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OIIMCAHME JJABOPATOPHOI'O CTEHIA

VY4eOHbIll  J1a0OpaTOpPHBIA  CTEHHI «YCTpPOMCTBA TI'E€HEPUPOBAHUS U
dbopMupoBaHUsS CUTHAJIOB» paspabotran [lenTpom «YueOHas TeXHHKA B
TenekoMmyHuKkanusx» — npu  Cankr-lIletepOyprckoM  rocynapcTBEHHOM
YHUBEPCHUTETE  TeJeKOMMYHHKanuii  uM. npod. M. A. bornu-bpyesuua mipu
yaactun Kadeapsl pamuonepenarommx yctporictB MTYCH. JlabopatopHbrit
CTEHJI COJEPKUT KOMIUIEKC MU3MEPUTEIIbHOM amnmapaTtypbl U CMEHHbIC OJIOKU —
MaKeThI, TTO3BOJISIONTUE BHITIONHSATH HECKOJIBKO J1a00paTOPHBIX paboT.

JIuueBasi cTOpOHA YCTAHOBKM MMEET TPU MAHENH, JIBE U3 KOTOPBIX (JieBas U
npaBasi) SIBJSIIOTCSL CTallMOHAPHBIMU UM COJEp>KAaT Ha0Op H3MEPUTEIbHBIX
npuOOpOB, a CPeAHsISI TaHEIb BMECTE C YCTAHOBJICHHBIMU HA HEW 3JIEMEHTaMH U
wiataMu (MMeHyemasi CMEHHBIM OJIOKOM) SIBJISIETCS CHEMHOM W MPEACTABISET
co0oit 1abopaTOpHBI MakKeT, COOTBETCTBYIOIIMM OINpPEACIICHHON 1abopaTopHOi
pabore. CopepkaHue BBIMOTHAEMON J1a0OpaTOpPHONW padOTHl OMpEaEIIETCS
BUJIOM YCTAHOBJIEHHOTO CMEHHOTO OJIOKa.

Ha neBoit manenu jabopatopHoro cteHaa (puc. 1) pacmnoaoKeHsbl:

reHeparop pagauoyactoTsl (reneparop BY);
reHepaTop 3BYKOBbIX 4acToT (reHeparop HY);
TE€HEPaTOp UMITYJIbCOB.

Ha npaBoii manenu 1abopaTopHOTro cTeHAa (pUC. 2) pacloIOKEHBI:
KHOIIKa BKJIFOUEHUS/BBIKITIOUeHHS] ycTaHOBKH «CETby;
4aCTOTOMED;

CEJICKTUBHBIN aHAMU3aTOp CIEKTpa (CEJICKTUBHBIN BOJIBTMETP-
aHaau3aTop);

KOHTPOJIbHBIN BOJIBTMETP;

BHEIIIHUI JOMOJHUTEIbHBIA NUCTOYHUK HANIPSIKEHUS CMEIICHUS;
BCTPOCHHBIN TECTEP (MYJIBTHUMETD).
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Puc. 1. JleBast manenp 1a00paTOpHOTO CTEH 1A
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Puc. 2. IIpaBas manens 1a00paTOpHOIroO CTEHAA

JlaGopaTopHbIil  CTEHJ COJEPXKUT OCHOBHBIE HCTOUYHMKHA IUTAHMUS,
o0ecreynBaroye HE0OXOAMMBIMH HanpsHKEHUSIMU BCTPOEHHBIE
U3MEpUTENIbHBIE TPUOOPHI CTEHIa U CMEHHBIE 0JI0KH Ja00PATOPHBIX MAKETOB.

JIOMIOJIHUTENBHO /I8 TPOBEJAEHUS JIaDOpaTOpHBIX padboOT HEOOXOAUM
ocrsuiorpad.

[TonpoOHOe omnucaHue KOHKPETHBIX JIAOOpAaTOPHBIX MAaKETOB (CMEHHBIX
0JIOKOB) TIPUBEACHO HWXE, MPU OMUCAHWUU COOTBETCTBYIOIIUX JIa0OPATOPHBIX
paboT. 31ech XK€ MPUBOAATCA KpaTKUE OMHCAHUS M3MEPHUTEIbHBIX MPUOOPOB,
pPacnoJIOKEHHBIX Ha JIEBOW U MPaBOil MaHeNax 1abopaTOpHOro CTEH A.

I'enepatop pamamouacrorel (I'emepatop BY) (puc.1) mumaBHO
MEepPECTPAUBAETCS MO YacTOTe (IIPH NOMOILM pyYeK rpy0oil 1 TOYHOW yCTaHOBKHU
4acTOThI) B TPEX MOJauana3oHax, kI i:

1) 435-600;

2) 880-1200;

3) 1310-1785.

BrixonHas wacTtoTa reHepaTopa MOXET OBITh NMPOKOHTPOJIUPOBAHA MPHU
NOMOIIM YacTOTOMEpA, pACHOJIOKEHHOTO Ha MpaBold NaHeNu. BbIxogHoe
HaIpsDKEHHE TeHepaTtopa IUIaBHO perynupyercs pyukor «AMIUJINTYJA» B
npenenax ot 0 mo 5 B. MHaukanusa BBIXOAHOTO HAMPSIKEHUSI OCYIIECTBISAETCS
BCTPOEHHBIM CTPEJIOYHBIM HMHAMKATOpOM. B reHepatope mnpegycMoTpeHa
aMIUTATYAHAsS MOJIYJISIUS, KOTOpask MOXET OCYLIECTBIIATHCSA KaK MPU MOMOIIH
BCTPOCHHOI'0 TeHeparopa 3BYKOBOW wyacToThl (reHepatopa HY), Tak u oT
BHEIIIHEr0 MCTOYHHMKA. ['yOMHA MOAYJSILMU ONpEeNeisieTcss YPOBHEM CHUTHala
3BYKOBOM YaCTOTBHI.



I'enepatop 3BykoBoii w4acrorhl (I'enepatop HY) (puc. 1) mnnaBHO
nepecTpauBaeTcs Mo 4yacTore (MpU MOMOIIU PydeK rpy0oil U TOYHOW YCTaHOBKH
4acTOThI) B UEThIpEX Mojuana3onax, kl'u:

1) 0,02-0,2;

2) 0,2-2;

3) 2-20;

4) 20-150.

['enepaTtop nMeeT BCTPOCHHBIN UHIWKATOP BBIXOJHOM 4acTOThI. BeIxomHoe
HaIpsDKEHUE TEeHepaTopa IUIaBHO perynupyercs pydkod «AMIIJIUMTYIA» B
npenenax or 0 1o 5 B Ha rue3ne «0 nb». Maaukanus BBIXOAHOTO HAIPSKEHUS
OCYILECTBIISIETC BCTPOEHHBIM CTPEJIOYHBIM BOJBTMETPOM. [l momydeHus
0oJiee HU3KUX YPOBHEUW BBIXOJHOTO HANPSDKEHMS, TPEIYCMOTPEHBI BBIXOJHBIC
rae3na «—20 nb» u «—40 nby.

I'enepaTop MMIyJbCOB MO3BOJSET (POPMHUPOBATH IOCIEIOBATEIBHOCTH
TPEYroJibHOM (MMJI000pa3HON) U TPSIMOYTOJbHOM (MeaHzp) (opMm € IJIaBHO
pEryJIupyeMoi 4acTOTON clieJoBaHus (4acTOTON mepBoii rapmMoHukm) ot 380 '
10 2 kI’ ¥ I1aBHO perynupyemMsIM pa3maxoM B mpeaenax ot 0 1o 5 B.

YacroTromep mnpeaHa3HAYeH ISl U3MEPEHUS YacTOThl PaJMOYACTOTHBIX
HanpsbkeHuil. [IpuGop umeet Tpu pexxnma padotsl. B pexume « BHELLD mpubop
WHIUUUPYET YacTOTy HANpsDKEHUs, I10/1aBaéMOr0 Ha BHEIIHUWA  BXOJ
gactoromepa. B pexxnme «I BU» — gacToTy HanpspKeHUsT Ha BBIXOJIE TEHEpATOpa
BY. B pexume «AHAJIM3ATOP» — paboTaer COBMECTHO C CEJIEKTUBHBIM
AHAJIM3aTOPOM CHEKTpa W HHIMIUPYET NPUBEICHHYIO 4YacTOTYy HACTPOMKH
(uIbTpa CENEKTUBHOIO aHAM3AaTOPa CHEKTpa.

CeJlIeKTMBHBIN aHAJIM3ATOP CHEKTPA MO3BOJIIET BBISIBUTH CIIEKTPAJIbHBIE
COCTABJISIFOLME HCCIIEAYEMOI0 HampspKeHUs (IOCTYyHAroUIero Ha €ro BXOn),
U3MEPUTh MX YaCTOTYy M OTHOCUTENIBHYIO aMIUIMTYLy. B OCHOBe aHamu3aropa
UCIIOJIb30BAH CEJICKTUBHBIN BOJBTMETpP. JlMama3oH NepecTpoMKH aHain3aTropa
cnektpa 420-490 x['n. Jluama3oH BXOJHBIX HampspkeHWW anamuzaropa 0,1—
1,0 B. BeixogHoe HampspKeHHUE aHalU3aTopa CHeKTpa MOJAeTCs Ha CTPEIOYHBIN
BOJITMETpP, PACHOJIOXKEHHBIH IpaBee MpuOoOpa Ha MpaBOil MaHEIU CTEHJa
(puc. 2), a yactota HaCTpPOUKH (PUKCHUPYETCS HAa 4aCTOTOMEpPE, BKIIOUYEHHOM B
pexume «AHAJIM3ATOPy». Hactpoiika cenekTuBHOrO (UibTpa aHaau3aTopa
OCYUIECTBJISIETCS. pydyKaMu TIpyOOl M TOUYHOM ycTaHOBKM wyacToTel. Ilepen
HayajioM paldOThl C AHAIMU3ATOPOM CIEAYET NPH OTCYTCTBHM CUTHAJIa Ha €ro
BXOJIE PYYKOW YCTAHOBKM HYJsl JOOUTHCA HYJEBBIX IMOKAa3aHUN BHEUIHETO
WHIMKATOpa — BOJbTMETpa. Ha ciydail meperpy3ok Ipu H3MEpPEHUsAX Ha
aHAIM3aTOPE TAKKE MPEAYCMOTPEHA PyUKa OTPAaHUYEHHS UyBCTBUTEIBHOCTH.

Berpoennbiii  Tectep (MYJbTHMETP) TO3BOJSIET H3MEPUTh TOKU W
HaIpsHKEHUST B Pa3IMYHBIX TOYKaX CMEHHOro Onoka. [lutanme mynbTUMeTpa
IIPOU3BOAMUTCS OT BBIIPSIMUTEINS] YCTAHOBKH.

JIONOJTHUTENbHBI  MCTOYHMK  CMELIEHHUS  TO3BOJSIET  MOJy4YaTh
BCIIOMOTaTeNbHbIE HANpsDKEHUsT Il CMEHHbIX OjokoB. Ero BeIxogHoe



HampsDKEHUE  PEryjupyeTcs  pydkaMd  YCTAHOBKM  HAIpsSOKEHUs |
KOHTPOJUPYETCS MYJIbTUMETPOM.

PABOTA C AHAJIM3ATOPOM CIIEKTPA

Ananuzarop cnekrpa (AC) npencraBisieT cOO0W CENEKTUBHBIM BOJIBTMETP
TETEPOIMHHOTO THUINA C Y3KOW IMOJOCOW mpomyckaHus. JlIg BKIFOUEHUS
aHaJIM3aToOpa CHEKTPa HEOOXOAUMO BKIIOUHTH MUTAHUE YACTOTOMEPA Ha MPABOM
CTallMOHAPHOM MaHenu J1a00paTOpPHON YCTAaHOBKH W TIEPEBECTH €T0 B PEKUM
«AHAJIM3ATOPy. Ilpu 3TOM Ha WHOUMKATOPE YacCTOTOMEpPA BBICBEUHMBAETCS
4acTOTa HACTPOMKHM CEJEKTHMBHOTO BOJIbTMETpA. HacTpoilka CeneKTHBHOTO
BosbTMETpa u3MeHsierca peryiastopamu «HACTOTA — rpy0o — TOUHOY.

AHaIM3UPYyEMOE HAIPSKEHUE IOJACTCs Ha BXOJ AaHAIM3aTopa CIIEKTpa.
[Ipu coBnagennu yactoThl HACTPOUKU AC U 4aCTOTHI KAKON-JIMOO CIIEKTPaIbHON
COCTABJLSIIOLIEN  AHAIM3UPYEMOIO  HANpPSDKEHMS  OTKJIOHSETCS — CTpEJIKa
BOJITMETPA, PACIIOJIOKEHHOIO IpaBee MHAMKATOpa dactoromepa. OTKIOHEHUE
CTPEJIKM  INPONOPUUOHAIBHO  aMIUIMTYJE CHEKTPAJIbHOW  COCTaBJISAIOLIECH.
UysctBurenbHocTh AC u3mensercs peryisaropom «HYBCTB.», uyTo nmo3Bosier
ONPENECIUTh COOTHOLICHHE AMIUINTYJ CIEKTPAIBHBIX COCTaBIAIOIIMX B
UCCIIEAyEMOM CUTHAJIE. BOJIBTMETp 3allMINEH OT IEPErpy3KH, YTO IO3BOJISIET
IIPOU3BOJIUTH IOMCK CIIEKTPAJIbHBIX COCTABISAIONINX AHAJIM3UPYEMOTO CHTHAJIA
IIPYU MAKCUMAJIBHOW 4yBCTBUTENBHOCTU AC.

AC wnmeer cxemy «3axBara W yJepxkaHus» 4acTtoTel. [Ipu coBmamenun
4acTOTbl HACTPOUKU AC M 4acTOThl KaKOW-TMOO CIEKTPATbHON COCTaBIISIOLIEH
AHAJIM3UPYEMOTO HANpPSDKEHHWs CXE€Ma YMEHBIIAET BO3MOXXHOCTH PY4YHOH
nepecTpoiiku 4actoTel AC, 4TO B 3HAUUTEIBHON CTENEHU O00JIEr4aeT TOYHYIO
HAaCTPOWKY Ha YaCTOTY CIIEKTPAIBHOM COCTaBIISIOLIEH.

B mo6oM ciyyae nepes MpoBeleHUEM CHEKTPAIBLHOTO aHaIN3a JKeIaTeNIbHO
YETKO TPEJICTABIATh CHEKTPAIBHYI CTPYKTYpPy TOIO CHUIHajla, KOTOPBIN
[IOJIBEPTaeTCsl aHAIU3Y.

ANTOpUTM NPOBEJIEHUS CIIEKTPAJIBHOTO aHAIU3A.

1. Perymaropom «HYBCTB.» YCTaHOBUTH MAaKCHMAaJIbHYIO
gyBcTBUTENbHOCT AC. Perymstop «HACTOTA — rpy0bo» yCTaHOBUTH B
KpalHee JIEBOE MOJIOKEHHUE.

2. Perynaropom «YCT. 0» yCTaHOBHUTBH CTPEIIKY BOJBTMETpPA Ha HYJIEBOE
JEJEHUE IKAJIBI.

3. [Tomate Ha Bxoa AC aHanu3upyeMOe HaNpsKEHUE.

4. Mennenno Bpamas perynsatop «YACTOTA — rpybo» mo yacoBoi
CTpeJIKe, JIOOUTBhCS OTKJIOHEHMSI CTPEIKH BOJIbTMETpa. 3amucaTb YacTOTy
CIIEKTPAJIbHOW COCTABJISIOLICH.

5. Takum 3xe o00pa3oM BBIIBUTh YacTOTHI BCEX CIEKTPAIBHBIX
COCTaBJIAIONINX, HAXOIAIIUXCA B Juamna3zoHe mnepectporku AC. 3anucath uX
Y4acTOTBHI.



6. IloBroputh ananmu3. Ilpu oOHapyXeHHH OYEPEIHOW CHEKTPaIbHON
coctapisronied peryisitopoMm «4HYBCTB.» ycTaHOBUTH CTpENKY BOJIBTMETpA B
npeaenax 5—-10 penenuit. Perymstopom «HACTOTA — TOYHO» MPOU3BECTH
NOACTPOMKY YacCTOThl MO MaKCUMAJIIbHOMY OTKJIOHEHHUIO CTPEJIKA BOJIBTMETpA.
Perynstopom «4HYBCTB.» ycTaHOBUTBH CTPEJIKY BOJIBTMETPA HA AeJICHHUE «10».

[Ipu  oOHapyXeHMH  CIHEAYIOHMIEH  CHEKTPaJbHOM  COCTaBJISAIONICH
KOPPEKTUPOBAaTh 4YyBCTBUTEIBHOCTH AC TOJBKO B CTOPOHY €€ MOHHKEHUS.
Takum o00pa3oM BBIABIAETCS YacTOTa CHEKTPATbHOM COCTABIAIOMICH C
MAaKCHUMAJIBHOW aMIUIUTYZAOM UM  ONpENenseTcs COOTHOLICHHWE aMIUIATYH
CIIEKTPAJIBHBIX COCTABIIIOIIMX B UCCIEyEMOM CUTHAJIE.

Ilpumeyanue. IlorpemHocte uwactroromepa He ©Oonee 0,2 kI,
MOTPEIIHOCTh YCTAaHOBKM YaCTOTHl Y3KOMOJOCHOTO (UIbTpa CENEKTHUBHOTO
BosibTMeTpa He Ootiee 0,2 kI'i. Cymmapnas norpemnocts AC He 6onee 0,4 kI



JlabGopaTopnas padora 1
NCCIUEJOBAHUE I'EHEPATOPA C BHEIHIHUM BO3BYKIEHUEM
HA BUITOJSAPHOM TPAH3UCTOPE

Hean paGoThl: HMCClEOBAaHUE XAPAKTEPUCTUK U PEKUMOB PpabOThHI
reHeparopa ¢ BHeIHUM Bo30yxaeHueM (I'BB) Ha OunonsipaoM TpaH3uctope.

3agaHue

1. U3yuuTh npuHOMIHAIBHYIO cxeMy ucciaeayemoro I'BB u crpykrypHYyro
CXeMy JIabOpaTOPHOU YCTaHOBKH.

2. UccrnenoBath cTaTHYECKHE XapaKTEPUCTHKU OUITOSIPHOTO TPAH3UCTOPA.

3. Uccnenosate I BB B iuHaMuueckoM pexuMe.

4. UccnenoBaTh Harpy304Hble Xxapaktepuctuku ['BB.

Yka3zaHus K BbIIIOJHEHHUIO J1a00PaATOPHOIT padoThI

1. B nanHOil paboTe B KadyecTBE MCCIEIYEeMOT0 TE€HEepaTopa C BHEIIHUM
BO30Y)KJICHUEM HCIIOJIb3YETCsl YCUJIMTENb Ha OWIMOJSPHOM TPaH3UCTOPE II0
cxeMe ¢ obmuMm smurTepoM (puc. 1). Ilepen Hawasom padOTHl HEOOXOAUMO
U3YYUTh NPUHIMIHAIBHYIO CXEMYy YCHUIIUTENsS, pa3o0paThCsi B Ha3HAYCHUH
OTJICTLHBIX AJIEMEHTOB CXEMbI M HAUEPTUTh €€ B OTUETE.

FrEHEPATOP C BHEWUHM BO3BYXOEHUEM
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Puc. 1. BHemnuii Bua cMeHHOTo 0110Ka «I'eHeparop ¢ BHEIIHUM BO30YKICHHEM»

2. Ilpu BBIIOTHEHMM BTOPOrO IYHKTA 3aJaHHUsl CHHUMAKOTCA NPOXOJHAS U
BBIXOJIHASI XapaKTepUCTUKU TpaH3uctopa. s 3Toro k KoHTposibHOU Touke KT2
MOJKJIIOYAETCS MYJIBTUMETP, PACHOJIOKEHHBIM HA MPAaBOM IAHEIW YCTAHOBKH.
Ha wmynbpTuMeTpe yCTaHaBIMBAeTCS pPEXUM  HU3MEPEHUS  ITOCTOSHHOTO



HanpsDKeHUs ¢ mpenesaoMm uaMepenus: 2 B. Hampsikenue cMenieHus u3MeHseTcs
NOTEHIUOMETPOM «PerynnpoBka E.,».

JIns CcHATHS TPOXOAHOM XAPAaKTEPUCTUKHU OMPENENIAECTCS HAIpPSIKEHHUE
orceukn (E’) M uccieayeTrcs 3aBUCUMOCTh TOKAa KOJUIGKTOPA OT HAIPSKCHHS
cmemenus | =f(E,) npu E.=const mms Tpex 3HAUYCHUH HANPsSOKCHHS Ha
koutektope: E.=5 B, E.=7,5 B u E,= 10 B. Pe3ynpTaTsl U3MEpeHHA 3aHOCITCS
B TabO. 1.

Tabmuna 1
ECM, B E’: EK! B
I, MA 10
I, MA 7,5
I, MA 5

[To pe3ynbTaTam U3MEpPEHHU CTPOUTCI CEMENCTBO MPOXOAHBIX CTATUYECKHUX
xapaktepuctuk |, =f(E.,; E.=cCONnSt) u BBIOMpAIOTCS padOYME TOUKH JJIS
pabotel ' BB B nmuneitHoM pexxuMme u B pexkume kinacca B (¢ yriom orceuku 90°).

JIns CHATUS BBIXOJHOM XapaKTEPUCTUKHU HCCIEAYETCS 3aBUCUMOCTH TOKa
KOJUIGKTOPA OT HAIpsDKEHUS MuTaHus kojutekropa |, = f(E,) npu E., = const mis
TpeX 3HAYCHHWU HampspKeHUs cMmenieHus Eo, (E.>E”). PesynbraTel namepeHuit
3aHOCATCS B Ta0J. 2.

Ta0nuua 2
E.B 5 75 10 E..,B
I, MA
I, MA
I, MA

[To pe3ynbraTaM U3MEPEHUN CTPOUTCS CEMENCTBO BBIXOJIHBIX CTATUYECKUX
xapakrepuctuk |, = f(E,; E., = const).

3. IIpu BRINOJIHEHUH TPETHETO NMHKTA s Hccnenoanus [' BB B nnHamuyeckom
peXUME CHUMAIOTCS 3aBUCHMOCTU TOKOB OT aMILIUTYJIbl CUTHAJa BO30YKIECHUS
Y OT HaNpsDKEHUs cMelleHus (IpY 3aaHHOM HAIPSKEHUU BO30YKIICHHUS ).

B mnepByro ouepenp HEOOXOAMMO OINPEACIUTh PEIOHAHCHYIO YacTOTY
Harpy304Horo KoHrypa. s storo k koHTposbHOM Touke KT1 moakmtouaercs
reHeparop HY (—20 gb), pacronokeHHBbI1 Ha JIEBOM MaHENIM YCTAaHOBKH, U
BBIOMpaeTcs 4-i yacToTHBINM mojauarna3od, Uyy = 0,2 B. K KoHTpoJIbHOM TOUKe
KT4 noaxmtouaetcs ocipumiorpad. Mensis yactoty reHeparopa HY, onpenenuts
TaKyr 4acToTy fy,, MpH KOTOPO# HaIpspKEHUE HA KOHTYpe OyJIeT MaKCUMaJIbHO
(f.o 1exuT B penenax 90-110 kI).

Jlist cHsATHS 3aBUCUMOCTH pexuma padoTsl ['BB oT aMmimuTyasl curhnana
BO30YXIeHUSI HEOOXOAUMO:

- NOJKJIIOUUTh BeixoA reneparopa HY (—20 nb), pacnosnokeHHbIi Ha TeBOM
TIAHEM YCTaHOBKH, K KOHTpOJIbHOM Touke KT1 1 ycTaHOBUTH 4acTOTY fyy;



- YCTaHOBHUTH HAIpSHKEHUE MUTAHMS KoJulekTopa E,=7,5 B u HampsikeHue
cmenienus £, = E;

- MMOJKJIFOYUTE ociiuiorpad k KoHTpoJbHbIM Toukam KT1 u KT3;

- IOAKJTIOYUTH COMPOTUBJICHUE HATPy3KH Ry;s.

3aBUCUMOCTH TOKa KOJUIEKTOpPA OT aMIUIUTY/Abl HAIMPSKEHUST BO30YKICHHUS
l.=f(Uxx) cHuMaeTcss uisi  pasnWuHBIX  pekHMOB  pabotel BB —
HenoHamnpsbkenHoro (HHP), rpanuunoro (I'P) u mepenanpsbxkenHoro (ITHP).

PesynbraTel m3mMepeHuit 3aHOCATCS B Ta0. 3.
Tabnuua 3

HHP I'P ITHP

Uy, MB
I max, MA
IKO) MA

JUist uccnenoBaHusl 3aBUCUMOCTH pexuma padotsl 'BB ot HampspkeHus
CMEILIEHNS HEOOXOIUMO:

- moAKII0YNTh BeIX0] reHepaTtopa HY (—20 nb), pacnonoxeHHbIit Ha TeBOU
ITIaHEJIN YCTaHOBKHU, K KOHTpoJbHOU Touke KT1;

- YCTAHOBHTH YaCTOTY fiq;

- YCTaHOBUTh aMIUIMTYAY HaIpsKEHUs BO30YXKIACHHS, COOTBETCTBYIOUIYIO
HEJIOHANPSKEHHOMY pexxuMy padoTsl [ BB;

- YCTaHOBUTH HaNpsDKEHUE MUTaHus Kojuiekropa E,=7,5 B;

- K KOoHTpoJIbHOM Touke KT2 moaxmtountes MynsTumeTp. Ha mynprumerpe
YCTAHOBUTh PEXUM H3MEPEHUS IIOCTOSIHHOTO HAIPSDKEHUS C  IIPENEIOM
u3Mmepenus 2 B;

- MOAKITIOYUTH ocimiorpad Kk KoHTposibHbIM Toukam KT1 u KT3;

- MOJIKJIFOUUTH COMPOTUBIICHUE HArPY3KH Ry;3.

CHuMaeTcsi 3aBHCHUMOCTh TOKAa KOJUIEKTOpPA OT HANpsDKEHUS CMENICHUS

| = f(E.\). Pe3ynbTaThl H3MepeHuit 3aHOCATCS B Ta0II. 4.
Tabmauma 4

Ec B

I max, MA

IK09 MA

Jliist uccnenoBanust Harpy304Hoi xapakrepuctuku [' BB Heo6xoaumo:

- YCTaHOBUThH HAIpsDKEHHE MUTaHUS KoJulekTopa £,=7,5 B, HanpsikeHue
cmernieHus E.,=FE’, COMpOTUBIICHUE HArPY3KH Ri;;

- YCTaHOBUThH AMIUTUTYJy HaIpsDKEHUS BO30YKICHHS, COOTBETCTBYIOIIYIO
IrpaHUYHOMY pexumy padotsl ' BB;

- OAKJIIOYUTH ocriorpad k KoHTposibHbIM ToukaM KT3 u KT4.

CHumaeTcsi 3aBUCUMOCTh  KOJUIEKTOPHOTO TOKa |, ¥  BBIXOJHOIO
Hanpsbkenuss U, oT compoTuBieHus: Harpy3ku R,. Pe3ynbrarsl uzmepeHuit
3aHoCATCA B Ta0JI. b.



Tabmuma 5

Ry Rii=510m | Rpp=1000m | R;3=2000Mm | Ru=5100m | Rys=o0

I max, MA

|K0, MA

U,.B

Py

Po

n

Ha ocHOBaHUM pe3ynbTaToOB U3MEPECHHA OTPEILSIISICTCS MOJIe3HAs MOIITHOCTh
(P1), motpedasiemas mourHocTh (Pg) u KITJT (1) I'BB.

DnekTpoHHBIA KOA(DUITMEHT Mmoje3Horo AcicTBusa (06e3 ydera moTeph B
BBICOKOUYACTOTHOM Harpy3ke):
Py
Py
rae P; — MOIIIHOCTD, OT/1aBaeMasi akTUBHBIM 3JIEMEHTOM,

Po - HOTp€6J'I}ICMaH KaCKaaoOM MOIIHOCTB.

1 .
Kak u oObryno, P; = 5 I - Uy, npuuem |l — ammumryna nepBoi

TapMOHUKH TOKa BBIXOJHOI'O JJIEKTPOJA, B JAHHOM YCHIIMTENE — KOJUJIEKTOPA;
U, — aMIutuTy1a BBICOKOYaCTOTHOTO HAIIPSDKEHUS Ha KOJIJIEKTOPE.
[IpeneOperas morepssmu B BY Harpyske mnpumeMm, 4YTO HU3MEPEHHOE
HarpspkeHue Ha Heil Uy, paBHO HanpsDKEHUIO Ha KOJUIEKTOPE TPAH3UCTOopa:
UH = UBI)IX = UK
Amrutyny | MOKHO ONIPEeNTUTh 0 MAKCUMAITBHOMY TOKY Ixmax:
I = al(e)ikmax
Heobxoaumo ydecTb, YTO H3MEPEHHBbIH MaKCHUMallbHbIH TOK uepe3 BY
HATPY3KY Iy yzy OTIMYAETCS OT MAKCHMAaJbHOTO TOKA B KOJUICKTOPHOMW IENH Ha
BEJIMYMHY CPEAHET0 TOKa KOJIEKTOpa |y:

lkmax = IKO + IK H3M *
CnenoBatenbHO, | = 01(0) (o + 1 o) -
Torma oKoOHYATEJIBHO:
1 . oy (e) UH
2 Ko (e)EK
rae E.— HanpsokeHWe TMUTaHusS. YTOJI OTCeYKH ToKa O ompexaensercs
aHAJIUTUYECKH TI0 popMmyJIe:
E.- E
UBX
3necy E.— Hanpsokenue cmemieHusi; E’'— Hanpsbkenwe otceuku; Ugy —
ammiutyga BY wHampsbkeHus curHaiia Bo3OyxkieHUs Ha 0a3e TpaH3UCTOpa,
KOTOPYIO B MPEHEOPEIKESHUH TOTEPSIMU BO BXOIHOM 11enu OyJieM CUMTaTh PaBHOM
aMIUIUTYe curHaia reueparopa HY.

cos(B) = —



OTuyer J0/I2KeH CoIePKaATh:
1) npUHIMIIHATIEHYIO CXeMY IF'eHepaTopa ¢ BHEITHUM BO30YKICHUEM;
2) Tabnuipl ¥ rpauKu U3MEPEHHBIX U BBIYMCIICHHBIX BEJTUYNH;
3) aHaJIN3 TTOJTYYEHHBIX PE3YJIbTATOB U BBIBO/IBI.

KoHTpoJibHBbIE BOIPOCHI

1. KakoBa 1ienp Hactosiei J1abopatopHoil paboThi?

2. Yto Takoe reHepaTop C BHEIIHUM BO30YXKIACHUEM?

3. Ilo xakoy cxeMe BBINOJIHEH UCCIIEYEMBIN TEHEPATOP, C ITIOMOLIBIO KAKUX
OpraHoOB YNPaBJICHUS U U3MEPUTEIbHBIX TPUOOPOB MPOU3BOAUTCS €r0
nepecTporka?

4. Yto Takoe cratuueckue xapakrepuctuku ' BB? Jljist yero ncnonb3yrorcs
CTaTUYECKUE XapAKTEPUCTUKU ?

5. Uto takoe nuHamMuyeckue xapakrepuctuku [ BB? Jlns yero onn
UCIIONB3YIOTCS ?

6. [losicauTe, Kak u3MeHsaeTcs pexum padotel ['BB npu peryiaupoBke
HaNpsHKEHUS] CMEILEHUS, aMIUIUTY/ bl HAllPsDKEHUS BO30YKICHMSL.

7. Kak uzmensiercst pesxxum padbotsl 'BB mipu n3MeHeHnu conpoTuBieHus
Harpy3ku?

8. O0BACHUTE X0 OJIYYEHHBIX 3aBUCUMOCTEN U COMOCTABbhTE
AKCIIEPUMEHTAIIBHBIC JAHHBIE C TEOPETUYECKUMHU.



JlaGopaTopHnasi padora 2
NCCIEAOBAHUE LC ABTOI'EHEPATOPA

Hean pabdoTbl: WuCCIENOBAHHE CXEMbl TPAH3UCTOPHOIO aBTOTE€HEpaTopa
rapMOHUYECKUX  KoJIeOaHMH C TpaHCPOpMATOpPHOM OOpaTHOW  CBS3BIO.
DKcnepuMeHTalIbHAS poBepKa OCHOBHBIX MOJIOKEHUI TeopUuu
caMOBO30Y>K/ICHUS, CTALIMOHAPHOTO U MEPEXOTHOTO PEKUMOB.

3agaHue

1. U3yunTh NpUHIMIIAAIBHYIO CXEMY UCCIEYEMOTO aBTOT€HEPATOpA.

2. HccnenoBarh BoOJIbT-aMIlepHYyIO xapakTepucTuky (BAX) mnoseBoro
TPaH3UCTOPA, UCIIOIB3YEMOI0 B CXEME aBTOT€HEpaTOpa.

3. Ompenenuth THapaMmeTphl KOJIeOATETLHOTO KOHTYpPa, BKJIIOYECHHOTO B
IEMb CTOKA MOJIEBOT'O TPAH3UCTOPA.

4. UccnenoBaTh KoeOaTenbHbIE XapaKTEPUCTUKH aBTOTEHEPATOPA.

5. UccnenoBarh KojeOaHus B CTAIMOHAPHOM U MEPEXOTHOM PEKUMAX.

YKka3zaHus K BbIIIOJHEHHUIO J1a00PATOPHOIT padoThI

1. B nanHoii paboTe WHCHONB3YyeTCS JieBasg YacTb CMEHHOro OJioka
«ABTOI'EHEPATOPBI». Tenepatop LC (puc.1) coOpan Ha moJieBOM
TPaH3UCTOPE C KOJIeOATEIHLHBIM KOHTYPOM B IIENIA CTOKA U TpaHC(opMaTOpHOI
0o0paTHOM CBA3BI0. YacToTa reHepalru MOCTOSIHHA M HaXOAUTCs B mipeaenax 20—
30 x['u. Tym6nep B e obpataoit cBsizu (OC) mo3BosieT nu3mensTh 3Hak OC,
100 BOOOIIE OTKIIOYATh €€.

Perynarop B3auMHON HMHAYKTUBHOCTH (M) MO3BOJISET IUJIABHO MEHSTh
aOCOJIIOTHYIO BEIWYUHY o0O0paTHOUW cBs3u. llepexirodaTtens Buaa CMEIICHHS
MO3BOJISIET BBIOpaTh JIUOO peryaupyemMoe, Ju00 aBTOMAaTHYECKOE CMEIIEHHUE Ha
3aTBOpPE TMOJIEBOTO TpaH3UCTOpa. PerynupoBka CMenieHUs MNPOU3BOAUTCS
noteHmomerpoM «CMEIIIEHME) B mpaBoil yacTu cTeHAa U KOHTPOJUPYETCS
BOJITMETPOM, PAcoJIOKEHHbIM Hal noTeHnrnomMeTpoM « CMEIIEHUEY.

TymOnep IIPEPBIBATEJIb BkitoyaeT SIEKTPOHHBIA KOMMYTAaTtop (Ha
CXeMe He TMOKa3aH), KOTOPhIN MEePUOJANYECKH Pa3pbIBacT IeMb OOpPaTHON CBS3U
JUIS1 U3YUYEHHUSI IEPEXOJHBIX MPOLECCOB B ABTOT€HEPATOPAX.

I'nesga KT2 coemunensl ¢ 3atBopoM, a KT3 — co cTokoM moJieBOro
TpaH3ucropa. Juddepenunpyronas uemnp, BKIOYeHHas Mexxay rae3aamu KT3 u
KT4, ucnonb3yercst sl MOJydeHUs TaK Ha3bIBaeMbIX (Pa30BBIX MOPTPETOB Ha
sKpaHe  ocuwuiorpada  OpU  HU3YYEHUHM — NEPEXOAHBIX  MPOLECCOB
aBTOT€HEPATOPOB.

B xauecTBe M3MEPUTEIBHBIX TPUOOPOB UCTIONb3YIOTCS:

1) ywacroromep u HUPPOBON MYJILTUMETpP, PACIOJIOKEHHBIE HAa MPaBOU
MaHEJId YCTAaHOBKHU;

2) TeHepaTOop HHM3KOM YacTOThl, PACIOJIOKECHHBIM Ha JIEBOM MMaHENH
YCTaHOBKU;

3) ocummtorpad.



OBPATHAS
CBSi3b M |
|
KT1 i M
2
R1
m 3
(@)
Ew(b CMELLUEHUE KT4

Puc. 1. Cxema LC aBTOreHeparopa

2. Ilpu BBHINOMHEHWHM BTOPOTO IYHKTAa 3aJlaHUsl CHUMAETCS BOJIbT-aMIIEpHas
XapaKTEepUCTHKA IOJEBOTr0  TpaH3ucropa. Ilepex HavyasioM u3MepeHUU
HEOOXOMMO BBITIOJIHUTH CIEAYIOUINE ONEPALIUN:

- TymMOJep OOpaTHOM CBSI3M MEPEKIoUnTh B cpenHee mnojoxkenue (OC
OTKJIIOYEHA);

- YCTaHOBUTH TyMOjep Buaa cMmenieHuss B rnonoxkeHue «PEL.
(perynupyemoe);

- C TIOMOUIbIO CIEUUATbHOIO IIHYypa CO ULITEKEPHbIM pPa3beMOM
MOJIKIIIOYUTh IU(PPOBOM MYJIBTHMETpP B IIEMb CTOKa MOJIEBOTO TPaH3UCTOPA
(THE3110 «ic»);

- IEPEKIIIOUNTh [IUPPOBON MYJTETUMETP B PEKUM U3MEPEHUS TTOCTOSTHHOTO
TOKa, YCTAHOBUTH Tpezen usmepenus 20 MA.

Bpamass pyuky peryaupoBKH HAalpsDKEHHMS CMEUICHHS Ha 3aTBOpE
tpansucropa «CMEIIEHUE», nocnenoBatenbHO yCTaHABIMBAIOTCS 3HAYEHUSA
E.\, ykazannsie B Tab0i. 1, u u3mepstorcsa 3HaueHus Toka croka. [1o pesynpraram
usmepenuit  crpourcs rpaduk | =f(E.,) W paccuumThIBaeTCs KpyTHU3HA
xapaktepucTuku S = Al JAE.,.

Tabmuma 1
Ecv, B 0 -1 -2 -3 —4
lc, MA 0,0
S, MA/B

3. Ilpu BBIMOJHEHUU TPETHETO IMYHKTA 3aJaHUSl OMPEAENSAIOTCS PE30HAHCHAs
94acTOTa U TMOJIOCA TIPOITYCKAaHUS KOJICOATEIbHOTO KOHTYPA.

st sToro k KoHTposiabHOUM Touke KT1 moakmtouaeTcss BbIXOJ TeHepaTopa
HY (0 ab), a k koutpompHOi Touke KT3 — mudpoBoii MyabTUMETP,



pacnoJIOKEHHBI  HA  IIpaBOM  4acTM  ycTaHOBKH. Ha  MynbTHMeTpe
YCTAHABJIMBAETCS PEXUM HM3MEPEHHUS IEPEMEHHBIX HANPSDKEHHM C IPEIesioM
m3Mepenust 20 B. TymGnep oOpaTHOH CBSA3M JOJIKEH HAaXOJUTHCS B CPEIHEM
nosioxkeHnu (OC OTKITIOUEHA).

JUtst onpenenieHuss pe30HaHCHOM 4acTOThl KOHTYpa B LIENU CTOKA IOJIEBOTO
TpPaH3UCTOPa HEOOXOAMMO BKIIFOUHUTh YCTAHOBKY M, Bpallas py4Ky peryJupoBKU
HanpspkeHus: cmenieHuss «CMEILEHUEy, ycTaHOBUTh HaNpsyKEHWE CMELEHUS,
paBnoe —1 B. 3arem Bkmouuth reneparop HY, BbiOpaB 4-ii quanasoH, ¢
MIOMOIBI0  PYYKM PETYJIMPOBKM  BBIXOJHOIO  HANpPSDKEHUs  TIeHeparopa
«AMIUIMTYZ]@» YCTAaHOBUTH BBIXOJHOE HampsbkeHue 2 B (mo crpenoyHomy
UHIUKATOPY).

Mensa yacrory re”eparopa HY, ompenpensercs pe3oHaHCHas 4YacToTa
KoHTypa fy,, MO MakcumanmbHOMY mOKazaHuIO MyinsTHMeTpa. Ilocie 3Toro
ompezensercs noioca npomnyckanus koHtypa Af Ha ypoBHe 0,7Uay. Pe3yibpraTsl
M3MEPEHUN 3aHOCSATCA B POTOKOJ K JJa0opaTOpHOM padoTe.

4. ITpu BBIIOJIHEHUH YETBEPTOrO MYHKTA 3aJaHMs UCCIEAYIOTCS KoJieOaTeIbHbIE
XapaKTepUCTUKU aBToreHeparopa. s aToro HeoOxoammo otkiatountsh HY
reHEepaTop, YCTAHOBUTH HampspkeHue cMenienus £, = 0 B. 3atem noakirounTs K
BbIXOAYy aBToreHeparopa (rue3go KT3) ocuummnorpad u  yactoromep K
koHTpodbHON Touke KT4 (maxara xnomka «BHEIILy); Bkimtounts TymOIepom
MOJIOKUTEIIbHYI0O OOpaTHYIO CBSI3b, PYUYKY «M» PETyIUPOBKU BEIUUYHUHbI
oOpaTHOW CBSI3W YCTaHOBUTH B KpaiiHee JieBoe mosiokenue (M =0).
[ToBopauuBas pyuky «M» peryJIupoBKH BETUYUHBI 0OPATHOM CBS3U 1O YaCOBOM
CTpeJike, HeoOXOIUMO JIOOMTBhCS TMOSBICHUS KOJeOaHW (3TO  MOXKHO
IPOKOHTPOJIUPOBAThL MO DJKpaHy ocuwuiorpaga wWid 10 TMOKa3aHUIM
4acTOTOMEpA) U 3amucaTh B TaOi. 2 3HaueHue M, (B3aMMHas MHIYKTUBHOCTb,
MpU KOTOPOM BO3HUKAIOT KOJICOAHMS) Ui 3HAYEHUS HAMNPSDKEHUS CMEIICHUS
E.n,=0B wu 3HadeHme uyacToThl TeHepamuu. I[locme »TOro yCTaHOBUTH
HanpspkeHue cMeiienus E., = —1 B, copBaTh koyieOaHus, TOBEPHYB PYUKy «M)»
710 HYJISI, U 3aT€M, MEJIJICHHO MMOBOpAYMBas €€ M0 YacOBOM CTpeJike (yBeInuuBas
B3aMMHYI0 UHJIYKTUBHOCTB), BHOBb JIOOMThCS MOSIBJICHUS KOJeOaHUM, 3amucarh
B TabOn. 2 3Hauenue M,, npu E.,,=—-1B n 3nauenme uactorel. IloBTOpHTH
U3MEpEHUs JUIsl IpYTuX 3HaueHuul E.,, ykazaHHbIX B TabOiu. 2. [lo pesynpraTam

3MepeHnil crpoutcs rpaduk 3aBucumoctu M, = f(S) (3HaueHus S B3ATH U3
Tab1. 1).

Tabmumna 2
ECM) B O _l _2 _3 —4
M, MI'n
f, k'

5. Ilpu BBIOJTHEHWM TATOTO MYyHKTA 33IaHUS UCCIEAYETCS MEPEXOIHBIA PEKUM
aBToreHeparopa. Jjis 3Toro He0OXOIUMO OTKIIFOUUTH MYJIBTUMETP, BKIIOUYUTH
MOJIOKUTENIbHYIO o0paTHyto cBs3b. 3areM Bkiaouaercs [IPEPBIBATEJID.



Ocuumiorpad nonkiodaercst K Beixoay aBroreHeparopa (rue3go KT3). ITocre
ATOr0  MOXKHO  HaOM0/aTh  OCHMJUIOTpaMMy  MEPEXOJHOro  Mpolecca,
OTperyaupoBaB 3HaueHHe «M» Tak, 4yTOObI YETKO MPOCMAaTpUBAIICS MPOIECC
HapacTaHUs U craaa KojieOaHuM.

OTuyer J0/I2KeH CoIePKATh:
1) mpununuansHyo cxemy LC reneparopa;
2) BOJBT-aMIIEPHYIO XapaKTEPUCTUKY TPAH3UCTOPA;
3) konebaTenbHbIE XapaKTePUCTUKH;
4) ocuMILTIOTpaMMy MEPEXOTHOTO MPOIIECCa;
5) aHaIM3 MOJIYYCHHBIX PE3yJIbTATOB U BEIBOJIBI.

KOHTpOJIl)HbIe BOITPOCHI

1. KakoBa 11es1b HacToOsIIIEH J1a00paTopHO paboThI?

2. Kakue sneMeHThl BXOJIAT B COCTaB aBTOreHeparopa?

3. B ueM oTiinune aBTOreHepaTopa OT YCUITUTENS] MOIIHOCTHU?

4. KakoBbl ycIoBHUsI cCaMOBO30Y>KJI€HUS aBTOreHeparopa?

5. Kak Bnusier mosioxkeHue paboueil TOUKH Ha PeKUMbBI CAMOBO30YKICHUS?

6. Kak Baumser koadduimeHT oOpaTHOW CBA3M Ha pEXUM PabOTHI
aBToreHeparopa?

7. OOBsICHUTE, KaK M OT KaKUX MapaMeTPOB 3aBUCUT BPEMsS YCTAaHOBJICHHSI
KoJieOaHUM B aBTOTE€HEPATOPE.

8. HazoBute dakropel, BIUAOMNWE HAa CTAOWIBHOCTH  YacCTOTHI
aBTOTEHEPaTOpA.



JlabopaTopnas padora 3
HCCJIEJOBAHUE CHHTE3ATOPA YACTOT C UMITYJIbCHO-
DPA30BOU ABTOIHOACTPOUKOU YACTOTDI

Henns padoTBI: H3ydyEeHHE IPUHLUIIOB ITOCTPOEHUS CHUHTE3aTOPOB YaCTOT B
BO30YIUTENAX MEPENaTUNKOB, IKCIIEPUMEHTAIBHOE UCCIIEI0BAaHUE CUHTE3aTopa
YaCTOTHI C UMITYJIHCHO-()a30BbIM KOMITAPATOPOM.

3agaHue

1. I3y4uTh CTPYKTYPHYIO CXEMY HCCIIEIyEMOIO0 CUHTE3aTOpa YacToT.

2. OmnpenenuTh nOHMAMa30H TMEPECTPOMKH TeHEpATopa, YIPABISIEMOTO
HanpsokeHueM (I'YH). Cuare  xapakrepuctuku ynpasiaeHus. OnpenenuTsb
HeCcTaOMIbHOCTh YacToThl ['YH mpu pa3oMkHYTOH TeTie MMITYIbCHO-(ha30BOH
aBTOMNOACTpOrKU YyacToThl (MDAITY).

3. OnpenenuTh MapaMeTpbl OMOPHOTO TE€HEPATOPa U PACCUUTATH IIIar CETKU
JacTOT JIUIS Pa3IMYHbIX 3HaUYeHuH koadduimenta M = 50, 100, 200.

4. Paccuurtarh jgomnyctumbie 3HaueHust koddduimenta N ans 3amaHHOTO
1iara CeTKM 4acToT U U3BMEPEHHOI0 Auara3oHa nepectponku I'YH.

5. Paccunrate 3Hauenus M u N 1t 3a1aHHOTO JTMaria3oHa YacTOTHI.

6. DxcriepuMeHTaNIbHO MTPOBEPUTH NMPABWILHOCTE pacuera M u N.

/. Onpenenutb HecTaOMIBLHOCTH 4acToThl ['YH mnpu 3amkHyTON mNeTie
MMITYJIbCHO-(Da30BOI aBTOMOACTPONKH YaCTOTHI.

YKa3zaHus K BbIIIOJTHEHHIO JIA00PATOPHOI padoThI

1. Uccnenyembiii makeT (puc. 1) mpexacraBisger coOOMl CHHTE3aTOp YacTOT C
MMIYJbCHO-(Da30BOM  aBTOMOJCTPOMKOW  4acToThl. CTpyKTypHass cxema
CHUHTE3aTOpa 4acTOThI (pHC. 2) BKIIOYAET B CEO:

1) kBapIIeBbIN OMOPHBIN (3TanoHHBIN) rereparop (OI') yacroroit 500 kI

2) JeTUTeNb YacTOThl ¢ (UKCUPOBAHHBIM Kod(duumeHtom nencHus M
(ADK);

3) renepatop, ynpasisieMblit HanpsbkeHueM, [ YH;

4) nenuTenah 4aCTOThI C epeMeHHbIM K03 dunnentom neienus N (JIITKI);

5) wmnynascHbIN (azoBeiii kommaparop (MDK), sBisromuiicss 0CHOBHBIM
3BEHOM KOJIbIIa (Pa30BOI aBTOMOCTPONKH YACTOTHI;

6) ¢unbTp HEU3KOM yacToThl (PHY) ¢ ycTpoiicTBOM 3allOMUHAHHS YPOBHS
YIPABJISIIOUIETO HANTPSHKEHUS.

K 1monosHUTENBHBIM YCTPOMCTBAM OTHOCUTCA PETYJIUPYEMBIM HCTOYHUK
ynpasisomero Hanpsbkenua. Hanpsbkenne nuranus OI' u ['YH nsmensiercs B
HEOOJBIINX MPEENax ¢ TOMOUIBIO EPEeMEHHOT0 pe3ucTopa «Uy,».



UMCCNEAOBAHUE CUHTE3ATOPA HYACTOThI

G =10 M O™ 2 nek] )

@) : _
500 kl'y = ©) 500 1C00 ZOOO
. KT3
Unwr, KT4 YCTAHOBKA M

Unu.

Puc. 1. Baemnuii Bux cmerHoro 61o0ka «VccrienoBanue CHHTE3aTopa 4acTOThDY

Koaddumment nenenuss M moxer npunumath 3Hadenus 50, 100, 200 u
ompeneNnseT Iar CceTkd 4acTtoT. M3meHeHue kodpduimenta aeneHus
ocyuiecTBisieTcs KHonouHbIM nepekiiouareneM «YCTAHOBKA My». Takum
o0pa3oM, B JIaOOpPAaTOPHOM MaKeTe MOTYT OBbITh MOJYYEHBI TPU CETKH YACTOT C
maroM 10, 5 u 2,5 kI'11 COOTBETCTBEHHO.

or AOKAO NOK

Unvnfr

OnKa ®HY

unm.. vl TYH — G

Uyne.

Puc. 2. CtpykrypHas cxema cuHTe3aropa 4yactoTsl ¢ UDAIIY

Koaddumuent nenennst N BricBeunBaeTCsl TpeXpa3psIHbIM UHAUKATOPOM U
MOXeT NMpUHUMAaTh 3HadeHus oT 20 10 999. N3menenne kordduiineHTa aeIeHus
N ocymiecTBisieTcs Mojayeld KOJAMPOBAHHOM KOMaHJbl OT YCTpOMCTBa
yhpaBlieHUs] opa3psaaHo KHOMOYHbIM nepekiitouareneM «Y CTAHOBKA Ny.



B cranmonapHom pexume paboThl CUHTE3aTOpa

for/M = fryuiN,
a ¢a3oBwIi caBUT MeXay kosiebanusamu Ha Bxojae MDK noctosHen. Tlocnennumii
TEPMHUH [0 OTHOLICHHID K HWMIIYJbCHBIM II0CJIEOBATEIBHOCTAM CIIEIYET
TPaKTOBATh KAK Pa3HOCTh a3 MEXIAy UX MEPBbIMU FaAPMOHUKAMHU.

Jlnsa cmeHbl pabouyeilt 4aCcTOThl HAa COCEIHIOI0 B CETKE YacTOT JOCTATOYHO
M3MEHUTH 3HaueHue N Ha euHuILy.

Brimonaenne yabopatopHol pabOTHI MOMHMO JTAOOPATOPHON YCTaHOBKHU
MpEANoaraeT UCIoJIb30BaHHUE ABYXIYUYEBOTO (ABYXKaHAIIBHOTO) OcuLIorpada.
2. Ilpm BBHINOJHEHMM BTOPOTO IIYHKTa 3aJaHUs ONPEACISIETCA IHANa30H
MepecTpoilku reHeparopa, ympasisemoro HanpspkeHueM (I'YH) u cHumaetcs
XapaKTepUCTHKa yrpapieHus. st 3Toro Heo0Xxoaumo:

- coeMHUTh KOHTpoJbHYIO Touky KT7 ucciaegyemoro makera ¢ BXOAOM
4acTOTOMEpPA, PACIHOJIO)KEHHOTO Ha NPaBOM JIMIIEBOM TMAHENH YCTAaHOBKH.
BxotounTs nuTaHWe  4acToToMepa, IEepeKIovaTedb  PEKUMOB  pabOThI
4acTOTOMEPA YCTAHOBUTH B MOJIOKEHUE «BHEIL. »;

- Mepekiioyareiab PpPEeKUMOB pPaOOThl  MYJIBTHUMETpAa YCTAHOBUTH B
MOJIOKEHHE, COOTBETCTBYIOIIIEE U3MEPEHHUIO MTOCTOSSHHOTO Harpskenus 1o 20 B.
Hanpsokenne ¢ xoHtponsHOM TOukM KT6 momaTte Ha BXOQ MynbTUMETpA.
Perynstopom «U,;» yCTaHOBUTh MaKCUMaJbHO BO3MOXKHOE HAINPSKEHUE
nutanus ['YH u OI'. 3anucate BenmuuuHy Uy vae;

- BXOJA MyJbTUMETpPa NOAKIIOUYATH K KOHTposbHOW Touke KT3.
[Tepexmtouarens S1 yCTaHOBUTH B MOJIOXKEHUE 2;

- perynsaTop «Uy;,» HOBEPHYTH NPOTUB 4YacOBOM CTPEIKH [0 YyIODA.
3anucats nokasaHus MyJabTUMeTpa (Uy,,) 1 MUHUMAaabHOE 3HAYEHHE YaCTOTHI
I'VH, n3mepenHoe 4acTOTOMEPOM;

- u3MeHsAA BeauuuHy Uy, OT MHUHMMAalBHOIO [0 MAaKCHMAJIBHOTO,
¢dukcupoBarh 3HadeHHe 4acToThl [ YH, cooTBeTCTBYIOIIEE KAXKIOMY 3HAYEHUIO
Uyrp.

Pesynbratel u3mepenuit 3aHocarcst B tadu. 1. [lo pesynbpraTtam msmepeHuit
cTpouTcs Xapakrepuctuka ynpasiieHus ['YH u onpenensercss makcumalnbHas

yactoTa I'YH u nnana3on nepecrporiku I'YH.
Tabmuma 1

Uy B
frym, k I'p

3. [Ipu BBITOTHEHUH TPETHETO MYHKTA 3aJaHUS OMPEICISIIOTCS HECTAOMIBHOCTH
yactoT OI' u I'YH npu u3MeHeHNN NUTAOIIETO HAMPSKEHHUS.

s sToro HeoOXomumo, U3MeHsss BenuduHy Uy.,, yCTaHOBUTH 4YacTOTY
I'VH paBuoii 500 k', 3amucarh 3HauYeHHE U*ynp, COOTBETCTBYIOLIEE ATOU
4acToTe.

Bxon wmyneTHMeTpa MOAKIIOYAETCs K  KOHTpoJibHOM Touke KT6.
Perynstopom  «U,» yCTaHaBIWMBAIOTCA MHUHUMAQJIBHO M  MaKCUMAaJbHO



Bo3MokHbIe Hanpspkenus nutanus ['YH u OI, 3naueHus Uy wun ¥ Ui wace
3aHOCATCS B TaOJI. 2.

Bxon wacroroMmepa mnoakitouaeTcss K KOHTpoJibHOM Touke KT7. Jlns
ompeNeNicHUs] HecTaOMIBHOCTH BbIXOJHOUW dacToThl ['YH, oOycnoBieHHoi
M3MEHEHUEM HallpsbKeHHeM nutanus, udmepsiercs yactora I'VH npu Uy o ¥
UHI/IT MaKc*

3areM BXOJ 4acTOTOMEpA MOAKIoYaeTcs K KOHTpoibHOW Touke KT1 m
m3Mepsiercs yactora onopHoro reaepatopa mpu Uy v ¥ U vaxe-

[To pesymbraram wW3MEpeHUS HEOOXOAMMO OIPEACIUTh aOCONMIOTHYIO U
OTHOCUTENbHYIO HecTaOuinpHOCTh 4acToTel OI' m I'VYH npu u3smeHeHuun
MHUTAOIIETO HANPSIKCHHUS:

Afryi = fryn max = fryn min
Ofryn = Afryu/fryn max

AfOF = fOF max fOF min
Sfor = Afor/for max
Tabmuna 2

fFYH AfryH SfryH fOF Afor Sfor

UHI/IT MHUH =

UHI/IT MakKcC =

4. Ilpu BBIOJHEHWHU YETBEPTOrO IYyHKTA 3aJaHUSl OMPEHENSETCA IIar CETKU
YacTOT JIUIS Pa3IMYHbBIX 3HaUeHUH Koddduimenta nenenus JJDK/I.

JIsi 3TOrO pacCUMUTHIBAETCS 4YacTOTa MMITYJIbCOB Ha Bbixoje DK/ mis
M =50, 100, 200. Bxox yactoToMepa NOAKIIOYAETCS K KOHTPOIbHOU Touke KT2
M U1 pa3idMYHbIX  3HaueHWM  kodpduuumenta M  (mepexirovarelib
«YCTAHOBKA M») cpaBHUBAIOTCS pacCUMTaHHBIE PE3YIbTaThl C MOKA3aHUSIMHU
4acTOTOMEDA.

[Tomy4yeHHbIE 3HAYEHUS YaCTOTHI ONPEICIISIIOT IIAr CETKH 4acTOT.

5. Ilpu BBINIOJHEHUU MSATOTO MYHKTA 3aJaHUs PACCUUTHIBAIOTCSA JTOMYCTUMBIE
3HadyeHus kodpdunmenta nenenns JIIK/] qis 3agaHHOro mara CETKM 4acToT U
MU3MEPEHHOr0 Auana3oHa nepecrporku ['YH.

[Tpu M =50, 100, 200 u u3mMepenHom auamnaszone nepectpoiiku ['YH (1. 2)
PacCUYUTHIBAIOTCS JomycTuMble 3HaueHus kodpdurmenta aenerust K/ Ny, 1
Nmakc-

JIJist mpoBepKU MPaBUILHOCTH pacueTa HeoOXOAUMO YCTAaHOBUThH 3HAYCHUE
M nepexmouareneM «YCTAHOBKA M», a 3areM MNOAKIIOYUTHL BXOJ
yacTtoroMepa K koHTposbHOU Touke KT7. Ilepexntouatens S1 ycranaBnuBaeTcs
B mnonoxenue 1. Perymsatopom «U,» yCTaHOBUTH MaKCHUMaJIbHO BO3MOXKHOE
Hanpsbkenne nutanua ['YH u O

Haxatuem xknomok «YCTAHOBKA N" ycranaBiauBaloTcsi 3HauyeHUs
kodppunmenta npemeHuss N oT Nyyy 10 Nyae ¥ GUKCHUPYIOTCS TMOKa3aHUS



yactoromepa. HeobOxoaumo yOenuTbcss B MNPaBUIBHOCTH MPOU3BEIECHHOTO
pacyeTa IOMyCTUMbIX 3HaueHu# N.

6. HpI/I BBIIIOJIHCHHUH HICCTOTO ITYHKTA 3aJaHUA PAaCCUUTBIBAIOTCA 3HAUCHUSA Mmu
N A1 3aJaHHOr0 Auaria3oHa 4YacToT M Iara CCETKM YacTOT, IIPOBOAUTCA
OKCIICpUMCHTAJIbHAsA IMIPOBEPKaA IPABUIIbHOCTHU OIPCACIICHU A Mmu N.

Ilo 3a/ITaHHOMY B Tabm. 3 AUara3oHy 49acToT pa6OTBI CHUHTC3aTOpa W HIary
CCTKH 4aCTOT Tpe6yeTC$1 pacCunuTaTh 3HAYCHUSA Mwu N:

M= fOF/ FLLI )
NMI/IH = fMI/IH/ FLH ] NMaKC = fMaKC/ FLLI )

rac Fm — [Iar CE€TKU 4acToT, fMHH — MHUHHMaJIbHasA 4aCTOTa 3aJJaHHOIo Juarra3oHa
4acCToT, fMaKC — MaKCHUMaJibHas 4aCToTa 3aJaHHOI'o Auara3oHa 4aCToT.

Tabmuua 3
Ne makera 1 2 3 4 5 6
Fou, x[' 10 5 2,5 10 5 2,5
fyusmen, KLIG 200 300 250 350 400 450
fuaxe, KI'IT 1000 1100 1150 1200 1250 1300

3areM ycTaHaBIMBAIOTCs paccurTaHHble 3HaueHust M u N u cpaBHUBAIOTCS
IIOKa3aHUs 4YacToTOMepa C 3aJaHHbIMU 3HAYEHUsSMU 4YacTOThl. V3meHss
3HaueHus N, MOKHO YOeIUThCS B TPaBUILHOCTH YCTAHOBKH IIara CETKH 4acToOT.

ITo xapakrepuctuke ynpasienus I'YH onpenenstorcs HanpsbkeHHs Uy,
cooTBeTCTBYIOMUE fpy B fyae , OTH TOYKHM OTMEUAIOTCS HAa XapaKTCPUCTHKE
ynpasnenus ['YH.

3aTeM BXOJ MYJbTUMETpPA MOJKIIOYAIOTCI K KOHTPOJIbHOM Touke KTS u
usMepsiercst Uyy, 11 9acToT fyyy #u fya . HeoOxonumo cpaBHUTH moydeHHBIE
pPE3yJIbTAThI C PACUYETHBIMU U CJI€JIATh BBIBOIBI.

7. Ilpu BBIMOJHEHUM CEIBMOTO MYyHKTA 3aJaHUsl ONpPEEseTCs] HECTaOMIBLHOCTh
gactotel ['YH mnpu 3aMKHYTOW TeETIie MMIYJIbCHO-()Aa30BOM aBTOMOJCTPOUKHU
YaCTOTHI.

Hust storo mogdbopom M u N wyactrora I'VH ycranaBnmBaeTcsi paBHOU
500 kI', ¢ukcupyercss TOYHOE 3HAUCHHE YACTOTHI. 3aTteM peryiasaropoM «U,»
MOOYEPETHO YCTAHABJIMBACTCS MAKCUMAIIbBHO M MHUHHMAJIbHO BO3MOKHOE
Hanpsbkenne nutanua ['YH u O

Omnpenenserca abCONMIOTHAS M OTHOCUTEIbHAs HECTAOMIIBHOCTh YacCTOTHI
I'VH npu u3MeHeHuH NUTAKOLIEro HanpsbkeHus. Pesynbrarel 3aHOCATCS B
Ta0auIly, aHaloru4yHyro Taou. 2. Ilpu odopmieHun ordeta HEOOXOIUMO
CPaBHUTH PE3YJbTAThl BBIUMCICHUM C pe3yJbTaTamu, MOJIYyYEHHBIMH B 1. 2, U
c/ienaTh BBIBO/IBI.

8. Ilns HaOmroIeHus MPOIECCOB B METJE UMITYJIbCHO-(Da30BOM aBTOMOICTPONUKH
4acTOThI BXOJ «A» ocuuiiiorpada coeuHseTcsl ¢ KOHTpoJibHOM Toukor KT2, a
Bxon «B»— ¢ KT3, cunxponuzanus ocuumiorpadga— 1Mo BXoay «Ay.



ITepexmtouass kodpdunuentet M u N, MOXHO HaOMIOIATh HU3MECHEHHUE
JUTATETHPHOCTH ¥ B3aUMHOTO PaCIOJIOKEHHUS NMITYJIhCOB Ha Bxogax NOK.

OTuyer 10/I2KeH COIePKATh:
1) ctpykTypHYyIO cxeMy cuHTe3aTopa yactot ¢ UDAIIY;
2) Tabauipl ¥ TpauKu U3MEPEHHBIX BEJIMUUH;
3) paccunTaHHBIC 3HAYCHUS HECTAOMILHOCTH YaCTOTHI;
4) aHanu3 MOJTYYEHHBIX PE3YJIBTATOB U BHIBOBI.

KOHTpOJIl)HbIe BOITPOCHI

1. KakoBa 11e51h HacTOSIIIEH JTa00paTOpHOM PabOTHI?

2. UTo Takoe CHHTE3aTOp YacTOT?

3. [Nosicuute mpunuum padotsl cuHte3atopa ¢ UGAIIY u HazHaueHue
AJIEMEHTOB €r0 CTPYKTYPHON CXEMBI.

4. Kak Brnuser usmenenue korddunmenrta nenenus DKl na mapamerpsl
cuHTe3aTopa yactotel ¢ UOAITH?

5. Kakoe BiusiHME OKa3bIBA€T HEIMHEUMHOCTh XapAaKTEPUCTUKH YIIPABICHUS
I'VH?

6. CpaBHuTe u3MEpPEHHbIE HECTAOMJILHOCTH YacTOThl ABTOHOMHO
paboraromiero I'YH u cuntesaropa.



JlabGopaTopHnas padora 4 _
NCCIEJOBAHUE OJHOITIOJOCHOU MOAYJISAIINHU

Hean paGoThl: ncciaea0BaHUE MAPaMETPOB OJIHONOJIOCHOM Moy sitiuu (OM),
cnoco6oB peanuzaruu OM.

3aganue

1. I3y4uTh CTPYKTYPHYIO CXEMY JIA0OPATOPHOM YCTAHOBKH.

2. UccnenoBath BpeMeHHBbIE 3aBUCUMOCTH AM curnama, AM cur”ama c
nojaBieHHOW Hecymed, OM curHana mpu  pas3iMyHBIX  HapaMmeTpax
MOAYJIUPYIOIIETO HAMPSKEHUS.

3. Omnpenenuth cHekTpanbHBI cocTaB AM curnHama, AM curHana c
nojaBieHHOW Hecymeld, OM curHaza mpu  pas3IMyHBIX MapaMmeTpax
MOJIyJINPYIOLLErO HapsyKEHUSI.

4. 3yunth GunbTpoBsIil criocod GpopmupoBanus OM curnana.

Yka3zaHus K BbIIIOJHEHHUIO J1a00PaATOPHOIT padoThI

1. B npanHoii paboTe HCHONB3YyETCs aBTOreHeparop paauoydactorel ['PU ¢
BapHUKanoM B Kosie0aTesbHOM KOHTYpe (puc. 1). ['eHepaTop nepectpanBaercs no
yactote peryiasitopoMm «HACTOTA». AMIUIMTYJa BBIXOAHOTO HaIpPSKEHUS
U3MEHsETCS B HEOONbIIMX mpenenax peryiasitopom «AMIUI». Hampsokenue
paguodacToTsl mogaerca Ha BY Bxoael ammurTynHoro moaynstopa AM um
OaslancHoro Moayisitopa bBM.

Mopynupyrolee HanpsyKeHHE 3BYKOBOM 4YacTOTHI IOJAETCA C  BBIXOAA
reHepaTopa Hu3KoM wactotel Ha KT2, ycunuBaercss ycuiauTeneM 3BYKOBOM
yacToTsl Y3Y u nocrynaer Ha HY Bxoaet AM u bM.

Boixon 0anaHCHOTO MOIYJISATOPA COEIMHEH C BXOJIOM IMOJIOCOBOTO (PUiIbTpa
[1®. Ha Brixoae ¢guibTpa MOXKET OBITh ModydeH curHail ¢ OM H MOJHOCTBIO
ITOJIABJICHHOM HECYIIEH.



WCCNEAOBAHUE OQHOMONOCHON MOAYNALUU
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Puc. 1. Buemnuii Bux cMeHHoro 0110Ka «VccnenoBaHue 0THOIOIOCHON MOTYIISIIANY

2. llpu BBINONHEHWH BTOPOTO IYHKTa 3aJaHUs OINpeAesercs Mojoca
OpOIyCKaHUs M0JI0coBOro (punbTpa. s 3Toro He06XoAUMO:

- noaath Ha BxoJ I1® (ruezno KTS) curnan ¢ reneparopa BY;

- ocuuuiorpad MoAKIIOYUTE K KOHTPoJibHOM Touke KT6;

- yactotoMep (pexum padoTel «I' BY») noakimounts K rae3ny «KoHTposb
BBIXOJa» Ha reneparope BY;

- YCTAaHOBUTh MUHUMAJIbHYIO 4acTOTy renepatopa BY B 1-m nuamnasone.

- BBIXOJHOE HAIIPSKEHNE TeHEepaTopa yCTaHOBUTh Ha ypoBHE 0 1b.

Jlisg  ucciaenoBaHUs YacTOTHBIX XapaKTEPHUCTHUK IOJOCOBOrO  (pHIIbTpa
TpeOyeTcs CHSTh 3aBUCUMOCTb aMIUIUTY/Ibl HampspkeHus Ha Bbixoge [ID or
yactoTrel. Yactora reHepatopa BY wu3meHsercs OT MUHUMAJIBHOM 110
MakcuMalibHOW B 1-M nmamnasone. IlosryueHHble NaHHBIC 3aHOCATCS B TaoO:md. 1.
Paccuurtats HOpMupoBaHHbIN KO3 dunrent nepegaun [1d Ha pa3HbIX yacTOTAX:

KHGD = UBLIX/UBLIX Makc
3aT€M MOCTPOUTh HOPMHUPOBAHHYIO AMIUIMTYJHO-YACTOTHYI) XapaKTEPUCTUKY
[M® Knoe(f). Onpenenuts no rpaduky nosocy npomyckanust Afpe U cpeaHroro

gactoty [1D fg,.
Tabmuma 1

fr, xI'n
UB])IXJ MB
Ko

3. Jlns BBIIONMHEHUS TPETHETO IMYyHKTA 3aJaHUs HEOOXOJUMO O3HAKOMHTHCS C
paboTol aMITUTYTHOTO MOJyJATOpa U mapamerpamu AM curnana. Jljis 3Toro
Ha Bxoa Y3U (ruesnmo KT2) momaercs curHan ¢ renepatropa HY (0 ab).
Perynmsarop «YCUJIEHUE 3Y» ycTaHOBUTH B cpeAHee MOjoKeHne. YacToToMep



noaxirounTh K rHe3ny KT1. Hactotomep nepeectu B pexxum «BHEILL» Bxop
aHanu3aTopa cnekTtpa coeauHuTb ¢ rHe3gom KT4. Yceranouths uwactory ['PU
fou=f,—10 kM M MakCUMalbHYIO aMIUINTYLy BBIXOJHOTO HAINpPSIKEHHUS.
VYcranoButh uactoty reneparopa HY pasnoit 10 k' (Il nuanaszon). Ilo
BOJIBTMETPY YCTAHOBUThH BBIXOJHOE HampspkeHue reHeparopa HY paBueiM 1 B.
Bxon A ocuwmmiorpada coemunuth ¢ rHe3nom KT3. Bxom B ocummnorpada
coenuHuTh ¢ THe310M KT4. KommyTtaTop BX010B ocumiuiorpada ycTaHOBUTH B
nosioxeHue «A, B». CHHXpoHHM3a1us pa3BepTKH — IO BXOAY A.

HabGmonmate Ha  okpane  ocuwwiorpada  GopmMy  HampsoKeHHS,
MoayiupoBaHHoro mo amrmutyae (A3E). M3MeHsTh B HEKOTOPBIX Mpejenax
BenmuuHy HanpsbkeHns HY perymsaropom «YCHUIIEHUE 3Y», nHabmronaTh
U3MEHEHHE TJIyOMHBl MOJYJALMHU. YCTAHOBUTh TIYOMHY  MOMIYJISIUH,
npuOIU3UTENbHO paBHYIO 0,5.

B najabHeiimemM He H3MEHATH MOJI0keHHe peryiasaTopa «Y CUWJIEHHUE 39».
3anucate 3HaueHue HanpsbkeHust Upygs Ha Bbixoe reHeparopa HY, mpu
kotopom m=0,5.

Onpenenuth ceKTpalibHbINA cocTaB AM cHrHana ¢ OMOIIbIO aHAIA3aTOpa

CIEKTpa.
4. Ilpu BBIOTHEHUH YETBEPTOTO IMyHKTA 3a/laHUs. HEOOXOAMMO O3HAKOMHUTHCS C
paboTol OATAHCHOTO aMIUIMTYJJHOTO MOIYJISATOpa U mapaMmerpamMu AM curhHana
C TMOJHOCTBIO NOAABIEHHON Hecymien. I 3TOro BXOJ aHalIM3aTropa CIEKTpa
coeauHuTh ¢ THe3noM KT5. Bxoa B ocuumnorpada coenunuth ¢ rHeznoMm KTS.
Habnromate Ha »skpaHe ocuwwiorpadga ¢opmy HampsiKEHUS Ha  BBIXOJE
OaslaHCHOTO MojayJsiATopa. M3MeHssi B HEKOTOpBIX TMpeAeNax BeJIUYUHY
BBIXO/IHOTO HampspbkeHusi reHeparopa HY, HaGmionath HM3MEHEHHME TTyOHHBI
MoynAuud. Y CcTaHOBUTh Uyygs. OnpeaenuTs CIeKTpadbHbI COCTaB CUTHANA €
IOMOILBIO AHAJIN3aTOpa CHEKTpA.

5. Ilpu BBITIOJIHEHMM TATOTO TMYHKTa 3aJaHusl TpeOyeTcs O3HAKOMUTHCS C
paboTO# OHOMOIOCHOTO MOAyNATOpa U napametrpamu OM curnana (J3E). s
ATOr0 BXOJ aHaJIM3aTopa CHeKTpa coeauHuTh ¢ rHe3noM KT6. Bxon B
ocimorpada coenunuth ¢ rHe3goM KT6 (pexxum «By», cuHXpoHH3anus Mo
Bxony B). Habmonars Ha 3kpane ocunsuiorpada popMmy HanmpspKeHHUs! Ha BBIXOE
nosjocoBoro guiabTpa. M3MeHsisi B HEKOTOPBIX TMpejiesiax BEIUYUHY BBIXOJIHOTO
HanpspkeHus: reHeparopa HY, nHabmronaTh M3MEHEHHE CHUTHANIA. Y CTaHOBUTh
HanpspkeHue Ha Bbixoge reHeparopa HY Upyps. OmnpenennTs CHeKTpaabHBINA
COCTaB CHTHAJIA C TIOMOUIBIO AHAIM3aTOPa CIEKTPA.

Jlanee cienyer yMeHbILIATh YacTOTy MOAyJIUpyromero Hamnpspkenus HY.
OTMeTuTh, IpU Kakoi 4yactore Fyy vy TPOU30MAET MpoMajaHue HANPSKEHUS B
KT6. Coornectu cnenyromue BenuuuHbl fpy, fep, Afne, Fuy wwe Caenats
HEO0OXOMMbIC BHIBOJIBI.

3aTeM criemyeT yCTaHOBUTH 4acTtoTy reHeparopa HY pasuoir 10 xI'm.
VYo6enutecs B mosineHun curHaia B KT6. IlnaBno ymensbmats wactoty I'PY.
OtmeTnuTh, TIpu KakoW vactoTe fgy; mpowmsoiizer mpomnagaHue HANPSHKESHUS B



KT6. Coormectu cnenytomue BenuuuHbl: fpyi, fo,, Afne, Fpy. Coenats
HEO0OXOIUMBIE BBIBOJIBI.

6. [lpu BBINONHEHHH WIECTOrO MYHKTa 3aJaHus HEOOXOJUMO OMNPENETUTh
BJIMSHUE YacCTOThl MOJYJHMPYIOIIETO CUTHAla Ha CIEKTpalbHBIM coctaB AM
curHazia. Jljist 3Toro BXoJ aHajau3aTtopa CrekTpa coequHuTh ¢ THeznoM KT4'. Ha
Bxon |l ocrimmmorpada mogaercst curaain ¢ rae3naa KT4. Yactory reneparopa HU
yctaHoBuTh paBHOU 20 kI'l, HanpsbkeHue Ha Bbixojae reHeparopa HU — Uyygs.
Bri6pars wacroty I'PU fgy = f,— 10 x['u. Onpenenuts crnexTpanbHbIN COCTaB
AM curHaia ¢ HOMONIBIO aHAIIU3aTOPa CIIEKTPA.

Bxon ananuzaTopa cnekTpa COEIMHUTH C KOHTpOJibHOM Toukoit KT5'.
Bxon Il octimmniorpada coenquuuth ¢ KoHTpodasHOM Toukod KTS. Omnpenenutsb
CIIEKTPAJIbHBIN COCTAB CUTHAJA C MOMOILBIO aHAJIMU3aTOpa CIIEKTpa.

Bxon ananmmszaTopa CnekTpa COEIMHUTH C KOHTposibHOM Toukoil KT6'.
Bxon Il ocuimniorpada coenuuuth ¢ KOHTpodabHOM Toukou KT6. Onpenenutsb
CIIEKTPAJIbHBIN COCTAaB CUTHAJIA C TOMOINIBIO aHAIN3aTOpa CreKTpa. Pe3ynbprarsl
3aHECTM B NPOTOKOJ K JsabopaTopHoil pabore. B oruere cremyer caenath
HEO00XO/IUMbIC BHIBOJIBI.

OT4eT I0J/I2KEH COAePXKATh:
1) cTPYKTYpHYIO CXeMy J1JaOOpaTOPHON YCTaHOBKH;
2) TabyuIbl U Tpad KK U3MEPEHHBIX BEJIINYHH;
3) cnektpel AM, AM c¢ nogasienHoi Hecyieir 1 OM koieOaHumii;
4) aHaU3 TOJYYCHHBIX PE3yJIbTATOB U BHIBOJIBI.

KoHTpoJibHBIE BONIPOCHI

1. KakoBa 1ienp HacTosen JabopaTopHoit paboThI?

2. Kak ocymectisercs OM u kakoBsI mpeumymectsa OM mepen AM?

3. Hapucyiite cnektp AM, AM ¢ nonasieHHo# Hecymiedt 1 OM kosie0anuit
MPUA MOAYJIALIMK OJHUM TOHOM, ITPY MOJYJISILIMU CIIOKHBIM CUTHAJIOM.



JlabopaTopHuas padora 5 _
NCCJIEJOBAHUE ABTOI'EHEPATOPA C YACTOTHOH
MOAYJIALUEHN

Hean padorbl: u3ydenue napamerpoB UM curnaiioB, cnocoOOB peanu3anuu
YaCTOTHOM  MOAYJSILIUM,  TNPUHIMUIIOB  TOCTPOCHHS  aBTOT€HEPATOPOB,
YIPABJISIEMBIX M0 YACTOTE; IKCIIEPUMEHTAIBHOE UCCIIEI0BAHNE aBTOIE€HEPATOPA,
B KOTOPOM BO3MO’KHO OCYIIECTBJICHHE YaCTOTHOW MOAYJISLIUH.

3agaHue

1. V3yunuTh NPUHLIMIUAIBHYIO CXEMYy MCCIEAYEeMOro aBTOTeHepaTopa C
YaCTOTHOW MOAYJISIIIAEH.

2. CHATh JETEKTOPHYIO XapaKTepUCTHKY YacTOTHOro aerektopa (Y/) u
OTPENIECIIUTh €€ KBA3WJIMHEUHBIA YUaCTOK.

3. CHATB PEeryJIMPOBOYHYIO XapaKTEPUCTUKY aBTOT€HEPATOpPA U ONIPEICTUTh
€€ KBa3WJIMHENHBIN YYaCTOK.

4. UccnenoBaTh 3aBUCUMOCTD HamnpsbkeHUs Ha Bbixoze UJ[ oT HampsikeHus
CMEILICHHS Ha BapuKale aBTOr€HepaTopa.

5. Cusate AUX aBroreneparopa ¢ UM.

6. MUccnenoBaTh CHEKTpadbHBIM COCTaB YaCTOTHO-MOAYJIMPOBAHHBIX
KoJIeOaHUM MPU PA3IUYHBIX UHACKCAX MOIYJISIINY.

YKka3zaHus K BbIIIOJTHEHHIO JIA00PATOPHOI padoThI

1. Uccnengyemsbiii Maker (puc.l) mnpencraBiasieT coOOd aBTOreHEpaTop C
BapUKaIoM B KoJjiebaTeapHOM KOHTYpe. [ 'eHepaTop nepecTpanBaeTcs o 4acToTe
B muanazone 400—470 k['m. HanpsokeHne cMeleHrs Ha BapuKal TOJAeTCs W3
MPaBOro CTalMOHApPHOTO OJioka J1abOpaTOPHOW YCTAHOBKH, PETYIUPYETCs
nepemeHHbIM pe3uctopoM «CMEIIEHHUE» ot 0 go 10B u wusMmepsercs
BCTPOEHHBIM BOJIbTMETPOM.

Mopynupytolllee  HamnpskKeHUE  3BYKOBOM  4YacTOThl  MOJAETCSl HAa  BXOJ
aBroreHeparopa uepe3 KT1.

[lepen Hauyamom pabOThI HEOOXOIUMO O3HAKOMUTHCS C YCTPOMCTBOM CMEHHOTO
0JI0Ka, M3yYUTh MPUHIUIHUAIBHYIO CXEMYy HCCIIEIyeMOT0o aBTOreHepaTopa ¢
YaCTOTHOW MOYJISILIUEH.



WCCNEAOBAHUE ABTONEHEPATOPA
C YACTOTHOMU MOAYNALUEWN
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Puc. 1. BHemnuii BUJ 1M11€BOM NaHEIU CMEHHOIO OJI0Ka
2. llpyu BBINOMHEHUH BTOPOrO0 MYHKTa 3aJlaHUAs CHUMAETCS JETEKTOpHAas
XapaKTEPUCTUKA YaCTOTHOTO JIETEKTOPA.

Jns storo k kKoHTponbHOM Touke KT2 mnopximrouaercss renepatop BY,
PAaCIOJIOKEHHBIN Ha JIEBOW 4aCTU YCTaHOBKM; Ha reHeparope BY BreicTaBisieTcs
ypoBenb 7 ab. K xoHTpoasHOM Touke KT2' moakmtogaeTcss yactoToMep (pexum
paboter «BHEIIL»). Tym6mep S1 Ha cmMeHHOM OJIOKE YCTaHABIIMBAaeTCS B
HIKHee nojoxxkeHue. K kontponsHoil Touke KT3 monakmtoyaercs MyJIbTUMETP,
BKJIIOUEHHBIM B PEXHUM U3MEPEHUS IIOCTOSIHHOIO HAaIpPsLKEHUs, Ipeaes
m3mepenui 20 B.

JInsg CHATHA JIETEKTOPHOW XApAKTEPUCTUKU YaCTOTHOIO JIETEKTOpA
HCCIIeTyeTCS 3aBHCHUMOCTh IIOCTOSIHHOM cocrapistomeidd U- Ha BbeIXOJE
YaCTOTHOTO JIETEKTOPA OT U3MEHEHHS YaCTOTHI MMOJJaBa€MOI0 Ha BXOJ1 KoJieOaHUs
Ipyu OTCYTCTBUM Moxysinuu. Hacrora reneparopa BYU mensercs B npenenax
410-510 I (1-# auamazon), BennunHa U= GuUKCHpyeTcs 1Mo MyJIbTHMETPY.

PesynbraTel nu3Mepenuit 3aHocarcs B Taoiu. 1. Ilo pesynbraram uaMepeHuit
cTpouTcst  geTekropHas — xapaktepuctuka U-=1f(f.), onpenmensercas ee
MaKCHUMaJIbHO JIMHEHHBIH ydyacTOK M cpeanss dacrora fy, (B cepemune
JMHEWHOTO y4acTKa JETEKTOPHON XapaKTEPUCTUKH ).

Tabmuma 1
fo, kI’ 410 510
U, B
fep1 , kI'11




3. Tlpy BBINOMHEHUH TPETHETO IMYHKTA 3aJaHHUsI CHUMAETCS PEryJupoBOYHAs
XapaKTEepUCTHKa aBToreneparopa ¢ YM.

Jnst cHATUS peryaupoBouyHOM xapaktepuctuku Al ¢ UM wuccaenyercs
3aBUCHMOCTh YaCTOTHl Ha BBIXOJIE aBTOT€HEpPATOpa OT HAMNPSHKEHUS CMEIICHUS
Ha Bapukane Uy, Kpome Toro, mccienyercs 3aBHCHMOCTb HaIpsDKEHHUS Ha
BbIxoae YJ| Ugyxyy OT HampsbkeHus cMmelneHus Ha Bapukane. [ storo
HEOOXOAMMO: MOJKIIOYUTh YacTtotoMep (pexuMm padotel «BHEIL») k
koHTposbHOM Touke KT2; TymOnep S1 Ha cMeHHOM OJIOKE€ YCTaHOBUTH B
BEPXHEE IOJI0KEHUE; K KOHTPOJBHOU Touke KT3 moaKIounTh MyJIBTUMETD.

Hamnpsoxkenue cMelleHHss Ha BapuKale aBTOrEHEpaTropa W3MEHSETCS OT
0 mo 10 B mepemennsim pesuctopom «CMEIIEHUEY, pacmonokeHHBIM Ha
OpaBoM  CTAllMOHApHOW  MaHedMu J1Ta0OpaTOpPHOM  YCTAHOBKU.  3HAUYCHMS
HaIPsDKEHHS] CMENIEHU, YaCTOThl aBTOT€HEPATOPA U MOCTOSIHHOTO HAIPSKEHUS
Ha BBIXOJI€ YaCTOTHOTO JIeTeKTopa GUKCUPYIOTCA B Ta0. 2.

[To pe3ynbraTaM H3MEPEHUIl CTPOUTCS PETYIUPOBOUHAS XAPAKTEPHUCTHKA
fren = f(Uynp) 1 3aBuCHMOCTD Upyy yy = f(Uyy,), onpenensercs nuHeiHbIN yyacTok
pEryJIMpoBOYHOI XapaKTepUCTHKH U BeIOMpaercs fy,, B cepenune smHEiHOTO
y4acTKa.

Tabnuma 2
Uymp, B 0 1 10
frew , KI'TT
Uppx ust » B
fep2 , kI'x

4. Tlpu BBHINIOJIHEHUWW YETBEPTOTO MYHKTA 3aJlaHUsl MCCIEAYyeTCS 4YacTOTHas
MOJYJISIIIUSI TAPMOHUYECKUM HaIPSKEHUEM 3BYKOBOM 4aCTOTHI.

Jlns  uccnegoBaHUST YAaCTOTHOM MOJYJSIMU  HEOOXOIMMO, HW3MEHSIS
HaIPsHKEHHE CMELIECHUS BapuKarna, yCTAHOBUTh YaCTOTY aBTOI€HEPATOpa paBHOM
fep2 (13 1. 3). K xontponeHO#t Touke KT1 moaxmouaercsa remepatrop HY. K
KoHTponbHOM Touke KT2 moakmrodgaeTcs dactoroMep (pekuM pabOThI
«BHEIILy»). Tym6nep S1 Ha cmMeHHOM OJIOKE YCTaHaBIIMBAE€TCS B BEpXHEE
nonoxxenne. K kourponpHOM Touke KT2' moakmrouaercs ocuuiorpad.

Yacrota reneparopa HU ycranasnuBaetcst paBHoit 3 kI 11 (3-if quamna3oH), a
HaIpsKEHUE Ha BbixoJie reneparopa HY paBubiM 4 B.

Ha skpane ocuumiorpada MoxxHO HaOIIOAATh COMYTCTBYIOIIEE YaCTOTHOM
MOIYJISIIMU U3MEHEHHE MTHOBEHHOTO 3HaUCHUSI (Pa3bl KOJIeOaHUH.

N3MmeHnsist (yMeHblIasgs W yBEJIMYMBAs) aMIUIUTYJly U YacTOTY HaNpPSKEHUS
HY nHeoOxomuMo TpoCHeAnTh NUHAMHKY H3MEHEHHsI MTHOBEHHOTO 3HAYCHUS
¢a3pl konebannit BY u caenatb BEIBOIBI.

Yactota renepatopa HY cHoBa ycranaBnuBaeTcs paBHOM 3 kI
(3-ii quama3oH), a HampsbkeHHe Ha BbIxoje reHeparopa HY pasubeiM 4 B.
Ocuwinorpad noakiaroyaeTcst K KOHTposibHOM Touke KT3.



Ha »skpane ocmwmiorpadga MOXKHO HaONIOJaTh HaNpshDKEHHE 3BYKOBOM
YacTOThl Ha BBIXOJIE YAaCTOTHOTO JeTeKkTopa. VM3MeHssl aMIUIMTyly M 4acTOTy
Harnpsbkennss HY HeoOXoauMo mpocienuTh W3MeHeHwe HanpspkeHus HY nHa
BeIXxoae U/l u crienats BBIBOBI.

5. Ilpu BbIMOAHEHWUHM MATOTO MyHKTa 3adanus wucciaenyercs AUX
ABTOr€HEpATOpa C YaCTOTHOM MOIYJISLIUEH.

JInst 3TOr0 CHMMAaeTCsl 3aBUCUMOCTh HAIPSHKEHHSI HA BBIXOJIE YACTOTHOTO
nerekropa ot yactotel reneparopa HY. Yacrora reneparopa HU n3zmensiercs or
50T mo 10 xI'm, a HanpsbkeHue Ha BbixoJe reHepatopa HU momnepxuBaeTcs
paBabiM 4 B. C momompio ocrmsuiorpada HabGmrogaeTcss Hanpspkenne HY Ha
BoIxoJie YJ[ m m3mepsiercs ero BennunHa. [loirydyeHHBIE TaHHBIE 3aHOCSTCA B

Tabi. 3.
Tabnuua 3

qu,KFII 0,05 10,0
UBbIXqH D B

I[To pesynbratam u3MepeHuil cTpouTcs 3aBUCUMOCTD Uy uy = f(fiy). AUX
YaCTOTHOTO JETEKTOpa B YKa3aHHOU 00J1aCTH 4aCTOT CUUTATh JIMHEHHO.

6. Ilpu BBIMOJHEHUM MIECTOTO MYyHKTa 3aJaHUS OMPEACINSETCS CIEKTPaIbHBIN
COCTaB YaCTOTHO-MO/YJIMPOBAHHBIX KOJIEOAHMIA.

YacroTa aBTOreHepaTopa ycTaHaBiuBaeTcs paBHoH fg,, (13 m. 3). I'eneparop
HY nonkmouaercs k koHTposnbHOU Touke KT1. Yactoromep (pexxum pabOThI
«BHEIIL.») moakmogaeTcs kK KoHTpodbHOM Touke KT2. TymOmep S1 Ha
CMEHHOM OJIOKE YCTaHABIIMBAETCS B BepxHee nosoxeHue. K KoHTposbHOM Touke
KT2' noaknroyaercst aHaaIu3aTop CIEKTpa.

[Ipou3BoauTCcsT W3MEpPEHHE YacTOThl W HANPSHKEHHS] CHEKTPaJIbHBIX
COCTaBJISIIOLIMX KOJIeOaHUHM Ha BbIXOJE aBToreHeparopa ¢ UM mpu crnenyromux
3HAUYEHHUAX YaCTOThl M  HANpPSOHKEHUS  MOIYJIHUPYIOIIMX TapMOHUYECKUX
KOJieOaHMi:

1)F=1xlu, U=1B,;

2) F=3kl'u, U=1B;

3) F=1«kln, U=4B;

4) F =3 kI, U=4B.

Heob6xoaumo n306pazuth crektp UM konebanuii 17151 yKazaHHBIX 4acTOT U
HaIpsHKEHNUM.

OTyer J0/I2KeH CoepKaTh:
1) NpUHIMITHAIEHYIO CXEMY aBTOT€HEepaTopa ¢ YaCTOTHOM MOTyJIsIIHeH;
2) TabynIbl U TpadUKH N3MEPCHHBIX BEJIUYHH;
3) CIEKTPBI YaCTOTHO MOTYJIMPOBAHHOTO KOJICOAHNS;
4) aHaM3 NOJIYYCHHBIX PE3YJIbTATOB U BBIBOJIBI.



KoHTpoJibHBbIE BOPOCHI

1. KakoBa 11e;16 HacTosiel JabopatopHoit paboThI?

2. llosicHuTe Ha3HAuY€HHE SJEMEHTOB MPUHIMIHAIBHOU 3JIEKTPUUYECKOM
cxembl UMAI (4acTOTHO-MOJIYJIMPOBAaHHOTO aBToreHeparopa). Ha ocHoBe
KAKOM YCHJIUTEIIbHOW CXEMbI IOCTPOEH aBToreHeparop? Kakue 351eMEeHTHI
o0pa3ytoT 1enb oOpaTHOMl cBsizu? Kakolh 3jeMEHT yIpaBiseT 4YacTOTOU
aBToreHeparopa?

3. KakoBa »kBuBanieHTHas cxema koHTypa UMAI? Kak ompenensrorcs
3HAYCHHS TMapaMeTPOB KOJIEOATETHLHON CHCTEMBI, OMPEICTSIONINX CBOMCTBA
UMAI™?

4. Yto Ha3bIBAIOT MHIEKCOM YacTOTHOW Monayisuuu? OT Yero 3aBUCUT
BEJIMYMHA JI€BUAIIUN YaCTOThI?

5. Kakosa nmosioca UM curnasna, oT 4ero oHa 3aBUCHUT?

6. Kakue xapaktepucTuku HazbBaoT crtatudueckoi (CMX) wu
muHamudeckon  (JAMX) wmonynsaiuoHHbIME — Xapaktepuctukamu? OT  4ero
3aBucuT kpyTtusHa JIMX? Iloscaute meroauky usmepennit CMX u JIMX. Kak
UCIIOJIb3YIOTCS 3TH XapaKTEPUCTUKHU MPU BIOOPE pexuMa MOITUYAHUSA?

7. Yem ormpepensieTcsi ypoBEHb HETMHEHHBIX UCKaKEHUH, BO3HUKAIOIINX B
YaCTOTHOM MOAYJIITOpe Ha Bapukane? YTo mnOpensTCTBYET YMEHBIICHUIO
nckaxxeHur? Kakue Mepbl NPUMEHSIOT ISl MOBBIIICHUS KadyeCTBAa YaCTOTHOTO
MOJYJIITOPA HAa BapuKare?
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