CxemoTtexHika aHanorosoi PEA// Circuitry analog electronics
3MicT Kypcy 36 roavH nekuini 3 AUCUMniHn
The content of the course 36 hours of lectures on discipline

Nexuia 1. XapakTepucTuKM NiaCUI0BaYdiB Ta NpUMMadiB: peanbHa YyTAMBICTb,
aMMMiTyAHa XapakTepUCTUKA, AMHAMIYHWUIA Aiana3oH, OAHOCUIHAMIbHA CENEKTUBHICTb 3
perynspHux 3aBaj: CyCiAHbOro, A3epKanbHOro KaHaniB G, s Ta NPSMOro
MPOXOMKEHHS HA MPOMIXHIN YaCTOTi Gppaw. CMyra NpornyckaHHs Ta Koed.
NPSAMOKYTHOCTI AYX cenekTMBHOro niacuntosaya. KoedilieHT wymy.

Jlekuia 2. 3B0poTHUI 3B"5130K (33) enekTpuyHMin: Buamn, napameTpu. Bname 33 Ha
NnoKasHuKK nigcunoBada: AYX, O4YX, MX, yyTAmBICTb A0 3MiHEHHS KoedilieHTa
niacuneHHs Big aectabinisytounx gakTopiB. YMoBa A0OUINIbHOCTI 3aCTOCYBaHHS Kif
30BHiLLHIX 33 y onepauiiHoMy niacuioBadi.

Nekuia 3. HeniHiliHi echekTN Ta siBULLA Y cenekTUBHUX BY nigcunioBayax, noB”s3aHi 3
JliEI0 BENMKMX 30BHILLIHIX 3aBajl: HENiHiNHI CNOTBOpeHHS 06BiaHOI (TO6TO
NOBIIOMNEHHS), 6/I0KYBaHHS, NepexpecHi, iHTepMoay nsiliiHi cnoTBopeHHs. Cnocobwm ix
3MeHLWeHHs. PekoMeHaauii Woao BMbopy akTUBHUX €NeMEHTIB CeNeKTUBHUX
niACMNOBaYiB, SIKi 3MEHLLYOTb HENiHIMHI edekTh. MOoHATTS Npo 6araToCcUrHanbHy
CeNEeKTUBHICTb.

Nekyia 4. lNpuknagn cxem cTabinizoBaHOro Ta HeCTabiNi3oBaHOrO YKXMBEHHS
6inonspHMX i NOABLOBUX TPAH3MCTOPIB. MNpU3HadYeHHs | BUbIp eneMeHTiB, LWO
3abe3neyytoTb CTabinizauito pobo4oi TOUKM Ha BOSIbT-aMMEHHIN XapakTepucTuli
npunagy

Jlekyisa 5. Kackagu niacnneHHs 3a OCHOBHMMM CXeMaMW BBIMKHEHHS! TPaH3UCTOPIB:
CninbHi eMitep, 6a3a, konekTop. EKBiBaneHTHI cxeMu ANs HU3bKNX, CepeaHiX, BUCOKNX
yactoT (H4Y, C4, Bu).

Jlekuia 6. CknapgeHi TpaHsuctopu (CT): V7-RTa V7-V7-tvnis. MNapa JapniHrToHa.
MapapokcHa napa. KackogHa napa. MNopiBHIOBa/IbHUI aHani3 BNaCTUBOCTEN i
napameTpis umx CT.

Jlekuin 7. Kackagu nigcuneHHst BUXigHi NOTYXKHi: NPUKNaaM CXeMOTEXHIKU. Pexxummn A,
AB, B, Cpob0oTun TpaH3UCTOPIB B ABOXTAaKTHUX MOTY>XHUX Kackadax. [oka3aTtn BAX
pexuMiB. MNMopiBHIOBaNbHMI aHani3. OCHOBHI MOKA3HWKN PEXMUMIB NiACUIIOBaYIB i KONn
[OUINbHO 3aCTOCOBYBATU TOM UM iHLIMIN PEXUM.

Jlekuia 8. 3aBaauv 30BHILHLOrO CepefoBMLIa Ta BHYTPILLHI WYMKU NiACUNIOBaYIB U
npuMavie. Knacudikauis 3aBag 3a NOXOAXKEHHAM, 3a XxapakTepoM (toKTyauinHi,
IMNYNbCHI, i3 30CcepePKEHNM CMEKTPOM, MACUBHI) Ta 3@ B3aEMOZIEIO 3 CUrHAIOM
(aponTMBHI Ta MyNbTUNNIKATUBHI).



Jlekuia 9. MeTa 3aCcTOCyBaHHS CKNagHUX CMyroBux inbTpiB. CxeMoTexHika CMyroBmux
niacunoBadis npoMidkHoi yactotu (MNMNY). MpuaHayeHHs MMY. Tpy BuaAn inbTpiB i3
pO3N0AiNeHoI0 BUBIPHICTIO: KiflbKa OAMHUYHUX PE30HAHCHUX KOHTYPIB, WO HACTPOEHI Ha
OZHY 4acTOTYy; B3aEMHO PO3CTPOEHI ABIKW, TPIKN KOHTYPIB. [lBOKOHTYPHi CMYrOBi
dinbTpn. MNopiBHATM BNacTMBOCTI X AYX.

Jlekuia 10. MeTta 3aCTOCYBaHHS CKNagHUX cMyroBux inbTpiB. LG-dinbTpu i3
30cepemkeHoro BMbipHicTo (P3B): y3romkeHi 3a XBuU1b0BUM 0ropoM (p-O3B);
onTuManeHi ana AM i UM curnanis 3 A4X Yebuwwesa, battepsopTa. NopiBHATH
BNacTMBOCTI iIX AYX Ta pekoMeHAyBaTU AOUINbHICTb 3aCTOCYBaHHS.

JNekuia 11. CTpykTypa CxeMOTEXHIKM onepauiriHoro niacuntoBada (OI).
AndepeHuinHMin Kackag nocTiHOro CTpyMy, MOro BNacTMBOCTI. Mpuknaam i
NPU3HaYeHHs cxeM 3HMKeHHS piBHA B Ol. Mpuknag suxigHoro kackagy Ofl.

JNekuia 12. OnepauinHui nigcuntoad (O). ManocurHanbHi MakpoMogeni,
napameTpu. LBnakicHi napameTtpun. Knacudikauis. CTpykTypa. HYoTvpu OCHOBHI CXeMu
BBiIMKHEHHs Ol Ta iX BNacTMBOCTI: iHBEPCHMI MacluTabHun Ol1, HeiHBEpPCHUN
MacwTabHun Or, HeiHBepcHui Ol-noBToptoBaYy, AudepeHuitoBanbHun OrT.

Nekuia 13. MNpuknaan cxem NiHiMHUX NPUCTPOIB Ha onepauiMHoMy nigcuntosadi (ON):
NiHINHWMIA cymaTop, iHTerpaTop/avdepeHuUiaTop; iHTerpanbHUi i andepeHLitoBanbHNUI
CyMaTopu; KoMnapaTtop, Hynb-iHaMkaTop.BnactueocTi. Bumoru go Ol ans peanisadii
LuMx BuaiB 06pobneHHs curHanis.

Nekuia 14. Mpuknagm CXeM HeNiHIMHUX NPUCTPOIB Ha onepawinHoMy niacunoBadi
(Or): norapudmaTtopw/aHTunorapudmaTopu; norapudmidHi NOMHOXYyBaYi Ta
MOAINBHUKK, NpeunsinHi Bunpsmnadi. BnactmsocTi. Bumorn ao Ol ana peanizadii umx
BMAiB 06pobneHHs curHanie.

Nekuia 15. AktneHui RC dinbTp (ARCD) Ha onepauinHomy nigcuntosadi (OM). Tunu
AYX i npuknaam ix anpokcumauin. Mapametpu ARCD. KackagHe 3"€aHaHHS NaHOK
ARCD. MNpukiagn cXxeMoTeXHIKK i po3paxyHKy. Bumoru o Ol gnsa peanisauii
06pobneHHsa curHanis 3 ARCD.

Jlekyisa 16. [Mpu3Ha4YeHHs Ta CXeMOTEXHIKa Ai0AHUX AeTeKTOopiB curHanis 3 AM:
NoCNiA0BHOro NPOCTOro, MNOCNIAOBHOMO 3 PO3A4i/IeHUM HAaBaHTaXXEHHAM, MOCNIA0OBHOIMO
[ABOXTaKTHOro, napanesibHoro; ix NopiBHIOBAsIbHI BNACTMBOCTI . MNpu3HayveHHs Ta Bubip
eneMeHTiB. Tpy NPUYMHU HENiHIMHMX CNOTBOPEHb CUrHaniB NoBiAoMIeHb AM
AeTekTopoM. NapameTpn AM oeTeKTopiB BENNMKUX CUTHANIB.

Jlekuis 17. lMpu3HayeHHs, CTPYKTYpa, NPUKIaaM CXeM Ai0AHMX YacTOTHUX AEeTeKTopiB
(4A) curnanie 3 UM. [IBa BUAM YaCTOTHO-aMMniTyaHoro Y: 4acTOTHWUIA ANCKPUMIHATOP
Ta ApobHui Y[ (nopiBHATM iX). BEKTOPHI Anarpamm nepeTBopioBadiB Buaa Moaynsuii B
Y[l (TobTo hazo3cyBHMX TpaHcdopmaTopis). MNpu3HaveHHs Ta Bubip enemenTis Y/.

JNekuia 18. lNpu3HaueHHs1 nepeTBoptoBadiB YactoTu (MpY) npunMadie Ta iHWKX
aHaNoroBMx NpUCTpPOIB, iX napameTpu. MNMpuknaam cxem giogHux MNpY: HebanaHcHOro,
6anaHcHoro, KinbueBoro. MopiBHIOBaNbHUIA @aHani3 UMX CXEM, AOUINbHICTb 3aCTOCYBaHHS
KOXXHOI.



CxeMoTexHMKa aHanorosou POA
ConepxaHue Kypca 36 4acoB SieKUMI No ANCLMMNIIVHE

JNlekums 1. XapakTepuCTUKM yCUuMTenen n NPUEMHNKOB: peanbHast YyBCTBUTENbHOCTb,
aMMNINTyAHas XapakTepUCTMKA, AMHAMUYECKUA AMana3oH, OAHOCUIHAbHAS
CENeKTUBHOCTb PerynsapHbIX MOMEX: COCeAHero, 3epkasibHOro KaHasoB =CK, *3K U1
NPSIMOro MPOXOXAEHMSI Ha NPOMEXYTOYHOM YacToTe. Monoca NponyckaHus 1 Ko3d.
npsaMoyronbHocTM AYX cenekTuBHoro yeunutens. KoadbduumeHT wyma.

Jlekumsa 2. ObpatHas cBs3b (OC) anekTpudeckas: Buabl, napameTpsbl. BnamaHune OC Ha
nokasartenu ycunutens: A4X, O4YX, MNX, 4yBCTBUTENbHOCTb K U3MEHEHUIO
KoadhduumeHTa ycuneHus ot gectabunusmpyrowmx ¢paktopos. Yciosue
LlenecoobpasHoOCTV NpUMeHeHUs Lenei BHelwHnx OC B onepaunMoHHOM yCunuTene.

Nekums 3. HenmHenHble 3hheKTbl 1 SBNEHUSI B CENEKTUBHBIX BICOKOYACTOTHiX (BY)
YCUNUTENSIX, CBA3AHHBIX C AEUCTBMEM BOJbLIMX BHELUIHUX MOMEX: HENTMHENHbIE
nckaxxeHusi ormbatowen (To ectb coobuueHmns), 6N1oKMpoBaHNe, NePEKPECTHbLIE,
WMHTEPMOAYNALUMOHHbIE NCKaXKeHMs. Cnocobbl MX YMeHbLUeHUs. PekoMeHaaummn no
BblGOPY aKTMBHbIX 3/1IEMEHTOB CENEKTUBHbLIX YCUIUTENEN, KOTOPbIE YMEHbLLAIOT
HennHenHble 3 deKTbl. MNOoHATME O MHOFOCUrHaNbHOW CENEKTUBHOCTM.

Jlekumsa 4. MpuMepbl cxeM CTabunn3npoBaHHOIoO U HECTabUNN3MPOBAHHOMO NUTAHUS
H6UNONAPHBLIX M NOMEBbIX TPAH3UCTOPOB. Ha3HaueHne 1 BbI6Op 31EMEHTOB CXEMBI,
obecneumnBaroLmMx cTabmnmsaumnio paboyein ToUKM Ha BOSIbT-aMMNEHHUIN XapaKTepUcTuke
npunbopa

Jlekums 5. Kackagpl yCUIEHUS HA OCHOBHbIX CXeMaX BK/THOYEHUS TPAH3UCTOPOB: obuue
aMuTTEP, 6a3a, KONNEKTOP. DKBUBANEHTHbIE CXEMbl ANSt HU3KUX, CPEAHMUX, BbICOKMX
yactoT (H4Y, C4, BY).

Jlekumsa 6. CoctaBHble TpaHauctopsbl (CT): VT-R n VT-VT-tunos. MNapa dapavHrToHa.
MapagokcHas napa. KackogHast napa. CpaBHUTENbHbIM aHaIM3 CBOMCTB U NapaMeTpoB
3TuUX npunbopoB.

Jlexums 7. Kackagbl yCUneHns BbIXOAHbIE MOLUHbIE: MPUMEpPbI CXEMOTEXHUKU. PeXnMBI
A, AB, B, C pab0Tbl TpaH31CTOPOB B ABYXTAKTHbIX MOLUHbIX KacKafax. BonbT-amnepHblie
Xapaktepuctukm (BAX) 3Tux pexxumoB. CpaBHUTENbHbIN aHann3. OCHOBHblEe
noKa3aTeNn PeXMMOB YCUNUTENEN U KOTAa LEeNecoobpasHo NPUMEHSTb TOT UM MHOM
PEXUM.

JNekumst 8. Momexn BHELLHEN cpefbl M BHYTPEHHWE WYMbl YCUITMTENEN U MPUEMHUKOB.
Knaccudukaums noMex no npovcxoXxaeHuto, no xapakrepy ((haoKTyaunoHHbIE,



nMNyJsibCHbIE, C COCPEANOTOYEHHbLIM CMEKTPOM, I'IaCCVIBHbIe) M N0 B3aUMOAENCTBUIO C
CUrHasiom (aﬂ,ﬂ,MTMBHbIe n MYJ'IbTMﬂﬂVIKaTMBHbIE).

Jlekums 9. Llenb NpMMEHEHNs C/TIOXHBIX MOSI0COBbLIX (UILTPOB. CXxeMOoTeXHUKA
MONOCOBLIX ycunuTenen npomexytodHon yactotsl (YMY). HasHauyeHne YMNY. Tpu Buaa
(UNbTPOB C pacnpeaeneHHo n3bnpaTenbHOCTbIO: HECKOIbKO OAMHOYHbIX PE30HAHCHBIX
KOHTYPOB, HaCTPOEHHbIX Ha OAHY YacTOTy; B3aMMHO PacCTPOEHHbIE ABOWKM, TPOWKM
KOHTYPOB. [IByXKOHTYpHbIE NMonocoBble hunbTpbl. CpaBHUTL MX CBOMCTBa 1 AYX.

Jlekumsa 10. Llenb npuMeHeHus CNoXKHbIX N0A0COBbLIX hunbTpoB. LC-punbTpbl C
cocpeaoToyeHHomn cenekTuBHoCcTbio (PCC): cornacoBaHble Mo BOSIHOBOMY
conpotusnenuto (p-e®CC), Takke ®CC ontumanbHble ansg AM 1 YM curHanos ¢ AYX
YebbiweBa, batTepopTa. CpaBHMUTbL CBONCTBA MX AYX 1 peKkOMeHA0BaTb
LienecoobpasHOCTb NPUMEHEHMS.

Jlekumsa 11. CTpykTypa CXeMOTEXHUKM onepaunoHHoro ycunutens (OY).
AnddepeHumanbHbIn Kackag NoCTOSIHHOIO TOKa, CBOMCTBA. [loTeHumanbHas
nomexoyctonumsocTe OY. [MpuMepbl M Ha3HaYEeHWE CXEM CHMKEHMS ypoBHS B OI1.
MNpumep BbiIxogHOro kackaaa QY.

JNekums 12. OnepaumoHHbin yeunutenb (OY). ManocurHanbHble MakpoOMOAENH,
napameTpbl. CKOpoCTHble napameTpbl. Knaccudumkaums. CTpykTypa. YeTbipe OCHOBHblE
cxeMbl BKoYeHMs1 OY U X CBOMCTBA: MHBEPCHbIN MaclTabHbIN OY, HEMHBEPCHWUI
MacwTabHbi OY, HenHBepcHu OY-noBTOpUTENb, AMddepeHuUMpoBoYHbIi OY.

Nekuus 13. MNMpuMepbl CXeM IMHENHBIX YCTPONCTB Ha onepaunoHHoM yeunutene (OY):
NIMHENHBIA CyMMaTop, UHTerpaTop / anddepeHuUMaTop; MHTErpanbHbIv 1
anddepeHumanbHbIi CyMMaTopbl; KOMMApaTop, Hyfb-uHAnKaTop. CBOMCTBa,
ocobeHHocTH. TpeboBaHusa kK QY ans peannsaunm 3TX BUAOB 06paboTKM CUrHanoB.

JNekumst 14. MNMpuMepbl CXeM HENTMHENHBIX YCTPOUCTB Ha onepaumMoHHoM ycunutene (OY):
norapudgmartopsl / aHTUIorapudMaTopsl; norapudmMmnyeckne YMHOXUTENN U AeNUTENN;
NpeumnsnoHHble BbinpsMuTenn. Ceonctea. TpeboBaHus k Ol ana peanusaummn sTmx
BMAOB 06paboTkn curHanos.

Nekums 15. AktueHbI RC punbtp (ARCP) Ha onepaumoHHoM yeunutene (OY). Tunbl
AYX 1 npumepsbl nx annpokcumaumi. MapameTtpbl ARCO. KackagHoe coeanHeHue
3BeHbeB ARCO. [Npumepbl cxeMOTeXHUKKN U pacyeTa. TpebosaHus kK OY ans peannsaumm
06paboTkn curHanos ¢ ARCO.

JNekums 16. Ha3HaueHne 1 CXeMOTEXHMKA AMOAHbIX AETEKTOPOB CUIHAMOB C
aMnAnTyaHou moaynsumen (AM): nocnefoBaTesIbHOrO MNPOCTOro, NOCeA0BaTENBHOMO C
pa3aenéHHoM HarpysKkon, NoCcneaoBaTENbHOIrO ABYXTAKTHOIO, NMapaiefibHoro; nx
CPaBHUTENbHbIE XapaKTepUCTUKN. HasHaueHne 1 BbI6Op 31EMEHTOB. Tpy NPUYUHDI
HENIMHEMHBIX UCKAXXEHUIN CUrHANoB cooblieHnii AM aetektopoM. MapameTpbl AM
AeTeKTOpoB 60MbLUMX CUFHASOB.

Jlekumsa 17. Ha3zHayeHue, CTPyKTypa, NpUMepbl CXEM AUOAHbLIX YAaCTOTHbLIX AETEKTOPOB
(4A) curHanoB ¢ 4actoTHoM Moaynsumen (UM). [lea BMAA@ YaCTOTHO-aMMIMTYAHOMO
Y/l: 4aCTOTHbIA ANCKPUMMHATOP M ApobHbIM Y[l (CpaBHUTL UX). BEKTOpHbLIE AnarpamMmbl



npeobpa3oBaTenen Buaa moaynsiumm B Y (To ectb. hasocaBUratomx
TpaHcgopmaTopoB). Ha3HaveHue 1 Bblbop anemeHToB Y/.

JNekums 18. HasHaueHne npeobpa3oBaTtenen yactotsl (MPY) npnémMHMKOB 1 apyrux
aHanoroBbIX YCTPOWCTB, MX napameTpbl. Mpumepbl cxeM anoaHbix MPY: HebanaHcHoro,
6anaHcHoro, konbueBoro. CpaBHUTENbHBIA aHaNN3 3TUX CXeM, LienecoobpasHoCTb
NPUMEHEHMSI KaXXaOW.

MNepeBoaunk Google anst 6GusHeca —MIHCTpyMeHTbI NepeBoa4vMKallepeBoaumnK

Circuitry analog electronics
The content of the course 36 hours of lectures on discipline

Lecture 1. Characteristics of amplifiers and receivers: a real sensitivity, amplitude
response, dynamic range, single-signal selectivity regular interference: neighboring,
mirroring channels -sk, -zk and direct passage to the intermediate frequency.
Bandwidth and coefficients. squareness of the selective response of the amplifier. Noise
factor.

Lecture 2. Feedback (OS) electric: types of parameters. The impact on operating
performance amplifier: frequency response, phase response, HRP, the sensitivity to a
change in gain from destabilizing factors. Conditions for the use of external circuits
operating in an operational amplifier.

Lecture 3. Nonlinear effects and phenomena in selective visokochastotnih (RF)
amplifiers associated with the action of large external interference: non-linear
distortions of the envelope (ie messages), blocking, cross, intermodulation distortion.
Ways to reduce them. Recommendations regarding the selection of the active elements
of selective amplifiers that reduce the nonlinear effects. The concept of selectivity
mnogosignalnoy.

Lecture 4. Examples of circuits stabilized and unstabilized power bipolar and field-effect
transistors. Appointment and selection of circuit elements that ensure the stabilization
of the working point of the current-ampenny device characteristics

Lecture 5. The gain stage to the main circuit switching transistors: common emitter,
base, collector. Equivalent circuits for low, medium, high-frequency (LF, MF, HF).

Lecture 6. Composite transistors (ST): VT-R and VT-VT-types. Darlington. Paradoksnaya
steam. Cascode steam. Comparative analysis of the properties and parameters of these
devices.

Lecture 7. gain stage output powerful: Examples of circuitry. Modes A, AB, B, C push-
pull operation of transistors in the power stage. The current-voltage characteristics



(CVC) of these regimes. Comparative analysis. Key indicators of an amplifier, and when
it is advisable to use one or the other mode.

Lecture 8. Interference of external environment and internal noise amplifiers and
receivers. Classification of interference by birth, by nature (fluctuation, pulse, with a
focused range, passive) and on the interaction with the signal (additive and
multiplicative).

Lecture 9. The purpose of the application of complex bandpass filters. Circuitry
bandpass amplifier of intermediate frequency (IF). Appointment of IFA. Three types of
filters distributed selectivity: several single resonant circuits tuned to the same
frequency; mutually frustrated twos, threes contours. Double-circuit bandpass filters.
Compare their properties and frequency response.

Lecture 10. The purpose of the application of complex bandpass filters. LC-filters with
concentrated selectivity (FSS): Consistency on the characteristic impedance (p-FSS) FSS
is also optimal for AM and FM signals with a frequency response of Chebyshev,
Butterworth. Compare the properties of their response and to recommend the feasibility
of.

Lecture 11. The structure of the circuitry of the operational amplifier (op amp).
Differential stage DC properties. Potential noise immunity Conditions. Examples and
purpose of schemes to reduce the level of OP. An example of the output stage OU.

Lecture 12. The operational amplifier (op amp). Small signal macro model parameters.
Speed settings. Classification. Structure. Four main strategies to incorporate the OS and
their properties: inverse scale Shelter, a large-scale non-inverting op amp non-inverting
op amp repeater, OC differentiation.

Lecture 13. Examples of linear circuits devices operational amplifier (op amp): linear
adder, integrator / differentiator; integral and differential adders; a comparator, the
zero indicator. Properties features. Requirements for the OS to implement these types
of signal processing.

Lecture 14. Examples of non-linear circuit devices operational amplifier (op amp):
logarifmatory / antilogarifmatory; logarithmic multipliers and dividers; precision
rectifiers. Properties. Requirements OP to implement these types of signal processing.

Lecture 15. The active RC filter (ARCF) an operational amplifier (op amp). AFC types
and examples of their approximations. Options ARCF. Cascading units ARCF. Examples
of circuit design and calculation. Requirements for Shelter to implement signal
processing ARCF.

Lecture 16. Assignment and circuitry diode detector signals with amplitude modulation
(AM): a sequence of simple, consistent with the divided load, serial two-stroke, parallel;
their comparative characteristics. Appointment and selection of items. Three reasons
distortion signal posts AM detector. Options AM detectors large signals.



Lecture 17. Appointment, structure, examples of arrangements of diode detectors
frequency (RF) signals with frequency modulation (FM). Two types of frequency-
amplitude BH: frequency discriminator and fractional BH (compare them). Vector
diagrams converters modulation type BH (ie. The phase-shifting transformers).
Nomination and election of members of the black hole.

Lecture 18. Assignment of frequency inverters (SRN) receivers, and other analog
devices, their parameters. Examples of diode circuits SRN: unbalanced, balanced, ring.
The comparative analysis of these schemes, the feasibility of each.
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