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1 Hean padoThl

L[CJ'IB pa6OTBIZ HN3YUYUTh MNPHHOUIIBI ITOCTPOCHHSA CHHTE3aTOpPOB 4YaCTOT B
B036YI[I/ITCJ'I$IX nepeaaTInkKoOB, TICTCPOAMHAX IIPUCMHHUKOB H Hp606p330BaTeHHX
qacTOTbl OKCIICPUMCHTAJIbBHO HCCICAOBATH CHHTC3AaTOP 4YaCTOTblI C HMMITYJIBCHO-

(ha30BBIM KOMITAPATOPOM.

2 Conep:xxanmne padboThbl

l. Omnpenenenve Auana3oHa MEPECTPOMKH T€HEpPaTopa, YMNPABISIEMOIO
HanpspkenueM (I'VH). CHaTtre XapakTepUCTUKU yIIPABICHUS.

2. Omnpenenenue HecTaOWabHOCTH 4YacToThl ['YH mpu pasoMmkHyTO# metiie
UMITYJIbCHOM (Pa30BOI aBTOMOACTPOMKHI YACTOTHI.

3. Ompezenenue 1mara CETKM 4acToT i (PUKCUPOBAHHOTO KO3 (dUIIMEHTA
nenenust M = 50, 100, 200.

4. Pacuer DOMyCTHUMBIX 3HAYEHHM NepeMeHHOro koddduuueHta aeneHuss N
JUIS 33JIaHHOTO I11ara CEeTKM 4YaCcTOT M U3BMEPEHHOTr0 Auana3oHna nepectporku ['YH.

5. Pacuer 3Hauemmii M wu N ansg 3agaHHOrO JAMAara3oHa 4YacTOTHI.
DKcnepruMeHTalIbHas MPOBEPKA MPAaBUILHOCTH pacuera M u N.

6. Omnpenenenne HecTtaOWiIbHOCTH YacToThl ['YH mipum 3amMkHYTOH TmeTIie
UMITyJIbCHOM (Da30BOI aBTOMOACTPOMKHI YACTOTHI.

7. KpaTkoe nosicCHeHHEe Ha3HAYEHHS KaXXJOTO AJIEMEHTA CTPYKTYPHOUM CXEMBbI

CHUHTE3aTOpa YaCTOThI C UMITYJIbCHOM (pa30BOI aBTOMOACTPOIKH YaCTOTHI.



3 Kparkue cBeieHHMsI U3 TEOPUH

OaHMM U3 OCHOBHBIX 3JEMEHTOB COBPEMEHHOTO BO30OYIUTENS SIBISETCS
CHUHTE3aTOpP 4YacTOT, BbIPAOATHIBAIOIIMKA OJHO WJIM HECKOJBKO KOTE€PEHTHBIX
KOJIEOaHU C 3aJaHHBIMH YaCTOTAMH.

Ha npaktrke mmpoKo UCHONIB3YIOTCSI CHHTE3aTOPBI YaCTOTHI, IOCTPOCHHBIE HA
OCHOBE METOJIa KOCBEHHOI'O CMHTe3a. Takue CUHTE3aTOPhI COEPKAT B CBOEM COCTaBE
MOJICTpauBaeMblii 1O YacTOT€ aBTOT€HEPAaTOp, OXBAaueHHBIM meTield (azoBoit

aBTonojcTpoiku yactotel (DAITY) [13].
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Pucynox 1

[Tpocreiimas ctpyktypHas cxema cucteMbl @AY n3obpakena Ha pucyHke 1.
CurHanbl 4actor @, U @ - ot 3TagoHHoro (BI) m moactpauBaemoro (I1T)

reHepaTopoB mnoctynaioT Ha Qa3oBbiii nerektop (DJI), BBIXOJHOE HAMpsIKEHHE
KOTOPOT'O ONpEIEETCs Pa3HOCThIO (pa3 HANPSHKEHUH, AEHCTBYIONIMX HAa €r0 BXOJIaX.
Brixonnoe Hanpsixenne O/ yepes @HY Bo3aencTBYET HA YHNPABISIOIMNA SJIEMEHT
(YD), Hanpumep Bapukan, KOTOpbli uaMmensiet yactoty I, mpubnmkas ee k yactote

or.

B cranmonapnom pexume, korna @5-= @, B CUCTEME YCTAHABIMBACTCS

NOCTOSIHHASI Pa3HOCTh (ha3 MEXJy CUTHAJIaMH COOTBETCTBYIOLIMX T'€HEPATOPOB U
BBIXO/IHOE HanpsbkeHue @]l mocTosHHO. DTO MOCTOSHHOE HANMPSIXKEHUE MOJAETCs Ha
Bx0Jl YD, n00 B MPOTHUBHOM Clly4ae CTAllMOHAPHBIM pPEXUM OYIET HEBO3MOKEH.
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[Toatomy mMexay @/l u YO BKIIOYAKOTCSA yCTPOMCTBA, NPOIYCKAIOIIME MOCTOSHHBIN
ToK. Takumu ycrtpoucrBamu sBisitoTCE POHY, KOTOpBIE YCTpaHAKOT M3 CHEKTpa
CUTHAJIa  YOpPABJICHHS  HEXKeJlaTeJIbHblE  COCTaBISIOIIME  IMOOOYHBIX  YacToT,
npucyrctByromue Ha Boixone @OJ. Ilomamas Ha BXon YD, 3TH COCTaBISIIOLIUE
BBI3bIBAIOT MAPA3UTHYIO YACTOTHYIO ((pa30Byr0) MOIYIISIIIMIO STAJIOHHOTO CUTHAIA.

Cucrema ®AIIY moxer paboTaTh B pa3iuuHbIX pexxumax. Hampumep, ecnu
gactotel OI' um III' paBHBI U >PdexT MemneHHbIXx u3MepeHuit mapamerpon III,
ONPENEIAIIUX €r0 YacToTy, IMOJHOCTBbIO KoMIileHcupyercs aerictBueM OAIIY,
nocieAHssi paboTaeT B Tak Ha3bIBaeMOM pexume yaepkanusi. C MoHATHEM peXuMa
yAepKaHUST HEPa3pbIBHO CBS3aHO TMOHSATHE TMOJIOCH YAEpX aHHUs, T. €. 00JacTH
HadalbHBIX paccTpoek OI' u III', B KOTOpOoil BO3MOKEH ITOT pexkuM. lllupuna
MOJIOCHI yEPKaHUs ONPEAENSAETCS Pa3HOCThIO TPAHWYHBIX 3HaueHUW 4dacToTel 1T,
COOTBETCTBYIOIIUX HAMOOJIbIIEMY U HAMMEHbBIIEMY HaIpsKeHUsIM Ha Bbixojie D/I.

Bo3moxkeH u Jpyroil pexxum pabOThl CUCTEMbI, MPU KOTOPOM B CpPEIHEM
pa3HOCTh YACTOT, BHIPAOATHIBAEMBIX T'E€HEPATOpPAMU CUTHAJIOB, paBHA HYNIIO, a
pa3HOCTh (a3 MEPUOJUYECKH HU3MEHSIETCS. DTOT PEXKUM, HCIOJIb3yeMbld KpaiiHe
PENKO, HAa3bIBACTCA PEKUMOM KBa3UCHHXpOHHU3MA. OOBIYHO CHCTEMY MPOECKTHPYIOT
TaK, YTOObI OH HE BO3HHKAJ.

Tpetuit pexxum padbotsl cuctembl ALY - pexxum Ouenuit. Ero xapakrepHoi
0COOEHHOCTBIO SIBJISIETCS HEMPEPBIBHOE HapacTaHue B cpenHeM pasHoctu a3 I u
OI'. Pexxum Ouenuii Bcerga HaOdrofaeTcss B TeX CiyyasX, KOI/Ia HadallbHas
pacctpoiika III' otHOcuTenpHO Ol (T.€. paccTpoiika, COOTBETCTBYIOLIAS HYIIIO
HanpspkeHus: Ha Boixoge @J1) Gombiiie monockl yaepkanusi. Horaa oH MOXET UMETh
MECTO TIPM HAYaJbHOM PACCTPOMKE, MEHBIIEW MOJOCHI yaepxkaHusa. B pexume
Oouenuit cpenuee 3Hauenne 4actothl [1I" oTmmuaercs ot wactoTer O

[lepexoqHO€ COCTOSTHUE CUCTEMBI, MPU KOTOPOM PEKUM OMEHUN MEPEXOIUT C
TEUYECHHEM BPEMEHM B PEKUM KBAa3MCUHXPOHHM3MA, HA3bIBACTCS PEKUMOM YICPHKAHUS.

[Tonx monocoii 3axBata moHUMaeTcs: 00JacTh HauanbHbIX paccTpoek [ u O, B
KOTOPON MpU JIOOBIX HAYaJIbHBIX YCJIOBHSX YCTaHABIMBAETCA PEXHUM YIAEp:KaHUS

(wm xBazucuHXpoHU3Ma). OOBIYHO B MOMEHT BKJIIOUEHHUS CHCTEMBI 4acTOThl [1I" m
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OI' He coBmagaroT U B cucteMe Habmoaaercs pexum ouenuit. [Ipu stom curnan I
MOJYJIHUPYETCS MO YaCTOTE HANpPsIKEHUEM OUEHUH.

B 3aBHCHMOCTH OT 3HaKa MTHOBEHHOI'O HANPSKEHUS] OMEHUI pa3HOCTh YacTOT
I[II' u OI' TO mnoOBBILIAETCA, TO MOHWXKAETC. B pe3ynpraTre MIMTEIBHOCTH
IOJIOKUTENBHOM M OTPULIATEIbHON TMOJIYBOJH HAIPsDKEHHUS OMEHMM OKa3bIBalOTCA
pa3IMYHBIMU U Ha BBIXOJE, U Ha BXxojae P/ oOpa3yercs MOCTOSIHHAS COCTaBJISIOLIAS
HanpspKkeHu. Hanuuue 3TOM MOCTOSHHOM COCTABIIAIOLIEH NPUBOAUT K U3MEHEHHIO
4acTOTbl OWEHUN OTHOCUTEIBHO HayalbHOW paccTpoiiku. FEciu HavaibHas
paccTpoka HE BBIXOAWT 3a NPEAeNbl IIOJOCHl  3axBaTa, TO IOCTOSHHAs
COCTaBJISIFOIIAs CHIKAET YaCTOTy OMEHUI 10 HYJ U BO3HUKACT PEXKHUM YACpPKAHHUS.
Ecnu HagasbHAass paccTpoMKa NPEBBIIACT II0JOCY 3axBaTa, TO IIOCTOSHHAs
COCTAaBJIAIOIIAsl HAIPSDKEHHWsT HENOCTATOYHA JUIsl €€ IIOJHOM KOMIIEHCAlluM U B
cUCTeME Halmrojaercss pexuM OueHuil. B o0mieM ciydae mosocel yaepKaHus U
3axBaTra He paBHbI Apyr Apyry. Tak, ecan @HY (cm. pucyHok 1) B nienu ynpaieHMs
orcyrcTtByeT. Ho B 3TOoM ciydae Quuibtpyromas crnocodHocTh cuctembl DAITY
OKa3bIBAeTCA HHM3KOW (IMMOMexH, JeWcTByronue Ha BbixoAe DJI, HEmoCpeICTBEHHO
BO3JIEHCTBYIOT HAa YAaCTOTY MOJICTPAUBAEMOI'0 FEHEPATOPA).

[Ipy Hamuuuu QuiIbTpa ¢ YyMEHBIIEHUEM €0 IOJIOCHI MPOMYCKAHUS I0J0ca
3axBaTa CHUCTEMbl CTAaHOBUTCS MEHBLIE MOJOCHl YAEpXKaHUs, UYTO OOBICHSIETCA
ITaJICHUEM HAIPSOHKEHUs HA BXOJE YNPABIISIOLIETO 3JIEMEHTA, a4 TAKKE NOSBIICHUEM B
KOJIBLIE PETYJIUPOBAHUS TONOJHUTENBHOTO (Pa30BOr0 CABUra, BHOCUMOTO (PUIBTPOM.
Ha npakTrke HHEPIUOHHOCTH IETH YIPABIEHUS BEIOUPAIOT UCXOAs U3 KOMIIPOMHECCA
MeXI1y HEOOXOAMMOCTBIO 00ECIIEUeHUs MIMPOKOM MOJIOCH 3axBaTa U (DUIBTPYIOIICH
CIIOCOOHOCTBIO IO OTHOLIEHWIO K BHEHUM nomexam. C 3TOH 1enplo B LENU
yIpPaBIEHUSI CUCTEMBI YaCTO UCIIOJIb3YIOT OoJiee clokHble PuibTpsl [14].

3Hag npuHiun pabotel cucreMbl DAIIY, HeTpyaHO MNOSCHUTH padoTy
CHUHTE3aTOpa, paldOTAIOIIEro MO METOAY KOCBEHHOIO CHHTE3a (METOAY aHajiu3a).
CrpykTypHasi cxeMa TakoOro CHHTe3aTopa H300paxkeHa Ha pucyHke 2. Curnan c

BBIXOJIa JIeNnuTeNs ¢ nepeMeHHbIM Koadduimentom nenenus (JIIK) noctymaer Ha



@JI, Ha KOTOPBII1 OTHOBPEMEHHO IMMOCTYIAET CUTHAI OT KBapueBoro reneparopa (KI')

C 4aCTOTOM f 0.
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PucyHnok 2

Beixonnoe Hanpspkenne ®JI, kak B oObiuHOM cucteme PAITY, yepes OHY
BO3JACHUCTBYET Ha Y3, KOTOpwli wu3meHser yactory III. B xkauectBe [II'
WCHOJIB3YETCS, KaK MNPaBHWIJIO, TPAH3UCTOPHBIM aBTOTCHEPATOP, BBINOJIHEHHBIA IO
CXEME €MKOCTHOM TPEXTOUYKH, U Y C BapUKANOM, BKIIOYEHHBIM B KOJ€OATEIbHBIN
KOHTYp. B CHHXpPOHHOM COCTOSSHUM 4YacCTOThl CHUTHAJOB, cCpaBHHBacMbix DI,

okasbiBatoTCs paBHBIMU( f, = f;r / N, tne N — kosbdunuent aenenus JAIK/), u,

CJIeI0BATEIbHO, JOJITOBPEMEHHAsI HECTAaOWJIBHOCTh BBIXOAHOM dacToThl III' Ta e,
yro U KI'. Mensss kodddunment neneHus N, 10 KOMaHJE BHEIIHETO YCTPOMCTBA,

3a1al01IEr0 KOJl TpeOyeMOW BBIXOJIHOW YacTOTbl, MOKHO HU3MEHATh YacCTOTYy KO-

nebanuii Ha BeIxozxe cunresaropa (f ;- = Nf,). Ilpu 5TOM Imar 4acToT CHHTE3aTopa

pasen uactore f,. B xauectse JIKIIJI HMCHONB3YIOTCS CYETYMKH HMMITYJbCOB,
BBITIOJTHEHHBIE HAa IU(POBBIX MHTETPATBHBIX CXEMaxX KaK CPEIHEH, TaKk W OOJIBIION
crenenu wuHTerpanuu. [udposeie JIIIK][ ycroitumBo paboTaroT Ha YacTOTax
BXogHoro curiana mo 1,5.2 I'Tu. Ecoim f, > 1,5.2 TTu, To UIi CHUKEHUS

gactoThl BxomHoro curHanma JI[IKJ[ wcmons3yloT NOHMKEHHE 4YacTOTHI JIMOO
BBIYUTAHUEM (PUCYHOK 3a), 1ub0 neneHueM (pucyHok 30). [Ipu moHu»kXKeHUn 4acToThl

konedanuil Ha Beixoae JIIK/] Beruntanuem vacrora I /.= (N- K) f,,-. 3necs K —



kKod(purmeHT yMmHONKEeHNUS YMHOKUTENS 4acToThl (YU). [Ipu aTOM mIar ceTkn 4actoT

CHUHTE3aTopa ocTaeTcs paBHbIM Af

f, -t
ATKA ] NP nr (-4 ol Al nr |
kr o] wy V3 Kr
» DA » PHY =1 PA | PHY || ¥
a) 0)

Pucynok 3

[Tpu moHmxkennu yacToThl kKojebanuii Ha Bxonae JAIIK]I ¢ momomibio aenutens
J1 ¢ MOCTOSTHHBIM KO3 (HULIMEHTOM AEJICHUSI M 1Al 4YacTOT CUHTE3aTOpa PaBeH mif).

OTMeTnM, 4TO CXeMa C JOMOJHUTEIbHBIM JeiauTeiaeM (pUCyHOK 30) mMmeer
ONPENICJICHHBIE NMPEUMYIIECTBA MO CPABHEHUIO CO CXEMOW, B KOTOPOM HCIIOJIb3YyETCs
MOHM)KEHHE YacTOThl BbIYMTaHHEM (PUCYHOK 3a), MOCKOJIbKY He TpelyeTcs
MPUMEHEHUSI YMHOXUTENSA U CMECUTEIIA. JTU SJIEMEHThl MPUBOJAT K TMOBBIIICHHUIO
YPOBHSI MOOOYHBIX COCTABJISIONIMX B CIIEKTPE BBIXOJHOTO CUTHAJIA CUHTE3aTOpA.

B cucremax JIIK]] npu Mamom 4acTOTHOM Iare TpeOyeTcsi HU3Kas 4acToTa

Kffo. B sTom ClIy4dac OJis IIOAaBJICHUA HEKCIIATCIbHBIX IMOOOYHBIX YaCTOT B CIICKTPC
BbIXOJHOI'0O CHI'Halla CHHTE3aTOopa, 06yCJ'IOBJ'ICHHBIX IIOMEXOM C YacTOTOM fo )

NEeUCTBYIONIEH HENocpeACTBEHHO Ha Bhixoae D/l (BHEmIHsA MmoMexa), He0OXOIUMO
YBEJIMYUBATh UHEPLIMOHHOCTh CUCTEMBI. OJIHAKO MPU ITOM, KaK YK€ YKa3bIBaJoOCh,
OynyT miaoxo (QUIBTPOBATHCS BHYTPEHHHE ITOMEXH, BBI3BaHHBIE COOCTBEHHBIMH
mymamu [II°. JIns ycTpaHeHHs] pOTHBOpEUMs MEXIY (UIbTpalvell BHEIIHUX M
BHYTPEHHHMX IIOMEX B CHHTE3aTOpax MCIOJIB3YIOT ABYXKOJbLEBbIE cucteMbl DAIIY

(pucyHOK 4).
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Pucynok 4

Opnno w3 Kosenr BeIOMpaeTcs mocratouno mHepnwonueM (111N, V3;, ®HY,,

JIIK]I;), uTo obecrieunBaeT X0opouryto GUIBTPALUI0 BHEITHUX TOMEX C YaCTOTOM f .

Btopoe xomwsio (I, V3, ®HY,, AIIK]l,) nemaercs MaaoWMHEPIIMOHHBIM, YTO
MO3BOJISIET OOECIEYNBAThL XOPOIEe MOJABICHUE COOCTBEHHBIX IIYMOB BBIXOIHOTO
renepatopa [II'. CooTBercTByronuM BbIOOpoM ko3 dunmentoB aenenus JITK/,
JIIK,, AIIK; MokHO TIpH 3aJlaHHOM Juaria3oHe padoThl CHMHTE3aTopa (4acToTa
nepectporiku I1I;) obecrneunts Mamyto mnepectpoiky III;, uYro mo3BossieT
ucnons3oBath KI' B kauecte I1I'}. D10, B CBOIO OUepenp, 1a€T BO3MOKHOCTh yCTpa-
HUTh BJIHUSHUE COOCTBEHHOTO IIlyMa »JTOTO TEHepaTopa Ha CIEKTPaJbHBIC
XapaKTEepUCTUKU BbIXoaHOTO TreHepatopa III,. Cunrezatoper ¢ IIK]], uacto
Ha3bIBA€MbI€ TAK)K€ LU(PPOBBIMU, TTO3BOJISIOT MAKCUMAIBHO UCIIOIB30BATh 3JIEMEHTHI
mudpoBoit cxemorexHukr. OHM HWMEIOT 3HAYUTENBHBIC TMPEUMYIIECTBA TMEPe
IpPYrUMU  TUIIAMU  CHUHTE3aTOPOB MO  rabapuTHBIM  pa3MepaMm,  Macce,
TEXHOJIOTUYHOCTH U HAJIC)KHOCTH.

HeoOxoammo oTMeTHTh, 9TO MU(POBBIE CHHTE3ATOPBI JIETKO COMPSTAIOTCS C
MUKpoOBM, kotopeie ympasisaoT kodhduimentom aenenus K] u npousBoasT
MPEIBAPUTEIbHYI0 YCTAaHOBKY 4acTOThI 11

Kak yxe yka3blBaloCh, B COCTaB COBPEMEHHOrO0 BO30YyIUTENs BXOAUT

dbopmupoBarens BujuoB pabor (PBP). B coBpeMeHHBIX yHUBEpCaJIbHBIX
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BO30yIUTENSIX OOBIMHO (OPMUPYIOTCSI BCE€ BUIBI PalbOT, MPETyCMOTPEHHBIE
pErIaMeHTOM PaTUuOCBSI3H.

B mpocreitmux Bo30yauTensx ¢GopmupoBaHue TpeOyeMoro BuIa padboT
MIPOU3BOJUTCS HETIOCPEICTBEHHO HA pabOYMX YacToTax, T. €. B BO3OYAHUTENE HENb3S
OTJIENBHO BBIACIUTH PopMUpoBaTeNb Buaa padboT. Hampumep, B cuHTE3aTOpE 4acTOT
c JAIIKJ] (cM. puCyHOK 2) MOXHO OCYIIECTBHUTH UYAaCTOTHYIO MOIYJISIIMIO, BBOIS
MH(GOPMALIMOHHBINA CUTHAJT HEMOCPEACTBEHHO Ha BxoA Y. C yBelWYeHHEM YuCia
KaHaJOB M JHama3oHa paboyuX YacToOT BO30yauTens GopMUpOBaHWE BHIA paboOT U
OTOPHBIX YAaCTOT CTAHOBUTCA II€JIECOOOpPA3HBIM MPOU3BOJIUTH B CAMOCTOSITENbHBIX
O50Kax. JT0 OOBACHSIETCS TE€M, YTO COBMEIIEHUE YKa3aHHBIX (QYHKIUN YCIOXKHSIET
nojlydeHue TpeOyeMoro IMOAaBIeHUsI MOOOYHBIX COCTABJSIFOIIMX HAa BBIXOAE BO3-
OynuTens, 0COOCHHO eCi BO30yIuTeh pab0oTaeT B MMPOKOM JAHANa30HE YacTOT.

[To yka3zaHHOW TpWYWHE B COBPEMEHHBIX BO3OYAMTENSX BBOA WHGOpMAIUU

(bopmupoBaHue TpeOYyEeMbIX BUIOB paOOT) BBIMOJHIETCS HA OJHOW (PUKCUPOBAHHOM
BCIIOMOTATeIbHON dactore f;, a B tpakte mnepenoca (TII) cdopmupoBanHbie
KoseGaHus IPeobpasyroTcs B paboumil UANa3oH 4acToT f, ¢ MOMOMIBIO IIEPEMEHHOT

OMOPHOM YacTOTHI f/ , IOCTYNAIOIIEH C CHHTE3aTOpa 4YacToT. TpakT mepeHoca

c(hOpMHUPOBAHHBIX KOJIEOAHUN CONEPKUT, KAK MPABUIIO, HECKOJIBKO CMECHUTEIIEH.
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4 Onucanue Jad0OpPaTOPHOM YCTAHOBKHU

JIaGoparopHasi paboTa BBIMOJHIETCS ¢ MPUMEHEHUEM y4eOHOIl m1abopaTopHoit
YCTAaHOBKU «Y CTPONCTBA FreHEPUPOBAHUS U (DOPMUPOBAHUS CUTHATIOBY.

CocTaB ycTaHOBKH, TpEOyEMBIii JIsl IPOBEICHUS UCCIIEI0OBAHUSI CHHTE3aTOPOB
YacTOTBIL:

— CMeHHbIH 010K «VccnenoBanre cuHTE3aTOpPa 4YaCTOTHDY;
— 4acTOTOMED;

— HCTOYHUK MOCTOSIHHOTO HaIpsKECHHUS;

— BCTPOCHHBIN TECTEP.

Cmennbiii  Omoxk  «MccmemoBanme ~— CHHTE3aTOpa  4YacTOTBI»,  Jajee
«Mccnenyemblii MakeT» MPEACTaBIsET COOOW CHMHTE3aTOp YAaCTOThI C HUMITYJIbCHOM
($a30Boil aBTOMOACTPOUKON YaCTOTHI.

CrpykTypHasg cxema CHUHTE3aTOpa 4YacTOThl IMPEACTABICHA Ha PUCYHKE 5 u
BKJIIOYAET B ce04:

— KBaplEBbI ONOPHBIN (3TasoHHbIN) reHepaTop Ol wactotoit 500 kI '11;

— JeNUTeNlb YacTOThl C (PUKCUPOBAHHBIM Ko3(pduuueHTom neiaeHuss M

(APKJ);

— TeHepaTrop, yIpasisieMbli HanpsbkeHueMm, ['YH;

— JIeTUTeNb YaCTOThI ¢ epeMeHHbIM Kodddunmnentom nenenus N (JATIK/);

— wuMnyJabcHBIA (pazoBbiii  kommapatop (MDK), saBnsromuiics OCHOBHBIM

3BE€HOM KOJIbIIa UMITYJILCHOM (pa30BOM aBTOMOJCTPOUKH YaCTOTHI;

— (unptp HM3KOM uyactorl ®HY c ycTpoWCTBOM 3alOMHHAHUS YPOBHS

YHPABJAIOIICTO HAITPSKCHUAA.
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YacToTomep npenHa3sHadyeH Il U3MEpPEHUs 4acToThl HanpsbkeHu BU. Umeer
Tpu pexuma pabotel. B pexxume «BHEILL» wHauuupyeT 4acToTy HampsiKeHUs,
II0ZJaBAEMOT'0 Ha BHEIIHUM BXOJl 4aCTOTOMEPA.

BceTpoeHHslil TecTep MO3BOISET U3MEPATh TOKH UM HANPSIKEHUS B Pa3IMYHBIX
TOYKaX CMEHHOro Osoka. IluTaHue TecTepa NPOUZBOAUTCA OT BBIIPSIMUTENSA
YCTaHOBKH.

K nononmHuTeNnbHBIM YCTPOHCTBAM OTHOCATCS CXeMa 3aAepKku umnyiibea C3U
Y pEryjaupyeMblil HCTOUHMK yIpaBiisitoniero Hanpsbkenus. Hanpsbxkenne nuranust OI
u ['YH usmensercs ¢ moMouipro nepeMeHHoro pesucropa «Upyr».

Hemurenn IITK] u JPK]I npencrapistor co00il CYETUYMKUA UMITYJIbCOB.

Kosdouument nenenuss M moxer npunuMmate 3HadeHus 50, 100, 200 u
ompenensieT mar CceTkh 4vacTtor. V3menenwe  ko3dduimenta  AesneHUs
ocyulecTBisieTcss KHonouHbIM nepekimodareneM «YCTAHOBKA My. Takum
o0Opa3om, B 1a00pPaTOPHOM MaKETE MOTYT OBITh IOJTYUYEHBI TPH CETKH YACTOT C IIaroM
10 kI'u, 5 kI'm u 2,5 x['11 COOTBETCTBEHHO.

Kosdouiment aenenuss N BbICBEUHMBAETCS TpPEXpas3psAHBIM HHIUKATOPOM U
MOXKET puHUMaTh 3HaYeHus: oT 20 1o 999. Msmenenue kodddunmenta aeaeHus N

13



OCYILECTBIISIETCA MOAAYE€W KOAMPOBAHHOM KOMAaHIbl OT YCTPOWCTBA YIIPABIICHMS
nopaspsaaHo kHonoyHbeIM nepekinoyareneM «Y CTAHOBKA Ny.

B cranmonapHoM pexxume paboTsl CUHTE3aTOpa

For /M =Fryu /N,

a (aszoBblil caBur Mexay konedanusmu Ha Bxoxe M®PK mnoctosiHeH.
VYKa3aHHBII TEPMMH 110 OTHOIIECHHUIO K UMITYJIbCHBIM IIOCJIEIOBATEIBHOCTSM CIEIYET
TPAKTOBATh KaK Pa3HOCTh (a3 MEXAy UX NEPBHIMU TAPMOHUKAMH.

Jis cMeHbl pabouell 4acTOThl HAa COCEAHIOI0 B CETKE 4YaCTOT JOCTaTOYHO
WU3MEHUTH 3HaueHue N Ha eIMHHUILY.

Brinmonnenune nabopatopHoi paOOThl MperoiaraeT MCIOJIb30BaHUE MOMHMO
71a00paTOPHOM YCTAHOBKH JIBYXJIy4€BOI'O (ABYXKaHaJIbHOIO) ocLusuIorpagda.

DIEKTPONUTAaHUE YCTAaHOBKU OCYIIECTBIISIETCSL OT ceTu 220B uepe3 miuaBkuit
IPEIOXPAaHUTENb, YCTAHOBJICHHBIM Ha 3aJHEH CTEHKE KOpIyCca YCTaHOBKH.
3a3emileHHuEe YCTaHOBKHM MPOU3BOAUTCSA (B Pa3IUYHbBIX BapHaHTAX MCIIOJHEHHUs) JINOO
yepe3 3a3eMIISIONINI KOHTAKT coequHuTens cetu 220B, nubo depes crnenuaibHyIo

KJIEMMY, YCTAaHOBJIEHHYIO Ha 3aJ{HEH CTEHKE KOpITyca YCTaHOBKH.

S IlopsAA0K BBINOJHEHUS UCCIEI0BAHUS
JlabopaTopHas paboTa MNPOBOAMUTCS C NPUMEHEHHUEM CXEMbl COEAMHEHUUN
KOHTPOJIBHBIX TOYEK CMEHHOro Onoka «MccrmemoBanue CuHTE3aTOpa YacTOTHDY,
MOKA3aHHOT'0 HAa PUCYHKE 6.
l. Omnpenenenve aAuana3oHa MEPECTPONKH T€HEpPAToOpa, YMPABISIEMOIO
HanpspkenueM (I'YH). CHaTtue XapakTepuCTUKU yIIPaBICHUS.
1.1 Coemunute KT7 wuccienyemoro makera ¢ BXOJAOM YacTOTOMEDA,
PAacCMoJIOKEHHOTO HA IPAaBOM JIMIIEBOW IMAHEIW YCTAHOBKH. BKIIHOUWTH
NUTAaHUE YAaCTOTOMEpa, MEPEeKIoYaTeNb PEKUMOB pabOThl YaCTOTOMEpa

YCTAHOBHUTD B ITOJIOKCHHUE «BHemr.».
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1.2 TlepekmrouaTenb peKMMOB pabOTHI TECTEpa YCTAHOBUTH B MOJIOKEHUE,
COOTBETCTBYIOIIEE HU3MEPEHUIO MOCTOSIHHOTO Hampsbkenust g0 20 B.
Hanpsoxenue ¢ rae3n KT6 nogats Ha BXOJ TecTepa.

1.3 Perymsatopom «Upyur» YCTaHOBUTb MaKCHUMajbHO BO3MOYKHOE
Hanpspkenue nutanus ['YH u OI'. 3anucars Bennuuny Upnyr makc-

1.4 Bxon tecrepa noaximounth kK KTS. [lepexntouarens S1 ycraHOBUTH B
nosoxenue 2. Perynsatop «Uypp» NOBEPHYTH NPOTUB YACOBOM CTPEJIKU A0
ynopa. 3anucate nokazanusi tecrepa (UYIIP) (U=0) m MuHumanbHOE
3HauyeHue 4actoThl ['YH, u3MepeHHoe 4acToToMepoM.

1.5 Usmensas BennuuHy Uypp OT MUHUMAIBHOTO JI0 MaKCHUMAalbHOTO,
¢ukcupoBarh 3HaueHue yacToTel ['YH, cooTBeTcTByIOIEE KaKAOMY
3HaueHuto Uyrp. [lonydyeHHble nanHble 3aHecTd B Tabiuily. Iloctpouthb
xapakTepucTuky ynpasiaeHus ['YH. OnpenenuTs MakCUMaJIbHYIO YaCTOTY

I'VH. Paccuntars auana3on nepectporku ['YH.
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2. Omnpenenenue HectadbmibHOocTH 4acToThl OI' m I'VH mpu u3smenenun
NUTAIONIET0 HANpSHDKEHWsT U Pa30MKHYTOM  MeTie  HMMITYyJIbCHOM  (ha30Boii
aBTOIOACTPOUKHN YACTOTHI.

2.1 Uzmensis Benmuuuny Uypp ycTaHoBUTH yactoty ['YH, paBuoit 500 k1.
3anucath 3HaueHue Uxyrp, COOTBETCTBYIOIIEE ITOM YACTOTE.

2.2 V3mMepuTh W 3ammMcaTh 4acTOTY OIOPHOTO TE€HEPATOpa, MOJKIIOYUB
BxoJ yactoromepa k KT1.

2.3 Bxona tectepa noakiatounth K KT6. Perynstopom «Upyr» yCTaHOBUTH
MUHHUMAJIBHO BO3MOKHO€ HanpspkeHne nutanus ['YH u OI'. 3amucats
BenmnuuHY Uyt mun.

2.4 VI3MepuTh U 3alACaTh YaCTOTY ONIOPHOIO F'€HEpPaTOpa.

2.5 Bxog yacroromepa noakiaouuth kK KT7. Bxoa Tectepa mOAKIIOUUTE K
KTS5. Perynstopom «Uypp» ycTaHOBUTD Uypp = Usypp.

2.6 zmeputsb u 3anucath yactoty I'YH.

2.7 Onpenenutb a0comoTHYIO A f ryy, A f or 1 OTHOCUTENBHYIO A

A - HectabmwibHOCTh YacToThl OI' 1 ['YH mpu m3mMeHeHuu muTaromniero
HarnpsikeHusi. CpaBHUTH TOJyYCHHBIC BEIMYUHBI, ClIeTaTh HEOOXOIMMbIC
BBIBO/IbI.

3. Onpenenenue mara cetku yactot ajg M = 50, 100, 200.

3.1 Paccuuratp yactotry umnynscoB Ha Bbixoge DK (f /M) nst M =
50, 100, 200.

3.2 CpaBHUTH MOJYYEHHBIE PE3YyJbTaThl C IMOKA3aHUSIMH YacTOTOMEpA,
NOAKIIOUMB BXxoJ 4YacTtoTomepa K KT2 u, usmenss BemuuuHny M c
noMmolibto nepexmodarensi «Y CTAHOBKA My,

3.3 [lonydeHHble 3HAYEHUS YaCTOTHI OMPEICIIAIOT IIar CETKUA YacTOT.

4. Pacuer nmomycTuMbix 3HauyeHWd N Ui 3aJaHHOTO IIara CETKU YacTOT H
M3MEPEHHOTO IMara3oHa nepectporku ['YH.

4.1 Jlns 3amaHHOrO mpernojaBareileM 3HauYeHHss M W H3MEpPEeHHOro

nurana3ona nepectporku ['YH paccuurars qomycrumsie 3HaueHUs N.
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4.2  VYcraHoBUTH  3aJaHHOE€  3HayeHWe M  mepekiroyaresaemM
«YCTAHOBKA M».
4.3 Tlopkmounth BxoA uyactotromepa k KT7. Ilepexmrouarens Sl
YCTAHOBUTH B MOJIOKEHHE 2.
4.4 Haxatuem kHOonok « YCTAHOBKA N" nocinenoBaTeibHO U3MEHATH
3HaueHue kodpdunrenta aeiaeHust N, BHICBEUMBAEMOE Ha MHIUKATOpE, OT
MUHUMAJIbHO BO3MOXHOTO 70 MakcuMaibHOro. IIpu 3tom (uxcupoBaTh
MOKa3aHUs YacToToMepa. YOeIuTbcsl B MPABUIBHOCTH IMPOU3BEIEHHOTO
pacuera JOIyCTUMBIX 3Ha4YE€HUU N.

5. Pacuer 3Hauenmi M w N Id 33aJaHHOTO 3HAYEHUS YacCTOTBHL.

DKCliepUMEHTaNlbHAas MMPOBEpKa NpaBuiIbHOCTH pacyeta M u N .
5.1 Tlo 3amaHHOMY mpenojaBaTeleM 3HAYEHUIO YacTOThl PACCUUTATh
3HaueHuss M u N:
N/ M= fryH / for.

5.2 YcraHoBuTh paccuutanHble 3HadyeHUss M u N. CpaBHUTH MOKa3aHUS
4acTOTOMEPA C 3aJJaHHBIM IMPENOJABATEIIEM 3HAUCHUEM YaCTOTBHI.
5.3 Omnpenenuth 1no xapaktepuctuke ynpasieHus ['YH nHanpsbkenue
Uyrp, COOTBETCTBYIONIEE 33 JAHHOMY 3HAYEHUIO YaCTOTHI.
5.4 Bxon tectepa noakmtounth K KTS. M3meputh «Uypp» NOAKIIOYUB
TECTEP B KT5. CpaBHuTe mnonyuyeHHble pe3yibrarbl. (CrnenaTth
HEO0OXOIUMbIE BBIBOJIBI.

6. Omnpenenenne HectabunmpHOCTH 4YacToThl ['YH mpu 3amknyTON meTne

UMITYJIbCHOM (Pa30BOI aBTOMOACTPOMKH YaCTOTHI.

6.1 Ilepexntouarens S1 yCTaHOBUTH B MOJIOKEHUE 1.
6.2 Ilonbopom M u N ycranoButh uactotry ['VH pasnoii 500 xIm.
3anucarbh TOYHOE 3HayeHue 4actothl. Perymnstopom «Upyp» mooyepeaHo
YCTAaHOBUTh MAaKCHUMaJbHO - U MHUHUMAJIbHO BO3MOYKHOE HAIPSKCHUE
nutanust ['YH u OT'.
6.3 OmnpenenuTb aOCOJMIOTHYIO U OTHOCHTENIbHYIO HECTaOUIbHOCTD

gactorel ['YH npu usMmeHeHuun nurampoumero HampspkeHus. CpaBHUTH
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PE3YyJIbTaThI BBIUMCJICHUHN C pe3yibTataM, IMOJIY4YCHHBIMU B H.2, CACJIaTh

HCO6XOI[I/IMBIG BBIBOJBI.

7. W300pa3uTh CTPYKTYPHYIO CXEMY CHHTE3aTOpa YacTOThl C HMITYJIbCHOM

($a30BOI aBTOMOACTPONWKH YaCTOTBI M KPATKO TMOSICHUTh HA3HAYCHUE KaXkKIOTO

OJICMCHTA.

6 ®opMma oT4eTa MO0 BHINOJIHEHHIO JIA0OPAaTOPHO padoThI

1. OmnpeneneHne auala3oHa INEPECTPOMKH TeHepaTopa, VIPaBISIEMOIO
HanpspkeaueM (I'YH). CHaTHe XapaKTEpUCTUKHU VIIPABJICHUSL.
Unut. Make. = B. Msmepeno tecrepom Ha Bbixozae ['YH (KT6).
Uynp. B 0 0,03 1,0 1,5 2,0 2,5 3,0
frym, KI'g
Uymnp. B 3,5 4,0 4,5 5,0 5.5 6,0 6,3
frym, KI'
fFYH MHUH. = KFH fFYH Makc. = KFH

JlnanazoH nepecTpoiiku reHeparopa yrnpapisieMOro HarpsiKeHUEM

kl'm.

XapakTepucTuKa yrnpaBieHuUs
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fI'VH., kI'n

Uymnp. B

2. Onpenenenre HectadbmiabHOCTH 4actorel O m I'VH nupum usmeHeHun

nuTaronero Hanpsokeaus. (Oryer)

fryn= kl'n npu U*YHP = 2,53 npu Unpr,. make = B

f or — KFI_[ F= _ KFI_[

fryH = KFH Ipu U*ynp = 2,53 B npu UI'[I/IT MUH — B
for :—KFH FZ_KFH

Afryu=__ xI'nl

Afpyy /fryn= / =

19



Afor = KFH
Afor / for = / =

Brison:

3. OnpeaelieHUE Iara CETKM YacTOT JJis d)I/IKCI/IDOBaHHOFO KOC—)de)I/IHI/ICHTa

nenennsa M = 50, 100, 200.

[Iar cetkn gactot onpenensercs f m = f or/M, xI['m.

Yacrora ornopHoro OUKCUPOBAHHBIN [Iar ceTku f 11,
reHeparopa, kI 11 KOA(PPULIMEHT neTIeHus k'
M
500 50 L
500 100 L
500 200 L

4. Pacyer DONYCTUMBIX 3HAYEHUM NepeMeHHOro kodddunuenra nenenus N

JUIS 3aJIAaHHOTO IIara CETKU YaCTOT W M3MEPEHHOro auamna3oHa nepectpouiku ['YH.

(m. 1; 1. 3)

fOF/M:fryH/N.
N mun = fmud (1m.1) / £ (1. 3).
N makc. = f makc. (1m.1) / £ m (1. 3).

a) misgs M=50, mar cetku fm = 10 xl'1x
N MuH. = f ryg X M/ f or wmm f Mun. / f .
Nwmun.=  x_  /500=__

NMuH. = /=

N makc. =f ryg X M/f or mnm f makc. / f
NmMmakc.= x |/ =

N Mmakc. = /=
20



N MmuH. = N makc. =

0) nst M=100, mar 5 xI'1g
N muH. =f ryy X M/f or i f Mun. / f 1.
N mMuH. = / =

Nwmun=__ / [/ =

N makc. =f ryy x M/f or nim f make. / f

N makc.= X / =

N makc. = / =

N MuH. = N makc. =

B) u1st M=200, miar 2,5 kI'i1

N muH. =f ryg X M/f or wau £ mun. / { .

N MuH. = X / =

N MuH. = / =

N makc. =f ryy x M/f or nim f make. / f

N makc.= X / =

N Mmakc. = / =

N muH. = N maxkc. =

5. Pacuer 3Hauenmi M wu N JuIg 3aJadHOro Auamna3soHa

YaCTOTEI.

DKCIIEpUMEHTAJILHAS TPOBEPKA ITPABWILHOCTH pacyera M mu N.

[IpenonaBarenem 3aaHbl CAEAYIOMINE TAPAMETPHI:
Fvun =1000 kI'm; f make =1300 xI'n, mar cerkm fmr =10 k[,
Paccuurate 3Hauenus M u N.

M=for/fm M=500/10=50.
21



N s f v, = fmus. / fmm=M x fmuns. /for. N= X / =

N MuH. = /

N nnsa fmakc. = f/ Fur = M x F make /f or. N Mmakc = x / =

N makc. = / =

Y6enutbes B ToM, 4TO f MUH. ¥ f Makc. COOTBETCTBYIOT 3a/laHHBIM 3HAUEHUSIM.
N3menss 3HaueHuss N yoenuTbes B IPaBUIIBHOCTH YCTAHOBKH 11ara CETKH.
OnpenensieM no xapakrtepuctuke ympaiaeHus ['YH wHampsoxenus U ymp.

COOTBCTCTBYIOIIIHC fMua. f makc. OTMeyaeM OSTHM TOYKHM Ha XapaKTCPHUCTUKE

ynpasnenus ['YH.

JIns 3amaHHbIX KpalHUX 4acTtoT u3mepeno: U ynp. Mun = B,
U ynp. makc.=  B.

BriBos:

6. Omnpenenenue HecTaOWILHOCTH 4YacToThl ['YH npu 3aMKHYTOW TieTiie

UMIVIBCHOU (ha30BOM aBTOMOACTPOUKH YACTOTHI.

[Tog6opom M u N ycranoButh yactoTy f= 500 kI 1.

frvy=_ xlmnpu U*ynp.= B Unwur. makc.=  B.
fryy=_ xl'mnpu U*ynp.= B U nur. make.=  B.
Afryn=__

Afryn/ fryu= / =

7. M300pa3uTh CTPYVKTYPHVIO CXEMY CHHTE3ATOPA YACTOTHI C HMMITYVJILCHOM

d)&?)OBOfI ABTONOJICTPOMKHM YaCTOThl M KPAaTKO TOSCHUTh HA3HAYCHME KaXKJIOTO

DJICMCHTA.

CI[CJ'IaTB KpaTKKUC BBIBObI 110 ITPOBCACHHBIM UCCICAOBAHHAM.
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7 KoHTpOJILHBIE BOIIPOCHI

. J17151 4ero uCnoap3yeTcsl CHHTE3aTOpP YaCTOThI?

. [osicHUTh TpUHIUT pabOThI CHHTE3aTOPa KOCBEHHOTO CUHTE3A.

. [losicuuth mpuHIMI pabOTHl CHHTE3aTOPA MPSIMOT0 CHHTE3A.

. losicauth mpuHLIMI PaObOTHI THOPUIHOTO CUHTE3aTOPA YaCTOTHI.

. [IpenmymiecTBa U1 HEAOCTATKH PA3IMYHBIX TUIIOB CHHTE3aTOPOB YaCTOTBHI.

. IlosicHUTh Ha3HAYEHHE JETUTENS C IEPEMEHHBIM KOA(PPUIIUEHTOM JCTICHUSI.
. Kakue tpeOoBaHus npeabsaBsSiOTCS K KBApLIEBOMY (OIMOPHOMY) reHepaTopy?
. Uro takoe I'YH, u kakue TpeboBaHus K HEMY MPEAbIBISIOTCS ?

0 N D AW~

9. C noMouIbI0 KaKOT0 YCTPOMCTBA 331a€TCs Iar U3MEHEHUS YaCTOTHI?

10. C moMo11bto Kakoro ycTpoicTBa 3aJaeTcsl AMana3oH NepecTPOMKN YacTOThI?
11. Kakum ycTpoiiCTBOM B CHHTE3aTOPE YACTOThI ONPEEISIETC €ro CTaOUIbHOCTD?
12. Kak ocyniecTBisieTcss MOAYJISILUS PaIHOCUTHAIA B CHHTE3aTOPaX 4aCTOThI?

8. Cnmcok coxkpamenuii

Al' — aBTOTeHepaTop

BY — Bricokas yactoTa (3.. 30 MI'mr)

I' — reneparop

I'T" — reneparop rapMOHHK

I'VH — reneparop ynpaisieMbli HAIIPSHKEHUEM

JI — nenuTens 4acTOThI

JIIK]] — nenurtenb 4aCTOTHI C MEPEMEHHBIM KO3 PUITMEHTOM JIeJIeHUS
3" — 3agaronuii reHepaTop

KI' — kBapueBblli reHepartop

KJI — xoaduruent nenenus

OI' — onopHbIi TeHepaTop

[II' — moacTpanBaeMsblii TEHEPATOP

[1®d — nonocoBoit GUIbTP

CBY — cBepxBbicokue 4acToThl (3...30 I'T'x)

CHY — ckauko00pa3HOe U3MEHEHUE YACTOTHI

V3 — ynpaBnsieMblii 3I€EMEHT

OAIIY — da3zoBas aBTOMaTHYECKas MOJACTPOIKA YaCTOTHI
®J] — dazoBbIil geTeKTOp

dOY — dhopmupoBaresib OMOPHBIX YACTOT

IHAIT — nudgpo-aHanoroBsiii mpeoOpazoBaTeib
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