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TEOPETHYECKAA 49ACTb

1. YciioBus1 BOBHUKHOBEHHUS KOJIeOaHUM

Ha puc. 1 mnpencraBieHa CTPYKTypHas cXeMma aBTOreHeparopa (CTpelKH BHYTpPHU OJIOKOB
YKa3bplBAlOT ~ HANpaBJIEHUE Tepelaud CUTHaja), COCTOSILEro W3 YCHUJIMTENs, HUMEIOIEero

. Hy (jo)=|H  (jo) e/ 7 ©)
KOMIUIEKCHBIN K03 HUIIHECHT nepegavun - - , "
YaCTOTHO-3aBUCUMOW LIeMM OOpaTHOM CBA3M C KOMIUICKCHBIM KOX(PQHIMEHTOM Tepenadu

EU (io))= ‘EU(ij @ 5(®) |

B coctaB 1nenu oOpaTHOI CBSI3M MOXKET BXOJUTH, HAlpUMep, KOJeOATENbHBIA KOHTYD.
BbsicHUM yCIIOBHSI TE€HEpUpPOBaHMS CTALMOHAPHBIX KoJeOaHWH CHCTEMOW C 3aMKHYTOU

#—T_ﬂum_'f v U y
u | — | 2 —> H0) e
1 '2 u []g _.;;, i S
L] [

o o _

A ) 6

v L]
Puc. 1. CTpykTypHblE Cxembl asTOreHepartopa rapmoHudeckux koneGanwia
d) OCHOBHAaR, 6) ynpolleHHas.

nerieil oOpaTHoi cBs3u (puc. 1, 6). B cranuoHapHOM peXUMe TapMOHHYECKHUX KoyeOaHWi

Upux =U» [y (jo)
KOMIIJICKCHAsA aMILIUTyaa —BBIX - HAIIpsKCHUA Ha BbIXOAC YCWIHTCIIL B pas
. U
00JbIIIE KOMIUIEKCHOM AMIINIMTYAbI =1 HaIIpsKCHUA Ha BXOAC YCHIIUTCIIA. Mex(ny 3THUMH

- o (50)
HaHpH)KCHI/ISIMI/I BO3HHKACT (baSOBBII/I cABUI . I/ITaK,

Upx =U,-Hy(jo)=U, "QU("")leﬂpH(@) .

—BBbIX

U .
[Ipu >TOM KOMIUIEKCHAs amIuIuTyaa - ¢ HanpspKeHHsT OOpaTHOM CBSI3U COCTaBIISIET

Voe =V .EU (i(x))= Ui * ‘EU (jmxejq,p(m)

Upo U ; ®)
Mexny HanpsokeHUsIMA —9¢ u —BbIX BO3HUKAET (DA30BBIM CIABUT (PB( .
VYcrnoBueM TreHepaluu  CTAllMOHAPHBIX KOJEOAHUI  SABISETCS PABEHCTBO BBIXOJHOTO

y U U
HAIIPSHKEHHS e O0paTHOM CBS3M —©°C M BXOXHOIO HANPSDKEHUS —| yCHIMTENS:

. U
Uoe =Ugux 'EU (jO))= %

CrnenmoBatennbHO, MOAYJIh KOMIUIEKCHOTO KOd((UIIMEeHTa TETIeBOM Tepenadn JIO0JDKEH

EU (im)'ﬂU (i(’))=1 _

PaBHATLHCA:

(1)



I/I3 3TOT'O0 KOMIIJIEKCHOT'O COOTHOHICHUSA BBITCKAKOT JBa BCHICCTBCHHBIX:
’EU(J"") Hy (jo) =1
(2)
0p(@)+ 0 (©)=0, 2m, 4n,.

&)

VYpaBHenue (2) Ha3bIBAIOT ycioBHeM OanaHca amruatyn, a (3) —ycnoBueM Oamanca as.
bamanc ammumtyn o3Havaer, yTO He3aTyXaroliue KoieOaHWs TpH 3aMKHYTOW TeTiie oOpaTHOM
CBS3M MOTYT CYIIECTBOBATH TOJIBKO TOTAA, KOTAA YCHIUTENIb KOMIIGHCUPYET MOTEePH JHEPTUU B
9TOol memre. VYcnoBue Oananca (a3 03HAYaeT, YTO BOCIOJHECHHWE OHEPIHH B CHCTEME
MPOU3BOAUTCS B TaKT €€ COOCTBEHHBIM KOJIeOaHUSIM.

AHanM3 TIONYyYEHHBIX YCIOBUH  CTAllMOHAPHBIX  KOJICOAHWH TO3BOJSET YCTAHOBHTH
YCIIOBUSI BO3HMKHOBEHHS M TIOCIICAYIOIIETO HApacTaHWs AaMIUIATYAbl KONeOaHWil Ha CTaauu

BO30YXX/ICHUSI aBTOT€HEPaTOpa:
B, (o) Hy (jo)21;

By (o) -y (o) 21
(pﬁ(m)+ 0% (0))= 0, 2m, 4m,..
(4)

OTcrona cienyer, 4YTo aBTOTeHEeparop - HEITMHEWHOE YCTPOHCTBO, MapaMeTPhl KOTOPOTO 3aBUCAT OT
aMILTUTY/AbI KOJIeOaHUH.

Korza ycioBust caMOBO30YKIE€HHS BBIMOIHAKOTCS TOJIBKO HA OJHOMN YacToTe f1, TeHEpPUPYIOTCsS

TapMOHHUYCCKHE KOJ€0aHHusA ¢ YaCcTOTOMH ﬁ Ecmu YCJIOBUS BBIIMIOJTHAKOTCA Ha HCCKOJIBKHX YaCTOTax,
TO TCHCPUPYIOTCA HCTAPMOHUYCCKUC KOJ'IC6aHI/IH, CIICKTP KOTOPBIX O6p&3y10T TapMOHHWYCCKHUC
COCTaBJIAIOIIHMEC C OTUMH YaCTOTaMU.

2. ABTOreHeparop NnepuoauvYecKux KojJeOaHuil nmpsaMoyroyibHoi ¢opmbl

Cxema reHeparopa MpsSMOYIOJbHBIX HMIIYJIBCOB Ha onepanuoHHoM ycuiurene (OY)
NpeICTaBlI€Ha Ha puC. 2, TA€ HaNpsHKeHHe Yy3na 2 mojaercd Ha «mpsmoi» Bxox OV, a
HamnpspKeHUE y3la | — Ha «UHBEpCHBIN» BXOA. Pa3HOCTh 3THUX HaNpsDKEHUN  ONpEnemseT

u t)=u2(t)—ul(t
BXogHOE IH(pPEPEHINANEHOE HANPSHKCHUE sx.angp (F) (#) = ul( ), KOTOPOE CUYHTAETCS

Ky qugp 210°
«TOJIC3HBIM» W TEpPEeIaeTCs Ha BBIXOA C OOJBIIAM yCHIICHHEM ( ). Yeunutensb

HMCECT IBYIOJAPHOC IIHMTAHHUC, TO CCTb OT ABYX UCTOUYHHKOB IMMOCTOAHHOI'O HAIIPSIKCHUA: Vi=

51K
I u
50nF |_|:|_ B
c1 () "™ vee 0,7 Ls]
iy ' iy
(Beixog) -
I
Q u
Bx.
Ve Vee nudh
oL oV
128|128 '
1 En

Puc. 3. MepenaTtodHasn
Puc. 2. Cxema reHepartopa 4 XAPAKTEPUCTMKE
NEAMOYTONBHBIX WMNYNBCOE HA
ONepauroHHOM YCUMNUTEne

onepaloHHON YCUNWTENA



+12 Bu V2= -12 B. BenuuuHy HanpspkeHHs STHX UCTOYHHMKOB JUISL KPATKOCTH OyIuM 0003HAYaTh
E;.

[lepenatounas xapaxtepuctuka OY mpuBeneHa Ha puc. 3, 1€ A<0,5vB 1 OTMEYECHBI
TPU JUHEHHBIX yyacTKa. Y4acTku 1 M 3 COOTBETCTBYIOT DPEXHMY HACBHIIEHHS TPaH3HCTOPOB

u () U gpix (2)
BBIXOMHOrO Kackaza OV, korza m3Menemme — BX-AHO BRIX X7

0,7E —0,7E

HE BbI3BIBACT HU3MCHCHUSA

MMEIOILETO BEINYUHY I pnn I VygacTok 2 COOTBETCTBYET pEXHUMY YCHUIICHHS

iA”BX.uI/I(b
nudepeHIMaIbHOr0  BXOJHOIO — HANPsUKEHHS, KOrma Ji000e  MpHpalleHHe

+ Au =K ‘\tAu
BBI3BIBAET IIPONOPLIMOHAILHOE TIPUPAIEHUE BhIX U mad ( BX. MU ) :

BpemeHnHbie jamarpaMmbl KOJICOAHWH HamNpsOKCHWH B aBTOTCHEpATOpe H300pa)KeHbl Ha
puc. 4. BuauM, YTO HampsDKEHUsT HA DJJIEMEHTaX aBTOTEHEpaTopa H3MEHSIIOTCS TEePUOIUYCCKU
(nepuon 7).

)
t
— t ! t : " t f0m !
VTN - . ) . 1,
——— 1 -
u I - ¥
6 L ] l_‘-\"""-?‘hdﬁ_
) L i } i
. t
. 4 [ ']
! . | 3

Puc. 4. BpemeHHble AWarpamMMel NpoLECCOE B FEHEpPaTope WMNYNLCOB Ha
O

lens oOpaTtHO#l cBsA3u (pHc.2) 0Opa3zyeT NeNUTENb BBIXOJHOTO HANPSIKEHUS M3 AKTUBHBIX
corpoTuBieHu R, 1 R, KOTOpHIi HE co3aaeT ¢a3oBoro capura. HampspkeHne ¢ conpoTuBieHus R,
nozaaercss Ha npsMoil Bxox OV u, cienoBaTenbHO, HANPsDKEHHE Ha BBIXOZAE COBMAJAeT 1o ¢ase ¢
BXOJIHBIM HampspkeHueM. [lo3Tomy B mpoMeXyTKH BpeMEHH, Korja padouas TOYKa HaXOAWUTCS Ha
ydacTKe 2, B T'€HepaTope AEHCTBYeT NETis MOJIOKHUTEIbHOH OOpaTHOM CBSA3M, IZi€ BBINOIHSIIOTCS
YCIIOBHS CAaMOBO30YKICHHUS Cpa3y Ha MHOTHX YacTOTax, a KOAQQHUIMEHT MeTIEeBON Nepe1adn

Ry
R+ Ry

Bo3nukaer 1aBMHOOOpPA3HBIM IMPOLECC, CIOCOOCTBYIOMUI OBICTPOMY IepEeMEIECHHIO
paboueil TOYKH MO y4acTKy 2 MepedaToOyHON XapaKTePUCTHKHU C OJHOTO TOPU30HTAILHOTO y4acTKa

3TOM XapaKTCpUCTUKNU Ha ,prrOfI. LIenqua R3 C1 HC OKa3bIBACT BJIMIHUA HaA MPOLECC

Ky qugp >5°10°
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NEPEKIIIOYEHMs, TaK KaK I[IOCTOSHHAs BPEMEHU T=R3C, 3HAUUTENIHO OOJbIIe BpEMEHH
NEPEeKIIIOYeHNs] U HamnpshKkeHue y3na | (HampsbkeHue Ha koHaeHcarope C)) ocTaercs NpaKTUYeCKU
HEU3MEHHBIM.

[Tocne 3aBepiieHNs OTMEUEHHOTO MepekiodeHus pabouas Touka OY oka3bIBaeTCs Ha y4acTKe
1 (umm 3) nepenaTtoyHOM XapaKTEPUCTUKH, TPAH3UCTOP BbIXOAHOrO Kackaga OY Bxoaur B
HaChILleHHe, ycuieHue auddepeHnaibHOr0 BXOAHOTO HamNpspKeHUs mpekpariaercs. [lems
MOJIOKUTEIIBHOW OOpaTHOM CBSI3M pa3phIBAeTCs, MPEKpaIlaeTCs TeHepalysi, HAYMHACTCS TPOoIecc
nepesapsizia KonaeHcaropa C; 1Mo IEnu: «IOoT0C» UCTOYHUKA TUTaHus Vec (unu Vee), HachICHHBIN

TPaH3UCTOP BBIXOJHOTO KacKaja, pe3uctop R;, koHaeHcaropa C IIMHA «KOPITYC», BTOPOM MOJIOC
MCTOYHHUKA.

[IpoBenem uccnenoBanue pexxuma pabOThl aBTOT€HEpaTopa, UCHoib3ysi Transient Analysis.
OKHO 3a/1aHUs UCXOAHBIX JAHHBIX IPEACTABICHO HA PUC. 5, aUarpaMMbl KoJeOaHUN HAMpsSKECHHMA
B aBTOreHeparope M300pakeHbl Ha pHC. 4.

BunuMm, uTo HampspKeHHsT Ha OJIEMEHTax aBTOTEHEparopa WU3MEHSIOTCA TMEepUOTUYECKU

(mepuon T). Kpome HampspkeHms BBIX ®) 5 BUJIE TPSMOYTOJbHBIX HMITYJbCOB Ha BBIXOJEC
aBTOTeHepaTopa, Ha puc.4, # moxa3aHbl (CBETJIbIC JIUHUH) HYJIECBOW YPOBEHb U YPOBHH MCTOUYHHKOB
nonoxurenbHoro V1 u orpunarensHoro V2 mnoctossHHbIX HampsbkeHuid. Ha puc. 4, a BbeiBeAeHO

HaNpsHKEHUE Uy, (f) (KpacHbI Tpaduk) Ha «mpsiMom» Bxoae OV, koTopoe paBHO

R,
u t)=—"u t
Rl( ) Rl +R2 BLIX( )

uci(t

M, CJeI0oBaTelibHO, TOBTOpseT (OpMYy BBIXOJHOTO HampspkeHus. HampsbkeHue 1) Ha
«uHBepcHOM» Bxoae OY wumeer mnuioobpasznyio dopmy (cuHH rpaduk), Tak Kak €MKOCTb
3apspKaeTCs U Mepe3apsHKaeTcs Yepe3 akTUBHOE COMPOTHBIICHHE (TI0 SKCITOHEHTE).

rETransimtAnalysisLin'ls | B [ 1
[ Run ] acd Steppng PSS Broperties... |  pep... | Ga| @
Time Fange 5m &un Opoons m
Mandmum Time: Step T gtate Vanables | cpe -

“umber of Paints 500 [~ Operating Pont [T Accumuiate Piots

Temperature  |Linear ﬂ 7 [~ Operatng Pant Only [ Fixed Time Step

Aetrace Auns [ Awto Scale Ranges ™ Periodic Steady State

[ Ignore Expression Errors Page P | X Enpr et ] ¥ Expressan ] X Range | ¥ Range >
(@ [m[E . E .|| L fr Vi) fo.00s.00.001 [6,6,3
(& [ [E 1l & .|| fr (1) fo.00s,0,0.001 [6.6.3
Om=ElE - fr k fo.005,0,0.001 [6,4,3
©m=lE .. 2 [ ke jo.c0s,0,0.001  [15,-15,3
(& [im [E 1l &8 .|| fr fetou) jo.005,0,0.001  [15,-15,3
©|m=NE .. 2 fr TEY, [o.005.0,0001 [15,-15,3
[©m=ENE - 2 [r fees) fo.0os,00.000 [15,15,3

Puc. 5. Bug ckHa Transient Analysis Limits ona

WCCINEenoBaHWA
ABTOreHEpaToOpa NPAMOYTONbBHBIX MMMYNLcos Ha OY

Hamomunm, uto

Upx nud O =u2(t)—ul(®)=ug()—uci(?) .



Ugx nud ()
B cepenune wHTEpBaga BpEMEHH, MPEIIIESCTBYIOMIETO MOMEHTY f|, HAIIPSLKCHHE

u 1)y<—V.,=-A
MMeeT OTPULATENLHOE 3HAYCHHE o~ Mq’( ) P . IToatomy paGouast Touka OY HaxoauTCst

Ha ydacTke 3 mepenaTouHoOd XapakTepucThku (puc. 3), B BbIXogHOM Kackajge OY HachllleH
TPaH3UCTOP, MOJAKIIOYCHHBIN K UCTOYHHUKY MUTAHUs C OTPUIATEIbHBIM HaIpspkeHueM V2, mnems
MOJIOXKUTENbHOM 00paTHO# cBs3u He nelicTByeT. Konaencarop C1 mepe3apspkaercs yepes pe3sucTop

R;, HanpshkeHne uci() crpemutrcs K 3HaueHuto V2 =— 12 B. [loctenenHo uci(0) npuOIMKaeTCs

(cM. puc. 4, a) K ypoBHIO HampspkeHus RI ®) = -2,5 B (kpacusiii rpaduk). Pabouas Touka
NEPEMEIIAETCS 110 YYaCTKy 3 MEepelaTOYHON XapaKTepUCTUKU (puUC. 3) BIPaBO, TaK KaK HaNpsIKEHHUE

u (1) .
BX () YMEHBIIAETCS 1O abCONIOTHONW BeNMUMHE (Pa3HOCTh MEXAY KPACHBIM U CHHHM

u t)2-V.,,=-A
rpadukamu). B MomeHT £, Korga meq’( ) p , pabouasi TOYKa MEPEXOTUT TPAHHILY

MEXy y4acTKaMM 3 U 2. TpaH3HCTOpP BBIXOJHOTO KacKaJa BBIXOAUT U3 HACBIILEHUS, HAYMHAET
JefiCTBOBATh MOJIOKUTENbHAsI 0OpaTHas CBS3b U pa3BUBAThCA JAaBUHOOOPA3HBIN MPOIIECC, O KOTOPOM
ObUIO CKa3zaHO BhINIE. B pe3ynbTare NpoucxoauT BecbMa ObICTpOE MepeMelieHrne paboueii TOUKU 10
y4yacTKy 2 Ha ydactok 1. B BbixogHOoM kackajge OV B HachbIIEHHWE BXOAMWT APYTOM TPAH3UCTODP,

MOIKIIOYEHHbII K ucTouHMKy V1 = +12 B, nHampsokenme Ha Bbixome OY  ¥BbIX ®) pe3Ko

0,7E

YBETMUMBAIOTCS 10 YPOBHs + ~°' 1 Beneactaue 9toro, Hanpsokenue Y R1 ®) ya «TIPSIMOM» BXOJI€
TOXe OBICTPO YBEJIWYMBAETCS, JO BEIMYHHBI . IlockonbKy HampsKeHHE Ha €MKOCTHU
oy 0 , +2,5 B. 1 ,

uc1(t1)=-25B
paBHOE K MOMEHTY MepeKIII0UeHHs , He yCIIeBaeT U3MEHHThCS, TAK ke PE3KO

u (0
BX Hﬂq) . Pabouast Touka <<Sa6paCLIBaeTC$I» JaJICKO

yBenu4uBaeTcsa A0 + 5 B HanpsbkeHue
BIIPaBO 110 Y4acTKy 1 nepenaTouHoil XapaKTepUCTHKY.
B wuntepBane Bpemenu f; < t < t, npoucxomut nepesapsn kongencaropa Cl, mpuuem Tox

4yepe3 Hero MpOoTEeKaeT B JAPYroM HampaBJIeHHH (OT «IItocay ucrouHuka V1), a HampspkeHHWe Ha
KOHAEHCcaTope Cl ctpemutca k V1 = 12 B. Iloctenenno uc(®) MpHUOIMKAETCS K YPOBHIO

= u t
ug () =+2.58 . BX IlI/I(b( ) yYMEHBIIIaeTCsl, paboyasi TOUKa JIBUKETCS BJIEBO IO
Upx quep (£2) 2 +Vp = +A

HaIPSHKCHUS

ydyacTky 1 K rpanune ¢ ydactkom 2. B moment f£,, xorma , pabouas
TOYKa MEPEXOAUT Ha Y4acTOK 2, U CHOBA HAYMHAETCS JIABUHOOOPA3HBIN MPOIECC MEePEKIIOUEHUs, B
pe3yaBTare KOTOporo padoyasi TOUKa «3a0packIBacTCsh» BICBO HA yyacTke 3. 3aTeM Bce MOBTOPSIETCS.

[epuon xonebaHuit BBIXOJHOTO HANPSKEHUS ONIPEEIISICTCS BBIPAXKCHUEM

2R
T=2-RyC;-Inf 141
R

3. ABTOreHeparop rapMoHM4YecKuX KoJsie0anuii Ha OY

B HU3KOUAaCTOTHBIX TeHepaTopax rapMOHMYECKHX KOojJeOaHUM HIMPOKO  HCHOJIb3YyeTcs
aBTOreHeparop ¢ MoctoM Buna (puc. 6). B cocraB aBroreHeparopa BXOIUT HEMHBEPTHPYIOLIHIL
ycuinTenb (00BeIeH MyHKTUPHBIMHU JIMHUSIMHU), COEPKALUil onepaloHHblil ycmiurens (OY) c

5JI€EMEHTaMH HETMHENHON oTpHIaTenbHoi ooparHoii ceszu Ry, Ry u Rs ¢ nuomamu VD1,VD?2.
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DTH 3JIEMEHTHI COCTABJIAIOT 1Ba Iuieda MocTa Buna. Eme nsa mrewa mocta (C), u R, C, n

R,) oGpasyror menb 06paTHOM CBA3M aBTOTEHEPATOPa, KOTOPAsk MOAKIIOUEHA K «IIPAMOMY» BXOMY
YCUJIMTENS B y3I1€ 3.

T'enepaTtop TapMOHHYISCKHUX
kojebanuii ¢ MmoctoM Buna Ha OV

7/ vD1 /\ VD2
1N4001 | 1N4001

Put
Vece Vee

3.9K
Ro . Rr1 tcf vi 1+ <L va

3.9K = c2 2nF 15 - * 15 Puc. B Cxema agroraqaparoms Ha
e
2nF

Ha puc. 7 sTta nens npeacraBieHa OTACIBHO JJI UCCIEAOBAHUS YACTOTHBIX XapaKTEPUCTUK B
pexxume AC Analysis, a pe3ynpTaThl aHaJIN3a IPUBEICHBI HA pUC. 8: HA BepXHEM rpaduke (KpacHbIM

useToM) Momynb koddduimenta nepenauu |By(f)) — AUX, u na mmwkuem rpaduke ®UX —
3aBUCHMOCTb OT 4acToThl (asoBoro ciasura Poc(f). C momompo Kypcopos (BKIIOUAIOTCS MATOM

1By (f0)]=03333

IUKTOTPAMMOM CJI€Ba) OTMEYEHbl MAKCUMYM a Ha @YX — Touka C HyJeBOU

. =20.417 xI' .
dazoii Ha yacToTe fo "' Ha ApyrHX yacToTax ($azoselii casur Qoc oTIMUaETCS OT HyIs

u |‘Poc‘ Menbiie 100°.
R2|: Pac 7. Coama usnes oSparssoi
CoRFE A
BETONSHEpaTORE H=a
39k OIS DALFOHH ORI PoandTens ()
C raoCTor  BaHa

Puc. B. YacToTHble XapakTepucTHkW uenn obpaTHoW CBA3WM B BWA

.......... F = T = T I L o -~ o S



CrnenoBatenbHO, TeHEPUPOBAHKE KOJIEOAaHUH BO3MOXKHO TOJIBKO Ha OTMEUEHHOH 4acToTe

1
f =
© 2 |C1RCr Ry
OnHako, /Isl BBIIOJHEHHs YCIOBUs OanaHca (a3

Poou (S0) =(Poc(f0)+(Pyc(f0)= 0

HeoOxonumo, obecneunts @y (fp) = 0. To ectp dasossiit cupur B ycuaurene Ha wacrote f
JIOJKEH OBITh PaBEH HYIIIO.

HOC—)TOMy B Ka4C€CTBC YCHUIIUTCIA  HCIIOJIb3YCTCA HeI/IHBepTI/IpyTOH_II/Iﬁ YCUIIUTCIIb HaA

Ry +R
Hy (1485 Es

ocHoBe OY ¢ KOX(QPUIMEHTOM TMepenadn 4

23

|Bu (f0)]=0,3333

HOCKOJ'ILKy , OTO 00€CIIeUUT BBIITOIHCHHE YyCJIOBUA OanaHca AMIUIUTY

lHy (o} Bu(ro 21

BBuy TOro, 4To Ha BceX MHBIX yacToTax QPoc OTIIMYAETCS OT Hy/Is, TeHepalys BO3MOXKHA
TOJILKO Ha OIHOU wactore f, W Gopma TreHepUpyeMbIX KoyeOaHuil OyleT rapMOHHYECKOIA.

Hccnenyem pabGoTy aBTOreHeparopa, NpeacTaBlecHHoro Ha puc.6. Bxmouaem Transient
Analysis (Alt +1), nosBnsieTcss OKHO BBOJA NapaMeTpoB aHanu3a (puc. 9).

(1] Transient Anatysis Limits ol @
TR s | | | smorg. | pss. | pmten..| _teb.. | a] @)
Time Range == wnoptons  fioma ]

Maximum Time Step [ 2 itate Vanables 'rd

Mumber of Points [so ™ Operatng Paint ™ Accumuiste Plots —
Temperature Ilrn.-dr L] |3.'-‘ [T Operating Paint Cny [ Fixed Time Step

Retrace Runs |1 [ Awts Scale Ranges [~ Penodc Steady State

I lpnore Expression Errors Page | P 1 Expresaan ¥ Expeesmon |  xmange |  vYRange ||

©m=EE .|| h Ir ) f0.362,0,8.06 [18,-12,6

(AEL |F 3 s (1)) [ov232% [125025

O [ [= e .| R F HARM((L)) [soc2mas  [125025

Puc.9. Bun okHa Transient Analysis Limits nna
vMccnenoBaHMa astToredeparopa Ha QY c moctom BuHa




Pesynbrarel ananusa npezacTtaBieHbl Ha puc. 10 u puc. 11, rae cnekTp COCTOUT U3 OJHOM
TapMOHUKHU C 4YaCTOTOM fr = 19,357 xI', 4TO MOATBEPKAAET CACIIAHHBIE BBIIIE BBHIBOABI O (popme
KoJeOaHuii.

Paznuuue gactot fr " ff) oObsicHsieTcst HannuueM auonoB VD1 u VD2, koTopbie BBEACHHI B
CXeMy Ui CTa0WIM3alMk  aMIUIATYAbl KoJieOaHWi, HO, Kak BUAWM, OOYCJIaBIMBAIOT

JIOTIOJTHUTENbHBIN (pa30BbIil CIBUTI B YCHJIMTENE aBTOICHEpATOpa MO CPAaBHEHHUIO C HJI€aJbHBIM
HEUHBEPTUPYIOLUM YCUIUTEIIEM.

Puc.11. HanpsxeHue Ha Belxoae agToreHepartopa Ha QY ¢ MOCTOM
BuHa 1 CNeKTp 3TOMo HanpsKeHWa Nocne YeTBepToro 3anycka pexuma
aHanwaa
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4. ABTOreHepaTop rapMOHMYECKHX KOJIeOaHMH
10 cXeMe «MHAYKTHBHAsI TPEXTOYKAa»

ABTOTreHepaTop, cxema KOTOpOro IMpe/CTaBlIeHa B JIEBOM YacTH puc. 12, CONEPKUT yCUTTUTEIb
Ha OMIIOJIIPHOM TPAH3UCTOPE, BBIOJIHEHHBIA MO CXeMe C OOLIMM SMHUTTEPOM C HapajjielIbHbIM
NUTAaHUEM KOJUIEKTOpHOHM uenu. IlocTosiHHas cocTaBisiioias TOKa KOJUIEKTOpAa IPOXOIAUT dYepes

ApPOCCELIb C OonbIION HHAYKTUBHOCTBIO Ll N UCTOYHUK ITMTaHUA Vl, a MIEpeMCHHas COCTaBJIAIOIIAA

— yepe3 Harpy3Ky yCHIHTENS B BHJIE Iapaiie]bHOro KojuebaTelbHOro KOHTypa U3 L, Ciu€y oy

«xopryc». KoHTYp mMeeT J1Be €MKOCTH M TIOAKIIIOYEH B CXeMY TpeMs ToukaMu 1, 2 ¥ «KOPITyC».
Ortcrozia — Ha3BaHME CXEMbI ABTOTCHEPATOPA.

o C .
Hanpssxenne ysna 1 gepes pasieuTenbHbli KOHAEHCATOp > OOJBIIOH eMKOCTH MepeaeTcs

HAa PE3UCTOpP > , IMHTUPYIONINII SKBUBAJIEHTHOE BXOJTHOE CONPOTHBIICHHE IIETeH, KOTOphIe ByIyT
MOJKJIFOYAThCS K BBIXOY aBTOT€HepaTopa.

C .
HaHpH)KCHI/IC y3i1a 2 qepe3 KOHACHCATOP 3 OOJIBIIION E€MKOCTH nepeaacrcsa Ha 633}’

TPAH3UCTOPA, U ICTIIA O6paTHOI71 CBA3HU 3aMbIKACTCH. OTMCTI/IM, 4TOo up (t) = uz(t) .

I/ISBGCTHO, 4TO IMEpEMEHHAas COCTaBIAOIIAsA TOKa KOJUICKTOpa COBIIAAACT II0 (1)336 C

NEPEeMEHHBIM HampshkeHHeM Ha 0asze up(?) , a TepeMEHHOE HalpsbKeHWE Ha KOJUIEKTOpe
(OTHOCHTEIBHO «KOPITyCa») MPU YUCTO aKTUBHOW HATpy3Ke M3MEHSETCS B MPOTHBO(]A3E C TOKOM, TO
ectb cnBuHYTO Ha 180°. Ecim mepemeHHas cocTaBisitolas TOKa KOJUIEKTOpa OyIeT M3MEHSTHCS C
PE30HAHCHON YacTOTOW KOHTYpa, SKBUBAJIEHTHOE COMPOTUBIICHUE KOHTYpa OyAeT YUCTO aKTUBHBIM,

U HampspkeHue ysna 1 (HampspkeHHe Ha €MKOCTH Cl) caBuHYyTO 1O (haza Ha 180° oTHOCHTENBHO

HaIpsUKEHKs Ha 0ase up(?)

B Rore-Cop LLOAD boubaricn Besorn - Toisn A |
B (M [evpmed ek (bes [mued pme bkl e

i e T

aIm] D - ¥ - 1 1 E
b hd IArL F L rEEE r IALHEET ¥ > i i
= =

ARTOrEHEpa TOR ra prMoNEYe CEEX Ko ne Ga nel
(MHEY KTHEHER TPEXToHLE)

L
——
i
——
e

A
Il
L

Hameormas semsemary mary enmnoem L, eswocweR Tl o T2
[onmanmmem wrry e orparem |, Mo e
WACTOTY Enanfusch MY XM R

P setic - Transal Anaksas (A

Puc. 12. Cxema v rpachvkn NpoLeccos B asToreHeparope
rapMoHU4eckux konebaHWid TUNa «MHOYKTMEHAR TREeXTOYKa»
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[Ipu pe3onaHce BHYTpU KoJieOaTeIbHOTO KOHTYpa MPOTEKAET KOHTYPHBIN TOK, CYIIECTBEHHO
NPEBBIMAIOMINN TEPEMEHHYIO COCTaBIISIIOIIYI0 TOKA KOJUIEKTOpA. DTOT TOK CO3/IAaeT HANPsHKEHUE Ha

emroctax C1H€2 [TosIpHOCTH HANPSHKEHUH yKa3aHa Ha CXeMe.

HOCKOHbe HaIIPAKCHUC Yy3JIa 2 ONPCACIIACTCS HAIIPSIP)KCHHUEM Ha €MKOCTHU C2 , 4 HMCHHO,

u2(t)=-uc() , OHO cIBHHYTO Ha 180° OTHOCHTENBHO HANpPSKECHUS ul(?) y31a 1 u Ha 360°

OTHOCHTEIIbHO HampsbkeHuss Ha 0Oaze. MHaue rtoBOpA, u2(t) = up(?) , 4YTO TOATBEPKIACT
BO3MOXKHOCTh oOecriedeHust Oananca (a3 Ha pe30HAaHCHOM YacToTe KOHTYypa
1
¢,
C 1t C 2

Jo=
271 Ll

bananc ammmtyn sierko obecriedyumBaeTCs MPU  JOCTaTOYHO BhICOKOW (Oomee 10)
JTOOPOTHOCTH KOHTYpA.

CnenoBarenbHO, B aBTOTEHEpAaTOpe IO CXEM€ «HUHAYKTUBHAsS TPEXTOYKa» BO3MOXKHA
reHepanusi KojaeOaHW TOJNBKO TPH PE30HAHCE KOHTypa, TaK KAk Ha BCE MPOYMX YaCTOTax
SKBHUBAJIEHTHOE COINPOTUBIICHHE KOHTYypa OyJeT MMETh KOMILIEKCHBIN XapakTep U ycloBUE OanaHca
(a3 He BBITOJHUATCA.

B mpaBoii wactu puc. 12 mnpuBeneHsl rpaduk KoieOaHWNW HANPSDKCHHs] Ha BBIXOJES
aBTOTCHEPATOpPa U CIEKTP ITUX KOJICOAHUIA, TIOATBEPKAAFOIINE UX TAPMOHUYECKYIO (hopmy.

5. ABTOreHepaTop mnepuoaMYecKUX KOJeOaHUil NMPSAMOYroiabHoi (GopMbl
Ha KMOII-unBepropax

Cxema reHeparopa HpSIMOYTOJbHBIX HMIIYJbCOB Ha OCHOBE JIOTHYECKHUX MHBEPTOPOB C
KMOII crtpykrypoii, mpeicTaBieHHass Ha puc. 13, CcOAepXUT TpU HHBEPTOpPA Ha IOJIEBBIX
TPaH3UCTOpax C M30JMPOBAHHBIM 3aTBOPOM (CTPYKTypa METaJI-OKHCEI-TIOIYIIPOBOIHUK,
cokpaimenHo MOII) u uHAYIHPOBaHHBIM KaHAIOM (KaHall 0003HaYeH MyHKTHUPOM). TpaH3UCTOpHI B
unBeptope (Hampumep, VI1 u VT2) obpa3yror komrieMmeHnTapuyro napy (Oyksa «K» B Ha3zBaHunM),
T.K. UMEIOT OJMHAKOBHIC YHCJIOBbIC 3HAUYEHHUs MapaMeTpoB, HO pPA3IMYHBIE THUIBI KaHAJOB. Y
BEPXHET0 TPaH3UCTOpa UHAYLUPYETCS p=KaHall, a y HUXKHETO - KaHaJl n—THUIIa.

Hctounuk nuranust V1 BelpabaThiBaeT HampspkeHue BenuuuHOM 6 B, kotopoe nanee Oynem

mmenosars L1 Crnenyer 3aMeTHTb, YTO COOCTBEHHO aBTOT€HEPATOP CO3/AIOT JBa MHBEPTOpa Ha
tpanzuctopax VT1 u VT2, u na tpansucropax VT3 u VT4. MuBeprop Ha Tpan3uctopax VTS5 u
VT6 , oOecrieunBas pa3BsA3Ky OT IMOCIEAYIOMIMX JIOTHYECKUX DJJEMEHTOB U yiydilas
MPSIMOYTOJIBHOCTh MMITYJIbCOB. BXOIHBIE TOKHM 3aTBOPOB TPAH3UCTOPOB MpU CTpykTypax MOII
npeHeOpe)kuMo Mallbl (3TO TOKM 3apsijia MaJIeHbKUX €MKOcTed Mexay BbiBogamu). llosTomy

LEE, : T1 _IEIUTS _II:IVW

A . . Qut




HanpsKeHUE y351a 6 MOJHOCTBIO MEPENACTCS YEPE3 COIPOTUBIICHUE Rl ya 3aTBOPBI TPAH3UCTOPOB
VTI1 u VT2 nepBoro uusepropa.

Ha puc. 14 IpUBEJCHA  IepeJaToyHast

& |_1| XapaKTepUCTUKA HHBEPTOpa, IJ€ OTMEUEHBl TpH
E — JIMHEMHBIX y4yacTKa. Y4YacTok 1 COOTBETCTBYIOT
n peXHMY, KOrJa BEpXHUH TpaH3UCTOP HMEET
E MOJIHOCTBIO  OTKPBITBIA ~ KaHajl, a  HWKHUU
E TPaH3UCTOp 3amepT. YYacTOK 3 COOTBETCTBYIOT
n | U_  TPOTUBONOJOKHOMY PEKHUMY: HHKHHM TPaH3UCTOP
5 E , HMEET IOIHOCTBIO OTKPBITBIM KaHall, a BEPXHUH
E. TpaH3ucTop 3anepT. B ciydae, korga pabodas Touka,
Puc. 14. MepenaTounas XapaKTepU3yIoLlasi PEeXKUM HHBEPTOPA, HAXOTUTCS
XapaKkTepucTHKa Ha YydYacTke 2, HUHBepTOp padoraer, Kak
KMOM - nHeepTopa yCHJIMTeIb: 00a TpaH3UCTOpa HAXOMATCS B

u gy (1)

=
n
—

[
=i

dKTUBHOM  COCTOSIHHH, HW3MCHCHHC

U gpix ()
BbI3BIBACT HU3MCHCHUA BBIX .

VYyactok 2 (o0nacTh MEpPEKIIOYEHUsT WHBEPTOpPA) COOTBETCTBYET Y3KOW 30HE 3HAYCHHUI

BXOJHOTO HAIPSKEHUS (Erp = 0,5-4) <upx <(Eqp +0,5-4) , TIpHYEM A<20 MB KpyrusHa

ydyacTKa 2 OmpeAenser BelW4YMHy Kodpduiuenta mnepeaaud (yCUICHHS) UHBEpTOpa
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Puc.15. Bug okva Transient Analysis Limits ona
uccnenoeaHws aeroredeparopa Ha KMOM uxeepTopax
st uccnenoBanus paboTel aBroreneparopa (puc. 13) Bkimtouaem Transient Analysis (Alt +1),
[osiBnsieTcst OKHO BBOZA MapamMeTpoB aHaiu3a (puc. 15).

hiszz-Cag 11 Evaluation Wemase

- rEr

12.00 L

B80.00u




Pesynbrarel MonenupoBaHUs pabOTHl aBTOreHEpaTopa IMpeaCcTaBleHbl Ha puc. 16, rme Ha

BEpXHEM TpaduKe KPacHBIM IIBETOM OTMEYEH MOCTOSHHBIA YPOBEHb HANpPsHKEHUS 0,57y , & CHHUM
I[BETOM - TPACKTOPUS W3MEHEHMs HaNpsDKCHUs y3ma 6 (HampspkeHHs y3na 2 - BXoJa IepBOTO
uHBepTopa). Ha cpenHem rpaguke (KOpMUHEBBIM I[BETOM) M Ha HIDKHEM rpaduke (puoseToBbIM
IIBETOM) TMOKa3aHbl UMIYJIbCHBIE HANPSOKEHUS HA BBIXOAax BTOporo (y3en 4) u Tperbero (ysen S)
MHBEPTOPOB COOTBETCTBEHHO.

Pazbepem mporeccel, TpoHWCXOAIIMe B aBTOTeHeparope. B wuHTepBane BpeMeHH,

IPEIIECTBYIOLIEM MOMEHTY n, HaNpsHKEHUE Ha BXOJIE IIEPBOI0 MHBEPTOPA BBILIE YPOBHS 0,57y ,
ciefoBarTeiabHO, paboyas TOYKA HTOrO0 HMHBEPTOpAa HAXOIUTCS Ha ydacTKe 3 MepeaaTodyHOM
xapakrtepucTuku (puc. 14), Bepxuuil Tpansucrop VT1 nepBoro nHBepTOpa M HUKHHUM TPAH3UCTOP

VT4 Broporo unBepropa 3aneptsl. HanpspkeHue y3na 4 modtu paBHO En , T.K. B Tpansuctope VT3
UHAYLMPOBAaH KaHal MpoBoguMocTH. B Tpansuctope VT2 ToXke MHAYUMpOBaH KaHal
IIPOBOJIMMOCTH, M TOTOMY BBIXOJ] IepBOro uMHBepTopa (y3ena 1) COoelMHEH C KOPILyCOM U UMEET
BeChbMa HU3KHUM MOTEHIHAIL.

Tok B 3TOM BpEMEHHOM HHTEpBaJIeé IMPOTEKAET MO MYTHU: OT «IUIIOCa» UCTOYHMKA V1 uepes

Tpan3uctop VT3 (0T ucTOKa K CTOKY), Yepe3 KOHJEHCaTop G , Iepe3apskas €ro 10 HalpsKeHUs
OTPULIATEILHON INOJIIPHOCTH, 10 COIPOTUBIICHUIO Ry or y31a 6 k y3ny 1, uepe3 Tpanzuctop VT2
Ha KOpIyC M «MMHYC» HMcTouHHMKa V1. HanpspkeHue Ha cONpOTHBIIEHHUU L) IOJIOKUTEIIBHOU

HOJIIPHOCTH, KOTOPOE B 3TOM MHTEPBAJIE ONPEAEIAET MOTEHLHAN y3ia 6, BbIILIE YPOBHS 0,5Eny , ¥
0 Mepe Iepe3apsjia KOHAEHCAaTopa IIOCTENEHHO yMeHblnaercsd. IIpomecc uaer OTHOCHUTENBHO
MmeieHHo. Pabouast Touka HepBOro MHBEPTOpPA JIBMXKETCS BJIEBO MO y4YacTKy 3, MpUOIMKasCh €
rpanuue ¢ yuyactkoM 2. Korma paGoyasi Touka nepeiier 3Ty rpaHuily, O4€Hb Majble OTPHULIATEIbHbIE

IpUpaIICHUs Ha COINPOTUBICHUU R; BBI30BYT CYLIECTBEHHBIEC IOJIOKUTEJIbHBIE MpUpaIleHUs
HalpsDKEHUs] Ha BBIXOJE IIEPBOTO M Ha BXOZE BTOPOTro MHBEPTOPOB (y3en 1), Tak Kak HepBbIi
UHBEpTOp 3apaboTaeT Kak ycwiuTenb. HampsbkeHue Ha BBIXOZE MNEPBOrO HMHBEPTOpa OBICTPO

JIOCTUTAeT yPOBHS 0,5y ( xpacnast muaus). [Ipu 3TOM pabovas TOUKa BTOPOTO HHBEPTOPa OBICTPO
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IPOJBUTAETCS MO Y4acTKy | IepenaTouHON XapaKTepPUCTHKH OT BEPTUKAIBbHOM OCH 10 TpPaHMIIbI C
Y4acTKOM 2 U 3aXOUT Ha HETO.
Torna HaumHaeT AeWCTBOBaTH METIIS MOJIOKUTEIBHONW OOpaTHOM CBsA3M, KOTOpas o0Opasyercs

IEPBBIM M BTOPBIM HHBEPTOpPaMHU, KOHJEHCATOPOM o pe3UCTOpOM R Kaxxnpiii uaBepTop
OCYINECTBISET CABUI CHMIHAlA, LUPKYJIMPYIOIIEro mno memie, no ¢asze Ha 180°, kodddunuent
nepeayu Mo MeTie CYUIECTBEHHO OoJbllle €IMHHUIbI, a KOHJEHCAaTOp HE OKa3bIBaeT HUKAKOTO
BIMSIHUS (HE co3/maeT caBura (a3pl) Ha MPOXOXKICHUE CHTHANA, TaK KaK HAMPSOHKCHHE HA HEM HE
yCreBaeT M3MEHHUTHCS 3a BpeMs MEpPEKIIOUeHUs. YCIOBHUS CaMOBO30YXICHUS BBIOIHAIOTCS
OJTHOBPEMEHHO HAa MHOTHX YacToTax. BO3HMKaeT JIaBHHOOOpa3HBI KPaTKOBPEMEHHBIN Mpolece,
pU KOTOPOM paboyre TOYKHM MHBEPTOPOB, OYEHb OBICTPO JABHUTalOTCA MO ydacTKaM 2 (OJHUMAETCs
y MEpBOTO MHBEPTOPA U CKATHIBAETCSl Y BTOPOT0) M OKA3bIBAIOTCS HA TOPU3OHTANIBHBIX yYacTKax 1 u
3 cooTBeTCTBEHHO. JIaBUHHBIN MPOIECC NPEKPAIIAETCs], TPAH3UCTOPBI THBEPTOPOB MEPEKITFOUAIOTCS
B «KBa3WCTATUYECKUE)» COCTOSHUSA, TMETISA TOJIOKHUTEIbHOW OOpaTHOW CBSI3W  pas3phbIBaeTCH,
Hauunaercss odepenHoW LUK Mepe3apsna €MKOCTH KoHaeHcartopa. OTMETHM, YTO B TEUECHHUE
JaBUHOOOpa3Horo mpomecca (GopMHUPYIOTCST (QPOHTBI M CPe3bl BBIXOMHBIX HPSIMOYTOJBHBIX
HUMITYJIbCOB (CPEeTHUI U HWKHUK Tpaduku puc. 16)

B wunrepBane BpemeHu te(t; 1) TPaH3UCTOPBl 3amepTbl, a TPAH3UCTOPHl  UMEIOT
UHIyIIMpOBaHHbIEe KaHaybl. OOpasyercs MyTh Ul TOKA Mepe3apsia KOHAEHCATopa 0 HANPSDKECHHS
MOJIOKUTEIIBHON TIOJISIPHOCTH: OT «IUItoca» uctouHuka V1 yepe3 Tpanszuctop VT1 (or mcroka k

CTOKY), PE3UCTOp R oT y3na 1 K y31y 6, dyepe3 KOHAEHCATOP Cl, yepe3 Tpanzuctop VT4 nHa
KOpITyC U «MHHYC» UCTOUHHMKA V1. B 3TOM MHTEepBasie moTeHIMA y371a 6 onpeaenseTr HanpsHKeHue

Ha KOHJIEHCaTope G (OH MOJKJIIOYEH JIEBBIM BBIBOIOM K KopIiycy). K MoMeHTy nepexntodeHus gt

OHO HMMEJIO BEIUYUHY uci(t) ==05Em . IToaToMy B mpolecce nepektoueHns NoTeHual y3iua 6
O4YeHb OBICTPO MaJaeT J0 OTPHULATEIHLHOIO YPOBHSA —05Eq (cM. puc.16). 3arem npu paspsne u
nepesapsijie KOHJeHcaTopa G MOTEHIMAM y3J1a 6 HauMHAeT yBEIUYHBATHCS, CTPEMSCh K YPOBHIO

+EH . Pabouasg Touka Ha XapPaKTCPUCTUKE IMCPBOI'0 MHBCPTOPA HAXOAUTCA Ha IICPBOM YUYACTKEC U
OTHOCUTCIIbBHO MCJICHHO ABMIKCTCSA BIIPABO K I'paHUIC C YYaCTKOM 2. Pabouas Touka BTOPOIO
HHBEPTOpAa HAXOAUTCA HCIIOABUIKHO B IIPABOM Kparw YydaCTKa 3 cBoci nepezlaTquoﬁ

XAPaKTCPUCTUKHU, TAK KaK HAIIPSIKCHUC Yy3JIa 1, PaBHOC EH , HC UBMCHICTCA.

B unTepBaie Bpemenu te(n; 0] HaIpsHKEHUE Ha KOHAEHCATope G OIPENEAETCS TAK
t—1

uc1(t)=Eyp-|1-15-exp| ————
C 1( ) 11 ’ P R2 Cl

B moment 22 , KorJia HarpspKeHHEe Ha KOHJIEHcaTope (M MOTeHIall y3ia 6) TOCTUTHET YPOBHS

0,57y , IPOM30MIET OYepeHOE MEPEKITFYCHUE TPaH3uCTOpOoB. ClieI0BaTeIbHO,

uci(t2) = Epp-|1-1,5-exp| - 2= || =0,5- By
RyCy
PelnB ypaBHEHNe, HAXOIMM [IATEIbHOCT HHTepBana | € 3021, -n=L1-RCy
Benuunna MHTEpBANA ONMPENENAET IIUTENBHOCT TEHEPUPYEMBIX UMITYJIECOB U MEPHOMA, TAK
KaK TeHEpaTop, MOCTPOEHHBIH 110 cXeMe pHC. 13, reHepupyeT Meanap (IIONOKUTETbHBIE HMITYIBCH U
IIPOMEKYTKH MEKY HUMH OIMHAKOBBI)

ty=thp—t1=L1-R)C] . T=2(t)-4)=22-R)C|
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K momenty ) , KOrja HamnpshKeHHE Ha KOHJEHcaTope (M MOTeHUMan y3iaa 6) JOCTUTHET

YPOBHSI 0,5ETy , pabouasi Touka Ha MEPEIATOUHON XapaKTEPUCTHUKE TIEPBOTO MHBEPTOPA MEPEHIeT ¢
1-ro Ha 2-¥ y4acTOK W HaYHET MO HEMY CITyCKaThCsA. YPOBEHb, HA KOTOPOM HAaXOAHUTCS 3Ta padbodas
TOYKa, OIpeneiseT HamnpspkeHue y3na | B cxeme. IlostomMy HampsbkeHue ys3na 1 HadHer
yMeHbILIAaThCsl, U paboyasi TOYKAa BTOPOTO HWHBEPTOpA CTAHET IBUTAThCSA BIEBO MO YYacTKy 3 K

rPaHMIE C y4acTKOM 2. B MomeHT ) pabouas TOYka MEepBOTO MHBEPTOPA CITyCKAETCS 10 YPOBHS,
OTMEUEHHOT0 KpacHbIM Ha puc.l4, a paOoyas Touka Ha XapaKTEpPUCTHKE BTOPOrO HHBEPTOPA
nepexoauT Ha ydacTok 2. O0a mHBepTOpa HaYMHAIOT PadOTaTh B aKTUBHOM peXHUME (YCHIIMBATH),
3aMBIKAeTCsl METIS TOJIOKHUTEIFHOW OOpaTHOW CBSI3M, TEHEPHUPYETCs JIABUMHOOOPA3HBIA MPOIECC,
MIPOUCXOUT OBICTPOE MEPEKIIOUYEeHNE TPAH3UCTOPOB. 3aTeM MeTs oOpaTHOM CBSI3U pa3pblBaeTcCs,
TaK Kak TPaH3UCTOPBI OKa3bIBAIOTCA B KBA3UCTAaTHUYECKOM cCOCTOSHMHU: mpoBoasaT VT2 u VT3,
3aneptbl VT1 u VT4. 3akanuuBaercs popMupoBaHue QpoOHTOB U CPE30B MMITYJIbCOB, HAUMHAETCS
OUYEpEHON MHTEpBaN Nepe3apsiia KOHACHCATopa 10 OTPULIATENbHBIX HANPSKEHUH TaK, KaK OIUCAHO

BbIIIC 10 MOMCHTA tl . PabGoune Touku InornagaroT Ha YUaCTKHU 3 1 1 COOTBETCTBEHHO.

uci(ty)=+0,5E

HOCKOJ'H:Ky B MOMCHT t2 HAIIpsA’KCHUC Ha KOHACHCATOPC OoCJIC

OTKPBIBAHUA TPAH3UCTOPA VT3 NOTCHIMAJT Yy3JIa 6 CKauKoM YBCINYNUBACTCA 1O BEJIMYNHBI I’SEH ,a
IMOTOM IpHu mnepe3apsaAac KOHACHCATOpa IOCTCIICHHO YMCHBLIIACTCA, CTPEMACH K HYJIIO. OIIHaKO B

t
MOMEHT 3 3TOT MOTEHIHMA JOCTUIAET YPOBHS 0,5ET , ¥ TIPOUCXOJUT CJIETYIONIEe TIEPEKITIOUCHHE
TPaH3UCTOPOB.

IKCIHIEPUMEHTAJIDHAA YACTh

Hear padoThI: M3yUEHHE CXEMBI U UCCIEAOBaHUE PAOOTHI
® aBTOICHEpPATOpa  pelaKCalMOHHBIX KoJieOaHu M (mepuonuyeckoi
MOCJIEeI0OBATEIbHOCTH TMPSAMOYTOJIbHBIX HMITYJIbCOB), BBITIOJHEHHOTO HAa OCHOBE
oneparmonHoro ycunurens (OY);
® aBTOreHEpaTopa MpPSMOYIOJIBHBIX HUMITYJbCOB Ha OCHOBE JIOTMYECKHX
aneMmeHToB ¢ KMOII-ctpykrypamu (KMOII-uaBeprops);
® aBTOreHeparopa rapmMoHudeckux konedanuit Ha OY ¢ moctom BUHA;

BoisicHeHne o0coOeHHOCTEH HacTpoWKM Takux TreHeparopoB. (OcBoeHue
MOJICJIMPOBAaHUS TIPOLIECCOB B DJIEKTPOHHBIX YCTPOMCTBAX MPH HMCIHOJIB30BAHUU
nporpammHoro  komiuiekta MicroCAP. Bce wuccnenoBaHus TNPOBOISATCS B
KOMIIBIOTEPHOM KJIacce.

Ykazanua no nopsaoky evitnonnenus pazoenoe padomut

1. UccnenoBanue pexuma padOThl aBTOreHepaTopa,
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BBINIOJIHEHHOI'O HAa OCHOBEC OIICPAIIMOHHOI'O YCHIIMTEJIA

1.1.

1.2.
1.3.

Bxitounts komMneroTep U BbI3BaTh mporpammy MicroCAP-11(demo).

OtkpeiTh manky «Gen-avto» U OTKpbITH (aitn «1-g-OA.ciry.
[IpoBepuTh NPaBWIBHOCTH CXEMbI AaBTOICHEPATOPA, BKIIIOUUTH HYMEPALUIO
y3JI0B, 3alKicarb HOMEpA Y3JI0B, OIPEHCIAIONMX  HAaNpsHKEHUE  Ha
KOHJIEHCaTope, Ha HeuHBeptupytomem Bxoae OV, Ha Bbixonme. He uzmenss
3HAYEHUS MApaMETPOB OCTAJIBHBIX AJIEMEHTOB, YCTAHOBUTH 3HAYEHUE €MKOCTHU
KOHJIEHCAaTopa C1 B COOTBETCTBUU C (hOPMYIIOH

C1 =2-(Homep (haMHIHMHM CTY/AEHTA B CIHCKE TPYTIIHI) [HCD] (10)

Paccunraiite nepuon T cieqoBaHUsS UMITYJIbCOB aBTOT€HEepaTopa 1mo GopMmyiie,

MPUBEJICHHOW BBIIIIE.

1.4.

L.5.

1.6.

1.7.
1.8.

1.9.

1.10.

2.1.
2.2.

2.3.

BbI3Barh pexxuM aHaln3a MepexonHbIX mpoueccoB “ Transient Analysis ”
(Alt+1)

[Tocme aTOro mporpamma HpPOBEPSIET NMPABUIBHOCTH COCTABJIEHUS CXEMBI.
[Ipn HamMuuM OIMOOK BBIBOJUTCS COOTBETCTBYIOLIEE COOOILECHHUE.

[TonyuuB Ha »KkpaHe uzoOpakeHue okHa Tranmsient Analysis Limits (3ananue
napamMeTpoB  MOJAEJIMPOBAaHMS),  3alUcaTh  NapamMeTpbl  HANpPsHKEHHH,
BPEMEHHBIE MarpaMMbl KOTOPBIX BBl KellaeTe MOIy4YnTh.

YcranoButhk Time Range B 3-4 pasa Gomnbiie nepuona 7, a MaKCHMAaJIbHBIN 11ar
IpU pacyeTe — B ThICAYY pa3 MeHblle. [IpoBepbre, cBEpsAst ¢ MPUMEPOM, UTO
YCTaHOBJICHO B Apyrux okxomikax. OOparute BHUMaHuE Ha pexxum «Leave»
(YKa3aHO CTPEJIKOiN).

[IpoBecTn mpoOHBINM aHATU3 pexkuMa, HaxaB kinaBumry “F2” wmm “Run”.
YOenuBmKCh, 4YTO MOJAEIUPOBAHUE BBINOJIHAETCA, YTOUYHSAWTE BpPEMEHHOU
IUana3oH  MOAENHMpPOBaHMUA,  IBeTa  TIpadukoB, MacmTabbl HX H
pacrionoxenue. st 3TOro  BBI3BIBAWTE  ITOBTOPHO  NAHENb  3aJaHUSA
napamMeTpoB MopaenupoBanus (knaBuma “F9”). Chemaiite TOMUMHY TUHUN Ha
rpadukax He MeHee «3»

[IpoBecT  MOAENMPOBAaHUE  MPOLECCOB MpPH  3aJaHHBIX  MapaMmeTpax
JJIEMEHTOB.  3allyCKalTe aHaJIu3 HECKOJIBKO pa3, YTO PEXHUM YCTAHOBMIICA.
W3mepuThs aMIUIATYdy, JJIATEIBHOCTH HMITYJIBCOB, IEPHOJ CIEAOBAHMS HX.
CpaBHHTE ¢ pacCUNTAaHHBIM 3Ha4eHHEM. VICIONB3yiTE KypCOpPBI.

CkonupoBark CXeMy M BPEMEHHBIE AMArpaMMbl W IIOMECTUTH B OTYET.

HccnenoBanue aBroreHeparopa npsiMmoOyroJibHbIX HMIIYJIbCOB
Ha Jorudyeckux jiemMeHrax ¢ KMOII-ctpykrypamu

OtkpeiTh manky «Gen-avto» u OTKpHITH (aiin «1-ge-im.ciry.

[IpoBepuTh MNPABUIBLHOCTh CXEMbl ABTOIE€HEPATOPa, BKJIIOYUTH HYMEPAIUIO
y3JI0B, 3almMcarb HOMEpa  y3JI0B, OINPEACIAIOINX  HanpsDKEHUE  Ha
KOHJIEHCATOpEe, HAa BBIXOAAX JIOTUYECKUX 3JIEMEHTOB.

3HaueHne eMKOCTH C1 paccuuTath Mo Tou ke popmyre.
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2.4.

2.5.

3.1.

3.2.

3.3.
3.4.

3.5.

3.6.
3.7.

3.8.
3.9.

BrI3BaTh pexuM pacuera nepexofHbIX mnpoueccos “ Transient Analysis ”
(Alt+1)

JanpHelye uccieqoBaHus padOThl aBTOTE€HEpaTopa IMPOBOAATCS TaK XKe,
Kak reHeparopa Ha OV B paznene 1.

HccsienoBanne apToreHepaTopa rapMOHUYeCKUX KoJieOaHni
Ha OY ¢ moctom BUHA
OtkpeiTh nanky «Gen-avtoy,
oTkpeITh (ain «1_GAR G-OA_OP_15A.cir» wu apyroii ¢
aHanornuHbIM Ha3zBaHueM «1 _GAR_G-OA ».
N3MmennTs mapameTpsl 3JIEMEHTOB 110 yKa3aHUIO Npenoaasarens, He usmenss
3HAYEHUS MAPaMETPOB OCTAIBHBIX AIEMEHTOB, YCTAHOBUTH 3HAYEHUE EMKOCTEN
Y COTIPOTHUBIICHUI B COOTBETCTBHUH C (hOpMYJIaMuU
C| =Cy =1.5-(Homep paMUINM CTYJICHTA B CIIUCKE I'PYIIIIbI) [HCD];

Ry =Ry =3.5+0.5-(HoMep (pamminu cTyAEHTA B CIIUCKE TPYIIIIHI) [KOM]; (11)

PaccuuTarh 4acTOTHI TeHEPUPYEMBIX KOJIEOaHUH.
Bri3Barh pexkuM pacuera mepexoaHbIX mnpoieccoB  Transient Analysis ”

(Alt+1)
[TonyunB Ha »KkpaHe uzoOpakeHue okHa Tranmsient Analysis Limits (3ananue
napaMeTpoB  MOJEIMPOBAHUA),  3alKucarb  NapaMeTpbl  HaINpPSIKEHUM,

BPEMEHHbBIE MarpaMMbl KOTOPBIX BBl KellaeTe MOIy4YUTh.

YcranoButh Time Range B 6-7 pa3a Gomnbiie nepuona 7, a MAaKCUMaJIbHBIN II1ar
Opu pacyeTe — B ThICAYYy pa3 MeHblie. [IpoBepsre, cBEpsis C MPUMEPOM, YTO
YCTaHOBIIEHO B Apyrux okomkax. OOparute BHUMaHue Ha pexuM «Leave»
(YKa3aHO CTpEJIKOi1).

3amycKanTe aHaJIA3 HECKOJIBKO pa3 J0 MOJIYYEHHs YCTAHOBUBIIETOCS PEKUMA
N3meprTe nepuoa konedanuid. [lonbepure Tounee Bpemsi aHaIn3a, YTOOBI YETKO
YKJIAJbIBAIOCH L[EJI0€ YUCIIO TIEPUOJIOB, IS MOJYUYCHUS YETKOM OJHOU
CIIEKTPAJIbHOU JIMHUMU.

1o BeICOTE CHIEKTPaATIBLHOM JTMHUU U3MEPHTE aMIUIUTYLy KoseOaHUun

J1oOUTBHCS YETKOTO OTOOPAKEHUS PEKUMOB pabOThl aBTOTEHEPATOPOB HA
rpadukax, U3MEpPUTh YACTOTHI aBTOKOJICOaHUM

Cnenarp BbIBOABI O paboTe u cPopMUPOBATH OTYET.

OTuer AOMKEH COAEpKarTh:
¢ TUTYIBHBIA JINCT C HAa3BaHUAMH Y4eOHOTO 3aBEACHUS U
kadenppl, HauMEeHOBaHUEM pPAOOTHI, (paMUIIUEH aBTOpa OTYETA,

1ueap paboThl M 3aJjaHue K padoTe;

OPUHIMINATBHYIO 3JEKTPUYECKYI0 CXEMYy aBTOI€HEpaTopa;

KOIIMM BPEMEHHBIX JTUArpaMM;

BBIBOJIBI 00 OCOOEHHOCTSX PabOThl T€HEPATOPOB.

* & & o
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KOHTPOJIBHBIE BOIIPOCBI

1. [TpuaIMI pabOTHI aBTOTeHEpaTOpa W HAa3HAYCHHE DJIEMEHTOB CXEMBI.

2. CdopmynupoBaTh  yCIOBHS ~ CaMOBO30Y)KJIECHHSI ~ aBTOreHepartopa U
OoOBsICHUT, uX  (Qu3nueckuii  cMbicin. OOBSICHUTH, Kak d3TH  YCJIOBHS
o0ecrneunBaloTcs B HCCIEAYEMOM aBTOI€HEparope.

3. Korma B  aBroreHeparopax WMIYJIbCOB BBHITIONHSIOTCS — yCIIOBUS
CaMOBO30YK/ICHHS, a B Kakhe WHTEPBAIBI BPEMEHH HE BBITOTHSIIOTCS U
nouemy?
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