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1. EjgeKkTpoHHi KiII04i

TexHniuni peanizaiii TUGPOBUX CXEeM, B SKHUX CUTHAIU MPEJCTABICHI TUCKPETHO KBAHTOBUMU
PIBHSMHU Hampyru (CTpymy), 3aCHOBaHI Ha BHKOPHCTAHHI €JIEKTPOHHUX KOMYTATOPIB HANpPyTH
(cTpymy), III0 HA3UBAKOTHCS €IEKTPOHHUMH KITIOUAMHU.

B saxocTi HemHIMHUX TpWIadiB 3 KEPOBAaHUM OIOPOM B EICKTPOHHHX KIIFOYaX
BUKOPUCTOBYIOTHCS HAITIBIIPOBITHUKOBI 10/, TPAH3UCTOPH, (HOTOTPAH3UCTOPHU, THUPUCTOPH,
OINTPOHHU, EJIEKTPOHHI JIAMITH.

1.1. TioaHi eJIeKTPOHHI KJII0Yi
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Puc. 1.1

VY niomHUX KITI0YaX BUKOPUCTOBYETHCS 3aJICKHICTH OMOPY J10/a BiJ BEIMYMHH 1 3HAKA
npukiaaeHoi Hanpyru. Ha puc. 1.1. (A) nokasani tunosi cratuudi BAX repmanieBoro (Ge) 1
kpemHieBoro (Si) mionis, a Ha puc. 1.1. (b) 1 (B) - exBiBaJieHTHI cXeMU 3aMillleHHs JAiofa Ha
NOCTIMHOMY CTpyMI ISl JIIHEapU30BaHUX (BUALICHUX IITPUXYBAHHSIM) oOsacTel BiAMOBIAHO 1 1
2. CtpyM p-n-niepexony ix Aiozaa i Hanpyra Uy Ha HbOMY MOB'sI3aHi CITiBB1THOLIEHHSM:

in=lo{exp [Us/ (m ¢1)] - 1} =To{exp [U.q/(mk T)] - 1},
(1.1)

ne lo - TeruioBuMil CTpyM HaCHYEHHS;

@r - TeMIepaTypHHU noTeHuian (mpu HopMmaibHii Temneparypi T = 298 ° K, ¢ =26 mMB);

K - crana Bonbimana;

T - aGconroTHa Temneparypa;

q - 3aps] eIEKTPOHA;

M - Koe(illieHT, 0 BPaxoBYe BIUIUB MOBEPXHEBUX CTPYMIB BUTOKY I'€pMaHI€BUX JIOJIB 1
CTpyMIB TeHepallii-peKkoMOiHaIll B p-N-epexo/l KpeMHIEBUX II0JIB (A1 TepMaHieBUX H10[iB
m®=~1,2..1,5, ns KPEMHIEBUX - ms=~12. .2). TeruoBuit cTpym Hacu4ueHHS lp MPaKTUYHO HE
3aJeKUTh BiJ TPUKIAAEHOI [0 JioJla Hampyrd 1 BHU3HAYAETHCA €IEKTPODI3SUUHUMU
BJIACTUBOCTSIMHU MaTepiajy HamiBIPOBIIHUKA 1 TEMIIEpaTypoIO HOro HarpiBaHHs:

Io = Too exp [- Ux/ &],

ne loo - KoHCTaHTa, 00YMOBJIEHA MaTepiajioM HaMiBIPOBIAHNUKA 1 KOHLEHTPALISIMH JJOMIIIOK;
UKk - KOHTaKTHA Pi3HMII TTOTEHITIATIB (UKGe =0,3...0,4 B, US> =0,6...0,7 B).



TennoBuit ctpym HacuueHHs o 3 pocToM Temmeparypu €KCHOHEHIIadbHO HapocTae. Y
HaOMIDKEHUX pPO3paxyHKax MNPUHHATO BBaKaTH, MmO cTpyM lo y pasi repmanieBoro naiozaa
MOIBOIOETHCS 31 301IBIIICHHSAM TeMIlepaTypu Ha koxkHi 10°C, a B pa3i KpeMHIEBOTO - Ha KOXKHI
7°C.

3 ypaxyBaHHSIM aKTHBHOTO OIOPY p- 1 n- o0JIacTeil, KOHTAKTHUX OIOPIB BUBEICHH 1
cruiBBinHomeHHs (1.1) i peansHOTO Mioaa:

Up=US+igr=mdrIn(ig/Io+1) +igr, (1.2)
1e I - CyMapHUi aKTUBHHU OIIip p-, N - 00JacTel 1 KOHTAKTIB /Ai0/a.
JudepeHiianbHUi aKTUBHHI OIIp Ai0/1a OTpUMaeMO 3 Bupasy (1.2) :
rp = AUy / dig=md. / (lo +1ix) +71,

Omip 1 HEMIHIKHUH 1 3aJISKUTH Bi CTPyMY AioAa i11. AJie IPU TOCUTH BEJIUKHUX HANPYTrax
npsimoro 3mimeHHs (Uy >> Uy) omip 1y = 1, TOOTO OMip €KBiBaJEHTHOI CXEMH 3aMillleHHS Ji01a
(puc. 1.1. (6)) Ryp = r 1 Mae mopsaaok oguHMLE 1 gecatkiB Om. [Ipu 3BopoTHOMY 3MilIeHHI Aioga
(Ux<0) ix= 0, 15 = Rogp = Mg / 10 + r = myy / Io 1 Ma€e mopsiiok AECSTKIB i cOTeHb KioOM.

Hampyry Up ekBiBaJIeHTHOrO JpKepena Hampyrd B cxemi 3amirieHHst (puc. 1.1-0)
OTPUMYIOTh EKCTPAIOJSIIEI0 KBa3UTHIKHUX NIISTHOK obsacti 1| BAX mo mepetmHy 3 BiccCio
abcIuc, BOHO Ma€e MOPSIIOK KOHTAKTHOT pi3HuIll moteHmianis: Up ~ Uk.

Cxema HaWOPOCTIIIOTO MJIOJHOTO KJIKOYa, KepoBaHOro JikepeiaoM curHamy Up i
HaBaHTAXXECHOTO Ha omip Ry, mokaszana Ha puc. 1.2-a, a Ha puc. 1.2-0, i B - €KBIBaJICHTHI CXEMH
3aMillEeHHS BIAMOBIIHO JUTsl cUTHANTY JIOTiyHUX «1» 1 «0» Ha BXOi.

BuszHaunMo 3Ha4Ye€HHS BUXIJHHX HANpyr B KOXXHOMY 3 CTaHIB KJII0Ya, CKOPHCTABIIUCH
npuHuunoMm cynepnosuuii. Ilpu Huszbkomy piBHI Hampyru Ha Bxoal (U0l << 0) miom VD
3aMKHEHUH, KJI0Y pO3iMKHEHHH (prc. 1.2-B) 1 Ha 1OT0 BUXO/1i BCTAHOBIIOETHCS HU3bKUI PIBEHb:

U = U[(R[IRx) / (Rr + Fosp + RIIRw)] - lo[Tospl|(RIIRw + Ro)1, (1.3)
OcKinbKH 3a3BHYA Tosp >> R, Ry MoskHa Habmmkeno Baxatn U2’ = -lo (R || Ru).

IIpu BucokoMy piBHi BXignoro curnany Ui mion VD BiakpuTuii, Kiirod 3aMKHyTHI (puc.
1.2.-0) i Ha BUXO/Ii KJTFOYa Ma€ MiCIle BUCOKHI PIBEHb:

Utz = [(U'1 — Uo)(RIRW)] / [Rr + rap + RIR], (1.4)

Ockinpku 3a3BuYaii Iy << R, Ry MoxxHa Habmmkeno sBaxaru Uz'~Ui!-U.



3i cniBBimHomens (1.3) i (1.4) BuHO, M0 nmepenas Hanpyru Ha Buxoxi: AUz = U, - U% <
AU = Ul - U% (menme na Bemuuuny Up). OcnabneHHss CUTHANY HAa BUXOJi THM Oijblie, 4uM
Oinpire omip pkepena curHany Rr. Hemomikom nmiogHOro Kitoda Ha pUCyHKY 1.2 € mpsima
sanexuicts pieus U'2 Bing Bxignoro curnany Uy,

Jlpyruii BapiaHT A10AHOTO KJItoYa rmoka3anuii Ha puc. 1.3. [Ipu Hu3pKOMY piBHI BX1AHOTO
curHainy aiox VD BiaKpuTHii 1 4epe3 HbOTO MPOTIKae CTpyM jukepenia KUBICHHS U i x., IO
oOMexyeTbcs onnopoM R. Skmo R >> Ry, To npaktuyHo Bes Hanpyra KUBIEHHS U g x. QA€ HA
onopi R, ToMy Ha oropi HaBaHTaXeHHs KTio4ya Ru BcTanoBmoeThes Husbkuii motenmian U%

(puc. 1.3-6):
U% = U [(Rull(Re + Fip)) / (R + Ru|(Re + ip))] + (U%2 + Uo)[(R[IRu) / (Re +rap + RIIRw)].

SAxmo Ry + yp << R||Ry, To U% ~ U% + U,.

Puc. 1.3

IIpu BHCOKOMY PiBHi BXiJHOTO CHTHAIY, AKIIO BUKOHYeThcs yMoBa U'1> Uy Ru / (R +
RH), niox VD 3aMKHEHMH, BX1THUH JIAHITIOT TPAKTUYHO BIJKIIOUCHUHN B1Jl HABAaHTAXKCHHS (pHC.
1.3-6) 1 Ha BUXO/1 BCTAaHOBJIIOETHCSI BUCOKHUI PiBEHb HANPYTH:

U2 = Useor [(Rull(Fosp + Rr)) / (R + Rall(Fosp + Rr))] + UM[RIIRu / (Rr + Fosp + R[IRs)] +
+ lo(RIRull(Rr + rosp)),

3a3Buuaii roesp >> Ry, Ry, ToMy U2 = (U, + Rlo) Ry / (R + Ry) i IpakTHYHO He 3aNeKuTh
BiJl BXIIHOTO curHaiy. Bim3HaumMo, 1o SKIIO B cXeMmi Kiroua Ha puc.l.2 HU3BKHUI piBEHb
BUXIJTHOTO CUTHATy U% = 0, a BUCOKHMIl 3aJI€XKUTh Bi/l BXiIHOTO CUTHaTy U4, To B cxemi kiroua
Ha puc. 1.3, HaBmaku, Husekuit pisens U% =~ U% + Up mpomopuiliauii BXigHoMy curnamy, a
Brcokuit U'2 Bil HBOTO HE 3aJI€XKHUTh.

PosrnsiHyTi [10AHI KIIIOYI MOXHA BHKOPUCTOBYBAaTH sl MOOYAOBM HAWIPOCTIIIMX
KoMOiHamiiHnx noriyHux cxem. Ha puc. 1.4-a mokazana cxema, a Ha puc. 1.4-6 - Tabnuus
ICTUHHOCTI 1 YMOBHE TpadiyHe MO3HAaYeHHsI JBOBXOOBOIO JW3'TOHKTOpA Ha JIOJHUX KIIOYaXx.
Tinbku y BUNIAAKY, KOJIM HAa 000X BXOJaX HHU3bKI PiBHI U%; i U%; miomu VD1, VD2 3amKHeHi,
BUX1J BIIKJIFOUEHUH BiJ BXOMIB, 1 HA HbOMY BCTAHOBIIIOEThCS HU3bKUH piBeHb. [Ipu Oyab-skux
IHIIMX KOMOIHAIISX BUXIJ MAKIIOYAETHCS JO TOTO BXOJY, HAa KU MOAAHO HANOUIBII BUCOKUMN
piBeHb, To6T0: U2 = max {Ui1, U12) - Uo. Lleii BUpa3 € aHATIOTOBHM €KBiBaJICHTOM I3 FOHKITii.

Cxema Ha puc. 1.4-6 - BapianT kiatoua Ha puc. 1.3 11 1Box BXofiB. SKmio xoua 6 oauH 3
nionie VD1, VD2 BigkpuTHii HU3BKUM PIBHEM BXIJHOTO CUTHANy, BUXIJ CXEMH BHSIBISETHCS
MIIKIIOYCHUM 70 BXONY 3 HAWOUIbII HU3BKMM MOTEHIIaToM. | TIIBKM TOMi, KOJH BCi JI01U
3aMKHEHI BHCOKMMH DPIBHSMHU Ha BXOJlaX, BUXITHUN JAHIIOT BIJAKJIIOYAETHCS BiJ BXOJIB 1 Ha
HABAHTAKCHHI BCTAHOBIIIOETHCS BUCOKUM MOTEHIAN. SIK BHIHO 3 TaOJUIll ICTUHHOCTI Ha PHC.



1.4-2, Taka cxema peasi3ye JOTiYHY OMepalil0 KOH'TOHKIUI. I[i aHamoOroBmii exBiBaleHT
BusHauaeThes BupazoM U% = min {Ui, U12) + Uo
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Puc. 1.4

Ha ocHOBi JiogHUX KirO4iB OyIyIOTHCS JABOCTYIEHEBI KOMOiHAlLiMHI JIOTIYHI €JIEMEHTH.
Hagenena na puc. 1.4-0 cxema peaitizye J0riuyHy QYHKIIIO y = X1X2 + X3X4 a00 IJIs1 €NEKTPUIHUX
curHaniB Uz =~ max {min [Uzz, U12], min [U1z, U1s]}. Ockinbku cxema CKJIQTa€ThCs 3 TACHBHUX
KOMITOHEHTIB, BXIJHUW CHTHaJl TOCTAOIOETHCS TMPU TPOXOKEHHI KOXHOTO JIOTTYHOTO
crynesto. J{is Toro moO ammunityna BuxigHoro curHany Uz Oyna MakCUMaiabHOIO, HEOOX1THO
BUKOHYBaTH yMoBH Ri << R; << Ry, mo HemuHydYe TpPU3BOIAUTH JO 3POCTAHHS

€HEProCHOXUBAHHS CXEMH.
1.2. EnekTpoHHi K/1104i HA GiMOJSIpHUX TPaH3UCTOpPaX

3acTtocyBaHHS OIMOJSIPHUX TPAH3UCTOPIB B ENEKTPOHHUX KIIOYaX TIPYHTYEThCS Ha
BJIACTUBOCTI TPAH3UCTOPIB 3MIHIOBATH IiJ] JI€I0 KEPYIOUOTO CUTHAJY OIIp BiJl BEIbMHU BEITUKOTO
(COTHI KiJOOM) B PEKMMi BIACIYEHHS IO 3HAYHO MEHIIIOIO B aKTUBHOMY PEXUMi (OJUHHII
KUJIOOM) 1 1y’K€ Majioro B pekuMi Hacu4eHHs (onuHuLi Om).

Ha puc. 1.5-¢ moxa3aHi CTaTW4Hi XapaKTEPUCTHKHU OIMOJISPHOTO TpaH3UCTOpa MpU
BKJIIOUEHHI 32 cXxeMolo 13 3arasibHuM eMitepoM (3E); Ha puc. 1.5-6 - BXiaHI XxapakTepucTuku I =
f1 (Use) mpu Ui = const; Ha puc. 1.5-6 - Buxinni xapaktepuctuku ix = f2 (Uke) mpu Is = const.
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TpaH3ucTOp B KIIOYOBUX MPUCTPOSX MPAIIOE B PEKUMI BEIMKOTO CUTHATY 1 HOTO BIIACTUBOCTI
MOKHA ONHMCATH HETIHINHOI iHXeKIiiiHow Mozaemno Ebepca-Moria 3 igeanbHUX MiOAIB 1
KepOBaHUX JpKepen cTpymy (puc. 1.6).
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Puc. 1.6
CTpyMu eneKTpo/IiB TPaH3UCTOpa B 3aJI€KHOCTI BiJl JOJAHUX IO HUX HAMpPyT
BU3HAYAIOTHCS CIIIBBIIHOIIIECHHIMU:

i = [(Ioou) / (e (1 - aaw))] [(exp(AUss) - 1) — & (exp(AUss) - 1)];
i, =[lko/ (1 - acu)] [(exp(AUss) - 1) au — exp(AUxs) + 1)];

i6 = 1, — 1k,

e A=1/(me);

lo - 3BBOPOTHUI CTPYM KOJIEKTOPA;

o 1 oy- KoedilieHTH Tepeaadi CTPyMy eMiTepa B JaHITIOT KOJIEKTOpa BIAMOBIIHO B
HOPMaJTbHOMY Ta IHBEPCHOMY aKTHBHUX PEKHUMAX.

HaBenena Mozenbp BUKOPHCTOBYETBCS B OCHOBHOMY IIpM  MAIIMHHHUX — METOAAX
NPOEKTYBaHHS, a B HaONWKEHUX pO3paxyHKaX BHKOPUCTOBYIOTHCS KYCOYHO-JTIHIIHO
anpOKCUMOBAHI MOJIENI.



PosrasHeMo cxemy HaWMpOCTINIOrO Kir04Ya Ha OIMOJIsSpHOMY TPaH3UCTOPI Npn-TUIY (pHC.
1.7-a). HaBanTaxxeHHsM Kimouya Ha Tpanzuctopi VT € pesuctop, MigKIIOUEHUH MK BUXOJAOM i
3aranpHOI0 mMHOK (R"y), a00 M BuUX0IOM 1 mkepernoM kuBiaeHHS (R'y), a00 HaBaHTa)KEHHS
moxe Oytu posainenuMm (R'y, R"5). Pexxum poOoTH TpaH3MCTOpa BH3HAYAETHCS JKEpEIaMu
BxigHOro curHany Ur 1 BXigHUM JaHIrorom 3 pesuctopiB Rl, R2 i mkepena 3amukarodoro
3mimeHHS — U2, Pesucropu R1 1 R2 moBunHi 6yt BuOpaHi Tak, o0 Mpu HU3BKOMY piBHI
BxigHoro curaany U% tpamsuctop VT 6GyB HaiiliHO 3aMKHEHHMI y BCbOMY poOOdYOMY Jiana3oHi
TeMIlepaTyp HABKOJHUIIHLOTO CepelOBMINA, a HNpU BucokoMmy pisHi Ui Ha BXomi TpaHsucTop
MOBUHEH OyTH HACUYEHUH.

Fligar™ 1 —'L + ity
Ry

"

RSN

Puc.1.7

Jlxxepeno 3mimeHHs — Upx2 HE € 000B'A3KOBUM, KIIIO PEKHUM BIJCIYEHHS TPaH3UCTOPA
3a0e3MeuyeThcs HU3BKUM piBHeM BXigHoro cursamy U% i ymMoBa 3amMuKkaHHS He MOPYIIYeThCS
pY MakCUMaJIbHIM TemMreparypi HaBKOJHUIIHBOTO CEPEAOBUIIIA.

JUisg crpollleHHsl aHali3y CTaTMKU 1 JUHAMIKM pOOOTH TakKOro Kiwoya MepeTBOPHUMO
CXeMY, CKOPUCTABIIUCHh TEOPEMOIO NP0 €KBIBaJEHTHUH reHepaTop. KoMnoHeHTH nmepeTBopeHoi
cxemu (puc. 1.7-6) BU3HAYAIOTHCS 3 CIIBBIIHOIIEHD:

UL[)K.)K. = [U'L[)I(.)I(.RH-'_UHHR’K] / [RH+RK]1 RK = RK”RH; Ul = (UFRZ + Uﬂ)K.)I(.le) / (R2+ Rl)

Jlns 3a0e3nedeHHs] peXUMy BIJCIYEHHS TPaH3UCTOpa HEOOXiAHO, 1100 MPH HHU3BKOMY
piBai U% BximHOro curnamy emiTepHuii mepexis TpaH3ucTopa 6yB 3aMKHEHMit. Sk BHIHO 3 pHC.
1.5-6, 3anuparoyuM MOXHa BBa)KaTH HU3bKHI IMOTEHIIIa U% ma Bxomi, 1o 3a0e3neyye Ha
emitepHomy nepexozi Hanpyry Use < Uo. SIKkiio gaHa ymoBa BUKOHY€ETHCS, TO 00OM/BA IEPEXOIU
TpaH3MCTOpa 3aMKHEH1 1 TpaH3UCTOp B cxemi puc. 1.7-6 y mnepumoMy HaOJIMKEHHI MOXKHA
3aMIiHHUTH JDKEPEIOM 3BOPOTHOTO CTPYMY KOJIEKTOpHOTO mepexony Ixo (puc. 1.8-a).
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TemnoBuii ctpym Ixo mpoTikae yepes peauctop Re 1 miaBuinye notexmian 6azu. Yum Buiie
TEMIIEpaTypa KOJEKTOPHOTO MEePexXoay, THM Oinbine cTpyM Ixo 1 Hanpyra Uge. YMOBa 3aniupaHHs
TPaH3UCTOpPa MOBHHHO BHUKOHYBATHCS B HaWTIpIIOMY BHIIaAKy, TOOTO NpU MaKCHUMallbHil
TEMIIepaTypi KOJIEKTOPHOTO MEPEXOAY 1 BIIMOBITHOMY CTPYMi lxomax Y€pPE3 HHOTO:

Use = U % + lomaxRs < Uy, (1.5)

SAxmo ymoBa (1.5) BukonyeTbcs, Tpansucrop VT 3amepTuii, Ha HOro KoJEKTOpi, L0 €
BUXOJIOM CXEMH, BCTAHOBIIIOETHCS] BUCOKUH PiIBEHb:

UlZ = U;[)K,)K - IKORK, (16)

JIns BigmupaHHsA TpaH3MCTOpPA HA BXiJ KIF0Ya HEOOXiaHO mojgaTu Bucokuii pisens Uy > Uo.
[Tpu 1bOMY TpPaH3UCTOP MOXKE 3HAXOAMUTUCS B aKTUBHOMY PEXHMi a00 B PEeXUMiI HACHUYCHHS.
Pexxum HacudeHHS HacTae B TOMY BHUNAJKY, SKIIO CTpyMm 0a3u Is TpaHsuctopa nmocsirae abo
HepeBUIy€e 3HaYeHHS oy, 10 BIMOBIAE MOJIOKEHHIO pOO0YOT TOUKH TPaH3MCTOpa Ha MEXI MIXK
AKTUBHUM PEKUMOM 1 peKMMOM HacuueHHs: [ > o .

BxinmHuii JaHIIOT HACHYEHOTO TPAH3UCTOpAa B JIIHEAPU30BAHOMY BaplaHTI MOXKHA
NpPEeJCTaBUTH MOAIOHO A10AY MOCTIZOBHO 3'€qHAHMM 00'€eMHHM OIMOpOM 0a3zu s 1 JpKepeaoM
Haripyru Up. Omip MDK KOJIEKTOPOM 1 €MITepOM HACHYEHOTO TPAH3UCTOpPa BH3HAYAETHCS
HaxwioM JiHii HacuyeHHs (puc. 1.5-6): hw = AUxe / Al mpu Is > Isy. ExBiBaneHtHa cxema
TPaH3UCTOPHOrO KJIIOYa B PEKMMI HaCHUYEHHs Moka3zaHa Ha puc. 1.8-6. Jlns 1iei cxemu ymoBa
HAaCUYECHHS Ma€ BUTIIS:

Il6 = (Ull - UO) / (r6 + R6) > I6H = IKH / Bmin = U;1>|<.>1< / (Bmin(RK + I‘KH)). (17)
Ockinbku KOeQILIEHT MiACUICHHS TpaH3UCTOpa 3a CTPYMOM [3 Mae TEXHOJIOTTYHUI
niama3oH, HepiBHiCTh (1.7) MOBMHHA BUKOHYBaTHCA B HaWripmmMx ymoBax, TOOTO mpu
HallMEHIIOMY JONMYCTUMOMY 3Ha4yeHH1 B = Pmin. Akmo ymoBa (1.7) BUKOHY€ETbCS, TPAH3UCTOP

VT HacuueHui 1 Ha BI/IXO,I[i 3aMKHYTOI'O KJIF0Ua BCTAaHOBJIFOETHCA HHU3bKUMN piBeHBZ

UZO = I'kn IKH = I'kn UL[)K.)K. /(RK+rKH)
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KoHTpoabHi nuTaHHA:

B yomy nossrarote GyHKIIIT €IeKTPOHHOTO KiIro4a?

Ski icHyrOTh TN AioaHUX KatouiB? HamamoiiTe iX cxemu.

Ha3BiTh OCHOBHI IapamMeTpHu J1OMIB.

Henomniku gioiB K €JIEKTPOHHUX KOMYTaTOPIB.

Ha3gite ocHOBHI mapameTpu Oinonsipaux Tpanzucropis (BT).

Hamanroiite cxemy enektponHoro kioda Ha BT. [Ipu3HadeHHss KOMITOHEHTIB CXeMU?
B sikux cranax moxe Oytu BT B 3anexHOCTI BiJ BXIHOTO CUTHATY?

3anumiiTe yMoBH 3Haxo/pkeHHS BT y craHax BifCiuKM i HACHYCHHSI.

©ooN R wDdPE

. Homy nOpiBHIOIOTH 3HaYEHHS BHXI1JIHOT HAIIPYTH y 1BOX cTaHax bT?
10 Sky noriuny ¢yHKIiro pearnizye ko4 Ha BT 3 3araneaum emitepom?

12



HUDPPOBA CXEMOTEXHIKA

Jlexkuis 2
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1.3. Ilepexigni npouecu

[HepuiifHicTh KIIO4a Ha OIMOJIIPHOMY TPAH3UCTOPI XapaKTEPU3YETHCS TPUBATICTIO UKITY
HepeMUKaHHsI, SKUH BKIIOYAE B CEOE: tsrpr. - 3ATPUMKY BKIIOUCHHS TPAH3UCTOpA MPH M0J1adi Ha
BXijl KiI0ua BUCOKoro piBHa curHany Uli, sxuii 3amoBonbuse ymMoBi (1.7); tsc: - TpHUBamicTh
BKJIFOUCHHSI TPAH3UCTOpa, TOOTO Yac HApOCTaHHS CTPYMY 4epe3 TPaH3HCTOP BiJ TEIUIOBOTO Ixo
10 CTpyMy HacW4yeHHA Iww ., tp - TpHUBaNiCTh 3aTPUMKH BHUMKHEHHS, OOYMOBIICHY
PO3CMOKTYBaHHSIM 3apsAy B 0asi Mpu mepexo/i TpaH3UCTOpa 3 HACHYCHHS B aKTUBHUN PEXUM;
temcn - 9ac BUKIIOYEHHS, TOOTO 3MEHIICHHA CTPYMY KOJEKTOpa TPaH3HCTOpa BiJ CTPyMy
Hacu4eHHA I 10 piBHA cTpyMy Ivo; t%%g - TpuBamicTs (poHTY HapocTaHHS HOTEHIiady Ha
KOJIEKTOP1 TPAH3UCTOPA, TOB'I3aHy 3 3apsI0M €MHOCTEH HAaBAaHTAXKEHHS 1 MOHTAXY.

Toxi TNOBHMH LUK TepeMHKaHHA a0 pO3AUIBHHMIA Yac JOPIBHIOE CyMi Ha3BaHUX
IHTEpBaJIiB:

Tp03 = Grn * ton + tp + t01¢).

Ile gwac, MmO € HEOOXiTHUM JUISI TIepe3apsay MApa3UTHUX €MHOCTEH MOHTAXY CXEMH,
MDKEJICKTPOIHUX €MHOCTEH TPaH3MCTOPA, Uil HAKOMMYCHHS 3apsily HEOCHOBHHMX HOCIIB y 0a3i
TPaH3UCTOpPA MMPH BIAMUPAHHI 1 peKOMOIHAIIIT IIHOTO 3apsiAy PH 3alupaHHi TPAH3UCTOPA.

OCKITbKH KOJICKTOPHHUH CTPYyM OIMOJIIPHOTO TPAH3UCTOPA SIBIIIE COOOI0 CTPYM CKCTPAaKIIil
HEOCHOBHUX HOCI1B (TYT - €JIeKTPOHIB) 3 0a3u 1 MpoNopIIiitHMii 3apsay B 6a3i, HepexiHi mpoiecu
3py4YHO aHaJi3yBaTH MO JUHAMIL 3MiHU 3apany O0a3u. ToMy Takuii METOA aHali3y MEepexXiTHUX
MPOILIECiB HA3UBAIOTh METOIOM aHali3y 3apsay Oas3u.
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Puc. 1.9

Ha puc. 1.9-a npoJaeMOHCTpOBaHO BapiaHT €KBiBaleHTHOI cxemu (muB. puc. 1.7-6)
TPAH3UCTOPHOTO KJIFOYa, Ha SIKIM MOKa3aHa €MHICTh HaBaHTaXEeHHS Cy 1 €KBIBAJICHTHA BXIiJHA
eMHICTh TpaH3uctopa Cgx, OOYMOBIIEHA €MHOCTSMHU EMITEpHOI0 1 KOJEKTOPHOTO IMepexojliB
TPaH3UCTOPA, a TAKOXK MAPA3UTHOI EMHICTIO MOHTAXY.

Po3srnsiHeMO xapakTepHi TUISTHKH MEepexXiTHOro MPoLeCy 3a YaCOBUMM JAiarpaMamMu  (pHuc.
1.9-6).

1. o moMeHTy 4Yacy ti1 Tpansuctop VT 3anepTuil HU3bKUM DPIBHEM BXIJTHOTO CUTHAIY
U%, mo 3agosombHse ymoBi (1.5). CTpyM B naHmiosi 06asd TpaH3MCTOpa BH3HAYAETHCS
3BOPOTHUM CTPYMOM KOJEKTOpHOro mepexoay: Ip = - Ix. 3apsag Q 0a3u mpu BIACYTHOCTI
1HXKEKII1i HEOCHOBHHMX HOCIIB Yepe3 eMITepHMI Mepexia MpakTU4YHo BiAcyTHIM: Q = 0. ¥V naHIro3i
KOJIEKTOPY MPOTIKA€E 3BOPOTHUN CTPYM KoJjieKTopHoro mnepexoay Ik = Ix. Ha Buxoni xmoua
HiATPUMYETHCS BUCOKUIN PIBEHB !

UI2 = Uﬂ)}(_){(. - IK() RK

2. YV MOMEHT t1 MOTEHIlaJl Ha BXOMl KJ04Ya CTPUOKOM 30UTBIIYETHCS Bij U% nmo UlL.
[Torenmian 6a3u tpansucropa Us HapocTae mpu 3apsiiui KonaeHcatopa Cex uepe3 ormip Re.
Hampyra U 30imbIIyeThesl 32 €KCIIOHEHIIIATbHUM 3aKOHOM 3 TOCTiHHOIO Yacy T = RsCax BiX
nouatkoBoi Hanpyrn Ulcs = U%+Relko 10 acummrormanoro pisast UCsx (o) = Uy + Rslko. Jlo
MOMEHTY t2, TMOKM Hampyra Ha 0a3i 3alMIIaeThCsl MEHIIOK0, HiX moporoBa Hampyra Up,
TPaH3UCTOP 3AIMILAETHCS B PEKUMI BIJICIUEHHS, 3aps]] 0a3u, MOTEHIaN 1 CTPYM KOJIEKTOPY He
3MIHIOIOThCA. [HTepBan vacy BiJ t1 70 tz, konu moteHuian 6a3u Us (Hampyra Ha eMiTepHOMY
nepexoni Uge) nocsarae piBHA mnoporoBoi Hampyru Up, BH3HA4ae TPUBAIICTh 3aTPUMKHU
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BKITIOYCHHSI TPAH3UCTOPA tyrpcn = 12 - t1. JIs BU3HAYCHHS TPUBAIOCTI tirpen CKOPHUCTAEMOCS
BIACTUBICTIO EKCIOHEHIianbHOT GyHKIT (puc. 1.9-6) A(t) = Ao+H(Aw - Ao)(e'™ - 1), ska monsrae
B HACTYITHOMY: SKIIO BIJIOMI MapaMeTpyd EKCHOHEHIIHHOT (yHKII A« - aCHMITOTHYHE
3HAYEHHs, T - MOCTiiHa Yacy, A (t1) 1 A (t2) - piBHI €KCIIOHEHTH, TO TPUBAIICTh At IHTEpBAY BiJ
t1 10 t2 BU3HAYAETHCS CIIBBITHOIICHHSIM:

At =t —t1 =7 In[(Ax - A(t2))/( Aw - A(t2))]. (1.8)
CKOpI/ICTaBH_II/ICB JaHUM BI/IpaSOM, BHU3HAYUMO TpI/IBaJIiCTb 3anI/IMKI/I BKJIFOUCHHA .
tymer = To IN [(U1+1oRs-{U%+ LR}/ (Uh1+ 1kRs-Uo)] = R6Cax In [(U1-U%)/(UY1-Uo)]. (1.9)

3. Y MomeHT tp moTeHmian 0a3u mepeBuiye moporoBy Hampyry Uo, BIIKpHUBa€eThCs
eMITepHHI Mepexia i TPaH3UCTOP MEPEMUKAETHCS 3 PEKHUMY BiJICIYCHHS B aKTUBHUU pPEXKHM.
[mxekToBaH1 emiTepoM B 6a3y HEOCHOBHI HOCIT (B n-P-N-TpaH3HUCTOPI 1€ €IEKTPOHH, a B P-N-p -
JIpKH) TOPYIIYIOTh PIBHOBICHUH cTaH 0a3W 1 MOYMHAETHCS HAKOMWYEeHHA 3apsany. LIBuakicte
HAKOMUYEHHS 3apsly TUM Oinblie, yuM Oibiie ctpyM 0asu Ig(t). [lpu mocuts BenukoMy cTpymi
0a3u BXiIHUI JIAaHIIOT TPAH3UCTOPAa MOKHA MPEICTaBUTH y BUTIAAL puc. 1.8-6. Toxi ctpym B
JIaHITI031 0a3M BIAKPUTOTO TPAH3UCTOPA!

i6(t) = (U1(t)-Uo)/(Retr6).

[Tpupict 3apsany HeOCHOBHUX HOCIiB AQ B OJMHUIIIO Yacy Ha iHTepBasli At BU3HAYAETHCS
BHUPa3oM:

AQIAL = is(t)-Q/p, (1.10)

Iie Tp - CepeHii Yac )KUTTSI HEOCHOBHHX HociiB. Y Bupasi (1.10) nepiinii 1o1aHoK XapakTepu3ye
30uIbIIeHHS 3apsaay B 0a3i (skmio Is(t) > 0), a Apyruit - 3MeHIIIeHHs 3apsAy BHACIIIOK KIHIIEBOTO
4acy KHUTTS HEOCHOBHHUX HOCIIB 3apsay 1 pekoMOiHalii YacCTHHU HOCIiB B aKTHBHIN o0sacTi 6a3u.

VY Mexi A1 HECKIHUEHHO MaJIUX MPOMIXKKIB Yacy OTPUMYeMO Tu(epeHIliaibHe PIBHAHHS
NEPIIOTO TOPSIIKY:

dQ/dt = is(t)-Q/tp (1.11)
Sxmo Ui(t) = U1 = const, cTpyM 6a3u TpaH3MCTOpA 3aIMIIAETHCA NPAKTUYHO CTAIIMM:
is(t) = ls1 = (U'1-Uo)/(Rs+1s) ~ UY1/Rs.
TO po3B's3K0oM piBHAHHA (1.11) € ekcrioHeHITianbHA QYHKITIS:
Q(t) = Q1[1-exp(-t/T)]+Qo, (1.12)
ne: Q1="1p l1. (1.13)

3 HaKONMMYEHHSIM 3apsay B 0a3i MPOMOPLIHHO 301IbIIYETHCS CTPYM KOJEKTOPY, 3pOCTa€e
NaJiHHS Hampyru Ha pesuctopl Ry 1 majae moTeHmian KOJEKTOpy. Y MOMEHT t3 TpaH3HCTOP
NEePeXOAUTh 3 AKTUBHOIO PEXHMY B PEXKHUM HACHUYCHHS, MPUIUHSETHCS PICT KOJIEKTOPHOTO
crpymy (auB. puc. 1.9) Ha piBHI lww = U ./ (Rk + lew.) Ta HATiHHS MOTEHIIATY KOJIEKTOPY Ha
piBui U%.
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[aTepBa)T Bi MOMEHTY t2 IO t3 MPEACTaBJs€ 4Yac BKIIOYEHHS TPAH3UCTOpA tcn. Moro
TPUBAIICTh MOXHA BH3HAYMUTH 3a nomomMororo (1.12), skmo BpaxyBaru, IO 3aps] Ha IOMY
iHTepBaii HapocTae Bi Qo = 0 10 3HaUCHHS

Qrp = Tplon, (1.14)

IO BiJIMOBIJIa€ MOJOXKEHHIO POO0OYOT TOYKM TPAH3MCTOPA HA MEXI MK aKTUBHHUM DPEXKHUMOM 1
pexuMoM HacuueHHsM. [Ipu 1boMy 3apsisi 3pocTae eKCHOHEHIIMHO 3 TOCTIHHOI dacy Tp 1
ACUMITTOTUYHO HaOMKyeThest A0 piBHA Q1. Tomi 3a momomororo Bupaszy (1.8) 1 3 ypaxyBaHHSIM
dopmy (1.13), (1.14) orpumyemo:

tacn. = 1pIN[Q1/(Q1-Qrp)] = tpln[(tpls1)/(tplo1- Tplos)] = TpIN[S/(S-1)] , (1.15)
ne S = lg1/ low — KOehilieHT HAaCHYCHHS TPAH3UCTOPA.
TpuBasTicTh MepeIHLOr0 (HETaTHBHOTO) (DPOHTY BUXiAHOTO cHTHATY tX0) = tis.

4. Ha manomy erarii BCi CTpyMH Ta HANPYTH, 10 BCTAHOBUJIUCS B MOMEHT {3, 3aJIMIIAI0THCS
noctiitaumu. [lepexinHuii mporec XapakTepu3yeThCsl TUIBKU TPUBAIOYMM HAKOTIMYCHHSM 3apsiLy
B 0a3i MmoHaja rpaHuyHOro 3HaueHHs Qrp. 3aps] HEOCHOBHHMX HOCIIB, 110 MEPEBUIIYE BETUUUHY
Qrp, HA3UBAETHCA HAMTUIIKOBUM. 3apsiJ IPOAOBKYE HAPOCTATH 110 €KCIIOHEHTI, ajie 31 3MiHeHUM
napaMeTpoM eKCIoHeHTH Ty = 0,7 ... 1,5 Tp, 110 XapaKTepu3ye cepeaHiil 4ac KUTTS HEOCHOBHUX
HOCIiB B HACHUEHOMY PEKUMi. 3MiHa CEPEAHBOTO Yacy >KUTTS HEOCHOBHHMX HOCIiB MOB'A3aHO i3
NEepepo3nOIITIOM 3apsiy B aKTHBHIM ob6nacTi 0a3u mpu mepexoji TpaH3UCTOpa 3 aKTUBHOTO
pSKUMY B PEXKUM HacW4eHHsA. lIpm 1bOMy Ui CIUIABHUX TPAaH3UCTOPIB Ty < 7Tp, a JUIA
TUQY31HHUX Ty > Tp. MOXKHA BBaXKATH, IO 32 Yac ty = 3Ty MPOIEC HAKOMTUYCHHS HAJTUIIIKOBOTO
3apsAny Quann 3aKIHUYETHCS 1 3PS OCITAE 3HAUCHHS

Q2 = Qrp+QHa;m = TH|61 (116)

BigHomenHs Hakonu4eHoro 3apsany Q2 1o rpaHu4HOro Qrp BIANOBIAHO /10 BHPAXKEHb
(1.14) 1 (1.16) HaOamxeHO BU3HAYa€ KOe(iliEHT HACUUEHHS TPaH3UCTOPA:

Q2/Qrp = tuls1/tpln. = S .

5. Io 3agHBOMY (POHTY BXiJHOTO CHTHAIy B MOMEHT ts5 cTpyMm 0a3u Is(t) TpansucTopa
cTpubKoM 3MiHIOEThCs 3a BemmuuHoo (i 3HakoM) Iz = (U%-Uo) / (Rs + I5), mopymyeThes
PIBHOBaXXHMH CTaH 3apsay 0a3u 1 MOYMHAETHCS MO0 pO3CMOKTYBaHHS. HaummkoBuit 3apsin
€KCIIOHEHIIIITHO 3 CTaJIOK Yacy Ty 3MEHIIYETHCS BiJl BETUYHHHU 2, IParHy4Yd aCUMIITOTUYHO JI0
Q3 = 1uls2. Ha manomy erami 3apsia B 6a3i Q(t)> Qrp 1 TpaH3UCTOP 3aTUIIAETHCS HACUYEHUM [0
MOMEHTY t6, KOJIM 3aKIHUY€ThCS peKoMOIHallis HaJUIMIIIKOBOTO 3apsiy 1 TPaH3UCTOP 3 HACHUEHHS
NEepexoAUTh B aKTUBHUI pexxuM. B iHTepBami Bix ts g0 te KOJEKTOpHHUH CTpyM Ik 1 BHXiAHa
Hanpyra Uz 3auimaroTeesi He3MIHHUMH, 1 IJaHUM eTal NepexiJHOro Mpolecy Ha3uBaloTh €TalioM
PO3CMOKTYBaHHS. TpUBAIiCTh €Tany pO3CMOKTYBAaHHS

tp =te-t5 = THIn[(Q3'Q1)/(Q3'Qrp)] = THIn[(|62TH'|61TH)/(I62TH'|6.H.TB)] ~ THIn[(Ssan'S)/(Ssan'l)] )
(1.17)

1e loo/lou = Ssan — KoeditienT 3anupanHs.
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6. Y MOMEHT tg TPaH3UCTOP MEPEXOJUTh B aKTUBHUHN peXUM 1 BiJ piBHA Qrp 3apan 6asu
€KCIIOHEHIIIITHO 3 MOCTIMHOI0 Yacy Tp 3MEHIIYEThCS, MPAarHydn acUMOTOTHYHO 10 Qs = Tpleo.
[lpy 1BOMY CHHXPOHHO 3MEHIIYETBCS CTPYM KOJEKTOpY l¢ i MOYMHAE HApOCTaTH BHXiIHA
Hanpyra. JlaHuii eram, 0 Ha3UBAETHCS €TAIIOM BUKJIIOYCHHS, 3aKIHIYETHCSI B MOMEHT t7, KOJIU
nocsiraeTbest piBeHb Q (t) = 0. TpuBaicTh eTanmy BUKITIOYCHHS:

tamen = t7-t6 = TIN[(Q3-Qrp)/Q3] = tpIn[(ls2tp-l6utp)/162T8] = TRIN[(S3am-1/Ssan] (1.18)

YV MOMEHT t7 TPAH3UCTOp MEPEXOJUTh B PEKHM BIJICIUYCHHS, PI3KO 3pOCTa€e HOro BXiqHUIA
orip, CTpyM 0a3u BCTaHOBIIOETHCS piBHUM I (t) = -Iko, @ cTpyM KoJIEKTOPY - Ik (1) = l0.

7. TpuBae HapocTanHs BuxinHoi Hanpyru Upz(t), moB's3aHe 3 3apsAgoM depe3 KOJCKTOPHHUI
omip Ry ekBiBaneHTHOI eMHOCTI HaBaHTaxeHHSI Co = Cy + Ci5. + Cy, 1€ Cy, Cis, Cy - €MHOCTI
HABAaHTA)XCHHS, KOJEKTOPHOIO Iepexoay 1 MOHTaxy. TpuBaiicTb 3aAHBOTO (ITO3UTHBHOIO)
dponty t2¢ = 315 = 3RcCo. Y BUNAAKY YHCTO AKTUBHOTO HABAHTAKEHHS i HE3HAYHOI €MHOCTI
MoHTaxKy (Cy =~ 0) MOKHA BBAKATH t°1 = tacr.

AHaNI3yI0ud 3aJIeKHICTh TPUBAJIOCTI PO3AUILHOTO YaCy tpos TPAH3UCTOPHOTO KIIIOYA BiJl
napamMeTpiB HOro KOMIOHEHTIB 1 KEPYIOUMX CHUTHAIIB, MOXHA 3pOOMTH HACTYITHI BUCHOBKHU: tjo03
TUM MEHIIE, YUM MEHIIE Tp TPAH3UCTOpPA, TOOTO YMM Oijibllle TPAaHWYHA YACTOTA ITiJCHIICHHS
fo=(p+1)/(2mtp); 13 3pocTaHHAM KOeQilliEHTa HACHUCHHS TPAH3UCTOPA 3MEHIIYETHCSI TPUBATICTD
teiy, 3pOCTa€ 4Yac pPO3CMOKTYBAaHHS tp, @ TPUBANICTH BUKIIOYCHHS tpucn HE 3MIHIOETHCS;
TPUBAIICTh PO3CMOKTYBaHHS lp 1 BUKIIOUCHHS tpuxn THM MEHINE, YUM OuIbIIe KoedilieHT
3aMUKaHHS S3AM.

OTxe, MIHIMYM TPHUBAJIOCTI tg; MOXXKHAa OTpPUMATH 3a JIOMIOMOIOI TPAH3UCTOPIB
HEOOXiJJTHOTO YacTOTHOTO Jiala30Hy i ONTHMAJIBHOTO BHOOPY PIBHIB CHTHAJIIB, IO KEPYIOTHCS
xmouem U% i U'l. Skmo, TMM He MeHmI, MiHIMAaIbHE tyos OLTBIIE JOMYCTUMOT0, HEOOX1HO
BUKOPHCTOBYBAaTH CXEMOTEXHIUHI METO/IU (OpPCYBaHHS MEPEXITHUX MPOLECIB B TPAH3UCTOPHUX
KITIOYaXx.

1.4. Kuaw4 Ha 0inoJsipHOMY TPAH3UCTOPI 3 HeJTiHIHHUM 3BOPOTHIM
3B’A3KOM

TpuBanicTe eTamy BKJIIOYEHHS TPaH3UCTOpa tpky MOXHA 3MEHIIUTH, MOJAl04YMd Ha 0a3y
OuTbIIMI CTpyM BiAMUKaHHS. 3riHO 3 BUpa3oM (1.15) teky mpu 1bOMY 3MEHUIYEThCS, ajie
BHACIIIZIOK 3pOCTaHHS Koe(illleHTa HacHYeHHS S OJHOYAaCHO 3pOCTa€ TPUBATICTh €Tamy
PO3CMOKTYBaHHS tp. Y pe3ynbpTaTi, He3BaKar0UM Ha JOJATKOBI BTPATH MOTYXHOCTI, IIBHIKOIISI
KJII04a He 301IbiyeThesi. OJHUM 3 BUXOJIB Y LM CUTYaIil € BUKIIOYEHHS PEXUMY HAaCUUYEHHS
TpaH3HUCTOpa 1 3a0€3MEeYeHHS TUM CaMHM IEePEeMUKaHHS HOro po0OY0i TOYKHM MiXK aKTHBHUM
PEKUMOM 1 peXKUMOM BiJICIUEHHSI.

Ha puc. 1.10. (a) moka3aHa NPHHLMIOBA CXe€Ma TPAH3UCTOPHOTO KIOYa, B SIKOMY
BUKOPHUCTAHUN HeNHIIHMM 3BopoTHH 3B'130K (H33) uepes niox VD (mapanenbHUil HeraTUBHUI
3BOPOTHMH 3B'A30K 3a Hampyroro). I'mnOuna takoi H33 3anexuts Bia pexumy poOOTH aioja:
ko gion VD 3aMKHEHWH, TO BIUIMBOM 3BOPOTHOTO 3B'S3Ky Ha poOOTY KIIOYa MOKHA
3HeXTyBaTH. SIKio x aiox VD BigkpuTuii, TO yepes oro Manuit omip ry peaii3yeTbest IITMO0KHiA
3BOPOTHIN 3B'SI30K 1 KOEPIIIEHT Mepeiadl Hapyry B CXEMI:

u¢ =U2/U1 = 1p/Rs -> 0, np << Rg
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1 (hIKCYy€eThCS MOTEHIIIAN KOJIEKTOPY TPaH3UCTOpA.

#J

Puc. 1.10

Ha puc. 1.10 (0) moka3aHi 4acoBi miarpaMu IMepexiJHUX IMPOIECIB MPHU IMoAadl Ha BXiJ
KITI0Ya MO3UTUBHOTO iMmymbcy. Jo MOMEHTy t1 Ha BXomi Kmoda jie Huspkumii piBenb U
curnany, tpansuctop VT 3aMKHEHUH, Ha MOTO KOJEKTOPl MIATPUMYETHCS BHUCOKHM MOTEHIlial
Ul,, sxmii 06ymMoBiIIOE 3BOpOTHHMI 3cyB jioga VD. Y MOMEHT t1 BXiZHMH CHrHAl CTPHOKOM
Hapocrae Bi HynpoBoro U% 10 oguanunoro piBas U1, Uepes ts.mo B MOMEHT t2 BiIKpPUBAEThCS
eMiTepHHii iepexia i B 0a3i TpaH3UCTOPA BCTAHOBIIIOETHCS CTPYM Oasu:

Iom1 = [UllRZ'UH.HZ(R6+Rl)'UO(R6+R1+R2)]/B )
e
B = ReR2+R1R2+R2rs+16R1+R6r6, s <<R1, R2, Rs .

VY Mipy HapocTaHHs cTpyMmy KosiekTopy lx moreHmian xonektopy Uz manae, ogHOYacHO
3MEHIYEThCS 3aMHKaro4a Harpyra Ha gioai VD:

Ux = U™-Uz = Uo+lsmirs+limR1-U2
ne

lim = [UYM(Ra+r6)/(B-Rars) ]|+ [(Unmre-UoR2)/B] = [UM/(Re+R1)] - Bximumit ctpym 10
MOMEHTY BIIMMKaHHS J107a.

Y MOMEHT wyacy t3, KOJM TOTEHIIaJd KOJIEKTOPY BUSBISIETHCS OJIM3BKUM /0 HAmpyru
Hacu4eHHs, 1104 VD BiIKpUBa€eThCs 1 BXITHUN CTpyM [1m Tiepepo3noniniseTses Mixk aiogom VD 1
pesuctopoM Ri: ctpym pe3uctopa R1 3MeHIIyeThCSl Ha BETHMUMHY 301UIbIIEeHHS cTpyMy Aioaa Aly.
OCKITBKH CTPYM J11071a 3aMHKAETHCS Yepe3 KOJEKTOPHUMN JIAHLIOT TPaH3UCTOpa MPH MPAKTHYHO
NOCTIHHOMY TOTEHLIialdl KOJEKTOpY, TO KOJEKTOPHHM CTpyM 3 MOMEHTY t3 HapocTae Ha
BennunHy Al IloTeHmian KoJeKTopy BiIKPUTOrO TPAH3UCTOpA BIJIPI3HAETHCS Bl MOTEHIIATY
U* Ha BeIMYMHY HAmpyrd Ha BIAKPUTOMY Aiofl. SIKIIO NMPUHHATH HOro piBHUM HOPOTOBIH
Hanpysi aioga Uy, TO HaOIMKEHO (Tak sIK HE BPaXOBYEThCS HeBeNMKa 3MiHa Hanpyru U* micns
BIJIMMKaHHS J1i0/]a) HaNpyra Ha BUXO/II:
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U% = U"-Uox = Uo+lgmirs+limR1-Uoyx

Y MOMEHT t4 BCTAaHOBIIIOIOTHCS IOCTIHHI 3HA4YeHHs CTpyMiB 0a3u Isi, konekropa lix Ta
nioza.

ITo 3apHBOMY (DPOHTY BXIJTHOTO CUTHATY 3MIHIOETHCS Ha TMPOTUIICKHUI HANPSIMOK CTPyMY
4yepe3 10/, BITHOBIIOETHCS MOTO0 3BOPOTHHM OMIp 1 O MOMEHTY te J10J] BUMHUKAETHCS. THM
camuM po3mukaeTbes H33 1 mounHaeTsest pekomOiHalis 3apsay B 0a3i CTpyMoM:

Ism2 = [U%1R2-Uwn2(Rs+R1)-Uo(Rs+R1+R2)]/B.

Hamani mepeximui mpormecu B kimoui 3 H33 anamorivuni panime po3rISIHYyTHUM B
TpaH3uCcTOpHOMY Kitoui (auB. Puc. 1.9).

VY po3risHyTIi cXeMi BIJICYTHS 3aTpUMKa BHUMKHEHHS 4Yepe3 HaUTUIIKOBUH 3apsn Oa3u
TPaH3MUCTOpa, ajle Ma€ MICLE IPOLIEC PO3CMOKTYBAaHHS HOCIiB, HAKONMMYEHHUX B aioni. Tomy Ha
npakTuii A peanizamii H33 BubuparoTs mBUAKOAII0YI iMITyIbCHI ioau abo mioan Lotku, o
HPaLOI0Th 0€3 HAaKOMUYEHHS 3apsy.

TpuBaicTs eramiB BKIIOYEHHS Ta BUKIIOYCHHS TpaH3UcTOpa B cxemi 3 H33 Bu3HadaeThCs
BIIMUKAIOUUM Iom1 1 3amMuKkarounM Ism2 cTpymMamu 6asu, siKi, y CBOIO Yepry, 3ajiexaTh BiJl OMOPiB
pesuctopis Re, R1, r2 i piBHiB Hanpyr U%, U1, Upxo.

Buxinsa manpyra U% Takox 3aleXuTh BiJ IapaMeTpiB BXiJHOTO CHTHANY, IO B CXEMax
nepeMuKaHHs € HeOaxxanuM. Cxema, B sKiit peaucrop R1 3aminenmii niomom VD2, nokazaHa Ha
puc. 1.11 (a). ¥ wmiii cxemi mpu BimmukanHi mioxiB VD1 i VD2 Ha KoiekTopi TpaH3HCTOpa
dbikcyeTbes MOTEeHIIAN:

U% =~ Uo+Uogxe- Uour = U,

ne Uop - moporose Hampyra Tpan3uctopa, Uoxi.i Uome - moporosi Hanpyru niofis VD1 1 VD2
BiJIMIOBI/THO.

Hampyra U% HesHauHo mepeBuIlye Hampyry Ha HACHYEHOMY TPAH3UCTOPi i HE 3alEKMTh Bif
napaMeTpiB BX1IHOTO CUTHATY.

Axmo B sxocti gioma VD1 BuxopucroByBatu aion Illlotki, mo Mae nyxe He3HadHY
noporoBy Hanpyra Uowm = 0,1 B, To nion VD2 B nanio3i 6a3u TpaH3ucropa He NOTpiOHUIM (pHC.
1.11. (0)), Hioxg IlloTki 1 KOJEKTOPHHWI MepexiJ TpaH3UCTOpa BKJIKOYEHI MapalielbHO, aje
3aBASIKM TOMY 10 rpaHuyHa Hampyra pgioga Uqy ICTOTHO MeEHIIE TOpOroBOi Hampyru
KOJIEKTOpHOTO mepexony (s kKpemHieBoro tpauizuctopa Uk = 0,5 ... 0,7 B), miog Ilotki
BiJIKPUBAETHCS PaHIIIe 1 THM CaMHM 3aro0irac HACHYCHHIO TPaH3UCTOpa.
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Puc. 1.11

V BiZKpUTOMY CTaHi Ha KOJNEKTOPi TPAH3UCTOPA BCTAHOBIIOEThCS ToTeHmian U, sxwuit
MO>KHa BU3HAUUTH 32 €KBIBAJICHTHOIO cXeMoro Kimroua (puc. 1.11. (B)):

U% = Isrs+Uo+Uou.

Hanpyra U% mana (mecaTi 4acTKu BONBT), IPAKTHYHO HE 3aI€KUTh Bijl BXiIHOTO CHTHATY i
OTIOPIB B JIAHIIO31 0a3H 1 KOJEKTOpa. [HITUM BaKJIMBHM JTOCTOTHCTBOM cxemH (puc. 1.11. (0)) € 11
BrUcOoKa mBuakomiss, mion IlloTki mpamroe 0e3 HAKOMUYEHHS 3apsjay, TOMY BIICYTHIH eramn
BiJTHOBJICHHS 3BOPOTHOTO onopy aiona. [lepeBaru TpaHsucTopa 3 KOJIEKTOPHO-0a30BUM 3B'SI3KOM
yepe3 mion IlloTki mpuBenw 10 CTBOpEHHS MOHOJITHOI CTpykTypu mion IlloTki- GimomsipHuiA
TPAH3UCTOP, SKHH BHUTOTOBJSIETHCS B €IWHOMY TEXHOJIOTIUHOMY TPOIlECi, HA3UBAETHCS
tpansuctopom Ilotki (puc. 1.11. (T)) 1 MHMPOKO BUKOPUCTOBYETHCS B IHTETPAIbHIN
CXEMOTEXHILII.

1.5. EJjekTpoHHI KJII0Yi HA MOJBOBUX TPAH3UCTOPAX

Jlns moOyJoBH €NEKTPOHHUX KIIIOYIB MOYKHA BHKOPHCTOBYBATH IOJIbOBI TPAaH3UCTOPH 3
KEepPYIOUUM p-N-TIEPEX0JIOM, 3 130JIbOBAHUM 3aTBOPOM 1 BOYJIOBaHUM a00 1HIYKOBAaHUM KaHAaJIOM.
VY 1mudposiii cxemoTexHili HaiOinbmoro mnommpeHHs HaOymu noaboBi MJIII-Tpan3ucTopu
(MeTan-aieneKTpUK-HaMIBIPOBIIHHUK) 3 1HAYKOBAaHUM p- a00 n-KaHaJIOM.

Ha puc. 1.12-6 nHaBeneno ymoBHe rpadiuyne 3o00paxenus MJIII-tpan3ucropa 3
1HIYKOBaHUM KaHAaJOM N-THITY.

Ha puc. 1.12-a, -6 moka3zani cTokoBi Ta cToko-3arBopHi BAX MJIII-Tpan3ucropa 3
1HAyKOoBaHUM n-kaHanoM. fkmo Hampyra Usc <Unep, TO KaHam AJisi NEPEHECEHHs 3apsily He
1HAYyKOBaHUH 1 TpaH3uctop 3anepTuid. Skmo Use > Unop, TO B MiA3aTBOPHIM 007aCTi IHAYKY€ETHCS
N-KaHaj, 4epe3 HbOTO MPOTIKAE CTPYM, SIKUH BH3HAYA€THCS HAnmpyrow Ucy MK €IeKTpoJaMu
KaHally, TPaH3UCTOP BIIKPUTUHN 1 HOro poOouya TOYKA 3HAXOAMUTHCS B KpyTii (TpioaHiH, ) abo
noJiorii (mentonHii, 1) obnacti xapakrepuctuk. BinnosigHo y obmacti xapakrepuctuk I ado 11
CTPYM CTOKY TPaH3UCTOPA ic ONMUCYIOTHCS BUPA3aMHU !

I: ic:M[(Ugn'Unop) Uc.n'oasuzc.n] ’
II: ic=0,5 (Usu-Unop)? ,

Jie |L — MUTOMa KpyTHU3HA Kepyrouoi XapakTepuCTHKH, Unop— MOPOroBa HaIpyra BiACIYEHHS
CTpYyMYy.
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Puc. 1.12

Ha puc. 1.13-a nHaBemena cxema Haimpocrimoro kimroua Ha MJIII-Tpan3ucTopi, mo
BKJIFOUCHHH 32 CXEMOIO 3 3araJlbHUM BUTOKOM 1 3 JIIHITHMM CTOKOBUM HaBaHTa)XeHHAM Rc. SIkmio
HABaHTa)XCHHSAM KJII0Ya € aKTUBHHMM omip Ry, HOro Mo)kHa, CKOPUCTABIIMCH CIIBBIIHOIIEHHSIMU
JUISl €KBIBAJICHTHOT'O TeHEPATOPa, BKJIIOYUTH B €KBiBaJIEHTHUH omip Re.
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Puc. 1.13

CraTUyHMI peXUM TaKOTrO KIF0Ya BU3HAYAE€THCS HABAHTAXKYBAJIbHOI JIIHIEIO HA CIMEICTBI
CTOKOBUX XxapakTepucTuk (puc. 1.12-a). TIpu Hmsbkomy piBHi BXigHoro curaamy U% <Unep
MJIII-TpaH3uCcTOp 3HAXOAUTHCS B PEXKHUMI BiJICIYEHHS 1, OCKUIBKH CTPYM BUTOKY Yepe3 3aKpUTHH
kanan lo mocuts mammit (Ic <10° A), MoxkHAa BBakaTH BHMCOKMiI PiBEHb BHXiJZHOTO CHTHAITY
UL=Upex. CrioskuBaHHs eHeprii Bia mkepena xkuBieHHS Usx B 3aKpUTOMY cTaHi Kki1roda Plonox
= 0. Ipu Bucokomy piBHi Bxignoro curnamy Ui > Unep B TpaH3UCTOpi iHAYKOBaHHI KaHAI i
yepes HhOro MpoTikae cTpyM I'c, AKuii BU3HAYAETHCSA TOUKOIO HEPETHHY HABAHTAXKYBAJIBHOT JIiHii
i3 cTokoBOrO Xapaktepuctukor ic = f (Ucy). 3anexno Big BenuumHM BXigHoi Hampyru Ud,
Hanpyru KUBIEHHS Umpx 1 omopy Re poOoua Todka TpaH3UCTOpa BUSBISETHCS B «TPiOJIHII»
obnacti (KpyTHX AUISHOK CTOKOBUX XapaKTE€pPHUCTHK), JIIBOpYY BiJ JiHII, IO SIBJsSE COOOIO
TeOMETPUYHE MiCIle TOYOK MEPErnHy CTOKOBUX XapakTepucTrk (obmnacte I Ha puc. 1.12-a), abo B
«IeHTOIHII» (00sacTh 11 momorux ninstHOK Ha puc. 1.12-a), mpaBopyd Bif JiHii (1.19):

Uc = U3M'Un0p . (119)
Ha Buxoi Ki1ro4a BCTAHOBIOETHCS HU3bKUNA TTOTEHIIA:

UOZ = Uz[)K.)K'ICRC y (120)
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ne Ic - ctpyM cToKy, sikuit BU3Ha4aeThes rpadiuao 3 puc. 1.12-a. J{ns aHaTiTHIHOTO BU3SHAYCHHS
po6ouoi Touku Bigkpuroro Tpansuctopa (Ucw = U%, ic = lc) HEOOXiaHO CHiNBHO BUPIIIMTH
piBasiHHA (1.20) 1 ofHE 3 ANPOKCHUMYIOYHMX CTOKOBI XapakTEPUCTHUKHU PiBHSIHBL I TPIOJHOI
o6nacri: ic = P[(Usu-Unop)Uex-0,5 U%eu] abo ms menTomnoi obmacti: ic = 0,5u(Usu-Unop)? 1€ 1 -
UTOMA KPYTHU3HA CTOKO-3aTBOPHOT XapaKTEPUCTHKH.

[epeximHi mporecu B KIOYaxX Ha MOJbOBHUX TPAH3UCTOPAaX OOYMOBIJICHI MEPEHOCOM
HOCIiB 3 PYXJIMBICTIO V Yepe3 KaHaj JAOBXKHHOIO L i mepe3apsaoM MiXEJIEKTPOAHUX €MHOCTEH
tpansuctopa (ctok-3arBop CC3, crik-Butik CCB), a Takox emHOCcTi HaBaHTaxeHHa Cy Ta
napa3suTHOI EMHOCTI MOHTaXY Cy.

Yac mepeHOCy HOCIiB 4yepe3 KaHal tnep = 2,2L%/(VUcy), e 171 €NeKTPOHIB PYXJIMBICTH
vi=0,04 M%(Bec), a mna mipok — v, = 0,02 mM%(Bec), 3aBasxku 4omy n-xaHameHi MJITI-
TPAH3UCTOPH MAIOTh OUTBII BUCOKY mBUAKOAI0. [Ipu noBxkuHI Kanamy L mopsaky onuHUIb
MiKkpoH i Hanpy3i Ucy TIOPSAKY JECATKIB BONBT tnep BEMbMH Mamuii i Mae nopsaok 10%. Tomy
BU3HAYAJbHUM IIBUAKOAII0 KimrowiB Ha MJII-TpaH3ucropax € mporec mepe3apsmay
MDKEJICKTPOIHHX 1 30BHIIIHIX EMHOCTEH TpaH3UCTOPA.

Ha puc. 1.13-6 moxka3zani 4acoBi miarpamu imeamizoBaHoro BXimHoro curHaimy Ui(t) i
BuxigHoro curHany Uz(t). Ctpubok BXIZHOTO CHUTHAJIYy B MOMEHT t1 OOyMOBIIOE€ CUH(a3HY
nepemkoay dU'2 Ha BUX0zii 32 paxyHOK Hepejaui 4aCTHHHU BXiJIHOTO CHTHATy 6e3IocepeHbo Ha
BUX1J 4epe3 €MHICHUN AibHUK Hampyru 3 eMHOCTi Ccs 1 emHOCTi Co, 110 BKIIOYae B cebe
€MHICTB CTOK - BUTIK Cc s, €eMHICTD HaBaHTaXeHHS Cy 1 MOHTAXY Cy!

8U12 = [(Ull'Uol)Cc.s]/[ Cest CO],
ne Co= CeutCyutCu.
Hani emuicte Co po3psiixkaeTsesi, a €eMHICTh Ce; IepesapskKaeTbesi depe3 BIIAKPUTHH
TPaH3UCTOP Ta CTOKOBUU pe3uctop Rc. B ocHOBHOMY HIBHAKICTH HpOLECY HA JTaHOMY €Tarll

BU3HAYA€THCS MPOBIIHICTIO BIIKPUTOTO TPAH3UCTOPA, BUX1/IHA HANIPYTa €KCIIOHEHIIIMHO Majae 3i
CTaJIOIO Yacy po3psny:

= [(CO+CC.3)Rc]/[H(UH.H'Unop)Rc"'l] . (121)

Toxi TpuBamicTh HEraTUBHOrO ()POHTY BUXITHOIO CHTHaNy (iHTepBasl yacy BiJ t1 JI0 to,
xomu curHan nagae Ha 0,9 (U-U%)) moxna orinnTh, K:

1% = 37, =[3(Co+Ce.s)//[1(Un.n-Unop)].

Ot Uy
w2 § 23k
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Puc. 1.14

[To 3agHBOMY (DPOHTY BXIIHOTO CHUTHATy B MOMEHT t3 (OpMYyeThbesi CHH(pA3HUN BUKHI
dU% =38U%. Tlorim TpamsucTop WIBMAKO (OXMHMIII HAHOCEKYHJ) 3aMMKAEThcad 1 Jami
BiIOyBaeThCs 3apsy ekBiBaieHTHOI eMHOCTi Co 1 mepe3apsin eMHOCTI Ccs, SIKMM TPOTIKAE 3a
EKCIOHEHI[IaIbHUM 3aKOHOM 3 IMOCTiHHOI0 uacy 3apsay: Ts; = (Cot+t Ccs)Rc. Bimmosimno
TPUBAJIICTh MO3UTUBHOTO (pOHTY BUXinHOro curnany t%¢ = 31, =3R¢(Co+Ce.5).

3 mo3utliil iHTerpabHOi TEXHOJIOTIT PO3TIITHYTHH KIIIOY Ma€ iCTOTHI HEOJIIKU: CKIIaIHO B
€IMHOMY TEXHOJIOTIYHOMY IIMKJIi BHUTOTOBJISTH TPAH3UCTOPH 1 BHCOKOOMHI (CTOKOBI - Rc)
pe3HCTOpH; BEIUKE CHOKUBAHHA eHeprii y Bimkputomy ctai  Plenox = UZmexdRe.

[lepiwmii 3 HEAOMIKIB YCYBAEThCS B IHTETPATBHUX CXEMaX 3aMiHOIO JIIHIHOTO pe3ucTopa
Rc HenminiiiHMM, B SKOCTI SKOro BHKOpUCTOBYeTbcsi MJIII-TpaH3ucTtop 3 JIBOMOIIOCHUM
BKIItOUeHHSM (puc. 1.14-a) i3 3akopodeHrMHu 3aTBOPOM i cTtokoM. s Tpansucropa VT2 Uewr =
Use2. Skmo Ha CIMEHCTBI CTOKOBHX XapaKTepUCTUK TpaH3uctopa VT2 moOynyBaTu IiHIiO
NEpPeruHiB, M0 PO3JAUISIE MEHTOAHY 1 TpiogHy obmacti (puc. 1.14-6 - kpuBa 1), mis sxoi
copaseiuBuil Bupas (1.19), i 3mictutu i mo oci HampykeHb Ha BeMUYUHY Upop, OTPUMAEMO
HeNHIAY 3anexHicTh - BAX M/III-Tpan3ucTopa B IBOMOIIOCHOMY BKJIHOYCHHI (puc. 1.14-6 -
kpuBa 3). Ha mpomy x rpagiky HaBemeni BAX naBanTaxyBasipHOTO Tpansucropa VT2 mpu
nojiayi Ha Moro 3aTBOp A0BLIbHOI MOCTIHHOT HAPYTH Upcx2 (KpuBa 2 - KO Upinl < Upiox2
< Upix2 + Unop, kpuBa 4 - k0 Upwex2 < Upwx1). st 3a0e3neuenns BAX, 6mu3bkoi 10
JiHIAHOT, B IKOCT1 HABAaHTA)KYBAJIIbHUX BUTOTOBIISIFOTH TPAH3UCTOPU 3 MAJIOI0 KPYTH3HOKO CTOKO-
3aTBOPHOI XapaKTEPUCTHKH L 1 3 MiHIMaIbHOO HANpyroo Unep:.

[ToGynyemo BAX HemiHIHHOTO ABOMOJIOCHHKA HAa CIMEHCTBI CTOKOBHX XapaKTEPHCTHUK
nepeMuKaibHOro Tpansucropa VT1 sk miHio KWoro HaBanTaxkeHHs (puc. 1.14-¢). Lle mo3Boise
rpadivHO BU3HAYNTH PiBHI BUXiHOI Hampyru Kimoua y 3anepromy Uls i Bizkpuromy U% crami, a
Takok cTpyM Ic Bigkpuroro Tpanszuctopa VT1 3 HaBanTaxxkeHHsM VT2. 3ayBaxumo, 10 B
3aKpHTOMY CTaHi, KOTM OOMBA TPAH3MCTOpAa 3aKpHTi, BUCOKMii piBens Ul, Bu3HaueHumii He
CTPOTO, OCKUIBKHU 3aJIEKHUTh BiJ] BUMAJKOBHUX OMOpPIB BUTOKIB TpaH3uctopiB VT1 1 VT2:

U12 = UZ[)K.)K.] RBI/IT.I/(RBI/IT.1+RBI/IT.2)
i Mosxe 3minroBatucs B mianazoHi Umcxt > UL > U 1-Unopa.

PosrnsinyTa cxema kiro4a OUIbII TEXHOJIOTIYHA /7Sl IHTETpaJIbHOT CXEMOTEXHIKH, ajie Ma€e
Bucoke crokuBaHHA Plrox = Umcxile, komm Tpamsuctop VTI1 Bigkputwii. 3MeHiryBaTu
HNOTYXHICTh Penox MPOCTMM 30UIBIIEHHSAM oOmipy Rc MOXXHa Juimie 0 NEBHUX MeEX, IO
BU3HAYAIOTHCA CHiBBiJHOMIEHHAMHU IS MaKCUMAIbHO JOMyCTHMOI TpuBanocTi ¢pontis t1% i
t%%. CyTTeBO eHeprocmoXHBAaHHS €JIEKTPOHHOTO KIIF0Ya MOYKHA 3MEHINNTH, SKIIO B SKOCTI
HABaHTAXXCHHS BHKOPHCTOBYBAaTH €JIEMEHT 3 KEpOBAaHMM BHYTPIIIHIM OIOPOM, SIKHH Npu
3aMuKaHHI TpaH3ucropa VTl mnoBHHEH MaTH MiHIMalIbHUM omip, a NpuU BIAMUKAHHI -
MaKCHUMaJbHE.

VY cxemi Ha puc. 1.15-a B SKOCTI HaBaHTaXeHHA N-KaHAIbHOro TpaH3uctopa VT1
BUKOPHUCTAaHUN p-KaHalbHUM TpaH3uctop VT2, kepoBanmii 6ecriocepeJHbO BXIAHUM CHTHAIOM
Ui. B cuity cumetpii cxeMu KOKeH 3 TPaH3HCTOPIB SABJIsIE COO0I0 KepOBaHE HaBAHTAXKEHHS IS
1HIIOro TpaH3ucTopa. Pi3HI THUMM MPOBITHOCTI MPH YNpPaBiIiHHI OJHUM 1 TUM ke curHaiom Ui
3a0€3MeuyIoTh B3a€EMHO MPOTHIICKHI PEXUMU poOOTH. TOMY KaxyTh, III0 TPAH3UCTOPH B JaHil
CXeMi JIOTIOBHIOIOTh OJJMH OJHOT'0, BOHH YTBOPIOIOTH TaK 3BaHy KOMIUIEMEHTApPHY CTPYKTYpPY.
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Puc. 1.15

Bun cratmuHoil nepeaaTtHoi XapaKTepUCTUKU KOMIUIEMEHTAPHOI CTPYKTYPU 3alIeKUTh BiJ
CHiBBiHOIIEHHS HAanpyrd KUBIEHHS Upex. 1 mOporoBux Hampyr n-kaHaibHOTO (Unop.1) 1 p-
kaHaTbHOTO  (Unop2) TpamsuctopiB. SKmO Ugkx > Unopt + |Unop2l, TO mepenaTouna
xapakrepucTuka (puc. 1.15-6) MiCTUTh HACTYIHI XapaKTepHi 00IaCTi.

1. Use 1 = Uz < Uyep.1 - Tpansucrop VT1 B pexumi BiaciueHHsI, | Usex | = | Ur-Upuex | >> |
Unop2 | - Tpausuctop VT2 B TpiogHOMYy pexxuMi. BuxinHa Hanpyra BU3HAYAE€ThCS K PE3yJbTaT
MOJILTYy HAIIPYTH JKEepena )KUBJICHHS MK BEJTMKAM OIIOPOM BUTOKY 3amepToro tpanzucropa VT1
Ruur = 109 ... 1 012 OmM i Manum onopom VT2 B TpiogHOM pesknmi 11 ~ 102 OM, ToMy Ha BUXOi
BcTaHOBMIOEThCS BUCOKHH piBeHb Ul = [UpxRunr1] / [Reurt + 2] = Upwx. THIIOBE 3HAUESHHS
BHCOKOT'O PiBHS UL = 0,999U pcx. CtpyM, IO CHOXHUBA€ETHCSA BiJ JKepena KHUBJICHHS,
HE3HAYHUM I1cnox = UI[)K)K/ [RBHT.I + rTiZ] :UZ[)K)K/ RBI/IT.]-

2. Unop.1 < U1 < Upr2; Unr2 - TpanryHa Hampyra mnepexony Tpansucropa V12 3 TpiogHoro
pexxumy B neHtoaHuid. Y it obmacti VT1 npaitoe B nenToaniid, a VI2 - B TpiogHiil obnacti
xapakTepucTuk. KomruieMeHTapHa mapa 3HaXOJUTHCS B PEXUMI MIFACHIEHHS 3 KOEPIIIEHTOM
nepenadi Hanpyru Ku = -p1* (Unep-U1) * M2, 1e "2 - nudepenuiituii omip croky TpaH3ucropa
VT2 B TpioilHOMY pEXHMI, |l1- MTUTOMA KPYTU3HA KEPYIOUOi XapaKTepUCTUKHU TpaH3ucropa VT1.
Ku He3HauHui, ockinbku M2 << M2, CTpyM CIIOKUBAHHSA lenox HapOCTaE.

3. Unr2 < Uz <Uqpri, Unri - rpaargHa Hanpyra nepexoay tpansuctopa VT1 3 meHToaHOTO
pexxumy B TpiogHuid. OOuBa TPAaH3UCTOPU 3HAXOAATHCS B MEHTOAHOMY PEXKUMI 1 3a0€31eUyI0Th
MakcuMalbHuH KoedimienT nepeaadi Hanpyru Ky = - (u1 + p2)* (Unop-U1)* [ || rMi2]. Ctpym
CHOXHMBAHHS MPOJOBXKYE HApOCTaTH 10 cepenHu obnacti 3 1o BenuuuHu Ic1 = lc2 = lemax (puc.
1.15-6, -6) 1 notiMm 13 3poctaHHsAM Ui CTpyM CIOXHBaHHS [OYMHAE 3MEHIIYBAaTHCS, TaK SK
tpanzuctop VT2 Bix 3HaueHHs U1 = 0,5U i x 3aKpUBa€ThCS MIBHUIIE, HUK BiAKpUBaeThest V1.

4. Ucnr1 < Ui < U =| Unop2 |© - Tpausuctop VT1 3 nEHTOAHOTO MEPEXOIUTh B TPiOJAHUI
pexuM, a VT2 3anumaerbcs B neHTogHoMy. KoedimieHT mepemaui Hampyrd MeHIe, HDK B
obmacti 3, Ku = -p2* (Unep-U1) *[rMi1][r"i2] 1 3 pocTtom U1 3MEHIIYETHCS, OCKITBKH 3MEHIITYEThCS
mudepenuianbHuil omip 1’y Tpansucropa VT1 B TpionHomy pexkumi. CTpyM CHOKUBaHHSA lcrox
3MEHIIYEThCS 32 PaXYHOK 3aMUpaHHs TpaH3uctopa V2.

5. U1 > U= | Unop2 |° - Tpansuctop VT1 3HaXOIUTBCS B TPIOAHOMY PEKHMI, TPAH3HCTOP
VT2 - B pexuMi BiJCIYCHHS 1 depe3 HOro omip BUTIKAHHSA Rgur2 MPOTIKAE MyKe MAIHHA CTPYM.
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Buxinna sanpyra xmoua U% = [Upx 1] / [Reur2 + 1"i1] = 0. THIOBE 3HAYEHHS HU3BKOTO PiBHS
Ha Buxofi U% = 103U px. CTpyM CIOKHMBaHHS Bifl JKepesa sKMBJICHHS Mi3epHO MaJIHii:

IOCHO)K = U[[)K.)K./(RBI/[T.Z-'-rTil) ~ UI[)K.)K./RBI/IT.Z .

[Tpu Bukopucranti mkepena )KUBICHHSI Upcx < Unop + | Unop2 | 00macTi 2, 3, 4 nepeaaTHoi
XapakTepucTuku (puc. 1.15-8) 3MUKAOTBHCS 1 3aTUIIAIOTHCSA TIIBKH o0yacTi 1 1 5, s SKuX Bce
CKa3zaHE BHIIE 3aJUIIAETHCS CIPABEAIMBUM. 3'ABISETHCA 30HA MEPEKpPHUTTS obmacteir 1 1 5, B
AKIA OOMJBa TPAH3UCTOpPA 3HAXOIATHCS B PEXHMI BIJICIYCHHSI 1 PiBEHb BHUXIJHOTO CHUTHATY
BU3HAYAETHCS OMOPAMHU BUTOKY 3aMKHEHHX TPaH3HCTOPIB:

UZ = U,El)l(.}l(l'l.RBHT.I/(RBHT.1+RBHT.2) )

npudoMy Reur1 Ta Reur2 3MIHIOIOTBCS B JIOCUTh LIMPOKMX MEXax 3a BUIAJKOBUM 3aKOHOM.
HeBuzHaveHICTh B 30HI IEPEKPUTTS YCYBAETHCS MIPH MiAKIIIOYSHHI 30BHIIIHFOTO HABAHTAKCHH.

*tf, o 4 % i

¥r2

nape

1

:
_-h.f b‘ﬂ
-T

: ==

Puc. 1.16

[lepexinHi mporecu B KoYl Ha koMiuieMeHTapHuX MJIII-TpaH3ucTopax BU3HAYAIOTHCS
nepe3apsiioM MDKENEeKTPOAHUX €MHOCTel TpausuctopiB VTI, VT2, a Takox €MHOCTI
HaBaHTaxeHHs Cy 1 mapasutHOi eMHOCTI MOHTaxy Cy (puc. 1.16-6).

Hexait 10 momenty t1 Ui = U% < Unep.1. Tomi Tpansuctop VT1 3amknenuii, a VT2 - B
TpiogHOMy pexumi. Ha Buxofi kmoua MaeMo BUcokuit piBenb curHany Uly = Uyxx., eMHOCTI
C'y, C'y, C'ep 3apsimxeHi, a C"y, C"y, C'cs - po3psimxeri. CTpubok BxigHoro curnany Ui B MOMEHT
t1 00ymMOBITIOE cHH(paA3HY MEePENIKoy Ha BUXO/Ii:

§U*2 = [(Uh1- U%1)Ces]/(Clo+CM) (1.22)

ne Ces = Ces1+Ces2, Co = Con1tC'WtC', C"o = Ceu2tC"yt+C"y. Sxmo Ull > U}I[)K.)K._lul'lop.2|, TO
Tpansuctop VT2 BusBiseTbcs 3akpuTuM, a VT Bigkputuili Ta Horo poGoua TOouka y Mipy
3MEHIIICHHS BUXITHOTO MOTEHIIATy TIEPEMIIIAEThCs 3 IEHTOAHOI 00acTi B TpioaHy. [IBuakicTs
craJly BUXIJIHOTO Hampyru BHU3HadaeThesl po3psaoM emHocTi Clo, 3apsimom C'o 1 mepesapsiiom
emHocTi Cc; uepe3 Biakputuil Tpanzucrop VT1, mudepeHuianbHuil omip SKOro rip 1 B Mipy
3MeHlIeHHs1 noteHuiany Uz Takox 3MeHmyerscsi. Tomy ¢ynkuis 3minn Uz(t) Ha puc. 1.16-6
MPAKTUYHO HE BIIMIHHA BiJ €KCIIOHEHI[IAJIbHOI 1 TPUBAIICTh HEraTUBHOIO ()POHTY BUXI1JHOTO
CUTHAJIy MO’KHA BU3HAYUTH 3a JIOTIOMOT'OIO CITiBBITHOIIICHHS:
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tloq) ~371%=3C i, (123)
ne C = C'o+C"g+Csy, I''i] — mudepenuiiinmii omip croky Tpanzucropa VT1.

3a 3aHIM (GPOHTOM BX1JHOTO CUTHATY B MOMEHT t2 Ha BUXO/I1 KJIF0Ya TaKOK (POPMYy€EThCS
cuHdaszHa nepemkoaa 60Uz, aMIIIiTyaa kol Bu3HadaeTbes 3 piBHAHHA (1.22). Tpansuctop VT1
MEPEXO/IUTh B PEKUM BiJICI4eHHs, TpaH3ucTop VT2 - cnoyaTKy B NEHTOAHHI, a MOTIM, Y Mipy
HapocTaHHs BuxigHoi Hanpyru Uz (3meHmeHHs HapYTd Ucs2 = U2 - Upxx), B TPIOAHUN PEKUM.
[To3uTuBHUI (GPOHT BHUXITHOTO CHUTHALY TaKoXK (OPMYETbCS 3a 3aKOHOM, OJM3BKUM J0
EKCITOHECHITIAIbHOTO 1 BU3HAYAETHCS CITIBBITHOIICHHSIM:

oL, = 3t%=3C 1". (1.24)

CTpyM CHOKHMBAHHS icnox(t) TAKOXX TOB'SI3aHMM 3 Mepe3apsIKOK0 €KBIBaJIEHTHOT €MHOCTI
C, OCKUIBKM HAaCKpI3HMH CTpyM dYepe3 OOHJBa TPaH3HCTOpA IPH MPAKTUYHO MHUTTEBOMY
3aMHUKaHHI OJIHOTO 3 HUX MOKHA HE BPaXOBYBaTH.

Kmoui na kommiementapuux MJII-tpansucropax (KMUIIIT) 3a0e3neuyioTh BHUCOKY
MIBUAKOJII0 TIPU JOCUTh HE3HAYHOMY €HEPrOCHOKMBaHHI, SIK€ 3alleKUTh BiJl YacTOTH
nepeMuKaHHs. Bonn 3a6e3neuyroTh MakCUMallbHE BUKOPHCTAaHHS HAIIPYTH JKUBJICHHS
(U%; - U% = Uy ) i 36epiraroTs mpanes3naTHicTh B IIHPOKOMY JiaNa30Hi HAPYTH )KUBICHHS:
Uux = 3..15 B. HailiMeHIIMM €HEeprocrioXMBaHHAM XapaKTEPU3YIOThCS KITIOYi, IO YKHUBISTHCS
B mxepena HanPyrd Uk < Unop.1 + | Unop2 |, B IKHX aKTHBHA CKJIA[I0BA CTPYMY CIIOXKHBaHHS Y
CTaTUYHOMY PEXUMI lcnow.a = 0. HU3bKE eHeprocrnoxuBanHs M03BOJISIE BUKOPUCTOBYBATH KITIOU1
Ha KMJIIIT B sikocTi 6a30BHX €I€MEHTIB IHTEIPaIbHUX CXEM 3 BUCOKUM CTYIIEHEM iHTerparii.
3a3HaueHi NepeBaru TaKuX KIFOUOBHX CXEM JIOCSATAIOTHCS YCKIAJIHCHHSM TEXHOJIOTIT IX BUTOTOBJICHHS i
30UTBIICHHSM BapTOCTi, ale B Mipy yIOCKOHAJCHHS TEXHOJOTii iHTErpalbHOI MIKPOCXEMOTEXHIKH I
HEJOJIKHA CTAIOTh BCE MEHII ICTOTHUMU
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KoHnTpoJbHi nuTanHs:

Yum 3yMOBIICHA MBHUIKO IS KiTroya Ha BT?

Ski mapamerpu BT BruinBaroTh Ha mepexiaHi mpouecu?
Bix "oro 3anexuTh TPUBAIICTh (PPOHTIB BUXITHHUX IMITYJIbCIB? 3alHIIITh BUPA3H .
Hamarolite cxemy Kitoua 3 HETIHIHHUM 3BOPOTHIM 3B’ SI3KOM.

SIKy GyHKIIIIO BUKOHYE 107 Y LIl cxemi?

SIKi iICHYIOTh CXeMH KJTI04iB Ha oab0BUX Tpanzuctopax (I1T)? Hamamolite ix.
YoMy 10piBHIOIOTH BUX1IHI Hanpyru kiroviB Ha 1T 3anexxHo Bix crany?

Y yomy nosisrae nepeBara kiroda Ha komrmiemeHTapaunx MIIT (KMIIIT)?

N Ok wdE

Big doro 3anexuTh mBuakoais kiaoua Ha KMJIIIT?
10. Bix 4oro 3anexuTh MaKcUMalbHa 4acTOTa HepeMUKaHHs Kiroua Ha KMJIITT?
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2. JliogHo-TpaH3ucTopHi jJoriuni exementu (JITJI)

EnemenTtu tuny nionHo-tpansuctopHoi soriku (1 TJI) mmpoko 3acTocoByBamucs 3 cepeiuHu
IIICTACCATHX POKIB XX CTONITTS, 3aBASKA TMPOCTOTI CXEM, THYYKOCTI pO3IMIUPEHHS
(GYHKIIOHATFHUX MOXJIMBOCTEH (00'€emHaHHS BUXOMIB B MOHTaxXHOMY ABO, 30iiabIIeHHS
KUIBKOCT1 BXOJIIB MiKIIOUEHHSM 30BHIMIHIX Ai0iB 1 T.1.). KOHKypyrO4l T€XHOJIOTIi MOTICHIIN
ATJI-eneMeHTH 3a paxyHOK OUIBII BHUCOKOI INBHUIKOJII, 3HM)KEHHS CHEPrOCIIOKMBaHHS 1
NOJINIIEHHs 1HIIUX eKCIUTyaTariiiaux mapametpiB. OgHak Bukopucranus B JTJI-ememenrax
mBUAKOMIF0ounX mioniB IIoTki iCTOTHO 30UTHIIMIO TX IIBHIKOIIIO 1 IJBHIIWIO I1HTEpEC
PO3POOHHKIB /10 BIAMOBIIHUX CEpiif IHTErPATBHUX MIKPOCXEM.

2.1. ba3zosuii ejiemeHnT I-HE (esiemenT lleddepa)

Posrnsnemo nionHo-tpansuctopuuit enement I-HE (puc. 2.1). Cxema enemeHTa MICTHTH
HACTYITHI ()YHKI[IOHAJIbHI YaCTUHU:

* Ii0/THA JIOT1YHA cXema n 3 aBoMa Bxogamu (R1, VD1, VD2);

* miacwioBad-iaBepTop (VT1, VT2, VD3, R3, R4, RS);

* €JIEMEHT Y3TOJ[KeHHsI J11I0AHO1 JIOTiKH 3 mifcuitoBayeM (R2, VD3).

KinpkicTh aHaNOriYHUX BXOMAIB BHU3HAa4ya€ (YHKI[IOHATbHI MOXKJIMBOCTI TaKMX EJIEMEHTIB 1
xapakTepusyeTbes koedimienToM 00'eqHanns mo Bxoay Kos. s JITJI 3a3Buuait Kos < 8.

Kob6
Ha Buxomi soriunoi cxemu I GpopMyeTbcss IPOMIKHUN CUTHAT X = A x;, PIBEHb SIKOT'O
1=1
Bus3HavyaeThcst  Bupazom: U ' =min {U1i} + Uos

Yepes niox VD3 11eii curnan HaAXoUTh Ha BX1J MiJICUIIIOBaYa-iHBEPTOpA.
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[TincumoBav-iHBEPTOP MICTUTH 2 KACKaJIH.

BxinHuii ¢azoiHBepcHMI Kackaj moOymoBaHuii Ha Tpan3uctopi VT1, skuit popmye nBa
npoTH(A3ZHUX CUTHAIIH, IO KEPYIOTh peKuMaMu poboTH TpanzuctopiB V121 VT3.

Buxinnuit kackan Ha tpansucropax VT2 1 VT3 3abe3neuye nepeMuUKaHHS BUXOIY MiX
3araJbHOIO HIMHOIO 1 JUKEPETIOM JKUBIICHHS.

OCOONMUBICTIO JTaHOi ENEKTPUYHOI CXEeMH € BUKOPUCTaHHA B 0a30BOMY JIaHIIO3i
TpaHsucropa mioma VD3, sxuii mnpusHadeHWH JuIsi  30UIBIIEHHS IOPOTOBOI  HAIPYyrd
TPAaH3UCTOPHOTO KJIFOYa 1 3am00IiraHHs CrpainboBYBaHHS HOTO BiJ| MEPEIIKO/ BXiJIHUX CUTHANIB
Ha piBHI JIoriyHOTO HYyJsA. Pesucrop R2 3abesneuye mTpOTIKAaHHS 3BOPOTHOTO CTPYMY
KOJIGKTOPHOTO IIEPEX0y B peKUMi BijcidyeHHs TpaHzuctopa VT1.

Hexaii Ha BXiJ[ HOAa€ThCs HU3bKHI piBeHb BXiguoro curnany U <U o6 BigkpuTH

nop

tpausuctopu V11, V32, neooxinno 3aneptu aioau VD1 1 VD2 1 Binkpuru miox VD3.

Tomy noporosa Hanpyra Unep BU3HAYA€THCS:

U,, = UOVTl +UOVT3 +Uovms _UOVDl(Z) !

nop
ne Uovp , Uoyt - mOpOTroBi Hampyry BiAMOBIIHUX JIOAIB 1 TPAH3UCTOPIB.

[Tpu nawniit ymoBi tpansuctopu VT1, VT3 3amepri, a VT2 moxe mepeGyBatu B Oynb-
AKOMY 3 MOXIIMBHX PEXHMIB: B 3aJI€KHOCTI Bil CHOCOOY MiJKIIOUYEHHS HABAHTAKCHHS:
TPAH3UCTOP MOXKE OyTH 3alepTHid, SKI0 HABAHTAXKCHHS MIiAKIIOYCHO JIO JKEepesa KUBJICHHS,
3HAXOJIUTHCS B AKTUBHOMY PEXHUMi a00 B PEKUMI HACUYEHHS, KO HABAHTAXKEHHS MiIKII0YCHE
MK BUXOJIOM 1 3araJibHOI IIUHOIO.

SIKI0 HaBaHTAXXEHHS MIAKIIOYEHE JI0 «3eMIl», TO 4epe3 BIAKpUTUH TpaHzuctop VT2
MOYX€E TPOTIKATH CTPYM, NMPH I[bOMY HAa BUXOMl €IEMEHTa BCTAHOBIIOETHCS BHUCOKHU piBEHB
BUX1JTHOTO CUTHAIIY:

1~
Uz = Uun _UOVD4 _UOVTS _UR3
[Tpu Tunogiit Hanpy3i xxusnenus U,, = 5B i Uovp = 0,7B (17151 KpeMHI€BHUX H10/iB).

U:ZL = SB—O,7B —O,?B = 3,4B 77

IIpu BUCOKOMY piBHi Ha BXozi iHBepTOpa, Koau U > Unep, Tpausucrop VT1 nepexoauts B
pexxum HacuueHHs. Yepes pesucropu R3 i R4 mpoTtikae cTpyM, 3a paXyHOK MaiHHS HANpyrd Ha
X pe3ucTopax, TpaH3ucTtop VT2 3akpuBaeTbes (MEPEXOMUTh B PEXHM BiJCIYCHHS), a
Tpanzuctop VT3 mepexoauTh B peKUM HacuyeHHs. [Ipu 1IbOMy Ha BHXOJII BCTAHOBIIOETHCS
HU3bKUH pIBEHb CUTHAITY:

U >u U =10%r

nop ! H K3

ne I3 — Oomip Hacu4eHoro Tpaniuctopa V3.
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Ilepeoamouna xapaxmepucmuxa €IEeMEHTa - 3aJICKHICTh BHXimHOi Hampyrn U, Big
nominyroyoro BximHoro curmany U, : U, = f(U;). Bux nepenarounoi XxapakTepuUCTHKH

3aJICKUTH BiJI TUITY 1 MapaMeTpiB HaBaHTaXeHHs (puc. 2.2),
ne: U, =min{U,}

Ha nepenaTousiii XxapakTepuCTHIII MOKHA BUIUIUTH YOTUPH XapaKTepHi 00JIacTi.

U,

U U U

1max nop — 1min

Puc. 2.2

B obmacri 1, U, <U,,, Tpausucropu VT1 ta VT3 3aiuiuaroThes 3anepTuMy, i Ha iX BUXOZI

JIOTIYHOT'O €JIEMEHTa MIATPUMYETHCS OCTIHHA HAaIpyra:

B o6mnacrti 2 tpansucropu VT1 1 VT2 3HaXx0oAsThCsl B aKTUBHOMY pPEXHMI, 1 CXeMa Mae
Koe(]iIieHT nepeiadi Hanpyru:

VY miit o6nacTi NOripIIyeThesl 3aBaJOCTIHKICTh JIOTIYHOTO €JIeMEHTa Ha PIiBHI JIOTTYHOTO
Hys1s1. Sk Oyio 3a3Ha4yeHo, 3apasku giony VD3 nmoporosa Hampyra 301U1bITY€EThCS:

Unop =Uqri +YUors *Uops _Uovm(z)-

Ax6u "e Oymo mioma VD3, to Tpansucrop VT1 BinkpuBaBcs O depe3 HallMEHIIy 3aBay
Ha piBHI Jorigyaoro "0", a BkmoueHHs niona VD3 oOymoBmoe HEOOXimHICTH pe3uctopa R2,
pUYOMY HOTro omip BUOUpPAETHCS 3 YMOBH:
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Rz : Immx SUOVTlmin ,

ae lkomax — MakcuManbHui TenaoBui ctpyM 1 UovTimin— MiHIMaibHa HOPOroBa Hampyra
Tpansuctopy VT1.

Ile BummBae 3 yMoBH TepmocTtaOimizamii. IIpyn MakcuMalibHIN TeMIiepaTypl BCTaHOBIIFOETHCS
MiHIMaJIbHA HampyTa Ha eMitepHomy nepexoai VT1 i MakcuManbHUN TEIIOBHH CTPYM lxos.

B oGmacti 3 BCi TpaH3MCTOPH 3HAXOIATHCS B AKTHBHOMY DPEXHMi, TOMY KOE]iIi€eHT
nepeaayi Harpyru Kus MakCUMaJIbHUM 1 TIepe1aToyHa XapaKTepPUCTHKA KPYTO CIIAJae.

B o6nacti 4 Ttpansucropu VT1 i VT3 nacuueni, Tpan3ucrop VT2 3aneptuii 1 BHXigHa
HAIpyra JIOTIYHOTO HYJSl He 3aJekKUTh Bij Hampyrd U, , a BU3HAYAEThCS NApaMETPAMH

HaBaHTaXCHHA:

0_ 10
U2_IH*rKH'

2.2. Jloriunmii eiement I-ABO-HE (ABO-HE)

Ha pucynky 2.3 na npuxmami HATJI - enementa aocryneneBoi joriku [-ABO-HE
MOKa3aHa CXeMa IIiJICHIIIOBaYa IMOTY)KHOCTI, IO YacTO BHKOPUCTOBYETHCS B IHTETPAIbHUX
mikpocxemax (IMC) Ha GIMOISIPHUX TPAH3UCTOPAX.

R1 |R2 R4 R7

+L®JVII'I

X, VD1 VT2

VT1 VT3
P2 | Y95 )
VD3 VD6 = R6 Y(U,)
31 M X* —0 "2

/N

R3| [R5

35



Puc. 2.3

[TpomixHi JIOT1YHI CUTHAJIM BU3HAYAIOTHCS JIOTTYHUMH BUPAa3aMU.

X'=X, X,
X"=X, X,
X =X"+X"

Buxigauii cursat:

Y =X"=X,X,+X,;X,
peati3ye IBOCTYIEHEBY JIOT1UHY (QYHKIIIIO.

Tyt nepmmii kackax VT1 mae nBa (a3oiHBEpCHUX BUXOAHM, SKI KEPYIOTh PEKUMaMH
TPaH3HUCTOPIB KIHIIEBOTO KacKaxy Ha ckiageHomy tpansuctopi VT2, VT3 i tpansucropi VT4.
Pesucrop R6 3abe3meuye BifBeneHHs TEMJIOBOIO CTPyMYy, HEOOXITHHMH ansi 3abe3meueHHs
TeMIepaTypHoi cTabinbHOCTI TpaH3uctopa V3. SKino BXigHMIA cUrHA:

U, = max{minU,,,U,,);min(U,U,,)}= max{Jl’,Ul” }< U%.p

to Tpanzucropu VT1 i VT4 3anepti, a VT2 1 VT3 Biakputi 1 Ha BUx0Ji POPMYETHCS BUCOKUMN
piBEHb:

U;:UH.H._IKOIRS_UOTZ _UOTB, Ry ?2?

ne Uorz, Uots - majiHHA HANIPYT Ha eMITEPHUX Mepexoax TPaH3UCTOpiB BianoBigHo VT2 i
VT3.

1
nop °

Sxmo x U, >U to Tpansuctopu VT1 i VT4 nacuueni, a VT2, VT3 3Haxonarecs B

pexxuMi BijiciyeHHs. Ha BUX0/1l BCTAHOBIIOETHCS HU3BKHI PIBEHB:

O -
Uz =Ly,

Je Iz - CTPYM 30BHIIIHBOTO HABAHTAXKEHHSI, I - OMIp HACHUCHOTO TpaH3ucropa VT4,

B 06o0x cranax HackpizHuil ctpym yepe3 Tpansuctopu VT2, VT3 i VT4 He mpotikae,
OCKUTbKM B IIbOMY JIAHI[}031 3aBKIU OJIMH TPAH3UCTOP 3anepTHil. 3aBISKU IbOMY BUXIJTHUHN OMIp
ATJI - enemeHnta B 000X JOriyHUX cTaHax Mano. Hackpi3Huii cTpym uepe3 KiHLIEBUM KacKasn
MO’K€ MPOTIKATH B MEPEXITHOMY PEXHUMI 3 JIOTTYHOTO HYJIS B JIOTIYHY OJUHUIIO Ha BUXOAL. J{is
fioro oOMeXeHHs B CXeMy BKJIIOUeHUi pesuctop RS. 3naTHICT HaBaHTaXEHHS TaKUX €JIEMEHTIB
nocsirae K =10 i Buime.
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OxkpemMuii BUIIAJIOK CXEMH, sIKa TMpeCTaBiIeHa Ha puc. 2.3, Koiu BXiaHI cxemu | MaroTh 1Mo
OJHOMY BXOXY, HAalIpUKIA:

X'=X,, X"=Xg,
110 BiAnoBigae peanizaritii Joriunoro enementa AbO-HE:

Y =X, +X,.

EHCpFOCHO)KI/IBaHHSI

[lepexigHi npouecu
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KoHnTpoJbHi nuTanHs:

Hamauroiite 6a3oBy cxemy joriuynoro eixementy [-HE.

Jl1s 9oro npu3HAYCHI €JIEMEHTH CXEMH?

OnuiriTe cTaH TPAH3UCTOPIB CXEMU MPH Pi3HUX KOMOIHAIISX BXiIHUX CUTHAIIB.
YoMy TOpIBHIOE HAMIPyTa BUXITHOTO CUTHATY 3aJICKHO BiJI BXITHHX CUTHAIIB?
SIki mapameTpH XapakTepu3yIOTh KOMYTAIliiiHI MOKJIMBOCTI JIOTIYHOTO €J1eMEHTY?
Bix 9oro 3anexuTh NIBUIAKOIS JTOTIYHOTO €IEMEHTY?

Hamasroiite cxemy Jsioriudoro enementy I-AbO-HE.

Jl1s1 9oro pu3HAYCHI €JIEMEHTH CXEMH?

Sk moxna Bukopucratu enemeHT [-ABO-HE nns peamizanii ¢ynkiii ABO-HE?

©OoN R wDdE

10 yoMmy nossirae Henoutik cxemu ABO-HE mo BigHomenHro g0 cxemu [-HE?
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3. TpansucropHo-Tpan3ucropHa jgorika (TTJI)

EnemenTtu tumy TpaH3ucTopHO-TpaH3ucTopHOi Joriku (TTJI) € TeXHOMOTrTYHUM PO3BUTKOM
JTJI-enemeHTiB Ta B JaHUI Yac Bce IIe 3acTOCOBYIOThCs. Haltmpoctimmii TTJI-enemMeHT MoxHA
orpumaru 3 J{TJI-enementa 3aminoro rpynu BXignux giogiB VD1, a Takox niona 3mimenHs VD3
OararoeMiTepauM OinossipauM Tpan3uctopoM (BET) 3 uncimom emiTepis, 10 BiANOBiAA€ YUCITY

BXx0aiB m (puc. 3.1).

Ilepenaroyna XxapakTEpUCTHKA JAHOI CXEMH cXOxa Ha xapakrepuctuky J[ITJI-enemenra.

BinmiHHICTB TIOJISITa€ B 3MiHI TOPOTOBOI HAIIPYTH:

U, *Uk +Ugm tUgras

nop

ne U,,, - Hampyra kouekrop-emirep HacudeHoro BET; U,.,, - moporoBa Hampyra

Tpausuctopis VT1, VT2, Bxinuuit crpym I1 npu BucokoMmy piBHi BXimHoro curnamy U; 6Ginble,

Hix B J[TJI-enementi, Tomy 110 siBIisie cO00r0 cTpyM TpaH3uctopa VT1 B iHBEpCHOMY aKTHBHOMY

pexuMI.

3.1. ba3zosuii en1emenT I-HE (e1ement e depa)

Cxema 6azoBoro TTJI-enemeHTa IpOMHUCIOBUX cepiil, 1m0 peani3ye noriuny ¢pynkuiro [-HE,

nokaszaHa Ha puc.3.1.
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R4
VT3
Ly,
3!T4
R3
Puc.3.1

B cucremi nosutuBHOi noriku Tpansucrop BET 3 pesuctopom R1 B nanimosi 0asu
peanizyroTh JIoTiuHy omepariro "[", a TBOTaKTHHI MiACHIIOBAY MOTY)KHOCTI HAa TPaH3UCTOpax
VT1, VT2, VT4 (VT3 BHKOPHUCTOBYEThCS sIK jaion) BukoHye ¢yukmiro HE, 3abe3meuye
(bopMyBaHHS CTaHIAPTHUX JIOTIYHHUX PIBHIB BUXIAHOTO cUrHainy i y3romkeHHs TTJI-enemenTa i3

3aJaHUM HaBaHTAXXCHHIM.

Pexxum pobotu BET BU3Haua€eThCs JOMIHYIOUUM BX1THUM CUTHAJIOM:

U, =min{U, },i =1m
a TakoXX BXIMHUM omopoM Tpansucropa VT1. fkmo morenmian 6azu Tpamsucropa VT1 U,
MeHIe noporosoi Hanpyru Uy, (mnst kpemuiesux tpansuctopis Uy ~0.7B), Tpansucrop VT1
3HAXOJUThCA B PEKUMI BiACIYEHHS 1 HAa HOrO KOJIEKTOPI MIATPUMYETHCS BHUCOKHH MOTEHIia
Uy =U . » @ Ha emitepi— uusbkuit U,y =U;, ~ 0. Tomy Tpansucrop VT4 Takox 3anepTuid,

a tpanzuctopu VT2, VT3 Moxyrs OyTu BiAKpUTI (B 3aJ€XHOCTI BiJl crocoOy MiJKIIOYEHHS

HaBaHTaxeHHs). [Ipu BigkiIoueHOMY HaBaHTaxeHHI cTpyM uepe3 VT2, VT3 BuzHavaeThbCs
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3BOPOTHUM CTPYMOM KOJIEKTOPHOIO Iepexony Tpansuctopa VT4 |, . BuxigHa Hampyra

BIJIIIOBIiIAE JIOT1YHINA «1» HA BUXOL:
UZl = Uun - Uom2 - U0m3 =3.6B.

Bxinnuii omip Tpanszuctopa VTl Benmukuii (omip BUTOKY HOTO KOJEKTOPHOTO IEpPeXomy) i

BXIZHUHA cTpym mammii: |, =—I, . 31 30inpmensam norenmiany U, >U, tpansucrop VT1
IIEPEXOAUTh B aKTHBHUH pexum, ctpymu |, 1 |, 30u1bmytoTses, 3pocrae notenmian U,, i

nagae Hampyra konekropy U,,. Iloku mnorenmian U, HemoctaTHii ais BignupaHHS

Tpansucropa VT1, Bxiguuii onip Tpansuctopa VT1
R =T+ (B +D(@, /1, +Ry) = Rsﬂl[Q’T IUg —Ugy) +1]

3QJIMIIAETHCS BEIUKUM 1 BXigHuil ctpym |5 = |, He3Ha4yHO 3pocTae. Y MOMEHT BiJKPHBAHHS
Tpansuctopa VT4 nosuumit emitepunit omip R, =[ry, + (8, +De; /1, ]| R, i, omke, Bximmmit

omip Tpausucropa VT1 pi3Ko 3MEHIIY€EThCS 1 BIAMOBITHO 30UIbIIYEThCS cTpyM | 4

Takum ynHOM, BXinnuii onip pisko nagae npu U, ~Uy +Uy, =U,  ~14B8. Tomy npu Oyab-

SIKii KOMOiHaI1 BXiTHUX cUTHaMIB, skmo U, <U ctpym 6a3u BET

nop !
Ig =(U1/1.17. _Ul* _Uo)/Rl

MPOTIKA€E Yepe3 0JIMH abo KIIbKa MpsIMO 3MilleHuXx eMitepHux nepexoaiB BET 1 miaTpumye ioro

B pe’KnMI HacuueHHs. OCKIJIbKY Halpyra KOJIEKTOp - BIAKPUTUI eMITep B PEKUMI HACHUEHHS

tpamsucropa U, ,, ~0, moxna BBaxkatn, mo U, =U, +U, ,, ~U, , T00TO BXinHa Hampyra

nigcumoBada U ;; nopiBHIOE HARMEHIIIIN 3 BXiHUX HAIPYT.

SAxmo U; >U Bce emitepu BBT 3MilieHi y 3BOPOTHOMY HampsIMKY, a KOJEKTOp - B

nop °

npsimoMy 1 BET mpaiitoe B iHBEpCHOMY aKTUBHOMY PEXHMI.

Ha xonexTopi HacuueHoro Tpansucropa VT1 i 6a3i VT2 mae miciie HU3bKUHM MOTEHLIaN,
IO CKJIAJAa€ThCs 3 HANpyrd Ha BIIKPUTOMY €MITEpHOMY IMepexoil TpaHizucropa VT4 i1

3aJIMIIKOBOI HAIIPYTU HAaCU4EHHs TpaH3ucTtopa VT1:
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0 _1)0 _ ~
UKl_UBZ_UE4+UK.H1~UE4.

Buxinna manpyra U2 BU3HAYa€ThCS HAIPYTOK KOJEKTOp-eMiTep Tpanzuctopa VT4 B

HACHYCHOMY CTaHi 1 MPOMOPIIHO TOKY HaBaHTaXeHHS |, :

0 _
Uz _rK.H4|2’

ne I ., - OImip NPOMDKKY KOJIEKTOp-eMiTep Hacu4eHoro Tpansucropa VT4.

VY pasi HacwyeHHs TpaH3zuctopa VTl Mik 0azor0 Tpansucropa VT2 1 emitepom

Tpanzuctopa VT3 3 ypaxyBaHHSM ABOX HoMepeaHix GopMyIl i€ Hampyra:
0
Ujpng =Ug —Uy =U +Uy p —Tenals-

V Haifripmomy BHMHaiky npu xosoctoMmy xoxai Ha Buxomi |, =0 mnampyra U, .
makcumanbeHa U, . U, = 0,78 : 111 Hanpyra 31aTHa BIJKPUTU OAUH eMITEpHUH nepexia, ane

HOT0 HEIOCTAaTHBHO ISl BIIIMUKAHHS JIBOX ITOCIOBHO BKJIFOUCHUX IMEPEXO0/iB TpaH3uCTOpiB VT2
1 VT3. Tomy B BUXiIHUH JaHLIOT BBeACHUU TpaH3ucTop VT3 B AI0JHOMY BKIIOYEHHI, SKUN

3a0e3mnedye HailHe 3anupaHHs Tpansucropa V12 npu HacuueHHi VT1.
3.2 Moaudikanii JIE I-HE
3.2.1. JIE i3 BiTbHUM KOJIEKTOPOM

[HO1 BUHMKae HEOOX1AHICTh BUKOPUCTOBYBATH I YIPaBIiHHSA HaBaHTaxeHHsM JIE, ski
MalOTh OKpeMl JpKeperna >KUBJICHHS MIBUILEHOI HAampyrd Ta/abo 3 BEIMKUM CTPYMOM
CHOXHMBaHHA. TakuM HaBaHTaKEHHSAM Moxe OyTH, Hamnpukial, oOMOTKa pele, CBITIOBUH
iHaMKarop Ta iH. [ wiei metn BUKOpuUCTOBYIOTH JIE, B KOJIEKTOpHOMY JaHI}O31 BUXIJHOTO
TPAH3HUCTOPA SIKOTO HEMAE PE3UCTOPA, 1 TOMY HOTO HA3WBAIOTH JIOTIYHUM €JIEMEHTOM 3 BUIbHUM
konekropoM. Cnpomeny cxemy Ttakoro JIE mokazano na puc.3.2, me Ru - 30BHImHE

HaBaHTaXCHHA MiKpOCXCMI/I. I[J'ISI ObOT0 BUIIAJIKY:
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+%nn.1 +U,n2

———

R.

YY) |
VT4
L
R3
Puc. 3.2
U:ZL :Uun2 - IK()4 ) RH ~ UunZ
U
U 0 — .r — un2
2 KH  KH4 RH + rKH4 Kkné

s HopmanbHOi poGotu JIE konektop BuXigHOro TpaH3ucropa VT4 HE0OXiTHO
HiAKJIIOYaTH, SIK TMOKa3aHo Ha puc.3.2, 10 JpKepena XHUBJIEHHS yepe3 JAaHLIOr 30BHILIIHBOTO
HaBaHTaXeHHsA. [IpM 1bOMY 30BHIIIHI HPUCTPOI, SAKI MIAKIIOYAIOTH 10 BHUXOAY, MOXYTh

npairoBaT Bijx iHmMX pKepes KuBieHHs (Uy,n2) 3 CyTTEBO OLTBIIO0 HAIIPYTOHO.

JIE 3 BUIBHMM KOJIGKTOPOM JIOIYCKa€e MapajieibHe MNiAKIOYeHHs aekiibkox JIE mo

3araJilbHOTO HaBaHTa)XeHHs. IIpu Takom 3'€,[[HaHHi SAKIIO Ha BI/IXOI[i OJHOIO 3 CJIEMEHTIB O 1<
3

HU3bKUH ToTenuian UJ, To i Ha BUXofi Bciei cucTemu Tex Oyne noriunuit Hyds. 11[06

3a06€3MeUNTH BUCOKUH piBeHb noTeHmiany U, Ha 3aralbHOMY BHMXOJi, HEOOXiTHO 3aKpUTH
BUXiJHI TpaH3uctopu Bcix JIE, TOOTO BCTaHOBUTHU iX B CTaH JIOTiYHOI OAMHUII. TakuM YHHOM,
napaneibHUM MiIKITIOYeHHSIM Jaekinbkox JIE 3 BIAKPUTUM KOJEKTOPOM JI0 3arajbHOTO
HABAHTAKECHHSI MOXXHA CTBOPUTH CHCTEMY, sika BUKOHYe orepariito "I". Ha puc. 3.3 naBemeno
MPUKJIA], MOHTOXHOTO O0'€HaHHS JBOX MiKpocxeM. B 1pomy Bumajgky JjoriyHa (QyHKIIis

BHU3HAYAETHCA Ta6n1/1uero .
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Y =X - X = XXXg - X Xg = X X, X5 + X, Xs

+
@UIAI‘I
DRH
X1 | py
;2— ()LD—@Y
3_
Xe
y &% x"
5_
Puc. 3.3

Take 3'eqnanns JIE 3 BiAKpUTHM KOJIEKTOPOM Ha3UBAIOTh «MOHTaXHUM D».
3.2.2. JIE 3 0JIOKYBaHHAM

Ha puc. 3.4 naBeneno JIE 3 Bxomom V, mio 3a6e3neuye npu V = 0 BIAKIIOYSHHS BUXOY

MIKpOCXEMHU BiJ] HABAaHTAKEHHS:
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Puc. 3.4

Sxmo Ha Bxix V nogaetses 1: V=1, to Y = X, X, .

IMIpu V = 0 Buxin Biakmoyenuid, tpanzuctopu VT2 i VT4 3akputi. lle cran

BHCOKOOMHOTO BUXOAY. Y LIbOMY BUIAJIKy CTaH BUXOY Y BU3HAUAETHCS 30BHIIIHIM JAHIIFOTOM.

Bxoau 6JIOKYBaHH5{ JI03BOJISIIOTh BKIOUUTH TTJI-enemeHTH Ha 3arajbHl CHTHAJIbHI

IITMHHA.

3.3. JIE I-ABO-HE, ABO-HE

o 6a3zoBux IMC cepiii TTJI BigHOCATBCS €IE€MEHTH, IO peali3yloTh JOTi4HI (QYHKIIT

ABO-HE, I-ABO-HE.
Ha puc. 3.5 306paxena cxema yorignoro enementa 2-21-2AbO-HE.

JloriuHi 3MiHHI Y cXeMi BU3HAYaIOThCS CIiBBIJHOIIEHHSIMHU:

X'=X, X, X"=XX, Y=X'+X" Y=Y'=X"+X"=XX, + X, X,
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Tyt noriuna ¢ynkiis [ peamizyerbest 6araroemiTepaumMu Tpanzucropamu VT1'1 VT1"
a”anoriyHo po3risHyTiii cxemi [-HE. @ynkuis ABO peani3yeTbcst mapaielbHO BKIIOUYECHHUMHU
tpanzucropamu VT2' 1 VT2". SIkmo xoua O oauH 3 HUX BIAKpUTHH, uepe3 pesuctopu R2, R3

MIPOTIKAE CTPYM, KU CTBOPIOE IJIsi Tpan3uctopa VT3 3anuparounii, a st VTS - Bianuparouwmii

+UVII'I

* %)

R2 R4

Yl

Ry

Puc. 3.5

MOTEHITIaN Ha 0a3i 1 Ha BUXOJ1 eJIEMEHTa BCTAHOBIIFOETHCS JIOTTYHUH HYIb. ko xx VT2'i VT2"
0JIHOYACHO 3aMKHEHi, Ha BUXOJIi BCTaHOBMOEThes pibenb U . KibkicTh BXofis 3a I Moxe GyTH
pi3HMM 3a KOXHON 3 Ipym, ane 3azBuuail K., <8. B okpemomy Bunajaky, KOJIU KOXE€H 3
tpan3zuctopiB VT1'1 VT1" mae onuH emitep, OTpUMYEMO €lIEeMEHT OJIHOCTyTeHeBoi joriku ABO-
HE. Kinekicte BxoaiB (rpyn) 3a ABO obmexena Ky, ., <4 MipKyBaHHAMH HIBUAKOAII 1

TeMIepaTypHoi cTabiIbHOCTI, OCKUIBKM MapaieibHe BKIIOYEHHS TpaHzucropiB VT2' i VT2"
301IbIIyEe €KBIBAJEHTHY €MHICTh HaBaHTaXEeHHsS (Pa301HBEpPCHOrO Kackady, MpU IbOMY B

pe3uctopi R2 nporikae cymapHuii Terninosuii ctpym |, , Tpansucropis VT2.

Ha cxemi puc. 3.5 mokaszani Buxoau A, B, ski MoXyTh OyTH BUKOPHCTaHI IS

M1KITFOYESHHS TI0JIaTKOBUX 30BHIIIHIX CXEM, 1[0 PO3UINPIOIOTH JIOT14HI MOKIIUBOCTI elleMeHTa 3a
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JIOTIOMOTOF0 pO3IIuproBaya JOoTiku (puc. 3.6-a). Jnsa cxemu Ha puc. 3.6-0 BUXITHUN CHTHAI

BU3HAYAETHCS CIIBBIIHOIICHHSIM:

Y =X X, + X, X, + X X X,

Puc. 3.6
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KoHnTpoJbHi nuTanHs:

[MosicHiTh CTpYKTYpY OaratoemitepHoro tpausuctopa (MOT).

Hawmaroiite cxemy noriunoro enementa 2I-HE y rexnonorii TTJL.

V sxux cranax Moxke Oyt MOT npu pi3HUX BXiIHUX CUTHAJIAX?

[TosicHITh MpU3HAUYEHHS KOKHOTO KoMmrnioHeHTa cxemu I-HE 1 ioro gyHKIioHyBaHHSI.
UuM BU3HAYAIOTHCS PiBHI BUXITHOTO CUTHATY? 3alMIIITh CITiBBIIHOIICHHS.

Jist 9oro npu3HaueHui y cxemi Tpanzuctop VT3?.

Hawmarolite cxemy Ta nosiCHITh BUKOpHCTaHHs JIE 3 BITbHUM KOJIEKTOPOM.

Hamasroiite cxeMy Ta mosicHiTh BUkopuctanHs JIE 3 6;10KkyBaHHSIM.

© © N o gk~ w D PE

Hamamntolite cxeMy, NOSICHITh PU3HAUYEHHS! KOMIIOHEHTIB Ta poboTy cxemu [-ABO-HE.
10. Sk moxxna neperBoputu JIE I-ABO-HE y enement ABO-HE?
11. V yomy nosgratots Heponiku enementy ABO-HE ?

12. 1o Take po3MMPIOBaY JIOTIKH 1 SK BiH MOX€E OyTH BUKOPHCTAaHHIA?
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HUPPOBA CXEMOTEXHIKA

Jlekuis 5
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4. EmitepHo-3B’si3aHa Jiorika (E3JI)

[{udposi enementu emitepHo-3B's13aH0i joriku (E3JI) 3acHoBaHI Ha mepeMuKavax CTpyMmy i
BiJ[pi3HsAIOTHCS Bij iHIMX TUHIB IMC HaiOIIBIIOW0 MIBUAKOMIEI0, e 1 BUCOKOI CIIOKUBAHOIO
NOTYXHicTI0. Brcoka mBuakomist (a00 HU3BbKWI uyac MUKy nepemukanss) B E3JI-enementax
00yMOBIIEHO TUM, IO OIMOJNSPHI TPAH3UCTOPH B IUX CXEMaxX MPAIIOIOTh 0€3 HACHYEHHS, TOOTO
MOXYTh TiepeOyBaTH a00 B aKTUBHOMY PEXuMi, a00 B peKuMi BifcideHHA. Jpyrum BaskIMBUM
dakTopom, 110 3abe3nevye 301IbIICHHS IBUAKO/II, € BAKOPUCTAHHS B €JICMEHTaX HU3bKOOMHHUX
pe3ucTopiB, MO0 3a0e3meuyloTh IIBUIKUN Iepe3apsii Mapa3uTHUX €EMHOCTEH 3a paxyHOK
30UTBIIIEHHST CIIOKMBAHOI €HEprii 1 3HWIKEHHS Iepernaay JIOTIYHMX CHTHAJIiB, a 3HA4UTh 1
3aBagoctiikocTi E3JI-enemenTtiB. CxeMHUM 3acO000M 30UIBIICHHS IIBUIKOII € BUKOPUCTAHHS
Ha BHUXOJIaX EMITEpHUX TOBTOPIOBAYiB, M0 3a0€3MEeUyrOTh Mepe3aps]i EMHOCTCH B JIAHIFOTAX
HAaBaHTAXXCHHS dYepe3 Malli BuxigHi omopu. OJHOYACHO MiIBUIIYETHCS HABaHTAXyBalbHA
sparhicts: K <15.

Ha puc.4.1 naBenena cxema 6azoBoro jorigyHoro enemeHta E3JI, skuil peamizye noriuny
¢byukuito 2ABO-HE.

CTpyKTypHO Taka cxema sBJisi€ COOOI0 MICT, IO OJHI€] 3 JlaroHajiel SKOro 4epes JHKEepelo
crabinbHOro cTpyMy |, mokmaneno Hanpyry xusienns U ;.. ... 3 iHmoi giaronani (KOJEKTOpH
tpansuctopiB VT1 i VT2) 3nimaerscst Buxigauii curnan. Ha 6a3y tpansucropa VT2 momaeTses
noctiitauii notexuian U,,, Big mxepena omopHoi Hampyru. Skmo R, =R, =R, i Ha 0a3y
tpansucropa VTl mamxxomute mnortenmian U, =U,, <I| R, 10 npm 306iry mapamerpiB
TPAH3HUCTOPIB MICT ypiBHOBaxeHuii, Tobro i, =i, =0.51, i U, =U,, =0.5R,1,. B npomy
BUMNAJIKy OOMJBAa TpaH3HCTOpA 3HAXOJATHCS B AaKTHUBHOMY pEXHMI 1 € TPaH3UCTOPHHUHA
MIJCUTIOBAIBHUM KacKaja 3 €eMITepHUN 3B'SI3KOM 1 CUMETpUYHUM ((pa3oiHBEpCHUM) BUXOAOM. Y

u(ppoBii CXEMOTEXHIIl TaKUi KackaJ BUKOPHCTOBYEThCSA B peXHMMI MepeMukanHd. ljig uporo
OTOpHA HAmpyra BHOHMpaeThcs 3i cmiBBimHomenns noriuamx piHi (U1°, Uil) kepyrouoro

curnany: U,,, ~0.5U, +U}).

4.1. ba3osuii Joriunuii eiemenTt ABO / ABO-HE
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Puc 4.1

[ToOynyemo TaGIUIIIO ICTUHHOCTI AJI IBOX BX1JIHUX CHTHAMTIB 1 MOJAUBUMOCS, SIK TIOBOASITHCS
TPAH3UCTOPH JIJIA KOXKHOT 3 KOMOiHaIii. JIorika podoTn cxeMu:

S X=X, +X
0 0 0 |1 Y
0o 1 1 |0 X"=X"=X; +X,
1 0 1 0 Y, = X=X, +X,
1 1 1 |0

Y, =X"=X,+X,

Y cxemi Ha puc.4.l mepemukad cTpymMy moOymoBanmii Ha TpaHzuctopi VT2 1 rpymi
napajesnbHO BKIIOYEHMX TpaH3ucropiB VTl mo uucny noriynux BxoaiB E3JI enemenra.
3aranpHUil emiTepHHiA cTpyM TpaHzuctopiB VTl 1 VT2 crabimizyeTbcsi BHCOKOOMHHM
pesucropom Re. Onopha Hanpyra U ,;, BU3Ha9a€eThCsl pe3UCTUBHUM NoAimoBadeM Harpyru (R2,

R3), sixa yepe3 eMiTepHHII MOBTOpIOBaY Ha Tpau3ucropi VT3 momaerbes Ha 6a3y TpaH3HCTOpA
VT2. Jns temmepaTypHOi KOMIIEHcallii Hampyrd B 0a30BOMY JIaHIO31 Tpam3ucropa VT3
BKimoueHi gionn VD1, VD2. EmitepHi moBToproBadi Ha Buxojaax E3JI-ememenTa (TpaH3ucTropu
VT4 1 VT5) 3a0e3neuyroTh NOCUJICHHS BUXIJHOTO CHUTHANIy 3a CTPYMOM 1 HOTY)KHICTIO, a Tak
caMo y3TOJ)KE€HHS PIBHIB BX1JIHUX 1 BUXIJIHUX CHUTHAJIIB, 3HWKYIOUM PIBHI CUTHAJIIB HA BUXO0/JaX
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E3JI-enementa Ha U = 0.7B (HmKue, HiX MOTEHIianu KoleKTopiB Tpansucropis VT1 i VT2).

Emitepnuii pesucrop R4 migkmoyaeThes B pa3i HEOOX1THOCTI 30BHINIHBOKO MepeMuukoro. Lle nae
MOXJIUBICTh 00'eqHYyBaTH Buxonau Kiibkox E3JI-enementiB B «MmoHTaxkHe ABO» Ha omgHOMY
3arajgpHOMY pesuctopi R4 (puc. 4.2).

Y o Y

1 .
Yi

1 Y
Y.

X X < X
I R N

Puc 4.2

Y, =Y, +Y, =X + X, +X; + X,

Y4:Y_1+Y_2:X1+X2+X3+X4=(X1+X2)'(X3+X4)

Pesucropu R npusnaueni s HamiiiHOro 3amukanHs TpaH3uctopiB VT1 Ha HEBUKOPUCTAHHX
BXojax. J[ns mominmieHHs 3aBaOCTIMKOCTI eleMeHTa 3a3BU4ail MOAUISIOTh IINHU «3EMIISD TaK,
0 A0 OJHI€l IMHI MiAKIIOYEHI BHYTPILIHI JIOTIYHI €JIEeMEHTH, a J0 1HIIOI — eMITepHi
NOBTOpIOBaYi. B 11bOMy BUNAAKy IMITYJIbCHI MEPEHIKOAM B MOTYXHHMX JIQHIIOTaX €MITepHHUX
MOBTOPIOBAYIB HE BIUIMBAIOTh Ha PEKUM pOOOTH IIepeMHKada CTpyMYy.

Posrnsinemo noxmanuime npuHuun pobotu 6azoBoro E3JI-enemenrta (puc. 4.1), axuit
3aCHOBaHUU Ha poOOTI MepeMuKaya cTpymy Ha Tpansucropax VT1 i1 VT2, [ToTeHuian 3araibHOTO

emitepa TpansuctopiB VT1 i VT2 3anexuTh Bil Hapyrd JAOMIHYIOYOTO 3 M BXiJHUX CHUTHAJIIB
Ui

U, =max{U,}, i=1,m.

. : u,-2U
[orenuian 6asu Tpausucropa VT3 Bu3HadaeTbes momimoBadem: U, =—«——0

‘R,, a
R, + R,

onopHxa Hanpyra: U, =U, —U , =const=U,, =-1.3B.

on

. u 0
Tomi ctpym: |, = R = const

Pini Hanpyru Ha konektopax VT1i VT2 npu U, =U°:

U ==l "R - Ko 0B
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ne K, —KkoedilieHT 00'e1HaHHA 33 BXOAOM (KIJIbKICTb BXOJIB);
0 — ~ |
U, =-l,-a-R¢= 0.98_

Sk yxke 3azHauanocs, Tpanucropu VT4 1 VTS5 kpiM MOCHIICHHS MO TOKY 3a0€3Me4yrTh
Y3rOoJDKEHHSI PIBHIB BXIJIHMX CHUTHAIIB, 3HWKYHOUM MOTeHIianu kosiektopiB VTl 1 VT2 Ha

Besmunny U !
U21 :UKZ _U04’
U22 :UKl _U051

Uy =-09-0.7~-168
U,=0-07=-0.7B

TOOTO

TOOTO
TakuM 4MHOM, OCOOJIMBICTIO IIUX €JIEMEHTIB €:

* + BHCOKA IIBUJKOMIIS;

* - JICIIIO BEJIMKA CIIO’KMBaHA MOTYKHICTh;

» - mani nepenagu Hanpyru (U2 = -1.6B; Uzt = -0.7B);

* - HEMAa€ MPUB'S3KU JIOTTYHUX PIBHIB IO HAIIPYTH KUBJICHHS.

4.2. Basosuii joriynnii exement E23J1
B noriunux enementax E23J1 ocranniit Henomik ycyHyTo (puc.4.3).

R3

VD1

Puc. 4.3

Jlorika poOOoTH eleMeHTa aHaJoriuHa:
! —_
X=X, +X,
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V naniit cxemi Tpansuctop VI3 € reHepaTopoM CTabUIbHOIO CTpyMy |, .

-u,-U

§] — un ovD1 R, -U
or.1 R3 N R4 3 ovT5
— _UOH.l _Uun _Uovoz
U = ‘R, +U
or1.2 R R 1 orn.1
1+
U,;,-U —
I = I — o112 ovT 4 un. _ const
0 24 R
2

Tpanzuctopu VT1' 1 VT1" BUKOHYIOTH (DYHKIIIIO Y3TOPKEHHS PiBHIB BXITHOTO 1 BUX1THOTO
MOTEHIIIAMIB 1 30UIBIIYOTh BX1THUH OITIp.
Hion VD2 3abesneuye tepmocrabimizauito crpymy |,, a VD1 - Tepmocrabinizamito

MOPOr'OBOTO PiBHS CUTHAJIIB, 1110 NEPEMHUKAIOTHCS.

V cxemax E?3JI-enementiB (puc.4.3) y3rofKeHHsS piBHIB CHTHAJIIB TEpPEHECEHO 3 BUXOJIB
Ha BXiJ, KWW TpeNCcTaBiisie co000 M-BXOJOBHM eMiTepHuil moBToproBay. llIBumakomis E?3]1 -
€JIeMEHTa BUIIE, OCKIJIbKM EKBIBAJIEHTHI BXIJHI €MHOCTI KacKaay 3 3arajJbHUM KOJIEKTOPOM
HIDKYE, HIXK KacKaJy 3 3arajlbHUM €MIT€POM, €KBIBaJIECHTHA €MHICTh KOJIEKTOpA 1HBEPTYIHOUOTO
TpansucTopa VT2 Tako MEHIIE i He 3aleXHTh BiJ umcia BXoAiB. Buximamii omip E23JI-

enementa R, =R, Bume, ik y E3Jl-enemenris, ane koediuieHt posranyxenns K, He

6blX
3MEHILYEThCS Yepe3 BEJUKI OMOPH BXIJHHUX HABaHTa)XKyBaJIbHHUX €JIEeMEHTIB. Bucokuil piBeHb
JIOTIYHOTO CHUTHANly MPaKTHYHO JIOPIBHIOE MOTEHIANly «3€MIi», 3aBIIKH YOMY 3MEHIIYETHCS
BIUIMB 3aBa/] 1 MOJIETIYETHCSI CTUKYBAHHS 3 JIoT1yHUMH enemeHTamu tury ATJI 1 TTJL
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KoHnTpoJbHi nuTanHs:

No ok wne

Hamauoiite cxemy 6a3oBoro JIE y texnomnorii E3JI.

[TosicHITh MPU3HAYEHHS KOXKHOT'O KOMITOHEHTA CXEMHU.

[MosicHiTh poboty JIE mpu pi3HUX KOMOIHAIISX BXiTHUX CHTHAIIB.

Yomy H0piBHIOIOTH piBHI BUXIAHUX curHaiiB 6azoBoro JIE y Texnomorii E3J1?
O gomy nossirae ronoBHa nepesara JIE y rexuosnorii E3J1?

Hamamoiite cxemy 6a3zosoro JIE y texnomnorii E23J1.

YoMy 0piBHIOIOTH PiBHI BUXiMHUX curHaniB 6azooro JIE y texuomorii E23J1?
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5. Jloriuni eaxemenTnn Ha MJIH-
TPaH3UCTOPAX

BnactuBocTi, enekTpuyHi MmapaMeTpu 1 XapakTEpUCTHKH JIOTIYHHMX eleMeHTiB Ha MJIH-

TPAH3UCTOPaX TOBHICTIO BU3HAYAIOTHCS BIIACTUBOCTSIMH EJICKTPOHHUX KIIIOYIB, HA SIKUX TakKi
eJIeMeHTH To0y10BaHi.

5.1. JIE tuny I-HE
bazosuii soriuamit enement I[-HE Oynyerbess Ha mocnmigmoBHO BriarodeHux M-

TPAH3UCTOPAX, YHCIIO SKUX BU3HAYAETHCS HEOOXITHUM YHCIIOM BXOJIB M i3 3arajbHUM JIIHIHHUM
a00 HeJTHIMHUM HaBaHTAKEHHSIMH, a TAKOXXK HA OCHOBI M KOMILJIEMEHTapHUX TIap.

5.1.1. n-MJIH TexHoJ0rist

Peanisyemo 6asoBy dynkuiro anredpu noriku (puc.5.1) Y =X, - X,

Puc. 5.1

Jloriunwmii enement [-HE moOynoBanuii 3a 1OMOMOT0I0 JBOX TPAaH3UCTOPHUX KirouiB VT2 i
VT3, ki migKII0YaTh MOCTIIOBHO 13 3arallbHUM HaBaHTaxkeHHsM VT1 (puc.5.1). ¥V wiit cxemi
oOuaBa K04l OyayTh 3aMKHYTI, CTBOPIOIOYM LUISIX IJIS CTPyMy Ta 3a0e3Mmedyroud HU3bKUI

piBEHb BUXIJHOI HANPYTH Ug mume npu X, = X, =1. Skmo Ha oaMH 3 BXOMIB MOJATH
JOTiYHUIA HY!b, Hanpukiaan, X, =0, To tpausuctop VT3 3aKpHETHCS, CTPYM y MOCITIIOBHOMY
JNAHII031 3 TPAH3MCTOPIB BiACYTHiH i Ha BuXoai Gyne Bucokuil piBeHs Hampyru U;. Takum
YUHOM, BUXITHUI CUTHAN Y OTPUMAEMO 3T1HO 3 TAOIUIICI0 ICTUHHOCTI:



Xl X2 Y
0 0 1
0 1 1
1 0 1
1 1 0

Tobro: Y =X, - X, .

Tyr X=0 o3nHauae, Mo BXiAHHWI CUTHAI Ul0 <Unop.. [Tpu upomy Y=1, mo Biamosinae

. . 1
BuxinHomy norenuiany U, =U,, -U, ..

Axmo X1=Xo=1, to Ha Buxoxi JIE BcranoBm0€eThCst Y=0, 110 BiAMOBITAE PIBHIO U2, sikmit
3aJIeKUTD BiJl KUTBKOCTI BXOAIB Kog, TOOTO OMOPY MOCIITOBHO BKIIFOUEHUX TPAH3UCTOPIB.

Koedimient o6'eqnanns Kos. He OyBae Bucokmum, ocodmuso B enementax I-HE (K, <4),
OCKIUJIBKH 31 301IbIIIEHHAM 4ncia BXOAIB Ky, POCTE PIBEHB JIOTTYHOTO «0»:

0 U un U nop

2 = KR,
Rin + Ko&. ’ Ri

ne Ri - nudepenuiitHi onopu BiIMOBIIHUX BX1IHUX TPAH3UCTOPIB,

Rix - omip TpaH3ucTOpa-HaBaHTaxeHHs (Ha puc.5.1 e VT1).

Kpim Toro, 3 poctoM Ko , 36imbImyeThes Tpusamicts Gponty ty,'° Buxignoro curuamy:
10 _
t, =3-C,-R-K,;

HapanraxysansHa 3pathicte K - M/II-enemenris Beix BuaiB Benmka (1o 20), xoua

BUXIJTHUIA CTPpYM y HUX 1 HeBelnMKui. lle MosCHIOEThCS Aye BETUKUM BXITHUM OMOPOM, IO
HaBaHTaxye Buxigm MJIII-tpansuctopis (6imeme 102 Om). OxHak cmix MaTw Ha yBasi, 10
30UIBIIICHHST KUTBKOCTI €JIEeMEHTIB HABAaHTAKCHHS BHACTINOK 30UIBIIEHHS MapaleiabHO
I IKTFOYCHUX BXITHUX TPAH3UCTOPIB, MPU3BOANTD JIO 3pOCTAHHS HAaBAHTAKYBATBHHX €MHOCTEH,
3011bIIEHHS TPUBAJIOCTI (PPOHTIB 1 0 3HMKEHHS IIBUAKO/III.
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5.1.2. KMJIH TexHoJiorist

Jloriunuii enement [-HE peanizyerbes 3a momomororo asox KMJIH-kmrowiB numsixom
MapajebHOTO BKIIOYCHHS p-KaHATBHUX TPAH3UCTOPIB 1 MOCHIJOBHOTO TIAKIIOYEHHS n-
KaHAJIBHUX TpaH3ucTopiB. Ha puc.5.2 300pakeHa eneKkTpuyHa cXxeMma JBOXOA0BOro enemMeHTa I-
HE.

Puc.5.2

SIK1Io Ha BXOIW TOJAHO HANPYTHW BHCOKUX piBHIB, ToOTO X, = X, =1, To Tpan3ucropu

VT1 Ta VT2 sigkputi, a VT1 ta VT2/ 3anepri. Hanpyra na suxosi 6mmseka o myns, UJ ~0,
T00TO Y=0.

SIkmo xo4ya © Ha OQMH 3 BXOJIB MOAAHO JIOTiYHMN Hynb, Hanpukman, X, =0, To

Tpansuctop VT1 3ammpaeThes, a Tpansuctop VT Bimkpusaetses. Ipu mpomy Uj =U

un *

Jlnst Beix Bumankis crpym croxunsanss 120 =0,

nomp

TpuBanicte GPOHTIB BUXiTHOTO CUTHAIY:

01 01
t® =3:* =3C, -R,,,

0 _ 10 01
¢—31’ =3C, R, -K,; >t ,

ne Rip, Rin— paudepeHuiiinuii omip BIAKPUTOro BIAMOBIIHO M- 1 N-KaHaJIbHOIO
TPaH3UCTOPA,

C,,— eKBIBAJICHTHA €EMHICTh HABAHTAXECHHS.

l'onmosua mepeBara KMJIH-enemeHTiB mojisirae B TOMy, IO B iX 000X CTaTUYHUX CTaHaX
CTPYM BiJ JpKepesa KUBJIEHHS Maibhke He MPOTIKaE, TOMY CIIOKHBaHA MOTYKHICTh YK€ Maa.

Opmnak, mig yac poOOTH eleMeHTa CTpPYM 3apsjpkae HeOakaHl €MHOCTI, TOMY JWHaMidyHa
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CIOXKMBaHA TMOTYXKHICTh MPOIOPIIiifHA YacTOTI MEPEeMHUKAaHHS 1 MOXKE€ Ha KiJbKa TOPSIKIB
MNEPCBUIYBATH CTAaTUYHY.

5.2. JIE Tuny ABO-HE

VY noriuaux enementax ABO-HE enextponHi kitoui 00'€IHYIOTBCS B apajieibHy IPYITy 1O
yuciny BxomiB. M<K, .. Onip rpynu napaienbHO 3'€JHaHUX TPAH3UCTOPIB BHU3HAYAETHCS

HAlMEHIIIUM 3 MapaJieTbHUX JAaHOK, TOOTO TPAH3UCTOPOM, Ha 3aTBOP SIKOTO MOJaHO HAHOUIBITY 3
BXIJTHUX HAMPYyT

5.2.1. n-MJIH TexHoJ0rist

Ha puc.5.3 HaBeneHa cxeMa, sika peanizye GyHkuito Y = X, + X, :

+Uun
7
J-HJ VT,

oY

VT,

Puc. 5.3

SIkimo Ha 0oOWABa BXOAM TOJAHO HU3BKHWI piBeHb Joriunoro Hyms ( X, =X, =0), 1o
tpanzuctopu VT1 1 VT2 3anepti 1 Ha Buxozi Oyzne BUCOKUH piBeHb Hanpyru: Y = 1.

SIkuio mogaTv BUCOKHM piBeHb JIOT1UHOI OJMHUIN Xouya O HA OJMH 3 BXOJIIB, HANPUKIAJ,
VT2 tpaH3uCTOp BIAKpHETHCSA, TOOTO BHXiA Y depe3 HEBENUKWH omip Rj MigkiIrodaeThes 10
3arajibHOi IIMHU 1 Hampyra Ha BUXOAl Oyae Hu3bkoio, T00To Y = 0. Taku 4MHOM, BUXIJTHHUM
curHan Y BH3HAYAEThCS TAOIHIICIO CTaHIB:

X, |X, |Y
0 0 1
1 0 0
0 1 0
1 1 0
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Jloriuniit «oquHUI» Ha Buxoi (Y=1) BiAmoBigae Hanpyra U; =U -U

un nop.3 "

Uun n

Jloriunomy «Hymo» Ha Buxoxi (Y=0) Bixnopinae nanpyra U = R—R(’p?’ R=I12"R.
. +R
i2 i

Ili efeMeHTH MAalOTh HEIONIK - BOHU CHOXKHBAIOTH CTPyM (Inor’) HpH BCiX KOMOIHAIiAX
BXIJTHUX CUTHAaJIIB KpiM ojHi€T: X1=X>=0.

5.2.2. KMJH -TexHoJoris
Jloriuamii enemeHT ABO-HE peanizyerscs 3a nonomororo asox KMJIH-kimro9iB nuissxom
MapajebHOrO BKIIOYEHHS N-KaHAIbHUX TPAH3UCTOPIB 1 MOCIIJOBHOTO MIAKIIOYEHHS -

KaHaJbHUX TpaH3ucTopiB. Ha puc.5.4 300pakeHa elneKTpuyHa cxeMma JIByXBXOJOBOTO €JIeMEHTa
ABO-HE 3 enemenTaMu 3axucTy BXO/iB BiJl CTATUYHUX 3aBa/l.

+Uun

VDA VDL 1Y

|
@E.:D:JIE | VR ==
vDZs VDA i

Puc. 5.4

SIKIo0 Ha BXOJM TMOJAHO HANPYrHM HU3BKUX piBHIB, T00TO X, = X, =0, To TpaH3ucropu
VT1 ta VT2 3anepri, a tpamsucropu VT1' ta VT2 Bigkputi. CTpyM B aHI03] XKUBIEHHS TyKe
manmii. Hapyra na Buxosi 6:m3bka 10 Hanpyru sxusnenss: U; =U, , 106To Y=1.

SIkmo xoya O Ha ONMH 3 BXOJIB TOJaHa JIOTIYHA OMWHHMIL, Hampukian, X;=1, To
tpamsuctop VT1 BinkpusaeThes, a Tpamsuctop VT 3amukaerscsa. CTpyM B MaHIIO31 JKUBJICHHS,
SIK i paHime, Gy/ie HeBeMKUM, a BuXiaHa Harpyra U2 ~ 0,10610 Y=0.

Hiomu 1 pe3ucTopu Ha KOKHOMY BXOJlI 3a0e3MeuyloTh 3aXHCT BXOJIB BiJ] CTaTUYHOI
HAIpPyTY Ha 30BHIMNIHIX BUX0JaX KOPIYCY MIKPOCXEMHU.
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Hiomn VD1 ta VD2 3axumiaroTh BXOJW BiJl HETATUBHUX BUKHU/IB HA PiBHI JIOTTYHOTO HYJIS
U 10 << 0, a giomn VD3 - Big MO3UTUBHUX BUKHUIB Ha PiBHI JIOT14HOT oguHUIl U 11 >>U .

CTpyM B CTaTUYHOMY PEXHUMI JOPIBHIOE HYIIO JJIsl BCIX BHUIAJIKIB Ijﬁnp =0. Tpuamnicts

(GPOHTIB BUX1THOTO CUTHAIY:

t% =3:" =3C, -R,, - Koy

ty =3c° =3C, R, t; <t}

Jlnst BHYTPIIIHIX JIOTIYHUX €JIEMEHTIB Oyab-AKOi MIKpPOCXEMHU 3aXHCT BiJl CTaTHYHOI
€JIEKTPUKU He nependavaeThes (puc. 5.5).

Puc. 5.5
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KoHTpoJibHi nuTaHHs:

Hagenits cxemy JIE I-HE y Texnounorii n-M/IH i1 nosicHiTs ii poGory.

UuM BU3HAYAIOTHCS PIBHI BUXIIHOTO CUTHATY y TexHouorii N-MJIH?
Hagenite cxemy JIE I-HE y Texnonorii KM/IH.

YuM BU3HAYAIOTHCS TpUBaiIocTi pponTiB BuxigHoro curnanry JIE I-HE?
UuM BU3HAYAIOTHCS PiBHI BUXITHOTO CUTHANTY y TexHosorii KM/IH?
Hagenits cxemy JIE ABO-HE y texnomnorii Nn-M/IH 1 mosicHITS ii poOoTy.
Hagenits cxemy JIE ABO-HE y texnomnorii KM/IH.

UuM BU3HAYAIOTHCS TpUBAIOCTI (hpoHTIB BuxigHoro curnany JIE ABO-HE?
Y yomy nossirae nepeara texaosorii KMJIH nepen n-MJIH?

© oo Nk wdPE

1O UuM BU3HAYAETBhCS MakcuMaibHa yactoTa nepemukanss JIE y rexnomnorii KMJIH?
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5.3.EjleMeHTH ABOCTYIIEHEBOI JIOTiKH

JloriuHi eneMeHTH ABOCTYIICHEBOI JIOTIKH OYAYIOTHCS B BUIJIAAI KOMOIHAIIH MOCTITOBHUX 1
napaienbHux rpyn MJIH-tpan3uctopis.

5.3.1. n-M/IH TexHo.JI0TisK

i
v X X

Puc. 5.6

Sxmo B cxeMi (puc.5.6) nepemuuka Mixk VT2 ta VT4 (myHKTHP) BIACYTHS, TO KOXHA 3 TIap
MOCITIZIOBHO BKJIIOYeHHX TpaH3uctopiB VT1, VT2 1 VT3, VT4 B cucremi MO3UTHBHOI JIOTIKH

peaiizye Omepaiio JOriYHOrO0 MHOXEHHs i cTpymu (X’,X) mnpoTikawoTh, skmo X;X, =1(
XX, =1). Skmo uepe3 HaBaHTaKyBaJIbHUH TpaH3UCTOp VTS NpoXoauTh Oyab-IKHii 13 CTPyMiB
X’,X abo iX cyma, Ha BUXOJl BCTAHOBIKOETLCS HU3bKMU MOTEHIial, TOOTO JIOTTYHUA EEMEHT
peanizye ¢pyukuito [-ABO-HE. Tabnuns craniB BUXOAY Ma€ BUTIISL

X' X" Y
0 0 1
0 1 0
1 0 0
1 1 0
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Toni 3a BigcyrHocti mepemmukn: X'=X,-X,, X"=X,-X, 1 BuxigHa ¢yHKIiI Mae
BUTIIAL:

Y=X"+X"=XX,+X;X,.
JloriuHwuii e1eMeHT, SKUW pearizye nany (pyHKIIifo, HaBeIeHO Ha puc. 5.7-a.

3a HasSBHICTIO IEPEMHUYKH BUX1THA (QYHKIIISI 3MIHFOEThCSI:

Y = (X + X3) - (X, + X,

YMoBHO-TpadiyHe 300paskeHHs TAKOTO €JIeMEHTa IM0Ka3aHo Ha puc 5.7-6.

Xi Xi
Xe_| & 5 |
2 |71 v X3 | | & v

X o—
Xa_|

X2
Xe |

Puc. 5.7
5.3.2. KM/IH TexHoJioris

[lepeBara N-M/IH TexHoorii nossrae y BAKOPUCTaHHI MIHIMAJIbHOI KIJIBKOCTI
OJIHOTUITHUX TPAH3UCTOPIB 3 KaHayioM Tumy N. Le 3a0e3nedye mpocToTy cXxeMHOT pearnizalii. A
rosioBHUM Hemomik N-M/IH TexHosorii mossirae y mpoTiKaHHI HACKPI3HOTO CTPYMY BiJ JKepena
xuBJeHHS Uy, yepe3 HaBaHTaxyrounit Tpanzuctop (VTS5 cxemi puc.5.6) npu BiAMOBIAHUX
KOMOIHAIISX BXIJHUX CUTHAIIB, Hanpukiaa, ko X1=X>=1 abo X3=X3=1. Ile 3ymoBit0€
3pOCTaHHs PO3CISIHHSA TeIljia Ha JIOTITYHOMY €JIEMEHTI 1 B KIHIEBOMY PaxXyHKY /10 3HM)KEHHS
CTyHeHs iHTerpauii MikpocxeM. 3aro0irTi MPOTIKaHHIO HACKPI3HOTO CTPYMY JIO3BOJISIE
BUKOPHUCTAHHS KOMIUJIEMEHTapHUX TPAH3UCTOPIB 3 KaHaiaMmu Tumy N i p. Ha puc. 5.8 HaBenena
cxeMa, sKa peasizye
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b
Bt [

D
JiRE
sl
e HJ%

Puc. 5.8

JIK.K

+

LJIL.

Ty % camy ynkmiro Y = X'+ X" =X, X, + X,;X, y KMJIH texuonorii. Ha cxemi 1onoBHiom04i

TPaH3UCTOPH MO3HaueHi iHAeKcoM *. IIpu IbOMY KUJIBKICTh TPAH3UCTOPIB MOJBOIOETHCS, CXeMa 1
TEXHOJIOTisl BATOTOBJICHHS YCKJIaTHSIOTHCS, ajle CIIOKHBAHHS €HEprii 1 BIAMOBIIHE PO3CISTHHS
TEIUIa CYyTTE€BO 3MEHIIYETHCSI, 3aBJSIKM YOMY 3pOCTa€ CTYIMiHb 1HTerpauii Mikpocxem. Lle
nosicHroe mupoke 3acrocyBanHsd KM/IH TexHosorii y cyyacHUX Hu(pOBUX CUCTEMAX.

B3araini 6yzab-sika noriyHa QyHKIis MOxke OyTH peaizoBaHa HUISAXOM IOCIIIJOBHOTO
BUKOHAHHS HACTYITHUX IIariB CHHTE3Y CXEMH.

Jlns mobynoBu aBoctyneneBoi joriku Ha KM/IH tpan3ucropax HeoOXiIHO:

* mpuBecTd QyHKuio 10 By MIH® abo MKHO;

* 51 KokHOTO MiHTepMy (MIH®) BKIIIOYAa€ThCS MK BHXOJOM 1 JDKEPEIOM KUBIIEHHS
HOCJIIOBHUN JIAHIIOT TPAaH3HCTOPIB 3a KUIBKICTIO apryMEHTIB y MIHTEepMi. ApPryMeHT, ILIO0
BXOJIUTh B MIHTEpM Oe€3 1HBepcli, yIpaBiig€ n-KaHaJbHUM TPaH3UCTOPOM, a apryMeHT 3
1HBEPCIEIO - P-KaHAIbHUM;

* KUTBKICTh TaKUX TMOCIIIOBHHUX 3'€THAHb BIJIMOBIJIa€ KUTBKOCTI MIHTEPMIB. TaKUM YHHOM,
OyIy€eThCsl BEPXHS YaCTUHA CXEMU;

* JIOMOBHIOIOY1 TPAH3UCTOPH BKITFOYAIOTHCS MK BUXOJIOM 1 3€MJICIO;

* KOXKHHUI MOCIHIJOBHUHN JAHIIOXKOK JIOMIOBHIOETHCS MapajebHUM (1 HAaBIAaKM) JAHIFOTOM
TPaH3UCTOPIB MPOTHIIEKHOT TPOBIIHOCTI;

* mapajesbHi JaHKH JONOBHIOIOUOI IPYMU MK COOOI0 BKJIIOYAIOTHCS MOCITIOBHO MIiX
BUXOJIOM CXEMH 1 «3EMIIEIO.
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[Ipu mobymoBi MJIH® 3 iHBepci€ro, JaHIIOTH MK BUXIJHUM CHUTHAJIOM 1 JDKEPEIoOM
JKUBJICHHS, & TAKOK CUTHAJIOM 1 3eMJICIO, MIHSIOTHCS MICI[IMH.

AHAJIOTIYHHIA aNrOpUTM MOXe OyTH BUKOPUCTAHUH JUIs peasti3alii JIOriyHo1 PyHKINT y
dopmi MKH®. [Ipu boMy MakcTepMHU peani3yloThcs NapaleIbHUMU JIAHIIOTaMU, SIKi
BKJTFOYAIOTHCS MMOCTIAOBHO MK BUXOOM 1 JKEPEJIOM >KMBJICHHS, a JIOMOBHIOKY1 MOCIIIOBHI
JIQHITIOTH BKJIIOYAIOTHCS MapajieIbHO MIXK BUXOAOM 1 «3EMJIICIO».

Posrasinemo npukiaa cuHTE3y J0TivHO1 cXxemu y TexHosorii KM/IH.

Hexaii 3anana snoriuna ¢yHkiis Y y BektopHiit popmi: Y = (0,1,4,6, 8,9,10,12, ﬁ).

[Ticnsa nmponexypu minimizarii orpumyemo MJIH®:

Y =X, X1 + X2Xo

Ta MKHO: Y = (X, + Xo) (X2 + X1).

Cxema, mo peaiizye Jioriuny pyukmiro y popmi MJIIH®, naBenena Ha puc.5.9, a cxema, 1o
pearnizye Ty x pynkuiro y popmi MKH® — na puc. 5.10.

J 3
s : Pt a5 .
{ a8 a6 -
h . » t r w1
s 4 H— H—a 1z
i I - s = -
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s | . I
I»—qr |H— ||_"'_ Iy
— .
W
X ]
a3 as az
i — —
= ’ —
3 T s
5, — —
R |". 4 H—e
o ) » ! —

Puc. 5.9 Puc. 5..10

VY 1udpoBiii cxeMOTeXHilll IUPOKO BUKOPUCTOBYIOTHCS JIOT1UHI €1€MEHTH, 1110 peati3yloTh
orepauilo apupMETUYHOro JO0JaBaHHSA JBOX 3MIHHUX. [ 1boro moBuHHa OyTH oOOuHMCIEHA
dynxuis Y = X, X, + X, X, , sska Moke Oytu peanizoBana Ha KM/III-Tpan3ucropax

Y =X, X+ X Xy =X, ®X, =X, ~ X,

Cxema, mo peanizye ¢ynkuito BUKIIIOUHE ABO y ¢opmi MJIHO® na KMJIH-
TpaH3HUCTOpax, HaBeleHa Ha puc. 5.11.
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Puc. 5.11
AHaNOri4HO MOXHa peanizyBar 110 X ¢yHkIio y dopmi MKH®:
Y = (X; + Xo) (X1 + Xo).
CrpoOyiite o0y 1yBaTH JIOTIYHY CXEMY JUUIsl HABEJCHOTO BHpa3y.
5.4.bydepHi nincuiaoBayi

Jiia 3a0e3neueHHs OiIbIIOro KoedilieHTa po3ranyxeHHs no Buxony K pas 0€e3 3HUKEHHS

MBUIKOAIT ab0 30UTBIICHHS CIOXHBAHOI TOTY)XHOCTI BiJ JpKepena »uBiieHHa B n-MJIII
TEXHOJIOTIi 3aCTOCOBYIOTh CHeEIlianbHI OyQepHi miAcuiaoBadi 3 iHBepTyBaHHAM (abo 0Oe3
1HBepTYyBaHHs) curHainy. Cxema OydepHoro migcumoBadya Ha N-MJIH TpaH3ucTopax HaBejaeHa
Ha puc. 5.12.

VTZ VT3 *Yun

A
x S T
5 oh— |
x —L

Puc. 5.12

SIKIIO 3B'SI3KM MK MIEPIIMM KackaJoM TiacrtroBada (Tparsucropu VT1, VT2) i npyrum
(tpansucropu VT3, VT4) peanizoBaHi ITPUXOBUMH JiHISIMH, TO GOpMyeThcs curHan Y = X .
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B pasi peanizarii 3B's13kiB MXK KacKaJaMu, TTOKa3aHUMH CYIUTbHUMH JIIHISIMH (OPMYETHCS
curHan Y = X |

)
CtpyM cHoxuBaHHS BHM3Ha4aeTbcs 3 Bupazy | - :ﬁ Ta MOXe OyTH Iyxe
i2 il

HE3HAYHUM, OCKIIbKH BUOMPAIOTh TpaH3UCTOpH 3 mapamerpaMu Rii, Ri2 >> Ris, Ris.

VY nBokackagHOMy OydepHOMY MifCHUIOBadi mepiini kackan (tpansucropu VT1, VT2)
ABJIsI€ COOOI0 1HBEPTOP 3 BUCOKOOMHHMM HABaHTa)KEHHSAM B JIaHIIO31 CTOKy VT2, aje 3 manoro
€MHICTIO HaBaHTaXeHHs. Jpyruii kackay Ha Tpanzuctopax VT3, VT4 BukoHaHMi 32 JBOTAKTHOIO
CXEMOK 1 YNpaBIsI€ThCS MPOTU(A3HUMHU CHTHAJIAMH 3 BXOAY 1 3 BHXOXy iHBepropa. Tomy
HACKPI3HUW CTPyM Bix Jpkepena xuBieHHs U k. 1EPE3 TPAH3UCTOPH VT3, VT4, sxi y
Bigkpuromy ctaHi (Ri3, Ri4) MaroTh HHM3BKHI Omip, BHKIIOUEHHH. B pesymbraTi mpu Mamaomy
BJIACHOMY CIIO)KMBaHHI CTpyMy (B OCHOBHOMY 3a paxyHOK MepHIoro Kackany) OydepHi
IiICHIIFOBaYi 3a0€3MeUyIOTh Mepe3aps/] CKBiBaICHTHOI €eMHOCTI HaBaHTaxeHHs C, depe3 maii
onopu TpanzuctopiB VT3, VT4 y Bigkpuromy crani. IIpu 11pboMy 31aTHICTh HaBaHTXXEHHS 0e3
BTpaTH MBUIAKOIIT 3pocTae 10 K s, S 30.

TpuBanicte GPOHTIB BUXiTHOTO CUTHAIY:

t;l :3'Cn ’ RlS’
ty =3-C, R,
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KoHTpoJIbHI NUTAHHS:

I

8.
9.

Hagenits cxemy JIE I-ABO-HE y texnosorii n-M/III i mosicuiTs i poboTy.

Yum BU3HAYAIOTHCS piBHI BuxigHoro curdany JIE y rexnonorii n-MJII1?
Hagenite cxemy JIE I-ABO-HE y texnomnorii KM/III.

YuM BU3HAYAIOTHCS TpUBaIoCTi ppoHTiB BUXxigHoro curHany JIE I-HE?

UuM BU3HAYAIOTHCS PiBHI BUXITHOTO cUTHANTY y TexHonorii KMTI?

SIki crangapTHi popMu JIOTTYHUX (PYHKIIN TOUITFHO BUKOPUCTOBYBATH JIJIS
JIBOCTYIIEHEBO1 JoTiku y TexHoorii N-M/IT ?

SIKi mepeTBOpEeHHsI HEOOX1AHO BUKOHATH JUIA peaji3allil IBOCTYIIEHEBO JIOTiKU Y
texHojorii KMJIIL.

YuM BU3HAYAIOTHCS TPUBAIOCTI PPOHTIB BUXIIHOTO CUTHAITY IBOCTYINEHEBUX (YHKILH? ?
Y yomy nmounsrae nepeara texHosorii KMII nepen n-M/II1?

10. Yum BU3HAUAEThCS MakcuMalibHa yacToTa nepemukans JIE y texnonorii KMIII?

11. [TosicHITH mpu3HaYEHHS 1 cxeMy Oy(epHUX MiCUITIOBAYIB.
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6. EneMeHTH iHTerpajbHoi in:kexuiiinoi soriku (I2JI)

6.1. Ba3oBuii ejieMeHT

[IparaeHHs: po3pOOHUKIB €IEMEHTHOI 0a3uW 3HU3UTH CIOKHWBAaHY CHEPTiI0 1 ITABUIIUTH
CTYHiHb IHTErparii JIOTIYHHX €JEeMEHTIB Ha OINOJSPHUX TPAaH3UCTOpax, MPH 30epekeHH] X
TOJIOBHOI IepeBard - BUCOKOI IIBUIKOii, MPUBEIO JO CTBOPEHHS IHTETPaIbHOI 1HXKEKIIIHHOT
noriku (I2JT). Texmonoris I2JI 3a6esnedye MiNbHICTh YMakoBKH edeMeHTiB (Oimbme 1000
eneMeHTiB Ha 1 MM?), 110 IepeBepurye MJIII-TexHOIOTif0. 3a MOTYXKHICTIO, IO PO3citoeThes 12J1-
enementn MoxHa nopisusatu 3 KMJIII nipu 36epexkenni BUCOKOi mBuakomii (t,, , =5uc), mo

BJIACTHBA OIMOJIAPHUM iHTErpanbHuM Mikpocxemam (IMC).

Kpurepiii sikocTi TEeXHOJOTIT - €Hepris NepeMHUKaHHs: YAM MEHIIE EHEepris, THUM Kparie
TexHoJjoris. Jlis I2JI-TexHOIOoriT 1151 EHEPTisi CTAHOBHTb:

W, =P .t  =50.10" e

no 30.p.cp.

3asnaveni nepeparu 12JI-efleMeHTIB HOCATAIOThCS BHKIIOUEHHAM 3i CXEM PE3UCTOPIB, IO
3YMOBIIIOE HE3HAa4YHY TOTYKHICTh PO3CIIOBaHHS, pPOOOTOI0 OIMOJSIPHUX TPAH3UCTOPIB B
HEHACHYCHOMY PEXHMi, MAIUMHU TMAapa3UTHAMUA €MHOCTSIMH TIPH HE3HAYHIA PI3HHIN JIOTTYHUX
piBHIB. Bukopucranus B I2JI-ennemenTax miomiB IIIOTKK 103BOJISIE O€3 30LIBIIEHHS CIIOKUBAHOT

TNOTYKHOCTI MiJIBUIIUTH IBUAKOAIO (1, , =0.1uc).

Basosuit noriunmii I2JI-emement (puc.6.1) Mmictuth p-n-p Tpamsuctop VT2, 3paHmit
TH)KEKTOPOM, 110 BUKOHY€E (DYHKIIiFO JpKepea cTabiIbHOro cTpyMy |, 1 6araTokoinekTopHHi n-
k)

p-n tpansucrop VT1, saxuii BUKoHye QyHKILIO iHBepTOpa. ba3a Tumy n TpaH3ucTOopa-iHXeKTopa
o0'efHaHa 3 €MITEpOM THUIy N TPaH3UCTOpa-1HBEPTOpA. AHAJIOTIYHO BHSIBHIIOCS MOXKIJIMBUM
00'eTHATH KOJIEKTOP 1HXXEKTopa 1 0a3y iHBEpTOpa, 1110 MAIOTh MPOBIIHICT TUILY P.

U
Wn

R,

VT2

Us;
Uz

VT1

Puc. 6.1
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Tpanzucrop-imkekTop VT2 MOCTIHHO 3HAXOAUTHCS B aKTUBHOMY PEXKHMI 1 CTPYM Y KO)KHOMY 3
fioro K KoJIeKTOpiB JOPIBHIOE:

a-| a U, -U
— E _ un 02 __
|, = " _E-R——const,
2
ne U, — moporosa Hampyra Juisi €MiTEepHOro mnepexony Tpansucropa VT2, K— kinbkicTh
KOJICKTOPIB 1HXEKLIHHOrO JKUBJIEHHS, o ~1 — xkoedilieHT mnepemadi cTpymy B cxemi i3

3arajbHOI0 0a3010. SKio ymciao konekropiB K, To |, posmominserscs piBHOMIpHO 1o BCix k
KOJICKTOPaX.

Bxinna Hanpyra U, Bu3Hauae cTaH eMITEpHOro nepexoay tpansucropa VT1.

Ipu U;>U, (to6to X=1) tpamsucrop VTl Binkputnii i Ha Horo KoJekTopax

U, =U, =U_ =1, -r, =U2, wo Bianosigac 3na4eHHo BuxigHoi noriunoi sminuoi Y=0.
Ipu U1° <Ug (to6T0 X=0) Tpansuctop VT1 sameptuii i Ha iforo xonektopi U =1, -R, , ne

Rx — omip HaBaHTaxeHHs. Haifuacrime naBanTaxkenHsM € 6a3a HacTymHoro 12J] enementy. Toxi
U; >U,, . TakuMm unHOM:

Y, =Y, =X
6.1.1. Bxinna xapakrepucruka (3anexuicrs |, = f,(U,))

Bxiguuit crpym 12JI-enementy |, =1, — |, ToMy BXigHa XapaKTepHCTHKA IIbOTO €J1EMEHTA
npezcTaBisie co00K BXIIHY XapaKTePUCTHKY OIMOJSPHOTO TpaH3UCTOpa, 3MIIIEHY IO Oci
cTpyMiB Ha BenmuuuHy |, (puc. 6.2).

Als

Usi=U 65

Puc. 6.2
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3 XapakTepUCTHK BHIHO, IO ~— ~0. OTIYHUI TIepemajy Hamnpyru
I , I)~—1,, 1;=0. JI
AU, =U;-U}=U,, —U,, ~0,6B XxapakTepusyeTbCs DiBHSAMH HAIPY'H Ha 3aKPUTOMY i

BIIKPUTOMY eMiTepHOMY Tepexoii Tpan3ucropa VT1. Moro remneparypHa 3al1eXHICTh BU3HAYAE
3B'130K 3aBajocTiiikocti I2JI-cXxeM 3 TEMIepaTypol HABKOIMIIHBOTO CEpelOBHINA. 3i

30inpIneHHsM 2Temnepatyp U, 1 AU, mpomopmiliHO 3MEHIIYETHCS 1 BiAIOBIIHO 3HIKYETHCS

CTIUKICTB.
6.1.2. BuxiiHa XxapaKkTepHCTHKA

Buxinna xapakrepuctuxa I2JI-eeMeHTy — Il 3aleXHICTh BHXigHOTO cTpyMmy |2 Bin
Buxignoi Hanpyru Uz (puc. 6.3). Jlna I°JI-eneMeHTy 1e 1O CyTi CiMeHCTBO KOJIEKTOPHHX
XapaKTEPUCTUK TPAH3UCTOPY 31 3MILIEHHSAM X Ha TOCTIMHY BEJIMYUHY CTPYMY 1HXKEKTOPY |y

lo=1k- 1.

Y pexumi BigciueHHs Tpansucropa VTl Buximamit crpym |2 mpotikae uepes
HABaHTAXXCHHS JIOTIYHOTO €JIEMEHTY IpPH HE3HAYHOMY 3BOPOTHOMY CTPyMi KOJIEKTOPHOTO
nepexoay i He 3aJIeKUTh BiJl BUXIJHOI HANIPYTH, a y BIAKPUTOMY CTaHi — 1€ JiHis HAaCHUCHHS
KOJIGKTOPHUX XapakTepucTHK. CTpyM 1HXKEKTOPY |y, 10 MpOTiKae yepe3 HaCHYSHUI TPAH3UCTOP
3 onopom Iy ,, , BU3HAYa€ BUXiAHUI piBeHb soriunoro myns U = Iyrn,, = Ugy = 0.05B, a
BUCOKMIA piBeHb Ha BUxoii U (opMyeThcs TpH MpoTikaHHi cTpymy |, uepes HaBaHTaKeHHs
€JIEMEHTY, TOOTO Yepe3 BXiJHWH JIAaHIIOI HACTYMHOTO €JIEMEHTY. TakuM YHHOM, HU3BKOMY

PiBHIO Ul0 =0.05B na Bxonxi IZ.H-CJ'ICMGHTy BIJINOB1/1a€ BUCOKHI PIBCHB U; =0.65B Ha iioro

BHXO/Ii, i HABMAKH, BUCOKOMY piBHIO Ha Bxoai U; =0.65B sinnosinae pisens U2 =0.05B.

I"“ﬂ

Uz=Uka

Puc. 6.3
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Ha xapakrepuctuii MokHa TOOYIyBaTH HaBaHTAXXYBAJIbHY JIIHIIO, fSKa € BXIJIHOIO
XapaKTEPUCTHKOIO IS 1HIIUX €JIEMEHTIB.

6.2. Peaaizanis joriunux pynkuiii AbBO, ABO-HE, I, I-HE

Jloriuni dynkuii B 12JI-TexHONOrI] peanizyroThCs 3a JOMOMOTOK MOHTaXHOTO 00'€HAHHS
KOJIEKTOPIB N-P-N TPaH3UCTOPiB-IHBEPTOPIB.

Ha puc. 6.4 naBegena cxema 3 IBOMa BXOJJaMHU Ta ABOMAa BUXOJIAMU:

R3 +UI."ﬁ
l— VT4
« VT1 _ oY
1
._@YQ
i) VT3
Puc.6.4

Po6ota Takoi cxeMu XxapakTepu3yeThCs TAOJIUIICIO CTaHIB BUXO/IB:

X1 Xz Y1 Y2
0 0 1 0
0 1 0 1
1 0 0 1
1 1 0 1

Sk BUIHO 3 HAaBEIEHOI TaOMHIN, HA BIAMOBIIHUX BUxoAax peanizyeTbest ¢yHkiis AbO-HE,
ABO:

Y, =X, +X,, Y, =Y, =X, + X,
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Jas peanizanii 6azoBux Joriunux I, I-HE HeoOXimHO ckopucTaTHCs T0AaTKOBUMH
IHBEpTOpaMH Ui BXiHUX CUTHAMIB (puc. 6.5). SIK BUIHO 31 CXeMHu:

Y, = XHX" =X, + X, = X, - X,, Y, =Y, = XX,

R3 +UI/II'I

VT1 o3
|

X | | X=X' I\j‘ __®Y4
VT3

Puc. 6.5

JlogaTKoBI TPaH3UCTOPH B TPAKTI Mepefayl JIOTIYHOTO CUTHATY 30UIbIIYIOTH HOTO
3aTpuMKy, Tomy noriuni enementu I, I-HE B I2JI-rexuomorii 6inemn iHepmiiini, Hix noriumi
enemeHTH ABO, ABO-HE 1 mpu po3po011i IBUAKOAIIOUNX cXeM Oa’kaHO 00XOAUTHUCS 0e3 HUX.

Ha puc. 6.6 mpencraBieHuil mpukiaj peaiizanii MOMIMPEHOi ABOCTYNEHEBOI (YHKIT
BUKIJIIOYHE ABO:

Y=X X+ X X, =X+ X)X+ X)) =X+ X, + X, +X, = X' +X".
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R U,

VT4 1

VT7

L
VT1 \ﬁ_
VT5 o A
Xi '\1
Y
VT2

I—‘

VT3

VT6 % X"

Puc.6.6

Sk 6aunmo: X'= X, + X, , X"=X_1+X_2, Y=X4+X",Y=X,®X,.
Jlnia peanizanii 10BUIbHOI (PYHKITIT B [2JI-TexHOJIOTiT HEOOXIqHO:

e [PUBECTH 33JaHy QyHKIiIO 10 MiHIManbHOI MKH®;

® 3a JIONIOMOTOI0 IOJBIHHOrO 3alepedeHHs 1 3aCTOCYBaHHS TeopeMH Je¢ MopraHa
BHUpa3uTu QyHKIIiIO 3a gonomororo onepaniii ABO-HE;

e peamdyBatu ¢pyHkuii ABO-HE nuigxom 00'eqHaHHS KOJEKTOPIB TPAH3UCTOPIB, 10
MEPEMUKAIOTHCS 32 JOMOMOI00 IBOCTYIIEHEBOI JIOTTYHOI CTPYKTYpH;

®  BH3HAYUTHU KUIBKICTh BY3JIB 1HXKEKIIITHOTO KHUBJICHHS 1 MOOYIyBaTH BiAMOBITHUMN
reHepaTop 1HXXEKIIHHUX CTPYMIB.

PosrnsHemMo mnpukian, SKUH UIIOCTpye MOCHIAOBHICTH OHEpaliii CHHTE3y JOTiuHOi
KoMOiHamiitHoT cxemu ms 12JI-TexHOMOTII.

Hexaii 3anana dynkuis Y(X3,X2,X1,X0) y Burisiai mintepmis CJH®:

Y=(0,2,5,6,7,8,13,14,15).

3uaxonumo MKH®:
X1 Xo
00 01 11 10
X3X2 00 1 0 0 1
01 0 1 1 1 — = — —
1 0 1 1 1 = (X, + X)(X2+ X, + X )(X;+ X, + X))
10 1 0 0 0

[TepeBenemo ¢yukiro a0 6azucy AbO-HE:
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Y = (X, + X ) (X2 + X+ X)X+ X, + X)) = X, + X+ Xo+ X+ Xg+ X+ X, + X, =
XXX
[Tpomixni 3minni X ', X'', X" peanizytorbcs 6azosumu enementamu ABO-HE mepmioro

CTYIIEHS, a BUXOAM IEPILIOTo CTYINEHS € apryMeHTamu (BXxoJamu) apyroro ctynens. Ha puc. 6.7

IMPpUBCACHA CHHTE30BaHa CXEMa:

R3 +UI.'IH
VT1
l_/
VT10 —
VT2 Vie X <

2<
I
<
3

<
<
=
_>.<I<
3
>

Fava

VT4
Xa lls\q‘ X
—

[lepeBipka npaBUIBLHOCTI TOOYIOBU CXEMHU:

Puc.6.7

e Bci 0a3u TPaH3UCTOPIB MOBHHHI MaTH 1HXEKI[IHE KUBIICHHS,

®  Mix OyJb-SIKUM BXOJIOM i BUXOJ/IOM CHTHAIl TOBHHEH NPOXOJUTH HE OiybIle, Hixk yepes 3
TPaH3UCTOPH.

85



KoHTpoJIbHI NUTAHHSA!

No ok wnE

[TosicHITH cxeMy 1 poOOTY €JIEKTPOHHOTO KITF0YA 3 THKEKIIMHUM JKHBJICHHSIM.

V SKUX pexXHUMax MpaLoTh TPAH3UCTOPH KUBJICHHS 1 KOMyTalii?

Hawmaroiite noriuny cxemy ABO-HE/ABO.

UuM BU3HAYAIOTHCS PiBHI BUXITHOTO CUTHAITY? 3alUIIiTh CIiBBIJHOIICHHS.

Y 4oMy HOJIArae rojl0BHA MepeBara TexHosorii 12J1?

Bix 9oro 3anexuTh 3aTpUMKa BUX1JHOTO CUTHATY?

SIxi onepaii Tpe6a BUKOHATH [T pealisarlii 10BiIbHOT noriunoi Gpynkmii y 12J1?
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7. IleperBoproBaui koaiB (I1K)

[TepeTBoproBaui Ko/liB MpU3HAYEHI JJIs MIEPEBEICHHS KOIB OAHIET (hOPMH MOJIaHHS B 1HIITY.
Hampuknan, npu BBeneHHi iHpopmariii B EOM He0OXiIHO MOPO3PSAIHO TEPETBOPIOBATH
JIECATKOBI 4Kcla B JBIMKOBI, a NMpH BHUBeIEHHI iH(opmauii Ha iHAMKATOpU ab0 APYyKyroUi
npucTpoi HeoOX1HO NBIMKOBI a00 ABIHKOBIN-ACCITKOBI KOJIU MEPETBOPUTH B KOJIU YIPABIIHHS

CBITJIOAIOTHUMH 200 PiIKOKPHCTAIYHUMHU 1HIUKATOPHUMH TTAHEISIMHU, MEXaHI3MOM JIPYKY.

[Tpuknaan KomiB:

JBou- Kon Kon ¢ JomnoJ Jdomoa | Cemmucer- Kon
YHBIA Kon Kox Alike- Kox “H30BIT HeHHue HEeHHe | MEHTHBI’ JlxoH-
N1o KO/ 7421 5421 Ha I'pes KOM 10 9: ao 10: KOJ: COHA
8421 2421 N+3” “9-N” “10-N abcdefg
1 2 3 4 5 6 7 8 9 10

0 0000 0000 0000 0000 0000 0011 1001 1010 1111110 00000
1 0001 0001 0001 0001 0001 0100 1000 1001 0110000 00001
2 0010 0010 0010 0010 0011 0101 0111 1000 1101101 00011
3 0011 0011 0011 0011 0010 0110 0110 0111 1111001 00111
4 0100 0100 0100 0100 0110 0111 0101 0110 0110011 01111
5 0101 0101 1000 1011 0111 1000 0100 0101 1011011 11111
6 0110 0110 1001 1100 0101 1001 0011 0100 1011111 11110
7 0111 1000 1010 1101 0100 1010 0010 0011 1110000 11100
8 1000 1001 1011 1110 1100 1011 0001 0010 1111111 11000
9 1001 1010 1100 1111 1101 1100 0000 0001 1111011 10000
a
f b
g
e C
d
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7.1.CuHTe3 nepeTBOPIOBAYA KOAIB

Hexali HeoOXimHO, Hampukiaa, ToOyayBaTH IEpPETBOPIOBAY JBIMKOBOTO Kony y 3-
po3psinuuii koa ['pes. Hamummemo TaOnuIfo BiAMOBITHOCTI BHXITHUX 3MIHHHX Y BiJ BXiJHUX

3MIHHUX X:

Bxoan Buxoau

22 28 2°| KonTIpesn

Koxna 3 QyHKIil BU3HAYeHa HA MEBHIN KIJTBKOCTI BXIJHUX 3MiHHUX. 171 3HaXOJKEHHS 1
MiHiMI3ail naHux QyHKUiA Y; ckopucraemocs kapTamu KapHo, 3amucaBIIM B KIITUHU KapTH
3Ha4YeHHs Y JJIs KOXKHOTo 3 HaOopiB:

1Xo
X2 00 01 11 10
0 0 1 0 1
Yo =
1 0 1 0 1
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Yo = Xy Xo+ X Xg = (X, + Xo)(X; + Xg) = X, ® X,

1X0
X2 00 01 11 10
0 0 0 1 1
Y1 =
1 1 1 0 0

1X0
X2 00 01 11 10
0 0 0 0 0
Yz =
1 1 1 1 1

MoxJ1BI BapiaHTH NepeTBOproBaya Koay I'pest B ABiiikoBHiA Ko moka3aHi Ha puc.7.1-7.3:
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Xo

O—e—

A0 L G

Y-

Puc.7.3

YmoBHO-Tpadiyao 1K 300paxyoTs HACTYITHUM YHHOM:

—i X [ X7 Y| Yo —
_x, Y, |
_1x, Yoy L

Hnsa cuntesy 1K n -po3psgHOro BX1JHOTO KOAY Y M -po3psIHUN BUXIAHUN KOJ HEOOX1THO
BUKOHATH HACTYIIHI OIeparii:

e CKJIACTH TaOJIHIIO BiAMOBIMHOCTI BXIAHMUX 1 BUXITHUX KOIB;

e ISt KOSKHOTO 3 M BuxoiB 3HaxoAsaTh M/IH®, MKH® ¢yHKIIIT N BXiTHUX 3MIHHUX;

e 3a jonomorow ToToxkHUX neperBopeHb MJIH® i MKH® npuBoasts oTpumani
¢byHKIIT 10 hopMHU, 110 € 3pYYHOIO TS CIUIBHOT peati3allii B 3aJjaHiil TeXHOJIOTi;

e CIHiJIbHA pealti3allisg OTpUMaHuX (QyHKIIiH.

7.2.lllndparopn

OxpeMuM BHIIQJKOM IEpPETBOpIOBayYa KOAIB € MmMdpaTop - e NpUCTpii, 1o 3abe3neuye
BUJIauy [IEBHOTO KOJIy y BIJMOBIAb Ha 30y/aKEeHHSI 0AHOr0 3 BXoaiB. ToOTo mudparop - ue [1K,
10 MIEPEeTBOPIOE YHITapHUH Koa, a60 kox «1 3 N», B HEOOXIAHUN 3a YMOBAaMHU 3aBJIaHHS KOJI.
[Tpu mpomy N BH3Haua€ KiTBKICTh BXOIIB mU(paTopy.
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[udparopu MUPOKO 3aCTOCOBYIOTHCS I TIEPETBOPEHHS ACCATKOBHX UG 1 OYKBEHUX
CUMBOIIIB B JBIHKOBHUW KOJA Tipu BBeneHHI iHopmarii B EOM Ta iHmi mudpoBi mpHUCTPOI.
[To3uauaerses mudparop y noxi tuny IMC cumsonamu CD (CoDer).

PosrnstHemMo npukiian moOymnoBu mmdpaTopa sl IePEeTBOPEHHS TECATKOBHX YUCEN B KO
8421. Bxigni - ue aBiiikoBi 3MiHHI Xo, ..., X9, SKI (POPMYIOTbCS MPU HATHUCKAHHI BiANOBIAHOI
KJIABillli TIPHCTPOIO BBEICHHS. 3MiHHI € HE3aJIeXHHMMH i J03BONSIOTH mobymyBaru 210 = 1024
BXiZIHI KOMOIHAIii, ajie SIKII0 HAKJIAJAEThCsl OOMEXKEHHs, 10 3a00pOHsS€ HATUCKAHHS JIBOX 1
Oinpmre knagim, To 3 1024 3aynmmaerbes 10 momycTuMuX BXiIHUX KoMOiHamii. BxigHuit ko, 1mo
BIJIMOBiJJa€ JaHOMY OOMEXKEHHS Ha3MBAaIOTh yHITapHUM abo koaoMm «1 3 Ny». Hludpartop, B
SKOMY yCi BXiJHI 3MiHHI MalOTh OJHAKOBHH NPIOPUTET, HA3UBAIOTh HENMPIOPUTETHUM. Y
HamoMy Bunaaky takux 3minaux N = 10.

<=
Pl

>t
ot
e
Call
>t

nx
ISR 3 T

{1 ={Hr

[
O
==
o™ =
—
#
=

Xo Xs X7 Xs Xs X4 X3 Xo X1 Xo Y3 Y1 Yo

¢ Puc. 7.4 {

Y2
0
0
0
0
1
1
1
1
0
0
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besnocepenHpo 13 TaOIUII MOKHA 3aMIMCATH BUXITHI (DYHKIIIT:

Y= X, + Xy + Xg+ Xy 4 Xg =X, - Xy X X, - Xg

Y1=X2+X3+X6+X7=E)73)T6)T7

V=X, +Xs + X+ X7 = X4 X5 Xo X7
Y3=X8+X9=X_8'X_9

Ha puc.7.4 naBeaeni peanizanii mmdparopa Ha JIE ABO-HE(a) ta I-HE(0), 1 BigmoBigHo
yMOBHO-TpadivHi 300pakeHHS:

cD ol

2"

21

W o~k WwWN= O
W N O, kW= O

Puc. 7.5

Yacto oOMeXeHHs Ha KUIBKICTh KJIABIII, IO HATUCKAECTHCA OJHOYACHO, BHUSABIACTHCS
HEMPUIHATHUM 1 NOTpiOHO MmoOyayBaTu mm@paTop Tak, M00 NMPU OJHOYACHOMY HATHUCKAaHHI
JNEeKIIbKOX KJIaBilll BIH pearyBaB TUIbKM Ha Haicrapmuii (abo Mosoammii) 13 HUX.
[TepeTBOproBaui KOQy [JaHOrO BUAY HA3WBAIOTh NpiopuTeTHUMH mHdpaTopamMu. Bonu
peanizyloTh MepeTBOPEHHS KOy «k 3 N» B HEOOX1THHI KO/

Posrnsinemo npukiaa moOynoBU MpiOpUTETHOrO mHdparopy «k 3 10» B xox «8421». ¥V
TaOMUI BIAMOBIAHOCTI JUIs MpiOPUTETHOro MmHdpaTopy, B SKOMY BXiJHa 3MiHHa 3
MaKCHUMaJIbHIM HOMEPOM Ma€ MaKCUMAaJIbHUH MPIOPUTET, 3HAYEHHS BX1IHUX 3MIHHHUX TPaBOPYY
BiJ miaroHani 3 1 He MOBUHHI BU3HAYATH BUXIIHUNA KO

fg fs f7 fe f5 f4 f3 fz f1 fo Y3 Y, Y1 Yo
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[IpiopureTHnii mmdpaTop MOKHA MOOYTyBaTH Ha OCHOBI HEIMPIOPUTETHOrO IHdparopa,
mo neperBoproe Ko «1 3 10» B ko «8421», K110 NonepeHbO NEPETBOPUTH BXITHUNA KO «K 3
10» B xoxm «1 3 10».

_fg KXo
_lo 0 0
ff CD
fr | X 20 Y,
fo_12 2 L X2 {7
fa_13 3| Xs 3 1
fa_|a 41 %414 2 =Y,
X5
k 3 10<= fs__1 5 5 5
3109 ¢, 6 | X |6 22 1Y
fr_17 7 L% |7
fe—]| 8 gL Xs |8 22 LY,
| fo_—| 9 g | X9 | g
a 6
Puc. 7.6

[Toznaunmo BuUXiJgHI 3MiHHI nepeTBoproBaya «k 3 10» B «1 3 10» uepe3 Xo, ..., Xo. Bxinna
3miHa f; Mae MakcuManbHUI TPIOPUTET, TOMY HE 3aJEeKUTh Bi IHIINX BXiAHUX 3MIHHHX:

Xq = f,. Bynp-sixa inma BuxigHa 3MiHHa X npuiiMae 3Ha4eHHs oauHUL, akmo f;, =13a ymosH,

10 Hi HAa OJIVH 3 «CTapmIux» BxodiB f i j=i+19

HE IT0A€THCS JIOT1YHA OIUHHUILS, TOOTO:




AHaJIOr14YHO:

Cxema Ha puc.7.7 peanizye naHe NepeTBOpeHHs. [i mepeBaror € piBHOMIpHA 3aTpUMKa
MOIIMPEHHS CUTHAIIB 3a YyciMa BHXOJaMH, a HEIOJIKOM - HEOOXITHICTh 3aCTOCYBaHHS
oararoxomxoBux cxeMm I-HE.

i
Fz.
— $ t — /f8f9 TT
Jip==! * &

& &

&
DXqy éxe éx

0—@\7.,

7

Puc. 7.7

SIK110 HE BUCYBAIOTHCS KOPCTKI BUMOTH 3a IIBHJKOIIEI0, HAIIPUKIIAJ, JUIs KJIaBlaTypHOTO
BBEJICHHs, neperBoproBad koixy «k 3 10» B «1 3 10» Moxxe OyrM BUKOHaHMH 3 MEHUIMMHU

BUTpaTaMu obnagHanHsa (puc.7.8).
1
]
&

VY Takiii cxeMi CUTHal NPIOPUTETHOI 3a00pOHU MOIIUPIOETHCS BiJ CTApIIOro BXOMY 10
MOJIOILLIOTO 4Yepe3 TMOcCHiIoBHO 3'eqHaHl enemeHTH ABO, TOMy B IIOMy TpHUBAJICTh
nepeTBopeHHs B Koa «1 3 10» BU3HAuYa€ThCs 4acOM YCTAHOBKHM BUXOAY Xo, 3aIlli3HIOBaHHS Ha
SKOMY € MaKCHUMaJIbHUM.

8 &
DX, éxﬂ dﬂ)(? éjxe

Puc. 7.8

97



7.3. Jemmppatopu

[leperBopenHs Oynb-SKOTO BXiHOTO KOay y Koi «l 3 N» BHKOHYIOTH NEpeTBOpPIOBaYi
KOJay, 10 Ha3uBawThes  Aemmdparopamu. HaifGinpm  mmpoko  aemmdpaTopu
BUKOPUCTOBYIOTbCS B aJPECHUX CHUCTEMax 3alaM'sTOBYIOUMX MPUCTPOIB, B MPUCTPOSIX
BuBeaeHHS 1HGopmamii 3 EOM Ta iHmmMX nudpoBHUX NPUCTPOSIX HA 3O0BHIMIHI IPHCTPOT
Bi3yauizanii i JOKyMeHTyBaHHs ajdaBiTHO-1(poBoi iHPopmarii. s poro norpidbHO nogatu
curHan «1 3 Ny, HarpuKIIaJ, KaToAiB ra30pO3psAHOTO IHIUKATOPY, €JIEMEHTIB BUOIPKU CUMBOJIIB
JPYKYBaJIbHOTO MPUCTPOIO 1 TaK JIAJI.

7.3.1. Jliniiini nemmdgparopu

CuHre3 crTpykrypu paemudpaTopa, sK 1 OyIb-KOro IHIIOTO TEPETBOPIOBaYa KOJIIB,
MOYMHAETHCS 13 3aMKUCy TAOJHII BIMOBITHOCT] BX1IHUX 1 BUX1THUX KOJIB.

PosrnsitHemo mpukian mepeTBopeHHs (nemmdpariio) ABIMKOBOro komy «8421» B
yHiTapHu# Ko «1 3 10».

«8421» «11i3 10»

Xl X, Xy X

3 2 ! 0 Y Minimizalis

o] o of o %W=Xi XK X, | =XKK, | )
0 0 0 1 Y1:X_3 X_z'x_l'xo :X_3X_2X_1X0

0 0 1 0 Y2:X_3'X_2 Xy X_0 :X_le_o

0| 0| 1| 1] Yy=X;-%X,-X.-X, =X, X, X,

0 1 0 0 Y4:X_3 Xz'X_l X_0 =X271X_o

N

0| 1| 0] 1] Yo=X;-X,-X,-X, = X, X, X,

0| 1| 1] o] Yy=X,-X,-X.-X, = X, X, X,

o 1] 1] 1| Y,=X,-X, XX, = X, %X, X, )
1 0| 0] 0of Y,=X,-X,-X,-X, = X3X,

1 0] 0] 1] Yy=Xy-X,-X,-X, = X, X,

- J

Y

98



s KoHOi BUXigHOI (yHKIIT mOTpiOHO ckmactu Kapty KapHo i1 3a ii momomororo
OTpUMATH 11 MIHIMI30BaHUH BHUpPA3.

1Xo
00 01 11 10
XsX2
00 Yo Y. Y3 Y2
01 Y, Ys Y7 Ys
11 * * * *
0 v, v, [+ <

SIxmro yucio BxoiB M ta yncio BuxoaiB N gemmmdpaTopa moB’si3aHi CHiBBIAHOMIEHHSM:
2" =N,

TO BUXOAM BHU3HAYCHI JJIA BCIX JABIMKOBUX HAOOPIB 1 Acmm@paTop HA3MBAETHCA MOBHUM. [1pu

m . . cen . .
2" >N pemmdparop HasuBaeThca HemoBHMM. Hepukopucrani xombiHanii (3ipouku Ha KapTi
KapHo) n03Bonsit0Th MiHIMI3yBaTH (YHKIIIT BUXO/IIB.

['padiuHe mo3HaueHHs Takoro Aemudparopa nokasaHa Ha puc.7.9-a, a Horo yMoBHO-rpadiuHe
MO3HAYeHHs Ha puc.7.9-6.
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=

Puc. 7.9

Po3srnsHyTHI THI emndpaTopiB HA3UBAETHCA JTIHIHHUM. [ HUX XapaKTepHO
OJIHOCTYyTIEHEBE eI (PPYBAHHS BXITHUX M-PO3PATHUX KOAIB 3 TOTIOMOTOK M-BX0I0BUX
JoriuHux eneMeHTiB. JIiHilHI AemmdpaTopu 3a0e31euytoTh NEPEeTBOPEHHS KOAY 3 MiHIMAIbHOIO
3aTPUMKOIO 1 BUKOPUCTOBYIOTHCSI B HAMOLIBII IIBUAKOAIIOUNX IH(PpoBuX cxemax. OnHak, 31
3pOCTaHHIM PO3PSAAHOCTI BXiIHOTO KOAY M MIBUAKO HAPOCTAE HABAHTAXKEHHS KOXKHOTO 3 BXO/IIB
1 kutbKicTh KopryciB IMC st peanizamii gemudparopa. JliniliHa cTpyKTypa 3a3BUUait
BUKOPHUCTOBYIOTh IPU M < 4.

7.3.2. TMipaminaabHi nemmdpparopu

Axmo uywcio BXoAiB m>4, TO 3 METOK 3MEHIIeHHS KuibkocTi kKopmyciB IMC
nerrdpaTopd BUKOHYIOTBCS 3a 0araTocTyneHeBOw cxeMoro. Ilepmia cTymiHbk mipamigalbHOTO
nemudparopa - HAUNPOCTIIMN JIHIHHUA JemudpaTtop 3 YUCIOM BHUXOIIB Ny = 2, Apyra
CTyMiHb — 3 4YHCIOM BUXOHIB N,= 4 (puc.7.10). Koxxna HacTymHa CTymiHb, KEpOBaHA
JOJTATKOBOIO BXIJHOIO 3MIHHOIO, J03BOJISIE TIOJIBOITH KUIBKICTh BHUXOJIB 1 OTpUMAaTH N3 = 8,
n, =16 1 1.4, TOOTO M-CTYHiHYACTHI MOBHMUU HipaMiadbHUNA AeMHPpPaTOP MOXKE MaTH
MaKCHUMaJIbHE YUCiIo Buxomis N = 2™,
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Puc. 7.10

Taxkum yrHOM POPMYIOTHCS BUXi/THI (DYHKIIIT:

Y0=)Tz')T1'X0» Y1=)Tz')T1'X0, Y2=X_2'X1')To, Y3=X_2'X1'X0,

Yy =X, - X1 Xo, Y5=X2')T1'X0» Y6=X2'X1'X_Or Y; = X - X1 Xo.

[TepeBaroto € perynspHa CTpYKTypa, OJTHOTHITHI IBOXOJIOB1 €JIEMEHTH.

Henomnikom Takux nemm@paTopiB € 3aTpUMKa BUXITHUX CUTHAIIB, MPOMOPLIHHA KUIBKOCTI
PO3psAIB BXIZIHOTO KOAY M, HEPIBHOMIPHICTh HAaBAaHTAXXEHHS BXOJIB, sIKAa 3pOCTA€E 3 POCTOM
KUIBKOCTI CTYIEHEH.

7.3.3. MarpuuHi aemmpparopu

SIK110 4ucio BXoJiB m>5, nemmdpaTtopu AOLUIBHO OyyBaTH 3a MAaTPUYHOIO
cTpykTyporo. ITpu mapHOMY M KilTbKicTh pAAKiB i cTOBMIIB MaTpuii gopiBHIoe 2™? i MaTpuis
BUXI1THUX

m-1. m+1

2
B 000x Bumanmkax st BUOOPY psAAKiB 1 cTOBMIIB (puc.7.11), B By3/max SKUX MiIKJIIOYAIOTHCS
JIBOXOJIOB1 BEHTHIII, @ B IKOCTI1 JeIIM(PAaTOPIB PAJIKIB 1 CTOBIIIB BUKOPUCTOBYIOTHCS JIiHIHHI a00
nipaminanbHi aemudparopu. Takoro tumy nemudparopu Ha3UBAIOTHCS NMPSAMOKYTHMMH a00
MATPHYHUMH.

BEHTHJIIB BUXOAUTH KBajjpaTHOO. [Ipy HemapHOMy M BXi/HI 3MiHHI HOAUIAIOTH HA
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Puc. 7.11

Ix mepeBaroro € Te, 1110 BOHU 3a0€3Me4YyI0Th BIIHOCHO HEBEJIHMKY 3aTPUMKY, SIK 1y JIHIHHUX
nemudpaTopis, Ta peryisipHa CTPYKTypa.

Peaunizanis jsoriunnx ¢pynkuii Ha nemmppartopi
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KoHTpoJIbHI nUTAHHSA!

Ha3BiTh HalO1LIBII MOMUPEH] ABIHKOBI KOJIH.

Ski onepartii Tpeb6a BUKOHATH JJI1 CTBOPEHHS ITEPETBOPIOBaYa KOAiB?

SIK 3aJIeXKHUTh IPOIeypa CUHTE3Y BiJl TEXHOJIOTI], 110 BUKOPUCTOBYETHCS ?

VY gomy nossArae BigMiHHICTB K paTopiB Bifg iHmmx [1K?

3 4oro ckiIagaeThes npioputeTHuil mudpatop? Hamamoiite oro cxemy.

VY gomy nossArae BigMiHHICTE AemmdpaTopis Bix iHmux [TK?

Ski icayroTs TN Aemudparopi? CriBcTaBTe iX BJIACTUBOCTI.

3 4oro CKIaIarThcs MaTpuuHi aemudpaTopu? Hamamioite cxemy.

Sk MOKHa pealti3yBaTH JOBUIbHY JIOTTYHY (DYHKIIiF0 3 BUKOPUCTAHHSM JemudpaTopa’?
Hagenite nmpukia.

©OoN R wDdE

10. Ha3BiTh HaOLIBII IIUPOKY TaTY3b BUKOPUCTAHHS TSI (PPATOPIB.
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HUPPOBA CXEMOTEXHIKA

Jekuis 10
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7.4. MyJbTHILIEKCOPH

VY mudpoBHUX MPUCTPOSAX YACTO BUHUKAE HEOOXIAHICTh NiepeaaTu nudpoBy iHGpOpMAILIio Bif
M pi3HUX NMPHCTPOiB A0 N mpuiiMadiB yepe3 KaHaj 3arajJbHOr0 KOpHCTyBaHHA. [y mporo Ha
BXOJ[I KaHAJIy BCTAHOBIIOIOTH HPUCTPIH, IO HA3UBAETHCA MYJIBTUIUIEKCOPOM, SIKHH 3TifHO 3
KOy ajgpecy A, HiAKIIOYae 10 KaHaly OJHO 3 M jkepen iHpopmarii. [Topsaok miakIrodeHHs

BXOJIIB X; JIO €TMHOTO BUXOJy 33Ja€ThCs TAOIUIICIO, sIKa JUI BUNAAKY M = 4 Ma€ BUTIISAA:

Al ALY
o] o X,
o] 1| x,
1] o x,
1] 1] x,

AnpecHi Bxoqu A, A, TIOKa3ytoTh, skuif i3 BxoaiB X,, X;, X,, X, NOTpiOHO MiAKIIOYUTH

1o Buxony Y.

Bxomam X,, X;, X,, X, IPHUCBOIOEMO anpecH i THM CaMHM 3aIaEMO YMOBY PoOOTH

komytaropa. Toxi mius mpuiiHATOI ampecallii BUXigHa (QYHKIS MPUKIAAY, OO0 PO3TISAAETHCS,
BUTJISIIA€ HACTYITHUM YHHOM:

YZE'E'XO—FE'AO'Xl_{_Al'E'XZ+A1'AO'X3=

AR Xy AR K AR X A A K

Maemo MJIH®, sika He BuMarae MiHimizalii. Mu i Mmoxemo npencraButu B 6azuci [-HE
a6o ABO-HE. Peanizauis Ha enementax I-HE naBenena na puc.7.12.

< Lﬁ?“ o liis
=g
-
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Puc. 7.12

Tyr: X,, ..., X; — iHdopmaniiini Buxoqu, A,, A, — azpec, iM’s BX0Jy, ILI0 MOXke OyTH
nigkiodeHuM, C - ctpoOyrounii BXif (HEOOOB'I3KOBUA).

CtpoOyrounii BXiJ HEOOXIAHHWM JJIS BIAKIIOUEHHS BUXOJY MYJIbTHUIICKCOPY HAa MOMEHT
3MIHH ajpecy, o0 YHUKHYTH MiJKJIFOUCHHS 10 BHXOJIY HECAHKIIIOHOBAaHUX (BHITQIKOBHX)
BX1IHUX CUTHAJIIB.

[Mpu C=1:Y =f(AX),anpu C=0,Y = 1.

3amicth cTpoOyrouoro Bxoay C Moxke OyTH BUKOPUCTaHUU BXia V y BUMAIKY JIOTITYHOTO
enementy llleddepa 3 6:10KyBaHHAM HAa BUXOJI MYJIbTHILICKCOPY.

Ha gac 3minu aapecu nmomaemo C = 0, B 1eli MOMEHT BHXiJ 3a0JIOKOBaHUI, OCKUIBKU .HE
3aJISKUTH BiJ CTaHy iH(QOpMAIiITHUX BXOIIB.

Ha puc.7.13 HaBeneHo ymMoBHO-TpadiyHe MO3HAYEHHS MYJIbTHILIEKCOPY.

__Ip, [Mux Y

Puc. 7.13

Ockinpku BuOHpaemo 1 3 N BXOAIB, TO [OLIIBHO BHKOPUCTOBYBAaTH JEHIH(PATOP.
Curnanu nemm@paropa KepyroThb JIOTIYHUMHU BEHTWISIMH, JTO3BOJISIIOUM Tepeaady iHQopmaril
TUIBKH yepe3 oJIuH 3 HuX. Tozi cxema Takoro MyJabTHUILIEKcOpy Oyne Matu BUrisia (puc.7.14):
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Puc. 7.14

Po3risiHeMO nesiki cXeMOTEeXHIUHI 3aCTOCYBaHHS MYJBTHILICKCOPiB. LiTKOM OueBHIHUM €
BUKOPUCTaHHS MYJBTHILIEKCOPY B SKOCTI TEpPETBOpIOBaYa MapajeIbHOr0 M-PO3PsIHOTO
JBIIKOBOTO KOXy B MOCHTIJOBHUM. [l BOTO JOCTaTHBO HA BXOIM MYJBTHIUIEKCOPY MOAATH
napaje’IbHUid KOJA 1 MOTIM MOCTIZOBHO 3MIHIOBATH KOJ aApECH B HEOOXITHIM MOCIIiJOBHOCTI.
[Ipu upomy, 100 YHUKHYTH MOSIBM MOMHJIKOBOTO CHTHATY Ha BUXOJII MYJBTHILIEKCOPY CTPOO-
IMITyJIbC HA Yac MEePEeMUKAHHS aIpecy TIOBUHEH BiJIKIIOYATH BUXiJ BiJl BXO/IB.

MybTUIIIIEKCOPU MOKYTh OYTH BUKOPUCTaH1 [yl MOOYOBU JOTTUHUX (DYHKIIH JEKITbKOX
3MIHHHMX y BUIJISIII U3 FOHKTUBHIN HOpMaJIbHOT pOpMHU.

7.5. JleMyJIbTHILIEKCOPH
JleMyNIbTUILIEKCOpH - KOMOIHAIIIHI MPUCTPOT, 110 peai3yroTh MiIKIOYEHHs IIMHUA JaHUX
€IMHOTO BXOAYy /A0 ofaHoro 3 N BHUXOJIB BIANOBIIHO 10 Koay aapecu (Todto «1 3 N»).

JleMynbTUIUIEKCOP BKJIOYAE B cebe AemudpaTop apecu.

Jlorika (yHKIIOHYBaHHS JeMYJIbTHIUIEKCOPY Uisl BUManky N = 4 HaBeleHa HIDKYE Y
TaOIUILl.

Al A X

o
o
<
I
x
>
& &

o
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o
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I
>
>
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1 1 Y, =X-A A

YMoBHO-TpadidHe 300paskeHHs 1eMYIbTUIIEKCOPY:

—OC
DMX 0 |
— D
1 L
2|
A, 3 —
—1{ A

Cxema HalnpoCTINIOro AEMyYJIbTHILIEKCOPY, 10 peali3ye 3a1aHe B Ta0IHILIl IEPETBOPEHHS,
HaBejeHa Ha puc.7.15

Al
X A&E
RSREE
AT

Puc. 7.15

,
z

T

JleMyJIbTUIIEKCOPU MOKHA TaKOK MOOYAyBaTH 1 Ha OCHOBI Jemudparopa. Cxema Takoro
JIEMYJIbTUIUIEKCOPY MOKa3aHa Ha puc.7.16.
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A, A,

T

DC
3 2 0
T
X
- \’fﬁ?%
Y; Y. Y Yo
Puc. 7.16

7.6. Peanizanis joriyHux pyHKUiil Ha MyJIbTHILIEKCOPI

MybTHIIIIEKCOPH MOKYTh OyTH BUKOPHUCTaHI JJIsl TOOYAOBH JIOTIYHUX (DYHKIIN JEKUTBKOX
3MIHHHX y BUTJIA/1 AU3'TOHKTUBHIN HOPMaIbHOT (OpMHU.

Oyukuis myabTHILIEKCOpY 3 4 iHbopManiinumMu Do, D1, D2, D3 1 2 agpecaumu A1, Ao
BXxojamu mae Burisg JJHD:

Y, =A-A -Dy+A-A-D+A-A-D,+A A -D,.
Sk mpuknan, BizbMemMo pyHkiiro: Y = (1,2,4,7)
Y = X, Xy X A Xy Xy Xy 4+ Xy Xy Xy + Xy X, - Xy
1 peanu3yemo i Ha MyJIbTHUIIIIEKCOPI.

Mu MoxkemMo OJHHMM BXOJaM MNPUBIACHUTH 1H(OpMAalIHI 3MiHHI, a 1HIIUM - aJIpEcHI.
Otxe, ororoxHioemo: A = X,, A, = X,, Toai i3 criBcTaBIeHHS MIHTEpMiB 3 BHpa3iB a1g Y,,

ta Y BummBae: D, = X, Dl:X_3, D2=X_3,D3:X3

[ToGynyeMo Ha MyJbTUILUIEKCOPI AaHY (DYHKIIO:

D
X3 ® | MUX

— | | LY
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Puc. 7.17

SKII0 BUKOPUCTOBYBATH MYJBTHUIUICKCOpP Ha 2 iHGOpMAIIHUX BXOIU, TO IO (YHKIIIO
MO>KHA TIPEJICTABUTH Y BUTIISAIL:

Y =X, (X Xy + X, X))+ Xg - (X, - X+ X, 0 X))

Jlnist 2-BXOJ0BOTO MYJBTHILIEKCOPY 3 OJHHM aIpEeCHUM BXOAOM A BUXiTHA (YHKIIS Mae
BUIJIAA;

Y, =A-D,+A-D,
Sxmo npuBnacHut A = X, To i3 cmiBcTaBiaeHHs Y,, Ta Y BHIUIUBAE:
D0:X2'X_1+X_2'X1:X2@X11 Dlzx_z'x_l"‘xz'xlzxz@xl

Peanizanisa ¢pynkuii Y Ha 2-BX0JJ0BOMY MYJIbTHUILIEKCOPI MTOKa3aHa Ha puc.7.18.

MUX Y

Puc. 7.18

CuHTE3 JOTTYHUX IPUCTPOIB HA OCHOBI MYJIBTUILUIEKCOPY MOKE OYTH (popMani3oBaHHi.

AJTOpUTM CHUHTE3Y MPHUCTPOIO JUIS peallizalii JIOrYHOI Ha OCHOBI MYJIBTHIUIEKCOPY
BKJIIOYa€ B ce0e HACTYITHI onepartii:

o Jlna orpumanoi JJIH® 3amoBHuTu s 3ajnaHoi ¢yHkuii kapty Kapno (abo
niarpamy Beitua).

e Ha kapti KapHo HeoOX11HO BUIIITUTH 00JIaCT] 32 KUIBKICTIO 1H(OpMaLIHHUX BXOIIB
MYJIBTHILIEKCOPY, SIKHI MH BUKOPHUCTOBYEMO. Taki 30HN Ha3MBAIOTHCS A/IPECHUMHU.
3MiHHI, 10 30epiraloTh CBOi 3HAUYEHHS B MeXax oOpaHOi 00JIacTi, € aJpecHUMH
JUIS. MYJIBTUILIIEKCOPY, a pelITa - ingopmauiiiHi.

e [lpucBoitu agpecHUM BX0JaM MYJIbTHIUIEKCOPY aJApecH] 3MiHHI JOTTYHOT QYHKIII].

e JInsg koXHOI aapecHOi 00JlacTi HEOOXITHO 3HAWUTH MIHIMaJIbHY (QOpMy IIOAO
ingopmaniiinux 3MIHHUX I YOpaBNiHHA — iHQOPMALIHHUMH  BXOJaMHU
MYJIBTHILIEKCOPY.

e 3a J0MOMOroI0 TOTOXXHHX MEPETBOPEHb MiHIMaIbHI (JOPMU IPUBECTU 10 BUTIISNY,
3pY4YHOTO JIJIs CTIIBHOT peami3ariii.

e Peaizanisg cxeM M0 KO)KHOMY 1H(opMaIiitHOMy BXOy MYJIbTUILUIEKCOPY.

PosrnsiHeMO sk TPUKIAN CHUHTE3 JIOTIYHOTO MPUCTPOIO, IO pealizye (YHKIIIO
Y( X, X5, X, X,) = (1,257,6,10%,11,12,13). B jaykkax HaBeleHi NECATKOBI €KBiBalEHTH
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npiikoBux yucen XX, X;X,. Todro 110=00012, mo BiAmoBizae MiHTEpMY X_ax_zx_lx 0

AHaJIOriyHo

29 > X3 Xy X1 X , 610 > XX X1 X Tak Aajii. Ha qanux Habopax aprymMeHTiB

byHKIis puitMae 3Ha4eHHS 1. Yucna 13 31poukor0 03Ha4aroTh, 1110 HA ITUX HAOOpax apryMEeHTIB

¢yHKLiA HEe BU3HAUYEHA, TOOTO HAa Habopax apryMeHTIB

X_3X2X_1XO* Ta XSX_lex_O* (I)YHKHH

Y Mo’kHa IPUBJIACHUTH Oy/Ib-SKe 3HAUEHHS, 1110 CIPOIIYE peatizallilo.

Kpoxk 1:

Y =X Xy Xy X + X3X2X1X_0+X_3X2X_1Xo *+X_3X2X1X_o+ X3X2X1X_o+
+ xax_lexo + XSXZX_lX_O+ XBXZX_lXO

Kpoxk 2:
X1Xao
p, 0 01 11 10
X3X2 00 0 1 |(0 1 | p,
01 [LO *) [\ DV
Y= 11 |1 1) (0 0)
10 Lol o [ 91]1"™
D2
Kpoxk 3:

Jns mynpTHIiekcopy Ha 4 iHdopmaniiiHuX Bxoau po3id'emo kapty Kapno Ha 4
aJIpeCHUX 30HU TakK, IO apeCHUMU 3MiHHUMH Oynayth X3 Ta Xi. [IpuBnacHuMO
3HaueHHs A1=X3, Ao=X1. Tozl HOMEpU aIPECHUX 30H BIJMOBIAAIOTH OKa3aHUM Ha
kapti KapHo.

Kpoxk 4:

3HaiiieMo  (QyHKOII  yOpaBmiHHS ~ KOXHMM  1HQOpPMAaliMHUM  BXOJOM
MYJIBTUILUIEKCOPY:

Kpok 5:
B nanomy Bunajky nepeTBopeHHs He MOTPiOHi..
Kpok 6:

Bynyemo cxemy, mo peamnisye 3agany ynkuito Y( X;, X,, X;, X, ):
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D,
D,
D, I
D;

MUX

:

Xz

A;
Ao

X

|7

Puc. 7.19

7.7. KomOiHauiiiHi MpUCTPOI 3CyBY

HeoOxignicTh 3cyBy HM(POBUX AAHUX BHHHUKAE MPH HOpMaii3alii uyuceln, BUKOHAHHI
apu@MeTUYHUX OmNepaliid HaJ HUMHU 1 T.1. SIKIIO 32 OUH poOOYHl TaKT HEOOX1THUIT 3CYB BCHOTO
JUIIe HAa OJWH PO3pPSI BIIBO ab0 BIpPaBO, TO TaKy OIEpaIlifo, MOETHABIIM 11 3 (DYHKIIIEO
30epiranss iH(popMaIlii, 3py4HO BHKOHYBATH 3a JIOTIOMOTOIO PETICTPIB 3CyBY Ha Tpurepax. Y
pasi, KoJM 3a OAMH TAaKT HEOOXiAHO BHKOHATH 3CYB Ha JOBIJIbHY KUIBKICTH PO3psijiiB B OyIib-
SAKOMY HaIpsIMKy, 3py4Hille CKOPHCTATUCS KOMOIHAI[IWHUM JIOTIYHHUM HPHUCTPOEM HA OCHOBI
MYJIbTUIUIEKCOPiB. KiTbKiCTh HEOOXITHMX MYJIBTUILIIEKCOPIB TOPIBHIOE PO3PSAHOCTI BUXIIHOTO

JIBIMKOBOT'O YMCJIA.

BuxigHoro 17151 oGy J0BH 3CYyBalOUOT0 MPUCTPOIO € TAOIUIIA, III0 BCTAHOBIIIOE 3B'SI30K KOY
aZpecu MYJIbTUIUIEKCOPIB 3 TUM, IO MiIKJIIOYAETHCS O KOXKHOTO 3 iX BUXOJIB PO3PSIOM UKCTIa

3CyBY. PO3psSAHICTh aipeCHOTO KOAYy MYJBTHUIIEKCOPY P BHU3HA4Ya€ MAKCHUMAJIbHO MO>KJIUBHMA

3CyB 4Mclia 3a oquH TakT: AS  =2° —1.

Hexaii motpiOHO moOynyBatv KOMOIHAIIMHUN NPUCTPINA, IO PETYIIOE 3CYB 3TITHO 3

TaOJIUIIEIO:

Anpec Buxonu npuctpoo 3cyBy
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SIko B KOMOIHAIIHHOMY TIPUCTPOI 3CYBY 3CYB UHMCIIa TIPOBOJAMTHCS BIIIBO, TO MPH I[LOMY
crapun po3psau Tyonarbes. [lpeacTtaBUMO — maHWi TPHUCTPIM 3CYBY Yy BHIJISAI HAOOpy
MYJIbTHILICKCOPIB, KOXKEH 3 IKUX (POpMy€e OJTMH pO3PsiJ] BUXITHOTO KOJY:

Xo X X2 Xg Xy Xo Xy X, Xao Xy Xo X Xa X Xy X

—®
—e

A,A, | D, D, D, D, A,A [ D, D, D, D, A,A | D, D, D, Dy A, A, [ D, D, D, D,
MUX MUX MUX MUX

Y3| Y2| Y1| Y0|

Puc. 7.20

Tyr Buxomamu € Y,, Y;, Y,, Y;; Bci agpecHi BXoau 00’€IHYIOTbCSA Ta YHPaBISAIOTHCS
napajesbHo 3MiHHUMU A1 Ta Ao.

Sxkmo A =0, A, =0, To Buxoau 3’eqHyI0THCS i3 BXo#amu D .

Sxkmo A =0, A, =1 (3cyB Ha OZMH po3psN), TO HA BUXOAAX Y, TOBHUHEH 3 sBUTHCS X, i3

BxoxiB D;.
Sgxmo A =1, A, =0(3cyB Ha 1Ba po3psau), Y, 3’ABIAIOThCA CUTHAIH i3 BXxoaiB D, .

A mpu A =1, A, =1 -BignoBiaHo, 3cyB Ha 3 po3psau Ta BUXOAHW Y; 3’€AHYIOTHCS i3

Bxozamu D, MylbTHIIIEKCOpIB.

UYepryBaHHs po3psiiiB Moxke OyTH B OyJb-sIKOMY MOPSAKY, IO € Ba)KJIMBOIO IEpeBaroro
MYJIBTUILUIEKCOPY.

YMoBHO-TpadiuHe 300paxkeHHsT Takoro kKoMOiHaIiiHoro mpuctporo 3cyBy (KII13) mokazano
Ha puc.7.21.
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Ao A1| Dy D, Dy Dy Dy D, Da
KII3

Yal Yzl Y1| Yo|

Puc.7.21

[lepeBaru:

e VYV KOMOiIHALIHHOMY TPUCTPOI 3CYBY 3CYB 3IIHCHIOETHCS Ha OyIb-AKYy KUIBKICTBH
pO3psITiB 32 OIWH TakT (BCE 3aJCKUTh BiJM IOCTIIOBHOCTI, B SKid OyIyTh
NePEMUKATHCS aIpecH).

e Jlyxe mpocTo BUOUPAETHCS HAIPSIMOK 3CYBY

e V mpotleci 3CyBY JIETKO MOXHA 3MIHIOBATH KOJI 3CYBY.

HCZ[OJ'IiK: € JOCTATHBO CKIIAJIHUM IIPUCTPOEM.
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KoHTpoJIbHI nUTAHHSA!

Nk whE

Y yomy nosisrae GyHKIISI MYJIbTUILIEKCOPY ? 3anUIIITh HOTo JIOT1YHY () YHKIIIFO.
Hamasroiite cxeMy MyJIbTUILIEKCOPY BIAMOBIAHO 3a/1aHiil TaOIUIlI ICTUHHOCTI.

Sy ponb Bukonye nemmdparop y MUX? Hamanoiite cxemy MUX 3 gewndpaTtopom.
VY gomy nosnArae QyHKIIs 1eMYIbTUIUIEKCOPY ? 3amuuiiTh HOro J0TriuHi QyHKII.
Hamarrolite cxemy 1eMyJIbTHIIEKCOPY 3 BAKOPUCTAHHAM e paropa.

J1J1st 940T0 BUKOPUCTOBYIOTHCS CTPOOYIOUi BXOU?

OnuiriTe aaropuT™ peaitizallii JoriyHuxX QyHKIii 3 Bukopuctanasam MUX.

Sk BukopucroByrots MUX st peanizamii npuctpoiB 3cyBy? HaBeniTs npuxiia.
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8. Komoinauiiini cymaropu (SM)

KomOinamiitHi cymaTopu NMpu3HAYCHI 11 BAKOHAHHS apu(PMETHYHHUX Omeparliii 10/1aBaHHS
1 BIOHIMAHHA HaJ OJHOPO3PATHUMH Ta O0araTopoO3psIHUMH YUCIAMH  (OIEepaHIaMH).
bararopo3psiqHuii cymMaTop CKJIAIA€ThCs 3 OJHOPO3PSIHUX, WO PEali3ylOTh JIOJaBaHHS
OJTHOPO3PSAHHUX YHUCEIT.

8.1. HamiBcymaTopu

OmHOPO3PSIHUI CyMaTOp, Ha BXiJl SKOTO HAIXOMATh JIBa OJHOPO3PSAHMX uucia A i B, a
Ha BHUXOJI (HOPMYIOTBCS TaKOXX OJIHOPO3PSAIHI yHucia cymMH S 1 mepeHocy P, Ha3zuBaioTh
HamiBcymaTtopoM. ToOTOo HamiBcymMaTopu - II€ MPUCTPOI, IO peali3yloTh apudMeTUYHE
JOJJTaBaHHA ABOX OJHOPO3PATHHX JBIMKOBUX YHCEI.

Tabnuus iCTHHHOCTI 711 HalliBCyMaTopa JO3BOJISIE 3amucaT (QYHKII0 OOYUCICHHS CyMHU
S 1 nepeHocy oaMHULI NepenoBHeHHs P B crapumii po3psia:

A B P S

S=A-B+A-B=A®B=A-B+A-B=A-B+A-B=A-B+A-B=P+A+B

P=A-B=A+B

Peanizaris HamiBcymaTopa Ha OCHOBI LIMX TOTOXKHMX IE€PETBOPEHb MOKas3aHl Ha puc.8.1 1
puc.8.2.

A-4—=1_
- S

&L P

Puc. 8.1.
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Puc. 8.2.

YMOBHO-TpaiqHO HAIIBCYyMAaTOp 300paXyeThCs, SIK OKa3aHo Ha puc.8.3:

Puc. 8.3
8.2. IloBHi cymaTopu

K110 0AHOPO3PSAIHUIN CymMaTOp peasizye NOoAaBaHHS TPhOX OJHOPO3PSTHUX EIEMEHTIB A,
B, C i mpu upomy dopmye GpyHkiiro cymu S 1 GyHKIIII0 iepeHocy P, iloro Ha3uBarOTh MOBHUM.

PoGota moBHOTO cyMaropa ONMUCY€E€ThCA HACTYITHORO Ta6J'II/II_IeI-OZ

A B C P S
0 0 0 0 0
0 1 0 0 1
1 0 0 0 1
1 1 0 1 0
0 0 1 0 1
0 1 1 1 0
1 0 1 1 0
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3unaiinemo MJ/IH® ¢ynxkuiit cymu S 1 nepenocy P i cnijbHO peanizyemMo Jesiki BapiaHTH.
Ckrnagemo kapty KapHo 1715 TppOX BX1IHHX 3MIHHUX 1 OTPEMAEMO MiHIMaIbHI GOpMHU I CyMHU
S 1 onuHULi nepenocy P:

B 00 01 11 10
C
0 0 0 1 0
P=
1 0 1 1 1

P=A-B+B-P+P-A= ABC +ABC +ABC +ABC = C(AB + AB) + AB(C + C) =

=C-S'"+A-B=C-S"-A-B, S'=A-B+A-B

AB 00 01 11 10
C
0 0 1 0 1
S=
1 1 0 1 0

S=A-B-C+A-B-C+A-B-C+A-B-C=A-B-C-A-B-C-A-B-C-A-B-C=

=C-(A-B+A-B)+C-(A-B+A-B)=C-S'+C-S'=CO®S'=COA®B

Peanizauis Takoro cymatopy Ha enemenTax I-HE nokazana Ha puc.8.5:
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Puc. 8.5.

YMoBHO-TpadiyHe MO3HaYEHHS TOBHOT'O CyMaTopy MOKa3aHo Ha puc.8.6:

—1 B
Puc. 8.6.

Cxema cymaropa Ha enemeHtax BUKJIFOYHE ABO ta enementax I-HE npencrasnena Ha
puc.8.7:

Puc. 8.7.

IlepeBara cxemu 3 BUKOpUCTaHHAM Joriunux enementis BUKIIFOYHE ABO — mpocrora
peaunizanii. A HeJJOJIK - 3HaYHa 3aTpUMKa BUX1AHOro curHany y enemenrax BUKJIFOUHE ABO.

8.3. Bignimau

BinHimay - 1ie npucTpii, 1o peaizye Onepaiio BiAHIMAHHS JBOX OJHOPO3PSAHHUX YHCEN
Ai, Bi 3 ypaxyBaHHSAM 3aliOMy OJMHHUII 3 MOJOAWIOro po3paxy V,,3 GopMyBaHHSIM CHTHAJIIB

pisauni Dj 1 3aiiomy Vi 13 cTapmoro pospsny. Hexait HeoOxinHo Big A, Bigaatu B, Ta V,, ne

V., - oaguHHULA 3ali0MYy 13 MOJIOJIIIIOTO PO3PAILY:

_A
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Toni moxnuBi 3HaueHHs Ui GyHKUii pisHuni D, Ta QyHkuii 3afiomy V, BH3HauaroThCA
HABEIEHOI0 HIK4YE TaOJMUIler0 ICTUHHOCTI. BimoBigHo 10 TaOmuil ICTHHHOCTI BiJHIMAada
3anuieMo Bupasu ans pisauui D, 1 Gynkuii 3aiiomy V.

Al B v,| v] b
0 0 0 0 0
0 1 0 1 1
1 0 0 0 1
1 1 0 0 0
0 0 1 1 1
0 1 1 1 0
1 0 1 0 0
1 1 1 1 1

Toni dyukuis pizauii yucen D mae Burisia:

A Bi 00 01 11 10
Vi1
0 0 1 0 1
D = 1 1 0 1 0

=Viy-(A-B + A B)+V (A B + A B)=

=V_,-S'+V,,-S'=V_, ®S'=V, ,®A ®B,

®ynkuis 3aiiomy V, :

A Bi 00 01 11 10
Via
0 0 1 0 0
V, =
1 1 1 1 0
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V,=A-B-V,+A-B-V,+A-B-V,, +A-B-V,, =

=V.,-(A-B+A-B)+A-B=V,-§

-B

BukopucroByroun ToTOXHI Bupasu M D, Ta V,, MoxHa peaiizyBaTu OZHOPO3PSAIHUI

NOBHHUH BiJIHIMA4 B Pi3HUX €IIEMEHTHUX Oa3ucax.

Cxema BapianTy Takoro BimHimaua Ha enemeHtax [-HE ta BUKJL. ABO mnoka3ana Ha
puc.8.8:

< mr
|

<th
ll'l.
]

Eainky

_}E

Puc. 8.8.
3 nopiBHsHHA BuUpasiB anaS, ta D, BumnHo, mo S; =D,;, TOOTO BigHIMAa4 MOKHA

noOynyBaTH Ha OCHOBI TMOBHOIO CyMaropa, 3aMIHUBIIM BIJHIMAHHS CKJIaJaHHSAM 4HCET B
3BOPOTHOMY KOJIi:

Ai
+B,
+Viy

P S/

Jl1ig Takoi omneparlii TaOaMIIsI ICTHHHOCTI Ma€ BUTIIS!

A B Vv, P S,
0 1 1 1 0
0 0 1 0 1
1 1 1 1 1
1 0 1 1 0
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0 0 0 0 0
1 1 0 1 0
1 0 0 0 1

. co * * . .
[MopiBatoroun 3HauenHs ¢yukuii P, S; ¢ V, u D, B Tabmuuax mns BigHiMaua Ta

. . * \7 * . *
cymaropa, MoxHa BigMitute, mo P, =V, , §; =D;, To0T0 Ha BuxXOAi cymaropa mepeHoc P,

HEOOX1THO TIPOIHBEPTYBATH.

Taxuit BigHIMa4 HA OCHOBI CyMaTopa Moka3aHuil Ha puc.8.9:

Vﬁ 2 P %’*vi‘

Puc. 8.9.

8.4. Aareopaiunumii cymaTop

AnreOpaiunuii cymarop Moxe OyTH BUKOPHCTAaHMM JIs BiAHIMaHHS abo JOJaBaHHS 3a
HeoOx1HicTIo. [loenHanHs onepaliii JoaBaHHS 1 BIJHIMAHHS BUMarae JoJaTKOBOro curxany F,
SKHI BCTAaHOBJIIOE PEKUM POOOTH CyMaTopy 3a JOIIOMOI'0I0 KEPOBAaHOT'O iHBEpTOpa:

X, F=0
X,F=1

F — kepyrounii curnai.

B sikocTi Takoro kepoBaHOro 1HBEpTOPY MOXke OyTu BukopucTtanuii exemenT BUKJL.ABO:

_ X
Y = XF+XF H=11Y

F1°"-

IIpu F=0 maemo Y = X, T00TO mepemauy curHaiay Oe3 iHBepcii, a npu F=1 BuxinHuit
CHUTHAJI € 1HBepci€to BxiaHoro: Y = X .
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Cxema Takoro anredpaivHoro cymaropa nokaszana Ha puc.8.10

A— A |sM | D/S
B——= Bl |
V.,/C o] b T—E‘Va P
F
Puc. 8.10

Ilpu F =0 Bukonyerbcs omepauis nomaBanus A +B, +P_ =

onepauis BigHiManus: A —B, -V, =V, -D,.
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KoHnTpoJbHi nuTanHs:

HageniTh TaOIMII0 ICTHHHOCTI Ta 3alMINITh PIBHSIHHS JJI HaIliBCyMaTopa.
Hagenite cxemu HamiBcymartopiB Ha JIE I-HE, ABO-HE, BUKJIFOYHE ABO.
HageniTh TaOIUIIO iICTHHHOCTI Ta 3aMMIIITh PIBHSIHHS JIJIS IOBHOTO CyMaTopa.
Hagenite cxemu noBuux cymaropis Ha JIE I-HE, ABO-HE, BUKJIFOUHE ABO.
HageniTh TaOMUIIO ICTHHHOCTI Ta 3aMUIIITh PIBHSIHHS IS BiAHIMAaya.

SIk MOXHA peani3yBaT BiHIMa4 3 BUKOPUCTaHHIM cymaTopy? HaBeniTs cxemy.
Sk MoxHa peaiizyBaTH KepoBaHul iHBepTop? HaBemith cxemy.

Hawmamoiite cxemy anredpaiyHoro cymaropy

Sk moxxHa peanizyBaTu moBHui cymarop Ha MUX? HaBeniTh cxemy.

©OoN R wDdE

10 Bin 9oro 3anexuTh MIBUAKOIIS CyMaTopiB?
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8.5. bararopo3psaHi cymaTopu

JlongaBanHsi ~ 0araropo3psgHMX  YMCeNl ~ MOXKHAa  peayi3yBaTH  3a  JOINOMOTOIO
06aratopo3psIHOrO cyMaTopy (MOCTiIOBHUN cyMaTop abo mapaiesibHUi cCyMaTop).

Hexaii notpiGHO ckiacTu 1Ba 4-po3psiiHux uncia A ta B:

LARAA
B,B.B,B,
P4S4SSSZSI

Cxema MOpO3PSATHOTO OJIaBaHHS 3 IOCIHIJOBHOIO pealli3alli€lo MepeHoCcYy HaBelcHa Ha
puc.8.11:

S s s S,
A—lalsmis—" As—lalsm|s — As—{alsmls— ° Ac—alsm|s |—
B—s| || B—s| || B—sl || B—s| ||

—c P c P C P C Pr—
" P R P =S,
Puc. 8.11

[TocnimoBHMIT cymMaTOp BHMarae MiHIMalIbHHUX BUTpaT oOnaaHaHHSA. OpHAaK, TPUBAIICThH
orepauii J0AaBaHHS MPOIOPLiiHA PO3PSIHOCTI ONEpPaH/AIB BHACHIJOK 3aTPUMKH OJUHMIII
MEPEHOCY, TOMY HOCTIAOBHUI CyMaTop MOX€E BUKOPUCTOBYBATHUCS Y BITHOCHO MOBUIBHO JAIFOUHMX
U(PPOBUX HMPUCTPOSIX.

TpuBanicts TakTy T HOCIIIOBHOTO cCymMaTopa NpornopuiiHa KUIbKOCTI po3psAAiB cymaropa N

1 4acy peanizauii IlepeHeCeHHs! B OHOMY po3psimi t,,

VY napanenbHOMY M-pO3pSAHOMY CyMaropi KOXEH po3psl CyMH S BHU3HAYAEThCA SIK
I

jgoriuHa cyma 2i+1 aprymentiB. ToMy ckiaaHiCTh peamizalii BUXITHMX (QYHKIIH LIIBUAKO
3pocTa€e 3 POCTOM HOMEpPY BHXITHOTO po3psay. | 3arpatm oOnagHaHHS MIBHIKO POCTYTH i3
3pOCTaHHIM PO3PAAHOCTI onepaniB. TpuBanicTs TakTy T 1 CKIIaAHICTB peani3alii mapaaeibHOro
cymaTopa 3ajieXxaTh BiJl CrtocoOy peaizarii IpuHOCHB.

Jlis moOynoBU CXeMHU MapaielbHOr0 IEePEeHOCY BBEIEMO IO3HAYEHHS Ui (PYHKUIL
npo3opocti A @B, =H, Ta ¢yHkuii renmepauii nepenocy A -B, =G,. BuxopucroByroun
¢ynxmii npo3opocti H; ta dynkuii rerepamnii G, amst Oyap-sSKoro po3psay CyMaTopa MOXHA
3amnMcaru:

Si:Aic—BBi@Pi—lei@Pi—l’
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P, = A B, +(A ®B,)P,_, =G, +H,P,_,.
BaSYIO‘H/ICB Ha JaHHUX CHiBBiI[HOH_IeHHHX MOJKHAa 3a11ucCaTu:
S,=H,®P,, P=G,+PH,
S,=H,®P, P, =G, +PH, =G, +G,H, + P,H,H,
S;=H,®P,, P,=G,+P,H,=G,+G,H, +GH,H, +PH,H,H,
S,=H,®P,, P,=G,+PH,=G,+G;H, +G,H,H, +GH,H;H, + PH,H,H,H,.

ToOTO KOXEH 3 BUXOJIB 0araTopo3psIHOTO cCymMaropa Moke OyTH 3amucaHuid y BUTISIL
JH® i3 dyHkuiii mpo3opocTi Ta rerepanii. Y mpoMy BUIAIKy yCi BUXiAHI 3MiHHI S1, S2, S3, S4
P4=Ss o6uucnrorotbecs ogHouacHo. Tum camum 3a0e3nedyeTbcs MiHIMadbHA 3aTpUMKaA
dbopMyBaHHS pe3yNbTaTy, a 3HAYUTH 1 HAWO1IBINA IIBUIKOTIS.

Cxema mapalieIbHOTO MEPEHOCY TUM CKIIATHINIA, YAM OLIbIIe apryMEHTIB BU3HAYAIOTh
byHKIIiIO.

Cekiist 4-po3psHOTO CyMaTOpy YMOBHO-TpadidHO ToKa3aHa Ha puc.8.12.

il_ Eu S
2 S, ="
As A
A 2l g,
B 2
.' 2 +—8S,
Bj_ B 1
4 2 —8S.
PP Pl P=S,
Puc. 8.12

OCKIJTbKM CKJIQAHICTh CXEMH IapaJieIbHOTO MEPEHOCY HIBUAKO 3pOCTa€ 31 30UIbLICHHIM
KUJIBKOCTI PO3pSAIB cymMaTropa, 0araTopo3psiiHi CyMaTOpH YacTo po30MBAIOTh Ha CEeKIii,
BCEpENIMHI SIKUX pEai3yeThCsl MapajesibHUi mepeHoc. MK CeKIisIMU TMEepeHoc Moxe OyTu
peanizoBaHMi MOCHII0BHO. ONTHUMaIbHUM BBAXKalOTh MO 6araTropo3psIHOro cymaropa Ha 4-
PO3PSAHI CEKIIii.

IIpn wHasBHOCTI 4-pO3psSIHUX CeKlii OaraTopo3psaHi nomaHku uymcna 4 Ta B
pPO30MBaIOTHCS HA TETPAIU:
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A12'A11’A10'Aa'AB'A7'A6'A5'A4'A3'A2'A1
+
Blz’B11'Blo'Bg'BB'B7'BG'BS'B4'Bs'Bz'B1

S12'811'810'Sg'88'87'86'85'84'83'82'81

Cxema 3’€THaHHS CEKIIii cymMaTopa 3 MOCIiJOBHIM ITEPEHOCOM MIXK CEKI[iSIMU MTOKa3aHa Ha
puc.8.13:

s
J

1., |SM|S: J 1. |SM|S: J
A, A A TA

— S, | S,

] S, ] S,
B,—B B.—_B

] S, S,

— Pl_—_—___ P P,

Puc. 8.13

8.6./IBilikoBO-1€CATKOBHII cymaTop

VY MIKpOKaJIbKYJIATOpaX, MPUCTPOSAX peecTpallii Ta NmepeTBOpeHHs LUQpoBoi iHPopmallii,
IPEJICTAaBICHOI B JECATKOBIA CHUCTEM1 UYMCJIEHHS, IIUPOKO BHUKOPHCTOBYIOTHCS apU(PMeTHyH1
HPUCTPOT 3 IBINKOBO-AECATKOBUM KOJJYBaHHSIM OIEpaH]IiB.

ba3oBuM eneMeHTOM JeCATKOBOTO cymaropa Moxke OyTu 4-po3psHa CEeKIisl JBIMKOBOIO
cymaropa, sika INOBHHHA pealli3yBaTH JOJaBaHHS JBOX JECATKOBUX IHOp K-eo pospsny:
A AGAGAG Ta B, BBy ,By; 3 ypaxysaunsam nmepeHocy P, i3 terpagu monogmoro (k-1)-
ro JiecaTKoBOro pospsiiy. Ha Buxomax K-i' ceiii moBHHEH OyTH OTpUMaHHi pe3yjbTaT CyMH
Sk aSkaSk,S, Tamepenocy P, B Terpamy (K+1)-ro necsTkoBoro pospsuy.

! !
B tabnmni HaBexeHi 3HaueHHs S; Ta P, 10 OJepKyIOThCs NpH J10JaBaHHI JBIHKOBO-

JIECSITKOBHX 4Hcel (TeTpaj) 3a JOMOMOIO0 CeKIii BIHKOBOTO cymMaTopa, a TakoXK 3Ha4EeHHS S, ,

R,

K1, B KIHIIEBOMY paxyHKY OBHUHHI OyTH OTpUMaHI.

24 | 28 | ot 20 | Heinkoeo-0ecamkosuit

2 [P sy sy sy [s; [P Is, [s, [s, [s |Zee
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10 | O 1 0 1 0 1 0 0 0 0 16

11 0 1 0 1 1 1 0 0 0 1 17

12 |0 1 1 0 0 1 0 0 1 0 18

13 |0 1 1 0 1 1 0 0 1 1 19

14 |0 1 1 1 0 1 0 1 0 0 20

15 |0 1 1 1 1 1 0 1 0 1 21

16 |1 0 0 0 0 1 0 1 1 0 22

17 1 0 0 0 1 1 0 1 1 1 23

18 |1 0 0 1 0 1 1 0 0 0 24

19 |1 0 0 1 1 1 1 0 0 1 25

Sx BumHO 3 TaOMUI, MIJICYMOBYBAaHHS JBIMKOBO-IECSITKOBHX OIEpPaHIIB Ja€ CyMy

/ / / / / : : :
SkaSksSk,Sk;, Ta mepeHoc P, ski,nmounHaroun 3 10-To psaka, HE BiANOBIAIOTH J0JABaHHIO
necaTKoBuX uncen. B psnkax 16-19 motpibna Kopekiis juiie cymu, a B paakax 10-15 — cymu
Ta mepenocy. Kopekilis MOBUHHA TIEpeTBOPUTH cyMY S;,Si,S1,Sk; B €YMY Sy ,SysSk,S«; Ta

nepetnoc P, B P,.

Kopekiist nepeHocy BUKOHYETHCS JIOTIYHUM J10/ITaBaHHSIM:
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!

P, =P +P

xop 1

e Pmp — KOPWTYIOYHUH JO0JaHOK, IO TMpUHMae 3HAYEHHs JIOTIYHOI OJMHUIII Ha Habopax

St 4SksSk,Sk, B 10-15 psanxax Tabmuii, TO6TO:

S*2S’1 00 01 11 10
S’4S’3

00 0 0 0 0
01 0 0 0 0
11 [ 1 1 1 1
10 0 0 1 1
N
Pop= = S4-S;+S,-S;

' ' ’ ’ ’ r_ D oo ’ ' ’
Pe=Pc+P,, =Pc+S5,-53+S,-S"=R-5,-5;-S5;-S

HeoOxigHicTh KOpeKuii pe3ynbTaTy CyMH BUHHKae 3aBxau npu P, = 1. Ilpu mpomy, ams
OTPUMaHHSA MPAaBWIBHOTO PE3yIbTaTy CYMH HEOOXiHO [0 MPOMDKHOTO pEe3yJabTaTy
St 4SksSh,Sy, nobasutu koa 01102=610, TO6TO:

2, 0=2,+P(0110), — (mBilikoBo-mecATKOBE = ABilikoBe + uncmo 6 gt 10
KOMOIHAIIIH).

Peanizartis cekiii ABIHKOBO-IECATKOBOTO CyMaTropa Ha OCHOBI JBOX CEKIil JBIHKOBOTO
cymMmaropa nokasaHa Ha puc.8.14:

] — A s —
A2-10: A SM2 SI ﬁa SM2 S
o Sa L Af Sa —
- S, » B. S:—
B,..—8 Bs
2-10 — s ! B. S
P.1—P P —P Pl %
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Puc. 8.14

8.7.KombinauiiiHuii nepeMHOKyBa4

3aBIsAKHM BHCOKiM MIBUAKOJIT KOMOIHAIIHI CyMaTOpH IIUPOKO 3aCTOCOBYIOTHCS B PI3HUX
MPUCTPOsAX 00poOku 1udpoBoi iHMopmarii. OTHUM 3 MOXKJIMBUX 3aCTOCYBaHb € MPHUCTPIH
MHO>KEHHS YHCEJl Ha OCHOB1 KOMOIHAI[IHHUX CyMaTOPiB.

Hexaii HeoOXiZHO IepeMHOXKHTH JBa JBilikoBux uucna A,A,A A T1a B,B;B,B,.

ApudmernuHe MHOKEHHS Ma€ BUTIISL

A A A A
B, B, B, B
A4 Bl A3 Bl AZ Bl Ai Bl
A4 BZ ASBZ AZ BZ AlBZ
A4 BS A3 BS AZ BS Ai BB

A4 B4 ASB4 AZ B4 AlB4
i, 1, 0, I, n, 1, M, II,

Tyt nobyrku Tuny A B ; BU3HAYAETHCS 32 JOMIOMOT OO KOH’IOHKI[IH BIAMOBIAHUX 3MIHHUX.

[lepemHOXeHHS TBOX 4mcen A i B MOXHa BUKOHATH, 3aCTOCYBABIIHU JOJABAHHS 13 3CYBOM.
OxpeMi 100yTKM OJHO3HAYHO BU3HAYAIOTHCS IOMHOXKEHHAM umia A, A,A,A Ha deproBuii OiT

MHOKHUKA. KoXXHUI HAcTymHUN OKkpemMHuil JOOYTOK HEOOXIJHO 3CYHYTH Ha OJUH PO3PAI IO
BiJTHOIIICHHIO 0 TonepenaHboro. OcraTouyHui JTOOYTOK BUXOAMTH TMOCIIAOBHHM JOJaBAHHSIM

OKpeMHX JOOYTKIB.

Peanizarrist mepeMHOXyBaua Ha OCHOB1 OJTHOPO3PSTHUX CyMaTOPIB MpHBEIeHa Ha pHUC.8.15:

AtBe  AdBpfuBy ABphsBy  ABisH; Bl 4Bl Ad B
| & | \T|T\ |T\ﬂ-| la]a] |T|T| \T|ﬂ-\ | & |
)3 > y kP2l y Piliy

AE B.d : Bj A—‘ B‘\ 81

ﬂg M- ﬂh ﬂﬁ ﬂ4 M ng Fh
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Puc. 8.15

OcHoBHa mepeBara KOMOIHALIHHOTO IEPEeMHOXKyBada - BHCOKA IIBHIKONISA, MO HE
NOB'A3aHA 3 TAKTOBOIO CHHXPOHI3AII€0 MPUCTPOIO, & BUZHAYAETHCS JIUIIE 3aTPUMKAMU CUTHAJIIB
y JOTIYHHX €JIeMEHTaX.

KomOinamiitHi mepeMHOXyBadi €()EeKTUBHO MOXXYTb OyTH BHKOPHUCTaHI INpU TOOYHOB1
poBuX GUIHTPIB, 111 BUKOHAHHA HEOOX1THUX 00YMCIIEHb IBUIKOTO MepeTBopeHHs Dyp'e, B
MIKPOITPOIIECOPHUX CUCTEMaX.

KoHnTpoabHi nuTanus:

Hagenite cxemy cyMmyBaHHsI 0araTopo3psAHUX YKCEN 3 MOCIIOBHUM IIEPEHOCOM.
Ha3BiTh mepeBaru i HeOMIKH TAKUX CYMaTOPIB.

Ha sikux criBBIIHOLIEHHSIX IPYHTYETHCS MapaielbHUi IepeHoC y IBIHKOBIM TeTpoIi?
HageniTh cXeMy CEKI[IOHOBAHOTO CyMaTopy.

Konu nouineHO BUKOPUCTOBYBATH ABIHKOBO-/IecATKOBUN cymarop (2-10 CM)?
OOrpyHTYyiiTe METO/I BUKOPUCTAHHS IBIMKOBHX ceKlidy 2-10 CM.

Sxi enemeHTH HEOOX1IHI I pealtizaiii KoMOIHAIIHHOTO MepeMHOKyBas1a?

NGk~ wDdE

HageniTh cxemy KOMOIHAI[IHHOTO MTEPEMHOXKYBaja ABOX TETPa.
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9. Hudposi komnaparopu (LK)

Kommnaparop - ne xoMmOiHamiifHui TpUCTpii, mo peanizye (QyHKIT BiJHOIICHHS IBOX i
OinbIIe onepaHAiB (KOAOBI KOMOiHAIlT, Kl OepyTh y4acTh B apu(METUYHUX CIIBBIIHOIIECHHSX ).

Jlst nBox omepaniB A 1 B e ¢pyHKItii:
F(A>B)=F, F(A<B)=F, F(A=B)=F

Ta ix cynepnosuuii: F(A>B)=F, F(A<B)=F

HaiiBa)xiMBIiIuM € KOMITapaTop, 110 BUSBIIAE PIBHICTD apryMeHTiB A = B. YHiBepcanbHuit
KOMITapaTop MOBUHEH BU3HAYUTH BCl MOXKJIMBI BITHOIIICHHS apTyMEHTIB.

9.1.0anopo3psaani LK

OyHKIII1 BIJHOLIEHh MK JBOMa OJHOPO3PSTHUMH JABIIKOBUMU ONEpaHIaMU MpeACTaBIeH]
y TabIuIi:

>

W
TMv
T
TA
TMwv
Tn

> < =
@ynkuii F, F, F MoxHa peanizyBaTu HaCTYITHUM YHHOM:

=A+B

TV
>
w|

TIA
Il
>|
vs]
W

= A+

—AB+A-B=A~B-A®B-AB+AB=AB-AB=F+

T
TIA

Ha puc.9.1-a, 6 naBeneHi mpuKiIaaW peami3aiiif, IO BiIMOBIIAIOTh JaHUM JOTIYHUM
BUpa3aMm, a Ha puc.9.1-6 - yMoOBHO-TpadivuHe MO3HAUYECHHS OJTHOPO3PSAIHOTO KOMIIapaTopa.
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Ay . gt
B -F ? —
— E_E A }1%T}E HAE ::
sz B }}L@ i
¥ L
a 6 B

Puc. 9.1
9.2. bararopo3psiani K

Hexait € 3-po3psnne uncio A, A, A, nopiBHseMo Horo i3 3-po3psanuM duciom B,B,B;.
Toni oTpuMaEMO CITIBBITHOIICHHS: =, >, <:

Fs=(A =B,)-(A, =B,)-(A=B)=(A ®B,) (A, ®B,)-(A ®B,) =
:(A3®Bs)+(A2@Bz)+(A1®Bl)

Fa=(A >B,)+(A, =B,)-(A, >B,)+(A, =B,)-(A, =B,)- (A >B,) =
=A; By +(A, B, + A, By)(A, B, +(A, B, + A, B,)- A -B,) =
=A, B, +(A, ®B,)(A, +B, +(A, ®B,)-A +B))

> =
Peanizanis manux ¢pyskuii F ta F naBeneni Ha puc.9.2 ta puc.9.3

A2—=1 _15

Puc. 9.2
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A, B., | mil 1
}1

1)

Puc. 9.3

&
D
¢

T

>
Sk BUAHO 31 cxeMH Ha puc. 9.3, 3aTpuMKa curHany F s mpomopiiiiiHa po3psaHOCTI Yuce,

> <
10 MOpiBHIOOTHCA. Jlus 3MeHineHHs 3arpuMku (i 30inblieHHs mBuakoxdii) ¢yukmii F,F
notpi6Ho npusectu A0 Buxy JAHD (KH®) i minimizyBaTH.

>

[Ticnsa minimizaii, Hanpuknan, ;s F 3 orpumyemo:
s=A, Byt A A B, +By A B+ A A B, B+ A A AB+A A B B+A BB B
Jloriuna cxema peanizauii ¢ynkuii Fs mokazana Ha puc.9.4. Taka cxema 3abe3neuye

<
MiHIMaIbHY 3aTPUMKY BHUXIJHMX CHUTHalIB, TOOTO MakcUMaibHy mBHIKoAlI0. Cxema Fs
aHaJIOT14Ha, SKIIO B Hil BiAMOBiAHI 3MiHHI Ai Ta Bi IOMIHATH MiCIIIMH.
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_ A
5/ el
AA_ &
B, y
_B.A7| &
B- |
— ] 0
B, | E
A —
_Aﬁ\zi & | ]
B, —
_AAT]
_B; — &
B,
_BAT
—BQ — &C
B
Puc. 9.4

> <

B pesynbTari 00'eTHaHHS cXeM, IO peali3yloTh QYHKIIIT F3,F3,Fa, orpumyemo LK mis
MOPIBHSIHHS IBOX 4Kcell (YMOBHO-TpadiuHe 300pakeHHs Ha puc.9.5):

_a[F9s=070
— | |=l_100
_g| [<—001

Puc. 9.5

9.3.11K Ha ocHOBi cymaropy
BimHomeHHs ABOX YHCeNl MOXKHA BHUSIBUTH, SIKIIO 3 uncia A BigHsATH B 1 mpoanamizyBatu

pizauio D4D3D2D1. Ananoriuno, BimHiMaHHs B Bil A MoO)KHA 3aMiHHUTH CKJIaJaHHAM A 3
yuciaoM B B 3BOpoTHOMY KOJIi:
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_AAAA L AAAA
B,B;B,B, — "B,B.B,B,

4=3=-2"-1

D,D,D,D, PS,S;S,S,;

VY Tabnuui HaBeAEHI MOMIIMBI CHUTyallii Ha BHUXOAI CyMaropy 1 BiamoBigHi QyHKIl
CHIBBIHOIIEHD:

ns| R
1 * =
F4
0 1 > = = _
F4—F4-P=F4+P
0 0 < - _ =
F4=F4-P=F4+P
= 4
Tyr F4=(1S, — OyHKIisI piBHOCTI ISl YOTHPHOXPO3PSAHUX UHCEN, SKa MPEACTaBIISIE
i=1

c0000 KOH'FOHKIIIIO JIUTsl BUX1IHUX CUTHANIB cymaTopa: S453S5251 .

Cxewma, 110 peaiizye HaBe/I€HI B TaONUIII BUpa3u, MpUBeeHa Ha puc.9.6.

SM| S«
S"_I__ & I_:
s, ]
S,

A

[
=

w
11
m
T
s

"

Puc. 9.6

9.4.CekuionoBani I1K

Bararopo3psiHi KommapaTopy 3a3BUYaid CKJIAIar0Th 13 0a30BUX cekiliii. HaiGiapim gacto B
AKOCTI 0a30BOi cekuii Moxe OyTH BUKOPUCTAaHMN 4-pO3psIHUM mapaneilbHUN KOMIIapaTop 3
= >

<
TppoMa Buxomamu F, F, F. Ha iforo Bxoau kpim po3psniB nBiiikoBux uucen A ta B

< = >
nogaroThesa curHanmu F, F, F | mo npeacTaBisioTh pe3ynbTaT MOPIBHIHHS MOJIOAIINX TETPAl
MOPIBHIOBAHUX YHCETI.
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Hexait 3agano naBa uucna A ta B. [IpeacraBumo ix sik komOarrito crapmmx (A4e, Be) 1 MOJIOIIIIX
(4w, Bu) Tetpan:

A= AAAAAAAA = AA,

AC AM
B = B,B,B,B,B,B,B,B, = B.B,
u v J\. J

v
BC BM
OyHKIIIsA F= (A = B) € pe3ynbTaToM MOPIBHSIHHS CTAPIINX TA MOJIOALINX TETPAI:

F=(A =B.)(A, =B, )=Fc-Fu.

AHaJIOryHo:;

F=(A >B.)+(A. =B.)-(A, >By,)=Fc+Fc-Fu=Fc-Fc-Fu,

F=(A <B.)+(A =B.) (A, <By)=Fc+Fc-Fu =Fc-Fc-Fu .

Cexuiist 4-po3psHoro kommapaTtopa (Puc.9.7) BUKOHYeTbCs y BUTIISAI IHTErPATbHOI MIKPOCXEMU
(Puc.9.8-a). Cekii kommaparopa 3'€IHYIOTHCS TTOCTII0BHO ab0 mapanenbHo (Puc.9.8-6).

[T
1]
1]
v
|

NEERE

Puc. 9.7

Fm ] —
AM{EKZJ?:J o A . AM_|::&==}_|:’:
B{E; ::l-z__:m »— F=F,F. _] ;; =_|::

T
an W
'_|_|
[111]]
.-\.||v| |];||
Il EJ
o
| |
K]

A
1

Puc. 9.8
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KoHTpo/IbHI NUTAHHS

st yoro BukopuctoByrotbes LIK?

Hagenite cxemy peanizanii LUK na JIE I-HE.

Hagenite cxemy peanizanii [[K na JIE ABO-HE.

Hagenite cxemy peanizanii [[K na JIE BUKIIIOUHE ABO.
3anumiiTe criBBiAHOMEHHS 1 3-po3psaHoro LK.
Hagenite cxemy peanizarii 3-po3psanoro [IK wa JIE I-HE.
LIK Ha ocHOBI cymMaropy.

Hagenite cxemy peamizanii cekiriii LK.

©ooNo Ok wdPE

Hagenits cxemy peamizanii cekiionoBanux LK.
10 YuM BU3HAYAETHCS YaC BUKOHAHHS Olepallii mopiBHIHHS?
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10.Tpurepu
Tpurepom Ha3HMBalOTh CIIYCKOBHUH pereHepaTHBHE MPUCTPIN 3 JBOMA 1 Ouiblie CTIMKHUMHU
craHaMu («0» abo «1») , IO MEepEeMUKAIOThCS BIAMOBIAHO 1O CTaHIB 1H(OPMAIIHHUX BXO/IIB.
[ndopmarniiinumu BXxoJgaMu € BXiJl S ycTaHOBKHM y cTaH «1», Ta BXig R yctanoBku y cran «0».
Kpim iHpopMamiitHuX, TpUrepyu MOKYyTh MaTH BXiJ1 cuHXpoHi3alii C Ta iHII Kepyrodi BXOAH.

10.1. Acunxponni RS-tpurepn

B acuHXpOHHUX Tpurepax 3MiHa CTaHIB 3MIHCHIOETHCS IiJ] Yac MOAIM Ha 1HPOpMAIiTHIX
BXOJIax.

10.1.1. RS-Tpurep na joriunux esementax AbO-HE

OyukuionanbHa cxema RS-tpurepa na enementax ABO-HE noka3zana na puc. 10.1:

Puc. 10.1

JlBa nmBoxBxonoBuX JIE 3aMKHYTO B KOHTYp TO3HTHBHOTO 3BOPOTHOTO 3B'S3KY: BHXIJ
nepuoro JIE Q 3'enHanuil 3 oAHUM 13 BXOJIB 1HILIOTO, @ BUXIJ ApYroro Q - 3 OJHHUM i3 BXO/IiB
nepuoro. BinbHI BXOJM, BUKOPUCTOBYIOThCS sIK 1HGopMamiiHi Bxogu R 1 S Tpurepa. 3a
BU3HAYEHHSM CUTHAJIOM I10 BXOAY S (BiJ aHIJI. Set - yCTaHOBKA) TPUTE€P BCTAHOBIIIOETHCS Y CTaH
«l», a mo Bxomy R (Bim anrn. Reset - ckumaHHs) TpUTE€p BCTAHOBIIOETHCS y cTaH «O».
InenTudikatopoM craHy NpuilMaloTh piBeHb Ha MpsMOMy Buxoni Tpurepa Q. Jpyruii Buxiza
Tpurepa P Ha3uBarOTh 1HBEPCHUM, OCKIIBKH Y HOPMAJIBHOMY PEKUMI HOTO CTaH € MPOTUIICKHUM
Buxony Q.

Jloriky poOOTH TpUrepa MOXHa MPEACTaBUTHU K TAOJIUIIIO CTaHIB:

R S Q P

0 0 Q. 6n—1 peskuMm 30epiraHus

0 1 1 0 ycTaHoBKa 1

1 0 0 1 ycraHoBka (

1 1 0 0 PO3PHUB TPUIePHHX 3B’ SI3KiB
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SAxmo Bpaxysaru, mo Ha Buxoi enemedTa ABO-HE Oyze noriuauii Hyb, AKI10 xo4a 0 Ha
OJIMH 3 BXOJIIB MO/IaHO JIOT1YHY OJMHUITIO, TO 0€3MOCePEeTHRO 32 CXEMOI0 MOYKHA BU3HAYUTH, 1110
npu R = 0, S = 0 3aBasku 3BopoTHUM 3B's13kaM Mixk JIE Oyab-skuii 3 craniB Tpurepa (Q =1 abo

Q =0) 6yne criiikum. Taka koMOiIHaIIIsSI KEPYIOUUX CUTHATIB BiJMIOBIIA€ PEKUMY 30€piraHHs

Kom6inaniss R = 0, S = 1 nepeBoauTh Tpurep y CTaH JOTiYHOI OJWHUII, SKIIO BiH OyB B
CTaHl JIOT1YHOTO HYJsA, a00, AKIIO BiH OyB B CTaHIi JIOTIYHOI OJMHHII, YTPUMY€E HOTO B IIBOMY
ctai. lle pexxuM ycraHoBKH a00 30epiranus «1».

Kom6inamiss R = 1, S = 0 30epirae cran Tpurepa, sKIo BiH OyB B HYJi, a00 MEpPEeBOANUTH
Horo B HYJb, SIKIIO B Tpurepi Oymna 3anucana oguuuis. Lle pexxum yctaHoBkmu abo 30epiraHHs
«O».

Kombinamiss R = 1, S = 1 e 3aboponenoro. Ilpu Takiii komOiHamii cTaH Tpurepa He
BHU3HAYCHO, OCKUTbKH Y IboMy BUManky Q=P=0 i Takuii cTaH HEe 3aJEKUThH BiJ 3B’SA3KIB MiXK
JOTIYHUMH eJIeMEHTaMU. TOMy Takuid pPeXHM HAa3UBAIOTh PEKUMOM PO3PUBY TPUTCPHHUX
3B’SI3KIB.

JloriuHe piBHSHHS, IO ONUCYE JIOTIYHI CTaHU TPUTEpa, MOKHA 3alUCATH 3 TaOJHIIl CTaHIB
a6o xaptu Kapno%

RnSn
Qn_1 00 01 11 10
0 0 1) ? 0
Q, = 1 ( 1 1 1 ? 0 = Qn-1 ﬁn"’Sanz
— (Qn-1 +Sn)(Sn + Ryp)
Yac ycranoBku Tpurepa t emmp. = 2t pp.

10.1.2. RS-Tpurep Ha Joriuyaux ejementax I-HE

@DyHKIIOHAaTbHA cXeMa acHMHXpOoHHOro RS-tpurepa Ha enementax [-HE mnokasana Ha
puc.10.2:

T

Puc. 10.2
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Ii MoxHa oTpumaTtn GesmocepenHbo 3i cxemu Ha enemenTax ABO-HE, BHKOpHCTOBYIOUH
OPUHIUIN TOABIMHOCTI. 3TiIHO 3 UM NPUHIMIIOM OyIb-sKYy JIOTIYHY CXeMy, MOOYyJOBaHy Ha
enementax ABO-HE mosxna 3aminuTu cxemoro Ha enementax I[-HE, skmo npu nboMy curaanu
Ha BX0J1aX 1 BUX0/1aX 3aMiHUTH Ha IX MPOTHUJIC)KH] 3HAUCHHS:

S S, R—)ﬁ,Q—)(_Q,ﬁ—)Q.

Kapra Kapno xapakrepusye cTan Tpurepy:

SR
01 11 10
Qui
0 ? ( 1) 0 0 B B
I A = Sp.Rp + Qu-1Ry =
1 ? u 1 1 J 0 _
/ = (Qn—l + Sn)(sn + Rn)

Pexxum 30epiranns 3a0e3medyeTbcs 3a yMOBH, IO CHTHAIM yhpaBiaiHHA R=1 S=1.

VYcraHoBKa B «1» 31IHCHIOETHCS TiJT 4ac 3MIHM S 3 JIOTIYHOI OJJMHUII B HYJIb, @ YCTAHOBKa B «0»

- IMiJ] 9ac 3MiHA R 3 JIOT1YHOT OJMHUII HA HYIIb.

Kombinamis R=0,S=0 € 3aboponenor. Ilpu Takiii koMOiHAmii CTaH TpUTEPY
HEBU3HAYEHU.

10.2. Cunxponni RS-Tpurepu
CuHXpOHHI TpUrepH, KpiM 1H(GOpMaIifHUX BXOJIB MICTATh BX1J] CHHXpOHi3aii C, Ha sSKuii
MOJIAl0ThCS KOPOTKI IMIYJIbCH 1 SIKHM JO3BOJIsA€ 3amMc HOBOI 1H(popmauii B Tpurep. Bci

CHHXpOHHi TpUTCPU IICPEMHUKAOTHCA OAHOYACHO.

10.2.1. RS-Tpurep na goriunux ejsemenrtax I-HE
@DyHKIIOHATbHA CXeMa CHUHXPOHHOTro RS-tpurepa 3 indopmarniiinumu Bxogamu S, R Ta

Bx0710M cuHXpoHi3amii C Ha enemenTtax [-HE micTuth acuHXpoHHHI TpuTep Ha enemMenTax 1, 2 i
cxeMy CUHXpoHi3alii (enemenTH 3, 4, puc.10.3):

CSAEIL_&L
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Punc.10.3

BximHi 1 BHXIOHI CHTHIM JUIsi ACHHXPOHHOTO TPHUTEpa BHU3HAYAIOTHCS TAKUMHU
coiBBinHomenuamu: A=SC, B=RC, Q= AQ, Q=BQ.

CurHanu Ha iHopManiiHHX BXxogax R 1 S Tiapku 0OYMOBIIOIOTH i1HGOpPMAIIitO, sKa
3anucyetbes. [loku C = 0, A = B = 1, Tpurep 3HaXoauThCsl B pexuMi 30epiraHHs. 3amuc
iHopmMarii y Tpurep mouyumHaeThes Michs mosBu cuHxpoimmyiascy C = 1. fAxmo C = 1, T0 B
3aJISKHOCTI BiJI TOTO, 3alIUCYETHCS B TpUrep joriuna ogununs (S = 1) abo moriuauii Hyns (R =
1), Tpurep BCTAaHOBIIOETHCS BIAMOBIAHO B «1» a60 «O».

Cranu Tpurepy ans pisHux koMmOiHanii R 1 S moka3zani na xapti Kapno:

01 11 10
0 0 0
01 1 1 1 1 _ _
Qn = =Cp-Qp-1 + Qu-1.Rp +
11 1 0 ? 1 —
CnSnRpy = (Qu-1 + C)(Qn-q +
10 0 0 ? L Su)(Sn + Rn + Cn)
10.2.2. RS-Tpurep nHa joriunux ejsiementax AbBO-HE

@OyHKIIOHATbHA CXeMa CHHXpOHHOro RS-tpurepy Ha noriunux enementax ABO-HE
nokaszaHa Ha puc.10.4:

Puc.104

Curnanu Ha iHdopMaliifHux Bxogax R 1 S Bu3HauaroTh iH(OpMaIiio, sKa 3aMUCYETHCA.

IToxu C =1, Q, =Q, ,, Tpurep 3HaX0UTHCS B pexUMi 30epiranns. 3anuc iHpopmariii B Tpurep

HOYMHAETHCsSI miciis nosiBu TakToBoro iMmnynscy C =0. fxmo C =0, To B 3anexHoCTI Bix TOrO,

3anmucyeTbess B Tpurep Joridamidi Hydb (R =0) abo moriuna omuuums (S =0), tpurep
BCTAHOBIIIOETHCS BIAIIOBIIHO B «0» a00 «1».
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Cranu Tpurepy mis pizHux koMmOinaii R 1 S mokasani Ha kapTi Kapho:

S,R

n-'™n

CaQ)
00 ? 1 0 0

01 ? 1 1] 0
I
11 1 Ll 1J

10 0 0 0 0

Qn = CnQn—l + Qn—lﬁn + Cnsnﬁn = (Cn + Qn—l)(Qn—l + Sn)(Cn + Sn + ﬁn)

YMoBHO-rpadivHe 300paXkeHHsT CHHXPOHHOTO RS-Tpurepy naBenene ua puc.10.5 (@ — Ha
JIE ABO-HE, 6 — na JIE I-HE):

s| T | s| T |
—c C
—1r ‘f_ R_T_
a 7]
Puc.10.5
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KoHTpoJIbHI NUTAHHS:

No ok wne

JlaiiTe BU3HauUeHHS TpUrepa K (yHKIIOHATBHOTO eIEMEHTA.

Hagenite cxemy acuaxponHnoro RS-tpurepa na JIE I-HE 1 #ioro noriuny ¢yHkiiio.
Hagenite cxemy acuaxponnoro RS-tpurepa na JIEABO-HE i fioro noriuny ¢yHKIifo.
Hagenite cxemy cunxponHoro RS-tpurepa na JIE I-HE i #foro noriuny gyHKImizo.
Hagenite cxemy cunxponHoro RS-tpurepa na JIE ABO-HE i fioro noriuny ¢yHKIio.
Hagenitp yacosi niarpamu po6otu cuaxponnoro RS-tpurepa na JIE I-HE.

Hagenitp yacosi niarpamu po6otu cuaxponnoro RS-tpurepa na JIE ABO-HE.
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10.3. PisnoBuau RS-Tpurepis

10.3.1. R-Tpurep

R-Tpurep - ue Bapiant RS-tpurepy, sikuii Ha 3a0oponenHy komOiHamiro S=R=1 pearye
YCTaHOBKOIO B «0».

OyHKIIOHYBaHHS R-Tpurepy onucyerbes BiAnoBiaHo kapTi KapHo piBHIHHSIM:

Sn Rn
00 01 11 10
CnQn—l
00 0 (0 |0 |0
- N\
01 11 |1 |1
% = 11 1 o o |1 = CnQn—l + Qn_1Ry + C,SR,
10 0 10 |0 |1 /=(Qu1+C)C+Rn)(Qn-1+5Sn

Cxewma, 1o peanizye nane piBHsHHs B 6asuci [-HE, naBenena na puc.10.6:

Puc.10.6

Yepes 3B'A30K BXOJly JIOTIYHOTO elleMeHTa 3 3 BUXOJOM 4 MpH OJHOYACHIN Kepyrouii ii
S = R =1 Buxizg 4, Ha kil BcTaHOBIIOETHCSI B = 0, O610Kye 1HII BXOAM €leMeHTa 3 1 curHai
S = 1 tpurep He cripuiimMae. Tomy kombOiHaris S = R = 1 BcraHOBIIOE TpHrep B cTaH «0».

10.3.2. S-Tpurep

S-tpurep — ne Bapiant RS-Tpurepy, sixkuii Ha 3abopoHeHy KoMOiHamito S=R=1 pearye
YCTAHOBKOIO B «1».

OyHKIIOHYBaHHS aCHHXPOHHOTO S-TpUTepy ONMHUCYeEThCs KapToro KapHo Ta piBHSIHHSIM!
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S,R

n-n

Q, =

C.O\ 00 01 11 10
00 0 0 0 0
01 1 1 1 1
11 1 0 1 1
= 10 0 0 1 1

CnQn—l + Qn—lﬁn + CnSn

= (Qn—l + Cn)(Qn—l + Sn)(cn + S, + Rn)

Cxema S-Tpurepy HaBeneHa Ha puc.10.7:

Puc.10.7

3B'SI30K MIX BUXOJOM €JIeMEeHTa 3 1 BXOJIOM eleMeHTa 4 3a0e3neuye mpiopUTeT BXOay S,
ockinbku Tipu S = 1 Ha BXix 4 Hagxoauth piBeHb A =0, sxuii s noriuHoro enementa I-HE e
JIOMIHYIOYHMM 1 BUKJIFOYA€ BIUIUB 1HIIMX BXO/IB (B TaHOMY BUTIAJKY BXoay R).

10.3.3. E-Tpurep

E-Tpurep — ue BapianT RS-Tpurepy, sikuii Ha 3a00poHeHy komOiHamiio S=R=1 He

pearye, ToOTO 30epirae nonepeaHii ctad Qn-1.

Cran acunxponHoro E-tpurepa ommcyerbcsi kaproro KapHo 1 ojepxkyBaHMMH 3 Hei
XapaKTEepUCTUUYHUM PIBHSHHSAM JJIs IPSIMOTO BUXOJY Tpurepy Q:

San

00 01 11 10
C.Qn
00 0 0 0 0
01 r [ 1 1 1 ]lw
11 1 0 1 1

Ne—

10 0 0 0 1
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= (Qn—l + Cn)(Qn—l + Sn)(Qn—l + En)((_:n + S, + ﬁn)

CxemMa, 1110 peaiizye ojep)kaHe piBHSAHHS B 0asuci joriunux eneMeHTiB [-HE moka3ana Ha

puc.10.8:

Puc.10.8

JonarkoBi iuBepropu npu S=R=1 OGuokyrore curHamamu S, =0 Tta R, =0 noriuni
eneMeHTH 3 Ta 4, Ha BUXOJAX SKHUX IPH I[bOMY MiATPUMYIOTBCS PiBHI «IOTi4HOI 1», 110

BIJIMOBiAa€ peKUMY 30epiraHHs paHilie 3anucanoi iHhopMarii.
10.4. RS-Tpurepu THIY «3alIilKa

RS-Tpurep Tumy «3aininka» ckiagaeTbcs 3 acHHXpoHHOro Tpurepa Ha JIE 1 Ta 2, skwuii
yIpaBis€ThCs cUTHaIaMu A 1 B, a Bce pemTa - eneMeHTH CXeMH CHHXPOHI3allii.

Cxema RS-tpurepa tuny «3aminka» npuseneHa Ha puc.10.9- a. Kpim ocHoBHOro Tpurepa
Ha JIE 1,2 cxema cunxposizauii mictuts Tpurep Ha JIE 3,4; tpurep Ha JIE 4 ta 5 1 purep na JIE

5,6.

A 0O n]v,

Puc.10.9
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Y RS-tpurepax, mo CHHXpOHI3YyIOTbcs (ppoHTOM, iHPOopMaIiiHi curHaau S 1 R MoxyTh
nepeMuKaTHcs B Oyab-siIKi MOMEHTH 4Yacy, ajlé B TPUTep 3alMCYeThCS CTaH, IO BiAIMOBiIae
KoMOiHaIil BXigHMX curHaiiB S 1 R 0Oe3mocepenHpo mepes BiAMOBIIHAM (IMTO3UTHBHUM a0o0
HEraTUBHUM) (DPOHTOM CHHXPOIMIYJBCIB. TpHUrep Moke MaTH BXOAU ACHHXPOHHOI yCTaHOBKHU

Sn, Rn.

I[Ipu C = 0 Ha BuUxOmax enemeHTIB 4, 5 MaeMo A = B = 1, ToMy OCHOBHHH TpuUTep
3HAXOJHUTHCS B PEXKHUMI 30epiranHs MoneperHporo crany, npu oMy Tpurepu Ha JIE 3,41 5, 6

BCTAHOBJIIOIOTHCS B CTaH, IO BIJMOBIJA€ pIBHAM Ha iHQOpMaliiHuX BXogax S,R, Sk mMOKa3aHo
B TaOJIHII:

S R C=0 C=1 Pexxum
NN TATB]E]JF| Qn | A | B [E|[F] Qn

0 0 |1]1]2)1|Qnt|01)]210)]2]1] ? HeBusnauenuit
1 O [1]{1]/0[1|Qn1]| 1 0O |0]1] O | VYcranoBka B «0»
0 1 |1(1(1({0|Qnz| O 1 |1]{0| 1 | VYcranoBkaB «l»
1 1 |1]1/0/0|Qn1| 1 1 [0]0]|Qnt 36epiraHss

[Tpu nepemukanni C=0->1 curHamm cxeMu CHHXPOHI3alii NEPEMHUKAIOTHCS BiIOBITHO 0
tabmuui npu C=1. Sk BuaHO i3 Tabmuii, ocHoBHMI Tpurep npu C=0 He pearye Ha MOJli Ha
Bxomax S,R, Tak sk A=B=1 BiamoBimae pexxumy 30epiranss. Ilpum mocriiHomy piBHI C=1
OCHOBHMI TpHUIrep TaKOXX HE pearye Ha IepeMHKaHHs BXoaiB S, R, Tak sk piBHI A=0 Gnokye JIE

3,5 a6o B=0 6sokye JIE 4,6 a6o E=F=0 6moxye JIE 4,5. TakumM 9MHOM OCHOBHUH TpHUTEP MOXKE
nepeMuKaTHcs Juiie B MoOMeHT nepeMukanHs C i3 «0» B «1», TOOTO 32 MO3UTHBHUM (PPOHTOM
cuaxpoimnynbey C. Tpurepu, 0 CHHXPOHI3YIOTECS (PPOHTOM CHHXPOIMITYIIBCY, 1€ HA3HBAOTh
Henpo3opuMu. DyHKIIOHYBaHHSI TaKOTO TPHUTEPl OMHUCYETHCS XAPAKTEPUCTUYHUM DPiBHSIHHAM
(mpu S*=R* = 1):

Qn = CnQn—l + Qn—lﬁn + Cnsnﬁn = (Cn + Qn—l)(Qn—l + Sn)(Cn + S, + ﬁn)

I'padiune mo3HaueHHs Takoro Tpurepa HaBeAeHo Ha puc.10.9-6. Pucka Ha BXOml
cunxponizaiii C mo3Havae crnparbOBYBaHHS 3a MO3UTUBHUM (DPOHTOM.

10.5. RS-tpurepu Tumy MS (Master-Slave)

Taxuit Tpurep (puc.10.10-a) micTuTh AB1 cTymneHi: BXiaHUW Tpurep M (Bin anri. Master) 1
BuximHuil Tpurep S (Bim anri. Slave). HemposopicTe Takoro tpurepa 3a0e3nedyeTbcs

CHHXpOHI3aIli€l0 cTyneHiB mpotudasnumu cuaxpoimmyibcamu C 1 C. 3aBasku 1pomy mpu
Oynab-sikoMmy piBHI Ha Bxojai C OAMH 3 JBOX TPHUIepiB 3HAXOAUTHCS B peXHUMI 30epiraHus, I10

BHUKJTIOYAE Tiepenauy iHdopmariii 13 BxozaiB S, R 6e3nocepennbo Ha Buxoau tpurepa Q, (_3 [Tpu
C =0rpurep crynmeni M 3HaXOAWTHCA B peXMMi 30epiraHHs, a CHUTHAI C =1 no3Bonsie
nepesanuc crany Tpurepa M B crynens S. IIpu C =1 tpurep M BCTaHOBIIOETHCS BXITHUMH S,
R, a ctrynens S npu 11bOMY 3HAXOAUTHCS B PEKUMI 30epiraHHs (E =0). Onosnennst indopmarrii
Ha Buxogax Q ta Q BiI0OYBA€ThCA 32 2 KPOKU, TOMY TaKi TPUTEPH HA3UBAIOTH IBOTAKTHUMHU 1
no3HavaTh qBoMa oykBamu T (puc 10.10-6).
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Master Slave
LAS SN
Q
C C
c ||s c ~ -
R _Ir e R o< s| TT
_ﬁ}R" } _?RW g
R .
a o
Puc.10.10

Cran RS-tpurepy tumy MS omnucyetsest kapToro KapHo i XapaKTepUCTUYHUM PiBHSHHSM,

10 OTPUMAHC 3 Hef.

CnQn-l Sn-an-l _
00 01 11 10 | ChQpoq + Qu_1Rp1
00 0 0 ? (1) + S,-1ChRy_1
Q 01 ( 1 ) 0 f) L(l ]= (Qn—l + Cn)(Qn—l
n 11 (| 1 1 1 a + S,-1)(Cp
10 0 0 0 0 +S,_1 +Ry_4)

3aBasiku HEenpo3opocTi RS-tpurepiB tuny «3amiinka» ta MS nomyckaeTbess BKITFOUCHHS
3BOpOTHHX 3B's3kiB S =Q 1 R=Q. IIpn upoMy BUIBHUM 3aJHMIIA€TbCA TUIBKU OfuH BXix C,
SKAN 332 (PPOHTOM CHHXPOIMIYJIBCY MEPEMHUKAE TPUrep B MPOTHICKHHN ctan (puc.10.11-6).

Takuit T-Tpurep npamtoe sk ninbHuK gacrorn © f, = /2.
———————— c Tox
1 I
—lg 14 Q T
, TT |o—1L _I_
fox —.C ) | I a o o : | >t
—r [ a P
: -
1
.
At
P
TEI:I)(
a o
Puc.10.11

160



KoHTpoJIbHI NUTAHHS:

N Oh wh e

Hagenite cxemy cuaxponnoro R-tpurepa Ha JIE I-HE 1 #ioro noriuny ¢yHkiiito.
Hagenite cxemy cuaxponnoro S-tpurepa Ha JIE I-HE 1 #ioro noriuny ¢ yHkiito.
Hagenite cxemy cunxponnoro E-tpurepa na JIEI-HE i iioro noriuny ¢yHxkmizo.
Hagenite cxemy cunxponHoro RS-tpurepa tuny «3amtinka» Ha JIE I-HE.
Haiite Bu3HaueHHs T-Tpurepa sk (yHKIIIOHAIBHOTO €JIEMEHTA.

Sk moxna noOynysatu T-Tpurep Ha 3acanax RS-Tpurepa Tumy «3amiinka?
Hagenith cxeMy cuaxpoHHOTO RS-Tpurepa tumy MS.

Sk moxna noOynysatu T-tpurep Ha 3acagax RS-tpurepa tunmy MS?
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10.6. D-tpurepu

Jlo D-TpurepiB BiTHOCATHCS MOCIIAOBHICHI MPUCTPOT 3 OJHUM iH(pOpMAIIfHUM BX010M D
(Bim anra. Delay) 1 Bxogom cuaxponizaiii C, sKi B MOMEHTH i CHHXpOHI3yro4oro piBHs Ch=1
a00 (pOHTY BCTAHOBIIOIOTHCSA B CTaH, OOYMOBJICHUH JIOTIYHUM PIBHEM CUTHaIy Ha BXoli Dn=
(0,1), a B may3i Mi>k CHHXPOIMITYJIbCaMH 3HAXOAATHCSA B pexxumi 30epiranus inpopmartii (Qn=Qn-

1).

@OyHKIIIOHYBaHHA CHUHXPOHHOr0 D-TpHurepa B CTaTHUHUX PEXKHUMaX OMHUCYETHCS KapTOIO
KapHo 1 XapakTepuCTHUHUM PIBHSHHSIM:

CnDn
Q.. 00 01 11 10
0 0 0 (1 } 0
e T 1 J 51 Q= CaDa+Qu-1Cn=(Qu-1+ C)(Ca+
Dy) L

Peanizanist cuaxponnoro D-tpurepa, mo 3a0BOJbHSE OTpUMaHEe PIBHSHHS, HaBeJCHA Ha
puc.10.12-a:

w)
—
lD

Puc.10.12

Sxmio Ha cuHXpOHI3yrounii BXig D-Tpurepa noganuii piserb C = 0, 0 € TOMIHYIOUUM IS
enemeHTiB 3 1 4, Ha 1X BUXO0/aX BCTAHOBIIOIOTKLCS piBHI A = B = 1, 1m0 He 3anexarpb BijJ CTaHy
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iHpopmMmariitHoro Bxomy D 1 3a0e3medyroTh peXuM 30epiraHHs aCHHXPOHHOTO TpHTepa:

Qn = Qn—l )

IMpu C = 1 indpopmaniitauii Bxin D Bu3zHauae cran Buxoxay enemenrta 3: A=CD, skuii B
CBOI0O 4epry oOyMOBIIO€ iHBEpCHHMU piBeHb Ha Buxoai enementra 4. Ilpu D = 0 Tpurep
BCTaHOBIIOEThC B HynboBHH cTaH, Q, =0 (A=CD=1 B=CA=0). Ilpu D = 1 Tpurep
BCTAHOBJIIOETHCS B OAMHUYHUN cTaH Q, =1, ToOTO B TpuUrep 3amucyeTbcs iHpOpMaIlis, MoAaHa

Ha BXig D 1m0 ycranoBku cunxponizytodoro piBHa C = 1. Omxke, iHbopmaris Ha Buxogax D-
Tpurepa 3'sIBISETHCS 13 3aTPUMKOIO 11070 iH(OpMaIiiiHOro BXxoay D, 3yMOBIEHOT 3aTpHUMKOIO
CHHXPOHI3yro4voro iMmnyibcy C moao iHpopMmariiHoro curaaity D, a Takox 4acoM repeMuKaHHs
JIOTIYHHX €JIeMEHTOB1-4.

YMoBHO-TpadiuHe 300pakeHHs TAKOTr0 TpUrepa mokazaHo Ha puc.10.12-6.
10.7.D-Tpurepu THIY «3alIinKa»

D-tpurep, mo cuHXpoHi3yeThest ppoHTOM, HaBeneHuit Ha puc.10.13-a:

Puc.10.13

Bin moOynoBaHuii Ha TPHOX €IEMEHTAPHUX TPHUTEpaX, 13 HUX 2 TpUTEpH Ha eleMeHTax 3,5 1
2 b
4,6 yTBOPIOIOTH CXE€MY CHHXPOHI3aIlii OCHOBHOI KOMIPKH 3aIiaM'sTOBYBaHHS Ha eJleMeHTax 1,2.

Ilepexin craniB BuxoniB Q, Q, a Tak camo kepyrouux curHaiis A, B, E, F npu
nepemukanti C = 0 > 1 imocTpye Tabnuus:

D =0 =l Pexxnm Tpurepy
A|B|E|F| On |A|B|E|F|Qn

0[1]2{0|2[Qn1|21|0]|0|1]| 0 | VYcranoBkaB «0»

1/1/1]12/0{Qnt|0|1|1]0| 1 | VYcranoBkas «l»
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Ax BumHO 3 Tabmui, npu C=0 nepemuikanHs piBHA D BIIMBae TUIBKK Ha JIOTIYHE CTaH
BuxoxiB E 1 F tpurepis cxemu cunxponizauii: sixkmo D=0, To E=0,F =1, anpu D = 1 maemo F
=0, E = 1. [Ipu nupoMy 0J1H 3 TPUTEPIB CXEMH CHHXPOHI3allli 3HAXOAUTHCS B CTIHKOMY CTaHi, a
IHIIUI B peKuUMi pO3pUBY TPUTEPHUX 3B'SI3KIB MIPU PIBHAX IOTIYHOI 1» Ha 000X BHXO/1aX.

3a nozutuBHUM ppoHTOM cuHXpoimiyabcy C =0 -—1 tpurep, sikuii mepedyBaB 10 I[bOTO B
pPEeKUMi pO3PUBY TPUTEPHUX 3B'SI3KiB, MEPEXOJUTh B HOPMAJIbHHUM CTIHKMI CTaH 1 Ha BXoJax
OCHOBHOTO TpHrepa (opMyIOThCS B3a€MHO iHBEpCHI JioTiuHi piBHi. Akmo D=0,To A=1,B=0
1 TpUrep BCTAHOBIIOETHCS B cTaH «0»; sikio D = 1, To A =0, B = 1 1 BinOyBa€eThCcsl yCTaHOBKA B
«I».

XapakTepuCTUYHE pPIBHSIHHS, M0 OIUCYE CTAaTUYHI CTaHy «3allilKWY», aHaJOT14HO
nposopomy D-tpurepy: Qn = CyDp + Qn-1Cn = (Qn-1 + Dn)(Cy + Dp)

YMmoBHO-TpadiuHe 300pakeHHs TaKOro Tpurepa nokasano Ha puc.10.13-6.

B mempozopomy D-Tpurepi OmMyCKaeThCs BKIIOYCHHS 3BOPOTHOTO 3B'SI3KY D = 6
(puc.10.14- a). Tlpu upomy tpurep 3 omuHumM Bxoaom C BukoHye (yHkiito T-Tpurepa, To0TO

nivuIbHEKA 0 MOd2 i moxpineHuKa yactotu (puc. 10.14-6): f, =1 /2.
Tex
7™
i o HULLIL
DI T N %
Q : . : :
T—c| o —
|| W
V4
TBDK

Puc.10.14
10.8.D-Tpurepu Tunmy MS (Master-Slave)

Jlnist ycyHeHHs HacKpi3HOTO ynpaBiiHHS B D-Tpurepax BUKOPUCTOBYIOTh TaKOK JBOTAKTHI
cTpykTypu MS-tuny. JIBoraktHuii D-Tpurep OyayeTbcsi Ha OCHOBI ABOX D-Tpurepis, w0
CHHXPOHI3YIOThCS npoTHdazHumu piBHsamHE (puc.10.15-a).
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Puc.10.15

YMmoBHO-TpadiyHe 300pakeHHs TaKOTO TpUrepy rnokasano Ha puc.10.15-6.

3aBaskv CHHXpOHi3amii mportudasaumu cuaxpoiMnyinbcamu C i C  3ammc HOBOI
iHdopmauii B Tpurepu cryneHiB M i1 S NpuHIMIOBO po3AiJieHa B Yaci, 110 BUKJIIOYAE HACKPI3HY
nepenavy iHpopmaii 31 Bxoxy D Ha BuXoau.

[Tpu C = 0 Tpurep nonomixkHoi ctyrneni M 3HaXOIUThCs B pexkuMi 30epiranHs iHdopmartii,

a y Buxignuii Tpurep (cryminb S) piBHeMm C = 1 nmo3BosieHO mepe3amnuc BMICTy Tpurepa M y
crymiab S. Ilepemukanns cunxpoimmyibcy C=0—>1 i C=1—->0 3miHtoe pexum pobdotu
TpurepiB M 1 S: Tpurep M nepexoauts B pexxuM 3anucy iHpopmarii 13 Bxony D, a Tpurep S — B
pexuM 30epiranHs iH(opMallii, 3anucaHoi Ha MOoNepeIHbOMY KpoIli. Y 10NOoMiXHOMY Tpurepi M
MOJKJIMBUHM PEKUM 3aIUCY, 110 HE CHHXPOHI3YETHCS, MPOTITOM 1HTEpBaLy CUHXpoiMIyibcy C=1.
[Ticns 3akinuenHs cuaxpoimmyiabey (C=1—0) inpopmaniitnuii Bxim D OJ0KyeTbest i B
OCHOBHMH TpuUrep S MnepenucyeTbcs 0CTaTOYHO yCTalleHHi cTaH P.

Cratuka ¢yskuionyBanns D-tpurepy Tuny MS onucyerbes kaproro KapHo Ta piBHSIHHSAM!

Q ! CnDn-l
n_
00 01 11 10 = C,Quy + CoDy_y =
_ 0 0 1 0 0 =
Qn_ 1 0 L ( 1 7 ) (Qn—l + Cn)(Dn—l + Cn)

10.9.VuiBepcaabumii JK-Ttpurep Tumy MS

JK — 6icTabinbH1 npucTpoi 3 1BoMa iHpopManiiHuMu Bxogamu J (Bix anri. Jerk) ta K (Bin
anrd. Kill) , ski B pasi BxiaHoi koMmOiHanii J=K=1 nepemMukaroTs Tpurep B NpoTHIECKHUH CTaH, a
npu Oyab-SKHUX HIIMX KOMOIHALISX BOHM (DYHKIIOHYIOTH SIK BXoau RS-Tpurepa, y sikoro poib
BxoJiB S 1 R Bukonyrots Bignosinuo Bxomu J i K: J =S, K=R.

@ynkuionansHa cxema JK-tpurepy tumy MS HaBenena Ha puc.10.16-a. Ilpunnmmnona
BiaMiHHICTh JK-Tpurepy Biax nBotakTHOoro RS-Tpurepy mossrae y BHKOpUCTaHHI 3BOPOTHHX

3B'13KiB 3 BUXOJiB Q,Q Ha BXimHi cxemu 1,2. 3aBIsSKM 3BOPOTHUM 3B's3KaM 3a00pOHEHA IS
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RS-tpurepa xombOinamis S=R=1 mms JK-tpurepy J=K=1 omHOo3HauHO NEepeMUKAIOTh CTaH Ha
MIPOTHJICKHUN.

VY cxemi Ha puc 10.16-a 3aMicTh A0JATKOBOrO iHBEpPTOpa, MmO (OpMye CUTHAIT C s
crynedi S (puc.10.10-a), BUKOPUCTOBYIOThCs curHaimu A, B, mo 6mokytots JIE 3,4 mpu 3amnuci
HOBOTO cTaHy B crynenb M (komu A = 0 abo B = 0).

CraHu TaKOro TpUrepy ONMUCYIOThCS KapToro KapHo 1 XapakTepUCTUYHUM PiBHSIHHSAM:

Jn-lKn-l
Gt g 01 11 10
OO 0 [ 1 1 ] = CnQn—l + Qn—l Kn—l + ‘]n—lcn Qn—l =
Qn: Ol 1 O O I - (Cn + Qn—l)(‘] n-1 + Qn—l)(Cn + Kn—l + Qn—l)
11 (L1 ) 1 1 1
10 0 0 0 0

JiBotaktamii JK-tpurep (puc.10.16-6) He KpUTHUHUN OO TPUBAIOCTI KEPYyHOUUX 1
CHHXPOHI3YIOUUX CUTHAIIB.

Puc.10.16

Ha puc.10.17-a nokazano 3actocyBanHs JK-Tpurepy B sIKOCTI JBOTakTHOro D-Tpurepy.

—0S —0S
D C1TT— A1 1 TT—
—{c T C
K| ©— K[ o—
—OR —OR
a o)
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Puc.10.17

JlonaTkoBuii 1HBEPTOp Ha BXOJi J103BOJIsiE BHKOpHcTOBYBaTH JK-Tpurep B sKOCTI
CHHXPOHHOTO JBOTakTHOro D-tpurepy. Skmo Bxomum J i K ob'egatm i momatu Ha HHUX
MOCTiHUH piBeHb A = 1, To oTpumaemo naBotakTHui T-Tpurep (puc.10.17-6). Y upomy nosmsrae
yHiBepcanbHICTh JK-Tpurepy, sKWii HIMPOKO 3aCTOCOBYIOTh IpU MOOYIOBI MapajenbHUX i
MOCJTIIOBHHUX PETICTPIB, PI3HUX PaXyHKOBHX MPUCTPOIB, CYMATOPIB, 10 HAKOIMUYYIOTH 1 T.J1.

10.10.JK-Tpurep Tuna «3amiinka»

Cxema omHotakTHOTO JK-TpHrepy Tuiy «3aminkay HaBeneHa Ha puc.10.18-a. OcHoBHUI
Tpurep nooynosanuii Ha JIE 1,2. Cxema cuaxpoHnizamii mictuts Tpurepu Ha JIE 3-5, 3-4 1 4-6.
Jlo noriyaux enemeHtiB 7,8 3 iHpopManifHIMH BXoJaMHu BianoBigHo J 1 K miakimtoyeHi curnanu

3BOPOTHOTO 3B's3Ky 3 BUxoaiB Q 1 Q Tak, mo6 mpu J = K = 1 3abe3neuyBanocs nepeMuKaHHs
TpUrepa B MPOTHIIC)KHUM CTaH.

Pexxumu  pobotu Tpurepy i1 craHy HpoMDKHUX Joriunux 3miHHNX A, B, E, F npu
nepeMuKkanHi cuaxpoimmyiascy C =0 > 1 HaBeneHi B Ta0uui:

C=0 C=1
I | Kol Qe AT B TETETOn [ATB [E[F[Qn|  FoXuM
0/]0] 0 |12|1]0|0|0|1]1]0]|0] O |30epiranns «0»
0/1] 0 |1|1]0|0|0|1]1]0]|0] O |30epiranns «0»
110 O [1/2(1(0[{0|0|1|1|0| 1 | YcranoBka «l»
1)1 O |[1/12|1/0]0|0|212]|1]|0]| 1 |VYcranoBka «1»
00 1 |1|1]0(0]1|1]1]0|0]| 1 |306epiranus «1»
0|1 1 (110121 (1]{0|0|1| 0 | VYcranoka «0»
1101 |1/1]0|0]1|21]1]/0]0] 1 |306epiranns «1»
1)1 1 (11021 (1]{0|0|1| 0 | VYcranoBka «0»
C=0 C=1
JKIATBT E [F [ | Al B E[F Q| Foxm
0j0j1(1] O 0 [Qn1| 1 1 0 0 | Qn1 | 36epiranns
0[{1]|2|1| O |Qnui|Qn Q| 0 |[Qui| O Qn=0
110/2/1]Q,| 0 |Qui|Qui| 1 |Q,| 0] 1 Qn=1
1111111 Qn—l Qn-l Qn—l Qn—l m Qn_l Qn-l Qn—l Qn ﬂﬂ

Sk BugHO 3 Tabmuui crta”iB Tpurepy, npu C = 0 3miHHI A, B, 1o KepyloTh cTaHOM
ocHoBHoro tpurepa Ha JIE 1,2, 36epiratore 3HaueHHs A=B=1, mo BianoBigae pexumMy
30epiranHs, Tak K Ui JoriyHux enemeHtiB I-HE nominyrouum € piBenb «O». Ilpu npomy
sminHi E 1 F npuiimMaroTs 3Ha4eHHs, 00yMOBJIeH] BXiqHUMHU curHaimamu J, K B 3a1eXHOCTI Bix
crany tpurepa Qn-1 10 nepemukantsi C =0-—1 piBHS Ha CHHXPOHI3YIOUOMY BXO/Ii.

[Mepemukanus cuaxponizyrouoro curnany C =0-—>1 o0ymoBIto€ mepexin Tpurepis cxemu

cunxponizanii Ha JIE 3-5 1 4-6 B criiikuii cTaH 1 BIANOBIOHY YCTaHOBKY (abo 30epiraHHs
nonepenHporo crany Qn-1) ocHoBHoro Tpurepa Ha JIE 1-2
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Tpurep Moke 3MIHIOBaTH CTaH TUTBKM B MOMEHT IEPEXOJy CHHXPOHI3YIOUOTO CHUTHATY
C=0—1, tobto 3a iforo mozutuBHUM PpoHTOM. [Ipn nocriitHux piBasx C=0 adbo C=1 tpurep
He pearye Ha iH(popmaniitai Bxoau J 1 K. Tak npu C=0 36epiratorbes A =B =1, apu C =1 abo
E = F = 0 6mokytots Bxoau Tpurepa Ha JIE 3 4, a6o A = 0 6mokye JIE 4,5, abo B = 0 6mokye JIE
3,6. Tum camum 3a0e3medyyeTbcs HEMPO30PICTh «3AIIIKW» 1 CHpPAlbOBYBAaHHS TUIBKH 3a
Mo3UTUBHUM (poHTOM. JK-Tpurep mMoske MaTH BXOJM AaCHHXPOHHOTO KepyBaHHs R*,S* mis
IIONIEPEIHbOI YCTAHOBKHU.

Cranu Tpurepy (mpu R*=S*=1) ommcyrorbcsi kaproro KapHO 1 XapakTepUCTHUYHUMH
PIBHSIHHSMU:

3K
Gt g 01 11 10
00 0 0 0 0 | =C,Q:+Q.:K,+J,C,Q,, =
_ 01 Ty 1 T (1T st
Qn= 11 1 0 0 |1 (C, +Quu)(J, +Q)(C, + K, +Q,4)
10 0 0 @ 1 ]

_|

Puc.10.18

Ha puc.10.19 nokazano criocodu BkiroueHHst JK-tpurepa B sikocti D-Tpurepa (puc.10.19-
a) 3 omgHuM iH@opmamiiinuM BxogoM D 1 B skocti T-tpurepa (puc.10.19-6) B sxocrti
OJTHOPO3PSAIHOTO JIIYMIbHHKA.
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Puc.10.19
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KoHTpoJIbHI NUTAHHS:

Jatite Bu3HaueHHs D-Tpurepa sk GyHKIIIOHAILHOTO €JIeMEHTA.

Hagenite cxemy cuaxponnoro D-tpurepa Ha JIE I-HE 1 iioro noriuny ¢yHKIIifO.
Hagenite cxemy cunxponHoro D-tpurepa tumy «3aminka» Ha JIE I-HE.

Sk moxna noOynyBatu T-Tpurep Ha 3acanax D-tpurepa tumy «3amiinka»?
Hagenite cxemy cunxponHoro D-tpurepa Tunmy MS na JIE I-HE.

Sk moxna noOynysatu T-tpurep Ha 3acanax D-tpurepa tumy MS?

Hatite Bu3HauenHs JK-tpurepa sk pyHKIIIOHAITHHOTO €JIEMEHTA.

Hagenite cxemy cuaxponnoro JK-tpurepa turry MS 1 iioro soriuny ¢yHKIIito.

©OoN R wDdE

Hagenite cxemy cuaxponaoro JK-tpurepa Tumy «3arinka.
10 Sx moxna noOynysaru T-tpurep Ha 3acanax JK-tpurepa?
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11.PericTpu

PericTpu — 11e mocniIOBHICHI TPUCTPOi, IPU3HAYEHI JJIS IPUIOMY, 30epiranHs, MpOCTHX
HepeTBOPEHb 1 nepenadi 6aratopo3psaHux KoaiB. [1ix mpocTHMyU mepeTBOPEHHSIMH MaroThCS Ha
yBa3il 3MIIIEHHS YMCENl Ha 33/1aHy KUIBKICTh PO3pPSIiB, a TAaKOXX MEPETBOPEHHS IMOCIiIOBHOTO
JBIMKOBOrO KOAY B MapajeNbHHUH 1 MapaleilbHOro B IOCHIIOBHMH. ba3oBumu enemeHTaMu
pETiCTpiB € TpHUrep, sIKi JOMOBHIOIOTHCS KOMOIHAIIMHUMH JIOTIYHUMH €JIeMEHTaMH IS
peamizalii pi3HUX 3B'A3KIB MK pO3psIaMU PETICTpa 1 JUIsl YIIPaBIiHHS MPUAOMOM 1 TIepeayueto
ornepanaiB. OCHOBHE (YHKI[IOHAJIbHE NPU3HAYEHHS PETICTPIB - OMNEpaTHBHA MaM'ATh JUIS
0araTopo3psIHUX JBIMKOBUX YHCEII.

3aie)kHO BIJ Croco0y TmpuioMy 1 Tepedadi  JBIMKOBOI iHGopmarlii po3pi3HAIOTH
napaesbHi, MOCiI0BHI, KUTbIEB] pericTpu 1 perictpu B kofi J[xoHcoHa. TexHiyHI mapameTpu
PETiCTpiB BU3HAYAIOTHCSA MapaMeTpaMu iX OCHOBHOTO (DYHKIIIOHAJIBHOTO BYy3Jla Tpurepa i
PO3PSIIHICTIO OTIepaH/a.

VY mocnmioBHUX pericTpax BBeIEHH:/BUBEACHHS iH(OpMaIi 3miHCHIOETBCS 4Yepe3 OJUH
iHopMaLiifHUNA BXil 1 OAMH BUXIA MOPO3PSAHO 31 3CYBOM uMcia. ToMy MOCHIOBHI PETiCTpU
Ha3WBAIOTh 3CYBHUMH (200 pericTpamu 3CyBY). 3a OIMH TakT iH(pOpMAIlisi, 0 BBOIUTHCS a0
BUBOJMTHCS, 3CYBAEThCS HA OJHMH PO3psij BIIpaBo abo BIiBo. PericTpu 3cyBy, 10 pealizyroTh 3a
KOMAaH/IOI0 YIpaBIiHHS 3¢yB iHGOopMaIlii BipaBo ado BIIiBO, HA3UBAIOTh PEBEPCUBHUMMU.

3cyB uHclia peani3yeThCsl MEpe3anrcoM CTaHIB MDK CYCIAHIMH TpUrepaMu perictpa B
HaNpsIMKY 3CyBY. TakuM YHMHOM, KOKEH PO3pSAJ PETricTpa OJHOYACHO MpHiimMae iHdopmario 3
MOTIEPEAHBOT0 PO3pANY 1 mepenae iHdopMmaiito B HacTynHui. [1{06 yHHUKHYTH sSBHIIIA TOHOK IIi
MIPOIIECU MMOBUHHI OYTH po3/iieHi B 4aci. L{e mocsraeThess BKIFOUCHHSM €JIEMEHTIB 3aTPUMOK Y
JiHIT 3BSI3KY MDK po3psigaMd a00 BHUKOPUCTAHHSIM JIBOTAKTHUX TPHUrepiB (n-TpUrepiB).
[TapanenbHi pericTpu CIyKaTh OCHOBHUM (DYHKI[IOHAJIHHUM €JIEMEHTOM ISl TOO0YI0BU
OTIepaTUBHUX 3aMaM'STOBYIOUHX MPHUCTPOIB.

[TocninoBHO-NIapasieNbHI PETICTPU MalOTh OAWH 1H(QOPMALIWHUK BXiA Ui HOCTIIOBHOTO
BBEJICHHS 4MCIa B PEXHUMI 3CYBY 1 BHXIJHI BEHTWI JUIsl BHUAA4Yl N-pO3PSAHOTO dYHCIa
napaneiabHUM KoAoM. Taki pericTpu BUKOHYIOTH HEPETBOPEHHS IMOCIIIOBHOIO KOAY B
HapaJIeIbHAMN.

B mapanenbHO-IOCHIZIOBHUX pericTpax iH(OpMallis BBOIUTHCS MHapaseIbHUM KOJIOM 3a
OJIMH TaKT 4Yepe3 TaKTOBI BXiJH1 BEHTWUJI1, @ BABOJUTHCS 3 HUX MOCIIIOBHO 110 OJTHOMY PO3pSIY B
KO)KHOMY TaKTOBOMY 1HTepBaJi. THUM caMHM peali3yeTbCsl OIepallis MepeTBOPEHHS
napajesbHOro Koay B MOCIIOBHUM.

VYHiBepcallbHI PETICTPH TOETHYIOTh B €00l MOXIJIMBOCTI TEpPEepPaXxOBaHUX BHIIE THUITIB
pericTpiB i, KpIM TOTO, 3a0€3MEUYIOTh PEKUMHU BiIKIIFOUEHHS BXO/IIB 1 BUXOMIB (TpeTiil JOTYHUN
CTaH) pericTpa BiJ 3arajbHOI 1H(OPMAIIHHOT ITWHHU, TIEPEKOMYTAIlII0 MICIISIMU BXOJIIB 1 BUXO/IIB
perictpa i TUM caMUM INepeMHUKaHHA (yHKUIH mpuiiom / mepenada iHpopmarllii B 3arajbHy
iH(hOopMaLiiHy IIUHY .

TexHiyHl mapaMeTpu  PETiCTPiB  BU3HAUYAIOTBCA  IMapaMeTpaMu  iX  OCHOBHOT'O
(GYHKIIOHATILHOTO By3Jla TPUTEpa 1 pO3PSIHICTIO ONepaH/ia.
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11.1. IMapanensbHi pericrpu

[Ipu, moOynoBi mnapanenbHUX PpEricTpiB 3a3BUYall BHUKOPHCTOBYIOTHCS HAaWMpPOCTIIIi
acuaxpoHHi RS-tpurepu i cuaxponni RS- 1 D-tpurepu. Ha puc.11.1, 11.2, 11.3 npencrasneni
BapiaHTH MapajeNbHUX PEricTPiB, IIO BiIPI3HAIOTHCS THIIOM TPHUIEPiB 1 CKIAAOM BXIAHUX /
BUXITHUX 1H(popMaIiiHux muH. Perictp Ha ocHOBI acuHXpoHHUX RS-Tpurepis (puc.11.1) nepen

3aHECCHHAM 4YC€pProBOTO N-poO3pAaHOIro 4YucCiia i3 BXO,Z[iB Xl,...,Xn BUMarae ImnomnepeaHboro

CKHUJIaHHS BCIX TPUTEPIB B HY/IbOBUH cTaH. CKuIaHHs MpoBoAuThCs curHaiom R =0. Benenus
iHpopMarlii B perictp BinOyBaeThcs 3a curHaiom A =1, R=1. fkmio Ha neskomy i-My BXOIi

X;=1,10 S;=X;A=0 i nauuii Tpurep (3 iHBEPCHUM KEPYBaHHsIM) IEPEMUKAETHCS B CTaH

«I». Slkmo na Bxomi X; =0, o S; = X;A=1 1 j-ii Tpurep 36epirac cran «0». Bubenenns
iHdopmanii 3 perictpa BiIOyBaeThCs 3a cUrHAIOM B =1, gkuil BuU3HA4Yae CTaHU BUXO[IB
Y, =Q,B. fkumo B=(, To Ha BCiX BUXOJaX BCTAHOBIIIOIOTHCS PIBHI «IOri4HOI 1», a mpu B =1

maeMo Y, =Q, . OCHOBHMI HEJOMIK JAHOTO PericTpa - HeoOX1JHICTh MONEPEAHBOrO OUUIICHHS
perictpa, yepes 1o OHOBJICHHS iH()OpMAIIii 3TIHCHIOETHCS 32 JIBA TAKTH.
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Puc.11.1

B perictpi (puc.11.2-a) Takok Ha OCHOBI acHHXPOHHHMX RS-TpurepiB momnepenHe
OUHUIIEHHS] HEe MOTPIOHO, OCKUIBKY OHOBJIEHHS 1H(OpMallii B HbOMY Bi/I0YBAa€TbCS YCTaHOBKOIO
TpurepiB B cTaH «1» 1 «0» 3a oxuH TakT. {1 bOro Ha BXOJi PETiCTpy MOTPiOHO BIBIYl OibIIe
JIOTIYHMX €JIEMEHTIB 1 JIiHIH 3B'SI3KY.
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VY cxemi nokaszanuii cnocid Bumadi iHdopmarii B npsmomy kozi (komanga B, =1) i/ abo B
3BopoTHOMY Koai (komanma B, =1). Acuuxponni RS-tpurepm B moennanHi 3i BXiJHUMH
BeHTWIAMH (puc.11.1 Ta puc.11.2-a) mo cyTi yTBOPIOIOTH BapiaHTU CHHXPOHHUX RS-TpHrepis.
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Puc.11.2

Ha puc.11.3 nokaszana cxema mapajeibHOTO PETiCTpy Ha OCHOBI CHHXPOHHUX D-Tpurepis.
TyT B IKOCT1 BX1AHUX, BUKOPUCTOBYIOThCS JIOT1YHI €JIEMEHTH, 110 BXOAATh B cxemy D Tpurepis.
Beenenns indopmarii BinOyBaeThcss Ha iHTepBani cuHxponizaunii mpu C=0. B skocri
BUXIJIHMX, BUKopucTaHi JoriuHi enemeHTH [-ABO-HE, ski ¢opMyloTh BHXiIHI CHUTHaIU
BIJIMOBIJTHO JI0 BUPA3Yy:

Y, = BQ, + BQ;

To0TO prt B =1, Y, =Q, Ta inpopmariis i3 perictpa BumaeTbcs B npsimomy koni, a npu B=0,

Y, = Q_I - B 3BOPOTHOMY.

SIK1110 BHpa3 TOTOXKHO NEPETBOPUTHU 0 OAHIET 3 hopM:
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Y=BQ +BQ, =B®Q =B®Q, =B®Q,,

TO BHXiIHMH naHIor perictpa (puc.11.3) MoxHa peanizyBaTu Ha JIOTIYHHX €JEMEHTaX
BUKJIFOUHE ABO (puc.11.2-6). Bubip cnocoOy BBeneHHs iHdopMarii B perictp abo ii
BUBEJCHHS 3a3BUYaili 0OyMOBJIEHHMI BHMOTaMH LIBHJAKOII 1 yMOBaMM peaii3alii pericrpa B
U(PPOBOMY MTPHUCTPOI.
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Puc.11.3

11.2. PericTpu 3cyBy

PosrisinemMo mociniZioBHi, MOCIIIOBHO-TapaliebHl 1 mapajebHO-TIOCTII0BHI PEericTpH, SKi
NOBUHHI BHMKOHYBAaTH OIEpallilo 3CyBy INpH IOCTIOBHOMY BBeICHHI 1 / a0o BUBEIEHHS
iH(dopmatii. 3cyB yMcla peani3yeTbes Nepe3antcoM CTaHiB MK CYCITHIMU TpUTepaMu pericrpa
B HANpsIMKy 3CyBY. TakuM YMHOM, KOXEH PO3pPsi/l pericrpa 0JJHOYacHO NpHiiMae iH(opmariiio 3
MOTIEPETHHOTO PO3psAy 1 mepenae iHdopmarliito B HacTyrmHui. 1100 yHUKHYTH sSBHIIA TOHOK ITi
MpolecH TOBHHHI OyTu po3minieHi B yaci. lle mocsraeTbcss BKIIOUEHHSM EJIEMEHTIB TiHil
3aTPUMKH Y 3B'A3KM MK PO3psiaMu a00 BUKOPUCTAHHSM JBOTAKTHUX TpUTEpIB. Y IHTErpaibHii
CXEMOTEXHIlll CTaTU4HI PEriCTpU 3CyBY OYAYIOThCS NeEpeBakKHO Ha JABOTakTHMX D- i JK-
TpUTepax.

[Ipu onHoHanpaBiaeHOMY 3CyB1 iH(OpMallil JOCUTH pealizyBaTu Oe3rnocepeiHi 3B'sI3KU MK
BUXOJaMU MONEPEAHBOT0 1 BXOJJaMH HACTYMHOro Tpurepa MS-tumy (puc.11.4, 11.5).
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B perictpi mHa D-tpurepax (puc.11.4) mis mepemaui iHdopmarii MK po3psaaMu €
HeoOXxinHuM 3B's130k MK Q; Ta D,,,, a y Bunanky sukopucranus JK-tpurepis (puc.11.5) -

FE 5 ' . A
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Puc.11.4

B iHHmIOMY CTpYKTypHW, NpPUHIMI POOOTH 1 MapaMeTpH JaHUX PEricTpiB aHaJOriuHi.
Brenenns indopmarii Moxe BiIOyBaTHUCS TMOCHTIZIOBHO 13 BXoay X 3 MOAAJIBIIAM 3CYBOM
iH(popMarlii BIpaBo Ha OJMH PO3PsA 3a KOKHUM CHHXpoimmynbcoMm C abo mapanenabHO i3 BXOJIB
A;3a curHanom | =1acMHXpOHHOTO 3aMKUCy YKCia B MONEPEAHBO OUUIIEHUN PETicTp (CUTHAIOM
R =0 acMHXpOHHOTO CKHIAaHHS TPUrepiB B cTaH «0»).
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3a mo3utBHMM (poHTOM cuHxpoimmyiascy C =1BigOyBaerbes 3amuc iHdopmarii i3
BxoaiB D 1 X B Tpurepu nepmux ctyneniB M. BuximHi piBHI TpUTepiB IPH [IbOMY 3aTUIIAIOTHCS
HE3MIHHUMHU (IMB. 4YacoBy jniarpamy puc.l1.6). 3a HeraTuBHUM (POHTOM CHHXPOIMITYIIBCY
Bxoau D-tpurepiB ctyneni M OJOKyrOTbCS 1 3amucaHa B HHX 1HGOpMAIlis MepenacTbes B
Tpurepu cryrneHi S. BinOyBaeTbcsi nmepexitoueHHs BUXiIHUX piBHIB D-TpurepiB. Takum 4nHOM,
peasi3yeThCs MOCiIOBHO-IOCIIIOBHHI PETIiCTp i3 3CyBOM umcia BrpaBo (Bxix — X, Buxig — Y),
nociigoBHo-napanensHuit (Bxin X, suxoau Q;,Q,,Q,) 1 mapanenbHo-nocainoBHuil (Bxoau - A,
Buxig Y = Q;). Kpim Toro, npu 3aMukaHHi BUXO1y OCTAHHBOT'O PO3PsLy 3 HOCIIJOBHUM BXOA0M
X (mTpuxoBa JiHIs) peanizyeThesl KUTBIEBUH pericTp 3¢yBy. IHhopmariist B KiTbLIEeBOMY pericTpi
BBOJUTBCS IapajelbHUM KOJOM 13 BXOJIB A, 1 HOTIM LUPKYIIOE B 3aMKHYTOMY KUIBIII ITifL Ji€10

TakTOBUX CHUHXpoiMmyibciB C. KinbIleBi perictpu 3pydyHO BUKOPHUCTOBYBATH Il TOOYIOBH,
HaNpUKIaJl, TAKTOBHX T'€HEPAaTOPiB HU(PPOBUX MPHUCTPOIB.

Y peBepcMBHHMX pETicTpax 3CyBY s 3a0e3MedeHHsT MOXIJIHMBOCTI 3CyBY iHGopmarii B
000X HampsMKax BHXiJ KOXKHOT'O PO3psAy NMOBHHEH OYyTH IMOB'SI3aHUI Yepe3 JIOTIYHI eJIEMEHTH
NEepEeMHUKaHHS HampsIMKy 3CyBY 13 BXOJaMH TONEPEAHBOTO 1 HACTYMHOTro po3psaniB. Hexait
HAMpPsIMOK 3CYBY 3a1a€ThCs JIOTiYHUM piBHeM curHany E tak, mo npu E =0 3milicHioeTses
3cyBy BipaBo: D, =Q,,, a npu E =1 BinOyBaethcs 3cyB BuiBo: D, =Q.,,. Toxi i-if Tpurep

PEBEPCHUBHOI'O periCTpa 3CYBY NOBHUHCH YIIPABJIATHCA CUTHAJIOM!

D, = EQH +EQ, = E(Z + E(Z = EQi—l ‘EQi,
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Puc.11.7

akuil popmyetncs norivHuM enemeHToM [-ABO-HE (puc.11.7) abo Ha noriunux enemeHTax I-
HE. ins curnany D, y cniBBigHOIIEHHI BHKOPHCTOBYETHCS CHTHan Q, = X IIOCIiIOBHOTO
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BXOJXy IpH 3cyBi BmpaBo abo X =Q, mpu moOyaoBi KiNbIEBOTO pEricTpa 3CyBY BIIPABO.

AmnanoriuyHo uis Bxoay D, B SIKOCTI CUTHaJly BUKOPHCTOBYETBHCS MOCHIJOBHHMA BXig X TpHU

3cyBi BIiBO a00 X =Q, /I KUIBLEBOrO pericTpa 3CyBy BIIiBO.

Ha puc.11.8 nmoka3anuii BapiaHT peBEpCUBHOTO pericTpa, mo nodynoBanuii Ha ocHoBi JK-
TpurepiB. CurHan Ha BXojax J; Bu3HauaeTbcs aHanoriuHo D;, a Ha Buxomax K, 3aBxnn,

K, = J; 3aBmsKku iHBepTOpIB y BXiJHUX JAHIFOraX.
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KoHTpoJIbHI NUTAHHS:

ok whE

JaiiTe BU3HAUCHHS peTicTpa K QYHKIIOHATLHOTO SJIEMEHTA.
HageniTh cxeMy mapajiieiabHOTO pericTpa Ha 3acajgax RS-tpurepis.
HageniTe cxemy mapaiensHOTo perictpa Ha 3acagax D-tpurepis.
HageniTe cxeMy perictpa 3cyBy Ha 3acagax D-tpurepis.
Hagenite cxemy perictpa 3cyBy Ha 3acanax JK-tpurepis.

Sk MOXxHA TOOYTyBaTH PEricTp «IYmIbHUK J[>KOHCOHA)?
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12 Jlivunbuuku (CT)

JliuMTpHUKAMU HA3WBAIOTBCS IMOCHITOBHICHI ~ HU(POBI TPHUCTPOi, NpPU3HAYCHI IS
MiIpaxyHKY 1 3amaM'sTOBYBaHHsI YUCJa IMITYJIbCIB, TOJAaHUX B IEBHOMY YaCOBOMY IHTEpBaJll Ha
fioro nmiynapHUA BXin. KpiM paxyHKOBOTO BXOMy JIYMJIBHHUKH MOXYTh II€ MAaTH BXOIHU
ACHHXPOHHOI 1 CHHXPOHHOI YCTAHOBKH ITIOYaTKOBHX CTaHIB. 3a XapakTepOM 3MiHU CTaHIB
PO3PI3HAIOTH JIYMIBHUKKA JIOJIaBaHHs, BIIHIMAHHA 1 PEBEPCHBHI JIYMIBHHKH. 3a CHOCOOOM
oprasizailii MepeHociB MK po3psaMu iX MOKHA PO3IUIMTH Ha JHYWIBHUKU 3 TOCIITOBHUM,
HACKPI3HUM, MTapaJIeIbHUM 1 KOMOIHOBaHUM IIEPEHOCOM.

OCHOBHI TeXHIUHI MTapaMeTpH JIUYMIbHUKA — CUCTEMA CUMCIICHHS, KOS(IIIEHT epepaxyHKy
1 INBUIKOMIS.

12.1. AcunxpoHHi ABiiKOBI JIYWIbHUKH
B acuHXpOHHUX NUMIBHUKAX BIACYTHS 3arajibHa JIJs PO3PAIIB CHHXPOHI3ALS 1 mepexif
pO3psAIiB B HOBI CTaHU BiAOYBAa€ThCS TOCITITOBHO DPO3PSA 3a pO3PAIOM, MOYMHAOUM Bif
BXIJJHOTO, Ha SIKUM HAJIXOJSATh PaXyHKOBI IMITYJIbCH.
ACHHXPOHHHI JIBINKOBUH JIIYMIHUK MOKHA BUKOHATH Y BUTJISIL JIaHIFOXKKA T-TpHrepis,

JUTSL KOJKHOTO 3 SIKMX PaXyHKOBHH IMITYJIbC (DOPMYETHCSI TPUTEPOM TOMEPEAHBOTO (MOJIOIIIOTO)
po3psany (puc.12.1)
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Puc. 12.1

Yac ycTaHOBKHU N-PO3PSIHOTO JIYNIbHIKA B HOBUH CTaH t,, !

tycm.CT < ntycm.T. !

ne t — Yyac YCTaHOBKH TPUTEPY PO3PsIIiB JIUHIbHUKA.

yem.T.

OcHoBHa nepeBara mociiJJOBHOTO JIYMIbHUKA — MiHIMaJIbHI BUTPATH MIKPOCXEM 1 MIHIMYM
€JIEKTPUYHUX 3B'SI3KiB, 10 CIPOIIY€E PO3BEJCHHS JIiHIH 3B'3Ky Ta MiJIBUIILY€E 3aBaJ03aXHILEHICT
cxemu. ['ONOBHHMI HENOMIK - HU3bKA IMIBUAKOMISA, KA TUM HIDKYE, YAM OLIbIIe KOEQIIi€HT
paxyHKy Kc, = 2", T0OTO 4uM Oibliie KITbKICTh PO3PSIIIB N.

OnuH 13 cnocoOiB 30UIbLIEHHS IMIBUAKOMAII ACHMHXPOHHUX JHYMJIBHHUKIB TIIOJIATaE B
oprasizanii NEpeHOCIB MK po3psilaMHd dYepe3 JO0JaTKOBl JIOTi4yHI enemeHTH (puc. 12.2).
Kepytounii curnan A Bu3Hayae peskuM poOOTH IaHOTO JIYMIIbHUKA!

A= {0 — pexuM 30epiranHs
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1 — pexuM paxyHKy

Axmo nepmmii Tpurep miuwibHUKa DD1 (puc. 12.2) 3Haxomuthes B craHi «1», TO
HACTYIHUN paxyHKOBHH iMiynbe T ckupmae ioro B cran «0» HeratuBHuM (poHTOM. [Ipn A=1 1o
nepemukands Buxony Qi=1 Tpurep DDI paxynkoBuii immynbc T uepe3 BeHTwib DD2
HAJIXOJUTh Y BUIIIAJI IMITYJIbCY TIEpEHOCY P1 Ha BXiJ Ipyroro po3psay i BeHTuiab DD4, i skio
Q2=1, TO paxyHKOBUH IMITYJIbC TTPOXOAUTH Jaii yepe3 BeHTUab DD4 1 T.1. JliunnpHul iMITYIJIBC
T mpoxoauTh 10 BEHTWIISA, HAa APYruil BXia skoro Hamxomuth Qi = 0. Ilpum mpomy tpurepu 3
nepiroro 10 (i-1)-ro BcraHoBmOOTHCS B «0», a i-if Tpurep - B ctaH «1». Y N-po3psaHOMy
JYMIBHUKY 3 HACKPI3HUM MEPEHOCOM Yac YCTAHOBKHM BHU3HAYAETHCS 3aTPHUMKOI0 PaxXyHKOBOTO

IMITYILCY B JJaHIIorax rnepeHoc 1 YaCOM yCTaHOBKHM t OCTaHHBOI'O 3 HUrepiB 1o
t30p op yem.T i

HepeMI/IKaIOTbCﬁZ
tyem.max = (n-1) tsop.cp rt LyemT.
Toai MakcMMabHa 4acTOTa PAXyHKY:
feumax = [ to + (N-D)tsop.cpr + tycm.T]-l

Oyze BUILOIO, HI’K YacTOTa TOCIIIJOBHOTO JIIYMIIbHUKA, OCKUTbKH N-1 BeHTHH | mepemMukaroThes
HIBUIIIE, HIXK N-1 Tpurep.

TT L&,

O l%le) ‘-:18]
o
o Bx5<l

D1

Puc.12.2

3 TOYKM 30py CTPYKTYpH, (YyHKLUIOHYBaHHS Ta IHIIMX @apaMeTpiB BapiaHTU
ACMHXPOHHHUX JIIYWJIHHHUKIB €KBIBAICHTHI. 3aJIe)KHO BiJl KITBKOCTI PO3PSAIIB N BOHU PealizyloTh
koedirienT paxyHKy K, =2" i IXx MOKHa BUKOPHUCTOBYBATH B SIKOCTI MOiIbHUKIB YaCTOTH:

— fC‘t.
f@be. - /{cu.

12.2. PeBepcuBHi ABiliKOBi JiYNJIbHUKH

Po3rnsiHyTi acCMHXPOHHI JIYMIBHUKHM BIAHOCATBCA 10 Kiacy cymyrouux. s peamizamii
peXuMy BinHIMaHHA B Tabn. 12.1 mocuth «0» 3aMiHMTH Ha «1» 1 HaBMaKH, 110 €KBIBAJIEHTHO
3HIMaHHIO iHpOpMaLlii 3 IHBEpCHUX BUXO/IB TpUrepiB (tabdim. 12.1).
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Taom. 12.1
Ne Q1 Q2 Q3 P1 P2 P3

SIKII0 3MIHUTH MO3HAUEHHS BUXOAIB TpHUrepis (aus. puc. 12.1, 12.2) Q, Ha Q_I 1 HaBMaKu

Q; Ha Q,, TO NIYMIBHUK BiHIMAHHS OTPHUMYETBHCS IOCIHIJOBHUM 3'€THAHHSAM I1HBEPCHUX
BUXOJIIB TOIEPEIHIX PO3pAIIB 13 paxyHKOBUMH BXOJAMM HACTYMHHUX po3psAiB T-Tpurepis.
[Toka3zani Ha puc. 12.3 T-Tpurepu nepeMUKaIOTHCSI HETaTUBHUM (DPOHTOM BXIJHOT'O CHTHAIY,
TOOTO CUTHAJIOM 3 IHBEPCHOT'O BUXOJY MONEPEIHBOro Tpurepy. Sk BugHo 3 puc. 12.3, 6, npu
TaKUX MDKPO3PSAHUX 3B'I3KaX peasi3yeThCsl JIUMWIBHUK BiHIMaHHA. TakuM 4YMHOM, €IuHA
BIIMIHHICTh MDK JYWIBHUKaMHM CYMYBaHHsS 1 BiJIHIMaHHSI TOJSTa€ B OpraHizaiii JIaHITIOTIB
HEPEeHOCY 3 MOJIOJIIINX PO3PAIiB B cTapiii abo crnocoli 3UMTyBaHHS iH(opMarlii.

Q, Q, A\
7
ST ST ¢
T J J N
C » 7
K K i
R 7
R
\
7
a 6
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Puc.12.3

JIiYMIIBPHUKY 3 KEPOBAaHUM HANpPsIMOM PaxyHKY Ha3WBAIOTh peBepcUBHUMU. {151 moOymoBH

PEBEpCUBHOIO JIUMJIBHAKA HEOOXITHO MDK pO3pAJaMH BKJIIOUYUTH JIOTIYHY CXEeMy, IO
\ . .

3a0e3neuye 3B'I30K PaXyHKOBOIO BXOJY JpPYroro i HacTyIHMX po3psaaiB 3 Buxozamu Q,

(monmaBanust) abo Q; (BimHIMaHHS) TpHUrepiB MomnepenHix po3psaiB. Hexail HampsMOK paxyHKY

3a1a€ThCA CUTHAJIOM A Tak, 110 1pyu A = () BUKOHY€ETBCSl PaXyHOK 3 J1I0JJaBaHHsAM, a Ipu A =1 —3
BigHiMaHHAM. ToJli cCUTrHAN epeHocy B i-i po3psa Pi BU3HAYa€THCS JOTTUHUM piBHEM:

R=QA+QA=QA-QA=Q ®A.

BiamoBigHO TOTOXKHMM BHUpa3aMH MOJKHA peali3yBaTH Pi3HI CXEMHI BapiaHTH JIAHIIIOTIB
NEPEeHOCY B PEBEPCHUBHUX JIYMIbHUKAX (puc. 12.4). PeBepcHBHMIA JTIUMIBHUK 3 MIXPO3PSIIHOIO
JIOTIKOIO YIPABJIiHHS PaxyHKOM BiJIIOBIHO 0 BUINEOMMCAHOTO BHpa3y MOKa3aHo Ha puc. 12.4.
BrutoueHHS J0AaTKOBUX JIOTIUYHUX EJIEMEHTIB MK po3psaaMy 30UIbIIye 4Yac BCTAaHOBJICHHS
JTIYUIIBHUKA tycr. 1 3HIDKYE MAaKCUMAJIbHY YaCTOTY 3MiHH CTaHIB, III0 PEECTPYIOTHCS.

A
o T_=1P, STT =1|P - =1_f>3 —~ |—=1_P..
T Q J Q, J Q, J Q,
1 1 E 1 E 1 E
R | A
R
Puc.12.4

12.3. JliunjabHUKH i3 10BiIJILHUM KoedilieHTOM paxyHKY

Yacto mnpu mnpoekTyBaHHI LU(POBUX MPHUCTPOIB BUHUKAE HEOOXINHICTh B JIIbHHKAX
qacToTH, Ui SKuX Keq. — Oynb-sike mine umcno. Bimomo, mo Oynb-ske HempocTe 4ucio Keg
MO>KHA MPEJICTABUTH TOOYTKOM TIpocTux ymucen 2, 3, 5, 7, 11, 13 1 tak gai.

Hanmpuknam:  Keq. = 30 = 2*3*5

ToO6To Oynb-skWil AUIBHUK YacTOTH MOXKHA MOOyAyBaTH 3 TIOCTIAOBHO 3*€IHAHUX
JTITPHUKIB YacTOTH Ha MPOCTI 4yuciaa Takoro no0yTky. Mwu Bxke Oauwnmm, mo T-tpurepu
peanizyloTh TiUICHHS 4acTOTH Ha 2. 3ajaya Mmojsrae B TOMY, K MOOYIyBaTH TUTHHUKU YacTOTH
Ha 1HII npocti uncna. Ha puc. 12.5, a-B moka3aHi aCHHXPOHHI JIUYAIbHUKHU-IUIBHUKH 9acCTOTH
Ha npocTi yucna Keq=3,5,7.
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3aranpHUN TPUHIKI TOOYIOBU 300pakeHNX Ha pHc. 12.5 MYMIbHUKIB 3 HemapHUM K.
nokasaHuid Ha puc 12.6. SKmo MiX BXIJHMM 1 BUXITHUM TpUIepaMH BKJIIOYEHHMH IUTBHUK
9acTOTH Ha OyIb-fKe HaTypaJbHE YMCIIO N, TO Taka cxema 3abe3nedye po3MOJiUI YacTOTH Ha
Kes=2n+1.

\fnux= fnx/ Km
7

A E B i 8

oo

fox

DIXO <0

Puc.12.6

Hanpuknan, Ti4MIbHUK - TUTBHUK YacTOTH Ha 3 (auB. puc. 12.5, a) peanizoBanuii npu n=1,
o BiAmoBizgae mpsmMomy 3B's3ky Mk BxigauM DDI1 1 Buxigaum DD2 tpurepamu. Ins Keq.=5
HEOOXiJTHO n=2, TOMY MDK BXIJIHUM 1 BHUXITHHUM TpUTepaMH HOTPiOHO BKIIOYUTH OJMH
JIOTATKOBUHM TpHUTEP — MIIBHUK YacTOTH Ha 2 (puc. 12.5, 6). s peanizamii Keq. = 7 (puc. 12.5, B)
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BUKOPUCTaHA CTPYKTypa (puc. 12.6) BIAMOBIAHO MPU n = 3, OTPUMAHOMY 32 JOTIOMOTOI0 CXEMHU
puc. 12.5, a.

[Tokazani Ha puc. 12.5 cxemu NOCTIIOBHHUX JIYMIBHUKIB NMPU3HAYEHI B OCHOBHOMY JJIS
BUKOPHUCTAHHS B PEXHUMI IMOAUTY 4acTOTH Oe3 Aemm@pyBaHHs iX CTaHIB, 3MiHA SIKUX MpHU
BUKOPUCTaHHI CTPYKTYpH (puc. 12.6) He BiANOBIga€ IBIHKOBOMY PaxyHKY.

12.4. JIBilikoBM# JiYMJbHUK 3 KePOBAHUM Koe(inieHTOM paxyHKy Keq

[Ipu mnoOynmoBi miyminpHUKIB 3 gemudpanicro Keq cTaHiB HEOOXiAHO 3a0e3MeuuTH
PEryJspHICTh 1X 3MiHM BIANOBIZHO IO ABIMKOBOTO paxyHKy. Jns iX cuHTEe3y HEoOXiTHO
BU3HAYUTH HEOOXIAHY KUIBKICTh TpUTEepiB N 3riHO CITIBBITHOIICHHS:

M<K <20

cqy —

Kpim N TpurepiB Takuii JTIYMIBHUK MOBUHEH MICTHTH JIOTIYHY CXEMY, IO JIEKOJy€ CTaH
K, 1 popmye curHan ckugaHHs BCiX po3psiB B cTaH «0».

Skmo BHHHMKa€e HEOOXiIHICTh ABTOMATHYHOIO YIPABIiHHA BEIMYUMHOW Koy B MeEXkKax
1< K., <Ky, , TO OynyeTbcsi ABIMKOBUM IIUMIBHMK, 1m0 MictuTb N po3psaiB, sKi
BU3HAYAIOTHCS 3 YMOBU:

N = [IOQZchmaX],
ne N - HailOamK4de OUIBIIE LiJIE YUCIIO.

Ha puc. 12.7 naBenena cxema jgiunibHUKa 3 KepoBaHUM K¢,=1..15, s skoro Keumax = 15
1 ToMy HeoOxi1HO Matu N = 4 Tpurepis.

Q Q Q Q,
S S S S
- N TT 3 TT ] TT g TT
— C C C C
K K K K
R R R R
DD1 DD2 DD3 DD4
A1 BW AZ BZ A3 B3 A4 B4
DD5 DD6 DD7 DD8
E
&
S| T
DDY R
DD10
Puc.12.7
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KoedimienT paxyHky y BUTIsAl ABIUKOBOTO Koay Koo = AsAsA2A1 momaeThcs Ha BXOIU
norivanx enemeHTiB DDS5...DD8. TIlicns Keo-1 immynsciB Ba,....,Bs Joriyamx eneMeHTiB
DD1,....,DD8 BcTaHOBIIOIOTHCS JIOT14HI PiBHI:

Bi :ﬁ:QiK:L

K1 TONAIOThCS HAa BXOAM cxeMu criBmaaiHHsas DD9. Hacrymumii paxynkoBuil immynsc T = 1
yepe3 BeHTWIb DD9 BcranoBmoe RS-tpurep DD10 B oaMHWYHMI CTaH 1 IHBEPCHHH BUXIJ

Tpurepa Q =0 0GYMOBIIIOE YCTAHOBKY PO3DSIIB JTidMIbHIKA B cTaH «0». TAKHM 9HHOM, Hepe3
Key IMITyNIBCIB  JIYMIBHUK TOBEPTAETHCS B TMOYATKOBUHM cTaH. Hampukmanm, mis peasmizarii
paxyHky 3a MmoxyneM Keq = 1010 = 10102 Ha Buxoau As, Az, Az, A1 HE0OXiaHO MoAaTH Kox Ha |
menire: 910 = 1001».

[Ipu HepiBHOMIpHOMY HaBaHTAXKEHHI pO3PSIIB JUMIBHUKA MOXIUBUH 301 - meski
pPO3psAId HE BCTUTHYTh CKUHYTUCA. J[7s BUKIIIOYEHHSI 30010 B CXeMy CKHJAaHHS 101aloTh RS-
Tpurep. 3aBISKW TpUTepy HA dYac Ail paXyHKOBOTO imMmyibcy, BXin T 3abe3meuye HamiiiHe
CKUJAQHHS BCHOTO JIYMIbHUKA. BUKIIOUEHHS «3aliBUX» CTaHIB MoO)Ke OyTH BHMKOHAaHO 3a
JIOTIOMOTOI0  IIU(POBOTO KOMITapaTopa, SKUi OW TOPIBHAB CTaH BUXOAIB Q - JTIYMIBHUKA 3
kepyrounM kogoM A (puc. 12.8). TyT curnan ckuaanus niduibHUKa R B ctan «0» BU3HauaeThCs
BUPA30M:

Rz(leAl)(QZZAa...(QnZAn)zé(Qzm AF A|= _/_”}Q_i/\

—p, - A>Q _
—D CT 0 AlgA == A>B =F
1 2 Qo —_ | >

—D L

—] Dj 21 Q1 E = A=B = =
_— > <
| Pl 22 |.L F=F

Aﬁ 23 Q3 — < A<Q

r R

Puc.12.8
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KoHTpoJIbHI NUTAHHS:

JaiiTe BU3HAUCHHS JIIYMIbHHUKA K (DYHKI[IOHAIBHOTO EJIEMEHTA.

SIki TIM TpUTEPIB MOYKHA BUKOPHUCTATH JIJIs1 TOOYA0BY aCHHXPOHHUX JITYMIHHUKIB?
UuM BU3HAYAETHCS MaKCUMaIbHA YaCTOTA 3MIHU CTaHIB ACHHXPOHHOTO JIIYHIIbHUKA?
[I{o Take peBepCUBHU JTIYMILHUK?

a N E

3anuIiTe JIOTiYHE CIIBBITHOMIECHHS JJIsi CXeMHU KEPYBAaHHS PO3PSIaMU PEBEPCUBHOTO
JYMIBHHAKA.

Hagenith cxeMy nojiatoBaHa 4acToTd Ha Key = 3 1 9acoBi aiarpamu st HbOTO.
Hagenith cxeMy nojiatoBaHa 4acToTu Ha Key = 5 1 9acoBi giarpamu st HbOTO.
Hagenite cxeMy nojiatoBaHa 4acToTd Ha Key = 7 1 9acoBi aiarpamu it HbOTO.

© XN

HaBenith cxeMy mojiijiroBaHa 4acTOTH Ha Oyab-ske nmpocte uncio Keqo = 2n + 1.
10 HageniTh cxeMy Ni4rJIbHUKA 3 KEPOBAHUM KOE(IIi€EHTOM paxyHKY Keu.
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12.5. CunxpoHHUii ABiliKOBH JiYMIBHUK

Jlo cuHXpOoHHHMX, a00 TapajelbHUX, BIIHOCATHCS JIYWIBHHKH, B SIKAX TMEPEMUKAHHS
PO3psAAIB BiIOYBAETHCS OHOYACHO HE3AJICKHO BiJl BIATAICHOCTI PO3PSIAY BiJl TIYHIIBHOTO BXOJY.
Lle mocsiraeTbcs MOAaYerd Ha BCl TPUTEPH CHHXPOHI3YIOUMX IMITYJIbCIB, SIKI BHKIMKAIOTh
NMEepEeMUKAHHS TPHUTEPIB BIAMOBIIHO 1O JIOTIKM pOOOTH JNYMIBHUKA. 3aBISIKA TaKid

CHHXPOHI3alli JOCAraeThCsl MiHIMAIbHUNA 4ac yCTAHOBKHU JIIYMIBHUKA t ., , IKE HE IIEPEeBHIILYE

YaCc yCTaHOBKH OJHOI'0 TpuIcpa. TuMm camum 33663He‘ly€TBCH MaKCHUMaJIbHa 4YacTOTa 3MIiHH
1

crauiB muwibhuka f., =
yer.T.

Cxema CHHXpPOHHOTO JIYMJIBHHMKA JOJaBaHHSA Noka3aHa Ha puc. 12.9. Tyr nmorenuian
nepeHeceHHss Pi ¢opMyerbcs MOCHIIOBHO y Mipy HOWIMpPeHHs «ioriyHoi 1». Hakomuuenus
3aTPUMKH 32 PaXyHOK BEHTHJIIB JIAHI[IOTa IEPEHOCY 0OYMOBIIIOE B3a€EMHE 3MIIICHHS PaXyHKOBHX
imyneciB T Ta iMmnynbciB nepeHecenHs Pi. Jlo Tux mip, moku croiBnagiHHs iMnyibciB T Ta Pj
BHACITIJIOK TaKOTO 3CYBY HE MOPYIIYETHCS, JIUWIBHHK Mpaiioe 0e3 300iB 3 MaKCHMalIbHO
MOYJIMBOIO YAaCTOTOIO PAXYHKY.

[lepeneceHHs 3 MONEPEAHHOTO PO3PSAY BUSHAYAETHCS PEKUMOM POOOTH JIIYMIIBHUKA A, a
TaK0X KOH'FOHKIIA Qi

R =AQQ,.Q .
e A= {0 — pexXuM 3§ep1raHHﬂ
1 — pesxuM TiunIbHUKA
an L &| P C &| P Tz p
—I7 7] Qo 210171 Qs T71Q4
T o N¢ | N
—K Qq K K K

Puc.12.9

[ToTenmianu 3 BUXOAIB TPUTEPIB HANXOIATH OJJHOYACHO Ha BCl BEHTUJII TIEPEHOCY CTAPIIUX
PO3psIiB, 1 IEPEMUKAHHS CTaHIB TPUTEPIB BIOYBAETHCS CHHXPOHHO. 3 POCTOM HOMEpPA pO3psAY
3pOCTa€ KiIBbKICTh BXO/IIB JIOTIYHUX €JIEMEHTIB JIaHI[IoTa IEPEHECEHHs, TOMY 3 POCTOM KiJIbKOCTI

po3psiB N BiAMOBINHO YCKIIAHIOETLCSA CXeMa JTiUMIbHUKA: P = A A Q.
i
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K0 CMHXPOHHUH JYWIBHUK OYIye€ThCsl Ha OCHOBI CEKIiM (Hampukiana, 4-po3psaHuXx),
M HIMH TaK CaMO peati3yloThCs JTaHIIOTa MmapaiielbHoro (TpymnoBoro) neperocy (puc. 12.10).

cT22 Qi cT22 Qs cT2[2 Qo

'L o' o'

B 2 i 2 B 2
A4 | RPha 1A PPlas 1A [2PLas

T-e3C| |m ___]A\c P_|____A\C Pl

* L T8 p
2 t | % 4P
[ T
L
Puc.12.10

12.6. PeBepcuBHI CHHXPOHHI JiYNJIbHUKH

CHHXpOHHHWH JBIMKOBUH JIYWIBHUK BiJHIMAHHSA, TaK caMO SK 1 AaCHHXPOHHUH,
peanizyeTbCcsl 3B'SI3KAMHM BXOJIB TpHUrepiB 3 I1HBEPCHUMHU BHXOJAaMU CHUTHAIIB MOJOIINX
po3psimiB. Sk mpaBwio, Taki JIYWIGHUKA [OBHHHI MICTUTH BXOJHM IONEPEIHBOI
(CUHXPOHI30BaHOI) YCTAHOBKM YHMCJA, BiJ] SKOTO MOYMHAETHCA 3BOPOTHHUI paxyHOK. Cxema
TaKOro JiuniIbHUKA Ha ocHOB1 JK-TpurepiB nokasana Ha puc. 12.11.

Curnan A ympaBiisie CTaHOM JITYMIIbHUKA!

A= {0 — pexuM 30epiranss
1 — pexxum J1UUIBHUKA

Curnan B ynpasise HanpsSMKOM paxyHKY:

B= {0 — JOaBaHHS
1 — BimHIMaHHSA

Curnan nepenocy Pi popmyeThes 3a BUnaakoBum 30iroM 1y, BUXOJIIB, a CUTHAJI TIO3UKH 32

BumaakoBuM 30irom 3a: Q; =1: P =BQQ,..Q;; V, =BQ,Q,..Q; .
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CHUHXpOHHHMI peBEepPCUBHHI JIYMIBHUK MOXe OyTH MmoOymoBaHUN Ha OCHOBI cekmiil. Ha
puc 12.12 HaBeneHa cxeMa CHHXPOHHOTO PEBEPCUBHOTO JIIYMIBHHKA 3 ITOCIIJOBHUM 3'€ THAHHSIM
JIQHITIOTIB TMEePEeHECeHHs 1 MO3UKU. Y TakoMy JiymibHUKY 3 K cekiiii yac ycTaHOBKHM HOBOTO
CTaHy:

t =t

yem.cy. yem.T.

+K-tw.P(\,),

ne t,,y, — 3aTpUMKa MOMMPEHHS CHUTHAny nepenocy (t,,,) abo nosuku (i, ) y cexuii.

['pymnoBuii nepeHoc i mo3uka Tak caMo Moke OyTH peani3oBaHHil MapajeiabHO, aHATOTIYHO PHUC.
12.10. Ilpu iboMy cXxeMa yCKIIaIHIOEThCS, aJle YaC YCTAHOBKM HOBOTO CTaHy MiHIMaJbHUI:

=t

yem.cu. yem.T .
20_Q1 20_Q5 2O_Qg
CT CT CT
20 Qs 29 Qs 2% Qo
A 20 Qs A 2°LQy A 2L Q1
B — - -
_ +1 2O_Q4 V +1 2O—Q8 V +1 20_Q12
B {4 & (BTl ] Rl
| pLP | pLP - PP
CATA\C Vv r\c Vv r\C VIV,

Puc.12.12

12.7. Cunre3 cunxpoHHux CT 3 1oBijibHOIO TabJMIIE0 MepexoaiB

SIxmo notpiOHO MoOyayBaTH CHHXPOHHUM JIYMIBHUK 3 YEpryBaHHSM CTaHIB, BiAMIHHUM
BiJl JBIMKOBOTO pPaxyHKY, HEOOXIJJHO BHUKOHATH NPOLEAYypY CHHTE3y, LI0 BKIIOYA€E MEBHY
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MOCIIOBHICTh omepailid. [lpm 1mpoMy B SKOCTI OCHOBHHMX KOMIIOHEHTIB MOXYTh OyTH
BUKOpPUCTaHI Oyab-sIKi TPUTEpPH, 110 CHUHXPOHI3YIOThCS (POHTOM, B TOEIHAHHI 31 CXeMaMu
yIpaBIiHHS.

[Tpu Oynp-sKKX Hepexoax 3 MOMEPEAHBOr0 CTaHy JIYMIBHUKA B HACTYITHUHN JJIS1 KOYKHOTO
3 TUNIB TPUTepiB HA iHPOPMALiHI BXOAM HEOOXIAHO MOIaTH CUTHAJIH, HaBeleH1 B Tabmui 12.2.

Tabn. 12.2
Ionis D RS JK
R| S| K|
0—-0 0 * 0 * | 0 | 30epiranns crany «0»
0->1 1 0 1 * 1 | ITepexin i3 «O» B «1»
1-0 0 1 0 1 * | Hepexin i3 «1» B «0»
1-1 1 0 * 0 * | 36epiranus crany «1»

* B TaOJIMIII BKa3ye Ha Te, IO JUIS TAKOTO MEPEXOAy Ha JaHWW BXiJ MOYKHA IOJIaBaTH SIK
«0», Tak 1 «1».

OcHoBOIO I CHHTE3y cXeM ympaBimiaHsS Bxomamu tpurepiB D, R, S, J, K e Tabmums
HOCIIOBHUX CTaHIB JIYMIbHMKA, 10 3MIHIOIOTHCA 32 (POHTOM CHHXPOHI3yrodoro curxaiuy C.
[Ipy 1pOMy MNOTOYHUHN CTaH JIYWJIbHUKA, 4Yepe3 JIOTIYHI EJEeMEHTH YIPaBIiHHS BXOJaMU
TpUTepiB JIUMIbHUKA TOTYE MEPEXia BCIX PO3PsIiB B HOBUM CTaH, HACTYMHUN O€3MmocepeiHbO 3a
noToyHuM. ToOTO momepenHil CTaH OJHO3HAUYHO BU3HAYAE CTAaH KEPYIOUUX BXOIB TPUrepiB
JTYMIBHUKA JUIS Iepexo/ly B HaCTYIHHM cTtaH. To/i moBHUIA HaOip cTaHIB JIYMIbHUKA BU3HAYAE
GyHKIIT yIpaBliHHS KOXHHUM 13 BXOIB, a apryMEHTaMH IUX (PYHKIIA € CTaHU BCIX BHUXOJIB
TPUTepiB Ha MOMNepeHbOMY Kpolli (pyHKI[IOHYBaHHS. 3HAXO/DKEHHS 1 pealtizallis TakuxX GyHKIiNH
YIPaBJIiHHSA 1 CTAHOBUTH CYTh 3aBJIaHHS CUHTE3Y.

PosrnsiHemo mpouenypy CHHTE3y CHHXPOHHOTO JIYMJIBHUKA Ha Tmpukian. Hexai
HEoOX1HO MO0y yBaTH 4-pO3psAHUIA JTTUUIBHUK 3 TIepexo/1aMu 3riaHo Tabmui 12.3.

Tabmn. 12.3
Q2| Q1

~
w

o
o

o|lo|~N|o|u|s|lw|Nk|lo|lz
PPk |o|lo|lo|lo|o|lo|lo|lolo
S ===

R|o|lo|lo|o|r|r|lkiklo
R |lolokr|r|lolok|k

[HEY
o

199



1111 |1 |1 |0
0 |0 [0 |O |O

3a3BU4all CHHXPOHHI JIYMIBHUKU OyIyIOThCS Ha OJHOTHMIIHHX TpHUrepax. B maHomy
npukiaaal ans imoctpamii My BuOepemo pizHi Tpurepu. Hexait Qs 1 Qi dopmyrorbes D-
tpurepamu, Q2 - RS-tpurepom 1 Qs - JK-tpurepom.

Jnst 3HaxomkeHHs (yHKUii ynpasiiHHsS D-tpurepom Buxomom Qi moOyayeMo KapTy
Kapno, aprymentamm skoi € Bci 3miHHI Qi1, Q2, Q3, Qs 3 Ttabmumi. IlouaTkoBmii craH
Q4=Q3=Q2=Q1=0 wmae obymoBmroBatu nepexin B cran Q4=Q3=Q2=0 ta Q1=1, six BUIUMBAE i3
tabmui 12.2, mis uporo komOiHamis Q4=Q3=Q2=Q1=0 moBuHHa 3a0€3MeYNTH HA BXOJII TpUTEPA
Q1 cran D1 = 1, Bnucyemo B KIIiTHHKY KapTi KapHo «1». AHamori4yHo 3al0BHIOEMO BC1 KIITUHU
kaptu KapHo, 110 BimoBigaroTh cranam tadmauii 12.3.

Q2Q1 00 01 11 10
Q4Qs3
00 1 1 0 0
01 0 0 1 1
D1=
11 1 1 0 0
10 * * * *

VY kapti KapHo 3Hakom * mo3HayeHi craHu, He mependaveni Taduumiero 12.3. Tobto B i
KJIITHHKA MOXHA BIHCYBaTH Oyb-sKi 3HAUEHHS, SIKI MiHIMI3YyI0Th (yHKIif0 D1. 3 xaptu Kapno
3Haxoaumo MJIH® ta MKH®:

MIH®: D, =Q,Q; +Q,Q; +QQ:;
MKH®: D, =(Q, +Q,)(Q; +Q,)- (Q, +Q, +Q,)

st RS-Tpurepy, mo ¢opmye curHan Qz, 3Haxoaumo GyHKIIT yrpaBiiHHS BXogamu Rz, Sz
3 BpaxyBaHHSAM Ta0nuii moaiid 12.2:

Q2Q: 00 01 11 10
Q4Qs3
00 - 0 0 0
01 - - 1 0
R2=
11 - 0 0 1
10 * * * *
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Q201
Q4Qs3

00
01
11

10

I3 xapT Kapno 3naxoaumo:

00 01 11 10
0 1 - -
0 0 0 -
0 1 - 0
* * * *

MJIH®: R, = Q_4Q3Q1 +Q,Q;; S, =Q,Q + Q_3Q1 ’

MKH®: R, =Q,-(Q, +Q)-(Q, +Q); S, =Q,-(Q, +Q,).

s JK-tpurepy, mo ¢opmye curaan Qsz, 3Haxomumo GyHKIii kepyBaHHs BXogamu Ja, Ka:

Q2Q: 00 01 11 10
Q4Q3
00 _ _ . .
01 0 0 0 0
K3=

11 0 0 0 1

10 * * * *
Q2Q1 00 01 11 10

Q4Qs3
00 0 0 0 1
01 _ _ . .
J3=

11 _ _ R .
10 * * * *
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I3 kapT KapHo 3Hax0oaumo:
MJH®: K, = Q4Q261 N :QZQ_l’

MKH®: K, =Q,Q,Q;; J; =Q2(jl'

st D-tpurepy, mo Gopmye curnan Qs4, 3HaX0AUMO (YHKIIIO0 KepyBaHHs BX010M Da!

Q2Q1 00 01 11 10
Q4Qs3
00 0 0 0 0
01 1 0 0 0
D4=
11 1 1 1 0
10 * * * *

I3 kaptu Kapno 3nax011MO:
MJIH®: D, =Q;Q,Q,,

MKH®: D, =Q,-(Q, +Q)-(Q, +Q).

BubupaemMo 3acTOCOBYBaHWA JUIsi BHKOPHUCTOBYBAaHOI TEXHOJOTIi 0a3uC JOTIYHHX
eJeMeHTIB. SKuio NominbHO BUKOpUCTOBYBaTH enemeHTd [-HE, oTpumani Bupa3u HeoOXigHO
MIEPETBOPHUTH:

D,=Q,Q,+Q,Q, +Q,Q,Q, =Q,Q,-Q,Q, -Q,Q,Q; ;

R, =Q,Q:Q +Q,Q =Q,QQ, - QQ.;

Sz :Q4Q1+Q_3Q1 :m'@;

K3:Q4Q261; J3 :ﬁ; D, =Q3Q_261.

3rifHO 3 OTpPUMaHUMHU BHUpa3aMU I OOpaHUX THUMIB TpUTEpiB OyayeMO CcXemy
CHHXPOHHOTO JIiuriIbHUKa (puc. 12.14):
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AHanoriuHo, BUKOPHCTOBYIOUM TOTOXHI mneperBopeHHs MKH®, moxxHa cuHTe3yBaTu
cxeMmu ynpasiiHHs B iHmmx 6a3ucax (ABO-HE, I-ABO-HE).

Takum YWHOM, CHUHTE3 CHHXPOHHOTO JIYMJIBHUKA 3 JOBUIHHOIO TaONUICI0 TEpPEXO/liB
BKIIIOUA€ HACTYIHI KPOKHU:

agprwdE

6.

CxutagaHHs TaOaHII ePeXoIiB.

BuOip tuny tpurepis

Cknananns kapti KapHo a1 KoskHOTO 1H(OpMAIiifHOTO BXOy TPUTEpiB
3naxomxkenusa MJIH® ta MKHO.

ITeperBopenns M/IH®, MKH® no Buay, BiAnoBiAHOMY 00paHOMY THITY JIOTTYHHX
€JIEMEHTIB.

CkrnaiaHHs IPUHIIMIIOBOT CXEMH JIUMIIbHUKA.

12.8. CuHXpOHHHUI1 JIYWIBHHUK 3 MYJbTHILIEKCOPHUM KePyBAHHAM

CxemMu ympaBliHHA TpUTepaMHU MOXYTh OyTH pealli3oBaHi Ha MYJIbTHILIEKCOPAX.
HaiiGinpim mpocTo MIYMIBHUKKA 3 JOBUIHHOIO TaONHUIICI0 TEPEeXOdiB peanizyloThcsi Ha D-
TpHUrepax, 10 MalTh OJUH Kepyrouui BxifA. [Ipu 1bOMy BHXOAU TPUTEPIB MiTKIIOYAIOTHCS J0
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aZpeCHUX BXOJIB Aij, a BHXOAW MYJBTHIUIEKCOPIB KepyloTh iH(opmariiHumMu Bxomamu D-
tpurepiB. Ha iHdopmamiiiHi BXoau MyJBTUIIEKCOPIB MOJAIOTh KOAOBI KOMOIHAII, IO

BU3HA4YAOTh HaCTyrlHI/Iﬁ CTaH JIYUJIbHHUKA.

Hexaii HeoOXimHO peanizyBaTH, HaIpHUKIa,

JIIYUILHHMKA, IKAa BU3HAYAETHCS Taonuieo 12.4.

MOCJIIIOBHICTh  CTaHIB CHHXPOHHOTO

Tabn. 12.4
N A | QL] Q| Q3
0 0 0 0 0
1 2 0 1 0
2 3 0 1 1
3 5 1 0 1
4 7 1 1 1
5 1 0 0 1
6 4 1 0 0
7 6 1 1 0
8 0 0 0 0

I3 crany 3 HomMepom «0», ko Q1=0, Q2=0, Q3=0 ;YNIBHUK MMOBHHEH MEPEHTH B CTaH
«1», xomu Q1=0, Q2=1, Q3=0. Jns 1mporo Ha BXOAM MYJIBTHUILIEKCOPIB 3 aapecor Ap=Q1=0,
A1=Q2>=0, A»=Q3=0 HeoOximHo momaT KomOiHamito curHamiB «010», sKa HACTYITHUM
CHUHXPOIMIYJIbcOM Oy/e 3aHeceHa B TPUTEpH JIIYWIbHUKA. 3MiHA CTaHy JYMIbHHMKA 3MIHIOE
BIJMOBIAHO HOMEp 1HGOpPMAIHHUX BXOJIB MYJIbTHILUIEKCOPIB, 3 SIKUX B JIYWIBHUK Oyze
3aHECeHa HACTyMHa KOMOIHalis curHaiiB. JIIYMIBHUK, SKUH peayi3ye Mepexoau 3TiTHO 3

tabnuiero 12.4 naBeneHo Ha puc. 12.15.
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12.9. CunxpoHHuii JiYWIBHUK 3i CXeMOI0 KepyBaHHS Ha JemuppaTopi

OCKUTbKY MTOBHUM LUK POOOTH N- PO3PSAHOTO JiUMIbHUKA CKiIagaeTbes 3 N cTaHiB,
npugomy N<2", koxHuU# cTaH Moxe OyTH nemm(ppoBaHui i PEICTABICHUI YHITAPHUM KOJIOM
“l i3 N”. ToOro nemudpoBanuii monepeaHii CTaH JIYUIbHUKA OJJHO3HAYHO BU3HAYA€ HEOOX1THI
Kepylodi curHainu Ha iHdopMmaniitnux Bxonax tpurepis (D, R, S, J, K) ans peamizamii
HACTYITHOTO CTaHy. 3ayBa)kuMo, 1o Juist D-tpurepiB o6uasa noriaaux piBHs ( «O» 1 «1») €
aKTUBHUMH, a Ha BXoau RS- 1 JK- TpurepiB HeoOXiTHO MOJaBaTH aKTUBHI PiBHI TUIBKU Y
BUNAJIKY 3MIHM CTaHy Ha NpOTHIEKHUH. [{e BU3HAUaeThCs 3a/1aHOI0 TAOIUIICIO TEPEXOIIB 3
MOTIEPETHHOTO CTaHY JIUMIbHAKA Yy HACTYITHHA.

PosrnsHeMo npukiag CHHTE3y CHHXPOHHOTO JIYMIBHUKA 3 e (paTOpOM CTaHIB IS
HACTYMHOI TaOuIll 3MiH cTaHiB (Tabm. 12.5).
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Ta6n.12.5

Bara N 0 1 2 3 4 5 6 7 8 9 0
cTany

20 Q1 0 1 1 1 1 0 0 0 1 0 0

21 Q2 0 0 1 1 1 1 0 0 0 1 0

22 Q3 0 0 0 1 1 1 1 0 0 0 0

2 [ Q.| 0 | 0 | 0 0 1 1 1 1 1 1 0

Yi Yo Y1 Y3 Y7 Yis Y14 Y12 Yg Yo Y10 Yo

Sxmo Buxomu TpurepiB Q1, Q2, Q3, Q4 3’emnaTh 31 Bxogamu X; nemudpartopa Tak, mo Q1
=Xo, Q2=X1, Q3=X2, Q4=X3, 1e Bxoau nemudpaTopa BiAMOBIIAIOTH ABIHKOBOMY Koy «1-2-4-
8», TO Ha Buxojaax nemmdparopa X; BcTaHOBIIOEThCA “1 13 N BUCOKHU piBEHB, K MOKA3aHO y
Tabin..12.5 (HmwkHa ctpouka). Ha iHmux Buxoaax aeummdparopa GopMyeTbCsi HU3bKUN PiBEHb.
3po3ymino, 1o it KepyBaHHs cTaHoM D-TpurepiB Ha iHpopmartiitnuii Bxiq D HeobxiaHO
MiJKII0YaTH CTUIBKH BUXOIB JeUI(paTopa, CKUIbKY nepeadadeHo tadn.12.5 ycTaHOBOK y cTaH
«1». Hampuxnan, nns D-tpurepa nepmoro po3psay Q1 HeoOxigHo chopMmyBaTH Kepyrouuit
curHan y ¢hopMi au3’ FOHKIIII:

D1 =Yo+Y1+Y3+Y7+Ys.

[Tpu iHIIUX cTaHAX TAaKUK TPUTEP CKUIAETHCS sy cTaH «0». 3 TOUKH 30py BUTPAT JIOTTYHUX
€JIEMEHTIB JUIst KepyBaHHS D-Tpurepom Taki TpUrepu MEHII JOIIJIbHI, OCKUIBKY BUMArarTh
KepyBaHHsI Ha KO)KHOMY TakTi paxyBanHs. Ha Binminy Big D-tpurepis RS- 1 JK-tpurepu
BUMAraroTh KEPYIOUUX JIii JIUIIE B pa3i 3MiHU CTaHIB IPH MEPEXO/Ii Bij MOMEPETHBOTO CTaHY 10
HacTymHOTO. Tak, Mpy BUKOPHUCTaHHI y niepmioMy po3psai Q1 RS-tpurepa nepexin Bix ctany «0»
10 «1» 3a1iCHIOETBCS TTPH TTepexoax, Koy Buxia Y o gemudpaTopa 00yMoBiItoe nepexia Yo
—Y1 ta Buxig Yg mepexin Ys —Yo. ToOTO Ha BXoAi S Tpurepa HeoOXigHO COpMyBaATH

13 FOHKIIO:

S1=Yo+Ys.

BinnosigHo, ckuganHs 31 ctany «1» y cran «0» 311HCHIOETbCS TpH nepexonax Yis —Yi4 Ta
Y9—Y10, TOOTO

R1=Y15+Yo.

Posrnsgaroun Tabn.12.5 nns RS-tpurepiB iHIINX po3psiiiB, MOYKHA 3allUCaTH BUPA3H IS
KEepyBaHHS BIATIOBIAHUMH BXOJIAMU:

S2=Y1+Yo, Ro=Y14+Y10, S3=Y3, R3=Y12, S4=Y7, Ra=Y1o.

s BxomiB J 1 K JK-tpurepiB orpuMaemMo aHaJIOTiuHI BUpa3d, MarO4H Ha yBasi, mo Sj =Jj, Ri =
Ki, Tomy BukopucTanHs Ounbir ckinaaaux JK-TpurepiB y Takux JTiYuiIbHAKA HEAOTEHO. Ha
puc. 12.16 HaBejJeHa cXeMa CHHTE30BAHOTO CHHXPOHHOTO JIYHIBHUKA 3 JCIH(PATOPOM.
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Puc. 12.16
Ha puc. 12.16 JK-tpurepu BUKOPUCTOBYIOThCS (DaKTUYHO Y sIKOCTI RS-Tpurepis.

OCKibKH HE YC1 CTaHH JHYWJIbHUKA 3T1HO Tabi..12.5 y HamoMy BUMa Ky BUKOPHUCTaHI,
BIJIMTOBI1/IHI BUXO/IH e (paTopa 3aIHIIAI0THCA HEBUKOPUCTAHUMH. MOXIIMBI BapiaHTH TaKHX
JIYUIBHUKIB MIPU BUKOPHUCTAHHI e (paTopiB 3 IHBEPCHUMH BUXOJaMH 1/a00 TPUTEPIB 3
IHBEPCHUMHU BXO/IaAMHU.
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KoHTpoJIbHI NUTAHHS:

o gk whE

10.

11.

12.

B "omy nossirae rosioBHa nepeBara CHHXpOHHUX JITYMIBHUKIB?

Sk popMyIOThCS CHUTHAIN KEPYBaHHS PO3PSAAaMU CHHXPOHHOTO JIIYMIIbHUAKA?
Hagenith cxemy cuHXpOHHOTO JiumibHuKa Ha JK-Tpurepax.

HageniTh cxeMy CEKI[IOHOBAaHOT'O CHHXPOHHOTO JITYMIIbHHKA.

SIki ¢pyHK1IT BUKOHYE PEBEPCUBHUI CHHXPOHHUH JT1UMIBHUAK?

Hagenite Tabnuiro MoxximuBux nepexodiB aiusi RS-, D- 1 JK- tpurepis i BinnmoBigHux
KEPYIOUUX CUTHAJIB..

3 SIKUX Omepalliif CKIaaaeThes MPOLEeaypa CHHTE3Y JIYMIbHUKA 3 TOBUTBHOIO TAOJIHIII0
nepexojis?

HaBeniTh cxeMy CHHXpOHHOTO JIIYMJIbHUKA 3 JOBUIBHOIO TaOJUIlO 1epexoiiB Ha RS-
TpUTEpax.

HageniTh cxeMy CHHXpPOHHOTO JIIYMJIBHUKA 3 IOBUIBHOIO TaOJIUINIO repexoiB Ha D-
Tpurepax.

HageniTh cxeMy CHHXpPOHHOTO JIIYMJIBHUKA 3 IOBLUIBHOIO TaOMUINIO epexoiB Ha JK-
Tpurepax.

HaBeziTh cxeMy CHHXPOHHOTO JIYMIbHUKA 3 JOBUILHOIO TaOIHIIIO TEPEXOIiB 3
MYJIBTUILICKCOPHUM KEPYBaHHSIM.

HaBeniTh cxeMy CHHXPOHHOTO JIUMIBHHUKA 3 JIOBUILHOIO TAOHUINIO 3 KEPYBAHHSAM Ha
nemmdparopi.
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13.IMnyabCHi mpucTPON

Imnynbcui npucmpoi - TpHUCTPOI IMIYIBCHOI TEXHIKM, NMPU3HAYEHI JJIS T€HEpYBaHHA,
dbopmyBaHHS, MOCUJICHHS, Iepeayvl 1 IEPETBOPEHHS IMITYNBCIB. JI0 HMX BITHOCSATHCS IMITYJIBCHI
HiCUIIIOBadl, AETEKTOPH (POHTIB IMITYNIBCIB, PO3LIMPIOBAYi IMITYNIbCIB, TaiimepH, GopmyBaui
IMITYJIBCIB CIIeliaJIbHOI (hOpMHU TOIIIO.

Imnynbcnuii niocunreay - TPUCTPil IMIYIBCHOT TEXHIKH, PU3HAUYCHUH IS MOCUIICHHS

IMITYJIbCIB CTpyMy a0o Hampyru. BiH He Mae 3HAYHUX BIAMIHHOCTEW NPHUHIIUIIOBOI CXEMU
MOCHJICHHSI, pO3PO0JICHOT IS aHAJIOTOBUX, HATIPHUKIIA], CUHYCOIJAIbHUX CHUTHAIB.

13.1. JlerekTopu poHTIB iMImyJIbCiB

lle ¢ynkuioHanbHI eneMeHTH, MpU3HAa4YeHI Uid (OpPMYBaHHS IMIYJIbCY 13 3aJaHUMU
napamMeTpamM y MOMEHTH TIEPEMHUKAHHS BX1IHOTO CUTHAIY.

1 1

0 NO3UTHBHUN (PPOHT; 0 HeraTuBHHUH (PPOHT

[TapameTpamu BUXiTHOTO cUTHAITY € aMIutiTyaa Uz Ta TpUBamicTs L.

13.1.1. lerextop no3utuBHoro ¢ppoury (JAID)

Herextop nmo3utuBHUX GpoHTiB curHany Ui HaBenenwuii Ha puc.13.1. Ha koxne
MO3UTHBHE NepeMuKaHHs curiainy Ui Ha BUX0/1 cxeMH (POPMYETHCS OZUTUBHUN IMITYJIBC 3
aMILTITY 1010

Up= Ut-U°

U- .B. |—& Us
U e,

Puc.13.1
1 TPHBAJIICTIO :
b = 20 In[(U-UNI(U™Unop)] = CR% +R) IN[(U™-UYI U],

ne U° — pisens noriunoro myns; U! — pisens moriunoi omuamii, U, — moporosa Hampyra
nepeMuKaHHs norignoro enementa HE, R%,, — Buxignuii onip inBepropy y crani «O».
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13.1.2. lerexTop HeraTUBHOTO (ppouTy (AHD)

Herextop mo3utuBHUX GpoHTIB curHany U: HaBenenuid Ha puc.13.2. Ha koxHE HeraTUBHE
nepeMuKaHHs curany Ui Ha BUX0Ji cxeMH (POPMYETHCS TO3UTUBHUHN IMITYIIBC 3 aMILTITYHOIO

Uz= UL-U°

U R ] ( U-
é—L cU —— K%
" CT U

Puc.13.2
1 TPUBAITICTIO:
t2 = N[(UH-U°)|(U*-Unop)] = C(Rau+R) IN[(U-U°)|(U-Unop)],

ne U° — pisens noriunoro myns; U — pisens snoriunoi omuamii, U, — moporosa Hampyra
nepemukanus jorigHoro enementa ABO-HE, Ry, — Buxinuuii omip inBepropy y ctani «1».

13.1.3.lerexTop ¢ppouriB (J1D)

Jlerextop ¢ponTiB curnany Us HaBeneHuii Ha puc.13.3. Ha koxxHe nepeMHKaHHs CUTHAILY
Ui Ha BuxoAl cxeMu (GOpMYIOThCSI TIO3UTHUBHI IMITYJICH 3 aMIUTITY/I0I0

U,= Ut-U°

U,
O— o8 5

U CIch

Puc.13.3

1 TpiBaJlicTAMU ToueproBo t11 t.
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13.2. Po3mmpioBay iMnyJbciB

A

c
[
9
|_
S A
[
2]
-
-

Puc.13.4

B cucremax nepenaui iHpopmariii HEpiIKO NOTPIOHO 13 KOPOTKUX IMIYJILCIB OJIEPKYyBaTH
OUThII MMPOKi, MEeBHOI TpuBaioCTi. Lle 3aBmaHHs Jlerko peanizyerbes 3a momomoror RC-
JIAHITIOTa, 10 IEPEMUKAETHCS eIEKTPOHHUM KitoueM, Ta RS-tpurepa (puc.13.4).

[punrun fii monsrae B HacTymHOMy. Ilpm HU3bKOMY piBHI BXigHoro curnamy U;°
TpaH3UCTOP 3anepTuit 1 KouaeHncarop C 3apsaKeHu 10 HAnpyTH Jkepena skuBieHHs +Uyy. [pu
1ILOMY TpHTep 3HaXoauThes y craHi «l1»: Ui = UL Bxigumii curhan BinkpuBae TpaH3HCTOP i
koHzeHcarop C depe3 HbOr0 PO3PSIKAEThCA. TpUrep nepeMuKaeTbes y ctan «0» 1 3HaXOIUThCs
y HbOMY JI0 3aKiHYE€HHS BXIJHOTO iMmynbcy. [lo 3akiHYeHHI BXiHOTO IMIYIBCY TPAH3UCTOP
3anupaeThes , KopaeHcarop C mounHae 3apspkaTich. Koim Hampyra Ha HbOMY JIOCSTae PiBHS
CIpallIOBaHHS TpUTepa, TpUrep MepeMHuKaeTbcss y craH "«l». Ha wac At 3apsmxanHs
KOHJIEHCATOPAa BX1THUM IMITYJIbC TIOJIOBXKYETHCS:

o= tox + At

[Ipn nboMy MaeTbcs Ha yBasl, IO IMIYIbC, SIKUH (POPMYETHCS, MEPEBUILYE TPUBAIICTh
IMIyJbCy, IKMH 3amyckae cxemy. i mpaBuiIbHOI pOOOTH JTaHOTO pO3MIMprOBada HEOOXiJHO,
100 TPUBAIICTh BXIHOTO IMIYJNbCY tor Oylia TOCTATHBOIO, MO0 KOHJEHCATOP BCTHUT MOBHICTIO
pospsautucs. Ilicns 3akiHYeHHS BXIJHOTO ter IMIYJIBCY KOHJEHCATOP 3aps/IKA€ThCs uepes
pe3ucrop R 1o BennunHu Hanpyru KuBiIeHHS Uy,. [Ipu nboMy, sk Tibku Hanpyra pocsirie Uyop
, RS-tpurep nepexiitountbes. Y 11boMy BUNAJIKY JOJATKOBA TPUBAIICTh BUXIIHOTO iMIynbey At
3aJIeKUTh BlJ] HOMIHaJIB BcraHoBieHHX eMHocTi C 1 pesuctopa R. Cnpomena ¢opmyia
JI03BOJIsIE OPIEHTOBHO PO3PAXyBaTH J10/1aTKOBY TPUBANICTh IMITYJIBCY:

At = RC In [Uun/( Uun = Unop )]a

ne U, - Hanpyra xuBieHHs cxemu; U,,, — pIBEHb MOpPOTY TepekitoueHHs RS-tpurepy, mo
BUKOPHCTOBYETHCH.

13.3. OpnosiopaTopu (OB)

[Ipu pobGoti 3 uMdpPOBUMH HPUCTPOSIMHU JOCUTH YacTO MOTPIOHO (GopMyBaTH IMIYILCH
NeBHOI aMIunTyau 1 TpuBajocTi. Lo (¢yHKIiII0O BHUKOHYIOTH CHeliaJbHI NPUCTPOI -
onHoBiOparopu. lle cmyckoBi mOpucTpoi, SKI y BIANOBIAbL Ha KOXHHUN BXIJTHUN IMIIYJbC
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TEHEPYIOTh BUXITHUM IMITYJIbC 13 mOTpiOHOIO amrutitynoro Uz i TpuBamictio t,. Taki dopmyBaui
IMIYJIbCIB MOXKYTh OyTH peasi3oBaHi Ha JIOTIYHUX €JIeMEHTaX 1 BU3HAYaI0uMX YacoBi MapaMeTpu
komrnonenrtax R i C.

13.3.1.0B na jgoriunux eaemenrtax [-HE

Cxema OB na noriuanx enementax [-HE naBenena na puc. 13.5.

T - U21
=
U jIC U
1 & 22

Puc.13.5

VY cxeMi HaHTIPOCTINIOrO OJHOBIOpaTOpa € JaBa JIOTIYHUX €JIEMEHTAa, IPUUOMY OJIMH 3 HUX
BUKOPHUCTOBYETHCA 32 CBOIM MPSIMUM MPHU3HAYEHHSM - K Joriynuii enemeHt 2I-HE a npyrwii sik
1HBEpTOP.

[Ipyn mpoBeneHHI MOCHIAIB 1 E€KCIEPUMEHTIB 3 OJHOBIOPATOpPOM BpPAxOBYHTe, IIO s
HOpMaJIbHOI HOro poOOTH TPUBANICTh IMIYJIbCY, IO 3alycKae, IMOBUHHA OyTH MEHIle
TPUBAJIOCTI BUX1HOTO IMITYJIBCY, 1110 T€HEPYETHCSL.

TpuBanicTs iMIynbey, 10 HOPMY€ETHCS OJHOBIOPATOPOM, MOYKHA OOUUCIUTH BUXOJSUH 3
yMoBHU po3psay konzaeHcatopa C. JlificHo, moku koHaeHcatop C po3psIKAEThCA 10 PIBHS
rpannyuHoi Hanpyru U,ep, Hamipyra Uz cipuiimaerscst enementoM "2 [-HE" gk piBeHb 0r14HOi
OJIMHUII 1 Ha HOT0 BUXO/1 MIATPUMYETHCS PIBEHB JIOTIUHOTO HYJNS. 3 IJIMHOM Yacy Hampyra Ha
koHzeHcaropi C crae piBHOIO U,y 1 Ha Buxozi enementa "2 [-HE" 3'sBuThCs piBeHB JIOT1YHOT
onuHMII. SIKIIO BBaXkaTH, IO Hampyra J0 MOYaTKy pO3psay Ha KOHJEHCATOpi JOpiBHIOBaA
Hanpysi pisHs joriunoi oquauii UL, To 3mina manpyru Uc 3 IIIMHOM Yacy MOKHA TIPeICTaBUTH
K EeKCIIOHEHTY 31 cTajow Tt~ RC, TOMYy TPHUBAIICTh BUXIAHOTO IMITYIbCy t, JOPIBHIOE Yacy
PO3psAy KOHJEHcAaTopa 1O 'paHuYHOro 3Ha4eHHs U,0p BU3HAYAETHCS CITIBBIIHOILICHHSIM:

Ul

t, = RCIn

oy

13.3.2.0B na Jgoriunux ejgementax ABO-HE

Ha puc. 13.6 naBegena cxema ogHoBiOpaTopa Ha joriunux enementax HE (1) ta ABO-
HE (2) . SIx BapiaHT, y SIKOCTI iHBepTOpa 1 MOXe OyTH BUKOPUCTaHUM JoriyHuii enemeHT AbO-
HE 3 00’ e1HagMH BXOaMU.
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Puc.13.6

OnHOBIOpaTOp, BUKOHAHHI 332 CXEMOI0, HaBEJICHOK Ha puc.13.6, mpaitoe TaKUM YUHOM: B
MOYaTKOBOMY cTaHi mpucTporo Ha Buxomi Uzi inBepropa (1) nmie HM3BKHIA piBeHb HANpyTH,
HiATPUMYBaHHUM BX1IHOKO Hampyroro Bija jkepena sxuBieHHs Uyy,. [lpu HU3bKOMY piBHI Ha BXO1
U1 oxnoBiOparopa Ha Buxoxi soriynoro enementa ABO-HE (2) nmie Bucoxuii piBeHs, 3aBIsKU
yomy KoHjeHcaTop C MpaKkTUYHO po3psypkeHud. KOpoTkuil MO3UTUBHUKA BXigHHUHA iMmimyibe Up
nepemukae joriunuii enemenT ABO-HE (2) 1 uepe3 xongencarop C BUXiTHHIA piBEHb iHBEPTOPA
1 y cran «0» Ha erani ¢opmyBaHHS TPUBAJIOCTI BUXIIHOTO IMIYIbCY OJHOBIOpaTopa
koHAeHcaTop C 3apspKaeThes yepes pe3uctop R 1 Buximgawmii omip morigdoro enementa ABO-HE
(2) R%.x 3i cTanoro excrionenniansHoi Gyrkiii Ts=C(R+R%.x). ITpouec popMyBaHHS BHXimHOTO
IMIYJIbCY 3aBEPINYETHCS MPU TOCATHEHHI BXIHOI HanpyrH iHBepropa 1 moporoBoro piBHA Up.
B pesynbrati Ha Buxomi U1 onHoBiOpaTopa (opMyeTbcs MPSMOKYTHUN MO3UTHBHHI, a Ha
Buxomi Uz, — HeraTBHUI IMITYJIECH TPUBAIICTIO 1:

tu = T3 In [(Uun /(Uun = Unop)] .

Ha erarmi BiiHOBIIEHHS OJTHOBIOpaTOpa 10 HACTYIMHOTO 3aITyCKAI0UOTO IMITYJIbCy KOHIeHcaTop C
pO3psIKAEThCS uepe3 BUXiauuii omip Ry moriunoro enementa ABO-HE (2) y crani goriunoi
«1» i4epes omip Iy mioma VD 3i ctanoro excroHenTH T=C(Rsx+rmp). Uac BigHOBIEHHS 4
0JIHOB1OpaTopa JI0piBHIOE:

e~ 37 = 3 C(RLbxtrmp).
13.3.3.0B na RS — Tpurepi

Ha puc 13.7 naBesena cxema oiHOBiOpaTopa Ha ocHOBI RS-Tpurepa. Jlanior
3BOPOTHOTO 3B 513Ky 3 pe3ucTopa R i koHaeHcaropa C Mixk BUXoioM Tpurepa Qi BXomom
CKuAaHHA R Tpurepa BU3Ha4yae 4acoBi MapaMeTpy BUXITHOTO CUTHAITY.
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Puc.13.7

Posrnsinemo naHitior 3apsiaku i po3psaku kougaeHcaropa C B ogHoBiOparopi. Ha etami
(dbopMyBaHHS YaCOBOTO iIHTEpBATY 1, KOHIEHCATOP 3apsKaeTbes Bil «0» (TouHimIe, Bij
samumkosoi Hanpyru U®) 1o rpanmunoi vanpyru Uy, 110 maHmory: R~ R- C- 3aransauii
npoBij 31 ctanoro eKCmoHeHTH Ts; = C(Raxt R).

TpuBaicTs mpouecy 3apsKaHHs BU3HAYAE TPUBAIICTH BUXIAHOTO IMITYIbCY ty:

tp[ =T3 In [(Ul'UO)/(Ul' Ur[op)].

Ha eTami BifHOBIEHHS KOHEHCATOP po3psamKacThes Bifl Unop 10 U21° wepes miox VD i
BUXIJHUH omip Tpurepa Reux 31 CTaN0K0 €KCIOHEHTU

Tpos = C(R+ROBI/IX)-
TpuBamnicTh BiTHOBIEHHS Iz MOXKHA OIIHUTHU 5K 3Tpos , TOOTO
tB =~ 3 Tp03 = 3C(R+R03Hx)

Jlio mpakTUYHO MOBHICTIO 3aKPUBAETHCS MIPH 3MEHIIIEHHI HAPYTu Ha HhoMy Hmkue 0,5 ...
0,6 B, 1 KoHzIeHCATOp 3aKiHUye PO3PSIKY 3 TaKOK X CTalOK yacy, K 1 npu (opMyBaHHI
4acoBOrO iHTEpBaldy. TakuM YWHOM, TPU TOCHJIEHHI BHUMOT JI0 3QJIMIIKOBOI HANpyrd Ha
KOHJIEHCATOp1 Yac BiIHOBJICHHS 30UIbLIYETHCS, OOMEXYIOUH JOMYCTUMY YaCTOTY MPOXOKEHHS
IMITYJIBCIB TIPU 3aJ1aHiil moXuOIi TpuBaiocTi BiAHOBIEHHS. [lion 3a0e3neuye 3MEeHIIeHHs CTaJIol
PO3PSAY Tpos 1 BIAMOBIIHO MPUCKOPEHHS BiIHOBJIEHHS BUXIJHOTO CTaHy.

Onucannii omHOBiOpaTop Ha RS-Tpurepi Mae mpocty CTpykTypy 1 (opmye naBa
npoTuazHuX NPSIMOKYTHUX iMIynbceu. OHak oMy mpUTaMaHHi 1 Aeski Henouniku. [lo-nepie,
3apsa KoHjeHcaropa C BigOyBaeThCsl dyepe3 BUXIIHUN OMip TpuUrepa, 1m0 OOYMOBIIOE JEsKe
MOpYIIEHHS NPAMOKYTHOCTI curHainy Ui Ha mpsMomy BHUXOJI Tpurepy. 3MiHa Reux BIJTMBaE Ha
TpUBATICTh (popMoBaHOTrO imMIyInbcy. [lo-apyre, Benukuii 111010 TPUBAIOCTI BUXIAHOTO IMITYJIECY
yac B1JIHOBJIEHHSI HAIIPYT'y Ha KOHJEHCATOP1 10 MOYaTKOBOI'O PiBHSI.

216



13.3.4.0B na onepauiiinomy niacuaroBaui (OII)

OcHoBoto Takoro ogHoBiOpaTopa € Tpurep [lImitra (TLL) Ha onepamiitHOMY MiCHITFOBAYI
(OIT) (puc.13.8). Taxkwuii Tpurep (y 1aHOMY BUIIAJKY BiH € IHBEPTYIOUMM) Ma€ JIBa MOPOTOBUX
piBHs mnepekiroueHHs cTaHiB Uy Ta U, K1 BU3HAYAIOTHCS NTapaMeTpaMHu KOMIIOHCHTIB
HO3UTHBHOTO 3BOPOTHOTO 3B’ 513Ky (R1,R2) 3riHO CIiBBiHOIICHB:

U= U R1/Rz2, U= -|U0| R1/R2,

ne U%o, -U — rpannuni 3Hauenns Ha Buxoxi TII y 1BOX MOXKIMBHX CTaHax, SAKi 3aJI€KaTh Bij
Hanpyr xxuBienns +Uccl, -Ucc2.. Ha npaktuni y po3paxynkax moxxHa npuitaata U = 0.9 Ucc.

Puc.13.8

Cxema oxnoBiOparopa HaBezeHa Ha puc 13.9. Oxpim TII cxema MICTUTh KOMIIOHEHTH,
Kl BH3HAYAIOTh TPHUBAIICTh BHUXIAHOro immynscy OB. VYV naHomy BuUmagky TakuMu
KOMITIOHEHTaMu € pe3uctop R 1 koHneHcarop C y JaHIIOrYy HETaTUBHOTO 3BOPOTHOTO 3B’S3KY.
Kpim toro, y OB MicTuTbcs cxema #oro 30ymKeHHs, sKa BKIIIOYae AU(EPEeHIIIOI0Unil JTaHIIoT
C1-R3 ta miox VD2.

Jo mpuxony immynbcy 30ymxeHHss U1 OB 3HaxoauTbes y cTabuIbHOMY CTaH1, KOJIM Ha
BUXO/JIl cxeMu fie crabuibHa Hanpyra Uz = -U. IIpu npomy nioa VD1 Biakputuii 1 KOHAEHCATOP
C npakTU4HO po3psKEHUI, OCKUIBKM Hampyra Ha HbOMY A0piBHIOE Hanpy3i Uoy Ha BIIKpUTOMY
nioni VD1. Ilo3utuBHuii Bxigauit immynsce U 1 yepes giog VD2 nepekimtouae TI y cran, konu
Ha BUXOJIi BCTaHOBIIOETHCs piBerb U= U*o. Bucokum piBaem U*ona Buxoni giox VD1
3aKpUBAETHCA 1 MOYMHAETHCSA 3apsiy KoHeHcaTtopa C uepes pesucrop R. Hanpyra Ha
KoHieHcaTopi C MiABUITY€ETHCS MO €KCTIOHEHITIAIBHOMY 3aKOHY TIOKH HE JOCSTHE MTOPOTOBOTO
piBHS Uy. [Ipu nocsraenni mopory Uy TI mepekmoyaerses y cran U2 = -U%. Ha oMy
3aKiHUYy€eThCS (POPMYBaHHS BUX1IHOTO IMITYJIbCY TPUBAIICTIO 1,

tx = RC In [(U*o- Uga)/( Uo- Un)]-

Ha erani BinnoBnenns OB konaencatop C po3psakaeTbes uepes pe3uctop R 1o Hanpyru
Bignupanus aiony VD1, to6to no Uos. TpuBaiicTs erany BiZHOBIEHHS t, BU3HAYae€ThCs
CHIBBIAHOIIECHHSM:
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ts=RC In [(|-U0] - Un2)/( (|-U%o| - Uox)].

Puc.13.9
AMIuTiTYy1a TO3UTUBHOTO BUXIAHOTO iMITysibcy Um JOpiBHIOE:
Un=U"0+ Uo.

B pasi HeoOxinHocTi oTpuMaTt OB, sikuii GopMye HeraTUBHUM BUXIAHUH IMITYJIBC Y CXeMi,
HaBeieHii Ha puc.13.9 nocTaTHRO 3MIHUTH MOJSPHICTH BKIMoYeHHS fiofis VD11 VD2.
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KoHTpoJIbHI NUTAHHS:

Jlnst 9oro nmpu3HaYeHi 1eTEKTOPH GPOHTIB?

Hagenite cxemy 1 yacosi miarpamu mis JI1D.

Hagenits cxeMy i wacosi miarpamu juis [JJHO.

Hagenite cxemy i yacosi niarpamu s 1®.

Hagenith cxemy 1 4acoBi giarpamu Ui pO3LIMPIOBAaYa iIMITYJIbCIB.
Jlyist yoro mpu3HaveHi ogHOBiIOpaTopu?

Hagenite cxeMy i yacosi miarpamu ais OB Ha JIE 21-HE.
Hagenite cxeMy i yacosi miarpamu ais OB Ha JIE 2ABO-HE.

© O N A WNE

Hagenith cxeMy i1 yacoBi miarpamu ajis OB Ha RS - Tpurepi.
10. HamexiTh cxemy i1 yacoBi giarpamu it OB Ha omepaiiitHoMy IiICHITIOBAaYi.
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Jekmis 21
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13.4. MyabTuBiopaTopu (MB)

MynbTHBIOpaTOp € penakcalifHUM TreHepaTopoM, NpHU3HAYeHUM JUIs  (OpPMYBaHHS
MepIOIMYHUX CUTHAMIB (YacTille 3a BCe MPSAMOKYTHHUX) 13 3aJJaHUMHU IMapaMeTpaMu: aMILTTyaa
Um, vactota f, mmapysaticte Q. MB BiH Moxe mpaioBaTi B peKHMMi aBTOKOJHMBaHb, a00 B
PEKHUMI OYiKyBaHHSI 30BHIIIHBOTO CUTHATY 3aITyCKY..

Y pexumi aBTokoauBaHb MB He wMae craHy criiikoi piBHOBaru. Ilpm poGoTi
MYJIBTUBIOpPATOpa B IbOMY PEKMMI ICHYIOTh JIBa CTaHU KBa3ipiBHOBAru, mo 4epryiorbes. Ctan
KBa3ipiBHOBaru XapaKTEPU3YEThCS TOPIBHSAHO TOBUIBHOIO 3MIHOIO CTPYMIB 1 Hampyr, IO
OPHU3BOAATH JIO JESKOTO KPUTUYHOTO CTaHy, HpPH SKOMY CTBOPIOIOTBCSI yMOBU  JUIS
CTPUOKOTOIIOHOTO TTePEX0Iy MYyJIbTHBIOpaTOpa 3 OTHOTO CTaHy B iHIIMKA. [lepioa KonuBaHb Mpu
[[bOMY 3aJICKUTh BiJI ApaMETPiB CXEMH.

VY pexumi OUIKyBaHHS MYyJBTHBIOpAaTOp Ma€ CTaH CTIHKOi pPIBHOBaru 10 MPUXOIY
KEepPYIOUOT0o CUTHANY, SIKAH 1HII1I0€ 30yKeHHS peKUMY TeHeparlii .

Cxemu MB moxyTh OyTH 1moOya0BaHi Ha OCHOBI OIMOJIIPHUX TPAH3UCTOPIB, YHIIOISIPHUX
TPaH3UCTOPIB, OMEpaIliiiHUX MiJCHII0BaUiB, JOTTYHUX iHTerpanbHux eneMeHTiB Tuny ABO-HE,
I-HE, RS-tpurepiB, TtpurepiB IlImiTraa TakoX Ha OCHOBI HETaTPOHIB (TyHEIBHHX JiOJIB,
THPHUCTOPIB, JIHUCTOPIB, OJHONEPEXiTHUX Ta JIABUHHUX TPAH3UCTOPIB). B ocTaHHii yac yacriie
3a Bce MB OynyroTh Ha OCHOBI iHTETPAIbHUX MIKPOCXEM.

13.4.1. MB na aoriunux ejgemenrtax insepropax (HE)

Cxema MB na ocHoBi noriuynux enementiB HE naBenena na puc.13.10. Oxpim iHBepTOpIB
1,2 cxema mictuth koHaeHcatop C, akuii 3abe3mneuye Mo3UTUBHUIN 3BOPOTHHH 3B’ 130K 1 3aBISKH
oMy pereHepaTUBHUN PEeKUM KOJIMBaHb. Pa3oM 3 pe3uctopoM R HEraruBHOro 3BOPOTHOTO
3B 513Ky KOoHieHcaTop C BOHM BU3HAYalOTh 4acToTy f 1 mmapyBaricte 6 BUXigHUX cHTHaIiB MB.

C
+ U3 F\; D+

. C

U3 j_U1 2 U2

Puc.13.10

[Ipn BK/IIOYEHHI KHMBJIEHHA, Oyab-aki QuiykTyamii abo HIyMH MiA JI€l0 TO3UTHBHOTO
3BOPOTHOTO 3B'i3ky MB naBuHO moaiOHO MepeKuaaoThess B OAMH 3 JIBOX KBAa3HCTIMKHUX CTaHiB.
B ognomy 3 craniB Ha Buxoai Ui BCTaHOBIIOETHCS HU3BKHM, a HA BUX0/1 Uz - BUCOKUI piBEHBb
NOTEeHIlially, a B IpyroMy CTaHi, HaBMaku, Ha Buxoai Ui Bucokuii 1 Buxoai Uz — HU3bKUH piBeHb
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noTeHIiany. PenakcamiitHi mporiecu mepesapsiipkeHHs1 KoHaeHcaTtopa C depes pesuctop R,
BU3HAYAIOTh TPUBAIICTh HamiBIepiomiB T1, T2, yacToTy reHepanii f i mmapyBaTicTh BHXiTHHX
iMITysbCiB Q.

Ha uvacoBomy inTepBani Ti1 Ha Bxoni nepuoro einementy HE nmanpyra Uz >U,.p,ToMy Ha
fioro Buxoni migrpumyeThcs Husbkuii piBens U%, a ma Buxoxi apyroro enementy HE —
Bucokuii pisers Uy, CtpyM mepesapsny konpencaTopa C TIpOTIiKae Bif /pKepena KMBICHHS y

nanIo3i "+U R!  —C—-R—-R®  —"3emusd" Ta eKCIIOHEHIIAILHO 3MEHIIYEThCS 3a CTAJIOKO

Oc.oe | Veux2 6uxl

qgacy.
1= C(R + Roguxl + Rl@uxZ) zCR,

ne R%un1— Buxignwmii omip inBepTopy 1y ctani «0» , Ry~ BuXignuii omip imBepTOpy 2 y cTaHi
«I».

[Tpu upomy Hampyra Ha BXoai nepioro exementa HE Tak camo ekcrioHeHIiaabHO Majgae
Bix HauambHOro 3HadeHHs Unop + U2, B MOMeHT, KoJu Hampyra Ha BXOJi HEpIIOTO eleMEHTY
HE nocsrae piBast mopory Upep IHBEPTOp MEPIIOTo €IEMEHTY MEePEXOAUTh B PEXUM ITiICHIICHHS,
Horo BHXiHA Halpyra, HapOCTAlOYM, IepeKiIodae Apyruil iHBeprop. Mami mixm miero
NO3UTHBHOTO 3BOPOTHOTO 3B'SI3KY CXE€Ma pEreHEepaTUBHO IEPEKIIOYAEThCS B JIPYTUi
KBa3icTikuii cTaH. TuM caMuM 3aBepuryeTbes (POpMyBaHHS iHTEpBaILy 71 BUXITHOTO CUTHAITY:

Tl =-n1 In [(U21+Un0p )/Ur[op ] .

Ha yacoBomy inTepBani T2 Hanpyra Ha Bxoai nepmoro exementa HE Us < Uyep, TOMY Ha
Buxofi nepuoro eneMenta HE — Bucokuii pisens Uil, a Ha Buxoni apyroro enementa HE —
nmspkuii pisens U2’. CTpym nmepesapsay konjgencaropa C IpOTiKae B IPOTHIIEKHOMY HATIPSAMKY
BiJ{ JoKepena KHUBJICHHS HepuIoro eJIeMEeHTa HE y JaHII031
"+U,, ."~Rl,-R-C-R’ ,—"semns' i crBopioe Ha pesuctopi R mepeman Hampyrwy,
JOCTaTHIA A7 MIATpUMKU Ha Bxoal Us enemenTa Hampyru B oOiacti jorigydoro "0". V mipy
nepe3apsipkeHHst KoHaeHcaopy C cTpyMm depe3 pe3uctop R 3MeHIIyeThCs €KCIOHEHIIMHO 13
CTaJIOIO Yacy:

72 = C(R + Rleux] + RO@uxZ) %CR,

ne RYqa1— Buxigamit omip imBepTopy 1y crani «1» , R%,.- Buxignuii omip imBepTopy 2 y cTaHi
«O».

IIpu 1bOMyY Hampyra Ha BXOJi iHBepTopa 1 eKcroHeHiiHo HapocTae Bi piBHA Unop - Uz,
aCUMIITOTHYHO Habmmkaounchk 10 pias Ul .B mMoment cris maginas Us=U,,, cxema 3HOBY
NEPEMHUKAETHCS 1 BC1 MMPOLIECH TOBTOPIOIOTHCS.

TpuBanicte HamiBnepiony 72 3 ypaxyBaHHSIM BHILIEHaBEAEHUX (OPMYJT BHU3HAUAETHCS
CHIBBIAHOIIECHHSM:

T2 =172 In [(2U21'Un0p )/( UZl_Unop) ]

Yacrora renepanii f = (T1+T2) %, a HIMapyBaTICTh BUXITHUX CUTHATIB (CIiBBIIHONMICHHS
TPUBAJIOCTI BUX1JTHOTO IMITYJIbCY 1 IEP1OAY KOJIUBAHb):

O1=(Ti+T)/T1 =T/T1, O2=(T1+T2)/T2=TI/T>.
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JOma IMC TTJI-tumy Ha omip pe3uctopa R HakimamaeTbcsi OOMEXKEHHSI 3BEPXY
R<(Un0p—U§ )/1. . CnorBopenHs BepmmH immynmeciB Ha Buxomax Ui, Uz TTJI-cxem

00yMOBJIGHO PEAKTHBHOIO CKJIAJIOBOI0 BHUXIJHHX CTPYMIB Iepe3apsDKeHHs KoHueHcartopa C
yepe3 pesuctop R. [Ipu Bukopuctanni IMC KMJIII-tumy HeoOXimHO MpuUMAaTH A0 yBard JiBa
MOPOTOBUX PIBHS: IMOPOTOBHH piBeHb N—KaHAIBHOTO TpaH3ucTopa Unepn Ta MOPOTOBHIA PiBEHb
p—KaHanbHOTO TpaH3UuCcTOpa Unopp , TOMY CHIBBITHOLIEHHS AJIS MiBIEPiOiB MAIOTh BUTJIAL!

T1 =711 [(U2"+Unopn )/( U2 |Unopp| 15 T2 = 7210 [(U2'+|Unopp| )/( U2 " Unopn ) 1,

ne Unopn - Toporosa Hampyra 7- kaHanbHUX TpaH3ucTopiB IMC; Urepp - Hampyra p- KaHaJIbHHX
TPaH3UCTOPIB.

[lepeBaru po3MISIHYTOrO MYJIBTHBIOpaTOpa - MPOCTOTAa CXEMU 1 CTaOUIBHICTh YaCTOTH
reHepailii, a He3HAYHUM HEJIOJIIKOM € CIIOTBOPEHHS BEPIIMH IMITYJIbCIB.

13.4.2. MB na I-HE 3 aBTo3anyckom

Cxema MB 3 aBTo3anyckoM HaBezeHa Ha puc.13.11.

Puc.13.11

HNanuit mynpTuBiOpaTop Mictuth ABa jaHiorn R1-Cl1 ta Ro-Cp, mio 3amaroTh yacosi
napametpu MB, To0TO yacroty f i mmapyBaricte , @ BuXimHHX curHaniB. MB nmoOymoBanuit
Ha JsoriyHoMmy enemeHTi [-HE DD1, sxuii BukopHCTOBYeThCS SIK 1HBEPTOp, Ta JIOTTYHOMY
eJIEMEHTI I-HE DD2 enemenrax. Jloriuni enementu DD3 ta DD4 npusHaueni 1uist peanizaiii
ABTOMATHYHOTO 3aITyCKy PeXXUMY T'eHeparrii.

B pexumi cramioHapHHX KOJMMBaHb Ha BXxogax enemMeHTa DD3 BCTaHOBIIOIOTHCS
npotudasHi curramu, Tomy Ha Buxoai U3 enementa DD3 minrpumyeThcst MOCTIMHUN BUCOKHIA
piers Uls, a ma Buxoxmi emementa DD4 — mmspkmit U%~ 0, i pesucrop R2 BusBIsAeThCS
OpakTU4HO "3a3emieHuM". Y pasi 3puBy koiuBaHb curagoM U1=0 Ha Buxojax enemenrtis DD1

i DD2 BcranosmooThest piBai Uj, i UJ,, Tomy Ha Buxoai DD3 maemo Us=0, a Ha Buxoxi DD4
U4=UY, saxuit uepes pesucrop R, Hamxoauts na Bxinx DD2 i 3abesmedye 3amyck

MyJBTHBiIOpaTOpa mpu Tojadi curHamy 3amycky Ui, Takum 9MHOM, 3aITyCKaeThCSl PEKHM
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reneparii. lle m03BoJis€ BHKOPHCTOBYBATH CXEMY Il TEHEPYBaHHS TAKETIB  IMITYJIbCIB
TpUBAICTIO Kepyloyoro curaany Uly

3osHinmHi giogu VD1,VD2 3abe3neuyrorh mBuaKuii po3psaa konaeHcaropis Cl, C2, mo
3a[al0Th YacoBi mapamerpu MB: TpuBamicts Ha miBnepioniB T1 i T2, 1 3aeXHy BiJf HUX 4acTOTYy

f=(T1+T2)? i mmapysaTicth 01 = (T1+T2)/T1.

3HaveHHs onopy pe3ucTtopiB Ri, R2 HeoOXigHO BHOpaTH BEIWKHMH, ajie 3 BpaXyBaHHIM
OOMEXEHHS:

1, . 0
R1(2) S U 1m|n/ I 8x y

ne UYmin — MiHiMalIbHUIA piBeHb HATIPYTH JUIS BUCOKOTO PiBHS;
19, — BXigHUit CTPYM JIOTIYHUX €JIEeMEHTIB PU HU3bKOMY piBHI Ha Bxojax DD1, DD2

TpuBamicte HamiBrepiomiB Ti, T2 MynbpTHBIOpaTOpa BH3HAYAIOTHCA JIAHLIOTAMHM, IO
3a/1a10Th 4ac, BignosinHo R;,C, ta R,,C,:

T1= CiR1lIn (Ul/ Ullmin ) , To= C2R2In (Ul/ Ullmin ),
a 4acToTa KOJIMBaHk, o rerepyrothes f= (T, +T,) .

€mHicTh KoHIeHcaTopiB C1, C2, MO 33a1al0Th TPUBAIICTh IHTEpBaJiB 71, 72 BU3HAYAETHCA 13
HaBEJICHUX CHIBBIJHOIICHB BiAMOBIAHO JUIsi BUOpAaHUX 3HA4YEHb oropiB pesuctopiB R1, R2.

13.4.3. MB na Tpurepi llImitTa (TLI)

Cxema MB na tpurepi llImiTTa HaBeneHa Ha puc.13.12.

+— [1

Puc.13.12

SIKIo MynbTHBIOpaTOp TMOBHHEH 3a0€3MeYWTH TIUNBKH 3alJaHy 4YacToTy reHepamii f, a
HIMapyBaTiCTh IMIYJbCIB HECYTTE€BA, JAOLIIBHO CKOPUCTATHCS CXEMOK HaMMpOCTIoro
MyJbTHBIOpaTopa Ha ocHOBI Tpurepa IlImiTra.
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[lepenatna xapaktepuctuka Tpurepa IlImiTra Mae sSBHO BUpaXCHHH TiCTEpE3UCHUIN
xapakrep. Ha Hili Buminsiorecs aBi moporoBi Hampyrd Um 1 Upz mepeMuKaHHS BHXiIHOL

Hanpyru signosigso U; ——U) i U) ——U;.

HaiinpocTimuii MyabTHBIOpaTOop Ha OCHOBI 1HBepTyrouoro tpurepa llImiTra BUXOIUTH
BKIIIOUEHHSIM iHTerpyrouoi RC - JaHKKM MK BHUXOJOM 1 BXOJOM. Y MOMEHT MiJIKIIOYEHHS

mxepena xusieHHs Uy, kongencarop C pospsykenuit, U, = 0, Ha iHBepcHOMY BHXOJ1 TpUrepa
BCTaHOBIIIOETHCS BUCOKHH piBeHb Uj, skuif 00YMOBIIIOE 3apsi| KOHIEHcaTopa epes pesucrop R
3 MOCTIHHOIO Yacy

1= C(R+RlBux),
ne Rlsux — BUXinHMiA omip Tpurepa IlImiTra y crani «1» Ha BUXO/I.

Bxinna Hanpyra U, eKcrioHeHIianbHO 3pocTae, HabIMmKalounch aCMMITOTUYHO 10 piBHs Uj. Y
MOMEHT MOpiBHSHHA BXigHOI Hampyru U, 3 moporoBum piBHem Un: Buxigna nampyra TIII
CTPUOKOM IEPEMHUKAETHCS 10 HU3bKOro piBHA U., 1m0 00yMOBIOE po3psa KoHmeHcaropa C
uepes pesuctop R i Buxiguuii onip Rlsux 3 mocTiitHoro yacy

2= C(R+ROBI/IX)’
ne Ry — BUXigHUI omip tpurepa IlImiTra y crani «0» Ha BUXO/I.

V noBomy crani TII Bxinua Hampyra U, ekcrioHeHuiansHO najae, Habamkaouucs g0 U). Y
MOMeHT, koiau U, mopiBHIOeThCS 3 Uz , TpuUrep NMepeMHUKaeThCsi B HOBHH CTaH 3 BUCOKHM

piBem U} Ha BUXOMi, i MOYMHAETHCS HOBHMM UMK 3apsay. TakuM 4YMHOM, MYJIbTUBIOPATOp
caMO30yKyeTbcsl 1 TeHepye NPSAMOKYTHI IMIYJIbCH, TpHUBadicTIO 71 1 may3u 72, sKi
BU3HAYAIOTHCS CIIBBIAHOILECHHIMM:

ul-uU
T, ~z,-In| —2— =2
U 2 U nl
ud-u
T,~7,-Inf =2 = =7 .In — "
U 2 U n2 U n2
. 1 1
I_Il BUpa3nd JO3BOJIAIIOTH  poO3paxyBaTH  4aCcTOTy TEHEpalil =—=—
T T,+T,

MyJBTUBIOpaTOpa 1 MIMapyBaTicTh @ BUXIAHUX IMITYJIbCIB!
O1=(Ti+T)/T1=T/T1, O2=(T1+T2)/T2=TIT>.
CrabipHICTh YaCTOTH MYJIBTUBIOpAaTOpa HEBUCOKA, OCKIJIBKU PI3HUI TPAHUYHUX HAIPYT

Unt 1 Uz HeE3HauHa 1 TeMmrmepaTypHuil apel] KOKHOTO 3 HUX CYTTEBO BIUIMBAE HA TPUBAIICTH
yacoBuXx iHTEepBatiB 71, 7>.
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13.4.4. MB Ha ocHOBi onepainiiiHoro micuwioBaya

Cxema MB nHa ocHOBI onepamiiitnoro migcunoBaya (OI1) HaBenena Ha puc.13.13.

Puc.13.13

[Tpu moOymoBI MyJIBTUBIOPATOPIB MIMPOKO BHKOPHCTOBYIOTHCS OIEpAliliHi ITiICHIIIOBAYi,
OCKIIbKM BOHHM MalOTh HACTYITHI MO3UTUBHI BJIACTUBOCTI:

e Benukuil Koedimient nocunenns 3a mampyrowo (K, =10°..10°), mo rapautye
YMOBH CaMO30Yy/1>KEHHS;

e BenukWi mepenan BuxigHol Hampyru AU,, piBHI sIKOro OJNM3BKI J0 Hampyru
JDKEpEI AKUBJICHHS,

e BENUKWIA BXIJHUI 1 HE3HAYHHUI BUXITHUH OMip;

® IIBUJKICTh 3MiIHU BUXIAHOI HAaMpyru S = 10® Ble.

I[J'IH 3a0e3MeYeHHS PEreHEPaTUBHOT'O PEIKUMY ICPEMHUKAHHS OI1 0X0omIr00Th MO3UTHBHUM

3BOPOTHUM 3B's3KoM (puc.13.14), B pe3ynbTaTi 4oro nepeiarodyHa XapakTepUCTHKa HalyBae
ricTepe3rCHUN XapakTep, aHAJIOTIYHUN TlepelaTouHil xapakTepuctuui Tpurepy LMirTa.
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Puc.13.14

Cxema Ha puc.13.14 sBise coboro Tpurep LlImitrra nHa OIL Iloporosi Hanpyru U,;, U,> Takoro
TpUrepa BU3HAYAIOTHCS YaCTHHOI BHUXIIHOI HANIPYTH, 10 HAJIXOAUTH IO JIAHII031 TTIO3UTUBHOTO
3BopoTHOTrO 3B'13Ky (R1, R2) Ha HeinBepTyroumii BXia. Ockinpku BuxigHa Hanpyra Ol B pexxumi
tpurepa IlImiTTa MOXe mMpUMAaTH TUIBKK JBa CTAaTUYHUX PIBHS, IO BIJMOBIIAIOTH PIBHSAM
nosutuBHoro U, abo HeratuBHoro -U, oOMeXeHb, MOPOroBi HAlpyrd BU3HAYAIOTHCA

CHIBBIIHOIIICHHAMU:
Uns = Ut R/(R1 + R2) = Uo1 B, Upz = -Ug2R1/(R1 + R2) = -Uo2 f3,

z[eﬁ = Rl/(Rl + Rz).

MynbTuiOparop Ha ocHoBI Tpurepy Llmitra Ha OIl MOXKHA OTpUMATH BBEJECHHSAM 3B'SI3KY
Mix Buxonom OII 1 #oro iHBepTyrounM BxojoM uepe3 iHTerpyrounii RC - manior. Ipunnun
pobOTH Takoro MyJbTHBIOpaTopa MOJSATae y BIJICTEXKEHHI 13 3aTPUMKOI0 Hamlpyru Ha
iHBepTytouoMy Bxoal Ui1 3a Hampyroro Ha HeiHBepTyrouoMy Bxoai Uiz, sfiKke NpakTUYHO
OesiHepuiiiHO MOBTOpIOE 3 KoedimieHToM mponopuiiiHocti <1 Buximny nHanpyry U,. Ha

iHTepBani 71 Ha Buxoai OIl BcraHOBUBCS BUCOKHI piBeHb U,,, HA HEIHBEPTYIOUOMY BXOl —

01>
TaKOXX MPaKkTU4YHO MocTidHMM moreHumian U,; = Ul B, a Ha 1HBEpPTyIOUOMY — Hampyra
EKCIIOHEHIianbHO HabmmkaeThes 10 UT11 —> Uor B Mipy 3apsay kongencaropa C 3 TOCTIHHOO
qacy:

1= C(R+ R"u) = CR,
ne R gx — Buxiguuii onip OIT B pexuMi MO3UTHBHOIO 0OMEXKEHHS.

3apsn kouaeHcaropy C 3ymMoBITIOe 3MeHIIeHHs qudeperiiiaoi Bxigqaoi Hanpyru Uy = Ug-Usgr 1
B MoMeHT jocsrHeHHS Uy = Ui - Uin = 0 OIl nepexomuts B akTuBHHE pexum. Ilig miero
MO3UTHUBHOTO 3BOPOTHOTO 3B's13Ky Tpurep 1IIMiTTa MepeMuKaeThCs B CTaH 3 HU3BKUM piBHEM -
U,, BuxigHOi Hanpyru. 3a 4yac NEPEMHUKAaHHS Halpyra Ha KOHJIEHCATOPlI HE BCTUTa€ iCTOTHO

3MIHUTHCA, TOMY HeratuBHHM 3BopoTHUH 3B's130K (RC) Ha mporecu nepemMuKaHHSI BIUIMUBY HE
mae. Ha HeiHBepTyt0ouOMy BX0/1i BCTaHOBMIOEThCS Harpyra U, = -Uoz f5.
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Ha inrepBam 7> Hampyra Ha koHueHcatopi C Habmmkaerbes go U, (0)=-U, 3

MOCTINHOIO Yacy:

71— C(R+ R-gux.) = CR,
ne Rgur. — Buxignuit omip OIl B pexkxuMi HETaTUBHOTO OOMEXESHHS.
InrepBan 7> 3akinuyeTrbes B MOMeHT 30iry Uy = Uiz - U1 = 0 1 mogansmoro pereHepaTuBHOro
nepemukandss OIl B craH mo3uWTHBHOrO oOOMexeHHs. TpuBamocTi iHTepBanmiB 711, 1>
BU3HAYAIOTHCS 32 €KCIMOHEHI[IAIbHUMH (YHKIISMU TIepe3apsKeHHs] KOHIeHcaTopa B Aiana3oHi
Harpyr Mix U,; ta U,2:

T1 =71 In [(Uor - Un2)/(Uoz- Ui,

To =12 In [(-Uo2- Un1)/(-Uo2 - Up2)].

[Mpuitmaroun no yBaru, mo U,; = Uo1 ff,; U2 = = -Uo2 3, HaBeIeHI BHIIE CITIBBITHOMICHHS
MO>KHA IIPEJICTaBUTH Yy GopMi:

T1=T2=RCIn[(1 +/)/(1-,)]=RCIn[(2R1 + R2)/R2],
TOOTO MYNbTUBIOpATOp TreHepye MPSMOKYTHI IMITYJbCH 13 mmapyBaTicTio 6 = 2. HesanexHa

ycTaHOBKa TpuBayioctTi 71, 72 Ta HEOOXimHOI ImmapyBaTtocTi 6 peanmizyeTbcs MpH 3aMiHi
pesuctopa R HemiHIHHUM JTBOIIOIIOCHUKOM.

13.4.5. MyasbTuBioparop Ha RS-Tpurepi

Puc.13.15

Cxema MB na ocHoBi RS-Tpurepa nasenena Ha puc.13.15.

Jns peanizanii mMynbTHBIOpaTopa Ha OCHOBI RS-Tpurepa HeoOXimHO MiX BUXOAaMH 1
BIJIMOBITHAMH M BXOJaMH BKIIOYHTH (B JIAHIIOTH, 1[0 BU3HAYAIOTh 4acoBi mapametpu MB.
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TakuM YMHOM MU OTPUMAEMO aBTOKOJIHMBAIBHUN MYJIbTUBIOPATOpP 3 HE3AIEKHUM PETYITIOBAHHIM
TPUBAJIOCT] HAIIBIEPIOAIB 1 MOCTIHHIUMHU Yacy

71 = C1(R1 + RYaw), 72 = C2(Ro+ Rlan),
ne Rl — Buxigauit onip RS-Tpurepa y crani «1» Ha BUXOII.
TpuBanicTh HaMiBIEPiOAIB BU3HAYAIOTHCS CITIBBITHOIICHHIMMU:
T1 = C1(R1 + RYuw) In [(Utr — U%20)/(U21 — Ungp)],
T2 = C2(Rz2 + Rluw) In [(Uta2 — U%2)/( U2z — Ungp)l,
ne Ungp — ToporoBsa Harpyra nepekIroueHHs TpUrepa.

Pospsin kouaencaropis C1, Cz mporikae mBuako depe3 miogn VDI1,VD?2 i3 mocriiHuMu
qacy:

7p1 = C1(fp + RO%uw) K T1 , 152 = Co(fup + R®) K T2
1 HE BIUIMBA€E HA YaCTOTY TeHEpAIlii :
f=(T1+ Tt
Januii mMyneTuBiOpatop MokHa peamizyBatu sk Ha TTJI, tak m nma KMIII IMC.

BimnocHum HemomikoM Takoro MB € TemmeparypHa HeCTaOUIBHICT YacTOTH (TPUBAJIOCTI)
IMITYJIBCIB, IO TE€HEPYIOTHCH.

13.4.6. MyabTUBIOpaTOp HA ABOX onepaliiHUX MiCHII0BaYaX

Cxema MB Ha 0CcHOBI /1BOX omnepauifHuX MiCHIIOBayiB HaBeeHa Ha puc.13.16.

|

Puc.13.16

Jlnst migBUIEHHS CTaOUTBHOCTI YacTOTH MOXKHA 3aMIHUTH PEIaKcalliiHi TpoIecH, Mo
MPOTIKAIOTh y JIAHIFOTaX, IO 33/1al0Th 4Yac 3a €KCIIOHEHTHUM 3aKoHOM, JNiHiHHUMU. JliHiiHY
pellakcallilo MOYKHa peai3yBaTH 3a JOIOMOIOI0 IHTETpaTopa, KEPOBAHOTO MOCTIMHUMHU PIBHSAMHU.
Cxema Takoro MyJIbTUBIOPaTOpPY € TOCIHIJOBHUM 3'€THAHHSAM B 3aMKHEHOMY KOHTYp1
iaBepryrouoro interparopa Ha OIl DA2 ta nHeinBepryrouomy Tpurepi llminara ma OIl DAL
(puc.13.16).
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[TepenaTouna xapakTepucTHKa HeiHBepTYyIodoro Tpurepa LlImMiTTa XapakrepusyeTbes
nBoMa noporoBumu piBHsAMH. [Toporosi Hanpyru nepemukanus tpurepa U,;, U2
BU3HAUYAIOTHCS onopamu pe3uctopiB R1 ta R2 mo3utnBHOrO 3BOPOTHOTO 3B'I3KY IPH JIBOX
MOYJIMBUX PIBHSX HAmpyrd Ha Buxoi tpurepa Llmirra:

Uni=-U"% R1/R2, Uy = U Ri/Ry,
ne Uy , -U’ — piBni BuxigHoi Hanpyru tpurepa IlIMiTra y cTaHax BiANOBIIHO MO3UTUBHOIO i
HETaTUBHOTO OOMEXEHHS, $Ki BHM3HAYAIOThCA HANpPYraMy JKUBJICHHS  OIEPaLiifHOTO

MICWIIFOBAYA.

Buxinni mampyru tpurepa Illmirra U% , -U, € BXigHumu Hampyramu inTerparopa,
Hanpyra Ha BUXO/Ii SIKOTO 3MIHIOETHCS 32 JIIHIHHIM 3aKOHOM B MEXaX MiX IMOPOTOBUMH PiBHAMH

Unly UnZ .

Ha wyacoBomy inTepBanmi Ti BuXiHa Hampyra IHTerpatopa JiHIHHO 3MEHIIYETHCS BiJl
MOYaTKOBOTO 3HaueHHs U,2:

Uai(t) = Unz- U*o t/ (RC).

B kinmi intepBany 71 Ha BUXO/1 IHTErpaTopa BCTAHOBIIOETHCS Hanpyra U,; mepexitoyeHHs
Buxoy Tpurepa llImirra y ctan -U. Tomy

U21(T1) = Un2- U™ T4/ (RC) = Uy,
I3 BOTO CIIBBIIHOMIEHHS OTPUMYEMO BHpa3 AJIsi TPUBAIOCTI YaCOBOTO iHTEpBaITY 71:
T1 =RC (Up2 +U,;) I U =RC k (U + U)/ U%,
ne k = Ri/Ra.
AHaJIOTIYHO OTPUMAEMO BHUPa3 Il 4aCOBOT'o iHTEpBay 72!
T2=RC (Uy2 +U,;) / Uo =RC k (U% + Up)/ U .

SIKI0 oreparliiHui T ICKITIOBaY Ma€ CUMETPUYHE KUBJIEHHS, T00TO U™ =| -Uo| TpuBaocti 71
1 7> MOXHa OOUMCIHUTH 32 BUPA30OM:

T1=T2=2kRC.

[Tpu ubomy Ha Buxoai Uz1 MynbTuBiOpaTopa GopMyeThest cepisi IPSIMOKYTHUX IMITYJIbCIB THUITY
«MeaH/ip», a Ha Buxoai Uzz - iMITyJIbCcH TPUKYTHOI (hOPMU 3 4aCTOTOIO

f = (4kRC)?
1 mmapysarictio 6 = 2.

Axmo HeoOXiTHO OTPUMATH BUXIJTHI IMIYJIBCH 3 MOBLIBHOIO IMAPYBATICTIO, pe3nucTop R
iHTerparopa HeoOXiIHO 3aMIHUTH HENIHIHHUM JTBOTIOIFOCHUKOM.

CrabipHICTh YaCTOTHU TaKOT'O MYJIBTHBIOpAaTOpa BU3HAYAETHCS CTAOLIBHICTIO MapaMeTpiB
koMmmoHeHTiB R, R1, R2, C.
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13.5. T'enepaTopu JiHiliHO 3MiHHOI HANPYTH

I'eneparopu mniHiiiHO 3MiHHOI Hampyru (JI3H)  mpencrtaBisitoTe COOOO  €IEKTPOHHI
NpPUCTPOi, BHXiJHA HANpyra SKAX MPOTSATOM BHU3HAYCHOTO 4Yacy 3MIHIOETBCSA 3a JIHIMHUM
3aKOHOM.

Jliniiino 3minHa Hanpyra U(t) XapakTepu3yeThes psIoM apamMeTpiB:

e TPHUBAIICTh POOOYOro XO1y tp, TOOTO yacy, MPOTATOM SIKOTO (HOPMYETHCS TiHIIHHO
3MiHHA HaIpyra,

® TPUBATICTh 3BOPOTHOTO XOny t¢ (4ac BIHOBICHHS) - 1€ 4Yac, MPOTATOM SKOTO
BiIOYBa€ThCA 3BOPOTHUHM MeEpexiJ M0 MOYaTKy JIHIMHOI MiISHKH BHXITHOTO
CUTHAIY;

e [epioJl MOBTOPEHHS BUXITHOTO cUTHAITY T =tz + ty;

e aMIUTITYJa MHIKOMOMIOHUX IMITYIBCIB Unm;

e koe(imieHT HENMHIHHOCTI £.

OnmauMm 3 HaiiBaxmBimux mnapamerpiB JI3H € xoedinient weminidnocti €. s
BHU3HAUEHHSI KOPUCTAEMOCS BIJOMHM TBEP/KEHHSM, IO JiHIHHA (YHKI[S XapaKTepU3yEThCS
MOCTIHHICTIO TMOXIJHOK y BCiX 11 TOYKaxX, TOMY BIIXHJCHHS BiJl JIHIHHOTO 3aKOHY MOXHA
OIIIHUTH KoedilieHTOM HeniHiHHOCTI. HeniHiiHICTh BU3HAYAETHCS MAaKCUMAIBHUM BiIXUJICHHAM
peayibHOT (hOpMHU CHUTHAIY BiJ ineasibHOT JTiHIHHOT (hopmu. KoedilieHT HeMHIHHOCTI 3HAXOATh
SK BIJTHOIIEHHS PI3HMIII MAaKCUMAJIbHOI 1 MiHIMaNbHOI MOXiAHUX (QyHKUIT Ha poOOUMil MUISHII
CHUTHAITY 1O MaKCUMAaJIbHOI MOX1IHOT:

du(t) du(b), .
[ T Jmax — [ o min
€ (%) = du(t) 100 .
[T]max

13.5.1. I'enepartop JI3H Ha ginicropi

Cxema MB Ha ocHoBi ninicropa (miona Illokkmi) Ta omepaumiiiHoro  miacuioBaya
HaBezeHa Ha puc.13.16.

Puc.13.17
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Puc.13.18 Puc.13.19

B cxemi puc.13.17 omip pe3uctopa R Ta Hampyra mxepena xuBieHHs U, BHOUPAIOTHCS
Tak, OI0 HaBaHTa)XXyBaJibHA IpsiMa nepetuHae BAX nminicropa 3 nmapamerpamu BKIFOYEHHS Umax
Ta BUKIIOUCHHS Umin Ha JUISHIN HEraTUBHOTO ornopy ( i 3a0e3MeueHHs pexXuMy TeHepartii).

[Tpu BBIMKHEHOMY XKHBJICHHI Yepe3 pe3ucTop R moumHaeThCs 3apspKaHHS KOHACHCATOPY
C 31 cranow ekcnonentd 7, =CR npu BukioueHomy aiicropi. Ilpu nocsraeHHi Umax

MOYMHAEThCSL MPOOIM JiHICTOpa, MOro Omip pereHepaTHuBHO 3MEHIIYeETbCA A0 Iy  llpu
BIZIKpUTOMY JiHICTOpi KoHJeHcaTop C po3psKaeThesl yepe3 HbOro 1 B MOMEHT, KOJIU HaIlpyra
Ha HbOMy UC pgocsarae Umin, AIHICTOP BHUKJIIOYAETHCS 1 MOYMHAETHCS HOBHM LUK 3apsay
koHzeHcaropa C uepe3 pesuctop R. Tpupamicts poGoyoro xomy tp JUIsl €KCIIOHEHIIAIbHOTO
3aKOHY HapOCTaHHS BU3HAYAETHCS CIIBBIIHOIIECHHSIM:

t) = Tap In [(Ucc - Umin)/(Ucc— Umax)] =RCIn [(Ucc - Umin)/(Ucc— Umax)]-
TpuBamicTe BiAHOBIEHHS, TOOTO 3BOPOTHOTO XOAy ty TaKOX Ui €KCIIOHEHI1aTbHOTO
3aKOHY 3MEHILIEHHS Halpyru Ha KouzaeHcaropi C 31 CTalol0 Tpos = Cryp BU3HAYAETHCA
CHIBBIAHOIIEHHAM:

| P rp03|n (Umax/Umin) = Crnp In (Umax/Umin)<< tp.

Taxkum 4MHOM, YacTOTa TeHepalii MUIKOMOAIOHIX BUXITHUX CUTHAJIIB JIOPIBHIOE:

f=(t+ts )

Ammutitya Um BUXIJTHUX CUTHAJIIB 3aJI€KHUTh BiJl TapaMeTpiB KOMIOHEHTIB HETaTHBHOTO
3BOPOTHOTO 3B 513Ky 1 BUBHAYAETHCS CIIBBIJHOLICHHSIM:

Um= (Umax - Umin)(1+R2/R1)-
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Jlist 3a0e3neueHHs JiHIHHOCTI POO0YOi JIISHKHA CUTHAITY HEOOX1THO BUKOPHUCTOBYBATH
MOYaTKOBY IUISIHKY €KCIIOHEHTH, TOOTO He0O0X1IHO BUOMpPATH JIHICTOP TaK, II0OM BUKOHYBaIacs
BUMOTA: Umax << Ucc. Taky yMOBY JIeTKO BUKOHATH, SKIIO AiHicTOp VD 3aminuTu cxemoro,
HaBeIeHO0 Ha puc.13.18, BrimrounBIH ii Mik Toukamu a i b. [Ipu oMy MakCHMabHa Hammpyra
Ha koHzencatopi C (3amicTb napameTpy Umax) BU3HAUAETHCS KepyrOuoro Hanpyrowo Uem.

HeniniitHicTh po0O0YOT AUISHKY CUTHATY MOKHA CYTTEBO 3MEHIITUTH, SIKIIO 3aMiCTh
pesuctopa R reHeparop crabiIbHOTO TOKY, HaBeAeHUI Ha prc.13.19, miIKIIOYUBIIN HOTO MiX
toukamu d i a. Y npoMy Bunaaky kouaercatop C 3apsmKaeThCst MOCTIHHAM TOKOM KosiekTopa lk
tpanszucropa VT1, skuii BU3HAYAETHCS CITIBBIAHOILICHHSIM:

Ik =(Ust —Uo)/R3 = const,
ne Ust— Hampyra crabinizanii ctabinitpony VD,
Uo— majinHs HApyry Ha eMITTepHOMY mepexoi Tpanzucropa VT1 .

VY npoMy BHUMAJKy Hampyra Ha KoHaeHcatopi C HapocTae 1o JiHIHHOMY 3aKOHY:
Iy
Uc(t) :Umin +Et
1 TPUBAJIICTH JIIHIMHOT AUISHKA CUTHAIY , KOJIM cUTrHal HapocTae BiJ Umin 10 Umax, TOPIBHIOE:
tp = (Umax - Unmin)C/lk.

13.5.2. ®opmyBau JI3H Ha onepauiiitHoMy mixcusroBayi

Cxema ¢popmysaua JI3H Ha ocHOBI omeparliiiHoro mijcuitoBada HaBeaeHa Ha puc.13.20.

* |
I

—
—

Puc.13.20

234



®dopMyBauy TOOyZIOBaHMN TIO CXEMi IHTETpaTopa Ha ONEpamiifHOMY TIiICHIIIOBAYI,
OXOIJICHOMY HETaTHBHHM 3BOPOTHUM 3B’si3koM 3aBisku RC-manmrory. Tpamsucrop VT —
BUKOPUCTOBYETHCS Ul BCTAHOBJIEHHS HYJIBOBMX IOYAaTKOBUX YMOB. SIKIIO Hampyra Ha ioro
3arBopi U11>U,p , KaHaT 1HIYIMPOBAHUH 1 Ma€ HU3bKUU omip Rj, 3aKOpOUyI0YH KOHAEHCATOP
C. Lle BU3Ha4yae NOYaTKOBI YMOBH 1HTEIPyBaHHS:

Uz =- U2 Ri /R.

Slkmo npasmibHO BHOpaHo crmiBBimHOMEHHT Ri < R, Maemo Uz0~0, ToOTO nmpakTuuHO
HYJIbOBI IOYATKOBI YMOBH 1HTETPYBaHHS, KOJIU KoHAeHCATOP C MPaKTHYHO PO3PSIHKCHUH .

Sxkmo nHa Bxig Ull mocTtynmae mpsIMOKYTHUH immynbc 3 ammiitygoro Ull < U,, |,
tpau3ucrop VT 3anupaerbes 1 koHneHcatop C nHoYnHae 3apspKaTUCS CTPYMOM

lc=Ilr=Uwp/R.

[Tpu npoMy Ha BuXOI iHTErpaTopa GopmyeTsest Harpyra: MecTo /119 GOpMyJIbL.
Uz (t) = Uy - % [U12dt.

Sxmo Uy, =const, , To Ic = Ir = const 1 BuxiJHUN CUTHAT BIOPOIOBXK TPHUBAIOCTI 1,
BXizHOTO iMITysbcy U11 hOopMyeThCS 0 JTiHIHHOMY 3aKOHY:

U (t) = Uy - % % t.

[To 3akiHYEHHI BX1HOTO IMITYJIbCY t, BUXiHA HAmpyra JOCATAa€ aMILTITYHOTO 3HAUYCHHS:
Uom = - U2 t,/(RC).

[Ticns 3aKiHYEHHS BXI1JHOTO IMITYJIbCY TPAH3UCTOP BiJIKPUBAETHCS 1 Uepe3 HbOTO KOHJEHCATOP
C po3psxaerbes. TpuUBaIicCTh Yacy B1IHOBJICHHS

Posrnsinyra cxema 3a0e3mnedye SKICHUM BHUXITHUW CHUTHAJT 3 MaJIUM KOE(IIIEHTOM
HEJIIHIHHOCTI 1 BUCOKOIO HaBaHTaXXyBaJIbHOIO 3JJaTHICTIO.
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KoHTpoJIbHI NUTAHHS:

©OoN R wDdE

Jnst 9oro nmpusHaYeHi MyIbTUBIOpaTOpr?

Hagenite cxeMy 1 yacosi miarpamu ajis MB na JIE HE.

Hagenite cxemy i yacosi niarpamu 1yt MB va JIE I-HE 3 aBTo3amyckom..
Hagenite cxemy i yacosi niarpamu it MB Ha Tpurepi [lminra.

Hagenite cxemy i yacoBi aiarpamu it MB Ha onepaniiiHOro mijcuioBaya.
Hagenite cxemy i yacosi niarpamu 1yt MB wa JIE HE.

Hagenite cxeMy 1 yacoBi miarpamu ajis MB Ha 1BoX onepamiifiHuX ImiacuiItoBavax.
Hagenith cxeMy 1 yacoBi miarpamu s redeparopa JI3H Ha minictopi.

Hagenith cxeMy 1 yacoBi miarpamu ais popmysada JISH Ha onepamiitHomy
MiACHITIOBAY.
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14. Ilnppo-anayuorosi Ta anaaoro-uudposi nepeTrsoproBayi

[udpo-ananorosi neperBoproBaui (LUAIT) mpencraBisitoTe cO00K0 Kiac MPUCTPOIB, IO
peami3yloTh MEePETBOPEHHS KOAOBMX KOMOIHAIiK (0€3p0o3MIpHUX BEIMYHMH) B JEAKY (I3UYHY
BEJIMYMHY (HaifyacTimie, Hampyra) BiIMOBIAHO JO JESKOro KoedilieHTy (MipH) HMepeTBOPEHHS.
HAIl-u maroTh ayXe MIUPOKUN CIEKTP 3aCTOCYBaHb y BHUMIPIOBaIbHINA, OOYHMCIIIOBAILHIN
TeXHili, 6ioMeTuYHIN 1HKeHepii, cucTeMax nepeaadi, 30epiranss i BigoOpaxxkeHnHs indopmarii, B
CHUCTEMax YIpaBJiHHA TEXHOJIOTIYHUMH TpolecaMyd 1 T.1. B aHrmomoBHiN miteparypi uis
no3naueHHs L{AIT 3actocoByetbes abpeBiarypa DAC.

CxemMH 3acTOCYBaHHS IH(PPO-aHAIOTOBUX IEPETBOPIOBAYIB BiTHOCATHCS HE TUIBKH JI0
obrnacti mepeTBOpeHHs KoA — aHaior. KopucTyrouuch iX BIACTMBOCTSMH MOKHA BH3HAYATH
n00yTOK ABOX abo0 Oinblle cUrHamiB, OynayBaTH NIIbHUKU (YHKIIiHM, aHATOrOBl JaHKH, KEPOBaH1
BiJl MIKPOKOHTpOJIEpIB, TaKi $K AaTEeHI0ATOPH, IHTErpaTopu Tomo. BaxmmBoio cdeporo
3acrocyBanHs LIAII € Takox reHeparopu CUTHaJiB, B TOMY YKCJ1 CUTHAIIB JIOBUIHHOI (DOPMHU.

Ocnosna ¢ynkuis LHAIT mae Bua:
U(X) = KX Xn,

ne X — neskuid upoBHiA KOJI, SKUH Y BUTIAJIKY N-PO3PSTHOTO ABIHKOBOTO KOTyBaHHS Ma€e
BUTJISI:

n-1 .
Xn= > X2,
i=0

JIe Xi— 3Ha4eHHS i-T0o po3psiay ABilikoBoro koay: Xi — {0,1}. Koedimient K Bu3Hadae Maciitab
NEPETBOPEHHSI Ta MA€ PO3MIPHICTb HAIIPYTH.

[Toxubka mepeTBOpeHHsI BigoOpa)kae  PI3HULIO MDK  HOMIHAJBHOK  (YHKIIIEO
nepeTBOPEeHHs 1 peanbHoto. Lleit mapamerp Moxke OyTH HaBelEHUM SIK J10 BUXOAY, TaK 1 10 Horo
BXOy. SIKIo moxuOKa rmepeTBOpeHHs MPUBEACHA 10 BUXOIY, TO BOHA BUPAKAETHCS B OJMHUIISX
BUXI1JIHOT BEJTMUMHM (Hampyra abo cTpyM), SKILO JI0 BXOY, TO B 0€3p0O3MIpHHUX YaCTKaX OAMHUII
MOJIO/ILIIOTO PO3PsILy HEPETBOPIOBAHOTO KOAY.

14.1. IIAII Ha ocHOBI aHAJIOTOBOI'0 cCymMaTopa

Cxema LJAII Ha ocHOBI aHaJOrOBOTO CymMaTopa mpejacTaBieHa Ha puc. 14.1. ITpunnun
pobotru Ttakoro I[AIl 3acHOBaHO Ha Jo0JaBaHHI PO3pAnHUX CcTpyMmiB li, mpomopuiiHuX Basi
pO3psAy 1 TaKUMHM, IO MEPEMHUKAIOTHCS JIOTTYHUMH 3MIHHUMH X TEPETBOPIOBAHOTO KOJY.
3Ha4yeHHsI PO3PAAHOrO CTpyMy li BU3HAUaeThcs BEMMUMHOIO OnopHOi Hampyru U,, 1 omopom
pesuctopa i-ro po3psay Ri:

Ii = Uon/ R| .

CrapmiomMy po3psiay Xn-1 IEPETBOPIOBAHOTO KOy BIAMOBITAE MAaKCUMAIBHUN PO3PSTHHIMA
cTpyM In-1, 10 BU3HAuYaeThess HaiiMeHIIMM onopoM Rn1. Ctpym apyroro pospsany Inz BABiui
MeHIIe, To0To omip Rn2 BiAMoOBiIHO BABIYI Oibie. MiHIManbHUN BKJIAJ Y BXITHUMA CTPYM J1a€
MOJIOJIINI po3psi] Xo 1 HOMY BiAMOBia€ MakcUManbHUH orip Ro.
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Puc. 14.1
ToOTo omip B JaHII031 I-r0 PO3psiay ABIHKOBOIO KOAY Ma€ JOPiBHIOBATH:

Ri = Ro/2'.

[TigxmroueHHsT PO3PATHOTO CTPyMYy JO BXOJy OINEpamiifHoro miacwioBada abo
NEpEeMHUKaHHS HOro Ha «3€MIIIO» 3IIHCHIOETHCS EIEKTPOHHUM IEepEeMHUKadeM, 10 300pakeHui
Ha puc.14.2.

]

L
—
L

TIT

Puc. 14.2

SAxmo Xi = 0, Tpanzucrop VT2 Binkputuit, a VTI1 - 3amkHyTHil 1 cTpyMm li BiakmoueHHi
BiJl BXOJly omepauiiHoro micuiatoBada. [Ipu Xi = 1 BigkpuBaetbest Tpanzuctop VT1 i crpym
naHoro po3psany licy moJaeThest Ha BX1J ONepaliifHoro micuitoBaya pa3oM 31 CTPyMaMU 1HIIMX
po3psaiB. TakuM YMHOM, CyMapHHM CTpyM, IIO HAJIXOJWTh HA OMNEpaIliiHUAN ITiICUITIOBAY,
BHU3HAYAETHCS BUPA3OM:
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n-1 n-1 n-1 .
I(UonyRi;Xi): Z Xili = Uonz Xi/Ri :U0n/ROZ Xi 2! :U0nxn/R0,

i=0 i=0 i=0
ne Xn - BXiIHUA TU(POBHIA KOJI.

[TpakTUYHO BECh JaHMIA CTPYM MPOTIKAE yepe3 pe3ucTop Ry B TaHIIO31 3BOPOTHOTO 3B'SI3KY
oneparmiitHoro miacwioBada (OII), ockinbku BiacHui BXimHuk ctpym OIl 3HHMKaroun Manui.
Toni BuxigHa Hampyra takoro L[AIl mopiBHIOE TMaliHHIO HAMpPyr Ha PE3UCTOPI B JIAHITIO31
3BOPOTHOTO 3B'I3KY R, (13 BpaxyBaHHSM 3HAKY):

Ueblx =- Roc x I( Uon, Ri y Xi ) = - Roc Uon Xn/ Ro.

ITpu Bucokiit pospsanocti LIAIT cTpymo3amarodi pe3ucTOpH IMOBHHHI BU3HAYATHCS 3
BHCOKOIO TOYHICTIO. HaltO1IbII KOPCTKI BUMOTH JI0 TOYHOCTI MpEJ IBJSIOTHCS 10 PE3UCTOPIB
CTapIINX PO3PSIiB, OCKUILKH PO3KHI CTPYMIB B HUX HE MA€ MEPEBHUIYBATH CTPYM MOJIOIIIOTO
po3psiny. ToMy po3KuI HOMiHATIB OMOPIB B I-My po3psiai d Rjmae Oytu He Oinbiie, O Ri/ Ri (%)
= 100/2™*,

I3 maHol yMOBHM BHIUTMBA€, IO PO3KHI HOMIHAJIIB OMOPIB PE3UCTOPA, HAMPHUKIAI, B
YETBEPTOMY PO3psii He Mae niepeBuiyBatu 3%, a B 10-my po3psimi — 0,05% 1 1.1.

HaBenena cxema IIAIl Bigpi3Hs€TbCS HPOCTOTOIO, JCLIEBU3HOIW, MOKJIMBICTIO
NEPETBOPEHHS JBIIIKOBO-IECATKOBHX KOJIB 0€3 IOMEpeIHbOr0 MEPEeKOAYBaHHA B ABIMKOBHI
kof. Ii mBHMAKOMiA OJHO3HAYHO BU3HAYAETHCS YACTOTHMMH BiacTuBocTsMu OII i mBHaKomiero
TPaH3HUCTOPIB ENEKTPOHHOTO IepeMuKada Ha Tpanzuctopax VT, VT2.

PosrisiHyTa cXema Mae ity HU3KY HEJOJiKiB. ['0JIOBHUM 3 HUX € HEOOXIJHICTh BEITUKOI
KUJIBKOCTI THUIIOHOMIHAJIB Mpeuu3iiHux pesuctopiB. Kpim Toro, omip pe3ucTOpiB CTapHIMX
po3psiaiB B 6aratopo3psaHux L{AIT moxxe OyTH MOPIBHAHHKUM 3 OIMIOPOM 3aMKHYTOTO KJTFO4a, 10
00yMOBJIIOE€ JI0IaTKOBY IOXMOKY NepeTBOpeHHsA. JlaHi HENOJIKM OOMEXYIOTh JOMYCTHUMY
PO3PAIHICTH KOJIIB IEPETBOPEHHS. SIK IPaBUIIO, U TAaKUX cXeM n< 6.

Ha puc.14.3 naBeneno ymoBHo-rpadiune nozHaueHHss LHAII B cepenosumi Workbench 3
BUX1JIHOIO HANPYTO10, IPONOPLIHHOI0 HU(POBOMY KOTY.

1134587
+

DAC
ki

Puc.14.3

14.2. T1AIl Ha ocHoOBI JiHiliku pe3ucropiB R — 2R

JI1st yCyHEHHSI OCHOBHOTO HEJIOJIIKY CXE€M Ha OCHOBI aHAJIOTOBOTO cymaTopa po3pobiieHa i
MIMPOKO 3acTocoByeThbesi cxema LIAIT Ha ocHoBI mdiHiMkH pe3uctopiB R-2R, HaBeneHoi Ha puc.
14.4. Pe3uctopu 2R Takoi JNiHIAKK yepe3 eIeKTPOHHI NepeMuKadi Ha TpaHsuctopax VT1, VT2
(puc. 14.5) miakoyYaroThes JIOTIYHUM CUTHAJIOM abo Ha 3emirto uepe3 Tpansuctop VT1, abo o
MOTEHIIIHHO  3a3eMJICHOMY Bxoay omepamiiiHoro miacwmoBada (OII). Tomy crtpym
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HaWMOJIOJIIIIOTO PO3PSIAY Xo BU3HAYAETHCS OTMOPOM pe3ucTopa 2R 1 By3nmoBUM Hampyroro, 1o €
pe3yJIbTaToM NMoALTy onopHoi Hanpyru Uy, A po3psay X1 MK pe3uctopoM R 1 mapanensHuM
3'€ THAHHSIM JIBOX

Puc.14.4
pesuctopiB 2R, TOOTO BABiIUI MEHIIOI Hampyror. TakuM YWHOM, pe3uCTHBHA JiHiiika R-2R

3a0esneuye (opMyBaHHS BY3JIOBUX HAMpyr, IO 3MEHIIYIOTHCS BJBIUl MPHU MEPEXOAl Bif
CTapIIOTO PO3PSAY 10 HACTYITHOTO 32 HUM, MOJIOJIIIOTO PO3PSIAY.

°
Xl—‘l—+uMrl _L__'I_'l
|
VTI1_-|- vT2—'

Puc.14.5
s i-ro po3psiy By3J10Ba HAIpyra J0PiBHIOE:
Ui =U,n / 2741,
Toxi ctpyMm i-ro po3psiny li BU3HAUAETBCS BHUPA30OM:
li= Ui/ 2R = Uy, / (2R *2") = U,, 2/ (R 2").

Ha Bxinx OII 13 BpaxyBaHHSM Ai1 JIOTTYHUX 3MIHHUX Xi HAIXOJUTh CTPYMOBUIN CUTHA, L0
JIOPIBHIOE
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n-1

loy= Z Xili .

i=0

Jlaamii CcTpyM, MPOTIKAIOYM B OCHOBHOMY Ye€pe3 PE3UCTOp B JIAHIIO31 HEraTHUBHOTO
3BOPOTHOTO 3B's13Ky Ro, popMye BUXiAHY HAIIPyTy:

n-1 n-1 .
Ugu_x: = Ion RO: = ROZ X| || = - ROUon / (R ZH)Z X| 2| = - ROUoan /(R 2n) = AU Xn.,
i=0 i=0

ne BemmunHa AU= Ro U,/ (R 2") € OWCKpeTHOK BEIMYMHOIO HAIMPYTH, IO BiANOBiIA€
MiHIMaJIbHOMY MIPUPOCTY BHUXIAHOT HAIIPYTH, TOOTO BKJIALy HAHMOJIOAMIOTO PO3PSAY Y BUXITHUN
CUTHAIL

OcHOBHa mepeBara po3nISIHYTOro B jgaHoMy posauti IL[AIl monsrae B MiHIManbHIN
KUIBKOCTI THUIIOHOMIHAMIB TPEIU3IMHUX pe3ucTopiB - iX Bchoro 2 (R i 2R). Ane Hemomik,
00yMOBIIEHUH HE1/IeaNbHICTIO €EKTPOHHUX MEePEeMHKAiB, OMIp SKUX JA0AaeThes 3 omopoM 2R 1
BHOCHUTH BI/MOBIJIHY CTaTUCTHYHY MOXHOKY, 1 B mbomy LIAIl mae micne. [Ipote pospsaHicTh
takux LIAII 6inpmre (n = 10 ... 12) 1 o6macTh X 3aCTOCYBaHHS IIUPIIIE.

14.3. HAII na nepeMuKa4yax cTpymy

3anym LIAII Ha mioAHUX MTEpeMUKaYax CTPYMY IMOJISATa€ B HEOOXIAHOCTI BUKITIOYUTH BILUIUB
ONOpYy HEiJeaTbHUX ENeKTPOHHUX KIIOYIB HAa BEIWYMHY KEPOBAHUX JIOTIYHUMHU 3MIHHUMHU
po3psaHux cTpyMiB. s 1boro HEoOXinHO 3a0e3meunTd (GOpMYyBaHHS PO3PSIIHUX CTPYMIB Bij
JDKEpel 3 MaKCHMAJIbHO MOXJIMBUM BHYTPIIIHIM omopom (0akaHo, Bifl 1€albHOTO JKepena
CTpyMY), Ha BEJIMYUHY SIKOTO HE MIr OM BIUIMBAaTH BHYTPILIHIN OMmip €lIeKTpOHHOro Kiroua. B
SKOCTI TaKoro JopKepesla CTpyMy 3 JyXKe BEJIUKMM BHYTPIIIHIM OHNOPOM MOXe OyTu
BUKOPUCTAaHUN OINOJSAPHUI TpaH3UCTOP, BKJIIOUEHHM 3a CXeMoOlo 13 3aranbHo0 0Oa3oro. Ha
puc.14.6

Puc. 14.6
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HaBeneHa cxema I[[AIl Ha ocHOBI pesuctuBHOI Matpuii R-2R, OimomsipHHX TpaH3HCTOPIB
VTO,...,VTn-1, BKIIOUEHHX 3a CXEMOIO i3 3arajbHOI0 0a3010, 1 MEpEeMHUKadiB Ha CTPYyMiB
po3psaiB giogax VD1, VD2.

Barosi ctpymu ¢opmyroTbes 3a gomomMoror pesuctuBHOi marpuii R-2R. Ilorenmianu 6a3
TPAaH3UCTOPIB OJHAKOBI 1 3MillleH] 32 JOMOMOTOI0 JaHIIoKKa Rs - VDo Tak, mo0 moTeHmiamm
eMITepiB TPaH3UCTOPIB MPHOIU3HO AOPIBHIOBAIHM HYM0. Toxai cTpymMH eMiTepiB TPaH3UCTOPIB
BU3HAYAIOTHCS BY3JIOBUMH Hampyramu, siKi (OpMYIOThCS Marpuiero pesuctopiB R-2R. [lns
tpansucropa VTni1 1 Hampyra popiBHo€ Uni = — Uos, i Tpanzucropa VTnz BoHa 1o
abcomoTHIN BenuunHi BaBiui Menme: Uno = - Uy, / 2 1 mami npu nepexoi BiJg By3ja 10 By3ia
Harpyra 3MEHIIYEThCS B ABa pasu. [Jisl i-ro po3psiay By3JI0Ba Hampyra JOpiBHIOE:

Ui = — Upnf2"H,
Topni emiTepHUit CTPyM I-TO TPAH3UCTOPA BU3HAYAETHCS BUPA3OM:
L,; = Ui2R = U,/ (2"*2R) = U,,/( R 2™).
BiamoBinHo, CTpyM KOJIEKTOPA I-T'0 TPAH3UCTOPA MOCTIHHHIA 1 TOPIBHIOE:
li= ali ~ Usl(R2™),

ne a ~ 1 —koedillieHT mepeaadi CTpyMy TPaH3UCTOPA B CXeMi 13 3aralibHOI0 0a3010.

CTpyMH KOJIEKTOPIB PO3PSAAHUX TPAH3UCTOPIB MPOTiKalTh abo yepe3 piox VDI, skio
JIOTIYHA 3MiHHA PO3PSAAY KOJIY IEepeTBOpPeHHS Mae Hu3bkwid piBeHb (Xi = 0) 1 miom VD2

3aMKHeHHH, ab0 yepe3 aiox VD2, sKiio joriuHa 3MiHHA PO3psay Ma€e BHCOKHH piBeHb (Xi = 1).
Tobro sxmo U, >U_ niox VDI 3akpuruii, a VD2 Binkpuruii, a axuo U, <U mion VD1

cm

BikpuTHii, a VD2 3akputuii.
Crtpymu gioniB VD1 nomaroThest 1 yTBOPIOIOTH CyMapHUN CTPYM:

n-1 nl U x u nt

I.=Y1. = oni _ Zon vy o
TR 2R 7RE”

SKHAI MPOTIKa€ B OCHOBHOMY 4epe3 pe3ucTop Ro B JaHII031 HEraTMBHOTO 3BOPOTHOTO 3B'S3KY
onepauiiiHoro niacuwmosaya OVY1. Ha ioro Buxoai 3 ypaxyBaHHSM Hanpyru 3mimeHHsS Ucy,
bopmyeThCs Hampyra:

R 1o R, U
UGblx = UCM - I R = UCM —-2 —on Xi2| = UCM - 2 o X
: =0 R 2" & R 2"

Hanpyra s3mimenuss Ug, HeoOXigHa nans 3a0e3leueHHsT HOPMAIbHOTO AaKTHUBHOTO PEXHUMY
tpanzuctopiB VT0...VTn-1. lna weirpanizauii Hanpyrd U., 1 oAHOYacHO MaciuTaOyBaHHS
BuxigHoi Hanpyru LIAIl BuxopucToByeThCcsi cxema BinHiManHA Ha OVY2. Ha iioro Buxozi
Harpyra JOpiBHIOE:

RiRo U,
R,R 2"
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OcnoBHa mepeBara posrisHyroro IL[AIl momsrae B Tomy, mo HOro BUXiJHA Hampyra
MPAKTUYHO HE 3aJICKUTh BiJ] OMOPIB EIEKTPOHHHUX KIIOYIB (B JaHOMY BHMAnKy niomiB VDI i1
VD2). 3aBasku 1IbOMY BJIA€THCS MiIBUIIMTH MAaKCUMAIBHY PO3PSIHICTH KOJIB MEPETBOPEHHS: N
< 14.

Henonikom cxemu € poboTa OIMOMSPHUX TPAH3UCTOPIB B aKTUBHOMY PEXKHMMI, BHACHITOK
4Oro 30UIBIIYETHCS MOTYXKHICTD, IO PO3CIFOETHCS HAa KOJIEKTOPAaX TPAH3UCTOPIB, 1 JOBOJIUTHCS
BUpIIIYyBaTH mpoOiieMd TeruioBiABeneHHs. Ha Tpansucropi crapmoro po3psany VTni
PO3CIIOETHCS HANOIBINA TTOTYXKHICTb.
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KoHTpoJIbHI NUTAHHS:

1. Jlns goro mpusHaveni LIATI?
Hagenith 3acagauyi criBBigHOIIEHHs 1 cxemy L{AIl Ha OCHOBI aHaJIOTOBOTO CymMaTopa.

w N

Hagenitp 3acangnunyi criBBigHomeHHs i cxemy LIAII Ha ocHOBI JiHiMKH pe3ucTopiB R-
2R.

HageniTe 3acaganyi ciiiBBiHomIeHHs 1 cxemy L{AIl Ha OCHOBI TiepeMHUKadiB CTPyMYy.
UuM BU3HAYA€THCS po3aiibHa 30aTHICT LIATIT?

SIki BUMOTH HaJIal0ThCS JI0 TTapaMeTPiB pO3PpAIHUX pe3ucTopiB s [TATI?

SIki dakTopH BIIMBaIOTh Ha moxuoOky LIATI?

N o ok
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HUPPOBA CXEMOTEXHIKA

Jlekuis 23

247



14.4. ALIIT po3ropTar0uOr0 BPIBHOBAMKECHHS ...vvevuvvreistriessireessteeessseesssesessseessssesssssesssssessssesssnesans 249

14.5. ALIT CIIIKYFOUOTO BPIBHOBAMKECHHS «.vvvvvesstreessseresstneessssesssseessnsesssssesssssesssssessssessssesssnesans 250
14.6. ALIIT HOPO3PSATHOTO BPIBHOBAMKEHHS «...vvveesvveeasseeessseeessseesssseessssesssssesssssesssssesssssessssesssnesans 252
14.7. ALIIT HOBITHOTO THTETPYBAHHS ... vvveesvrestreesssreesssseessssssseesssesssssessssesssssessssessssesssnesans 253
14.8. ALIIT mapanmeabHOTO TIEPETBOPECHHS . ...eeuvvvesrtreeastrtesssreestneesseeesseeessseesssesssssesssssesssssesssnesans 256
14.9. KOHBEEPHUM ALILT ....ccoiiiiiiiiiie e 257
KOHTPOIIBHT TIATAHHS «...c.veteet ettt b et eb bt s bbb et nb e n e 258

248



14.4. ALII po3roprar4oro BpiBHOBAKEHHS

[Tpuntun pobotu ananmoro-mudpoBux neperBopioBadiB (ALIT) monsarae y BuMiproBaHHI
PiBHsI BXIJTHOTO CHUTHaY 1 BUJA4i pe3ynbTarty B nmudposii ¢popmi. B pesynasrari podotn ALIIT
JUCKPETHI BiAiKM Oe3MepepBHOrO AaHaJOrOBOTO CUTHATY IEPETBOPIOIOTHCS Yy BIANOBIAHI
udpoBi KOIH.

Jlst mpaBuiibHOT pobotn AL BXigHUN CUTHAJI HE MIOBHHEH 3MIHIOBATHUCS MPOTATOM 4Yacy
NEPETBOPEHHS, I YOT0 Ha HOro BXOJi 3a3BHYall OMIIIAETHCS cXeMa BUOIpKU-30epiranHs, sKa
(biKCye MUTTEBHI PiBEHb CUTHAIY 1 siKa 30epirae #oro mpoTaromM BChOTO Yacy nepeTBopeHHs. Ha
puc. 14.7 mnaBemena cxema AIlll, posropraro4oro ypiBHOBaXXCHHS, SKUW IEPETBOPIOE
aHajoroBuid curHan Ua B N-po3psIHAN IBIMKOBUI KO XN.

R
St DD2 CT2 HIA U
—is[T & E n A
N
Ram H AK ane 1
Tl
n DA DD6
DD3
MA
DD4
RG

—>x,

DD5

Puc.14.7

Ileif mneperBoproBad € TUNOBMM MpuKiIagoM mnociigoBHux AIlll 3 oaHOCTOpOHHIM
HaOMOKeHHSIM, KUl MicTHTh RS-Tpurep, rereparop taktoBux immynbciB I'TI, N-po3psmHmii
nBifikoBuid niunneHUK CT2, ananoroBuit komnapatop AK, nudpo-aHanoroBuii neperBoproBay
ITA 1 n-po3psiaHUil pericTp, KEpOBAHUN CHUTHAJIOM 3 BHUXOAY JETEKTOPY MO3UTHBHOIO (PPOHTY
JII®. Ha Buxoai komyraropa Gopmyerbes Buxiguuii kox Xn. Ha ogun Bxin kommaparopa AK
HAJXOIUTh aHAJIOTOBUH BX1qHUM curHaN Ua, a Ha 1HIIIHN - curHan 3 Buxony LIAIL.

Pobota neperBoproBayua MOYMHAETHCS 3 MPUXOY IMITYNIbCY 3alyCKy St, SKHif BCTaHOBIIOE
B OMHUYHUH cTaH RS-Tpurep, Buxiz sikoro BijkpuBae BeHTWb DD2 i immynben Bif reHepaTopa
takToBUX imMmynbciB I'TI 3 wacrororo fo mocrymators Ha BXin miumnbauka CT2, oo cymye 4mcio
BXITHUX IMIyNIbCiB. Buximauit kon muminbHuka momaetbes Ha LIAIL, mo 3aiiicHioe iHoro
nepeTBOpeHHs B Hanpyry. Ilporec BpiBHOBaXX€HHS TpUBA€ JOTH, MOKM BuxinHa Harpyra LIAIL
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3piBHAETHCS a00 TepeBUITUThH BXiaHy Hampyry Ua. ¥ MOMEHT MOpiBHSHHS a00 TEpPEBUIIICHHS
BuxinHoi Hanpyru LAII i3 aHaI0roBOO HANPYToI0 CIPALbOBYE aHanoroBuil kommnaparop AK.

Iepexin Buxomy kommapatopa 3 1 B 0 O3Ha4yae 3aBepUICHHS MPOIECY IEPETBOPEHHSI.
Buxinnauii kox XN, mponopuiifHUi BX1IHIN HaNpy31 B MOMEHT 3aKiHUCHHSI IEPETBOPEHHS.

Yac nepersopennss AL 1poro THITY € 3MiHHHM i 3a1€XKHTh Bij BXigHOi Hampyru. Moro
MaKCUMalbHEe 3HAYCHHS lnpuaxe BIAMOBIIA€ MAaKCUMAIBHOMY BXIJHOMY Hampy3i 1 Ui n-
PO3PSITHOTO IBIKOBOTO JIIYMIBHUKA 1 4aCTOTH TAKTOBUX IMITYJIbCIB fo JOpIBHIOE:

tnp Maxe — (2 1)/ fo.

Hanpuknan, npu N=10 ta fo =IMIy, tupyae = 1024 mkc, mo 3a0e3nedye MakCUMaIbHY
yacToTy BUOIpoK mopsiaky 1 kI

CrarnyHa mnoOXMOKa NEPETBOPEHHS BH3HAYAETHCS CYMapHOIO CTAaTHYHOIO MOXHOKOIO
BukopuctoByBanux L[AIl i komnapaTopa. HacToTy TakTOBHX iMITYJIbCIB HEOOXiTHO BUOMpATH 3
ypaxyBaHHSM 3aBEpIICHHS MEPEXiJHUX MPOIECiB B HUX.

[Ipu poGoti 6e3 mpucTporo BUOIpKU-30epiraHHs amepTypHHH dYac 30ira€TbCs 3 4acoMm
NEPETBOPCHHA. SIK HACHIJIOK, pe3yJabTaT MEPETBOPEHHS HAI3BUYAHO CHIIBHO 3aJICXKHTH BiJ
nyibcaliid BXigHoi Hampyru. [Ipu HassBHOCTI BHCOKOYACTOTHHX IYJbCAIii CEpeaHE 3HAUYCHHS
BUXIJTHOTO KOy HENIHIMHO 3aJIS)KUTh BIJI CEPEAHBOTO 3HAYCHHS BXiAHOT Hampyru. lle o3Hauae,
o AIIIT ganoro tury 6e3 mpucTporo BUOIpKHU-30epiraHHs NpUIaTHI I pOOOTH 3 TOCTIHHUMU
a00 MOBUIBHO 3MIHHUMH HAIpyraMmu, siKi 3a 4ac MepeTBOPEHHS 3MIHIOIOTHCS HE OLblie, HIXK Ha
3HAYCHHS KBAaHTA IIEPETBOPEHHS.

Takum uunoM, ocobnuBicTio ALIIl po3roprarouoro ypiBHOBa)KEHHSI € HEBEIMKA 4acTOTa
MEPETBOPEHHS, 10 AOCATAE NEKITbKOX KiIOTepIl:

fussaare < 1/ tnp.,nakc = fo / (Zn'l)

[TepeBaroro AIIIl manoro kiacy € TOpIBHSHA TMPOCTOTa TOOYAOBH, OOYMOBJIEHA
MOCTIJOBHUM XapakTEpOM BHUKOHAHHS TMpOIIECY TEPETBOPEHHS, a HEIONIKOM - HH3bKa
MIBHIKO/TiS.

14.5. ALII caigkywo4oro BpiBHOBaKeHHS

Ha puc.14.8 HaBegena cxema AIIl cnigkyouoro BpiBHOBaKEHHS, OCHOBHMMHU
(YHKI[IOHAJTbHUMHU ~ €JIEMEHTaMH SIKOTO € PEBEPCUBHUM JBIMKOBUI JIYWIBHUK, LUpO-
aHanoroBuii neperBoproBau IIA, TakroBuii reneparop immynsci I'TI, anamorosuii kommnaparop
AK, nerekTop mo3uTHUBHUX 1 HeraTUBHUX (QPOHTIB P 1 N-po3psaHuil koMyTatop A BuAaul
NOTOYHUX 3HaueHb IHppoBoro koay Xn.

Hpuamun  mii  ALIl  cmigkyrodoro BpIBHOBa)K€HHSI 0a3yeTbcs Ha BUKOPHCTaHHI
PEBEPCHBHOIO JIUMJIBHUKA, BHXIIHUH KOJA SIKOTO TI€PETBOPIOETHCS IH(PPO-aHAIOTOBUM
nepeTBoproBaueM y auckperusoBany Hampyry Ux. Hampyra Uy mopiBHIOE€TBCS 13 BXIIHUM
curHaioM U4 aHaJoOroBUM KoMImapaTtopom, sikuil ¢opmye curHan Uk ymnpaBiiHHS HampsMOM
paxyHKy J4YWIbHUKA. TakUM YUHOM, y JIYWIBHUKY (opMyeThcsi HUPpoBUN KoA Xn, IIO
BI/INIOBiJJa€ MUTTEBOMY 3HAUEHHIO aHAIOroBoi BeanuuHu Uy4:

Us=Xn AU + §U
e AU = Uon /an
68U — noxubka neperBopenns; npudomy AU < | §U| .
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Ha puc. 14.8 naBenena crpykrypHa cxema ALIII ciaigkyrogoro BpiBHOBa)KEHHS.

Po6ota takoro ALl mounHaeTbes 3 mMoAayi BUCOKOTo piBHs Hanpyru U Ha JIOTiYHHNA
enement I-HE (DD1). Takrosi immynscu 3 reaeparopa I'TU (DD2) gactotu fo mocrynaroTs Ha
miunneHUK DD3.

B
MA
A KH—e +1|CT2 #A
U«
— -1
C
fo
M
Puc.14.8

TaktoBi iMmynabcu 3 yactoToro fo HagxomaTe Ha BXin jiunnbHuka CT2, BUXITHHHA KOJ
SKOTO TEePETBOPIOETHCS B aHAIOTOBY QopMmy 1 sk Hampyra Uy momaeThcs Ha BXiJ KOMIaparopa
AK Ta nopiBHIOETHCS 3 aHAJIOTOBUM Hanpyroro neperBopeHHs Ua.

Axmo Ux < Ua, Ha BUXOJI KOMIapaTopa BCTAHOBIIOETHCS BUCOKHM piBEHBb 1 JIYMIBHUK
CT2 npamoe B pexxumi cymyBanHs. Hampyra Ux moctymoBo Hapoctae 1 mpu Ux > Ua
KOMIIapaTop NEpPEeMUKAETbCd B HYIbOBHM cTaH 1 MUMiIbHUK C7T2 mnepexoAauTb B PEXKUM
BigHiMaHHA. [Ipu npomy nerekrop ¢pontry AP dopmye immynbe, skuil 3a0esnedye BUaady
3HA4YeHHS MHUQPPOBOro Koay Xn, BIAMOBIAHOTO B JaHWW MOMEHT aHaimorosi BenuuuHi Ua.
Hanpyra U, gani nocTynoBo 3MeHIIyeTbCst 10 TUX Mip, TOKU Ux > Ua . Y MOMEHT NOpPiBHSIHHSA
a60 Ux < Ua xommapaTop NepeMHUKA€EThCS 1 MEPEBOAUTH JIUMIBHUK B PEXKUM CyMyBaHHs. [lpu
poMy jaerektop ppouty AP 3HOBY (opmye IMIyIbC BHJA4i 3HAUYE€HHS HUGPOBOro Koxy Xn.
Takum 4uHOM, TUCKPETHW30BaHE 3HAYECHHS BHUXiMHOI Hampyru Uy BiJICTEXye 3MIHH BXIJTHOTO
Hanpyru U,.

s HopMmanbHOI pobotn Takoro ALl HeoOximHO, MO0 IMIBHUAKICTH 3MIHM aHAJIOTOBOTO
curHany U, Oyna MeHme mBuakocTi 3MmiHM BuxigHoi Hampyru LIAIl Ux. ToGto, mae

BUKOHYBATHUCS YMOBaA:

dUa/dt < AU fo = U, fol2",
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ne AU — kBanT npupocty Buxianoi Hanpyru L{AII, U,, — fioro omipHa Hanpyra. Yum MeHIe
HIBM/IKICT 3MiHH BXiJHOTO aHaoroBoro curuany dUa/dt , TiM Buiie wactora Buaadi KoziB Xn.
[Tpu Ua = const uacrora Buaaui koaiB XN gopisHioe fo.

[TepeBaroro posrissayroro AIIIl € mpocrora cTpykrypu. Jlo HEIOJIKy MOXKHA BIAHECTH
ACUHXPOHI3M BUAa4l KOAIiB Xh.

14.6. AILII nopo3psiAHOTO BPiBHOBAKEHHS

[TepeTBOproBaY IMOPO3PSTHOTO BPIBHOBAKCHHS € HAWOLIBII TOMMPEHUM BapiaHTOM
nocigoBaux ALIIL.

B ocHOBI poboTH 1IbOTO Kjacy IEpPETBOPIOBAYIB JICKHTHh MPUHIHUII JUXOTOMIi, TOOTO
MOCIIIOBHOTO TIOPIBHSIHHS BUMIpoBaHoi Benmuuwau 3 1/2, 1/4, 1/8 1 T.n. Big MOKIHUBOTO
MakcuMallbHOTO 11 3HaueHHs. lle pgo3Bossge mna  N-pospsiaHoro ALl mopospsaHoro
BPIBHOBa)XCHHSI BUKOHATH BECh MPOIEC TEPETBOPEHHS 3a N TOCIIJOBHUX KPOKIB (iTeparriii)
3amicTh 2" TakTiB MPH BUKOPUCTAHHI TMOCIIIOBHOIO PaXyHKY i OTPUMATH CYTTEBY IE€peBary B
mBuakonaii. Tak, ke mpu N = 10 meit Burpam pocsrae 100 pasiB i A03BOISIE OTpUMATH 32
npormomoror Takux ALl mo 10° ... 106 [IEPETBOPEHb B CEKYHAYy. Y TOH K€ 4ac CTaTu4Ha
MOXMOKa IOTO THITYy IMEPETBOPIOBAYIB, M0 BU3HAYAEThCs B ocHOBHoMy L[AIIL, mro
BUKOPHUCTOBYIOTHCSI B HBOMY, MOXE OyTH AyXe Majoro, IO J03BOJISIE peaizyBaTH PO3AUIbHY
3MaTHICTB 10 14 nBIHKOBHX po3psiaiB pu 9acToTi BHOipok 10 200 kI'1

Posrmsinemo mpuHnmnu moOymoBu Ta pobotm ALl mocnimoBHOTO HAOMMKCHHS Ha
HPUKIIAAlI CTPYKTYpH, HaBeaeHoi Ha puc.16.9, mo ckiiagaeThCst 3 HACTYIIHUX OCHOBHUX BY3JiB:
rereparopa taktoBux immynsciB I'TI, RS-tpurepa, pericrpa mocnizonoro Habmmwkensast PITH,
mudpo-ananoroporo mnepersoptoBaya IIAII, anamoroBoro kommaparopa AK, nerexkropa
no3utuBHUX ¢ponTiB AP i n-pospsguHoro perictpa RG mist 30epiranHs 1 BUJadi MOTOYHUX
3Ha4YeHb HUPPOBOro Koay Xn..

RG

ane > S

#/N\

PN

MB

ana

Puc. 14.9

CraproBuii BxiHu# iMmynbsc St BctaHoBmoe RS-tpurep B ctan «1» 1 N-po3psaHuit pericTp
nociigoBHoro HaommxkeHHs: PITH B mouatkoBuii ctaH, Koyiu B N-il po3psia 3aHOCUTHCS «1», a B
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i1 po3psanu «0». Bmict PITH meperBoputhes Ha Buxoai LHAIL y auckpeTH3oBaHy aHAJIOTOBY
dopmy U, 1 mopiBHIOETBCS Ha aHajgorooMy kommapaTopi AK 3 MOTOYHUM 3HAUYEHHSIM
anajoroBoro curHany U,. Skmo Uy, < U,, ctan N-ro po3psay ¢ikcyeTbes Ha piBHI «1», a y pasi
Ux > U, ctan N-To po3psany ¢ikcyeThbest Ha piBHI «O».

HactymHuM TakTOBUM iMITysIbCOM 3aHOCHTBCS «1» B (N-1)-ii po3psin PIIII i ananorivHo 3a
CTaHOM BHXIJHOTO CHUTHaiy aHaioroBoro kommnaparopa AK BusHadaeThcs 3HaveHHs (N-1) -ro
PO3psly BUXITHOTO KOMY. 3a N TakTiB OyAyTh BU3HAUEHI yci N po3psaiB koxy Xn. Uepes N TakTiB
Ha Buxoai PIIH ¢dopmyeTbes curHan mepernoBHEHHS P, SIKUHA TEePETBOPIOETHCS JETEKTOPOM
no3utuBHUX (ponTiB AP B iMmmynsc ckupanHs RS-tpurepa B cran «O0». Lleit ke immynbe
3abe3neuye nepesanuc Bmicty perictpa PITH sik n-pospsmnuii kox Xn y perictp RG, mo
BI/INIOBiJJa€ TOTOYHOMY 3HAYCHHIO aHAJIOTOBOTO curHaiy U,.

Hammit xmac AIIIl 3aiimae mnpomikHE TIOJIOKEHHS 3a INBHIKOJIEI0, BapTICTIO Ta
PO3IUTBHOIO 3[IaTHICTIO MK IOCIHIIOBHO-TIapaielbHUMH 1 iHTerpyrounmu ALl Ta 3HaxoauTth
HIMPOKE 3aCTOCYBAHHS B CHCTEMAax YIPaBIiHH:, KOHTPOIIO 1 1(poBOi 0OpOOKH CHTHAIIIB.

14.7. ALII noaBiiiHOr0 iHTErpyBaHHS

Ha puc. 16.10 naBenenmii mpuHImn meperBopeHHs (0), aHAIOroBWi iHTErpaTtop Ha
omepariiHoMy miacuioBadi (a) ta mpukian peanizamii ALl moasiiiHoro iHTerpyBaHHs (B).
Taxwmit ALl Moxe 3HaXOIWUTHCH y OJHOMY 3 3-X  CTaHIB: HAaKOIMYEHHS, BHUMIpIOBaHHA,
30epiranus. [ns ¢ikcanii ctaniB HeoOxigHi npuHaiiMHi 2 Tpurepu (Qq,Q,), BUXIIHI CUTHAIU
SKHX MOXHA BUKOpUCTATH s KepyBanHs kimtouamu Ky, K,, K3 curmanamu Bignosigao Vi, V,, Vs.
VY rtabmuni 14.7 HaBeneHi cTaHW TPUTEpiB BIANOBIAHO 1O YaCOBHX IHTEPBATIB 1 CHUTHAIA
KepyBaHHs Kiroyamu Ha Tpansuctopax VT, VT,, VTs;.

K3

X
I

Ur
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Puc. 14.10. AL noxaBiiiHOro IHTErpyBaHHs: a — KOHIENTYyajJbHa CXeMa; 0- 4acoBa
JiarpaMa epeTBOPEHHS; B — MPUHIMIIOBA CXeMa

Tabomums 14.7

Cran InTepBan yacy Q, Q, |28 2 V5 | Peanizauisa V

30epiranHs t<tyt>t, 0 0 0 0 1 V;=0,"Q,
= Q110Q>

HakonuueHHs to<t<t 1 0 1 0 0 Vi =0Q:°Q,
= Q110Q>

BumiproBanus t1<t<t, 0 1 0 1 0 V, = Q1 Q;
= Q110Q>

PoGora AIIIl mouymHAeThCSA 3 1MOJAYi CTAPTOBOTO IMITYNIbCYy St, sikuii BcTaHOBIIOE RS-
tpurep DD1 y cran Q; = 1, a RS-tpurep DD2 minTBepmxye nonepeaniii ctan Q,= 0. Llum xe
curHanoMm y miuunbHUK DD9 (Bxim D) 3aHOCUTBCS KOHCTaHTa N, 0 BU3HA4Yae (DiKCOBAHY
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KUIBKICTh TaKTIB HAKONMWYEHHs M,. BIAMOBIIHO a0 TaOJMI CTaHIB JOTIYHUMHU €JIeMEHTaMHU
ABO-HE DD4, DD5, DD6 dopmytotees curnamun V; = 1,V, =V; =0, xmou Kl nHa
tpansuctopi VT1 3amukaetncs, a kmoui K2, K3 wa Tpansucropax Biamosimuo VT2,VT3
po3mukaroTbes. Uepes VT1 nHa Bxim iHterpatopa JJAl mocTynae mepeTBOpeHHI aHATIOTOBHA
curnan Ua (s HaBeaennoro npukiany Ua < 0). 3pocranHs BUXigHOI Hampyru inTerparopa U,
> 0 00yMOBIIIOE BCTAHOBIICHHS Ha BUXiJ aHAJIOroBOTo Kommapartopa JIA2 Bucokoro pisas U,
akuid 3a0e3neuye enemeHT DD8 mogady takToBuX iMmynbciB Ha Buxin C miymibHHKa DDO.
Pexxum poOOTH peBepCHBHOTO JIIYMIIPHUKA BUSHAYAETHCSI CTAHOM BXOay A: npu A=1 JTiYMIBHUK
GyHKLIOHYE y pexkuMi BinHiMaHHS, a ipu A =0 - y pexumi cyMmyBaHHA. 3a N, TaKTiB CTaH
JIYUIBbHUKA 3MIHIOETHCS Big ny; A0 0, ko Ha Buxomi V miuuiabHUKA (HOPMYETHCS BUCOKHMA
pierb (V = 1), sxuii nerekropom no3uTuBHUX (GpoHTIB DD12 mepeTBOpIOEThCS y KOPOTKHIA
no3uTuBHUH iMnynbc. Immynbe 3 A1 (DD12) ckunae RS-tpurep DD1 (Q; = 0) i BcTaHOBIIO€
y ctad Q, = 1 RS-tpurep DD2, mo Biamosimae nepexony ALl y cran BumiproBanns. [lpu
npoMy curnan V; = 0 3anmupae xmou K1 Ha tpansuctopi VT1, a curnan V, = 1 3amukae K04
K2 na tpanzucropi VT2. Ha Bxin iHTerparopa noaaetscs ¢ikcoBana omnopaa Hampyra Uoen (Y
nanomy npukiani Uon > 0) 1 Ha Buxofi iHTerparopa Hanpyru U; 3MEHIIYETbCS TI0 JIiHIHHOMY
3akony. [Ipu npomy Ha Bxoni A miumnbHuka DD9 nie mm3pkmii piBeab A = Q; = 0, T00TO
TYUIBbHUK (QYHKIIIOHYE y pexkumi cymyBaHHs. Konu BuxXifgHa Hampyra iHTerparopa Jocsrae
piBus U; < O(MoMeHT uacy t,), BUXIIHUN CUTHAJI KOMIapaTopa nepekitodaerses y ctad Uk = 0,
KU OJIOKY€ HAIXOKCHHS TaKTOBUX IMITYJbCIB Ha BXiJ JidwibHuka DD9. Takum 4wHOM, Y
TYHIIEHUKY 30€pIira€ThCsi YUCio X, Ke € MUPPOBUM €KBIBAJICHTOM aHAIOTrOBOI BenuauHn UA.
Herextop Big’emuux ¢pouTtiB (IB®) DDI11 dbopmye KOpOTKHII MO3UTUBHUIA IMITYNIbC, SKHI
ckugae RS-tpurep DD3 y cran Q, = 0 1 ALl nepexoauts y pexxum 30epiraHHs 10 HaCTYIMHOTO
ctaproBoro iMmyibcy St. Imnynec 3 JIB® nonaerscs Ha Bxin C mapanensHoro perictpa DD10, B
AKOMY 30epiraeTbcs BU3HaUE€HUM Ko X;,, MponopuiiHui BX11HIA Hanpy31 Ua:
X, =-Uan, Ug,.

Yac neperBopenHst ALII nporo Tumy € 3MiHHUM 1 3alI€XKUTh BiJl BXiHOT Hanmpyru Ua.
Moro makcuManbHe 3HAYEHHS typvaxe BIANOBIIAE MaKCUMAIbHIA BXIAHIA Hampysi 1 mis N-

PO3PSAIHOTO IBIHKOBOTO JIUMIBHUAKA 1 YACTOTH TAKTOBHUX IMITYIBCIB fj:
tnp.MaKc = (2n + 2nH)/f01
ne 2™- KiapKICTh TaKTiB HAKOITMYEHHS.

OcHoBHo'10 niepeBaroro posrisinyroro tTumy ALIT e:

- HEe3aJIeXKHICTh pe3yJIbTaTy MepeTBOPEHHS BiJ] CTa0UIBHOCTI MapaMeTpiB IHTETrPaTopa, 110
no3Bossie peamizyBatu ALl 3 pospsanicTiO BuXigHOro koay n < 12, 0e3 BHKOPHCTaHHS
BHCOKOTOYHHX 1 BUCOKOCTA0UTPHUX KOMITOHEHTIB;

- moxuOKa MEepeTBOPEHHS HE 3alleKUTh BiJ] CTa0UIHHOCTI TMapaMeTpiB KOMIIOHEHTIB
inTerpatopa R, C ( miama3oH mapameTpiB Ta iX 3MIiHM Yy 4Yaci BHACNIJIOK CTapiHHS, 3MIiHU
TEMIEPATYPU TOLIO);

- TOXWOKa IIePETBOPCHHS HE 3aJIeKUTh BiJl CTAOUTBHOCTI YacTOTH f. TaKTOBOTO

reHepaTopa, SIKIO0 4acTOTa HECYTTEBO 3MIHIOETHCS B MPOJOBXK IHTEpBANYy tj ...t,. [loxubOka
NIEPETBOPEHHS 3aJISKUTh JIUIIE BiJ cTabIIbHOCTI onopHOT HatlpyTu Uoy.
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14.8. AIlIIl napaJieibHOTO NepeTBOPEHHS

Cxema AIII napanenbHOro epeTBOPEHHsI HaBeieHa Ha puc. 14.11.
VY mapanensnomy ALl BUKOPHCTOBYETbCS HPUHIMII OE3MOCEPEAHBOTO ITOPIBHSIHHS
aHanoroBoi BenmuuuHU Ua 3 TUCKPETHUMH 3HAYCHHAMH OMOpHOI HAanpyru Uoy.

I[TopieH. Ua 3 Uon X7 Xe Xs Xy Xz Xo X1 | Y2 Y1 Yo
0Ua < 1/8 Uon 0O 0 0o 00 0 O 0O 0 O
1/8Uon<Ua <2/8Uon |0 0 O O 0O 0 1 0O 0 1
2/8 Uonn < Ua < 3/8 Uon 0O 0 0o 00 1 1 0O 1 O
3/8 Uon < Ua <4/8 Uon o 0 0o 0 1 1 1 0O 1 1
4/8 Uon < Ua <5/8 Uon O 0 0 1 1 1 1 1 0 O
5/8 Uon < Ua < 6/8 Uon o 01 1 1 1 1 1 0 1
6/8 Uon < Ua < 7/8 Uon o 1 1 1 1 1 1 1 1 0
7/8 Uort < Ua 1 1 1 1 1 1 1 1 1 1
a.
Uocn
Ua
|£ IP—‘+ X
7/8Uon -
é l>—‘+ Xs
6/8Uon —
@ + Xs
5/8Uon inly
@ + X4 LT
4/8Uocn e 5o |1 Lo
@ -)1 21 Y1
X3 3 5
3/8Uon ”—b—,i of Y
1
@ Iy Xz
2/8Uon inly
@ Iy X1
1/8Ucn

——

0.
14.11. AIII mapanenpbHOTO MEPETBOPEHHS: @ — TaONHIS KBaHTYBaHHS; 6 — CTPYKTypHa

cxema.

Ha puc. 16.11-a HaBeaeHa Tabauis MOPIBHAHHS aHaIoroBoi Hanpyru Ua 3 JUCKpEeTHUMU
piBHsMU omopHO1 Hampyru Uy, TOAUIEHOT y JaHOMY BHIAAKy Ha 8 miamazoHiB. Di3uyHa
peamizaiii JIUCKPETHUX pIBHIB 3a0€3MEUyeTbCS PE3UCTUBHUM  MOJUIIOBAYEM  HANpPYyru
(puc.16.11-6). TlopiBusiHHs BXigHOi Hanpyrd Ua 3 JUCKPETHUMH pPIBHAMU BHKOHYETHCS
kommapatopamu DAL-DA7. Slkmo Ua > Ug,ei / 8, Ha Buxoji Kommaparopa BCTaHOBIHOETHCS
X; = 1. TakuM 4YMHOM, Ha BUXOJAaX KOMIIapaTopiB yTBOPIOETbCS Kol (koxa [[koHcoHa), skuii
Mo3ke OYTH TIepeKOoJI0BaHM y NBikikoBHil ko Y,Y; Y, 3 momomororo neperBoproBaya kojiiB (X/Y)
a00 MPIOPUTETHOTO MO CTapIIUM po3psiaam tmmdpparopa (CD).
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Posrasnytuit Tunm ALIT He moTpedye TakTyBaHHS MpoOIeCy epeTBopeHHs. DopMyBaHHS
BUXIJTHOTO KOAY X, peaizyeTbcsl i3 3aTPUMKOIO MPOXOJDKEHHS CHTHAIy 4Yepe3 KOMIaparop i
NEPETBOPIOBAY KOy, 10 3a0e3rneuye MakcumainbHy mBuakoairo ALl Tpeba Bija3HauuTH, 110
CKJIQJIHICTh CXEMH IOJIBOIOETHCS IMPHU 30UIBIICHHI PO3PSIHOCTI BUXIIHOrO Koay nm Ha n + 1.
Hanpuknan, nis n = 8 HeoOxigHO 255 KoMmaparopis 1 BiANOBiqHMIA muppaTop HA 255 BXOIB.
Tomy mnsi peamizanii Oararopo3psauux napanensHux ALl BUKOpPHCTOBYIOTH mMapajienbHO-
nocigoBHi ALLL, siki e Ha3MBarOTh KOHBEEPHUMH.

14.9. Konseepuuii ALIIT

[Tpunnun nobynoBu koHBeepHoro AIIIl 3acHoBaHWMH Ha BH3HAYEHHI PI3HHIN MK
BX1JIHOIO Hanpyrow Ua 1 HalOmmkdiM TUCKpeTHUM piBHEM Uoni, IIICHUIICHHT OTPUMAHOT PI3HHUII
1o niana3zoHy Ua, HACTYMHOIO JUCKpEeTH3allii BUALICHOT 1 MiJCUICHOT pi3HUI Y HU(POBUI KO
MOJIOAIIUX PO3PSIIiB, BUIUICHHI Pi3HHUII, MiACUICHHI 1 MOJanblIoMy mepeTrBopeHHi. [Ipukman
TaKOTO «KOHBEEPY» HaBeJIeHUH Ha puc. 14.12.

8R

R
R 8R —1 :lj_
:'1 "
N# 1_D
X, NE | #/N
N# |1 #/N X 2 -
U 4 —
A 51 %2 i % _? DAY LS
— 2 |~
Xs B DA2 * — DD3
4 — DD2 DA3 =
DD1 DA1 'g' &R
Puc. 14.12

Ha nepmomy cryneni neperBopeHHs mapanensHuii ALl DD1 neperBoproe BXiAHY
anasoroBy Harpyry Ua y 3-pospsimauii kox (xgx;Xg) 3 moxubkoro muckperusarii AU1 < Uor /8.
Otpumanuii KoJ xgx,Xxg 3 nonomororo LHAIT DA1 neperBoproeTbes y ananoroBy BenuuuHy Ur.
3 JI0TIOMOT'0K0 CXeMH BiJTHIMaHHA Ha ornepauiiHoMy migcumoBadi DA2 o6uuncitoeTsesi moxuoka
muckpernzarii  AUi=Ua-Upy;, ska oaHOYacHO TWiACHIIOETBCS y 8 pasiB, MI0 O3HAYae
MacmTaOyBaHHs OXMOKHU 10 fiana3zoHy onopHoi Hanpyru Uon:

Uaz = 8(Ua-Un).

Ha npyromy crynenro Hampyra Uaz 3 momomoroto AIIT DD2 neperBoproeTbest y Kox
MOJIOJIIINX PO3PSIB X5X4X3, kil LIAII DAS3 meperBoproe y auckpernzoBany Hampyry Urp.
Cxema BinHiMaHHs — mifcuieHHs Ha DA4 ¢opmye ananoroBuit curnan Uas, skuit ALIIT DD3
HEPETBOPIOE Y 3-PO3PSAAHUNA KO X2X1X(. TakuM YHHOM (HOpMY€eThCS 9-pO3psIIHUI KO XeX7. . . Xo,
KU € TG POBUM aHATOTOM BX11HOI Hanpyru Ua.

3a3HaunMo, IO YCs OTepallisi epEeTBOPEHHS HE Imepeadadac TaKTyBaHHS KOMIIOHEHTIB
KOHBEEPHOI CTPYKTYypH. OcTaHHIM (HOpMYIOTbCS MOJOAMI PO3PAIN XX1Xy 13 3aTPUMKOIO Y
CTymeHsx omucaHoi cTpykrypu. Tomy taki ALIIl xnacudikyroTh Sk mapaienbHO-TOCTIAOBHI.

Bonu 3a0e3neuytoTs MiHiMaIbHUN Yac t; nepeTBopeHHss Ua— XN, TOOTO MakcUMaibHy YacTOTY
KBAaHTYBaHHS aHAJOTOBUX CUTHANIB:

fumax < 1/t

257



KoHTpoJibHI nUTAHHS:

1S

st goro npusHaueni ALIT?

SIki pyHKITIOHATBHI €IeMEHTH BXOIATh 110 ckiaaxy ALITT?

Hagenits cxemy AL po3ropTarodoro BpiBHOBakeHHs. Ha3BiTh HOTO mepeBart i
HEJIOJTIKH.

Hagenite cxemy ALIII mopo3psinHoro BpiBHOBaxkeHHs. Ha3BiTh HOro nepesart i
HEJIOJIIKH.

Hagenite cxemy ALIII moagiiiHoro iHnTerpyBanHs. Ha3BiTh oro nmepeBaru i HEAOIKH.
Hagenite cxemy ALIII mapanensHoro neperBopeHHs. Ha3piTh fioro nepeBaru i HeIOMIKH.
Hagenite cxemy konBeepHoro ALIIL. Ha3BiTh #oro nepeBaru i HEAOMIKH.
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