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B mocoOuun omnucansl 1a0opaTopHbie padOTHI, BXOAIIME B pabOUYyI0 MPOTpaMMy
TUCIUIUTMHBL «OCHOBBI PAJMOTEXHUKI JIJIS1 CTYIEHTOB HAapaBiIeHUS MOATOTOBKU
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BBEJIEHUE

Iesb HacToOsIIEr0 MOCOOMS — MO3BOJIUTH CTYACHTY CAMOCTOATENBHO BOCIIPOM3BECTH OC-
HOBHBIE PAaJMOTEXHUYECKUE SABJICHUS, IPUYYUTh €r0 K OOpalEHUIO ¢ U3MEPUTEIbHBIMU NTPHOO-
pamMH ¥ ITO3HAKOMHUTH C BaXHEUIIMMHU MeToJaMu u3MepeHuil. JlabopaTopHble 3aHATHS IPUBH-
BalOT CTY/ICHTaM HaBbIKU OLIEHKH JOCTOBEPHOCTH IMOJIYYEHHBIX PE3YJIbTAaTOB, UX UHTEPIPETALIH,
B TOM YHCIIe, ¥ TPAaPUIECKOM.

Kaxxaplil cTy1€HT BBINOIHAET J1a0OpaTOpHbIE pabOThl B COOTBETCTBUM C MHAUBHUAYAIbHBIM
rpaduKoM, cooOLIaeMbIM €My IIperoiaBaTesieM Ha IEPBOM 3aHATUU. Bce BhINONHIEMBIE CTYACH-
TOM J1a00paTopHble PabOThl OPOPMIISIOTCS Ha ABOIHHOM TETPAJHOM JIUCTE WIM B TETpaau s Ja-
OopaTOpHBIX padoT.

Omnucanus k paboTam coaeprkar Lesb paboThl, UCIONIb3yeMoe 000pyl0BaHKE, a HAYUHA-
IOTCS C KPaTKMX TEOPETUYECKUX cBeAeHUN. OHM COCTABIEHBI TaK, YTOOBI ICHOE IIPECTABICHUE
0 CYIIECTBE N3Y4aeMbIX SIBJICHUN U IPUMEHSIEMOM METO/Ie U3MEPEHUI MOTIIH ce0e COCTAaBUTh KaK
T€ CTYJEHTBI, KOTOPBIE YK€ MPOCIyLIald TOT MaTepUaj Ha JIEKLHUAX, TaK U T€, KOTOPbIE TOJIBKO
IPUCTYNAIOT K U3YYEHUIO COOTBETCTBYIOIIETO pa3jieia OCHOB paauoTeXHuku. [losTomy 1o mpu-
X0/1a B TaOOPaTOPHIO CTYJCHT JIOJDKECH MPEABAPUTEIHHO MOATOTOBUTHCS K BBITIOTHEHUIO pabOTHI,
IIO3HAKOMUBIIINCH C €€ OIMCAHUEM, 3alllcaB B TETPaau €€ Ha3BaHMe, 1leJb, 000pyI0BaHUE, OC-
HOBHBIE 3aKOHBI, UCIIOJIb3yEMbl IPU BHIMOJIHEHUN KOHKPETHOU paboThl, paboune hopMyIbl, 3a-
TOTOBKM Ta0JIuLI.

ITocne TeopeTUUECKUX CBEACHUN MPUBOAUTCS ONUCAHUE IKCIIEPUMEHTAIbHON YCTaHOBKU
Y U3MEPUTENBHOM anmnaparypsl. 3aTeM CIEAYIOT 3a/laHusl, periJaMeHTUPYIOIINE M0CIIe10BaTENb-
HOCTb pabOThl CTYJEHTOB IpU IpOBeACHUU n3MepeHuil. [lepen TeM Kak K HUM NPUCTYIUTh, CTY-
JEHTY PEKOMEH1YETCsI IPOAEATh Psiji IPOCTHIX OIBITOB, TO3BOJISIFOIINUX OHITh OCOOEHHOCTH HC-
CJIElyEMOTIO SIBIICHHUS M W3MEPUTENIbHOMN anmnaparypbl, yOeAUTbCS B €€ MCIPABHOCTH, OLIEHUTh
HaJIE)KHOCTD pe3yabTaToB. [IpoBeieHNe TakuX ONBITOB — U UX ONMCAHUE B OTYETE — CUUTAETCS
Ba)XKHEHIIEH COCTaBHOM 4acThiO PabOThlI CTyJEHTA. 3a/laHusl COCTaBJIEHbl TAKMM 00pa3oM, 4TO
JTAI0T BO3MOKHOCTB MPENOAaBaTEN0 BAPbUPOBATh UX MOJIO0P B COOTBETCTBUH € YCIIEBAEMOCTbIO
Y JINYHBIMU HaKJIOHHOCTSIMM CTYZI€HTOB.

B xoHI1e onvcaHui NpUBOASTCS CHUCKU KOHTPOJIBHBIX BOIIPOCOB U PEKOMEHYEMOH JIH-
TepaTypsbl.



JlaGoparopHas padora Ne 1
UN3mepeHue nosiHbIx coripomuesieHulu Ha CBY
1 Lenb pabomsi.

o Uzyuenue metonuk xanubpoBku CBY nerekrtopa, uamepenus kosdduim-
€HTa CTOSYEH BOJIHBI U MIOJIHOT'O CONPOTUBIICHUS HATPY3KHU MPU PA3INYHBIX
CTENEHSAX PacCOracOBaHUs B JIMHUU.

o IlpuoOpeTeHne MPaKTUYECKUX HABBIKOB 110 UCCIIECOBAHUIO 3JICKTPOMArHUT-
HOTO TOJISI B U3MEPUTEIBbHOMN JIMHUH.

2 Mamepuanbi u obopydoeaHue.

st mpoBeieHrs 1abopaTopHOM paboThl HA peaTbHOM 000PYI0BaHUU HEOOXO-
JIMMBI CIIEAYIOIIUE TPUOOPHI:

. u3MepurenbHas quHus P1-17;
. redeparop CBY 1'4-79;
. HaOOp Harpy3oK.

3 lNMopsidok ebinosiHeHuUs1 pabomaoil.

F1-17

f
i

Cena madopaT opHOH YV CTAHOBKIL

o (Cxema BUpTyaJIbHOM JTaOOPATOPHOM YCTAaHOBKH M300pakeHa Ha PUCYHKE.
[ToarotoBuTth K padote reneparop CBY u MukpoamepMeTp HaKaTueM KHOTIKU
Cerb.

o IlpousBectu kanuOpPOBKY neTektopa 1-mM metogom. 3mepenus HeoOX0 1Mo
HayaTh OT y3Jj1a CTOsIYEeH BOJHBI U NMEPEMENIATh KapeTKy B CTOPOHY MYyYHOCTH.
Mexny y3710M U My9HOCTHIO (B HHTEpBaJE A / 4) HEOOXOIUMO U3MEPUTH TOK
JeTeKTOpa MUHUMYM B 10 TOUKax ¢ paBHBIM UHTEPBAJIOM.

o Ilpu xkaxa0M M3MEPEHNH TOKA JIETEKTOPA HEOOXOIUMO yCTaHABIUBATH Ta-
KOU TIpeieNl MHANKATOpa MUKPOAMIIEpMeTpa, 4TOOb 0TOOpaKaIUCh TPH 3HAYA-
e mudpst! [pu aToM gocTuraeTcs MakcuMalibHas TOYHOCTD U3MEPEHHSI.



» IlpousBectu KanMOPOBKY JETEKTOpA 2-M METOJOM IPH JIECATH YPOBHSIX
MOIIHOCTH I'eHepaTopa B auamna3one ot —55 dB go —20 dB.

« Ilo skcnepuMeHTaIbHBIM PE3yJIbTaTaM ONPEAEIUTh 00JaCTh KBAPaTUIHO-
CTH JIE€TEKTOpAa U3MEPUTEIBLHOMN T'OJIOBKHU.

o Ilo skcnepuMeHTaIbHBIM PE3yJIbTaTaM MOCTPOUTH IPAPUK 3aBUCUMOCTH I10-
Ka3aTelsl CTENEHU N OT MOLHOCTH I'eHepaTopa.

« Omnpenenuts nojoxeHue onopHoi miaockoctu (OII).

o YcTaHaBIMBad MOCIEI0BATEIBLHO HATPY3KH, PEATU3YIOIINE MaJIbIi, O0JIb-
ol 1 oueHb 6onbmon KCB, s xaxmaon onpenenuTs: pacctosaue d ot OIT
1o ommxkaimero munumyma 1 KCB 1o cooTBeTCTBYIOIIEH METOAMKE, UCITIOJb-
3ysl IOJIyYEHHBIE PAHEE PE3YJIbTaTHI.

« PaccuuTaTh NOJHOE CONMPOTHUBIIEHHS HATPY30K MO PE3YNbTaTaM 3KCIEPH-
MEHTA.

4 CodepxxaHue om4yema.

o Ha3zBanue u nenp pabOTHI.

« BcnomorarenbHblil Tpaduk a1 KAIMOPOBKHU AETEKTOpa 1-M METOIOM.

o [I'paduk 3aBHCHUMOCTH MTOKA3aTENs CTENEHH N OT MOLIHOCTH r€HepaTopa.

« Omnucanue >KCIIEPUMEHTa MO ONPEEIICHNI0 00JaCTH KBAAPATUYHOCTH Jie-
TEKTOpa, pacUETHbIE (POPMYJIbI, PE3YJbTAThl PACUETOB, BKJIIOUAsl PE3YIbTaThl
IPOMEXKYTOUHBIX PACYETOB, OPOPMIICHHBIE B BUJI€ TAOIHUIIBL.

« BcnomorarensHbiii rpaduk 11t onpeeneHust 00JacTH KBaApaTUYHOCTH Jie-
TEKTOpA.

o OnucaHue >KCIIEpUMEHTA IO ONPEAEIICHUIO ONTOPHON MIJIOCKOCTH U JITMHBI
BOJIHBI B JIMHUU U PE3YJIBTATHl U3MEPEHUN.

o Onucanue HKCIIEpUMEHTA 110 ONPEAEIICHUIO IIOJHOTO CONPOTUBIICHUS
Harpy3ok. Tabinna pe3ynabTaToB u3MepeHuil. Pacuetnsie GopMyJibl ¢ OSICHE-
HUSIMHU U PE3YJIbTAThl pACUETOB IOJHBIX CONPOTUBIIEHUN HArPy30K, BKIIFOYAs
pe3yabTaThl IPOMEXKYTOUHBIX PACUETOB, O(DOPMIICHHBIE B BUJIE€ TAOJIULIBI.

[To xaxxaoMy METOIy KaTuOPOBKH JIETEKTOPA JOHKHBI OBITh IPUBEICHBI:

. YETKOE OIUCAHUE U CXEMa DKCIIEPUMEHTA;

. AKCIIEPUMEHTAJIbHBIE PE3ybTaThl, 0POPMIICHHBIE B BUIE TaOIUIBI;

. pacyeTHbie (POPMYJIBI C TOSCHEHUSIMU;

. pe3yJIbTaThl PACYETOB IO IKCIIEPUMEHTATIBHBIM JaHHBIM, BKJIKOYas pe-

3yJbTaThl MPOMEXKYTOUHBIX PACYETOB, O(DOPMIICHHBIE B BUJIC TAOJIUIIBI.
5 KoHmporsnbHbIe 80npochl.

1. OcobeHHOCTH MO B U3MEPUTEIbHOM TuHUU. Bnusinue 3ou1a. [louemy B
KayeCTBE OMOPHBIX TOYEK BHIOMPAIOT MUHUMYMBbI TOJISI?

2. DOxBUBajJeHTHas cxema 30H7a. CoriacoBaHue 30H/1a C JIMHUEH, BRIOOD TITy-
OMHBI TOTPY>KEHHUSI.



w

12.
13.
14.
15.

UYto Ha3pIBAETCS ONMOPHOM IJIIOCKOCTBIO U KaK €€ ONPEIEIISIOT.

Merton onpenesieHns: KOOPAUHATHI y3J1a CTOsYEr BOJIHBL. M3Mepenue
JUTMHBI BOJIHBI B JINHUH.

Yem o0ycroBiaeHa HEOOX0IUMOCTh KaJIMOPOBKY JieTeKkTopa. B uem coctout
KaJIMOpOBKa.

O6ocHOBaHKE U MPOLIEIypa MEPBOr0 METOAA KATHOPOBKH.

O6ocHOBaHKE U MPOILIEIypa BTOPOTO METO/Ia KATTMOPOBKHU.

Kakoii u3 1Byx METO10B KaMMOPOBKH 00Jiee TOYEH U MTOUEMY.

UYto Ha3bpIBAIOT 00JIACTHIO KBAAPATHYHOCTH JeTeKkTopa. Kak onpeaenuts
00J1aCTh KBaIpaTUYHOCTH.

. Kak knaccugpunupyror KCB no Bennunne. M3mepenne mansix KCB.
. Ilouemy 6onpie KCB Henp3s n3aMepuTh METOAOM MaKCHUMyMa-MHHH-

MyMa.

O6ocHoBaHue | Mpolieaypa MeToaa uaMepenns oonpmux KCB.
OG6ocHoOBaHKE | MpoleIypa MeToaa u3MepeHus oueHb Oopimux KCB.
[Ipouenypa u3MepeHus MOJHOTO COMPOTUBIICHUS HATPY3KH.

Kaxk onpenenuts Z, 1o pe3ysibTaTaM dKCIIEPUMEHTA.



JlabopaTtopHast paGora Ne 2
UccnedosaHue nomepsb 8 NPsiMOy20/1bHOM 80JIHO800€e
1 Llenb pabomai.

o lccnenoBaHue 4acTOTHON 3aBUCUMOCTH KO3((pulireHTa 3aTyXaHus B BOJI-
HOBO/IE C ITOTEPSMHU.

o MHccnenoBanye 4aCTOTHOM 3aBUCUMOCTH ITOTOHHOW MOIITHOCTH ITOTEPH B
BOJIHOBOJIE.

« IlpuoOpeTeHre HaBBIKOB YKCIIEPUMEHTAIBHOTO UCCIIEOBAHUS MTOTEPH B
CBUY cTpykTypax.

2 O6bopydoeaHue.

o Teneparop curnamos CBY '4-83.

o U3mepurenvHas TuHUS BOJHOBOAHAS P1-28.

o KopoTko3aMKHYTBIN OTPE30K BOJHOBOAA ceyeHHEM 23x10 Mm.
o Muxkpoamnepmerp.

i |
|
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| |
|
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I =t | .
! Enes " KOpOTKO3aMKHYTBI
: gl | 0Tpe30K
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Cxema JadopaTopHOH Y CTAHOBKH.

3 AkcnepumeHmanbHoe onpedesieHue Ko3ghguyueHma 3amyxaHusl.

Ha BXone KOpOTKO3aMKHYTOI'O OTPE3Ka PEANIbHOTO BOJHOBOAA CYILLECTBYIOT JBE
BOJIHBI: NIafarowmas £,,y 1 OTpaxxeHHast E,yy. [Ipu 0TCYyTCTBUM IOTEPh aMIUIUTYIbI
ATUX BOJH OYyJyT OAMHAKOBBI, U MPU HAJOXKEHUU OHU 00Pa3yIOT CTOSIYYIO BOJIHY.
OpnHako HaJIM4YKE MOTEPh MPUBOJNT K 3aTyXaHUIO BOJIHBI, PACIIPOCTPAHSIOLICICS B
oTpe3ke BOIHOBO/A. Ee ammuTyna OyaeT yMeHbIaThCs o 3aKoHy €%, BonHa B
OTpe3Ke MPOXOJIUT paccTosiHUE | 10 KOPOTKOTO 3aMBIKAHUS U TAKOE JKE PACCTOSHHE
Ha oOpatHOM nyTH. [IpeHeOperas nmoTepsMu npu OTPaKEHUU, MOKHO CUUTATh, YTO
aMIUIMTYIbI BOJIH Ha BXOJE OTPE3KAa CBA3aHbI BBIPAKECHUEM:



|Eompl = | Enole™?.
Torma Moxynb ko3 puieHTa OTpakeHUs Ha BXOJIE:
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|T'| MO’KHO OTIpenenTh 10 U3MEPEHHOMY 3HaUEHUIO KOA(PPUITUCHTA CTOSTUCH
BOJIHEI p (1. 3.2.4):
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4 MopsiOok ebinosiHeHUs1 pabomai.

PCHHBIC BCIINYMUHBI:

. Cxema BUPTYaJIbHOM JJaOOpaTOPHOM YCTAaHOBKU IMPEJCTABIICHA HA PU-
cyHke. [IpousBecTu NoAroToBKy MpuOOpoB K paboTe HaKaTHEM KHOIIOK
Cerb.

. PaccuntaTh rpaHMYHbBIE YACTOTHI OJJHOMOJOBOIO AUANa30Ha JJisl BOJI-
HOBOJA ceyeHueM 23x10 Mm.

. B npenenax ogHoMo0BOr0 Auamnasona Ha 10 yactoTax ¢ paBHBIM HH-
TepBasioM n3MepuTh KCB Ha BX0o7e KOPOTKO3aMKHYTOI'O BOJIHOBOJHOTO
TpakTa ¢ norepssmu (Harpyska - Tpakr). Heodxoaumo rucnonb30BaTh METOA
n3MmepeHus oueHb oosbiux KCB!

° OHpeI[eJ'H/ITB 110 COOTBGTCTBYIOH_II/IM I/IH)II/IKaTOpaM HJINHY KOpOTKOBa—
MKHyTOFO BOJIHOBOJHOTI'O TpaKTa | 1 MOIIHOCTBH HA BBIXOAC reHepaTopa B
mW.

. Ha kaxm0ii yactoTe 1o u3BMEpeHHbIM BEJTMYMHAM PAacCUUTaTh KOA(-
(I)I/IHI/ICHT SaTyxaHI/IH O 1 IIOCTPOUTDH 3aBUCHUMOCTDL O OT 4aCTOTEI.

. JIns Ka)KI0M U3 4aCTOT PACCUUTATh IMOTOHHYIO MOIIHOCTD IOTEPH B
BOJIHOBO/I€ MCIIOJIB3YS ITOJTyYECHHBIC PE3YJIbTATHI.

° HOCTpOI/ITB 3aBUCUMOCTD ITOTOHHOU MOIIHOCTH HOTepB OT 4aCTOTHI.

° I[J'ISI K&)K)IOﬁ nu3 SKCHepI/IMeHTaJIBHBIX qacToT paCCqI/ITaTB HOFOHHYIO

MOIIHOCTb OTEPH ¥ MOCTPOUTH YaCTOTHYIO 3aBUCUMOCTh Ha TOM K€ Tpa-
¢duke, yTO U FKCIepUMeHTaNIbHAs. Pazmepsl BoHOBOIA 23x10 MM.



5 CodeprxaHue omyema.

« Ha3zBanue u enb paboTHI.

o Pacuer rpaHMYHBIX YACTOT OJTHOMOJIOBOTO JMANa30Ha U MOITHOCTH I'eHepa-
TOpAa.

o Kparkoe onucanue u cxemy 3KCIIEPUMEHTA.

o Tabnuua pe3ynbTaToB 3KCHEPUMEHTA.

o Pacuer KCB 110 nu3mepeHHbIM BEJIMUYMHAM C MOSICHEHUSAMHU, TabJIUIIa pe3yJib-
TaTOB pacyera.

o Pacuer K03 ULIHEHTOB 3aTyXaHUsl B BOJHOBO/IE C TIOSICHEHUSIMU, Ta0JIM1IA
pe3yJIbTaTOB pacuera.

o ['paduk sxcriepuMeHTaNIbHON 3aBUCUMOCTH KO3(PUIIMEHTA 3aTyXaHUs OT
YaCTOTHI.

o Pacuersl TeOpeTHUECKON U KCIIEPUMEHTAIIbLHON IIOTOHHOW MOILIHOCTH I10-
TEph B BOJIHOBOJIE C MOSCHEHUSIMU, TaOJIUIA PEe3yJIbTaTOB pacyera.

o ['paduku TeopeTHUECKO U IKCIEPUMEHTAIIBHON 3aBUCUMOCTEH ITOTOHHOM
MOIIHOCTH NTOTEPH B BOJTHOBOJE OT YaCTOTHI.

6 KonmposibHbIe 0nNPOCHI.

1. Tlorepu B mpsIMOYTOJILHOM BOJIHOBOJIE. [loroHHast MOIIIHOCTh OTEPH U Me-
TOJ €€ pacdera. Buapl noreps.

2. Tlotepu B cTeHKax BOJTHOBOJIA. METOT pacueTa MOTOHHON MOIIHOCTH TIOTEPh
B CTEHKaX.

3. BeIBOA (hopMyIIBI )T IOTOHHON MOIITHOCTH TIOTEPh B CTEHKAaX BOJTHOBOJIA B
OJTHOMOJIOBOM PEKHUME.

4. Tlotepu B nuanekTpuke. MeTon pacueTra MmoroHHONH MOIIHOCTH NOTEPh B JU-
AJIIEKTPUKE.

5. 3aKoH M3MEHEHHS aMIUTUTYAbI BOJHBI B BOJHOBO/E ¢ ToTepsimu. Koaddu-
IIUEHT 3aTyXaHHs U €r0 CBS3b C MIOTOHHOW MOIIHOCTHIO TIOTEPh.

6. DKcnepuMeHTAIbHBIA METO/1 onpenesieHns KodppuimenTa 3aTyxanusl.

7. O60CHOBATH SKCIIEPUMEHTAIILHBIN METO]T OTpeiesieHust KoddduireHTa 3a-
TyXaHHUs.

8. UeM OOBSICHUTH pa3inyusi MEXKIY TEOPETUUECKUMH U KCIIEPUMEHTAIbHBIMU
3HAYEHHUSIMHA TIOTOHHOW MOITHOCTH MOTEPh?

10



JlabopaTtopHasi paGora Ne 3
UccnedoeaHue ebiHyXOeHHbIX KosiebaHuUl 8 06 eMHOM pe3oHamope
1 Lenb pabomai.

. Omnpenenenue Harpy>kKeHHOM TOOPOTHOCTU 0OBEMHOTO PE30HATOPA.
. [IpuoOpeTeHne HaBIKOB AKCIIEPUMEHTAIBLHOTO UCCIIEIOBAHUS 00BEM-
HbIX pe3oHaTopoB CBY.

2 O6opydoeaHue.

o [T'eneparop curnanos CBY '4-83.

o U3mepurenvHas TuHUS BOJHOBOAHAs P1-28.
o OOBEeMHBII pe30HATOP.

« KoakcuanbHas eTeKTopHasi CeKIIUs.

o Muxkpoamnepmerp.

3 AkcnepumeHmanbHoe onpedesieHUe HazpyXeHHoU dobpomHocmu.

JeTeRTopHAA

Cernid
I'4-83
— ] PesoHATOD - y B7.27
O—5- S P27

Cxena MadopaTopHoi VeTaHOBEI

Hawubosnee nmpocToii MeTO onpeeeHus JOOPOTHOCTH pe3oHaTopa — Memaoo rie-
pedayu oCHOBaH Ha CHATHUHU BOJM3U PE30HAHCA YaCTOTHOW 3aBUCMMOCTH CHUTHAJIA,
HABEJCHHOT'O BO BCTPOEHHOM B PE30HATOP 30H/I€. DTOT CUTHAJ BBIIPSAMIISIETCA JI€-
TEKTOPHOU CEeKIMe 1 n3MepsieTcs Mukpoamiepmerpom. Pezonatop Bo30yxmaercs
CUTHAJIOM JIPYTrOro 30H1a, COeIMHEHHOTO ¢ reHepaTopom CBY.

W3-3a HAIM4YMs yCTPONCTB CBSI3U PE30HATOPA C BHEITHUMHU CTPYKTYPaMH €0 Pe30-
HaHCHAs 9acTOTa U JOOPOTHOCTh U3MEHSATCS. Y OBIBAHUE 3JICKTPOMArHUTHOM dHEP-
THH B pe30HaTOpe OyAeT 00YCIOBICHO €r0 COOCTBEHHBIMH MOTEPSIMU U TOTEPSIMHU
B CBSI3aHHBIX C HUM YCTPOMCTBAX. ITOT MPOIIECC XapaKTEPU3YETCsl HArPyKEHHOM
n00pOoTHOCTHIO pe3onaropa Q. Ecnu uzBecTeH ko3 GUIIMEHT CBSI3U pe30HATOPa B
30HJIOM 1| , TO Harpy»XEHHYIO JOOPOTHOCTh MOKHO BBIPA3UTh YepPe3 COOCTBEHHYIO
n00poTHOCTH pe3oHaropa Qo:

11
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HCPGHI/IHICM 9TO BBIPA’KCHHC B BUC:

1 1 n 1 1
+

_— - y_-

O G O G0 Om

rze BBeAeHo obo3Hauenue Qp, = 17 /Qo — BHEIIHss T0OPOTHOCTE pe3oHaropa. M3
ATOTO PABEHCTBE MOKHO 3aKIIIOUHUTh, YTO Qp, OMUCHIBAET OTEPU BO BHEITHUX
YCTPOMCTBAX, CBA3AHHBIX C pe30HATOPOM, Qo — COOCTBEHHBIE MOTEPH PE3OHOTOPA.

JD

F 3
By t-=——= o
- :
7N
r | b1
) |
_':'1..-_-" = _Jr__ = __i'_'__ '|"-.
i i
{ . ki
| ! il
Ji o o J
Prcymor 9.2 — Onipenenesrie Oy

MeTton riepeaadn mo3BOJISET OMPEASTUTh HArPYKEHHYIO0 TOOPOTHOCTH Pe30HATOPa,
oJIHaKO Tipu ciaboii cBsizu N ~ 0 u3 (9.1) cnenyet, uro Qy = Qo. ITo cHsATOM BOIM3H
pPE30HAHCa 3aBUCUMOCTH MOITHOCTH OT YaCTOTHI (ITPU KBAIPATUIHOM JETEKTOPE
€ro CUTHAJI TTPOTOPIIMOHAJIEH MOIITHOCTH B PE30HATOPE) OMPEICIISIFOTCS YaCTOTHI
f1, f2, COOTBETCTBYIOIIME PACCTPOMKAM ITPH MOJOBUHHOM MOIITHOCTH — PUCYHOK
9.2. Harpy>xenHasi JOOPOTHOCTb pacCUUTHIBAETCS MO popmysie:

Oy =20
A h (9.2)

4 MopsiOok ebinosiHeHusi pabomail.

Cxema BUPTYyaJIbHOM JJaOOpaTOPHOM YCTAaHOBKH IpeACTaBlieHa Ha pucyHke. [1po-
W3BECTHU MOJTOTOBKY MPUOOPOB K paboTe BKIIFOUEHHEM KHOMOK CeTb.

o Ilpu HU3KOH, CpeTHEN 1 BBICOKOU TOOPOTHOCTSIX Pe30HATOpa MOCIeI0Ba-
TEJIbHO MPOU3BECTH CIIEAYIOIIME U3MEPEHUS

1.  V3MeHss 4acTOTy reHepaTopa, ONPeIeIuTh PE30HAHCHYO 4acToTy fo
0 MaKCUMyMYy MOKa3aHUN MUKpOaMIlepMeTpa.
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2. CHATH 4aCTOTHYIO 3aBUCUMOCTb MOIITHOCTH B T€HEPATOPE BOJIM3H pe-
30HAHCHOM 4acTOThI. [Ipu 3TOM MakcuMasbHas paccTpoiKa J0IKHA COOT-
BETCTBOBATh YMEHBILICHUIO MOIITHOCTH B 10 pa3!

[To momy4eHHbIM pe3yibTaTaM MOCTPOUTH Ipa(UKH 3aBUCUMOCTEH MOIITHO-

CTH B T€HEPATOPE OT YAaCTOTHI IIPU PA3HBIX JOOPOTHOCTSX.

B cooTtBeTcTBHM € pUCYHKOM 9.2, OpeenTh 4aCTOThI pACCTPOEK MPH I10-

JIOBUHHOW MOIITHOCTH M PACCYUTATh HATPY>KEHHBIE JOOPOTHOCTH 1O (hopmyJie

(9.2).

5 CodepxaHue omyema.

HazBanwue u 1ienb paboThl.

Kparkoe onucanne u cxemy SKCIIEPUMEHTA.

TaOnuna pe3ynbTaToB 3KCIEPUMEHTA.

['paduixu sKcrIEpUMEHTaIBLHON 3aBUCUMOCTEN MOIIIHOCTH B TEHEPATOPE OT

JaCTOThI ¢ HEOOXOIMMBIMH TIOCTPOCHHUSIMH ISl paCUE€TOB HArpy>KeHHOM 7100-
POTHOCTH.

PacueTsl Harpy>keHHbBIX TOOPOTHOCTEN PE30HATOPA.

6 KonmposibHbIe 0nNPOCHI.

1. [Tonsarue o6beMHOro pe3oHaTopa. OOIIre CBOMCTBA PE30HATOPOB.
2. Otpe30ok TMHUY Nepeadl Kak 00bEeMHBIN PE30HATOP.

3. BbIBOJ1 yciioBuS CyIieCTBOBaHMS KOJIeOaHUN B 00bEMHOM PE30Ha-
TOpE.

4, CoOcTBeHHbIEe KOJIe0aHUsT 00bEMHOTO PE30HATOPA U UX CBSI3b C COO-

CTBEHHBIMU BOJIHAMHM JIMHUU Tiepeaaun. Tumnsl konedanuii. OCHOBHOM THIT
KOJICOAHMIA.

S. BoiBo hopMyIibl [U1s1 COOCTBEHHBIX YaCTOT 0OBEMHOIO pE30HATOPA.
CrnexTp kojebaHuil pe3oHaTopa.

6. [ToTepu B pe3onaTope. Buabl noteps U JOOPOTHOCTH pE30HATOPA.
[TaprmanbsHbie JOOPOTHOCTH.

1. BriBo1 3ak0Ha 3aTyXaHus KOJeOaHUW B pe30HATOPE.

8. Merton pacuera napiuaibHOM TOOPOTHOCTH, CBI3aHHOM B IOTEPSIMU B
JTUAJIEKTPUKE pe3oHaTopa. Kak OHa 3aBUCUT OT PE30HAHCHOM YacTOTHhI?

Q. MeTton pacdera mapiuaibHON T0OPOTHOCTH, CBSI3aHHOM B TIOTEPSIMHU B

CTeHKax pe3oHaropa. Kak oHa 3aBUCUT OT pe30HAHCHOW 4acTOTHI?

10. TIpsmoyronbHBIM pe3oHaTop. TUIBI COOCTBEHHBIX KOJIEOaHMI, COO-
CTBEHHBIE YaCTOTHI. BrIpok1eHHBIEC KOeOaHusI.

11. Knaccudukaiys TUIIOB KoJeOaHUM MPSMOYTOJIBLHOTO Pe30HATOpa U €€
ocobeHHocTH. OCHOBHOM THN KosiebaHui. Kak onpeaenuts ero 4acToTy Mo
3aJlaHHBIM pa3Mepam pe3oHaropa?

12. HarpyxeHHast TOOpOTHOCTb PE30HATOPA U METOJI €€ IKCIIEPUMEHTAIb-
HOTO OTIpEJEICHHUS.
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JlabopaTtopHblie padoTbl Ne 4, 5

CuHTe3 n uccnegoBaHue NOJIMHOMMArNbHbIX (*WlﬂprOB HWXHUNX

(4) v BepxHux (5) yacrtot

1 Ha3HayeHnmue u K.]IaCCI/I(l)I/IKaHI/Iﬂ AEKTPUHIECCKUX q)I/IJ]LTpOB

DnekTpudecKuMu GUIbTPAMHU HA3BIBAIOTCS JTMHEHHBIC YETHIPEXITOTFOCHUKH
(UIT) maccuBHOM UM aKTUBHOM CTPYKTYPHI, 00J1a/1aro1ue n30upaTeIbHbIMU CBOM-
ctBamMu. OHU NIpeAHA3HAYEHBI JUIs1 BBIACJICHUS U3 COCTABA CIIEKTPA CIOKHOTO AJIEK-
TpUYECKOro KoJieOaHus, noganHoro Ha BxoJ UII, 3a1aHHBIX YaCTOTHBIX COCTaBIISI-
IOLLUX:

- ¢ HEOOJIBIIMM OcCJIa0JIeHUEM B 3aJaHHOM MO0JIOCE YacTOT (HAa3bIBAEMOM IMO-
Jocoi mponyckanus Guibtpa - I1I1),

- MOJIABJICHUSI CO 3HAYUTEIBHBIM OCIA0JIEHHEM YaCTOTHBIX COCTABJISIFOIIUX,
HaXOJISIINXCS B APYroi 3aJJaHHOM MOJI0CE YacTOT (Ha3bIBAEMOM MOJIOCOM 3a/1epKU-
BaHus — [13).

Bech yacTotHbli 1uamna3oH ¢puiasTpa ot f =0 10 f = 00 AENUTCS HA HECKOJIBKO
M0JIOC:

- mosiocy miporryckanus (I1I1), roe ocnabnenue ¢puabTpa HE TOHKHO MPEBHI-
IaTh HEKOTOPOTO 33JaHHOTO 3HA4YEHUs, 0003HAYaeMOro Kak AA M Ha3bIBAEMOTO
MaKCHMAJIbHO JIOITYCTUMBIM OcJIabeHrueM B 3ToH mojoce. Ocnabnenue GpuiabTpa u3-
Mmepsiercs B 1b (neuubenax) unu B Ho (Henepax) u B I1I1 oHO 00bIYHO 3a7a€TCA B
npenenax ot 0.1 no 3.0 nb;

- nonocy 3aaepxkuBanus (I13), rae ocmabnenust uabTpa AOMHKHO OBITH
00JIbIlIe HEKOTOPOTO 3aIaHHOTO 3HAYeHUs AS, HA3bIBAEMOTI'0 MUHUMAJIBHO JI0MTYCTH-
MbIM ocliabsienneM ¢uibtpa B [13;

- TIOJIOCY TePEex0/ia, T/Ie BEIMYMHA OCIA0ICHHS HE PEeTIAMEHTHPYETCS.

OuUILTp MOXKET UMETh HE OJIHY, a JIBE TTOJIOCHI: TPOIMYCKaHUsI, 3aJePKUBAHUS

WJIU TIepexo/ia.
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[To B3aumuomy pacnomnoxxenuto III1 u I3 paznuuator 4 Ttuna ¢GuILTPOB:
¢unbTpel HIKHUX yacToT (OHY), dunstpsl Bepxuux vactor (PBY), momocoBbie
(ITd) u pexxexropHbie GUALTPHI (PD).

['padmkn aMIIUTYJHO-4aCTOTHBIX XapakTepucTuk (AUX) mepenaTouHbIxX

GyHKUMNA TepEeYHCIIEHHBIX UJIeabHBIX (PUIBLTPOB MPUBEICHBI HA pUCYHKE 1.

H & oy H A ¢py H A o H A pg
1 — T
o f T rlo f S0 ik S0 ff T

Pucynok 1 - I'paduxu AYX paznuyabix GUIBTPOB

Ha PHUCYHKC 2 IMpCaACTaBJICHBI Tpe6OBaHI/IH K 0CJ1a0JICHHUIO B Pa3JINYHBbIX I10JI0-

cax 4acTOT UJICATbHBIX AIEKTPUUECKUX (PHIIBTPOB.

Ay Aj Al
®HY ®BY Mo
As |- As As
Yo og :AA - oy Nt
1 Is fs f1 f51 f_1 fq fs-: 115y s, 11

Pucynox 2 - TpeOoBaHust K 0CIa0JICHUIO SNIEKTPUUECKUX (PUITBTPOB B PA3IMYHBIX
JTMana3oHax 4acToT

Ha Bcex pucyHKax NpUHSITHI CIEAYIOIINE 0003HAYCHUS:

- fi1 - rparmuHas yactoTa mosiocsl mponyckanus ®HY u ®BY,

- fs - rpaHuuHas yactota noJsiocsl 3aaepxkuBanus GHY u ®BY,

- f-1, f1 - HWKHSA ¥ BEpXHSS TPAHUYHBIE YACTOTHI MOJO0CHI npomyckanus [1D,

- fs1, fs2 — BEepXHsisl U HUKHSISI TPAHUYHBIC YaCTOTHI ABYX MMOJIOC 3a/IePIKHBa-

Hus 11D,
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- f1, f2 - BepxHSSA ¥ HWKHSS TPAaHUYHBIE YaCTOTHI ABYX MMOJIOC MPOITYCKAHUS
PO,

- fs1, fs2 — HIDKHSISL ¥ BEpXHSS TPAHUYHBIE YaCTOTHI TIOJIOCHI 3aJICP>KUBAHUS
PO,

- AA — MakcUMaJIbHO JIOIyCTUMOE ocliabieHue Jiroooro guiastpa B I (AA
TaK)Ke Ha3bIBacTCS HEPAaBHOMEPHOCTHIO ocnadienus ¢punbTpa B I111),

- AS - MUHUMAJBHO JIOMYCTUMOE OciiadieHue ioodoro grstpa B I13.

OuIbTPHI MOTYT OBITH HArPY>KEHBI IBYCTOPOHHE (PUCYHOK 3a) UITH OJTHOCTO-

ponHe (pucyHku 30, 3B).

Rr
@ E(p)
E(p) (0] U2| [Ru @ ® Uz E(p) ® Uz | |RH

a) 0) B)

J

)

Pucynok 3 - Bunibl Harpy30k 31€KTpUYECKUX PUIBTPOB
rie E(p) — ».1.c. TeHeparopa B onepaTopHoi Gpopme,
P — KOMILUIEKCHas 9acToTa (p = 0 +jw, w = 21f),
R, - BHyTpeHHEE CONPOTUBJIEHNE F€HEPATOPA,
U, (p) - HampspKeHME Ha BbIxoje (GUIbTpa B orniepaTopHOit hopme,
R, - compoTUBIICHUE HATPY3KU QUITBTPA.
OCHOBHO#1 YaCTOTHOM XapaKTEPUCTUKOM JBYCTOPOHHE HATPY>KEHHOTO (PHIIb-

Tpa SIBJSIETCS €ro nepeaaroyHas GyHKIUs 1Mo HanpsbkeHuro [1]:

2U
H (p) =22 [&e (1)

E(p) H
Ocnabnenue (uiIbTpa B JIAaHHOM CJIy4ae BBIYMCIISIETCS MO MEPeaaTOuyHON

¢bynxun Yl cnexyronmm o6pazom:

A = - 20lg[H(p)], (2)
rie p=jo.
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2 CuHTe3 NOJHHOMHAIBHBIX (PUJIBTPOB M0 Pad0YUM MapaMeTpam

CyuiecTByronife 3JjeKTpuueckue (UIbTpbl UMEIOT Pa3IMuYHbIE MEpeaaToy-
Heie ¢pyakiuu. lllnpokoe pacnpocTpaHeHHe MOTYyUNIIH TOJIUHOMHAIIBHBIE PEAKTHUB-

HBIC (1)HJH>TpI>I, KOTOPBIC COCTOAT TOJIBKO U3 PCAKTHBHBIX 3JICMCHTOB H UMCIOT IICPC-

JTaTOYHYI0 (DYHKITHIO clieayromiero Bujaa [1]:

H(p) = 2 %

= 3
) (p) pn+a1pn—1+a2pn—2+ ..... +an ( )

rae bp - mocrostHHBIN MHOXHTEb, paBHBIH ocaabnennto ®HY npu yactote f =0,
v (p) - monmuHOM ['ypBUIA cTenieHr N. Bce KOpHM 3TOrO MOJIMHOMA UMEIOT
OTPULIATEIIbHBIE BEIIECTBEHHBIC YaCTH,
N — nopsAoK GuiIbTpA.

VY moamHOMHATBHOTO (PUITBTPA YUCIIO €TO PEAKTHBHBIX 3JIEMEHTOB PaBHO IT0-
pAnKy GuIbTpa.

[Ipu cuHTE3€ MOJIMHOMUATBHBIX (DUIIBTPOB IIKPOKO UCIIOIB3YETCS HOPMUPO-
BaHUE 3JIEMEHTOB U YacTOThI (PUIIBTPaA MO COMPOTUBIICHUIO U YaCTOTE:!

Ro, - HOpMUpYIOIee COMPOTUBIICHNUE,

4
)

wo (fy) - HOpMHUpYIOIIast KpyroBas WK IUKIMYECKas 4acToTa,
Z (p) = Z(p)/Ro— omepaTopHOE COMPOTHBIICHUE, HOPMHUPOBAHHOE IIO CO-

npoTUBJIEHUIO Ry,

§= — - HOPMUPOBAHHAS KOMIIEKCHAs JaCcTOTa, (6)
0
w
=— - HOPMHPOBAHHAs BEIECTBEHHAs YaCTOTA, (7)
@o

Z (S) - omepaTopHOE COMPOTHUBIICHHE, HOPMUPOBAHHOE IO COMPOTUBIICHUIO
Ro 1 mo wactore wo (fy)- (8)

OciabieHre MONMHOMUAIBHOTO (PUIIBTPA ONpPENETSAETCS €ro aMIUIUTYAHO-

YaCTOTHOW XapaKTEPUCTUKOW, SIBISETCA YETHOW (PyHKIIMEW HOPMUPOBAHHOU 4Ya-

CTOTHI € M 3aMUCHIBAETCA BbIpakeHuem [1]:
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1
IH(jQ)I2

IH(Q)| - momyns AUX dunbtpa.

AQ)=101g =101g(4,0%" + A Q21+ . +A), (9 rme

Ecnu npunsatse, uyTo Bce ko3P duiineHTsl A; paBHBI IpYT APYTY:
A1 = A2 = ... = An-l,

a koapdurnuent A,= 1, To BeIpakeHue (9) 3anuceIBaeTCs B BUJIE:

1

A@=10lg 5

=10 Ig(4,Q2"+ 1). (10)

JUisi moIMHOMUANBHBIX (QUIBTPOB baTrTepBOopTa MPUHATO HOPMUPOBATH Ya-

CTOTY MO TaKOMY 3HAYEHHUIO YacCTOThl Wo (fy), mpu KoTopoit Moayns AUX dunbrpa

YMeHbIIaeTCs 10 3HaueHus 1/4/2 oTHOCHTeNnbHO MakcHMaibHOro 3Hagenns H(0) =
1. IIpu sTOM ocnabnenue ¢punbTpa cocrapisieT 3 Ab, a KoapuuueHT Ag CTaHOBUTCS
paBHbIM 1. Torzaa BelpakeHue ocinadiaeHust uiibTpa B 3aBUCUMOCTH OT YacTOThI €2

NpUOOPETAET CIEAYIOIINI BU:

1
A (@) =101g o0 = 10lg(1 +07"). (11)

[TonmuHoMuaneHele QUIBTPBI ¢ XapakTepuctukamu Buna (11) HazpiBaroTCs
buIbTpaMu ¢ MAaKCUMAIIBHO TUIOCKUMU XapakTepucTukamu ocinadnenus B [1I1 wmm
¢unbTpamu ¢ xapakrepuctukamu barrepsopra [1].

Moaynb nepenatoqHor pyHKIMHU TaKOro GUIbTPA UMEET BUI:

1
Vi+Q2n '

['paduixu Mmoyns nepeaTouHoi QyHKIMK OJMHOMUATBHOTO (PUIBTPa HUXK-

IHGQ)! = (12)

HUX yacToT barTepBopTa u ero ociadiaeHus B 3aBUCUMOCTH OT YacTOThI 2 [ pas-

JUYHBIX TOPSAIKOB (PUIBTpa MpeICTaBICHBl HA PUCYHKAX 4 U 5.
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0 ' - f

Pucynox 4 - I'paduxu moaymns nepenarounoit GyHkmuu moanHoMuaibaoro ®HY

barrepBopTa /7151 pa3TUYHBIX MOPSAIKOB QUIBTpPa

A

A

n=3

n=2

0 f,

Pucynok 5 - I'paduxu ocnabnenus nonmunomuansHoro ®HY barrepBopra st pas-

JUYIHBIX MTOPSIKOB (PHUIBTPOB

Ecnu no ycnoBusam 3agauu ocnadinenue ®HY B I1I1 Ha ero rpanuyHoi va-
cToTe f1 HE IOJDKHO MPEBBIMIATh HEKOTOPOTO 33IaHHOTO 3HAUYCHUS A A, HE paB-

Horo 3 1b, To HOpMUpYIOILIas YacToTa Wo ONpeseeTCHd BblpaXKeHUeM:

—L_ (13)
2n 100.1AA_1 !

a ocnabnenne ®HY BarTepBopTa paccunuteiBaeTcs mo Gpopmyiie:

wo =

A=101g [1+ (10%144 — 1) Q2"], (14)

rac HOPMHUPOBAHHAA 4aCTOTa Q OIIPCACIIACTCA BbIPAKCHHUCM

19



o=2=/1 (15)

w9 E '
[Tepenarounas pynkuus ®HY barrepBopTa B HOpMUPOBAHHBIX BEJIMYMHAX
3aIMCBIBACTCS B BUJE:
bo
s +a,;s"1 +a, s 2+ ta,

H(s) = (16)

rnie v(s)= s" +a;s™ ! +a,s"?%+ -+ a, — nonurom I'ypsuia, a

S=p/ wo - HOPMHUPOBAHHAS KOMILJICKCHAsI YacTOTA.

Hymu momuuaoma 'ypBuia (Ha3pIBaeMOro TakKe MOJIMHOMOM baTtepBopra,
KOTOPBIN TIEPBBIM MPUMEHMII €T0 JIUIs CUHTE3a TOJTMHOMHUATIBHBIX (HIBTPOB) pac-
CUUTBIBAIOTCS IO POpMYJIaM:

IIPHU YCTHBIX 3HAYCHUAX N

2k-1)m . (2k-1)m
Sk = cos EEEDE 4 o DT : (17)
n2 n2
IIPY HEYCTHBIX 3HAYCHHUAX N
K ..k
Sk = COS—T + jSin—1. (18)
B stux dpopmynax k=1,2, ....... , 2n. W3 aTtHx 2N 3HaueHuil BHIOUPArOTCS

TOJIBKO T€ 3HAYEHUS, Y KOTOPBIX S, HMEIOT OTPULATEIbHBIE BEIICCTBEHHBIEC YACTH.
[IpousBeneHNs COMHOKHUTENEH (S - Sk ), Y KOTOPBIX BCE Si, UMEIOT OTPULIATEIbHBIE

BEIIIECTBEHHBIC YaCTH, 00pa3yIoT moyimHoM barrepBopTa L (S):

v(s) =T (s — sg). (19)

Ha ocnoBe ucnonb3oBanus popmyin (17), (18) cocraBiena tabnuua 1, rue
npuBeeHBI Bce K0dhdUiMeHTs moauHoMoB bartepBopTa, nMeromue mopsaoK B

npeaenax ot 2 ao 7.
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Tabnuna 1 - Koadduuuments nonunomos ['ypeuia (barrepBopra), nmeromue mo-

psaok puneTpa B mpeaenax ot 2 Ao 7

Ne a, a, a, a, as g

2 | 14142 - - - - .

3 | 2.0000 | 2.0000 - - - -

4 | 26131 | 3.4142 2.6131 - - -
5 [3.2361| 5.2361 5.2361 3.2361 - -
6 | 3.8637 | 7.4641 9.1461 7.4641 3.8637 -
7 | 4.4940 | 10.0978 14.5918 14.5918 10.0978 4.4940

HomunomuaabHbie PuiabTpbl Yedblesa [ 1] cMHTE3UPYIOTCS aHAJIOTUYHO,
HO UMEIOT paBHOMEPHO-KOJIeOaTEeNbHYIO XapakTepucTuKy ocnadnenus B 111 u mo-
HOTOHHO Bo3pactaroiryto B [13. g 3Tux GuibTpoB KBagpaT MOAYIS NEperaToy-

HOM (PyHKIMU BbIpaxkaeTcs popmMyioi:

1
1+(100124_1) T2 ()’

|H(GQ) | %= (20)

rae T? () - nonunom YebbilieBa cTeneHu N.
[TonmuaoM YeOsbimieBa MOXKET ObITh YETHBIM M HEUETHBIM. 3aBUCUMOCTU MO-
nyiist nepenatounoi Gpynkiuu @HY YeObimeBa OT HUKINYECKOM YacCTOTHI 1JIs 4ET-

HOTO ¥ HEUYETHOTO MOpsi/iKa GUiIbTpa MPUBEJEHBI HA PUCYHKE 6.

IHI ¢HY IHI dHY

Pucynoxk 6 - I'paduku 3aBucumoct MoayJis nepeaatrouHot pynkiuu @HY YeObi-

IIeBa IPY HEUYETHOM M YETHOM TOPSJIKE (PHIIbTPa

21



Ocnabnenne ®HY Yeorimera onpenensercs mo Gopmyie:
A=10lg |1+€ T2 ()] =
=101g [1 + (10%*4 — 1) T2 (Q)]. (21)

Beipaxenue T,,(Q) = ch (n Arch{)) npeacrasasier coboit monuaoMm YeObl-
meBa crerneHu N. B Hem € — 310 koad uimeHT HepaBHOMepHOCTH (paHee ObLI 000-
3Ha4yeH Kak AA). Koauiment HepaBHOMEPHOCTH CBsI3aH ¢ KOIPPUIIMESHTOM P

oTpakeHus HanpspkeHus Ha rpanuie [I1 ¢punsTpa creayrommuM COOTHOILIEHUEM:

__p
8_W' (22)

Kpussle ocnabienus puiapTpa HUKHUX 4acToT YeObleBa il HEUETHOTO U

YCTHOI'O IIOPAAKA IIPUBCACHBI HAa pPUCYHKC 7.
. ©OHY »  OHY

n=3 n=4

0 1: -0 fo 0

Pucynok 7 - I'padpuxu ocnabnenuss ®HY YeOrbimieBa 11t HEYETHOTO U YETHOTO TIO-
psanka GuabTpa

OntumanbHble CBOMCTBA YEOBINICBCKOW AMMPOKCUMAIIMM 3aKJIIOYAOTCA B
TOM, 4TO U3 Bcex mnepenatounbix (QyHkiuid OHY ¢ynknus YeObimeBa mumeer
HAaMMEHBIIYIO CJI0KHOCTh IIPU 3a/IaHHOM HEPABHOMEPHOCTH B TIOJIOCE MPOITYCKaHUS
(buabTpa M HAUOOJIBIITYIO KPYTU3HY OCIa0JIeHUs B 1OJI0ce 3aepKuBaHusl. OUIbTPbI
YeOpI1eBa 11e71eco00pa3Ho MPUMEHSITH B TEX ClIydasx, KOr1a Hanbosee BaKHbIM sIB-
JsieTCs paBHOMEpPHOE MpoxoxkaeHue yacTot Bo Beel [1I1. Onnako 3t puibTphl 00-
Jaar0T HEJIWHEWHOU (Pa30BOM XapaKTEPUCTHUKON W COOTBETCTBEHHO HEIMIOCTOSH-

HBIM BPEMCHCM 3aJICPIKUBAHUA YaCTOTHBIX COCTABJIAIOIINUX B I1I1.
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[Ipu cunresze 1000T0 MOJTUHOMUATBLHOTO (PHIIBTpA BHAYaJIE CHHTE3UPYIOT
®HY, koTopslil Ha3bIBAIOT (GHIBTPOM-IIPOTOTUIIOM HUKHUX YacToT (PIIHY), u ot
CXEMBI 3TOTO QUIIbTPaA MEPEXOAAT K CXEME JIF000ro Apyroro (GuibTpa B HOPMHUPO-
BaHHBIX IapaMmeTpax . B mporecce nepexoa MoirydaroT He TOJIBKO CXEMY JPYroro
¢uibTpa , HO PACCUUTHIBAIOT 3HAUEHUS €T0 HOPMUPOBAHHBIX M1APaMETPOB U IOJIY-
YalOT COOTBETCTBYIOIINE YaCTOTHBIE XapaKTEPUCTUKU. MeTonrka npeodbpa3oBaHus
GuIbTpa-mpoTOTUNA B IPYTON TUI PUIBTPa MPUBOAUTCS B [2].

B camoMm Hauane pacdera nonuHomuansHoro ®HY onpenensiercs ero nopsi-
JIOK IO OJTHOM M3 HWKENPHUBEACHHBIX (POPMYI IS KaXIOr0 M3 PACCMOTPEHHBIX
(GUIBTPOB:

- unbtp barrepBopra (¢ ruiockoii xapaktepuctrkoil B I111)

Ag—101g(100184_1)

20 1gQy ’ (23)

n >

- ¢unpTp Yebslimena (C paBHOMEPHO-KOJI€0ATEILHON XapaKTepUCTUKOMN B

1)

Ag+6 —101g(100184—1)  Arch | o5ra—
20 1g(Qs+ /Q2%-1) Arch Qg

; (24)

rne ()= j@ - HopmupoBanHast yactota ®HY na rpanuue 113,
1

f1 — BepxHsis rpannyHas yacrora [1I1 ®HY,
fs - HWKHAS rpannyHas yacrora [13 ®HUY.
3HaueHUs 7N, MOJTYYEHHBIE MO ATUM (PopMyliaM, OKPYTISIOTCS 10 OJrKaii-
€T OOJBITIETO TEJIOT0 YUCIIA.
B nponecce cunreza @ITHY 3naueHunss napamMeTpoB €ro 3JIEMEHTOB MOJIYYatOT
B HOPMUPOBAHHOM BHe. HopMHpOBaHHbIC 3HAUYEHUS COMPOTUBICHUS I , UHIYK-

TUBHOCTH | ¥ €MKOCTH C PacCUYMTBHIBAIOTCS IO CICAYIONIMM (hopMyiam:

R 21 f, L
r=—, l==—=
Rg Rg

. ¢ =2xf,CRy, (25)
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r7Ie HOPMHUPYIOIIIEe CONMPOTHBICHHE R, MPUHUMAETCS PaBHBIM COMPOTHUBIICHUIO
Harpy3ku ¢uiasTpa R,, a HopMupymoIas 4yactoTa f, Beraucisercs 1mo (13).
[TommydeHHbIE HOPMUPOBAHHBIC 3HAYCHUS dJIEMEHTOB (QUIBTPA Jajiee IEHOP-
MUPYIOTCS, T.€. IEPECUUTHIBAIOTCS B IEHCTBUTENbHbIC 3HaUeHUsA. J1jig 3TOro HOp-
MUPOBaHHBIC 3HAUCHUS KAXKIOTO SJIEMEHTA CXEMbl YMHOKAIOTCS Ha COOTBETCTBYIO-
mue Kod3(pPUIHMEeHTH TeHOPMHUPOBAaHMSI. 3HAYCHUS 3TUX KOIPPHUIIMESHTOB IS CO-
npoTuBiieHUst KI , HHAYKTUBHOCTH K| u emkoctu Ke ompenemnstores mo Gpopmy-

JIaM:
Rg
2T fo !

HeﬁCTBHTGHBHBIG KC 3HAUCHUA COIIPOTHUBIICHUA R, HHAYKTHBHOCTHU L u

ke = ——

_ZﬂfoRol

kr = Ro, k|=

(26)

eMKOocTH C BBIYUCIISIFOTCS ¢ TOMOUIBIO KO3(PPUIIMEHTOB AEHOPMUPOBAHHUS 110 Clie-
TYIOIUM (popMyJiaM:
R=kr-r, L=k-lI, C=k.-c. (27)
[Ipu cunreze ®HY no pabounm napameTpam 3Ha4€HUS HOPMUPOBAHHBIX 3JIe-
MeHTOB cxeMbl @HY MOKHO OrpeeuTh ¢ MOMOIIBIO TAOJIUI WIIK aHAJTUTHYECKH.
[Ipu onpenenieHny 3Ha4€HU HOPMUPOBAHHBIX 3J1eMEHTOB cxeMbl @HY ¢ no-
MOIIIbIO TAOJHI] TOCE ONpeaeiaeHus mopsiika (GUabTpa Mo 3aAaHHOMY 3HAUYEHHIO
HepaBHOMEpHOCTU ociabnenus ¢uibtpa B [II1 u Tpebyemomy Bugy AUX OHY
(tuna barrepBoprta, UeOrblmieBa u Jp.) BEIOMPAIOT 3HAYEHNUS HOPMHUPOBAHHBIX 3JIe-
MeHTOB cxembl GITHY u3 cnenuanbHO pa3padOTaHHbBIX TaOIMIL [2].
HopmupoBannbie 3HaUeHHsT 37€MEHTOB HOpMalin3oBaHHOM cxeMbl DHY bat-

TEepBOpTa i ciydas, korma R, = R, mpuBeneHsl B Ta0uie 2 [2].
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Tabnuna 2 - 3HaueHrss HOPMUPOBAHHBIX 3JIeMEeHTOB HopMmanu3oBanHoro ®HY bart-

TepBOpTa

n c1 l2 C3 l4 Cs le C7 ls Co l10
wil] | wmcy | wmly | wmcy | wmle | wmcg | wm 1) | wim cg | wim 1§ | wim ¢y

1 | 2.0000 - - - - - i i - -

2 114142 | 1.4142 - - - - - - - -

3 | 1.0000 | 2.0000 | 1.0000 - - - - - - -

4 |0.7654 | 1.8478 | 1.8478 | 0.7654 - - ) . - -

5 | 0.6180 | 1.6180 | 2.0000 | 1.6180 | 0.6180 - i i - -

6 | 05176 | 1.4142 | 1.9319 | 1.9319 | 1.4142 | 0.5176 ) ) - -

7 10.4450 | 1.2470 | 1.8019 | 2.0000 | 1.8019 | 1.2470 | 0.4450 . - -

8 10.3902 | 1.1111 | 1.6629 | 1.9616 | 1.9616 | 1.6629 | 1.1111 | 0.3902 - -

9 10.3473 | 1.0000 | 1.5321 | 1.8794 | 2.0000 | 1.8794 | 1.5321 | 1.0000 | 0.3473 -

10 | 0.3129 | 0.9080 | 1.4142 | 1.7820 | 1.9754 | 1.9754 | 1.7820 | 1.4142 | 0.9080 | 0.3129

HopmupoBanHbie 3HaU€HUsL 3JIEMEHTOB HOpManu3oBaHHOU cxeMbl ®HY Ye-

OblllIeBa 1Ji ciydasi, korma R. = R,, mpuBeneHsl B Tabauie 3 [2].

Tabnuna 3 - 3HaueHus HOPMUPOBAHHBIX AMEMEHTOB HOopMmann3oBaHHoro OHY

YeObImieBa
ITopsimok

AA, (bHJH’Tpa €1 r I2 ! ¢ r |4 ! e ! |6 ! I

nb n wml; | mmuc, | wmuly | wmc, | wmlg | wmcg | wm l;
3 1596 | 1.097 | 1.596 - - -

0.5 5 1.706 | 1.230 | 2541 | 1.230 | 1.706 -
7 1.737 | 1258 | 2.638 | 1344 | 2.638 | 1.258 | 1.737
3 2.024 | 0.994 | 2.024 - - -

1.0 5 2135 | 1.091 | 3.001 | 1.091 | 2.135 -
7 2167 | 1.112 | 3.094 | 1.174 | 3.094 | 1.112 | 2167
3 2.711 | 0.833 | 2.711 - - -

2.0 5 2831 | 0.899 | 3.783 | 0.899 | 2.831 - -
7 2.865 | 0.912 | 3.877 | 0.954 | 3.877 | 0.912 | 2.865
3 3.349 | 0.712 | 3.349 - - -

3.0 5 3481 | 0.762 | 4538 | 0.762 | 3.481 - -
7 3519 | 0.772 | 4.639 | 0.804 | 4.639 | 0.772 | 3519
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3HauYEHHUs PJIEMEHTOB, IPUBE/ICHHBIE B TA0IUIAX 2 U 3, OTHOCATCS K CXEMaM
HOpMaJIM30BaHHOTO QuibTpa barTepBopTa M HOpManu30BaHHOTO (QuiIbTpa UeObI-
1I€Ba, HArPY>KEHHBIX IBYCTOPOHHE COTJIACOBAHO:

M= Iy,

rne r. . XX r, . 28
ne ro= o R

3HaYEHHUs 3JIEMEHTOB (PHIIBTPOB HOPMAJIM30BAHBI 110 OTHOILIEHHUIO K BEPXHEU
rpann4Hoi yactore I1I1 u Mo OoTHOLIEHUIO K CONPOTUBIECHUIO HArpy3KH, T.e. Tad-
JIUIBI paccuMTaHa s ciiydasi, korna Qi =1wu r, =1,

B tabnunax 2 u 3 B Kaxa0M CTOJIOIE IPUBOAUTCS HOPMUPOBAHHbBIE 3HAUEHUS
60 UHAYKTUBHOCTH |, 10O eMKOCTH ¢;. 3HaueHWsI WHIYKTUBHOCTH BHIOHpA-
€TCs B clly4yae, Korjna (puiibTp MOAKIIOYAETCS K HCTOYHUKY HANpsKEHHs (PUCYHOK
8), a eMKOCTb BBIOMpaeTcs, KOrjaa (puibTp MOJKIIOYAETCS K UCTOUYHUKY TOKa (pH-

CYHOK 9).

Rr

O

E1

Qe

Rr

O
»

E1

Pucynok 8 - Cxema noaxntoueHuss ®HY Kk UICTOUHUKY HANPSKEHUS
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Pucynok 9 - Cxema noaxntouenuss ®HY k UICTOUHHUKY TOKa

Jlanee mpou3BOAUTCS ICHOPMUPOBAHKME BHIOPAHHBIX HOPMHUPOBAHHBIX 3HA-
YEHUH 2JIEMEHTOB CXeMbI (PHIIbTPA U MOJyIaeTCsl CXeMa PacCUYUThIBAEMOro (GDHIIbTpa
C IEHCTBUTEILHBIMA 3HAUYEHUSIMHU DJIEMEHTOB.

CuHTE3 NOJIMHOMHAIBHOTO  (PUiIbTpa, HArpy>KEHHOTO JBYCTOPOHHE, KOraa
cobmoaeTcsi paBeHCTBO: R; = Ry, MOeT ObITh BBINOJHEH TAKXKE aHATTUTUYECKU
Ha OCHOBE ()OPMYJIbI BXOJTHOT'O COITPOTURIICHUS (DUIIbTPAa B HOPMHPOBAHHBIX 3HAYE-

HHUAX €TI0 DJICMCHTOB:

v (s)+h (s)

2 8) = Fomhs)

(28)

rae U (s) - mommuom barrepBopra,

h (s) - ¢yskuusa pribTpaiumy,

h (s) = s™— ¢yakuus GuasTpanuu 1 puisTpa barTepsopra.

[Tpu cunTese punpTpa YedbimeBa QyHKIMS GUIBTPAIIMN HAXOJUTCS CIICITY-
1o1mumM oopasom [1]:

- 6epercs moarHoM YeObimieBa N nopsaka Ty, () (tabsiuia 4) U BEIYUCIS-

eTCsl €0 HOPMHUPOBAHHOE 3Ha4YeHue mmyTem aenenus T, () ma 271,
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- B TMOJYYEHHOM BBIpaKeHUU €2 3aMEHsETCs KOMILJIEKCHOW YacTOTOH p |
BCE WIEHBI MOJyYEHHOTO MHOTOWJIEHA CUUTAIOTCS TIOJIOKUTEIbHBIMH,

- TOJYYCHHBI MHOTOWIEH cuuTaeTcs QpyHkuuen ¢punbtpanuu h (p) nns
¢unbTpa YebnImena.

Bripaxxenus ¢pyukiuit punbrpanuu i GriibTpoB YeObileBa npuBeeHBI B

tabmnure 4.

Ta6nuna 4 - Beipaxkenus GyHkiuu QuiibTpanuu 11 GuiabTpoB UeObImeBa

ggﬁﬁgz [Tosmuom YebbimeBa | HopmupoBanusii moju- | PyHKuMS GuiabTpanuu 1is
n T, () HoM YeObinTeBa dunsrpa Yedbunesa h (p)
1 Q Q p
2 202 -1 02-05 p2+0.5
3 403 - 3Q Q3 -0.75Q p3 +0.75p
4 80*-80%+1 0*-02+0.125 p*+p? +0.125
5 1605 - 2003 +5Q | Q5 —1.12503 +0.3125 p® +1.25p% +0.3125p

CrnenyeT OTMETUTBh, YTO MIPU CUHTE3€ JBYCTOPOHHE HArpyKE€HHBIX (QUIBTPOB
barrepsopTa u UeObimeBa npu R, = R, A HeUeTHBIX 3HaUYE€HUN N U JI00BIX 3HA-
YEeHUH AA, CXeMbl PUIBTPOB OYAYT CHMMETPUYHBI OTHOCUTENBFHO BEPTHUKAIBHON
OCH, IPOBEJIEHHOM 10 cepeiuHe (PUIIbTpa, T.€. KaXk/1asi 0J0BUHA MPEACTABIISAET CO-
0011 3epKaJIbHOE OTOOPAXKEHHUE APYTOM OTHOCUTEIIBHO ATOM OCH.

Jlanee nmojiyueHHOe HOPMUPOBAHHOE BBIPAKEHHE BXOJAHOIO COMPOTUBIICHUS

®HY (28) packnaapiBaeTCs B LIEMHYIO IPOOb CIIEIYIONIETO BU/IA:

1 : (29)
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JlaHHBIM BUJI pa3IoKEHUs OJydaeTcs PU YKa3aHHbIX B (28) 3HaKax cioxe-
HUS Y BBIYMTAHUS B yMciuTeNe U 3HaMeHatene. [lonydyennsie B (29) 3HaueHus «;
COOTBETCTBYIOT HOPMHUPOBAHHBIM 3HAUCHHUSIM HMHIYKTUBHOCTEH B cxeme (puibTpa
(pucyHoK 8), a3Ha4YeHHs [5; COOTBETCTBYIOT HOPMHUPOBAHHBIM 3HAYEHUSIM €MKO-
cTell B ToM ke cxeMe. BxonmHoe conpoTusieHue GuiabTpa Moay4eHHOTO TaKUM 00-
pazom ¢unbTpa OyzieT Ha3bIBaThCsl T - 0Opa3HbIM.

Ecnu ke B BeIpakeHnH (28) MOCTaBUTh B YUCIUTENE MUHYC, & B 3HAMEHATEIIE

IUIXOC, TO B PE3YJIbTATC PA3JIOKCHUS ITOJTYUYUTCA OCITHAA I[p06b APpYyroro Byjaa:

Zsx (S) = - . (30)

a1 s + 1

B sTOoM BeIpakeHUM 31eMeHTaM 3; OyIyT COOTBETCTBOBATH HOPMHUPOBAHHBIM
3HAUCHUSAM €MKOCTeH B cxeMe QuibTpa (pUCYHOK 9), a anemMeHTaM «; OyIyT co-
OTBETCTBOBaTh HOPMHPOBAHHBIM 3HAUEHUSIM HMHIYKTUBHOCTEWU. BxomHoe compo-
TUBJICHHE TIOJIYYEHHOTO TaKUM o0pa3om guibTpa OyaeT HazwpiBaThesi [1 - 0Opas-
HBIM.

[Tocne neHopMUpPOBAaHUS HOPMUPOBAHHBIX 3HAYEHUN IJIEMEHTOB CXEMBI T10-
JYYEHHOH O BhIpaXKEHUIO (28) mnoaydyaercs cxeMbl (GUiIbTpa B JEHCTBUTEIBHBIX
napameTtpax. Jlanee Hy>KHO JIJIsl TOJIy4eHHOM CXeMbl (PUITbTPa pacCUUTaTh 3aBUCH-
MOCTb €r0 OCJIa0JIeHHUsl OT YacTOThI B [uana3zoHe 4actoT oT 0 1o 6eckoHeyHocTu. B
noTydyeHHOM rpaduke ocnadnenus punbtpa B [111 0HO HE TOMKHO MPEBHIIATH 3HA-

yeHust AA, a B I13 ocnabnenue A0HKHO OBITH HE MEHbIIIE 3HAUCHUS Aj.

3 DKCcHepuMMEHTAJIbHOE onpeAejeHde YACTOTHBIX XAPAKTEPUCTHK

ociabinenuss ®HY BbarrepBopra u Uednimena
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Lenmpro maHHO Ta0OPATOPHOM PAOOTHI SBISETCS CUHTE3MPOBAHKE TIOJIMHOMHUAITH-
Hbix ®HY 3-ero mopsiaka barrepBopra 1 UeObIieBa coriacoBaHO HArpy>KEHHBIX JIBY-
CTOPOHHE MU OIIPEJIETIEHNE YACTOTHBIX XapPAaKTEPUCTHUK OCIIA0IEHNs TOMYYEHHBIX (HIb-
TpoB. [lpu perennn ykazaHHO# 33124 HCHIONB3YeTCsl TOTOBAs CXeMa PEakTUBHOTO (DHTh-
Tpa HIKHUX YacCTOT 3 MOpsIKa, KOTOpas ABYCTOPOHHE HAarpy:K€Ha CONPOTHBICHUAMU

Rr=Ryu (pucynok 10).

E Tc,

-

L2
YTV Y

2
Y Y
103 E RH=R0
Ay Ly
5

L

Pucynok 10 - Cxema @HY 3-ro nopsika Harpy>kKe€HHOTO COIJIaCOBAHO JBYCTO-
pPOHHE

N3BecTHBI 3HAUCHMS PEaKTUBHBIX AJIEMEHTOB cxeMbl Guiibtpa Ly, C1 uCs a taoke
JIOITyCTUMAsi HEpaBHOMEPHOCTh ociadnenust pumbtpa B 111, paBnas 3 nb.

Tpebyetcst monoOpaTh 3HaUEHUS CONPOTUBIICHUI TeHepaTopa U Harpy3KH TaKUMU,
4TOOBI 331aHHast cxema (hrtbTpa cootBeTcTBOBasIa Ob1 MHY batrepBopra mimm Yebsbiiesa,
UMEIOIIIeH 3aJaHHbIe 3HaueHus d1eMeHToB Ly , C; u C; v 3HaueHne I0ImyCTUMON HepaB-
HoMepHOocTH ociabnenus ¢pusTpa B [1I1, paBHoe 3 1b.

st cunre3a cxembl @HY barrepBopra 3a1aHHOTO MOPSIKA U JOITYCTUMOM He-
paBaomepHocTH B [1I1 rcnonb3yem Tabmmity 2, 3 KOTOpOM BEIOMpaeM I 3aJJaHHBIX N 1
A A 3HaueHUss HOpPMUPOBAHHBIX AJIEMEHTOB CXEMbI HOPMAIM30BaHHOTO (pryibTpa batrep-

BOpTa 3-€ro nopsjKa:

c=c=10, 1, =20. (31)

3anuieM BhIPKECHUSI JICMCTBUTENIBHBIX 3HAYEHUN AeMeHTOB L, u () = C3

®HY yepe3 HaiiieHHbIE HOPMUPOBAHHBIE 3HAUEHUS THX 7K€ AJIEMEHTOB C MOMOIIBIO (hop-
My (26, 27):
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Rg
21 fo

L, Ci=keci=——m-c. (32)

2mfo Ro

LZ: k|'lz=

N3 (32) 3anmiieM BbIpaskeHus! CONPOTUBICHUsT R, dYepe3 eiCTBUTEIbHBIC U

HOPMHUPOBAHHBIC 3HAYEHUS AIEMEHTOB L, n (!

2T fo L,, R, = cl i. (33)

Ry = .
0 2nfy G

l2

IlepeMHOXMB MEKTy COOOM /1Ba BEIPKEHUS COIIPOTUBIECHUST Ry, TOITyYEHHBIE B
(33), u npeoOpa3oBaB MOIYYEHHBIH PE3YJIBTAT, MOTYYHM BBIPAKEHUE COMPOTUBIICHUS
R, 4epe3 HOPMUPOBAHHBIE U JICCTBUTEIIBHBIE 3HAUEHUA dleMeHTOB L, u () = C3

CHHTE3UpYyeMOro huibTpa:

_ L2C1
Ro = |Tc- (34)

AnanoruuHeM 00pazoM 13 popMyit (32) MOMKHO HOITYUYHTh JBA BRIPAKEHUS IS

9acToThl f :

cl

_Ro Ly —
fo = 2mL, fo= 2R Cy (35)

[epeMHOXHB MKy COOOM ITH BBIPOKEHHS YacCTOTHI f, , U3BJIEKAEM KOPEHb M3

MOJTYYE€HHOTO BhIpaykeHUsl. TakvM 00pa3zoM, moiryduM (GopMyITy JUisl pacueTa rpaHuYHON

4acToThl f, ToJockl npomyckanust OHY:

_ i Cllz
fo= 2m \/ Cily (36)

[ToyueHHOe 3HaYeHWE [, HA3BIBACTCS YaCTOTOW cpe3a, MOCKOJIBKY Ha ITOM Ya-

CTOTE, COOTBETCTBYIOIIECH BepxHei rpaHmdynHor yactore [II1 ®HY, ocnabnenue ero
JIOJDKHO OBITh paBHO 3 1b (9TO 3HaYeHHE ObUIO 33/1aHO YCIIOBUSIMH 33aHUsI HA CUHTE3
®HY). Xapakrepructuku ocnadnennsi Bcex @HY  barrepBopra pasHbBIX MOPSIKOB
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JIOJDKHBI IPOXO/IUTH Yepe3 TOUKY ¢ KOOpAMHATAMU: 4YacToTa f, -ocrmabieHune A A. 3Has
rpaanuHyto dactoty III1  f;, MOXKHO SKCHEPHUMEHTAIILHO OMPENEUTD XapaKTePHUCTUKY
ocnabieHust Bcero (puibTpa JUis pasHbIX Auarna3oHoB yacTotsl: 111 - mpu wactorax ot 0
1o 3HaueHust f, w13 - mpwm yacTotax oT f, 10 3HAYCHWs, paBHOTO . Y (HUIHLTPOB
barrepBoprta HeT yetkoro paznenenus [T u I13.

[Tpy cHATUM YaCTOTHOW 3aBUCUMOCTH padoyero ocnadieHust A, ®HY nHeobxo-
JIMMO YYHTHIBATh HE TOJIBKO OCIa0IeHNe CaMoro (UIIbTPa, HO U YYUTHIBATH HECOTJIACOBAH-
HOCTH: BHYTPEHHETO CONPOTUBIICHHUSI TEHEpaTopa BXOAHOTO HAMPSLKEHHUS M BXOJTHOTO CO-
NPOTUBIICHUSI QUIIBTPA, a TAKKE BBIXOJHOTO COMPOTUBIICHHS (PUIIBTPA U COPOTUBIICHUS
Harpy3KH.

Jlnist onpenienienust padoyero ocnadienust npumensiercst  Z- meron. [lpu ero uc-
HOJIb30BAHUM, HUMEIOLIMIICS TeHepaTop ¢ MPOU3BOJIbHBIM BHYTPEHHUM COIPOTHBIICHUEM
R nomkeH ObITh IpeoOpa30BaH B TEHEPATOP C MOCTOSIHHBIM BHYTPEHHUM COIPOTHUBIIE-
HHUEM, PaBHBIM CONPOTHUBJIEHUIO Harpy3ku ¢puinbrpa: R r= R H. Ilpu ncnons3oBaHuu
TAaKOTo TeHeparopa (uiIbTp OyZeT Harpy>KeH COIVIaCOBAHO JIBYCTOPOHHE: Ha BXoze - Rr
= Ry uHaBexone -Ru= Ry

ConpoTuBieHusi reHepaTopa U Harpy3Ki BEIOMPAIOTCSl pABHBIMU JIPYT APYTY U IMe-

IOLMHY 3HAYEHIE HOPMUPYIOIIETO COMPOTUBRIICHUST R !

Ru=Rr=R,. (37)

[Tpu 3ananHO¥ HepaBHOMepHOCTH ocnadnenus ¢puistpa B [II1 1 u3BecTHOM MM0-
psiake pribTpa HOPMUPOBAHHBIE 3HAYCHUSI AIEMEHTOB (prytbTpa barrepBopTa MOTYT OBITH
OIpeIeIICHBI C MOMOIIIBIO Ta0ymIb 2. Jlanee ¢ momotisio dhopmyi (34) u (36) BerauCIs-
10TCs 3HAUeHUsI R o 1 f{;, @ 3aTeM COCTaBIISIETCSI CXeMa OTpeiesieHust pabodero ocnalieHust

uccueayemMoro puwibTpa Z- METOI0M (pUcyHOK 11).
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;

Rr=Rg I
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2
Y Y
103 RH=R0
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2

~ ¢

Pucynok 11 - Cxema onpeznenenus pabouero ocnadiaenus PHY Z - metogom

PaGouee ociabnenne Ap GuiIbTpa IPH UCIIOJIB30BAHUU Z - METOAA PaCCUH-

ThIBAETCS IO popMyJie:

— Ul RH_ U1 U2 RH _
Ap=201g % [®= 201g50t - 201g-22 -201g 2+ 101g% =
=p1-p2-6+ta, (38)

rae U; , U, — BXOJIHOE U BBIXOJTHOE HAMPSDKEHUS, U3MEpsieMble BOJIbTMETpaMu V1
u Vo,
P1 ,» P2 — YPOBHH H3MepsieMbIxX Harpsikenuit U; , U, (B BoJbTax),
A - JOTIONHHUTENBHOE OClIa0JIeHne, 3aBUCAIIEE TOIBKO OT COOTHOIICHHUS BEJIH-

yud Rru Ru. B uccineagyemoii cxeme Rr = Ry (ciaemoBaTenbHO, A =

0).

B kauectBe 6a30BOro ypoOBHS, paBHOTO HYJIO, MPUHUMAETCS HANPSKEHUE
0.775 B, obecneunBatomiee B Harpy3ke 600 Om momrHocTs 1 MBT. Ecnu nanpsoke-
Hue 6ombine 0.775B, To ypoBeHb HaNPsHKEHUS TOJIOKUTEIBHBIN, €CJIM MEHBIIE, TO
— OTPULATEIbHBIN.

[Tpu u3mepeHusx yno0HO yCTaHABIMBATh HA BXOJIE CXEMbI HANIPSDKCHHE, PaB-
Hoe U; =0.775 B, torna p,; = 0. Ecau nmpu sTom cobaroaercst paBeHCTBO Rr =

Ry, TO pabodee ocnabienrne OyaeT BRIYUCTATHCS MO GOpMYyIIE:

33



Ap= -p2 - 6. (39)

JIist ynpolleHus: mpoleaypbl u3MepeHus paboyero ociadiieHus, Ha BXOJIe
CXEMbl YCTAHABJIMBAIOT HaNpsbKeHue, pasuoe U; = 1.55 B, npu atom p; =6 1b. B
ATOM city4yae pabouee ocinabiaeHue GuiIbTpa OTCUYUTHIBACTCS HEMOCPEICTBEHHO IO

IIKaJC BOJIBTMCTPA, UMCIOIICTO IIKATYy B I[CHI/I66J13.X:

AP = - pz . (40)

CrnenyeT OTMETUTBh, 4TO ocnadieHue A, OyneT paBHO OTPHULIATEIbHOMY 3Ha-
YEHUIO YPOBHSI Py .

Nrak, Ha BXxo/e reHepaTopa C MOMOINILI0 BOJIbTMETpa Vi yCTaHABIMBACTCA
HarnpsbkeHue 1.55B u nipu pa3inyuHbIX 4acTOTaX MPOU3BOJUTCA U3MEPEHHUE YPOBHS
BBIXOJIHOTO HanpsbkeHus: U,. 3HaueHue BXOJHOTO HanpsbkeHus Uy mpu 3TOM noa-
JIEPKUBAETCS TOCTOSIHHBIM ITPU KaXKJIOM 4acTOTE.

s cunre3a cxembl ®HY  YeObImeBa 3a1aHHOTO NOPSAAKA U AOMYCTUMOM He-
paBHOMepHOCTH ocabnieHus pwibtpa B I vicnonb3yercs Tabmuua 3, U3 KOTOpOu Jist
3a7aHHBIX N U A A BbIOMpArOTCS 3HAYEHUS] HOPMHUPOBAHHBIX AJIEMEHTBI CXEMbI HOpMa-

J3oBaHHOTO (prstbTpa YebbieBa 3-ero nopsika:

c1=c3=1.596, [, =1.097. (41)

Cxema ®HY YebObiueBa 3 nopsiaka Oyaer Takoi xe, kak u cxema ®HY Barrep-
BOpTa TaKoro *xe nopsaka. OTmmyre B JaHHOM cily4dae OyJIeT 3aKITFouaThCsl TOJILKO B 3Ha-
YEHUSIX HOPMHUPOBAHHBIX YJIEMEHTOB, @ COOTBETCTBEHHO B 3HAUEHHSIX CONPOTUBIIEHUS R
U YacTOTHI cpe3a f.

3Hasi HOPMUPOBAHHBIE U JEUCTBUTENBHBIE 3HaYeHUsI 37ieMeHTOB cxembl OHY Ye-

obreBa mo gopmyse (33) MOXKHO OINpPENENUTh 3HAYCHNUE CONPOTHBIICHUS Ry, py wc-
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TIOJTE30BaHUM KOTOPOT'O CXEMa MCCIIeIOBaHMs 3ajaHHoro GhmtbTpa (pucyHok 11) mpeBpa-
maercs B cxemy uccnenoBanuss @HY YeObmmea 3 mopsimka. 1o popmyre (36) MoxHO
paccumTaTh 4acToTy cpe3a f, moiydeHHoro (risTpa UeObiesa, a 3aTeM CHSITh SKCIIEpH-
MEHTAJIFHO XapaKTepUCTHUKY ocnabienns Gpunbtpa. Y duisTpa UebbImeBa yactota cpesa
fo ¥ BepXHssi TpaHUYHAS YAaCTOTA f; €TO IMOJIOCHI MPOITYCKAHUS COBIAIAFOT 10 3HAYCHHIO.
Takum 00pa3om, yCTAaHOBUB B HCCIIEyeMO cxeme conpoTuBieHnst Rr = Ry paBHble
HOBOMY HaiJIeCHHOMY 3Ha4eHHIO Ry , momydaeM cxemy uccienoanus @HY YeOriesa 3
MOPSIIIKA.

Bce pacueTsl B JaHHOM Cily4yae BBITOJHSIOTCS TAKUM K€ 00pa3oM, KaKUM OHU
npoBoauiuck npu currtesze PHY barrepsopra.

Pacuer cob6ctBennoro ocmabnenuss ®HY YeOrwimeBa npoBoautcs mo ¢op-
myne (21), a pabouee ocnabienue paccuntbiBaetrcs mo Gopmyse (40), kak U npu

uccienosannu @HY barrepsopra.

4 TloAroToBKA U NMOPSIAOK BBINOJIHEHUS JA00PaTOPHOH padoThI

[Ipu moATOTOBKE K BHITIOJIHEHHUIO J1a0OpPaTOPHOM pabOTHI CTYIEHTY HE00XO-
JTUMO:

- O3HAKOMUTBCSA C OMMKMCAHUEM JIAHHOU JTAOOpaTOPHOM pabOThI, YICHUTD 1IETTh
paboTHI,

- U3YYUTh OCHOBHBIC TEOPETUUYECKUE TIOJIOKECHHUS, PUBE/ICHHBIE B OTTUCAHUU
nabopatopHOi paboTHI,

- OTBETUTH Ha KOHTPOJILHBIE BOIPOCHI JJIS AOITYCKA K BBITIOJIHCHUTO U 3aITUTE
n1abopaTopHOI pabOTHI, TIPUBEACHHBIC B KOHIIE OMMCAHUSA,

- 03HAKOMHTHCS CO CXEMOH MPOBEACHUS HCCICIOBAHUS, HCIIOJIb3YEMbIMHU
npudopamMu U MOPSIKOM BHITIOJIHEHUS TA00PaTOPHOM pabOTHI.

Jy1st BBIMIOSTHEHUS TaOOpaTOPHOI pabOThl HA YHUBEPCATHLHOM JIA0OPATOPHOM
cTeHjie yueOHoM abopatopHoit ycraHoBkH TOLl HeoOxoarmo coOpaTh CXeMy CHH-

tezupyemoro ®HY 3-ero nopsaka (pucyHok 12):
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Pucynok 12 - Cxema ®HY 3-ero nopsiaka

K BxoaubM 3axumaM 1-1' nienu noakirouaeTcs reHepaTtop CHHYCOUIAILHOTO
Hanpsbkenus E v BoabT™MeTp Vi, a K BBIXOAHBIM 3aHMaM 2 - 2’ MOIKII0YaeTCs
Mara3uH CONPOTHBIIEHUN C BETMYMHONM CONMPOTUBIEHUS Ro , COOTBETCTBYIOLIETO
COMPOTHUBJICHUIO HArpy3ku Ry, u BombT™MeTp Va.

K 3axxumam 1-3 moakiiroyaeTcsi Mara3ud COPOTUBIICHUH, HA KOTOPOM YCTaHABIIH-
BaeTCs CONMPOTUBIIEHUE Ry, 5KBUBAJICHTHOE BHYTPEHHEMY CONPOTHUBIICHUIO UICalTb-
HOTO TeHepaTopa, BbIpabdaThiBatomemMy 3.1.c. E= Uj.

IIpu ucciaegoanuun @HY barrepBopra conportusiienue Ro, mpu koTopom

uccienyemas 1emnp (pucyHok 12) obmanaer croiictBamu ®HY barrepBopra, pac-

cuuTbiBaercd 1o gpopmyse (34):

L2C1
1,Cq

Ry =

rie C; =C3, L, - ucTuHHBIC (HOMUHAJIBHBIC) 3HAYCHUSI DJIEMEHTOB CXEMBbI (DUJIb-
Tpa,
C1, [, - HOpMHpPOBaHHBIE 3HAYEHUS HIEMEHTOB (PUIIHTPA, BEIOMpaeMbIe IS 3a-
JaHHOTO nopsiaka GuibTpa (N = 3) U 3a1aHHOM HEPABHOMEPHOCTH A
A =3 nb (tabmuna 2).
Hanee o dopmyne (36) ompenensieM 4acToTy cpe3a  f, HCCICTyeMOro

bunbTpa:
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1 Cllz

fO:E Cily

Jlo Havana NpoBeEHUs SKCIIEPUMEHTA 10 ONPEAEICHUI0 YaCTOTHON 3aBUCH-
MOCTH pabouero ocnabienus guibrpa barrepBopTa 3-ero nopsijaka ¢ moMoIbo Z-
METO/Ia COCTaBJIsIEM TaOIUILY 5, B KOTOPYIO OyIyT 3aHOCUTBCSI PE3yJbTaThl IKCIIE-
pUMEHTA.

Tabnuma 5 - Pe3ynbTaTsl 3KCIEPUMEHTATIBHOTO UCCIICIOBAHMS pa-
6ouero ocnabdnenus ®HY barrepopra

®HY barrepBopra, U; = 1.55B

f f, k' Ap, 1b
02 f,

04 f,

0.6 f,
[Iponomxenue TabaUIBI 5

08 f,
fo
15 f,
2.0 f,

3.0 f,

3Has 3HAYEHUS YaCTOTHI cpe3a f, , PACCUMTHIBAEM KOHKPETHBIC 3HAUYCHHMSI
4acToT f, MPU KOTOPBIX OyIeT MPOXOJAUTH UCCIICOBAHUE, i 3aHOCUM MX B TAOJIHITY
5. Jlns ynpoleHus npoueaypbl u3MepeHus pabodero ocinadaeHusl yCTaHABIMBAEM
Ha Bxone (unbTpa Hampspkenue Ui, paBHoe 1.55B, 4TO COOTBETCTBYET ypOBHIO
BXOJHOTO curHaja - pi=6ab. B atom ciyuae pabouee ociadiaeHnue GuiabTpa onpe-
nensiercst o gpopmyiie (40) U OTCUNTHIBAETCSI HEMTOCPEICTBEHHO IO COOTBETCTBYIO-
IICH 1Kaie BOJTMETPA, UMEIOIIETO KTy B JACIHOeax.

Nrak, Ha BBIXOI€ TeHepaTopa ¢ MOMOIILI0O MIJIJTUBOJIBTMETPA V1 yCTaHABIIH-
BaeTcsl HampsbkeHue 1.55B u npu pa3inuyHbIX 3HAYEHUSX YACTOThI, YKA3aHHBIX B
Tabauie 5, MPOU3BOMASITCS U3MEPEHUS] YPOBHs BhIXOAHOTO Hampspbkenus Uj. Tlpu
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3TOM 3HAYEHHE BXOJHOTO HanpsbkeHusa Up moanepKuBaeTcs NOCTOSHHBIM Ha BCEX
yacToTax. MI3MepeHHbIe 3HaUEHUSI YPOBHS BBIXOIHOI'O HANPSKEHUS, 3alIMCAHHBIE C
oOpaTHBIM 3HAKOM, TIPEACTABIIAIOT co00M pabouee ocnadienue ®HY barrepBopTa
¥ OHU 3aHOCATCA B TAOMUILy 5.

ITo aTuM nanHbIM cTpoutcs rpaduk padodero ociadieHus GuabTpa HIHKHUX
gactoT barrepsopra.

IIpu uccaegopannu ®HY YedbimeBa 3-ero nmopsiika nocie coopa Ha yHH-
BepcaJibHOM JlabopaTtopHoM cTeHie cxeMbl @HY 3-ero mopsiika K BBIXOJHBIM 3a-
KuMmaM 2 - 2" u 3akuMaM 1-3 MoJIKITF0YaroTCsl Mara3uHbl COMPOTUBIICHUH ¢ BEJTH-
YHHOM CONPOTUBIIEHUSI R, , pACCUUTAHHOTO [0 HOPMUPOBAHHBIM apameTpam (41)
¢unbpTpa UeOnimeBa. Jlanee paccunTeiBaeTCa 4acToTa cpe3a f, 0 HOPMUPOBAH-
HbIM napameTpam (41) ¢unbrpa YeObleBa, 1 Ha €€ OCHOBE 3aIOJHAETCS JIEBBIN
crojben Tabiubl 6, a OCTaJbHBIE CTOJIOIBI 3aMOIHIIOTCS IO pe3ysbTaTaM KOH-

KPETHBIX HMCCJENI0BaHUN paboyero ociabdieHus: GuiabTpa.

Ta6JII/II_[a 6 - P€3YJ'IBTaTLI OKCIICPUMCHTAJIbHOI'O UCCIICAOBAHUA pa6o-

yero ocinadonenus @HY YeorwiieBa

®HY Yeboimena, U; =1.55B
f RN Ap, 1b
02 f,

0.4 f,
05 f,
0.6 f,

0.867 f,

1/
15 f,

2.0 f,

30f,

3Has 3HaYEHUE YacTOTHl [ , 3aMOJIHSIETCS JIEBBIN CcTOJIOCI] TaOIUIIbI 6.
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Jlanee Ha BbIXOJ€ F€HEPATOPA C HOMOIIBIO MAJUIMBOJIBTMETPA V1 YCTaHABIMBAETCS
HanpspkeHue 1.55B u npu pa3nuyHbIX 3HAYEHUSAX YaCTOThI, YKa3aHHBIX B TaOIULE
6, TPOBOAATCS U3MEPEHUS] YPOBHSI BBIXOJHOTO HampsbkeHus U;. 3HaueHHne BXOJI-
HOTro HanpspkeHus: Uy moaaepkuBaeTcsi HOCTOSHHBIM Ha BCeX yacToTax. M3mepeH-
HbIC 3HAUE€HUSI YPOBHSI BBIXOJIHOT'O HANIPSHKEHUS, 3alTUCAHHBIE C OOPAaTHBIM 3HAKOM,
MpeACTaBIAIOT coboi pabouee ociabnenne ®HY YeOrwIeBa, KOTOpbIe 3aHOCATCS B
COOTBETCTBYIOIIHUNA CTOIOCI TAOIHIIBI 6.

[To >TiM TaHHBIM CTpoUTCs rpaduk padbodero ocnadieHust PUIbTPa HUKHUX
yacToT YeObIlieBa B 3aBUCUMOCTH OT YacTOTHI f.

4 JkcnepuMeHTAJIbLHOE omnpeneneHue padodero ociaadaenuss PHY n

aHAJIU3 MOJIy4YaeMbIX pe3yJIbTaTOB

Paccmotpum konkpetnbiit ipumep cuateza ®HY barrepBopTa u UeOnimeBa
1o paboyuM MapaMmeTpam M ornpeiesieHust pabodyero ociadieHus ITUX GUILTPOB.

Bbynewm cuutath, uto 3amana [1-o6pa3nas cxema ®HY 3-ero nopsiaka, umero-
11as CJIeIyoLMe napaMeTphbl:

C1=C3=2336 1D, L,=1.31wmIH.

Tpebyercst coctaBuTh cxemy ucciaeaoBanus 3toro ®HY 3-ero mopsiaka, Ko-
TOpBIN OO0namanm Obl YaCTOTHBIMU XapaKTepuctukamu ¢uiabTpa barrepBopTta u
ocilabyieHre KOTOporo Ha BepxHel rpannyHoit yactote I111, Obu1o Ob1 paBHO
3 nb.

3Has nopsiiok puiabTpa N=3 ¥ JOMYCTUMYIO HEPAaBHOMEPHOCTH OCIa0ICHUS
B I1I1, u3 Tabauue! 2 BIOEpEM 3HAUEHHUSI HOPMUPOBAHHBIX MTAPAMETPOB HOPMAJIA30-

BanHoro ®HY barrepBopra:

C1=C3= 1.0, |2 =2.0. (42)

ITo (34) onpenenum 3HaUYECHUE COMPOTUBICHUS R KOTOpoe MOIKHO OBITH
YCTaHOBJICHO Ha BXOJIe | BBIXoj€ (puiibTpa, uTo0s! 3amanubiii ®HY Ob11 Harpyxex

Ha BXOA€ U BbIXOJC COIJIaCOBAHO:
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Lycl [ 1.31%1073%1
1,€;  \ 2%2336%10~12

R, = =529.50M. (43)

Janee no (36) onpenenuM 3HaYEHUE YaCTOTHI cpesa fo:

-1 ’Cllz _ 1 21 _
fo_Zﬂ Cily 6.28\/2336*10_12*1.31*10_3 128.73 xI'm. (44)

[Tocne aTorO 3amoaHsAEeM JIEBBIN CTOJIOCI] TAOIUITEI 5 1 TToTydaeM Tabauiy 7,
B KOTOPYIO 3aHOCSITCS Pe3y/IbTaThl KOHKPETHOTO HCCIeI0BaHUs paboyero ociad-

nenust ®HY 3-ero nopsigka barrepropra.

Ta6JII/II_[a 7 - PGSYJII)TaTLI KOHKPCTHOI'O HCCICIAOBAHUA pa60qero

ocnabnenuss ®HY 3-ero nopsiaka barrepBopra

®HY barrepBopra, U; = 1.55B

f f, k' Ap, 1b
0.2 f, 0.761 -0.8
0.4 f, 1.522 -05
0.6 fo 2.284 0.3
0.8 fo 3.045 0.8

fo 3.806 2.5
15f, 5.709 11.0
2.0 fo 7.612 18.5
3.0 fo 11.418 28.0

Hanee B cxeme ®HY 3-ero nopsinka (pucyHok 12) ycranaBiuBaem Ha BXOJ-
HOM U BBIXOJIHOM Mara3uHax CONMpPOTUBIICHUIN BennunHy 529.5 OM 1 HaUMHAEM HKC-
nepuMeHT. Ha renepaTope yctaHaBiuBaeM NepByro 4acToTy 25.75 kI'11 1 BEIXOJIHOE
Hanpspkenue U; = 1.55 B. [lo mkane BoapT™MeTpa V2, IPpOrpagyupoOBaHHON B ELU-

Oenax, ompenessieM YPOBEHb BBIXOJHOTO HAMPSHKEHUS U COOTBETCTBYIOIIEE MY
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ociabnenne ®HY. [lonydyeHnHbie 3HAaUCHHS OCTA0JICHUS 3aHOCHM B COOTBETCTBYIO-
U cTONOEI] TaOmuIbl 7. DKCIEPUMEHT MPOBOINM TSl BCEX 3HaUECHUN YaCTOTHI,
yKa3aHHbIX B Tabnuie 7. [lo moiydeHHBIM 3HAYEHHSIM 4YacTOThI M OCiIabJIeHuUs

cTpouM rpaduk 3aBucuMocTH pabouero ocnadbnenuss PHY 3-ero nopsiaka barrep-

BOpTa OT 4acTOThI (pUCYHOK 13).

0 T T T T T T 1
0, 1,522 2,284 3,045 3,806 5,709 7,612 11,418

JALUT!

Pucynok 13 - I'paduk padouero ocnabnenuss ®HY bartepBopra 3-ero mopsaka
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AHanornunele uccnenoanus nposoaum a1 @HY 3-ero nopsiaka YeObl-
nieBa. Bce ucxoHple JaHHbIE 33aHUSl OCTAIOTCA NPEKHUMH. 3Ha4Y€HHUSI HOPMHUPO-

BaHHBIX MapamMeTpoB puiibTpa YebsleBa 3-ero mopsijika BbIOMpaeM U3 TaOJIULIBI 3:

cC1=¢C3= 3.349, |2 =0.712.
3HaueHus COIPOTUBIICHUI HArpy30K Ha BXOJIE U BBIXOJIE (1)I/IJIBTpa paccYnuThbI-

BaJIOCh MO TOM ke popmyiie, uto u ana Gunstpa barrepBopra:

Lpcl [ 1311073 3.349
1,Cq 0.712%2336%10712

R, = = 1624 Owm.

YacroTa cpe3a IJId (bPIJII)Tpa YeOplleBa cocTaBmIa CICAyronecc 3Ha4YCHUC:!

1 cll 1 3.349+0,712
fo=— |—= = — — = 140.6 T’ .
21 A C1L, 6.28 1/ 2336%10712%1,31%10~3

3Has 3HAYCHUS YaCTOTHI Cpe3a, 3all0JIHACM JIBa CTOJ'I6]_Ia Ta6JII/II_[I>I 6 u IMoJay-

yaeMm TaOiuIyy &, KyJa 3aHOCHM pe3yibTaThl IPOBOJUMOTO Jajee UCCIETOBAHUS
¢unbTpa Yeobiena.
Tabnuua 8 - Pe3ynbTrarhl KOHKPETHOTO HCCIENOBaHUS paboOyero

ocnabnenuss ®HY 3-ero nopsiaka YeObiiiena

®HY Yeboimea, U; =1.55B

f RN Ap, 1b
0.2 f, 0.831 0.7
0.4 f, 1.662 2.4
0.5 fy 2.078 2.5
0.6 fo 2.494 2.2
0.867 fy 3.603 0.7
fo 4.156 3.7
1.5 fy 6.234 195
2.0 fo 8.312 28.0
3.0 fo 12.468 40.0
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Hanee B cxeme ®HY 3-ero nopsinka (pucyHok 12) ycraHaBnuBaeM Ha BXOJ-
HOM M BBIXOJHOM Mara3mHax CONMpOTUBIICHUI BenuuuHy 1624 OM 1 HaYMHAEM HKC-
nepuMeHT. Ha renepaTope ycrtanaBiuBaeM mepByro yactoty 28.1 k' 1 BBIXOHOE
HanpspbkeHue U, = 1.55 B. 1lo mkane BosbT™MeTpa V2 , MPOTpayupPOBAaHHOM B JICLIH-
Oenax, OmpenessieM YPOBEHb BBIXOJHOIO HAMNPSIKEHUS U COOTBETCTBYIOIIEE EMY
ociabnenue ®HY. TlomydyeHHble 3HaueHUs OCIabJIeHUs 3aHOCUM B MPaBbIi CTOJI-
oer TabauIpl 8. IKCIEPUMEHT MPOBOANM ISl BCEX 3HAYCHHM YaCTOTHI, YKa3aHHBIX
B Tabsuiie 8. [1o mosydyeHHBIM 3HAYEHUSIM YaCTOTHI M OCJIA0JICHHUST CTPOUM IpaduK

3aBUCUMOCTH padouero ocnadnenuss PHY 3-ero nopsaka YeOblmeBa OT 4acTOTHI

(pucynox 14).

30

25

20

15

Ap, oAb

10

0 | T ‘ T T ‘ |

0,831 1,662 2,078 2,494 3,603 4,156 6,234 8,312
f, Ky

Pucynok 14 - I'paduk pabouero ocnadbnenus @HY 3-ero nopsnka Yebsbiesa
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Jlnisg cpaBHEHUsI MEXIy cO0OM XapakTepUCTUK pabodero ocinabieHUs: JBYX
¢GuIbTPOB HA pUCYHKE 15 mpencTaBiIeHbl BMECTE XapaKTEePUCTUKU pabouero ociaod-

nenuss ®HY 3-ero nopsaka barrepopTa u UeOrnIiena.

|
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9
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S 4 ) - " LA {14

Pucynok 15 - Xapakrepuctuku padbouero ocnadnenuss ®HY 3-ero nopsiaka bat-
TepBopTa U YeObIIeBa
B pesynbrare npoBeAeHHBIX MCCIAEAOBAHUI OBLIO 3KCHEPUMEHTAIBHO MOA-
TBEPXAECHO, YTO B LIENU C PACIPEACIICHHBIMU TapaMETPaMH TP MOJAa4Y€ HA €€ BXO/L
CUHYCOUJATBHOTO HAMPSYKEHUSI BOSHUKAET Maaroiasi, a Mpy OMpeeNIeHHbIX yCIIo-

BHAX W OTpAKCHHAsA BOJIHA HAITPSXKCHUA.
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B 3aBucumoctu oT 3HaueHUs Harpy3Kd Ha BbIXOJ€ JMHHM B HEW HaOmona-
IOTCS CJIEIYIOIUE PEKUMBI paOOThI: PEXKHUM XOJIOCTOTO X0/a, PeKUM KOPOTKOTI'O 3a-
MBIKaHHUs, PEXKUM COIVIACOBAHHOW HArpy3Ku. bbUIM pacCMOTPEHBI U UCCIIEIOBaHBI
BCE€ 3TU PEKUMBI paOOTHI B HCKYCCTBEHHOM IJIMHHOM JINHUU ¢ MAJIBIMU OTEPSMHU.

[TonpoOHO HccnenoBaH pekKuM CToA4YEH BOJIHBL. BHU3yanbHO MOATBEPAKAECHO
o0pa3oBaHME CTOSIYMX BOJIH B JIMHUU IIPU XOJIOCTOM XO/I€ U KOPOTKOM 3aMbIKaHUH,
KOI'ZIa IPOUCXOAWIO TIOJIHOE OTPAKEHUE MANAIOIIEH BOJIHBI OT KOHIA JIMHWH.

OKCIEPUMEHTAIBHO NTOATBEPKIAECHBI TEOPETUUECKU YCTAHOBIICHHBIE 3aKOHBI
pacrpeneneHus HanpspKEeHUs BAOJb TAKOM JIMHUU B PEXKUME CTOSYEH BOJIHBI IIPU
XOJIOCTOM XOJI€ M1 KOPOTKOM 3aMbIKaHUU. CHATHI TpaUKU paclpeaeieHus] Hamps-
YKEHHUs BJOJIb JINHUU B ITUX PEKUMaX.

HccnenoBan pexxum Oerymei BoiaHbl. [loATBEpKI€HO OTCYTCTBHE B JIMHUHU
OTPaXEHHOW BOJIHBI IIPX COIVIACOBAaHHOM Harpyske. [IokazaHo Takxke, 4TO B 3TOM
pEKUME BOJHOBOE COIPOTUBIICHUE JIMHUM CTAHOBUTCS YMCTO AKTUBHBIM, TAK Kak
OTCYTCTBYET CIBHT (pa3 MeXAy HANPSHKEHUEM U TOKOM I10 BCEW JUIMHE JIMHUU.

HenonHoe coBmageHne npu pa3inyHbIX peKUMax padOThl JTUHUM €€ aMIUIH-
TYAHO-YAaCTOTHBIX XAPAKTEPUCTHUK, PACCUUTAHHBIX TEOPETHUECKU U MOJYYEHHBIX
HKCIEPUMEHTAIBHO, OOBICHIETCS HAJTMUUEM OIPEIETICHHBIX TOTEPh B JIMHUU U T10-
I'PELIHOCTHIO MOKA3aHUM OTIENbHBIX U3MEPUTENBHBIX MPUOOPOB, UMEIOIINX OMpe-

HCHCHHBIﬁ KJIaCC TOYHOCTH.

5 CoaepxaHue oT4yeTa 1o Jad00paTopHoOil padoTe

B oTuere o uToram BhIMOIHEHUS JTAOOPATOPHOM pabOTHI TOJKHBI OBITH TPU-
BEJICHBI:

- HAaMMEHOBAHME U 1IEJIh JIA0OPATOPHOM PabOTHI,

- CTPYKTYPHBIE CXEMbl AJIEKTPUUECKUX (UIBTPOB, NMpeIHAa3HAYCHHbIC IS
IIPOBEJICHUSI HCCIIEJOBAHUSA, C YKAa3aHUEM BCEX UX 3JIEMEHTOB, BKJIIOYAs U3MEPHU-

TCJIBbHBIC HpI/I60pBI U UCTOYHHUK ITUTAaHUA,
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- MaTeMaTUYECKUI arrapar, HCIIOJIb30BaHHBIN IIpHU IMOATOTOBKEC K IIPOBCAC-

HUIO MCCIIEIOBaHUs U 00pabOTKeE MOJIyUYE€HHBIX PE3yIbTaTOB,

- PC3YyJIbTAThI I/IBMCpeHI/IfI, IMOJTYYCHHBIC B ITPOLCCCC SKCIICPUMCHTOB, a4 TAKIKC

UTOTOBBIC PE3yIbTAaThl 00PAOOTKMU MOMYyYEHHBIX M3MEPEeHUH, 0(hOpMIICHHBIE YKC-

JICHHO U rpaduyecKue,

- BBIBOABI O PE3yJibTaTaX IIPOBCACHHBIX HCCHeﬂOBaHHﬁ.

6 KOHTpOJIl)HbIe BOIIPOCHI JIA J0IIYCKA K BBINNOJTHECHUIO naﬁopaTop-

2 A

bunbTp?

bunbTp?
9.

10.

HOM padoTHI

UYro Ha3bIBaeTCs INEKTPUYECKUM QUIBTPOM?

Ha xakue o0nacTu 1eauTcs BECh YaCTOTHBIA JUana3oH (GUiIbTpoB?
Kakue ¢punbTpbl Ha3bIBAIOTCS MOJUHOMUAIBHBIMU?

Kak knaccuuuupyrorcs puiabTpbl M0 H0JI0CE MPOITyCKaHUs?

Yro Takoe noJsioca npornyckanus Guibtpa’?

Yro Takoe nosoca 3aaepKuBaHus GuiIbTpa?

CKOIBKO MOJI0C IIPOITyCKaHuA MOKCT HUMCTb MOJIMHOMHUAIbHBIN

CKOJIBKO I10JIOC 3aACPKUBAHHUA MOXKCT HMCTb MOJITMHOMHUAIbHBIN

Kakue TpeGoBanus NpeabsBIsSIOTCS K GUIbTPAM HUKHUX YacTOT?

Kaxoit Bu nMeeT xapakTepucTuka ociadiaeHus: PuibTpa HIKHUX Ya-

crot (PHY) barrepBopra?

11.
12.
13.
14.

Kakoit Bug umeet xapakrepuctuka ociadiaenuss ®HY YeOrrena?
Yrto Takoe mopsI0K MOJTMHOMHAAIILHOTO (GUIbTpa?
YTto Takoe peakTUBHBIN HUIBTP?

Kak cBsi3aHO KOJIMYECTBO 3JIEMEHTOB B CXEME ITOJTMHOMHUAIBHOT'O pCakKk-

TUBHOTO (PUIIBTPA C €ro MopsAKOM?

15.
16.

Uro Takoe cuHTe3 GuabTpa’?

Urto Takoe paboune mapameTpsl GUIbTPA U CKOJIBKO UX?
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17.

Yro Takoe K03()PUIMEHT HEPaBHOMEPHOCTH OCJIA0JIEHHs B TMOJIOCE

npornyckanus GuibTpa?

18.

Kakoil BeaumuuHbl JOJKEH ObITH KOI(DPUIMEHT HEPaBHOMEPHOCTHU

OCJIa0JIEHHSI B TI0JIOCE MPOIYCKaHUs?

19.

Kaxk mensercs rpaduk ocnabiaenus @HY barrepBopTa npu naMeHeHUN

nopsijika puibTpa’?

20.

Kak nm3mensiercs rpaduk ocnadienns ®HY YeOrimera npu n3MeHEHUH

nopsijika puibTpa’?

21.
22,
23.
24,

noyemy?

25,
26.
217,

Yrto Ttakoe ocnabneHue?
B kakux enuHuUIaX U3MepsieTcs: ociadiieHue?
UYro Takoe nepenarouyHast GpyHkuus Guibtpa’?

Kakoil ocnabienue AOMKHO OBITH B MOJIOCE MPOIyCKaHUsl GUIbTpa U

Kakoe ocnabiienue 10KHO OBITh B TIOJIOCE 33JI€PKUBAHUS U IOYeMY?
YeM OTIMYAIOTCS TACCUBHBIE (DUIIBTPHI OT AKTUBHBIX (DUIBTPOB?

YeM oTiImyaroTcs PCAIBHBIC q)HHBTpBI OT NACAJIBHBIX (1)I/IJIBTp0B?

8 KoHTpoJibHbIE BONPOCHI IJIf1 321U THI JIa00pPaATOPHOI padoThI

A o

UTto Takoe CHHTE3 PIEKTPUIECKOTO (hUIbTpa?
Kakumu metogaMu MOXHO CUHTE3UPOBaTh GUIBTP?
YTto Takoe HOpMHUPOBaHUE TTapaMeTpoB HHIIbTpa?
Yro Takoe AeHOPMUPOBAHUE DJIEMEHTOB (hUIbTpa?

Yro Takoe GUILTP-MPOTOTHUIT?

6. Kak mosnyunts cxemy (uUIbTpa BEPXHUX YACTOT 3HAs CXeMy (PUIbTpa-Tpo-

ToTtumna?

7. 3anuiuuTe BhIpakeHue KodduireHTa pacupocTpaHeHus JUisl TUHUH C T10-

TepsIMU U 0€3 TTOTEPb.
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8. 3anumuTe TenerpadHbie ypaBHEHUS TUHUY U1 ONIpeIeJIeHHs TOKa U HAaIpsi-
YKEHUS B JIMHUU B TOYKE, OTCTOSILIEH HA ONPEIEIEHHOM PACCTOSHUM OT KOHIIA JIH-
HUMU.

9. C kakoil CKOPOCTBIO PACHPOCTPAHSACTCS JICKTPOMArHUTHAsT BOJHA BIOJIb
JVMHUAA?

10. 3anummure popMyity s pacyeTa JUIMHbBI BOJHBI B TMHUU.

11. 3amumure hopmymy s pacuera (Ha3oBoi CKOPOCTH BOJHBI B JIMHUMU.

12. JlatiTe onpenenenue (Ha3o0Boil CKOPOCTH BOJIHBI B JINHUU.

13. Kak onpeaenuts 4acTOTy JICKTPOMAarHUTHOTO KOJIEOAHHS, TIPH KOTOPO B
VCKYCCTBEHHOM JUIMHHOW JIMHUM YJIOKUTCA Leask JJIMHA BOJIHBI.

14. Hapucyiite 1 00bsicHUTE PU3NUYECKU IPAPUK pacipeieIeHHs] HallPsLKEHUS
(TOKa) BIOJIb JIMHUU, PA30MKHYTOM Ha KOHIIE.

15. Hapucyiite u 00bsacHUTE GU3NYECKU TpapUK paclpeieICHUs HAIPSKEHUS
(TOKa) BAOJb IMHUH, 3aMKHYTON Ha KOHLIE.

16. HapucyiiTe u 00bsicHUTE GU3HUECKH rpaduK pacupeeeHus: HalpsHKeHUs
BJI0JIb JIMHUU C COIVIACOBAHHOW Harpy3Koi.

17. Hapucyiite n 00bsicHUTE GU3HUECKH rpauK pacnpeeseHus: HalpsKeHUs
BJI0JIb JIMHUY IIPU HE COTJIACOBAHHOM Harpys3ke.

18. B xakom pekume 1o JIMHUY NEPEIACTCs aKTUBHASI MOIIIHOCTh?
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