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ACUMMETPUSA DJIEKTPUHECKHUX TTPOLUECCOB
B UMIIVJIbCHbIX ITPEOBPA3ZOBATEJISIX IIOCTOAHHOI'O
HAITPSDKEHWA MOAVYJIIBHOU CTPYKTYPHI

Paccmompenwvl npeobpazosamenu ¢ asmo-
MPAHCHOPMAMOPHLIM BKIHOUEHUEM OPOCCe-
JISl C 2PAHUYHBIM PEHCUMOM (DYHKYUOHUPO-
BAHUSL NPU ACUMMEMPUU ITEKMPULECKUX
npoyeccos. Tlonyuenvt 0600OwenHble COOM-
HOWweHUsl OJis pacyema moKo8 8 1eMeHMAx
cxem.

VityunieHne TEXHUKO-I)KOHOMUUECKUX IMOKa3aTesei
CPEJICTB AIEKTPONUTAHUS, BXOASAIINX B COCTAB TEICKOM-
MYHHUKAIIMOHHBIX CUCTEM, SIBISIETCS OJHOW U3 Cepbhe3-
HBIX MPOOJIEM, aKTyaJbHOCTh PELIEHUs] KOTOPOM oTpa-
skeHa B [ 1, 2]. OCHOBHO# 4acThIO COBPEMEHHBIX CPEICTB
AIIEKTPOITUTAHUS SBISTIOTCS IMITYITECHBIE TIpeoOpa3oBa-
tenu nocrostHHoro Hanpspkenus (IITH) moxynsHOM
CTPYKTYpHI (puc. 1), BBITIOTHEHHBIC U3 N TIapajuieIbHO
BKJIFOUCHHBIX OJTHOTHUIHBIX CHIOBBIX kKaHaloB (CK),
paboraromux Ha oburyro Harpy3ky (H) oT mctounuka
nepsuyHoro ekrponutanus (UI1I).
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Puc. 1. IITTH MoxynbHOM CTPYKTYpBI:
CVY — cxema ynpasnenus; U — nanpsokenne nuranus [ITH; U, —

Hanpsbkerne Harpysku [1TTH; U, — HAPSUKCHHC YTIPABIICHHS k-ro CK

Hcnosnp3oBaHne TPaHUYHOTO PeKAMa (YHKIIMOHHU-
poBanusi CK 1mO3BOJISET YIyUYIIUTh THHAMUYECKUE T1a-
pameTphbl, YMEHBITUTh YHEPTETUICCKHE TIOTEPH MIPH TIe-
PEKJIIOUEHUHN CHJIOBBIX KIIIOYEH, YMEHBIIUTh YPOBEHb
M3IydaeMbIX momex [3, 4].

B m3BeCTHBIX HAyYHO-TEXHUYECKUX ITYOIUKAIIUAX
[3—5] mokaszaHo, uTo it MmoayasHbIX [TTTH HeoOXoam-
Ma UICHTUYHOCTb MEKTPUIECKHUX MPOIIECCOB (CHMMET-
pusi) u napameTpoB CK, B 4aCTHOCTH mapaMeTpoB WH-
JIYKTUBHOCTEH L k npocceneit CK. OnHako Ha MpakTHKe
HEBO3MOXKHO JIOCTHYb CUMMETPHYHOTO PekrMa (yHK-

nmnonuposanus Bcex CK momxynsHoro [1ITH Benenctue
HEUJEHTUYHOCTH TlapameTpoB apocceneit CK, nampsi-
KSHUSI TUTAHUS U T. 1.

Lenp paboThl — MONy4YeHUE COOTHOUICHUM IS
omnpezeneHus TokoB B 3neMenTax CK moxynsabix I11TH,
KOTOPBIE OIICHIBAIOT CXeMOTEXHUUYECKUE PEILICHUS ITPU
TPAaHUYHOM PEKUME pabOThl M HEUACHTHIHOCTH Iapa-
MeTpoB npocceneid CK, a Taxke pazpaborka Ha ux 6ase
METOMKH POCKTUPOBAHUS, YUYUTHIBAIOIICH OCOOCHHO-
CTH (PYHKIIMOHUPOBAHUS PA3IUYHBIX CXEM YIIPABICHHS
peoOpazoBaTesIMu.

PaccmoTpum snekrpudeckue npoueccel B [ITTH npu
TPAaHUIHOM DPEXUME PaOOTHI AT BOCEMH OCHOBHBIX
tunoB (y=1, 2..., 8) cxeM CHJIOBBIX KaHAJIOB (pHC. 2),
pu 3TOM OyJIeM HCIIONIb30BaTh COOTHOIICHHUS, X 000-
3HA4YeHUS U JONYLIeHUA, pUHATHIE B [5]. Maremaru-
4gecKast MOJICINb, IPECTaBICHHAs B [5], sBIseTcs 0000-
nieHHo# st CK, BBIMOIHEHHBIX 110 JIF00OMY M3 BOCBMHU
YKa3aHHBIX TUIIOB CXeMOTEXHUYECKOM peann3aiuu npe-
obpa3zoBarens.

Hcnonnenne HaKOMUTEIBHOTO JIPOCCENs MO aBTO-
TpaHCPOPMATOPHOM CXeMe MO3BOJISIET YMEHBIIHTS (PIC.
2, a, 6, 8) WM YBEIHUYUTH (PUC. 2, 2, 0, e) HANPSHKEHHUE
Ha CWJIOBOM KOMMYTHPYIOIIEM TPaH3UCTOPE 1O CpaB-
HEHUIO C MPOCTEHIIMMHU TUTIAMH CHJIOBBIX KaHAJIOB C
OJIHOOOMOTOYHBIM JApocceneM [6].

B rpanmynom pexumve Gpyakunonuposanus mist CK
paccMaTpUBaeMBIX THIIOB XapaKTep M3MECHEHHUS TOKa
i, (f) n Hanpsbkenus u, (1) APOCCENst BBIXOIHOTO CIila-
kuBaromiero ¢puisrpa k-ro CK MoXXHO oImucarh COOTHO-
MICHUSIMU:

SLHK(‘:) =1 mlkL
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npu 0<t <t _,,
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DHthHqutH k+tB k’
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i =V —FU, mpu 0<st<t,,

u, ()= 2
Lk( ) EJLBK = UH - FByUBxk Ipu tHk<tStHk+tB ko ( )
_Qmpu y=1,4,6,7,38,
o npu y=2,3,5;
D nopu y=2, ()

"y pn y=1,3,4,5,6,7, 8:

TexHONOTHs 1 KOHCTPYHPOBAHHUE B MIEKTPOHHOIT anmapartype, 2008, Ne 3




SJIEKTPOHHBIE CPEACTBA: HCCJIEJOBAHUS, PASPABOTKHA

U, R R
R e ol B “
& (EICT|
+ ) )
U Wi Ly S1 C U R R
o H-|- H H H

202

U ? + U

Puc. 2. Ummynscasie [TTTH ¢ ranpBanmgeckoil CBI3bIO (¢—¢) ¥ ¢ TATbBAHIIECKIM Pa3IeTIeHIEM (J/c—71) BXOTHBIX U BEIXOIHBIX LIETICH:
OJIHOTAKTHBIE C aBTOTPAHC(OPMATOPHBIM BKJIKOUEHHEM JPOCCEs P 1, >1 (a, 6, 0) u n,,<1 (6, 2, e): nonmwxaromuii, y=1 (a, 6); nopeIaKO-
mui, y=2 (8, 2); NoIIpHO-UHBEpTHPYOWUiL, y=3 (0, e);

OJHOTAKTHBIE C MIPAMBIM BKIIOYEHHEM ANO0AA, y=4 (0rc); 0OpaTHBIM BKIIFOYEHHEM JHOA, Y=5 (3); ABYXTaKTHBIE C BBIBOIOM CPEIHEH TOUKH
TpaHchopmaropa, y=6 (u); MOCTOBOH, y=7 (K); TOTYMOCTOBOM, y=8 (1)
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Puc. 4. BpeMeHHBIC IHarpaMMbl, HILTFOCTPUPYIOIIHE 0COOCHHOCTH (PYHKIIHOHUPOBAHUS CXeM YIIPABICHHS
CVY1 (a), CY2 (6) u CY3 (8) npu N=2
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%JH s y=1,2,3,5,
U= WKk ALY = 4,6,7, (4)
WKk /2 oy =8;
Krpk :Vv'rp2k /\Mplk’
e 111 Loy — BEMUMHBI TYJBCAIMH TOKOB B UHTYKTHBHO-
crax Ly ul,, 0OMOTOK C YHCIIOM BHTKOB Wik
1 W, CUIIOBOTO IPOCCENS, COOTBETCTBEHHO;
FHy, F_,— K03 (QUIMEHTBI, YUUTHIBAIONINE TOHONOTHIO
cxem CK;
HHJIEKCHI «H», «BY» — U1l HHTEPBAJIOB BPEMEHH HAKOILJIEHHS M BO3-
Bpara, COOTBETCTBEHHO;
U, — HampsuKenwue, IPUKITaIbIBaeMOe Ha BXOJ CHII0-
BOTO CIIIAKHBAIOIIETO (QUIIBTPA;
Ko — ko> GUIHEHT TpaHC(HOPMALIUU CHIIOBOTO
TpaHchopmaropa;
WTpl v Wszk — YHCJIO BUTKOB COOTBETCTBEHHO MEPBUYHON U
BTOPUYHON OOMOTOK CHIJIOBOTO TpaHc(opma-
Topa.
Bemnuunbt [, 1, o5 Ly, 1 Ly, CBSA3aHBI MEXK]TY CO-

0ol yepes Koaq)(bnuneHT aBTOTpaHC(HOpMALKK 71, :

— . — 2 . —
Moy = Wo ! Wiio Ly = Lyeages Vo = Noaid maie (9)
[Ipu mapannensnom coennnennu CK mo Bxomy u 1o
BBIXOTY (pHcC. 1) MOXKHO 3amHCaTh:

ULHk ULH’ ULBk ULB (6)

[Ipu ummysIECHOM METO/IE peTynupoBanus 5] Ha cu-
noBoit kommyTtupytommid kimod S1 k-ro CK TIHTH (st
k=1 cm. puc. 3) ¢ BbIxoAa cxemsl ynpasienus CY nopa-
FOTCS YHPABIISIOLINE UMITYIIBChI HAIPSAKCHIS U, (1) C U3~
MEHSIOIUMHUCS JUTUTEBHOCTBIO UMITYIIBCA £, Koa(b(l)n—
LIHEHTOM 3AIIOJHEHHS K, ¥ iepuozioM T, IIpH 5TOM

3k_tnlf/ cyk’ (7)

B unrepsane Bpemenn 0<i<t , (7 =t ) K nepBuy-
HOH 006MoTKe npoccenst CK ¢ MHIyKTUBHOCTEIO L, TIpH-
JIOKeHO HanpspkeHue U, , 4T0 00eCreunBaeT HaKoIIe-
HHE B Heil anekTpudeckoit sneprun. Koaddumuent na-
KOIUIEHHUS K, OTPENIETACTCA COOTHOIEHHEM

t /T, O<k <1. ®)

B untepBane Bpemenu £, <t<T, cuinoBon ko4 Sl
HaXOAUTCA B 3aKPBITOM COCTOSIHUM, HAKOILJIEHHAs JpOC-
ceneM B MHTEpBasie BpeMenn 0— , SHEpPrus nepeja-
€TCs MHJIyKTUBHOCTBIO L, oOMOTKH W, npoccens B
uenb Harpysku R [TITH gepes 6noxupyroumii aon VD1
B TEUEHHE I/IHTepBaJ'Ia BpeMmenH ¢ ,—(t,,+t,,), paBHOTO

 Kooduiment Bosspara paBeH

K =t JT,. )

B unTepBasie BpeMeHH BO3Bpara K BTOPUYHOH 00-
MOTKE JIPOCCEIIs C UHIAYKTUBHOCTBIO L, U YUCIIOM BUT-
KOB W, npuiiokeHo Hanpspkenue U,

PaccMoTpHM pasnuyHble CXeMBl yIpaBiaeHus (puc. 1),
KOTOpBbIe (DYHKIMOHHUPYIOT 110 OAHOMY M3 aJITOPHTMOB
[3], npencraBieHHbIX HA pHC. 4.

1. CY1 — cxema ympaBlieHUs ¢ (OPMHUPOBAHUEM
CHTHAIIOB YNPABICHHUS U, ,(f) CUTIOBBIMH KaHaJIaMH ITy-
TEM pacHpeeICHHS OIHOTO CHrHaa yIpaBJICHUS uy(t)

2. CY2 — cxeMma ympasieHus ¢ (GpopMupoBaHiieM
CUTHAJIOB YIIPaBJICHUS uyk(t) B kaxkaoMm CK, obecrnieun-
BAIOIIIX PABHOMEPHOE PACIIPEACIICHHE TOKA HATPY3KHU B
k-x CK: [ =I /N.

3. CY3 — cxema ympaBieHHs C TOKOBBIM PETYIHPO-

BaHueM B k-x CK: L=l

Cxema ynpasienusi CY1 o6ecnieunBaet B k-m CK
CIIEYIONIHE TTapaMeTPhl AMEKTPHUUCCKUX TPOIIECCOB:

Chy (1) =u, (1), At =Aty, Gy =1, K, =
Dcyk :Tcy; (10)
HK :tH' tBk :tB’ KHk Ky KBk Ky

[Ipn acHHXpPOHHOM pexIMe pa60T1>1 momynsHoro [TTTH
BPEMEHHOHN CIBHUT MEKIY JIEKTPUUCCKAMHU MIPOIIECCAMHE
B CK Az, 20, ipu onHodasHoM pesknme padotsr A =Ar =0,
TIpH MHOTO(DA3HOM pexKuMe Aty=Atck=T /N [6].

B o6mewm citydae, ¢ ydetom (5), 3HaYeHUE UHIYK-
TuBHOCTH L, npoccens k-ro CK onpenensiercst cooTHo-
HICHUSIMH:

_g_1+AL ; "
le_%L2+AL2k)/(n21+An2:k)2! ()
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leD {lein_leax} >
lein L Aleax’ lmax:L1+AL1max’
tne L,, L,, n,,u AL, AL,,, An,,, — COOTBETCTBEHHO

HOMHHAJIbHBIC 3HAYCHUSA HH,Z[yKTHBHOCTeﬁ TMEPBUYHBIX
W, n Bropuunbix W, 00MOTOK, KOO()(PUIHEHTOB aBTO-
tpaHcdopmarmu apocceneit k-x CK u Mx OTKIOHEHHS
OT HOMUHAIILHBIX 3HaYeHUH (MakcuMabHoe — AL
T.e. L, =f(AL,,, AL,,, Dn, ).

Ilpu AL,,=0 (AL,,=0, An,,,=0) obecneunsarorcs
CHMMETpPUYHBIE MMEKTPUIECKHe Mporeccsl. B atoM ciry-

1max)’

uae /=l Lo =1
g =U_t, /L, =U_x T/L;
|, =U_t /L, =U k,T/L,. (12)

Koa¢duimeHTs! HaKOIICHUS. U BO3BPATa, COINACHO
[5], ompenensitoTcst COOTHOMICHUSIMU:

UH - FByU BX

K, = ,
! n21(UBX UH) + UH - FByUBX
K =1-K_. (13)
C yuerom (13) u (6) momy4mum:
uu, -FU2-F U)T
|ml: ( H BX By — BX HY H) ) (14)
[UBX(n21 - FBy) +UH(1_ FHynZl)] I‘l
Ipu AL, #0 (AL, #0) I, #1,, I, - #] , v BO3HHKa-

€T aCUMMETPHS JIEKTPUIECKHX MPOIECCOB.

Bribepem B kauecTBe 6a30BOro mpeodOpazoBaTelb
(IITH,) ¢ N cunosbivu kananamu (CK), B KoTOpbIX po-
TEKAIOT UIEHTUYHBIE AIEKTPUYECKUE IIPOLIECCHI C paB-
HOMEpPHBIM pacrpeziesieHueM Toka Harpysku. B TITH
obecneunBarorcs ycnosus (10) u sHepreTuueckue mna-
paMeTpsl B LIENIM Harpy3Ku Takue ke, KaKk U B paccmar-
puBaemom [IITH ¢ acummeTpuei aneKTpuIecKux mpo-
LIECCOB!

|:tmck :tn’ Tcyck :Tcy’ ck T Lck L Kie

Bck :ts' Kpek = Ky (15)
%(Tpck:KT Tp’ nZICk nZlk rEl’ mek H/N’
rae tp[ck’ Tcyck’ Tck’ tick? Kecko thk’ Ky~ MAPaMETPBI SJIEK-
Tpuueckux npoueccos k-ro CK, npeobpasosarens
TIITH,.

B xaxngom k-Mm CK6 JUIS. MHAYKTUBHOCTH CIIPaBe/-
JINBO PABEHCTBO L1 ck=L TIae

=n/S (L)

le?

(16)
OIIpesieNIAeM U3 YCIOBHS
N N
Z(]-/Lm)ZZ(l/LJk)- (17)
=1 =1

Hpu AL, =0 u3 (17) nony4aem L, =L,. [lns cummer-
PUYHBIX AIEKTPUIECKHX MPOIieccoB TOKHU Apocceneit CK
PaBHBI MEXKIy CO00H: i, ()=, ,(1)=i, ,(?) (puc. 4).

AMITIHTYIa TOKa ]mlck_lmlc k-ro CK HHH Y aMILIH-
Tyzbl TOKOB [, | B 0OMOTKax W, k-x CK HHH orpere-
TSI0TCS cooTHOMeHueM (12) B pencHMe CIIEKEHUSI WIH
(14) B pexume cTabUIN3allUN COOTBETCTBEHHO IPH
Li=L, nLi=L,,

[Mapamerpsr k-ro CK mpeoOpazoBatesst ¢ acCHMMET-
pHel AIEKTPUIECKHX MPOIECCOB MOIYINM B OTHOCH-
TEJIHHOM BHUJAE C YICTOM OZHOMMEHHBIX ITapaMeTpOB
OTIEIBHO B3ATOIO CK6 0a30B0OTO l'IHH6 C CUMMETpHel
ANEKTPUUECKUX MPOIECCOB.

HopMmupoBaHHble aMIIUTYIHbIE 3HAYEHUSI TOKOB B
k-m CK ¢ yaetom cootHomenuit (12)—(14) u ycnosus
(6) 3anmmIyTcs B BUJC:

(18)
B kauectse npumepa paccmorpum [ITH ¢ uncinom CK
N=3 co cieayomumMu napamMeTpaMu WHAYKTUBHOCTEH
apoccenert CK: L, =L,+AL,, (mpu —0,5L <AL,,<0,5L,),
L,,=const=L, (AL,,=0) u L,;, OnpeeIsieMbIM U3 yCIIO-
Bus (16) cooTHOIIEHNEM:
L13=(2/Llc—1/L11)*1. (19)

Ha puc. 5, a mpuBezneHbI 3aBHCUMOCTH HOPMUPOBaH-

Tt =1 gy /1 ge =L /L g

HOTO ToKa | muk B k-M CK OT OTHOCUTETHHON HHIYKTHB-
noctr Lux =Ly, /Lyg (Imy — KpuBast I, | w2 — KpH-
Bast 2, | mis — KpuBasi 3) [UIsi CIly4asi, KOIJa B KA4eCTBe
0a30B0¥i BEIOpaHa HHIYKTUBHOCTH L, BO 2-M CK (L =
=L 7Lyy).

OTKIIOHEHHE OT CHMMETPUYHOTO pEKAMa PabOTHI
MPUBOAUT K U3MECHEHHIO TOKa B dneMeHTax cxeMbl CK.
W3 pucynka 5, a BUIHO, YTO YMEHBIICHUE OTHOCUTEIh-
HOU UHIYKTUBHOCTH Li1 (MHAYKTUBHOCTH L, Ipocce-
1s B 1-m CK) Ha 25% (Touka A Ha KpuBOHi /) OT 3Haye-
HUS L33 =1, COOTBETCTBYIOLIET0 CUMMETPUU DJIEKTPH-
YEeCKUX TPOIIECCOB, MPUBOAUT K MPOMOPLIHOHATIHHOMY
yBeJIMYeHuto Toka B anemenrtax 1-ro CK na 25%. Vka-
3aHHOE YBEIMUCHHUE TOKA MIPUBOIANUT K HEOOXOANMOCTH
UCIIONB30BAaHUS O0Jiee MOIIHON 3IEMEHTHOH 0a3bl —
TPaH3UCTOPOB, AUOJOB U T. II., YTO HEOOXOAUMO YUUTHI-
BaTh JJIs1 BCEX CHJIOBBIX KaHAJIOB IIPH MTPOCKTHPOBAHUHI
[ITH moxnyabHOM cTpykTypbl. Takum o6paszoM, 1o gaH-
HBIM 3aBUCHMOCTSIM MOYKHO BBIOPATh AIIEMEHTHYIO 023y
C HEOOXOAMMBIM 3aIIACOM IO TOKY € YUETOM TEXHOJIOTH-
YEeCKOTO MJIM MHOTO (TeMIIEpaTypHOTO U T. I1.) pazdpoca
napametpoB apocceneii CK — MHIYKTHBHOCTH U KO-
s PurHeHTa aBToTpaHcHopMaInm.

Ha puc. 5, 6 u 6 mpeacTaBieHb! 3aBUCUIMOCTH HOP-
MHUPOBaHHBIX 3HaueHn Toka B CK COOTBETCTBEHHO ISt
clTy4aeB, KOrjia B KauecTBe 0a30B0 Oblia BRIOpaHa UH-
nyxtuBHOCTD L, B 1-M CK (L =L,,) 1 MHOyKTHBHOCTD
L,;83-m CK (Li;=L,;). B ommume ot puc. 5, a, onpene-
JIUTh HETTOCPEJICTBEHHO (0e3 mepecyeTa) N3MEHEHHE TOKa
B a1eMeHTax k-ro CK npu n3MeHeHUH ero WHIyKTHBHO-
CTH W OIICHUTH TPeOyeMBIi 3armac mpeaeIbHBIX TapaMeT-
OB 2JICMEHTOB OTHOCHTEIHHO UICATTHHOTO CITydasi C CHM-
METpPHUEH AMEKTPUIESCKUX MPOIIECCOB Ipe/CTaBIsIeTCS 3a-
TPYAHUTCIHHBIM.

Cpenuue 3na4enus T0Ka B dneMenTax 6azosoro CK;

IIH; (k-ro CK IIIH) — I, epe (g, Cpk) YIPaBIIEMOTO
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Lo~L,~L,, 1

oc

lc

05 07 09 1l 13 Ly/L

lc

xiroua S1,(S1)), 1, pe ypy Cpk) HEYTIPaBJIsIEMOTO0 KITIO-
ua VD2 (VD2),1,,, epe Uyp, Cpk) OJIOKHPOBOYHOTO JINO-
na VD1, (VD1)), Ichpc (IWlek) obmotku W, (W)
apoceens, I, o Iy pk) oomorku W, (W,,) npoccens,
Iy, OW2epe o WZCpk) 00uMx BUTKOB 0OMOTOK W, u W,

(W1 W,,) npocceris — ONPENENSFOTCS BRIPKEHUAMA [ S]:

J Stepe ~ 0,3 midrpKy = 0,3l rmcnleerHQ

vozepe = 0r A ks Typipe = 0,3 ek,

Wilcpc Slcpe © W 2cpc VD 1cpc
H =1 grepet|
W1OW2cpc Slcpc VDl1cpt
lj Slcpk = O’ 3 l'n].lJ(TpKH = 0’ 5l n QleTpKH;
vozepk = 0 s ypep k= 0,3 1 Ky
(21)

wicpk = | step | wacpk=! vorepk

+1

%WlDWZcpk =1 qepkt! vorepk

JleficTByromIMe 3HAYEHNS TOKA B DJIEMEHTAX COOTBET-
CTBEHHO OTPEACIISIOTCS BhIPAXKCHUSIMHE [5]:

_ 0.5.
DSl,uc =1 mzanlKTp(KH /3)7

0
- 0,5, — 0,5,
DVDZJJC - I mic (KH /3) > I VDl ac _I n2c (KB /3) H
EI =gt wone =1 vose: (22)
Wige ~ ! Slac? W2pe — ' VDge!?
wiowzze = gz T v

6) I —
Lg =Ly, 3 7
1,6 t §

1,2 ]

I 1

0,4

Puc. 5. 3aBUCHMMOCTH OT OTHOCHUTENTLHOI MHIYKTHBHOCTH HOP-
MHUPOBAaHHBIX aMIUTUTYAHBIX (/), cpeanux (2) u 1eicTBYIOMNX
(3) 3nauennit TokoB B anmemenrtax k-ro CK IITH mas CY1
(N=3) nmys ciydaes, Korja B KauecTBe 0a30B0i BRIOMpaIach
MHJYKTHBHOCTb L, (@), L, (0), L 5 (6)

%lslﬂk = I m IDZIKTP (KH /3)015;
%Ivozuk =1 x, /3)%%1 vork=! m X, /3)%%
Owik = sae T ves k=1 v & (23)

+1

%W].DWZIIK =l gt vank

Hopmuposannsie cpennue | sicpk, |vb2cpk, |vbiepk,

Iwicpk, lwacpk, lwiowacpk ¥ medicTByromue | siqk,

Ivo2nk, lvouk, lwink, Iwaak, lwinweik 3HaUueHUA TOKa
B aneMeHTax k-ro CK ompeaessiroTest BRIpaKCHUEM:

stepk = | vb2epk =1 vbiege =1 wiepk=l wacpe=
I

wiow2epk = | sp k=1 voa k=1 vol = (24)

Iwiak = I waak =1 wio vex k=L /Ly,

oL,

rie | sicpk =1 gep /| Siepo Ivo2epk = lypoep /1 vbacpe -+
lw2ak = Ly /T woses lwinw2ak = Lo/ | wio vese
onpenensoresa B cooTBeTcTBuu ¢ (20)—(23) ananoruy-
HO cooTHommeHuto (18).

Cxema ynpasienuss CY2 oGecrieunBaeT yCIOBUS
paBeHCTBA CPEAHUX TOKOB Harpy3ku k-x CK HesaBucH-
MO OT 3HaYE€HHI UHIYKTUBHOCTEH L, :

1..=1,=L ~I/N.

Hcpk: wk Lrck (25)

Cunoseie kananel CK, |, ¢ MaKCUMaJIbHBIMU 3Ha-
YECHUSMU MHIYKTHBHOCTH L =L, QyHKIMOHUPYIOT
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B TPAaHUYHOM pekuMe, a octanbHble CK — B pa3psis-

HOM pPEXHNME. 3HaueHue lemax ONpPEACIACTCA KaK
lemax (26)

IIpu acummeTpuu aexkrpuueckux npoueccos IITTH
gactota fi=AL,; . V5 1L 0} OTIPENETAETCS 3HAYEHH-
emL,  [S]. Bpems HakomieHus £, v BO3BpaTa f,; MeK-
Tpuueckoi sueprun B k-m CK He paBHBI Mexay co00ii
¥ HE PaBHbI BPEMEHU HAKOIUIEHUS [, ¥ BPEMEHH BO3-
Bpara f  PH CUMMETPHH IIEKTPUYECKUX TPOLECCOB:
tHkitHC’ tBkit

IIpu ncnonb3oBanuu cxemsl ynpasiaenus CY2 nis
moboro k-ro CK crpaBeqiBo COBMECTHOE BBITOJIHE-
Hue ycinoBuil (25) u (27):

yk(t) f(ALy, ALy, Anyy ), Tep=Tof Lig maks
EN =Atys i = F{Likmats tuk—t £ Lnats
|:Ksk = 3k{L1kmax}’ tHk_ Hk{Ll h‘nax}’

%Bk = tBk{ Ll kmax} KHk = KH k{ Ll kmax}’

g(sk = Bk{lemax}

rae Tcy{lemax}’f{lemax}’ t[/lk{lemaX}’ sz{lemaX}’
tHk{lemax}’ tBk{lemax}’ KHk {lemax}’ KBk{lemax} — Ha-
paMeTphl MEKTPUIECKHUX MPOIECCOB B k-M CHIIOBOM
kanane CK,,, .

Hns cunosoro kanana CK; 6azoBoro npeobpasosa-
tenst IITH, cnipaBeiinBO COBMECTHOE BBINOJHEHHE

YCIIOBUU

=max{L,,}.

27)

Euyck (1) = U, (D, Tye = Tod Likmards
fo = H{lymab Li =14 N,
Q ¢ = e Thid Limads Kook = Ko =Kl Ly e 1 (28)
%Hck te T tidLimads ek Tte T Ld Ly
%Hck =Ko TRkt Likmax > Kaek™Kne =Kp kLt kma S »
u
Ly o= L e 29)

Cpenunit Tok Harpysku [, k-ro CK IIITH cormacuo
COOTHOIIEHUIO (25) paBeH CpelHeMy TOKy [, , Harpys-
xu CK; 6azosoro IITH, u B cootBeTcTBUM € [5] ompe-
JIEISICTCS COOTHOLICHUEM

Lie =08 1 (14 K, (F oy = D) =1, =

He k

=0’5|m2c(1+ KHC(FHyn21 _1)) (30)

3anumem Ko3(Qp(UIHUEHTB HAKOIUIEHUS K, U K, ,

ucnonb3ys cootHoutenue (12) ¢ yuerom (27) u (28) kak

mlk k/( > Kye™ mlc lc/( T) (€1Y
HOI[CTaBJ'ISISI 9tH 3HaueHus B (30) ¢ yuerom (5) s
HOPMHPOBAHHBIX aMIUTUTY/IHBIX 3HAY€HUH TOKOB |,

m2k B k-M CK, MOJKHO 3amucarh:

|k €L ) (32)

=l e =l i@l el ac=

C yueroM (22), (23) i HOpMUPOBaHHBIX JICHCTBY-
IOMUX 3HaYeHUN TOKOB g, lypour Ionws  lwiks

lw 2k IWlDWZ,uk B anemenTax k-ro CK sammurmem:

ook = von k=l wa = v &
05
lc/le) .

Buanm, 9T0 HOPMUPOBAHHBIC AMITIUTYIHBIC 3HAYC-
Hus Toka B anemenTax CK pacmnpenenstorcs oOpaTHO
MIPONOPIIMOHAILHO KOPHSIM KBaJpaTHBIM, a JEHCTBYIO-
e — o0PaTHO MPOMOPLUUOHATBHO KOPHIM YeTBEPTOM
creneHu u3 nHIyKTUBHOCTH Japocceneir CK. Ha puc. 6
Ju1s cxeMbl yrnpasieHust CY?2 npencraBieHbl 3aBUCHMO-

CTH HOPMHMPOBAHHBIX AMIUTMTYJHBIX | ., M 1€HCTBYIO-

I751;lk =
(33)

IWlDWZu k™

X T bz 1wk Ntz Twaar Iwaowauk T0-
KOB B aneMeHTax k-ro CK oT oTHOCHTENbHOW WHIYK-

TUBHOCTH Elk' VYuureisas, uro L, =L
paHHOTO BbILIe ipumepa L, =L,,
Has UHIYKTUBHOCTb Elk COOTBETCTBEHHO HM3MEHSETCS
or 0,33 no 1.

1 ; ; : : . :

Limax 1 WIS BBIO-
—1,5L,, oTHOCHTEIB-

14 |

1,0
03 04 05 06 07 08 Ly/L,,

Puc. 6. 3aBucumocT HOPMUPOBAHHBIX AMILTUTYIHBIX (/) U
neictByromux (2) 3Ha4YeHUH TOKOB OT OTHOCHTENILHOW HH-
nyktuBHOCTH B AneMenTax k-ro CK ITITH mis CY2 (N=3)

Cxema ynpasJjienusi CY3 o0ecrieunBaeT BbINOJIHE-
HUE YCJIOBHS PAaBCHCTBA AMIUTUTY/IHBIX 3HAYCHHI TOKOB
B apocceisix CK:

Dmll

%le =

[Ipn acuMMeTpHH SMEKTPUIECKAX MPOLECCOB (IIpH
AL, #0) IIITH ¢pynximonnpyer va vacrore f,=f{L .+,
TOKH Harpy3ku [, CHIIOBBIX KaHAJIOB HE PABHBI MEXILY
cob6oii. CK ¢ MakcManbHBIM 3HaU€HHUEM WH]YKTHBHO-
cru apoccens L, GyHKIMOHUPYET B TPAHUYHOM pe-
XKHUMe, a octaiabHbie CK — B pa3phIBHOM peKuMe.

[Tpu ucnonp3oBanuu cxems! ynpasiueHust CY3 mms
mo6oro k-ro CK IITH crnpaBeanuBo COBMECTHOE BbI-
nonHeHue ycnouii (27) u (35):

A S I ST A

mlk “ml?

loak ==

(34)

"Imzk_

ImZN'

(33)
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Jns k-ro cunosoro kanana CK; 6azosoro npeo6pa-
30BaTelIs CIPaBeJIMBO COBMECTHOE BBIIIOIIHEHUE YCIIO-
Buit (28) u (36):

Imlcﬂmlk'

C yuerom (34) moiydnm:

(36)

[ E VT S I S IR U S S I -

T/IL . 7

m2k=U LBKBkT / L2 k= I n2 knasz IBKBmax
T0€ 1, pao Lyokmax —— BETHYHHBI MYJIBCAINIA B IpOCCe-
nie cunosoro kanana CK, |, TIITH ¢ MakcuManbHbIMU
MHIYKTUBHOCTAMHA L, . L, = W MakCHMaJIbHBIMH

k03 hUIMeHTaMy HAKOTUICHHUS K 1 BO3BpaTa K

Imlkmax:Imlk{lemax}’ ImZMnax:Imlk{Lkaax}’

HMax BMax"

KHmax:KHk {lemax} ’ KBmax:KBk {Lkaax} :

W3 (37) cnenyer, 4To KooGPUIMEHTHI K, 1 K, OTIpe-
DETSTIOTCS. COOTHOIICHHUSIMHU:
Hk:KHmax(le/ L

KBk:KBmax(LZk/L2k‘max):KBmax(L 1 k/L 1 kmax) : (3 8)

B sTOM cnywae 1 OTHOLIEHUS OJHOMMEHHBIX Be-
JIMYWH CPEIHUX TOKOB B 3nemeHtax k-ro CK u B arme-
MEHTax CKL1 kmax MOKHO 3aITHCaTh:

I /1

K lkmax);

w1 cpkmax:]WZCpk WZCpkmax:

w10 W2cpk/ 1 w10 W2cpkmax: ISlcpl/ ISlcpkmax:

=/
:IV D1 cpk/IV D1 cpkmax:IV DZCpk/IV D20pk‘max:

=(U /R )(UR,, =L, /L (39)

e R, =R AL} a) — CONPOTHBIIEHHE HATPY3KH CH-
nooro kanana CK, . ¢ MakCHMMalbHbIM 3HAYCHUEM
WHJYKTUBHOCTHU L l k=L1 fmax”

[pu x, =Kk, ¥ T =T MOXHO 3aIKCarh:

I /I

mk' “mlc

HAmMax lkmax’

ma
:Llc/lemax21 ’
T. K. Lchlemax’ a IpU CUMMETPHUH 3JICKTPUYICCKHUX IIPO-

IIECCOB Ll C=L

lkmax*
Torma
I w1 cpkmax/ I w1 CpC:I WZCpkmax/I WZCpc:
:IWI DWZcpkmax/IWl | W2cpc:ISlcpkmax/ISlcpc:
=1 Vchpkmax/I Vchpc:I VD2cpkmax/ I VD2cpc:] mlmax/] mle
=L, /L) max (40)
[Toncrannss IW] cpkmax’ ]WZCpkmax’ IW] OW2cpkmax’
ISlcpkmax’ [Vchpkmax’ IVDZcpkmax’ HOITYICHHBIC 13 (40)’ B

(39), nmonmy4urM HOPMHUPOBAHHBIE CPETHUE 3HAYCHUS TO-
k0B B anemenTtax CK:

| sicpk = | vo2epk =1 voiege =1 wick=l wacpe=

(41)

= lwinwaepk = Ly /Ly,

e sieok =1 giepe/ I qipe 1vo2epk = lypacuc /N vpocpo -+
| winwacepk = IWlDWZcpk/ | wo waepe

AHaNIOrUIHBIM 00Pa30M C YIETOM COOTHOIICHHH (22)
1 (23) noydaroTcss HOpMHPOBAHHBIE ICHCTBYIOIIHE 3HA-

yeHUsT TOKOB |siak, lvp2ak, lvouak, Iwizk, w2k,

lwiowz:k B daemenTax CK:

stk = g/l gpe =1 vouk =l vl vpge =

= Ivozak = lypou /N voone =1 Wiak = il wine =

= lwzak = o/ wose =1 wiowen k= (42)
= lwinwaak! ! wio e = (L k/Llc)O'S-
[Ipy aCHMMETPHUH JIEKTPUYECKHX MPOLIECCOB
N
;(1/&k)=1/&- (43)

Conporusnenune R, ¢ yuetom (39) onpenensercs B
BUJIC:

RHk:RHkmax/(le/lemax)' (44)
U3 (43) ¢ yuetom (44) crnenyer:

_l D
I:i-lkmax = Rl i( I‘l‘k/ I‘l‘kmax) +1g (45)

Pabouas wacrora f s TPaHHYHOTO PEXKHMA OTIpE-
nensiercs mpu R =R, Kak [6]

j% {RHk UBX[ UBX UH_FBy UZBX_FHy UZH] } /
/<{2L1,maXUH[UBX(nz]—FBy )+UH(1—FHyn21)]2}. (46)

3Ha4eHUE UHIYKTUBHOCTH L, , TIPY KOTOPOH 00ec-
neyuBaeTcs uaeHTnaHocTh TokoB B CK TIITH, ompe-
nensercs pu R =NR,, f=f xax [6]

L 1 C: {Rﬂk UBx[ UBx UH_FBy Usz_FHy U2H] } /
/{chUH[UBx(”zl_FBy )+UH(1—FHyn21)]2}. 47

Hopmuposannsie cpeanue Toxu B CK pacnpenens-
FOTCS IPSAMO MTPONOPLHUOHATIBHO UHIYKTUBHOCTSIM JIpOC-
ceneit CK, neiicTByromue TOKd — MPsIMO TIPOMOPIINO-
HAJIBHO KOPHSAM KBaJpaTHBIM W3 3HAYCHUN WHIYKTHB-

Hoctu apocceneit CK.
Ha puc. 7 nns cxembl ynpasnenus CY3 npencrasie-

HbI 3aBUCHUMOCTH HOPMHPOBAHHBIX CPCIHUX ISlcpk,

1
0,9
0,7 1
0,5 r ,»/f

x’z)‘ 1
e
o
-

0,3

03 04 05 06 07 08 LJL,,

Puc. 7. 3aBHCUMOCTH HOPMHUPOBAHHBIX CPeIHUX (/) U ICHCTBY-
1o1uX (2) 3Ha4eHUI TOKOB OT OTHOCHTEIBHOW MHIYKTHBHO-
ctu B anemenTax k-ro CK mis CY3 (N=3)
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I'vo2epk, lvoiepk, lwacpk, lwaepk, |wiowacpk X ACHCTBY-
omux sk, lvo2ak, Ivouk, Twiik, Iwauk, Twinwark
3HaueHU TOKOB B 3neMeHTax CK oTr oTHocHTENIbHOM

ungykrusHocta Ly, =L, /L,
VuureiBas, uto L, 2L, ¥ s BLIOPAHHOTO BhIILE

npumMepa L, =L e 1,51 |, OTHOCHUTETILHAS HHITYKTHUB-

HocTh Ly, m3mensercs or 0,33 yo 1.

[Tony4eHHble COOTHOILIEHUSI JUIsl OPEAETIEHNS TOKOB
B aneMeHTax CK mMIynbcHBIX TpeoOpasoBareseid mo-
CTOSIHHOTO HANPsDKECHHS, (PYHKIMOHUPYIOIIUX B TPAHUY-
HOM PEXKHUMeE, B TOM YUCIIe IPU HEMIEHTHYHOCTH Tapa-
MetpoB apocceneit CK, sBisitoTcs 0000IICHHBIMU TSI
BOCHMH THUIIOB OCHOBHBIX HamOoliee M3BECTHBIX CXEM
CHJIOBBIX KaHanoB. OHH ITO3BOJISIIOT IPOBOAUTH TPpeOy-
€MBIC paCUYCThl NIpU PCIICHUHN 3aJa4 HUCCIICAOBAaHUA U
MIPOEKTHPOBaHMs CUI0BON yacTh umiyibcHbIX TTITH ¢
pa3IMYHBIMU CXEMaMHU YIPaBJICHUS.
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MHPYEMbIX Ha PasJUUHBIX CTaJUsX MPOEKTHPOBAHHUS TEJEKOMMYHUKAIHOHHBIX CHCTEM.
[IpencTaBiaeHHbI B KHUTE MOAXOA K OPTaHU3aIlMH IKCMEPTHOU NesiTeNbHOCTH OCHOBAH
Ha HCIOJb30BAHHH OCHOBHBIX PE3y/JbTATOB TEOPHH BEPOSTHOCTEH M CJAyUaWHBIX Mpollec-
COB, TEOPHUMU HEUETKHX MHOKECTB, TEOPHH MaTeMaTHUECKOH CTATHUCTHKH, TEOPUH Tepe-
MEHHBIX COCTOSIHUSI U MapKOBCKHUX MPOLLECCOB, TEOPUU MACCOBOr0 0OCHYKMUBAHHUS H TEO-
pPHH UTp, BEKTOPHOH OMTHMHU3AalHH, METOJOB MAaTEMATHUECKOTO MPOTpaMMHUPOBaHUSA, Te-
HETHYECKOT0 MOMCKA, HCKYCCTBEHHBIX HEHPOHHBIX CeTeHl U MHOTOKPUTEPHUAJNbHOTO aHaJHU-
3a 3(p(eKTHBHOCTH CTOXacTHUeCcKHX mpoieccoB. Ocoboe BHUMaHKE yaeneHO pa3dpaboTke
MaTeMaTHUeCKUX MOJeJel 3KCMepTHhIX MoKadaTejaell KauecTBa TeJeKOMMYHHMKAILMOH-
HBIX CHCTEM, aHaJu3 JNMHAMHKHA 3HAUEHWH KOTOPBIX MO3BOJSET (POPMHPOBATH IKCIEPT-
Hble OIEHKH KauecTBA TEeXHMUECKHUX pelleHWH, MPUHUMAeMBbIX Ha Pa3JMUYHBbIX 3Tamax
MPOEKTHPOBAHHUSI TENEKOMMYHUKALIMOHHBIX CHCTEM.

JI151 cmenmanucToB, OCYLLECTBASIOUIUX SKCIEPTHYIO AeATeIbHOCTh B X0J4€e pa3paborT-
KM TeJeKOMMYHHUKALMOHHBIX CHCTEM, pa3pabOTUMKOB SKCIEPTHBIX CHCTEM, MpenojaBaTe-

\_ Jieil, aCHPAHTOB U CTYJE€HTOB BY30B.

%
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