 3aHecTH B Ta0u. 1 (2-4).

Tabnuna 1 (2-4)

fo, k11

200

205

210

195

190

185

Ucz(B)
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5.3 Hactpouts cBsi3aHHBIE KOHTYPBI, IPUMEHUB CIOCO0 HAcTpoiiku — || yacTHBI pe3o-
HAHC, JIJIS Yero:

5.3.1 VYcranoBuTh cinalyro CBsI3b MEXKIY KOHTYPAMHU.

5.3.2 ¥YcranoButh yactoty reaeparopa 200 kI .

5.3.3 U3mensis BenumuuHy eMKoCTH KoHaeHcaTopa C2, HactpouTh |l KOHTYp B pe3oHaHC
[0 MakKCUMYMY HampsbkeHus Ha kKoHjaeHncarope |l kontypa Uc,.

5.3.4 TloBroputh MyHKTHI 5.2.4-5.2.6, 3an0JHUTH Tab. 2 (aHajgoruyHo Tads. 1).

5.4 HacrtpouTs CBsA3aHHbBIE KOHTYPBI, IPUMEHHUB CIIOCOO HACTPONKU — IMOJHBIN PE30HAHC,
JUISL 9ero:

5.4.1 YcraHoBuTh ci1aldyro CBA3b MEXY KOHTYPAMH.

5.4.2 VYcra"oButh yactoty reneparopa 200 kIl 'm.

5.4.3 HW3menss BenmuuuHy eMKocTd KoHaeHcaTopa C1, HacTpouTs | KOHTYp B pe30HAHC 10
MaKCUMYMY HanpsbkeHus Ha koHaencarope |l kontypa Uco.

9.4.4 V3menss BenuuuHy eMKOCTU KoHieHcaTopa C2, HactpouTth |l KoHTYp B pe3oHaHC
0 MakcuMymy Hampspkenust Uco.

9.4.5 Ycunuth cBsI3b MEXY KOHTYpaMU /10 OJy4YE€HUS MAaKCUMaJIbHO BO3MOKHOIO
HanpsbkeHus Ha kongeHcatope |l koutypa Ucz. 3To npousoiiieT mpu KpUTUYECKOM CBSI3H.

5.4.6 TloBroputh MyHKTHI 5.2.4-5.2.6, 3an0aHUTh Ta0. 3 (aHasoruuHo Tab. 1)

5.5 HacTpouts cBsi3aHHBIE KOHTYPBI, IPUMEHHUB CIIOCOO HACTPOUKHU — CIIOKHBIHN pe3o-
HaHC, IS 4eTO:

5.5.1 YcranoBuTh c1alyro cBsI3b MEXY KOHTYPAMHU.

5.5.2 YcranoButh gacrory reaeparopa 200 kI m.

5.5.3 N3menss BenuunHy eMKOCTH KoHeHcaTtopa C2, Hactpouts |l KoHTYp B pe3oHaHC
10 MAKCUMYMY HanpsbkeHust Ha konjeHcatope |l kontypa.

5.5.4 Ycunuth CBSA3b MKy KOHTYPAMHU JI0 MOTYYeHHs HampsKeHus Ha KoHaeHcatope ||
koHTypa Ucz paBroro 0,7 UcomaxHa f= 200 kI,

5.5.5 TToBTOpUTH MYyHKTHI 5.2.4-5.2.6, 3amonHuTh Tab. 4 (aHagoruduo tadi. 1).

5.6 Ilo pesynpraTam nsmepenwii (Tadn. 1-4) mocrpouts pe3oHaHCHBIE KpuBbie || KOHTY-
pa B aOCOJIIOTHOM cHCcTeMe KOOPJIMHAT MPH Pa3IMYHbIX ClIOcO0axX HACTPOMKH.

6. Cooeporcanue omuema

6.1 Ha3Banue paOoTEHI.

6.2 Llens paGoTHI.

6.3 IIpubopsl, HCIIONIB3YEMBIE TIPH H3MEPEHUSX.

6.4 Cxema u3aMepeHui.

6.5 Pesynbrarel u3mepenwuii (tadi. 1-4).

6.6 Pe3onancHsble kpuBble || KOHTYpa MpH pa3HbIX cr1oco0ax HACTPOUKH.

6.7 BBIBOA O LETSIX M CITOCO0AX HACTPOMKH CBS3aHHBIX KOHTYPOB, O BEIMYMHE HATIPSHKEHUS U
(opMe pe30HaHCHBIX KPUBBIX MPU PA3TUYHBIX COCO0aX HACTPOUKH CBSI3aHHBIX KOHTYPOB.
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JIABOPATOPHOE 3AHSTHUE Ne 4
HccnenoBanue BnusHus KodpdunueHTa cBsi3u Ha Gpopmy
PE30HAHCHBIX KPUBBIX U MOJIOCY MPOMYCKAHUS CBSI3aHHBIX KOHTYPOB

1. I]env 3anusamus
[TpakTUyecku uccieaoBaTh BIUSHIE KOXPPHUIMEHTA CBA3H HA (POPMY PE30HAHCHBIX KPH-
BbIX BTOPUYHOI'O KOHTYpa U BETMUYUHY [10JIOCHI IPOITYCKaHHUSL.

2. Kpamkue meopemuueckue ceeoeruist

[TockonbKy B CBSI3aHHBIX KOHTYpax pabounm siBisiercst || koHTYp, TO HanOGonbIIMil Mpak-
TUYECKUI UHTEpPEC UMEIOT pe30HaHCHbIe KpuBble || KoHTYpa.

Pe3onancubie kpusbie || KoHTYpa 1Mo TOKY (110 HANPSIKCHHUIO) B a0COFOTHBIX KOOPJAUHATAX
HA3bIBAIOTCSl KPUBBIE, MTOKA3BIBAIOIIME 3aBUCUMOCTh aMIUIUTYAbI Toka Bo |l kouType |2 (amruiu-
TyZlbl HanpskeHust Ha KoHaeHcartope |l konTypa UC2) oT yacToThl reHepaTopa IpU pa3iMuHbIX
Kod(uImeHTax CBs3H.

Pe3onancubiMu kpuBbiMH || KOHTYpa 10 TOKY (IO HaNPSYKEHUIO) B OTHOCUTENIbHBIX KOOP-
JIMHATAaX Ha3bIBAIOTCS KPUBBIC, MOKA3BIBAIOIINE 3aBUCUMOCTh OTHOIICHUS l2/lomax (UC2/UC2max)
OT KaKoH-Ti00 paccTpOiKy MPpH pa3IMyHBIX KOAPPHUIIMEHTAX CBSI3H.

@dopma pe30HAHCHBIX KPUBBIX CBSA3aHHBIX KOHTYPOB OMNPEIENSIETCS HE TOJIBKO JOOPOTHO-
CTBIO, HO U KO3()(PUIIMEHTOM CBS3H MEXTy KOHTYPaMHU.

I1pu xoaddumente csaszu Menslie kpurudeckoro (Ki<Kyp), (hopma pe3oHaHCHBIX KPUBBIX TaKast

e, KaK ¥ 'y OJUHOYHOr0 KOHTYpa. IIpu yBemmuenun koadduimenta cssu 10 Ky, yBemuusaercs |2 u,
cooTBeTcTBeHHO, UC2, 0/THAKO (hopMa pe30HAHCHBIX KPUBBIX HE M3MEHSICTCSI M OCTACTCS TAKOH HKe, KaK Y
ofrHOYHOro KoHTypa. Ilpu nanbHeiimem yBenuueHnu koaduimenta cesu npu Ko>Kig, dopma peso-
HAHCHBIX KPUBBIX H3MEHSICTCSI, CTAHOBHTCS IBYropOoii (puc. 1).

6)

U{Z
U{Q Udmx
1 K2
[ I L
| K?@‘ | K?
|
: : \ I K
I \ K
[ | ' ¥
| |
I | 7
1 T — Af 0
h A A T
a)

Puc. 1

[TprunHO#l M3MeHeHus: GOPMBI PE30HAHCHBIX KPUBBIX MPH CBA3H OOJIbIIE KPUTUYECKOH SIB-
JISIETCSI TTOSIBIICHHE JIBYX PE30HAHCHBIX 4acToT f1 u T2, Ha3piBaeMbIX yacToTamu cBsi3u. [Ipu manb-
Helmem yBennueHnH KoddduimenTa cBsi3u (popMa pe30HAHCHBIX KPUBBIX OCTaeTCs ABYropOoif,
OJTHAKO «ropOBI» pa3BUTAIOTCS, TaK Kak 4yacToThl cBsi3u f1 u 2 Bce Oosee ymanstorest oT 4acTo-
TBl COOCTBEHHOI HacTpoiiku KOHTYpoB fo. [IpMumHOil 3TOrO SBISETCS TO, YTO C YBEIHMYCHHEM
Kod(uIMeHTa CBSI3U BO3pPACTAET BEITMYMHA PEAKTUBHOIO BHOCHMOI'O COMPOTHUBIEHUSA AXgy, U3

Il kouTypa B |, 1 TpebyeTcst Bce Gobliiast pacCTpoiika st BeimoaHeHus paBeHcTBa [ X1] =[AXe],
T.€. U1 TOTO, YTOOBI PEaKTUBHOE COMPOTHBIICHUE NTEPBUYHOTO KOHTYpPA CTAJIO PABHO HYJIIO, YTO
COOTBETCTBYET YCIIOBHIO pe3oHaHca. Ha wacrote fo «ipoBayi» yBemuunMBaeTCsl, Tak Kak C yBEJH-
yeHueM Kod(duImeHTa cBsi3u BO3pacTaeT BHOCUMOE aKTUBHOE conpoTuBieHuEe ARgy u3 |l xon-

typa B | (puc. 2).
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[Tonocoii mponyckaHus CBSI3aHHBIX KOHTYpPOB U,
Ha3bIBAETCH 10JI0Ca YaCTOT, B Mpe/iesax KOTOPOil TOK BO
Il konType (l2) nnu Hanps KeHHe Ha PeaKTUBHBIX dJie-
MeHTax koHTypa (UC2) yMeHbIIIaeTcs 1Mo CpaBHEHHUIO C

MaKCHUMAJIbHBIM 3HAYCHHUEM HC 60H€€, €M B \/E pas.
ITonoca IpOITyCKAaHUA CBA3AHHBIX KOHTYPOB 3dBHU-

OOJIbIIIC T10JIOCA MPOIYCKAaHUS CBSI3aHHBIX KOHTYPOB
(puc. 3). P 7
1]
Amnanu3 nokassiBaet, uTo ecid Kep < 0,68 Kyp,

|
|
cut ot kodddunuenrta cBsa3u Keg. Uem Oombie Keg, TEM ;
|

TO MOJIOCA TIPOITYCKAHUSI CBSI3aHHBIX KOHTYPOB 1y Puc. 2

MEHBIIIE, YeM I10JI0cCa MPOIyCKaHUsl OJMHOYHOrOo KoHTypa Il ¢ Takoi »xe no0poTHOCThIO. Tak,
Hanpumep, pH Kez = 0,1 Kyp Ileg = 0,65 (II). YBenudenue koapduienra cBa3u MNpUBOJUT K
PaCIIMPEHUIO TOJIOCHI Mporyckanus u npu Keg =
0,68 Kyp Ilcz = II. IIpu kpuTHUYECKOH CBS3M 1OJI0CA

IPOITYCKaHUs CBA3aHHBIX KOHTYpOB Il B 1,41 pasza clma
Oosplie, 4yeM OAMHOYHOTO KOHTypa. I[lpm cBsi3m
BbIILIE KPUTHUYECKOM I0JI0ca HPOIYCKaHHUsI CTaHO-
BUTCS €llle Mupe U aocturaer makcumyma (IImax),
korga Uc, cranoButcs paBHbIM 0,7 UComax Ha 4a-
crote fo. IIpu stom Keg = 2,41 Kip ¥ IImax = 3,1
(I1).

-4
Bo3MoXHOCTE H3MEHEHUS IIUPUHBI IT0JIOCHI Yy +4f

MPOINYCKAHUS TUJIABHOW WJM JUCKPETHOW pErysu-
POBKOW CBSI3U SIBJIAETCS BAKHBIM IPEUMYIIECTBOM
CBSI3aHHBIX KOHTYPOB nepes oJuHOYHbIMU. [Ipuuem B Puc. 3

CBSI3aHHBIX KOHTYpPAaX MOXKHO IIOJIYYHMTHb TaKyl e

I0JIOCY IIPOIyCKaHMsI, KaK B OJJUHOYHOM KOHTYype, HO IpU 0oJjiee BBICOKOM J0OpOoTHOCTH (TIpH-
MepHO B 3 pa3a Oosnblieif), T.e. (popMa PE30HAHCHBIX KPHUBBIX CBSI3aHHBIX KOHTYPOB OJIMXke K
uaeanbHON (TIPSIMOYTOJBHOM), a, CJeNOBaTeNbHO, W30MpATEIbHOCTh CBS3aHHBIX KOHTYPOB
OosbliIe, Y4eM OJJUHOYHOTO.

3. KonmponvHnuvie 6onpocwi

3.1 Jlaiite ompeneneHue pe30HaHCHBIX KPUBBIX CBSI3aHHBIX KOHTYPOB B a0COFOTHBIX
KOOp/IMHATaXx.

3.2 ]laiite orpenienieHNe pe30HAHCHBIX KPUBBIX CBSI3aHHBIX KOHTYPOB B OTHOCHTETBHBIX
KOOp/AMHATaXx.

3.3 Kak 3aBucuT opmMa pe30HAHCHBIX KPUBBIX OT BEJIMYMHBI KOXPPHUIIMEHTA CBI3H MEXK-
Iy KOHTypamu?

3.4 OOBscHUTE MOSBICHHE ABYX MAKCHMYMOB B PE30HAHCHBIX KPUBBIX TIPH CHIBHOMN
cBs3u (Keg > Kip).

3.5 Iouemy npu Kcp > Kyp ¢ yBenmmuennem kospduimenta cBsaszu «ropos» Ha AUX
pazaBuraroTcs’?

3.6 JlaiiTe onpeaeneHne MOIOCHI TPOMYCKAHUS CBSI3aHHBIX KOHTYPOB.

3.7 Kak nosjoca nponycKaHusl CBSI3aHHBIX KOHTYPOB 3aBUCHUT OT BEJTMUYMHBI KO HUITEeHTa
CBsA3H?

3.8 KakoBa n306upaTeiabHOCTh CBSA3aHHBIX KOHTYPOB MO CPABHEHUIO C OIMHOYHBIM?
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4. [lepeuenv npubopos u 060pyo0osamisi
4.1 TI'eneparop 1'4-102.

4.2 MunnuBonsT™eTp B3-38.

4.3 VccnenyeMblii Maker.

1. Ilopsook evinonnenusi pabomol

“1
|-
1l
T4-102 F13¢Lg —~c, |B3-38
R1 R2
L5 TS

Puc. 4

5.1 Cobpatb cxemy usMmepenwii (puc. 4).
5.2 VYcranoButhb yactoty reneparopa 200 xI'w.
5.3 Hacrtpouts B pe3oHaHc || KOHTYp mpu ci1aboi CBSI3U MEKIY KOHTYpaMH.

5.4 U3meputs pe3oHaHCHYIO KpuBYIO || koHTYpa npu cnaboii cesazu (K < Kip).
5.5 PesynbTaThl u3MepeHul 3anectu B Ta0. 1.

Tabauua 1

fo(xI') Ucy, B

5.6 Ycunuth CBSI3b 10 KPUTHYECKOU.

5.7 W3meputs pe3oHaHCHYI0 kpuBYyIo || KoHTYpa npu kputndeckoii cBs3u (K = Kyp).
5.8 PesynbraThl U3MepeHuil 3aHecT B Tao6m. 1.
5.9 YcraHOBUTH CHIIBHYIO CBSI3b MEXIY KOHTYpamu ( Gombire kputideckoit, Ki>Kyp ).

5.10 M3smeputs pe3oHaHcHYI0 kpHBYIo || koHTypa npu cunbHOM cBszu Ki>Ky,.
5.11 Pe3ynbraThl U3MepeHHit 3aHecTH B Tabm. 1.
5.12 YcraHOoBUTH O0Jiee CHIIBHYIO CBSI3h MeX 1y KoHTypamu K2>Ki.

5.13 U3MepuTh pe30HAHCHYIO KPUBYIO CBS3aHHBIX KOHTYPOB IpH Koa(duuuente cBszu Kz > Ki.
5.14 Pe3ynbTaThl U3MepeHUi 3aHeCTH B Ta0. 1.

5.15 Tlo pe3ynbTaTtam u3mepeHuii (Tadim. 1) paccuntarh pe30HAHCHbBIE KPUBBIE CBS3aHHBIX
KOHTYpPOB B OTHOCHTEJIBHBIX KOOPAWHATAX MPH YETHIPEX 3HAUYCHUAX KOI(D(OUIIUEHTAX CBSA3ZH:
K < Kgp

K= KKp
K > K
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K2> K1

Pe3ynbTarhl BRIYUCIICHUI 3aHECTH B Ta0I. 2.

Tabmuma 2
UCZ/U C2max
AT (k1) K<Kyp K=Kyp Ki> Kyp K2>K3

0

+5

+ 10

-5

-10

5.16 Ilo pesymbraTam Taba. 2 MOCTPOUTH pe30HAaHCHBIE KpuBbie |l KOHTypa B OTHOCH-
TEeJbHBIX KOOPIUHATAX.

5.17 Ompenenuts Tpa@uUECKH MOIOCY MPOITYCKAHHUSI KOHTYPOB TP pa3HbIX K03 uIu-
€HTax CBS3H.

5.18 Paccuurathk n00poTHOCTH Q, 3aTYyXaHue d, TorapupMUIECKUil JIEKPEMEHT 3aTyXxaHusi 6
KOHTYpa IpU pa3HbIX K03()HULUEHTAX CBSA3H.

6. Codepoicanue omuema

6.1 HazBanue paboTsl.

6.2 Lleab paOoOTHI.

6.3 [Ipubopsl, UCTIONB3yeMbIE IPH H3MEPCHUSX.

6.4 Cxema U3MEpeHMH.

6.5 PesynbraThl n3Mepenwii (tadm. 1, 2).

6.6 Pe3oHaHCHBIE KpUBBIE CBSI3aHHBIX KOHTYPOB B a0COTIOTHBIX M OTHOCHTEIbHBIX
KOOpJMHATAaxX MpU CIa00i, KpUTHUECKON M CUIIbHOM CBSI3SIX.

6.7 BbiBox 0 BIMAHUM BeIMUYHMHBI KO3 duieHTa cBa3u Ha GOopMy Pe30HAHCHBIX KPUBBIX,
MI0JIOCY TIPOIYCKaHUsl, N30MPaTEIbHOCTD M MTapaMeTPhI CBS3aHHBIX KOHTYPOB.

Omeemul Ha KOHMPOJIbHblE 60NPOCHL
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I'pynma JlaGopaTopus paauOTEXHUKH

Jara

OUO JlaGopaTtopHoe 3ansitue Ne 3, 4

«CriocoObl HACTPOWKH CBSI3aHHBIX KOHTYPOB.
HccnenoBanue BaustHUA K03 uiimenra
CBsI3M Ha (pOpPMY PE30HAHCHBIX KPUBBIX

CBSI3aHHBIX KOHTYPOB»

3auer

1. lenv 3auamus

ITo3HakoMUTBECS cO criocodamMu HaCTp01>'IKI/I CBs3aHHBIX KOHTYPOB. HCCJ’IC,I[OB&TB BIIMSIHHUC

Kod(dunreHTa cBs3u Ha POpMy PEe30HAHCHBIX KPUBBIX U MTApaMETPhl KOHTYpA.

2. Ilepeuenv npubopos u 0bopyoosanus
2.1 T'eneparop '4-102.

2.2 MummBonsT™MeTp B3-38.

2.3 KonebarenbHblll KOHTYp (MakKer).

2. Cxembl usmepenuii

r4-102 L13¢tLs —_

. =Cz |B3-38

4. Pesynomamot usmepenuil

Tabnuma 1
Pe3onaHcHbIe KpUBbIE B a0COTIOTHOM M OTHOCUTENBHOMN crcTeMe KOOpAHHAT
fr, xI'n
Af, kI'ng
KCB<KKp
U, B Kixp
KCB>KKp
KCB<KKp
UCZ/ U pe3 KKp
KCB>KKp
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Ucz( )

A

6. Pe3ynomamul 8bluucienu
6.1 HpI/I KCB<KKp

fpes= [1=

6.2 ITpu Kyp

foes= = Q=
6.3 ITpu Kep>Kip

Tpes= [1= Q=
7. Bb1600b1

CBSI3aHHBIX KOHTYPOB.

> . (

) - Af

7.1 Onucath cnocoObl HACTPOMKU KOHTYPOB.
7.2 Ykazars, kak piusieT BenmmurHa K Ha BemmanHy U, T00pOTHOCTB, JIOrapu(hMAIeCKUit
JNEKPEMEHT 3aTyXaHHUs, TOJIOCY MPONycKaHusl, (OopMy pe30HAHCHBIX KPUBBIX U N30MPATEIHHOCTh

5. Pe3onancusie kpusbie KOHmMypa 6 aOCONOMHOU U OMHOCUMENbHOL CUCmeMme KOOPOUHAM

U CZIU c2 pesz
A
> +AF( )
0="—rd= d=t_
Q Q
0="cnd = d=X-
Q Q
0="crd = d=1-
Q Q
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JIABOPATOPHOE 3AHATUE Ne 5
HccnenoBanue GUIbTPOB HUHKHUX U BEPXHHUX YACTOT

1. lenv 3anamus
HccnenoBath 4acTOTHBIE CBOMCTBA (PMIIBTPOB HIDKHHUX M BEPXHUX YacTOT W BIIMSHUE Be-
JUYHUHBI COMPOTUBIICHHSI HATPY3KH HA YaCTOTHYIO XapaKTePUCTHKY (HUIbTpA.

2. Kpamkue meopemuueckue ceedenus
OneKTpU4ecKUM (PUIBTPOM HA3bIBAETCS YETHIPEXIIOIIOCHUK, IPEAHAa3HAYSHHBIN U1 nepe-
Jadyu CUT'Halla ¢ MHUHHMaJIbHBIM ocJiabJieHHEM B 3aIIaHHOI\/JI YaCTH CIICKTpa U MAaKCHMAJIbHBIM
ocialieHneM B OCTaJIbHOW 4acT crekrpa. [lepsas o0xacTe 4acTOT Ha3blBaeTCs MOJIOCOM MpO-
3payHocTH (IPOIyCKaHMsI), BTOpas — MOJIOCON 3aJepKuBaHus (3arpaxiaeHus). Yacrora, pasze-
JISIOIIAs 9TH 00JIaCTH, Ha3bIBACTCS 4acTOTOM cpe3a fep.
OkBuBajieHTHas cxema [-o0pa3Horo 3BeHa GuibTpa H300paxena Ha puc. 1.

Z1
— o Takue GUILTPHI BHOCAT 3aTyXaHUE B TPAKT MEPEIAIn
CUTrHalla, BEJIMUKMHA KOTOPOIro OOUCHUBACTCA € IIOMOIIBIO KOSQ)—
Urtlex 7 Ullsex
2 (bI/II_[I/IeHTa 34TyXaHUus « .
& 3aTyxaHI/Ie ¢ II0Ka3bIBACT CTCIICHb YMCHBUIICHUSA aMILIU-
Ty bl HanpsKeHUst 0T Bxoaa UMgy K Beixoay UMs,x uibTpa:

&

Puc. 1
o (I[6) = ZOIg (Ume/Umelx).

O xauecTBe puIbTpPa CyAAT, MPEXE BCETO, IO €T0 YACTOTHOW XapaKTEPUCTHKE.

YacToTHON XapaKTepUCTUKOM (UIIbTPa Ha3bIBACTCA KpHBasi, MOKA3bIBAIOIAs 3aBUCUMOCTh
3aTyXaHHs, BHOCUMOTO (PMIIBTPOM B TPAKT Iepefay CUTHAJIOB (@ ), OT 4aCTOThl BXOJHOT'O CHT-
Hasa.

OunpTpom HUkHUX yacToT (OHY) Ha3bBaeTcs GuibTp, mojsoca Npo3pavyHOCTH KOTOPOTro
JeXUT B npeaenax ot f = 0 10 fep, a mosoca 3aep>KuBaHus — B OCTaJIbHOM oOnactu yactoT. Ya-
ctoTHas xapakrepuctika ®HY uzobpaxena Ha puc. 2.

Hcxons u3 nanHoro tpeGoBaHMs, A1 HMKHUX YacTOT
nocjeoBaTelbHOe CONpoTHBIEHHE Zi1 (UIbTpa JOKHO
ObITh OJMM3KUM K HYJIO JJI TOCTOSIHHOW COCTaBJISIIOIIEH.
JUis BEepXHUX YacTOT COINPOTHUBIEHHE Zi JOIKHO OBITh
0oabpmuM. OueBUIHO, 3TUM TPeOOBAaHUSAM YIOBIIETBOPSET
KaTyIka uaayktuBHocty L. HaoGopor, napamiensHoe conpo-
TUBJICHUE Z2 JUISI TIOCTOSSHHOM COCTABIISIFOIICH M 0O0MacTh
HIDKHHUX YacTOT JIOJDKHO OBITh KaK MOXKHO OOJIBILIUM, YTOOBI
Fep £ e oka3hIBaTh IMYHTHPYIOIIETO BIUAHKA. B To e BpeMms s
BEPXHUX YAaCTOT CONPOTUBJIECHUE Z2 TOJHKHO OBITH MAaJIbIM.
OtuMm TpeboBaHusM yaosieTBopsieT koHaeHcarop C. Takum
oOpa3om, mocnenoBatenbHas BetBb @HY mpencraBnser co60if MHIYKTHMBHOE CONPOTHBIICHUE

ot (B

Puc. 2

Z,= joL, napannenpHas — eMKOCTHOE Z, = % WC

Ha puc. 3 uzo6paxens I'-, T-,I1- oOpa3usie 3Benbst PHY.

37



Uex —— ¢ Umx Um — U ppz
- Oy o]
T T
L
r -]

—c/Z —c/Z
< ]
II
Puc. 3

@unbTpom BepxHUX yacToT (PBY) Ha3pIBaeTcs GUIbTp, MOJI0CA MPOITYCKAHUS KOTOPOTO

JIKHT B penenax ot fep 10 o0, a monoca 3agepxuBanust — ot 0 10 fep.
YacroTtHas xapakrepuctuka @BY nzobpaxena

Ha puc. 4. o (B .

Hnsa ®BY nocnegoBarenbHas BETBb IPEACTABISET CO- |

0011 eMKOCTHOE COIIPOTUBJICHUE, a apauleIbHast — UHIYK- :

TUBHOC. '

|

|

|

Ha puc. 5 uzobpaxensi I'-, T-, I1- oOpa3HbIe 3BEHbsI
OBY.
fcp fo, il
Puc. 4
iZ 2 2C C
| | | [
I I I I
UB X L Uprx UBx L Upelx  UBX L L UBBIX

Puc. 5

3. Kommponvusie sonpocwi
3.1 Yro Ha3bIBaeTCs SMEKTPUUECKUM PHIBTPOM?
3.2 Yto Takoe 1moJioca Mpo3pavHOCTH | I0JI0Ca 3aIep>KUBAHUS QUITBTpa?
3.3 Uro Takoe 3aTyxaHue, BHocuMmoe punbtpom. Kak ero paccunrars?
3.4 Yto Takoe 4acTOTHAs XapaKTepUCTHUKA?
3.5 [laiite onpenenenne GHY.
3.6 Kax moctpouts 3BeHbst DHY?
3.7 MN3ob6pa3ute yactoTHyI0 XapakTepuctuky OHY.
3.8 Jlaiite onpenencane ®BU.
3.9 M3ob6pa3ute yactoTHyIO XapakTepuctuky ®@BY.
3.10 Kak moctpouts 3BeHbst DBY?
3.11 Kak BiusieT conpoTHUBIIEHHE HArPy3KU Ha YAaCTOTHYIO XapaKTePUCTUKY QHIbTpa?
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4. Ilepeuenv npubopos u 060pyoosanus
4.1 I'eneparop '3-111.
4.2 MunmuBonbT™MeTp B3-38.
4.3 Uccnenyemblii puiabTp (Maker).

5. Ilopsaook evinonnenus pabomuol
5.1 U3mepuTth yactoTHy10 Xapakrepuctuky ®HY, niis gero:

5.1.1 Cobparb cxemy usmepenuii (puc. 6).

I'3-111

R1

Rz

Puc. 6

5.1.2 BkirouuTh reHepaTop U BOJIbTMETP.
5.1.3 M3MeHss yacTOTy reHepaTropa, U3MEPUTh C IIOMOIIBIO BOJILTMETpA 3aTyxaHue « (ab),
BHOCHMOE (PMITBTPOM IIpH JIBYX 3HAYCHUSIX CONPOTUBIICHUS HAarpy3ku R1 u R2, ms vero:
- YCTAaHOBUTbH MEpeKIouaTenb BoabTMeTpa B3-38 B monoxenue «0» J16;
- COeIMHUTH BbIX0/ reHepatopa ['3-111 co Bxomom BomsTMeTpa B3-38;
- YCTaHOBUTH TaKO€ HaNpsDKEHUE Ha BbIxoJie reHeparopa ['3-111, koTopoe cooTBETCTBYET

«0» mikansl BoIbTMETpPA B 1b;

- [10/1IaTh HANPSDKEHUE OT TeHepaTopa Ha BXoJ GUIbTpa;
- IOJIKJIFOUUTD BOJBTMETP K BBIXOY (PHIIBTpA;
- B CJIy4ae 3alllKaJliBaHUs CTPEIKHU BOIbTMETPA HEOOXOAMMO YCTAHOBUTD MEPEKITIOYATETh

BOJIbTMETpA B MOJIOKEHHE, yI00HOEe sl u3MepeHus. s orcuera ociiabieHns Heo0X0IuMo

CJIOKUTh MOKA3aHUs IIKAJbl U MOKA3aHUs MTEPEKITI0YaTENsl.
Pesynbrarel uamepenuii 3anectu B Tabm. 1.

B3-38

Ta6muma 1 (2)

frx[m| 0,1 | 0,2| 0,5 1 2 ) 10 20 50 | 100 | 200
a , 1b
R1
R2
5.2 U3mepuThb yacTOTHYIO Xapakrtepuctuky @BY, nns gero:
5.2.1 CobOpatb cxemMy u3MepeHwui (puc. 7).
C1 C2
I I B
I I
rs-111 L Ri| |Re B3-38
Puc. 7
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5.2.2 IloBropure nyHkT 5.1.2, 5.1.3.

5.3 Ilo nanubM Tabnui 1(2) mocTpouTs YacToTHBIE XapakTepuctuku @HY nu ®BY.

5.4 OnpenenuTs N0 YaCTOTHBIM XapaKTEPUCTUKAM I10JIOCY IIPOITyCKaHUs, 110JI0CY 3a1ep-
kuBaHug U 4actoty cpe3a ®HY u ®BY Ha yposue 3 1b.

9.5 Omnpenenure, ¢ kakoit Harpy3koi (R1 niaun R2) ®HY u ®BY nyuiie cornacoBaHsl.

6. Cooepocanue omuema

6.1 HazBanue paboThI.

6.2 Llenb paboThI.

6.3 [Ipubopsl, UCTIONB3yEMBIE IPH U3MEPCHUSX.

6.4 CxeMbl U3MEPCHHUIA.

6.5 Pe3ynbTaThl u3MepeHuit (TaOIUIIbI).

6.6 Yacrotusie xapakrepuctuku ®HY u ®BY.

6.7 BeiBont 0 wactoTHbIX cBoiicTBax ®HY, ®BY u BAMsiHUN CONPOTUBICHHS HATPY3KH
Ha MX YaCTOTHYIO XapaKTePUCTHKY.

Omeemul na KOHRMpPOJbHbLE 60NPOCHI
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I'pynma

JlaGoparopus paIuOTEeXHUKH

Jara

0)5(0)

JlaGopatopnoe 3ansatue Ne 5

«UccnenoBanue GuIbTPOB
HWKHUX U BEPXHUX YaCTOT»

3auer

1. lenv 3ansamus
HccenoBaTh 4aCTOTHBIC CBOMCTBA (DMIIBTPOB HIDKHUX M BEPXHUX YACTOT U BIIMSHHE BE-

JIMYMHBI COMTPOTHBIICHUS HarPy3KH HA YaCTOTHYIO xapakrepuctuky (UX) ¢punbrpa.

3. Cxembl uzmepeHuii

2. Ilepeuenv npubopos u 060py0oeaHus
2.1 T'eneparop 1'4-102.

2.2 MwmuosieT™eTp B3-38.

2.3 HUccnenyemsblit GuibTp.

Ly Lo 5
r3-111 ¢ Ri| [Re B3-38
Cxema uzmepenuit YX OHY
Cq C2
I [l 8
I I
rs-111 L Rﬂ Rz B3-38
Cxema nsmepenuit YX OBY
4. Pe3ynomamul usmepenuu
4.1 Pe3ynbratel n3mepenuit @HY.
Tabnuna 1
Ux ®HY
fr, k11 0,1 10 20 50 | 100 | 1000 | 2000
Ig fr
RH Rj_
@25 R,=R,
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4.2 Pe3ynbratel u3mepenuii @BY.

Tabmuma 1
UXx ®BUY
fr, k1 0,1 0,2 0,5 1 2 5} 10 20 50 100
Ig f:
H— Rl
@15 R R,
5. Yacmommnwie xapaxmepucmuxu
a(nb) Ux ®HY a(nb) Ux ®B4Y
A A
»f. () »f. ()

6. Bvieoowi

6.1 Ykazarh moyiocy mporyckaHus u moyiocy 3aaepxxuanus ®HY u ®BY.
6.2 Ykazath 4acToThl cpe3a (fep).

6.3 OmpenenuTh, ¢ KAKOW HArPY3KOH QHIIBTp JTyUIIIe COTJIACOBAH.
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JIABOPATOPHOE 3AHATHE Ne 6
HccnenoBaHue MOJ0COBOIO U 3arpasKAaroLero (puibTpos

1. Ilens 3ansamus
HccnenoBath 9acTOTHBIE CBOMCTBA MOJOCOBOTO M 3arpa)kIaromiero (GUibTpoB W BIUSHUE
BEJIMYHMHBI CONTPOTUBJICHHS HArPY3KH Ha aMIUTUTYIHO-9aCTOTHYIO XapaKTEPUCTHKY QUIIbTPA.

2. Kpamkue meopemuueckue ceedenus

[MonocoBbM (osocomnpornyckatormm) Guistpom (I111d) HazwBaeTcs GuibTp, Honoca mpo-
3pavyHOCTH KOTOPOTO JIEKUT B Mpeesax OTfept A0 fep2, @ MOJIOCA 33A€PKUBAHUS B OCTAILHON YacTH
00JacTH 4acror.

AMIUTMTYIHO-4aCTOTHON Xapaktepuctukoi (AUX) ¢uiibTpa Ha3bIBaeTCsl KpUBasi, MOKa3bI-
Balollas 3aBHCUMOCTh Kod(duuuenta nepenaun ¢GuibTpa Mo HampspkeHHo Ky OoT 9acToTsl

BXOJHOTO curaana f.. AUX obpaTHas 4aCTOTHOW XapaKTepuCcTHKEe. YacTOTHAs XapaKTepUCTUKA
[I1® nzobpaxena Ha puc. 1.
oA Ky 4

AYX TITID n3o00paxkena Ha puc. 2.

Hcxons u3 ycnosuit padots! [111®D, ero nocnenoparenbHas BETBb NPeCTaBIsAeT c000ii mo-
ClIeIoBaTENbHBIN KoJeOaTenbHbI KOHTYp, apajiielibHas — napajienbHbii koutyp. I'-, T-, I1-
o6pasuble 3BeHbs [1I1D n3o6paxens! Ha puc. 3.

Cq L
1 2C 20
|| Pt L1/2 L1/2
|| o }7#\#\(\ e, o
—=C2 L, —C2: L2
T
T
ﬁl L1
|| PR
T Ca/2321002 T C2/2320,/2
II
Puc. 3
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OOBIYHO 3TH KOHTYPBI HACTPAUBAIOTCS HA OJIHY M TY)KE YacTOTy fo, Ha3bIBAEMYIO CpEIHEH
4aCTOTOH I10JIOCHI IIPOITyCKaHUS:
fO = \Y prl fcpZ )

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

H=fcp1_fcp2-

Tak xe, kak u s Bcex ¢uibTpoB, i [1T1D xapakrepHa HEBO3ZMOKHOCTh COTIIACOBAHHMS
¢GwIbTpa ¢ Harpy3Koi BO BCEH Mosioce MPO3PavyHOCTH, YTO MPUBOIUT K HepaBHOMepHOocTH AUX
B I10JIOCE ITPO3PAaYHOCTHU. B mosoce 3aaepKuBaHus 3aTyXaHue HApaCcTaeT MEIJICHHO.

3arpaxxaaromuM (1oJI0co3arpaxxJJaroliuM Wi pexXeKTopHbIM) GuiibTpoM [13d Ha3biBaeT-
csi pUIbTp, MoJsioca 3aJePKUBAHUS KOTOPOrO JIEKUT B Ipeaesax oT fepi A0 fep2, @ IMOJIOCA IIPO-
3padyHOCTH B OCTaJIbHOM oOsiacTu yacToT. YacToTHas xapakrepuctuka 130 n3obpaxena Ha
puc. 4, a aMIUIMTYAHO-4acTOTHast XapakTepuctuka [13® — Ha puc. 5.

oA Ky 4

S

> f

fcpl :%} fcpZ fcp;]_! é H ; ifcpz

Puc. 4 Puc. 5

[TocnenoBarenbHas BeTBb I13® mpencrasisier coOoi MapajulenbHBI KOHTYp, a mapal-
JIeNbHAs BETBb — IIOCIIEIOBATEIbHBIN KOHTYP.
I'-, T-, [1-o6pa3ubie 3BeHbs [13P n3obOpaxensl Ha puc. 6.

C1 261 20 c
1 —
o—
- L12 L1 L1
C2 L2 2L2 2|_2
: 1% T T
e -l O ) e )
r T I
Puc. 6

Bce ocranbsHoe, ckazannoe Boiie o [1I1®D, cnpaBennuso u ams [130.
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3. Kommponvhwvie 6onpocsi
3.1 Jlaiite onpenenenue mnonocomnpoiyckaromiero ¢punsrpa (I111D).
3.2 Kaxk noctpouts 3Benbs [1T1D?
3.3 Uto HazbIBaeTcs nosioco3arpaxaatomum Gribtpom (I13D)?
3.4 Kaxk noctpouts 3BeHbs [13D7?
3.5 Ha kakyro gactoTy HacTpauBaroTcsi KOHTYpHI [II1D u [13D?
3.6 Kak moxno npencraButs [I1®D u [13® B Bune komOunanuu 3seabes ®PHY u ®BY?
3.7 Kak BiIuseT CONMpOTUBICHUE HArPy3KH Ha YacTOTHBIC cBoiicTBa 111D u [13D?

4. Ilepeuenv npubopos u 060pydosanus

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

4.3 Uccnenyembiii GUIbTp.

5. Tlopsiook évinonnenus pabomol
5.1 CobOpatb cxemy u3mepenuii (puc. 7).

5.2 3MepuTh aMILUIUTYAHO-4aCTOTHYIO Xapakrepuctuky 111D, nis yero:

I4-102

R1[ [R2

B3-38

Puc. 7

5.2.1 VI3MeHss 9acTOTy reHepaTopa, U3MEPUTH C IIOMOIIBIO BOJIBTMETPA HANPSKEHHUE Ha
BBIX0JIe (PMIIBTPA MPH JIBYX 3HAUEHUSIX CONPOTHUBIIEHUS HATPY3KU.

5.2.2 Pe3ynbTaThl U3MEpEHUN 3aHECTH B Ta0I. 1.

Tab6muma 1
fr, kI'x 100 150 200 250 300 350 400 500 600 700
UBBIX1 B
R1
R2
5.2.3 Paccuurtats ko3 duiiueHt nepeaaun GpuiibTpa:
K U
Pe3ynbratel BeIunCiIeHUi 3aHeCTH B Ta0. 2.
Tabmuma 2
k[r | 100 | 150 | 200 | 250 300 350 400 500 | 600 | 700
Ky
Ri1
R2
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5.3 CoOpatb cxeMy uzMepenuii (puc. 8).

<|3|1 Cs3
I Il
T4 - 102 Ly | L3 B TOneT

L e |

Puc. 8

5.4 M3mepuTh aMIUTMUTYIHO-4aCTOTHYIO XapaKTEPUCTHKY MOJI0CO3arpakKAaromero Gpuib-
tpa (I13®D), nus yero moBTOpUTH M.11. 5.2.1-5.2.3.

5.5 o nanHbIM Tab1. 2 MOCTPOUTH AMILIUTYIHO-YaCTOTHYIO XapakTepucTuky (AUX)
[P u 113D.

5.6 Onpenenuts o AUX mosnocy nponyckanus (Ha ypoBHe 3 1b), mojocy mpo3padHocTd 1
gactoTy cpe3a [1IID u nonocy 3aaepxuBanus 1 yactoty cpesa aius [13d.

5.7 Onpenenutsh, ¢ kakoit Harpy3ko# (R1 uiam R2) TII® u [13® nyyrne cornacoBaHsbl.

6. Codeporcanue omuema

6.1 Hazpanue paboTHI.

6.2 Llenb paboTHI.

6.3 IIpuGopsl, UCHIOIB3yEMbIE IPU U3MEPEHUSIX.

6.4 CxeMbl U3MEPEHUH.

6.5 Pe3ynbpTaThl u3MepeHuil (TaOIUIIbI).

6.6 AUX [TID u [130.

6.7 BeiBog 0 yactoTHbIX cBoicTBax [II11®D u [13® u BaussHUM CONTPOTUBIICHUS HATPY3KH
Ha nx AUX.

Omeemul na KOHMpPOJIbHblE B0NPOCHL
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I'pynma JlaGopaTopus paaIuOTEeXHUKH Hara

J5(0) JlaGopatopnoe 3ansatue Ne 6 3ayer

«MccnenoBanue mMosocoBOro M 3arpakIaromero Gpuib-
Tpay»

1. lenv 3ansamus
HccienoBaTh 4aCTOTHBIE CBOMCTBA IMOJI0COBOTO M 3arpaskIaoniero GIbTPOB U BIIMSHHE
BEJIMYMHBI COMPOTUBJICHHUS HATPY3KH HA aMIUTUTYIHO-9aCTOTHYIO XapaKTePUCTHKY (DUITBTPA.

2. Ilepeuenv npubopos u 06opyoosanus
2.1 T'eneparop 1'4-102.

2.2 MwtmusosieT™eTp B3-38.

2.3 HUccnenyemsblit GuiibTp.

3. Cxembl uzmepeHuii

L, G4 Lo €2

P [

Il
T4 -102 I ﬁ J s B3 -38

=Cy fLy

=

Cxema usmepenuit [1I1OD

&) [
/| Il
Il Il
T4 -102 L |} Ls s B3 -38
iL2
R | |B2
TC2

Cxema usmepenni [13D

4. Pe3ynomamol usmepenuu
4.1 Pe3ynbratel n3mepenuit 111D.

Tabmuma 1
Pesynbrarsl n13MepeHn aMILIUTYIHO-4aCTOTHOM Xapakrepuctuku I111D
fr, kxI'x 100 | 150 | 200 | 250 | 300
UBHX, l-II)I/I Rl
MB | mpu R
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4.2 Pesynbratel n3mepenui 1130.

Tabnuna 1
Pe3ynbrarsl u3MEpeHni aMIUIMTYIHO-4aCTOTHON XapakTepucTuku 1130
fr, kxI'11 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500 | 600 | 700
Ussix, IIpHu R1
MB | mpu R
5. Amnaumyono-vacmommuule xapaxmepucmuxu (A4X)
U, (MB) AYX NP U, (MB) AYX 13D
A
»f. () »f.( )
6. Bvi6oovl

6.1 Vxkasare mosocy nmpomnyckanus u moisiocy 3aaepxuBanus [1I1O u [13D.

6.2 VYkaszarb 4acToThI cpe3a (fcp).
6.3 Omnpenenuts, ¢ KaKO Harpy3Kou (GPUIBTP JTy4IIE COTIACOBaH.
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JIABOPATOPHOE 3AHATUE Net
«Hccnedosarue ONUHHBIX TUHUULY

1 Ienv 3anamus
[To3HaKOMUTBCS C METOIaMH H3MepeHHUs KO3 UIIMEHTA CTOsIYeH 1 OeryIiei BOJHbI, C-
CJIEIOBATh Pa3IMUHbIC PEKUMBI PA0OTHI JIMHHBIX JIMHUH.

2. Kpamkue meopemuueckue céedeHus

Pexxum paboThl ATUHHOM JIMHUY 3aBUCUT OT COOTHOIIEHUSI COMPOTUBIICHUSI HATPY3KU U
BOJIHOBOT'O CONPOTHUBIICHUS JIMHUU.

Pexxum Geryiield BOTHBI BOZHUKAET MPHU YCIOBUH COTJIACOBAHUS JIMHUU C HATPY3KOMU:

Ri=Z6=RH.

OnHako ueanbHO COIIacOBATh JIMHUIO C HArPY3KOH HElb3s, I09TOMY Ha IIPAaKTUKE pe-
KHUMa Oeryieil BOJIHbI HET, 00pa3yeTcsi pe)KUM CMEIIAHHBIX BOJIH.

Ecim nuHMsA pa3oMKHyTas, KOPOTKO3AMKHYTast - _
WM Harpy’kKeHa Ha peaKTHBHYIO Harpy3ky, B Heil 00- X3 - — \
pasyercs peXUM CTOSIYMX BOJIH (puc. 1). %

Kosddunment crosueld BOMHBI HAMpsHKEHUS

KcrU xapakTepusyeT cTeneHb COrjlacoBaHMsl JTUHUU
Y U3MEHSETCs B Ipezeax oT 1 1o OeCKOHEUYHOCTH: * *

U max

K = .
U min

U

1)

CT

Puc. 1

Koaddumment 6erymeii Boausl (KbB) mokassiBaet, kakyro 10710 COCTaBIseT Oerymias
BOJIHA B CMEILIAHHOM:

1
KBB= ——. )
CTU

KBB u3mensercs B npenenax 0 <KBbB < 1.

Meroanka uzmepenus KcrU ¢ momoleio n3mMepuTenbHON JIMHUNA TIpeIHa3HaYeHa IS U3-
MEPEHHMsI TapaMETPOB CMEIIAHHBIX M CTOSYMX BOJH B OJHOPOJHOM KOAKCHAJIbHOM Tpakre. Ilo
M3MEpPEHHBIM 3HAUEHUSIM [apaMEeTPOB CMEIIAHHBIX U CTOSIYMX BOJIH B IMHUHM MOYKHO pacCUUTATh
3HaueHuss KcrU, ¢asy kosdduimenta oTpakeHus, JJIUHY BOJIHBI, 3HAYCHHE CONPOTHBIICHUS
Harpys3Kku, MaJjible OTEPU YETHIPEXITIOIIOCHUKOB U Apyrue xapakrepuctuku CBY tpakTos.

W3mepuTenbHas JTMHUS TPEACTaBIsieT co00M OTPe30K BO3AYIIHOM KOAKCUAIBbHOM JIMHUM C
BOJIHOBBIM comnpoTuBiieHHEM 50 OM, COCTOsAIIEH U3 KOAKCHATBLHOTO KaHaJla ¢ COEAUHUTEIAMHU,
KapeTKH ¢ MHAUKATOPHOW TOJIOBKOM, CTAHMHBI C HANPABISAIOIIMMU U IIPUBOJIOM JUIsl IEPEMeE-
LIEHUS KapEeTKH BJOJb JIUHHUH.

C BenMYMHON BOJHOBOIO CONPOTHBIICHUS JIMHUM CPABHUBAECTCS MMIIEJAHC M3MEPSIEMBIX
Harpysoxk.

B n3mepuTenbHON JIMHUM, KaK IPABUIIO, PAaCIpOCTPAHAETCS J1Ba THUIA BOJH: MaAaroIias 1
oTpakeHHasd. OTpa’keHHasi BOJIHA BO3HHMKAET B Cllydyae HEPaBEHCTBA MMIIeJJaHCA HATPY3KH BOJI-
HOBOMY CONIPOTHBIICHHIO JIMHUU. B MecTax, rae ¢a3sl majgaromeil 1 OTpaXXeHHOM BOJIHBI COBIA-

JAI0T, 00pa3yeTcsi My4HOCTh CTOsUeH Wi MakCUMyM Umax CMEIIaHHOW BOJIHBI, B MECTax, TJe
(ha3pl MPOTUBOMOJIOKHBI, 00pa3yeTcst y3ea CTosi9er Wi MUHUMYM Umin CMEIIaHHOW BOJIHBI.



Kaptuna crosueil ¥ cMemaHHOW BOJIHBI aHAM3UPYETCS C MOMOUIBIO0 30HAA. J{Jisi MOBBIIIEHUS
YYBCTBUTEIHLHOCTHU 30H]] COSMHEH C PE30HATOPHON (MHAMKATOPHOMN) TOIOBKOK. BeinpsamiueHHoe
JETEKTOPOM HaNPsHKEHHUE TIOJAaeTCsl Ha MHAMKATOPHBIA IPUOOD.

WuaukaTopHas rojoBKa MPEACTaBIseT cO00i KOPOTKO3aMKHYTYIO KOAKCUATIbHYIO JIMHHUIO,
KOTOpast BO30YX/IaeTcs MoJIeM C TIOMOIIBbI0 30HAa. HacTpolika ocymiecTBiseTcs nepeMerieHieM
KOPOTKO3aMBIKAIOIIETO IUIyHKEpa ¢ MOMOIIb0 pydkd. IIpu nepemenieHun 30H1a U3MEPUTENb-
HOM JIMHUU MPOU3BOJIUTCS OTCUET HAIPSKEHUS 110 UHAUKATOPHOMY MPUOOpY.

KoadduimenT crosueii BOIHBI HAPSYKEHUS paCCUUTHIBAETCS 110 hopMyIie:

KU = |Zmex 3)
Amin

A€ Omax, Omin — MAKCHMMAJIbHOC U MUHHUMAJIbHOC ITIOKa3aHWs MUJIJIMBOJIBTMETPA B ACIICHUAX

IIKAJTBL.
[lpn nDOAKIIOYEHUH K WM3MEPHUTENIFHON JIMHUMA PEaKTUBHOM
Y 7(_5 HArpy3Kd TPOHMCXOAMT CMEIIEHHE Yy3Jla CTOSYEeH BOJHBI OTHOCHU-
TEIBHO y3JIa B PEKHME KOPOTKOTO 3aMbIKaHus Ha oTpe3ok I' B ctopo-
HY Harpy3k# (puc. 2).
X Jns onpeneneHus BEIMYMHBI M XapakTepa PeaKTHBHOW Harpys-
KU HaJI0 U3MEPUTh 3TO paccrosiHue |' v ompenenuts BXOJHOE CONpo-
THUBJICHHE HArPy3KH 1O (popMyJIe:

1!‘

Zex = jZestgml’. 4)
Puc. 2

3. Koumponvusie gonpocul

3.1 Ot 4ero 3aBUCHUT PEKUM pabOTHI JIMHUH?

3.2 B kakux ciydasix B JIMHUM BO3HUKAIOT OETYIIHME, CMEIIAHHBIC, CTOSYNE BOJTHBI?

3.3 YUro Takoe k03¢ (HUIMEHT OTpaXkKeHUs?

3.4 OObscHUTE, KaK 3aBUCUT KOA(POUIIMEHT OTPAKESHUS OT UMIIEIaHCa HATPY3KH.

3.5 [Maire onpenenenune KbB.

3.6 Kaxoa Bennunna KbB B pexxume Oerymmx, cTos4ux, CMEIIaHHbIX BOJIH?

3.7 Yro xapaktepusyet KctU? B kakux npenenax oH u3mMeHseTcs?

3.8 Ilpusemgute dpopmynsl s pacueta KcrU u KBB.

3.9 OO6wsacaute meronuky uzmepenus KctU u KBB ¢ moMoribio u3mMepuTenbHON THHAH.
3.10 OO®BsicHUTE, KaK 3aBUCUT BXOJTHOE CONMPOTHUBJICHUE JIMHUH OT BETUYMHBI NMIT€/IaHCa

Harpy3KM U JUTMHbI TUHHH.

3.11 OOBsicHUTE HEOOXOAUMOCTD U CITOCOOBI COrIaCOBAHUS JIMHHBIX JIMHUMH.

4. Ilepeuenv npubopos u 060pyoosanus

4.1 T'eneparop cranaapTHbix curHanos ['U-79,80,81.
4.2 N3mepurenbHas muaus Pl-36.

4.3 MunnusoasT™eTp B3-38.

5. Iopsook evinonnenus pabomoi
5.1 Cobpatb cxemy u3mepenuit (puc. 3).



TeHepaTop p| H3MepHTENbHAs p| Harpyska
CTaHJAPTHBIX nuHus P1-36
CHTHAJIOB
\ 4
MUJUTUBOJIBTMETP
B3-38
Puc. 3

[epexmouarens reneparopa «Pox pabot» yctanoButs B nojoxenue «HI». BricokodacToT-
HBII KaOeJlb MOICOEANHUTD K KaTMOPOBAaHHOMY BBIXO/y F€HEpPATOpa U U3MEPUTEIBHOMN JIMHUY.

5.2 TloaroroBuTth reHepaTop K padore, As yero Tymonep reueparopa «CEThy» nepesectu B
BepxHee nojoxenue. [Ipu 3Tom 1oKHa 3aropeThesi UHAMKATOpHast 1aMiouka. /late reHepaTopy
nporpeTbcsi He MeHee 10 MuH.

5.3 TloacoeaMHUTH KOPOTKO3aMBIKATENb K N3MEPHUTEIHHOM JINHUH.

5.4 HactpouTb HHAWKATOPHYIO TOJIOBKY Ha 33JaHHYIO YacTOTY (10 MaKCUMAJIbHBIM TIOKa3a-
HUSM HHAUKaTOpHOTO Tiprbopa B3-38 Ha mkane 10 MB. [Ipu 3amkaniBanuu nmpudopa yMEHBIIUTH
Pgsuix. TEHEpaTOpa).

5.5 B pexxume KOpOTKOTO 3aMbIKaHHSI U3MEPUTh aMIUIUTYy HAIIPSDKEHUS BAOJb IMHHON
JIMHUY (B JIEJICHUSAX LIKaJIbl MUJUTUBOJIBTMETPA).

5.6 PesynpTarhl u3MepeHuit 3aHecty B Tab. 1.

Tabmmma 1
Pexum cTosunx BoH

I,om
a , nen

5.7 I3mepuTh aMIUIUTYAy HAIPSKEHUS BJIOJIb JJIMHHOM JIMHUY B PEKUME CMEIIaHHBIX BOJIH,
JUTs 9eTr0 MOAKIIIOUUTD PAacCOrTIaCOBaHHYIO Harpy3Ky ¢ nepeMeHHoi ¢azoit (Ne 3 nnu Ne 4) u, ne-

peMeliasd HHANKATOPHYIO I'OJIOBKY B0JIb JIMHUHW YCPE3 1 CM, CHATH MMOKa3aHWAg MUJIJIMBOJIBTMETPA.
IIpuMedaHue: Ipu U3MEPEHUSIX HE MPOITYCTUTh Y3€JI CTOSTYEH BOJIHBI, MUHUMYM U MaKCUMYM CMEILIAHHOM BOJI-
HBI ¥ 3a1IMCaTh UX 3HAYCHUS B TAOIHUILY.

5.8 Pe3ynbTaThl M3MepeHuit 3aHECTH B TA0I. 2.
Tabnwura 2
PexwmM cMetaHHbIX BOJTH

L, cm 0 1 A
| monox. Harp. |« , men
Il monmox. Harp. |« , nen

5.9 IlocTpouTh 3MIOPHI HANPSKEHUS 110 JaHHBIM Tabm. 1 u 2.
5.10 I'papuyeckr onpeAenuTs JUIMHY BOJIHBI B JINHUH.
5.11 Paccunrats KCB n KBB.
5.12 MccnenoBath pexuM CTOSYUX BOJIH IPU PEAKTUBHOM HArpy3Ke, pojib KOTOPOW BBIIIOJI-
HSIET KOPOTKO3aMKHYyTast Harpy3ka (Ne 1 wim Ne 2) ¢ nepemeHHoi (a3oii.



[epementas muryrxep K3 Harpy3ku uepe3 1 cM (Ipu 5TOM COOTBETCTBEHHO M3MEHSIETCS €€ PEaKTHB-
HOE COMPOTHBIICHHUE), OTMPEICITUTh CMEIlleHHE MUHIMYyMa |' B CTOPOHY Harpysku.
5.13 Pe3ynbrarhl H3MEepeHHii 3aHeCTH B Ta0I. 3.
Tabnuua 3
PexxuM cTOSYMX BOJIH IIPU PEAKTUBHOU Harpyske

[onoxenue ruryrkepa, X, cM

Cwmemenue muH. |', cM

ZBX

5.14 Paccunrtath BXoaHOE conpotuBieHre K3 muHum rmpu peakTuBHON Harpy3ke mo dopmyie (4).
5.15 Pe3ynbTarhl pacyeToB 3aHECTH B TaOII. 3.
5.16 IlocTpouTh 3aBUCUMOCTb BXOJITHOI'O COIIPOTHUBIIEHUS OT JUIMHBI JIMHUU 10 IaHHBIM Ta0I. 3.

6. Cooepoicanue omuema

6.1 HazBanue paboThI.

6.2 Llenb paboTHI.

6.3 IIpubopsl, ucnonp3yemble IPU U3MEPEHUSX.

6.4 Cxema U3MepeHuUH.

6.5 Pe3ynbTaThl n3MepeHuil (TabIuIb).

6.6 Dmropsl HaNPSHKEHUS 1711 pa3HBIX HArpy30K U rpaduK 3aBHCUMOCTH BXOJIHOTO COTIPO-
TUBJICHUSI KOPOTKO3aMKHYTOM JTMHUU OT JJTUHBI.

6.7 PesynbraTsl pacuera KbB, KCB.

6.8 CpaBHUTH UTHHY BOJIHBI B JMHUH C JUIMHOM BOJHBI T€HEpATOpA.

6.9 BbIBOIBI O BIUSHUM UMIIEIaHCA HATPY3KH HA PEXUMbI paOOThHI IMHHUH, O CTETIEHH CO-
IJIACOBAaHUS MMITEAHCa PACCOTTIAaCOBAaHHON HArpy3KH U O HEOOXOJIMMOCTH COTJIacoBa-
HUS JUTMHHBIX JTTHHMA.

Omeemul na KOHMpPOJIbHblE B0NPOCHL










I'pynma
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«HccrnenoBanue IMHABIX THHUN

3auer

1. I]env 3anusamus
[To3HaKOMUTBCS C METOIaMH U3MEpPEHHS KOdPPHLIMEHTa CTOsYeH 1 OeryIeil BOJIHbI, HC-

CJICO0BATh PA3JIMYHBIC PEKMMBIL pa6OTBI JJIINHHBIX JIMHUIA.

2. Ilepeuenv npubopos u 0bopyoosanus

2.1 I'eneparop crangapTabix curnanos 1'4-79, 80, 81.
2.2 MunnuBoasT™MeTp B3-38.

2.3 UsmepurenbHas muaus P1-36.

3. CmpykmypHas cxema uzmeperu

TE€HEpaTop CTaH-
JApTHBIX CUTHAJIOB

HU3MEPUTCIIbHAA

A 4

Harpyska

4. Pezynomamol usmepenuu

Pe3ynbprarel n3MepeHni SIOpbl HAPSHKEHUI

> ynus P1-36

A 4

MUUIABOJIBTMETP
B3-38

Tabmuna 1

L, cm
Z,=0

o, JIeI

L, cm
Ru=Zs

o, JIeTT

5. Oniopwl nanpsrcenuti

a( )

v




6. Pezynomamui gviuucieHutl
6.1 PaccunTtaem 1yIMHY BOJIHBI B JIMHUU IPaUIECKH:

Aepagp =
6.2 PaccunTaeM JyIMHY BOJIHBI T€HEpaTOpa:

f =

2

KEB = |Zmn _ KCB - L _
o KBB

6.4 Paccuntaem KbB u KCB nipu Ri=25:

; 1
KBB = |Zmn - KCB = —— =
. KbBB
6. Bvigoout
6.1 Yka3are, B KakoM pexume padoTtaroT TuHUK Ipu Zy = 0 u Ry = Z; TeopeTHuecku u
MIPAKTUYECKH.

6.2 Ykazate cnoco6 u3mepenus KbB u KCB.
6.3 CpaBHUTH JUIMHY BOJHBI B JINHUH C JJTMHON BOJIHBI T€HEPaTOPA.




JIABOPATOPHOE 3AHATHE MNe 8
«Hccnedosanue 601H060006»

1. Henv 3anamus

[To3HAaKOMUTBHCS ¢ KOHCTPYKIIMEH U3MEPUTEILHON BOJTHOBOAHOM JIMHUM, METOJUKON H3Me-
peHuss KO3 PUIIMEHTa CTOSIYCH BOJIHBI, ONPESIHUTH UIMHY BOJHBI B BOJHOBOJE, BIUSHUE
Harpy3Kd Ha peXuMbl pabOThl BOJHOBOJIHOW JIMHWH, PACCYUTATh OCHOBHBIC MapaMeTpPhbl BOJHO-
BOJA.

2. Kpamxue meopemuueckue céedenus

Kak u3BecTHO, B BOJTHOBO/IaX M3-3a HEBO3MOYKHOCTHU BBITIOJTHEHUS] TPAHUYHBIX YCIOBUI HE
pacmipocTpaHsieTcss BojiHa Tumna T. B mpsSMOyroibHBIX BOJHOBOJAX CYIIECTBYIOT BOJIHBI THIIA
H (TE) u E (TM). B Boane H (TE) marauTHOE 1M0je MMEET MPOIOIBHYIO U MONEPEUYHYIO CO-
CTaBJISIOIINE, a DJICKTPUUYECKOE ToJIe — TObKO nonepeunyto. B Bonne E (TM) anekrpuueckoe
10JIE COOTBETCTBECHHO MMEET MPOJIOJIbHYIO U MOMEPEYHYI0 COCTABIISIFOIINE, @ MATHUTHOE — TOJIb-
KO TIONEPEYHYIO.

HauOonbiass [uiMHa BOJIHBI, NIPH KOTOPOW IMPEKpAIIaeTCsl paclpOCTPAHCHUE DHEPTUU B
MPSIMOYTOJIBHOM BOJTHOBOJIC, HA3bIBACTCSl KPUTHUYCCKOW M 3aBUCUT OT THIIA BOJIHBI U Pa3MEpOB
MOTIEPEYHOTO CCUCHHS:

AKp = , 1)
2 2
m n
_ + _
a b
rae &, b — COOTBETCTBEHHO pa3Mephl IIIMPOKOW U Y3KOM CTEHOK.
HNupexec M noka3plBaeT KOJIUYECTBO CTOSYMX MOTYBOJIH Ha IIUPOKOM CTEHKE, N — HA Y3KOH
CTEHKE.
B BonmHOBOaX HaOMIOJAETCS SIBIEHUE JUCTIEPCHH, T.€. TApaMETPhI BOJIHBI 3aBUCST OT Ya-
CTOTBI T€HEpaTopa.

OcHOBHBIE TapaMeTPbl BOJIHOBOJIA PACCUUTHIBAIOTCS 110 (hOpMyIiaM:
JUTMHA BOJIHBI B BOJHOBOJIE:

—— (2)

(1)3.30Ba$[ CKOpPOCThb

©)

IpyNIoOBasi CKOPOCTh

Vep=c,[1-| —| ; 4)
AKp



BOJIHOBOC COITPOTHUBIICHUC

— (5)

rzie A — JUIMHa BOJHBI TeHEPaTopa.
B npsMOyronbpHBIX BOJHOBOAAX JUIS MIEpeadd SHEPTHH NCIIOIb3YIOT OCHOBHYIO BOJHY Hio
¢ Mp=2a.

Ilepsoii Beiciuei BonHOM ABgeTcs Hao ¢ Agp=a. IloaTOMYy, 4T0OBI HE OBUIO HCKAKEHHI
CHUTHAJIa, JUTMHA BOJHBI TeHEpaTOpa JOJDKHA OBITh!

a<i<2a,

COOTBETCTBCHHO pa60q1/1171 JAWana3oH 4aCTOoT JICKMT B IIpeaciax.:

2Af _ f2_ fl 0
Vi ©
roe f1 = c__c.
. AkpHyQ 2a’
AKpH1g a
f1+f2
fo = ;o

TeopeTtnueckas mosioca BOJIHOBoJa 1o dopmyne (6) cocrapnsieT 66%, MpaKTHYECKH BOJI-
HOBOJI UCTIONB3YeTCs B quarnaszone 20-25% wu3-3a siBIEHUS TUCTIEPCUH.

KerU, xapaktepusyrommii peskuM padoThl BOJIHOBOJIA M KaYECTBO COTJIACOBAHUS, MOXKHO
ONPEAEIUTH C TOMOUIBIO BOJTHOBOJHOW U3MEPUTEITBHON JTMHUH.

[TpunIMn paboOTHl TUHUM OCHOBAH Ha MCCIEAOBAHWU KAPTUHBI MOJIS CTOSYEH U CMeEIIaH-
HOW BOJIHBI C TIOMOIIIBIO 30H/1a, MPOITYIIIEHHOTO Yepe3 IIeIh BO BHYTPEHHIOK TOJIOCTh BOJTHOBO-
na. 30H/ CBsI3aH C HACTPaWBaeMOIl M3MEPHUTENLHOM 30H10BOM To0BKOM. ['0I0BKa yKkpernaeHa Ha
KapeTke, MepeMeniaeMoil BI0JIb BOJHOBO/A. 30H]I 00ECIeUnBaeT CIa0dyr0 CBA3b C DIJIEKTpHUUE-
CKUM TI0JIeM B BosHOBoie. Tok, HaBeneHHbIH D3 /IC, mponopiimoHaneH HanpsHyKEHHOCTH AJIEKTPH-
YECKOTO TIOJISI B MECTE PACIOJIOKEHUs 30Ha. [locie BRIMPSMIICHHS JIETEKTOPA TOK ITOCTYIIAET B
[enb MHAUKATOpa — MUKpoammepmerpa M — 24.

K¢ U paccuutsiBaercs mo hopmyie:
KCTU = armx /amin '
r€ 0 — MOKa3aHus MUKpoamnepMmerpa M-24 B TeeHUsX IIKabl.

3. Koumponvusie gonpocwi
3.1 [l 9yero MCMoNb3yIOT BOTHOBOBI? B KakoM quama3oHe 4acToT OHU
11eJIECO00Pa3HBI U TOYeEMY?



3.2 Yto Takoe KpUTUYECKas JUIMHA BOJHBI U OT YErO OHA 3aBUCHT?
3.3 Kakue Tumnsl BoJIH U moyeMy o0Opa3yroTcsi B BOTHOBOaxX?
3.4 Yo moka3pIBalOT MHJEKCHI M U N B IPSIMOYTOJILHOM BOJIHOBO/IE?
3.5 KakoBa /i11iHa BOJIHBI B BOJIHOBO/JIE IO CPABHEHHIO C JUTMHOMN BOJIHBI FeHepaTopa?
3.6 [Haiite onpenenenue $ha3oBoil CKOPOCTH.
3.7 JlaiiTe onpeneneHne rpynnoBOil CKOPOCTH.
3.8 Uto Takoe OCHOBHOI THIT BOJIHBI?
3.9 Kakas BoJiHa SIBISIETCSI OCHOBHOM I IPSIMOYTOJILHOTO BOJTHOBOAA?
3.10 Kak ompenenuts pabounii Auana3zoH BOJIHOBOAA?
3.11 B yem 3akmoyaercs pusudeckuii cmbici K U?
3.12 Kak ompenenuth KqU ¢ moMonsto n3MepuTeIbHOM JTUHUN?

3.13 Kak ocyiiecTBisieTcsi CorjacoBaHHUE BOJHOBOIOB?
3.14 Kax ocymecTBisieTcs BO30YX1€HHE BOJIHOBOOB?

4. [lepeuenv npubopos u 060pyoosanus

4.1 I'eneparop '4-81.

4.2 BomHOBOTHAs u3MepuTenbHas iuaus P1-16.
4.3 Mukpoammepmetp M-24.

4.4 Harpyska D2-18.

4.5 KopoTK03aMbIKaTeIIb.

5. Ilopsioox evinonnenus pabomol
5.1 CoOpatb cxemy uzmepenwuii (puc. 1).

VD3 s PAE
A T3] v wy
T Cén 7

WXl o
2 3 0 -—
oo a7 L T 19
T T N I
— WE.10
Puc. 1

1 — renepartop ['4-81; 2 — xabenp KOAKCHANBHBIN ¢ BONHOBBEIM comporrricHneM 50 Om; 3 — KoaKCHaIbHO-BOJTHOBOU
nepexon; 4 — IMHUSA U3MEpUTENIbHAS BOTHOBOIHAs P1-16; 5 — ronoBka eTeKTopHas; 6 — MUKpOaMIepMeTp U3MepH-
TenbHEI M-24; 7 — mepexo]] BOHOBOAHEIH; § — arreHroarop /I3-37; 9 — kopoTko3ambIkatenp; 10 — Harpyska co-
rJIaCOBaHHas

5.2 Brumrounts TymOnep (CETD) reneparopa ['4-81.

5.3 YcranoBuTh nepekitovarens «Pog padbor» B nonoxxenue «HI».

5.4 YcTaHOBUTBH YaCTOTY T€HEPATOPa, 3aJaHHYIO MPETIOIaBaTeIIeM.

5.5 Hactpoutb M3MEpUTENBbHYIO TOJIOBKY M3MEPUTEIHHON BOJHOBOJHON JMHMM IO MaK-
CUMyMY ITOKa3aHUHA MUKPOaMIIEpMETpa IPH KOPOTKO3aMBbIKATENIE HA BBIXOJIE.

5.6 CHATH MOKa3aHUS MUKpOaMIIEpPMETpa B PeKUME CTOSUEH BOJIHBI, epeMenias HHIuKa-
TOPHYIO F'OJIOBKY 4epe3 | cMm.

5.7 Pe3ynbTaThl U3MEpEHHI 3aHECTH B TaOJIHILY.

5.8 BBIKIIIOUMTH T€HEPATOp. 3aMEHUTh KOPOTKO3aMbIKATEIh COTJIACOBAHHON HArpy3Koil.
BxitrounTs reneparop.

5.9 CHATh NOKa3aHUs MUKPOAMIIEPMETPA B PEKUME CMEIIAHHBIX BOJIH, MIEpEeMeIas WHIH-
KaTOPHYIO TOJIOBKY 4epe3 1 cMm.

5.10 Pe3ynbTathl U3BMEpEeHH 3aHECTH B TAOJIHITY.



Tabnuna

TTokazanusa
MHUKpOaMIIEpMETpa, O, Pexum paboTsr

Paccrosnue, cm
Ienl. JINHAN

ZH

I
e

Ru=17s8

ITpumeuanue: [Ipn m3MepeHNUAX He MPOIYCTUTE Y3€J CTOSUECH BOITHBI, MUHUMYM M MaKCHMYyM CMEIIaH-
HOH BOJIHBI. 3aIicaTh 3TH 3HAYCHUS B TaONIHUILY.

6. [TocTpouTh SIIOPHI TOKA MO JAHHBIM TaOJIHUIIBI.

7. Ilo pe3ynpTaTaM HM3MEpPEHHH ONpeneiauTh PeXUMbl pabOThl BOJIHOBOJA IPHU PA3HOM
Harpyske, paccuntate KctU B pexume cTosiueil CMEIaHHOH BOJIHBI, ONPENENNUTh IrpaduvecKu
JUIMHY BOJIHBI B BOJIHOBOJIE, paccUuTaTh 1o gopmynam (2-5) ocHOBHbIE TapameTpsl. PaccunTarh
JUIMHY BOJIHBI B BOJIHOBOJIE 110 popMmyJie (2) U CPaBHUTH C U3MEPEHHOM.

Onpenenuts TeOpeTUYECKU paboumii Juana3oH BOJIHOBO/A.

8. Cooeporcanue omuema

8.1 HazBanue paboTsbl.

8.2 Llenb paboTHI.

8.3 [Ipubopsl, UCTIONb3yEMbIE IPU U3MEPEHUSIX.

8.4 CxeMa n3MepeHHil.

8.5 PesynbraTthl M3MepeHUi (TaOIHUIIBI).

8.6 Omropsl TOKa.

8.7 Pacuerst KCB n KBB, minHbI BoJHBI B BOJHOBOE, (Pa30BOM, TPYyNIOBOIl CKOPOCTH,
BOJIHOBOT'O CONPOTHUBIEHUS ZB BoaHbI Hio, pabouero nuamna3oHa BOJHOBOJA.

8.8 BBIBOJIbI O BIUSHUU CONPOTHUBIIEHUS HAIPY3KU HA PEXXHUM padOTHI BOJIHOBO/A, O JJIMHE
BOJIHBI B BOJIHOBOJIE IO CPABHEHUIO C JUIMHOHM BOJIHBI reHepaTopa, rpaguueckoi u
TEOPETHUYECKOW JJIMHE BOJIHBI, O ()a30BOW M TPYMIOBOM CKOPOCTH IO CPaBHEHUIO CO
CKOPOCTBIO CBETa B BO3MOXHOM JIMANia30HE U3MEHEHUs paboyeil JJTUHBI BOJIHBI.

Omeempbl Ha KOHMPOJIbHble 60nPOCHI







I'pynma JlaGopaTopus paaIuOTEeXHUKH Hara

0)5(0) JlaGoparopnoe 3anstue Ne 8 3auer

«HccnenoBanye BOJIHOBOAA

1. I]env 3auamus

O3HaKOMUTBHCSA ¢ KOHCTPYKIIMEH M3MEPUTEIIbHONW BOJTHOBOJIHOM JIMHUH, METOJUKON HU3Me-
pEHUs CTOAYEH BOJIHBI, ONPEIEIUTh JJIMHY BOJIHBI B BOJHOBOJIE, BIMSHUE HArpy3KH HA PEKUMBI
paboThI BOJIHOBOJHOM JIMHUU, PACCUUTATh OCHOBHBIE TapaMETPhI BOJIHOBO/IA.

2. Ilepeuenv npubopos u 0bopyoosanus

2.1 I'eneparop 1'4-81.

2.2 BonHoBOtHAs u3MepuTenbHast auaus P1-16.
2.3 NunukaTop-mukpoamnepmerp M-24.

2.4 Harpy3ka 22-18.

2.5 KopoTKko3amMbIKaTelb.

3. CmpykmypHas cxema usmepeHuti

PALE
_— / 'L-J)’E W
- Cbu 2
. é AT I |9
R T I I
— WE, 10

4. Pesynomamot usmepenuil
Tabnuna
Pe3ynbpTaTel M3MepeHnii SIIOPHI TOKA

{,cM
Z,=0 | O, nen
R,=Z, | O, nen

5. Paccuumaem KBB u KCB

5.1 llpu Z,=0
A KCB =~ -
amax
5.2 llpu Ry=2s
A 1
KBB = |—™ = KCB=——r=

o KBB

max




6. Oniopvl moka

a( )

A

v

¢ )

7. Pe3ynomamul eviuucnenuu

7.1 PaccunTaTh AJIMHY BOJIHBI T€HEPATOPA.

c
f3€H= 1222

7.2 I'padpuuecku onpeaenuTs AJIMHY BOJIHBI B BOJIHOBOJIE.

Ae

cpap

7.3 Paccuurath TCOPCTUYUCCKYIO JJIMHY BOJIHBI B BOJIHOBOJIC.

a=
b=
A Hyg =28=
A
Ae = > =
1_ A
ﬂkp Hio

7.4 PaccuuTathb Vg U Vrp

V¢= >




7.5 OnpenenuTs pabounii AUAara3oH BOJIHOBO/A.

A a= A

kpHpg =

»
»

A0 )

VYka3arb npezesnsl U3MEHEeHUs paboyuell JJIMHBI BOJIHBI B BOJIHOBOJIE:

S A <

PaccunraThk OTHOCHTENLHBIN pa6oq1/n71 Juaria3oH BOJIHOBOAA:

A, = A
—2—"1.100% =
0
8. Bvi600vl
8.1 Yka3ath, B KakoM pexume padbotaet BoiaHoBOA npu Zy = 0 u Ry = Z; TeopeTndecku u
MIPAKTUICCKH.

8.2 CpaBHHTBH:

8.2.1 JInmuHy BOJIHBI B BOJTHOBO/IE C JUTMHOW BOJIHBI T€HEpATOpa.

8.2.2 JInuHy BOJIHBI B BOJTHOBO/IE, OIMIPEICICHHYIO IpaUueCcKu U TEOPETUUYECKHU.
8.2.3 Vg 1 Vp CO CKOPOCTHIO CBETA.

8.3 TlosscHUTH BO3MOXHBIN JTUAIIa30H U3MEHEHUS pabodeii IJTMHBI BOJTHBI.
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