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Kawnpa. texn. nayk, nou. CEPTUEHKO C. A., 3AYEIIA 1O. B.

Kpemenuyackuil HayuonanvHuiil ynusepcumem umeru M. Ocmpoepadckozo

CoBpeMeHHOW TEHACHIMEH pa3BUTHA DSHEPTeTHKH SBISIETCS CTPEeMIICHHE
K cOaJlaHCUPOBAaHHOCTH SHEPrOpPaiiOHOB, IMOBBIIICHHE HANEKHOCTH JJIEKTPO-
cHaOxeHust oTpeduTenel. BaxkHoe MECTO B CTpaTEruu pa3BUTHUS IJICKTPOIHEP-
TeTHKHM 3aHMMAIOT aBTOHOMHBIC CUCTEMBI 3JekTpocHabxenus (ACD). B mo-
cieqHee Bpems ACD MONy4aroT IIMPOKOE PACHpOCTpaHEHHE B CHUCTEME DIIEK-
TpOCHAOXKEHUS HE TONBKO CHENHaabHOro, HO W obmiero mpumenenus. ACO
HCIIOJIB3YIOTCS TIOYTH BO BCEX 00JACTSIX HAPOTHOTO XO3SUCTBA. MIX OCHOBHBIMH
MOTPEOUTENSIMA  ABJISIFOTCS  TOTUTUBHO-DHEPTETUYCCKHUI, arpoNpOMBIIIICHHBIH
Y MaIlMHOCTPOUTEILHBIA KOMIUICKCHI.

HeoOxoaumocts B ACD BO3HHKACT TaM, I/l TEXHHYESCKH HEBO3MOXKHO HIIH
9KOHOMHYECKH HEBBITOJHO HCITOIB30BaTh IEHTPATN30BAHHOE 3JIEKTPOCHaOMKe-
Hue. OTO, B MEPBYIO OYepe/b, TPYAHOMOCTYIHBICE OOBEKTHI, OTIAJICHHBIE OT
OOJBIINX DIICKTPUYECKUX CHUCTEM, KOTOPBIE UMEIOT COOCTBEHHBIC WCTOYHUKH
MIEPBUYHON PHEPTHH, HAIPUMED Ta30Bble U HEPTIHBIE MeCTOpOKIeHHS [ 1].

B yka3aHHBIX MCTOYHHMKAX SJIEKTPOIHMTAHUS MPEUMYIIECTBEHHO TPUMEHS-
f0TCsl cMHEXpOoHHBIE TeHepaTopsl (CI7). OmHako B MocienHee BpeMs HaMeTHIIach
TEHJICHIIUS KCIOJb30BaHUS B KauecCTBE IpeoOpa3oBaresicii SHEPruu acCUHXPOH-
HbeIX TeHeparopoB (Al') wnm acuuxponHbIX nsurarenedd (A/Jl), pabGoraromrux
B TE€HEPaTOPHOM peXHMe. DTH TeHepaTophl ¢ KOPOTKO3aMKHYTBHIM POTOPOM
B KOHCTPYKTHBHOM OTHOIICHHUM Oo0Jiee MPOCTH U HaAeKHBI B cpaBHeHuU ¢ CI.
B nuanazone momrHocteit 5—-100 kBT macca A" 6e3 ycTpoHCTB BO30OYKICHHS
npubnm3urensHo B 1,3—1,4 pasza menbine, yeM macca CI' Takoil ke MOIIHOCTH.
BeckoHTakTHOE WCIONTHEHHE, MPOCTOTA BKIFOUEHHS HA IMapalljielIbHyI0 padoTy,
BBICOKOE Ka4eCTBO AMHAMUYECKHX IMPOIECCOB U OE30MaCHOCTh PEXHUMa KOPOT-
KOT'0 3aMBIKaHHSI — BCE OTH MPEUMYIIECTBA JIETAI0OT MPOOIEeMy HCIIOIb30BAHMS
ATl" B ACD nepcrnekTUBHOM.

Jo Hacrosimero BpemeHu Al' MPUMEHSITUCH [T IUTaHUSI aKTHBHOM Harpys-
Ku (OCBeIlleHNe, HarpeBaTelIbHbIC DIIEMEHTHI, allaparhl YJIEKTPOCBAPKH, a TaKKe
AJIEKTPOHHEIE TIPHOOPHI). AHanmm3 [2, 3] B 3TOM HampaBICHUH TOKA3aJl, 4TO JTOC-
TaTOYHO MOAPOOHO PACCMOTPEHO MCIIONb30BAHNE ACHHXPOHHBIX MamuH (AM) B
peXkuMe CcaMOBO30OYKIEHUS Ui OOCCIICUCHHS JTUHAMUYECKOTO TOPMOXKEHUS,
a TaxoKe U MUTaHWUS ITOCTOSHHOW TI0 XapaKTepy aKTUBHOW W aKTUBHO-WHAYK-
TUBHOW Harpy3ok. B To ke Bpems ucronb3oBaHuio Al st muTaHUS 3NeKTprye-
CKUX MAIlliH, KOTOPbIE XapaKTEePHU3yIOTCA HATHMYHUEM ITyCKOBBIX TOKOB U IEpe-
MEHHBIM KO3 (PHUIIMEHTOM MOIIHOCTH, YJCJICHO HEJAOCTATOYHO BHUMAHUSI.

[Toatomy 1eNBIO MCCIIEIOBAaHUI aBTOPOB SIBIISIIOTCS pa3paboTKa YTOYHEHHO-
ro MeTofa pacueTa pabounx xapakrepuctuk Al mpu paboTe Ha IBUTATEIHHYIO
Harpy3Ky, a TakKe aHaJIU3 BIUSHUS TTapaMeTPOB HATPY3KU M EMKOCTHOM cHCTe-
Ml Bo30yxkaenus: (ECB) Ha meperpy3ounyto ciocoonocts Al
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Paboty Al nmpu N3MEHSIOIUXCS BEJIMYMHAX BBIXOJHOTO HANPSDKEHHS U Yac-
TOTHI, @ TAaKXKe BEJIMYMHE M XapaKTepe Harpy3Kd NPHUHATO aHAJIU3UPOBATh Ha
OCHOBaHHUH CTATUYECKUX XAPAKTEPUCTHK.

Cy1iecTBYIOT 1Ba CIoco0a OIpe/IeNeHNs] CTATUYECKUX XapaKTepucTuk Al':

e IyTEM IOCTPOEHUS NOJTHON MaTeMaTHueckoil moaenu Al B BUae cUCTEMBI
anreOpandeckux U auddepeHunanbHbpIX YpaBHEHHH W pacdera OTACIbHBIX TO-
YEeK CTaTHUECKHX XaPAKTEPHCTHUK HAa OCHOBAHMM pacyeTa yCTaHOBHBLIMXCS H
MEPEXOIHBIX PEKUMOB pabOThl FeHepaTopa Ui pa3HbIX yCJIOBUIl JeHCTBUS Ha-
Tpy3KH;

e IIyTE€M PacyeTOB C UCIOJIb30BaHUEM M3BECTHBIX CXEM 3aMelleHuss AM.

[lepBriii MeTon oOecrieunBaeT Oosiee TOYHBIE Pe3yJbTAThl, OHAKO OH TPO-
MO3IKUN M TpyaoeMkuil. COocTaBIATh TaKyl MOJENb JIMIIb AT ONpeNesICHHs
CTaTHYECKUX XAPaKTEPUCTHUK HEIleIeco00pa3Ho, TaK KaKk aBTOHOMHBIE Al mpak-
THYECKH HE MOTYT paboTarh 0e3 cXeM CTaOWIIM3aluK BBIXOIHOTO HAIPSIKEHUS
WM HampsbKeHUs U 4acToThl. KpoMme Toro, yke B HauanbHOW CTaJUH PacueToB
gacto TpeOyercs mH(opMmanms, Kacaromascs noadopa OCHOBHBIX JJIEMEHTOB
(peakTHBHOW MOIIHOCTH M €MKOCTH BO30Y>KIAIOLIMX KOHAEHCATOPOB, KOJIHYE-
CTBa KOHAEHCATOPHBIX CTYIEHEH B cXxeMe CTa0MIN3alMK HAIPSKEHUS, EMKOCTH
KOHJIEHCATOPOB OTAENBHBIX CTYIEHEH M T. I.), a TaKKe B ClIy4yae MPUMEHEHUS
TUIOBBIX AM — OlleHKa WX NpUTroAHOCTH. Takyio MH(oOpMalmio Jerko Hoiy-
YHUTh, UCTIONB3YS BTOPOH CIOCOO OMpEIeNeHNs] CTATHYECKUX XapaKTepUCTUK Ha
OCHOBE M3BECTHBIX CXeM 3amerieHus AM.

Ha mepBom stame nccinenoBannii AI° Hanbonee pacpocTpaHEHHBIMA METO-
JlAMHU pacueTa CTaTUYECKUX XapaKTEPUCTHK ObUIH Tpaduyeckre MeTobl, OCHO-
BaHHBIE Ha KpyroBoii nuarpamme AM [4, 5]. Kpyrosas auarpaMMa AONOJHSETCS
3apucumoctsimu U, = f(B,) u G, = f(B,, B.), KOTOpble IOIy4alOTCa JN0OO

pacyeTHBIM IyTeM, MO0 U3 ombITa XoJocToro xona (Gy u By — akTUBHAS M peak-
THUBHAS COCTAaBILIIONTHIE TIPOBOAMMOCTH HaMarHUIHBAIOIIero KouTypa daser Al).

K rpaduueckum MeTomam OoTHOCATCS M Oojee CIOXKHBIE CIOCOOBI pacyera,
OCHOBaHHbIE Ha TpaUYecKOM pelIeHNH HEIMHEHHBIX ypaBHEHHWH MPOBOIAMMO-
ctu I'-00pa3Hoii cxeMbl 3aMerieHus reaepatopa. OHaKo, HECMOTPS Ha IIPOCTO-
Ty ¥ HaTrJSAHOCTh TpaUUecKuX METOAOB, OHH HE 00ECIIEYHBAIOT HEOOXOAUMOM
TOYHOCTH PAacYeTOB U OTJIMYAIOTCS 3HAYUTENbHON TPYIOEMKOCTHIO.

[To mMepe pa3BUTHS BHIYUCIUTENHFHON TEXHUKU JAHHBIC METOJbl 3aMEHSUIINChH
rpadoaHamuTHIeCKUMU [6, 7]. B 3T0# rpyIime MOXHO BBIACIHATD JBE TTOATPYIIITHI
METOJIOB, OCHOBAaHHBIX Ha OalaHCe aKTHUBHBIX M PEAKTHUBHBIX IPOBOAMMOCTEH
I'- mu6o T-o0pa3Hoii cxembl 3amenienus. s pacyera XapakTEpUCTHK COTIACHO
I'-00pa3Hoii cxeme HEOOXOAMMO 3HATh BCE MapaMeTphl FreHepaTopa U UMETh 3a-
BucuMocTh DJIC OT MHAYKTHBHOTO CONPOTHBIIEHHS HAMAarHMYHBAIOIIETO KOH-
typa E, = f(X,,), cHATYIO TIpH cKonbxeHnd s = 0 1 HOMUHANBHOU YacTtoTe. Pac-
YeT BeleTcs MO 3aJaHHBIM 3HAYCHUSIM €MKOCTH, CKOPOCTH BpallleHHs pPOTO-
pa ¥ BEJMYMHBI aKTHBHOTO COINPOTHBIECHUs Harpy3ku. [lorpemHocts pacuera
XapaKTepHUCTUK cocTasisieT okomo 10 %.

XapakTepHOU 0COOCHHOCTBIO pacueToB Mo T-00pa3Hoi cxeme sBJseTcs He-
00XOIMMOCTh COBMECTHOI'O pelleHusi ypaBHeHud X, = f(Ey) wm U, = f(I,)
u U. = f(I.), xoTopoe NaeT BEIHYMHY HAIMPSHKEHUST XOJOCTOTO XO0Ja TeHeparo-
pa U,. llorpemuocTs npu pacdete coctaBisier 5—10 %. Takoit moaxox k perie-
HUIO 33/1a4M CO3/IaeT JIOTIONHUTENbHbIE TPYAHOCTH TP TONBITKE aBTOMAaTH3H-
pOBAaTh pacyeT CTATHYECKUX XapaKTepucTHK Ha DBM.
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Eme onHoi rpynmnoil METO0B pacdyera CTaTUYECKUX XapaKTEpUCTHK, MOJTy-
YUBIIEH B HACTOsIIEe BpeMs HanOOJIbIIee paclpoCTpaHeHUE, SIBIISIOTCS aHalU-
THYECKHE MeTOobI [8, 9]. B manHOM cirydae pacueT CBOAUTCS BCE K TOMY ke Oa-
JIAHCY aKTHBHBIX M PEaKTHBHBIX NpoBoauMocteil ['- mmu T-o0pazHoil cxeMbl
3aMEIleHUs, a HeJTUHEHAS XapaKTepUCTUKA HAMAarHUIMBAHUS MAITUHBI AMIPOK-
CHUMHUPYETCS OZHUM W3 M3BECTHBIX CIIOCOOOB: KYCOYHO-TMHEHHBIMH M CTEIICH-
HbIMH (DYHKITUSIMH, TPUTOHOMETPHUYECKAMHU PSAIaMH, C MCIIOJB30BaHUEM TPAHC-
IIEHICHTHBIX (DYHKIMA, HA OCHOBE MPe0Opa30BaHMS THIIEPOOIBI B Ip. ITH Me-
TOJIBI 00ECTIEYMBAIOT 00JIE€ BEICOKYIO TOYHOCTh PACUYeTOB M JAIOT BO3MOKHOCTb
ABTOMATU3UPOBATh BBIYUCIICHHUS C TOMOIIBI0 DBM.

OpHako Bce M3BECTHBIE METOJIbI pacueTa CTaTMUECKUX XapakTepucTuk Al
C KOHJIEHCATOPHBIM BO30Y)KICHWEM HMEIOT J[BA OCHOBHBIX HEIOCTAaTKa, BEHITE-
KaOINUX W3 MPUHUMAEMBIX JOMYIICHUH, TOCIENCTBUS KOTOPHIX MPOSBISIOTCS
B OCHOBHOM IIpH pacyeTe XapaKTepUCTHK TE€HEPaTOpPOB MaJIOil MOIIHOCTH.
B OospbIIMHCTBE TEPEUUCICHHBIX METOJO0B pacueTa NMPUHITO JOMYLICHUE, YTO
CKOPOCTH NMPHBOAA FeHEPAaTOpa MEHSETCS TaK, YTOOBl 4YacTOTa FTeHEPUPOBAHHOTO
HaNpsDKEHHUS] 0CTaBaIach MOCTOSHHON M paBHOW CHHXPOHHOH 4acToTe, He3aBH-
CHMO OT XapakTepa W BEIWYNHBI Harpy3KH. JTO JOMYIIEHHE IPUBOANT K TOMY,
YTO XapaKTEPUCTUKU PACCUUTHIBAIOTCS JAJIS YCIOBHM, OTIMYAIOIINXCS OT JIEHCT-
BUTENbHBIX. [IpUMeHsieMble TPUBOABI HMEIOT Yallle BCErO CTAOMIU3UPOBAHHYIO
CKOpPOCTb BpallleHHUs. YTPaBJIEHHE ITOH CKOPOCTHIO B 3aBUCUMOCTH OT BEJIMYH-
HBI U XapakTepa Harpy3Kd JUIS TOCTHKEHHSI TOCTOSHHON YaCTOTHI HAPSIKEHHS
TPYAOEMKO ¥ HEOKOHOMHUYHO.

B HekoTopbix paboTax, 0OCOOCHHO JUIsi MAIlMH OOJIBIION MOIIHOCTH, BIIHS-
HUEM Harpy3Kl Ha 4acTOTy T'€HEPUPOBAHHOTO HANPSHKEHUS MPOCTO MpeHedpe-
raroT, a TaKoe YNpOIIeHHe, coraacHo uccienoBanusaMm [10], nonyctumo uid ma-
LIMH C HOMUHAJIBHBIM CKOJBbxkeHueM nopsaka 0,03.

B ciiyyae npumeHeHns B kauecTBe TeHeparopa AM ¢ 9ucioM map MOJIIOCOB
p > 1 1 HOMUHANIBHEIM CKOJbXeHUEM s, nopsaka 0,05-0,06 Heyder BAMAHUA
Harpy3Ky Ha 4acTOTY HAIPSDKEHUS IPUBOJUT K 3HAYUTEIBHBIM OIIMOKaM B pac-
YyeTe CTaTUYECKUX XapaKTePUCTUK. DTO WIUTIOCTPUPYET pUc. 1, HA KOTOPOM IO-
Ka3aHO BJIIMSHUE W3MEHEHHS YaCTOTHI Ha TOJOXKeHHe padouell TOUKM Ha Xapak-
TepucTHKe XojocToro xoma Al', mocTpoeHHOro Ha 6a3e TUMOBOTO AIEKTPOJBH-
raressi MOIIHOCTBIO P, =1,2 kBT ¢ HOMHMHaJBHBIM CKONbXkeHHEM s, =0,05

(Touka A COOTBETCTBYeT CHHXpPOHHOHM uactoTe f, =50 I'm, Touka 4, — s

peanbHOMN YacTOTHI IpU HOMUHAIBHOU Harpyske f =(1—s,)f, ).

U, B
UCBB ! 1‘]
24 i .
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T S // >
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Puc. 1. I3mMenenue nosioxxeHus paboueil Touku AI' ¢ eMKOCTHOH cHcTeMOU BO30Y K ICHUS
B 3aBUCHMOCTH OT YaCTOTbI F€HEPUPYEMOTr'0 HaNPsLKEHUS
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Tak kak paccMaTpuBaeMble BOIPOCHI B HACTOSIIEH CTaThe MOCBSIIEHBI
CO3JaHUI0 aBTOHOMHOI'O MCTOYHMKA NUTaHud Ha Oasze AT Maioil MOIHOCTH
(mo 100 kBT), BO3HHKIIA HEOOXOAMMOCTh pa3pabOTKH YyTOYHEHHOTO METO/Ia pac-
YyeTa CTaTHYECKUX XapaKTEepUCTUK cucTeMbl AT'—A]Jl, yuuThIBaromend n3MeHeHUs
Y9aCTOTHI, 00YCIIOBJICHHON Harpy3Kou.

Hnst pacuera paboumx xapaktepuctuk cucteMbl AI-ECB-A/l Bocmomnb3y-
eMCsl OJTHOW M3 OOIIENMPHUHATHIX CXEM 3aMEIIEHHs] COOTBETCTBYIOIINUX DIIEKTPH-
YECKUX MaIuH (pHc. 2), KOTOpas OMUCHIBACTCS CHCTEMOH YpaBHCHUMN:

(R, + X, ), — X, 1, —ojX I =0;

HH™ UH
Ry +oyX, |1 X d i =05
WA 5y 2H+(x'.] uapr T
s
A
—(R +oyX )l —oyX 1, +oyX 1, =0; )
Ry X |1 X 1, =0;
—+oyX, I, +oyX I, =0;
Sl'
1, -1,-1.=0;
-1, -1, +1, =0,
rae R, R, R, — aKTHBHBIC CONPOTUBJICHUS CTATOPHOM, POTOPHOM LeMeH U
uenu Hamarnmauanust AJl; X, X, X, — PEaKTHBHBIE CONPOTHBIECHHSA
CTaTOPHOM, POTOPHOM Lienel W nenu Hamarauuusanus All; 1., 1,,, IHH — TO-

KA CTaTOpHOH, POTOPHOM LENed U KOHTypa HamMarHuuumBanusa AJl; [, — Tok

ECB; X, — peaxtusHoe conporusienue ECB; R, R), R, — aKTuBHbIE CONpO-

!

TUBJIEHUs CTAaTOPHON, POTOPHOM Iienell u nienu HamarauduBanusa Al X, X,

X, — peaKTHBHBIE COIIPOTUBJIECHUSA CTATOPHOM, POTOPHON LieTled U LENH HaMar-
uuuuBauust Al 1, I5,, 1 , — TOKH CTaTOPHOH, POTOPHOM LEMeH U KOHTYypa Ha-

marauuuBanus Al'; s, s, — ckonbxenns A u AJl; o= f/f, — oTHOCHTENbHAS

4acToTa FeHEPUPOBAHHOIO HanpsikeHus U .

Joxs, JoXu o p 3 JjoXi JjoX;

Puc. 2. Cxema 3amerienus cucremsl AI-ECB-A/

[Ipu ompeneneHnn xapakTepUCTUK cUCTeMbI (1) B CTaTHHECKHX peXHMax
pabOThl HEU3BECTHBIMH SBILIIOTCA BCE PEAKTUBHBIC CONPOTHUBIICHUS I'€HEpaTo-
pa U JBUTraTeNs, a TaKXKe 4acToTa FeHepupyeMoro HalpsbkeHus B 1enu. Bee oc-
TaJIbHBbIE TApaMeTPbl NMPUHUMAIOTCS MOCTOSHHBIMH, TPH 3TOM CKoNbxeHue Al
IIPEICTABIAETCS 3aBUCUMOCTBIO OT YaCTOTHI
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HOCTaBJ’ICHHyIO 3aga4y MOXHO YCJIOBHO pa36I/ITL Ha TpH dTara. Cuauvaia 1o
HU3BCCTHBIM IMACIIOPTHBIM JaHHBIM IMOJKIHOYAacMOI'0 K 3aXKUMaM AT ACUHXPOH-
HOI'0 ABUTATC/IA HAXOAWM HOMMUMHAJIBHBIC 3HAYCHHA CKOJBXXCHUSA Sy H COIpo-

THBJICHHS KOHTYPa HAMarHWYMBaHus X, KOTODbIE PACCUMTHIBAKOTCA JUISL CO-
OTBETCTBYIOIIMX 3HAYEHHH CKOPOCTH BpAICHHs IE€HepaTropa M, H YacTOTHI
£, =50 I'm.

Janee i ompenelieHUs HEJAOCTAIONIMX ITapaMETPOB BOCIOJIB3YEMCS H3-
BECTHBIM METOJIOM IpeacTaBieHuss A/l B CTATHYECKUX PEKUMAX SKBUBAICHTHOM
RL-niensio (puc. 3) ¢ mapamerpamu [11]:

X, X Ry Ry (X, +X;
RH :RIH + u}: 2 ”2 ; XH :XIH + HH, o RH ﬂ( H:I ZH): (2)
S;l(X;,LH +X2H) +R2H 21 21

KOTOPBIC MOTYT OBITh PaCCUMTAHBI JUIS JIFOOOTO 3HAYCHHS CKOJILKCHUS JIBHUTA-
TEJNA Sy
Taxum 00pazom, cxeMmy 3aMeIIeHnsT MOXKHO MIPECTaBUTh B BUJE pUC. 4.

Ry
U:
X
Puc. 3. DxBUBalICHTHAs CXeMa 3aMEICHUS Puc. 4. DxBUBaJIcHTHAs CXeMa 3aMEIICHHUS
cuctembl AJ] cucremsl AT-ECB-A]]

C yd4eTroM BBINOJHEHHBIX MPEOOpa30BaHWii HA OCHOBE BTOPOIO 3aKOHA
Kupxroda moxyanm

1.Zs = E, 3)

rne Zy=7Z,+Z7Z,+7Z, — TOIHOE CONPOTHUBIICHHE ILIEIH, ONpENeIIeTC Kak:
Z, =R, + joX, — TIOINHOE CONPOTUBIEHUE cTaTopHO nemn Al'; Z, = R, + joX; +
+ Z3 — joX.. — 1I0JIHOE CONPOTHBIIEHHE Lieniell Harpy3ku A/l 1 eMKOCTHOTO BO30YxK-
—a’Xj X, + 0’ X)X, + joXIR, — ja’XjR + jo’RyX +OR)R,
joX; — jo’ X +aR) + joX, — jo’ X, +R, —aR

NeHust;, Z, =
n

[IOJIHOE COMPOTHUBJICHHUE Leneld poropa U HamarHuuuBaHus Al'; E = ooy =
= LHI W0y — OJ1C reneparopa; I, — IpUBEIEHHBIN TOK LICTIH.

BBunmy toro uro Bxomsmmue B ypaBHeHHE (3) COCTABISIOUIME ITOIHOTO CO-
MPOTHUBJICHUS Zy NETN SBISIOTCS KOMIUIEKCHBIMH BEITMYWHAMHU, TPEACTABUM ITH
BBIpQXXCHHS B yJIOOHOM JIJIs TIOCJIENYIOIMX IIpeoOpa3oBanwmii Bune. Torma, uc-
TTOJTB3YSI CBOMCTBA KOMIUIEKCHBIX UHCEJI, HA OCHOBE psla MaTeMaTHIECKUX TIpe-
00pa30BaHUH TOTYUYNM:
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e [IOJIHOE CONPOTHUBIICHUE CTaTOPHOU Hernu Al
Z, =4 + jB,,

rie A =R, — nelcTBUTENbHAs 4acTb CONPOTHUBIEHUS; B, =oX, — MHumasd

4acTb CONPOTUBIICHHUS;
e TIOJTHOE COTIPOTHBJICHHUE LIENIeH HArpy3KU M EeMKOCTHOT'O BO30Y KACHUS

ZZ = AO + jBOa
o’ X7R,
2o’ X 4207 X, X, + ot X
AX, R+’ XX, + o’ X, X}
R+’ X +20° X, X, +0’ X

® [I0JIHOC COIIPOTUBJICHUC uenel‘/'l pOoTOpa U HAMarHM4uBaHUA AT

— HeﬁCTBHTeHbHaH 4JaCTb COIIPOTHB-

rae AOZR

JICHHA, BO = — MHHUMas 4aCTb COIIPOTUBJICHUS,

Zy =4, + jB,,
riue
~ o’ XPR X; —20°XPR X} + o XR X} +0*R’R X
- oW XIXY? -20° XX+t XX + ot XPPR, - 207 XPRY + o’ RIX

4,
JEHCTBUTENBHAS YaCTh CONIPOTHBIICHUS;
Syr2p2 4 y12 3y 112 p2 3pr2p2
_ Xy Ry X, 200X, R X+’ X RIX, + R R X, B
6 vy2 yr2 Sy2yr2 4 y2 12 4 y12 p2 3y 12 p2 2p2yr2
a' X X)" =200 X X, 4o X X+ X' R, —200° X5 R, + "R X,

B,

MHHUMasl 4aCTh COIPOTHUBIICHHUS.
B Harpy3o04HBIX pexuMax TOK CTaTOPHOHM IENU HE MOXET ObIThb PaBHBIM
nHymo ({; #0), Toraa Ass BBIIOJIHEHUS paBeHCTBA (3) HOIyduM:

Zz = Z3 + 22 + Zl = Re(Zz) + Im(Zz) =0. (4)

B pesymnbTare HECIOKHBIX MaTEeMaTHYECKUX MPeoOpa3oBaHUM MOIy4YaeM CH-
CTEMY YpaBHEHUMU:

(CX;+CX, +Cat +(C X7 +CoX, +Co)o’ +
+(Co X3 +CX, +Cy)a? +Cpa+ Cp = 0;

(DX, + D, X, + D)o’ +(D, X, + D5 X, + D)o’ +
+(D, X} + DX, + Dy)o’’ + Dyyo” + Dyja =0,

()

rae kodhdummentor C;—Cyy 1 D1—Dy; SBIAIOTCS QYHKITUIMHA TTapaMeTPOB TeHe-
paTopa, 3KBUBAJICHTHBIX COMPOTUBIICHHIA JBUTATENsl, EMKOCTHOTO BO30YKICHHS
Y CKOPOCTHU BpaIlCHUSI.

ITyTeM COBMECTHOTO pEIICHMsI YPaBHEHHA CHUCTEMBI (5) MOTYT OBITH TOJY-
YeHBI 3HAUCHUS PEAKTUBHOTO COMPOTUBICHHS KOHTypa HamarHuuuBanus Al
U OTHOCHUTCJIbHAA 4aCTOTa TCHCPHUPYEMOI'O HAIIPAXKCHUA. Ilocne »Toro Harps-
JKEHUE TeHepaTopa MOXKET ObITh BBIUMCICHO COTJIACHO XapaKTePUCTHKE Hamar-
HuuuBanuad U = f{I,), a peiicTByrolnee HampsikeHHE B IENH ONpejesercs
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AHAJMTUYECKHU JTHOO rpadMuecKy Ha OCHOBE XapaKTEPHUCTHKH 3apsaa KOHAEHCa-
TopHO# Oatapeu U = f(I.). [lanee anroput™ pacuera MoBTOPSETCS COTIACHO TO-
JYYCHHBIM 3HAYCHUSM HanpspkeHHUst U, YacTOTHI f, pEaKTUBHOTO CONPOTHBIIE-
HUA X,y U cKonbxkeHus AJl s, 10 TOCTHKEHHs JOIYCTUMOH OIIMOKU MOCIETHUX
JBYX UTEpaLyi.

Ha ocHoBe pa3zpaborannoro metrona ansi A/l ¢ KOPOTKO3aMKHYTBIM pOTO-
pom obmenpomslinieHHoro ucnoiaaenus tuna AUP80A4CY2 (P, = 1,2 kBr;
ny = 2740 oo/mun; I, = 2,93 A; R, = 9,37 OM; R, = 5,13 Om; X; = 7,03 Owm;
X> = 6,50 Om), paboTaroliero B reHepaTOPpHOM PEXKUME C €eMKOCTHBIM BO30YXK-
nenneM C = 30 Mx®, ObIIH paccUUTaHBl XapaKTEPUCTHKH IIPU pabOTEe HAa aKTHB-
HYIO U aKTHUBHO-UHIYKTHBHYIO Harpy3Kku (puc. 5-7).

y A, A
I, A 2.04

RL-Harpy3ka
401 7

3,0 —

RL-Harpy3ka

2,0¢
R-narpyska R-narpyska
1,01 0,5t
Puun, BT Py, Bt
0 200 400 600 800 1000 0 200 400 600 800 1000
Puc. 5. 3aBHCHMOCTb TOKa TeHepaTopa Puc. 6. 3aBUCHUMOCTb TOKa HATrPy3KH
OT BBIXOJJHOH MOIITHOCTH OT BBIXOJHOH MOIIHOCTH Te€HEpaTopa

npu eMkoctu Bo30yxaenus 30, 40, 50 mx® npu eMkoctu Bo30yxaenus 30, 40, 50 mx®

Ha puc. 7 xpuBas 1 — BHewmHsst xapakrtepuctika Al, paccuntaHHas 1o
IpeasaraéMoMy METOJy, KpHuBasi 2 — XapaKTepHCTHKa IeHepaTopa 0e3 yuera
W3MEHEHUS YaCTOThI MUTAIOUIETO HAMPSKEHHS.

W3 npuBeneHHBIX Ha pHC. 7 XapaKTEPUCTHK CIedyeT, 4To B ciaydae Al ma-
JIOH MOIIHOCTH HEYYeT BBI3BAHHOI'O HArpy3KOi M3MEHEHUS YacTOThI IPUBOAUT K
3HAUYUTEJIbHBIM IOTPEIIHOCTSM IPU aHAJIN3€ €r0 Harpy30YHBIX BO3MOXKHOCTEH
U B pe3yJbTaTe — K HETOYHOH MH(OpPMaLUU OTHOCUTENEHO XapakTepucTuk ECB,
a IMEHHO: €MKOCTHU M KOJINYECTBA CTYNEHEH PeryJIMpOBOYHBIX KOHICHCATOPOB.

A U.B
2504 RL
200-%
1501 1 2 R
100
50T
P, BT
0 240 480 720 960

Puc. 7. 3aBucumMocTh HaIpsKCHUS reaeparopa ot BI:IXO,Z[HOfI MOIIHOCTH

[IpuBeneHHBIH METOJl pacyeTa CTaTHYECKUX XapaKTepUCTHK cUcTeMbl Al —
Harpys3ka MCIIOJIB30BaiCs Al OLEeHKH cBoiictB Al', mocTpoeHHoro Ha 0Oase
TUIIOBOTO JBUTATENS C KOPOTKO3aMKHYThIM poTopoM Tuna APS80A4CY2 ¢ Ho-
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MHHaJbHOU MomHOCThIO 1,2 kBT, n ananu3a BausHus napamerpoB ECB Ha st
XapakTepUCTUKH. Pe3ynpTaThl pacueToB NpUBEAEHBI Ha pUC. §, 9.

Kak cnenyer n3 xapakTepuCTHK pHC. 8, IpU YBEJIMYEHUH PacyeTHOro 3Haue-
HHs HayalbHOM eMKOCTH BO30YXKIEHUS (Cpaey = 27 MK®P) Bo3pacTaer meperpy-

304HAas CIIOCOOHOCTh M YBEIIMYMBACTCS KECTKOCTh MEXAHHUUECKUX XapaKTepH-
ctuk AT,

4U,B +U,B -
2001 o) )
150+ 1504 €Os¢ = ‘0,8 cos¢ =09 cosp=1,0
C =50 Mmx® | | |
100+ 100+
504 C =30 Mx® 504 | | 3
Py, BT  Pun Br
' } ' — f - — —
0 240 480 720 960 0 240 480 720 960

Puc. 8. 3aBucuMOoCTb HarpsbkeHus reHepatopa  Puc. 9. BHelHue XxapakTepuCcTUKU reHepaTopa
OT MOIIHOCTH HAarpy3Ku MIPU U3MEHSIOIEMCS K03 (DUIIMEHTE MOIITHOCTH
npu eMKocTH Bo30yx aeHus 30 u 50 Mk®D aKTHBHO-UHJYKTUBHOI Harpy3ku

Tax, mpu emxoctn Bo30yxnerust C = 30 Mx® (o = 1,2 1 COOTBETCTBYET JBH-
raTeIbHOMY peXuMy JaHHOH AM) meperpy3odHas CIIOCOOHOCTH TeHepaTropa
coctapisier 0,375, a cornacHo TpeboBanusm [12] npu nomymenun 10 % cauxe-
HUSl HaIlPSDKEHMS. MEperpy304Hasl CIIOCOOHOCTh T'€HEpaTopa COCTABIAET BCETO
0,300 mpu axtuBHOU Harpy3ke (cos¢ = 1,0). Harpy3ounsle criocoOHOCTH TeHe-
paropa yMmeHbIIaroTcs enie Oojiee mpu paboTe Ha MOTpeOHTeNneld ¢ aKTUBHO-
WHIYKTUBHBIM XapaktepoM. Kak cienyer u3 puc. 8, npu emkoctu C = 30 Mx®
Heperpy3o4Hasi CiocOOHOCTh C YYETOM TpeOOBaHMS II0 KAUeCTBY 3JIEKTPOIHEP-
ruu cocrapisiet Bcero 0,15 (cose = 0,9).

VYBenuueHne HadanbHOW eMKOCTH Bo30yxieHus 10 50 Mx®d (o = 2,3) mpu-
BOJMT K MEPEHACHIIIEHNI0 MAarHUTHOM CHCTEMBI T€HepaTopa, HO MU 3TOM Iepe-
rpy3o4dHasi ciocobHocTh yBenmuuBaetcs 1o 0,60 mis aktuBHOW u no 0,37 mis
AKTUBHO-WHAYKTHBHOM Harpy3ok. CremyeT 3aMeTHTh, UTO B 3TOM CIy4ae yBe-
JUYUBAIOTCS TOKH, IpoTekatomue no koutypy AI'-ECB (puc. 5), uto npuBoaut
K [IEperpeBy MAIIMHBI U YBEJIMYEHHIO I10TEPh MOLIHOCTH.

BnusHue u3aMeHeHMsI XapakTepa Harpy3kd Ha BHEIIHHME XapaKTePHUCTHKU
npuBeneHo Ha puc. 9. Kak BHIHO W3 pUCyHKa, YMEHbIIEHHE KO3(h(HUIHMEHTa
MOIIIHOCTH AaKTUBHO-WHAYKTHBHOM HAarpy3ku TMPHBOJUT K 3HAYUTEIHHOMY
YMEHBIIEHHUIO Teperpy304noii cnocodHoctn Al'. Kpome Toro, B 3HaYMTENBHOM
CTEIICHH CHMXXAETCSI M JKECTKOCTh MEXaHMYECKHX XapaKTepucTHK. Tak, s
MPEJCTaBICHHOTO TeHepaTopa yMeHbIIeHHe Kod((HUIMEHTa MOIIHOCTH aKTHB-
HO-MHAYKTHBHOH Harpysku ¢ cos@ = 1,0 no cos¢ = 0,8 naxxe npu npakTH4ECKH
B JIBa pa3a yBEIMYCHHOW HaYaIbHOH eMKocTH Bo30yxaeHus (C = 50 mx®d) npu-
BOJUT K CHIDKEHHIO TIEpErpy304HON CIIOCOOHOCTH 0ojiee YeM B TpU pasa. DTOT
(akT mpaKkTHYECKH HCKI04YaeT npumenenne Al 1i1st anekTpocHaOKeHUs! aKTHB-
HO-MHAYKTUBHBIX TIOTpeOUTENCH 0€3 CHCTeM CTa0MIH3aIliy HalpsOKCHMUS.

Ha puc. 10, 11 npeacraBieHbl XapakTepUCTHKU Huccienyemoro Al mpu
pasnu4HOi 4YacToTe BpamieHus npuBoxHoro asuratens (I1J]). Kak BugHOo u3
puc. 10, 11, ana obecrieueHust TpeOyeMoro 3HaAUCHUS HANIPSDKCHHSI HAa 32)KUMax
HOTpeOUTENs NPU YMEHBIIEHUH YaCTOThl BPALIEHUS ), MapaMeTpbl eMKOCTHOM
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0arapen KOHJICHCATOPOB HEOOXOIUMO 3HAYHMTEIBHO YBEIMYUBATH, UCXOMAS U3
ycnoswmit [13]:

2
(Dp
prI _co ,  TpH  ©®, 2 0]
H
C= 4 (6)
(DP
Chaca K npu - ©, <o,,
H

rae o,, o, — GakTHdeckas 1 HOMUHAJIbHAS YacTOTa BpaleHus poropa Al

} U, B b, vk

260 50
op =120, _
Mol T 40
220 x 0y = 1,204 Oy = 00
®, = 0,90, P T 0, = 0,90,
180 20
C =30 Mx® Poox, KBT Prux, KBT
0,1 0,3 0,5 0,7 0,9 1,17 0,1 0,3 0,5 0,7 0,9 1,1
Puc. 10. Buemnsas xapakrepuctuka Al Puc. 11. 3aBucumocts Py, = (C)
IIpU pa3IuyHOM ckopocTu BpauieHus [1/1 MIpU pa3nuyHoOi ckopocTu BpauieHus [1/]

Hcxons u3 puc. 10, 11, a taxke Ha ocHOBaHWH (6) CIEAYET, 9TO C IEIBIO
MUHUMH3AIMA TEXHUKO-DKOHOMHYECKUX 3aTpaT Ha JOMOJHUTEIHHYI €MKOCT-
HYIO CUCTEMY CTaGI/IHI/I?;aHI/II/I HaIpsKCHUA NPUBOJHBIC ABUTI'aTCJIM B COCTAaBC aB-
TOHOMHOTO HCTOYHHKA 3JICKTPOIHEPTUH JIOJHKHBI 00ECIEeYNBAThL YaCTOTY Bpa-

®
enus poropa Al' He Hike —-<0,9.
®

H
g mpoBepKky aZeKBaTHOCTH TPEAIaraéMoro MeTofa Mo pacyeTy cTaThye-
CKHX XapakTepucTuk cuctemMbl Al —ECB-Harpy3ka ObIIM TIPOBEIEHBI dKCIIEPH-
MEHTAJIbHBIE UCCIEAOBAHUS, PE3YIbTAThl KOTOPHIX MPeACTaBIEHbI Ha puc. 12, 13
(BKCHepI/IMeHTaJIBHI)Ie XapaKTCpUCTUKU TIIOKa3aHbl CIUIOIIHBIMU JIMHUSAMU,
a pacyeTHBIC — TyHKTHUPHBIMU).

U, L, f. s, 0. €. U, L, f., s, 0. €. £

12t = Je 12
L1 1,14
1,0 1,0
0,9 0,9
0,8] 0,8

= C, o.e. Py, 0. €.
0,7 » 0,7 >

09 10 1,1 12 13 14 1,5 02 03 04 0,5 06 07 08

Puc. 12. Xapaxrepuctuku Al" 1py u3MEHEHUH Puc. 13. Xapaxrepuctuku Al oT none3sHoi
emKocTd Bo30yxaeHus (R = 0,8Ry) MOIIHOCTH U eMKoCTH Bo30yxaerus (C = Cy)
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Takum 00pa3om, TPEUIOKEHHBIH aNrOPUTM SBISETCS YPPEKTUBHBIM IIPH
aHAJIN3e CTAaTHYECKHX PEKUMOB paboThl cucTeMbl Al'—Harpyska ¢ y4eToM u3Me-
HEHUS 4YacTOThl nHTaHus. CpaBHHUTENbHAS XapaKTEPUCTHKA TEOPETHYECKUX
U OKCIIEPUMEHTAJBHBIX HCCIEIOBAaHUI MOKa3ala, 4TO PACXOXKICHUE MEKIY
JTaHHBIMU He peBbImaeT 4—6 %.

BbIB O bl

Pa3pabortannbpIii MeTOJ pacueTa CTAaTUYECKHX XapaKTEPUCTUK CHCTEMBI
ATl'-A]l, yYuTHIBarOIIMi W3MEHEHUS] YacTOThl HANpsDKEHHs, OOYCIIOBIICHHOM
Harpy3koi, obecneunBaeT 0ojiee BBHICOKYIO TOYHOCTH PacyeTOB O CPABHEHHIO
C CYIIECTBYIOLIMMH, HEOOXOAUMYIO H JOCTATOYHYIO [UIsl TPOEKTUPOBAHHS aBTO-
HOMHBIX MCTOYHHKOB 3HEPTHH MAJIOM MOIIHOCTH Ha 0a3e aCHHXPOHHOTO TeHe-
paropa.

YBenuueHrne Ha4yaJlbHOM €MKOCTH BO30YXKICHHMS, CIOCOOCTBYIOIIEE O0O0JIb-
[IOMY HACBIIEHUI0 MarHUTHOM cucTeMbl Al', MOBBIIIAET €ro meperpy3oyHylo
CHOCOOHOCTh W YKECTKOCTh BHEUTHHX XapakTepucTHK. OIHAKO cleayeT MMEeTh
B BUJly, YTO C POCTOM HACBILICHUS MAarHUTOIPOBOJA YBEIMYMBAKOTCS TOKHU
cuctemsl AI'-ECB, nipuBosIne K IeperpeBy MalTuHbl U YBEIHYCHUIO ITOTEPh
MoIHocTA. KpoMe Toro, BCIeICTBHE aKTHBHO-MHIYKTHBHOTO XapakTepa 0oib-
IIMHCTBA NOTPeOUTENeH IIEKTPOIHEPTHH UCTIONH30BAHNE UCTOYHUKOB YHEPTHH
Ha 0a3e acCHHXPOHHOTO Te€HepaTopa BO3MOXKHO JIUIIh C MPUMEHEHHEM CHCTEM
cTaOMIM3aIK HATIPSDKEHUSI.
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