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Kpemenuyackuil HayuonanvHuiil ynusepcumem umenu M. Ocmpoepadckozo

CoBpeMeHHOW TEHACHIMEH pa3BUTHA DSHEPTeTHKH SBISETCS CTPEMIICHHE
K cOallaHCMPOBAaHHOCTH SHEPrOpPaiiOHOB, IMOBBIIICHHE HAJEKHOCTH JJIEKTPO-
cHaOxeHust oTpeduTeneil. BaxkHoe MECTO B CTpaTEruu Pa3BUTHUS JICKTPOIHEP-
TeTHKH 3aHMMAIOT aBTOHOMHBIC CUCTEMBI 3eKkTpocHabxeHus (ACD). B mo-
cineqHee Bpemss ACD MONMy4aroT IIMPOKOE PACIHpOCTpaHEHHE B CHUCTEME DIIEK-
TpOoCHAOXKEHHUS HE TONBKO CHENHaJbHOro, HO W oOmiero mpumenenus. ACO
HCITOJIB3YIOTCS TIOYTH BO BCEX 00JACTSIX HAPOTHOTO XO3SUCTBA. VX OCHOBHBIMH
MOTPEOUTENISIMA  SABJISIFOTCS  TOTUTUBHO-DHEPIETUYCCKHUI, arpONPOMBIIIICHHbIH
Y MalIMHOCTPOUTEIBHBIN KOMILIEKCHI.

HeoOxoaumocts B ACD BO3HHKAET TaM, I'lle¢ TEXHHYECKH HEBO3MOXKHO HIIH
SKOHOMHYECKH HEBBITOJHO HCIOJIE30BATh IIEHTPATH30BAHHOE JJIEKTPOCHAOMXKE-
Hue. DTO, B MEPBYIO OYepe/b, TPYAHOMOCTYIHBIC OOBEKTHI, OTJAJICHHBIE OT
OOJBIINX DIICKTPUYECKUX CHUCTEM, KOTOPHIE MMEIOT COOCTBEHHBIC WCTOYHUKH
MIEPBUYHON PHEPTHH, HAIPUMED Ta30Bble U HePTSIHBIE MecTOpoKaeHHs [ 1].

B yKka3aHHBIX MCTOYHHMKAX SJIEKTPOMHMTAHUS MPEHMYIIECTBEHHO TPUMEHS-
10TCsl cMHEXpoHHBIE TeHepaTophl (CI'). OnHako B mMocienHee BpeMs HaMeTHJIach
TEHJICHIIMS MCIOJb30BaHUS B KaueCTBE IpeoOpa3oBaresicii SHEPruu aCHHXPOH-
HbIX TeHepatopoB (Al') wnm acuHXpoHHBIX nBurarenei (AJl), paboraromux
B TEHEPaTOPHOM peXHMe. DTH TeHepaTophl ¢ KOPOTKO3aMKHYTBHIM POTOPOM
B KOHCTPYKTHBHOM OTHOIIEHUH OO0JIee MPOCTHI M HaJeKHbI B cpaBHeHuu ¢ CI.
B nuanazone momrHocTelt 5—100 kBT Macca A" 6e3 ycTpoHCTB BO30OYKICHHS
npubnm3urensHo B 1,3—1,4 pasza mensine, ueM macca CI' Takoil ke MOIIHOCTH.
BeckoHTakTHOE WCHONHEHHE, MPOCTOTA BKIFOUEHHS HA IMapalljielIbHyI0 padoTy,
BBICOKOE Ka4eCTBO AMHAMUYECKHX IMPOIECCOB U OE30MaCHOCTh PEXUMa KOPOT-
KOTO 3aMBIKaHUSI — BCE ITH MPEUMYIIECTBA JIENAIOT MPOOIEMY HCIOIH30BAHUS
Al" B ACD nepcrnekTUBHOM.

o Hacrosimero BpemeHu Al' MPUMEHSITUCH JUTS TIMTaHUSI aKTUBHOM Harpy3-
KH (OCBEIlIeHHE, HarpeBaTelIbHbIC DIIEMEHTHI, allaparhl YJIEKTPOCBAPKH, a TaKKe
BIICKTPOHHEIE TIPUOOPHI). AHanmm3 [2, 3] B 3TOM HaNpaBICHUH TOKA3aJl, YTO JTOC-
TaTOYHO TOAPOOHO PACCMOTPEHO MCIIONb30BAHNE ACHHXPOHHBIX MamuH (AM) B
peKuMe CcaMOBO30OYKIEHUS Ui OOCCIICYCHHS JTUHAMUYECKOTO TOPMOXKEHHUS,
a TaxoKe U MUTaHWUS ITOCTOSHHOW TI0 XapaKTepy aKTUBHOW W aKTUBHO-WHAYK-
TUBHOW Harpy3ok. B To ke Bpems ucronb3oBanuio Al st muTaHUs 3NeKTprde-
CKHX MAIlIiH, KOTOpPBIE XapaKTepPU3YIOTCA HAJMYHNEM ITyCKOBBIX TOKOB W TI€pe-
MEHHBIM KO3((PHUIIMEHTOM MOIIHOCTH, YJCJICHO HEJAOCTATOYHO BHUMAHUSI.

[Toatomy 1eNBIO MICCIIEIOBAHUI aBTOPOB SIBIISIIOTCS pa3paboTKa YTOYHEHHO-
ro MeTofa pacueTa pabounx xapaktepuctuk Al mpu pa®oTe Ha IBHUTATETHHYIO
Harpy3Ky, a TakKe aHaJIN3 BIUSHUS TTapaMeTPOB HATPY3KU M EMKOCTHOM cHCTe-
MbI Bo30yxkaenust (ECB) Ha meperpy3ounyto ciocoonocts Al

57



Paboty Al nmpy N3MEHSIOIUXCS BEJIMYMHAX BBIXOJHOTO HANPSDKEHHS U Yac-
TOTBI, @ TAaKXKe BEJIMYMHE M XapaKTepe Harpy3Kd NPUHATO aHAJIM3UPOBATH Ha
OCHOBaHHUH CTAaTUYECKUX XAPAKTEPUCTHK.

Cy1iecTBYIOT 1Ba Crioco0a OIpeIeNeHNs] CTATUYECKUX XapaKTepucTuk Al':

e IyTEM HOCTPOEHMS NOJHON MaTeMaTHueckoil moaenu Al B Buae cucTeMbl
anreOpanueckux U guddepeHunanbHbpIX YpaBHEHHH W pacdyeTa OTACIBbHBIX TO-
YEeK CTAaTHUECKMX XaPAKTEPUCTHUK HAa OCHOBAHMM pacyeTa yCTaHOBUBLIMXCS H
MEPEXOIHBIX PEKUMOB pabOThl FeHepaTopa I pa3HbIX yCJIOBUIl JeHCTBUS Ha-
Tpy3KH;

e IIyTEM PacyeTOB C HCIOJIb30BaHUEM M3BECTHBIX CXEM 3aMmelleHus AM.

[lepBriii MeTon oOecrieunBaeT Oosiee TOYHBIE pE3yJbTAThl, OJHAKO OH IPO-
MO3IKUN M TpyaoeMkuil. COoCcTaBIATh TaKyl MOJENb JIMIIb AJS ONpeNesIeHHs
CTaTHYECKUX XapPaKTEPUCTHUK HEIleJIecoo0pa3Ho, TaK KaKk aBTOHOMHBIE Al mpak-
THYECKH HE MOTYT padoTarh 0e3 cXeM CTaOMIIM3alluK BBIXOIHOTO HANPSLKEHUS
WM HampsbKeHUsS U 4acToThl. KpoMme Toro, yke B HauanbHOW CTaJUH PAacueTOB
gacTto Tpebyercs mH(popMmanms, Kacaromascs Noadopa OCHOBHBIX 3JIEMEHTOB
(peakTHBHOW MOIIHOCTH M €MKOCTH BO30Y>KIAIOLIMX KOHAEHCATOPOB, KOIHYE-
CTBa KOHAEHCATOPHBIX CTYIEHEH B cXxeMe CTa0MIN3alMK HAIPSKEHUs, EMKOCTH
KOHJIEHCATOPOB OTAENBHBIX CTYIEHEH M T. I.), a TakKe B ClIy4yae MPUMEHEHUS
TUIOBBIX AM — OlleHKa MX NpUroAHocTH. Takyio MH(OpMaIHIo JEerko Hoiy-
YHUTh, UCTIONB3YS BTOPOH CIOCOO OMpeeNeHNs] CTATAYECKHX XapaKTepUCTUK Ha
OCHOBE M3BECTHBIX CXeM 3amereHus AM.

Ha mepBom stame nccinenoBannii AI' Hanbonee pacpocTpaHCHHBIMA METO-
JlaMHU pacueTa CTaTUYECKUX XapaKTEPUCTHK ObUIM Tpaduyeckre MeTobl, OCHO-
BaHHBIE Ha KpyroBoii nuarpamme AM [4, 5]. KpyroBas auarpaMmMa AONOJHSETCS
3apucumoctsamu U, = f(B,) u G, = f(B,, B,), KOTOpble NOIy4alOTCa JNOO

pacueTHBIM IMyTeM, JIM0O U3 OIbITa X0nocToro xona (Gy u By — akTUBHAs U peak-
THBHAS COCTABILIIONTHE TIPOBOAMMOCTH HAMar HUMHBAIOMIero KouTypa daser Al).

K rpaduuecknum MeTomam OTHOCATCS M Ooyee CIOXKHBIE CIOCOOBI pacyera,
OCHOBaHHbIE Ha TpadU4YeCKOM pelICHHH HEIMHEHHBIX ypaBHEHHUH MPOBOAMMO-
ctu I'-00pa3Hoii cxeMbl 3aMelieHus reaepatopa. OHaKo, HECMOTPS Ha IIPOCTO-
Ty W HATJSAHOCTh IpauecKuX METOAO0B, OHH HE 00ECIIEYHBAIOT HEOOXOAUMOM
TOYHOCTH PAacYeTOB U OTVIMYAIOTCS 3HAYUTEIbHON TPYIOEMKOCTBIO.

[To mMepe pa3BUTHS BHIYUCIUTENHFHON TEXHUKU JAHHBIE METOJbl 3aMEHSUIINCH
rpadoaHamTuTHIECKUMU [6, 7]. B 3T0# rpyIimme MOXHO BBIACIHATD JBE TTOATPYIIITHI
METOJI0B, OCHOBaHHBIX Ha OalaHCe aKTHUBHBIX M PEAKTHUBHBIX IPOBOAMMOCTEH
I'- mu6o T-oOpa3Hoii cxembl 3amenienus. s pacyera XapakTEpUCTHK COTIACHO
[-00pa3Hoii cxeme HEOOXOAMMO 3HATh BCE MapaMeTphl reHepaTopa U UMETh 3a-
BrucuMocTh DJIC OT MHAYKTHBHOTO CONPOTHBIIEHHS HAMAarHMYHBAIOIIETO KOH-
typa E, = f(X,,), cHATYIO TIpH cKoNbxeHnu s = 0 1 HOMUHAIBHOU YacTtoTe. Pac-
YeT BeleTcs MO 3aJaHHBIM 3HAYCHUSIM €MKOCTH, CKOPOCTH BpallleHHs pPOTO-
pa M BEIMYMHBI aKTHBHOTO COINPOTHBIECHUs Harpy3ku. [lorpemHocts pacuera
XapaKTePUCTHUK cocTaBisieT okoo 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 aeT BEIMYMHY HAIPSHKEHUST XOJOCTOTO XO0Ja TeHeparo-
pa U,. llorpemnocTs npu pacdete coctaisier 5—10 %. Takoit moaxox k perie-
HUIO 33/1a4M CO3/aeT JIOTIONHUTENbHBIE TPYAHOCTH TPH TOIBITKE aBTOMAaTH3H-
pOBAaTh pacyeT CTATHYECKUX XapaKTepucTHK Ha DBM.
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Eme onHoi rpynmnoil METO0B pacdyera CTaTUYECKUX XapaKTEpUCTHK, MOJTy-
YUBIICH B HACTOsIIEE BpeMs HanOOJIbIIee paclpoCTpaHEeHUE, SIBIISIOTCS aHaIHU-
THYECKHe MeTobI [8, 9]. B manHOM cirydae pacueT CBOAUTCS BCE K TOMY ke Oa-
JIAHCY aKTHBHBIX M PEaKTHBHBIX NpoBoaumMocteil - mmm T-o0pazHoil cxeMbl
3aMEIleHUs, a HeJTUHEIHAS XapaKTepUCTUKA HAMAarHUIMBAHUS MALTUHBI AMIPOK-
CHUMHUPYETCS OZHUM W3 M3BECTHBIX CIIOCOOOB: KYCOYHO-TMHEHHBIMH M CTEIICH-
HbIMH (DYHKITUSMH, TPUTOHOMETPHUYECKAMHU PAaMH, C MCIIOJB30BaHUEM TPAHC-
IIEHICHTHBIX (DYHKIMHA, HA OCHOBE MPe0oOpa30BaHMS THIIEPOOIBI B Ip. ITH Me-
TOJIBI 00ECTIeUNBAIOT 00JIEe BEICOKYIO TOYHOCTh PAcUYeTOB M JAIOT BO3MOKHOCTD
ABTOMATU3UPOBATh BBIYUCIICHUS C TOMOIIBbI0 DBM.

OpHako Bce M3BECTHBIE METOJBI pacueTa CTAaTMUECKUX XapaKTepucTuk Al
C KOHJIEHCATOPHBIM BO30YXKICHWEM HMEIOT J[BA OCHOBHBIX HEIOCTAaTKa, BBITE-
KaOIUX W3 MPUHUMAEMBIX IOMYIICHUH, TTOCIEICTBUS KOTOPBIX HPOSBISIOTCS
B OCHOBHOM IIpH pacyeTe XapaKTepUCTHK TE€HEPaTOpOB MaJlOil MOLIHOCTH.
B OosplIMHCTBE TEPEUUCICHHBIX METOJO0B pacueTa HPUHITO JAONYLICHUE, YTO
CKOPOCTH NMPHBOAA F€HEPAaTOpa MEHSETCS TaK, YTOOBl YacTOTa FTeHEPUPOBAHHOIO
HaNpsOKEHHUST 0CTaBaIach MOCTOSHHON M paBHOW CHHXPOHHOHM YacToTe, He3aBU-
CHMO OT XapakTepa W BEIWYNHBI Harpy3KH. JTO JOMYIIEHHE IPUBOANT K TOMY,
YTO XapaKTEPUCTUKU PACCUUTHIBAIOTCA JAJIS YCIOBHM, OTINYAIOIINXCS OT IEHCT-
BUTENbHBIX. [IpuMeHsieMble TPUBOABI HMEIOT Yallle BCErO CTaOMIU3UPOBAHHYIO
CKOpPOCTb BpallleHHUs. YTPaBJIEHHE 3TONH CKOPOCTHIO B 3aBUCUMOCTH OT BEJIMYH-
HBI U XapakTepa Harpy3Kd JUIs TOCTHKEHHS TOCTOSHHON YaCTOTHI HAPSKEHHS
TPYAOEMKO ¥ HEOKOHOMHUYHO.

B HekoTopbix paboTax, 0OCOOCHHO JUIsi MAIIWH OOJBIION MOIIHOCTH, BIIHS-
HUEM Harpy3KH Ha 4acTOTy T'€HEpUMPOBAHHOIO HANPSHKEHUS MPOCTO MpeHedpe-
raroT, a TaKoe YNpOIIeHHe, coraacHo uccienoBanusMm [10], nonyctumo uid ma-
LIMH C HOMUHAJIBHBIM CKOJbxkeHueM nopsaka 0,03.

B ciiyyae npumMeHeHns B kagecTBe TeHeparopa AM ¢ 9ucioM map MOJIIOCOB
p > 1 1 HOMHUHANBHEIM CKOMbXeHueM s, nopsaaka 0,05-0,06 Heyder BaMAHUA
Harpy3Ky Ha 4acTOTY HAIPSDKEHUS MIPUBOJUT K 3HAYMTEIHHBIM OIIMOKaM B pac-
YyeTe CTAaTUYECKUX XapaKTepUCTUK. DTO WIUTIOCTPUPYET pUc. 1, HA KOTOPOM IO-
Ka3aHO BJIIMSHUE M3MEHCHHS YaCTOTHI Ha TOJIOXeHHe padouell TOUKM Ha Xapak-
TepHuCcTHKe XojocToro xoxa Al', mocTpoeHHOro Ha 6a3e TUMOBOTO AIIEKTPOJIBH-
rareqsi MOIIHOCTBIO P, =1,2 kBT ¢ HOMHMHaJBHBIM CKONbXkeHHEM s, =0,05

(Touka A4 COOTBETCIBYeT CHHXpPOHHOH uactoTe f, =50 I'm, Touka 4, — s

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

U, B
UCBB ! 1‘]
24 i .

" yaly;
T S // >
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Puc. 1. I3menenue noioxxeHus paboueit Toukn AI' ¢ eMKOCTHON cHcTeMON BO30Y K ICHUS
B 3aBUCHMOCTH OT YaCTOTbI F€HEPUPYEMOTr0 HaNPsKEHUS
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Tak kak paccMaTpuBaeMble BOIPOCHI B HACTOSIIEH CTaThe MOCBSIIEHBI
CO3JaHUI0 aBTOHOMHOI'O MCTOYHMKA NUTaHug Ha Oasze AT Maioil MOIHOCTH
(mo 100 kBT), BO3HHKIIA HEOOXOAMMOCTh Pa3pabOTKH yTOYHEHHOTO METO/Ia pac-
YyeTa CTaTHYECKUX XapaKTEepUCTUK cucTeMbl AT'—A]Jl, yuuThiBaromen n3MeHEeHUs
9aCTOTHI, 00YCIIOBJICHHON Harpy3Kou.

Hns pacuera paboumx xapaktepuctuk cucteMbl AI-ECB-A/l Bocmomnb3y-
eMCsl OJTHOW W3 OOIIENMPHUHATHIX CXEM 3aMEIIEHHs] COOTBETCTBYIOIINX DIIEKTPH-
YECKUX MaluH (puc. 2), KOTOpas OMUCHIBACTCS CHCTEMOH YpaBHCHUMN:

(R, + X, ), — X, 1, —ojX I =0;

HH™ UH
Ry, X5, |1 X d i =05
+q] 2H 2H+q] 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, — aKTHBHbBIC CONPOTUBJICHUS CTATOPHOM, POTOPHOM LeTeH U
uenu Hamarnmauanust AJl; X, X, X, — DEaKTHBHBIE CONPOTHBIECHHSA
CTaTOPHOH, POTOPHOM Lienel U nenu HamaranauBanus ALl; 1,,, 1,,, 1 i — TO-

KH CTaTOpHOM, POTOpHOM LENed U KOHTypa HamarHuumBanuwsa AJl; [, — Tok

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

’

TUBJIEHUs CTATOPHON, POTOPHOM Iienel U 1enu HamarauuuBanusa Al X, X,

X, — peaKTUBHBIE COIIPOTUBJIEHUS CTATOPHOM, POTOPHOU LieTled U LEeNH HaMar-

uuuuBauust Al 1, 15, 1 , — TOKHU CTaTOPHOM, POTOPHON LCMEeH U KOHTYpa Ha-

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

4acToTa FeHEPUPOBAHHOI0 HanpsikeHus U .

Jox;, JoXw g R JoXi Jjox}

Puc. 2. Cxema 3amerienus cucremsl AI-ECB-AJ

[Ipu ompeneneHnn xapakTepUCTUK cHUCTeMBI (1) B CTaTHHECKHX peXHMax
pabOThl HEU3BECTHBIMH SBILIIOTCA BCE PEAKTUBHBIC CONPOTHUBIICHUS I'€HEpaTo-
pa u JBUTaTeNs, a TakXKe 4acToTa FeHepupyeMoro HalpsbkeHus B 1enu. Bee oc-
TaJlbHBbIE MApaMeTpbl MPHUHUMAIOTCS TOCTOSHHBIMH, TPH 3TOM CKoNibxeHue Al
IIPEICTABIAETCS 3aBUCUMOCTBIO OT YaCTOTHI
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HOCTaBJ’ICHHyIO 3aga4y MOXHO YCJIOBHO pa36I/ITL Ha TpH dTara. Cuauvana 1o
HU3BCCTHBIM IMACIIOPTHBIM JaHHBIM IMOJKIHOYAacMOI'o0 K 3aKuMaM AT ACUHXPOH-
HOI'0 ABUTATC/II HAXOAHWM HOMMHAJIBHBIC 3HAYCHHA CKOJBXCHUSA Sy H COIpo-

THBJICHWS KOHTYPa HAMarHMYMBaHus X ., KOTOpbIE PACCUMTHIBAKOTCA JUISl CO-
OTBETCTBYIOIIMX 3HAYEHHMH CKOPOCTH BpAICHHsS I€HepaTropa M, H YacTOTHI
£, =50 I'm.

Janee i ompenelieHUs HEJAOCTAIONIMX ITapaMETPOB BOCIOIB3YEMCS H3-
BECTHBIM METOJIOM TIpe/cTaBlieHUs A/ B cCTaTHYECKNX peXUMaxX IKBUBAJICHTHOM
RL-niensio (puc. 3) ¢ mapamerpamu [11]:

X X R, s (X, +X)
RH :RIH + mj 2 /2; XH ZXIH + ”H, 20 _RH ﬂ( H:{ 2H)a (2)
S;[(X},LH+X2H) +R2H 21 21

KOTOPBIC MOTYT OBITh PAaCCUMTAHBI JUIS JIFOOOTO 3HAYCHHS CKOJIBKCHUS JIBHUTA-
TEJNA Sy
Taxum 00pazom, cxeMmy 3aMeIIeHnsT MOYKHO MIPECTaBUTh B BUJE pUC. 4.

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

C yd4eTroM BBINONHEHHBIX MPEOOpa30BaHWii HA OCHOBE BTOPOIO 3aKOHA
Kupxroda moryamnm

1.Z; =E, 3)

rne Zy=72,+7Z,+Z7Z, — TOIHOE CONPOTHUBIICHHE ILEIH, ONpENeIIeTC Kak:
Z, =R + joX, — TIONHOE CONPOTUBIEHUE cTaTopHOH nemn Al'; Z, = R, + joX; +
+ Z3 — joX; = TI0J1HOE CONPOTHBIIEHHE Lieniell Harpy3ku A/l 1 eMKOCTHOTO BO30YX-
—a’ X)X, + 0’ X)X, + joXIR, — ja’XjR + jo’RyX +OR)R,
joX; — jo’ X +aR) + joX, — jo’ X, +R, —aR

JeHust;, 2, =
n

MIOJIHOE COMPOTHUBIICHHE Liened poTropa U HamarHuuuBaHus Al'; E = ooy =
= LHI W0y — OJ1C reneparopa; I, — IpUBEIEHHBIN TOK ILICTIH.

BBunmy toro uro Bxojmsmue B ypaBHeHHE (3) COCTABISIOUINE ITOJHOTO CO-
MPOTHUBJICHUS Zy TETN SBISIOTCS KOMIUIEKCHBIMH BEITMYUHAMHU, TPEACTABUM ITH
BBIpaXXCHHS B yJIOOHOM JIJIs TOCJENYIOIMUX IpeoOpa3oBanwmii Bune. Torma, uc-
TIOJTB3YSI CBOMCTBA KOMIUIEKCHBIX UHCEJI, HA OCHOBE psla MaTeMaTHIECKUX TIpe-
00pa30BaHUH TOTYUYHNM:
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e [IOJIHOE COMPOTHUBIICHUE cTaTOpHOU e Al
Z, =4+ jB,,

rne A =R, — nelcTBUTENbHAs 4acTb CONPOTHUBIEHUS; B, =oX, — MHuMasd

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

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

® [I0JIHOC COIIPOTUBJICHUC hnernei pOoTOpa U HAMarHM4nuBaHUA AT

— HeﬁCTBHTeHLHaH YaCTb COIIPOTHB-

rae AOZR

JICHHA, BO = — MHHUMas 4aCTb COIIPOTHUBIICHUS

Zy =4, + jB,,
riue
~ o’ XPR X; —20°XPR X} + o' XR X} +a'R’R X
- oW XIX? 200 XX+t XX + ot XPR, =207 XPRY + o’ RIX

A2
HeﬁCTBHTCHLHaﬂ YacCTb COIIPOTUBJICHUSA
Syvr2p2 4 y12 3yr2p2 3pr2p2
_ W’ XPR2X, - 20 XR X, + P’ XPR2X, + &’ RPR2X,, )
6 v2yr2 Sv2yr2 4 v2 12 4 v,12 p2 3vr2p2 2p2yr2
o' X X)" =200 X X, 4o X Xy + o X R, — 200 X, R, + R X,

B,

MHUMasl 4aCTh COIPOTHUBIICHHUS.
B Harpy304HBIX pexuMax TOK CTATOPHOM IENU HE MOXET ObIThb PaBHBIM
nHymo ({; #0), Toraa Ams BBIIOJIHEHUS PaBeHCTBA (3) HOIyduM:

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

B pesynbTare HEeCIO0KHBIX MaTEeMaTHYECKUX MPeoOpa3oBaHMM MOTy4YaeM CH-
CTEMY YpaBHEHUM:

(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, S3KBUBAJICHTHBIX COMPOTUBIICHHIA JABUTATEINsl, EMKOCTHOTO BO30YKICHHS
Y CKOPOCTHU BpaIlCHHUSI.

ITyTeM COBMECTHOTO pEIICHMsI YPaBHEHHA CHUCTEMBI (5) MOTYT OBITH TOJY-
YCHBl 3HAYCHUS PEAKTUBHOTO COMPOTUBICHHS KOHTypa HamarHuuuBanus Al
U OTHOCHUTCJIbHAA 4aCTOTa T'CHCPHUPYEMOI'0 HAIIPSAKCHUA. Ilocne »Toro Harps-
JKCHUE TeHepaTopa MOXKET ObITh BBIUMCICHO COTJIACHO XapaKTePUCTHKE Hamar-
HuuuBanuad U = f{I,), a peiicTByrollee HampsykeHHE B IENH ONpejelsercs
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aHAJMTUYECKHU JHOO0 rpadMuecKy Ha OCHOBE XapaKTEPUCTHKH 3apsAaa KOHAEHCa-
TopHO# Oatapeu U = f(I.). [lanee anroput™ pacuera MoBTOPSETCS COTTACHO MO-
JYYCHHBIM 3HAYCHUSM HanpspkeHHst U, 49acTOTHI f, pEaKTUBHOTO CONPOTHBIIE-
HUA X,y U cKonbxxeHus AJl s, 10 TOCTHXKEHHs JOIMYCTUMOH OIIMOKU MOCIETHUX
JBYX UTEpaLyi.

Ha ocHoBe pa3zpaborannoro metrona ansi A/l ¢ KOPOTKO3aMKHYTHIM pOTO-
pom obmenpomslinieHHoro ucnoiaaenus tuna AUP80A4CY2 (P, = 1,2 xBr;
ny = 2740 oo/mun; I, = 2,93 A; Ry = 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 paccYUTaHBl XapAKTEPUCTHKH TP pabOTEe HAa aKTUB-
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
10T 0.5
Puun, BT Py, Bt
0 200 400 600 800 1000 0 200 400 600 800 1000
Puc. 5. 3aBHcHMOCTb TOKa TeHepaTopa Puc. 6. 3aBUCHMOCTb TOKA Harpy3KH
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 — BHemHsisi XxapakTtepucthka Al, paccuntaHHas IO
IpeasaraéMoMy METOJy, KpHuBasi 2 — XapaKIepHCTHKa IreHepaTopa 0e3 yuera
W3MEHEHUS YaCTOThI TUTAIOUICTO HAMPSDKEHHS.

U3 npuBeneHHBIX Ha PHUC. 7 XapaKTEPUCTHK cIedyeT, 4To B ciaydae Al ma-
JIOW MOIIHOCTH HEY4eT BBI3BAHHOIO HArpy3KOi M3MEHEHUS YacTOThI IPUBOAUT K
3HAUYUTEJIbHBIM IIOTPEIIHOCTSIM IIPU aHAJIN3€ €r0 Harpy30YHBIX BO3MOXKHOCTEH
U B pe3yJibTaTe — K HETOYHOM MH(OpPMALUU OTHOCUTENBHO XapakTepucTuk ECB,
a IMEHHO: €MKOCTHU 1 KOJINYECTBA CTYNEHEH PeryJIMpOBOYHBIX KOHICHCATOPOB.

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

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

[IpuBeneHHBIH METOJI pacyeTa CTaTHYECKUX XapaKTepUCTHK cUCTeMbl Al —
Harpys3ka MCIIOJIB30BaiCs A OLEeHKH cBoiictB Al', mocTpoeHHoro Ha 0ase
TUIIOBOTO JBUTATENS C KOPOTKO3aMKHYThIM poTopoM Tuna AUPS80A4CY2 ¢ Ho-
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MHHaJbHOU MomHOCThIO 1,2 kBT, 1 ananu3a BausiHus napamerpoB ECB Ha st
XapakTepUCTUKH. Pe3ynpTaThl pacueToB NpUBEAEHBI Ha pUC. §, 9.

Kak cnenyer n3 xapakTepuCTHK pHC. 8, IpU YBEJIMYEHUH PacyeTHOro 3Have-
HHs Ha4yalbHOM eMKOCTH BO30YXKIECHUS (Cpaey = 27 MK®P) Bo3pacTaer meperpy-

304HAas CIIOCOOHOCTh M YBEIIMYMBACTCS KECTKOCTh MEXAHHUECKUX 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 | | ;
Py, Br  Pu Br
t t t +—m T E i B
0 240 480 720 960 0 240 480 720 960

Puc. 8. 3aBucuMOoCTb HarpsbkeHus reHepatopa  Puc. 9. BHelHue xapakTepuCTUKU F'eHepaTopa
OT MOIIHOCTH HArpy3Ku MIPU U3MEHSIOIIEMCS K03()(DUIIMEHTE MOIITHOCTH
npu eMKoCcTH Bo30yx aeHus 30 u 50 Mk®D aKTHBHO-MH/YKTUBHOI Harpy3Kku

Tak, npu emxoctu Bo30yxaenust C =30 Mk® (o = 1,2 1 COOTBETCTBYET ABU-
raTeIbHOMY peXuMy JaHHOH AM) meperpy3odHas CIOCOOHOCTH TeHepaTropa
coctapmser 0,375, a cornacHo TpeboBanusm [12] mpu pomymenun 10 % cHuxe-
HUSl HallPSDKEHUS MEperpy30dHasl CIIOCOOHOCTH FEHEpaTopa COCTABIAET BCETO
0,300 mpu axTHBHOHN Harpyske (cos¢ = 1,0). Harpy3ounsie cnocobHOCTH TeHe-
paropa yMeHbIIaroTcs enie Ooiiee mMpu paboTe Ha MOTpeOHuTeNneld ¢ aKTUBHO-
MHAYKTUBHBIM XapaktepoM. Kak cmenyet u3 puc. 8, npu emkoctu C = 30 Mxd
Heperpy304Hasi CiocOOHOCTh € Y4ETOM TpeOOBaHUS II0 KAaUeCTBY 3JIEKTPOIHEP-
ruu cocrapisier Bcero 0,15 (cose = 0,9).

VYBenuueHne HadanbHOW eMKOCTH Bo30yxieHus 10 50 Mk®d (o = 2,3) mpu-
BOJIMT K MEPEHACHIIICHUI0 MAaTHUTHOM CHCTEMBI TeHepaTopa, HO MPU 3TOM Iepe-
rpy3o4dHasi ciocoObHOCTh yBenmauBaetcs 10 0,60 mis aktuBHOW u mo 0,37 mis
AKTUBHO-WHAYKTUBHOM Harpy3ok. CremyeT 3aMeTHTh, YTO B 3TOM CIy4ae yBe-
JUYUBAIOTCS TOKM, IpoTekatoye no koutypy AI'-ECB (puc. 5), uto npuBoaut
K [IeperpeBy MAaLIMHBI U YBEJIMYEHHIO IT0TEPh MOLIHOCTH.

BnusHue w3MeHeHMsI XapakTepa Harpy3kd Ha BHEIIHHME XapaKTePHUCTHKH
npuBefeHo Ha puc. 9. Kak BHIHO W3 pUCYyHKa, YMEHbIIeHHE KO3(Q(HUIMEHTa
MOIIHOCTH AKTUBHO-WHAYKTHBHON HAarpy3ku TIPHBOJUT K 3HAYUTEIHHOMY
YMEHBIICHHIO Teperpy304noit cnocodHoctn Al'. Kpome Toro, B 3HaUYMTENBHOM
CTEIICHU CHUXXAETCS M JKECTKOCTh MEXaHWYECKHX XapaKTepucTHK. Tak, s
MPEICTABICHHOTO TeHepaTopa yMeHbIIeHHe Kod((UIIMEHTa MOIIHOCTH aKTHB-
HO-WHAYKTHBHOH Harpysku ¢ cos@ = 1,0 no cos¢ = 0,8 maxxe npu npakTH4YECKH
B JIBa pa3a yBEIMYCHHOW HaYaIbHOH eMKocTH Bo30yxaeHus (C = 50 mx®d) npu-
BOJUT K CHIDKEHHIO TIEPErpy304HON CIIOCOOHOCTH 0ojiee YeM B TpU paza. DTOT
(aKT mpaKkTHYECKH HCKI04YaeT npumMenenne Al 1i1st aneKTpocHa0KeHUs! aKTHB-
HO-MHAYKTUBHBIX TIOTpeOUTENEH 06€3 CHCTeM CTa0MIM3aIliy HalpsOKCHHUS.

Ha puc. 10, 11 npeacraBieHbl XapakTepUCTHKU uccienyemoro Al mpu
pasnu4HOi 4YacToTe BpamieHus npuBoxHoro asuratens (I1J]). Kak BugHO u3
puc. 10, 11, ana obecrieueHust TpeOyeMoro 3HaAUCHUS HANIPSDKCHHSI HAa 3a)KUMax
HOTpeOUTENs NPU YMEHBIIEHUH YaCTOThl BPALIEHUS ), MapaMeTpbl eMKOCTHOM
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Oaraper KOHJICHCATOPOB HEOOXOIUMO 3HAYHMTEIBHO YBEIMYUBAThH, UCXOMS U3
ycnoswmit [13]:

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

rae m,, o, — GakTHyeckas 1 HOMMHAJIbHAS YacTOTa BpaleHus poropa Al

} U, B b,k

260 50
wp=12m, _
Mol T 40
220 x o = 120, Oy = 0y
®, = 0,90, P T ®p = 0,90,
180 20
C =30 Mmx® 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. 3aBucumoctsb Py, = A(C)
IIpU pa3IuyHOM ckopocTu BpauieHus I1/1 MIpU pa3nuyHoOi ckopocTu BpauieHus [1/1

Hcxons u3 puc. 10, 11, a taxke Ha ocHOBaHHWH (6) CIeAyeT, 9TO C IEIBIO
MUHUMH3AIMA TEXHUKO-DKOHOMHYECKUX 3aTpaT Ha JOMOJHUTEIHHYI) €MKOCT-
HYIO CUCTEMY CTaGI/IHI/I?;aHI/II/I HaIpsKEHUA NPUBOJHBIC ABUI'aTCJIM B COCTAaBC aB-
TOHOMHOTO HMCTOYHHMKA JJIEKTPOIHEPIHH [OJDKHBI 00EeCIieuynBaTh YacTOTy Bpa-

®
menus poropa Al' He HiKe —-<0,9.
®

H
g mpoBepKky aZeKBaTHOCTH MPEAIaraéMoro MeTofa 1Mo pacyeTy cTaThye-
CKHX XapakTepucTuk cuctemsl Al —ECB-Harpyska ObIIM TIPOBEIEHBI dKCIIEPH-
MEHTAJIbHBIE UCCIACAOBAHMUSI, PE3YIbTaThl KOTOPBIX MPeACTaBIeHbI Ha puc. 12, 13
(BKCHepI/IMeHTaJII)HI)Ie XapaKTCPpUCTUKU TIIOKa3aHbl CIUIOIIHBIMU JIMHUSAMU,
a pacyeTHBIC — IyHKTHPHBIMU).

U, 1, f., i, 0. €. U, L, f., s, 0. €. £

1,2
1,1
1,0
0,9
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. Xapaxrepuctuxku Al" 1py u3MEHEHUH Puc. 13. Xapaxrepuctuku Al oT none3sHoi
emKocTd Bo30yxaeHus (R = 0,8Ry) MOIIHOCTH U eMKoCcTH Bo3Oysxaenus (C = Cy)
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Takum 00pa3om, TMPEUIOKESHHBIH aNrOPUTM SBISETCS YPPEKTUBHBIM IIPH
aHAJIN3e CTAaTUYECKHX PEKUMOB paboThl cucTeMbl Al'—Harpyska ¢ y4eToM u3Me-
HEHUS 4YacTOThl nHTaHus. CpaBHHUTENbHAS XapaKTEPHCTHKA TEOPETHYECKHX
U OKCIIEPUMEHTAJBbHBIX HCCIEIOBAaHUI MOKa3aua, 4TO PACXOXKICHUE MEKIY
JTaHHBIMU He peBbImaeT 4—6 %.

BBIB O Bl

Pa3paborannpIii MeTOJ pacueTa CTAaTUYECKHX XapaKTEPUCTUK CHCTEMBI
AT'-A]l, yYuTHIBarOIIMi W3MEHEHUS] YacTOThl HANpsDKEHHs, OOYCIIOBIICHHOM
Harpy3koi, obecneunBaeT 0ojee BBHICOKYIO TOYHOCTH PacyeTOB MO CPABHEHHIO
C CYIIECTBYIOLIMMH, HEOOXOAUMYIO H JOCTATOUHYIO [UIsl TPOEKTUPOBAHHS aBTO-
HOMHBIX MCTOYHHKOB 3HEPTHH MAJIOH MOIIHOCTH Ha 0a3e aCHHXPOHHOIO TeHe-
paropa.

VYBenuueHne Ha4yaJlbHOM €MKOCTH BO30YXKICHHMsI, CIIOCOOCTBYIOIIECE OOJb-
[IOMY HACBIIEHUI0 MarHUTHOM cucTeMbl Al', MOBBIIIAET €ro Ieperpy3oyuHyro
CHOCOOHOCTh W YKECTKOCTh BHEUTHHX XapakTepucTHK. OmHAKO cleayeT HMEeTh
B BUJly, YTO C POCTOM HACBILICHUS MAarHUTONPOBOJA YBEIMYMBAKOTCS TOKHU
cuctemsl AI'-ECB, nipuBosIINe K IeperpeBy MalTuHBl U YBEIHICHUIO MOTEPh
MoIHocTH. KpoMe Toro, BCIIeICTBHE aKTHBHO-MHIYKTHBHOTO XapakTepa 0oib-
IIMHCTBA NOTPeOUTENeH 2IIEKTPOIHEPTHH UCTIONH30BAHNE UCTOYHUKOB YHEPTHH
Ha 0a3e acCHHXPOHHOTO TeHepaTopa BO3MOXKHO IJIUIIh C MPUMEHEHHEM CHCTEM
cTaOnIM3aIy HATIPSDKEHUS.
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