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BJIHAHHE OBOBIMEHHBIX CTATHYECKHX XAPAKTEPUCTHK
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(UACTD 1)

P. Y. BOPHCOB

(IIpepcTarneHa KadeApol 2JEKTPHYECKHUX CHCTEM MU ceTelf)

Beegenue

[Ipobaeva yBenuueHHs JANbHOCTH TNEPeladd 3JIEKTPHYECKOH SHEPTHE
TpeX($hasHbIM IepeMeHHBIM TOKOM IPOJOJKAET OCTaBATHCH AKTYaAbHOH U
CROKHBIIMXCA YCIOBUSIX AJMCKTpHbuKanuuu cTpansl. HaxonmenHol# omeIT mo
IKOMIYATAUHH M B IIPOCKTHPOBAHHN YCTAHOBOK TPeX(ha3HOI'O TOKA BHICOKO-
rc HAHPSXKEHHA COXPaHAET 34 HUMH ONDPOACJCHHblE OPEHUMYLIECTBA 5
WX npuMmenenHda ¢ 3TOH uesabo. lanpHue JIDII nmepecranu paccMaTpuBaTh-
CAl H MCIOJNIB30BATHCA TOJBKO Kak MarucTpaJbHble, NPH3BAHHbIE (PeHIaTh
32/1a4y TPAH3MTHOH Mepegaud MOUIHOCTH; OHH MOJIyYarT (QYHKIHH JHHHN
CBSI3H Mewily COCeNHHMH SJeKTPHUECKHMH CHCTEMAaMH ¥ ONOPHOLO HCTOY-
HHKA, pAcnpele]eHHoro B MPOCTPAHCTBe, NS CIVIOUTHON 3JeKTPHQHKAIHN
paionos, To KOTOPHIM OHM MNpPOXx0AsT. BMecTe © 3Tum mpouecc oObeauHe-
HHA 9HEPrOCHCTEM, POCTAa MX MOUIHOCTH, YMC/Aa IAEKTPOCTAHIEMH M Y3J0B
Harpysox, LDOTSKEHHOCTH 3JeKTPHUYCGCKUX CeTell SABJASeTCH He TOJbKO KO-
JHUCCTBEHHBIM II0 CBOEMY XapakTepy. JTOMY HpPOUECCY COMyTCTBYIOT Ta-
Kde npeBpalieHyst, KOrda BO3HUKAIOT KayeCTBCHHO HOBbLIe SIBJEHHUS, HeCBOH-
CTBeHHble €My Ha OoJsiee PaHHHX CTAJUAX pa3BuTHsa. TaKUMU SIBJAECHHAM:
ObiM nepenanpszKeHus Pa3HbBIX BHAOB, 11POOJeMbl VCTOAYHMBOCTH H MHOTHE
apyrue. HecoMHeHnno, 4To Ha CyIH@CTBYIOIUMX H MOCJASLYIOLIHX 3Talax pas-
BUTHST 3JEKTHOIHEPTeTHUSCKHX CHCTEM 3TOT 3aKOH COXPaHUT iy, MoxKHO
OKHAATh TOCAEICTBHH €ro JeHCTBUS B BO3HUKHOBEHWH HOBBIX SIBJIEHUH,
KOTOPble OYAYT CYLIECTBEHHO BJHATH HA H2IEXKHOCTb M KaUeCTBEHHbIE MO-
Kazartesi 3jMeKrpocHabxenus. Ilc3nanue OOBCKTHBHBIX 3aKOHOMEPHOCTER
pasBUTHA 3JTEKTPHUECKHX CHCTEM HMeeT BaKHOe NPaKTHUeCKOe 3HAUeHHe,
TAK Kak 103BOJMHT OOecneydBaThb 3TO Pa3BUTHe Mo TpeGyeMbIM IIOKa3aTe-
JSAM 3JEeKTPOCHab KeHus.

B cuay 3TOro pexkHMHBIE BONPOCHI COBMECTHOH pabOThl AajibHHX JIH-
HUE 3JeKTponepeay H TPOMeKYTOUHBEIX 3jekTpuueckux cucrem ([19C')
NPOAOJKAIOT COXpPAaHATh Ba)KHOe 3HavyeHue. B nepsyio ouepean Bompocol
BoiOOpa cxembl nogkmouesus [19C k pansuum JISII, onpenenenue wpure-
pueB UesreCO00PA3HOCTH TAKHX NPHMBIKAHUH, YCJIOBHHA M NapaMeTpoOB pery-
JUPOBAHUSA B MPOMEXKYTOYHBIX M KOHUEBBIX CHCTeMAax, YCJIOBHH pesepBHpO-
BAaHHS, COBMECTHMOCTH pexuMoB pabotol  daabnux JIDIT u [I3C u ap.
HYJKA2I0TCA B OOOCHOBAHHEIX peLICHHSX.
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ocTtancexka 3anaun

B 3Toi#i cTathe H3MararTCA MaTepHaJ/bi UCCIeLOBAHUH O BO3AeACTBH-
ax [19C Ha npelenbHyl0 NO CTATHYETKOH YCTOHYHBOCTH BEJIHYHHY Tepe-
1aBaeMoit MOLHOCTH. [l 3TOH I1eMd HCNoAb3ytoTcs 0000lUeHHble CTaTu-
yeckie xapakTepucTHku IT2C mo HanpsxKeHHIO.

Hanpsaxenue B y3nax noakaouedus [[DC OyaerT H3MEHATLCA IPU HU3-
MEeHeHHH MOILHOCTH, NepeiaBaeMOH IO JHHHH, YTO MOXKET BHI3BIBATb W3-
MEHEGHHS MOLIHOCTENl Y HAarpy3oK H I'eHepaTOpOB B INPOMEXYTOYHOH CHCTe-
ve. Ecau momHocts [19C mocratoyna, 01aronpHsTibl CTATHYECKHE Xapak-
TePHCTHKH y CeHepaTopOB W HATPY30K HJIM COOTBETCTBYIOIHM oOpasoM
BHIGPAHBl ‘PeryJUPYIOlLHe MapameTpbl M OCYLUECTBJEHA HX HACTPOHKa, To
HanpsixkeHue B ysae mnoakmaiouenus [19C OyieT cTabUAM3UPOBATLCA caMoill
CHCTEMOH, YTo AOJIKHO OKa3blBaTh BJHAHHE Ha INpeLeq nepejaBaeMoll
MOLHOCTH HOPMaJbHOTO M INOcCAeaBapuiiHoro pesxkumos. Boibop mnapamert-
POB DPery/HpPOBAHHSA M MX HaCTPOHKA 10JAHE ObITb NPOHU3BEAEHB TaKHUM
o6pasom, uroOnl obeclieydBaanch TpeGoBaHHA COBMeCTHOH paboThl AaJb-
rei JISTT u IpoMeXyTOUHOH CHCTeMBbI.

Jlast cxeMbl Ha PHC. 1| H3MeHeHHe HanpsKeHHd B y3Je 4 NPUBEAET X
COOTBETCTBYIOIAM M3MEHEHHAM HANPSKSHUS d MolUHocTH yana 6. J[laa
poJiee KOHTPACTHOTO BHIABJeHUsT BJAHSHHA XapakTepucTuk [I2C mpumem,
yto eBsizb JIDII ¢ IT2C ocyilectsiasercsa yepes asToTpaHcopmaTopel 6e3
PTIH. T4 M3VeHeHHss aKTHBHBIX H PCAKTWBHDLIX COCTABJSAIOUIMX MOIIHOCTEH
IIPOUCXOIAT B COOTBETCTBRH C WX CTATHUCCKUMH  XapaKTeDHCTHKAMH U
MPUPALIECHHST MOLIHOCTEH B IE/IOM MO CHCTeMe MOJYydYaloTCsl HEOJAHHAKOBbIE.
Mouwnocrs #HeBananca OyAeT yMeHblaThb OTKJOHEHHE Yrjia MexXjay 3. 1. C
nepeiaoUiell U MPHEMHOM CHCTEM NPH H3MeHeHHM DPeXKHMa MAarucTpafbHOH
JIDIT 1 cHuKenun Hanpsi:keHus. Cel0BaTeJbHO, MOXKHO cHOPMYIHPOBATH
3a7auy OThiCKaHHs HYXKHBIX [apaMeTpoB, MO KOTOPBIM CJAEIYET IPOU3BO-
AMTh pervaudposanue, s obecrederuss HauOoJblllero 3HAUSHHA mepeaa-
BaeMoOi MolIHOCTH. Pacuer nmnepegaBaeMol MOUIHOCTH IO CTaTHUYECKOH
vetounsoctu ¢ yuerom I19C uepes obolllenHple CTaTHYECKHE XapakKTepu-
CTHKH SIBAAETCS INPEANOYTHTENbHBIM, TaK KakK T03BOJAEeT OTBETHTh Ha f10-
CTaBJGHHVIO 3ajauy B SIBHOM M TIPOCTOM BH/IE.

MeToIKHKa HCCAeI0BAHHSA

Mownocetd renepatopos [I9C (pue. 1) sBJASIOTCH QYHKUHAMH Tpex
nepeMeHHblX — 3. JI..C., HampsKeHus Ha BmBoxax (U) u yria Mexay Hid-
MH, a MOLIHOCTH HATPY3KH 3aBUCAT TOJAbKO OT HANDSKEHH:

pI“:"PI‘ (Ey Ur 6)’

Qr=Qr (E, U, 9),
Pg=Pxu (U),
Qu=Qxmu (U).

TlpupaiieHns MOLIHOCTEH CBA3aHBI C NPHPALUEHHSIMH MEPEMEHHBIX H3-
BECTHBIMH COOTHOIIEHHSIMH:

AP, = ddPEr AE + - 0
AQr = ‘Z% AE + == aQr AU + ad% A3,
AQ, = ‘;8 AU,

AP, = S AU.
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Puc. 1. Cxema 1pucoe-
JTHHEHHA NPOMEKY-
TOYHOH  CHCTEMBL.

M3meHeHHst MOILIHOCTeH y IeHepaTOPOB H HArPY3KH OKA3bIBAKOTCHA PasHbl-
MU, J{ns 6JaronpHaTHOTC BO3JAEHCTBHS HA CTATHYECKYIO YCTOHYHUBOCTH C.ie-
ayer BblOOp mapaMeTpoB PErYJHPOBAaHHS H HMX HACTPOMKY OCYLIECTBJAThL
Tax, 4TOObl [IPH HNOHHIKEHHUAX HANPSAKEHHS CHUKEHHS COCTABJSAIOIIHX MOIL-
HOCTeH reHepaTopoB OblJIH MeHblle, ueM Yy Harpy3kd. Toraa BO3HH-
KaeT HYXHbIH HebanaHc H36bITKa. OH 6yxerT eulle Goablie, €CIH TIPH MOHH-
AKeHHH HaMpsiKeHHsl COCTaBJsIOIIHe MOILHOCTH TeHepaTopoB [I3C 6yayr
BO3DacTaTk.
AP, = T AP, + APy,

AQC = + AQI‘ +- AQH‘

ilo npupauleHnsiM MOUIHOCTEHi M HANPSIKOHHA MOTYT ObiTh HaliIeHbl
TpeOyemble H3MEHeHHs 3.,1.C, H yIJa,

oP, op, Py .. . OPaii.
oQr 0Qr 9Qr s 94 _
EE—AE+BUAU+ % A0+d—[~J AU = AQ,,
0P, OPr .
EE' AE ‘+“ W w0 = F],
oQr oQr o -
d—E—— AE + —d'é— Ab = Fg,
rjie
0 0
FIZAPC_%AU—%AU’
d
F, — AQ — TQUFAU —%%“ AU,
Toraa
AE = % H AS= %i,
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PesynpTaTh no onpeieneHnio NPUPALLEHUll MapaMeTPOB PEXHMa IPO-
MEXKYTOYHOH CHCTEMbl NPH PasHbIX YCJIOBUSIX PeryJHPOBAHHA IpeACTaBJe-
Hel B Tabu. 1.

Ilpupaitenns mapamerpos pexama I13C, HaliaenHsle U3 ycaoBHi pa-
6oTpl MarucTpaabnof JIDI, He 10AXKHBI TPOTHBOPEUUTh TPEGOBAHUSM IOA-
AepKAHUST HANPSKEOHHSA Y NOTpeOKTeNeH, SKOHOMHUYHOCTH H JAPYTHM TeXHH-
yeckum ycaosusim sBHyTpu TIDC, T. e. BO3MOXKHOCTH peayH3alHH HYKHBIX
VC/I0BHH PeryJupoBatus MoJKHpl ObITh coBMecTHME! ¢ paboroii moTpeGure-
Jeir u redepatopos [19C.

Manee sasucumoctu AP¢ (AUs) 1 AQc (AUs) TomkHb 6bITHL mepecuH-
TaHpl HEMOCPELCTBEHHO K Y31y noakawdenus [19C ¢ yueTom mpononsHol #
HONePeysol COCTAB/AIOHIEH NOTepb HANPSXKEHHS.

Beuin mpoussenensl pacueTnl A yeaoBuit 1, 2 u 7 mno onpeseseHuo
Ipenena nepefaBaeMoOd MOLIHOCTH JiMHWM Oe3 moTtepb HJuHOH 1000 kM,
Uxz=>500 x8, c NpOMeKYTOUHBIM NPHCOGIHHEHHEM B UeHTpe, paboTalollieit
6e3 mepenaia Hanpsikenuit (puc. 2).

Ha nepsom stame pacyetos II9C npexmosaranach cOasiatcHpOBai-
HOH, OlIpelensscs HAeaJbHBIH NpeleJ MOLIHOCTH, IOTOX YpaBHHTEJbHOM
MOLHOCTH M HampsXKeHHe B cepequHe JUHMH. Ha BTopom 3Tame no coot-
BETCTBYIOUICH CTAaTHUYECKON XapaKTepPHCTHKEe HAXOJIUJIHCh MOIIHOCTH Heba-
JaHCa H HapaMeTpbl HPOMEXYTOYHOIO MPHCOEAUHEHHs, COOCTBEHHbIE H
B3dHMHBIE CONPOTHBJIEHHS CXeMbl, MOUIHOCTH KOHIA H HaTIpSXKEHHE B y3Je
nogkaodenuss [IC. Jlanee pacyeThl NOBTOPSJIHCh 10 CXOXKIEHHA DPE3yJb-
TAaTOB MO HANPSXKeHHI0O B y3Je noakiwuenns [19C.

HTOrH H BHIBOALI

PesyabraTel pacyeTcB IO NMEPBOMY CNOCOOY DPETYJIHDOBAHHS IPeAcTas-
JeHpl Ha puc. 3 (Ne 1), mowHOCTb 1,15 Pyar fiBSAETCA MpenesoM A5 JHHHH
Ges yuera II3C. PacueTel NMPOBOAHJAHCE /i MOILHOCTH IPOMENKYTOUHOI!
cucTeMbl, pasho# 0,2; .0,4; 0,6 oT HaTypaJbHOH MOILIHOCTH JHHHH. Moul-
HOCTb @BTOTpaHchoOpMaTopa CBS3H NPHHHMaJach PasHOH Tpebyemoit pe-
sepsHolt MouHoctH [19C (0,1 S I13C).

[lo BTOpoMy cmoco6y peryaupoBaHHs Pe3yJabTaThl MpefcTaB/aAeHbl Ha
puc. 3 (Ne 2). CoBmectHo ¢ 3 (Ne 1) OHH TIOSBBOSAIOT CYIHTb O TOM, UTO
BIHAHHe Ha Npeles NepeJaBaeMoOH MO JHHHH €CTECTBEHHBIX CTaTHUECKHX
xapakTepucTHK Harpysok I[12C oxasbiBaeTcsi He3HaUHTENBHBIM. Biausuue
nosyyaercs Gosee 3ameTHeIM 1pu Gosibluein MowHocTH I13C u cooTset-
CTBYIOLIEM BO3JEHCTBHHM Ha TeHEPATOPHl d CHHXPOHHBIE KOMIIEHCATOPDI
[M9C u koMneHcanuu peaKTHBHOCTH aBTOTpaHcdopmMaTopa CBS3H,

Tak, peryanpoBadue mo cnocofy Ne 7 Ttaba. 1 pmaer:

7a ITpu AU=-0,1 APr=0,1 1 AQ;=0,1

Smac=0,6 Smec=0,6 Sueec=0,6
Sr=0,06 St =0,18 Xrp=0
Pupen=1,22  Pupeg=11,25 Prpex=1,27.
76 IIpy AU=—-0,1 AP=02 u AQ=0,2
Snac=0,4; xr=0; 'pnpe;[= 1,415.
Ypesauuelive mpejena IepelaBaeMON MOILHOCTH s YcaoBHi 76 co-
crarasier 23 mpoi.

105



O +OVAV -y, \J | na . _ - o<V T
0 0 — | — "oV "dv NW_WMM“WM' 9
"DV IdV+idY 0 :qﬁw% + - : 0 Ve ;wwﬂouun_w ¢
DV Fdy 0 v - - v 2= - 0 :%wwuuuum y
nv zwm ___nz + %fi?%f%%g mqv 0 0 :ﬂ?mtzlmlmlv w_”_muu M _m@ g
OV+IOV| NV 12 nvesy 4 — 0 :qm 45002 — - 0 b — 1
nv o ‘ Y iy, nveus —- | nv(eoong—a)-L _ 0 0 ton — m ﬁ
Oy 4 >4y » oV | av 1V 34V A :
ewrx9d godioweden sumamednd]] BHEOUOA 5

] enurge]J



u,

£:30° A= 30

o U

aPlalu)
aQal)

Puc. 2. Ycaorus npamepa.

pnpea.
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Puc. 3. PeayabTaTbl pacueToB N0 NEpPBOMY, RTO-
DOMY H CeAbMOMY CHocofaM peryJupoBaHUA.



