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VY nociOHUKY pO3TISHYTI OCHOBHI PI3HOBUIM T'€HEPATOPIB CIIEKTPUYHUX KOJIMBAHb,
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I'enepaTopsbl 3J1eKTPHUYECKUX KOJIeOaHMIT

1. O0mue cBexeHust
1.1. ABTOKOJI€0aTEIbHEIE cHCTEMBI. O01IME CBeaeHHS

I'enepamopamu Ha3bIBAIOT YCTPOWCTBA, MpeoOpa3yrollue SHEPTUI0 KaKoro-JInbo
UCTOYHHMKA B JHEPrur0 KoseOaHuil. B pamumoTexHHKe T€HEepaTopbl HCIOJIB3YIOTCS C
MOMEHTa U300peTEeHUs pajino, CBEpIIUBILIErocs B KoHile 19-To Beka. B Hacrosiee Bpems
pa3IMYHOTO poOJia TEHEpaTopbl HAXOAAT IIMPOKOE MPUMEHEHHE B aHAJIOTOBOM U
1M (POBOI TEXHUKE COBPEMEHHOM PAIMOAIEKTPOHUKH.

31ech paccMaTpUBAIOTCS TE€HEPATOpbl, MPEOOpPa3yIOMIMEe IHEPTrUI0 HCTOYHUKOB
MOCTOSIHHOTO HAMPSDKCHHUsI B AJIEKTPUYECKUE KOJIeOaHUS HAmNpsHKEHUH M TOKOB B
CUCTEMAX, COAEPKALIUX 2IeKMPOHHbLE YCUTUMENbHbIE Yenu U Yenu 0OpamHou Ces3uU.

Hanmomuum, uto oépamnoit ceazvto (OC) Ha3bIBalOT SBIEHHE OOpaTHOTO
BO3/ICHCTBHS PE3yNbTAaTOB MpOIlecca B CUCTEME Ha ero mporekanue. Ecnu npu Hanmuduu
OoOpaTHON CBSI3M pe3yNbTaThl Mpollecca OCIAOISAIT €ro AeMcTBHE, TO Takas CBA3b
Ha3bIBaeTCI ompuuamenvnoii oopamnoui ceéazvto (OOC), a ecium YCHWIHBAIOT —
nonoxcumenvnou oopamnoii ceazvto (II0C). B mociaegneM ciydae NpEeBBIIICHUE
HekoToporo mopora [IOC mpuBOIUT K TOMY, YTO IOBEJCHHE CHUCTEMbl CTAHOBHUTCS
Heycmouyugvim. Hamnune y cuicTeMbl HEYCTOWUMBOIO COCTOSIHUSI PABHOBECHS SIBIISIETCS
ee MPUHIUIHNAIBHBIM CBOWCTBOM, 00€CIIEUMBAIOLIIM pabOTy Fr€HEPAaTOPOB.

Ecin B cucreme Japyrue COCTOSHUSI pPaBHOBECHS, KpOME HEYCTOWYHBOTO,
OTCYTCTBYIOT, TOrJJa B HEW BO3HHUKAIOT aeémokonedanusa. VX dopma, BeanmuuHa
(ammMTyga) M YacToTa OMNPEAENSIIOTCS CBOMCTBaMHM caMoil cuctembl. llomoOHbIe
CUCTEMBbI HAa3bIBAIOT AGMOKO1€0amenbHblMU, 2 COOTBETCTBYIOIIME UM TE€HEpPaTOpbl —
asemozenepamopamu (Al'). K uxX yuciny OTHOCATCS aBTOr€HEpPaTOpPbl FAPMOHUYECKHX
KOJIeOaHUIl 1 aBTOr€HEPaTOPhl PelaKCallMOHHBIX (MMITYJIbCHBIX) KOJIEOaHUH.

Ecnu B cucteme Hapsiiy ¢ HEYCTOMYUBBIM COCTOSTHUEM PaBHOBECHSI UMEETCS OJTHO
JUITENbHOE YCTOWYMBOE COCTOSTHUE PABHOBECHS, TOT/la B HEH MOXKET OCYIIECTBISATHCS
TCHEpUPOBAHWE  HMMIYJIbCHBIX  KOJEOAHWH, WHUIMAPOBAHHBIX  BHEUNTHUMU  —
(BamyCKAlOMUMW»  CUTHaJTaMH. Takue  CHCTEMbl  MOXXHO  ONpPENENTUTh  Kak
MoHOCmadunvbHble 2eHepamopwvl. K HUX YNACITYy OTHOCATCS MHcOyusue UMNYIbCHbIE
2eHepamopbul, Ha3bIBAEMBIE TAKKE 0OHOBUOPaAmMOpAMU.

Ecnu B cucreme Hapsily ¢ HEYCTOWYMBBIM COCTOSIHUEM PABHOBECHUS MMEETCS JBa
JUTATEBHBIX YCTOWYUBBIX COCTOSHUSI PABHOBECHS, TOTJA B HEH MOTYT OCYIIECTBISATHCS
CKa4KOOOpa3HbIe TMEpPexXoAbl OT OJIHOTO COCTOSHHUS K JAPYyroMy, HWHHUIIMAPOBAHHBIC
BHEITHUMH CHTHAJIaMUA. OTH CHCTEMBI, IO CYTH, SBISIOTCS OucmaoduibHbimu
2enepamopamu. TakuMy UMITYJIbCHBIMHU T€HEPATOPAMU SIBIISIIOTCS. mpuzzepal.

[Tporeccel, TPOUCXOASIINE B PACCMATPUBAEMBIX CHCTEMax, OIKCHIBAIOTCS
HeluHeunbiMu Oughghepenyuanvuvimu ypasneHusmuy. TOUYHBIX aHATUTHYECKUX METOJIO0B
pEeIIeHUsI TAKUX YpaBHEHHH, 32 pEAKUM UCKIIOUEHHEM, HE CYIIECTBYET. B CBS3M € 3TUM B
TeopuH Kojebanuii ObLIO pa3paboTaHO OOJBIIOE KOJUYECTBO Pa3HOOOPA3HBIX METOJ/OB



NpUOMIMKEHHOTO  aHann3a  HenuHelHbXx  memeil. Kaxaenidi  merom  oOnamaer
ONPEIECIICHHBIMU MPEUMYIIIECTBAMHU IPU PEIUICHUU HEKOTOPBIX 3a]1a4, YCTyIas IpyTruM B
UHBIX ciyyasx. [laxke mpu HCClenoBaHUM OOHOM M TOM K€ CXEMbl T€Heparopa B
3aBUCUMOCTH OT PEXHUMa €ro pabOThl, HHTEPECYIOIIUX BOMPOCOB, TPEOYyEeMO TOUHOCTH U
HaIJISIAHOCTH PELUICHUS TPUXOIUTCS NPUMEHATH Pa3JIMYHbIE METOIBI.

Jlanee npu aHanu3e reHEpaTopoB OYAYT UCIOIB30BATHCS MEmOO TUHEapU3ayuu u
KeazunuHetiHvlll Memood (METOJ TapMOHUYECKON JIMHeapu3aiun). Kakaplii U3 HUX UMeeT
A1 pPa3HOBUIHOCTEH.

Memoo nuneapuzayuu 3aKIOYACTCS B 3aMEHE HEJIMHEWHBIX 3aBHUCUMOCTEH
JUHEUHBIMM, YTO CIPABEAJIUBO TOJBKO JIS MAaJbIX OTKJIOHEHUM OT COCTOSIHHS
paBHOBecus (mokosi). OH MOpUMEHSETCSI B OCHOBHOM IMPU WCCIEAOBAHUU YCA08UL
YCMOUYUBOCNU W YCIOBULL CAMOBO30YIHCOEHUAL.

Keazununeiinotii memoo (Memoo zapmonuueckoil 1uneapusauyuu) MPAMEHSIETCS
MpU HCCIECOBAaHUU CHUCTEM, KOJIeOaHUSI B KOTOPBIX OJIM3KM K rapMoHuyeckum. OH
OCHOBaH Ha AaHAJIW3€ COOTHOILICHWN MEXIYy NEPBBIMA TapMOHHMKAMH HANPSHKECHUN U
TOKOB U 3aMEHE HEJIMHEWHOT0 JIEMEHTA SKBUBAJICHTHBIM JIMHEHHBIM, XapaKTEPU3yEMbIM
CpEeIHUM MO MEpPBOM rapMoHUKE napameTpom. Ilocie Takoil 3aMeHbl HEIMHEHHAs LETb
ONMCHIBAETCS JIMHEHHBIMUA YPAaBHEHUSIMH M MOKET UCCIEN0BATHCS METOJAMHU JIMHEHHOM
TEOpUHU, HAMpUMEpP METOAOM KOMIUIEKCHBIX aMIUIMTYJ. HeIuHEeWHOCTh CXEMBbl
MPOSIBIIAETCSI B 3aBUCUMOCTH CPEJHEr0 IapaMeTpa, XapaKTepU3YyIOLIEro HEIMHEHHBIN
AJIEMEHT, OT AaMIUIMTYyIbl KojeOaHuil. MeToj mnNpuMEHseTcss B OCHOBHOM IIpH
HCCIICIOBAHUM CTAIMOHAPHBIX PEXXUMOB PabOThI, HO MOXET OBITh MCIOJIb30BaH U MPHU
aHaJIM3€ NePEXOAHBIX MPOLECCOB B CUCTEMAX.

Cxema mnpocrenmen cucteMsl ¢ OC, conmeprainas 3B€Hbsl NMPAMOM Iepenadyud U
oOpaTHOU cBsi3H, npenctarieHa Ha puc 1.1 a. 3Benom npsmoit nepenauu (3I1I1) 3xech
CIIY>KUT YCUJIMTEIbHBIN KacKkajJ — HeJIMHEWHash HeB3auMHasl 1eMb, Mepeaaroias CUrHajil
TOJBKO B OJJHOM HarpaBiieHHH. [Ipu ucnonp30BaHuM METOIa JIMHEAPHU3ALUK 3TO 3BEHO, B
o0IeM ciryJae, XapakTepHu3yeTcsi KOMIUICKCHOW mepenatouHoi ¢yHkmuert K(w) wmm

K03 GuIeHTOM nepeaayn K s pe3suCTUBHOIO KacKaa.

Bx Bbix
Bx D3I'II7 —.—§le DK(a));k
30C |<— B(w); B
a) 0)

Puc. 1.1. Cucrema c oOpaTHOIl CBS3bIO:
a) o0mIuii ciryyJaif;
0) nuneitHas cuctema ¢ OC

3BeHo obpatHoit cBsizu (30C) mepenaeT kojieOaHWE C BHIXOJA YCUJIUTENS Ha €ro
BXOJl. DTO 3BEHO MOXET OBbITh JOCTAaTOYHO Pa3HOOOPA3HBIM, SIBIISACH KaK BHELIHEH

4



IENbI0 — TpaHC(HOPMATOPOM, YCHIUTENbHBIM KackamoMm, LC-tiensto, RC-tienbro u mip.,
TaK W YacThI0O BHYTPEHHETO MpoIlecca, MPOUCXOSAIIET0 B 3BEHE MPSMON Tepeay,
HanpuMep, B aBTOT€HepaTopax Ha 3eKTpoHHbIX npubopax (II1) ¢ Bayrpennein OC unu
B CHCTEMaX, MOJCIUPYEMBIX aKTUBHON IMHHOW JMHUEeH. [Ipu Mcmonp30BaHUM MeTOa
JUHEeapu3alid d3TO 3BEHO, B OOIIeM cllydae, XapaKTepU3yeTcsl KOMIUIEKCHON
nepenatouHor ¢yakiueil B(w) nmm xosddunmentom nepenaun [ IS pe3UCTUBHOM
HETH.

B ycnoBusix nuHeapu3alud 3BEHbEB paccMmaTpuBaemasi cuctema (puc. 1.1 0)
XapaKkTepU3yeTcs B OOIIEM CIIy4ae KOMNIEKCHOU nepeoamoyHou YyHKyuel cucmemvl ¢
00pamHoll 853610

K (@)
Koc (@) =
a I PE3UCTUBHOM IETU — K02 puyuenmom nepedayu cucmemvl ¢ 0OPAmMHOU CE53b10
Kk
Koo =———.
°“ 1-kp (1.2)

KirodeBast poiib B 3TUX BBIPAKCHHUSIX MPHUHAIISKUT npousBeneausM K(w)B(w) B
(1.1) m kg B (1.2), xapakTepu3yIONUM MUPKYJSIIHIO (TIepeady) CUrHaia B 3aMKHYTOM
KOHType cucteMbl (puc. 1.2 a). AHanu3 3TOTO TPOW3BEACHHUS IMO3BOJIICT OTBETHUTH Ha
BOIIPOC, SIBJISICTCS JIU COCTOSTHUE PABHOBECHUS CUCTEMbI YCTOMUMBBIM WJIM HEYCTONYMBBIM.
B wacTHOCTH, 4TOOBI T€HEPATOP BHINOIHSI CBOU (PYHKIIMH, COCTOSTHUE PAaBHOBECHS B HEM
JIOJDKHO OBITh HEYCTOWYMBBIM M TIPU TOM TaKWM, YTOOBI HApYIICHHE YCTOMYMBOCTH
3aKJIIOYAJIOCh B BO3HUKHOBEHMM KOJICOAHMM W pOCT€ UX BEJIUYUHBI, T.€. B
CaMOBO30YKICHUU.

Bormpocs! ycToitunBoctu 1 caMoB0O30ykieHust cucteM ¢ OC paccMaTpuBaroTCs B
TEOPHSIX, AHAIM3UPYIOIIUX YCIOBHS, IPU KOTOPHIX ci1aboe OTKIOHEHUE MM KojiebaHue,
BBI3BAHHOE JIEWCTBHEM HAYaJbHOTO BO3MYIIeHUs ((GIayKTyanuu), 3aTyXaeT WIH
HapacTtaer. B cuily MajnoCcTh BENWMYUHBI BO3MYIICHUS MPU JCUCTBUM HA HEJIMHEWHBIN
AJIEMEHT IIOCJIEAHUM 3aMEHSIOT JIMHEMHBIM C XAapAaKTEPUCTUKOM, COBIAJAIOLIEH C
kacaTeabHol BAX HeMMHEIHOTO dJeMeHTa B pabouell TOUKe — TOUKE PaBHOBECHS (TOUKE
nmokosi). TakoW MOIXOJ, COCTaBISIONMIMNA CYThb METOJAA JMHEapu3aluu, MPUBOAHUT K
JUHEUHBIM TEOPHUSIM, 0OOCHOBBIBAIOIIUM PsiJi KPUTEPUEB YCTOMUHNBOCTH.

OnuH W3 HUX, Kpumepuii ycmouuueocmu Haiikeucma, paccMaTpuBaeT Ha
KOMIUIEKCHOU  Ilockoctd  roporpad Bektopa K(w)B(w), mnpeacTaBisomero
aMIUTUTYIHO-(a30ByI0 Xapakrepuctuky (ADX) pazomknytoil cuctemsl ¢ OC. Kpurepuii
YTBEPXKIACT: COCMOAHUE PABHOGecUA 3AMKHymou cucmemwt (puc. 1.2 a) aensemcsa
ycmoituuevim, eciu ADX pazomkuymoit cucmemut (puc. 1.20) ne oxeamoieaem mouxy
¢ koopounamamu (1;0). Puc. 128, u puc.1l.2r wumoctpupyior ADPX cucrem ¢
YCTOMYMBBIM U HEYCTOMYMBBIM COCTOSIHUSIMU PAaBHOBECHSI.
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Puc. 1.2. Unntoctpanus kputepus HalikBucra:
a) 3aMkHyTas cucrema ¢ OC;

6) pazomkHyTas cucrema ¢ OC;

B) rogorpa¢ ycroitunboit cucremsl ¢ OC;

r) rogorpad HeycroiunBoii cuctemsl ¢ OC

B OonbmuHcTBe ciydyaeB A®DX cuUCTEMBl SIBISETCS 3aMKHYTOM KPHUBOW,
NPOXOJAIICH dYepe3 HadaJlo KOOPAWHAT W3-3a TOro, 410 Ipu w=0 U @ —>©
npousBenenne K(w)B(w) obpamiaercs B Hob. [Ipr @ = 0 3T0 MMeeT MecTo, HalpuMep,
€CJIM OJTHU YaCTU CXEMbI OTHIEJICHBI OT JAPYTUX Pa3e/IUTEIBbHBIMU KOHJICHCATOPaMH; a
IPH @ —> 00 ITO SABISETCS CISACTBHUEM HAJIMYUS €MKOCTEH, ITYHTUPYIONIUX KOJIeOaHusI.
Ecii npu m3MeHEeHUW 4acTOThl OT HYJS 10 OECKOHEYHOCTH BEKTOP, COOTBETCTBYIOIIUIN
npomsBeneHnuto  K(w)B(w), pacnoaoxurcs Ha KOMIUIGKCHOM IIJIOCKOCTH BJOJIb
BEIICCTBCHHOM TOJIOKUTEIIBHOM MOyocH (apryMEHT MPOU3BEACHUS paBeH HYJI0), a €ro
Ha (MOJYJIb TPOW3BEACHMS) TNPEBBICHT CIWHHUILY, TOTJA COCTOSHHS PaBHOBECHS
cucTeMbl HeycToWumBo. Takoe yciioBue mnepecedeHus rogorpadomM ocu abcmucc Ha
4aCTOTE @r MOYKHO 3aIMCaTh B BUJIC IBYX YCIOBUI CaMOBO30Y K ICHUS:

ycaosusa oananca ¢pasz

argK (@, ) +argB(w, ) = 2zn; n = 0; £1; £2..., (1.3)
OTPENENIAIONIETO YacTOTy «@r, Ha KoTopoi mnpoussencHue K(w)B(w) craHoButCs

JICUCTBUTEIILHBIM, U
AMRJIAUMYOHO20 YC108US

‘K (a),_)B(a)r)‘ >1. (1.4)



OTu BBIpAXKEHUS MOSCHSIIOT (U3UYECKUN CMBICT YCJIOBUW CaMOBO30YKIEHUS —
KoJIe0aHUE C YAaCTOTOM @r Ha BXOJI€ CUCTEMBI, 00011 KOHTYp, BO3BPAILAETCS K BXOY C
YBEJIMYUBLICHCS aMIUIUTYy0H, Oyayun cuH(pa3HeiM. Ha KaxkaoM TakoM IHKIE
MPOMCXOJMUT  HapallMBaHUE  aMIUIMTYIApl  KosiebaHus.  IlocremeHHo — yciioBHe
JIMHEAPU3ALMHU TIEPECTAECT BBIIOJHATHCA U MPOLECC B CUCTEME NPUHUMAET HEIMHEHHBIN
XapaKTep.

YcinoBue caMOBO30YKICHHSI CUCTEMBI C PE3UCTUBHBIMH 3BEHBSIMU OIpPEEISICTCS
HEPABEHCTBOM:

kg >1, (1.5)
MMEIOIETO CMBICII YCJIOBUS JIABUHOOOPAa3HOTO pa3BUTHS IIpoLiecca B HAYaIbHOM CTaIUU.

Kpurepuii HalikBucTa MIHPOKO MCHOJNB3YETCSI IIPU  OLEHKE YCTOMYMBOCTH
ycunuTeNen U Ipyrux yctpoctB. Ero 10CTOMHCTBOM SIBISIETCS TO, UTO OH HE TpeOyeT
COCTABJICHMSI MOJYac BEChMa CIOXHBIX AU((epeHInanbHbIX YpaBHEHUN HCCIETyEeMBbIX
YCTPOMCTB, a ONEPUPYET MNEPENaTOYHBIMU (DYHKIMSAMHU OTIEIbHBIX 3BE€HbEB. MIMEHHO
MO3TOMY OH OYJEeT UCIOJIb30BaThCAd B TOCIEAYIOMIMX 4YacTAX, MPEICTaBIISIOMINX
CXEMOTEXHUKY aBTOTE€HEPATOPOB U UMITYJIbCHBIX YCTPOMCTB.

Konumponvuwie 6onpocwel u 3a0anusn
1. Kakue ycTpoiicTBa Ha3bIBalOT reHepaTopamMu’?
2. B yem 3akirouaercs siBieHUe 00paTHOM cBs3u? Onpenenure ee pa3HOBUAHOCTH.
3. lloscHuTe mNPUHIMI TEHEPUPOBAaHUS  KoJIeOaHUM. YKaKUTE€  pPa3HOBUIHOCTHU
reHepaTopoB, KIacCU(PULIMPYs UX MO KOJUYECTBY U XapaKTepy COCTOSHUI paBHOBECHUS B
cucremax ¢ OC.
4. YKaxxuTe TpeACTaBICHHBIE 3/1€Cb OCHOBHBIE METOJbl, HCIIOJIb3yE€MbI€ IpH
TEOPETUYECKOM HCCIIENOBAaHUU TeHepaTOpoB. OnpenennTe ux CyTh.
5. PaccmarpuBass  Beipaxkenust (1.1) wu (1.2), omnpenensmoonme nepeaaTouHbIC
xapakrepuctuku cuctem ¢ OC, ykaxute pois npousBeneunii K(w)B(w) n KS.
6. Chopmynupyiite kputepuii ycroitunBoctu HaiikBucra.
/.Ha ocHOBe 3TOro KpuUTEpHUs ONpPEAETUTE YCIOBUS HEYCTOMYMBOTO COCTOSIHUS
paBHoBecus cucteMbl ¢ OC.
8. ChopmynupyiiTe ycinoBusi, KOTOPHIM JAOJDKHBI YIOBJIETBOPSATH ABTOKOJIEOATENbHBIC
CUCTEMBI (aBTOTE€HEPATOPHI).

1.2. MiutrocTpanusi MeTO/I0B MCCJI€0BAHUA ABTOT€HEPATOPOB

B kauectBe mpumepa, WLTIOCTPUPYIOMIETO HEKOTOPHIE METOJbl TEOPETHYECKOTO
MCCJIEIOBAHMSI aBTOT€HEPAToOpoB, paccMoTpuM LC-aBrorenepatop TrapMOHHYECKUX
KoJIeOaHUM C WHIAYKTUBHOM (TpaHchopmaTopHOi) cBsizblo. Ero o06o00mieHHas cxema
npeacraBieHa Ha puc. 1.3 a. TlogoOubiii aBTOreHeparop, u3o0pereHHbld B 1913 T.
A. Meiiccaepom  (I'epmanusi), cTaa TEpBbIM  HCTOYHMKOM  BBICOKOYACTOTHBIX
ANEKTPUYECKUX KOJieOaHWil, BBIIOJIHEHHOM Ha JJEKTpoHHOW jammne. B cocras
uccinenyemoro Al BxomsaT: snextponHblii npubop (OII); konedarenbHBIH KOHTYD,
coctaBieHHbId u3 dneMeHTOB L u C; ucrounmk nurtanus Ep; maayktuBHOCTH Lcs,



CBSI3aHHAs B3aMMHONW HWHAYKTUBHOCTHIO M ¢ LC-KOHTYpOM, HCTOYHHK HampsKEHUS
cMmemienuss Ecy, onpenensronumii mojJoKeHne UCXOAHOW pabodeil TOUuKH (TOYKHU IOKOS,
paBHOBecHs) Ha BOJIbT-aMIlepHON Xxapakrepuctuke (BAX) snexkrponHoro npubopa
(puc. 1.3 1) u comporuBnenne Ry Harpysku Al'. Dnextponusiii mpubop, LC-xoHTYp U
UCTOYHUK E 00pa3yloT pe30HAHCHBIN YCHMIIMTENbHBIA KacKaj 3BeHa MPSAMOi mmepeaayu.
B3aumnas naayktuBHOCTE M 1 MHIYKTUBHOCTH Lcs City’kaT 3BeHOM 0OpaTHOU CBsizu. B
CBS3aHHBIX HMHAYKTUBHOCTSIX L u Lcs BBIOpaHO HMX BCTPEYHOE BKIIOYEHHE,
obecrieunBaroIee UMEHHO TOJOXKUTEIbHYIO o0paTHyi0 cBs3b B cxeme Al'. Puc. 1.36
npencrasiser Al B Bune cuctemsl ¢ OC. Ha puc. 1.3 B npuBeieHa SKBUBaJICHTHAS CXeMa
ATl'. O6ue omuyeckre MOoTepu Ha HEW MpeCTaBIEHbl YKBUBAJICHTHONW POBOIUMOCTHIO
G5, yUUTHIBAIONIEH B T.4. SHEPIHIO, TOTpebisiemyto Harpy3koi Al

>
T U 8biX - % """

R-I

6)
IcFU) .
-F(U,) . -
G,[1C_L |[L Lo I

T UK U - L, >

. ’ Ecm  EcmO U,
B) o r)

Puc. 1.3. LC-aBToreneparop ¢ MHAYKTUBHOH (TpaHCHOPMATOPHOI) CBA3BIO:
a) 0000IIeHHas TPUHIIUITHATBHAS CXeMa;

6) npencrasienue Al cucremoii ¢ OC;

B) DKBUBaJeHTHas cxema Al;

T') BOJIbT-aMIlepHast XapakTepuctuka Il

B nanepHeiimeMm, cocTaBiisisi ypaBHEHHUSI IS aHalu3a CcXeM, OyJeM YYUTHIBATh
TOJBKO MEPEMEHHBIC COCTABJISIONINE HANIPSIKEHUM U TOKOB B CXeM€ (MX OTKJIOHEHHUS OT
COCTOSIHUSI TIOKOSI), a B IIEJIIX YHPOUICHUS aHalu3a HCHOJb3yeM JIBa JOMYIIEHHUS: BO-
NEPBBIX, TOK YINpapisitomero siekrpoaa Il momaraeM paBHBIM HYJIO; BO-BTOPBIX,



npeHeOperaeM BIMSHUEM HAINPSDKEHUS HAa KOJUIEKTOpE Uk Ha KOJUIEKTOPHBIA TOK Ik,
CUMTasl €0 3aBUCSILIUM TOJIBKO OT HAINPSDKEHMS Ha YNPABISAIOLIEM AekTpoae Uy. Takum
o0pa3oM, Ha 3KBUBAJIEHTHBIX cxeMax Al alekTpoHHBII nmpubop OyaeM MpeAcTaBiIsATh
3aBHCHMBIM UCTOYHHKOM TOKA C 3aIaf0IIUM TOKOM ix = F(Uy).

1.2.1. UccaenoBanue ycjoBuii caMmoB030y:kaennsi AI' mocpeacTBoM KpUuTepus
HaijikBucra

HHHeapmyeM pacCMaTpuBaCMyr0O CHCTCMY, 3daMCHIIA HCHHHCﬁHYI-O 3aBUCUMOCTD

: : dF (u
BAX OII I, = F(uy) (puc. 1.3 1) nuueiHO# Ik = SUy, Tne S :% — KpyTHU3Ha
Uy

XapaKTEpPUCTHKU B UCXOJHOM paboueil Touke, T.e. mpu Uy = Ecwm.

[Tonarasi, 4To AJig MajbIX KoJIeOAaHMM MPOIECC YCWICHUS SIBJISCTCS JUHEWHBIM,
npencraBum Al SKBUBAJICHTHOM CXE€MOW — JIMHEMHOW LENbIO, MPUBEACHHOW Ha
puc. 1.4 a. JIis aHanm3a cXeMbl UCIIOJIB3YEeM METO KOMIIJIEKCHBIX aMILIUTYI.

K _ M y
-SUy, Gs C L L Lcs Uy

p ‘

a)
/L M / y=0
Uk L Les Uy
B)

0)

Puc. 1.4. DxkBUBaIEHTHBIE CXEMBI JTUHEAPU3OBAHHBIX 3BE€HHEB CUCTEMBI:
a) 3BEHO MPsMOI Iiepeiayuu;

0) 3BeHO OOpaTHOM CBSI3H;

B) AD®X cucreMsl B pa30MKHYTOM COCTOSIHUU

3BeHO MPSAMON Tepefaaud — PE30HAHCHBIM YCWIHTENb C OOIUM HWHXKEKTOPHBIM
aektpoaoM (puc. 1.4 a). Ero komriekcHas niepenatouHas ¢yHkius K(@) cBs3biBaer

Hanpsvkenus Ha ynpasnsiomeM U, u xomrexropaom U, snextponax, U, =K (@)U, .
DTa cBA3b NPEJCTABNAETCS Y3IOBBIM yPABHEHHEM

G, +Jax:+ﬁ U, =-Su, . (1.6)




U3 Hero cnenyer

3nech

N (@)=
o o
1+ jQ| ———=2
w, @

— MHOJKUTEJIb, XapaKTepU3YIOIIUN PE30HAHC C MapaMeTpaMu KojaeOaTelbHONW CHCTEMBI:

an =1/ JLC —pe3onancnas yacrora; Q = ayCR3 — 106pOTHOCTE.
Taxum obpa3om, AJs 3B€HA MPSAMOU Tepeayn UMeeM

K(w)= SRy > ej{ _arCth[_Jn : (1.7)
v

3BeHO 00paTHOM CBsI3U — CBs3aHHBbIE MHAYKTUBHOCTH (puc. 1.4 6). C yueTom TOTO,
YTO TOK ympamistomero anektpoga Il paBeH HyMO U UHIYKTUBHOCTH BKIIIOUYCHBI
BCTPEYHO, UMEEM:

U, = joll,

= —joMI,

Otkyna ciegyer (opmyna, onpenenstomas kodhduImeHT nepeaayr 3BeHa 0OpaTHOM
CBSI3U Uy - BU p

(1.8)

M M j
B=-——=—¢l7

L L
Hcnonb3yem ycinoBusi CaMOBO30YKICHHUS, CACAYIOMINE U3 KPUTEPHST YCTOMYHUBOCTH
HaiikBucra. Ycnoue Oamanca ¢da3 (1.3) mpuBOIUT K ypaBHEHUIO, OMPEACISIONIEMY

JaCTOTY (r BO3HUKAIOIINX aBTOKOJICOAHMIA:

(1.9)

ﬂ—arcth[&—&Jwr = 27n. (1.10)
@, O
N3 (1.10) cnenyer

wr = ao =1/LC (1.11)

AmmmutynHoe ycnoBue (1.4) onpenenser COOTHOIICHUE MapaMeTPOB AJIEMEHTOB CXEMBI,
MIPU KOTOPBIX aBTOKOJICOAHUSI BOBHUKAIOT M HApPacTaloT:

SMR
-9 >1. (1.12)
L
N3 BHINOJIHEHHOT0 AHAJIU3A CJIeyeT, YTO NP BbINOJHeHUN ycjaoBusa (1.12) B
paccMaTpuBaeMoii CcUCTeMe CaMONPOM3BOJBLHO BO3ZHMKHYT AaBTOKOJIE0OAHHS C

yactoroi @r. Ux ¢dopma Oau3ka K rapMOHMYECKOH, MOCKOJbKY ycjaoBue (1.10)
BBINIOJIHAETCH TOJbKO HAa OJHOM yacTtoTe. ADX cucTEMBI B Pa30MKHYTOM COCTOSIHUU
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SBISIETCS  OKPYXKHOCThIO amamMeTpoM SMRs/L Ha KOMIUIEKCHOW IIIOCKOCTH,
OXBaThIBaIOIIEH TOUKy ¢ koopauHatami (1;0) (puc. 1.4 B).

Konmponwsuwvie éonpocel u 3a0anus
1.ITosicaute mpuHIMI pabOThl aBTOreHEepaTopa, MpeAcTaBleHHOro cxemoi puc. 1.3 a.
VYKaXuTe 4aCTH CXEMbI, COCTABIISIONINE 3BEHbS MPSIMON Tiepeaun U 0OpaTHON CBS3H.
2Ilpu kakux YCIOBHAX paccMaTpuBaeMmass CHCTEMa INPEACTaBUMa  CXEMaMH,
npuUBeICHHBIMH Ha puc. 1.47?
3.B paboueil TeTpaau AJisl CaMOCTOSITEILHOM PadOThl MOBTOPUTE MOCIIEIOBATEIBHOCTD
JNEUCTBUM, HMCIOJIb30BAaHHBIX NpPH aHAJIM3€ aBTOIEHEpaTopa IMOCPEACTBOM KpHUTEpHUs
Haitksucra.
4.]laiiTe ompezaeneHUEe TaKUM MapaMeTpaM KoJjebaTeabHOW CHCTEMbl KaK «pe30HaHCHAs
4acToTa» U «I100POTHOCTHY.
5.IloueMy dYacTOTa BO3HMKAIOUIMX AaBTOKOJEOAHWN @ COBHAJaeT C PE3OHAHCHOM
4acTOTOM p KOJeOATEeIbHON CUCTEMBI 3BE€HA MIPSIMOI nepegadn?
6.KakoB ¢usnveckuii cmbict HepaBeHcTBa (1.12)7?

1.2.2. UccaenoBanue caM0oBO30Y:KIeHUSI aBTOI€HEPATOPA METOI0M
JUHeapu3auuu JudPepeHuaIbLHOI0 YPABHEHUS

PaccmoTpum ucxoaHyro SKBUBaJICHTHYIO cxemy Al', mpuBeneHHyro Ha puc. 1.3 B.
3anuiueM y3J0BO€ YpaBHEHHUE JUIsl 3BEHA MTPSAMON Nepeadn:
du 1
C—X+Guu, +=|udr=-F(uy).
dt 3YK L K y

W3 cooTHoIIEHUH, OMpPENEsSIoX CBA3aHHbIe WHIYKTUBHOCTH L u Lcs mpm
OTOBOPEHHBIX BBIIIE YCIOBUAX (BCTpEeYHOE BKIIOUeHUE, Iy = 0):

(1.13)

di
u, =L—=;
o7 dt
di
u, =-M—=5;
Y dt
HUMEEM
L (1.14)
UK:—MUy.

[Tocne mnoncranoBku (1.14) B (1.13) m mocnenyromero auddepeHIupOBaHUS
MOJTyYrM

LC d?u, , Gol duy L, dF (uy ) du, | (1.15)
M dt? M dt M~ du, dt
3nech
dF
d(UY) :S(UV)
Uy

11



— (yHKIUA, ONpeAeNsonas 3aBUCUMOCTh KpyTu3Hbl BAX 0T HampsbkeHus Ha
YIPaBJISAIONIEM JIEKTPOJIC.

[Tocne mepecranoBok B (1.15) mnomyuum HenuHeHoe auddepeHIuanibHoe
ypaBHEHUE, CPaBEIUBOE /IS JTFOOOH M3 MICKOMBIX MIEPEMEHHBIX H TSI Uy, U IS UK:

; (1.16)
d3+ 1 —MS(uy) ﬂ+a)§u:0.
d? (R,C LC

dt

Jluneapuzyem ypaBuenue (1.16), 3amenss pyHkiumo S (uy) 3HAYEHUEM KPYTU3HBI

S B HCXOIHOM pabouel ToUKe, U IPUBEIEM €0 K BUIY:

2 1.17
d—l;+2ad—u+a)§u=0, (L17)
dt d
rac
1 M
RC LC

— BEJMYMHA, TPUHUMAIONMIAS TOJIOKHUTEIBHOE WM OTPULATEIbHOE 3HAYEHUE B
3aBUCUMOCTH OT apaMETPOB 3JIEMEHTOB CXEMBI.
XapakTepuCTUUYECKOE YpPAaBHEHHE JIMHEWHOTro Ju((epeHlnanbHOr0 ypaBHEHUS
(1.17) umeet BUI
V(p)=p’+2ap+a}=0. (1.18)
B nemoHcTpupyeMoM MeToae B OOILIEM ClIy4yae HMMEHHO pAacloJIOKEHHE Ha
KOMILJIEKCHOM  TUIOCKOCTM KOPHEW XapaKTEepUCTHUYECKOrO0 ypaBHEHUS V(p) =0

JIMHEAPU30BaHHOTO U PEepeHIIMaTbHOIO yYpaBHEHUSI B OKPECTHOCTH pabouell TOYKH
(TOYKHM MOKOSI, PABHOBECHSI) ONPENEISIET YCTOWYUBOCTh MIIM HEYCTOWYMBOCTh CUCTEMBI B
aTOMN Touke. Kpurepruem 31ech SBISETCS YTBEPKIACHNUE — «CHCTEMA YCTOMYMBA, €CIIU BCE
KOPHH XapaKTEPUCTUYECKOIO0 YPABHEHHUS pPACIIONArarOTCsd B JIEBOM IOJYILIOCKOCTH.
Ecnu XOTh OMH U3 KOPHEW JIEXKUT B PABOM MOIYILUIOCKOCTH — CHCTEMA HEyCTOMYMBa. B
ollieM ciay4yae HaxOXJACHHE KOpHEW XapaKTepUCTUYECKOTO YpaBHEHMs, KOIJa €ero
CTENIEHb BBIIIE BTOPOM, MPEACTABIISIET CIOXKHYIO 3afady. OJHaKo, B paccMaTpuBacMOM
IIpUMEpE CTEIIEHb XapaKTEPUCTUYECKOIO0 YPABHEHMS paBHA ABYM. B 3TOM ciyyae KOpHHU
ONPENEIAOTCA M3BECTHBIMU BBIPAKECHUSAMHU M SBIAIOTCS KOMIUIEKCHO-CONPSIKEHHON
rnapou
P,=—atja, (1.19)

2 2 v
TN @) =+/@) —a° —4acToTa CBOOOJHBIX KOJICOaHUH.

CootBetcTBytotiee pemienue nuddepennuanbaoro ypasuenus (1.17) onpenenser
CBOOOJTHBIC KOJICOAHUS B CUCTEME:

—at
u=Uge “cos(at +¢,). (1.20)
3neck Uo 1 @, ONpeaenstoTcst HaYallbHBIMU YCIIOBUSIMHL.

IIpu o >0 kopuu (1.19) pacnonararoTcsi B JIeBOW MOJIYIUIOCKOCTH, CBOOOJHBIE
KOoJIeOaHMs 3aTyXarT — CUCTeMa B paboueit Touke ycronuusa. [Ipu o < 0 xopuu (1.19)
pacriojararoTcsi B mpaBoil MOIYIIOCKOCTH, CBOOOIHBIC KOJI€OaHUsI HApacTalOT — CUCTEMa

12



HeycroiuuBa. ['paduxu pacmonoxxkenust kopueit (1.19) u cooTBETCTBYIOMUX CBOOOTHBIX
KoJieOaHu MpUBeACHBI Ha puc. 1.5,

A /m Up)=0 A/m
X wC MWeX
I I
i . B,
-a I Re | El Re
I . I
% | wC X
U A
. -at U |alt -

Puc. 1.5. Pacnionoxenue KOpHel XxapakTepUCTUUYECKOIO YpaBHEHUSI U CBOOO/IHbIE KOJIEOaHUS:
a) B yCTOMUYMBOM cUCTEME;
0) B HEyCTOIUMBOM CUCTEME

Takum 00pa3oMm, ycCIOBHEM CaMOBO30YXJeHUs KojeOanmii B Al sBisercs
BBHITIOJIHEHHE HEPABEHCTBA

SMR,
L
COBIIAJIalONIEE C OJIYYEHHBIM paHee cooTHomeHueM (1.12).
B ominume OT mpenpiaymero 3TOT METOJ ONPEAENsieT HE TOJIBKO YCIIOBUS
caMoBO30ykeHus KoyeOanuii B Al', HO M SKCTIOHCHIIMAIBHBIN XapakTep WX HapacTaHUs
Ha HavaJIbHOM CTaguu

- (1.21)

u=U,e“"cos(at + ), (1.22)

a TaKKe 4acTOTy HapacTalomMX KojeOaHui or= @, = @i —a®, 3HaueHue KOTOpoii

HeckoybKo oTiimuaercs ot (1.11), nalinennoro nocpeacTsom kputepust HaiikBucra.
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Koumponvnuwie 6onpocel u 3a0anus
1. B paboueii TeTpaau sl cCaMOCTOSITENbHOM pabOThl MOBTOPUTH MOCIEA0BATEIbHOCTh
JNEUCTBUN, HCIONB30BAHHBIX NPHU aHAJIM3€ aBTOICHEpaTopa METOJIOM JIMHEapHu3aluu
muddepeHIanbHOr0 YpaBHEHUS.
2. Kak ¢ momoIipio XapakTepuCcTUYECKOTO YPaBHEHHUSI MOKHO CYJIUTh 00 YCTOMYMBOCTU
CUCTEMBI?
3. Ilpm KakoM pacrHojiO)KEHHMH  KOPHEW  XapaKTEepUCTHUUYECKOTO0  ypaBHEHUS
paccMmaTpuBaeMasi CUCTEMa HEYCTOMYMBA?
4. B yeM oTi4Ke pe3yJbTATOB, MOJYYEHHBIX JAHHBIM METOJIOM U MPEALIIYIIUM?

1.2.3. UcciienoBanme CTAMOHAPHOIO PesKUMA aBTOreHepaTopa
KBa3HWJIMHEHBIM METOI0M

[Tycth ycnoBusi camoBo30yxkaenust A" (1.12) BemmonnstoTcsi. Torna BO3HUKIIIME B
pesynbTate (IYKTyalMd aBTOKOJEOAHMS HapacTaloT, MPUYEM IIOKa OHU Mallbl, HX
aMIUTATYyJa YBEJIMYMBACTCA IO SKCHMOHEHIHaTbHOMY 3akoHy (1.22), (puc.1.56). C

pPOCTOM aMIUINTY/(l HAaUMHACT CKa3bIBAaThCSI HEIMHEWHbIH xapakrep BAX i, =F (uy),

OTPaHUYUBAIOLIUI POCT KOJIEOAHUH 3a CUET OTCEYKU U HACBIIIEHUS KOJUIEKTOPHOIO TOKA.
MOHOTOHHO HapacTasi, aMIUIUTYJa aBTOKOJEOaHWU NPHUOIMKAETCS K CTAlMOHAPHOMY
3HAYECHUIO.

Ecmu nobpotHOCTh ucmonb3dyemoir B Al koneOaTelbHOW CHUCTEMBI SBIISIETCS
BbIcoko# (Q >> 10), To dhopma kojebaHuit HAPsKEHUH Uy U Uk HE MOXKET CYIIECTBEHHO
OTJINYAThCS OT TAPMOHUYECKOM.

[lycTh

u, =U,cosamt . (1.23)
Torga KoNNMEKTOPHBIA TOK SIBIsieTCA Tepuonuyeckor ¢yHkuuen wt. IlpencraBum ee
psanom Oypsbe:

i, =F(Uycosat)= > I,,cosnat. (1.24)
(n)
H3-3a pe3oHaHca CyLIECTBEHHOM 3/1ECh ABIIAETCS IIEPBasi TApMOHKMKA TOKa
I, =1,,Ccosat. (1.25)
Ee ammunTyna onpenensercs GopMynoi KodpPUIMEHTOB pa3ioxkeHus B psag Oypbe:

|, = % T F (U, cosat)cosmtdat . (1.26)

3aBUCUMOCTD IKl(Uy), HasblBacMas  KoJjie0aTelbHON  XapakrepucTukon Al
UCIIOJIb3YETCS NP aHAJIM3€E PEKUMOB aBTOKOICOaHUH.
OtHo1IeHNE IKl(Uy)/ Uy onpenenser cpeanee 3Ha4eHue KPyTu3Hbl BAX, Taxxke

3aBucsee ot Uy.

z 1.27
Sep (Uy)zﬁ _[F(Uy cos ot )cos wtd at . (L.27)
Y -7z
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N3naraemplii 1OAX0J, OCHOBAHHBIM HAa NPEAINOJI0XKEHHUH, YTO IIPU BBICOKHX
3HAYEHUSAX TOOPOTHOCTH KosebaTenbHOM cuctembl (Q >> 10) gqoctaTouyHO NMpU aHAIH3E
YUHUTHIBATh TOJIBKO TMEPBbIE TapMOHUKM B HEJIMHEHHOM 1€MW, COCTAaBISET CYTh
KBa3WJIMHEHHOTO MeTo/1a (METO/1a rapMOHUYECKON JTMHeapu3aIun).

Bo3Bpamasacs K moJyd4eHHOMY BhIIIE HEIMHEHHOMY ypaBHeHuto (1.16) 3aMeHnM
HaIpspKEHUE U ero nepBou rapMOHHUKOM. [Ipeamnonoxum Takxke, 4To mepBas TapMOHHKA

TOKa MOXKET OBbITh OIpeeieHa Kak i, =S, (Uy)uy . Torna nonyunm ypaBHeHHe
d’u 1 MS,(U,)\du (1.28)
~+ _ MSe (Uy) —+wu=0,
dt R,C LC dt
ABJIAIONIEECs IMHENHBIM, ecay aMIuuTyaa Uy nocTosHHA.

VYcnoBreM CTalMOHAPHOCTH KOJIEOAHUH SBIIAETCS pABEHCTBO HYJIO KO3 puireHTa
IIpU MepBOW MPOU3BOJAHOM, T.€. KOT/a,

L (1.29)
S, (U )= ——.
CP( y) RGM
Pemiennie »>toro YpPaBHCHHUA IIO3BOJEICT OIPCACINUTL aMIUINTyAy CTalHMOHAPHBIX
L

konebanuit Uy.cr u, ciegosarenbHo, Ukcr= M Uy.ct=Usuix.

N3 ananuza ypaBHenus (1.28) criemyeT, 4TO PEXUM CTAIMOHAPHBIX KOJEOAHMI
SABJISIETCSI YCTOWYUBBIM. [[eHCTBUTENBHO, TONOKUTENbHOE npupanieHue Uy npuBoguT K

YMEHBUICHHIO CPEJHETO 3HAYECHUS KPYTH3HBI S, (UY) U, CIEI0BATENbHO, K 3aTyXaHHUIO

KOJIeOaHHI, a OTPULIATENILHOE — K YBEJIIMYEHUIO CPEIHEr0 3HAYECHUS KPYTH3HbBI S, (UY)

U, CJI€IOBATENbHO, K HapacTaHWIO0 KosieOaHui. Takum o0pazoM, pekuM aBTOKOJIEOAHMI
SBJISIETCS] YCTOMYHMBBIM, €CITU

dSe. _, (1.30)

du,

13 ypaBuenus (1.28) crneayer u T0, 9TO YacToTa aBTOKOJIeOaHM (@r = o) paBHA
PE30HAHCHOM YacToTe KosiebaTeabHOM cucTtembl. M dem Bbilie €€ JHOOPOTHOCTH, TEM
Kpyuye y Hee (a3ouacToTHas XapaKTepUCTHUKAa B OKPECTHOCTH 4YacTOThl o H,
CJIeI0BATEIbHO, TEM BbIIIE CTAOMIILHOCTh YaCTOThI aBTOKOJICOaHUH.

[IpopomxuM aHanu3 cTallMOHapHOro pexkuma Al', ucnonb3ys MOJTUHOMHUAIBHYIO
anmpokcumaruto BAX DI oTHOCHTENbHO UCXOHOM paboueil TOUKH:

) 2 3 4 5
i, =F(Uy)=a, +au, +a,u’ +au; +a,uy +agy +... (1.31)
[Tocne moncranoBku (1.31) B (1.26) M wHcHOJNB30BaHHUS TPUTOHOMETPHUUECKUX
(GhopMyJT OTyYUM aHATTMTUYECKOE BhIPAKEHUE TSI KOJIeOATEIbHOM XapaKTEPUCTHKU:

3 5 (1.32)
I, =aU, +Za3U§ +§a5U§ + ...

[TonemuB lk1 Ha Uy nmoaydynm aHaNUTHYECKOE BBIPAXKEHUE JJISI XapaKTEPUCTUKU CPEIHEN
KPYTHU3HBI:

3 5 (1.33)
Sep :a1+Za3U§ +§a5U;1 +o.
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3nech a1 = S — 3HadeHne KpyTu3Hbl B BAX B ncxoaHoit pabodeit Touke. 3aMeTUM TakxKe,
4TO WwieHbl oJinHOMa (1.31) ¢ YeTHBIMU CTENEHAMU HE CO3/Ial0T BKJIaAa B k1.

Crnenyer OTMETUTH, YTO B 3aBUCHMOCTH OT BBIOPAHHOTO MOJIOKEHHUS HMCXOJIHOM
paboueii Toukm Ha BAX, ompenmenseMoro BETWYMHOW HAIpPsHKEHUS CMeEIeHus Ecwu
(puc. 1.31), B AI' paccmMaTpuBaeMOro THIIAa pa3IUYalOT JiBa pPEXHMa BO30YXKICHHS
aBTOKOJICOaHUM: MseKuul, KOrjna KoyieOaHus B CHUCTEME BO3HUKAIOT B peE3yJbTare
baykTyauuit u orcecmkuii, IpU KOTOPOM JJI BO30YKJI€HUS aBTOKOJIe0aHni HeoOX01UMO
BBITIOJIHEHUE JIOTIOJTHUTEIBHBIX YCIOBUH.

Msirkuii pexum caMoBo30ykieHus Al ocyliecTBisieTcs, Korjaa ucxoaHas padoydast
TOYKa BpIOpaHA HA y4acTKe ¢ HauOojee BBICOKUM 3HaueHueM Kpytusssl (Ecu = E/,,). B

ATOM ciy4ae ¢ poctoM amruutyasl Uy cpennsist kpyTuzHa Scp yObIBAaeT, OCKOJIBKY TIPH
YCPEAHEHUU YYMUTHIBAIOTCS OOJIACTM C MEHBIIUM 3HAYeHUEM KpYyTU3HBIL. UYTOOBI
anmnpokcumupyomuii - monuHoM (1.31) KayecTBEHHO MPAaBUIBLHO TNiepeAaBall ATy

0COBGEHHOCTb XapakTepucTHKH Sgp (U, ), ero HauMeHbIIas CTENeHb JOIDKHA OBITh PaBHA
TpeM, U KO3h(UITMEHT NMpU TPEThEW CTENEHU a3 JOJDKEH ObITh OTPUIATEIbHBIM. TakuM

00pa3oM, MITKUN PEXUM MOXKET ObITh MPEACTABICH YKOPOUEHHBIM MOJIMHOMOM TPEThEN
CTCIICHHU:

i, =F(U,)=Su, —ku;, (1.34)
rae kK = \ag\

Torna Beipaxenus (1.32) u (1.33), onpexaensioniie OCHOBHBIE XapaKTEPUCTUKU
nponecca B Al', MpuHUMAIOT BUA:

3 _ (1.35)
L. (Uy ) =SU, — ZkUS,

3 (1.36)
Scr(Uy) =S —ZkUﬁ-

[Toacrasmsas (1.36) B (1.29) mosydaem KOHKpPETHOE YpaBHEHHME [JIsl OIpPEICIICHUS
aMIUTATYbI CTAIlMOHAPHBIX KOJIeOaHUI

3 L 1.37
S-2kUZg =——. (1.37)
4 ' R,;M
Ero pemenne onpenenser cBa3p Uy.cT ¢ mapameTrpamu 3J€MEHTOB CXEMBI:

(1.38)

B cootBercTBuu ¢ (1.14)

u Ly 2 (1.39)
KCT = 31 ZYCT = 31 [ar VT
M M+/3k MR,
YuuthiBasi CBS3b CpeaHEW KPYTU3HBI H  KOJeOATEThHOM XapaKTEPUCTUKHU
l(; =ScpUy, pemenue, onpenenstomee Uycr — MOXKHO HaXOOUTh IOCPEACTBOM

KoJiebaTebHON XapakTepucTuku u ypaBHeHus (1.29)

L (1.40)

ks (Uy.cr ) = WUV.CT :
)
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I'paduku, wummoctpupytonme 3aBucumoctu (1.35), (1.36) u (1.37), (1.40)
npenacTaBieHsl Ha puc. 1.6. W3 rpadukoB BHIHO, YTO B MSTKOM PEXKUME
caMOBO30YKJIeHUsI KOJeOaHWH WX aMIDIUTyJa IUIaBHO HApacTaeT C yBEIWYCHHEM
00paTHOM CBSI3H.

Kectkuii pexum Bo30yx)aeHus Al ocymiecTBisieTcsi, KOrja WCXOAHAs pabouas
TOYKa BbIOpaHa BOIM3M OTceykH KoiuekTopHoro Ttoka (E., =E;,). C poctom

ammuTyael Uy cpeaHsss KpyTHU3HA CHayala HapacTaeT A0 HEKOTOPOro MaKCUMaJIbHOTO
3HaueHus (TpU yCpeTHEHUU Y4uThiBatoTca obnactu BAX ¢ OonbliuM 3HaYe€HUEM
KPYTHU3HBI), a 3aTeM yObIBaeT. MUHUMAJIbHAS CTENIEHb AMMPOKCUMUPYIONIETO MOJIMHOMA
(1.31), kadecTBEHHO MPABUIBLHO MeEpeaaromias 0COOEHHOCTh XapaKTEpUCTUK Ipoliecca,
paBHa IATHU:

i, =F(Uy,)=Su, +au; +auy, (1.41)
npuueM az > 0, as < 0. Torga ocHOBHBIE XapaKTEPUCTUKK MPUHUMAIOT BUI:
o (Uy ) =SU, + 2kUS - 2k,U: (1.42)
4 8
rae ki = as; k, =|ay|;
S (U, ) =S+ S kU2 - 2kUg. (143)
4 8
SA
M,
S
\; M2> Ml
L :\ >
a2/ I NG
L LN >
0 lj,vcr L/y Uy
a) 0)

Puc. 1.6. I'paduku, wiumocTpupyromme MITKHA pexuM Bo30yxaeHus Al
a) XapaKTepUCTHKa CPeTHEN KPYTU3HBI,
0) Kose0OaTenbHAasE XapaKTEPUCTHKA

['padviku, HUIUTFOCTPHUPYIONIHME >KECTKUH PEXUM BO30YXKICHHUS aBTOKOJEOAHUH,
npuBefeHsl Ha puc. 1.7. Toukam Ha rpaduke puc.l.7 a, pacnoioKCHHBIM JieBee

dS
MaKCUMyMa, COOTBETCTBYET ycloBHe — >0, obecrneunBaromee yCTOMYMBOCTD
y
COCTOSIHUSI paBHOBECUs cUCTeMbl. ToukaM Ha 3TOM rpaduke, pacrojOKEHHbIM IpaBee
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MaKCHUMyMa, COOTBETCTBYET YCIIOBUE 9Sep <0, oOecneumnBaroiiee CyIIECTBOBAHUE
y
aBTOKOJICOAHUM.

Kectkuif  pexxum  caMOBO30YXKJIEHHUSI  aBTOKOJEOAHUM  XapaKTepHU3yeTCs
CKauyKOOOpa3HbIM BO3HUKHOBEHHMEM KOJICOAHWN OOJIBIION aMIUTMTYIbI TPU IJIABHOM
YBEJIMYCHUHN OOpAaTHOM CBSI3M M CKAYKOOOPa3HBIM CPHIBOM KOJIOaHUI MPU YMEHBIIICHUN
oOpaTHOM CBS3M. DTOMY PEKHMY CBOWCTBEHHBI MEHbBINAS IO CPABHEHUIO C MSATKAM
PEKUMOM BEJIMYMHA TOCTOSTHHON COCTAaBIIAIONIEH KOJIJIEKTOPHOI'O TOKA U, KaK CIEACTBUE,
6oiee Beicokuit KIT/I.

SA fA

M,
S
\I M2> M
L ;\ >
a2 B N
1 LN >
0 Ue U, Uy

a) 0)

Puc. 1.7. I'paduku, MIUTIOCTPUPYIOLIME XKECTKUN pexkuM Bo30yxaeHust Al
a) XapaKTepUCTUKA CpeIHEN KPYTU3HBI;
0) xonebarTenbHas XapakTepUCTUKA

JanpHelmuii aHanmu3  Al', 3akiroyarolIMicss B HMCCIAEIOBAHUU TEPEXOTHOTO
Mpoliecca, 3aBepIIArOIerocs YCTAHOBJICHUEM CTAIllMOHAPHBIX KOJIEOaHUM, TaKKe MOXKET
OBITh BBITIOJTHEH KBAa3WJIMHECHHBIM METOJO0M. B kadecTBe 00BEKTa aHaiaM3a BBIOEpEM
ypaBHenue (1.28). Ucnonb3yem anmpokcumannio BAX 3I1 ykopodeHHBIM MOJTUHOMOM
(1.34) m COOTBETCTBYIOIIYIO XapaKTepUCTUKY cpeaHeil kpytusHsl (1.36). Onyckas
MIPOMEKYTOUHBIE BBIKJIAJIKH, MPUBEIEM OKOHYATEIBHOE, OMpEeesionee HN3MEHEHUE
aAMILTUTY/IbI B MSTKOM PEKHUME YCTAaHOBJICHHS KOJICOaHUN

Uft)- Uy | (1.44)

ot [ U2
1+e Pt Zer g

0
3necy Ug u « onpenenensl Boiie B . 1.2.2. Ha HavanbHOM 3Tame, KOTa aMILUIATYAa
HapacTaeT, HaYMHasi ¢ O4eHb Majioll BennuuHbl Up, 00s3aHHON Hanuuuio (QIyKTyaru,
T.e. mpu Up << Ucr, nperebperas enuanmamu B 3Hamenarene (1.44), nmeem:

u(t)= er\a\t (1.45)

— BBIP@KEHHE, COBIAJAIONICE C 3aKOHOM M3MEHeHUs: amMmuTyabl B (1.22). Ilpu t — oo,
umeeM U = Ucr. Puc 1.8 mimocTpupyeT ycTaHOBIIEHHE CTAlIMOHAPHBIX KosieOaHuii B Al
C MSITKUM PEKUMOM CAMOBO30YXKACHUS.
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SALLT

Puc. 1.8 YcranoBnenue crannoHapHbIX Kosnebanuii B AT’

Konumponwsnwvie 6onpocwl u 3a0anusn
1. Ha kakoM OCHOBaHMHM B KBa3WJIMHEHOM METOJE YUUTBIBAIOTCS TOJIBKO IEPBHIE
TFApMOHHKY NEPUOINYECKUX KOJIeOaHUN HANPSX)KEHUN U TOKOB?
2. B paboueii TeTpaau A CaMOCTOSITENIbHOM pabOThl MOBTOPUTE MOCIE0BATEIBHOCTD
JNENCTBUI, UCIIOJIB30BAHHBIX IIPU AHAJIN3€ aBTOT€HEPATOPA KBA3WIMHENHBIM METOZOM.
3. Kakas 3aBUCMMOCTb Ha3bIBa€TCs KOJEOATEIbHON XapaKTepUCTUKON?
4. Kak onpenensercs cpennee 3HadeHne KpytusHol BAX OI1?
5. OT 4ero 3aBUCHUT XapakTep (MIATKUI WA AKECTKUN) peKrMa BO30YKIACHUS
aBTOKOJIeOaHui B AI'?
6. UeM OTIMYAIOTCS MSATKUAN U KECTKUN PEKUMBI BO30YkAeHUs aBToKosneOanuii? [1pu
KAKUX YCJIOBUSIX OHU OCYILECTBIISIETCA?

1.2.4. Ctabnamn3anus 4acToThl ABTOT€HEPATOPOB € MOMOLIBIO KBAapIa

OpnHoll U3 BaxHEUIIUX xapaktepuctuk Al sBIsSIETCS cmaduibHocms 4acmomaol,
OTIpe/IeNsIoNIas HaJIe)KHOCTh, TOYHOCTh U OecrepeO0HOCTh Pailn03JIEKTPOHHBIX CUCTEM.
Hecmabunbnocms yacmomul ONpenensieTcss BO3MOXKHBIM OTHOCUTENIbHBIM W3MEHEHHEM
gacTtoThl O = Afffy, rne fo — ycranoBiennas yactora reHeparopa, Af — ee Bo3MOXHOE
U3MEHEHHE. B pasnuuHbIX ciiydasx TpeOOBaHUS K CTaOMJIBHOCTH YacTOTHl MOTYT
CYIIECTBEHHO OTJIMYaThCA. Tak JOomycTHMash HECTaOMIIBHOCTh YacTOTHI B CBS3HBIX
paguocranuuax cocrapiager 104 —107°, B KOCMMYECKHMX PaJMOdICKTPOHHBIX CHCTEMAX
101072,

Uactora konebanuit AI' onpenensercsa u3z ycinoBusi 6amanca ¢az (1.3) u moboe
n3MeHeHue (a3, BXOASIMIMX B 3TO BBIPAXKCHHE, MPUBOJAUT K W3MEHEHHIO YacCTOTHI
aBToKoJieOanuil. I[loaToMy B mepByr ouepelnb CTPEMSTCS TOBBICHUTH JTOOPOTHOCTH
KoneOaTenbHON cucTeMbl. Yem OHa BhIIIe, TeM Kpyde ¢a3oBas XapaKTEpPHCTHKA B
OKpPECTHOCTH pE30HaHCa, TEM MeEHbIIee OTKJIOHEHHE YacTOThl TEHEpaluu OT
PE30HAHCHOM YacTOThI KOJIEOATEIbHOM CUCTEMBI BOCCTAHABIMBAET yCI0BUE Oastanca (das.

JpyrumMu npUuMHaAMU yXOJa YacTOThI SIBJISIIOTCS: U3MEHEHMs BeJIMYMH L Karymiek
UHIYKTUBHOCTH W C KOHIEHCATOPOB, OOYCIIOBJCHHBIE KOJCOAHUSIMH TEMIIEPATyPhI
BO3/lyXa; U3MEHEHUSI EMKOCTEH P-N Mepexo 0B B TPAH3UCTOPaAX; KOJeOaHUs HAPSKECHUS
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MUATaHUSA. YMEHBIIEHHWE YyXOJa 4YacTOThl, BBI3BAHHOTO JTUMU OOCTOSATEIHLCTBAMH,
JOCTUTAIOT: BBHIOMpAs CHEIHMAIM3UPOBAHHBIC PAIHOCTANN; CTAOUIM3UPYsT HANpsHKECHUE
nutaaus Al'; momermas ero KojeOaTenbHYIO CHUCTEMY B TepMOCTaT W Ap. Takumu
IpUEMaMH JOCTUTalOT 3HaYeHui HecTabmibHOCcTH nopsaka 10— 107°. Bonee BbicoKas
crabunbHOCT,  wacToThl  (5=10°-10") pocruraerca npm wucnomp3oBaHUM B
KOJ1e0aTeNbHON CHCTEME K8APYEBbIX PE30HAMOPO8.

VX BBITONHSIOT W3 MOHOKPHCTAJUIOB KBapIia, JeJias CPe3bl MO OMpeIeICHHBIMA
yriaMd K OCsIM KpucTtaia. Pa3meppl mojydaeMbIX IDIaCTHH KBapla ©  HUX
KpUCTaJUIOrpaduuecKkass OPHUCHTALMS OIPEAEISIOT YacTOTy AJICKTPOMEXaHUYECKOTO
pEe30HaHCa, OCHOBAHHOTO Ha TpPsSMOM W oOpaTHOM mhe303ddekrax. Bripezannyro
TUTACTUHKY TIOMENIAI0T B KBapIieAep)kaTeldb M COKPAIIEHHO HAa3bIBAIOT KBapieM. Ero
yCIIOBHOE 0003HAaUEHHE HA cXemax MpuBeaeHo Ha puc. 1.9 a.

p AR o~ HE

a) 0) B)
Puc. 2.15. KBapieBslii pe30HaTOp:
a) yCJIoBHOE 0003HAaYEHUE HA CXeMaX;
0) cxeMa 3aMeIICHUS;
B) YaCTOTHAs 3aBUCUMOCTh PEaKTHUBHON COCTaBJISIOLIEH COPOTUBIICHUS pE30HATOPA;

DOneKTpuyecKrue IapaMeTpbl KBapLEBOIO PE30HATOpa XOPOIIO OMUCHIBAKOTCS
CXEeMOMW 3aMellleHus1, mpeacTaBieHHorn Ha puc. 1.9 6. Benmuuunbl L u C onpeaenstoTcs
MEXaHUYECKMMU CBOMCTBAMU KBaplLEBOM IIACTUHBI. R— HeOoibIIOE CONpPOTHBICHHE
PE3UCTUBHOCTH, XapaKTEPU3YIOIIEH 3aTyxaHHEe MEXaHMYeCKHX KojeOaHuil. Bennunna
emkoctu Cp ompejensiercs 3JISKTPoJaMy KBaplia M KBapieaepkareneM. [IpuBeneHHOM
CXEME pE30HaTOpa CBOMCTBEHHBI JBAa PE30HAHCA: IIOCIEAOBATEIbHBIA Ha YacTOTE

1 1

u HapaHHeHBHBIﬁ Ha 9aCToOTC W,, =
JLc © o Jlec/(C+G,)

Wy, N @, OTM3KN M OTIIMYAIOTCS HA JOJH IpH OoNbIIMX oTHOImEHUIX emkoctei Co/C. B

Wy, = (puc. 1.9 B). HacToThl

UHTEpBAJIE YacTOT OT @), MAO @,, PEAKTUBHOE COIPOTUBIECHUE KBapLa HMEET
VHIYKTUBHBIM XapakTep, a 3a €ro npeaesaMu — eMKOCTHOHW. [IpuMeHeHne KBapLeBbIX
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pesoHatopoB B Al CyLIeCTBEHHO yjlydmaeT MX CTaOMILHOCTH, JOCTHMIas 3HAYEHHMI
nectadbmipHocTH 1078 — 10719,

[IpuMepbl CXeM aBTOTEHEPATOPOB, CTAOMIM3MPOBAHHBIX KBaplEeM, OYIyT
TIPUBEIEHBI B CIIEAYIONIEM pa3/iese HoCcoOus.

Konmponwnuie eéonpocet u 3a0anus
1. Kak onpenensiercss HeCTaOMIBHOCTh YaCTOTHI aBTOI'€HEPAaTOPOB?
2. KakoBa fomycTuMasi HeCTaOMIbHOCTh YaCTOTHI B CBA3HBIX PAAHOCTAHIIUX, B
KOCMHUYECKHX PaMOIECKTPOHHBIX CUCTEMAX ?
3. Ot 4ero 3aBUCHUT CTaOUIBLHOCTH YacTOThl LC-aBTOreHepaTopon?
4. J1ng yero B KoJieOaTeNbHBIX CUCTEMAX MUCTOIb3YIOT KBAPIIEBBIE PE30OHATOPHI?

2. ABTOreHepaTopbl TAapMOHUYECKUX KOJIeOaHuii

2.1. LC-aBTOreHepaTopbl ¢ MHAYKTHBHOI
(TpancopmMaTOpHOIi) CBA3BIO

Ota pasHOBUAHOCTH Al, paccMoTpeHHas B mpensiaymiem pasnene (. 1.2),
npe/cTaBiIeHa TaM OOOOIICHHON MPUHIMIHUANIBHON cxeMoil puc. 1.2 a U TeopeTHdecKu
UCCIIEIOBaHa pPAa3IMYHBIMM METoJaMH. B dYacTHOCTM TOKa3aHO, YTO YCIOBUEM
caMOBO30YKJIEHUSI  sBJIAETCA  BBIMONHEHHWE HepaBeHcTBa (1.12), conepikarmiero

R,M
ITapaMeTPhI AJIEMEHTOB CXEMBI: TS > 1. IIpu BBINOJIHEHUH 3TOTO YCIOBHUS B CUCTEME

BOSHUKAIOT aBTOKOIEGAHHI ¢ 4acToToil @r = ap =1/J/LC . B pEeXUME CTAllMOHAPHBIX

KoJie0aHUM UX aMIUIUTyAa MPUMEPHO COOTBETCTBYET HANPSKEHUIO UCTOYHUKA MUTAHUS.

IIpy »o5TOM, YeM BbIIE JOOPOTHOCTH KojeOaTenbHOM cucTeMbl Q, TeM BBIIIE

CTaOMIILHOCTh YacTOTHI TEHEPUPYEMBIX KOJeOaHW, TEM MEHbIIE MPOSBISETCS BIUSHHUE

BbICIIUX TapMOHUK. [lpuHnunuanbabie cxembl LC-aBTOreHEpaTopoB TapMOHHYECKHUX

KoJie0aHu# C MHIYKTUBHOM CBSI3I0 MIPUBEACHHI Ha puc. 2.1.
Ch, +U, Con Re +U,

e HSS——= HA <

-_ l BbIx Ci? C
[ ] R z_
L o] ;cg
i

Lw§ L ¢ s

e T

V
C REZ F_
C., ” [l] R,
1= TOE O T —1- o
a) B)

Puc. 2.1. Cxembl LC-aBTOreHepaTOpoB ¢ MHAYKTUBHOMN CBA3bBIO:
a) Ha OCHOBE PE30HAHCHOTO YCHIIUTENS ¢ OOIUM UCTOKOM;

0) Ha OCHOBE PE30HAHCHOTO YCHJIUTEINSI C OOLIUM 3MUTTEPOM;
B) HA OCHOBE PE30HAHCHOTO YCHIJIMTEIIS ¢ 001Iei 0a3oi
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B ycunurensx MOLIHOCTH HCIHOJIB3YIOTCA O8yxmaxkmuule cxemsl, Koraa jea Ol
[ONEPEMEHHO PabOTAIOT B aKTUBHOM pEXKUME, OOECHEUYMBAIOT 33JaHHYIO BBIXOJHYIO
MOIIIHOCTh B Harpy3ke U o0sagaroT cymecTBeHHO 0osee BbicokuM KIIJI mo cpaBHeHHIO
co cxemamu Ha ogHoMm OII, paloTaromuMU B pEKUME JIMHEHHOTO YCWIEHHUSA. ITO
OOyCJIOBIIEHO TE€M, YTO TOK IMOKOS B JBYXTAKTHBIX CXEMaxX Majl U BOOOILE MOXKET
paBHATBCSA HyMO. [[Is TexX »ke Lejell ABYXTAKTHBIE CXEMbl HCIIOJIB3YIOTCA W IpU
noctpoeHuu cxem Al'. [Ipumepsl IPpUHIMNNATBHBIX CXEM JIBYXTaKTHBIX Al mpuBeneHbl
Ha puc. 2.2.

Ha puc.2.2a npencraBieHa cxema, MOCTpOeHHass Ha OCHOBe AByXx Al ¢
MHAYKTUBHON cBs3bt0. Tpansucropel VT1 u VT2 B Hell OTKpBIBAIOTCS IMOIEPEMEHHO.
Huon VD wucnonb3yercs B KayecTBE PE3UCTUBHOCTH, UMEIOLIEH  HeOOJbIIoe
COTIPOTHUBIIEHUE, 00pa3yIOLIel BMECTE C PE3UCTOPOM Rp enuTens HanpsyKeHUs B LENU
0a3 TpaH3UCTOPOB.

Tak kak B ABYXTaKTHOM CXE€ME HaIPSHKEHUE HA YIIPABIISIONIEM AJIEKTPOJIE OJHOTO
u3 OII cuH(ba3HO HANPSHKEHUIO HA KOJUIEKTOPHOM 3JIEKTPOIE JPYTroro, TO HET
HEOOXOMMOCTH UHBEPTUPOBAThH (pa3y KoieOaHus C MOMOILBIO BTOPUUHON 0OMOTKU
TpaHcopmaTtopa. MoxkHO 000HUTUCH O€3 HEe, UCTIOJIb3YsI EMKOCTHBIE CBSI3U, KaK 3TO
MIPE/ICTABICHO B CXEME, MMPUBEICHHOMN Ha puc. 2.2 6. 3BeHO 00paTHOM CBS3U 3/1€Ch —
JIEJIATENb HAMIPSHKEHUs, cocTaBlieHHbINH n3 RC-1ienoyex.

c
Il
i G ;I:_ 0y, B
L I 0 o
®
VT, A% A0 VT,
LCB
VT,
RE
g -a—
VD
a)

Puc. 2.2 Cxemsl qByxTakTHbIX LC-aBTOreHEPATOPOB:
a) aBTOr€HEpaTOp C NHAYKTUBHOMN CBA3BIO;
0) aBTOreHepaTop ¢ EMKOCTHON CBSA3bIO

Konmponvnuwvie éonpocol u 3a0anus

1. Tloscaure paboty LC-aBTOreHEepaTopoB, MpEACTaBICHHBIX cXxemMamMu Ha pwuc. 2.1
YKaxxure, SIEMEHTHI, OINPEACNSIONINE YacTOTy W CTaOWIBHOCTh aBTOKOJIEOAHMIA
TeHEPATOPOB.

2. B paboueit TeTpamum I CaMOCTOATENBHOM paboThl: HauepTuTe cxembl LC-
aBTOTCHEPATOPOB C HMHAYKTHMBHOW CBS3BI0O Ha BCEX PAa3HOBUIHOCTAX TPAH3UCTOPOB,
3aMUIIATE YCIOBHE WX CaMOBO30YXKIEHHsS, OINPEACIUTEe YacTOTy aBTOKOJEOaHWN U
T0OPOTHOCTH KOJIEOATEIIbHON CHCTEMBI.

22



3. Tloscaute paboty LC-aBTOreHEpaTopoB, MPEACTaBICHHBIX CXeMaMu Ha pHC. 2.2,
VYKaxxuTe MpeuMyIecTBa JBYXTAKTHBIX CXEM aBTOT€HEPATOPOB C MHIYKTUBHOW CBS3BIO.
HauepTtute cxemy Takoro reHeparopa.

2.2. LC-aBTOreHepaTop Ha ONepanOHHOM yCHJIHTeIe

Ha puc. 2.3 npeacrasiena cxema LC-aBToreneparopa rapMOHHYECKUX KOJIEOaHUH,
OCHOBOH KOTOpPOTO  sIBIIIETCS omepanuoHHbI ycuiutens (OVY), BKIIOYEHHBIA TI0
HeHHBepTHUpYIole cxeme. J[ns ympouienus ananmsza 3Toro Al Oynem moib30BaThes
Mojenbio uaeanpHoro OY ¢ mapamerpamu: Ko — ; Rex — 0; Rawix — 0. TToaromy
moJlaraéM, YTO TOKM BXOJHBIX KJIEMM paBHBI Hymo, a riayookas OOC, oOpasyemas B
cxeMe TpH Ko — oo, MPUBOAUT K BUPTYaIbHOMY (HEraJhbBaHUYECKOMY) YPaBHUBAHHIO

HanpspKeHU U° 1 U~ Ha BXOAHBIX KiiemMmax OV,

Puc. 2.3. Cxema LC-aBToreneparopa Ha ONepallMOHHOM yCHIIUTEIIE

Jns ompeneneHust ycioBuid camoBo30yxzaeHust AI' Bocmosib3yemcsi KpuTepuem
HaiikBucra. Cumras, 94To IJIS MajlbIX KOJICOAHHMI CHCTEMa SBJISCTCS JIMHCHHOM IIETBIO,
WCMOJIB3YEM [IJI1 aHAJIW3a METOJ KOMIUIEKCHBIX AMIUIUTYA. 3BEHO MPSIMOM Tepenadyn —
HeuHBepTHpyomas cxema ycwmmreas Ha OY. Ero koaddumuent mnepemaun K,

CBSI3BIBAIOIINI HANPSDKCHHUS Ha HEUHBEPTHpPYIOIIeM Bxoae U’ u Beixoge OV Uskbix,
MIPEACTABISCTCS (POPMYIION:

K = Uppix _ R1+R2_
u® R,

OTmeTHM, 9TO B 3TOM BBIPAKCHUU |k| >1,aargk=0.

2.1)

3BEeHOM OOpaTHOM CBSI3U 37I€Ch CIYKUT JACTUTENb HANPSOKEHUS, COCTABICHHBIN M3
conpoTuBiaeHuss R u kommiekcHoro comnpotusiienus Z LC-nenu, (conpoTuBIEHUEM
emxoctu 1/oC mpenebperaem). C yderom TOro, 4to BXxojaHOW Tok OV paBeH HYJIIO,
uMeeM:
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UgLix + 1+ | (a)c _j 1+jQ| “ - %
oL w,
jarc L % (22)
- ! - e th(“’“ “’]
1+Q?| 2 - %
®,

1

JLc
pE30HAHCHAS YacToTa.
Ycnosue 6ananca ¢ga3z (1.3) npuBOAUT K ypaBHEHUIO, ONPEACISAIONIEMY YaCTOTY @r
BO3HMKAIOIIUX aBTOKOJIEOAHUM

3necs: Q = w,CR — no6poTtHOCTE KOJIEOaTenbHOM cucTeMsl 3BeHa OC; @, = —ee

arg(kB(w)) = arctgQ Yr_% =y, (2.3)
w,
Otkyna ciaemxyer
or = ao =1/4/LC . (2.4)

AmmutynaHoe ycinoBue kputepus HaiikBucra (1.4), omnpezaensroniee COOTHOIICHHE
apaMeTpOB AJIEMEHTOB CXEMbI, TP KOTOPBIX aBTOKOJIEOAHUSI BO3ZHUKAIOT U HAPACTAIOT,
B paccMmaTtpuBaeM Al onpenensieTcs BIpaXKECHUEM:

R, +R
1 2
KB ()= "2 51, (2.5)
2
KOTOPOE BBITIOJIHSIETCS TIPH JTH00bIX 3HaueHusX R u Ro.
[TockonbKy ycioBus (2.5) BBIIOJHEHBI, B CUCTEME BO3HUKAIOT aBTOKOJEOAHUS C

qacToTol @r = ap =1/ \/E . B pexume cranMoHapHBIX KOJI€OaHUW WX aMIUTUTYHa
MPUMEPHO COOTBETCTBYET HAMPSDKCHUIO MCTOYHMKA TuTaHus. [lpu sTOoM, ueM BbIie
TOOpOTHOCTh KoJieOaTenbHOM cHcTeMbl Q, TeM BbIIe CTAaOMIBHOCTH YacCTOTHI
TCHEPHUPYEMBIX KOJICOAHMIA, TEM MEHBIIIC TTPOSIBIISICTCS BIMSHUE BBICIIMX TAPMOHUK.

Konmponvnuwvie éonpocol u 3a0anus

1. Tosichute paboty LC-aBToreHeparopa Ha omepanuoHHOM ycunutene (puc. 2.1.)
YKaKuTe DdJIEMEHTHI, OMNPEACISIIONME YacTOTy U CTAaOWIBHOCTh aBTOKOJICOAHMIA
aBTOTEHEepaTopa.

2. B paboueit TeTpaau: HauepTUTE cXeMy aBToreHeparopa Ha OVY. 3amumure ycioBue
CaMOBO30YKJIEHUsI TE€HEpaTopa, OMPEICIUTE YacTOTy aBTOKOJeOaHWl M HOOPOTHOCTH
KOJIe0aTeIbHON CUCTEMBI.
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2.3. Tpextoueunsnie LC-aBToreneparopsl

Ha pwuc.2.4 mnpencraBieHsl 0000meHHass W OKBUBaJeHTHas cxembl LC-
aBTOTEHEPATOPOB TapMOHMYECKHX KOJeOaHWM, Ha3BaHHBIX TpexToueyHbIMU. (OcCHOBa
paccMaTpUBaEMOM CXEMbl — YCUJIMTENIbHBIA KacKaJl C KOJUIEKTOpPHOM Harpy3koi Lpgp. K
TpeM  anektpoaam Ol NOJKIIOYEH  TPEXIOJIOCHUK  (OTCIofa  Ha3BaHUE
«TPEXTOYCHHBIN»), COCTABJICHHBIM W3 dJeMEHTOB Zi, Z; W Z3, 00ECIEeYUBAIONIUX
BO30Yy’K/IeHUE aBTOKOJIeOaHUM Ha 3aJaHHOW yacTtoTe ar. OOIMe oMUYeCKHe TOTepU Ha
puc. 2.4 6 mpeacTaBiIeHbl SKBUBAJICHTHOM MPOBOAUMOCTBHIO Gs, yUHMTHIBAIOLIEH B TOM
YHCJIe SHEPTHUIO, MOTpebIIseMyto Harpy3koi Al'.

C
- TR K
" I
C, A
Vi K
£ Z; @ [] ./X3 =
E, on >
QD /)(2 &y
- "
a) 6)

Puc. 2.4. CxeMbl TpEXTOUEUYHBIX ABTOI€HEPATOPOB:
a) 00oO01IeHHas cxeMa;
0) SKBHMBaJICHTHAs cCXeMa

Jns ompenencHus yciloBHi caMoBO30YykaeHHust AT BoOcCmoiib3yemcsi KpUTEpUEM
HaiikBucra. [Tonaras, 4yTo s MaJbIx KojieOaHUM CUCTeMa JTUMHEHHA, UCTIOIb3yeM IS ee
aHaJln3a METOJI KOMIUJIEKCHBIX aMIUIUTYJl. 3BEHOM MpsMOW Iepeladyd 37eCh CIYXKHUT
YCUJIUTEIb C OOIIMM HMHXXEKTOPHBIM JJIEKTpoAoM. Ero KoMmIUIeKCHas IepeaaTodHast

¢ynxmus K(w) ces3piBaeT HampsbkeHHs Ha ynpasisttomieM U, u komtektopHoM U,

anexrpozax, Uy = K (@)U, . Dra cBs3h NPeCTaBISETCS y310BBIM yPABHEHHEM

G, PRI T U, =-SU,. (2.6)
zZ, Z,+Z,
U3 Hero cnenyer
-S
K(“))‘G Z,+2,+2, (2.7)
_|_
° (2,+2,)z,

3BEHOM OOpaTHOM CBSI3M 37CCh SABJISCTCS JICIUTEIb HAMPSHKECHUS, COCTABICHHBIN 13
KOMIUIEKCHBIX cOonpoTuBiIeHud Z; u Zp;. C y4eToM TOro, 4YTO TOK YIMPaBJISIOIIETO
anektpoaa JII paBeH HyIIO, UMEEM:
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Uy _ Z,

U, 24, +72,
Honaraﬂ B I[&HBHCﬁHIGM, qToO KOMIIJIICKCHEBIC COHpOTI/IBJ'IeHI/IH DJIECMCHTOB

TPEXIOJIIOCHUKA SIBJISIFOTCS] PEAKTUBHBIMU Z; 2 3 =j X123, TOTYYUM:

B(a)):

(2.8)

_S _
K(w)= XXX (2.9)
7T (X X,) X,
X
B(w)=—-"2—.
(@) =% % (2.10)
N3 dopmynel (2.9) cnexyer, 4TO MpU YCIOBUU
X, +X,+X,=0, (2.11)
nepenaTouHast GyHKIUS OMPeaeseTCs] BRIPAXKCHUEM:
K(w)=-SR, =SR,e’, (2.12)

MOJYJIb KOTOPOTO ‘K (a))‘ = SR, MakcuMaJeH, a apryMeHT paBeH 7. YTOOBI BBIIIOJIHUTH

yenosust Gamanca (as xpurepust Haiisucra (1.3) apryment xoodduumenta B(w) B

dopmyiie (2.10) Takke JOIDKEH PaBHATHCI 77 TO €CTh X1 U X2 JOJDKHBI OTIMYATHCS
3HAKaMU U TIPU 3TOM HEO0OXO0IUMO, YTOOBI ‘Xl‘ > ‘Xz‘ :

Taxkum o0pazom, M1t caMoBO30YkaeHuss Al TOIDKHBI BBIMOTHATHCS, BO-TIEPBBIX,
ycioBus 6ananca das:

X, (@ )+ X, (o )+ X, () =0; (2.13)
X, (o)X, (@) <0; ‘Xl(a),_)‘>‘X2 (a),_)‘; (2.14)
H, BO-BTOPLIX, aMININTYIHOC YCIIOBUC!
SR, |X
ol Xaler) (2.15)

X, () + X, ()|
B camoMm mpocToMm cilydae B KayecTBE 3JEMEHTOB Zi23 MOXKHO HCIOJIb30BaTh

. .1
WHJYKTUBHOCTH, IJI1 KOTOPBIX ZL = Jwl, U eMKOCTH, JIJis1 KOTOPBIX Z¢c = — | E Cxembl

TaKUX MPOCTHIX TPEXIOIIOCHUKOB MPEACTABIEHBI HA puC 2.5, a HA puc. 2.6 IPUBEIICHbI
MPUHLIHUNHAIBHBIE CXEMbI TpeXTO4YeUHbIX LC-aBTOreHepaTopoB

26



- - -
Cs
X1 JXs T c
1
X3 cb—b)-/ X1 L1 g — T —%
. C
X2 X2 | ’
y p—
y y y
- - - -
1 B 4 4
A 7 N

a) 0) B) r)

Puc. 2.5. CxeMbl TpeXI0IIOCHUKOB:
a), 0) 0000IIEHHBIC TPEXITOIOCHUKH;
B), T') LC-TpexmomtocHuKH

+U

n

L
Co # Cp Brix

L |—°

a

+U,
Cp ? Cp Bbix
L | ° B)
Cl vt
BENA
NS
R _l_CE”
VT

0)

)
Lﬂ

Puc. 2.6. [IpuHuunuansHbie cxeMbl TpexToueuHbix LC-aBToreHepaTopos:
a) cxema ¢ unaykrusHon OC;
0) u B) cxeMmbl ¢ emkocTHOH OC
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+£ +£71

R 7f] R R 7f] R;
Gl 3L Gl lxp
= vr 1 Za

Puc. 2.6. [IpyHuunuaneHble cxembl TpexToueuHblx LC-aBTOreHepaTopoB (IIpoJoKeHHe):
T') ¥ J1) CXEeMbI CTa0MIIN3UPOBAHHBIE KBApPIIEM

KOHmPOJleble 60npocsl u 3a0aHUA

1. ITossicaute npuHuun padoTel TpexToueuHbix LC-aBToreneparopos. B padboueit Terpanu
IUISL  CaMOCTOATENBHON paOOThl TMOBTOPUTE TMOCIEAOBATENIBHOCTh JIEUCTBUM IS
OTIpEe/ICJICHUS YCIIOBUI caMOBO30yxaeHust Al

2. [MosicanTe npuHIMN pabOTHI aBTOT€HEPATOPOB, MPEICTABICHHBIX CXeMaMH Ha puc. 2.6.
VYKaxute -dIeMEeHTbl, ONPEAEISIONME YacTOTy W CTAa0WIBHOCTh aBTOKOJIEOAHMIA
aBTOrEHEepaTopa.

3. B paboueii Terpaau Uisi CaMOCTOSITENIbHOM pabOThl HAYEPTUTE MPUHIMITHATIBHBIC
cxeMbl TpexToueuHbIX LC-aBTOreHepaTopos.

2.4. LC-aBTOreHepaTopbl rapMOHMYECKUX KOJIeOaHuii
C BHYTPeHHel 00paTHOi CBA3bIO

B paccmorpennbix Tumax Al menb oOpaTHOW CBSI3U SIBISIETCS BHEIIHEH,
OTJICJIEHHOW OT yCWJIUTENSl — 3BeHa mpsAMor mnepenaud. OQHAKO CylIecTByeT OoJiblias
rpynna reHepaTopoB, B KOTOpwhiX BHemHue uenu OC otrcyrcTtByroT. B Takux Al
WCIIONB3YIOTCS PA3JIMYHbIE HEJIMHEWHBIE YCTPOMCTBA, B TOM 4YHCIE JJIEKTPOHHBIE
npuOOpBl, y KOTOPBIX BOJbT-aMIEpHble XapakTepuctuku (BAX) umeror mnagaroiue
yuactku. Ha 3Tux ywactkax nuddepeHiuanbHoe conpoTuBieHue (auddepeHipanbaas
IIPOBOJIMMOCTE) INPUHUMAET ompuyamenvhoe 3HaueHue. QOOpMUPOBAHUE TaKUX
yaacTkoB BAX 00yCOBIICEHO HAIWYUIO GHYyMIPeHHell 00pamHoll c6A3uU, TPUCYIICH
npoleccy nporekanus Toka B Jl1.

B 3aBucumoctu ot dopmel BAX HenuHeWHbBIE AJIEMEHTHI C «OTPHUIATSIHHBIM
COmpOTUBIEHUEM Jenarcs Ha 3ymeMeHThl N- u S-tuma. Henunelinwiii amement N-tuma
umeer BAX, nzoOpakeHHYI0 Ha puc. 2.7 a U XapaKTepu3yeTcs MHOTO3HAYHOCTHIO IO
HanpsDKEHUIO (Ha HEKOTOPBIX €€ ydacTKax OJHOMY 3HAUYE€HHUIO TOKa COOTBETCTBYIOT TPHU
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3HAYEHUsl HAmpsoKeHus ). JneMeHTamMu N-Tumna sSBISIOTCS TYHHENbHBIN JUOMA, TETPOI B
JTUHATPOHHOM PEKUME U JPYTrHe YCTPOUCTBA.

/s /w h

VD&Z U HL U

7 ")
a) 0)

Puc. 2.7. HenuueliHble 3716MEHTHI, HMEIOIIHME NAIAI0NIHE YYACTKH XapaKTEPUCTHK
a) anmeMeHT N-Tuma
0) ayleMeHT S-Turma

Henuneltnpnii smement S-tuma mmeer BAX, mpeactaBieHHyro Ha puc. 2.70 u
XapaKTEPHU3yeTCsl MHOTO3HAYHOCTHIO TIO TOKY. OJIEMEHTaMH S -THUIA SBISIOTCS
ra3opaspsjiHble MpUOOPbI, TUPUCTOPHI, TPAHZUCTOPHI B PEKUME JIABUHHOTO TPOOOS U
JpyTHUe YCTPOUCTBA.

Ha puc. 2.8 a uzo6paxkena cxema LC-reHepaTropa rapMOHHMYECKUX KOJIEOAHMM C
BHYTpeHHEl oOpaTHOW cBs3bt0. OCHOBa paccMaTpUBAeMOW CXEMbl — HEITWHEHHBIM
anemMeHT N-tuma — TyHHenbHBIM auon VD. IlpuHuum AeHCTBUS TYHHEIBHOTO THOMA
OCHOBAH Ha WCIMOJb30BAHUHN TYHHENHHOTO d((PEeKTa B dJCKTPOHHO-IBIPOYHOM TIEPEXOJIC,
(dhopmupyrOLIero najaroluii y4acTOK Ha MPSMOU BETBU XapaKTepuCTUKU nepexoaa. BAX
tyHHenbHOro auoza | = @(U) npencraBnena Ha puc. 2.8 6. KpoMe Hero B coctaB cxembl
BXOIAT MHAYKTHBHOCTE L u emkocte C, oOpasyromue KojacOaTeIbHYI0 CHCTEMY
reHepaTopa M UCTOYHUK uTaHus En.

Hanpspkenue uctoyHuka nutanus Ep BeIOpaHO TakuM, 4yToOBI pabodasi TOYKa B
peKMMeE TIOKOSI pacrioiaraiachk B cepeaune najaaromniero yuactka BAX nuona (puc. 2.8 0).
Harpyska renepaTtopa — compoTHBIEHHUE Rp, MOIKIIOUEHO Yepe3 pa3iaeluTeIbHBIN
konaencarop Cp.

L <
*—0o y ®
G
£, cl wv VD = cl L
= R, N e U
) - En U ¢
a) 0) B)

Puc. 2.8. LC-reneparop rapMOHHUYECKUX KOJIOaHUI C BHYTPEHHEH 00paTHOM CBS3BIO:
a) MIPUHLMIINAIIbHAS CXEMa T'eHepaTopa;

0) BAX TyHHENbHOTO 1HOAA;

B) SKBMBAJICHTHAs CXe€Ma reHeparopa

29



Ha puc. 2.8 B npuBesieHa skBuBanentHas cxema Al'. Ha neii emxocts Co = Cp+ C
yYUTBIBaCT eMKOcTh juona Cg, a o0lmMe OMHYECKHE TOTEePH IPEACTABIICHBI
AKBUBAJICHTHOW TPOBOIUMOCTBI0O (G5, YUMTHIBAIONMICH B T.4. SHEPIHIO, MOTPEOIIEMYIO
Harpy3koi Al

JIJist 3TO# CXEMBI 3aluIIeM Yy3JI0BO€ YpaBHEHHUE IS MEPEMEHHON COCTaBIIAIOIICH
HaTpsDKEHUS U,

du 1
CSE+GSU +Ejudt+¢(u):0. (2.16)
[Tocne ero nuddepeniupoBanus u aeiacaus Ha Cs moaydum
2 do(u (2.17)
d 121+63 d_u+ 1 u+i—(p( )d—u:O.
dtz2 ' C,dt LC, C, du dt
31ech
de(u)
“au > (u) (2.18)

— (YHKIHMS, ONpPENEIAIonas 3aBUCUMOCTh KPyTu3Hbl BAX OT HamnpsbKeHHs Ha IHOJIE.
I[Tocne nepecTanoBok B (2.17) monyuum HenuHelHoe auddepeHnranbHoe ypaBHEHUE
du 1 du 1
> +— (G, +S(u))——+—u=0. (2.19)
at?  C, dt ' LC,
HHHeapHSyeM 9TO YPAaBHCHHUC, 3aMCHAA I MaJIbIX KOHe6aHI/Iﬁ u HGHHHeﬁHyIO

3aBUCUMOCTH (2.18) 3HaueHneM KpyTH3HBI B TOUKE MOKOs, T.€. pu U = Ef

de(u)
o Sy =-0. (2.20)

B pesynbrare nosiyuum auHeliHoe quddepenipanbioe ypaBHenue Buaa (1.18)

d’u du

~—— +2a—+wfu, =0,

dt? a7

1
rae B JagHoM ciay4dae: o = —(G, -0 ), @, = —.
g 2c, (Co9) @ LC,

VYcaoBuem camMoBO30YXAEHUS KOJIEOAHUM 31ECh CIY>KUT KPUTEPUH, pacCMOTPEHHBIN
BbIIIE B M. 1.2.2, U3 KOTOPOTO CIEQYET, UTO CHCTEMA HEyCToNuMBa, ecau o < 0, TO €cTh
IIPY BBIITOJIHEHUY HEPABEHCTBA

G, <0 (2.21)

Bo3nukmme B pesynbrare (AyKTyaluii Maiible KoJieOaHUsi HapacTalT I0
DKCIOHEHIMAJIbHOMY 3akOoHy. C pOCTOM HX aMIUIMTyAbl HAYMHAET CKa3bIBAThCS
HenuHenHbl xapakrep BAX nuopa, orpanuumBaromuii poct KojedaHuil. MOHOTOHHO
HapacTasi, aMIUIUTya aBTOKOJI€0aHUH TPUOINKAETCS K CTAlHOHAPHOMY 3HAYEHUIO.

Jns ananuza cranmoHapHOro pexknma Al uCIonb3yeM KBa3WIMHEHHBIA METOI,
MpUEMJIEMBI TPU BBICOKOW JOOPOTHOCTh KOJEOATEeNIbHOM CHUCTEMBI, Korga Qopma
KoJieOaHuil HanpspkeHus U OJTM3Ka K TApMOHUYECKOH.

Annpokcumupyem BAX nuopga B OKpPECTHOCTM TOYKHM IOKOSI YKOPOUEHHBIM
MOJIMHOM TPETheM CTEMEeHH, KAueCTBEHHO MPaBUJIBHO MEPENaAIoM OCOOEHHOCTD
XapaKTepUCTUKH, TIPEACTaBIeHHON Ha puc. 2.9 0:
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p(u)=-gu+ku®. (2.22)
Hcnonb3ys HaliieHHOE BbIlIe BbipaxkeHue (1.33), onpenensiomee XapakTEPUCTHKY
CpeaHel KpyTU3HBI, C y4eTOM (2.22) moayuum

Ser (U) =g + kU2 (2.23)

YcnoBrueM CTalMOHApHOCTH KOJIeOaHMI SIBISIETCS PABEHCTBO HYIIO KOA(PGUIIUEHTA MPU
MEepBOIl MPOU3BOIHOM B ypaBHeHMH (2.19), T.e. xorna,

3 2.29
Go + S0 (Uor) =Go — + SkUZ =0. (2:29)

Pemenue 3Toro ypaBHeHUs OnpenesseT aMIUIUTYly CTAllMOHAPHBIX KOJIEOaHMt

2 — (2.30)
UCT - E g _GS .

TakuMm 00pa3oM, IpH BINOJIHEHUH ycioBus (2.21) B paccMaTpuBaeMoOl cCUCTEME
CaMOIIPOU3BOJILHO BO3HUKAIOT aBTOKOJICOAHMsI C 4aCTOTOM @r = ayn. B crannonapHom
pexume Qopma kosebaHuMi OJM3Ka K TapMOHMYECKOW, aMIUIMTYJa OIpeaesaeTcs
npuomxeHHoil Gopmynoit (2.30) a cTaOMIBHOCTh — JOOPOTHOCTBHIO KOJIEOATEIBHOU
cuctemsl Al

Konmponwsuwie gonpocel u 3a0anus
. TloscHuTe TPUHUUNHAIBHOE  OTIUYUE  ABTOIEHEPATOPOB,  HCHOJIBb3YIOIIUX
AJIEKTPOHHBIE IPUOOPHI, Y KOTOPHIX BAX HMEIOT Mafaroniyfe y4acTKy.
2. lloscaute npuHIUI pabOThI aBTOTEHEPATOPa, MPECTABICHHOT0 cXxeMoi Ha puc. 2.8. B
paboueil TeTpagu UIi CaMOCTOSITEIBHOM pabOThl TMOBTOPUTE TOCIEIOBATEIHHOCTD
JEUCTBUI JJIs1 ONIPECIICHUS YCIOBUM CaMOBO30YKIEHHSI aBTOTCHEpaTopa ¢ BHyTpeHHEH
o0OpaTHOM CBSI3bI0. YKaXXUTE DJJIEMEHTHI, OMNPEACNAIONIME YacTOTy U CTaOMIBHOCTH
aBTOKOJIEOaHUI aBTOreHEpaTopa.
3. B paboueii TeTpaau sl CaMOCTOSITEIbHON paOOThl MMOBTOPUTE MOCIIEI0BATEIBHOCTh
JNEUCTBUM NIPU aHAJIN3E CTAIIMOHAPHOTO PEXMMa aBTOT€HEpaTopa.

2.5. ABTOreHepaTop ¢ pacnpeaejeHHOl K0JiedaTeIbHO cCUCTeMOM

BaxxHOW pa3HOBUIHOCTHIO TEHEPATOPOB C BHYTPEHHEW OOpaTHOW CBSI3bIO
SIBJISIFOTCSI aBTOKOJIE0ATEIbHBIE YCTPONUCTBA, B KOTOPBIX HCIOJIB30BaHBl OTPE3KU JIMHUN
nepeayu ¢ pacnpeesieHHbBIMU NapaMeTpaMi. |TUIMUYHBIM IMPUMEPOM CIIYXKUT .J1a3ep —
aBTOTCHEPATOp TapMOHMWYECKUX KoOJeOaHWd B ONTHYECKOM ©  HH(]pakpacHOM
Jara3oHax.

Jlazep OOBIYHO COCTOMT W3 JBYX 3€pKaj, 00pa3yIolUX OTKPBITHIA pe30HATOp.
OnHo M3 3epkall CAENaHO YacTHUYHO MNpo3paydHbIM. [IpocTpaHcTBO Mexay 3epKajaMu
3aM0JIHEHO AKTUBHOW CpeJoi, aTOMbl KOTOPOW BO3OYXKIEHBI MOCPEICTBOM CHCTEMBI
Hakayku. AKTHBHas cpela MOXKET YCWIMBaTh TMaJjarollee HU3JIy4eHHe, KOTJa YHCIIO
aTOMOB Ha BO30YXKJEHHOM JHEPreTUYECKOM YpPOBHE IMPEBBIIIAET YHUCIO aTOMOB Ha
YpOBHE, PaCIOJIOKEHHOM HUXe. B030yKIeHHbIe aTOMbl NEPEXOoAsST B 0Oojiee HU3KOE
SHEPreTUYECKOE COCTOSIHUE MOJT BO3ICUCTBUEM 3JIEKTPOMArHUTHOIO TMOJISI B PE30HATOPE.
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OTO mone SBIACTCS PE3yJbTaTOM CYMMHPOBAaHUS WHAYIHUPOBAHHBIX H3IyYEHUN
00JBIIOr0 KoJMYecTBa aToMOB. COCPEIOTOUEHHOE B PE30HATOPE MEXKIY 3€pKajlaMyd OHO
IpECTaBIsIeT cO00H WHTEP(EPEHIINIO BCTPEUHBIX BOJIH MHOTOKPATHO OTpa)KacMbIX
3epkanamu. YacTb SHEPTHH MOJISI U3ITydaeTCsl 4Yepe3 MOTyImpo3padHoe 3epKao.

PaccMoTpuM MOJeNbHYIO 3a7ady O BOJHOBOM TMIPOIECCE B AKTHUBHOW JTMHHOMN
JuHUM ¢ ToroHHbIMH Tapametrpamu L, C, R, G. [lelicTBue akTUBHOM Cpeabl 37eCh
YYHUTBIBACTCSI TEM, YTO MOTOHHAS MOMEpPeYHasi mMpoBoANMOCTh (G Ha 4acTOTe TeHEpAINH
@r sBISETCS oTpuuartenbHol BeawuuHOW: G =—Q. ymna nuaum |, CreBa nuHus
3akopodeHa (Ri1=0), uem obOecrnieueHO MOJHOE OTpakeHHE BOJHBL. CrpaBa K JIMHUU
MOJIKJIIOUYEHO aKTHUBHOE COMpOTUBJICHHS Rz, o0ecnednBaromiee 4aCTHUHOE OTPaKEHUE
BOJIHBI OT 3TOTO KOHIIa U SBJISFOIIEECS HArpy3Koi auaun. [Ipu ompeeieHHbIX YCIOBUAX
B TaKOM JMHUM BO30YKJAIOTCS aBTOKOJEOAaHMs, 1 OHA CTAHOBHUTCS aBTOT'€HEPATOPOM.
Ero cxema mpencrasiena Ha puc. 2.10 a. Ha puc. 2.10 6 ToT e reHeparop npeacTaBieH
(GyHKIMOHATBFHOM CXEMOM, YUMUTHIBAIOIIECH PACIpOCTPAaHEHUE BCTPEUYHBIX BOJIH B JIMHUU
U UX OTPaKEHHE OT KOHIIOB. DTy CXeMy jajiee OyJeM paccMaTpHBaTh KaK CHUCTEMY C
00paTHOM CBSA3BIO, B KOTOPOM: 3BEHO MPSAMOM Nepeaadr NpeCTaBIseT paclpoCTpaHEHHUE
BOJIH OT JICBOTO KOHIIA JIMHUU K TIPaBOMY; 3B€HO OOPAaTHOM CBS3U — OTPaKEHHE BOJH OT
MPaBOTO KOHI[A, PACTIPOCTPaHEHHUE K JIEBOMY KOHIIY M OTPaXE€HHE OT HETO.

I—aC:R,_g > e_}’l >

R, =0 R,

a) 6)

Puc. 2.10. I'enepaTop Ha akTUBHOH JUTMHHOW JIMHUU:
a) cCXxeMa aBTOT€HEepaTopa;
0) ero (GyHKIIMOHANIbHAS CXEMA;

P R

0 w, w

B) r)

Puc. 2.10. I'enepaTop Ha aKTUBHOW JJTUHHOM JIMHUU (TTPOJIOJDKECHHE):
B) YCUJICHHE BOJIHBI TIPU €€ PACIIPOCTPAHEHUH B JINHUU;
') Irarpamma, MosSICHSIOAs TeHEPUPOBAHUE MOJ KOJIeOaHUIA

32



B pexume rapMoOHMYECKMX KOJI€OaHMII BOJHOBOM MPOLECC B OJHOPOJIHOM
JUIMHHOW JIMHUU OIUCBIBAE€TCS TeJlerpa(pHbIMU ypaBHEHUSAMU. PellieHue 3TuX ypaBHEHUI
B KOMIUIEKCHOM (opMe MpUBOIUT K CIEAYIOUIMM pPacHpelesieHusIM B JIMHUU
KOMIIJIEKCHBIX AMIUIATY/ HANIPSKEHUS U TOKA:

U(x)=Ae™ +Age" (2.31)
. 1/ a0 i
I(x)=Z—B(A1e > _ A ) (2.32)
3nech: A1 u A2 — KOHCTaHTBI, OIIpe/ieIieMble TPAHUYHBIMH YCIOBUSIMU;
y=J(ieL+R)(jaC+G) =a+jp (2.33)
— nocTosiHHAs (K03 (DUITMEHT) pacIpOCTpaHEeHUSs (BOJIHBI);
7 joL+R
B —j oC+G (2.34)

— BOJIHOBOE COTIPOTHUBJICHUE.

B Beipaxkenuu (2.33) xkordPuIMEHT ¢ XapakTepU3yeT HU3MEHEHHE aMIUIUTY/IbI
BOJHBI 10 Mepe €€ pacmpocTpaHeHus: mpu o >0 — ero Ha3wpBaloT Kod(DPHUITHECHTOM
3aryxanus; npu o <0 — xkoddpdunuenrom ycuieHus. Koapounuent f xapaktepusyer
n3MeHeHue ¢asbl BIOJIb KOOPIUHATHI X.

B ¢opmynax (2.31) u (2.32) mnepBble ciaraemMbleé ONUCHIBAIOT BOJIHBI,
pacIpoCTpaHSIOMKECs B HAMpaBJIEHWH BO3PACTaHWS KOOPAWHATHI X, BTOpHIE — B
oOpatHoMm HampaBieHuu. Ilepexon ot (2.31) m (2.32) K MrHOBEHHBIM 3HAYCHHIM
HalpsOKEHUST M TOKAa TPHUBOJUT K BBIPAKCHUSM, MPEACTABISIIONIAM OSTH BOJIHBI.
Hampumep, BosiHa HANTPsDKEHUS B JIMHUK OMTUCHIBAETCST (DOPMYJION:

u(t,x) = |Ale™ cos(et - x +argA, ) +|A,|e”* cos(at + px +argA,).  (2:35)

Hannuue HEOoIHOPOAHOCTEN Ha KOHIAX JIMHUU MPUBOJUT K OTPAKEHUSM BOJIH,
XapaKTepU3yeMbIM KOI(PPUITUEHTOM OTpaKCHHUS:
re=sate 2.36
]
Z,+Z, (2.36)
rae ZH — KOMIUIEKCHOE COTIPOTHUBIIEHNE HEOJHOPOTHOCTH.
B akTHBHOW AJIMHHOW JIMHWUK TPU BBINOJHEHUWU Ha pabouyell 4acToTe @ YCIOBHUM
R—0 u wC>>(g BoIHOBOE CONMPOTUBIIEHNE CTAHOBUTCS AKTUBHBIM

L
Zy = \/; =P, (2.37)

a K03hGUIMEHTH! & U S TPUHUMAIOT BU/I:

gp .
“= —7/)’ (2.38)
27
p=olC =", (2.39)
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rie A — JJIMHA BOJHBI B JIMHUU.

Koaddunuent o B (2.38) siBnserca oTpunaTesibHONW BennunHOM. CieaoBaTenbHo,
cmaraembie B (dopmynax (2.31), (2.32) u (2.35) ommCHIBaIOT BOJIHBI, YCHJIWBACMbIC
aKTUBHOM cpemoi. VX aMIUIUTYABl MPU WX PacpOCTPAHCHUW BJIOJIb JIMHUW HapacTaroT
10 DKCIIOHEHIIMaTbHOMY 3aKkoHY (puc. 2.10 B).

BosBpamasce k pyHkuuoHanbHoi cxeme Al, mpencrabieHHor Ha puc. 2.10 0,
pacnuieM KOMIUIEKCHBIE TiepeaTouHble (DYHKIIMN 3BEHhEB CHCTEMBI. [[71s 3BeHa mpsiMoit
niepeiauu, MPeCTABISAIONICT0 PACIPOCTPAaHEHUE BOJHBI OT JICBOro KOHIA JiMHUU (X = 0)
K ipaBomy (X = |), umeem:

(o) =t = ¢

Jlnst 3BeHAa OOpaTHOM CBSI3M, MPEACTABISAIONIETO PACIPOCTPAHEHHUE BOJHBI OT
npaBoro konia JuHun (X = ) k geBoMy (X = 0) 1 oTpaskeHHE BOJIH OT KOHIIOB JIMHHH, C
yuetoMm dopmyi (2.40) u (2.36), rae Zs = p, ZH12 = R1 2, oayunm:

ap,
B(0) =6 =(-1)| 22=£ |e? - (2.41)
R,+p
3aMeTuM, YTO B pacCMaTpuBaeMOM CUCTEME BEJIMYMHA CONMPOTUBJICHUS Ry nomkHa ObITh
MEHBIIIE BEJIMYMHBI BOJHOBOTO CONPOTHBIECHUS O, MO3TOMY B (2.41) mpousBeneHue
[172,>0
Hcnonp3yeM yciaoBHsl caMOBO30YKIEHUs, cieayrouie u3 kpurepus Haliksucra.
VYcnoBue Oananca a3 (1.3) mpUBOOUT K ypaBHEHHIO, ONPEIEISIONIEMY YacTOTY @r
BO3HMKAIOIIMX AaBTOKOJICOAHWM. [[7s BOJIHOBBIX IMPOILIECCOB YacTo Oojiee yI0OHBIM
napaMeTpoM CIIY>KUT JJTMHA BOJHBI TeHEPUPYEMBIX KoJIeOaHmid A, CBSI3aHHAS C 9aCTOTON
® W3BECTHBIM COOTHOWCHHEeM A=2aV/ @, Ttme V — CKOpOCTh BOJIHBL Mcnosb3ys

ykazaHHoe BeIpakeHue (1.3) mmeem: 201 =2zn, toe n=1;2;3;... . YuuTsiBas, 4TO

L= LC =wlv=2z/4, mnonyduMm cIeAyome OSKBUBAJICHTHBIC COOTHOIICHHUS,
OTIPENICIISIONTUE @ U Ar:
=n—2"_; 1A =2l I=n
AN oA A (242)

OueBugHO, 4TO N B (2.42) ompenensieT YUCIO MOJYBOJIH, YKJIQJbIBAIOIIMXCA HA JIJTUHE
JUHUM, (PAKTUUECKH — KOJMYECTBO MYYHOCTEH HUHTEPPEPEHIIMOHHOTO pacrpeieieHus
HaIpsDKEHUS U, CJIEI0BATEbHO, MOJIS B IMHUM.

AmmutynHoe ycioBue (1.4), ompexpensioniee COOTHOIICHUE IapaMeTpPOB
CUCTEMBI, IPU KOTOPHIX aBTOKOJIEOAHHS BO3HUKAIOT U HAPACTAIOT, MPUHUMAET BU/I;

p—R, g7p|
—=le? >1.
P+R, (2.43)

Taxkum 00pazoM, Mpu BBIMOTHEHUHU ycioBHs (2.43) B paccMaTpuBaeMon CUCTEME
MEpPBOHAYAIIbHO B PE3YyJbTAaT€ CIIOHTAHHOTO W3JIY4YEHHUs, NEPEXOJAIlero 3aTeM B
MHJyIMPOBAaHHOE, BO3HUKAET BOJIHOBOW mpoiiecc. ['eHepupyemas B CUCTEME MOIUTHOCTh
HapacTaer /10 TeX MOp, MOKa HE HAYHYT MHPOSIBISATHCS MEXAHU3MBbI, TPUBOASIIUE K €€
OTPaHUYCHHIO.
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Cnenyer OTMETUTh, YTO YCIOBUE (2.42) BBIMOIHSIETCS MPU PA3TUYHBIX 3HAUCHUSIX
N, MO3TOMY B paccMaTpUBaEeMOM JHMHHUM CYIIECTBYeT HAOOp PE30HAHCHBIX YacCTOT,
OTJCJCHHBIX JPyr OT Jpyra wuHTepBaioM Aw=zv/l. Kak mnpaBwio, mupuHa
CIEKTPaJIbHOW JIMHUM aKTUBHOW Cpejbl MPEBBIIAET ATOT UHTEepBall. BenencrBue »toro,
MpU Pa3BUTUU TEHEPAIUA MOXKET pPeajn30BaThCs KaK OJWH THUIT KOJeOaHWil — Moja,
COOTBETCTBYIOIIIAsl PE30HAHCHOM YacTOTE CIEKTPAIbHOM JTMHUU, TAK U HECKOJIBKO MO/ U3
HMHTEpBaJIa YacTOT, OMPEACISIONIET0 KOHTYp CIEKTPaJIbHON JIMHUM aKTUBHOM CpEIbl.

Puc. 2.10 r wimocTpupyeT 4acTOTHYIO 3aBUCUMOCTH (J (a)), OINIPEACIAIONIYI0 YCUJICHUE

BOJIH B aKTMBHOM Cpelie M MOJBI KOJeOaHU, COOTBETCTBYIONINE PE30HAHCAM TMHHOU
JIUHUH.

Konmponvnwie 6onpocel u 3a0anus
1. IlosicauTe IpUHIIUAIT pabOTHI JIa3epa.
2. B paboueli TeTpaau s caMOCTOSTEILHON paOOThl MMOBTOPUTE MOCIIEI0BATEIBHOCTD
JEWCTBUI TIpU aHalM3e aBTOrCHEpaTOpa Ha aKTUBHON IMHHOW JmHUH. Omnpenenure
YCJIOBHSI CAMOBO30YKJICHHS B HE aBTOKOJICOAHMIA.
3. YkaxuTe MpUYMHY OJHOBPEMEHHOTO CYIIECTBOBAaHMS B aBTOIeHEpaTope KoyieOaHMit
psizia 4acToT.

2.6. RC-aBToreneparop rapMoHU4ecKUX KojiebaHuii ¢ moctom Buna

Paccmotpennbie Bbime LC-reHepaTOpbl OKa3bIBAIOTCA MAJONPUTOAHBIMU  JUIS
T€HEPMPOBAHUA TAPMOHUYECKHMX KoleOaHmii Hu3Kkol wactotel (ke 102 I'm). Dto
0OyCJIOBJIEHO TE€M, UYTO C MOHUKEHUEM YACTOThl YBEIMUMUBAIOTCS Ta0APUTHI U CHUYKAETCS
KAa4eCTBO KATyLIEK MHAYKTUBHOCTH. B CBsA3M C 3TMM B HM3KOYacTOTHbIX Al B kauecTse
YACTOTHBIX (PMIIBTPOB B 3BEHBSIX 00paTHOM CBsA3M UCIONB3YI0T RC-11enu.

CrpykrypHasa cxema RC-aBToreneparopa coorBercTByeT puc. 1.1. OHa comepxut
YCUJIUTENb W IeNb MOJIOXKHUTEIbHOM OOpaTHON CBSI3U, NpPUYEM MapaMeTpbl CXEMbl
MoA0OUPAIOTCS TAKMMH, YTOOBI HEOOXOIMMBIE /IJIsi TEHEpUPOBAHUS yClIOBUs OanaHca ¢a3
(1.3) m ammmutya (1.4) BRIMOTHSIMCH HA OJTHOM YacTOTE.

HaubGonee  pacmpoctpanennbiMm  Tunmom  RC-aBTroreneparopa  sIBISICTCS
n3obpereHusiii B 1939 roxy amepukanckuM unxkenepom B. P. XpronerTom renepartop c
MOTOM BuHa, OCHOBOI KOTOPOTO SABJISUICS ABYXKAaCKaHbIM JaMITOBbIN ycunuTens. Cxema
MoJ00HOr0 reHepaTopa, BHIIIOIHEHHOTO Ha oneparimoHHoM ycunutene (OY), npuBeneHa
Ha puc. 2.11 a. CpaBHuBas ee co cxemoi LC-aBToreneparopa, mpuBeICHHONU Ha puc. 2.3,
3aMeydaeM, YTO OHM OTJIMYAIOTCS TOJBKO COCTaBOM 3BeHa OOpaTHOW cBsA3u. OCHOBOM
oOoux reHeparopoB cinykut OV, BKIIOUYEHHBIH 1O HEWHBEpPTUpYHOIIEeH cxeme. [ls
YOPOLIEHUsI aHalli3a, paccMarpuBaemMoro 3aecbk Al, ONATh HCHOIB3yEM MOJEINb
unecansaoro OY ¢ mapamerpamu: Ko — 0; Rpx — 0; Rpbix — 0 ¥ CBOHCTBO CXEMBI,
3aKJIFOYAIOIIeeCs] B BUPTYAIbHOM (HEralbBAaHMYECKOM) YPaBHUBAHUN HANPSDKEHUH U™ U

U~ Ha BXOAHBIX Ki1eMmax OV.
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s ompeneneHus yciuoBUl caMoBo30yxkaeHHs Al BOCHOJb3yeMcsl KpUTEpUEM
HatikBucra. Cunras, 4yTo 15 Majblx KojeOaHUl cucTtemMa — JUHEWHAs 1elb UCIOIb3yeM
JUISL AaHAJIA3a METOJI KOMILIEKCHBIX aMIUIMTYZ. 3BEHOM IIPSMOM Ieperayu 31eCh CIYKUAT
HeWHBepTHpytomas cxema ycwmrens Ha OVY. Ero koaddumment mnepemaum K,
CBSI3BIBAIONINN HAMPSDKCHUST HA HEUHBEPTHpPYIOIIeM Bxoae U’ u Beixoge OV Uskbix,
MIPEACTABISICTCS MIPUBEICHHON BHITIIE B 1. 2.2.opMYyIION:

k = Ugpix _ R, +R, . (2.1)
u R,

O4eBUHO, YTO B 3TOM BBIPAKEHUU |k| > 1, a aprymenrt arg kK = 0.

™
o

Puc. 2.11. RC-aBToreneparop Ha onepanvoHHOM YCHIIUTEE:
a) cxema reHeparopa;
0) mocT Buna

3BEHOM OOpaTHOM CBSI3U 3/1€Ch SIBJSETCS JCIUTEIb HAMIPSKEHUS, COCTABICHHBIN U3
nByx RC-uenen: mocinenoBaTebHOM U napauieabHol. C ydeToM TOro, 4TO BXOJHOM TOK
OY paBeH HyI10, UMEEM:

1 1
UBbIX Zl+zz R + - + _ 1_|_j1 RO )
JoC G+ JaC 3low, o
jarctgl “ % (244)
:% 1 2e 3{% ‘0]’
1. @ _a
New o
rae ao =1/ RC.

OtmetuM, uyto momydeHHass (opmyna (2.44) cxomHa ¢ 3aBUCUMOCTHIO (2.2),
norydeHHoi B 1. 2.2. OpHako, SKBUBaJEHTHAs NOOPOTHOCTH Q KoieOaTenpHOM Ienu
3mech paBHa 1/3, m eciam B cxeme TeHeparopa He MPEANPUHSTh HUKAKUX CIEIUATbHBIX
Mep, CTaOMIBLHOCTh YaCTOTHI €ro KoJicOaHui OyJaeT OYeHb HU3KOM, Tak Kak mpu Q = 1/3
(ha30-yacTOTHAs XapaKTEPUCTUKA LIETIM OKA3bIBAETCSI OYEHB MOJIOTOH.
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VYcnoue Oamanca (a3 kpurepus HaiikBucta (1.3) mpuBOAWT K ypaBHEHWIO,
OTIpe/ENAIOMEMY YACTOTY (or BO3HUKAIONINX aBTOKOIEOaHH il arg(kB (oo )) =0

llo o
arctg=| ——-— |=0.
J 3\o, o (2.45)
Otkyna crnenyer
or = ao =1/ RC. (2.46)

AmMiututynHoe ycnosue kputepus HalikBucta (1.4), onpenenstoniee COOTHOLIECHUE
apaMeTpPoOB AIEMEHTOB CXEMbI, P KOTOPHIX aBTOKOJICOaHHsI BOZHUKAIOT U HapacTaloT,
B paccMmarpuBaeM Al onpenensercs BIpaXKECHUEM:

KB (@) =2t R 5 g, a7
3 R, (2.47)

Takum oOpa3zoMm, B cucTeM€ BO3HUKAIOT aBTOKOJEOAaHUS C  4YacTOTOH
ar = an =1/ RC,ecnu koaddunment ycunenus k > 3, T.e. korna Ry >2R;.

CymiecTBeHHOE  MOBbIIIEHWE  cTaOMIbHOCTH  4YacToThl  RC-reneparopos
JOCTUTAETCA TOCPEJCTBOM HCIIONIB30BAHUS B HMX CXeMaX OTPHUIATENBHON OOpaTHOM
cBs3u. B paccMmarpuBaemoii cxeMme Takasi CBsi3b (POPMUPYETCS JACIUTEIIEM HAMPSIKEHUS,
COCTaBJICHHBIM U3 corpotuBieHnit Ry u Ry Ha unBeptupyromem sxoae OVY. Jlenurens u3
RC-neneit Z; — Z; COBMECTHO C pe3UCTUBHBIM aenutenieM Ri — Ry 06pasyroT moct BuHa,
cxema KOToporo mpuBeneHa Ha puc. 2.116. Ilpumenenne mocta Buna yBemnmumBaer
KpYyTH3HY ()a30-4aCTOTHOW XapaKTEPUCTHUKUA CHCTEMBI B OKPECTHOCTH YaCTOTHI @r W,
CJIEIOBATEIILHO, MOBBIIIACT CTAOMILHOCTh YaCTOTHI TEHEPATOPA.

Jlns mosrydeHus aBTOKoJIeOaHWM, OM3KUX K TApMOHUYECKUM, M CTAOMIIM3AIlUd UX
ammuTyael, B RC-reHepatopax — UCHOJNB3YIOT ~ HEJIWHEWHBIE  WHEPIMOHHBIC
CONPOTHUBJIEHUS — TEPMOPE3UCTOpPBl. B  paccMOTpeHHOM cXxeme TreHeparopa
MOJTYTIPOBOTHUKOBBIM TEPMOPE3UCTOP BKIIOYAIOT BMECTO Ri MIM MeTauinyecKui —
BMecTO R».

Konmponwvnwie 6onpocwl u 3a0anus
1. Ilowemy LC-renepaTopbl OKa3bIBAIOTCS MAJONPUTOAHBIMH JIJIi TEHEPUPOBAHUS
rapMOHUYECKHUX KOJIe0aHui Hu3Koi 9acToThl (Huxke 102 I')?
2. [Mosicaute padboty RC-aBToreHeparopa Ha onepanroHHOM ycuautene (puc. 2.11).
3. B paboueii TeTpaau sl CaMOCTOSITEILHON paOOThl MMOBTOPUTE MOCIIEI0BATEIBLHOCTh
JICUCTBUIA JJIsl ONPENEICHHUs] YCIOBUH CaMOBO30YKIEHHUS aBTOTeHepaTopa. YKaKWTe
AJIEMEHTHI, OTIPECIIAIONINE YaCTOTY ¥ CTAOMIBHOCTH aBTOKOJICOaHU aBTOTeHEpaTopa.

2.7. RC-aBToreHepaTrop rapMoOHU4YeCcKHUX KOJIeOaHuii
¢ ¢pa3ocABUraIIUMHU LENMOYKAMH

B kauectBe 3BE€Ha NpAMOM MEPENAYM MOXKHO MCIIOJIb30BATh PE3UCTOPHBIN
YCWJIMTEIIbHBIN KacKaJ ¢ OOIIMM HHXKEKTOPHBIM 3ekTposoM. Koaddunment ycunenus
ATOU PACIIPOCTPAHEHHOMN CXEMBbI OIPEesieTCs U3BECTHON (HOpMYIIOif

k =-SR, =SR_,e'", (2.48)
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rae: S — kpytuzHa BAX ucnonb30BaHHOTO 3JIEKTPOHHOTO Mpubopa; Ras — sKBUBaneHTHOE
CONPOTHUBJICHUE €TO HAIPy3KHU.

U3 (2.48) cnemyeT, 4TO HA 4YAaCTOTE I'E€HEPAllMU 3BEHO OOpPATHOM CBSA3M JOJKHO
CKOMIICHCHpPOBaTh HW3MEHEHME B YCWINTEIE IOJSIPHOCTH BXOJHOTO CUTHAJIA.
CooTBeTcTBYIONIMI (Pa30BBIN CIABUT, PaBHBIA 7, MOKHO TOJy4yaTh, UCTONb3ysd RC-menu
aecTHUyHOro tuma. Cxema nOJOOHOrO TreHepaTopa Ha IOJIEBOM TPAH3UCTOPE C
Tpex3BeHHOM RC-nenwio npuseneHa Ha puc. 2.12 a. 3neck ke nmanbl cxema RC-nenn
3BEHA 00pATHOM CBSA3U U €€ YKBUBAJICHTHOE MPEJCTABICHUE.

=L-Cs °ru,

N T Cl Cy C
Bhixo UCT Rl Rl R TU3
vT C, C, C °
| z
JwCUe
a) ¥ — G| |G G}E] Tu'3
B)

Puc. 2.12. RC-aBToreneparop ¢ (azozagaromieil enbko JeCTHUYHOTO THIIA:
a) cxema reHeparopa;

6) RC-1iens 3BeHa 00paTHOM CBA3H;

B) €€ SKBUBAJIEHTHOE NPECTAaBICHUE

Haiinem mnepenaTounyio (QyHKIUIO B(a)) 3BeHa 00paTHOUM cBsi3u. s cxembl

puc. 2.12 B 3anuIieM CUCTEMY y3JOBBIX YPAaBHEHHI B KOMIUIEKCHOM dopMme:

G+j2aC  —jaC 0 U | |jeCU, > 49
—joC  G+j20C -joC ||U,|=| O (2:49)
0 —jaC G+ jaC || U, 0

[MocpencTBoM mpaBmiia Kpamepa, monydum pelieHe Ijs y3JI0BOTO HampsiKEHUs
U3 , SIBIIAIOILETO 3/1€CH BBIXOIHBIM U3 = % = % ijUC . OTkyna numeeM:
3
(a)RC)

Ble)= (@RC)’ ~50RC + j(1-6(wRC)’) (250

Hcrmonb3yeM yclioBUs caMOBO30YKICHHS, CICAYyIOIMe W3 Kpurepus HalkBucra.
Ycnosue Oamanca a3 (1.3) npuBOAUT K ypaBHEHHUIO, OMPEACIISIIONIEMY YacTOTy @r
BO3HHKAIOIINX aBTOKOJICOAHUH:

2 1
1—6(0),—RC) :0:>0)/— :m. (251)
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AmMmntynHoe ycinoBue kputepus HaiikBucra (1.4), omnpegenstoniee COOTHOILIEHHE
apaMeTPOB AIEMEHTOB CXEMBI, IPU KOTOPHIX aBTOKOJEOAHHs BO3HUKAIOT U HApacTaroT,
B paccMarpuBaeMoM Al', mpuBoIuT K popmyie:

(o) - (@RC)’ 11
Y (eRCy -5 29 29

Takum o6pazom, ecimu kodhduimeHT ycuiaeHus kackaga k >29, B cucreme

e, (2.52)

BO3HMKAIOT aBTOKOJIEOAHUS C YACTOTOU ar = an = m Hapacrtanue stux xonedaHui

orpannunBaeT BAX 31eKTpoOHHOT0 NMpuOOopa, UCIOJIb30BAaHHOTO B YCHUIIUTEINE.
N3menenue ¢aszpl RC-3BeHBAMU 1€ 0OpaTHOW CBSI3U WJUTIOCTPHUPYET BEKTOPHAS
auarpamma, puBeIeHHas Ha puc. 2.13.

Ima

Puc. 2.13. BekTopHas quarpaMma, WUTIOCTpUpYroias usmenenue $assl B nenu OC

Hapsny ¢ tpex3BenHoi RC-1enbto, UCIIOJIb30BAHHOM B PACCMOTPEHHOM IMPUMEpE,
B cxeMmoTexHuke RC-aBToreHeparopoB NPUMEHSIOT LENH C YBEJIWMYEHHBIM KOJIMYECTBOM
3BEHBEB, a TAKXKE IEMH, B KOTOPBIX 1eMeHThl R u C momMeHsHbI MecTamu.

Konumponwvuwvie gonpocwt u 3a0anus
1.ITouemy LC-reHepartopbl OKa3bIBAIOTCS MAJIOMPUTOTHBIMUA JJIsi TE€HEPUPOBAHHUS
rapMOHUYECKHMX KOJIe0aHuii Hu3Kkoi yactoTsl (Huxke 102 I')?
2.ITosicaute paboty RC-aBToreneparopa ¢ (aszocaBuraromniei IernoYKor JECTHUIHOTO
tuna (puc. 2.12).
3.B paboueil TeTpamu ISl CaMOCTOSATEIBLHON pabOThI MOBTOPUTE TMOCIEAOBATEILHOCTh
JEUCTBUN JUIsl OTIPECIICHUS YCJIOBHM CaMOBO30YXKIEHHUS aBTOTCHEpaTopa. YKaKUTE
AJIEMEHTBI, OTIPEIEISAIONTNE YACTOTY KOJIeOaHU aBTOTeHEpaTOpa.

3. ABTOreHepaTopbl pejakCcallMOHHbIX KOJIeOaHU
3.1. O0mme cBeeHUus
Konebanus, pe3ko omimyaromuecs mo (GopMe OT TapMOHUYECKUX, HA3BIBAIOT

pejlakcaliMOHHbIMU  (MMIIYJIbCHBIMH). B aBTOKOJICOATEIbHBIX  CHCTEMax OHH
BO30YXKJAIOTCS, €CJIM 3BEHbS MpsSMON Tmepemaun ¥ oOpaTHOW cBsizu (puc. 1.2) —
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IITUPOKOIIOIOCHBIE TIEMH, 00ECTICUNBAIONTNE BBITIOJIHEHUE YCIOBUN CaMOBO30YKICHUS
(1.5) B mMpoKOoM JMana3oHe dYacToT. [lepHOAMYHOCTh AaBTOKOJICOAHWH B TaKUX
reHepaTopax, Ha3bIBaCMbIX pejlakcaTopaMu (aBTopejaKcaTopamMu), OOCCICUUBAIOT
€MKOCTHbIE WM HWHIYKTUBHBIC HaKonumenu SHepeuu, TOOYEPEIHO 3aracaiolive u
OTJAIOIINE DJHEPrUI0 — 3apspKalolmuecs W paspsbraromuecsd. llepexiatoueHue uenu
3apsANIKK Ha LENb Pa3psKh OCYIIECTBIISETCS 3JIEKTPOHHBIMHU MPUOOpaMHU, UTPAIOIIUMU
poiib katoueti. B TakoMm pexxkume paboThl, HazbIBaeMOM Kiarouegvim, DIl monepeMeHHO
3amupaeTcs W oTnupaerca. B 3ameproM coctosiHuu cornpoTuBiieHue Ol B cpaBHeHUMN
CONPOTHUBJICHUSIMU CMEXKHBIX IIETIEH BEIUKO, a B OTHEPTOM — MaJIO. DJIEMEHTHI CXEMBbI,
00eCcTIeUMBaIOIINE TMPOIECCHl 3apsSIAKA U Pa3psAIKd HAKOMUTENEH SHEPrUu B TEUCHUE
33JIaHHBIX MPOMEKYTKOB BPEMECHH HA3bIBAIOT BPeMA3AAAIMIUMU (XPOHUPYIOIMMH).
PaccMoTpuM pacnpoCTpaHEHHYIO B UMNYAbCHOU mexHuke BpeMs3anaromyro RC-
Ienb, OCHOBa pPabOTHI KOTOpPOH — mporecc mnepe3apsaku emkoctu C B cxeme,
npuBefeHHON Ha puc. 3.1 a. YuuThiBas, 4TO 3aps/ika €MKOCTH YE€pe3 COMPOTHUBIICHHE
MIPOUCXOJIUT IO SKCIHOHEHIMAIBHOMY 3aKOHy, HIPEACTaBUM MPOLECC Mepe3apsaIKu
rpaduKoM, IpUBEJACHHBIM Ha puc. 3.1 0, U3 KOTOPOro CIeAyeT OUEBUIHOE BHIPAKECHHE:

_t 3.1
G(t)=U, +(Uy~U, )& " =U, +(U, U, Je™. 31

3neck: U, — HavanbHOE HaNpsDKEHUE HA €MKOCTM B MoMeHT Bpemenu t=0; U —

HaIpsDKEHUE, J10 KOTOpPOro €MKOCTh Iepesapsbkaercs, korna t—> ;. RC=7 -
nocmosanHas — epemenu  1nepesapaaku  emxkoctu C dyepe3 comportuBieHue R,
a=1/7=1/RC.

Haiinem mnpomexyTok BpeMeHHM At, CHOycTs KOTOpBIM 3apsika €MKOCTH

IPEPBIBAETCS, NOCTUIas 3HAYCHHMsA IOPOroBoro Hampsokenus Ug =U(At). N3 (3.1)

NMCCM:
U, U, =(U, -U,)e ™,

OTKyda IIOJy4YruM

Uy -V, _ oYY (3.2)

r o 0 rn

OTO BbIpaXXeHHE B JajbHeWIIeM OyJIeT HCIOJIb30BAHO B KAayeCTBE OCHOBBI IMpPH
aHaJIM3e MPOLIECCOB B ABTOI'CHEPATOpaX PeslaKCAlIMOHHBIX KOJICOAHUH.

CraOuiabHOCTH  YaCTOThI  ABTOKOJEOAHWI  pelaKkCallMOHHBIX  IE€HEPaTOpOB,
ompenensieMasi CTaOWIBHOCTBIO HMHTEpBAIOB Al  Bpemsizamarommx Uenel, HeBeIuka
(otHOCUTENBbHAs HecTabmibHOCTH mocturaer 107Y). Tlpu HeoOxomumocTu GonbLIEi
CTaOMJIBHOCTM ~ TEHEpaTopbl  pElaKCAlMOHHBIX  KOJEOaHMM  CHHXPOHU3HPYIOT
MOCPEJICTBOM CUTHAJIOB MOCTOPOHHET0 CTAOMIILHOTO IeHepaTopa TaKOM e YacTOThl WU
KpaTHbIM eil (pexuM cuHXpoHuzauuu). Hapsimy ¢ aBTOKOneOATENbHBIM PEXUMOM U
PEKUMOM CHHXPOHM3AIMU B UMITYJIbCHOW TEXHUKE MCIOJIb3YETCS JKIYIIUA PEXUM, MPU
KOTOPOM PENAKCaTOp 3allyCKaeTcsi BHEIIHWM HMMITYJIbCOM M, COBEPIIMB OJUH LUK
KoJie0aHuM, MPUXOAUT B UCXOJHOE COCTOSTHUE.

At =RClIn
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Puc. 3.1. Bpemsizanaromas RC-1ienb:
a) cxema Iemnu;
0) rpaduK, WILTIOCTPUPYIOIIUHA MPOIIECC Mepe3apsIKi EMKOCTH

Konmponwvuwie éonpocwel u 3a0anusn
1. Kakue koneOanusi, Ha3bIBAIOT PEIAKCAIIMOHHBIMU (MMITYJILCHBIMU)?
2. Kakomy yCIIOBUIO [IOJKHBI YIOBIIETBOPATH LIENIM 3BEHBEB MpPSAMON Imepenadd U
0oOpaTHOH CBSI3U B aBTOT€HEPATOPAX PEIaKCAIIMOHHBIX KOIeOaHui?
3. B paOoueii Terpagu Ui CaMOCTOATENBHOW pabOThl PacCMOTPUTE MPOLECC
nepesapsku Bpemsizanatoneii RC-uemnu.

3.2. I'enepaTopbl NMJI000PA3HBIX KOJIEOAHNH
HA JICKTPOHHBIX NPUOOPaX ¢ BHYTPEHHEH 00paTHOI CBA3BIO

Bpimie B m.2.4 mnpencTtaBiieHbl HEIWHEHMHBIE JJIEMEHTBI, KOTOPBIM IPOLECCY
MPOTEKAaHUSI TOKA MPUCYILA GHympeHHAA oopamnasn ceéazb. K Hum otHocsaTes OlIl y
KOTOPBIX BOJIbT-aMIEPHBIE XAPAKTEPUCTUKU HMMEIOT TNajaroiue ydyacTku. Ha aTux
ydyacTkax JuddepeHunaibHoe conpoTuBiieHre (auddepeHimanbias MPOBOIUMOCTD)
MIPUHUMAET ompuyameibHoe 3HaUCHHE.

Ha puc. 3.2 npencraBieHsl 0000IIEHHBIE CXEMbI aBTOPEIAKCATOPOB Ha DJIEMEHTaX
N- u S-tuma. OT™MeTHM, YTO TIOCIEHSS W3 HUX SBISICTCS JyajdbHOM OTHOCUTEIHHO
NPEbIAYIIUX U, CIEAOBATEIbHO, PE3YJbTAaThl aHAIN3a, BHIMIOJIHEHHOTO JIsi OJHON U3
CXEM, B COOTBETCTBUU C IPUHIIUIIOM JTyaJTbHOCTH PACIPOCTPAHSIOTCS Ha APYTYIO.

R R L
B e
B)

S

a) 0)
Puc. 3.2 O60011eHHbBIE CXEMBI ABTOPENAKCATOPOB:
a), 0) cXxembl peaKcaToOpOB Ha PJIEMEHTaX S-THIIA;
B) cxeMa pesiakcaropa Ha sneMeHTax N-tuma

Ha puc.3.3 u puc.3.4 naHpl CXeMbl pejakcaTOpOB Ha HEOHOBOW JamIe u
TYHHEJIbHOM JWOJe, SBISIONIMECS JyalbHBIMH. 37ech ke TmpuBeaeHbl BAX
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ucnoiib3yemMbix O, BHIMOMHAIOMUX B CXeMax PoJib KIIOUEH, U MPeICTaBICHbI rpauKy,
WLTFOCTPUPYIOIINE U3MCHEHUE HanpsbkeHus U(t) B yka3aHHBIX cXxeMax.

R
—_
EQD c= H(C|uw
o! % £
R 7 2
a) 0) B)

Puc. 3.3. ABTopenakcaTop Ha HEOHOBOM JIaMIIe:

a) CXeMa peraKkcaropa;

0) BAX namnbl u Harpy3o4Hasi JIMHUS;

B) rpa)K 3aBUCUMOCTH BBIXOJAHOTO HAIIPSKEHUSI OT BPEMEHU

Cxema Ha HeoHOBOW samme (puc.3.3a) paboraer cueayrommMm obpazoMm. Ilpu
BKITIOYCHUY UCTOYHWKA TUTaHus E konaeHcaTtop C HauMHAET 3apshKaThCs U HAMPSHKCHUE
Ha HEM YBEIMYMBACTCS II0 SKCHOHEHIMAJIBHOMY 3aKOHY. B TOT MOMeEHT, korja
HaIpsKEHUE HAa KOHJIEHCATOpPE, a, CJIEIOBATENbHO, U HA AIEKTPOAAX JaMIlbl JOCTUTHET
HanpspKeHus: 3akuranus Uz, TOK jJammbl cKaukoM Bo3pactaer. Ilpu sTom yBenuuuTcs
MaJieHue HampsHDKeHUs Ha pe3ucTope R U MpuiiokeHHOe KOHAEHCATOpY HANpsKEeHUe
OKa)XeTCs MEHbILIE TOTO, 0 KOTOpPOro oH Obu1 3apsbkeH. KoHaeHcatop HauHeT ObICTPO
pa3pspKaTbes yepe3 HeOOJIbLIOEe BHYTPEHHEE CONMPOTUBIIEHUE «OTIEPTOW» Jamibl ReH.o..
B TOoT MOMEHT, KOra HanpsH>KEHUE Ha 3JIEKTPOJIaX JIaMIlbl YMEHBIIUTCS A0 HAIMPSKEHUS
ramenust Ur, Ta30BbIi pa3ps/ B JaMIe TPEKPATUTCs, TOK CKAYKOM IPUMET MUHUMAIbHOE
3HAYEHHE, CONMPOTUBICHUE «3aMepTOi» JamIbl PE3KO BO3PACTET U KOHJEHCATOP BHOBb
HayHeT 3apskaThes. [Ipolecc nepuoanuecku NoBTOpsieTcs, (GOPMUPYS HA BBIXOJE CXEMbI
Hanpspkenue U(t) nuroobpasnoii popmet. (puc. 3.3 B).

Hatimem mepuon konebanuii T, co3maBaeMbIX O3THM peiakcatopoMm. OnH
pa3buBaercs Ha ;Ba dtama. [lepBolii — 3apsaka koHaeHcaropa C, BTopoii — ero paspsjka.
JIns onpeneneHusi MpoOMeEXYyTKOB BpeMeHU Aty u Aty, COOTBETCTBYIOIIMNX JJIUTEIBHOCTH
Ka)XJI0T0 M3 3TaroB, UcnoibdyeM Gopmyny (3.2). s mepBoro srama B 3Toi hopmyie:
U,=U-; U_=E; U, =U,. Torna umeem

_ 3.3
At, =RC In &. (33)
]
: ERg0
Hnsa Broporo srama: Uy =U,; U, =U. U =——"—_ Ilpu ycnoBun RsHo<< R
R+Rg,0
MoskHO nonarate U — 0. Toraa umeem
U (3.4)

A =R, CIn==
2 BH.O U

r
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Takum  0o0pa3oM, pacCMOTpEHHas CcXeéMa  SBIAETCA  aBTOIC€HEPATOPOM
NI000Pa3HOTO HAIIPSHKEHUS € IEpUoIoM Kosiebanuil T = Aty + At;.

Cxema Ha TyHHETBHOM Juojie (puc. 3.4 a) nyaipHa cCXeMe Ha HEOHOBOM Jlamrie.
[locne BKIIOYEHUS HMCTOYHMKA NUTAaHUS TOK 4Yepe3 JHOJ HAYMHAET HapacTarh,
n300pakaroniasi TOYKa IMEepeMeNlaeTcss IO IEepBOMYy BocxoisdmeMy ydactky BAX.
NHIyKTUBHOCTH 3amacaeT 3HEPrHI0, 3apsKasCh TOKOM IO IKCIOHEHIMAIbHOMY 3aKOHY.
Hanpsoxkenue Ha nuoAe yBEeIMUYMBAETCs, NOBTOPSAA 3TOT 3akoH. Korga Tok udepes auon
JOCTUraeT MOPOroBOro 3HA4YEHHUs |71, HAPSHKEHUE HA TUOJAE CKAYKOM YBEIIMYMBAETCS OT
Um 10 Umax. M300pakaroias Touka rnepexoauT Ha BTOPOH BOCXOaAmui yyactok BAX.
NHOyKTUBHOCTh HAaYMHAET BO3BpalllaTh 3HEpPruto. TOK Yepe3 [Ouoja YMEHbIAeTcH,
n300pakaromiasl TOYKa IEepeMEeNIaeTcss IO BTOPOMY BocxomsdmeMy ydactky BAX.
Hanpsixenue Ha AM0J€ yMEHBIIAETCS, TIOBTOPSSL SKCIIOHEHUUAIBHBIN 3aKOH Mepe3apsaaKu
MHIAYKTUBHOCTU. Kora Tok JocTUraeT moporoBoro 3HayeHus lmp, HanpspkKeHue Ha UO0JIe
ckaukoM yMeHsbmaercst oT U 1o Uwin. Tok depe3 nuon cHoBa HauMHAeT HapacTaTh,
MHIYKTUBHOCTh OISTh 3amacaer 3Hepruto. Ilpomecc mnepuoaudecku NOBTOpSETCA,
dopmupys Ha BBIXOJAE CXeMbl HampspkeHue U(t), mpeacraBieHHOE TpadUKOM Ha
puc. 3.4 B.

Ut

a) 0) B)
Puc. 3.4. ABTopenakcaTop Ha TYHHEITbHOM JTHOJIE:
a) cxema perakcaropa;
0) BAX nuona u Harpy3o4Hasi TUHUS;
B) Tpa)K 3aBUCHMOCTH BBIXOJTHOTO HAIMPSKCHHSI OT BpEeMEHHU

Konmponvnuwvie éonpocwol u 3a0anus

1. KakoBbl OCOOEHHOCTH BOJIBT-aMIIEPHBIX XapPAaKTEPUCTUK AIIEKTPOHHBIX MPUOOPOB C
BHYTpEHHEN 00paTHOU CBSI3bI0?

2. Tloscuure mnpuHUMI pabOTHl aBTOpEJIaKcaTopa Ha HEOHOBOW samie. B paboueit
TEeTpaau JJIsl CaMOCTOSITEIBLHOM pabOThl HAYEPTUTE €ro NPUHLMIHAIBHYIO CXEMy U
rpaduku, nosicHsoIMe paboTy reHepaTopa.

3. TosicauTe mpuHIUN pabOTHI aBTOpENaKcaTopa Ha TyHHEILHOM nuojae. B paboueit
TETpaau NS CAMOCTOSTENbHOW pPAadOThl HAYEPTUTE €ro MNPUHIUIHAIBHYIO CXEMy U
rpaduky, nosicHsomue paboTy reHepaTopa.
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3.3. MyabTUBHOPATOPHI — FeHepaTOPhl KOJIEOAHUI NPAMOYT0JIbHOMH (DOPMBI

Mynomueuopamopamu (0T nat. multum — MHOTO U Vibro — Ko0Jie0JIt0) Ha3bIBAIOT
TeHEepaTOPhl pelaKCAIMOHHBIX KoyieOaHMH, opMa KOTOPHIX OJM3Ka K MPSIMOYTOJBHOM.
WX mpuMEHSIOT B TeX ClOy4asX, KOTJa HET >XECTKHX TpeOOBaHWHA K INTEIHHOCTH
MUMITYJIECOB U YaCTOTE MIOBTOPEHUSI.

3.3.1 MyabTUBHOPATOP HA YCHINTEIbHBIX KaCKaAax

PacnpocTpaHeHHOW  OCHOBOW  MyJNbTUBHOpaTopa CIYKUT JBYXKACKaJHbBIN
PE3UCTOPHBIA YCUITUTENIb C €MKOCTHBIMH CBSI3SMU. BBIXON yCUIUTENs COCTUHEH C €Tr0
BXOJIOM, 00pa3ys CHCTEMy C OY€Hb CHJIBHOW TMOJIOKHUTEIHHOW OOpaTHON CBS3BIO
(puc. 3.5 a). 3BeHbSIMU TPSAMON mepenadyl M OOpaTHOM CBSI3U CIYXKAT YCUJIUTEIIbHbBIC
CTYNEHH C OOLIUM MHXXEKTOPHBIM 3JekTposoM (puc. 3.5 0). Koadduiuent ycunenus
KaXKJI0M 13 HUX OIpEeIIeTCsl U3BECTHBIM BhIpakeHueM (2.48). C yueTom 31o# hopMyIibl
ycnoBue (1.5) BeImomHsI€TCS, TPUHUMAS BU/T

kB =(-SRs)(-S,Rs,) >1, (3.5)

OoIIpCaACIIiA HGYCTOIZ‘-IHBOCTB COCTOSIHHSI CHCTEMBI B 00JIACTH JINHEHHOTO YCHUIICHUA.

a) 0)

Puc. 3.5. MynbTUBHOpaTOp HA YCHIMTEIBHBIX KaCKaIaX:
a) pyHKIMOHAIbHAS CXEMa,
6) 00o0IIeHHas TPUHLIMITHATIBHAS CXeMa

Cxema wmynsTHBHOpaTOpa Ha TpaH3UCTOpax TMpuBeneHa Ha pwuc. 3.6 a.
Konnmencaropet C; u C,, cBs3bIBaIOIIME KacKajabl, 31€Ch CIY)XaT EMKOCTHBIMH
HAaKOMMUTEISIMA ~ DHEPTHH,  ONPEIACIAIONIMMHA  TIEpUOJ  KOJcOaHWil  TeHeparopa.
MynbTUBHOpPATOpP HA3BIBACTCA CUMMemMpuyHbIiM, €cliu TpaHsuctopel V11 u VT, wu
CXOJHBIE DJIEMEHTHI KaXKIOro Kackaaa oguHakoBbie, T.e. Rk1 = Rk2 = Rk, Rs1 = R, = R5,
C, = C, = C, u necummempuyHsim, €CIIA KaKOS-THOO0 U3 STHX YCIOBUI HE BBIMOIHSIETCS.

[IycTh B paccMaTpuBaeMoOM CXE€M€ B MCXOJIHBIX YCHJIMTENBHBIX KAacKagaxX PeXUM
MOKOSI TPaAH3UCTOPOB BHIOPAH TakK, YTOOBI B aKTUBHOM peXHMe pabOThl 0OecreunBacs
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BBICOKHI KO3 ¢uiumeHt ycuineHus. Ilocine BKIOYEHUS CXeMbl B HEW HauyHET
yCTaHaBIMBATbCA pexuM 1Mokos. B cuiny HepaBeHcTBa (3.5)  cocTosHuE,
COOTBETCTBYIOILIEE 3TOMY PEXKHUMY HEYCTOMYMBO — Jt00as (IyKTyalusi MOPOXKIAeT
JaBUHOOOpA3HOE pA3BUTHE IIpolecca, MPU KOTOPOM OJUH M3 TPAH3UCTOPOB Oyner
OTKpBIT, MEpElJs B PEKUME HACBILECHUSA, a JIPYyrol — 3amepr, Neperis B pPEeKUME
OTCEUKH. Takoe COCTOSIHME CXEMBI TaKXe HE SIBIAETCS yCTOWYMBBIM. B Hell HayHeTCs
IIPOLIECC BO3BpAaTa K PEKUMY IIOKOS, CBSA3AHHBIA C 3apsAJKON OJHOIO HAKOIMTEIBHOIO
KOHJEHCAaTOpa U mepe3apsiakoi apyroro. CIycTss HEKOTOpOe BpeMsi B 000MX KacKaaax
CXEMbl HAYHET BOCCTAHABIMBATHCS PEXKUM JIMHEWHOrOo YyCwiIeHHMs. Torma cHOBa
MPOU30MAET JaBUHOOOpPA3HBIM TPOIECC, B pe3ylbTareé KOTOPOTO HACHIIICHHBIH
TpaH3UCTOp OyIeT 3amepT, a 3anepThbiii — HachleH. COCTOSIHUE CXEMBI OISATh OKaXKeTCs
HEYCTOMYMBBIM, BHOBb HAYHETCS IPOLIECC BO3BpaTa K PEXUMY IOKOS, CBSA3aHHBIN C
3apsAAKON U Tiepe3apsIKOo HAKOTUTEIbHBIX KOHAEHCATOPOB.

o +E/7 UKm
RKI [']R57 ['] R52 RKZ En
Cy |
o
- > t
C- o Usiy t
E/7 _'_________:; - -
UK7 A A UK2 _ _ P
VT, |Usi Usd VI- - P M~
a) e [ AN 40— _/_
Ukzy
] (_ (_
> [
U52u
Ef—|—-————————— — —
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S ~—— '\g '\ > t
v
Ep -  _ —
B) 0)

Puc. 3.6. MynpTHBHOpaTOp Ha TPaH3UCTOPAX:

a) MPUHIUIHNAIBbHAS CXEMa;

0) rpauKy HaPsKEHUH Ha 3JIEKTPoIaX TPAH3UCTOPOB;

B) CXEMBI MOSICHSIOLINE 3apAIKY U Iepe3apsaKy HaKOMUTEIbHBIX KOHJEHCATOPOB

Paccmotpenne paboThl MyIbTUBHOpAaTOpa MOXKHO HA4aTh C TMPOHU3BOJIEHOTO
MOMeHTa BpeMeHHu. JJsg ompenereHHOCTH BbiOepeM MoMmeHT Bpemenu t'(puc. 3.6 0),
ONpEeENSIONMI HAa4yalo MepBOro KBa3UyCTOMUMBOrO COCTOSIHUS, Korja TpaH3uctop Vi
3anupaercd, a VT,  Hacelmaercs. Pa3psyke€HHbII K 3TOMYy MOMEHTY BpEMEHHU
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koHnaencatop C; 3apspkaeTcs OT HCTOYHWKA mnuTaHus Ep depes pesuctop Rki u
AMUTTEPHBIA MEPEXO0]] HACBIIEHHOTO TpaH3ucTopa VT,, yNpOIIEeHHO MPEACTABICHHOIO
Ha puc.3.6B 3aMKHYTBIM KJIIOYOM. 3apsijika 3TOro KOHAEHcaTopa (OopMUpPYET
HKCIIOHEHIIMATFHO HapacTaloOUMil mepeqHuil (QPOHT HMITyIbca HampsOKeHUs Uxr Ha
koyuiekTope VT1 (puc. 3.6 0). 3apsbkeHHBIH K MOMEHTy BpeMeHu t' konaencatop C;
nepe3apsikaeTcs, co3faBas Ha Rpr majeHue HampspkeHHs, 00ecleuMBarolee 3arepToe
coctositHue TpaH3uctopa VTi. Hanpspkenue Uss Ha ero 0a3e Bo3pacraer 1o
AKCIIOHEHIIMAILHOMY 3aKOHY U JIOCTUTaeT HYJIEBOTO YPOBHS, MPU KOTOPOM TPaH3UCTOP
VT: Haumnaer ornupatbes. [losBiseTcss  KOJUIGKTOPHBIM — TOK,  CO3JAIOIIUAN
OTpULIATEIbHOE TMpHUpallleHue HanpsbkeHuss Ha Rgi, xoTopoe uepe3 konaencatop Ci
nepenaercs Ha 0Oazy Tpanzuctopa VTp, ornupas ero. 3aBepliaeTcsi MEpBOE
KBa3WyCTONYMBOE COCTOsIHME. Pa3BUBaeTCsl JaBUHOOOpA3HBIN IMpOILECC NEPEKIIOUEHUS
TPAH3UCTOPOB, 3aKAHUMBAIONIMICS HachllleHHneM TpaHizuctopa VTi. 3a  Bpews
MEPEKIIIOUEHUsT TPAH3UCTOPOB HamNpspkeHHWe Ha KoHjeHcaTope C; mpakTHUecKu He
U3MEHSETCS, OCTaBasiCh ONM3KUM K Epf ¢ MONSAPHOCTHIO — TUTIOC HA JICBOW, MUHYC — Ha
npaBoil oOkiaake (puc. 3.6 B). Uepes HachllmeHHbIN TpaH3uctop VT mpaBas oOkIaaka
C: moakroyaeTcss K 0oOIeMy y3iy, a JieBas IMO-TIPSKHEMY coenuHeHa ¢ 0azoir VTo.
OTtpurniatenbHOE HaNpsoKeHUE Ha Hel 3anupaeT V.

B 3TOM KBa3MyCTOMYMBOM COCTOSIHUU CXEMBbI TpaH3ucTop VT, 3anept, TpaH3UCTOP
VT: naceimen. Konpencatop C, cpaBHUTENBHO OBICTPO 3apspKaeTcs OT HCTOYHHUKA
MUTaHus yepe3 Rx2 1 SMUTTEpHBII Nepexo ] HACBILIEHHOTO TpaH3uctopa V11, popmupys
AKCIIOHEHIIMAFHO HapacTaloOMMi MepeHuN (QPOHT HMMIYJIbCa HAMNpsDKeHUs Uxz Ha
komtekrope VTo. Konpencarop C; mepesapspkaercs MO SKCIOHEHIIMAIBHOMY 3aKOHY
yepe3 Rp2, co3gaBas oTpulartenbHOe HampsbkeHue Ha 0Oaze VT, oOecrneunBaroriee
3aneproe coctostHue Tpansucrtopa VT, Ilocne paspsaku Ci mo Hyns dbopmupoBaHUe
BBIXOJTHOTO HMIIyJbCa Ha KoiuiekTope VT,. 3akaHuMBaeTcs. 3aBeplIaeTcsl BTOPOE
KBa3uycToiiunBoe cocTtosHue. [locie JTaBUHHOTO MEPeKITI0YeHUs TPAH3UCTOPOB CXema
MEPEXOIUT B COCTOSIHHE, C KOTOPOTO OBIJIO HAYATO pAaCCMOTPEHHE.

Takum o00pazoMmM, B cxeMe BO3HUKHYT aBTOKOJICOAHMs, 3aKIIOYAIOIIUEcs B
MOOYEPETHOM  TEpPEKJIIOYEHUH  JBYX  KBAa3UYCTOMUMBBIX  COCTOSIHUM  CXEMBI.
JIaBuHOOOpa3Hble MpOILECCHl MEPEKIIOYEHUS] 3TUX COCTOSHUM (QOPMHUPYIOT KpYThIe
(GpOHTHl HMMIYJILCOB HANPSHKEHUS B KOJJIEKTOPHBIX M 0a30BbIX 1emnsx. [paduku
HaIpsHKEHUHN Ha DJIEKTPOAaX TPAH3UCTOPOB MPEACTaBICHBI Ha puc. 3.6 0.

Ucnonp3yst Gopmyny (3.2) HaiigeM MIATETLHOCTH HMMITYJIHCOB HANPSDKCHHS B
KOJUIEKTOPHBIX TersiX. OHM paBHBI ATUTEILHOCTH KBa3NYCTOMUMBBIX COCTOSTHUI CXEMBI.
[lepBoe u3 HUX — At; onpenensiercs nepe3apsaakoir emxoctu C, depe3 COMpOTHBIICHUE
Rs1, BTOpoe — At; mepesapsakoit eMkoctu C; depe3 compotuBieHue Rsz2. B o6omx
cayvasx: U, =—-E,; U_=E; U, =0. [loxcrasnss 31 3HaueHus B (3.2), Hoay4numM:

E,+E
Ath = RELZCZ,l In ﬁ = RELZCZ,l In2 (36)
[Tepuon xosebanuii mynbTuBHOpaTopa T paBeH
T =4t + 4, =(R,C, +R;,C, )In2. (3.7)
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Benuuuna HMITYJIbCOB HAIIPSKCHUA B  KOJUICKTOPHBIX U 0a30BbBIX 11(705:0:¢
[MPAKTUYCCKU pPaBHA HAIIPAKCHUIO ITHTAHUA. I[JII/ITGJIBHOCTB IICPCaIHCTO (1)p0HTa
BBIXOOHBIX HMIIYJIBCOB 9(1, OIIpCACIIACTCA BPCMCHCM  3apAAKH  HAKOIIUTCIIBHBIX

KOHJIEHCATOPOB Y€PE3 COMPOTHUBIICHUS KOJUIEKTOPHBIX HArPY30K: O, , ~ 3R,,,C,,.

PaCCMOTpCHHaH cxXeMa My.]'II)TI/IBI/I6paTOpa HMCCT pAd HCOAOCTATKOB, B TOM YHCIIC
OopIIast JINTCIIBHOCTD (prHTa HMITYJIbCa H(D N HCBO3MOKHOCTDb ITOJIYUCHHUA OOIBIINX

CKBRXHOCTEH HMITyTbCOB (= T/ty (CKBaXXHOCTh MMIIYJIBCOB (|  OMpPEICINISIeTCs
OTHOILIEHHUEM IIE€pUOJIa CIEAOBAaHUS UMITYJIbCOB | K JJIMTEIBHOCTH UMIyJbca ty) u ap.
JUi ycTpaHeHUs! 3TUX HEJOCTATKOB MPEJIOKEH Pl MOAUPUKALUN MyJIbTUBUOPATOPOB.

Konumponvnwie 6onpocel u 3a0anus
1. ITosicauTe paboOTy MyJIbTHBUOpPATOpPA HA TPAH3UCTOPAX, MPEACTABICHHOIO CXEMOM Ha
puc. 3.6. YkaxuTte, 3JIEMEHTBI, ONPESIAIONINE EPUOT KoJieOaHU MyJIbTUBHOpaTOpA.
2. B paboueit TeTpagm A CaMOCTOSITENIBHOM  paOOThl: HAYEPTUTE CXEMY
MYJIbTUBUOpATOpa U rpauKH, MOSICHAIOIINE €ro padoTy.

3.3.2 MyabTUBHOPATOPHI HA KOMILIEMEHTAPHBIX Mapax TPAaH3UCTOPOB

Ha puc.3.7a mnpuBeneHa cxema MyJdbTUBHOpaTOpa Ha TMape OWUMOISPHBIX
TPAH3UCTOPOB, OTJIMYAIOIIMXCS THUIOM MPOBOJUMOCTH. Takoll MyJIbTUBUOPATOP
o0OecreuynBaeT BBICOKYIO CKBXHOCTh BBIXOJHBIX HMITYJIBCOB W BO3MOXXHOCTH
MEePECTPONKH YaCTOTHI KOJICOaHUH ITyTEM H3MEHEHHUS TOJIBKO OJTHOTO JJIEMEHTA CXEMBI —
BpeMsI3aaaromiero pesucropa Re..

CxeMa COAECpKUT JIBa YCUJIUTENbHBIX Kackaga. OOuH W3 HUX BBINOJHEH Ha
TpaH3uctope N-p-N-tuma, apyroit — P-N-p-tuna. KoinmekTopHbIMU HArpy3KaMu
TPaAH3UCTOPOB SIBJISIOTCS TOCJICIOBATEILHO COCIMHEHHBIC pe3ucTophl, Rk1, Rk2 n Rks,
Rk4. Konmencaroper C; m C, oOecneunBalOT €MKOCTHYIO CBSI3b KAacKaJoB M CITy)Kat
HAaKOIMUTEISIMA ~ DHEPTUM BPEMS3aJaloNIei I11eMH, B COCTaB KOTOPOW BXOJHUT TaKKe
pesuctop Rs. Ero comporuBieHne BBIOMPAIOT AOCTATOYHO OOJBIIMM, YTOOBI IpHU
Pa30MKHYTOH IMemM OOpaTHON CBS3HM, HAIpUMEp IMPH OTKIIIOUYeHMH KoHaeHcaTopa Ci,
TPAH3UCTOPbl HAXOJWINCh B AaKTUBHOM (HEHACBIIIEHHOM) pexuMme, olecrneunBas
OonpIiol  KOAGOUIMEHT yCWICHHS. byaem cuyuTaTh, YTO CXOJHBIC IapaMeTpPhI
Tpan3uctopoB Vi u VT, — 0o1MHAKOBBI, T.€. TPAH3UCTOPHI SIBISIOTCS KOMILJIEMEHTAPHOU
napoii. [Tycts Takxke C1=Cy=C, Rx1=Rk3, Rxk2=Rx4.
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Puc. 3.7. MynapTUBHOpaTOp Ha KOMILIEMEHTAPHOI Mape TPaH3UCTOPOB:

a) cxema MyJIbTUBUOpaTOpa, 00eCIeYNBAIOIIETO BHICOKYIO CKBaXKHOCTh UMITYJIHCOB;
0) cxema, MOSICHAIOWIAst 3apsAAKY KOHJIEHCATOPOB;

B) CX€Ma, MOSACHSIONIAs Pa3psiIKy KOHAEHCATOPOB,;

r) rpauKu HanpsHKEHUH Ha 3JIeKTpoiax TpaH3uctopa Vi

[Tociie 3aMbIKaHUs 1IeTIM OOPATHOM CBsI3M (IIPU MOJKIIOUCHUN KoHaeHcaTopa Ci)
YBEJIMYMBACTCSl HaNpsbKeHHe Ha 0aze TpaHsucropa V1, DTo MPUBOAUT K YBEIUYEHUIO
€ro KOJUICKTOPHOTO TOKa M TMaJACHUS HANpsOKeHHUsSI Ha Rys. YBenuueHHe HaNpsoKCHUS Ha
Rk4 ornupaetr tpanzuctop VT, a yBelIMUYEHHE €r0 KOJUIEKTOPHOTO TOKAa MPUBOJUT K
JanpHelIeMy oTnupanuio Tpanzuctopa VT, B cxeme pa3BuBaeTcs JaBUHHBIN MpoLece,
3aBEPILAIOIIMICS HACBIIIEHUEM 000UX TPAH3UCTOPOB.

Hauyunaercst npouecc popMUpoBaHUsl BRIXOJAHOIO UMITYJIbca MyJIbTUBUOpaTopa. B
ATOM KBa3WyCTOMUYMBOM COCTOSTHUU KoHJieHcaTop Ci 3apsiKaeTcss OT UCTOYHHMKA MUTAHUS
En depe3 naceimeHHbli Tpansucrop VT, pesuctop Rks, m depes mepexom 6aza —
AMUTTEP HachlllleHHOTO TpaH3uctopa VTi. (Pe3ucrop Rz orpaHnymBaeT TOK KOJIJIEKTOpa
npu 3apsiake koHuaeHcaropa Ci). Konmencarop C,, 3apsbkaercst uepes3 mepexoj 6aza —
SMUTTEP HACHIIIEHHOTO TpaH3ucropa VT, orpaHuuutenbHbli pesuctop Rkr u
HachlleHHbld Tpansuctop VTi. CoriacHo cxeme pwuc. 3.7 0, MOCTOSHHAas BpPEMEHH
3apsAIKU KOHJIEHCAaTOPOB Ci. u C, onpeensieTcs BBIPAKEHHUEM

7, =CR R,/ (RK3 + Ry 4) ~CR,,. Ilo Mepe 3apsaxu KOHIEHCATOPOB 3apsJHBIE TOKU
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ymeHbIarTes. KomexkropHble Toku npubarmkatoTes K 3HaueHuro Eq/ (Ryr + Rkz), Toku
0a3 yMeHbIIAIOTCs, MPUOIIDKasich K 3HaueHno En/ Rs. HanpsbkeHus Ha KOHIEHCAaTOpax

JNOCTHIal0OT MAaKCUMaJbHOIro 3HaueHus U ~ER, /(Ry, +Ry,). JmmrensHocts

Cmax
I/IMHy.Hbca tM’ cpopMpreMoro B 3TOM KB&SHyCTOﬁ‘-IHBOM COCTOAHUMU, onpe):[enﬂeTc;I

MOCTOSTHHOW BpPEMEHW 71 3apsnku  KoHjaeHcatopoB Ci, dYepe3 OrpaHHYUTEIhHBIC
conpoTuBieHUs: Rk7,3 W Mepexo/bl HACBIIIEHHBIX TPAH3UCTOPOB. Pexxum HachIeHUs
TPAH3UCTOPOB CMEHSETCS WX AKTUBHBIM DPEKHMOM, a 3aTeM JIABUHHBIM IPOIIECCOM
3anmupaHus 00OWX TPAH3UCTOPOB. 3a BpeMs JIABMHHOTO TIpoIlecca HaIpsHKEHUE Ha
KOHJICHCATOpax, HE YCIEBAaeT M3MEHUTHCA. DTO KBA3WYyCTOMUYMBOE COCTOSHUE CXEMBI
OTpeseNsieT TMay3y MEXIy HUMIyJbcaMH. 3alepToe COCTOSHUE TPaH3UCTOPOB
MO/IICPKUBACTCS TIepe3apsAKoN KOHACHCATOPOB TO IIEMW, MPHUBEACHHOW Ha puc. 3.7 B.
Hanpsokenne Ha 0ase VTi. ctpemutcs kK En/ 2, W Kak TOJbKO OHO NMPEBBICUT HYJICBOM
ypoBeHb (puc. 3.7 T), TPAaH3UCTOP OTIHUPAETCS U HAUMHAETCA HOBBIM JJABUHHBIN Ipoliecc,
3aBEPIIAIOIIUICS HACBIIIICHUEM TPAH3UCTOPOB.

JnmutensHocTh may3el At Halimem ¢ nomomielo  dopmynsl (3.2). B Heil:

C:1C:2
C,+C,
U, =—ER,/(R¢, +Ry,). Tlpu ycnoeun Rs>>Rke RC =7, ~0,5R,C. Hoxcrasusis

9TH 3HauYeHus B (3.2) noaydum

At =0,5R.Cln = 2E+/20max = 0,5R,Cln(1+2U

nocrossHHags  BpemeHu RC =7, = (RE + Ry, + RK4) U =E/2; U,=0;

(3.8)

/E).

Cmax

Hcnonesys npubnmkennoe 3Hadenue U, . = E, nmeem
A =0,5R.CIn3 ~0,55R.C.

Ilepuon cienoBanuss MMIyabCcOoB paBeH | =t, +At. Opnako, B cuiy

cootHomennn Ry >>R,;, = 7, >> 7, = At >>1,. [losTomy meem
T = At ~0,55R.C. (3.9)

OCHOBHBIM HEJOCTATKOM PACCMOTPEHHOM CXEMbl SBJSETCS HECTaOUIbHOCTD
BBIXOJTHOTO  WMITyJIbCa, OOYCJIOBJICHHAas CWJIbHOW  3aBUCHUMOCTBIO  IapaMeTpOB
TPAH3UCTOPOB, B YACTHOCTH COINPOTHBJICHUN MEPEXOI0B OT padoueld TeMIepaTyphl.
[ToaToMy ecam 1o ycioBUsIM TpeOyeTcss TMoJydaTb HUMITYJIbChl  CTaOMIIBHOM
JUTUTEIIbHOCTH, TO MIPUMEHSIOT AOMOTHUTENbHBIE MEPHI M0 €€ CTA0UITM3ALMK, HAalIpUMep,
UCIIONIB3Ysl BO BpEMsI3aJalomiell 1M WMITYJIbCHBIM MOCTOBOM 3jemeHT (puc. 3.8 a).
Cxema aBTOKOJIEOATEIHLHOTO MYJIBTHUBHOpATOpa Ha KOMIUIEMEHTApHBIX TPAH3UCTOpaX, B
KOTOPOM HCMOJB3YIOTCS  CTAaOMJIM3UPYIOIIME CBOMCTBA HMITYJIbCHOTO MOCTOBOTO
aneMeHTa, naHa Ha puc. 3.8 6. Ecim B Heit C1=C,=C, R1= Rz =R, T0 mnurteipHOCTH
BBIXO/IHOTO MMIIynbca, ¢opmupyemoro cxemoil pasHa t, =RCIn2~0,7RC, a naysa

mexay ummyinscamu At ~ 0,5R.CIn2 = 0,35R,C . CkBa)XHOCTb BBIXOJHBIX HMITYJIBCOB
g =1+R;/2R. Tak kak Rs>>R, g>>1.
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Puc. 3.8. MynpTuBHOpaTop, 00ECIEUMBAIONINI  BBICOKYIO  CTa0MJIBHOCTh  JUTHTEIBHOCTH
UMITYJIbCOB!

a) CXeMa MMITYJIbCHOTO MOCTOBOTO 3JIEMEHTA BpeMsI3aIarollei emnwu,

0) cxema MyJIbTUBHOpATOpa

Konmponvnwie 6onpocel u 3a0anus
1. Ilosicaute paboOTy MYJIBTUBUOPATOPOB HA TPAH3UCTOPAX, MPEACTABIECHHBIX CXEeMaMH
Ha puc.3.7 u puc.3.8. YkaxuTe, 3JIEMEHTHI, ONPEACIAIONIUE MEepuoja KojaeOaHui
MyJIBTUBHOpATOpA.
2. B paboueit TeTpamu A CaMOCTOATENBHOM pabOThI: HAYEPTUTE CXEMbI
MYJIbTUBUOPATOPOB.

3.3.3 MyabTUBHOPATOP HA 0A30BbIX JOTUYECKHX IJI€MEHTAX

BmecTo ycunutenbHbIX KackagoB B (PYHKIITMOHAJIILHOW CXE€Me, IPEICTaBICHHON Ha
puc.3.5a, B CXEMOTEXHHKE MYJbTUBHOPATOPOB MOXKHO HCIOIB30BaTh 0Oa30BBIC
noruyeckue sneMeHThl mudposoir texnukun HE, WJIN-HE, U-HE, nockonbky wux
OCHOBOW CITy’)KHT WHBEpPTUpYIOmUA ycunutenab. Ha puc. 3.9 a mnpuBemena cxema
MysbTHBUOpaTopa Ha yHuBepcanbHbix TTJI-anmementax U-HE. B ee coctaB BXOmsT:
anemeHTsl DD n DD;; kornmencaropsl C; n C,, CBA3BIBAIONINE JOTUYECKHUE DIEMECHTHI U
ABJISIFOLUECS] EMKOCTHBIMM HAKOIMTEISIMH SHEPruu; pesuctopbl R n Ry, BXogsmue B
COCTaB  BpeMs3aJaloluX lenei; BcmomorarenbHble auoasl VD1 u VDo,
o0ecreynBaroIre B Mpoliecce padoThl CXeMbI OBICTPYIO pa3psiiKy KoHAeHcaTopoB. Llenu
M0/IauM HaIpSKEHUsl MUTaHUs JIEMEHTOB Ha cxeMme He yka3aHbl. Bpemsizagatommue RC-
LEMM MOO0YEPETHO MEPEKIIOYAIOT JIOTHYECKUE 3JIEMEHTBI, ONpenessis JINTEIbHOCTb
KaXJO0Tr0 M3 JBYX KBAa3MYCTOMYMBBIX COCTOSIHUM cxeMbl. Eciu, Hampumep, B OAHOM
KBa3MyCTOMYHMBOM COCTOSIHUM HampspKeHUe Ha Bbixoae DDi coOTBETCTBYET JOrM4eCKOM
equnune Ui, a nHanpsbkenue Ha Bbeixoae DD, nmoruueckomy nHymo Ug, TO B apyrom
KBa3MyCTOMYMBOM COCTOSTHUM HampsbkeHue Ha Bbixoge DDj1 cOOTBETCTBYET JOTHYECKOMY
Hymto Uy, a HanipsixkeHue Ha Beixoe DD, noruueckoit enunune U;.
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Puc. 3.9. MynbTuBHOpaTOp, HA JIOTHYECKUX ITIEMEHTAX
a) cxema MyJIbTHBHOpaTOpa;
0) rpaduKu HAMPSHKEHUM HAa BXOJE M BBIXOJIE SJIEMEHTOB

OnHO W3 KBa3MyCTOWYHUBBIX COCTOSHUM HAUMHAETCS C MOMEHTA MEpPEKIIOUYCHHUS,
KOI'Jla Ha BBIXOJI€ OJTHOTO U3 3JIEMEHTOB, HanipuMmep DD, HanpspkeHne u3MeHnsnoch ot Ug
no Ui, a Ha Beixozme anmementa DD, or U; mo Uo. Konmencatop C, 3apsbkaercss ot
BBIXOJIHOTO HampsikeHus: Uy anementa DD yepe3 ero BeIXoaHOE conpoTuBiieHne Rapixi,
u pesuctop Rz, co3naBas Ha HeM HalpsDKEHHE, MOJJIEPKUBAIOIIEE HA BXOJE AJIEMEHTa
DD, nanpspkeHue, MpeBbllIaioliee MoporoBelid ypoBeHb Up. B TeueHue mpomexyTtka
BpeMeHH, ompeaensieMoro BenmuunHamu C; m Rz Bpemssamaromeidt nenu, auon VD,
3anepT, a Ha Beixojme DD, momnepxkuBaercs Hampsbkenue Uo. Konmencatop Ci,
3apAIMBIIMKCA B MPEIUIECTBYIOUIMN MOJYNEpHO] KOJeOaHMd, yCIEeBaeT pa3psauThCs
yepe3 BbixogHoe conpotuBieHue DD, u otkpsIThiil aron VD1, TOCKOJIBKY MOCTOSIHHAS
BpeMeHH pa3paaku Cq CyllecTBEHHO MEHbIIIE MOCTOSIHHOM BpeMeHH 3apsiaku Cp, paBHON

T=C2(R2+R3b,Xl). ITo mepe 3apsaxu koHieHcatopa C; HampspbkeHHE Ha BXOJE

anementa DD, ymensnmmaercsa. Korma oHo mepeiiner moporosbelii ypoBeHb Up, B cxeme
pa3BUBACTCSl JIABUHHBIA MPOIECC MNMEPEKIIOUCHUS, 3aBEPIIAIOIIUNACSI CKAaYKOOOpa3HbIM
M3MEHEHHEM HampsiKeHUs Ha Bbixoje sieMeHTa DD; no 3nauenust Up, a Ha BBIXOJIE
snementa DD, — no Us.

C »TOro MOMEHTa HAUMHAETCSI BTOPOE KBA3MYCTOMUYMBOE COCTOSIHUE, IPU KOTOPOM
dhopmupyeTcs UMIyJbe cieayroiero noiaynepuoaa. Konaencarop Ci, pa3psauBiimics K
TOMY BpeMeHH 10 3HaueHus: Uo, HaunHaeT 3apspkaTthes 10 3Hadenus Uj. Jlanee mporiecc
(hopMHUPOBaHUS UMITYJIECA TTIOBTOPSET MPEABIYIINAE PACCYKICHUS.

Takum oOpa3oM, B CXeME€ BO3HHKHYT aBTOKOJCOAHMS, 3aKJIIOYArONIUECs B
MOOYEPETHOM MEPEKIIIOUEHUH JIBYX €€ KBAa3MyCTOWYMBBIX COCTOsTHUM. JIaBuHOOOpa3HbIe
MPOIIECCHI MEPEKIIOUCHUSI ATUX COCTOSHUN (OPMHUPYIOT KPYThbie (POHTHI BBIXOJIHBIX
UMITYJIbCOB HanpspkeHus (puc. 3.9 0).

Ucnons3yst popmyny (3.2) HaliieM MJIUTEIBHOCTH BBIXOAHBIX HUMITYJIbCOB. OHU
paBHBI JUIMTEIBHOCTH KBa3WyCTOMYMBBIX COCTOSIHMM cxeMbl. l[lepBoe u3 Hux Aty
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ompenensieTcss mepelapsankoir emxkoctu C, depe3 comportuBieHue Rz, BTOpoe At
nepesapsakoit  emMkoctu C; depe3 comporuBieHue Ri. B obomx cmygasx: Ug
HaIpsHKEHUE Ha BBIXOJIE JIOTHUECKUX JIEMEHTOB, COOTBETCTBYIOIIEE JIOTUYECKOMY HYJTIO;
U, =U, HamnpsokeHHe Ha BBIXOJE JIOTHYECKHUX DIIEMEHTOB, COOTBETCTBYIOIIEE

norudeckol equnuie; Up HanpsbkeHue moporoBoro ypoBHs. [TojcTaBiisis 3T 3HaUYCHUS B
(3.2), nomyuum:
nYi—Yo (3.10)
2g 0,
r 0
3nech Rabix1 BBIXOAHOE CONPOTUBIIEHUE JIEMEHTA, KOI/Ia Ha €ro BbixoJe coctosgnue Ui,
Ilepuon konebanuii MynpTHBUOpaTOopa T = At + At,.

Atj,z = (Rlz + RBlel)C

CymecTBEHHBIM HEJOCTaTKOM PAacCMOTPEHHOTO MYJIbTUBHOpaTOpa SBISICTCS
KECTKUA PEKUAM BO30YXKICHHUS, TaK KaK HalpshkeHHe Ha pesuctopax Ri1 m Rz B
OTCYTCTBHE KojeOaHuW Bcerja MeHble noporoporo ypoBHs Up. Eciou mo kakum-nmmbo
MIpUYMHAM KOJICOaHHUSI B CXeMe€ HE BO3HMKJIM WJIH COpBaJUCh, TO 3aeMeHThl DD; u DD,
okaxytcsa B coctosiHuU Upx < Upy, a Uppix = U1, B cxeMoTexHuKe MyIbTUBUOPATOPOB Ha
JOTHYECKUX JJIEMEHTaxX pa3pa0OoTaHbl BapHaHTHI, JHMIICHHBIE 3TOro HejocTaTka. Mx
BBIITYCKAIOT B  HHTETPaJbHOM HCIOJHEHHMM C HAaBECHBIMH  KOHJCHCATOPAaMHU,
MTOJKIIFOYaeMBbIMHU K COOTBETCTBYIOIITUM BBIBOJIAM MUKPOCXEMBI.

Konmponvnuvie 6onpocwt u 3a0anus
1. TloscHure paboTy MyJIbTHBHOpaTOpa Ha 0a30BbIX JIOTHYECKUX 3JIEMEHTax,
MIPEACTABIEHHOTO CXEMOW Ha puc. 3.9. YKaxuTe, 3JIEMEHTHI, ONPEAEISAIOMINE TEPUOL
KoJieOaHUM MyJTbTUBUOpaTOpA.
2. B paboueit TeTpamd I CaMOCTOSATENIbHOM pabOThl HAYEPTUTE CXEMY
MYJIbTUBHOpATOpa U TpaUKU HAMIPSKEHUH, MOSACHSIIOUIUE €ro padoTy.

3.3.4. MyabTUBHOPATOP HA ONEPANMOHHOM YCUJINTEe

Ha puc.3.10a mnpeacraBieHa cxemMa MyIbTUBHOpAaTOpa, OCHOBOM KOTOPOTO
saBisieTcs onepauuoHHbld ycunutenab (OY). KpoMe Hero B cocTaB MyJIbTUBHUOpaTOpa
BXOJST PE3UCTUBHBIN JENUTENb HampshDKeHWs, cocTaBieHHbW W3 Ri1 u Rz, u
Bpemsizanatonias RC-uensb, conepxkamiast C u Rs. Llenu nongaun HanpspkeHU nmUuTaHus Ha
CXEME HE YKa3aHBbl.

Jlenurtenp HanpsiKeHUs: B cxeMe o0ecreurBaeT MOJ0KUTEIbHYI0 00paTHYIO CBA3b
(OC), nepenaBas 4acTb BBIXOJIHOTO HAMPSKEHUS UBkix HA HEMHBEpTUpYIomui Bxoa OY.
[TpeneOperass BXOMHBIMU W BbIXOIHBIM compotusicHusMu OV (Rex — o0;Rppix — 0)
UMeEM

. R (3.11)

us,, =——=2—u =ku., . .
BX BbIX BbIX
R, +R,

HanpsbxeHueM Ha MFHBEPTUPYIOLIEM BXOZE Ug, ABIIAETCA HapsDKEHUE U, Ha
KoHaeHcarope C, mepe3apsKaronieMcsi OT BBIXOIHOTO HAMPSKEHUS Uppbix UEPE3 PE3UCTOP

52



A 4

UBb/X P
0 l t

v

a) 0)

Puc. 3.10. MynbTuBHOpaTOp Ha ONEPALIMOHHOM yCUTTUTEE:
a) cxema MyJIbTUBUOpaTOpa;
0) rpaduKu HANPSHKCHUH

B MOMEHT MOJKIIOUEHHs] MYJIbTUBHOpATOpa K MCTOYHUKY NMUTAHUS HaNpPsHKEHUE
HA MHBEPTUPYIOLIEM BXOJE YACPKHUBACTCS PAaBHBIM HYIIO, MOCKOJBKY KOoHAeHcaTtop C

paspskeH, U. =0 = Uy, =0. 3a cuer nomoxkurenpHori OC onepanoHHBINA yCUIUTEIb

HaBI/IHOO6paSHO HAaCblaCTCsA, IIpWM O3TOM Ha C€ro BbBIXOJAC M, CJICAOBATCIIBHO, Ha
HCUHBCPTHUPYIOILICM BXOA€C YCTaHAaBJIMBAKOTCA IIOJOXUTCIIbHBIC HapszKCHUA

11+ + +
Upx =Uiac B Ug =kU/,.. Konmencarop C Haumnaer 3apspkatbes. Korna

HaIpsDKEHNE Ha HeM U, = Uy, TnpuOmmkaercs K 3HadeHHo U, =KkU/,., OV Beixomur

13 pexxnMa HacbleHns. COCTOSIHUE CXEMbI JaBUHHO Nepekntoyaercs. Ha Boixone OY u
Ha HEMHBEPTUPYIOIIEM BXOJE yCTaHABJIMBAIOTCS OTpULATENbHbIE Hanmpsbkenue U,,. u

f -
Ugy =kU,,.. Kornercatop C HaunHaeT nmepes3apspKaThesi, M KOTJa HAIIPsHKEHHE HA HEM

— - + — -
U, =Ug, mnpubmokaercs k 3HaueHHIo Ug, =KU_,.. OY omniare BBIXOOUT U3 peXMMa
Hachlmennsi. KBa3nyCTOMUMBOE COCTOSHME CXEMbI JIaBUHOOOpasHO wu3MeHsieTrcs. Ha
Boixoie OV ycTaHaBIMBAeTCAd IMOJIOKUTEIIBHOE HAIpPSKEHHE U,:AC. [Tporeccnr

U3MEHEHUS HANPsHKEHUH Ha BXoJax M Beixoae OY moBTOPAIOTCS.

Ucnonb3yst popmyny (3.2) HaiieMm MIMTEILHOCTH YEPEIYIONTUXCS HMITYIHCOB
Hanpsoxeaus At, m At,. OHu paBHBI JJIMTENHEHOCTH KBa3MyCTOMYMBBIX COCTOSHUM
CXeMBl, ompenensgeMbix mnepesapsankoi emxoctu C yepes comporuBieHue Rs. Ilycts

Hanpspkenus U/, 1 U, ,. OJMHAKOBEI 110 BEITNYUHE ‘U;,AC‘ =U/c =Uc-

s nnutenbHOCTH At, IEPBOTO COCTOSTHUSI UIMEEM:
_ - _ . ot _ . _ + _
UO - kl'JHAC - kUHAC’ Uoo - UHAC - UHAC’ UI7 - kLJHAC - kLJHAC'
Hs nnurensHOCTH At, BTOPOTO:
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Uo = kU:IAC = +kUHAC; U, = U;IAC = _UHAC; Un = kU;/Ac = _kUHAC'
[Toncrapisist 3TH 3HaUeHus B (3.2), HOIYy4IHM:

(3.12)
At = A, =RCINTTK _R cin[ 14 2Re
1-k

1
['padmkn  BBIXOAHOTO HANpsOKEHUS M HampsbkeHuid Ha  Bxogax OV,
WJUTIOCTPHUPYIOITUE paboTy MYJIBTHBHOpATOpA, MMOKa3aHkl Ha puc. 3.10 6.

Konmponwvnwvie éonpocwl u 3a0anus
1. IMosicaute paboty MynbTuBHOpaTtopa Ha OV, mpencraBieHHOro cxemoit Ha puc. 3.10.
VYKaxuTe, 3JIEMEHTBI, ONPEeNAIoNne Iepruoa Kojaebannuit MyapTUBHOpaTOpa.
2. B pabGoueil Terpamu AJiE CaMOCTOSITENIBHOM  pabOThl HAayepTUTE CXEMY
MYJIBTUBUOpATOpa U rpaduKy HAIPSKEHUH, MOSICHAIOLIUE €ro padoTy.

3.4. BJIOKMHI-TEeHePATOPbI

Jlnst reHepupoBaHMS HMMITYJIbCOB, ONMU3KUX MO (OpME K MNPSAMOYTOIbHBIM, C
OOJBUION CKBAXKHOCTBIO M OOJIBIION aMIUIMTYJ0M HPUMEHSIOTCS peJlaKCallMOHHbIE
TeHEpaToOpbl, Ha3bIBaeMble Onokune-cenepamopamu. (OCHOBOM OJIOKHHI-TE€HEpaTopa
CIIYKUT YCHJIMTEJIbHBIA KacKaJ ¢ OOLIMM HH)KEKTOPHBIM 3JieKTpoaoM. [lonoxurenbHas
oOpaTHasi CBSI3b B CX€ME€  OCYILIECTBISIETCS  IOCPEACTBOM  UMNYILCHO2O
mpawncgopmamopa.

Ha puc. 3.11 a npencraBneHa cxema OJOKUHT-TeHepaTopa Ha Tpauiuctope VT.
[TepBuunast o6MoTKa TpaHchopmaropa | BKIIOUYEHA B KOJJICKTOPHYIO IIEMb TPAH3UCTOPA,
BTOpUYHas — B Ienb 0a3bl. bazoBas oOMOTKa BKJIIOYEHA TaK, 4TOObI OOpaTHasi CBS3b,
OXBaThIBaIOIIAsl Kackad, Obuta mnojoxurenbHoll. Koadduument Ttpanchopmanum
tpanchopmaTopa T OOBIYHO OJIM30K K €IWHHIE, T.€. TIyOmHa mosioxutensHoir OC
Benmka. Pesuctop R u kornencatop C ciyxar s3eMeHTaMy BpeMsI3a1atoliei 1eru.

Puc. 3.11. baokuHr reneparop:
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a) cxema OJIOKMHT-TeHepaTopa,
0) rpadMK BBIXOJHOTO HAMPSIKEHUS,
B) rpadMK HANPSDKEHUS HA BPEMSI3a/1af0IIeM KOHACHCATOpe

Paccmotpum kosebaTenbHbIN mpoliece B OJOKUHT-TeHepaTOpe HaunHas ¢ MOMEHTa

BpeMeHH, korna konaeHcarop C, 3apspkeHHbIH paHee 10 Hanpspkenust —U . («rumoc» —

Ha HIDKHEH OOKIJIaJKe, «KMHHYC)» — Ha BEpXHEW) Mepe3apsyKaeTcsl Ha UCTOYHUK MUTAHMS
En uepe3 pesuctop R, cozmaBas Ha HEM MajeHHE HANPSHKCHUS MOIACPKUBAIOLICE
3ameproe cocrosiHue TpaHsuctopa V1. B mpouecce paspsakd HanpsDKEHHE Ha
KoHJeHcaTope C TepexoquT HyJIEBOW YPOBEHb, 3aluparoliee HampsHKeHHe Ha 0ase
TpPaH3UCTOpa HCYE3a€T, TPAH3UCTOP MEPEXOAUT B aKTUBHbIA pexum. llosBisercs
HApaCTaIONIUN KOJUIEKTOPHBIA TOK, MHIYLHUPYIOMIUNA MOJOKUTEIbHOE HAaIpsHKEHHE Ha
06aze VT. PasBuBaercss 1aBUHOOOpa3HBIM MPOIECC TNEPEKIIOUCHUS TPAH3UCTOPA.
dopMupyeTtcs nepeJHui PPOHT UMITYJIbCA.

[lox neiicTBUEM WHIYyNMPOBAHHOTO HampspkeHHst KoHueHcartop C 3apspkaercs
TOKOM 0a3bl HACBHIIIEHHOTO TpaH3ucrtopa V1. BepmmnHa wumnynsca ¢opMupyercss B
TE€YCHHE BPEMEHH, MOKA TOK 3apsAIKU yIep>KUBAeT TPAH3UCTOP B HachiiieHnu. [1o mepe
3apsiiku C TOKH 0a3bl ¥ KOJJICKTOPA YMEHBIIAOTCS, TPaH3UCTOP U3 pEKUMa HACHIIIICHUS
NEPEXOUT B AaKTUBHBIM pexuM. K 3ToMy BpeMeHH KOHIEHCATOp 3apsuKaercs /0

OTPHUOATCIIBHOI'O HAIIPAKCHHA UCmax' BBIXO,Z[ TPaH3UCTOpa M3 PCKHMA HACBIIMICHUA

BBI3BIBAET JIABMHHBIM Mpomecc ero 3anupaHus. HanpsbkeHuwe Ha KOHJEHcaTope,
nepeaaBasich Ha 0a3y TpaH3UCTOpA, MOJIEPKUBAET €ro B 3amepToM coctosiHuu. llpu
ATOM B CXEME MPOUCXOAAT JIBAa MpoLecca: BO-NEPBBIX, 3aTyXaHUE TOKA HAMarHUYMBaHUS
UMIYJIbCHOTO  TpaHc(hopMaTopa, BO-BTOPBIX, Tepe3apsjaka  KonaeHcatopa  C,

3apsHKEHHOrO 10 Hanpsbkenus —U. . IIponecchl B cxeMe nepruoanIecKy IOBTOPSFOTCS.

3aBUCUMOCTh BBIXOJIHOTO HAMpsDKEHUsI OJIOKMHT-TEHEepaTopa U HalpsDKeHUs Ha
BpEMsI3a1ar0IIeM KOHACHCATOPE OT BpEMEHH MMoKa3aHbl Ha puc. 3.11.

JUINTENBHOCTD T€HEPUPYEMBIX HMITYJIbCOB 1, MOXHO MPHUONMKEHHO ONPENEIUTH
o ¢popmyiie

t, ~(3+4)CR,, (3.13)

rie Rss — cOmpoTHBIEHUE OTKPHITOTO SMHUTTEPHOTO MEpexojia TpaH3ucTopa (mopsaka
equHUI] oM). JlnutenbHOCT, uWHTEpBama Al Mexay HUMITyJIbCaMu, OTmpeaesseMas
sanemeHTamMu RC BpeMmsizamaronieit mienu, HalijeM ¢ oMOIbo BeipakeHus (3.2). B aroi
dopmyne: U, =-U ; U, =E; U, =0.Torna umeem

Cmax ! o0

E+U

3.14
E E

Ilepuon MOBTOPEHUs BBIXOAHBIX MMITyIbCOB | = At +1t,. Tak kak At >t,, 10
T~ At.

Konmponvnuwvie éonpocol u 3a0anus
1. Tloscaute paboTy OJOKUHT-TeHEepaTopa, MPEJICTaBICHHOTO cxeMoW Ha pwuc. 3.11.
YKaXuTe, DJIEMEHTHI, OIPENCIAIONINe IUTEIBHOCTh TE€HEPUPYEMOTO HMITYJIbCca |
nepuo KojebaHuit reneparopa.
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2. B paboueii TeTpamu sl CaMOCTOATENbHONW paOOThl HAuEpPTHTE CXEeMy OJOKHHI-
reHeparopa ¥ rpaduky HanpsHKeHUH, MOSICHAIONIUE ero paboTy.

3.5. 'enepaTopbl HAHOCEKYHHBIX HMITYJILCOB

B nocnennee Bpemsi MIMPOKOE MPUMEHEHUE HAXOMAST AJIEKTPUUYECKHE CUTHANBI B
BHUJIC KOPOTKHX, JUIUTEIBHOCTHIO TIOPSIIKA HAHOCEKYHIIBI, WMITYJIbCOB OOJIBIION
CKBOXXHOCTH. OTINYUTEIHPHOM OCOOEHHOCTBIO TAKWX CHUTHAJIOB SIBJISETCS OOJIbIIas
omHocumenvHas wupura cnekmpa (IpUBEJAEHHAs K cpeaHeit yactore cnekrpa). [lo sroi
MPUYUHE OHU CIOCOOHBI HECTH OOJbIIUNH 00BEM HHPOPMAIMU IO CPABHEHUIO C
TPaJUIIUOHHBIMUA Y3KOMOJIOCHBIMU CUTHAJIaMU. OHU UCIOJIB3YIOTCS KaK 30HIUPYIOIINE
CUTHAJIBI JUIsl UCCIIeIOBaHUsI 00BEKTOB, MOKPBITHIX MPOBOJSINEH Cpeoi, Kak, HapuMep,
IPYHT, MECKH, TJIMHA, TIPECHAsi U MOPCKasi BOJA, Jie, TKaHU JKUBBIX OPraHU3MOB U JIp.,
JUTsE Tiepefauu MH(opMaIuu yepes Takue Cpefibl, a Takxke IS rnepenadyu nHhopMaluu B
IIMPOKOM JHala3oOHE€ YacTOT, B KOTOPOM MapajulebHO JACHCTBYIOT TpagullMOHHBIE
y3KOMOJIOCHBIE KaHAJIbl CBSI3U. B cuily TOro, 4TO CrneKTpajabHas IUIOTHOCTh MOUIHOCTH
ITUPOKOIIOJIOCHOTO CHUTHAaja Maja, IIMPOKOIOJIOCHBIE CUTHAJIBI HE BIMSIOT HAa paldoTy
y3KOIOJIOCHBIX CHUCTEM. B CBOIO ouepenlb BIMSHUE Y3KOIMOJIOCHOTO CHUTHala Ha paldoTy
IIMPOKOIIOJIOCHOM CHCTEMBI YCTPAHSETCSI KOMIIBIOTEPHON 0O0pabOTKON MPUHSTOrO
CUTHAaJIa, KOTOpasi HAUMHAETCS C HAKOIUJICHUS MPUHSITHIX UMITYJILCOB U UX YCPEAHEHUHU.

Jnst  reHepupoBaHUS ~ CTOJb  KOPOTKMX  HMMIYJBCOB  HUCIOJB3YIOTCS
peaKkcallMOHHbIE TE€HEpPaTOpPbl, B KOTOPBIX POJIb HEJIWHEWHOTO 3JEMEHTA BBITIOJIHSIET
OUNOJISIPHBIA TPAH3UCTOP, HA 3alepThiil MEpPexo] KOTOPOro TMOJAIT HaMNpsLKEHUE,
MpeBbIIIaoNiee HanpskeHue nmpobdos. BAX nepexona sMUTTEp-KOJUIEKTOP TPaH3UCTOPA
B PEXHMME JJABUHHOTO TMP000s, MpUBEICHHAasA Ha puc. 2.7 6, umeeT S-o6pa3nyo Gopmy.
JIMUTENbHOCTh TEHEPUPYEMOIO0 HMIIYJbCA 3aBUCHUT OT BPEMEHHU PacCachbIBaHMS
HEOCHOBHBIX HOCHUTENICH 3apsa U HMMEET IMOPAJOK OJHOW HAHOCEKYHIbl. Tak Kak
(hopMUpOBaHUE BBIXOJHOTO HMITYJIbCA MPOUCXOAUT MPAKTUUYECKU O€3 HCIOJb30BAHUS
VOPABJISIIOUIUX CBOWCTB TPaH3UCTOPA, MHEPLMOHHOCTh MOCIEAHEr0 Majo BIMUSET Ha
JUTUTEJIbHOCTh CUTHaja. B cuily KpaTKOBpeMEHHOCTH MPOTEKaHUsI OOMBIIOTO TOKA Yepes
TPAH3UCTOP MO CPABHEHUIO CO BPEMEHEM, KOTJla OH B 3alepTOM COCTOSIHUM, JaHHBIN
MpoILIeCC HE MPUBOAMT K MEPETPEBY WM BBIXOY U3 CTPOSI TPAH3UCTOPA.

Cxema mnpocTeiiero reHepaTopa HAaHOCEKYHIHBIX HMITYJILCOB IIPUBEICHA Ha
puc. 3.12 a. Tak kak 0a3za TpaH3UCTOpa CoOeAMHEHa uepe3 pe3uctop Rp TOIBKO ¢
SMUTTEPOM, B HCXOAHOM COCTOSSHUM B CHJIy HYJEBOIO HAIpPSIKEHUS CMEILICHUS
TPAH3UCTOP 3aKPHIT. AHAIN3 CXEMbl HAYHEM C MOMEHTA MOJIaul HANPSHKEHUS MUTaHUS.
Konnmencarop C 3apspbkaeTcss depe3 pe3ucTop R OT HMCTOYHWKA MHMTaHUS, HO I10
JOCTIKEHHUIO HAa HEM HampsDKeHHs Mpo0osi Mepexojia KOJJIEKTOp-0a3a MPOUCXOIUT
OBICTPBIN pa3ps] KOHAEHcaTopa udepe3 TpaH3ucTtop. Tak kak mpu paspsiae udepe3 Rs
MPOTEKAET 3HAYUTENIbHBIA TOK, CO3Jalolieecs Ha HeM mnaieHue HanpsbkeHus Uss
OTKPBIBAET TPAH3UCTOP, YCKOPSISl CKOPOCTh pa3psna. BeIxogHOE HANpsHKEHUE CHUMAETCS
c pesuctopa Rs u mnomaercs Ha Harpy3ky Rp. CoOTBETCTBYIOIIME BpEMEHHbBIE
3aBUCUMOCTH HaNpsDKEHUM Ha KOJUJIEKTOPHOM, 0a30BOM M SMUTTEPHOM DJIEKTPOAax
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npuBeneHbl Ha puc. 3.12 B. BrixogHOe HampsikeHHE COBIAJAaeT C HalpsHKEHHEM Ha
smutrrepe. Camass HIDKHSAA BpEMEHHas 3aBHUCHUMOCTh HaNpsDKEHHWS Ha Harpyske
COOTBETCTBYET CIIy4ar0 MCIIOJIb30BaHMsI «00OCTPEHUS» BBIXOAHOTO HAIIPSHKEHUS.

Uk
- — _ —— = —-
Unpos | : :
) ) |
t
Us
Ueod L1 L
t
Us
t
Usrix
Ucras
t
6) B)

Puc. 3.12. 'enepaTop HAHOCEKYH/IHBIX UMITYJIbCOB:

a) cxema MpoCcTeNIIero reHepaTopa HAaHOCEKYHIHBIX UMITYJIbCOB;

0) cxema reHeparopa HaHOCEKYHIHBIX UMITYJIbCOB C 00OCTpEHUEM;

B) rpaduKi HanpsHKEeHU Ha KOJJIEKTOPHOM, 0a30BOM, 3MUTTEPHOM 3JIEKTPOJE U Ha BBIXOJE
nociie o0ocTpeHus Ha cxeme Ha puc. 3.12 6

Ha puc. 3.12 6 npeacraBieHa cxema reHeparopa HaHOCEKYHIHBIX UMITYJIbCOB C
oboctpenueM. B oTimume oT cxemsl Ha puc. 3.12 a HanpspDKeHHE Ha Harpy3Ke reHeparopa
R4 mosIBUTCS TOJIBKO TIOCJIE TOrO, KaK HampspKEHWE Ha SMHUTTepe TpaHsuctopa V11
NPEBBICUT HampspkeHue crtadmnmzanuu crabuiutpona VDI, ucuesner mocnme Toro kak
HaIpSDKEHUE YMEHBIIUTCS A0 3TOM K€ BEIUYMHBL. Takoe OrpaHWYEHUE I03BOJISET
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YMEHBIUTh JUIMTEILHOCTh HWMITyJIbCA Ha OJMHUTTepe. BpeMeHHas 3aBHUCHUMOCTH
HaIpsDKEHMS Ha Harpy3Ke MpuBejcHa Ha HKHeM rpaduke puc. 3.12 B.

Cunras, 4yT0 B peXHMe MpoOOos TpaH3ucTopa KoHaeHcaTtop C paspsokaercs
MOJTHOCTBIO, BPEMEHHOW WHTEpPBAT MEXKAY HWMITyJIbcaMHd MPHOIMKEHHO MOYKHO
BBIYHCIIATH 110 (hOpMyIIe

E U
My, ~RCIN——"" — =RCIn| 1+ —% | 3.15
n- UnPOB En - UnPOB ( )
rae U, pos — HaIpshKeHUe Ipo0bost rnepexoa 6a3a-KoJUIEKTop.

Konumponwvnwie éonpocwl u 3a0anus
1. Tlosichute pabOTy TEHEPATOPOB HAHOCEKYHJHBIX HMITYJIbCOB, MPEICTaBICHHBIX
cxemamMu Ha puc.3.12a wm 3.1206. VKaxuTe 3JIEMEHTHI, OIPEACIAIONINE TEePUOT
CIIEIOBaHMsI TEHEPUPYEMBIX HUMIYIbCOB, M (DAKTOPHI, BIHSIONIMNE Ha JJIUTEIHHOCTH
UMITYJIbCA.
2. B paboueil TeTpaau s CaMOCTOSITENIbHOM paOOThl HAUEPTUTE CXEMY T'€HEpaTOpOB
HAHOCEKYHIHBIX UMITYJIbCOB U TpauKy HAIPSKEHUH, MOSCHSIOLINE €ro padoTy.

4. llndpoBbie reHepaTopbl KOJIeOAHUI

Lugposvimu eenepamopamu Ha3bIBAIOT TE€HEPATOPHI KoJeOaHUM, B KOTOPBIX
U poBbIE YCTPOKUCTBA YIPABISIOT MPOLECCOM (POPMHUPOBAHUS BBIXOJAHOTO HANPSKEHUSI.
B cocra 1mudpoBoro reHeparopa 00s3aTEABLHO  BXOAST  HUGPO-aHATIOTOBBIN
npeoOpazoBarens (LIAIT) u punbTp HU3kux yactot (OHY). IlepBriii u3 HUX MpeodpazyeT
yhpasistonue U poBbIe CUTHAIBI B aHAJIOTOBBIC, a (PHIBTP HU3KUX YaCTOT CTIaKHUBAET
BBIXOJHOU curHai. PaGota nudpoBoil yacTu reHepaTopa CHHXPOHU3UPYETCS 3aJal0IUM
TaKTOBBIM T'eHepaTopoM. Ilepruos KonedaHusi TAKTOBOTO T€HEPATOpa OMpeeseT Mpeaen
TOYHOCTH MO BPEMEHH, C KOTOPOH Oy1eT chOPMUPOBAHO BBIXOJHOE HAMPSKEHUE.

4.1. Hugposoii reHepaTop NUJI000PA3HOT0 HANIPSKEHUSA

PaccmoTpum  11udpoBOil TeHepaTOop MUIO00PA3HOTO HAMPSHKCHHUS KaK CaMBbIi
MMPOCTOM W HAIJISIAHBIN, HO, B TOXKE BpEMs, COAECPKAILIUN XapaKTEPHbIE COCTABHBIE YACTH
moboro nudposoro reneparopa. Ha puc. 4.1 a npencraBneHa (QpyHKIMOHAIbHAsA, a Ha
puc. 4.1 0 npuHUMOHAIbHAS CXeMa 3TOr0 TreHepaTopa. BpemeHHbIE 3aBUCUMOCTH
HaIpsHKEHUH Ha BBIXOJAX YCTPOMCTBA, MPUBEACHHBbIE HA pHC. 4.2 B, MOACHSIOT padOTy
JAHHOT'O T€HEepaTopa.
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Puc. 4.1. Hudposoii reHepaTop mu1000pa3HOro HAMPSHKEHUS:

a) (yHKIMOHAJIbHAS CXeMa IeHepaTopa MUI000pa3HOro HanpsHKEeHUs;
0) MpUHLMIIHATIBHAS CXeMa FeHepaTopa MUI000pa3HOT0 HAMPSKEHHUS;
B) BPEMEHHbIE 3aBUCHUMOCTH HAIPSHKEHUI

[IpssMOYTONIbHBIE UMITYJIBCHI C MEPUOAOM 7, C TE€HEpPATOpPa TAKTOBBIX HWMITYJIHCOB
moAarTcs Ha BXoJ IMdpoBoro cuerunka. Ha Beixomax mmdpoBoro cuerunka Qi-OQn
(hOopMUPYIOTCS CUTHAJIBI, 0003HAYAIOIINE YUCIIO TOJACUUTAHHBIX UMITYJILCOB B JIBOUYHOM
Kozxe. Otu curHanel nopatorcss Ha LIAIL, kOTOpeIii B 3TO BpeMsi Ha CBOEM BBIXOJE
dbopMUpPYET  BBIXOJHOE HANpPsSHKEHHWE, MPOMOPIHMOHAIBHOE  YHUCIY  HMMITYJIHCOB,
HOCUUTaHHBIX cueTdnkoM. Ilocie mogcuera 2N - mmmyneca Ha BeIXOme Qn cueTunka
MOSIBIISIETCS JIOTUYECKasl €IMHUIIA, KOTopas cOpackiBaeT cueTyuk. [locie atoro mpoiecc
MojicueTa HA4YMHAETCS 3aHOBO. Takum oOpaszom, Ha Beixoae LIAIl dopmupyercs
nunoo6pasueiii curnan ¢ mepuogom (2N1+1)0 7, cocrosmmit n3z 2V1+1 crymenex. B
poimu  (QuiIbTpa HU3KMX YacTOT Ha BBIXOJIE TI'e€HEpaTopa HCIOJIb3YeTCsl OOBbIYHAsS
unterpupyroiias RC-menouka, criiaxxuparoias CTyrneHbku Ha Bbixoje [TATL.
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Koumponvnwie onpocwl u 3a0anus

1. Tloscaute pabGoTy uMPpPOBOro TreHepaTOopa MNUIOOOPA3HOTO  HAIPSHKEHMUS,
IPEICTaBICHHOTO cXeMol Ha puc. 4.1. Ykaxure, ueM onpeaensercs nepuoj KouedaHuil
reHeparopa.

2. B paboueil TeTpaau s CaMOCTOATEIbHOW PaOOTHl HAuE€pPTUTE CXEMY LHU(PPOBOTO
reHepaTopa MUI000pa3HOI0 HANPSDKEHHUs] U rpadUKy HaNpsyKEHUH, MOSICHSIOIINE €ro
pabory.

4.2. I'enepaTop Ha ocHOBe pyHKHHOHAIABbHOTrO LIATI

Paccmorpum nudpoBoii reHepaTop, B KOTOpOM ¢opMmMa CHUTHalla 3aBUCUT OT
napamerpoB LAII, T.e. BMecTo ctanaaptHoro LIAII, B KOTOpOM BeIWYMHA BBIXOJHOIO
CUTHaJa MMPONOPLUOHANBHA IBOMYHOMY YHCIIy Ha €ro Bxojae, B JaHHoM L[AIl curuan Ha
BBIXO/IE MOXKET OBITh HE MPONOPLUUOHAIBHBIM YUCITY Ha €r0 BXOJIE.

[TpuHuMnuanbHas CXeMa Takoro IM(PPOBOr0 TIeHepaTopa IpeAcTaBlieHa Ha
puc. 4.2. 'eHepaTop TaKTOBBIX MMITYJIbCOB MTOAAET HA BXOJ CUHXPOHU3ALUU CIABUIOBOIO
perucrpa MNpsAMOYIOJIbHBIE HMIIYJbCHl C mepuogoM 7, IlycTb Ha Bcex BbIXOHax
CABHTOBOTIO PErucTpa HAXOMATCSA JOTMYECKHME HynHM. Torga mocie mnojadv IMepBOro
TAKTOBOTO HMITYJIbCA, JIOTUYECKUH HONb ¢ BbIxojda Qn, Tpoiiasi WHBEPTOP, OKaKeTCs
eMHULIEH, KoTopas U OyJeT nogaHa Ha Bxoja D, u, Takum 00pa3oM MOCTYNUT Ha BBIXOA
Q1. Cnenyrouuii TaKTOBBIA UMITYJILC TIEPEMECTUT C BbIx0Ja Q1 JIOTMUECKYIO €AMHUILY Ha
BbIX0A Q2, ¥ TOUHO Tak ke cPopMUpPYeT Ha Bbixoae Q1 HOBYIO JOTHYECKYIO €IUHUILY.
[Tocne N-To TakTOBOrO MMITYJIbCa Ha BCEX BbIXOJaxX OyAyT chOpMUPOBAHBI JOTUUYECKUE
enunuubl. Ilocie storo, Takum xe oOpa3oM, MyTeM HWHBEPTUPOBAHUS JIOTUYECKUX
eIuHuL, Ha Bbixoae Qi OyayT (popmMHUpoBaThCS JOTMUECKHE HYJIM U CIABUTAThCS Ha
nocinenytomme Bbixoabl. Ilocne mnomaum 2N TakTOBBIX HMMIYJbCOB Ha BBIXOJaX
CABUTOBOIO pErucTpa CHOBa OYyIyT OJHM JIOTMYECKHME HyJau. B cBowo oudepens,
¢bynkunonaneHbelii ATl mpeacrtaBiaser coboil cymmarTop, HampsDKEHHE Ha BBIXOJE
KOTOPOTO PaBHSIETCS] CyMME BXOZHBIX HAaIPsDKEHHH ¢ BecoM —R, /R,

N
Ugx =R, zGanan . (4.1)

n=1
Teneps, Hanpspkenust B Bxoxax LIAIL U, npuxnmarot cieayromue suaderus: 000...00,
100...00, 110...00, 111...00, ..., 111...10, 111...11, O11...11, 0OI...11, 000...11, ...,

000...01, 000...00. Takum 0Opa3omM, BBIXOJHON CUTHAI €CTh NEPUOJAUYECKUNA CUTHAI, U
cocTouT OH U3 2N TUCKPETHBIX 3HAUCHUN HANPSHKCHUS, HAUMHAs ¢ HYJIEBOTO.

™ air
C /_?g Q;
o) R,
Ri3
Q3 R,
—1
D R
Q, R

Puc. 4.2. Iludposoii renepatop Ha ocHOBe GyHKIHOHAIBHOTO LIATI.
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JIerko MoJIy4uTh 3HAYCHHS BBIXOJHOIO HAIPSDKEHUS B TUCKPETHBIX TOYKaX IO
BPEMEHU C IIaroM JUCKPETU3alMH 7,, 3Has 3HadeHus G, u ucnoussys (4.1):

UBbIXo =0;
k
Ugpix, = _UoRzsz ,pu 1<K <N ;
n-1 (4.2)
N
Ugow, =—UoR, D Gy, mpu N+1<k<2N -1,
n=k-N+1

rae U, — HanpspKeHHe Ha BBIXOJE CABUIOBOTO PETHCTPA, COOTBETCTBYIOLIEE JIOTHYECKOM

SIMHUIIL.
U3 (4.2) canenyer, uro npu G, # 0 nepsas MoNoBHMHA BPEMEHHON 3aBHCUMOCTH

BBIXOJTHOTO CHUTHAJIa €CTh BO3pacTamolias (QyHKUWs, AOCTUTAIONIAs MaKCUMyma IpH
k = N .Bropas ITOJIOBUHA CBsA3aHa c IIEpBOM COOTHOILIEHHEM

Ug,x ((N + k) Tu) =Ug. (N7, ) —Ug (kru ). DTo Takoe COOTHOIICHHE HAKIIaJbIBACT

OrpaHUYEeHHE Ha pPa3HOOOpa3re BPEMEHHBIX ()OPM BBIXOJHOTO CUTHAja, KOTOPHIE MOXKHO
peann3oBaTh MpU MOMOLIM 3TOro HU@poBoro reHeparopa. Hanmpumep, npu ogmHaKOBBIX
G,, BBIXOOHON CUTHaJ OyJET MMETh TPEYroJbHYIO (GopMy. DTOT M Apyrue IpUMEPEI

BO3MOXKHBIX BBIXOIHBIX CUTHAJIOB I/I306pa}KCHBI Ha pHuc. 4.3.

Uspif P N~
-~ ! ~
- 7\ ~
/ /N \
/ / | N \

~ | ~
— ! ~ o
0 Nty oNe,  t

Puc. 4.3. Tlpumepbl BpeMEHHBIX 3aBUCHMOCTEH Ha BBIXOJE HHU(PPOBOIO TEHEpaTOpa Ha OCHOBE
¢bynkunonangsHoro LIAIL

Konmponwsnwvie 6onpocwt u 3a0anusn
1. Tlosicaure paboty uudpoBoro reHeparopa Ha ocHoBe (QyHKIMoHanbHOrO I[IAII,
MPEICTABICHHOTO CXEMOU Ha puc. 4.2. YKaxuTe, 4eM ONpeeistoTcs nepruos KoineOanui
reHeparopa u gpopma KoiaedaHus.
2. B paboueil Terpaau IS CaMOCTOATEIHHON pabOThl HAYEPTUTE CXEMY LUPPOBOTO
reHeparopa Ha ocHoBe ¢yHKUHOHaIbHOTO LIAIl u rpaduku Hanps>KeHUW, MOSCHSIONINE
ero pabory.

4.3. I'eHepaTop Ha OCHOBE 3aNIOMHUHAKIIET0 YCTPOHCTBA

Hcnonp3oBanne 3alOMHUHAIONIETO ITU(POBOTO YCTPOMCTBA TO3BOJISIET TOCTPOUTH
reHeparop, (HOpMHUPYIOIIMNA CUTHAI MPOU3BOJBLHONM (QOpMbI. 3HAYEHHUS BBIXOJHOTO
CUTHAJIa B pa3JINYHble MOMEHTBI BPEMEHHU XPAHATCS B LIU(PPOBOM BUJIE B 3aIIOMUHAIOLIEM
YCTPOWCTBE.
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Ha puc.4.4 npuBeneHa CTpyKTypHas CXema TIE€Heparopa Ha OCHOBE
3aIIOMUHAIOIETO YCTpOoKcTBa. ['eHepaTop TaKTOBBIX UMITYJIBCOB MOJAET IPSIMOYTOJIbHBIE
UMIIYJIbCBI C IEPUOJIOM 7, HA cyeTuuK. [logcunThIBast HOCTYNHUBIINE UMITYJIBChI, CUETUUK
Ha BbIXOJ€ (POPMHPYET BO3PACTAIOUIYIO MOCJIEI0BATEIBHOCTh JIBOUYHBIX N-Pa3psIHBIX
yuces, MoJaBaeMbIX MO aJApECHOM IMHE Ha 3anmomuHaromiee ycrporctBo (3Y). Takum
o0Opa3oM, Ha BbIXojA€ 3Y C NEPHOJAOM 7, MOSBISIOTCS HOBBIE M-pa3psaHbIE JTBOUYHbBIC
qlClia, KOTOpbIE NMPEACTABISIIOT cOO0M 3HAUEHUS BEJIMYMHBI T€HEPUPYEMOI'O CHUrHaja B
JUCKPETHBIII MOMEHT BPEMEHH, 3aaHHBII N-pa3psaHBIM YKCIOM Ha mMHE aapeca. LIAIL
npeodpazyeT 3HAYEHUE aMIUIMTYyAbl B LU(DPOBOM BUAE B aHAJIOTOBBIM CHUTHAI,
crnaxusaeMbii GHY.
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Puc. 4.4. CtpykTypHas cxema 1Iu(ppoBOro TeHepaTopa Ha OCHOBE 3allOMUHAIOIIETO YCTPOICTBA.

HpeﬂCTaBHeHHLIﬁ ICHCpaTop criocobeH ICHCPUPOBATH HepI/IOI[I/ILIGCKI/Iﬁ CHTHAJI
o o ) n m
IIPONU3BOJbHON BPCMCHHOMN 3aBHCUMOCTH, 3d1aBaCMbIN 2 OTCUCTaMM1 Ha IICpUuoa Hu 2

YPOBHAMH BENIMUMHBI, TIpHUeM 2" 3HAUEHHH Te€HEpHPYeMOro cHurHama B (opme M-
paspsAHbIX 4HMcel XpaHsATcs B 3Y, KOTOpoe MOXeT ObIThb IOCTOSHHBIM JHOO
nepes3anucbiBaeMbiM. B mocnenHeM ciydyae MOSBISETCS BO3MOXKHOCTh OBICTPO MEHSTh
(bopMy reHepUpyeMBbIX KOJIEOAHHM.

Konumponwvuwvie gonpocwt u 3a0anus
1. Tloscaure paboTy uUM(POBOro reHepaTopa Ha OCHOBE HAa OCHOBE 3allOMUHAIOIIETO
YCTPOMCTBA, TMPEJICTABICHHOIO CXeMoW Ha puc. 4.4. YkaxuTe, 4eM OINPEACISIOTCS
nepuoJ1 Kojaebanuii renepatopa u ¢popma KoaeOaHusl.
2. B paboueii Terpaam IS CaMOCTOATEIHLHON pabOThl HAYEPTHUTE CXeMy MHUGPOBOTO
reHEpaTopa Ha OCHOBE Ha OCHOBE 3alIOMHUHAIOIIETO YCTPOMCTBA.

5. OnHOBHOPATOPBI — KAYLIME UMITYJIbCHbIE TeHePaTOPbI

Oonosubpamopamu Ha3bIBAIOT UMITYJIbCHBIE T€HEPATOPHI, pa0OTAOLIUE B KIAYILEM
pexxume. Takue cXxeMbl, OTHOCSIIMECA K KJIAcCy MOHOCHAOUbHBIX 2eHepamopos,
00Ja1al0T OJHUM YCTONYMBBIM COCTOSIHUEM 3JIEKTPUUECKOTO PaBHOBECHS, B KOTOPOM
CXeMa MOXXET HaxOOUTbCS CKOJIb YTOAHO JOJTr0, M OJHUM KBa3HMYyCTOMUYMBBHIM
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coctosiHueM. Ilepexos B KBa3nyCTOMYMBOE COCTOSTHUE CXEMbI OCYIIECTBISCTCS] BHEIIIHUM
3anyckarowum CUTHajIOM (IyCKOBBIM HMITYJIbCOM). JIMMTENbHOCTh KBa3MyCTONYMBOTO
COCTOSIHUS OIPEIEIIAeTCA BpeMsI3aqaroei 1enbo, BXOASIIEH B COCTaB CXEMBI.

OcHoBoit OJIHOBUOPATOPOB MOTYT CILYKUTh aBTOKOJI€OaTEIbHbIC
MYJbTUBUOPATOPl U OJIOKUHT-TEHEPAaTOphl. 371eCh OyJeT TMOKa3aHO KaK CXEMbl,
paccMOTpEHHBIE BhIIIE B MyHKTax 3.3 u 3.4, npeoOpa3yroTcsi B 0THOBUOPATOPHI.

5.1. ZKaymmue My 1ibTUBHOPATOPHI

5.1.1. XKnymumii myabTUBMOpaTOp Ha TpaH3ucropax. Ecium B cxeme
aBTOKOJIE0ATEIbHOIO MYJIBTHBHOpAaTOpa Ha TpPaH3UCTOpax, MpHUBEIECHHON Ha puc. 3.6 a
(m. 3.3.1), ooHY W3 €MKOCTHBIX CBsI3ed, MeXay Kackamamu, Hanpumep Co, 3aMEHUTH
rajlbBAaHUYECKON CBS3bIO, TO OJHO M3 JABYX KBa3WyCTOHMYMBBIX COCTOSHUH, HMPUCYILHX
TOH CXeMe, MOXKHO IPEBpaTUTh B ycCTOW4YMBoe. B pesynbrare aBTOKOJIEOATENbHBIN
MYJIBTUBUOPATOP CTaHET KAymuM. CxeMa nogoOHOro oJHOBUOpaTOpa MpeAcTaBlieHa Ha
puc.5.1a. B Heil ranpBaHnyeckas CBsI3b MEXIY KacKaJaMU OCYLIECTBIIETCS uepe3
AeTUTeNs HanpshkeHuss u3 Rpi, Rps. JlOMONMHUTENBHBI HCTOYHHWK HampshkeHus Ecwu
o0OecreynBaeT nojavyy OTPHUIATEILHOIO HAINpPSKEHUs CMEIIEeHHUs Ha 0a3y TpaH3UCTopa
VT,, dukcupys ycroiiumBoe cocrossHue cxeMbl. Konpencatop Cy yckopseT mporiecc
OTIPOKU/IBIBAHUS CXEMBI.

MynpTHBUOpaTOp 3amyckaercd mojadei Ha Oa3y TpaH3uctopa VT mycKoBOro
UMITyJIbCa HaNpsDKEHHUS TIOJIOKUTENIbHOM TOJIAPHOCTH. J{JUTENbHOCTh BBIXOJHOTO
uMIysbca onpeaenserca popmynoit (3.6). I'padukn U3MeHEHUN HaNpsKEHUH B CXEMe
MpUBEAEHBI Ha puc. 5.1 0.

5.1.2. Knymmii MyJbTUBHOPATOP HA 0a30BbIX JIOTHYECKHUX dJIeMeHTax. Eciu B
CXeMe aBTOKOJIEOATEIHbHOTO MYJIbTUBHOpaTOpa Ha 0a30BBIX JIOTUYECKHX JJIEMEHTax,
npuBefeHHO Ha puc. 3.9 a (m. 3.3.3), ycTpaHUTh OJHY W3 BPEMSI3aIAIOIIUX IICTEH,
Hanpumep Rj, C;, VDy, u mogaTh Ha OOMH K3 BXOIOB JIOTMYECKOTO ayeMenta DD;
HaIPsHKEHUE BBICOKOTO YPOBHS 3JIEMEHTA, TO OJTHO KBa3WyCTOWYUBOE COCTOSHUE CXEMBI
npeBpaiaercsi B ycroluuBoe. B pesynbrare aBTOKO0JI€OATENBbHBIM MYJILTUBUOpPATOP
CTaHOBUTCS ) aAynuM. Cxema 1mogoOHOro oJJHOBUOpaTopa MpeicTaBieHa Ha puc. 5.2 a.

3amyck MyJabTHBHOpaTOpa OCYIIECTBISCTCS IMOJauel OTPUIATECIBLHOTO MMITYJIbCA
HaIPSHKEHUS, COOTBETCTBYIOIIETO JIOTHYECKOMY HYJIFO, Ha BXOJ[ TOTO e djaementa DDj.
JIITUTETbHOCTh  BBIXOJHOTO UMITyJibca ompenensiercs dopmynon (3.10). I'paduku
M3MEHEHUH HaNPsDKEHW B CXeMe MPUBEIEHBI Ha puUC. 5.2 0.
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Puc. 5.1. OnnoBuOpaTOp Ha TPAH3UCTOPAX:
a) cXeMa JKIyIIero MyJbTHBHOpaTopa;
0) rpadguku U3MEHEHUN HATIPSKEHUHN B CXEME
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Puc. 5.2. OnHoBHOpaTOp Ha 6A30BBIX JIOTHYECKUX JIEMEHTAX !
a) cxeMa JKIyIIero MyJabTHBHOpaTopa;
0) rpadMKy U3MEHEHHI HANIPSHKEHUN B CXEMeE

5.1.3. ZKnymuii MyJJbTUBHOPATOP HA ONEPANMOHHOM YCHUJIMTeJIe MPEICTABICH
CXeMOH, mpuBeIeHHOM Ha puc. 5.3 a. OAHO U3 KBa3WyCTONYUBBIX COCTOSHUM, MPUCYIITUX
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aBTOKOJICOATETbHOMY MYJIBTUBHOpATOpY Ha omnepanuoHHoM ycunutene (m. 3.3.4,
puc. 3.10 a), mpeBpamaeTcss B YCTOMYMBOE IyT€M MOJAKIIOYCHUS MapauIeIbHO
koHsieHcatopy C nuona VD.
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Puc. 5.3. OmHOBHOpAaTOp HA ONIEPALMOHHOM YCUIIUTEINE:
a) cXema KIyIIero MyJIbTHBHOpATOpa;
0) rpadMKy U3MEHEHUI HANIPSHKEHUN B CXEMe

HpI/I YKa3aHHOM Ha CXCMC HaIpaBJICHUHW BKIIOYCHUA AWOJa B MHCXOIHOM
COCTOAHHH Ha BBIXOAC YCTAaHABJINBACTCA OTpI/II_IaTeJ'IBHHﬁ YPOBCHL HAIIPAKCHHA UI:IAC'

Huon VD, oOpa3ytomuii ¢ pe3uctopoM Rz nenuTenb HanpsyKeHWs, BKIIOYEH B MPSIMOM
HANPaBJICHWU, TIOITOMY TAJeHUE HaNpsHKEHUS Ha HEM U, CJeIOoBaTeNbHO, Ha
KOHJCHCAaTOpe Omm3ko K Hymo. HanpsbkeHne Ha HEMHBEPTHUPYIOUIEM — BXOJE
onpenensiercss BoipakenueM (3.11). ITpu noctynieHnn Ha BXOJ UMITYJIbCa HANPSKEHUS
MOJIOKUTEIBHOW  TOJSIPHOCTM  HA  BBIXOJE  OJHOBUOpaTropa  (opMupyercs
MOJIOKUTEIBHBIA MMITYJIbC, JUIUTEIHHOCTH KOTOPOTO OMpEACIseTCS BHIBEICHHON paHee
dhopmyoii (3.12). I'paduku n3MeHeHUH HANIPSHKCHHUM B CXeMe TIPUBEICHBI Ha puc. 5.3 0.

Ecnu u3MeHuTh HampaBlieHWE BKJIIOYEHUS JUO/A, TO H3MEHHUTCS TOJSPHOCTH
BBIXOJHOTO HMIyJibca. llpu 3ToM 3amyck oJHOBHOpaTOpa JOJKEH HPOU3BOIUTHCS
BXOJ/IHBIMU UMITYJIbCAMHU OTPHUIIATEIHHOU MOISPHOCTH.

KoHTposbHBIE BONIPOCHI U 3aJaHUS
K xakomy kiaccy reHepatopoB OTHOCSTCS OJHOBUOPATOPHI?
[TosicauTe paboTy xKayIIero MyJbTHBHOpaTopa Ha TpaH3ucropax (puc. 5.1).
3. TlosicHute paboTy KIyIIero MyIbTUBHOpaTOpa Ha Oa30BBIX JOTUYECKUX
aneMeHTax (puc. 5.2).
4. TlosicauTe padoTy ) aymiero MyabTHBHOparopa Ha OV (puc. 5.3).

N =

5.2. Knymmii OJIOKMHI-TeHepaTop

Ecim B cxeme aBTOKOJ€OATENTBHOTO OJIOKMHT-TEHEpAaTOpa, MPUBEICHHON Ha
puc. 3.11 a (1. 3.4), ynanuth kouzaencatop C, a pesucrop Rs B 1ienu 0a3pl TpaH3UCTOPA
VT nmnepexmounTh Ha OOMMA y3€d, TO KBa3HMyCTOMYMBOE COCTOSIHUE€ CXEMBI,
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COOTBETCTBYIOIIIEE HWHTEPBATY BPEMEHH MEXIY BBIXOAHBIMA HWMITYJIbCAMH, CTaHET
yCTOMYMBBIM. B pe3ynbpTaTe aBTOKOJEOaTeIbHBIH OJIOKMHT-TEHEPATOp MpPEeBPaTHUTCS
xaymuii. Cxema 1mogoO6Horo ojlHoBHOpaTopa npejacTaBieHa Ha puc. 5.4 a.
brokuHr-reneparop 3armyckaeTrcs rmojadeil Ha 6a3y TpaH3ucTopa VI IMycKOBOTO
UMITyJIbCa HANPSDKCHHS TIOJIOKUTEIBHON TOJIAPHOCTH. JJTUTENhHOCTh BBIXOJHOTO
HUMITYJIbCa OTIPEACIISICTCS] BETMYMHAMH WHIYKTUBHOCTEH MMITYJILCHOTO TpaHc(opmaTopa
u conpotuBieHnii Rs u Ry. I'paduku n3meHnenunii HanpsHkKeHui B cXemMe NMPUBEACHBI Ha

puc. 5.4 6.
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Puc. 5.4. bnokuHr-reneparTop:
a) cxema OJIOKMHT-TeHepaTopa;
0) rpa MKy U3MEHEHUI HAapsHKEeHUH B cXeme

KoHTposibHBIE BONPOCHI U 3aIaHUS
1. TlosicauTte paboTy *ayiero 0JoKUHT-reHepaTopa (puc. 5.4).

5.3. ZKnymme reHepaTopbl HAHOCEKYHIHbIX UMITYJIbCOB

Jnst dopmupoBaHus OJAMHOYHOTO HWMITYJIbCA HAHOCEKYHJHOW JUIMTEIbHOCTH
HEOOXOMMO, TaK K€ Kak M B Cy4ae reHepaTopa HaAaHOCEKYHIHBIX UMIyJbcoB (1 3.5),
OCYUIECTBUTH NMPOOOH Mepexoa KouieKTop-0a3za Tpan3uctopa. ToabKo B TaHHOM CIy4ae
poOoi JOJKEH WHUIIMHPOBATHCS BHEIIHUM 3aIlyCKaroIuM uUMITyiabcoM. Ha puc. 5.5 a
NPECTaBIICHA CXeMa MKJIYIIEro reneparopa ¢ oboctpenuem umiyibsca. Konaencatop C
3apspKaeTcs uepes pesuctop R 10 HampspKeHHWsS MUATaHWSA, HO TIPU ATOM HE MPOUCXOUT
npo0osi HU y ofaHoro u3 TpaHzuctopoB. ComportuBnenus Rp2 - Rps obecneumBaror
cMmenlieHus: Ha 0azax TpanzuctopoB VT1 u VT2, npu KOTOpBIX HampsiKEHUE MUTAHUSA
PAaBHOMEPHO PACTIPEIEISETCS MEXTY TpeMs NepexoaamMu KOJIJIEKTOP-IMHUTTEP BCEX TPEX
TPaH3UCTOPOB, HE BBI3BIBASI HU HA OJTHOM U3 HHUX MPOOOSI.

['padyiku BpeMEHHBIX 3aBUCHMOCTEH HaIPSKEHUUN TMpeACTaBiIeHBI Ha puc. 5.5 0.
Tak kak 6a3a Tpamsuctopa VT3, Omaromaps compotuBieHut0 Rp7, HaXomuTcs TOX
HYyJIeBbIM HampsbkeHueM, VT3 HaXxoauTcs B 3alepTOM COCTOSHMM J0 TE€X IOp, MoKa He
OyJeT MmojaH BXOJHOM 3aImyCKaroUIMil UMITYJIbC MOJOKHUTEIbHON MOJSPHOCTU, KOTOPBIN
otkpoeT Tpauzuctop VT3. Ero otkpeiTHe mMoBIeYeT 3a COOO0M MOHMKEHNE HAMPSIKEHUS
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Ha SMuUTTepe TpaHzucropa VT2 u Ha ero 6aze, yTo mpuBeneT K ero mpoodoro. IIpobdoit
VT2 aBromatnuecku IepepacrnperesiuT BCe HANPsDKEHUE MUTAHUSA MEXIy HE TpeMs, a
ABYMsI TPaH3UCTOpaMH, YTO BBI30BET MX NpobOoi. Takum obOpazoMm, Ha Rs mosBuTCS
UMIIYJIbC TOJIBKO TOTJA, KOIJa BCE TPU TpaH3UCTOpa OYIAYT HAXOJIUTHCS B PEKUME
JTABUHHOTO MPo00si. DTO BBI3OBET ObICTpHIi pa3psn emkoctr C. OnHako uMmynbe Ha Ra
MCYE3HET TOI/la, KOTJa HalpsKEHUE Ha IMepexoie 0a3a-KOJIEKTOpP XOTs Obl OJHOTO W3
TPaH3UCTOPOB YMEHBIINUTCS HACTOJIBKO, YTO 3TOT TPAH3UCTOP BBIMAET M3 COCTOSHUSA
JABUHHOTO NMPOOO0S U CTAaHET CHOBA 3alePThIM. DTO OOCTOSATENBCTBO MO3BOJISAET M0JIy4aTh
0oJiee KOPOTKHE UMITYJIBCHI, YEM JAeT JTAaBUHHBIA MpoOO onHOro Tpaniucropa. K Tomy
K€ U1 OIHUX M TEX K€ TPaH3UCTOPOB HAIPSHKEHUE MHUTAHMS, a, CIEI0BAaTEIbHO, U
BBIXOJITHOE HANPSKEHUE MOIYYaeTCsl IOYTH B TPH pa3a OoJIbIIE MO0 AMIUIUTYAE.
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Puc. 5.5. XKnymmii reHepatop HAHOCEKYHIHBIX UMITYJILCOB C 00OCTPEHUEM:
a) cXema KIyIIero reHepaTopa HAaHOCEKYH/IHBIX UMITYJIBCOB C 000CTPEHHEM;
0) rpa MKy BpEMEHHBIX 3aBUCUMOCTEN HaNpsHKeHU

VYBenuuuTh BBIXOJHOE HAMNpsHKEHHWE B TPU pa3a HE YBEJIUYUBAs HaNpPsDKEHUE
MUTaHUsIT MOXXKHO B CXEM€ OJKIyIIEro TeHeparopa HAHOCEKYHJHBIX HWMITYJIbCOB CO
CIIOKEHUEM HamnpsDKeHMsl, MpeACcTaBiIeHHOW Ha puc. 5.6 a. Tak kak Ha 0a3pl Bcex
TPAH3UCTOPOB TIOJAETCS HEOOJBIIOE OTPUIIATEIHHOE HAIMPSHKCHHE, B HCXOIHOM
COCTOSIHUU BCE TPAH3UCTOPBI 3amlepThl, YTO IMO3BOJIACT 3apsaauTh eMkocth C 110
HANpsDKEHUS TMHUTaHUA. 3amyCKarollMi HMMIYJbC, IOJaBaeMblii Ha 0a3zy MepBOro
TPaH3UCTOPA, OTKPHIBAET €0, YEM BBI3BIBACT yBEJIMYCHHE HANPSKEHUS HA KOJJICKTOpE
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BTOPOr0 TPaH3UCTOPA B JIBA Pa3a, UTO U MPUBOAUT K MPOOOIO €ro mnepexoja KOJIEeKTop-
smutTep. [locie 3Toro yrpoeHHoe HampsiKEHUE Ha KOJJIEKTOpE TPEThEro TPaH3UCTOpa
npoOMBaeT €ro Mepexo]l KOJUIEKTOP-dMUTTEP, M YTPOCHHOE HAIpsSKEHUE MUTaHUS
MoJIaeTcd Ha CONPOTUBIIEHHWE HArpy3ku. PaccmarpuBas TpaH3UCTOpPHI KaK HJealbHbIC
KJIFOYM, MOKEM 3aMEHHUTh MCXOJHYIO0 CXEMY Ha SKBHUBAJICHTHYIO, MPEACTaBICHHYIO Ha
puc. 5.6 0. I[To Mepe pa3psiia eMKOCTE HaNpsKEHUs KOJUIEKTOP-AIMUTTEP YMEHBIIIAIOTCS,
TPaH3UCTOPHI BO3BPAILIAIOTCS B 3alEPTOE COCTOSIHUE, U TPOLIECC 3apsjia KOHJIEHCATOPOB
yepe3 conpoTuBieHUs Rk u Ra 10 HanpsKeHus: MUTaHUs TOBTOPSIETCS.
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Puc. 5.6. XKnymuii reHepaTop HAHOCEKYHTHBIX HMITYJILCOB CO CIIOKEHUEM HATIPSKCHHUS:
a) cxeMa JKIYIIEero reHepaTopa HAaHOCEKYH/IHBIX UMITYJIBCOB CO CIIOKEHHUEM HaIPsHKEHUS;
0) ero SKBHBAJICHTHAs cCXeMa

KoHTpobHBIE BONPOCHI M 3a1aHUS
1. Tlosicaute paboTy M AYIIEro reHepaTopa HAHOCEKYHIHBIX UMITYJIbCOB C
oboctpenuem (puc. 5.5).
2. TlosicauTe paboTy MK AYIIEro TeHepaTopa HAHOCEKYHIHBIX UMITYJICOB CO
CJIO’KEHUEeM HanpspkeHus (puc. 5.6).

6. Tpurrepsol
Tpucecepamu Ha3bIBAIOT YCTPOMCTBA, WMEIOLIME JBAa COCTOSIHUS YCTOWMYHMBOIO
AJIEKTPUYECKOTO paBHOBeCcUA. Kaxkmoe M3 3TUX COCTOAHUN MOXKET COXPAHATHCS CKOJIb

YIroagHo A0JITO. HM3MeHeHne cTaTuueCKUX COCTOSIHUM TpUITCpa MPOABJIACTCA B UBMCHCHUU
BBIXOJHOI'O HAIIPSAXKCHHA OT OAHOT'O YPOBHA A0 APYTOro, HaIIpuMeEp, OT HU3KOI'O YPOBHA
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10 Bbicokoro. Ilepexoa U3 0JHOTO CTaTUYECKOTO COCTOSIHUSI YCTOMYMBOIO PAaBHOBECHS B
JIPYroe MPOUCXOAUT CKAaYKOM MPH IM0/1au€ BHEIIHETO YIPABISIONIEr0 CUTHAIA.

B 1mudpoBoii TeXHUKE YCTOWYMBBIE COCTOSIHUSI TPUITEPA MCHOJIB3YIOT B Ka4eCTBE
noruyeckor wuHpopmarmu «0» u «l». B 3TOM cllydae Tpurrep MOXKET CIY>KUTb
3alIOMMHAIONIMM  3JIEMEHTOM,  CIHOCOOHBIM  XpaHWTh  OJMH  paspsji  YucCIia,
IPEICTAaBIIIEMOTO B IBOMYHOM KOJIE.

PaccmarpuBaemblie 31ech cmamuyeckue (IOTEHUUANBHBIE) TPUTTEPhI OTHOCATCS K
KJIACCy OUCmaodunbHblX UMNYIbCHBIX 2EHEPAMOpPOE.

6.1. CtaTnyeckue CMMMeTPUYHbIE TPUITEPHI HA 3JIEKTPOHHBIX MPUOOpax

Takue Tpurrepsl, moJo00HO MyIbTUBHOpaTOpy (M. 3.3.1), OCYIIECTBIISAIOT HA OCHOBE
JIBYXKAaCKaJIHOTO PE3UCTHBHOTO YCHIIUTENS, BBIXOJ KOTOPOIO COEAMHEH C €ro BXOJOM
(puc. 3.5 a). B ornnune oT MynbTUBHOpAaTOpa CBSA3b MEXKIY KacKaJaMd B TaKOH cXeme
ABJISIETCSl TallbBaHUYeCKOM. ['yOokasi moJjiokuTeNnbHas oOpaTHas CBsi3b, MPHUCYIAS
TPUITEPY, ONPEIEISIET HEYyCTOMYMBOCTh CXEMbI IOCJE €€ BKIIOUEHHUS U yCTONYHMBOCTH
IBYX COCTOSIHUH 3TOM cuctembl. Kaxnplii kKackaa ycuiurtenas oOpa3yeT OIHO ILIeUO
Tpurrepa. Ecnu o6a nneda o0nanaoT cuMMeTpuel 0 CXEMOTEXHUKE U O MapaMmeTpam
BXOJISIIIIUX B HUX DJIEMEHTOB, TO TAKOU TPUTTEP HA3BIBAIOT CUMMEMPUUHBIM.

6.1.1. Tpurrep Ha OUNOJAPHBLIX TpPaH3ucTopax. I[IpuHIUNUaNbHAsS cxema
CUMMETPUYHOIO CTATUYECKOTO TPUITEpa Ha OUIOJISIPHBIX TPAH3UCTOpPAX MpHUBEICHA Ha
puc. 6.1 a. Ilocne moakmIOUeHUsT TpUTTepa K HUCTOYHUKY MHUTAHUS B HEM HAuyHET
YCTaHABIMBATHCS PEXHUM TMOKOSI, HO Hamu4ne MojoxuTenbHoil OC Hen30exHO BO30YIUT
JaBUHOOOPA3HBIN MPOIECC MEPEeKITIOUCHUs, B pe3yabTaTe KOTOPOTO, MPH MPaBUIBHO
BBIOpAHHBIX TTApaMeTpax AJIEMEHTOB CXEMBbI, OJJUH M3 TPAH3UCTOPOB OyIeT HACHIIIEH, a
apyroii OymeT HaxomuThcsi B pexume orceukn. Konpencatopel Cyi;, um  Cyy,
HIYHTUpYIOIME pe3ucTopel Rs3 m Rps Ha3pIBalOT yCKOPSIOMIMMH, TaK KaKk OHH
MOBBIIIAIOT CKOPOCTh HApPAaCTaHUA JIABUHOOOPA3HBIX MPOIECCOB M HAACKHOCTH 3aITycKa
TpUTTEpa UMIYIHCAMHU MAJIOW JTUTETFHOCTH M aMILTUTY/IBI.

[lepexmrouenne TpuUrrepa MOXXHO BBI3BaTh IIyTEM IMO/aueil  yIpaBISIOLIETO
UMITyJIbCa Ha JIOOOW DJIIEKTPOJ TpaH3ucTopa — 0azy wium Koiuiektop. l[Ipum sTom
MOJIIPHOCTh TOJIAHHOTO CHUTHaJIa JOJDKHA COOTBETCTBOBATH MOJSPHOCTH OXKHIAEMOTO
CKayKa HampsoKeHUs Ha JaHHOM ayekTtpone. OmHOBpeMEHHas Mojada YHpaBIISIOIINX
CUTHAJIOB JIMIIAET COCTOSHUE TPUTTEpa OMPENEICHHOCTH M TOATOMY HEIOMyCTHUMA.
Puc. 3.16 wmmocTpupyeT cHoco0 ympaBieHHS COCTOSHHEM TpHUITEpa TMojade
MMITYJIbCOB OTPHIIATEIILHON TTOJIIPHOCTH Ha 0a3bl TPAH3UCTOPOB.
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Puc. 6.1. CuMmMeTpHUHBII CTATHYECKUH TPUTTEP HA OUITOJIIPHBIX TPAH3UCTOPAX
a) cxema Tpurrepa,
0) rpaduku, NOSCHSAIOLINE U3MEHEHHE COCTOSIHUM TpUrrepa

6.1.2. Tpurrepbl Ha NoJIeBbIX TPAaH3UCTOPaX. MHOTOOOpa3ue cXeM pe3UCTUBHBIX
YCUWJIMTENIEH, UCHOJIB3YIOMHMX paziauunble DIl M ux Harpys3ku, MO3BOJSET MOJIydaTh
MHOTI'O BApMAHTOB TpUITEpOB. Hke MpuBEAEHBI CXEMbI TPUITEPOB, ABISIOIINUXCS YaCThIO
3aMOMHMHAIONINX 3JIEMEHTOB TIOJYIPOBOJHUKOBBIX 3allOMHHAIOUIMX YCTPOWCTB B
MHTErPaIbHOM UCIIOJIHEHHUU.

Puc. 6.2 a mpencraBisieT cxeMy TPUTTEpa, TAe B KaUECTBE OCHOBHBIX AJIEKTPOHHBIX
npuOOpoB BbIOpaHbI MOJIEBbIE TPAH3UCTOPHI C HMHIYLMPOBAaHHBIM N-KaHAJIOM, a B
KAa4eCTBE MX CTOKOBBIX HArpy30K — IIOJIEBBIE TPAH3HCTOPBI C BCTPOCHHBIM N-KAHAIOM.
TpaH3ucTopbl € BCTPOEHHBIM N-KaHAJIOM OTJIMYAIOTCA OT TPAaH3UCTOPOB C
MHIYLMPOBAHHBIM N-KaHAJIOM 3HAYEHHUSIMH MOPOTOBBIX HANPSKEHHUM, NMPU KOTOPBIX 3TH
TPaH3UCTOPBI HAYMHAKOT MPOBOAUTH TOK. Tak y TpaH3UCTOPOB C BCTPOCHHBIM N-KaHAJIOM
MOPOTrOBOE HAIPSKEHUE SIBJISICTCA OTPULIATENIBHBIM, U TIO3TOMY B CXEME 3alIOMUHAIOLIETO
aneMeHTa TpaH3ucTopbl VT1 U VT3 UMEIOT KOHEUHYIO MPOBOJUMOCTh U UTPAIOT POJIb
Harpy304HbIX PE3UCTOPOB B IEMSAX CTOKOB TpaH3ucTopoBVT, u VT, paboTarommx B
KJIoueBOM pexkuMe. COOTBETCTBYIOIIAs SKBUBAJICHTHAs CXeMa 3allOMUHAIOIIETO
aJIEMEHTa MpUBejeHa Ha puc. 6.2 6.

Ha puc. 6.2 B npuBesieHa cxema TpUrrepa, rjie B KauecTBe OCHOBHBIX AJIEKTPOHHBIX
npuOOpoB BbIOpaHBI TMOJIEBbIE TPAH3UCTOPHI C HHIYLMPOBAaHHBIM N-KaHAJIOM, a B
KAueCTBE HX CTOKOBBIX HAarpy30K — IIOJIEBBIE TPAaH3UCTOPHl C MHAYLHUPOBAHHBIM ]-
KaHaJIOM. DTOT TPUITEP BBHITOJHO OTJIMYAETCS OT MPEABIAYILEro TEM, YTO B CTATUYECKOM
COCTOSIHUM OH HE MOTPEOJIAET SHEPTUIO, MOCKOJIbKY B KKJOM IUI€UE TPUITEpa OJAUH U3
TPaH3UCTOPOB 3amepT. Pacxoj >HEPruM HMCTOYHUKA MUTAHUS MPOUCXOJIUT TOJBKO B
MOMEHT NEPEKITIOYEHUS COCTOSHUS CXEMBI.
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Puc. 6.2. Cratnyeckne CMMMETPUYHbIE TPUTTEPHI HA MOJIEBBIX TPAH3UCTOPAX:

a) CXeMa TpUrrepa Ha TPaH3UCTOpax C MHAYLUPOBAHHBIM M BCTPOSHHBIM N-KaHAJIaMH,
0) ero sKBUBaJICHTHAsI CXEMa;

B) CXe€Ma TpUITepa Ha TPAH3UCTOPAX C pa3HBIM THUIIOM MTPOBOAMMOCTH

6.2. Cratuyeckune TPUITEPbI HA 0230BbIX JOTHYECKHX IJIEMEHTAX

Takue Tpurrepbl HAILIM CaMO€ IUPOKOE MPUMEHEHHE B IU(GPOBOM TEXHHKE,
BXOJSI B COCTaB JIOTHYECKUX CXEM TMOCIEAOBATEIbHOCTHOTO THUMA — CYETYUKOB,
peructpoB u Ap. [lpocrelimumu Tpurrepamu I1UGPOBOM TEXHUKH  SIBISIIOTCS
ACUHXpOHHBIE RS-TpurTephl, BBHIMOIHEHHBIE HAa JABYX JBYXBXOJOBBIX JIOTUYECKHX
anemenTax tuna MJIN-HE nmu6o U-HE. Cxembl 3TuX TpurrepoB npuBeaeHsl Ha puc. 6.3.
['my6okas monokuTenpHas oOpaTHasi CBsI3b, MPUCYIIAs KaXKI0N cxeme, oOecrieunBaeT en
JIBa YCTOMYMBBIX COCTOSIHMSI. OJHOMY W3 JTHUX COCTOSIHMM TpHUITEpa NpHUCBaUBaCTCA
3HaueHue «1» apyromy — «O». ITo Bxoay S (Set) Tpurrep ycraHaBIMBaeTCsi B COCTOSTHUE
Q = «l», mo Bxomy R (reset) — B cocrosaue Q = «0». OmHOBpeMeHHas Ioja4ya
VOPABISIFONIUX CUTHAJIOB JIMIIACT COCTOSTHUE TPHUITEpa OIPEACICHHOCTH M TOITOMY
HEJIOMyCTHUMA.
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Puc. 6.3. Crarnueckue RS-tpurrepsr:
a) cxema Tpurrepa Ha sneMenTax tuna MJIN-HE,;
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0) cxema Tpurrepa Ha 3nemenTax tuna M-HE

6.3. Tpurrepsl Ha ONEPALUOHHBIX YCUJIUTEJISX

Ha puc. 6.4 npencTaBieHbl CXeMbl IBYX OMCTaOMIIbHBIX UMITYJIbCHBIX T€HEPATOPOB
Ha OVY, wu3BecTHbIX NOJA Ha3zBaHueMm TpurrepoB Ilmwurra. Psgom npuBeaeHsl HX
IIepEIaTOYHBIE XaPAKTEPUCTUKH.

Paccmorpum uHBepTupyrommit tpurrep ILlIMurra, npencraBieHHBIM NEPBOU U3
cxem (puc.6.4a). [locne ee momkitoueHUs K MCTOYHUKY IMHUTAHUS B HEH HAYHET
YCTAaHABIMBATBCA  pEeXUM  NOokos. OpHako, Hammuue — nonoxurensHod — OC,
OCYILECTBIISIEMOM ITOAAYEN YaCTU BBIXOJHOI'O HAINPSKEHUSA HA HEHMHBEPTUPYIOLIUN BXOJ
OV, Hens0exHO BO30YIUT B CUCTEME JIaBUHOOOpa3HbIN mporecc. B pesynpraTe 3TOrO0
[IPOLIECCa HA BBIXOAEC CXEMBbl YCTAaHOBUTCS HAIIPSKEHUE OJHOIO M3 JBYX BO3MOYKHBIX

+

ypoBueit U, ., mm U, .. [IycTs, Hanpumep, ycTraHoBUI0CHh Hanpsbkenue Uy, =U/ ..

[lepexntoueHne Tpurrepa MpoOU30MIET, KOTJa HANPSDKEHUE Ha MHBEPTUPYIOIIEM BXOJE

R
. + 2 + )
OV U, nocturner yposHsa cpabareBanmsa: U , = ——=—U,,.. JlaBuHOOOpa3HbIii

R, +R,
IpoLECC MEPEKIIOYEHNs 3aBEPIIUTCS YCTAHOBICHHEM  HA BBIXOAC HAIPKEHUS
nportuBononoxuoro 3Haka Ug,, =U_ .. Cieayromee nepexito4eHue IPOUCXOMIMT,
KOrJa BenuuuMHa HanpsbkeHus Ug, OTpHLIATENBbHOM MOJISPHOCTH CHOBA JOCTUTHET
- R _
CP~ 5 .p CHAC
R, +R,
IPOLIECCHI NEPEKIIOUEHH (POPMUPYIOT NMEPENATOUHYIO XapaKTEPUCTUKY, HMEIOLIYIO BUJ

NeTJIM TUCTepe3nca. AHAJOTUYHBIE MPOIECChl TMPOUCXOMAT B HEHMHBEPTUPYIOIIEM
tpurrepe llImMutTa, npeacraBneHHOM cxeMoii puc. 6.4 6.

YpOBHSI  Cpa0aThIBAaHUS: Takum o00pa3oMm, paccMOTpPEHHbBIE

o— Ubsbich

R,

L/Bb/)( U
BbIX

Rl]

:UBbIXma X
Uer

-
0| Ubx

- -

UBb/X min
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Puc. 6.4 Cxemsl Tpurrepos llImuTTa 1 X nepegaToyHbie XapaKTePUCTUKH:

a) uaBeptupytomuii Tpurrep Llmurra;

0) HeunBepTupyomuii Tpurrep Imurra

B ummnynbcHol Texuuke tpurrepsl llImurra ncnonw3ytorT mns GopMHpOBaHUS
MPSIMOYTOJIBHBIX HUMITYJICOB. Tak, Hampumep puc. 6.5 wumoctpupyer GhopMHpOBaHUE
MIPpAMOYTOJIBHBIX HMITYJIBCOB IIPH II0JA4YC Ha BXOA PACCMOTPCHHBIX CXCM HAIIPSKCHUA
CUHYCOUJIATTLHOU (POPMBI.

KoHTpo/sibHBIE BONIPOCHI M 32 JaHUS

K kakoMy kiaccy reHepaTopoB OTHOCSTCS CTATUYECKUE TPUTTEPHI?
[Tosicaute paboTy TpUrrepa Ha OUIOJSAPHBIX TpaH3UcTOpax (puc. 6.1).
[Tosicaute pabOTy TPUITEPOB HA MOJIEBBIX TPAH3UCTOPaAX (puc. 6.2).
[TosicauTe paboTy TPUTTEPOB HA 0A30BBIX JIOTHYECKUX JIeMeHTax (puc. 6.3).
[ToueMy mJist Bcex paCCMOTPEHHBIX B ILI. 6.1 1 6.2 TpUTrTEpOB ONHOBPEMEHHAS
Mo/iava yNpaBJIAIONIMX CUTHAIOB HEOMyCTUMA?
[TosicHuTe paboOTy TPUITEPOB HA ONEPALMOHHBIX YcunuTensx (puc. 6.4). B uem
OTJINYMS HEMHBEpTUpYHoLero Tpurrepa llIMurra OT HHBEPTUPYOLIETO?
7. O0bscHUTE, TOYEMY NIepelaToOuHas XapakTepucTuka TpurrepoB llImuTtra nmeror

dbopmy neTiiu ructepesuca’?

agbrwhE

o
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