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1. Pa3paGorka  MHMKpPONpPOLECCOPHOH  CHCTEMbl Ha  OCHOBe
MHKPOKOHTpOJLIepa

1.1. OcHoBHBIE 3TanbI pa3padoTKH

MIIC na ocHoBe MK HCHONB3YyIOTCS 4allle BCErO0 B Ka4eCTBE BCTPOCHHBIX
CUCTEM [UIsl pEIIeHMs 3aJad yYOpaBICHHs HEKOTOPbIM 00beKTOM. BakHol
O0COOEHHOCTBIO IAHHOT'O MPUMEHEHUS SBIIIETCS padoTa B peailbHOM BPEMEHHU, T.€.
o0OecrieyeHUEe peaklUMd Ha BHEIIHHE COOBITUS B TEUEHUE ONPEIETIECHHOrO
BPEMEHHOr0 MHTepBasia. Takue yCTpoWCTBA MOJYUYMIN HA3BaHUE KOHTPOJIEPOB.

TexHonoruss NmpoeKTHUPOBaHUS KOHTposuiepoB Ha 0aze MK mosHOCTBIO
COOTBETCTBYET TMPUHIMIY HEPA3phIBHOTO  MPOEKTUPOBAHUS U OTJIAAKHU
anmapaTtHbIX M TMPOTPAMMHBIX CPEJCTB, MPUHATOMY B MHUKPOMNPOIECCOPHOM
TEXHHKE. JTO O3HayaeT, 4To mepen paspaborumkoM Ttakoro poaa MIIC crout
3a/laya peajM3aliy TOJHOr0 ILMKJIA MPOEKTUPOBAHMS, HAuWHAA OTPa3pabOTKU
aropuT™Ma (YHKIIMOHUPOBAHMS U 3aKaHYMBAas KOMIUIEKCHBIMU MCIIBITAHUSIMHU B
coCTaBe WM3JeNus, a, BO3MOXHO, M CONPOBOXKICHHUEM IpU IPOU3BOJICTBE.
CrnoxuBmiasicss K  HAacTOSIIIEMY BpPEMEHUM  METOJOJIOTHUA  IPOEKTUPOBAHUS
KOHTPOJIJIEPOB MOXET OBbITh NPE/ICTaBlIeHa TaK, Kak oka3zaHo Ha puc. 1.1.

B texHuueckoM 3amaHuu (QOpMYIHPYIOTCS TPeOOBAaHUS K KOHTPOJJIEPY C
TOYKU 3PEHUS peaju3aluy onpeiesieHHON (yHKIUM yrpaBieHus. TexHuueckoe
3a/laHUE BKIIOYaeT B ceOs Habop TpeOOBaHMI, KOTOPBIM OIpeneser, 4To
MOJIb30BATENIb XOUYET OT KOHTPOJUIEpa M YTO pa3padaTbiBaeMblil MpHOOp IOHKEH
nenarb. TeXHu4yeckoe 3aJaHhe MOXKET HWMETh BHUJ TEKCTOBOTO OIMCAHUs, HE

CBOOOHOTO B 00IIEM CiIy4dae OT BHYTPEHHUX MMPOTHUBOPEUHH.
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Puc. 1.1. OcHoBHBIE ATambl pa3pabOTKH KOHTPOJUIEPA.

Ha ocHoBanum TpeOGOBaHMII MOJIB30BATENS COCTABIACTCS (DYHKIIMOHATBHAS
cneruuKarys, KoTopas onpenesnser (yHKINH, BHITOIHIEMbIE KOHTPOJIEPOM JIJIs
MOJIb30BATEN TIOCJI€ 3aBEPILUICHHS MPOEKTUPOBAHMS, YTOUHSAS TEM CaMbIM,
HACKOJBKO YCTPOWCTBO COOTBETCTBYET TMpEabsABIsiEeMbIM TpeOoBaHusM. OHa
BKJIFOYAET B ce0s onucanus GopMaToB JaHHBIX, KaK HA BXOJE, TAK M Ha BBIXOJE, a
TaK)Ke€ BHEUIHUE YCJIOBUS, YIPABISAIOIINE JEHCTBUSIMUA KOHTPOJLIEPA.

OyHKIMOHANIbHAS crienmupuKanyus U TPeOOBaHUS TOIH30BATENS SBISIOTCS
KpUTEPUAMHU OUEHKH (YHKIIMOHUPOBAHUSI KOHTpOJIepa TMOCIE 3aBepIICHUs
MpoeKTUpoBaHus. MoxeT MoTpeOdOBaThCS MPOBEIAECHUE HECKOJIbKUX HWTEpaluid,

BKJIIOYAIOIIUX OO0CYyXJeHue TpeOOBaHMM M (PYHKIMOHAIBHOW creuuukanum c



MOTEHIMAbHBIMA ~ TIOJIb30BATENIIMU  KOHTPOJUIEpa, U  COOTBETCTBYIOIIYIO
KOppeKIuio TpeboBaHuii U crneundukanuu. TpeOoBaHUS K TUILY HCHOJIb3YEMOIO
MK dbopmynupyroTcst Ha JaHHOM 3Talle Yalle BCEro B HESIBHOM BHJIE.

Ortan  pa3pabOTKU  adropuT™Ma  yhOpaBjieHUss  SBIAETCS  Haubolee
OTBETCTBEHHBIM, IMMOCKOJIbKY OIIMOKK JaHHOTO 3Tarna OOBIYHO OOHAPYKUBAKOTCS
TOJIbKO MPU UCTBITAHUSIX 3aKOHYEHHOTO U3JCNIHSI U MPUBOAAT K HEOOXOIUMOCTHU
JIOPOTOCTOAIICH MepepadoTKu Bcero ycrpoiicta. Pazpaborka anroputMa 0ObIYHO
CBOJIUTCSI K BBIOOPY OJHOTO M3 HECKOJBKUX BO3MOKHBIX BAPUAHTOB aJITOPUTMOB,
OTJIMYAIOIINXCSI  COOTHOIICHHEM 00beMa MPOrpaMMHOTO OOecreueHus u
anmapaTHbIX CPEJICTB.

I[Ipy »>TOM HEOOXOAUMO HMCXOAUTH M3 TOrO0, YTO MaKCHUMaJbHOE
UCIIOJIb30BaHKUE aIllMapaTHBIX CPEJCTB YIPOIIaeT pa3paboTKy u obecrednBaeT
BBICOKOE OBICTPOACHCTBHE KOHTpOJIJIEpa B I1I€JIOM, HO COINPOBOXKIACTCS, Kak
NPaBWJIO, YBETMYEHUEM CTOMMOCTH M MOTpeOsieMol MOIHOCTH. CBs3aHO ATO C
TEM, UYTO YBEJIMYEHHE JOJIM amlmnapaTHbIX CPEACTB JTOCTUraeTcs OO0 MyTeM
BbIOOpa Goinee cioxHoro MK, nubo myTem MCHOIb30BaHUs CHEIUATHN3NPOBAHHBIX
uHTepdeiicapix cxem. M TO, W JApyroe mOPUBOIUT K POCTY CTOUMOCTH U
AHEPronoTpedsieHus. YBEJIHUEHHE YACIBHOTO Beca MPOrpaMMHOro olOecreueHus
MO3BOJISIET COKPATUTh YUCJIO AJIEMEHTOB KOHTPOJUIEpAa U CTOUMOCTH allapaTHbIX
CPEICTB, HO OTO TMPUBOAUT K CHUKEHHUIO OBICTPOACHCTBUSA, YBEIUYCHHUIO
HeoOxomuMoro oObemMa BHyTpeHHed mamsatu MK, yBennueHuio CpoKOB
pa3paboOTKH M OTIAJKU MporpaMMHOro obecrneuenus. Kpureprem BoiOOpa 37€Ch U
Janee SBISIETCS BO3MOXKHOCTh MAaKCHMAJIbHOW peau3aiuu 3aJaHHBIX (YHKIWN
MpOrpaMMHBIMHM CPEACTBAMH NPU MUHHMAJIbHBIX amnlapaTHBIX 3aTpaTax U MpHU
yCIIOBUM 00ECTICUCHHMsI 3aJJaHHBIX MOKa3aTeNe ObICTPOACHCTBUS U HAJC)KHOCTH B
MOJIHOM  JMana3oHe  YCJIOBUM  JKcIUlyaTauuu. Yacto  omnpenensronuMu
TpeOOBaHUSAMH SIBIISIOTCS BO3MOXKHOCTBH 3aIIUTHl MHPOpPMANUK (IPOTPAMMHOTO
KOJ1a) KOHTpOJIIEPA, HEOOXOIMMOCTh obecrieueHus MaKCHUMaJbHOMN

MPOJIOJKUTEILHOCTH pabOThl B aBTOHOMHOM pexuMe U Apyrue. B pesynbrare



BBINIOJIHEHUS 3TOr0 JTala OKOHYATEIbHO (OpMYyIUPYIOTCS TpeOOBaHUS K
napamerpam ucrnoiabzyemoro MK.

IIpu BBIOOpe THma MK  yuyuThIBaloTCd  CIEQYIOIMIME  OCHOBHBIE
XapaKTEePUCTUKU:

- Pa3psAIHOCTS;

- OBICTpOCHCTBUE;

- HAa0Op KOMaHJ ¥ CIIOCOOOB ajipecaluu;

- TpeOOBaHUsI K UCTOYHUKY NUTAaHUS U TOTpediisiemMass MOIIHOCTh B
Pa3IMYHBIX pEKUMAX;

- o6bem I13V nporpamm u O3Y naHHBIX;

- BO3MOHOCTHU PACIIUPEHUS TaAMSITH IPOTPAMM U JAHHBIX;

- HaJU4YMEe M BO3MOXXHOCTH TepUPEpPUNHBIX YCTPOUCTB, BKIIOYASL
CpelCcTBa TMOMAJIEPKKH paldOThl B peajbHOM BpEeMEHHU (TaiiMephl, MPOILECCOPHI
COOBITHH U T.II.),

- BO3MOKHOCTb IIEPENPOrPaMMUPOBAHUS B COCTABE YCTPOICTBA;

- HAJIMYKE U HAJEKHOCTb CPEACTB 3alIUThl BHYTPEHHEH HHpOpMAIIHH;

- BO3MOKHOCTh TIOCTaBKM B Pa3JUYHBIX BapUaHTaX KOHCTPYKTHUBHOTO
UCIIOJIHEHUS;

- CTOMMOCTbD B Pa3JIMYHbIX BApUAHTAX UCIIOJTHEHHUS;

- HaJIU4KE TOJIHOM JOKYMEHTALINH;

- HAJIMYME U JOCTYMHOCTH 3(P(GEKTUBHBIX CPEACTB MPOTPAMMHUPOBAHUS
u otnaaku MK;

- KOJINYECTBO U JOCTYITHOCTh KaHAJIOB IIOCTABKH, BO3MOKHOCTb 3aMEHBI
U3JIETUSIMU JPYTUX HupM.

Coucok 3TOT HE SBISETCS UCYEPHBIBAIOIIMM, MOCKOJIbKY crenuduka
MPOEKTUPYEMOTO YCTPOMCTBA MOXKET MEPEHECTH aKUEHT TpeOOBaHWM Ha Japyrue
napametrpel MK. Onpenensionumu MOryT OKa3aThCs, HampuMmep, TpeOOBaHUS K
TOYHOCTH BHYTPEHHETO KOMIapaTopa HaNmpsKEHUW WM HaJudue OOJIBIIOro yucia

BBEIXOJIHBIX KaHaioB LIINM.



Homenknatypa BeimyckaeMbix B HacTosimiee Bpemss MK  wucuucnsercs
ThICS/YAMHU TUNOB  u3Jenuil  pa3nuuHbix ¢upM. CoBpeMeHHas CTpaTerus
MOAYJIBHOTO TMPOEKTUPOBAaHUS OOECHeurnBaeT MOTpeOUTENsT pazHOOOpazueM
Mojaeneir MK ¢ ogHUM M TeM K€ MNpPOLIECCOPHBIM SAAPOM. Takoe CTpyKTypHOE
pa3HooOpa3ue OTKphIBaeT Tiepe] pa3pabOTUMKOM  BO3MOXKHOCTH  BBIOOpA
ontumaibHoro MK, He wumeromero (yHKIIMOHATLHONW W30BITOYHOCTH, YTO
MUHUMHU3UPYET CTOUMOCTh KOMIUICKTYIOIINX 3JIEMEHTOB.

OnHako 15 peanu3aliy Ha MPaKTUKE BO3MOXXHOCTH BBIOOpA ONTUMATBLHOTO
MK HeoOxomuMa HOCTaTOYHO TJIyOOKas NpOopadOTKa aJropuTMa yIpaBieHUS,
OllcHKa 00beMa WCIOJHIEMON MpOorpaMMbl W YHCIA JIMHUN COMPSDKEHUS C
o0bekTOoM Ha 3Tarne Beibopa MK. [lonyiieHHbie Ha JaHHOM 3Tare MpPOCYeThl MOTYT
BITOCJICJICTBUM TPHUBECTU K HEOOXOAUMOCTH cMeHbl Mozaenu MK u moBTopHOM
Pa3BOJKM TI€YaTHOM IUIaThl MakKeTa KOHTpoyuiepa. B Takux ycIOBHUSX
11eJIeCO00pa3HO  BBIMOJNHATh  MPEABAPUTEIHHOE  MOJCIMPOBAHUE  OCHOBHBIX
AJIEMEHTOB NMPUKIAJHON TPOrpaMMbl C UCIIOJIB30BAHUEM MIPOTPAMMHO-JIOTUYECKON
mozenu BeiopanHoro MK.

IIpu  orcyrcrBum MK, obOecneuuBaromniero  Tpedyembie 1o T3
XapaKTePUCTUKH TMPOEKTUPYEMOr0 KOHTPOJIJIEpa, HEOOXOIMM BO3BpAaT K JTaImy
pa3pabOTKH aJIrOpUTMa YOPABICHUS M TMEPECMOTP BBIOPAHHOTO COOTHOIICHUS
MEXITy OOBEeMOM IMPOrpaMMHOTO OO€CTHeueHUs ¢  ammapaTHBIX CPEJCTB.
OrcyrctBue mnoaxomsmero MK daimie Bcero o3HayaeT, 4To ISl pealu3aluu
HE0OX0MUMOT0 00beMa BBIYHCICHUN (JITOPUTMOB YIPABICHHS) 32 OTBEACHHOE
BpeMsl Hy)XKHA JIONOJIHUTENbHAs anmapatHas nojajaep:kka. OTpunarenbHbIN
pesynbrat moricka MK ¢ TpeGyembpIMU XapaKTepUCTUKaMHU MOXKET OBITh CBSI3aH
TAaKK€ C HEOOXOAUMOCTBHIO OOCTY)KHMBAaHHS OOJBIIOTO dYHCTA OOBEKTOB
ynpaBiaeHusa. B 3ToM ciyyae BO3MOXKHO UCIIOJIB30BAHME BHEUIHUX CXEM
obpamiteanss MK.

Ha osrame pa3paboTku  CTPYKTYphl  KOHTpOJUIEpA  OKOHYATENIbHO
OMpeNeiAeTCs] COCTaB HUMEIIIMXCS W MOJJIeXaluX pa3padoTKe amnmapaTHBIX

MOI[YHCﬁ, IIPOTOKOJIBI oOMeHa MCXKAY MOOYJIAAMH, THUIIBI Pa3bEMOB. Brinonnsiercs



npeaBapuTedabHas — mpopaboTka  KOHCTPYKIMHM  KOHTposuiepa. B wactu
MPOrPaMMHOTO OOECTICUCHUS] OMPENCNISIOTCS COCTaB U CBSI3M TMPOrPAMMHBIX
MOJyJIeH, S3bIK MporpammupoBaHusi. Ha 3ToM ke 3Tame ocyIecTBISIETCS BBHIOOP
CPEACTB MPOCKTUPOBAHUS U OTJIAJKH.

Bo3moxxHocTh mepepacnpenencHus (QYHKIUNA MEXIy almnapaTHbIMU U
MPOrpaMMHBIMHM CPEJICTBAMHU Ha JTAaHHOM JTalle CYIIEeCTBYET, HO OHAa OTpaHUYCHA
xapaktepuctukamu yxe BoiopanHoro MK. Ilpu sTom HeoO6xoquMo UMETh B BUAY,
4yro coBpeMeHHbie MK BBINMyCKarOTCs, KaK MpaBHIIO, CEpPUIMH (CeMercTBaMM)
KOHTPOJUIEPOB, ~ COBMECTHUMBIX  MPOTPAMMHO U  KOHCTPYKTUBHO,  HO
pa3IUyalIIMXCsl MO  CBOMM  BO3MOXHOCTSIM  (00BeM  maMsaTH, Halop
nepuepuiHbIX YCTPOUCTB M T.A.). DTO JA€T BO3MOKHOCThH BBIOOpA CTPYKTYPHI
KOHTpOJIIEepa C LENbI0 TOMCKa HanboJee ONTUMAIBHOTO BapUaHTa pealn3aluu.

Henb3st HE ynoMsiHYTh 371€Ch O HOBOM MJICOJIOTUM Pa3padOTKU YCTPONCTB Ha
0aze MK, npemnoxennoit ¢pupmoit "Scenix”. OHa ocHOBaHAa Ha HCIOJb30BaHUHU
BBICOKOCKOPOCTHBIX RISC-mMukpoxoHTposiepoB cepun SX ¢ TaKTOBOW 4acTOTOM
o0 100 MI'. Ot MK umeroT MUHUMaIbHBIH HAaOOp BCTpOCHHOW mnepudepun, a
Bce OoJiee CJOXKHbIEe NepudepuifHble MOIYIU SMYJIHUPYIOTCA TMPOTPAMMHBIMU
cpenctBamu. Takue MOIyIH TNPOTPaMMHOTO  0O€CIeUeHHUsT  Ha3bIBAIOTCS
"BUPTyadbHBIMU  NEepUPEPURHBIMU  yCTpOMCTBaMH'", OHH  OOECICUYHBAIOT
YMEHBIIICHHE YHCIIa AJIEMEHTOB KOHTPOJLIIEpa, BpEMEHU pa3paboTKH, YBEIMYUBAIOT
ruOKocTh ucnosiHeHusa. K HacTosmeMy BpeMeHr pa3paboTaHbl 1elible OMOINOTeKH
BUPTYaJIbHBIX YCTPOMCTB, COJEpXKallUe OTIAKEHHBbIE MPOrPAMMHBIE MOJIYJIU
Takux ycrpoictB kak moaynu [IIUM u ®AITY, nocnenoBatenbHbie HHTEPDEHCHI,
rE€HEpaTOpbl W M3MEPUTENId YaCTOThl, KOHTPOJUIEPHl MPEPHIBAHUI W MHOTHUE
IpyTHe.

1.2. Pa3paboTka u 0T/IaJKa MPOrPAMMHOI0 o0ecrevyeHus

Conepxanue 92TamoB pa3pabOTKM MPOTPAMMHOTO OOECIEUEHUs, €ro
TPAHCISILUM M OTJAJKHM HA MOJENSAX CYIIECTBEHHO 3aBUCHUT OT MCHOJIb3YEMBIX
CUCTEMHBIX cpeICTB. B HacTosmiee Bpems pecypcesl 8-paspsaabix MK goctaTodnbt

JUISL MOIIEPKKY POTPAMMUPOBAaHUS HA S3bIKAX BBICOKOTO YPOBHS. DTO MO3BOJISIET



WCMOJIb30BAaTh  BCE  MPEUMYILIECTBA  CTPYKTYpPHOTO  MPOTPAMMHUPOBAHUS,
pa3zpabaTblBaTh MNpPOrpaMMHOE OOECHEUYEeHHE C HCIOJIb30BAHUEM pPa3JeibHO
TPaHCIMPYEMBIX MOAYJIeH. OMHOBPEMEHHO MPOJOHKAIOT IIMPOKO HUCIOIB30BATHCS
A3BIKM HHU3KOTO YPOBHS THUMa accemOiiepa, OCOOCHHO NpH HEOOXOAUMOCTU
obOecrieueHus: KOHTPOJIUPYEMBIX WHTEPBAJIOB BPEMEHH. 3ajauyul MpeBapuTeIbHON
00pabOTKHU MAaHHBIX YACTO TPEOYIOT MCIOJB30BaHUS BBIUMCICHHUHN C IJIaBaroen
TOYKOM, TPAHCIIEHAEHTHBIX () YHKITUH.

B  Hacrosimee BpeMsi caMbiM = MOIIHBIM  CPEJICTBOM  pa3pabOTKu
nporpaMMHoOro ootecrnieuenus st MK SBISIOTCS HMHTETPUPOBAHHBIC CPEb
pa3pabOTKH, HMEIONIME B CBOEM COCTABE MEHE/KEpP IPOCKTOB, TEKCTOBBIM
PEIaKTOP U CHUMYJISITOP, @ TAKXKE JOIMYCKAIOIIME TMOJIKIIOUYEHUE KOMITHISITOPOB
SI3IKOB BBICOKOTO ypoBHs Tura [lackans unu Cu. I[Ipu 3TOM HE0O6X0AUMO UMETH B
BUJLY, YTO apXUTEKTypa MHOTHX 8-pa3psaaubix MK BcieacTBHE MaIoro KOJIM4ecTBa
pPECYpPCOB, CTPAaHUYHOTO pachpenefieHus TaMsTH, HEeyJO0OHOW HHIIEKCHOU
aZpecaliii U HEKOTOPBIX IPYTUX apXUTEKTYPHBIX OrpaHUYeHUN He oOecreynBaeT
KOMIWJISTOPY BO3MOKHOCTU TeHepupoBaTh 3 dekTuBHbIi Koa. s o6xoma 3Tux
OTpaHUYCHUI  pa3pabOTYUKH  psAfa  KOMIWISTOPOB  BBIHYXKICHBI  OBLIH
MEPEKIaIbIBATh Ha MOJIb30BATENS 3200Ty 00 ONTUMHU3AIMH KOJIa IPOTPaAMMBI.

JIJist IpOBEPKU M OTIAJKUA MPOTPAMMHOTO OOECIICUeHHSI UCTIOJIb3YIOTCS TaK
HA3bIBAEMbIE MPOrPAMMHBIE CUMYJISTOPBI, MPEAOCTABISIOIIUE IOJIB30BATENIO
BO3MOXXHOCTh ~ BBINIOJHATH  pa3pabOTaHHYI0 TPOrpaMMy Ha MPOrpaMMHO-
gorudyeckor mozaenu MK. IIporpamMmHBIE CUMYNSTOPBI pacIpOCTPAHSAIOTCS, KaK
mpaBwio, OecrjaTHO M CKOH(HUrypupoBaHbl cpazy Ha Heckonbko MK omnoro
ceMeiictBa. Bwibop koHkpetHoro Tmna MK cpenm Mopened ceMmeicTBa
oOecreuynBaeT COOTBETCTBYIOIIAS OMIIMSA MEHIO KOHpUTrypanuu cumyistopa. [Ipu
stoM Mmoxenupyercs pabdora LII, Bcex mopToB BBOAA/BRIBONA, TPEPHIBAHUN U
npyroii mepudepun. Kapra mamstm wmomenupyemoro MK 3arpyxaercs B
CUMYJISITOp aBTOMATUYECKH, OTJIaJIKa BEACTCS B CHUMBOJBHBIX 0003HAYEHUAX

PErucTpoOB.



3arpy3uB mOporpaMmy B CHMYJISITOP, MOJIb30BATEIb HWMEET BO3MOYKHOCTH
3aIyCKaTh €€ B MOIIArOBOM WJIM HEMPEPBIBHOM PEKUMAaXx, 3aJ1aBaTh YCIOBHBIEC WU
0€3yCIOBHBIE TOYKM OCTAHOBA, KOHTPOJUPOBATH M CBOOOJHO MOIUMDUIIMPOBATH
COAEPKUMOE STYEEK AMSITU U PErUCTpoB cumynupyemoro MK.

1.3. MeTtoabl W cpeacTBa COBMECTHOH OTJAJAKM aNNapaTHbIX M
NMPOrpaMMHBIX CPeICTB

DJTan COBMECTHOM OTJAJKH ammapaTHbIX M NPOTPAMMHBIX CPEACTB B
pearpHOM MaciiTabe BpPEMEHHM SBISETCS CaMbIM TPYJIOEMKUM H TpeOyer
UCIIOJIb30BAHUSI HMHCTPYMEHTAIBHBIX CpeACTBOTIAAKH. K 4Yuciay OCHOBHBIX
WHCTPYMEHTAJIbHBIX CPEJICTB OTJIaAKH OTHOCSTCS:

- BHYTPUCXEMHBIC IMYIISITOPHI;

- IJIAThI Pa3BUTHS (OLIEHOYHBIE IJIAThI);

- MOHUTOPHI OTIAJKH ;

- smyssitopsl [13Y.

BHyTpHCXeMHBIH J3MYJATOP — [POrPaMMHO-ANNapaTHOE CPENCTBO,
criocobHoe 3ameHuTh HMmymupyeMbli MK B peambHoli cxeme. CThIKOBKa
BHYTPUCXEMHOI'O SMYJSITOpa C OTJIAXKUBAEMOW CHCTEMOW NPOU3BOAUTCA MpHU
MIOMOIIH Kabelst CO CIeHaIbHOM AMYIISIITUOHHON TOJIOBKOM, KOTOpasi BCTABIISICTCS
BmMecto MK B ornaxkuBaemyro cucreMy. Eciu MK Henb3s ypamute w3
OTJIAJKMBAEMOM CHCTEMBI, TO MCIOJIb30BAHUE AMYIISITOPA BO3MOKHO, TOJIBKO €CIIU
3TOT MHMKPOKOHTPOJUIEP HMMEET OTIAJ0YHBIA PEXHUM, INPHU KOTOPOM BCE €ro
BBIBOJIBI HAXOHSTCA B TPETbEM COCTOSSHMHU. B 3TOM ciydae il MOIKIFOYEHHS
AMYJIATOPA UCIHOJNB3YIOT CHEUHAIBHBINA a1anTep-KIUICY, KOTOPbIA MOAKIIOYAETCA
HEMOCPEACTBEHHO K BbIBOAAM 3mynupyemoro MK.

BuyTprcxeMHbIl ASMyNSTOp — 3TO HaumOoJiee MOIIHOE M YHUBEpPCaJIbHOE
OTJIJIOYHOE  CPEACTBO, KOTOpOE€ Jenaer mnporecc  (yHKIHMOHUPOBAHUS
OTJIA)KMBAEMOI'0 KOHTPOJUIEPA MPO3PAYHBIM, T.€. JIETKO KOHTPOJHUPYEMBIM,
MPOU3BOJILHO YIIPABISEMbIM U MOJAU(PULIUPYEMBIM.

IlnaTel pa3BuTHs, WM, KaK MPUHATO HX Ha3blBaTh B 3apyOe:KHOU

autepatype, oneHounsie rmiaTel (Evaluation Boards), sBasiorcss cBoero poja



KOHCTPYKTOpaMU JJisl MAKETUPOBAHUSI DJIEKTPOHHBIX YCTPOUCTB. OOBIYHO 3TO
neyaTHas IUiaTa ¢ ycTaHOBIEHHbIM Ha Hed MK wu Bceil HeoOXoaumon emy
cTtangapTHoil nepudepueit. Ha 3Toll muiate Takke yCTaHABIMBAIOT CXEMbI CBSI3U C
BHEIIIHUM KOMIbIOTepoM. Kak mpaBuiio, Tam k€ MMeEeTCs CBOOOJHOE TOJIe IS
MOHTa)XKa MPUKIIAIHBIX CXEM MoJib30oBaTens. IHOraa npeaycMoTpeHa y>ke rotoBas
pa3BoOJIKa JJIS YCTAHOBKU JOTIOJHUTEIIBHBIX YCTPOUCTB, PEKOMEHIYEMBIX (PUPMOIA.
Hamnpuwmep, [13Y, O3V, KKU-aucnnel, knaBuarypa, ALIT u ap. Kpome yueOHBIX
WIM MaKETHBIX IIeJIe, Takue AopadOTaHHBIE TOJIH30BATEIEM IUIaThl MOXKHO
UCIIOJIb30BaTh B KAyeCTBE OJIHOIUIATHBIX KOHTPOJIJIEPOB, BCTPAMBAEMBIX B
MaJIOCEPUMHYIO MPOAYKIIHUIO.

Jlns  Oospiiero yaoOCTBa TIaThl  PAa3BUTHS  KOMIUICEKTYIOTCS €IEe |
IPOCTEUIINM CPEJICTBOM OTJIaJAKA Ha 0a3ze MOHUTOpPA OTiIaAKd. VCronb3yroTcs
JIBa TUIAa MOHUTOPOB OTIAJKHU: OAWMH 1 MK, MMENuX BHEIIHIOK IIMHY, a
BTOpOM — it MK, HE MMEIOINX BHEIIHEW IIIMHBI.

B nepBom cirydae 0Tia104HbIA MOHUTOP ITOCTABISAETCS B BUAE MUKPOCXEMBI
[13V, xoTopast BcTaBisieTcsl B CHEUUAIbHYIO PO3ETKY Ha IuiaTe pa3surtus. [lnara
takke mMmeer O3Y mid mporpaMM MOdb30BAaTENsl U KaHAI CBA3UM C BHEIIHUM
KOMIIBIOTEPOM WJIM TEpMHUHAIOM. BO BTOpOM cilyyae 1uiata pa3sBUTHS HMEET
BCTPOEHHBIE CXEMbl IporpamMmupoBaHusi BHyTpeHHero II3Y MK, koropsie
YIPABIAKOTCS OT BHELIHEr0 KomIibtorepa. [Ipu aTom nmporpamMmma MOHUTOpaA IPOCTO
3aHocutcsi B II3Y MK coBMecTHO € NOpUKIAAHBIMU KOJaMH I10JIb30BaTEIIs.
[IpuknagHas mporpaMma JIOJDKHA OBITH CIIEIMATBHO TOJTOTOBJIEHA: B HY)KHBIC
MecTa HEOOXOAMMO BCTAaBUTHh BBI3OBHI OTJIAJOYHBIX MOJMPOTPAMM MOHHUTOPA.
3areM ocymiecTBisieTcss NPOOHBIH mporoH. YToObl BHECTH B MPOTPaMMY
WCIIPaBIICHUs], TMOJb30BaTEN0 Hano ctepeTh II3Y u mnpousBecTd MOBTOPHYIO
3anuch. ['OTOBYIO MNPUKIAAHYO NOPOrpaMmy IMOJYYarOT U3 OTIAXKEHHOW ITyTEM
yIalieHusT BCEX BBHI30BOB MOHHTOPHBIX (PYHKIIMH M CAMOTO MOHHUTOpPA OTJIAJKH.
Bo3MoxxHOCTH OT/IaAgKH, MPEAOCTABISIEMbIE KOMIUIEKTOM ''TJIaTa Pa3BUTHS IUTIOC
MOHHTOP'", HE CTOJb YHUBEPCAIbHBI, KaK BO3MOYXHOCTH BHYTPHUCXEMHOTO

AMYJISITOPA, a U HEKOTopast 4yacTh pecypcoB MK B mporiecce oTiiaiku oTOupaeTcs



st paboThl MOHUTOpA. TemM He MeHee, Haauuhe Habopa TOTOBBIX MPOTrpaMMHO-
anmapaTHbIX CpPEJICTB, MO3BOJAIOMIMX O€3 MOTepU BPEMEHM NPHUCTYNUTh K
MOHTQ)XY M OTJIAJKE MPOECKTHUPYEMOH CHUCTEMBbI, BO MHOTHUX CIIy4asx SBISETCA
pematomuM  pakropoM. OCOOEHHO €clu y4yecTb, YTO CTOMMOCTb TaKOro
KOMIUJIEKTa HECKOJIbKO MEHbIIEe, YeM CTOMMOCTh O00JIe€ YHHUBEPCAIBLHOTO
AMYJIATOpA.

IOmyasTop II3Y — mnporpamMMmHo-anmapatHoe CpPEACTBO, IMO3BOJISIOLIEE
3amemats [13Y Ha oTnaxkuBaemoil miate, U nojcrasisioee Bmecto Hero O3V, B
KOTOPOE€ MOKET OBbITh 3arpykeHa IporpamMma C KOMIIbIOTEpa 4Yepe3 OAUH U3
CTaHJAPTHBIX KAaHAJOB CBSI3U. ITO YCTPOMCTBO TMO3BOJISIET IMOJIH30BATENIO
n30exaTh MHOTOKpAaTHBIX IIUKIIOB mnepenporpammupoBanus [13Y. Dmynsarop T13Y
Hy’)keH Toiibko 1 MK, kotopeie MOryt oOpamaThCsi K BHEIIHEW MaMsTH
nporpaMm. ITO YCTPOHUCTBO CPAaBHUMO IO CJIOXHOCTU U 10 CTOUMOCTH C TIaTaMU
pa3BUTHS M UMEET OJIHO OOJBIIOE JOCTOMHCTBO: YHUBEPCAIBHOCTH. DMYJISTOP
[13Y MoxeT paborath ¢ 100sIMH THIAMU MK.

OMynupyemasi mamsTh TOCTYMHA IS TPOCMOTpa M MOAU(PUKALNHU, HO
KOHTPOJIb HAJl BHYTPEHHUMU YIpaBJistomumMu peructpamu MK 6b11 10 HEegaBHEro
BPEMEHU HEBO3MOKEH.

B mocnennee Bpemsi MOSIBIIIMCH MOJIENM WHTEUIEKTYalbHBIX AMYJISATOPOB
[13V, koropsie mo3BossOT "3arianbiBath” BHYTph MK Ha maTte monb3oBatess.
WuTennekTyanbHble AMYISTOPHl MPEACTABISIIOT CO000W TUOpHA W3 OOBIYHOTO
amynsatopa [13Y, MoHHTOpa OTIAIKK M CXEM OBICTPOTO TMEPEKIIIOUEHHUS IIUHBI C
OJIHOTO Ha Jpyroi. Ito co3maeT 3P (deKT, KaKk eciau Obl MOHHUTOPOTIAAKUA OBLI
YCTaHOBJIEH HA IUIaTe IMOJIb30BAaTENs U MPU 3TOM OH He 3aHMMaeT y MK Hukakux
anmapaTHBIX PECYPCOB, KpOME HEOOIBIITON 30HBI MTPOTrPAMMHBIX IIATOB, TPUMEPHO
4K.

DTtanm COBMECTHOM OTIAAKH anmnapaTHbIX W MNPOTPaMMHBIX CpPEICTB B
peanbHOM MaciiTabe BpeMEHHU 3aBepllaeTcsi, Korja ammaparypa U MporpaMMHOE
o0ecrieyeHue COBMECTHO OO0ECHEeYMBAIOT BBINOJIHEHHE BCEX IIAroB aJlfOpUTMa

paboThl cucTeMbl. B KOHIIE 3Tana oTia)KeHHas MporpaMma 3aHOCUTCS € MOMOIIBIO



nmporpaMmaropa B JHepronesaBucumyto mnamsate MK, u mpoBepsietcs pabota
KOHTpoJuiepa 0e3 amynsTopa. [Ipu 3ToM Hcnonap3yroTces 1abopaTopHble HCTOYHUKH
nuTaHus. YacTh BHENTHUX UCTOYHUKOB CHTHAJIOB MOYKET MOJICITUPOBATHCS.

Oran UHTErpauuu pa3padoTaHHOTO KOHTPOJUIEpa B U3/EINE 3aKII0YaeTCs B
MOBTOPEHUU pabOT MO COBMECTHOM OTJIAJIKE amnmapaTypbl W YIpaBIsSIOUIEH
MpOrpaMMBbl, HO MPU pabOTE B COCTABE MU3JACNHS, MUTAHUM OT IITATHOI'O UCTOYHUKA
¥ C M”HPOPMAIIMEH OT IITATHBIX HCTOYHUKOB CUTHAJIOB U JJATYHKOB.

CoctaB u o00beM WUCHBITAaHUKH pa3paOOTAaHHOTO ¥  HM3TOTOBJICHHOTO
KOHTpOJUIepa 3aBUCUT OT YCJIOBHH €ro HJKCIUIyaTallud U  ONpelessercs
COOTBETCTBYIOIIMMH HOPMATUBHBIMH JOKyMeHTamMu. [IpoBeicHHE HCIBITAHUN
TakuX (PYHKIIMOHAJIBHO CJIOKHBIX W3JIeIUH, KaK COBPEMCHHBIC KOHTPOJLIEPHI,
MOXET TMOTpebOoBaTh pa3pabOTKU CHCIUATU3UPOBAHHBIX CPEACTB KOHTPOJIS
COCTOSTHUS M3JICNIHSI BO BPEMS UCITBITAHHM.

2. Conep:kanue KypcoBoOil padoThI

1. Pa3zpaboTka pyHKIIMOHAIBHONU CXEMBbI CUCTEMBI (MM OTAEIbHBIX 0JI0-
KOB) M OIKMCAaHHUE UX PaOOTHI.

2. Boibop Tuma maTYMKOB, HCHOJHUTENBHBIX YCTPOHCTB. BwiOop u
pacdeT OCHOBHBIX MapaMEeTPOB KaHAJIOB CBSI3U.

3. O6ocHoBaHKe BhIOOpa AeMEHTapHOM 0a3pl. BeIOOp THIIA MUKPOIIPO-
1Ieccopa, MUKpOKOHTpPOJIIEpa, IPUMEHIEMBIX B cucTeme. KpaTkas xapakTepucTHKa
HCITIOJIb3yEMbIX HHTETPATBHBIX CXEM B 00OCHOBaHME UX BhIOOpA.

4, Pa3zpaboTka anroputma paboThl CUCTEMBI (MOIYJICH CHCTEMBI).

5 Pa3paboTka mpUHIIMIHATBHON CXEMbI CHCTEMBI (MOJIYJICH CHCTEMBI).



3. lIpumepHbIe TEMbI KYPCOBBIX padoT:
1. MukponpoueccopHasi cucTemMa yIpaBieHUsl CEPBOIBUTATEIIEM.
2. MukponpoueccopHasl cucTemMa yHpaBieHuss Tpex(daszHbIM

MHBEPTOPOM HaIPSKEHHUS.

3. MukponpoeccopHoe yCTpOUCTBO YIPABICHUS PAIUOMOLYIIEM.

4, MuxkponponieccopHas ~ cuCTeMa  YIPaBICHUS  IIArOBBIM
JIBUTATEJIEM.

5. MukporporieccopHasi CucTeMa yrnpaBieHUs: TU(TOM.

6. MukpomnpoueccopHblii KoHBepTep uHTepdeiico USB-RS232.
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