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Jucnumtina «KoMm’roTepHa cXeMOTEXHIKa Ta apXiTeKTypa KOMIT IOTEpiB» CIIPSMOBaHA Ha
3aCBOEHHSI 0a30BHX IOJIOKEHb IU(PPOBOi CXEMOTEXHIKM, NPUHIUIIB MNOJAaHHI Ta OOpOOKU
iHbpopManii y KOMII'IOTEpPHUX CHCTEMax, CTPYKTYpH TEpPCOHAJbHUX KOMII'IOTEpiB 1
CHeIiagi3oBaHMX OOYMCITIOBAILHUX TPHCTPOIB, a TaKOXX MEXaHI3MIB B3a€EMOJii MPOrPaMHOIO
3a0e3revyeHHs] 3 anapaTHO YacTHHOK. Pe3ynpraToM BHMBYEHHS TUCLUILTIHE € (opMyBaHHS Y
3100yBaviB 3/1aTHOCTI aHANI3yBaTH amapaTHy KOHQITypaIiio KOMIT IOTEPHUX CHCTEM, PO3YMITH
0OMEeKEeHHsI Ta MOKIIMBOCT1 eJIeMEHTHOI 0a3u HU(POBOi TEXHIKH, OLIHIOBATH BILTUB apXiTEKTYPHUX
pimeHs Ha e(heKTUBHICTH POOOTH MPOTPAMHOTO 3a0€3MEUSHHS Ta 3aCTOCOBYBAaTH OTPHMaHI 3HAHHS
i Yac MPOEKTYBAHHS 1 PO3POOIICHHS MPOTPAMHUX CHCTEM.



3MICT

TEMA 1. IPUHIUIIN POBOTU HUDPOBOI TEXHIKH ........covoveveieiceeeece e, 4
Jlexuist 1. OCHOBH apXiTEKTypH KOMIT IOTEPIB Ta HADPOBOT TEXHIKH .....eveerverurereeeueeneenneenieesenieens 4
Jlexkist 2. @opMaTH MOAAHHS JAHUX Ta YUCIOBI CUCTEMH B IIU(PPOBUX CUCTEMAX.......cervrerereenrennses 6
Jlexis 3. Jloriyni onepaiiii Ta OysieBa aredpa B MUPPOBHX CHCTEMAX.......cccvvrerveeerreeesveeesneennns 9

TEMA 2. AITAPATHA OCHOBA KOMIT'FOTEPHUX 3ACOBIB.......ccccceiieiieieieeeeeeeeeen 12
Jlexuist 4. LudpoBa cxeMOTeXHIKa: TPUHIUIIH, €IEMEHTH Ta CHHTE3 CXEM ...ovveruverurenreenrenneenneenne 12
Jlexuist 5. Tunosi By3/mu Ta GyHKIIOHATBHI OJTOKH IUPPOBUX CHCTEM .....eenveenreenrerereneeenrenieenneenne 13
Jlexirist 6. ArapaTHI KOMIIOHEHTH Ta THTEPPEHCH ITUDPOBUX CHCTEM ...eecvvveeerreeereeennreeenereeennneens 15

TEMA 3. IIEPCOHAJIBHI KOMIT'TOTEPU TA IX IHTEP®ENCH ........cooovveeveeceeeeeen, 19
Jlexuisi 7. CTpYKTYpa MEPCOHATTBHOTO KOMIT FOTEPA «.veenvreureenreeanreanseesseenseesseesseesseesseeenseesseesnsens 19
Jlexuist 8. AnapatHa apxitekTypa [1K Ta i1 poib y po3poOrti [13........cooieiiiiiiiiiiececee 22
Jlekuist 9. AnlapatHi 3aCO0H JIFOJUHO-MAITHHHOTO THTEPPEHCY ....eevveeerieiieeiieiieeieeeieeieeseee e 24
Jlexmis 10. Anapatsi iHTEpPEHCH TEPCOHATBEHUX KOMIT FOTEPIB....veeeevveeerreeerreenreeeereeenreeeneneens 26

TEMA 4. KOMIT'IOTEPHA TEXHIKA CITIELHIAJIBHOI'O ITPU3HAYEHHA ...........cccoeveenee. 31
Jlexuis 11. Opranizanis Ta ynpaBliiHHS JaHUMH Y JIOKQIbHUX 1 TTI00ATBHUX MEPEXKAX .............. 31
Jlexuis 12. CydacHi TeHAEHLT PO3BUTKY KOMIT IOTEPHOI TEXHIKH Ta CEPBEPHUX CUCTEM............ 33
Jlexuist 13. KoMm'toTepHi 3aCO0M TSI [HTEPHETY PEUCH ....vvveeueieeeniieeeiieeeiieeeiieeeieeeeveeeevee e 37

PEKOMEHZIOBAHA JIITEPATYPA ..ottt 40



TEMA 1. MIPUHLIUIIA POBOTHU LIUPPOBOI TEXHIKH

Jlekuisi 1. OcHOBH apXiTeKTypH KOMII'IOTepiB Ta HH(PPOBOI TeXHiKH

KoM’ roTepHa cXxeMOTeXHIKa Ta apXiTeKTypa KOMIT FOTEPiB (OPMYIOTh 0a30BUM TEXHIYHUUN
(GbyHIAMEHT MIATOTOBKU 1HXXEHEpa MPOrpaMHOro 3a0e3MeueHHs, OCKUIBKH CaMe BOHHM OMHCYIOTh
peanbHi MexaHi3MH, 3a JIOTIOMOTOI0 SIKMX OY/Ib-SIKHI MPOrpaMHHA KOJ] TIEPETBOPIOETHCS Ha (i3uHi
orepauii B o0uncmoBanbHiil cuctemi. Po3yMiHHS npUHIMIIB (QYHKIIIOHYBaHHS IH(PPOBOI TEXHIKU
Jla€ 3MOTY YCBIJOMIIIOBATH, SIK JIOT1YHI €IEMEHTH, KOMOiHaLilHI i MOCIIJOBHI CXEMHU Peati3yloTh
apudMeTHYHI, JIOTIYHI Ta KEpPyBaJIbHI CTPYKTYpPH, SKI B TPOrpaMyBaHHI IOJAIOTHCA Yepes3
orneparopy, GYHKIII, TUIM AaHUX 1 CTPYKTYpHU yHpaBiiHHA. [HXeHep, KUl BOJIO/I€ 3HAHHAMH PO
crocoOu momaHHsA 1HGopMmarii B KOMIT'IOTEpi, 30KpeMa JBIMKOBI Koau, ¢dopmarh dYucen 13
(IKCOBaHOIO Ta IUIABAlOYOI0 KOMOKO, CXEMH KOJYyBaHHS CHMBOJIB 1 JaHHUX, MOKE TOYHIIIE
MPOTHO3YBAaTH MOBEIIHKY IMPOrpaM Npu PoOOTI 3 PI3HUMH THIIAMH JAaHUX, YHUKATH HOMHIIOK
MIEPENOBHEHHS Ta BTPATH TOYHOCTi, KOPEKTHO MPOEKTYBAaTH OOYMCIIIOBATIBHI QJITOPUTMHU 1 MOJIEINI
00pOoOKH TaHUX.

['muboke poO3yMiHHS apXITEKTYpH MIKpPOIPOLECOPIB Ta MIKPOKOHTPOJIEPIB JIO3BOJISIE
aHaJIi3yBaTH, K IporpaMa B3aeMojli€ 3 0araTopiBHEBOK CHUCTEMOIO IaM fTi, K MPAlOI0Th Kelll-
MeXaHi13MH, KOHBEEPHU3allis, TPOTHO3YBAHHA [1EPEXO0/IiB, IEPEPUBAHHS T4 CUCTEMHI BUKJIUKH, 1 5K 11
IpOLECH BIIMBAIOTh HA 3arajbHy MPOAYKTHUBHICTH IPOrpaMHOIO 3a0e3MeyeHHs. 3HaHHS
MPUHIIMIIB Opranizailii 30epiraHHs JaHUX 1 THUIIB MaM’ STl JOMNOMAara€e iHXeHepy ONTUMAaIbHO
CTPYKTYpPYBaTH JOCTYI J0 PECYpPCiB, 3MEHIITYBATH 3aTPHUMKH Ta YHUKATH KOH(QUIIKTIB IpU poOOTI 3
OTIEPAaTUBHOIO TaM’SATTIO, mepudepicro abo 30BHIMIHIMUA HOCIAMU. ApXIiTeKTypa iHTep(deiciB, sk
U(pPOBUX, TaK 1 AHAIOTOBUX, (HOPMy€E PO3YMIHHS TOTO, SK IMPOrpaMHE 3a0C3MEYCHHS MOXKE
B3a€EMOJIISATH 13 30BHIMIHIMU MPHUCTPOSMH, SKI BHMOTH HAKJIAIAalOThCs Ha (OpMATH CHTHAIB,
MIPOITYCKHY 3/1aTHICTh, YaCOB1 XapaKTEPUCTUKU Ta MPOTOKOIN OOMIHY.

Y KOHTEKCTI BHCOKOPIBHEBOTO IPOTpPaMyBaHHS IHXEHEp, SKHH po3ymie amapaTHi
OOMEXeHHsI 1 cxeMy MOOYyAOBHM KOMIT'IOTEPHUX CHCTEM, 3JaTHUI TNPOEKTYBATH AITOPUTMHU 3
ypaxyBaHHSM peaJlbHOi BapTOCTI OMepaliid, MpaBUIbHO OI[IHIOBAaTH CKJAJHICTh OOYHCIIECHb,
PO3YMITH TIPUPOJY 3aTPUMOK Yy CHCT€Max BBEJCHHS-BUBEJCHHS Ta IPOTHO3YBaTH MOBEIIHKY
Mporpam y mapajiebHUX 1 PO3IMOAUICHUX CepeIOBUIIAX. Y MPHUKIAJIHUX 1 CHCTEeMHHUX TaTy3sX Taki
3HaHHS € KPUTUYHUMHU il e(eKTUBHOI poOOTH 3 JpaiiBepaMu, OINEpaliiHUMH CHCTEMaMH,
3acobamy  BOYJOBaHOTO TIPOTPAMyBAaHHS, MEPEKEBUMH TPOTOKOJIAaMH Ta iHTepdeiicamu
MIKpOKOHTpoJIepiB. TakuM YMHOM, KOMII'IOTEpHAa CXEMOTEXHIKa Ta apXIiTeKTypa KOMII I0TepiB
3a0e3neuyroTh iHKeHepa He0OX1IHUM TEXHIYHUM KOHTEKCTOM, 0€3 SIKOr0 HEMOXKIIMBO CTBOPIOBATU
porpamMHe 3a0e3NeueHHs, 1110 BiANOBIIa€ Cy4yacCHUM BHMOTaM JI0 MPOJYKTUBHOCTI, HAIIHOCTI Ta
iHTerpalii 3 anapaTHUMU 1IaTGopMamu.

Icropiss po3BUTKY 1M(MPOBOI OOYMCIIOBAIBHOI TEXHIKM pO3BHBAjacs BiJ MEPIIMX
€JIEKTPOMEXAHIYHHUX 1 JIAMIOBUX CHUCTEM 0 CyYaCHHX BHUCOKONPOJYKTUBHUX MIKPOIPOIECOPIB 1
BOyA0BaHUX TIaTGOpPM, TPH [IBOMY KJIIOYOBHUM TPEHIOM CTaja IMOCTYINOBa 3aMiHa aHAJIOTOBHUX
MeTOJIIB 00poOku curHainiB Ha wuudposi. Ilepuri oOuuciioBalibHI MAallMHU BUKOPHCTOBYBAJIU
peneitHi Ta JIaMIIOBI €JIEMEHTH, TPAIIOBAId 3 HU3BKOK IIBHAKICTIO, MaJId 3HAYHY
EHEproCHOKUBAHHA Ta OYyIM Opi€HTOBaHi Ha BHKOHAHHA OOMEXEHOro Habopy omepariif. Ixms
(YHKIIOHABHICTh BU3HAYajaCh PIBHEM PO3BUTKY CXEMOTEXHIKM Ta MOXIUBOCTSAMH IMOOYZOBU
HaJIMHUX JOTiYHUX By3diB. Ilepexin 10 TpaH3UCTOPHOI Ta IHTErpajJbHOI TEXHOJIOTII CHpHUSB
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MIJIBUIIICHHIO IIBUAKO/I1, 3MEHIIICHHIO PO3MIPIB €JIEMEHTHOI 0a3u Ta (OPMYBaHHIO apXiTEKTYpH,
IO CTaja OCHOBOK cydacHuX LuppoBux cucteMm. [lonmanpmia eBosrolis npuBena A0 TOSBU
MIKpOIIPOIIECOPIB, SKI IHTErpyBaIM HAa OJHOMY KpPUCTaJli OOUMCITIOBANIBHI sIipa, MOIYJl Mam’sTi,
iHTepdeiicu Ta JOriKy KepyBaHHS, JO03BOJIAIOYM CTBOPIOBATH KOMIAKTHI, €HEProeeKTHBHI I
yHiBepcalibHi  oOumcmioBanbHI  mpuctpoi. lLle 3abe3meumsio  ¢GopMyBaHHS — MEPCOHATBHHUX
KOMIT F0T€piB, MOOUTPHUX CHCTEM, BUCOKOIIBUIKICHUX CEPBEPIB Ta CIELiaTi30BaHUX BOYZOBAHHX
pIlIEHB.

AHasoroBa TEXHIKa IPYHTYEThCS Ha Oe3nepepBHUX (i3WyHUX Tporecax, ae iHdopmarris
MOJIA€ThCS Yy BUIVIAI HENEPEPBHUX 3MIH IapaMeTpiB CUTHANLY, TaKUX SIK Hampyra 4u cTpyM. Taxi
CHUCTEMH YYTJIMBI 10 IIyMiB, MalmTh OOMEXKEHY TOYHICTh 1 TOTPeOyIOTh CKJIQJHMX METOIIB
crabinizamii, mpoTe BOHU A0OpE MIIXOAATH Ui 0OPOOKM peanbHUX (PI3UYHUX BEITUYUH Y PEKUMI
peanbHOro yacy. LludpoBa TexHika omnepye AMCKPETHUMHU JIOTIYHUMH PIBHAMH, IIO IO3BOJISIE
OJTHO3HAYHO KOJIyBaTH 1H(POPMAaLlit0, BUKOPUCTOBYBATH (hOpMalIbHI METOIM aHaNi3y, 3a0€3MeuyBaTH
BHCOKY CTIHKICTB /10 3aBaj 1 MacITabOBaHICTh apxiTekTypu. L{udposi cxemu ctamu T1OMiHYIOUHUMA
3aBJIIKM MOYJIMBOCTI IHTETPYBaTH MUIbSIPAM TPAH3UCTOPIB HA OJHOMY KpHUCTalli, 3aCTOCOBYBATU
ONTHUMI3allil HAa PIBHI AJITOPUTMIB, MIKPOApXITEKTypu Ta iHTep¢eiciB, a Takox 3abe3nedyBaTu
yHidiKalilo MpoIeciB MpOoeKTyBaHHs. B3aemonis aHanoroBoi Ta IUGPOBOI TEXHIKH ChOT'OIHI
peanizyeTbcsi dYepe3 3MilllaHI CHUCTEMH, Y SKHX aHaioro-uuppoBi Ta uudppo-aHaIOrosi
MEPEeTBOPIOBAYl BHKOHYIOTH pOJIb MOCTYy MDK (I3MYHUMH CUTHaJaMd Ta IUPPOBUMHU
o0UHCITIOBAILHUMH sipaMu. Lle 103Bossie CTBOPIOBATH yHiBepCalbHI TIIATPOPMH, SKi MOETHYIOTh
BHCOKY TOYHICTh MHU(PPOBOI 0OPOOKH 3 MONKIIMBICTIO OE3MOCEPEIHBOI B3a€EMOJII 3 HABKOJMIIHIM
CepeIOBUILIEM.

@i3uuHi OCHOBH pPOOOTH [U(GPOBUX MPHUCTPOIB TIPYHTYIOTbCS Ha  BIACTUBOCTAX
HaMIBIOPOBIIHUKOBUX MaTepialiB, y SKHMX KepyBaHHS IIOTOKaMM HOCIIB 3apsjay Ja€ 3MOry
pealizyBaTu JIOTi4HI omeparii Ta 30epirans iHdopMalii. ba3oBuM ereMeHTOM € TpaH3UCTOP, IO
MpaLoe SIK ENEeKTPOHHUNA KIH0Y 1 3a0e3neuye mepexi MK JABOMa CTaOUIBHUMH CTaHaMH, SKi
IHTEepHpPeTYIOThCs SK JoriyHi piBHI «0» 1 «1». CTaHu GopMyeThCs 3a paxXyHOK 3MiHHU NPOBITHOCTI
HaMIBIPOBIIHUKOBOIO MEPEXOAY i BIUIMBOM MPHUKIAJEHOI HAPYIH, II0 JI03BOJISIE CTBOPIOBATU
KOMOIHAII1iTH1 Ta MOCIIA0BHI CXEMH, sIKI BAKOHYIOTh OOUMCIIEHHS Ta KepyBaHHA. Po6oTa nudposux
MIPUCTPOIB TAaKOX CIHMPAETHCS HA €NEeKTPOo(I3UYHI TMpollecH NEpPEeMUKaHHs, A€ Yac 3aTPUMKH,
€MHICTb 3’€HaHb 1 BHYTpIIIHI Mapa3WTHI [apamMeTpud BHU3HAYAIOTh IMIBUJIKOAIIO Ta
€HEeProCl0oKUBaHHS JIOTIYHUX €JIEMEHTIB.

CrabinpHICTh JIOTIYHMX pIBHIB 3a0e3nedyeTbcs JOMYCTUMHMMHU BIKHAMM HAmpyr, IO
JI03BOJIsIE KOMITEHCYBAaTH BIUIMB IIYMIiB 1 30BHILIHIX 3aBaJl, 3aBJIAKA 4YOMYy LU(PPOBI CXeMHU
30epiratoTb KOPEKTHICTh POOOTH HABITh Yy CKJIaJHUX yMOBaxX. TakToBa CHHXPOHI3allis KOOPAUHYE
poOOTy MOCHIIOBHUX BY31iB, (POPMYIOUM 4YacOBY CTPYKTypy OOpoOKM IaHUX Ta 3abe3neuyrouu
Y3rOJDKEHICTh MDK eranamMu oOuucieHb. Ilam’sath mu@poBuUX NpPUCTPOIB, SK JWHAMIYHA, TaK 1
CTaTUYHA, PEaTi3yEThCS HA OCHOBI TPAH3UCTOPHHUX KOMIPOK, 3JaTHUX YTPUMYBATH 3apsia ado cTaH
TPaH3UCTOPIB, LIO0 BH3HAuae 30epiraHHg OITIB 1HQOpMAINIl y BHU3HAYEHHH NPOMIKOK Hacy.
CykynHICTh IIUX (I3UWYHHX MPOILIECIB 3a0e3neuye HaAiiHICTh, BIATBOPIOBAHICTh 1 MacIITaOOBaHICTh
U(POBUX CUCTEM, IO € (PyHAaMEHTOM JUIs Cy4YaCHUX OOUMCIIOBATIBHUX IIIAT(HOpPM.

Enementna 6a3a 1M(pOBOi TEXHIKM OXOIUIIOE CYKYIHICTh  HAIliBIIPOBITHUKOBUX
KOMIIOHEHTIB, Ha OCHOBI SIKMX peasli3yIOThCs JIOTIUHI omeparii, 30epiraHHs JaHUX Ta KepyBaHHS
CUTHAJIaMH B OOYHCITIOBANIbHUX cucTeMaX. OCHOBOIO CydacHUX U(PPOBUX NPUCTPOIB € IHTETpasibHI
MIKpocXeMH, ToOy/J0BaHI Ha TPaH3UCTOPHUX CTPYKTypax, 110 JO03BOJSAIOTH (opmyBaTu
KOMOIHAI[II{HI Ta MOCIIJOBHI JOTIYHI BY3JM Pi3HOi CKJIaAHOCTI. PO3BUTOK eneMeHTHOI Oasu
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MPOMIIIOB MIJISAX BiJl TUCKPETHUX TPAH3UCTOPIB 1 JIOTIYHUX MOMYJIIB HU3BKOTO CTYIICHS 1HTErparii
1o BucokoaeHcuTHUX BIC 1 HagBenukux IC, ki 31aTHI MICTUTH MUTBSIPJIA TPAH3UCTOPIB HA OJTHOMY
Kpuctaigi. B ocHOBy ix poOOTH TMOKIaIeHO KepyBaHHS MPOBITHICTIO HAaMiBIPOBIIHUKOBUX
CTPYKTYD, 1110 3a0e31euye MBUIKE i HaiiiHEe TEpEeMUKAHH MIX JIOTIYHUMH CTaHAMHU.

Tunu 7noriku KiIacu]ikyloTbCS 3a EJISKTPUYHUMH XapaKTepUCTUKaMU W MapaMeTpamu
KOMIIOHEHTIB, AKi (opMyIoTh JoTiuHi QyHnkuii. Halimomupenimmmu € norika TTL, mo 6a3yerbes
Ha OIMOJSIpHUX  TpaH3UCTOpax 1 3abe3nmedye BHCOKY IIBHJKOMIIO TPH  IOMIpHOMY
eHeprocnokuBanHi, Ta Jjorika CMOS, ska BHUKOPUCTOBYE KomruieMeHTapHi mapu MOH-
TPAH3UCTOPIB 1 XapaKTEPU3ye€TbCAd MIHIMAIbHUMU CTAaTUYHUMH BTpaTaMHu €HEprii Ta BHCOKOIO
IIUTBHICTIO 1HTETpalii. ICHyIOTh Tako cremiaii3oBaHi TUIX JIOTiKH, Taki sk ECL 13 HagBHCOKOIO
MIBUJIKICTIO TIEPEeMUKAHHs, aje MiJBUIICHHM eHeprocrnokuBaHHsiM, abo BiCMOS, mo moennye
MIBUJIKOAIIO OIMOJSIPHUX TPaH3UCTOPIB i3 HU3bKUM crnoxuBaHHsM CMOS. Koxen tun noriku
BH3HAYa€ OMYCTUMI PiBHI CUTHANIB, HABAHTAKyBaJIbHY 3aTHICTh, YACOBI MTAPaMETPU Ta CTIHKICTh
0 3aBaj, IO BIUIMBa€ Ha 3arajJibHi XapakTepucTuku nudpoBux cxem. DopMyBaHHS
OOYHCIIOBAILHUX CHCTEM Ha OCHOBI pI3HUX JIOTIYHUX CTaHAAPTIB Ja€ 3MOTy JOCSraTé
ONTUMAJBHOTO OajaHcy MK MIBHUAKOJIEI, E€HEPreTHYHOI e(EeKTHBHICTIO Ta TEXHOJIOTTYHOIO
CKJIQJIHICTIO, IIO € KITIOYOBUM (haKTOPOM Y MPOEKTYBaHHI Cy4acHO1 IIUGPOBOT TEXHIKH.

Jlekuis 2. @opMaTH NOJAHHSA JAHUX TA YUCJIOBI cMCTEMH B IU(PPOBUX CHCTEMAX

®opmatu nonanHs iH(opmanii B mUPPOBUX CHCTEMax BHU3HAUYAIOTh CIOCIO KOAyBaHHS
JTaHUX U9 30epiranHs, oOpoOKM Ta mepeaadi MK amapaTHUMH KOMIIOHEHTaMu. HaimeHIioro
onuHUICIO 1H(OpMarIii € OiT, Akuii MOXKe HaOyBaTH OIHOTO 3 JBOX JIOTIYHUX CTaHIB, IO
TpamuliifHO To3Ha4YaroTh K «0» abo «l». I'pymyBanHs OiTiB y cTaHmapTHi OJIOKM IO3BOJISIE
e(eKTHBHIIIE OPTaHi30BYBAaTH IaM’ SITh 1 IIMHA OOMiHY; OCHOBHOIO OJIMHHIICIO TAKOTO IPYITyBaHHS
€ 0aifT, O CKIIAAa€ThCs 3a3BHUail 3 BOCKMH OITiB 1 ciyrye 6a30Bor0 Miporo 00’eMy iH(popmarii y
OUIBLIOCTI KOMIT FOTEPHUX CHCTEM. baliTh BUKOPUCTOBYIOTHCS JJIsl KOAYBAHHS OKPEMHUX CUMBOJIIB Y
TEKCTi, TMpeJCTaBICHHs YHCIOBUX 3HAYeHb Ta ajpecallii mamM’sTi, M0 J03BOJIsE YHi(iKyBaTu
CIOCOOM JIOCTYIY J10 JaHUX Ha PI3HUX PIBHAX CUCTEMHU.

MammHHe coBo sBJsie 0000 010K OITiB, SIKMI 00pOOIAETHCS HEHTPAIBHUM MIPOLIECOPOM
SK €IMHA OJJMHHULIS, BU3HAYAIOYH PO3PAIHICTh OOUUCIIOBATBHOT CUCTEMH 1 IIMPUHY PETICTPiB, IIMH
TaHuX Ta aapec. Po3Mip MammHHOTO ciioBa O€3MOcepeHbO BIUIMBAE HA OOCIT OOUYMCITIOBAaHUX
qycelsl, TOYHICTh apU(PMETHUUHUX oOIepaliil, MaKCUMaJIbHY aJpecHy Iam’ iTb Ta €(PEKTUBHICTb
pobotu mporecopa 3 gaHuMu. OpraHizailis JaHUX Yy CJIOBaX J03BOJISIE MPOIECOPY BUKOHYBATH
omepanii Haa MOUIMMH OjJoKaMu OITIB OJIHOYACHO, OMTHUMIZYIOUM OOYMCIIOBAIBHI IUKINA Ta
3a0e3neuyroun CyMICHICTh MK PI3HUMH anapaTHUMU MOJyJisiMU. B3aemois mix Oitamu, Gaiitamu
Ta MAallMHHUMM CJIOBaMU (popMye OCHOBY AJIsi MOJANBLIOIO IMPEJICTABICHHS CKIAJHIMINX THUIIIB
JaHWUX, TaKUX SK LIl YMCla, YMCia 3 IUIABAalOYOI0 KOMOIO, CUMBOJIBHI Ta JIOTIYHI MacWBH, IO
n03BosIsie  3a0e3nednTd  YHi(IKOBaHY 1 CTpPYKTypoBaHy oOpoOKy iH¢popmalii B IUPPOBUX
O00YHCITIOBAJIbHUX CHCTEMAX.

Cucremu 4HCIEHHS € (OPMATBHOIO METOAMKOIO TIPEJICTABICHHS YHUCIOBHX 3HAYCHb Y
BHTJISIZII TTOCTIZOBHOCTI CUMBOJIIB MEBHOTO andasiTy, /e MO3UIliiHE 3HAYCHHS CHMBOJY BHU3HAYae€
HOro BHECOK y 3arajibHy BEIMUYMHY 4yHcia. Y HUPPOBUX CUCTEMaX HAWMOIIMPEHIIINMU € JBIHKOBA,
BICIMKOBA, JIECTKOBA Ta LIICTHAAUATKOBA CUCTEMH YHCIICHHS, IPUYOMY JBIHKOBa CHUCTEMA JIC)KUTh
B OCHOBI poOOTH KOMII'IOT€pa, OCKUIBKH ii JiBa CTAaHU BIANOBIAAIOTH JOTTYHUM PiBHAM «0» 1 «1»,
K1 MOXKYTh peaji3oByBaTHCs (Pi3MUHO 4yepe3 MPOBITHICTh HAMIBIPOBiAHUKIB. IlepeBenenns uncen
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MDK CHCTEMAMM 4YHCICHHS BHKOHYETbCS 3a JONOMOIOK apu(METHYHUX IpoLeayp, 30KpeMa
JJCHHST Ta MHOXEHHS 3 YpaxyBaHHSM OCHOBH CHCTEMH, a00 3a JOMOMOTOI TaOJIUYHOTO
CMIBCTaBJICHHA pPO3pAAIB, L0 3a0e3meuye KOPEKTHE BiJOOpa)XKCHHS YHCIOBUX 3HAU€Hb IPU
B3a€MO/Iii IPOTPAMHOTO 3a0€3MeYeHHs 3 anapaTHUMH KOMIOHEHTAMHU Ta MPH TPAHCIAMIl JaHUX
MK PI3HUMH IIPOTPAMHUMU MOYJISIMH.

il yucna B nudpoBUX cHCTEMaxX TPATUIIIHHO MOJAIOTHCSA Y JBIMKOBOMY KOi, IPHYOMY
Ul 3py4YHOCTI OOYMCIEHb 3 BIJ'€MHMMM YHCIAMHM 3aCTOCOBYETbCS JOJATKOBUH Koa. Y
JI0OIATKOBOMY KOJ1 BiJi’€MHI 4nciia GOPMYIOThCS IIUIIXOM 1HBEPCii BCiX OITiB MO3UTHUBHOTO YKCIa 3
MOAAIBIIIUM JO0JIABaHHIM OJMHHUII, 10 J03BOJISIE YHI(IKYBATH ONEparlii 101aBaHHs Ta BiIHIMAHHS,
CIIPOCTUTH JIOTIKY apru(METHUYHUX IIPUCTPOIB 1 3a0€3MEUUTH KOPEKTHY 0OpPOOKY mMepernoBHEeHb. [l
IpoOOBUX YHCEN BUKOPUCTOBYETHCS MOJAHHS y dopmaTi 3 PikcoBaHOW ab0 IIABAIOYOI0 KOMOIO.
dopmar 3 (HiKCOBaHOIO KOMOIO BH3HAUA€ PO3TAIyBaHHS JPOOOBOI Ta IIJIOI YACTUHHM B 3aaHii
KUTbKOCTI OiTiB, Tomi sK ¢opMaT 3 TaBawouor komoro peanizye cranmapt IEEE 1 no3Bomse
MPEJCTaBUTH HIMPOKHMU [iama3oH 4YHCed 3a JOMOMOTOI0 MAHTHCH Ta MOPSAKY, 3a0e3neduyroun
OaJlaHC MK TOYHICTIO 1 MacmTaboM oOumcienb. OOuaBa MiIXO0IM J0 MOAaHHS APOOOBUX YUCET €
KPUTUYHUMHU JUIsI KOPEKTHOI poOOTH apuMeTHYHUX MOMAYNIIB, aIrOPUTMIB OOpPOOKM CHUTHAIIB,
HAayKOBUX PO3paxyHKIB 1 OOpOOKM [JaHMX 13 3MIHHOIO TOYHICTIO B CydYacHUX UU(PpPOBUX
00YHCITIOBAJIBHUX CUCTEMAX.

KonyBanusa cumBonbHOI iH(opmamii B 1mudpoBUX cucTeMax 3a0e3ledye MepeTBOPEHHS
TEKCTOBHX JIaHUX Y TIOCHIJOBHOCTI OiTiB aJisi 30epiranHs, oOpoOKH Ta mepenadi MixK anapaTHUMU
KOMIIOHEHTaMHU Ta MporpaMHUMHU MoxyisiMu. OxHum i3 HalnmommpeHimmx cranaaptiB € ASCII,
KW BUKOPUCTOBYE 7 abo 8 OiTiB HA CHMMBOJI 1 JI03BOJISI€ KOJYBAaTH aHTIINCHKI JiTepu, mudpw,
ciry>k00Bi cuMBOJIH Ta 0a30Buil HaOip 3HakiB myHKTyamii. ASCII 3a6e3neuye mpocTy i KOMIAKTHY
pEeNpe3eHTalil0 TEeKCTy, aje OOMEXKEHUH MOMIIMBICTIO MOJaHHS Juiie OOMEeXeHOro Habopy
CHMBOJIIB, II0 YCKJIAJHIOE POOOTY 3 MIKHApOJHUMH MoBaMu. [l pO3MIMPEHHS MOXIIMBOCTEH
KOJyBaHHs 3acTOCOBYeThCsl cTanaapT Unicode, sikuil 103BoJIsiEe Bi1OOpaXKaTU CUMBOJIM NMPAKTHYHO
BCIX MOB CBITY, @ TaKOX CIleIiaJibHi TpadiuHi Ta KOHTPOJIBbHI cuMBoH. Unicode peani3yeTbcs depes
pizHi cxemu konayBaHHs, 30kpema UTF-8, UTF-16 ta UTF-32, ne UTF-8 3abe3neuye 3MiHHY
JOBXKMHY OalTiB Ha cumBoi, 30epiratoun cymicHictb 13 ASCI, a UTF-16 1 UTF-32
BUKOPHUCTOBYIOTh (pikcoBaHy a00 HamiB(iKCOBaHY JOBXKHUHY JUISl YHI(QIKOBAHOTO MPEICTABIICHHS
CHUMBOIJIIB.

Apudmernuni oneparii y ABIMKOBIH cHUCTeMI IPYHTYIOTbCS Ha MpaBWJIaX BUKOHAHHS
JI0JlaBaHHs, BIJIHIMAHHS, MHOXKEHHS Ta JUIEHHS 3 BUKOPHCTaHHAM JBiiikoBux mudp. JdonaBanHs
pearizyeTbes uepes MociiIoBHE CyMyBaHHs OiTiB 13 BpaxyBaHHSIM IEPEHOCY, 110 (HOpMy€e OCHOBHUMN
ITOPUTM POOOTH apU(PMETHKO-TOTTYHUX NMPHUCTPOIB. BigHiMaHHA 3a3BHMYail BUKOHYETHCS 4Yepes3
J0JJaBaHHS 4Kclia B JJOJATKOBOMY KO, 11O J03BOJISIE BUKOPUCTOBYBATH YHI(IKOBaHY amapaTHY
JIOTIKY 1 CIIPOIIY€E CXeMy OOpOOKM HEraTUBHUX 3Ha4YC€Hb. MHOXKEHHS 31HCHIOETHCS SIK TTOCITIIOBHE
J0JlaBaHHS 3CyBIB a00 dyepe3 crewiaiai3oBaHl KOMIPKH, a AUIEHHS pealli3yeThCsl alrOPUTMIYHO
IUISXOM TIOCTIZIOBHOTO BIJIHIMAaHHS Ta 3CYBY pe3yibTaTiB. BUKOpHCTaHHS [BIMKOBOi CHCTEMHU
3a0e3neuye OJHO3HAUHE BIIOOpa)KeHHs omepaliid y JIOTIYHUX CXeMax I[polecopa, T03BOJIsE
JOCSATaTH BUCOKOI IIBUJAKOII Ta TOYHOCTI OOYHMCIEHb 1 (OpMye OCHOBY JUIs peanizamii BCiX
apu(METHYHHUX Ta JOT1UYHUX QYHKLINA Yy HUPPOBUX OOUNCITIOBAILHUX CHCTEMAX.

AHaii3 mepenoBHEHHS B LU(QPOBUX CHCTEMAaX € KPUTUYHUM €TalloM INpH BUKOHAHHI
apu(pMETHYHUX Omepalliil, OCKUIbKH 0OMeXeHa pO3psIHICTh MAIIMHHOTO CJI0BAa MOXKE MPU3BOAUTH
0 BTpaTH 3Hauymux OITIB 1 (opMyBaHHS HEKOPEKTHOro pe3ynbTaTy. IlepemnoBHeHHs
B1I0YBa€TbCsA, KOJNM pe3yjibTaT omepauii BUXOAUTh 3a MeXl JIOMYyCTUMOrO [lana3oHy
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IIPEJCTABICHHS YHUCIa, 110 OCOOIMBO BaXJIMBO IS IUUIOYUCENBHUX OOYMCIEHb Y J0JATKOBOMY
KO/Il, JIe 3HaK 4Yucja 1 HOro BEJIMYMHA KOAYIOTHCS y (ikcoBaHOMY HaOopi OITiB. AHaJI3 BKIIIOYAE
BUSIBJICHHS CUTYallill MIEPEIIOBHEHHS UIIXOM KOHTPOJIIO TIEPEHOCY cTapmioro 0ira, 3HakoBoro oira
Ta MEePEBIPKU KOPEKTHOCTI OOYMCICHHS, IO J03BOJISIE€ PO3POONIATA HAAiHI adrOpUTMU OOPOOKH
JaHuX 1 3a0e3medyBaTd CTAOUIBHICTH POOOTH MPOrPaMHOrO 3a0€3MEeYeHHS NpU OOMEKEHHX
armapaTHUX pecypcax.

HecranpapTHi cucteMu 4uclieHHs Ta Oararo3HauyHa JIOTIKa 3aCTOCOBYHOThCA B
CHeIiagi30BaHuX OOYMCIIOBAIBHMX CHUCTEMax 1 MPHUCTPOSX, J€ JBIMKOBa JIOTiKa HE 3abe3reuye
HE0OXiTHOi e(eKTUBHOCTI a00 KOMMAKTHOCTI. [0 Takux Hanexarh TPIMKOBa, YeTBEpUYHA abo
MO3MINIHI CHCTEMH 3 OCHOBOIO, BIJIMIHHOKO BiJ JIBIIKOBOi, a Takok OaraTo3HayHa JIOTiKa, y SKIi
CHUTHAJIM MOXYThb HaOyBaTH OIbII HIDX JBOX IUCKpEeTHUX cTaHiB. Lli miaxoaw 103BOJSIOTH
3MEHIIUTH KUIBKICTh €JIEMEHTIB y CXeMi, MiJBUIIUTH IIUIBHICTh IHTErpamii i CKOpPOTHTH
€HEePrOCI0KUBAHHS, MTPOTE MOTPEOYIOTh CHENiai30BaHUX CXEM YIIPABIiHHS Ta MEPETBOPEHHS IS
CYMICHOCTI 3 TpaJAULIHHIMU TU(PPOBUMH CUCTEMAMH.

BukopuctanHsd cuCTeMHM 4YHCICHHS Yy HpOrpaMyBaHHI Ta KOMII'IOTEpHIH TeXHILl €
dbyHIaMeHTaNbHUM, OCKUIbKM (GopMye 0a3zy s NpeACTaBICHHS MaHWX, OpraHizaiii mam ArTi,
aapecariii Ta o0uucieHb. J[BilikoBa cUCTeMa 3aCTOCOBYETHCA Yy BCIX JIOTIYHHUX 1 apU(pMETHUHUX
MOJYJISIX Mpoliecopa, MIMHAX JaHUX 1 KOMYHIKAIIHHUX MPOTOKoax. BiciMkoBa Ta HIICTHAILATKOBA
CHCTEMH YHCJIEHHS YacTO BUKOPUCTOBYIOTbCS IPOrpaMiCTaMu JJisi KOMIIAKTHOTO I1O/IaHHS
NBIHKOBUX 3HAY€Hb, 3pPYyYHOI HOTAImii MacoK, PETricTpiB 1 aapec y BiLIaAll Ta pPo3poOiri
HU3BKOPIBHEBOTO KOXy. BHKOpHCTaHHS YHMCIOBUX CHUCTEM 3a0e3nedye KOPEKTHY IHTEpIIpeTariito
JaHUX MDK anaparyporo Ta MPOTPaMHUM 3a0e3MEeUeHHSIM, T03BOJSE (OPMATI30BAHO OMHUCYBATH
QITOPUTMH, ONTHMI3yBaTH pPECYpCH OOYMCIIOBATIBHOI CHUCTEMH 1 3a0e3nedye TOYHICTh Ta
e(EeKTUBHICTb BHMKOHAHHS IPOTrPaMHUX 3aBJaHb Yy Cy4YacHUX LU(POBUX OOUYMCIIIOBATIBHUX
cepe/loBUILAX.

Po3psaHicTh mporecopa BU3HAYa€ MIMPUHY MAIIMHHOIO CIIOBA, PO3MIpP PETiCTpPiB, MUPUHY
IIMH JIaHUX Ta aJpPECHYy 3/aTHICTb CHUCTEMH, 10 Oe3MocepeHbO BIUIMBAE Ha OOCAT aapecoBaHOl
nam’sTi. YuM Oulblia po3psaHICTh, TUM LIMPIIUHN J1alla30H YUCENl MOXKe O0poOJsATH mpolecop i
TUM OlbIIe ajpec Moxke OyTu chopMOBaHO AJI JTOCTYIy J0 ONEPAaTUBHOI MaMm’sTi Ta MPUCTPOIB
BBE/ICHHS-BUBENIeHHs. Hanmpukian, 32-po3psiaauil mporecop 3ade3nedye MOXIUBICTh aapecalii 10
4 riraGaiiT mam’saTi 0e3 AOJAaTKOBUX MEXaHI3MIB PO3LIMPEHHS, TOMAl K 64-pOo3psaHi apXiTEKTypH
JI03BOJISIFOTH a/IpecyBaTH 3HAYHO OUIbINI OOCSTW Mam’sTi, 0 KPUTHUYHO I Cyd4acHHX CEpBEpiB,
0a3 1aHUX 1 PeCypCOMICTKUX OOUYHUCIeHb. PO3psAAHICT BU3HAYA€ TAKOXK TOUHICTh apU(METHUYHHX
orepalii, Jiarna3oH JOMYCTUMHX 3HaYeHb 1 00CAT OOUMCIIIOBAHUX JAaHUX 3a OJIMH TakT Mpolecopa,
1110 BIUIMBAE HA MPOJLYKTUBHICTh MPOTrPAMHUX AITOPUTMIB 1 ONITUMI3allil0 BUKOPUCTAHHS PECYpCiB.

AmapatHi OOMeXeHHST UHU(PPOBUX CHCTEM, 30KpeMa 3aTPUMKHU JIOTIYHUX EJIEMEHTIB,
MPOIyCKHA 3JIaTHICTh IIMH, €MHOCTI PEriCTpiB, IIBUIKOMAIS Mam’iTi Ta EHEeProCHOKWBaHHS
KOMITOHEHTIB, (OpMYIOTh Oe3mocepeiHi BUMOTH JO0 MporpamHoro 3abe3meueHHs. [HxxeHepy
HEOOXI1ZTHO BPaxoBYBAaTHU III OOMEXEHHS MNpH po3poOlll alropuTMmiB, BHOOPI CTPYKTYp HaHUX,
onTHUMI3alil UKIIB 00poOKU Ta ympasiiHHI pecypcamu cuctemu. Hampukiazn, oomexxenuit odcsar
OIepaTUBHOI MaM’siTI BUMarae eKOHOMHOT'O BHUKOpPHCTaHHS Oy(depiB 1 KelliB, 3aTPUMKH B IIMHAX
JaHWX HAKJIAJaloTh BUMOTH JI0 TapajelbHOCTI Ta CHUHXpOHI3alii OOYHCIeHb, a EeHepPreTHuHi
oOMeKeHHsI MOOUTbHUX MIATGOPM JUKTYIOTh €(PEKTUBHICTh MIPOrPAMHUX IIHKIIIB Ta BUKOPHCTAHHS
PEKUMIB 3HI)KEHOTO E€HEpProClOXKHMBaHHA. Y KOMILJIEKCI PO3pSAIAHICTh TMpoliecopa Ta amaparHi
OOMEXEHHSI BH3HAUYAIOTh paMKH, y MeXax SKUX TMporpamMHe 3a0e3leueHHs ITOBHHHO
(GyHKIIOHYBATH, 3a0€31e4y0Yl KOPEKTHICTh, MPOAYKTUBHICTD 1 HAAIHHICTh HU(MPOBUX CHCTEM.



Jlekuis 3. Jloriuni onepauii Ta Oy;eBa anredpa B uu)poBUX cHCTEMax

Jloriuni omepanii I, ABO, HE, XOR, NAND ta NOR € 6azoBumu ¢yHKuisiMu 1udpoBoi
Joriku 1 (OpMyIOTh OCHOBY MOOYAOBM KOMOIHAIIfHMX Ta IOCIIJOBHUX CXeM Y LU(PPOBUX
cucremax. Oneparnis [ (AND) peanizye KOH IOHKIIIIO, TIPH SIKii pe3yJIbTaTOM € JIOTIYHA OJUHUIIS
JIUIIIE TOJIi, KOJIA BCI BXiJHI CHTHAJIM MalOTh CTaH «1», iHakmie Buxin nopiBaioe «0». Oneparis ABO
(OR) 3ab6e3meuye au3 OHKIIIIO: BUXIJ TOPIBHIOE «1», SKIIO X04a O OJMH BXiJ Mae cTaH «1», 1 «0»,
KOJIM BCi BX0ou AopiBHIOWOTH HyJt0. Onepattis HE (NOT) e yHapHOI0 1 BUKOHY€E 1HBEPCIIO BX1IHOTO
cur”aiy, neperBoproroun «0» Ha «1» ta «1» Ha «0». XOR, a6o Bukimtoune AbO, dhopmye Joriuny
OJIMHMIII0 HA BHUXOJi, SKIIO KUIBKICTh OJWHUYHUX BXIJHUX CHUTHAJIB HEMapHa, IO IITUPOKO
3aCTOCOBYETHCS y CXEMax CyMaTopiB, MEPEBIPKH MAPHOCTI Ta KOJAYBaHHI TaHHX.

NAND i NOR € yHiBepcanTbHUMU €IEMEHTaMHU, 110 MOETHYIOTH 0a30Bi1 omepailii 3 IHBEPCi€ro
Buxinnoro curHairy. NAND e inBepciero oneparii I, Bugatoun «0» nuiie Tofi, KOJIM BCl BXOAU
nopiBHIOIOTH «1», a NOR € inBepcieto onepanii ABO, hopmyroun «1» auie To/i, KoJu Bci BXOAU
piBHI Hym0. 3aBasiku yHiBepcanbHOcTI NAND 1 NOR MosxiuBe noOyayBaHHs Oyib-SKHUX JIOTTYHUX
GbyHKIIA 3 iX BHUKOPUCTaHHSM, IO CHpPOIIy€e €JIeMEeHTHy O0a3y Ta IHTerpaumilo cxem. Bci
nepepaxoBaHi omepaiii peani3yloTbcs amapaTHO 4Yepe3 TPAH3UCTOPHI K04l abo JIOTivuHi
MIKPOCXEMH, BU3HAUAIOUU CTPYKTYpy LU(POBHUX BY3IIB, iX IIBUIKO/II0, €HEPrOCHOKHUBAHHA Ta
HaJIHICTH pOOOTH OOUYUCITIOBAIILHUX CHCTEM, 1 € QYHAAMEHTOM JJIsl CHHTE3Y CKJIaJHUX JIOTTYHUX
CXEeM Ta IPOTrpaMOBaHMX U(PPOBHUX MPHUCTPOIB.

MaremaTiuHi OCHOBH OyieBoi anreOpu BH3HAUYAIOTh (POpManbHI MpaBUiIa ONEpPyBaHHS
JOTIYHUMH BENMYMHAMHM, SKi HaOyBarOTh JHIIE IBOX 3HaueHb — «0» Ta «l», 1 3a0e3medyroTh
METOJIOJIOTIF0 aHaii3y Ta CHUHTe3y mudpoBuxX cxeM. byneBa anreOpa m03BOJIIE TPEICTABIATH
noriydi GyHKIIT y BUIISLAL Gopmyd, cxeM abo Tabmuib ICTUHHOCTI, IO Aa€ 3MOry (hopMaibHO
BHU3HAUATH B3a€EMO3B’S30K MDK BXIIHMMH CUTHaJaMH Ta OYIKyBaHUMHU BHXOAaMU. B mudposiit
TeXHILl I MNPUHUUOM 3aCTOCOBYIOTbCA JUIS ONTHMi3alii JIOTIYHHMX BY3JiB, CTBOPEHHS
KOMOIHAIlIHHUX CXeM, CyMaTopiB, MYJbTHUILIEKCOPIB, AeMU(pPaTOpiB 1 PEricTpiB, a TaKOX s
3MEHILEHHS Yucia eJIEMEHTIB Y CXeMi MpH 30epeKeHHI KOPEKTHOCTI BUKOHaHHA (yHKU1N. byneBa
anredpa € oOCHOBOW (hopmaiizamii TpoIeciB MPOEKTYBaHHS arapaTHOTO 3a0e3MedyeHHs Ta
aBTOMAaTH3allli CUHTE3Y U(PPOBUX MPUCTPOIB.

3akoHu OyneBoi anreOpu (OpMYyIOTh CHUCTEMY MpaBUJ JJs NEPETBOPEHHS Ta CHPOIIECHHS
noriyHux BHpasiB. Cepell OCHOBHHUX 3aKOHIB BUIAUISIOTh 3aKOHU 1I€HTUYHOCTI, HYJS Ta OJMHHMIIL,
KOMYTAaTUBHOCTI, aCOI[IaTUBHOCTI Ta JUCTPUOYTUBHOCTI, SIKi BU3HAYAIOTh MOPSIOK 1 BIACTHBOCTI
BukoHaHHA onepaliil I, ABO ta HE. 3akoH nornuHaHHs 103BOJIsSIE€ CHPOILYBATH CKJIa/HI BUpa3H 3a
JIONIOMOTOI0 BHJIAJIEHHS [TOBTOPIOBAHUX TEPMIB, a 3aKOH MOJBINHHOI 1HBEpCii rapaHTye MOBEPHEHHS
MOYaTKOBOTO 3HAYEHHS Iicis JABopazoBoro 3acrocyBanHs omepainii HE. 3axkonu [le Moprana
MEPETBOPIOIOTh KOMOIHAIlT omepariii 3 1HBEpCi€0, IO OCOOJMBO BAaXKIWBO TMPH peam3alii
uudpoBUX cxeM Ha yHiBepcalbHUX JoriyHux eiremeHTax NAND Tta NOR. Bukopucranus mux
3aKOHIB JI03BOJISI€ 1HXKEHEpPY aHami3yBaTH (QYHKI[IOHAJIbHI 3aJIe)KHOCTI, MIHIMI3yBaTHU amapaTHy
peaizailiro, IMiJBUINYBAaTH IIBUAKOMIIO CXEM, 3MEHIIYBAaTH €HEPTrOCIOXMBAaHHS 1 3a0e3medyBaTH
Ha/1iiHy poOOoTy HU(PPOBUX NPUCTPOIB Y peaibHUX yMOBAX.

[TepeTBOpeHHS JOTTYHUX BUPa3iB € KJIOUOBUM €TAllOM aHaJli3y Ta CUHTE3y IIU(POBUX CXeM,
IO JO3BOJIIE€ CHpOINYBaTW (yHKINI, ONTHMI3yBaTH BUKOPUCTAHHS JIOTIYHUX €JIEMEHTIB 1
MiABUILYBAaTH €(QEeKTHBHICTh amapaTtHoi peainizauii. JIoriuni BHpasH, IO ONMUCYIOTh 3aJIEKHICTh
BUXIJHUX CUTHAJIB BiJ] HA0OpY BXIJHUX, MOXKYTb OyTH MpEJCTaBieHl y pi3HUX (OpMax, TaKUX SIK
KOHIOHKTHBHa a00 JM3’IOHKTMBHAa HOpMajibHa (opma, Ta MiAJAIOTBCA —anreOpaiuHuM
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MEPETBOPEHHSAM 13 3aCTOCYBaHHSIM 3aKOHIB OyineBoi anreOpu. IlepeTBopeHHs BKIIOYAE
YIOPSIAKYBaHHS TEPMiB, 3acTocyBaHHs 3akoHiB Jle Moprana, o0’emHaHHS Ta BUIAJICHHS
MOBTOPIOBAHUX a00 MOTJIMHAIOYMX YICHIB, IO JIO3BOJISIE 3MEHIIIUTH CKIIQJHICTh CXEMH, KIJTbKICTh
€JIEMEHTIB Ta 3MEHIIUTH Yac 3aTPUMKU CUTHAJIIB y JIOTTYHUX JIAHIIOTaX.

Tabmuui icTuHHOCTI € (OpPMAIBHUM METOAOM IMPEJACTABICHHS JIOTIYHOI (yHKII, 10
MoKa3ye BCl MOXIIMBI KOMOiHaMii BXiJHUX CHTHAJIB Ta BIAMOBIAHI 3HAUYEHHS BHXIAHOTO CHTHAIY.
KoxxeH psaymox Tabmuii BIAMOBITAE KOHKPETHIM KoOHiryparlii BXOIIB 1 JAEMOHCTPYE pe3yibTaT
oOuncnenHs ¢yHkmii g miei koHdirypartii. TaOGmuili 1CTHHHOCTI BUKOPUCTOBYIOTHCS IS
MEePEBIPKM KOPEKTHOCTI JIOTIYHUX BHUPa3iB, MOOYJIO0BH KOMOIHAIIHHUX CXEM, aBTOMAaTH30BAHOTO
CUHTE3Y JIOTIKM Ta CHpolieHHs (yHKIiH. BoHn 3a0e3nedyioTh HAaO4HE YSBIECHHS PO MOBEIIHKY
1M(POBOro BY3Ia, JAO3BOJSIOTH BHSIBIISITH HAIMINKOBI TepMH ab0 CYMEepPedHOCTI y BHpaszax 1 €
OCHOBOIO JIJIsl AITOPUTMIYHUX METOJIB MiHIMi3awii JIoTiYHUX (QYHKIIH, Takux sk kaptu Kapuo abo
METOAM MpOorpaMHOi onTuMizamii cxeM. TakuM YHHOM, MEPETBOPEHHS JIOTIYHUX BHpPA3iB y
MO€HAHHI 3 TAOMHUISIMU ICTUHHOCTI 3a0e3edye CTpYKTypoBaHe i (popmaii3oBaHe MPOEKTYBAHHS
U (POBUX CUCTEM 13 TAPAHTOBAHOIO (PYHKITIOHATIHLHOIO KOPEKTHICTIO.

Minimizaniss noriyHux ¢GyHKIiH 3a gonmomororo kapT KapHo € edexktuBHUM rpadiuHuM
METOZOM CIIPOIICHHS KOMOIHAIIMHUX CXEM, IO JO03BOJISIE 3MEHIIUTH KUIBKICTh JIOTIYHUX
€JIEMEHTIB 1 ONTUMI3yBaTH iX amapatHy peanizaunito. Kapra Kapno sBisie coboro Tabnuirto, e BCi
MOJKJTUBI KOMOiHAIlil BXIIHMX 3MIHHUX PO3TallIOBaHI y BUIJIAJI JBOBUMIPHOI a00 GararoBUMipHOi
CITKM 3 ypaxyBaHHSM TIOCTiIOBHOCTI ['pesi, mo 3abe3medye 3MiHy JHIIE OJHOTO OiTa MiX
CyMDKHMMH KoMipkamu. KokHa KOMipka KapTH MICTHTH 3HAuY€HHsI JIOTIYHOT (QYHKII s
BIJIMTOBIAHOI KOMOIHAII{ BXIJHUX CHTHATIB, IO JO3BOJISIE HAOYHO BHSBJISTH TPYIH OJWHUIL a00
HYJIB, sIKi MOXKYTh OyTH 00’ €HaHI JJIsl CIIPOLIICHHS BUPA3y.

[Tpouec MiHIMiI3alii BKIOYAE€ MOMIYK HAMOLIBIIMX CYMDKHUX OJOKIB OAMHULG (IJis
KOH IOHKTHBHOI HOpManbHOI (hopMu) abo HyMiB (sl AM3’IOHKTUBHOI HOpMajibHOI (opMH), IIO0
JI03BOJISIE  CKOPOTMTH YMCJIO TEpMIB Ta 3MIHHUX Yy KOXXHOMY TepMmi. OO’€HaHHA CyMIKHUX
eJIEMEHTIB 3a0e3neuye BUAAICHHS HAJJIMIIKOBUX 3MIHHUX, 30€peXeHHs €KBIBAJICHTHOCTI (PyHKIIT
Ta OTPUMaHHS ONTHUMAJILHOTO JIOTTYHOTO BUpa3y. Bukopucrtanus kapt KapHo oco6inBo edekTuBHe
Uit QYHKIIN 13 Y4OTHpPMa—IIiCTbMa 3MIHHUMH, JO03BOJISIE IIBUAKO BHUSBJISTH 3aKOHOMIPHOCTI,
3MEHIIyEe HMOBIPHICTh TIOMMJIOK TIIpU pPYYHOMY CIHpOIIEHHI Ta (opMye OCHOBY s
aBTOMATH30BAHUX AJTOPUTMIB onTUMi3alli [uppoBux cxeM. MiHiMi3alis QyHKIIH 3a JOIOMOror
BOTO MeETOAy 3abe3nedye MiJBUINEHHS I[IBUAKOJIl, 3MEHIIEHHS EHEprocloXKMBaHHSI Ta
KOMIIAaKTHOCTI anapaTHOI peatizaiii UppOBUX IPUCTPOIB.

VHiBepcanbHi Joriydi eneMeHTH NAND 1 NOR BiairpaioTe KIOYOBY posib Y MOOYI0BI
U(POBUX CXEM 3aBISKU CBOIM 34aTHOCTI peai3oByBaTH Oy/b-sKy JOriuHy ¢yHkuioo. EnemeHnt
NAND e inBepcieto omepariii I, popmyroun JoriyHUNA HYJIb JUIIE TOJI, KOJU BCl BXIJHI CHUTHAIU
JOpiBHIOIOTH oauHMII, a edemMeHT NOR e inBepciero oneparii ABO, Buma0un JIOT1YHY OJUHUITIO
TIIBKA TIPH  HYJBbOBUX 3HAUEHHSAX YCIX BXOJIB. 3aBASKA LHUM BIACTHUBOCTAM Oyab-sIKYy
KOMO1HaIiiiHy a00 MOCHiAOBHY JIOTiYHY (PYHKIII0 MOKHA peali3yBaTH, BUKOPUCTOBYIOUH JIMILE
€JIEMEHTH OJIHOTO THIly, IO CIIPOIIy€E amapaTHy peaji3alilo, yHi(IKye TEXHOJIOTIYHI MpOLEecH
BUPOOHMIITBA Ta JIO3BOJISIE€ ONTUMI3yBaTH €HEProCMOXMBAHHA 1 INIIBHICTH iHTErpamii uQpoBUX

IIPUCTPOIB.
VY npaktuuHii cxemorexHiui BukopucTaHHI NAND 1 NOR 3abe3neuye KOMMAKTHICTBH 1
CTaHJApTH3allil0  MOJYJIB,  JO3BOJIAIOYM  KOHCTPYIOBaTH  CyMaTopH,  Jemudparopu,

MYJIBTUIUIEKCOPH Ta TPUTepH Ha 0a3l MOBTOPIOBAHUX yHIBEpCaIbHUX BY3JiB. MiHIMI3allis JOTTYHUX
GyHKIN, M0 peai3yloThCsl Yepe3 Il eIEeMEHTH, JO03BOJISIE 3MEHIITUTH KITbKICTh TPaH3UCTOPIB,

10



CKOPOTUTH 3aTPUMKH TIEPEMHUKaHHS 1 MABUIIWTH IMIBUAKOAII0 cxemH. KpiM Toro, yHiBepcabHI
€JIEMEHTH CIIPOINYIOTh aBTOMATH30BaHE IPOEKTYBAHHS IIM(PPOBUX IMPHUCTPOIB y CEPEIOBUIIAX
MOJICTIIOBAHHS Ta CHHTE3Y JIOTIKHU, OCKUIBKH OJJTHAKOBUI 0Aa30BHii €IEMEHT MOXKE 3aMiHIOBATH Oy/1b-
AKy CKJIaaHy KoMmOiHalito soriyaux onepariil. Bukopucranast NAND i NOR sk ¢pynaamMmeHTanpHIX
OyaiBenbHUX OJIOKIB LU(POBUX cXeM 3a0e3redye THYYKICTh MPOEKTYBAaHHS, MacIITaOOBaHICTh
cucteM i e(heKTUBHE BUKOPUCTAHHSI OOMEKEHUX PECYPCIB Cy4acHOI €JIeMEHTHOT 0a3H.
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TEMA 2. AITAPATHA OCHOBA KOMIT'IOTEPHUX 3ACOBIB

Jlexuis 4. ludpoBa cxeMoTexXHika: NPUHIMITH, eJIEMEHTH Ta CHHTE3 CXeM

[luppoBa cxeMOTexHIKa € pO3ALIIOM EJIEKTPOHIKM, IO 3alMAa€TbCs IPOEKTYBAHHSM,
aHaJli30M Ta peamizaliero IU(POBUX MPUCTPOIB HA OCHOBI JIOTIYHUX elleMeHTiB. OCHOBHUM
3aBJaHHIM IU(PPOBOI CXEMOTEXHIKH € 3a0e3MeYeHHs KOPEKTHOI OOpPOOKM TUCKPETHUX CHTHAIIB,
MPEJICTABICHUX Yy BHIJISIAI JOTIYHHX PiBHIB «0» 1 «1», mumsixom moOya0oBH KOMOIHAIIWHUX Ta
MOCTIIOBHUX CXEM, SIKi BUKOHYIOTh apu(MeTHuHi, JIOT14HI Ta KepyBayibHi QyHKuii. [IpoexkTyBanHs
nudpoBUX cxeM mependadae BU3HAYCHHS CTPYKTYPH JIOTIYHUX BY3JIiB, BUOIP THITIB €JIEMEHTIB,
pO3MOALT TAaKTOBUX CHTHAJIB Ta OpTaHi3allil0 B3a€MOii MDK ITiJICHCTEMaMH, IO 3a0e3neuye
HaJIHICTh, IIBUJIKOIIIO Ta EHEPTeTHYHY €()EKTUBHICTh IU(PPOBOTO MPUCTPOIO.

®Di3U4HI TPUHIUIN POOOTH TPAH3UCTOPIB y IMUMPOBUX JIOTIYHUX E€IEMEHTAaX I'PYHTYHOThCS
Ha KepyBaHHI MPOBIJIHICTIO HAIIBIPOBIIHUKOBUX MEPEXOAiB MUIIXOM MPHUKIAJAHHS EIEKTPHIHOTO
noteHmiany. TpaH3UCTOp BHCTyNae SIK KIIOY, SKHH MOXXe mepedyBaTH y BiAKpUTOMY abo
3aKpUTOMY CTaHi, IO BIATOBIAA€ JOTIYHUM PiBHAM «1» 1 «0». Y GINOISAPHUX TPAaH3UCTOPAX 3MiHA
0a30BOT0 CTPyMy KOHTPOJIIOE€ TIPOTIKAHHS KOJEKTOPHOTO CTPyMy, TOII SIK Yy IOJIbOBHX
TpaH3MCTOpax HaIpyra Ha 3aTBOpPI BM3HA4ya€ NMPOBIIHICTH KaHamy. Lli BIACTMBOCTI J03BOJIAIOTH
dbopMyBaTH JOTi4YHI BY371H, ¢ KOMOiHAIl TpaH3ucTopiB peanizyoTs onepauii I, ABO, HE Ta ix
noxigai. PdizuyHa peaizallis TPAH3UCTOPHUX KOMOIHAIM BHU3HAYA€ IIBUIKOIIIO EJIEMCHTIB,
3aTPUMKM II€PEMUKAHHS, CHEpPrOCIOXXMBAHHA Ta HaIIHHICTH poOOTH HUGPOBUX CXEM, L0 €
KPUTHYHHM JJ1s1 TOOYZI0BH BUCOKOIIIBH/IKICHHUX TPOLIECOPIB, IaM’sITi Ta nepudepiitHux MOayIiB.

KMOH (CMOS) ta TTJI (TTL) norika € 6a30BMMH TEXHOJOTIsIMH peaiizamii nudpoBux
CXeM 1 BH3HAYAIOTh EJIEKTPUYHI XapaKTEPUCTUKH, MIBHIKOMAII0 Ta €HEProCHOKUBAHHS JIOTTYHHX
enementiB. TTL-morika TIpyHTyeThCSI Ha OIMONSAPHUX TpaH3UCTOpax 1 3abe3medyye BUCOKY
LIBUAKOJII0 MPU TOPIBHSHO MOMIPHOMY CHOXHBAHHI €HEprii, XapakTepU3YeThCs CTAOUIbLHUMU
PIBHSAMHM CHTHAJIIB 1 BIAHOCHO MPOCTOI0 CXEMOTEXHIKOIO AJIS HU3BKOPO3PSJIHUX IHTErpabHUX
MikpocxeM. Bona no0pe mizxoauTte miis peanizanii KOMOIHALIHHMX Ta MOCHIZOBHUX CXEM, Jie
KPUTUYHUMU € IIBHUJKICTh TNEpPEeMHMKaHHA Ta HaJIIHHICTh pOOOTH NpU CTAHJAPTHUX PIBHIAX
KHUBJICHHS.

CMOS-norika 0a3yeTbCsi Ha BUKOPUCTaHHI KOMIUIEMEHTApHUX Iap MOJbOBUX TPAH3UCTOPIB
1 XapakTepu3yeTbCsi IyXKE€ HH3BKUM CTaTUYHUM €HEPrOCIIOKMBAHHSAM, BHCOKOI MIUIBHICTIO
iHTerpamii Ta cridikictio g0 myMiB. Y CMOS-eneMeHTax CIOXKHBaHHS €HEprii BiIOYyBaeThCS
MEepPEeBaAXHO I Yac NEpPEeMUKaHHsS CTaHIB, IO JO03BOJIIE CTBOPIOBAaTH €HEpProe(eKTHBHI Ta
KOMIAKTHI IU(POBI NMPHUCTPOi 3 BEIUKOI KUIBKICTIO JIOTIYHMX BY3JIB Ha OJHOMY KpHCTAIl.
ITopiBusiHO 3 TTL, CMOS-cxemu 3a0e3neuyroTh MUPIINI Aiana3oH Hanpyrd KUBJICHHS, MEHIIY
TEIJIOBY JErpajalilo Ta OUIbIIY THYYKICTh NPH MPOEKTYBAHHI BEIMKUX IHTETPATbHUX CXEM,
BKJIIOYAIOUM TIPOLIECOpH, MaM’siTh Ta BOyZoBaHi KoHTposnepu. BubGip mix TTL ta CMOS
BH3HAYAETHCSI BUMOTAMU 10 IIIBUJIKO/I1i, €eHEPrOCIIOKUBAHHSI, IUIBHOCTI 1IHTETpaIlii Ta crenugikoro
3aCTOCYBaHHS ITU(PPOBOI CUCTEMH.

Texnomorii TTL Ta CMOS wMaiooTh TPHHIMIOBI BIAMIHHOCTI, IO BIUIMBAIOTH Ha
IIBUJIKOII10, €HEePTOCMOKUBAHHS, IIUIBHICTh IHTETpallii Ta YMOBH €KCIUIyaTallii MU(PPOBUX CXEM.
TTL-enemenTn, moOyaoBaHi Ha OIMOJMSPHUX TPAH3UCTOPAX, 3a0€3MEUYyIOTh BUCOKY HIBHJIKICTh
NepEeMUKaHHs Ta HAIMHICTh MPU CTAHAAPTHUX HANpyrax >KUBJICHHS, ajleé MalOTh BIIHOCHO BHCOKE
CTaTUYHE CIIO’KMBAHHS eHeprii Ta oOMeXxkeHy HIUIbHICTh iHTerpanii. CMOS-TexHooris, 3acHOBaHa
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Ha KOMIUIEMEHTApHUX IIOJbOBHUX  TPAH3UCTOPAX, BIAPI3HAETbCA  HMU3BKUM  CTAaTUYHUM
€HEPTOCIOKMBAHHSM, BUCOKOIO ITUTHHICTIO IHTETpaIlii Ta CTIUKICTIO /10 IITyMIB, POTE ii MIBUIKO IS
HID)KYa TIPU HU3BKUX HANpyTax >KUBJICHHS, a 4ac 3aTPUMKH IEPEeMHMKAaHHS 3aJIe)KUTh BiJl €EMHOCTI
HaBaHTaXeHHs. [IOpIBHSIHHS X TEXHOJOTIH mokasye, mo TTL miaxoauTs Juisi BACOKOIIBUAKICHUX
cxeM 13 HeBenukow iHTerpamiero, Tomi sk CMOS ontumanbHa A KOMIIAKTHUX,
eHEepProe(PeKTUBHHUX Ta BUCOKOPO3PSIIHUX CHCTEM.

Cepen iHTErpagbHUX MIKpocxXeM IUGPOBOI TeXHIKHM MomupeHuMH € cepii CDxx Ta 74xX.
Cepis 74xx, mo Oa3yerbcsi Ha TTL, BKiIOYae JOTiYHI €JIEMEHTH CTaHAAPTHOI IIBHAKOMII Ta
HiJABHUILEHOI TeMIepaTypHOI CTIHKOCTI, XapaKTepU3yeTbCsl HAPYTo KHUBJIEHHS 5 B, MIBHIKICTIO
IEPEMUKAHHS B MeEXax JECATKIB HAHOCEKYHJ 1 CIOXHMBAHHAM OJMHUII IOTYXHOCTI KUJIbKa
mimiBart. Cepis CDxx, Bukonana Ha CMOS-texHoJorii, 3a0e3neuye MUPOKUI Jiama3oH Hampyr
XKUBJICHHS B 3 10 15 B, myke HU3bKE CTaTUYHE CIIOKMBAHHS (HAHOBATH a00 MiKpPOBATH ), BHCOKUI
Omip BXOMIB 1 OUIbIIY LIUIBHICTH iHTErpalii, IpOTe Yac 3aTPUMKU NEPEMUKAHHS 3aJCKUTh BiJ
HABaHTAXCHHS Ta MOXXE JOCSITaTH COTEHb HAHOCEKYH[. XapaKTEPUCTHKH X Cepiii BU3HAYAIOTh
BUOIp MIKpOCXeM Ul KOHKpeTHUX 3a1a4: TTL BUKOPUCTOBY€EThCS TaM, A€ KPUTUYHA MIBUIKOIA, a
CMOS — st eHeproe(eKTUBHMX CHCTEM 3 BEIMKOK KIIBKICTIO JIOTIUHUX BY3JIB, THYUYKOIO
HAMPYTol0 KUBJICHHS 1 MiHIMAJIbHUM TETLJIOBHUILJICHHSIM.

OcHOBHI mapaMeTpu JIOTIYHMX €JEMEHTIB BHU3HAYAIOTh IXHIO (PYHKIIIOHAJIBHICTD,
MIBUAKOMII0 Ta HAAIMHICTD Yy HU(PPOBUX CXEeMax 1 BKJIIOYAIOTh TaKi XapaKTEPUCTUKH, SIK 4ac
3aTPUMKH TI€PEMUKAHHS, PIBHI JIOTIYHWX CHUTHAJIB, HAaBaHTa)XyBaJlbHA 3JIaTHICTh, CIOXXHBaHA
MOTYKHICTh Ta TEMIEpaTypHHH Aiama3oH poOoTu. Yac 3aTpMMKM BH3HAYa€ MIBHIKICTB, 3 SKOIO
BUXIiJl €IEMEHTA pearye Ha 3MiHy BXOJIB, i 0e310CepeHbO BIUTUBAE HA MPOJYKTHUBHICTD U (PPOBOT
cucteMH. PiBHI JIOTIYHUX CHTHAJIIB, BKIFOYHO 3 MOporamu po3mizHaBaHHs «0» 1 «1», 3a0e3medyroTsh
KOPEKTHY B3a€MOJIII0 CYMDKHUX E€JIEMEHTIB Ta CTIMKICTh 10 mryMmiB. HaBaHTaxkyBalibHa 31aTHICTh
OIMHCY€E KUTbKICTh BXOJIB 1HIIMX €JIEMEHTIB, SKi MOXHA MiJKIIOYUTH 10 BUXOAY Oe3 aerpanarii
curHay. CHoxkuBaHa TMOTYXHICTh Ta TEMIEepaTypHUN Jiala30H BH3HAYalOTh EHEPreTUUHY
e(EeKTUBHICTb 1 HaJIIHHICTh POOOTH B PI3HUX YMOBaX €KCIUTyaTallii, 0 KPUTUYHO JJIS TOPTaTUBHUX
1 BUCOKOIIIBUIKICHUX CHCTEM.

CuHTe3 cXeM Ha JIOTIYHUX eJleMeHTax Neperdadae NepeTBOPEHHs PYHKI[IOHATbHUX BUMOT Y
KOHKPETHY arapaTHy peati3alliio 3a JOIMOMOTo 0a30BUX a00 yHIBEpCAIbHUX €JIEMEHTIB, TAKUX SIK
AND, OR, NOT, NAND ta NOR. Ilponec cuHTe3y BKJIIOYa€E aHaI3 JOTIYHUX BUPA31B, MOOYIOBY
TabJIUIb ICTUHHOCTI Ta 3aCTOCYBaHHs METOJIIB MiHiMi3allii, 30kpeMa kapT KapHo abo anrebpaiunux
MIEPETBOPEHD, /ISl 3MEHIIEHHS KIUTBKOCTI €JIeMEeHTIB 1 onTumizanii mBuakoaii. [licna cnpormenHs
BUpa3iB BHU3HAUYAIOTHCS KOHQIrypamii MiJKIIOYEHHS JIOTIYHUX €JEeMEHTIB Ui MOoO0yJ0BU
KOMOIHaIIfHUX a00 MOCHIIOBHUX CX€M, 1110 3a0e3mneuye peanizalilo HeoOXiTHUX apu(PMETHUHUX,
JOT1YHUX a00 KepyBainbHUX (PYyHKIIN. [IpaBuibHUI CHHTE3 CXEM JT03BOJISIE JOCATATH OalaHCy M1k
HIBUAKO/II€}0, EHEPTOCTIOKUBAHHAM 1 HIUIBHICTIO 1HTErpallii, 3a0e3neduytoun HafdiiiHy 1 epeKTUBHY
po60Ty UG POBUX MPUCTPOIB Y MEXKaX 3aJaHUX armapaTHUX OOMEKEHb.

Jlekuis 5. Tunosi By3/1u Ta pyHkuioHaabHi 0,10k HudppoBUX cucTeM

Tunosi By31u nupoBoi TEXHIKHU MPEACTABIAIOTh CO00I0 CTaHIAPTHI PYHKIIIOHATIBHI OJIOKH,
10 BHKOPHCTOBYIOTHCS JUIsI MOOYIOBM KOMOIHAIIMHMX Ta MOCTIIOBHUX CXeM Yy LU(PPOBUX
o0YHCIIOBAIbLHUX cucTeMax. Jlo Takux By3miB Hajexarh Jioriuni enmemeHtd (AND, OR, NOT,
NAND, NOR, XOR), ski BUKOHYIOTH 0a30Bi JOTi4HI omeparii, Ta iXx KOMOiHAIii y BHIJIsAL
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cymatopiB, Aemm@paTopiB, MYJBTHIUICKCOPIB 1 JEMYJbTUIUIEKCOPIB [jIi OOpOOKH  Ta
MapmpyTtusamii iHpopMmamii. By3num mam’sTi, Taki SK TpUTEpU, PETICTpU Ta JIYUIBLHUKH,
3a0e3neuyroTh 30epeKeHHs CTaHIB 1 CHHXPOHI3AIII0 TaHUX Y Yaci, peajli3ylouu MOCIiJJOBHY JIOTIKY
Ta YHOpaBIiHHS 00YHCIIOBAIBHUMH MPOLIECAMH.

Kpim TOro, TMIOBMMHM By3JaMH € UIMHU JaHUX 1 ajapec, mo (OpMYIOTh KaHAIH OOMiHY
iHpopMali€r0 MK MiACHCTEMaMH, a TaKoX iHTepQeiicHI Moayi, AKi 3a0e3MeUyloTh B3a€EMOJIIIO 3
nepudepliHUMH TPUCTPOSIMA Ta 3OBHIIIHIMM CHUCTEMaMd. Taki BY3JIHM CTaHAApTU30BaHi, MO0
n03BOJIsIE  YHI(DIKYBaTH TPOEKTYBaHHS LHU(PPOBUX CXEM, 3MEHIIUTH CKIAIHICTh PO3POOKH Ta
CIPOCTUTH MaclTaOyBaHHsA cucteM. KoxeH By3011 XapakTepu3yeThcsi HAOOpOM (YHKIIOHAIBHUX
napameTpiB, MIBUIKOAIEI0, CHEPrOCIIOKUBAHHAM Ta HaBAaHTAXKYBAJbHOIO 3/IaTHICTIO, LII0 BU3HAYAE
HOro 3acToCyBaHHs B KOHKPETHHX YacTHHAX HUQPPOBOi apXiTeKTypH. BHKOpHCTaHHS THUIIOBHX
BY3JIIB JI03BOJISIE 1H)KEHEPY €(PEKTHUBHO CHHTE3YBaTH CKJIaaHI HU(POBI MPUCTPOi, 3a0e3meuyodn ix
Ha/IIiHICTh, MPOTHO30BaHy MOBEIHKY Ta ONTUMAaJIbHE CIiBBIIHOMIEHHS MPOAYKTUBHOCTI 1 pecypcCiB
amapatHoi mIaTGpopmH.

Cymaropu, KOMIIapaTOpH, MYJIbTUIUIEKCOPH Ta JEMYJbTUIUIEKCOPU € OCHOBHHUMH
GyHKI[IOHATBHUMU By3J1aMH IU(PPOBOT TEXHIKH, sKi 3a0e3meuyroTh OOpOoOKy, MOPIBHSHHS Ta
MapuipyTusanito iHdopmauii y mudpoBux cuctemax. CyMaTopu peani3yloTh ornepariii J0JaBaHHS
IBIHKOBUX 4YHCENl 1 MOXYTb OYTH OJHOPO3PATHUMHU abo OaraTopo3paaHUMH, 3a0e3neuyrouu
(opMyBaHHS pe3ysbTaTy Ta MEPEHOCY MK po3psAAaMu; BOHM € 0a30BUMH OJOKaMu apu(pMETHKO-
JIOTIYHUX MPHUCTPOIB Ta MPOIECOPHUX MOAYIIiB. KoMmapaTopu MopiBHIOIOTH J1Ba Yyucia abo JIOTivHi
curHayim i (OpMyIOTh BUXIJTHI CHUTHAJIM, IO BKAa3YIOTh HA BiIHOIIECHHS «OiibIme», «MeHIIe» abo
«IIOPIBHIOE, IO BUKOPUCTOBYETHCS IS KEPYBaHHS MPOTPAMHUMHE TIOTOKAMHU Ta BUOOPY omepartiii
y Tporecopax i KOHTpOJIepax.

MynbTUIUIEKCOPH AO3BOJISIOTH BUOMpPATH OJMH 13 0ararboX BXiJHUX CHUTHANTIB 1 epeaaBaTu
HOro Ha BHXiJ BIAMOBIAHO A0 KEPYBAJIbHUX CUTHAJIB, TUM CaMUM DPEai3yl0ud MapHIpyTHU3AIli0
JAHUX 1 ONITUMI3alliio IHH 00MiHYy. JleMyIbTUIUIEKCOpH BUKOHYIOTh MPOTUIICKHY (DYHKIIIO: OJUH
BXIIHUH CHUTHall PO3MOJUISAETHCS Ha JEKUIbKAa BUXOJIB 3a aJIpECHUMHU CHUTHAJaMM, IO J03BOJISE
e(eKTUBHO TiepeaaBaTu 1HQPOpPMAIII0 0 MOTPIOHOTO MiJCUCTEMHOIO By3i1a. BHUKOpUCTaHHS IHX
TUTIOBUX BY3/TIB y HU(PPOBUX cXeMax 3abe3nedye MOJYyJbHICTh, CTAaHAAPTHU3AII0 Ta CIPOIIYE
CUHTE3 CKJIAJHUX KOMOIHAIIMHKUX 1 MOCHIIOBHUX CXEM, MIIBUIIYIOYH MIBUIAKOIII0, HAMIMHICTH Ta
e(eKTUBHICTh HU(POBUX OOUHMCITIOBAILHUX CUCTEM.

Tpurepu, perictpu Ta JIYWIBHUKM € 0a30BUMHU €JIeMEHTaMH IIOCIiJOBHOI JIOTIKH B
nuGpoBii TexHill, Mo 3a0e3neuyroTh 30€peXeHHsl CTaHy, CMHXpOHi3aliio Ta Ji40y HuppoBUX
cUrHaiiB. Tpurepu € HAUIPOCTIIIUMH eJIeMEHTaMH 30epiranHs oxHoro OiTa iHpoOpMaLii, 31aTHUMHU
HiATPUMYBATH CBIM CTaH JI0 3MIHU K€PYBAJIBHOIO CUTHATY. BOHHM MOXYTh OyTH aCHHXPOHHHMHU 200
CHHXPOHHHMH, OJHOTAaKTHUMH a00 JIBOTAKTHUMH, 1 3aCTOCOBYIOThCS sl (OpMyBaHHS
3aramM’ITOBYIOUMX €JIEMEHTIB, IMIYJIbCHUX T'€HEpPaTOpiB Ta KepyBaHHS MOCIIIOBHICTIO Omepauii y
U (POBUX CXEMaXx.

Perictpu ckiagaroThCsl 3 MOCHIIOBHOCTI TPUTEPIB 1 BUKOPUCTOBYIOTHCS NIl 30€pesKeHHs
6araTo0ITOBUX JaHHUX, IX THMYACOBOTO HAKOMHMUYEHHS Ta Mepeaadl MiXk MiJcucTeMamMu HUPpPOBOTo
npuctporo. Bonu 3abe3neuyroTh napajieabHui abo MOCHiIOBHUM T0CTyM 10 iH(popMaIlii, a TaKoxX
bopmytoTs Oydepu mpu OoOMiHI JAHUMH MK PI3HUMH TaKTOBUMH JOMEHaMHu. JIIYMIBHUKU €
CHeLiaTi30BaHUMHU PEricTpaMH, sKi peayi3yloTh aBTOMAaTHYHE 30UIbLICHHS a00 3MEHIICHHS CBOTO
3HAUeHHS Yy BIJMOBiJh HA TAKTOBI CUTHANM, 3a0e3Meuyroud BiAJIK IMITYJIbCIB, T€HEpaIlilo aapec,
(hopMyBaHHS 4aCOBUX IHTEPBAJIIB Ta KEPYBAHHS LIUKJITYHUMHU MPOLIECAMHU.
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BukopucranHs Tpurepis, pericTpiB Ta JIYUIBHUKIB J03BOJISIE OyAyBaTH CHHXPOHHI ITU(POBI
CHUCTEMH 3 TPOTHO30BAHOIO MOBEIAIHKOI0, 3a0e3euy€e KOPEKTHY Iepeaady Ta 30epiraHHs JaHUX, a
TaKO>X CTBOPIOE OCHOBY JJIsl peaizamii CKJIAQJAHUX apu(PMETUKO-JIOTIYHUX MPHUCTPOIB, MPOIECOPIB,
mam’ATi Ta CUCTEM KepyBaHHs y IU(POBUX OOUUCITIOBATBHUX CUCTEMAX.

Amnanoro-um¢posi neperBoproBaui (ALII) Ta undpo-ananorosi neperBoproBaui (LIAII) e
KIIFOUOBUMH KOMITOHEHTaMH IU(POBHX CHCTEM, IO 3a0€3MeUyIOTh B3a€EMOJII0 MiX ITU(GPOBOIO
00poOkoro iH(MopMallli Ta aHAJIONOBMMH CHUTHAJIaMH 30BHIIIHBOTO cBITYy. AIIIl meperBoproe
HETIepEePBHUN aHAJOTOBUM CHUTHAl Yy JTUCKpeTHY IUGPOBY ¢opMy, sika MOxe OyTH 00poOieHa
nporecopom abo 3amnucaHa y nam’stb. Ilpouec nepeTBopeHHs BKIO4ae BUOIp MOMEHTIB yacy AJs
JUCKpeTH3allii CUrHally, KBAaHTYBAaHHS aMIUIITYJId 3 BIJIOBIJHOIO PO3PAIHICTIO Ta KOAYBaHHS Yy
nBiiikoBuii  ¢opmar. OcHoBHI xapakrtepuctuku ALl BKIIOYAIOTH PO3PSAHICTH, IIBUAKICTH
MEPETBOPEHHS, TOYHICTh 1 BITHOCHY MOXMUOKY, III0 BU3HAYAIOTh SKICTh BIATBOPEHHS aHAJIOTOBOTO
curHaiy B uu¢poBiit popmi Ta epeKTUBHICTH pOOOTH CHCTEMH B peabHOMY Yaci.

LIAIl BuKOHYE 3BOPOTHY OIeEpallifo, NepeTBOPIOIOYM LHU(POBUN KOJ y HemepepBHUIA
aHAJIOTOBUH CHUTHAJ, 10 JO03BOJIAE KEpyBaTH aHAJOrOBUMH BUKOHABYMMM MEXaHI3MaMH,
(dbopMyBaTH 3BYKOBI a00 BiJICOCUTHANIU Ta BIATBOPIOBATH JaHi y (izuuHOMY cepenoBuii. [IpuHiun
po6otu LIAII rpyHTyeThCS Ha reHepalii IponopLiiHOro BUX1ITHOTO HANpyKEHHs ab0o CTpyMy JUis
KO>KHOTO 3HaYeHHs IU(PPOBOro KOAy, a HOro XapakTepUCTUKU BKJIKOYAIOTh PO3PSIHICTh, TOUHICTh
BIJITBOPEHHS, MIBUAKOIIO Ta JNiHiiHICTh. Bukopuctanus AL i LHAII € xputruunuMm 11t o0y 10BU
BOYJJOBaHMX CHCTEM, CHUCTEM KEpYyBaHHs, BUMIPIOBAJIBHOI amapaTypd Ta MYJbTUMEIIHHUX
MPUCTPOIB, OCKUIBKM BOHU 3a0€3MeUylOTh KOPEKTHHH OOMIH JaHUMH MK IH(QpPOBHMHU
MPOLIECOPaMU Ta AHAIOTOBUM CEPEIOBUIICM, BH3HAYAIOYM TOYHICTH, MIBUIKOMII0 Ta HAMIHHICTH
poboTH M(POBOi TEXHIKU B pEATHBHIX YMOBaX.

TunoBi kopnycu iHTerpanbHux MikpocxemM (IMC) Busnauaiote ¢isuuny ¢opmy,
PO3MIIIEHHS BUBO/IIB Ta CIIOCIO MOHTaXKy Ha IUIaTi, IO BILUTUBAE HA MPOCTOTY 1HTErpailii, TeII0BHiA
PEXUM 1 CYMICHICTh 13 1HIIMMH KoMmmnoHeHTaMu. Hailnommpenimmmu kopnycamu € DIP (Dual
Inline Package) 3 nBOMa mapanesnbHUMH psilaMd BUBOJIB JJIi MOHTaXy 4epe3 OTBOPHM Ha IUIaTi,
SOIC Ta SOP — ToHKI MOBEpXHEBI KOPIYCH JUIsl MOHTaXxy Ha noBepxHio miaati, TQFP ta QFP 3
BHUBOJIaMH 110 BCbOMY MEPUMETPY ISl BACOKOUIUIBHOI 1HTerpailii, a Takoxk BGA (Ball Grid Array) 3
KOHTaKTHUMHU KyJbKaMHU IIiJI KOpPIyCOM, IO 3abe3nedye MaKCHMajibHY IIIJIBHICTH BHUBOJIB Ta
epexTuBHUN TermnooOMiH. KoxkeH Thn Kopriycy BU3Ha4a€e 0MyCTUMI rabapuTH, JOBKHUHY BUBOJIIB,
METO/]I TaiiKu Ta MEXaHIYHy Ha/1iHICTh IPH eKCILTyaTallii.

MapkyBaHHsI IHTETpaJIbHUX MIKPOCXEM MICTUTh 1H(opMaliio npo cepito, (QyHKIIOHAIbHE
MIPU3HAYEHHS, TEXHOJIOT1I0 BUTOTOBIIEHHS, JaTy BUITYCKY Ta BUpoOHUKa. Hanpukian, y cepisx 74xx
a0o CDxx mepiui CMMBOJIM MO3HAYal0Th TEXHOJIOTIIO Ta JIOTIYHY cepito, HU(PPU — KOHKPETHUN THIT
MIKPOCXEMH, a JOJIaTKOBI JIITEPU MOXKYTh BKa3yBaTH Ha IIBUJKICHI XapaKTEPUCTUKU, TEMIIEPATYPY
ekcrutyaTarii abo mokpamieHi mapamerpu. CTaHIapTH30BaHE MapKyBaHHS JIO3BOJISIE 1HXEHEPY
IIBUAKO 11IeHTHU(IKYBaTH KOMIIOHEHT, Mili0paTh CyMICHHM €JIeMEeHT NMpH 3aMiHi Ta 3a0e3Nme4uTu
npaBwibHe BHKOpUCTaHHS IMC y CcXeMOTEXHIYHHUX NPOEKTaX, JOTPUMYIOUHCH PEKOMEHaIin
BUPOOHHKA MO0 ENEKTPUIHUX XapaKTEPUCTUK Ta MOHTAXY.

Jlekuisi 6. AnmapaTHi KOMIIOHeHTH Ta iHTepdeiicu HUPPOBUX CHCTEM

[TporpamoBani Joriuni inTerpansHi cxemu (ITJIIC) € yHiBepcasibHuMH 1HPPOBUMHU
MIKpOCXEMaMH, CTPYKTypa SKUX Moke OyTH 3MiHEHa IIicis BHUTOTOBJIEHHS 3a JIOTIOMOIOIO
crieniaibHOr0 KoH(irypauiinoro koxy. Ha BinmiHy Bin ¢ikcoBaHux iHTerpaidbHux cxem, [IJIIC
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MICTSTh MATPHIIO JIOTIYHUX OJIOKIB, TPOrpamMoBaHI MDK3 €IHAaHHS Ta MPOTPaMOBaHI EIIEMEHTH
BBOJIy-BUBOJly, IO JO3BOJISIE CTBOPIOBAaTH JIOBIIbHI KOMOIHAIIMHI Ta TIOCIIIOBHI CXEMH,
aJlanTyBaTH apXiTEKTypy MiJl KOHKPETHI 3a7ayi Ta onepaTMBHO MOAU(iIKyBaTH (PyHKIIOHANBHICTH
6e3 3minu anapatHoi minaropmu. Kondirypamis IJIIC BuUKOHYEThCS depe3 amapaTHi OINKCOBI
MoBH, Taki sk VHDL abo Verilog, 3a momomororo sKux iHXXEHEp BH3HAYA€ JIOTIKYy poOOTH
MPUCTPOIO, a CHUHTE3aTOp IMEPETBOPIOE III OMUCH HA CTPYKTYypy JIOTIYHUX pECcypciB Ta
MapHIpyTH3aIlii BCepearHI MIKPOCXEMH.

Cdepu Bukopuctanus IIJIIC oxomumoroTh o0sacTi, e MNOTpiOHA BHUCOKA IIBUIKOIIS,
napasenabHa 00poOKa Ta MOKJIMBICTh IIBUAKOI afjanTalii anapaTHOi JOrikd. BoHM 3acTOCOBYIOThCS
y TEJNEKOMYHIKAIIMHUX CHUCTEMax Ui peaii3aiii BUCOKOIIBHUAKICHUX MPOTOKOIIB, y HHU(POBIiH
00poOui curHamiB Juisi HapaienbHUX (IABTPIB Ta IMEPETBOPEHb, y CHUCTEMax KepyBaHHS Ta
BOYJJOBaHMX KOHTpOJIEpax il CTBOPEHHS CIIELiaNi30BaHUX OOuYMCIoBaIbHUX MomyiiB. TIJIIC
IIMPOKO BUKOPUCTOBYIOTH Yy MPOTOTUITYBaHHI MIKpOIIpOIEcCOpiB Ta cnenianizoBanux IC, ockinbku
BOHHM Jal0Th 3MOTY MEpPEBIPATH amapaTHi apxXiTeKTypu 0e3 HeoOXiTHOCTI BHTOTOBJICHHS HOBHX
KPEMHI€BUX KPHUCTAIIB. 3aBISKH MacIITa0OBAaHOCTI JIOTIYHUX peCcypciB, THYUKill KoH(iryparii Ta
BucokoMy piBHIO mapanenizmy IIJIIC 3aGe3nedyroTh MOXJIIMBICT CTBOPEHHS —amapaTHUX
00YHCITIOBAJIBHUX CUCTEM, SIKI TOE€THYIOTh BUCOKY IIPOAYKTUBHICTD 13 KOPOTKMM LIUKIOM PO3POOKH
Ta HU3BKOIO BapTICTIO MOIU]iKaIlii.

[udpoBi MIKpOCXeMHU IIUPOKO 3aCTOCOBYIOTHCS B MOOYTOBUX Ta IPOMMCIOBUX IPUCTPOSIX,
3a0e3neuyrour aBTOMATH3allilo, KepyBaHHA, OOpoOKy iHdopMmarii Ta peanizamilo CKJIaTHHX
GyHKIi Ha OCHOBI JWCKPETHOI JIOTIKM W BOYZOBAaHMX AITOPUTMIB. Y TOOYTOBHX MPHUCTPOSX
muppoi IMC  ¢popmMyrOTh OCHOBY pOOOTH TEJICBI30piB, CMApTQPOHIB, TNPaTbHUX MAIIHH,
XOJIOJWIBHHKIB, CHUCTEM KOHJMIIIFOBAaHHS Ta TOOyTOBUX poOOTiB. BoOHM BiANOBiZarOTH 32
KepyBaHHS  JIBUTYHaMmH, iHTepdeiicaMu  KOpUCTyBaya, CEHCOPHUMHU eJIeMEeHTaMH,
E€HEProCIOKMBAaHHSAM 1 B3aEMOJIIEI0 3 Mepexero. ba3oBi nu@poBi KOMIOHEHTH, Taki SIK
MIKPOKOHTPOJIEpH, 1aM’sTh, JIOTIYHI ApaiiBepu, TaiiMepu Ta iHTepdelcHI Moayi, 3a0e3NnedyoTh
IIBUJIKY PpEaKLil0 CUCTEMH, TOYHICTh BHUKOHAHHS alTOPUTMIB Ta MOXJMBICTb T'HYYKOTO
HaJalTyBaHHS QYHKILIH y pI3HUX peKuMax poOOTH.

Y npoMHCITIOBUX TMPHUCTPOSX IUGPOBI MIKPOCXEMH 3aCTOCOBYIOTHCS JUIsl aBTOMAaTH3aIlli
BUPOOHMYMX TMPOLECIB, MOOYIOBU CUCTEM KEPYBAaHHS, OOpOOKM TEXHOJOTIYHHUX CHUTHAJIB Ta
KOMYHIKallli MDK €JIeMEHTaMu IpPOMUCIOBUX Mepex. IIporpamoBaHi KOHTpojepu, LHPPOBI
JAaTYUKH, MOAYJl 300py AaHUX, MPOMHUCIOBI KOMIT'IOTEpU Ta CrelianizoBaHi HU(POBI Mpolecopu
3a0e3neuyroTh HaJiiiHy poOOoTy o0jajHaHHS B yMOBax IMiJBHUINEHOI TeMmepaTypH, BiOpaiil,
€JIEKTPOMArHiTHUX 3aBaJ 1 MEXaHIYHOTO HaBaHTakeHHs. L{n¢pposi MikpocxeMu (OpMYyIOTh JIOTIKY
KepyBaHHS pOOOTH30BAaHMMM KOMIUIEKCAMM, CHCTEMaMM E€HEpPropo3nojiily, aBTOMAaTH30BaHUMU
JIHISIMU BUPOOHUIITBA Ta JIarHOCTUYHUMHU MIPUCTPOSIMU, 3a0€3MEeUyI0UYH JeTePMIHOBaHY poOOTy Ta
BHCOKY CTIMKICTh J0 300iB. 3aBASKM BHCOKIM I1HTErpailii, HU3bKOMY EHEpPrOCIIOKMBAHHIO Ta
THYYKOCT1 KOH]irypatii nudppoBi MiKpOCXEMH CTaJIN KJIFOUOBUM €JIEMEHTOM Cy4aCHUX MOOYTOBHX 1
MIPOMHUCJIOBUX CHCTEM, BU3HAYAIOYH TXHIO (DYHKIIOHAJIBHICTh, HAIIHHICTD 1 €PEKTUBHICTb.

Mikponporiecopu Ta MIKPOKOHTPOJIEPH € IEHTPATbHUMH KOMIIOHEHTAMH Cy4YacHHX
OOYMCITIOBAILHUX Ta KEpyBaJbHUX CHCTEM, aji¢ BOHM BIAPI3HAIOTBECA 3a CTPYKTYpOIO,
npU3HaYeHHAM 1 cdeporo 3acTocyBaHHA. Mikpornpolecop sBisie €000  yHiBepcalbHUN
00UHCITIOBAJILHUIM OJIOK, OCHOBOIO SIKOTO € apu(METHKO-JIOTIYHUM MPUCTPii, pericTtpoBa cucrema
Ta 0JIOK KepyBaHHs. BiH npu3HayeHu# U1 BUKOHAHHS 3arajibHOro Habopy 1HCTpYKLiH 1 moTpelye
30BHIIIHIX KOMIIOHEHTIB — ONEPaTUBHOI MaM’sTi, HOCTIHHOT MaM’sTi, IHTepPEHCHUX KOHTPOJIEPIB 1
nepudepiinux  MoxyiiB. Taka MOAYJBHICTH JI03BOJISIE  MiKpompolecopam  (opmyBatu
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BUCOKOIIPOAYKTUBHI CHCTEMHM, BKIIOYHO 3 HEPCOHAIBHUMH KOMII'IOTEpaMH, CepBepaMH Ta
O0OYHCITIOBAIBHAUMH TUIATPOPMaMH, /1€ BAXJIMBUMHU € IIBHIKOJIS, IIMPOKI MOXKIUBOCTI 0OpOOKH
JTAaHUX 1 THYYKICTh KOH(Irypartii.

MikpOoKOHTpoOJIEp, Ha BiIMiHY BiJl MiKPOIIPOIIECOpa, € IHTErPOBAHOIO CUCTEMOIO HA OJTHOMY
KpHUCTaJdi, sKa MICTUTh INPOLIECOPHE SJPO, ONEPaTHUBHY IaM’ATh, IMOCTIHY mam’saTh, TaliMepH,
MOPTH BBOAY-BHBOJY, aHAJIOTO-IM(POBI NepeTBOproBadi Ta iHmN nepudepiiini moxyni. Bin
NpU3HAYEHUH JUIsI BUKOHAHHA CIEL[laJli30BaHMX MPHUKJIAAHUX 3aJad y peaJbHOMYy daci Ta
3a0e31eYeHHs] aBTOHOMHOTO KepyBaHHS (Di3WYHUMU TpoliecamMu 0e3 MmoTpeOH y BEIUKiN KUIBKOCTI
30BHIIIHIX  KOMIIOHEHTIB. 3aBISKH IHTErPOBAaHOCTI Ta HHU3BKOMY  €HEPTOCIOKHBAHHIO
MIKPOKOHTPOJIEPU 3aCTOCOBYIOThCSI y BOYJOBaHUX CHCTE€Max, MOOYTOBUX MPUCTPOSIX, CEHCOPHHUX
Mepekax, IPOMHUCIOBHX KOHTpoJiepax 1 pPOOOTOTEXHilll, /€ KIOYOBUMH € HaIHHICTD,
MOBTOPIOBAHICTh AJITOPUTMIB Ta AETEPMIHOBaHA PEAKIIis HA MOI].

[TonsaTTss Mikpomporecopa i MIKPOKOHTpoJiepa BifoOpakae maBa pi3HI MIXOAM 10
opraHizanii OOYMCIIIOBAJIBHUX CHUCTEM: YHIBEPCAJIbHHNA OOUYMCIIOBATIBHHNA MOIYJb 13 IIMPOKUMH
MOJKJIMBOCTSIMU PO3IIUPEHHS Ta KOMIIAKTHUI I1HTEpPOBAaHUN KOHTPOJIEp, ONTUMI30BaHUU JUIs
KOHKPETHUX NPUKIAJHUX 3aBAaHb. OOuABa TUNH NPUCTPOIB € (PyHAAMEHTAIBHUMU E€JIEMEHTaMHU
un(dpoBoi TEXHIKH Ta (POPMYIOTH OCHOBY CYYaCHUX OOUMCIIOBATLHUX 1 KEPYBAIBHUX apXITEKTYP.

CrpykTypa MIKpPOKOHTPOJIEPIB 1 MIKPOIPOLECOPHUX CUCTEM BU3HAYAETHCS B3a€MOJIIEI0
MPOLIECOPHOTO  ANpa, Ham’aTi Ta mnepudepifHuX MOIYJiB, MO0 3a0e3MeYyl0Th BHUKOHAHHS
THCTPYKIIiii, 30epeKeHHS TaHUX 1 KepyBaHHS 30BHIIIHIMU MPUCTPOSMU. L{eHTpabHUM eTEMEHTOM €
MPOIIECOPHE S/IPO, SIK€ MICTUTh apU(PMETHKO-JIOTIYHMNA TPUCTPiH, pericTpoBuil daiin i Oiok
KepyBaHHS, BIANOBIJAIGHUI 3a JEKOAyBaHHS Ta BHKOHAaHHS IHCTpyKuii. Haskomo sapa
dbopMy€eThCSl CHUCTEMHA INMHA, sKa 3a0e3nedye OOMIH JaHMMHU MDK ycCiMa KOMITOHCHTAMH,
BKJIIOYAIOYU TIaM’ATh 1 30BHIIIHI iHTepdelcu. Y MIKpOKOHTpolepax Il eleMEHTH IHTEeTpOBaHl B
MEXax OIHOro KpHCTaly, TOAI SIK y MIKPONPOLIECOPHUX CHUCTEMax BOHHM Ppeali3yloThCs 3
BUKOPHUCTaHHSAM OKPEMHUX MIKPOCXEM.

Tunu mam’sTi BKIIOYAIOTh OMNEpaTHBHY Nam ATh, MOCTIHHY MaMm’sTh Ta CIeliajli3oBaHi
OydepHni obnacti. OneparuBHa nam’ st (RAM) BUKOpHUCTOBY€EThCA ISl 30€piraHHs poO0UMX JaHUX
Ta TPOMDKHHUX pE3yJbTaTiB MiJ Yac BHKOHAHHA MpPOTrpaM 1 XapaKTEpPHU3Y€EThCS BHCOKOIO
MIBUJKOIEI0 Ta eHepro3anexHicTio. [locriitna mam’ste (ROM, Flash, EEPROM) cnyrye mis
30epiraHHsi MPOrPaMHOr0 KOy 1 KOH(DIrypamiiiHUX mapameTpiB, € €HEproHe3aaekHow 1 30epirae
JlaHl Miciasl BAMKHEHHS XUBJIEHHS. J[0aTKOBI THUIM maM’sTi — Kell MaMm’sTh y MIKpompolecopax,
Oydepu BBOIY-BUBOJLY Ta pericTpu mnepudepiiHux MoIyniB — 3a0e3nedyroTh IMiABUIICHHS
MPOYKTUBHOCTI Ta ONTUMI3alli0 OOMIHY JaHUMH MIX MiJICHCTEMaMHU.

OcHoBHI nepudepiitHi Moxmyni 3a0e3nmeuyroTh B3a€EMOI  MIKPOKOHTpojiepa abo
MIKpOIpOIecopa 3 30BHIIIHIMU NMPUCTPOSIMU Ta CeHCOpaMHu. [0 Takux MOJyJIIB HajleXkaTh TaliMepu
Ta JIYWIBHUKH, SIKI BIATOBIIAIOTH 32 (JOPMYBaHHS YaCOBHUX IHTEPBAIIB 1 CHHXPOHI3a1lll0 MPOLECIB;
MOPTHU BBOJLY-BUBOJY AJisi poOoTH 3 nudpoBumu curtanamu; inrepgeiicu UART, 12C, SPI ra USB
JUIS KOMYHIKAIii 3 IHIIUMH UA(POBUMH MPHUCTPOSIMU; aHAIOTO-IU(pPoBI Ta LU(PO-aHATIOTOBI
MepeTBOPIOBayil Juisi poOOTH 3 aHAJIOTOBUMHU CUTHaiaMu; Moyt PWM nns kepyBaHHS IBUTYHaMU
I BUKOHABUMMH MEXaHi3MaMH; a TaKOK KOHTPOJIEpU IepeprBaHb, 110 3a0e3MeuyIoTh Peakililo Ha
acMHXpOHHI noJiii. CyKyImHICTh IIUX €JEeMEHTIB BH3HAaua€ (PyHKIIOHATbHI MOXKJIMBOCTI CUCTEMH, Il
INPOAYKTUBHICTh, THYYKICTh Ta 3JaTHICTh A0 iHTerpauii y ckiagHi uu¢poBi W BOyIOBaHI
KOMILIEKCH.

MikpocxemMu y3rojkeHHs 1HTepQeiciB 3a0e3nmeuyloTb KOPEKTHY B3a€EMOJII0  MIXK
1M (POBUMHU MIPUCTPOSIMHU, K1 MPALOIOTH 3 PI3HUMHU PIBHSAMU HaNpyT, TUIIAMU CUTHAJIIB, JIOTTYHUMU
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CTaHIapTaMH a00 EJIEKTPUYHUMHU XapaKTePHUCTUKaMU. BOHM BHKOHYIOTH (YHKIII TEpEeTBOPEHHS
piBHIB Hampyru, Oydepuzariii CUTHaJIIB, 3aXUCTy BiJl IEPEBAHTAXCHb Ta 3a0e3MeUeHHs MOTPiOHOT
HABaHTAXXyBaJbHOI 3/aTHOCTI IS KEPYBaHHS KIUIbKOMa MPUCTPOSMU oOfHOouYacHo. Jlo Takmx
MIKpOCXEM HaJle)XaTh JpaiiBepd IIUH, IMOBTOpIOBaui curHainiB, meperBoproBadi TTL-CMOS,
mudepeHtianbai  npuiiMayi-epeaBadi Ta JOTi4HI Oydepu 3 TphOMa CTaHAMH BHXOIy. IXHE
3aCTOCYBaHHSA € HEOOXIHUM Yy CKIaJHUX LU(PPOBUX CHUCTEMaX, A€ Pi3HI HiJCUCTEMH MOXKYTh
MpaioBaTH 3a PI3HUMHU CTaHJAapTaMd Hampyrd abo MaTH BiAMIHHI BHMOTH JIO IIBHAKOIII,
IMITEITaHCY Ta eJIEeKTPOMarHiTHOI cymicHocTi. IlpaBuibHe y3roJpKeHHs iHTep(dEHCIB MiaBUILYE
HaJIAHICTh TIEpPEeIaBaHHS JaHWX, 3MCEHIINY€E KWMOBIPHICTh CIIOTBOPEHb Ta 3a0e3neuye CTaOUIbHY
pOOOTY CHCTEMH B yMOBaX BHCOKOIIIBHIKICHOT KOMYyHIKaIIii.

[ToOymoBa Ta aHami3 MUGPOBOTO By3/Ia HA OCHOBI TUCKPETHOI JIOTIKM BKItoUae (popmaibHe
BU3HAYCHHS (PYHKIIOHAIBHOTO TPU3HAYEHHS By3/1a, BUOIp HEOOXIIHUX JIOTIYHHUX EJIEMEHTIB 1
noOy/IOBYy €NIEKTPUYHOI CXEMH, fKa peajizye 3amaHy Joriuydy ¢yskimiro. [Iporec mounHaerscs 3
(dbopMyBaHHS JIOTIYHOTO BHpazy abo TaOMHUIl ICTHHHOCTI, IO OMHCY€E 3aJCKHICTh BUXOIIB BiJ
Habopy BxofiB. Ilicis 1bOro BUKOHYEThCS MiHIMI3allig JOTIYHOT (YHKIIT A7 CKOPOYEHHS
KIUJIBKOCTI €NeMEHTIB Ta onTuMizalii cTpykTypu. Ha ocHOBI onTumizoBaHOi (yHKIT 0OUparOThCs
KOHKpPETHI JIOTIYHI MIKPOCXeMH TMOTpPiOHOTO CTaHAApPTy, BPaxXxOBYIOUM iXHIO 3aTPUMKY,
HABaHTa)XXyBaJbHY 3JaTHICTb, PiBHI CUTHAJIB Ta CIOXHBAHY IMOTYXHICTh. Jlani BUKOHYyeTbCS
noOy/IoBa CXeMHU 3 ypaxyBaHHsSM (i3WYHHX IapaMeTpiB 3’€JIHaHb, YACOBUX XaAPAKTCPUCTHK Ta
MOJKJIMBHX TIEPEXOJiB CHUTHAJIB MK TaKTOBHMH JOMEHaMH. AHaJi3 TOTOBOTO By3Ja BKIIOYAE
MEPEBIPKY JIOTIYHOI KOPEKTHOCTI, MOJICITFOBAHHS MTOBEIIHKHU MIPH PI3HUX BXIJHUX CHTHAJIAX, OLIHKY
YacOBMX 3aTPUMOK, 3alacy 3aBaJIOCTIMKOCTI Ta TEMJIOBOTO pexuMy. Takwid MiAXia H03BOIISIE
CTBOPIOBATH Ha/ilHI i MpeTUKTUBHI IU(POBI By3/IH, CyMIiCHI 3 IHITUMH KOMIIOHEHTAMH CHCTEMH Ta
OIITUMI30BaHI 32 allapaTHUMU ¥ EHEPreTUYHUMU ITapaMeTPaMHu.
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TEMA 3. IEPCOHAJIbHI KOMIT'IOTEPHU TA IX IHTEP®EVCH

Jlekuist 7. CTpyKTYypa nepcOHAJBLHOI0 KOMII' I0Tepa

CrpykTypa MEpCOHAJBHOIO KOMIT'IOTEpa BH3HAa4yae€ B3AaEMOAII0 HOro amapaTHHUX
KOMIIOHEHTIB, 110 3a0€3Meuyl0Th BUKOHAHHS O00YHMCIIeHb, 30epiraHHs JaHWX, BBEJCHHSA-BUBEICHHS
Ta KepyBaHHs mnepudepicro. LIeHTpanbHIM €IeMEHTOM € TPOIEeCcop, KWW BHKOHYE ITHCTPYKIIIT
MPOrpaMHOTO 3a0e3MeueHHs, 3AIMCHIOE apru(METHYHI Ta JIOTI4HI omeparii Ta KOOpAHHYE poOOTy
iHImMX migcucreM. lIpouecop B3aeMozi€ 3 ONEPAaTUBHOIO IaM’SITTIO, 10 BUKOPUCTOBYETHCS IS
THUMYACcOBOTO 30epiraHHs JaHUX 1 KOMaH/I, HEOOX1THUX Y Tpolieci BUKOHAaHHS mporpaM. OOMiH Mix
IIPOLIECOPOM Ta IHIIMMHU KOMIIOHEHTaMHU 3a0e3IedyeTbCs CHUCTEMHOK LIMHOK abo HabopoMm
BHYTPIIIHIX LIHH, 1110 BKJIIOYAIOTh IIMHU JAHUX, a/IpeC 1 KEPyBaHHS.

®dyHKIIi TOBroTpuBayioro 30epiranus iHGopmMarlii BUKOHYIOTh HaKONW4YyBadi, Taki sk SSD
ab0 KOPCTKI TUCKH, IIO MICTSATh ONEpaIliifHy CUCTeMy, IPUKIAJHE MporpaMHe 3a0e3nmeueHHs Ta
poboui daitmi kopuctyBada. ['padiuHa migcucTeMa, MpeacTaBieHa IHTETPOBAHUM a00 TUCKPETHHM
rpadidyHAM ajanTepoM, BIAMOBiZae 3a (OpMyBaHHS 300paKEHHS Ta amapaTHe NPUCKOPEHHS
rpadiuHUX omepanid; i1 TPOMYKTHBHICT, BH3HAYa€ MOXJIMBOCTI CHCTEMH Yy Bisyauisaumii,
MOJIETIIOBaHHI Ta O00poOli MyJIbTUMENIHHOTO KOHTeHTy. Ilepudepis mia’eqHyeThCs uepes
intepdeiicu USB, HDMI, PCI Express Ta iHIII CTaHZapTH30BaHI MPOTOKOIH, LIO J03BOJSIOTH
MIJKITI0YaTH 30BHIMIHI HPUCTPOI — KiIaBlaTypHw, MHUII, HIPUHTEPH, MEPEKEBl aaanTepH,
HAKOMUYyBayl Ta 1HII MOIYJI.

MarepuHchKa 1maTa € 6a30BOI0 KOHCTPYKTHBHOIO TUIaT(OPMOI0, 0 00’ €IHY€ BCi amapartHi
KOMIIOHEHTH, 3a0e3redye iX eNeKTpUuYHe >XUBJICHHS, (Pi3MUHE Y3rO/pKEHHS Ta MapHIpyTH3aIliio
curHaiiB. biok xuBieHHS Gopmye crabinmizoBani Hanpyru s Beix komnoneHTiB [IK, a cucrema
OXOJIO/DKEHHS MiITPUMYE€ TETTIOBUI PEXHM Ipoliecopa, rpadigHoro ajanTtepa Ta iHIIMX €JIEeMEHTIB,
3amobiraoun mneperpiBy. Bzaemoais nux miacucrteM (opMmye LUTICHY amapaTHy apXiTeKTypy
MEPCOHATIBHOIO KOMII'IOTEPa, Y SKiM BiJ] y3rOJKEHOCTI Ta XapaKTepUCTHK KOKHOTO KOMITOHEHTa
3aJIeKUTh 3arajibHa MPOyKTUBHICTh, HAJAIMHICT 1 MOKJIMBICT MacIITa0yBaHHS CUCTEMHU.

KommnoHeHTH cuCTeMHOro OJIOKY MepCOHAJBHOIO KOMII'IOT€pa CTaHOBJISATh OCHOBHY
arnaparHy miaatdopmy, ska 3a0e3nedye BUKOHaAHHS OOYMCIIeHb, 30epiraHHs JaHUX Ta B3aEMOJIIO 3
nepu@epiiHuMu NPUCTpOsiIMU. LleHTpanbHUM eleMEHTOM € MaTepUHChbKa IulaTa, sfKa IHTErpye
MIpOLIECOp, OINEpaTHUBHY IaM STh, KOHTPOJIEPH IIMHU Ta IHTEpQeicHI Moaysi, 3abe3nedyrouu
€JIIEKTpUYHE U JIOTIYHE 3 €HAHHS BCIX KOMIIOHEHTIB. IIporecop BHKOHye 0OUYMCIIIOBaIbHI Ta
JIOT1YHI omnepalii, Kepye mijicicTeMaMu Ta 00po0Jsie 1HCTPYKIiT IporpaMHOro 3a0e3neyeHHs], ToAl
K omepaTuBHa nam’sTh (RAM) ciyXuTh AJii THMYacoBOTO 30epiraHHs JAaHUX 1 KOMaHJ MiJ 4ac
BUKOHAHHS IPOTPaM.

Jns  nosrorpuBasioro 30epiranHs iH(oOpMaIlii BHKOPHCTOBYIOTBCS KOPCTKI JMCKH,
TBEPJOTLIbHI HAKONMWYyBadi Ta KOMOIHOBaHI CXOBHMINA, IO MICTATh OINEpaliiHy CHCTEMY,
MPUKJIaHI MpOorpamMu Ta KOpUCTyBalbki naHi. ['padiuna nmigcucrema, npeacTaBiieHa IHTETPOBAHUM
abo IHCKpeTHUM rpaiuHUM aJanTepoM, BIAMOBIJIAE 3a (GOPMYBAaHHS BiJIEOCUTHAIIy Ta amapaTHe
MIPUCKOPEHHSI 00poOKU 300pakeHb, BIZEO Ta TPUBUMIPHOI rpadiku. biok xuieHHs 3a0e3neuye
cTaOlIbHI HAmpyru JUisi BCIX KOMIIOHEHTIB CHCTEMHOro OJOKY, HIATPUMYIOUM iX HOpPMaJIbHY
poboOTy, a cUCTeMa OXOJIOJKEHHS — BEHTHJISATOpaMH a00 PIIMHHUMU KOHTYypaMH — MIATPUMYE
JIOMYCTUMHM TEIUIOBHH PEXUM IpoLecopa, rpadiuHoro aganrtepa Ta iHIIUX eJIeMEHTIB.
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JloaTKOBUMHU KOMIIOHEHTaMH € KOHTpOJIEPH BBOJIY-BHBOJLy, MEPEKEBI KapTH, 3BYKOBI
IJaTd Ta iHII TnepudepiitHi MOaysi, MO MIKIIYAIThECA 0 BIAMOBIIHUX IMMH 1 1HTEp(ENciB
MaTEpPUHCHKOI MIaTh. YCi 11l eleMeHTH POPMYIOTh KOMILIEKCHY apXiTEeKTypy CHCTEMHOro OJIOKY, B
AKIM B3a€EMOJISI Ta XapaKTEPUCTHKA KOKHOTO KOMIIOHEHTa BH3HAUYa€ MPOTYKTUBHICTh, HAIIHHICTH
Ta MOYJIMBICTh MOJICPHI3allii IEPCOHATHFHOTO KOMIT IOTEPA.

MarepuHcbka IJIaTa € LEHTPAJIbHUM KOMIIOHEHTOM NEpPCOHAIBHOTO KOMII IOTEpa, IO
3a0e3mnedye (i3uUHe Ta ENCKTPUYHE 3’ €HAHHS BCIX armapaTHUX MOJIYJIIB CHCTEMH Ta KOOPIMHAIIIO
ixHpO1 poOoTH. BOHA MICTUTH MPOIECOPHUI PO3’€M AJIsi BCTAHOBJIEHHS LIEHTPAIBHOIO MpOIecopa,
CJIOTH OIEpaTUBHOI MaM’sTi It MoAyJliB RAM, a TakoX KOHTpOJIEpU IIWHU Ta iHTep(dEeuciB, 1m0
3a0e3meuy0Th OOMIH JaHMMH MDK migcucTtemMamMu. Ha 1uiati po3TamoBYIOTBCS YINCETH, SKi
MNOJUISIOTbCA HAa MIBHIYHUEM MICT, IO BIJAMOBINAE 3a B3AEMOJII0 IpoLEcopa 3 MaM’SITTIO Ta
rpadidHAM ajganTepoM, Ta MiBACHHUH MICT, IO Kepye NepudepiiHUMHI NPUCTPOSIMU Ta IIHHAMU
BBO/Iy-BHBO/LY.

MarepuHcbka IJlaTa BKJIIOYAE€ PO3’€MH Ta CJIOTH JJIsi BCTAHOBJCHHS JOJATKOBUX KapT
PO3IIMPEHHS, TAKUX K BiACOKAPTH, MEPEXKEB] a1anTepH, 3BYKOBI TUIaTH Ta KOHTPOJIEPH 30epiraHHs
naHuX. [HTerpoBaHi MOAyIi, HAPUKIIAJ ayAio- Ta MEPEXeBl KOHTPOJIEPH, 3a0e3MeuyloTh 0a30By
GyHKIIOHANBHICTE 0€3 moTpeOu y 30BHINIHIX KapTkaX. J[oZaTkoBl eleMEHTH IUIaTH BKIIOYAIOTh
CXEMHU KHMBJICHHS JUIsg cTabimizaiii Hampyrd mpolecopa Ta IHIIUX KPUTUYHUX KOMIIOHEHTIB, a
TaKOX CHUCTEMH MIAKIIOYECHHS BeHTUJISAIINHIX a00 PIIMHHUX 0XO0J0/KYBaJIbHIX KOHTYPIB.

MapmpyTusaiisi CUTHAIIB 1 opraHisaiis IIHH Ha MAaTEPHHCHKIN IDIaTi BH3HAYAIOTH
MIBUJIKOJII0 Ta CYMICHICTh KOMIIOHEHTIB, a craHmapTu Qopm-dakropy — Qi3udHi po3mipw,
po3TanryBaHHS po3’€MIB Ta MOHTa)XHI OTBOpPH. TakMM YMHOM, MaTepPHHCHKA IJIaTa BUKOHYE POJIb
KOMYHIKaI[IHHOTO Ta C€HEPreTUYHOro XpedTa CUCTEMH, 3a0e3MeUyIoud IHTETpaIliio IMpoIecopa,
nam’sTi, nepudepii Ta PO3MUPIOBATBHUX MOAYJIB Y €IUHY anapaTHy apXiTEKTypy MepCOHaIbHOIO
KOMIT I0Tepa.

[Tporiecop € IEHTpaTbHUM OOYHMCIIOBATBHUM OJIOKOM MNEPCOHAIBHOIO KOMITIoTepa alo
MIKPOKOHTPOJIEPHOI CUCTEMH, SIKUI BUKOHYE apr(PMETHYHI, JIOT1YHi, KepyBaJbHI Ta BXiIHO-BUXI1IHI
omepariii BiANOBIHO 10 KOMAaHJ IPOrpPaMHOro 3abe3redeHHs. MOro OCHOBHMMH CKIAJOBHMH €
apudmeruko-noriunuii npuctpii (AJIII), pericrposuii ¢aiin Ta 610k kepyBaHHs. AJIII 3a6e3neuye
BUKOHAHHS OTEpaIliil 10AaBaHHs, BiIHIMaHHS, MHOKEHHSI, JIIJIEHHS, a TAaKOX JIOTTYHUX OMeparlii i
3cyBiB. Perictpu mpusHaueH1 Il THMYAcOBOro 30epiraHHs JaHUX, aJpec mam’sTi Ta MPOMIKHHUX
pe3ynbTariB 00YHCIIEHb, IO TO3BOJISE MIABUINUTH IIBUIKOMIIO CHCTEMH IIISIXOM MiHIMizallii
JOCTYMY J0 30BHIITHBOI MaM’ SITi.

brok kepyBaHHS OpraHi3oBy€ MOCTIIOBHICTb BUKOHAHHS I1HCTPYKLiH, Kepye MOTOKaMHU
naHux Mk perictpamu, AJIII Ta mam’saTTiO, a TakoX (OpMye CUTHAIM YHOPABIIHHA JUIs
nepudepiinux MoayiiB. [Ipouecop B3aeMoie 3 ONEPaTUBHOIO MaM’ ATTIO Ta KEII-MaM STTIO Yepe3
IIUHU JAaHUX, aJIpec Ta KepyBaHHA, 10 3a0e3neuye MBUAKANA OOMIH 1H(OpMaIli€l0 Ta 3MEHIIyE
3aTPUMKH i1 9aC BUKOHAHHS KOMaH/. J[0TaTKOBHMH eJleMEHTaMH CyYaCHHX IPOIECOPIB € OJIOKH
nepen0adyBaHOTO BUKOHAHHS 1HCTPYKI[iM, KOHBEEpHA OpraHizaiisi oOpoOKH, MOIyJl KepyBaHHS
KelleM 1 CrHeliali30oBaHi MNPUCKOPIOBaYi, IO MiABHILYIOTh MNPOIYKTHUBHICTH MpH 00poOIi
00YHCITIOBAJIFHO IHTEHCUBHUX 33J1au.

[TpoayKTUBHICTh TpoLleCOpPa BHU3HAYAETHCS TAKTOBOIO YAacTOTOIO, PO3PSAHICTIO IIMHU
JaHKUX, 00’€MOM Ta HIBUJKICTIO Kell-laM’sTi, a TaKOX apXiTeKTyporo sapa. Bona OesnocepeHbo
BIUIMBa€ Ha IIBUJAKICTb BHUKOHAHHS IporpaMm, OOpoOKy MyJIbTUMEIIHHUX JaHUX, pPOOOTY
ormeparliiiHoi cucreMu Ta €(QEeKTUBHICTb B3aeMoAll 3 mNepudepiiHUMU NPUCTPOSIMHU. 3aBISIKU
MOETHAHHIO 00YHMCITIOBATEHUX MOXKIIMBOCTEH, KEPYBaHHS IIOTOKAMH JaHUX 1 B3a€EMOIIT 3 1aM’sSITTIO,
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MPOLIECOP € OCHOBHMM KOMIIOHEHTOM arapaTHOi apXiTeKTYpH NEPCOHAIBHOIO KOMIT IOTepa Ta
BH3HAYA€E MOT0 OOYHCIIOBAIBHY 3AaTHICTh 1 QYHKIIIOHATBHI MOYKJIMBOCTI.

OmneparuBHa nam’sith (RAM) € KpUTHYHOIO MiJCHCTEMOIO MEPCOHAIBLHOIO KOMII I0Tepa,
MPU3HAYCHOIO JUIsI TUMYAcCOBOTO 30epiraHHs JaHUX 1 KOMaHJ, IO BUKOPUCTOBYIOTHCS i 4Yac
BUKOHaHHA NporpaMm. BoHa 3a0e3nedye BUCOKOIIBUIKICHUHA TOCTYM 10 iH(pOpMaIii, o A03BOJISIE
nporecopy eheKTHBHO 00poOsATH OO0YMCIIOBalIbHI Ta JIOTiYHI omepamii 0e3 HeoOXiTHOCTI
3BEpPHEHHS 10 OUTBHII TOBUIBHMX Hakomu4yBadiB. RAM XapaKTepu3yeTbCsl €HEPro3alieKHICTIO,
TOOTO MPH BIAKJIIOYCHHI )KMBJICHHS ii BMICT BTPA4a€ThCs, a TAKOXK MIBUKOIIEI0, 00’ €MOM Ta TUIIOM
opranizamii (muaamiuna DRAM a6o cratnuna SRAM), ki BUBHAYAIOTh MPOTYKTUBHICTh CUCTEMH.
JlocTyn 10 omepaTUBHOI Mam’ATi 3[1MCHIOETHCS Yepe3 CUCTEMHY LIMHY JaHUX 1 aJpec, a CydacHi
MPOLIECOPH BHKOPUCTOBYIOTH KEII-TIaM’sITh JUI MiHIMIi3allii 3aTPUMOK 1 TiABUINEHHS e(peKTUBHOCTI
00po0Oku iHdopmarrii.

HakommuyBaui  ganmx  3a0e3meuyroTh  JOBrOTpUBANEC  30€piraHHs  MPOTPaAMHOIO
3a0e3neueH s, onepaliifHol CHCTEMH Ta KOPUCTYBAI[bKUX JaHHUX. J[0 HUX HanexaTb KOPCTKI IUCKU
(HDD), TBepnoTinbhi HakonuyyBaui (SSD), onTudHi HOCIi Ta KOMOiHALI{ PI3HUX THIIB Ham’gTi y
ckiamHux cucreMax 36epiranHs. HDD BUKOPHCTOBYIOTh MarHiTHI IUTACTHHU JJisi 30epiraHHs
JAHUX, XapaKTePU3YIOThCS BEJIIMKOIO €EMHICTIO Ta BIJHOCHO HU3BKOK HMIBUAKICTIO JIOCTYITY, TOJ1 SIK
SSD 3acHoBani Ha (Quem-nam’saTi, 3a0€3Me4y0oTh BUCOKY HIBUJKICTh YUTAHHA 1 3alUCy, OUIbIILY
CTIMKICTh O MEXaHIYHMX BILIMBIB Ta HU3bKUH Yac 3aTpUMKH. Bubip Tuny HakonuyyBaua BU3HAUAE
MPOAYKTUBHICTh CUCTEMH TIPH 3aBAaHTAXKEHHI MPOrpam, 00poOIli BEIHMKIX MAaCHBIB JaHUX Ta pOoOOTI
3 MyJBTUMEIIHIM KOHTEHTOM.

CyKymHICTh ONEPaTUBHOI IaM’sITi Ta HAKOMMYYyBaviB (GopMye iepapxito 30epiraHas TaHUX y
MEPCOHATBHOMY KOMIIT IOTEpIi, JIe ONepaTUBHA TIaM ATk 3a0e3Iedye MBUIAKUN TOCTYN JUisi 00pOOKH,
a HakomuuyyBaui — HaJiliHe TpuBaie 30epiranHs iHdopmaiii, BHU3Haualouum OajmaHC MIiXK
IIBUJIKOTI€0, 0OCSITOM 1 BapTICTIO altapaTHOT CUCTEMH.

[Tnaty po3muMpeHHs € T0JaTKOBUMHU amapaTHUMH MOIYJISIMHU MEPCOHAIBHOIO KOMII I0Tepa,
AK1 MIJKII0YAlOTBCS 10 MATepUHCHKOI IUIaTH uepe3 CHelialli3oBaHi CJIOTH PO3IIMPEHHS Ta
pO3MIUPIOIOTH (DYHKITIOHATBEHI MOKJIIMBOCTI cucTeMH. BoHU 3a0e31MeuyroTh 0AaTKOBI iHTEpdeiicu
BBOJy-BHUBOJY, allapaTHE MPHUCKOPEHHS OOpOOKHM JaHMX, MiJIKJIOUYEHHS MepudepiiiHUX MPUCTPOIB
Ta pealizalilo creuu@iyHUX OOYMCIIOBAaIbHUX 3aBAaHb. OCHOBHI TUIM IJIaT PO3LIMPEHHSA
BKJIIOYAIOTh TpadiyHi ajgantepu Juisi oOpoOKH 1 BUBEAECHHS Bieo- Ta rpadiuHoi iHdopmaii,
3BYKOBI IU1aTH Ui (pOpMyBaHHS ayA10CUTHAITYy Ta MOKPAILEHHs SIKOCTI 3BYKY, MEpEeXeBl KapTH 1Jis
HAKITIOYEHHS 10 JIOKAJbHUX Ta INI00ATbHUX MEpEXk, KOHTPOJIEPH HAKOMUYYBadiB JUIsl OpraHizariii
JOJJATKOBUX JMCKOBHX MAacCHBIB, a TAKOX CIIeIlialli30BaHi MIATH Ui OOpOOKH CUTHAIIIB, KEpYBaHHS
IPOMHCIOBUMHU a00 BOY/TIOBAHHMHU CHUCTEMaMHU.

KOHCTpYKTMBHO TIIaTM pPO3LIUMPEHHS BIAMNOBINAIOTH CTaHIapTaMm  (¢opM-¢pakropy 1
CYMICHOCTI cJI0TiB MaTepuHchkoi uiatu, Takux sik PCI, PCI Express, AGP ab6o ISA, mo Bu3Hauae
MIBUJIKICTh TIepenavi JaHWX, NIMPUHY IIUHH Ta €JICKTPUYHI XapaKTePUCTUKH 3’€THAHHA. BoHM
MICTATh BIJIaCHI KOHTpoJjepu, Oydepu Ta, y ACSIKUX BUIAJKaxX, JIOKAJIbHI OJOKM maMm’sTi, II0
3MEHIIy€ HABAaHTAXCHHS Ha IEHTPaJIbHHUU TMPOIECOp 1 MiJBUILYE TPOTYKTHBHICTH CHCTEMHU.
Bukopucranss miaat po3UIMpeHHs T03BOJISE MOAYJIBHO 301IbIIYBATH MOMIJIMBOCTI NEPCOHATHLHOTO
KoMIT'toTepa 0e3 HeoOXiTHOCTI 3aMiHM OCHOBHHMX KOMIIOHEHTIB, 3a0e3Meuyloud THYYKICTh
KOH(irypallii, aanTariio 10 HOBUX CTaHJApPTIB Ta ONTUMI3allil0 pOOOTH MiJ crienudidHi TPUKIaJH]
3aBJaHHs, Taki SK IrPOBI CHUCTEMH, MYJIbTHMeEIia, OOUYMCIIOBAJIbHI KiacTepu abo MPOMHUCIOBI
KOMILUIEKCH KepyBaHHS.
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Jlexuist 8. Anapartna apxirekrypa IIK ta ii posab y po3pooui I13

MarepuHcbka IulaTa € IEHTPAJBHOIO  amapaTHol  IIaT(GOopMOI0  MEPCOHAIBHOTO
KOMIT'IOTEpa, M0 3a0e3ledye iHTEerpaliio Mpolecopa, mam sti, nepudepiiHux MOAYJIiB 1 IUIaT
pO3MIUpPEHHST B €IMHY amapatHy cucreMy. BoHa BHKOHye (QYHKLII KOMYHIKalliiHOTO Ta
EHepreTHYHOro XxpedTa, Hamarouu (i3WYHI PO3’€MH, CJIOTH Ta IIWHU IS OOMIHY JaHUMH MixX
KOMIIOHEHTaMHU. BHYTpIlIHI IIMHU MaTE€pUHCHKOI IUIATH MOAUISIOTHCS HAa LIMHU JaHUX, aapec 1
KEpyBaHHs Ta BU3HAYaIOTh MIBHJKICTh, IIUPHHY 1 crocid mepenayi iHGopMallii MIX MPOIECOPOM,
OIIEPATUBHOIO IaM ATTIO Ta NepuepiiHUMHU MiAcUCTEMaMU. ApPXITEKTypa MAaTE€pPUHCBKOI IUIaTH
BKJIIOYA€ IEHTPAJbHUI 4ilCeT, 10 KOOpAMHYE poOOTYy IpolLecopa Ta ONEpaTUBHOI IHam ATi,
KOHTPOJIEpU BBO/Y-BHBOJY, IHTEIPOBaHI MPUCTPOT Ta CJIOTH JAJIS ITUIAT PO3IMIUPEHHS, & TAKOXK CXEMHU
YKUBJICHHSI T4 OXOJIOKEHHS, HEOOXITH1 7151 CTabiIbHOTI pOOOTH BCIX KOMITOHEHTIB.

Dopm-(akTop MATEPUHCHKOI IIIATH BU3HAYA€E 11 (Pi3MUHI PO3MIpH, pO3TALIyBaHHS PO3’€MIB,
MOHTQ)XHUX OTBOpIB Ta CYMICHICTh 13 KOpIyCOM KOMIT'loTeépa 1 OJOKOM >KHUBJICHHS.
Haitnomupenimumu € dopm-pakropu ATX, microATX 1 Mini-ITX. ATX xapakrepusyerbcs
BEJIMKOIO TUIOIICI0 Ta HAsBHICTIO BEIUKOI KIJIBKOCTI CJIOTIB PO3LIUPEHHS 1 MOIYJIB HaMm’sTi, 110
3a0e3rneyye rHYyYKiCTh 1 BUCOKY MPOIYKTUBHICTh cucTteMu. MicroATX mae koMmakTHiIi po3mipu 3
MEHILUM YUCJIOM CJIOTIB PO3LIMPEHHS, L0 J03BOJISE€ 3MEHIIUTH rabapuTH CUCTEMHOro 0JIOKYy 0e3
1CTOTHOTO 3HMXEeHHS GyHKIIoHanbHOCTI. Mini-ITX € HallMeHIIUM CTaHIapTOM cepejl 3a3HAUYCHUX 1
NpHU3HAYCHUH UIsI TOOYJOBH MayiorabapuTHUX 1 eHeproe()eKTUBHUX CHUCTEM, 3 OOMEXKEHOIO
KUTBKICTIO PO3IIMPIOBAILHUX CIIOTIB, ajie 3 MOBHOIO IMiITPUMKOIO CyYaCHHX IPOLECOPIB 1 MOIYJIIB
nam’saTi. Bubip ¢opm-pakTopy BHU3HAUAE MOKIMBOCTI MOJEpPHI3allil, CYyMICHICTh KOMITOHEHTIB 1
KOH(QITYpaIlil0 CHCTEMHOTO OJIOKY, @ TAaKOXX BIUIMBAE Ha €(PEKTHBHICTh BEHTWJIALII Ta OpPTraHizallito
BHYTPILIHIX IIUH.

Yirncer MaTepUHCHKOI IUIATH € KIIOYOBUM €JIEMEHTOM apXiTeKTypH, II0 KOOPIUHYE
B3a€MO/III0 MPOLIECOPa, ONepaTUBHOI IaM AT1, IUIAT PO3LIMPEHHs Ta nepudepiitHux npuctpois. Bin
3a3BUYail MOMAUISETHCS HA MIBHIYHHMIA MICT, KU 3a0e3neuye 3B S30K MpoIecopa 3 ONepaTUBHOIO
namMm’ATTIO Ta TpaiuHUM aganTepoMm, 1 MiBICHHUN MICT, 110 BIAMOBIIAE 3a KEPYBAHHS 30BHILNIHIMU
iHTep(deiicamu, HakonuyyBayamu Ta nepudepiero. [luHn naHux 1 kepyBaHHS (POPMYIOTH OCHOBY
oOMIHY iH(pOpMaLI€0 MK KOMIIOHEHTaMH{, BHU3HAUalOYM MIBUJKICTb, MPOIYCKHY 3IaTHICTH 1
TOYHICTh CHHXPOHI3AIlli CUTHAJIB, M0 OCOOJMBO KPUTHYHO JIJIi OOUMCITIOBAIBHO 1HTEHCHUBHUX
oreparliii Ta BUCOKOIIBHIKICHOI B3a€EMOJI1 MK ITPOIIECOPOM 1 IaM’ ITTIO.

BIOS a6o cyuacuuit UEFI 3a6e3neuyroTh mouaTKOBE 3aBaHTAXEHHs CUCTEMHU, 1HIIIaTi3aIli0
armapaTHUX KOMIIOHEHTIB, KOH(ITypaliio IIUH, poLecopa, naM’saTi Ta nepudepiitHux NpucTpois, a
TaKOXX HaJaroTh iHTep¢eiic s ynpaBiaiHHA 0a30BUMH NapaMeTpaMH CHUCTEMH JO 3aBAaHTAXKCHHS
onepamiitHoi cuctemu. VRM (Voltage Regulator Module) Bianoinae 3a crabinizaiiiro Harpyru, o
MO/IA€ThCS Ha MPOILIECOp Ta 1HII KPUTHYHI KOMIIOHEHTH, 3a0e3neuyroud HafliiHy poOoTy mnpu
3MIHHOMY €HEproCHOXXHUBaHHI Ta PI3HUX peXKMMax HaBaHTakeHHA. KommiiekcHa pobora yimcerty,
BHyTpimHIX muH, BIOS/UEFI Tta VRM BuU3Hauae mNpOXyKTUBHICTh, CTaOUIBHICTH Ta
eHeproe(PeKTUBHICTh TMEPCOHATBHOIO0 KOMII'IOTepa, 3a0e3MeuyrouH y3ro/DKEHY B3a€EMOJIII0 BCIX
arnapaTHUX IiJCUCTEM.

B3aemoniss KOMIIOHEHTIB TEpPCOHAIBHOTO KOMIT'IOT€pPa BU3HAYAETHCS aAPXITEKTYPOIO
MaTepUHCHKOI IIaTH, YINCETOM, BHYTPIIIHIMH IIMHAMU Ta KOHTPOJIEpaMH BBOAY-BHUBOIY, IIO
3a0e3MeuyloTh CHHXPOHHY Ta Y3TO/DKEHYy pOOOTy IpoIecopa, ONepaTUBHOI  MaM’ATi,
HaKONM4yBadyiB, rpadiyHOro ajganTtepa Ta IulaT posmupeHHs. [Ipouecop uepe3 MIMHU JaHUX 1
KepyBaHHsSI OOMIHIOETHCSI KOMAaHJaMH Ta JaHUMHM 3 MaM STTIO Ta NepupepiitHuMUA MOIYJISIMH, TOJ1
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SIK YITICET PEryJII0€ MapIIPyTH3AIII0 CUTHATIB, MMPIOPUTE3AIII0 JOCTYITY J0 PECYpCiB 1 B3aEMOIIIO 3
3oBHIHIMU TpucTtposiMd. BIOS a6o UEFI BigmoBigaroTh 3a MEpBHHHY IHIMIaTI3aIlil0 BCiX
KOMIIOHEHTIB, TEpeBipKy IMpane3laTHOCTI Ta KOH]Irypariro CHUCTeMHHUX pecypciB, a VRM
3abe3neuye crTabiibHE JKMBJICHHS IMPOLECOpa Ta IHIMIMX KPUTHYHUX BY3JIB HpPH 3MIHHOMY
HaBaHTAXCHHI, MATPUMYIOUU CTAOUIBHICTD 1 HAAIHHICTH pOOOTH CHCTEMH.

TexHiuHI XapaKTEPUCTHUKH MEPCOHATBHUX KOMII IOTEpPIB BH3HAUYAIOTh iX MPOTYKTHBHICTH,
eHeproe()eKTUBHICTh 1 MOXJIMBOCTI MojepHizamii. Cepel OCHOBHUX IapaMeTpiB BUAUIIOTH
TaKTOBY YacTOTy Ta PO3PSIHICTH Ipoiecopa, OOCAT 1 THI ONMEPATHBHOI IMaM ATi, MIBUAKOMIIO 1
MICTKICTh HAKOIWYYyBaYiB, MPONMYCKHY 3JaTHICTh BHYTPIIIHIX IIHH T4 MOXJIMBOCTI I1IKJIFOUCHHS
IJaT PO3IIMPEHHS, MIATPUMKY cydacHUX iHTepdeiciB 1 mepudepiiaux MoxyhiB. ['padiuna
MiJICUCTEMA OLIHIOETHCS 32 MIBUAKICTIO 00poOKH Bifeo- Ta 3D-gannx, 06’ €MOM JIOKaIbHOI mam’sTi
1 amapaTHUM TpucKOpeHHsSM. KoMIUlekcHa  B3a€MOAis  KOMIIOHEHTIB, perjaMeHTOBaHA
apXiTeKTypOI0 MAaTEepPHHCHKOI IUIATH Ta XapaKTEpPUCTHKAMH OKPEMHUX €JIEeMEHTIB, BU3HAYaE
e(eKTUBHICTh O0YHCIICHb, CTAOUIBHICTh POOOTH, MACIITA0OBAHICTH CHUCTEMH Ta BIAMOBITHICTH
BHUMOTaM IPHUKJIAJHOTO IPOTrPaMHOI0 3a0€3eUeHHS.

AnapaTHi XapaKTepUCTUKU KOMII'IOTEpPHOI CHUCTeMH Oe3[OocCepeiHbO BIUIMBAIOTh Ha
dbopMyBaHHSI (YHKI[IOHATBHUX Ta HE(YHKIIOHAIBHUX BHUMOI JO MPOrpPaMHOro 3abe3rneueHHS,
BHU3HAUYAIOYU MEX1 MOMJIMBOCTEH BUKOHAHHS OOYHCIIEHB 1 OpraHi3allii B3aeMOJil 3 KOPUCTYBayeM
Tta mnepudepicro. DyHKIIOHATbHI BHUMOTU, Taki SK 0O0CSAT OOpOOJIOBAaHMX JaHUX, IIBHJIKICTbH
BUKOHAHHSA QJITOpPUTMIB a00 MiATPUMKA O0araTOMOTOYHOCTI, 3aJIe)KaTh BiJ TAKTOBOI YacTOTH
mporecopa, KITbKOCTI siep, PO3PSIHOCTI IMUHU JAHUX, OOCATY KeII-laM sTi Ta TPOIYCKHOI
3IATHOCTI omepaTtuBHOI mam’sati. HakomwuyBaui NaHWX 1 TUNHM MIMHU BH3HAYAIOTh MOJKJIHMBICTH
po6oTu 3 BenukuMHu obcsiraMu iHGopMarii, MBUAKICTE AOCTYIy 10 (aiimiB i 6a3 qanux, a rpadiyna
MiJICUCTEMa — afapaTHe MPUCKOPEHHs Bi3yaii3allii Ta 00poOKH MyJIbTUMEIIHHOTO KOHTEHTY.

HedynkiionansHi BUMOTH, Taki SIK IPOAYKTUBHICTb, HaA1MHICTh, €HEProeeKTUBHICTh Ta
MaciTaboBaHICTh, TaKoX (OPMYIOTBCS MiJ BIUIMBOM amapaTtHoi KoH(pirypauii. Hanpuknan,
0OMEKeHHsI MPOMYCKHOT 3[aTHOCT] IIMHU a00 MOBUIBHUNA JOCTYN JI0 MaM’sTi MOXKYTh MPU3BOAUTH
70 HEOOXIAHOCTI ONTUMI3alli aJrOpUTMIB Ta CTPYKTYp HaHUX I MIABUIICHHS e()EeKTHUBHOCTI
nporpamMHoro 3abe3nedeHHs. CucreMa OXOJO/KEHHS, EHEProCIOKUBAaHHSI 1 CTaOUIBHICTD
KUBJICHHSI, Kl BH3HAYalOTh TEIUIOBI Ta €JIEKTPUYHI XapaKTEPUCTUKU arnapaTHUX KOMIIOHEHTIB,
BIJIMBAIOTh Ha JOBrOTPUBATY HAJIMHICTh BUKOHAHHS Iporpam Ta BUOIp pexumiB podotu. Takum
YMHOM, 3HAHHS alapaTHUX XapaKTEePUCTHK KOMII IOTEPHOI CHCTEMH € KPUTHYHOKO CKJIaJOBOIO
eTary IpOeKTYBaHHS IIPOTPaMHOr0 3a0e3MeueHHsl, OCKIJIbKHU JJ03BOJISIE aJanTyBaTH (yHKIIOHAIbHI
Ta He(YHKI[IOHAJIbHI BHUMOTHU JI0 pEaJbHUX OOMEXEHb CHUCTEMHM, 3a0e3Nedyloud CYMICHICTb,
CTaOUIbHICTh Ta €PEKTHUBHICTH OOUHCIIECHb.

Bubip amaparHoi mmatdopmu s po3poOKM TPOrpaMHOrO 3a0e3NeueHHs] BU3HAYa€e
e(eKTHUBHICTb MPOLIECY CTBOPEHHSI, TECTYBaHHS Ta ONTHUMI3allili IPOrPaMHUX MPOIYKTIB, OCKUIbKI
arnapaTHl XapaKkTEepUCTUKHU Oe3MocepeIHbO BIUIMBAIOTh HA MPOAYKTUBHICTh KOMIUISIII, IIBUAKICT
eMyJsilii Ta peajbHy TMOBEIIHKY @porpamMu mig yac BukoHaHHS. llpu BuOOpi miatdopmu
BpPaxXOBYIOThCSl TAKTOBI YaCTOTH Ta KUIBKICTH SiAEp Ipolecopa, 0OCsr 1 TUIl OMepaTUBHOI MaM AT,
MIBUJIKICTh 1 €MHICTh HAKOIMHU4YyBauiB, MPOAYKTHBHICTh TIpadiqHOTO MiJCHUCTEMH, MIATPUMKA
Cy4acHUX IIMH 1 iHTepdelciB, a TakoX HAIIMHICTh XHUBIEHHS 1 CHUCTEMa OXOJOJUKEeHHs. Jlis
PO3po0KH MporpaMHOro 3abe3nedyeHHs, 1o NOoTpedye BUCOKOI MPOIYKTHUBHOCTI abo mapaieabHoi
00poOKM JaHuX, MepeBary HajaTh MIATPOpMHU 3 OaraTosJepHUMH IMPOLECOPAMU Ta BEITUKOIO
MPOMYCKHOK 3JaTHICTIO TaM sATi, TOA1 SAK i BOyJAOBaHWX a0o0 CIeHialli30BaHUX CHCTEM
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KPUTUYHOIO € CYMICHICTh 13 IUIbOBUMH anapaTHUMH KOMIIOHEHTAaMU Ta EHEPreTHYHUMH
0OMEKEHHSIMH.

KpiM mnpoaykTuBHOCTI, Tpu BUOOpI amapaTHOi IUIATGOPMH BpPaxXOBYIOTh CTaHIAPTH
CyMicHOCTI, (popM-(pakTOp MATEpUHCHKOI MUIATH Ta HASABHICTh HEOOXIMHUX iHTEp(EHCiB 1 TuIaT
PO3MIUPEHHS, 10 J03BOJISIE €(PEKTUBHO MiAKIIOYaTH mnepudepiro, HalmaropKyBallbHI MOIYJl Ta
eMyJsaTopu. TakoX OLIHIOIOTHCS MOYKIMBOCTI MAacIITa0yBaHHS Ta MOAEPHI3allil CHCTEMH, OCKIJIBKU
JOBIOCTPOKOBA MIATPUMKA PO3pPOOKH Tepeadavae aganTallito J0 3pOCTaHHS BUMOT MPOTPaMHOTO
3a0be3neueHHs. BpaxyBaHHS 1uX (akTopiB J103BOJISIE CTBOPIOBATH IMPOTPAMHI MPOIYKTH, IO
BI/IMOBIIAIOTh BUMOTaM TMPOAYKTUBHOCTI, HQIIMHOCTI Ta CTaOUIBHOCTI, 3abe3medye TO4YHE
TECTyBaHHs Ta NPO(DUIFOBaHHS KOAY 1 MIHIMI3y€ PU3HKH, OB’ s3aHI 3 anmapaTHUMH OOMEKESHHSIMH
[P PO3TOPTAaHHI MPOTPaMHOTO 3a0€3MEeUSHHS Ha HIJTbOBUX CUCTEMAaX.

Jlekuis 9. AnapartHi 3aco0u JIIOAMHO-MAIIMHHOIO iHTepdeiicy

AmnapatHi 3acobm mroaMHO-MammHHOTO iHTepdeiicy (JIMI) 3abesmeuyrors (izumuHy
B3a€EMOJIII0 KOPUCTYyBada 3 KOMIT IOTEPHOIO CHCTEMOIO, JO3BOJISIOYM BBOIMTH JaHi, KepyBaTh
BUKOHAHHSAM IIpOrpaM Ta OTPUMYBaTH iHPOpMaLi0 y 3py4Hid Uit crnpuidHATTS ¢opmi. o
OCHOBHMX IIPUCTPOIB BBEIEHHS HajleXaTb KJaBlaTypu, MUIIl, TPEKNaad, HKOHCTUKH, CEHCOPHI
eKpaHu, rpadivyHi IUIaHIIETH Ta CIELiali30oBaHI JaTYMKU MOJIOKEeHHA abo pyxy. Lli mpuctpoi
MepeTBOPIOIOTh  (Pi3MuHI  [ii KOpHCTyBada Ha EINEKTPUYHI CUTHAIM, SKi 0OpOOISIOTHCS
KOHTpOJIEpaMH BBOJly Ta HAJCWJIAIOTHCA B OOYMCIIOBAJIBHY CHUCTEMY 4epe3 CTaHAapTH30BaHI
inTepdeiicu, Hanpukiang USB, PS/2, Bluetooth abo inmii npoToko:iw.

[TpucTpoi BHBENEHHS HANAIOTh KOPHUCTYBady pe3ysibTaT oOpoOKM iHGopMarii y BHIIIAI
TeKCcTy, rpadiku, aymiocurramy abo komoOiHamii 1ux ¢opm. Jlo HHX HaleXarb MOHITOPH,
MPUHTEPH, TUHAMIKH, CBITJIIOMIO/AHI IHAMKATOPH, a TAKOXK OLIBII CKIAaTHI CHCTEMH BIpTyaJIbHOI Ta
JOTIOBHEHO1 peayibHOCTI. KimtouoBuMHU XapakTepucTukamu amapatHux 3aco0iB JIMI e mBuakomis,
TOYHICTb, PO3JUIbHA 3/aTHICTb, YaC BIATYKY, CYMICHICTh 3 IHIIUMHM KOMIIOHEHTaMH Ta
€proHOMIYHICTb 11 KOPUCTYBaya.

CyKynHICTh IMX HPUCTPOIB (GopMye ePEeKTUBHMHA KaHal KOMYHIKalii MK JIOJAWHOIO 1
KOMIT'I0TE€pOM, 3a0e3Meuyloun 3pydHe BBEJICHHsS KOMaHJ, KOHTPOJb 3a MpOLIeCaMH Ta CBOE€YACHE
OTpUMAaHHS pe3yybTariB. AmnapaTHi 3aco0u JIMI BHU3HA4arOTh SKICTh KOPUCTYBAIBKOTO OCBITY,
BIIMBAIOTh Ha MPOIYKTHUBHICTH poOOTH Ta Oe3MeKy B3aeMOJii, a TaKOX CIYTyloTh 0a30i0 A
peanizaiii cydacHuX I1HTep(delciB yNpaBiiHHS B MEPCOHATBHUX 1 BOYIOBAaHUX KOMII FOTEPHUX
crcTeMax.

[Tepudepiiini mpUCTPOi MEPCOHATHLHOTO KOMII' IOTepa PO3MIMPIOITh HOro (yHKIIOHAIBHI
MO>KJIMBOCTI, 3a0€3Meuy0un BBEJIeHHs, 00pOOKY Ta BUBEIEHHS 1H(POpMALlii, a TAKOXK JIOBrOTpHBaJe
30epiranHs JaHux. [IpucTpoi BBeJIeHHS JO3BOJISIOTH KOPUCTYBauy MepelaBaTH KOMaHAM Ta JaHi 10
CHCTEMH, NepeTBOPIOIOYM (i3WYHI Aii Ha €NEeKTPHUYHI CUTHAJIM; J0 HUX BIJHOCSATHCS KJaBlaTypw,
MUII, CKaHepH, CEHCOPHI €KpaHW Ta CHeIlali30BaHl JaTYMKH, HANPUKIaA Uil KepyBaHHS
MIPOMHUCIOBUMHU a00 BOyZ0oBaHUMHU cucTeMamu. [IpucTpoi BuBeneHHs 3a0e31euytoTh Bi0OpakeHHs
pe3ynbTatiB 00poOKku iH(opMarlii B 3pyuHiil popmi: MOHITOPH (HOPMYIOTH IrpadiuHe Ta TEKCTOBE
300pak€HHs, IPUHTEPH Ta IUIOTTEPU BUBOJATH JaHI Ha MHamepoBl HOCII, AMHAMIKK 1 3BYKOBI
CHCTEMH — Yy BUIJISAJI ay/A10CUTHAITY.

MOoHITOpH XapaKTepU3yIOTbCS PO3ALIBHOI0 3aTHICTIO, YacTOTOK) OHOBJICHHS, THIIOM
MaTpUIll Ta TEXHOJOrI€0 TMiJACBIUyBaHHSA, IO BH3HA4Ya€ SKICTh BINOOpPa)KEHHsS, TOYHICTh
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KoJIboporiepeaadi Ta kKoMopT kopucTyBaya i 4dac pobotu. HakommdyBaui maHux, 10 SKHX
BimHOCATBCS KOpcTKi aucku (HDD), TBepmorinbhHi HakomuuyBaui (SSD) Ta omTtwdHi NmpuBOIH,
BUKOHYIOTh (DYHKIIiIIO JOBrotpuBajioro 30epiranHsa iHdopmariii, 3abe3mnedyioud HaIiiHICTD,
MIBUJIKICT JOCTyIy Ta o0car mam’sati. CydacHI CHCTEMH YacTO KOMOIHYIOTh pi3HI THIH
HAKOMMYYBaYiB Ul ONTHMi3alii IpoXyKTHBHOCTI, Hanpukian SSD mis cucremunx ¢aitnis i HDD
JUTS apXiBHHX JaHHX.

3aranpHa oprasizamis nepudepiiHuX MPUCTPOiB mepeadaydae ixX MAKIIOYCHHS Yepe3
CTaHIapTU30BaH1 iHTep(eiich Ta KOHTPOJIEPU BBOAY-BUBOY, 1110 103BOJISIE CHHXPOHI3yBaTH poOOTY
3 IIEHTPAJIBLHOI CUCTEMOIO Ta 3a0e3leuye CyMICHICTh 13 porpaMHuM 3a0e3nedeHHsM. EdextuBHa
B3a€EMOJIIS BCiX mepudepiiiHuX MOAYJIiB BU3HAYA€ 3PYYHICTh KOPUCTYBAHHS, IMIBHJAKICTH 0OPOOKH
iHpopmaii Ta HaIIIHICT CUCTEMH, IO OCOOJIMBO BaYKJIMBO JIJIsl KOMIUIEKCHUX OOYHMCITIOBAIBHUX Ta
MYJIbTUMEIIHUX 3aCTOCYBaHb.

[Tpuntepun Ta OaratodyskmioHansHi mnpuctpoi (bPII) € nepudepiiinnmu MomynsMu
MEPCOHAIBHOTO KOMIT I0Tepa, MPU3HAUYCHUMHM JUIsi BUBEACHHs iHpopmanii Ha ¢i3udHi HOCIi Ta
BUKOHaHHSI KoMIUIeKcHUX oicHux ¢ynkuiid. [IpuHTepu peanizyrors Oe3mocepenHe IpyKyBaHHS
TEKCTy, rpadiku Ta 300paxkeHb Ha marepi ado IHIIMX HOCISX, BUKOPUCTOBYIOUYHM Pi3HI TEXHOJIOT],
Taki SK Jla3epHa, CTpyMEHeBa, MaTpuyHa abo Tepmoapyk. KilrouoBuMH XapaKTepHCTUKaMH
MPUHTEPIB € PO3JiIbHA 3JaTHICTh, IIBUAKICTH APYKY, 0OCIT 0OpOOIIOBAaHHMX CTOPIHOK Ta THII
MiATPUMYBaHUX HOCIIB.

bararodyHkioHambHI TPUCTPOi MOENHYIOTh (QYHKIIIT MPUHTEPA, CKaHEepa, Komipa Ta iHOM1
dakcy B OmHOMY KOpmyci, 3a0e3leuyloud EKOHOMII0 IPOCTOPY Ta IHTErpoBaHy poOoTy 3
JOKyMeHTaMu. BoHH mMmigkioyaroThes A0 KoMmm 'roTepa depe3 USB, mepexesi iHTepdeiicu ado
0€3IpOTOBI MPOTOKOJIM, a BHYTPIIIHI KOHTPOJIEPH KOOPAMHYIOTH OOpPOOKY CHTHAIIIB BBEICHHS-
BUBEJICHHS Ta 3a0€3MeuylOTh CYMICHICTh 13 PI3HUMH OIEpAIiiiHUMH CHCTEMaMH Ta MPOrpaMHUM
3abe3neueHHsIM. bDII yacto micTaTh BOymoBaHy nam’sth 1 Oydep oOpoOKu 3aBHaHb, 110 JO3BOJIE
OINITUMI3yBaTU Yepry JPyKy Ta MPUCKOPIOBATH BUKOHAHHS CKJIAJHUX OIEparliil.

EdexTuBHicTh npUHTEPIB 1 OaraTropyHKLUIOHAIBHUX MPUCTPOIB 3aJICKUTh BijA 1HTErpamii 3
amapaTHow IIaTGOpPMOI0 Ta MPOrPaMHUM 3a0€3MeYeHHSIM, CYMICHOCTI JpaiBepiB, CTaOUIBHOCTI
eeKTPOKHUBIIEHHS Ta 00’eMy 0OpOOTIOBAHMX JAaHUX. X BUKOPUCTAaHHS 3a0e3leuye MOBHOLIHHE
YIOPaBIIIHHA JOKYMEHTaMHU, IMiJIBULIY€E TPOAYKTUBHICTh O(QICHUX 1 BUPOOHUYMX MPOIIECIB, a TAKOXK
JI03BOJII€ IIEHTPAII30BaHO BHUPIIIYBAaTH 3aBIaHHsS KOIIIOBAaHHS, CKaHyBaHHA Ta JpyKy O0e3
J0JATKOBOTO MiJKITIOUEHHSI OKPEMUX MTPUCTPOIB.

[Tpuniunu poOoTH mnpuHTEpIB Ta OaraTo(yHKIIOHAJIBHUX TNPHUCTPOiB 0azylOThCs Ha
nepeTBopeHHi mudpoBoi iHGopMarlii, 0 HATAXOAUTh BiJ KOMIT t0Tepa, y Qi3udyHe BIATBOPEHHS Ha
Hocli ab0 B aHaJOrOBMH CHUTHAN JUIl CKaHYBaHHsA 4M KomitoBaHHA. s apyky uumdpoBi aaHi
(hopMYIOTECSL Y pacTpoBHil 00pa3 CTOPIHKH, KM MEpeIaeTbcsl 0 MEXaHi3My JPYKY, Jie JIa3epHi,
CTpyMeHeB1 a00 MaTpHUHI CUCTEMH (POPMYIOTH TOUKOBE 300pa’keHHS Ha Marepl 3 BUKOPUCTAHHIM
TOHepa, YOopHUJIa abo TepMouyTIMBHX MatepiaiiB. CkaHepu Ta KOMIpU KOHBEPTYIOTh OINTHYHE
BiI0OpakeHHsI 00’€kTa y IU(POBUN CHUTHAT 32 JOMOMOTOI CEHCOPHUX EJIEMEHTIB, IO IMOTIM
00pOoOJIAE€THCS KOHTPOJIEPOM MPUCTPOIO Ta TIEPEIAETHCSA HA KOMIT 10Tep a00 30epiracThCsi B IaM’ STl
BOIT.

[TigxmtoueHHs TNpUHTEpIB 1 OaraToQyHKIIOHAIBHUX TPUCTPOIB 3IIMCHIOETHCS Uepes3
cTanfapTu3oBaHi iHTepdeiicu, Bkmovaroun USB, Ethernet, Wi-Fi abo Bluetooth, mo 3a6e3neuye
CYMICHICTh 3 pI3HUMH ONEpalifiHUMKU CHUCTEMaMH Ta MporpamMHuUM 3abe3neueHHsIM. KoHTposiepu
MPUCTPOIB KOOPAUHYIOTh OOMIH JaHWUMH, MepeTBOpeHHS (opmariB, Oydepusarito Ta 00poOKy
4yepru 3aBJlaHb, HIATPUMYIOUM OJHOYACHY poOOTYy KUIBKOX KOPHUCTYBaudiB y MEpPEKEBOMY
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cepenoBuili. EdexTuBHE migkimtodeHHs Tmiependavae HaJAlITYyBaHHS JpaiiBepiB, IapamMeTpiB
00poOKK 300pakeHb Ta PO3AUIBHOI 3JaTHOCTI, IO BIUIMBAE Ha IIBUIKICTH APYKY, TOYHICTB
BIATBOPEHHSA Ta fAKICTh CKaHyBaHHS. JloTpUMaHHS LMX MNPUHLUMIB 3a0e3nedye HafiiHy Ta
NPOAYKTUBHY B33a€MOJII0 amapaTHUX Ta IPOTPaMHUX KOMIIOHEHTIB CHCTEMH IpH poOOTI 3
JOKyMEHTaMH, rpadiYHUMHU Ta MyJIbTUMEIIHHUMHU MaTepiaJaMH.

HakommayBaui manux HDD (kopctki nucku) ta SSD (TBepAOTUIBHI HAKOMHWYyBadi) €
OCHOBHUMHU IMPUCTPOSIMHU JOBTOTpHUBaAIoro 30epiranHs iHdopmarlii B IEpCOHATLHUX KOMIT FOTEpax 1
O0OUYHCITIOBAIBHUX CHUCTEMaXx, ajie BIAPI3HAIOTHCS MPHUHIMIIAMU POOOTH, MIBUIKOIIEI0, HAMIHHICTIO
Ta eHeprocnoxuBaHHsM. HDD  BHUKOpHUCTOBYIOTH MAarHiTHI IUIACTHHM Ta MEXaHIYHHN
3YUTYBAIbHUI/3aTUCYBAIBHUN TOJOBKH JUIsI 30€peKEHHsS Ta JOCTYIy J0 AaHuX. Yac mocrymy Ta
mBHIKICTE mepenadi iHopmanii y HDD oOMexyroTbcs MEXaHIYHUMH 3aTpUMKaMU IIpU
MepeMilIeHH] TOJIOBOK 1 00epTaHHI TUCKIB, 110 BU3HAYAE OLIBINY JATCHTHICTh y TIOpiBHAHHI 3 SSD.
OcnoBuumu nepesaramu HDD € Benukwmii o6car mam’siTi 3a BITHOCHO HU3bKY BapTiCTh, 10 pOOUTH
iX ONTHUMAaJIBbHUMU JJIS1 apXiBHOTO 30€piraHHs BEITMKUX MAacHUBIB JaHHX.

SSD BUKOPHUCTOBYIOTH (iielI-TIaM STk, 1110 HE Ma€ PyXOMUX YaCTHH, 1 3a0€3Meuy0Th 3HAaYHO
BUIIYy HIBHJKICTh YUTAHHS 1 3aIUCY, HU3bKUU 4Yac JIOCTYIY, CTIMKICTh 10 MEXaHIYHUX BIUTUBIB 1
MEHIIIe €HeproCIOXKUBaHHs. BiNCyTHICTh MEXaHIYHUX €JIEeMEHTIB MiABuIlye HadiiHicTh SSD mpu
eKCIUTyaTallii y MOpTaTUBHUX a0o BOYJIOBaHMX CHCTEMax, € BaXJHMBI YAApOCTIMKICTh Ta
TpUBalicTb poOoTu Bix Oatapeiinoro >xuBneHHs. IlepeBarm SSD o0cobmuBO MOMITHI MpH
3aBaHTAKEHHI OMNEpPAIiiHOI CHCTEMH, BUKOHAHHI IIPOrpaM 3 BHCOKHMMH BHMOTAMH JO IIBHIKOCTI
noctymy Ao (daiiaiB Ta podori 3 6a3amMu JaHUX a00 MYJTBTUMETIMHIM KOHTEHTOM.

Bubip mixx HDD i SSD 3anexutp Bif KOHKpeTHHX BHUMOT cuctemMu: HDD nmominbHi ams
30epiranHs BeIHKUX OOCATIB iH(popMalii 3 oOMexxeHnM OropkeToM, Toal sk SSD 3abe3nedyroTh
BHCOKY NMPOJYKTUBHICTh Ta HAIIHHICTh MPU POOOTI 3 aKTMBHO BUKOPUCTOBYBAHMMH JAHHMHU, IO
poOuUTH iX KIIOYOBMMHU [UIsl CYYacHHMX IME€PCOHAIBHHMX KOMII IOTEpPIB, CEpPBEpiB Ta MOOLIHLHUX
IIPUCTPOIB.

Jlexuisi 10. AnapatHi iHTepdelicu nepcoHaAJIBLHUX KOMIT'IOTEpiB

Intepdeiicu mepcoHaIbHUX KOMII'IOTEPIB 3a0€3MeUyI0Th CTaHAAPTHU30BAHY B3a€EMOJIII0 MIX
arapaTHUMU KOMIIOHEHTaMH, MNepUPEpIMfHUMUA NPUCTPOSIMH Ta OOYMCIIOBAJIBHOI CHCTEMOIO,
pearizyroun repenady JaHUX, CUTHAJIB KEPYBaHHS Ta €JIEKTPOXXHBIICHHS. BOHM MOMINSAIOTHCS Ha
BHYTpIIIHI, 10 3’€IHYIOTh KOMIIOHEHTH BCEpPEAMHI CUCTEMHOIO OJIOKY, Ta 30BHIIIHI, IpU3HAUEH1
JUId TIAKIIOYEeHHA nepudepii, HampuKiIa[ KiaBiaTyp, MHILIEH, MPUHTEPIB, HaKONMHW4YyBayiB abo
MepexeBHUX afanTepiB. BHyTpimHi iHTepdelicu BKIIOYAIOTh IIMHU JaHUX, aJjpec 1 KepyBaHHS, SKi
3a0e3MeuyroTh B3a€EMOJIII0 IPOLECcOpa, OMEepaTHMBHOI MaM’sTi Ta IUIAT PO3LIMPEHHS, TOAl SK
30BHIIIHI 1HTep(EHCH CTaHIapTH3YIOTh (I3UYHI PO3’€MH, MPOTOKOIM OOMIHY Ta IIBHIKICTh
nepenavi JaHuX Mi>K KOMIT FOTEPOM 1 30BHIIIHIMUA MTPUCTPOSIMH.

CydacHi mepcoHalibHI KOMIT'IOTEPH BHUKOPHUCTOBYIOTH pi3HOMaHITHI iHTepdeiicu: USB,
HDMI, DisplayPort, Ethernet, SATA, PCI Express ta ixmi. KoxxeH 13 HUX BHU3Haudae crienu@iky
€JIEKTPUYHUX CUTHAJIB, IPOTOKOJIU OOMiHY, MaKCUMajbHY IMPOIYCKHY 3[aTHICTb 1 CyMICHICTH 3
anapaTHUMU Ta MPOrpaMHUMH KOMITOHeHTaMu. [IpaBuibHUI BUOIp Ta HajalITyBaHHS 1HTEpQEiiciB
3abe3neuye eQeKTHUBHY B3a€MOJIII0 BCIX CKJIAJIOBUX CHCTEMH, MIABHILY€E NMPOIYKTUBHICTh Nepeaayl
JaHUX, CTaOUTbHICTh pOOOTH Ta MIATPUMKY Cy4acHUX HepUepifHUX 1 MEpPEeKEBUX MPUCTPOIB, 110
0CO0JIMBO BaXKJIMBO IPU MOOYA0BI KOMIUIEKCHUX OOUUCIIIOBAIBHUX 200 MyJIbTUMEIIHHUX CHCTEM.
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KabenbHi Ta 6e31poTOBI iHTEepdelicn TEPCOHATLHUX KOMIT FOTEPIB 3a0e3MeuyioTh Gi3udHe 1
JoTiyHe 3 €IHAHHS MDK amapaTHUMH KOMIIOHGHTaMH Ta mNepu(epiiHUMU MPUCTPOSIMH,
BH3HAYaIOUM IIBUAKICTH Mepenadi JaHuX, IPOTOKOJIM 0OMiHy 1 cyMicHicTh. KabenbHi iHTepdeiicu,
taki sk USB, HDMI, Ethernet, DisplayPort, RS-232 ta PS/2, BUKOpUCTOBYIOTH MPOBiHI 3’ € JHAHHS
i niepenadi mudpoBux abo aHAIOTOBUX CHUTHANIIB 3 BUCOKOK CTAOUIBHICTIO Ta MiHIMAJIbHUMHU
3arpuMkamu. USB 3a0e3nedye yHiBepcajdbHE MiAKIIOYEHHS IIMPOKOTO CHEKTPY IPHCTPOIB
BBE/ICHHS-BUBEJICHHS Ta HAKOMUYYBadiB 3 IMIITPUMKOIO JKUBJICHHS depe3 Tou ke kabenb. HDMI 1
DisplayPort mpusnaueHi mjis mepemadi aymio- Ta BiJCOCHTHAiB BHCOKOi diTkocTi, Ethernet
3a0e3nedye cTabiIbHE MIAKIIOYCHHS 10 JOKAIBHUX 1 TJIOOAIBHUX Mepex, Toal sk RS-232 1 PS/2
3aCTOCOBYIOTBCS JUIsI KEPYBaHHS NPHUCTPOSMHU 1 IepeAayl JaHUX y CIeLiali30BaHUX CHCTeMaXx,
9acTo 31 30€peKEHHAM CYMICHOCTI 31 CTapilIMMU PillIEHHSAMH.

Besnportosi iHTepdeticu, Taki sk Wi-Fi 1 Bluetooth, peanizytors mepemauy maHux depes
paniocurnany, 3a0e3nedyoyn MOOUIBHICTD 1 3pYUHICTh MiAKIIOYeHHs 0e3 (izuunux kabemiB. Wi-Fi
BUKOPUCTOBYETHCS UIsL AOCTYIY 10 MEpeX 1 [HTEepHETy 3 BHCOKOIO MPOITYCKHOIO 3JaTHICTIO Ta
BiJIHOCHO HHM3BKOIO 3aTpUMKOI0, a Bluetooth 3a0e3neuye komyHikallil0 Ha HEBEUKIM BiJICTaHI MiXK
KOMIT'IOTEpOM 1 mepudepiero, HAIpUKIAL MHILIAMU, KiIaBiaTypamu abo ayaionpuctposMu. Bubip
TUIY iHTepdeiicy 3aiekKuTh BiJl BUMOT 10 IIBHAKOCTI Mepeaayl JaHuX, CTaOUTbHOCTI 3’ €JHAHHS,
BIJICTaHI MK MPUCTPOSIMH Ta CIIEIU(IKK armapaTHOTO 1 MPOrpaMHOIo 3a0€3MeUYeHHS, 1110 J03BOJISIE
ONTHUMI3YBaTU MPOAYKTHUBHICTh, 3PYYHICTh KOPHCTYBaHHS Ta HaJIHHICTH pPOOOTH KOMIT IOTEPHOT
CHCTEMH.

[TpuHIMNM eperaBaHHs TaHUX Yy NEPCOHATBHUX KOMIT IOTEPHUX CHUCTeMax 0a3yloThCs Ha
BU3HAYCHHI CIIOCOOY KOJIYBaHHS, MapUIpyTH3alii Ta CHHXPOHI3allii CUTHAIIB MK KOMIOHEHTaMHU
Ta nepudepiiHIMHA TpucTposiMu. llepenaya Moxke 3AiHCHIOBATHCS MOCTIIOBHO a00 MapajieibHO:
IpU TMOCIIJJOBHOMY crocoOi OITH JaHMX NepefaloThCs OJMH 3a OJHMM uepe3 OJUH KaHall, 110
CIPOIIY€ KOHCTPYKLIIO Ka0elo Ta 3MEHILIY€e eJEeKTPOMAarHiTHI MEepelkoan, TOAl SK MapalelibHa
nepeaaya 3a0e3nedye oJHOYACHY Nepeaady KUIbKOX O1TiB, MiJBHMIYIOUYHM MPOIYCKHY 3aTHICTh Ha
KOPOTKMX BIJICTAaHSX, ajie 30UIbIIYIOYM CKJIAHICTh CHHXPOHI3allii Ta PU3MK KOTE€PEHTHUX
CTIOTBOPEHH CUTHAIY.

JaHi MOXyTh TIepelaBaTHCS CHHXPOHHO a0o acuHXpoHHO. CHHXpOHHa TIepegada
BUKOPHUCTOBY€E CIUIbHUN TaKTOBUI CUTHAN JJIsl Y3TOJKEHHS NPUIOMY Ta BiJIIpaBiIeHHs OITIiB, 110
3a0e3neyye BUCOKY HIBUAKICTH 1 TOYHICTh, TOJI SIK aCMHXpPOHHA Imepefada (opMye CUTHAIU
CaMOCTIMHO 3 BHUKOPUCTAHHSIM CTapTOBMX 1 CTOMOBUX OITiB, IO JO3BOJISIE MpaloBaTH 0e3
30BHIIIHBOIO TOJAMHHHUKA, MPOTE 3 MEHILIOI0 MPOIYCKHOIO 3JaTHICTIO. Y KabenbHHUX iHTepdeiicax
JlaHi MEePETBOPIOIOTHCS B €JIEKTPUYHI a00 ONTHYHI CUTHANH, a y 0€3ApOTOBUX — Y PaJioyacTOTHI
IMITyTIbCH, SIKI KOAYIOTHCS BIAMOBITHO O MPOTOKONY 3B’S3KYy AJsl 3a0e3leueHHs HaAIMHOCTI Ta
LUTICHOCTI 1H(OpMaIrii.

KonTponepu inTepdeiiciB peanizytoTs 0ydepu3zarito, KOPEKIio MOMUIOK 1 MapUIpyTH3AL1I0
MAKeTIB JIaHUX, 3a0e3Neyyloud y3ro/DKeHy poOOTy amapaTHMX Ta MNpPOTrpaMHUX KOMIIOHEHTIB.
BuxopucTtanHs npaBUJIbHOTO MPUHIIMITY NIEpeJaBaHHs JTaHUX BU3Ha4Ya€ e(eKTUBHICTh KOMYHIKaLlli,
MIHIMI3y€ 3aTpUMKHA Ta BTpaTH 1HQOpMAIi, MiJBUILYE IIBUIKOAII0 Ta HAIIHHICTE POOOTH
KOMIT FOT€PHOT CUCTEMH B IIJIOMY, HE3aJISKHO BiJl TUITY MIJKIIOUEHHS Ta CEpeIOBHIIA ITepeaadi.

AmnapaTHi acrnekTH 3abe3nedyeHHs 1HQOpMaLiifHOiI Oe3MeKr MepCoOHATBHUX KOMII IOTEpiB
CIpPSMOBaHI Ha 3aXUCT JaHMX BiJI HECAHKIIOHOBAHOTO JOCTYIy, Moaudikamii abo BTparwu,
MOYMHAIOUHN Bifl (PI3UYHOrO JOCTYIY /0 1HTEepQeHciB 1 3aKIHUYIOUN peati3alli€lo creniali3oBaHuX
3axucHUX MOAyJiB. KoHTponb (i3MUHOr0 AOCTYINy BKJIIOYAa€ BUKOPUCTAHHS KOPITYCIB 3 3aMKaMH,
3aXUINEHUX CJIOTIB JUISl TUIAT PO3IIUPEHHs, PO3’€MIB 1 TOPTIB, a TAKOXK OOMEXKEHHS JOCTYMy 0
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BHYTPIIIHIX IIMH Ta OJIOKIB MaM’ATi, 0 YHEMOXJIMBIIIOE TIPsIME BTPYYaHHS y poOOTY amapaTHUX
KOMITOHEHTIB 0€3 aBTopH3aIlii.

AmnapaTHi MeETOIM 3aXUCTy JaHUX BKIIOYAIOTh BUKOPUCTAHHS KpUNTOrpadivyHUX
nporecopiB, anapataux monyiiB mudpysanas, TPM (Trusted Platform Module) ta amaparamx
TOKeHIB Juig 30epiraHHs KIo4iB 1 ceprudikariB. Taki pilleHHS AO3BONIAIOTH 3IHCHIOBATH
mu@pyBaHHs JAUCKIB, KOHTPOJIb LUTICHOCTI CUCTEMHHUX (hailyiiB, aBTEeHTHU(IKAIiI0 KOPUCTYBaUiB 1
3aXHCT Bij 37TOBMUCHUX MOAMQiKaIliii mporpaMHOro 3a0e3rnedeHHs Ha piBHI armapaTtypu. [{omatkoBo
3aCTOCOBYIOTBCSI TEXHOJIOTII 0€3MEeYHOr0 3aBaHTAKCHHSI, alapaTHa MATPUMKA 130111 maM’aTi Ta
MeXaHI3MH OJIOKYBaHHS 30BHIIIHIX TOPTIB JJI 3a1100ITaHHS HECAHKI[IOHOBAHOMY KOITIFOBaHHIO 200
BUTOKY JaHUX.

BrpoBamkeHHsT amapaTHUX METOIIB 3aXHCTy O3BOJISE IMiIBUIIUTH HAIIHHICTH CHUCTEMH,
3MEHIIUTH PHU3UK KOMIIpoMeTamii KoH}iaeHIiiHOT iHpopMarlii Ta 3a0e3meYuTH BiAMOBIIHICTH
BUMOTaM CTaHAapTiB Oe3MeKd y KOPIOPATUBHUX, JACPKABHUX 1 MPOMHCIOBHUX CEpEIOBHILIAX.
CymicHa poboTa amapaTHHUX 1 NpOrpaMHUX 3aco0iB 3a0e3nedye OaraTOpiBHEBHU 3aXHUCT
iH(popMallii, MiHIMI3y€ Bpa3IMBOCTI Ta J03BOJIsi€ €PEKTUBHO pearyBaTy Ha 3arpo3H, 110 BUHUKAIOTh
y IIpOoLEC] eKCILTyaTalii KOMIT F0TEPHOT CUCTEMH.

VY3romxkeHHs iHTepdelciB y MepcoHaIbHUX KOMIT'IOTepax Mepeadadae CyMICHICTb
CJIEKTPUYHUX CHUTHAJNIB, MPOTOKONIB OOMIHY Ta MEXaHIYHHUX pPO3’€MIB MIDK amapaTHUMU
KOMIIOHEHTaMHu 1 nepudepiiHuMU NPHUCTPOSAMH, IO J03BOJIsSIE 3a0€3MEeYUTH KOPEKTHY pPOOOTY
cucteMu 0e3 BTpaT JaHUX Ta NEPEBAHTAKEHb IIMH. Y3TO/DKEHHS Iependadyae CTaHIapTH3AIIIO
piBHIB Hampyry, IIBHIKOCTI Mepenadi, MOCTiJOBHOCTI CUTHAJIIB KEpyBaHHA Ta (opMary IaKeTiB
JaHWX, a TaKOXX WIATPHUMKY 3BOPOTHOI CYMICHOCTI MK pPI3HUMH IIOKOJIIHHSMH TPHCTPOIB 1
KoHTpoJepiB. Ll nmpaktuka kputnyna it USB, ockinbky mmpokuid cnekTp nepudepii ta Bepciit
CTaHJIapPTy BUMArae y3roJKeHHs Ui 3a0e3MeYeHHs CTabiIbHOI poOOTH, HEe3aleKHO Bl MOKOJIIHHS
IPUCTPOIO YU XOCTA.

Intepdeiic USB (Universal Serial Bus) Mae nexigbka Bepciif, II0 BiAPI3HAIOTHCS
MIPOIYCKHOIO 3/1aTHICTIO, MEXaHIYHUMH XapaKTepUCTUKAMU Ta eJeKTpUYHUMHU napamerpamu. USB
1.1 3abe3neuye mBUIKICTH 10 12 MOiT/c, miarpumye kiacuuHi nepudepiitai npuctpoi, USB 2.0
301IbIIYyE MPOMYCKHY 3AaTHICTh 10 480 MOiT/c, 30epiraroun CyMiCHICTb 3 NMONEPETHBOIO BEPCIEIO.
USB 3.0 ta 3.1 3a0e3neuytoTs nepegady nanux g0 5—10 I'6it/c, niaATpuMyroTh MOBHOAYIUIEKCHHUM
peXHUM, ONTHUMI30BaHI JJI CYy4YaCHHX HAKOMHMYyBaudiB 1 BUCOKOIIBUIKICHUX HepudepiiiHux
npuctpoiB. USB 3.2 1 USB4 migBuulytoTh nponyckHy 3aatHicth a0 20—40 ['0it/c, iHTErpyrooTh
niaTpuMky Thunderbolt Ta 3a6e3neuyroTs OuIbII ePEeKTUBHE XKHUBJICHHS MiIKIIOYEHUX MPHUCTPOIB.
Koxna Bepcis USB Mae cneuu¢iddi TeXHIUHI XapaKTEpUCTHUKH, L0 BHU3HAYAIOTh CYMICHICTB,
IIBUJIKO/IIO 1 €HEPrOCIOXKMBaHHS, a MpaBWIIbHE Y3TOJDKeHHs iHTepdeiicy 3alesnedye HaaiiiHUN
OOMIH JJaHUMH, ONITUMI3aLllI0 POOOTH Nepudepii Ta cTadUIbHICTh pOOOTH KOMII' FOTEPHOI CUCTEMH B
L1JIOMY .

Bukopuctanus komm’iorepa s KepyBaHHS 30BHIIIHIMU MNPUCTPOSMHU Iepeadadae
oprasizarito oOMiHy KOMaHJIaMH Ta JJAaHUMH MDK IIEHTPaJbHOI CHCTEMOIO Ta mepudepieio uepes
amaparHi iHTepdericu Ta KOHTPOJIEPH BBOIY-BUBOTY. KOMIT FOTEep TeHepy€e CUTHATIHN KEpyBaHHS, [0
MEPeTBOPIOIOTECS Yy (i3uuHl 1ii Ha TPUCTPOSIX, TAKUX SK HPOMMCIOBI KOHTPOJIEPH, POOOTH,
JaTYNKH, akTyaTopu abo moOyToBa enekTpoHika. [lepenaua koMaH[ 1 JaHUX 31IHCHIOETBCS dYepe3
CTaHJapTH30BaHI KabenbHI abo Oe3nporoBi iHTepdeiicu, nHanpukiax USB, Ethernet, RS-232,
Bluetooth ab6o Wi-Fi, i3 3acTocyBaHHSM BiANOBIAHUX NMPOTOKOJIIB OOMiIHY Ta CHHXpOHi3allii s
3a0e3neyeHHs] TOYHOCTI Ta HaJ1iHOCTI KepYBaHHS.
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AmapaTHi KOHTpOJIEpM Ta ajanTepu 1HTEp(EiCiB BHUKOHYIOTh TEPETBOPCHHSI CHUTHAJIB,
Oydepuzariito, KOpPEKIiI0 TOMIJIOK Ta 3a0e3MeuyloTh eJIEKTPUYHY CYMICHICTh, IO J03BOJISIE
KOMIT'I0Te€pY KOOPAMHYBATH poOOTY PI3HOPIAHUX MPUCTPOIB HE3AIEKHO BiJ iX (Pi3udHOI IpUPOAH.
Bukopuctanus  cremiami3oBaHMX IUTAT  PO3MIUPEHHS a00  MIKPOKOHTPOJEPIB  JTO3BOJISE
peaizoByBaTH BHCOKOIIBHJKICHI Ta TOYHI Kepyroul CHCTEMH, 3a0€3Meuyloud B3aEMOJII0 3
MPOMHCIOBUMHU IIIMHAMH, CEHCOPHUMH Mepexamu abo BOynoBaHMMHU HpUCTposiMH. EdextuBhe
amapaTHe KepyBaHHS 3a0e3leuye CHHXPOHHICTh [, MIHIMI3y€ 3aTPUMKH Ta ITJBHIIY€E TOYHICTh
BUKOHAHHA QJITOPUTMIB, [0 KPUTHYHO U1 AaBTOMAaTU30BaHUX CHCTEM, pPOOOTOTEXHIYHUX
KOMILIEKCIB Ta IHTEIPOBAaHUX OOUMCIIIOBATIBHUX CEPEAOBUIL, € BiJ| allapaTHOI B3a€MOJIIT 3aJIe)KUTh
MPOYKTUBHICTh Ta HAAIMHICTH POOOTH BCIET CUCTEMHU.

Metoau mMigKIIOUYEHHS OOJIAJHAHHSA 1O KOMII'IOTEPHOI CHCTEMH BH3HAUYAIOTh CIOCOOH
(Gi3MYHOTO Ta JIOTIYHOTO 3’€HAHHSA IMPHUCTPOIB, IO 3a0e3MedyloTh e(hEeKTUBHUI OOMIH TaHMMHU,
KepyBaHHS Ta CHHXPOHI3AIi0. Y TPOMHCIOBUX Ta BOYJOBAaHUX CUCTEMAaxX sl ITiAKIIOYCHHS
BUKOPHCTOBYIOTBCS CTaHIApTU30BaHi iHTepdeiicy, Taki sik RS-485 1 CAN, siki XapakTepu3yrTbCs
BHCOKOIO HAIIHHICTIO, MOXIIMBICTIO pPOOOTHM Ha BEJIMKHX BIJICTAHAX Ta CTIHKICTIO [0
eJIeKTpoMarHiTHuX nepemkoa. RS-485 3abesneuye nudepeHuiiiHy nepenady AaHuX IO JIBOX
IPOBIIHUKAX, TO3BOJISIOYM MIJKIIOYATH KUIbKA IPUCTPOIB Yy 0araTOTOYKOBY IIKMHY, 110 0COOIMBO
BYKJIMBO ISl IPOMUCIIOBUX KOHTpoJepiB Ta ceHcopHux mepexk. CAN (Controller Area Network)
peaiizye KOMyHIKaIlil0 3a JIOIIOMOI'OI0 MPOTOKOJY 3 MpPIOpUTETaMU MOBIAOMIIEHb, KOHTPOJIbHUMU
CyMaMH Ta MEXaHI3MaMH BUSBJICHHS MOMHJIOK, IO JO3BOJISIE OPTaHi30BYBAaTH HAMIMHY MEPEKXY IS
KepyBaHHS TPAHCIIOPTHUMHU, BUPOOHUYHUMHU Ta POOOTOTEXHIYHUMHU CHCTEMAMHU.

[TeperBoproBadi iHTEp(EICIB BUKOPUCTOBYIOTHCS I 3a0C3MEYCHHS CYMICHOCTI MiXK
pi3HUMH CTaHAapTaMu, Hampukiany KoueepTamis RS-232 y RS-485 abo USB y Ethernet, i
JI03BOJISIFOTh 1HTETPyBaTH PI3HOPIAHI NPUCTPOi B €IMHY KEpOBaHy cHucTeMy. BoHu peani3yroTh
MIePETBOPEHHSI CUTHANIB, Oy(depu3allito Ta CHHXPOHI3allil0 JaHUX, 3a0€3MeUyI0ul KOPEKTHY poOoTy
IPUCTPOIB 13 PI3HUMHU DPIBHAMHU HANpPyTH, NPOTOKOJAMM 1 IIBHIKICTIO mepeaadi. Bukopucranus
MIPOMHCIIOBUX 1HTep(eiCiB Ta NEepeTBOPIOBAdYIB J03BOJIE KOMII'IOTEpPY €(EKTUBHO KepyBaTu
30BHIIIHIM OOnagHaHHAM, 3a0e3neuye HaAliHICTh Ta Oe3neky OOMIHY JaHUMH B YyMOBax
IHAYCTplaJIbHUX €JIEKTPOMArHiTHUX MEPEIIKO]] 1 BUCOKMX HABaHTAXKEHb, a TAKOK CTBOPIOE OCHOBY
JUI MaclITa0OBaHMX 1 THYYKUX aBTOMAaTH30BaHUX CUCTEM YIPaBIiHHS.

Texnomnorist PoE (Power over Ethernet) no3Bosisie mepenaBatu €neKTPOKUBICHHS Pa3oM 13
JAaHMMU TI0 CTaHJApTHOMY MepekeBoMy kabento Ethernet, 1o 3a6e3nedye crpolieHe miiKI0YeHHs
nepudepifHuX NpucTpoiB 6e3 NoTpedH y T0aTKOBUX JDKepenax sKuBJIeHHs. BoHa peanisyeTbes 3a
paxyHOK iH’€eK1ii NOCTIIHOT Hapyryu Ha *win kabemto, cymicHoro 31 ctannapramu IEEE 802.3af,
802.3at i 802.3bt, ski BHM3HA4YaIOThb MAaKCHMAaJIbHY IOTYXHICTh, IIO MOXXE IepegaBaTHUCH, Ta
ME€XaHI3M BH3HA4YeHHs CyMICHMX MnpucTpoiB. Cranmaptu PoE mnigTpuMyroTh aBTOMaTH4YHE
pO3Mi3HAaBaHHA CYMICHOTO OOJiaHAHHS, 3a0e3Meuyrodd Mojadyy Hamnpyrd TUIBKM Ha MPHUCTPOI,
3/1aTHI 11 mpuiiMaTH, 110 3a1no0irae MOMIKOIKEHHIO MEPEXeBO1 IHPPACTPYKTYpH Ta nepudepii.

PoE mmpoxo 3acTocoByeTbcs Al JKUBJIEHHS MEpEKEBUX Kamep, Touok nocrymy Wi-Fi,
VolP-tenedoHiB, ceHCOpiB Ta IHIIUX MPUCTPOIB, IO IHTETPYIOTHCS Y JIOKAJIbHI MEPEXi.
Bukopucranus PoE chopomrye MOHTax Ta TeXHIYHE OOCIyrOBYBaHHS, 3MEHIIY€ KUIbKICTh
HEOOXiTHMX KalemiB 1 JO3BOJSE€ IIEHTPATI30BAHO KEPYBAaTH EHEPrOCHOXHBAHHSAM IPHCTPOIB.
AnapaTtHi koMnoHeHTH PoOE BKIIIOYarOTh 1HXEKTOPH 1 CIUIITTEpH, AKi 3a0e3nedyioTh mojady i
peryJIloBaHHS HaNpyTH, a TAKOXK 3aXHCT BiJl MEPEBAHTAXKEHb 1 KOPOTKUX 3aMHKaHb. [HTerparnis PoE
y MepexeBy IHPPACTPYKTypy MiABHUIIY€ THYUYKICTh PO3rOpTaHHS MepudepiiHuX MPUCTPOIB,
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JI03BOJISIE peaizyBaTh aBTOHOMHI CHUCTEMHU 3 MIHIMAJIBHOIO arapaTHOI CKJIQJHICTIO Ta rapaHTye
cTabuIbHY poOOTY 00JIaIHAHHS HABITh y MPOMUCIIOBHX 1 BIIJIAJICHUX CEPEOBHUIIAX.
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TEMA 4. KOMII'IOTEPHA TEXHIKA CIIEHIAJIBHOI'O ITPU3HAYEHHS

Jlekuisi 11. Opranizanisi Ta ynpasJiHHA JAaHUMH Yy JIOKAJBHUX i IVI00aJbHUX Mepexkax

MepexeBa KOMIT FOTEpHA TeXHiKa 3a0e31edye opraHizailito, YIpasaiHHs Ta Mepeaady JaHuX
MK OOYHMCIIOBAIBHUMHU CHCTEMAMU Yy JIOKQJIbHUX, PETIOHAIBHUX Ta TJIOOAJTBHUX MEpekax,
dopmyroun iHdpacTpykTypy aisi oOMiHy iH(opMalli€ro, AOCTymy A0 pEecypciB Ta KepyBaHHS
nepudepiiHuMU MPUCTPOsIMU. BoHa BKIIIOUAEe amapaTHi KOMIIOHEHTH, TaKi SIK MEPEKEeBI KapTH,
MapuIpyTU3aTOpH, KOMYTaTOpH, TOYKU JOCTYITy, KOHIEHTPATOpU Ta MEpexeBi Kademni, a TakoX
MIPOMHUCIIOBI 1 CHEIiaiai3oBaHi MOy JJIA Mepenavi JaHUX Ha BENHKI BiACTaHI a00 y CKIAQTHUX
yMOBax eKcIuryatalii. MepexeBl NIpucTpoi pealli3yloTh Iepeady MakeTiB JaHUX, MapLIpyTH3alliio,
KOMYTallif0, KOHTPOJIb IUTICHOCTI Ta mpiopute3ariito Tpadiky, 3a06e3nedyroun HaAiiHICTh, BUCOKY
IIBUJIKICTH 1 6€31eKy 0OMiHY 1H(pOpMAIIi€rO.

B cyuacHux cucremax mepekeBe oOmagHaHHs miarpumye crannaptu Ethernet, Wi-Fi, PoE
Ta iHIII MPOMUCIIOBI MPOTOKOJH, JO3BOJSIOYM IHTETPYBaTH NPOBOAOBI Ta OE3IPOTOBI CETMEHTH
Mepexi B €IuHy KepoBaHy iH(pacTpykTypy. TexHosorii komyramii i MapmpyTu3aiii, amapatHa
migtpumka QoS (Quality of Service) ta Oesmekn, BukopuctanHi VLAN i VPN no3BomisioTh
ONTHUMI3yBaTU MPOIYCKHY 3/aTHICTh, 130/t0BaTH Tpadik Ta 3a0e3MeYuTd 3aXUCT 1H(opMaIlii.
AnapatHi pilIeHHs JUIsl MEPEXKEBOi KOMIT IOTEPHOI TEXHIKH BPAaXOBYIOTh BIJICTaHI MiX BY3JIaMU,
€JIGKTPOMArHiTHI TEpelIKOM, EHEproCHOXKUBAaHHA Ta YMOBH €KCIUIyaTaulii, 3abe3neuyrouu
CTaOIIBHICT, POOOTH 1 CYMICHICTh 13 PI3HUMH KOMII IOTEPHUMH CHUCTEMaMH Ta mepudepiitHumMu
npuctposivu. EdexTrBHa opraHizaiis MepekeBoi iHPPACTPYyKTYpH € KPUTHYHOIO U peajrizarii
KOPIIOPAaTHBHHUX, NMPOMHUCIOBHX Ta BOYJOBaHWUX OOYHMCIIOBAIBHUX CHUCTEM, /i€ TPOAYKTHBHICTD,
HaJIHICTh 1 Oe3rmeka mepenadi JaHWX BH3HAYAIOTH 3arajibHy €(EKTHBHICTH POOOTH BCHOTO
CepeIoBHIIA.

KomyraTtopu, mMapmpyTu3atopu Ta MOAEMH € KIIOYOBUMH arapaTHUMH KOMIIOHEHTaMH
MepeXKeBOi KOMIT IOTEpHOI TEXHIKH, 110 3a0e3MeuyroTh e(eKTUBHY OpraHizalliio rnepejadi JaHHX,
MapuIpyTH3aLlilo MaKeTiB 1 MAKIOYEHHs 10 30BHIMIHIX Mepex. Komyratopu (switch) BUKOHYIOTh
¢byHK1i0 KOMyTallli TaKeTiB BCepeInHi JIOKaIbHOI Mepexi, aHamizytoun aapecu MAC 1 nepeaaroun
JaHl TUTBKU 70 BIAMOBITHOTO TOPTY, IO MiJBHINY€E MPOMYCKHY 3JIaTHICTh Ta 3MEHIIY€E KOMi3ii.
Mapupytuzaropu (router) 3a0e3nedytoTb OOMIH JaHUMH MDK PI3SHUMH MepeXaMmH, BHU3HA4alouu
ONTHMAaJIbHI MapHIpyTH Iepelnadi MakeTiB Ha ocHOBI [P-ampec, TaOmunpe MmapmipyTtusamii Ta
IIPOTOKOJIIB TUHAMIYHOIO MapLIpyTU3yBaHHS, a TakoK BUKOHYIOTh QyHKIIT NAT, 6panamayepa i
QoS mig ynpaBiiHHs TpadikoM Ta MiJBUIIEHHS 0€3MeKH.

Mogemu (modulator-demodulator) BUKOHYIOTP MEpETBOPEHHS IU(PPOBUX CUTHAIIB
KOMIT'I0T€pa B aHAJOrOBI JUIs mepeaadi mo Teiae@oHHMX abo KaOeNbHUX JIHIAX Ta HABMAKH,
3a0e3neuyoun JO0CTYN A0 IIMPOKOCMYTOBUX a00 By3bKOCMYroBux Mmepex. CyudacHi MoaeMu
IHTErpyIOTh (QYHKLII MapupyTHu3amii, 6e3ApoTOBOro AOCTYHy Ta HIATPUMKY mpoTokosiB DSL,
KaOeIbHOTO 1HTEPHETY a00 ONTHUYHOTO IMiJKIIOYEHHS, IO 03BOJSE CTBOPIOBATH KOMILJIEKCHI
MepeskeBl IHPPACTPYKTypH Ul TOMAIIHIX, KOPHOPATUBHUX Ta IMPOMHUCIOBUX CHCTEM. Y3roKeHa
poboTa KOMYTaTOpPiB, MAPIIPYTHU3ATOPIB 1 MOAEMIB 3a0€3Meuy€e ONTHMAIBHY MPOIMYCKHY 31aTHICTD,
MIHIMI3aII0 3aTPUMOK, MIABUINEHY HAAINMHICTH 1 Oe3meKy mepedadi JaHuX Y JIOKATbHUX Ta
ro0aNbHUX MEpexax.

CTpyKTypHI CXEMH MEpPEXKEBUX MPUCTPOIB BiJOOpa)Xkal0Th B3AEMOMAII0  arapaTHUX
KOMIIOHEHTIB 1 JIOTiKy O0OpoOKM Ta MapuipyTu3auii JaHuX, 3a0e3Meuyroud HaoyHe pPO3yMiHHS
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MPUHITUITIB X pOOOTH. Y KOMYyTaTOpi CTPYKTYpHA CXeMa BKIIFOYA€E MMOPTH BBOY-BUBOY, BHYTPIIITHI
mmHU, Tabaui MAC-anpec Ta mexaHizmu Oydepuzarii maketiB. [lakeTu, 10 HaaXOAATh HA MOPT,
aHAJI3YIOThCSI KOHTPOJIEPOM, BM3HAYAETHCS IX ajpecar, MICIs YOro JaHi MepelaloThesl 10
BIJIMOBIAHOTO TOPTY 0O€3 3aiiBOi TpaH3WUTHOI Iepenadi, M0 MiABUIIYE €PEKTUBHICTH JIOKAIHHOI
Mepexi Ta 3MEHIITY€ KOJi3ii.

Y MapuipyTuzatopax CTPYKTYpHI CXEMH BKJIIOYAIOTHh MPOIECOpP MapIIpyTU3allii, TaOumili
MapmipyTu3saiii, Oydepu Ta iHTEpdEicH 30BHINIHIX Mepex. MapiipyTu3aTop npuiiMae makeTd 3
onHiel Mepexi, aHanizye IP-agpecy npusHadyeHHs, BU3HAYa€ ONTUMAIbHUIM MapuipyT Ta Hepeaae
MakeT BiAMOBiAHOMY iHTepdelcy, Mpu 1bOMY 3acTocoByroun MexaHi3Mu NAT, KOHTpoib depr i
npiopuresarito Tpadixy.

Mogemu BKIIOYalOTH OJOKM MOAYNALII Ta JEMOIYJSMii CHUTHANIB, I€PETBOPIOBaYi
aHaJIOTOBUX 1 MU(POBUX CHUTHAIIB, iHTEpdeicHI KoHTponepu Ta Oydepu obminy. Lludposi nani
KOMIT'I0Te€pa TEePETBOPIOIOTHCS y (hopMy, pUAATHY Ui Tepenadi KaHajioM 3B’sI3Ky, a MPHHHATI
CUTHAJIU BiAHOBIIOIOTHCA y U POBUil popmaT 11t 00pOOKH CHCTEMOIO.

Po3yMiHHS CTPYKTYpHHX CX€M 1 MPUHIUMIB poOOTH KOMYTaTOpPiB, MapIIPyTHU3aTOPIB Ta
MOJIEMIB JIO3BOJISIE NIPOEKTYBATH HaJliliHI Ta €(pEKTUBHI MepekeBi IHPPACTPYKTypH, ONTUMI3yBaTH
MapIIpyTU3allito, MiABUIILYBATH MPOIyKTUBHICTh Mepeadi JaHuX Ta 3a0e3reyyBaTu CTaOlIbHICTb 1
0e3neKy (PyHKIIIOHYBaHHS KOMIT FOTEPHUX CUCTEM Y JIOKAJIbHUX 1 TTT00aTBHUX Mepexax.

AHaJli3 CTPYKTYpHOI CXEMHM MEpEKHOI0 KOMYTaTropa MJ03BOJISIE OLIHUTH BHYTPILIHIO
OpraHizalilo TPUCTPOIO Ta HOro 3AaTHICTH 3a0e3nedyBaTH €(PEKTUBHY KOMYTAILII0 MAaKETIB Yy
JOKaNmbHI Mepexxi. OCHOBHMMHU OJIOKaMH KOMYTAaTopa € IMOPTH BBEICHHS-BUBEICHHS, BHYTPILIHI
IIMHU Tiepeaadi panux, Oydepu, koHTponepu nakeriB i Tabmuui MAC-aapec. [Toptu npuiimarots
Ethernet-xanpu BiJ MiAKIIOYEHUX MPHUCTPOIB 1 MEPENaOTh iX HA BHYTPIMIHIA KOHTpOJEp, KUK
aHali3ye ajapecy MpU3HAYCHHs 1 BU3HA4Ya€ BUXIAHUN MOPT Ui NHepefadi Kaapy, 0 MIHIMIZye
HaBaHTKCHHS Ha 1HIIN CETMEHTH MEPEXi Ta 3amobirae Koizism.

bypepn TtuMuacoBo 30epiraroTb MakeTH, 3a0e3Meuyloud KOpPEKTHY OOpoOKy mpu
OJTHOYACHOMY HAaJXO/KEHHI BEJIMKOrO0 MOTOKY JAaHUX abo miag 4ac OOpoOKHM TMakeTiB Pi3HUX
HIBUAKOCTEN, a KOHTPOJIepH 3a0€3MeuytoTh y3rOPKEHHSI CUTHAIIIB, YIIPAaBIIIHHS YepraMu nepejaadl 1
nepeBipky mnuticHocTi maHux. Tabmuii MAC-aapec wmicTaTh iHQopManio mpo (izuyHi agpecu
MIJKITI0YEHUX IPUCTPOIB Ta BIAMNOBIAHI MOPTH KOMYTATOpa, 110 103BOJsE €(EKTUBHO HANPABIATU
MaKeTU TUIBKH J10 MOTPiOHOro Mpuiimaya.

AHaJli3 CTPYKTYPHOI CXEMHM KOMYTaTropa J03BOJISIE OLIHUTU MPOIYKTHUBHICTH MPHUCTPOIO,
Horo 31aTHICTh 0OPOOIIATH BEJIMKI 00cATH Tpadiky, 3a0e3neuyBaT MiHIMaJIbH1 3aTPUMKH Ilepeadi
Ta MIATPUMYBAaTH MEXaHI3MHU NpiopuTe3alii 1 cerMeHranii MepexeBoro Tpadiky. Po3zyminns
BHYTPIIIHBOI OpraHizaiii KoMyTaTopa € KPUTUYHO BaXXJIUBUM Ui TNPOEKTYBaHHSA HATIMHMX 1
MacIITabOBaHUX JIOKAJIbHUX MEpPEeXk, ONTUMI3alii MPOMYyCKHOI 34aTHOCTI Ta 3a0e3neueHHs Oe3neKn
TaHUX.

MepexeBl KOMyTaTopu KJIacu(IKyIOTbCS 3a MPU3HAYEHHSM, IIBUIKICTIO OOPOOKH JTaHUX,
piBHEM YIpaBiiHHS Ta (YHKIIOHAJIBHUMH MOXJIMBOCTSIMH, IO JO3BOJIE ONTUMAIBHO BUOMpATH
NpUCTPI  JI1  KOHKpeTHOi MepexkeBoi iH(pacTpykTypu. OCHOBHI THNM  BKIIOYAIOTh
HeoOcnmyroByBaHi (unmanaged) KomyTaTopH, KepoBaHi (managed) komyTaropu Ta cMapT-
KoMyTaTopH (smart/managed-lite).

HeoGcnyrosyBani komyTaTopu 3a0e3meuyoTh 0a30By KOMYTAIliI0 AKeTiB MK MopTamu 6e3
MOKJIMBOCTI KOH(]irypaiiii, aBTOMaTMYHO BH3HAUYAIOTh MIBHJKICTh Ta JYIJIEKCHUHA PpEXUM
MIJKITI0YEHUX MPUCTPOIB 1 MIATPUMYIOTh CTaHAapTHI (QyHKuii, Takl sk HaBuaHHd MAC-aapec 1
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nepeaada kajapis. BoHn mpocTi B eKcIuTyaTariii Ta ONTUMaibHI 1j1s MaIuX oQicHUX a00 TOMaIIHIX
MepeK, JIe He TOTPiOeH KOHTPOJIb TpadiKy Ta PO3IIUPEHE aIMIHICTPyBaHHS.

KepoBani koMyTaTOpH HaJalOTh PO3IIUPEHI MOXKJIMBOCTI KOH(QIrypamii Ta MOHITOPHHTY,
Biiouatoun VLAN, QoS, SNMP, ynpapninHs 4epramu mepeiadi, KOHTPOJIb TOCTYITy, arperariro
KaHaTiB Ta MPOTOKOJNM pe3epBYBaHHS, IIO [O3BOJSE ONTUMI3yBaTH MPOIYCKHY 3AATHICTD,
MiABUIIUTH HAJIHHICTG 1 3a0e3meunTu Oe3mneKky Mepexi. BoHr 3acTOCOBYIOThCS Y KOPITOPATHBHUX 1
MIPOMHUCJIOBUX CEpEelOBUIIAX, J€ KPUTUYHO BaXKJIMBA KOHTPOJIbOBAHA MapUIpyTH3aIlis Ta
cerMeHTarlis Tpadiky.

CMapT-KOMyTaTOpH MOEIHYIOTh MPOCTOTY HEOOCIYyroBYBaHMX MOJeNied 3 OOMEKEHUMU
MOXIMBOCTSIMHU YIIPaBJIiHHS, Hanpukian HamamTyBaHHS VLAN 1 6a30Buil MOHITOPUHT Tpadiky,
0 pOOHUTH iX MPOMDKHUM pIlICHHSIM A cepenHix odicHux mepex. Kpim Toro, komyraropu
MOXYTb Bifjpi3HATHCS 3a mBHAKicTio opTiB (Fast Ethernet, Gigabit Ethernet, 10/25/40/100 GbE),
KUTBKICTIO TOPTiB, MiaATpuMKo0 PoE Ta amapatHuMu 0COOJIMBOCTAMH, TAKUMU SIK CTEKyBaHHS a00
pe3epByBaHHS OKUBJIEHHS. BuOip Tumy KomyTaTopa BH3Ha4ae eQEKTHUBHICTh KOMYTaIli,
MIPOYKTUBHICTh MEPEX1 Ta MOKIIMBICTh MaclITaOyBaHHS 1HPPACTPYKTypH.

MapipyTuzatopu B KOMIT IOTEPHUX MEpeXkaxX BUKOHYIOTh (YHKIIIO 3’€IHAHHS PI3HHUX
Mepek 1 BU3HAYCHHS ONTUMAIbHUX MapUIpyTiB Iepeaadi MakeTiB JaHuX Ha ocHOBI [P-ampec ta
MIPOTOKOJIIB MapIIpyTH3allii. BoHM aHami3yI0Th 3arojl0BKU MakKeTiB, JOPMYIOTh TaOIHII MapIIPyTiB
1 3IIACHIOIOTH YIIPABIIIHHA YepramMu, Ipiopuresaiito Tpadiky Ta KOHTPOJb AOCTYITY, 3a0€3MeUy0un
epeKTHBHY pOOOTYy SIK JIOKAJBHHUX, TaK 1 TI00ATbHUX MeEpex. MapHpyTu3aTopd MOXKYTh MaTH
iHTerpoBani GpyHKuii 6e3meku, Taki sk ¢inprpanis naketis, NAT, VPN i 6pannmayep, 1m0 103BOJIsIE
M ABUIIUTH 3aXHUIIEHICTh MEPEXXeBOT IHPPACTPYKTYpH 1 CTaOUIBHICTD Mepeaadi JaHux.

CepBepHe 0OnagHaHHSA BIAPIZHAETHCS BiJl MEPCOHATIBHUX KOMII'IOTEPIB apXiTEKTYPHHUMH,
anapaTHUMU Ta (PyHKIIOHAIBHUMHU XapakTepuctukamu. CepBepu po3paxoBaHi Ha Oe3lepepBHY
poboty B pexumi 24/7, miATPUMKY BETUKOI KIJIBKOCTI OJHOYACHHMX MIiAKIIOYEHb, BUCOKI OOCSTH
OTIEepaTUBHOI MaM’sTi, OaraTosJepHi MPOLECOPU Ta PO3LIMPIOBAHI MiJACUCTEMU 30€piraHHs JaHUX.
BoHu wdacTto oOcCHamyloThbCs ~CHELiali30BaHUMHM CHCTEMAaMU JKUBJICHHS 3 PE3epBYBaHHSM,
koHTposiepamu RAID, anapaTHUMH MOJIYJISMU YIpPaBJIIHHS 1 MOHITOPUHTY, IO IiJIBULIYE
HaJIAHICTh Ta BIJIMOBOCTIMKICTh. Ha BigMiHY BiJl MepCOHAIBLHUX KOMII IOTEPIB, CEpPBEPU MAIOTh
oOMexxeHMil 1HTepdelc uIsi TOpSIMOro KOPUCTYBAalIbKOTO BBEJEHHS 1 OpIEHTOBaHI Ha
00CITyrOByBaHHSI MEPEKEBOT0 a00 NPHUKIAJHOTO TMPOTPAMHOTO 3a0€3MEYeHHs Il  BEJIUKOT
KUJTBKOCTI KOPHCTYBauiB, 10 POOUTH X KIFOYOBOIO CKJIQJOBOIO KOPIOPATUBHUX Ta MPOMHUCIOBUX
iHpOpMaLIHHUX CUCTEM.

exnis 12. Cy4yacHi TeHaeHIIil PO3BUTKY KOMII’IOTEPHOI TEXHIKH Ta cepBEPHUX CHCTEM
JI 12. Cy y i

CyuacHl TeHJAEHLIT PO3BUTKY KOMII'IOTEPHOI TEXHIKH XapaKTepHU3YIOThCS IOCTIHHUM
MiABUILEHHSIM MPOAYKTUBHOCTI OOUYHMCIIIOBAJIBHUX CHUCTEM, 3MEHIIEHHSM EHEproCHOKMBaHHS Ta
30UIBIICHHSAM 1HTErparii amapaTHUX KOMITOHEHTiB. OCHOBHUMH HaIllpsIMaMU € MiHiaTIOpU3allis
€JIEKTPOHHUX €JIEMEHTIB, MiABUIIECHHS IIIJIBHOCTI IHTETPAJBHUX CXEM 1 PO3BUTOK OaraTosepHUX
MPOIIECOPiB, IO [O3BOJSE OJIHOYACHO BHKOHYBAaTH TapajiejibHI OOYMCIIOBAIBHI 3amadl Ta
MIJIBUINYE 3araibHy €(pEeKTHBHICTh cucTeMu. KpiM TOro, akTHBHO PO3BHBAIOTHCS CIEIliai30OBaHi
oOuucmoBasibHI  MIat@opmu, Biimovaroun rpadiuni  nponecopu (GPU), Heipomepexesi
MIPUCKOPIOBAYi Ta anmapaTHi pillleHHs U1 00pOOKH BEIMKHUX JAHUX 1 IITYYHOTO 1HTETIEKTY.

CyuacHa KOMIT'IOTepHa TEXHIKa TAKOX OPIEHTOBaHA Ha IHTETPaLlil0 3 XMapHUMU CepBicaMH,
MepexeBUMU TexHoJorisimu Ta IntepHetrom pedeir (IoT), mo 1o03BoJsie OpraHi3oByBaTH
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PO3MOAICHI 00YHCITIOBAIBHI CEPEIOBHUIIA Ta MiBUINYBATH THYUYKICTh 1 MacIITAOOBAHICTh CHUCTEM.
[TapanenbHO BeNETbCS PO3BUTOK EHEProePEKTHUBHMX TEXHOJIOTIH, BKIHOYAaOUM BUKOPUCTAHHS
TBEPAOTUIBHUX HAKOMUYyBauiB, CHUCTEM YIpPABIIHHSA OJKUBJICHHSIM Ta amapaTHUX MOJIYJIIB
onTuMi3zalii poOOTH KOMIIOHEHTIB Y Pi3HUX peXKUMaxX HaBaHTAKCHHSI.

[HIIMMHM TEHACHLISMU € TIIBUIICHHS HAMIMHOCTI 1 Oe3MeKu amapaTHOi iH(PacTPyKTypH,
HNiATPUMKA CTAaHAAPTH30BAaHUX IHTEP(EHCIB 1 MPOTOKONIB JUIA CYyMICHOCTI 3 mepudepiitHuMu
IPUCTPOSIMH Ta HOBUMH IPOTPAMHUMH DILICHHAMH, a TaKOX PO3BUTOK TEXHOJIOTiH MOOUIBHOCTI,
KOMIIAKTHOCTI Ta 0€31pOoTOBOro 3B’sA3Ky. Lli HampsiMM BU3HAYaIOTh CyYaCHUM KypC PO3BHUTKY
KOMIT'IOTEPHOT ~ TE€XHIKM K CKJIaJHOI IHTErpoBaHOi CUCTeMH, 34aTHOi 3abe3nedyBaTu
BHCOKOIIPOAYKTHBHY, HaJIlHY Ta Oe3reyHy 0oOpoOKy MaHuX y pi3HUX cdepax, BiJl MEPCOHATBHUX 1
KOPIIOPATHBHHUX CUCTEM JI0 IPOMHCIIOBUX 1 BOYJOBaHUX OOUYHMCIIOBAIBHUX CEPEIOBUIIL.

BararosinepHi cucteMu NpeACTaBISIOTH COOOI0 OOUYMCITIOBATIBHI TUIATHOPMH, Y SKUX OJIUH
MPOIIECOPHUI KPHUCTAT MICTUTH JBa 1 OlibIIe sAep, KOKHE 3 SKHX 3/aTHE BUKOHYBATH OKpeMi
MOTOKH 1HCTPYKLIN He3anexxHo. Taka apXiTeKTypa A03BOJISIE€ OJHOYACHO OOpOOIIATH KibKa 3ajad,
MiJBUIIYIOUN 3arajibHy MPOAYKTHUBHICTh CHCTEMHU 0€3 MPOMOPUIHHOro 301IbIIEHHS TaKTOBOI
YacTOTH, IO 3MEHILIY€ EHEproCHOXHBaHHA Ta TemaoBUAUIeHHS. KoxHe sapo OararosepHOro
mpolecopa Mae BIacHUU ONok kemi-mam’siti piBHSA L1, a m1s migBuiieHHs e(heKTUBHOCTI OOMIHY
JaHUMH  pa MOXYTh BUKOPHCTOBYBaTH CHUTbHI Kemri piBHa L2 abo L3, mo ngo3Boinse
ONTUMI3yBaTU JOCTYN 10 ONEPaTHUBHOI MaM’STi Ta 3MEHLIYBaTH 3aTPUMKM IPU MIKIPOLIECOPHII
B3a€EMOII.

bararosimepHi cHCTeMH AaKTHBHO BHKOPHUCTOBYIOTHCS JIISl HapaleldbHOi  0OpOOKH
OOYMCITIOBAJIFHO CKJIaIHUX 3334, TaKUX SK CHMYJIALii, 0oOpoOka BEIMKHX MAaCHBIB JaHUX,
pennepuHr rpadiku, MoenoBaHHs (I3MYHUX MPOIECIB Ta BUKOHAHHS CEPBEPHUX 3aBAaHb. BoHM
JI03BOJISIFOTH peai3yBaTd 0araTOIOTOKOBI ITPOrpaMH, Jie KOXKEH HOTIK KePYETbCS OKPEMUM SIPOM,
0 NiABMILYe e(QEeKTUBHICTb BHMKOPHUCTaHHs amapaTHUX pecypciB. Po3poOka mporpamHoro
3a0be3neueHHss JUisd  OararosiiepHUX CHUCTEM BHMAara€ BpaxyBaHHS acCHEKTIB CHHXpOHI3alii,
KOHKYypeHIii 3a pecypcu Ta OajaHCyBaHHS HABAaHTAXKEHHS MIXK sIpaMH, OCKUJIBKM HEKOPEKTHE
IUTaHYBaHHS IMOTOKIB MOKE 3HM)KYBaTH MPOAYKTHUBHICTH 1 CTBOPIOBATH BY3bKi MicCIsl B 00poOIi
TaHUX.

Takum uYnHOM, OaraTosJiepHI CHUCTEMH € KIIOYOBUM HANPSIMOM PO3BUTKY CYy4acHOL
KOMIT IOTEPHOI TE€XHIKH, MOEIHYIOUM BUCOKY OOYHCIIOBAJIbHY MOTY)KHICTh, €HEProe(PEeKTUBHICTS 1
3ATHICTh J0 MaclITabOBaHOTO MAapajieIbHOr0 BHKOHAHHS 3aB/aHb, 10 POOUTH X OCHOBOIO
CY4YacHUX MEPCOHATIBHUX, CEPBEPHUX 1 BOYIOBaHUX MIATHOPM.

BOynoBani komm’torepni cucremu (BKC) mpencraBisiore coboro crenianizoBaHi
o0uuCIIOBaJIbHI TIATGOPMH, I1HTETPOBaHI B CKJIQJOBI YAaCTMHHU TEXHIYHUX MPUCTPOIB IS
BUKOHAHHSI KOHKpPETHUX (YHKIIN yIpaBiiHHs, 00poOKku qaHuX abo MoHiTOpuHTy. Ha BiamiHy BiJ
3arajbHOrO MpHU3HAUYEHHS MepcoHanbHUX Kowmi 'totepiB, BKC opieHTOBaHI Ha BHUKOHAHHS
BY3bKOCIIEL1aJI30BaHUX 3aBJIaHb y PEXHUMI peajbHOro 4acy, MaiOTh ONTUMI30BaHy apXiTEKTypy,
oOMexxeHH Hablp pecypciB 1 MIABUIIEHY HaAIHHICTh POOOTH y crienn(iyHUX yMOBaxX eKCILTyaTalli.
BKC cknagatotbess 3 mporecopa abo MIKPOKOHTpOJepa, ONepaTHMBHOI Ta MOCTIHHOI mam AT,
nepudepifHuX MOJYJIB 1 clieriali3oBaHuX 1HTEp(ENCIB Ul B3a€EMO/II 3 CEHCOpaMHU, aKTyaTopaMu
Ta IHIIUMH €JIeKTPOHHUMH KOMIIOHEHTaMHU.

Cdepu 3acrocyBaHHs BOYJOBAaHHX CHUCTEM OXOIUIIOIOTH IPOMHUCIOBY aBTOMAaTH3aIliIo,
aBTOMOOUIbHY ~ €JIEKTPOHIKY, MeIUYHe OOJIaAHaHHS, pOOOTOTEXHIKY, MOOYTOBY TEXHIKY,
TEeNIEKOMYHIKAI[IHHI Ta MepexeBl mnpuctpoi, a Takok cucremu IaTeprery peuerr (IoT). V
npomucioBocTi BKC 3a0e3neuytoTh KOHTPOJIb TEXHOJOTIYHUX MPOILIECIB, 301p Ta 0OpOOKY JaHUX 3
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JATYMKIB 1 KEPYBaHHS aKTyaTOpamH, TOAl sIK B aBTOMOOUIbHIN €eKTPOHIIll BOHU BiJMOBIIAIOTH 3a
poboty cuctem ABS, KOHTpOJIO ABUTYHA, CUCTEM OE3IMEKH Ta MYJbTUMEIIMHUX KOMILUIEKCIB. Y
MEIUYHOMY 00JaJiHaHHI BOYZOBaHI CHCTEMH PEai3yloTh KOHTPOJIb MAapaMeTpiB >KUTTEIISUIBHOCTI
MaIie€HTa, TOYHY IIarHOCTUKY Ta aBTOMATH3AIII0 TIPOIEAY].

3aBISKM KOMITAKTHOCTI, €HEProe(eKTHBHOCTI Ta 3AAaTHOCTI TPAIfOBAaTH B PEXUMI
peansHoro dacy, BKC 3a0e3neuyioTh iHTErpamio CKiagHuX (YHKIIOHAIBHUX MOMKJIHMBOCTEH Y
TeXHIYHI TPHUCTPOi, MIABUIMYIOTh iX HAJIAHICTG 1 MPOMYKTHBHICTh, a TaKOX JO3BOJSIOTH
CTBOPIOBATH MacIITaOOBaHI Ta THYYKI CHCTEMH YIPaBJIiHHS Ta MOHITOPHHTY, IO aJalTOBaHi J0
KOHKPETHHX 3aBJIaHb 1 YMOB €KCIUTyaTallii.

Ponp mporpamuoro 3abe3mneueHHs y B3aeMoOJiii 3 amaparyporo mousdrae y 3abe3neueHHi
KOPEKTHOTO YIIPaBIIHHS anapaTHUMU KOMIIOHEHTaMH, KOOpIWHAIil iXx poboTtu Ta peamizarii
(GYHKIIOHAIBHUX MOXJIMBOCTEH KOMIT I0TepHOi cucteMu. [Iporpamne 3a0e3nedeHHs] BHCTYIIAE
OPOMDKHUM pIBHEM MDK KOPUCTyBadeM a00 TMPHUKIAJHUMU IpOrpaMaMyd Ta anapaTHUMU
MoOIynsiMH, 3a0e3nedyroun aOcTpakiito (i3uyHUX iHTEepdeiciB, AOCTyn a0 mepudepiiHux
MIPUCTPOIB Ta KOHTPOJb 32 CHHXPOHI3alli€lo 1 mepeaaydeto JaHux. BoHo ¢GopMye KOMaHIHI TOTOKU
JUIS TIpoliecopa, BHU3HA4Ya€ TMOPSIOK OOpOOKM CHUTHANIB, Kepye AOCTYyIOM J0 MaMm’sTi Ta
nepudepiiHuX MOJIYyJIiB, peaidy€e MPOTOKOIM OOMIHY TaHUMHU 1 3a0e3meuye 3aXHCT BiJ KOH(IIIKTIB
Ta IOMUJIOK Y POOOTI anmaparypu.

[TpuxnanHi Ta CUCTEMHI HpOrpaMud BHUKOPUCTOBYIOTH JpaiiBepu, O10M10TeKH 1 amaparHi
abcTpakuii uist JOCTyIy A0 Pi3HUX KOMITOHEHTIB KOMIT I0Tepa — MPOIECcopa, ONEPaTUBHOI MaM AT,
HAKONMYYBaYiB, MEPEKEBUX 1HTEp(]ENCiB, CEHCOpPIB Ta aKTyaTopiB y BOYJOBaHHX CHCTEMaXx.
JlpaiiBepy TIEpETBOPIOIOTH BHUCOKOPIBHEBI KOMAaHIW y CHEHNH(IYHI CHTHAIMA JUIsl armapaTHUX
MPUCTPOIB, KOHTPOJOIOTH OOMIH JaHWUMH Ta 3a0e3nedyroTh iX HafiiHicTh. OmnepamiiiHi cuctemMu
KOOPJIUHYIOTh POOOTY Oararbox MPHUCTPOIB OJHOYACHO, PO3MOAUISIOTH PECYpPCH Ta pPeai3yloTh
0araTo3asayHiCTh, 110 JO3BOJISIE amapaTypi epeKTUBHO BHUKOHYBATH CKJIaJHI omeparilii 06e3 BTpaT
IPOAYKTUBHOCTI.

Takum 4MHOM, IporpamMHe 3a0e3NeueHHs] BU3HaYa€ MOXJIMBOCTI BUKOPUCTaHHS amapaTHUX
pecypciB, ONTUMI3Y€E iX MPOAYKTHUBHICTH, MIJIBUILYE HAIIMHICTH 1 O€3MeKy poOOTH CUCTEMHU Ta
JI03BOJISIE IHTETPYBATH amapaTHi pIMIEHHS Y KOMIUIEKCHI OOYHMCIIOBANIbHI CEPEIOBHUINA, BiJ
MEPCOHAIBHUX 1 CEPBEPHUX IIAT(HOPM 10 BOYAOBAHKX 1 TPOMHUCIOBUX CUCTEM YTPABIIIHHS.

Bubip amapaTHOi apXiT€KTypHu 3ajie)KHO BIJ THUIy IPOrpaMHOI CHCTEMH BU3HAYAE€THCS
BUMOTaMHU JI0 MPOJYKTUBHOCTI, MAacIITa0OBaHOCTI, €HEPrOCIIOKUBAHHS, HAIHOCTI Ta cienu(iku
00poOkH naHux. /s 00urcaOBaNbHO IHTEHCUBHUX CUCTEM, TaKUX K cepBepH 0a3 JaHuxX, 00poOka
BEJIMKMX MAacuBiB iH(popmalii abo MTy4YHUH IHTENEKT, MPIOPUTETOM € OaraTosiAepHi MPOLECOPH,
BEIMKa OOCAr ONepaTHMBHOI Mam’ATi Ta BHMCOKOLIBHUJKICHI MiJICUCTeMHU 30epiraHHs JaHUX, L0
3a0e3meuyloTh TapajiebHy OOpOoOKy TMOTOKIB 1 MiHIMI3aIio 3aTpuMok. Jlns BOyaoBaHHX 1
peapbHOTO Yacy WPOrpaMHUX CHCTEM BAXKIUBUMHU € €HEProe(peKTUBHICTh, KOMIIAKTHICTH,
HaJIMHICTh 1 MIATPUMKA CIEHiani30BaHUX NepudepiiiHuX MOIYJiB A YIPaBIIHHA CEHCOPaMH,
aKkTyaTopaMM Ta KOMYHIKallltHUMH 1HTepdeiicamu.

Tumnosi nmepcoHabHI CUCTEMU JIJIS1 KOPUCTYBAIILKUX MPOTPaM OpIEHTOBaHI Ha 30aJlaHCOBaHY
MPOAYKTUBHICTh Mpolecopa, rpadidHOro MPHCKOPIOBaYa, OMEpaTHBHOI MaM’STi Ta JTUCKOBOI
miJicCuCTeMH, 10 3abe3nedye KOMQPOPTHY pOOOTY i3 MPHUKIAAHUM IMPOTPAaMHHUM 3a0€3MEeUYEeHHSM,
MYyJbTUMEIIMHUMU JOAAaTKaMU Ta MepeXeBUMHU cepBicamu. [IpomMHCIOBI Ta KOpHOpaTHUBHI
w1aThopMu MiAOMPAIOTHCS 3 ypaXyBaHHIM HAJIMHOCTI KUBJIEHHS, CTIMKOCTI 10 €JIeKTPOMarHiTHUX
MepeLKo/, MIATPUMKH pe3epBYBaHHs Ta IHTErpallii y MepekeBl cepeloBUIIA.
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TakuM uyMHOM, apxXiTEKTypa amapaTHOi CUCTEMHU (QOPMYETHCS BHUXOASYM 3 KOHKPETHHX
(GyHKIIOHATBHUX 1 HE(QYHKIIIOHAJIbBHUX BHUMOT TPOTPAMHOTO 3a0e3MeueHHs, IM0 3a0e3reuye
ONTUMAJIbHE CHIiBBIJHOIICHHS MPOJIYKTUBHOCTI, HAIIMHOCTI Ta €HEproeeKTHUBHOCTI, J03BOJISE
peaizoByBaTH CKJIQJHI QITOPUTMHU 1 rapaHTye cTabiibHy poOOTYy NMPOrpaMHHX CHCTEM y Pi3HUX
YMOBaX eKCIUTyaTarii.

AmnaparHi 3aco0M MiIBHUINEHHS HAMIHHOCTI Ta 3aXHCTy JaHUX Y CEPBEPHUX CHUCTEMax
3a0e3meuyroTh Oe3mepepBHY poOOTY OOYHMCITIOBAIBLHUX IUIaTGopM Ta 30epekeHHsS ITUTICHOCTI
iHopmariii HaBiTH y pa3i BIIMOB OKPEMHUX KOMIOHEHTIB. Jl0 KJIIOYOBHX pIllIEHh HAJICKATh
pe3epBYBaHHS KUBJICHHS 4yepe3 Osoku Oe3mnepeObitinoro kupieHHs (UPS) 1 moaBiitH1 cuiioBi miHii,
amapaTHi MOJIYJi KOHTPOJIFO 1 YIpaBiiHHS POOOTOIO CEpBEpiB, a TAKOX CHUCTEMH MOHITOPUHTY
TEMIIEpaTypHy, HAMPYTH Ta CTaHy BEHTWIATOPIB. JJis MiABUIICHHS HAJIMHOCTI 30€piraHHs JaHUX
BUKOPUCTOBYIOThCSI ~ KOHTposiepn RAID, 1o [103BOJSIOTH  OpPraHi3oByBaTM MAacHBH 3
HQ/UTMIIKOBICTIO iH(popMarii 1 3a0e3medyBaT BiIHOBJICHHS JaHUX Yy pasi BUXOXLY 3 JIaJy OJHOTO
a00 KUIbKOX HAaKOMMYYyBaYiB.

Cepgepni cuctemu 3actocoBytoTb ECC-nam’sth (Error-Correcting Code), sika aBTOMaTu4HO
BUSBIIIE T4 KOPUTYE OJIMHOYHI Ta 0aratoOiTOBI MOMUJIKHM, IIO BHHHMKAIOThH MiJ Yac 3amucy abo
YUTAHHS, 3MEHIIYIOUM pU3UK 3001B 1 BTpaTu naHux. Kpim Toro, amapatHi 3acoOu BKIIOYAIOTh
CHeIialli30BaHl KOHTPOJIEPU AOCTYIy, KpunrorpadidyHi MOayi Ta amapaTHi QUITPU U 3aXUCTY
iHdopMallii BiJl HECAHKI[IOHOBAHOTO JOCTyMy. BukopucranHs amapaTHoi BipTyamizamii Ta
pe3epByBaHHS KOMIIOHEHTIB JIO3BOJISIE OpPTraHi30BYyBaTH Oe3lepepBHE OOCIYyroBYBaHHS CHUCTEM i
MIATPUMKY BHCOKOTO PIBHS JIOCTYMHOCTI CEpBICIB, MO KPUTHYHO JUIS KOPIOPATUBHUX 1
MIPOMUCIIOBHX 1H(pOPMAIITHIX CepeTOBHIL.

3aBnsky iHTErpamii OUX pilleHb CepBepHI IIaT(GOPMHU JOCITAIOTh BUCOKOI HaMIHHOCTI,
cTabimpbHOCTI Ta Oe3neKku PoOOTH, TO3BOJISIFOUM OOPOONISATH BENHKI OOCSATH JAAHUX, MiATPUMYBATH
KpUTUYHI Ol3Hec-mpolec Ta 3a0e3ledyyBaTh CTIMKICTh CHUCTEM [0 alapaTHUX 1 MpOTrpamMHHUX
BIJIMOB, 1110 pOOUTH iX 0230BMM KOMIIOHEHTOM Cy4acHOi 00UHCIIOBAIbHOT IH(YPACTPYKTYpH.

Cucremu 30epiranns ganux NAS (Network Attached Storage) ta RAID-macuBu €
KJIFOYOBUMH alapaTHUMHU KOMIIOHEHTaMH JUIsl OpraHi3alii HaAliHOro 1 eeKTUBHOTO 30epe’KeHHS
iHbopMaLli B CepBEpHMX 1 KOpHOpaTUBHMX cepenoBuiiax. NAS mpencrasise co0oro
CHellaJII30BaHUN TNPUCTPINA, MIJKIIOYEHUH Oe3nocepeHbO 10 JIOKAIbHOI ab0 KOpPIOpaTUBHOL
Mepexki, 110 3abe3rneuye [eHTpali30BaHe CXOBUINE JAaHUX 13 MIATPUMKOIO MPOTOKOIIB (haidI0BOro
noctyny, takux sk SMB/CIFS a6o NFS. Ile no3Boisie KiIbKOM KOpHCTyBayaM Ta CHUCTEMaM
OJTHOYACHO OTPUMYBATU JIOCTYM J10 (aiiiB, OpraHi3oByBaTH pe3epBHE KOMIIOBAaHH:I, 0OMEXYBaTH
JOCTYNl Ta 3[iHCHIOBATH MOHITOPHHI BHMKOPHCTaHHsS pecypciB 0e3 HeoOXiJHOCTI MpsMOro
H1AKITIOYEHHS IO CEePBEPIB.

RAID-macuBu (Redundant Array of Independent/Inexpensive Disks) 3acTocoByrOThCS st
MIIBUINICHHS] HAJIWHOCTI Ta MPOMAYKTHBHOCTI MIJICHCTEMHU 30€piraHHs JaHUX IUIIXOM 00’ €THaHHS
NEKITbKOX JKOPCTKUX AUCKIB a0o SSD y enuuuit noriunuii macus. IcHyroTh pi3Hi piBHi RAID (0, 1,
5, 6, 10), mo 3a0e3neuyroTh pi3HI KOMOIHAaII{ YepryBaHHs, HAJJTUIIIKOBOCTI Ta BIJIHOBJICHHS JaHUX.
Buxopuctanus RAID no3Bosisie 3amo0irti BTpaTi iHpopMalii Ipy BiAMOBI OJHOr0 ab0 AEKIIBKOX
HAKONMHWYYBaYiB, MiJBUIIUTH IIBUIKICTh 3alHMCy Ta YHTAHHS JaHUX, a TaKoX 3a0e3neyuTu
6e3nepepBHYy pOOOTY KPUTUYHHX JI0JIATKIB.

Inrerpanist NAS i3 RAID-macuBamu 3abe3neuye HailiHy, MacIITaboBaHy 1 LIEHTPaIi30BaHy
cucreMy 30epiraHHs JaHHX, sIKa J03BOJIsIE€ €PEKTHBHO YIPABIIATH BEIMKUMH oOcsramu iH(opmarii,
3MIACHIOBAaTH  pEe3epBHE  KOIIIOBaHHS 1  BIJIHOBJIEHHS, MIJBUIYBAaTH  MPOAYKTUBHICTh
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00UYHnCITIOBAIBHOI 1HPPACTPYKTypHu Ta 3a0e3redyBaTH BHUCOKHHM PIBEHb JOCTYIHOCTI Ta Oe3meku
JTaHUX JUTIS KOPITOPATHBHUX, TPOMHUCIIOBHX 1 BOYTOBAHUX CUCTEM.

Jlekuis 13. Komn'torepHi 3acoou ajs InTepHery peueid

Intepuer peueir (Internet of Things, [oT) € cyyacHorO KOHIENIIIEIO TOOYI0BH
iHpopManiiHuX cucTeM, y SKUX (i3udHi 00 €KTH OCHAIIYIOTHCS EIEKTPOHHUMH IPUCTPOSMH,
CeHCcOopaMH, 3acobamMu 0OpOOKH TaHUX Ta MEPEKEBUMU iHTepdeiicamMu i B3aEMOJIT Mk cO0010 Ta
3 iHpopmamiitHuMu cuctemamu. OCHOBOIO peaii3allii TaKuX CHUCTEM € KOMII IOTepHi 3acolu, 110
3a0e3neuyroTh 30ip, 0OpoOKy, mepemauy Ta 30epiraHHs JaHUX. Y MeXax JUCIUILTIHA
«Komn’roTepHa cXeMOTEXHIKa Ta apxXiTeKTypa KOMII'IOTepiB» 0COOJIMBa yBara IpHIUISIETHCS
arapaTHUM KOMIIOHEHTaM Ta apXiTeKTypHUM IPUHLUIIAM [100Y10BH TAKUX CUCTEM.

Komm’rotepni 3acobu IHTepHeTy pedel sBISOTH CO0O0I0 cremiani3oBaHi BOyIOBaHI
0OYHCITIOBAJIBHI CHUCTEMH, SIKI IHTETPYIOTHCS y PI3HOMaHITHI TEXHIUHI OO0’€KTH Ta BUKOHYIOTBH
¢byHKUii BUMIpIOBaHHS, KepyBaHHS a0o oOMiHy panumu. Ha BigMiHy BiI TpaguiitHuX
KOMIT'IOTEPHHX CHCTEM, TaKi TPHUCTPOi MaOTh OOMEXKEHI pecypcd Iam’ siTi, HEBUCOKY
O0YHCITIOBANIbHY TOTYXKHICTD Ta 4acTO MPAIIOIOTh Y PEKUMAX 3HIKEHOTO eHeprocrnokuBaHHs. Lle
3YMOBIIIO€ CrieU(i4Hi BUMOTH /0 IX apXIiTEKTypH, CXEMOTEXHIYHOi peaii3alii Ta MporpaMHOro
3a0e3neueHHs.

OcHoBy OurbIIOCTI MPUCTPOiB IHTEepHETY pedell CTAHOBIATb MIKPOKOHTPOJIEPH.
MIiKpOKOHTpOJIEp € IHTErpajbHOI CXEMOI0, Ka MICTUTh LIEHTPaJbHUHA HpPOLEcOop, ONEPaTHBHY
1am’ATh, IOCTIMHY MaM’sITh POrpam, a TakoX nepudepiiiHi MOyl BBeICHHI-BUBEICHH. 3aBISKU
Takid iHTerpamii MiKpOKOHTPOJEPH TAI0Th 3MOTY CTBOPIOBATHM KOMIIAKTHI Ta eHeproe(eKkTHBHI
O0YMCITIOBANIbHI  TPUCTPOi. APXITEKTypa MIKPOKOHTPOJEPIB 3a3BHYail ONTHMi30BaHA IS
BUKOHAHHS KEPYIOUHX IPOrpaM Ta 00pOOKH CUTHAIIB BiJl CEHCOPIB.

Y cucremax IHTepHETY pedell MIMPOKO 3aCTOCOBYIOTHCS MIKPOKOHTPOJIEPH Pi3HHUX
apxitektyp. OnHiero 3 HaltnomupeHimux € apxitektrypa ARM Cortex-M, sika BUKOPHUCTOBYETbCS Y
BEJIMKIM KUIBKOCTI CcydacHMX BOYJOBaHUX CHCTeM. Taki MIKpPOKOHTPOJIEPH MAlOTh JIOCTATHIO
00YHCITIOBAJIbHY MOTYKHICTb JUIsl BUKOHAHHS aJTOPUTMIB OOPOOKHM JaHUX, MIATPUMYIOTh POOOTY 3
nepudepifHUMU TPUCTPOSIMU Ta MOXKYTh BHKOPHCTOBYBAaTH pi3HI KOMyHIKaliiiHi iHTepdeiicu.
[Hmoro mommupeHo apXiTekTyporo € AVR, sika BUKOPUCTOBY€ThCS y 0ararb0X HaBUAIbHUX 1
MPUKIIATHUX CHCTEMaX, a TaKoX y miaaTdopmax Ha 3pa3ok Arduino.

BaxxiuBuM KOMIOHEHTOM KOMIT IOTEpHHX 3ac00iB IHTepHeTy peueit € cencopu. CeHcop
SBJIE€ COOOIO MPUCTPI, IKUN NEePEeTBOPIOE (HI3UUHY BEIMUYUHY Y €IEKTPUYHUM curHai. Y cucremax
[oT BUKOPHCTOBYIOTHCSI PI3HOMAaHITHI CEHCOPH: TEMIIEpaTypH, BOJIOTOCTI, OCBITIEHOCTI, THUCKY,
pyxy, rasiB ta iHmi. OTpUMaHi BiJl CEHCOPIB CUTHAJIM OOPOOJISAIOTHCS MIKPOKOHTPOJIEPOM, Micis
YOro MOXKYTh HEpeAaBaTUCS y Mepexy a00 BHKOPHUCTOBYBATHCS JJsl KEPYBaHHS BHKOHABUMMU
MPUCTPOSMH.

OxpiM ceHcopiB, y cuctemax [HTepHeTy peueil 3acTOCOBYIOTHCS BMKOHAB4I MpUCTpoi. o
HUX HaJeXaTh €JIEKTPOIBUTYHH, pelie, CBITIOMIOAHI 1HAUKATOPH, HArpiBaJbHI €IE€MEHTH Ta IHIII
KOMITOHEHTH, IO JAl0Th 3MOTY 3MIHIOBaTH CTaH (i3udHOro 00’e€kTa. MIKPOKOHTPOJEP Kepye
TaKMMH TPUCTPOSMHU uYepe3 CrelianbHl BUXiIHI 1HTepdelcH, BUKOPUCTOBYIOYH U(GPOBI CUTHAIH
a00 MHUPOTHO-IMITYJIBCHY MOIYJIALIIO.

Jns  B3aemonii MDK MpHCTposSsMH IHTepHETY pedell BaxJUMBY pOJIb BiAIrPalOTh
KOMYHIKalliiHI iHTepdelicu. Y Mexax OJHOr0 TMPHUCTPOI0 BUKOPUCTOBYIOTbCS BHYTPIIIHI
iHTepdeiicu Ui miakimodyeHHs nepudepitnux moxynis. Halinommpenimmmu cepen Hux € SPI, 12C
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ta UART. Iarepdeiic SPI 3abe3nedye mBuakuii OOMIH JaHUMHU MK MIKPOKOHTPOJIEPOM 1
nepudepliHUMH MOIYJISIMU, HAMPUKIAMA, mam’ aTTio abo mucruiesmu. [HTepderic 12C mgae 3mory
MIJKITI0YaTH KiTbKa MPUCTPOIB 10 ONHI€l IIMHU, BUKOPUCTOBYIOYH IUIIE JBI CUTHANBHI JIiHIi.
Iarepdeiic UART BUKOPUCTOBYETHCS JUIS IOCHIIOBHOI Mepeadi JaHuX MK HPUCTPosiMU abo0 1ist
B32€EMOJIIT 3 KOMIT FOTEPOM.

Oxpim JokanbHUX iHTEpdeiciB, cucremu InTepHETY peueii moTpedyroTh 3ac00iB MepekeBOi
B3aemomii. [ 1mbOro BUKOPHUCTOBYIOTBCS Pi3HI O€3ApOTOBI Ta IPOTOBI TEXHOJOTIi 3B’S3KY.
Haiimommupenimorw texHonorieto € Wi-Fi, ska 3a0e3neuye npsMe MiIKIIOYSHHS TPHUCTPOIB 0
JIOKaJabHOT Mepexi abo [HTepHety. [HIor0 momyspHoro TexHosorieto € Bluetooth Low Energy, mo
BUKOPUCTOBYETbCS Il CTBOPEHHS €HEpProe(eKTUBHUX O€3pOTOBUX MEPEX 3 HEBEJIUKOIO
JAITBHICTIO 3B’SI3KY.

Y npoMuciIOBUX Ta MAacCIITaOHUX CHUCTeMax IHTepHETy pedel 3acTOCOBYIOTHCS
creniaiizoBaHi TeXHOJIOTIi 3B 53Ky, Taki sk ZigBee, LoRa a6o NB-loT. Texunonoris ZigBee
NpU3HAYeHa JUIS CTBOPEHHS MEpeX 13 BEIMKOi KUIBKOCTI NPHUCTPOIB 3  HU3BKUM
eHeprocrnoxupanHsaM. TexHonoriss LoRa BHKOpHCTOBYe€TbCS sl HepeAayl JaHUX Ha BeJHKI
BiJICTaHi 3 MiHIMAJILHUM crio>kuBaHHsIM eHeprii. TexHomnoris NB-IoT 6a3yerbes Ha iHPpacTpyKTypi
MOOUTBHUX MEpeX Ta 3a0e3Meuye MiAKII0YEHHS IPUCTPOIB J10 INI00AIBHUX MEPEXK 3B A3KY.

OxpiM MIKpPOKOHTpOJIEPIB, y cucTeMax IHTepHeTy peueil MOXyTb BHKOPHCTOBYBATHCS
OJTHOTIIIATHI KOMIT'toTepu. Taki mpUCTpoi MaroTh OUIbIIY OOYHCIIOBAIBHY MOTYXKHICTh Ta 3[aTHI
BUKOHYBATH CKJIQJHINI mporpamHi 3ajadi. OJHOIUTaTHI KOMIT FOTEPH 3a3BHYAil MICTATH MPOIECOp,
ONEpaTUBHY IaM’sTh, MepexeBi iHTepdelcHu Ta po3’eMu Ui MITKIIOYEHHS TmepudepiitHux
npucTpoiB. BOHM MOXYTh MpaIroBaTh MiJl KEPyBaHHAM OIEPAllifHUX CUCTEM, TaKuX K Linux, mo
PO3IIUPIOE MOMKIIMBOCTI IX BUKOPUCTAHHS.

OpHomyIaTHI KOMIT'FOTEPH BHKOPHCTOBYIOTBCS Yy BHIIAJKaX, KOJM HPUCTPId NOBHHEH
BUKOHYBaTH CKJIagHy OOpOOKYy J[JaHUX, MpalioBaTH 3 MYJIbTUMENiiHOK iHpopMalliero adbo
3a0e3neuyBaTd B3a€EMOJII0 3 KOpHCTyBaueM depe3 rpadiuyHuii iHTepdeiic. ¥ Takux cucremax
MIKPOKOHTpOJIEp MOK€ BUKOHYBaTH (yHKIIT 300py AaHUX, TOJI SIK OJHOIJIATHUN KOMII IOTEp
3M1MCHIOE 1X MOJABITy 00pOOKY Ta repeaady y Mepexy.

ApxiTekTypa cucteMm IHTepHeTy pedueil 3a3BuYail mae OaraTopiBHEBY CTpyKTypy. Ha
HUOKHBOMY PIBHI pPO3TalllOBaHI NMPHUCTPOI 300py JaHUX — CEHCOpPH Ta BHKOHaBul Moxayni. Ha
CepeHbOMY pIBHI 3HAaXOJAThCS OOYMCIIOBAJIbHI BY3JHM, IO 3IMCHIOIOTH NEPBUHHY OOpOOKY
iHpopmanii. BepxHiii piBeHb yTBOPIOIOTH cepBepu abo XmapHi miaardopmu, ski 3a0e3nedyroTh
30epiranHs, aHali3 Ta Bizyani3allito JaHHUX.

BaxnuBoro 0COONUBICTIO KOMIT'IOTEpHUX 3aco0iB IHTepHeTy peueil € HEOOXiIHICTh
3abe3neueHHsl eHeproe(ekTuBHOCTI. barato mnpuCTpoiB MNpaliol0Th BiJ ABTOHOMHHUX JDKEpel
KUBIICHHS, HANPHUKJIaZ Oarapeil abo akymynsTopiB. ToMy y Takux cuUcTeMaxX BHKOPHCTOBYIOTHCS
CHeliaJIbHI peKUMH €Hepro30epekeHHs, 3a SKUX MIKPOKOHTPOJIEP NEPEXOUTh Y CILITUMM PexuM 1
AKTUBYETHCS JIMIIE Y pa3i HEOOX1THOCTI 00poOKHM mo il abo mepemadl JaHuX.

[Ile ogHUM Ba)KJIMBUM aclekToM € Oe3mneka cucteMm IHTepHeTy pedeld. OCKUIBKH TPUCTPOI
[oT wacto migkmrOyeHi A0 MIOOATBHUX MEpPeX, BOHM MOXYTb OyTH 00’€KTOM pi3HOMaHITHHX
kiOepatak. Tomy KOMII'IOTEpHI 3acO0M TaKUX CHUCTEM MOBHHHI MiATPUMYBaTH MeEXaHI3MU
aBTeHTU(QIKalli, mMUdpyBaHHS Ta 3aXMUCTy MEpelaHuX JaHUX. Y CY4aCHHUX MIKPOKOHTpOJIEpax
YacTO peasli3yloThCsl arnaparHi MOIYJl KpUIITOrpadidyHOro 3aXMCTy, 110 3a0e3MeUyloTh BUKOHAHHS
aTOpUTMIB MIU(PYBaHHS 3 MiHIMATIBHUMHU BUTpAaTaMU OOUHCITIOBAIBHUX PECYPCIB.

3HauyHy poJb Yy (QYHKIIOHYBaHHI cucteM IHTepHeTy peuell Bifirpae mporpaMHe
3abe3nedeHHs. BoHo 3a0e3meuye KepyBaHHs anapaTHUMH pecypcamu, 00poOKy JaHUX, B3aEMOJIIO 3
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MEpEeKer0 Ta BUKOHAHHS MPUKIAJIHUX 3a7a4. Y MPOCTUX MPHUCTPOSIX BUKOPUCTOBYETHCS BOYIOBaHE
nporpamMHe 3a0e3MeueHHs, SKe Mpaloe 06e3 omnepariiHoi cucteMu. Y OUTbIN CKJIAJHUX CHUCTEMax
3aCTOCOBYIOTHCSl CIELiaji30BaHI ONepalliiiHi CHUCTEeMHM peajbHOro dacy, sKi JaloTh 3MOry
OpraHizyBaTH NapajejbHe BUKOHAHHS KIJBKOX 3a/Jady Ta 3a0e3NedyloTh IMependavyyBaHU yac
peaxiiii CHCTeMH.

3 MpaKkTUYHOI TOYKHU 30pYy CHUCTEMH [HTEpHETY pedeil 3HaXOsATh 3aCTOCYBaHHSA y 0araThbox
chepax. OnmHi€r0 3 HAWUOUIBII TOIIMPEHWX € KOHIICHINS «PO3YMHOIO JIOMY», Yy MeXax SKOi
KOMIT FOTEPHI IPUCTPOT KOHTPOJIOIOTH OCBITJACHHS, KJIIIMATUYHI CHCTEMH, CHCTEMH O€3IeKH Ta 1HII
eneMeHTH OynaiBii. [HmIOW BaxJIMBOWO CEpor € MPOMHUCIOBICTh, aAe¢ TexHosorii loT
BHKOPHUCTOBYIOTHCS JIJI1 MOHITOPUHTY CTaHy OOJIaJlHaHHS, ONTHMI3alii BUPOOHUYMX IPOIIECIB Ta
MiIBUIICHHS €(DEKTUBHOCTI BUKOPUCTAHHS PECYPCIB.

VY TpaHCHOpPTHUX cUCTeMaxX [HTEpHET peyel 3aCTOCOBYETHCS Il KOHTPOJIO TPAHCIIOPTHUX
MOTOKIB, MOHITOPHHTY TEXHIYHOTO CTaHy TPAHCIIOPTHHUX 3acO0IB Ta OpraHizaiii cucTeM HaBirarii.
VY cdepi 0XOpOHU 370pOB’ST BUKOPUCTOBYIOTHCS MEAMYHI CEHCOpPHI MPUCTPOi, IO JAa0Th 3MOTY
KOHTPOIIOBATH (1310JI0T1UHI TapaMeTPH MAalli€HTIB y peallbHOMY Yaci.

TakuM 4YMHOM, KOMIT'IOTE€pHI 3aco0u nns IHTepHeTy pedeil € BaXJIMBUM HampsIMOM
PO3BUTKY CY4YaCHOi KOMIT'IOTEPHOi TeXHIKM. BOHHM mMOeAHYyIOTh y €001 JOCATHEHHS
MIKPOEJIEKTPOHIKH, CXEMOTEXHIKH, KOMII'IOTEPHOI apXiTeKTypH Ta TeleKOMYHIKaI[iiHUX
TEXHOJIOTii. PO3BUTOK TakuX CHCTEM CHpPHSIE CTBOPEHHIO HOBUX TEXHOJIOTIYHUX PIIIEHb Yy Pi3HUX
rajgy3siX MisTIbHOCTI JIIOAMHU Ta (OpPMYy€e OCHOBY Ui TOJAIBIIOTO PO3BUTKY IH(PPOBOTO
CYCILIBCTBA.
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Hapuyannue BunaHus

Pycy Oaexcanap IlerpoBu4

KOMII'IOTEPHA CXEMOTEXHIKA TA APXITEKTYPA KOMII'IOTEPIB

Koncnekr nexmiit 11 3100yBayiB BUIIOT OCBITH,
SIK1 HABYAKOTHCS 3a crienianpHicTio «Cepens ocBita. [Hpopmarukay
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