I'nasa 16
IT'EHEPATOPHOE OGOPYJOBAHHUE

16.1. O0m e NPUMHIUNBI PeaTu3alui reHepaTOPHOro 000py10BAHUS
CHCTeM nepegavn

I'eneparopnoe obopynosanue (I'O) sBisieTCs caMOCTOSITENBFHOM YacThiO arnmapa-
TYpbl MHOTOKaHAJIBHBIX CHCTEM IIepelayd M MpejHa3HaueHo sl (GOpMHUPOBaHUS 3a-
JJAHHOH COBOKYITHOCTH HOMHHAJIOB 4YacTOT (CETKH YacTOT) CHHYCOMJAIbHOM WiIn
IPAMOYTONBHOW (OpPMBI, oOecrieunBaronel paboOTy CHCTEM Iepeladyd. HEeCYIIHX,
KOHTPOJIbHBIX, N3MEPHUTENBHBIX, BBI3BIBHBIX H JIP.

I'eneparoproe obopynoBarme ACII, L[CII, anmmapaTypsl TOHaJIBHOTO Tenerpadu-
POBaHMS MMEIOT CJIEAYIONINE OOIIre NpUHIMUIEI peanmu3anun: 1. B memsx obecneue-
HUS TpeOyeMol cTaOMIBHOCTH 9aCTOTHI M JOCTATOYHOM IPOCTOTHI 000PYAOBaHMUS BCe
HOMHHaIBI YyacToT 'O popMupyroTcesi, Kak MpaBuiio, HA OCHOBE €IUHCTBEHHOH BBICO-
KocTabuinpHOM dvacToThl fy 3amatomero reneparopa (3I) wmm momydenuoit ot 3T
ynpapmsiromei gactotsl fy = @(fy). 2. Jlrobas yactora fy momyuaercs u3 wactotsl fy
6o ymuoxenueM f, = Kfy, 1160 nenenuem fy=fo/k, mubo ciroxeHHEM U BHIYUTAHU-
€M MOJy4YeHHbIX rapMoHuK yactotel fo: fy = fy £ fiuj, 160, B pemxux cmywasx, wmc-
H0JIB30BaTh JPOOHO-PAlMOHATIBEHYIO YacTh YacTOTHI 3aafoliero reueparopa Kfy = fo
(k / m) unu ero rapmonuku fy = fi (k/m). 3mech x, M, i — uensie uncna. 3.Ecnu tpedye-
Masi CeTKa YacTOT COCTOMT M3 HECKOJIBKMX 000COOJIEHHBIX TpyNN (HaIpuMep, HHAH-
BUlyaJbHBIC HECYIIHE YaCTOTHI, TPYNIOBBIE HECYIIHE YaCTOTHI, KOHTPOJIFHBIE YacTO-
ThI, U3MEPUTEIILHBIC YaCTOTHI U JP.), TO KaXKAas U3 rpynn (GpopMUPYETCs HA OCHOBE
cBOEil ympasisironielt 4acToTsl fy, momydeHHol 00s3aTeNBHO U3 YACTOTHI 3a/JAKOIIET0
redepatopa fy mpuBenenubMu Bhiie aeiicTBusMH. 4. B 1ensx yMeHbIICHHS YHCTa
ornepanuii 00padotku aust nmosydenust ot 'O TpeGyeMbIX HOMHUHAIOB YacTOT YacTOTY
3T, a TakKe ynpaBJISIOLIIe YaCTOTHI BRIOMparoTca KpaTHBIMH 4KI 11 (Harmpumep: 4, 12,
60, 128, 192, 372xI'u u np.). 5. 3aganHeie TpeOOBaHMS MO TMEPEYHIO HOMUHAJIOB Yac-
TOT, IEKTPUYECKIM MTapaMeTpam, HaJe>KHOCTH, SKOHOMUYHOCTH, TabapuTaM U Macce
o0ecrieuynBaroTCsl IpH IPOU3BOJICTBE Ha OCHOBE NMPUMEHEHHS COBPEMEHHOW WHTe-
TpaJIbHOM MHKPOCXEMOTEXHUKH, BBICOKMX TEXHOJOTHH M MAaKCHMAJIbHOW IOBTOpsie-
MOCTH OCHOBHBIX ycTpoHcTB (y3110B) ['O, a TakKe B OTIENBbHBIX CIIydasX X pe3epBH-
poBanusi. Hanbonee xectkue TpeboBaHus npenbaBisitorcs K 'O aHAIOroBBIX CHCTEM
nepenayy, a MX peajqusalys sSBISeTcs JAOCTATOYHO cllokHOH. [loaTomy Huke pac-
cMmotpens! TpeboBanust k ['O ¢ yuerom mpexne Bcero uatepecos ACII.

16.2. TpeGoBaHHNs K OCHOBHBIM NapaMeTPaM reHepaTOPHOT0 060pyA0BaHUS
K ocHoBHBEIM mapameTrpam 'O OTHOCSTCS HOMHHAJIBI 9aCTOT U UX CTAOMIBHOCTS,
amIunTyna u gopma kojeGaHuil ¢ JOIMYCTUMBIMH OTKJIOHEHHUSIMH MX 3HaueHHH. Pac-

CMOTpUM Tpe6OBaHI/I$I K OTUM IapaMeTpam.
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16.2.1. TpeGoBanusi K cTAOMIbHOCTH YACTOTHI
B aHanoroBeIx cucteMax nepenadd (CHCTEMax IMEperadd ¢ JaCTOTHBIM paszeie-
HHEM KaHAJIOB) HanOoyee JKECTKHe TpeOOBaHMA K CTAOMIBHOCTH NPENBSIBISAIOTCA K
HECYIIMM 4acTOTaM, TaK KaK OHHM ONPEAEISAIOTCS HOPMON U3MEHEHUS 4aCTOThI CUTHA-
na B kaHanax nepenadn AF (cm. r. 18). Tak, ans npoctoro kanana T ECD AF <
0,5 I'u. Toraa abconmoTHAs HeCTAOUIBHOCTH JIFO0O0W HecyIei YyacToTs! fy 0fHO# oKO-
HEYHOH CTaHIMHU JTOJDKHA OBITH
Af <AF/2=0,25Tm. (16.1)
J1y1sl KOHKpETHOW CHCTEMBI Tepefayu 3TO TpeOOBaHUE NMPUHATO OTHOCHTH K Hau-
BBICIIEH BUPTYaJIbHOM HECYIIEW 4acTOTE JIMHEHHOTO CHEKTPAa — 3TO Takas Hecylas
4acTOTa, C MOMOIIBI0 KOTOPOH MPH OJHOM HPEoOpa30OBaHMH IMOIYYaCTCs CIIEKTP ca-
MOTO BBICIIETO MO yacToTe kaHana TY B nuHelHOM cnektpe. Hanpumep, 1 nuHe -
Horo crektpa 12...252 k['1i BupTyasibHas Hecyias yactota f=252 k['1, Tak Kak c ee
NOMOIIBIO TTOCNE MpeoOpa3oBaHMs MmoiydaeTcs cnektp kanama f,— (0,3...3,4) =

248.,6...251,7 x['. OgHako, UCX0/8 U3 OCHOBHOTO IpuHIUIA nocTpoeHus ['O, B ko-
HEYHOM HTOTe HEOOXOAMMO TepeiiTi K TpeboBaHmio crabuibHOCTH YacToTsl fy 3
abCoOIOTHOE 3HAYECHHE OTKIOHEHHUS 4acToThl 3[° OT HOMHHANA MOHKHO COOTBETCT-
BOBaTh TPEOOBaHMIO K OTKIIOHCHHUIO OT HOMHHAJIA BUPTYalbHOH yacToThl Afy = Afy <
Af. Torga TpeboBanue K OTHOCUTEIbHON HecTabmwibHOCTH 31 OMpeaenuTes U3 CooT-
HOIICHUS
A fol To<Af/H, (16.2)
Hampumep, nns cucrem nepepaun K-60I1, I1-300, I1-306 fB =252xI'n u npu

AF = 0,5 T ¢ yuetom (16.1) TpeGoBanue K OTHOCUTENLHOM HecTabunbHOCTH 31
Afy/ £ < 0,25 /252-10°%~1-10°°

16.2.2. TpeGoBaHus K cTA0NJIbHOCTH AMILIUTYbI
V3meHeHne aMIUTYy 16l HecyIlero kKoiebanus E; IpUBOANT K U3MEHEHHIO pabo-

Yero 3aTyXaHHs MOAYJISITOpoB (cM.ri.11) u, crenoBaTeabHO, K HECTAOMIILHOCTH OCTa-
ToYHOrO 3aryxanust Aa, Ilpu BeiOope Benmuuubl amruiutyasl Ef= 0,8...1,0 B, koroa
HEJTMHEWHbIE 3JIEMEHTBl MOAYJIATOPa (AMOJBI, TPAH3UCTOPHI) PAOOTAIOT B KIFOYEBOM
pexxuMe (Ha MpaKkTUKE 3TO OOBIYHO Tak), TpeOOBaHMS K CTAOMIBLHOCTH aMILIUTY]IbI
OKa3bIBAIOTCS HE OYEHb XKeCTKMMH. Eciu gomyctuts msmenenuneAa,= =+ 0,11B, to
ZOCTaTOYHO TpeboBaHHe OTHOCHUTENbHON HecTabmibHOCTH AE; / E; <+10%

OnHaKo It KOHTPOJIBHBIX YacTOT TpeOyeTcs JKecTKasi CTa0MIM3alisl UX yPOBHS
(ammATYBI), TaK Kak HecTaOmIbHOCTH ypoBHA KU OyneT BBI3BIBATH *H3MEHEHHE
yeunenus ycwimteneit ¢ APY mo KUY, u 3T0 npuBeneT K yBeITHUEHHIO HECTAOMIBLHO-
CTH OCTaTOYHOTO 3aTyxaHus (YCHJIECHHUS) B KaHadax nepenadu. OObaHO obecrieunBa-
10T cTabunpHOCTh aMIuUTyAsl KU He Xyxe uyBcTBuTenbHOCTH APY (cMm.ri.15). Ilpn
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YyBCTBUTEIBHOCTH YCTpOUCTB APY Ap,, <% (0,04...0,05) nb TpebGoBanue kK OTHOCH-
TenbHOM HecTabumbHOCTH aMmuuTyabl KU AE,, [/ Ex, < (0,5...1,0)%.

16.2.3. TpedoBanus k popme KoJ1edanmii

Hckaxxenne (GopMbl CHHYCOUIAIFHOTO HECYILETO TOKA MOKET OBITh 3a CUET rap-
MOHHK ¥ JIDYTHX NMAapa3UTHBIX COCTABISIIOLIMX, COIyTCTBYIOIIMX CHUTHAIY 3aJlaHHOU
Y4aCTOTbI, KOTOPBIE, MONa/1asi Ha MOIYJISATOPBI, IIPUBOIAT K IOSIBICHUIO BHTHBIX WX
HEBHATHBIX IIOMEX MEX/y KaHAJIaMH WJIM TPYNIIOBBIMH TPAKTaMU CUCTEMBI TIepeiayu,
YBEJIMYCHUIO HEJIMHEHHBIX IIIyMOB.

OOGBIYHO Mapa3WTHBIE COCTABIIAIONINE UMEIOT YacToTH Buaa Nfy, f, £ nfy u f,£nf,,
rae f,— 3amamHas Hecymas wacrora, f,— ympapmsaiomas gactota, f, —gacTora momexu
OT UCTOYHHKOB muTaHwus (darie Bcero f, = 50 I'y), N — menoe uucio. 3a cueT rapmo-
HHK JIF000ro Hecyuero kosedanus Nfy, Ha BBIXOJE MOIYJSTOPOB IMOSBISIOTCS MPaK-
TUYECKH HECYIICCTBCHHBIC 3HAUCHHS ITOOOYHBIX MPOIYKTOB IpeoOpa3oBaHWs BUOA
3f, £ £ 5f, £F,... (cmrm.11).

Tak kak mobas Hecymas yactota f, = nfy mmu f, = nfy, To mapasurusle cocras-
nsromme Buaa f, £ f, = (n£ 1)f, npuBoasT K NOsABNIEHHIO HEBHATHBIX MOMEX NP HH-
JUBHyaJIbHOM KaHaJbHOM NpeoOpazoBaHuu kaHanoB TU (puc.16.1) U k BHATHBIM
MoMeXaM TIpH TPYIIIOBOM IpeoOpa3oBaHUM, HaIpUMep, NepBUYHEIX rpymm 60...108
k[ (puc.16.2). Ha obonx prcyHKax Aiis onpeneieHHOCTH nonydeHHas ot 30 ympas-
JISIOIas 4actoTa fy =4 xI'u, B KauecTBe HeCylIe 4acTOThl ucnoiab3yercs 30- rapmo-
uuka ( N=30), a 3a mapasutHsie — cocequue rapmonuku (N £ 1). [Ipeobpaszyembie u
HCIIOJIB3YEMBIE CHUTHANIBI Ha BBIXOJIE MOJIYJATOPA MOKA3aHb! CIUIOMIHBIMU JIMHUAMU,
MOMEXH — MYHKTUPHBIMH.

Takum oOpazom, TpeOoBaHus K (GopMe CHHYCOMAANBHBIX KOJEOAaHWH ompenels-
I0TCSl TpeOOBaHUAMHU K ITOMEXO3AIIUIIEHHOCTH KaHAJIOB WJIM TPAaKTOB Iepenadd, a
OTCIOJIa - K CTEIIeHH TOAABJICHNUS TeX WJIM MHBIX Mapa3UTHBIX CIIEKTPAIbHBIX COCTaB-
JISFOIINX, COMMyTCTBYIONINX CUTHANY JAaHHOW HeCyIIeld J4acTOThl. PacueTsl moka3miBa-
0T, YTO B TIEPBOM U3 PACCMOTPEHHBIX BHIIIE CIy4ae Mapa3uTHbIC TAPMOHHUKH JOJDKHBI
OBITH MO/IaBJICHEI He MeHee ueM Ha 55...60 b, a Bo BropoMm — Ha 80...90 nb. C Touku
3peHHS TOMEX03aNIUIICHHOCTH TAPMOHIYECKHIA C1T0c00 CHHTE3a HECYIIUX YacToT (0T
omHoro 3I") XxyXxe Mo cpaBHEHHIO CO CIIOCOOOM WHIWBUAYAIFHBIX T€HEPATOpOB. Y C-
TAHOBJICHO, YTO MOMEXO3AIIMIIEHHOCTh CUTHANIA Hecyiel yactotsl f, =nfy Hibke mo-
MmexozaruineHaocti curnana 310 wacrortsl fy mpumepno na 20Ign, ab. Dto cremyer
YYUTBIBATh MPH KOHCTPYHPOBAHUH T€HEPATOPHOTO 00OPYIOBaHUS.

03 34 (-1)f,=116  nf=120 (+1)f =124  f «u
Puc. 16.1
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| | | | Uckaxenuss Hecymero ToKa
MPSIMOYTONBHOW (OPMBI Xapak-

60 108 f, kT TEPU3YIOTCSI KOHEYHOH KpYyTHU3-
HOW ()POHTOB M CIAJOM IUIOCKOM
4acTU MMITYJIbCOB, BIIMSHHUE KO-
A el TOPBIX NOAOOHO AEHCTBUIO He-

8 56 116  f.xIu JMHEHHOCTH  CHHYCOHIaIbHOTO
. Toka. @mokryanun  GpoHTOB

| | | | ! UMIIYJIbCOB BBI3BIBAIOT IMapa3uT-

HyI0 ()a30BYI0 MOIYJSIHNIO He-

12 60 120 f, k'
CYILETO TOKAa, YTO HIPHUBOIUT K
. | HOSIBIICHUIO TIEPEXOJHBIX MOMeEX.
R R L OnHako B LIEJIOM HeCyIlUe Koie-
16 64 124 f xIn OaHUsT TPSIMOYTOJIBHOM (OPMBI
Puc. 16.2 obecreynBaloT Mo CPaBHEHUIO C

KOJICOAHUSAMH CHHYCOUAAJIbHOM
(OpMBI HECKOJIBKO JIydIlIne HapaMeTpbl MpeoOpa3oBaHMs MPU 3HAYUTEIBLHOM YIPO-
IICHUU TCHEPaTOPHOr0 00OPYIOBAHUS 3a CUCT OTCYTCTBHSI HEHYXHBIX 371Ch (DHIIbT-
POB IJid BBIACIICHUA PA3JIMYHBIX HOMHWHAJIOB YacCTOT. HO3TOMy COBPCMCHHBIC aHaJIo-
TOBBIC CUCTCMBI NE€pe€aad OCHAIICHBI B OCHOBHOM 6CC(1)I/IJ'II)Tp0BI:IM T€HCPATOPHBIM
o0opynoBaHHeM, 00eCIEYNBAOIINM ITOJIYYCHHE HEOOXOMUMBIX HOMHUHAJIOB HECYLINX
KOJIe0aHHH MPAMOYTOJIbHOW (GOPMBI M TPeOYeMBIX HOMHHAJIOB YacTOT CHHYCOUIAIb-
HOIl (OopMBI C MaKCHUMalbHBIM HCIOJNB30BAaHHEM oOIlepaiyii uppoBoi 06pabOTKH
CHTHAJIOB.

16.3. OcHOBHBIE y3JIbI TeHEPATOPHOI0 000PY/10BAHUS

16.3.1. 3analoue reHepaTopbl

Baxneiimum u3 yznos ['O sBnsetcs 3agarommii reHepartop (3I0). s obecneue-
HHS PACCMOTPEHHBIX BbILIE TPeOOBaHHMN K CTaOMIBbHOCTH 4acToThl 31 peanusyercs
TOJIBKO Ha OCHOBE KBaplLIEBBIX reHepaTtopoB. OOBIYHO BHIOOP KBApIIEBOTO PE30HATOPA
(KP) ¢ ompeneneHHoi coOCTBEHHOH pE30HAHCHON YacTOTON OMpeensieT U HOMUHAT
yacToTsl 3I'. ITpu BeiOope KP yunthiBaeTcs Taxke ero HaJIeKHOCTh, TaOapUThI, HATH-
YKe HaJa)XEHHOTO MPOU3BOJICTRA.

Ksapuesslit pezonaTop mwin Bech 3I° momemniaercss B TepMocTar, B KOTOPOM O I-
JICP>)KUBAIOTCS TIOCTOSIHHBIE TEMIIEPATYpHBIE YCIOBHS C TOYHOCTBIO IO JECSTHIX, a
MHOT/Ia JI0 COTHIX JoJsieit rpanyca lLlenscus. B nononHeHne K 3TOMY NPUMEHSIOTCS
BBICOKOCTAOWIbHBIE 3anaroniie sneMeHTsl L u C ¢ mpOTHUBONOJIOKHBIMH TeMIepa-
TypHBIMHU K03 durmenTamu (apameTpudeckas ctabMin3anus) U cTabuIu3anus mu-
TAIONMX HanpspkeHui. [lepednciieHHpIe METO/IBI TTO3BOJISIOT MOJIEPKUBATH OTHOCH-
TenpHyI0 HecTabuabHOCTh YactoThl 31 He xyxe 107...10°® Ha mocrarouno mmuTens-
HBIH Mepro1 BpeMeHHU (0OBIYHO JI0 TIOJIYro/1a).
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JIIst KoMITeHCAu Me/I-
JICHHBIX M3MEHEHUH YacTo- R1
TBI 32 CUET CTapeHHS dIie-
MeHTOB cxeMmbl 31" mpeny-
CMaTpHUBaeTCsl INepHOANYE-
CKaj CBEpka M OKCILIyaTa- - q
I[HOHHAsl TOJCTpOHKa wyac-

Torel 31" mo 3Ta’moHHOMN
4acToTe (4YacToTe CiHuye- Puc. 16.3

Hug). Ha kpymHBIX y3max

CBSI3M B KA4eCTBE YaCTOTHI CIMYEHHS HCIOIB3YETCS YacTOTa 3TaJOHHOTO CHTHAIA,
MOJTY9aeMOTO OT CIIEIIHAaJIFHOTO TeHEepaTopa IO BBIACICHHOMY (OOBIYHO paano-) Ka-
Harry. Ha HeGompmmx YC moncTpoiika yacToTsl 317 ocymecTBIseTcss OTHOCHTEIBHO
yacToThl 3I" oxoHeuHOM cTaHuMu KpynHoro YC MO HM3MEPUTEIbHOMY CHUTHAIY
(o6bruno 800 I'm), mepenaBaeMoMy MO OJHOMY W3 KaHanoB TU cucTeMbl mepemayu.
Jlnist cBepKM 4acTOT MCHOJB3yeTcs ocHuiuiorpad, Ha oJHy M3 IUIACTUH KOTOPOTro TO-
JaeTcsi cUrHai ot nposepsiemoro 31, a Ha Ipyryto — 3TanoHHBIH curHain. Iloacrpoiika
reHepaTopa OCYIIECTBIACTCS U3MEHEHHEM €MKOCTH CIIeLHAIBHO I 3TOro MpeaHa-
3HAYEHHOT0 KOHJeHcartopa B cxeme 3I' 10 moyiHOI ocTaHOBKM (DUTYpBI Ha DKpaHe
ocumwuiorpagda.

3HaunTENBbHO OOJice MPOCTHIMHU O YCTPOHCTBY M HaJEXKHBIMH B 3KCILUTyaTallnd
ABJISTIOTCSI KBAapLEBBIC 3aJalOINe TeHEPAaTOPhl Ha OCHOBE MH(POBOI HMHTETpaIbHOH
MHKpOCXeMOTeXHHKH. KpoMe Toro, oHH Oojee MpeArnoYTHTENbHEI U 110 Maccorada-
pUTHBIM nokazaressiM. OnuH U3 BapuantoB Takoro 31" mpencrasieH Ha puc. 16.3. On
BEINTONTHEH Ha mHBepTopax J1-1 u [1-2 (134JI616) mo cxeme CHMMETPUYHOTO MYJIb-
THUBHOpaTopa ¢ KBapieBbM pe3oHaropoM KP B menm noyoxuTtensHOM 0OpaTHOIt cBs-
3u. Yacrora 3I' ompenensercss cobcTBeHHOH pe3oHaHcHOM dacToToi KP. Konnenca-
Top C siBisieTcs pasaenuTenbHbIM. Pesuctopel Ry 1 R, o0ecnieunBaoT pexxuM camo-
BO30Y>KJIEHHS TeHEPATOpa.

16.3.2. JleinTe 1M YaCTOTHI
Hamnbonee mupokoe MpUMEHEHHE B T'€HEPATOPHOM OOOpPYIOBAHHMU MOIYUHIH
1udposle AenuTenn 4acToTsl ([IY) cueTHOro THIa HAa MHTErPANIbHBIX MHKPOCXEMax,
o0ecrieunBaroNIe MPaKTUYECKU JIF000H TpeOyeMbli ko3¢ uruent neneHus. Cuny-
connanbHoe Koyebanue nepena nogayeit va 4 npeobpasyeTcst B UMIYJIbCHOE.
Omun u3 BapuantoB /U mpuBenen Ha puc.16.4. @opmupyromee ycTpouWcTBO
(PVY) npeobpasyer cuHycOUAAIb-

HOe KoyebaHue yIpaBisonien ML [ -
qacToThl fy B IIoc/Ie10BaTENBHOCTD mnrnrhro e f/2
IPAMOYrOJbHBIX HMMIYIbCOB Ta-  f, \ LA -
KOH ke 9acToTel. OOBIYHO B Ka- — oY Tl T2 AT

Y
yectBe PV HCHONB3yeTCS TPUI- Prc. 16.4
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rep [IImutra. CoOCTBEHHO

HYIO TOCJIEA0BaTEIbHOCTD
Ha 2. [Ipu HeoOXoaumo-
CTH IOCJIEOBAaTEIbHOCTH
UMITYJIbCOB C BBIXOZ0B OOOMX TPHUITEPOB MOTYT OBITh HCIIOJIb30BAaHBI B KAYECTBE TO-
KOB HECYIIMX YaCTOT MPSIMOYTOJILHOH (POPMBI WIIM C TIOMOIIBIO TTOJIOCOBBIX (HIIBT-
POB, BBIACTAIOMINX ITIEPBYIO TApMOHHKY, IMPEOOpa3oBaHbl B TOKH CHHYCOMIAIBHOU
¢opmsl. [Ipu ncronp30BaHNM B IIETIOYKE N TPUITEPOB MOKHO TTOJNYIHTH JICJICHHUE Yac-
totel B 2" pas. s momydeHns KodpOUIMEHTOB JI€NEHHs, OTIMYHBIX OT BEJTMYHHBI
2", mpuBeIeHHas CXeMa JOTOJHAETCS OOPATHBIMH CBA3SAMH, TO €CTh UMITYJIbCHI C BbI-
X0J1a HEKOTOPBIX TPUITEPOB MOJAIOTCS HA BXOJIBI MPEIBITYIITHX.

HenocpencTBeHHOE JIEIEHUE YaCTOThl CHHYCOUAATIBHOIO TOKAa OCYLIECTBISIETCS
aHAJIOTOBOM CXeMOH pereHepaTHUBHOTO AEIHUTENs YacTOTHI, OAUH U3 BapHAHTOB KOTO-
poro mpuBeneH Ha puc. 16.5. Ilpu BKIIOYEHUH MUTaHHUS B KOJieOATEIbHOM KOHTYpE
LC pe3oHaHCHOTO yCHIHTENs, HACTPOSHHOTO Ha yacToTy f,/m, BosHMKarOT 3aTyxaro-
IMe KoJeOaHust TOM YacTOThI, KOTOPBIE MOJAIOTCSl HA OJIMH U3 BXOJOB MOAYJISITOpPA
M. Ha napyroit Bxon M monaeTcs BBICOKOCTaOMIbHAsA ynpasistomas dactora fy,. Ha
BBIX0ZIe M cpenn IpoayKToB Ipeobpa3oBaHus OymyT TOKH 4acToToH f, m gacToToi—
f, / m. OTn Toku nomagaroT Ha IPOCTEHIIMA neMomyIATOp (AeTekTop) /I, B Harpyske
KOTOPOT'O CPein MPOAYKTOB IpeoOpa3oBaHus OyJleT U TOK OGOKOBOH YacTOTHI BUAA fy
_(fy_fy! m). DOra cocraBnsronias nocie yCHICHH BHOBb M01a€TC HAa MOXYJIATOP, U
B CXEMe YCTaHABJIMBACTCS PEXKUM I'eHepPaIuy YacToTHl fy / M.

JlenmuTenu 9acTOTHl PACCMOTPEHHON CXEMBI HCIOIB3YIOTCS B Ka4eCTBE YHHU(DHIIH-
poBaHHBIX ycTpoicTB 'O, oTimuasich MeXAy cO0Oi TOJIBKO PE30HAHCHOM 4acTOTOH
koHTypa LC. PereneparuBHble AENUTENM YacCTOThI HAJEKHO padoTaroT mpu M < 5.
[Ipu HeoOxommumocTn B OoJibIeM KOA(PQUIMEHTE JeTeHNs] TPUMEHIETCS KacKaIHoe
BrtoueHue (4.

@, OCIIUTENIb  COCTOUT W3
. TPUITEPOB CO CYETHBIM
Z[ C L ] o
fy [> ! fy/m BxojgoM T1 u T2, kaxabIi
@, : U3 KOTOPBIX HEIUT BXOMI-
1
1

Puc. 16.5

16.3.3. YMHOXHMTeJIM YaCTOThI

B kaudecTBe yMHOXUTEJIEH HaXOAAT IPUMEHEHHE YCTPOMCTBA IPYNIIOBOTO YMHO-
JKEHMS U YCTPOUCTBA MHAUBUYyadbHOTO YMHOMXKEHHUSI.

Bo MHOrmX ciydasx oIpeaeieHHYIO IpYIITy HECYIIMX 4acTOT Hanboliee y100HO
(hopMHpOBaTh Ha OCHOBE TapMOHHMK COOTBETCTBEHHO BBIOpaHHOMW YIIpaBIISIOIIEH Jac-
toThI fy. Jls 3TOH 1€ MCIIONB3yeTCs ONepalys TPYNIIOBOIO YMHOMKEHHs, KOTopas
OCYILECTBIISIETCS C IOMOIIBIO MAarHUTHOTO T'€HEPATOPA FAPMOHUK.

Tenepamop capmonux (I'T) npeqHasHaueH i NpeoOpa30BaHUsl CHHYCOHIaIbHO-
rO CHTHaNa YNpaBiisioliel gacToTsl fy, B mepnoandeckyro mocieioBaTenbHOCTh OCT-
POKOHEUYHBIX MMITYJIbCOB TaKOW e 4acToThl (puc.16.6). CrexTp Tako#l mociieaoBa-
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TEJIHHOCTH COACPKHUT OOJb-
[I0€ KOJIMYECTBO BBICIIMX
rapmonnk f,. T'apmonmkw,
COOTBETCTBYIOIIUE HEO0XO0-
JVMBIM HECYIIMM YacTOTaM,
BBIJICTISIFOTCSL  TTOJIOCOBBIMHU
Y3KOIOJIOCHBIMU  (HIIBTpa-
mu I1®. Takum obpasom, I'T
B COYETAHUH C ITOJIOCOBBIMHU
bunbTpaMu SIBISETCS CHC-
TEMOI YMHOKUTEJNEH 4acTo-
ol f, Ha KO3HIMEnHTEI N,
COOTBETCTBYIOIIUE HOMEPaM
BBIJICTICHHBIX TAPMOHHK.

OueBUHO, YTO OCHOBHBLIM
TpeboBanuem k cxeme [T
SBJISIETCS MOJyYeHHE IT0CIe-
JIOBATEIbHOCTH HMITYJILCOB
Takod (OPMBI, B CIIEKTpe
KOTOpOH cojiepikarcss HeoO-
XOAUMBIC  TapMOHHKH  C
ONMM3KHUMHU APYT JIPYry 3Ha-
YeHUsIMA ~ amIuuTyn. U3

r)

I3

N

N

=/

Puc. 16.6

~=/

nf,

TEOPUH JINHEWHBIX 3JIEKTPUYECKUX LeTel M3BECTHO, YTO TAaKOMY YCJIOBHIO Y/IOBIIE-
TBOPSIIOT TIOCJIE/IOBATEIIBHOCTH HMITYJILCOB SKCIOHEHIIMAIBHOW (OPMBI, KOTOpBIE
MOJTy4aroTCsl TPH pa3psne KOHAEHCAaTOpa Ha akTUBHOe comportusieHue. a I'T, n3o-
OpaxeHHast Ha puc. 16.6,a, paboTaeT MO MPUHLIMITY HEPUOJHMUECKOTO paspsiia KOH-
nencatopa C Ha akTuBHOE comnpoTHuBieHHe R. OCHOBHBIMH JJIEMEHTAMHU CXEMBI SIB-
JISIFOTCA HeJNMHEHHas KaTymka WHAYKTUBHOCTH L u xonmencatop C. CepaeyHHK Ka-
TYIIKH UMEET NPSMOYTOJIbHYIO METII0 TUCTEPE3nca, U €€ CONPOTHBICHUE 3aBUCHT OT
HachIlIeHUs: (HAMarHUYEHHOCTH) cepiaednuka. Ilpormece 3apsaa (TOk ij) W paspsaa
(ToK ip) KOHJIEHCATOpA YIPOIIEHHO MILTIOCTPUPY-IOT rpaduku puc.16.6, 6, B. 1o Mo-
MeHTa BpeMeHH {; kaTymka L HacelieHa, ee conpoTHBIEHHE OYe€Hb Majlo, YTO SKBH-
BaJICHTHO KOPOTKOMY 3aMBIKAQHHUIO IIEIH TOKA i3, KOTOPBIA MPOXOIHUT Yepe3 KaTyLIKYy.
[pu t=t; TOK i; CTAHOBUTCS MEHBIIIE TOKA HACHILICHHS —is, HH-TYKTHBHOCTb KATYIIKH

U €C COIPOTUBJIICHUE CKAYKOM BO3pACTAOT BO MHOI'O pa3, U TOK Il ~ |2 , [Ipoxonas

uepe3 kougeHcatop C u Harpysky R, 3apsbkaet koH-aencarop. B Mmoment Bpemenn 1,

TOK |1 CTAaHOBUTCA pPABHBIM TOKY HACBIIICHUA +1

s

HWHAYKTUBHOCTb KAaTYHIKHW U €€

COTIPOTHBJICHUE MANAIOT TMOYTH J0 HYJSI, KOHACHCATOP pa3psKaeTcss KOPOTKUM HM-
MyJIbCOM TOKa ipuepe3 Karymky L v Harpysky R. B cienyronmii moynepros mporece
TIIOBTOPSIETCS IIPU APYrOM HanpaBIeHuH Toka i;. Kontyp L,C, HacTpoeH Ha wacToty f,



W IpeJHa3sHa4YeH Ul TOANEPKaHUs CHHYCOMIAIBLHON (OPMBI TOKA iy NPH CKayKax
nanykTuBHOCTH L. Kak Bumno, ¢ Beixoma I'T B Harpy3ky R momaercs mociemoBa-
TEIBHOCTD JBYXIOJSIPHBIX HMITYJIECOB TOKa I, SKCIMIOHEHIMANbHOM (opmbl. Takas
MOCJIEIOBATEILHOCTh 00JIaIaeT HEYCTHOW CUMMETpPHCH, MOITOMY B €€ CIIEKTPE CO-
IeprKaTcs TONBKO HEYETHbIe TapMOHUKY 4acTOThI fy. {1 MOMydeHus 4eTHBIX TapMo-
HUK MPUMEHSCTCS YABOCHHE YAaCTOTBHI C MOMOIIBIO MOJKIFOUCHHS MapaJlIebHO Ha-
rpy3ke R nmByx-mosyneproaHOro BeIIpsMuUTeNss. Ha BbIXone mociemHero OyaeT mo-
CIIe/I0BATeILHOCTh OJHOMOJSAPHBIX MMIYJILCOB TOKa I3, (puc.16.6, T), comeprkanmas
TOJIBKO YETHBIE TAPMOHHMKH ympapisomieii yactotsl f, . Takum 00pasom, deTHbe 1

HEUYeTHbIE TAPMOHUKY MOJy4YaroTCs C Pa3/eNIbHBIX BBIXOJIOB T'€HEepaTopa rapMOHUK, a
UHTEpBaJIbl MEXKAY COCETHUMHU YaCTOTAMHU Ha Ka)KIIOM BBIXO/I€ OKa3bIBAIOTCS PaBHBI-
mu 2 f, . Dro cymecTBenHO cHIKaeT TpeGOBaHUs K (GUILTPAM, BBIICISIOUINM HY K-

HBI€ TAPMOHHKH.
MarHuTHBII reHepaTop TapMOHUK IPOCT MO YCTPOMCTBY, OTIMYAETCS BBICOKOM
HaJIe)KHOCTBIO, 00ECIEYMBAET NPH COOTBETCTBYIOIIEM pacueTe TaKyl MOIIHOCTh
KaXI0M rapMOHMKH, KOTOpasi JOCTATOYHA JUIs MUTaHHUs OOJIBIIOTO YHCIa OAHOTHII-
HBIX MOAYJIATOpoB. OIHAKO U3 MHOTHX JAECATKOB TapMOHHK C IOYTH OJUHAKOBBIMU
aMIUTUTYAAMHU UCTIONb3yeTcs HeOomblIoe ux KoinudectBo, no3romy KIIJ[ MarauTHOTO
reHepaTropa TapMOHHK OKa3bIBaeTcs KpaifHe Hu3kuM. Kpome TOro, mnpuMeHeHHe
6outbIIOoro yucna (GUIBTPOB HE MO3BOJISIET YIOBIETBOPUTH TPEOOBAHUS B OTHOIICHHH
MaccorabapuTHBIX NOKa3arenell. B Hacrosiuee BpeMs HanOosee HIMPOKOE TPUMEHE-
HHE TTONy4Inian OecuIbTpOBBIE METOIBI TOCTPOCHHS TEHEPATOPHOTO 000PYIOBAHMS,
B KOTOPOM HCIONb3YIOTCSl HHANBHUyadbHbIE YCTPONCTBA YMHOKEHHSI YaCTOTHI.
OcCHOBOW NPUHINIIA UHANBHIYAIBHOTO YMHOXKEHHS 4aCTOTHI SIBIIETCS NpPUMEHE-
HHUE MeToa (a30BOi aBTOMaTH4YeCcKOi moAcTpoiiku 9acToThl (DAITY) B couetanmu ¢
METOJOM JEJEHUS 4acTOThl. MInrocTpanus 3Toro npuHIMIa NpuBeaeHa Ha puc. 16.7.
I'eneparop, ynpasnsemsrit HanpsokerrneM (I'YH), renepupyeT xoneOaHuUs ¢ 4acTOTOH,
Omu3koit x N f,. OTa yacToTa MojaeTcs B 1eNb aBTONOACTPOIKH Yepe3 JeNuTeNb dac-
ToThl Ha N. [Tonydennas nocne JIY wactoTa moABOIUTCS K OAHOMY W3 BXOJIOB (pa3o-
Boro aerekropa ®JI. K apyromy Bxony /] moaBoauTcs: BBICOKOCTaOMIbHAS YIIPaB-
nsromtast yactora fy. Ha Beixone @J] BO3HHMKAIOT OMEHHMS C 4acTOTOMH, paBHOI pa3HO-
CTH NOJBEJICHHBIX YacToT. Hampshkenue orubaroneit
nf, Ouenuit Au, BeiaeneHHoe ®HY, BozaeiicTByeT Ha
yactrory ['YH depe3 ympaBnsdmoomuil 3ieMeHT ero
Au cxeMbl (OOBIYHO MM SIBIISICTCS BapuKal) TaKUM o0pa-
niy 30M, YTO BHAdajie MUHHUMM3HPYETCS Pa3HOCTh 4Yac-
TOT, @ 3aTeM M Pa3HOCTb (Da3 HaNpsDKEHWH, MOIBE-
neHHbix K BxoaaM ®DJI. Tak kak Y genut yactoty ¢
f a0COIOTHOM TOYHOCTHIO, TO M BBICOKOCTAOMJILHAS
Y Al yactota I'YH oka3blBaeTCsi TOUHO B N pa3 BhILIE
Puc. 16.7 TIOIBEICHHOM JJIs1 yMHOMKEHHS 4acTOTHI f,.
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OcHoBHOe moctonHcTBO MeToma PAITY cocrout B ToM, uto ['YH renepupyer
CHUHYCOWIANbHBIE KOJICOAHUS MPAKTHICCKH HICATBHOW (OPMBI, B HUX IIOJIHOCTBHIO
OTCYTCTBYIOT HanboJiee HexellaTelbHble cocTaBipitomue ¢ gactotamu (n£1)f,, (n£2)f,
u T.1. 3neck U n ®J] snerko peanu3yrorcst Ha HUQPOBBIX dJIEMEHTAaX B MUKPOCXEM-
HOM wucnonHeHud, a Bce ['YH reneparopHoro o0opynoBaHUsS pa3idvaroTCs TOIBKO
9aCcTOTOM HACTPOUKH (Pa3HBIMU JIEMEHTAMHU KOJICOATCIFHBIX KOHTYPOB).

EnunctBennsiit HepocTatok Metoga @AITY cocTouT B TOM, YTO NMpH MPONaAaHUU
Ha BXOJIE YMHOXaeMO# yIpaBisoieil yacToThl Ha Bbixoqe I YH konebanus coxpa-
HSIOTCS, HO ¢ HECTaOMJIBHON 4acToTOM. J[Jisl TakuX ciydyaeB MPUXOIUTCS MpeaycMaT-
puBath B cxemax ['O GokupoBky I'YH (oTkiroueHme ot Harpy3ku).

16.3.4. MoayaaTOPbI H 3J1eKTPpUYeCKUE PUILTPDI

JJis co)KeHHsT ¥ BBIYUTAHUS 9aCTOT CHHYCOMIAIBHBIX KOJIEOaHUH TPIMEHSIOTCS
oOBIYHBIC OaJTAHCHBIC WM BOMHEIC OamaHCHBIC (KOJBIIEBEIC) MOAYISATOPHI, PACCMOT-
perHBIC B T1.11, B codeTaHnu ¢ QUIbTpaMH, BEIISISAIOMINME HYKHYI0 OOKOBYIO Yac-
toty. Kpome Toro, pUiapTpsl MPUMEHSIOTCS Ha BBIXOJAX TEHEPATOPOB TAPMOHUK IS
BBIJICIICHUS] TOKOB HECYIIUX FJIM KOHTPOJBHBIX YACTOT W3 COBOKYITHOCTH MHOTHX
YaCTOTHBIX COCTABIAIOIMIMX. B 3aBUCHMOCTH OT AMana3oHa BBIAEISIEMBIX 4acTOT MPH-
MEHSII0TCS deKTpryeckue GpuibTpel THna LC, anekTpoMexaHn4ecKue Uil KBaplieBbie
¢uneTpel. TpeboBaHus K 3aTyXaHUIO JHOO0T0 (GMUIBTpPAa B MOJIOCAX 3aCPKUBAaHUS
OTIPeNIeNAIOTCS B Pe3yNbTaTe aHaJNM3a BPEJHOIO ACHCTBUS MOOOYHBIX MPOIYKTOB IO
METOJUKE, U3JI0KEHHOH B TII. 12.

Ipu moctpoennu 6ecmmpTpoBoro 'O omeparyn c10KeHUS U BEIYUTAHUS 9aCTOT
TIPOM3BOIATCS H(YPOBBEIMH MIPEOOPA30OBATEISIMU B COUCTAHUU C ITUPPOBBIMHU JCITTUTE-
nsamu. [Ipu cI0KeHUH JBYX MMITYJIBCHBIX IOCIeAoBaTeIbHOCTEH (puc.16.8, a, 0) mo-
Jy9aeTCsl TPEThsl, C YaCTOTOW CIICMOBAHUS HUMITYyJILCOB, PABHON CyMME 9acTOT HCXO/-
HBIX TIOCJIEIOBATEIFHOCTEH, HO C HEPaBHOMEPHBIM CICIOBAHHEM HMITYJIbCOB
(puc.16.8, B). DTOT HEMOCTATOK MPAKTHYESCKH ITOJHOCTHIO YCTPAHSETCS C TOMOIIHIO
MHOTOKPATHOTO JIETIEHUs], UTO BUIHO Ha puc.16.8,r,1 mocne nenenus Ha 2 u 4.

Bhruntanue yacToT Npole BCEro peann3yercs Uis ciiydas, Korja Tpedyemas yac-
TOTa TOJIyyaeTcs IyTeM IIOAABICHHSA KaXIOro M-To MMITyJIbCca B MCXOIHOH ympaB-
JSIOUIel mocenoBa-

renbrocTH fy, @ amt @)y ) gy
YCTpAHEHHUSI HEpaB- 6)
HOMEPHOCTH CIIEJI0- | | | | Lt

BAHWS  MMIYTBCOB  B)) |\ | | )\ | | g0 0 01 10111
TAKXEC HpI/IMeHﬂCTCH F)

MHOTOKpAaTHOE  Jie- L1 L1 | L | L1 | L 1t
JICHUEC 4aCTOTHI. l]) | | l | | |

Puc. 16.8
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16.3.5. PacnpenejauTe i MOLIHOCTH

Jnst ocnaGneHns B3aUMHBIX TOMEX, BOSHUKAIOIINX MEXIY MOIYISITOPAMH 3a CHET

f. 00IIero MCTOYHUKA HECYIIEH YacTOThI, IPUMEHSIIOTCS Pa3BsA3bI-
BalONIME YCTPOMCTBA, HA3BIBAEMBIE PACHPEACTUTEIIMA MOLIHO-
ctu PM. Yame Bcero PM BBEINOIHSIOTCS € UCHIOIB30BAaHUEM PE3U-
CTOPOB, KOTOpbIE BKJIIOYAIOTCS MEXKIYy HCTOUHHKOM TOKa HECy-
e 4acTOThl U KaXAbIM MOIYIATOPOM (JAEMOAYJIATOPOM), IH-
TaeMbIM OT Hero (puc.16.9). BenuunHa conpoTHBIEHUH BbIOHpa-
eTcs M3 YCIOBHS O0ECHEeYeHHUs! JOMYCTHMO Majoro WU3MEHEHHMS
HaNpsKEHUS HeCylled 4acTOThl IPU Pa3lIMYHbIX U3MEHEHHUS pe-
JKUMa WIHM HOBPEXICHUSAX OTICNIBHBIX MOAYJIATOPOB. bonee Ha-
JEKHYIO Pa3BA3Ky MUTAEMbIX MOIYJISITOPOB OOECIIEeUnBAIOT pac-
NpEeNeNUTEIH  MOIIHOCTH, IIOCTPOCHHBIE Ha JIUPQPEpPEHIMANBHBIX CHCTEMax
(cm.1.10).

MOJLYJISITOPbI

Puc. 16.9

16.4. IlpumensieMble CXeMbl IFeHEPATOPHOr0 000PY10BaAHUS

HoMuHanel Hecymux 4YacTOT Ui MPeoOpa3oBaTeIbHOTO O0OPYAOBaHHS COBpE-
MeHHbIX ACII 1 KoHTpOJIbHBIE 4acTOTEl APY IpynmoBBIX TPaKTOB CTaHAAPTU3UPOBA-
HBI, HECYII[UE YACTOTHI s POPMHUPOBAHUSI TIUHEUHBIX CIIEKTPOB U KOHTPOJIBHBIC Yac-
TOThl APY JHMHEHHBIX TPAKTOB TaK)Ke B OOJBIIMHCTBE CTAaHAAPTU3UPOBAHBI. JTO MO-
3BOJISIET B OCHOBHOM CTaHJApPTU3UPOBATh U T€HEpaTOpHOE 000pynoBaHuE — IS pas3-
JMYHBIX CUCTEM Tepeiadyn SANHOE WIIM NMEIOIee MHOTO OOIINX Y3IIOB.

Ha cranmonapHBIX y37aX HCHOJB3YeTCS IEHTPAIN30BAHHBIA W JIEIICHTPAJIH30-
BaHHBIM npuHLIMIEI HocTpoeHus ['O.

HenTpanm3oBanHelii npuHOKAN TocTpoeHrus ['O mMeeT M3BECTHBIC JTOCTOMHCTBA
(Tpebyercst OTHOCHTENBLHO HEOOIBION pe3epB, YAOOCTBO 0OCITYKHBAHUSI, Y3Kas KBa-
mudukanus 0OCITyXHBAIOMIETO IEPCOHANa), HO HEIOCTaTKH OOJee CYIICCTBEHHBI:
HazexxHocTh 'O Bamsietr Ha Hazes)kHOCTh CY C B 11€JI0M, TaK Kak MPHU BBIXOJE U3 CTPOS
HapymaeTcs paboTa BCeX CHCTEM Mepeayu, a /Ui JOCTaBKH BCEX YacTOT K MOTpeOu-
TeJsIM TpeOyeTcs OrpOMHOE KOJMUECTBO XOPOIIO 3KPAHUPOBAHHBIX COEINHUTENBHBIX
Kabeneil.

[Tpu neuentpanuzanuu 'O cTarmoHapHOTO y37a CBSI3M BKJIIOYAET JBE YacTH —
HNEHTPATN30BaHHYI0 W JICEHTpaTU30BaHHYI. l[eHTpanu3oBaHHas 4acTh BKIIIOYAET
TOJIBKO 3aJaIOIIUI TeHEepaTop W YCTPOWCTBA (DOPMUPOBAHHS YIPABISIOMINX YACTOT
(qame Bcero 60, 128, 192, 372 kI'm). deuentpanmuzoBanubie yactu 'O pa3smeniarorcs
HETOCPEACTBEHHO Y MOTpeOuTeNeH (Hanpumep, B CTOMKaX MHIWBHIYaIbHOTO TPeo0-
pa3oBaHuUs, TPYIIIOBOTO MPeoOpa3oBaHus, JTHHESHHOTO 000pYIOBaHUS U 1Ip.), TIC Ha
OCHOBE YIIPABIIAIONICH YacCTOTHl (POPMHUPYIOTCS BTOPUYHBIC YIIPABISIOIIAE YaCTOTHI
(4, 12 xI'n m np.), @ U3 HUX — HEOOXOIUMBIC HECYIIHE W KOHTPOJBbHBIC YacCTOTHI, a
Tak)K€ U3MEPUTENbHBIE, BBI3BIBHBIE YACTOTH M YACTOTHI TEIEKOHTpoIIs. YacTo nereH-
Tpanm3oBaHHbie YacTh ['O IS TIOBBINICHUS HAJIEKHOCTH JEHCTBUS CUCTEM TEpelaun
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UMEIOT CBOM JIOCTATOYHO cTaOwmibHbIe 31, KOTOpHIE MOIKIIOYAOTCS B aBapHHHBIX
CUTyalusX Ha IeHTpaxm3oBanHoH yactu ['O.

AmmapaTypa TOJEBBIX CHCTEM Iepeladdl Bcerna mMeeT cBoe aBToHOMHOEe ['O ¢
cobctBeHHBIM 3[°, HO TakkKe NPEAYCMOTPEHA BO3MOXKHOCTH PAa0OTHI OT BHEIIHEH
YHPaBISIOLIEH YaCTOTHI.

Huxe paccMoTpensl BapuaHThl mocTpoeHus cxeM ['O cTallmOHApHBIX U MOJEBBIX
CHUCTEM IepelIavy U anmnapaTypbl TOHAJIBHOTO TeaerpadupoBaHusl.

16.4.1. ®uabTpoBoii Bapuant 'O

I'O Takoro tuna npumeHsiercsi B yHuGHUUMpoBaHHBIX cToiikax (CYT'O) mnsa uen-
TPalN30BaHHOTO OOeCHeYeHnsI padOThl Ha CTAlMOHAPHBIX y3JIaX CBSA3M CHUCTEM Iiepe-
npauu K-60I1, K-300, K-1920, K-3600 u np., a Takke B anmnapaType IOJEBBIX CUCTEM
nepenauu komiiekca “Tomas” (IT1-300, I1-301, T1-302, I1-303).

Ha puc. 16.10 mis mpuMepa npuBeeHa YIPOLICHHAS CTPYKTYPHAs cXxeMa YHUPH-
uupoBanHoro 'O, mpumensiemoro ans cucreM nepegaun K-60I1. Ha 3toit cxeme BbI-
COKOCTaOMJIBHBIM KBapIEBbIH TepMOCTaTUPOBaHHbIN 3I° reHepHpyeT CUTHaNI YacTOTHI
fo = 128 k"1, KOTOPBIN AETUTCS [0 3HAYCHUS YIPABISIONICH YaCTOTHI fyl =4 k[ C
MPOMEKYTOYHOIO KacKaja JEeNUTeNs CHUMAETCs BTOpas yNpaBiAmoolas 4YacToTa
fy, =12 x'n. OTn ynpapiIArOmIe YaCTOTHI OJAIOTCSA HA BXOJBI T€HEPATOPOB TapMo-
HuKk [T-4 u I'T-12. YetHsle 1 HeueTHbIE BBIXOABI [ T-4 MCTIONB3YIOTCS AJs BBLAEIE-
HHSL C IOMOUIBIO Y3KOIOJIOCHBIX MOJIOCOBBIX (UIbTPOB [1D MHIMBHIYaNIbHBIX HECY-
muX 4acToT Jjist popmupoBanus u3 12 kananoB TU nepeuunoi rpynmsl. M3 pucyHka
BUHO, YTO HAaMBBICIIAs 4acTOTa M3 3TOW rpymmsl, paBHas 104 xI'u, sBusgercs 26-i
rapMOHMKOH ympasnsromeii gactotsl fy; = 4 xI'n. Ee momexosaluiieHHOCTh, He-
CMOTpsI Ha 00JIbIION KO3 duIeHT yMHOKeHus (N = 26), sBsieTcs elie J0CTaTOuHO
BBICOKOI1 32 CYET BHICOKOM30MPATENbHBIX MOJIOCOBBIX (DUIIBTPOB HA KBapLIEBBIX PE30-
HaTtopax. PunbTpsl 0becreunBarOT HEOOXOIUMOE MMOJIABICHHE COITyTCTBYIONIUX Ia-
Pa3HUTHBIX COCTABIISIOIINX, OJIMDKANIINE U3 KOTOPBIX, UMEIOIINE CPAaBHUMBII C BbIJe-
JISIeMBIM CHTHAJIOM YPOBEHB, OJlarofaps pa3/ieleHUI0 YeTHBIX U HEYETHBIX FapMOHHUK
cxemoii I'T-4, ynanensl o yactore Ha paccrostaue +2f, = 8 kI'1. bonee BeIcokue yac-
TOTHI nostydaTb oT I'T-4 HepanuoHanbHO. Bo-nmepBBIX, YypOBEHb 3TUX CHTHAIOB Ha
BeIxozie I'T" oTHOCHTENBEHO MalT U3-3a YOBIBaHHS aMIUIUTYl TAPMOHUK C YBEIHYEHHEM
X HOMepa. Bo-BTOPBIX, BEICOKHE KOIPPHUITMEHTH YMHOXKEHUS [ CHIXKAIOT TIOMEXO-
3aIUIICHHOCTh BBIIEIIEMBIX CHUIHAJOB, YTO BBI3BIBAET 3HAYUTEIBbHBIE TPYAHOCTU
npyu  co3JaHuy (GWIBTPOB IS WX BbIIeieHus. [loaTomy Oosiee BBICOKHE HECyIIHe
Y4acTOTHI MOJYYalOTCs B ITAHHOM CX€M€E Ha OCHOBE YMPAaBJISIONIEH YaCTOTHI fy2=] 2 kg
C TIOMOIIBIO TeHepaTopa rapMoHuK [T-12: oHOBpEeMEHHO C CHUTHajaMu TPYIIOBBIX
HECYIIMX YacTOT U3 BBIXOAHOTO CUTHAJa 3TOr0 I€HEepaTopa FapMOHMK BBIIENAETCS
camasi BBICOKas MHAMBUAYalbHas Hecyas yactota 108 kI'm.

Jluneiinple kKoHTpOsbHBIE YacTOThl (JIKU) BBLAEIAIOTCS M3 BBIXOJHOTO CHTHAJIA
I'T-4, npuuem, 11 nomyueHus yactoTsl 248 k'l mpuMeHsieTcss yMHOKEHHE Ha 2 Jac-
TOThI 124 xI'1. JIns mojTyueHNs CUTHAJIOB KOHTPOJIbHBIX YaCTOT NEPBUYHBIX TPYII
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Puc. 16.10

84,14 xI'n u Bropuunsix rpynn 411,86 xI'm, He kpaTHBIX 4 KT, UcTIONB3yeTCA CIIO-
co0 CIO0XEHUS M BBIYMTAHUS CUTHANOB JOMOJHUTENBHOTO TeHepaTopa I'-8,14 k' u
cooTBeTcTBYIOIMX rapMoHuk ['T-4 u ['T-12 ¢ momouipio MoaynaTopoB. Pe3ynbrathl
CJIOKECHUSI ¥ BBIYNTAHUS BBIACIAIOTCS COOTBETCTBYIOMMMHU (mibTpamu. ITockoibKy
TpeOOBaHUS HA OTHOCHTEIHHYIO HECTAOMIBHOCTh KOHTPOJIBHBIX YacTOT HIDKE, YeM Ha
HecTaOMIIBHOCTh HecyIux, reneparop [-8,14 oxas3pIBaeTcst 3HAYMTEIHHO INPOIIE U
CXEMHO, 1 KOHCTPYKTHUBHO, 4eM ocHOBHOM 3T

Curnainsl Bcex 9acToT ¢ Bbixoja ['O moparoTess K mOTpeOUTENsIM uepe3 pa3Bsi3bl-
BaIOIIME YCTPONUCTBA — pacnpeenuTean MOIHocTH (PM).

OO6b1yHO 1eHTpanu3oBanHoe ['O obecneuuBaeT paboTy mpeoOpa3oBarTesei criek-
TpoB Oosbmoro gncia kaHanoB TY ( Ha kpymHbIX CYC HECKOIBKO COTEH U JaKe ThI-
csta). OT10 mpexbsaBisieT kK 'O BecbMa BEICOKHE TPEOOBAaHUS 10 HAJIS)KHOCTH, KOTOPHIE
yZIaeTcsl yAOBIETBOPUTH ITyTeM IPUMEHEHUs, Kak mpasmio, 100-mporeHTHoro rops-
Yero pe3epBUPOBAHMSA M CTPOTOTO COOJIOACHUS MPABHI MPO(YUIAKTHIECKOTO TEXHH-
yeckoro obciyxuanus. Tak, Ha YHU(UIIMPOBAaHHBIX CTOWKaX IeHEpaTOPHOro 006o-
pynoBanusi (CYI'O) pasmemnieHo Ba uaeHTHYHBIX Komiuiekra 'O (ocHOBHOM u pe-
3€pBHBIH), a BBIXOJBl KOKIOT0O HOMHUHAJA YaCTOTHI OT OCHOBHOI'O M pe3epBHoro I'O
HOJKJIIOUAIOTCS K MEPEKIIOUaloUM YCTPOUCTBAM, OCYLIECTBISIOIIUM aBTOMAaTHYE-
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CKHUI TepeBo]] Harpy3KH (4epe3 paclpefeinTeNb MOIIHOCTH) Ha PE3epPBHBIN HCTOY-
HHK B CIIyJac M3MEHEHHUS BBIXOAHBIX MTapaMETPOB MM OTKa3a OCHOBHOTO. Ilepexitro-
yatouiee ycrpoiictBo I1Y u pacnpenenutens momHoctd PM noka3aHel Ha pUCYHKE
TOJIBKO ISt 4acTOThI 612 kI,

a)

16.4.2. BechuabTpoBoii Bapuant 'O

BechunprpoBoe 'O sBisercs aHamoro-mudpoBeiM. B HemM 0o0NbIIOe YHCIO yCT-
POVCTB IOCTPOCHO Ha ITU(PPOBBIX MUKPOCXEMaX, HO UMCIOTCS OT/CIIbHBIC YCTPOICTBa
Ha aHAJIOTOBBIX 3JeMeHTax. Takue cxembl 'O MPUMEHSIOTCS B COBPEMEHHBIX CTa-
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ronapusix ACII, nanpumep, I1-306 (“Llex”) u B anmaparype MoJeBbIX CHCTEM IEpe-
nagun komrurekca “Asyp” (IT1-330-1, 3, 6, 12, 24, 60). Ha puc. 16.11 mpuBeneHa co-
KpaleHHas1 cxeMa reHeparopHoro obopynoBanus okoHeyHo cranimu [1- 330-60.
3ajaronuil reHepaTop MOXKeET OBbITh IIM(POBOM MIIM aHAJOTOBBII, HO C BBIXOJHBIM
dpoBeIM curHanoM. B nannoi cxeme 317 BbIXOJHAs MMITyJIbCHAsI TTOCIIEOBATEIb-
HOCTh umeeT yactoty 5 MI'n. [lanee ona nenurcs uQpoBBIM AENIUTEIEM A0 YaCTOTHI
f,; =12 xI'L, KoTOpas MojaeTcs B Ka4ecTBE yHIPABILAIONIEil BBICOKOCTAOUIBHON 4acTo-
6l Ha cxeMy PAITY. Ynpapnaromas yacrota  f, = 372 xI'n ¢ Beixoma I'YH (I'-372)
DAIIY uepes nepexitogaronee ycrpoiictso I1Y u ycunurens YC-372 BeiBoguTCA Ha
pazpeM s momadu kK 'O apyrux cucreM mepenadd, a ¢ momompio cxembl OAITY
372/12 dopmupyeT BbICOKOCTaOWIbHYIO ympapisionlyto 4actory f, = 12kIn

(puc.16.11,a). Ha ocnose f,; popmupyrorcs ananornansivu @AITY rpynmossie He-

cymue 4acToTsl (puc.16.11,B), a ¢ npuMeHEHHEM JOTIOIHUTEIBHBIX JeTuTeel ¢ pas-
HBIM KO3 (QUIHEHTOM IeNeHNs] — WHIUBHIYAIbHbIE HECYIIUE YacTOTHI, JIMHEHHbIC
KOHTPOJBHBIC YaCTOTHI, KOHTPOJIBHBIE YACTOTHl NMEPBUYHBIX W BTOPHUYHBIX TPYIII
(puc.16.11,6,r,m). 'O ammapatypsr [1-330-60, kpome Toro, HopMUPYET aHATOTHIHO
4acTOTHI, HEOOXOAUMBIC U paboThl ¢ KaHamamMu TY W TPYNIIOBEIMH aKTaMHU: H3ME
purenpabie actoThl BI' (315, 420, 549 xI'm), I1T" (62, 82, 106 x['m), ITPT(12,4; 18;
23,3 xI'm), xkananoB TY (0,4; 0,8; 3,2 k') — HAa cXxeMe TH YCTPOUCTBA HE TTOKa3aHBI,
a oka3zaHo (opMHUpPOBaHKE TOHAIBHOTO Be30Ba 2,1 k[ (I'TB).

Hapexnocts gelictBust 'O yBennuuBaeTcs HAJIMYUEM BHEIIHETO HCTOYHHKA
YIPaBJISAIOLIEH 4acTOThI, MOABEAEHHOTO K NepekiovaronieMy ycrporctsy 11VY. [lpu
BbIXojie U3 cTpos 3" mpoucxoauT aBToMaTH4ecKoe nepekitodeHne Ha nutanue 1'0 ot
BHEUIHEH yIPaBIIAIOLIEN YaCTOTHI.

16.4.3. Hudposoii Bapuant I'O

[MonHocThIO 1IM(BPOBOE reHepaTopHOe 000PYyIOBaHHE MIPUMEHSETCS B armaparype
(POBBIX M BOJIOKOHHO-ONTHYECKHX CUCTEM IIepeJjadl 1 B COBPEMEHHOI! armnapary-
pe ToHaspHOTO Tenmerpaduposanus (TT-144, 11-327).  CokpalleHHbBIH BapHaHT CXe-
Mel ['O ammapatypsr 11-327-12 npuBenen Ha puc.16.12. [lns paboTsl ammapaTypsl B
OCHOBHOM pexuMe (paboTa ¢ OJHOTHITHOHM armaparypoil) HEOOXOANMBI CIelyIOIINe
OCHOBHEBIC YaCTOTHI: KpaTHBIC 0a30BBIe XapakTepuctunieckue yactoTel 503,04 u 518,4
k[m; 12 Hecymmux 4acToT Uil WHAWBUAYAIBHBIX MpeoOpazoBaTeneil kanamoB TT
(4,47; 4,71, ...,7,11 xI'n); omopuas yacrora 2748,7 k['1 ist pabOTHI YaCTOTHBIX Jie-
TexTopoB kaHanoB TT; onopnas wactora 983,04 k' a1st pabOTHI YaCTOTHOTO AETEK-
TOpa KoMIIeHcaTopa npeobnananmii u ap. 'O conepxur asa 317, coOpaHHBIX 1O cXxeMe
puc.16.3. 3I'-2 (fy, = 2748,7 k') obecnieyrBaeT paboTy JETEKTOPOB YaCTOTHI BCEX
kananoB TT. Ha ocHose uwacrorsr 3'-1 (fy; = 1956,08kI'11) popmupyroTcst omopHas
gacrora 985,04 kI'u mis JIY komnencatopa npeodiananuii KIT 1 Bce ocTanbHbIC Yac-
TOTHI, TpeOyemble AJisi paboThl annapaTypbl. BHadane mytem AenuTesst Ha TpUrrepax
T1...T9 nomyuatorcst 6a3zoBsie onopHbie yacToThl (OY), ciBunyThie TIo (aze. Janee ¢
MOMOIIIBI0 CyMMaTopoB, Ha KOTOpBIE MOAAIOTCS pa3Hble KOMOWHAIMHU MOCIIENI0Ba-

276



3r-1 e 2 |y

T1
f02:2748 ,7 KFI_I

f01=1956,08 kI'x

985,04 xI'g
T2 T3 T4 TS 1 T9

o~ © © <
0 ~ o < <
o o) N -~ )
o < N © o
< I -

— 503,04

CYMMATOPBI

——>518,4
| ool | o o
- o) o o) !
o IN ! o =
~] = ! s —
Lo} o ol o

JEJIMTEJIN HA 128

4,47 4,71 4,95 5,19 711
Puc. 16.12

TENBHOCTEH OMOPHBIX YacTo, (GopMHUPYIOTCS ABEHAAUATH (IO Ynucity kaHanoB TT) mo-
CJIC/IOBATENILHOCTEH KPAaTHBIX JIMHEWHBIX HECYIIMX YacTOT ISl WHIMUBHIYalbHbBIX
npeobpa3oBaTeneil 1 1Be KpaTHbIe 0a30BbIe XapaKTEePHUCTHUECKHE YaCTOThI Il pabo-
TBI YaCTOTHBIX MOIynATOpoB KaHaioB TT. Tak kak Ha BBIXOJE CyMMAaTOpoOB OYyIyT
HEpaBHOMEPHBIE TOCIIEI0BATEILHOCTH UMITYJIBCOB, TO ISl MPHOJIMIKEHHST UX K PaB-
HOMEPHBIM T10CJIEJOBATEIBHOCTSIM MPUMEHSIOTCS IEIUTEIH C MHOTOKPATHBIM JieJie-
HueM. [locne menenus Ha 128 mOITydaroTCs MOCIEIOBATENBHOCTH WHAWBHIYATbHBIX
Hecynux 4acToT. KpaTHble 0a30Bble XapaKTePHCTHYECKHE YACTOThl TaKKe JENSATCS
Ha 128 B 4aCTOTHBIX MOJYJISITOPaX.
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