degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAJIMOTEXHUKH M KOMIIBIOTEPHBIX
TeXHOJIOTHH

A.B. [IBopkoBu4

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: WmnynbcHbie 1 nudpoBbIe yCTpoiicTBa
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: PannorexHuka 1 KOMIBIOTEPHBIE TEXHOJIOTUU

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN
Kypc: 4
KBaJIupuKAIMSL: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

AynutopHbIX yacoB: 120 Bcero, B TOM 4ucCIe:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3aHsaTus: 90 yac.

CamocrositenpHas pabora: 165 gac.

[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 315, Bcero 3au. en.: 7

[Iporpammy cocrtaBui: B.IL Ilcypues, kaHA. TEXH. HAyK, JOLEHT, AOLEHT

[Iporpamma obcyxieHa Ha 3acefjanny Kadeapsl paarodIeKTPOHUKH U TpukiIaaHoi naopmaruku 14.04.2020



AHHOTANMA

OcBoeHHEe METOAOB NPOCKTHUPOBAHUS M allapaTHON pean3allid MMITYJIbCHBIX M LU(POBBIX JIEKTPOHHBIX
YCTPOWCTB HA OCHOBE COBPEMEHHOM IeMEHTHOM 0a3bl MporpaMMUpyeMbIx HHTerpanbHbIX cxeM ([TJIUC).

ITudpoBbie reHepaTOpsl UMITYIIECOB IPONU3BOIBHOM (HOPBI C PETYIUPYEMBIMH ITapaMETPaMHU.

I'eneparopsl NIepUOAMUECKAX CUTHAJIOB HANPSHKEHUS] TIPOU3BOIBHON (DOPMBI € perymupyeMoil aMIUIUTYIOMH,
4acTOTOW M TIEPUOAOM KOJIeOaHUH.

]_[I/I(i)pOBBIC HU3MCPUTCIIN ITapaMCTPOB OAUHOYHBIX U IICPUOJNICCKUX UMITYJIbCOB.

AKKYMYJUITOPHBIG HU3MCPUTCIIM YaCTOThI TCPHUOJUYCCKUX CHUI'HAJIOB C MI/IHI/IMI/I3aHI/Ieﬁ HOOrpeIurHOCTH
AUCKPETHOCTU OTCHYETA.

W3mepurenu cpeHUX U CPeIHEKBAIPAaTHYECKUX 3HAYEHUH IIU(POBBIX U aHATOTOBBIX CUT'HAJIOB.

Amnmaparnas peanuzanust Ha [IJIMC apudmeTrueckux yCTpOWCTB CyMMHPOBAHUS, YMHOKEHUS, JECICHUS,
W3BJICYCHHSI KBaJIPaTHOTO U KyOndeckoro kopHs. PaboTa ¢ uenbiMu v APOOHBIMHU YUCIIaAMHU.

Amnmnaparnas peanuzanust Ha [IJIMC apudmernueckux omepanuii ¢ KOMIUIEKCHBIMH duciaMu. [loBopoTHbie
MHOXHTEIH.

[udpoaHanoropele 1 aHAIOTO-IIUPPOBBIE TPEOOPa30BATEIH.
Peanuzanus pexypcuBHBIX HU(POBBIX (HUIBTPOB HA ILIHC.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

O3HAaKOMJICHHE C COBPEMEHHBIMH TEXHOJIOTHSIMU U MOTy4YE€HHE HABBIKOB pPa3pabOTKH, MOCIUPOBAHUS U
OTJIaZIKV UMITYJbCHBIX U HU(POBBIX yCTPOUCTB.

33]13‘[1/[ JAUCHUIIINHBI

- OCBOCHHE CTy/IEHTaMH 0a30BbIX 3HAHUN B 001aCTH pa3pabOTKH UMITYIbCHBIX U LU(QPOBBIX YCTPOMCTB
Ha OCHOBE MTPOTPAMMHBIX JJOTHUECKUX HHTerpanbHbIX cxeM ([TJIMC);

- TpUOOpeTeHHe TEOPETUYECKUX 3HAHMI O00JAaCTH METOIMKH HMPOEKTUPOBAHUS, MOJCIUPOBAHUS U
aHaJln3a UMITYJbCHBIX U U(PPOBBIX YCTPOHUCTB;

- OKa3aHWe KOHCYJIbTalMd M TIOMOIIM CTyIEHTaM B TNPOBEICHHM COOCTBEHHBIX HCCIIEJOBAaHUN W
pa3paboTKu UMIYILCHBIX U UPPOBBIX yCTpoiicTB Ha ocHose [TJINC.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kon 1 HauMeHOBaHHE KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensite Kpyr 3a1a4d B VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
paMKax MOCTaBJICHHOM LENN U BBIOMPATh 3aJad B paMKax  IIOCTaBJIGHHOW  wenu  paboTsl,
OINITHMAJIbHBIE CIIOCOOBI UX PELICHUs, UCXO U3 |00eCTIeUNBAIOLINX ee JOCTHKCHHUE. Omnpenenser

JEHCTBYIOIIMX MPABOBBIX HOPM, HMEIOIIUXCS  |0KHUAAEMBIE PE3yJIBTaThl PEHIEHUS TOCTABIECHHBIX 3aa4
PECYPCOB U OTpaHUYEHUIN

YK-3 Cniocoben ocyniecTBIsITh COIMANBLHOE VYK-3.1 Cmocoben  ycTaHaBiuBaTh  pasHbie  BHUJIBI
B3aMMOJICHCTBHE U PEaTM30BbIBATH CBOIO POJIb B |KOMMYHHKALIUN (yueOnyto, Hay4HYIO, JIEJIOBYIO,
KOMaHj1e He(OopMallLHYIO U JIp.)

OIIK-2 Cnocoben ucnonb3oBarh copemennsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTENIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PEeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUsg MHYOPMAITMOHHOW OE30TIaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0QOpMIIATH OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
Hay4HbIC U (WIN) TEXHUYECKUE MyOJIMKaUi 1 HAyYHO-TEXHHUUYECKOM TOKyMEHTaluH, B TOM
(TexHOIIOTNYECKNE, MTHHOBAL[MOHHBIC) OTYETHl  |YHCIIE C KCIOIB30BAaHUEM MPHUKIAJHOIO MPOrPaMMHOIO
(TmyOnuKanum, mMpoeKThI) obecrnieueHust

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3aj1a4 MpodeCcCHOHANBHOM JeATeIbHOCTH

ARwnRAmysr vraxmrrrn masrrrrrraavensy v {xrreer \




UUPdUUll\y l‘ldy 1HU-1CAHNYICLURLUN 1 \l/lJll/l)
TEXHOJIOTUYECKON MH(POPMAIUK ATl peLIeHUs
($yHIaMEHTAIBHBIX U MPUKIATHBIX 33124

OIlK-4.4 Bnageer HaBbIKaMU pabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MMOTYYCHUS, XPAaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHYECKOH)
uHpopManun

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HCCIIeI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[1K-2.3 Cnioco0eH npencTaBiATh HayYHbIE YTBEPKACHUS, HX
000CHOBaHMS M JI0KA3aTeNbCTBA, HAYYHbIE NMPOOIEMBI M MX
pelieHUs] SCHO M TOYHO B TEPMUHAX, MOHATHBIX IS
mpoheCCUOHANIBHON ayTuTOpUU, B NMUCHMEHHOH M YCTHOW

dhopme

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B

M30paHHON NpeAMETHOH 00IacTH

[IK-3.1 3naer npuHOMIIBI PabOTHI M JHara3oHbl paboumx
[apaMeTpoOB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)

B pesynbrare ocBoeHUS TUCIUIUTHHBI 00y4YaronInecs JOJKHBI

3HATb.

- OCHOBHbI€ HWHCTPYMCHTbBI MW TEXHOJIOTMH, COCTABJIAIOMINEC TIOHATUC HWMIIYJIbCHBIX U I.IPI(i)pOBBIX

YCTPOMCTB;

- OCHOBHBIE TEXHOJIOTHYECKHE MPOLECCHl, CBS3aHHBIE C Pa3pabOTKOM HMMITYJIBCHBIX M LU(PPOBBIX
YCTPOMCTB Ha MPOrpPaMMHUPYEMBIX JIOTHYeCKNX HHTerpaibHbiX cxemax ([IJIMC);

- COBpEMEHHbIE MPOOJIEMBI TPOSKTUPOBAHUS UMITYILCHBIX U ITUPPOBBIX ycTpoiicTB Ha [TJIUC;

- OCHOBHBIE METO/Ibl ONTHMHU3ALIUU IPOCKTUPOBAHUS UMITYIbCHBIX U IH(pOBbIX ycTpoicTs Ha [IJINC;
- OCHOBBI 00€CTIEUEeHUsI Ka4eCcTBAa M BHICOKOI CKOPOCTH MPOEKTUPOBAHMS MPH pa3paboTKe UMITYIbCHBIX

U TUQPOBBIX YCTPOUCTB.
YMETB:

- HOJIb30BATbC CBOMMU 3HAHUAMU IJIA PCIICHUA MMPUKIIAAHBIX U TCXHOJIOTHYCCKUX 3a1a4,
- A€JIaTh IIPAaBUJIbHBIC BBIBOJAbLI U3 COIIOCTABJICHUSA PE3YJIbTATOB MOACIUPOBAHUA U SKCIICPUMCEHTA,
- JACJIaTb KAaUCCTBCHHBIC BBIBOJAbI IPHU MCPCXOAC K MNPCACIbHBIM YaCTOTAM CHUI'HAJIOB CHUHXPOHH3ALIUA

UQGPOBBIX YCTPOKCTB;

UMITYJbCHBIX U IIU(POBBIX yCTPOICTBAX;

BUJACTH B pE3yJibTaTaX MOACIUPOBAHUA COOTBCTCTBUA W OTINWYUA OT PCAJIbHBIX IIPOHCCCOB B

- OCBauMBaTb HOBBIC MCTOAMKH OIIMCAaHUA CBS3CH DJIICMEHTOB B QJICKTPOHHBIX CXEMax I_II/I(i)pOBBIX

YCTPOMCTB.
BJIaJIETh:

- HaBbIKAMH OCBOEHUS 00JpIIOT0 00BbeMa HHPOPMALIUY;
- HaBBIKAMM CaMOCTOSITEIbHON paboThl M MCHOIBb30BaHUs HH(popMary u3 6a3 3HaHuil B VIHTEpHET;
- KYJIbTYpOH IOCTaHOBKM M HPOCKTHPOBAaHUS 3agady IO pa3padoTKe HMIYJIBCHBIX M IH(PPOBBIX

YCTPOUCTB;

- HaBbIKaMU HCIIOJIb30BAHUC COBPECMCHHBIX HHCTPYMCHTOB IIPOCKTUPOBAHUA UMITYJILCHBIX U LII/I(I)pOBBIX

YCTPOUCTB;

- HpaKTHKOﬁ HCCIICAOBAaHUA U PCHICHUA TCOPCTUUCCKUX U TPUKITAAHBIX 3a/1a4.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Tpurrepsl ¥ CYETYMKH HMMITYIICOB Ha
1 [UTIC. 9 24 40
2 I'eneparops! ummysiscos Ha [TJIMC 7 22 41




AKKyMyJIATOPHbIE HM3MEPUTENN YaCTOTHI
3 wa TUTHC 7 22 42
Peanuzauusa apudmernyeckux omnepauuit
4 wa TUTHC 7 22 42
Nroro gacos 30 90 165
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 315 yac., 7 3au.en.
4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 7 (OceHHwmi)

1. Tpurreps! u cueTunku uMmynbcoB Ha [TIJINC.

DOnemeHnTHas 0a3a COBPEMEHHBIX HMIYJIbCHBIX M IU(poBbIX ycrpoiictB (KMOII TpaH3uCTOpHI,
uHBepTop, Oydep, wmou, nepexmouarens). [IJIMC. Crpykrypa, TeHepaTopbl NpPOU3BOILHOMN
noruueckoir ¢ynkumu, D-tpurreps;, T u E-Oydepsi, Onoku BBoma/BeiBOga, KOH(PHUTYpHpyeMbIe
norudeckue OJIoku, TiobabHble Oydepsl, cialicoBas u OJOYHAs MaMsITh, 3arpy3ka KOH(HTYpaIyH.
Tpurrepsr IIJIUC (FDCE, FDPE, FDRE, FDSE, FIJKE, FTE). Cuerunku umnynscoB (CBmCE,
CBmRE, pesepcuBnslii cuetunk CBmLED, nexaaHpiii cdeT4uK, cueTYuK JIXKOHCOHA, CUETUYHK B KOZE
I'pes).

2. I'eneparops! umnynscos Ha [IJIMC

Cocrasnenne cxem moayneit IIJIMC nma VERILOG-e. MopenupoBanue pabotel moayneir B ISE
cumymstope. Cocrasnenue cxemsl ycTpoiictBa Ha [IJIMC co BCTpoeHHBIME MOAYISMHU.

3. AKKyMynsTOpHBIE n3MepuTenu yacToTsl Ha [1IJIMC

[Tudpossie reneparopsl uMiynbcoB. CuHtesatop nepuona. L{ndpossie ymnpasisiemMble reHEpaToOphl
HUMIIYJIBCOB C 3aJaHHBIMU NapaMeTpaMu. L{ndpoBreie reHepaTopsl «IHIBD).

4. Peammzauus apudmernueckux onepanuii Ha [IJIMC

W3mepurenu UIMTENBHOCTH, IEPUOAA MU YACTOTHl HMIYJIBCOB. AKKYMYJISITOPHBIE H3MEPUTENN
4acTOThl. AKKYMYJISTOp (HakarmiuBaromui cymmarop). CHHTE3aTop 4acTOThHl C JIeKaAHO-KPaTHBIM
L1aroMm.

Apudmernueckue oneparmu Ha [IJIMC. TlpencraBnenue uucen ¢ QUKCHPOBAHHOW W IIaBAroOIIEH
toukod. Ammaparasie cpeactsa [IJIMC nmnst cymmupoBaHUs, BBIYMTAHUSI, YMHOXKEHHUS U JICJICHUS.
VYMHOXEHHE KOMIUIEKCHBIX 4YHcel. Perumcrp mocnemoBarenbHOro mnpuOmmwkeHus. l3BneueHue
KBaJpaTHOTO U KyOW4eCKOro KOPHSI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEOOXOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

[Mepconansubie kKomnbioTepsl. WebPack ISE.13.3, WebPack ISE.7.1i. Otnamounsie maketst NEXYS2.
Hudpossie ocummutorpadsr Signal-PV6s.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. IlpoextupoBanue nudpossix ycrpoicTs [Teker] : B 2 1. T.1 : [yue6. nocobue ams By3os] / [x. ©.
Voiikepnu ; nep. ¢ aur. E. B. Boponosa, A. I1. Jlapuna .— M. : IToctmapxkert, 2002 .— 528 c.

2. IIpoextupoBanue mudpoBsix ycrpoicts [Teker] : B 2 1. T.1 : [yue6. mocobue amns By3os] / Jx. .
Voiikepnu ; nep. ¢ auri. E. B. Boponosa, A. I1. Jlapuna .— M. : [loctmapker, 2002 .— 528 c.



JomnonHurensHas aureparypa

1. OcHoBsl u(poBoii anekrpornku [ Texct] : yued. mocodue s By3oB / A. JI. Jlapun ; M-Bo
oOpazoBanus u Hayku PD, Mock. puz.-TexH. uH-T (TOC. YH-T) .— 2-€ U3[., iepepad. u gomn. — M. :
M®THU, 2014 .— 281 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

Crpanuiia ¢ JOKyMeHTaIlueH:
http://www.xilinx.com/products/boards-and-kits/ek-k 7-kc705-g.html#documentation

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPpOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

WebPack ISE.13.3, WebPack ISE.7.11.
9. MeTonuuecKHe yKa3aHus 151 00y4AIOMIMXCS 0 OCBOEHHIO TUCHUILTHHBI (MOTYJIsI)

Bo Bpemsi BBITIONIHEHUS U CJla4M JTa0OPATOPHBIX PAbOT CTYAEHTHI MOTYT TMOJb30BATHCS KOHCICKTAMH
JIEKIUH, METOIUYECKIUMHU TIOCOOUSMU K J1a00OpaTopHBbIM padboTam, JIaOOPATOPHBIMU MaKETaMU, JTUIHOM
1 JIA0OPaTOPHON BRIYUCIUTEILHON TEXHUKOM, U CIIPABOYHOM TUTEPATypOH, B TOM YKCIIC U3 UHTEPHETA.
Ox3ameH 1o kypey UIY npoBoasaTes B BUJIE peanu3aiyy U 3alUThl HHIABUAYATBHOTO TIPOCKTA.
CTymeHTy TpeaoCTaBseTCS BO3MOXKHOCTD TIOJNB30BAaThCd BCEMHM HCTOYHMKAMH HH(DOPMAIUK:
JEKIUSAME, MaTepralaMi CBOMX JIa0OpaTopHBIX paboT, MHTEPHETOM W MPAKTUYECKH HEOTPaHUYCHHOE
Bpems ¢ 8:00 mo 20:00. B 3amaum 3K3aMEHANMOHHBIX TPOEKTOB BXOIUT TOJBKO TO, YTO OBUIO B
nabopaTopHBIX paboTaxX WM Ha JEKIUSX.

Jlnss  KOHTpONsi W KOPPEKIMU 3HAHWH, oOydaromuyecs MOTYT HCIOJIb30BaTh KOMITBIOTEPHOE
MOJICITUPOBAHHE.

B mporiecce caMmocToATeIbHOM PabOThl 00YUAIOIIMXCS BO3MOXHO HUCIIOJIb30BAaHUE TAKUX MPOTPAMMHBIX
cpencts, kak WebPack ISE.14.4, WebPack ISE.7.1i. OrCAD.

CamocrosiTeTbHass paboTa BKIIOYaeT B ce0sl: YTEHWE M KOHCIEKTHPOBAaHUE PEKOMEHIyeMOn
JIUTEPaTyphbl, IPOCMOTP HHTEPHET-PECYPCOB MO TEMATHKE Kypca.

Pexomennyem Takxe MpoYnTaTh:

1.CyBopoBa E.A., Hleituun FO.E. IlpoexktupoBanue uudpoBeix cuctem Ha VHDL.- CIIO.:
BXB-Iletepoypr,2003.-576 c.

2.1laparoB A. B. Mukpoanekrponuka. [ludposas cxemorexnuka, M3m.: Tomckuii MexBY30BCKHI
LEHTpP TUCTaHIMOHHOTO 0Opa3osanums, 2007, 158 c.

4.ConoseeB B.B. IlpoexrtupoBanue um¢posbsix cucreM Ha ocHoBe [IJIMC, M.: T'op.munus-Tenekom,
2007, 636 c.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa paarodIeKTPOHUKHY U PUKIIATHOW HH()OPMATHKN
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

Pa3paborunk: B.IIL. IlcypueB, KaHA. TEXH. HAYK, JOLEHT, JOLICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
paMKax OCTaBJICHHOM LENH U BBIOMPATh 3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
OINITHMAJIbHBIE CIIOCOOBI UX PELICHUs, UCXO U3 |00eCTIeUNBAIOLINX ee JOCTHKEHHUE. Omnpenenser

JEHCTBYIOIIMX NPABOBBIX HOPM, HMEIOIIUXCS  |0KHUAAEMBIE PE3yJIBTaThl PEHIEHUS TOCTABIECHHBIX 3aa4d
PECYPCOB ¥ OTpaHUYEHUI

YK-3 Crnocoben ocyniecTBIsITh COIMANBEHOE VYK-3.1 CmocobeHn  ycTaHaBiuBaTh  pasHbie  BHJBI
B3aMMOJICHCTBHE U PEaTM30BbIBATH CBOIO POJIb B |KOMMYHHKALIUN (yuebnyto, Hay4HYIO, JIEJIOBYIO,
KOMaHj1e He(OopMalILHYIO U JIp.)

OIIK-2 Cnocoben ucnonb3oBars copemennsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTEIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
Hay4HbIE U (WIN) TEXHUYECKUE MyOJIMKaUi U HAyYHO-TEXHUUYECKON TOKyMEHTAaluH, B TOM
(TexHONIOTNYECKUE, MTHHOBAL[MOHHBIC) OTYETHl  |YHCIIE C KCIIOIB30BAaHUEM MNPHUKIAJHOIO MPOrPaMMHOIO
(TmyOnuKanum, mMpoeKThI) obecrnieueHust

OIIK-4.1 Brmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHaln3a WHGOpMalWU MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop 1 9
3aj1a4 MpodeCcCHOHANBHOM JeATeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IIPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETAMU C LIEJbIO NOJyUEHUsI, XpaHEHUs U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
000CHOBaHMS M J0Ka3aTelIbCTBA, HAYYHBIE MPOOJIEMBI U HX
pelieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIs
npoeCCHOHANBHON ayTUTOPUH, B NHUCBMEHHOH M YCTHOU

dopme

[MK-2 CriocobeH aHanu3upoBaTh MOTyUYCHHBIE B
XO0JIe HayYHO-HCCIIEe0BATENLCKON paObOThI
JIAHHBIC U J€J1aTh HAyYHBbIC BHIBOJIBI
(3aKITrOUCHMS )

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh IMK-3.1 3naer npuHIOHMILEI PabOTHI M JHANa3oHbl pabounx
noaxozsiee 000py10BaHHEe, HHCTPYMEHTBI M |[TapaMETPOB HCIIOIB3YEMOT0 HayYHOTO 000pYy/IOBaHUS
METO/Ibl HCCIJICIOBAHUM IS peIlieHHs 3a/1a4 B
n30paHHON MTPEIMETHOM 00JIacTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus qucuIuinHbl « UMITy IbCHBIC U ITUGPOBEIE YCTPOUCTBA» O0YJYAFOIIHIACS JTOJIKEH:

3HATh:
- OCHOBHBbIE HHCTPYMEHTBI M TEXHOJOTMH, COCTABISIOIIME IOHITHE HMIYIbCHBIX U LUPPOBBIX
YCTPOUCTB;
- OCHOBHBIC TEXHOJIOTUYECKHE MPOLECCH], CBA3aHHBIE C Pa3paOOTKON HMIYIbCHBIX U LHHU(POBBIX
YCTPOMCTB Ha MPOrPpaMMHUPYEMBbIX JIOTHYeCKUX UHTerpaibHbIX cxemax ([TJIUC);
- COBpEMEHHbIE MMPOOJIEMBI TPOSKTUPOBAHUS UMITYJILCHBIX U HUPPOBBIX ycTpoiicTB Ha [IJIUC;
- OCHOBHBIE METOJIbI ONTHMHU3AIINU TIPOCKTHPOBAHUS HMITYJIbCHBIX U IU(POBBIX ycrpoiicTs Ha [TJINC;
- OCHOBBI OOecIieueHHs KauecTBa M BBICOKOM CKOPOCTH MPOEKTUPOBAHMS IPH Pa3pabOTKe UMITYIbCHBIX
Y IUQPOBBIX YCTPOUCTB.

YMeThb:



- TIOJIb30BATHCSI CBOMMHU 3HAHUSIMHU /ISl PELICHUS IPUKIIAHBIX U TEXHOJIOTUYECKUX 3a/a4;
- JIeJIaTh [IPaBHJIbHBIC BBIBOJIBI U3 COTIOCTABIICHUS PE3YIHTATOB MOIEIMPOBAHUS U SKCIICPUMEHTA;
- JIeNaTh KadyeCTBEHHbIC BBIBOABI MU IEPEX0Ofie K MPEeleNbHBIM YacTOTaM CUIHAJOB CHHXPOHM3ALUH
IU(POBBIX YCTPOICTB;
- BUAETh B pe3ylbTaTax MOJCIUPOBAHHUS COOTBETCTBHUS M OTIMYMSA OT PEAJIbHBIX IPOLECCOB B
UMITYJIbCHBIX U HU(PPOBBIX YCTPOHCTBAX;
- OCBaWBaThb HOBBIE€ METOIMKHM OIMCAHMS CBA3EH AJIEMEHTOB B 3JIEKTPOHHBIX CXeMax IH(POBBIX
YCTPOMCTB.

BJa/IeTh:

- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAIINY;

- HaBBIKAMH CaMOCTOSITEIbHON pabOThI M HCIIOJIBb30BaHUs HH(popMalu u3 0a3 3HaHui B VIHTEpHET;

- KyJIbTYpOil TOCTaHOBKM M HPOEKTUPOBAHHUS 3a7ad IO pa3pabOTKe MMIYIbCHBIX U HHU(POBBIX
YCTPOMCTB;

- HaBBIKAMHM UCIIOJIb30BaHHE COBPEMEHHBIX HHCTPYMEHTOB IPOEKTHPOBAHUS UMIYJILCHBIX M IU(PPOBBIX
YCTPOMCTB;

- IPAKTHKOM MCCIIEOBAaHNS M PELICHUS TEOPETUUECKUX U MPUKIIAJHBIX 3a71a4.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

Texymmii KOHTpodb 10 JaboparopHoMy Kypcy «MMmynscHble ©W  IH(POBBIE  yCTpOICTBaY
ocymIecTBIsieTcst B GopMe KOHTPOJIsl YyCBOCHUSI METOJIOB aHAJIN3a M MPOCKTHPOBAHUS HA COBPEMEHHOM
ANIEMEHTHOM 0a3e CIIOKHBIX JICKTPOHHBIX UMITYJIbCHBIX HHU(POBBIX YCTPOUCTB B (OpPME MPOBEACHUS
OIPOCOB IO MOJATOTOBKE K BBINOJHEHUIO J1AOOPAaTOPHOH PabOThI M IO IMOIYyYCHHBIM PE3yJbTaTaM C
BBICTaBJICHHEM TEKYIIMX OLIEHOK 3a KX/ 3Tall MOATOTOBKH, BBIMIOJIHEHHS M CHa4U J1a00PaTOPHBIX
pabor.

ITepeueHb KOHTPOIBHBIX BOIIPOCOB

K naboparopHoii padore Lab401

1. B uem ocobennoctb Bxona clk Tpurrepa?

2. B 9yem ocoGeHHOCTH BXO/1a ce Tpurrepa?

3. B ueM ocoGeHHOCTB BXOJI0B clr u pre Tpurrepa?

4. B yem ocobennocts Bxona T Tpurrepa?

5. B uem ocobennocth Bxos10B R u S Tpurrepa?

6. Uto o3nauaet B Moxyiae VCDDmSE "reg [ ' m-1 | Q=(1<<'m)-1"?

7. B kakom 1ukie Oyaer pabotarh cuetuuk JxoHcona? Kak mepeBectu ero B Jpyrod muki 0e3
nepesarpy3ku KoHpurypauuu?

8. B ueM ocobeHHOCTh cueTdrka B koze I pes?

9. Kak nononautk cueTduk B kope ['pes 5-m pazpsaom?

10. IToyemy B neKagHOM cueTYrKe MOXXHO 3aMeHUTh AND4B2 na AND2?

11. Kakoe Ha3zHaueHune umeet Bxo L B peBepcuBHOM cueTunke VCBmMCLED?
12. Kakoe Haznauenue nmeet Bxoxa UP B peBepcuBHOM cueTunke VCBmCLED?
13. B yem ocobeHHOCTH BXOna clr B Tpurrepe?

14. Kak cuHTe3aTOp pacupenenT CUrHaIbI 10 BbIBoAaM D-Tpurrepa B TakoM MoayJe?
module VFDCE (input a, output reg Q=0,

input b,

input c,

input d);

always @ (posedge a or posedge b) begin

if (b) Q<=0 else

Q<=c?d:Q;

end

13. Kakum ob6pazom ymaeTcst oToOpakarh pasHblie MU(PBI ¢ OMHUM JlemmdparopoM seg MpH yCIOBHUH,
9TO B CEMH CETMEHTHOM HWHIMKATOPE OTHOMMEHHBIE CETMEHTBHI BCEX YeThIpeX "HU(p" COeTUHEHBI
BMecTe?

K naboparopHoii pabotel Lab402

1.B yeM 0COOEHHOCTH JKAYIIETO TeHepaTopa UMITYJIhCa?

2.Kaxk obecrieunBaeTcst paBeHCTBO [UINTEILHOCTH UMITYJIbCA IIEJIOMY YUCITY IIEPHOIOB CHUHAA ce?
3.Uemy paBeH nepuoj| BRIXOAHOTO CUTHAJAa CHHTE3aTopa rnepuozaa?



4.Yto Takoe LLIMM reneparop.

5.Uemy paBHa cpeAHss 4acTOTa MEPETOTHEHUIA aKKyMysaTopa?

6.Kakue 3HaueHrs MPUHUMAIOT HHTEPBAJIBI MEXTY MEPENOTHEHUIMHU aKKyMyisiTopa?
7.MoxeT 1 aKkKyMYJsITOp UMETh EMKOCTh KPaTHYIO 11eJI0i cTeneHu 27

8.Kax MOXHO M3MEPUTH ATUTENBHOCTh UMITYJIbCa?

9.Kak uamepurhb nepuoj ciie0BaHNs UMITYIbCOB?

10.Kak u3mepuTh 4acTOTy CIEOBAHMS UMITYJIbCOB?

K naboparopHoii pabore Lab403 PR

1.B yeM 0COOEHHOCTH U3MEPEHHUS YaCTOTHI C MPSIMOYTOIBHOM BeCOMOH QyHKITUEH?

2.Yemy paBHa OTHOCHTENIbHAs MOTPELIHOCTh AUCKPETHOCTH OTCYETa IPU HM3MEPEHHHM YacTOThI C
MPSIMOYTOJIEHOW BECOBOM (yHKIMEH?

3.Kak 3aBHUCHUT OT 4YacTOTBl HM3MEPSIEMOIO CHTHaJa OTHOCHUTENBHAs IOIPENIHOCTh JHCKPETHOCTH
oTcYeTa MPU U3MEPEHUH YaCTOTHI C MPSMOYTOIBHOM BecoBOW (yHKIIMEH?

4.Yemy paBHa MakCUMallbHasl H3MeEpsieMast 4acToTa C MPSIMOYTOJILHOM BeCOBOW (DYHKIIUEH?
5.Yemy paBHa MUHUMAJbHAS U3MEpsieMast YaCTOTa C MPSIMOYTOJILHOW BECOBON QyHKITUEH?
6.YeMy paBHO MakcHUMaJbHOE 3HAYCHUE TPSIMOYTOJIBHOM BeCOBOM (DyHKIIMN?

7.Yemy paBHa MojHasi CyMMa BECOBBIX KOA((HUITUEHTOB MPSIMOYTOJILHOW BECOBOH (PYHKITUHU?
8.Uemy paBHa OIIEHKa YaCTOTHI C MMPSMOYTOJILHOW BeCOBOW (yHKIIMEH?

9.Kak mpu momMoniy 1eourcieHHOro apru(MeTHIeCKOTo JATUTENs] MOKHO pa3elIiTh MEHbIIIee 1eoe
YHCJIO Ha OOJIBIIIEE LIETIOE YUCIIO.

10.Kak mony4uTh OI[EHKY YaCTOTHI B JIEKaTHOM BH/IE?
K naboparopHoii padore Lab403 TR
1.B ueM 0cOOEHHOCTh U3MEPEHUS YaCTOTHI C TPEYTOIBHOM BecoMOor (pyHKImeH?

2.Yemy paBHa OTHOCHTENIbHAs TOTPELIIHOCTh JWCKPETHOCTH OTCYETa IMPH HM3MEPEHUH YacCTOTHI C
TPEYyTroIbHON BECOBOM QyHKIHEH?

3.Kak 3aBUCUT OT YacTOTBI HU3MEPSEMOrO CHUIHAjJa OTHOCUTENbHAs IIOIPEIIHOCTb JUCKPETHOCTH
OTCcYeTa NPU U3MEPEHUH YaCTOTHI C TPEYTOJIbHOW BECOBOM (pyHKIUEH?

4.Yemy paBHa MakCUMaJIbHAs H3MEpsieMasl YacTOTa C TPEYroJbHON BECOBOM (PyHKIUEH?
5.Yemy paBHa MUHUMaJIbHAs U3MEPsieMas YacTOTa C TPEYToJIbLHON BeCcOBOM (pyHKIMENH?
6.Yemy paBHO MakCHUMaJbHOE 3HAYCHHUE TPEYTOJILHOM BECOBOU (QYHKLINU?

7.Yemy paBHa mojHasi CyMMa BeCOBBIX KO3((UIIMEHTOB TPEyTroJbHON BecOBOM PyHKIMH?
8.Uemy paBHa OLIEHKA YaCTOTBI C TPEYTOJIBHON BeCOBOH (pyHKIMENH?

9.Kak npy mOMOIIM EIOYUCICHHOTO aprU(PMETHICCKOTO ACTUTEIS MOXKHO Pa3JelIiTh MEHBIIEES 1EI0e
YHCII0 Ha OOJIbIIIEE LIEJIOE YUCIIO.

10.Kak mony4uTh OI[EHKY YaCTOTHI B IeKaJHOM BUjIe?
K naboparopHoii pabore Lab403 PAR
1.B yemM 0cOOEHHOCTh M3MEPEHHS YaCTOTHI C TTAPAOOINIECKO BeCOMOH (PyHKITUEH?

2.UeMy paBHa OTHOCHTENbHAs TMOTPEIIHOCTh JUCKPETHOCTH OTCYETa NMPU H3MEPEHHUH YacCTOTHI C
rapabonnuecKkoi BeCoBOr (hyHKITHEH?

3.Kak 3aBUCHUT OT 4YacCTOTBl HM3MEPSIEMOIO CHTHAJIa OTHOCHUTENBHAs IOTPEHNIHOCTh JHCKPETHOCTH
oTcYeTa MPU U3MEPEHUH YaCTOTHI ¢ Mapaboinieckoil BeCOBOH (yHKIUEH?

4.Yemy paBHa MaKCUMaJIbHAsSI M3MEpsieMasl 4acToTa ¢ mapaboinieckoi BecoBol (yHKIEH?
5.Yemy paBHa MUHUMAIbHAS U3MEpsieMast YaCTOTa C MapadoInuecKol BeCOBOM QyHKIMEH?
6.YeMy paBHO MakcHUMabHOE 3HAYCHUE TTApaOOINIeCcKOi BecoBOM (DYHKIIUN?

7.Yemy paBHa MoiHasi CyMMa BECOBBIX K0(D(OUITMEHTOB MapaboIudeckoil BECOBON (PyHKIIUU?
8.Uemy paBHa OIleHKa YaCTOTHI C MapabOIUIeCcKOi BECOBON (yHKIIUEH?

9.Kak pu momMoniy 1eourcieHHOro apru(MeTHIeCKOTo JATUTENs] MOKHO pa3elIiTh MEHbIIee 1ejioe
YHCJIO Ha OOJIBIIIEE LIETIOE YUCIIO.

10.Kak mony4uTh OI[EeHKY YaCTOTHI B JIEKaTHOM BH/IE?
K naboparopHoii padore Lab403 4PAR
1.B ueM 0cOOEHHOCTh U3MEPEHHUS YaCTOTHI C KyCOYHO-TIapadOTNIeCKON BeCOMON (hyHKITUEH?

2.Yemy paBHa OTHOCHTEIIbHAs TOTPELIIHOCTh JWCKPETHOCTH OTCYETa IMPH HM3MEPEHUH YacCTOTHI C
KyCOYHO-TIapa0oIuecKoll BECOBON QyHKITUEH?

3.Kak 3aBUCUT OT YacTOTBI HM3MEPSEMOIO CHUIHAJa OTHOCUTENbHAs IIOIPEIIHOCTb JIUCKPETHOCTH
oTcYeTa MPU U3MEPEHUH YaCTOTHI C KyCOYHO-TIapaboIn4ecKoil BecoBoi (yHKUIMEH?

4.Yemy paBHA MaKCUMaJIbHAs H3MEpsieMast 4acTOTa ¢ KyCOYHO-TIapaboniecKkoil BecoBor (QyHKUINEH?



5.Yemy paBHa MUHUMaJIbHAS U3MEpsieMast YaCTOTa C KYCOYHO-TTapaboIuIecKoil BECOBOH QyHKITUEH?
6.YeMy paBHO MakcCHUMaJbHOE 3HAYCHHUE KyCOUYHO-TIApa00oInIecKoil BeCOBOM (QyHKIIMN?

7.Yemy paBHa MojHasi CyMMa BECOBBIX KOA((HUITMEHTOB KYCOYHO-TapaboIuiecKoi BECOBOU (PyHKIIUU?
8.Uemy paBHa OIIEHKA YaCTOTHI C KYCOYHO-ITapabOINIecKoil BECOBOH QyHKITUEH?

9.Kak npu momMoniy 1eourcieHHOro apu(MeTHIeCKOTo JATUTENsI MOKHO pa3elIiTh MEHbIIIee 1ejoe
YHCJIIO Ha OOJIBIIIEE LIETIOE YUCIIO.

10.Kak mony4uTh OI[EHKY YaCTOTHI B JIEKaTHOM BH/IE?

K naboparopHoii padore Lab409

1.IIpeobpazoBaresb YeTHIPEX3HAYHOTO AecATUYHOTO yrcia B 1sonyHoe DEC to BIN.
2.IIpeobpazoBarens JBOUYHOTO yucia B gecatuunoe BIN to DEC
3.IIpeobpazoBarenb ApoOHON YacTH IBOMYHOTO Yncia B gecsatuanoe Fbin_to Fdec.
4.Apudmerndeckuil nenutenp yncena my DIV.

5.lemnouncieHHblii apuMETHUECKUN ICTUTENb

6. PerucTpoBbiif YMHOXHUTENb LIEIBIX JBOUYHBIX YHCEI.

7.YMHOKE€HUE YUCEII CO 3HAKOM.

8. YMHOKEHNE KOMIUIEKCHBIX YUCEIL.

9.Peructp mocieaoBareabHOTO MPHOIMKECHUS.

10.Anroputm ALIII nocnenoBaTeIbHOTO MPUOTHKCHHISL.

11. Anroput™ M3BICYEHHE KOPHS KBAIPaTHOTO.

12. AnropuT™ H3BJICUECHUE KOPHS KyOUYECKOTO.

13. ApudmeTrka ¢ rmaBaronieil TOUKOM.

14.Anroput™m npeodpazoBanus Fix_to Float.

15.Anroputm npeobpazoBanus Float _to  Fix.

16.Anroputm FLOAT ymHOXeHuSI.

17.Anroputm FLOAT cymmupoBanus.

18.Anroputm FLOAT nenenus.

K naboparopHoii padore Lab410 XS

1.I'eneparop uudpoBoOro CHHYCONIAIBHOTO CUTHAJIA.

2.Kak perynupyercst aMIinTyaa HuppoBoro CHHyCOMAaIbHOTO CUTrHaIa?
3.ANropuT™M KBaJpaTypHOH OLICHKH aMIUIUTYIbI HM(GPOBOTO CHHYCOUAAIEHOTO CUTHAIA.
4.ANTOPUTM U3BJICUCHHSI KOPHS KBAAPATHOTO.

5.ANTOPUTM OLIEHKH CMEIEHHsI HU(POBOTr0 CHHYCOUJAIBHOTO CUTHAA.

6.Kak Bimser m3aMeHeHHE CMEIIeHUs IM(PPOBOTO CUHYCOHWJAIHHOIO CHUTHAJa Ha TOYHOCTH OIICHKH
aAMIUTATYBI?

7.Kak Bnusier ©3MEHEHHE CMeIeHHs BEIOOPOK CUI'Hajla HA TOYHOCTh OLEHKH aMITIUTY/IbI?

8.Kak Bimser OTKIOHEHHE YacTOThl IU(PPOBOTO CHHYCOMAAIBHOTO CHUTHAJlA OT HOMHHAJIBHOW Ha
OLIEHKY aMIUIUTYbI?

K naboparopHoii padore Lab410 XT

1.I'eneparop uudpoBoOro CHHYCONIAIBHOTO CUTHAJIA.

2.Kak perynupyercst aMIiuTyaa HuppoBoro CHHyCOMAaIbHOTO CUTrHaIa?

3.ANropuTM KBaJpaTypHOH OLICHKH aMIUIUTYIbI HM(GPOBOTO CHHYCOUAAIHOTO CUTHAIA.

4.ANTOPUTM U3BJICUCHHSI KOPHS KBAAPATHOTO.

5.ANropUT™M OLIEHKH IIeproaa UM POBOro CHHYCOUJAIBHOTO CUTHAA.

6.Kax Bimser u3MeHeHWEe mepuofia IU(PPOBOTO CHHYCOUJANBHOTO CHTHAja Ha TOYHOCTH OIICHKH
aAMIUTATYBI?

7.Kak Bnusier u3MEHEHHE CMEIIIEHHSI BEIOOPOK CUTHaJIa HA TOYHOCTh OIEHKU aMILTUTYIbI?

8.Kak BimusieT OTKIOHEHHE YacTOThl MU(POBOTO CHHYCOWAAIBHOIO CHUTHAja OT HOMHHAIBHOM Ha
OLIEHKY aMIUIUTYbI?

K naboparopHoii padore Lab411

1.B yeM 0cOOEHHOCT U3MEPEHHS HANPSIKEHUS C UCTIOIB30BaHUEM MUKpocxeMbl AD7740?

2.Kax 3aBucut yactoTta BeIxogHoro curaana AD7740 oT BXOJHOTO HaNpsHKEHUs ?

3.Uemy paBHa OlleHKA HATIPSKEHUS ?

4.Yemy paBHA TUCKPETHOCTh U3MEPEHUS HAMIPSDKEHUS ?

5.I1o kakoMy mpaBHIly BEIOMpaETCs BpeMsl U3MEPEHUS 4YaCTOThI?

6.Kak BIusIIOT mynbcauy U3MEpsieMOro HalpsHKEHUS HA TOYHOCTh OLIGHKU CPEIHETro HaPsKeHHUS ?



7.Kak mpeobpa3oBath IBOMYHOE YHCIIO B JIBOUYHO JECATHYHOE (JIeKaaHoe)?

8.Kak oleHuTs aMIuTyay MOIyiIsl CHHYCOUIAILHOTO HaNPshKeHNsA?

9.Kax BBIMOTHUTH KOMIIEHCALIUIO CMEILEHUS HYIIsI?

10.Kak npoBecTr kKaaruOpOBKY H3MEPHUTENS HATTPSKEHUS?

K naboparopHoii pabore Lab412L

1.Cxema mudpoananorosoro npeodpaszoarens (LJAIT) R2R ¢ nepeknrouarensimu HanpsiKeHUsI.

2.BeiBeure ¢dopmyny 3aBUCUMOCTH BbixonHoro HampspkeHusi LAl R2R ¢ mepexnrouarensiMu
HaNPSHKCHUS OT YUCIJIa U ONIOPHOTO HAIPSIKEHHUS.

3.Cxema mudpoananorosoro npeodpaszoatens (LIAIT) R2R ¢ nepekirouarensimu Toka.

4.BeiBenure GopMyiry 3aBUCUMOCTH BbIxomHoro HanpsokeHus LIAIT R2R ¢ mepekiouarensimu Toka ot
YHCJIa ¥ OTIOPHOTO HANpSKEHHUS.

5.Muoxurensabiit LIAIT ¢ muHeRHOM 3aBUCUMOCTBIO BRIXOAHOTO HAPSKEHHUS OT YHCTA.
6.Muoxwurenbublit LIAIT ¢ 06paTHOii 3aBUCHMOCTBIO BEIXOJHOTO HATPSDKCHHUS OT YHCIIA.
7.Mukpocxena LIAIT R2R AD8512.

8.Muxkpocxema mHOxkuTenbHOTO LIATT AD8043.

9.ITocnenoBarenbHOE COeAMHECHUE MHOKUTEIBHBIX [IATI.

10.ITocnenoBarensHas 3arpy3ka gannbix no SPI untepdeticy B LIATIL.

11.MakcumanpHas yactoTa curHana guckperusanuu LIATL

K naboparopHoii pabore Lab412S

1.Cxema mudpoananorosoro npeodpaszoatens (LJAIT) R2R ¢ nepekirouarensimu HanpsiKeHUsI.

2.BoiBenure ¢dopmyny 3aBUCUMOCTH BbixonHoro HampspkeHusi LAl R2R ¢ mepexnrouarensiMu
HaNPSHKCHUS OT YMCIIa ¥ ONIOPHOTO HAIPSIKEHHUS.

3.Cxema mudpoananoroporo npeodpaszoatens (LIAIT) R2R ¢ nepekirouarensimu Toka.

4.BeiBeniute Gopmyiry 3aBUCUMOCTH BbIxomHoro HanpsokeHus LIAIT R2R ¢ mepexiouarensimu Toka ot
YHCJIa ¥ OTIOPHOTO HAINpsKEHHUS.

5.Muoxurensabit LIAIT ¢ muHeRHOM 3aBUCUMOCTBIO BRIXOAHOTO HAPSKEHUS OT YHCTA.
6.Muoxwurenbnblit LIAIT ¢ 06paTHOii 3aBUCHMOCTBIO BEIXOJHOTO HAIPSDKCHHUS OT YHCIIA.
7.Mukpocxena LIAIT R2R AD8512.

8.Muxkpocxema mHOxkuTeNnbHOTO LIATT AD8043.

9.ITocnenoBarenbHOE COeANHECHUE MHOKUTEIBHBIX [IATI.

10.ITocnenoBarensHas 3arpy3ka gansbix o SPI untepdeticy B LIATIL.

11.MakcumanpHas yactoTa curHana guckperusanuu LIAIL

12.1ludpoBoii reHepaTop CUHYCOUAILHOTO CUTHAA.

k naboparopHoii pabore Lab413 TR

1.Cxema xymiero nupoBOro reHepaTopa TpeyroilbHOI0 HMITYIIbCA.

2.Kak perynupyeTcs aMIUTUTy/1a TPEYTOJIbHOTO UMITYJIbca?

3.ANropuT™ OLIEHKH aMILIUTY/bl TPEYTOJIBHOTO UMILYJIbCA.

4. ANroput™M OLIEHKU AJUTEIBbHOCTU TPEYTOJIbHOTO UMITYJIbCA C HEU3BECTHON aMILIUTYAOH.
5.Kak BbINONHAETCS 3a1€p>KKa UMILYJIbCA IIPU U3MEPEHUM JJINTEIbHOCTU?

6.CornntacoBanne (P pPoBOTo TPeyroabHOro uMityibea ¢ 12-u outasiM [IATT DAC8512.
7.Kak 3arpysxarorcs naHHble IUGPOBOTO TpeyroabHOro uMityibca B LIATI?

8.UeMy paBHa MakCHMMaJbHas 4aCTOTA JUCKPETH3ALUH HU(PPOBOTO TPEYTrOIbHOTO NMITYIbCa?
9.IlapamienbHbli aHanoro-upoBoii mpeodbpazoparens AD9220.

10. Yemy paBHa MakcMMajJbHas YacToTa AMCKPETHU3AIMU IApaUICIbHOTO aHaJIoro-udpoBoro
npeobpazosarens AD9220.

K naboparopHoii padore Lab413 PAR

1.Cxema xmymiero nupoBoro reHeparopa napadoInuecKkoro UMITyJbca.

2.Kak perynupyercsi aMIIUTyAa napadoIndecKoro UMITyabca?

3.ANTOPUTM OLIEHKH aMILTUTYbl HapaObOINIECKOTO UMITYIIbCA.

4. ANrOpUTM OLIEHKU AJTUTEIBHOCTH NMapabonuecKOro MMIYJIbCa C HEM3BECTHOW aMILTUTYIOM.
5.Kak BbInonHsAETCS 3a1€pKKa UMITYJIbCA TIPU U3MEPEHUH JJINTEILHOCTH?

6.CornacoBanne nudpoBoro napadbommyeckoro ummnynbca ¢l2-u ourasim LTAIT DAC8512.
7.Kak 3arpysxatorcst naHable nudpoBoro napadonuueckoro ummyisca B LLAII?

8.Uemy paBHa MakcHMaJbHas 4acTOTa AUCKPETH3ALMH HUPPOBOro MapabolInyecKoro MMIyibca’?
9.IlapamiensHblil ananoro-uugpoBoii mpeodpazosarens AD9220.



10. Yemy paBHa MakcMMajJbHas YacToTa AMCKPETHU3AIMU IApaUICIFHOTO aHAJIoro-udpoBoro
npeobpazosarens AD9220.

K naboparopHoii padore Lab413 4PAR

1.Cxema xnymiero uupoBoro reHepaTopa KyCo4HO-11apadoIMueCcKoro HMITyJIbCa.

2.Kak perynupyercsi aMIDIUTyAa KyCOYHO-I1apad0IMIECKOro UMITyIbca?

3.ANTOpPUTM OLIEHKH aMILTUTYbl KyCOUYHO-NApabOoIMYeCcKOro HMITYJIbCa.

4. AJrOpuTM OLICHKH [UIMTEJBHOCTH KYyCOYHO-TIapaOOJMYECKOr0 UMIIyJbCa C HEW3BECTHOM
aAMILTUTYIOM.

5.Kak BbInONHAETCS 3a1€p>KKa UMILYJIbCA IIPU U3MEPEHUM JJINTEIbHOCTH?

6.CornntacoBanue udpoBOro KycodHo-mapadonuieckoro ummyinbca ¢l2-u outasiv [AIT DACS512.
7.Kak 3arpysxarorcs aHHble IMppoBOTro KycouHo-mapabdonudeckoro ummyinbsca B [{ATT?

8.UeMy paBHa MakCHUMajJbHasi 4YacTOTa JUCKPETH3alUH LHU(POBOrO KyCOYHO-MApaOOIMUECKOTO
uMIynbca’?

9.IlapamiensHblil ananoro-uugpoBoii npeodpazosarens AD9220.

10. Yemy paBHa MakcHMMajibHas dYacToTa AMCKPETH3AlMM MapajuIeIbHOTO aHAJIOro-Uu(ppPOBOro
npeobpaszosarens AD9220.

K naboparopHoii padore Lab415 FM

1.B yeM 0cOOEHHOCTH MUKPOCXEMBI dHEproHe3aBucuMon namsatu FM25CL647

2.AnTopuTM YTEHHS NaHHBIX SHEproHe3aBucuMoi namsatu FM25CL64.

3.B 4yem 0COOCHHOCTD 3aMMCH IaHHBIX B YHEproHe3aBucuMoit mamsitu FM25CL647

4. Bo3MoykHa 111 OJIOKMPOBKA 3aIKCH B BBIJCICHHYIO 00JIaCTh aMSTH.

5.Yemy paBHa emkocTh namsatu FM25CL647

6.YeMy paBHO MakCUMaJIbHOE YUCJIO LIUKJIOB N1€PE3aUCU JaHHBIX?

7.YeMy paBHO TrapaHTUPOBaHHOE MUHUMAJILHOE BPEMS XPAHEHUS JaHHbIX?

8.Ilo kakoMy wuHTepdeliCy UUTAIOTCS M 3arpykKaloTcsl JaHHbIE B OSHEPrOHE3aBUCHMYIO IaMsTh
FM25CL64?

9.Kakoe nporpammHoe obecrieueHre HCIONb3yeTcsl B JabopaTopHoil paboTe MpHu MpPOBEpPKE YTEHHS U
3arpy3KH JIaHHBIX SHEproHe3aBucumyto namsate FM25CL647

10.Kakue komanapl mporpammbl ComChange Mcmons3yroTcs B 1aOOpaTopHON paboTe Mpu MpOBEpKe
YTEHUS U 3arpy3KU JaHHBIX?

11.Kak npoBoguTcst MonenupoBanue paboTsl cripoektupoBanHoro Bamu moayns SPI_ FM25CL64?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

Ok3ameH 1o kypcy LY npoBoasTcs B BUJE peanu3alii 1 3allUThl UHIUBUAYAIBHOIO IIPOEKTA.

Ox3ameHanmoHHble mpoekTsl UIY
1.CueTtunku

UYackl ¢ OyaunbHUKOM. Peructpbl wacoB m Oymunbamka (00,...23; 00,...59) orobpaxkars MomyneMm
DISPLAY (SW[7]=0 — uacer, SW[7]=1 — OyauipHUK). YcTaHaBIMBaThb 3HAYEHUS YAaCOB M MHHYT
kHonkot BTNO nanasiMu ot nepexmrouateneit SW[6:0]. Knonka BTN2 omnpenessieT ycTaHOBKY 4acoB
wim MUHYT. Curaan OyIwibHUKA 0TOoOpakaTh MurarommmM ceetoanogoM. Kuonkoit BTN3 cOpackiBaTh
CUTHAJ OyJMIIbHUKA.

Cekynnomep ¢ aumckpetHoctsio 0.01 c. Cuerumk noneit cexysn (00,...99) u cexyna (00,...59)
orobpaxars momxyiaem DISPLAY. Kunonka BTNO — start/stop.

Taiimep ¢ auckperHocTeio 1 c. Tekymuid ocTarok BpemeHH oToOpakath moxyiem DISPLAY.
YcranaBnuBaTh MUHYTHI B CeKyH bl KHOITKOH BTNO manubiMu ot nepekitouarenein SW[6:0] (SW[7]=0
— cexyHasl, SW[7]=1 — munytsl). Crapt - kHonkoii BTN3. OxoHuaHHEe YCTaHOBJIEHHOTO BPEMEHU
0TOOpaXKaTh CBETOIUOIOM.

Kanennmaps. Perumcrpsr Mmecsiia (00,...12) u umcna (00,...28,29(30,31)) oroOpaxkars Momynem
DISPLAY. YcranamuBath Mecsi U uucio kHomkoi BTNO manaeiMu ot mepekiodareneit SW(5:0].
Knomnka BTN2=1 ycranoBka mecsua, BTN2=0 ycrtanoska uyucna. SW[6] — nnmutensHoCTh qHSA. SW([7]
— BUCOKOCHBIH TOJl

Kuonkoit BTN3 miaBHoe BkioueHue, a kHonkod BTNO miaBHoe BBIKIIOUEHHE CBeToauoja 3a 10
cekynng c¢ maroM 00.00%. MakcumanbHas sipkoctb 99,99%. Tekymuii OTHOCHUTENIBHBIA YpPOBEHB
SPKOCTH OTOOpa’kaTh B JICKaIHOM BHUJIE HAa MHIUKATOPE MaKeTa.



2. I'enepatopsl CUTHAJIOB MeaHpa

CocraButh cxemy reHeparopa Mmeannpa ¢ dactotrod Fm=X*1Hz, 9999>X>1. Yucno X 3amaBaTh
peBepcUBHBIM cueT4yukoM. Brixox reneparopa - JA3 makera NEXYS-2. IlpoBeputh mpu moMoru
ocumiutorpada padory reaeparopa.
CocraBuTh CcxeMy U3MEpHUTeNld 4YacTOThl TeHepaTopa MeaHjapa ¢ AuckpetHocTeio 1Hz. Bxon
m3mepurens - JB3 makera. Uucno X u pesynasraT u3MepeHus OTOOpakaTb B JEKaJHOM BHIE Ha
nHaukarope makera NEXYS-2.

CocraBuTh cxeMmy reHeparopa Meanjapa ¢ mepuogoM ITm=X*1us, 9999>X>1. Uucno X 3amaBaTh
peBepcUBHBIM cueT4yukoM. Brixox reneparopa - JA3 makera NEXYS-2. IlpoBeputh mpu moMoIiu
ocumiutorpada padory reeparopa.

CocraBuTh cxeMy U3MEpHUTENs MepHoAa reHepaTopa MeaHapa ¢ AUCKPETHOCTRIO 1us. Bxon uamepurens

- JB3 makera. Uncino X u pe3ynsTar H3MEpeHHs 0TOOpakaTh B IEKaJAHOM BHUJE HA WHAMKATOPE MaKeTa
NEXYS-2.

CocraButh cxeMy reHeparopa meanjapa c¢ gactoroir Fm=X*1kHz, 1000>X>1. Yucno X 3amaBaTh

peBepcUBHBIM cueT4yukoM. Brixox reneparopa - JA3 makera NEXYS-2. IlpoBeputh mpu moMoIiu
ocumsutorpada padory reaeparopa.
CocTaBUTh CXeMy M3MEPHUTEIIs IEPHOIa TeHEpaTOpa MeaHipa ¢ JUCKpeTHOCThIo 1us. Bxon uamepurens
- JB3 makera. Uucno X u pesynbrar uzmepenusi NTx oroOpaxkarh B JEKaJIHOM BHJIE Ha MHIUKATOPE
maketa NEXYS-2. JlomonHUTENHO U1 NPOBEPKH MPABUIBHOCTU PabOTHI TE€HEPATOpPa U M3MEPUTEIIS
nepuona npu SW7=1 Ha HHAUKATOP MaKeTa BBIBOJUTH Mpou3Benenne X*NTx.

CocraButh cxemy reHeparopa Meanjapa ¢ mepuogoM ITm=X*1us, 1000>X>1. Yucmo X 3amaBaTh

peBepcUBHBIM cueT4yukoM. Brixom reneparopa - JA3 makera NEXYS-2. IlpoBeputh mpu moMoIiu
ocumiutorpada padory reeparopa.
CocTaBUTh CXeMy HU3MEpUTEN YacTOThl TeHepatopa Meanapa c¢ auckperHocteio 1kHz. Bxon
nsmepurens - JB3 makera. Uncno X u pesynbrar uzmepenuss NFx otoOpaxkarh B JeKaJHOM BUJC Ha
uHankatope Maketa NEXYS-2. JlonomHUTENbHO U1 MPOBEPKH MPaBUIIBHOCTH PabOTHI reHeparopa u
u3Mepurens nepuosa npu SW7=1 Ha HHAMKATOP MaKeTa BHIBOJUTH MpousBeacHne X *NFx.

3. ApudmeTrnueckue onepanuu

Co3mare KanpKyasTOp 3-X apudmernueckux omnepauuit: cinoxenue (ADD=A+B), Bbruuranue
(SUB1=A-B), (SUB2=B-A), u ymuoxenune (MULT=A*B). Onepanast A u B — monoxutensHbie
nexkagaele unciaa 0000< A.B < 9999. Ilepexnmrouarenmssimu SW([4:3] 3amaBarh Koja oOIeparuu.
Onepannbel A 1 B u pesynbrarbl apudMeTHdecKux ornepanuii otoOpaxkars momyiem DISPLAY.
[lepexmouarensimu  SW[2:0] 3agaBate agpec MyJbTUIUIEKCOpAa OTOOpa)KaeMbIX JaHHBIX. 3HAK
pe3ynbTara BBIUMTAHMS OTOOpaxkaTh cBeToguopoM. Crmoco0 ycTaHOBKM IH(p ONEpaHJoB BHIOpaTh
CaMOCTOATENBHO.

Cosnarh KanbKynsaTop apudmerndeckoit omepanuu jaenenus (DIV=A/B). Onepanast A u B —
nonoxkutenbHble Aekamaaple uncia (0000<A,B<9999). YactHoe OT AeneHUs IOHKHO COAEpkKaTh &
JeKaHbIxX Udp (4 mudpst tenoii yactu u 4 uudpsl ApodHOIt yacT). Onepanasl A U B u pesynbrars
nenenust  orobpaxkars Mmomynem DISPLAY. Ilepexmtouarensimu  SW[1:0] 3amaBate azapec
MyJIBTUILIEKCOpa OToOpakaeMblX JaHHbIX. Crmoco® yCTaHOBKH WHUQp OINEpaHIOB BLIOPATh
CaMOCTOATENBHO.

Co3nath yCTpOMCTBO YMHOXKEHHUS BekTopa X=X re+jX im Ha MOBOPOTHBII MHOXKHUTENb R=c0s(X)-]
sin(x), Y=Y _re+jY_im=X*R mma x=n/4, 9999>X re,X im>1. Uucna X re, [ X)] im 3anamats
JeKaJHBIMA peBepCUBHBIMU cueTunkamu. Yucma X re, X im,Y _re,Y im n momymu |X|,|Y|
oTroOpaxkaTh Ha WHAMKaTOpe Makera. llepexmrouaremsimu SW[2:0] 3amaBarhk agpec MyabTHUILIEKCOpa
0TOOpaKaeMbIX JAHHBIX.

Co3path yCTpOMCTBO YMHOKEHHUS BekTopa X=X re+jX im Ha MOBOPOTHBIN MHOXKHUTENb R=c0s(X)-]
sin(x), Y=Y retjY im=X*R mma x=n/6, 9999>X re,X im>1. Yucna X re, [ X)] im 3anamats
JeKaJHBIMA peBepCUBHBIMU cueTunkamMu. Yucnma X re, X im,Y _re,Y im nu momymu |X|,|Y|
oTroOpaxkaTh Ha WHAMKaTOpe Makera. llepexmrouaremsimu SW[2:0] 3amaBarhk agpec MyIbTHUILIEKCOpa
0TOOpaKaeMbIX JAHHBIX.

Coznarh BBIYHCIHTENh MO/ KoMILIeKcHoro uucia X=A+jB. Onepangest A u B - nexamnbpie
nonoxurensHple yucia 00.00<A,B<99.99. Pesynbrar BblUMTAaHUS MOAYJISA JOJDKEH coOnIepKarh 8
nekanHelx uugp: 3 uudpsl nenod vacty U S nudp apodHoM uactu. Onepannsl A, B, memyio u
NpoOHYI0 4YacTh Moayiss X OTOOpakaTh CEMH CErMEHTHBIM HHAMKaropom Maketa NEXYS-2.
[epexmtouarensimu SW[1:0] 3agaBare anpec MyJabTUILIEKCOpPA OTOOPAKAEMBIX TaHHBIX.

Co3/1aTh YCTPOHCTBO M3BICUCHUS KBAAPATHOTO KOpHS Y=VX W3 IeKaIHOro 4ncia
X[1:-2]=X[1] X[0],X[-1] X[-2], (99.99>X>00.01).

Pesynbrar nzBneueHust KOpHSA Y TOJDKEH UMETh 8 ACCITUYHBIX TUDD,



Y[0:-71=Y[0],Y[-1] Y[-2] Y[-3] Y[-4] Y[-5] Y[-6] [-7], (X-XXX XXXX)
X — peBepcHBHBIN cUeTYHK, X U Y 0TOOpakaTh Ha MHJIMKATOPE MAaKeTa B JICKaJHOM BHJIC.

Co3z1aTh yCTPOKCTBO U3BJIEUEHUs KOPHS KyOudeckoro Y=YX W3 JieKaJHOIO YKcia,
X[3:01=X[3] X[2] X[1] X[0],(9999>X>0000).

Pesynbrar nzpneueHvst KOpHS Y JTODKEH UMETh 8 ACCSITUYHBIX TUQD,

Y[-1:-41=Y[1] Y[OLY[-1] Y[-2] Y[-3] Y[-4] Y[-5] Y[-6], (xx.XX XXXX)

X — peBepcHBHBII c4eTYHK, X U Y 0TOOpakaTh Ha MHJIMKATOPE MaKeTa B JICKaJHOM BHJIE.
4. 3aga4m OLEHKH CpeHEKBAAPATUUECKOTO 3HAYEHHS CUTHAJIOB

Coznarb MOIyab TeHEpaTopa MEePUOJUYECKON TOCIEAOBATENbHOCTH TPEYTrOJbHBIX HMITYJIBCOB C

perynupyemoit amruutynoi kaonkamu BTN3 (+) u BTNO (-).
Coznarh yCTPONCTBO M3MEPEHUS aMIUIATYABl M CPEAHEKBAAPATHUYCCKOTO 3HAYEHUS TEPUOIUICCKON
MOCJIEIOBAaTEIbHOCTH TPEYTONbHBIX HMITYJbCOB. AMIUTUTYLY M CpEIHEKBaJpaTHYecKoe 3HaueHUe
oToOpakaTh Ha CEMH CErMEHTHOM wuHaukarope Makera NEXYS-2 B nmekamnom Buje. CpaBHHTH C
pacdeToM OTHOIIEHHE CPEIHEKBAAPATHUECKOTO 3HAUYEHHUS K aMIUTUTYIE.

Co3math MOAyNb TeHEepaTopa MepUOANUYECKON MOCIIEI0BATEIBbHOCTH NapaboIMIeCKUX HUMITYITbCOB C

perynupyemoit amruutynoi kaonmkamu BTN3 (+) u BTNO (-).
Coznarh yCTPONCTBO M3MEPEHUS aMIUIATYABl M CPEAHEKBAAPATHUYCCKOTO 3HAYEHUS TEPUOIUYCCKON
MOCIIEIOBATEIBHOCTH MapabOIMYEeCKUX HMITYJIbCOB. AMIUTUTYLY W CpPEIHEKBaIpaTHUECKOe 3HauCHUE
oToOpakaTh Ha CEMHM CErMEHTHOM wuHaukarope Makera NEXYS-2 B nmekamnom Bume. CpaBHHUTH C
pacdeToM OTHOIIEHHE CPEIHEKBAAPATHUECKOTO 3HAUYEHUS K aMIUTUTY/IE.

Co3math MOIylb TeHeparopa MEPHOIUYECKON MOCIEI0BAaTEIbHOCTH KYCOYHO MapaboIudecKux

HMITYJILCOB C PETyIupyemMon aMrmuTynoi kaomkamu BTN3 (+) u BTNO (-).
Coznarh yCTPONCTBO M3MEPEHUS aMIUIATYABl M CPEAHEKBAAPATUYCCKOTO 3HAYEHUS TEPUOIUICCKON
MOCIIEIOBATEIbHOCTH KYCOYHO Mapa0oiIruecKuX HWMIYIbCOB. AMIUIUTYy W CpelHEKBaAPaTHYECKOE
3HaYeHHE OTOOpaKaTh HA CEMH CerMeHTHOM wuHamkarope Makera NEXYS-2 B nmekagHom Bwuie.
CpaBHUTH C pacyeTOM OTHOIIEHUE CPEAHEKBAAPATHIECKOTO 3HAUCHHUS K aMILITUTY]IE.

Coznare MOIynb TeHeparopa MOAYNA CHHYCOMJAIBHOTO CHUTHAja C PEerylupyeMoil aMIUTHTYION
kaonkamu BTN3 (+) u BTNO (-).

Coznmarh yCTPOWCTBO UW3MEPEHHS AaMIUTHTYAbl M CPEAHEKBAAPATHYCCKOTO 3HAYCHUS MOMIYIIS
CHUHYCOUJIAILHOTO CHTHaJIA. AMIUIUTYAy W CPEJHEKBaJIpaTH4YecKoe 3HAYeHHWE OTOOpakaTh Ha CEMH
cerMeHTHOM uHauKarope maketa NEXYS-2 B pekamHom Bujie. CpaBHHUTH C PacyeToM OTHOIIECHUE
CPEeIHEKBaIPaTUYECKOTO 3HAYCHUS K aMIUIUTYE.
5. T'eHepaTopbl MAKETOB UMITYJIbCOB HAIIPSKEHUS

CocraButh cxemy rereparopa nakera u3 N (Nmax= 8) cHHyCOMJIaTbHBIX UMITYJIbCOB C CMEICHHEM
2V wm yBemmuumBaromeiics ammmmrygor Ui =i*0.25V, i=1,2,3,...N. Uucmo N 3agaBarb
nepexirouatenaMu SW[3:0] makera. AIuTenbHOCTh KaXA0ro uMIiyasca lms, yucno touek NP=100.
[IponemoncTpupoBaTh mpu moMomu ocuuwuiorpada padboty reHeparopa. lIpoBepuTh COOTBETCTBHE
OCITIIJIOTPAMMBI CUTHAJIA 33JJaHHBIM MTapaMeTpam.

CocraButh cxemy rereparopa nakera u3 N (Nmax= 6) CHHYCOHWJIATbHBIX UMITYJIbCOB C CMEICHHEM
1.65V wu yBemmumBaromieiics amrmmurymor Ui =i*0.25V, i=1,2,3,...N. Uucmo N 3amaBarb
nepexirouatenamu SW[2:0] makera. nurensHocTh Kaxaoro ummynbea 100us, uncno Touexk NP=100.
[IponemoncTpupoBaTh mpu moMomu ocuuuiorpada padoty reHeparopa. lIpoBepuTh COOTBETCTBHE
OCITIIIJIOTPAMMBI CUTHAJIA 33JJaHHBIM MTapaMeTpam.

CocraButh cxeMy reaeparopa nakera u3 N (Nmax= §) cuHyconIaIbHBIX UMITYJILCOB CO CMEIIICHHEM
2V un ymenpmaromeiics ammumtynoil Ui =( Nmax +1-1)*0.25V, i=1,2,3,...N. Uucno N 3anmaBarb
nepexirouatenaMu SW[3:0] makera. AIUTENbHOCT KaXA0ro uMIyasca lms, yucno touek NP=100.
[IponemoncTpupoBaTh mpu moMomu ocuuwuiorpada padoty reHeparopa. lIpoBepuTh COOTBETCTBHE
OCITIIJIOTPAMMBI CUTHAJIA 33JJaHHBIM MTapaMeTpam.

CocraButh cxemy rereparopa nakera u3 N (Nmax= 6) CHHYCOUJIATbHBIX UMITYJIbCOB C CMEICHHEM
1.65V u ymenpmaromeiics ammaurygod Ui =( Nmax +1-1)*0.25V, i=,2,3,...N. Uucio N 3anmaBarb
nepexirouatenamu SW([2:0] makera. nurensHocTh Kaxaoro ummynbea 100us, uncno Touexk NP=100.
[IponemoncTpupoBaTh mpu moMomu ocuuwuiorpada padboty reHeparopa. lIpoBepuTh COOTBETCTBHE
OCITIIJIOTPAMMBI CUTHAJIA 33JJaHHBIM MTapaMeTpam.

CocraButh cxemy reHeparopa mnakera u3 N (Nmax= 8) TpeyroibHbIX HWMIYIHCOB c
yBenuuuBamotelics ammmrygoi Ui =i*0.25V, i=1,2,3,...N. Uucno N 3amaBars NHepeKI0YaTeIsiMu
SW[3:0] wmaxkera. JIuTeNbHOCTh KaXAOro wuMmyiabca 1ms, uuciao Touek  NP=100.
[IponemoncTpupoBaTh mpu moMomu ocuuuiorpada padoty reHeparopa. lIpoBepuTh COOTBETCTBHE
OCITIIIJIOTPAaMMBI CUTHAJIA 33JJaHHBIM MTapaMeTpam.



CocraButh cxeMy reHeparopa mnakera u3 N (Nmax= 6) TpeyroibHbIX HWMIYJIHCOB c
yBenuuuBamolelics ammmrygoin Ui =i*0.25V, i=1,2,3,...N. Uucno N 3amaBars NepeKIoYaTeIsiMu
SW[2:0] wmaxkera. [lnutenbHOCTh Kaxknporo ummyabca 100us, wywmcno Ttouek NP=100.
[IponemoncTpupoBaTh Tpu moMoIu ocuuiuiorpada paborty reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLIJIIOTPaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa mnakera u3 N (Nmax= 8) TpeyroibHbIX HWMIYIHCOB c
ymenpmmaromieiics ammmrygod Ui =( Nmax +1 - 1)*0.25V, i=2,3,...N. Uucno N 3amaBaTh
nepexirouatenamu SW[3:0] makera. AIUTENbHOCT KaXA0ro uMIyasca lms, yucno touek NP=100.
[IponemoncTpupoBaTh Tpu momMomM ocuuiuiorpada paboty reneparopa. IIpoBeputs cooTBeTCTBHE
OCLMJIIOTPAaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa mnakera u3 N (Nmax= 6) TpeyroibHbIX HWMIYJIHCOB c
ymenpmaromeics ammutygod Ui =( Nmax +1 - 1)*0.25V, i=1,2,3,...N. Uucnmo N 3anaBatrh
nepexirouatenamu SW([2:0] makera. nurensHocTh Kaxaoro ummynbea 100us, uncno Touexk NP=100.
[IponemoncTpupoBaTh Tpu moMomu ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLWJIIOTPAaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa mnakera u3 N (Nmax= §) mnapabolM4ecKMX HMITYJIbCOB C
yBenuuuBarolelics ammurygoi Ui =i*0.25V, i=1,2,3,...N. Uucno N 3amaBarh NepeKIOYaTeIsIiMu
SW[3:0] wmaxkera. JIuUTENbHOCTh KaXAOro wuMmyiabca 1ms, uuciao Touek  NP=100.
[IponemoncTpupoBaTh Tpu momMomu ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLWJIIOTPaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa mnakera u3 N (Nmax= 6) mnapabolM4ecKUX HMITYJIbCOB C
yBenuuuBawolelics ammmrygoi Ui =i*0.25V, i=1,2,3,...N. Uucno N 3amaBars NHepeKIoYaTeIsiMu
SW[2:0] wmaxkera. [lnutenpHOCTh Kaxknporo ummyasca 100us, wywmcno Ttouek NP=100.
[IponemoncTpupoBaTh Tpu momMomu ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLWJIIOTPAaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHepatopa makera u3 N (Nmax= 8) KycouHO-NapaOOoIUYeCKUX HMITYJIbCOB C
yBenuuuBarolelics ammmrygoin Ui =i*0.25V, i=1,2,3,...N. Uucno N 3amaBars NHepeKIOYaTeIsiMu
SW[3:0] wmaxkera. JIuUTeNnbHOCTh KaXAOro wuMmyiabca 1ms, uuciao Touek  NP=100.
[IponemoncTpupoBaTh Tpu moMomM ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLIJIIOTPaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa makera u3 N (Nmax= 6) KycouHO-NapaOOIUYECKUX HMITYJIbCOB C
yBenuuuBamoleics amrmmrygoi Ui =i*0.25V, i=1,2,3,...N. Uucno N 3amaBars NepeKIoYaTeIsiMu
SW[2:0] wmaxkera. [nutenpHOCTh Kaxknporo ummyabca 100us, wywmcno Ttouek NP=100.
[IponemoncTpupoBaTh Tpu momMomu ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLWJIIOTPaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa makera u3 N (Nmax= 8) KycouHO-NapaOOIUYeCKUX HMITYJIbCOB C
ymeHbImaromieiics ammmrygorn Ui =( Nmax +1- 1)*0.25V, i=1,2,3,...N. Yucmo N 3amaBarb
nepexirouatenaMu SW[3:0] makera. AIUTENbHOCT KaXA0ro UMIyasca lms, yucno touek NP=100.
[IponemoncTpupoBaTh Tpu momMomu ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLWJIIOTPAaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

CocraButh cxemy reHeparopa makera u3 N (Nmax= 6) KycouHO-NapaOOIUYECKUX HMITYJIbCOB C
ymenbmmaromieiics ammurygon Ui =( Nmax +1 — 1)*0.25V, i=1,2,3,...N. Uucno N 3amaBarh
nepexirouatenamu SW[2:0] makera. nurensHocTh Kaxkaoro ummynbea 100us, uncno Touexk NP=100.
[IponemoncTpupoBaTh Tpu MomMomu ocuuiuiorpada pabory reHeparopa. IIpoBeputs cooTBeTCTBHE
OCLIJIIOTPaMMBbI CUTHAJIa 3aJJaHHBIM ITapaMeTpaM.

6. 'eHepaTopbl MEPUOANIECKUX CUTHAJIOB HANPSLKECHUS

CocTaBUTh CcXeMy TeHeparopa WMIYJAbCOB HampsbkeHuss wMeanapa ¢ Ux=Xdec*0.01V wu
Uy=Ydec*0.01V. lexagusie uncia Xdec u Ydec (0329>Xdec,Ydec>0001, ) 3amaBaTh peBEpCUBHBIMU
CUETYMKAMU U OTOOpakaTh HA CEMH CerMeHTHOM uHAuKarope wmakera NEXYS-2.  Anpec
MyJbTUIUIEKCOpa oToOpaxkeHusi umcen Xdec um Ydec u HampspKeHUH Ux, Uy 3anaBarb
nepexirouatensamMu SW(7:6].

Ilepuon curHama pomkeH 3amaBarhest  mepekmodatenssma  SW[5:0], Tm=SW][5:0]*200ns,
63>SW[5:0]>1. ComocTaBuTh OCHMIUIOTPAMMY HAIIPsDKEHHSI MEaHApa C  MOKa3aHUSIMH WHAMKATOPA.

CocTaBUTh CcXeMy TeHeparopa HMIYJIbCOB HampsbkeHuss wmeanzgpa ¢ Ux=Xdec*0.01V wu
Uy=Ydec*0.01V. exagusie uncna Xdec u Ydec (0329>Xdec,Ydec>0001) 3amaBath peBepCHBHBIMU
CUETYMKAMHU M OTOOpakaTb Ha CEMH CerMeHTHOM uHAukarope wmakera NEXYS-2.  Anpec
MyJBTHILIEKCOpa oToOpakeHus uucen Xdec, Ydec u Hanpspkennii Ux, Uy 3a1aBaTh nepexiiodaTessiMu
SW[7:6].

UYactoTa curHasia JOJDKHA 3amaBarbes nepekmodarensmu SW[5:0], Fm= 50MHz*SW][5:0]/6300,
63>SW[7:0]>1. ConocTaBuTh OCLMIUIOrPAMMY HAIIPSDKEHUSI MEaHApa C IOKa3aHUAMU UHIUKATOpA.



CocTaBUTh CcXeMy TeHeparopa WMITYJbCOB HampsbkeHuss Meanapa c¢ Ux=Xdec*ImV wu
Uy=Ydec*1mV (4000>Xdec,Ydec>0001). Uncna Xdec u Ydec 3amaBath peBEpCUBHBIMUA CUETINKAMH
u oroOpakaTb Ha CeMHU CcerMeHTHOM wuHaukarope Makera NEXYS-2.  Anpec MynbTHIDIEKCOpa
oroopaxenus uncen Xdec, Ydec u nanpsukenuit Ux, Uy 3anaBare nepexitouarensimu SW([7:6].
Ilepmon curmanma momkeH 3amaBartbes — mepermrouarersimu  SW[5:0], Tm=SW[5:0]*10us,
63>SW[5:0]>1. ConocTtaButh OCLIMIUIOIPAMMY HAIIPSDKEHHS MEaHIpa ¢ [OKa3aHUSIMU MHAUKATOPA.

CocTaBUTh CXeMy TeHeparopa WMITYJbCOB HampsbkeHuss Meanapa c¢ Ux=Xdec*ImV wu
Uy=Ydec*1mV (4000>Xdec,Ydec>0000). Uncna Xdec u Ydec 3amaBats peBEpCUBHBIMUA CUETINKAMHU
u oroOpakaTb Ha CeMHU CerMeHTHOM wuHaukarope Makera NEXYS-2.  Anpec MynbTHIDIEKcOpa
oroopaxenus uncen Xdec, Ydec u nanpsukenuit Ux, Uy 3anaBare nepexitouarensimu SW([7:6].

UactoTa curHama MeaHJpa [JIOJDKHA  3ajgaBaThesl  mepewmroudarensiMu - SW[5:0], Fm=
S50MHz*SW[5:0]/15750, 63>SW][5:0]=1. ComoctaBuTh OCHHJUIOTpaMMYy HampsDKEHUS MeaHzpa ¢
NOKa3aHUsIMU MHAUKATOPA.

Coznare reHepaTrop CHHYCOWJAIBHOTO HampsbkeHus co cmemieHueM Us=2.048 B wu wacroroit
F=X*dF. (, dF=1I"u) u perynupyemoii ammuutynoir Um=M*1mB, ( ). Uucno Touek NP cunycounst
(NP=100). Yucna X u M 3agaBarth peBepCUBHBIMU CUETYMKAMU W OTOOpakaTh B JCKaJHOM BHJE Ha
CeMH CEerMEHTHOM wuHAuKarope. llpomemoHcTpupoBarh paboTy TeHepartopa INpd  [OMOILU
ocumntorpada. ConoctaBUTh MapaMeTphl OCHMIIIIOIPAMMBI CUTHAJIA € TIOKa3aHUAMH HHANKATOpa.

Co3ath reHeparop CUHYCOHJAIBHOTO HanpsikeHus co cMenienuem Us=1.65 B u wactoroit F=X*dF.
(, dF=100T") u perynmupyemoit ammutygoi Um=M*10mB, (). Uucno touek NP cunycounsr Np=100.
Uucna X m M 3amaBarh peBEpCUBHBIMU CUETYMKAMH U OTOOpa)kaTh B JICKQJHOM BHJIE HA CEMH
cerMeHTHOM wuHAuKarope. IIpomemoncTpupoBaTh paboTy reHeparopa Npu MOMOIIM OcCHHMIUIOTpada.
ConocraBuTh apamMeTpbl OCLUIOTPAaMMBbl CUTHAJIA C IIOKa3aHUSIMU UHIUKATOpPA.

Coznars rereparop MuiooOpa3HOrO HANPSDKCHUs ¢ MakcMMaibHbIM 3HaueHneM Ux=Xdec*0.01V,
MuHUManbHBIM 3HaueHueM Uy= Ydec*(0.01V u guciom Touexk NP=100. Jlexamnsie uncna Xdec n Ydec
(0300>Xdec,Ydec>0001) 3amaBaTh peBEpCUBHBIMH CUETYMKAMH M OTOOpa)XKaThb Ha CEMH CEIMEHTHOM
unaukatope mMakera NEXYS-2. Ilepuon nuckperusanuu Tce 3amaBarh nepeximtodarensimu SW[5:0],
Tce=SW[5:0]*100ns. ComocTaBUTh OCIHIUIOrPAMMY CHTHAJIA C TIOKa3aHUSIMH HHIANKATOPA.

Co3parb reeparop nNuiaoo0pa3sHOro HANPSDHKEHUS ¢ MakcUMalibHBIM 3HadeHneM Ux= Xdec*0.001V,
MuHUManbHBIM 3HaueHneM Uy= Ydec*(0.001V, nmepuomom muckperusaiuu Tce=10 mkc. JlekaaHpie
gyucna Xdec u Ydec (4000>Xdec,Ydec>0001) 3anaBarh peBepCUBHBIMU CYETUYMKAMH M OTOOpa)aTh Ha
ceMu cermeHTHOM wuHAMKarope wmaketa NEXYS-2. Yactory guckpermsamuu Fce 3anmaBars
neperrouatersimu - SW[5:0], Fce=SW][5:0]*10kHz. ConocraBuTh OCIWIJIOTPAMMY CHTHaJIa C
[OKa3aHUAMHU UHIUKATOPA.

7. 3aauu U3MEPEHUs CPEAHEr0 HAIPSKEHUS CUTHAJIOB

Co3nmare MOIynb TeHeparopa MEpHUOANYECKON IOCIEeOBAaTEIbHOCTH TPEYTOJNBHBIX HMITYJIBCOB C
perynupyemoit amrumutynoit kaomkamu BTN3 (+) u BTNO (-) s LHHAIT DACS8512.

Co3marh YCTPOHCTBO H3MEPEHHs aMIUIMTYAbl M CpPEAHEro HampsDKEHUs NEPUOIUIECKOM
MOCJIeIOBATEILHOCTH TPEYTOIbHBIX UMIYNIbCOB ¢ Bbixona mMaketa SDAC (DAC8512). Maker AL nys
HU3MEPEHUsl HCIONB30BaTh M0 cBoeMmy BbIOOpY: SADC (AD7893-5), PADC (AD9220) wunm
npeobpa3zosareinp HanpspkeHus B uactory TLMTR _UF (AD7740).

AMIUIMTYRy U cpeHee 3HaueHue 0ToOpakaTh Ha CEMH CErMEHTHOM MHIuKarope Maketa NEXYS-2 B
nekagHoM Buze. ConocTaBuUTh IOKa3aHMsS HMHIUKaropa ¢ ocluiiorpamMmoi curHana. CpaBHUTH
OTHOIIIEHHE OLICHOK CPEIHETO HANPSKEHUS K aMIUIUTYZE C PAaCUETOM.

Co3pmats MOAYNb TeHEpaTopa NEPUOAMUYECKON MOCIIEA0BATEIbHOCTH NapaboInIeCKUX UMITYIbCOB C
peryaupyemoii amruintyoi kHonkamu BTN3 (+) u BTNO (-) mns ITAIT DACS8512.

Co3nmare  yCTpOMCTBO M3MEpPEHHS AaMIUIMTYIbl W CPEIHEr0 HalpsKeHUS HEepHOINYECKOI
MOCJIEA0BATEIBHOCTH NapaboInyecKuX UMIynbcoB ¢ Bbixoaa Makera SDAC (DACS8512). Maker AL
JUIE WM3MEPEHHUs UCIONb30Barh Mo cBoemy BeIOOpy: SADC (AD7893-5), PADC (AD9220) wnm
npeobpazosareinp HanpspkeHus B yactoty UF (AD7740).

AMIUTUTYIly U CpelHee 3HaueHHe 0TOOpakaTh Ha CEMH CErMEHTHOM MHuKarope maketa NEXYS-2 B
nexangHoM Buze. ComocTaBUTh MOKa3aHWA HHIUKATopa ¢ ocuwuiorpammon currana. CpaBHHUTH
OTHOILIEHHE OLICHOK CPETHETO HANPSIKEHUS K aMIUTUTY/IE C PACUETOM.

Co3nmate MoOmynb TeHeparopa INEepPHOJMYECKOM IOCIeI0BaTeIbHOCTH KyCOYHO- MapaboInuecKux
HUMITYJIBCOB € perynupyemoi ammutyaoi kHonkamMu BTN3 (+) u BTNO (-) mst HAIT DAC8512.

Co3marh YCTPOHCTBO H3MEPEHHs aMIUIMTYAbl M CPEAHEro HampsHKEHUs NEPUOIUIECKOM
MOCIIEIOBATEIbHOCTH KYCOYHO- MapaboIMYecKux UMIYNIbCcoB ¢ Bbixoga makera SDAC (DACS8512).
Maxker AT mns usmepeHus ucnonab3oBarh o ceoemy Beibopy: SADC (AD7893-5), PADC (AD9220)
nim npeodpaszoparens HanpspkeHus B yactory TLMTR _UF (AD7740).



AMIUIMTYy U cpeHee 3HaueHue 0ToOpakaTh Ha CEMH CErMEHTHOM MHIuKarope Maketa NEXYS-2 B
nekagHoM Buze. ConocTaBuUTh IOKa3aHMsS HMHIUKaropa ¢ ocluuiorpamMmoi curHana. CpaBHUTh
OTHOIIIEHHE OLICHOK CPEIHETO HANPSKEHUS K aMIUIUTYZE C PaCUETOM.

COBI[aTI: reHeparop MoAyjid CHHYCOMOAJIbHOI0 CUrHaja C peFYHprCMOfI aMHHI/ITyI[Oﬁ KHOIIKaMHU
BTN3 (+) u BTNO (-) ans LHAIT DAC8512.

Coznarh yCTpOMCTBO M3MEpPEHHS AaMIUIUTYAbl W CPEOHEro HampsKeHUs TIEPHOANYECKOI
MTOCJIEIOBATEILHOCTH MOAYIIS CHHYCOHIadbHOTO curHaia ¢ Beixoaa makera SDAC (DACS8512). Maxket
AT st u3MepeHust UCnoiab30BaTh 0 cBoeMy Bbioopy: SADC (AD7893-5), PADC (AD9220) unwu
npeobpazosareinp HanpsbkeHus B yactory TLMTR_UF (AD7740).

AMIUIUTYIly U CpejlHee 3HaueHHe 0ToOpakaTh Ha CEMH CErMEHTHOM MHuKarope maketa NEXYS-2 B
nexangHoM Buze. ComocTaBUTh MMOKa3aHWA HHIUKATopa ¢ ocuwuiorpammon curHana. CpaBHHUTH
OTHOILIEHHE OLICHOK CPETHETO HAMPSIKEHUS K aMIUTUTY/IE C PACUETOM.

Coznarb MOIynb TeHeparopa MEepUOJUYECKON IOCIeN0BATEIbHOCTH MPSIMOYTOIBHBIX HUMITYJIBCOB
HUMIIYJIBCOB C perynupyemMoi ammutyaoi kHonkamMu BTN3 (+) u BTNO (-).
Coznarh yCTPONCTBO M3MEPEHUS aMIUIATYABl M CPEAHEKBAAPATHYCCKOTO 3HAYEHUS TEPUOIUIECKON
MOCJIEIOBATEILHOCTH TMPSIMOYTOJIBHBIX HUMITYJIbCOB. AMIUTUTYy M CpPEAHEKBAJpaTHUYECKOE 3HAYEHUE
oToOpakaTh Ha CEMH CErMEHTHOM wuHaukarope Makera NEXYS-2 B nmekamnom Buge. CpaBHHTH C
pacdeToM OTHOIIEHHE CPEIHEKBAAPATHUECKOTO 3HAUYEHUS K aMIUTUTYIE.

Kpurepun onennBanus

Onenka "OTIHYHO (1o)" BBICTABIISIETCSI  CTYIEHTY, IIOKa3aBIIEeMy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW IPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "omm4HO (9)" BBICTAaBISETCS CTYACHTY, IOKAa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
MIPH PELICHUH KOHKPETHBIX 3ajad, CBOOOJHOE U MPaBUIIbHOE 000CHOBAaHUE IPUHATHIX PELICHUH.

Onenka  "ommuno  (8)" BBICTABIISIETCSL  CTYAEHTY,  IIOKa3aBUIEMY  BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHHE MPUHATBHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka "xopomo (7)" BeICTaBISIETCS CTYACHTY, €CIIM OH TBEPAO 3HAET Marepuai, TPaMOTHO M IO
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YECHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIIBTATHI.

Onenka "xopomro (6)" BBICTaBIsSIETCS CTYAEHTY, €CIM OH TBEPJO 3HAET MarepHall, TpaMOTHO U TIO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITy4YCHHbIC 3HAaHHUSI Ha NMPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.

Onenka "xopoio (5)" BeICTaBISIETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuai, rpaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JIy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIYCKaeT B OTBETE
WIH B PELICHUH 3a7a4 JOCTATOYHO OOJIbIIOE KOJTMUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBOpPHUTEIbHO (4)" BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEeMYy (parMeHTapHBIM,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jielibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4yeHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBneTBOpHUTENIbHO (3)" BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEMYy (parMeHTapHBIMH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HEyHZOBIETBOPUTENHHO (2)" BBICTABISIETCS CTYIEHTY, KOTOpPBIA He 3HaeT OosbLIed YacTu
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.



Onenka "aeymominerBoputenabHO (1)" BbICTaBIA€TCS CTYHCHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a1ay.

5. MeTonuueckune MaTepuajbl, onpeaeasonie NPpoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

Bo Bpems mpoBeneHusi dk3aMeHa OOydaroluecs MOTYT IOJb30BaThCs MPOTPAMMOM JUCIUILTUHBI, a
TAKXE CIPABOYHOM JIUTEPATYPOM, BEIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JICKLIUM.

DK3aMeH TPOBOAATCS IIyTeM MPOCKTHPOBAHUS, MojenupoBaHus, peammsanuun Ha [IJIMC u
JEMOHCTpauy paboThl 33IaHHOTO YCTPOMCTRA.



