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YcToiYuBOCTh BHICOKOYACTOTHOM 3JIEKTPUYECKOH NYI'Y IEPEMEHHOr0 TOKA
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Haseodero pesyavinamu meopemuyHUN mma eKCnepuUmMeHmaibHuy docaioxcers l‘ll()yl\‘lﬂllSHUZO AQHUFOZA 3 BUCOKOUACIOMHOI0 CACKIMPUUHOKO

Oyeoro. Busnawero Kpumepit 2acinuts 0yeu 6 iHOyKImueHoMY AQHYI03i 3 CUHYCOIOQAbHUM SUCOKOUACTIOMNUM CINpYMOM. Bemanosaero docmarn-

HIO YMOBY CINILKOZ0 20PIHHS BUCOKOUACTIONMHOL 02U NPU MPOXOONUCEHHT CITPYILY Y4ePe3 HY b,

C KaXJIBIM T'OJIOM PACTET KOJMIECTBO IyCKOpPC-
rysupyronux araparon (ITPA) i razopaspsiubix
JIAMIT BLICOKOT'O JIABJICHMSE, UCLOIL3YEMbIX JUIsl Ha-
PY’>KHOI'O OCBCHICHMSI, OCBCUICHUST IPOMBIILICHHBIX
noMernienuii. B BEKOTOPBIX CTpaHaxX Ha OCBEIEHUE
pacxojyerest Gostee 15% Bceit TPOM3BOJMMON IIEK-
TPOYHEPTUH.

[MocTpocHue 2JIEKTPOMArHUTHBIX M 2JIEKTPOHHBIX
[TPA 1peiiofiaracT BKJIIOYEHKE IIOCIEHA0BATEILHO C
razopaspsiIHON JIAMIION MHAYKTUBHOCTU OIPEICICH-
HOW BestmumHbl. B asiekrpoMarantueix ITPA razopas-
PsJTHBIE JIAMITBI ITATAIOTCS IIEPEMEHHBIM TOKOM € 1ac-
rotoit 50 I'ni, B asiekrponsblix ITPA — ¢ gyacroron 30—
40 k', B oboux cryuasax ra3opaspAanaHyo JJaMIry MOx-
HO CUMTATh DKBMBAJICHTOM JIYI'OBOH HArpysku mnepe-
MEHHOTO TOKA COOTBETCTBYIONIECH 4aCTOTHL.

AHaJIM3 CYHICCTBOBaHMS U YCTOMYMBOCTM CTallU-
OHApHBIX PEKUMOB B MHJIYKTUBHON LCHN LIEPEMEHHOTO
TOKa BBICOKOM YACTOTBL ¢ WICKTPUYIECKOM JIYTOM SIBJISACT-
Cs1 aKTyaJIbHOM 3aJ1a4cH, pCLIEHNE KOTOPOM MO3BOJIAT
ONTUMU3UPOBATHL TMapaMeTpbl IeKTpoHHBIX TTPA n
HOBBICUT UX TEXHUKO-KOHOMITUCCKUE IIOKA3ATCIIH.

MceneroBanust 21eKTPUIECKOM JIYTM ITEPEMEHHO-
I'0 TOKa OTPaKeHbl BO MHOTMX padorax [3,5,6,7,8,9].
Ocobo cienyeT BuIIUTE padboty [3], B KoTOpoit oupe-
JIQJISUTNCH KPUTEPUU YCTOMYMBOCTH CTAIlMOHAPHBIX
PCKMMOB B MHJIYKTMBHOM 11€1IM ¢ HU3KOYdCTOTHOM
JEKTPUUICCKOM JIyrOif M KPUTEPUM TallIeHUs JIyTY Ha
OCHOBAHMU YPABHEHMSA JMHAMUKUA IWIAHIPUIECKOIO
cTBOJIA JIyTH (PUKCUPOBAHHON JUIMHBI, CTAaOUIM3UPO-
BAaHHOM CTCHKAMU KaHaJa, [4]
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©d(G "y GT =Pt (1)
ryte G'=i/1 — NPOBOJIMMOCTD JIYT'U; [ — TOK B JIyTe; il —
HalpsDKEHUE Ha Hell; k — nokasaresib HeJIMHEHHOCTH
BOJILTAMIIEPHOM XapaKTePUCTUKN AYIH; P\ - KOHCTaH-
Ta npm (GUKCUPOBAHHOM k, olipejeisieMast (hopMoit
TCMIICPATYPHOTO TPOhUis yru; © — MOoCTosTHHAS
BPEMCHU, XapaKTCPU3VIONIAsl TCIUIOBYI0 WMHCPIMOH-
HOCTB 1y (@=p Csz/A, riep, 4, CP — COOTBETCTBEH-
HO INIOTHOCTH, TCIUIOEMKOCTh U TEIUIONPOBOJHOCTE
IIa3Mbl, d — JIMAMETP CTBOJIA AYTH).

It onpeieyIeHus CTalOHapHbIX PEXUMOB B
MHJIYKTABHOM nenu ¢ jyroit B [3] paccmarpuBainach
ICIb, COCTOSIINAS U3 UCTOUHYIKA FapMOHMIecKoit 9J1C
e=Emsin(wl‘) , UHAYKTUBHOCTU L, NyT'¥ U COLPOTUBIIC-

HUA R, KOTOPOE OPE/CIISCT AKTUBHBIC IOTEPHU B IEITH.
W3 ypasuenust (1) npu k = 0 nony4aercsi ypaBHCHUC
Maiipa [12], npu k= 1 — ypasuenne Kaccn [11].
Pemntenne ypasnenust (1), JMHEHHOIO OTHOCU-
TEJILHOI'O CTEHEHHOI'0 KOMILICKCA HPOBOJAMMOCTHU Y-

~1+k
v ((Jl /‘), MO3BOJIMIIO TOJIYYUTH BOJIBTAMIECPHBIE Xa-
pakrepuctuku (BAX) jiyru juist HepBbIX TapMOHUK

U= P/1‘ th , g(L=K)/(14+K) 2)
U CPCAHCKBAJIPATUTHOC COIIPOTUBJICHUEC NYT'U
B oy /(1K)
R(I)—<Pk/1 > ) (3)

rjie [ — eUCTBYIONIEE 3HAYCHME TOKA IyTY [ =[msin wl.

[py npeaoIoKeHUN CUHYCONITAIILHOCTH TOKA B
ayre (=1 sin (wt—y) B [3] ObLIM IOTYICHBI KDUTECPHL,




SIBIATOIIUCCA HEOOXOIMMBIMHU YCIIoBUsIMU yc’FOﬁ‘II/I—
BOCTU CTAIIMOHAPHBIX PEXKUMOB B VIHILYKTI/IBHOIZ Iemu

¢ jyrou
» ] >0;
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[0] +(wL)*>0,

[RB+R(IC):I + [RB+(dU/ dl) lz
[RB+R(IO)} [RB+ (du/ dry | .

rie 1 feiicTByroniee 3HaUCHME TOKa JIyI'M B
CTAIMOHAPHOM PEKUME B TOUKAX PABHOBECHSL.

O0a KpuTeprsi YJIOBICTBOPSIOTCS Ha BO3pacTa-
oimx yaacrkax BAX nyru U(I). Tleppoiii kpurepuit
NPAKTUICCKN BCCIJIAa YJIOBJICTBOPSIETCST M HA Iajla-
onnx yaactkax BAX, u6o, kak cienyer us (2) u (3),
upu O<k<1 |dU/dl L<(U/])=R(1). B upeiesbHOM
crrydae npn k=0, Korj JdU/le =(U/I), ou yjioBJIeT-
BOPSICTCSI IIPU CKOJIb YIOJIHO MAJIOM CONPOTUBIICHIN
R . Taknm 00pasoM, CyIIEeCTBEHHBIM ABJISCTCH BTOPOI
Kpmqmm yeroviausoctu (4). Tlpu npencOpeskeHnn
AKTUBHBIMU OTEPAMU B 1ienn (R =0) juts najiaronux
yuactkos BAX jiyryi OH MOKET ObIThH 3alIMCAH B BUJIC

bl

ol > [ (= U/ di) <U/I>]O'5 -
v, yaureiast (2) u (3), 0
1-k 0
wl > T+k R(IO) :

(5)
B wactHOCTH, JUis MOJiein Maiipa (k=0), xorma
dU /dI=—R (I), kxpurepuii yCTORIMBOCTH UMECT 0CO-
OeHHO NPOCTON BUJL
wl >R( ). (6)

Hepaperncrso (5) HOJIYIeHO HPU MaJIbIX OTKIO-
HCHMSIX TOKa OT craruoHapHoro pexuma. Oupeje-
JICHME HOHSATUST MaJbIX OTKIOHCHMI TOKAa M UX
KOJIMHMECTBCHHBIX XapaKTePUCTHK Jlalo B padore [10].
[Toji ManLIMKU OTKJIOHCHUSIMM TOKAa NPUHSTO 110~
HUMaTh ycaoBue |A | < <1, rje A:(Zm/[l) sign W (1) —
OTHOCUTEJILHOE  OTKJIOHCHMC TOKa Jyrm  BHUJA
o=+, W(). Buech ]| — TOK CTaTUIECKOIO COCTOs
nust ayru [7,8]; [ ~— aMIumTyjla BO3MYIICHWS,
dbynkiuga W(f) mopMupoBana M 3aJiact BUJL BO3MY-
nienust. st MepuojindecKX BO3ZMYLICHUI yCIIOBHE
JUHeapu3aIum UMeeT B[ |A | /w@®< <n

Boinosgenue  1OCJIe/HEI0  YCIOBUS
LHOJIB30BATHCST HEPAaBeHCTBOM (5).

B pabore [3] TakKe MOJIYICH KPUTEPUIi MalieHyst
ayru npun 2w©< <1 Ha OCHOBAHUU YPABHCHUA
AUHAMMKN HUJIVMHJIPUYECKOTO CTBOJIA AYTU U SKBUBA-
JICHTHOM CXCMBbI MHJIYKTUBHOM 11CIM ¢ UCTOYHUKOM
TOKA DJICKTPUUIECKOii iyru (puc. 1)

ITO3BOJIACT

wlL<R(l,) [\/7 (20)@)(1_7")/(1+k):| -

1, B 9acTHOCTHU, 1pU k=0

wL<R(I) ( 22 w@)) - (7)
TMocieee HeEPaBEHCTBO SABJISIETCS JOCTATOYHBIM
YCIIOBUEM TallICHMS IPY HIEPEXOJIE TOKA YEPes HYIib.
Ha puc. 1 Z;; (p) — KOMIUIEKCHOE OLEPATOPHOE
CONPOTUBIIEHNE TENU, IMYHTUPYIOILEH JIyroBOM 1pPo-
MEXKYTOK, KOTOpasi MOMKET COZIEepKaTh JIMHEHHbIE DJ1e-
MenTbt Ry, Ly €

ar r
pL Rs
Y [T —
Us(p)
(GO Zu(p)
_.e—_
Puc. 1

W3 cpasuenusi kputepusa ramenus (7) u Kpu-
Tepust yeroitausoctu (6) juisg Mojtenu Maiipa (k=0)
BUJIHO, UTO COOJIIOJIEHIE YCIOBMs! YCTOMIMBOCTH (6)
npu 200< <1 HEAOCTATOUHO JUIsT 00CCHeYennst He-
HPEpPBLIBHOrO TOpeHus Ayru. JeidcTBUTenbHo, 4Todnt
Jlyra He racjia npy Iepexojic ToKa Yepes Hyllb, HeoO-
XOJIUMO, ITOOBI YIIOBICTBOPSIIOCH, 110 Kpainei mepe,

obparnoe (7) HEPABEHCTBO

wL >R(l,) (2/200) - ()

Hepasenctso (7) B oTimdne oT HepasencTsa (5)
33ABUCHT OT BEIMYUHDBI NOCTOSTHHOW BpeMeHu nyru @,
KOTOpast 3aJaeTcs HapaMeTpaMy U TEIUIOBLIMU 11PO-
reccaMu B yre. B cooTBeTCTBUU € JAHHBIMU, IIPUBE-
pennpiMu B pabdore [2], OCTOANHAS BPEMEHU DJIEK-
TPUYECKON JIYTU B Ta30Pa3psiiHON JIaMIle BBICOKOTO
nasienust JHAT-150, onpenensieMast Kak @-LH/RH,
nsMensiercst B npejiesiax © = (0,376—2 37)10

HepasencTBo (5) apisteTcss HEOOXOMMMbBIM ycno—
BUEM YCTOMYMBOCTYU CTAMOHAPHOTO PEXMMa B MH-
JIYKTUBHOU NEHM IICPEMEHHOIO TOKA C AYIOW KaK Ipu
200 >>1, tak n npu 20O < < 1. OHAKO B IOCIEAHEM
CIJIyYae JI0JDKHO BBITOJIHATHCs O0JIee CTPOroe HepaBe-
cTBO (8), ABIAIONICECS JIOCTATOYHBIM YCIOBUEM YC-
ToanBoCTU. [102TOMY JUISI ITOBBIIIIEHHBIX YaCTOT e~
J1eco00Pa3HO ONPEICTUTD JIOCTATOUHOE YCIOBUE, IIPU
KOTOPOM 3JIEKTPUUICCKAA Ayra HEPEMEHHOI0 TOKA I'ac-
jia OLI IIpM HIEPEXOJIe Yepe3 HyJb, a 00paTHoOE STOMY
VCIIOBUIO BRIPAKCHIE MOXKHO PACCMATPUBATE Kak JI0CTa~
TOUHOE YCJIOBUC YCTOMUYMBOCTU CTALMOHAPHOIO PEXU-
Ma B MH{YKTUBHOH IE1IM HEPEMEHHOI0 TOKA ¢ YT O¥.

Bocriosb3yeMcst Julsl OIPEICICHUs YCIIOBUAS TI'a-
IEHUS JyTU 000OIEHHBIM KPUTCPUEM A, TTONTyICH-
HBIM B [3],

A =Res| 1{¢ )=
] 9)
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CBEPTKA M300paKeHUI BOCCTAHABIMBAIOIICIO HAlIPSsI-
JKEHMS HA JIYTOBOM IIPOMEKYTKE.
ITpy oupejeicHUn  KpUTEpUsT  raienust  1pu
0<<05T 2wO<<l1) B [3] BOAU3M HyJIsT cuny-
COMJIAJILHOTO TOKA i(l):lmsin wl HTOT TOK 3aMEHSIIICS

KOMINICKCHAsI

JIMHEVHOM (pyHKImei

i(H)= (d// d1> |y t=wlt,

TAK KAK JIOCTATOUII0 3HATH XapaKkTep U3MCHCHMS OCTa~
TOYHOU HHPOBOJMMOCTY B TCUCHIC UHTEPBAJId BPEMEHU
nopsijika Heckodbkux ©. [lpu BLICOKOI ke wacrore
0=2-10""> >0,5T=1,25-10"7 BLIpWOKEHUE IS
CHHYCOMJIILHOTO TOKa (1)=] sinw! HeT cMplcia 3a-
MEHSTH MIOM (PYHKIUCH, [T0ITOMY €0 OlepaTOpHOoE
M300PAACHUC UMCET BUJI

[(/1):1/”(5)/ (/)2+w2) :

300pakennce jUist BOCCTAHABIMBAIONIEr0 Hallpsi-
JKEHMsT Ha JIYPOBOM HPOMEKYTKC IIPU ITPCHCOPCKCHM A
HIYHTUDPYIOIMUM JICHCTBUCM  OCTAaTOYHON I1IPOBOM-
MOCTH JIYI'U UMECT BUJL

Up(p)=Z, (P)-1(p) ,

e Zy, (p)=pL — BXOJHOE OIEPATOPHOE CONPOTUB-
JIEHHUE NEHHU 110 OTHOLICHUIO K JIyTOBOMY IIPOMEKYTKY.
M3o0paskenne BOCCTAHABIMBAIOIIEIO HALPSLKEH S
IPEJICTABUM B TAKOM BUJIE

!
7 2 2
Ug(p)=1 wpl (/7 +w )

KoMIuiekenyo CBCPTKY byukin
L/"B(/)):A(/))/ B(p) onpejiessieM 1o ciieiyroniei pop-
myste [1]:

4 A(/’/\») A(P'“P/\-)

[ 20]_ = “Bin—n y
[,iz(]g(l)J,—UB(]))®UI§(/7) -121 B'(p,) B(/)—/Jk)'

B pesylibrare BBLIMMCIICHUN HOJIYIAEM

2 2
, P20 5 4 5
Uy(m@Ug((p) :~(—/~7—3—- I“wL”. (10)
7 2 4 m
pp~+4w”)
3HavIenue OCTATOTHOM IIPOBOJAMMOCTH JIyTY B MO-
MEHT I1ePeX0jla TOKA YEpEs HYIIh (}(l(},()) paBHO
1/(1+k)
o ) (Lwo)”
G,O)=GU )|\ ——
1+ (2w®)”

[pn 200>>1 (}(l”,())z(](l()) 1 PAaBHO CpeIHei

HPOBOJIMMOCTH 1IPY TOKe /)
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; (11)

' , 1/(1+k)
Gly)= (10/ Pk)

ITC Cpefisisi npoBojuMocts G([)= [R(l)} NL, a R(I)
OIpEJEIsIeTC YpaBHCHMUEM (3).

[oscrapnss ypapuenust (10) 1 (11) B uepasencr-
B0 (9), OIyIUM

A=Res| {6 )=
1 l):A] 1 .
-k 2 2,2, 2 2
= (1?/p 1—7:/—\»_1—/\'. 1 _[mw L*(p™+2w )>U
( 0 /\’) 1+k @P/\’ /)(/)2+4LYJ2) .

IMocsie mpeodpasoBanuii ¢ yaerom (3) 1 TOrO, UTO
1()=1m/fz , HOJIYIUM YCJIOBME FalleHMs DJIEKTpUIec-
KO JIyI'M 11IPH BBICOKOMACTOTHOM TOKe (20©>>1)

wL<R([0) . (12)

M3 cpaBrenust kpurepust yeroitausocru (5) u
Kpurepust ramenust (12) swjuio, aro yenosue (5) ne-
JIOCTATOYHO JUIT 00CCHETEHMs! HEMPEPBIBHOTO POPEHIST
ayr. Ha  puc. 2 mokasannl  3aBUCUMOCTU

0,5 . ~
wl/R(N=[(1-k)/(1 +/<)]) uwl/R()=1.Y100501 1yra
HE racila Hpu POX0JIe TOKA Yepes HYJIb, TOJKHO VIOB-
JICTBOPSITLCS HEPABEHCTBO wl,>R([O), obparnoe (12).
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Puc. 2

B kauecrse miunocTpanuu na puc. 3 nokasana Ha-
Ipy30"Hast XapaKTepUCTUKA WCTOYHUKA TATAHUS
cbupmer "Cisnetcom” (Mranusi) ¢ razopaspsiiHOii na-
Tpuenoi samnoii JHAT-150, a na puc. 4 — ppemen-
HBIC 3aBUCUMOCTH HAIIPSDKCHUST Ha 9TOH Jtamiie (Kpu-
Bast /) v TOKa depes slamny (KkpuBasi 2) Juist Toukn.4 Ha
HAI'PY309HOM XaPaKTEPUCTUKE MCTOUHMKA HUTAHUS
(puc. 3). IsmepeHHbBIC CpeiHeKBafipaTUIHbIC 3HAUC-
HUsT HAIIPSDKEHUS 1 ToKa JiaMIiisl JITHAT-150 B »T0i0i

I°H
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TOYKE COOTBETCTBCHHO PABHBL U“ =91,6B, [JI =1,54 A.

Kax Bujino m3 puc. 4, MCKIY HanpsOKEHUEM U
TOKOM JIaMIIBL HET c¢jiBura ¢as, CJIeHoBaTeIbLHO,
AKTHBHOE COUPOTUBJICHUE B TOYKE A BOJIBTAMIICPHOI
XapaKTEPUCTUKY OUPEIEISCTCS JICHCTBYIOMMMU 3Ha-
yenusimy Hanpspkenust U=91,6 Bu tokaI=1,54 A u
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Prc. 4
pasino  R=5948 Owm. Mcroonssyst  HepaBeHCTBO

w[4>R(10), MOKHO OHPEACAUTD BEJIUIVHY UHJIYKTUB-
HOCTU, KOTOPast 00eCIIeUUT YCTOUIUBOE FOPEHIIE YT
L >246 ul'm upm HOMHUHAIBHON 4YacTOTE TOKA
ucrouHuka nuranust f=38,46 k. Bonpramnepnas
XapaKkTepuCcTUKa McTOoYHUKa rmranusg "Cisnetcom”
CHATA DU BEIMYMHC MHAYKTUBHOCTH, BKIIOYEHHOI
HOCJIEIOBATEIILHO ¢ JIaMITON, pasHoil L =390 ul'n, 40

00ecIeInBacT TOCTATOIHLIN 3aI1aC YCTOMIMBOCTU. ITO
HOATBEPKAACTCA M PE3YIAbTATAMM IKCIUIyaTaAllUU UC-
rounuka nuranusd "Cisnetcom” ¢ razopaspsyiHbiMuy
narpuesbiMy JiaMiiamu HHAT-150, OSRAM-150.
Taxum 00pasoM, Ha OCHOBAHWM YPABHEHUS (M-
HaMUKW  HUAJTAHAPUIECKOTO CTBOJA JIYTU  (DUKCHU-
POBAHHOM JUIMHBL, CTA0MIIN3UPOBAHHON CTEHKAMU Ka-
HaJla, OIpPENENCH KPUTEPUIN ramieHusi JIyI'd B KUH-
JAYKTUBHOM LEIMU ¢ CMHYCOU/AJIBHBIM BBICOKOYACTOT-
HBIM TOKOM (20©>2>1). Hepasencrso wlL>R(l)

SIBJISIETCSE JIOCTATOYHBIM YCIIOBHUEM YCTORIUBOIO 10~
PEHUST YW LIPK HEPEXO/IC TOKA Yepe3 HyJIb, YTO 110/(-
TBEPK/IACTCA OKCHCPUMCHTAILHBIMU U JKCIDIyaTa-
HUOHHLIMU PE3yJbTaTaMu paboThl UCTOYHMKOB M-
tanus dupmel "Cisnetcom” (Mranus) ¢ razopaspsii-
HpiMU  HarpuepbiMu  stammamu - JTHAT-150 wu
OSRAM-150.
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