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Jucnumtina «KoMm’loTepHa cXeMOTEeXHIKa Ta apXiTeKTypa KOMII IOTEpiB» CIIpsIMOBaHA Ha
3aCBOEHHSI 0a30BHX IOJIOKEHb IU(PPOBOI CXEMOTEXHIKM, NPUHIUIIB MNOJAaHHI Ta OOpOOKH
iHbpopManii y KOMII'IOTEpHUX CHCTEMax, CTPYKTYpH T[E€PCOHaJIbHUX KOMIT IOTEpiB 1
CHeIiaTi30BaHUuX OOYUCITIOBAIBHUX TPHUCTPOIB, a TaKOXXK MEXaHI3MIB B3a€MOJIl MPOrPaMHOIO
3a0e3revyeHHs] 3 anapaTHOI0 YacTHHOW. Pe3ynbraToM BUBYEHHS JUCLHUILTIHM € (DOPMYBaHHS Y
3100yBaviB 3JaTHOCTI aHANI3yBaTH amapaTHy KOH(MIrypamiio KOMIT'IOTEPHHX CHUCTEM, PO3yMITH
0OMeKEeHHsI Ta MOKIIMBOCT1 eIeMEHTHOI 0a3u HU(POBOi TEXHIKH, OLIHIOBATH BILTUB apXITEKTYPHUX
pimeHs Ha e(heKTUBHICTH POOOTH MPOTPAMHOTO 3a0€3MEUSHHS Ta 3aCTOCOBYBATH OTPUMaHi 3HAHHS
i Yac MPOEKTYBAHHS 1 PO3POOIICHHS POTPAMHUX CHUCTEM.
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TEMA 1. MIPUHIUIIA POBOTHU LIUPPOBOI TEXHIKH

Jlekuis 1. OCHOBHU apXiTeKTypu KOMII'I0TePiB Ta nMPPOBOI TeXHIKH

KoM’ roTepHa cXeMOTEeXHIKa Ta apXiTeKTypa KOMIT FOTEPiB (OPMYIOTh 0a30BUH TEXHIUYHUI
(GbyHIAMEHT MiATOTOBKM 1H)XXEHEpa MPOrPaMHOr0 3a0e3MeuUeHHsI, OCKUIbKH CaMe BOHHM ONHCYIOTh
peanbHi MexaHi3MH, 3a JIOTIOMOTOI0 SIKMX OyAb-SKHI POrpaMHHA KOJ] IEPETBOPIOETHCS Ha (i3uHI
orepaii B o0uncmoBanbHiil cuctemi. Po3yMiHHS NpUHIMIIB (QYHKIIOHYBaHHS HU(POBOT TEXHIKH
Jla€ 3MOTY YCBIJIOMIIIOBATH, SIK JIOT1YHI €JI€MEHTH, KOMOIHALIKWHI i MOCIIZOBHI CXEMHU peai3yloTh
apudMeTHYHI, JIOTIYHI Ta KEpyBaJbHI CTPYKTYpH, sKi B TIpOrpamMyBaHHI IOJAIOTHCS Yepes3
omeparopu, GYHKIIII, TANU TaHUX 1 CTPYKTYPH yHpaBmiHHSA. [HKeHep, SSKUid BOJIOII€ 3HAHHSAMHU PO
crocoOu momaHHsA i1HGopMmarii B KOMIT'IOTEpi, 30KpeMa JBIMKOBI Koau, ¢dopmarh Yucena i3
(IKCOBaHOIO Ta IUIABAIOYOI) KOMOIO, CXEMH KOJYBaHHS CHMBOJIB 1 JaHHUX, MOKE TOYHIIIE
MPOTHO3YBAaTH TOBEIIHKY MpOrpam IMpu poOOTi 3 PI3HUMHU THIIAMH JAaHUX, YHUKATH TTOMHIIOK
MIEPENOBHEHHS Ta BTPATH TOYHOCTi, KOPEKTHO MPOEKTYBATH OOYMCIIOBAJIBbHI aJITOPUTMH 1 MOJEIi
00pOoOKH TaHWUX.

['muboke po3yMiHHS apXITEKTYpH MIKPOIPOLECOPIB Ta MIKPOKOHTPOJIEPIB JI03BOJISIE
aHaJIi3yBaTH, K IporpaMa B3aeMoJli€ 3 0araTOpiBHEBOI CHUCTEMOIO IaM’ATi, SK MPalIOITh Kelll-
MeXaHi3MH, KOHBEEpPHU3allis, TPOrHO3YBaHHS MEPEXO/1iB, IEPEPUBAHHS Ta CUCTEMHI BUKJIHMKH, 1 SIK 11l
IpOLECH BIIMBAIOTh HA 3arajlbHy HPOAYKTUBHICTb IPOrpaMHOro 3a0e3neueHHs. 3HaHHSA
MPUHIIMIIB Opranizaiii 30epiraHHs JaHUX 1 THUIIB HaM’sTi JONOMAarae iHXeHepy ONTUMAalIbHO
CTPYKTYpPYBaTH JIOCTYII 0 PECYpPCiB, 3SMEHIITYBAaTH 3aTPUMKH Ta YHUKATH KOHQIIIKTIB IpU POOOTI 3
OTIEPAaTUBHOIO TaM’SATTIO, mepudepiero abo 30BHINIHIMH HOCISIMH. ApPXIiTeKTypa iHTep(deiciB, sK
muppoBUX, TaK 1 aHAIOTOBUX, (POpPMye pPO3yMiHHA TOrO, SK MpOrpaMHe 3a0e3ledYeHHS MOXKe
B3a€EMOJIISATH 13 30BHIMIHIMU MPHUCTPOSMH, SKI BHMOTH HAKJIAIAalOThCs Ha (OpMAaTH CHTHAIB,
MIPOIYCKHY 3/1aTHICTh, YaCOB1 XapaKTEPUCTUKHU Ta MPOTOKOIN OOMIHY.

Y KOHTEKCTI BHCOKOPIBHEBOTO IPOTpPaMyBaHHS IHXEHEp, SKUH po3ymie amapaTHi
OOMEXeHHs 1 cXxeMy MOOYJ0BH KOMIT IOTEPHUX CHCTEM, 3JaTHUM IMPOEKTYBATH aJTOPUTMH 3
ypaxyBaHHSM peajlbHOI BapTOCTI oOIepamiid, MPaBUIBHO OIHIOBATH CKJAJHICTh OOYMCIIEHb,
PO3YMITH TpPHUPOJY 3aTPUMOK Yy CHCTEMax BBEJCHHS-BUBEJCHHS Ta IPOTHO3YBaTH MOBEIIHKY
Mporpam y napajieTbHUX 1 PO3IMOAUICHUX CepeOBUIAX. Y MPHUKIAJIHUX 1 CHCTEeMHHUX TaTy3sX Taki
3HaHHS € KPUTUYHUMHU il e(eKTUBHOI poOOTH 3 JpaliBepaMu, OIEpaliiHUMH CHCTEMaMH,
3acobamMy  BOYIOBaHOTO TIPOTPAMYBAHHSA, MEPEKEBUMH TPOTOKOJIAaMH Ta iHTepdeiicamu
MIKpOKOHTpoJIepiB. TakuM YMHOM, KOMII'IOTEpHAa CXEMOTEXHIKAa Ta apXiTeKTypa KOMII IOTEpiB
3a0e31euyroTh iHKeHepa HeoOX1IHUM TEXHIYHUM KOHTEKCTOM, 0e3 SIKOr0 HEMOXKJIMBO CTBOPIOBATH
nporpamMHe 3a0e3neueHHs], 110 BiANOBIAa€ Cy4yaCHUM BHUMOIaM J0 NMPOTYKTUBHOCTI, HaJ{IHHOCTI Ta
1HTerpalii 3 anapaTHUMU MIaTGopMamu.

Icropiss po3BUTKY 1H(POBOI OOYHCITIOBANBHOI TEXHIKM pO3BUBAJIACS BiJ MEPUIMX
€JIEKTPOMEXaHIYHUX 1 JIAMIOBUX CHUCTEM JIO CyYaCHUX BHCOKONPOJYKTUBHUX MIKPOIPOLECOPIB 1
BOYJIOBaHUX TIATPOPM, MPH I[HOMY KIFOYOBHUM TPEHJOM CTajla MOCTYNOBa 3aMiHa aHAJIOTOBHX
MeTOJIIB 00poOku curHaniB Ha wnudposi. Ilepmri oOuuciioBalbHI MAallMHU BUKOPHCTOBYBAIIU
peneitHi Ta JIaMIIOBI  €JIEMEHTH, TPAIOBaId 3 HU3BKOK IMIBWAKICTIO, MW 3HAYHY
EHEproCHOKUBAHHA Ta OYIM Opi€HTOBAaHi Ha BHKOHAHHA OOMEXEHOro Habopy omepamiif. [xns
(GYHKIIOHANBHICTh BHU3HAYaJach PiBHEM PO3BUTKY CXEMOTEXHIKM Ta MOXKIUBOCTSAMH I0OOYIOBH
HaJIMHUX JOriYHUX By3diB. Ilepexin 1O TpaH3UCTOPHOI Ta IHTErpajJbHOI TEXHOJIOTII CHIpHUSB
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MIIBUIIICHHIO MIBUAKOIi, 3MEHIICHHIO PO3MIPIB €JIEMEHTHOI 0a3u Ta (OPMYBaHHIO apXiTEKTYpH,
IO CTaja OCHOBOK cCy4yacHUX LH(ppoBux cucrem. [lomanpina eBomolis NpuBesia A0 IOSBU
MIKpOIIPOIIECOPIB, SAKI IHTErpyBaJIM HAa OJHOMY KpPUCTaJli OOUMCITIOBANIBHI sIipa, MOIYMI MaM’sTi,
iHTepdeiicu Ta JOriKy KepyBaHHS, MO03BOJIIIOUYM CTBOPIOBATHM KOMIIAKTHI, €HEproeeKkTHBHI M
yHiBepcalibHi  oOumcmioBanbHI  mpucTtpoi. lLle 3abesmeumsio  (opMyBaHHS —IMEPCOHATBHUX
KOMIT I0T€piB, MOOUTPHIX CHUCTEM, BUCOKOIIBHJIKICHUX CEpBEpIB Ta CIELiaTi30BaHUX BOYHIOBAaHHX
pIlIEHB.

AHasoroBa TeXHIKa IPYHTYETbCs Ha Oe3rnepepBHUX (i3WuyHUX Mporecax, ae iHdopmarlris
MOJIA€ThCS y BUIVIAJI HENEPEPBHUX 3MIH MapaMeTpiB CUTHALY, TAKUX SIK Hampyra uu cTpyM. Taki
CUCTEMHU YYTJIHBI 1O IIYyMiB, MalTh OOMEKEHY TOYHICTh 1 MOTPEOYIOTh CKIIAJIHUX METOiB
crabinizamnii, mpoTe BOHU A00pe MIIXOAATH JUIsi 0OpOOKH pearbHUX (i3MYHUX BEITUYMH y PEKUMI
peanbHOoro yacy. LludpoBa TexHika omepye AMCKPETHUMHU JIOTIYHUMH PIBHSMH, IIO J03BOJISIE
OJTHO3HAYHO KOJTyBaTH 1H(OpPMAIlit0, BAKOPUCTOBYBATH (OPMaIbHI METOIU aHali3y, 3a0e3nedyBaTH
BHCOKY CTIHKICTB /10 3aBaj 1 MacITabOBaHICTh apXiTeKTypu. LlndpoBi cxemu cTanu JOMiHYIOUYNMHU
3aBJIIKM MOYJIMBOCTI IHTETPYBaTH MUIbSIpAM TPAaH3UCTOPIB HAa OJHOMY KPHUCTaJi, 3aCTOCOBYBAaTH
ONTHUMI3AIl HAa PIBHI AJITOPUTMIB, MIKPOApXITEKTypu Ta iHTep(eiciB, a TakoX 3abe3nedyBaTu
yHi}iKalilo MpoIeciB MpoekTyBaHHS. B3aemonis aHajgoroBoi Ta HUGPOBOI TEXHIKH CHOTOJIHI
peanizyeTbcsi dYepe3 3MilllaHi CUCTEeMH, Y SKHX aHaioro-uuppoBi Ta uudpo-aHaiorosi
MEePEeTBOPIOBAYl BHKOHYIOTH pOJIb MOCTYy MDK (I3MYHUMH CUTHaJlaMd Ta IU(PPOBUMHU
o0uHCITIOBAILHUMHE sipaMu. Lle 103Bossie CTBOpIOBATH yHiBepCallbHI TUIATHOPMH, SKi MOETHYIOTh
BHCOKY TOYHICTh HHU(PPOBOI 0OPOOKH 3 MOKIIHMBICTIO OE3MOCEPEIHBOI B3a€EMOJII 3 HABKOJIMIITHIM
CepeIOBUILIEM.

@i3uuHi OCHOBH pPOOOTH [U(GPOBUX MPHUCTPOIB TIPYHTYIOTBCA HAa  BIACTUBOCTAX
HaMIBIOPOBIIHUKOBUX MaTepianiB, Yy SKHMX KEpyBaHHS IIOTOKaMH HOCIIB 3apsly Ja€ 3MOry
peaiizyBaTu JIOTi4HI omeparlii Ta 30epirants iHdopmMarllii. ba3oBUM eleMeHTOM € TpaH3UCTOP, L0
MpaLoe SIK €NEeKTPOHHMN KIIH0Y 1 3a0e3rneuye mepexii MK JABOMa CTAaOUIBHUMM CTaHaMH, SIKi
IHTepHPEeTYIOThCS SIK JIOTI4YHI piBHI «0» 1 «1». CTaHu GopMyeThCs 3a paXyHOK 3MIHU MPOBIIHOCTI
HaMIBIIPOBIIHUKOBOIO MEPEXOAy Mij BIUIMBOM MPHUKIAJIEHOI HApPYTH, 110 JTO3BOJISIE CTBOPIOBATU
KOMOIHAIIIiTH1 Ta TOCIA0BHI CXEMHU, SIKI BAKOHYIOTh OOUMCIIEHHS Ta KepyBaHHs. PoboTa 1iudpoBux
MPUCTPOIB TAKOX CIHMPAETHCSI HA €JNEKTPO(I3WYHI TMPOLECH IMEepPEeMHUKaHHS, J€ 4ac 3aTPUMKH,
€MHICTb 3’€JHaHb 1 BHYTpIIIHI [apa3WTHI [apamMeTpd BHU3HAYalOTh IIBUJKOAII0 Ta
€HEeProClOKUBaHHS JIOTIYHUX €JIEMEHTIB.

CrabinpHICTh JIOTIYHMX pIBHIB 3a0e3ledyeTbcsi JOMYCTUMUMH BIKHAMHU HAIpyT, LIO
JI03BOJIsIE KOMIIEHCYBaTH BIUIMB IIYMIB 1 3O0BHILIHIX 3aBaJl, 3aBIAKA 4YOMYy IU(PPOBI CXeMHU
30epiratoTb KOPEKTHICTh POOOTH HaBiTh Y CKJIaJHUX yMOBaxX. TakToBa CHHXpPOHI3allisl KOOPAUHYE
poOOTy MOCHIIOBHUX BY31diB, (POPMYIOUM YacOBY CTPYKTYpy OOpoOKM JaHUX Ta 3a0e3neuyroun
Y3rOJUKEHICTh MIDK eranamMu oOuucieHb. [lam’saTh 1UQPPOBHUX NPUCTPOIB, SK AWHAMIYHA, TaK 1
CTaTUYHA, PEaTi3yEThCsl HA OCHOBI TPAH3UCTOPHUX KOMIPOK, 3AaTHUX YTPUMYBATH 3aps] a00 cTaH
TPaH3UCTOPIB, WLIO0 BH3HAuae 30epiraHHg OITIB 1HQOpMAIIl y BU3HAYEHHM NPOMIKOK Hacy.
CykynHICTh IIUX (PI3UYHMX MPOLIECIB 3a0e3neuye HaAlHICTh, BIATBOPIOBAHICTh 1 MacIITaOOBaHICTh
U(GPOBUX CUCTEM, IO € (PYHIAMEHTOM I Cy4YaCHUX OOUYMCIIIOBATIBHUX IIaT(hopM.

Enementna 06a3a 1MQPOBOi TEXHIKM OXOIUIIOE CYKYIHICTh  HaIiBIPOBITHUKOBHUX
KOMIIOHEHTIB, Ha OCHOBI SIKMX peaJli3yIOThCs JIOTI4HI omepalii, 30epiraHHs JaHUX Ta KepyBaHHS
CUTHAJIaMHU B OOYHCITIOBANIBHUX cucTeMaxX. OCHOBOIO CydacHHUX IU(PPOBUX MPUCTPOIB € IHTETpaibH1
MIKPOCXEMH, TMOOy/IOBaHI Ha TPAH3UCTOPHUX CTPYKTypax, IO JO3BOJSIOTH (OPMYBATH
KOMOIHAI[II{HI Ta MOCIIJOBHI JOTIYHI BY3JIM PI3HOI CKJIaaHOCTI. PO3BUTOK eneMeHTHOI 0a3u
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MPOMIIIOB MIJISAX BiJl TUCKPETHUX TPAH3UCTOPIB 1 JIOTIYHUX MOJYJIB HU3BKOTO CTYIEHS 1HTErparii
1o BucokoaeHcuTHUX BIC 1 HagBenmkux IC, ski 31aTHI MICTUTH MUTBSIPJTA TPAH3UCTOPIB HA OJTHOMY
Kpuctaigi. B ocHOBy ix poOOTHM TMOKJIAJeHO KepyBaHHS MPOBITHICTIO HaMiBIPOBIIHUKOBUX
CTPYKTYp, 110 3a0e3medye MmBUIKE i HaliiHE IePEMUKAHHS MIX JIOTIYHUMHU CTaHAMHU.

Tunu 7noriku KIacu}iKylOThCS 3a EJICKTPUYHUMHU XapaKTEepUCTHKAMU W TapaMeTpamMu
KOMIIOHEHTIB, fKi (opMyroTh JioriyHi QyHkuii. Halinmomupenimmmu € norika TTL, mo 6a3yerscs
Ha OIMOJSIpHUX  TpaH3UCTOpax 1 3abe3medye BHCOKY IIBUIKOIIIO TPH  IOMIpHOMY
eHeprocrnokuBanHi, Ta Jjorika CMOS, ska BHKOpUCTOBYE KomIuieMeHTapHi mapu MOH-
TPAH3UCTOPIB 1 XapaKTEPU3YeThCS MIHIMAIbHUMU CTATUYHHUMH BTpaTaMyd EHEprii Ta BHCOKOIO
IITBHICTIO 1HTETpalii. ICHyrOTh TakoX criemiaiizoBaHi TUIK JOTikH, Taki sk ECL i3 HagBHCOKOIO
MIBUJIKICTIO TEPEeMUKAHHs, aje MiJBUIICHUM eHeprocrnoxkuBaHHsiM, abo BiCMOS, mo noeanye
MIBUJIKOAII0 OIMOJSPHUX TPaH3UCTOPIB i3 HU3bKUM crnoxuBaHHAM CMOS. Koxen tun noriku
BH3HAYa€ OMYCTUMI PiBHI CUTHANIB, HABAHTAKyBaJIbHY 3/1aTHICTh, YAaCOBI MApaMETPU Ta CTIHKICTh
0 3aBaj, M0 BIUIMBa€ Ha 3arajJibHi XapakTepucTuku nudpoBux cxem. DopMyBaHHS
OOYHCITIOBAILHUX CHCTEM Ha OCHOBI pI3HUX JIOTIYHUX CTaHAApPTIB Ja€ 3MOTY JOCSraTé
ONTUMAJBHOrO OajaHcy MK HIBHAKOJIEI0, E€HEPreTHYHOI e(EeKTHBHICTIO Ta TEXHOJIOTTYHOIO
CKJIQJIHICTIO, IO € KITFOYOBUM (DaKTOPOM y IPOEKTYBAHHI Cy4acHOi IIU(POBOT TEXHIKH.

.HeKlliﬂ 2. (I)OpMaTI/I NnoJAaHHA JAaHUX Ta YHCJI0Bi CHCTEMH B Ill/l(l)pOBI/IX CUCTEMAX

®opmatu monaHHs iH(opmalii B HUPPOBUX CHCTEMax BH3HAYAIOTh CIOCIO KOIYBaHHS
JTaHUX A 30epiranHs, oOpoOKM Ta mepeaadi MK amapaTHUMH KOMIIOHEHTaMu. HaiimeHIioro
onuHUICIO 1H(OpMarIii € OiT, AKWii MOXXe Ha0yBaTH OJHOTO 3 JIBOX JIOTIYHUX CTaHIB, IO
TpamuliiftHO mo3Ha4yaroTh K «0» abo «l». I'pymyBanns OiTiB y cTaHmapTHI OJIOKH IO3BOJISIE
eeKTHBHIIIE OPTaHi30BYyBATH IaM’SITh 1 IIMHA OOMiHY; OCHOBHOIO OJJMHHIICIO TAKOTO I'PYITyBaHHS
€ 0aifT, 0 CKIIAA€ThCs 3a3BHUAll 3 BOCBMH OITiB 1 ciayrye 6a30BO0 Mipoio 00’eMy iHpopmarii y
OUIBIIOCTI KOMIT FOTEPHUX CHUCTEM. baliTh BUKOPHCTOBYIOTHCS /111 KOAYBAaHHS OKPEMHUX CUMBOJIIB Y
TEKCTi, MpeJCTaBICHHs YHCIOBUX 3HAYeHb Ta ajpecallii mam’sTi, 0 I03BOJsE YHI(iKyBaTH
CIOCOOM JIOCTYIY JI0 JJAHUX HA PI3HUX PIBHAX CUCTEMH.

MamuHHe coBo sBJsie 0000 0JI0K OITiB, SIKMI 00pOOIAETHCS HEHTPATIBHUM MIPOLIECOPOM
SK €IMHa OJJMHHULIS, BU3HAYAIOUH PO3PAIHICTh OOUUCIIOBATBHOT CUCTEMH 1 IIMPUHY PETICTPIB, IMIUH
TaHuX Ta ajapec. Po3Mip MammHHOTO ciioBa 0€3MOcCepeHbO BIUIMBAE HA OOCIT OOUMCITIOBAHUX
qycelsl, TOYHICTh apU(PMETHUYHUX ONepaliil, MaKCUMaJIbHy aJpecHy Mam aTb Ta €(QEeKTUBHICTh
pobotu mporecopa 3 gaHuMu. OpraHizailisi JaHUX Yy CJIOBaX J03BOJISIE MPOILIECOPY BUKOHYBATH
omepanii Haa MOUIMMH OjJoKaMu OITIB OJIHOYACHO, OMTHUMI3YIOUM OOYMCIIOBAIBHI IUKINA Ta
3a0e3Meuyroun CyMICHICTh MK PI3HUMH anapaTHUMHU MOJylasMH. B3aemonist mix Oitamu, Gaiitamu
Ta MAallMHHUMH CJIOBaMU (POpMye OCHOBY AJISi MOJANIBLIOrO MPEICTaBIECHHS CKJIATHIIINX THIIIB
JaHWUX, TaKUX SK LIl YMCla, YHUCia 3 IUIABAal0YOI0 KOMOIO, CHMBOJIBHI Ta JIOTIYHI MacuBH, IO
703BoJIsie  3a0e3neunTd  yHI(IKOBaHY 1 CTPYKTypoBaHy o0O0poOky iHdopmalmii B HUPPOBUX
O00YHCITIOBAJIbHUX CHCTEMAX.

Cucremnu 4HCIEHHS € (OPMAITBHOIO METOAMKOIO TPEJICTABICHHS YHCIOBHX 3HAYCHb Y
BHTJISIZII TTOCTIZOBHOCTI CUMBOJIIB MEBHOTO ajidapiTy, /e MO3UIIHE 3HAYCHHS CHMBOJIY BU3HAUYAE
HOro BHECOK y 3arajibHy BEJIMUYMHY 4Hcia. Y MUGPOBUX CUCTEMaX HAWIMOMIMPEHIINMH € IBINKOBA,
BICIMKOBA, JIECATKOBA Ta LIICTHAALATKOBA CHCTEMH YHCIIEHHS, IPUYOMY JBIKOBA CUCTEMA JIC)KUTh
B OCHOBI poOOTH KOMII'IOT€pa, OCKUIBKHM ii JBa CTaHU BIANOBIAAIOTH JOTTYHUM PiBHAM «0» 1 «1»,
K1 MOXKYTh peaji3oByBaTHCs (Pi3MUHO 4epe3 MPOBIIHICTh HAMiBIOPOBiAHUKIB. [lepeBenenns uncen
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MDK CHUCTEMaMH YHCJICHHS BHUKOHYETbCA 3a JOMOMOIOI0 apHU(PMETHYHUX TMpOIEeayp, 30Kpema
IUIEHHS Ta MHOXEHHS 3 YpaxyBaHHSM OCHOBU CHCTE€MH, ab0 3a JONOMOIOK TaOIMYHOIrOo
CMIBCTABJICHHA pPO3pSAAIB, L0 3a0e3meuye KOPEKTHE BiJOOpaKEHHS YHMCIOBUX 3HAUCHb IPHU
B3a€MO/IIi IPOTPAMHOTO 3a0€3MeYeHHs 3 anapaTHUMH KOMIOHEHTAMHU Ta MPH TPAHCIMII JTaHUX
MK PI3HUMH ITPOrPAMHUMHU MOJYJISIMH.

il gucna B nudpoBUX cHCTEMaxX TPATUIIAHO MOJAIOTHCSA y JBIMKOBOMY KO, IPUIOMY
JUIS 3pYYHOCTI OOYMCIEHb 3 BIJ €MHUMH 4YHCIIAMU 3aCTOCOBYETHCS [OJATKOBUH Kon. VY
JI0OJIATKOBOMY KOJI1 BiJI’€MHI 4nciia GOPMYIOThCS IUIIXOM 1HBEPCii BCiX OITiB MO3UTHUBHOTO YKCA 3
MOAAIBIIIUM JO0JIaBaHHIM OJWHMIL, 110 JO3BOJISIE YHI(IKYBAaTH OTepallii 1oAaBaHHs Ta BiHIMaHHS,
CIIPOCTUTH JIOTIKY apru(METHUUYHUX PUCTPOIB 1 3a0€3MEUUTH KOPEKTHY 0OpPOOKY mepernoBHeHb. J{is
IpoOOBUX YHCENl BUKOPUCTOBYETHCS MOJAHHS y GopmaTi 3 PikcoBaHOW ab0 IUIABAIOYOI0 KOMOIO.
dopmar 3 (HiKCOBaHOIO KOMOIO BH3HAYa€ PO3TANIYBaHHS IPOOOBOI Ta IIUJIOT YaCTUHU B 3aJlaHIii
KUIbKOCTI OiTiB, TOMi sK ¢opMaT 3 miaBawouor0 komoro peanizye cranmapt IEEE i no3Bomse
MPEJCTaBUTH HIMPOKHUK [iama3oH 4YHCed 3a JOMOMOTOI0 MAHTHCH Ta MOPSJAKY, 3a0e3medyiouu
OaJlaHC MIDK TOYHICTIO 1 MacmTaboM obuncieHb. OOuaBa MiIX0IU 0 MOAAHHS IPOOOBUX YUCET €
KPUTUYHUMHU JUIsI KOPEKTHOI poOOTH apuMEeTHUYHHX MOMAYINIB, alTOPUTMIB OOpPOOKM CHUTHAIIB,
HAayKOBHX PO3paxyHKIB 1 OOpOOKM [JaHUX 13 3MIHHOIO TOYHICTIO B Cy4YacHMX UU(POBHUX
O0YHCITIOBAIbHUX CHCTEMAaX.

KonyBanus cumBonbHOI iH(opmaiii B 1mudpoBUx cucrteMax 3abe3mneuye MepeTBOPEHHS
TEKCTOBHX JIaHUX Y TIOCIHIIJJOBHOCTI OiTiB aiisi 30epiranus, oOpoOKu Ta mepenadi MK anapaTHUMU
KOMIIOHEHTaMHU Ta MPOrpaMHUMHU MoAyisiMu. OnHuM i3 HadmommpeHimmx cranaaptiB € ASCII,
KU BUKOPUCTOBYE 7 abo 8 OiTiB HA CHMBOJI 1 JTO3BOJISiE KOAYBATH aHTIINCHKI JiTepu, mudpwu,
CITy>k00Bi CUMBOJIM Ta 0a30BUil HaOip 3HakiB myHKTyamii. ASCII 3abe3meuye mpocTy i KOMITAKTHY
pENpe3eHTalliI0 TEeKCTy, aje OOMEKEHUN MOMIIMBICTIO TMOJAHHS JHIIe OOMEXEeHOro Habopy
CHUMBOJIIB, 10 YCKIAJHIOE POOOTY 3 MIKHAPOJHUMHU MOBaMHU. [ pO3LMIMPEHHS MOKIMBOCTEH
KOJYBaHHs 3acTOCOBYeThCs ctanaapT Unicode, sikuil 103BoJIsie BiToOpaXkaT CUMBOJIM MPAKTUYHO
BCIX MOB CBITY, @ TaKOX CIleliaJibHi rpadiuHi Ta KOHTPOJbHI cuMBoiH. Unicode peani3yeTbes yepes
pisHi cxemu komyBaHHs, 30kpema UTF-8, UTF-16 ta UTF-32, ne UTF-8 3abe3neuye 3MiHHY
JOBXHUHY OaifTiB Ha cuMBOJI, 30epiratoun cymicHicth i3 ASCIL, a UTF-16 i UTF-32
BUKOPHUCTOBYIOTh (hikcOoBaHY ab0 HamiB(QIKCOBaHY IOBXHMHY Ul YH1()IKOBAHOTO INpEACTaBICHHS
CHUMBOIJIIB.

Apudmernuni onepanii y JABIMKOBIH cHUCTeMl IPYHTYIOTbCS Ha MpaBWIaX BHUKOHAHHS
JI0JlaBaHHs, BIJIHIMAHHS, MHOXKEHHS Ta JUIEHHS 3 BUKOpPHCTaHHAM JBiiikoBux mudp. JonaBaHHs
peaizyeThes uepes MociiioBHE CyMyBaHHs OiTiB 13 BpaxyBaHHSIM MEPEHOCY, 110 (POpMy€e OCHOBHUMI
ITOPUTM POOOTH apU(PMETHKO-IOTIYHUX NMPHUCTPOIB. BigHiMaHHS 3a3BUYall BUKOHYETHCS 4depe3
J0JJaBaHHS 4Kclia B JOJATKOBOMY KOJI, IO JI03BOJISIE BUKOPHUCTOBYBATH YHI(IKOBaHy amapaTHy
JIOTIKY 1 CIIPOIITY€E cXeMy OOpOOKH HEraTUBHUX 3HA4Y€Hb. MHOKEHHS 31MCHIOETHCS SIK TTOCITIIOBHE
J0JlaBaHHS 3CyBIB a00 dyepe3 crieliaiai3oBaHl KOMIPKH, a AUIEHHS peali3yeThCsl alrOpUTMIYHO
IUIIXOM TOCTIZOBHOTO BIJIHIMAaHHS Ta 3CyBY pe3ysbTaTiB. BukopucTaHHs JBIMKOBOi CHCTEMHU
3a0e3medye OJHO3HAYHE BIMOOpaXEHHsI OMepalii y JOTIYHHUX CXEeMax TMpoIecopa, JT03BOJISE
JOCSITaTH BUCOKOI IIBUJAKOAII Ta TOYHOCTI OOYMCIeHb 1 (OpMye OCHOBY JUIsl peanmizamii BCiX
apu(pMETHYHHX Ta JOT1YHUX QYHKUINA y HUPPOBUX OOUUCITIOBATIBHUX CHCTEMAX.

AHaii3 mepenoBHEHHS B LU(QPOBUX CHCTEMAaX € KPUTHYHUM €TalloM IpU BUKOHAHHI
apu(pMETHYHUX Omepalliif, OCKIIbKH 0OMeXeHa pO3pIHICTh MAIIMHHOTO CJI0BAa MOXKE MPU3BOJAUTH
0 BTpaTH 3Hadyymux OITIB 1 (opMyBaHHS HEKOPEKTHOro pe3ynbTaTy. IlepernoBHeHHs
B1/I0OYBAa€ThCSA, KOJMM pe3yibTaT omepanii BUXOAUTh 3a MeXl JIOMYCTUMOrO Jiana3oHy
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IIPEJCTABICHHS YHUCIa, 110 OCOOIMBO BAXIIUBO IS IIUIOUUCENBHUX OOYMCIEHb Y JOAATKOBOMY
KOJIl, JIe 3HaK 4Yucia 1 HOro BEIMYMHA KOAYIOThCS y (iKcoBaHOMY HaOOpi OiTiB. AHali3 BKIIOYAE
BUSIBJICHHS CUTYallill IEPEIIOBHEHHS IUIIXOM KOHTPOJIIO TIEpEHOCY cTapiioro 0ita, 3HakoBoro 0ita
Ta MEePEBIPKA KOPEKTHOCTI OOYMCICHHS, IO J03BOJISIE PO3POOJIATA HAiHI alrOpUTMU OOPOOKH
JaHuX 1 3a0e3leuyBaTd CTAOUIBHICTH POOOTH MPOrPaMHOrO 3a0e3MedYeHHs MpU OOMEKEHHX
armapaTHUX pecypcax.

HecranpaptHi cucteMu uuciieHHs Ta Oararo3HayHa JIOTIKa 3acCTOCOBYIOTBCS B
CHeIiagi30BaHNX OOYMCITIOBAIBHMX CHUCTEMax 1 MPHUCTPOSX, /€ JBIKKOBa JIOTiKa HE 3abe3reuye
HE0OX11HOi e(eKTUBHOCTI a00 KOMMAaKTHOCTI. [0 Takux Haiexarb TpIHKOBa, YeTBepUYHA a0o
MO3UIIIIHI CHCTEMH 3 OCHOBOIO, BIJIMIHHOIO BiJ JBIHKOBOi, a TaKOX OaraTo3HayHa JIOTiKa, y SKiH
CHUTHAJIM MOXYTh HaOyBaTH OifbII HIDX JBOX TUCKpPEeTHUX cTaHiB. Lli migxomw 103BOJISIOTH
3MEHIIUTH KUIBKICTh €JIEMEHTIB Yy CXeMi, MiJBUIIUTH IIUIBHICTh IHTErpamii 1 CKOpPOTHTH
€HEePrOCI0KUBAHHS, MTPOTE MOTPEOYIOTH CHELiaTi30BaHUX CXEM YIPABIiHHS Ta MEPETBOPEHHS IS
CYMICHOCTI 3 TpaJAULIHHIMU HU(PPOBUMH CUCTEMAMH.

BukopuctanHs cucTteMH 4YHCICHHS Y IHpPOrpaMyBaHHI Ta KOMIT'IOTEPHIH TeXHill €
(dbyHIaMeHTaIbHUM, OCKUIbKU ¢dopMye 0a3y Uil MpEACTaBICHHS ITaHWX, OpraHi3amii mam’ sTi,
aapecariii Ta oOuucieHb. JIBilikoBa cHUCTeMa 3aCTOCOBYETHCSA Y BCIX JIOTIYHHUX 1 apU(pMETHUHUX
MOJYJISX IMpoliecopa, MIMHAX JaHUX 1 KOMYHIKaliiHUX MpoToKoaxX. BiciMkoBa Ta mIicTHaALSTKOBA
CHCTEMH YHCJIEHHS YacTO BUKOPUCTOBYIOTbCA IpOrpamMiCTaMu JJisi KOMIIAKTHOTO I10/IaHHS
IBIMKOBMX 3HA4YeHb, 3py4YHOI HOTAalii MAacOK, pEricTpiB i agpec y Biaami Ta po3poodii
HU3bKOPIBHEBOTO KOJy. BHKOpHCTaHHS YMCIOBUX CHUCTeM 3a0e3redye KOPEKTHY IHTEepIpeTaliiro
JaHUX MDK anapatryporo Ta MPOTPaMHUM 3a0€3MEUeHHSM, JO3BOJSE (OPMaTi30BaHO ONUCYBATH
QITOPUTMH, OINTHUMI3YBAaTH PECYpPCH OOYHCIIOBAILHOI CHUCTEMH 1 3a0e3ledye TOYHICTh Ta
e(pEeKTHBHICTb BHMKOHAHHsS MPOTrPaMHUX 3aBJaHb Yy CyYacCHUMX LHU(QPOBUX OOUUCIIIOBATIBHUX
cepe/1oBUILAX.

Po3psaHicTh mporecopa BU3HAYa€ MIMPUHY MAIIMHHOIO CJIOBA, PO3MIpP PETiCTPiB, MUPUHY
IIMH JaHUX Ta aJpPECHY 3JaTHICTb CHUCTEMH, L0 Oe3locepelHbO BIUIMBAE Ha OOCAT aJlpecoBaHOl
nam’saTi. YuM Oulblia po3psaHICTh, TUM MIMPIIUHN J1alla30H YUCENl MOXKe O0poOJsATH Mpolecop i
TUM OlbIIe ajpec Moxe OyTH chOpMOBaHO AJI JIOCTYIY JI0 ONEPAaTUBHOI MaM’sTi Ta MPUCTPOIB
BBE/ICHHS-BUBENIeHHs. Hanmpukian, 32-po3psaauii mporecop 3ade3nedye MOXIUBICTD ajapecallii 10
4 riraGaiiT mam’saTi 0e3 AOJATKOBMX MEXaHI3MIB PO3LIMPEHHS, TOMAl K 64-po3psaHi apXiTeKTypH
JI03BOJISIFOTH a/IpecyBaTH 3HAYHO OUIbINI OOCSTW Mam’sTi, [0 KPUTHUYHO JJI CYyYaCHHX CEpBepiB,
0a3 1aHuX 1 PecypcOMICTKUX OOuYHMCleHb. PO3psAaAHICT BU3HAYA€E TAKOXX TOYHICTh apU(PMETUUHHUX
oreparii, Jiana3oH JOMYCTUMHUX 3Ha4eHb 1 00CAT OOUMCIIIOBAHUX JaHUX 3a OJIMH TaKT MpPOIecopa,
1110 BIUIMBAE HA MPOJYKTUBHICTh MPOTPaMHUX AJITOPUTMIB 1 ONTHMI3allil0 BUKOPUCTaHHS PECYPCIB.

AmapatHi OOMeXeHHST UHU(PPOBUX CHCTEM, 30KpeMa 3aTPUMKU JIOTIYHUX EJIEMEHTIB,
MPOIMYCKHA 3JaTHICTh IIMH, €MHOCTI PEriCTpiB, IIBUIKOAIS Tam’gTi Ta EHEeProCHOKWBaHHS
KOMITOHEHTIB, (OpMYIOTh Oe3nocepeiHi BUMOTH J0 MporpamMHoOro 3a0e3meueHHs. [HxkeHepy
HEOoOXIZJHO BPaxOBYBAaTH IIi OOMEXEHHS MNpHU po3poOlll alropuTMiB, BHOOPI CTPYKTYp HaHHX,
onTHUMI3alil IUKIIB 00poOKK Ta ympaBiiHHI pecypcamu cuctemu. Hampuknaa, odmexxenuit o0csr
OIepaTUBHOI MaM’siTI BUMarae eKOHOMHOTO BUKOpPHCTaHHS Oy(epiB 1 KelliB, 3aTPUMKH B IIHHAX
JaHUX HAKJIAJal0Th BUMOTH JI0 MapajelbHOCTI Ta CHUHXPOHI3alii OOYHMCIeHb, a E€HepPreTHuHi
oOMeKeHHsI MOOUTbHUX MIATGOPM JUKTYIOTh €(PEKTUBHICTh IPOrPAMHUX IIUKIIIB Ta BUKOPHCTAHHS
PEKUMIB 3HI)KEHOTO E€HEpProCloXHMBaHHSA. Y KOMIUIEKCI pO3psAIHICTh Mpoliecopa Ta amaparHi
OOMEKEHHS BH3HAUYAIOTh paMKH, Y MeXax SKUX TMporpamMHe 3a0e3leueHHs ITOBHHHO
(GyHKIIOHYBaTH, 3a0€3MeUy0Yl KOPEKTHICTh, MPOAYKTUBHICTD 1 HaIHHICTh HUPPOBUX CHCTEM.



Jlekuis 3. Jloriuni onepauii Ta 0yJeBa ajareopa B unppoBux cucreMax

Jloriuni omepaii I, ABO, HE, XOR, NAND Tta NOR € 6azoBumu ¢yHKuissMu 1udpoBoi
Joriku 1 (OpMyIOTh OCHOBY MOOYHOBM KOMOIHAIIIMHMX Ta TIOCIIZOBHUX CXeM Y IH(PPOBHUX
cucremax. Oneparist | (AND) peani3ye KOH'IOHKIIIO, TIPU SIKi pE3yJabTATOM € JIOTiYHA OJUHULIS
JIUIIIE TOJIi, KOJIA BCI BXIJHI CHTHAJIA MalOTh CTaH «1», iHakmie Buxij nopiBaioe «0». Onepartiss AbO
(OR) 3abe3meuye au3’IOHKIIIIO: BUXIJ TOPIBHIOE «1», SKIIO X04a 6 OJUH BXig Mae cTaH «1», 1 «0»,
KOJIM BC1 BX0O U A0piBHIOIOTH Hyt0. Onepartiss HE (NOT) € yHapHOIO 1 BUKOHYE 1HBEPCIIO BX1IHOTO
cur”aiy, neperBoproroun «0» Ha «1» ta «1» Ha «0». XOR, a6o Bukitoune ABO, dhopmye soriuny
OJIMHMIII0 HA BHUXO[l, SKIIO KUIBKICTh OJWHUYHUX BXIJHUX CHUTHAJIB HEMapHa, IO IIUPOKO
3aCTOCOBYETHCS Y CXEMax CyMaTopiB, MEPEBIPKH MApPHOCTI Ta KOJyBaHHI TaHUX.

NAND i NOR € yHiBEepcanTsHUMU €IEMEHTaMHU, 110 MMOETHYIOTH 0a30Bi orepailii 3 IHBEPCi€ro
Buxinnoro curnaimy. NAND e inBepciero oneparii I, Bugaroun «0» numie Toi, KOJIM BCl BXOAU
nopiBHIOIOTH «1», a NOR € inBepcieto onepaii ABO, ¢popmyroun «1» numie Tozi, KOy BCi BXOAU
piBHI Hym0. 3aBasku yHiBepcanbHOCTI NAND 1 NOR MosxiuBe noOynyBaHHs Oyb-sSKUX JIOTTYHUX
GyHKIIH 3 iX BHUKOPUCTAHHSM, IO CIpPOIIyE €JIeMEeHTHYy O0a3y Ta IiHTerpamilo cxem. Bci
nepepaxoBaHi omeparii peani3yloTbCcs amapaTHO 4Yepe3 TPaH3UCTOPHI KoYl abo JIOrivHi
MIKPOCXEMH, BU3HAYAIOUU CTPYKTYpPY LM(POBHUX BY3JIB, iX IMIBUIKOJIIO, €HEPrOCHOXHBAHHSA Ta
HaJIHICTH pOOOTH OOYUCIIOBAILHUX CHCTEM, 1 € (DYHIaMEHTOM JUIsl CUHTE3Y CKJIaJHUX JIOTIYHHX
CXEM Ta IPOTrpaMOBaHMX U(PPOBHUX MPHUCTPOIB.

MaremaTiuHi OCHOBH OysieBoi anreOpu BH3HAUYAIOTH (OpPMajbHI IMpaBHUJa OIEPYBaHHS
JOTIYHUMH BEITMYMHAMHM, SKi HaOyBalOTh JHIIEe OBOX 3HaueHb — «0» Ta «l», i 3a0e3meuyroTh
METOJIOJIOTIF0 aHaii3y Ta cuHTe3y nudpoBux cxeM. byneBa anreOpa q03BOJISE€ TPEACTABIATH
noriy"i ¢GyHKHIT y BUMIIsIAL Gopmyn, cxeM abo TaOmuIp ICTUHHOCTI, IO Aa€ 3MOry (hOpMaabHO
BHU3HAYATH B3a€EMO3B’SI30K MK BXIJHMMH CUTHaJaMH Ta OYIKyBaHUMH BHXOJaMU. B nudposiit
TeXHILl 1[I MNPUHLUUOM 3aCTOCOBYIOTbCS JUId ONTHMi3alii JIOTIYHHUX BY3JB, CTBOPEHHS
KOMOIHAIIHUX CXeM, CyMaTopiB, MYJIbTUIUIEKCOPIB, ACMIM(PATOPIB 1 PEricTpiB, a TaKOX s
3MEHILIEHHS Yucia eJIEeMEHTIB Yy CXeMi MpH 30epekeHHI KOPEKTHOCTI BUKOHaHHS (yHKI1H. Bynesa
anredpa € oOCHOBOW (hopmaiizaiii TpOoIeciB MPOCKTYBaHHS arapaTHOTO 3a0e3MedyeHHs Ta
aBTOMAaTH3allll CHHTE3Y IU(PPOBUX MPUCTPOIB.

3akoHu OyneBoi anreOpu (GOpMyIOTh CHCTEMY MpaBUJI JAJsl NEPETBOPEHHS Ta CHPOIIECHHS
JoriuHux BHpa3ziB. Cepell OCHOBHUX 3aKOHIB BHIUISIOTH 3aKOHU 1JEHTUYHOCTI, HYJS Ta OJUHMIIL,
KOMYTaTHBHOCTI, acOL[IaTUBHOCTI Ta AMCTPUOYTUBHOCTI, SKI BU3HAYAIOTh MOPSJIOK 1 BIACTHUBOCTI
BukoHaHHs onepailiif I, ABO ta HE. 3akoH nornuHaHHs 103BOJIsSIE€ CIPOILYBAaTH CKJIalHI BUpa3H 3a
JIONIOMOTOI0 BHJIAJIEHHS TOBTOPIOBAHUX TEPMiB, a 3aKOH NOJBINHHOI 1HBEpCii rapaHTye NOBEPHEHHS
MOYaTKOBOTO 3HAYEHHS Iicis JABopazoBoro 3acrocyBanHs omepanii HE. 3axonu [le Moprana
MEePETBOPIOIOTh KOMOIHAIlT omeparii 3 1HBEpCi€l0, M0 OCOOJMBO BAXIWBO MPHU peami3arii
uudpoBUX cxeM Ha yHiBepcalbHUX JoriyHux enemeHTax NAND Ta NOR. Bukopucranns mux
3aKOHIB JI03BOJISI€ 1HXKEHEpPY aHali3yBaTH (YHKI[IOHAJIbHI 3aJIe)KHOCTI, MIHIMI3yBaTH amapaTHy
peaizailiro, IMiJBUINYBATHA IIBUIKOAIIO CXEM, 3MEHITyBaTH €HEProCIOXUBaHHS 1 3a0e3reuyBaTH
Ha/AiiHY poOOTY UPPOBUX NPUCTPOIB Y pealbHUX yMOBaX.

[TepeTBOpeHHS JOTTYHUX BUPa3iB € KJIOUOBUM €TAllOM aHaJi3y Ta CUHTE3y U(POBUX CXeM,
IO JO3BOJISE€ CHpOINYyBaTW (YHKII, ONTHMI3yBaTH BHUKOPUCTAHHS JIOTIYHUX €JEMEHTIB 1
MiABUIYBAaTH €(PEeKTHBHICTh amapaTtHoi peanizauii. Jloridni BupasH, IO ONHCYIOTh 3aJIeKHICTh
BUXIJHUX CUTHAJIIB BiJ] HA0OpY BXIJHUX, MOXKYTb OyTH HpPEJCTaBIIEHI y PI3HUX (opMax, TaKUX SIK
KOHIOHKTHBHa a00 JM3’IOHKTMBHAa HOpMajibHa (opma, Ta MIAJAIOThCA — anreOpaidyHuM
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MEPETBOPEHHSIM 13 3aCTOCYBaHHSIM 3akoHIB OyineBoi anreOpu. IlepeTBopeHHsT BKIIOYAE
YHOOPSIIKYBaHHS TEPMiB, 3acTocyBaHHS 3akoHiB Jle Moprana, o00’e€qHaHHS Ta BHUIAICHHS
MOBTOPIOBAHUX a00 MOTJIMHAIYHUX YIIEHIB, IO JTO3BOJISIE 3MEHIIUTHU CKJIAJHICTh CXEMH, KIJTbKICTh
€JIEMEHTIB Ta 3MEHILIUTH 4aC 3aTPUMKH CUTHAJIIB y JIOT1YHUX JIAHIIOTaX.

Tabmuui icTuHHOCTI € (OpPMAIBHUM METOAOM IMPEACTABICHHS JIOTIYHOI (GYHKIIl, 10
MoKa3ye BCi MOXJIMBI KOMOiHaMii BXiAHUX CUTHAJIB Ta BiAMOBIAHI 3HAYEHHS BHXIAHOTO CHTHAIY.
KoxxeH psamox Tabmuii BIANMOBITAE KOHKPETHINM KOHQIryparii BXOIiB 1 JEMOHCTPYE pe3yibTaT
obuncnenns ¢yHkuii s miei koHdiryparii. TaOmuili 1CTHHHOCTI BUKOPUCTOBYIOTBCS IS
MEePEBIPKK KOPEKTHOCTI JIOTIYHUX BHPa3iB, MOOYJAOBH KOMOIHAIIIHHUX CXEM, aBTOMAaTH30BAHOTO
CUHTE3Y JIOTIKM Ta crupomieHHs ¢yHKIiH. BoHn 3a0e3neuyroTh HA0YHE YSBIICHHS MPO IMOBEIIHKY
1M(POBOrO BY3JA, JO3BOJSIOTH BHSIBIISITH HAJUIMINKOBI TepMH ab0 CYMEpedHOCTI y BHpasax 1 €
OCHOBOIO JIJIsl AITOPUTMIYHUX METOJIB MiHIMi3awii JIoriyHUX (yHKIIH, Takux sk kaptu Kapuo abo
METOAM MporpamMHOi onTuMizamii cxeM. TakuM YWHOM, TNEPETBOPEHHS JIOTIYHHUX BHpa3iB Yy
MO€HAHHI 3 TAONUISIMU ICTUHHOCTI 3a0e3reuye CTpyKTypoBaHe i (opManizoBaHe MPOEKTYBAHHS
1M (POBUX CUCTEM 13 TAPAHTOBAHOIO (PYHKIIIOHATHHOIO KOPEKTHICTIO.

Minimizanist noriyHux ¢GyHKIIH 3a gomomoror kapT KapHo € edexTuBHUM rpadiyHUM
METOZIOM CIIPOIICHHS KOMOIHAIIMHUX CXEM, IO JO03BOJISIE 3MEHIIUTH KUIBKICTh JIOTIYHHX
€JIEMEHTIB 1 ONTUMI3yBaTH iX amapaTHy peaiizauito. Kapra Kapho sBisie coboro tabnuiito, 1e BCi
MOJKJIUBI KOMOiHAIlil BX1IHMX 3MIHHUX PO3TAaIllOBaHI y BUTJISAII ABOBHUMIPHOI a00 GararoBUMipHOL
CITKM 3 ypaxyBaHHSM TOCTIIOBHOCTI ['pes, mo 3abe3medye 3MiHy JHIIE OJHOTO OiTa MiX
CyMiKHMMH KoMmipkamu. KokHa KOMipka KapTH MICTHTh 3HAY€HHsS JIOTIYHOT (QYHKIi s
BIJIMOBIAHOI KOMOIHAII{ BXIJHUX CHTHAIIB, IO JO3BOJISE€ HAOYHO BUSBISATH T'PYIH OJAWHHIG a00
HYJIB, Ki MOXXYTb OyTH 00’ €HaH1 JJIs CIIPOIICHHS BUPa3y.

[Tpouec MiHIMI3alii BKIIOYAE€ MOMIYK HAWOUIBIIMX CYMDKHUX OJOKIB OJMHHUIG (AJis
KOH IOHKTHBHOI HOpManbHOI (hopMu) abo HYTIB (IIsl AM3’IOHKTUBHOI HOpMajibHOI (hOpMHU), IO
JI03BOJISIE CKOPOTUTH 4YMCJIO TEPMiB Ta 3MIHHUX Y KOXKHOMY TepMi. OO’€HaHHS CyMIKHHX
eJIEMEHTIB 3a0e3nedye BUAAICHHS HAJJIMIIKOBUX 3MIHHUX, 30€peXeHHs €KBIBAJICHTHOCTI (PYHKIIT
Ta OTPUMaHHS ONTUMAJILHOTO JIOT1YHOTO BUpa3y. Bukopucrtanus kapt KapHo oco6inBo edekTuBHe
Uit QYHKIIA 13 Y4OTUPMa—IIiCTbMa 3MIHHUMH, JO3BOJISIE IIBUAKO BHUSBIATH 3aKOHOMIPHOCTI,
3MEHIIye HMOBIPHICTh TIOMHUJIOK TIpU pPYYHOMY CIHpOIIEHHI Ta (OpMye OCHOBY st
aBTOMATHU30BAHUX AJTOPUTMIB onTUMi3auli HuppoBux cxeM. MiHiMizalis QyHKIIHN 3a 1OIOMOro
BOr0 MeTOoAy 3abe3nedye MiJBUINEHHS IIBUAKO[II, 3MEHIICHHS EHEepProcroXHBaHHA Ta
KOMIIAaKTHOCTI anapaTHOI peaizauii UppoBUX IPUCTPOIB.

VHiBepcanbHi Joriydi enemMeHTd NAND 1 NOR BigirparooTh KJIIOYOBY poiib y MOOYIOBi
UGPOBUX CXEM 3aBISKH CBOIM 34aTHOCTI peayli3oByBaTH OyAb-iKy JIOTIuHY ¢yHKUi0. EnemeHt
NAND e inBepcieto omeparttii I, popMyroun moriyHUNA HYJIb JUIIE TOJI, KOJHU BCl BX1JIHI CUTHAIN
JOpiBHIOIOTH oauHMI, a edemMeHT NOR e inBepciero omneparii ABO, Bumaw0uu JIOTIYHY OAMHUITIO
TUIBKA TIPH  HYJbOBUX 3HAUEHHSAX YCIX BXOJIB. 3aBASKM LHUM BIIACTUBOCTAM OyAb-sKy
KOMO1HaIiiiHy a00 MOCHIAOBHY JIOTIYHY (DYHKIIIO MOKHA peani3yBaTH, BUKOPHUCTOBYIOUH JIHILIE
€JIEMEHTH OJIHOTO THILy, L0 CIPOIIY€E amapaTHy peaii3alilo, yHipIKye TEXHOJIOT1YHI MpPOLECH
BUPOOHMIITBA Ta JIO3BOJISIE ONTUMI3yBaTH €HEPrOCMOXKHMBAHHSA 1 IIIJIBHICTH iHTErpauii HuppoBUX
IIPUCTPOIB.

VY npaktuuHii cxemorexHiui BukopuctaHHs NAND i NOR 3a0e3neuye KOMIAKTHICTH 1
CTaHJApTH3allil0  MOJYJTIB,  JO3BOJIAIOYM  KOHCTPYIOBaTH  CyMaTopd,  Jemudparopw,
MYJIbTUIUIEKCOPH Ta TPUTepH Ha 0a3l MOBTOPIOBAHMX YHIBEpCAIbHHUX BY3/1iB. MiHiMI3allis JOTTYHUX
GyHKIIN, 0 peani3yloThbCs 4epe3 Il €JIEMEHTH, J03BOJISE 3MEHIIUTH KUIbKICTh TPaH3UCTOPIB,
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CKOPOTHUTH 3aTPUMKH TEPEMHKaHHS 1 MABUIIMTH IMBUAKOAII0 cxeMu. Kpim Toro, yHiBepcaabHI
eNIEMEHTH CIIPOIIYIOTh aBTOMATH30BaHE MNPOEKTYBAaHHS HU(PPOBHUX MPHUCTPOIB Yy CEPEIOBHIIAX
MO/ICJIIOBAHHS Ta CUHTE3Y JIOTiKH, OCKIJIbKY OJTHAKOBHM 0a30BHii €JIEMEHT MOXe 3aMiHIOBATU OYb-
AKY CKJIaqHy KoMOiHalito soriyaux onepaiiii. Bukopucranast NAND i NOR sk ¢pyHnameHTambpHIX
OyniBenbHUX OJIOKIB LU(POBUX cXeM 3abe3nedye THYUYKICTh MPOEKTYBAaHHS, MacIITa0OBaHICThH
cucTeM i eheKTUBHE BUKOPHCTAHHS OOMEXEHHUX PECYpCiB Cy4acHOI eIEMEHTHOI 0a3u.
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TEMA 2. AITAPATHA OCHOBA KOMIT'IOTEPHUX 3ACOBIB

Jlekuis 4. [lndpoBa cxeMoTexHiKa: MPUHIIUIIA, €JIEMEHTH TA CUHTE3 CXeM

[luppoBa cxeMOTEXHIKa € pO3ALIOM E€JIEKTPOHIKM, 10 3aliMa€TbCsl IMPOEKTYBAHHSM,
aHaJli30M Ta peamizaliero IU(POBUX MPUCTPOIB HA OCHOBI JIOTIYHUX elleMeHTIB. OCHOBHUM
3aBJaHHIM IU(PPOBOI CXEMOTEXHIKH € 3a0e3MeYeHHS KOPEKTHOI OOpPOOKM TUCKPETHUX CHTHAIIB,
MPEJICTABICHUX y BHIJISIAL JIOTIYHHX PiBHIB «0» 1 «l», mumsixom moOyqoBH KOMOIHAIIWHUX Ta
MOCTIIOBHUX CXEM, SIKi BAKOHYIOTh apu(MEeTHUHi, JOriuHi Ta KepyBainbHi QyHKIii. [IpoexTyBaHHS
nudpoBUX cxeM mependadae BU3HAYCHHS CTPYKTYPH JIOTIYHUX BY3J1iB, BUOIp THITIB €JIEMEHTIB,
pPO3MOALT TAaKTOBUX CHTHAJIB Ta OpraHi3alilo B3aeMOii MDK IiJICHCTEMaMH, 10 3a0e3reuye
HaJIHICTh, IIBUJIKOIIIO Ta EHEPTeTHYHY €(PEKTHUBHICTh U(PPOBOTO MPUCTPOIO.

®Di3U4HI TPUHIUIN POOOTH TPAH3UCTOPIB y MUPPOBUX JIOTTYHUX E€JIIEMEHTAaX I'PYHTYIOThCS
Ha KepyBaHHI MPOBIIHICTIO HAIIBIPOBITHUKOBHUX MEPEXO/iB NUIIXOM MPUKIAIAHHS €IEKTPUIHOTO
MOTeHIany. TpaH3UCTOp BHUCTYHAE SIK KIIOY, SKAH MOXKe TmepeOyBaTH y BIIZKpUTOMYy abo
3aKpUTOMY CTaHi, IO BiAMOBiAa€ JOTIYHUM PiBHAM «1» 1 «0». YV OINOISIPHUX TpaH3UCTOpaxX 3MiHA
0a30BOT0 CTPyMy KOHTPOJIIOE€ TIPOTIKAHHS KOJEKTOPHOTO CTPYMY, TOHI SIK Y IOJIbOBHX
TpaH3MCTOpaxX HaIpyra Ha 3aTBOpPI BU3HA4ya€ MPOBIAHICTH KaHaiy. Lli BIAacTHBOCTI J03BOJSIOTH
dbopMyBaTH JOTiYHI BY37H, ¢ KOMOiHaIil TpaH3ucTopiB peanizyroTsh onepanii I, AbBO, HE Tta ix
noxigai. ®dizuyHa peaizallis TPAH3UCTOPHUX KOMOIHAIM BU3HAYA€ IIBUIKOJIIO CIEMEHTIB,
3aTPUMKHM TI€PEMUKAHHS, CHEPrOCIOXXMBAHHA Ta HaIIHHICTh poOOTH HUPPOBUX CXEeM, L0 €
KPUTHYHHUM JJIs1 TOOYZ0BU BUCOKOIIBUIKICHHUX TPOLIECOPIB, IaM’sTi Ta nepudepiitHux MOIYIIiB.

KMOH (CMOS) ta TTJI (TTL) norika € 6a30BMMH TEXHOJIOTiSIMU peaitizaiii mudpoBux
CXEM 1 BH3HAYAIOTh EJIEKTPUYHI XapaKTEPUCTUKH, IMIBHIKOMII0 Ta €HEProCHOKUBAHHS JIOTTYHHX
enementiB. TTL-morika TIpyHTYeTbcS Ha OIMONAPHUX TpaH3UCTOpax 1 3abe3rnedye BHUCOKY
IIBUAKOJIII0O MPHU TOPIBHSHO MOMIPHOMY CIIOKMBAHHI €HEprii, XapakTepHU3yeThCS CTAOUIBHUMHU
PIBHSAMHM CHTHaJIIB 1 BiIHOCHO MPOCTOI0 CXEMOTEXHIKOIO MAJISi HU3BKOPO3PSIHUX IHTErpabHUX
MikpocxeM. Bona no0pe mizxoauTte ais peanizamii KOMOIHALIHHMX Ta MOCHIOBHUX CXEM, Jie
KPUTUYHUMHU € IIBHUJKICTh IMEpPEeMHUKaHHS Ta HaIIdHICTh pPOOOTHM NpU CTAHAAPTHUX PIBHAX
KUBIICHHS.

CMOS-norika 6a3yeTbcsi HA BAKOPHCTAHHI KOMIIEMEHTApHUX T1ap TOJIbOBUX TPAH3UCTOPIB
1 XapakTepu3yeThCsl AYyXKE€ HHU3BKUM CTaTHUYHUM EHEPrOCIIOKMBAHHSIM, BHCOKOI MIUTBHICTIO
iHTerpamii Ta criikicTio 10 myMmiB. Y CMOS-enemeHTax CHOXXWMBaHHS €HEprii BiOyBaeThCs
MEepPEeBaAXHO I Yac NEpEeMUKaHHsS CTaHIB, IO JO03BOJIIE CTBOPIOBAaTH €HEpProe(eKTHBHI Ta
KOMIAKTHI IU(POBI NMPHUCTPOi 3 BEIUKOI KUIBKICTIO JIOTIYHMX BY3JIiB Ha OJAHOMY KpHCTAI.
ITopiBusiHO 3 TTL, CMOS-cxemu 3a0e3neuyioTh MUPIIUA Aiana3oH HaNpyrd >KUBJICHHS, MEHIILY
TEIJIOBY Jerpajaiilo Ta OUIbIIY THYYKICTh MPH MPOEKTYBAHHI BEIMKHX IHTETPAIbHUX CXEM,
BKJIIOYAIOUM TIPOLIECOpH, MaM’siTh Ta BOymoBaHi KoHTposnepu. Bubip mix TTL ta CMOS
BH3HAYAETHCSI BUMOTAMU 10 IIIBUJIKO/I1i, €EHEPrOCIIOKUBAHHSI, IIUIBHOCTI 1IHTETpaIlii Ta crenudikoro
3aCTOCYBaHHS LU(POBOI CUCTEMH.

Texnomorii TTL Ta CMOS wMaioTh NTPUHIMIOBI BIAMIHHOCTI, IO BIUIMBAIOTH Ha
IIBUJIKOII10, €HEePTOCIIOKUBAHHS, IIUIbHICTh IHTETpallii Ta YMOBHU €KCIUTyaTallii mu(ppOBHX CXEM.
TTL-enementu, moOyaoBaHi Ha OIMOJNSPHUX TPAaH3UCTOpax, 3a0e3MeUyloTh BHCOKY IIBHIKICTbH
NepEeMUKAaHHs Ta HAJIMHICTh NPU CTAHAAPTHUX HANpyrax >KUBJIEHHS, ajleé MalOTh BIIHOCHO BHCOKE
CTaTUYHE CIIO’KMBAHHS eHeprii Ta oOMexkeHy LIbHICTh iHTerpanii. CMOS-TexHonoris, 3acHOBaHa
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Ha KOMIUIEMEHTApHHUX IIOJbOBHUX  TPAH3UCTOPAX, BIAPI3HAETbCA  HMU3BKUM  CTAaTUYHUM
€HEPTOCIOKMBAHHSM, BUCOKOIO IIUTHHICTIO IHTETpaIlii Ta CTIUKICTIO IO IIyMiB, MPOTE i MIBUIKOIiS
HID)KYa TIPU HU3BKHUX HANpyrax >KUBJICHHS, a 4ac 3aTPUMKH IEPEeMHMKAaHHS 3aJIe)KUTh BiJl €EMHOCTI
HaBaHTa)XCHHS. [IOpIBHIHHS IIUX TEXHOJIOT1H mokasye, mo TTL miaxoauTs AJisi BUCOKOIIBHIKICHUX
cXeM 13 HeBenWkow iHTerpamiero, Tomi sk CMOS ontumanbHa i KOMIIAKTHUX,
EHEepProe(PeKTUBHUX Ta BUCOKOPO3PSITHUX CHCTEM.

Cepen iHTErpaIbHUX MIKpocXeM IU(GPOBOI TeXHIKHM MomupeHuMH € cepii CDxx Ta 74xx.
Cepis 74xx, mo Oa3yerbcsi Ha TTL, BKIOYae JIOTIYHI €JIEMEHTH CTaHIAPTHOI IIBHUIKOII Ta
HiABHUILEHOI TeMIepaTypHOI CTIHKOCTI, XapaKTepU3yeThCsl HANPYrow >KUBJICHHS 5 B, MIBHIKICTIO
NEPEMUKAHHS B MeEXax JAECATKIB HAHOCEKYHJ 1 CIOXHMBAHHAM OJMHHII IOTYXHOCTI KiJIbKa
mimiBart. Cepiss CDxx, Bukonana Ha CMOS-texHoorii, 3a0e3neuye MUPOKUN Tiana3oH Hampyr
XKUBJIEHHS B 3 10 15 B, mye HU3bKE cTaTHYHE CIIOKMBAHHS (HAHOBATH a00 MiKPOBATH), BUCOKUI
Omip BXOZIB 1 OUIbLIY LIUIBHICTH iHTErpalii, IpoTe Yac 3aTPUMKU NEPEMUKAHHS 3aJeKUTh BiJ
HABaHTAXECHHS Ta MOXXE JIOCSATaTH COTEHb HAHOCEKYHJ. XapaKTepUCTHKU IUX Cepiil BU3HAYAIOTH
BUOIp MIKpoCXeM JUlsl KOHKpeTHUX 3a1a4: TTL BUKOPUCTOBYETHCS TaM, 1€ KpPUTHYHA IIBUIKOIA, a
CMOS — nns eHeproeeKTUBHMX CHCTEM 3 BEJIMKOI KIJBKICTIO JIOTIYHHUX BY3IIB, THYYKOIO
HAMpPYTOIO KUBJICHHS 1 MiHIMAJTbHUM TETLTOBUALICHHSIM.

OcHOBHI mapaMeTpu JIOTIYHHX €JEMEHTIB BHU3HAYAIOTh IXHIO (PYHKIIOHAIBHICTD,
MIBUAKOMII0 Ta HAAIMHICTD y HUQPPOBUX CXEeMax 1 BKIIOYAIOTh TaKi XapaKTEPUCTUKH, SIK 4ac
3aTPUMKH TI€PEMUKaHHS, PIBHI JIOTIYHUX CHUTHAJIB, HABaHTA)XyBaJlbHA 3[aTHICTh, CIIO)KMBAaHA
MOTY)KHICTh Ta TEMIIEpaTypHUN Aiama3oH poOoTH. Yac 3aTpUMKH BH3HA4Ya€ MIBHIKICTH, 3 SKOIO
BUXI1Jl €eIEMEHTa pearye Ha 3MiHy BXO/iB, 1 0e310CepeHbO BILTMBAE HA MPOJYKTHBHICTH IH(POBOT
cucrteMu. PiBHI JIOTIYHUX CHTHAIIIB, BKIFOYHO 3 MOporamu po3mizHaBaHHs «0» 1 «1», 3a0e3neuyroTh
KOPEKTHY B3a€MOJIII0 CYMIKHUX €JIEMEHTIB Ta CTIMKICTh 10 1rymiB. HaBaHTakyBalibHa 31aTHICTh
OIMHCY€E KUIbKICTh BXOJIB 1HIIMX €JIEMEHTIB, SKI MOKHA MiJKIIOYUTH 10 BUXOAY Oe3 merpamarii
curHaiy. CroknBaHa TMOTY)XHICTh Ta TEMIIEpaTypHUH Jialma30H BU3HA4YalOTh EHEPreTUYHY
e(EeKTUBHICTb 1 HaJIIHHICTh POOOTH B PI3HUX YMOBaX €KCIUTyaTallii, [0 KPUTUYHO JAJIs TOPTaTUBHUX
1 BUCOKOIIIBUIKICHUX CHCTEM.

CuHTe3 cXeM Ha JIOTIUHUX eJleMeHTax Iependadae MepeTBOPeHHs PyHKIIOHATbHUX BUMOT Y
KOHKPETHY arapaTHy peati3alliio 3a JOIOMOro 0a30BUX a00 yHIBEpCAIbHUX €IEMEHTIB, TAKUX SK
AND, OR, NOT, NAND ta NOR. Ilponec cuHTe3y BK/IIOYa€e aHali3 JOTTYHUX BUPA31B, MOOYIOBY
TabJIUIb ICTUHHOCTI Ta 3aCTOCYBaHHsI METOJIIB MiHIMi3allii, 30kpeMa kapT KapHo ab6o anreOpaiuHux
MePETBOPEHD, JJISl 3MEHIIEHHS KITBKOCTI €leMEeHTIB 1 omtumizanii mBuakoaii. [Ticas coporienHs
BUpa3iB BHU3HAUYAIOTHCS KOHQIrypamii MiJKIIOUYEHHS JIOTIYHUX €JIEMEHTIB i 10oO0ya0BU
KOMOIHaIITHUX a00 MOCHIIOBHHUX CXE€M, 1110 3abe3neuye peanizallilo HeOOXiTHUX apU(PMETHUHUX,
JOT1YHUX a00 KepyBanbHUX (PYyHKIIN. [IpaBuiIbHUN CHHTE3 CXEM JI03BOJISIE AOCATATH OalaHCy MIXK
HIBUAKO/II€}0, EHEPTOCTIOKUBAHHAM 1 MIUIBHICTIO 1HTErpallii, 3a0e3nevuyroun HafdliiHy 1 e(eKTUBHY
po6oTy UG POBUX MPUCTPOIB Y MEkKaxX 3aJaHUX almapaTHUX OOMEKEHb.

Jlekuisi 5. Tunosi By3/1u Ta ¢pyHKIioHaJbHI 0,10KH HU(PPOBHUX cHCTEM

Tunosi By3nu UG poOBOT TEXHIKH MPECTABIAIOTh COO0I0 CTaHAAPTHI (PYHKIIOHATIBHI OJIOKH,
10 BHKOPHCTOBYIOTBCS JUIsI NOOYJOBM KOMOIHAIIMHUX Ta MOCTIIOBHUX CXeM Yy IH(PPOBUX
o0YHCIIOBAIbHUX cucTeMax. Jlo Takux By3IniB Hajexarh JioriuHi enmemeHTH (AND, OR, NOT,
NAND, NOR, XOR), ski BUKOHYIOTH 0a30Bi JOTI4HI omepariii, Ta iXx KoMmOiHaIi y BHIJISAL
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cyMmatopiB, Aemm@paTopiB, MYJIBTHIUICKCOPIB 1 JAEMYJIbTUIUIEKCOPIB Il OOpOOKH  Ta
MapmipyTtusamii iHpopmarii. By3num mam’sTi, Taki SK TpPUTEepH, PETICTpU Ta JYUIBHUKH,
3a0e3meuyroTh 30epeKeHHS CTaHiB 1 CHHXPOHI3ALII0 TaHUX Y Yaci, pealli3ylouyH MOCHIiJOBHY JOTIKY
Ta YHpaBIiHHA 00YHCIIOBAILHUMH MPOLIECAMHU.

Kpim TOro, TMIOBMMHM By3JaMH € IIMHU JaHUX 1 ajapec, mo (HOpMYIOTh KaHaIH OOMiHY
iHpopMali€r0 MK MiJCUCTEMaMH, a TaKOX iHTepQeiicHI MoayIi, sKi 3a0e3MeYyI0Th B3aEMOIIIO 3
nepudepliHUMH TPUCTPOSIMA Ta 3OBHINIHIMM CHCTEMaMH. Taki BY3JIM CTaHIapTU30BaHI, M0
03BOJIsIE  YHI(IKYBATH TPOEKTYBaHHS LHU(PPOBUX CXEM, 3MEHIIUTH CKJIAIHICTh PO3POOKH Ta
CIPOCTUTH MaclTabyBaHHs cucteM. KoxkeH By3051 XapakTepu3yeTbcs HaOOpOM (DyHKIIOHATIbHUX
napaMeTpiB, IIBUIKOAIEI0, CHEPTOCIIOKUBAHHAM Ta HaBaHTaKyBaJIbHOIO 3/IaTHICTIO, 1II0 BU3HAYa€
HOro 3acTOCyBaHHS B KOHKPETHHX YacTHHAX HU(PPOBOI apXiTeKTypH. BHKOpPHCTaHHS THIIOBHX
BY3JIiB JI03BOJIS€ iIHXKEHEPY €(PEKTHUBHO CHHTE3YBaTH CKJIaIHI HU(POBI MPUCTPOI, 3a0e3Meuyroun ix
Ha/AIHHICTh, MPOTHO30BaHy MOBEIIHKY Ta ONTUMAJIbHE CITIBBIIHOIIEHHS MPOYKTUBHOCTI 1 pecypciB
amapatHoi mIaTGpopMH.

Cymaropu, KOMIIapaTOpH, MYJBTUIUIEKCOPH Ta JEMYJIbTUIUIEKCOPU € OCHOBHUMH
(GYHKI[IOHATBPHUMU BYy3J1aMH HH(PPOBOI TEXHIKH, sKi 3a0e3rmeuyoTb OOpOoOKy, MOpPIBHSHHS Ta
MapuipyTtusaniio iHdopmauii y mudpoBux cuctemax. CyMaTopu peanizyloTh orneparii 10/1aBaHHs
JIBIHKOBUX 4YHCENl 1 MOXYTb OYTH OJHOPO3PATHUMHU ab0 OaraTOpo3psIHUMH, 3a0€3MeUyrouu
(opMyBaHHS pe3yJIbTaTy Ta MEPEHOCY MK pOo3psiaMu; BOHH € 0a30BUMHU OJOKaMu apu(MeTHKO-
JIOTIYHUX MPHUCTPOIB Ta MPOIECOPHUX MOAYIiB. KoMmaparopu mopiBHIOIOTH JIBa Yncia abo JOTivHi
curHayim i (OpMyrOTh BUXITHI CHTHAJIH, 110 BKAa3YIOTh Ha BIJIHOIIEHHS «OUIBIIE», «MEHIIE» abo
«IOPIBHIOE, IO BUKOPUCTOBYETHCS JUIS KEPYBaHHS MPOTPaMHUMH TIOTOKaMHU Ta BUOOPY Omepartii
y MpoLecopax 1 KOHTpOJIepax.

MynbTUILIEKCOPH A03BOJISIOTH BUOMPATH OJMH 13 0ararboX BXiJHUX CHTHANIB 1 epe1aBaTu
HOro Ha BHXiJ BIAMOBIAHO A0 KEPYBaJbHUX CUTHAJIB, TUM CaMUM DEai3yl04d MaplIpyTHU3AIi0
JAHUX 1 ONTUMI3alliio HH 00MiHY. [leMynbTUIUIEKCOPU BUKOHYIOTh MPOTUJICKHY (YHKIIIIO: OJUH
BXIIHUI CHUTHaJl PO3MOJUISETHCS HA JEKUIbKa BUXOIIB 3a aJPECHUMHU CHTHAJIaMH, L0 J03BOJISIE
e(eKTUBHO TiepeaaBaTu 1HQOpPMAIIO O MOTPIOHOTO MIJCHCTEMHOIO By3ia. BUKOpUCTaHHS X
TUMOBUX BY3JIB y HU(PPOBUX cxeMax 3abe3nedye MOJIYJbHICTh, CTAaHAAPTHU3AII0 Ta CIPOIIYE
CUHTE3 CKJIAJHUX KOMOIHAIIMHHUX 1 MOCTIIOBHUX CXEM, MIABUIIYIOUM IMIBUIAKOIII0, HAMIMHICTh Ta
e(eKTUBHICTh HU(POBUX OOUHCITIOBAIILHUX CUCTEM.

Tpurepu, perictpu Ta JIYWIBHUKKA € 0a30BUMHU €JIeMEHTaMH IIOCIiJOBHOI JIOTIKHM B
uGpoBiil TexHill, Mo 3a0e3MeuyloTh 30epeXeHHsI CTaHy, CHUHXPOHI3aliio Ta Ji40y HuppoBUX
cUrHaiiB. TpuUrepu € HAUMPOCTIIIUMH eJIeMEHTaMH 30epiranHs oxHoro OiTa iHpoOpMallii, 31IaTHUMHU
HiATPUMYBATH CBIl CTaH JI0 3MIHU KE€PYBAJILHOTO CUTHATY. BOHM MOXYTh OyTH aCHHXPOHHMMHU a00
CHHXPOHHMMH, OJHOTAKTHUMH a00 JIBOTAKTHUMH, 1 3aCTOCOBYIOThCS sl (HOpMyBaHHS
3araM’ITOBYIOUMX €JIEMEHTIB, IMIYJIbCHUX T'€HEpPaTOpiB Ta KepyBaHHS MOCIIIOBHICTIO Omepauii y
U (POBUX CXEMaX.

Perictpu ckiagaroThCsl 3 MOCHIIOBHOCTI TPUTEPIB 1 BUKOPUCTOBYIOThCS JJIsi 30€peskeHHs
6araTo0ITOBUX JaHMUX, IX THMYAcOBOTO HAaKOMHWUYEHHS Ta Mepefadi MiXK HijcucreMaMu Iu(GpoBOro
npuctporo. Bonu 3abe3neuyroTs napaneabHui abo MOCHIIOBHHUM JOCTYM 10 iH(popMallii, a TaKox
dopmytoTs Oydepu mpu OoOMiHI AAHUMH MK PI3HUMH TaKTOBUMH JOMeHaMHu. JIIYMIIBHUKU €
CHeliali30BaHUMHU PETiCTpaMH, K peai3yloTh aBTOMAaTH4YHE 3011bIIeHHS a00 3MEHIIEHHS CBOTO
3HA4YeHHs y BIJMOBIJb HAa TaKTOBI CHUTHAIHM, 3a0€3Medyl04M BiJUIIK IMITyJIbCiB, T€Hepallito ajpec,
(hopMyBaHHS 4aCOBUX IHTEPBAJIIB Ta KEPYBAHHS LIUKJIIYHUMHU MPOLIECAMHU.
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BuxopuctanHs Tpurepis, pericTpiB Ta JIYMIHLHUKIB J103BOJIAE€ Oy1yBaTH CUHXPOHHI ITU(POBI
CHUCTEMH 3 MPOTHO30BAHOIO MOBEIAIHKOI0, 3a0e3Meuye KOPEKTHY Tepeaady Ta 30epirands JaHuX, a
TaKO>X CTBOPIOE OCHOBY JUIsl peastizamii CKJIaJHUX apu(PMETUKO-JIIOTIYHUX MPHUCTPOIB, MPOIECOPIB,
mam’ATi Ta CUCTEM KepyBaHHs y HIU(POBUX OOUNCITIOBATBHUX CUCTEMAX.

Amnanoro-um¢posi neperBoproBaui (ALII) Ta undpo-ananorosi neperBoproBaui (LIAIT) e
KIIFOUOBUMH KOMITOHEHTaMH IU(GPOBHUX CHCTEM, IO 3a0€3MEeUyIOTh B3a€MOJII0 MK IH(PPOBOIO
00poOkoro iH(Mopmallli Ta aHAJIONOBUMH CHUTHAJIaMH 30BHIIIHLOTO CBITYy. AIIIl meperBoproe
HETIEpEPBHUN aHAJOTOBUM CHUTHAJ y TUCKpeTHY HUGPOBY (opMy, sika Moxke OyTh oOpoOsieHa
nporecopoM abo 3amnucana y nam’stb. [Iporec nepeTBopeHHs BKItoYae BUOIp MOMEHTIB 4acy s
JTUCKpeTH3allii CUrHajdy, KBaHTYBaHHS aMIUTITYJU 3 BIANOBITHOIO PO3PSAIAHICTIO Ta KOAYBaHHS y
nsiiikoBuii  ¢opmar. OcHoBHI xapakTepuctuku ALl BKIIOYAIOTH PO3PSAAHICTH, MIBUAKICTDH
MEPETBOPEHHS, TOYHICTh 1 BITHOCHY MOXMOKY, II0 BU3HAYAIOTh SKICTh BIATBOPEHHS aHAJIOTOBOTO
curHaiy B nudpoBiit popmi Ta epeKTUBHICTH pOOOTH CHCTEMH B peaJbHOMY Yaci.

LIAIl BuKOHYE 3BOPOTHY OIEpaliio, MEPETBOPIOIOYM IHM(PPOBHIA KOJ Yy HENepepBHUI
AQHAJIOTOBUH CUTHAN, WO [IO3BOJISIE KEpyBaTH aAHAJIOTOBUMU BHKOHABUYMMHU MEXaHI3MaMU,
(dbopMyBaTH 3BYKOBI a00 BiZICOCUTHANIU Ta BIATBOPIOBATH JaHi y (i3uuHOMY cepenoBuili. [IpuHiun
pobotu LAII rpyHTyeThCS Ha reHepalii MPONnopLUiiHOTO BUXIIHOTO HANPYKEHHS a00 CTpyMy JUIs
KOXXHOTO 3HaU€HHS [U(PPOBOTO KONy, a HOr0 XapaKTepUCTUKU BKIIOYAIOTh PO3PSAAHICTh, TOUHICTh
BIJITBOPEHHS, MIBUAKO/IIO Ta JNiHiiHICTh. Bukopuctanus ALIT i LIAII € xputuunuM 1t ToOy10BU
BOYJOBaHMUX CHCTEM, CHCTEM KEpyBaHHS, BHUMIpPIOBAJBHOI amapaTypd Ta MYJIbTUMEIIHHUX
IPUCTPOIB, OCKUIBKM BOHU 3a0€3MeUylOTh KOPEKTHHH OOMIH JaHUMH MK IH(QpOBHUMHU
MPOIIECOpaMHU Ta AHAJIOTOBUM CEPEIOBUIICM, BH3HAYAFOUYM TOYHICTH, IIBUAKOJMII0 Ta HAJIIHHICTH
poboTH upPOBOi TEXHIKU B pEATBHIX YMOBaX.

TunoBi kopnycu iHTerpanbHux MikpocxeM (IMC) BusHauarore (i3uuHy Qopmy,
PO3MIIIEHHS BUBOJIIB Ta CIIOCIO MOHTa)Ky Ha IUIATI, IO BITUBAE HA MPOCTOTY 1HTErpallii, TerIoBUl
PEXUM 1 CYMICHICTh 13 1HIIMMH KoMmmnoHeHTamu. Hainommupenimmmu kopnycamu € DIP (Dual
Inline Package) 3 nBOMa mapanenbHUMH psiiaMd BUBOJIB Ul MOHTaXXy 4yepe3 OTBOPH Ha IJjari,
SOIC Ta SOP — ToHKI MOBEpXHEBI KOPIYCH Ui MOHTaxy Ha noepxHio miaata, TQFP ta QFP 3
BHUBOJIaMH 110 BCbOMY IIEPUMETPY JUIsl BACOKOUIUIBHOI 1HTerparlii, a Takox BGA (Ball Grid Array) 3
KOHTAaKTHUMH KYJIbKaMH IIiJl KOpPIycoM, 10 3abe3nedye MaKCHMajlbHYy IIIJIBHICTH BHUBOJIIB Ta
epexTuBHUN TermnooOMiH. KoxkeH Tun kopriycy BU3Ha4a€e 10MyCTUMI rabapuTH, JOBKHUHY BUBOJIB,
METO/]I TaiiKu Ta MEXaHIYHY HaliiHICTh MIPH eKCILTyaTaIlii.

MapkyBaHHs IHTETpaJbHUX MIKPOCXEM MICTUTh iH(OpMaIlilo Mpo cepito, (yHKIIOHATbHE
MIPU3HAYEHHS, TEXHOJIOT'1I0 BUTOTOBIIEHHS, IaTy BUITYCKY Ta BUpoOHHMKa. Hanpuknan, y cepisx 74xx
a06o CDxx mepiui CUMBOJIM MO3HAYal0Th TEXHOJIOTIIO Ta JIOT1YHY cepito, HUPPU — KOHKPETHUH THII
MIKPOCXEMH, a I0JATKOBI JITEPU MOKYTh BKa3yBaTH Ha IIBUJIKICHI XapaKTEPUCTUKH, TEMIIEPATypPy
ekcrutyatarii abo mokpamieHi mapamerpu. CTaHIapTH30BaHE MapKyBaHHS JI03BOJISIE 1HXKEHEPY
HIBUAKO 11IeHTU(IKYBATH KOMIIOHEHT, Mii0paTh CyMICHUH €JIeMEHT IpH 3aMiHl Ta 3a0e3MednuTH
npaBwibHe BHUKOpUCTaHHS IMC y cXeMOTEXHIYHHMX MPOEKTaX, JOTPUMYIOUHCH PEKOMEHallii
BUPOOHHKA MO0 SNEKTPUIHUX XapaKTEPUCTHK Ta MOHTAXY.

Jlekuisi 6. AnapaTHi komnoneHTH Ta inTepdeiicu HuGpoBUX cUCcTEM

[TporpamoBani Jnoriuni inTerpansHi cxemu (IUIIC) € yHiBepcasibHuMH LH(DPOBUMHU
MIKpOCXEMaMH, CTPYKTypa SKHX Moke OyTH 3MiHEHa IIICJIsi BHUIOTOBJIEHHS 3a JIONOMOIOIO
crieniaibHOrO KoH(irypauiiHoro koxy. Ha Bigminy Bif ¢ikcoBaHux iHTerpambHux cxem, [IJIIC

15



MICTSTh MATPHIIO JIOTIYHUX OJIOKIB, MpOrpamMoBaHi MDK3 €ITHaHHS Ta MPOTPaMOBaHI EJIIEMEHTH
BBOJIY-BUBOJly, IO JO3BOJISIE CTBOPIOBAaTH [IOBIIBHI KOMOIHAIHI Ta TIOCIITOBHI CXEMH,
aJlanTyBaTH apXiTEKTypy MiJl KOHKPETHI 3a7ayi Ta onepaTMBHO MOJU(IKyBaTH (YHKIIOHAIBHICTH
6e3 3minu anapatHoi minatgopmu. Koudirypamis [IJIIC BUKOHYeThCS 4epe3 amapaTHi OMMCOBI
MoBH, Taki sk VHDL abo Verilog, 3a monoMororw sKHX iHXXEHEp BH3HAYA€ JIOTIKYy poOOOTH
MPUCTPOIO, a CHHTE3aTOp TMEPETBOPIOE III OMUCH HA CTPYKTYpy JIOTIYHUX PECypciB Ta
MapHIpyTH3aIlii BCepearHI MIKPOCXEMH.

Cdepu Bukopuctanus IIJIIC oxomumoroTe o0sacTi, A€ MNOTpiOHA BHUCOKA IIBUIKOIIS,
napasenabHa 00poOKa Ta MOKJIMBICTh IIBUKOI afanTalii anapaTHoOi JOrikKd. BoHH 3acTOCOBYIOTHCS
y TEJICKOMYHIKAllIMHUX CHUCTEMax I peaii3ailii BUCOKOIIBHAKICHUX MPOTOKOIIB, y HU(pOBIid
0o0poOui curHamiB Juisi HapaienbHUX (IABTPIB Ta IMEPETBOPEHb, y CHUCTEMax KepyBaHHS Ta
BOYJIOBaHUX KOHTpPOJIEpAaX Uil CTBOPEHHS CIIeHiani3oBaHUX oOuucmoBanbHUX MoxaymiB. [IJIIC
IIMPOKO BUKOPUCTOBYIOTH Y MPOTOTUITYBaHHI MIiKpOIpoIiecopiB Ta crenianrizoBanux IC, ockiibKu
BOHHM JaI0Th 3MOTY MEPEBIPATH amapaTHi apXiTeKTypu 0e3 HeoOXiTHOCTI BHUTOTOBJIEHHS HOBHX
KPEMHI€BUX KPHUCTaIIB. 3aBISKH MAacIITa0OBAaHOCTI JIOTIYHUX PeCypciB, THYUKiil KoH(iryparii Ta
BucokoMy piBHIO mnapanenizmy IIIIC 3a0e3nedyroTh MOXJIIMBICTD CTBOPEHHS —amapaTHUX
00YHCITIOBAJIBHUX CUCTEM, SIKI MO€THYIOTh BUCOKY IPOAYKTHUBHICTD 13 KOPOTKMM LIUKIIOM PO3POOKH
Ta HU3BKOIO BapTICTIO MOIU]iKaIIii.

[TudpoBi MIKpOCXEMH IIUPOKO 3aCTOCOBYIOTHCS B MOOYTOBUX Ta MPOMHUCIOBUX MPUCTPOSIX,
3a0e3neuyroun aBTOMATH3allilo, KepyBaHHSA, OOpoOKy iHdopMmarii Ta peanizamilo CKJIaJHUX
GyHKIIA HAa OCHOBI JUCKPETHOI JIOTIKM W BOYAZOBAaHHX AJTOPUTMIB. Y TOOYTOBHUX NPHUCTPOSX
muppoi IMC  QopmMyrOTh OCHOBY pOOOTH TEJIEBI30piB, CMApTQOHIB, TNPATHHUX MAIIHH,
XOJIOIMJIBHHKIB, CHUCTEM KOHJHMIIIIOBAaHHS Ta TOOYyTOBUX poOOTiB. BoHW BiIMOBIZalOTH 3a
KEepyBaHHS  JIBUTYHaMH, iHTepdeiicaMu  KOpUCTyBaya, CEHCOPHUMHU eJIeMEHTaMH,
E€HEProCIOKMBAaHHSAM 1 B3aEMOJIIEI0 3 Mepexer. ba3oBi nu@poBi KOMIOHEHTH, Taki SIK
MIKPOKOHTPOJIEpH, 1aM’sTh, JIOTIYHI ApaiiBepu, TaiimMepu Ta iHTepdelcHI Moayli, 3a0e3neuyoTh
IIBUJIKY PpEakIil0 CHUCTEMH, TOYHICTh BHKOHAaHHS aJrOPUTMIB Ta MOXJIHUBICTb THYYKOI'O
HaJalITyBaHHs (PYHKIINH y pI3HUX pexuMax poOOTH.

Y mpoMHCITIOBUX TMPUCTPOSX IUGPOBI MIKPOCXEMH 3aCTOCOBYIOTHCSA ISl aBTOMAaTH3allii
BUPOOHMYMX TMPOLECIB, MOOYJOBH CHUCTEM KEpYBaHHS, OOpOOKM TEXHOJIOTIYHHUX CHUTHAJIIB Ta
KOMYHIKAIli MDK €JIeMEHTaMu TPOMUCIOBUX Mepex. [IporpamoBaHi KOHTpojepu, LHUPPOBI
JaTYUKH, MOAYINI 300py AaHUX, MPOMHUCIOBI KOMIT'IOTEpU Ta CIewliani3oBaHi HU(POBI Mpoiecopu
3a0e3neuyioTh HaJiiiHy poOoTy oOjajJHaHHS B yMOBax MiJBHUINEHOI TeMmmepaTypu, BiOpalii,
€JIEKTPOMArHiTHUX 3aBaj 1 MeXaHIYHOro HaBaHTakeHHs. L{upposi MikpocxeMu (OpMYIOTh JIOTIKY
KepyBaHHS pOOOTH30BAaHMMHU KOMILJIEKCAMM, CHCTEMaMH EHEpPropo3MoJily, aBTOMaTH30BaHUMU
JIHISIMU BUPOOHUIITBA Ta AIarHOCTUYHUMHU TPUCTPOSIMU, 3a0€3MeUyI0UH JEeTEPMIHOBAHY POOOTY Ta
BHUCOKY CTIMKICTh 7O 300iB. 3aBISKKM BHMCOKIM 1HTerpaiii, HU3bKOMY €HEProCIOXHBAaHHIO Ta
THYYKOCT1 KOH(piryparii nudppoBi MiKpOCXEMHU CTAJIN KIIFOUYOBUM €JIEMEHTOM Cy4aCHUX MOOYTOBHX 1
MIPOMHUCJIOBHUX CHCTEM, BU3HAYAIOUH TXHIO (DYHKI[IOHAJBHICTh, HAIIWHICTh 1 €(PEKTUBHICTb.

Mikponporiecopu Ta MIKPOKOHTPOJIEPH € MEHTPATbHUMH KOMIIOHEHTaMH CyYacHHX
OOYMCITIOBAJILHUX Ta KEPyBAJIBHUX CHCTEM, aJié BOHU BIJPI3HAIOTBCA 3a CTPYKTYPOIO,
NpuU3HAYeHHAM 1 cdeporo 3acTocyBaHHsA. Mikpompouecop sABisie €000  yHIBepCalbHUIN
00UHCITIOBAJILHUI OJIOK, OCHOBOIO SIKOTO € apu(METHKO-JIOTTYHUM MPUCTPii, perictpoBa cucrema
Ta 0JIOK KepyBaHHs. BiH npu3HaueHuil /Ui BUKOHAHHS 3arajlbHOr0 Ha0Opy 1HCTPYKLiH 1 moTpedye
30BHIIIHIX KOMIIOHEHTIB — ONEPaTUBHOI MaM’sTi, HOCTIHHOT aM’sTl, IHTepPEHCHUX KOHTPOJIEPIB 1
nepudepiinux  moxyniB. Taka MOAYJBHICTH JI03BOJSIE  MIKpoIpolecopam  (QopMyBaTH
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BHUCOKOIIPOAYKTUBHI CHCTEMHM, BKIIOYHO 3 MEPCOHAIbHUMHU KOMII'IOTEpaMH, CepBepamMH Ta
O0OYHCTIOBAIBHIMH TIATGOPMaMH, /1€ BAXJIMBUMHU € IIBHAKOJIS, IMIMPOKI MOXKIHUBOCTI 0OpOOKH
JTaHUX 1 THYYKICTh KOH(Iryparii.

MikpOKOHTpoOJIEp, Ha BIAMIHY BiJ MIKpPOIIPOIECOPa, € IHTETPOBAHOIO CUCTEMOIO Ha OAHOMY
KpHUCTadi, sKa MICTUTh INPOLIECOPHE SIpO, ONEPAaTHUBHY IaMm sATh, MOCTIHMHY maMm’sTh, TaliMepw,
MOPTH BBOAY-BHBOJY, aHAIOTO-IM(pOBI mHepeTBoproBadi Ta iHmN mnepudepiitni momyni. Bin
NpU3HAYEHUH JUIsI BUKOHAHHS CIELaJli30BaHMX IPHUKIAJHUX 3aJad Yy peaJbHOMYy 4acl Ta
3a0e31eYeHHs] aBTOHOMHOTO KepyBaHHs (DI3WYHUMU TIpoliecamMu 0e3 MoTpedu y BENUKiN KUTBKOCTI
30BHIIIHIX  KOMIIOHEHTIB. 3aBISKA IHTEIPOBAaHOCTI Ta HHU3BKOMY EHEProCIOXHBAaHHIO
MIKPOKOHTPOJIEpPU 3aCTOCOBYIOTbCS y BOYJOBAaHUX CHUCTEMax, MOOYTOBHUX NPHUCTPOSX, CEHCOPHUX
Mepekax, IPOMHCIOBHX KOHTpoJiepax 1 pPOOOTOTEXHilll, /€ KIOYOBUMH € HaIHHICTD,
MOBTOPIOBAHICTh AJITOPUTMIB Ta AETEPMIHOBAHA PEAKIIis HA MOI].

[TonsaTTss Mikpomporecopa i MIKpPOKOHTpoJiepa BijoOpakae paBa pi3HI MIXOAM 10
opraizamii OOYMCIIIOBAJILHUX CUCTEM: YHIBEPCAJIbHUH OOUYMCIIOBAIBLHHNA MOIYNb 13 IIUPOKUMH
MOJKJIMBOCTSIMA PO3IIMPEHHS Ta KOMIIAKTHUM I1HTErpOBaHUN KOHTPOJIEp, ONTUMI30BaHUN JJIs
KOHKPETHUX NPUKIaJHUX 3aBAaHb. OOuaBa THUNU NPUCTPOIB € (pyHIaMEHTAIbHUMU €lIEMEHTaMHU
1M (poBOi TEXHIKH Ta (POPMYIOTH OCHOBY CYYaCHUX OOUMCIIOBANILHUX 1 KEPYBAIBHUX apXITEKTYP.

CrpyKkTypa MIKPOKOHTPOJIEPIB 1 MIKPOIPOLECOPHUX CHUCTEM BHU3HAYAETHCS B3a€MOJIEIO
MPOLIECOPHOTO  fA1pa, Ham’aTi Ta mnepudepifHuX MOAYMiB, 0[O0 3a0e3Me4yyloThb BUKOHAHHS
THCTpYKIIiH, 30epeKeHHS TaHUX 1 KEpyBaHHS 30BHIIIHIMU MPUCTPOSIMHU. LIEHTpaTIbHUM €IEMEHTOM €
MPOIIECOPHE S/IPO, SIK€ MICTUTh apU(PMETHKO-JIOTIYHMNA TPUCTPiH, pericTpoBuil daitn i Omok
KepyBaHHS, BIINOBINAIGHUI 3a JEKOJyBaHHS Ta BHKOHaHHS 1HCTpyKHii. Haskomo sapa
dbopMyeThCcS CHCTEMHA IIMHA, fKa 3abe3nedye OOMIH JaHMMH MDK YyciMa KOMITOHCHTaMHU,
BKJIIOYAIOYU TaM’ATh 1 30BHIIIHI iHTepdehcu. Y MIKpOKOHTpoOJEpax Ii eIeMEHTH IHTEerpOBaHI B
MEXaxX OJHOro KpHCTaly, TOAl SIK y MIKPOIPOLIECOPHUX CHCTEMaX BOHHM pealli3yloThCs 3
BUKOPHUCTaHHSAM OKPEMHUX MIKPOCXEM.

Tunu maM’sTi BKIIOYAIOTh OMNEpaTHBHY NaMm ATh, MOCTIHHY MaMm’sTh Ta CIeLiali30BaHi
O0y¢epHni obmnacti. OneparuHa nam’ st (RAM) BUKOpUCTOBY€EThCS 1)1 30€piraHHs poOOUMX AAHUX
Ta TPOMDKHHUX pE3yJdbTaTiB MiJ Yac BHMKOHAHHA MpPOTpaM 1 XapaKTEpU3YEThCS BHCOKOIO
MIBUIKOIEI0 Ta eHepro3anexHicTio. [locriitna mam’site (ROM, Flash, EEPROM) cnyrye mis
30epiraHHsl MPOrPaMHOr0 KOy 1 KOH(IrypamiifHUX mapameTpiB, € €HEproHe3aaeKHOw 1 30epirae
JlaHl Miciasl BAMKHEHHS KUBJIEHHS. J[0aTKOBI TUIM maM’sTi — Kell MaM’sTh y MIKpompolecopax,
Oydepu BBOAY-BUBOJLY Ta pericTpu mnepudepiiiHux MoaydaiB — 3a0e3nedyroTh IMiABUIIEHHS
MPOAYKTUBHOCTI Ta ONTUMI3allil0 OOMIHY JaHUMH MIX MiJJICHCTEMaMH.

OcHoBHI nepudepiitHi Moxyni 3a0e3nmeuyroThb B3a€EMOJII0  MIKPOKOHTpojiepa abo
MIKpOIpOoIecopa 3 30BHIIIHIMU NMPUCTPOSIMU Ta CEHCOpaMHU. [0 Takux MOIyJiB HaleXaTh TaiMepu
Ta JIYWIBHUKH, SIK1 BIATIOBIIAIOTH 32 (POPMYBaHHS YaCOBUX IHTEPBANIB 1 CHHXPOHI3al1lil0 MPOLECIB;
MOPTU BBOJLY-BUBOY JJisl poOoTH 3 nudpoBumu curtanamu; inrepdeiicu UART, 12C, SPI ra USB
JUIS KOMYHIKAlii 3 IHIUMH UUQPOBUMH MPUCTPOSIMU; aHAIOTO-IUM(pPoBI Ta LU(PO-aHATIOTOBI
MepeTBOPIOBaYil Juisi poOOTH 3 aHAJIOIOBUMHU CUTHanaMu; Moysii PWM nns kepyBaHHSI JBUTYHAMU
/I BUKOHAaBUUMH MEXaHi3MaMH; a TaKOX KOHTPOJIEpH IepepuBaHb, 10 3a0e3Meuyl0Th peakiio Ha
acMHXpOHHI noJii. CyKyIHICTh ITUX €JIeMEHTIB BH3Haua€ (PyHKI[IOHAIbHI MOMIJIMBOCTI CUCTEMH, ii
NPOAYKTHUBHICTb, THYYKICTh Ta 3JaTHICTh A0 IHTerpamii y ckiaaHi uudpoBi # BOymoBaHi
KOMILIEKCH.

MikpocxemMu y3roJkeHHs 1HTepQeiHciB 3a0e3MeuyloTh KOPEKTHY B3a€EMOJII0  MIXK
1M (POBUMHU MPUCTPOSIMHU, SIK1 MPAIIOIOTH 3 PI3HUMHU PIBHSAMU HANpyr, TUIAMUA CUTHAJIIB, JIOTTYHUMHU
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CTaHJapTaMH a00 EJEKTPUYHUMH XapaKTePHCTUKaMHU. BOHU BUKOHYIOTH (YHKIIIi IEepeTBOPEHHS
piBHIB Hampyru, Oydepusaliii CUTHAJIB, 3aXUCTy BiJl MEPEBAHTAKECHb Ta 3a0e3MeUeHHs MOTPiOHOT
HABaHTAXYBaJIbHOI 3JaTHOCTI UIs KEpyBaHHS KIUJIbKOMa MPUCTPOSIMH OAHOYAcHO. Jlo Takux
MIKpOCXEM HaJIe)XaTh JpaiiBepd IIUH, MOBTOpPIOBayl curHaiiB, meperBoptoBadi TTL-CMOS,
mudepentianbai  npuiiMadi-iepeaBadi Ta JIOTiYHI Oy(epu 3 TphbOMa CTaHAMH BHXOAY. IXHe
3aCTOCYBaHHS € HEOOXIJHUM y CKJIaJHUX HU(PPOBUX CHUCTEMax, A€ Pi3HI MiJCUCTEMU MOXKYTh
MpaioBaTH 3a PI3HUMHU CTaHJAapTaMd Hampyrd abo MaTH BiAMIHHI BHMOTH JI0 IIBHAKOII,
IMITEITaHCY Ta eJIEeKTPOMAar”iTHOI cyMicHOCTI. IIpaBuibHe y3ro/pKeHHs IHTep(hEHCIB MiaBUILYE
HaJIAHICTh TIEpPeIaBaHHs JaHWUX, 3MCHIIYE HWMOBIPHICTh CIOTBOPEHb Ta 3a0e3nedye CTaOUIbHY
poOOTY CHCTEMH B yMOBaX BUCOKOIIIBHIKICHOT KOMYHIKaIIii.

[ToOymoBa Ta aHami3 MUGPOBOTO By3JIa HA OCHOBI JIUCKPETHOI JIOTIKH BKIIOUae GopmalibHe
BU3HAYCHHS (DYHKI[IOHAIBHOTO NPU3HAYEHHS BY3Ja, BUOIp HEOOXIIHUX JIOTIYHHMX EJIIEMEHTIB 1
noOyOBY €NeKTPUYHOI CXEeMH, sKa peajizye 3amaHy JoriyHy ¢yskmito. [Ipouec mounHaeTbes 3
(dbopMyBaHHS JIOTIYHOTO BHpazy abo TaOIMIl ICTHHHOCTI, IO OMHCYE 3aJEKHICTh BUXOIIB BiJ
Habopy BxoniB. Ilicis 1bOro BUKOHYETHCS MiHIMI3allig JOTIYHOT (YHKIIT 711 CKOPOYEHHS
KUJIBKOCTI €NeMEHTIB Ta onTuMizauii cTpykTypu. Ha ocHoOBi onTumizoBaHoi (yHKIIT 00MparoThCs
KOHKpPETHI JIOTIYHI MIKPOCXEMH TMOTpiOHOTO CTaHAApTy, BPaxXxOBYIOUHM iXHIO 3aTPHUMKY,
HAaBaHTa)XXyBaJbHY 3/JaTHICTh, PIBHI CUTHANIB Ta CIOXHMBAHY MOTYXHICTb. Jlani BUKOHY€EThCS
no0OyJ0Ba CXEMHU 3 ypaxyBaHHSM (i3WYHHUX IMapaMeTpiB 3’€HaHb, YACOBHUX XapaKTEPUCTHK Ta
MOJJIMBHX TIEPEXOJIB CHUTHAJIB MK TaKTOBHMH JOMEHaMH. AHaJi3 TOTOBOTO BY3Jia BKIIOYA€E
MEePEBIPKY JIOTIYHOI KOPEKTHOCTI, MOJICITFOBAHHS TTOBEIIHKHU MIPH PI3HUX BXITHUX CHTHAJIAX, OLIHKY
YacOBMX 3aTPUMOK, 3amacy 3aBaJIOCTIMKOCTI Ta TEIJIOBOTO peXuMy. Takuil MiAxid J03BOJISIE
CTBOPIOBATH HailHI i MPeTUKTUBHI HU(POBI BY3JIH, CyMICHI 3 IHITUMHA KOMIIOHEHTaMH CUCTEMH Ta
OIITUMI30BaHi 32 allapaTHUMU i EHEPTeTUYHUMU ITapaMeTPaMHu.
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TEMA 3. IEPCOHAJIbHI KOMIT'IOTEPHU TA IX IHTEP®EVCH

Jlekuist 7. CTPyKTypa nepcoHAJIBLHOr0 KOMIT'I0Tepa

CrpykTypa NEpCOHAJIbHOIO KOMIT'IOTEpa BH3HA4Ya€ B3AEMOII0 HOro amapaTHUX
KOMIIOHEHTIB, 110 3a0e3Me4yl0Th BUKOHAHHS 00YNCIICHb, 30€piraHHs JaHUX, BBEJCHHS-BUBEICHHS
Ta KepyBaHHs mnepudepiero. LIeHTpalbHUM €IeMEHTOM € TPOIECop, KWW BHKOHYE I1HCTPYKIIIT
MPOrpamMHOTO 3a0e3MedeHHs, 3AiiiCHIOE apuMETHYHI Ta JOTiYHiI omeparlii Ta KOOpAUHYE poOOTy
iHmMX migcucreM. lIpouecop B3aeMozi€ 3 ONMEPAaTUBHOIO IaM’SITTIO, IO BUKOPUCTOBYETHCS IS
THUMYacOBOTO 30epiraHHs JJaHUX 1 KOMaHJI, HEOOX1IHUX Y Mpolleci BUKOHAHHS nporpaM. OOMiH Mix
IIPOLECOPOM Ta IHIIMMU KOMIIOHEHTaMHU 3a0e3NedyeTbCs CHUCTEMHOK IIMHOK abo HabopoM
BHYTPILIHIX LIMH, 1110 BKJIIOYAIOTh IIMHU JAHUX, /IPEC 1 KEPYBaHHS.

®dyHKII{ TOBroTpuBasioro 30epiranHs iHGopmMarlii BUKOHYIOTh HaKONWYyBayi, Taki K SSD
ab0 KOPCTKI JUCKH, IIO MICTATHh ONEpaliifiHy CHCTeMY, NPUKIAJHE MporpaMHe 3a0e3nmeueHHs Ta
poboui ¢aiti kopuctyBada. ['padiuHa migcucTeMa, MpeacTaBieHa IHTETPOBAHUM a00 TUCKPETHHM
rpadidyHAM ajanTepoM, BIAMOBiZae 3a (OpMyBaHHS 300paKEHHS Ta amapaTHe NPUCKOPEHHS
rpadiyHuX omepaniid; i1 TPOMYKTHBHICT, BH3HA4Ya€ MOXKIMBOCTI CHCTEMH Y Bi3yaumi3arii,
MOJIETIIOBaHHI Ta 00poOui MynbTuMeniiiHoro koHTeHTy. Ilepudepis mig’eqHyeThcs uepe3
intepdeiicu USB, HDMI, PCI Express Ta iHII cTaHAapTH30BaHI MPOTOKOIH, IO JO3BOJSIOTH
MIJKII0YaTH 30BHIINIHI HPUCTPOI — KiaBlaTypu, MHUINI, HPUHTEPH, MEPEkKEBlI aJanTepH,
HaKOMUYyBadyl Ta 1HII MOTYJI.

MartepuHChKa TUIaTa € 6a30BOK0 KOHCTPYKTUBHOIO TIaT(GOpMOL0, 1m0 00’ €IHY€E BCi anapaTHi
KOMIIOHEHTH, 3a0e3redye X eNeKTpUYHE XHUBJICHHS, (Di3MYHE Y3TO/DKEHHS Ta MapIIpyTH3AIiIo
curHaiiB. biok xuBieHHS Gopmye crabinmizoBani Hanpyru s Beix kommoneHTIB I1K, a cucrema
OXOJIO/DKEHHS MiITPUMYE TETJIOBUI PEXHM Mpoliecopa, rpadiyHOro ajanTtepa Ta iHIIUX €JIEeMEHTIB,
3amobiraoun mneperpiBy. Bzaemoniss nux miacucreM (opmye LIUTICHY amnapaTHy apXiTeKTypy
MEPCOHATIBHOIO KOMII'IOTEPA, Y fAKiM BiJl y3TOJKEHOCTI Ta XapaKTEPUCTHK KOXKHOTO KOMIIOHEHTa
3aJIeKUTh 3arajbHa MPOYKTUBHICTh, HAAIHHICT 1 MOKJIMBICTh MacIITA0yBaHHS CUCTEMH.

KommnoHeHTH cuCTeMHOro OJIOKY MEpPCOHAJBHOIO KOMII'IOT€pa CTaHOBJSATH OCHOBHY
amapatHy miatdopmy, sika 3a0e3nedye BUKOHaHHS OOYMCIIeHb, 30€piraHHs JaHUX Ta B3a€MOIIO 3
nepudepiftHUMU TPUCTPOsIMU. LIeHTpabHUM eIeMEHTOM € MaTepHHChKA IIaTa, sKa IHTErpye
MIpoLIECOp, ONEpaTHUBHY IaM siTh, KOHTPOJIEPH IIMHU Ta IHTepQeicHI MoAymi, 3abe3nedyroyu
€JIEKTpUYHE M JIOTIYHE 3 €HAHHS BCIX KOMIIOHEHTIB. [Iporecop BHKOHYe 0OO4YMCIIOBaJIbHI Ta
JIOT1YH1 omnepatii, Kepye mijicuicTeMaMu Ta 00po0Jsie IHCTPYKIIT NporpaMHOro 3a0e3nedyeHHsl, TO/l
K omepaTuBHa nam’sTh (RAM) ciyXuTh Al THMYacoBOTO 30epiraHHs JaHUX 1 KOMaHJ Mij 4ac
BUKOHAHHS MPOTPaM.

Jns  nosrorpuBasioro 30epiranHs iH(opMalii BHKOPHUCTOBYIOTBCS KOPCTKI JHMCKH,
TBEpJOTUIbHI HAKONMWYyBadi Ta KOMOIHOBAaHI CXOBHWINA, IO MICTATh OIEpaLidHy CHUCTEMY,
MPUKJIATHI TIPOrpaMH Ta KOpHUCTYBalbKi AaHi. ['padiuna migcucreMa, mpencraBieHa IHTETPOBAaHUM
abo NHCKpeTHUM rpadiuHUM aJanTepoM, BIAMOBIIAE 3a (GOpPMYBaHHS BiJIEOCUTHAYy Ta amapaTHe
MIPUCKOPEHHSI 00poOKU 300pakeHb, Bi€O Ta TPUBUMIPHOI rpadiku. biok »xuBieHHs 3a0e3neuye
cTalOlIbHI HANpPyTd JUIs BCIX KOMIIOHEHTIB CHCTEMHOro OJIOKYy, HIATPUMYIOUM iX HOpPMAalIbHY
poboTy, a cuUcTeMa OXOJIO[DKEHHS — BEHTHJISATOpaMu albo PIIMHHUMU KOHTYypaMH — MIATPUMYE
JOMYCTUMHM TETUTOBHH PEeXHUM IpoLiecopa, rpadiuHoro ajantepa Ta iHIINX €JIeMEHTIB.
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JloJaTKOBUMHU KOMIIOHEHTaMH € KOHTPOJIEPH BBOJY-BHBOJLy, MEPEKEBI KapTH, 3BYKOBI
IJIaTd Ta iHII TepudepiitHi Moaymi, M0 MiIKIIOYAITHCA A0 BIAMOBIIHUX INMUH 1 iHTEepdeiciB
MaTEpPUHCHKOI MJIaTh. YCi Il eeMeHTH (POpPMYIOTh KOMILIEKCHY apXiTEKTypy CHCTEMHOr0 OJIOKY, B
AKIM B3a€EMOJISl Ta XapaKTEPUCTHKA KOKHOTO KOMIIOHEHTa BH3HAYA€ MPOIYKTUBHICTh, HAJIHHICTD
Ta MOXJIMBICTh MOJICpPHI3allii IEPCOHATHFHOTO KOMIT IOTEPA.

MarepuHcbka IJIaTa € I[EHTPAJIbHUM KOMIIOHEHTOM MEPCOHAIBHOTO KOMII IOTEpa, II0
3a0e3neuye (GizMUHEe Ta eICKTPUYHE 3 €HAHHS BCiX arapaTHUX MOAYJIIB CUCTEMH Ta KOOPIUHAIIIIO
ixHpO1 poOoTH. BOHA MICTUTBH MPOIECOPHUI PO3’€M /Jisi BCTAHOBIECHHS LIEHTPAIILHOTO MpoIlecopa,
CJIOTH OIEpaTUBHOI maM’sTi 1Jis1 MoayJiB RAM, a Takok KOHTpPOJIEpH IIMHU Ta iHTEpPEHcCiB, 1m0
3a0e3mevuyoTh OOMIH JaHMMHM MDK migcucTemMamu. Ha maTi po3TamoBYHOTBCS YINCETH, SKi
MNOJUISIIOTbCA HAa MIBHIYHUEM MICT, IO BIJAMOBINAE 3a B3AEMOJII0 IpoLEcOopa 3 MaM’SITTIO Ta
rpadidyHUM ajganTepoM, Ta MIBACHHUH MICT, IO Kepye NepudepiiHuMHI MPUCTPOSIMUA Ta IIUHAMU
BBO/1Y-BHBOJY.

MarepuHcbKa IJlaTa BKJIIOYAE€ PO3’€MH Ta CJIOTH JJIsi BCTAHOBJCHHS JOJATKOBUX KapT
PO3IIMPEHHS, TAKUX K BiICOKAPTH, MEPEXKEB1 alaliTepH, 3BYKOBI MJIATH Ta KOHTPOJIEpH 30epiraHHs
naHuX. [HTerpoBaHi MOAYINi, HAPUKIIAJ ayAio- Ta MEPEXKeBl KOHTPOJIEPH, 3a0e3MeuyloTh 0a30By
(GyHKIIIOHANBHICTE 0€3 MOoTpeOu y 30BHINIHIX KapTkaX. J[oJaTKoBl eleMEHTH IUIaTH BKIIOYAIOTh
CXEMHU KHUBJICHHS Juisg cTabimizaiii Hampyrd mpolecopa Ta IHIIUX KPUTUYHUX KOMIIOHEHTIB, a
TaKOX CHUCTEMH MIAKIIOUYEHHS BeHTUWIAIINHNX a00 PIIMHHUX 0XOJOKYBAIBHUX KOHTYPIB.

MapmpyTusamis CUTHAIIB 1 opraHisailis IIHH Ha MAaTEPHHCHKIH IDIaTi BH3HAYAIOTH
MIBUJIKOAII0 Ta CYMICHICTh KOMIIOHEHTIB, a cTraHmapTa Qopm-dakropy — Qi3udni po3mipH,
po3TanryBaHHs po3’€MIB Ta MOHTaXHI OTBOpH. TakuM YMHOM, MaTEpUHCHKA IJIaTa BUKOHYE POJIb
KOMYHIKAI[IHHOTO Ta EHEePreTUYHOro XpedTa CUCTeMH, 3a0e3MeUyloud IHTETpalliio IMpoIecopa,
nam’sTi, nepudepii Ta pO3MUPIOBATHHUX MOAYIIB Y €MHY amapaTHy apXiTEeKTypy NEpCOHAIBHOTO
KOMIT I0Tepa.

[Tpomiecop € IEHTpaTbHUM OOYHMCIIOBAIBHUM OJIOKOM MEPCOHAIBHOIO KOMIT'IoTepa abo
MIKPOKOHTPOJIEPHOI CUCTEMH, SIKUI BUKOHYE apH(PMETHYHI, JOT1YHi, KepyBaJbHI Ta BX1IHO-BUX1IHI
omepariii BiNOBIHO 10 KOMAaHJ IPOrpaMHOro 3abe3redeHHs. JOro OCHOBHMMH CKIAJOBHMH €
apudmertuxo-noriuauit npuctpiit (AJIII), perictposuii ¢aiin Ta 610k kepyBanHs. AJIII 3a6e3neuye
BUKOHAHHS OTEpaIliil 10AaBaHHs, BiIHIMaHHS, MHOKEHHSI, JIIJICHHS, a TAaKOX JIOTTYHUX OMeparlii i
3cyBiB. Perictpu mpu3HaueH1 JUIsi THMYAcOBOro 30epiraHHs JaHUX, aJipec Mam [Tl Ta MPOMINKHHUX
pe3ynbTaTiB 00YHMCIIEHb, MIO M03BOJISIE MIABUIIWTH IIBUIKOIIO CHCTEMH NLISXOM MiHIMi3amii
JOCTYITY A0 30BHINTHBOT MaM’ SITi.

brok kepyBaHHS OpraHi3oBye IOCHIJIOBHICTh BUKOHAHHS I1HCTPYKIiH, Kepye MOTOKaMH
naHux MK perictpamu, AJIII Ta mam’saTTiIO, a TakoX (OpMye CHUTHAIM YIPaBIiHHA IS
nepudepiinux MoaymiB. [Ipouecop B3aeMoie 3 ONEPaTUBHOIO MaM’ SATTIO Ta KEII-NaM STTIO Yepe3
IIUHU JAHUX, aJIpeC Ta KEepyBaHHA, IO 3a0e3neduye MBUAKANA OOMiH 1H(OpMAIli€0 Ta 3MEHIIYyE
3aTPUMKH i1 9aC BUKOHAHHS KOMaH/. J[0TaTKOBHMH eJleMEHTaMH Cy4aCHHX IPOIECOPIB € OJIOKH
nepen0auyBaHOTO BHUKOHAHHSI 1HCTPYKIIiM, KOHBEEpHA OpraHizaiisi oOpoOKH, MOyl KepyBaHHS
KelleM 1 CrHeliali3oBaHi MIPUCKOPIOBayi, IO MiJABUILYIOTh MPOAYKTHUBHICTH MpH 00poOIi
00YHCITIOBAJIFHO IHTEHCUBHUX 3aJ1au.

[TpoayKTHBHICT TpoLleCOpa BHU3HAYAETHCA TAKTOBOIO YAacTOTOIO, PO3PSIHICTIO IIMHU
JaHHUX, 00’€MOM Ta HIBUJKICTIO Kell-TlaM’sITi, a TaKOX apXiTeKTyporo sjupa. BoHa Ge3nocepeaHbo
BIUIMBa€ Ha IIBUJAKICTb BHUKOHAaHHS IMporpaMm, OOpoOKy MyJIbTHUMEIIMHMX JaHUX, pPoOOTY
ormeparliiiHoi cucreMu Ta €(EeKTUBHICTb B3aeMOAll 3 mNepudepiiHUMU NPUCTPOSIMU. 3aBASIKU
MOETHAHHIO 00YHCITIOBATEHUX MOKJIMBOCTEH, KEPYBaHHS IMOTOKAMH JIaHUX 1 B3a€EMOJIIT 3 TTaM’ATTIO,
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IIPOLIECOP € OCHOBHMM KOMIIOHEHTOM amapaTHOI apXITEeKTypU IMEPCOHAIBHOIO KOMII'IOTepa Ta
BH3HAYa€E MOT0 OOYHCIIOBAIBHY 3AaTHICTh 1 QYHKIIIOHATBHI MOYKJIMBOCTI.

OmneparuBHa nam’sith (RAM) € KPUTHYHOIO MiICHCTEMOIO IMEPCOHAIBLHOIO KOMII I0Tepa,
MPU3HAYCHOIO ISl TUMYAcOBOTO 30epiraHHs JaHUX 1 KOMaH, 110 BUKOPUCTOBYIOTHCS IiJ 4ac
BUKOHaHHA NporpaMm. BoHa 3a0e3nedye BHCOKOMBUAKICHUNA JOCTYI 10 iH(pOpMaIlii, o0 J03BOJISIE
nporecopy e(peKTHBHO OO0poOJATH OOYMCIIOBANBHI Ta JIOTiYHI omepaiii 06e3 HeoOXiTHOCTI
3BEpPHEHHS 10 OUTBII TMOBUIBHMX HaKOmu4yBadiB. RAM XapaKTepu3yeTbCs €HEPro3aliekHICTIO,
TOOTO MPH BIAKIIOYCHHI )KMBJICHHS ii BMICT BTPA4a€ThCs, a TAKOXK IIBHAKOIIE€I0, 00’ €MOM Ta TUIIOM
opranizamii (muaHamiuna DRAM a6o cratnuna SRAM), ki BU3HAYAIOTh MPOTYKTUBHICTh CUCTEMH.
JlocTyn A0 omnepaTuBHOI MaM STl 31MCHIOETHCS Yepe3 CUCTEMHY IIMHY JaHUX 1 aJpec, a cydacHi
MIPOLIECOPH BUKOPUCTOBYIOTH KEII-TIaM’SITh JUISI MiHIMi3allii 3aTPUMOK 1 TiABUIICHHS €(EKTUBHOCTI
00poOku iH(popmarii.

HakomnuyBaui  nmaHumx  3a0e3meuyroTb  JOBroTpuBaje  30epiraHHs  MPOrpaMHOIO
3a0e3neueH s, OnepaliifHol CUCTEMH Ta KOPUCTYBAIbKUX JaHUX. J[0 HUX HanexaTh dKOPCTKI TUCKU
(HDD), tBepnoTinbhi HakonuyyBayi (SSD), onTuyni HoOcli Ta KOMOIHAIIT pI3HUX TUIIB MaM’ STl y
cKkiIamHux cucreMax 36epiranHs. HDD BUKOPHCTOBYIOTh MarHiTHI IUIACTUHU JAJsi 30epiraHHs
JAHUX, XapaKTEPU3YIOThCS BEJIMKOIO €MHICTIO Ta BIIHOCHO HU3bKOIO LIBUJIKICTIO JOCTYILY, TOII SIK
SSD 3acHoBaHi Ha (Quem-nam’saTi, 3a0€3Me4y0Th BUCOKY IIBUJKICTh YUTAHHA 1 3alucy, OLIbIIY
CTIMKICTh O MEXaHIYHHX BIUIMBIB Ta HU3bKUH Yac 3aTpUMKH. Bubip Tunmy HakonuyyBaya BU3HAUAE
MPOAYKTHUBHICTh CUCTEMH TIPH 3aBAaHTAXEHHI MPorpam, oOpoOIli BETMKHX MacHBIB JaHUX Ta POOOTI
3 MyJbTUMEIITHIM KOHTEHTOM.

CyKyITHICTh OIIEpPaTUBHOI IaM’sITi Ta HAKOMMYYyBaviB (opMye iepapxito 30epiraHas JaHUX y
MEPCOHATBHOMY KOMII FOTEPI, JIe OlepaTHBHA TIaM’ ATk 3a0e3Iedye MBUIKAN TOCTYH JUist 0OpOOKH,
a HakomuyyBaul — HaJiliHe TpuBaie 30epiranHa iHdopmanii, BHU3HaAuYaOyu OajaHC MK
IIBUJIKOTI€0, 0OCSITOM 1 BapTICTIO alapaTHOT CUCTEMH.

[Tnaty po3MmuUpeHHs € T0JaTKOBUMHU amapaTHUMH MOYJSMHU NEPCOHATbHOIO KOMII I0Tepa,
AK1 MIJKII0YAlOTBCS 10 MAaTepUHCHKOI IUIaTH uepe3 CHeliali3oBaHi CJIOTH PO3IIMPEHHS Ta
PO3MIUPIOIOTH (DYHKITIOHATBEHI MOKIIMBOCTI cUcTeMH. BoHU 3a0e31euyroTh J10JaTKOB1 iHTepdeicu
BBOJy-BHUBOJY, aliapaTHE MPHUCKOPEHHS OOpOOKH JAaHMX, MIJKIIOYEHHS MepU(epiiHUX MPUCTPOIB
Ta pealizamilo creuu@iyHUX OOYMCTIOBAIbHUX 3aBAaHb. OCHOBHI THUNM IUIAT PO3IIMPEHHS
BKJIIOYAlOTh TpadiyHi ajgantepu Juisi oOpoOKH 1 BUBEACHHS Bigeo- Ta rpadiunoi iH@opmarlii,
3BYKOBI IUTaTH AJ1s1 GOpMYyBaHHS ayllOCUTHAIy Ta IMOKPAILLEHHS SIKOCTI 3BYKY, MEPEKEBI KapTH JJIs
HAKITIOUEHHS 10 JIOKAJBHUX Ta INI00ATbHUX MEPEX, KOHTPOJIEPH HAKOMMYYBadiB JAJsl OpraHizarii
JOJJaTKOBUX JMCKOBHX MAaCHBIB, a TAKOXK CIeIialli30BaHi MIaTH Uit 0OpOOKH CUTHANIB, KEPYBaHHS
MIPOMHCIOBUMH a00 BOY/TOBAHUMHU CUCTEMaMHU.

KOHCTpYKTMBHO TIIaTM pPO3LIMPEHHS BIANOBINAIOTH CTaHIapTaMm  QopM-¢pakTopy 1
cymicHOCTI cnoTiB MaTepuHchkoi Tutath, Takux sk PCI, PCI Express, AGP a6o ISA, mo Bu3zHauae
MIBUJIKICTh TIepenavi JaHWX, NIUPUHY IIMHH Ta EJICKTPUYHI XapaKTePUCTUKH 3’€ITHAHHS. BoHHM
MICTATh BIJIaCHI KOHTpoJjepu, Oydepu Ta, y AESIKUX BUIAJKAX, JIOKAJIbHI OJOKM mam’sTi, IO
3MEHIIy€ HABAaHTAXCHHS Ha IIEHTPAJIbHHUN IPOLECOp 1 MiJBUIIYE TPOIYKTHBHICTH CHUCTEMH.
BukopucranHs miaaT po3LUIMpPEeHHs 103BOJISE MOAYJIBHO 30UIBIIYBATH MOKJIMBOCTI MEPCOHAIBHOTO
KoMmI'toTepa 0e3 HeoOXiTHOCTI 3aMiHM OCHOBHHUX KOMIIOHEHTIB, 3a0e3Meuyloud THYYKICTh
KOH(iryparlii, aganrarito 10 HOBUX CTaHJApTiB Ta ONTUMI3allil0 POOOTH MiJ crienudiyHi TPUKIaaH]
3aBJaHHs, Taki SK IrPOBI CHUCTEMH, MYJbTHME[ia, OOYMCIIOBaNbHI KiacTepu abo MPOMMCIOBI
KOMILIEKCH KEPYBaHH.
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Jlekuis 8. Anaparna apxirekrypa IIK Ta ii poas y po3pooui I13

MarepuHcbka IulaTa € EHTPAJIBHOIO  alapaTHOI  IJIaT(GopMoO0  MEpPCOHAIHLHOTO
KOMIT'IOTEpa, M0 3a0e3ledye iHTerpariio mporecopa, maMm sTi, nepudepiiHuX MOIYyJiB 1 IUIart
pO3MIUPEHHST B €IMHY amapatHy cucreMy. BoHa BHKOHye (QyHKIT KOMYyHIKallifHOrO Ta
EHepreTHYHOro XxpedTa, Hamaruu (i3WYHI PO3’€MH, CJIOTH Ta INWHU A OOMIHY JaHUMH MiX
KOMIIOHEHTaMHU. BHYTpIlIHI IIMHU MaTE€PUHCHKOI IJIATH MOAUISAIOTHCS Ha IIMHU JAHUX, aJpec 1
KEpyBaHHs Ta BU3HAYalOTh MIBHJKICTh, IIUPHHY 1 Crocid mepenayi iHGopMallii MIX MPOIECOPOM,
OIIEPATUBHOIO NaM ATTIO Ta NepuepiiHUMH HifcucTeMaMu. ApXITEKTypa MaTEpUHCBHKOI IUIATH
BKJIIOYA€ LEHTPAJIbHUI 4YilCeT, 10 KOOpJAMHYE poOOTy Ipolecopa Ta OINEpaTUBHOI IMaM’sTi,
KOHTPOJIEpU BBO/Y-BUBOJY, IHTEIPOBaHI MPHUCTPOT Ta CIOTH JJIS TUIAT PO3IIUPEHHS, a TAKOXK CXEMHU
YKUBJICHHSI T4 OXOJIOKEHHS, HEOOX1TH1 17151 CTabiIbHOI pOOOTH BCIX KOMIIOHEHTIB.

®opm-(akTop MATEPUHCHKOI MIIaTH BU3HAUA€E 11 (Pi3MUHI PO3MIpH, pO3TalIyBaHHS PO3’€MIB,
MOHTQ)XHUX OTBOpIB Ta CYMICHICTh 13 KOpPIycCOM KOMIT'IOTe€pa 1 OJOKOM >KHUBJICHHS.
Haitnomupenimumu € dopm-pakropu ATX, microATX 1 Mini-ITX. ATX xapakrepusyerbcs
BEJIMKOIO TUIOIIEI0 Ta HAsBHICTIO BEIUKOI KIJIBKOCTI CJIOTIB PO3LIUPEHHS 1 MOIYJIB Ham’ATi, 1110
3a0e3neuyye THYYKIiCTh 1 BUCOKY MPOIYKTUBHICTH cucteMu. MicroATX mae koMmakTHiIi po3mipu 3
MEHILUM YUCJIOM CJIOTIB PO3LIMPEHHS, L0 J03BOJISE€ 3MEHIIUTH rabapuTH CUCTEMHOro OJIOKY 0e3
1ICTOTHOTO 3HMXEHHS GyHKIIoOHaTbHOCTI. Mini-ITX € HallMeHIIUM CTaHIapTOM cepell 3a3HAUYCHUX 1
NpU3HAYCHUH 11 TOOYJOBH MajiorabapuTHUX 1 €HeproeeKTUBHUX CHCTEM, 3 OOMEKEHOIO
KUTBKICTIO PO3IIMPIOBAILHUX CIIOTIB, ajie 3 MOBHOIO IMiITPUMKOIO CYYaCHHX IPOLECOPIB 1 MOIYIIB
nam’sati. Bubip ¢gopm-dpakropy BHU3HAYAE MOMNKIMBOCTI MOJEpHI3aIil, CyMIiCHICTh KOMITOHEHTIB i
KOH(}ITypaIito CHCTEMHOTO OJIOKY, a TaKOX BIUIMBA€E Ha €(DEeKTHBHICTh BEHTWIIALIT Ta OpTaHi3aIliio
BHYTPILIHIX IIUH.

Yincer MaTepUHCHKOI IUIATH € KJIOYOBUM €JIEMEHTOM apXITEeKTypH, IO KOOPAUHYE
B3a€MO/III0 MPOLIECOPa, OMEPATUBHOT IaM AT1, IUIaT PO3LIMPEHHs Ta nepudepiiiHux npuctpois. Bin
3a3BUYail MOMALISETHCS HA MIBHIYHHMIA MICT, KU 3a0e3neuye 3B’S30K Mpolecopa 3 ONepaTUBHOIO
namMm’ATTIO Ta TpaiuHUM aganTepom, 1 MBIAESHHUNA MICT, 110 BIIMOBIJIAE 3a KEPYBAHHS 30BHINIHIMU
iHTep(deiicamu, HakonuyyBayamu Ta nepudepiero. [luHn nanux i1 kepyBaHHS (OPMYIOTb OCHOBY
oOMiHY 1H(pOpMAII€I0 M)XK KOMIIOHEHTaMH, BHU3HAUalOYM HIBUAKICTb, MPOMYCKHY 3JaTHICTH 1
TOYHICTh CHHXPOHI3allli CHUTHAJIB, II0 OCOOJMBO KPUTUYHO I OOUYMCIIIOBAIBHO IHTEHCHUBHUX
oreparliii Ta BUCOKOIIBHIKICHOI B3a€EMOJI1 MK ITPOIIECOPOM 1 MaM’ ITTIO.

BIOS a6o cyuacuuit UEFI 3a6e3neuytoTh mouaTKOBE 3aBaHTaXEHHS CHCTEMHU, 1HIIIaTi3aIli0
armapaTHUX KOMIIOHEHTIB, KOH(QITrypallio II1H, poLecopa, naM’saTi Ta nepudepiitHux npucTpois, a
TaKOXX HaJaroTh iHTepdeiic ans ynpaBiiHHA 0a30BUMM IapaMeTpaMM CHCTEMH 0 3aBaHTaXKEHHs
onepamiitHoi cuctemu. VRM (Voltage Regulator Module) BianmoBizae 3a cradimizaiiito Harpyru, 1o
MO/IA€ThCS Ha MPOILIECOp Ta 1HII KPUTHYHI KOMIIOHEHTH, 3a0e3leuyroud HaAiiiHy poOoTy mnpu
3MIHHOMY €HEproClOXHBaHHI Ta PI3HUX peXuMax HaBaHTakeHHs. KommiekcHa pobota wimncery,
BHyTpimHiX muH, BIOS/UEFI ta VRM BuU3Hauae mNpOIyKTHUBHICTb, CTaOUIbHICTH Ta
€HEepProe)eKTHBHICTh TEPCOHATFHOTO KOMIT I0Tepa, 3a0e3Meuyloud Y3TO/DKEHY B3aEMOJII0 BCIiX
arnapaTHUX IiJCUCTEM.

B3aeMoniss KOMIIOHEHTIB TEpPCOHAIBHOTO KOMIT'IOT€pPa BU3HAYAETHCS aAPXITEKTYPOIO
MaTepUHCHKOI IUIaTH, YINCETOM, BHYTPIIIHIMU IIMHAMHU Ta KOHTPOJIEPAMU BBOAY-BHUBOJY, IO
3a0e3neuyoTh CHHXPOHHY Ta  Y3rO/DKEHYy poOOTy TMpolecopa, OINEpaTUBHOI  Mam ATi,
HaKONM4yBayiB, rpadiyHOro ajgamntepa Ta IuaT po3mupeHHs. [Ipouecop yepe3 muMHU AaHUX 1
KepyBaHHsSI OOMIHIOETHCSI KOMAaHJaMHU Ta JaHUMHM 3 MaM’ ATTI0 Ta nepudepiiiHIMU MOAYISIMH, TOJ1
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SIK YITICET PEryJI0€ MapIIPyTH3allil0 CUTHAIIB, MIPIOPUTE3AIlII0 JOCTYIY J0 PECYPCiB 1 B3aEMOJIIIO 3
3oBHimHIMU TpucTtposiMd. BIOS a6o UEFI BigmoBigaroTe 3a MEpBHHHY iHIMiaMi3aIlil0 BCiX
KOMIIOHEHTIB, TEpeBIpKy IMpale3JaTHOCTI Ta KOH]Irypaiilo CHCTeMHHUX pecypciB, a VRM
3abe3neuye cTabiibHE JKUBJICHHS MpOIEcOpa Ta IHIMIMX KPUTHYHUX BY3JIIB HpPU 3MIHHOMY
HABaHTAXCHHI, TATPUMYIOUN CTaOUIBHICTh 1 HAAIHHICTH pOOOTH CHCTEMH.

TexHiuHI XapaKTEPUCTUKH MEPCOHATBHUX KOMII IOTEpPIB BH3HAUYAIOTh iX NMPOTYKTUBHICTb,
eHeproe()eKTUBHICTh 1 MOXJIMBOCTI MojepHizamii. Cepeq OCHOBHUX IapaMeTpiB BUIUISIOTH
TaKTOBY 4YacTOTY Ta PO3PSAIHICTH Ipoliecopa, oOCIT 1 TUI OMEpaTUBHOI IMaM’sATi, IMIBHUAKOMIIO 1
MICTKICTh HAaKOIWYYyBa4iB, MPOMYCKHY 3AaTHICTh BHYTPIIIHIX IIHMH Ta MOXKJIMBOCTI MiIKIFOUYCHHS
IJaT PO3IMIMPEHHS, MIATPUMKY CydacHHX iHTepdeiciB 1 mepudepiiinux moaymiB. ['padiuna
MiJICUCTEMA OLIIHIOETHCS 32 MBUAKICTIO 00poOKH Bifeo- Ta 3D-gannx, 06’ €MOM JIOKaIbHOI mam’sTi
1 amapaTHUM TpucKOopeHHsM. KoMIUlekcHa  B3a€MOAis  KOMIIOHEHTIB, perjaMeHTOBaHA
apXiTeKTYpOI0 MAaTEepPHHCHKOI IUIATH Ta XapaKTEPUCTHKAMHU OKPEMHUX €JIEMEHTIB, BU3HAYAE
e(eKTUBHICTh OOYHCIICHb, CTAOUIBHICTE POOOTH, MACIITA0OBAHICTH CHUCTEMH Ta BIAMOBITHICTH
BUMOTaM MPHUKJIAJHOTO MPOrpaMHOro 3a0e3rneueHHs .

ArmnapaTHi XapaKTepUCTUKA KOMIT'IOTEPHOI CHCTeMH Oe3MOoCepeHbO BIUIMBAIOTH Ha
dbopMyBaHHS (QYHKIIOHATBHUX Ta HE(YHKIIOHAIBHUX BHUMOI JIO MPOrpaMHOro 3abe3rneueHHS,
BHU3HAUYAIOYU MEX1 MOMJIMBOCTEH BUKOHAHHS OOYHCIIEHB 1 OpraHi3allii B3aeMOJil 3 KOPUCTYBayeM
Tta mnepudepicro. DyHKIIOHANBHI BUMOTH, Taki SIK 0OCSr OOpOOIIOBaHMX [AHUX, IIBHIKICTb
BUKOHAHHS QJITOPUTMIB a00 MiATpUMKa 0araTOMOTOYHOCTI, 3aJeKaTh BiJl TAKTOBOI YaCTOTH
mporecopa, KITbKOCTI siIep, PO3PSIHOCTI IIWHU JaHUX, OOCITY KeNI-IiaM sTi Ta TMPOIYCKHOI
3ATHOCTI omepaTtuBHOI mam’sti. HakonmwuyBaui JaHWX 1 THUNM IIMHUA BHU3HAYAIOTh MOXJIMBICTBH
po6oTH 3 BenmukuMHu obcsiraMu iHpopMarii, MBUIKICTh AOCTYITY A0 (aiiniB i 6a3 gaHUX, a rpadivyna
MiJICUCTEMa — afapaTHe MPUCKOPEHHS Bi3yauizallii Ta 00poOKH MyIbTUMEIIHHOTO KOHTEHTY.

HedynkiionansHi BUMOTH, Taki SIK TPOAYKTUBHICTb, HaAIMHICTh, €HEProeeKTUBHICTh Ta
MaciTaboBaHICTh, TaKOX (OPMYIOThCS MiJl BIUIMBOM amapaTtHoi KoH(irypamii. Hampukmnan,
O0OMEKeHHsI TPONYCKHOI 3/[aTHOCTI NIMHU a00 MOBUIBHUNA JOCTYII A0 MaM’sITi MOXKYTh MPU3BOJAUTH
70 HEOOXIAHOCTI ONTUMI3alli aJrOPUTMIB Ta CTPYKTYp AAHMX I MIABUIIEHHS €()EeKTHUBHOCTI
nporpamMHoro 3abe3nedeHHs. CucreMa OXOJOKEHHS, EHEProCIOXHUBAaHHSI 1 CTaOUIBbHICTh
KUBJICHHSI, SIKI BH3HAYalOTh TEIUIOBI Ta €JIEKTPUYHI XapaKTEPUCTHKU arnapaTHUX KOMIIOHEHTIB,
BIJIMBAIOTh Ha JOBrOTPUBAIY HAJINHICT, BUKOHAHHS Iporpam Ta BUOIp pexumiB pobotu. Takum
YMHOM, 3HAHHS alapaTHUX XapaKTEePUCTHK KOMII IOTEPHOI CHCTEMH € KPUTHYHOIO CKJIaJOBOIO
eTary MpOEeKTYBAaHHs MPOTPaMHOro 3a0e3MeueHHsl, OCKIIbKHI JJ03BOJISIE aJanTyBaTH (YHKIIOHAIbHI
Ta He(QYHKIIOHAJIbHI BUMOTH [0 pEaIbHUX OOMEXEHb CHUCTEMHM, 3a0e3NeuyrouHd CYMICHICTb,
CTaOUIbHICTh Ta €PEKTHUBHICTH OOUHCIICHb.

Bubip amapatnoi mmatdopmu s po3poOKHM TPOrpaMHOrO 3a0e3MEeueHHs] BU3HAYa€e
e(eKTHUBHICTb MPOLIECY CTBOPEHHSI, TECTYBaHHS Ta ONTHMI3allli MPOrpaMHUX MPOAYKTIB, OCKUIbKU
armapaTHl XapaKTEepUCTUKU 0e3MocepeIHbO BIUIMBAIOTh HA MPOAYKTUBHICTh KOMIUIALII, IBUIKICT
eMyJslii Ta peajbHy IOBEIIHKY Mporpamu i yac BukoHaHHS. [lpu BuOOpi miatgopmu
BpPaxOBYIOTHCSl TAKTOBI YaCTOTH Ta KUIBKICTh SiAiep Mpolecopa, 0O0CsT 1 TUIl ONEepaTUBHOI Mam AT,
HIBUJIKICTh 1 €MHICTh HAKONHUYyBauiB, MPOAYKTHBHICTh TIpadidHOTO MiJCUCTEMH, IMiIATPUMKA
Cy4acHUX IIMH 1 iHTep(deHCiB, a TaKoX HAJIMHICTh XHUBJIEHHS 1 CHCTEMa OXOJIOJUKEeHHs. Jlis
PO3po0KH MporpaMHOro 3abe3nedyeHHs, 1o NOoTpedye BUCOKOI MPOJYKTUBHOCTI abo mapaieabHoi
00poOKM JaHuX, MepeBary HajalTh IIATGOpPMH 3 OaraToSsJEpHUMH MPOLIECOPAaMHU Ta BEIHUKOIO
MPOMYCKHOIO 3JaTHICTIO TaM sATi, TOAl SAK JJs1 BOyJOBaHWX abo CIeliali30BaHUX CHCTEM
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KPUTUYHOIO € CYMICHICTh 13 [UIbOBUMH anapaTHUMH KOMIIOHEHTAMH Ta EHEPreTHYHUMHU
O0OMEKEHHSIMH.

Kpim mnpoaykrtuBHOCTI, mpu BUOOpi amapaTHOl MIATGOPMH BpaxoBYIOTh CTaHIapTH
CyMicHOCTI, (popm-(pakTOp MATEpUHCHKOI MUIATH Ta HASBHICTh HEOOXIMHUX iHTEepQEHCiB 1 TuiaT
PO3MIUPEHHS, 10 J03BOJISIE €(PEKTUBHO MiAKIIOYaTH mnepudepiro, HanaropKyBallbHI MOIYJl Ta
eMyJsATopu. TakoX OLIHIOIOTHCS MOMKIMBOCTI MAacIITa0yBaHHS Ta MOAEPHI3allil CHCTEMH, OCKIJIBKU
JOBIOCTPOKOBA MIATPUMKA PO3POOKH Tepeadavae aganTailito J0 3pOCTaHHS BUMOT MPOTPaMHOTO
3abe3neucHHs. BpaxyBaHHS 1MX (akTopiB [103BOJISIE CTBOPIOBATH MMPOTPAMHI MPOIYKTH, IO
BI/IMOBIIAIOTh BHUMOTaM TPOJAYKTUBHOCTI, HAAIMHOCTI Ta CTablLIBLHOCTI, 3a0e3leyye TO4YHE
TECTYBaHHs Ta MPOodUIFOBaHHS KOAY 1 MIHIMI3y€ PU3HKH, IOB’s3aHI 3 alapaTHUMH OOMEKEHHSIMH
IIPU PO3TOPTAaHHI MPOTPAMHOTO 3a0e3MeUeHHS Ha MITbOBUX CUCTEMaX.

Jlekuis 9. AnapatHi 3aco0M JIIOAMHO-MAIIMHHOTO iHTepdeiicy

AmnapatHi 3acobm mroaMHO-MammHHOTO iHTepdeiicy (JIMI) 3abesmeuytors ¢izuuHy
B3a€EMOJIII0 KOPUCTYyBada 3 KOMIT IOTEPHOIO CHCTEMOIO, J03BOJIIIOYM BBOAMTHU JIaHi, KepyBaTH
BUKOHAHHSAM IIpOrpaM Ta OTPUMYBATH iHOpMaLio y 3pydHid s copudHATTS Qopmi. o
OCHOBHMX IPHUCTPOIB BBEIEHHS HajleXaTb KJaBlaTypu, MUIII, TPEKNaaH, JKOWCTHKH, CEHCOPHI
eKpaHu, rpadidyHi IUIaHIIETH Ta CIEliali3oBaHl JaTYMKU MOJIOKeHHA abo pyxy. Lli mpuctpoi
MepeTBOPIOIOTh  (Pi3MuHi  [ii KOpHCTyBaua Ha EJNEKTPUYHI CUTHANU, SKi 0OpOOISIOTHCS
KOHTpOJIEpaMH BBOJy Ta HAJCWJIAIOTHCS B OOYMCIIIOBAJIBHY CHUCTEMY uepe3 CTaHIapTH30BaHI
inTepdeiicu, nanpukiang USB, PS/2, Bluetooth abo i1 mpoTokosy.

[TpucTpoi BUBENEHHS HAJAIOTh KOPHUCTyBady pe3ylbTar oOpoOKH iH(popmarii y BUTISAL
TeKCTy, rpadiku, aymiocurHany abo komOiHamid 1mux ¢opM. Jlo HHX HalnekaTh MOHITODH,
MPUHTEPH, TUHAMIKH, CBITJIIOAIOAHI IHAMKATOPH, a TAKOXK OLIBII CKJIaTHI CHCTEMH BIpTyaJIbHOI Ta
JIOTIOBHEHO1 peanbHOoCTI. KitouoBUMHU XapakTepucTUKaMu anapaTHux 3aco0iB JIMI e mBuakonis,
TOYHICTb, PO3JUIbHA 3/aTHICTb, YaC BIATYKY, CYMICHICTh 3 IHIIUMHM KOMIIOHEHTaMH Ta
€prOHOMIYHICTb 11 KOPUCTYBaya.

CyKyInHICTh IMX HPUCTPOiB (GopMye ePeKTMBHMHA KaHal KOMYHIKalii MK JIIOJAWHOIO 1
KOMIT'I0TE€pOM, 3a0e3Meuytoud 3pyyHe BBEJECHHS KOMaHJ, KOHTPOJb 3a MpOlLlecaMH Ta CBO€YACHE
OTpUMaHHS pe3ynbTariB. AmnapaTHi 3aco0u JIMI BH3HA4arOTh SIKICTh KOPUCTYBAlBKOTO JOCBIiNY,
BIIMBAIOTh Ha MPOIYKTHBHICTH poOOTH Ta Oe3MeKy B3aeMOJlli, a TaKoX CIYryloTh 0a3010 s
peanizaiii cydyacHuUX I1HTep(delciB YIpaBliHHS B MEPCOHAIbHUX 1 BOYIOBAaHUX KOMII FOTEPHUX
crcTeMax.

[Tepudepiiini mpUCTPOi MEPCOHATHLHOTO KOMIT IOTepa PO3IIHPIOITh HOro (HYyHKI[IOHATBHI
MO>KJIMBOCTI, 3a0€3Meuyoun BBEJIeHHs, 00poOKyY Ta BUBEIEHHS 1H(pOpMaLlii, a TAKOXK TOBroTpHBase
30epiranHs JaHux. [IpucTpoi BBeJIeHHS JO3BOJISAIOTH KOPUCTYBauy MepeaaBaTH KOMaHAM Ta J1aHi 10
CHCTEMH, TIepeTBOPIOIOYM (i3WUHI il Ha €NEeKTPUYHI CUTHAIM; J0 HUX BIAHOCATHCS KiaBiaTypw,
MUII, CKaHEPHW, CEHCOPHI €KpaHW Ta CHeIiali30BaHl JaTYWKH, HAMPUKIAN I KepyBaHHS
MIPOMHUCIOBUMHU a00 BOyZOBaHUMHU cucTteMamu. [IpucTpoi BuBeneHHs 3a0e31euyioTh B1JOOpakeHHs
pe3ynbTaTiB 00pobku iH(opmarii B 3pydHiil ¢popmi: MOHITOpH (OPMYIOTH IpadiuyHe Ta TEKCTOBE
300paXk€HHs, IPUHTEPH Ta IUIOTTEPU BUBOJIATH JaHI Ha MHanepoBl HOCII, AMHAMIKK 1 3BYKOBI
CHCTEMH — Y BUTJISAJI ayAi0CUTHAIY.

MOHITOpH XapaKTepU3yIOThCsS PO3JALIBHOIO 3/aTHICTIO, YacTOTOK) OHOBJIEHHS, THIIOM
MaTpUIll Ta TEXHOJOrI€l0 TMiACBIUyBaHHS, IO BU3HAYA€ SKICTh BIOOpPaKEHHsS, TOYHICTh
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KoJIboporiepeaadi Ta koMopT kopucTyBada mijg yac pobotu. HakomwdayBaui nmaHux, 10 SKHX
BiTHOCATBCS kOopcTKi aucku (HDD), TBepmotinbHi HakommuyBaui (SSD) Ta onTtuuHi NpuBOIM,
BUKOHYIOTh (DYHKIIiIO JOBroTpuBajioro 30epiranHd iH(opmarii, 3abe3neuyioud HaAIHHICTb,
MIBUJIKICT JOCTymy Ta obcar mam’sti. CydyacHI CHCTEMH YacTO KOMOIHYIOTh pi3HI THIH
HAKOMMUYYBaviB Uil ONTHMI3alii MpoXyKTUBHOCTI, Hanpukiaaa SSD s cuctemuux ¢ainis i HDD
JUTS apXiBHHX JaHHX.

3aranpHa oprasizamis nepudepiiHuX MPUCTPOIB mepeadadae iX MiAKIIOYEHHS Yepes
CTaH/IapTU30BaHi iHTepdeiich Ta KOHTPOJIEpU BBOAY-BUBOY, 1110 JI03BOJISIE CHHXPOHI3YBaTH poOOTY
3 IIEHTPAJIBLHOI CUCTEMOIO Ta 3a0e3Meuye CYMICHICTh 13 IporpaMHuM 3a0e3nedeHHsM. EdextuBaa
B3a€EMOJIIS BCiX mepudepiiHuX MOAYJIiB BU3HAYA€ 3PYUHICTh KOPUCTYBAaHHS, MIBHUAKICTb 0OPOOKH
iHpopMaii Ta HaIIIHICT CHCTEMH, IO OCOOJIMBO BaXKJIMBO JIJIsl KOMIUIEKCHUX OOYHMCITIOBAIBHUX Ta
MYJIbTUMEIHUX 3aCTOCYBaHb.

[Tpuntepu Ta OararodpynkuioHansHi mnpuctpoi (B®II) € nepudepiiiHuMu MOIYIIMH
MEPCOHAIBHOTO KOMIT I0Tepa, MPU3HAUYEHUMH Uil BUBEACHHS iH(popmamii Ha ¢i3u4Hi HOCIi Ta
BUKOHaHHsI KoMIUieKcHuX odicuux ¢ynkuiid. [IpuHTepu peanizyrore Oe3mocepenHe ApyKyBaHHS
TEKCTy, rpadiku Ta 300paxxeHb Ha marepi ado 1HIIMX HOCISIX, BUKOPUCTOBYIOUH PI3HI TEXHOJIOTI],
Taki SK Jla3epHa, CTpyMEHeBa, MaTpuuHa abo TepMmoapyK. KilrouoBUMHU XapaKTepUCTHKaMH
MPUHTEPIB € PO3JiIbHA 3[aTHICTh, IIBUAKICTH APYKY, 00cAr OOpOOIIOBaHUX CTOPIHOK Ta THUI
MiATPUMYBaHUX HOCIIB.

bararodyHKIiOHaIBHI TPUCTPOI MOENHYIOTH (PYHKIIIT MPUHTEpPA, CKaHepa, Komipa Ta iHOAi
dakcy B omHOMY KoOpmyci, 3a0e3lmedyloud EKOHOMII0 IPOCTOPY Ta IHTErpoBaHy pOOOTYy 3
JOKyMeHTaMu. BOHM MigkiioyaroThes A0 Komm'rotepa depe3 USB, mepexesi iHtepdeiicu ado
0e3IpOTOBI MPOTOKOJIM, a BHYTPIIIHI KOHTPOJEPH KOOPAMHYIOTH OOpPOOKY CHTHAJIiB BBEICHHS-
BUBEJICHHS Ta 3a0€3Meuyl0Th CYMICHICTh 13 PI3HUMH OIEpaliiHUMH CHCTEMaMH Ta MPOrpaMHUM
3abe3neueHHsIM. bDII yacto micTaTh BOyn0oBaHy nam’ath 1 Oydep oOpoOku 3aBAaHb, 110 JO3BOJILE
OINTUMI3yBaTH YEpry APYKY Ta MPUCKOPIOBATH BUKOHAHHS CKJIaHUX OIEparliil.

EdexTuBHIiCTh NpUHTEPIB 1 O0araTroQpyHKIIOHAIBHUX MPUCTPOIB 3aJICKUTh Bl 1HTErparii 3
amapaTHo IIaTGOpPMOI0 Ta MPOrpaMHHUM 3a0e3MEeYeHHSIM, CYMICHOCTI JipaiiBepiB, CTaOUIBHOCTI
eeKTPOKHUBIIEHHS Ta 00’eMy OOpOOTIOBAHMX JAaHUX. IX BUKOPHMCTAaHHS 3a0e3leuye MOBHOILIHHE
YIOPaBIiHHSA JOKYMEHTaMHU, IMiJIBULIYE MPOAYKTUBHICTh O(QICHUX 1 BUPOOHMYUX MPOIIECIB, a TAKOX
JI03BOJIIE IIEHTPAII30BaHO BHUPIIIYBaTH 3aBIaHHsS KOIIIOBaHHS, CKaHyBaHHSA Ta JIpyKy Oe3
J0JaTKOBOTO MiJKITIOUEHHS OKPEMUX MPUCTPOIB.

[Tpuniunu poOoTH mNpUHTEpIB Ta OaraTo(yHKIIOHAIBHUX MNPHUCTPOiB 0azyroThCcs Ha
nepeTBopeHHi mudpoBoi iHPopMarlii, 0 HATAXOAUTH BiJ KOMIT't0Tepa, y (i3udyHe BIATBOPEHHS Ha
Hocli ab0 B aHAJOrOBMH CHUTHAN JUIsi CKaHYBaHHSA 4M KomitoBaHHs. s ApyKy LUQpoOBI HaHi
(hopMYIOTECSL Y pacTpoBHil 00pa3 CTOPIHKH, KM MEpeNaeTbcst 10 MEXaHi3My APYKY, 1€ Ja3epHi,
CTpyMeHeB1 a00 MaTpHUUHI CUCTEMH (POPMYIOTH TOUKOBE 300pa’keHHS Ha Iarepl 3 BUKOPUCTAHHSIM
TOHepa, YOpHUJIa abo TepMOuyTIMBHX MaTepianiB. CkaHepu Ta KOIMIpH KOHBEPTYIOTh ONTHYHE
BiIOOpakeHHsI 00’€kTa y IMUGPOBUN CHUTHAT 32 JOMOMOTOI CEHCOPHUX EJIEMEHTIB, IO IMOTIM
00pOoOJIIE€TECS KOHTPOJIEPOM MPUCTPOIO Ta TIEPEIAETHCS Ha KOMIT I0Tep a00 30epiracThCsi B TaM’ STl
BOIT.

[TigxmtoueHHs TpUHTEpIB 1 OaraToQyHKIIOHAIBHUX TPHUCTPOIB 3HIMCHIOETHCS Uepes3
cTanfapTu3oBaHi iHTepdelicu, Brmovatoun USB, Ethernet, Wi-Fi abo Bluetooth, mo 3a6e3neuye
CYMICHICTh 3 pI3HUMH ONEpaIlifHUMU CHUCTeMaMH Ta IporpaMHuM 3abe3neuyeHHAM. KoHTposiepu
MPUCTPOIB KOOPAMHYIOTH OOMIH JaHMMHM, NepeTBopeHHs (opmari, Oydepusaiito ta 0OpoOKy
Yepru 3aBllaHb, MIATPUMYIOYM OJHOYacHy poOOTY KUIBKOX KOPHCTYBadiB y MEpPEKEBOMY
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cepenoBuili. EdexTuBHE migkmtodeHHs TiepenOavae HaJalITYBaHHS JpalBepiB, IapamMeTpiB
00poOKH 300pakeHb Ta PO3AUIBHOI 3MaTHOCTI, IO BIUIMBAE Ha IIBUAKICTh JAPYKY, TOYHICTH
BIATBOPEHHS Ta fAKICTh CKaHyBaHHS. JloTpuMaHHS LMX MPUHLOUIIB 3abe3nedye HadiiiHy Ta
NPOAYKTHUBHY B3a€EMOJII0 amapaTHUX Ta MPOrPaMHUX KOMIIOHEHTIB CHCTEMH IpH poOOTI 3
JOKYMEHTaMH, TpadiYHUMHU Ta MyJIbTUMEIIMHUMU MaTepiaJaMu.

HakommayBaui manux HDD (kopctki nuckum) ta SSD (TBepAOTUIBHI HAKOMHMYyBadi) €
OCHOBHUMHU MPUCTPOSIMHU JOBTOTpPHUBAIoOro 30epiranHs iHGopmarlii B IEpCOHATLHUX KOMIT FOTEpax 1
OOYHCITIOBAIBHUX CHUCTEMax, ajie BIAPI3HIIOTHCA MPHUHIMIIAMU POOOTH, MIBUIKOIIEI0, HAAIHMHICTIO
Ta eHeprocnoxuBaHHsM. HDD  BHUKOpHUCTOBYIOTH MAarHiTHI IUIACTHHM Ta MEXaHIYHHN
3YUTYBAIBHUIN/3aTUCYBAIBHAN TOJIOBKH ISl 30€pEeKEHHS Ta JOCTYNy 10 JdaHuX. Yac moctymy Ta
mBHIKICTE mepenadi iHopmanii y HDD o0O0MexyloTbcs MEXaHIYHUMH 3aTpUMKaMH  IIpU
MepeMilIeHH] TOJIOBOK 1 00epTaHHI TUCKIB, 110 BU3HAYAE OLIBINY JATEHTHICTh Yy MOpiBHsHHI 3 SSD.
OcnoBuumu nepesaramu HDD € Benukwmii 06car mam’siTi 3a BITHOCHO HU3bKY BapTiCTh, IO POOUTH
iX ONTHUMAaJIBHUMU /7151 apXiBHOTO 30€piraHHs BEJTMKUX MAacHBIB JaHHX.

SSD BuUKOpHUCTOBYIOTH (priemI-iaM’siTh, 1110 HE Ma€ PyXOMUX YaCTHH, 1 3a0€3Me4Yyl0Th 3HAYHO
BUIIy IIBHJKICTh YUTAHHA 1 3aIUCy, HU3BKUN Yac JOCTYIY, CTIMKICTh 0 MEXaHIYHUX BIUIUBIB 1
MEHIIIe €HepProCIOXKUBaHHS. BiJCYTHICTP MEXaHIYHUX €JEMEHTIB MiABHUIlye HaaiiHicTh SSD mpu
eKCIUTyaTallii y MopTaTUBHUX a0o BOYJOBaHMX CHCTEMax, J€ Ba)JIMBI YAapOCTIUKICTh Ta
TpUBalicTb poOoTu Bix OatapeiiHoro sxuBneHHs. llepeBarm SSD 0co6mMBO TOMITHI TpH
3aBaHTAKEHHI OMNEpPAIiifHOT CHCTEMH, BUKOHAHHI IIPOTpaM 3 BHCOKHMMH BHMOTAMH JO IIBHIKOCTI
noctyiy a0 ¢aire Ta podori 3 6a3amMu JaHUX a00 MYJIBTHMEIIHHUM KOHTCHTOM.

Bu6ip mixk HDD 1 SSD 3anexuth Bil KOHKpeTHHX BHUMOT cuctemu: HDD nouineai s
30epiranHs BeMHKUX OOCATIB iH(popMalii 3 oOMexxeHnM OropKeToM, Tol sk SSD 3a6e3nedyroTh
BHCOKY NMPOJYKTUBHICTh Ta HAIINHICTh MPU POOOTI 3 aKTMBHO BUKOPUCTOBYBAHUMH JTaHHUMH, IO
poOuUTH iX KIIOYOBHMHU [UIsl CYYacHHMX MEPCOHAIBHHUX KOMII IOTEpIB, CepBepiB Ta MOOLIBHUX
IIPUCTPOIB.

Jlekuisi 10. Anaparni inTepdeiicu nepcoHaJIbLHUX KOMIT' IOTEpiB

Inrepdelicu mepcoHaIbHUX KOMII'IOTEPIB 3a0€3MeUy0Th CTaHAAPTU30BaHYy B3a€MOJIII0 MiXk
anapaTHUMU KOMIIOHEHTaMH, MNepUPEpIMHUMU NPUCTPOSIMH Ta OOYHUCIIOBAIBHOIO CHUCTEMOIO,
pearizyroun rnepenady JaHWX, CUTHAJIB KepyBaHHS Ta €JEKTPOXXHUBIICHHS. BOHM MOMIISAIOTHCS Ha
BHYTpILIHI, 10 3’€IHYIOTh KOMIOHEHTH BCEPEAMHI CUCTEMHOTO OJIOKY, Ta 30BHIIIHI, MpU3HAYEH]
JUId TIAKIIOYEeHHA nepudepii, HampuKiIa[ KiaBiaTyp, MHILIEH, MPUHTEPIB, HAKONMHUYyBauyiB abo
MepexeBHX ajanTepiB. BHyTpilHi iHTepdelcH BKIIOYAIOTh MIUHU JaHUX, aJjpec 1 KepyBaHHS, SKi
3a0e3MeuyloTh B3a€EMOJIII0 IPOLECcopa, ONEepaTHMBHOI MaM’sATi Ta IUIAT PO3LIMPEHHS, TOAl SK
30BHIIIHI 1HTep(ENHCH CTaHIapTU3YIOTh (i3UUHI PO3’€MH, NMPOTOKOJM OOMIHY Ta IIBHJAKICTbH
nepenavi JaHuX Mi>K KOMIT FOTEPOM 1 30BHIIIHIMUA MTPUCTPOSIMH.

CydacHi mepcoHajbHI KOMIT'IOTEPU BHUKOPUCTOBYIOTH pi3HOMaHITHI iHTepdeiicu: USB,
HDMI, DisplayPort, Ethernet, SATA, PCI Express ta ixmi. KoxkeH i3 Hux BHU3Hauae crenu@iky
€JIEKTPUYHUX CUTHAJIB, IPOTOKOJIU OOMiHY, MaKCUMaJbHY IMPOIMYCKHY 3JaTHICTb 1 CYMICHICTH 3
anapaTHUMU Ta MPOTrpaMHUMH KOMIIOHeHTaMu. [IpaBuibHUI BUOIp Ta HalalITyBaHHs 1HTEpQeiciB
3abe3neuye eeKTUBHY B3a€MOJIII0 BCIX CKJIAJIOBUX CHUCTEMH, MiABHILYE MPOAYKTUBHICTD Nepeaayi
JaHUX, CTaOUIbHICTh pOOOTH Ta MIATPUMKY Cy4acHUX HepUEepifHUX 1 MEpPEeKEBUX MPUCTPOIB, 110
0CO0JIMBO BaXKJIMBO IPU MOOYA0BI KOMILIEKCHUX OOYUCIIIOBAIBHUX 200 MYJIbTUMEIIHUX CUCTEM.
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KabenbHi Ta 6e31poTOBi iHTEepdelicn TEPCOHATLHUX KOMIT FOTEPIB 3a0e3MeuyroTh (Gi3HdHe 1
JoTiyHe 3 €AHAHHS MDK amapaTHUMH KOMIIOHCHTaMH Ta mepu(epiiHUMU MPUCTPOSIMH,
BH3HAYaIOUM IIBUAKICTH Mepenadl JaHuX, IPOTOKOJIM 0OMiHY 1 cymicHicTh. KabenbHi iHTEpdeiicy,
taki sk USB, HDMI, Ethernet, DisplayPort, RS-232 ta PS/2, BUKOpuCTOBYIOTH NPOBIiHI 3’ € JHAHHS
i niepenadi MupoBux ab0 aHAIOTOBUX CHUTHANIIB 3 BUCOKOK CTAOUIBHICTIO Ta MiHIMAIbHUMHU
3arpuMkamu. USB 3a0e3nedye yHiBepcaldbHE MiAKIIOYEHHS INIHPOKOTO CHEKTPY MPUCTPOIB
BBE/ICHHS-BUBEJICHHS Ta HAKOMUYYBayiB 3 MIATPUMKOIO JKHUBIICHHS uepe3 ToH ke kadenb. HDMI 1
DisplayPort mpusnaueni myis mepeaadi aymio- Ta BiJCOCHTHATIB BHCOKOi diTkocTi, Ethernet
3a0e3mnedye cTalblapbHe MAKIIYSHHS 0 JOKAIBHHUX 1 TIIOOAIBHUX Mepexk, Toal sk RS-232 1 PS/2
3aCTOCOBYIOTBCS JUIsl KEPYBaHHS NPHUCTPOSMHU 1 Iepefadl JaHUX Y CIeLiali30BaHUX CHCTeMax,
9acTo 31 30€peKEHHAM CYMICHOCTI 31 CTapilIUMH PillIEHHSIMH.

Besnpotosi inTepdeticu, Taki sk Wi-Fi i Bluetooth, peanizytors mepemauy maHux depes
paiocurHainy, 3a0e3neuyroud MOOLTBHICTD 1 3pYUHICTh MIAKIIIOYeHHs 0e3 ¢iznunux kabeniB. Wi-Fi
BUKOPHUCTOBYETHCS JJISi AOCTYNY J0 Mepex 1 [HTepHeTy 3 BHCOKOIO MPOIYCKHOIO 3/IaTHICTIO Ta
BiJIHOCHO HHM3BKOIO 3aTpUMKOI0, a Bluetooth 3a6e3neuye koMyHiKaIi0 Ha HEBENUKIM BiJICTaHI MiXK
KOMIT'IOTEpOoM 1 nepudepiero, HAIpUKIIA] MHILIAMU, KiaBiarypamu abo aymionpuctposimu. Bubip
TUIY 1HTepdeicy 3aNeKuTh BiJ BUMOT 10 HIBHAKOCTI Mepefadi JaHHUX, CTAOUIbHOCTI 3’€HAHHS,
BIJICTaHI MK MPUCTPOSIMH Ta CIIENU(IKK armapaTHOTO 1 MPOrpaMHOIo 3a0e3MeUYeHHS, 1110 J03BOJISIE
ONTHUMI3yBaTH MPOAYKTUBHICTh, 3PYYHICTh KOPUCTYBaHHS Ta HAAIHHICTE POOOTH KOMIT IOTEPHOT
CHCTEMH.

[TpuHIMnM mepenaBaHHs TaHUX Y NEPCOHATIBHUX KOMIT IOTEPHUX CHCTEMax 0a3yloThCs Ha
BH3HAYCHHI CIIOCOOY KOJyBaHHS, MapUIpyTH3allii Ta CHHXPOHI3aIlii CUTHAIIB MK KOMIIOHEHTaMHU
Ta nepudepiiHIMHA TpucTposiMu. llepenadya Moke 3AIHCHIOBATHCS MOCTIIOBHO a00 MapajieibHO:
IpU MOCIIJOBHOMY cnocoOi OITH JaHMX NEepeAaroThCs OAMH 3a OJHUM uYepe3 OJUH KaHall, LI0
CIIPOIIY€e KOHCTPYKIIIO KaOelto Ta 3MEHIIYE eeKTPOMAarHiTHI MEpelKoau, TOAl AK MapajelibHa
nepeaaya 3a0e3nedye oJHOYACHY Nepefady KiIbKOX O1TiB, MiJBMIYIOYH MPOIMYCKHY 3/1aTHICTh Ha
KOPOTKMX BIJICTaHSIX, ajie 30UIbIIYIOYM CKJIAJHICTh CHHXpPOHI3allil Ta PU3HK KOT€PEeHTHUX
CTIOTBOPEHH CUTHAIY.

JlaHi MOXyTh TiepenaBaTHCS CHHXPOHHO a0o acuHXpoHHO. CHHXpOHHA Tmepenada
BUKOPHUCTOBYE CIUIBHUN TaKTOBUM CUTHAN NIl Y3TOJKEHHS MpUOMY Ta BIANpaBlIeHHs OITIB, 1110
3a0e3neyye BUCOKY HIBUAKICTh 1 TOYHICTb, TOJl SIK ACMHXpPOHHA Inepenada (opMye CHUTHAIIN
CaMOCTIMHO 3 BHUKOPUCTAHHSM CTapTOBHUX 1 CTOMOBUX OITiB, IO JI03BOJSiE MpaloBaTH 0e3
30BHIIIHBOIO TOJAMHHHUKA, MPOTE 3 MEHILIOI0 MPOIYCKHOI 3[aTHICTIO. Y KabenbHHUX iHTepdeiicax
JlaHl MEePETBOPIOIOTHCS B €JIEKTPUYHI a00 ONTHYHI CUTHANHU, a y 0€3pOTOBUX — Y PaaioyacTOTHI
IMITyIIBCH, K1 KOAYIOTHCS BIAMOBITHO O MPOTOKONY 3B’SI3KYy ISl 3a0e3MedYeHHs] HaAIMHOCTI Ta
LUTICHOCTI 1H(OpMaItii.

KonTponepu intepdeiiciB peanizyroTs 0ydepu3salito, KOPeKiio MOMUIOK 1 MapUIpyTH3ALI0
MAKeTIB JIaHUX, 3a0e3Neyylour Yy3ro/PKeHY poOOTy amapaTHHX Ta MpPOTrpaMHUX KOMIIOHEHTIB.
BuxopucTtanHs npaBUIbHOTO MPUHIIMITY NIEpEeJaBaHHs 1aHUX BU3HAa4Yae €(eKTUBHICTh KOMYHIKaLii,
MIHIMI3y€e 3aTpUMKU Ta BTpaTH 1HQOpMaIii, MiJBUILYE MIBUAKOAII0 Ta HAIIHHICTE pPOOOTH
KOMIT FOT€PHOT CUCTEMH B IIIJIOMY, HE3aJISKHO BiJl TUITY MIKITIOUEHHS Ta CepelOBHIIA Mepeaayi.

AmnapaTHi acrnekTH 3abe3nedeHHs 1HQOpMaLiiiHOiI Oe3MeKr MepcoHATbHUX KOMII IOTEpiB
CIpPSIMOBaHI Ha 3aXUCT JaHMX BiJ HECAHKIIIOHOBAHOTO JOCTymy, Mojaudikamii abo BTpatw,
MOYMHAIOUHN Bifl (PI3UYHOrO JOCTYIy A0 1HTEpdEiCciB 1 3aKiHUYIOUM peai3alli€lo Cleliani30BaHuX
3axXucHUX MOAyiiB. KOoHTponb (i3MUHOr0o AOCTYIy BKIJIIOYA€ BUKOPUCTAHHS KOPITYCIB 3 3aMKaMH,
3aXUIIEHUX CIIOTIB JUIS IJIAT PO3IIMPEHHS, PO3’€MIB 1 MOPTIB, @ TAKOXK OOMEXKEHHS IOCTYILY N0

27



BHYTPIIIHIX IHUH Ta OJOKIB MaMm’sTi, 1[0 YHEMOXJIMBIIIOE TIPSIME BTPYYaHHS y poOOTY amapaTHUX
KOMITOHEHTIB 0€3 aBTopHU3aIlii.

AnapaTHi MeETOOM 3aXUCTy JaHUX BKJIIOYAIOTh BUKOPUCTAHHS KPUNTOrpadidHUX
mporecopiB, anapataux monyiniB mudpysanas, TPM (Trusted Platform Module) ta amaparamx
TOKeHIB Juig 30epiraHHs KiIo4iB 1 ceprudikariB. Taki pilleHHS O3BONAIOTH 3IHCHIOBATH
mudpyBaHHS IUCKIB, KOHTPOJIb LUTICHOCTI CUCTEMHHX (aililiB, aBTEHTH]IKAIiI0 KOPUCTYBaUiB i
3aXMCT Bij 37TOBMUCHUX MoauQiKaIliil mporpaMHoro 3ade3rnedeHHs Ha piBHI amapaTypu. J1o1aTkoBo
3aCTOCOBYIOTBCSI TEXHOJIOTII 0€3MEeYHOr0 3aBaHTAKEHHSI, alapaTHa MATPUMKA 13011 maM ATl Ta
MEXaHI3MHU OJIOKYBaHHS 30BHIIIHIX TOPTIB IS 3a1100ITaHHS HECAHKI[IOHOBAHOMY KOITIFOBaHHIO 200
BUTOKY JIaHUX.

BrpoBa/keHHsT amapaTHUX METOIB 3aXHCTy JO3BOJISE IMiIBUIMUTH HAIIMHICTH CHUCTEMH,
3MEHIIUTH PHU3UK KOMIIpoMeTanii KoH]imeHIiiHOT iH(opmarii Ta 3a0e3meynTH BiAMOBIIHICTH
BUMOTaM CTaHAapTiB Oe3MeKH y KOPIOPAaTHUBHHX, JACPKABHUX 1 MPOMHCIOBHUX CEpEIOBHIIAX.
CymicHa po0oTa amapaTHHX 1 NpOrpaMHUX 3aco0iB 3a0e3nedye OaraTOpiBHEBUN 3aXHUCT
iH(hopMallii, MiHIMi3y€e BPa3IMBOCTI Ta J03BOJIsi€ €)EeKTUBHO pearyBaTu Ha 3arpo3u, 10 BUHUKAIOTh
y Ipo1ieci eKCIuTyaTalii KOMIT F0TePHOI CUCTEMH.

VY3romxkeHHs iHTepdelciB y TMepcoHANbHUX KOMIT'IOTepax Mepeadadyae CyMICHICTb
CJIEKTPUYHUX CHUTHAJIB, MPOTOKONIB OOMIHY Ta MEXaHIYHUX pO3’€MIB MDK amapaTHUMHU
KOMIIOHEHTaMHu 1 nepudepiiiHuMU NPHUCTPOSAMH, IO J03BOJIsSIE 3a0€3MeYUTH KOPEKTHY poOoTy
cucteMu 0e3 BTpaT JaHUX Ta NEPEeBAHTAKEHb IIMH. Y3TO/DKEHHS Iependadyae CTaHAapTH3AIIIo
piBHIB Hampyru, MIBHIKOCTI Iepenadi, MOCTIJOBHOCTI CUTHATIB KepyBaHHS Ta (opMaTy IaKeTiB
JTaHWX, a TaKOX WIATPHUMKY 3BOPOTHOI CYMICHOCTI MDK pPI3HUMH TOKOJIHHSIMH IPHCTPOIB 1
KoHTpoJepiB. Ll nmpaktuka kputnyna st USB, ockinbky mmpokuid cnekTp nepudepii ta Bepciit
CTaHJIapPTy BUMArae y3roJKeHHs Ui 3a0e3MedeHHs cTabiIbHOI poOOTH, HEe3aleKHO BiJl MOKOIIHHSA
IPUCTPOIO YU XOCTA.

Intepdeiic USB (Universal Serial Bus) Mae nexinapka Bepciif, II0 BiApI3HAIOTHCS
MIPOIYCKHOIO 3/1aTHICTIO, MEXaHIUHUMH XapaKTepUCTUKAMU Ta eeKTpUYHUMHU napamerpamu. USB
1.1 3abe3neuye mBUAKICTH 10 12 MOiT/c, miarpumye kiacuuHi nepudepiiini npuctpoi, USB 2.0
301IbIIYE NMPOMYCKHY 3AaTHICTh 10 480 MOiT/c, 30epiratoun CyMiCHICTb 3 MONEPETHBOIO BEPCIEIO.
USB 3.0 ta 3.1 3a6e3neuytoTh nepeaauy gaHux 1o 5—10 I'6it/c, nigTpuMyroTh MOBHOAYIIEKCHUN
peXHUM, ONTHUMI30BaHI JJIi CyYaCHUX HAaKONMHMYyBaulB 1 BUCOKOIIBHJKICHMX HepudepiiiHux
npuctpoiB. USB 3.2 1 USB4 mniaBumytoTs nponyckHy 3aatHicte a0 20—40 ['0it/c, iHTErpyooTh
niaTpuMky Thunderbolt Ta 3a6e3neuyroTh OUIbLI €PEKTUBHE KHUBJICHHS IMiJKIOYEHUX MPHCTPOIB.
Koxna Bepcis USB mae crneuun¢iydi TeXHIUHI XapaKTEpUCTHKH, L0 BHU3HAYAIOTh CYMICHICTb,
IIBUJIKO/IIO 1 €HEPrOCIOXKMBaHHS, a MpaBWIIbHE Y3TOJUKEHHs iHTep(eiicy 3abe3nedye HamiiHUN
OoOMIH JJaHUMH, ONTUMI3allil0 poOOTH nepudepii Ta cTabLIbHICTh POOOTH KOMI IOTEPHOT CUCTEMH B
L1JIOMY.

Bukopucrtanus komm’rorepa sl KepyBaHHS 30BHINIHIMH TPUCTPOSIMH Tepeadayae
oprasizarito oOMiHy KOMaHJIaMH Ta JAaHUMH MDK IIEHTPaJbHOK CHCTEMOIO Ta mepudepiero uepes
amapaTH1 iIHTepQeiicu Ta KOHTpoJiepH BBOY-BUBOY. KoM’ oTep reHepye curHaiy KepyBaHHS, 1110
MEPEeTBOPIOIOTECS Y (i3MuHl Jii Ha TPUCTPOSIX, TAKUX SK MPOMMCIOBI KOHTPOJEpU, POOOTH,
JaTYMKH, akTyaTopu abo moOyToBa enekTpoHika. [lepeqaua komMaH[ 1 JaHUX 3/IHCHIOETHCS depe3
CTaHJapTH30BaHI KabenbHI abo Oe3nporoBi iHTepdeiicu, Hanpukiax USB, Ethernet, RS-232,
Bluetooth abo Wi-Fi, 13 3acTocyBaHHSAM BiANOBIAHUX MPOTOKOIIB OOMIHY Ta CHHXpOHi3alii Juis
3a0e3neyeHHs] TOYHOCT] Ta HaA1IHOCTI KepyBaHHS.
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AmapaTHi KOHTpoOJIepHM Ta ajanTepu IHTep(]EHCiB BUKOHYIOTh TEPETBOPEHHS CHUTHAIB,
Oydepuzartito, KOpEKIil0 TOMIJIOK Ta 3a0e3MeuyioTh EICKTPUYHY CYMICHICTh, IO J03BOJISIE
KOMIT I0Te€pY KOOPAMHYBATH pOoOOTY PI3HOPIAHUX MPUCTPOIB HE3ANEKHO BiJ iX (Pi3uuHOl MpUpPOAH.
Buxopucrtanas  cremiami3oBaHMX IUTAT  PO3MIUPEHHS a00  MIKPOKOHTPOJEPIB  JO3BOJISIE
peaizoByBaTH BHCOKOIIBHJKICHI Ta TOYHI Kepyloul CHCTEMH, 3a0€3Meuyloud B3aEMOIII0 3
MPOMUCIOBUMHU IIIMHAMH, CEHCOPHUMH Mepexamu abo BOyZOBaHUMH MHpuUCTposiMH. EdexTuBHe
amapaTHe KepyBaHHS 3a0e3leuye CHHXPOHHICTh J1H, MiHIMI3y€ 3aTPUMKH Ta IiJIBHUIIYE TOYHICTh
BUKOHAHHSA QJITOPUTMIB, [0 KPUTHYHO U1 AaBTOMAaTU30BAaHUX CHCTEM, POOOTOTEXHIUHUX
KOMIUIEKCIB Ta IHTEIPOBAaHUX OOUYMCIIIOBAJIBHUX CEPEAOBUILL, /1€ BiJl alapaTHOI B3a€EMOJIT 3aJIeKUTh
MPOYKTUBHICTh Ta HAAIMHICTH POOOTH BCIET CUCTEMH.

Metoau mMigKIIOYEHHS OOJIaHAHHSA JO KOMII'IOTEPHOI CHCTEMH BH3HAUYAIOTh CIOCOOH
(Gi13MYHOTO Ta JIOTIYHOTO 3’€HAHHSA IMPHUCTPOIB, IO 3a0e3MedyloTh €(EKTUBHUI OOMIH JaHMMHU,
KepyBaHHS Ta CHHXPOHI3AIi0. Y TPOMHCIOBUX Ta BOYIOBAaHUX CHUCTEMax JUJIsl ITiAKIIOYCHHS
BUKOPHUCTOBYIOTBCS CTaHIapTU30BaHi iHTepdericy, Taki sik RS-485 1 CAN, siki XapakTepu3yroThcs
BHCOKOIO HAIINHHICTIO, MOXIJIMBICTIO pOOOTH Ha BEJIMKHX BIJICTAHAX Ta CTIHKICTIO [0
eJIeKTpoMarHiTHUX nepemkosa. RS-485 3alesneuye nudepeHiiiiHy nepenady AaHUX IO JIBOX
IPOBIIHUKAX, TO3BOJISIOUM MIJKIIOYATH KUIbKA IPUCTPOIB y 6araTOTOUYKOBY ILMHY, 10 OCOOIHMBO
BYKJIMBO ISl IPOMUCIIOBUX KOHTpoJiepiB Ta ceHcopHux mepex. CAN (Controller Area Network)
peaiizye KOMYHIKaIlil0 32 JIOIOMOIOI0 MPOTOKOJY 3 MpPIOpUTETaMU MOBIOMIIEHb, KOHTPOJIbHUMHU
CyMaMH Ta MEXaHi3MaMH BUSBJICHHS MOMUJIOK, IO JO3BOJISIE OPTaHi30BYBATH HAAIHHY MEPEKY IS
KepyBaHHS TPAHCIIOPTHUMHU, BAPOOHUYHUMH Ta POOOTOTEXHIYHUMHU CHCTEMAMHU.

[TeperBoproBadi iHTEp(EICIB BUKOPUCTOBYIOTHCS JUIS 3a0€3MEYCHHS CYMICHOCTI MiX
pi3HUMH CTaHAapTaMu, Hampukiany kKoueepTamis RS-232 y RS-485 abo USB y Ethernet, i
JI03BOJISIFOTh 1HTETPyBaTH PI3HOPIAHI NPUCTPOi B €IMHY KepoBaHy cucTeMy. BoHu peanizyroTh
MIEPETBOPEHHSI CUTHAMIIB, Oy epH3allito Ta CHHXPOHI3allil0 JaHHX, 3a0€3MeUyI0Ud KOPEKTHY poOOTy
IPUCTPOIB 13 PI3HUMHU DPIBHAMHU HANpPyrd, MPOTOKOJAMM 1 IIBUIKICTIO Hepenadi. BukopucrtanHs
MIPOMHCIIOBUX 1HTep(eiciB Ta NepeTBOPIOBAYIB J03BOJIIE KOMIT IOTEPY €(PEKTUBHO KepyBaTH
30BHIIIHIM OONagHaHHAM, 3a0e3neuye HaAllHICTh Ta Oe3neky OOMIHY JaHMMH B YMOBax
IHAYCTPI1aJIbHUX €JIEKTPOMArHITHUX MEPEIIKO]] 1 BUCOKUX HABAHTAXKEHb, a TAKOK CTBOPIOE OCHOBY
JUI MaclITa0OBaHUX 1 THYYKUX aBTOMAaTHU30BaHUX CHUCTEM YIPaBIIiHHS.

Texnomorist PoE (Power over Ethernet) no3Bosisie mepenaBatu €neKTPOKUBIECHHS Pa3oM 13
JAaHMMU TI0 CTaHJapTHOMY MepexkeBoMy kabento Ethernet, mjo 3a6e3neuye crnpoleHe miIKiIo4eHHs]
nepudepifHuX NpucTpoiB 6e3 NoTpedH y T0JaTKOBHUX JDKepenax >KuBJIeHHsA. BoHa peani3yeTbes 3a
paxyHOK iH’€KIil MOCTiifHOT HaNpyry Ha XWin Kabemto, cymicHoro 3i crangaptamu IEEE 802.3af,
802.3at i 802.3bt, ski BHM3HA4YaIOThb MAaKCHMAJIbHY IOTY)XHICTh, 1[0 MOXXE IepeaBaTHUCH, Ta
MeXaHi3M BHU3HA4YE€HHs CyMICHUX MnpucTpoiB. Cranmaptu PoE mniaTpumyroTh aBTOMaTuyHe
pO3Mi3HAaBaHHA CYMICHOTO O0OJaJHAHHS, 3a0e3MeuyrodM Mojady Hanpyrd TUIBKM Ha HPHUCTPOI,
3/1aTHI 11 IpuiiMaTy, 110 3arnodirae NOIKOIKEHHIO MepeKeBOi 1HGPACTPYKTypH Ta nepudepii.

PoE mmpoko 3acTOCOBYETHCS JUJIsl JKUBJICHHS MEPEXKEBUX Kamep, TO4YoK moctyny Wi-Fi,
VoIP-TenedoHiB, ceHCOpiB Ta IHIIUX MPUCTPOIB, IO IHTETPYIOTHCA Y JIOKAJIbHI MEpPEXKI.
Bukopucranus PoE chpomiye MOHTaX Ta TeXHIYHE OOCITYroBYBaHHS, 3MEHIIYE KUIBKICTh
HEOOXiTHMX KaOemiB 1 JO3BOJISIE IIEHTPATI30BAHO KEPYBAaTH EHEPrOCHOXHBAHHSAM IPHCTPOIB.
AnapaTtHi koMnoHeHTH POE BKIIIOYalOTh I1HXEKTOPH 1 CIUTITTEpPH, SKi 3a0e3MedyroTh IMojaavy i
peryJItoBaHHS HaNpyTH, a TAKOXK 3aXHUCT BiJl IEpPEeBaHTAKEHb 1 KOPOTKUX 3aMHKaHb. [HTerparis PoE
y MepexeBy IHPpacTpyKTypy MiJIBHINYE THYYKICTh PO3rOpTaHHS mMepudepifHuX MNPUCTPOIB,
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JI03BOJISIE peaizyBaTh aBTOHOMHI CHUCTEMH 3 MIHIMAJIBHOK arapaTHOI CKJIAAHICTIO Ta TapaHTYE
cTabuIbHY POOOTY 00JIaTHAHHS HABITh Y MPOMUCIIOBHUX 1 BIITAJICHUX CEPEIOBHUIIAX.

30



TEMA 4. KOMII'IOTEPHA TEXHIKA CIIEHIAJIBHOI'O ITPU3HAYEHHS

Jlekuis 11. Opranizauisi Ta ynpapjiHHS JaHUMH Y JOKAJbHUX i IJ100aJIbHUX MepeKax

MepexeBa KOMIT FOTEpHA TeXHiKa 3a0e3medye opraHizallito, YIpaBiIiHHs Ta nepeaady JaHux
MK OOYHMCIIOBAIBHUMHU CHCTEMAMU Yy JIOKAIbHUX, PETIOHAIBHUX Ta TJIOOAJbHUX MeEpexkax,
dopmyroun iH(ppacTPyKTypy Ais oOMiHy iH(pOpMaIli€r0, JOCTYIy 10 PecypciB Ta KepyBaHHS
nepudepiiHuMU MPUCTPOSIMU. BoHa BKIIIOUae amapaTHi KOMIIOHEHTH, TaKi SK MEPEKeBiI KapTH,
MapuIpyTU3aTOpH, KOMYTaTOpU, TOYKH JOCTYIY, KOHIICHTPATOPU Ta MEpPEexkeBi Kabemi, a Takox
MMPOMHUCIIOBI 1 CHEIiaiai3oBaHi MOIYJNI Ui TMepefavi JaHUX Ha BEJIHMKI BIACTaHI ab0 y CKIagHUX
yMOBax eKcruryaTarlii. MepexeBi MpucTpoi pealtizyloTh Nepeaady MakeTiB JaHuX, MapIIpyTH3alliio,
KOMYTaIlit0, KOHTPOJIb IUIICHOCTI Ta mpiopuTe3arito Tpadiky, 3a0e3neuyoun HaJiiHICTh, BUCOKY
IIBUJIKICTH 1 6e3neky oOMiHy iH(opMali€ero.

B cydacHux cuctemax mepexxeBe oOnamaHaHHs miarpumye cranaapta Ethernet, Wi-Fi, POE
Ta iHIII MPOMUCIOBI MPOTOKOJH, JO3BOJSIIOYM IHTETPYBAaTH IMPOBOJIOBI Ta OE3APOTOBI CETMEHTH
Mepexi B €IuHy KepoBaHy iH(pacTpykrypy. TexHomorii komyrarii i MapmpyTu3aiii, amapatHa
mintpuMka QoS (Quality of Service) ta Oesmeku, BukopucrtanHs VLAN i VPN no3BossitoTh
ONTHUMI3yBaTH MPOIYCKHY 3/IaTHICTh, 130J0BaTH Tpadik Ta 3a0e3medyuTd 3axUcT iHQopmarlii.
AmnapatHi pilIeHHs ISl MEPEXKEeBOi KOMIT IOTEPHOI TEXHIKM BPAaXOBYIOTh BIJCTaHI MIX BY3JIaMH,
€JIEKTPOMArHiTHI TEpelIKOM, EHEproCHOKUBaHHA Ta YMOBHM €KCILTyaTallii, 3a0e3neuyroun
CTaOIIBHICT, POOOTH 1 CYMICHICTh 13 PI3HUMH KOMIT IOTEPHUMHU CHCTEMaMH Ta nepudepiiHuMu
npuctposiMu. EdexTrBHa opraHizaiis MepeXeBoi iHPPACTPYKTYpHU € KPUTHYHOKO U peajrizarii
KOPIIOPAaTHBHUX, NMPOMHUCIOBHX Ta BOYJOBaHUX OOYHMCIIOBAIBHUX CHUCTEM, € MPOIAYKTHUBHICTD,
HaJIMHICTh 1 Oe3meka mepenadi JaHWX BH3HAYAIOTH 3arajibHy €(QEeKTUBHICTH POOOTH BCHOTO
CepeIOBHIIA.

Komyraropu, mapmpyTu3atopu Ta MOAEMH € KIIOYOBUMH arapaTHAUMH KOMITOHEHTaMH
MepexKeBOi KOMIT IOTEpHOI TEXHIKHM, 110 3a0e3neuyroTh e(eKTUBHY OpraHizaiiio nepeaadi JaHUX,
MapuIpyTH3aLlilo MaKeTiB 1 MAKIOYEHHs 0 30BHIMIHIX Mepex. KomyraTopu (switch) BUKOHYIOTh
¢GyHKIIII0 KOMYTaIlil TaKeTiB BCepelnHi JIOKAIbHOI Mepexi, aHaiizytoun aapecu MAC i1 nepenaroun
JaHl TUTBKU 70 BIAMOBITHOTO TOPTY, IO MiJBUILY€E MPOMYCKHY 3JaTHICTh Ta 3MEHIIYE KOMi3ii.
Mapupytuzaropu (router) 3a06e3nedyroTb OOMIH JaHUMHU MK PI3SHUMH MepeXaMH, BHU3HA4alouu
ONTHMAaJIbHI MapHIpyTH Nepelnadi MakeTiB Ha ocHOBI [P-ampec, TaOmunpe Mmapmipytusamii Ta
MIPOTOKOJIIB TMHAMIYHOTO MapILIpyTU3yBaHHS, a TaKOXK BUKOHYIOTH QyHKIIT NAT, Opanamayepa 1
QoS myig ynpasiiHHS TpadikoM Ta MiIBUIEHHS O0€3MEeKH.

Moaemu (modulator-demodulator) BUKOHYIOTH MEpETBOPEHHS IU(PPOBUX CUTHAJIB
KOMIT'I0T€pa B aHAJOrOBI JUIs mepenadi mo Teiae@oHHMX abo KalOelbHUX JIHIAX Ta HaBIAKH,
3a0e3neuyoun JOCTYH A0 IIMPOKOCMYTOBHUX a00 By3bKOCMYroBux Mmepex. CydacHi Mojemu
IHTErpyIoTh (QYHKLII MapupyTusanii, 6e3ApoTOBOro AOCTYNy Ta HIATPUMKY mHpoTokosiB DSL,
KaOeNbHOTO 1HTEPHETY a00 ONTHUYHOTO IMIJKIIOYECHHS, IO JI03BOJISIE CTBOPIOBATH KOMILIEKCHI
MepeskeBl IHPPACTPYKTypH Ul JOMAIHIX, KOPIOPATUBHUX Ta IMPOMHUCIOBUX CHCTEM. Y3roKeHa
poboTa KOMYTaTOpPiB, MAPIIPYTU3ATOPIB 1 MOAEMIB 3a0e3Meuye ONTUMATBHY MPOMYCKHY 3/aTHICTB,
MIHIMI3aIl0 3aTPUMOK, MIABUINEHY HAMIMHICTH 1 O€3meKy mepemadi JaHuX Y JIOKAIbHUX Ta
r100aIbHUX MEpexax.

CTpyKTypHI CXE€MH MEpPEeXKEBHX MPHUCTPOIB BiJOOpaXaroThb B3AEMOII0  amapaTHUX
KOMIIOHEHTIB 1 JIOTiKy OOpoOKM Ta MapuipyTu3auii JaHuX, 3a0e3Meuyroud HAao4yHe pPO3yMIHHS
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MPUHITUITIB X pOOOTH. Y KOMYTaTOpi CTPYKTYpHA CXEMa BKIIFOYAE MMOPTH BBOAY-BUBOY, BHYTPIIIHI
mmHU, Tabmuii MAC-anpec Ta Mmexanizmu Oydepu3zariii makeriB. [lakeTu, 1o HaaXOIATh Ha TOPT,
aHAJI3yIOTbCS KOHTPOJIEPOM, BM3HAYAETHCS IX ajpecar, MICHs 4YOro JaHi MepeNaloThes [0
BIJIMOBIAHOTO TOPTY O€3 3aiiBOi TpaH3WUTHOI Iepenadi, M0 MiABUIILYE €PEKTUBHICTH JIOKAIHHOI
Mepexi Ta 3MEHIITY€e KOJi3ii.

Y Mapuipytuszatopax CTPYKTYPHI CXE€MHU BKJIFOYAIOTH MPOIECOpP MapIIpyTH3allii, Tabmuili
MapmipyTu3aiii, Oydepu Ta iHTepdeicu 30BHINIHIX Mepex. MapuipyTuzaTop npuiiMae HMakeTH 3
onHiel Mepexi, aHanizye IP-agpecy mpu3HaueHHs, BU3HAaYa€ ONTHUMAJIbHUNM MapLIpyT Ta Iepenae
MakeT BiAMOBiAHOMY iHTepdercy, Mpu oMY 3acTocoByroun MexaHi3Mu NAT, KOHTpoib depr i
npiopuresarito Tpadiky.

Mogemu BKIIOYalOTH OJIOKM MOAYIALIT Ta JEeMOAYJSLii CHrHaliB, IEpPEeTBOPIOBaYl
aHAJIOTOBUX 1 IMU(POBUX CHUTHAIIB, iHTEepdeiicHI KoHTponepu Ta Oydepu oOminy. Lludposi nani
KOMIT'I0Te€pa MEePETBOPIOIOTHCS Yy (HopMy, TpUAATHY IJIs Mepenadi KaHajaoM 3B’SI3KYy, a MPUHHATI
CUTHAJIU BiHOBIIOIOTHCA y UPPOBHUl (popmaT 11t 0OpOOKH CHCTEMOIO.

Po3ymiHHS CTPYKTYpHHX CX€M 1 NMPHUHIMIIB pOOOTH KOMYTAaTOpiB, MapLIPyTHU3aTOPIB Ta
MOJIEMIB JIO3BOJISIE TIPOEKTYBATH HaJliliHI Ta €(EeKTUBHI MEPEKeBl IHPPACTPYKTYpH, ONTUMI3yBaTH
MapuIpyTU3allilo, MiABUINYBATH MIPOIYKTUBHICTh Meperadi JaHuX Ta 3a0e3redyBaTu CTaOUIbHICTD 1
6e3neKy pyHKIIOHYBaHHS KOMIT FOTEPHUX CUCTEM Y JIOKATBHUX 1 TTI00aTBHUX MEpekKax.

AHaJli3 CTPYKTYpHOI CXEMHM MEPEKHOIO0 KOMYTaropa JA03BOJISE€ OLIHUTH BHYTPILIHIO
OpraHi3alilo TPUCTPOIO Ta HOro 3JaTHICTh 3a0e3nedyBaTH €(PEKTHBHY KOMYTAIII0 TAKeTiB Yy
JOKaNbHIN Mepexxi. OCHOBHUMHU OJIOKaMH KOMYTaTopa € MOPTH BBEICHHS-BUBEJCHHS, BHYTPIIIHI
IIMHU Tiepeaadi panux, Oydepu, koHTponepu nakeriB i Tabmumi MAC-aapec. [Toptu npuiimarots
Ethernet-kagpu Bia miIKIFOYCHHUX MPHUCTPOIB 1 MEpeNarOTh IX HA BHYTPIIIHIA KOHTpPOJIEp, SKUil
aHali3ye aapecy MpU3HAYCHHs 1 BU3HA4Ya€ BUXIAHUNA TOPT UIA Hepenadi Kaapy, 0 MiHIMIZye
HaBaHTKCHHS Ha 1HIII CETMEHTH MEPEXi Ta 3armodirae Kojizisam.

bydpepun TtHMuacoBo 30epiraroTb MakeTH, 3a0e3Meuyloud KOPEKTHY OOpoOKy mpHu
OJTHOYACHOMY HAJXO/KEHHI BEJIMKOIO0 MOTOKY JAaHUX abo miJg 4ac OOpOoOKHM MakeTiB Pi3HUX
HIBUAKOCTEN, a KOHTPOJIEpH 3a0€3MeuyloTh Y3r0o/I)KEHHSI CUTHAJIIB, YIPABIIIHHA YepraMu nepenadi i
nepeBipky uuTicHocTi maHux. Tabmuii MAC-aapec MmicTaTh iHQopMamio mpo (i3uyHi agpecu
MIJKII0YEHUX IPUCTPOIB Ta BIAMOBIAHI MOPTH KOMYTATOpa, 110 J103BOJISIE €(EKTUBHO HAIPABIIATH
MAaKeTU TUIBKH J10 MOTPiOHOro npuitmaya.

AHaJli3 CTPYKTYPHOI CXeMHM KOMYTaTropa JI03BOJISIE€ OLIIHUTU MPOJYKTHBHICTH MPHUCTPOIO,
foro 31aTHICTh 00POOIIATH BeNUKI 00cATH Tpadiky, 3a0e3neuyBaTu MiHIMalIbHI 3aTPUMKHU Nepeaayi
Ta MIATPUMYBaTH MEXaHI3MHU HpiopuTesalii i cerMeHrauii MepexeBoro Ttpadiky. Po3ymiHHs
BHYTPIIIHBOI OpraHizamii KOMyTaTopa € KPUTHYHO BAKJIMBUM JJIS MPOEKTYBaHHSA HAIiMHMX 1
MacIITabOBaHUX JIOKAJIbHUX MEpEeXk, ONTUMI3allii MPOIYCKHOI 3AaTHOCTI Ta 3a0e3neueHHs O0e3neKu
TaHUX.

MepexeBl KOMyTaTopu KJIacU(IKYIOTbCA 3a NMPU3HAYEHHSIM, MIBUIKICTIO OOPOOKH JTaHUX,
piBHEM YIIpaBIiHHS Ta (YHKIIOHAJIbHUMH MOKJIMBOCTSIMH, IO J03BOJISi€ ONTUMAIBHO BUOMpATH
NPUCTPI  JJI1  KOHKpeTHOI MepexkeBoi  iH(pacTpykTypu. OCHOBHI THUNM  BKIIOYAIOTh
HeoOcnmyroByBaHi (unmanaged) komyTraTopH, KepoBaHi (managed) komyTraropu Ta cMapT-
KomyTaTtopu (smart/managed-lite).

HeoGcnyrosyBani komyTatopu 3a0e3neuyioTh 0a30By KOMYTAIlil0 AKETiB MK opTamu 6e3
MO>KJIMBOCTI KOH(]irypaiii, aBTOMaTUYHO BH3HAYAIOTh MIBHJKICTh Ta JYIUIGKCHUH pEXUM
MIJKITI0YEHUX MPUCTPOIB 1 MIATPUMYIOTh CcTaHAapTHI (pyHKuIi, Takl sk HaBuaHHI MAC-aapec 1
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nepeaada kaapis. BoHu mpocTi B eKcIUTyartailii Ta OonTUMaIbHI 111 MaauxX opicHUX abo JOMaITHIX
MepEeXK, JIe He TOTPiOeH KOHTPOJIb TpadiKy Ta PO3IIUPEHE aIMIHICTPYBaHHS.

KepoBani koMyTaTOpH HaJalOTh PO3IIUPEHI MOXJIMBOCTI KOH(QIrypamii Ta MOHITOPHHTY,
Buogatoun VLAN, QoS, SNMP, ynpaBninHs depramu mnepeaadi, KOHTPOJIb JTOCTYIy, arperariro
KaHaiB Ta MPOTOKOJM pE3EPBYBAHHS, IO JO3BOJSIE ONTHUMI3yBaTH MPOIYCKHY 3JaTHICTB,
MiABUILUTH HAIIMHICTE 1 3a0e3meunT Oe3mneky Mepexi. BoHn 3acTOCOBYIOTBCS Y KOPIIOPATUBHUX 1
IIPOMHCIIOBUX CEpElOBUINAX, JI€é KPUTHUYHO BaXJIMBAa KOHTPOJIbOBAaHA MapuUIpyTH3alis Ta
cerMeHTarlis Tpadiky.

CMapT-KOMYTaToOpu IMOETHYIOTh IPOCTOTY HEOOCIYrOBYBaHHMX Mojesiel 3 OOMEKEHUMHU
MOXIMBOCTSIMHU YIIpaBJIiHHS, Hanpukiaan HamamTyBaHHd VLAN 1 0a30Buil MOHITOPUHT Tpadiky,
0 pOOHUTH iX MPOMDKHUM pIIIEHHSIM A cepenHix odicHux mepex. KpiMm Toro, komyraropu
MOXYTh BiapizHATHCS 3a mBHAKicTio opTiB (Fast Ethernet, Gigabit Ethernet, 10/25/40/100 GbE),
KUTBKICTIO TOPTiB, MiATpuMKo0 PoE Ta amaparHumMu ocoOIMBOCTAMH, TAKUMU SIK CTEKyBaHHS abo
pe3epByBaHHS OKUBJIEHHS. Bulip Tumy KomyTraropa BU3HAa4Yae eQEKTHBHICTh KOMYTalii,
MPOIYKTUBHICTh MEPEX1 Ta MOKJIMBICTh MacIITabyBaHHs iHOPACTPYKTYpH.

MapuipyTuzaTopy B KOMIT IOTEPHUX MEpEeXaX BUKOHYIOTh (DYHKIIIO 3’€HAHHS PI3HUX
MepexX 1 BU3HAYEHHS ONTHUMAaJIbHUX MAapILIPYTIB Iepejiadi MakeTiB JaHUX Ha ocHOBI IP-agpec Ta
MIPOTOKOJIIIB MapIIpyTU3allii. BoHM aHani3yloTh 3aroJioBKH MakeTiB, GOpMYyIOTh TaOIHII MapLIPYTiB
1 31IACHIOIOTH YIIPABIIIHHA YepramMu, npiopuresaiio Tpadiky Ta KOHTPOJIb AOCTYITY, 3a0e3MeUy0un
epeKTHBHY POOOTY SIK JIOKAJBHHUX, TaK 1 TI00aTbHUX Mepe. MapHipyTuzaTop MOXYTh MaTH
iHTerpoBani QpyHKIii 6e3meku, Taki K ¢purbTpanis naketiB, NAT, VPN i 6pannmayep, 110 103BOIIsE
M ABUIIUTH 3aXHUIIEHICTh MEPEXXEBOT IHPPACTPYKTYpH 1 CTaOUTBHICTD Mepeaadi TaHuX.

CepBepHe 0OnagHaHHSA BiAPI3HAETHCS BiJl MEPCOHATBHUX KOMII IOTEPIB apXiTEKTYPHUMH,
armapaTHUMHU Ta (YHKLIOHAJBHUMM XapakTepucTukamu. CepBepH po3paxoBaHi Ha Oe3lepepBHY
poboty B pexumi 24/7, NiATPUMKY BEIHKOI KUTHKOCTI OJHOYACHHUX MiAKIIIOUYEHb, BUCOKI 00CsTU
OTIepaTUBHOI MaM’sTi, GaraTosJepHi MPOLECOPU Ta PO3LIMPIOBAHI MiJICUCTEMHU 30epiraHHs JaHUX.
BoHu dacTo OCHalIylOTbCS —CIHELiali30BaHUMHM CHCTEMaMM JKUBJICHHS 3 pE3EpBYBaHHSM,
KoHTposiepamu RAID, anapaTHuUMU MOZIYJISIMM YOpPaBIIHHA 1 MOHITOPUHTY, IO ITiJIBUIIYE
HaJIHHICTh Ta BIJIMOBOCTIMKICTh. Ha BigMiHy BiJl MEepCOHAIBLHUX KOMII IOTEPIB, CEPBEPU MAIOTh
oOMexeHui 1HTepdelc uIsi TpPSMOro KOPUCTYBALIbKOTO BBEIEHHS 1 OpPIEHTOBaHI Ha
00CITyrOBYBaHHSI MEPEKEBOTr0 a00 MPUKIAJIHOTO TMPOTPAaMHOTO 3a0E3MEeUeHHS Ul BEJIHKOl
KUTBKOCTI KOPHCTYBayiB, 10 POOUTH X KIFOUOBOIO CKJIQJOBOIO KOPIOPATUBHUX Ta MPOMHUCIIOBHX
iHpOpMaLIHHUX CHUCTEM.

Jlekuisi 12. Cy4yacHi TeHJeHIil pO3BUTKY KOMII’IOTEPHOI TEXHIKH Ta CePBEPHUX CHCTEM

CyuacHl TeHJAEHLIT PpO3BUTKY KOMII'IOTEPHOI TEXHIKM XapaKTepHU3YIOThCS TOCTIHHUM
MiABUILEHHSIM MPOAYKTUBHOCTI OOUYMCIIOBAIBHUX CHCTEM, 3MEHIICHHSM EHEProClOKMBAaHHS Ta
30UIBIICHHAM 1HTErpamii amapaTHuX KOMIIOHEHTIB. OCHOBHMMM HaIllpsIMaMHU € MiHIaTIOpU3aLlis
€JIEKTPOHHUX €JIEMEHTIB, MIABUIIECHHS IIIJIBHOCTI IHTETPAJBbHUX CXEM 1 PO3BUTOK OaraTosiiepHUX
MPOIIECOPiB, IO [O3BOJISE OJIHOYACHO BHKOHYBATH TapajielbHl OOUYMCIIOBAIBHI 3amadl Ta
MIJIBUINYE 3arajibHy €PeKTUBHICTH cucTeMu. KpiM TOro, akTHBHO PO3BHBAIOTHCS CIIEIialli30BaH1
oOuucmoBalibHI  MIaT@opmu, Biimrodaroun rpadiuni  nponecopu (GPU), Heipomepexesi
MIPUCKOPIOBAYi Ta anapaTHi pillleHHs U1 00pOOKH BEIMKHUX JAHUX 1 IITYYHOTO 1HTENEKTY.

CyuacHa KOMIT'IOTepHa TeXHIKa TaKOX OpPIEHTOBaHA Ha IHTETPaLlil0 3 XMAPHUMU CEpBiCaMH,
MepexeBUMU TexHoJorisimu Ta IntepHetrom peuerr (IoT), mo go03BoJsie OpraHi3oBYBaTH
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PO3MOAICHI 00YHCITIOBAIBHI CEPEIOBUIIA Ta TIABUINYBATH THYYKICTh 1 MacIITaAOOBAHICTh CHCTEM.
[TapanenbHO BeNETbCS PO3BUTOK EHEPrOCPEKTHMBHUX TEXHOJIOTIHM, BKIIOYAOYM BUKOPUCTAHHS
TBEpJOTUIBHUX HAKOMUYyBauiB, CHCTEM YIPABIIHHSA OKUBJICHHSAM Ta amapaTHUX MOJIYJIB
onTuMi3zalii poOOTH KOMIIOHEHTIB Y Pi3HUX peKUMaX HaBaHTAKCHHS.

[HIIMMHM TEHACHLISIMU € TIJBUIICHHS HAIIMHOCTI 1 Oe3meku amapaTHOi iH(pacTpyKTypH,
MiATPUMKA CTAaHAAPTU30BAaHUX IHTEP(EHCIB 1 MPOTOKOIIB JUIS CYMICHOCTI 3 mepudepiitHuMU
IPUCTPOSIMU Ta HOBUMH IPOTPAMHUMHM DILICHHAMH, a TaKOX PO3BUTOK TEXHOJIOTIM MOOUIBHOCTI,
KOMIIAKTHOCTI Ta 0€31poTOBOro 3B’sA3Ky. Lli HampsiMM BU3HAYaIOTh CYyYaCHUH KypC PO3BUTKY
KOMIT'IOTEPHOT ~TEXHIKM K CKIQJHOI 1HTErpoBaHOI CHUCTEMH, 37aTHOi 3abe3nedyBaTu
BHCOKOIIPOAYKTHBHY, HaJiliHY Ta O6e3meuHy 0OpoOKy JaHuX y pi3HUX cdepax, Bil NEPCOHATBHUX 1
KOPIIOPATUBHUX CUCTEM JI0 IPOMHCIIOBUX 1 BOYZOBaHUX 00UYHCIIOBAIBHUX CEPEIOBUILL.

BararosiiepHi cucteMu NpeACTaBIsIOTh COO0I0 OOYMCIIIOBANIBHI TUIATHOPMH, Y SIKUX OIMH
MPOIIECOPHUI KPHUCTAI MICTUTH JBa 1 OLbIIE sAep, KOKHE 3 SKHX 3[aTHE BUKOHYBAaTH OKpeMi
MOTOKH 1HCTPYKIiN He3anexxHo. Taka apXiTeKTypa JA03BOJISE€ OJHOYACHO OOpOOIIATH KiIbKa 3ajad,
MIJBUIIYIOYN 3arajbHy MPOAYKTHBHICTH CHUCTEMH O0€3 MPOIMOPLIHHOTrO 301IbIIEHHS TaKTOBOI
YacTOTH, IO 3MEHIIYE EHEeproCHoXHBaHHA Ta TeraoBUAUIeHHS. KoxHe sapo OararosiepHOro
mpolecopa Mae BIacHUW OJok kemi-mam’siti piBHSA L1, a mis migBuiieHHs eeKTUBHOCTI OOMIHY
JaHUMH Spa MOXYTh BUKOPHCTOBYBaTH CHuNbHI Kkemri piBHa L2 a6o L3, mo no3Boise
ONTUMI3yBaTU JIOCTYIl A0 ONEPAaTHBHOI MaM’STi Ta 3MEHIIYBaTH 3aTPUMKU MPU MIKIPOLIECOPHii
B3a€EMOII.

baratosinepHi CHUCTEeMH aKTUBHO BHKOPUCTOBYIOTHCS JUIS  MapaliebHOI  0OpOOKH
OOYHCITIOBAIFHO CKJIaJHUX 3a/a4, TaKUX SK CHMYJAMii, oOpoOKa BETUKMX MAaCHBIB [aHHX,
pennepuHr rpadiku, MoIeMoBaH s (DI3MYHUX MPOIECIB Ta BUKOHAHHS CEPBEPHUX 3aBAaHb. BoHM
JI03BOJISIFOTH peai3yBaTH 0araTOIOTOKOBI IIPOrpaMH, Jie KOXKEH IOTIK KePYEThCS OKPEMUM SIIPOM,
0 NiABMILYe eQEeKTHUBHICTb BHUKOPUCTaHHs amapaTHUX pecypciB. Po3poOka mporpamMHoro
3a0be3neueHHss JUid OaraTosiiepHUX CHUCTEM BHMAarae BpaxyBaHHS acCHeKTIB CHHXpOHI3alii,
KOHKYpeHIIi 3a pecypcu Ta OajaHCyBaHHsS HABAaHTAXKEHHS MIXK SJIpaMHU, OCKIJIbKM HEKOPEKTHE
IUTaHYBaHHS MOTOKIB MOK€ 3HMKYBaTH NMPOAYKTHUBHICTH 1 CTBOPIOBAaTH BY3bKI Miclsl B 00poOIi
TaHUX.

Takum dYnHOM, OaraTosepHi CHUCTEMH € KIIOYOBUM HAampsMOM pO3BUTKY CY4acHOI
KOMIT IOTEPHOI TE€XHIKH, MOEAHYIOUH BUCOKY OOYMCIIOBAJIbHY MOTYKHICTh, €HEProe(eKTUBHICTD 1
3ATHICT J0 MaclITabOBaHOTO MapajeIbHOr0 BHKOHAHHS 3aB/aHb, L0 POOUTH X OCHOBOIO
CY4aCHUX MEPCOHATIBHUX, CEPBEPHUX 1 BOYIOBaHUX MIaT(opM.

BOynoBani komm’totepri cucremu (BKC) mnpeacraBnsitorb co0orw — cremnianizoBaHi
o0uuCIIOBaJIbHI TIATGOPMH, I1HTETPOBaHI B CKJIQJOBI YAaCTMHU TEXHIYHUX MPUCTPOIB IS
BUKOHAHHSI KOHKPETHMX (QYHKI[IN ynpaBiiHHs, 0OpoOku JaHuX abo MoHiTOpuHTY. Ha BinMmiHy Bij
3arajbHOrO MpHU3HAUYEHHS MepcoHanbHUX Kowmi 'totepiB, BKC opieHTOBaHI Ha BHUKOHAHHS
BY3bKOCIIEI1a1130BaHUX 3aBJIaHb y PEXHUMI PEAbHOTO Yacy, MalOTh ONTHUMI30BaHy apXiTE€KTypy,
oOMexxeHH Hablp pecypciB 1 MIABUIIEHY HaIIHHICTh POOOTH y crienu(piyHIX YMOBaX eKCILTyaTallii.
BKC cknagarothesi 3 mporecopa abo MIKPOKOHTpOJIEpa, ONEpaTHUBHOI Ta MOCTIHHOI mHam’ATi,
nepudepifHuX MOJYIIB 1 cleliali3oBaHuX 1HTEp(ENCIB Ul B3a€EMOJII 3 CEHCOpaMHU, aKTyaTopaMu
Ta IHIIMMH €JIEKTPOHHUMH KOMIIOHEHTaMHU.

Cdepu 3acrocyBaHHs BOYJOBAHHX CHUCTEM OXOIUTIOIOTH IPOMHUCIOBY aBTOMAaTH3aIliIo,
aBTOMOOUTbHY ~ €JEeKTPOHIKY, MeJUYHe OOJaJHaHHS, pOOOTOTEXHIKy, IOOYTOBY TEXHIKY,
TEeNIEKOMYHIKAI[IiHI Ta MepexeBl mNpuctpoi, a Takok cucremu IHTepHery peueit (loT). V¥V
npomucioBocTi BKC 3a6e3neuyioTh KOHTPOJIb TEXHOJIOTIYHUX MPOIIECiB, 30ip Ta 00pOOKY JaHUX 3
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JATYMKIB 1 KEPYBaHHS aKTyaTOpaMH, TOJAl K B aBTOMOOUIbHIN €JIEKTPOHIIll BOHH BiAMOBIAAIOTH 3a
poboty cuctrem ABS, KOHTpOJIO ABUTYHA, CUCTEM OE3IEKH Ta MYJIbTUMEIIMHUX KOMILIEKCIB. Y
MEIUYHOMY 00JajiHaHHI BOYZOBaHI CHCTEMH Peajli3yloTh KOHTPOJIb MMapaMeTpiB JKUTTEIISIIBHOCTI
nalienTa, TOYHy J1arHOCTHKY Ta aBTOMATH3AI[iI0 IPOLIEAYD.

3aBISKM KOMITAKTHOCTI, €HEProe(eKTHBHOCTI Ta 3AaTHOCTI TPAIfOBAaTH B PEXKUMI
peanibHOTO 4Yacy, BKC 3abe3mneuyroTh IHTErpamilo CKIaTHUX (DYHKIIOHAIBHUX MOMXJIMBOCTEH Y
TeXHIYHI TPHUCTPOi, MIABUIIYIOTh iX HAAIHHICTG 1 MTPOIYKTHUBHICTh, a TaKOX JI03BOJISIOTH
CTBOPIOBATH MacHITabOBaHI Ta THYYKI CHUCTEMH YMNPABIIHHS Ta MOHITOPHHTY, IO aaanToOBaHI J0
KOHKPETHUX 3aBJjaHb 1 YMOB €KCILITyaTallii.

Ponp mporpamHoro 3a0e3nedyeHHs y B3aeMOJIi 3 amaparypor Iojsrae y 3abe3neueHH1
KOPEKTHOTO YIIPABJIHHS arapaTHUMU KOMIIOHEHTaMH, KOOpIWHAIl iXx poOoTu Ta peamizarii
(GYHKIIOHATBPHUX MOXJIMBOCTEH KOMIT IOTepHOi cucteMu. IIporpamne 3a0e3neueHHs] BHCTYIAE
OPOMDKHAM pPIBHEM MIDK KOPUCTYBaueM ab0 MPHUKJIAAHUMU [pOrpaMaMyd Ta amnapaTHUMHU
MOIyJIsIMH, 3a0e3nedyroun adcTpakmito ¢i3WYHHuX iHTEepdeiciB, AOCTyn A0 mepudepiiHux
IPUCTPOIB Ta KOHTPOJIb 33 CUHXPOHI3aL€l0 1 nepeaayero JaHux. BoHo ¢popmye koMaHaHI TOTOKU
JUI1 Tpoliecopa, BHU3HA4Yae TOPSIOK OOpOOKM CHUrHaiB, Kepye MAOCTYINOM J0 MaM’sTi Ta
nepudepiiHuX MOIYIIB, peanidye MPOTOKOIU OOMIHY JaHUMU 1 3a0e3meuye 3aXHCT BiJl KOH(IIIKTIB
Ta IOMUJIOK y pOOOTI anaparypu.

[TpuxnanHi Ta CUCTEMHI HpOrpaMu BHUKOPUCTOBYIOTH IpaiiBepu, 0i0iioTeku 1 amaparHi
abcTpakuii Ui JOCTYIy A0 Pi3HUX KOMITOHEHTIB KOMIT FOTepa — MPOIECcCopa, ONEPaTUBHOI ITaM AT,
HAKONMYYyBaviB, MEPEKEBUX IHTEp(]ENCiB, CEHCOPIB Ta aKTyaTOpiB y BOYIOBaHHX CHCTEMax.
JlpaiiBepy TIEpETBOPIOIOTH BHUCOKOPIBHEBI KOMAaHIW y CHEHNH(IYHI CHTHAIMA JUIsSl amapaTHHX
MPUCTPOIB, KOHTPOJIOIOTH OOMIH JaHUMH Ta 3a0e3MeuyroTh iX HamiiHicTh. OnepauiifHi cuctemMu
KOOP/AMHYIOTh POOOTY 0OararboX NPHUCTPOIB OJHOYACHO, PO3NOAUISAIOTH PECYPCH Ta pealli3yloTh
0araTo3asayHiCTh, IO JO3BOJISIE amapaTypl e)eKTUBHO BHKOHYBATH CKJIaJHI omeparilii 0e3 BTpaT
IPOAYKTHUBHOCTI.

Takum 4MHOM, porpamMHe 3a0e3MeUeHHs] BU3HaYa€ MOMIIMBOCTI BUKOPUCTaHHS anapaTHUX
pecypciB, ONTUMI3Y€E iX MPOAYKTHUBHICTH, MIJIBUINYE HAIIAHICTH 1 O€3MeKy poOOTH CHCTEMH Ta
JI03BOJISIE IHTETPYBATH amapaTHi pIIIEHHS Y KOMIUIEKCHI OOYHCIIOBAIbHI CEPEOBHUINA, BiJ
MEPCOHAIBHUX 1 CEPBEPHUX IIIATHOPM 10 BOYIOBAHUX 1 TPOMUCIOBUX CUCTEM YIIPABIIIHHS.

BuOip amapaTHOi apXiT€KTypu 3aji€XHO BIJ THUIy MNpPOTPaAaMHOI CHCTEMHU BU3HAYAE€THCA
BUMOTaMHU JI0 MPOJYKTUBHOCTI, MAacCIITaA0OBAHOCTI, €HEPrOCMOKUBAHHS, HAMIMHOCTI Ta crienudiku
00poOku naHux. /g o0urcaoBanbHO IHTEHCUBHUX CUCTEM, TaKUX K cepBepH 0a3 JaHuX, 00podka
BEJIMKHX MAacuBiB iH(popmalii abo MTY4YHUH IHTENEKT, MPIOPUTETOM € OaraTosiAepHi MPOLECOPH,
BeIMKa OOCAr ONepaTHMBHOI Mam’ATi Ta BHMCOKOLIBHUJKICHI MiJICHCTeMH 30epiraHHs IaHUX, IO
3a0€3mevyloTh TapajiebHy OOpoOKy TMOTOKIB 1 MiHiMIi3amito 3atpumok. s BOymoBaHUX 1
peapbHOTO Yacy NPOrpaMHUX CHCTEM BaXKIUBUMH € €HEProe(eKTUBHICTh, KOMIIAKTHICTB,
HaJIMHICTh 1 MIATPUMKA CIEHiani30BaHUX NepudepiiiHuX MOIYJIB JUJIs YHPaBIiHHS CEHCOPAMU,
aKTyaTopaMy Ta KOMYHIKaIltHUMU 1HTepdericamu.

Tumnosi nmepcoHabHI CUCTEMH ISl KOPUCTYBAIILKUX MPOTpaM Opi€HTOBaH1 Ha 30aJlaHCOBaHY
MPOAYKTHUBHICTh Tpollecopa, IpadidHOrO IMPHCKOPIOBaYa, OMEpaTHBHOI MaM’STi Ta JUCKOBOT
mificucTeMH, 10 3abe3nedye KOMQPOPTHY poOOTY 13 MPUKIAAHUM IMPOTPAaMHHUM 3a0e3MeUYEeHHSIM,
MYyJIbTUMEIIMHUMH J0JaTKaMU Ta MepeXeBUMHU cepBicamu. [IpomHcIOBI Ta KOpPHOpaTUBHI
w1aThopMH MiAOMPAIOTHCS 3 YpaXyBaHHIM HAJIHHOCTI )KUBJICHHS, CTIMKOCTI 0 €J1eKTPOMAarHiTHUX
MePeLKo/, MIATPUMKH pe3epBYBaHH Ta IHTErpallii y MEepeKeBl cepe/lOBHUIIIA.

35



TakuM uyuMHOM, apxXiTEKTypa amapaTHOl CHUCTEMHU (QOPMYETHCS BHUXOASYM 3 KOHKPETHHUX
GyHKIIOHATBHUX 1 HE(QYHKIIOHATBHUX BHMOT IPOTPAMHOTO 3a0e3leueHHs, Io 3abe3reuye
ONTUMAJIbHE CHIBBIJHOIICHHS NPOJIYKTUBHOCTI, HAIIMHOCTI Ta €HEProeQeKTHBHOCTI, J03BOJISIE
pearizoByBaTH CKJIAJHI QITOPUTMHU 1 rapaHTye cTabiIbHy poOOTY MPOrpaMHHUX CHCTEM Y Pi3HHX
YMOBaX eKCIUTyaTarii.

AmnaparHi 3aco0M MiJBHUINEHHS HAMIHHOCTI Ta 3aXHCTy JaHUX Y CEPBEPHUX CHUCTEMax
3a0e3meuyloTh O0e3lepepBHY pOOOTY OOYHMCIIOBAIBLHUX IUIaTGopM Ta 30epekeHHs ITICHOCTI
iHopmariii HaBiTH y pa3i BIIMOB OKPEMHUX KOMIIOHEHTIB. Jl0 KIIIOUOBUX PIIICHh HAJIEKATh
pe3epBYBaHHS KUBJICHHS 4epe3 Osoku Oe3mnepeObiiinoro xupiieHHs (UPS) 1 moaBiitH1 cuiioBi iHii,
amapaTHl MOJyJIi KOHTPOJIIO 1 YIpaBiIiHHSA POOOTOIO CepBEpiB, a TaKOXK CHCTEMH MOHITOPHUHTY
TEMIIEpaTypH, HAMPYTU Ta CTaHy BEHTWIATOPIB. JJis MiABUINCHHS HaIifHOCTI 30epiraHHs IaHUX
BUKOPUCTOBYIOTbCS ~ KOHTposiepu RAID, 1o [103BOJSIOTH  OpPraHi3oByBaTH MacHBH 3
HAJJIMIITKOBICTIO 1H(OpMAaIIii i 3a0e3rmeuyBaTi BiIHOBJICHHS JAHHUX Y pa3i BUXOAY 3 Jaay OJHOTO
a00 KUIbKOX HAaKOIMYyBaYiB.

Cepgepai cuctemu 3actocoBytoTb ECC-nam’sth (Error-Correcting Code), sika aBTOMaTu4HO
BUSBIIIE Ta KOPUTYE OJMHOYHI Ta 0aratoOITOBI MOMMWJIKM, IIO0 BHUHHUKAIOThH MiJl 4Yac 3amucy abo
YUTAHHS, 3MEHIIYIOYU pU3MK 3001B 1 BTpaTu naHux. Kpim Toro, amapartHi 3acoOu BKIIOYAIOTh
CHelialli30BaHl KOHTPOJIEPU AOCTYIy, KpunrorpadidyHi MOAyNIi Ta amapaTHi (GUIbTpU IS 3aXUCTY
iHdopMarnii BiJl HECAHKI[IOHOBAHOTO JOCTyImy. BukopucTranHs amapaTHOi BipTyamizamii Ta
pe3epByBaHHS KOMIIOHEHTIB JIO3BOJISIE OpPTraHi30BYBaTH Oe3MepepBHE OOCITYyroBYBAaHHS CHUCTEM 1
MIATPUMKY BHCOKOTO PIBHS JIOCTYITHOCTI CEpBICIB, IO KPUTHYHO JUIS KOPIOPATUBHHUX 1
MIPOMUCIIOBHX 1H(pOPMAIITHIX CepeTOBHIL.

3aBnsky iHTErpamii WX pilleHb CepBepHI IIaTGOPMHU JOCITAIOTh BUCOKOI HaIiHHOCTI,
cTabimpHOCTI Ta Oe3reKku poOOTH, TO3BOJSIIOUM OOpOOISITH BEIMKI OOCSATH JaHHX, MiATPUMYBATH
KpUTHYHI Oi3Hec-Tporec Ta 3a0e3ledyyBaTh CTIHKICTh CHUCTEM 10 alapaTHUX 1 MPOTpaMHHX
BiJIMOB, 1110 pOOUTH X 0a30BUM KOMIIOHEHTOM Cy4acHOI 00UHCITIOBaIbHOI IHPPACTPYKTYpH.

Cucremu 30epiranns ganumx NAS (Network Attached Storage) ta RAID-macuBu €
KJIFOYOBHMH amapaTHUMU KOMIIOHEHTaMH JUIsl opraHi3auii HaJiiHOro 1 e(eKTUBHOIO 30epeKeHHs
iHpopMaLli B CcepBEpHUX 1 KOpHoOpaTHMBHMX cepepoBuniax. NAS mpexacrasiasie  co0oro
CHellaJII30BaHUN TPUCTPINA, MIJKIIOYEHUH Oe3nmocepeHbO 10 JIOKAIbHOI ab0 KOpPIOpaTUBHOL
Mepei, 110 3abe3reuye eHTpali30BaHe CXOBUIIE JaHUX 13 MIATPUMKOIO IMPOTOKOJIB (ailioBoro
noctyny, Takux sk SMB/CIFS a6o NFS. lle no3Bonse KiIbKOM KOpPHCTyBayaM Ta CHCTEMaMm
OJTHOYACHO OTPUMYBATU JOCTYI 10 (paiiiB, OpraHizoByBaTH pe3epBHE KOIMIIOBaHHS, 0OMEXyBaTH
JOCTYN Ta 3/iMCHIOBAaTH MOHITOPUHI BHMKOPUCTaHHS pecypciB 0e3 HeoOXiTHOCTI MpsSMOro
H1KITIOYEHHS IO CEePBEPIB.

RAID-macuBu (Redundant Array of Independent/Inexpensive Disks) 3acTocoByroThCS ISt
MIIBUIICHHS] HAJIWHOCTI Ta MPOJXYKTHBHOCTI MiJICKCTEMHU 30€piraHHs JaHUX IUIIXOM 00’ €THaHHS
JEeKIJIbKOX JKOPCTKUX AUCKIB abo SSD y ennnumii noriynuii macus. IcHytoTh pi3Hi piBHi RAID (0, 1,
5, 6, 10), mo 3a0e3neuyroTh pi3HI KOMOIHAIlIT YepryBaHHs, HAJJTUIIIKOBOCTI Ta BITHOBJICHHS JTaHUX.
Buxopuctanus RAID no3Bosisie 3anmo0irtu BTpaTi iHpopMaIii Ipy BiAMOBI OJHOr0 ab0 AEKIIBKOX
HAKOMUYYBayiB, MiABUINUTH IIBUIKICTh 3alHCy Ta YHUTAaHHSA JaHUX, a TakKoX 3a0e3meduTu
6e3nepepBHYy pOOOTY KPUTUYHHX JIOJIATKIB.

Inrerpanist NAS i3 RAID-macuBamu 3a6e3neuye HaliliHy, MaclITabOBaHy 1 LIEHTPaTi30BaHy
cucreMy 30epiraHts JaHHX, sIKa J03BOJIsIE€ €PEKTHUBHO YIPABIATH BETUKUMH 0Ocsramu iHdopmarii,
3MIACHIOBAaTH  pe3epBHE  KOIIIOBaHHS 1  BIJHOBJICHHS, MIJBUIIYBAaTH  IPOJYKTHUBHICThH
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00UYHCITIOBAIBHOI 1HPPACTPYKTYypH Ta 3a0e3leuyBaTH BUCOKWU PIBEHb JOCTYITHOCTI Ta O€3MeKu
TaHUX U KOPITOPATHBHUX, TPOMHUCIIOBHX 1 BOYTOBAHUX CHCTEM.

Jlekuis 13. Komn'worepni 3acodm s InTepHery peyei

Iatepuer peueir (Internet of Things, [oT) € cy4yacHor KoHIENIIE0 TTOOYIOBH
iHpopMaLiiHUX cuUCTeM, y SKUX (i3U4HI 00 ’€KTH OCHAIIYIOTHCS EIEKTPOHHUMH HPUCTPOSIMH,
CeHCcopaMH, 3acobamMu 0OpOOKH TaHUX Ta MEpeKeBUMH iHTepdeiicamMu 1 B3aeEMOJIT Mk 00010 Ta
3 iHpopmamiiiHuMu cucteMaMu. OCHOBOIO peaini3alii TaKuX CHUCTEM € KOMIT IOTEpHI 3aco0H, 0
3abe3neuyoTh 30ip, OOpoOKy, Tmepemady Ta 30epiraHHS JaHUX. Y MeXaxX JAUCHUTUIIHH
«Komm’oTepHa CcXeMOTEXHIKa Ta apxiTeKTypa KOMII'IOTepiB» 0coOiMBa yBara IpHIUISETHCS
arapaTHUM KOMIIOHEHTaM Ta apXiTeKTypHUM IIPUHLUIAM [T00Y10BU TaKUX CUCTEM.

Komm’rotepni 3acobu IHTepHeTy peuel sBISIOTH COOOI0 criemiayii3oBaHi BOyaoBaHi
OOYHCITIOBAJIBHI CHUCTEMH, SIKI IHTETPYIOTHCSA Yy PI3HOMAaHITHI TEXHIYHI O0’€KTH Ta BUKOHYIOTH
¢byHkuii BUMIpIOBaHHS, KepyBaHHS a0o oOMiHy naHumu. Ha BiaMiHy Big TpagumiiftHHX
KOMIT'IOTEPHHX CHCTEM, TaKi TPHCTPOi MalOTh OOMEXKEHI pecypcd Imam’sTi, HEBUCOKY
O0YHCITIOBANIbHY TIOTYXHICTD Ta 4acTO MPAIIOIOTh Y PEKUMAaxX 3HIKEHOTO eHeprocrnokuBaHHs. Lle
3YMOBJIIOE CTielU(i4HI BUMOTH /0 1X apXIiTEKTypH, CXEMOTEXHIYHOi peaii3allii Ta MmporpaMHOro
3a0e3neueHHs.

OcHoBy OunblIOCTI MOpUCTPoiB  IHTEepHETY pedell CTAHOBIATH MIKPOKOHTPOJIEPH.
MIiKpOKOHTpOJIEp € IHTErpajbHOI CXEMOI0, fKa MICTHTh LEHTPaJbHHUM IMpOIEecop, ONEpaTUBHY
1am’ ATk, IOCTIMHY aM’sITh IPOrpam, a TaKoX rnepudepiiiHi MOAyIi BBEICHH-BUBEICHH. 3aBIsSKU
Takid iHTerpamii MiKpOKOHTPOJEPH TAIOTh 3MOTY CTBOPIOBATH KOMITAKTHI Ta eHEpProe(eKTHBHI
O0YMCITIOBAJIbHI  MPUCTPOi. ApXITEKTypa MIKPOKOHTPOJEpIB 3a3BHYail ONTHMIi30BaHA IS
BUKOHAHHS KEPYIOUHX MPOrpaM Ta 00pOOKH CUTHAIB BiJl CEHCOPIB.

Y cucremax IHTepHETY pedell HIMPOKO 3aCTOCOBYIOTBHCS MIKPOKOHTPOJIEPH pI3HHX
apxitektyp. Onniero 3 HaiinomupeHimux € apxitekrypa ARM Cortex-M, sika BUKOPUCTOBY€ETHCS Y
BEJIMKIM KUIBKOCTI CcydacHMX BOYAOBaHMX CHCTeM. Taki MIKpDOKOHTPOJIEPH MAalOTh JIOCTATHIO
O0YHCITIOBAJIbHY MOTYXHICTb JUIsl BUKOHAHHS aJrOPUTMIB OOPOOKHM JaHUX, MIATPUMYIOTh poOOTY 3
nepudepifHUMU TPUCTPOSIMU Ta MOKYTh BHKOPHCTOBYBAaTH pi3HI KOMYyHIKaliifHiI iHTepdeicH.
[Hmoro mommupeHor apxiTekTypolo € AVR, sika BUKOPUCTOBYEThCS y OaraTbOX HaBYAJIBHUX 1
MPUKIIATHUX CHCTeMaX, a TaKoX y riaTdopmax Ha 3pa3ok Arduino.

BaxxnuBuM KOMIOHEHTOM KOMIT IOTEpHHX 3ac00iB IHTepHeTy peueit € cencopu. CeHcop
SBJIE€ COOOI0 MPUCTPIN, IKUN MEpeTBOPIOE (DI3UUHY BEIMUYUHY Y €IEKTPUYHUI CUTHaN. Y cucTeMax
[oT BUKOPHCTOBYIOTHCSI PI3HOMA@HITHI CEHCOPH: TEMIIEpaTypH, BOJIOIOCTI, OCBITIEHOCTI, THUCKY,
pyXy, rasiB ta iHmi. OTpUMaHi BiJl CEHCOPIB CUTHAJIN OOPOOJIAIOTHCS MIKPOKOHTPOJIEPOM, MicCIs
4Oro MOXXYTh IEepeAaBaTHUCs Yy Mepexy a00 BHUKOPHUCTOBYBATHCS ISl KepyBaHHS BHKOHABUMMU
MPUCTPOSMH.

OxpiM ceHcopiB, y cuctemMax [HTepHETY peueil 3aCTOCOBYIOTHCS BUKOHaBUI MpUCTpoi. J[o
HUX HaJleXaTh €JIEKTPOJBUTYHH, pelie, CBITIOMIOAHI 1HIUKATOPH, HArpiBajJbHI €IE€MEHTH Ta IHIII
KOMITOHEHTH, IO JAl0Th 3MOTY 3MIHIOBaTH CTaH (i3udHOro 00’e€kTa. MIKPOKOHTPOJEP Kepye
TaKMMH TPUCTPOSMHU 4epe3 CHellialbHl BUXiJIHI 1HTepdeNcH, BUKOPUCTOBYIOUH IU(PPOBI CUTHAIN
a00 MHUPOTHO-IMITYJIbCHY MOIYJISLIIO.

Jns  B3aemonii MDK MpHCTpossMH IHTepHETYy pedell BaxJIMBY pOJIb BiAIrparoTh
KOMYHIKalliiHi iHTepdeiicu. Y Mexax OJHOTO MPHUCTPOI0 BUKOPUCTOBYIOTHCS BHYTPILIHI
iHTepdeiicu Ui miakimodeHHs nepudepitnux moaynis. Haltnommpenimmmu cepen Hux € SPIL, 12C
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ta UART. Iarepdeiic SPI 3abe3nedye mBuakuii OOMIH JaHUMH MK MIKPOKOHTPOJIEPOM 1
nepudepliHUMH MOAYJISIMU, HAMPUKIAA, mam’ saTTio abo mucriesmu. [atepdeiic 12C mgae 3mory
MIJKITI0YaTH KiJIbKa MPUCTPOIB A0 ONHI€l NIMHU, BUKOPHCTOBYIOUM JIMINE JBI CHUTHAJBHI JIiHII.
Iarepdeiic UART BUKOPUCTOBYETHCS [UIA TOCHTIIOBHOI Mepeiadi JaHUX MK HPUCTPOsiMU a00 1ist
B32€EMO/IIT 3 KOMIT FOTEPOM.

Oxpim JokanbHuX iHTEpdeiciB, cucremu [HTEepHETY peueit noTpedyroTh 3ac00iB MepekeBOi
B3aemomii. i1 1mbOro BUKOPHUCTOBYIOTHCS Pi3HI O€3JApOTOBI Ta JIPOTOBI TEXHOJIOTIT 3B’SI3KY.
Haiinmommupenimoro texHonoriero € Wi-Fi, ska 3a0e3neuye mnpsMe MiIKIIOYSHHS IPHUCTPOIB 110
JIOKaJIbHOT Mepexi abo [HTepHeTy. [HIor0 monynspHoio TexHouorieto € Bluetooth Low Energy, mo
BUKOPUCTOBYETbCS JJIi CTBOPEHHS €HEproe()eKTUBHUX OE3APOTOBUX MEPEX 3 HEBEJIUKOIO
JAITBHICTIO 3B’ SI3KY.

Y npoMucIOBMX Ta MAaCIITaOHMX CHUCTeMax IHTepHETy pedel 3acTOCOBYIOTHCS
creniaiizoBaHi TexHONOrii 3B 53Ky, Taki sk ZigBee, LoRa abo NB-IoT. Texnonoris ZigBee
NpU3HAYeHa JUIS CTBOPEHHS MEpeX 13 BEIMKOi KUIBKOCTI TPUCTPOIB 3  HU3BKUM
eHeprocnoxupanHsaM. TexHosoriss LoRa BuKOpHCTOBYeTbCcA I HepeAayi JaHUX Ha BEJIMKI
BiJICTaHi 3 MiHIMaJILHUM crio>kuBaHHsIM eHeprii. Texnomnorig NB-IoT 6a3yerbcs Ha iHppacTpyKTypi
MOOUTIBHHUX MEpEeX Ta 3a0e3Meuye MiIKII0YeHHs IPUCTPOIB 10 INI00ATbHUX MEPEX 3B’ S3KY.

OxpiM MIKpOKOHTPOJIEPIB, y cucTeMax IHTepHeTy peuyeil MOXXyTb BHMKOPHCTOBYBATHCS
OJIHOTIIIATHI KOMIT'toTepu. Taki MpHCTpoi MaroTh OUIbIITY OOYHCIIOBAIbHY MOTYXHICTh Ta 3[aTHI
BUKOHYBAaTH CKJIAaIHINI mporpamHi 3aiadi. OJHOIUIaTHI KOMI' FOTEPH 3a3BHYail MICTITH MPOIIECOP,
ONEpaTUBHY MaM’ATh, MepexeBi iHTepdelcH Ta po3z’eMH IS MIAKIIOYEHHS mnepudepiitHux
npucTpoiB. BoHM MOXYTh MpaIfoBaTH i KEPYBaHHIM ONEPALiHHUX CHCTEM, TaKHX sK Linux, mo
PO3IIUPIOE MOMKIIMBOCTI X BUKOPUCTAHHS.

OpHomyaTHI KOMIT'FOTEPH BHKOPHCTOBYIOTBCS y BHIIQJKaX, KOJU HPUCTPIH IIOBUHEH
BUKOHYBaTH CKJIaJHy OOpOOKYy [daHUX, IMpalioBaTH 3 MYJIbTHMEIIHHOI iHpopMaliero abo
3a0e3neuyBaT B3a€MOJII0 3 KOpHCTyBaueM depe3 rpadiuyHuil iHTepdeiic. Y Takux cucremax
MIKPOKOHTpOJIEp MOK€ BUKOHYBaTH (YHKIII 300py AaHUX, TOMAI SK OJHOIUIATHUN KOMII IOTEp
3M1MCHIOE 1X MOJANBITy 0OpOOKY Ta mepeaauy y Mepexy.

ApxiTekTypa cucteMm I[HTepHETy pedeil 3a3Buvail Mae OaraTopiBHEBY CTpPykTypy. Ha
HUKHBOMY PIBHI pO3TaIlOBaHI MPUCTPOI 300py JaHUX — CEHCOpPM Ta BHMKOHaBul Moaym. Ha
CepeHbOMY PpIBHI 3HAXOJAThCS OOYMCIIOBAJIbHI BY3JM, LI0 31MCHIOIOTH NEPBUHHY OOPOOKY
iHpopmanii. BepxHiil piBeHb yTBOpIOIOTH cepBepH abo xMmapHi miuardopmu, ski 3a0e3nedyroTh
30epiranHs, aHalli3 Ta Bi3yami3aliio JaHHX.

BaxnuBoro 0COOMUBICTIO KOMIT'IOTEpHUX 3aco0iB IHTepHeTy peueil € HEOOXiAHICTh
3abe3neueHHst eHeproedekTUBHOCTI. barato mnpuCTpoOiB NpaIlOIOTh BiJ aBTOHOMHHUX JDKepell
KUBIICHHSI, HAaNIpHUKIJIa Oarapedt abo akymymsaTopiB. ToMy y Takux cHCTeMax BHKOPHCTOBYIOTBHCS
CHeliaJIbHI peKUMH €Hepro30epeKeHHs, 3a SKUX MIKPOKOHTPOJIEP NEPEXOUTh Y CIUITUUMA PEeXUM 1
aKTUBYETbHCA JIMILE y pa3i HeoOX1AHOCTI 00poOKHU Moii abo nepeaayi JaHUX.

[Ile ogHUM Ba)KJIMBUM aclekToM € Oe3mneka cucteMm IHTepHeTy pedell. OCKUIBKH MPUCTPOI
[oT wacto migkimO4YeHi A0 TIOOANBHUX MEpPEeX, BOHM MOXYTh OyTH 00’€KTOM pPI3HOMaHITHHUX
kiOepatak. Tomy KOMIT'IOTepHI 3acO0M TakWX CHUCTeM MOBHMHHI HIiATPUMYBATH MEXaHI3MHU
aBTeHTU(IKalli, mHUdpyBaHHS Ta 3aXMCTy MEpelaHUX JaHUX. Y CYYaCHHUX MIKPOKOHTpOJIEpax
4acTo peali3yloThCsl anapaTHi MOyl KpUNTOrpadiqHOTo 3aXUCTY, 10 3a0e3Meuyl0Th BUKOHAHHS
aJITOPUTMIB MHU(PYBaHHS 3 MiHIMAJIBHUMU BUTpATaMU OOUHCITIOBAIBHUX PECYPCIB.

3HauyHy poib Yy (YHKIIOHYBaHHI cuUcCTeM IHTepHeTy pedel BiJirpae MporpaMHe
3abe3nedeHHs. BoHO 3a0e3meuye KepyBaHHS allapaTHUMU pecypcamu, 00poOKy JaHUX, B3AEMOJIIIO 3
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MEpEeKer0 Ta BUKOHAHHS MPUKIAJIHUX 3a7a4d. Y MPOCTUX MPHUCTPOSIX BUKOPUCTOBYETHCS BOYIOBaHE
nporpamMHe 3a0e3MeueHHs, sSKe mpaloe 0e3 omepariiHoi cucTeMu. Y OUIbIN CKJIaJHUX CHUCTEMax
3aCTOCOBYIOTHCSl CIIELiali30BaHI ONepalliifHi CHUCTEeMHM peaJbHOro dacy, sKi JalTh 3MOTY
OpraHizyBaTH NapajejbHe BUKOHAHHS KIJBKOX 3a/1ady Ta 3a0e3nedyloTh nependavyyBaHUi yac
peaxiiii CHCTeMH.

3 MpaKTUYHOI TOYKH 30pYy CHCTEMHU I[HTEpHEeTYy peueil 3HaXOsITh 3aCTOCYBaHHSA y 0araThbox
chepax. OpHiero 3 HAHOUIBII TOIIMPEHHX € KOHIICTIIS «PO3YMHOTO JIOMY», Yy MeXax SKOi
KOMIT FOTEPHI MPUCTPOT KOHTPOJIOIOTH OCBITJCHHS, KJIIIMATHYHI CHCTEMH, CHCTEMH O€3IEKH Ta 1HIII
eneMeHTH OymiBii. [HmIOW BaXJIMBOWO CEpord € NPOMHUCTOBICTh, jAe¢ TexHojorii [oT
BHKOPHUCTOBYIOTBCSI JIJI1 MOHITOPUHTY CTaHy OOJIaJlHaHHS, ONTHMIi3allii BUPOOHUYMX IPOIIECIB Ta
MiIBUIIICHHS €(DEKTUBHOCTI BUKOPUCTAHHS PECYPCIB.

VY TpaHCHOPTHUX CUCTEMaX [HTEpHET pedyer 3aCTOCOBYETHCS Il KOHTPOJIO TPAHCIOPTHUX
MOTOKIB, MOHITOPHHTY TEXHIYHOTO CTaHy TPAHCIOPTHHX 3acO0iB Ta opraHizaii cucTeM HaBiraiuii.
VY cdepi 0XOpOHU 370pOB’ST BUKOPUCTOBYIOTBCS MEAMYHI CEHCOpPHI MPUCTPOi, IO AAIOTh 3MOTY
KOHTPOJIIOBATH (1310JI0T1UHI TapaMeTpH Malli€HTIB y peallbHOMY Yaci.

TakuM 4YMHOM, KOMIT'IOT€pHI 3aco0u mansi [HTepHeTy pedeill € Ba)xJIMBUM HaIpsMOM
PO3BUTKY CY4YacHOi KOMIT'IOTEPHOi TEXHIKM. BOHM MO€AHYIOTH y €001 JIOCSATHEHHA
MIKPOEJIEKTPOHIKH, CXEMOTEXHIKH, KOMII IOTEPHOi apXiTeKTypH Ta TeJIeKOMYHIKaIliHIX
TEXHOJIOTii. PO3BUTOK TaKMX CHUCTEM CHpHUSE CTBOPEHHIO HOBHUX TEXHOJIOTIYHUX PIIIEHb Y PI3HUX
ray3sx JisUTbHOCTI JIOAWHH Ta (OPMYE OCHOBY ISl TOJANBIIOTO PO3BUTKY IH(PPOBOTO
CYCITiJTbCTBA.
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