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BBenenue

st mepenaun mHbopManuu TpeOyeTcsi, YTOObl CUTHAIBI UMEIH TapaMeTphI
CeleKIMM U HH(OpMalMOHHBbIE MapaMmeTpbl. [lapaMerpbl ceneKIuu MO3BOJISIOT
BBIJICJIUTh  TOJIE3HBIM  CHTHAJl W3  COBOKYNHOCTM  CHTHAJIOB M IIOMEX.
Nudopmarmonnsie mapameTpsl CIyXKaT IS MEepeHoca COOOIIeHUN. YTpaBieHHE
UHPOPMAIIMOHHBIM  MapaMEeTPOM TMEPEHOCUYMKAa B COOTBETCTBHM C 3aKOHOM
U3MEHEHHS] [epeJaBaeMoOro COOOIIEHMsS] Ha3bIBAlOT MOIyJsiueil. Boiaenenue
NEPETAHHOIO COOOIIEHNUS U3 CUTHajla Ha3bIBAIOT JEMOIYJISLUEN.

B 3aBucumoctH 0T (QyHKUMOHANBHOM (OpMBI W 4YHCIIa [apaMeTpoOB
NEPEHOCYMKA MOKET OBbITh OOJIBILIOE YKCIIO Pa3IUYHBbIX METOJAOB MOIYJISIUU.
Hampumep, ecid  NEpPEeHOCYMKOM  SBISIETCSI  TapMOHUYECKOE  KoJjeOaHue,
XapaKTepu3yemMoe aMIUIUTyI0H, 4YacToToM u (a3od, TO MOXKHO OCYIIECTBHUTH
aMIUTUTYJHYI0, 4YacTOTHYyl0 W  (asoByro  moxayisiuuu.  [lpumenstor u
KOMOMHUPOBAHHYI0  MOJIYJISIIIMIO, KOTJa B COOTBETCTBUM C HW3MEHEHHEM
IIEpEaBacMoro CUrHajla OJJHOBPEMEHHO M3MEHSIOTCS J1Ba HE3aBHCUMBIX IIapamerpa
nepeHocurka. HeszaBucuMO OT BHAa MOAYJSIMM HEOOXOAMMO, YTOOBI OJIMH U3
[1apaMeTPOB CHUTHAJIA OCTABAJICA MOCTOSHHBIM IS LIEJIEN CENEKIMM U3 MHOYKECTBA
JIPYTHUX CUTHAJIOB U IIOMEX.

Ecnmm mon peiicTBueM mepemaBaeMoro CUTHaja WH()OPMAIMOHHBIA MapamMeTp
IIEPEHOCYMKA U3MEHAETCA HENPEPBIBHO, TO MOAYJIALMSA HA3bIBaeTCs HenpepbiBHOM. K
HEIPEPBIBHBIM BUJAaM MOJAYJISIUUMU OTHOCAT aMIUIMTYJIHYIO, YaCTOTHYIO U (ha30BYIO
MOJAYJISIIUI0 TapMOHMYECKOro KoJjiebanusi. Eciiu B posin mepeHocurKa HCHOJIb3YIOT
MIEPUOANYECKYIO TIOCJIEIOBATEIBHOCTh HUMITYJIBCOB, TO MOJIYJISILUIO Ha3bIBAKOT
UMITYJbCHOM. Pa3nuuaror  aMIUIUTyJHO-UMITYyJIbCHYIO, YaCTOTHO-HUMITYJIbCHYIO,
HIMPOTHO-UMIYJBCHYI0 U (Da3ouMmysibCHYI0 Monyisauuu. Eciaum npu Moaynsiuu
MHOOPMAIIMOHHBIA TapamMeTp MPUHUMAET CUETHOE YHCIO 3HAYEeHHH, TO TaKylo
MOZYJIALIMIO  Ha3bIBalOT JAUCKpeTHOW. K  IHCKpEeTHhIM BUJAM  OTHOCSATCS
aMIUIMTy/lHasi, 4YacToTHas u (a3oBas Moayssiuu. Ecnu cyeTHble 3HaveHUsA
IPOHYMEpOBaTh B BUAE LUU(DP U MepeaaTh WX MO JUHUU CBSA3H, TO MOXKHO TOBOPUTH
00 UMITYJIbCHO-KOJAOBON MOYJISLIUY.

OcHOBHOM 3a7jaueil yrnpaBieHUs] HHPOPMALIMOHHBIMH MapaMeTpaMu CUTHAJIOB
ABJIAETCA pa3pabOTKa METOJOB aHAIM3Aa U CUHTE3a MOAYJISTOPOB U JEMOIYJIATOPOB
(MomeMoB).

1. ObIIUE CBEJAEHMA O CUT'HAJIAX

1.1. OcCHOBHBIE THIIbI CUTHAJIOB



B cucremax aBTOMaTHMKM M TEJIEMEXAaHHUKH, MPOBOJHOM M PAIMOCBI3U CUTHAI
nepenaeTcss Ha Oojiee WIM MEHEE [ajeKoe pPAacCTOSHHE 4Yalle BCEr0 B BHJE
DJIEKTPOMArHUTHOIO BO3MYILIEHUS. IToatomy buznueckon BEJIMYMHOM,
OMpENENSAIONICH XapakTep CUTrHaia, OOBIYHO SIBISETCA HampsbkeHue (Wi TOK),
U3MEHSIOUIEECS] BO BPEMEHUM II0 ONPENEJIEHHOMY 3aKOHY, OTOoOpaKaroliemy
nepenaBaemMoe cooOuieHue. B TeopeTuueckux MCCIeAOBAHUIX CUTHAN, HE3aBHUCHUMO
OT ero (U3NYECKON MPUPO/Ibl, 3AMEHSAETCS MATEMAaTUYECKUM MPEJCTABJICHUEM B BUJIE
HEKOTOpOM (YHKIMKU BPEMEHHU, ONUCHIBAIOLIEH 3aKOH HM3MEHEHHS BO BPEMEHH,
3QJI0)KEHHBIN B pEAIbHOM CHUTHAJIE.

Curnan OyneM Ha3blBaTh PETYJISAPHBIM, €CIM €ro MaTeMaTHYeCKUM
MPE/ICTaBIICHUEM SIBJISICTCS 3apaHee 3adaHHas (GyHKuus BpemeHu f(¢). pyrumu
CJIOBaMH, PETYJISIPHBIN CUTHAJI COOTBETCTBYET U3BECTHOMY COOOILIEHUIO.

N3ydeHne CBOMCTB Pa3IMYHOIO BUJA PETYJISAPHBIX CUTHAJIOB, CBA3aHHBIX C UX
nepejaveil, MO3BOJISET MEPEUTH K MCCIEAOBaHUIO 00Jiee CIOXKHBIX CHUTHAJIOB,
MMEIOIIUX XapaKTeP CIy4anHbIX POLECCOB.

BolpaxkeHre perysisipHOro CHUTHajla OIpEAeNICHHOM (QYHKUUEH BpEeMEHH
Ha3bIBAIOT BPEMEHHBIM NpeJCcTaBiIeHUEeM curHaia. @opma 3anucu (yHKIHH MOXKET
OBITh pa3IMYHON. B yacTHOCTH, MPU HEKOTOPBIX OrpaHUUYEHUSX, (DYHKIMS BPEMEHHU,
3aJlaHHas Ha HEKOTOPOM OTpPe3KEe BPEMEHH, MOKET ObITh NpPEJCTaBleHA B BUJEC
TPUTOHOMETPUYECKOTO PAAA, KaXIblM UWIEH KOTOPOIO SBJIAETCS IPOCTEHILIEH
rapMOHUYECKON (PYHKIIMEH BpeMeHU (KOCHHYC, CUHYC). DTH (YHKIHMHU HA3bIBAIOTCS
FapMOHHUKAaMH, U KaXJOM W3 HUX MPUHALIEKAT ONPEACICHHbIE aMIUIATY/1a, YaCTOTa
u (¢aza. MHOXECTBO aMmIUIMTYJ, dYacToT MW (a3 Ha3pBAIOT CHEKTPOM
paccmarpuBaeMoro curHaia. @OyHKOMS BpPEMEHM HAXOAUTCA B OJHO3HAYHOM
COOTBETCTBHM C IIPUHAUICKAIIMM €U CreKTpoM. Ha 3TOM OCHOBaHMHM BpPEMEHHOE
IPEICTABIICHUE CHUTHAJIa MOXET OBITh 3aMEHEHO TaK Ha3bIBAEMbIM YaCTOTHBIM
npeactaBieHueM. O0a mpeacraBlieHUs afekBaTHb. BpiOOp TOro wmiam HWHOrO
OPEICTaBICHUA 3aBUCUT OT (U3NYECKUX U MAaTeMaTHYeCKHX OCOOEHHOCTEH
paccMaTpuBaeMou 3aJauu.

K OCHOBHBIM THIIaM pETYJISPHBIX CHUTHAJIIOB OTHOCATCS: IEPUOAUYECKHIA,
MOYTH NIEPUOAUYECKAN U HENIEPUOIUUECKUM.

Ileproanyeckuit CUTHAJI IIPEJACTaBIISETCS byHKuMen BPEMEHHU,
YAOBJIETBOPSIIOLIEHN YCIOBUIO

fO=fe+7), (1.1)

rae ¢ — mo00il MOMEHT BPEMEHM Ha MHTepBaie -oo < (<too , a T — HeKkoTopas
IMOCTOSIHHAS.

HauMeHbmIMii KOHEYHBIM NIPOMEKYTOK BpPEMEHU 71, YIOBJIETBOPSIOLINN
ycioButo (1.1), Ha3pIBaeTCA MEPUOIOM.

[lepuognueckuii curHan (U3NYECKH HEOCYIIECTBUM, TaK KakK pealbHBIN
CUTHAJI HE MOYKET MPOJIOJIKATHCS BEUHO; OH BCErJa MMEET Hayaino U KoHel. OJQHaKo
aOCTpaKTHBIA CMBICI TMEPUOJUYECKOTO CHUTHajla HE MEHIaeT €ero UIUPOKOMY
WCIOJIb30BAHUIO B TEOPETUUYECKUX HCCIECAOBAHUSIX W TMOJYYEHHUIO pE3yJIbTATOB,
COOTBETCTBYIOIIMX HAOIIOJaeéMbIM B JEWCTBUTENBHOCTU. Jlemo B ToM, dTO
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pEryJIIpHbIA CUTHAJ, BO3JICHCTBYIOIINM Ha KaKOe-IM0O YCTPOHUCTBO, MOKHO CUUTATh
CYLIECTBOBAaBIIMM  OECKOHEYHO  JIOJIT0, €CIM  PACCMATPUBAETCA  TOJBKO
YCTaHOBUBILUICS PEKUM, KOTOPBIA HE 3aBUCUT OT HAYAJIbHBIX YCIOBUH.

[IpocreiimiuM 1 Haumbojee pacHpOCTPaHEHHBIM NEPUOJUYECKUM CHUTHAJIOM
ABJIAETCA TapMOHUYECKUN cUTHAI (puc. 1.1), BIpaXKeHHBIM KOCUHYCOMIAIbHOMN (MK
CUHYCOUAAIBHOMN) (PYyHKIIMEH BPEMEHH.

U(t) =Upycos(Ct + @), mm U(8) =Up, sin(€yf + 1), (1.2)

rae U(t) — MrHOBeHHOe 3HaueHue Hanpspkenus;, U, — ero ammuryaa; Q= 2n/T —
yTJIoBas 9acTtota; I — mepuo; y; — HadanbHas dasa; ¢;= w; — 90 °,

Ha puc. 1.2 mnokazaHn rpaduk MOEPUOJIUYECKOTO HECHUHYCOUIATBLHOIO
HaIpsDKEHUS, KOTOPOE TMOJy4aeTcsl MPU HENPEPhIBHO MOBTOPSIOMICHCS 3apske
KOHJIEHCAaTOpa OT MCTOYHHMKA HampspkeHus U, W ero paspsijike 4yepe3 aKTHUBHOE
COTNPOTHUBJICHHE.

u(t) u(?)

T ) O

3
E

Vi

Puc. 1.1. CunyconnansHOE HaIpsKEHNE Puc. 1.2. Ilepnoandeckoe HECUHYCOHU-
JTaJIbHOE HaIPSKEHHE

OyHKIMS, ONUCHIBAIONIAS TAHHBIN IPOLIECC, UMEET BUL

u(r) = UO—(UO—Uz)e_6ll mpu 0<t<¢; S
Ule_62(t_tl) npu # <t<T. (-3

KoadhpummeHTs! a; 1 o, MOKa3bIBaIOT CKOPOCTh 3apSIIKU M PAa3PSIKH M 3aBUCST
OT €MKOCTH KOHJICHCATOpa W BEIUYHUH aKTHBHBIX COMPOTUBICHHUH IETIeH 3apsaKkd U
pas3psIKH.

B obmem Buje 9T0 HampspKeHUe, Kak U Apyrue nepuoandeckue GyHKIuA f(1),

MOYHO 3aIiUCaTh TaK:
f()=f(@t+nT), (1.4)

racn— 11000¢ LCJI0C IMOJIOKUTCIBbHOC WX OTPULATCIIBHOC YHUCIIO, T— Iepuoa.



B Maremaruke ¢yHKIMS, NpeacTaBiiseMas B BUAE CyMMbl TapMOHUYECKHX
COCTaBJISIIOIIMX C MPOU3BOJBHBIMU YacTOTaMH, IMOJy4YWJia HA3BaHUE IOYTH IEpU-
onuyeckor ¢dyHkumu. Ilourn nepuoanyeckue @yHKIUM 00JaAaI0T MHOTUMU
3aMeyaTeIbHbIMU CBOMCTBAMHU, M UX HUCCIEIOBAHUAM OTBEACHO OOJBIIOE MECTO B
coBpeMeHHOU Teopuu GyHKIuA. OAHO U3 OCHOBHBIX CBOWCTB 3aKJIFOYAETCS B TOM,
YTO JJIs1 TaHHBIX (YHKIHUA MOKET ObITh ONpeiesieH MPUOIMKEHHBIN repuo (MoYTH-
nepuona). B cucremax TereMeXaHWKH BCTPEYAIOTCS CUTHAJIBI, YACTOThl TAPMOHHK
KOTOPBIX HE HAXOJSTCSA B MPOCTHIX KPATHBIX COOTHOIIEHUSX. [10g00HBIE CUTHAIBI
Ha3bIBAIOT IOYTU EPUOANYECKUMMU.

HenepuoamyeckuM  HA3bIBAETCS  PErYJSIPHBIA  CUTHAJ,  ONPEAEIISIEMbIN
HEeMepuoIndecKkon QyHKIueH, 1.e. pyHKIMel, KoTopas He YAOBIETBOPSET yCIOBUIO
(1.1) Ha BceM wuHTEpBaje BpPEeMEHHU -co< (<toco, Takoll CUTHaN NpeACTaBIACTCS
dbyHKIMEH, 3a1aHHON B Mpejenax KOHeUHOTOo (¢;<t<'t;) WIH NOJyOEeCKOHEUHOTO (Z;<
1<00) MPOMEXKYTKA BPEMEHHU, BHE KOTOPOTO OHA MPUHUMAETCS TOXKIECTBEHHO PaBHOM
Hys0. @opMa curHaina MOXKeT ObITh MPAKTUYECKU JF0O0N U, B YaCTHOCTH, 00JaaaTh
NEPUOJMYHOCTBIO B Tpelerax BPEMEHH CBOEro CyUIECTBOBaHUsS (Harpumep,
KOHEYHBIN UK TI0JTyOECKOHEUHBIN OTPE30K CUHYCOU/IbI).

S S2
5
4
3
2
1
I 0 t] tr t3 tg ts tg t
a 0
S3 S4
4
3
2
1
0 4 t] tr)t3 ty t5 tg t7 tg tg 1

B r

Puc. 1.3. Buabsl curgajgoB B CHCTEMAX TEJIEMEXAHUKHU



B 3aBucumoctu OT CTPYKTyphl HWHGOPMAIMOHHBIX MapamMeTPOB pPa3IHYaOT
CUTHAJIBI:

1) HempepwIBHBIC MO0 MHOXXECTBY M BPEMEHH, WJIH IPOCTO HEMPEPHIBHBIC
(puc.1.3,a);

2) NHUCKPETHBIE 110 MHOXECTBY W BpPEMEHH, WU IIPOCTO JTUCKPETHBIC
(puc. 1.3,0);

3) HenpepBIBHEIE 110 BPEMEHU U IUCKPETHBIC 10 MHOXKECTBY (puc. 1.3,B);

4) HenpepbIBHBIE TI0O MHOKECTBY M JUCKPETHBIC 10 Bpemenu (puc. 1.3,r).

1.2. Ilepuoauyeckre CUTrHAIIbI

[IpencraBienne  MEPUOAUYECKOTO  CHUTHAJIA  CYMMOM  TapMOHMYECKHUX
COCTaBIIAIONIMX OCYIIECTBISIETCS C MOMOIIBI0 pasniokeHus B psag Dypwre dyHKUIMU
(1.1), koTopas siBisieTCS BPEMEHHBIM IpejcTaBieHueM curHana. Ecnu dyskuus f(z)
3aJaHa Ha UHTEpBaJIe BPEMEHU ¢, < (<{, W MOBTOpsAETCA ¢ mepuogoM I1=2m/Q;=1t, -
t;, TO TpuroHomerpuueckas ¢opma psna Dypbe sl Hee MOXKET ObITh 3amHrcaHa
CJIeAYIOIIM 00pa3om:

o0
S = 070 + Y (ay cos kQyt + by, sin kQyt) =
k=1

A o0
:70+ > Ay cos(hQit —yy), k=1,2,.... (1.5)

k=1

AMIUTUTYIBI KOCHUHYCOMJIATbHBIX W CHHYCOHWJIAJBHBIX WICHOB B Pa3lIOKCHHUH
(1.5) onpenensitoTCst BBIpAKECHUSMMU:

T

ay =% [ £ (@) cos(kn)dt; (1.6)
0
5T
by = = [ £ () sin(kQyn)dt . (1.7)
0
Cnaraemoe
T
a() _ A() _ 1 J~
D= [ £()dt (1.8)
2 2 T,

ABJISIETCSL IOCTOSIHHOM COCTaBJISIIONICH CUTrHaja, KoTopas, Kak 3To ciuenyer u3 (1.8),
paBHa CpeIHEMY 3HAUCHUIO (PYHKIUU f(7) 3a TIEPHUO/I.
Avmumityna A4j un ¢as3a W) k-ii rapmoHuku, kak 3to ciexyer u3 (1.5),

CBs3aHbl C BSIMIMHAMU d ) U bk COOTHOIICHUAMM



2 2 :
Ay = */ak +br . ap =Agcosyy, by =Agsinyy; (1.9)
. = arctg(by /ay). (1.10)

Becbma ymoOHOU sBisieTcss KOMIUIEKCHast ¢opma 3amumcu psga Dypwe, K
KOTOPOM JIETKO MEpPEenTH, eCu B pa3iokeHuu (1.5) BbIpa3uTh TPUTOHOMETPUUECKHE
(GyHKUIMU Yepe3 MoKa3aTeabHbIe, BOCIOIb30BABIIMCH U3BECTHBIMU (DOPMYTIaMu:

1 . .
cos kQt =5(e]k91t +e ]kQIt);

. 1 . .
s1nlet=7(e]kQ1t P Y
J

B pesynbrare nonyuum

w L] . * .
f(l‘)=a70+%Z(Akejkglt+/lke_]kglt), (1.11)
k=1

° %
rac Ak nu Ak — KOMIIJICKCHBIC aMIIJINTYIbl, CBA3aHHBIC C ak nu bk COOTHOIICHUAMHAU

A=A’V  =a, — jb,, (1.12)

*

Ay = A’ =a; + jb,. (1.13)

° *

Takum 06pa30M, KOMIIJICKCHBIC aMIIJINTY bl A 141 Ak SABJIAIOTCA KOMIIIICKCHO-

CONPSHKEHHBIMU BeTWYMHAMHU. J[eHCTBUTENBHO, KaXkA0€ ClaraéMoe MepBOro psijaa B
BbIpaxkeHuu (1.11) MOXHO TpeACTaBUTH KaK BEKTOP HAa KOMIUIEKCHOM IIOCKOCTH
(puc. 1.4), Bpamaromuiics ¢ 4yactoTo AC); (T.e. B IMOJOXKUTEIBHOM HaIPaBICHUU
OoTCcueTa YIJIOB — MPOTUB HAMpaBlIeHUs ABUKEHUS YacoBOM crTpenku). Kaxmoe
cllaraeMoe BTOPOTO Psijia — BEKTOP, BPAIAIOIIUNACA B 0OpaTHOM HaIPaBJICHUH.

J .
Qo A
— \}
0 7
—kQy :j

Puc. 1.4. BekTopHas nuarpaMma KOMILJIEKCHO-COTPSKEHHBIX
BEJINYUH



. %k
Tak kak Ak u Ak — KOMILICKCHO-COIIPSA’KCHHBIC BCJIIMYMHBI, TO CyMMa

BEKTOPOB B JIt000I MOMEHT BPEMEHH JIaeT BEKTOP, HAMPABJICHHBIN 1O BEIIECTBEHHON
OCH, T.€. k-F0 TAPMOHHYECKYIO COCTABJISIONIYIO BEIIECTBEHHOW (PYHKIIMH BPEMEHU
f(t). OtpunatenbHas 4yacTtora — k(2; TONBKO YKa3bIBae€T HAMpPAaBIICHUE BpAIICHHUS
BEKTODA.

Kommnekcnas aMIUIUTyla 4, OHPEACIACTCA IO BBIPAKCHHUIO

1 L - ot -
Ay =— [ f@©e M0 ar =""L[ roye M0l qy. (1.14)
T 2
0 0
Ipu k=0
Ay T
—:—jf(z)dt g jf(t)dr _—0. (1.15)
70
Torna Beipaxenue (1.11) moxxHO nepenucaTs B BUJE
1 koo iyt
(t)— ZAké‘/ , (1.16)

ITpu Takoii 3anucu psga Oypbe NMEPUOANYECKUN CUTHAII 3AMEHSETCS CyMMOM
MPOCTBIX TAPMOHUYECKUX KOJIEOAaHUHM KaK C MOJIOKHUTEIbHBIMU yacToTamu (k>0), Tak
u ¢ orpunarenbHbiMu (k < 0). KoHeyHo, oTpunaTebHble 9acTOThl HE UMEIOT 3/1€Ch
bu3nUecKoro cMpicia, a SBISIOTCS (DOpPMaANBHBIM CJEICTBHEM IPOU3BEICHHOTO
MaTEeMaTUYECKOTO TPeoOpa3oBaHusI.

1.3. CneKkTpbl NEPUOANYECKUX CUTHATIOB
1 He0OXO0IMMasl IIUPUHA MOJIOCHI YACTOT

1.3.1. InckperHslii cnekrp. IIpeacraButs curnan ¢ 3agaHHbBIM nepuogoMm 1
psigom @Dypbe — 3TO 3HAYUT HAUTH aMIUIMTYIbl U HaydaibHble (a3pl BCEX €ro
FapMOHMYECKUX COCTABIAIOMNX. COBOKYNHOCTh aMIUIMTYJ HAa3bIBAIOT CIEKTPOM
aMIUIMTY], & COBOKYITHOCTh HayaJlbHbIX (a3 — crekTpoMm (a3. Bo MHOTMX 4aCTHBIX
Clly4asiX JOCTaTOYHO PACCUMTATh TOJIBKO CIEKTP aMILIUTYJ CUTHAJIA, KOTOPBIA JJIs
KpPaTKOCTH Ha30BEM IIPOCTO CIIEKTPOM.

OnpenenuM CHEKTp NEPHOAUYECKOM IMOCIEAO0BATEIBHOCTH MPSIMOYIOJIBHBIX

uMIyabcoB (puc. 1.5) nnurensHocThO 7 M ¢ mnepuonoM 7. HampspkeHue Ttakoi
dbopMbl JEHCTBYEeT B KaHajlax CBSI3M M YacTO paccMaTpUBAETCS KaK OCHOBHOM
NEePUOINYECKUNA CUTHAI MPU UCCIIeI0BAHUU MTepeaadn HH(POpMAIUKU 1O JIMHUU CBSI3H.

9



u()

Puc. 1.5. [leppoandeckast mocne10BaTENbHOCTD
MPSAMOYTOJbHBIX UMITYJILCOB

s Takoro curnaina o popmynam (1.6) — (1.8)

7/2
a_():@:l j. Udt: 1
2 2 T_T/2
7/2
ay _2 I Ucostltdt——Usmk T
T_T/2 kr

bp =0, te. wp =0mwmrz n A :‘ak‘.
Ciie1oBaTeIbHO, HAMPSHKEHHE MOXKHO TPEICTAaBUTh psiioM Dyphe

2 . 1 .
u(t) = U(z+—(sm£7rcosQlt+—s1n2£7rcos2Qlt+
T r« T 2 T

sin le 7/2
k€ 7/2

CrekTp aMIUIMTy ] CUTHAJIA U300pakaroT B BUJI€ CIIEKTPAIbHBIX JIMHUM, JITTUHBI
KOTOPBIX NPOMOPLUUOHAIBHBI aMIUIUTyAaM rapMoHukK (puc. 1.6). Takoil cnexktp
Ha3bIBAIOT JIMHEHYAaThIM WM JUCKpeTHBIM. CrekTp (a3 Y/ TakkKe JMHEHYaThld,

%Sln?)T?Z'COS?)Qll‘-i-K)) U— (1 22 coskQqt). (1.17)

npui4cM B pacCMATPHBACMOM YaCTHOM CJIy4dac l//k MOXCT HMCTb TOJBKO JBa

3HaueHud: 0 wiu 7.

10



A

HenpepriBHas xprBas, coeqUHAIONIAsA KOHIBI JIMHUM CIIEKTPa U MOKa3aHHas HA
puc. 1.5 mMyHKTHpPOM, HOCHUT Ha3BaHHWE OTUOAIONICH CHEKTpa aMIUIUTYJ, KOTOpas
OIIpEEIIAECTCS YPaBHEHUEM

2U7 [sin(Q7/2)|

A(Q) = ,
== | Q72
rae Q = k€2 nnst k-it rapMOHUKH.

T

=3
2r
\\ pm

// 127

\
\
|
l

T T \ ) N pn
T _/ \\‘/—-—

Q

20, 3QI4QI 5Q; 691 7 891 90 10Q; 110 12€

T
b5

[

1

/
¥/

N
N

N\
\

27 iy
\ T //_"’—-l:‘ — T
\ 7 N ——
ATy
® ° ° * <

Q1 201 301 401501 6917Q1 8021 90Q110Q111Q1 120

Puc. 1.6. CriekTpbl NEPHUOJUUECKN TOBTOPSAIOIIMXCS MPSAMOYTOJIBHBIX

UMITYJIbCOB Ipu Q=2 u Q=6

BLIpa)KeHI/IC JJIA (1)3.31)1 IrapMOHHKH MOJKHO 3aIllMCaThb B BUJC

v =kQ,(t +7/2)+ (k- Dr.

(1.18)

(1.19)
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Ha puc. 1.7 mpuBegensl cnekTpbl ¢a3 W UX Orubaroniye Mpu pazIudHO
BBEIOpAHHBIX Hadallax OTcueTa BpemMeHu. Hanbosmee mpocThiM momydaercs cuekTp a3
mpu t; =—17/2.

Kpome Toro, m3 (1.17) m puc. 1.6 creayer, UYTO NEPUOJUYECKYIO
MOCJIEA0BATENBHOCTh MPSIMOYTOJBHBIX HMIIYJIbCOB MOXHO paccMaTpUBaTh Kak
pe3ysibTaT HAJOXKEHUA JPYyr Ha JApyra OECKOHEYHOrO KOJWYECTBA TapMOHHK C
JacTOTaMH, KpaTHBIMH OCHOBHOW dactote ;= 27 / T, a Takke MOCTOSHHOU
COCTaBJISIFOIIECH. AMIUTMTYAbl TAPMOHUYECKUX COCTABIISIIOIINX KPATHBIX CKBAXKHOCTHU
Q paBHBI HYJIIO (HAIPUMEDP, PaBHBI HYJII0 aMIUTUTYAbl YETHBIX TAPMOHUK Ha puc. 1.6,
rae npuHsaTo 7=1/2, U mectas, ABeHaauaTas W T.J., TJe npuHsito 7= 7/6).

Wik
t
oot J
7 B I E— B I E— t
-2 0 12
L L 4 L 4 L
2 4z 6x 8z 2
T T T T
Wi
t
5ot J)
t
0 T
Q
J)
t
0' 72 372
Q
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Puc. 1.7. Crextpsl ¢a3 npu pa3IudHbIX Hadagax 0TcUueTa BpEeMEH!

C U3MEHEHUAMHU JUIMTEIBHOCTH UMITYJIbCA 7 IIPU TOM K€ IIEPUOJE CIIEIOBAHUS
MMITYJIbCOB 1" WJIA ¢ U3MEHEHHEM nepuoaa 1 Ipu NOCTOSIHHOM JUINTEIIBHOCTH T
CHEKTp CYIIECTBEHHO mpeoOpasyercs. Ecnu AIUTENbHOCTh MMITyJIbCa PAacTET, TO
YBEJIIMYUBACTCSA YACIAbHBIM BEC IIOCTOSIHHOM COCTABISAIOIIEH U TapMOHHUK C
HEOOJBIINMU MOPSAKOBBIMU HOMEPAMHU, a YACIbHBIN BEC BBICIIMX FAPMOHHK IaJaeT.

Ecnu, Hao060poT, yMEHBIIMTH JUIMTENbHOCTh MMIIyJIbCa 7, TO YJICJIbHBI Bec
FapMOHHMK C HEOOJBIIUM TOPSAKOBBIM HOMEPOM YMEHBIIACTCS, a YACIbHBIA BeC
BBICIIMX TAPMOHHMK PaCTET.

[Ipu n3MeHeHUr He IITUTEILHOCTH UMITYJIBCOB 7, a IEPUOIa UX MOBTOpeHUs 1’
CHEKTp aMIUINTY]l CTAHOBUTCS peke Wiu ryimie. Tak, ¢ yBeauueHueM nepuona 1
OCHOBHasl yacToTa yMeHbmaetcs (= 27 /T) u CneKkTp CTAaHOBUTCS TYIIIE.

1.3.2. IlpakTHyeckasi IIMPHHA CIEKTPAa. TE€OpPEeTUYECKH, KAaK yKa3bIBaJIOCh
BEIIIE, JJI1 OOJBITMHCTBA MEPUOANIECCKUX (DYHKIMI CIIEKTp HEOTpaHUYEH, T.C. IS
nepeayl  CUTHAJIIOB  TEJIEMEXaHUKu O0e3 u3MeHeHus (PopMbl  HEO0OXOIUMBI
OeckoHeuHO Oojbllas IMojoca TMPOIMYyCKaHUs KaHajla CBSI3M M OTCYTCTBHE
aMIUTUTYAHBIX U (Pa30BbIX HCKakeHHWM. [IpakTudyecku Bce KaHalbl CBSI3U UMEIOT
OTPaHUYCHHYIO MOJIOCY MPOIYCKaHMs, U (popMa CUTHAJIOB MpHU Mepeaaye Mo KaHaity
U3MEHSIETCS JlaXe MpPU OTCYTCTBUU B DTOM TOJOCE AMIUTUTYIHBIX U (ha30BbIX
uckaxeHuid. O4YeBHUIIHO, BaXKHO MEpeNaTh Ty YacTh CIEKTpa CHUTHAJIA, KOTOpas
COJICP)KUT  TapMOHMYECKHE  COCTABISIONIME C  OTHOCUTEJIBHO  OOJIBIIMMU
aMITUTyAaMu. B CBS3U ¢ 3TUM BBOAMUTCS MOHATHE MPAKTUYECKOW IIMPUHBI CIIEKTpa
curHana. [log mpakTUdeckoil MIMPUHON CIEKTpa CHTHaja MOHUMAEeTCs Ta 00JIacTh
4acTOT, B Mpelesiax KOTOPOM JieKaT TapMOHUYECKHE COCTABIISIIOIME CUTHAla C
aMILTUTyAaMU, TPEBBIIAIONIMMY HaNlepe 3aJJaHHYIO0 BETUUHUHY.

[TockonbKy cCpeaHsii MOIIHOCTb, BbIACNsiEeMass CUTHAJIOM Ha aKTUBHOM
CONPOTUBJICHUH, paBHOM | OM, CKIaJbIBA€TCSl U3 MOIIHOCTEH, BBIICISAEMBIX HA TOM
CONPOTUBJICHUU TAPMOHUYECKUMHU COCTABJISIONIUMH,

2 o0 A2
P. :A_0+ >k (1.20)
P4 202

NpaKTHUYeCKas LIMPUHA CHEKTpa C HHEPreTHMYECKOM TOUKU 3pEHHs] MOXKET OBITh
oIpezieneHa Kak 00J1acTb 4acTOT, B IIPeJesIax KOTOPOM COCPENOTOUEHA TOAABIISIOIIAs
4aCTh MOITHOCTH CUTHAJIA.

B kadecTtBe 1mpuMepa ONpeNeNMM IPAKTUYECKYIO I[IHPHUHY  CIEKTpa
NEPUOINYECKOM MOCIIEI0BATENBHOCTH MPSMOYTOJIBHBIX UMITYJIBCOB (puC. 1.8,a), ecinu
TpeOyeTcss ydecTb BCE TapMOHMYECKHE COCTAaBJISIOIIME CUTHAJIA, aMIUIUTYIbI
KOTOpbIX Oonee 0,2 OT aMIUIUTYAbI MEPBOM FapMOHUKH. YUCIIO MOJIEkKANUX YUETY
TFapMOHUK kK MOXKET OBITh TIOJYYEHO U3 BHIPAKECHUS
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Ak=2U. T 2_20.2’
Al k7Z’ 2U k

oTKyaa k=5.

Takum oOpa3om, mpakTUUecKasl MIUPUHA CIIEKTPa B PACCMOTPEHHOM IMpPUMEpE
OKa3bIBaeTCs paBHOM 52, B HEH pa3MemaroTcs BCEro TPU TapMOHUKH (TepBasd,
TPEThs U MSITas1) ¥ MOCTOSIHHASI COCTABJISFOILIAS.

CpenHsst MOITHOCTh Pjs, BbIENsseMass B aKTUBHOM COINPOTUBIICHUH, PABHOM
1 OM, nepeunciIeHHBIMUA COCTABJISIIOIIMMU, PaBHA

2 2 2 2
= () (Y Y g 02
4 2\« 2\ 37 2\ 57

CpeI[HHH MOITHOCTb, BbBIACIKIEMAA B OTOM JKC COIIPOTHUBJICHHMU BCCMHU
COCTaBIMIOIIMMHA CHUT'HAJIA, 6yz[eT

PkZ:Pwvm Q=05 U2'

Takum 06pazoM, (P,s/Ps)-100=96%, T.e. cocTaBisolHe, BXOSIIHEC B

HpaKTI/IIICCKI/Iﬁ CIICKTP, BBIACIIAIOT B AKTHBHOM COIIPOTHUBJICHUU 96 % Bcel
MOIIHOCTHU CHUI'HAJIA.

Urt) Urt)

a
U
0 /2 t
T
Urt) Urt)
AgtA;(1)+A5(Y) Aot A1) +A45()+A5(1)
B \/ "\ i N\ r i | |
| | | | | |
| |
A/ | NAA L |
0 N/ \/ t 0 VVV t
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Puc. 1.8. ®opMbl curnana npu orpaHUYEHUHN CIIEKTPa MOCJI€I0BATEIIbHOCTH
MPSIMOYTOJIbHBIX UMITYJIECOB

O4eBUAHO, paclIUpeHHe MPAKTUYECKOro CHEKTpa JAHHOTO CHUrHaia (CBBIIIE
504) ¢ sHEepreTUYEcKOr TOUKHM 3pEHUS HEIEIEeCO00pasHo.

OrpaHuyeHue CreKTpa CUrHaIa OKa3bIBaeT Tak)Ke BIUSHUE HA ero ¢popmy. Jliis
WUTIOCTpalluK Ha puc. 1.8 moka3zaHo nusmMeHeHue GopMbl MPSIMOYTOIbHBIX UMITYJIHCOB
IIPU COXPAHEHHH B CIEKTPE TOJBKO TOCTOSHHOM COCTABISIOUIEH W IIEPBOU
rapMoHukH (puc. 1.8, 0), mpu orpaHuyeHuu criekTpa gyactoroit 3Q; (puc. 1.8,8) u npu
OrpaHWYEHUH criekTpa yactoTort 5Q; (puc. 1.8,r). Kak cinemyer u3 pucyHka, dyem
Kpy4e JTIOJDKEH OBITh (POHT UMITYJIbCA, TEM OOJBIIIEE YUCIIO BHICITUX TAPMOHHYECKUX
COCTaBJISIIOIIMX JTIOJPKHO BXOJUTh B COCTAB CUTHAJIA.

PaccmoTpennast  3aBHCHMOCTH  (DOPMBI  MEPUOAMYECKOTO CHUTHAjla  OT
KOJIMYECTBA CYMMHUPYEMBIX TaPMOHHMK MOKA3bIBAET, YTO MPHU BBHIOOPE MPAKTHUUECKOMN
IIMPUHBI CHEKTpa CHUTHAJla HEeIb3s OTrPAaHUYMBATHCA TOJBKO SHEPreTUYECKUMU
cooOpaxeHusasmMu. HeoOXoauMo y4UTHIBaTH TPEOOBaHMS K CHUTHAIy Ha BBIXOJE
CUCTEMBI, KaK C DHEPreTUYECKON TOUKHM 3PEHMS, TaK U C TOYKHU 3PEHUS COXPAHEHUS
ero ¢opmbl. B 0o01ieM cityyae nmpakTudeckas IMIMpPUHA CIEKTpa CUTHANIA BhIOMpaeTcs
U3 YCIIOBUS

Aw =2mu/t, (1.21)

roe ¢ = 0,5... 2 — xoapduuuent GopMbl uMIynbca; npu 4 = 1 obecrneunBaercs
nepenava okoisio 90 % Bceil s3Heprun cUrHaa.

B KOIOMMIYJIBCHBIX CHCTEMAax TEJIEU3MEPEHHUs, a TAKKE BO MHOTHX CHUCTEMax
TEJIEYNpaBICHUsl KaXaasg KOJAOBas KOMOMHAUUs COCTOMT W3 ONpPEIEJICHHOM
MOCIIEI0OBATEIBHOCTH MPSIMOYTOJBHBIX MMIYJIbCOB U may3. KomoBas koMOuHarms,
COOTBETCTBYIOILASA JAHHOW BEJIMYMHE U3MEPSEMOT0 IapaMeTpa Wik KOMaHIE, MOXKET
NEePUOJNYECKU MepeaaBaTbcs N0 KaHainy cBA3M. CIEKTp Takoro CHUrHajga 3aBUCHT,
KOHEYHO, OT TOTrO Kakasg MMEHHO KOAOBas KoMOuHanus nepenaercs. Ho cambiM
IJIaBHBIM (DaKTOPOM, OIPEAEIISIONIMM YACNIbHbIA BEC BBICHIMX TApPMOHHUK CIEKTpa,
OCTaeTcsi HauOonbllas YacToTa CJEelOBaHUS  WUMIyinbcoB. [lostomy wu s
KOZIOMMITYJIbCHBIX CHUCTEM IPH ONPEJCIICHUN MPAKTHUYECKH HEOOXOAUMON IMIMPUHBI
IIOJIOCH YacTOT BBIOMPAIOT CUTHAN B BUJE MNEPUOANYECKON IMOCIEN0BATEIbHOCTH
OpSMOYTOJIbHBIX  uMITyJlbcOB (puc. 1.5). Ilapamerp 7 BBIOHMpaOT paBHBIM
JUIMTEIIbHOCTH CaMOT'0 KOPOTKOTO UMITYJIbCa CPEIH BCEX BCTPEUAIOIINUXCS B KOJAOBBIX
KOMOMHaLUAX, nepuoa ciefoanud 1 = 27. B aTom ciydyae Hanbosplias dacToTa
CJIeTIOBAaHUS UMITYIIbCOB €, = 277/ T 1 9acToTa OCHOBHOM TAPMOHUKH CIIEKTpa ) =
Q,u. HeoOXoaumasi mupuHa MOJIOCH YACTOT CHUTHANA OINPEAENSeTCs] AUCKPETHBIM
CHEKTPOM C OFPAaHUYEHHBIM YHUCJIOM COCTaBISIIOIIMX U B COOTBETCTBUU C
BbIpakeHueM (1.21).
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Xapakrep CHEeKTpa, ONpeIelsIoNuid TpeOyeMyo MOJIOCy YacTOT, 3aBUCHT HE
TOJILKO OT BHJA CHUTHAJIa, HO W OT YCJOBHM, CYIISCTBYIOIIMX B TPAKTE IEpeaayu.
Ecnu mepexoaHble TPOIECCHl, BO3HHUKAMOIIUE B CUCTEME IIPU Iepenavye OJHOTO
UMITYJIbCa, 3aKaHYUBAIOTCS IO MOMEHTA BO3HUKHOBEHUS CIICAYIOMIETO UMITYJIbCa, TO
BMECTO TMEPUOJNYCCKON TOCIICIOBATSIIBHOCTH HMMITYJICOB MOYKHO pPaccMaTpHUBATh
nepeaavqy He3aBUCUMBIX OJTMHOYHBIX UMITYJIbCOB.

1.4. CieKTp OIMHOYHOTO MPAMOYTOJIBHOIO UMITYJIbCA

OnuHOYHBIM UMITYJIBC MOYKHO PacCMATpHUBAaTh KaK HENEPUOAMYECKUN CUTHAIL,
TaK KaK HE CyIIECTBYET KOHEYHOTO NHTEPBAJIA BPEMEHU 1, OTBEYAIOIIETO yCIOBUIO

S@)=f@+nT). (1.22)

HaubGonee mpocto M HariasigHO CIEKTP HENEPUOJMYECKOrO0 CHUTHalda MOYXKHO
MOJIYYUTh U3 CIEKTpa nepuoanueckoro curHana (1.16), mpunumasi, yro nepuon 1’
CTpeMHTCSI K OECKOHEYHOCTH, T.€. IMyTeM MpeJeibHOro nepexona ot psaga dypbe K
nHTerpany Oypoe

S(Q) = of F(e ¥ar.

—00

(1.23)

Bemuuuny  S((2) Ha3bBalOT CHEKTpadbHOM  (QYyHKIMEH WIX  TPOCTO
CHEKTPATbHON MJIOTHOCTHIO.
Paccuntaem cHekTpajibHyH IUIOTHOCTh OAMHOYHOTO  MPSMOYTOJIBHOTO

HUMITYJIbCA JUTUTENBHOCTRIO 7 (pHc. 1.9).
Cornachao (1.23)

7/2 .
S(Q) = I Ue_]Qtdt =2—UsinQr/2. (1 24)
—7/2 Q |

HOCJ’ICI[HGG BBIPA’KCHHUC MOXKCT OBITh MMpCaACTaBJICHO B HCCKOJIBKO MHOM BHAC!

T sinQz/2 _Us stT/Z‘

S(@)=2U - o2 072 (1.25)

3nech Tekymas yactora {2 MOKET MPUHUMATH JTIO0BIC 3HAYCHHSI OT HYJICBOU JI0
O0eckoHeuHOo 0oJbIoH (crutomHou crektp). ['padbuk ans S(€2) npuseaen Ha puc.1.10.

Uit) S(€2)
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t Yl Q
/2 0 7/2 0 2r/t dr/c 67/t

Puc. 1.10. CnekTp aMIUIUTY 1 TPSIMOYTOJIBHOTO
MMITYJIbCa

Puc. 1.9. IlpsimoyronbHbIit
UMITYJIbC

[Tpu wactorax QQ =2kx/t (k= 1, 2, 3,...) cnekrpanbHas mioTHOCTH S(Q) = 0.
YuurtsiBast Xxapaktep pactpeaenenus S(€2), MOKHO OTMETHTh, 4TO TpebyeMas mojioca
4acTOT BIIOJIHE OIpPENENseTCs CIeKTpoM B mpejaenax mnepBoro (k =1) HyneBoro
3HAaYEHUs cneKTpaibHOM moTHOCTU. [lpu atom Q=27 /7 = 27°F, rtne F=1/7. Takum
o0pa3oM, /Ui HEMEPUOJUUECKOr0 CUTHAJIa HE00X0AUMasl 0JI0Ca YaCTOT MOXKET OBbITh
HaliJIcHa U3 YPABHECHUS

Fr=1. (1.26)

JlaHHBIN BBIBOJ BBITEKAET U U3 TOTO, YTO IHEPIUs HENMEPUOANYECKOTO CUTHAIA
MPOMOPLUHOHAIBHA UHTETPATY OT KBaJIpaTa CIEKTPAIbHOM IIJIOTHOCTH

W=l [|s@)*ac. (1.27)
T

Ecnn CIICKTp CUTHAJIa OI'PaHUYUBACTCA 4acTOTOU Qmax: TO SHCPIuUA
YMCHBIIACTCA OO 3HAYCHHA

(1.28)

L™ s,
T 0

3aBuUcUMOCTh 3Hepruu W, oT HauOosbled YacTOThl OrpaHUdeHHs (..
CHEKTpa NPSIMOYTOJBHOTO UMITYJIbCA MTOKa3aHa Ha puc. 1.11.

o, A WolW
100
80 |—7

60 /
40 l
20

|’ 7Qmax
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Puc. 1.11. 3aBUCUMOCTB DHEPTUM UMITYJIBCA OT LIUPUHBI
COXpAaHsSIEMOM YaCTH CIEKTPA

N3 puc. 1.10 u 1.11 cnenyer, uro HauOOJbIIEE DHEPreTUUECKOE 3HAYCHUE
UMEIOT COCTAaBISIOLIME HU3KOYACTOTHOM dYacTh crHekrpa ummyiabca. C pocToM
IIMPUHBI COXPAHSAEMON YacCTH CHEKTpa OT HyJS A0 BEIUYMHBI £, = 27 /T 3HEeprus
Wq ObicTpo yBenuuuBaerca U gocturaet 90 % Bceit snepruu W. [lpu nanbHeiimem
yYBEJIMYEHUM CHEKTpa sHeprusi W HapactaeT Bce MeayieHHee. Takum oOpa3om, mpH
mupuHe cnektpa .= 2z /T unn F=I/t obecnieunBaercsd nepenaya 3HAUUTEIbHOM
YacTU SHEPruu CUrHanga. Yem Kopoye UMIyYJIbC, TeM OoJiee IUPOKUN CIIEKTP JODKEH
OBITh COXpaHEH.

Wtak, Mbl paccCMOTpENIN Kak COOOIIEHUs (IEPBUYHBIE CUTHANbI), C KOTOPBIMU
IPUXOIAUTCS UMETH JIENI0 B TEIEMEXAHUKE, TaK U IEPEHOCYUKH, C IOMOIIBIO KOTOPBIX
OoHU mepenarorcs. [Ipexne yeM NepexonuTh K H3YyUYEHUIO METOAOB O0pa30BaHUs
CUTHAJIOB, OCTAHOBMMCS Ha HEKOTOPBIX BOIPOCax MpPeoOpa3oBaHUsl HEMPEPHIBHBIX
coobmeHnii B auckperHsle. Takoe mpeoOpa3oBaHHEe HUMEET MECTO B IH(PPOBBIX
TEJIEU3MEPUTENBHBIX CUCTEMAX.

1.5. IIpeoOpa3oBaHue HEMPEPHIBHBIX COOOIIEHUM
B IUCKPETHBIE CUTHAJIBI

1.5.1. KsanToBanue mno BpeMeHu (auckperusanusi). HenpepriBHbIE
COOOIICHHMSI TIPEACTABIISIIOT CO00M HENMPEePhIBHBIC (DYHKIIMN BPEMEHU C OECKOHEYHBIM
YHCIIOM TTPOMEKYTOUHBIX TOUeK. JIJig mepeaun Takux cooOmeHni 0e3 morpenrHoCTH
HEOOXOMM KaHaJ CBS3M ¢ OECKOHEUHOH MPOITyCKHOW CIMOCOOHOCTRIO. Ha mpakThke
BCET/a mepeaavya COOOMEHNH OCYIIECTBIISICTCS ¢ OTPAaHUYCHHBIMH CTICKTPOM YacTOT
U TOYHOCTBIO, TaK KaK BCE KaHajgbl HWMEIOT OTrPAaHWYEHHYIO MPOITYCKHYIO
CITOCOOHOCTb.

Ecnm HempepbiBHOE COOOIICHHE MMEET OTPAHUYCHHBIM CIEKTP YacTOT, OHO
BCErJa MOXKET OBbITh IepelaH0 CBOMMM 3HAUYCHUSMH B OTJEIbHBIE MOMEHTHI
BPEMEHH, T.€. MOXKET OBITh NMPEBPAICHO B JUCKPETHOE BO BPEMEHHU COOOIICHHE,
COCTOSIIIIEE U3 TIOCIICIOBATEILHOTO BO BPEMEHH Psifia 3HAUCHHI.

B03MOXHOCTB Tako¥ 3aMeHbI Oblja BIIEPBBIE YCTAHOBJICHA U C(HOPMYTUPOBAHA
B 1933r. B.A.KoTenbHUKOBBIM B BHJIE Clieaytonie Teopembl: “Ecnu dyHkmus f(t) He
CONICPKUT YacTOT BbImE F,, [T, TO OHa TOJHOCTBIO OMPENETSAETCS CBOUMU

MI'HOBCHHBIMH 3HAYCHHUAMU B MOMCHTBI BPEMCHH, OTCTOAIIHUC APYI' OT JApyra Ha
12F ", T.€.

At <1/2Fpax - (1.29)
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@OYHKIUI0O C OrPAaHMYEHHBIM CIEKTPOM MOXXHO 3amucaTb B BHJE
TPUTOHOMETPHUUYECKOIO psiaa

SIN 271F % (£ — kAY)
2y (E — KAE) (1.30)

fOy= 2 f-kan

k=—o0

r7ie k — mopsAKOBbIil HOMEp oTcueTa (PyHKIIHMH.

[Ipu »o>ToM (GyHKUMUS BIOJHE OMNpEAENAeTCS CBOMMU MTHOBEHHBIMH
3HaueHusIMH  f(kAt), OTCUMTAHHBIMU Yepe3 paBHbIE MHTEPBAIbl BpEeMEHU Af,
Ha3bIBa€MbIC UHTEpPBaJIaMU JTUCKpeTu3aiuu (puc. 1.12).

CpotictBa psanma (1.30) ocHoBBIBatoTCS Ha CBOWCTBE (yHKmmMH (Sin X)/x,
paBHo#l 1 ipu x=0 u paBHoii 0 npu x, kpatHsix 7 (180, 360, 540° u T.1.).

du3nyeckuil CMbICH MPeoOpa30BaHUs COCTOUT B TOM, UYTO KaXK/IbIM YJIEH psjia
(1.30) mpencraBisger coOOH OTKIMK HACATbHOIO (QHIbTpa HIKHHX YacTOT C
IPaHUYHOW YacTOTOM cpe3a F,,, Ha OYEHb KOPOTKUM HMIYJIbC, BO3HUKAIOIIUN B
MOMEHT BpemeHHu kAt (puc. 1.12) m umeromui 1iomanb, paBHyH0 MTHOBEHHOMY
3HAYEHUIO PYHKIUU f(?).

Ve, 7

feA) | f(34
At At 24t 3At

L~

70
110 s [|rea || 6

] —

SIN 27F ax ¢
0 max
fo® SO i
4
|\
f1(0 sin 2mFmax (1 —A?)

T A .Yy
| ¢

sin 2mF pax (t —2A1)
2nF pax (t —2At)

f(2Ar)

@)

sin 27F % (2 —3A¢)

27 F iy (£ —3A1)
19
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Puc. 1.12. Paznoxenue QpyHKUNH f(?) ¢ OTpaHUYEHHBIM CIIEKTPOM
gacToT 1o B.A.KoTenbHUKOBY
NurtepecubiM cBoiicTBOM psina (1.30) siBasiercs TO, 4TO 3HA4YEHUs psAlla B
MOMEHT kAt onpenensitoTcs TONbKO A-M YJIEHOM psiia, TaK Kak BCE JPYTHE YJICHBI B
TOT MOMEHT BPEMEHHU 00pallatoTcs B HYJIb:

Sin 272F .y (¢ —kAt) |1 mpu ¢ = kAt

27Fax (t — KAY) 0 mnpu t=iAt(i+#k). (1.31)
CrnenoBarenbHO, HECMOTPSI Ha TO, YTO BBIXOAHBIC (DYHKIIUU TEPEKPHIBAOTCS,
3HAYCHUEM 3aJJaHHOM (PYHKIIMM B MOMEHT OTCYETa SBJSETCS TOJBKO OJHO W3 €€
3HAYCHUM.
CormacHo Teopeme KortenbHMKOBa IS OAHO3HAYHOTO IMPEACTABICHUS
(GyHKUIHUU ¢ OTpaHUYEHHBIM CIIEKTPOM Ha MHTEpBaJie BpeMeHU ' I0CTaTOYHO UMETh N
3HA4YCHUH ATON QyHKIINH, T.C.

N =T/At =2F T . (1.32)

AHaJOTHYHbIE PE3yNbTaThl MOXHO MOMYyYUTh A (YHKIUH CO CHEKTPOM
4aCTOT B MPOMEXKYTKE OT F; 10 F.

Takum oOpa3om, HeNpepbIBHOE COOOIICHHE CBOJUTCS K CUTHANYy B BHUJEC
MIOCJIEN0BATENBHOCTH UMITYJIBCOB, aMIUIATYAa KOTOPBIX PaBHA 3HAYECHHUIO MCXOTHOM
(GyHKIMY, TIepeiaBaeMoil B IUCKPETHbIE MOMEHTHI BPEMEHHU kAf, a UHTEPBAJIbl MEXKIY
HUMH At=1/2F 4.

[Ipn BemmonHeHuu ycnoBuil (1.29) HenmpepblBHAasg M IHUCKPETHas BO BPEMEHH
(GyHKUIUHA 00paTUMBI MEXTY COO0H (TOXKAECTBEHHBI).

Jns  mpeoOpa3oBaHMsl JUCKPETHONM (QYHKUMHM B HENPEPHIBHYIO HYXHO
BKJIFOUUTD UJICATIbHBINA (PHIIBTP YACTOT C 4YaCTOTOM cpe3a paBHOM F ..

PaccmoTpenHslii mpornecc mpeoOpa3oBaHUs HENPEPHIBHOTO COOOIIEHUS B
JVICKPETHBIM BO BPEMEHH CUTHAJI HA3bIBACTCS TUCKPETU3ALMEN BO BPEMEHH.

B 3axnroueHue cienyer OTMETHTb, YTO IIPU ONPEICICHUM Ha IIPaKTHUKE
MHTEpBaJa JUCKpeTHU3auu TeopeMy KoTerbHHKOBa MOKHO IPUMEHSTH C ITOITPaBKOU

At = 1/(172Fppax ) (1.33)
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rae 77 — K03(pQUUUEHT, 3aBUCALIMNA OT TOYHOCTH BOCIPOU3BENCHUA (YHKUHUHU U
crnoco0a MHTEpPHOJALMYU; MPU JMHEHHOW HMHTEPHOIALUU 77, :O,75/ Oy » TIPH
CTyneH4arou 7., = (3 +5)n, (OTHOCUTENIBbHAS IOTPEIIHOCTh BOCIIPOU3BEICHU).

1.5.2. KBanToBaHMe mo BpeMeHM M IO YpoBHI. IIpu npeoOpasoBaHuu
aHAJIOTOBOW BEJIMYMHBI B KOJ| KBAHTOBAaHUE OCYILIECTBISETCS C 3aJaHHBIMM IIaraMu
KaK 10 BPEMEHH, TaK U M0 YPOBHIO.

Ha puc. 1.13 noka3zaHo, kak NpPOU3BOAUTCSA KBAHTOBAHHWE IO YPOBHIO U IO
BpeMeHH (yHKUuU f(t). CHavana IpoOBOAAT JMHHUM, HapajlieibHble BEPTUKAIbHOU
ocH f(t) ¢ marom At, 3aTeM napaieabHble TOPU3OHTAIILHOU OCH f C I1aroM g.

Vo

7

|
6
5 1w LA
4 A —rw

/

3 /
5 q
\ At
I t
NI CRCRCRCRCRCAURERUT
2 112131416 16171615
O[O0 |0]O0O]O T | T1T|1]1 1
Irjojoj1 |10 1]1]1 0
O(1|1]0]1]0]0]0]|1 1

[{udpoBoii SKBUBAJIEHT

Puc. 1.13. IIpeoOpa3oBaHre HENPEPHIBHOM BEJIMYUHBI B KOJI

KBaHTOBaHME OCYHIECTBISAIOT 3aMEHOM uepe3 mar A¢ 3HaueHuid GyHKIUuU f(t)
ONMKaMIIUM TUCKPETHBIM YPOBHEM. DTOT YPOBEHb U SBIISETCS TEM JHUCKPETHBIM
3HaYeHHEM, KOTOpOE 3aMEHsET 3HaueHue (QYHKIUU B JAHHBIA TUCKPETHBIA MOMEHT
BPEMEHH.

Ecnmn HeobOxomuMo mpeacTtaButh ceOe CTyNeHYaTyr JIOMaHyl JIMHUIO,
KOTOpasi B pe3yjibTaTe KBAHTOBAHUS 3aMEHSET HENPEPHIBHYIO (DYHKIIHIO, BCE
ITOJIyYEHHBIE TOUKHU CIEAYET COCIMHUTH TaK, Kak clejaaHo Ha puc. 1.13.

Tak kak HauMeHee TOYHO (PYHKIIHSI TIepeacTcs B TOUKE, HAXOIAIICHCS MEXK Ty
JIBYMsI YPOBHSIMH KBAaHTOBAaHUS UM OTCTOSIICH OT HUX HA TOJIOBUHY HWHTEpBaja
KBAaHTOBaHUS ¢/2, TO MaKCUMaJIbHAs OIMIMOKa KBAHTOBAHUS 110 YPOBHIO

A=tq/2. (1.34)
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[Ipn noctaroyHO OOJBIIOM YHMCIE YPOBHEW KBaHTOBaHWS N pacnpelereHHe
norpe MIHOCTH KBAaHTOBAaHMSA B Tpefenax oT — q/2 no + q/2 Oyner paBHOMEPHBIM
HE3aBUCUMO OT 3aKOHa pacmpeneneHus camoil GpyHkuuu f(¢). CpelHeKBaApaTUYHOE
3HAYEHUE MOTPEITHOCTA KBAHTOBAHUS MO YPOBHIO

See =q/(243), (1.35)

T.e. B /3 pa3 MEHbIIIE MAKCUMAaJIbHOM.
Yro kacaeTcs TOYHOCTH MpeoOpa3oBaHHUs (KBAHTOBAHHUA), TO OOBIYHO OHA
3aJaeTCsl B BUJIC IIPUBEIICHHOW OTHOCHUTEIBHON MOTPEIIHOCTH O, (B IPOLCHTAX).

ITo onpenenenuto, &, = (A-100)/(f(#)max — f (¢)min ) - [LloacTaBuB 3HaUCHUE A
u3 (1.34), monyurm BhIpa)K€HHE [1JIs Iara KBAaHTOBAHUS

q= 2f(t)max50mu/100' (1.36)

[locne TOro Kak HeENpephIBHOE COOOIIEHHUE C TMOMOIIbI0 KBAHTOBAHMS
OyneTnpeoOpa3zoBaHO B IUCKPETHOE COOOIIEHUE, HEOOXOAUMO KaXkJI0MY €ro YPOBHIO
MPUCBOUTH IIU(POBOI SKBUBAJICHT, KaK MPaBUJIO, B JIBOUYHOM HEU3OBITOUHOM KOJE
(cm. puc. 1.13) u nepenath 1Mo KaHATY CBSI3H.

2. MOIYJIAIUSA TAPMOHUYECKUX KOJEBAHUH

2.1. AMIUIMTY 1HAs MOYJISAIAS

V3MeHeHne aMIUIUTyAbl HOCUTENS IO 3aKOHY IIepelaBaeMOro COOOIIEHUs
Ha3bIBAETCA aMIUTUTYAHOU Moayssiuuen (AM).
Ecnim  moaynupyromuii  curHan  (MOJIe3HOE  COOOIIEHUE)  OMMCHIBACTCS
BBIPAXECHUEM
C(t) =UgqcosQt =U goslnft, 2.1)

4 HOCUTCIJIb — BBIPAKCHHUCM

Uy(@)=U,ccosot=U, cos2rFit, (2.2)

TO COTJIacHO ompeaencHuio AM aMmnTyaa Hocutesst OyAeT U3MEHSTHCS MO 3aKOHY
C@)
Uy, )=U, +kC(1). (2.3)

[ToncraBum (2.3) B (2.2) 1 nomyuum Belpaxkenue st AM curnana
U (@)=, +kC(t))coswt, (2.4)
rne K — ko3 dunmeHT nponopruoHaIbHOCTH.
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[ToncraBus (2.1) B (2.4), nonyyum

kU
U, t)=U. (I1+—LcosQt)coswu,t =

=U,, (1+m, cosQt)coswy,t,

rne my =kUq / Uy - K09bGUIUEHT TIyOUHBI aMIUIATYZHONW MOAYJISLHUH, WIH

poCTO KOIPOUITUEHT MOTYJISIINH.
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Jlyist Toro 9T0O0BI MOAYJISIMS ObUTa 06€3 NCKaKEHHH, KOA(PHUIUSHT MO JISIHH
m,, HE JOJDKEH ObITh Oonblle enuHuusl, T.. m,, <1. Ilpu m,, >1 HacTymaer
nepeMOy AU, TP KOTOpoi (hopMa orubaroiiei He MOBTOPSET 3aKOH U3MEHECHUS
HUCXOJHOTO CHUTHaJIa, KpOME€ TOTo, B TOUYKax MepeMonyisiuu (a3za HOCUTENIS
n3mensiercs Ha Jo = 180"

Bpemennsie muarpammbl C(t), Upg(t), Ugy(t) mnokazansl Ha puc. 2.1. U3
BPEMEHHOW auarpaMmsbl 11 AM curHana ciaeayer, uyTo

_ Umax - Umin
ST
max + min

3aMEHHUB B BBIPaKEHUH (2.5) IPOU3BEACHUE KOCHHYCOB, IOTY4YHM, YTO
m m
U ®W=Uyy, -cosu;lt+%Uuﬂ -Cos (g +HOH—%UW]°COSMI =1y (2.6)

T.e. CIEKTp CHUTHaja IIepe/ladyd, TMOJYYEHHOTO B pe3yjbTare aMIUIUTYIHOU
MOJYJIAIIMU, COCTOMT M3 TpeX TapMOHUYECKUX cocTaBisomux (puc. 2.2,a):
OCHOBHOU (HECyIllel) C 4aCTOTOM ; M ABYX OOKOBBIX — BEPXHEH C 4AaCTOTOM w;+Q 1
HIKHEH ¢ yacToTol w;-C2 . ITosoca yactot, 3annmMaemasi AM — curHajom, Ao = 2Q.

C(t) T mUu_[l mULL[l

Y11

a oy-II o oom -+

Puc. 2.1. IIpouecc momyuyeHus Puc. 2.2. Cnektpsl AM curnana
aAMIUTUTYJHO-MOTyJIUPOBAHHOT O
CUTHaja
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Ecmm  momymmpytomee  COOOIIEHUE  CONEPKHUT 7 TapMOHUYECKUX
COCTaBIIOMIMX (a HE OJHY T'APMOHUKY), T.€. XapaKT€pPU3yeTCs MOJOCOW YacTOT OT
Quin 10 Quax (puc. 2.2,0) ¥ ONMUCHIBAETCS BEIPAXKECHUEM

c(t) = iUMicos 1z, (2.7)

TO CHEKTp CUTHaja TMepeaayd KpoMe OCHOBHOW COCTaBIISIONICH OyaeT coiep aTh
HwkHio0 (HBIT) u Bepxutoro (BBII) 6okoBbie mosock! (puc. 2.2, B.

Bripaxenue s AM-curHana B JaHHOM CITy4ae UMEET BHI:

U ()= Uu“(l + izzlmicosll{t)cosu;]t =U,, oS ut+

(2.8)

U wy & U wyy &
+72ml'cos(“h + 1 )t + 72 m; cos(wy; — L )1,
i=1 i=1
a mojoca 4actoT Aw = 2€.«.
Kak cnemyer uz (2.6) Uyy(t) MoOXeT OBbITh MpEJCTaBICHAa B BHUAEC CYMMBbI
(reomeTpHUecKoii) TpeX BEKTOpoB (puc. 2.3).

(O3] “
J Umin:Uml(l'm)

U(nl

Umax:U(ol(1+m) l

Puc. 2.3. BektopHoe npeacrtaBienue AM-curnana

Ecnu Ha muiockocTu, Bpamiaromieiicss ¢ KpyroBod 4acTOTOH @; , H300pa3uTh
BEKTOP OCHOBHOM COCTaBJISIIOLICH, TO BEKTOPbl OOKOBBIX COCTaBISIOUIMX OYyIyT
BpaIllaTbCsl OTHOCUTEIBHO 3TOI0 BEKTOPAa B IPOTHUBOIIOJOXKHBIX HAIPABICHUIX C
gacToTOM (). OTHM BEKTOpPHl B KaXAbli MOMEHT BPEMEHHM 3aHMMAIOT TaKOE
IIOJIOKEHHWE, 4YTO KX PABHOJICHCTBYIOIIAs BCErJa HAIpaBlI€Ha BJOJIb BEKTOpA
OCHOBHOM COCTaBJsIolle. B pesynbrare ClOKEHHs TpeX BEKTOPOB II0JIy4aeM
PE3YIABTUPYIONIUNA BEKTOP, IJIMHA KOTOPOro MeHAETCs OT U,y = Uy +(1-m) 10 U,yey =
Uw 1 ( 1 +m) .

W3 ananuza BeIpakeHHs (2.6) MOXHO YCTAHOBHUTb, YTO HWXKHSS U BEPXHSIA
OOKOBBIE COCTAaBJISIOLINE CIEKTPA SIBISIFOTCSI HE3aBUCUMBIMM M B PaBHOM CTENEHU
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OTpaXKkaroT nepeaaBaecMyo uH(pOpMaIHIO. OcHoBHas COCTaBIISFOTIIAS
WH()OPMAITMOHHOTO 3HAYCHUS HE UMEET. B CBSI3M C 3TUM OMNpeeuM pacTpe/ecHIe
MOIITHOCTH CHUTHaJla TI0 COCTaBIAONIMM crnekTtpa (puc. 2.2,a). B curnarne,
MOJYJIUPOBAHHOM I10 aMIUIUTYyJe, MPHUHATO pa3IndaTh CJCAYIOMNUE CpPEIHUE
MOIITHOCTH:

1) 3a mepwon HOCUTENS TPU OTCYTCTBUU MOAYJISIIMH - P, (MOIIHOCTH
MOJTYAHMS)

2
p =Y. (2.9)
2
2) 3a mepuoj HOCUTENS BO BPEMsI MOIYJIALIMH
2 2
Pmax=U (1+m) _p(l+m), (2.10)
2
2 2

Py = b1 @11)

3) 3a mepuoj MOIYJIHMPYIOIIETro curHaia (MHGOpMaIlMOHHAsI MOIIIHOCTD )

U’ 1 m > I o m 2 2
pC:—;i+5(3UW) +§(3Um1) =E(1+05m”).  (2.12)

Pacuer P, 1o (2.12) MOXHO MPUMEHSATH TOJBKO B TOM CIIy4ae, KOrJa 4YaCTOThI
MEePEHOCUYUKA (0; U MOYJIUPYIOIIEro CUrHaia {2 KpaTHBI MeXy coOoi. B mpoTuBHOM
ciy4yae OyJeT UMETh MECTO OIIMOKA; OJIHAKO, KaK IPABUIIO, IEPHO] MOIYIUPYIOLIETO
CUTHaJla 3HAYUTENIbHO OOJbIIe TMepuojia NEPeHOCYMKa U OUIMOKa MoJydaercs
HE3HAYUTEIIbHOM.

[Ipu m=1 (cTonporeHTHAasT MOTYJISIINS)

Pmax:4P0; Pminzoy' Pc:]:5P0 (213)

W3 Beipaxenuss (2.13) cneagyer, 4YTO TIOJIE3HOE TMpUpAIICHUE CpeaHEel
MOIIIHOCTH  KoOJIeOaHUsl, B OCHOBHOM OMPENENSIONIEE YCIOBHS  BbIJCICHUS
MOZYJIUPYIOILIETO CUTHAJda NpU IPUEME, HE IMPEBBIIIAET IOJOBUHBI MOUIHOCTH
pexuMa MoydaHus. MOIIHOCTh B MaKCHUMalbHOM pexume P,, B YEThIpe pa3a
IPEBBIIIAET MOLIHOCTh B PEXHMME MOJYaHUsA. DTa 0COOEHHOCTh AM sBisercs ee
CYLIECTBEHHBIM  HEJOCTAaTKOM,  yXYAIIAOMMM  HCIOJIb30BAHHE  MOLIHOCTH
nepegaTynKa.

Ha ocHoBaHuMM aHanu3a CHEKTpa CHUTHajda I[Epeladd, pacipeneiaeHus
MOIIIHOCTH CHUTHAJa MO COCTABJISIOUINM €ro CIEeKTpa U HH(GOPMAIMOHHOTO 3HAYCHUS
COCTaBIIOIIMX MOKHO 3aK/IIOUYUTh, YTO JJII YMEHBIICHHS TpPeOyeMON IOJOCHI
YacTOT, IMOBBIIIEHUS MMOMEXOYCTOMYMBOCTH CHUTHAja 3a CYET MepepacrpeesieHUs
MOIIIHOCTH ~ LEJIECOO0pa3HO  MCKIIOYUTh U3  CIEKTpa CHIHaja OCHOBHYIO
COCTAaBIIAIONIYI0, KaK HE HMEIOIIYI0 HHQOPMALUMOHHON Harpy3ku (HE 3aBUCUT OT
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kKodhummeHTa MOIYJIAUA Myy), W OJHY W3 OOKOBBIX IMOJIOC (HIDKHIOIO WIIH
BepxHIO0). IIpu peanmzanuu 3TUX yClOBH OyJeM HMMETh CHCTEMY C IMepeaadeit
OoIHOM OOKOBOM mToOJIOCKl (OnHOMOJIOCHAs amIuMTtygHas wmonaysiaus OAM), B
KOTOPOM TMOJ0ca MepelaBaeMblX YacTOT COKpAIAeTcss B JBa pasza, TaK 4YTO MpH
MHOTOKAHAJIbHOM CBSI3M YHUCJIO KaHAJOB MOXET OBbITh MOYTH YABOEHO, a YPOBEHb
MOMEX B Ka)XJOM KaHaje CHWXXAETCS B JBA pa3a, YTO PABHOCWIBHO YBEJIWYEHUIO
OTHOUIIEHUS! CUTHAJI/IIIYM B JIBa pasa.

Hanpspkenue wiam MOIIHOCTH TepelaBaeMoil OOKOBOM TOJIOCHI MPH TOU XKe
HOMHUHAJIBHOW MOILIHOCTH YCHUJIUTENEH KaHaia CBS3M MOTYT OBITh IMOBBIIICHBI CO
suauenus mU,; /2 no (1+m)U,,;, Tak KaK MPU OOBIYHON aMIUTUTYTHONW MOTYJISIIHH
HanOoJblIee HANPSKEHUE KaK pa3 paBHO 3TOM BEIHUYUHE.

[Tocne pemonynauMM BeIMYMHA HMCXOJHOTO CUrHaima B ciaydae AM
MPOIOPIIMOHANIbHA amIunTye orudatoment mU,,;. B cnyyae OAM npu HanbosbIIe
rIIyOMHE MOJYJISILUM (71=1) TIOTy4aeTcsl BBIMTPHIII B BEJIMUYUHE UCXOIHOIO CUTHANA B
(m+1)/m=2 pa3a 1o HaNpPSIKEHUIO, T.€. B YETHIPE pa3za IO MOILIHOCTH. Takum
o0pa3oM, pe3ylbTUPYIOIIMKA BBIMIPBILI MPU TMEPEX0Ae OT JBYXIOJOCHOM K
OJTHOIIOJOCHOM AM IO MOIIHOCTH MOJy4Yaercs B BoceMmb pa3. OnHononocHslii AM-
CUTHAJI IIPY Nepejaue HUKHEeW OOKOBOM COCTaBISIONIEH MOKHO 3alKicaTh B BUE

Uoay ) =U ,jcos(uy; — Q )t =
= U, (cos w tcos Qt + sin wtsin Q).

B 3akmiouenume orMeruM, UTo (QYHKIHMSA, TpEJICTaBIE€HHAas B  BHUJE
TPUTOHOMETPUUYECKOro psina (2.8), MPUHAMICKUT K KJIAcCy MOYTH MEPUOIUYECKUX
bynkuuii. Takum oOpa3oM, aMIUIUTYAHO-MOAYJIUPOBAHHOE KojeOaHHUe SBISETCA
MOYTH NEPUO-TUYECKUM CUTHAJIOM.

2.2. YacrotHas moxyssiuus (UM)
[Ipn yacTOTHON MOZIYJISIIIUU IO 3aKOHY MOJYJHPYIOIIETo (IepeaBaemMoro)
CUTHaa
C(t) =U yposQt (2.14)
W3MEHSETCS] MTHOBEHHOE 3HAUYCHHE YacTOThl (1) HocuTens (puc. 2.4)
U,t) =U,,,ccoswy,t . (2.15)

MrHoBeHHOE€ 3Hay€HUWE YacTOThl (®; MOJIYJMPOBAHHOTO  KoJeOaHUs
OIIPENETAETCS BBIPAKEHUEM

u (1) =y + Ky C1), (2.16)
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rne Kyy — xod3puimeHT mponoprruoHaIbHOCTH, YCTaHABIMBAIONIEH CBSI3b MEXKIY
MOJYJIAPYIOIIUM CHUTHAJIOM M HW3MEHEHHMEM 4YacTOThl HOCHUTENS; ; — 4YacToTa
HEMOJYJIUPOBAHHOI'O HOCUTEIS.

C

=
g_
— [

Puc. 2.5. BexTopHoe npen-
crtaBienue UM curnana

|
|
|
I
| |
0 101; i i\/i \HIg , Muyy
|

=
<
<
=
<
<
<
<

My
Mym
0 Q
Puc. 2.4. IIpouecc nonydeHus Puc. 2.6. 3aBucumMocTb
YaCTOTHO—MOAYJIMPOBAHHOT'O myy 1 g o1 Q npn UM

CHUI'HaJla

[Tonnas aza MOAYIUPOBAHHOTO KOJIEOAHUSI OMIPEACIISIETCS B BUJIC
¢ =[o,(t)dt = ot + Ky, [C(t)dt . 2.17)

Otcroga BUIHO, uTo 1ipu UM mnmeer mecto u3MeHeHue (aswl kosebaHus, T.e€.
OM.

[ToactaBus (2.17) B (2.15), nosiydum BbIpa)xeHue sl YaCTOTHO-MO1y IMPOBaH-
HOT'O CUTHaJIa
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Uy (1) = U, jcos( uyt + Ky [C) dy) =

=U , cos( wt + Ky [U yeos Lfdy) =

= U, jcos( wt + wg [ cos lkdi) = (2.18)
=U, cos( w;t+ (u!g/Q Jsin Q1) =

=U , cos( w;t + myy sin Q1),

rne wg =KuuUg - A€BHALMS YACTOTHI, T.€. MAKCUMAJIbHOE OTKJIOHEHHE YaCTOTHI OT
3HAYEHUA 0;; Muyy= Og /Q - UHIEKC MOLYJIALMH.

Wupnekc 9acTOTHOM MOAYJSIIUM  (PAKTUYECKH PAaBEH MaKCHUMaJIbHOMY
OTKJIOHEHHUIO (pa3pl UM-konebanus, T.e. Myy=6,.,. OH HE 3aBUCUT OT CpEeIHEU @
(HEMOyIMpOBAHHOM) YacTOThI, a OIpPEAeNAeTCd UCKIIOUYUTEIbHO BETUYHMHOU
JI€BUALIMU YaCTOThI (0 W MOAYIMPYIOLIEH yacToToMn .

BektopHoe mnpezacraBienne YM-konebaHus 171 paCCMOTPEHHOIrO Ciyyas
nmokazaHo Ha pwuc. 2.5. Bekropom U,; T1O0Ka3aHO HEMOIYJIUPOBAHHOE
BBICOKOYACTOTHOE KoJjiebaHue. YToObl 3TOT BEKTOp ObLIT HEMOABHKEH, MPEATIOIaraem,
YTO OChb BpPEMEHM BpAILAETCS 110 YAaCOBOM CTPEIKE C YIVIOBOM CKOPOCTBIO ;.
[Tpupamenue ¢a3pl Bektopa U,; HU3MEHSETCd IO TapMOHHYECKOMY 3aKOHY C
yactoroil Q. MakcumanbHOEe U3MEHEHUE (Pa3bl ONpenensieTcss HHACKCOM MOYJISIIHU
myy, T.€. BeKTOp U,; OTKIIOHSETCS B 00€ CTOPOHBI Ha yroi myy. Hampumep, ecnu
myy~=1, TO 3TO O3HayaeT, 4to BeKTOp U,; OTKIOHSETCS B 00€ CTOPOHBI Ha OJAMUH
pagrad. Ha npakTthke ¢ LEIbH0 NOBBIICHUS NOMEXOYCTOMYMBOCTH IPUEMA IIPU
UCIOIb30BaHUN UM NpUMEHSIOTCST OOJIBIIINE 3HAYCHUS My)y.

Ha puc. 2.6 npuBeneHsl 3aBUCHMOCTH MHIEKCAa MOIYJISIUUN Myy W JEBHALUU
4acToThl @, UM-KkonebaHMs OT 4acTOTHI MOAynHpylomero curuana €2. Kak BuaHo
U3 pUC. 2.6 ¥ COOTBETCTBYIOIIMX BBIPAXKEHUH, 4 OT {2 HE 3aBUCUT U ONPEAEIACTCA

TOJBKO BenmnunuHoU Ug, a myy,C yBenudeHueM 2 yObIBaeT.

2.3. ®azoBas Mmoaysius (OM)

[Tpu ¢da3oBoit MOAYIAIUU MO 3aKOHY MOJYJIHPYIOIIErO CUTHAja U3MEHSETCs
HavasibHas (asa.

PaccmoTpum wacTHBIM Cilyyad, KOTJa MOAYJUPYIOIIMKA CHUTHAJI SBIISIETCS
rapMOHUYECKHM, T.€.

C(t) =U ygoslL], (2.19)

d HOCHUTCJIb OIIMCBIBACTCS BBIPAKCHUCM

U,®)=U,cosuyt . (2.20)
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Torma nonnas ¢aza ®M-kosnebaHusi B COOTBETCTBUHU ¢ ompenenenueM OM
3aIMILIETCS B BUJIE

=w,t + K4, U, coslIf.
P =u, omV uf 2.21)
O003HaYUM

Moy =Koy U (2.22)

rac meym — MHACKC MOAYJIIOHUH, T.C. MAKCHUMAJIbBHOC OTKIOHCHHC (1)331)1 KOHe6aHI/I$I;

KoM — KOIQUIMEHT MpOnoOpHHUOHATBHOCTH, OMNPEISISIONUNA CBA3b  MEXKIY
MO/IYJIUPYIOIIMM CUTHAJIOM U U3MEHEHHEM (a3bl KoeOaHu .

[ToncraBus (2.21) B (2.20), nonyuum Beipaxkenue ajisa @M B Buje

Uap () =U,, jcos(uyt + mg,ycosLLt, . (2.23)
MrHoBeHHOe 3HaUeHue 4acToThl ®M-kosie0aHus paBHO

_9p _

W= ot Wy — mcle[ﬁin jt=w, — Wy sin I 5 (224)

Wg = My Q . (225)

e wq ACBHANA 4aCTOThI KOJICOQHHS.

[Iponecc mnomyuennss @OM-curnana mnokazan Ha puc. 2.7, a BEKTOPHOE
MpeJICTaBIECHUE — Ha puc. 2.8.

CpaBHenue BoipakeHu# (2.18) u (2.23) mokaseIBaeT, 4T0 MPU rapMOHUYECKOM
MOJIYJIMPYIOIIEM CUTHAJIE BbIpaKeHHUE, omnuchiBatomiee YM-konebaHus, oTauvaercs

Puc. 2.8. BekTopHOE npeacTaBicHue
®dM-curnana
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or TtakoBoro mnsi ®M-konebanus TONbKO (a30il TapMOHHYECKON (PYHKIIHH,
OTIpEETAIONICH N3MEHEHHE MOJIHOM (pa3bl HOCUTETIS.
Puc. 2.7. IIpouecc nonyueHus Puc. 2.9. 3aBucumocts
dM-curnana Mem U wg 0T Q ipu M

Bekropnoe npencrasienne ®M-konebanus (cMm. puc. 2.8) Takoe ke, Kak 1 JJIs
YM-konebanust (puc. 2.5), T.e. 3T0 OyAeT KavarOIIMICS BEKTOP C IOCTOSHHOM
mmHo# U, 1 ¢ MaKCUMaJIbHBIM yTJIIOM OTKJIIOHEHHSI B 00€ CTOPOHBI Mgy = Gy

Ha puc. 2.9 npuBeneHbl 3aBUCUMOCTH HWHACKCA MOIYJSALUU W JICBUAIIUU
gactoTel ®M-koneGanust OT YaCTOTHl MOAYJIHPYIOIIEro curHaia €. B coorsercTBun
c BeIpakeHHIMU (2.22) u (2.25) WMHAEKC MOIYJSIIIUU Mgy OT ) HE 3aBUCUT H
OTNpeJeNsieTcsl TOJABKO BEJIMYMHOM aMIUIUTYAbl MoAyhupyiomero curhana Ug,
JIEBUALINAS YACTOTHI
Wg TPSMO NPONOPLUHUOHANIBHA YaCcTOTE {2 MOYIMPYIOLIETO CUTHAJIA.

Pazauune YM- u ®M-konebanuit. itak, nmpu MOIYISAIMA OJHUM TOHOM IO
XapakTepy KojaeOaHUs U €ro CBOMCTBAM HEJIb3s 3aKJIIOUHUTh, C KAKOWH MOIYJISIIUEH MBI
UMeeM JIeJI0 — ¢ YacTOTHOU mwin ¢dazoBoi. Pazmuune mexay UM u ®M npossisercs
MPU U3MEHEHUHU YaCTOThl MOAYJISIIMU WIH IIPU OJHOBPEMEHHOW MOYJISALUA TTOJIOCOU
4acToT.

IIpu UM BennumHa JEBUAIMH YaCTOTHl (g OCTAETCA IMOCTOSAHHOM IIpH

W3MEHEHUH YacTOTHhl MOAYJIsuu Q. BennuuHa ke nHAeKca MOAYTISIUN Myy=60,., C
YBEJIMYEHUEM YaCTOThl MOAYJISIIUU Q yObIBaeT (cM. puc. 2.6).

[Tpn ®M BenuumHa WHACKCA MOIYJISIHAHA Mey=0,,.,, OCTACTCS IOCTOSHHOW MPHU
U3MEHEHHN 4YacTOThl MOAy MU Q. JleBHalusi 4acTOThl g M3MEHSETCA IPSAMO
MPOMOPIIMOHATIBHO YaCTOTE MOAYISIIUHU Q (cM. puc. 2.9).

Ecnu Momynsiiust OCyIIECTBIISIETCA HE OJHUM TapMOHHMYECKHM, a CJIOKHBIM
CUTHAJIOM, TO CTPYKTYpa MOAYJIUPOBAHHOTO Kojebanus Oyner paznuyHout aiig UM u
OM.

B cnydae UM wMeieHHBIM HU3MEHEHHMSIM MOJYJHUPYIOUIETo CUTHana (T.e.
HU3KUM 4YacTOTaM €ro CIeKkTpa) OyAyT COOTBETCTBOBATH OUYEHb OOJBIINE 3HAUYCHMUS
Myy=6hax (cM. puc. 2.6). B cnyqae ®M MenjieHHBIM U3MEHEHUSIM MOJTYJIMPYIOIIETO
CHrHaja OyJIyT COOTBETCTBOBATH OYEHb Mable 3HAYCHUS JEBUALIMU YACTOTHI (0 (CM.
puc. 2.9).

Hakonen, UM u ®OM pasznuuaroTcss 10 CrocodaM HUX TEeXHUYECKOTo
ocyuiectBieHus. [Ipy UM oObIYHO TpUMEHSIETCS MPSIMOE BO3JEHCTBUE HA YaCTOTY
KojiebaHus 3ajaromero TreHepaTopa. B ciayuae ®M  3amarommii  TeHepaTop
BbIpaOaThIBae€T CTAOWUIBHYIO YacTOTy, a (a3za MOIYJIHpPYyEeTCs B OJHOM U3
MOCJIEAYIONINX KaCKaJ0B NePeaaTuHKa.

ChekTp curHana ¢ yrjioBoll mopyJsiime. PaccMorpum ciaydail MOyJsiUAM
OJIHUM TOHOM. BpIpakeHue 1Jig CHUTHajla, MOAYJIUPOBAHHOTO 1O YacToTe Wiu (ase,
3alUIIEM B BUJIE
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Ut)=U, cos(wt +msinll]t. (2.26)
[TpousBens mpeoOpa3oBaHusl, TOTYUYUM

Ut)=U, cos(msin LLttosuyt — (2.27)

— U, sin(msin Ltginuyt,

PaccMoTpum cHavana cnekTp curHaia, korga m<</. Torma MOXXHO CUMTaTh,
YTO

sin (msin II{tjx msin L1t
cos(msin It 1.

[ToncTaBuB 3T NPUOIMKEHHBIE paBeHCTBA B hopMyity (2.27), morydum
Ut)=U,, cosuyt —U,, msinLL{sinuyt =

(2.28)

U U

=4, cosmlz‘——;f’l—mcos(u;1 —ll[)zﬂr#mcos(u;1 +1I)t.

CpaBHuBas BeipakeHus (2.6) u (2.28), 3aximroyaeM, 4yto criektp UM unu OM-
CUTHaJa IPU MajoM 3HAUYEHUHU m COCTOUT, Kak U crekTp AM curHana, u3 Hecyuieu
YacTOThl ; U JABYX OOKOBBIX 4YacTOT w;+{) W w;-Q. EnuHCTBEeHHOE OTIMYHE
3aKJII0YaeTcsl B cABUre (pa3bl CUTHaAiIa HWKHEH OOKOBOW YacTOTHI (3HAK MHHYC) Ha
180° oTHOCHTEIBHO ero TmonoxeHust npi AM. CIIeKTp aMILTHTYZ CHTHANA C YIIOBOI
Monynauued mnpu m<<l moka3zan Ha puc. 2.10. Tak kak ¢a3za OTAENBHBIX
COCTAaBJSIIOIIMX CHUTHalla »TOM JAWarpaMMOM HE YYUTBIBAETCS, TO XapakTep
JMarpaMMBbl Takoil ke, Kak U B ciyyae AM (cM. puc. 2.2,a). OTMETUM, 4TO B JAHHOM
cillyyae BIMSHUE HMHJAEKCAa MOAYJSLMA m COBNAAAET C BIUSHHUEM KO3 (dUIIMEHTA
TITyOMHBI MOIYJISIIIAN My, & ITUPUHA CIIEKTPA

Aw=2Q. (2.29)

[locnennuii BBHIBOA TOBOPUT O TOM, YTO MPH OYEHb MAaJbIX BEIMYMHAX
IEBHAIIMH 9aCTOTBl g = mL) (IO CpaBHEHUIO C () IIMPHUHA CHEKTPA OT BEIMYUHEI

(g HE 3aBHCUT. BEKTOpHOE HM300pa’ke€HHE PACCMOTPEHHOIO Clydas JaHO Ha PUC.
2.11.
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m/2 Uyi
wo,—Q W,
Aw=2111
Puc. 2.10. CnekTp aMIaTy Puc. 2.11. BexkropHoe u3o0pakeHue
CHUTHAaJa C YIII0BOW MOIYJISALIUEH CHUTHaJIa C YIII0BOW MOIYJISALIUEH
npu m<</ 1pu m<<|]

OHO oTiuyaeTcs OT BEKTOpHOro m3obOpakeHuss AM-curHama (cMm. puc. 2.3)
TOJIBKO HAIIPaBJICHUEM BEKTOPA, U300PAKAOIIETO COCTABJISIONIYI0 HIDKHEH OOKOBOMA
yacToThl. B pe3ynpTare BekTOp MoAyisanuu BA Bcerna nepneHANKYISIPEH K
HampaBiieHnio BekTtopa U,;. Bektop OA, wuzoOpaxawmuil pe3yiabTUpYOIIee
KosneOanue, u3Menserca mno ¢aze u mo ammautyae. OmHako 1pu m=0,,,<<I
aAMIUTUTYTHBIMH H3MEHEHUSMH MOKHO TpeHeOpedb, BCIEICTBUE YEro MOMYJISIUS
MOJKET, B IEPBOM NPUOIMKEHUH, pACCMAaTPUBATHCS KaK YHCTO yTI0Basl.

OOpatumcs K paccMOTpeHHio Oosiee 0OIIero ciydas, Korga m — Jro0as
BenuunHa. Jlyis atoro dyukumm sin(msinll{t v cos(msinll]t u3 Beipakerus (2.27)

Pa3JI0KUM B TPUTOHOMETPUUECKHE PSIIBI.
B teopun becceneBbix pyHKINN OKAa3bIBAIOTCS CIASAYIOUINE COOTHOIICHUS:

sin(msin IL{g=23"J, _(m)sin(2n 1),
=l ) (2.30)
cos(msin Lt)= J ,(m)+ 2> J,,(m)cos2n,
n=1

riae J,(m)- beccenera GyHKIUS MIEPBOro pojia N-ro MopsiiKa OT apryMEeHTa .
C yuérom dpopmyn (2.30) Beipaxkenue (2.27) nepenuuieM B BUIE
Ui = le(JO(m) cos @, — 2J1(m) sin LL[)Slna)lt +
+ 2J2(m) cos 2[l[lcosa)lt — 2J3(m) sin 3lllzsina)1t +..) .
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3aMEHUB B 3TOM BBIPaXEHUU MPOU3BEIACHUS KOCUHYCOB U CHUHYCOB CYMMAaMH,
OKOHYATEIbHO MOJYYUM
Ui = UWI(JO(m)cos uyt — Jy(m)cos (wy — L)1+ J(m)cos (wy + LL)t+
+Jy(m)cos(uy — 2L)t+ JH(m)cos (wy + 2LL)t-k(m)cos (wy — 3LL)t+
+Jy(m)cos(uy + 3Lt ...).

2.31)

Takum o00pazoM, HpH YIIOBOM MOIYJALMHU CHEKTp CHUTHAlla COCTOUT W3
0ECKOHEYHOTo 4yucia OOKOBBIX YAaCTOT, OTIMYAIOIIMXCA OT HECYIEH 4acTOThI @; Ha
£nQ).

[IpumepHBIN BUJ CHEKTpA CUTHANA C YIJIOBOW MOIYJSALMENW OJHUM TOHOM ()
npu m=3 u U,;=1 B npencrasnen Ha puc. 2.12. [lo Mepe yaaneHus oT w;
aAMIUTUTYII OOKOBBIX COCTABJISIONINX YMEHBIIIAIOTCS.

Ji(m) Jo(m) Ji(m)
| |

J3(m) Jy(m) il - Jom) J3(m)

-1 T T1-

w
S 9 ac & ¢ g ¢
R o+ F
8 3 8 3 3

Puc. 2.12. CnekTp curHana ¢ yriioBoil MOIyJIsIIUCH
npu m=3 u Q=const

XOTsI TEOPETHUYECKU CIEKTp KOoJeOaHUN ¢ yriIOBOM MOIyJsuell OeCKOHEUEH,
IIPAKTUYECKN OH OrpaHuyeH. [IpakTHYeCKyl0 OrpaHMYEHHOCTh CIEKTpa CUTHAJIA C
YTJI0BOM MOAYJISIIIMEN MO3BOJISIIOT YCMOTpETh cBoiicTBa becceneBbix Qynkumii. [Ipu
n>m ¢yakuus J,(m) (tabn. 2.1) uMeer Manble 3HAUYEHUS. DTO O3HAYaET, UTO
aMIUTUTYbl OOKOBBIX COCTABJISIOLIMX B PACCMOTPEHHOM CIEKTPE CUTHAJIa C YTI0BOU
MOJAYJISIUMEH CTAaHOBSTCS OYEHb MalbIMU W HMMHU MOXHO mnpeHeOpeub. [lpu
YBEJIMYECHUH m TIPOUCXOAMT MepepacupeneieHue sHeprud. Bce Oonbinas 4vacTb
SHEPrUU NEPEHOCUTCS] OOKOBBIMM COCTABIISIOIIUMHU.
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3nauenus becceneBbix byHKIMM J, (1)

Tabnuua 2.1

m Jo J1 Jo Js J4 Js Js J~
0,2 0,99 0,10 — — — — — —
0,4 0,96 0,20 0,02 | 0,001 — — — —
0,6 0,91 0,29 | 0,044 | 0,004 — — — —
1,0 0,76 0,44 | 0,115 | 0,02 | 0,002 — — —
2,0 0,22 0,58 0,35 0,13 | 0,034 — — —
5,0 0,18 0,33 0,05 0,36 0,39 0,26 0,13 0,05
10,0 0,25 0,06 0,25 0,06 0,22 0,23 | 0,015 | 0,022

OTUM U ONpEIENAeTCsl MpaKTUUYeCKas MIMPUHA CIIEKTpa CUTHAJIA C YIJIOBOM
MOIYJISIUEH, T.€.

Aw=2nQ=2mO=2wy . (2.32)

Kak cnemyer u3 (2.32), mpakTHYECKH IIMPUHA IIOJIOCHI paBHA YyJABOCHHOM
neBruanuy 4acTotel. Ilomoca 9acToT, paBHas 2wy, Ha3bIBAETCA IOJIOCOM KadyaHMs, TaK
KaKk B TpoOIEecce MOAYJSAIMKA Hecylas dYacToTa MOXET MpPUHUMATh JH000e
MT'HOBCHHOE 3HaY€HHME BHYTPH HHTEPBANA W ; * Wg.

Bekropnas nuarpaMma cursajga ¢ yriloBOM MOIYJSIIMEN NPEACTaBJIEHA Ha
puc. 2.13.

Puc. 2.13. BekropHoe npeacTaBiIeHNE CUTHAJA

C YIJI0BOM MOAYJIALMEN
Ha nuarpamme moka3aHbl BEKTOp OCHOBHOW 4YacTOThl (), mepBast (w;7Q)),
BTOpast (w;£2Q) u TpeThsl (w;73(Q2) mapbl OOKOBBIX YaCTOT. PaBHOmEWHCTBYIOMIAS
NepBOil mapbl OOKOBBIX YAaCTOT HANpPABIEHA NEPHEHAUKYJIIPHO K BEKTOPY OCHOBHOM
4aCTOTBI, BTOPOU — BAOJIb BEKTOPA OCHOBHOM, TPETbEN — NEPIEHAUKYISAPHO U T.1. B
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pEe3yabTaTe CIOKEHUSA BCEX 3TUX BEKTOPOB IMOJYyYAETCS BEKTOP, BPALIAIOLIAKCS I10
Jlyre OKPYKHOCTH C 4aCTOTOM 2 Ha yroyl Zm pajuaH.

Kak yxaspiBanoch Bblle, pasnuuve Mexay UM- u OM-curnamamu mnpu
MOZYJIALIMM OJHUM TOHOM TPOSABISIOTCS TOJIBKO IIPU HM3MEHEHUM YaCTOTHI
Moxaysuu Q. [TocMoTpum, Kak OyIyT U3MEHAThCS crieKTpbl UM- u ®M-curnaios B
ATOM CllyYae.

[ns UM-curnanoB npu m>>] mHUpHHA CHOEKTPA B COOTBETCTBUM C BBIPAKCHHUSIMU
(2.18) u (2.32) paBHa
204 =2KyyUq , (2.33)

T.€. 3aBUCUT TOJBKO OT aMIUIUTYyAbl Ug MOAYJIUPYIOWIEro curHaia. Yucio
CHEKTPAJIbHBIX JIMHUN (TAPMOHMYECKUX COCTABJISIONINX) MPAKTUYECKOIO CIIEKTpa
YM-ko-nebannii ¢ yaerom (2.18), u3meHseTcs oOpaTHO MPOTOPIIMOHATHHO YaCTOTE
Q, T.c.

nzEm=awg /Q. (2.34)

[ToaToMy, HanpuMmep, NMPU YBEIMYEHUN YACTOTHI MOAYJISALNU () U TIOCTOSIHHON
ammuntyge Ugq YHUCIO CHEKTPAJbHBIX COCTAaBJISAIOIIMX YyMeHbluaercs (2.34), a
IpaKkTU4ecKas muprHa crektpa YM-konebaHuil octaercs MOCTOSIHHOW, H0O

Aw =2nQ=2m0 = 2wy (2.35)

W, wao0OpoT, C yMEHbLIIEHWEM YacTOThl () YHCIO CHEKTPaJIbHBIX
cocTaBisAomMX Bo3pactaer (2.34). Ilpu sToM mpakThyeckas HIMPUHA CHEKTpa B
COOTBETCTBUH C (2.35) OnATh-TaKM OCTAETCS TOCTOSHHOM.

s dM-konebanuit npu m>>1 IIUPUHA CHEKTpa B COOTBETCTBUU C
BeIpakeHusAMH (2.22), (2.25) u (2.32) paBHa

ACOZZI’IQEQW!Q:ZK@MUQQ 5 (236)

T.. OHA 3aBUCHUT KaK OT aMIUIUTYAbl Ugpgy, TAK U OT 4aCTOTHI 2 MOIYJIUPYIOLIETO
curHana. [Ipy @M umucino cnekTpaiabHBIX JUHHUM criekTpa npu Ugp=const ocraercs
Hem3MeHHbIM. C u3MmeHeHneM Q npu Up=const M3MEHSAETCS WHTEpPBAl MEXKIY
COCEIHUMH TapMOHUYECKMMH COCTaBIIAIOIIMMHU U oOuias mupuHa crekrpa PM-
CUT'HAJIA TAKKE U3MEHUTCA.

CpaBHenue AM-, UYM- u OM-curnanioB. CpaBHUM YKa3aHHbBIE BH/IbI
MOZYJIALIMYU 1O WX JABYM OCHOBHBIM XapaKTEPHUCTUKAM: CPEIHEU 3a IMEPUOJ BBICOKON
YaCTOTBI MOIITHOCTU Y IIMPHUHE CIIEKTPA.

JInas  AM-curHanoB cpenHssi 3a IIEpUOJ BBICOKOM YacTOTBI MOUIIHOCTh
U3MEHSETCS, TaK KaK M3MEHSETCs aMIUIMTyJa CUTHajJla. JTa MOIIHOCTh B
MaKCHMAaJIbHOM pexume B (I+m,,)° pa3 Gomblne MOIHOCTH Momdaxus. lllupuua
cnexkrpa AM curHana 3aBHCHUT OT BEJIMYHMHBI MAaKCUMAJIBHON 4aCTOTHl MOLYJIALIMKA U
paBHa 2 ...

Jns UM-curHasnioB cpeaHsss 3a INIE€pUOJ  BBICOKOM YacTOThl MOIIHOCTH
MOCTOSIHHA, TaK Kak aMIuiuTyna kosnebanuit HemsmeHHa (Uy.= const). llupuna
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cnekrpa YM-curnana, paBHa 2wy, 3aBUCHT TOJIBKO OT AMIIIMTYAbI MOIYJIMPYIOLIETO
CHTHAaJIa M HE 3aBUCHUT OT €r0 YacCTOTEHI.

Jnss ®M-konebaHuii cpeHssl 3a Mepruoj BHICOKOHW YaCTOThI MOIIIHOCTb TAKXKe
Hen3MeHHa, uoo U, =const. lllupuna cnekrpa paBHa 2mQ=2w,, U 3aBUCHT KaK OT

aMIUTUTYIbl MOJIYJIMPYIOIIETO CUTHAJIA, TaK U OT €0 YacCTOTBHI.
Takum 00pa3oM, MpakTUYECKas IIUPUHA CIEKTpa KoJeDaHUM C yIJIOBOM
MoAayJsinuer B m pa3 Oosibliie IUpHUHBI criekTpa AM-Kkone0aHui.

2.4. OnHOBpEMEHHAA MOIYJISIUS 110 aMIUTUTY/IE U 110 4aCTOTE

B psine ciydyaeB BO3HHMKAaeT HEOOXOIUMOCTh B Mepeadye JBYX COOOIIEHUN C
MOMOIIBIO OAHOTO HOCUTENs. Torga oJHUM COOOIIEHUEM HOCUTENIb MOAYIUPYIOT 1O
4yacToTe, a IPyruM — 1o ammuintyae. Haubosee mpoctoit mo coctaBy CEKTp CUTHaIa
C JIBOMHOM MOZYJISIIMAEUN IOJYYUTCS NMPU TaPMOHUYECKOM 3aKOHE WM3MEHEHUs, Kak
4acTOThl, TakKk W aMIUIMTyAbl. IlyCcTh 1O 4YacToTe€ HOCUTENb MOIYJIUPYETCA
COOOIIIEHHEM C YacTOTOW (2|, a M0 aMIUIMTYJe — ¢ 4acToToi ). Torma yactora u
aMILTUTyAa HOCUTEINS Oy TyT U3MEHSTHCSI B COOTBETCTBUU C BHIPAKCHUSIMU

w(t) = upy +wcosllt (2.37)

Ut) =U y(1+m 4, cos Lft) . (2.38)
MopaynupoBaHHOE 10 4YacTOTE€ HAMNpsHKEHHWE ObUIO TOJYYEHO BBINIE MPHU
noctosHHOU amrutyne Uy, (2.31). Ilpu u3MeHeHUN aMIUTUTY/Ibl B TOM BBIPOXKEHHUH
ClieyeT 3aMEHUTh MOCTOSIHHYIO aMIutyay U,; N3MEHSIOWIENCS] B COOTBETCTBUU C
(2.38). Toraa nomy4yum:

Uit)= Uu;l(l +m 4)y 0sLLt)(Jy(m)cosw)t —
— Ji(m)cos(uy — L )t + Jy(m)cos(uy + L )t +
+Jo(m)cos(uy — 2L )t + JH(m)cos(uy + 2L )t + ...).

[Io cpaBHEHHIO C HANPSHKEHUEM, MOAYJIMPOBAHHBIM TOJIBKO MO YacCTOTE, 31E€Ch
MOSIBJIAFOTCS TONIOJIHUTENBHBIE COCTABJISAIOIINE IBYX BUJIOB:

M 47U,y o(m)cosuyt cos It = m—;MUuﬂJO(m)cos(ml + 1)t (2.39)

m

M 4y Uy ,(m) cos (wy, £ nll] )t cos It = ;M U, ,(m) x

x (cos (wy, £ nll{+ LI} )t + cos (w, £ nll] — IIL )1).

UtoObl siCHEE BBIIBUTH CIEKTPAJbHBIA COCTAB CUTHANA, MPEANOI0KUM
cHayama, 4to Q;>>0,  T.e. U3MEHEHHWE AaMIUIUTYAbl NPOUCXOIAUT 3HAYUTEIBHO
MEJUICHHEE, 4€M HM3MEHEHHE 4YacTOThl. Toraa MOXKHO CUMTAaTh, YTO B CIIEKTpE

(2.40)
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YaCTOTHO-MOJIyJIMPOBAHHOTO CUTHAJIa OKOJIO HECYIEro KOJeOaHUsl ¢ YaCTOTOU | U
OOKOBBIX COCTAaBJIAIOIIMX C YAaCTOTaMHU ;7n€); MOSBWIOCH AOIOJIHUTEIBLHO MO JBa
CITyTHHMKA C 4aCTOTaMHM, OTJIMYaroIuMucs Ha +Q,. CeKTp Takoro CMrHajga nmoxkasaH

Ha puc. 2.14.

A(DAM/2 Aqu A(DAM/z
I

e Tealt TIT 1lTeel =
G < ¢ L~ + L + e =Y
[ G 3 Q 3 3 G 3 + t 5
g S <y T + a 3 %
T < S S T £
8 8 8 8

Puc. 2.14. Cnekrtp curxana npu 0JHOBPEMEHHON MOIYJISALINU
10 4aCTOTE U aMILUTUTYJE pu Q>>Q)

JInst cucteM TelleMEeXaHUKHA UHTEpPEC MPEACTABIAET BTOPOM Cllyyad, a UMEHHO
CHEKTp curHasia nmpu Q;,<<Q,. Torma MOXHO CYMTaTh, YTO y KAXKIOM M3 Tpex
CHEKTPAJIbHBIX JUHUM AM curHana (Hecyuled C 4acTOTOM o, HWXKHEH (®-() U
BepxHEH (w;1€);) OOKOBBIX COCTABJISIIONIMX) TMOSBWINUCH JOMOJIHUTEILHO MO JIBE
OOKOBBIE IUCKPETHBIE MOJIOCHI: BEPXHSIS ¢ YACTOTAMH +N<); U HUKHSSA C YACTOTAMH -
nQ;. CnexTp curuana ;i 3TOro cirydast ABOMHONM MOAYJIALIMM NIOKa3aH Ha puc. 2.15.

[IpakTnyeckn HeoOXoauMmasi IIMpPUHA CHEKTpa CUTHAlIa NPUMEPHO paBHA
CyMM€ HEOOXOAMMBIX CHEKTPOB TOJIBKO MPU AMIUIUTYAHOW MOAYISUUU Aw,y U
TOJIBKO TPH YaCTOTHOW MOIyJAUMH Awyy, (puc. 2.14, 2.15). Ilpu ManoMm HHIEKce
YaCTOTHOM MOAYJISIUU (myy,<I) HeoOXonumasl MIMPUHA CHEKTpa CUTHAJIA JIUIIb

HEMHOTUM 6OJ'IBH_IC, 4cM I1pu aMHHHTYHHOfI MOAYJIAIIUN.

A(l)qM/ 2 A AM/ 2 A(DLIM/ 2

'roooT“ 200 -rooT-l_-‘r-l_Tooo-r Tooo] | Teos
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g < S ¢ &8¢ ¢gg¢ c S
5 L g L £ £ g * 2
S S L5 S 3 T & 3 +
G G ° s @ o]
) 3 3 £

8 3 3

Puc. 2.15. Cnektp cursaia npu 0JHOBPEMEHHON MOTYJIALINH
10 YaCTOTE U aMILIUTye npu <<,

3. UMITYJIbCHAA MOAYJIALNA

3.1. AMmuuTygHo-uMItyJibcHast Moayssiuus (AVM)

[Ipy AUM amMmumMryga MMIYyJIBCOB M3MEHSETCS IO 3aKOHY IEepeaaBaeMoro

(MOTyTMpYIOUIEr0) CUTHANIA.

Paccmorpum  mpocredimuii  cmywaik  AMM  omHMM  TOHOM, T.e. KOrja
MOZYJIMPYIOLIHAN CUTHAJI OIIUCHIBAECTCS BBIPAKECHUEM
C(t)=Ug,sinQ, (3.1)

a HCEMOAYJIHMpPOBaHHAA II0CIICAOBATCIBbHOCTL HMMITYJIBCOB IIPCACTABIICTCA PAAOM

@ypbe B CIEAYIOLIEM BUE:
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U(U:@(IJFizMCOSW!‘U. (3.2)

=
YuursiBas, uto w, =27/T, u T:/7=Q, BeipaxkeHue (3.2) mpeacTaBuM B BUJIE
I &2 kr
U({t)=U(—+ >, —sin—coskut). (3.3)
Q kZ::1 kr Q :

Paznmuuator AUM nepBoro (ANIM-1) u BTroporo (AUM-2) pona. Ilpu AUM-1
BbICOTAa MMIIyJIbca B TpeJeNax ero JIUTENbHOCTH (7) U3MEHSETCS IO 3aKOHY
Mopayiupytomero HanpsbkeHus. [Ipu AVIM-2 BbicoTa MMIyJibCa 3aBUCUT JIMIIb OT
3HAYEHMS CUTHAJa B TAKTOBOU TOYKE.

Bpemennsie quarpammel AVIM-1 u AUM-2 curnanoB npuBeneHsl Ha puc. 3.1.

) T
N

IR EEED U I
voy L L L Y—1T L
| | | O |

011 |: ! N ol N ol t
AR AE R IR | Enec
amaty AT TR
i 0

I R R R A ‘
AHMz_H——H'//;—_ | =~ ///”

] Tl .

Puc. 3.1. Bpemennsie nuarpammsl AUM-1 u AIM-2
CUTHAJIOB

B cootrBerctBun ¢ omnpenenennem AWM ammiutyna ummnyiascoB U mipu
AVIM-1 OyaeT u3MEeHATHCS MO CISAYIONEMY 3aKOHY:

Ut)=U(1+ msinIL]t) (3.4

rne m=kUgy/U — ko3¢duUUEHT TIyOMHBI MOIyJSAluU, a k — KOIPPHUIUCHT
IPONOPLUUOHATIBHOCTH.
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[ToncraBus (3.4) B (3.3), nosyuum Beipaxenue 11 AUM-1 B Buje

U ()= U(1+m31th)(—+ Zisnlk—ﬂcosku;lt)—
Q iakrw Q (3.5)
:g+@51nﬂt +—U231nk—”cosku41t +U—ZSll’1k—7Z-Sln(k1/bh + Q)¢
Q k72'k =1 kﬂ' k=1

CpaBnenue Boipaxkenuil (3.3) u (3.5) mokaspiBaeT, YToO B cliy4ae MOZYJISALIUU
OIHMM TOHOM () CHEKTp AaMIUIUTYZ MOJIYJIMPOBAaHHOM IIOCIIEIOBATEIBHOCTH
UMITYJIbCOB OTJIMYAETCSI OT CHEKTpAa HEMOAYJHUPOBAHHOW ITOCIEAOBATEIBHOCTH
HAJIMYUEM COCTAaBISIOLIEH ¢ 4acTOTOM Momymsauuu ) ¥ OOKOBBIX COCTaBJISIOIIMX C
yacToTaMu kw;+() BO3/l€ KaXJOH TApPMOHUKH CIIEKTpa HEMOIYJIUPOBAHHOM
MOCIIEIOBATENBLHOC-TH, MPEICTABIICHHOTO Ha puC. 3.2.

|AK| b ~~_
‘—\\ Q=3
Kony N
N
AN
1 T
U —_ | = \
G \\ _— T T =
d \ 27/t S 4t
ool Tdd N o .
ol SRR TIT SN,
0 (O] 2(1)1 4(01 5(01 6031

-0 1 +Q2

Puc. 3.2. Cnextp ammutygy AUM-1 curnana

[TosiBIeHHE B CHEKTPE COCTABISIONMICH C YacTOTOM €2 MOXHO OOBSICHUTH
cienyomuM obpazom. Eciam y mocienoBaTenbHOCTH HMITYJIBCOB  MOCTOSTHHOM
BBICOTBl CPEAHEE 3HAYEHUE TaKXKe IIOCTOSHHO, TO Yy IIOCIEAO0BATEIbHOCTH
MMIIYJIbCOB, MOJYJINPOBAHHBIX IO aMIUIUTyle ¢ yactorod (2 (puc. 3.1), u cpeanee
3HA4YEHUE H3MeEHsAeTcs ¢ 4Jactorod (2. BaXHO 3aMeTuTh, YTO IIMPUHA CIIEKTpa
IIOCJIEIOBATENBHOCTH  MMITYJIBCOB, KOTOPYIO HY)KHO COXPaHWTh MpH Iepenaye,
MIPAKTUYECKH HE M3MEHSAETCA B PE3yJbTaTe MOAYJSLMU MO aMIUTUTYyAE (TIOSIBICHUE
OOKOBBIX 4acTOT kw;t{) He CKa3bIBAaeTCsl HA LIMpPUHE cHeKTpa). [leficTBUTENbHO, B
o0oux ciydasx HeoOXOoAumas IIMpPUHA CIEKTpa OIpelesieTcs UIMTEIbHOCTHIO
UMITYJIbCOB (7), KoTopas npu AVIM He n3meHseTcs:

T = 2pu/d . (3.6)
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Ha npaktuke B OOJBIIMHCTBE Cly4aeB MPUHUMAIOT =1, T.e. HEOOXoaumas
M0JIOCA YacTOT OMPENENAETCS MEePBBIM JIETIECTKOM CHEKTPa, IJe CKOHIIEHTPUPOBAHO
okoio 90% »sHeprum Bcero cur”aiga. Tak Kak B CIEKTPE €CTh MOAYJUPYIOIIas
gactota (), TO BBIICTUTh B TMPUEMHUKE IEPBUYHBI CHUTHA MOXXHO (HHUIBTPOM
HU3KHUX 4acTOT (cM. puc. 3.2), HO JIsI HEUCKAKEHHOTO BBIJICTIECHUS HEOOXOAUMO
BBITIOJTHUTD YCJIOBUE

Q<w;-Q umm w;>2Q. (3.7)

VYcenoBue (3.7) coorBeTcTBYeT TpeOoBaHUSM TeopeMbl KoTenbHHKOBA,
PacCMOTPEHHOU paHee.

Ecniu mocnenoBaTenbHOCTh  HMMITYJIbCOB — MOJYJHUPYETCS HE  MPOCTHIM
FAPMOHMYECKUM CHUTHAJIOM, a CHUTHAJOM, IIMPHUHA CIEKTpa KOTOPOIrO JIEKHUT B
npenenax oT Quin 10 Qmax, TO B CIEKTPE MOAYJIUPOBAHHOIO CHUTHANIA TOSBISAIOTCA

MOJIOCHI 9YaCTOT Qin+Qmax B Kw1H(Qumin+max ), KaK IMOKa3aHo Ha puc. 3.3.

| 4, ]

———
-~
-~

Qmax 2(01'Qmin 47[:/»'[
_mm 203l'gzrnax

Puc. 3.3. Cnextp ammutyn AUM-1 curnana npu MOy JIALHHA
CJIO’KHBIM COOOILIEHHEM

Breipaxxenne mina curHana AVUM-2 npu MOAyJIALIMM OAHUM TOHOM MOXKET
OBITH MOJTy4YeHa B BUJIE:

3 U_(i) sin(Qd/2) i
U@) gy - () = T, (1 m—Q(I)/2 sinQr +
i 31n(ku;1(1)/2) 3.8
+kZ:‘,l(2 s /2 cos kuyt + (3.9)
sin((kwy £ Q)d/2)
m (g + Q)2 sin (kwy, = Q)e).
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Crnektp ammmutyn AUM-2 noka3aH Ha puc. 3.4.

|AK| b __

0 Q / o
;-0

Puc. 3.4. Cnektp ammutyn AVIM-2 curnana

CriekTpalIbHBI COCTaB MOAYJIHPOBAHHOW IOCIIEOBATEIFHOCTH HMITYJIBCOB
npu AVM-2 He ornmyaercs OT creKTpasibHOro cocrasa npu AMM-1. Heckoisbko
U3MEHSIOTCS TOJBKO AaMIUIMTYJbl OOKOBBIX COCTaBISIIOIIUX M COCTaBIISIONIMX C
4acTOTaMU CIIEKTpa MOAYIUpYIoIiero cooomenus (3.8).

3.2. ®azoummyibcHass Moayssinus (PUM)

[Ipu ®VIM mno 3akoHy HU3MEHEHUs TepenaBaemMoro curHana c(t)=Ugqsin(Qt)
M3MEHSETCS BEJIMUYMHA BPEMEHHOIO CIBUTAa OTHOCUTEIBLHO TAaKTOBBIX TOYEK (puc. 3.5)

C)
I/}'/-’m .
I | | '
T
Ut | ' | ﬂ | [-
U
I_I 1|[Ar1'[| TH*Tlll_l | ﬁ%—e t
Uasnm I iHi i i i i
I N 1l in
< | | | | |
J #v ch:v SRR S
) L A2 A3 A4 hS 46

TakToBBIE TOUKU
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Puc. 3.5. Bpemennsie quarpammel @1IM-curnana
Ecin y HeMOIylIHpPOBaHHOTO HMITYyJIbca (PPOHT COOTBETCTBYET MOMEHTY
BpPEMEHHU -7/2, a CrlaJ, — MOMEHTY BPEMEHHU +7/2, TO JJI1 MOJLYJIMPOBAHHOTO UMITYJIbCA
3TH MOMEHTHI OyyT (puc. 3.6)

¢ =—@2 + Adsin LL]i (3.9)
& = P2+ Adsin (- ) (3.10)

rne At =kUq - HaumOombliee cMerieHne ppoHTa.

B Boipaxxenun (3.10) Bpemsi ¢ 3aMEHEHO BpPEMEHEM (-7, TaK Kak cCrHaj
UMITyJIbCa CMEIIEH OTHOCHUTENbHO (pOHTA Ha MHTEpBAJ BPEMEHH, pPaBHBIM
JUITUTEIBHOCTH UMITYJIbCA T.

\ U1)

)—

|
|
TakroBas I
| <
TOYKaA \ |
|
O t
-t/2 T 0 /2 T

|
J
|
T |
|
|
I

Puc. 3.6. DMIM-curnan Ha OJIHOM UHTEpPBaJI€ BPEMEHU

Jns  3anMcu  MOAYJIMPOBAHHOTO Hampsbkenuss B ¢dopmyrne (3.2) A
HEMOJTyJIMPOBAHHOM MOCIEA0BATEILHOCTH, BO-TIEPBBIX, 3aMEHUM T Ha T,-T;, YTOOBI
y4ecTh CMelleHue (PpoHTa U chaja HUMMYJIbCa, BO-BTOPBIX, BpEeMsS [ 3aMEHUM
BpEMEHEM
t-(t,+1;)/2, 9TOOBI yYEeCTh CMEIICHUE IIEHTPa HMITYJbCa OTHOCHTEIHHO TaKTOBOM
ToukH. Torga

UCDI/IM (f) = Uﬂ

X
1
x(1+zzsln(kml(72 -7,)/2)
k=1 kw, (7, —7,)/2

T,+7T
coskm, ( ——2—1))

WM, 3aMCHHB MTPOU3BEICHNE CHHYCa Ha KOCUHYC 10 (pOopMyJsie TPUTOHOMETPUICCKUX
npeoOpa3oBaHuil U IOACTABUB T ;=2 7, HaliIeM
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Upu(®)=U # +

1

o 1 (3.11)
+Z—(sinku41(t—ql;)—sinku;l(t—gl;)) .
o1 kp
3amenuB B (3.11) 7; u 7, cornmacuo (3.9) u (3.10), nomydum
T UAt Qr T
U ty=U —-2 sin cos Q(t——)+
omm (1) T, T 5 ( 2)
+LZ(sinka)1(t+£—Arsith)— (3.12)
T k=1 2

_sin ka)l(t—g—ArsinQ(t—r)).

B Beipaxenuu (3.12) sinka)l(t+%—Aqf$ith) u sinkml(t—%b—Aqlsinll[(t—qb)

3ameHuM psigamu Dypbe, korhduLmeHTaMi KOTOpBIX sABIsoTCs GyHkunu beccens,
T.C.

sinkuy(t + %b— Adsinll]t)=

oo (3.13)
= > J (kupAdpsin(kuyt + kuyp2 — nQt);
si kgt~ L Jigs in 11— )
(3.14)

= 3 Inllu Jpin (kugt ~ kg 2 - nQ( - ).

[TonctaBuB (3.13) u (3.14) B (3.12) u 3aMeHHMB pPa3HOCTb CHHYCOB IO
TPUTOHOMETPUUECKUM (OopMyam, MOTyIuM

Ut UAr Q7 r
Uome (1) = -2 sin cos Q(t——)+
T, T 2
+—2U 2 X 1—Jn(/’m;lAr)sin ((kwy, —nQ)i)X (3.15)
T k=ln=-o k 2

x cos ((kwy — nQ)t + nQ %) :

rae @ At=mgy— uHAeKC Moaysinuu npu OUM.
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N3 ananu3a BelpaxeHus (3.15) cuenyer, uro cnektp curHaina npu OUM
CONEPKUT  MOCTOSHHYK)  COCTABJISIOLIYI0,  COCTaBJLIIOIIYHD C  YacTOTOM
MOJYJIUPYIOLIETO CUrHana (2, OCHOBHYK TapMOHHMKY C 4YacTOTOM w; (k=1) wu
KpaTHbIE €U BBICIIME TAPMOHUKHU C YaCTOTAMU K@;, BOKPYI KOTOPBIX Pa3MEIIATCs

MTOJIOCHI OOKOBBIX TAPMOHHUK C YacTOTaMu kw;#n€ (puc. 3.7).

| 4|
_______ - Q:2
T
N\
N\
\
\
A1 \
4, -+ N =
\\ /// _\\\\
QO N 2/t 7 SN
T ATl o
0 (XY} (XY} A% _I_ooo -I(__)q_ooo _I_ \\ ()]
Q \ et ®;+nQ 301-nQ2 301 3e;tnQ
col-nQ

Puc. 3.7. Cnektp ®UM-curnana

B 3axmouenue crmemyer oOTMeTuTh, uro curHan ®OHWM ortHOCHTCH K
IIUPOKOTIOJIOCHBIM M €r0  CHEKTP HaMHOTO IHUpEe CIEeKTpa COOOIIECHUs U
MPOCTUPACTCS OT TIOCTOSIHHOM  COCTaBIISIIONICH 70 YacTOThl w=27/7, a
cJeIoBaTeNIbHO, He0OX0IMMas 1T0J10Ca YacTOT

ACO@MM:27Z-/T. (316)

Jloms MOIIHOCTH, 3aKII0OYSHHAs B COCTAB/IIONINX C YacTOTAMM BBIIIC Wg,
HACTOJIBKO MaJla, 4YTO 3TU COCTABIISIIONINE MOXKHO HE YUUTHIBATh.

3.3. lllupotHO-UMITyIbCHAs MOy stus (IIIVIM)

I[Ipu MM [IuTEeNnbHOCTH MMITYJIBCOB HM3MEHSIETCS IPONOPLUOHAIBHO
MOJIYJIUPYIOLIEMY CUTHAJY, @ UX aMIUIUTY1a OCTAETCSA MOCTOSIHHOM.

PaccMoTpuM MOAYJISINMIO OMHUM TOHOM, T.€. KOTJAA MOAYJIMPYIOLIMKA CHUTHAI
ONMCHIBAETCS BBIPAKEHUEM

C(t)=UsinQt . (3.17)

Paznuuaror ogHOCTOpOHHIOKO (pHC. 3.8) U ABycTOpOoHHIOK0 (puc. 3.9) M.
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IIpn ognocToponHen IIMM n3meHeHne MIUTETbHOCTA UMITYJIbCA TPOUCXOIAT
TOJIBKO 3a CcYeT mnepemelieHus oaHoro u3 ¢ponrtoB. IIpu aByctoponneit MM
NepeMEeIIaloTcsl M TEepeHU W 3aJHUM  (PPOHTHI HMITYJIbCOB CHUMMETPUYHO
OTHOCHUTEJIBHO MX LIEHTPA, COOTBETCTBYIOIIETO TAKTOBBIM TOUKAM.

Cop C)
Q

o b rm /ot T/WU\“'I\ yan
|| |
R B

upt vy 1
] [

0 [1]] A m ] _ﬂ m WU
BERERERE R ST ST AT
II{III<|,| HIIHIHI'I’EIH
aimictiiml VO e el

ol U A L 7 1 U N [
R Yt
1y ‘ AT TR AT
A7 At At
Puc. 3.8. Ognocroponnss HINM Puc. 3.9. /IBycroponnssa LLHINM

O0603HaunM uepe3 Ar=k Ug— MaKCUMAJIbHOE PUPALIEHUE HITUPUHBI UMITYJIbCA.
JUIMTeNbHOCTh UMITYJIbCA MTPU MOAYJISALMH curHayioMm (3.17)

(t)= t+ArsinQt . (3.18)

(3.18)
[logcTaBuB TONyYyeHHOE 3HA4YeHUEe 7(#) B BblpaxkeHue (3.2), MOIyYUM

BbIpakeHue 11 curHana ¢ LHNM:
b+ Ads 1nQt N
T

+ 2 lein(kﬁ $ Ads 1n€Y
T k=1 1

U[UHM ()= U(

)coskam,t).

O6o3HaunMm  k7zAT/T;=B;. Tlocie TPUTOHOMETPUUECKUX TMpeoOpa3oBaHUM
MOJIYYHM
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U, Uligsin L1t

U t) =
v (1) T T
ﬂz (smkpibcos(BK sin [{t}+ (3.19)
P imk

+ cos kp %sin (B cos LL]t)cos kuyt.
1

BrelpaxkeHre 10 3HAKOM CYMMBI MOXHO TpeoOpa3oBaTh, UCIHOJb3Ys
M3BECTHBIE COOTHOILICHHUS:

cos(B, sin Q) = Jy(B,)+2>.J,,(B;)cos2nQt,

n=l1

sin(B; cosQt) =2 J,, (B, )sin(2n —1)Qt.
n=1

3nece  Jo(By) wJs1(Bi) - 3Hauenue pynkiuu beccens nmepBoro poja mopsiaka 2n u
2n-1 ot apryMeHTa B;.
Jl1st cokpareHus 3anucu 0603HauuM

1 . ) 1 7
—sinkp —=C —coskp—==D, .
A pT1 R PT1 k

OKOHYATENbHO MOJIYYUM CIIEIYIOIIME BBIPAXKEHHS Ul MOCIIEI0BATENbHOCTH
uMIyJibCOB Ipu [IMM:

U e (V) =U£+ Vg mQt+—U > CyJ (B )coskuy,t +
T; 1 P k=1

L2
— > C ZJZn (B )cos(kwy; + 2nQ )t + (3.20)
P k=1 n=I
U o0 o0 .
72 k 22 2u_ 1 (B )sin(kwy; £ (2n — 1)L}

k=1 n=I

Boeipaxxenne (3.20) ompexaenser cnektpanbHbli coctaB IIMM-curnana.
IlepBoe cmaraemoe mnpeacTaBisger co00M MNOCTOSIHHYIO coctaBisitomyo Uw/Ty;
BTOpOE — KoyiebaHue ¢ yactoTor curHaia Q u amrmurygond UA7/T;; kxpome TOro, B
CIEKTPE COJEp)KaTCs TapMOHMKH YacCTOThl JTUCKPETH3AlMH C aMIUTUTYAaMU
U/m)CiJo(By) . Okomo Kaxaoll M3 ATUX TApPMOHMK PACIOJIOKEHBI BEpPXHSA U

HIDKHSIST OOKOBBIE TIOJIOCHI YacTOT € YacToTaMHu kw;#2nC) u kw;H2n-1)QQ (pwuc.
3.10).
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Ecau cpaBHuth Mexay coOoit Beipaxenus maiga OVM curnana (3.15) u ans
[ITMM-curnana (3.20), ToO MOXKHO CAENATh BEIBOJ O TOM, UTO 00a CIEKTPa MO COCTaBY
FapMOHUYECKUX COCTABJISIOMIMX OJUHAKOBBI (cM. puc. 3.7 u 3.10), oxmnHako
aMIUIMTY 1Bl OTUX COCTABIAIOIIUX pa3indHbl. [Ipu OUM-aMIumiTyabl ClIEKTpaIbHBIX
COCTAaBIIAIONIMX HU3KOYACTOTHOTO CUTHAja MPOMOPHUUOHANBHBI £ (T.€. UX YaCTOTaM)
W 3HA4YUTEIbHO MeHblle, yeM npu AWM wu IIMM, 4yro HakiIaabIBa€T CBOU
O0COOEHHOCTH TMPH AEMOIYJISIINU cUrHanoB ¢ VM.

| 4]
P e— e Q=2
N
N
N
N
N
T \\\ ///’_‘_\\\\\
\\ 2TC/Tmin/// \\\
B . T [ Te
0 Teee [ [O4O]eee N T [ poe T w
Q ®;-nQ2 ™ ®;+tnQ2 3m, 3w;+nQ2

(3.21)
Puc. 3.10. Cnekrp IINMM-curnana

B 3aknrodeHuwe ciaeayeT OTMETHUTh, YTO HEOOXOAuMas MoJjioca YacToT I
curHanos ¢ MM onpenenseTcs MIATENBHOCTBIO CaMOI0 KOPOTKOTO HMITyJIbCa
(Tnin=1-47), T.C.

A0 11150 =2 70 T 5

a K03 UIIUEHT MOAYIISIUN OTPEEISAETCS BhIpaKEHUEM

mMHM:A 7T, (322)

4. MAHUITYJIMPOBAHHBIE CUT'HAJIbI
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4.1. AmmuntyHas manunyiasuus (AMIT)

Bo MHOrmx TenmeMexaHMYECKHUX YCTPOMCTBAX Ppa3IMYHOTO Ha3HAYCHHSI
GOpMHPYIOTCS ~ TUCKPETHBIE  TIEPBUYHBIC CHUTHAJIBI B BHJIEC  HEKOTOPOU
MOCJICIOBATEIPHOCTA ~ OJHOTOJSAPHBIX ~ WJIM  JABYXIOJSIPHBIX — TPSIMOYTOJIBHBIX
umnynscoB (puc. 4.1,a, 6). Ilpu amMmIUTyIHOW MOMYJNSAIMHA JTHUMU CHTHAIAMHU
TapMOHHYECKOTO HOCHUTEIIS TOJTYYUM CHUTHAJ Mepeaadu, aMIUTUTYAa KOTOPOTO UMEET
ToNbKO ABa 3HaueHus: U u 0 (puc. 4.1, B), unu U, u U,,;, (puc. 4.1, ). Takoit BUa
MOJTYJISIIMA HA3BIBAIOT aMIUIUTYTHON MaHUITYJISIIHCH.
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C) T T

T

UAMH

Puc. 4.1. AMImTy IHO-MaHUITYJIMPOBAHHBIN CUTHAII

Ecnu monynupytroumii curnan mensiercst Bo Bpemenu ot 0 1o 1 (puc. 4.1,a), To
aMIUTUTYJHO-MAaHUITYJIMPOBAHHBIA CUTHA 3alUIIETCS TaK:

1-m+2mC(t) .
U@ =U mram ()smmlt, 4.1)
1+m
rie  w;=27n/T; — kpyroBasg uactota HOCUTEIS; M=(U,uuu-Uni)/(UpnaxtUnin) —

KOA(PGUITUEHT TITyOMHBI MOTYJISALINU.
JUig MOCTpOEHMsI CIEKTPOB AOCTATOYHO 3HATHh CHIEKTPAIBHOE Ppa3I0KEHUE
MOAYJIUPYIOIKX UMITYJIbcOB C(1), KOTOpOE 3aTeM MOJICTABIIAETCA B BhIpaxeHue (4.1).
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Mopynnpyromuye HMITyJIbCBI MOXKHO 3anucaTh B Bujae psana Oypne

_ 12 Zsin(7k/Q)
U(t)= 0 + 9 kz_:l—ﬂ'k/Q CoskQ), 4.2)

rae Q=2x/T=27F — KpyroBas 4acToTa [IOBTOPEHUSI UMITYJIbCOB.

[TonctaBuB (4.2) B (4.1), momyunm BeipaxkeHue Juisi cektpa AMII-curnana B
BU/JIC

Q(l—-m)+2m
Q+m)
2mU &

sin( 7k / Q) _ . . _
+Q(1+m)kz=:1 o/ Q (sin( @, + kQ)¢t + sin( v, — kQ)t) .

U @)=U sin ¢ +

(4.3)

Ananu3s (4.3) nokassiBaeT, uTo AMII-curnan umeer, Kpome COCTaBIAIONIEH HA
JacTOTe @, €IIE€ BEPXHIOI M HIHKHIOI OOKOBBIE COCTABJISIIOIIME HAa YacTOTaxX
w;7kQ. B Beipaxenun (4.3) npu npeoOpa3oBaHWU MCKIIOUYEHO ClIaraeMoe

(I-m)/(I+m), Tak Kak CYLIECTBEHHOIO 3HAYEHHUs [Isl COCTaBa CIEKTpa OHO HE
UMEeT.

Jlnst cTONmpOUEHTHOM MOAYISUMU (m=1) aMIUIMTYyAbl Hecyled U OOKOBBIX
COCTABJISIFOIIMX ONPEAETISIOTCS BEIPAKEHUSIMHU:

v

) U ; U, sin( 7k/Q ) .
Q Q

e (4.4)

ITpumepsr cnektpoB AMII-curnanos npu m=I/ u m=0,5 npuUBEICHBI HA
puc. 4.2.

/@)
)
~
o
Q
(ORI
Il
[\ I
1

1

|

\
\

/

~

S
\
N
-
7
i]
/
~
\\\ ‘Q
P~
— =
/
/

Fl-l/T ———

/ \ .
e = — = = [ T T T D
% f F 8 53neoEid
= = - - " e O
= = [ [ - EONES

Puc. 4.2. Cnektpsl AMII-curnanos
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PaccmatpuBas puc. 4.2, MOKHO 3aMETUTB Psii 3aKOHOMEPHOCTEN B CHEKTPAx
AMII-curnanos:

1) dopma OOKOBBIX MOJOC aHAJIOTMYHA (POpME CIEKTpa MOAYIUPYIOLIUX
UMITYJIbCOB;

2) CHeKTp MOAYJIMPOBAHHOI'O CHUTHAJA BJIBOE LIMPE CIEKTPa MOAYIUPYIOIIUX
UMITYJIbCOB, T.€. AF'=2/1;

3) ¢opma criekTpa Bcerjia CAMMETPUYHA OTHOCUTENIbHO HECYILIEH YacTOThI;

4) aMIUIMTyZa COCTaB/IIOIIEH Ha HECyIIed YacToTe BIIMCHIBAETCA B
Oruoarolyro cueKkTpa npu m=1;

5) mpu yMmeHbIIeHUH KO3(pUIMEHTa MOIYISIUN DSHEPrus Hecylen
BO3pACTaET, a SHEPIHsi OOKOBBIX MOJIOC MaJaeT.

4.2. ®azoBas manunysiaus (OMII)

[Ipu OMII usmenenue ¢a3bl HOCUTENS MPOUCXOAUT CKAYKOM Ha JOOOMU
3apaHee 3aJaHHbIl yron A@ moa JOEWCTBUEM NPSMOYTOJIBHOIO MOIYJIHPYIOIIETO
curHana. Paznuuaror abcomoTtHyio (ADPMII) u otHOcuTenbHyIO0 (ODMII) da3zoBsie
manumnyssiua. [Ipu AOMII (puc. 4.3, B) daza Hecymieil U3MeHsETCS TPU KaKIOM
dbpoHTe mepenaBaeMbix uUMITyIbcoB, a pu ODMII (puc. 4.3, 1) oHa u3MeHsETCA
TOJIKO TPHU TMepenadye Jorndeckoil eaununbl. M3Menenue ¢as3pl Hecymied MpH
ODMII ve mpuBOAMT K OmHKOKaM, T.e. K 0OpaTHON paboTe (Korja eIMHULBI OYyIyT
NPUHATHL KaK HYJIX U Hao00poT), kak npu ADPMII (puc. 4.3, r), Tak KaKk U3BMEHEHHE
dazel mpu ODMII Bcerna ykasplBaeT Ha BO3HUKHOBEHHME E€IUHUIIBI, & OTCYTCTBHE
ATOr0 U3MEHEHUS — Ha Mepeaavy HyJIsl.

O0603HauKB MOIYIHUpYIOIMIMI curHain uepe3 C(?), 3anmuiieM MOAYJIUPOBAHHBIN
CUTHaJ B CJIEAYIOIIEM BUJIE:

Upir (1) = U sin(oyt + Ap(C(2) = 1/2)), (4.5)

rae U — amiuntyna Hocutens; Ag - BETMYMHA U3MEHEHUS HauaJIbHOU (has3bl.

Takoli curHanm u3MEHSET BO BpeMsl MOAYJSLMHU CBOIO HadalbHYHO (a3zy OT
-A@p/2 no +A@/2 m 0obpaTHO NMpU U3MEHEHUU Moayiupyromero curnana C(¢2) ot
0 no 1 u o6paTHO.

Bennuuny

Mgy = Ho/2 (4.6)

XapaKTepU3yIIIyl0 MaKCUMalbHOE OTKJIOHEHHE (Ha3bl OT CpEJAHEr0o 3HA4YCHWS,
HA3bIBAIOT UHAEKCOM (Pa30BON MaHUTTYJISLINH.

[locne TpuroHoMeTpuyeckux mpeoOdpa3zoBaHui BbIpakeHue (4.5) MOXKHO
3amucaTh B CIEIYIOIIEM BUJE:

A
U (1) = U(sin(uyt - 7‘”)cos<AcoC(z)) +
4.7)

+ cos(wt — %)S in(A@C(t)).
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MaHUITYJIAOHA

(v

-CUT'HaJIa AOCTATOYHO HAWTHU CIICKTPhI
OTO0T MCTOI IMPUT'OACH IJIA JIFOOBIX ClIy4acB.

Hna Haxoxnenus cnekrpa OMII

bynkuun cos(ApC(t)) nu sin(ApC(t)) .

B JaHHOM CJIiy4dac, T.C. UIA HNPAMOYTOJIBHBIX MOAYJIHPYHOIOUX HUMITYJIBCOB, MOKHO

BOCITIOJIB30BATHCA AJIA paCuCTa Ooiee IMPOCTBIM HAIrJIAAHBIM MCTOIOM.

Puc. 4.3, O6-r moOKa3bIBae€T, YTO CUTHAJI ¢ MaHUNyJsiued Ha /80 ° MOXHO

paccMarpuBaTh Kak cymmy AMIl-curnana ¢ BaBoe Oosibliie

()

n aMIUIMTyd0U

()

HEMOJTyJIMPOBAaHHOTO KoJieOaHus, (haza KOTOPOro MPOTUBOIOIOXKHA (aze Hecyllei

51



AMII-curnana. DTy 3aKOHOMEPHOCTh MOXHO OOOOHIMTH Ha ciydail Jr000it
BeJlnuuHbl (pazoBoro ckauka (4@ <> 180°. CnenoBarenbHo, ®MII Ha yron #A@
MOXXHO paccMarpuBarh Kak cymmy AMII-curnana v HEeMOAYJIMPOBAHHON HECYLIEH.
OTcro1a MOKHO clieNiaTh BBIBOJI, UTO CIIEKTP CUTHaja, MAaHUIYJIMPOBAHHOTO 10 (a3ze,
coBnaaaer no ¢popme co cnekrpom AMII-curnana (3a UCKIIOYEHUEM HECYIIEH ).

Ecnmu Bocmonb3oBatbes 000M M3 JIBYX PACCMOTPEHHBIX BBIIIE METOJIHUK,
BbhIpakeHus 1 criektpa @MII umeer Bua

U oy (1) = g\/(Q —1+cos Ap)* +sin* Ag sin Wt +

N 2U i s1n(7zk/Q)

(0
sin + k)t + sin — k)t
Q & 2k/Q (sin( wy, ) (w, )).

N3 BelpaxkeHuss (4.8) BHUIHO, 4YTO aMIUTUTYAbl BCEX CIEKTPAIbHBIX

COCTAaBIAMIOIIMUX 3aBHCAT OT BCIMYHNHBI (1)330BOF0 CKa4dKa A(D H CKBa)XXHOCTH
HMHy.)'IBCHOﬁ IIOCJICAOBAaTCIBbHOCTH.

Jst ®MII Ha Ag = 180° nonyuarotcs 0oJiee MPOCThIE BBIPAKEHUSA:

_UQ-2. _ 2U |sin(k/ Q)| |
He Q g 60K Q ‘ ﬂk/Q ‘

(4.9)

[Ipumepsl CIEKTPOB, paCCUUTAHHBIX MO BhIpaxkeHUsM (4.8) u (4.9), npuBeaeHsI
Ha puc. 4.4.

Q=2 O71U = /
A(p—:I:9OO ~ 0 0,45U A(p 1800 = 064U
\ 15U /
|
///T\\ \ /’T\ //T\\Q, "T/\Q’\le
F,-1/t  F, F+1/t Fi-1/t Fl F1+1/r

Puc. 4.4. Cnektpsl ®MII-curnanos

Kak BUAHO W3 MPUBEACHHBIX CIEKTPOB, HEOOXOIMMAsl MOJIOCA YACTOT B JIBa
paza mmpe, 4Yem JJisl BUJICOMMITYJIbCOB, T.€.

Aw=27/tum AF=2/7,

(4.10)

a npu ®MII Ha Ap = 180°n Q=2 Hecyias B CIEKTPE OTCYTCTBYET.
[Ipy nepemaye JUCKPETHBIX COOOLIEHUN HCIONB3YETCS HE  TOJIBKO
npyxnozunuonHas @OMIL. Bce mmpe mNpUMEHSIOTCS METOABI  ABYKPATHOMU
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(4eTHIPEXTO3UIIMOHHOM) U TPEeXKpaTHOU (BochbMHNO3ULIMOHHOKW) DMII. Bennuuns
ckauka (pa3pl CUTHAJA B 3THUX CIy4asX MOTYT IMPUHATH COOTBETCTBEHHO 4 u 8
3HaueHuU. I Takux Cily4aeB Tak)Ke MPUMEHUMBI MOJYYEHHbIE BBILIE PE3YJIbTATHI.
CrnekTp OOKOBBIX MOJIOC, COXpaHssi OJHY U Ty e (GopMy, TP U3MEHEHUHU BETUUNHBI
CKayka OyJIeT UBMEHSTh CBOIO aMIUIUTYy.

Jlisa Ooisiee CIOXKHBIX CiydaeB, KOrJa 4YEpeayroTcs CKauku ¢a3bl pa3HOM
BEJIMUMHBI, NIPUBENECHHBbIE (POpMysbl HecnpaBeUIUBbl. CHEKTP MOXKET W3MEHATHCA
3HAYUTEIIBHO.

4.3. YacrotHas manunyssiius (UYMII)

IIpy 4YacTOTHOW MAaHUIYJSALMM 4YacTOTa HOCUTEN IMOJX JACHCTBUEM
MPSIMOYTOJIBHOTO MOAYJIUPYIOLIET0 COOOUIEHUSI TPUHUMAET CKAYKOM JIBa TPAHUYHBIX

3HAYEHHUS YACTOTHI Wipin U Wmax-
Bpemennbie nuarpammst 111 UMIT npuBeaenst Ha puc. 4.5,0.

T

Cw

U’{MH

|
Fmin | Fmax Fmin
|

R AAN N A 7\\/\/

]

UAMH2

VI ATARAT

UqMH

Puc. 4.5. YacToTHast MaHUITYJISLAS

Takol cUrHa;m MOXHO IIPEACTABUTH KaK CYMMY JIByX CUTHAJIOB C AMIUIMTYIHOU
MaHunymsiiuet (puc. 4.5, B, r), T.e. TOJYYEHHBIX OT JBYX T'€HEPATOpPOB C
aMIUTUTYJHOM MaHuNyJisinued. B MOMEHTHI mepekirodeHuil koneOaHus Ha OJHOU
YacTOTE IMPEKPALAIOTC M BO3HMKAIOT Ha Apyrod uactore. Tak kak (as3el B 3TH
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MOMEHTBI MOTYT OBITh pa3iN4HbI, TO (aza pe3yabTupyltoiero curtana (puc. 4.5,0)
u3MeHsieTcs: ckaukoMm. CnekTp curHaia Ha puc. 4.5,0 TakKe COCTaBISIETCS W3
CIIEKTPOB ABYX CUTHAIOB Uy M Uy, HaA puc. 4.5, B,r. Pe3ynpTupyromui ciekTp
IIPEACTABIIEH Ha puc. 4.6.

| A |
ST

10 1 1

W min Wmin

Puc. 4.6. Cnextp UMII-curnana c pazpsiBom ¢assl

Heo6xoauMas MprHa CIIEKTPa, OYEBHIHO, paBHA
AO=(0max-Omin) 2max. (4.11)

T.€. 6onble, yeM ipu AMII, Ha BEMMUUHY O pin—0max-

B cucremax TelneMeXaHMKM TAKOM MeETOA MNoJydeHus curHainos ¢ YMII
MMPAKTUYECKN HE IPUMEHSETCS.

O6pruno  mis UMII wu3MeHSIIOT CKaukoOOpa3HO OJIMH U3 TapaMeTpoB
reHepaTopa Hecymux kosieOanuii. [Ipu TakoM H3MEHEHMHM MapaMeTpa 4YacToTa
TEHEPUPYEMBIX KOJIeOaHUN TakKe M3MEHSAETCS CKauykoM, HO 0e3 paspbiBa (a3bl (puc.
4.5,1). OTcyTCTBUE CKaYKOOOpa3HOro M3MEHEHUs (a3bl CYIIECTBEHHO CKa3bIBACTCS
Ha cnekrtpe curHana ¢ YMIIL. Haigém »3ToT cCcnekrp, mnpeamnosnaras, 4YTO
MOAyJUpyromuM curHaioM C(t) sBIsSieTCSl MOCIEAOBATENBHOCTh MPSIMOYTOJBHBIX
UMITYJIbCOB (pHC. 4.5,a) ¢ mepuogom 7=27/Q.

Torma UYMII-curaan MOKHO 3aKicaTh B BUE

Uugpn(t) = U sin (uyt + Juyf (2C(1) =1 )dt), (4.12)

rie U — ammumryga Hocutens; Aw=2rAf — neBuanus 4acTOThbl, T.€. BEJIWYMHA
MaKCHUMAaJIbHOI'O OTKJIOHEHHS] MTHOBEHHON 4acCTOThI OT HECYILEH.
[Tociie TpUrOHOMETPHUUYECKOTO MPE0OPa30BAHUS OTYUUM

Uyyn(t) =U(sinwjt - cosy +cosat - siny) (4.13)

rae y =Aw J' (2C(¢t)-1)dt —n3meneHue (a3sl B pe3yIbTaTe YaCTOTHOM MaHUITYJISIUH.
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['paduk m3menenust ¢aspl npuBeAcH Ha puc. 4.7,0, TIe 4aCTOTa U3MEHSETCS

4yepe3 paBHbIC MPOMEKYTKH BPEMEHH OT HUXKHEW padodeit yacToTrel F' = = F1 —AF K
min

BepxHen F . =F, +AF wu oOparHo. Jlerko HailTu, 4To mepexogHas ¢aza Oyzaer
MEHSATBHCA 110 TUJI000pa3HOMY 3aKOHY, TaK Kak

1/2

_ g Hw2p
2u’lmax _ﬂu’! {(Zc(t) l)dt 2[[[ mp

wil .. =mnz/2, rae m=Aw/Q — MHJIeKC YaCTOTHONH MaHMITYJISALUH.

\
W Wmax
_____________________ We __} ______
WO min

a !

! T i t

-4 0 :y[

' |

|

v w2
0 A /!\

I | t

| |

-mmn/2

Puc. 4.7. 3akon u3meHenus 4actotsl ¥ Gazel npu YMII

B Beipaxenuu (4.13) cosw w sinw - nepuoanydeckue (GyHKIMHU, TaK Kak
u3MeHeHue ¢asbl y  TPOUCXOAWUT Tepuoamdecku. llepmogmdeckue (yHKIHH
f,=cosw ¥ f, =sinw MOXHO Pa3JI0KUTh B psiibl Dypbe

f(@t)=a,+ iak costt+ibk sin kCdt
k=1

k=1
¥ TEM CaMbIM HalTH CIIEKTp CUTHAaJA.

[Tpu BblUMCciIeHHN KOA(GOUIMEHTOB a,, a, U b, CIEAyeT ydyecTb, YTO B
uHTEepBaJie BpeMeHu oT O no 7/2 (wnm 7)) ¢da3a y HU3MEHSETCS 10 3aKOHY
w =m(Lt — 7/ 2), B uaTepBasie BpeMeHu ot 7/2 (unu w) 1o T (unu 27) — Mo 3aKOHY
w =mQ3r/2—-Qt). Torna s GyHKIHU f(¢) = COSY NOITYydUM
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127z

jfl(t)dQIt =chos(§2t —7/2)dQ t +
0 27[ 0

an = ——
0
27

1 27 2 .
+— [ cosm(37/2—Qut)dQ) t =—sinm=—;
27 0 7im 2

PR sinmz
m(m™ —k”) 2

1 2
a, =— [ fi(t)coskQudQ t =
27 0
npu 4YETHOM k; pu HEYETHOM k momyyaetcs a, =0.

2
b, = 2L [ f1(2)sinkQtdQ) t =0  1pu Beex k.
T o

Amnanorn4so Juist QyHKUUM f (1) = Sinw NOTyIUM:

1 V4
ay =—fsinm(Qt—7z/2)costtdQ t+
27 (4.14)
12r . 4m w
+— J' sinm(37/2 — Qt)cos kQudQ t =——————cosm—
27 z(m” —k°) 2

IIPY HEYETHOM k U a;, = () TIpu 4YETHOM K.

B pesynbrare HanpsiKEHUE IMOCIIE YaCTOTHOM MAHUITYJISIIUM 3allUChIBACTCA B
BUJIE

2 . mp . X 4dm .p .
Uypg () =U —sin——sinwy;t + U sinm—cos 2kt +sinwy;t +
pm 2 op(m’ = (2k)°) 2
+U Y, dm cos 2 cos(2k + 1)Ikcosuy,t.

icop(m’ —(k+1)7) 2

3amMeHUB MMPOU3BCACHUC KOCHHYCOB H IIPOU3BCIACHUC CHHYCA Ha KOCHHYC,
OKOHYATCJIBHO ITIOJIYYHUM

2U . . ?
Uy ()= —(sm—m” sin uyt + 277’1 .
m 2 -1

cosm%cos(u;1 + Q) +

2 2

+ sinm%sin(u;1 +20Q)t +

T cosm%cos(u;1 +3Q)t +...).

2 2
m-— -3
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Taxum 0Opa3zom, CIEKTp COCTOUT U3 KOJIeOaHUI Ha HECyIel 4yacToTe @, U Ha
OOKOBBIX 4acToTax @, +kC(), kKak B cCllydae TapMOHHYECKOIO MOIYJIHPYIOIIErO
curHana C(¢)=cos()¢, HO aMIUIUTY/bI KOJICOAHUH ApyTHe.

[Tpumepsnr criektpoB UMII-curnaioB, pacCuMTaHHBIX IO BbIpaxeHUo (4.14),
MOKa3aHbl Ha puc. 4.8.

0,64
m=1,0
050 | 0.50 Q=2
021 021
0,04 _|_ _|_ 0,04
T . “ T
$ & 8¢ ¢ & 2 ¢
3 3 3 8 8 3 3 3
m=3
0.5 0.5 -9

(]
o8
o0
[\
]

0,212

!

®m;-5Q ¢ <
=
01-4Q —I3
98]
(,01-39
(,01-29
m-Q ¢
o+t ¢
(8]
020 ——3
O)1+3.Q.
o
O)1+4.Q. e}
~J
(O8]
o+t5Q ¢ <
e

Puc. 4.8. IIpumepsl ciektpoB UMII-curnanos

N3 puc. 4.8 BugHo, yTOo (QopMa cCHeKTpa CHIbHO 3aBUCUT OT HHJEKCA
MOIYJIALIMM M MpU HUHAEKCAX MOIYyJsALMH, ONM3KUX K 1, OCHOBHas 3Heprus
COJEPIKUTCS B HECYLIEH M JIByX MEPBbIX O0KOBBIX. OTCIOJIa MOYKHO CJIE€NaTh BBIBOJ,
yro mupuHa criekrpa UMII MoxeT ObITh onpeseneHa U3 BbIpaKeHUs

Huggpy = 2(m+1IL (4.15)

B 3aximrouenue CIcayCeT OTMCTHUTDL, YTO CIICKTP CTAHOBUTCA HCCUMMCTPHYIHBIM
OTHOCHUTCIIBHO Hecymeﬁ YaCTOTHI ITPpU CKBA)KHOCTH, OTJIMYHOHU OT ABYX.

4.4. JIBykpaTHast MOYJIAIUA
4.4.1. AM-AM-curnaiabl. J[Jiss TOBBIIIEHUS TOMEXOYCTOMYMBOCTA MHOTA

MoayiupoBanHoe (AM, UM) cooOrmieHue JOMOTHUTEIBHO MOAYJIUPYIOT IO YacTOTe
Wi amruiatyae. Takod crmoco0 MOAyJsIMM 0003HAYaeTcs JBYMsI HHICKCAMU:
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MIEPBBIM O3HAYAET CIIOCO0 MOMYJISIIMHU TTOTHECYIICH, BTOpoil — Hecytie. Kpome Toro,
JIBYKpaTHasi MOAYJISILIASI IPUMEHSIETCA MIPU Nepeaade COOOIICHHI MO pajroKaHaIaM,
a TaK>Ke B BBIJICJICHHOU MMOJIOCE YaCTOT MPOBOHOM JIMHUU CBSI3U.

AM-AM-curHanel B TEIEMEXAHUKE HCMOJB3YIOTCA peako. OmHako ux
ITYMOBBIE XapaKTEPUCTUKU YacCTO CIyKaT STAJOHOM JJii CPaBHEHUS Pa3TUUYHBIX
MeTonoB moayisiuuu. Paccmorpum AM-AM-curnan, Korja npoMo1yIMpOBaHHas o
aMILUTUTYA€E TIOHECYIAst ONHUCHIBAETCS BBIPAKEHUEM

U (V) =Ugy(1+ m ,,, cos Iftsinuyt (4.16)

rie Uy- aMImmMTyJa HOJHECYILIEH; iy - KpyroBash 4acTOTa IOJHECYILEH; M-

KOA(PUIUEHT aMITUTYJHOH MOJYJIALIMY Ha MEpPBOM CTyneHH; )- KpyroBas 4acToTa
MOJ1yJIUPYIOILEr0 COOOIEHUSI.
Curnan Uy, (t) saBnserca MOAYIUPYIOLIIMM 110 OTHOLIEHHIO K MOIYJIHPYIOILIEMY

KOJIEOAHUTO
Uy ()=U,cosuyt. (4.17)

B cootBeTCTBUM C OlpeaeseHneM aMILIUTYIHOM Monyssinun AM-AM-curnan
MOYHO 3aIlCaTh B BUJIE

U pr—ae® = (U + kUnp(1+ m 4, cos L]tLos uyt) cos ugyt = (4.18)
=U,(1+ M ,,,(1+ m ,,, cos LL[tLosuyt) cos uyt,
riae My =kUy /Uy — k03PHULIMEHT aMILTUTYAHON MOAYJISILIMKM HA BTOPOU CTYTICHH.

[Tponecc nmonyuenuss AM-AM-curnana nokasas Ha puc. 4.9.
Jlnst monmyueHusi cnekTpa mpeoOpasyem BoipakeHue (4.18) u OKOHYATENHHO
MOJTYI1M

UM
U gpr—an (8) =U  cos wyyt + %COS( w £y )t +

GoM asa M ass cos(uy, + uy + Q) + (4.19)

UM
4 20T TAM oy — 1y, £ Q).

CornacHo Belpaxkenuto (4.19) cnexktp AM-AM-curHana wumeeT BH/,
npeacraBiaeHHbld HA puc. 4.10. OH COIEpKUT COCTABIISIONIYI0 HA HECYIIEH YacTOTE
W, , 1B€ OOKOBBIE COCTABIIAIOLINE HA 4aCTOTAX Uf, + Uy U Uf, — Wj, BOKPYT KOTOPBIX

UMEIOTCS IO JBE COCTaBIAIONIMX Ha 4YacToTax ufy +uy =Q u  wy —uy £ Q
COOTBETCTBEHHO.
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Puc. 4.10. Cnextp AM-AM-curnana



OueBHIHO, YTO HEOOXOAMMAs TOJO0CAa YacTOT AJIs Mepefadyd TaKoro CUTHaja
OIpPEEIISIETCS Pa3HOCTBIO YaCTOT BEPXHEN U HUKHEN OOKOBBIX COCTABIISIOIINX, T.€.

AU gy qps = Wy + Uy + Q—1ygy +upy + Q=2(uy +Q), (4.20)

4.4.2. AM-YM-curna. IIpu JAHHOM CUTHAaJIe IO HECY LAt
npoMoayJaupoBaHHas 1o ammutyae (4.16), monynupyer Hocutens (4.17) mo
yactoTe. B cCOOTBETCTBUM C ONpENEIEHUEM YaCTOTHOM MOIYJIALIMA MOXHO 3alKcaTh
BbIpaxkenue it AM-UM-curnana, npeacrasieHHOro Ha puc. 4.11, B Buge

U sy @) =U,cos(uyyt + kU, | (1+m,,, cosQt)cosuytdt). (4.21)

|

C | t| -cooOrieHne
Uam

B AM -CUT'HAJI /\
- \/ \ \
I~ ‘HOI[HCC}/HIa‘SI - |
| ~ | - |
Hec ast
]‘ [ A il ym
|
\Z \Z
LV _V _| _ |

Puc. 4.11. ®opmsl curnanos npu AM-UM

Uam-um

He packpsiBast Boipaxkenust (4.21), cnektp AM-UM MOXHO MNOCTPOUTH IO
CIIEIYIOIEMY MPaBUIly: CTPOUTCS CHEKTp Mojie3Horo cooduienust C(?), 3aTeM CHEKTP
IIOJIE3HOTO COOOLIEHMSI IEPEHOCUTCS Ha YacTOTy MOAHECYIIEH uy 1o mpaBwiaM AM

CUTHAJIa, a IIOTOM IIOJYYEHHBIH CIEKTP IIEPEHOCUTCS Ha HECYLIYX YacTOTy IIO
npasuiaM YM-curuana.
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CrekTp, MOCTPOECHHBIM IO PACCMOTPEHHOM BBIIE METOAMKE, MPUBEIEH Ha
puc. 4.12. Cieryer OTMETHTb, UTO CHEKTP, NOCTPOEHHBIN MO TaHHOW METOAUKE, JACT
IIPEICTABIICHUE O YaCTOTHOM COCTaBE CIIEKTPa, IO3BOJIIET ONPEIECIHUTH II0JIOCY
4acTOT, 3aHUMAEMYI0 CUTHAJIOM, HO HE JAET BO3MOKHOCTH ONPENEIUTh AMIUIMTY bl
OTZIEJIbHBIX TAPMOHUYECKNX COCTABIISIOIIMNX.

UQ-|-
w

Uam

UAM-LIM

eoe (0]

0 ®Wet® ®Wetn

Puc. 4.12. IIpouecc noctpoenus cnekrpa AM-UM-curnana

OnpenenuM MOJIOCY 4YacToT, 3aHUMaeMyro AM-UM-curnajiom, Kak pa3HOCTb
YacTOT MEXKAY BEpXHEH U HIKHEH OOKOBBIMH COCTABIISIOIINMHU.

Nutgpp g0y =ty + g +Q—1afy + g +Q= (4.22)
=2y +€) = 2AMyp a5 +€3) =21y, +€),

rae My, = wg, /©; — UHIEKC YaCTOTHOM MOXYJSALMH HECYILEr0 CHIHANA; g, —
JIEBUAINASA YaCTOTHI HOCUTEIS.

4.4.3 YM-AM-curnaj. YacToOTHO-MOyIMPOBAHHAS [TOAHECYIIAS

Uy, (t) =Uwy cos(uyt + m 4, sSin Q)

MOZYJIUPYET HOCUTENb MO aMIUIMTYynAe; B pe3yibrare noiydaem UM-AM curnan
(puc. 4.13), KOTOpPBIN MOXKHO 3aMKMCATh B BUC
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Uiy =U, + kUW1 cos(uyt + my,, sin Qt))cosuy,t =

=U,(1+M ,,, cos(uyt + my,, SInQt))cosuy,t = (4.23)
=U,(1+ M ,,, (cosuyt x cos(m,,, sSinQt) —

— sinuyt x sin(m,, Sin¢)) cos uyyt.

NAWANAANAS
VAVAVARY,
-
a AR

Puc. 4.13. ®opma curnanos npu UM-AM

U LIM-AM( f)

|

[ToncTaBuB B BeipaxkeHue (4.23) 3Ha4CHUS

cos(myy, sinllf) = J y(m)+ 2 i]ozn(m)coﬂnll[
n=1

sin(m ,, sinllf) = 2 i(m)jzn _, sin(2n -1)Qt,
n=I

MOJIyYUM
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UquAM (t) = UO (1 + MAM (J() (Wl) cosuyt + Jl (Wl) COS(L{/;I + Q)t —
—Jy(m)cos(uy — )t + J,(m)cos(uy =2t +...))cosuyyt =

UM
=U,cosuyyt + —— 5 ——Jo(m)cos(ugy + uy)t + (4.24)
UM M
" %Jl (m)cos(uyy £ uy + Q) — UOTAMJl (m)cos(uyy = uy —Q)t +

U, M
+ %Jz (m)cos(uyy = uy +2Q)t +...

B cootBercTBUM C Bhipaxenuem (4.24) cnexktp UM-AM-curnana umeeT BUj
MpeACTaBICHHbBIN Ha puc. 4.14.

Gl ) g UM g
U, . UMy ~
) T2
roeee T [ [Teeer T---TT TT---T
\ \ pd I
Wo-01-nL2 Wo-0; We-0;TNnL m0+m1 -nQ) 030+031 030+031+nQ

Puc. 4.14. Cnextp UM-AM-curnana

Kak cnenyer u3 puc. 4.14, nonoca yactor, 3aHnmaemass YM-AM-curnanom,
paBHa

Ay, or =Wy 1y + 10—y +uy +nd =

(4.25)
=2(up +nQ) ~ 2(wy +my, Q) =2(y, + WQH)’

Tae My, =w;gH/ () — WHJEKC YaCTOTHOW MOYJISIUU; Uy, — JCBHALMS YaCTOTHI

TOJTHECYLLIEM.

HeobxoaumMo OTMETUTH, UYTO JAHHBIM BUJ JIBYKPATHON MOMIYJSIIUU CIIETYET
OpUMEHSATH B TOM  CiIy4ae, Korjga TpeOyercs  0OeclneyuTh  BBICOKYIO
IIOMEXOYCTOMYMBOCTh IIPH MEpeAade IO Y3KOMOJOCHOMY KaHaly CBs3u. Torma
MOMEX0YCTOMUMBOCTh oOecneunBaeTcss UM, a s3koHOMUS 1OI0CH YacTOT — AM.

4.4.4. YM-UYM curHaasl. B 1aHHOM cilyyae cHayajla COOOIIEHHEM
C(t)=U ycoslli monynupyercss Mo 4actore noiHecymas, a 3areM UM-curHan

MOIYJIUPYET MO 4actore Hecylyr. Dopmel curnanoB npu UM-UM mnokaszaHbl Ha
puc. 4.15.
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Puc. 4.15. ®opmel curnanna npu YM-UM

Uau(t)

B o6mem cnyyae Bwipaxkenue s UM-UM-curnana MOKHO 3amucath B
CJIEAYIOILEM BUJIE:

Uyprgy () =U,, cos(uy,t + .[ kUwy, cos(uyt +my,, sSinQt)dt) =

4.26
U, cos(upt + gy, jcos(w;lt + my,, sSinQt)dt) , ( )

rne  wg, = kU, — JeBHanyUs YacTOTHl HECYHIEH; My, — HHAEKC YaCTOTHOM
MOJYJISIIAYN TTOAHECYILEH.

[ns moctpoenns cnekrtpa UM-UM Bocnonb3yeMcsi METOIUKOM, U3T0KEHHOU
npu noctpoeHuu cnekrpa AM-UM-curnana. CHayana n300pa3uM CIEKTp MOJIE3HOTO
coobmenus (puc. 4.16,a), mocie 4ero MepeHeceM ero Ha MOJAHECYIYI0 YacTOTy IO
npaBuwiaMm UM-curnana (puc. 4.16,0), a 3areM MOJTYYEHHBIN CIEKTp MEpeHeceM Ha
HECYIIYI0 4acToTy Mo npaBwiaMm UM-curnana (puc. 4.16, B).

ITonoca wacrort, 3anumaemass YUM-UM-curnanom, corsiacHo puc. 4.16, B

Hgrs gy = 2(pwgy + nll) = 2(M gy ) + myy, L= 2 (wg,, + gy, ), (4.27)

rine Myy = Wy, /@) — THAEKC YaCTOTHOM MOYJISILIUU HAa BTOPOU CTYIICHH.

Kax Bunno u3 (4.27) curnan YM-UM ob6inaiaer cambiM HIUPOKUM CHIEKTPOM.
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Puc. 4.16. Ilponecc odpazoBanus crektpa YM-UM-curnana

4.5. CriekTpbl paIMOMMITYJIbCOB

Ecnmu BupeonmMmynbC 3amogHUTH TOKAMHU BBICOKOW YacCTOTHI, TO TOJIYyYUM
paguounmiyisc (puc. 4.17).
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Puc. 4.17. ®opMa paiuonMITyIbCOB
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HesaBucumo OT BHZAa MMIIyJIbCHOM MOIYJSINMM TOJHECYLIEM W IPHU
aMIUTATY THOM MOIYJISIIUN HECYIIEH I HAaX0XKACHUS CIIEKTpa HE0OX0IMMO:

1) B chnekTpe HUMMIYJbCHO-MOJYJIMPOBAHHOIO CHUTHAlda YMEHBIIUTHh BIBOE
aMIUTUTYAbl BCEX TapMOHUYECKHX COCTABIISIIOLINX, 34 WCKIIOYEHUEM MOCTOSHHOU
COCTaBJISIONICH;

2) TOCTPOUTH 3epKalbHOE OTOOpaKeHHE MOJYYEHHOrO CIEeKTpa B 00JacTu
OTPHULIATENIBHBIX YACTOT;

3) noJy4eHHBIH CHEKTP CABUHYTH IO OCH YacTOT BIIPaBO Ha BEJIMYUHY
HECYIIEH.

I[Ipuy ®M u UM MOaynupyrOKUX HECYLIEW MNPAaBUIIO IOCTPOEHHUSI CIEKTPOB
OyayT Te oKe, 3a MCKIIOYEHHWEM TOro, 4YTO AaMIUIUTYAbl TapMOHUYECKHX
COCTaBJISIONIMX OYIyT ONPENeNaThCs MHAEKCAMH YacTOTHON U (a3oBoi MOAYISALUU
(cm. pazgen 3).

Ilonoca wacTor Mg pagvMOMMIYJIBCOB B JBa pa3a IIMPE IOJIOCHI YacTOT
BHJIEOUMITYJIbCOB.

B kauectBe npumepa nocrpoum cnektp AUM-AM-curnana (puc. 4.18).
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Puc. 4.18. IIpouecc nocTpoeHus CreKTpa sl paauouMITyJIbCOB
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5. MOAVYJIATOPBI U AEMOAYJIATOPHI

5.1. AMIIUTY AHBIE MOZYJISITOPBI

[Iponiecc MOAYJALMM  CONPOBOXKIAAETCA H3MEHEHHEM CIEKTpa HECYLIEro
KOoJeOaHus, a MO3TOMY MOAYJISUMOHHOE YCTPONCTBO [OJKHO COAEp’kKaTh JIMOO
HEJIMHEHHBIE 2JIEMEHTHI, TMOO JIMHEWHbIE, HO C M3MEHSIOIMUMHUCS TIPU MOYJISIHH
napaMeTpaMH.

Haiiném nepenarounyto pynkuuro K(jw,t) aMIUIMTYTHOTO MOJIYJISITOpA

Ut U(l+mcosllgosuyt

K(jut) =
gt Un(®) U cosuyt

=1+mcosll (5.1)

rne Uypy(t) — curHan Ha BBIXOJAE aMIUTUTygHOro Mmonayistopa; Ug(t) — Hecyiee
Kosie0aHue.

Takum oOpa3om, mepematouHas (QYHKIHS HE 3aBHCUT OT YacTOTHl ; H
COOTBETCTBYET YCWIHTENIO, Y KOTOPOro KOI(PPUIMEHT YCHICHUS MEHSETCs
IIPONOPLHUOHAIIBHO  BEIUYMHE l+mcosQt. DTO U3MEHEHHUE MOXKET OBITh
OCYIIECTBJICHO pAa3IMYHBIMU CIIOCOOAMH B 3aBUCHMOCTH OT BHAA AaKTHBHOTO
AJIIEMEHTA, UCIIOIb3YEMOIO B MOAYJIUPYEMOM YCUIIUTEIE.

PaccmotpuM cxeMy aMIUIMTYJHOTO MOJYJSATOPa MOCTPOEHHOTO HA IOJIEBBIX
TpaH3ucTopax. TOK CTOKa MOJIEBOTO TPAaH3UCTOpa SBISAETCA (PYHKIMEH HanpsHKEHHM
Ha 3aTBOPE U CTOKE, T.€.

Io=fU;Uc) (5.2)

CJ'ICI[OB&TCJILHO, MOAYJIOHUIO MOKHO OCYHICCTBUTH M3MCHCHUCM HAIIPAKCHUSA
Ha JII0OOM U3 QJICKTPOOOB.

5.1.1. 3arBopHas Moayasiums. [lpuHuMnUanbHas cXeMa 3aTBOPHOTO
MOJYJIATOpPa C U3BMEHEHHEM HAIPSKEHUs MTpUBeJeHa Ha puc. S.1.

Monynupyromee  Hanpsbkenue  Ug(?)  BBoOuUTCS B LEeNb  3aTBOpa
MOCJIEIOBAaTENbHO C MCTOYHUKOM TOCTOSSHHOTO cMemlleHus Ecy. AMmidryaa
BBICOKOYACTOTHOrO HanpsikeHus: Uy(t), mocTynarouero oT UCTOYHUKA CTa0UIBHOTO
BY-Bo30ynurens, B mpouecce MOAYJSLUM oOcTaeTcsi Heu3MeHHoH. Emxocts C1
ABJISIETCS. OJIOKUPOBOYHOM U 00JIaZJa€T MaJIbIM COIPOTUBIIEHUEM JJIsl TOKA HECYLIEH
YaCcTOTBI ; U OONBIINUM —UIsl TOKA YaCTOTHI MOTYJIMPYIOLEro CUrHazia Q.

Tak xak yacrora () 3HAYUTEIBHO MEHBIIE YACTOTHI (0], MOKHO CUUTAaTh, YTO
HaIpSDKEHUE CMEIIEHUS COCTaBJIIEHO W3 IIOCTOSIHHOIO HAIPSDKEHUS HCTOYHUKA
CMeIIeHUs £y 1 MEJUIEHHO MEHSIOIIET0Cs HalpPsKEHNsI HU3KOM 4acTOThI, T.€.

U;=Ecy+tUqacosCt. (5.3)
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Puc. 5.1. Cxema 3aTBOpPHOTO MOIyISITOpa

BpeMeHHble auarpaMmbl, TMOSCHAIONIME pPabOTy 3aTBOPHOTO MOIYJIATOPA,
pUBEICHBI Ha pucC. 5.2.

Puc. 5.2. BpeMeHnHble AuarpaMMbl P 3aTBOPHON MOYJISILIAN
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Tok cTOKa MOJEBOro TPaH3UCTOPA, KPOME IMOJIE3HOW COCTaBJIsIONICH (TepBOi
FapMOHUKH), AaMIUIUTyAa KOTOPOM MEHSAETCS 1O 3aKOHY MOAYJIUPYIOILIEro
COOOIIEHMSI, COAEPKUT MOCTOSIHHYIO M MEIJIEHHO MEHSIOUIYIOCS COCTABIISIONINE, a
TAaK)K€ BBICIIME TapMOHUKH. i1 TOro 4ToObl HCKIIOYHMTH BPEIHBIE MPOIYKTHI
npeoOpa3oBaHusd, B KayeCTBE HArpy3Kd IIOJIEBOTO TPAH3UCTOpPA HCIOJIb3YETCs
PE30HAHCHBIM KOHTYp C BBICOKOHM 100poTHOCThIO. Ha KOHType co3maeT 3aMeTHOe
HampspDKEHUE TOJBKO TepBas TrapMOHMKa Toka cToka. IlosTtomy orubarormas
HaIpsDKEHHST Ha KOHTYpE, a CIEAOBATEIbHO, U BBIXOAHOE HAIPSIYKEHUE U3MEHSIOTCS
10 3aKOHY MOJYJIUPYIOIIETO CUTHAA.

[losieBOM TpaH3UCTOP NPH TAKOM PEXUME HCIIOJIB30BAHUS IPEACTABIISAET
co0Oll 1O OTHONIIEHWIO K BBICOKOYACTOTHOMY HampsikeHuto Upy(?) nuHeiHoe
YCTPOMCTBO C TMEPEMEHHBIM TapaMeTpoM — KpyTU3HOW S(?), yIpaBiasieMoit
MOJAYJIUPYIOIIUM HarpspkeHueM. [10 OTHOIIEHHIO K HU3KOYaCTOTHOMY HANPSKEHUIO
IIOJIEBOM TPAH3UCTOP SABJIAETCS HEJTUHEWHBIM YCTPOUCTBOM.

[IpoBenem ananm3 paboThl 3aTBOpHOro MoayisTopa. K Bxoay moneBoro
TPaH3UCTOPA MPUIIOKEHO HANPSHKEHHE

U;=EcytUacosQt+Ucoswt . (5.4)

AMNNPOKCUMUPYEM CTOK-3aTBOPHYIO XapaKTEPUCTHKY IOJEBOT0 TPaH3UCTOPA
IIOJIMHOMOM BTOPOM CTENEHH, @ UMEHHO:

ic=a,+aU,+a,U; . (5.5)

[Toxcrasinss 3nauenus: U, B BeIpaxkenue s i (5.5) Haxoaum

ic =ay+a,(Ecy +Upygoslll + Ucoswt) + a,(Ecy, + U yeosli + Ucosuyt)’ =
=a,+a,;(Ecy +Upposl{ + Ucoswyt) + a, (El, + Ufucoszlllﬁ UZcos’uy,t +
+ 2E ) U ygosl{ + 2E ¢y Ucoswyt + 2U UcosIlicos @,t).

Onpenenum HanpsKEHUWE HA BBIXOAE 3aTBOPHOro wmoayJaropa. KoHTyp
HACTPOEH Ha 4YacTOTy @; W TpeACTaBiseT s KoJieOaHMM 3TOM YacTOTHI
conpotusiieHue R;. Torna

Uiy = Ry (a,Ucosuyt + 2a,E ) Ucoswt + 2a,U ,UcosUkcosuyt) =
ZaZUHFOSll[)

=R Ucoswt(a, +2a,E,, )(1+

BBensg 0003HaueHus
ReUfa, + 2a,E ) =U"; — 22292 (5.6)
a, +2a,E.,

HOJIYYUM
U =U " (1+ mcosQt)cosuyt (5.7)

rae  m — Kod(pPUIUEHT aMIUTUTYAHOU MOTYJISIUH.
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Takum oOpa3om, kak ciexyer u3 BblpaxkeHus (5.7), BBIXOJHON CHUTHa’
ABJIAETCA AMIUIUTYAHO-MOAYJIMPOBAHHBIM, a aHAIHW3 BbIpakeHUs (5.6) MOKa3bIBaeT,
4YTO NpHU paboTe HA JIMHEWMHOM Yy4YacTKe BOJIbT-AMIEPHOM XapakTepUcTHKU (a; = 0)
OCYUIECTBUTh aMIUIUTYIHYO0 MOAYJISLIUIO HEBO3MOKHO.

5.1.2. CrokoBasi mopyassums. g nonydenuss AM-curHana npu CTOKOBOM
MOZYJIALIMM HMCIOJIB3YETCS 3aBUCHMOCTh TOKAa CTOKAa IOJIEBOTO TPAH3UCTOpA OT
HanpsbkeHus: ctoka U,. [IpuHiunuaneHas cxema CTOKOBOIO MOJYJISATOpPA MPUBEACHA
Ha puc. 5.3.
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Puc. 5.3. CxeMa cTOKOBOT0O MOAYJIATOpA

[TpuHIMO paboThl CBOAUTCS K CIAEAYIOUIEMY: K CTOKY TOJIEBOTO TPaH3UCTOpPA
MPUJIOKEHO HAMPSIKEHUE

U.=E,+UqycosC , (5.8)

MU3MEHSIOIIEEC OKOJO 3HadeHus L. ¢ 4acTOTOM MOAYJIMPYIOLIEr0 CUTHAIA; B

pe3ynbTaTe 3TOT0 U3MEHSETCS AMIUINTYAHOE 3HAYEHHE HMITYJIBCOB TOKA, 34 CYET

gyero peanusyercss AM. Tumosas MOAyJSILMOHHAs XapaKTEPUCTUKA IPH CTOKOBOM

MOJyJIALIMY TIOKa3aHa Ha puc. 5.4. Ilo Hell MOKHO BBIOpaTh HaualIbHOE HANPSKEHUE

Ha CTOKE £, M MaKCUMaJIbHYI0 aMIUIUTYy MOAyIupyronero HanpspkeHus Ug.
MaxkcumanbHbIN K03()PUIHEHT MOAYISAINNA OTPEICIIUTCS KaK

m=AIL/L, . (5.9)

CJ'ICI[yeT OTMCTUTB, YTO IJIA IOJYYUYCHUA OoubIIeH KPYTU3HBI CTaTUYECKOM
MOIIYJ'ISIIII/IOHHOI\/'I XApPaKTCPUCTUKH  HYKHO  HCIIOJIB30BaThb, II0 BO3MOYKHOCTH,
TpHO,IIHBIﬁ Y4aCTOK BBIXOI[HOI71 XApPaKTCPUCTUKH TPAH3UCTOPA, I'’IC KPYTU3HA BCIHKA.
CpaBHeHI/Ie CXCM 3aTBOPHOIo M CTOKOBOI'O MOAYJIATOPOB IIO3BOJIACT CHACIIATH
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CIIEIyIOIIMI BBIBOJ: IMPEUMYILIECTBOM CTOKOBOI'O MOJAYJSATOpA SIBISETCA TO, YTO
VMCTOYHHUKH MOJYJMPYIOIIEr0 CHUTHala W HOCUTENS HE CBS3aHbl JPYT C JPYIroM;
CTOKOBOMY  MOJYJSTOPY CBOWCTBEHHO OoJjbllee 3HaueHHe Kod(pduiHeHTa
aMIUTUTYJHOM MOAYJSUMUA M OOJbIIMK KO3(P(PUUMEHT MOJE3HOrO ACUCTBUS; MNpHU
3aTBOPHOM MOJIYJALMM OT HCTOYHMKA MOJYJMPYIOLIEro CUTHAlla MHOTpedIseTcs
MEHbIIAasi MOIIHOCTb.

Ie

Al

Ua Ua

Puc. 5.4. MoaynsuuoHHas XapakTepUCTHKa
IIPUA CTOKOBOW MOIYJIALIUU

B kauyecTBe yCHMIHMTENBHOTO 3JEMEHTa MOYKHO HCIIONBh30BaTh W OUITOJSIPHBIE
TPaH3UCTOPHI, HO TIPH 3TOM MOYJHPYIOIIee HAIMPsSKEHUE HEOOXOIMMO MMOIaBaTh Ha
0azy WM KoJUJIeKTOp TpaHzuctopa. I[IpuHuunm paboTel 0a30BOro MOAYJATOpa
aHAJIOTUYEH TPUHIHUIY palbOThl 3aTBOPHOTO MOAYJSATOPA, a KOJIJIEKTOPHOTO —
CTOKOBOTO MOJYJISITOPA.

5.2. lerektopsl AM-cUTHaI0OB

JleTexTrpoBaHue KOJIeOaHU 3aKJII0YaeTCs B BOCCTaHOBJICHUH
MOJYJUPYIOIIEr0 CHUTHaja, KOTOpPbIi B HEIBHOM (QopMe COACPKUTCA B
MOJYJIMPOBAHHOM  BBICOKOYAaCTOTHOM  Kojiebanuu. [lo cBoeMy Ha3HAuYEHHUIO
JETEKTUPOBAHUE SBJISIETCS TPOIECCOM, OOpAaTHBIM TIpOIlecCy MOAynsdnuu. B Tex
clIydasix, Korja TpeOyeTcsl HOIYEPKHYTh 3TO, HAPsAy C TEPMUHOM ‘‘I€TeKTHUpOBaHUE”
(“oOHapyxeHne”) MPUMEHSIOT TEPMHH “IeMOIYIISAIINS KOJIeOaHUH.
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Ha Bxonm nerexkTopa mojmaeTcs MOAYJIHMPOBaHHOE KojeOaHue, coaeprKaliee
TOJIBKO BRICOKOYACTOTHBIE COCTABJISIFOIIUE: HECYIee KojieOaHue M OOKOBBIC YaCTOTHI.
Ha BpIXOzme neTexkTopa MOABISETCS HANPSIKEHUE C HU3KOYACTOTHBIM CIIEKTPOM
nepenaBaemMoro cooOueHusi. CrenoBareiabHO, ACTEKTUPOBAHHE COMPOBOXKIAACTCS
TpaHcOpMalMel YacTOTHOTO CHEKTpa U HE MOXET OBbITh OCYILIECTBIEHO 0e€3
MIPUMEHEHUSI HEJIMHEWHBIX AJIEMEHTOB. B Ka4ecTBE TakuX 3JIEMEHTOB UCITOJIB3YIOTCS
MOJIyITPOBOJTHUKOBBIE JUO/IbI, OJIEBbIE U OUTIOJISIPHBIE TPAH3UCTOPHI.

[Ipenanonoxkum, 4TO BOJbT-aMIlepHas XxapakTtepucTuka (BAX) HenmuHeHOTO
AJIEMEHTA ONUCHIBAETCS BBIPAKEHUEM

i =a+bu +cu’. (5.10)

Ecnu Ha Bxoze neiictByeT AM-curnan

U(t)=U(1+ mcosQt)cosuyt , (5.11)
TO TOK

i=a+bU(+mcosQt)cosut + cU *(1+ mcos Qt)* cos *uy,t =

cU? m? bUm

=a+ (1+7)+cUzmcoth+

cos (wy, - Q)t +

2.2
cos (wy, + Q)t + CUTmcos 201 +

+ bUcoswy,t + bUnm

2.2 2
UM s (2w, -2Q)t + CUT””COS(M1 SQ) + (5.12)
2 2 2
+ U (I+ " )cos 2wyt + CU—mcos Cw, +2Q)t +
2 2 2
cU’m?

cos (2w, + 2Q)t.

CrnekTp curHaia 0 W Mociie JeTeKTUPOBaHUsA MOKa3aH Ha puc. 5.5, a, 6. Kak
BU/IHO U3 PHUCYHKA, B HU3KOYAaCTOTHOM YacCTH CIEKTPa, KPOME COCTABJISIOLIECH C
4aCTOTOM MOIYJMPYIOLIEr0 curHaia (2, €CTh €Ille NOCTOSHHAs COCTAaBILIIOLIAS U
BTOpasi rapMOHUKA MOJIYJIUPYIOIIErO CUTHAJA, KOTOpasi IPUBOAUT K UCKAXKEHUSIM.

Tak Kkak HU3KOYAaCTOTHAs COCTaBIIONIAsl MPONOPLHOHAIbHA KBaJIpaTy
aMIUTMTYbl BXOJIHOTO HANpPsKEHUs (MCIOJb3yeTcs HadyalbHbI yyacTok BAX — puc.
5.6), TO 1€TEKTUPOBAHUE MIPU MAJIBIX AMIUIUTYAAX SBJIAECTCA KBAJPATHYHBIM.

Bo wuzbexaHne UCKaKEHUW NpU JETEKTUPOBAHMM HEOOXOAHMMO, YTOOBI JETEKTOP
obnanan nuHeitHo-noMano BAX, npeacraBnenHou Ha puc. 5.7 unu 5.8.
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Puc. 5.5. Cnektp AM-curnania npu JeMOIyJISIUU C UCTIOJIb30BaHUEM
HEJIMHEUHOW XapaKTEPUCTUKU

I / I I
. . N
D

Puc. 5.6. BAX nenuneit- Puc. 5.7. BAX onnonony-  Puc. 5.8. BAX aByxmnony-
HOTO 3JIEMEHTa NEPUOJIHOTO JAETEKTOpa NEPUOJIHOTO JAETEKTOpa

Anamutndyeckn BAX 0oaHOMONYNEpUOJHOTO AETEKTOpa MOKHO 3alucaTh B
BU/JIE
alU mpu U =0
i= : (5.13)
0 upuU<O0,

JBYXITIOJIyIIEPUOJHOTO —
i=alUl. (5.14)
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[Ipennonoxkum, 4YTO B IENU C JIETEKTOPOM, XapaKTEpUCTHKA KOTOPOTO
Moka3zaHa Ha puc. 5.8 (IBYXIOJYNEpUOJHOE JETEKTUpOBaHUE), nehctByer AM-
curHan (5.11). lnst onpeneseHus i Hy>KHO HaWTH MOAYJIb HAIIPSIKEHUS | Ul. Tax kax
kodpounment wmoxaymsumu m<lI, TO BeIpaxenue (I/+mCosQQt) — Bcerma
MOJIOKUTEIbHAS BeNnunHa. Pa3noxenue B psig Pypbe BHIIPAMICHHON KOCHHYCOU/IBI
|Cosa)lt| U3BECTHO:

4 1 1 1 1
cosunt|=—( —+ ——cos2unt — ——cosdwuyt + ——cosount —...) .
‘ W1‘ p(2 1.3 Uy 3.5 uy 5.7 uy )

CJ'ICI[OB&TCJILHO, TOK

4a 1 1 1 1
i=—U(l+mcosQt)(—+—cos2ut ——cosdut + —cosobuyt —...)=
Jn ( )(2 3 uy 15 uy 35 uy )

2 2 2 4
aty + 2 mUcosOt + “L mUcos (2uy — Q)t +—amUc052u;1t + (5.15)
Vs Vs RY/4 3z

+2—amUcos (2uy +Q)t—2—amUcos (duy — Q) — ...
RY/4 157

CrnexTp curHaia nociie JeTeKTUPOBaHU MOKa3aH Ha puc. 5.9.

| A
0 «a = _ = -
=N To5
5 N g 5 ¥ H
Q Q < <

Puc. 5.9. Cnexktp AM-curnana rnpu IeMOAyJISLUU C UCTOJIb30BAaHUEM
JIMHEWHOW XapaKTEPUCTUKU

B cocraBe criekTpa HET MCKaXAKOUIMX CUTHAJI TAPMOHHUK HU3KOM YacCTOTHI.
[TosTtomy nperexkrop ¢ BAX, mpencraBinenHoil Ha puc. 5.7 wuinu 5.8, HaA3bIBAIOT
JIMHEWHBIM.

[Ipoiiecc neTeKTUpOBaHUST COCTOMT M3 BhIIpsiMiieHHs AM konebaHuii, B
pe3ynbTaTe KOTOPOro OOpa3yrOTCs MMITYJILCHI HECYIIEW ¢ OorumOaromiei, MMErOIei
dbopmy KoJieOaHUs MEePEeaBaeMOro COOOIICHUS U BBIJICIEHUS U3 ATUX HUMITYJIbCOB
WCXOJTHOTO CUTHAJIA TyTeM (PHIbTparuu BHICOKOYACTOTHBIX COCTABIISIONINX CIIEKTPa
uMIyabcoB.  (CxemMa  JIeTeKTOpa C  JBYXIOJYIEPUOIHBIM  BBIIPSIMIICHHEM
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npeacrasiaeHa Ha puc. 5.10, a BpeMeHHbIE auarpaMMbl B Pa3jIM4HBIX TOYKAaxX — Ha

VDI ! t
3
! >
2 N\
Uam | R [] L \\
t
N y BBIi)I[
1 ~ 3
yp2 — O
t
puc. 5.11.
Puc. 5.10. [IByxnomnyneproasblil Puc. 5.11. Bpemennsle quarpaMMbl paboThl

JETEKTOP JBYXMOJYNEPUOTHOTO IETEKTOpa

[Ipocreiimum ~ puibtpoM HuUKHUX 4YacToT (DOHY) MoXeT CiIyXHTh
KoHaeHcaTop C, MOAKIIOYEHHBbIM nNapajuiesbHO Harpy3ke R. s BblaesneHHs
HEHCKA)KEHHOM OrmOaronieil CONMpOTHBICHUE HArpy3kh R JOJKHO OBITH OOJbIIE
€MKOCTHOI'O COINpOTHBJICHHSI HAa HECYIIeW 4YacTOT€ W MEHbIIE €MKOCTHOIO
COMPOTHUBJIEHUS 3TOTO XK€ KOHAEHCATOpa HA YaCTOTE MOAYIHPYIOLIErO COOOIICHHUS,
T.€.

1/w;c << R < 1/Qc . (5.16)

B 3TOM ciydae Ha BBIXOJAE JETEKTOpPA OTCYTCTBYIOT COCTABIIIOIIME BBICOKHX
gacToT. [Ipy TMHENHOM AETEKTUPOBAHUM CIEKTP BBIXOJHOTO CUTHAJIA HE OTINYAETCS
OT CIEKTPA MOAYJIMPYIOIIETO COOOIECHNUS.

[Ipu nemoxynsiumm AM-cUrHajaOB Majol aMIUIMTYIbl LEIECO00pa3HO
UCIIOJIB30BaTh JIETEKTOPHI HAa TpaH3ucTopax (puc. 5.12).

R3
Cc4
R2 ._’ I - >B1>1x011
VTI
<71I
Bxon U,y C3:: |::| RS
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R4

JlerektupoBanue Iportxo it D JHOBpCropHd IARIBXIOPCHI U KOJUIEKTOpa, U,

KpoME TOTO, I[GTeKTI/IpOBaHHHﬁ CUTHAJI YCUIINBACTCA, XOTA KOB(I)(bI/IHI/IGHT YCUIICHUA
TPaH3UCTOpa B PCKUME ACTCKTHPOBAHUA 3HAYHUTCIBHO HMXKC, YCM B PCKHUMC
YCUIICHUS.

5.3. MoaynsTopsl OJHOMOJIOCHOTO CUTHAIa

5.3.1. ®uabtpoBblii MeTox mnogaydyenuss OAM-curnana. [{nga cucrem
nepeiayu OJHOM OOKOBOM MOJIOCKI HY>KHBI MOJIYJISTOPBI, B CIEKTPE BBIXOAHOTO
CUTHaJa KOTOPBIX OTCYTCTBYET COCTaBIIAIOIIAs HECylled 4vacToTel. Takwue
MOIYJISITOPHI HA3bIBAIOT OATAaHCHBIMU.

[lpunnunuanpHas cxema OalaHCHOTO MOMAYJSTOpa IMOKa3aHa Ha puc. 5.13.
Hecymiee BbICOKOUAacCTOTHOE KOJi€OaHME C YaCTOTOM ; MOJAETCs Ha 3aTBOPHI
Tpan3zuctopoB V7Tl u VT2 cundazHo, a MOIyIUPYIOUIEE HAMPSKEHUE C YaCTOTON Q-
npoTtu-BodazHo. Harpyskoi siBisieTcss KojaeOaTeNbHBIM KOHTYpP, KOTOPBIM BKJIIOYEH
MEXKIy CTOKaMHU TpPaH3UCTOpOB. KaTylllka MHAYKTUBHOCTH UMEET BBIBOJ OT CPEAHEN
TOYKH, COEUHEHHBI C ICTOYHUKOM CTOKOBOT'O IMUTAHUSI.

-E cm

|
|
|
|
|
|
|
|
|
| |
| |
I R2 > 1
| m
= | L |
: BanaucHslif T ]M oy mTop I ITomocoBoii I

| |
L____m ————— J L@/IJE)T_I‘)______________'

Bxon C(t)

Puc. 5.13. MoayasTop oAHONOJIOCHOTO CUTHAJIA
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[Ipu orcyrcTBUM Mopayhupytomero HampsbkeHus C(1) U CUMMETpPUU
OaJIaHCHOTO MOJYJISITOpa MOTEHIMANIBI CTOKOB OJIMHAKOBBI M TOK Yepe3 KOHIAEHCATOP
koHTypa (3 paBeH Hymo. Takum o0pa3zom, npu orcyrctBun C(#) cxema
cOaylaHCcUpoOBaHa U KOJieOaHUM ¢ YaCTOTOM ; Ha BBIXOJIE HET.

[Ipu momaue C(¢) GamaHc cxembl Hapymaercs. OIWMH W3 TPAH3UCTOPOB, HA
3aTBOP KOTOPOrO B JIaHHBII MOMEHT TMOJAETCA IOJOXKHUTEIbHAS IOJYBOJHA
MOYJIUPYIOIIETO CUTHAJIA, MOCHIIAET B KOHTYP OOJBIIUHN MO aMILIUTYAEC TOK IEPBOM
TapMOHUKH, JPYrol — MEHbIIMU. MeXay CTOKaMd TPaH3UCTOPOB BO3HUKAECT
Pa3HOCTHOE HANpsOKEHHE, a B KOHType — KosieOaTenbHbIM TOK. Ha BBIXO/IE CXEMBI
OalaHCHOTO MOJyNIsATOpa MosrydaeTcss AM-curHan 6e3 HecyIiero Koje0aHusl, Tak Kak
HaIpaBJICHUs] TOKOB CTOKOB TPAH3UCTOpa NPOTUBOMOJIOKHBL. K monmyuyeHHOMY
pe3yabTaTy MOXKHO MPUATH aHAIUTHYECKHU. J{JI 3TOro npeicTaBUM KOHTYPHBIE TOKU
i; ¥ i; OT IOJIEBBIX TpaH3UCTOpOB VT u VT2 B ciienyroiieM BUJIE:

i, =1,(1+ mcosQt)coswyt;

. (5.17)
i, =1,(1-mcosQt)cosut.

Paznbie 3Haku B ckoOkax BbIpakeHust (5.17) o3HayaroT TPOTUBO(DA3ZHOCTH
MOJYJIUPYIOIINX HANPsLDKEHUM HA JIEBOM M MPABOM TpaH3UCTOpax. Pesynprupyromuii
TOK B KOHTYPE PaBEH Pa3HOCTH TOKOB O0OOMX TPAH3UCTOPOB

i =1 —i, =2mlycoslltosuyt =
(5.18)
=mly(cos(uy — L))+ cos(uy + L)1) .

Orubaromas pe3yIbTHPYIOIEro ToKa, paBHas 2mlyl cosQt|, msmensercs ¢
gacToToil 2(), a yacToTa 3alOJIHEHHsI OrumOaroumedl paBHAa YacTOTe€ Wi, MPUYEM
Kak/Ible TIOJI Meproia Momysauu dasa konebanus usmenserca Ha 180°. Cormacho
BbIpakeHUIO (5.18) HampsbkeHne Ha KOHTYpE SBJISETCS CyMMOM OOKOBBIX YaCTOT (1 —
Q u »;+) 0e3 HecyIIel YacTOThl w1, & OATAHCHBIA MOAYJISITOP BBIITOJIHAET (QYHKLUIO
NEPEMHOKEHHUS JIBYX KOJICOaHUN.

Curnan c BbIxoJa OaJTaHCHOTO MOJYJISATOpA MOCTYNAaeT Ha BXOJ IOJOCOBOIO
¢unbTpa, KOTOPBIA MNPOMYCKAET HA BBIXOJ TOJBKO BEPXHIOI WM HUKHIOK OOKOBYIO
COCTaBJISIOLIYIO.

Takoit meton monydyerust OAM Ha3bIBalOT (PUIBTPOBBIM.

5.3.2. ®a3oBblii metox mnoaydyeHusi OAM-curnana. Ilycts TpeGyercs
HOJyYUTh Ha BBIXOJIE€ CUTHAJI HUKHEW OOKOBOM MOJIOCHI, T.€.

U,y =Ucos(m, —1I) t . (5.19)

3anuueM BoipaxeHue (5.19) B Buze
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U gy =Ucosllkcosu, t + UsinllEsinm, t . (5.20)

3aMeTuM, YTO OHO TMPEJACTaBIsieT Cco0O0Ml pe3ynapTaT CIOXKEHHUs KoseOaHuil,
MOJTyYaIOLUXCAd Ha BBIXOJE JIBYX IEPEMHOMKUTENEH, B KauecTBE KOTOPBIX MOTYT
OBITh HCIIOJIb30BAaHbI OallaHCHBIE MOJIYJIATOPHI, PacCMOTpEHHbIe BbIe. Ha BXo/bI
OJHOrO OaJaHCHOTO MOJYJSATOpa HAA0 HoJaTh Hecyllee KojeOaHue U
MOJIyJIUPYIOIIUN CUTHAJ, Ha BXOJBI IPYrOro — T€ € CUTHAJIbI, CIBUHYTHIE MO (aze
ra 90° (¢ momompio hasospamtaress). Cxema momydenns OAM-curaana (azoBbIM
METOZOM IIPUBEJECHA Ha puc. 5.14.

banancueiii Mmonynsitop 1

~
> A~ —
™~ Ucosllkcoswy,t
I Ucosuyt
s
oB ~ Brixon
cosllk N
< AP=90 Z —>
M g Uoam
sin Usinwyt|
Usinllksinwy;t
B ~
Ap=907 n —
® A banancuslii MogynaTop 2

Puc. 5.14. Cxema nonyuenus OAM-curnana gpazoBbIM METOJIOM

Taxk KaK BBIXO/IHBIE HaIpSHKEHUS KaKJI0T0 IIEPEMHOKUTEIS
IIPONIOPLUHMOHAIIBHBI MPOU3BEICHUI0 BXOJHBIX CUTHAJIOB, TO Ha BBIXOAE CyMMaropa
IIOJTyYUM

Uou (1) =xUcos(uy — L),

I7Ie K — MMOCTOSIHHBIN KOY(DPUITUEHT.

Hns  dopMupoBanus curHajga BepxHel OOKOBOM TIOJIOCKI B  CXEMe,
npeCcTaBIeHHON Ha puc. 5.14, 1ocTaTOYHO U3MEHUTH a3y Hecyllero KojaebaHus Ha
Bxoxae bM1 niu BM2 Ha 1800, TaK Kak

Ucos(uy + Q)t =U (cosuytcosCdt — sinw,tsin€dt).
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5.4. derekropsl OAM-curnana

HamomuuMm, 4yto npu (GpopMUpOBaHMH OAHOIMOJIOCHOTO CUTHAJA C MOMOIIBIO
MEPEMHOKUTENST U TOJOCOBOr0 (PUIIbTPA OCYUIIECTBIISIETCS Takoe IMpeoOpa3oBaHUe
MOJIYJIMPYIOIIEr0 CUTHaja, MPU KOTOPOM €ro CHEKTP TPAaHCIIOHUPYETCS B 001acThb
0oJiee BBICOKMX YacTOT 0€3 M3MEeHEeHUs! abCOMIOTHOM mUpuHbI criekTpa. [Ipu s3ToM B
OAM-curHane COXpaHSIOTCS 3aKOHbl M3MEHEHUS MIHOBEHHOW aMIUIMTYIbl H
MIHOBEHHOW 4acTOTHI MOJYJIMPYIOILIETO CUTHala. ECTECTBEHHO IPEAIIOIOKUTD, YTO
BO3MO>KHa U oOpaTHas onepauus nepesoca cnekrpa yactor OAM-curnana B o01acTb
HU3KUX 4YacTOT. B CHly JTMHEWHOMN CBS3M MEXKIy HapaMeTpamu MOAYJHMPYIOLIETO U
OAM-curHanioB B pe3yjibTare Takoro mnpeoOpa3oBaHus Oyaer chopMUPOBaH
HU3KOYaCTOTHBIM CUT'HAJ, COBIANAKOIIMN C HCXOAHBIM MOAYJIUPYIOLIIMM CUTHAJIOM C
TOYHOCTBIO /10 (a3, COCTaBISIIONIMX €ro cnekrp. PaccMoTpum B KadecTBe
MEPEMHOKHUTENSL KOJIbIIEBOM OAIaHCHBIN MOYJISITOP, MPUBEACHHBIN Ha puc. 5.15.

K
) 7 |
UD3 I/I
U, —
Uoam(?) ¢ Uspix
U, —
UD4 N v
I/I b -
UD2
—— Un(t) <

Puc. 5.15. demonynsarop OAM-curnana

[Ilyctb ©Ha  BXxOj  mepeMHoxutens  noctymatoT  OAM-curHan u
BBICOKOYACTOTHOE HAINPSIKEHUE:

Uoan (1) = kUcos(uy —Q)t;
Uy (t) =Ujcos(uyt + @)

B pe3ynprare onepanuu N€EPpEMHOKEHUS MOJIYYUM

U,(t) =k UU,cos(Qt + ¢,) + x,UU,cosuyt — Qt + ¢,) .
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IlepBoe ciaraeMoe ONMCHIBAET UCXOIHBIA MOIYJIUPYIOLIUN CUTHAJ, & BTOPOE —
OJIHOTIOJIOCHBIM CHUTHal B OKPECTHOCTH YaCTOThl 2@;. DTH CHUTHAJIbl MOTYT OBITh
paszeneHsl ¢ MOMONIbI0 (PUIbTpAa HUKHUX YacToT. TakuMm oOpa3oMm, B pe3yibTaTe
NepeMHOXKeHUd W ¢uibTpauuu Ha Bbeixoge OHY mnoayyuM HHU3KOYACTOTHOE
HaIpSDKEHUE

U p1rq (1) = KK 3y UU,cOS(C2 + ) . (5.21)

Taxum o6pazom, asa nemonyisiniuu OAM-curnana He0oOX0AMMO Ha IPUEMHON
CTOPOHE BOCCTAaHOBHUTBH HECYIIYI0. BOIpoc BOCCTaHOBIICHUS HECYLIEH SBISAETCA
CaMOCTOSITETIbHOW 3aJlauel U B JAaHHOM Maparpade He paccMaTpUBaeTCsl.

B 3axmroueHue cienyer OTMETHUTh, YTO Il OCYLIECTBICHUS ACHCTBUTEIIBHO
Onmu3Koro K JuHEHHOMYy mnpeoOpa3oBaHuio crnektpa OAM-curnHana HEoOX0IUMO,
4TOOBl AMIUTUTYJa BOCCTAaHOBJICHHOW Hecylled Oblla B JAECATKH pa3 OoJbIIei
MAaKCUMaJIbHOW aMIUIUTY/IbI OJTHOIIOJIOCHOTO CUTHAJIA.

5.5. HacToTHBIE MOLYIATOPBI

VYrpaBieHre 4acToTON KOJeOAHUSI OCYIIECTBIISIETCS, KaK MPAaBUIIO, MPSMbIM
BO3JICHCTBUEM HA TeHEpaToOp, pabOTArONINi B aBTOKOJI€0AaTETLHOM PEKHUME, 1 JIHIIb B
PEAKUX CIydasx COOTBETCTBYIOMIEH 00paboTKOW KoneOaHus, MOJy4aeMoro OT
CTAOMJIBHOTO HEMOJIYJIMPOBAHHOTO UCTOYHHKA. B CBSI3M C 3TUM pa3ziuyaroT MpsiMbIe
U KOCBEHHBIE METOJAbl YIpaBJEeHUs YAaCTOTOM. PaccMOTpuM mpsMbIe METOJIBI,
OTHOCSIIIIMECS] K aBTOT€HEpAaTOpaM ¢ KoJjieOaTeIbHON CUCTEMOM.

CymectByer  psii  cnocOOOB  yIpaBJi€HUS  PE30HAHCHOM  4acTOTOU
K0Je0aTeNbHOM CHUCTEMBI T'€HEpaTropa: JJIEKTPOHHBIE, 3JIEKTPOMArHUTHBIE M JIp.
Bb16op Toro mmam mHOTO croco0a 3aBUCUT OT OCHOBHBIX MapameTpOB MOIYJISILIUU:
OTHOCUTEIHHOTO W3MEHEHHUSI YacCTOTBHl (g /; W CKOPOCTH M3MEHEHHUS YaCTOTHI.
CKOpOCTh UW3MEHEHHsS YacTOThl XapaKTEPU3YETCAd CIEKTPOM MOAYJIUPYIOLIErO
curHana. I[Ipy MenneHHONW MOIyNSIUU (HU3KHE YacTOThI) LIMPOKO MPUMEHSIIOTCS
TaKhe CIOCOOBI, KaK U3MEHEHHE WHIYKTUBHOCTH KATYIIKU MyTeM W3MEHEHHs TOKa,
MOAMArHUYMBAIOIIETO CEPACYHUK KATYIIKU, U JP.

Ecnm cnekTp curHana cCoAEpKUAT OTHOCUTENIBHO BBICOKHE 4YaCTOThI, TO
MPUXOAUTCS MPUOETAaTh K O0E3BIHEPIIMOHHBIM CIIOCO0aM YIIPABJICHHS] €MKOCTHIO WIIH
WHIYKTUBHOCTBIO KOHTYypa. THUIHUYHBIM WM IIUPOKO PACIPOCTPAHEHHBIM CIIOCOOOM
AJIIEKTPOHHOTO YIPaBJICHUS PE30OHAHCHOM YacTOTOM KOHTypa SBISETCS CHOCO0,
OCHOBAHHBIN HA TPUMEHEHUU PEAKTUBHBIX TPAH3UCTOPOB.

5.5.1 UHAYKTUBHO-eMKOCTHBIH TeHepaTop, yNpaB/sieMblid PeaKTHBHBIM
TOKOM. U3menuts L u C KOHTypa MOKHO BBEJICHHEM B PE30HAHCHBIA KOHTYD
PEaKTUBHOI'O TOKA, 3HAYEHUE KOTOPOTO ONpPEAEIsIeTCsl Mpeodpa3yeMbIM apaMeTPOM.
B kadecTBe perynmpyemMoro 3JeMEHTa UCIOIb3YETCs TaK Ha3bIBAEMBIM PEAKTUBHBIN
TpaH3ucTtop. Ha3BaHme  “peakTuUBHBIN® ~ OTpakacT  PpPEAKTUBHBIA  XapakTep
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CONPOTHUBJIEHUSI MEXKIYy CTOKOM M HCTOKOM IIOJIEBOTO TPAaH3UCTOpa MpHU
COOTBETCTBYIOILIEM BKJIFOYEHUH JTOMOJIHUTENBHBIX 31eMeHTOB L, C, R.

PeakTUBHBIN TpaH3UCTOP MPEACTABISET AIEMEHTAPHBIA KackaJ Ha IOJIEBOM
(OUMONSIPHOM) TPAH3UCTOPE C PEAKTUBHOM OOpAaTHOM CBS3bIO, T.€. TAKOW OOpaTHOU
CBA3BI0, TIPH KOTOPOHl (ha3a rapMOHMYECKOrO HAMpSDKEHHs moBopadnBaercs Ha 90
v Ha 270° (paza curnana oGpaTHO# cBs3K). PeakTHBHBII XapaKTep CONMPOTUBICHUS
UCHOJB3YEeTCSl  JJI  CO3JaHUsl  DJJEKTPUYECKH  YIPABIAEMOM  €MKOCTH  WIH
MHAYKTUBHOCTH. Yale BCEro NMpUMEHSIOTCS /1Ba BHJIA CXEM PEaKTUBHBIX IOJIEBBIX

Io : le .
< <
A A
o ==C I SV
U °
; (B e )
5 N4 T U
o || ]® b | ==
v v
< v < &
a 0

(bunosgpHBIX) TpaH3UCTOPOB (puc. 5.16). [IpuHuMnI AeHCTBUS PEaKTUBHBIX MOJIEBBIX
TPaH3UCTOPOB PACCMOTPUM Ha CieayroleM rpumepe (puc. 5.16,a).
Puc. 5.16. Cxema peakTUBHOTO MOJIEBOTO TPAH3UCTOPA

ConpoTuBIIeHHE MEXAY CTOKOM M MCTOKOM JJIS MEPBOMl rapMOHUKHU TOKa MpHU
1.>>1 OIpeeNsieTCsl BRIPAKEHUEM

*
Z=Ucli.,
rae Z — KOMIUJIEKCHOE COIPOTUBIICHUE.
HepaBenctBo i.>>i nerko obOecneunTh BbIOOpoM mapamerpoB R u C.

*

CootHorrenne Mexay i, 1 U3 MOXHO 3amucarh B BHJIE

%
lC :SU3:S’Z'R,
rae S — KpyTH3Ha XapaKTepUCTUKU MOJIEBOI0 TPAH3UCTOPA.
N3 puc. 5.16,a cnenyer, uto
P

Ue=i(R+1/ jac) ,
CJICAOBATCIBHO,
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_R+1/jax
SR

Z

[Tapametrpst R u C BBIOMpPAIOTCS TaK, YTOOBI MMEIO MECTO HEPAaBEHCTBO
R<<1/(wc), Torna
1 1

7= =— , (5.22)
JWCSR  JuwyC
riae C, — 3kBHBaNeHTHAS EMKOCTh, Cy = C'SR.
Touno Tak >xe 1 cxembl Ha puc. 5.16,06 MOKHO MOTYYUTh
R
Z :ja)%:ja)La, (5.23)

rae Ly = CR/S —5KBUBaJIEeHTHAs! UHAYKTUBHOCTh IPH YCIOBUH [/(wc) << R.

B mo0oii u3 npeacTaBiaeHHbIX HA pUC. 5.16 cxeM SKBUBaJIEHTHBIM ITapaMeTPOM
Cs 1 L5 MOXKHO yIPaBIIATh, U3MEHSA IO 3aKOHY MOJAYJIMPYIOIIETO CUTHAJA KPYTU3HY
MIOJIEBOTO TPAH3UCTOPA.

Ha puc. 5.17 mnokazan Bapuant YUM-mopgyisTopa € HCNOJb30BAHUEM
PEaKTUBHOIO TpaH3UCTOpa. JleBask 4acThb CXEMbl NpPEACTaBIseT cO0Ol TreHepaTop
TrapMOHUYECKUX KOJICOAHWN C WHIYKTUBHOW OOpaTHOW CBsI3bl0, MpaBas 4acTb —
PEaKTUBHBINA TPAH3UCTOP, MPUHLIMI PAOOTHI KOTOPOTO PACCMOTPEH BHIIIIE.

71 —

Cc4
| Ll —=CI ® ® H >
Brixox UM-curnana

C3 VT2

VTl T (B
S

N Rz[] 1
RI
- N e
Bxon C(1)

Puc. 5.17. YM-MOaynsTOp C pEAaKTUBHBIM TPAH3UCTOPOM

Moaynupyroluii CUrHaJl TOJIaeTCsl Ha 3aTBOp TpaH3uctopa V712 wepes
TpaHchopmarop 72. DTUM HaIpsSKEHUEM U3MEHSETCS KpyTHU3HA S, a Cle0BaTelNbHO,
Y SKBUBAJICHTHas1 eMKOCTh C5 peakTUBHOro TpaH3ucTtopa. 3smenenune C, MPUBOJIUT K
M3MEHEHHIO 00Iel eMKocTH KonebarensHoro kontypa LICI. Takum ob6paszowm,
yacToTa TreHeparopa OyJIeT W3MEHSThCA MPOMOPIUOHAIBHO MOIYJIUPYIOIIEMY
coobmenuro C(1).
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5.5.2. YacTOTHBIH MOAYJATOP HA Bapukane. Bapukamn npeacraBiiier coOon
CHEUAIBHO CKOHCTPYMPOBAHHBIA AHOJ, OapbepHYIO EMKOCTh KOTOPOrO MOKHO
U3MEHATh B IIMPOKUX TMpeAesiax NyTeM M3MEHEHUsS BEJIMYMHbI O00paTHOro
HanpspkeHus. TeopeTudyeckn 3aBUCUMOCTh OapbepHOM €MKOCTH OT BEJIUYUHBI
MPUIOKEHHOT0 0OOPaTHOTO HANPSKEHUS ONMUCHIBAETCS CIEIYIOUIUM BbIPA)KEHUEM:

CU)=COR/px (px +U), (5.24)

rne U — oOpaTHOe HampspKeHHe, MPHIIoKEeHHoe K p-n mepexony; C(0) — BenudnHa
€MKOCTH TP OTCYTCTBHUM MPUIIOKEHHOTO HANPSIKEHUS; (x — KOHTAKTHAsI Pa3HOCTh
MOTEHUUAIIOB; n=2 NIl PE3KUX p-Nn-NIEPEXO0JIOB U n=3 JIJIs IUIABHBIX p-N-TIEPEXOJIOB.

N3mMeHeHre eMKOCTH BapuKamna Mpu BO3ACHCTBUM MOAYJIUPYIOLIETO CUTHAIA
C(t) nokaszaHo Ha puc. 5.18.

C C
/ co)
N /N
W/
U t

C@)
| D
\6/ Ecm

Puc. 5.18. Bapukan kak yrnpasisieMasi EMKOCTb

Jlns ocyImiecTBiaeHUs YaCTOTHOW MOMYJISIIUUM €MKOCTh BapuKara HeoO0XO0JIUMO
MEHSTh BO BPEMEHHM M0 3aKOHY MOAYJHpYIomero cooOmieHus. s 3toro Ha
BapuWKam, KpOME IIOCTOSIHHOTO  HampsbDKeHUs  cMmenieHust FEcy, ToaaeTrcs
Mopayupytoiee Hanpsbkenue UqgcosQt. B pe3ynbTaTe BhIpaKEHHUE 11 €MKOCTU TIPU
n=2 NPUHUMAET BU]I

C(t) = C(O)\J@x (@ + Ecyy +Ugq cosQt). (5.25)

[lpunnunuanpHas cxema Mmoxayistopa UM konebaHuii ¢ HCHOIB30BAHHEM
BapuUKarna IpuBeeHa Ha puc. 5.19.
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['enepatop rapmMoHuYecKuX KonebaHuii coOpan Ha Tpansuctope VT1 u
kosnebaTtenbHoM KoHType L/ CI. YactoTa KonebaHuil onpeaensieTcs: BRIpaXeHUEM

£ =1/2zJLI(C1+ CU))). (5.26)

B kadectBe  ympaBiseMOM  €MKOCTM  HMCIONB3YIOT  Bapukan VDI,
NOJKIIIOUEHHBI K KOHTYpy uepe3 KonzaeHcarop C3. Kongencarop C3 BbIOMparOT
TaKOW BEJMYMHBI, YTO OH MPEICTABISIET KOPOTKOE 3aMBIKAHUE JIJII TOKOB BBICOKOU
YacTOThl M OYEHb OOJIBILIOE COMPOTUBJICHUE A KOJIEOAHUH MOAYIUPYIOIIETO
curHana. Hampsbxkenue Ha Bapukan oOecrieuMBaeTCsl JENHUTENIEM Ha BBICOKOOMHBIX

pe3ucTopax R2 v R3, Ipu 3TOM
E., =E-R2/(R2+ R3).

T1 _T_ * > [
Beixox Uyp(t) | é Ll =—=CI Z'S R2
C3 Cc4
: |1 I
e 3 VDI R4 Bxon C(1)
) R3
LS
Rl VTI

Puc. 5.19. YacToTHBINM MOIYIATOpP HA BapUKaIie

Mopynupytolee HalpspKEHHE MMOCTYIIaeT Ha BapuKal depe3 KoHaeHcaTop C4.
Pe3uctop R4 uCKIOYaeT LIYHTUPOBAHME KOHTYpa COIMPOTHUBICEHHEM HCTOYHUKA
MOZYJINPYIOIIETO CUTHAJA.

5.5.3. 'eHepaTop ¢ MHAYKTUBHOCTHIO, yIIpaBjasieMoil TOkoM. PaGota Takoro
MOJyJSITOpa OCHOBaHAa HAa  M3BECTHOM  SIBICHUM HW3MEHEHUS  MarHUTHOU
MPOHUIIAEMOCTU  (PEPPOMATHUTHBIX MaTE€pUaiOB B  3aBUCUMOCTH OT  TOKa,
MpOoTEKaroUIero B oOMoTke ympasiaeHus (puc. 5.20). 3nech kKonebaTenbHbIil KOHTYD
reHeparopa cocTouT u3 eMKocTd C M MHIYKTUBHOCTU L, 0Opa3zoBaHHON OOMOTKOM
Wp, HaMOTaHHOW Ha TOpOWJAIBHBIN cepaeuynuk. OOMoTka Wy sBusercs
YIIPABIISIIOLLEH.

[Ipu ee mOMOIIM MAarHUTHOE IIOJIE B CEPJICUHUKE U3MEHSETCS COOTBETCTBEHHO
W3MEHEHUIO U3MEPSIEMOMN BEIIMUUHBI X.
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- | .
I,=KX W — I'enepatop Brixox Uyp(t)
SR -

Puc. 5.20. MarauTHBIA MOAYJSATOP

BriOop paboueit TOYKHM NPOU3BOAUTCA Togadyed Toka [, B  OOMOTKY
noaMmaranuuBanus Wy UHAyKTUBHOCTH OOMOTKH C (heppOMarHUTHBIM CEPACUHUKOM
Ha MEPEMEHHOM TOKE MPU HAIMYHUH MOCTOSTHHOTO MOJMAarHUYMBAHUS ONPENEIIAECTCS
Kak

L=u,00, 7l bn(d-/d,) , (5.26)

I€ (4 - IPUPALIEHHAS MAarHUTHAs IPOHUIIAEMOCTh CEP/IC€YHMKA HA YaCTHOM LIMKIIE,;
h — BbICOTa CepAEYHUKA; d, U di — BHEIIHUI U BHYTPEHHUI AMAMETPhI CEpICYHUKA
COOTBETCTBEHHO.

B »>TOoM BbIpa)keHUM BCE BEJIUYMHBI SBISIOTCS ISl 33JIaHHOTO CEpACYHHUKA
(bu3HUEeCKUMU KOHCTAaHTaMHU, KpoMme /4. [1o3TOMy HHIYKTUBHOCTH MOXET OBITH
BBIpa)KEHA KaK (YYHKIIMS MPUPAIICHHONW TPOHUIIAEMOCTH

L= k]ILlA . (527)

B cBowo ouepenb MarHuTHas ~NPOHUIAEMOCTh  SBISETCS  (DyHKIHEH
IIPUJIOKEHHBIX ITOCTOSHHOIO M IIEPEMEHHOI0 MAarHUTHBIX IOJIEH. BennunHbl 3THX
MoJIeH SIBJISAIOTCA (PYHKIUMSAMH CO3JAONIMX X TOKOB. OOiee ypaBHEHUE IS
HAMPSHKEHHOCTU MarHUTHOTO TIOJISE MOKHO BBIPa3UTh KakK (DYHKIIMIO TOKa:

H=lo(y+ I+ 1,) . (5.28)

[IpupamieHnas MarHuTHas TMPOHUIIAEMOCTh Kak (QYHKUIUS TIepEeMEHHOU
HaMarHWYMBAIOLIEH CUJIbI MPEACTaBIIEHa Ha puUC. 5.21. DTa 3aBUCUMOCTh HATJISIHO
WJUTIOCTPUPYET, UTO BIUsIHUE AH HA 14 yMEHBIIAETCA C POCTOM H ey,
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HCH’IZO’ZHH

Ha
]{cmZO: 5HH

1{cm =I_IH

Hpy— Hanps>KeHHOCTh HACBIIECHUS

AH

Puc. 5.21. 3aBUCHMOCTb IPUPALLEHHON MAarHUTHOW TPOHUIIAEMOCTH
OT HAMarHM4MBAIOIIEH CUIIBI

CooTHOLIEHHE MEXJy 4YacTOTOW TEeHepaTopa U YIPaBJISIOIUM TOKOM

oTpezenseTcs Kak
k

f(ly)_J 3 ;

(5.29)

cm

k
Yk,(I,+1,)+AH

rae Bev — mHayknms cmenienus; AH, — npupanieHue nepeMeHHON COCTaBIIIONIEH
HaMarHAYMBAIOLIEH CHJIBI.

Takum oOpa3om, Mpu MU3MEHEHUH YIPABISIIOIIETO TOKAa OyJIeT MEHSTHhCS H
yacToTa rapMOHWYECKUX KosieOaHui. [IpuHImMnuanbHas cxema Takoro MOIyJaTopa

IIpUBEZICHA Ha puc. 5.22.
¢ l >_F
Ny
Tl

RI[] R3[] C2

VTl VT2 Wl}= | VT3 :
> Yigi D1 >
Bxon C() E ;; E l:

R6 ZS

]
R2 R4 (EE U VDI
L 9
Irs |
R7 RIO
Breixon Uy, T
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Puc. 5.22. YacTOTHBIN MOIYIATOD C YIIPABIAEMOU
WHIYKTUBHOCTBIO

CoOcTBEHHO TeHepaTop, cOOpaHHBIA Ha TpaH3ucTope V73, TreHepupyer
CUHycouJanbHble KojebaHus. KoHTyp reHeparopa mOCIEAOBAaTEIbHOIO THIIA
o0pa3oBaH eMKOCTbIO KoHAeHcatopa C/ M MHAYKTUBHOCTbIO BTOPUYHOU OOMOTKHU
Tpanchopmaropa 7'/. Konebanusi, BOZHUKIINE B KOHType T€HEpaTopa 3a CUET TOKa,
MPOTEKAIOUIETO YEPE3 PE3UCTOp 0OpaTHOU CBs3U R/ (), BO3AEHCTBYIOT Ha TPAH3UCTOD,
BBI3bIBAs €0 OOYEPEIHOE 3AMUPAHUE U OTHUpPaHue. BaxkHyro poJib B 3TOM Ipoliecce
urpaet konaeHcatop C2, KOTOpPbIi COBMECTHO C pEe3UCTOPOM RS ONpenensieT pexxum
aBToreneparopa. Takum oOpazoM, Tpansuctop VT3 B naHHOU cxeme paboTaeT Kak
KJIIOY, PETYJIUPYIOMINI MOCTYIUIEHUE SHEPTUU B KOHTYP OT MCTOYHHUKOB IMHUTAHUSI.
PaGota TpaH3ucTOpa B KIIIOYEBOM PEXKHUME OOECIEYMBAET BBICOKYIO CTAOMIBLHOCTH
reHeparopa. Kpome Ttoro, ¢ momomipio crabunutpona VDI crabunusupyercs
PEaKTUBHAsl COCTAaBIIAIONIAs COINPOTUBIICHHWS SMHUTTEPHOIO IEPEXOaa TPaH3MCTOpa
VT3. Moxynsarop cobpan Ha Tpan3uctope V71 mo cxeme IMUTTEPHOTO TTOBTOPUTEIS.
Ero marpyskoii siBnsieTcst ynpasdistomias oOMoTtka Wy;, HaMOTaHHasE Ha CEpACUHUKE
tpancopmaropa T7TI. Tpanchopmarop 7/ wumeeT ueTbipe OOMOTKM U JBa
UJECHTUYHBIX TOPOMJANBHBIX ceplaeyHuKa. CepaeyHUKM U3rOTaBIMBAKOTCA U3
dbepputa. Kontypnass oomotka 7'/ cocTout u3 AByX MojioBUH Wp; u Wp, ¢ paBHBIM
YUCJIOM BUTKOB, BKJIFOYEHHBIX BCTPEYHO M HAMOTAaHHBIX Ha pa3HbI€ TOPHI ISl TOTO,
4yTOOBI M30€kaTh TpaHchOpMalMK KoJieOaHUN B IIENU YNpaBIEHUSA. Y TIPABIISIONINE
ooMotku Wy, u Wy, HaBuBaroTcs Ha 00a TOpa, KOTOpbIE HAKJIAIBIBAIOTCS APYT Ha
Ipyra U B MArHATHOM OTHOIIEHUM BKIIIOUEHBI BCTPEYHO, YTOOBI H30EXKATh
TpaHc(hopMalMK MEPEXOIHBIX MPOLIECCOB U3 LIETIH YIPaBJICHUs B LIETIM TeHepaTopa.

[Tpu paGoTe B MMPOKOM AMANA30HE U3MEHEHHs TEMIEPATyp CYLIECTBEHHBIM
BOIPOCOM B MOZYJSATOpax IMOAOOHOrO THIA SIBISETCS CTAOMJIBHOCTh BEIMYUHBI
MarHUTHOrO MOJs HoAMarHu4uBaHusA. i1 TepMocTaOMiIM3aluy  YNpaBIISIOIIEro
JacTOTOM y3/1a B cCXeMe NMPUMEHEH KacKaa, COOpaHHBIA Ha TpaH3uctope V712. 3To
OMUTTEPHBIA IIOBTOPUTENb, B OJMUTTEPHYIO LENb KOTOPOTO BCTpPeYHO € Wy,
BKJIFOUEHA KOMIIEHCAIlMOHHass oOMoTka Wy,, ipudeM Wy, =Wy,. Tpanzuctopsl V11 u
VT2 nonbupatorcst o TOKy Ixp. Ilpn u3mMeHeHun teMrepaTypbl MarHUTHbIE MOTOKU
OT 3TUX OOMOTOK H3MEHSIOTCS OJMHAKOBO, HO TaK Kak OHM HampaBlICHbl B
MPOTHUBOIONOXKHBIE CTOPOHBI, CYMMAapHBIM MOTOK, OOYCIOBJICHHBIH H3MEHEHHEM
TeMriepaTypsl, ocraercs Onuskum K 0. OObmorka Wy, OJHOBPEMEHHO BBINOIHIET
byHkuuo cMmeniaronieit oOMoTku. PerynupoBka Toka cmerieHus /) ocymecTBisercs
pe3uctopom R).

Takum oOpaszom, npu u3MeHeHUH Toka 3muTTepa V7'l B 3aBucumoct ot C(t)
OydeT W3MEHAThCS M MArHUTHBIM TOTOK OT OOMOTKM Wy,;, 4YTO HpUBENET K
M3MEHECHUI0 MATHUTHOW IPOHMIIAEMOCTH /L4, 4 CIIENOBATENIBHO, YaCTOTA I'€HEepaTopa
OyJZleT U3MEHSATHCS TPONOPLIMOHAIBHO MOy IHpYtoliemMy coooieHuto C(2).
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5.5.4. YnpagsiieHne 4acToToi reHeparopa U3MeHeHHEM CONPOTHBJIeHHs. B
3aBUCUMOCTH OT BUJA YAaCTOTHO-3aBUCUMOU 0OpaTHOM CBA3M RC-reHepaTopbl MOTYT
ObITh paszeneHsl Ha ABe rpymmbl: RC-reHepaTopbl ¢ MoctoM Buna (puc. 5.23) u
1enoyeyHwie (puc. 5.24).

— -Lx
R2
RI H] R3 RI >VT2
cC Cc C
= D >Uyy
R2 ——|_ > VTl —s UIIM(y
T C2[|] R4 R Ir R R3

Puc. 5.23. I'eneparop ¢ moctom Buna  Puc. 5.24. Ilenoueunsiii RC-reneparop
3aBUCUMOCTH YAaCTOThl 3THX T'€HEPAaTOpPOB OT MNapamMeTPOB YacCTOTHO-3aBH-
CUMBIX LIENIEeH MOXKHO MPEJACTABUTh COOTBETCTBEHHO B BH/JIE

ki
/ AV RIR2C1C?2 ( )
kz
=—= . 5.31
/2 RC (5-31)

OdeBHIHO, YNPaBISITh 4acTOTOH RC-reHepaTopa MOKHO, BKJIIOUMB B JHOOYIO
BETBb €r0 YaCTOTHO-3aBUCHMOW IIEMH COOTBETCTBYIOIIUU TapaMeTpHUUeCKHUi
npeodpazoBatens (R win C).

B kadecTBe pE3UCTHBHBIX MpeoOpa3oBareneii MOTyT OBITh MPUMEHEHBI
TEPMOPE3UCTOPHI, GOTOPEIUCTOPHI, a TAKIKE AKTUBHBIE CONPOTUBIICHHUS.

Ha puc. 5.25 npuBeneH 4acToTHbIN MoaynsaTop Ha 6aze nuddepeHInaibHOro
YCWINTENSA, TJE B KAueCTBE PETyJIUPYEMOTO0 COMPOTUBICHUS MPOMOPIIMOHATIBHO
MoayupytomeMy coobmenuto C(?) WCIONBb30BaH OWIONSAPHBIA TpaH3uctop V74.
YacroTa 3TOro reseparopa onpezaensercs u3 Boipaxkenus (5.31).
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Puc. 5.25. YacToTHbiil MOnysiTOp Ha 0aze
G depeHINaTbHOTO YCHUITUTES

5.5.5. VYnpaBieHue 4YacTOTOM TreHepPaTOpa M3MEHEHHMEM €eMKOCTH.
VYpaBisTh 4aCTOTON Te€HEpaTOpa MOKHO HEMOCPEACTBEHHO M3MEHEHUEM E€MKOCTHU
dazo-casurarorieit enu RC-renepartopa.

Ha puc. 5.26 wuzoOpaxeH TeHepaTop, MNpeAHA3HAYEHHBIM HJsi paboThI C
€MKOCTHBIM JIATYUKOM.
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Puc. 5.26. 'enepaTop ¢ ynpaBisieMOi EMKOCTBIO

Pesucrop RI mpencraBisier co00H MaJOMHEPIUMOHHBIN TEPMHUCTOp, a
koHJieHcaTop Cy — mepBUYHBIN naTyuK. YacToTa koieOaHuil MOCTPOCHHOTO MO TaKOMH
cxeme RC-reHeparopa

L [Ry RS

T R T Xe

). (5.32)

Ecnu nmopoOpate mapameTpsl MOCTa TakKMM 0Opa3oM, YTOOBI BTOPOM YIIEH B
CKOOKax ObLI MaJl 0 CPABHEHHIO C €MHUIICH, TO TIOTYUYUTCS TE€HEPATOp C JIMHEHHOU
3aBUCUMOCTBIO Tepuojaa Kosiebanuii ot BenuuuHbl Cy. B kauecTBe ympaBisironimx
emkocte RC reHepaTtopoB ¢ (asupyromiell MernoYKol MOTYT OBITh HCIIOJIb30BaHBI
KPEMHHUEBBIE CTAOMIIUTPOHBI, HA KOTOPbHIEC MOJAETCS YIPABJISIONICEe HAIMPSIKEHUE U
MOCTOSTHHOE HAIPSKEHUE CMEIICHUSI.

Ha puc. 5.27 npuBeneHa cxema 4aCTOTHOIO MOZYJISITOpPa Ha ONEPALMOHHOM
yCUJIUTEE.

YacroTa ero BXOJHOr0 CUTHaJIa OMPEEISIETCS BIPAKECHUEM

fo =1/(27[RIC2(R5C3 - R2C1)) . (5.33)

C nomompbro konzeHcaropa C/ MOXHO HM3MEHATH YAaCTOTYy B IIHUPOKUX
npeaenax. 3akOH U3MEHEHHsI 4acTOThl Mokas3aH Ha puc. 5.28. Lens R4, VDI, VD2
obOecrieunBaeT OBICTPYIO YCTAHOBKY YPOBHS BBIXOJIHOT'O CUTHAJIA JI0 aMILIUTYAbI 2 B.
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Puc. 5.28. 3aBUCUMOCTDH YaCTOTHI
kore0anuit ot emkoctu Cl

Puc. 5.27. Cxema 4acTOTHOTO
MOJYJISITOpa Ha OTEPAIMOHHOM
YCUIIATETIE

5.6. lerektopsl UM-curHasios

HampsokeHne Ha BBIXOJIE YaCTOTHOTO JETEKTOpPA JOHKHO BOCHPOU3BOIWTH
3aKOH M3MEHEHHUSI MTHOBEHHOHN YacTOTHI MOJIyJIMPOBAHHOTO KoyieOanus. [IpencraBus
YM-curnain B popme

Uy (t)=Ucos(uyt +u(?)) , (5.34)

MOJIYYUM JJISl MJICaTbHOTO YAaCTOTHOTO JETEKTOpa CIEAYIONTYI0 (YHKIIMOHATHHYIO
CBSI3b:

do

U gpix (1) = kyy o kygAugt) (5.35)

rie  Aw(t) = dO/dt npencraBiser coOOW MTHOBEHHOE 3HAYCHHE YacCTOTHOTO
OTKJIOHEHMsI BXOJHOro curHana; Ky; — kod(pduuueHT mnepegaum 4YacTOTHOTO
JIETeKTOpa, BRIPAXKEHHBIN B BOJIbTaX HA €UHUITY YIJIOBOM YAaCTOTHI.

[Ipennonaraercs, uro Aw(t), a cnegoBaTteabHo U Uppx(t) SABIAIOTCA
MeqIeHHbIMU  (QyHKIuaMu Bpemenu. [{ns Beigenenust Uppy(t) u3z UM-curnana,
CHEKTP KOTOPOTO COCTOUT TOJBKO M3 BBICOKOYACTOTHBIX COCTABJISIFONIMX (HECyIas
4acToTa @; W OOKOBBIE YAaCTOTHl MOIYIAIMU @;71€)), HEOOXOIUMO HEIMHEHHOE
ycTpoiicTBO. Clie1oBaTelIbHO, YaCTOTHBIN JETEKTOpP 005S3aTeNIbHO JIOHKEH BKIIOYAThH
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B ceOs1 HeNMHEWHBIM 3yeMeHT. OJHAaKO B OTIWYUE OT aMIUIMTYJIHOTO AETEKTOpa
OJTHOTO JIWITh HEJIWHEWHOTO D3JIEMEHTAa HEJIOCTAaTOYHO Il 0Opa3oBaHUS YacTOT
coobmenus. JleldcTBuTenbHO, Ipu paccMOoTpeHrnr BAX HeNMHEWHBIX 3JIEMEHTOB B
pasa. 5.2 BUJHO, YTO MPHU MOCTOSIHCTBE AMIUIATY/IBI BXOAHOTO CUTHAJIA HEJIMHEWHBIN
AJIEMEHT HE pearupyer Ha M3MEHEHUE YacTOThl 3TOro curHaia. MHbIMU cioBaMmu,
HEJIMHEMHOCTh TAKUX YCTPOMCTB, KaK JUOJ, TPAH3UCTOP, IPOSBISIETCS JIAIIb IIPU
V3MEHEHUN BEJIMYMHBI JCUCTBYIOIIETO HA HUX HANPSDHKEHUS, HO HE NPU U3MEHEHUU
4acTOThl WJIH, B OOLIEM CiIy4yae, CKOPOCTU M3MeHeHus: curHana. [loaTomy oOBIYHBIM
YACTOTHBIN JETEKTOpP MpPE/ICTaBisAeT cO00i coueTaHue CIEAYIONIMX JABYX OCHOBHBIX
JacTel: W30MpaTeNbHOM JIMHEHHOW CHCTEMBI, MNpeoOpasyrolieil YacTOTHYIO
MOJYJISILIMIO B aMIUTUTYIHYHO; aMIUIUTYHOIO JIETEKTOPA.

IIpy mnpaBUIBHOM MOCTPOEHUU CXEMbI YACTOTHOTO JIETEKTOPA HU3MEHEHHUE
aMIUIMTYJIbl BXOJHOI'O CHUTHAJIA HE JOJDKHO BIIASATH HA BEJIWYMHY BBIXOJHOTO
HanpspkeHusi. [loaToMy B COCTaB 4YacTOTHOTO JIETEKTOpa JOJKHO BXOJUTH
YCTPOMCTBO JJIsI OTPAHUYEHUS aMILTATY 1Bl BXOJTHOTO CUTHAJIA.

B kayecTBe JMHEMHOM CHCTEMBI MOXKET OBITh HCIOJb30BaHa JIrO0as
AJIEKTPUYECKas 1eMb, 00JaJaronias HEPaBHOMEPHOMW YAaCTOTHOU XapaKTEPUCTUKOM:
RL, RC- punbTpsl U KoJedaTeIbHbIE KOHTYPHI.

5.6.1. YacroTHble UCKPUMHMHATOPHI HAa PACCTPOEHHOM KOHTYpe.
[IpuHiunuanpHas cxema JUCKPMMUHATOPAa Ha PAacCTPOEHHOM KOHTYpe TMOKa3aHa Ha
puc.5.29.

+EC
—T . Uc AYXLIC2 Uy
Cc2 L1 ’ vD1 — Brixon f\u
R|C
> Un
c1 T J_ | {
wp
e”—@ A~ +Aw
Uuu —-—

Puc. 5.29. YacToTHBIN TUCKPUMUHATOP Puc. 5.30. IIpeobpazoanne UM B AM
Ha PacCCTPOCHHOM KOHTYpE

Eciu pesonaHcHas 4acTtoTa KOHTYypa @, OTJIMYACTCS OT CPEIAHCH YacTOTHI
MOIYJIUPYIOIIET0 KoJieOaHusl, TO U3MEHEHUE aMIUIUTY/Ibl HANpPSOKEHUS Ha KOHTYpE
Uk MOBTOpsieT M3MEHEHHE YacTOThl BXOJHOTO HampspkeHus. [IpeoOpazoBanue UM B
AM nnsa cioydass TapMOHHMYECKOM MOIYJSIIMM 4YacTOThl MokazaHo Ha puc. 5.30.
N3menenne ammumryasl Uy ¢ mnomouisio guoma VDI mpeoOpasyercs B
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HA3KOYACTOTHBIE HAIPSKEHUS, KOTOPOE BBIICISIETCA HA alepUuOJAUYECKON HArpy3Ke
RC.

Kak BugHOo u3 puc. 5.30 1y HEHCKaKEHHOW JAEMOAYJSLMM, paboyas TOuka
JIOJKHA YCTaHABIIMBATHCS HA CKaTe PE30HAHCHOW KPUBOM.

JIuCKpUMUHATOP C OJMHOYHBIM KOHTYpPOM 00J1aJlaeT BeCbMa OTPaHUYCHHBIM
JMHEHMHBIM YYaCTKOM PE30HAHCHOW KpPHUBOM, M, KPOME TOro, NPU OTCYTCTBUHU
MOJIC3HOT'O COOOIIEHMSI Ha BBIXOJIE UMEETCs MOCTOsIHHOe Hampsikenue Up. Jlyumume
pe3yabTaThl MOTYT OBITh TIOJYYE€HBl B JUCKPHUMHHATOPE C JBYMS B3aUMHO
paccTpoeHHbIMU KOHTYypamu (puc. 5.31).

Tl T M T &
Ll VDI
— CI I:I Rl —— C Ui
Bxox N
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Puc. 5.31. YacTOTHBIN IUCKPUMUHATOP C ABYMS B3aUMHO
pPacCTPOEHHBIMU KOHTYpPaMH

B aroli cxeme u30upareNbHBIM JUHEHHBIM DJIEMEHTOM SIBIISIFOTCS KOHTYPBI
LICI n L2C2. Koutyp LIC] HacTpamBaeTcsi Ha YacCTOTY (g~ ;TAw,, KOHTYp
L2C2 — Ha 4aCTOTy @in=0 -Aw,. JIns HEUCKAKEHHON AEMOIYIALNN HEOOXOAUMO,
yT0o0Bl paccTtpoiika LC-xkouTypoB B 1,5-1,25 pa3 mnpeBblmiasia MaKCUMAIbHYIO
OTHOCUTENbHYIO J€BHalMI0 4acToThl. [Ipm paccTpoiike KOHTYpOB Ha OOJIBIIYIO
BEITMYMHY, HapsAy C YMEHBIICHHEM HEITWHEHHOCTH M COKpalleHHeM pabdodero
y4yacTKa [MPOUCXOJUT TaKKe CYHIECTBEHHOE CHI)KEHUE UYYyBCTBUTEIBHOCTHU
JTUCKPUMHUHATOPA.

Takum oOpaszoMm, kak ciemxyeT u3 puc. 5.31 u 5.32, U3MEHEHHUS YaCTOTHI
BXOJHOTO HamNpsDKEHUs NpeoOpa3yroTcs B KOJIEOAHUS BBIXOJHOTO CHUTHalIa C
YaCTOTON MOJIE3HOTO COOOIIEHuUs 2, KOTOpBIE BBIAETSAIOTCS Ha pe3uctopax R/ u R2
KaK Pa3HOCTh JABYX BBIIPSAMIICHHBIX Ha auonax VDI wn VD2 wanpsxennit U; u U..
[TocKONBKY KOHTYpPBI PacCTPOEHBI OTHOCHUTENIBHO YaCTOThl @; Ha #Awp, aMIUIUTY 1Bl
Hanpsbkennit U; u U, (puc. 5.31) npu yactote w; (puc. 5.32) oAMHAKOBBI U PABHbI
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U =U,= — (5.36)
1+ Awpty

rne Up — amMmuMTyJa HamnpsDKeHHs TNpU  PEe30HAHCHOW dvacTtore; 7x=2Q/w; —
NOCTOSTHHAs! BPEMEHU KOHTYpa; Q —100pOTHOCTh KOHTYpA.

Awp
AUXL2C2 / |

AUXLICI

/

AUXL2C?2

Puc. 5.32. AMIMTy 1HO-4aCTOTHAs XapaKTEpUCTHUKA JUCKPUMHUHATOPA
C ABYMS B3aMHO PAaCCTPOEHHBIMU KOHTYPaMH

HpI/I OTKJIOHCHHUHU YaCTOThlI IIOABOAHMMOI'O KoJIcOaHus OT @; Ha BCINYHUHY

#Aw;<Awp (cM. puc. 5.32) HanpsKEHUE HA OJTHOM U3 KOHTYPOB YBEIMYHBAETCA, a Ha
JPYrOM YMEHBIIAETCS M Ha BBIXOJE MOSABIAECTCS HANPSIKEHUE C aMIUIUTYIOH U
MNOJIAPHOCTBIO  NPOMOPLHMOHAIBHO  OTKJIOHEHUID  4YacTOThl  OT  YacTOTHI
HEMOAYJIUPOBAHHOIO HOCUTENS. ECIM CHOXUTh pPEe30HAHCHBIE KPHUBBIE KOHTYPOB
LICI wm L2C2, 1O momy4yuTcs pe3yJdbTHPYIOIIas KpuBas JUCKPUMHHATOPA,
MPEACTaBIAIONIAsT COOOW 3aBUCUMOCTb HAIPSKEHUST Ha BBIXOJE OT YaCTOTHI
BXOJIHOT'O CUTHaJIa (3KMpHasi TMHUS Ha puc. 5.32).

5.6.2. YacTOoTHBI JMCKPUMHHATOP C JABYMS CBSI3AHHBIMH KOHTYpPaMu
(puc. 5.33). B kagecTtBe nMHEHHOro H30MPATEIBLHOTO JJIEMEHTA HMCIOJIb3YIOTCS
KOHTYpBI LICI n L2C2. CB3b MeXAYy NEPBUYHBIM U BTOPUYHBIM KOHTYPaMH MOXKET
OBITh €MKOCTHOW, MHIYKTUBHOW WJIM MHIYKTHBHO-€MKOCTHOU. B paccmarpuBaemoit
CXEM€ €MKOCTHasl CBSI3b MEXKIY KOHTYpaMHU OCYILECTBISETCS KOHJIEHCATOPOM CBSI3U
Ccp. O0a KOHTYpa HaCTPOEHBI HAa OJIHY U TY K€ YacTOTy @);.

[lpyHiun fedcTBUS TakoOro JIUCKpUMHHAaTOpa Oa3upyeTcsi Ha CBOWCTBE
CBSI3aHHBIX KOHTYpPOB: €CIIM OJIMH U3 CBSA3aHHBIX KOHTYPOB BO30YKIaTh CUTHAJIOM C
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4aCTOTOM paBHOM 4YacTOTE HMX HACTPOMKH, TO BO BTOPOM KOHTYpE HABOIMTCS
HANpSDKEHKE, CABUHYTOE HA yron 90° OTHOCHTENBHO HANPSIKEHHs Ha IIEPBOM; €CIIH
4acTOTa CUTHAJIA OTJIMYHA OT YaCTOThl HACTPOWKH KOHTYPOB, TO BO BTOPOM KOHTYpE
HAaBOJIUTCS HANPSUKCHUE, CIBHHYTOE Ha Yrojl, OTIHYHBIA OoT 90° OTHOCHTENHHO
HaIpsDKEHMS HAa IEPBOM KOHTYPE.
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Puc. 5.33. YacTOTHBIN IUCKPUMUHATOP Ha CBSI3aHHBIX KOHTYypax

VTl
- @) Ces
Bxon Uyp(t)

IlycTe Ha BXox4 TpaH3ucTtopa V11 momaeTcssi CUTHAI C 4acTOTOM ;. BxomHoe
HalpsDKEHUE KaKOro 4YacTOTHO-U30MparenbHOro kKoHtypa U’ u U™ gaBisercs
r€OMETPUYECKOM CYMMOM JIBYX COCTAaBISAIOIIMX HanpsukeHuss U; Ha koHTtype LICI n
MOJIOBUHBI HAaNpsbKeHus Ha KoHType L2C2—U; (puc. 5.34,a).

90°

U,/2

Puc. 5.34. BextopHble AuarpaMmbl HAPSDKEHUNA YaCTOTHOTO
JUCKPUMHUHATOPA CO CBA3AHHBIMU KOHTYypaMu
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Ha Bbeixoge BropuuHoro konrypa L2C2 nuonsl VDI u VD2 BKIIOYEHBI Tak,
YTOOBI BBIXOJAHOE HANPSKEHUE TUCKPUMHUHATOPA OBLIO PAaBHO Pa3HOCTH HANPSHKEHUIM
Ha Harpy3kax RI/C3 u R2C4, T.e.

UBb]X =U-U". (537)

B nmanHom cmywae, cormacHo puc. 5.34,a, Bektopel U’ u U” wumeror
OJIMHAKOBYIO JUIMHY, a TO3TOMY Uppixy=0.

[Ipy OTKJIOHEHHMH YacTOThl CHUTHANA OT ; Ha Fw, MONYYAIOTCI BEKTOPHBIE
JMarpamMMbl, IPUBEICHHBIC Ha puc. 5.34,0, B, U3 KOTOPbIX BUJHO, uTo U '#U ", T.e. Ha
BBIXOJIE TOSBIIAECTCS HaIpsHKEHUE, MPOMOPIUOHAIBHOE (Aa30BOMY CIBUTY MEKIY
HanpsbkenusiMu U; u U, a clie1oBaTeNbHO, TPONOPLIMOHAIBHOE JIEBUAIIUNA YACTOTHI.

Crnemyer OTMETUTD, UTO MOBEICHUE CUCTEMbI COCTOSIIEN U3 JBYX CBSI3aHHBIX
KOHTYpPOB, HACTPOCHHBIX Ha OJHY M Ty € YacTOTy, CHJIbHO 3aBHCHUT OT
kodpdunmenTa cBsazu mexay Humu. Kpome toro, AUX umeer Manyro KpyTH3HY, a,
CJIeI0BAaTENIbHO, YPOBEHb MOJIE3HOTO CUTHAJ HACTOJIBKO Mall, YTO TPYAHO OOECIEUUTh
JIOCTaTOYHO OOJIBIIIOE OTHOIICHWE CUTHANIA K IIyMy, OOYCJIOBJIICHHOE Tapa3uTHOM
AMIUTUTYAHON MOJyIsiMed, WUCTOYHUKAMHU TUTAHUS U BHEIIHUMHU HaBOJKAMH.
[Tonyuenne xoporeit hpopmbl AUX BO3MOKHO TOJIBKO TIpu Aw/@; << 0,075. B aTom
cillydyae  JUCKPUMHHATOP CO  CBSI3aHHBIMH ~ KOHTYpaMH  HMEET  OOJIBIIYIO
YyBCTBUTEJIBHOCTh U JINHEHHOCT.

[Ipu Aw/w; > 0,075 ero XxapakTEpPUCTUKU 3HAYUTEILHO HIDKE, YeM, HAIpUMeED,
Yy YaCTOTHOI'O JUCKPUMHUHATOPA C PACCTPOECHHBIMU KOHTYpPaMH, CJIE0BATEIbHO, OH
MEHEee MPUeMJIeM JIJis MPeoOpa3zoBaHus ObICTPOMEHSIONIEHCS YaCTOTHI.

HenmocTaTkoMm 4acTOTHOrO IMCKPUMHUHATOPA HA CBS3aHHBIX KOHTYpPAX SBISETCS
HEOOXOJMMOCTh TPEABAPUTEIHLHOTO OrPAHUYEHUS] CUTHAJIOB JUISl  YCTPaHEHHS
napa3uTHON aMIUTUTYIHON Moayisuuu. OT 3TOro HeJAocTaTka CBOOOJEH IPOOHBIM
JETEKTOP.

5.6.3. /IpoOHbIii neTeKTOp. B 1aHHOM JIE€TEKTOpE aMIUIUTYJHOE OTpaHUYEHUE
MPOUCXOJIUT B caMoil cxeme. [IpunnunuanbpHas cxema JpoOHOro IETEKTOpa MoKa3aHa
Ha puc. 5.35. BekropHBIC IUarpaMmbl, MOSCHSIOMHE €r0 pPadoTy, aHATOTHYHBI
PacCMOTPEHHBIM BBHIIIIE.
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Puc. 5.35. IlpuanunuansHas cxema ApoOHOTO ETEKTOpa

OcHOBHBIE OTJIMYHUS APOOHOTO JIETEKTOpa OT YaCTOTHOTO JTUCKPUMHUHATOPA Ha
CBA3aHHBIX KOHTYypax COCTOSAT B TOM, YTO MOJIIPHOCTh auoja VD2 3aMeHeHa Ha
oOpaTHy10, mapasuienbHo KoHaeHcaropam C3 u (4 monkitoueH KonjeHcatop C35
OOJBIION €MKOCTH, a BXOJIHOE HAIPSIKEHHE CHHUMAETCS MEXIy MPOMEXYyTOUYHBIMU
TOYKaMH coequHeHHs1 koHaeHcatopoB C3 u C4 u pesucrtopoB RI u R2. Ilpu stom
C5>>CI1=C2,RI = R2.

B nannom ciyuae Tok auona VDI 3apsixaer konaeHcatop C/ co3gaBasi HA HEM
BBIIPSIMIIEHHOE Hamnpspkenue U', a Tok nuoma VD2 xonpeHcatop C4, co3naBas Ha
HEM BbIIpsAMIIEHHOEe HamnpspbkeHue U”. I1oCKOJIbKYy MOJSPHOCTh ITHX HANpPSHKEHHIMA
COBIIAJIA€T, TO HampsbkeHWe Ha KoHjaeHcatope C5 paBHo U;=U’+U", a BBIXOAHOE
HaIpsHKEHUE paBHO

A
U Uu Uu, U,r»
U =U’——3:—3——3:—3U— ) 5.38
Bhi 2 U+Ur 2 2 U -38)
+1
U”

Orcroga ¥ Ha3zBaHuE — JAETEKTOp OTHOLICHWM. B mpouecce perektupoBanus Us
OCTAaeTCs NOCTOSHHOMN BEIMYMHOM 110 ABYM INPUYUHAM:
1) U’+U”=const, 4T0 BUJHO TNpPU PACCMOTPEHHUH BEKTOPHBIX AUATPAMM
(cm. puc. 5.34);
2) C5 — eMKOCTh OOJBIION BEIWYMHBI, CIEIOBATEIbHO, HANpPSKEHUE Ha
HEW 0CTaeTCs MOCTOSHHBIM B IIPOLIECCE MOMYJISLIUH.
B 3aBucMMOCTH OT 4YacTOThl BXOJHOTO CHUTHAJIa BO3MOKHBI CIIEIYIOIIHE
CUTYaIuu:
w; = Wy, TO U=U"n UBijzo;
w;> @W;, TO U<U” n UBij< 0,
w; < w;, TO U>U" n UBbIX> 0.

Cratuueckue XApPAKTCPUCTHUKHU I[pO6HOI‘O ACTCKTOpPA TaKHC JKC, KaK H
YaCTOTHOI'O ACTCKTOPA HA CBA3AHHBIX KOHTYpPax.

5.6.4. UMmyJbCHO-CYETHBIH YaCTOTHbIM AeTeKTOp. [IpmHUIMnD nencTBus
MMITYJIbCHO-CYETHOTO JIETEKTOpa OCHOBaH Ha INpeoOpa3soBaHMM CHUHYCOMAAIbHOTO
[IEPEMEHHOI0 HAIPSDKEHUS B HMMITYJIbCHI, AMIUIATYAA W JUIATEIBHOCTh KOTOPBIX
IIOCTOSIHHBI M NIPAKTUYECKH HE 3aBUCAT OT 4acTOThl. CpeHee 3HaYCHUE TOKA B LIETIH
C TAKUMHU HMIIYJIbCAMH MPSAMO HMPONOPLUUOHAIBHO KOJIMYECTBY HX B EAUHUILY
BPEMEHM, T.€. 4acCTOTE, YTO IO3BOJSAET IOJYYUTh XapPAKTEPUCTUKY 3aBUCUMOCTH
BBIXO/IHOT'O HaNpPsKEHUS! OT YaCTOThl BXOJHOTO CUTHAJIA, OJIU3KYIO K TMHEHHOM.

CTpykTypHasg  cxXeMa  HMMIYJbCHO-CUETHOIO  YacCTOTHOIO  JETEKTOpa
npeacTaBieHa Ha puc. 5.36. OHa COCTOUT U3 YCUIIUTENS OTPaHUYUTENS, BBIACIUTENS
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nepegHero  ¢GpoHTa  UMIyJibca, (OPMHUPOBATENS]  HMMITYJIbCOB  MOCTOSHHOMN

—%> %>

Uun(t) _|_ _I_I_ Brixon :

Cw

X
X
X

1D§2 Fl | 3| F 4/\{J5
N\

JIUTCIBHOCTH U (anpra HW>KHHUX 4aCTOT, BBIITOJIHAIOMICTO (1)YHKI_II/IIO HHTCIrpaTopa.

Puc. 5.36. UMnynbCHO-CUETHBIN YaCTOTHBIN JETEKTOP

Ha puc. 5.37 npencraBiieHbl BpEMEHHBIE THATPAMMBI, MOSCHSIONIUE MPUHIAI
JIEUCTBUS ONMCBHIBAEMOIO JETEKTOPA

: JANVAWAW)
I VAR VARVAVA

~

4 ~Lconst

5 P

Puc. 5.37. Bpemennble AuarpaMMbl pabOThl UMITYJIbCHO-CYETHOTO
Y4aCTOTHOI'O JETEKTOpa

ChnekTp UMIyIbCOB Ha BbIXoJe (QopmupoBatens F2  Hapany ¢
BBICOKOYACTOTHBIMU  COCTaBIISIIOIIMMH  COJIEPKUT CHEKTPAIbHBIE COCTABIIIOLINE
MOJIyJIUPYIOIEr0 HHU3KOYACTOTHOIO CHUTHAa, KOTOpPHIE BBIACIAIOTCA B (PUIBTpE
HIDKHUX 4acTOT. B pe3yaprare 3TOr0 Ha BBIXOAE JETEKTOpA I10JIy4aeTCs
HU3KOYaCTOTHBIM  CUTHAJI, BOCHPOU3BOJSIIMM  3aKOH H3MEHEHHMS  4YaCTOTHI
IIOZABOAMMOI0 YaCTOTHO-MOAYJIMPOBAH-HOI'O CUTHAJIA.
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HpI/IHHI/IHI/IaJ'IBHaH CxXeMa MMITYJIbCHO-CYCTHOIO YaCTOTHOIoO JCTCKTOpa Ha

DDI.1 DDI.2 VD2 DDI.3

Bxon (] & & q & RI
Brixon C(2)
< ¢ o | <>—|:|T
U | yp; 1 3
1

R2

Puc. 5.38. letekTop UM-curnanoB Ha HUPPOBBIX MUKPOCXEMAX

MHTETPAIbHBIX MUKpPOCXEMax MpUBEJEHA Ha puc. 5.38.

Bxoanoii UM-curnan mnopatoT Ha ¢GopMmHpoBareiab UMIyIbcoB (DDI.1 wu
DD1.2). Uens VD2, C2 3anepxuBaeT CUTHaJI C BbIXoja ajnemeHta DDI.2. Ha
HIDKHUM TI0 CXEeMe BBIBOJ djieMeHTa DDI/.3 TpuUXOoAUT He3aJep KaHHBIM CHUTHAI.
Korna na BeIXOZe snmemeHTa DDI.] TPUCYTCTBYET HANpPsHKEHHE HU3KOTO YPOBHS,
KoHjaeHcatop C2 MENJICHHO 3apsiKaeTcsl BXOJHBIM TOKOM 3jiemMeHTa DDI.3, a korjaa
BBICOKOTO — OBICTpO pa3psbkaeTcs. TakuMm oOpa3oMm, JIMTEIBHOCTh MMITYJILCOB Ha
BBIXOJIC TPOIMOPIUOHAIBHA 3aJEPKKE, a MOCTOSHHAS COCTABJISAIONIAs WMITYJIbCHOU
MOCJIEIOBATEILHOCTH — MOYJIUPYIOIIEMY CUTHAITY.

5.7. ®a30BbIE MOIYIIATOPBI

ITon dazoBoit MoaysIuel, Kak yKa3bIBaJOCh BBIIIE, TTOHUMACTCS U3MEHEHHE
¢da3pl Hecyiero kojiebaHusi MO 3aKOHY M3MEHEHUS MOIYJIUPYIOMIET0 HalpsKeHHUS.
Orta 3a/1a4a MOKET OBITh PEIICHA PA3TUYHBIMUA CTIOCOOAMH.

5.7.1. ®a30Bblii MOIYJAATOP C U3MEHEHHEM PACCTPOIKH KO0J1€0ATEJIbHOI0
KkoHTYypa. Cxema no100HOTO MOYJISITOpa MpeJCcTaBlieHa Ha puc. 5.39.
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Puc. 5.39. ®a30Bblil MOAYISATOP C pEAKTUBHBIM TPAH3UCTOPOM



PeaktuBHBIN  moneBor  Tpansucrop VTI, ¢ NOMOLIBIO  KOTOPOTO
OCYUIECTBIISIETCSI U3MEHEHUE PE30OHAHCHOM YaCTOTHI KOHTYpA, BKIKOYEH MapaJlIeIbHO
KoHTypy L1C4 ycunurens, coOpaHHoro Ha TpaHzuctope V72. Curnan Ha yCUIIUTENh
MOJaeTcd OT CTAaOWJIIBHOIO M HE3aBUCUMOIO TIeHepaTopa C 4YacTOTOM @; 4epes
koHneHcarop cBasu (3. Konpencatop CI m pesucrop RI SBAAIOTCS dJIEMEHTAMHU
PEaKTUBHOIO MoJieBoro Tpansucrtopa. Emkocte C2 sBusercss O0gokupoBouHON. OHa
MPE/ICTaBIAECT COOOM KOPOTKOE 3aMbIKaHUE JJII TOKOB BBICOKOW YacTOTHI U OYEHD
00JIbIIIOE COMPOTUBIIEHUS ISl MOYJIMPYIOIIET0 CUTHAJA C 4acTOTOM Q).

Bce ckazanHoe o paboTe pEeakTUBHOTO TpaH3WCTOpa B moxapazm. 5.5.1
MIOJTHOCTBIO OCTAETCSI PUMEHUMBIM | K CiIydaro (a30BOro MOAYJISATOPA, JIUIIL C TOU
pa3HUIICH, YTO W3MEHEHHWE PE30HAHCHOW 4YacTOTHl KOHTypa MPUBOAUT HE K
W3MCHCHHIO YacTOThI TeHEpaIiy, a K H3MEHEHUIO (ha3bl HANPSDKCHUS Ha KOHTYPE.

CBsI3b MEXJy OTHOCHUTEIBHBIM M3MCHCHHEM PE30HAHCHOH YacTOTHI KOHTYypa
Aw/wp 1 $a3oBbIM U3MEHEHHEM JIETKO MOJXKET OBITh MpEJCTaBICcHA Ha OCHOBAHUH
BBIpKECHUS [ (ha30BOM XapaKTEPUCTUKH KOHTYpa.

(p:arctg(2A—a)9) : (5.39)
@p
IlpupaBHuBast ¢ = 6, wp =w; ¥ MOACTABIA Aw = w,cosQt (Tne wg —

MaKCUMaJIbHOC U3MCHCHUC qaCTOTBI), nojry4yacm

21Hg

0 = arctg ( ucosQt) =6 . cosQt (5.40)

(2]

JIOCTOMHCTBO PaccCMOTPEHHOTO (ha30BOTO MOIYJIATOPA — 3TO BO3MOXKHOCTH
oOecrieyeHus BBICOKOM CTAOMJIBHOCTH CPEJAHEM 4YacTOThl NYTEM MPUMEHEHUS
KBapIIOBaHHOTO 33JIal0lIero reueparopa. Hemocratok — manbie 3HaUCHUS Oy,

Hoay9uTh O,e= (100-200)" M03BOIAIOT UMITYIBCHO-(A30BBIE MOIYISTOPHL.

5.7.2. UmnyabcHo-Ppa3oBbiii Moayastop (MDPM). Cxema HUMITYJIbCHO-
dazoBoro mojmynsTopa mpeacraBieHa Ha puc. 5.40, a BpeMEHHBbIE AHArpaMMBI,
nosicHsronMe eé padory,— Ha puc. 5.41.

3 4 5
Un®) | rmanl L cc } j_el_ oy | Bexon
Uapum(t)
=1 Cw

Puc. 5.40. CtpykTypHas cxema UMITyJIbCHO-(a30BOr0 MOAYISTOpA
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Puc. 5.41. Bpemennsie quarpamMmmsl pabotsl UOM

BricokouactoTabie kosebanus Uy(t) OT KBaplieBOro renepaTopa ¢ 4aCTOTON )
3aIyCKAIOT T'€HEpPaToOp JIMHEHMHO-U3MEHSIOErocs HaIpsSHKEHUs, KOTOPOE MOCTYIMAET
Ha oauH u3 BXOoJoB cxembl cpaBHeHus (CC). Ha Bropoit Bxonm CC mocTynaer
moayiupytomee Hampsbkenue C(¢). Ha Beixome CC mosydaemM OJHOCTOPOHHIOO
IUM. U3 umnynscoB LLIMM dopmupoBatenem FI Bbiaensercs nepeqHuil (GpoHT
uMITysibcoB. B pesynbrare monyuyaem ®UM-curnan. 3atem dopmupoarenem F2
bOopMHUPYIOTCS UMITYJIBCHl OJIMHAKOBOM JUTUTEIILHOCTH, MEPBbIE TAPMOHUKU KOTOPBIX
1 OOKOBBIE YAaCTOTHl MOAYJISIIUU BBIIEISAIOTCA pe3oHaHCHBIM ycunuteneM (PVY). [pu
COOTBETCTBYIOIIEH (QopMe MUIO00PA3HOTO HANPSIKEHUS MMITYJIbChl 4 MOTyT
epeMeInaThest BO BpeMst Moy isiu B mpeaerax (250-280)] u 6,.,=(125-140)°,

JIOCTOMHCTBOM HMMITYJIbCHO-(Aa30BOTO MOAYJSATOpa SIBISETCS BO3MOXHOCTH
NOJTyuyeHUsl OOJBIIMX HHJEKCOB MOJYJIALMUA W BBICOKMX 3HAYEHHH CTaOMJIbHOCTU
JaCTOThI HECYIIIETO KOJICOaHMsI.

5.8. ®@azoBekie gerekTopsl (DJI)

OpgHuM W3 NMEepCHEeKTUBHBIX HampaBieHUuM npueMa OM-curHanoB sBIsETCA
CUHXPOHHOE JETEeKTUPOBAaHME TapMOHHUYECKHX KoyieObaHui. OHO MO3BOJISET
3HAUYMUTENIBHO IIOBBICUTH IIOMEXOYCTOMYMBOCTD W JIMHEHHOCTH JETEKTHUPOBAHUS.
CyImHOCTP CHUHXPOHHOTO JETEKTUPOBAHUS 3aKJIIOYAETCI B TOM, YTO Ha BXOJ
NETEKTOpa BMeCTe ¢ HampspbkeHueM @PM-curHana moJaroT HaIpsKEHUE OIOPHOTO
resepaTtopa (rerepojinHa), COBMAJAIOLIEE M0 YacToTe M (pa3e ¢ Hecyllel yacToTou
OM-curHana. g mosiydeHUs CHHXPOHHOI'O HAaIPsDKEHHMS OIOPHOIO T€Heparopa
MO’KHO HCIIOJIb30BaTh ClENALMN (QUIBTP UM CUCTEMY (Pa30BOH aBTONOJCTPOMKHU
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4acTOThl, KOTOpas Oojee HaJekHa W JIETKO peaju3yeTcss Ha YHHBEPCAIbHBIX
MHUKpOCXEMaXx.

5.8.1. IlepemHoxkawIme IeTeKTOPbl. B KauecTBE MNEPEMHOXKAIOIIETOCS
JETEKTOPAa MOXHO HCIOIb30BaTh qu(pepeHunanbHblil yeunurens (puc. 5.42).

4 > +E]
RI Usvix R2
< Cl | Cc2
Bxon VT1
Uau(?) VT2
R3
Bxog < VT3
Uon(t) R4
RS
VDI > &,

Puc. 5.42. ®a3oBsIit geTexkTop Ha AU GepeHIIHaTBEHOM YCUITUTENE

PaGora cxeMbl OCHOBaHa Ha paclpeAcieHUH KOJUIEKTOPHOIO  TOKa
TpaH3ucTtopa V713, n3MeHsoerocs noj AeicrsueM onopHoro HanpsbkeHust Uop(?),
Mexay TpaHzuctopamu auddepennuansuoro kackaga V71 u VT2, Ha BX0JI KOTOPOTO
nonaerca HarnpskeHue Ugy(?), CABUHYTOE OTHOCHUTEIBHO OIIOPHOIO Ha yroua A,
MPONOPIIMOHATIbHBIN MOAYJIUPYIOIIEMY COOOIIIEHHUIO. Ha BBIXOJIE
muddepeHInanbHOrO  KackaJa BBIIETSETCS HaNpsSOHKEHUE, MPOMOPLHOHAIBLHOE
Pa3HOCTH TOCTOSIHHBIX COCTaBJISIOLIUX KOJUIEKTOPHBIX TOKOB TpaH3ucTtopoB V71 u
VT2.

[Iycte wa cxemy mnonatorcss HanpspkeHus Ugy(t)=U;cos(wt+A@p) n
Uon(t)=U,cosw,t, npuuém kackaa Ha TpaHszuctope V713 paboraer B JHUHEHHOM
pexxume. Kongencaropsr C/ u C2 006pa3yroT ¢ Harpy304HbIMHU pe3uctopamu R1 u R2
(GUIBTPBl HUKHUX YaCTOT, MOCTOSHHBIE BPEMEHHM KOTOPBIX 3HAUUTEIBHO OOJIbIlE
NeproJia BXOAHBIX HamnpsokeHul. [IpakTnuecku EMKOCTh KOHIEHCATOPOB BHIOMPAETCS
U3 YCIIOBUSA

Cl=C2 220/(wR;) . (5.41)

[Ipu 5TOM BBIXOJHOE HaIpsKeHUE /] onpeneseTcs: NOCTOSIHHBIMU
COCTaBJIAIOIMMHU [;; U [;; KOJTIEKTOPHBIX TOKOB TpaH3UCTOPOB V1l n V12, KoTOpBIE
paBHBI

Ikl = 0{1(610[0+ Cl]SgUgCOSA(D)/Z,’
Ikg = Olg(bglo"‘ b]S3UZCOSAQ))/2.
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B cummerpuuHoii cxeme (a;=a; RI=R2) npu OTCYTCTBUM BHEIIHETO
HanpspkeHust cMmenieHuss Ugy, W BHYTPEHHErO HANpSDKEHUS CMEIEHUS HYJIS
kodpbunmenTrel a) = by = 1 v a; =b;. IloaToMy BeIXOAHOE HanpsbkeHue @/ paBHO

UBbIX = (]kZ-IkQ)RZ = -0(2b1S3UZCOSA§D . (542)

N3 Beipaxenus (5.42), onpenensioniero XapaKTEepUCTUKY AETEKTUPOBAHMS
CXEMBI, BUJIHO, YTO HOPMHUPOBAHHOW XapakTepuUCTUKOM P/[ B paccMaTpuBAEMOM
peXuMe paboThl SIBISETCS KOCHHYCOWIA, BBIXOJHOE HampspkeHue @/ mpsmo
MPONOPUUOHAIBHO aMIuIUTy e Uo.

Ecim wa Bxom Ugy(?) m1ogaBaTh TapMOHMYECKHMW CHUTHAJI, a Ha BXOJ
Uon(t) — uMItynbCcHBIN, TO (hopMa HOPMUPOBAHHON XapaKTEPUCTHKU U3MEHSETCS OT
KOCUHYCOMJAIIbHOW 110 JIMHEMHOW B 3aBUCHMOCTH OT BEJIWYMHBI aMIUIMTYyabl U).
Ecniu o00a BXOJIHBIX CHUTHaJa WMIYJIbCHbIE, HOPMHUPOBAHHAs XapaKTEPUCTHUKA
JIMHEIHA HE3aBUCHUMO OT UX aMILIUATY/I.

B 3akimroueHue cieayer OTMETUTh, UYTO, TaK KaK B CXEME€ HE HMCHOJIb3YHOTCH
TpaHchHOPMATOPBHI, TO OHA MOKET IPUMEHATHCS B IIMPOKOM YaCTOTHOM JIMAIa30HE.

5.8.2. ®a3zoBble m3Meputean (puc. 5.43). da3oBblil CABUT MEXKIY JBYMS
MMITYJIbCHBIMUA TOCJIEAOBATEIBHOCTAMH OJHOM YacTOTBl MOYHO OIpPEIEIUTh C
MIOMOIIBIO CXEMBbl M3MEPUTENS, NPUBEACHHONW Ha puc. 5.43,a. B 3aBucumoctu OT
B3aUMHOI'0O  COOTHOILIECHWS BXOJHBIX CHUTHAJOB Ha BbIXOAE D-TpUITEpPOB
bopMHpYIOTCS  pa3NUYHbIe CUTHAJBI, TOCTOSIHHAS COCTABJISIONIAS  KOTOPBIX
omnpenenser (pa3zoBblil CIBUT. JTa COCTaBIIsItONIas Beiaensercs Ha RC-punbpTpe.

[IpuHuun pabOTBl W OCHOBHBIE XapaKTEPUCTUKU HU3MEPUTENS MOKHO
OMPENIEeNUTh U3 S0P CUTHAJIOB, MPUBEACHHBIX Ha puc. 5.43,0-r. B 3aBHCUMOCTH OT
B3aMMHOT'0 TIOJIOKEHHUS BXOJIHBIX CUTHAJIOB MEHsIeTCsl (h)opMa CUTHAJIOB Ha BBIBOJIAX 5
n 9 mukpocxemsl DD].
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Puc. 5.43. ®a30Bblil AETEKTOP HA UHTErPAIBHBIX MUKPOCXEMaxX

Ha puc. 5.43,6 curnan Upgy; onepexaer curHan Upy,, Ha puc. 5.43,B curHai
Ugyx; otctaet ot curHana Ugy,, a Ha puC. 5.43,1 3TH CUTHAJIBI COBMAAAIOT.

B kauectBe QopmupoBatess HMIYJIbCHON TOCJIEIOBATEIIBHOCTH MOXKHO
MCII0JIb30BaTh Kommapartop uiau tpurrep IlImurra.

5.9. AMIUIUTY IHO-UMITYIbCHBIE MOTYJISTOPBI

Monynaropel AUM-curHajgoB cTposTcss Ha 0a3e aHaJOTOBBIX KIIIOUCH U
KOMMYTaTtopoB. JlydlmumMu  XapakTepUCTUKaMHU  OOJaJa0T  TPaH3UCTOPHBIE
MOJIYJISITOPBI. DTU MOJYJISITOPBI BHIMIOJTHSIOT KaK HAa OUMOJIAPHBIX, TaK U HA TMOJEBBIX
TPaH3UCTOPAX.

Mopaynaropbl Ha OUIOJSPHBIX TPAH3UCTOPAX HCIOJB3YIOT B TEX CIy4YasX,
Korja TpeOyercs rajibBaHWYECKas pa3Bsi3Kka MEXAYy JaTYMKOM M YIPaBISIOLIAM
curHasioMm. Ecin ke conpoTuiieHne ncrounnka curana oonee 500 kOwm, To cienyer
IIPUMEHSITH TIOJIEBBIE TPAH3UCTOPHI.

OCHOBHBIM HEIOCTATKOM MOJYJATOpA SBIIAETCS TO, YTO IPU OTCYTCTBUU
BXOJHOTO CHUTHajJda Ha €ro BBIXOJAaX MPHUCYTCTBYET IOCTOSHHOE HANPSHKEHUE,
BO3HUKAIOLIEE 3a CYET TOKOB YTEYKH M MMITYJbCHBIX CHUTHAJOB, CBSI3aHHBIX C
Mapa3UTHBIMU MEKAJIEKTPOIHBIMU €MKOCTSIMH aKTHBHBIX 3JIEMEHTOB. C 3TOW TOUKHU
3pEHMS MOJIEBBIE TPAH3UCTOPHI MPEANOUYTUTEIBHEE, TAK KaK EMKOCTh 3aTBOP—KaHAIl y
HUX 3HAYUTEIIbHO MEHBIIIE MEXAIEKTPOJIHON EMKOCTH OUIOJISPHBIX TPAH3UCTOPOB.

5.9.1. MoayasaTop Ha OMNOJSAAPHBLIX TpaH3ucTopax. PabGora momymnsiTopa

(puc.5.44) ocHoBaHa Ha TMOOYEPETHOM OTKPBHIBAHMHM W 3aKPHIBAHUU TPAH3UCTOPOB
(puc. 5.45).
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Un(t) t
t
Puc. 5.44. AMIIUTYJHO-UMITYJILCHBIN Puc. 5.45. BpemeHHbIe AUarpaMMbl
MOJYJSATOP HA OUIOJISPHBIX paboThI MOYJISITOpA
TpaH3UCTOpax

Korma umnynbc MOJOKUTETBHON TOJSPHOCTH TpUXOAuT Ha Oazy V711, To
TPAH3UCTOP OTKpbIBaeTCA M BXOoAHOM curHan C(#) NpoxXoauT Ha BbIxod. B
cieayomuil  noxynepuoy; curHaia Uy(?) TOJNOXKUTEIbHBIA HMIYJIbC OTKPHIBAET
Tpan3ucTop V712, tpansucrop V1l 3akpeiBaercsa. BeIxon moakiarodaercs: K HyJEBOU
muHe. BaxHbiM (pakTopoM B padoOTe CXEMBI SBISIETCS PAaBEHCTBO OCTAaTOYHBIX
HaIpsKeHUU. [{i1 BBIpaBHUBAHMS 3TUX HANPSLDKEHUM CITY’KUT pEe3UcTop R1.

B wumnynscHoM wmopynarope (puc. 5.46) tpanzuctop VT1 pabGortaeT B
JIMHEWHOM PEKHUME KaK SMUTTEPHBIM TOBTOPUTEIND, @ TPAH3UCTOP V12 — B KIIFOYEBOM
pexuMe. MICTOUHNKOM NMUTaHus TpaH3ucropa V712 saBisercs HaupsHKEHUE B OMUATTEPE
VTI. llpu OTCYTCTBMHU Ha BXOJle | TApMOHMYECKOTO CUTHAJIA HA BBIXOJIE CYIIECTBYET
UMITYJIbCHBIA CUTHaNl ¢ amrumitynod 5 B. M3menenue Hanpspkenuss B 0aze V71,
BBI3BAHHOE TapMOHUYECKHM CHUTHAJOM Ha BXoAe€ |, BBI3bIBACT HM3MEHEHUE
KOJUIEKTOPHOTO HampspkeHust V72, Ha BbIxolie MOSABISETCS MOJIYJIUPOBAHHBIN
curHail. B cxeme MoxHO nonyduth 100%-10 AVM-1. Ecnu Ha BbIX0OJI€ TOAKIIOYUTH
KoJieOaTeNbHbIM KOHTYp, HACTPOEHHBIM Ha MEpPBYI0 TapMOHHUKY HMITYJIbCHOIO
CUTHAJIA, TO MOXHO MOIYy4YUTh AM rapMOHMYECKOr0 CUTHaja.
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Puc. 5.46. UMy 1bCHBIA MOAYJISATOP

JlJig yMeHbIIeHHUs OLIMOKHM U3-32 OCTATOYHOI'O HANPSKEHUsI, COIPOTUBJICHUS B
OTKPBITOM COCTOSIHUM U TOKOB YTE€UYKH B 3aKPBITOM HCIOJIB3YIOTCSI ONEpalMOHHBIE
YCUJINTEJIA COBMECTHO C OUMOJIIPHBIMU WJIM MTOJIEBBIMHU TPAH3UCTOPAMHU.

5.9.2. MoayasaTop Ha NOJEeBbIX TPAH3UCTOPAX M ONEPANMOHHOM
ycusnrede (puc. 5.47). Takue MOy asSTOPBI NOJIYUYHIIA paclpocTpaHeHue Onarogaps
IIPOCTOTE CTPYKTYp M OOJBIIOMY JMHAMUYECKOMY JUANA30HY MOIYJIHPYIOLIUX
curHasioB. B cxeme (puc. 5.47,a) mosieBble TPaH3UCTOPHI BKIIFOUEHBI B LIETIb OOpaTHON
CBSI3M, IOATOMY JIEUCTBYIOIIAs BEIMUYUHA UX CONMPOTUBIIEHUS B OTKPBITOM COCTOSIHUU
ymeHnsaercs B K, pas.
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'. | > Un(t)
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Puc. 5.47. Monynatop Ha ITOJIEBBIX TPAH3UCTOPAX
Y OIIEpallMOHHOM yCHJINTEIE

B monoxuTtenpHble MOMYNEpUOIbl UMITyIbcHON Hecyieh Ug(t) (puc. 5.47,0)
Tpansuctop VTI 3akpeiBaeTcsi, a VT2 OTKpbIBA€TCA M CHUTHAll Ha BBIXOJIE
ONPENIENAETCS BEIPAKECHUEM

UBij=(R2/R]) C(l’

5.9.3. MmHorokanaabHblii  MoayJasarop (puc. 5.48). B  kadecTtBe
dbopmupoBaTeeil ynpaBlISIONMX CHUTHAIOB HCHOJB3YIOTCS MHUKpocxembl DDI ¢
OTKPBITBIM KOJUIEKTOPOM. Tak Kak CONpPOTUBIECHHE 3aKpbITOTO TPAH3UCTOPA
COCTaBJISIET TUTA0OMBI, TO JOIYCKAETCS MapajulesIbHOE BKIIOUYEHHE 10 64 KaHAJIOB IO
MIPUHLHAIY “MOHTAKHOE WIIN .

JIn  yMEHbIIEHWS BIHSHUS KOHEYHOTO  CONPOTHUBJIEHUA  OTKPBITOrO
TpaH3UCTOpPA HA TOYHOCTh Mepeaadu BXoaHoro curHan C(?) rpylnmoBOM CUTHAN Ha
BBIXOJ] TocTynaeT udepe3 Oydepusiii ycunurens DAI. Konnencatop C ycTpaHser
BBICOKOYACTOTHBIE BBIOPOCHI, MOSBISIOMIUECS M3-32 KOMMYTAIIMOHHBIX MPOLIECCOB B
Tpansuctropax VII1-VT4.

T1

V
1
_I_l_ Cl(t)§01.1 ) RS R6
{1—
VT2 D R6 Brixon

1 2
_I_LI_LC2(Z’< GQ g DUl — J_ >
1

DD1.2
K, c

VT3

_h_|2_|_|3_|_C3 (e @

lDD1.3 R3
1.2 3 4 VT4 —

ee="

D D1.L
R4

VYV +I2B
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Puc. 5.48. MHOrokaHaJIbHBIN MOYJISITOP
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5.10. erektopsl AVUIM-curaanos

5.10.1. demonyasiunss AUM-curaanoB puiabTpom HUKHHMX yacToT (PHY).
PaccmatpuBas criektp AUM-curnana (puc. 5.49), BUAUM, 4TO B HEM B YUCTOM BUJE
COJIEP>)KHUTCSI COCTABJISIONIAS. C YacTOTOM MOAYJUPYIOIIEr0 COOOIIEHMs, KOTOpas
MOXKET OBITh BhIZIeNIeHA ¢ moMolsio OHY.

Curnan Ha Beixoge @HY Gyner onuchiBaThCs BBIpa)KEHUEM

Uspbix o™ ( Upx 7/ T) ‘M Koy

Tak xak (77/7)<<lI (11 MHOTOKAHAIBHBIX CUCTEM), M <l U KOdD HUIHECHT
nepenaun naccuBHbIX OHY kgpy<I, To u Uppy Oyner coctaBisath 20-30% ot Upy.
[Tostomy mist sddextuBHoN nemonynsiuuun AWM-curHanoB B MHOTOKaHAJIBHBIX
cuctemMax 1enecooOpazHo npuMeHsTh akTuBHble PHY wunmm gpyrue crnocoOsbl
JETEKTUPOBAHUSI.

5.10.2. ITukoBbIe geTeKTOPHI (pHc. 5.50,a). B nurepatype oHU U3BECTHBHI MO/
HA3BaHUEM TIHMKOBBIX JIETEKTOPOB C OTKPBITHIM BXOJOM, KOTOPOMY OOSI3aHBI
CBOMCTBOM TMPOMYCKaTh Ha BBIXOJ| MOCTOSHHYIO COCTABJISIIOIIYIO MPeoOpasyemMoro
HaIPSKEHUS], €CJIM OHA B HEM COJIEPIKUTCS.

\
\
\ -
T T \\Z// @

Q 0—Q 1 040

Puc. 5.49. Nemonynsius AUM-curnaina ®HY

[Ipu mocTyIIeHNHN MOJOKUTETHLHBIX UMITYJICOB KOHAECHCaTOp C/ 3apspKaeTcs
(puc. 5.50,0) c mOCTOSIHHOI BpeMeHU

Tqp = (RiTRy) C,

rie R; — BBIXOAHOE CONPOTHUBICHUE NPEAbIAYIIETO Kackaga; R, — TpsMoe
conpoTuBiieHue aquoaa VD1 .
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[Ipn oTCyTCTBMM HMITyJbCOB Ha BXoJe KoHueHcatop CI paspskaercs C
ITIOCTOSTHHOM BPEMEHHU

z}ms'p = RHCI-
VD1
B| — > U Usx Usbix
Uppix| — /
Bxon
Ugn(?) []Rl ::C] [] Ry Brrxon g
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Puc. 5.50. [IMKOBBII AETEKTOP

Jlis HeMCKa)KeHHOM  JIeMOyJAlMd HEOO0XOAMMO, YTOOBI CKOPOCTh pa3psjia
KOHJeHcaTopa Obuta OOJbIlIe CKOPOCTH CIaja Orubaromei MOAyIHPYIOIIEro
coobmenuss. Kpome Ttoro, g AMM-curHana CynieCTBEHHbIE OIpaHUYEHUS
BO3HUKAKOT M3-3a Mopora OTKpbiBaHuda Jauona VDI. Ilo »stoi npuuuHe
YyBCTBUTEJIBHOCTh JE€TEKTOpa MOJy4daeTcs HU3KoM. IIpuMeHeHune TpaH3HCTOPOB U
OY  3HauuTeNbHO  YBEIWYMBAET  JUHAMUYECKMH  JMANa3oH  JETEKTopa.
HeobxoaumocTh TOYHOrO MpeoOpa3oBaHus CBs3aHA C NPUMEHEHUEM HMHTErPATbHBIX
MHUKPOCXEM M COOTBETCTBYIOIIUM CHI)KEHHEM YPOBHEH paO0O4MX CUTHAJIOB.

5.10.3.TunoBoii gerektop Ha OY c¢ 3anomuHanuem (puc. 5.51). Bxoanoi
curHan jperekrtopa (puc. 5.51,a) uwepes OY DAl 3apsxkaer konaeHcatop C.
[TocTosiHHOE HampskeHHe Ha KoHaeHcaTope depe3 OOC mogaercss Ha BTOPOM BXOA
OV DAI. Dta cBa3b neiictByet uepe3 OY DA2.

RI Usx Usgpix
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Puc. 5.51. TunoBoit nerektop Ha OV ¢ 3an10MUHaHUEM

Ha xoHaeHcarope yCTaHABIMBAETCS MAKCHMAJIBHOE 3HAYEHHE BXOJHOTO
CUTHala. OTO HANPSHKEHUE MOXKET MPOAOJDKUTEIBHOE BpEMsl OCTaBaThCs Ha
KoHaeHcatope. C NOpHUXOJOM IMOJIOKUTEIBHOIO HMIyJbca MO Ienu coOpoca
IIPOUCXOANUT pa3psa KoHAeHcaTopa. l[locime 3Toro KoHAEHCATOP MOXKET BHOBb
3aIIOMHHATHh MaKCUMaJIbHOE 3HAYEHHUE BXOJAHOIO CUTHAA.

Kak BugHO 13 BpeMeHHBIX auarpamm (puc. 5.51,0), MPOUCXOIUT pacuIiupeHue
UMITYJIbCOB, YTO NMPUBOJUT K YBEIUYECHHUIO aMILIUTYbI IMOJE3HON COCTAaBIISIOLIEH.
Kpowme Toro, ocymectpisiercsa nepexon ot AUM-1 k AUM-II v IOSBIAIOTCS KOPOTKHUE
UMIYJIbChl HAa BBIXOJE€ B MOMEHTHI KOMMYTAIlMM, YTO TpeOyeT MOMOIHUTEIbHON
buabTpaLMK 1EMOAYIUPOBAHHOTO CUTHAIA.

5.11. IIupOTHO-UMITYJIBCHBIA MOZYJISITOP

[upOTHO-UMITYJIBCHBIE MOJYJIATOPHl B OCHOBHOM CTPOSITCS 1O JBYM
KJIACCHUECKUM CXEeMaM: C HCIOJb30BAaHHEM CYMMHUPOBAaHUS W TEPEMHOXKECHUS
MOYJIUPYIOIIETO COOOIIEHHUS C MIUJIO00PA3HBIM (TPEYTOIbHBIM) HAITPSIAKEHUEM.

5.11.1. CymMmMupyromuili IMpPOTHO-UMIIYJIbCHBIA MOAYJATOP (puc. 5.52,a).
['enepaTtop BbIpabaThIBa€T MOCIEIOBATENBHOCTh MPSMOYTOJIbHBIX HMMITYJIBCOB C
YacTOTOM, pPaBHOM YacTOTE PABHOMEPHOM JUCKPETU3ALMH. OTH HUMIIYJIbCHl B
WHTErpatope IMpeoOpas3yloTcs B NWIO00pa3Hbie  (TPEyrojbHBIE), KOTOpHIE
CYMMHUPYIOTCS C MOTYJIMPYIOIUM COOOIIIEHHUEM U MOCTYIAIOT Ha BXOJ KOMIIapaTopa.
Curnan Ha BbIXOJIE KOMIIapaTopa MMEET BHJI MOCJIEI0BATEILHOCTH MPSIMOYTOJIBHBIX
UMIYJICOB, IPOMOAYIMPOBAHHBIX MO AJIUTENBHOCTH (pHC. 5.52,0).
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Puc. 5.52. Cymmupyromuii upOTHO-UMITYJIbCHBIA MOIYJISTOP

[IupuHa UMIYJICOB MPH 3TOM MPONOPLUUOHAIBHA aMIUIUTYJI€ (MTHOBEHHBIM
3HAYEHMSIM) BXOJIHOTO CUTHAJIA.

5.11.2. HIupoTHO-MMIYJbCHBbIH MOAYJATOP PAa3BePTHIBAIOLICIO THIIA
(puc. 5.53). I'eneparop nmi000Opa3HOro HANPSDKEHUS 3aIyCKAE€TCs HMMITYJIbCAMH,
KOTOpBIE CIEAYIOT C IIEPUOJAOM DPABHOMEPHOM AMCKPETU3ALUHA W OJHOBPEMEHHO
YCTaHAaBIMBAIOT TPUITEP B EIUHUYHOE IIOJOXKeHHe. B ToT MoOMmeHT, koraa
[I0/IaBa€Mbl€ HA CXEMY CpaBHEHUS MOAYJIMPYIOLIEE HANpsDKEHUE c(7) W
nuwi000pa3HOE CTAHOBSTCS pPaBHBIMHM, Ha BBIXOJE 3TOM cxembl (opmupyercs
KOPOTKMH MMILYJIbC, BO3BpALlAOLIMKA TPUITEp B IEPBOHAYAJIBHOE COCTOsIHHME. B
pe3yapTare HaIpsHKEHHE, CHUMAEMOE C HAarpy3Kd OJHOIO0 M3 IUIed TPUITEpa,
NpECTaBIsIeT CO0O0M MOCIEeI0BAaTEIbHOCTh UMMYJILCOB ¢ oaHocToponHer [IIMM.
Ecnu HeoOxoaumo nomyuuts nByctoponHioro MM, To cienyer BMecTo reneparopa
MUJI000Pa3HOr0 HANPSHKEHUS BKIIIOUUThH T€HEPATOP TPEYTOJIbHOIO HAMPSKEHUS.
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Puc. 5.53. [llupoTHO-UMIYJILCHBIA MOJIYJISITOP Pa3BEPTHIBAIOIETO TUTIA

BoccranoBieHue ucxoaHOro a”aioroBoro cooOmenus u3 IMM-curnana
MOXET OBITh oOcyllecTBIeHO: ¢ Tmomormplo ®HY, myrem HemocpeacTBEHHOTO

5.12. Jemonynstopsl LHIMM-curnanos

HHTCIPUPOBAHUA U ITYTCM CPABHCHUA C JIMHEHHO HapacCTaromuM HAIIPSAKCHUCM.

5.12.1. JlerexTop Ha ocHoBe ®HY (puc. 5.54). OunbTp HMUKHUX YACTOT
MOAABJSCT HECYIIYI0 YacTOTy @;, €€ TapMOHHUKM M OOKOBBIE IOJIOCHI CIIEKTpa
MOJYJISAIINKU, TOCJE YEero Ha BBIXOJAE IMOJYy4YaeTCs] aHAJIOTOBBIM MOIYIUPYIOIINI

curHain ¢ yactoroit Q (puc. 5.54,0).
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Jlis  HEeWCKa)KEHHOW JeMOIyNALUUd Heo0X0auMo, YTOOBIPOPMHUPOBATEND
o0ecrieunBaj, BO-TIEPBBIX, OONBIIYI0 KPYTH3HY (POHTOB (TOYHOCTH MeEperadyu
JUIMTEJIbHOCTEH HMMITYJbCOB), @ BO-BTOPBIX, BBICOKYIO TOYHOCTb U CTAOMIJIBHOCTH

. 77l 0 .
BepxHero M HuxkHero ypoBHell Upg,,, U Upg,, (mocnennuii xenaTenbHO HUMETh

paBHbIM 0B, 4TOOBI HEe MOJCTpanuBaTh HYJb B BBIXOJHON CXEM€), IPUYEM B 000UX
Clly4asiX BBIXOJHOE€ COMPOTHBJICHUE €ro JOHKHO OBbITh WM OYEHb MajbIM, WIH
CTPOTO OJJUHAKOBBIM.

5.12.2. lerexktop IIUM Ha ocHOBe uHTerparopa (puc. 5.55)
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Puc. 5.55. Unrerpupyrommuii nerekrop [HINMM-curnana

Hopmamuzarop H 1pou3BOOUT JABYCTOPOHHEE OTPAaHUYEHUE BXOIHOTO
CUTHaJIa, T.C. BBIACISAET CPEOHIOI0 YacTh HUMITYJbCOB, HAUMEHEE HCKAXKCHHYIO.
dopmupoBatens F, kak U B IpeablayIieit cxeme, GOpMUPYET UMITYIBCHI C KPYTHIMHU
dbpoHTaMHU, KOTOpBIE TIOCTymaroT Ha wuHTerparop. Ha BwIxoae uHTErpaTopa
MOJTy4yaeM HMMITYJIbChI, TPOMOJIYJIMPOBaHHBIE 110 aMIumuTyie (puc. 5.55,0), Tak Kak
32 BpeMsl KOPOTKOrO HWMIYJIbCA AaMIUIMTYJa BBIXOJHOTO CHUTHaja JOCTUraeT
MCHBIIICH BEJIWYMHBI, a 3a BpeMs Oosiee JIMHHOTO UMITyjbca — Oombinei. Ilepen
MPUXOJIOM TEPEeIHEr0  HMH(POPMAIMOHHOTO HMMIyJIbca IPOM3BOJIAT  cOpoC
WHTErpatopa B MCXOJHOE IOJIO)KeHHE. HWMIyJbChl € BBIXOJIa HWHTErpaTropa
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nocrynator Ha @OHY, rae mnpoucXoauT BbLACIEHHWE OrMOAOIIEH MOJIE3HOrO
COOOLIEHUS.

5.12.3. derexrop HLIMM-curnajia cpaBHuBawouiero tuna (puc. 5.56,a). B
JAHHOM JIETEKTOPE MPOUCXOIUT CPABHEHHE BXOAHOTO CUTHAJIA C JIMHEMHO HapacTa-
IOIMM HAaIpsSKEHUEM, KOTOpoe (opMupyercs TreHepaTopoM NIUI000pa3HOro
HanpspkeHus. [IpuHIun paboThl XOpPOIIO BHJIEH W3 BPEMEHHBIX JUArpaMM pHC.
5.56,6.
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Puc. 5.56. [Jerexrop LLIMIM-curnana cpaBHABAIOLIETO TUNIA

AMIUTMTY/1a CUTHAJIa Ha BBIXOJIe 6 OyJeT MpONOpUUOHAIbHA UIUTEILHOCTH
UMITyJIbCOB Ha BXxoAe [ Hopmanuzaropa H, HO mpu 3TOM curHail 6 Oyaer
JIOTIOJIHUTENIBHO TPOMOJYJIMPOBAH IO YacTOTE, TaK KaK OTKpbITHE Kitoua SWMI
MPOUCXOUT CHAJ0OM HH(POPMAIIMOHHBIX UMITYJIbCOB, YTO BHOCUT JOTIOJHUTEIHHYIO
NorpemHocTs. JlJis yCTpaHEHUs 3TOTO HEAOCTAaTKAa B CXEMY JIONOJIHUTEIbHO
BBEJICHBI YCTPOMCTBA: 3aJEPKKHU Af, 3alIOMUHAIOLIEE YCTPOMUCTBO 3V M aHAJIOTOBBIN
kiou SWM2. Curnan Ha BbixoAe 9 OyleT 3aBUCETh TOJIBKO OT JUIUTEIHHOCTH
uMmnyabcoB  [IIUM-curnana. Takum o6pazom, curnan WM  dakruuecku
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npeoOpa3oBan B curHan AVUM, u3 KOTOporo moJie3Hasi COCTaBJISAIONAs MOXKET OBbITh
BbIJICJICHA PACCMOTPEHHBIMU paHee CPEACTBAMU.

5.13. ®azoumItyabCHBIE MOLYJIIATOPHI

Curnan ®UM, kak npaBuiio, noiyyarot u3 curana [IIM (puc. 5.57,a). dns
ATOTO BBIICIAIOT TepeaHuit u 3amHuii QponThl curHanoB [IMM. Ilpormecc
nonyyernuss ®UM curnano u3 UM mnoxkazan Ha puc. 5.57,06, rtme OykBour O
0003HaYEHBI OTMOPHBIE WMITYJIbChI, @ OyKkBOW M — wH(}OpMaAIMOHHBIC, KOTOPHIC
dbopmupytorcs popmupoBarensmu F3 1 F'4 COOTBETCTBEHHO.
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Puc. 5.57. IIpeo6pazoBarens ILHIMM-curnanos 8 DVIM

5.14. lerekropsr ®MIM-curnanos

Curnanst ®VUIM moryT OBITH NEMOAYJTUPOBAHBI TEMHU K€ CPEACTBAMHU H
Meronamu, yTto U curHaisl [HIMUM. Iloatomy Ha npaktuke OVIM-curnansl nepen
netexktupoBanueM mpeoOpasyior B [IIMM ¢ momomibio yCcTpoCTBa, CTPYKTypHAast
CXeMa KOTOpPOro MpHBEAECHA Ha puc. 5.58,a, a BpeMEHHbIE TMarpaMMbl pabOThl — Ha
puc. 5.58,0, rne COHU — ceneKkrop ONOPHBIX HUMIyJIbcoB, CHHU — cenekTop
MH(GOPMAIIMOHHBIX UMITYJIbCOB. ClleyeT OTMETUTH, YTO OMOPHBIE UMITYIbCHl MOTYT
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Y HE NEepPEeaBaThCs MO KAaHAIy CBSI3M, TOTJA UX BOCCTAHOBJIEHWE OCYIIECTBIISIETCA
nHepuuonHou cucremon GAITY.
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Puc. 5.58. IlpeobpazoBarens ®UM-curnanos B LM

5.15. IuCKpeTHBIN aMIUTATY AHBIA MOJTYJIATOP

Jnst  monydeHus — aMIUTUTYJIHO-MaHUIYJHMPOBAaHHOTO  CHTHaja  MOXKHO
UCIOJIb30BaTh K04  (puc. 5.59,a), BBINOJHAIONIMK POJIb  AMIUIMTYIHOTO
Moayisitopa. [TpuHiun paboTel MOAYJISITOpA MOSICHSET pHC. 5.59,0.
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Puc. 5.59. JluckpeTHbBIN aMITUTYIHBIA MOAYJISITOP
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5.16. lerektop AMII-curnanos

B  kauecTtBe  aemonyisTOpa  HCIOJNB3YETCS  JIBYXIOJYNEPHOIHBIM
BBIIPsIMUTEND U GuinbTp HUKHUX yacToT OHY (puc. 5.60,a), KOTOpHIN MOJABISET
BBICIIIME TAPMOHUKHU BBIIPSMIIEHHOTO CUTHAJIA U OCTAaTKHU Hecylel yactoTel. [locne
®HY BrmoyeHo mnoporosoe ycrpouctso IIY, Ha BbBIXOJE KOTOPOro NOCBUIKH
pUOOpETAIOT IPSAMOYTOJIBHYO dopmy. Bpemennbie aarpaMMel,
WJUTIOCTPUPYIOLIUE Tpolecc AeTekTupoBanuss AMII-curnana, npencraBieHbl Ha
puc. 5.60,0.

1 $ Uavn(?)

. 4 ¢ c(t)

Brixon 0

Puc. 5.60. [lerektop AMII-curnanos

5.17. Monynstopst UMII-curaanos

Mopynaroper ~ UMII-curnanoB  ctpositcsi  Ha ~ 0a3e  TeHEpaTOpOB
rapMOHUYECKUX KOJICOAHUN C HEMOCPE/CTBEHHBIM WM KOCBEHHBIM YIIPaBICHUEM
Y4aCTOTOM.

5.17.1. YacTOTHBI MOAYJATOP C HEMOCPEACTBEHHbIM BO3/J€iicTBMEM Ha
4acToTy KoJiebanuii (puc. 5.61).
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Puc. 5.61. YacTOTHBIN MOIYJSATOP C HEMOCPEACTBEHHBIM BO3/ICCTBUEM
Ha YacTOTy KoJieOaHuM

[Ipn moctymienun Ha BXoJ dopmupoBatesnst DD JTOru4eckoro Hymist ITUOA
VDI 3aKkpbIT TOJOXHUTEIbHBIM CMELIEHUEM, CHUMAeMbIM C pe3uctopa RS,
KoHJieHcaTop C3 OTKIIIOYEH OT PE30HAHCHOTO KOHTYpa M 4acToTa ONpeaelsieTcs
napaMmeTpaMu MHIYKTUBHOCTU L2 u konaeHcaTopa C2. [Ipu mocTyIieHMH Ha BXOJ
DDI1 gnornyeckod eauHunpsl guon VD1 orkpeiBaercss u  KoHueHcatop C3
NOJKIIIOYAETCS MNapajulesibHO KOHTYypy L2C2, 4TO NpPUBOJUT K YMEHBIICHUIO
4acTOThl T€HEPUPYEMBbIX KojeOanuil. OCHOBHOE TOCTOMHCTBO JIaHHOTI'O MOJYJIATOPa
— 3TO OTCYTCTBHUE pa3pbiBa (pa3bl HECYIIETO KOJIEOAHUs B TOYKAX MOAYJISLUH, YTO
YMEHBIIIAET UCKAXKEHUS U3-3a KOHEYHOM IOJIOCHI 4aCTOT KaHala cBsA3u. HemocraTok
— HU3Kas CTAaOMJIbHOCTh YaCTOThI FTEHEPUPYEMBIX KOJICOAHUIA.

5.17.2. YacToTHBIA MOAYJATOP JAUCKPETHOro jaeiicrBusi. JlaHHbIe
MOZYJIATOPbl HAaxXOJSAT B HACTOSILIEE BpPEMS ILIMPOKOE INPUMEHEHUE B TEXHUKE
nepesayu TMCKPETHBIX COOOIICHUI BCIEACTBUE BBICOKOM CTaOMIBHOCTH HECYIIHUX
KoJeOaHuii W MPOCTOTHI yrmpaBieHus. [IpuHIMI paboThl MOXKHO MOSICHUTH TIO
CTPYKTYPHOU cXeme, pUBEACHHON Ha puc. 5.62.

Ha BXOa BBIUMTAIOMIErO0 CYETUMKA MOCTYHAKT HMMITYJIBCHl OT KBapLEBOTO
redeparopa. Koo duiuent nenenus cueTdymka yCTaHABIMBACTCA B 3aBUCUMOCTH OT
BXOJHOTO coo0menus c(¢) (jor. “0” wmmm gjor. “17). Tak kak Ha BBIXOJE
BBIYUTAIOIIETO CYETYMKA UMITYJIbChI OYIyT MOSIBISATHCS C OOJIBIION CKBAXKHOCTHIO, a
CJIeIOBaTeNIbHO, aMIUIMTyJa T[EepBOM TapMOHUKH OyJIeT HE3HAYUTENbHOU, TO
(dbopMHpoBaTEIEM UMITYJILCOB POPMUPYETCS OCIEA0BATEIBHOCTh CO CKBAKHOCTBIO
Q = 2, wu3 xoropoiu @OHY Begensgercs TapMOHUYECKHW  CHUTHAJ,
IIPOMOLYJIMPOBAHHBIN 10 YaCTOTE.

KBapuessrii Jo Berunraromuii DopmupoBaTenb Qunbtp | F
reHepaTop CUETUMK HUMITYJIbCOB CO HIKHUX ——>
CKBaXHOCTBIO Q=2 qacror |BPXOA
Uavn
YcTpouncTBo
Bxon P
(bopmMupoBaHUs
_|_|_ kod(ppunuenta
c(t) JeTICHUS

Puc. 5.62. CtpykTypHas cxema 4aCTOTHOI'O MOAYJIATOpa
JHACKPETHOT'O JEUCTBUSA
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bonee noapoOHO paboTy JaHHOrO MOIYJISTOpPA paCCMOTPUM Ha CIEAYIOIIEM
npumepe. Ilycts yacTora kBapueBoro reueparopa fy= 6861 kl'1, yacrora nocbUIKU
aor. “1” F; = 1,8 xI'u, a yacrora noceuiku Jjor. “0” Fy = 1,97 xI'u. Onpenenum
KO3 (PUIIMEHTHl JEJIeHUs] BBIYMTAIOUIETO CUETYMKA MpHU Iepefadye JIOTHYeCKOr
€AUHULBI U HYJISI COOTBETCTBEHHO.

_ Jo _ 6861 _fo _ 686l
2Fp 2-18 2Fy 2-1,97
3anuiireM ko3¢ dumeHTs! k1 u ko B ABONYHOM HEU3OBITOUHOM KOJIE.
ky=0111 0111 0010, k3 =0110 1100 1110.

W3 naHHOW 3amuCH BHIHO, 9YTO JJII OPTraHW3ald{ BBIYUTAIOIICTO CUETYHKA
HEOO0XO0IMM, KaK MUHUMYM, OJTUHHAAATUPA3PSIIHBIA CUYCTUHK.

Ha puc. 5.63 npuBeacHa NpUHIMIHATBHAS JIEKTPUIECKAsi CXeMa YaCTOTHOTO
MOAYJISITOpa MJisi paccMaTpuBaeMoro npumepa. Jlias mnpaBuinbHON  pabOTHI
HEOOXOIUMO COOIIONaTh ClEAyIOllMe IpaBUila MOAKIIOYEHHs BXomoB D;

cuetunkoB DD2 — DD3.
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Puc. 5.63. [IpuHuMnuanpHas dJ€KTpUYECKask CXeMa YaCTOTHOTO MOZYJISITOpa
JHACKPETHOT'O JEUCTBUSA
Ecimu coorBercTByromme paspaabl Bk M Ky paBHBI €AMHMIE, TO

COOTBETCTBYIOLIME UM BX0Abl D; cuetunkoB DD2 — DD3 noxakmodarorcs K MIUHE
“1”, a ecnmu — Hymo, To — K mmHe “0”. Ecnu paspsin B k| paBeH equHuLe, a
COOTBETCTBYIOIIMI eMy B k(; paBeH HYJO, TO COOTBETCTBYIOIIME BXOAbl D);

MOAKJTIOYAFOTCS K IUHE A, a €CJIM Ha000pOT, TO — K IIUHE B.

Taxkum oOGpa3zom, Ipy MOCTYIUICHUH Ha BXOJ CHTHAJIA C(?) paBHOTO €IWHUIIC,
Ha muHe 4 Oyzaer nor. “1”, a Ha mmHe B — nor. “0” m cyeTymk paboTaeT ¢
KOd(pUIMEHTOM JeNeHusl paBHBIM ki, YTO COOTBETCTBYET YacTOTE BBIXOJHOTO

curHana F = 1.8 k['1. Ilpu mocTymieHnn Ha BXOJ| CUTHaja ¢(?) paBHOTO HYJIIO, HA
muHe A Oyner jor. “0”, a Ha mwMHe B — nor. “1” U B CYETUMKE yCTAHABIMBAETCS
ko3 dunnent k(, 9T0 COOTBETCTBYET YacTOTE BHIXOAHOTO curHana ' =1.97 kI

5.18. Hdemonynstopel UMII-curnanos

5.18.1. YacTOoTHBIl JeTeKTOPp MNpHM MpHeMe MO0 Orudarouiei.
Hemonynstopsl UMII-curuanoB MoryT ObITh peaii30BaHbl Kak Ha IU(QPOBBIX, TaK
Y Ha aHAJIOTOBBIX ycTpoicTBax. CieayeT OTMETUTh, YTO TMOCJIEIHHE B HACTOSLIEE
BpEMsI TPUMEHSIOTCS 3HAYUTENbHO pexe. OOMH U3 BAapHUAHTOB AHAJIOIOBOTO
JEMOYJISITOpa HCcHoJib3yeT mnpeacrtaBieHne UMII-curHana B BUlie CyMMBbI JIBYX
AMII curnanos. Takasg cxema moJjiyuwia B JUTEpPAType HA3BAHUE ABYXIOJOCHOMN
cxeMmbl npuemMa 1o orudaromiei. [Ipunuun paboTel TaKOTO IEMOAYJSATOpPA SICEH U3
NPUBEICHHOM Ha puc. 5.64 CTPYKTYpHOH CXE€Mbl W BpPEMEHHBIX JUarpamm
(puc. 5.65). B BepxHeM TpakTe AEMOIYJSITOPA BBIACIACTCS OrHOaroIias CUrHaia ¢
4acTOTOM f;, B HIDKHEM — C 4YacTOTOW f,. B KaxmoM u3 TpPakToB HMEIOTCS
aMIUTUTYHBIE neMonyisatopel I w /{2, uibtpel HwkHHX bactor ®HY wm
noporoBeie ycTpouicta [1Y1 u I1Y2, xkoTopbie yIpaBisioT paboTON TpuUrrepa.

1 OHY1 V1
~ |/ ~
z » ~ % » Brixon
BXO Di 2 4 6 S T eﬁ
t
1 e ®HY2  NV2 [ 0
U 2 R
wi | [ ~ 1 [ e
118 ~ ~y




Puc. 5.64. lemonynstop UMII-curnana npu
npueme no orudaroie

~

%mr\m\/\ """ N
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Puc. 5.65. BpemeHHbie AuarpaMmMbl 4aCTOTHOTO JEMOIYJIATOpA
IIPY MpUEMe 0 oruodaroiei
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5.18.2. YacToTHbI [AEeTEKTOP AUCKPETHOro JeicrBusi. Bo mMHOrmx
U(GPOBBIX YACTOTHBIX JEMOIYNATOPAX peaju3yeTcs NPUHIMUN KiaccuuKamu
NPUHUMAEMBIX CHUTHAJOB II0 YacTOTE€ Ha OCHOBE M3MEPEHUs JUIMTEIbHOCTH
nosynepuoja (nmepuojaa) NpUHUMAEMOI'0 CUTHAIA.

Ha puc. 5.66 npuBeaeHa CTpyKTypHasi cCXxeMa TaKoro YaCTOTHOIO J€TEKTOpa.
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Puc. 5.66. YacTOTHBIN IETEKTOP AUCKPETHOTO AEHUCTBHS

Bxoanoit UMII-curnan (puc. 5.67) moctynaeT Ha YCHIUTEIb-OIPaHUIUTENb,
Ha BBIXOJE KOTOPOTO IIOJYYaeTcsi IIOCIEN0BATEIBHOCTh  HMPSAMOYTOJIBHBIX
UMITYJIbCOB NIEPEMEHHON JIUTENBHOCTH. [[0J0KUTEIPHBIMU UMITYJIBCAMH CYETUHK
YCTaHABIMBAETCS B HUCXOAHOE mojoxeHue. CUETUUK COIEpKUT B cebe JBe
JEKOUPYIOIIME CXeMbl s (pUKcalMu JABYX BpPEMEHHBIX 30H: OJHOW — TIpHU
KOJIMYECTBE TAKTOBBIX MMITYJbCOB Ha MHTEPBAJE OJHOTO MOJyNEepUoda BXOIHOIO
KoJIeOaHUsl, MEHBIIUM HEKOTOPOTrO 3HAa4eHWs b, U BTOPOM — MpPU KOJIUYECTBE
TAaKTOBBIX MMIIYJHCOB Ha MHTEpBaje OJAHOIO MOJYNEepHo/ia BXOJHOTO KojeOaHus,
OOJIBIIMM HEKOTOPOIr'O 3HAYEHUs d, MpUYeM a > b. YKa3aHHbIE 30HbI BbIOUpAIOTCA
TaKMMH, YTOObI MOXHO OBUIO YETKO pa3ivyaTh NEPUOIbl KoJeOaHUH JBYX
3HAaYalIMX YacToT.
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Puc. 5.67. Bpemennble guarpamMmbl pab0OThl YaCTOTHOTO JIETEKTOpA
JIUCKPETHOT'O JEUCTBUS

Bpixoapl cxeM JEeKOAMPOBaHMS NOAKIIOYAKOTCA K BXOJaM TPUITEPA,
IIOCPEACTBOM KOTOPOI'0 BOCCTAHABIMBAKOTCA MOCBUIKM IIOCTOSIHHOTO TOKa. Yacrora
TAaKTOBBIX HMMITYJIbCOB BBIOMpAETCsl TaKoW, 4TOOBI oOecrmeumBaiach JOCTaTOYHO
yeTkasi uKcalus 3HaYalux 4actoT fi u f,. Ecniu na momynepuone UMII-curnana
YHCJIO TAKTOBBIX UMITYJIECOB, TOJCUYUTAHHBIX cUeTIMKOM ST-DC, okaxeTcs: 00JbIIe
b, HO MeHbIIE @, TO TPUITEP BOCCTAHOBIIEHUS IMEPEAAHHOW IMOCIEI0BATEILHOCTH
IIOCBUIOK COXpPaHSAET COCTOSIHME, B KOTOPOM OH HAaXOAWICS Ha NPEAbIAYIIEM
WHTEpBAJIE.

N3 paccmoTpeHus npuHIUOA padOThl JAEMOJYJATOpa CJIEAYEeT, UTO
BOCCTAHOBJICHHBIE MOCBUIKM MOTYT IO IJUTEIbHOCTU OTINYATHCS OT MEpPEJaHHbBIX
MOCBUIOK Ha BennuuHy nepuona YMII-curnamna. U, kpome Toro, paccMarpuBaeMblil
JETEKTOP LEJIeCO00pa3HO TMPUMEHATh, KOT/Ia YacTOTa MOIYJISIMU 3HAYUTEIIbHO
MEHbIIIE YaCTOThI HECYLIETO KOJECOaHHUS.

Pa3HOBUIHOCTHIO METO]a UBMEPEHUS JUTUTEIBHOCTH MOTyTIepruoa (mepuoaa)
MPUHUMAEMOTO CHUTHAJIa SBJISIETCS METOJT M3MEpPEHUs pa3HOCTH Halera ¢asbl
TEKYLIEr0 HECYIIEro Kojie0aHusl OTHOCUTEIBHO MPEIIECTBYIOIIETO NEPUoa.

5.19. Moaynstopet @MII-curnanos

OcyiiecTBUTh MOAYJISALIMIO (Pa3bl HA MEepeaue MOKHO PA3NTMUHBIMU MYTIMH.
Opna u3 mpocTelmux cxem mpuBeAeHa Ha puc. 5.68. Hecymias yacrora nomaercs
Ha MEpBUYHYID OOMOTKY TpaHchopmaropa 77, a HanpsbDKeHHE  JBOUYHBIX
MOCBIJIOK — B cpeiHue Touku TpanchopmaropoB 717 u 12.

VDI

Tl |< 12

VD2

Bxonx Brixon
Un(t) VD3 Uswmn(?)

VD4

V Bxon <)V
121



Puc. 5.68. Cxema ¢azoBoro Mmogynaropa

[Ipy HanpsokeHUM JBOMYHBIX CHUTHAJIOB, OOJbIIEM, 4YeM HanpsHKeHHE
Hecymied, auonael VDI-VD2 OynyT SBASTBCA  DJIEKTPOHHBIMH  KJIHOYaMH,
YOPABJISIEMBIMA TOJIBKO HAIPSDKEHUEM JTHUX CHUTHAjIOB. B Takux ycloBuUsX
CONPOTUBJICHUE OTKPBITBIX JUOJOB MOJHO IIPUHATH PaBHBIM HYJIO, a
COIIPOTUBJICHUE 3aKpPBITHIX JUOJOB — OECKOHEYHOCTH. YUMTHIBAs CKa3aHHOE, IO
CXEME JIETKO MPOCIEANUTD, YTO P MOCTYIUIEHUHN MOJOKUTEIbHON MOCBIIKHA JHOBI
VDI w VD4 otkpeiThl, a quoasl VD2 w VD3 3akpbiThl. B ciydae mocTyruieHus
OTPHUIIATEIHHOM MOCHITKA OTKPOIOTCS nuoabsl VD2 u VD3 u, Hao60poT, 3aKkporoTcs
muonsl VD1, VD4. Jlerko Buzaerp, 4yTO INpU IEpexone OT OOHOM MOJSAPHOCTH
MOCBUIKU K JIpyroi ¢aza curxaia noBopadyuBaeTcs Ha BbIXoj1e cxemMbl Ha 180°.

B cxeme, mpexacraBienHoi Ha puc. 5.69, umsmenenue ¢aszpl Ha 180°
ocyiecTBisieTcst (pa3oBpamiareneM, a KOMMYyTalMs ABYX KoJeOaHW Hecyllen
4acToThl (Sinwf u sin(wyf + 7)) — MOLYJIUPYIOIIUM COOOIICHUEM.

G sinwyt | @azoBpamraresib sin(ot+7) SWM|
(VV\ Ha A= 180° 1 BBIxox
12—
Bxo ] U@MH(Q
XO01 F SWM| |
(v L’

Puc. 5.69. ®a30Bb1i1 MOAYIATOP AUCKPETHOTO IECUCTBUSA

Hns popmupoBanuss ODPMII-curnana HeoOXoauMO Ha Bxone (Ha3oBOro
MOJYJIATOpa yCTaHOBUTH yCTpoucTBO (puc. 5.70), mpeoOpasyromiee OpsiMON KO
(cooOrienue ¢(t)) B OTHOCUTEIbHBIMH.

TakToBBIE WMITYJBCHl TIOCTYNMAIOT HA CXEMY COBMAJCHUS B MOMEHTHI,
COOTBETCTBYIOIIIME CEpelIMHAM E€IUHUYHBIX 3JIEMEHTOB CUrHama. [Ipu coBmageHun
00euX TIOCTENOBATEIBHOCTE Ha BBIXOJE CXEMBl COBMAJACHUS TOSBISIOTCS
CMHUYHBIE MMITYJIbChI, KOTOPBIE IMEPEBOAST TPUTTEP W3 OJHOTO COCTOSHUS B
npyroe (puc. 5.70,06). Takum oOpazom, mpH mepenade SAMHUYHBIX JIEMEHTOB Ha
BBIXOJIE TpPUITEpa BCSIKUWA pa3 MOSBISETCS (POHT MOAYJIUPYIOIIETO CHTrHAaja,
KOTOPBIN M U3MEHSET (pa3zy HOCHUTES.
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Puc. 5.70. IIpeobpazoBarenb NpssMoro Kojia B OTHOCUTEIbHBIN

5.20. Hderexktopst ®MII-curnamna

Ha npaxtuke mmpokoe pacnpocrpaHeHue mis aerekruposanus OMII-cur-
HaJa HalUIM CXeMbl OaJaHCHOTO M KOJBLEBOrO INpeolOpa3oBaTens 4YacTOTHI.
ITpocreilias cxemMa AETEKTOpa, HUCIOJIb3YIOLIEr0 KOJBLEBOM IMpeoOpa3oBaTeib
4acTOThI, IIOKa3aHa Ha puc. 5.71, a BpeMeHHbIEe AUarpaMMbl €ro paboThl — Ha pUC.
5.72.
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Puc. 5.72. BpemenHnbie quarpamMmmsbl paboThl (a30BOTO AETEKTOPa

OmnwucanHas BbllIe cxema (pa3oBOro J€TEKTOpa OCHOBAHA HA MCIOJIb30BAaHUU
KJIACCHUUYECKOTO (Pa3oBOro JEMOIYJATOpPA, COCTOSALIET0 W3 MEPEMHOKHUTENS U
¢unbpTpa HUKHUX YacToT. OJHAKO HAIWYUE TakuX (UIBTPOB HE BCETAA SBISCTCS
XKenaTenbHbIM. Torma MCHoib3yroTcss (a3oBble  pa3iuuuTeNd, oO0Jaaaronme
MOPOTOBBIMU CBOMCTBAMH U HE UMEIOIINE TUHEHHBIX CXEM.

5.20.1. da3oBble AeTEKTOPbI IMCKPeTHOro naeicreusi (puc. 5.73).
BxonHO# cUTHan ¢ BBIXOAA YCHUIUTENS-OTPAHUYUTENs MOAAeTCS Ha BXOJbI JIBYX
cxeM M, a Ha BTOpble BXOJBI ITHX CXEM MOJAIOTCSA JIB€ TMOCIEI0BATEIbHOCTH
UMITYJIBCOB, COOTBETCTBYIOIINE (PPOHTAM HECYIIETO KOJeOaHWs, HO CABUHYTHIC Ha

nonmnepuona Uy uw Uy (puc. 5.74). TlocpenctBoM 3TUX — UMITYJIbCOB
OCYULIECTBIJISIETCSI CTPOOMPOBAHUE HMMITYJbCOB IPEABAPUTEIBHO OrPAaHUYEHHOIO
BXOJIHOIO CHUTHaja. JleMoIylnMpOBaHHbIE HWMIIYJIbChl CHHMAIOTCA C BBIXOZA
tpurrepa DD3.
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Puc. 5.74. Bpemennbie quarpammbl paOoTsl ()a30BOTO pa3TuIUTEN]

OpHoll U3 OCHOBHBIX mpoOsieM npu aemoxayissuuu OMII-curnana saBisgercs
npobiieMa MOJyYeHuUs] OTMIOPHOTO HANpsKEHUs. B kadecTBe OMOpPHOTO HANPSKEHUS
MO>XHO HCIIOJIb30BaTh: HANPSIKEHHE BBICOKOCTAOMIBHOTO MECTHOTO T'€HEpaTopa;
NUIOT-CUTHAJI, TEPEAaBaeMblii MO CIEUHATbHOMY KaHaly OT I[epeAaTyuKa;
HaIpspKeHHE, BBIACISIEMOE U3 paboyero cUurHania.

Jlaxxe mpu BBIOOpE TOCTATOYHO CTAOWUIIBHOTO MECTHOTO T€HepaTropa €ero
yacToTa Oy/leT OTIMYAThCS OT YacTOThl HECYIIEH, YTO MPUBOJIUT K HaKAIUIMBAHUIO
pacxoxeHus (a3 Hecylel U ONOPHOro HanpsbkeHus. B Xyauiem ciayyae cABUT 1O
(da3ze MexIy OMOPHBIM HaNpsHKEHUEM U Hecylled cTtaHoBHUTCA paBHbIM 180°, mpu
ATOM BCE JIEMEHTHI IPUHUMAIOTCA “‘Hao0opoT” (“0” BMecto “1” u “1” BmecTo “07),
WM, KaK TOBOPST, BO3HHUKAET siBICHHE “00paTHOU paboThl”. Bropoi cmocod He
HallleJ MIMPOKOTO PACIpOCTPAHEHUS H3-32 HEOOXOJUMOCTH BBIJCICHUS IS
nepe1ayy NUIOT-CUTHANIA TOJIOChl YaCTOT M MOILHOCTH 3a cueT pabodero curhania,
YTO MPUBOANT K YXYIIICHUIO YCIOBUH Mepeaadn padouero CurHaa.

Haubonbiiee pacnpocTpaHeHUE MOMYUYUIT TPETHM CrOCOO, OCHOBAHHBIM Ha
s dexTe “CHATUS MOAYIAIUN .

5.20.2. ®opmupoBanue onopHOro Hanpskenus no Iucronskopcey. Onun
U3 BapUaHTOB CXEMbl BBIJEJICHHS OINOPHOIO HAMPSHKEHUS W3 NPUHUMAEeMOro
CUTHaJa MPUBENIEH HA puUC. 5.75.
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Puc. 5.75. Cxema BbIACIEHUS OIOPHOTO HAIIPSIKEHUS

Boinpsimutens ycTpaHseTr (a3oByl0 MOAYISLUIO. BbINpSAMIIEHHBIA CUTHAI
SIBIISETCA TeproMueckuM ¢ nepuonom T =1/2 f,;, T.e. yactoTa nepBoif rapMOHUKK

paBHa yABOCHHOW 4dacToTe Hecyuien. [1oaTomy mociie BeieneHus: y3KOIMOJIOCHBIM
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IIOJIOCOBBIM (1)I/IJ'IBTp0M VII® 4actoThl 2fH OHa I10JacTCia Ha ACIUTCIIb 4YaCTOTHI C

Kod(hpuIieHTOM JeleHus, paBHbIM JIBYM. JlJii yMEHBbIIECHUS ypOBHS IMOMEX Ha
BBIXOJIe (pWIIBTPA €ro moJjioca MPOMYyCKaHUsl JOJHKHA ObITh, BO3MOXXHO, MEHBIIIE.
OpnHako cienyeT NpeayCMOTPETh BO3MOXKHOCTh YXOJa 4YacTOThl HECYIIEd Ha
nepegaye OTHOCHUTENIBHO €€ HOMHUHAJIbHOro 3HaueHus. ®DazoBpamarens @B
o0OecreynBaeT KOMIIEHCAIMIO (Pa30BbIX CIBUTOB, BO3HUKAIOIIMX B CXEMeE
BBIJICJICHUSI OINOPHOrO0 HAMNPSHKEHUS, 4YTO TI03BOJSIET IOJYYUTh KOTE€PEHTHOE
onopHoe Hanpsbkenue. [Iponecc MmonaydeHHsl OMOPHOTO HAIMPSIKEHUS TOSICHAETCS
BPEMEHHBIMM AMarpaMMamMu Ha puc. 5.76.

5.20.3. ®dazoBpamarenab. YcTpoilcTBO (puc. 5.77) mnpeaHazHaueHO st
u3MeHEeHUs (a3pl TapMOHMYECKOro curHama B auamazoHe ot 0 go 180° mpm
M3MEHEHUHU YIIPABISAIONIEro HanpsbkeHus ot —1 go +1 B.
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Puc. 5.76. BpemeHHbIe 1MarpamMMsbl, WITIOCTPUPYIOIIUE MPOILIECC MOTYyUEHUS
OTIOPHOTO HANPSIKEHUS
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Puc. 5.77. ®a3zoBpamareib Ha MOJIEBBIX TPAH3UCTOPAX

B ocHoBY (hazoBparaTens mojioKeH MOCT, BBITIOJIHCHHBIM Ha dJIeMeHTax R2,
RS, C2, C3, VT2. B kayecTBe YIPABJAIONIETO 3JIEMEHTA HCHOJIB3YETCs IMOJIEBOM
Tpansuctop V712, cCONpOTUBIEHHWE KOTOPOIO MEHSETCS B 3aBUCUMOCTH OT
YIPaBISIOMIETO0 curHaiza. Kpome TOro, BKJIIOUEHHE 3TOrO0 TPAH3UCTOpPAa B MCTOK
Tpansuctopa V71 obecriednBaeT OOJBIIOE COMPOTUBICHHUE I BXOIHOTO CHUTHAJIA.

BrerxomHoi#t curaan (asoBpamaTenbHOTO MOCTa MOAAETCS Ha 3aTBOP TPAH3HCTOPA
VT3.
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