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PACHPEJIEJIUTEJIBHBIX SJIEKTPHUECKHUX CETEM 6-10 kB
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Lenopyccxuii nayuonansholii mexuuieckuii yHugepcumem

B nocacaace BpeMs B pacpeacIUTENBHBIX IMCKTPUICCKUX ceTiax 6—10 kB
3HAYUTEIBHO BO3POCIA A0S SHEPrOUCTOYHHKOB, HAXOMLIIIUXCS HA OanaHce mo-
TpeOuTeneH, Takux kak Omok-cranuumu, muau-1' 9C, munu-TILl, BeTposHepre-
THYCCKHE, (POTOINEKTPUUCCKUE, MapOra3oBhic, Ta30TYPOUHHbBIE M Ta30MOpIIHe-
BBIC YCTAHOBKH, OHOrasoBBIC DHEPrOKOMIUICKCH W MHOrHE apyrue. Bripocna
J0T TOTPEOUTENBCKUX SHEPTOMCTOMHHUKOB, PAOOTAIOINX MAPATUICIBHO C SHEpP-
TOCHCTEMOH Mo aucnerdepckomy rpaduky. Kak npaBuno, reHepupyromue uc-
TOYHHUKH TOTpeOuTeneH, paboTarmue napamuieibHO ¢ SHEPTrOCUCTEMOH, CHa0-
JKCHBl aBTOMATHYCCKOW CHCTEMOU PETYIMPOBAHHUS HANPSUKCHHS B TOUKE HX
MOJKITIOYCHUS K BICKTPHICCKON ceTH. Takue SHEPrOMCTOYHUKH H3MCHSIOT pe-
JKUMBI pabOTHl PACHPEACTUTENBHBIX IECKTPHUCCKUX CETCH IHEPTOCHCTEMBL, J¢-
70T UX KOMOWHHPOBAHHBIMH, BIHSIOT HA MMOTEPH 3JCKTPO3HEPruH B HuX. [lo-
3TOMY BIIMSHUC YHCPTOMCTOYHHKOB, HAXOMIIIMXCS HA OATaHCE MOTPCOUTE/ICH,
HEOOXOAUMO YUHUTBHIBATE NPH PACUCTaX PACIPEACTUTCIBHBIX JICKTPHUCCKUX
cered. TpaguLMOHHBIC MOAXOABI K pacueTaM Pa3OMKHYTHIX JICKTPHUCCKUX
cereit 6—10 kB He mpexycMaTpUBaIOT 33JaHHS B y3/IaX TEHEPHUPYIOMIUX HCTOY-
HUKOB, CIOCOOHBIX PErynupoBaTh HampspkeHue. s pacuera pexxuMoB paso-
MKHYTHIX PaclpeIeTUTeIbHbIX CETCH C TCHEPHPYIOIINMU HCTOUHHKAMH CIICAYET
WCIONB30BAaTh MOJXOIBI, MPUMCHSIIOIHEC NIPH PAcUCTaX 3aMKHYTBIX 3JICKTPH-
YECKHX CETCH, HO MPH 3TOM VUHUTHIBATE OCOOCHHOCTH TOIOJIOTHH PAa30MKHYTHIX
cered. M3 M3BECTHRIX MOIXOA0B K PACUCTY HOPMATIBHBIX PCKHMOB 3ICKTPHUC-
CKUX CETeH HamOoNee MPHUIOAHBIM 3ACCh SBIIICTCS METOJ PAacueTa SICKTPHUC-
CKOH CETH ¢ JABYCTOPOHHHM muTaHueM. CeTH ¢ ABYCTOPOHHHUM INHUTAHHCM
OTHOCAT K PA3HOBHUAHOCTH 3aMKHYTHIX 3JCKTPHUUCCKUX CETCH, HO OHH MOTYT
HMMETh PA30MKHYTYIO TONOJOTHIO. PacueT HOpMaIbHOTO PEKUMA SICKTPUICCKOH
CETH ¢ ABYCTOPOHHHMM MUTAHUEM, UMCIOLICH PAa30MKHYTYIO TOONOTHIO, OMUCAH
BO BCEX U3BECTHBIX YICOHHUKAX MO INMCKTPHUCCKUM CETIM, OTHAKO COBPCMCHHBIC
pacnpeacauteapubie auann (PJI) 6-10 kB MOryT uMeTe UCTOUYHUKH MHTAHHUS
foJiee 4eM B JBYX V3NIax.

B cratee mpepnaraerca cnocob pacuera pacHpeACTHTCIBHBIX 3JICKTPUYC-
ckux cerei 6—10 kB 3HEprocucTeM, YIUTHBAIOMNN JOTIOTHATCIBHBIC HCTOYHH-
KH TTUTAHUS B OJHOM HJIH HECKONBKHX V371aX CETH.

Paccmorpum cxemy PJI anextpuueckoit cetn 10 kB, mpexncrasiennyro Ha
puc. 1. Cxema coctout u3 14 BerBell U 15 y310B, OAMH U3 KOTOPBIX SBISCTCS
ueHTpom nutarus (L) cxemsr (y3en 1). K yamam 6, 21, 23, 24,32, 33, 41 u 51
MOJKITIOYCHBl DICKTPHYECKUE HArpy3ku. bygeM momarate, 4To MOLIHOCTH
Harpy3ok B y3iaax PJI kakuM-To oOpa3oM OLICHEHBI, ONPEACICHBI WK CMOJCTH-
POBAHEI M B JAHHOM CJIy4ac 3aJaHbl. JHAYCHUS MOLIHOCTEH MPHUBEICHHI B TaOM.
1. B yanax 6, 24 u 33 PJI umerorcs reHEpHPYIOIINE HCTOYHHKA MOTPEOUTENCH,
OCHAIICHHBIC YCTPOWCTBAMHM ABTOMATHYCCKOT'O PETyIHPOBAHUS HAIPSKCHHSL.
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Conporusnenns yyactkos PJI npunaT omuHakoBbiMH U paBHeiMH Z = 0,01 +
+ 70,02 Om. B y3ne L1 u y31ax, B KOTOPBIX MOAKIIOYCHE TCHEPUPYIOIIUE UC-
TOYHHUKH HOTPEOUTENCH, 3aJaHbl HANPSDKCHHS, PABHBIC HOMHHAIBHOMY Hamps-
skeruro cety — 10 kB.
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Puc. 1. Cxema snekrpuyeckoii cetu 10 kB

£a

Tabnuya 1
MomnHocTH Harpy3ok B y3nax PJL, nipeacrasienHoii Ha puc. 1
Y3b1 cxemsbl PJI 6 21 23 24 32 33 41 51
P, xBt 45 30 25 50 28 70 25 33
0, xBap 20 15 10 20 18 30 12 22

Ecnu Owl B yanax, Hanpumep 24 u 33, cxemsl PJI reHepupyromue HCTOTHHKH
noTpeOUTENEH, OCHAICHHBIC YCTPOUCTBAMH aBTOMATHYCCKOT'O PErYIHPOBAHHUS
HaIPsDKEHUS, OTCYTCTBOBAIH, TO AU OINPEACIECHHS IOTOKA MOIMHOCTH HA TO-
JIOBHOM YYaCTKE CXEMHI 3, 6€3 yueTa morepp, MOXKHO BOCHONB30BATHCS BBIPA-
JKEHUEM, U3BECTHBIM IS JICKTPHUECKUX CETEH ¢ ABYCTOPOHHUM IUTAHHEM:

5
U —U Z&Zis
s,-8 Yoy, 5 (M)

Z16 216

rac U, — HampsKeHUE B y3ne 1, ABIAIOIEMCA LEHTPOM NHTaHHA cXembl PJI;
U, — nanpsokenue B y3ine 6 cxemsl PJI, B KOTOpOM NOAKIIOUEH FEHEPUPYIOMUI
UCTOYHMK notpebutens; U, — HomuHameHOe Hampspkenue PJI; z,, — cymmap-
HOE COIIPOTUBICHHE Ty4da cxeMbl PJI mexay y3mamu 1 u 6:

Z1g=Z1p T 25 T 230 T 245 25 2)

Z,; — CyMMAapHBIC CONPOTHBICHUA e cxeMel PJI mexay yznamu i u 6:

Zog = Zy3 T Z34 T 245 T Zs6s
Z3s =234t 245t Zss, 3)
Z46 = Zs45 T Zs65
Zs6 = Zs65
S; — MOIIHOCTH HArpy30K 7-X y3moB cxeMsl PJI 7 = 2,_5;
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Onnaxo B y3nax 24 u 33 cxemsl PJI reHepupyIOImpe HCTOUHUKH MTOTPEOHUTE-
Jel, OCHAINEHHBIE YCTPONCTBAMH aBTOMATHUECKOTO PETYIMPOBAHMS HAIIPsDKeE-
HUA, UMEIOTCA, UTO MPEBPAIIAET JAaHHYIO JTHHHUIO B CETh C YETHIPEXCTOPOHHUM
MTUTAHUEM.

Hna onpenencHus MOIIHOCTEH TEHEPHPYIOIMX UCTOYHHUKOB HMOTPEOUTETICH
B vanax cxemel PJI Tpebyercsa coctaBuTh ypaBHEHH: BTOporo 3axoHa Kupxrodga
C YUIETOM MOTOKOB VPaBHHUTENBHBIX MOIMHOCTEH [T Ka)KAOTO Jyda CXEMBI, CO-
eaunstromero LI ¢ renepupyromuvu y3namu PJII:

Z§y§ij =0, (5)

rac 8, — MOTOK MOLIHOCTH IO BETBH i—j ¢xembl PJI; z, — nomuoe conporusne-

HUE BeTBH i—] cxemsl PJL

Hna cxemsr PJI (puc. 1) HeoOxoamMo cocTaBUTh TPH ypaBHEHHA. [lpoms-
BOIIBHO 33JaAUMCS HANPABJICHUAMHU MOTOKOB MOLITHOCTH BO BCEX BETBAX CXCMBI
PJI. 3a monoxurtenpHOe HampabicHue obxoma ayued cxemsl PJI mexay LI
U TCHEPUPYIOIIUMH y3naMu npumeM HanpasicHus ot LII1 k renepupyromim
y31aM. B urore momydum creayromyo cuCTeMy YpaBHEHHH:

(Ul - U24) Unom —0:

>

S 02048, 0200 =80 sZm ot
2124

(Ul - U33) Unom

S 020 +8, 52, 5+ 85 325 3 — 85 5325 55 F B =0; (6)
Zy_33

(Ul - U6) Unom

S 020 +8, 52, 5 +85 423 4+ 8, 52, 585 6256+ =0

>

216

TAC Z1 24, Z1.33, Z1.6 — CYMMApPHBIC CONMPOTHBJICHUS JIvach cxeMbl PJI Mexay v3-
gavu 1 w24, 1u 33, 1ub.

BripasuM HEH3BCCTHBIC TIOTOKM MOIMHOCTH B BCTBIAX UYCPE3 MOITHOCTH
Harpy3oK B y3jJaxX U HEU3BECTHBIE MOILIHOCTU, TEHEPUPYEMBIE B CXEMY DHEProO-
HMCTOYHUKAMU HOTPEOUTENCH Sto, Sroa U Srs3:

Sas =85 S0

Sy5 =85 +855 =S50

S0 =8 =S

§2722 = §23 + §24 - §r24;

§5—6 = §6 - §r6; (7
§475 = §6 + §51 - §r6;

§374 = §6 + §51 + §41 - §r6;

S, 3=8s+85 48, +85,+ 85 86 —Ssss

§172 = §6 + §51 + §41 + §32 + §33 + §21 + §23 + §24 - §r6 - §r33 - §r24'
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IMoxcrasus (7) B (6), MOayIUM YPABHCHUS:

(§6 +§51 +§41 +§32 +§33 +§21 +§23 +§24 - §r6 - §r33 _§r24)§1—2 +

Q1 - Q24 j Unom (8)
+(§23 +8, =80 )22722 - (§24 - §r24)§22—24 t—=0;
21 24

(§6 +§51 +§41 +§32 +§33 +§21 +§23 +§24 - §r6 - §r33 - Sr24)§172 +

+(§6 F8G+S8, + 8, +85 -8 - §r33)§2-3 + (§32 +85 - §r33)Z3731 -0
Ql - Q33 J Unom
_(§33 =S85 )231733 =0
Z1 33
(§6 + §51 + §41 + §32 + §33 + §21 + §23 + §24 - §r6 - §r33 - §r24)§172 +
+(§6 +8G 48,y +85n +85 -8 —S83)z 5+
+(§6 +84+8, -8 )2374 + (§6 +85 - §r6)§4—5 -
[Ql - Qsj Unom
_(§6 - §r6)§5—6 +——=0

Z16

(10)

IMoacrasum B (8)—(10) uncacHHBIC 3HAYCHHUS U3BECTHBIX BCITHYMH:
(306 + 7147 =S¢ = S35 = 815, ) (0,01 + j0,02) +
+(75+ j30-S,,,)(0,01+ j0,02) - (11)
(10-10)-10 0.

—(50+ 720-5_,)(0,01+ j0,02 =
(504720 =5, )(0.01+ 70, )+0,03—j0,06 ’

(306 + /147~ S, — S5, = 8., ) (0,01 + j0,02) +
+(201+ j102- S, - 8,,,)(0,01+ j0,02) +
+(98 + j48 - S.,,)(0,01+ 0,02) - (12)
(10-10)-10 o

_(70+]‘30—§r33)(0301Jrjo’oz)Jr 0,04— ;0,08

(306+ /147 -8, ~ 8., — S, )(0,01+ 70,02) +
+(201+ j102 - S, - 8., )(0,01 + /0,02) +
+(103+ ;54 - 5,,)(0,01+ 0,02) + (13)
+(78+ j42-5,:)(0,01+ 70,02) -
_ _ (10-10)-10
—(45+720-5,)(0,01+ j0,02) + ~—————=0.
(45720 =5, )(0.01+ /0.02) 470000

Pemne cucremy ypaBuenmit (11)—(13) Halimem HEHM3BECTHBIC 3HAYCHUS
MOIIHOCTEH, KOTOPBIC TCHEPUPYIOTCS B CXEMY DHEPTOMCTOYHHUKAMH MOTPEOUTES-
JeH:
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S . =875+ j448 xBA; S, =657+ j24,7 xBA; S, =798+ ;38,2 kBA.

3Hasg TeHEPalUIo YHEPrOMCTOUHUKOB B cxeme PJI, morokm momHocTu mo
BceM BeTBsM PJI ompenenuM TpaaWLIMOHHBIM CHOCOOOM pacuera MOTOKOpac-
MIPEAETCHUS, MPUMEHAIOIUMCS B PA30MKHYTBHIX PacHpeACTHUTENbHBIX JICKTPH-
YECKHX CETSIX 3HEProcucTeM. Pe3ympTaThl pacuera HCKOMOIO IOTOKOpacmpee-
JeHud B uccreayemoi cxeme PJI npencrasiensr Ha puc. 2.

1 6

73 +;39.3 33,7 +719 15,5 +59,2 9,5+,2.8 42,5+ 24,8 Ss
| J 2 J 3 J i J 5 J >
|

2 .
. - HO
0T b 015, o o
- l Ql }l = l Se=45+,20
% 21 & " o Sie= 87,5 +44.8
25 +/10 o TERTE
: 22 Tl — 41 51
Su=30+/15
[; g Su=25+;12 Ss1=33 +,22
~ ~
+ T + T
23 ™ % 32
vy [e)}
— 24 33
Sp=25+710 E_[ f 1 Sin=28 +/18
$24=150 +;20 Shy=70 +730
Sra= 65,7 +24,7 Sra3=79.8 +38,2

Puc. 2. Cxema snekrpuyeckoii cetu 10 kB

BbIB O I bl

1. Bonpock! pacuera U ONTHMH3ALNN PEKUMOB BCe O0ee YCIOKHIIOMMUXCS
PaCIPECACTUTEIIBHBIX IICKTPHICCKUX ceTel 6—10 kB aBIAIOTCA akTyambHBIMHU
U TpeOYIOT HOCTOSIHHOTO PA3BUTHS H COBEPLICHCTBOBAHUSL.

2. B craTtbe npeacrasicH pa3paboTaHHBI METOAMYECKHHA MOIXOM A pac-
YeTa PEXMMOB Pa3OMKHYTBHIX 3JeKTpuueckux ceted 6—-10 kB, coaeprkamux
TCHEPUPVIOIINE UCTOMHHKH, HaxXomdIuecs Ha Oanance moTpedurenci, padora-
IOIHE MapaIETbHO C 3HEPTOCHCTEMOM M OCHAIICHHBIE CPEJCTBAMH aBTOMATH-
YECKOTO PETYIHPOBAHNS HAIP/KCHHUS.

3. PaspaboraHHbIN MOJXOA MONOKECH B OCHOBY Pa3BHTHS BOCTPEOOBAHHOIO
B HACTOAIIEE BPEMs KOMILIEKCA IMPOMBIIIIICHHBIX MTPOrPaMM IS PEIICHU pas-
JUYIHBIX TCXHOJOTHUCCKUX 3a1aY SKCIUTYATAIUHN IICKTPHUIcCKuX cereit 6—10 kB.

JUTEPATYPA

1.®&ypcanos, M. U OupejeneHue U aHaIU3 TIOTEPh SIEKTPOSHEPIHUH B BIIEKTPUUECKUX
ceTsx sHeprocucteM. — Munck: YBUI nipu Y11 «bemsreprocOepexkenuey, 2005. — 208 c.

2. ®ypcasnos, M. U. IlporpaMMHO-BbIMUCTHTENBHBIN KoMITIeke GORSR s pacuera
W ONTUMU3AIAH pacTipeIeTUTeIhHBIX (TOPOJICKIX) slekTpudeckux ceteir 10(6) kB / M. 1. Oyp-
catoB, A. H. Myxa // Dnepreruka... (M3B. BeIcIIL yueb. 3aBefieHmit 1 »Hepr. oobeauuenmit CHI). —
2000. — No 3. — C. 34-39.

3.T'epacumeHnko, A A. llepemaya U pactipesicNieHHE IEKTPUIECKOM SHEPTUd: yueO. IToco-
6ue / A. A. I'epacimeniko, B. T. Gemm. — Kpacuospek: HITT KIT'TY; Mumck: BHTY, 2006. — 808 c.

4. ®ypcanos, M U OrieHka 1 aHaIU3 PeXUMOB U MIOTEPD IEKTPOSHEPIUU B 3JIEKTPU-
yeckux ceTax 6—20 kB Ha OCHOBE IIPOIPAaMMHO-BBIUMCIMTENBHOTO KoMmiulekca «Jlembray /
M. 1. dypeanos, O. A. Kepxo // Duepreruka. .. (M3B. BbIcHL yuel. 3aBeIeHUIA U SHEPT. 0ObeIU-
senmit CHI). —2005. —Ne 1. — C. 31-43.

IIpescraBieHa kadeapoii
3IEKTPUYUECKUX CUCTEM TToctyrmma 05.05.2011

15



