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HPEAUCJIOBUE

Onepanuonnsie yeumnurenu (OY) ¢ HeMmocpenCTBEHHON CBSI3bI0 KaCKA/I0B,
peanu3yeMble MO KIIACCUYECKUM apxXuTekTypam [1, 2, 3, 4], UMEIOT CpaBHUTEIIb-
HO OoJbllIve YpOBHHU HampsikeHus: cMmemeHus vy (Uey,).

Munumuzanus U, y npenn3noHHbIXx OY 00bIYHO TOCTUTAaeTCs MyTEM Jia-
3€pHOI MOJITOHKU COMPOTUBIIECHUSI 0aJaHCUPOBOYHBIX PE3UCTOPOB HA OTKPHITOM
kpuctaie. OQHaKko B IPOLECCE KOPIIYCHUPOBAHUS MUKPOCXEM H3-3a TEpMHUYE-
CKUX nedopManuid U Apyrux 3Pp¢PeKToB CONPOTUBIECHUE PEIUCTOPOB U3MEHSIET-
csl, ¥, Kak cieAcTBue, 6anancuposka OV yxynmaercs.

Hpyrum cnioco60M yMEHbILIEHUS HANPSKEHUs] CMEIICHUS HYJIs SBIISITCS
nudpoBasi MOArOHKa CONPOTUBIICHUSI 0aTaHCUPOBOYHBIX PE3UCTOPOB, KOTOPYIO
MOHO NMPOBOJAUTH HA 3aBEPUIAIOLIEM 3Tare MPOU3BOACTBA MHKPOCXEM IOCIE
ornepauuu koprycupoBanus. [[is aroro B coctaB OY BKIIIOUaOT CBOEOOpa3HbIE
I[{AII-pe3ucTopsl, COMPOTUBIEHUEM KOTOPBIX MOXHO YIPABISATH YEPE3 BHEII-
HUE€ BBIBOJBI, U OJHOKPAaTHO MPOrPAMMHUPYEMOE 3alIOMHUHAIOIIEE YCTPONCTBO.
B MaccoBom npousBojsicTBe npenu3nonnbie OY ¢ nu@poBoi MOJTOHKON MOTYT
OBITH JJaXKe JeIIeBlie, YEM C Ja3epHOM, UeMy CIIOCOOCTBYET U TO, YTO B KaUECTBE
HCXOJHOTO 00BIYHO OepETcsl paHee OCBOSHHBIN, XOPOIIO OTPaOOTaHHbBIN Orepa-
UMOHHBIA YCUJIUTENb.

Cxembl OV ¢ aBTOMAaTWyecKOll KOpPpEKIMEH HYJS WIH MEPUOANYECKON
KOMIIeHcaluen napeida XxapakTepu3yroTcs Kak JOCTOMHCTBAMHU, TaK U HEJIOC-
TaTkamu [1].

B 3T0i1 CBsA3M BEChbMa aKTyaJbHBIM SBISETCS IPUMEHEHHE CXEMOTEXHUYE-
CKUX CPEJCTB, cnocoocTByomux ymenbuienuto U, kmaccuueckux OV [5-69],
ABJIAIOMIMXCA HAauOOJIee MaCCOBBIM M JEHMIEBBIM MUKPOSJIEKTPOHHBIM U3JIETUEM,
CUCTEM CBSI3HU U TEJIEKOMMYHUKAIUH.

Hacrosimiee mocoOue MOCBSIIEHO METOJIaM PeIleHUsl 3TON MpoOJIeMbl JIJIst
Cily4as, KOrJla ONepaluOHHbIA YCUIIUTENb UMEET OAUH BBIXOJ U XapaKTEPU3YyET-
Cs HAJINYMEM B CXEME BBICOKOMMIIEJAHCHOTO y3J1a, CBOMCTBA KOTOPOTO OKa3bl-
BAIOT CYILLIECTBEHHOE BIMSHHUE KaK HAa CTATUYECKHUE, TAK U JUHAMUYECKHUE Mapa-
MeTpbl OV U ero paauallMOHHYIO CTOMKOCTSH [3].

PanmnanonHoe M TeMIlepaTypHOE BO3JEMCTBUS M3MEHSAIOT HANpPSHKEHUE
amutrrep-6a3a (Us,s), 0OpaTHBIN TOK KOJUIEKTOPHOTO rnepexona lys o u koadduiu-
€HT ycuJieHus 1o ToKy 6a3bl () TpansucropoB [1]. Ilpu aTom nBa mociaeaHux
(dakTopa NpuUBOJAT K HECTAOMIBLHOCTU TOKA 0a3bl.

B nepBoMm npubimkeHUH HanmpspDKEHHE CMEIEHUs HYJIS ONepalliOHHOTO
YCUJIUTENS. MOKHO TPEJCTaBUTh B BUJE alreOpanvyeckol CyMMbl JBYX COCTaB-
mprrommux U, =U_ ,+U rae Uy — mepBasi CuCTeMaTuyeckasi COCTABISAIONIAs

HYJIEBOT'O YpOBHSA, OOYCJIOBJIEHHAs BIUSHHUEM HAaIpsOKEHUN dMUTTEp-0a3a, Kak
MPaBUJIO, BXOJHBIX TPAH3UCTOPOB M JIPYTUX KOMIIOHEHTOB, KOTOpasi omnpees-
eTcs npu ko3puuueHTax ycuwieHus 1o Toky 0a3sl B=o u I, =0; Ugn
BTOpas CUCTeMaTHyYecKasi COCTaBIIAOIas HylneBoro yposHs OV, koTopas 3aBu-
CUT TOJBKO OT J3, Iis.0.
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JIst MUHUMM3AlUK TIEpBOM cucTemMaTudeckout cocrapistonieid U,y 1, 00y-
ciopiieHHOM nperipom U,s, MPUMEHSIOTCS XOPOIIO W3BECTHBIC MapajuiesIbHO-
OamancHbie cxeMbl auddepennmansubix kackaaos (AK) [1, 2, 3, 4], B KOTOpBIX
obOecrnieunBaeTcs B3auMHasi KoMreHcalus HectabuibHOCTH U, ABYX OJMHAKO-
BBIX BXOJHBIX TpaH3ucTopoB JIK. B pesynbpTare 3Ta cocraBisionias Harpsoke-
HUS CMENIEHUs YMeHbIaeTcs: U ~0.

JInst TpaH3UCTOPOB, HMMEIONIUX HEOOJIBIINE HAIpPSIKEHUS ODPiH, Majbie
3HaueHust U, ; 00ecrneunBaroTCsa HE TOJIBKO BBICOKOW WIEHTUYHOCTHIO HATpsI-
KEHUU dMUTTEp-0a3a TPaH3UCTOPOB BXOAHOU nuddepeHnnanrbHol napel, HO U
«BBIPAaBHUBAHUEM» HX CTATHYECKUX PEKHUMOB MO HAMPSIKECHUIO KOJJIEKTOP-
0a3a, a Tak)Ke JOMUHHUPYIOIIHMX TPAH3UCTOPOB TOKOBBIX 3€pKasl (aKTUBHBIX Ha-
IPY30K).

Uto kacaercsa BTopoi cocrtapisitomend Ue, o, 3aBUCSIIECH OT U3MEHEHUH [3
Tpan3ucTopoB OV, 1o /i €€ MUHUMHU3AIUU HEOOXOAUMBI CIIeIUaJIbHBIC apXu-
TEKTYpHBIE pelIeHUs] BXOAHOTO Kackaga OY M ero BBIXOAHOMW MOJCXEMBI, B KO-
TOPBIX peanu3yroTcst 3P eKThl B3aMMHON KOMIIEHCAIIMHA B BBICOKOMMIIEJAHCHOM
y37¢ aOCOIOTHBIX 3HAYEHUM TOKOB 0a3bl M MX MPHUPAIICHUHN, 00YCIOBICHHBIX
TeMIIEPATYpHOM, paJIMAlMOHHOW WM PEKUMHOM 3aBUCUMOCTHIO TMapaMeTPOB
TpaH3ucTopoB. CyllIeCTBOBAaHHUE TaKHUX APXUTEKTYp MpPEIACKa3aHO TEOpeThde-
CKMMHU HUCCIe0oBaHUsAMU [63—69], a Takke pe3ysibTaTaMu KOMIIbIOTEPHOTO MO-
nenvpoBanus [5—69].

cm. 1
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1. METOJI CMHTE3A APXUTEKTYP NPELIU3UOHHBIX
OIEPALIMOHHBIX YCUJUTEJEM (OY)

AHanu3 COBPEMEHHBIX OIEPAlMOHHBIX YCHJIMTENICH C OJHUM BBIXOJIOM
MOKA3bIBAET, YTO OOJIBIIMHCTBO MX CTPYKTYPHBIX CXEM MPUBOIUTCS K apXUTEK-
Type puc. 1, B KOTOpOH MOXKHO BBIJICIUTh BBICOKOMMIICIAHCHBIA Y3€II «A,
obOecrieunBalOMMil CyMMHpOBaHUE BBIXOAHBIX TOKOB (I3 m I;) 00o6mEnHoOrO
BxoaHoro auddepennumanbaoro kackanaa (K1) u sxogunoro toka (Igy) BIXO-
HoM moacxemsl (OydepHoro ycunurens, bY):

I3(Bi.n DBj.pDIijbqu) = I4(Bk.n>Bm.pDIk.m9qu) + IBV(BS.HDBf.pDIsf) > (1)

rae lij, Ikm, Iy — KOOpAMHATBEI HCTOYHMKOB TOKA, YCTaHABIMBAIOIIUX CTaTHYe-
CKHI PEKUM TPAH3UCTOPOB CXEMBI;
Bins Bkns Psn — KOIOPUIMEHTHI YyCUIIEHUS IO TOKY 0a3bl p-n-p TPaH3UCTO-
poB, Biustonux Ha Toku y370B 3 (I3), 4 (I4) 1 BXoaHOM TOK
(Isy) 6ydepnoro ycunurens,
Bips Bmps Brp — KOOXPPHUIUEHTHI yCHIIECHUS IO TOKY 6a3bl N-p-n TPAH3HCTO-
poB, Biusomux Ha Toku y310B 3 (I3), 4 (I4) u BXogHOMU
ToK (Igy) OydepHoro ycumurens.

Puc. 1. O0001méHHas CTPYKTypHas CXeMa ONepalluOHHBIX YCUIIUTENEH
C BBICOKOMMIIETAHCHBIM Y3JIOM «A»

Ecinu npu HyneBOM BXOJHOM HamnpsikeHMH (u, = 0, T.€. B CTATUYECKOM

pexxuMe) cymma TokoB B y3ie «A» I =1; -1, =I5y npu KOpoTKOM 3aMbIKaHUU

p
y31a «A» Ha SKBUNOTEHIUAIBHYIO 00Uyl WKHY He paBHa Hyito (I, #0), To
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JUIS KOMIIEHCAllUU cTaTudeckoi omuOku OY B pabodem pexxume HEOOXOIUMO
Ha ero auddepenumanbubiii Bxoa (Bx.1, BX. 2) momgaBaTe HEKOTOPOE HaIpsIKe-
nue omuoku (DJC cmemenus nynst Ugy,o):

-1
UCM.Z ~ S)IYIp s (2)
1
rac S}ly = ﬁ — KpyTHU3HaA YCWICHUA BXOOHOI'O I[Kl IMIpHU KOPOTKOM 3aMBbIKAaHUU
BX

y371a «A» Ha SKBUNIOTEHIMAJIBHYIO IINHY.

Takum oOpa3zoM, OJHUM U3 YCJIOBHI cuHTe3a apxuTekTyp OV ¢ ManbiMu
3HAYEHUSIMH BTOpOU cucTeMatnueckoi cocrtasistomiein DC cmenieHus Hyms
U.,,, ~ 0 ABIIETCA TAKOE MOCTPOEHUE aPXUTEKTYPBI U OCHOBHBIX mojacxeM JIK1

u BY, nipu koTophIX BO BCEM Juana3zoHe BHEUTHUX BO3JCUCTBUH (TeMmIiepaTypa,
paguanus), a TakKe PEeKUMHBIX U3MEHEHUN MapaMeTpPOB TPAH3UCTOPOB M UX
CTATUYECKUX TOKOB IPU BapUalMsIX HAMpPsOKEHUW TUTaHus OyneT olecredu-
BaTbCSl PABEHCTBO:

I =1, +1; - 3)

MunuMmu3zanusa cucteMatudeckoin coctapisitonied Ug,,» — 3TO «30Ha OT-
BETCTBEHHOCTH)» CXEMOTEXHUKOB, pa3pabdarsiBatonux OVY.

B 3aBucuMocTu ot 3Haka BxoaHoro Toka bY (Igy), a Takke CBOMCTB KOH-
KpeTHOU 0a30Boi apxuTekTypbl OV, KOTOPYIO HEOOXOJIUMO MOJCPHHU3UPOBATH
st ymenblieHust U,y », 00YCIIOBICHHOTO BIMSHUEM [3 TPaH3UCTOPOB, BO3MO-
KEH CHUHTE3 Pa3audHbIX cTpyKTyp OV, 006samarommx BICOKOW CTaOMIBHOCTHIO
HYJIA.

B Hayajo x OrjiaBJIcHUIO




2. KTACCUYECKHUE JIBYXKACKAJIHBIE OY

O600mEnnyto cxemy puc. 1 nmns aByxkackagueix OV nenecooOpa3Ho
MIPEACTABUTh B BUJAE TPEX HE3aBUCHUMBIX MOJCXEM — BXOJIHOro kackazaa 1K, To-
koBoro 3epkasa [IT1 u BeixonHoro 6ydepnoro ycunutens bY (puc. 2). Ilpu
ATOM KaXKIbIM M3 JAaHHBIX (DYHKIIMOHAJBHBIX y3J0B B YACTHOM CIy4ae MOXET
OBITh «UI€AIbHBIMY, T.€. HE BHOCUTb «TOKOBYIO» OIIMOKY B €TI0 BBIXOJHBIE (151
JK u IIT1) u Bxonnyto (st BY) koopaunatsl. B o6miem ciiyyae Bce Tpu QyHK-
HMOHANBHBIX y31a OY puc. 2 UMET TOT WX UHOW YPOBEHb CMEIICHUS BBIXO/-
HBIX (BXOIHBIX i1 BY) TokoBBIX KOOpAUHAT I\ j OTHOCUTENBHO UX UACAIBHOTO
3HaueHUs. [IpuyéM 3T ypOBHU TOKOB CMELIEHHUS I\ i ONMPEAEIAIOTCS KOHKPET-
HbiM noctpoeHueM nojcxeM JIK, IIT1, BY, koropsie cTaHOBATCS 0O0BEKTaMH
CUHTE3A.

JIK

Bx.2

|_?A
|___

1,=2I,

O

Puc. 2. Ycnosusa komnencanuii U, ~ 0 B AByXKackagHoM OY
¢ TOKOBBIM 3epkainoM [IT1, umeronum 3a1aHHOE CMENIEHUE

IIPOXOAHON XapaKTEPUCTUKH [ ., = -1,y



AY ¢ upeanbHbIM BXOAHBbIM Kackaaom (AK). PaccmoTpum BHavanie 4da-
CTHBIN ciyvail cunTe3a OY puc. 2, npuHrMasi BO BHUMaHHE, YTO BXOJHOM Kac-
kan JAK dbopmupyeT B cTaTHuecKOM peKuMe OJJMHAKOBBIE BBIXOJHBIE KOOPIMHA-
Thl, T.. «uaeanen» (I, =1,). Ilpu 3ToM BbIXOAHOW OydepHbIi ycunurens BY

pea30BaH Ha P-n-p TPAH3UCTOpPAX U UMEET «BTEKAIOLIMW B y3el “A”)» BXOIHOU
TOK Ipy. OOBEKTOM CHHTE3a B 3TOM Ciiy4ae siBjsieTcsi TokoBoe 3epkaio [1T1.
Takum oOpazom, nis MuHUMU3aKUKU cocTaBistoment U, » B IIMPOKO pac-
MIPOCTPaHEHHOM JBYXKackagHoM OV ¢ apXHUTEKTypoW pucC. 2, UMEIOUIUM HH-
BEPTUPYIOLIUK (MM HE MHBEpPTUpPYIOMmU) OydepHbii ycunutenb BY ¢ «BbiTe-
KalOIIUM» BXOJIHBIM TOKOM I, = I, , HEOOXOAMMO B COOTBETCTBUH C (3) CHH-

Te3UpoBaTh TOKOBOE 3epkasio 1IT1, cMemienre npoxoJHON XapaKTEPUCTUKHU KO-
Toporo [ =f(I, ) COOTBETCTBYET YPOBHIO | =-1

Tak kak 1o ycimoBusM 3aaauu lgy — 3TO BXOJAHOM TOK p-n-p TPaH3UCTOPA,
TO B COOTBETCTBUM C (3) 3ajaHHOE CMeIleHHe MPOoXoaAHoN xapaktepuctuku [1T1
JOJI’KHO COOTBETCTBOBATH YPOBHIO I .. B mpakTuueckux cxemax (tabiu. 1) uene-
coobpa3Ho BbIOpaTh I, = 21, . Torna Tox cmemenns vynsa IIT1 1, ., = 215,

BBIX ceMm IIT1 by *°

YTO JIETKO PEATU3YETCsl C MOMOIIBI KIACCHYECKUX PEUIEHUWH Ha JIBYX p-n-p
TPaH3UCTOPAX.

Tabnuna 1
IIpumeps! nocrtpoenusi OY ¢ U, 2=
11\/&;[ [pumep nocrpoerus OV Tpumeyanue
1 2 3

1 - °+ | 1. P-n mepexox VD2
Y vD1 l Iy —Tsn oOecrieuynBaeT  HJICH-
THYHBIN pekuM 110 Uyg

tpan3uctopos MOT1




IIpoooncenue maon. 1

1 3
2 2. Tpanzuctop VT4
o + YCTaHABJIMBACT CTaTHU-
*_1 |\ VD1 " YECKUH PEKUM aKTUB-
b ~lon VT3] T~ T HEIX 3JIEMEHTOB Oydep-
?’( Horo ycwiurens bY
L.
2%, VT4 VT5
Ly . 4
LR
0
r_______J:_[S_Il_______l bY Brix
Bx.1 | VIl VT2 : 2 > |> o)
—A b T
e 1
Lo | e S
+
0 I
: :
i CD b v vi7 V8| |
e
Vo |4 ¢ o L
I | o -
b e |
3 3. Cxema OV mno 6a30-
BOMY TEXIIPOIIECCY
o + | ®I'VII HIIT «ITyms-
W VD1 é I-Is. cap» (r. Mocksa)
Lliny | Jon
VT3
W2l L VM| T | v
«<— A /
AC
I |
ayi bR lo}
m——f-———————— ——— Brx.
Bx1| VTl VT2l ! Bx2 L I ——o
O——+— ——>0 !
! N, ! > VT6
e ___ |
OO
o -
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Oxonuanue maon. 1

1 2 3
o -| 4. Cxema OV B Oa3suce
SiGe Texuonornu IHP
<> =2k <> L= T4 (I'epmanus)
V1 v
r—-———>"—"~>"""~>"™="|——"~—~~~—"™—"—=— |
Bx1! | | Bx2 ™
= : If I D2 Brix
I VTl VT2 | — o
L ___ 1
Iy
. ; i L=l Isp Isp |/£
1 e —
A<
N NG
ST VTS VT6
hlpy |
Y o ¢ bl
o +

BoeinosiHEHHBIN aHANU3 U KOMIIbIOTEpHOE MojenupoBanue OY paccmar-
PHUBAEMOI0 MOJKIIACCA MTOKA3bIBAIOT, YTO BONPEKHU CIOXKUBIIUMCS MPEIACTABIIC-
HUSM, OPUEHTUPYIONTUM pa3paboTurKa Ha 00s3aTelIbHOE YMEHBIIIEHUE BXOIHO-
ro Toka OydepHoro ycwmtens, B OY ¢ mansim U, ; HEOOXOIUMO yBEIUYUBATH
BX0aHOU TOK BY 10 ypoBHS I\ T BEIOpaHHOTO TOKOBOTO 3epKana. OgHaKko mpu
ATOM IIPOUCXOAUT YMEHbIIeHHE K03 duIMeHTa ycuiaeHus no HanpsokeHuio OV,

B Hayajo x orjiaBJIcHUIO
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3. OBLLIMI CJOYYA CUHTE3A APXUTEKTYPBI
JIBYXKACKAJHOI'O OY

Haiiném orpanumyeHuss Ha YpOBHU TOKOB CMELIEHUS I i OTHOCUTEIBHO
UJIeabHBIX MPOXOJIHBIX XapaKTepUCTUK BXoHoro kackana (AK) (puc. 3) u To-
koBoro 3epkayia (I1T1) npu npou3BOJILHBIX 3HAYEHUSAX W 3HAKE BXOJHOI'O TOKa
BY (Igy), monarasi, 4To 3T CMEIIEHUST O0YCIIOBJICHBI BIUSHUEM TOKOB 0a3bl p-n-p
U N-p-n IPUMEHSIEMBIX TPAH3UCTOPOB.

O +
IIT1
Kiiz.1=-1
S 4y
1 I 3 c>£13
Loxy Ly BY
e BrIx.
A O
I
L, L !
5 0 0 4
JIK
Bx 1 Bx.2
o—> <—c|>
[ f L
GD 1,=21,
o -

Puc. 3. O606ménnas apxutrexrypa OV, B koTopom obecriednBaeTcs
(3a cu€T OrpaHMYCHUH HA CXEMOTEXHUKY OCHOBHBIX ()YHKIITMOHAIBHBIX Y3JIOB —
IK, TIT1, BY) manoe cmemenue Hys (Ugy, = 0)
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JK
Brixon 4

uBX

A\

JK
Brixon 2
- I Upyx
0)
A IBBIX
5 1 unean.
IBx+n16.p+mI6.n B 7 ~
3
* L Tl
+ 'IBbe.l
B)
ALy Igy=dls,txls,
© Z R
7]

Puc. 4. Bo3moxkHbIe BapHUAHTBI CMCIICHUA ITPOXOAHBIX XaPAKTCPUCTUK ITOACXEM
OV (IK (a, 6), IIT1 (»), BY (1))

B 3aBucumocTtu oT cxemoTrexHuku QyHkumoHanbHbIx y3ioB JAK, I1T1, BY
UX CMEIECHHS HYJSl MOTYT OBITh KaK MOJOKUTEIbHBIMH, TaK U OTPULIATEIbHBI-
Mmu. [Toatomy ko3 dunmentsi f, z, n, m, k, d, ¢, g, xapakrepusyromue I, ;, mpu-
HUMAIOT KakK MOJOXKUTEIbHBIC, TAK U OTPUIATENIbHbIE 3HAUCHUS. 3a CUET BHIOOpA
(O pacCMOTPEHHBIM HUXKE IMpaBUjIaM) CBOMCTB Ha MOCTOSTHHOM TOKE MOJCXEM
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JK, IIT1 u BY MoxHo obecrieunTh Majnoe cMmetienue Hyist Uy, B apXUTEKType
OV (puc. 3) u ero treMmrnepaTypHblIil 1peid.

B o6miem ciyuae cieayer cuumrtath, YTO BXOJHOM uddepeHnnanbHbIin
kackan JIK oTimuaercss oT uaeanbHOTO U MPU HYJIEBOM BXOJHOM HAaNpPSIKEHUU
(u,, =0, puc. 4a, 6) UMeeT BBIXOAHBIE TOKU |, U 14, cCMEIIEHHBIE OTHOCUTEIBHO
«MJICATIBHOI0» YPOBHS BBIXOJIHOI'O TOKA I, =1, =1, Ha BEJIMYMHBIL:

AI2 = ﬂ6.n + ZI6.p = ICM.2 ’ (4)
AI4 = CI6.n + gI6.p = ICM.4 ’ (5)
rae f, z, c, g — macmrabusie ko uirenTs! K cnaboii TOKOBOM aCUMMETpPHUH.

C npyroi cTopoHBI, MPOXOJHAs XapaKTEpUCTUKa TOKOoBOro 3epkana [1T1
(puc. 4B) B o0miemM ciiyyae MOXET OBITb CMEIIEHa OTHOCHUTEIBbHO HYJEBOI'O
YPOBHSI Ha BEJIMYUHY:

ICM.I'IT = nI6.p + mI6.n ’ (6)

r7e n, m — MaciradHble K03pduureHTsl cinadoit TokoBoi acummetpun [1T1.

U, naxonen, 6ydepnsiii ycunutenb bY moxer (B oOiieM ciiydae) UMeTh
BXOJIHOM TOK lpy (puc. 4r), cBsi3aHHBIA C TOKamMu 0a3bl MPUMEHSAEMBIX N-p-n
U(WIK) p-n-p TPAH3UCTOPOB YPABHEHUEM:

IBY = dI6.n + kI6.p ’ (7)

rae d, k — macmraOubie k03¢ duiuenTsl ciaboil TokoBo acuMMmeTpun Oydep-
Horo ycunutens (BY).
Haiiném oOmiue yciaoBusi B3aMMHOW KOMIIEHCAIIMM TOKOB B y35€ «A» Iy-
TEM YCTAaHOBJICHHS] OTPAaHUYECHUI HA KO3 PUIUEHTHI c1aboil TOKOBOM acCUMMET-
puu ypaBuenuii (4) — (7) u, cinenoparenbHo, cxemotexuuky (K, I1T1, BY.
s y3na «A» (puc. 3) B COOTBETCTBUHU € NEpBbIM 3akoHOM Kupxroda
Hai1EM CyMMY TOKOB:
I, +1l;, + zl6_p + nI6_p +ml,  +dl; = kI6_p +1I,+cls, + gI6_p, (8)

rae f, z, n, m, d, k, ¢, g — macmrabubie ko3 ueHTs! Ipu ToKax 0a3sl Is,, Is p,
xapakrepusyromue noacxemsl K, ITT1 u BY.
[TocnenHee ypaBHEHHE MOKHO MPEJCTABUTH B BUJIE:
[, f+m+d—c)=I; (k+g—z—n). 9)

Takum o6pazom, mis MUHMMU3AUU cocTaBistonied U, HEOOXOIUMO
cuntesupoBath nojacxemsl 1K, IIT1, BY, mapamerpsl KoTopbix (MacuTabHbIE
kod(ppunneHTsl cnaboit TokoBoi acummerpuu f, m, d, c, k, g, z, n) npu u3BecT-
HBIX 3HaY€HHAX TOKOB 0a3bl Is, U I5, NpUMEHsAEMBIX N-p-N U P-N-p TPAH3UCTO-
POB YIOBIIETBOPSIOT YCIOBHIO (9).

Yr1oObl MCKIIOUNTh BiausHHE Ha U, HE MICHTUYHOCTH TOKOB s, U Igy

HY>KHO IOTpeOOoBaTh, 4YTOOBI
+tm+d-c=0
k+g—z—n=10
B stom ciyuae ycnoBue (9) Takxke BBINOJHSAETCS HECMOTPS HAa HEpaBeH-
cTBO I, # Isn

Huxe PACCMOTPCHBI HaCTHBIC CIIYUdU ITOCTPOCHUSA apXUTCKTYPBI OYV.

B Hayajo x OrjiaBjIcHUIO
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4. IPUMEPBI CUHTE3A CXEM OIIEPAIIMOHHBIX
YCHWIUTEJIEA C MAJIBIM Ucy

BapuanTt 1. Ucxonnsie nanusie k OY ¢ apxutektypoi puc. 3: 0ydepnblit
ycunurens (BY) peanu3oBan B BUJ€ SMUTTEPHOIO MOBTOPUTEINS HA P-N-p BXO-
HOM TpaHn3uctope (T.e. g Hero k=1, d=0). [Iycte ToKOBOE 3epkano [1T1 e
MMeEEeT CMELIEHUS MTPOXOIHON XapaKTePUCTHKH, T.€. «uaeaibHo» (n =0, m=0).
Torpa ypaBuenue (9) npuHUMaeT BU/:

I, (f-c)=1I;,(1+g-2) (10)

Chopmynupyem TpeOOBaHHUS K CXEMOTEXHUKE BXoaHoro kackama (1K),
IIPU KOTOPOM €ro MmapaMeTphl yI0BIETBOPSIOT 3HaueHusiM: ¢ =0, g=0, £ =0.
=zI

Torna u3 (10) cnenyet, uto I; (1-2)=0, Te. I, ,=1 a Macitad-

0.p o.p°
HBIM K03 dunuent z =1.

Taxkum oOpazom, mius muHUMH3aUU Ug,, MOJCXeMa BXOJAHOTO Kackaja
JK momkHa MMETh CMELICHUE BBIXOIHOTO ToKa I, Ha Bennuuny I, (k03pdunn-
eHT z=1). DTUM yCJIOBUSM YJIOBIETBOPSET B YaCTHOM ciydyae auddepeHin-

alBHBIN Kackaj (puc. 5).

MTl, | °+10B

VT3

+
;_ E2
Boix.
..—O

uBX * *
l [=4T"=4mA C) I=I"/=1mA <>

o -10B

Puc. 5. OnepauroHHBIN yCUIIMTEND C TaApaMETPaMH MOJCXEM
HK, IIT1,BY: k=z=1,n=m=c=g=1f=0
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BapuanTt 2. Ucxonnsie nanusie k OY ¢ apxutektypoit puc. 3: 6ydepHbrit
ycunuredb bBY mveer k=0, a TtokoBoe 3epkasio IIT1 xapakrepusyercs ko3d-
¢unuentamMmu n =0, m=—-2, T.e. peaJu30BaHO 10 HauboJyiee MPOCTOMN cxeme Ha
IByX TpaH3uctopax (tabn. 1). Bxonno#t kackaa JIK He mmeeT cMmelleHUs Bbl-
XOJHBbIX KoopauHat I, Iy (f =0, z=0, ¢c=0, g=0). B aToM ciyuae u3 ypas-
HeHus (9) HaxoauMm yciioBue MUHUMU3aUK Ugy, o:

Isn(d=2)=0. (11)

To ectb OydepHslil ycunutens nomkeH uMetb d =2 (Igy =215, ). OTUM

YCIIOBUSIM YIOBIIETBOPSIIOT CXEMbI TOKOBBIX 3€pKaj B Tabmuue 1.

BapuanTt 3. Ucxonnbie nanusie Kk OY ¢ apxutektypoi puc. 3: 6ydepnblit
yceunutenb umeeT k =1, d =0, 1.e. peann3oBaH Ha n-p-n BXOJHOM TPaH3UCTOPE.
ToxoBoe 3epkasio IIT1 «uneansHo» (n =0, m =0, Hanpumep cxema Buibco-
Ha). Bxognoit kackan JIK He comepX uT p-n-p TpaH3UCTOPOB, U CMEIICHHUE €TI0
MIPOXOJTHON XapaKTEPUCTUKU (POPMUPYETCS TOIBKO N-p-n TPaH3UCTOpaMH (T.e.
c=0). ITostomy B ypaBHenuu (9) f =0, m=0, d=0, k=1, z=0, ¢=0 n,
cnenoBarensro, I (1+8)=0, g=-1.

Takum o6paszom, nis paccmarpuaemoro K ero koadgduuuent g =-1, u

IIO9TOMY I[K JOJIZKCH UMCTh CMCIICHUC HpOXOI[HOfI XapaKTCPUCTUKHU IT10 BBIXOY

4 Ha Benmuunny I, =—1I; .

OTHUM YCIIOBHSIM yJIOBIIETBOPSAIOT CXEMBI pHUC. .

MT1 | °+

VT5
VT3

Puc. 6. ITIpumepst noctpoenus OV ¢ kordunmenramu
f=m=d=z=c=0,k=1,g=-1
(Hauao; OKOHYaHUE CM. Ha C. 17)
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o —© v A N ™
o v lo~lep
IotLe . 4 Lo
0Tlep ¥ VT4 BLIX.
I6.p ™
vD1 L,
ORI INI()
o -
0)
IIT1 | o +10B
'Ki12.1
vl Tsy VT5
¢ Lols,
VT3 VT4 n
75B_ — E,
Lo+, | -
) ¢ 1o
Io g
VTI1 VT2
Bx.1 > o+ Bx.2 BrIX.
+—o0
=1 <> TmA
o -10B

Puc. 6. OxoHuanue (Ha4asio cM. Ha c. 16)



BapuanTt 4. Ucxonnsie nanusie Kk OY ¢ apxuTtektypoi puc. 3: 0ydepnblit
ycunurens umeet k =1, d =0, T.e. peanuzoBaH Ha n-p-n BXOJHOM TPaH3UCTOPE.
Jlist BeiOpanHOrOo ToKOBOTO 3¢epkaia [IT1 macmrabuble kKo3ppuuueHTsr n=—-2,
m = 0. Bxognoit kackan JIK He uMeeT cMeleHus] MPOXOAHONW XapaKTEPUCTUKU
no Beixoay 4 (¢ =0,g =0). Cmenienue no Beixoay 2 GopmMupyercst n-p-n TpaH-
3UCTOpOM, T.€. Z# ().

[Ipu naHHBIX YCHIOBUSAX U3 ypaBHEeHHUS (9) HAXOAUM:

I;,(1-2z-2)=0. (12)

JlanHOMYy orpanuueHuto ynosnersopset K puc. 7.

O +
a@® =@ Ow
11'16.p 4710 5710 6~ 11
v ToTiHs,,
VT3 I VT4 VTS |3 Il by
J 4 " Brix.
/I & Il l %I()-Il
g Isp VT7
©_VTI1 VT2, ¢) +Ea e
Bx.1 Bx2 || —
o P o v lo-hitlsp N
I6.p Y I0'11'16.p
N
1L C) \/ VDI VT6
I~ 1,3 -1, 3
O -

Puc. 7. Ilpumep noctpoenuss OY ¢ napameTpamu
c=g=d=m=0, z=-1, k=1

Bapuanr 5. lcxoansie nanueie kK OY ¢ apxXuTeKTypoil puc. 3: TOKOBOE
3epkasio IIT1 «ineansHo» (n=m=0). bydpepuslii ycunurenp peajn3oBaH Ha
n-p-n BxoaHoMm tpansuctope (k =1, d =0). Ilo Berxogy 2 BxoaHo# kackan JK
HE UMEET cMeleHus mpoxoaHoi xapakrepucTuku (f =0, z=0). Cmenienne mo
BbIX0ny 4 dhopmupyetcst n-p-n Tpanzuctopom (g =0, c=0). [loaTomy u3 ypas-
HeHust (9) HaXO0IUM:

Io,(1+g) =0. (13)

OTUM YCIOBHSAM YAOBIETBOPSIET CXEMA PHUC. 8.
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VTS5 IK2'I6.p VT3
L . P
Lo Isp
l % +ECM
) v (+) I
Bx V1! V252 vl
o— ——-o
[ . VTG
-p
. Na
vbp1 Y/ ¢ b —Tep
Jos
e
L () [y vr? VD2 \

G

VT7

\I/ VD3

O

Puc. 8. Ilpumep noctpoenus OY ¢ napameTpamu

g=—1,f=z=d=m=n=0, k=1

by

Broix.

IIpuBen€HHBIE BBILIE MPUMEPHI WLIHOCTPUPYIOT METOAUKY cuHTe3a OV ¢

apXUTEKTYpOu puc. 3.

B cBsi3u ¢ 0onbiiuM MHOTOOOpa3reM BapUaHTOB MOCTPOCHUS TPEX PyHK-
nunoHanbHbIX y310B JIK, IIT1, BY moxno cunte3upoBath 60nee 1000 npakTu-
yeckux cxem OV ¢ manbIMU 3HAUYEHUSIMHU CUCTEMATHYECKON COCTaBIISAIONICH

U

C

B Hayano K OrJ1aBJIEHUIO

. 0, B TOM 4HcCIIe pacCMOTpPEHHBIE B [5—09].
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5. ONEPAIIMOHHBIE YCUJIMTEJIN HA BA3E TPEX TOKOBbIX
3EPKAJI C 3AJAHHBIMHU CMEHIEHUAMMA HYJIA TPOXOJHOU
XAPAKTEPUCTUKHA

Oror moxknacc OY OTHOCUTCA K YHMCIY AOCTATOYHO MEPCIEKTUBHBIX
(puc. 9). 3a cuér dhopmupoBaHus TpeOoBaHUI K K03hduImeHTam ciaboil ToKo-
Boi acummerpun Kk nopcxemam IITI-IIT3 npu upeansnom JIK u m3BecTHOM
BXOJIHOM ToKe OydepHoro ycunurens («Brekaromui» Isp; «BbITekarommiin» Is
«pa3HOCTHBIN» I ,-15,1) MOKHO CHHTE3UPOBATh HECKOIBKO apXMTEKTYPHBIX pelle-
Huii OY ¢ manemm U, ».

by¢gepHblii ycmiuTe b HA N-p-n BXOAHOM TpaH3ucTOpe. BO3MOXKHBI
Tpu apxutekTypbl OY ¢ TakuMm OypepHbIM ycUIIUTENEM, OTJIMYAOLIUEcs APYT
OT Jpyra TpeOOBaHUSMHU K TOKOBBIM 3€pKaJIaM.

1. Tokossie 3epkania IIT1 u ITT3 HE UMEIOT CMELIEHUS TPOXOJHON XapaK-
TepucTuKkU (T.e. uaeanbHbl). Onnako I1T2 umeeT cmenieHre XapaKTepUCTUKU

ICM2 = I6.p (pHC 9)

O +
IIT1,, [IT2,,,
Ki121=-1 Kijzo=-1 Lx+ I6p
S M
Brix .12 Bex.1;
I0_'_16.p
Io 3 i v T, ;
I bY
Bx.1 Bx2 | % Brix.
o——> «—©° A/
uBX
<> 1,=21, v o
L
IIT3,,
— -
Kiiz3=-1
. O -

Puc. 9. Ilepsoe ycnosue komnencauuu Uy > ipu Igy = I
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2. Toxossie 3epkana [IT1 u I1T2 uneanvusl, a g [1T3 cMmenienue Hyms
ICM3 = _16.p (pHC 10)

o +
IIT1,, IIT2,,
KilZ.lz'l Kilz_zz-l
T~ A
Brix.i, Brix.1;
Lo
Iy g JK ¥ Iy ;
I BY
Bx.1 Bx.2 jﬁ Brix.
o——> o 4 > +1
A
i I0 C) 11:210 i IO'IG_p
TIT3,,,
N _
Kirz3=-1 b= Top

Puc. 10. Bropoe ycnosue xomnencauuu Ug,» ipu Igy =I5,

3. Tokossle 3epkana [I1T2 u IIT3 uaeanshsbl, a g [IT1 cMmemenne Hyns
Ich :_16.p (pHC 11)

o +
T 1., T2y
Kiiz=-1 Li-Tsp Kizo=1
T .
Brix.1, Brex.q;
Io
I 4 K L :
I BY
Bx.1 Bx2 | % Brix
Oo—>

» +1
I -
Upx R -
{ Lo To () =21 | To-Tsy

TIT3,,

Kiizs=-1

Puc. 11. Tperbe ycnosue xomnencauuu U, ipu Ipy =I5,
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BygepHbiii ycuauTeb Ha p-n-p BXOAHOM TpaH3HucTope. B sToMm ciry-
yae BXOJAHOM TOK BY, «srekaromminn B y3en «A»: Iy, =1, . MunuMusanus
Ucu2 MOXET OBITh OO€crieueHa OJHUM M3 TPEX cOoUeTaHUM TpeOOBaHUI K TOKO-
BbIM 3epkanam [IT1-IIT3.

1. Tokoseie 3epkana IIT1, IIT2 upeansubl. CMelIeHUE HYJSI TOKOBOT'O
3epkaina I1T3 ynosnersopsier ycnosuto I, , =1, (puc. 12).

o +
MT1,,, T1T2,,,
I<112.1:'1 Kilz_zz-l
T A
Bbix iy Boix.i;
Io
ilo Io i K L Io i
I bBY
Bx.1 Bx.2 «6: Berx.
O— CI) > +1
L -
Upy .
<> =21, é Iotlsn
T3,
~_ ¥ +
Kiz=1 b Ion

Puc. 12. IlepBoe ycnoBue komneHcauu Uey,» opH gy = I,

2. Tokossie 3epkainia I1T1 u I1T3 uneansusl. TokoBoe 3epkaino I1T2 umeer
3aJlaHHOE cMelleHue Hyns 1, = -1, (puc. 13).

o +
IT1,, 172,
Kin1=-1 Kip2a=1 Lix- Lsn
o .
Bbix iy Boix.i;
IBx' IG.n
1o W e |4 !
I bY
Bx.1 Bx.2 «6: Berx.
o— o) > +1

1,21, () ) Lo

T3,

Kiz=1

Puc. 13. Bropoe ycnoBue komnencauuu Uy, ipu Igy = I,
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3. Tokosslie 3epkana I[IT2 u IIT3 naeansusl. ToxkoBoe 3epkano I1T1 umeer

cMmenienue Hynsa I, =15, (puc. 14).

B

v

IIT1 5y
Kipz1=-1 | | Lax + Isn |
A
Boix.iy

Boix.i;

10;. K W

T2,

Kizo=1
e Y

X. 1

Bx.

s

2 IG.n by

l IBX+ IG.n () 11:210

T3,

o +1

i IBX + IG.n

O -

Puc. 14. Tperbe ycnoBue komnencauuu U, nipu Igy=Is

Bydepublii ycniureab HA 0a3e «OPUIMAHTOBBLIX» COCTABHBIX TPaH-
3uctopoB [1, 3, 4]. Ocobernnocts OV ¢ OydepHbIMU YCUIUTEISIMH JAHHOTO
MOJKJIacca COCTOMT B TOM, UTO BXOJIHOM TOK BY ompenensiercs pa3HOCTIO TOKOB
0a3bl p-n-p U N-p-n TPAH3UCTOPOB: 5y = 16.p —Is, .

s komniencaruu coctapisitomeit Ug, » HE00X0IUMO CUHTE3UPOBATh TO-
koBble 3epkana [IT1-IIT3 co cienyromuM cCoueTaHUEM XapaKTEPUCTHUK.

Bapuanr 1: T1T3, TIT2 uneanshsl, I[IT1 umeer 1, =15, —15  (puc. 15).

e

Bx.1
Oo—

—

IG.p

T Loy 1112,
“/I<£21<1 IEX + IG.n'IG.p Kﬁia
Bbix iy Boix.i;

iy

| Y

o +

| Tot Tuls, () 12l

Bx2 A Brix.
«—O !
IG.p IG.n ’\ IO®
I A
[1T3,,
o
Kirzs=1

O -

Puc. 15. IlepBas apxuTekTypa paguaunoHHO-CTOMKoro OY
¢ 0yepoM Ha OCHOBE «OPUIUIMAHTOBBIX» TPAH3UCTOPOB

23



Bapuanr 2: TIT1, TIT3 uneanshsl, [1T2 umeer 1, =15 -1, (puc. 16).

o +
TIT 1y TIT25,
Kiz1=-1 Kinno=-1 Lix- Tsntlsp
o A
Brix.i, Brix 1
Io- Isntls.
I I & P
A e b
I BY
Bx.1 Bx.2 jfi BrIx.
o—> '} +1
I6.n
|To <> 1,=21, b1,
TIT3,,
N
Kipps=-1

Puc. 16. Bropas apxutekrypa paanaiiuoHHO-CTOUKOro 1o U, , OV
¢ 0yepoM Ha OCHOBE «OPUILIMAHTOBBIX)» TPAH3UCTOPOB

Bapuanr 3: TIT1, TIT2 uneanshsl, [1T3 umeer 1,5 =15, 15, (puc. 17).

o +
T,y 11T244y,
K112.1:'1 Kilz_gz-l
M Y
Brix.is Brix.i;
Ip
I § K A |
I bBY
Bx.1 Bx.2 jﬂ BrIx.
o—— o) +1
I6.n
i Iy () I,=2I, ilo +Isnlsp

TIT3,

+ 1 -
K112_3:'1 IBX I6.n I6.p

Puc. 17. Tpetbst apxutekTypa paauaiuoHHO-cTOUKOro 1o U, , OV
c 0yepoM Ha OCHOBE «OPUIIMAHTOBBIX)» TPAH3UCTOPOB

B Hayano K OrJ1aBJIEHUIO
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6. OJJTHOKAHAJIbHBIN ONNEPAIIMOHHBIN YCHUJINTEJIb
C WAEAJBHBIM TOKOBBIM 3EPKAJIOM

Onna U3 pUYMH MOBBIIIEHHBIX 3HaYeHu U, B Takux OV (puc. 18) —
HaJu4ue TOKOB 0a3bl BXOJHBIX TpaH3uctopoB VT1 u VT2, koTopbie pu UIICH-
TUYHBIX UCTOYHUKAX OMOpHOro Toka I, =1, =1, =1, u Iy, =0 co3Aal0T pa3HoO-

CTHBI! TOK B y3JI€ «A».

o +
[IT1,y,
Kijp =1
A
VT3 I6p IO ’
\l <4e4+— ~ <4e4+—
e v Lo
Il 3
o bY
Bx.1 VTl Bx.2 Izy=0 BrIx.
O—H.—K; | A
uBi[ Isp DY Iop 1
\\I
Ilzlo <> @ 12210 @ I3:IO
4

- o -

Puc. 18. Cxema OV ¢ manbsim U, » Iipu uaeanbHbIX OyhepHOM ycuauTesne
u TokoBoM 3epkaie [1T1 (Igy = 0)

Jlist KoMIeHcaluu JaHHOTO J3¢¢deKkTa MNpeaIaraloTcs apXUTEKTypbl
puc. 18 u 19.

[Tpu ManbIX HaNpsHKEHUSAX Dpid BXOAHBIX TpaH3ucTtopoB VT1 u VT2 ne-
00X0AMMO BKJIIOUEHHE JOMOJHMUTEIBHOIO P-n Mepexoa B KOJUIEKTOp TPaH3H-
ctopa VT2 (puc. 18) unu BBeAeHUE CIIEHUATBHOMN e CUMMETPUPOBAHUS CTa-
tuyeckoro pexkuma VT1, VT2 no nanpspkenuto komiektop-6a3za (E¢y, puc. 19).
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O +
[IT1,,
1+ Kii21=-1
E— Ec] T Ay

i I0'16.p
e BY
Igy= Brix.
>
1
i I0'16.p

L=l <> @13210 L=l

Puc. 19. Cxema OV ¢ maneim U, » ipu HysneBoM BxogHoM Toke BY (Igy = 0)

B kadecTBe «uacasbHOro» TokoBoro 3epkana IIT1 B cxeme puc. 18,
puc. 19, umeromero O0IM3KOe K HYNIO CMEIIEHUE MPOXOJHOW XapaKTEpUCTHUKH,
1eJ1€c000Pa3HO UCIIOJIB30BaTh KIIACCUUECKYI0 cXxeMy BuibcoHa, a Takke apyrue
TOKOBBIE 3€pKajia ¢ aHAJIOTUYHBIMHA CBOMCTBAMM.

B Hayajo x OrjiaBJIcHUIO
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7. OHEPAIIMOHHBIE YCUINTEJIA C YITPABJIAEMbBIM
N HEYIIPABJIAEMBIM TOKOBBIMHU 3EPKAJIAMHU

B tex cmydasx, korga peanmsanus BxogHoro JIK B omeparmoHHOM ycH-
nutene o cxeme «dual-input-stage» (kommiementapubie JIK) HenenecooOpazna
M3-32 TEXHOJOTHYECKUX OTPAaHMUYCHUI, BO3MOXKHBI apXUTCKTYPHBIC PEIICHUS C
komneHcanuen U.y,, TpeacTaBieHHbie Ha puc. 20 u 21.

O +
ITT 1,
__+ Kiiz1=1
— Eaq .
¢ Lol
I BY
Bx.2 ﬁ, Brix.
r—>
.
A
i LIo-216,
T2,
-
Kipo=-1 Lo-2lop
l o-

Puc. 20. OY ¢ manem U, ipu Igy= Ig,

Cxema puc. 20 umeer ynpaBiiieMoe BXOAHbIM HanpspkeHueM OV neanb-
Hoe TokoBoe 3epkanio [IT1 u maccuBroe T3 (IIT2) ¢ 3amaHHBIM CMeElIEHUEM

npoxojaHo# xapakrepuctuku I, =—21; . Heympasnsemoe TokoBoe 3epKano

[IT3 obGecnieunBaer cummerpupoBanre cxemMbl OY U MO3BOMISET pa3aeiauTh Ha
JIBa CYMMAapHBII TOK SMUTTepHOU e VT1, VT2,
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T2,
Kino=-1
M
VT3 I, lotlsp
N =
g ) lotls,
é Iy Y
VTI1 VT2 I bY
Bx.1 Bx.2 op BbIx.
I6.p I6.p J_
2(IotIsp) é Iy
210 I0
—» g
T, | T30,
px 0P Kin.1=-1 Kins=-1
| .

Puc. 21. OY ¢ nByms naccuBHbIMU TOKOBBIMU 3epkasiamu [1T3, TIT1

Apxutektypa OV puc. 21 Takke BKIIOYAET 1BA NACCUBHBIX TOKOBBIX 3€p-

kana: IIT1, umeromee 1, =1

B Hayajo x orjiaBjIcHUIO
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8. APXUTEKTYPA PAJIMAITMOHHO-CTOMKHNX OY HA BA3E
KOMIVIEMEHTAPHBIX TUPPEPEHIIUAJIBHBIX KACKAZIOB (IK)
N «bPUJIVIMAHTOBBIX» BY®EPHBIX YCUJIUTEJIEU

Kommnemenrtapusie auddepeHnmaibible Kackaabl UMEIOT JIBa BBIXOJA,
COTJIACOBAHHBIE C IIMHAMHU IOJIOKUTEIBHOIO M OTPULIATEIBHOTO HCTOYHHKOB
MUTaHUs, KOTOpbIEe YIpaBistoT TokoBbiMU 3epkaniamu [1T1 u I1T2 (puc. 22).

O +
I1T1
K21
M
Bx.1; ; Tt s,
O———
IBX.1:IBX I6p })
A —
Bx.1, Lox 2= Tax Is, ’\W
OL
+
T2 é IBX I6.n
wv
-Kiizo

O -

Puc. 22. YcnoBust komneHcauu BX0JIHOTO Toka Oydepa Ha ocHOBe
«OpUJUTMAHTOBOTOY» TpaH3UCTOpa (BapuaHT 1)

I[JISI KOMIICHCAlIMM BJIUAHHA TOKOB 6a3pl B Takux OY TOKOBBIE 3CpPKalia

IIT1 u ITT2 gOMKHBI UMETH CIAEAYIOLIME COUYETAHUS TApAMETPOB CMELIECHUS HY-
I IPOXOJHOM XapaKTEPUCTUKH:

Bapuanrt 1 Bapuant 2

Bapuant 3
[, +I, (IIT1) I, +1,, — I, (IITT) I, (IIT1)
{IBX +1_ (1IT2) {IBX (TIT2) {IBX +1,, -1, (IIT2)
[Ipumep apxurextypsl OV, obnamaromiero 3¢@exroM KoMIEHCAIUU

BIUAHUSA [3 TpaH3UCTOPOB C YYETOM CMENIeHUs HYJs B auddepeHraaibHOM
Kackaje, oKa3aH Ha puc. 23.

29



HT 1 3an.

Ki =-1
% IBX + 216.]3

+

Brix.

Bx.1 K‘ kq Bx2 A
o— o

£t
7
7

L st + IG.n'IG.p I() BLIX.iz i I0 + IG.n

Iy-Isn T2y,

Kips=-1 Lo 2l

Puc. 23. Apxutektypa paauanuoHHo-ctoiikoro OY ¢ Oypepom
Ha OCHOBE OpPMIIJTMAHTOBBIX TPAH3HCTOPOB

PaccmoTpumM oO1ue ycioBHsl B3aMMHOM KOMIIEHCAllUU TOKOB B BBICOKO-
UMIieTaHCHOM y3ie «A» OV puc. 24 npu npoU3BOJIBHBIX 3HAYEHUSX COCTAB-
nsromux BxogHoro Toka BY (kI , dI. ) n pasnuyHBIX CMENIEHUSX HyJs TOKO-

BbIX 3epkau [IT1, IIT2.

6.p?

O +
IIT1
Kiiz1=1
~ A
A
Beix1; L. +nls ,+m
I[Kl | o —— ; BX IG.p I6.n
IBX By
Bx 1 Bx2 ks, Bhix
O—> [ —CO A —
I <<H]'7611
Brx.1, o
N b Lol
Y
N
Kiipo=-1
1112
o -

Puc. 24. YcnoBus B3auMHON KOMIIEHCAIIMM TOKOBBIX KoopauHaT B OY
Ha 0a3e KJIaCCUYECKOro «OpuiinanToBOro» Tpansuctopa (bY)
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Ha puc. 24 xoaddutinenTs! cnadoit TokoBoit acummeTpun kK, d — momoxu-
TEJIbHBIC 1IEJIbIE YMCIIA, U3MEHSIOINECS CUHXPOHHO WJIM ACUMMETPUYHO B JIHa-
mazoHax 0+k, _ m0+d__ .

Koaddunmentst n, m, 1, r onpenenstot Toku cmenienus nyis [IT1, [TT2 u
MOTYT IPUHUMATh OTPHUIIATEIbHbIC, HYJIEBBIE WU MOJ0KUTEIbHBIC 3HAUCHUS.

Pemas ypaBHenust Kupxroda nnst y3na «A», MOXKHO HailTu ob1iee yclio-
BU€ B3aMMHOM KOMIIEHCAllUU TOKOB, Ipu KoTopom U _ , =0:

ntm+d=r+1+k (14)

Ha nepBoM stamne cunte3a TokoBbix 3epkai [IT1 u I1T2 neobxoaumo 3a-
JaTh CBOMCTBa Oy(epHOro yCWIHTENs, T.€. ONPEACIUTh YHCICHHBIC 3HAYCHUS
kod(punuentoB k u d. Bo3amoxxHbie BapuaHThl noctpoeHus bY npuBenceHs B
Tabm. 2.

X

TaOnuna 2
3navenns kKo3gpguuneHToB K n d 1151 THIOBBIX Oy epHBIX yCHJIUTE el
Ne n/m k d Bapuanr BY

1 0 0 kd 0-0
2 | | kd 1-1
3 2 1 kd 2-1
4 | 2 kd 1-2
5 2 2 kd 2-2

Bapuant «kd 0-0» coorBeTcTByeT OydepHOMY YCHIMTEIIO Ha TOJIEBBIX
TPaH3UCTOPAX C HYJIEBBIM BXOIHBIM TOKOM (I, = 0). BapuanTt «kd 1-1» — knac-

CUYECKOMY CIIy4aro, IpU KOTOPOM CTATUYECKHH PEKUM BXOAHBIX TPAH3UCTO-
poB BY mo Toky smurtepa (I,) Takoit xe, yto u BxoaHou Tok IIT1, TIT2 (Is).
[Ipu SMUTTEpPHBIX TOKAaX BXOJIHBIX TpaH3UCTOPOB BY, B ABa pa3a mpeBbIIAIONINX
CTaTUYECKUN TOK Iy, Kodpduumentsl k u d npunumator 3Hauenus k = d = 2. Ba-
puanTam «kd 2-1», «kd 1-2» cooTBeTCTBYyeT HECUMMETPHUYUHBIN PEXUM IO TOKY
BXOJHBIX TpaH3UCTOpPOB bY u T.11.

Ha BTopom srtanme cuntesa nojacxem IIT1, IIT2 HeoOX0aAuMO BBITOIHUTH
nepedop BO3MOXKHBIX COUYETaHUW KO3(PPUUIMEHTOB n, m, r U | mpu 3a1aHHBIX
3HaueHusax k u d (tabm. 2) u BeIOpaTh X ONTUMAIBHOE 3HAUCHHE.

Ha TpeTthem 3Tame cuHTE3a OCYLIECTBISIETCA «OTCEB» HEPabOTOCIOCO0-
HBIX WM TPYJHOPEATM3YEeMbIX BapHaHTOB MHocTpoeHUs: T3 ¢ HEeoOXOAUMBIM
CMEIIEHUEM HYJISI IPOXOJHON XapaKTEepUCTUKHU (JOMYCTUMBIX COYETAaHUAX N, m,
rul).

Jlnana3zoH M3MEHEHUs] MACIITaOHBIX KOA()PUIMEHTOB ISl MPAKTUYECKUX
CXEM COOTBETCTBYET KaK MUHMUMYM CIEAYIOIIUM 3HAUCHUSIM:

n=1{-2,-1,0, 1, 2f; (15)
r=1-2,-1,0, 1, 2f; (16)
m=1{-2,-1, 0, 1, 2f; (17)
1={2,-1,0,1, 2f. (18)
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Crnenyromuii 3tan cuare3a OY cBoauTcs K BHIOOPY KOHKPETHOM CXeMO-
TEXHUYECKOM peanus3aliM TOKOBOro 3epkaya. [y peleHus AaHHOM 3aaadu
cleyeT co3aaTh 0a3zy AAHHBIX, KOTOpas AOJDKHA COAEpXaTb CBEIACHHUS O CMe-

MCHUAX HYJIA HauoOoJiee paCHpOCTpaHéHHBIX TOKOBBIX 3CPKalJl.

B tabnuuax 3—5 mpuBeneHbl HEKOTOpPbIE M3 BO3MOXKHBIX 3HAUEHUM Mac-
mTabHbIX KO3 uimeHToB n, m, 1, 1 115 Tp€x BapranToB noctpoeHus bY, umero-
IIMX pa3Hble YPOBHU COCTABIISIOMIUX BXOIHBIX TOKOB (K03 duiments! d u k).

Tabnuna 3

Jonyctumbie MacmTadHbie KO3pGuuuentol OY npu k=1, d=1

Ne n/m n 1 m r

1 0 -1 -1 0

2 0 -2 -1 +1

3 0 0 -1 -1

4 0 1 -1 -2

5 0 -4 -2 +2

6 0 -1 0 +1

7 0 -2 0 +2
Tabnuua 4

Jonyctumbie MacmtaOHble KOG duunentol OY npu k=2, d=2

Ne n/m n 1 m r

1 1 1 0 0

2 0 0 0 0

3 1 1 0 0

4 0 -1 -1 0

5 1 0 -1 0

6 0 -1 -2 0

7 1 -1 -2 0
Tabnuua 5

Jonyctumbie MacmuTaOHble KOG duunentol OY npu k=1, d=2

No n/mt n 1 m r

| 0 -1 -1 1

2 0 0 -1 0

3 0 0 -2 -1

4 | 0 -2 0

[IpuBenénnsie B Tabs. 3—5 BapUaHTHI TOMYCTUMBIX COYETAHUN MacIITa0-
HBIX KO3(Q(UIHEHTOB WLIIOCTPUPYIOT MPOUEAYPY CUHTE3a aHAJIOTOBBIX MUKPO-
CXeM C MaJlbIM JperoM cucremarnueckoil cocrapisiomen Hyns. Ciaeayer oT-
METUTh, YTO YHUCIO JOMYCTUMBIX COYETaHHH MacIITaOHBIX KO3 UIIHEHTOB
JIOCTUTAET HECKOJIBKUX THICAY, YaCTh U3 HUX PacCMOTpeHa B [5—69].

B Hayajo x orjiaBjIcHUIO
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9. BA3OBBIE ®YHKIIMOHAJIBHBIE Y3JIbI AHAJIOT OBBIX
MHUKPOCXEM CO CJABOM TOKOBOU ACUMMETPHUEN

OnHUM M3 yCIIOBUU CHHTE3a apXHTEKTyp ONCPAIMOHHBIX YCHIIMTENEH C
MOBBIIICHHON CTaOMJIBHOCTBIO HYJIEBOIO YPOBHS INPH paTuallMOHHOM Jerpaja-
UK 3 TPaH3UCTOPOB SIBIIAETCS CHCIHMAIBHBIN MOJ00P OCHOBHBIX ()YHKIIHOHAITb-
HBIX y3710B OV, MacmTaOHble KO3(PGUIIMEHTH KOTOPBIX YIAOBICTBOPSIOT YCIIO-
BUIO B3aUMHOW KommieHcanuu (3).

Hwxe npuBomuTcs 0a3a MaHHBIX, BKIIOYAIONIAs CXEMOTCXHUYECKHUE pe-
meHus udGepeHITHaNTbHBIX KaCKal0B, TOKOBBIX 3epKal U Oy(PEPHBIX YCUITUTE-
JIe#, UCTIOJIb30BaHNEe KOTOPOH M03BoIIsIeT obecnednTh moctpoeHue OV ¢ Maibim
CMEIIICHUEM HYJISI.

Tabnuua 6
JuddepeHunanbHbie KACKabl €O €J1a00ii TOKOBOW aCHMMeTpHeH
Tok cmenieHus Hyms

IIPOXOJHOM XapaK-
Ne
/i Cxema Bxognoro JIK TEPUCTUKH W 3HAYE-
HUS KOA(PPUIUEHTOB
fz,cg
2 3
2 4
o o
I0 - I6.p l

z=-1
f=0
I -Tsp c=0
g=-2
Bx.1
OjK
I6.p

113012
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IIpooonicenue maoan.

1 2 3
2
2 4
o)
0 1
z=-2
f=0
Bx.2 c=0
g=-1
<«—
I6.p
Il = 210
O
I13012
3
2 + 4
0 0
I0 v I v I0 - I6.p
o.p
—>>
I -Tsp § z=0
f=0
Bx.1 + Bx.2 g,f :01
—»>> A <«—
216.p 2I6.p
Il :410
I13013
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IIpooonicenue maoan.

<> I, =2l

13014

1 3 3
4
z=-2
f=0
c=0
g=0
Il = 210
o)
I13013
2 4
Q o)
Iy 4| 2,
I g, |3 lo-2ls,
Iy - 215, &
{2l
\l , l/ z=0
l/i TN f=0
Lo - Is, Ie. Is i c=0
Py P P & IO IG.p - 5
Bx.1 Bx.2
—>> ’: >‘TO
IG.p IG.p
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Oxonuanue maon. 6

1 5 3
6
5 4
o 0
Pt
0 & Is, Y
=
f=0
g=-1
Bx.1 Bx.2
— >
I] = 210
O -
113014
o +
Lo, C) L=21, C)
L1 Ioy
Bx 1 Bx.2 fn b
S o
B f=0
Io-I6_n & £ IO_IG.H - -1
g=0
2fI6.n
Io+16.n l
@ !
5 4
O -
I13015




Tabnuma 7

bydepHble yenauTe I Ha p-n-p ¥ N-p-n TPaH3UCTOPaX

No 3HaueHus
- Cxema BY K03 (UIIEHTOB
n/m k. d
0O
Bx.1
- k#0
1 Igy= KIG.p BhIx d=0
.>—O
<> I =xlp
—O -
I13016
O +
() Il = dI()
Boix.
—O
2 d=0
Bx.1 k=0
<— :
IBY: dI6.n
I
I13016
o +
Il = dIo <>
L
N
BrIx.
3 J o d=0
Bx dIG_n k=0
B
— N N K
KIG_p
@ 12 = KIO
! o -

113017
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OxkoHuaHue maon. 7

1 2 3
O +
Igy=dls
<—
BY
4 BhIX. d=0
. k=0
Il = dI() <>
°- mo017
o +
Il = KIO <>
by Brix.
' d=0
3 k=0
—>>
KI6_p
o 113017
Tabnuma 8

ToxoBble 3epkajia 6e3 cMelleHus1 HYJsl TPOXOIHON XapaKTepPUCTUKH
(m=n=0,1,=0)

No
CxeMa TOKOBOTO 3epKayia
/1
1 2
1 Bx.i Brix.i
o 0
IBX é g IBI)IX:IBX
Is
N
| VT2
IBX'I6 v ‘1467 % IBX+I6
P !
VTI1
VD1 \/ | I
s § T ..

111889
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IIpooonicenue maobn. 8
1 2
2
Bx.i Brix.1
o o)
IBX é jlﬁ VT3 41176 ; IBLIX:IBX
.
Lo - 415 | i
Vo) 1 ¢ I s
v AR L
VT1 Is M Is VT2
\l <« — |/
«1 . N
. V TIT1
l —
L-3Lsy | @ Kiig1=-2 ¢ L3l
! o -
111878
3 Bx.i Brix.i
(0] @)
L IBLIX:IBX
L §
v Is VT2
—>> |/
NG
IBX_16£ ; IBX+16
vt | 2oF| VI3 ) e
N L
AN
IBX L 16 I6 L IBX
o -
111867
4 L |9 Bx.1 o Brix.1
i 216 ;IBLIX:IBX
T2l b | VTL ¥
~N
‘/1 <«—
Is
1
E. =
IBX'IG % ) ; IBX'IG
VT2 VT3
N L
‘/1 <«— —>> I\
IBX ; I6 I6 & IBX
O -
111870
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IIpooonicenue maoa.

1 2
5 Bxi o Beix.1
0
IBX-I6 é VTI I6 iIBb]X:IBX
rd
L i Is Lt
v | — _:_- ]Ec
IBX'IG é QIBX-I6
VT2 Is 4 vD1\/ & Is
P —
oy b I yr3 |y I
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111872
6 o +
b ()
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13
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OxkoHuanue maon. 8
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Tabnuma 9
TokoBbIe 3epKkaJia ¢ MAJIBIM CMeELlEeHHuEM HYJISI
NpPoXoAHoi xapakrepucTuku (m=0, n=0, I, ~ IZ <<Iy)
Ne
CxeMa TOKOBOTO 3epKayia
/1t
1 2
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IIpooonicenue maoan.
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Oxonuanue mabu. 9
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Taonuma 10
ToxoBbIe 3epKaia ¢ MOJOKHTETbHBIM CMeIleHHeM HYJIsI

npoxoaHoii xapakrepuctuku I, =+I; (m=0, n=1)

CxeMa TOKOBOTO 3epKayia
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Tabnuua

TokoBbIE 3€pKaJja ¢ oTpUunaTC/JIbHBIM CMCIICHUEM HYJISA

npoxoaHoii xapakrepuctuku I, =—-I.(n=-1, m=0)
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Tabnuua 12

TokoBbIE 3€pKaJjJa ¢ NOJOKUTCJIbHBIM CMCIICHUEM HYJISA

npoxoaHoii xapakrepuctuku I, =+2I; (n=2, m=0)

CxemMa TOKOBOTO 3epKajia
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Taonuma 13
ToxoBbIe 3epKkaja ¢ OTPUIATEILHBIM CMeIIEeHHEM HYJISI

npoxoaHoii xapakrepuctuku I, =-2I. (m=0, n=-2)

CxemMa TOKOBOTO 3epKajia
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Tabnuua 14
ToxoBble 3epkajia ¢ OTPHIATEILHBIM CMeIIEeHHEM HYJISI

npoxoaHoii xapakrepuctuku I, =-3I; (n=-3, m=0)

CxemMa TOKOBOTO 3epKajia
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Tabnuma 15

TokoBbIE 3€pKaJja ¢ oTpUuIaATC/JIbHBIM CMCIICHUEM HYJISA

npoxoaHoi xapakrepuctuku I, =—4I;

(CxeMa TOKOBOTO 3epKayia

B

X1 Brix.1
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¢ L3l
: 25
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111869

TokoBoe 3epkasio BuibcoHa €O cMelIeHMEM HYJIS, 3aBUCAIIUM OT
pa3HoCTH B n-p-n ¥ p-n-p TPaH3UCTOPOB. B Tex ciaydasx, korma OydhepHbIit
yewnuteabr OY peanu3yeTcs Ha TaK Ha3bIBAEMBIX «OPHIITMAHTOBBIX» TpPaH3H-
CTOpax, UMEIOIINX BXOAHOU TOK Ipy, 3aBHCSIIHMIA OT Pa3HUIIBI TOKOB 0a3bl P-n-p
(Isn) 1 n-p-n (Is,) TpaH3uCcTOpPOB, HEOOXOAUMBI TOKOBBIE 3epkaina (T3) ¢ anano-
TUYHBIM CMEIICHUEM TPOXOHON XapaKTepucTukH. st 3TO¥ 1enu mpejsiara-

10TCsl MOAUGUIIMPOBAHHBIE TOKOBBIE 3epKkasia Bunbscona (puc. 25).
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Puc. 25. TokoBbI€ 3epKasia ¢ pa3HOCTHBIM CMELIEHUEM HYJISI POXOIHOMN
XapaKTePUCTUKH I MUKPOCXEM C HU3KOBOJIBTHBIM NMUTAHUEM
(Hauao; OKOHYaHUE CM. Ha C. 54)
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Puc. 25. OxoHuanue (Hauajuao cM. Ha c. 53)

B cxemax puc. 25 OTHOCUTENBHOE CMEIIEHUE MPOXOTHON XapaKTepUCTHU-
ku T3 ompenensercsa pasHOCTBIO YHCIEHHBIX 3HAYEHUH [ pnp U Prpn TPAH3H-
CTOPOB.

B cxeme puc. 26 3a cuér mapauieNbHOrO BKIHOYEHHS N TpaH3HCTOPOB
MO>KHO MOJIYYUTh BBIXOAHOW TOK Iyx, CMEIIEHHBIN OTHOCUTEILHO HYJSL Ha Be-

maynny Lo, =(N+Dlg, —1Ig .

Bx.i Brix.i
o) + Q
(e}
IBX L L IBBIX:IBX +(N+1)IG-P-I6-H
Il zIBx )
I6.p VT3
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N
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Puc. 26. TokoBoe 3epKaJio ¢ 3aJJaHHBIM MOJ0KUTEIbHBIM CMEIIEHUEM
MPOXOTHOM XapaKTEPUCTUKHU

Ecmun BbIOpare SMUTTEpHBIM TOK TpaHsuctopa VT2 1., <<I1,, TO
ICM ~ (N + 1)16.p .

B Hayano K OrJ1aBJIEHUIO
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10. PE3YJIBTATBHI KOMIIBIOTEPHOI'O MOAEJINPOBAHUA
IMPAKTUYECKHNX CXEM ONEPAIIMOHHBIX YCUJUTEJEN
C NOBBIIIEHHON CTABMJIBHOCTBIO HYJEBOI'O YPOBHSA

Hwxe paccmatpuBaroTcsi pe3ysibTaThl KOMITBIOTEPHOTO MOACITHPOBAHUS
HEKOTOPBIX CXEMOTEXHUUECKUX PEIICHUHN, CHHTE3 KOTOPBIX BBHITIOJHEH C YUETOM
pazaenon 1-9.

B Hayajo x orjiaBjIcHUIO

10.1. IByxkackaanbiii OY «HecuMMeTPUUYHBIN KJIACCHYECKUI BXOTHOM
JAK — HeynpaBJisieM0Oe TOKOBOE 3ePKaJI0 —
BbIXOJHOM IMUTTEPHBIN IOBTOPUTEIb)

Cxema omnepalmoHHOr0 YCWJIMTENSl JaHHOTO MOJKJIacca, B KOTOPOM CO3-
JAIOTCS YCIOBHS JJIs KOMIIEHCAIIUM CUCTEMATHUYECKOW COCTABIIAIONICH HYJIEBOIO
yYpOBHS, IPUBEJICHA HA pucC. 27.

BBenenne TOKOBOIM aCHMMETPUU B OCHOBHBIC (DYHKITMOHAIBHBIC Y3JIbI T1O-
3BOJISIOT YMEHBIIUTh a0COMt0THOE 3HaUeHue Uy, a TakKe ero TeMIepaTypHbIi
U paJuanioOHHbIN Apeid.

Iens cormacoBanus I[[C1 obOecrieuuBaeT HACHTUYHOCTH HAMPSHKECHUN
KoJuIeKTop-0a3a TpanzuctopoB VT1-VT2.
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. . | y
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. Iy 4|1 f =0 | JVT4l |
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; iy VT42 :
c2 AN S I _
lo-Isp | \?\ ! \:\ -
v N CKZ I0'16.p v \ CK3
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r-—-——7T~-~"~"~"~>—"—=——— = AN AN
Bx. "1 ! VTI VT2 !\ BxO2 VI3 Brix
I i. I - ,/| D ©
_:_ IG.p : //// : IGp P I6p
: (/ : ////
| : | r/
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Puc. 27. ApxurexTypa nIperu3uoHHOro AByxkackagHoro OV [5]
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PaccmoTtpum akTopbl, OMpeAessionue CUCTEMATHUYECKYI0 COCTaBJISIO-
1ryro HanpspkeHus cMmetmerus Hyis (U.y,), T.€. 3aBUCAIINE OT cXeMOTeXHUKH OY
(puc. 27).

Ecnu tok I; paBen Benuuune 21, a I, — Benuuune Iy, To TOKM SMUTTEPOB U
KOJUIEKTOPOB TPAH3UCTOPOB CXEMBI:

Ls=1,- 16‘p (19)
IKZ = IK] = IO - 16‘p7 (20)
I,,=0, (21)
IBXJ‘[T] = IBBIXIIT] = IO - I6‘p > (22)

rae I, =1,,/B, — Tok 6a3el n-p-n (Is,) TPaH3UCTOPOB NPH SMUTTEPHOM TOKE
Ia.i

Boro 3epkana I1T1;
B. — k03(pPULUEHT ycHUIeHUs IO TOKY 0a3bl TPaH3UCTOPOB.

=15 Loxurt = Igcnr1 — BXOIHOM M BBIXOJHOM TOKH TOKO-

IToaTOMYy pa3HOCTh TOKOB B y35i€ «A» MpPU €ro KOPOTKOM 3aMbIKaHUU Ha
HKBUIOTEHIHUATBHYIO OOIIYIO ITUHY

IP = IBBIX‘gl'll - I6‘4 - IK2 = 09 (23)

rae I, ~0 — Tok 0a3bl BXOAHOro TpaHsucropa VT4.

Takum oOpa3zoM, Npu BHIOJHEHUU YCIOBUA (23) yMEHbIIAETCsl CUCTeMa-
tudeckas coctapisomas U, 00yclIOBI€HHass KOHEYHON BETMYMHON 3 TpaH3U-
CTOPOB M €r0 paJHallMOHHON (WM TeMmIepaTypHoil) 3aBucuMocthio. Kak cien-
CTBHE, 3TO yMeHbIIAET Uy, T.K. pa3HOCTHBIN TOK I, B y31e «A» co3maér Ug,, 3a-
BUCAILIEE OT KPYTU3HBI S MpeoOpa3oBaHusl BXOJHOTro Au(epeHuanbHOro Ha-

MPSDKEHUS Ugy B BBIXOJHOM TOK y371a «A»:
1 1
=P — , (24)
u r,+1,,

BX

rac r, =r, — COINPOTHBICHUA SMUTTCPHBIX IICPCXOJ0B BXOAHBIX TPAH3HCTOPOB

VTI1 u VT2 Bxoanoro auddepenuansuoro kackaaa JIK1.
[ToaTomy:

2¢
Uy =1, (1 +1,) =1, <5 |20, (25)
0
rae ¢, =26 MB —TemneparypHblii IOTEHIMAI.

B knaccuyeckom OV I #0, nosromy 3xech cucremMartnyeckas cocTas-
nsromas Uy, MomyyaeTcss Kak MUHUMYM Ha TOPSJI0K OoJiblie, 4eM B MOAU(UIIU-
POBaHHOM CXEME.

Ha puc. 28 moka3zanbsl cxeMbl kiaccudeckoro OV (puc. 28a) u Mmoaudu-
nuposanHoro OV (puc. 286) B cpelie KOMIbIOTEpHOro MojenupoBanus PSpice
Ha Mozesx uHTerpainbHbiX Tpansuctopos OI'YII HIIII «Ilynbcapy.

56



F2
X
vee© F
= Chz
Tv1 TN15S
10v
! _l: VT6
| TN15S
o
VT10 VTI1
. TN15S TN15S
T 3
V2 V4
10V 1Vac out_proto
0vde
o
vee
14 15 16
@D 2mA @ 1mA @ 1mA
U= 4546 MKB|
a)
F1
b
[] R1 T' vee
7.7k
.
'l: VT1 =
TN15S Vi
10V
_K VTS
TN15S J_
=
0
VT8
TN15S
V17 { VT9 ]— =
TN15S TN15S E
V2
out_new 10v
o
vee
n 2 3
@ 2ma ﬁi) 1mA @ 1ma
Ue= 124 MKB|

6)

Puc. 28. CxemsI kaccuueckoro (a) u moauduirpoBanHoro (6) OY
B CpeJie KOMIBIOTEPHOTO MojienupoBanus PSpice
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Ha pHuc. 29 NMPUBCACHBI TCMIICPATYPHBIC 3aBUCHUMOCTHU HAIIPSAKCHUA CMC-
MICHUA HYJIA CPABHUBACMBIX CXCM.

b Uen, MB
T=578°C;
T=20°C, Ucm = 4785 MxkB
Ucewm = 4476 MkB

IIPOTOTUIT

2,01

HOBasI cXeMa
T=20°C,

191 3B U? 124 MKB \1
A Y .

Puc. 29. TemnepaTypHble 3aBUCUMOCTH HAIIPSKEHHUS CMEILICHUS
HYJIS CpaBHUBAaeMBbIX cxeM OY

KoMmnbroTepHoe MoaenupoBaHUe MOATBEPKAACT TaHHBIE TEOPETHUYECKUE
BbIBO/IbI. HecMOTpst Ha CylIECTBEHHOE yMEHbIIEHUE 3 TPaH3UCTOPOB BCIECT-
BH€ paJMallMOHHBIX BO3JEUCTBUI, MOAUPUIIUPOBaHHBIA OY U B 3TUX YCIOBHUIX
MMeeT MEHbLIee HAPsHKEHUE CMEILeHUs HyJIsl, ueM Kiaccuueckui OY.

[Ipu ManbIx HAOPSDKEHUSX DPid BKIIOYEHHUE JOMOIHUTENIBHON LIETH CO-
riacoBanus noreHuuanoB L{C1 cnocoOCTBYeT CHMMETPUPOBAHUIO PEXUMOB pa-
00ThI TPAH3UCTOPOB BXOJHOTO nupdepeHmansHoro kackaga K1, mosebie-
Huto ctadbunbHocT Uy, B KauecTBe menu coriacoBaHusi MOTEHIIMAIOB MOTYT
UCIIOJIb30BAThCSl PE3UCTUBHO-IUOIHBIC JCIUTENN HANpsDKEHHs MUTAHMS, Kac-
KOJIHbI€ YCWJIMTENHU U T.II.

3ameuarenbHas 0coOeHHOCTh MoaupuimpoBanHoro OY — B3aumHas
KOMIIEHCAllUA B y37€ «A)» Mapa3uTHBIX TOKOB uepe3 EMKOCTH KOJUJIEKTOp-0a3a
tpan3ucTopoB VI2 u VT3. Oto pacmmpser yactoTHbli quamna3zon OV mpu pa-
6ote B cxemax co 100%-it oOpaTHOM CBSI3bIO.

B Hayajo x orjiaBjIcHUIO

10.2. IByxkackaanblii 1Y «Bxoanoii JIK ¢ HeCHMMeTpHYHBIM
BbIXO0/IOM — BBIXOJHOI SMUTTEPHbIA MOBTOPHUTEJIb)

B coBpeMeHHOM MHUKPO3JIEKTPOHUKE IIUPOKO NMPUMEHSIOTCS IBYyXKacKa-
Hble AuddepeHnnanbabie onepanuonHbie yeunurenu (OY) ¢ HeCHMMETPUYHBIM
BKJIIOYEHNEM AaKTUBHOW HArpy3Kd BO BXOJHOM KAacKaJe, IpH KOTOPOM Harpys-
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KOW OJIHOTO M3 BXOJHBIX TPAH3UCTOPOB SIBISIETCA TPAH3UCTOPHBIM HCTOYHUK
ONIOPHOI'0 TOKA, @ HArpy3Ka BTOPOr0 BXOJAHOI'O TPAH3UCTOpPA — OTCYTCTBYET. Ta-
Kasi apXUTEKTypa UMEET psiJ MPEUMYILIECTB M0 JUHAMUYECKUM MapaMeTpam B
cpaBHeHUU ¢ JIY Ha OCHOBE KIIACCMUYECKUX YMNPABISAEMBIX TOKOBBIX 3€pKal.
OnHaKo CyIIECTBEHHBIM HEAOCTATOK TakuX J|Y — MOBBINIEHHBIH YpPOBEHb CHC-
TeMaTHUYEeCKON cocTaBisitomiel HanpspkeHus cmernenus uyns (Ug,) uz-3a He-
CUMMETPUM apXUTEKTYPhI, a TAKKEe HEBBICOKUN KOA(PIUIIMEHT ocliabiaeHus mo-
Mexu no nutaHuio (Ko,) 1 ko3gdunuent ocnabieHuss BXOJHBIX CHUH(Aa3HBIX
HanpsokeHAR (Koe o).

Ha puc. 30 nmpencrasiena cxema MOAU(DUIIMPOBAHHOTO YCUIIUTENS J1aH-
HOro Kjacca. Pemaemasi B HEM 3agaya — ymenbiienue U, U noBbimeHun K., 1

Koc.cda-

o +Eff)

VTo6

Brix.

(D

o —E®)

Puc. 30. CxeMa npenu3noOHHOr0 ONEPAMOHHOTO YCHIIUTENS [6]

Cratnueckuii pexum OV puc. 30 ycTaHaBIMBAaEeTCS HANPSIKEHUEM HC-
tounuka cmenienus U, u pesuctopamu R1, R2, R3, koropsle HOTKHBI OBITH
uaeHTryHbl. lloaToMy KosiekTopHbele TOKM TpansuctopoB VT3, VT4, VTS5
OJIMHAKOBBI U paBHBI BennuuHe [y (Hampumep, 0,5 MA uiu 1 MA).

B kauectBe uaeHTHUYHBIX TOKOBBIX 3epkain IIT1 u IIT2 pexomeHnmyercs
HCIIOJIb30BaTh XOPOILIO H3BECTHBbIE CXeMbl BuibcoHa, KoTopbie 001a1at0T BbI-
COKOIl TOYHOCTBIO IE€peladd BXOJHOIO TOKa Ha BbIXOA (K, =—1), a Takke
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MpeeIbHBIMU 3HAYEHUSIMH BBIXOJHOTO conpoTuBieHus (Rg,x), 61M3Kk0ro K co-
MIPOTUBJIEHUIO 3aKPBITOrO KOJJIEKTOPHOI'O MEPEX0/1a NPUMEHSEMBIX TPAH3UCTO-
poB. [Ipyrue BapuaHThl mocTpoeHust ToKoBbIX 3epkai [1T1 u I1T2, o6nagaromux
JAHHOM COBOKYMHOCTBIO MapameTpoB, ManodddextuBHbl. [IpocTeilmune Toko-
BbI€ 3€pKajia Ha TPAH3UCTOPaX C MAJILIM HAIpPsSHKEHUEM DPiid UMEIOT JIUOO HU3-
Koe BbIxoaHOe compotuBieHre R =10-+30kOm, nubo Gomplryto morpeu-

BBIX
HOCTb TNepeJjaul BXOJHOIO0 TOKa Ha €ro BbIXO, JUOO MEPBbIM U BTOPOM HEJIO0C-
TaTKU OAHOBpeMEHHO. OTHAKO JaldbHENIIEE pa3BUTHE MUKPOCXEMOTEXHUKH I10-
3BOJIUT, B IPHUHIIUIIE, IPUMEHSATh U IPYTHE HOBBIE TOKOBBIE 3€pPKajia B KAYECTBE
¢bynkunonanbHbIX y3moB [1T1 u I1T2.

[Ipu paccmaTpuBaeMbIX NONYIICHUSIX KOJJIEKTOPHBIE U 0a30BbIE TOKH
TPaH3UCTOPOB CXeMBbI puc. 30 IPUHUMAIOT CIEAYIOLNE 3HAUYCHHUS :

IK3 = IK4 = IK5 = I0 5 (26)

L+ 1y =21 27)

IK2 = IKI = IO - I6p9 (28)

Lg=1= Io) (29)
I

I =1g =15 = IGp :EO» (30)

rje I — Tok 6a3bl 1-T0 TPaH3UCTOPA;
B — k03 HUIMEHT yCUIeHUs TI0 TOKY 0a3bl n-p-n TPAH3UCTOPOB CXEMbI IIPU
I,=1,.

Kak cnencrsue, pu u,, =0 B y3/1e «A» NPOUCXOJUT MOJIHAS B3aUMHas
KOMIICHCAIIUS BCEX TOKOB, CXOJIAIIUXCS B ITOM Y3JI€.

Iy =L —Igs = Lo =1y — I, — I +15, = 0. (€29)

B pesynbprare cucreMarudeckas COCTaBIISIONIAS HANPSHKCHUS] CMEIICHUS
nynsa U, 6113Ka K HYJTIO.

JlaHHbIE BBIBOJIBI MOATBEPKAAIOTCS PE3yIbTaTaMH KOMITBIOTEPHOTO MO-
JeTUPOBaHUS.

I[Ipy u3MeHeHUH Hanpsokenus mutanus E() Toku KoiekTopos TpaH3u-
ctopoB VTS5, VT4, VT3, VT2 usMeHsIOTCS OAWHAKOBO HA BEIWYHUHY 1, U, CJIe-
JIOBaTEILHO, B Y3JIe «A» MPOUCXOJUT B3aMMHAas KOMIICHCAIIUS PaBHBIX MpHUpa-
IeHUH ls =1, Ui, =1,. D10 SABJIIETCS HEOOXOIUMBIM YCJIOBUEM MOBBIIIICHUS
koapduirienTa ocnabaenus nomexu no nuranuio OY.

VYBenuuenune koddduieHTa ociiabieHuss BXOIHBIX CHH(pA3HBIX HaIps-
xenui 1Y obecnieunBaeTcsi MPUMEHEHUEM TOKOBBIX 3€pKall, KOTOPbIE UMEIOT
MOBBIIIIEHHOE BBIXO/THOE COMPOTHUBRIICHUE.

Ha puc. 31 npuenena cxema ncrounuka onopaoro toka (MOT) Ha ocHo-
BE TOKOBBIX 3epKasl Bunbcona, pekomenayemoro aist OV puc. 30.
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Puc. 31. Cxema pexomenayemoro MOT Ha 6aze TOKOBBIX 3epkan Buibcona

Ha puc. 32 npuBenena cxema OY co cnenuanbHbIM NOAKIIOUYEHHEM KOJI-
JIEKTOpa BXOAHOTO TpaH3ucTopa VT K SMUTTEPY COINIACYIOIIETO TPaH3UCTOpPa
VT7, B koTOpOU peanus3yroTcs npeaeiibHble 3HaUeHHs KO3 huieHTa yCuaeHus
M0 HAMPSKEHUIO B PEKMME IMOBTOPUTENISI CUTHAJIOB.

R1 R2 R3 I, <>
U,
VT3 VT4 VT5
TR N N
Io § LI A Is, VT6
Lo g

o +

Io-Is &
Tl
Bx.M1 VT2 Bx.”2
Boix. V17
O—_K
/
In
i’ Io
TIT1 TIT2

7 - L
Kiiz=-1 Kiizo=1 =70
[ |

Puc. 32. Cxema OV c nipeenibHbIM 3HaueHUuEM Kod(hPUIeHTa ycuaeHus
M0 HAMPSKEHUIO
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Ha puc. 33 nokaszanbsl kinaccuyeckas (puc. 33a) u MoauduIMpoBaHHAs
(puc. 330) cxembr OY B cpeie KOMIBIOTEPHOTO MojieupoBanusi PSpice Ha mo-
nensax nHrerpainbHbiX Tpanzuctopos OI'YII HIIII «ITymnbscapy.

V3

VCC

VT1

*

TN20DS TN20DS

" ©

VT2

out

A

S

0.841m <>

VT3
TN20DS

10Vdc

T

10vdc

vee

vce

I,

2k

TP30DS

VOFF =0
VAMPL = 0.3
FREQ = 1k
=0
+Ec
iw
7.2Vdc—
=0
in1
VOFF =0 TN30DS
VAMPL = 0.3 VT6
FREQ = 1k

Ebr}f
=0

&

VT3

—XK

*_ j in2
V17
TN30DS

out

VT5

TN30PS

0.841rr<>

TP30DS
VT4

&

N
10Vdec —

LW
10Vde ——

.||
o

vee

6)

Puc. 33. Cxemsl OY B cpelie KOMIIBIOTEPHOTO MoaeupoBanus PSpice —
KJaccuueckas (a) u MoguduimpoBanHas (0)
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Ha puc. 34 nokazana cxema moauguuuposanHoro OY B cpeie KOMIbIo-
TepHOro MojenupoBaHusi PSpice Ha MoOJAENsX HMHTETPAIbHBIX TPAH3UCTOPOB
OI'VII HIIIT «Ilynscap». JanHas cxema OY HMEET CUCTEMATHYECKYIO COCTaB-
agomyo U~ 0,8 MKB 1 Mansli Temnepatypaslid aperid Ugy, B TO BpeMs Kak
U3BECTHBIE YCTpoOWcTBa (puc. 33) XapakTepU3ylOTCs MOBBIIICHHBIMH YPOBHSIMHU

U,, =3.8+4,8 MB.

R3 R2 R1 2m C)

+Ec 1 L TP3on TP30DS
N

TR3ODS T NT v VT3
. V4
o

! VTS5 o] Ve
TN30PS 10Vde =

VOFF =0
AMPL = 0.3 TN30DS V17 N
FREQ = 1k VT6 TN30DS 10Vde ==

TP30DS
I VT4

7\

2

Puc. 34. Cxema moaudunupoantoro OV B cpesie KOMIBIOTEPHOTO
MoaenupoBanus PSpice

Ha puc. 35 npuBeneHbl TeMIepaTypHbIE 3aBUCUMOCTH HAIPSIKEHUS CMe-
mieHus Hyns U, cpaBHHBaeMbIX OVY.

UcmmB
10
[NpoTotmn N2
25°C, 4.8 mB
5 MpoTtoTmn Ne 2
/ 25°C,3.8mMB
0 Hoeag cxema
25°C, 804.6 HB
550 40 20 i) 20 40 60 80

TemnepaTtypa °C
Puc. 35. TemniepatypHbie 3aBUCUMOCTH HaNpsHKEHUS cMeleHus Hyis Uy
cpaBHUBaeMbIx cxeM OY

B Hayano K OrJ1aBJIEHUIO
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10.3. IByxkackaanbliii OY «BxoaHoii kommiiemeHTapubii K —
ynpasJjisieM0€e TOKOBO€ 3ePKaJi0 — BbIXOJAHO! SMUTTEPHbIN MIOBTOPUTEJIb)

CyliecTByeT HECKOJIBKO 0a30BbIX apXUTEKTYp AU(depeHInanbHbIX Ome-
panuoHHbIX ycunutene. Onna u3 Hux (puc. 36), peaqn3oBaHHAs HA n-p-n U
p-N-p TPaH3UCTOPAaX, OTHOCHUTCS K KJIACCUUYECKOW apxXuTeKkTrype. BriepBole nan-
Hasl cXe€Ma HUCIOoJIb30BaHa B onepauoHHOM ycunutene pA741. Kommiemenrap-
Hele auddepenumansasie yeunurenu (KAY) ganHoro kimacca, Hapsay ¢ TUIO-
BbIM TMapajjieIbHO-0aTaHCHBIM KacKaJOM, CTajld OCHOBHBIM YCHIIUTEIbHBIM
AJIEMEHTOM MHOT'MX aHAJIOTOBBIX UHTEP(EHCOB.

CyiiecTBeHHBIN HenocTaToK Kinaccuyeckoro KV puc. 36 cocTouT B TOM,
YTO OH MMEET MOBBIILICHHOE 3HAYEHHWE CHCTEMATUYECKOM COCTABISIOLICH Ha-
npspkeHus cmenieHus Hyss (Ue,,), 3aBUCSIIEH OT CBONCTB €ro apXUTEKTYpHI.

| O +
IIT1 an.]:-l
—  h
Bx.“1 VIl Vi2 Bx.(2 Fo———————- [
o — | o+ |
N e | |
| I
| I
| I
| I
| I
VT3 VT4 | : Brix.

| re ! 1 ! ©
I I
I C) : —_—+ :
| —— |
| _ I
| I
| I
- VT5 |
I rd I
T ”l I
A | I
, T2 L |

\\—/w
Kino=-1
| o

Puc. 36. Knaccuueckas cxema KV (LA741)
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Ha puc. 37 npencraBnena apxurekrypa moauduiupopannoro KIAV. Pe-
1iaemasi UM 3ajiada — yMeHblieHue abconorHoro 3nadenust Ug, U ero temmepa-

TypHOTO apeiida.

IIT1
2l §
lo g V1
BX_(-)I VTI1 VT2 |
VT5 TTIVT6
N T
A NN
VIS T, |4 2 !
B, — .
I 0+216.n £ 12 IO+216_11 L

VT7

Puc. 37. Apxurekrypa moauduiupoantoro KV ¢ mansim U, [7]

e e e —

PaccmoTpum (akTophl, ONpeneistomme CUCTEMATHUYECKYI0 COCTABIISIO-
Y10 HanpspbkeHus cMetnenus Hyis U, T.e. 3aBucAlIre oT cxeMoTexHuku JIK

puc. 37.

Ecnu tokn nByxnontocHUkoB I} u I, paBHbl BenuuuHe 2ly, TO TOKH KOJI-

nexropa (I ;) u 6a3sbl (I5;) TPaH3UCTOPOB CXEMBI:

K.7
K.5

I
I
I

6.8 — 216.11 >

I W zIZ,
ls; =25,

~2l,,

=25,

(32)
(33)
(34)
(35)
(36)

rae I, =1,,/B; — Tok 6a3el n-p-n (I5,) mmm p-n-p (Is,) TPAaH3UCTOPOB CXEMBI IIPU

SMUTTEPHOM TOKE [, =1 ;

B. — k03¢ uLMEHT ycuaeHus o TOKY 0a3bl 1-ro TPaH3UCTOPA.
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BxoaHou Iy my U BBIXOTHOM Igyx mmy TOKM TOKOBOTO 3epkana 1172

IBX‘HTZ = IK‘?) + IK‘S = Iz + 216‘11 ° (37)

IBBIX‘I'[TZ = KiIBXHTZ = Iz + 216‘11 ° (3 8)

rac Ki = 1 - MOI[y.HB KO:—)(i)(I)I/H_H/IeHTa Hepeﬂan/I 10 TOKy BTOpOTO TOKOBOI'O
3epkana [1T2.

Kak cnenctBue, pa3HOCTh TOKOB B y3JI€ «A» IPU €r0 KOPOTKOM 3aMbIKa-
HUU Ha YKBUMOTEHIUAIBHYIO OOLIYIO IITUHY

Lo=T, -1+ g, (39)

rae 1., =21, — Tok 0a3el p-n-p TpaHsucropa VT8 BBIXOJHOIO 3MHUTTEPHOIO

BBIX.NT2

TTOBTOPUTEJISL.
[MoacraBnsas (32)+(38) B (39) HaxoauM, 4TO Pa3HOCTHBIA TOK, OMpeJe-
stromui Uy, OV

L =1,-1,+2I;, 2L, =0. (40)

Kak crnencrsue, 510 ymenpiaer U, T.K. pa3HOCTHBIA TOK I, B y311e «A»
co3naér U, 3aBucsILEe OT KPYTU3HBI S npeoOdpa3zoBanus BXoAHOTO auddepeH-
[IUAIbHOTO HanpshkeHUs (Ugy) KJY B BBIXOHOM TOK y371a «A»:

i 2
g—_P _ , (41)
u I, +1,+1,+1,

BX

rac r,, =r, =r; =1, — COHPOTUBJIICHUA SMUTTCPHBIX IICPCXOAO0B TPAH3UCTOPOB

VTI, VT2, VT3, VT4.
[ToaTomy:

2¢
U, zIp(r31 +r1, +71, +r34):Ip it (42)
0
rae ¢, =26 MB — TemneparypHblii IOTEHIMAI.
B knaccuyeckom OV I #0, nosromy 3xech cucremMartnyeckas cocTas-
nsaromas  Ug, IosydaeTcst Ha JBa-TpH nopszaka oonsure (U, =2,0 MB), yem B
MoauduuposanHoi cxeme (U, = -1 MkB).

Ha puc. 38 nokazana cxema OY ¢ KOHKPETHBIM BBIITOJIHEHUEM TOKOBBIX
3epkan IIT1, IIT2 1 BBIXOZHOTO YMUTTEPHOTO MOBTOPUTETIS.
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Puc. 38. [lpaktuueckas peanuzauus KIAY (puc. 37)

Ha puc. 39 mpencraBiieHbl cXeMbl KJIACCHYECKOIO KOMILIEMEHTAPHOTO
muddepenuuansHoro ycunutens (puc. 39a) u moauduuuposanHoro KJY
(puc. 390) B cpelie KOMIBIOTEPHOTO MojenupoBanust PSpice Ha Mozaensax uHTe-
rpanbHbIX Tpan3ucTopoB OI'VII HIIII «Ilynscap».

4 vCC
1
T

12

_ZF VT9 VT6 C)Zm

TN15S TN15S out

?0 V2

=3

&l |A 4‘ TR15S.
TP15S
VT8 #—/‘ N Vs
L
= s | K jg 155
VT11
F2 11
W C) 1.8m
lF_I J vee
V+ V-
vce |I | |I | vee
LN _%_0 ‘1|0 \
Ucm = 2,0 MB|
a)

Puc. 39. CxeMbl K1acCM4e€CKOro KOMIIEMEHTAPHOTO TudPepeHIInaTbHOTO
yeunurens (a) u moauduuupoanHoro KAV (0)
B CpeJle KOMIIBIOTEPHOT0 MoJenupoBanus PSpice
(Hauao; OKOHYaHUE CM. Ha C. 68)
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VT10
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Puc. 39. Oxonuanue (Hauajuao cM. Ha c. 67)

Ha puc. 40 MPUBCACHBI TCMIICPATYPHBIC 3aBUCHUMOCTHU HAIIPSKCHUA CMC-
MICHUA HYJIA CPABHUBACMBIX CXCM.

2.5 t=20'C, u=2.0783mB

§np°TOTMn
e
— —
——
e

~——
2.0 _——
S

HanpsxeHue, MB
= =
o [6;]

o
&

t=20C, u=8.2668mMKB

Hosas cxema /

-0.5
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80
Temneparypa, C

Puc. 40. TeMnepaTypHBIe 3aBUCUMOCTH HAIIPAKCHUA CMCIICHUA HYJIA
CPaBHUBACMBIX CXCM
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KomnbrorepHoe MoieIMpoOBaHNE CPaBHUBAEMBIX CXEM IMOJTBEPIKIACT T0-
JyYEHHBIC BBIIIEC TEOPETUUECKUE BHIBOIBI.

MopaudunmpoBanHas cxema moaudunupoantHoro KJAY, B kotopom TO-
KOBasi acCHMMETpHsl yCTaHaBIUBaeTcs TpaH3ucTopoM VTS5, mnpuBeneHa Ha
puc. 41.

| O +
T2 Kippo=-1
I R
12:21*0 i <> 12:210
VTI1 VT2
Bx.“1 : : Bx.(2 Brix.
.>—O
To || 2len |, To VT5
v < v |/
* l N
I o215, 1+
v 2l — ki
N . :
A N
VT3 VT4 1,=21,
+] v Dol
E, — - VT6
oA —
Io+16.n£ v Totls, 21
N
IIT1 Kippi=-1
| .

Puc. 41. Moaudunuposannas cxema KJ[Y ¢ Mmanbim U,

Takum o6pazom, monuduipoBanHoro cxembl OY Ha OCHOBE KOMILIeE-
MEHTapHbIX JTudepeHInanbHbIX KackaJoB OO0JadaloT CYIIECTBEHHBIM IIpe-
MMYILIECTBOM — TMOHMKEHHBIM 3HAYE€HUEM CHCTEMaTUYECKON COCTaBIIAIONICH
HanpspkeHus: cmenieHus Hys (Ugy).

B Hayajo x OrjiaBjIcHUIO
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10.4. Tpéxkackagnubiii OY «Kiuaccuuecknit Bxoanoi JIK —
«IEePErHyThii» KACKO/J € YIPaBJIsieMbIM TOKOBbIM 3€PKaJIOM —
BbIXOHOM IMUTTEPHBIN IOBTOPUTEIb)

Cxembl TpeM3MOHHBIX TU(DPEpeHIINATBHBIX ONEPALMOHHBIX YCUITUTENEH
(OY) Ha ocHOBE Tak Ha3bIBAEMBIX «IIEPETHYTHIX» KACKOJOB CTaIl OCHOBOU 00-
nee yeM 20-tu cepuiiHbIX omnepaunuroHHbix ycunurenedn (HA2520, HAS5190,
AD797, AD8631, AD8632, OP90 u np.) (puc. 42).

VT1 VT2

VT4

1,=21, <> <> =21, (

VTS5

Brix

<«t—

Io

> I4:IO

O -

Puc. 42. Cxema kiaccuueckoro qudpepeHnnanbHoro onepanuoHHOTO
YCUJIUTENISI HA OCHOBE «IIEPETHYTOr0» Kackozaa

Ha puc. 43 npexncraBiena apxurekrypa MoauduuuposanHoro OVY. Pe-
maeMasi UM 3ajJiadya — yMEHBIIIEHUE CUCTEeMaTUYECKOW COCTABIISIONICH HampshKe-

HHA CMCUICHUS HYJIA.
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Puc. 43. Cxema nudhepeHInaIbHOTO ONEPAIIMOHHOTO YCHIIUTEIIS
¢ maibiM Uy, [8]

Crarnueckuid pexuM 1o Toky tpan3uctopoB VI3 u VT4 OV onpenensi-
eTcs aByxmnoyrocHukamu Iy, I, I3 u Tokom 6a3el Tpansucropa VT6.
IMpu 1, =21,, I, = I, >MUTTEpHBIE TOKHU Tpan3ucTopoB VI3 u VT4 onpe-

nensitoTest hopmyaamMu

Ly=1Iy+15,, (43)

L,=1,. (44)
[ToaTOMY KOJIEKTOpHBIE TOKH TpaH3uctopoB VI3 u VT4

La =1, (45)

Ly=1o— I6.p‘ (46)

Ecnu yuecth, uyTo KO3 UIMEHT Tepeaadyu Mo TOKY TOKOBOTO 3epKaya

IIT1 K,,,, =1, TO MOXHO HAWTH, YTO B y3JI€ «A)» BBIIIOJHAETCS PABEHCTBO
Ip=luy+ls=1 I, +15,. 47)
Taxkum oOGpa3oM, B BRICOKOMMIIEJJAHCHOM Y3Jie «A» o0OecrieunBaeTcs B3a-
MMHasi KOMIIEHCalus BBIXOAHOTO Toka mojacxeMbl [IT1, Toka 6a3el TpaH3ucTOpa
VTS5 u xomekTopHOro Toka Tpansuctopa VT4. D10 sBiIseTcs HEOOXOAUMBIM U
JOCTATOYHBIM yCJIOBUEM MUHUMHU3AIMU CUCTEMATUYECKOH cocTaBistonieid UcwM,

oOycioBneHHoM [ Tpan3ucropoB. Kak cnencrsue nannas cxema OY umeer 60-
nee Hu3kue 3HadeHus Ug,,.

i12.1
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Ha puc. 44 npeacrasnen knaccudeckuid OY B cpeie KOMIIBIOTEPHOTO MO-
nenupoBanusi PSpice Ha Mopensx umHTerpanbHbix Tpanzuctopos OI'VII HIIIT

«Ilynbcap». 3necs npu temneparype 20 °C U, =1,11 MB.
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Puc. 44. Knaccuueckuit OY B cpenie KOMIBIOTEpPHOTO MojienupoBanus PSpice

Ha puc. 45 npencrapied BapuaHT noctpoeHust moauduimpoBannoro OY
B Cpejlie KOMITBIOTEPHOr0 MojeiaupoBaHusi PSpice Ha mMonensx HWHTErpaibHBbIX
tpansuctopoB OI'VII HIII «Ilynecap». 3nmecy npu Ttemmeparype 20 °C

U = 17,5 MkB.
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Puc. 45. Moauduuuposannbsiii OY B cpeie KOMIIBIOTEPHOTO
MozenupoBanusi PSpice (puc. 43)

Ha puc. 46 npusenensl rpapuku TemnepaTypHoil 3aBucumoct U,y cpaB-

HHUBAaCMBbIX CXCM.
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Puc. 46. TemneparypHas 3aBucumMocTb U, cCpaBHUBaeMbIX cxeM (puc. 44, 45)

Takum o06pa3oM TMOJyUYEHHBIC BBIIIE TEOPETHUECKHUE BBIBOJIBI TOJTBEP-
KIAOTCA Pe3yJbTaTaMU MOJEIUPOBaHUA. UMCIECHHbIC 3HAYEHUS CHUCTEMaTHYe-
ckoi cocrapsitomend U, (6e3 yuéra pazdpoca mapamMeTpoB AJIEMEHTOB) JIekKaT
U1l 9TUX cXeM B auamna3zoHe 2025 mxB. B 10 ke BpeMs B kinaccuueckom OY
ATOT MapaMeTp U3MEHSAETCS €AMHUIIAMUA MUJIJIMBOJIBT. BBeIeHUE IBYXIOJIIOCHU-
ka Is mo3BossieT obecneynTs 00Jiee TOUHYIO B3aMMHYIO KOMIICHCAIIUIO TOKOB B
y37€ «A» U MOJYYUTh Majble 3HaUeHUs U.y,.

B Hayajo x orjiaBJIcHUIO

10.5. Tpéxkackagnubiii OY «HecuMMeTPpHYHBIN KIaCCHYeCKHA BXOAHOM
JK — ynpasJisiemoe TOKOBO€ 3ePKaJIo —
BbIXOHOM IMUTTEPHBIN IOBTOPUTEIb)

Moauduuposannoro quddepenunansueiii OY nokaszan Ha puc. 47. Pe-
maemMasi UM 3ajjaya — yMeHblleHue abcomtoTHOro 3HaueHus U, a Takxke ero
TEMIIEpaTypHOTO U PAIUALIMOHHOTO Aperda.

PaccMoTpuM (akToOphl, ONMpenesnsomue CUCTEMAaTHYECKYI0 COCTaBIISIO-
HIyI0 HanpsbkeHus cMetenus Hyns Ug,, T.e. 3aBUCSIIME OT cxeMOoTexHUuku OY
puc. 47.
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VT3

v
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216.p
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Puc. 47. ApxurekTypa nperu3noHHOro Tpéxkackaanoro OV [9]

N\

Ecnu Tox ucrounuka toka I; paBen Benuuune 21, a I, u I3 — Benuuune I,
TO TOKH 3MUTTEPOB U KOJUIEKTOPOB TPAH3UCTOPOB CXEMBI:

I, =21, +21;, =1, +1,, (48)
La=1s=1,- I6.p ) (49)
Lo=1,=1, (50)
Lot = Lo = L it (51
rae I, =1,,/B, — Tok 0a3bl n-p-n (Ig,) wam p-n-p (Is,) TpaH3UCTOPOB IpU

SMUTTEPHOM TOKE [, =1 ;

Lix.ir1=Isex.ir1 — BXOJTHOM M BBIXOAHOM TOKHM TOKOBOTO 3epkaina I1T1;
B. — k03 uLMEHT ycunaeHns o TOKy 0a3bl TPaH3UCTOPOB CXEMBI.

IToaTOMy pa3HOCTh TOKOB B y35i€ «A» MpHU €ro KOPOTKOM 3aMbIKaHUU Ha
HKBUIOTEHUIHUATBHYIO OOIIYIO ITUHY

Ip = IBBIX.HT] - I6‘4 - IK3 =0 4 (52)
rae I, =15 — Tok 6a3el n-p-n Tpanzucropa VT4.

Taxum oOpaszom, B paccmatpuBaeMoM OV mpu BBITIOJHEHUH yCJIOBHS (52)
yYMEHbIIIaeTcsl cucteMarnyeckasi coctapisitomas U, 00ycioBieHHass KOHEYHOM
BEJIMYMHON [} TPAH3UCTOPOB U €ro pajHallMOHHON (WM TeMIlepaTypHOM) 3aBU-
cumocTbio. Kak ciencreue, 310 ymenbpmaer Uy, T.K. Pa3HOCTHBIN TOK I, B y3ie
«A» co3naér U, 3aBUcdIlee OT KPYTU3HBI S mpeoOpa3oBaHus BXOAHOTO IU(-
(hepeHIMAIBHOTO HANIPSIKEHUS Uy OY B BEIXOJHOM TOK y3J1a «A»:

s= oo 1 (53)
u L, +1,

BX
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II€ 1, =1, — CONPOTUBIIEHHUA SMUTTEPHBIX MEPEXOI0B BXOAHBIX TPAaH3UCTOPOB
VTI1 u VT2 Bxoanoro auddepenuansuoro kackama JIK1.
[ToaTomy:

2¢,

0

U, =L, +r,)=1 ~0, (54)

rae ¢, =26 MB —TemneparypHblii IOTEHIMAI.
B knaccuyeckom OV I #0, nosromy 3xech cucremMartnyeckas cocTas-

nsromas Uy, momyyaeTcss Kak MUHUMYM Ha TIOPSJIOK OoJiblIe, 4eM B MOAU(UIIHU-
POBaHHOM CXEME.

HecMoTpst Ha cyliecTBEHHOE YMEHbIIEHUE [3 TPaH3UCTOPOB BCIEACTBUE
paJuaIMOHHbIX BO3JeHCTBUN MoauduipoBanHoro OV, U B 3TUX YCIOBUSX Ha-
MIPSKEHNUE CMELIEHUS HYJIsl UMEET MEHbIIEE, YeM Kitaccuueckuid OY.

3ameuarenbHas OCOOCHHOCTh MOJAU(PUIIMPOBAHHON CXEMbl — HU3KAasl 4yB-
CTBUTENBHOCTH HampspkeHus: cMmemenus Hynsa (Ug,) K OTHOBpEMEHHOMY H3Me-
HEHMIO 11071 JIciicTBHEM TeMIepaTypsl (M paauanun) Tokos [ =1, +1; =21,
YCTaHABIIMBAIOIUX CTATUYECKUN PEXUM TpaH3UCTOPOB OY.

Ha puc. 48 noka3ana cxema, B KOTOpOM UCTOYHUK TOKa I;, a Takke 6a3bl
JOTIOJIHUTENBbHBIX TpaH3ucTOpoB VT3, VTS cBsa3aHbl cO BXOJOM OOIIEH SMUT-
TepHOW 1enu BxojaHoro auddepennuanbHoro kackaga K1 depes uenb cme-
nieHus: noreHuuanoB E.; (1noabl, pe3aucTopsl, CTaOUIUTPOHBI).

o +
IIT1
, Lols, I I
I VT4 |
| |
N I
Isp | |
To-Is o
S B |t
| | |
Bx.O1 :VT] | | BpIx
O——+ Jolsp|  t——+o
L N I I
IG.p lL ______ | |
I I
| |
+ I I
| VTS |
- | |
— NG LN I
216.1) : :
| |
| |
11:21()() 12210 <> : C) : 13210
| |
: —oO -

Puc. 48. Bapuant noctpoenust OV (puc. 47)
75



Ha puc. 49 npeacrasnena cxema OV, B KOTOPYIO ISl peajIu3alluy PExKU-
Ma paboThl knacca «AB» BeIxogHOro Kackana BBeAEH TpaHizuctop VI6 u p-n
nepexoa VDI, a uenb cMmelieHusi NOTEHIIMANIOB BBIMOJIHEHA B BUIE PE3UCTOPA
R1. Begenue uenu cMmenieHusi NOTEHIMAIOB MO3BOJIIET MOJYUYUTh ABYHOJSP-
HO€ BBIXOJIHOE HampsbkeHne OV ¢ aMIuIUTyAamMu, HE3HAYUTENIbHO OTIUYatoNu-
MUCS OT HANPSXKEHUN MUTaHUS.

Bxitouenue ayxmnontocHuka VD2 cnocoOCTByeT CUMMETPUPOBAHMIO
pEeXUMOB paboThl BXoHOTO quddepenunansHoro kackaaa JK1.

AMIUIATY 2 OTpULATENBHON 0TyBOIHbL (UL ) BBIXOAHOTO HANPSHKEHHS

BBIX

OV onpenensercs nageHnem HampsikeHuss Ug; B CTaTUYECKOM pEXHUME Ha pe-
3uctope R1:

UL %0,7B+ Uy, - (55)

BEBIX.

OJIHaKO JJIs1 HU3KOBOJIBTHBIX HpI/IMeHeHI/Iﬁ AOITYyCKACTCsA NMCTh UR1=O.

T o +

: Kijz.1=-1
\V/ | VD2 —
4

r——=""71
|

|

|

|

L

IBLIX.HTI r————-——-—7
(o

VT4 !

LIO-IG_p.

—

Brix.

VTS5

Il=210<> 1=l () <> I5=Ip

Puc. 49. Moaudukarusa OV (puc. 47)

Ha puc. 50 mnoxa3zanbl cxeMbl Kiaccuueckoro auddepeHnnanbHoro
(puc. 50a) u mogudunmrpoBanHoro (puc. 506) OV B cpelie KOMIBIOTEPHOTO MO-
nenupoBanusi PSpice Ha Mopensx umHTerpainbHbix Tpanzuctopos OI'VII HIIII
«Ilynbcapy.
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Puc. 50. Cxembl nuddepeHmanbHOro Kiiaccuueckoro (a)
u MoauduiupoanHoro (6) OY B cpesie KOMIBIOTEPHOTO
MoaenupoBanus PSpice
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Ha puc. 51 MPUBCACHBI TCMIICPATYPHBIC 3aBUCHUMOCTU HAIIPSKCHUA CMC-
MICHUA HYJIA CPABHUBACMBIX CXCM.

4 Uow, MB T=20°C;
Ucnm = 38,0 MxB
0 / l
N ]
30,5 MxB I
HOBas cXeMa //
/
/
1,01 /
/
IIpOTOTHUIL /
/
/
T =20°C; P
20] UCMZ =.2232 MxB -
apfF——""
20 0 20 40 60 80  T.°C

Puc. 51. TCMHCpaTypHBIC 3aBUCUMOCTH HAIIPAKCHUA CMCIICHUA HYJIA
CPaBHUBACMBIX CXCM

Ha puc. 52 noka3ana cxema puc. 49 B cpene PSpice.

T
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_# VT10 10V
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Puc. 52. Cxema OV puc. 49 B cpene PSpice
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Ha puc. 53 MNPpUBCACHBI PCE3YJIbTATBl KOMIIBIOTCPHOI'O MOACIHPOBAHUA

UCM-
A Uy, MB T=20°C;
UCM = 57,4 MKB
0™\ 7
52,1 mxB /
HOBas cCXeMa /
/
/
/
-1,01 /
/
IPOTOTHUIT /
/
/
T=20°C; v d
Ucm = -2232 MxB
-2,04 CMZ M - ~
243+ — """

-20 0 20 40 60 80 T, °C

Puc. 53. TemnieparypHasi 3aBUCUMOCTb HAIPSI)KEHUS CMEILICHUS HYJIS
CPaBHUBAEMBIX CXEM

Takum o6pazom, monuduimpoBanubii OY o061anaer cyniecTBEHHBIMU
MPEUMYIIECTBAMHU B CPABHEHHUH C U3BECTHBIM MO BEJIMYMHE CTATUYECKOM OmIno-
KM YCUJICHMS] CUTHAQJIOB IIOCTOSIHHOI'O TOKA, UMEET JBYXTAaKTHYIO apXUTEKTYpY,
0oJiee MMPOKUM YAaCTOTHBIM JUANa3oH MU MOMKET HCIOJIb30BAaThCsl B KayeCTBE
[P-mMoynen cOBpeMEHHBIX CUCTEM Ha KPUCTAJUIE.

B Hauajo x OrjiIaBICHUIO

10.6. Tpéxkackagnubiii OY «HecuMMeTpHYHBIN KJIaCCHYEeCKHA BXOHOM
JK — ynpagByisieMoe TOKOBO€ 3€PKaJji0 — BLIXOTHOM
IMUTTEPHBIN MOBTOPHUTEIb)»

Moauduruposansusiii OY gaHHOro Kiacca moka3aH Ha puc. 54. Pemae-
Mas UM 3ajJlaya — yMEHbIlIeHHe abcomoTHOro 3HaueHust Ug, U ero Temmneparyp-
HOTO U paJMaliuoHHOTrO Japerda.

PaccMoTpuM (akTophl, ONpenesnsomnue CUCTEMATHYECKYI0 COCTaBIISIO-
Y10 HanpsbkeHus cMetenus Hynst Ug,, T.€. 3aBUCSIIME OT cxeMOoTexHUuku OY
puc. 54.
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Puc. 54. Cenpmas apxutekTypa Opeu3noHHOro Tpéxkackaanoro OV [10]

Ecnu Toku nByxmnontocHUkoB I} u I, paBHbI BenuuuHe 21y, a 1ByXmosroc-
Huka I; — Benmunne Iy (I,, =1, ), TO TOKH KOJUIEKTOPOB TPAaH3UCTOPOB CXEMBI:

IK] = IKZ = IK3 = IK4 = IO - I6‘p > (56)

Ls =1, (57)

IBXJ‘[T] = IBBIXJ'IT] = IO - I6‘p > (5 8)

Tac 16.p = Ia.i /Bl — TOK 0a3bl n-p-n TPAH3UCTOPOB IIPpU SMUTTCPHOM TOKC
Ia.i = IO )

B. — k03(p(PULUEHT ycHUIEeHUs IO TOKY 0a3bl TPAaH3UCTOPOB.

IToaTOMy pa3HOCTh TOKOB B y35€ «A» MpPU €ro KOPOTKOM 3aMbIKaHUU Ha
HKBUIOTEHUHUATBHYIO OOIIYIO ITUHY

Ip = IBBIXJ'IT] - IEY - IK4 = _IEY H (59)
rae Iy, — Tok 0a3el p-n-p Tpansucropa VT5.
Jutst Toro 4ro0sl noayuuts 1) =0, nenecoobpasHo MCIONB30BATH CXEMY,

IJ1s1 KOTOPOil Iy << I5,,. B 3TOM cilydae HEOOXOIUMO TaKKe 00ECIIEYUTh 3a CUET

nepBoil nenu coryiacopanusi noreHuuanoB (LIC1) uaeHTHUYHOCTh CTaTHYECKUX
pexuMoB Tpan3zuctopoB VIl u VT2, a 3a c4€T BTOpOI LIeNH cOriacoBaHuUs I0-
TeHIHaIoB [{C2 — UIEHTUYHOCTh CTATUYECKUX PEKUMOB TpaH3ucTOpoB VT3 u
VT4 no HanpsiKeHUI0 KOJUIEKTOp-0a3a.

Ha puc. 55 noka3an BapuaHT BKJIFOUYEHHUsI BXOJHOTO TpaH3UCTOpa Oydep-
Horo ycunutens bY1 mo cxeme JlapiuHrrosa.
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Puc. 55. BapuaHT nocTpoeHUsI BXOAHOI'O COCTaBHOTO TpaH3ucropa VIS5

Ha puc. 56 nens cornacoanus norennuanos LIC1 peanu3oBana Ha OCHO-
BE€ JOMNOJHUTEIBHOrO TpaH3ucTopa VT6, SMUTTEP KOTOPOTrO SIBISETCS BBIXOIOM
uenu coriaacoBanus noreHuuanos LC1, koekTop cBsA3aH ¢ MIMHOW UCTOYHHUKA
MIATaHHUS.

OcobeHHOCTh cXeMBbl puUC. 56 COCTOUT B TOM, YTO 3/1€Ch HE JOJDKEH HC-
MOJIb30BaThCSl B KayecTBE BXOJAHOro TpaHiuctopa VTS OydepHoro ycumurens
BbY1 cocraBHoii Tpan3uctop JlapauHrroHa.
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: R1 m : HC2 Kilz_lz-l IIT1
! [ T R
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o———— | o © ——o
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Puc. 56. Bapuant noctpoenust OV (puc. 54)
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Pa3sHOCTHBIN TOK B y3Jie «A» TaK)KE paBeH HyJI0, HO IpH Ipy = Igp:
Ip = IBLIX.HTl - II<.4 - IBY = IO - IO + I6.p - I6.p =0. (60)
B cxeme puc. 57 UAEHTUYHBIN CTATUYECKUN PEKUM TpaH3UCTOpoB VT1 n
VT2 obecneunBaetcs Tpanzuctopom VI7 u p-n nepexogom VDI, a Tpan3u-
ctopoB VT3 u VT4 — tpansucropom VT6 u pesucropom R1. IIpu sTom pas3no-
CTHBI! TOK B y3JI€ «A»:
[, =1

p BeIX.IITl IK.4 - I6.5 = IO + I6.p - IO + I6.p - 216.p =0, (61)
rae Is s = 25, — Tok 0a3bl Tpansucropa VTS5.
3ameuaTeIbHON 0COOCHHOCTBIO CXEMBI SIBJISIETCS OJMHAKOBOE MOCTPOCHUE

BCEX TPEX TOKOCTAOUIUZUPYIOUIUX IBYXTIOJIIOCHUKOB.

o +
__|BbYl_
|
VTS5 |
|
N
PR |
Brix
+———o0
VTI1 VT2 + VT3 VT4 l
v 21,
Lzh : 2lo
| | R2 | I | | |
VTS | | | | VT9 | VTI0
| } } t
Y NG NG
(! VA )
I ! ! ! ! o -
| | | | | |

Puc. 57. Bapuant noctpoenust OV (puc. 54)

J{nst cxembl puc. S8 pa3HOCTHBIN TOK B y3II€ «A»:
Ip = IBLIX.HTl - II<.4 - I6.5 =0. (62)
OnHako 371eCh TOKOCTAOMIM3UPYIOIMINE ABYXIOMIOCHUKH [ u I, B oTin-
qyue OT AByXmoitocHuKa I3, umeror npyroe noctpoenue (I,=21y, =21y, I;=Iy).
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Puc. 58. Bapuant noctpoenust OV (puc. 54)

Takum o6pazom, BO Bcex BapuaHTax MoauduuupoBaHHoro OV mpu Bbl-
nonHenuu ycnosus 1, =0 ymenburaercs cucremarndeckas cocrapisomas Uey,

oOyCJIOBJIEHHAs: KOHEYHON BEJIIMYMHON [B TPaH3UCTOPOB M €ro paauallMOHHON
(unu TemrnepaTypHoO#) 3aBucuMocThiO. Kak cneacTtsue, 310 ymenbmaet Uy, T.K.
pPa3sHOCTHBIN TOK I, B y31e «A» co3naér U, 3aBUCsILEE OT KPYTU3HBI S NPeo0-
pazoBaHusl BXOJHOTO IU((HEPEHIINATBLHOTO HANPSHKEHUS Ugx B BBIXOJHOW TOK
y37a «A»:

s=to 1 (63)

u r,+r,

BX

rac r,, =r, — CONPOTHBICHUA SMUTTCPHBIX IICPCXOJ0B BXOAHBIX TPAH3HMCTOPOB

VTI1 u VT2 Bxoanoro auddepenuansuoro kackama JIK1.
[TosToMy a7 cxemsl puc. 54

2
Uy ~1 (1, +1,) =1, I‘P ~0, (64)
0
rae ¢,=26 MB — TeMrnepaTypHblid IOTEHIINA.

B xmaccuueckom OV Ip #(0, mo3TOMy 371€Ch CHUCTEMATHYECKas COCTaB-

nsromas U, mofydaercss Kak MUHMMYM Ha TOPSAOK Oosbllie, 4eM B MOAU(U-
UUPOBAHHOMU CXEME.

Ha puc. 59. moka3zanbl cxembl Kiiaccuueckoro (puc. 59a) u moauduiupo-
BaHHOro (puc. 596) OV B cpene KOMIBIOTEPHOTO MojeaupoBanus PSpice Ha
Mozensax uHTerpaibHbiX Tpansuctopos @I'VII HIIIT «Ilynscap», a Ha puc. 60 —
IIPUBEJICHBl TEMIIEPATYPHBIE 3aBUCUMOCTH HAIPSKEHUS CMEILECHHS HYJS CpaB-
HHUBAEMbIX CXEM.
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Puc. 59. Cxemsl kiaccuueckoro (a) u moauduirponanHoro (6) OY
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B CpeJie KOMIIBIOTEPHOT0 MoJenupoBanus PSpice



b Uen, MB
T =20°C; T=43,5°C,
Ucum = -28,7 MxB Ucenm = 0 mxB
0 / /
/
92,5 MKB p
HOBadg CXcMa /
/
1,01 //
/
IIPOTOTHIT /
/
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T=20°C P 4
201 Uci/ = -2798 MkB -
305 —— """

Puc. 60. TemniepatypHble 3aBUCUMOCTH HANPSXKEHUS] CMEIICHUS HYJIA
CpPaBHUBAEMBIX CXEM

Ha puc. 61 npusenena cxema OY B cpene PSpice nist ciaydas, korjga To-
KOCTaOMJIM3UPYIOLIKE JBYXITOIIOCHUKH — PE3UCTOPBI.

Ha puc. 62 noka3aHa 3aBUCUMOCTb HampsikeHus: cmeuleHust Hyis Ug, oT
TEeMIEPATYpHl 1A ciy4das, koraa [} =2 MA, [, = ;=1 MA.

Kpome storo, rpaduk puc. 62 nmokasbBaeT, 4YTO IPHU MCIOIB30BAHUH pe-
3MCTOPOB B KQU€CTBE TOKOCTAOMIM3UPYIOMINX ABYXIIOIOCHUKOB MOIUGULIUPO-
BaHHBIA OV TakKe UMEET BBICOKYIO CTAOMIBHOCTD Ulgy,.
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Puc. 61. Cxema moaudunupoansoro OV B cpesie KOMIBIOTEPHOTO
MoaenupoBanus PSpice
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Puc. 62. 3aBucumocTtb HanpspkeHus: cMmenieHus Hyis U, OT TemiepaTypbl

HecMoTpst Ha cyliecTBEHHOE YMEHbIIEHUE [3 TPaH3UCTOPOB BCIEACTBUE
paJNaIMOHHbIX BO3JIEUCTBUM, MoauduiMpoBaHHbii OY nMMeeT B 3TOM cllydae
MEHBbIIIEE HANIPSIKEHNE CMEIICHUS HYJISI, YeM U3BECTHBIN OV

Takum o6pa3om, pacmotpeHHbli OY o0061amaer CyuieCTBEHHBIMU IIpe-
MMYILIECTBAMHU B CPABHEHUU C M3BECTHBIM IO BEJIMYMHE CTATHYECKOM OIIMOKU
YCUJICHUS CUTHAJIOB MOCTOSIHHOTO TOKa. B cBsizu ¢ Hanuuuem OBYX nuddepen-
LMAJBHBIX BXOJIOB €r0 NPUMEHEHHUE JTOCTATOYHO MEPCHEKTUBHO B PAJHOAJIEK-
TPOHHOU anmnapaType HOBOTO TOKOJIEHUS.

B Hayajo x orjiaBjIcHUIO

10.7. Tpéxkackagnubiii OY «HecuMMeTpHYHBIN KIacCHYeCKHA BXOAHOM
JK — ynpagByisieMoe TOKOBO€ 3€pPKaJji0 — BLIXOTHOM
IMUTTEPHBIN MOBTOPHUTEIb)»

Moauduruposannusiii OY gaHHOro Kiacca moka3aH Ha puc. 63. Pemae-

Masi UM 3ajJlada — YMEHbBIIICHHE a0COMOTHOTO 3HaYeHHs Uy, U €ro TeMIepaTyp-
HOTO U paJMaliuoHHOTO Japerda.
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Puc. 63. IIsTas apxutekTypa nperu3noHHoro Tpéxkackaanoro OV [11]

PaccmoTpum QakTophl, OmMpenessionme CUCTEMATHUYECKYI0 COCTABIISIO-
Y0 HanpspKeHUs cMemeHus Hyns Ug,,, T.€. 3aBHCSIIHE OT CXeMOTeXHHKH OV

Ecnm Tok nByxmnomtocHuKa [; paBeH BenwumHe 21, a TOKH JBYXITOIIOCHHU-
koB I, n I3 — Bemnuune Iy (I, =1; =1;), TO TOKH KOJUIEKTOPOB TPaH3UCTOPOB

CXEMBI:
L,=1,- I@p =1, (65)
Ls=1+ 16‘p > (66)
L,=1,- 16‘p7 (67)
Lom =1o+ 16‘p > (63)
Lcomt = Loemn = 1o (69)
rjae I6.p =1,;/B; — Tok 0a3pl n-p-n TPaH3UCTOPOB IpPHU IMUTTEPHOM TOKE

Ia.i
Lixirts Ippxrl — BXOJAHOM M BBIXOJHOM TOKM TOKOBOTO 3¢epkana I1T1;
B. — k03(p(PULUEHT ycHUIeHUs IO TOKY 0a3bl TPAaH3UCTOPOB.

:IO;

4 k] PacCMOTPCHUA CXCMbI CIICAYCT, YTO PA3HOCTH TOKOB B Y3JIC «A» Impu
€TI0 KOPOTKOM 3aMbIKaAHWHN HA 9KBUIIOTCHIUAJIBbHYIO O6H_[yI-O IIUHY.
[ =1 I, -1, =0, (70)

rae Igy = Ig 5 =15, — TOK 6a3sl p-n-p Tpansucropa VT5.

BbIX.gnl -
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Takum o6pa3om, B paccMaTpuBaeMOM YCTPOWCTBE MPU BBIMOJHEHUU YC-
noBus (70) ymeHbliaeTcsi cuctematudeckast cocrasistomas U, oOycloOBIeH-
Hasi KOHEYHOH BETMYMHOMN 3 TPAH3UCTOPOB U €ro paJuallMOHHON (WU TeMIiepa-
TypHOI) 3aBUcuMOCThIO. Kak crnencreue, 3To ymensinaetr U, T.K. pa3HOCTHBIN
ToK I, B y3me «A» coszgaér U, 3aBHCsIEE OT KPYTH3HBI S IpeoOpa3oBaHUsA

BXOJIHOTO Au((PepeHInaTbHOTO HAPSHKEHUS Ugx B BBIXOJHOM TOK y371a «A»:
i 1
S=-—2 — , (71)
u r, +1,

BX

rac r,, =r, — COINPOTHBICHUA SMUTTCPHBIX IICPCXOJ0B BXOAHBIX TPAH3HMCTOPOB

VTI1 u VT2 Bxoanoro auddepenumansuoro kackaaa JKI.
[ToaTomy:

2¢
~ e T ~
U, =L (r, +1,)=1 - ~0, (72)
0

rae ¢, =26 MB —TemneparypHblii IOTEHIMAI.

B knaccuyeckom OV I #0, nosromy 3xech cucremMartnyeckas cocTas-
nsromas U, monyyaeTcss Kak MUHUMYM Ha TOPSJI0K OoJiblIe, 4eM B MOAU(UIIU-
POBaHHOM CXEME.

Ha puc. 64 npuBeaén npumep KiaacCHYecKo peanuzanuu cxembl OY ¢
y4€TOM p-N MEPEXOAOB HA MOJIOKKY.

Tl Kij21=-1
h

VT3 Isp Iy !
N

< - ¥10

1 Isp VT35

{ Iols, 4(
VD1 i

| } ol
OBX'lKi VI2 [ g S(% VD2

o T VT4 }ip BIx.
6.p ] LZIO 6.p ] ] - —
& I, J,r Io
VD3 || 1, To || VD4 VD5 VD6
VT6 VT7 VT8 VT9
~N ~N [ V’
A Pz l N Na

Puc. 64. Ilpumep kiaccuueckoi peann3anuu cxembl OY
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Ha puc. 65 mnoxaszanbl cXeMbl Kiaccuueckoro auddepeHnaIbHoro
(puc. 65a) u mogudunrpoaHHoro (puc. 656) OY B cpelie KOMIBIOTEPHOTO MO-
nenupoBanusi PSpice Ha Mopensx umHTerpainbHbix Tpanzuctopos OI'VII HIIII

«Ilynbcapy.

i
T

-4{} VT8
TN15S

-Illl.

V2
10V

_# VT11 VT12 #_
TN15S TN15S

V4
1Vac

out_proto

0Vdce

=

16

) 1.2mA

)

@ s ma ©

Uy = 2425 MKB|

=
3
5

VT14+_ ]7
TNISS

Illl‘

—
TN1SS
- Vi
10V
VT1
TN1SS
N m— 1
TN1SS =

_# vI9 Vrm#_ out_new T
TN15S =
TN15S .
v3
1Vac

05 v
TN1SS

I|I|’

Dt RO Obm

Uy = 13 MKB|
6)

Puc. 65. Cxemsl ktaccuueckoro (a) u moaudunrponanHoro (6) OY
B CpeJie KOMIBIOTEPHOTO MojienupoBanus PSpice
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Ha puc. 66 MPUBCACHBI TCMIICPATYPHBIC 3aBUCHUMOCTU HAIIPSKCHUA CMC-
MICHUA HYJIA CPABHUBACMBIX CXCM.

4 Ucwm, MB T =20 °C;
-15.4 MxB U?” =98 mxB
0 -I/ |
\ :
/
HOBas cXeMa /
/
-1,01 /
/
/
MIPOTOTHIL /
/
/
- T=20°C; Y
i Ucwm = -2458 MxB d
/ -
2684+~~~ .
20 0 20 40 60 80 T,°C

Puc. 66. TemnieparypHble 3aBUCUMOCTH HANPSXKEHUSI CMEIICHUS HYJIA
CPaBHUBAEMBIX CXEM

Ha puc. 67 npuBenena cxema OV puc. 64 B cpesie KOMIBIOTEPHOTO MOJIEIIH-
posanus PSpice.

VTI'JN
TN15ST 4

-[gl=

VT2
TN15S

—{FVm =
TN15S -

V2 VT6 | 1
1Vac TNI5S p—
0Vde TNI58

0 out_new 0

_K VT4 VTS
TN15S TN15S

VT12 VT13

TN158
vy TN158 A e
TN15ST & + =T A T Iaiss
ee
=V
R1 R2 T 14V R3 R4
700 700 700 575
Uew = 3,7 MKB|

Puc. 67. Cxema OY B cpene KOMIBbIOTEPHOTO MojaeaupoBanust PSpice
90



Ha puc. 68 moka3anbl rpaduku TemMrnepaTypHON 3aBUCUMOCTH Harpsixke-
HUS CMEUIEHUS HYJIS CXEM.

A UCM, MB T=20 OC;
UCM = 0,2 MkxB
-26 MxB / ,
04 —7
\ [
-0.5- /
> HOBAs cCXeMa /
/
/
-1,0 1 J
/
MPOTOTHIT /
-1,5 /
/
T=20°C; _ Ve
Ucen = -2232 mxB
2.0- @j/ M -
-2’43_——-———-—’-—-—; T T T T >
-20 0 20 40 60 80 T, °C

Puc. 68. TemnieparypHasi 3aBUCUMOCTb HAIIPSI)KEHUS CMEILICHUS HYJIS
cpaBHUBaeMbIx OY

KOMHBIOTCpHOC MOACIMPOBAHUC CXCM IOATBCPKIACT JAHHBIC TCOPCTH-
YCCKHUC BBIBOJBI. HCCMOTPSI Ha CYHICCTBCHHOC YMCHBIICHHUC B TPaH3HUCTOPOB
BCJICACTBUC pPAOAUAITNOHHBIX BOSHCﬁCTBHﬁ, MOI[I/I(i)I/IHI/IpOBaHHBIﬁ OVY wumeer B
9THUX YCJIIOBHAX MCHbIICC HAIIPAKCHUC CMCIICHUA HYJIA, YCM knaccuyeckui OVY.

B Hayajo x orjiaBjIcHUIO

10.8. Tpéxkackaaubiii OY «HecuMMeTPpHYHBIN KIaCCHYECKHI
BxoaHoii /IK — HeynpaB/isieMoe TOKOBOE 3epKaJio —
NMPOMEKYTOYHBINA KacKaa “o0mmuii SMuTTep” — Oy(pepHbIi yCHINTEIb)

MopauduiupoBansbiiit OY ¢ 1aHHOW apXUTEKTypoH MOKa3aH Ha puc. 69.
Pemaemast um 3aaya — yMeHblIeHHE aOCONMIOTHOIrO 3HaueHus Ug, U €ro TeMiie-

paTypHoro aperida.

91



O +
IO'Iﬁ.p'Iﬁ.n i . i IO-Iﬁ_p-IG_n
VTé6
W VDI VTS o= [
216.11 A v 10716.p~416.n VT7
5 -
+ T
L IO-I6P 10'16.p l 2I6.n
JK1 VD2
r—— === -—1
I | VT3 EV1
BX.(')liVTl VTzin.(*Q Bx O3 Bx (4 Bhix.
O n O O y
4>>| \__/ :«— : — I\ !
Isp | | Ly 1 Iep Isp 1
! |
! |
! = 210<> | I = 210<> C) 1=l
! |
| I o -

Puc. 69. Cxema MonudpuIIMpoBaHHOTO TPEXKACKAIHOTO
mynbTuaudPepennnansaoro OV [12]

PaccmoTtpum akTophl, OMpeAessSonue CUCTEMAaTHUYECKYI0 COCTaBJISIO-
1IyI0 HanpsiKeHus: cMeteHns Hysst U, T.€. 3aBUCAIIME OT cXeMOTeXHUKU OV,

Ecnu Toxu I, I, u I3 paBHbl BennunHe 21), TO TOKH SMUTTEPOB U KOJLICK-
TOPOB TPAH3UCTOPOB CXEMBI:

Li=l,=1,=1,=1,- 16‘p ) (73)
Li=Ls=1,-1;, - 16‘p ) (74)
Le=1,— 16‘p —2I5,, (75)
I,~I,=2I, (76)

rae I, =1,./B; — Tok 6a3bl n-p-n (Is,) mwim p-n-p (Is) TPAH3UCTOPOB NPU HMHT-
TEPHOM TOKE I, =1,
B. — k03(p(PULUEHT ycHUIEeHUs IO TOKY 0a3bl TPAaH3UCTOPOB.

[ToaTOMYy pa3HOCTh TOKOB B y3Jie «A» MPHU €ro KOPOTKOM 3aMbIKaHUU Ha
HKBUIOTEHUIHUAIBHYIO OOIIYIO IIUHY.

Ip =l +15, -1, =0, (77)
rae 1., =21, — Tok 0assl p-n-p Tpanzuctopa VT7.

Taxum o6pazom, B OV (puc. 69) nipu BeimoaHeHUU ycyioBus (77) yMeHb-
maeTcsi cucreMaruyeckasi coctapisitomas U, 00ycioBlIeHHass KOHEYHOU BEJH-
YUHOU 3 TPAH3UCTOPOB U €ro PaJAHAIMOHHON (UM TEMIEPATypPHO) 3aBUCUMO-
creto. Kak cnencrue, 510 ymenbmaeT U, T.K. Pa3HOCTHBIN TOK I, B y31€ «A»
co3naért U, 3aBUCsIEe OT KPYTU3HBI S npeoOdpa3zoBanus BXOAHOTO auddepeH-
[UATBHOTO HAMPSXKEHUS Ugx B BBIXOJHOM TOK y371a «A»:
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1

1
2
ral + r32

S (78)

u

BX

rac r,, =r, — COINPOTHBICHUA SMUTTCPHBIX IICPEXOJ0B BXOAHBIX TPAH3HCTOPOB

VTI1 u VT2 Bxoanoro auddepeniumansuoro kackama JIK1.
[ToaTomy:

~
~

U, =L (r, +1,)=1 0, (79)

29,
I0
rae ¢, =26 MB —TemneparypHblii IOTEHIMAI.

B xnaccuueckom OV Ip #(0, mo3TOMy 37€Ch CHUCTEMATHYECKas COCTaB-

nsromas U, mojlydaeTcss Kak MUHUMYM Ha TIOPSIOK OOJbIe, 4eM B Moaudu-
UUPOBAHHOMU CXEME.
KomMmnproTrepHOoEe MOJETMPOBAHUE CXEM IMOATBEPKAAECT JaHHBIE TEOPETH-
YECKHUE BBIBOJBI.
Ha puc. 70 moka3zanbl cxemsl kiaccudeckoro (puc. 70a) u moauduiupo-
BanHoro OV (puc. 700) B cpelne KOMIbIOTEpHOrOo MozenupoBaHus PSpice Ha
MoJenaX uHTerpanbHblix TpaHsuctopoB OI'VII HIIII «Ilynecap» nns ciydas,
korja BxoJbl Bx.3 u Bx.4 He ucnoyb3yroTcs.
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Vi
10V

al

V3
10V
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TN15S TN15S out_proto

1Vac
0Vde

ollllo

o ‘ll

) }Al‘nA ) IZSmA ) ;?4mA
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q

Ucwm = 1312 MxB|
a)
Puc. 70. Cxemsl kiaccuueckoro (a) u mogudumupoanHoro OV (6)
B CpeJie KOMIBIOTEPHOTO MojienupoBanus PSpice
(Hauao; OKOHYaHUE CM. Ha C. 94)

93



vee
VT4
Ii: % TP15S
L_K',} VT6 VTS L
TN15S N TP15S =
Vi
W, VI8 v
{ $ TP15s
V19 _.l,.
TN15S 0
VT12 VT13 VT14 VT15
TN1SS TN15S TN15S TN15S | ) out_new

@ Zma CfgnA (f?mA
T[JCM =12 MKB‘
0)
Puc. 70. Okonuanue (Hauajao cM. Ha c. 93)

Ha puc. 71 MPUBCACHBI TCMIICPATYPHBIC 3aBUCHUMOCTHU HAIIPSAKCHUA CMC-
MICHUA HYJIA CPABHUBACMBIX CXCM.

A UCM; MB ]

0,54 [
T =20°C; HOBas cxeMa

Ucy = +9.6 MxB \ /
/ /

-16 MKB /
20,5 //
IIPOTOTHUIL /
/
T =20 °C; /
-1.07 Ucy = -1325 uxB Pid
A -
-1,42--— ——— - —I- T T T T T :
-20 0 20 40 60 80 T.°C

Puc. 71. TCMHCpaTypHBIe 3aBUCUMOCTH HAIIPAKCHUA CMCIICHUA HYJIA
CPaBHUBACMBIX CXCM

Ha puc. 72 nokazana cxema OV 114 ciydasi, KOT/1a UCIOJIb3YIOTCS BXOIbI
Bx.3 u Bx.4, a Bxoasl Bx.1 u Bx.2 cBsi3aHBI ¢ 00111€H IITHHOM.
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Puc. 72. Cxema mogudunuposansoro 1Y B cpeae PSpice na moaensix
OI'VII HIIIT «ITynscap»

Ha pHuc. 73 MNPpUBCACHBI PE3YIIbTAThl KOMIIBIOTCPHOT'O MOACINPOBAHUA
CXCM.

A UCM, MB 1

0,54 T =20 °C; HOBas cxeMa I

UCM = +9,7 MkB ’I
/ /
0

415 B /

0,5 //

IIPOTOTHUIL /
/
T=20°C; /
-1.01 Ucy = -1325 MxB i
. -
-1’42--_ —— T- - T T T T ;
-20 0 20 40 60 80 T, °C

Puc. 73. Temnepatypnas 3aBucuMoctb Ugy,
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HecMoTpst Ha cyliecTBEHHOE YMEHbIIEHHUE [3 TPaH3UCTOPOB BCIEACTBUE
paJAuaIMOHHbIX BO3ACHCTBUN, MoauPUIUpPOBaHHBIA OY M B 3THX YCIOBHIX
MMEET MEHbIIIEE HANPSHKEHUE CMENIEHUS HYIIsl, yeM kinaccuueckud OY. Anano-
ruyHble cBoricTBa OV uMmeet u o Bxonam Bx.3 u Bx.4.

3ameuarenbHas 0OCOOCHHOCTbh pacCMaTpUBAEMON CXEMbl — HU3Kasi UyBCT-
BUTEIBHOCTH HampsikeHus cMmenienus Hyis (Ug,) K OTHOBPEMEHHOMY H3MEHE-
HUIO MOJ| JeHCTBMEM TeMIepaTyphl Wik paauanuu Tpéx Tokos [} =1, =1, =21,
YCTaHABIIMBAIOIUX CTATUYECKUN PEKUM TPAH3UCTOPOB.

Bxrouenne asyxmnomocHukoB VD1 u VD2 coco6eTByeT cummeTpupo-
BaHUIO PEKUMOB paboThl BxogHOro nuddepennuansuoro kackana K1, a tax-
xe nuddepeHuanbHOro kackaaa Ha tpanuctopax VI3 u VT4.

Takum oOpa3om, paccmarpuBaemas apxutekrypa OV obmanaer cyuiecrt-
BEHHBIMU MPEUMYIIECTBAMU 10 BEIMYMHE CTATUYECKON OUTMOKU YCUJICHUS CUT-
HaJIOB TIOCTOSIHHOTO TOKAa U MOXET KCIOJIb30BaThCS B COBPEMEHHBIX MHTEpPEii-
cax Kak MynbTUAU(PGEepeHIIMIbHBIA ONIEPALIMOHHBIN YCUIIUTENb, OTHOCSIINICS K
MEPCIEKTUBHON 3JIEMEHTHOM 0a3e COBPEMEHHBIX CUCTEM CBA3U M TEJIEKOMMY-
HUKAIUN.

B Hayajo x orjiaBjIcHUIO

10.9. Tpéxkackagnubiii OY «Bxoanoi kommiaemenrapubii K —
NMPOMEKYTOYHbIE KOMILIEMEHTAPHbIE “IlepernyTbie” KaCKOAbI —
BBIXOJHOI Oy epHBbIil yCHIUTEIb)

Tpéxkackanubie onepannonusie yeuwnurenu (OY) Ha 0aze «IeperHyThIX»
KAaCKOJIOB TOJIYYWJIM IIMPOKOE NPUMEHEHUE B MHUKPOSJIEKTPOHHBIX H3IETHUIX
[1-4].

CymectBeHHbIi HeocTaTok OY TaHHOTO MOJIKJIacca COCTOUT B TOM, UTO
OHM MMEIOT IMOBBIIICHHOE 3HAYEHHE CHUCTEMATUYECKOW COCTaBIAIONICH Hampsi-
xeHus cMmenienus nyns Ug,=2+2,5 mB.

MonauduiupoBantas apxuTekTypa npenuzuonnoro OV (puc. 74) umeer
masoe U, U ero temmnepaTypHblii (paauaioHHbIi) apeid.

PaccMoTpuM (akToOphl, ONpenesnsomue CUCTEMAaTHYECKYI0 COCTaBIISIO-
uryto HanpsbkeHus: emenienus nyns Ug,, OV puc. 74.
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Puc. 74. Apxurextypa OV ¢ Manbim HanpsikeHuem Uy, [13]

Ecnu Toxu 1y, Ip, I3, I, Is u I paBHBI Benuunne 21, TO TOKM SMUTTEPOB U
KOJUIEKTOPOB TPAH3UCTOPOB CXEMBI:

135 2136 2137 2138 zIO zIO) (80)
IKS :IK6 :I; _16.11) (81)
Lo=ls=1,- I6.p ) (32)

rae Ig; =1,,/B; — Tok 6a3bl 1-ro n-p-n (Is,) mmu p-n-p (Is,) NDpu SMHUTTEPHOM
ToKe I,. =1,; B; - KOOQQUIUEHT yCUIEHUS TI0 TOKY 0assbl 1-ro TPaH3HCTOPA.

[Toatomy BXOoaHBIC (Igx ir1s Isxnr2) ¥ BBIXOAHBIC (Igyx 1y lspix.r2) TOKH TOKO-
BbIX 3epkait [IT1 u TIT2.

*

L =1o = 2I6.p ~Ign, (83)
Lot = Lot = IZ - 216.p —Isn (84)
L= I:) - I6.p —2l5,, (85)
L = Loxme = I:) - I6.p —2l;,. (86)
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Kaxk CICACTBHUC, PA3HOCTbH TOKOB B Y3JIC «A» IIpu €ro KOPOTKOM 3aMBbIKaAHHUHN
Ha S5KBUIIOTCHIHAJIBHYTO O6H_IYIO HINHY

Ip = IBBIX.]‘IT2 + IK6 + IBY - IK7 -1 (87)

rae lgy =2I5, —2I5, — Tok 0assl n-p-n ¥ p-n-p BXOAHBIX TPAH3UCTOPOB Oy-

BBIX.IIT1>

dbepHoro ycunutens bY 1.
[ToacraBnsas (80)+(85) B (86) HaxoauM, 4TO Pa3HOCTHBIA TOK, OMpEJe-
siromui Uy, OV

*

=1 -1, 2L, + IZ —Ig, +2L, —

) (88)
- 216_p - IO + 16_n + 216_p -1 + 16_p =0.

Kak cnencrsue, npu I, =0 He Tpebyercs cMewenus Hyias OY Ha Benn-

yuny U, ToAa4a KOTOPOro Ha €r0 BXOIbl Bx.1, Bx.”2 KOMIIEHCUPYET pa3Ho-
CTHBIN TOK I, B y31e «A».

Taxkum ob6pazom, B OV puc. 74 yMmeHbIIAe€TCI CUCTEMATHUYECKas COCTaB-
nsrommas Uy, 00ycoBIeHHAss KOHEYHOW BEIUYMHON 3 TPAH3UCTOPOB M €T0 pa-
IUAIMOHHON (MM TemmnepaTypHoil) 3aBucumocThlo. Kak crenctBue, 310
yMeHbIIaeT U, T.K. pa3HOCTHBIN TOK I B y31e «A» co3ga€r U, 3aBUcCsILIEEe OT
KPYTU3HBI MpeoOpa3oBaHusi BXOAHOTO AUG(EpEHITNATLHOTO HAMPSHKEHUS Ugy
OY B BBIXOJHOM TOK y371a «A»:

s= -2 .2 (89)
u, r,+r, Tr,+r,
rae r, =1, =1,, =r,, — CONPOTUBJICHUSA YMUTTEPHBIX NIEPEX00B BXOIHBIX TPaH-
suctopoB VT1, VT2 u VT3, VT4 nuddepenuuanbHoro
kackaga JIK1.
[ToaTomy:
Us =15, +12) = 29, 00)

0
rae ¢, =26 MB —TemneparypHblii IOTEHIMAI.

B knaccuyeckom OV I #0, nosromy 3xech cucremMartnyeckas cocTas-
naromas U, moirydaercss Kak MUHMMYM Ha NOpAIoK Oonbure (U, =160 MKB),
4yeM B MoauGuIMpoBaHHoM cxeme (U, = —7,4 MKB).

Ha puc. 75 nokazana cxema OY ¢ BBINOJHEHUEM TPaH3UCTOPOB VTS5 n
VT6, VT7 u VT8 1o cxeme ¢ mepeKpECTHBIMU CBSI3SIMHU, KOTOPbIE CIIOCOOCTBY-

10T cTaOuIu3auyu OOIIEro CTATUYECKOro pekruMa CXeM MpH OOJIbIIUX aMILIU-
TyAax BXogHoro curaaina QY.
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Puc. 75. Cxema npeunsnonnoro OV co crabunuzaiueid cTaTHaecKoro
pexuMa 1pu OOJIBIIIOM BXOJHOM CHUTHAJIE

Ha puc. 76 nokasanbl cxemsbl Kjiaccudeckoro (puc. 76a) u moaupuuupo-
BaHHoro OV (puc. 760) B cpene KOMIBIOTEpPHOro MozaenupoBaHus PSpice Ha
MoJeiaX UHTerpaibHbIX Tpan3uctopos OI'VII HIIII «Ilynbscapy.
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Puc. 76. Cxemsl kiaccuueckoro (a) u mogudumupoanHoro OV (6)
B CpeJie KOMIBIOTEPHOTO MojienupoBanus PSpice
(Hauasno; okoHyaHue cM. Ha c. 100)

99



F1
Oma  Dima

Qs

=V1
14V

V12 .
J TPIss =

¥
<
[

Ve VI
W T IN1SS

N P" out_new e

NJ LN
TNISS Y| =
| FRVTie Tvs
A < TN158 —4 10V
1 vee
13 14 2ma
@2ma @ 2ma
Ucym = 7,4 MxB|

Puc. 76. Oxonuanue (Hauajuao cM. Ha c. 99)

Ha puc. 77 mnoxkazanel pe3yJbTaTbl KOMIIBFOTEPHOTO MOJIEIUPOBAHUS
CpPaBHMBAEMBIX CXEM — 3aBUCHUMOCTh HamnpsieHus: cMmemeHus Hyas Ug, OT TeM-
neparyphl.

A Uent, MEB

T=20°C, o
Uy = -7,5 MxB T=85°C

U = -11 MxB

HOBasI CXeMa

RO
[—

-50

-100 -
T=85°C;
Ucn = -145 MxB

T =20°C;
Ucx = -163 MxB \
-150 ,/ _________

——

IPOTOTHIT

-176,5 — —
-20 0 20 40 60 80 T,°C

Puc. 77. 3aBucuMocTh HanpspKeHUs: cMelneHus Hyns U, OT TemnepaTypbl

KomnbroTrepHoe MoJeTUpOBAaHUE CXEM TOATBEPXKIACT JaHHBIE TECOPETH-
YECKHE BBIBOJIBI.

Takum oOpazom, paccMoTpeHHas apxutektypa OY o0iagaer cyliecTBeH-
HBIMU MPEUMYIIECTBAMU 0 BEJIMYMHE CTATUYECKOW OIMMOKU YCUJICHUS CUTHA-
JIOB MOCTOSTHHOTO TOKA.

B Hayano K OrJ1aBJIEHUIO
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3AKITIOYEHHUE

1. Pa3zpaboTaHa KOHUEMIMs CUHTE3a PETYJSAPHBIX apXUTEKTYp aHAJIOro-
BbIX MUKpocxeM (AM) ¢ NOBBIILIEHHON CTaOMIBHOCTBIO HYJIEBOIO YPOBHS MpPH
TEMIIEpaTypHbIX U PaJUALMOHHBIX W3MEHEHUSX [3 TPaH3UCTOPOB, MpeaycMmart-
pUBaroNIas Co3JaHuE B KOHKPETHBIX CXEMaX CIEIUAIbHbBIX YCIOBUM JJIS B3aUM-
HOM KOMIIEHCAllMM TOKOBBIX aBTOHOMHBIX IapaMETPOB TPAH3UCTOPOB 32 CUET
BBEJCHUS B KaxAbli (YHKIIMOHAIBHBIN y3en AM ciaboli TOKOBOM acuMm-
MeTpuu [5—69].

Iloka3aHo, YTO B CBSI3U C HEPALIMOHAJIBHBIM OCTPOEHUEM apXUTEKTYPBI U
HEMPaBWIBHBIM BBIOOPOM CTaTHMYECKOTO pPEeXUMa MPAKTUYECKU BCE BBIMYyCKae-
Mble B HacTosiliee Bpems onepannoHHbie ycuiautenu (OY) ¢ TOKOBBIMU 3epKa-
JaMH, HE UMEIOLINE LIeTIEN MOATOHKU HYJIEBOTO YPOBHS, XapaKTEPU3YIOTCS IO-
BBIIICHHBIM Jpeiipom Hanpskenus cMmemieHus Hynst (Ugy,).

2. Ananu3 3(ppeKTUBHOCTH 1IeJICHANPABIECHHOTO BBEACHUS CIa00i TOKO-
BOM aCUMMETPHUHU B aHAJOTOBBIX MHUKPOCXEMAaX C BBICOKOMMIIETAHCHBIM Y3JIOM,
MTO3BOJISIET CHIENAThH CJIECIYIOUINE BHIBOJIBI:

—  MOAU(PUIMPOBAHHAS CXEMOTEXHHKA aHAJIOTOBBIX YCTPOWCTB obOecre-
YUBAET CHUKEHHUE CUCTEMATUYECKON COCTABIISIONIEH UX HYJIEBOTO YPOBHS B yC-
JIOBUSIX TEMIIEPATYPHBIX U paAUaIllMOHHBIX BO3JEHCTBUN Ha 1-2 mopsiKa;

— pa3paboTaHHbIE AJITOPUTMBI CUHTE3a MIPAKTUYECKUX CXEM MHUKPOIJICK-
TPOHHBIX H3JEIUNA MPUMEHUMBI JIJII MOJEPHHU3ALMH KaK XOpOIIO HM3BECTHBIX
(BBIIMYCKAeMBbIX BEIYIIUMH MHUKPOSJIEKTPOHHBIMH (pUpPMaMu MHUpa) ONeparuoH-
HBIX YCHJIMTENEH, KOMIIApaTOPOB, HEMPEPHIBHBIX CTAOWUIN3aTOPOB HAMPSKEHUS
Y T.II. C OJTHUM BBICOKOMMIIEJAHCHBIM Y3JIOM, TaK M JJI CO3JaHus JaHHbBIX KJlac-
COB MHMKPOCXEM HOBOT'O IMOKOJICHHS, pa0OTalOIIMUX B YCIOBHUSX CIIELBO3ACHCT-
BUil [63—69].

3. PaccmoTpeHsl npaBuia CUHTE3a MPEUNU3UOHHBIX ONEPAIMOHHBIX YCH-
JUTENEN C MaJIbIM CMEILIEHUEM HYJIS CJIEIYIOIINX MOJKIACCOB:

— nByxkackajgHble OY ¢ TOKOBBIMM 3€pKaJIaMU;

— Tpéxkackagubie OY ¢ TOKOBBIMU 3€pKaIaMU;

— OV na 6a3e TpEX TOKOBBIX 3€pKaJ;

— OV na 6a3e koMIieMeHTapHbIX 1uddepeHuanbabix kackaaos (1K);

— OY c ynpaBisieMbIM U HEYNPABIAEMbIM TOKOBBIMH 3€pKaJIaMU;

— OY c HecuMMeTpuuHBIM BXOAHBIM JIK;

— OV ¢ BxoasbiM JIK THNa «eperHyThiid KaCKOI».

4. Coznana 0a3a JaHHBIX OCHOBHBIX ()YHKIMOHAIbHBIX Y3JI0B MpPELU3U-
OHHBIX aHAJOTOBBIX MHUKpPOCXeM (BXOIHBIX AuddepeHnaIbHbIX KackaaoB, TO-
KOBBIX 3epKaj, 0y(pepHBIX yCUIUTEIEH) ¢ pa3IMYHbIMU 3HAYEHUAMH KO3 huiiu-
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€HTOB TOKOBOW aCHMMETPHUU, MO3BOJISIONIAs OCYIIECTBUTh CUHTE3 KOHKPETHBIX
CXEMOTEXHUYECKUX PEIICHUN C Y4ETOM BIIUSHUS TEMIEpPaTypHBIX U pajvallv-
OHHBIX BO3JICHUCTBUH.

5. PaccMoTpeHHble B HacTosimied paboTe apXUTEKTypHBbIE pPELICHUS U
MPUHIUIBI TTOCTPOCHUSI aHAJOTOBBIX MHUKPOCXEM C MOBBIIICEHHONW CTaOWUJIBHO-
CTBIO HYJIEBOT'O YPOBHS MOJIOKEHBI B OCHOBY MOCTpoeHus 6osiee 50-Tu mpakTu-
yeckux cxeM OV pa3iaudHbIX TUIIOB U MHTEPHENUCHBIX YCTPOMCTB Ha UX OCHOBE
B asieMeHTHOM Oasuce Texnpouecca ABMK 1.3 (HIIO «Uuterpany, r. MuHck),
a tarke texnonorudt OI'VII HIII «Ilynbcap» (r. Mocksa). KommnberoTepHoe
MOJICJIUPOBAHUE JAHHBIX MUKPODJIEKTPOHHBIX M3ACIHUM MOKA3aJI0 UX BBICOKYIO
3 PEKTUBHOCTE.

B Hayajo x orjiaBjIcHUIO
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12 c. : un.

29. Tlar. 2411634 Poccuiickas ®enepanus, MIIK8 H 03 F 3/45. Dudde-
PEHIUANIBHBIA yCWIMTENIh C MajblM HampsbDKeHUEeM cMelleHus Hyns [Tekct]
/ Tlpoxonienko H.H., CepebpsikoB A.U., Bynskos I1.C. ; 3asBuTENb U ATEHTO-
obnamarens 'OY BIIO «}OxHo-Poc. roc. yH-T 3KOHOMHUKH U CEpPBHUCA». —
Ne 2009128298/09 ; 3asaBn. 21.07.2009 ; omy6:1. 10.02.2011, Bron. Ne 4. — 10 c. :
WiI.

30. Ilat. 2411643 Poccuiickas denepamus, MIIK8 H 03 F 3/45, 3/26.
[Ipeum3uonnsblil onepanuonHsii ycunutens [Tekct] / IIpokonenko H.H., Ce-
pebpskoB A.W., CuibHOB A.A. ; 3asBuUTeNb W nateHroobsanarens ['OY BIIO
«¥OxHo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009130263/09 ; 3assi.
06.08.2009 ; orry6s1. 10.02.2011, bron. Ne 4. — 11 c. : m.

31. Ilat. 2411641 Poccuiickas ®enepanus, MIIK8 H 03 F 3/45. dudde-
PEHIIUAJIbHBINA OMEPAIMOHHBIM YCWIMTEIh ¢ MajbiM HaNpsIXKCHHEM CMEIICHUs
nyns [Tekct] / Ilpokonenko H.H., CepebpsikoB A.W., 1lpioun M.C.; 3asBuTENb
u nateHtoobsnanarens 'OY BIIO «tOxHo-Poc. roc. yH-T 95KOHOMHMKHU U CEpBH-
ca». — Ne 2009131783/09 ; 3asBi. 21.08.2009 ; omy6. 10.02.2011, bron. Ne 4. —
10 c. : nn.

32. Tlat. 2412529 Poccuiickas denepanus, MIIK8 H 03 F 3/45. Kackon-
eIl nuddepenumansupii yeunurtenb [Tekct] / [lpokonenko H.H., Byaskos
I1.C., Mopozos C.A. ; 3asButenp u nareHroobnanarens ['OY BIIO «HOxHo-
Poc. roc. yH-T 3KoHOMUKH U cepBucay. — Ne 2009132244/09 ; 3asmin.
26.08.2009 ; omy6u1. 20.02.2011, bros. Ne 5. — 9 c. : un.

33. Ilat. 2411635 Poccuiickas ®enepanus, MIIK8 H 03 F 3/45. dudde-
penimanbabid yeunurens [Texcer] / Ilpokonenko H.H., CepebpsikoB A.U., LpbI-
oun M.C. ; 3agButens u nateHToobnanarens ['OY BIIO «tOxno-Poc. roc. yu-1
PKOHOMUKHU U cepBucay. — Ne 2009129669/09 ; zassn. 03.08.2009 ; omy6.
10.02.2011, broa. Ne 4. — 11 c. : u.

34. Tlat. 2411637 Poccuiickas Deneparusi, MIIK8 H 03 F 3/45. Ilperu-
3UOHHBIA OMEPAIIMOHHBIN YCUIIUTEIb C MAJIBIM HAIPSHKEHUEM CMEIICHUS HYJIS
[Texct] / [Ipokonenko H.H., CepebpsikoB A.U., Ctopoxenko A.C. ; 3a1BUTENb
u nateHtoobsnanarens 'OY BIIO «tOxHo-Poc. roc. yH-T 95KOHOMHMKHU U CEpBH-
ca». — Ne 2009130264/09 ; 3asi. 06.08.2009 ; onmy6. 10.02.2011, bron. Ne 4. —
13 c. : nn.
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35. Tlat. 2412528 Poccuiickas denepanus, MIIK8 H 03 F 3/45. Kackon-
HbIN auddepeHInanbHbIN ONEepallMOHHBIM YCUIUTEIb C MajbiM HaNpsHKEHUEM
cmemenust Hyns [Tekct] / [Ipokonenko H.H., Kones JI.H., byaskos I1.C. ; 3as-
BUTeNb U narentoooaaarens ['OY BIIO «tOxno-Poc. roc. yH-T S5KOHOMUKH U
cepBuca». — Ne 2009130696/09 ; 3aapn. 11.08.2009 ; ony6s. 20.02.2011, brou.
Ne5.—13 c.: nm.

36. Ilat. 2402156 Poccuiickas ®enepanus, MIIK8 HO3F 3/45. Hudde-
PEHIUANIBHBIA yCWIMTENIh C MajblM HampsDKeHHEeM cMelleHus Hyns [Tekct]
/ Tlpoxonienko H.H., byaskos I1.C., I'punuuckuit C.A. ; 3aaBUTENb U TATEHTO-
obnagarens 'OY BIIO «}OxHo-Poc. roc. yH-T 3KOHOMHUKH U CEpPBHUCA». —
No 2009129325/09 ; 3asBn. 29.07.2009 ; omy6a. 20.10.2010, brom. Ne 29. —
12 c. : un.

37. Ilat. 2399151 Poccuiickas ®enepanus, MIIK8 HO3F 3/45. dudde-
pennuanbubiii yeunutens [Tekcr] / Ilpokonenko H.H., I'mymanun C.B., LpI-
oun M.C.; 3asBurens u natenroodsanarens ['OY BIIO «tOxuo-Poc. roc. yH-T
PKOHOMUKHU U cepBucay. — Ne 2009129571/09 ; zasBn. 31.07.2009 ; omy6:.
10.09.2010, broa. Ne 25. — 11 c¢. : un.

38. Tlat. 2412531 Poccuiickas ®enepanus, MIIK8 H 03 F 3/45. dudde-
peHIMaNbHbIA onepannonHblil yeunutenb [Tekct] / Tlpokonenko H.H., Ctopo-
xkeako A.C., CunpHOB A.A. ; 3asgBuTelb W mateHTooOnamarens 1'OY BIIO
«¥OxHOo-Poc. roc. yH-T 3k0oHOMUKH U cepBuca». — Ne 2009132261/09 ; 3assi.
26.08.2009 ; omy6u1. 20.02.2011, bros. Ne 5. — 9 c. : un.

39. Ilat. 2411639 Poccuiickas ®exneparnust, MITIK8 H 03 F 3/45. Kowmre-
MeHTapHbIl nuddepennranbabiii yeunurens [Texct] / [Ipokonenko H.H., By-
nskoB I1.C., Mopo3zoB C.A. ; 3asButenb u mareHrooOnagarens ['OY BIIO
«¥OxHOo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009130271/09 ; 3assi.
06.08.2009 ; orry6s1. 10.02.2011, bron. Ne 4. — 9 c. : un.

40. Ilat. 2411644 Poccuiickas Deneparnus, MIIK8 H 03 F 3/45, 3/34.
Komnnementapusiit quddepenuunanbubiii yeunurens [Tekcet] / TIpokonenko H.H.,
bynsaxor I1.C., CunbHOB A.A. ; 3asBuTenb u nareHTooOnanatens ['OY BIIO
«¥OxHO-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009130694/09 ; 3assi.
11.08.2009 ; omy6u1. 10.02.2011, bron. Ne 4. — 13 c. : min.

41. Ilart. 2408975 Poccuiickas ®eneparnus, MIIK8 H 03 F 3/45. Kackon-
HbeIl Auddepenumanbupiii yeunurens [Teker]| / [Ipokonenko H.H., ['mymanun
C.B., CunsaoB A.A. ; 3agButenb M nareHrooOmagarens ['OY BIIO «lOxHo-
Poc. roc. yH-T 3KkoHOMUKH U cepBucay. — Ne 2009130413/09 ; 3asmin.
07.08.2009 ; orry6s1. 10.01.2011, bros. Ne 1. — 13 c. : mu.

42. Tlar. 2416151 Poccuiickas Deneparnus, MIIK8 H 03 F 3/45, 3/34.
Huddepenunanbubiii onepaunonubiil ycunurens [Tekct] / Ilpokonenko H.H.,
['nmymanun C.B., Mopo3oB C.A. ; 3asBurtens u nareHtoobmnanarens 'OY BIIO
«¥OxHOo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009133160/09 ; 3assi.
03.09.2009 ; omry6u1. 10.04.2011, bros. Ne 10. — 9 c. : mi.

107



43. Tlar. 2416152 Poccuiickas Deneparnus, MIIK8 H 03 F 3/45, 3/34.
Huddepenunanbupiii onepannonubiil ycunurens [Tekct] / Ilpokonenko H.H.,
CunsHoB A.A., Moposos C.A. ; 3asButens u narenroodnagatens ['OY BIIO
«¥OxHOo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009133161/09 ; 3assi.
03.09.2009 ; omry6u1. 10.04.2011, bros. Ne 10. — 9 c. : mu.

44, Tlart. 2411642 Poccuiickas ®eneparnusi, MIIK8 H 03 F 3/45. Kackon-
Hell auddepenimanbablii  yeunurens [Tekcer] / Ilpoxkomenko H.H., Jls-
moB M.B., Mopozos C.A.; 3asButens u narenroodnanarens ['OY BIIO «HOx-
Ho-Poc. roc. yH-T skoHOMUKHM UM cepBucay. — Ne 2009132243/09 ; 3asBi.
26.08.2009 ; omy6s. 10.02.2011, bron. Ne 4. — 10 c. : un.

45. Tlar. 2416153 Poccuiickas Deneparnus, MIIK8 H 03 F 3/45, 3/34.
Huddepenunanbubiii onepaunonubiil ycunurens [Tekct] / Ilpokonenko H.H.,
Cropoxenko A.C., byaskos I1.C.; 3asButens u natentoodnanarens 'OY BIIO
«¥OxHOo-Poc. roc. yH-T 3koHOMUKH U cepBuca». — Ne 2009133162/09 ; 3assi.
03.09.2009 ; omry6u1. 10.04.2011, bros. Ne 10. — 11 c. : um.

46. Ilat. 2412538 Poccuiickas ®enepauus, MIIK8 H 03 F 3/45. Qudde-
peHIUaNbHBIA onepanuoHHbid yeunutenb [Texcr] / Ilpokonmenko H.H., LpI-
oun M.C., CepeOpsikoB A.U. ; 3asButens u narenroooOnamarens ['OY BIIO
«¥OxHOo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009133567/09 ; 3assi.
07.09.2009 ; omy6u1. 20.02.2011, bron. Ne 5. — 9 c. : un.

47. Ilat. 2416154 Poccuiickas Deneparnus, MIIK8 H 03 F 3/45, 3/34.
JIByxkackagubelil quddepeHnanbHblil YCUIUTETh C MAJIBIM HAMpPSKEHUEM IH-
tanus [Tekcr] / Ilpoxonenko H.H., byaskos I1.C., I'punuackuii C.A. ; 3asBu-
tenb U nateHtoobnanatens ['OY BIIO «tOxHno-Poc. roc. yH-T SKOHOMUKH U
cepBucay. — Ne 2009133163/09 ; 3asBn. 03.09.2009 ; omy6a. 10.04.2011,
bron. Ne 10. — 10 c. : .

48. Tlar. 2412536 Poccuiickas Denepanus, MIIK8 H 03 F 3/45. Kowm-
rieMeHTapHbid quddepennuanbupii yeunurens [Tekct] / IIpoxonenko H.H.,
CepeobpsixkoB A.U., Conoako M.B.; 3asButens u natenroodsanarens 'OY BIIO
«¥OxHo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009133158/09 ; 3assi.
03.09.2009 ; omry6u1. 20.02.2011, bros. Ne 5. — 10 c. : m.

49. Tlat. 2416155 Poccuiickas Deneparnus, MIIK8 H 03 F 3/45, 3/34.
Huddepenunanbubiii onepaunonubiil ycunurens [Tekct] / Ilpokonenko H.H.,
CepeobpsikoB A.U., [{pioun M.C. ; 3aaButens u natentoobnanarens ['OY BIIO
«¥OxHOo-Poc. roc. yH-T 3xoHOMUKH U cepBuca». — Ne 2009133164/09 ; 3assi.
03.09.2009 ; omry6u1. 10.04.2011, bros. Ne 10. — 8 c. : mi.

50. ITar. 2412534 Poccuiickas @enepauus, MITIK8 H 03 F 3/45. Tudde-
peHIManbHbIA onepanronnbiil yeunurens [Tekct] / [lpokonenko H.H., Cepe6-
psakoB A.U., Conogko M.B.; 3asBurenr u mnarenroodsanarenr ['OY BIIO
«¥OxHo-Poc. roc. yH-T 3koHOMUKH U cepBuca». — Ne 2009133156/09 ; 3assi.
03.09.2009 ; omry6u1. 20.02.2011, bros. Ne 5. — 10 c. : m.
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51. Tlat. 2412540 Poccuiickas ®eneparus, MIIK8 H 03 F 3/45. Tudde-
peHIManbHbIA onepanuonubll yeunurenb [Teker] / Ilpoxkonenko H.H., Ilo-
noB C.B., bynsaxos I1.C.; 3asButens u narenroodaagatens 'OY BIIO «tOxHo-
Poc. roc. yH-T skoHoMuku u cepBuca». — Ne 2009133763/09 ; 3asBi.
08.09.2009 ; omry6u1. 20.02.2011, bron. Ne 5. — 13 c. : m.

52. Tlat. 2412539 Poccuiickas denepanus, MIIK8 H 03 F 3/45. Tudde-
peHIUANbHBINA onepalmoHHbIi yeunurenb [Teker] / Ilpokonenko H.H., dens-
moB J[.C., CepebpsikoB A.W. ; 3asButens u nareHtooOnagatens 'OY BIIO
«¥OxHOo-Poc. roc. yH-T 3k0oHOMUKH U cepBuca». — Ne 2009133746/09 ; 3assi.
08.09.2009 ; omry6u1. 20.02.2011, bros. Ne 5. — 10 c. : m.

53. TIlat. 2414808 Poccuiickas ®eneparnusi, MIIK8 H 03 F 3/45. Omnepa-
IIMOHHBIN YCUIIUTENb C MaJIbIM HampsikeHuem cmerneHus: Hyis [Texct] / [po-
konenko H.H., Haymos M.B., CepebpsixoB A.W. ; 3asBuTENb U MaT€HTOOOIAa-
tenb ['OY BIIO «}OxHo-Poc. roc. yH-T JKOHOMMKM M CEpBHCA». —
No 2010110226/09 ; 3asBn. 17.03.2010 ; omy6s. 20.03.2011, bron. Ne 8. —
13 c. : nn.

54. Tlat. 2420863 Poccuiickas denepanus, MIIK8 H 03 F 3/45. Tudde-
PEHIUAJIBHBIA OMEPAIMOHHBIN YCWIMTEIh ¢ MajbiM HaNPSKCHUEM CMEIICHUs
nyns [Texkct] / Ilpokonenko H.H., Cepebpsikop A.U., Tapapa W.B., Cygo-
pun A.IL ; 3asButens u nmatenroobnanarens 'OY BIIO «tOxHno-Poc. roc. yH-T
PKOHOMUKHU U cepBucay. — Ne 2010112016/09 ; 3asBia. 29.03.2010 ; omy6:.
10.06.2011, broa. Ne 16. — 11 c. : um.

55. Tlat. 2400925 Poccuiickas ®@enepanus, MITK8 HO3F 3/45. Tudde-
peHIUANIbHBIN ornepanioHHblid yeunutenb [Texcer] / Ilpokonenko H.H., Manxy-
na B.I'., Mopozos C.A.; 3asButens u natenroodsanarens ['OY BIIO «lOxHo-
Poc. roc. yH-T sxoHOMUKH U cepBucay. — Ne 2009141035/09 ; 3asasmn. 05.11.200 ;
omy6u. 27.09.2010, bron. Ne 27. — 10 c. : ui.

56. Ilat. 2416149 Poccuiickas ®eneparusi, MIIK8 H 03 F 3/45. Tudde-
PEHIUAJIBHBINA ONEPAIMOHHBIA YCWIMTEIh ¢ MajbiM HaNPsHKCHUEM CMEIICHUs
nyns [Tekcr] / Ilpokonenko H.H., Mamxyna B.I'., Mopo3os C.A. ; 3asBUTENb U
nateHtoobnaaarens ['OY BIIO «tOxHo-Poc. roc. yH-T 5KOHOMUKU U CEPBHUCAY». —
No 2009142660/09 ; 3asmn. 18.11.2009 ; omy6a. 10.04.2011, brom. Ne 10. —
I1c.:wun.

57. Tlat. 2420861 Poccuiickas ®eneparusi, MIIK8 H 03 F 3/45. Tudde-
PEHIUANIBHBIA YCUJIIUTEIb C MOBBIIIEHHBIM KO3(PGUIIMEHTOM YCHIICHHUS IO Ha-
npsokenuto [Tekct] / Ilpokonenko H.H., Hukynuues H.H., HaymoB M.B. ; 3as-
BUTeNb U narentoooaaarens ['OY BIIO «tOxno-Poc. roc. yH-T S5KOHOMUKH U
cepBuca». — Ne 2010103693/09 ; 3aasn. 03.02.2010 ; ony6s. 10.06.2011, brou.
No 16. — 14 c. : un.

58. Tlat. 2421884 Poccuiickas ®eneparusi, MIIK8 H 03 F 3/45. Tudde-
PEHIUAJIHBIA OMEPAIMOHHBIM YCWIMTEIh ¢ MajbiM HaNpsHKCHUEM CMEIICHUs
nyns [Teker] / Ilpokonenko H.H., Cepebpsiko A.l., HaymoB M.B. ; 3asButens
u nateHtoobsnanarens 'OY BIIO «tOxHo-Poc. roc. yH-T 95KOHOMHMKHU U CEpBH-
ca». — Ne 2010111052/09 ; 3asi. 23.03.2010 ; omy6sa. 20.06.2011, bron. Ne 17. —
10 c. : nm.
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59. TIlat. 2414807 Poccuiickas ®eneparusi, MIIK8 H 03 F 3/34. Tudde-
PEHIMANBHBIA OMEPAlMOHHBIA YCHIIMTENIb C MajblM HaNpsHKEHUEM CMENICHUS
nyns [ Texer] / [Ipokonenko H.H., Cepebpsiko A.U., Kamnun E.B.; 3asButens u
nateHToobnaaarens ['OY BIIO «tOxHo-Poc. roc. yH-T 5KOHOMUKU U CEPBHUCAY». —
No 2010109985/09 ; 3asBin. 16.03.2010 ; omy6s. 20.03.2011, bron. Ne 8. —
10 c. : nn.

60. Ilat. 2420862 Poccuiickas ®enepanus, MIIK8 H 03 F 3/45. dudde-
pPEHIMANBHBIA YCUIUTENb C MaJIbIM HampssKeHWeM cmenieHus Hyns [Tekcr]
/ lpokonenko H.H., Hukynuue H.H., Bynsaxos I1.C.; 3asBuTens U naTeHTOOO-
nagarenb ['OY BIIO «lOxHo-Poc. roc. yH-T SKOHOMHUKH U CEpBHUCA». —
No 2010106768/09 ; 3asmn. 24.02.2010 ; omy6a. 10.06.2011, brom. Ne 16. —
9c.:um

61. Ilat. 2446555 Poccuiickas ®enepanus, MIIK8 HO3F 3/45. dudde-
peHIManbHbIA onepanronnbiil yeunurens [Tekct] / [lpokonenko H.H., Cepe6-
pskoB A.W., Bynaxos II.C. ; 3asButens u mnarentooOnaaarens ['OY BIIO
«tOxHO-Poc. roc. yH-T 3xoHOMHKH U cepBuca». — Ne 2010118638/08 ; 3assu.
07.05.2010 ; omry6u1. 27.03.2012, bronn. Ne 9. — 9 c. : un.

62. Ilat. 2421889 Poccuiickas deneparus, MIIK8 H 03 F 3/45, 3/34.
HuddepeHunanbiplii  yCHIMTENb C MaJbIM HaNpsHKEHUEM CMEILECHUS HYJIIS
[Texct] / IIpokonenko H.H., CepebpsikoB A.U., bennu C.C. ; 3asBuTeNb U Na-
tenroobsanarens ['OY BITO «tOxHo-Poc. roc. yH-T 95KOHOMUKHU B CEpPBHUCA». —
No 2010118687/09 ; 3asmn. 11.05.2010 ; omy6a. 20.06.2011, brom. Ne 17. —
14 c. : nn.

63. Prokopenko N.N. Ehe BIFET-technology voltage analog multipliers
based on the radiation resistant abme «integral» / N.N. Prokopenko, A.I. Sere-
bryakov, D.N. Konev // Proceedings International Siberian Conference on Con-
trol and Communications, SIBCON-2009. Tomsk, 2009. — C. 244-248. DOI:
10.1109/SIBCON.2009.5044864.

64. Ilpoxonenko, H.H. KomneHncanus HanpsbkeHUs CMEILEHUS HYJIS Olie-
PAlMOHHBIX YCWINTENEH ¢ HECUMMETPUYHBIM BKJIIOUEHUEM aKTUBHOW HArpy3KH
[Texct] / H.H. IIpoxonenko, A.W. CepebpsikoB, B.I'. Mamxyna // Haywu.-
texund. Benomoctu CIIOI'TIY. — CIIO. : Usn-Bo CIIOI'ITY, 2010. — Ne 101. —
C. 196-200.

65. IIpoxonenko, H.H. CuHTE3 CTpyKTyp aHaJOTrOBBIX MHKPOCXEM C IIO-
BBIIIICHHON CTaOMJIBHOCTBHIO HYJIEBOTO YpPOBHSI B ycloBuUsAX paauanuu [Tekcr]
/ H.H. Tlpoxonenko, JI.H. Kones, A.l. Cepebpsikos // U3B. FOx. denep. yH-Ta.
Texauueckue Hayku. — PoctoB H/Il. : U3n-o IODY, 2009. — T. 94, Ne 5. —
C. 81-86.

66. Ilpoxonenko H.H.Crnoco6 moBblilieHUsI CTaOMIBHOCTH HYJISI aHAJIOTO-
BbIX MUKPOCXEM C BBICOKOMMIIEJAHCHBIM Y3JIOM B YCJIOBHUSIX TEMIIEPATYPHBIX U
panuanuonubix Bo3nencTBuil [Texcr] / H.H. Ilpokonenko, A.U. CepeOpskos,
I1.C. byaskos // Bcepoc. Hayu.-TexHud. koHG. «[IpobGiembl pazpaboTku mep-
CHEKTUBHBIX MHKPO- M HAHOXJEKTPOHHBIX cucteM (MDIC)» : cb. Tp. — M. :
UIITIIM PAH. —2010. — Ne 1. — C. 295-300.
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67. Ilpoxonenko, H.H. Crioco6 moBeimeHus: crabuiabHOCTH HYs Audde-
PEHIMANIBHOTO YCHJIUTENSI C MECTHOM OTpHIIATENIbHOM OOpaTHOM CBSI3BIO B yC-
JIOBUSIX TEMIEPATYpPHBIX U paaualnmonHbix Bo3naenicteuil [Texer] / H.H. Ilpoxko-
nenko, J[.H. Kones, A.l. CepeOpsikoB / Hayu.-texunu. Begomoctu CIIOITIY. —
CII0. : U3n-so CIIGI'TTY, 2009. — Ne 91. — C. 53-59.

68. Ilpoxonenko, H.H., CepebpsikoB A.U., bynskos I1.C. Metoasl B3a-
MMHOW KOMIICHCAIIMU BJIMSHUS TOKOBBIX aBTOHOMHBIX IMAPaMETPOB TPAH3UCTO-
POB Ha HYJEBOUW ypoBeHb aHasnorobix Mukpocxem [Tekcr] / H.H. IIpokonenko,
A.N. Cepebpsikos, I1.C. bynskos // U3B. FOx. denep. yu-ta. Texuuueckue Hay-
ku. — PoctoB H/]I. : U3n-Bo FODY, 2011. —T. 115, Ne 2. — C. 92-99.

69. Ilpoxonenko, H.H. ABroHOMHBIE TapaMeTpbl TPAaH3UCTOPOB OA30BOTO
MaTpPUYHOIO KpucTaiyia abMK 1 3 B yCIOBHSX paJuallMOHHBIX M TeMIEpaTyp-
Hbix Bo3nerictBui [Tekct] / H.H. Ilpokonenko, I1.C. Bynskos, A.N. Cepebps-
koB // Bcepoc. Hayu.-rexHu4. KoH}. «IIpoOrembl pa3paboTKu NepCreKTUBHBIX
MHKpPO- U HAHOIJEKTPOHHBIX cucteM (MOC)» : ¢6. tp. — M. : UIIIIM PAH,
2012. — Ne 1. — C. 294-297.

70. IIpoxomenko, H.H. Apxutexkrypa U CXEMOTEXHUKA OIEPALMOHHBIX
ycuwiuTeneil. MeTroapl CHUKEHHSI HANpsHKEHUS CMEUIEHUS HYJA B YCIOBHSX
TeMIlepaTypHbIX U paauanroHHbIX Bo3zaeictBuil [Texct] / H.H. IIpoxonenko,
A.N. Cepebpsixo // U3n-Bo: LAP LAMBERT Academic Publishing. — 2013. —
127 c.

B Hayajo x orjiaBjIcHUIO
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