MunucrepcTBo obpazoBanus Poccuiickoii @enepanuu

TamOOBCKHUIA TOCYAaPCTBEHHBIA TEXHUYECKUH YHUBEPCUTET

n. A. IbSAKOB

CXEMOTEXHHUKA

DnekTpoHHOE yueOHOe mocodune

JUISL CTYIEHTOB 4 Kypca THEBHOIO OTIIENEHHS crienranbHocTh 2203

Tam00B
WNznarensctBo TI'TY
2001
YK 681.32(075)
bbK 3973.202
192
Pentensenr
Kanaunar TexHuueckux HayK
A. E. Bosapunos
JbsixoB HU. A.

J192  Cxemorexnuxa: Yue6. mocobue. Tam6os: Uzn-o Tam6. roc. TexH. yH-Ta, 2001. 84 c.

ISBN 5-8265-0072-7



Y4eOHoe MOCOOHEe COCTOUT U3 JBYX OCHOBHBIX YacTe, IJie pacCMaTPUBAIOTCS KOHTPOJIbHO-U3MEPUTEIIbHAS almaparypa u
KOMITOHEHTBI MHKPOIPOIIECCOPHBIX CUCTEM. B MepBOi pacCMOTPEHBI OCHOBBI MOCTPOCHHS U3MEPUTEIBHBIX MPUOOPOB (MYJIbTUMETPOB U
3MIEKTPOHHBIX OCHUILIOTPadOB) M METOJIBI MPOBEICHHS U3MEPECHUI B MUKPOTIPOIIECCOPHBIX CUCTEMax. Bo BTOpOii YacTu - CTPYKTYpHBIC U
(hyHKIIMOHAJIBHBIE CXEMbI MUKPOTIPOLIECCOPOB HECKOJIBKUX TIOKOJICHUI X OCHOBHON Ha0Op KOMIIOHEHT MUKPOTIPOLIECCOPHBIX CHCTEM.

[IpencraBiena sneKkTpoHHAsS MyJIBTHMEAWIHAS BepcHs y4eOHOTOo mocoOms. PaboTa KOMIIOHEHT MOSCHSAETCS OUHAMHYECKUMH U
CTaTUYECKHIMH BPEMEHHBIMH IuarpaMMaMi. PHCYHKH MMEIOT IUHAMHYECKHH XapakTep M CHCTEMY TEKCTOBBIX MOJCKa30K. YueOHOe
oco0He BHIMOIHEHO C UCTIONB30BAHUEM COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHIA.

[IpennaznaueHo Juis CTYAGHTOB 4 Kypca JHEBHOTO OTAeNeHHs creuuanbHocTH 2203 M MOXKeT ObIThb HUCHOJB30BAHO IS
JIUCTAHIIMOHHOTO 00pa3oBaHus B ceTu Internet.

VIIK 681.32(075)
BBK 3973.202

© TaM0OBCKMI TOCYIapCTBEHHBIIN
texanueckuit yausepcuret (TT'TY), 2001

© JIpsxoB U. A., 2001
ISBN 5-8265-0072-7

BBEJEHUE

MukpornponeccopHas TEXHUKa UMEET IIUPOKOE paCpOCTPAHEHHUE U
NPUMEHSETCS MPAKTHYECKH BO BCEX 00JIACTIX YEIOBEUYECKOU AesTeNIbHOCTU. B 3aBucHMMOCTH
OT YCJIOBUM 3KCIUTyaTally ¥ Ha3HAYEHHSI, MUKPOIIPOLIECCOPHBIE CUCTEMBI MOTYT OUYE€Hb
CWJIBHO OTJIMYATBHCA JIPYT OT JIpyra U MO 3JEMEHTHOU 0a3e, U 1o radapuTHBIM pa3MepaM H 1o
cxemoTexHuke. OTHAKO €CTh HEKOTOPhIE OCHOBOIOJIAraloNUe MPUHIIUIIBI, 00bETUHSIONINE
MUKPOIIPOIIECCOPHBIE CUCTEMBI JTF0OOT0 Ha3HaueHUs. Bo mepBbIX — 3TO ABOWCTBEHHAs
CTPYKTYpa MUKPOIIPOLIECCOPHON TEXHUKH, BKIIFOYAIOLIAs allllapaTHYIO U MPOrPaAMMHYIO
cocTaBisiroIKe. Bo BTOphIX, nepegadya HHPOPMALIMH OCYLIECTBIISIETCS] TOCPEICTBOM
AIIEKTPUUYECKUX CUTHAJIOB, B TIOJIABIIAIOIIEM OOJBIIMHCTBE OMHAPHBIX.

3Has crenurUKy MUKPOTIPOIIECCOPHOM CHCTEMBI, €€ TECTUPOBAHHUE U OTIAJIKY,
MOHO ITPOBOJIUTH C MTOMONIBIO CTAHAAPTHON KOHTPOJIBHO-U3MEPUTENBHON anmaparypsl,
MPUMEHSIOIIEHCS T OOBIYHBIX JICKTPOHHBIX CUCTEM. METOIbI TPOBENCHUS U3MEPEHUN
OCTAIOTCA MPEKHUMU, HO JTOJDKHBI IOIEPKUBATHCS TOMOJIHUTEIBHBIM MPOTPAMMHBIM
obecnieuenueM. [Ipu 3ToM 04eHb Ba’KHO 3HATH BUABI CUTHAJIOB, OCHOBHI TOCTPOCHUS
M3MEpUTEIHHOM anmnapaTypbl U MPUHIUIBI UX paOOThl, METOABI MPOBEACHUS U3MEPECHHUIA,
MPUHITUIBI pa0OTHI MEKPOIIPOIIECCOPOB M KOMIIOHEHT CHCTEeMBI. [IpemmaraeMblii KOHCTIEKT
JIEKIUI MTOCBSIIEH PACCMOTPEHNUIO UMEHHO 3THX BOIPOCOB, B pAMKAaX JUCLUUILIAHBI
«CxemoTexHuka» U « MUKpOIpPOLECCOPHBIE CPECTBA U CUCTEMBI» crielaibHOCTH 2203.

ABTOp BbIpaXkaeT 01arogapHocTh cryaeHtam 4-ro kypca 1999 roga CanymieBy
A.A, I'punesoii E.I'., UnmonutoBy C.B., ManneBy A.I'., HenacteeBoii H.C. 3a moAroToBKY
MYJbTUMEIUMHON KOMITBIOTEPHOM BEPCUU KOHCIIEKTA JICKIIUH.



1 UMITYJbCBbI B MUKPOITPOLHECCOPHBIX CUCTEMAX U UX
ITAPAMETPBI

B MuKpoIporieccopHBIX cucTeMax HH(GOPMALHS TIepeaeTcss CHIHAIAMHE C JBYMsI yCTOHYMBBIMH COCTOSIHUSIMU — YPOBHEM
JIOTHYECKON €IMHULIBI M yPOBHEM JIOTHYECKOTO HyJIsl. KaXk[IoMy JIOTH4eCKOMY YPOBHIO COOTBETCTBYET OIIPEEIICHHBIN
Jana3oH HaNpsDKEHUH. DTOT AMANa30H 3aBUCHUT OT TEXHOJIOTUH U3TOTOBICHHA MUKPOCXEM U OT MUTAIOILEr0 HapshKeHus. B
npotiecce nepeaayn HHGOPMaIUK JIOTHYECKAE YPOBHU U3MEHSIOTCSI, YTO MPUBOJIMT K MOSIBICHHUIO UMITYJIBLCOB. [IpyruMu
cIoBaMH J100asi MUKpPOTIPOLIECCOPHAs CHCTEMa IPUHAUICKHT K KJIACCY UMITyIbCHOM TeXHHUKH. I1oaTOMy paccMoTpum
oipoOHee MOHATHE UMITYJIbCHBIX CUTHAJIOB U MX XapaKTEPUCTUKH.

K uMIynbcHBIM cUTHaJIaM, B 00IEM ciIydae, IPHHATO OTHOCUTH Pa3INYHbIEC HIEKTPUIECKIE CUTHAIBI — HEPUOIUYECKUE U
HeMepuoMYeCKUe, OTIIMYHbBIE 0 (JOPME OT CUTHAJIOB CHHYCOUIAaIbHBIX [1].

DopMy UMITYITBCOB JUIA yI0OCTBA IPEACTABIAIOT OIM3KUMH IO BUY TeoMeTpHUecKuMH ¢purypamu. mmynscHas
TEXHHUKAa ONEPHPYET C MPSIMOYTOIbHBIMH, TPaIeenIbHBIMHI, TPEYTOIBHBIMHY, MMJI000PAa3HBIMH, CTYIICHYaTHIMHU U JPYTHMHU
BUJIAMH MITYJIbCOB. JIJIsl IPakTUKHM HanOoJIbIIee 3HaYCHUE UMEIOT MPSIMOYTOJIbHbIE UMITYIbCHI. [ToHsATHE “NpsSMOYTOJIBHBIH
UMITYJIBC” - UAeanu3upoBannoe. @opMa HOpMaIbHOIO UMITYJIbCca IMOKa3aHa Ha puc.l.1.
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Puc.1.1. ®opma u napaMeTpbl UMITYJILCHOTO CUTHAJIA.
[TapameTpsl MMIYIHCOB HOAPA3ACISAIOT ' Ha DJIEKTPUYECKUE W BpPEMEHHBIE. YPOBEHb BBICOKOIO

HATIPSDKEHHs 0603HauaroT u', Huskoro — u’. Ammmnryna U, XapaKTepu3yeT HaubONbIIee H3 MTHOBEHHBIX
3HaYeHUU OTHOCHTEIBHO HAYAIbHOTO YPOBHS. B NIMTEIBHOCTH pealbHOTO UMITYJIbCAa BXOJUT BpeMsl PpOHTa
Ty U Cpe3a Tep. Ha mpakTuke AIMTENBHOCTH (POHTA U Cpe3a OMNPENENAI0T ¢ HMOMOINBIO ocHuiIorpada.
VYCII0BHO cuMTaroT BpeMsa H3MeHeHus HanpsbkeHuss umnyibca oT 0,1U, wim ot 0,9Ux no 0,1U4. D10
CBSA3aHO CO CIIOXHOCTBIO ONPEIEIEHUS Yy peajJbHOr0 MMIyJbCa MOMEHTA Hadajga M KOHLA mpouecca. B
CIPAaBOYHOU JIUTEPAType MOXHO BCTPETHThb TEpMHUHBI “KpuTepuu (poHTa” M “kpurepun cpesa’. Hivke
npuBeieHsl popMyisl “kputepus pponTa” Ky u “kputepus cpeza” K:
K@=(0,9UA-0.1 UA)/’Cq):O,S UA/’Cq) [B/MKC],
Kp=(0,9Ux-0.1 Up)/1p=0,8 Up/te [B/MKc].
AKTHUBHYIO JJIUTEIIBHOCTh T, OTCUMTHIBAIOT Ha ypoBHE 0,5Ua. Ilpu paccmoTpeHun mnpoieccoB
TeHEepUPOBAHUS U POPMUPOBAHUS UMITYJIBCOB, JIUTEILHOCTh (PPOHTA U Cpe3a HE YUUTHIBAIOT.
ViMnynbebl, caeayroniie B ONpeIeIeHHOM MOpsAKe, 00pa3yloT UMITYJIbCHYIO TIOCIIEI0BaTEIbHOCTE. B
MEPUOIUYECKON MOCIEA0BATEIBHOCTH UMITYJIbCHI U MAYy3bl MEXAY HUMH OJUHAKOBBI. CymMMa JUIMTEIbHOCTEN

UMITYJIbCA Ty M MAY3bI T, ONpEnesioT nepuoy cienoanue 1 (puc.1.2.). ATUTenbHOCTH Ty U Ty B IU(PPOBOI



TCXHUKEC MOXXHO 3aMCHUTH Ha T1 U Tp — JJIMTCIBbHOCTH CAUHUYHOI'O U HYJICBOI'O YPOBH:. 06paTHa51 BCIN4YHHaA

t=1/T xapakTepu3yeT 4acCTOTy CJICJOBAHUS UMITYJIHCOB.

AV

LII!. 1 ﬂ..1ll
. T
ok >
ﬂ-ﬂih
— L

Puc.1.2. ®opma naeanbHOM MOCIEI0BATENBHOCTH UMITYJIBCOB

JInst  XapakTepUCTUKH TEPUOJMYECKON  IOCIEIOBATENIFHOCTH  HMCHOJNB3YIOT  JIOTIOJHHUTENbHBIC
napametpsl: O=7/t, — CKBaXHOCTh UMIYNIbCOB, yY=T,/1 — Ko3(pdumueHt 3amonHeHus. [lepuoanyeckyro
M0CJIEI0BATENBHOCTD, Y KOTOPOH T,=Ty, T.€. J=2, HAa3bIBAIOT MEAHIPOM.

2 OCHOBHBIE XAPAKTEPUCTUKHU U ITAPAMETPbBI
MN3MEPUTEJIBHBIX ITPUBOPOB

B npouecce skcIuTyaTaIiin MUKpOIPOLIECCOPHBIX CUCTEM HEPEIKO MPUXOJUTCS U3MEPSTD UX HICKTPUUCCKHUE TapaMETpPhIL.
Jnist n3MepeHust ciyskaT pasiaudHbie TprOopbl. Kaskablii mprOop UMeeT CBOM METPOJIOTHYECKUE XapaKTEPHCTHKHY, YKa3aHHbIE
B JIOKYMEHTaLUH K HeMy. [103TOMY B I3MEPEHHBIX C TOMOIIBIO IPHOOPOB 3HAUCHHSX JOJIKHBI YUUTHIBATHCS
XapaKTEePUCTHKH CAMOTO NMPHOOpa, WK APYTHMH CJIOBaMH MOTPEUTHOCTH pubopa. Ilorpemuoctu npubopa — MOKa3bIBAIOT
CTETIeHb PAaCXOXKACHUS MOKa3aHMi MpHOopa U UCTUHHOTO 3HAYCHHS U3MepseMoi BenuanHbl[2-4]. B cootBetcTBUH ¢ 'OCT
8.009-84 ompe/enieHbI CACIYIONINE BUABI TOTPELTHOCTEH: abCOMOMHAs, OMHOCUMENbHAS U NPUeeoeHHds. PacCMOTPUM HX
nospo6Hee.

Abconiomuas MOTPEIIHOCTh MPUOOPA TIPEJICTABISICT COO0M Pa3HOCTh MEXy MOKa3aHUEM MPUOOpa U
UCTUHHBIM 3HaYCHUEM H3MEPSIeMOl BEIMYUHBL. Ee paccunuThIBatOT Mo hopMyIe:

A)CH =Xn-X (2 1)
rie Xxj — IOKa3aHue npubopa; X — UCTHMHHOE 3HAYCHHE H3MEpAEeMON BeMMUYUHBI. TakuM 00pazoMm, MbI
orpezenseM, Ha CKOJIbKO O0Jbllie MIIM MEHbIIIE TOKa3aHHOE TPUOOpOM 3HAUEHHE.

OmmnocumenvHyro MOTPEIIHOCTh MPUOOPa paCCUUTHIBAIOT KaK OTHOILLIEHUE a0COIIOTHOM MOrPEIHOCTH
K HICTUHHOMY 3HAYCHUIO U3MEPSIEMOU BEIIMYUHBI IO popmyIie:
81‘[ = AXH /x (22)

OTHOCHTEIBbHYIO IOTPEIIHOCTh OOBIYHO BBIPAXAI0T B MponeHTax. OCHOBHOM Mpo6IeMOit BRIYUCICHHUI MOTPEITHOCTEH,
SBIISICTCA 3HAHWE HCTUHHOTO 3HAYCHUS U3MepseMoit BenmnuuHbl. OOBIYHO U pacyeTa MOrpenrHocTel mprudopos
UCTIONB3YIOT €€ ICHCTBUTENBHOE 3HauCHHE.

ITpusedennas MOTPENIHOCTh TPHGOPA — TO BBHIPAKEHHOE B NPOLEHTaX OTHONIEHHE aOCONOTHOM
TOTPEITHOCTH TIPHGOPA K HOPMUPYIOIIEMY 3HAYEHHIO:

y=Axn/ Xy (2.3)

Hopmupyrornum 3uauenneM Xy sIBISETCS YCIOBHO MPUHSATOE 3HaYeHHe. B OOJBIIMHCTBE CITy4acB B

KayecTBE HOPMHPYIOIIETO 3HAYEHUS BRIOMPAIOT BEPXHIOKO MPAaHUILy JUana3oHa U3MEPEHUH.



VYcnoBusi sKcIuTyaTanud mpuOOpOB, BeChbMa Pa3IMYHBL. DTO MOTYT JabopaTopHbie, OQHCHBIE
ycnoBus. [IpubGop MOXKET 3KCIUTyaTHpOBAThCs, HAIPUMEDP, B YIUYHBIX WU LEXOBBIX (MPOU3BOACTBEHHBIX )
YCIIOBUSAX C BBICOKOM CTEIEHBIO arpeCCUBHOCTU OKpY»Karolleu cpensl. [lorpemHocTs u3MepeHnii 0JHOTO U
TOro Xe Mpulopa, HO B Pa3IUYHBIX YCIOBUSAX SKCIUTyaTallMd, MOXKET OTJIMYAThCsA. B 3aBUCHMOCTH OT
YCIIOBHI MPUMEHEHUS U3MEPUTEIbHBIX MPUOOPOB UX MOTPEIIHOCTH ACTAT HA OCHOGHbIE, BOSHUKAIOIINE TPU
UCTIOJIb30BAaHUU TPUOOPOB B HOPMAIBHBIX YCIIOBHSIX, M OOHOJIHUMENbHble, BO3HUKAIONINE B pe3yJbTare
OTKJIOHEHUS 3HAaYEHMsI OJHON U3 BIUSIOLINX BEINYUH OKPYXAIOUIEH Cpeibl OT HOPMAJIILHOIO 3HAYEHMUS.

OO0OOIIEHHON  XapaKTEepPUCTUKOW, OINpeAeNsieMoi TMpenelamMH  JOMYCKAaeMbIX OCHOBHBIX U
JIOTIOJTHUTEILHBIX MOTPEITHOCTEH, ABIsieTcs kiacc moynocmu nipudopa. B coorserctBuu ¢ 'OCT 8.401-80
BCEM M3MEPHUTENbHBIM IPUOOpPaM NMPUCBAUBAETCS COOTBETCTBYIOIHI KJIacC TOUHOCTH.

IIpu o00paboTKe pe3ynbTaTOB HW3MEPEHUH BAXHO YYMUTHIBATH OTKJIOHEHHWE 3HAYCHUH camoi
MOTPEIIHOCTH U IPEENIoB OTKIOHEeHus. [Ipenensl qomnyckaeMoli OCHOBHOM MOTPEIIHOCTH BBIPAXKAIOT B BUJIE
a0COJIIOTHOM, OTHOCHTEJIBPHOM WIJIM TPHUBENCHHOW morpemHocTH. dopma mpencraBlieHHUs] TOTPEITHOCTH
3aBUCHUT OT XapaKTepa U3MEHEHUs IMOTPEIIHOCTH B JUAINIa30HE U3MEPEHUH, a TaKKe OT YCIOBUM IPUMEHEHUS

u3MepurenbHoro npubopa. Kinace Tounoctu npubdopa onpenensercs mpeaeiaMi MorperHocTei.

Hpeﬂenm JOITYCKaCMbIX OCHOBHBIX HOFpeIHHOCTeI\/’I OINPCACIIAIOTCA OJHUM MJIM HECKOJIBKUMHU ClIara€MbIMH:
a0COJIFOTHOMN MOTPEITHOCTH:

Axy = x X(a) wm Axy = x £(a + bxyy) (2.4)

OTHOCHUTEIIFHOM TIOTpCUTHOCTH:
8]‘[ == AX]‘[ /X]'[ Ui 8]‘[ = i'[C +d (lXK /xn|—1)] (25)
re a U b — MOJIOKUTENbHBIC YHCIa, He 3aBHCAIIUE OT MOKa3aHUil npubopa; ¢ U d — MOCTOSHHBIE

(HOHO)KI/ITCJIBHBIG) qucia, MponmopuuOHAJIbHBIC IOTPCUIHOCTH B OTHOCUTCIIbHBIX 3HAUCHUAX, XKk— KOHCUHOC

3HAYCHHE JThaIra30Ha U3MEPEHUM;
HpI/IBCHCHHOﬁ MOTrpCUIHOCTHU:
y=*xxn/ Xy (2.6)
rae Xy — HOpMHUPYIOIIlee 3HaUYCHHE.

Hopmupyromee 3HadeHHE IpH pacdeTe MPUBEICHHON MOTPEIIHOCTH IPUHIMAIOT 3HAUCHHS BEpXHEH IpaHMIIBI THaria30Ha
M3MEpeHNH A7 MPUOOPOB C HYJIEBOH OTMETKOHN B Hayasle MIKAJbl, CyMMBI HI)KHETO M BEPXHET0 I'PaHWYHBIX 3HAUCHUH
Jrana3oHa IpuOOpOB ¢ HyJIEBOH OTMETKOH BHYTPH IKAJIbl WJIM BCETO JHAaIa3oHa H3MEPEHUH PHOOPOB ¢
Jorapu(pMUIECKON WITH THITEPOOTHIECKOM IKATIOH.

B cinyuae paBeHcTBa aOCOJMIOTHOM M TNPHBENEHHON MOTPEIIHOCTH HpUOOpa, BO BCEM JUara3oHe
W3MEPEHHH, Ki1acc TOYHOCTH BhIOMpParoT B cooTBeTcTBUM ¢ ['OCT 8.401-80 u3 crnemyromiero psiia gucen: 1
*10"; 1,5-10"; 2 10"; 2,5 10"; 4-10"; 5 10"; 6 *10", tme n==1; 0; — 1; — 2; ... . Kiacc Tounoctu npudopa B
3TOM CJIy4ya€ BBIPAKAIOT OJHUM YHUCIOM, COOTBETCTBYIOLIUM OCHOBHOW IPUBEIEHHOW MOTPEIIHOCTH BO
BCEM JMara3oHe U3MEepeHuid mpubopa.

JUis M3MEpUTENbHBIX NPUOOPOB, MPEIENIbl OCHOBHBIX JIONYCKA€MbIX IOIPEHIHOCTEH KOTOPBIX

paccumThIBatOT 10 opmyrte (2.5), Ki1acc TOYHOCTH 0003HAYAIOT OTHOIIEHUEM C U d.

Kiaccel TOUHOCTH N3MEPHUTENBHBIM MPUOOPAM MPUCBAUBAIOT MPU BBITYCKE C 3aBOJIa-U3TOTOBUTEIS UM 110 pe3yIbTaTaM
HX TIOBEPKHU.

W3mepsiemas BeMIHHA MOKET OBITH IIOCTOSTHHOM BO BPEMCHH WITH H3MEHATHCS ¢ TeUeHUEM BpeMeHH. COOTBETCTBECHHO
CYIIECTBYET MOTPEITHOCTh H3MEPUTEIHLHOT0 IPHO0Opa cmamuieckas u ounamudeckas. CTaTmdeckas IOTPEIIHOCTh
BBIYUCIIACTCS IO PACCMOTPEHHBIM BHIIE (hopMyTaM. A JHHAMHUYECKAs MOTPEITHOCTH BEIYUCIIACTCS KaK PAa3HOCTh MEKIY



MOTPEIIHOCTHIO B IMHAMUYECKOM PEXKHUME U CTATUYECKOM MOTPEIIHOCTbIO, COOTBETCTBYIOIIEH 3HAUYEHUIO BETUUMHBI B
JIaHHBIA MOMEHT BPEMEHHU T;.
O)IHI/IM M3 OCHOBHBIX IMMapaMETPOB KaXXA0I'0 an6opa ABJIACTCA €0 YyBCTBUTCIIBHOCTD, BBIUUCIIACMAad

KaKk OTHOIICHHME HW3MCHCHHUS CHI'HaJla Ha BBIXOIC an/I6opa K HU3MCHCHUIO 1/13Mep${eM0171 BCJIIMYHHBI.
’—Iyecmeumeﬂbﬂocmb npu60p06 BBIpaXXarT B a0COJIIOTHOM H OTHOCHTEILHOM BUIC. Abconromnas
yysecmeumenbrocms ONPEACIACTCA OTHOUMICHUEM
SA :XBBIX /x (27)
a OmHoOCuUmelbHasl
So = dXBbIX / dx (28)

rae Xppx — CHTHAI Ha BBIXOJE MpUOOpa; X — u3MepseMasi BeMnInHa; dXppx — U3MEHEHUE CHTHANIA Ha BBIXOJE; dx —
U3MEHEHUE U3MEPSEMON BETUUUHBL.

Eme ogHuM BaKHBIM TapaMeTpoM Hpubopa SBISETCA yera OeneHusi WKAIbl, BbIUUCIAEMas Kak
pPa3sHOCTh 3HAYEHUH BETUYMH, COOTBETCTBYIOLIUX JIBYMsS COCEIHHUM OTMETKaM MIKaibl mpubopa. [pyroi
METOJ BBIYMCICHMs ILI€Hbl JAEJNCHMs IIKaiabl NpuOopa, Haubojiee 4YacTO IMPUMEHSAEMBbIH Ha IPaKTHKE,
3aKJII0YAETCs B JICJIEHUH TIpejieNia U3MepeHuil Mprudopa Ha MpeaesibHOE 3HaYeHUE KAkl U3MEPEHHH.

C TedeHHeM BpEMEHU METPOJIOTHYECKHE CBOWCTBA MPUOOPA U3MEHSIOTCS M BIUSIOT Ha MOTPEIIHOCTH
n3Mepenuil. KauecTtBo, oTpaxaroliee HEM3MEHHOCTb BO BPEMEHHM €0 METPOJIOIMYECKHUX CBOMCTB,
XapaKTepHU3YETCs CMabuibHOCHbIO U3MepUmenbHo20 npubopa.

OmunbKu B 3KCIUTyaTalluy MPUBOASAT K BKIFOUEHHUIO IPUOOpa Ul U3MEPEHUS BEIMUYUH OOJIBIINX, YEM
HoMUHanbHbIe. CriocoOHOCTH TpUOOpa OMpeAeseHHOE BpEeMsl BbIIEPKUBATh HArpy3KH, HPEBBIIIAIOIINE
JIOITYCTUMBIE XapaKTEPU3YETCs €r0 nepecpy3ouHol cnocobnocmoio. IIpu 3TOM M3MEHEHHs B KOHCTPYKIIUU
npubopa He JOJDKHBI HOCUTh OCTAaTOYHBIM xapakrep. [l ompezaeneHus HEeperpy3odyHoll crnocoOHOCTH
npubopa ero noJABepraroT UCHBITAHUSM IOCIIE U3TOTOBICHHUS Ha 3aBOJIE B COOTBETCTBUU C HOPMAaTUBHBIMU
TpeOOBaHUSMU.

Crpenoynbie TpUOOPHI TOTIOJHUTEIBHO XaPaKTEPUIYIOTCS NPOOOIACUMENLHOCBIO YCIMAHOBNEHUs
noKazaxuu, W3MepsieMOll OT MOMEHTa Hadajla M3MEHEHHUs BEeJIMYMHBI, JO MOMEHTAa, KOrja aMILIUTyAa
KOoJIeOaHWI TOJIBM)KHOW YacTH CTaHET He 0osiee aOCONMIOTHOM MOTPENIHOCTH TPUOopa.

Jnst 1upoBBIX TPUOOPOB HOPMUPYETCA NPOOOAHCUMENLHOCIb UsMepeHus: (4acToTa ompoca). Jrta
XapaKTEpUCTHKA OMpEeeNsieTcs ¢ MOMEHTa Haudala M3MEHEHMs BEIWYMHBI MM Hadaja LUKIa U3MEpPeHUU
OAHOM M TOW >X€ BEIWYUHBI, O MOMEHTa MPEACTaBICHUS pe3yJibTaTa MU3MEPEHUN C HOPMHUPOBAHHOMU
HOTPENIHOCTBIO HAa MHIMKaTOpax npudopa.

Kaxnpiii nmpubop, BKIIOYaeMbId B LENb A U3MEPEHUH, MOTpeONseT YacThb MOIIHOCTU CXEMBI.
Mownocms, otpebisieMass U3MEPUTEIBHBIM MPUOOPOM U3 LENH, B OOJBIIMHCTBE CIy4aeB Majia, HO IMPH
U3MEPEHUU BEIMYMH B MaJOMOLIHBIX HM3MEPUTENBHBIX LEMNSAX  BCIEACTBUE MOTPEOJIECHUS MOIIHOCTH
npUOOPOM MOXKET MU3MEHHUTHCS PEKUM pabOThl LEMH, YTO MPUBEAET K JOMOJHUTEIBHBIM MOIPEIIHOCTAM
u3Mepenuil. OnHUM U3 TpeOOBaHUI K H3MEPHUTEIBHBIM  NpUOOpaM SBISETCS Mauoe COOCTBEHHOE
noTpeOIeHne MOIIHOCTH. OTO JOCTHTAeTCs YBEJIWYCHHUEM COINPOTUBIICHUS BXOJHBIX Lenei mpubdopa.

Haumensbnine nckaxxeHus: BHOCSIT LU(ppoBbie mprOOpbI, 0071a4at0II1e BHICOKMM BXOAHBIM COIIPOTHBICHUEM.



[Tpubop MOMKEH JKCIUTyaTHPOBATHCS B TEUCHHE OIPEICIICHHOTO BPEMEHH M TPU 3TOM COXPAHSTh
CBOM HOPMHPOBAHHBIC XapaKTEPUCTHKH, T.€. 00Jamarh HadedxcHocmovlo. OCHOBHBIMH KPUTEPUSIMHU
HA/IGKHOCTH TPUOOPOB SBIAIOTCS BEPOATHOCTH 0€30TKa3HOW pabOTHI M CpeHssl MPOAODKUTEIBHOCTh
0e30Tka3HOI paboThl. BeposiTHOCTH 0€30TKa3HON PabOTHI OMpEeNsIeTCs BEPOITHOCTHIO OTCYTCTBHSI OTKA30B
npubopa B TEYCHUE OIPEIEIIEHHOTO MPOMEKYTKa BpeMeHH. CpemHsisi TPOIOIDKHTENBHOCTh 0€30TKa3HON
paboTHI ONIpeACNIIeTCS] OTHOIICHUEM MPOJAOIKUTEIIPHOCTH 0€30TKa3HOM paboThl MprOOpa K YUCITy OTKAa30B

3a 3TO BpeMsl.

Kaxxprif mpubop OTHOCHUTCS K OTPEAEICHHOMY KJIaccy MO Pa3iIMdHBIM Ipu3HakKaM. MBI paccMaTpuBaeM IpuOopsI,
H3MEPSIONINE TOIBKO AIeKTpUdIeckrue curaajisl. Kiace mprbopa MOKHO ONIpeIesIuTh M0 yCIOBHBIM 0003HadeHUAM (Tabim.2.1)

Tabnuua 2.1

[Tpu6op YcnoBHOE
o0003HaueHue

MarauTosnekTpu4ecKuii mpubop ¢ MOJABUKHBIMH paMKaMu

DJEeKTPOMAarHUTHBIA TPUOOP - JIOTOMETP € MOABMKHBIMUA PaMKaMHU

DJIEeKTPOMAarHUTHBIA TPUOOP

DJIEKTPOMArHUTHBIA JIOTOMETP

DIIeKTPOMArHUTHBIN TOJISIPU3AIIMOHHBINA TPUOOP

DNEKTPOMHAMUYECKHIA TPUOOP

DNeKTpOAMHAMUYECKHI JIOTOMETP

deppoarHaMUYECKUi TPHOOP

DeppoAMHAMUYECKUNA JIOTOMETP

WHayKIMOHHBIHA TPUOOP

TennoBoii mpuboOp ¢ HarpeBaeMoi MPOBOJIOKOH

DNEKTPOCTATHIECKHUIA TPUOOP

DIIeKTPOHHBIN IpeoOpa3oBaTelh B U3BMEPUTEILHOM TIEMH

Beinpsimurens

J114%:4)

Jlo6aBouHOE CONTPOTHBIICHUE

3aXuM I 3a3eMJICHUSA

Koppekrop

[TprbGop nmpUMEHSTH NPU BEPTUKAIHHOM TOJI0KEHUU IIKAJIbI

[TpuGop NPUMEHATH PU TOPU3OHTATIHLHOM TT0JIOKEHUH IITKAJIBI
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[Tpubop mpUMEHSATH MpPH HAKJIOHOM IOJIOKEHUH LIKANbl (HalpuMep IOJ
yriaoM 60°) OTHOCHTENBHO TOPU30HTAILHOMN IIOCKOCTH




W3mMepuTenbHas Henb U30JUPOBaHA OT KOPITyCa U UCHBITAHA HAIPSKEHUEM,
npessimatomum S00B, Hanpumep 2xB

ITocTosTHHEIIT TOK

[TepemennsIit (0gHO(A3HBIN) TOK
[TocTosAHHBIN ¥ IEPEMEHHBIN TOK

Tpéxdazublii Tok (0011Ee HA3HAUYECHUE)

2Allel 1)

YcnoBHBIE 0003HaUEHHS, HAHOCUMBIE Ha JIEKTPOM3MEpHUTENbHbIe Mpubopsl, onpenenenst B [OCT 23217 — 78.

3 METO/Ibl 1 IOTPEITHOCTH U3MEPEHUI

3HaHMs IPUHIMIIOB PaOOTHl U3MEPHUTENBHBIX TPUOOPOB U MIPUEMOB HCIIOIB30BAHUS ATUX IIPHHIHUIIOB €CTh CYTh MeN0008
usmepenuii. Pe3ynbTaThl I3BMEPEHHUHA MOTYT OBITh TIOJIYYECHBI APAMbIM ULU KOCBEHHBIM CHOCOOOM.

Ecnn mckomMoe 3HaueHME BEIMYUHBI HAXOIAT HEMOCPEICTBEHHO W3 ONBITHBIX JaHHBIX, HAIPUMED,
U3Mepsis TOK aMIIEPMETPOM, HAIIPSHKEHUE — BOJIBTMETPOM, TO TAKHE U3MEPEHUS CUUTAIOT NPAMbBIMU.

B Tex cmywasx, xorja 3HAu€HHE BEJIMYMHBI HAaXOJAT HAa OCHOBAHMM HM3BECTHBIX 3aBUCHUMOCTEN
MEXly HICKOMOW BEJIMYMHOW M BEIMYNHAMU, [TOJABEPra€MbIMHU IIPSIMBIM H3MEPEHUSAM, TOBOPAT O KOCEEHHOM
n3MepeHuu. IIpuMeprsl KOCBEHHBIX U3MEPEHHMM — 3TO ONPEICIICHUE CONPOTUBJICHMS WIM MOLIHOCTU IIO
MU3MEPEHHBIM 3HAYEHUSAM TOKA U HAIPSKEHUS.

B TexHuke M3MEpEeHUN NPUMEHSIOT IOHATUS COBOKYNHbIX U CO6MECmHbIX W3MEpeHud. B mepBom
Cllydae OJHOBPEMEHHO H3MEPSIOT HECKOJIBKO OJHOMMEHHBIX BEJIMYMH. 3aT€M II0 U3BECTHBIM ypaBHEHUSIM
HaxonaT pesynbTar. [lapameTpbl ypaBHEHMH IOJMy4arOT HPSMBIMH H3MepeHusMH. Ecnm cymecTByer
HEOOXO/JUMOCTh ~ OTpENEeNCHUsI 3aBUCHMOCTH MEXJy HECKOJbKMMH HEOJHOMMEHHBIMU (Hampumep,
pa3IMYHBIME B (PU3NYECKOM IIJIaHE) BEITMYMHAMH, TO HCIIONB3YIOT Co8Mecmuble uzmepenus. Pe3ynbTaTel
COBMECTHBIX U3MEPEHUN TAKXKE HAXOIAT IO JaHHBIM, IIOJYYCHHBIM IIPSAMBIMU U3MEPEHUSAMU dTUX BEJINYHH.

PaccmoTpuMm tenepsr metoabl m3MmepeHuid. CTpyKTypHasi cXema METOJIOB NpuBeleHa Ha puc.3.1.

MOHO BBIAENUTH JIBa OCHOBHBIX KJIacCa METOJIOB — HEIOCPEICTBEHHOM OLIEHKM U CpaBHEHUsA. BTopoit

KJIace METOOB
Metonsnl
AMeeT HEeCKOJIbKO
v v Pa3HOBUIHOCTE,
Henocpencreennoi CpaBHeHus Mepoit OTIpeIEEMBIX
OIICHKU
/ \ JIEeUCTBUEM Haq
/ CpaBHHBAacMbIMU
[IpoTuBOMOCTaBIEHUS Hyneson CoBnanenus
BEJIMUYMHAMH.
u HIIMAJIbHBIN
Hudpdepeniy 3aMmerneHns Meton
HenocpeoCcmeeHHOU
Puc 3.1. Mertoap! usmepenuii

OYEeHKU

3aKJII0YaeTcsl B TOM, 4YTO 3HAYEHHME BEIMYMHBI  ONPENENSIOT MO IIKane (OTCYETHOMY YCTPOMNCTBY)
U3MEPUTENIBHOTO Tpubopa mpsMoro neiictBusa. IIpym HMCHOIB30BaHMM 3TOTO METOAAa B HM3MEPHUTEIHLHOM
npubope MPOUCXOIUT MPSMOE, OT BXOJa K BBIXOXy, IpeoOpa3oBaHue M3MepseMol BeIMYUHBI. B kadecTBe

IIpUMepa MOYKHO IIPUBECTU U3MEPEHUE HAIIPSKEHUS IIPU [TOMOILM dJIEKTPOMEXAHUYECKOTO BOJIbTMETPA.



Metox cpaBHEHHUSI (MemoO cpasHeHusi ¢ Mepou) COCTOMT B TOM, YTO HU3MEPSEMYIO BEIHYUHY
CPaBHUBAIOT C BEIMYMHOU - Mepol. [IpuMepom metona CpaBHEHUs SIBIAECTCS U3MEPEHUE CONPOTUBIICHUS
IIpU [IOMOIIM MOCTa. MeToJl CpaBHEHMSI UMEET CIEAYIOIIHUE Pa3sHOBUIHOCTH: METOJ IPOTUBOIIOCTABICHUS,
g epeHIaabHbIH, HYyJIeBOM, 3amemieHuss u  coBmaaeHuid. [lpu  u3MepeHunm  memoodom
npomueonocmaegieHull u3MepsieMasl BelInuiHa U BeJIHMYMHA-Mepa, OJHOBPEMEHHO BO3JIEHCTBYIOT Ha MPUOOp
CpaBHEHWSI, ITPH ITOMOIIA KOTOPOTO YCTAHABIMBACTCS COOTHOIIEHHE MeX Ty HUMH. [Ipu oupepenyuanvrom
Memooe Ha H3MEPUTENBHBIA TPUOOP BO3JIEHCTBYET pPA3HOCTh M3MEPSAEMOM BEIUYMHBI W HW3BECTHOM
BEJIMYUHBL. Hynegou Mmemoo 3TO METOJ CPaBHEHUS C MEPOW, MpPU KOTOPOM Pe3yIbTHPYIOMUN 3PPexT
BO3/JCICTBUS 000MX BEIWYMH Ha NpUOOp CpaBHEHHUS AOBOAAT 10 HYJs, T.e. OJHA BEIMYMHA MOJHOCTHIO
KOMIIEHCUPYET  JIPYTYIO. Ecnu M3MEPSAEMYI0 BEJIIMYMHY 3aMENIaloT M3BECTHOW BEJIWYMHOM,
BOCTIPOM3BOAMMON MEpOH, TaKOH METOJ M3MEpPEHHS Ha3bIBAIOT METOJOM 3aMelleHus. MeToy coenadenuti
3aKJII0YaeTCs B TOM, YTO PAa3HOCTb MEXKIY M3MEPSAEMON BEIUYMHOM U BEIUYMHOM, BOCIIPOU3BOIUMON
MEpOH, H3MEPSIOT, HCIOJIb3YS COBMAJACHMS OTMETOK IIKaJl WM NMepUOAMYECKUX curHaioB. Hambonbiuee

pacrnpocTpaHEHHE STOT METOJI MOJYyYMJI MPHU U3MEPEHUU HEDIEKTPUUECKUX BEIHUYUH.

C TOYKH 3peHHs IPAKTHIECKOTO IIPUMEHEeHHs O0JIbIIee PacpoCTpaHEHHE IMOTYYHII METOJ HEOCPEIACTBECHHON OIICHKH,
Kak 0oJsiee IpOCTOM M MEHee 3aTpaTHBEIA. B To Bpems Kak MeTOJ CpaBHEHHUS JaeT MEHBIIHE MOTPEITHOCTH H3MEPEHHH, HO
TpeOyeT OONBIINX 3aTparT.

Hannuue Oonblioro yuicia METOAOB MOKAa3bIBAET UX HECOBEPLIEHCTBO. YUMTHIBas CyObEKTUBHOCTh
OLIEHOK TIPY MPOBEACHUU U3MEPEHUH, MOrPEIIHOCTH TPUOOPOB U Apyrue GaKTopbl, MOKHO TOBOPUTH O TOM,
4TO pe3yiabTaTbl H3MEPEHUN OTIMYAIOTCS OT UCTUHHBIX 3HadeHWil. CleqoBaTeNpHO, CYILECTBYET
nozpeuwHocms usmepenus, T.e. OTKJIOHEHHE pe3ysbTaTa W3MEPEHUs OT MCTUHHOIO 3HAYEHUs U3MepsieMOoM
BEJIMYMHBI.

[TorpentHOCTh M3MEPEHUN OIpPEeNeNoT B €AMHUIAX HM3MEPSIeMOil BeIHUMHBI (aOCOTIOTHASA) WM B
NpPOIEHTaX, AOJNAX OT MCTUHHOTO 3HAUEHUS H3MEpsAeMON BEIUYMHBI (OTHOCHTENbHAs). AbOconiomuas
nozpewnocms usmepenus Ax onpeznensiercs rno ¢opmyne (3.1), kKak pazHOCTh MEXIY 3HAUEHUEM BEITUUHHBI,
IIOJIyYEHHBIM B PE3YyJIbTaTe MU3MEPEHMS X, U ICTUHHBIM 3HAaYEHUEM U3MEPSEMOU BETMUMHBI Xy

Ax =X - Xy. (3.1)

OmnocumenvHas nozpewHocms umepenus O TPEACTaBIsieT co0oil  OTHOIIeHHE abCONIOTHOM
MOTPEIIHOCTH U3MEPEHUS K NCTUHHOMY 3HAYEHUIO BEJIMYMHBI, BBIPAXKEHHOE B POLICHTAX:

& =100(Ax / xy). (3.2)

Ha npakTrike BMECTO HCTUHHOTO 3HAYEHUSI IOJIb3YIOTCS ACHCTBUTENBHBIM 3HAU€HHEM U3MEPSAEMON BEIMUUHBL, 3a
KOTOpOE NPUHUMAIOT TaKOE €€ 3Ha4eHHe, KOTOpPOe HalIeHO 3KCIIEPUMEHTAIBHBIM IIyTEM M HACTOJIBKO MPUOIIKaeTCs K
HMCTUHHOMY 3HA4YEHHIO, YTO MOXKET OBITh MCIIOJIF30BAaHO BMECTO Hero. [lorpentHoctn n3sMepeHnii CUYUTaI0TCS
MOJIOKHUTEIBHBIMHY, €CIIH 3HaYCHHE BEIMYMHEI, TOJIyYCHHOE B PE3yJIbTaTe M3MEPEHH, 00JIbIIe JIEHCTBUTENFHOTO 3HAUCHHS
HU3MepsieMOil BeTMIHHBL, 1 HA000POT.

ITorpentHocTs U3MEPEHUN COCTOUT U3 CUCTEMATUUECKOH U CIIy4aliHOM MOTPEIIHOCTH.

[TorpemrHocTh oOcCTaromIasiCsi MOCTOSHHOM WM 3aKOHOMEPHO HW3MEHSIOIMIAsICSl TMPU MOBTOPHBIX
U3MEpPEHUSIX OJHOW M TOH >XK€ BEIMYUHBI B OJIMHAKOBBIX YCJOBHSIX HA3bIBACTCS CUCMEMAMU4eCcKol
nozpewinocmoio usmepenus. CucreMaTH4ecKas MOTPEIIHOCTh O0YCJIOBJIE€HAa B OCHOBHOM IOTPEIIHOCTSIMU
IrPaJydpOBKH WJIM HEKOTOPBIM  CABUTOM Juana3oHa wu3MepeHuil. IlocTosiHHbIE cucTeMaTHYecKue

MOrpCITHOCTU BBIABJIAKOTCA JIMIIL IIPU ITOBCPKE U3MCPUTCIIBHOTO CPCACTBA HIIM €ro MGTpOJIOI‘H‘-ICCKOfI



arrectauuy. CucTeMaTH4eckue, MOrPeIIHOCTH MOTYT ObITh YMEHBLIEHbI BKIIOUYEHHEM B H3MEPHUTEIbHYIO
LeNb pa3 JIMYHBIX KOPPEKTUPYIOLINX 3JIEMEHTOB.

Cnyuatinas nozpewHocms — 3TO TOTPEHIHOCTb, H3MEHSIOMIASCS CIydyalHBIM 00pa3oM IpH
MOBTOPHBIX M3MEPEHUSX OJHOW M TOH € BEIMYMHBI B OJMHAKOBBIX ycJI0BUAX. CiydaliHble MOIPEHIHOCTH
BO3HHUKAIOT BCJIEJCTBHE CYMMapHOIO BO3JEHCTBHMS Ha pe3yabTaTbl HM3MEPEHHH pa3iMyHBIX IPUYMH.
Hanpumep, eciiy MHOTOKpaTHO U3MEPHUTH OJIHY U TY K€ BEJIMYMHY, TO PE3YJIbTAaThl H3MEPEHUI HEOIMHAKOBBI
U HE MOTYT OBbITb TOYHO mIpesckazaHbl. OIHAKO, Pe3yNbTaThl psla W3MEPEHUN MOAUYMHSIOTCS HEKOTOPOM
3aKOHOMEPHOCTH, KOTOPYIO MOKHO ONMCATh, IIOJB3YSCh TEOpUEH BeposTHOCTEH. YacToTy mosBIIEHUS
pasIMYHBIX ~ 3HAYCHMH M MOTPEIIHOCTh KaXAOr0 H3MEPEHHs MOXHO XapaKTepU30BaThb 3aKOHOM

pacripeieieHus] BEpOSITHOCTEH.

4 MYJIbTUMETPBI

MynsTUMETP - 3TO MPUOOP, MpeTHAZHAYCHHBIN I H3MEPEHUS MIOCTOSTHHBIX U TIEPEMEHHBIX TOKOB U
HANpsDKEHUH, a Takke conpotuBieHU. CyIIeCTBYIOT JBa OCHOBHBIX THIA MPHOOPOB - TOKOBBIE U
MOTEHLUAJbHBIE 110 MPUHIUITY U3MepeHHs. OObBIYHO K TOKOBBIM NpUOOpaM OTHOCSTCS MYJIbTHMETPHI CO
CTPEIIOYHBIMH HWHIUKATOpaMH, a K TMOTEHIHATbHBIM ¢ IUGPOBOM HWHIAWKAIMEH. YcCTapeBIIUN U
CPaBHUTEIBFHO TPOCTOM MYIBTUMETp MpenacTaBiseT coboil ammepmerp (puc.4.1 a). Bo Bcex ciyuasx, B
KOHIIE KOHI[OB, U3MEPSETCS] MOCTOSHHBIA TOK. [Ipu paboTe B HU3KOBOJHTHOM JHAINa30HE OTHOCUTEIHHO
MaJjioe CONPOTUBIIEHUE TPUOOpa MpeaCTaBiIsieT cO00M 3HAYUTENbHYIO HArPY3KY AJIS U3MEPSEMOM CXEMBI, UTO
IPUBOJIUT K HEMPaBUIbHBIM MoKazaHUsAM. L{udposbie npubOpsl U3MEPSIIOT HAMPSHKEHHUE B CXEME, UMEIOT,
KaK MpaBHJIO OOJBIIOE BXOJHOE COMPOTHUBICHHE, U HE HArPYKAIOT HU3MEPSEMYyI0 TOUYKY cxeMbl. OIHAKO
u(pOBEIMU MPUOOpPAMH OUYEHb TPYIAHO HM3MEPATH YCTPOMCTBA, MMEIOIIME p-h mepexoisl. B ocHoBe
M (pPOBBIX TPUOOPOB JICKHUT HCIOIB30BAaHUEM AHAIOTO-IIU(POBBIX Mpeodpa3zoBaTeeii, CXeM KOMMYTAIlUU
BXOJIHBIX aHAJIOTOBBIX CHUTHAJIOB, AeMU(PpaTopoB MU(PPOBBIX CUTHATIOB U MU(PPOBBIX HHIUKATOPOB (puc.4.1

6).
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Puc. 4.1. [lpuHiun noctpoeHuss MyJlIbTUMETPOB

[TpeobpazoBareny B HUPPOBLIX BOJIBTMETPAX OCYIIECTBISIOT MATh U3MEPEHUH B CEKYHIY, IIOATOMY

pUOOPHI HENIb3s MPUMEHSTH IS (PUKCAIMH OBICTPHIX BBIOPOCOB HAIPSDKEHHUS, KOTOPHIE BO3HUKAIOT B



CUCTEME MPHU OTKaze. DTO ke OTHOCUTCS M K U3MEPEHHUI0 MOTPeOIsIeMOro ToKa, Tak Kak mpruOop Moka3biBaeT
TOJNBKO cpenHee 3HadeHue. C MOMOIIBI0 MYJIBTUMETPA MOXKHO HAWTH KOPOTKME 3aMBIKaHUS B JIMHUAX
MUTAaHUSI, MUKPOCXEMaX U TIp.

PaccMoTpuM ycTpoiicTBO, IPUHIUI PAOOTHI M METOABI MPOBEICHUSI U3MEPEHHI C MCIOIh30BAaHUEM

NPOMBIIITICHHOTO MYJIBT{IMETPa 114352 [5]. BHeriIHm“I BH/JI TIpuOOpa TOKa33H Ha puc.4.2.
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Puc.4.2. Buemnuii Bug npudopa 114352

Ha nuuesoii manenu mpubopa pacronaraioTcs OpraHbl YIpaBIeHUS U MHIUKAIUU: | U 2 — KHOIIKH
BBIKJTIOYEHHSI M BKJIIOUEHUS 3alUTHI; 3 — KJIEMMbI JUIsl TOJKIIOYEHHS] BHEIIHEr0 HCTOYHHMKA MUTAHUS U
IIYNOB; 4 — TepeKIItoYaTellb UAMa30HOB U3MEPEHHH; 5 — KHOTIKU MEPEKIIOUEHUs po/ia paboThI («-», «~» U
«Q, kQ2, MQy») B 3aBUCUMOCTHU OT BUJA U3MEPSIEMON BETUUYHHBI; 6 — pydKa peryjsiTopa YCTAaHOBKH HYIS;, 7 —
OTCYETHOE YCTPOMCTBO.

[Tpubop »snexkTpom3MepuTenbHbI KoMOMHHMpOBaHHBIH [[4352 ¢ aBTOMATHYECKOW 3amUTON OT
ANEKTPUUYECKUX TEPEerpy30K MpeAHa3HayeH, s WU3MEPEHHUs CUIbl U HANpPSDKEHUS TMOCTOSHHOTO TOKa,
NEHCTBYIONIETO 3HAYCHHS] CHUJIBI W HANPSOHKEHUS TMEPEMEHHOTO0 TOKAa CHHYCOMIAIBHON  (OPMBI,
COTIPOTUBIICHUS TOCTOSTHHOMY TOKY.

[IpuGop MOXeT NPUMEHATHCS TPU PETyIUPOBAHUU, PEMOHTE M OKCIUTyaTallud  DJIEKTPo-,
panuoanmapaTypbl, LHA(POBBIX U MHKpPONPOLECCOPHBIX CUCTEMax B IOMEMIEHUSIX C MCKYCCTBEHHO
perylnupyeMbIMi KIIMMAaTHUYECKUMU YCIOBUsMU. Hampumep, B 3aKpBITHIX OTAIIMBAEMBIX MM OXJIAXKIAEMBbIX
U BEHTUJIUPYEMbIX MPOU3BOJICTBEHHBIX MU JAPYrHMX, B TOM YHUCJIE XOPOILIO BEHTHJIMPYEMBIX MOA3EMHBIX
MOMEIIEHUAX (OTCYTCTBHE NPSIMOTO BO3JEHUCTBUS COJIHEYHOW paAvallMd M OTCYTCTBUE BO3JEHCTBUS
aTMOC(EpHBIX 0CaJIKOB, BETPa, a TaK e BO3JHCTBUS MecKa U IbUIH HApY>KHOTO BO3/IyXa).

Paboune xiMMaTtndeckue ycnoBHs MPUMEHEHHS MTPUOOpa - TeMIepaTypa OKPYKaroIIero Bo3ayxa oT
10 mo 35 rpagycoB mo llenbcuro, OTHOCUTENBHAs BIAXKHOCTH Bo3ayxa A0 80% mnpu temmeparype 25
rpaaycoB.

OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKH.

N3mepenne HanpsKeHHs IOCTOSIHHOTO ToKa, B 0.75..900



N3Mepenne HanpsKeHHs TIEPEMEHHOTO ToKa, B 0.3..900

ConpoTHUBJIEHHE MOCTOSHHOMY TOKY, KOM 0.2..3000
W3mepeHne cuiibl NOCTOSSHHOTO TOKA, MA 0.3..6000
W3mepeHne cuibpl IEPEMEHHOIO TOKa, MA 1.5..6000
Tox moTpebaeHUs TPU U3MEPEHUN HANIPSHKEHUS U COMTPOTUBIICHHS, MA 0.306..22
[Tanenune HanpsKeHUs IPYU U3MEPEHHUH CUJIBI TOKA, B 0.08..0.65

[TpuHnunuanpHast >MeKTpudeckas cxema npuodopa npuseneHa Ha puc.4.3. Cxema npudbopa BKIIOYAET
B ce0st oprausl ynpasneHus Bl, B2, KA1, KH, R21; uctounuk nutanusi b; MarHUTOAIEKTPUIECKYIO CUCTEMY
Tp nu MU; ynuBepcanbHbIi IIYHT U COMPOTHUBIICHUS.

[Tepexmtouarens Bl umeer nse rpynmnsr Bl.1 u B1.2, koMMyTHpyrolue curaai ¢ BXOAHBIX KiIeM * u
V, A — xQ - MQ, Q na Ttpanchopmarop TP u MarHUTHO-IJTEKTPUYECKOE YCTPONCTBO Uepe3
orpannunBaromue pesucropbl R1-R20. Pesucrop R21 npeanasnHauen ans perynupoBaHus Toka MU u
YCTAHOBKH CTPENIKU MPUOOpa B HEHYJIEBOE MOJIOKEHUE TIPU U3MEHEHUH colpoTuBieHuil. Pesuctopsr R1-R9
00pa3yloT IeNOYKYy, YMEHbBIIAIONIYI0, B 3aBUCUMOCTH OT Ipejesia U3MEpPEHUl, CHIIy TOKa, MPOXOJAIIEro
yepe3 MMU. IlepemeHHBI TOK BBIIPAMIISIETCS ABYXIOJYIEPUOAHON CXEMOM, BBIMOJHEHHON Ha JIUOJaX
VD1,VD2. Pesucropsr R13-R20 o0pa3yror nenuTens HaOpsOKeHHUS W NPUMEHSIOTCS TPU HU3MEPEHUU
HanpspkeHui. Pesucropsl R10-R12, R21 orpaHnyuBaroT TOK, NIPOTEKAIOIMN dYepe3 H3MEPSIEMOe
conportuBinenne. HezaBucumeie nepexmodarenu B2.1, B2.2, B2.3 omnpenemsitor poa Toka win padboTy B
peXUME U3MEPEHNS COTPOTHUBIICHHUI.

OJeMEHTBl 3JeKTPUYECKON CXeMbl NpUOOpa 3aKiIOueHbl B HM3OJSALUOHHBIA Kopmyc. Opransl
YIIPaBJIEHUsI, OTCUETHOE YCTPOMCTBO M INPUCOECIMHUTENBbHBIE 3aKMMbl pa3MELIEHbl Ha JIMIEBOW CTOPOHE
KopIryca.

DIEeKTPOXUMUYECKHE UCTOYHUKHA TOKA JUISl MMUTAHUS CXEMbl OMMETPAa M aBTOMATHYECKOM 3aIUThI
pPacroJIOkKEHBI B KAMEPE C ThUIbHOM CTOPOHBI KOpIyca.

B npubope mpumeHéH MexaHu3M u3MepuTenbHbIi (MW) MarHMTO3JIeKTPUYECKOH CHUCTEMBbI Ha
pacTsbKKax C BHYTPHUPaMOUYHBIM MAarHuToM. TOK IIOJIHOTO OTKJIOHEHHUS MexaHu3Ma usmepurenbHoro 300
MKA, MaJIcHre HAMPsOKeHUsI Ha 0OMOTKE paMKH He mpeBbIaeT 15mB.

Pacmimpenne mpenenoB M3MEpEHHIl OCYILECTBIISIETCS C IOMOULIBI0 KOMMYTAllUW YHHBEPCAIBHOTO
IIYHTa U J00aBOYHBIX CONPOTHBICHHI BOJITMETpa. BhINpsmiieHHEe NMEPEMEHHOTO TOKA MPOUCXOAUT I10

JBYXIIOJIYIIEPUOJAHON CXEME, BBIIIOJHEHHON Ha IOJIYIIPOBOJHUKOBBIX IHOAX.
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Puc.4.3. Cxema anexktpudeckas
MPUHIIMITHATIbHAS TpUOopa

KoHeunbie 3HaueHHSA JAHUaIria3oOHOB HSMGpGHHﬁ, S3HAYCHHUA TPCACIOB OOMYCKACMBIX OCHOBHBIX

MOTPEIIHOCTEH (B HOPMANbHBIX YCIOBHUSIX NPUMEHEHHS), 3HAYeHHs] MOTPeOJIeMOro TOKa W MaJeHUs

HANPSDKEHUS Ha BXOJHBIX KJIeMMax mpuOopa COOTBETCTBYIOT Taoil. 4.1.

Tabnuua 4.1.
N3mepsemas [Ipenen Koneunoe 3Hauenwue | Tok ITagenune
BEIIMYMHA JIOMyCKaeMOW | Tuanma3oHOB MOTpeOJICHUs, | HAMPSIKCHHUS,
OCHOBHOM U3MEPECHUI MA, He OoJtee B, ne Oonee
MOTPEIIHOCT
u %
Hamnpsoxenue +1.0 0.075,0.3, 1.5, 0.306 -
IMOCTOSHHOTO TOKa, 6, 30, 60, 150, 300, 1.53 -
B 600,900
Hampsokenue +1.5 0.3, 5.1 -
MEPEMEHHOTO TOKa, 1.5, 1.02 -
B 6, 30, 60, 150, 300, 1.53 -
600,900
ConpoTuBieHue +1.0 0.2, 22 -
MMOCTOSSHHOMY TOKY, 3, 20 -
kOM 30 2 -
300, 3000 0.8 -
Cuima IOCTOSIHHOTO +1.0 0.3, - 0.08
TOKa, MA 1.5, - 0.3
6, 15, 60, 150, 600, - 0.65
1500, 6000 -
Cuia mnepeMeHHOro +1.5 1.5, 6,15, 60, - 0.65
TOKa, MA 150, 600, 1500, 6000

[Ipenensl mOmMycKaeMbIX OCHOBHBIX MOTPEIIHOCTeW mMmpubopa (y) BBIpaXaroTCsi B MPOLIEHTaX OT

HOopMHupytolero 3HadeHus (Xy) B BHUAE NPUBEIACHHBIX TNorpemHocteil mo ¢opmyne (2.6). I'me Xy



BBIOMPAIOT, KaK KOHEYHOE 3HAaYeHHE AHara3oHa U3MEPeHU WM AUarna3oH U3MEPEHHI B eIMHUIIAX LIKAJIbL.
3HaueHue JUINH 1IKaJl OMMETpa B MUJUIMMETpax, He MeHee: «(2» - 58, «k2, MQ» - 67.

HopManbHbIMU yCTIOBHSIMM TPUMEHEHHUS paccMaTpUBAaEMOro Mpudopa SBISIIOTCS —CIEAYIOLINE
BEIMYMHBI U MX 3HAUYEHMS: TOPU30HTAILHOE MOJI0KeHHe 12°; TeMIepaTypa oKpy»Karoero sozayxa 20+5 °C;
OTHOCHUTENIbHasg BIaxXHOCTh 605+15%; armocdepHoe npasinenue 750130 MM.pT.CT.; yacToTa CHUJIBI U
HaIpsDKEHUs TEepeMEHHOro Toka (Tabin.4.2); cuHycouganbHas (opmMa KPUBOM TOKa WIJIM HAMPSDKEHUS, C
KOA(P(UIIMEHTOM TapMOHHK 1102%; HAmpsDKEHUWE MHTAHUS CXEMBI, I WU3MEPEHHsI COMPOTHBICHUU 10
30kOM ot 3.7 mo 4.7B, ot 30 mo 300 kOm — 11-14B u cBeime 300 kOMm 120-160B mocTosSIHHOTO TOKa;
36eMHOE€ MarHuTHOE 1oJie; Kod()PUIMEHT MepeMEeHHON COCTaBISAIONIeH MOCTOSHHOTO TOKAa WM HaNpsHKEHUS
He 6omnee 3%. Takum oOpa3zom, mpubOp UMEET OrpaHUUYEHHYIO 00JIacTh MPUMEHEHUs. B Apyrux ycioBusx
AKCIUTyaTalllH MOTPENTHOCTH MPUOopa 1 U3MepeHuit OyyT UMETh COBEPIIICHHO NHBIC 3HAYCHMUSI.

YacToTHBI Jauana3oH npuOopa MpU HM3MEPEHHSIX CHIIBI W HaNpsHKEHUS TMEPEMEHHOTO TOKa

COOTBETCTBYET 3HAUYCHHIM Tab1.4.2.

Tabmua 4.2.
Koneunoe 3HaucHme HopmanwsHas oGmacte uactort, | PaGouas obmacts wactot, [
Jrana3oHa U3MEpEHUN I
0.3,1.5,6,30B 45-60 60 —10000
60, 150,300 B 45-60 60-2000
600, 900 B 45-60 60-1000
1.5, 6, 15,60, 150 MA 45-60 60-10000
600, 1500, 6000 MA 45-60 60-10000

Bpewms ycranoBiieHHs pabodero pexxuMa 1 ImoKa3aHui mprudopa He MPEeBhIIaeT 4 ¢ mocie
BKitoueHus. [Ipubop momyckaer MPOMOIDKUTENBHOCTh HENPEephIBHOW paboThl B TeueHue 16 dacoB B
IUana3oHax W3MEpeHHi, He TpeOyIIUX HCTOYHMKOB muTaHus. HempepwiBHas pabota ommeTpa mpubopa
ONpeNeseTCss HOPMHUPYEMOW EMKOCTBIO MPUMEHSEMBIX JIEKTPOXMMHUUYECKHX HMCTOYHMKOB TOKAa U TOKOM
noTpebaeHus npuodopa (tadm. 4.1), Ho He O6omee 16 .

M3onsauust MeXay BOCBMH HM30JMPOBAHHBIMHM JJICKTPUUYECKUMM  LIETSIMH M KOPIIYyCOM, a TakKke
HApY)XHBIMH OpraHaMH YIPAaBJICHUS KOMMYTHPYIOIIMX M PErYJIMPOBOYHBIX JJIEMEHTOB Mpubopa B
HOPMAJIBHBIX KJIMMATHYECKUX YCJIOBHUSX IPUMEHEHHs BBIACPKMUBACT B TEUYEHHE | MHHYTHI JCHCTBUE
WCIIBITATEIPHOTO HAMNpsDKEHHS 3HaueHneM 3 KB (nelicTByroree 3HaueHUE) MEPEMEHHOT0 TOKa 4acToToi 50
TII.

[Tpubop BeIAEPKHUBAET KPATKOBPEMEHHBIE MEPETPY3KHU, HE TPEBBIMIAIOIINE 25-KpaTHBIX 3HAYEHUH OT
KOHEUHOTO 3HaueHHWs Juana3oHa H3MepeHusi, HO He Oosee S0A B mocimemoBaTenbHBIX M 2 KB B

napajuleNibHbIX JIEKTpuyeckux 1emnsx. Bpems neperpysku 0,2-20 ¢ uatepsaizom 20c.



[Ipy OTCYTCTBMM HCTOYHMKA NUTAHHUS ABTOMATHYECKOHN 3alllUThl KPaTKOBPEMEHHBbIE MEPErpy3KH
(McTBITaTeTLHBIN TOK WM HANpsDKEHUE) HE JOJDKHBI MPEBHIIATh B TUAa3oHe u3MepeHui: mo 1 A - [nowm;
ceeime 1 A - 2,5(1A+IHom); 1o 100 B - 5 Unowm; cBeimie 100 B - 2 Unom (a0 He 6onee 2 kB). Bpems
BO3/ICUCTBUS neperpy3ku He 6oree 0,5 ¢ uaTepBasiom 15c¢.

H3MmeHeHre noka3aHui, BI3BAHHOE M3MEHEHUEM IOJIO0XKEHUS Mprubopa OT HOPMAIBHOTO 10 JI000T0
3HA4YEHHS B MpeJienax TeMIIepaTypHOro auana3oHa pabounx yCJIOBHI MPUMEHEHHUs, HE TPEBbIIIAET Mpeaena
JIOTTYCKaeMOU OCHOBHOM MOTPENHOCTH (1711 oMMeTpa +5%) Ha kaxapie 10 °C u3MeHEHUs TEMIIEPATypBI.

V3MeHeHre MoKa3aHuii, BBI3BAHHOE M3MEHEHUEM YaCTOTHI OT TPAHHIIBI HOPMaJIbHOW 00JIACTH YacTOT
110 JTI000T0 3HAUEHUS YaCTOTHI B CMEKHOM yacTu paboueil obnactu (Tadu. 4.2), He npesbimaer +1.5%.

N3meHenne noka3aHul, BbI3BAHHOE BIUSHHUEM OJHOPOIHOTO BHEIIHETO MOCTOSHHOIO MarHUTHOTO
nosist ¢ uaAyknuen 0.5 mTin npu camoM HeOIArompUATHOM HAIPABICHUHA MAarHUTHOTO TOJISA, HE TPEBHIIIAET
+1.5%.

H3MmeHeHne ToOKa3aHUM, BBI3BAHHOE BIMSHHEM OJIHOPOJAHOIO BHEIIHET0 MAarHUTHOTO TIOJIS,
CUHYCOMJIaJIbHO U3MEHSIOUIETr0ocs 0 BPEMEHH C YaCTOTOM, OIMHAKOBOM C 4acTOTOM TOKa, MPOTEKAIOIIETO 10
M3MEPUTENIBHBIM IIENSM HCIBITYEeMOTO MpHOOpa, MPH CaMblX HEONArONMpHSTHBIX HAmpaBlIeHUSX U (asze
MarHuTHOTO 10JIsA, He npeBbimaet +1.5%.

WNHpaykuys MarHuTHOTO mostst mpu yactotax 10 1 kI’ e gomxHa npessimath 0,2 MTo.

N3meHenne moka3aHuii, BRI3BAHHOE BIUSHHUEM (DEPPOMArHUTHOTO OCHOBAaHUS TOJIIMHON 215 MM
WIH BIUSHUEM TIOMEIIEHHOTO BIUIOTHYIO C MPUOOPOM TaKOTO ke mpubopa, 1O ITOro HaXOAWMBIIETOCS Ha
paccTosiHuU He MeHee 1M, He MPEeBbIIIAeT NOJOBUHBI IIpe/iea JOIMyCKaeMOi OCHOBHOM MOTPENTHOCTH.

H3MeHeHre TMOKa3aHWM, BBI3BAHHOE OTKJIOHEHHWEM (OpMbI KPUBOM CHIIBI WM HaIMpsSHKCHUS
MEPEMEHHOTO TOKa OT HOPMAJIbHOrO 3HAYEHUs] TOJA BAUsSHUEM 2-U, 3-i uiam 5-i1 rapMoHUYECKOU
COCTaBIAIOLIEH, paBHON 5% OT OEHCTBYIOLIErO 3HAUYEHUs M3MEPSIEMOM CHUIIbl TOKA WM HANpSIKEHUS He
npesbimaeT +3%.

["abGaputHble pazmepsl mpudopa 215*115*90mm. Macca npubopa He 6omee 1,2 Kr.

[Ipu pabore ¢ mpubopoM HEOOXOAUMO COOIONATH JEUCTBYIOIINE THUIIOBBIE IIpPaBUJIa TEXHHUKHU
6e3onacHoctH. [Ipy M3mMepeHusX B memnsax ¢ HampsbkeHueM cBbiie 36 B. Crnemyer BKIIOYaTh U OTKIIIOYATH
npuOOop MpH BBHIKIIOYEHHOM HANPSDKEHUU B MCcleayeMoi 1enu. HenomycTuMo nepeximoyeHne npuoopoB ¢
OJIHOTO BUJa M3MEPEHHI Ha JIPYTOH, a TaKKe MEePEKIIYCHUE TUANa30HOB U3MEPEeHHs 0€3 OTKIIOYCHHS OT
uccienyemMoit cxembl. M3mepenusa B nenax ¢ HamnpsbkeHuem cBbiie 200 B. JlomkHBI TPOW3BOAMTHCA B
MPUCYTCTBUH IPYTUX JIUII.

[Togxmrouenue mpubopa K  HUCCIEAYEeMOH cXeMe JOJDKHO IPOU3BOAUTHCS — MOCPEICTBOM
COCIMHUTENBHBIX TIPOBOJIOB, MPEAOCTABISIEMBIX ¢ prbopoM. [Tonkimouenue mpubdopa K uccieryeMoil enu
C TIOMOIIBIO IIYTIOB HEOOXOJUMO IMPOU3BOJIUTH OJHOM PYKOH, JIep:Kach 3a M3OJISILMOHHYIO BTYJIKY IIYTIa.
Bropas pyka gomkHa ObITh CBOOOJIHOM BO M30exkaHHE MPOXOKACHUS SJIEKTPUUIECKOI0 TOKA Yepe3 OpraHu3M

YCJI0BCKaA.



[Tpu uccnenoBaHUM NEKTPUUYECKON CXeMbl MPUOOP TOJKEH pacrojaratbes Tak, YTOOBI MPU CHITHH
MOKa3aHUN ObljIa UCKII0YEHA ONACHOCTh MPUKOCHOBEHHUS K YaCTSAM HCCIEIyeMOM CXeMbl, HaXOISALUIUMCS O]
HaIPSDKEHUEM.

Bonee mpocTyro CXeMOTEXHHKY HMMEIOT HU(POBBIE M3MEPHUTEIbHBIE MPUOOPHI. OOBIYHO B OCHOBE
TakUX MPUOOPOB HAXOIUTCS CHEHHATU3MpPOBaHHAs MHKpOCXema, MpeoOpasyrolias HampsoKeHHE B KOMAbI

CHMBOJIOB MHAMKATOPOB. BHENTHUIT BU/ OJTHOTO M3 MHOXKECTBA IU(PPOBBIX MPHOOPOB MOKa3aH Ha puc.4.4.

. PI/IC.%4. Buennuii Bug uH(pcPOBoro 1} 1/160};1)21
Ha nuueBoii maHenu mproopa pacrojaratorcsi OpraHbl yIpaB/ieHHS M WHAMKAUH: | - OTCUETHOE

YCTPOUCTBO (AMCIUICH); 2 — TEpeKIoYaTelh JAWANa30HOB W3MEPEHHH; 3 — KJIEMMBI IS TOAKITIOUYCHUS
IIyNoB; 4 — rHE30 ISl OAKIIOYEHHUS U U3MEPEHUs TapaMeTPOB TPAH3UCTOPOB; 5 — KHOIKH MEePEKITIOUEHUS
poJia paboThI B 3aBUCUMOCTH OT BHJIa U3MEPSIEMON BETHUNHBI.

[TpuHIMMEATEHAS ANIEKTPUYECKash CXeMa MPOoCTOro IudpoBoro mpubopa mokazaHa Ha puc.4.S.
[udpoBoit MyabTUMETp COCTOMT U3 LH@poaHasoroBoro mpeoodpazoatenss KPS7IIBSA ¢ nensmu
KOPPEKIINH, KUIKOKpUcTanyeckoro uaaukaropa MXKKII-1, BXogHbIX KOMMYTHpYIOITUX IIeTIel 1 6atapen
nutanus. Onementel Cl, C3-C5, R19, R20 ompepenstor uvacrtoTHbie xapaktepuctuku LAIl um Bpems
npeoOpazoBanus BxoaHoro curHaia Ha Bxox 30 LIAII, uwepes R17, VD, VD2, R18 u C2 mocrymaer

M3MEPUTENIbHOE OTPUIIATEIbHOE OTHOCUTENIBHO BX0a 32 HaNpsKEHHE.
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Puc.4.5. [IpuHnunuanpHas 3JIeKTpuueckas cxema mudpoBoro mpudopa

Hemutens R12-R16 mpencraBnsieT coboil menuTenb 00pa3IioBOro HampspbkeHus 2B, mosydeHHOro
BHYTPEHHUM CTaOMJIM3aTOPOM MHUKpOcxeMbl (BbIB36-BXon, 37 BbeIxom). Pesuctoper R1-R4 o6pasyror
JIeUTeNb BXOAHOrO HampspkeHus. R5-R8 oOpa3yroT myHT [uist majieHusi HaNpspKEHUs, B 3aBUCUMOCTH OT
CHJIBI TIPOTEKAIOIEro Toka. B o0oux ciydasx, mpu M3MEPEeHUH HANpsHKEHUS UM CHIIbI ToKa, Ha Bxox 30
I[HAIT nocTynaeT 3HaueHUE HAMPSHKEHUS.

Pesuctoper R9-R11 urparoT posb 0ogHOro mieda IEIUTeNs, BMECTO BTOPOTO Ijieya - HU3MEpSIeMOoe
conpotusienue R. 3smepenHoe Ha Bxoje 30, HanpshDKeHNE mpeoOpa3oBhIBACTCS B KO IJIsi CEMUCETMEHTHBIX
uHAnKaTopoB u nepenaércs Ha Bxoa MOKKLI-1. ueTsippMsa iudpaMu 1 3HAKOM HOJISIPHOCTH.

PaccmoTpum, KakuMM XapaKTepUCTHKaMU 00J1aJai0T HUQPOBbIE MPUOOPHI HA MpPUMEpE YCTPOMCTB
psna M830-M837. HopManbHBIMU YCIOBHSIMH OSKCIUTyaTallud cuuTaetcss Ttemrmeparypa 2315 °C wu
OTHOCHUTENIbHAs BIAXHOCTh MeHee 75%. Jlpyrue naHHble, XapaKTepHbIE ISl CTPEIOYHBIX NpUOOpPOB, B
nacnopTax He ykasbiBaioTcs. llpenenbl m3aMepeHHi, paspelieHre U TOYHOCTh NMpuOOpa MpHUBENEHBI B

Ta01.4.3.

Tabauua 4.3
IIpenen Pazpemenne | TouyHOCTH
I1ocTOSIHHOE HANPSKEHUE
200 MB 100 mxB +0.25% +2 en. cyera
2000 mB 1 MB +0.5% £2 en. cuera
20B 10 MB +0.5% %2 en. cuera
200 B 100 MmB +0.5% £2 exn. cuera
1000 B 1B +0.5% £2 en. cuera
ITepemennoe HanpspkeHne B 2 (EKTUBHBIX 3HaUeHUAX curHaia (45-450 I'm)




200B 100 mB +1.2% 10 ex. cueta
750 B 1B +1.2% £10 exn. cyera
IlocTOsSHHEIN TOK
200 MxA 100 HA +1% +2 en. cuera
2 MA 1 MKA +1% +2 en. cuerta
20 MA 10 MxA +1% 2 ex. cuera
200 MA 100 MxA +1.2% £2 exn. cuera
10 A 10 MA 2% 12 ex. cuera
ConpoTHBIIEHUE
200 Om 100 MOm 10.8% 12 en. cucTa
2000 OMm 1 Om +0.8% £2 exn. cuera
20 kOm 10 Om +0.8% £2 exn. cuera
200 xOm 100 Om +0.8% £2 exn. cuera
20000 xOMm 1 kOMm +1% +2 en. cuera

[TpuGop uMeeT BCTPOEHHYIO 3alIUTy OT TMeperpy3ok. [Ipm u3MepeHHHM Hamps KeHHs 3aliuTa
cpaboraer npu 200B sddextuBHOoro 3Hauenus Ha npenene 200 MmB u 1000B moctossaroro wiu 750B
3 PEKTUBHOTO Ha OCTAIBHBIX Mpeaeax. 3amuTa i U3MEpeHus MOCTOSHHBIX TOKOB cpaboTaer npu 250B
Ha npenene 200 MA (mmaBkuil mpemoxpaHutenb) win Ha mpeaene 10A (6e3 mpemoxpanutens). [Ipu
M3MEpPEHUN COMPOTUBIICHHS 3alluTa OT IMeperpy3ok cpaboTaeT mo ucTedeHWu 15 c, ecnu Ha mrymax
NpUCYTCTBYET 3 (PeKTUBHOE 3HaUeHue HanpspkeHus 200B.

BonbmMHCTBO TMPUOOPOB KOMILIEKTYETCSI 3BYKOBBIM TNPOOHHKOM [UIS TPO3BOHKM LIEMEH CXeM.
BerpoenHsslit 3ymmep 3By4HT, eciii conpoTuBieHue 1enu MeHee | kOM. HekoTopbie MylbTUMETPBI UMEIOT
GYHKIIUIO U3MEPEHUsST TEeMIIEpaTyphl ¢ MOMOIILI0 TepMorapsl Tuna «K». Jlnama3zon temmepatyp ot -20 1o
1370 °C. Tounocts u3mepenus temmeparyp +3°C 1o 150 °C u +3% soire 150 °C.

Hekotopsie mpubOpsl UMEIOT BO3MOXXHOCTh M3MEPATH hy g TpaH3UCTOPOB (N-p-n, p-n-p) MpuU TOKE
6a3p1 10MKA u HampspkeHHH KoyuiekTop-amutTep 2.8B. Emie onna ¢yHkust mpuGopa — 3TO BCTPOSHHBIN
reHepaTop Meanpa yactoroit 50 nuinu 1000 I'u. BeixonHoe HanpsikeHue reHeparopa 10 SB.

5 DJIEKTPOHHBINA OCIITUJLJIOT PA®

Ocuwmtorpad oToOpa)xaeT HIEeKTPUUECKHe CUTHAIIBI B BUjIe ocuminiorpamMmbl Ha DJIT. Pa3nuuarot ogHO- U ABYXJTy4eBbIe
ocruutorpadel. TUMTUYHBIN IBYXKaHATBHBIN OcIMLIorpad, mo3BoJsIeT OTHOBPEMEHHO HA0II01aTh Ha SKpaHe JIBa CUTHANA, a
MPOTSHKEHHOCTHIO MHAUKAIIUY BO BpEMEHH MOYKHO YIPABJIATh MOCPECTBOM BCTPOCHHOTO B MPUOOP reHepaTopa.
PaccmarpuBaeMblit HaMu 0a30BbIH PHOOP YIA0OCH s PUKCAIIMK U WHAUKAIIUHM IEPHOTUUCCKUX CUTHAIOB HE3aBHCUMO OT
ux opmel. Cxema 3amycka B ocumuiorpade ycTaHaBIMBACTCs HA MHAITUHPOBAHUE PA3BEPTKHU, KOTIa BXOTHOW CHT'HAT
MPEBBILIAET 3alaHHOE HANIPSDKEHUE, a HAIPaBJIeHUE 3aIlycKa (T.€. CUTHAJ C TIOJIOKUTENIbHBIM WIH OTPULATENbHBIM
MePEeX00M) MOKHO BEIOMpaTh. B cirydae meproIndeckoro BXOJHOTO CHTHAIA TIOCIIe YCTAHOBKHU OCIIILTOrpada Ha 3aImyck B
TpeOyeMoii TOUKE U TTOCIIe YCTAHOBKH CKOPOCTH Pa3BepPTKH Ha dKpaHE MOSBILICTCS HEMOIBIDKHOE N300paKeHUE, TaK KaK
MOCJIeI0BATEIbHbIE CUTHANIBI HAKIIAJBIBAIOTCS APYT Ha Jpyra. [Ipu oTiagke U TECTUPOBAHUU MUKPOIIPOLIECCOPHBIX CUCTEM
ocumwuiorpadhoM MOKHO IIPOBEPUTH BCE BPEMEHHBIC XapaKTEPUCTUKU CUTHAJIOB, I TECTUPOBAaHHUA HEOOXO0IIMa
MporpaMMHasi MoJepKKa.

PaccMOTpHUM MPUHIIAT AEWCTBUS JIEKTPOHHOTO ociuiorpada. XoTsl CTPYKTYpHBbIE CXEMBI OCIIIIOrpadoB
JIOCTATOYHO CJIOXKHBI, IS M3y4YeHHs NMPUHLINIA JEHCTBUS STHX NMPHOOPOB JOCTATOYHO PACCMOTPETH MPOCTEHIITYIO CXEMY,
COCTOSIIIYIO U3 TPEX DJIEMEHTOB: YCHIUTEIS BEPTUKAILHO OTKIOHSIONIETO HAMPSKEeHHsI, TeHepaTopa passeptku G u DJIT
(puc.5.1).
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PI@C.S.I IIpocTeimag cxema oc%nnnogpag)a
I/Iccne,uyeMoe HaHpSI)KCHI/Ie X IIOABOAAT KO BXOI[y YCI/IJ'II/ITCJ'ISI 3aTe H BGpTI/IKaHBHO OTKJIOHAIOIINE IIJIAaCTUHBI

OJIT. Tlox neiicTBUEM TOTO HANIPSHKEHUS JIYY OTKIOHSAETCS 110 OCH opauHaT. OTKIOHEHHE JTyda M0 ocH adcIuce
00yCIIOBJIEHO NEeHCTBUEM HAIPSHKEHUS pa3BEPTKH, KOTOPOE U3MEHSIETCS BO BPEMEHH 110 JTJMHEHHOMY 3akoHy. OTKIOHEHUE
JIyda 1o OcH abCLHUCC TaKkxkKe SBIseTCs JTuHeHoN QyHKkIuel BpeMeHn. TpaekTOpHIO Jyda Ha3bIBAIOT OCILHILIONPAMMOi
uccieayeMoro kojebanus. [IocKoNbKy OTKIOHEHHE JIyda 110 OCH OpJMHAT HPOMOPIIMOHAIFHO MTHOBEHHOMY 3HAYSHHUIO
KoJieOaHus, a OTKIIOHEHHUE MO OCH a0CIHCC - BpeMeHH, TO Ha 9kpaHe DJIT B HEeKOTOpOM MacmTabe BOCIIPOU3BOIUTCS
3aBUCUMOCTD Ux(1).

PaBMepBI OKpaHa W OTKJIOHAIOUICC HAIIPKECHUE OTPAHUYCHBI, ITIOOTOMY HAIIPAXKCHUE PA3BEPTKHU BO3PACTACT N0
OTIPENICIICHHOTO YPOBHS, IIPH KOTOPOM JIYY, ABHUTAsICh BIPABO, JOCTUTACT ITPAHUIBI pa0OYeH YacTH SKpaHa.
[IpoaomKUTETFHOCT BO3PACTAIOIIETO YUACTKA HAMPSDKEHUS Pa3BEPTKHU OICHUBAIOT [UTUTCIHFHOCTRIO 711 MPSIMOTO X011
pa3BepTku. [To OKOHUAHHH IPAMOTO XO0JIa HANIPSDKCHUE Pa3BEPTKH YMEHBIIACTCS IO HAYaJIbHOTO YPOBHS. [IaTHO mpu 3TOM
MepeMeIIaeTcs CIpaBa HaJIeBo, COBepIIas OOpaTHBIM XOJ pa3BepTKHU. 3a BpeMsi 70 00paTHOTO XOJa HAIPsHKEHUE Pa3BEPTKU
YMCHBIIIACTCS [0 HEIMHEHHOMY 3aKOHY, II03TOMY TPACKTOPHS JTyda He HEeCeT MoJIe3HOH HH)OPMAIlH | JIUIIb HCKaXaeT
ocumiuiorpammy. Bo u3bexxanue aToro Ha Bpems oOpaTHOro xona Ha Moayisitop DJIT monarot 3anupatoriee HanpsHKeHUe,
TaK 4YTO JIy4 TacuTcsl. [ eHepaTopbl pa3BepTKU CTPOAT TaK, YTOOBI AJIMTEIBLHOCTH OOPATHOTO X0/1a ObLla MEHBIIIE
JJATEJIBHOCTHU IIPAMOI'0 X04a pa3BEPTKHU.

IMpu ocumorpagupoBaHUU MEPUOJUMYECKUAX KOJIeOaHUH HEOOX0MMO, YTOOBI 38 KaXK/AbIi IEPUO]] UCCIICTYEMOTO
HaIpsDKEHUs JIyd TepeMellancs Mo OJHOM U TOH ke TpaeKTopuu. i 3TOro CHHXpOHU3UPYIOT NEPHUO/] pa3BEPTKH C
MIEPUOJIOM MOBTOPEHUS HCCIIEAyeMOTro curHana (puc.5.2, a): meproj] pa3BepTKH YCTAHABIMBAIOT PABHBIM IIEIOMY YHUCITY
MIEPUOJIOB MTOBTOPEHUS UCCIIEAYEMOTO CUTHAA.

Puc.5.2 BpemenHble quarpaMMbl CHHXPOHHU3AUT

Ecmu Tp =T, 1. e. ©MeeT MECTO PEKUM CHHXPOHHM3AIMH, TO Hadally MEpBOTO MEPHOJa Pa3BEPTKH COOTBETCTBYeT V=0,
3aTeM JIyd IPOYCPUMBACT ITOYTH HOJIHBIN eproa cuHycouasl. K MOMEHTy Hadaia BTOpOTO IepHoja pa3BepTKU BXOIHOE



HarpspKeHHE 00paIaeTcs B Hyllb, IOATOMY JIyd MOIA/IAeT B Ty JK€ TOYKY M B TAJIbHEHIIIEM JABIKETCS IO TOH Ke
TpaekTopuu. Takoe ABMKEHHE JTyda CO3AaeT HETIOIBIDKHYIO OCHMIIIOTpaMMy repuofa konebanus Ux(?). Ecin Heo6xoqumo
MOJYyYUTh Ha 3KpaHe /1 IEpPHOJIOB, TO MEPHOA PAa3BEPTKU JOIDKEH OBITh B 1 pa3 OOJIbINE MIEPHOA HCCIIEAYEMOT0 KOIeOaHHs.

[lpu nHapymenmu cuaxponusammu (7p>7, puc.5.2,6) B MOMEHT Hayajia BTOPOTO IepHoja pa3BepTku >0 u myq
oTKJIOHsIeTCsT BBepxX. CHHycommaiabHas TPaeKTOPHS Jyda IPU 3TOM He OyAeT coBHaIaTh C TPAaeKTOPHEH, MOIYyISHHOU 3a
MIEPBBIA NeproJI CABUHYTHIX 10 (a3e CHHYCOUIATBHBIX KPUBBIX, 0OBIYHO HAOMIOJaeMbIX Ha 3KpaHe KaK CBETJIBIH
MPSMOYTOJIbHUK.

Jlia uccnenoBaHUs HEIEPHOAMYECKIX UMITYIbCHBIX HAPSDKEHUN TPUMEHSETCs XKAylas pa3BepTka. B atom pexnme
TEHepaTop Pa3BEepPTKH 3aIyCKaeTcs Mepes KaXIbIM IPUIIEIIINM UMIyIbcoM. K MOMEHTy Hauana KakJoro UMITyJIbca
HarpspKeHUE Pa3BEPTKU UMEET ONpPEJIeNICHHOE 3HaYeHHE, T03TOMY HAavalno KakKIOTO HMITYJIbCa COOTBETCTBYET OJHOM M TOH
JKe TOYKe Ha 9KpaHe. [I0CKoIbKY CKOpOCTh HapacTaHuUs HANPsDKEHUST Pa3BEPTKHU B KXKAOM IUKIIE IOCTOSIHHA, TO
TPAaeKTOPUH JIyda, BEI3BAHHBIC BCEMH MMITYJIbCAMH, COBIIA/IAIOT, M HAa DKpaHE BO3HUKAET HEIIOIBIKHAS OCIIMIITIOrpaMMa
UMITyJIbCa.

"i' mj

JImiTeIbHOCTh HpﬂMOFOBmSKﬁymmm gﬂénpwcpaggepﬁmmeﬁ JUTATETFHOCTH UMITyIIbca (puc.5.3, a),

MO3TOMY OCIHMJUIOrpaMMa UMITyJibca (puc.5.3, 6) 3aHMMaeT OOJBIIYIO YacTh SKpaHa. PeskuM skayIei pa3BepTKH
1esIecoo0paseH Mpy MepHOINYECKUX UMITYJIbCHBIX HAIPSDKEHUSAX C OOJIBIION CKBaXKHOCTBIO, IIOCKOJIBKY, H3MEHSISI CKOPOCTh
pa3BepTKH, MOKHO YCTAaHOBHUTH yIOOHBIH JUIsl HAOIIONCHNS pa3Mep UMITyJIbca 110 TOPU30HTAIIH.

Kpome nmHEHHOHM pa3BepTKH, MPEIyCMOTPEHHON BO BCEX BBITYCKAEMBIX MPOMBIIUICHHOCTBIO OCIIIUIOrpadax,
CYIIECTBYIOT M JPyrHie THIBI pa3BepTOK, HAIPHMeEp KPyroBas WK CIIHpaibHas, IpUMEHsIeMble NPH H3MEpeHHH (ha30BBIX
COOTHOILIEHUH. B 3TuX pa3BepTKax Jdyd JIBUKETCS C IOCTOSIHHON YIVIOBO CKOPOCTBIO IO KPYTy WIIM IO CIIUPAJIU, YTO
MO3BOJISIET TOTyYaTh OOJBIIYIO IO CPAaBHEHHIO C THAMETPOM 3KpaHa JUTHHY JIMHUH Pa3BEPTKH.

PaccMmoTpum, HanpuMep, IBYXITy4eBON YHUBepcanbHbIi ocimiuiorpad C1-74 [6]. Ha puc.5.4 moka3aHa nurieBas maHesb
ocriorpada.

PaccMoTpuM HEKOTOpBIE, OCHOBHBIE, OPTaHbl YIIPABICHUSA U KOHTPOJIA, PACIIOIOKEHHbBIE HA JIMLEBON

na”enu ociuiorpaga: 1 — skpan DJIT; 2,7 — perynsaTop ypoBHS 3axBara pa3BepTKH, Jydeil A u b; 3,6 —

nepekiaouatens paseptku (Bpems/Ien), nydeit A u b; 4,5

MepeKIoyaTelb BHAA Pa3BEPTKU

(aBTOMATHYECKOM, KAYIICH WM OJHOKpAaTHOW), aydeit A u b; 8 — mepexmrodarens macimrada aMIUIATYIbI

BxogHoro curHana (V/[emn), npsmoro u audQepeHInaIbHOro BX0A0B dydya A; 9 — mepekirovaresb BUAa

BXOJHOTO curHaia; 10 — perymsTopsl MOJACBETa MIKaJbl, SpKOCTH M ¢okyca yydeid. [lozumuum 8 u 9

COXPAaHSIIOTCS JJIsl HYbKHETo Oiioka yda b.

ARYYS

—



VYHuBepcanbHOCTh ocuusuiorpada odecrnednBaeTcss CMEHHBIMU OJIOKaMU B KaHaJlaX BEPTUKAIBHOTO U
TOPU30HTAIBHOTO OTKIIOHEHM S, BCTABIIIEMBIMH B 0a30BBIi OJIOK.
[MpuHnun neicTBus ocmuiorpada MOSICHSIETCS €ro CTPYKTYpHOU cxeMmoil (puc.5.5), Ha KOTOpou
MOKa3aHbl OCHOBHBIE (DYHKIIMOHATIbHBIE Y3JIbI U UX B3aUMOCBS3b.
Ocnumnorpad COCTOUT U3 CIEAYIOMUX (PYHKIIMOHATBHBIX Y3JIOB:
- IByX KaHaJIOB BEPTHUKAJIBLHOTO OTKJIOHEHHUS,
- IByX KaHaJIOB TOPU30HTAIBHOTO OTKJIOHEHHS,
- IByX yCUJIMTENeH MoJIcBeTa,
- MTHAMKATOpa, KaymbpaTopa,
- CXeMbI KOMMYTAaIlWH,
- ycunuTens KaHana “Z”,

- OJIOKA MUTAHUSL.
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HcenemyeMplid CUTHAN TOJAETCs B KaHAT BEPTHKAIBHOTO OTKJIOHEHHMS Ha BXOHYIO LIETb, COCTOSIIYIO U3 BXOAHBIX
Pa3beMOB, MepeKIroYaTeNnei peXKUMOB BXOJ0B U KO3()(HLIEHTOB OTKJIOHEHHMS, 3aTEM CHIHAJI IOCTYyNaeT Ha
NpeIBapUTEIbHbIA yemmuTenb. OYHKINK BXOAHBIX LENeH U MPeIBapUTENbHBIX YCHINTENCH BBINOIHAIOT CMEHHBIC OJOKH
tuna 5140-1 (1V).

B 3aBucumocTH OT THIa CMEHHOrO OJOKa B COCTaBE MPEABAPUTEIBHOTO YCHIIUTENS MOXKET
HaXOJIUThCSI KOMMYTATOpP (IBYXKaHAIBHBIN 0JI0K), MpeodpazoBatenb (JTorapudMUYEcKuii OJI0K) HIIH JPYyroe
(YHKIIMOHATILHOE YCTPOMCTBO, BBITIONHSIONIEE (PYHKIUIO TPEABAPUTEIBHOTO YCHUIUTENS U 00pabOTKH
CUTHAJA.

Jlanee curhai, npeoOpa3oBaHHbBIN B Mapada3Hblii, TOCTYNaeT Ha CUMMETPUYHYIO JIMHUIO 3aJCPKKU
JUIsl KOMITIEHCAllM BpEeMEeHH cpabaThIBaHUS (3ama3bIBaHUsI) KaHaja TOPU30HTAIBHOIO OTKJIOHEHUS. JInHus
3aJICPKKA BBITIOJNHAET CBOM (DYHKIMHU Tpu pabore C Onokamu, pabOTalOIMIMMH B pPealbHOM MaciiTade
BpeMeHH. /{151 KOMITeHCaIlluu BpeMeHH cpabaThIBaHUs KaHala TOPU30HTAIBLHOTO OTKIIOHEHUS IIpH paboTe co
CTpOOOCKOMTUYECKUMH OJIOKaMU HE00X0AMMa BHELTHSS TUHUS 3a/IePXKKHU, BXOAAIIas B KOMIUIEKT O0ka 140-
2700 (1P71), BkmtouaeMas MeXAy HCTOYHHKOM HCCIEAYEMOTO CHTHajla W BXOAHOW Ienbio. C JUHUU
3aJIep>KKH CUTHAJ MOCTYNAeT Ha BBIXOAHOW YCHJIUTENb Y, KOTOPBIM BO30YXk/JaeT COOTBETCTBYIOIIYIO Mapy

cUrHainbHbIX mractud DJIT.

C BBIXOJa MIPEIBAPUTENBHOTO YCHIIUTENS YacTh UCCIIEyeMOT0 CUTHAA MTOIaeTCsl Ha YCHIIUTENbh BHYTPEHHEH
CHHXPOHM3AIMH. Y CHJIEHHBI 3TUM YCUIIUTENIEM CUTHA Yepe3 CXeMy KOMMYTAIlUH MOCTYIaeT Ha BXOJ] KaHalla
TOPHU30HTAIFHOTO OTKJIOHEHHUS [UIS 3aIlyCKa Pa3BEePTKH.

CxemMa KOMMYTAIlU{ MO3BOJISICT MPOU3BOIUTH BBIOOP 3allycka pa3BEpTKH TOTO HIIM JAPYroro KaHaia
TOPU3OHTAIIBHOTO OTKJIOHEHMS. 3alyCKalolllue CUTHAJIbI KaK BHYTPEHHHUE TaK M BHEIIHHWE, MOJAIOTCS Ha
BXOJHBIC LIENM KAaHAJIA, COCTOAIINE U3 BXOAHBIX Pa3bE€MOB, aTTEHIOATOPA, MEPEKII0UATENEH MOIAPHOCTH U
BUJa cuHXpoHu3auu. [locie mpoxokaeHus: BXOJHOW LEMU U CUHXPOHHU3ATOPa, BBHIMTOJIHAIOMIET0 QYHKIIUU
HOPMHPYIOLIIETO  yCTPOMCTBA, CUTHAJ IMOJAeTCs Ha TEeHepaTop pa3BepPTKH, KOTOpPbIM (opMupyer
nu1000pa3Hoe TUHEHHOE W CTyNeHYaToe (CTPOOOCKOMMYECKOe) HApshKEHUE TSl OTKIIoOHeHus yueit DJIT
MIPONOPIMOHAIBHO BPEMEHH.

BxonHble 1eny, CHMHXPOHU3ATOpP M TEHEPAaToOp pa3BepTKH OOBEIUHEHBI W BBHINOJHEHBI B BHJE
cMenHoro 6oka 540-2 (1P).

BxoaHble curHanmbl reHepaTropa pa3BepTKH (MUI000pa3HOE HANpPsDKEHHE M HUMIYJIbC MOJICBETA)
MOCTYIMAIOT Yepe3 CXeMy KOMMYTAIlMM Ha BBIXOJHbBIC YCHUJIUTENM Pa3BePTKU M YCHIUTEIU HMITYJIbCOB
MO/ICBETA.

Cxema KOMMYTallMM IO3BOJISIET OCYIIECTBUTH MOJAdy MUI000Pa3HOrO HANPSHKEHUS Pa3BEPTOK U
MOJICBETHBIX UMITYJIbCOB ¢ Bbixona 610ka 5140-2 (1P) coOTBETCTBEHHO Ha BBIXOJHOM YCUIIMTENb Pa3BEPTKU U
YCHJIUTENb HMITYJIbCOB IOJCBETa TOTO WM JPYroro KaHaja TOPU30HTAJIbHOTO OTKJIOHEHHS WJIM Ha
COOTBETCTBYIOIIME YCUJIUTENIU OOOMX KaHAJIOB OJHOBPEMEHHO. JTO MO3BOJIAET MOIy4aTh pazIUYHbIC
PEXUMBI pabOThI ocIULIOrpada U MOBBIIIAET €r0 YHUBEPCAIBHOCTb.

Yeunutens pa3BepTKH YCHIMBAET MHUI000pa3zHOE HANpPsDKEHUE O BEJIWYMHBI, HEOOXOIMMOW st
nosydyeHus: TpeOyeMoro BpeMEHHOro Mmacmitada H300pakeHHs, M BBIJAET €ro Ha TOPU30HTAIBHO
OTKJIOHSIOMHE miIacTUHbl DJIT.

Yceunurens UMITYJIBCOB TIOJICBETA yCUITMBAeT noctynuBiue ¢ 6moka A40-2 (1P) ummynscel 1 BEIaeT



Ha Moxynatop DJIT monmokurenbHble UMITYJIBCHI MOACBETA JUJIS OTIHPAHUS Jyda Ha BpeMs MPSMOro Xoja
pa3BepTKHU.

Jis mpeoOpa3oBaHUsI HCCIEIYyeMBIX DSJIEKTPUYECKHX CHUTHAIOB B BUANMOE H300paKEHUE B
ocumiutorpade CIyXUT HHAUKATOP, B KOTOpOoM ucnoib3yercs asyxiaydeBas DJIT tuna 13JI016A.

B cocraB ocuumiorpadga BXOIUT KanuOpaTop aMILIUTYAbl M BPEMEHH, NpeIHA3HAYCHHBIH IS
KaTUOpPOBKH KOA(PPUIIMEHTOB OTKJIOHCHHUS KaHAJOB BEPTHKAJIBLHOTO OTKJIOHEHHS H KOA(DPHUIIMEHTOB
pa3BepTKH KaHAJIOB FOPU30HTAIILHOTO OTKIIOHEHHUS.

VYcunurens kaHana «Z» yCUIMBaeT noaaBaeMble Ha pazbeM BXO/Jl Z curnansl BHEIIHEN MOAYIALNN
Y BbIJIaeT ux Ha karon DJIT s monydeHus BpEMEHHBIX SPKOCTHBIX METOK Ha 3kpane DJIT.

DNeKTpOoNnUTaHUE OocIuIorpada OCYIIECTBISETCS OT CETH IMEPEMEHHOr0 HaNpsKEHUs, KOTOpoe
npeodpaszyeTcst U CTAOMITU3UPYETCSl CXeMOU MUTaHUS 10 TPEOYEeMbIX BETUYHH.

5.1 IloaroToBka K IpOBEAECHUIO U3MEPEHUM.

Bce omepanuum mo uccieoBaHUIO NapaMETPOB AJIEKTPUYECKUX CHUTHAJIOB MPOU3BOIATCS IO
n300pakeHuto0 (GopMbI HcCieTyeMblXx CUTHaIOB Ha skpaHe DJIT. PabGodeil yacTeio 3KpaHa Ka)xaoro Jiyda
ABJISIETCA Y4acTOK 3KpaHa pazmepoMm 60x100 mMm. PaGoume uwactu skpana oOoux nydedd coBmemieHbl. K
9KpaHy NpHUKpervieHa mkana pasmepoM 60x100 MM, kotopas pasneneHa Ha 6 BepTUKaIbHBIX u 10
TOPU3OHTAJIBHBIX JCJICHUH, Kaxao0e aeyneHue - 10 mm. bosplve neneHns Ha Kaie 3KpaHa HAaHECEHBI C IBYX
CTOpOH, Ojarojapsi 4eMy yMEHBIIAeTCs OIMOKa 3a CYET Mapajulakca MPU COBMEMICHUH H300paKeHUs
HCCJIEyeMOr0 CHTHAaJa C JIMHUSAMHU IIKalbl. Ha MEeHTpanbHbIX TUHUSX (TOPU3OHTAIBHONW U BEPTHKATHHOMN)
IIKATBl KaXJ0€ AeNeHUE pa30MTO Ha 5 MallbIX JIEJICHHM, PacloJIOKEHHBIX JAPYT OT JApyra Ha PacCTOSHUH,
PaBHOM 2 MM.

N3obpaxkenue wuccrnemyemoro curHanma Ha dkpaHe DJIT MokeT OBITh MOMYYEHO KAaK B PEKUME
pealbHOTO BpPEMEHH, TaK U B PEXHME CTPOOOCKOMUYECKOro MpeoOpa3oBaHus (B ciaydae MpPUMEHEHUs
CTPOOOCKOMUYECKUX OJIOKOB).

Jl5ig coxpaHeHus mapaMeTpoB HCCIEAYeMOr0 CUTHala UCIOIb3YHTe BRIHOCHBIE JIETUTENH, TPOOHUKU
U BBICOKOYACTOTHBIE Kabenu u3 komriekra 3UIL

Bo Bcex ciydasx peKOMEHIyeTCs IOJaBaTh CHUTHAI BBIHOCHBIM JICTUTENEM WM BBIHOCHBIM
MPOOHUKOM, TaK KaK P 3TOM 00ecriedrBaeTCsi HAMMEHbBIIas Harpy3Ka UCCIelyeMO e .

Ecam wcrounuk curHanza mMmeeT BBIXOAHOE compoTuBiieHne 50 OM, TO COEIWHHUTENbHBIA Kaleib
00s3aTeNbHO TOJKEH HarpykaTbcs y BXOJ0OB OJIOKOB Ha BOJHOBOE COINpOTUBIEHHE, paBHOEe 50 OM (kpome
cTpobockonuyecknx).  Hu3kouacTOTHbIE  CHTHAJNBI  OONBIION  aMIUIUTYAbl ~ MOTYT  TOJaBaThCS
HETMOCPEJCTBEHHO Ha BXOJbl OJOKOB C TMOMOIIBI0 KaOEels, 3aKaHYMBAIOIIETOCS IITEKepaMu. IJTOT BHU
nojadn Hambojee ymnoOeH Juisl CUTHANIOB ¢ 4acToTod Hiwke 1 k[’ mpu xkosdduimente oTkimoHeHUs O0Ka
ceeimre 1 V/]en.

Ecnu BHemHue HaBOAKH OKAXKYTCA HCAOIIYCTUMBIMU, HCHOHL3YﬁT€ K&6CJ’IB,

3aKaHUYMBAIOLIUICS ¢ 000MX CTOPOH pa3beMaMu, BBIHOCHOM JE€IUTENb WM aKTUBHBIN
NPOOHUK.



Heo6xoanMo MOMHUTB, 4TO 3a3eMIISIOIIAs IMHA JJIMHONW B HECKOJIBKO CAHTUMETPOB MOXKET CO3aTh
«3BOH» MOPSIIKA HECKOIBKUX MPOLIEHTOB.

[ToTepu, BBI3BIBAEMBIC PACCESHUEM JHEPTHH B JIUAJICKTPUKE KaOels MPOMOpPLIHUOHAIBHBI YacTOTe
curnana. Takum 06pa3om, 60IbIIIas YaCTh BEICOKOYACTOTHOM HH(POPMAITUU B UMITYJIBCE C MAJIBIM BPEMEHEM
HapacTaHUs, MOXET OBITh MOTEpPsSHA B COCIUHUTEIHLHOM Kabelle IMHOW BCETO B HECKOJIBKO JIECSITKOB

CaHTUMCTPOB, B CiIydac, €CJIU OH HC COIJIaCOBAH C €TI0 BOJIHOBBIM COITPOTUBIICHHUEM.

5.2 TIpoBeneHne U3MEepeHUH.
1) Jlns moaroToBku ocumiorpada K H3MEPEHUSM AaMIUIUTYJHBIX M BPEMEHHBIX MapaMeTpoB

UCCIIEIyeMBIX CHTHAJIOB TPOU3BOJUTE KaTHOPOBKY KO3()(UIMEHTOB OTKIOHEHHUS M Pa3BEPTKU KaHAJIOB
BEPTUKAIBHOTO U TOPU30HTAIBLHOTO OTKJIOHEHHUS.

2) KammbOpoBky KaHama  BEPTUKAIBHOTO  OTKJIOHEHHUS  TPOU3BOAWTE B  CIEIYIOIIEH
II0CJIEI0BATEIbHOCTH:

[MonxmounTe BeIxo Kanubpatopa Ha (pazbem BBIXO/I) k BXogHOMY pa3beMy CMEHHOTO OJl0Ka THIa
A40-1 (1Y) ¢ conporuBnenueMm Bxoaa 50 MOwm (co cMeHHbIMU OJ0KaMu ¢ compoTuBiieHneM 50 Owm 3ToT
PEKUM HE MOXKET ObITh HcCIoNb30BaH). YcraHoBute pydky OTKJI-1 Mhz - B TOJIOKEHHE « »,
pyuky KAJIMBPATOP, V' - B HOHO)KGHWGGCHG‘H/IB&IOH.{GG HEOOXOAUMYIO BEJIIMYMHY KaTHOPalMOHHOTO
CUTHAJIA « » Ha pazbeme BBIXOJI. YcTaHOBUTE aBTOKONEOATENbHBIN kM pabOThl pa3BepTKHU IIPH
koa(durmente pazpeptku 0.5 wim 1ms/Jlemn.

[IpousBeaute KanuOpPOBKY BEPTUKAIBHOTO TPaKTa C MOMOIIbIO OPraHOB KOPPEKTUPOBKU YCHIICHUS
Ha MepegHel MmaHeau CMEHHOro OJI0Ka, YCTaHaBJIMBasg M300pakeHHe KaauOpallMOHHOTO CUTHAja B CpeHEe
yacti mKaiasl dkpaHa OJIT pasmepom B 5 genenmii, Ilpu kanuOpoBke pydka IUIABHOTO HM3MEHEHUS
kod(durmenta oTkIoHEHUS - B mosioxkeHuu KAJIMBP.

KambpoBky cTpobockonmuiecKkux OJOKOB MPOU3BOIUTE OT KaMOpaTopa, pacrooKeHHOTO B OJI0Ke
5140-2700 (1P71).

3) KamubOpoBky KaHajma TOPHU3OHTAJIBHOTO  OTKJIOHEHHUS MPOU3BOAMTE B  CIIEAYIOIIEH
[10CJIEI0BATEIBHOCTH.

YcranoButre pyuky BPEMSA/IEJL Omoka $40-2 (1P) B mnomoxenue «lus». Ilomaaiite
kanmuOparmoHHeii curHan 1 MI'm ¢ Beixoma kammbOpatopa Ha Bxoxa Osoka tuma S40-1 (1Y). Pasmep
n300pakeHUsT Ha DKpaHe ycTaHOBUTE 2-3 ngeneHus u ¢ momombio peryaupoBku KOPP-BPEMS/IEJ]
COOTBETCTBYIOIIETO JIy4a, PAcIlONIOKEHHON Ha BepXHeW oOmmBe ocruuiorpada, n1o0eiTech COBMEIICHUs
KaKIOro IEpHUOAAa CUTHajJa € JAEJIEHUEM IIKajabl 3KpaHa. 3areM ycraHoBuTe pyduky PACTSKKA B
nosoxenue “x10” u ¢ momompio perymupoBkn KOPP-PACTSIKKA Ttoro e idyda mo0eiTech coBNaeHUs
MeproJia CUTHajla ¢ KpAtHUMH TOYKaMU OCEBOM TOPU3OHTAILHOM JTUHUM KAkl 3kpaHa DJIT.

4) U3mepeHue amIUIUTY[ WIM BPEMEHHBIX HWHTEPBAJIOB CHTHAJIOB IPOU3BOJUTE METOIOM

KaTMOpPOBAaHHOM IIKAJIBI.



DTOT METOJ M3MEpPEHUs! aMIUIUTY] I BPEMEHHBIX HHTEPBAJIOB OCHOBaH HAa U3MEPEHHUH JTMHEHHBIX
pa3MepoB U300paKeHUsI HETIOCPEACTBEHHO 10 TiKaje kpana DJIT. U3mepsiemyro BeTMUYMHY TTOJACUNTHIBANTE
o gopmye:

A=B-C.-/,
rae A - uUcKoMas BeIuW4MHa curHaia, B - umcno nenenuit, C - 3HaueHHME MOJIOKEHUS MepeKirovarene
koddurnmenta otkinonenus (V/JAEJ, mV/JAEJ) wim xoaddumuenta paseptku (BPEMSA/JIEI), 1 -
Kod(PUIMEHT TIepeaaun JenuTels, MPOOHUKA UM MHOKHUTEIS Pa3BEPTKH.

MeTton m3MepeHHs M0 KaTuOpPOBAHHOW IIKAe SBISETCS OCHOBHBIM METOJIOM HM3MEpPEHHUs TaHHOTO
ocumwiorpada, Uisi KOTOPOTO TPUBEACHBI HOPMBI MOTPEIIHOCTEH. BemW4YWHBI MOTPEIIHOCTeH s
HaWXyJIIEro cliydas - MUHUMAJIbHBIA pa3Mep u300pakeHus (2-4 neneHus Mo BEPTUKAIU U 4 JEJICHUs IO
ropusoHTann). HeoOxoaumMo cTpeMuThcs K TOMY, YTOOBI M3MepsieMas dacTh curHana 3anumana 80-90%
paboueii yactu mkansl 3kpana JIT. B 3ToM cinydyae morpemHocTb U3MEpEeHUsT aMIUTUTY]] TIOACYUTHIBACTCS
o gopmye:

Au=1.7+8/B, (1)
a TIOTPEUTHOCTh U3MEPEHUSI BPEMEHHBIX HHTEPBAJIOB TI0 (hopmyIie:
Au=1.2+15/B. (2)
5) 3MepeHue BeTUYMHBI TOCTOSTHHOTO HAIPSKEHUS TPOU3BOJIUTE B
CJIEIYIOIIEN TTOCIIEIOBATEIIbHOCTH OTIEpALUN:

- YCTAHOBHTE IMEpeKIovareiab Ko3(pPUIeHTa OTKIOHEHUS B TAKOE  MOJIOXKEHHE, YTOObI CMEIIeHHE
Jdyda OT MoJayuu Ha BXOJ OJ0Ka MOCTOSHHOTO HAIMpPSHKEHUS MPOUCXOINUIIO IPUMEPHO Ha 5 JIEIeHHUI;

- €CJIM T0JIaeTe IMOJOKUTEIbHOE MOCTOSIHHOE HANpsDKEHUE, TO Mepell  MoJayell CurHajga CMECTUTE
Jyd K HHOKHEH TpaHuLe pabodei MIKabl;

- €CJIM K€ M3MepsieMOoe HamnpsyKEHUE OTPHUIIATEIbHOW MOJIAPHOCTHU, TO  CMECTUTE JIyd K BEepXHeu
rpanuile padoueit yactu DJIT:

- YCTAaHOBUTE MEPEKII0YATEIb BXO/a B TIOJIOKEHUE «R;

- TOCJIE TOTO Kak Jyd Oy/leT yCTaHOBJICH B BepXHEH WM HIDKHEHW yactu skpaHa DJIT, He Bpamaiite
PYdKY « » JUIS PAOTBPALICHHS HMHTALIMH JIOKHOTO CHTHAIIA;

- IOJIaliTe TOCTOSIHHOE HAMPS)KEHUE U OTCUUTANUTE, HA CKOJIBKO JCJICHUIN OTKJIOHHUTCS JIy4 BBEPX WIIU
BHU3 OT HA4aJIbHOTO MOJIOKEHHUS,

- BEJIMYMHY MOCTOSHHOTO HaIPsDKEHUS MojcunTaite mo hopmyse (1).

6) I3MepeHue BeIMYMHBI CUTHAJIA HA YPOBHE MOCTOSIHHOTO HANPSIKEHUS MPOU3BOUTE B CIEIYIOIICH
MOCJIEIOBATEILHOCTH OINEpaIUii:

- YCTaHOBUTE MepekIodarens Bxoaa 6moka A40-1 (1Y) B monoxeHne «=~»;

- €CJId YPOBEHb MOCTOSIHHOT'O HAMPSIKEHUS TOJOXKHUTENbHBINA, TO TIEpe]l MoJgadyei cUuruaia, KOTOpbIi
HaxXOJIUTCSI HA YPOBHE IOCTOSIHHOTO HANPSDKCHHS, CMECTHTE PYIKOH « » JIyd B HIDKHIOJo YacTh mikansl DJIT;

- mojaiTe curran Ha Bxop Omoka S40-1 (1Y);



- mepekirovarenb Kod)QUuIimeHTa OTKIOHCHHS OJIOKa YCTAaHOBHTE B TAaKOE TIOJOKEHHE, YTOOBI
n300pakeHNEe HAXOUJIOCh B Mpeenax padoueit obmactu sxkpana DJIT;

- YCTAHOBUTE JUIUTEIHHOCTh Pa3BEPTKU TAKOU, YTOOBI HA KpaHe OBLJIO BUIHO HECKOJIBKO MEPUOIO0B
CUTHAJIa;

- ybenuTech, 4YTO pyyKa MJIaBHOTO U3MEHEHUs K03 PUIeHTa OTKIOHEHHSI HAXOAUTCA B MOJIOKEHUU
KAJIVBP, u u3mepbTe B IeNEHUAX BETUUNHY U300paKEHUS OT IMHUKA J0 IMHKA.

BenuunHy curHaia mocTOSHHOTO HAMPSKEHHSI MOXKHO MOICYUTATh 110 Gopmyre (1).

7) W3MepeHne MIHOBEHHOI'O 3HAUYEHHUS HANpSOHKEHUS C YYETOM IIOCTOSIHHOM COCTaBIIAIOLIEH
MPOU3BOAUTE B MOCIEIOBATEIIBHOCTH ONEpaliid, yKa3aHHOMU B 1I. 6.

[locne Toro, kak yOemuTech, 4YTO pydyKa IUIABHOTO H3MEHEHMsI KOd(p(ULMEHTa OTKIOHEHUs
HaxoauTcs B nosokeHnn KAJIMBP, usmepbre B A€NEHUAX PacCTOSHUE OT NMEPBOHAYAIBHOIO MOJIOXKEHUS
ny4a Ha 3kpaHe DJIT 10 HyKHON TOUKH.

BenuunHy MIrHOBEHHOTO 3HAuU€HUS HANpPSOKEHHs B BBIOPAHHOM TOYKE MOXKHO MOJCYHUTATh IO
dbopmyme (1).

8) Juddepennuanbapie CcBOHCTBA OJOKOB 3HAYUTEIBHO PACHIMPSIOT  BO3MOXKHOCTH — UX
MCIIOJIb30BaHUS.

Hamnpumep, ¢ momompio quddepennuanpHoro 6Ji0ka yao0HO HACTpanuBaTh IBYX- U MHOTOKaHAJIbHBIE
CUCTEMBI, Y KOTOPBIX BBIXOJHBIE CHTHAJbl BCEX KAHAJOB JOJIKHBI OBITH OAMHAKOBBI. J[1s1 3TOr0 Ha OJUH
BXOJl OJIOKa TIOJIAETCsI CUTHAJI, IPUHATHIN 3a 3TAlOH, a HA APYrod BXOJ - MOOYEPEIHO CUTHABI OCTAThHBIX
KaHAJIOB U ONPEENAETCA UX OTIINYUE OT 3TAJOHHOro Ha 3kpaHe DJIT.

C nomomipio nuddepeHnnantbHOro 010ka MOKHO HCCIIENOBATh Mallble U3MEHEHHUs HampsyKEHUsS Ha
00JIBIIIOM YPOBHE IOCTOSTHHOTO HAIPSKEHHUS.

Jnsg sToro Ha OIMH BXOJ MOJAECTCS HCCIEAYEMBIM CUTHAJ, a Ha JPYrol BXOJA - IOCTOSHHOE
HaIpsDKEHUE OT ATAJIOHHOTO MCTOYHHMKA TOH e MOJSPHOCTH, YTO U COCTABJIAIOIIAs UCCIEAYEMOIO CUTHAIA.
[TocTosiHHOE HampsDKEHHWE B3aMMHO KOMIIEHCHUPYETCsl W HaOJIofaeTcs TOJIbKO MEepEeMEeHHasl COCTaBISIONIAs
CUTHAJA.

JuddepeHnnanbHbIi 070K MO3BOJSIET NETAIBHO HCCIEAO0BATh OTIEIbHBIE YIaCTKH HUMITYyJILCOB, B
3TOM ciy4ae Ha OJUH BXOJ MOJAaiTe HcciaeayeMblii UMIyabC, B 5-10 pa3 mpeBblIaomUi 110 BEIUYUHE
CHUTHaJI, COOTBETCTBYIOIIMKA MaKCHUMaJbHOMY H300pakeHno. Ha BTOopoil BXOJ MOmaTe MOCTOSHHOE
HaIlpsSDKEHUE OT OSTaJOHHOIO MCTOYHUKA TOW K€ MOJAPHOCTH, YTO W HUMITyJIbC. Perynupys BenuduuHy
ATAJIOHHOTO HANPSKEHUs, MOXHO BhIBecTH Ha KpaH DJIT 110601t yuacTok uMIysbca 1 paccMaTpuBaTh €ro B
YBEJIMUYEHHOM MacuiTae.

9) [logaBnenue cuH(pa3HBIX CUTHAIOB MPOU3BOJIUTE B CIAEAYIOIICH MTOCIIEI0BATEILHOCTH:

- OJJaliTe UCCIIeYeMBbI CUTHAJ C IIOMEXO0M Ha OJIMH W3 BXOJIOB OJIOKA,

- Ha BTOPOU BXOJ MMOAANTE CUTHAN, MOAOOHBINM CUTHAITY TOMEXU;



- YCTAaHOBUTC oba NEPCKIOYATCIIA BXOIOB B IIOJOXCHHUC «~» WU B IIOJOKCHHEC «~», CCIIU
IIOCTOsSAHHAaA COCTaBJIAOIINAA BXOJHOI'O CHUIHaJIa CIMIIKOM OoubIIas. CI/IFHaJ'I, KOTOpHﬁ OCTaCTCA Ha 3KpaHC
OJIT, nomKeH COCTaBIATh TOJIBKO MOJIE3HBIM CUTHAI 0€3 COCTaBIAIONIel TOMEXH, T.K. TOMeXa MOAaBIIIETC.

[Ipu mogaBneHNH NOMEXM BEJIMYMHA €€ pa3Maxa He JI0JbKHa IpeBblimaTth 1B B
nonoxkenuu «0.01» mepexmrouareneit V/JEJL.

[Tpu yBenuyennun koddduiiieHTa OTKIOHEHHS BEJIMYMHA TTIOMEXU MOXKET UMETh
oonpmme 3HaueHus. Hampumep, ecnu nepeximodatensd V/JIEJI ycraHoBIeH B ooxeHue
«0.2», TO BeIMUMHA pa3Maxa HaNpsHKEHUs, MoJlaBaeMasi Ha 3TOT BXO/[l, HE JJOJKHA
npesbimaTs 12 B.

10) Meton u3MepeHUs: BPEMEHHBIX MHTEPBAJIOB C MOMOINBIO KaJHOPOBaHHBIX METOK OCHOBAaH Ha
CO3/IaHUM Ha JIMHUM Pa3BEPTKH METOK OT BHEIIHEro reHepaTopa KaJluOpOBAHHOM YacTOTHI M IOJCUETE UX
YHCJIa HAa U3MEPSIEMOM MHTEPBAJIE.

OTOT METOA MO3BOJISIET YMEHBIIUTD IIOTPEITHOCTD U3MEPEHUS BPEMEHHBIX HHTEPBAJIOB 10 BEJINYUHBL,
PaBHOM CyMMe€ BEJIUYMH IIOIPELIHOCTEN OIIOPHOM 4acTOTHI U OoTcueTa. Tak, HalpuMep, NpU UCIOJIb30BaHUU
reHepaTopa CTAaHJAPTHBIX CUTHAJIOB C MOTPEIIHOCTbIO YCTAaHOBKM 4acTOThl 1% M 4uclie METOK Ha
U3MEPSIEMOM MHTEPBAJI, paBHOM 50, MOTPEIIHOCTD U3MEPEHUS COCTABUT 2-3%.

KanmubGpoBaHHbBIC METKH CIIEIYET 1MOJIaBaTh HAa BXO Z.

11) Usmepenune nnurenbHOCTH GPOHTA UMITYJIBCA TPOU3BOJIUTE MTyTEM
W3MEpPEHUS BPEMEHHOTO WHTEPBAIA MEXTy TOUKAMH, PACIIONIOKEHHBIMU Ha N300payKCHHUH

curnana Ha ypoBHe 0.1 u 0.9 oT aMmuIuTy Bl U3MEPSIEMOTO UMITYJIbCa. [MUTENbHOCTH cliaja
U3MEepSETCS aHAJIOTHYHO.

[TocnenoBaTenbHOCTH ONEpaIMii U3MEPEHHUS CIEAYIOIIas:

- MOJaBalTe UCCIENYEMbI UMITYJIHC HA BXOJ YCHJIUTENSI BEPTUKAIBHOIO OTKJIOHEHUS! U YCTAHOBUTE
pa3Mep U300pakeHUsT UMITYJIbCA 110 BEPTUKAIIM Ha BCIO pabOUyI0 YacTh IKpaHa;

- YCTaHOBUTE TaKyl0 HIJIUTEIBHOCTh Pa3BEPTKH, YTOOBI M3MEpPSIEMbI YYacTOK 3aHUMal IO
TOPU30HTAIM HAuOONBIINN pa3Mep, U PACHOJOKUTE €ro MO BO3MOXKHOCTH CHMMETPUYHO OTHOCHUTEIHHO
BEPTUKAJIIBHOW OCH IIKAJIbI;

- YCTAaHOBUTE PYUIKOH « €% H300pakeHUe CUTHAJIA HA OJIHY U3 HUKHHUX TOYEK IIKAJIbI, HAHECEHHBIX
Ha ypoBHe (.1 paGodeit yacTu 1IKaIbI,

- U3MEphTE PACCTOSHUE [0 FOPU3OHTAIN MEXKIY TOUKAMHU Ha M300pakeHUU curHaia Ha ypoBHsx 0.1
u 0.9 paboyeil 001aCTH IIKAIBI B ISICHUSX IIIKAIIbI,

- YMHOKBTE 3TO paccTOsiHUE Ha Noka3anue nepexirodateneii BPEMS/JIEJI u PACTSIKKA.

6 ISMEPEHUE DJIEKTPUYECKHUX BEJIMYUH B MUKPOITPOILECCOPHBIX CUCTEMAX

[TpoBeneHne N3MepeHH SMEKTPUUECKUX CUTHAIOB B MUKPOITPOLIECCOPHBIX CUCTEMaX HE OTJIMYACTCS
KOPEHHBIM 00pa3oM OT aHAJIOTUYHBIX U3MEPEHUH B IPYTUX 3JEKTPOHHBIX cucteMax. Ho criemyer moMHUTS,

YTO IMOJYYUTH HCKOTOPBIC CHUTHAJIBI MOXHO TOJIBKO C IMOMOIIBIO HpOFpaMMHOﬁ MMOAACPIKKHU. Eme Ba’>XHO



MOMHHUTb, YTO TMOJABISIONIEe OOJBUIMHCTBO CHUTHAJIOB 3TO HEMEPUOJUYECKUE IOCIIEA0BATEIbHOCTH
HUMITYJIbCOB.

6.1 H3mepenue HanpsikeHM. B MUKpONpOLIECCOPHBIX CHCTEMax MPUMEHSETCS LENbId psil
HanpsokeHud. HampspkeHus: mepeMeHHOTO TOKa MPUMEHSIOTCS, KaK MPaBUIIO, BO BXOJHBIX IIEMSIX OJIIOKOB
nuTtaHus. [IuTaHre KOMIOHEHT CUCTEMBbl OCYILECTBIISIETCS HaMpsDKEHHEM MOCTOsSHHOro Toka. Hauboiee
4acTo MpUMEHAIOTCA Hanpsbkenus +5B, +12B, -12B, +3.3B, +2.8B u pexe —5B. U3mepenue HanpsKeHHi
MUTAHUS 3TO TIEPBEIH MIar Mpoiiecca OTIaJAKN U TeCTUPOBAHUS MUKPOTIPOIIECCOPHON CUCTEMBI.

K nuraromuM HanpspKeHUsSM TPUMEHSIOTCS JKECTKHE TpeOOBaHMS C TOYKH 3pPEHHS IPEIeIIoB
U3MEHEHUSA U TMyJbcaluil. DTO OMNpenensercs TeM, YTO IPHU TOBLIIIEHHOM HAMpsKEHUU SJIEMEHTHI
(MHUKpPOCXEMBI) BBIXOST U3 CTPOsI, a MPU MOHMKEHHOM CHCTeMa paboTaeT co COOSIMH.

Jis TOCTOSIHHBIX CTaOMJIM3MPOBAHHBIX HampspkeHudt +5B, +12B, -12B u —5B nomyckaercs
OTKJIOHEHHE 5% ¢ HecTaOWIBHOCTBIO U MyJbcanuei He O6osee +1%. Ilutanue ycTpoilcTB mamsTH, 4acoB
pealbHOTO BpeMeHHU U TporieccopoB (Pentium) B mepcoHanbHBIX KOMITBIOTEPAX MPOU3BOAUTCS HATIPSDKEHUEM
3.3B. lnanazon gonyctuMbix usmenenuit ot 3.135B no 3.6B. Ilepuoa nynbcanuii, B yka3aHHOM JIHana3oHe,
JoJDKEH OBbITh He Oosiee 20% OT meproaa TaKTOBOM YacTOTHI ITpoIieccopa.

CymecTByeT 1eioe ceMeicTBO MU POBLIX MUKpocxeM (ogHoKpucTanbubie OBM, Flash -namsts) rae
JIOITyCKaeTCsl MUPOKUN pabounii nuamnason Hanpsbkenuid. Hampumep, nnst EEPROM tuna AT24C32(64)
€CTh CleAyIoLui psia nuamna3oHos: S +5B, oT 2.7B 1o 5.5B, ot 2.5B no 5.5B, ot 1.8B 10 5.5B.

TakuMm 00pazoM, B HEKOTOPBIX CAYYasX OT TOYHOCTH YCTAHOBKHU MUTAIONINX HAMPSHKCHUHA HAMIPSMYIO
3aBUCUT PabOTOCTIOCOOHOCTh CHCTEMBI M €€ HchpaBHOCTh. CremoBarenbHO, TpeOyeTcss HE TOJIBKO
YCTaHOBUTH TOYHOE 3HAYEHUE HANPSDKEHUS, HO U CKOPPEKTHUPOBATH €ro ¢ YUeTOM MOTPEIIHOCTH U3MEPEHUN
u mpubopa.

W3mepeHne HampsHKEHUH MOXKHO MPOU3BOANTH MU(PPOBBIM HIIM CTPENOYHBIM mpudopom. [Ipu sTom
Iyl TPHOOpPA MOAKIIOYAIOTCS HEMTOCPEICTBEHHO K BBIBOJAAM MUTAaHUs MUKpocxeMbl (puc.6.1). Ecnu B cuiny
MalbIX TabapuTOB »JJIEMEHTAa WM OCOOCHHOCTEH MOHTa)Xka TaKoe TMOJKIIOYEHHE HEBO3MOXHO, TO
HEOOXOIUMO HAUTH OMIDKANIIHI DJIIEMEHT C TeM K€ HaNpsDKEHUEM MUTaHUS WM U3MEPUTh HANpsHKEHHE Ha

pazbeme.

Puc.6.1 3MepeHne HallpspKEHUS B CXEME



W3meputenbHbIil Tpubop NOKEH ObITh BKIIOYEH B PEKUME U3MEPEHHs HANPSIKEHUS MOCTOSHHOTO
toka. Ilpenen m3MepeHuid AOKEH OBITH OMMXKaWIIMM, HO OONBIIMM, KaKk MHHUMYM, B 1.5-2 pasza, dem
oxujaeMoe 3HaueHue. Hampumep, mpu m3MepeHuu HampspkeHus +5B, mpenmen maxker ObiTh 6B, a mpu
m3Mepenun +12B nipenen — 30B.

B HEKOTOpBIX clydasx H3MEpSAIOTCS 3HAYCHUS HANpsHKEeHUH HAa WH(POPMALMOHHBIX BXOJAX WIIH
BbIXOoAax MHuKpocxeM. Ho ciemyer moMHHUTH 00 MMITyJbCHOM XapakTepe curHana. Ecnu npubop nmeer B
OCHOBE MarHUTORJIEKTPUYECKYIO CUCTEMY, a COCTOSTHUE BXOJOB-BBIXOJIOB CTaTHYECKOE, TO Oy/IeT U3MEPEHO
NUKOBOE 3HaueHHe curHana. [Ipumensis ToT ke Tun npudopa, HO Ui U3MEPEHUs] JTUHAMUYECKOTO CUTHAA,
MOJIyYUM MHTErpaibHOe WK 3((HEeKTUBHOE 3HAUCHUE HAMIPSKEHUS.

YPpOoBHU HaNpsHKEHUH, COOTBETCTBYIOIIUE JIOTMYECKUM YPOBHSM, Ha BXOJAX M BBIXOJAX MHUKPOCXEM

MMEIOT pa3JInuHbIe 3HaueHus (puc.6.2).

U'sce2,5B| T | Ul cl2.4, 5B Uy ~0.70y | KXMOIL\ i~ Un
U’ s €[0, 0.8]B U ux €[0, 0.4]B U’sx0.3Un U’ux =0 B
U5, €(0.8,2)B U’ gux €(0.4, 2.4)B

a) 6)

Puc.6.2 XapakTepucTUKN BXOJHOTO M BBIXOAHOTO HanpskeHuid TTJI
anemenTa (a), KMOII snemenTa (0)

Jlist

AJIEMEHTOB BBIMOJHEHHBIX 1O TexHosoruu TTJI xapakTepeH 4eTKuid Juana3oH HampsKEHHl. 9TO B MEPBYIO
ouepellb CBSI3aHO, C HEOOXOAMMOCTBIO OOecleynBaTh, MPOTEKAHHE TOKAa Yepe3 TPAH3UCTOPHBIE CXEMBbI
aorudeckoro anemeHrta. Hanpsoxenue nuranus TTJI-cxem He mnpesbimaer 5B. B anementax KMOII,
MOCTPOCHHBIX Ha 0a3e MOJIEBBIX TPAH3UCTOPOB, TUANA30H HAIMPSHKCHHUN OMPEIENsIeTCss B MPOICHTHOM
OTHOILIEHUH OT HanpspkeHus nutanus Up. B ¢BOro odepenp HanpsKeHUEe MUTaHUs MOXKET MEHAThes oT 3B 1o
15B. CymecTtBylOT Apyrue TEXHOJOTHMH HW3TOTOBJICHHS MHKPOCXEM, palOTaroluX C TMOHWKEHHBIM
HEPTONOTPEOICHUEM.

6.2 N3zmepenue cuiibl Toka. MeTopl M3MEpPEHHUs CHIIbl TOKA B MUKPOIPOILECCOPHBIX CUCTEMAaX TaKUe
&Ke, KaKk ¥ B JPyrod aJIeKTpoHHOU ammnapatype. IIpubop ycTaHOBIEHHBIN B PEXUM M3MEPEHHS CHUJIBI TOKA,
BKJIFOYAETCSl IOCJIEIOBATEIbHO, B H3MEPUTENbHYIO ILenb. [Ipu IpoBeAeHUMM H3MEPEHHI CTPEIOYHBIMU
npubopaMu  ClIeyeT COOJI0JaTh TMOJMSAPHOCTh BKItoYeHUs. [ludpossie mnpubopsl, B pe3yabrare
HECOOTIOACHHUS TTOJISIPHOCTH, TTOKA3bIBAIOT OTPUIATENILHBIC 3HAUCHUSI.

[ToTpebnseMblii cXeMOU TOK OIpeaemnseTcsl KOJIWYECTBOM JJIEMEHTOB B CXEMe, TEXHOJOTHEH HX
W3TOTOBJICHUSI M YacTOTOM mepekiatoueHuid. Takum oOpa3om, moTpeOssieMblid CXeMOH TOK, B IpoIlecce ee
paboTel MeHsieTcsl. VCTOUHHMKM TNHTaHUSA MEPCOHANBHBIX KOMIIBIOTEPHBIX CHCTEM pacCUMTaHbl Ha
MaKcHUMalbHbIe BEIXOAHBIE TOKH B 10-20 A. OnHako peaabHOE MOTpeOIeHUE TOPa3Io HIDKE.

Jns MukpocxeM, BbIMONHEHHBIX 1O TexHomorud KMOII, xapakTepHbl Maible pabodHe TOKH,

nmopsinka 5 MA. Mukpocxembl TTJI HuH3KOM creneHn wuHTerpamuu mnotpedssitor or 50 mo 100 MA.



Muxkpocxembl TTJI Beicokoi crenenu unTerpanuu (BUC, CBUC) norpebnsior 6onee 100 MA Ha oauH
koprryc. Ha puc. 6.3 mokazaHbl 3Ha4eHUs BXOJHBIX M BBIXOJHBIX TOKOB B COOTBETCTBHH C JIOTHYECKUMHU

COCTOSAHHAMMU.

TTII

I's, < 50 MKA I',x< 250 MKA

g, < -2 MA ’p,x< -50 MKA

Puc.6.3 XapakTepucTUKU BXOJIHBIX U BBIXOAHBIX TOKOB T TJI-anementa

[Torpebnenne Toka pPe3KO BO3PACTAET B CIyYasx MPoOOOsS MUKPOCXEM M KOPOTKOTO 3aMbIKAHUS Ha
oOuii mpoBox mnuraHusA. HMHorga 5TO OPUBOOUT K BBIXOAY M3 CTPOS HUCTOYHMKA MUTAHUS
MUKPOIIPOIIECCOPHON CHCTEMBI, yallle cpalaThiBaeT 3auuTa 1o Toky. [loTpebiseMblil TOK 3HAYUTENBHO
npesblaer pabounii. Takum o0pa3oM, W3MEpHUB, 3HAUYEHUE TOKA MOXKHO ONPEISIUTh HEUCIPABHOCTH
CUCTEMBEI.

6.3 M3mepeHue cONMpOTUBICHHI. B MUKpPONPOLECCOPHBIX CUCTEMAX H3MEPEHUE COMPOTUBIICHUS
MPUMEHSIETCA TaKXKe 4acTo, KaKk M HW3MEpeHUe HampsDKeHU. DTO OOYCIIOBIEHO TEM, YTO IO 3HAYEHUSIM
COHpOTI/IBJICHI/Iﬁ OonpeaAcisICTC UCIPABHOCTL KOMIIOHCHTOB CUCTCMBI.

B NEpBYHO 0O4YCpCAb UBMCPAIOT COIMPOTHUBICHUC MCKAY HIMHAMU TIUTAHHA, I-IT06E>I HUCKIHOYNUTH
KOpOTKHE 3amblkaHus. [Ipu BbIXoAe M3 CTPOsi MUKpOCXeMbl (Ipoboe) ee COMpPOTHBICHHWE OYEHb Mao,
MPAKTUYECKH paBHO HYI0. OYeHb YacTO BBIXOJAT U3 CTPOS KOHJIEHCATOPHI, MOJAKIIIOUEHHBIE MapalljieIbHO
BbIBOJAM IMHUTAHUA MUKPOCXCM. YuuThIBas INIOTHOCTH, MOHTAXKa U KOJIMYECTBO BBIBOJJIOB MUKPOCXCM, ITOUCK
HCHUCIIPABHOI'O 3JICMCHTA MOXKCT OKa3aThCA HCTPHUBUAJIbHLIM. COHpOTI/IBJIeHI/Ie HCHpaBHOﬁ CXEMBI, 110 HIIMHAM
MUTAHUS, COCTABIISIET HECKOJIbKO NecATKOB OM B MPSMOM BKJIIOYEHHMHM MPHOOpPA, U HECKOJIbKO MEHbIE B
obpaTHOM.

Crenyer 3aMETHTh, YTO CTPEIIOYHBIA MPUOOP, BKIFOUCHHBIN JJI1 U3MEPEHUS COMPOTUBIICHUM, UMEET
MOJIIPHOCTD. 910 XOopomo 3aMCTHO, €CJIN U3SMCPUTH COIIPOTUBJIICHUC AUOAA.

Bo BTOpyrO ouepenr M3MEpPEeHHE COMPOTHBICHUS MPUMEHSIOT JJS TaK HA3bIBAEMOW <IIPO3BOHKU.
3/1ech TOYHOE 3HAYEHHME COMPOTUBIICHUS HE BaKHO. [J1aBHOE BBICOKOE OHO MM OJM3KO K Hymo. Takum
Croco0OM OMpeEeNsIoT OOpPBIBEI MPOBOJHUKOB TpacCc MEYaTHBIX IUIaT, Kabened, mpoOoil TpaH3UCTOPOB,
AUOM0B U APYIrUuX AUCKPCTHBIX 3JICMCHTOB.

W3mMepeHue CONMPOTUBICHUN TPOM3BOIAT MapajuIeIbHBIM MOJAKIIOYEHUEM IMyNoB mpubopa K
nu3mepsiemoit 1ienu (puc.6.4). [lpeaen n3amepeHuii J0KEH ObITh YCTAHOBIICH 3apaHee ¢ YIETOM OKHUIaeMOTO

3HA4YCHHA.
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Puc.6.4 Crioco6 n3MepeHus: COnpoTHBICHHUS

[Tpu u3mMepeHuun CONMpoTUBIEHUHN cXeMa JO0JKHA OBbITh 00ecTOoYeHa, B MPOTUBHOM CIIy4yae UCTOUHUK
MUTAaHUSA CUCTCMBI BJIUACT HA IPOBOAUMBIC UBMCPCHUA U MOXKCT 6LITI> HpH‘IHHOﬁ II0JIOMKH an/I60pa.

6.4 M3MepeHre BpEMEHHBIX XapaKTEPUCTUK CUTHAJIOB. BBINONHsIETCA MpU MOMOIIM 3JIEKTPOHHOIO
ocrmutorpada. Hacrtpoiika ocumorpadga TPOU3BOAUTCS B COOTBETCTBHM C  HWHCTPYKIMEH 110
sKcrTyaTaiui. Bxox mpubopa moakirodaercss mapaiienbHO u3MepsiemMod nenu. Bpemennas nuarpamma
Habmo1aeTcs Ha dKpaHe (puc.6.5).

TectupoBanue ocuuuiorpadoM MHUKPOIPOIIECCOPHBIX CHCTEM MOXHO OCYIIECTBUTH, OPTaHHU30BaB
UKINYECKOE WU MEPHUOJUUYECKOe U3MEHEHHE CUTHala WX MepeBesl CUCTEMY B PEKHUM CBOOOIHOTO CYETa.
Takum 006pazoM, MOKHO M3MEPUTH YaCTOTY MOBTOPEHHUS CUTHAJIOB Ha BCEX JIMHUAX HIMHBI aJpeca, 4TOObI
yOeauThCsl B OTCYTCTBUU OTKa30B. TecT cBOOOMHOTO cyeTra GOopMUPYET NMEPUOAMUECKUE CUTHAIBI HA BCEX
TUHUSX agpeca, ¥ 3amyCK ocuiorpada BO3MOXKEH ¢ TF000H U3 HUX.

C moMoIb0 MPOCTBIX TECT-MPOrpaMM 00pazyrOTCs MEPUOAMYECKHE CHUTHANIBI B JPYyrux OJoKax
BBIUMCIUTENbHON CHUCTEMBI, HAapuMep B BBIXOAHBIX mNopTax. Mcmomb3ys ocuumiiorpad, cocTaBistoTcs
BpPEMEHHBIE JUAarpaMMbl pabOThl MUKPOTIPOIIECCOPHON cUCTeMBI. [Ipu 3TOM B MaMsATh MUKPOIPOIIECCOPHOI
CUCTCMbI 3allMCBIBACTCA MLUKIWYCCKAA IporpaMma H3 HCECKOJbBKHUX KOMAaHI. HpepLIBaHI/ISI B CUCTEME

3aMpeurar0TCA.

Puc.6.5 [locTpoeHre BpeMEHHBIX AUarpamMmm ¢ MOMOIIbIO
ocmmtorpaga



JIByxiydeBoil ocimiorpad Mo3BOJISIET TMOCTPOUTh BPEMEHHYIO JAMAarpaMMy C KOJHMYECTBOM
CUTHaJOB OoyblIMM, ueM jBa. g 3TOro BHIOMpAIOT HEKOTOPBIM CUTHAT B KadyecTBE IJIABHOTO,
CUHXPOHHU3UPYIOT OCIIIIIOrpad) MO 3TOMY CHUTHAITy, © OTHOCHTEIBHO HETO CHHMAIOT TOKa3aHUs IPYTUX
CUTHAJIOB.

[Tycth HEOOXOAMMO TOCTPOUTH BPEMEHHYIO JUArpaMMy BBITTOJIHEHUS MHKporpoliieccopom 18080
IIPOrpaMMbl U3 HECKOJIBKUX KOMaHJ.

Torga 3anuiieM B mamsiTh CUCTEMbl KOJIbI KOMaH]l MPOTPaMMBbI, T/I€ MepBas KOMaHJa 3ampeniaet
MpEpBIBAHMS, TIOCIEIHSSA KOMaHAa 3allUKINBAET BBIIIOJIHEHUE HCCIIEyeMON MPOTrpaMMBbl. 3Hasl, YTO B HavaJie
Ka)KIO0r0 MAIlMHHOTO I[MKJIA BBIMOJHEHHUS KOMaH, mpoieccop GopMupyeT cUrHai Sync, BeIOMpaeMm ero B
KayecTBe OCHOBHOTro. Jlajee ycTaHaBiMBaeM BXOJ, HampuMmep Jiydya A ociuuiorpada, Ha JTUHHUIO CBSI3H,
COOTBETCTBYIOIYIO CHUTHAIIy Sync. 3amyckaeM MporpaMMy Ha BBIIIOJIHEHHE M JTOOMBAaeMCs CTaTHYECKOMN
KapTUHKM CUTHaJa Ha 3KpaHe ocumuiorpada. UepTuM Ha JHCTe BPEMEHHYIO TUarpaMMmy cUrHana. Bropoit
BXOJl, HampuMmep Jiyda b, mooyepenHO MNOIKIIOYAEM K JMHUAM CBSI3W JAPYTHX CUTHAJIOB M YEPTUM
OTHOCHUTEJIBHO Sync MOBEJEHUE APYTUX CUTHAJIOB.

Jl1s  1moka3aHHOM Ha puc6.6 BpEMEHHOW JauarpaMMbl BBIMOJHEHUS OJHOM  KOMaH/bI
nocyenoBareabHOCTh 3anucu curHanoB cieaytomas: SYNC, SYNC — READY, SYNC — WAIT, SYNC —
DBIN, SYNC — WR, SYNC — A0(A15), SYNC — DO(D7), SYNC - F1, F1 - F2.
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Puc.6.6 Bpemennas auarpamma BbInoJiHeHHs] KoMaH sl NOP



DkpaH ocumwiorpada UMeeT OrpaHWYEHHBIE pa3Mephl U Ha HEM MOXHO KadyeCTBEHHO HAaOJI0aTh
auarpaMmbl 1-3 Tociie1oBaTeIbHO BBIMOTHSAEMBIX KOMaHA. JTO CYHIECTBEHHOE OTpaHUYCHHE MPUBOIUT K
HEOOXOJUMOCTH CABUTA Jy4el MO TOPU3OHTAIBHONW OCH WIJIM HAOINI0/aTh MOBEIECHUE CUTHAJIOB, pa3/ieiss

OJIMH (pparMeHT MPOrpaMMbl Ha HECKOJIBKO 00Jiee KOPOTKUX U BBIMOJIHSAS 110 OYEPE/IH.

7 MUKPOITPOIIECCOPBI
7.1 MUKPOITPOLECCOP i8080

Muxkpormponeccop 18080, ¢upmer INTEL, ¢dyHKnuoOHaNIbHO 3aKOHYEHHBIA OJHOKPHUCTAIBHBIN,
napajieNIbHbIi BOCBMUPA3PAIHBI MUKpPOTIPOLIECCOp ¢ (PMKCUPOBAHHON CHCTEMOI KOMaHJ, IpPUMEHsETCs B
Ka4yecTBE IIEHTPAJIBHOIO IMpolieccopa B YCTpoicTBaX 00pabOTKM AaHHBIX M ympaBieHHs. OTeyecTBEHHBIM
aHasorom siBisercs mukpocxema KPS8OBMSOA [7].

Mukponporeccop UMeeT pa3feiabHble 16-pa3psaHblid KaHal ajapeca U 8-pa3psaHbIi KaHal JaHHbIX.
Kanan agpeca obecrieunBaeT HpsSMYIO agpecalMio BHEIIHEH maMatu o0béMoM 10 65536 Oaiit, 256
YCTpOMCTB BBOJA, 256 yCTpoWcTB BbIBOJA. BocbMupaspsgHoe apu(pMETHKO-JIOTHUECKOE YCTPOHCTBO
MUKpOIIpoIieccopa 00ecneunBaeT BhIMOTHEHUE apu(PMETUYECKUX U JIOTUYECKUX OTepanuil HaJl TBOUYHBIMU
JAHHBIMU, TPEACTABICHHBIMU B JOMOJHUTEIBHOM KOJE, a Takxke 00paboTKy ABOMYHO-IECITHUHBIX
YIIaKOBAHHBIX YHUCEIL.

B coctaB 610ka peructpoB BXomsT: 16-pa3psaHbiii peructp aapeca komauiasl (IP), 16- paspsanblii
ykazarenb creka (SP), 16 - paspsnmsbeiii peructp BpemeHHoro xpaneHus (WZ), 16-paspsnmnHas cxema
WHKPEMEHTA-JIEKPEeMEHTa U IIECTh 8-pa3psaaHbIX peructpoB obmiero HazHauenus (B,C,D,E,H,L), koropsie
MOTYT HCIOJIb30BaThCd © Kak Tpu 16-paspsanueix peructpa (BC,DE,HL). Ilpaktudecku Bce
apu(dMeTHYECKUE U JTIOTUYECKHE ACHCTBUS HaJl JaHHBIMU BBITIOJIHSIOTCS B PETUCTPE — aKKyMYJsITope (A).

Muxkponporieccop BBITOTHSAET KOMaH/bl IO MAIIUHHBIM HUKJIaM. YUCIIO HUKIIOB, HEOOXOIUMOE IS
BBIMIOJTHEHUS] KOMAaH/bI, 3aBUCUT OT €€ TUIa U MOXET ObITh OT OAHOIO 1O MATH. MalllMHHBIE LHKIIbI
BBIIIOJIHSIFOTCA 110 MAIMHHBIM TakTaM. YKMCIIO TAaKTOB B IIUKJIE ONPEIEIAETCS KOJIOM BBIIOJIHIEMOU KOMaH b
U MOXET OBITh OT 3 710 5. /INTeNbHOCTh TaKTa paBHA MEPUOAY TAKTOBOM 4acTOTHI M mpu yactoTe 2,0 MI'1g
cocrasisieT 500 He.

Cuctema komanja wmukpomporieccopa 18080 coctout u3 78 0a30BBIX KOMaHI, KOTOPbIE MOXKHO
pa3eauTh Ha NATh TPYIIL:

a) KOMaH/bl IIepeJjaun JaHHBIX - MCIOJIb3YIOTCS JJIs NEpeJadyl JaHHBIX U3 pEerucrpa B PETUCTp, U3
NaMATH B PETUCTP U U3 PETUCTPA B aMITh;

0) apudmernueckue KOMaHIbl - HUCIOJB3YIOTCS MAJIs CJHOXKEHHS, BBIYMTAHMS, WHKPEMEHTa WU

JNEKPEMEHTAa COJIEP>KUMOT0 PETUCTPOB WM SYSHKHU MaMsITH;



B) torudeckue komanabl - M, MJIU, uckmouaromee NJIN, cpaBuenue, caBUrH;

I) KOMaHJIIbI TIEPEXOJI0OB - HKCIOJB3YIOTCS JUIsl YCIOBHBIX M OE3YCIIOBHBIX IEPEXOJI0B, BHI30BA
MOAMPOrpaMM U BO3BpaTa U3 HUX;

1) KOMaH/bl YIIPaBJICHH, BBOAA/BBIBOAA M PAOOTHI CO CTEKOM - HCIOIB3YIOTCS AJIS YIpPaBICHUS
MIpEpBIBAHUEM, PETUCTPOM MTPU3HAKOB, BBOJIA M BBIBOIa HH(OpPMAIIHH.

YcnoBHoe rpaduueckoe 0003HAUEHHWE MHUKpOMIpoIleccopa Ha MPUHIUIMHAIBHBIX SJIEKTPUUECKUX
cxemax rnoka3aso Ha puc.7.1.

DO0-D7 (in/out) — nByHampaBlIeHHBIH KaHall AAHHBIX,

obecrieunBaeT  JIBYCTOPOHHMH  oOMeH  wHGOpMammei

. <« D0-D7 | 18080 |AO-A15—
MUKporporieccopa ¢ mnamateio (3Y) wmim  ycTpolcTBamMu

BBOAa-BbIBO/Ia (YBB) nnst 06paboTku naHHBIX U KoMaH. but » RDY HLDA >
D0 — mnaamuii pa3psja JaHHBIX. B mepBoM TakTe Kaxioro —»| HOLD WAIT —»
MalMHHOTO LHKJIa 1o curHay SYNC Ha HIMHE TaHHBIX —» INT
INTE —»
BBICTaBJIsIETCsL CJI0BO cocTostHUs (SW), KOoTOpoe ompenenseT » Fl
JlaJbHENIIEE TOBEICHUE MUKPOIIPOLIECCOPHON CUCTEMBI. —» F2 DBIN >
CocraB c1oBa COCTOSIHUS CIIEAYIOIIHIA: — Uccl WR ——
Bur DO — mnoxreepknenne mupepsiBanmst (INTA), — | Ucc2
. SYNC —»
UCTIONB3yeTCsl  Juisi  cTpoOupoBanus kKoMaHael RST B —— Uio
MUKpOTIpOIIeccop U3 OJ0Ka MPEPHIBAHUS; —— GND
bur D1 - 3anuce wim BeBox (WO), Hu3KHI

AaKTUBHBI ypOBEHb CBUJACTEIBCTBYET O TOM, 4TO B JaHHOM  Puc.7.1 YcmoBHoe rpaduyeckoe
nukie OyneT TPOUCXOAUTh BBIBOA HH(pOpMaLMH U3 00o3HaueHne MUKponpoueccopa i8080
Mukpormnpoueccopa B 3Y nnu YBB;

butr D2 — cBuaerensctByeT 0 ToM (STACK), uTo Ha agpecHOM KaHalleé YCTAaHOBIIEHO COIEPKUMOE
yKa3arels CTeKa;

bur D3 — moarBepxnenue octaHoBa (HLTA), cBUAETENbCTBYET O TOM, YTO MHMKPOIIPOIECCOP
NEPELEN B COCTOSIHUE OCTAaHOBA,

bur D4 — BeiBog (OUT), cBUIETENBCTBYET O TOM, YTO Ha aJpECHOM KaHAaJle YCTaHOBIIEH HOMEp
BHEIITHETO YCTPONCTBA U OCYIIECTBIISETCS BEIBOA HHGOPMAIIMH U3 PETHCTpa pe3yiabrara Ha YBB;

bur D5 — mepBeiii MamuHHBIN muKT (M), CBHAETENbCTBYET O TOM, YTO B MHMKPOIIPOIECCOP
NPUHUMAETCs IePBbIA OaiiT KOMaHIbI;

bur D6 — BBox (INP), cBUIETEnbCTBYET O TOM, YTO Ha aJpPEeCHOM KaHAJle€ YCTAaHOBJIEH HOMeEp
BHEIITHETO YCTPOMCTBA U OCYIIECTBIsIeTCs BBO nH(popmaruu n3 YBB B peructp pesynbrara;
butr D7 — pabota ¢ namareio (MEMR), cBueTEIBCTBYET O TOM, YTO MPOU3BOJUTCS UYTEHUE COACPIKUMOTO
3V. B nocnenyromux takrax no muHe DO — D7 nepegatorcs KoJl KOMaH bl WJIM JAHHBIE.

RDY (in) — TOTOBHOCTb, CIYXUT JJIs BBOJA CHUrHajla, YKa3bIBAIOIIErO0 HA TOTOBHOCTH

HCﬁCTBHTeﬂbeIX JAaHHBIX K BBOJAY B MUKPOIIPpOUCCCOP, UJIKW HAa TOTOBHOCTb MaMsATH U BHCIITHUX YCTpOﬁCTB K



npuéMy MHGOpMAIUU C MKUH JaHHBIX. CUTHAT MO3BOJIIET CHHXPOHU3UPOBATh paboTy MHUKpOIIpolieccopa ¢
MaMSATHIO U BHEIIHUMH YCTPOMCTBAMHU JHOO0T0 OBICTPOACHCTBHSL.

HOLD (in) — 3axBar muH, MpeIHa3HaueH IS MOJa4d BXOJHOTO CHTHAA, KOTOPBI HCIOIB3YeTCs
BHEIIHUMH YCTPOMUCTBAMM JIJIsl 3aMpoca JOCTYIa K IMIMHAM aJipeca U JaHHBIX.

INT (in) — 3ampoc MacKHpyeMoOro TMpephIBaHUSA, CIYKHUT JUIsl TI0Ja4yd BXOJHOTO CHUTHAJIA,
00ecIeunBaroIero BO3MOKHOCTh PA0OTHI MEKPOCXEMBI B PEaIbHOM MacIiTade BpEMEHH.

F1 (in) — TakTOBBII CUTHAM, CIYXKHUT JIsI TOAAYX HE MEPEKPBIBAIOIINXCS UMITYIbCOB (a3 (+12B).

F1 (in) — TakTOBBIN CUTHAM, CIYXKHUT JIsI TOAAYX HE MEPEKPBIBAIOIIMXCS UMITYIbCOB (a3 (+12B).

RESET (in) — cOpoc, mpeaHa3HaueH I TMOJa4d BXOJHOTO CHTHAJa, YCTAHABIIMBAIOIIETO
BHYTPEHHHE Y3JIbl MUKPOCXEMBI B HCXOJJHOE COCTOSTHUE.

Uccl — npegna3zHadeH Juisi oJladyd HanpspDKEHUsl UCTOYHKKA uTanus (+5B).

Ucc2 —npennasHadeH s 01a4u HaMpsKEHUs: UCTOUHMKA nuTanus (+12B).

Uio — CIIy’>kHT JJIs1 TIOJTaYW HATIPSIKEHUST CMEIIEHUs Ha TTOIOKKY (-5B).

CND — o6mmii mpoBoA J1s1 HANIpsKEHUH uTanus +35, -5, +12 B.

AO0-A15 (out) — aapecHbIil KaHai, oOecreYMBAET aJpecalMio BHEIIHEH mamsaTH o0bEMoM 10 64
Kbaiit, a Tax >xe agpecaruto 256 yctpoiicTB BBoJa U 256 ycTpoicTB BeiBoAa. A0 Milaqmnii paspsia.

HLDA (out)— moaTBep:kKJeHHE 3axBaTa, CIYKHUT JJIsS BBIJAYM BBIXOJIHOTO CHTHAJA, SBIISIOIIETOCS
oTBeTHbIM Ha curHal HOLD wu mnoka3piBalomiero, 4YTo IIMHA aJpeca W JaHHBIX HaXoIiTCsS B
BBICOKOMMITIEJJAHCHOM COCTOSIHUH.

WAIT (out) — oxupganue, CIYXUT Uil BbIIaYM BBIXOJIHOIO CHUTHajla, MOJTBEPXKAAIOUIETO, 4TO
MUKPOIIPOIIECCOP HaXOIUTCS B COCTOSIHUM OKHJIaHUS.

INTE (out) — pa3penienue mpepbiBaHus, MpeIHAa3HAYCH JJIs BBIJAYM BBIXOJHOTO CHUTHAJIa, KOTOPHIN
WHJIULHAPYET COCTOSIHUE BHYTPEHHETO TPUTTEpa pa3pelIeHUs TPEPbIBAHUS.

DBIN (out) — npuém, npeaHazHaueH AJisl BbIIa4d BBIXOJHOTO CUTHAja, MOKA3bIBAIOILIET0, YTO MIUHbI
JAHHBIX HAaXOJIATCS B pPEeKUME MpHUEMa, T. €. MUKPOIPOLIECCOP OXKHUAAET MOCTYIUICHUS JAHHBIX OT MaMATH
YCTPOMCTBA BBOAA WJIM APYTUX YCTPONUCTB CUCTEMBI.

WR (out) — cy>KUT JUIsl BBIJIaYU BBIXOJHOTO CUTHAJIA, TOKA3bIBAIOLIET 0, YTO MUKPOIIPOLIECCOP BBIBEI
Ha IIMHY JaHHBIX JEeHCTBUTENbHbBIC JaHHBIC JJIS 3alUCH B MaMSTh UM BHELIHEE YCTPOUCTBO.

SYNC (out) — cuHXpoHHM3aIUs, CIYKUT AJIs BbIIa4ll BBIXOJIHOTO CUTHAJNA, ONPEAENSIONIero Havyaio
Ka)KIO0r0 MAallMHHOTO IHMKJIa. Bo BpeMs nedcTBUS 3TOro curHana MHQOpMAaIHs COCTOSHUS MOCHUIAETCS BO

BHEIIHUU PErUCTP COCTOSIHUS.



Ha puc.7.2 nokaszana quarpamma paOoThl IIIMHBI MUKPOITPOIIECCOPA.
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eciu BoipaboTancs curaan HOLDA, To Mukpomnpolieccop nNepexoauT B COCTOSTHUE OKUIaHUS
(Twait) umu B cocrosiare octanoBa (Thlt) coorBercTBernHo. Ecm Ha Bxoge RDY
HaIpsKEHUE JJOTUYECKOW €UHULIBI, MUKPOTIPOLIECCOP MEPEXOIUT B TakT T3.

T3 — B 3TOM TaKkTe MPOUCXOAUT MPUEM UHPOPMAIIMK HA PETUCTP KOMAH/ WU
perucTpel o0Iero Ha3HAYeHHS U3 BHEIIIHUX YCTPOMCTB M0 KaHay IaHHbIX. B 3TOM e TakTte
npoucxoaut ananu3 curiana HOLD. Ecnu Ha Bxone HOLD Hanpsikenue nmorndeckon
€AUHULIBI, TO TIOCJIE OKOHYaHUs TakTa T3 Mukpomnpoueccop nepexoaut B pexxum HOLD u
BBITIOJIHSIET JICVCTBUS, YKA3aHHBIE NP OMMMCAHUU 3TOrO0 pexkuMa. [loce BbhINMoIHEHU TaKTa
T3 uuKI MOXKET OBITh 3aKOHYEH JINOO MUKPOTIPOIIECCOP MOKET MeperTH B TakT T4.

T4 — B TeuEeHME 3TOrO TAKTa BBINOJHSIIOTCS BHYTPEHHHUE ONEPALIMU MUKPOIIPOLIECCOPa.
B sTo Bpems He npoucxoaut obpamenus kK 3V, YBB u He TpeOyeTcs mogauu BHEIIHUX
yIpaBIsommX curHajio. [locne BemomHenns Takta T4 UK MOXKET OBITh 3aKOHYEH JINO0O
MHKPOIPOLECCOP MOXKET MEPEUTH B TaKT T3.

TS - B TeUEeHHME 3TOrO TAaKTa BBINOJHSIIOTCS BHYTPEHHHUE ONEPALIMU MUKPOIIPOIIECCOPA.
B sTo Bpems He npoucxoaut obpamenus kK 3V, YBB u He TpeOyeTcs mogauu BHEIIHUX
YIPaBISIOMKUX CUTHAIIOB. [locne BbimosiHeHUs TakTa TS MUK 3aKaHYMBAETCS.

Thold — B cocTostHIM 0cTaHOBa MHUKPOIIPOLIECCOP MOXKET BBITIOJIHATH JEHCTBUS
yKa3aHHbIE Ipu onucanuu pexuma HOLD .



Thlt — B cocTostHIM OCTaHOBa MHKPOITPOLIECCOP MOXKET BBITIOTHATH JCHCTBHS
yKa3aHHbIC MpU onrcanuu pexxkuma HLT.

Twait — B COCTOSIHUM OXKUIaHUSI MUKpPOIIpoLieccop OyneT HaXOAUThCs A0 TeX Mop,
noka Ha Bxoa RDY He Oyner mogaHo HanpspKeHHE JTOTHYECKOW eUHUIIBI.

bonee noapoOHO paboTa MUKpOIpolieccopa UILTFOCTPUPYETCS BPEMEHHBIMU
nuarpammamu. Ha puc.7.3 npuBeneHa BpeMeHHas AuarpaMma BbIIIOJTHEHUS
MuKponpoureccopom komanael SHLD. Teneps 3Has Ha3HaUeHUE KaXJOT0 TaKTa U CUTHAJIOB
MUKpOIIPOLIecCOpa MOKHO JIETKO MPE/ICTaBUTh MPUHIIUI €ro padoThl. B 30l quarpamme
orcyTcTByeT u3MeHeHue curiaiioB READY (Beixon Mukpomnponeccopa RDY) u WAIT. Oto
3HAYUT, YTO CKOPOCTh pabOTHI MaMITH HE XYyKE, YEM CKOPOCTh paboTHI IIpolieccopa.

Komanna SHLD 3anomunaer 3HaueHus1, xpansamuecs B peructpax H u L B mamsTh.
CrnenoM 3a KOJOM KOMaH/Ibl pacrnojiaratoTcs ipa 0aita ajgpeca o KOTOpOMY 3alHChIBAIOTCS
3Ha4YeHUs peructpoB. CHavasia coxpaHseTcst perucTp L, 3aTeM 1o yBeIU4EeHHOMY Ha
€AUHULY apecy coxpansercs peructp H.

B nepBoM MalMHHOM IIUMKJIE YATAETCS KOJ KOMAaHABI, B IOCIEAYIOIINX JIBYX LUKJIAX
U3 NaMsTU B IIpolieccop BBoauTcs aapec. [lonydeHHbIl aapec yCTaHABIMBAETCA HA IUHY
anpeca u B nukiaax M4, M5 BeINONHSAETCS 3alUCh B NaMATh
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Puc.7.3 BpemenHas nuarpamMma BBITIOJTHEHUSI MUKpOIIpolieccopoM komanasl SHLD



7.2 MUKPOITPOILECCOPI80386

BricokonpounsBoautenbHbii 32-pa3psaaabiid Mukponpoueccop 80386 opueHTHpOBaH HA
3¢ (HEeKTUBHOE BHITIOJIHEHHUE MPOrPaMM B CPEJIe MHOT03a/1auHbIX ONEPAIMOHHBIX CHUCTEM.
Muxkporporieccop umeeT 32-pa3psiiHbIe PETUCTPHI U IIUHBI, KOTOPHIE 00ECTIEYNBAIOT
XpaHeHue U nepenavy 32-pa3psaHbix aapecoB U gaHHbIX. Ha kpucramie BUC MII
WHTETPUPOBAH JIUCTIETUEp MaMsITH, alfapaTHbie CPEJACTBA MHOT03aJaUHOCTH U MEXaHU3Ma
3aIUTHI JUIs TIOJJICPKKHU ONEPAIMOHHBIX cucteM. Mukponporneccop 80386 nomyckaer
OJIHOBPEMEHHYIO Pa00Ty HECKOJIBKUX OMEPALIMOHHBIX CUCTEM [8].

Xapaktepasie ocooenrHoctr MIT 80386:

- ['mOKoCTh CTPYKTYpHI, BKITIOUAIOIIEH BOCEMb 32-pa3psSaHBIX PETUCTPOB OOIIETO
HazHauenusa (POH), kotopas mo3BosieT onepupoBath ¢ 8-, 16- u 32-pa3psaHbIMU JaHHBIMH.
- duznueckoe agpecHoe mpocTpancTBO 41 0ait, BupTyansHoe - 64ToailT (264),

MaKCUMaJIbHBIN pa3Mep cermMeHTa - 41 6aifT.

- Hanuuue BCTpoeHHOTO AucHeTYepa NaMsaTH, 00E€CTICUUBAIOIIETO MOIEPKKY
BUPTYaJIbHOU MaMsTH, CTPAHUYHYIO OpraHu3annio namsatu cpeacrsamu MII, 4 ypoBHs
3aIUTHI TAMSITH.

- [Tonnas comectuMocth ¢ MIT 80286, coBMecTUMOCTD 110 Koy ¢ cemericTBoM 8086.

- Hannuune BuptyansHoro pexxuma MII 8086, mo3BOJAOMIETO BBIMOJIHUTE IPOTPAMMBbI
storo MII ¢ ucnosib30BaHUEM 3aIUTHI U CTPAHUYHOW OpraHU3alyy NaMsATH.

- TakToBas wacrota 70 33MI 11, CKOPOCTh OOMEHA IT0 MAarvuCTPaIN MPH ITON YACTOTE -
66 Mobaiit/c.

- Bricokast ckopocTh BBINOJTHEHUS! apu(METUUECKHUX OTepanuii npu padbore ¢
CONPOLIECCOPOM.

TecroBbie Bo3MoxkHOCcTH MIT 80386 BKIIIOUAIOT CAMOTECTUPOBAHUE U MPSIMOE
oOparieHue K K3II-aMsATH TPAHCISIITUN CTPaHuIl. YeThIpe perucrpa npeporlBaHMA
0OCITY»KMBAIOT YCIOBHBIE M 0€3yCIOBHBIE MPEPHIBAHUS 110 BHITIOJIHIEMOMY KOy HIIA
BbIOMpaeMbIM JaHHBIM, YTO oOecrieunBaeT 3QPEKTUBHYIO OTIAIKY CUCTEM, B TOM YHUCIIE
BKrovaromux 113VY.

VYcnoBHoe rpaduueckoe obozHauenne BMC MII mpueneno Ha puc.7.4. PaccMOTpuM Ha3Hau€HHE CHTHAIIOB
MHKPOIIpOIIeccopa.

CLK2 (in) - obecrieunBacT OCHOBHYIO CHHXPOHH3ANHUIO paboThl 80386. DTa TaKTOBas YacTOTA ACTHUTCS ITOTIOIAM JIIs
TOTO, YTOOBI c(hOPMHPOBATH BHYTPEHHIOIO POLIECCOPHYIO TAKTOBYIO YaCTOTY, UCIIOIB3YEMYIO IPH BBIIIOJHEHUN KOMaH]
BHYTpH TIporieccopa. BHyTpeHHUI CHHXpOCHTHAJ COCTOUT U3 IBYX (a3: "da3er onuH" u " ¢assl apa". Eciu HeoOxoammo,
(ha3a BHYTPEHHETO CHHXPOCHUTHATA MOXKET OBITh CHHXPOHHM3MPOBaHA OT OoTpulateabHoro ¢pponra curHana RESET,

KOTOPBIN 00ECIEeUHT 3aaHHbIC BpeMeHa YCTaHOBKY | yaepxkanus (setup and hold times).



HOLD (in) - 3anpoc 3axBarta Maructpaiu. BxogHo# curnan

B o TR

o M el

3alpoca ynpaBJICHUA MarucTpajibio OT aKTUBHOTO BHCIITHETO

S ATATT H ycrpoiictBa. OH I0JDKEH 0CTaBaThCS aKTUBHBIM BCE BpeMsi, OKa
R0386 e - MarucTpajibio YIpaBisieT apyroe ycrpoiictso. Curnan HOLD ne
L il BOCIIPUHUMAETCS, MOKa akTuBM3upoBan curdain RESET. Eciu
E e THy E——— g 9TOT CUT'HAJ aKTUBU3UPOBaH ofHOBpeMeHHO, To RESET nmeer
E i T IIPUOPUTET.
i ~-—]| moa L a HLDA (out) - [loaTBepsKIeHHE 3aXBaTa MaTUCTPAIIH.
BER [ AKTHBHOCTb 3TOTO BXOAHOI'O CUTHAJa FOBOPUT O TOM, uT0 MII
- 80386 mepenan ynpaBlieHUE MarucTpajbio B OTBET Ha 3alpocC
Z | PERED B0 - B H i i HOLD n HaxomuTcs B COCTOSTHAU NOATBEPKICHHUS 3axBaTa. I1pu
g e Ny 9TOM €IMHCTBEHHBIM CHTHAJIOM, BEIpabaTsiBaeMbiM MII80386,
g—-' By o spisgercs HLDA, apyrue BXoAHbIe U JBYHAIIPaBICHHbIE TUHUN
5’ — AD5 . $ (W/R#, D/C#, M/10#,BE0#-BE3# ,A2-A31,D0-D15 u APS#)
r - £ HAXOJATCS B TPETHEM COCTOSIHUU. 3anpoc 1o Bxoay NMI Bo
; E BpeMsi OATBEPIKACHHS 3aXBaTa PUKCUpPYETCs Ui 00paboTKH
E - ww [*+3 ; nocine cHATus curaana HOLD.
E AT . 5 PEREQ (in) - 3anpoc conporneccopa. AKTHBHOCTb 3TOTO
- | hu CUTHaJIa yKa3bIBaeT Ha 3anpoc comnporeccopa k MIT 80386 o
% — - - NIEPECHIKE ONlEpaH/ia B aMATh UM U3 naMatu. B orser MII
g § [epechuiacT HHPOPMALMIO MEXKTY CONPOLECCOPOM ¥ MAMSTBIO.
[T ——=Ez A BUSY# (in) - Conpotieccop 3aHAT. AKTUBHOCTB 3TOTO
! S and " i E E CHTHAJIa TIOKa3bIBAET, YTO CONPOIIECCOP BCE BHIIIOIHSACT KOMaHTy
E & F 2 1 ne cmocoben npuHATH caenyronryto. Korga MIT 80386
& ——1 oo E [T CTAJIKUBAETCS C JIOOBIMU KOMaHIaMH COTIPOIIECCopa, KOTOPHIE

OTIEPHPYIOT C apu(PMETHICCKUM CTEKOM Mtk koMaumoit WAIT,

HaYMHAET aBTOMAaTH4IeCcKH poBepATh Bxoq BUSY# , u ata
MIPOBEpPKa BBIMOJIHACTCA 10 TEX MOP, TOKa CUTHAI Ha BXOJE HE CTAaHET IMACCUBHBIM. DTO HCKIIIOUACT HAJIOKEHHUE Ha
BBITIOJIHEHHE TIPEABITYIIIeH KOMAaHIBI COIPOIIECCOopa.

ERROR# (in) - Ommbka conporeccopa. CUTHaN yKa3bIBaeT, YTO MPealIeCTBYIONAs KOMaH A COIIPoIieccopa MpuBesa K
omuoOKe, He MAaCKUPYEMOM PErHCTPOM YIPABICHHUS CONpOLeccCopa. DTOT BXOJ aBTOMATHIECKH IIPOBEPSACTCS
MHUKPOTIPOIIECCOPOM, KOT/Ia BCTpedaeTcst KoMaHa Compolieccopa, u eciu curuai aktuseH, MII 80386 renepupyet
WCKITIOUEHHE 7 JUIsl Iepeaadn YIpaBlIeHUS COOTBETCTBYIOIIEH npoueaype oocmyxuanus. Curaax ERROR#
UICHTU(QHUIUPYETCS 110 3HAUYCHHIO JIOTHYECKOTO YPOBHS M MOXKET HE OBITh CHHXPOHHBIM 0 OTHOIIEHNUIO K curHainy CLK2.

INTR (out) - 3anpoc MacKHpyeMOTro IpephIBaHNs. AKTHBHBIH CHTHAJI Ha 3TOM BXO/IE SIBISICTCS 3allpOCOM Ha
o0ciy>knBaHNe MPEPbIBAHMS, KOTOPBIH MOXKET ObITh 3amackuposan 6uroM IF pernctpa ¢maros MII 80386. OTeuas Ha
cur"an INTR , MIIT 80386 npou3BoAUT 1Ba LUKJIA IOATBEPKACHUS IPEPHIBAHNS U B KOHLIE BTOPOTO UUTAET 8-pa3psIHbIN
BEKTOP IpephIBaHus Ha BeIBOAAaX DO0-D7 s naeHTHUKaINT HCTOYHUKA PEPHIBAHMS.

NMI (out) - 3anpoc HEeMacKUpPyeMOTo IpephIBaHNA. AKTUBHBIN CUTHAJI Ha 3TOM BXOJE SBIISAETCS 3alIpOCOM Ha
o0ciTy>)XxuBaHME PEPhIBaHUS, KOTOPHIH HE MOXKET ObITh 3aMacKHUpPOBaH IporpaMMHo. O6cIy)KHBaHIE HEMAaCKUPYEMOTO
MIPEepBIBaHMS BCETJa MIPOU3BOAUTCS MPOIIETYPOii, COOTBETCTBYIONIECH BX0AY 2 TaOIMIIBI IPEPHIBAaHUMN, TO3TOMY LIUKIIBI
MOTBEPIKICHBS IPEPHIBAHUN HE BBITTOIHIIOTCS.

RESET (in/out) - Copoc. DTOT BXOHOH CUTHAJT IPUOCTAHABINBACT BCE IIPOMU3BOANMBIE IeHicTBUA U niepeBoauT MIT
80386 B cocTosiane nannuanmm3amun. MIT 80386 cOpacriBaetcs mpu aktuBHOCTH curHana RESET# B Teuenne 15 umu 6onee
nepronoB CLK2 (80 nnm 6omee nepuogoB CLK?2 no 3anpoca camortectipoBanust). Ecim curnan RESET# aktusen, To Bce
OCTaJIbHbIE BXOHBIC CUT'HAJIBI HTHOPHPYIOTCSL.

A2-A31(out) - BEO#-BE3#, A2-A31 - Illuna agpeca. OTH BBIXOIBI C TPEMS COCTOSIHUSIMU 00ECTICUNBAIOT PU3HIECKYIO
aJIpecalyio MaMsITH WIN aJpecaliio yCTpOHCTB BBoja/BhIBoAa. LllnHa anpeca obecneunBaeT (unveckoe MPOCTPAHCTBO
aapecoB naMati oobeMoM 4 ruradatita (ot 00000000H no FFFFFFFFH) u mpocTpaHCTBO ajpecoB BBOIa/BEIBOAA 00BEMOM
64 xunoo6aiita (ot 00000000H 10 0000FFFFH) mist oOpartieHust K ycTpo#cTBaM BBOAa/BhiBoAa. Iy mepeaadynd CHUTHAIOB
BBOJIa/BBIBO/Ia, aBTOMAaTHUECKH GOPMHUPYEMBIX Ul obecneueHus B3aumoaeicTeus 80386 ¢ conporeccopoM, UCTIONb3yeTCs
aapecHoe mpoctpaHcTBo BBonma/BeiBoga or 800000F8H mo 800000FFH, Tak kak st oOpalieHus K COMPOIECCopy
HE00XOIMMO COBIIAJICHUE JBYX YCIOBHUIl: HAIMYKE BBICOKOTO YPOBHS HAaINpsDKEHHS Ha JTHHUU anpeca A31 u Hannune
HHU3KOTO ypoBHs Ha uHun M/IO#. 3Hauenusi curnaioB ctpoboB manHbix BEO#-BE3# ompenenstor COOTBETCTBEHHO T
GaiiTel 32-pa3psOHON IIMHBI JAaHHBIX, KOTOPBIE YYaCTBYIOT B TEKyIIeH mepenade. 3To 0coOeHHO YA0OHO is
B3aMMOJICHCTBHS ¢ BHEIIHEH anmapatypoil. KommaectBo ctpoboB nmanaeix BEO#-BE3#, Haxoasammxcs B akTHBHOM
COCTOSTHHH, OTIpeessieT pasMep onepanna oomena (1,2,3 wm 4 Gaiita). Korga BbIMOMHsIETCS LMK 3aMIMCH B TAMSATH WK B
YCTPOHCTBO BBOJA/BRIBOJIA, U TIEPEIaBaEMBIi ONICpaH/I 3aHIMAET TOJBKO cTapiue 16 paspsnoB muHbE qaHHEIX (D16-D31),
KOTIHSL ATOTO OIepaH/Ia OJHOBPEMEHHO IepeacTes o miuaammmM 16 paspsgam mwHbB qaHHEX (D0-D15). OT0
IyOIMpoBaHUE BBIIOIHSCTCS JUIs 00ECIIEYeHUsI ONITHMANIBHOTO PeXHMa 3aIicy Ha 16-pa3psaansle muHbL [Iponenypa
IyOIMpOBaHMS 3aIMCHIBAEMBIX TAHHBIX 3aBUCHT OT 3HaueHHUU cTpoOoB naHHEIX BEO#-BE3#.

DO0-D31(in/out) - Illuna ganubix.  JIByHaImpaBieHHbIE C TPEMsI COCTOSHUSMH JIMHUM IIHHBI TAHHBIX 00ECIEYHBAIOT
nepeMenienue aaHHbix ot 80386 k Apyrum yctpoiictBam. Hanndre BEICOKOTO YPOBHS HANIPSDKCHUS HAa BXOAX/BBIXOIaX
IIMHBI JAHHBIX 0003HaYaeT HAJIMYKe KOJIOB JIOTHYEeCKOH equHuIs! 1" Ha 3TuX BhIBogax. lllnHa MTaHHBIX MOXKET IeperaBaTh
JTaHHbIC Kak Ha 32-, Tak W Ha |6-pa3psaHble IKUHBI O1arogaps TOMY, YTO €CTh BO3MOXXHOCTh H3MEHEHHUS pa3Mepa IIHHBI
JaHHBIX. [[J1 IpaBWIIBHOTO BBIITOJHEHUS ONEpaIiii CYNTHIBAHHSI CUI'HAJIOB C ITMHBI JAaHHBIX TpeOyeTcs obecnieueHue



HEOOXOIUMBIX 3HAUCHUI BPEMECHH yCTAaHOBKH t21 WM BpeMeHH yaepKaHus t22 CYUThIBAEMBIX NaHHBIX. [Ipu ro0oit
oTIeparyy 3amrcy (BKIF0Yas IIUKIIBI OCTaHOBA | BeIKIIOYeHUs) 80386 Becernma mepenaet Bee 32 paspsiga JaHHBIX, JaKe CCIH
B TCKYIIIEM IHKJIC pa3Mep MIUHBI 0OOMEeHa paBeH 16 paspsmam.

ADS# (out) - Cocrosiaue agpeca. BxomHoit curHa, moaTBep K IAIOIINi KO 1ukia Maructpanu u aapec (W/R#, D/C#,
M/IO#,BE0#-BE3# u A2-A31) Ha BeiBogax MII 80386. On nosiisiercs B Taktax T1 u T2P.

NA# (in) - 3ampoc ciexyromiero aapeca. IIpuMenseTcs Kak 3arpoc KOHBeHepu3aiu. IJTOT BXOAHOW CHTHAI
MOKa3bIBACT TOTOBHOCTD K MPUEMY HOBBIX 3HaueHuil W/R#, D/C#, M/IO#,BE0#-BE3# u A2-A31 ot MII 80386, naxe eciu
KOHeIl TeKyIIero nukia He noarsepxkaaercsi READY#.

BS16# (in) - llecTragmatupaspsaanas muHa. [lo3BonsgeT He mocpeacTBeHHO cBs3aTh MII 80386 ¢ 32-pa3psinHoit
u 16-pa3psaHoit mrmHaMu. [Ipu akTHBHOCTH 3TOTO BXOJHOTO CUTHAIA B TEKYILEM MUKJIC IIMHBI UCTIONB3YIOTCS TOJIBKO
mitamme paspsiasl (D0-D15) muner nanHbX, B cootBercTBUE ¢ BEO# , BE1#. OH He Oka3bIBacT BIUSHIES, €CIH B TCKYIIIEM
nMKiIe akTUBHBI Tonbko BEO# w/mimm BE1#. Ecau axtuBHBI curHainsl Ha BeiBogax BE2# winu BE3#, To aktuBHOCTE DS16#
MPHUBOJUT K TyOIUPOBAHUIO OAHTOB MCITONB30BAHHIO TONBKO IMHUN JaHHBIX DO-D15.

READY# (in) - IloarBepxaenne nepenau. CUrHaI NOKA3bIBACT, YTO TEKYIIHH MK MAaruCTPajy 3aBepllcH U
aKTHBHBIE OaiiThl, onpenensiemsie BEO#-BE3# n BS16# , mpunsaTe! num BeictaBnensl. Ecim READY# akTuBeH Bo BpeMs
IMKJIa YTEHHs WJIM TTIOATBep kAeHus npepbiBanus, MIT 80386 ¢ukcupyeT BXoIHbIE JaHHbBIC U 3aBeplIaeT UK. Ecnu
READY# axTuBeH BO BpeMs IIMKJIa 3allMCH, TO IPOIECCOp 3aBepIIaeT MarucTpaiabHbIi ki, 3HaueHne READY#
UTHOPHUPYETCS B IIEPBOM TaKTE BCEX IUKIOB MaruCTpally, a Janee B KaKIOM TaKTe MarucTpald IPOBEpsSeTCs, oKa He OyaeT
3a(UKCUPOBAaHO aKTHBHOE 3HaYeHKE. KaXXIbIi IIMKII MarucTpaity, BKI0Yas [IUKIbI HHIUKAIIUA OCTAHOBA U BKITIOUCHHS,
JIOJDKEH OBITh, 3aBepIlIeH aKTUBHBIM curHasioM READY#.

W/R# (out) - Curnan W/R# pa3menseT MUKIbI 3aUCH U [UKIIBl  YIIPABICHUSL.

D/C# (out) - Curnan D/C# pazgenset IUKIIBI JAHHBIX U IIUKIIB YIIPaBICHUS.

M/IO# (out) - Curnanr M/IO# pasmenseT OUKIB 0OpalleHus K TaMsITH ¥ [IUKJIEI BBOAA/BEIBOJIA.

LOCK(out) - Curnan LOCK# oTnuyaer 6J10KHpoBaHNE U HE OJIOKMPOBaHHBIE IUKIIBI MATHCTPAIIH.

Ha puc.7.5 npuBenena quarpamma paboThl MUKpOIIpoOIIeccopa mo Taktam. Paccmorpum
JIEHUCTBUSA MPOIECCOpa B KAXJAOM TakTe mojipoOHee. B akTHBHOM cocTOsTHUM MHTEpdeic
MarucTpaiy BHITIOIHSET OJIUH U3
IIUKJIOB: YTEHUE WJIM 3aIUCh B
NaMsATh; OJJOKHPOBAHHOE YTCHHUE WITH
3aMKCh B MaMSITh; YTEHUE WJIH 3aIMCh
B 00J1aCTH BBOJIa-BBIBOJA
(1) (compoueccopa); HOATBEPKACHUE

IMPCPbIBAHUA ; MHAWKAIIUIO OCTaHOBA

s (2} WM BBIKITIOUeHUs. Anpeca B 180386

MOT'YT OBITH ABYX THIIOB OOBIYHEIE U

- .
- {n KOHBerepHble. Hanmmuue konsenepa
; {4 3

OonpecACIACTCA aKTUBHBIM 3HAYCHUCM

curHana NA#. [Ipu oTcyrcTBumn
/ {11) KOHBEWepa aIpecoB TEKYIIUN apec U

KOJ IHKJIa OCTAar0TCA IIOCTOAHHBIMHA B

{13) (13) TEYECHUE BCETO IUKIIA.
"

“_H_ (161} i} (14) Muxkpomnpoueccop HaYMHAET CBOKO

paboty 0e3 KoHBeiepa aipecoB C

7 takta Ti. 3aTeM Mo BHYTpEHHEMY
) | 3anpocy nepexoaut B TakT T1, raoe

Puc.7.5 kbl MarucTpaiti MUKporpoieccopa 180386 curanoM ADS# noaTBepxaaeTcs
Hammuue agpeca. B T2 takoro
nonreepxkaeHus HeT. [Ipu kouBeiiepHoit 00padoTke B T1 HET moATBEpKIEHUS aapeca s
npensaymen KoManapl, B T2 ADS# akTUBEH 1 MOATBEP)KIAAET apeC TEKYyIEeH KOMAaH/IbI.



[Tpu Takom cnoco6e He TpeOyeTcs TakT oxuaanus. TakT Ti 3TO MacCUBHOE COCTOSTHUE
maructpanu. Th — cocTossHUE MOATBEPAKACHUS 3aXBaTa MarucTpaiu. T21 - mocaeayoume
COCTOSIHHSI ITUKJIa IIMHBI, UMEIOIINE MECTO, KOT/a OOHApYy>KEH aKTUBHBIN ypoBeHb NA# B
TEKyLIEM LUKJIE NIMHBI, HO €I11€ OTCYTCTBYET BHYTPEHHHUM 3aIIPOC IINHBI, OKUIAOIIUI
obciyxuBanue (180386 He BbIIACT HOBBIN aJPEC WM HE YCTAHOBUT aKTUBHBIN YPOBEHD
ADS#). T2P - nocneayromye COCTOSIHUS IIUKJIA IUHBI, UMEIOLINE MECTO, KOTJa B TEKYIIEM
IIUKJIe IMHBI OOHAPY>KEH aKTUBHBIN YpoBeHb NA#, W MMeeTcs BHYTPEHHUH, OKUAAIOIINN
obcinyxuBaHue, 3anpoc muHbl (180386 BbIAACT HOBBIN aJpec U aKTUBU3UPYET CUTHAI
ADS#). TIP - nepBoe cOCTOSIHUE KOHBEMEPHOIO IIUKJIa IIHHBI.

[udpamu Ha TuarpaMmme NMoka3aHbl BO3MOYKHBIE MEPEXObl MEXKAY TaKTaMHU.

[lepexonpl MPOUCXOAAT MPHU BBINOJHEHUH HEKOTOPBIX YCIOBUN, HATIPUMED:
(1) - HOLD akTuBeH;

(2) - READY# aktuBen u HOLD axtuBeH;

(3) - HOLD He akTuBEH U €CTh BHYTPEHHHUH 3aMpOC, OXKUAAIONINN 00CITyKUBaHUE;

(4) - HOLD He akTHUBEH W HET BHYTPEHHETO 3aIpoca;

(5) - RESET aktuBeH;

(6) - READY# axktuBen u HOLD He akTMBEH M HET BHYTPEHHETO 3alpoca;

(7) - NA# He akTHBeEH;

(8) - READY# axktuBen u HOLD He akTMBeH ¥ €CTb BHYTPEHHHH 3aIlpoc, OXKHIAFOITUI
00CITy’)KUBaHHE;

(9) - READY# He akTuBeH 1 NA# HE aKTUBEH;

(10) - (mer Buytpennero 3ampoca 1 HOLD aktuBen) u NA# aktuBeH 1 READY# He akTuBeH;

(11) - NA# axtued u (HOLD akTuBEH 1 HET BHYTPEHHETO 3aIpoca);

(12) - READY# ne aktuBeH u NA# aktuseH 1 HOLD He akTuBEH M €cTb BHYTPEHHHI 3ampoc,
OKUJAIOIINI 00CITy)KUBaHUE;

(13) - NA# akxtuBer HOLD He akTHBEH €CTh BHYTPEHHH 3aIIpoOC, OKHIAIOIINI 00CTyKUBAHHUCE;

(14) - READY# akTuBeH,;

(15) - READY# He akTuBeH u (HeT BHyTpeHHero 3anpoca 1 HOLD aktuBen);

(16) - READY# He akTUBEH U €CTb 3a1poc, oxugaromuii oocnyxuBanue 1 HOLD He akTHBeH;

(17) - READY# He akTHBeEH.



Ha puc.7.6 nokazana BpeMeHHasi AuarpaMma paboTbl MUKPOIIPOLIECCOpa B PeKUMaX YTSHHS U 3alHCH

C KOHBeHepHOi 00pabOTKOI aapecos.
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Kongeiiepaoe popmupoBaHme aapecoB — 3TO yCTaHOBKA aJpeca U OmpeesieHue TUa
CJIEYIOILIETO UKIA A0 TOr0, KaK NpeablAyIINi UK MOITBEPKICH aKTUBHBIM 3HAUEHUEM
curHaia READY#. Koraa rotoB cienyronuii aapec, MUKpompoliieccop aktupuzupyetr ADS#,
yIpaBliieMblii BXOAHBIM cUTHalIOM NA#. BHavaiie BoinonHseTcs Uk 0e3 konseiiepa T1-
T2-T2P. Ecnu ects koHBeMep, TO BbinoaHgeTcs nuka T1P-T2P. Ecinu HeT BHyTpeHHEro

3anpoca u NA# aktuBeH, To BMecTo T2P BBonutTcs nukin T21 u 3aBepiiaercs KOHBEHEPHBIN
uuki. Takt T21 ocylecTBISeT NEPEXo]l K HEKOHBEHEPHOMY LIHUKITY.

7.3 MUKPOITPOLECCOPPENTIUM MMX

[Tponieccop Pentium ¢pupmsr Intel o0benuusieT B cede BBICOKYIO TPOU3BOIUTEIIBHOCTD
C THOKOCTBIO 1 COBMECTHMOCTBIO, XapaKTePU3YIOIMUMH TIaTGOPMY ITEPCOHATEHOTO
KoMIibloTepa. B HacTosiee Bpems nporeccop Pentium siBnsiercss ocHoBo# 6ombiuHcTBa [TK



¥ 00ecreurBaeT MUPOKUE BOZMOKHOCTH I pabOThl ¢ MyTbTUMEIUHHBIM TPOTPAMMHBIM
obecnieueHueM u Internet. 3T0 CIOCOOCTBYET CO3/1aHUIO MPOTPAMMHOI0 OOECTIEUEHUS C
MOIIHOW PEANMCTUYHON rpa@uKON U BOZBMOXHOCTBHIO BOCIIPOU3BEIEHUS TTOJIHOIKPAHHOTO
Buzeo. [Tpoueccop Pentium pacimpun auana3oH MUKpOIPOLECCOPOB apXUTEKTYypHl Intel,
CO3/1aB HOBYIO 00JIaCTh BO3MOXKHOCTEW A1 KoMnboTepHbIX cucteM. BUC MII o0benuuser
Oonee yem 3.1 MWIIMOHA TPaH3UCTOPOB HAa OJHOW KPEMHHUEBOU MOJIOKKE, 32-pa3psIHbIN
Pentium nponeccop xapakrepu3yeTcsi IPOU3BOJUTENBHOCTHIO ¢ TAKTOBOM YacCTOTOMN
75/90/100/120/133/155/166/200 MI' [9].

XapakrepHass 0co0eHHOCTh Pentium nponeccopa COCTOUT B BUJIE YHUKAIBHOTO
COUYETaHUs BBICOKON NPOU3BOIUTENBHOCTH, COBMECTUMOCTH,, HHTETPALlUU JAHHBIX U
HapalMBaeMOCTH. JTO BKJIKOYAET:

- CynepcKaIsIpHYIO apXUTEKTYpPY;

- PaznenbHOE K31MIMpOBaHKE MPOTPAMMHOIO KOJA U JIaHHBIX;

- biok npenckasanus MpaBUIIBHOTO aJpeca NEPEXoaa;

- Bricokompon3BoauTeNbHBIN OJO0K BRIYMCICHUH C TUIABAIOIIEH 3aIATOM;

- Pacmmpennyo 64-0MTOBYIO IIMHY JIaHHBIX;

- IlonaepkKy MHOTONPOLIECCOPHOTO PEKUMa padOTHI;

- CpexcrtBa 3aaHus pa3Mepa CTpaHULbl IaMsTH;

- CpenctBa oOHaApyX)eHUST OMIMOOK M (PYHKITMOHATBHON M30BITOYHOCTH;

- YrpasneHue nNpou3BOAUTEIBHOCTEIO;

- HapammBaemocts ¢ momotisto Intel OverDrive npoueccopa.

CymHocTh TexHosorud MMX cOCTOUT B IONMOJIHEHUU apXUTEKTYpPHI Mpoleccopa
Pentium 1 mosiBI€HUM Y HETO CHELMATIBHBIX KOMaHA JJs1 pabOThI C MyJIbTUMENA U CETEBBIM
IPOrpaMMHBIM OOECTICUEHHEM, YTO YBETUYHUBAET CKOPOCTh PabOThl MyJIbTUMEAHA-
INPWIOKEHUH U MOBBIIIAET MPOU3BOAUTEIBHOCTh CUCTEMBI B LIEJIOM.

Hossie nunctpykiuu npunamiexat k tury SIMD (Single Instruction Multiple Data -
"OlHa MHCTPYKIMS, MHOKECTBEHHbIE JaHHbIE"). DTO O3HAYaET, YTO MPOLIECCOP BHIMOJIHAET
OJIHY U Ty 7K€ MHHCTPYKLHUIO NapaJJIeIbHO JJIsl HECKOJIBbKUX 0ailT nanHbix. MMX - nepBoe
CYLLIECTBEHHOE N3MEHEHHUE B apXUTEKTYpE MPOLIECCOPOB CEMENUCTBAa X86 CO BpEMEHHU
nosiBieHus npoueccopa 80386. Tenepr Pentium rimeeT 57 HOBBIX MHCTPYKIUH U 8
BUPTYQJIbHBIX PETHCTPOB, C KOTOPBIMH 3T MHCTPYKIUU pabOTAatoT.

CymnepckansipHas apxuTekTypa Pentium mporeccopa npeacrasiser coboi
cOBMECTUMYIO TOJIBKO C INTEL nBYXKOHBEHEPHYIO HHIYCTPHUAIBHYIO APXUTEKTYDPY,
MTO3BOJIIIONIYIO MPOLIECCOPY AOCTUIaTh HOBBIX YPOBHEW MPOU3BOAUTEIBLHOCTH MOCPEICTBOM
BBINOJIHEHUs OoJiee, 4eM OJHOM KOMaH bl 3a OJIMH MEPHOJ] TAKTOBON YacTOTHI.

Jpyroe BaxkHelilee yCOBEpIIEHCTBOBAHUE, peaju30BaHHoe B Pentium mpoueccope,
9TO BBEJICHHE PA3JEIbHOTO KIMpPOBaHus. KolnpoBanue yBENIMYHMBAET
IIPOU3BOJAMUTEILHOCTD ITOCPEACTBOM aKTUBH3aLMU MECTa BPEMEHHOI'O XPaHEHUs JUJIS 4acTO



UCIIOJIb3YEMOT0 MPOrPaMMHOI0 KOJa U TaHHBIX, OJYy4aeMbIX U3 OBICTPOI aMsTH, 3aMEHSIS
110 BO3MOXXHOCTH OOpalleHre K BHEIIHEH CHCTEMHOM MaMsTH JUIsl HEKOTOPhIX KOMAaH/I.

brok npeackazanus MpaBUIBLHOTO ajpeca Mepexo/ia - 3TO CAEAYIOIIEe PELIeHUE IS
BBIUMCJICHUH, YBEJIMYMBAIOIIEE MPOU3BOAUTEIBLHOCT MOCPEACTBOM IOJHOTO 3aMOJIHEHUS
KOHBEEpPOB KOMaH/IaMH, OCHOBaHHOE Ha MPEABAPUTEIHLHOM ONPENEIECHUN MPABUILHOTO
Habopa KOMaHJ|, KOTOPbI€ JOJKHBI ObITh BBIITOJIHEHBI.

Pentium npoueccop MO3BOJISET BBHITOIHIATH MATEMAaTUUECKUE BBIYMCIIEHUS Ha OoJiee
BBICOKOM ypOBHE OJ1arofapsi UCIOJIb30BaHUIO0 YCOBEPLIEHCTBOBAHHOTO BCTPOCHHOTO OJIOKa
BBIYMCJIEHUH C IUIABAIOILEH 3aIIITOW, KOTOPBIM BKJIFOUYAa€T BOCBMHU TAKTOBBIN KOHBEUEP U
anmnapaTHO peaJl30BaHHbIE OCHOBHBIE MaTE€MaTHYECKUE (PYHKIIHH.

CHapy>xu mpOIeCCop MPEeACcTaBiIseT coboi 32-0MToBOE yCTPOUCTBO. BHEenHss muHa
JAHHBIX K NaMSATH sBisieTcs 64-O0MTOBOM, y/IBauBasi KOJIMUYECTBO JAHHBIX, [IEPEIaBAEMBbIX B
TE€YEHUE OJTHOTO IIMHHOTO LUKIIA.

MynbpTUIIpOLIECCOPHBIE PUIIOKEHUSI, KOTOPBIE COETUHSIOT JBa WK 6osee Pentium
IIPOLIECCOPOB - XOPOIIO 0OCITYKUBAKOTCS MOCPEICTBOM YCOBEPLIEHCTBOBAHHON apXUTEKTYPBI
KPUCTAJUIOB, pa3esibHbIM BCTPOCHHBIM K3ILIMPOBAHUEM MTPOTrPAMMHOIO KOJa U IaHHBIX, a
Tak)ke HabOpaMH MUKPOCXEM JJIsl YIPABJICHUS BHEIIHEN KAUI-MaMSThIO U YTOHUYEHHBIMU
CpeICTBaMH KOHTPOJISL LIETOCTHOCTH JIaHHBIX.

[Iporeccop comepkKuT 1Ba yCOBEPIICHCTBOBAHMSI, 00ECTIEYNBAIOIINX XOPOIIYIO
3alIUTY JAHHBIX U 00€CIeYeHHE X LEIOCTHOCTH - BHYTPEHHEE ONpEJCIIEHUE OLIMOOK U
KOHTPOJIb 3a cueT (pyHKuHoHanbHOU n30bITouHocTH (FCR). BHyTpeHHee onpeaenenue
OLIMOOK JTOMOJHSAET OUTOM YETHOCTH BHYTPEHHUI KOJA U KAUIMPOBAaHUE JAHHBIX,
CIBUTOBYIO aCCOIMATUBHYIO TaOJIUITy CTPAHUIl, MUKPOKO/I, a TaKXKe 1eJIeBoi Oydep
nepexo/ia, IOMOrast OIpenessaTh OLIMOKH TaKUM 00pa3oM, YTO ITO OCTAETCS HE3aMETHBIM U
JUTSl TIOJIb30BATENS, U JJI1 CUCTEMBI.

VYcnoBHoOe rpaguueckoe n300pakeHne mpoleccopa nokazaHo Ha puc.7.7.
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Puc.7.7 YcnoBHoe rpaduyeckoe ob6o3nauenne bIC MII Pentium

PaCCMOTpI/IM BXOJHBIC U BBIXOJHBIC CUTHAJIBI MUKPOIIpOIcccopa. HeKOTOpBIe CHUT'HAJIbI
HU3BCCTHBI 110 MUKPOIIPpOTCCCOPaM IIPCAbIAYIIIUX MOHGHCﬁ, X MBI paCCMAaTpUBAThL HC 6y,Z[CM.

PICCLK (in) - TakTHpOBaHHE MPOIIECCOPA OT IIPOTPAMMHPYEMOTO KOHTPOJUIEPA MTPEPHIBAHHMA.

CLK (in) - BXO TAKTOBOH 9aCTOTHI.

BF0;BF1(out) - onpenenser 4acTOTy UIMHEI U IIPOILIECCOPa B 3aBUCHMOCTH OT K03 pHUItieHTa.

INIT (in) - BXOJ MHUIIHATH3AIHH IIPOIECCOPA.

APICEN (in) - pa3penienue uiu 3anpenieHue Koutposuiepa npepeisanuii (PIC).

DPEN# (in/out) - BEIXO1 BTOPOT'O, BXOJ] IEPBOT0 IPOIIECCOpa.

INTR/LINTO INTR (in) - 3anpoc BHemiHero Mmackupyemoro npepbiBanus. LINTO(in) - pabotaet npu pa3peméHHOM

APIC.
NMI/LINT1 NMI (in) - 3anpoc nemackupyemoro npepbiBanusi. LINT1(in) - paboraet npu paspeménnom APIC.
PICDO (in/out) - nuaum nanueix 0 - 1 mporpaMMHPyeMOro KOHTpOJLIepa NpepbIBaHHM. PICDO(in/out) -

paspeleHre COBMECTHOH paboThl (BTOPOMY ITPOIIECCOpY).
PICDI1 (in/out) - nuann nannsix 0 - 1 mporpaMMHpyeMOro KOHTpOJIIepa NpephIBaHUM.
CPUTYP (in) - Tvn mmpoteccopa - Ut pa3iandysi IEPBOTO U BTOPOTO MIPOIECCOPOB.
D/P# (out) - ”HAWKATOP BTOPOI/IIEPBHIN MPOLIECCOP.
CACHEH# (out) - BEIITOTHEHNE IUKJIA YTSHUS/3AIMHCH C KAIII TAMSITHIO.
FLUSH (in) - moaTBep:kaaeT CreuaIbHbBIH UK pabOTHI C K3II MaMATHIO (COpOC KA1IIa).
KEN# (in) - pa3pemnienne k3mia. BeITONHACTCS ClIeNUaNbHBINA IUKI paboThI ¢ KA1 TaMATHIO.
FERR# (out) - ommbxa onepanuu ¢ ruiaBatomen Touxoit (anamormueH ERROR mmst i387).



IERR (out) - BHyTpeHHss ommnoKa (internal error). CymecTByeT jBa THIIa BHYTPECHHEH OIIMOKY: a)BHYTPEHHSISI OLTHOKa
YETHOCTH; b) BHYTPCHHSIA OIIMOKA (PYHKIIMOHATHHON H30BITOYHOCTH.

IGNNE (in) - urnopupoBanue udposoit ommnodku. Mcnons3yeres ¢ outom NE ciioBa cocrostaust CRO.

R/S# (in) - pabora /ocTaHOB, UCTIONB3yeTCs GhupMmoii Intel st oTaamku.

PRDY (out) - Bxon "npo6usiii READY", ucnosns3yercst pupmoii Intel st otnaaku.

BRDY# (in) - rOTOBHOCTH BHEIIHEH CHCTEMBI. DTOT curHai nposepsercs B T2, T12, T2P.

A3-A31 (in/out) - nuHuN anpeca. BHeminss cucreMa ynpasisieT ajgpecamu A5-A31.

BEO# - BE3# (in/out) - GuThI onpe/ielieHns1 MAIIMHHOTO LIUKIIA.

BE4# - BE7# (out) - 6uTsI pa3permieHus paboThl C MaMATHIO.

DO0-D63 (in/out) - 64 muanu ganHbeX. Ctpoku D0-D7 onpenensrot muaammii 6ait, D56-D63 - ctapmmii 0aiiT JaHHBIX.

ADS# (out) - cTpob azxpeca, ykazpIBaeTcsl B Hadajie HOBOTO IMKJIA IIHUHEIL.

ADSCH# (out) - ctpob aapeca (xorms). OyHKIIMOHATBHO HAcHTHYCH ADS.

AP (in/out) - 4eTHOCTB ajpeca, IePEBOIHUT IPOLECCOP B PEXKUM PaOOTHI C YETHBIMHU aJpecaMH.

APCHK# (out) - KOHTPOJIb YETHOCTH afipeca (OUT YeTHOCTH).

EADS# (in) - vHAMKaTOp BHEITHETO aJipeca.

A20M# (in) - Macka aBaalaTH OUTHOTO ajapeca. OMyIupyeTcs ajpecHoe mpoctpacTo i8086 pazmepom B 1MO.
MackupyeTcs HerocpeAcTBeHHO Pentium mporeccopom, Korja B KOHGUTypaIyu J1sa mporeccopa.

DPO0-DP7 (in/out) - koHTpoJsb YeTHOCTH NauHbiX. DP7 mnst D56-D63, a DPO ms DO-DO.

EWBEH# (in) - BXo[ ImycTOr0 BHEIIHEro Oydepa 3amicu.

PCHK# (out) - BBIXOA IPOBEPKH YETHOCTH MPOYNTAHHBIX JAHHBIX.

PEN# (in) - pa3pemenue KoHTpois yetHocTH. AHaigor CR4.MCE.

FREME# (in) - ¢pyHKIMOHATBHAS H30BITOYHOCTD, IPOBEPSIETCS YCTPOHCTBO B pab0oYeM HIIH OTIATOYHOM PEXKHIME.

BOFF# (in) - BX0n 3a/IepKKH, JUIS TPEPHIBAHMUS BCEX HE 3aBEPIIMBIINXCS [IUKJIOB IINHEIL.

BP[3:2] (out) - xorTpOnbHEIe TOUkH BP[3:0] mis otnamku.

BREQ (out) - 3anpoc MmKHBI y BHEITHEN CUCTEMBI.

BUSCHK## (in) - bus check curnanmnsupyer o Hey1a4HOM 3aBEPILCHNH [IUKJIa [INHEIL.

= PaccMoTpuM npuHIMI paboThl MUKPOIIpOLiECCOpa
Pentium. /Iluarpamma 1miukioB uHTepdeiica
MarucTpajy mpuBeacHa Ha puc.7.8. MaluHHbIe
{n} I ILMKIIBI IPOIECCOpa COCTOST U3 TakToB.  Ti -
- — MACCUBHOE COCTOSHHE LIMHBI HJIM MAarHCTPaIIH.
[Ipomeccop Pentium ynpapnsieT v He ynpaBiseT

-\-H-‘-\.
HiF W
\ aapecaMu U COCTOAHNUEM BBIXO0B, B 3daBUCUMOCTH OT

cocrossauit HLDA, AHOLD u BOFF#.
Ycranosnennsrit BOFF# win RESET Oynyt Bcerna
BBIHYIAaTh IPOLIECCOP BO3BPAILATHCS B COCTOSTHUE
Ti. T1 - mepBEIif TaKT MIHHBI, HAYAI0 KOMaH].
[Ipoueccop BbLAAET HOBBIN aipec U yCTaHABIMBAECT
aKTHBHBIN ypoBeHs ADS#. T2 - BTopoii u
TIOCJISYIONUE TAKTHI IIUHBI B COCTOSTHUU
oxunanust. B coctosaun T2 mpoucxoaut
MOCTYIUICHHE TaHHBIX (€CITH ATO LUK 3aMTUCH) WIH
JTAaHHBIE OKUAAFOTCS (€CIIU ITO UK YTCHHS).
BRDY# - auckpetnsiil. UmeeTcs ogun
HEBBINIOJHEHHBIN LUK WHHBL T12 - BTopoi u
MTOCTIC IYIOIIIE TaKTHI TP KOHBEWEpHOH 00paboTke.
CocTosiHHE yKa3bIBa€T, YTO UMEIOTCS [1Ba
HEBBINIOJHEHHBIX UKJIA IIUHBI, K YTO MPOLIECCOP
Pentium HauyMHAET BTOPOIT UK IMHBI B TO BpEMH,
KOTJIa TaHHbIEC IePeXoasT B nepBelil. B T12
nporieccop Pentium npuBoauT B AelicTBUE afpeca U
COCTOSIHUS, TaK e ycTaHaBiuBaeT ADS# mis
BTOPOT'O HEBBITIOJHEHHOTO IMKJIA IIIMHEI, B TO BPEM,
Korna nanHele nepegansl 1 BRDY# sBnsetcs
JUCKPETHBIM JIJIS TIEPBOTO HEBBITTOJIHEHHOTO ITUKJIA.
T2P - 3T0 cOCTOSIHUE YKa3bIBAET, UTO UMEIOTCS JBA

o . BRDY:
Puc.7.8 JlnarpamMma 1ukiIoB nHTepdeiica MarucTpanm HEBBITIOJIHCHHAIX TIHIIA IIHHAL # aBaetca
):II/ICerTHBIM JJIA HepBOFO HCBBIIIOJIHCHHOT'O TUKJIA.

rponeccopa Pentium MMX Anpeca, cocrossaus u ADS# 1st BTOporo
HEBBINOJIHEHHOT O LIUKJIA, IPUBOASTCS HHOTAA B

cocrostaue T12. TD - mponieccop BBomuT TakT TD, eciy Ha MPeapIAYIINX TaKTaX OBUIO [BA BHIACICHHBIX TaKTa. JTOT
nepexo/i BO3MOXKeH, Korja yctaHoBiieH curHal BRDY# u oTcyTcTByeT TakTHpOBaHUE Mpoleccopa. ITO COCTOSIHUE
yKa3bIBa€T Ha TO, YTO €CTh OJMH HEBBINOIHEHHBIN LUK U UTO ajapeca, cocTosHust, ADS# yxe yctanonensl 1 BRDY# ne
JIUCKPETHBIM.

Hudpamu Ha TEarpamMme MOKa3aHbI IEPEXOABI H3 OJHOTO TaKTa B APYTOH B MpeesiaX 0JHOTO MAITHHHOTO [TUKJIA.
YcnoBust nepexoA0B CIeayOIIKE:



(0) - 3ampocoB HET MarkcTpasb NACCUBHA;

(1) - HaYaJI0 HOBOTO ITMKIIA;

(2) - Bcerna, BOFF# - maccuBeH;

(3) - oxkumaHue TOTOBHOCTH WM TIONTBEpKAeHUS NA#;

(4) - ecu ectsh 3ampoc nporieccopa 1 BRDY# , To mepexoa T1 (Hauamo HOBOTO TakTa);

(5) - ecm HeT 3ampoca, To nepexon Ti;

(6) - Her BRDY#, Ho ecTb 3anpoc u NA# nmoaTBepxaéH,

(7) - ects BRDY# 1 HE 0CTaHOBJICHO TaKTHPOBAHUE;

(8) - ects BRDY# 1 OTCYTCTBYET TaKTHPOBAHHE;

(9) - zer BRDY# , mpu sTtoMm BOFF# nosmkeH OBITh MACCHBEH - MAIIMHHBIH ITUKI HE BHITIOHEH;

(10) - et BRDY#- mporeccop Haxoautcs B cocTossHAH T2P TI0Ka epBBIi UK IepeIavyn He 3aKOHUUTCS

(11) - ect BRDY# 1 HE OCTaHOBIICHO TAKTHPOBAHHUE - POIIECCOP 3aBEPIIACT MEPBBIN MUK ITHHEI U HE HY)KHBI ITyCTHIE
TaKTBhI;

(12) - ectb BRDY# 1 0TCYyTCTBYET TAaKTHPOBAHHE - MPOLIECCOP 3aBEPIIACT NEPBEIHA IIUKII, HO HY)KHBI ITyCTHIC TAKTEHI,

(13) - ects 3ampoc 1 NA# moaTBEpKIEH;

(14) - met 3anpoca unu NA# naccuBeH.

Bonee marysaaHo paboTa mporeccopa WIUTIOCTPUPYETCS BpEMEHHBIMU HarpaMMaMi. Takux Auarpamm mporeccop
Pentium mMeeT 10CTaTOYHO MHOTO U MIX MOKHO H3YYUTH B COOTBETCTBYIOIINX PYKOBOJCTBAX U OMUCAHUSAX. MBI
OTPAHUYHUMCS TOJIBKO JIByMS JOCTaTOYHO MPOCTHIMU AuarpaMmamu (puc.7.9, puc.7.10) NUKIOB 4TEHUS U 3aIUCH 0e3
KOHBelepHOl 1 KoHBeiiepHO 00paboTKoM anpecoB. B mepBom TakTe mpoliieccop BEIBOIAUT aJpec SUEHKH MaMATH Ha JIMHUU
ADDR wu moaTBepaacT uX HCTUHHOCTH curHaioM ADS#. Curnan W/R# nmeet HU3KHil aKTUBHBIN YPOBEHb, 4TO 03HAYACT
Havasio yTeHus JaHHbIX B rpoueccop. Curnan CACHE# nokasbiBaeT, 4To YTEeHHE IPOU3BOJUTCS U3 MAMSTH. 3anpoc
KOHBEHepHOI 00pabOTKH aipecoB OTCYTCTBYET, T.K. NA# UMeeT BBICOKHIA YPOBEHb.

Bo Bropom takTe (T2) 10KHO IPOUCXOANUT HETIOCPEACTBEHHO UTeHNe. OTHOBPEMEHHO B ITPOIIECCOP BBOIATCS OUTHI
koHTpoJis nanHbIX DP. Curnan BRDY# umeer Huskuit ypoBens, 3aBepmaet TakT T2. [Ipornieccop nepexoaurt B Takt Ti,
0XKHjasi BHyTpeHHero 3anpoca. Crnenyroomuil TakT T1, HauMHaeTcs Cieayroui MalllMHHBIA UK - UKJI BbIBOJA. JleHcTBus
MpoIeCcCopa aHATIOTUYHBI PeabIAyIIUM. VIcKIroueHue cocTaBisieT curuan W/R#, nmerominii akTHBHBIN BRICOKHN YPOBEHb.
JlaHHBIE IepeaoTCs U3 MpoIieccopa B MaMsATh.
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-

I:LK 1 1 1 I 1 1 1 1

f—hDDH: }{ : MogeH ; X HEFI:i.EI.E-'H j}{: : rDﬂEH; \;{Heri:u.u.na% :

=

gt
T
]
T
)

A5 N | N L |\_i
|
|

| |
CACHE, . | | | | !
| T |
WA N A Y T

—
T
-
g™

BERDY | | \

\ | | | | — MaMSATBIO.
YTO LHMKIIA,
| | | | aKTH T2.
=== AQ4acT
| . B TakTax

| | oreccopa.
|------ |----- E:F'U ---I-------I----.-- |-------| a
e CPPD - T 1 |

o
J
I
s

Puc.7.9 Bpemennas auarpaMmma 1ukiioB uHTepdeiica maructpanu 0e3 KOHBEHepHOM
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Puc.7.10 BpemenHas nuarpamma uKI0B HHTEpderca MarucTpaiu ¢ KOHBEHEpHOH
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00paboTKO# anpecoB

8 KOMIIOHEHTBI MUKPOITPOLIECCOPHBIX CUCTEM

Muxpomnporeccop HUKOTAa He paboTaeT B cucteMe oauH. /11 ero paboThl
TpeOYIOTCS JONOIHUTENIBHBIE JIEMEHTHI — TAKTOBBIA T'eHepaTop,
hopmupoBaTenu untepdericHor maructpany, BUC BBoa-BrIBOIA B
MIOCJICI0BATENILHOM U MapaJuienbHOM (opmarax, TaiiMep, KOHTpOJIIep
npepeIBaHuH H T.1. KOoIM4YecTBO M THIT KOMITOHEHTOB 3aBUCHT OT IeJIeH JUTs
KOTOPBIX IIpeAHa3HaueHa MUKpoIpoLeccopHas cucteMa. OIuH U3 OJX0I0B B
Pa3BUTHH MHKPOIIPOLIECCOPHBIX CUCTEM COCTOMUT B MHTETPALIUH paHee
cupoextupoBanHbIX BYIC B CBUC. TakuM 06pa3om, yMEHBIIIAETCS KOJINIECTBO
3JIEMEHTOB Ha TIEYaTHBIX MIaTtax. Ho 3TH 371eMeHTHI, HHOTa HECKOIBKO
YCOBEPIIICHCTBOBAHHBIE, BCE PABHO MIPHUCYTCTBYIOT B cucTeMe. PaccmoTpum
HecKoJIbKo ameMenToB: bUC mapamiensHoro BBoja-BeiBoja, b1C
MOCJIeI0BaTeNbHOTO BBOIa-BhIBOAa, BMIC mporpaMMupyemMoro HHTepBaIbHOTO
TaliMepa U KOHTPOJIEpa PEPEIBAHUI. DTH IEMEHTHI IPUMEHSIIUCH B PAHHUX
MOJIETISIX KOMITBIOTEPOB, OCTAIUCH M B COBPEMEHHBIX B HECKOJIBKO H3MECHEHHOM
Buze. [IpuMeHsIoTCsl OHM M B IPOMBIIIJICHHBIX KOMITBIOTEPHBIX CHCTEMAax
KOHTPOJISI, yIpaBJIeHHs: 1 cOopa HH(QOpManuH.

8.1 BUC ITAPAJIJIEJIBHOT'O BBOJA-BBIBOJIA

BBog — BBIBOJ B apajuienbHOM (hopMaTe MOapa3yMeBaeT OZHOBPEMEHHYIO
nepenady HeckoJbKux OuT nHpopmaru. OOBIYHO KoJndecTBO O6UT — 8, 16, 24,
32 u T.A. B mepcoHabHBIX KOMIBIOTEPaxX MapajuleNbHBIA HHTEpdEC HyKeH
JUIA pabOTHI C IPHHTEPOM, TUIOTTEPOM MM CKaHEpOM. B TIpOMBIIITIEHHBIX
crcTeMax Takoil uurepdeiic HeoOX0 UM JUTS BBOJA - BBIBOJIA JAUCKPETHBIX

Puc.8.1 YcnoBHoe rpaduueckoe
o6o3nauenune bBUC



curHaioB ynpasienuid. [Ipu momomu BYC napannensHOro BBOAA - BBIBOJIa B MUKPOTIPOLIECCOPHBIX CUCTEMAX
OPTaHM3YIOTCS] MATPHIBI KJIABUATYP M JMHAMHUYECKasi MHIUKAIM CTPOKOBBIX fuciuieeB. Paccmorpum BUC 18255
(KP580BBS55A) B ee cTraHIapTHOM BapHUaHTE UCTIONHEHHS M MOAU(GHUIIMPOBAHHYIO B IEPCOHATBHBIX KOMITHIOTEPaX .

BUC mpuMenseTcs B KauecTBE JIEMEHTA BBOJIA - BBIBOJIA OOIET0 HA3HAUEHUS, COSAMHSIOMIETO Pa3IMIHbBIC THUITHI
nepuepuifHBIX YCTPOICTB ¢ MarucTpaibio JaHHBIX CHCTEMBI. Y clIoBHOE rpaduyeckoe o6o3nauenne BHC mpuseneno Ha
puc.8.1 [10].

OOMmeH uH(popManuel MeXy MarucTpajiblo JaHHBIX CHUCTEM H JAaHHOM MHKPOCXEMOM OCYIIECTBIsETCS Yyepes 8-
pa3psIHBIN IByHAIPABICHHBIN TpeXCTaOMIbHbIN KaHa faHHBIX (D0-D7). 1t cBa3u ¢ nepupepuitHBIMU yCTpOHCTBaMU
UCTIONB3YIOTCS 24 IMHUK BBOJA - BEIBOJIA, KOTOPBIE CIPYNITMPOBAHKI B TpU 8-pa3psaansix kaHana A, B u C. Hanpasienue
nepeauy HHPOPMAIMHU U PEKUMBI pabOTHl 3THX KaHAJIOB omnpeaerstoTcs nporpaMMmuo. Curaan RES — 3To BXxoxHO#H curHan
nannuammsamu BUC. Curnan CS# cinysxut s Beioopa BUC. AKTHBHBIN HyleBOi ypOBEHb 03HAYaeT, YTO K MUKPOCXEME
oTKpHIT fnoctyn curHanam WR#, RD#, A0 u Al. Ilo akTUBHOMY HyJI€BOMY 3HAYEHUIO CUTHAJIOB IPOU3BOJUTCS 3aIIUCh
(WR#) nnn urenne (RD#) nanseix (D0-D7). Homep xanana (opta) onpeaensercs aapecHsIMU paspsagamu AQ u Al.
O06b1yHO0 AQ 11 Al TTOAKITFOUESHBI K COOTBETCTBYIOLIMM JIMHUSIM IINHBI aapeca. [lopTy A cooTBeTCTBYeT KOMOMHALNS
curtaioB A0=0 n A1=0, mopty B — A0=1 u A1=0, moty C — A0=0 u Al=1. KomOunamust AO=A1=1 BeIOupaeT peructp
ynpasistomiero ciosa (PYC).

BUC moxer pabotaTh B TpeX OCHOBHBIX pexumax: 0, 1 u 2. B pexxume 0 obecrieunBaeTcss BO3MOKHOCTh CUHXPOHHON
MIPOTPaMMHO YIIpaBJIIEeMOH Tepeiayy JaHHBIX Yepe3 JBa HEe3aBHCHMBIX 8-pa3psaHbIX KaHaua A u B u asa 4-pa3psaHpIx
kanana C (C0-C3,C4-C7). B pexume 1 obecrieunBaeTcsi BO3MOKHOCTh BBOJa HJIM BBIBOAA HH(POPMAINHK B iepudepuiiHoe
YCTPOHCTBO WJIM U3 HETO Yepe3 JIBa He3aBHCHUMBIX 8-pa3psaHbIX KaHala A U B 1o curaanaM KBUTHPOBaHUS (CHTHAIAM
yIpaBJeHust 00MeHOM HHpopMarmeii). [l curHaioB yrnpasieHus ucrob3yercs kanai C.

Pexunm pabots! kaxnoro nopra A, B, C omnpenensercs conepxumbiM PYC. [Ipoussens 3amich ynpasisiomnero cjiosa B
3TOT PErHuCTP, MOXKHO IIEPEBECTH MUKPOCXEMY B OAMH U3 TPEX PEKUMOB paOOTHI: pexkuM () - IPOCTOI BBOJ-BEIBO; PEXUM |
- CTPOOHPYEMBIi BBOA-BBIBO;, PEKUM 2 - IBYHAIIPABIICHHBIA KaHAI A.

ITpu pabore Mukpocxemsl B pexkume O obecrieynBaeTcss MPOCTOH BBOA-BBIBOJ HH(OpMAINH Yepes3 JTI000H 13 Tpex
KaHaJIOB, U CUTHAJIOB KBUTUPOBAHUs He TpeOyeTcs. B 3ToM pexnmMe MHKpocxeMa NpeICTaBIsieT cO00H COBOKYIHOCTh IBYX
8-pa3psAAHBIX W NIBYX 4-pa3psIHBIX KaHAJIOB BBOAA-BBIBOAA. KaXkapIil kKaHa MOKET OBITh 3alIpOrpaMMHUPOBAH Ha BBOJ MITH
BBIBOJI.

B sToMm pexume | nepenaya JaHHBIX OCYIIECTBIISIETCS TOJIBKO uepes KaHanbl A u B, a muann xanana C HCIIONB3YIOTCS
JUIA TIpHeMa U BBIIaYd CUTHAIOB KBUTHpOBaHM. Eciu mopTel A u B paboTaroT Ha BBOJ, TO CUT'HAJIBI KBUTHPOBAHUS OyAyT
cnenyrorumu: CO (Bexox) — IRQb, C1 (Beixox) — ACKb, C2 (Bxox) — STRb#, C3 (Beixoa) — IRQa, C4 (Beixox) — STRa#, C5
(Bxox) — ACKa. Curnan IRQ M0XHO HCTIONB30BaTh Ul OpraHU3alMy 0OMeHa 1o npepeiBanusaM, curaan ACK
MOATBEPXKIacT rnoiydeHue nanusix B BYC ot BHemHero ycrpoiicta, crpod-curaan STR# dopmupyercst BHeITHUM
YCTPOMCTBOM U MOJTBEPKAAET HICTHHHOCTD JaHHBIX Ha BXoaax noptoB A u B. Haekc curaana nokaspIBaeT Il KAKOTO
nopta oH padotaer. Ecim moptsl A u B paboTatoT Ha BEIBOJI, TO CUI'HAJIBI KBUTHPOBAHUS OyIyT HMETh CIeIyIoIee
cootBerctBue mopty C: CO (Berxon) — IRQb, C1 (Berxox) — STRb#, C2 (Bxox) — ACKb, C3 (Beixoxn) — IRQa, C7 (BeIxox) —
STRa#, C6 (Bxox) — ACKa. B ocTansHBIX KOMOMHAIMAX HANpaBJICHUS IIEpeadn MOpToB A u B pacnpenenenne curnaiaoB
KBUTHPOBAHUS MTOBTOPSIET YK€ NU3BECTHBIC.

B pexxume 2 obecrieunBaeTCss BO3MOKHOCTh OOMeHa HH(popManueii ¢ nmepudepuiHbIMU yCTPONCTBaMHU depe3
JIByHAIIPaBJICHHBIN §-pa3psIHBIN KaHAT A 10 CHTHaIaM KBUTHPOBaHUS. 1 CUTHAJIOB yIpaBieHns 0OMEHOM HCIIOIB3yeTCs
5 muuwit nopta C. butsr: C3 (Bexox) — IRQa, C4 (Bxox) — STR_RD#, C5 (Beixon) — ACK _RD, C6 (Bxox) — ACK WR, C7
(Beixom) — STR.WR#. Munexcer RD nin WR noka3sbpIBaloT HanpasieHHe Tiepejaun ik KOTOPOro paboTaeT curHall.

ITporpammuposanue BMIC BemonHseTcs oueHs npocto. B PYC 3amuceiBaeTcs 0HO U3 ABYX YIPABISAIOIINX CIOB.
IIepBoe croBo (puc.8.2a) onpenenseT pexxuM padoThl M HAIIpaBJICHHE ITEpeAadr JaHHBIX KaXI0To mopta. Bropoe cioBo
paboraet Tosbko ¢ moproM C, ycranaBiuBaeT B 1 miu copaceiBaet B 0 3amanubIi pa3psia nopta C.
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gng O Topr CO-C3 Homep  3uauenne
00-pexum 0, 1-BBOA, 0-BBIBOX 00601’1_“;: 0 0w 1
01-pexum 1, Topr B 001 — C1
1x-pexnm 2 1-BBOA, 0-BBIBOJ 010 — C2
[Topt B, C0-C3 011-C3
ITopt A
0-pexxum 0, 1-pexum 1
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Puc 8.2 Ynpasasiwomue ciosa bBUC

JononuurensHyto nHGopManuio 1o nporpammupoBannio bVIC nmapanieasHOro BBOAA-BHIBOAA B peKUMax 1 ¥ 2 MOXKHO

HaWTH B CIIPaBOYHOM JUTEpATYpE.

B nepcoHanbHBIX KOMITBIOTEPAX HMapauIeNIbHbIA ITOPT CHENHAIN3UPOBaH I PaOOTHI ¢ IPUHTEPOM (MHTEpdeiic
Centronics). OtnensHOT0 IporpaMMupoBanust He Tpebyercs [11]. Hagansasre anpeca moprtos: 378h — LPT1, 278h — LPT2,
3BCh — Ha BuIEOKapTe MOHOXPOMHOTO AucIuiest. Kaxxaplii mopT npuHTepa 00CIyKHBaeT TpH MOPTA.

Jisa LPT1 mo angpecy 378h BeimonHseTcs
JaHHBIX Ha MPUHTEP WK BBOJ JAHHBIX C APYroro
YCTpOMCTB. JlaHHBIE HE HHBEPTUPYIOTCS
ITo ampecy 379h pacnonaraeTcst CI0BO COCTOSTHHSI
(puc.8.4). CtoBO COCTOSHUS JOCTYITHO TOJIBKO

BBIBOJ]
7 6 5 4 3 2 1 0 THIa
(puc.8.3).
D7|D6|D5| D4 |D3|D2( D1 | D0 TpHHTEpa
JJISL YTCHUS.

BeiBoger 9 8 7 6 5 4 3 2

7 6 5 4 3 2 1 0
Puc 8.3 Ilopt nannbix LPT1
0({0 (O
|
‘ ERRORY# (BeiBOA 15) 0 = ommbka
Hnst
IPUHTEPOM SLCT (BbiBox 13) 1 = npunTep BoIOpaH
O TOPT PE (BeiBom 12) 1 = Her Oymaru
7 6|5 73 AC%(# (IBBIB8,[I 10) 0= roToB K mpuemMy CIEAYIOLIEr0 CHUMBOJIA
BUSY#(groat1), 0 = npuHTep 3aHAT WK OIINOKa
0|0 |

1=utenue.

— Jlns PS/2 wu crapmmux ATs

I
p‘m 8]—4—H0]Strobe (BeiBO 1) 1 - KOTIA TIEpenaeTcs GalT

AUTO LineFeed (BbiBog 14) 1 - mepeBox cTpoku
INIT# (BeiBO 16) 0 — cOpOC YCTaHOBOK MPHUHTEPA
SLCT IN (BeiBOa17)

L IRQ Enable pa3pemenue anmnaparnoro mnpepsiBanus no ACK#.
Jns LPT1- IRQ 7 (INT 0fH), nna LPT2-LIRQ 5 (INT 0dH).

1 — BEIOOp TIpUHTEpPA

Puc 8.5 Hopt ynpasiaenns LPT1

YIIpaBJICHUS
CITYXHT elIe
¢ aapecom 37Ah.

0=BpIBOA Yepe3 TMOPT JaHHBIX,



3Ha4eHHs 3TOTO MOPTa AOCTYITHBI JJIS 3aIiCcH M 9TeHus (puc.8.5).
8.2 BUC TAUMEPA

[Tporpammupyemsblii uHTepBaibHbIN TaiiMep 18253 (KP580BI53/54) pettaet oy u3 Haubosee oouux npobiem 100k
MHUKPOIPOIIECCOPHON CHCTEMBI — T'€HEePaINIO TOYHBIX BPEMEHHBIX HHTEPBAJIOB, YIPABIIEMBIX IIpOorpaMMHO. MUKpocxema
BhImosiHeHa o n-MOII - TexHonoruu B 24-BeIBoiHOM Kopityce. Hanpsbxenne nutanus +5B. B cocra BUC Bxonsat tpu 16-
pa3psITHBIX BEIYUTAONINX cueTynka ¢ gactoroi o Bxoay CLK (CLOCK) mo 2 MTI'n. Kax sl cueTdnk MOXeT paboTaTh B
OJTHOM U3 IIECTH MPOTPAMMHO — 3aJIJaHHBIX peXUMOB. Bee cueTunku 1ocTynHb! A7 3anuc win ureHus. Kosddurment
nepecyeTa MOXeT UMETh IBOWYHBIN WK TBOUYHO-IECATUIHBIN popmat [10].

CBa3p mporpaMMupyeMoro uHTepBanbsHoro taiiMepa (IIMT) ¢ koMIOHEHTaMU MUKPOIPOLIECCOPHOH CHCTEMBI
OCYILECTBIIIETCA Uepe3 §-pa3psIHYIO AByHAIIPaBIEHHYIO MKHY faHHbIX D0-D7 nox ynpasnenuem curnanos A0, Al, CS#,
RD#, WR# (puc.8.6). [Ipu nByx0aiiTHOM 0OMEHE OTIepaIliH BBITOTHIIOTCS ABAXKIBI: CHAYaIa 3aMICHIBACTCS HITH

CUMTHIBACTCS MJIaIINH OaliT, 3aTeM cTapimuid. CueT4nkn paboTaroT He3aBUCHMO

apyr ot apyra. Ilepen HadanoM paGoThI KaXXIblil CIETUNK IPOTPAMMHUPYETCH, T.€. B
CS AT PYC 3amuceiBatot ynpasisroniee ci1oBo CW. UToObl cueTdnk Hadan paboTaTh B HETO
RD HE00X0AUMO 3amucaTh 0aiThl ko3¢ GurrenTa nepecuera. [locaeqHuil 3aCaHHbIIA
WR OaiiT 3amyckaeT cueTuuk. [locieoBaTebHOCTD 3aUcH KO QUITMEHTA CIeYIOIas:
—1 A0 IIpH OJTHOOAMTHOM — MITAIIIINI MIIN CTAapIINi, TIpH IByXOaHTHOM — CHavajIa
MJIaAIuUi, ToToM cTapiuil. IlocienoBarenbHOCTE MHULMAIM3ALUN CYETYUKOB
— Al npou3BosbHass. HanpumMep, cHauaia MOKHO 3amicath yrpasisolye ciosa B PYC
JUTSL BCEX TPEX CUETUYMKOB. 3aTeM 0 Mepe HEOOXOANMOCTH CYETUHKA 3aMlUCaTh B HETO
—1D0 ko3¢ durment.
D1 VYupasnsromee coBo CW uMeet ¢popmar rnokasanHsli Ha puc.8.7.
— D2
—1 D3
7 6 5 4 3 2 1 0
— D4
D5 qC1{SCq RLIRLO| M2|M1| Mo |BCD
— D6 |
—D7 | ] | | L— ®opwmar xona 0 — geonussii, 1 - BCD
CLKO \— Pexxum pabotsr cuetunka: 000 — pexkum 0, 001 — peskum
GO 1, x10 — pexum 2, x11 — pexum 3, 100 — pexum 4, 101 —
pexum 5
Outl ) N
—CLK1 L Urenue — 3anuck: 00 — pesxxum «3armienkay, 01 — mimaammii 6anT,
—IG1 Outl 10 — crapmuii 6aifT, 11 — MiaaammiA, 3aTeM crapimi 6aT
u
Bri6op cuetunka: 00 — cuetunk 0, 01 — cuerynk 1, 10 — cyetumk 2,
CLK2 Out?2 — 11 — HepomycTUMasi KOMOUHAIMA
—G2

Puic 8.6 YcioBHOe rpaduyeckoe Puc 8.7 ®opmat ynpap/siiomero cjioBa

o6oznayenne BUC raiimepa C4eTdnKy MOTYT paboTaTh B OJJHOM U3 IIECTH PEKHUMOB, OIPEIEIAEMbIX
IporpaMMHO KoMOuHarmen out M2, M1, MO B ynpaBisioIiem cioBe.

Pestcum 0 — npepriBanne o okoHuaHuIo cuera. [locne 3anucu ynpasinstomero ciosa CW Ha Berxoae Out
ycTaHaBIMBaeTcs HyJieBoe 3HaueHue (puc.8.8). ITocie 3arpy3ku ko dumrenta DW cueTdynk HauuHAST BBIYUTATS T10
kaxnomy cpesy CLK. Ilpu nepexone 3nauenus B 0, Berxoa Out yctanaBnauBaeTcs B eanHuLy. Ilepesamyck mpousBoguTcs
Ipy 3arpy3ke HOBBIX AaHHBEIX DW. Bxoxa G paspermaer wim 3anpeniaet paboTy cHeTYHKa.



A CW=10 DW=4
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Puc 8.8 Bpemennas imarpamMmma padoThl cueTunKa B peskume 0

Peostwcum 1 — mporpamMmupyemslii oqaoBuOpatop. Breixox Out rerepupyert 0 mo nepsomy cpe3y CLK nocne ¢pponra G n
CYETYHK HauMHaeT BeIunTatTh. [Ipn nepexone cuerdnka B 0 Ha BeIxoze ycranaBnuBaercs 1. [Tossnenne ¢pponra G
nepe3aryckaeT cueTdrk (puc.8.9).

A CW=12 DW=3

WR#—‘ ’—‘
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Puc 8.9 Bpemennas nmarpamma padothbl cueTunka B pe:xkume 1

Peoicum 2 — renepaTtop gactoTsl. Beixon Out uMeeT HylIeBoe 3HaUEHHE TOJIBKO B T€YEHUE OJHOrO MEPUOJIa BXOJHON
gactoTel CLK (puc.8.10). Ilepe3arpyska cueTurnka He IPUBOJUT K H3MEHEHHUIO [UINTEIFHOCTH TEKYIIEro UMITyIbca. OpoHT
G 3amycKkaeT CUeTYHK Ha HOBBIN LUK PabOTHL.

A CW=14 DW=3

WR#—‘ ’_‘ )
AN ATATAMTAATANII

Puc 8.10 Bpemennasi fuarpaMmma padoThbl CHeTUYMKA B pekuMe 2

Pestcum 3 — renepaTop npsIMOYToJIbHBIX HMITYyI6COB. Brixox Out paBeH 1, moka He 3aKOHUMTCS OJHA [TOJIOBHHA CYETa
(puc.8.11). Ilpu HeuetHomM DW Ha nporsokennn (N+1)/ 2 TakroB ynepxuBaercs 1 u Ha npotsbkenun (N-1)/2 takros — 0. B
OCTaJIbHOM PEKUM 3 aHAJIOTHYEH PEXUMy 2.

Peswcum 4 — nmporpammMHas 3aznepkka crpobda. Ilocie 3anmcun CW Ha Beixone Out ycranaBnuBaeTcs 1. 3amyck cueTta
ocymecTBiseTcs nocne 3anucu DW. Ilpu mocTrkeHu# HyJIs Ha BBIXO/e TeHepupyeTcs uMiryibe B oqua CLK (puc.8.12), a
CUETUHK ITposoJpKaeT paborats. [lepezarpyzka DW nmpuBonut k nepesanycky. Curnan G paspeliaeT win 3anpenaet padory
CUETUYHKA.

Peoswcum 5 — anmapartHas 3aepxka crpoda. CueTynk HaunHaeT paboTtaTsb TosbKo 1o Gponty G (puc.8.13). HoBslii pponT
nepesarryckaeT TeKyIuii cueT. B octambHOM pexxnM paboThl aHAIOTHYEH PEXHMY 4.
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Puc 8.11 Bpemennasi xquarpamma pa6oTbl cueTYHKa B pexxume 3
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Puc 8.12 Bpemennasi xquarpamma padoTsl cueTYHKa B peskume 4

A CW=1A DW=3
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3210 321 3210 T

Puc 8.13 Bpemennasi xquarpamma padoTsl cHeTYHKA B peskume S

Urenne nHpOpMAINHU U3 TaliMepa BO3MOXKHO B BHJIE IOKa3aHWI CUETUYMKOB M OCYIIECTBISICTCS ABYMS CIIOCOOaMH:
IIyTeM BBINOJHEHHS OOBIYHOM OTIEepalliy YTCHUS WIIM BBOJIA CHIEIUAIbHOM KOMaH bl M IIOCIIEYIOIIEro YTeHHs («ITEHHE Ha
TETY»).

ITpu nepBoM criocode yTeHus A1t 00ecTieueHNs CTaOMIBHBIX MOKa3aHUH (CUMTHIBACTCS TEKyIass HHPpOpMAIHs)
paboTa cueTyMka JOJDKHA OBITH IPHOCTAHOBJICHA ITyTEM I10/1a4X HA BX0J G HANpPSDKEHMSI HU3KOTO YPOBHS (pexxuMsl 0, 2-4)
nnu 6iokupoBanneM curnana CLK.

Bropoii crioco6 uTeHHs 3aKII0UaeTCs B TOM, YTO NPOTPAMMUCT MOXKET CUUTHIBATh COJICPKUMOE CUCTUHKA, HE
IpepsIBas IpoIecc cueTa, MOCPEICTBOM OINEPAIliH 3allHCH OTIPEICIEHHOTO YIPABIIAIOIIErO ClIOBa. B ympapisromeM cioBe
paspsasl D5S=0, D4=0 yka3sIBaroT, YTO POU3BOIUTCS OTIEpaIlus 3aIIeTKUBaHus; pa3pansl D7, D6 cmyxkaT agpecoM ais
BBIOOpa KaHamna; cocTosHue paspsgaoB D3-D0 6e3pazmuyuno. ComepkUMOe CUeTUHKA PU BTOPOM CIIOCO0€ YTCHHUS
M3BJICKACTCS B CIEAYIOIIEM IOPSAIKE: ONepanus 3aliCH «3allesIKUBaeT» TEKyIlee 3HaueHHe CUeTa; epBast ornepanus
YTEHHS M3BIICKACT COJIEPKUMOE MIIAJIIero OaiTa; BTOpas OIEparys YTCHUs U3BJICKAET CONEPKUMOE cTapIiero 6anra.

B mepconansHOM KOMIIBIOTEpE TaiiMep uMeeT yethipe mopta [11]. [To agpecam 40h, 41h, 42h u 43h pacmonararorcs
cuerunku 0, 1, 2 u PYC. [IporpammupoBanue TaiiMepa HECKOIBKO CIIOKHEE. DTO CBA3aHO C U3MEHEHHSMH B YIPaBIIIONINX
CJIOBAX.



[epBoe ynpasmnstomee cnoBo CW1 ananornuno paccmorperHomy CW (puc.8.7). Ho xomOunanms SCO=SCI1=1,
BO3MOJKHA U OTIpeJIeIIsieT YTEeHUE COCTOsHUS KaHana. Ecin npousBoaurcest urenne cocrosiaus kanana (RBC), To TpeGyercs
3amuchk BTOporo ynpasistonero ciosa CW2 (puc.8.14).

1|1 0
L 1 — BBIOOp KaHana (cueTunka) 0 [Tocrte samicit CW2 B
1 — BeIOOp KaHaua (cueTymka) 1 PYC, moxHO mpountath
cnoBo coctosiausg SW. Ero
1 — BeIOOp KaHama (cueTynka) 2 dopmar anarormuen CW
(puc.8.7), 3a HCKITIOUEHUEM
STAT: 0 — ynTaTh COCTOSTHHE KaHAJIOB, IBYX cTapmux out. bur D6
1 - He YMTaTh COCTOSIHHME KaHAJIOB obosnayaercs FN u
COOTBETCTBYET (pary
CNT: 0 — 3a1IOMHUTH TEKYIIEE COCTOSHUE , Tepe3arpy3Ku KOHCTaHT.
1 — He 3aIIOMHHAThH TEKYIIee COCTOSTHIE Paspsn D7 obosnataetes OUT

Y TTOKA3bIBAET COCTOSHHE
BbIXOa. TakuM 00pazom,
Puc 8.14 ®opmar ynpasastoniero ciosa CW2 (RBC) CJIOBO COCTOSIHUSI TOKa3bIBACT
k03 uLKeHT nepecueTa,
PEeKUM paboThl, opMaT
YTEHHS-3aIUCH, TTepe3arpy3Ky
KOHCTAHT U COCTOSIHHE BBIXO/IA.

Ecnu B cioBe CW1 He npumensiercs popmat RBC, To paboTa ¢ TaiiMepoM mepcoHaIbHOTO KOMITbIOTEpa HUYEM HE
OTIIMYACTCS OT pabOTHI ¢ MUKpOCXeMoii 18253.

Taiimep 0, B KOMIBIOTEPE, CIIY>KUT JUIsl U3MEPEHUSI BpEMEHHbBIX UHTEepBaioB. Boixoanas yactora 18.2 I'u. Taiimep 2
MOJKIIIOYEH K TPOMKOTOBOPHTEIII0, KOTOPBIH JOMOIHUTENBHO YIIpaBisieTcst uepes nopt ¢ aapecom 6 1h. but DO storo mopra
ympasisieT BxogoM G2 (GATE2), a out D1 (1/0) BriItoYaeT/BBIKITIIOYAaET THHAMUK.

8.3 BUC YHUBEPCAJIBHOI'O TIPUEMO-IIEPEJATUNKA

[TocnenoBatenbHas CBSI3b B MUKPOIIPOIIECCOPHBIX CHCTEMaX MpeaycMaTpHUBaeT MoceI0BaTeIbHYIO0, 0 OuTaM, Iepeiady
JIAHHBIX. DTOT BUJ CBS3H LIMPOKO MCIIOJIB3YETCS AT epeaayun JaHHBIX MEXIY YCTPOUCTBaMU, PACION0KEHHBIMU B OJTHOM
MIOMEIICHUH, HO €CITH BOCIIOJIB30BaTHCSA MOJIEMOM U Tele() OHHBIMHU JIMHISIMH, TAKYIO CBS3b MOKHO OCYIIIECTBHTH Ha JIFOOOM
PACCTOSIHUU.

Cy1ecTBYIOT 1Ba peKUMa CBSI3U: AYIUIEKCHBIN U MOTYyIJIEKCHBIA. B AymiiekcHOM pexume oJHOBPEMEHHO C nepenadeit
JIAHHBIX U3 YCTPOIHCTBa A B yCTpOoUCTBO B yCTpOHCTBOM A MOKET OCYIIECTBIATHCS MIPUEM JaHHBIX, IEPEIaBaeMbIX
ycTpoiictBoMm B.

B nonyaymiekcHOM pexume NpeayCMOTPEHO BPEMEHHOE pa3ielieHUe [IpYeMa U Iepejadyy 110 OAHOM JINHUY.

HOCJ’[C}IOB&TCHBH&H CBA3b OPIraHU3YCTCAd aCUHXPOHHBIM U CHUHXPOHHBIM crocobamu nepeaayn JaHHbIX. ACHHXpOHHaf{
nepenada JaHHBIX 3TO IIepeada JaHHBIX OCYILECTBIsIEMasi HEperyJipHo. [[1s1 nepeapaun 0JHOro CUMBOJIA OUYEHb 4aCTO
WCTIONIB3YeTCsI MobalToBas mepeaada. Bpems moCTyIUIeHUs JaHHBIX HETpeCKa3yeMo, IIOITOMY B Hauae repeiaBaeMbIX
JTAaHHBIX TIOMEIIAIOT CTAPTOBEIM OUT, a B KOHIIE - CTOMOBBINA OUT. Takum 06pa3oM, Koraa mepeaadn HeT, Ha JTUHUH
YCTaHABIIMBACTCS COCTOSHIE JIOTHIeCKOl equHUIEL. [Ipy mepegaye JaHHBIX CTApTOBHIN OUT, paBEH HYIIIO, & CTOTIOBBIH
eaunuIe. MIHOT1a MPUMEHSIOT OOJIBIIE OJHOTO CTOMOBOTO OMTA U elle KOHTPOIb YeTHOCTH Oalita. Enunanma mepenaBaeMoit
HHPOPMAIUU HA3BIBACTCS KaIPOM.

[Tycts HEOOXOAMMO TIepenath 3HaueHue 85h. @opmart kampa BKIFO9aeT § OUT JaHHBIX, KOHTPOJIbh YSTHOCTH, JIBA
CTOIOBBIX OnTa. BpemeHHas quarpaMMa nepenadn nHGOopMAaIiy oka3aHa Ha puc.8.15.



U A - OnuH Kaap S
Crapr- out
D0 D1 D2 D3 D4 D5 D6 D7 / but yetHOCTH
JInuns ceoOoHa —— 2 cToIl- Oura
I T I A | | | 1 | -
1T 1T 17T 1T 1T 11 1T 1 [ -
T

Puc 8.15 Kaap nociienoBare/ibHO NepeaaBaeMbIX JaHHbBIX

[Ipu cuHXpOHHOM Iepeaave AaHHBIX IS BBIJICJICHUS U3 TIOCIIEI0BATEIHHOTO IIOTOKA MOJIE3HOW HH(POPMAINH ITepes
OuTaMu TaHHBIX BBOJSTCSI CHHXPOCHMBOJIBL. KOJTMUecTBO CHHXPOCHMBOJIIOB, OIMH W 1Ba. CHHXPOCHMBOJ HMEET TYXKe
JUIMHY, 4YTO ¥ JaHHbIE. J{1s1 CHHXpOHHOH Nepeaudl HHOT/AA HCIOJIB3YIOT JONOIHUTEIbHBIE CUTHANBI YIIPABICHMUS.

IocnenoBarenbHbI HHTEPETC MUKPOIIPOLIECCOPHBIX CUCTEM CTPOUTCS HA 0a3e YHUBEPCATHHOTO CHHXPOHHO -
acuaxpoHHOTO0 premornepenarauka (Y CAIII) aramoruunoro 18250 (KPS80BB51A) [10].

Muxkpocxema KP580BB51 A - yHuBepcaibHBIM NpHeMoIepeIaTurK, IpeIHa3HaueHHbIN 11 annapaTHOH peanu3auu
MOCTIEIOBATENBHOTO IPOTOKOJIa 0OMEHa MEXTy MUKPOIPOIIECCOPOM (MM APYTHM YCTPOWCTBOM, KOTOPOE CMOXKET
3aIpOrpaMMHUPOBATh JAHHYI0 MHKPOCXEMY Ha TpeOyeMbIil pekuM paboThl) W KaHAJAaMHU IOCIIEeNOBATENLHON Mepenadun
JCKpeTHO# nHdopmannu. MukpocxeMa rnpeodpasyeT napauielbHbIil KO, MOJTy4aeMbli OT HEHTPAIBLHOTO MPOIIeccopa, B
MOCTIEIOBATENIEHBIN IIOTOK CHMBOJIOB CO CITYKEOHBIMH OWTaMHM U BBIAAET 3Ty MOCIEI0BAaTEIFHOCTh B TOCIIEI0BATEIbHBIN
KaHaJl CBSI3U C Pa3InYHON CKOPOCThIO (MaKCHMalbHas CKOPOCTh IpHeMa/lepeladd Mo MOCIeIOBATEIbHOMY KaHAITy
64K06on, MMHMManbHas HE OrpaHWYCHA W OIpENeNIsieTCs BHEIIHWMH yCTpoWcTBaMu). Tarke MUKpocxeMa
BBITIOJHSCT ¥ 00paTHOE peoOpa3oBaHye: MOCJIEIOBATENBHBIA MMOTOK CHMBOJOB - B IapajuleNbHOE §-pa3psiiHOE CIOBO.
IlepenaBaemast 1 mpuHUMaeMasi MHQOpPMaNKs MIPHU >KETAaHUH MOXET KOHTPOJINPOBATHCS HA YETHOCTH(HEUETHOCTH).

Muxkpocxema NporpaMMHUpPYyeTCs Ha BHIIOTHEHUE OYTH BCEX MPUMEHSIOIUXCS B HACTOSILEE BPEMsI IPOTOKOJIOB
TIOCJIECI0BATENILHOM IIepejadll JaHHBIX U paboTaeT B ABYX pPEXHMax: CHHXPOHHOM U aCHHXpOHHOM. CHHXPOHHBIA pexXum
XapaKkTepu3yeTcs: HeNpepBIBHBIM TOTOKOM IepeiaBaeMoii (mpuHnMaeMoit) nadopmannu. s ycraHOBIEeHHS
CHHXPOHM3AINH MEXy TIepeIaTINKOM (IPUEMHUKOM) MUKPOCXEMBI M IPUEMHHUKOM (TIepeJaTYNKOM) BHEITHETO YCTPOMCTBA
U BBIZCTICHNS U3 TTOCIIEI0BATEIHHOTO TOTOKA CHMBOJIOB MOJIE3HON HH(OPMAIMU B TOTOK BBOJIATCS KOAUPYIOIINE CIOBA —
CHHXPOCHMBOJIBI, HH(POpPMAaLMOHHAs 5-8 OUT U BpeMeHHas JUTMHBI CHHXPOCHMBOJIA M CIIOBA JaHHBIX OJMHAKOBHL. BpemeHHbIE
MIPOMEXXYTKH MEXKAY CIIOBAMHM 3alOJHAIOTCSA CHHXPOCHMBOJIaMH. Koan4yecTBO CHHXPOCHMBOJIOB 3aaeTcs MPOrpaMMHO
(onuH wnu 1Ba). [Ipu KOHTPOIJIE YETHOCTH MOCIIE KaXKJIOTO CJIOBA BCTABJIACTCS OUT KOHTpOJIAL. Y cioBHOe o6o3HadeHne bNC
npuBeAeHo Ha puc.8.16.

Haznauenue BeiBog0B: DO-D7 - kaHanm maHHEIX U1t 0OMeHa HHpOpManueil MeXIy MHKPOIIPOLIECCOPOM U MHUKPOCXEMON;
RD# - curnan urenus napopmarn; WR# - curnan 3anucu nngopmanun; C/D# - ynipasnenue/nanusie; CS - BeiOop
MmukpocxeMmsl; CLK — curnan TakTupoBaHuUs BHyTpEHHUX cxeM; Reset - ycraHoBKa ucxogHoro coctosHus; TxD — Beixog
nepenaturka Mukpocxembl; TxC - cunxponuzanus nepeaatyuka; TXEND - konen nepeaaun; TXRDY - rotoBHOCTB
nepenatyrka; RxD — Bxox mpuemnuka MukpocxeMsl; RxC - cuaxponnsanus npuemanka; SDET - nByHanpaBneHHbIN
TPEeXCTaOMIBHBIH ITPOrpaMMHUpPYyeMBbIi BX0A-BbIX01; RxRDY - rotoBHOCTB
npuemHnKa; DSR (BX0x) - TOTOBHOCTH BHEIIIHETO YCTPONUCTBA MepeaaTh

— DO |YCAIII TxD |— nanneie; DTR (BeIxon) - 3ampoc nepenaTdynka BHEITHETO YCTPOMCTBA Ha
— DI TxC |—  mnepenauy mannbix; RTS (BBIXOM) - 3aIIPOC IIPHEMHHMKA BHELIHETO
cTpoiicTBa Ha mpueM JaHHbIX; CTS (BX0M) - TOTOBHOCTH BHEIIHETO
X ycTp p
D3 TXRDY yCTpOﬁCTBa IIPUHATH TaHHBIC.
D4 IIporpammupoBanre BIC BeIMONHAETCS O CIEAYIOIIEN CXEME.
— Havasa orpeessieTcst pexuM paboThl CHHXPOHHBIN WIIN aCHHXPOHHBIH,
C o i i
— D5 RxD — JUISL 9TOTO peskrMa opMat Kazipa ¥ CKOPOCTh Iiepeadu. 3aTeM
—1 D6 RxC |— ¢dopmupyroTcs ynpasisomue cinosa MI (nHeTpykuus pexuma) u CI
— 1 D7 SDET |—— (MHCTPYKIMS KOMaHM). Y IPaBIISIONIUE CJI0BA OOBIYHO 3aITUCHIBAIOTCS TI0
RxRDY neuetHomy anpecy BUC (CI=0, CI= «copoc», MI, CI= «pa3zpenienue BBoaa-
®D BBIBOJa»). I1o 3TOMY Xe afgpecy CUuThIBaeTCs CIoBo cocTosHus SW. B
— S 3aBHCHMOCTH OT TOTO YTO MBI cOOMpaeMcs IenaTh lepeaaBaTh Wil
WR DSR z MIpUHUMATh JaHHBIE B SW NIpOBepsIIOTCA COOTBETCTRYIoIME OUTHI. Ecin
— C/D DTR NpHEMHHK (TIepeJaTukK) TOTOBEI K paboTe, TO 1o YeTHOMY aapecy BUC
— 0 CS CUMTBIBAETCA (3aIUCHIBAETCS) OAWT NaHHBIX.
RTS Ha pwuc.8.16 nmpuseneno ynpasistomiee ciioBo MI. Eciu 6uter 0 u 1
— OTIPEEIAIOT CHHXPOHHBIN PEXXNM, TO OUTHI 6 U 7 TOJKHBI yCTAHABIUBATHCS
— CLK CTS i:
— Reset

Puc 8.15 YcioBHoe rpaguyeckoe
obdoznauenue BUC YCAIIII



JJIA 3TOr'0 peKrMa. buteico2mo 5B CHUHXPOHHOM U aCMHXPOHHOM PECKHUMaAX pa60Ta}0T OJNHAKOBO.

7 6 54 3 2 1 0 Hretpyi
UST KOMaH
(puc.8.17)
paspermiaer
1 1 .
. 3amperaeT
Bei6op pexnma: 00 — CHHXPOHHBIH PEKUM.  ppyen
ACHHXPOHHBIN PEKUM, ACHHXPOHHBIN pexUM: (mepenauy),
KOJIMYECTBO CTONI OMWT: 01 — daxrop ckopoctu 1:1; TO3BOISICT
00 — He ucnosb3yeTcs; 10 — ¢axrop ckopoctu 1:16; C6P06CHTB
OILIMOKH,
?(1) - i gTon 6I/I6T, 11 — daxrop ckopoctu 1:64 YCTAHOBHTD
-1 a;
112 CT((:)l;'?gI/I;T ’ L KomnuectBo OuT maHHBIX B Kaape: 00 — 5 H&?’W 1
— Cc(popMHupOBa
- out; 01 — 6 6ut; 10 — 7 6uT; 11 — 8 OUT pMHP
CUHXPOHHBIN PEXUM: Th 3aNpOCHI
00 — 2 CHHXPOCHMBOJIA U Kontpons nannsix: 1 —ectp; 0 - HET TOTOBHOCTH
(&
BHYTPEHHSISI CHHXPOHU3AIUS; KonTtposib: 1 —9eTHOCTB; 0 - HEYETHOCTD 3;&;2’;&
01 — 2 cuaxpocumMBoOa U
BHEITHSSI CHHXPOHU3AIIHS; 7 6 5 4 3 2 1
10 — 1 cuHXpOCUMBOI U
BHYTPCHHS CHHXPOHU3aINA, SYNC [RESET | RTS ER T RxEN | DTR TxEN

11 — 1 cuaxpocumMBoI 1

BHCIIHAA CUHXPOHH3aIUA

Puc 8.17 ®@opmat ynpasasiomiero ciaosa CI
Puc 8.16 ®opMar HHCTPYKIIUM peKUMA

3navenus out ciosa cinexytomue: SYNC=1 — nouck cuaxpocumbona; RESET=1 — BHyTpeHHUI TporpaMMHBIi cOpoc;
RTS=1 — 3anpoc roToBHOCTH IPUEMHIKA BHEIIHETO yCTpoicTBa (oqHonMeHHbIH Boixo BIC umeer 3nauenune 0); ER=1 —
copoc ommbku; T=1 — may3a (0 — HeT); RXEN=1 — pazpemenue npuema; DTR=1 — 3anpoc roToBHOCTH NiepeIaTInKa
BHEITHETO ycTpoiicTBa (omHonMeHHbIH BoIxo] BUC umeet 3Hauenue 0); TxEN=1 — pasperienue nepenaqmn.

CroBo cocrostaus (puc.8.18) mo3BoNgeT onpeaeInTs TOTOBHOCT BHEIIIHETO YCTpOoHCTBa nepeaats naHubie (DSR=1),
BXOXxeHHe B cunxpoHuzaimio (SDET=1), ommobky ¢popmata (FE=1), omubxy nepenonnenns (OE=1), omubKy KOHTpos
yetHocTH naHHbIX (PE=1), 3aBepmenue nepenaun (TXEND=1), roroBHocTth npuemuuka (RXRDY=1 — nannsie B Oydepe),
rotoBHOCTH nepenatunka (TXRDY=1 — O0ydep mycr).

7 6 5 4 3 2 1 0

DSR | SDET | FE OE PE [xEND [RxRDY | TxRDY

Opranuzanus COM
mopta [11] mepconaasHOTO
KOMIIBIOTEpa UMEET
HEKOTOPBIC OTIMYHSL, CBSI3aHHBIE B IEPBYIO OUEPEb C OpraHU3aIIeH TOCIeA0BATEILHOM CBA3H CO CTAHAAPTHBIMHU
ycTpoiictBamu 1 MosieMoM. [JomonauTtensHo B BUC 18250 BBei€HBI perucTphl, ONPEAEIAIONINe CKOPOCTh IpUeMa-TiepeIayH.
B nepconansHOM KOMIIbIOTEpE 00BIYHO HcTionb3yeTes 1Ba mopra COM1 u COM2. AnpecHoe npoctpanctBo 3F8h — 3FFh
Juts iepBoro mopta, U 2F8h — 2FFh s BToporo. PacmpeneneHre mopToB B HEKOTOPEIX CIYYasX 3aBHCUT OT CTapIIIero
paspsina ynpasistomiero cioBa. Eciu crapmmii 6ut (D7), Oajita 3amuceiBaemoro mo aapecy 3FBh, pasen 0, To o aapecy
3F8h pacmonaraeTcst peructp mpuema (repeaadn) JaHHeIX. B npotuBHOM citydae (D7=1) mo 3ToMy ajipecy 3amuchIBacTCs
MITaIIIAi OaiT ko3 duImenTa qeneHns 9acToThl. AHAJOTHYHO H3MEHSCTCS Ha3HaueHue peructpa no aapecy 3F9h. Ecmu
D7=0 no anpecy 3FBh, To o agpecy 3F9h pacmonaraercst peructp yrpasieHus pepbiBaHmsIMA. B ciaydae, korma D7=1, mo
anpecy 3F9h pacnomaraetcs crapmuii 6aiT ko3¢ duIrenTa nepecyera.

B ta6nuie 8.1 mpuBeaeHo cooTBETCTBUE KOA(D(PHUIIMEHTOB MepecueTa U CKOPOCTH NprueMa (mepeaadn).

Puc 8.18 ®@opmat ynpasasiouero ciosa SW

Ta6auna 8.1
Ko duunent Cxopoctb (box) Ko duunent Cxopoctb (box)
1040 110 24 4800
768 150 12 9600




384 300 6 19200
192 600 3 38400
96 1200 2 57600
48 2400 1 115200

Peructp ynpasnenus npepsiBanusamu (agpec 3F9h) ot acuaxponHoro aganTepa uMeeT popMart, NPHBEIACHHBIA Ha
puc.8.19.

L RxRDY=1 — pa3pemenue npepbiBanuii o
TOTOBHOCTH MTPUEMHHUKA JTAHHBIX

L TxRDY=1 — pa3penienne npepblBaHUN 10O
TOTOBHOCTH TepelaTuuKa TaHHBIX

L 1 —paspewenue npepsiBanuii 1o BREAK
WIX IO OLINOKe Hons

L 1 — pa3penieHne npepblBaHUN OT BXOAHBIX
muunii CTS, DSR, RI, DCD

Puc 8.19 ®opmart perucrpa ynpapjieHusi NpepbIBAHUSIMU
OTIpe/IeIICHUS IPHYNHEI IPEPBIBAHUN CITY)KUT PETUCTP WACHTU(PHUKANY pepbiBaHui. Ero ¢opmaT mokaszan Ha puc.8.20.

7 6 5 4 3 2 1 0

0 0 0 0 0 C1 Co IxXRDY

Puc 8.20 PerucTp naeHTu(PUKALIANA IPEPLIBAHUI
p 1A ¢ I pep OTOT perucTp

pacrionaraercs 1o ajapecy
3FAh. Ecin 6ut IXRDY=1, T0 Het npeprIBanmii oxugaromux oocmyxuanus. buter C1 u CO onpeneisroT Ko1 HICTOYHUKA
npepsiBanuii: 00 — ects npepriBanue no ommbdke OE, PE, FE miin BREAK; 01 — nannsie npunsarsl (RxRDY); 10 — 6ydep
nepenarynka mycT (TxRDY); 11 — usmenmnock coctosiaue CTS, RI, DCD, DSR.
s COM1 B MuKpoOTIpOIIeCCOpHOM cucTteMe oTBeieH ypoBeHs IRQ4 3anpoca npepriBanuii, s COM2 — IRQ3.
ITo anpecy 3FBh pacnionoskeH ynpapistomuii perucTp, JOCTYIHBIN ISl YTSHHS 1 3alicu. B Hem omnpenensiercs
KOJINYECTBO OWT JaHHBIX B KaJpe, KOJINIECTBO CTOMOBBIX OUT, HAJIMYNE KOHTPOJIS YETHOCTH MIIH (PUKCUPOBAHHAS Y€THOCTh,
YCTaHOBKa MepephiBa

7 6 5 4 3 2 1 0 BREAK u ynpasnenue
TIOpTaMH TI0 aZipecaM
3F8h, 3F9h (puc8.21).
|
L1

KommdaectBo 6uT manubix B kamape: 00 — 5
out; 01 — 6 6ut; 10 — 7 6ut; 11 — 8 6uT

0 -1 cron 6ut; 1 — 2 ctom Outa

L— Kontpons: X0 —Het; 01 — mo HeyeTHOCTH;
11 — o yeTHOCTH

L  ®uxcupoBanHas 4eTHOCTh: 0 — P=0 nns
D4=D3=1; 1 — P=1 nnsa D4, D3 =01

L VYcraHoBKa nepepbiBa, BHIBOJ CTPOKH HYJIEH Vrpasienne
st BREAK MOJIEMOM

1 — 3F8h, 3F9h koapdUIMEHT feneHns YaCTOThI;

0 - 3F8h nannsie, 3F9h peructp ynpasneHus npepbIBaHUIMHU

Puc 8.21 ®opmart perucrpa ynpasjeHus



OCYIIECTBIISIETCS Yepe3 perucTp pacnonoxeHHsd 1o aapecy 3FCh. butet OUT1 u OUT2 (puc.8.22) cooTBETCTBYIOT
3anacHbIM JuHUAM. but D4 3anmyckaer Tect nopra npu yciaoBud, 4to Beixoq TxD u Bxoa RxD 3aMKHYTBI.

7 6 5 4 3 2 1 0

0 0 0 TEST [ OUT2 | OUT1 | RTS DTR

ITo aagpecy 3FCh
pacrioyiaraeTcst perucTp
COCTOSIHHMS JIMHUH
(puc.8.23). but T oBewaer
3a HaJIM4HKe Iay3bl, T.c. BHEIIHEE YCTPOHCTBO HE MMEET CBsI3U ¢ KoMnbioTepoM. but TIXRDY moka3siBaeT rOTOBHOCTb
peructpa casura nepenarduka, a TXRDY — rotoBHOCTE peructpa xpaHeHus JaHHbIX nepenaturka. bur BREAK
ycraHaBnuBaeTcs B 1 ecin oOHapyeHa JiTMHHas cTpoka Hyiel. Ecimu out SE=1, To npon3onura ommbka CHHXpOHU3AIUH.
Pabota c npyrumu 6utaMu 3Toro perucrpa ananorundaa SW pnc.8.18.

Puc 8.22 ®opmar perucrpa ynpabJjieHHs] MOIeMOM

7 6 5 4 3 2 1 0

T |T1xRDY|TxRDY |BREAK| SE PE OE RxRDY

ITo agpecy 3FEh
pacmosaraercst
perucTp Puc 8.23 ®opmar SW jiuHun COCTOAHHA MOZICMA
(puc.8.24). bur DCD — 310
JICTEKTOP MPUHEMAEMOTO C
JIMHUHA curHama, RI —
7 6 5 4 3 2 1 0 MH/IMKATOP BBI30BA.
OcranbHble paspsaasl SW
MoZieMa DCD RI DSR CTC | DCD RI DSR CTC M3BECTHBL.
| | | |
CocTosgHue JIUHUHA JIuHug u3MeHuIIa COCTOSIHUE

Puc 8.23 ®opmar SW monema

Curnan DB9 DB25 Hamnpasnenue . Hopr
TIOCIIEI0BATEJILHOM CBSI3H alNapaTHO MOXET OBITh pean30BaH B COCTAaBE
TxD 3 2 Beixon pasmuanbix BUC. CxeMOTeXHHKA TOPTA MOKET HMETh OTIINYHMS, HE
BJIMSIIOIINE Ha €ro nmporpaMmmupoBanue u uarepdeiic. [lepconanpHbrit
RxD 2 3 Bxon KOMIBIOTEP UMEET Pa3beMbl IS ITOAKIIOYCHUS BHEITHUX YCTPOICTB K
DTR 4 | 20 Bbixox :IopTaM. [IpuHATO UCTIOIB30BATH JBA THUIIA PA3bEeMOB - 25 U 9 KOHTaKTHBIE.
a puc.8.24 moxka3aHO COOTBETCTBHE CUT'HAJIOB KOHTAKTaM pa3beMa 1
DSR 6 6 Bxon HaIpaBJICHUE Pepez[aBaeMoﬁ nHdopmanuu. Bee curnansl umeror
IIPOrpaMMHBII JOCTYI, OJHU IJISl YUTEHHUS, IPYTUE I 3aIHCH.
RTS 7 4 Brrxon 8.4 IPOTPPAMMUPYEMBIHKOHTPOJLJIEP IPEPBIBAHUM
CTS 8 5 Bxon Ipepvieanus ¢ muxponpoyeccopuwvix cucmemax. IIpepbiBanus
MIPEACTABISIIOT COOOM ITepecTaHOBKY KOHTEKCTa MPOIIECCOPa, BEI3BAHHYIO
DCD 1 8 Bxon BHEIIHEH 110 OTHOLLIEHUIO K BBINOIHAEMON HHCTPYKLIUY IPUYUHOM.
RI 9 27 B VlcTouHMKM TpephIBaHUi 3TO epudepuitHbIe yCTPOHCTRA, OIepaTop
XOA MHUKPOIIPOIIECCOPHON CUCTEMBI, IPOrpaMMHBIe cpeacTBa. Puzndecku
GND 5 7 _ IIpepBIBaHU MIPEICTABISIIOTCA CUTHAJIOM, IIOCBUIAEMBIM MHKPOTIPOLIECCOPY.
OTOT CUrHAJ BBI3BIBAECT U3MEHEHHE yKa3aTelsd CIeTINKAa KOMaH

MUKporporeccopa. [IporpaMma, K BHITIOJIHEHUIO KOTOPOW MTEPEXOIUT
Puc 8.24 Pazrem COM nopta MHKPOIIPOLIECCOP B Pe3yNbTaTe MPEphIBaHUs, Ha3bIBACTCS MPOrPaMMOH
00paboTKU IpepHIBAHUS.
CymecTByeT Ba MOJX0/a K OpraHN3aliy MPEPhIBAHUN: CO BCEMH
NpepHIBAHIAMHE CBS3aH OJMH yKa3aTellb U 0JJHA MporpamMMa 00paboTKH; ¢ Ka)IbIM IPEPHIBAHMEM CBSI3aH CBOIl COOCTBEHHBIH
yKazaTelb U CBOA Mporpamma o6paboTku. B mepBoM moaxojie 00s3aTelbHO JOJDKHA OBITh TOMONHUTEIbHAS HHpOpMALHs
(xox mpepbIBaHHMs), YTOOBI OTIIMYUTH HCTOYHHUK HpepbiBanus. [10 Koay mpepbiBaHKs BBI3BIBACTCS COOTBETCTBYIOLIAS
nojnporpamMma oo6padoTku. Bo BTopoM 1moixojie COOTBETCTBYIONIAS TPOTPaMMa BbI3bIBACTCS aBTOMAaTHYECKH, T.K.
CYILIECTBYET HECKOJILKO YPOBHEN IIPEPhIBAHUM.
KoH)aMKT Mpy 0AHOBpEMEHHOM TIOCTYIUICHHH 3a1Ipoca Ha IpepbIBaHKUE Pa3peliaeTcsl yCTAaHOBICHUEM IIPHOPUTETOB
MEXIy YPOBHIMU MTPEPHIBAHUIL.



[TpepbiBanus genaTcst Ha MacKHpyeMble 1 HeMacKupyeMsble. [IepBeie MOTYT OBITH 3alpeIieHbl MM Pa3peIleHb]
MPOTPaMMHBIM CII0cOOOM Ha YpOBHE MUKPOIIpOLIECCOpa MIIM Ha ypOBHE KOHTpOJIIepa IpepeiBaHui. Bropbie He MOTyT OBITH
3aIpeleHbl IPOrpaMMHO.

Qusuueckas opzanuzayus npepviganuti. C TOUKU 3peHUs (pU3NIeCKON OpraHu3alyy pa3inudaoT PagraIbHyIo U
BEKTOPHYIO CHCTEMY NIPEepPBIBaHMUIL.

B panmansHO¥M cucTemMe mpephIBaHUH KoMy 3arpocy IRQ cooTBeTCTBYeT OTIENBHBIN BXO MUKPOIIpOLIeccCopa U
aapec. Jlns nporpammucta kaxasiii IRQ 3o oTnensHas Touka BXo/a B MOANIporpamMmy. BXo mponcxoanT aBTOMaTHUECKH
IO 3aIpocCy, MO0 MPOrpaMMHO IO ompocy. B 000ux ciaydasx c4eTIMK KOMaH] COXPAHACTCS B CTEKE, a B CYCTINK KOMaH]
3aMKCBHIBAETCS CTAPTOBBIN aipec MOAIPOTPaMMBL.

Ha puc.8.25 moka3an parMeHT ycIoBHOTO Tpauueckoro 0003HadeHUsT MEKpoIporeccopa i8085 ¢ BxogaMu 3ampocoB
npepbiBanuii [10].

C uenelo yBenu4eHUs IOMEXOYCTONUUBOCTI
UCTIONB3YIOT HECKOJIBKO BUAOB 3aIyCKAIOIIUX CUTHAIOB

KomOuHMpoBaHHBIN — TRAP MII IRQ: craTnueckuid, He MPOUCXOTUT UBMEHEHUE ET0
_4_ 18085 ypoas (RST5.5, RST6.5); nuHaMu4ecKwid, rae BakHA
JIuHaMU4ecKui — RST7.5 cKopocTh HapacTanus curHana (RST7.5);
,_ kombuHupoBanHblil (TRAP). Bee npepbiBanus, kpome
—— RSTS5.5 NMI, mackupyemsie.
CraTuueckue ,_ Kaxxnas BaemHss paguanbHas quaus IRQ moxet
—— RST6.5 OBITH TIpEBpalleHa B MaruCcTPalib, 00BEAUHSIONLYIO 10
cxeMme «MoHTaxkHoe MJIM» 3anpockl OT HECKOJIBKUX
Hemackupyemoe —— NMI HUCTOYHUKOB (puc.8.26). vSTo TaK Ha3bIBAEMOE
| — paciipeHue paauaabHOW CUCTEMBl METOJOM HOIUHSA.

3meck ecTh o1HA Ipo0IIeMa, CBS3aHHAS C
uneHTH(UKannei nctounnka. Pemraercs oHa ompocom
TOTOBHOCTH Ka)KJOT'O HCTOYHHKA.
Cxema ompoca nokazana Ha puc.8.27. OyHKIus
MTOJUTMHTA COCTOUT B MOCJIEOBATEIEHOM OIIPOCE

Puc 8.25 PaguanbHas cucremMa npepbiBaHui

[ITuHa 3anpocoB

COCTOSIHUS BCEX YCTPOMCTB, CBSI3aHHBIX C TaHHOU
JINHUEH 3ampoca.
MII
N A
+5V IRQ
— RST |_|:
7 77 7/\paiiBephl
N han v
CoxXpaHHTh Omnpoc ny
KOH[TeK¢T TOTOBHOCTH
Puc 8{26!0%eWa mosniira
[ Bexmopnas
cucmema P [ npepuleaHuii.
YBennduenue
IIpouenypa 3¢ PeKTHBHOCTH
BoccTranoButs o0cCITy>)KUBaHUS CHCTEMBI MPEPHIBAHUIA
KOHTEKCT npepbIBaHMMA CBSI3aHO C
— DO IIKIT | IRQO [ | napaMeTpu3annei
—— DI IRQIT ] || xomansl CALL u
D2 IRQ2 ke nepenaueit GpyHKIwmil
D3 IRQ3 | TeHepalLnH 3TOro
D4 IRQ4 napameTtpa (BeKTopa
] rOpranusanus 00CIy;KUBAHHA 10 ONPOCY TpepbIBaHK)
— D5 IRQS +— BHELTHUMHU
— D6 IRQ6 — CpeCTBaMHU.
D7 IRQ7 | Wnrepdeiic BexTopHOTO 3anpoca pacmuper muHoi VECT, kotopas
MOJeT OBITh KaK aBTOHOMHOM, TaK U COBMEIIEHHO C ITMHON JTaHHBIX.
D INT Jnst cHHXpOHU3anuK paboThI poLeccopa U UCTOYHUKA BEKTOPa
[ ‘ npepbiBaHus ucnonb3yercs curHan INTA. Paciiupenne BeKTOpHOM cuCTEMBI
WR COCTOWT B IIPOEKTUPOBAHUH BHEIIHUX, IPOTPAMMHO YIPABIISIEMBIX CPEJICTB,
— A0 KOTOpbIe coOupatoT BTopuuHsble (nepudepuiinbie) 3anpocst IRQ1, IRQ2, ...
—o CS CASO |—  IRQN. ) )
CAS] | CymrecTByeT 1Ba IOAX0/1a pemIeH s 3Toi 3anaun. [IepBrlit cocTout B
nepenade GpyHKIUH GOPMUPOBAHUS BEKTOPA IPEPHIBAHUI BHELIHEMY
— INTA CAS2 —
—1 MS/SL

Puc 8.28 YcioBHoe rpadguyeckoe
ooo3nauenue BUC IKII
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ycTpoicTBy. Bropoii — B mepenaue GpyHkumii popMHpOBaHUS BEKTOpA MPEPHIBAHUI CIICIIHATEHOMY YCTPOHCTBY -
KOHTPOJLIEPY MPEPBIBAHHH.

PaccmoTtpum porpamMmMupyemsrii koHTposuiep npepeiBanuii KPS§OBHS9 (18259). YenoBHoe rpaduueckoe 0603HaUCHHE
BUC npuseneno Ha puc.8.28.

Bxoapt DO—D7 — BXObI WJIN BBIXOBI [Tl TOAKIIOUEHUS K IIIMHE TaHHBIX MUKPOIIPOIIECCOPHON CUCTEMBI. Y TIpaBlIcHHE
YTEHHEM U 3aIMChIO BHITIOTHAETCS cTaHAapTHRIMU curHanamu RD#, WR#, A0, CS#. Bxox INTA cimyxut mis
MOATBEPKICHNUS MOJTYUSHHsI CUTHAJIA IpephIBaHus MukpornpoueccopoM ¢ Beixona INT BUC ITKIT. MS/SL# - Bxon
onpenenset: Beaymwmid («1») ninu Bemombiit («0x») ITKIIT. Ha Bxoast IRQO-IRQ7 mocTymaioT 3ampockl MpephIBaHUA OT
BHEIIHUX YCTPOMUCTB MM BEAOMBIX KOHTpOJUIEpOB. Beero umeercs 8 ypoBHEH mpepbIBaHHNA, HO UX MOKHO PACLIHPHUTH 10 64,
MeToa0M kackagHoro BkiroueHus [TKIT. TTo muamsm CASO-CAS2 (Bxoasl/Beixosl) Beaymemy [IKIT mepemaercs xox
Begomoro IKII, mpu kackaaHOM NOJKIIOYEHHH.

IIporpamMmmupoBaHre KOHTPOJUIEPA COCTOUT B 3aIIUCH HECKOIBKUX YIPABIAIOMUX cI0B. [IepBbIM 3aUCHIBAETCS CIIOBO
ICW1. Anpec nomxkeH OBITh 4eTHEIM, T.€. BX0x A0=0. butsl D4 u D3 umeroT ¢hukcupoBannbie 3HadeHus 1 u 0,
o3Hauarommue, 9To B [IKII moctymaer nepBoe ympapmstomee ciaoBo (puc.8.29). but F ycranaBmuBaet mar BekTopa
npepsiBanuil. Eciu F=1, To mar paBen 4. Eciu F=0, To mar — BoceMb. bUT S ycTaHaBINBaeT KOJIMYECTBO KOHTPOJLIEPOB
(S=1 — omun TIKII, S=0 - Heckoawbko [IKII). Pazpsasr D7-D5, ynpassroniero ciioBa 0TBeUaroT 3a MIIaAIINI OaiiT agpeca
BeKTopa npepriBanuil. [lporpammupyemslie 3HadeHns agpeca A7 u A6 aius
mrara 8§ u A7, A6, AS mnis mara 4. Mnaammme paspsasl agpeca, A4 — A0,
Boruucisitores B [TKII.

BropeiM 1o HeueTHOMY ajnpecy 3amuckiBaercs ICW2, ompenensiomniee

AT|A6(AS| 1 [0 [F |S |0 CTapIIyio 4acTh ajipeca BeKTopa mpephiBanuii (puc.8.30).

Tpetse ynpasisttoniee ciioBo ICW3 umeer ape MoIupUKauy 1

3alMChIBAETCS TOJNBKO Korja ecTh Beaymui u Benomsie [IKII. B Beaymuit

7 w1l 0 IIKTI, no HeueTHOMY aapecy, 3anucsiBaetcss ICW3.1. B Begomsrii TTKII,
Pifc 8.29 %pMﬁr I ! TakXke [0 HeYeTHOMY afipecy, 3anucbiBaetca ICW3.2.

A15|A14|A13| A12]A11{A10| A9 A8

Pazpsinst Ui cnoBa ICW3.1 (puc.8.31) npuanmarot 3HaueHue 1 ecian
cootBercTByromui Bxoa IRQi BUC TIKII noakmodeH k Berxoay INT

Benomoro [TKII. 3nadenue 0 3anuceIBaeTCs B TEX CIIy4asix, KOTaa K
cooTBeTCTRyOIEeMY Bxony IRQi moakmoueHa TUHMS 3ampoca MPephIBaHus

6P1/1(‘5 8'3(!1(I)OBM3TZICW2 0 BHEIIIHETO YCTPOUCTRA.

7 Paspsinet Ui cioBa ICW3.2 (puc.8.32) - ato xox Bemomoro ITKII,
00BIyHO paBeH HOMepy Bxoaa IRQ Bexymero ITKII.
U7 | U6 |US (U4 [ U3 U2 | UL|UO OO6ciryxubIBaHue NIpepbIBaHuii BemoHsAeTcs cinoBaMu OCW1 n OCW2.
OTH ynpasIsiomue ciioBa MoryT ObITh 3anucansl B IIKII He o03arensHO B ciex

3a ICW — cioBammu.
7 6 5 4 3 2 1 0 Hanpumep, OCW2
MIPUMEHSTCS B

Puc 8.31 ®opmar ICW3.1

7 6 5 4 3 2 1 0 M7 | M6 |M5 | M4 (M3 (M2 (M1 | MO IOAIporpaMmax 00paboTKu

npepbiBanuil. Ho ero Hago

- - | - - lu2 | utluoo nucats B IIKIT u mpu
nauImanu3anun. CioBo

Puc 8.33 ®opmar OCW1 OCW1 npencrasnset coboii
MacKy NpepbIBAHUN, U
Puc 8.32 ®opmat ICW3.2 3aNUCHIBAETCS 10 HEYETHOMY azipecy (puc.8.33). Equnnunoe 3Ha4eHME OUTa
Mi 610KHpyeT IPOXOKACHHUE 3ampoca ¢ cooTBercTByromero IRQ Bxoxa.
HyneBoe 3HaueHHe — pa3pelraeT NpoX0oxKICHHE MPEPhIBAHUSL.
CrnoBo OCW?2 umeer Oosee cloxHyI0 CTpyKTypy (puc.8.34), T.K.

7 6 5 4 3 2 1 0 yrpaBisieT 3aBepiieHueM npepeiBanuii (EOI), ciBurom kosplia mpHOPUTETOB

R

(R) n ycranoBko# ciennanabHOro ypoBHs npepsiBanus (SL, L2, L1, LO).
SL |EoI1| 0 o |l12|L1lLo 3anmceiBaetcs mo yetHomy aapecy (A0=0). butet D4 u D3 o6s3aTensHo
JIOJDKHBI UMETh HyJIEBOE 3HAUEHHUE, 3TO KpuTepuii pacro3zHasanus bUC IIKII

OCW2 wnmu ICW1. Konbiio npupuTeToOB Moka3aHo Ha puc.8.35.
PaccmoTpum ocHoBHBEIE KOMOuHaru 6ut OCW2 u ux geiicteue B I1KIIL
Puc 8.34 ®opmat OCW2 3HaueHns Gy/eM 3aNMCHIBATH HAYMHAS CO CTAPIIETO, CELMOTO0, GHTA.
Kombunanus «00100000» npuMeHsieTcs B CIydasx 0OBIYHOTO 3aBEPIICHHS
NpepBIBaHNN, MEET HanOOJIbIIEe paclpoCTpaHEeHHE.

CnenunanbHOe 3aBepIeHne pepbiBanui, komouHarws «01100L2L11L0», ncrionbs3yeTes uist 3aBepIleHNs] 00CITyKUBAHHS
KOHKPETHOTO YpOBHS npepbiBanus. [locnennue Tpu 6uta
(L2, L1, LO) cOOTBETCTBYIOT TBOMYHOMY KOIy HOMEpa
3aBEPIIAEMOTO ITPEPHIBAHUSL.

Hukmmyeckuii CIBUT YPOBHEH ¢ 0OBIYHBIM
3aBepIIeHHEeM IpephIBaHUNA HMEeT KOMOMHAITHIO
@ «10100xxx». Tpu nocneqaux 6ura B paboTe He

JIHO IpUOPUTETOB

/— YpoBeHs mpuopurera

~

3HA4YCHUA. JIHO IIPUOPUTETOB YCTAHABINBACTCA I10

IRQi ’_> 716 |5 3 21110 _‘ YYaCTBYIOT ¥ MOTYT IPHHUMATh JIFOOBIC JIOTHYECKHE

obcmyxruBaeMoMYy MpephIBaHuio. Hanmpumep, mycTsh ObLT

Hanpasnenue casura

Puc 8.35 Kosaibio npuoputeToB



3anpoc 1o auaun IRQS. Toraa nocne 3amcn OCW2=A0h (AFh), msaTe1it ypoBeHb MMeeT caMblii HU3KUIT IPHOPHUTET, a
KOJIBIIO IIPUOPHUTETOB UMeeT BUA: «54321076». 3anpoc IRQ6 Oyner MMeTh BEICOKHI TPUOPHTET.

Kom6unamms «11100L2L1L0» mpuMeHseTcs IS MUKINIECKOTO CIBUra YPOBHEH IPHOPUTETOB CO CIICIHAIEHBIM
3aBepiieHueM npepsiBanuid. buter L2, L1, LO onpenenstor ko 1Ha nmpuoputera. Hampumep, mycTh KOJIBII0 UMEET BHT
«76543210» u 6611 moy4eH 3anpoc 1o auaun IRQ3, Ho kog OCW2=11100101 (L=101b umu 5D). Toraa ITKII nepexoaut B
HCXOJIHOE COCTOSHUE U OyJeT pearTpoBaTh Ha IMOCTYHAIONINE IPEPHIBAHIS, a KOJIBIIO IPUOPUTETOB UMEET 3HAUCHUE
«54321076».

Paspemenue BpanieHust ypoBHEH MPHOPUTETOB pazpemaeTcs komOuHanwmeid «10000L2L1L0». Komanna yctaHaBiuBaet
cTaTyc ypoBHeil 6e3 BRIIOJIHEHHUS omepanuu 3aBepiieHns npepreisanuii, [IKII He B HICXOIHOM COCTOSTHUU.

COpoc pasperieHns BpaleHns ypoBHEH MPHOPUTETOB BhINOHsETCs 3anuchio OCW2=«00000xxx».

[{uxueckuii CABUT IPHOPHUTETOB O3 3aBeplueHus npepbiBanus coorBeTcTByeT OCW2= «11000L2L1L0». [Tociennue
Tpy OUTa OIPENENIAIOT KO JHA KOJbIIA.

[IKII nomyckaer 00pabOTKy ITpepbIBaHUI 110 OIPOCY, HO IPUMEHSETCS OHA KpaiHe penko. B koHTpomiep, o yeTHOMY
azpecy, 3anucbiBaorT cioBo OCW3 (puc.8.36). Kpurepuit onpenenenns ciosa: 6ut 7 =0, 6ut 4 = 0, 6ut 3 = 1. [Ipumensior
CIIEIYIOIINE KOMOMHAINH: YCTaHOBKA pesknMa ompoca («00001 1xx»); pa3penieHue YTeHus perucTpa 00CIyKHBaHus
npepsiBanmit OCW1 («00001011»); pa3zpemierne utenns peructpa 3anpocoB npepbiBannii IRR («00001010»); pasperrenne
Tpurrepa cuennansHoro Mackuposasus («01101000»); copoc Tpurrepa CrienaJIsHOTO0 MACKUPOBAHUS IIPEPHIBAHUH
(«01001000»). ITo HEUEeTHOMY alipecy CUUTHIBAIOT OalT co 3HaueHusMu npepoiBanmii IRR nimm OCW 1. Peructp IRR : 6ut 7
MOKa3bIBaeT ecTh mpepriBanue (1) unm ero Het (0), a Miaxmme Tpu 6ura (2,1,0) comepikat Ko MpepeIBaHUS TPEOYIOIEro
obciyxxuBanus. Kox cootBeTcTByeT HOMepy Bxoza IRQ.

Cxema mporpaMMHpOBaHUs KOPTPOJUIEpa CIEAYIOIIast:

- B TJIaBHOH ITpoTrpaMme

7 6 5 4 3 2 1 0

ICW1— agp. (PIC)
0 |ISM|RM| 0 | 1 |POL|RD |RDEN ICW2—> azp. (PIC+1)

OCWI1— agp. (PIC+1)

OCW2— agp. (PIC) - cOpocuTh KOHTPOJIIEP B HCXOJTHOE COCTOSTHUE.
Puc 8.36 ®opmar OCW3 - B IOAIporpaMMe 00paboTKH MpephIBaHUS

DI

PUSH ... - coxpaHHUTb BCE pErUCTPHI

( TeNo moAnPOrpaMMBbI)

POP ... - noctats Bce peructpsl, kpome A, PSW.

OCW2— (PIC) - cOpocuTh KOHTPOJLIED

POP PSW

EI

RET

Bpewmennas nuarpamma pa6ots ITKII B pexxume 3ampoca nokasana Ha puc.8.37. Ha Bxox konTposutepa IRQi moctymaer
3ampoc OT BHemIHero ycrpoiictsa win Begomoro ITKII. Kontpomnep dopmupyer 3anpoc INT u nepenaeT MUKpOIIPOIIECCOpY.
B otBer Ha curnan noareepxkaeHus INTA, moxydennoro ot Mukpormnpoieccopa, [IKII o muHe qaHHBIX epesaeT emMy KoJ
komanael CALL. Ecnu ectb kackagnoe Bkimodenue, To [IKIT momydaet oT BeroMoro KOHTpoJuiepa Kof, GopMUpPYET aapec
BXOJIa B BEKTOP
IpEepbIBaHMS U B
OTBET Ha JBa

IRQi R TIOATBEPIKACHHUSI
v INTA nmoceinaer
CHayaJa MJIaJIIuH
INT > OaiiT agpeca, a 3aTeM

- crapmui. Takum
INTA obpaszom,
MHKPOIIPOLIECCOP
MIEPEXOJUT K
DATA CALL Anpec L Azpec BHITIOITHEHHIO
HOJIIPOTPaMMBI
00paboTku
CAS UICHTH(PUKATOP 3arpoca TIPEPBIBAHNS.
IlepconanpHbIi
koMmibroTep Tuna AT
uMeeT JBa
Puc 8.37 Bpemennasi nqmarpammbl padorsl ITKIT KOHTpOJLIEPA
IIpEPhIBAaHUIL.
KomnuectBo nmuuwmii 3ampocos — 16. B mogensax XT ucnonssyercs ogus ITKII. YtoOs! cBs3aTh, 00pabOTUIHK MpEepHIBaHMUH C
HOMepaMH IPepBIBAaHNH, UCIIOIb3YeTCs TabnIa BeKTOpoB. 3aHnMaeT nepsoiit kuiobdaiir O3Y ot 0000:0000 no 0000:03FF,
BKITIO9aeT 256 3nemeHToB FAR — anpecoB 00paboTIHKOB MpephIBaHUA. B mepBoM cTONIOIE dTIeMEeHTa TaOIHUIIB 3aIiCaHo
CMEIIIEHHE, a BO BTOPOM aJpec cerMeHTa oopaboTku mpepsiBanmst. Hampumep, ams npepeiBanus 0 axpec 0000:0000, mis
npepsiBanus 1 anpec 0000:0004 u T.1. DTO BCe mporpaMMHBIE IPEPHIBaHUS U cpeau HUX 16 armmapatHbIX. B Ta6:m.8.2

v

v

v




npuBeaeHa cranaaptHas uaunuanuzanus [IKIT BIOS. TTopsaok pacnonoxeHus 3anpocoB MPUBEAEH B COOTBETCTBUH € UX
MPHOPUTECTAMHU.

Ta6u 8.2
Nms Bexkr HcrouHuk npepbpiBaHUM
op
NMI 02h KonTpoas munbl, geTHoCcTh JaHHbIX (B X T comporieccop)
IRQO 08h Or Taiimepa, yactora 18.2 I'iy
IRQ1 0% Ot KJ1aBUATyphl IPU HAXKATUU U OTKATUH KIABHIIT
IRQ2 0Ah Jns xackaguposanus [TKIT IRQS8 — TRQ15 (8 XT peseps)
IRQ8 70h OT 4acoB peaJIbHOTO BPEMEHH, ITPU COBIAACHUH YacOB M Oy UIbHUKA
IRQ9 71h Peseps nmu ot konTpoiepa EGA B XT
IRQ10 72h Peseps
IRQ11 73h Peseps
IRQ12 74h Peseps i PS/2 - mouse
IRQI13 75h OT MaTeMaTHuecKoro comnponeccopa (panaue Mozesnu AT)
IRQ14 76h Ot HDC - kontpomiepa HDD B AT
IRQI5 77h Peseps
IRQ3 0Bh Ot nopta nociuegosarensHoi cBsizu COM2 unmn COM4
IRQ4 0Ch Ot nopta nocnegosareabHoi cBsa3u COM1 wim COM3
IRQ5 0Dh Ot HDC — kontposmepa B XT, LPT2 — AT, 3BykoBas KapTa WIH pe3epB
IRQ6 OEh Ot FDC - xonTpostepa FDD
IRQ7 O0Fh Ot npunrepa LPT1

PesepBHBIE 3apOChI IPEPHIBAHIH MOTYT HCIIOIB30BATHCS JOMIOTHUTEIBHO MOJKITIOUYAEMBIMHU K KOMIIBIOTEPY
ycTpoiicTBamu, Hanipumep ceteBbIM anantepoM (IRQ11), romomuurensueiv IDE (IRQ15) u p. CrangapTHas packiagka
3aIpOCOB MOXET OBITh N3MEHEHA TI0JIb30BATEIICM.

[IporpammupoBanre KOHTPOJUIEPA MPOM3BOIUTCS 110 anpecaM: exymwid [IKIT — 20h, 21h; Begomerii ITKIT — AOh, Alh.
VYupapnsromue ciosa 3anuckiBarorcss ICW1 B 20h (AOh), ICW2 — ICW4 B 21h (Alh).

Komanne! nannuanuzanuu ICW1 u ICW2 B nepcoHabHOM KOMIIBIOTEPE MMEIOT HEKOTOPHIE OTIMYUS OT aHAJIOTUYHBIX
ynpasisronux cio ITKIT KPSS80BHS9 [11]. Otu otnuums cBs3anbl ¢ GUKCHPOBAHHBIM LIATOM IIPEPHIBAHUH, YMEHBIICHUEM
BBIYHCIIIEMBIX aJJpECHBIX pa3psioB (puc.8.38), mosiBneHneM 4eTBepToro ynpasisiomero ciosa ICW4 u nporpaMMHbBIM
yIpaBJIeHHEM 9yBCTBUTEIBHOCTHIO BX010B IRQ. but S ynpasnset konmnuectBoM KoHTposwiepoB. Ho B AT — Moaemsix
MIPUMEHSETCS TOJIBKO KackaHoe BKIoueHune. Ctapine Tpu 6uTa He UCTIONB3YIOTCS.
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0 010 |1 0 S
| | \
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3aBepIIeHHE MPephIBaHms O6e3 copoca
O1Ta MacKu

MS/SL#: 1 — Benymmii; O - BeqOMbIN

BUF=1 — npusnak 6ydeprupoBaHHON IIIMHBI

Puc 8.39 ®opmart ICW4 B nepcoHaIbHOM KOMIIbIOTEpE



B onepanuonnom pexume ITKII nepconansHOro komnetorepa Bocnpuaumaet koMmanasl OCW1 — OCW3. 3anuce
npousBoautes 1o aapecam: OCW1 B 21h (Alh), OCW2 u OCW3 B 20h (AOh). Otimunii ot puc.8.33, puc.8.34 u puc.8.36
HeT.

Crangaptaoe nporpammupoBanue [TKIT mpuseneno B 1a61.8.3. Viconb3yeTcs peKuM BIOKESHHBIX TIPEPHIBAHHINA C
(hPUKCHPOBAHHBIM IPHOPUTETOM M aBTOMATHYECKUM HECIeHAIbHBIM 3aBEpIICHHEM NpepriBanuil. Kaxkaas momnporpaMma
0b6paboTku 3aBepraercs 3anuckio OCW2 = 20h.

Taoa 8.3

Komanpa XT AT (Bemymmuii ITIKI) AT (Begomsrii ITKIT)
ICW1 12h 11h 11h
ICW2 08h 08h 70h
ICW3 --- 04h 02h
ICW4 O0Fh 1Fh 1Bh
OCW1 xxh xxh xxh
OCW2 20h 20h 20h
OCW3 0Ah 0Ah 0Ah

Huarpamma noxareepxkaeHust INTA na 3ampoc INT Bruttouaet Ba IMKIIa, HO MEPBBIH ITUKIJI HE HECET KOJ1a KOMaH/bI.
JleficTBUTENEH TOJIBKO BTOpOH UKL [lepenaeTcst § — OUTHBIN BEKTOP MPEPHIBaHMUs, T.€. HOMEP 10 KOTOPOMY CCBUIKA Ha
porerypy 00paboTKH MpepBIBaHU XpPAaHUTCS B TaOJIHIIE IPEPhIBAHUI.
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