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TEMA: IPOEKTUPOBAHUE MUKPOKOHTPOJIJIEPHOI CUCTEMBI
YIIPABJIEHUSA HA BASE MUKPOKOHTPOJIJIEPA 1830BES1

1. OGIIIME TPEBOBAHUSI K KYPCOBOM PABOTE

Kaxxaplif CTyIeHT JOJKEH BBIMOJIHUTH B TpeOyeMoM o0bemMe paboTy B COOTBET-
CTBUU C UHAUBUIAYAJIBHBIM 33JJaHUEM, TPUOOPECTH HABBIKM MPOEKTHPOBAHUSA aIllapaT-
HOM 4aCTH MHUKPOIIPOLIECCOPHON CUCTEMBI

1.1 3AJAHUE HA KYPCOBVYIO PABOTY.

TpeOyetcst pa3paboTaTh MUKPOIPOILIECCOPHYIO CHCTEMY cOopa MHPOpMalUU O
coctosiHuu u yrpaieHus: oobekramu (MIIC). OObeKThI 3a1aHbl BUIOM U KOJIMYECTBOM
JAHHBIX TOCTYNAIOIIUX ¢ 00BEKTa, MOTPEOHBIM pecypcoM it 0OpabOTKU TaHHBIX, BU-
JIOM ¥ KOJIMYECTBOM YIPABJISIOMINX CUTHAJIOB.

Bapuant 3ananus onpezensiercs mno nudpam yueOHoro mudpa cTyJaeHTa B COOT-
BEeTCTBUHM C Ta0xa. 1 u Tabm. 2.

J171s1 BBIMOJTHEHUS! KypCOBOM pabOThl HEOOXOIUMO:

— H3y4YUTh PEKOMEHIyEMYIO JINTEPATypy U HACTOALIME METOIMYECKUE YKa3aHUS;
— OIpEAeNIUTh CBOW BAPUAHT 33]IaHUs;

— pa3paboTaTh GpyHKIIMOHANBHYIO cxeMmy MIIC;

— JaTh XapakTepucTuky 3agannoi MIINYC

Tabnumna 1
Hudpa Uucno kaHaaoB O6bem namsatu, Koaut
mudpa BBO/JIA BBIBOJIA 113y o3y
0 8 20 0,5 16
1 16 16 1 16
2 24 12 2 12
3 32 8 4 8
4 28 22 8 16
5 12 18 12 10
6 20 14 16 8
7 18 10 16 2
8 14 24 32 4
9 10 6 32 1
[Ipumeuanue.

1. ITo mocnenneit nudpe onpenensieTcss YMCa0 KaHAJIOB BBOJA M BBIBOJA HH(OP-
manuu MIIC nist B3auMoneicTBs C O0BEKTOM YIPaBICHUS.

2. ITo mpeanocnenueit mudpe - oobeM BHemHel namsatu nporpamm (I13Y) u nan-
HbIX (O3Y).

Yacrora cunxponuzaunu MK-51, ckopocTs niepenadn JaHHBIX Yepe3 MOoCIea0Ba-
TEJbHBIN MOPT, NJIUTEILHOCTh UMITYJIbCA, ONIPECIISIOTCS B COOTBETCTBUU € Ta0. 2.



Ta0muma 2

[Mudpa | Yactora  cuu- | JnurensHocTh | CKOPOCTh TIEpeaaud JaH-
mmdpa | XpoHU3AIUH, uMIynbca, Mc | HbIx uepe3 Y AIIIL, 6ut/c
Ml
0 4 60 500
1 5 55 1000
2 6 50 1200
3 7 45 1300
4 8 40 1900
5 9 35 3350
6 10 30 2000
7 11,059 25 14400
8 12 20 8000
9 11 15 9600
[Ipumeuanue.
1.  TIlo mocnemHedt mudpe onpeaesitoTcs YacToTa CHHXPOHU3AINH, CKOPOCTh Tepe-
a4y JaHHBIX.
2. [To npennocnenuei nudpe JUTETLHOCTh UMITYJIbCA.

1.2 OFBEM 1 COJIEP’)KAHUE KYPCOBOI PABOThI

KypcoBas paboTa cOCTOUT U3 NOSICHUTENBHON 3aMMCKU U TpadUyecKOi YacTH.
[TosicuurenpHas 3anucka, oobemMoM 15...20 cTpaHuL, 10KHA BKITIOYATh!

1. 3aganue Ha MPOEKTUPOBAHUE U UCXO/IHBIE TAHHBIE.

2. TeopeTuyeckuii BOIpocC.

3. Onucanne mnpuHIMna paboTsl pazpadareiBaeMoit MIIC, Bxmrouatomiee ¢GyHKIIHO-

HaJIbHBIE CXEMbI, BpEMEHHbBIE IUAarpaMMbl pabOThl, pe3yJIbTaThl pAaCYE€TOB U T. 1.

4. CxeMa NOJIKJIFOUEHUS BHEIIHEN MaMsATH MPOrpamM.

5. Cxema MOoJKIIIOUYEHNS BHEIIHEW MaMsITH TaHHbIX.

6. Cxema yBenM4YeHHUs KaHAJIOB BBOJIa HH(POPMAIIIH.

7. Cxema yBeIMYEHHS KaHAJIOB BbIBOJIa MH(OpMAIUK.

8. Pacuet ckopocTu nepeaaun mociea0BaTeaIbHOTo MopTa.

9. ®opMupoBaHUE UMITYJIbCA 33JaHHOMN ITUTETFHOCTH.

['padprueckass yacTh OMKHA colepKaTh (PYHKIIMOHAIBHYIO CXEMY pa3palatbl-
Baemoit MIIC.

['padrueckune maTepuainbl TOKHBI OBITH 0(OPMIICHBI C COOIIOIeHuEM TpeboBa-
uuit ECK/I.

2. METOINYECKHE YKA3ZAHHUSI K OCHOBHBIM PA3JIEJIAM
KYPCOBOU PABOTBI

2.1. TEOPETUYECKWI BOITPOC

B sTo#t yactu paboThl HEOOXOIUMO H3J0XKHUTh 0coOeHHOCTH TocTpoenuss MIIC
Ha OCHOBE BBIOPAHHOTO MUKPOKOHTPOJIIEpa MO/ 3aJaHHbIEe YCIOBUS (PYyHKIIMOHHPOBA-
HUSI CUCTEMEL.



PabGoTy Haj maHHOW YacThIO PEKOMEHAYETCS HayaTh C M3YYCHHS JICKITMOHHOTO
MaTepuaia u yueOHoi aurepatypsl [1, 3, 4]. He ciaenyer nepenuchiBaTh BOIIPOC LIEIH-
KOM W3 KaKuX-TMO00 MoHOTrpaduil miu y4eOHHKOB. B TekcTe 00s3aTENBHO TOJKHBI
OBITh CCBUIKH Ha UCIIOJIb3yEeMbIC TUTEPATyPHBIC HCTOUHUKH.

2.2 PABPABOTKA MIIC ITOA 3AXAHHBIE YCJIOBUA PABOTbI

[IpoextupoBanne MIIC Ha OCHOBE MUKPOKOHTPOJIJIEPOB - JOCTATOYHO MpOCTas
WH)KCHEpHas 3a/1aya, Tak Kak MHOTHE PEUICHUS SBJISIOTCS CTAaHAAPTHBIMHU U MX MOXHO
HaWTH B JUTEPATYPHBIX MCTOYHHMKAX. OMHAKO NJIT MHOTHX NMPUMEHEHUW YUCIIO JTMHUI
BBOJIa/BBIBOJIa OKA3bIBACTCSI HEJIOCTATOYHBIM, ITOCKOJIBKY TPeOyeTCs MPOBOIUTE OMPOC
3HAYUTEITLHOTO KOJWYECTBA TATYUKOB M OCYIIECTBIISATH YIPABICHUE MHOTHMH HCITOJI-
HUTEIHLHBIMU MEXaHU3MaMH. B yCIOBHSIX MPUMEHEHHS BHEITHEH MaMsITH TMPOrpaMM U
JAHHBIX dTa Mpobiema emre 6osiee 000CTPSAETCS T.K. IS CBSI3U ¢ BHEITHUMHU 00bEKTaMHU
OCTaeTcs BCETo JIMIIh JBa MopTa BBojAa/BeiBosia. KpoMe 3Toro, B mporecce pa3paboTKu
MIIC npuxoautcs pemaTh 3ajady COTJIACOBAaHUS YPOBHEW CHUTHAJIOB, OPMHUPYEMBIX
JaTYMKaMU, HArpy304HOM CHOCOOHOCTH MHUKPOKOHTPOJIIEpA W BBIXOAHBIX KIIIOYEH,
cKkopocTu paboThl ocTaibHbIX KOMIIOHEHTOB MIIC. C y4eToM H3JI0KEHHOTO, PaCCMOT-
pUM THUIIOBBIE pelIeHHs CHOPMYITUPOBAHHBIX 3a71a4.

2.2.1 Cunxponuzanus MK-51

Paboty Bcex BHyTpeHHUX 0510kOB MK-51 CHHXpOHM3UpPYET yCTPOHCTBO BbIpa-
OOTKM BPEMEHHBIX WHTEPBAJIOB, KOTOPOE B CBOIO OUYEpE/b YIPABISETCS BHYTPECHHUM
TaKTOBBIM TeHepaTopoM. [lepros creqoBaHusl CHHXPOUMITYJILCOB TAKTOBOTO T'€HEPATO-
pa oIpeaensieTcsl 4acTOTON KBapIeBOro pe3onaropa, LC - nenoyku uiam nepruoaom ciie-
JIOBaHUSI CHTHAJIOB BHEIIHETO MCTOYHHMKA. CXEMBI TIOJIKITFOYCHHS KBApIIEBOTO pe30Ha-

Topa, LC - 1ienouku v BHENTHETO UCTOYHMKA MIPUBEACHBI Ha pucC. 1.
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Puc. 1. Cxembl NOAKNHOYEHMNA KBAapPLUEBOro pesoHaTtopa, LC-uenouku,
BHELWHEro UCTOYHMKA CUHXPOCUIHaNa n uenm HadanoHoro cbpoca



[IpakTruecku Bce koMaHabl MK-51 BBINOTHSIOTCS 32 OJIMH WJIM JBAa MAIIMHHBIX
IIMKJIa, KOTOPBIM MMeeT (PMKCUPOBAHHYIO JJIMTEIHHOCTh U COCTOUT U3 IIECTH COCTOS-
Huii S1...S6. B cBoro ouepens Kax0e COCTOSHUE BKIIO4aeT B ceOst 1Be da3el P1 u P2,
JUTUTEJIBHOCTh KOTOPOM paBHA MEPUOAY CJIEIOBAHUSA TAaKTOBBIX MUMIYIbCOB t. Takum
00pa3oM, JUIMTENIBHOCTh Ka)KI0T0 MallMHHOrO 1MKia Tj paBHa ABEHaqUaTH Mepuojam
TaKTOBBIX UMITYJILCOB

Ty=12-1/f, (1)
rae f,- wactora cunxponusamun MK-51.

Jlnst cuHXpOHHM3auuu pabOThl OCTAIBHBIX KOMIIOHEHTOB MIIC MOHO MCIOINIB30-
BaTh curHail ALE, kotopelii nBaxapl GOpMUPYETCS B TEUCHHH OJHOTO MAIIMHHOTO
1uKIiIa. Puc. 2 uimmocTpupyeT ckazaHHOE.

| MausoH B LT |

XTAL
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Puc. 2. Anarpamma dopmMmmpoBaHMA MaLLMHHbIX LUMKNOB

2.2.2 TlonkiroueHne BHENIHEN TaMATH

Bce MK-51 pa3nuyHbIX cepuil UMEIOT HECKOJIBKO aJpPECHBIX IPOCTPAHCTB, (PYHK-
[MOHAIBHO M JIOTMYECKHU Pa3JIEJICHHBIX 32 CUET Pa3HULbI B MEXaHM3Max ajpecanuu U
CUTHAJIaX YMpPaBJIEHUS 3aMUChIO0 U YTCHUEM:

— BHYTPEHHSS MaMSTh NPOrpaMM

— BHeWHsS naMsTh nporpamm (BIIIT);
— pesuaeHTHas namsaTh gJaHHbIX (PTI);
— BHeUHssA naMath JaHHbIX (BITT).

Crpykrypa agpecnoro mpoctpanctBa MKS1 nokazana Ha puc. 3. CneBa npuse-
JIEHBI aJipeca COOTBETCTBYIOUIUX 001acTei MaMsITH.

FFFFH FFFFH
BHewHsan
namMaTb BHewHAn
nporpamm namaTe
nporpamm
1000H
OFFFH
BHyTpeHHas
namstb
0000H nporpamm 0000H
PaboTa ¢ BHyTpeHHeln PaboTa ToNbKO
NnamaTero C BHEWHEW NamaATbio
nporpamm (EA = 1) nporpamm (EA = 0)

Puc. 3. AnpecHoe IpoCTPaHCTBO MaMSATU MPOTPaMM



Wunorga nnst paboret MKS51 neobxonumo ucnonb3oBath BIIII, 06beM koTOpoii
MoxeT nocturath 64 KoOaitta. dyHkunoHanbHas cxema noakiatouenust BIIIT k MK-51
MoKa3aHa Ha puc. 4.

(S || PO | ManHbie
I3y
DELLA——] — RG -
BE31 A 6aiir
ALE Anpec
CT.
{_AP3 P2 A Gaitr
PME OE

Puc. 4. dyHKUMOHaNbHaA cxema nogkntodeHma BN

[Tpu obpamenun x BIIII Bcerna dopmupyercs 16 - pa3psinHbli agpec, MaaAInAnl
0aiiT koToporo BeigaeTcs yepes nopt PO, a crapmmii - uepes nopt P2. [Ipuuem nopt PO
UCIIOJIB3YETCS] B PEKUME BPEMEHHOTO MYJIbTHUIUICKCUPOBAHUS: B Hayajie KaKJIoro Ma-
mMHHOTO 1uKia obpamienus k BIIIT (daza S2P1) yepe3 mopt PO BbmaeTcs: mutaiuii
0allT agpeca, KOTOPBIN TOJDKEH ObITh 3apuKcupoBaH Bo BHelIHeM peructpe RG mo ot-
punatenbHoMy GpoHTy curHana ALE (puc. 5); Huzkuii yposens curnana PME, dopmu-
pyembiii B TeueHue a3z S3P1 ... S4P1 mamumHHOTO 1IMKIIA, pa3peniaeT BHIOOpKYy OaiTa
nanHbix u3 [13Y, koTopsiil 3aTeM noctynaet Ha auHUM nopta PO u BBonutca B MK-51.
MALITHHHBIA LTHEI

S1 1S2 1S3 1S4 1S5 [1S6 |1 S1 | S2 |

ate [\ [\ [

PO DD-D?HAOI-A? DD-D?HAUiA? DO0-D7 }={ A0-A7 }—

P2 X A8-Al15 X AB-A15 X

Puc. 5. BpemeHHasa gunarpamma pabotbl ¢ Bl

PaccmoTpuM BapuaHT MOJKIIOYEHHUS BHEIIHEH MaMATH MporpamMm oobemom 32
kOaiita. [To cnpaBOYHMKY MUKPOCXEM MaMSTHU MOJOUPAETCS MOIXOASIIAs 10 JaHHOMY
00beMy TaMsITH MUKpocxema, Hanpumep, S73PDE. JlanHas MUKpocxeMa MpeIcTaBiIseT
coboii pemporpaMMUpyeMOe€ IOCTOSHHOE 3allOMHHAIoee ycTpoiWctBo ¢ Y-
cTUpaHueM UH(OpMaIUKU U 00eCTIeUrBaAET BO3MOKHOCTh JOJITOBPEMEHHOTO XpaHEHUS U



MHOTOKPATHOW cMeHBI nH(popmarmu. MukpocxeMa GyHKIIMOHATHHO aHAJIOTUYHA 3apy-
OeKHBIM MUKpOCXeMaM Kjacca 27256.
Hasznauenue BpiB010B MuKpocxeMbl S73P®8 npuseneno B Tabdmaute 1.

Taomuna 1
YcioBHOe
Howmep BbIBOZIA Hasnauenne
0003HaueHNe
1 Upr Hanpsxenue nporpaMMHUpOBAaHUS
2-10, 21,23-27 A0 - Al4 Bxon agpecHsiii
11-13, 15-19 DO - D7 Brixon
14 GND OO0muit
20 CE Bxon curnana pasperieHus oopaiieHus
22 OE Bxon curnana paspernieHus BeIxoja
28 Ucc Vctounnk nutanus
B xauectBe peructpa RG pekomeHayercss HCIOIB30BaTh  BOCBMHUPA3PSIHBINA
MapajulesIbHbld  perucTp - 3amenky tumna HMP22. Ilo cnpaBOYHHKY MHKPOCXEM
BeIOMpaeM  mukpocxemy — KP1533UP22, KOTOpas  MpeAcCTaBisieT  coOoH

BOCBMUPA3PAIHbIA PETUCTP XpaHEeHUs HHPOPMAIMU, TAKTUPYEMBIH HMITYJIbCOM, C
BO3MO>KHOCTBIO IEPEBO/IA BBIXOJOB B BBICOKOUMIIEAAHCHOE COCTOSIHUE.
Hasnauenune BoiBoj10B Mukpocxembl KP15331P22 npuseaeHo B Tabnuiie 2.

Tabmauia 2
YcinoBHOE
Howmep BbIBOZIA Hasnauenne
0003HaUYCHHUE
3,4,7,8,13,14,17,18 | DO - D7 Bxopr
2,5,6,9,12,15,16,19 | QO0-Q7 BrIixoast
11 PE Bxona TakTOBBIN
Bxon paspelieHus CHATHUS
1 EO COCTOSIHMS BBICOKOT'O MMIIEJaHCa Ha
BBIXOJaX
10 GND OOmuuit
20 Ucc HcTOYHUK MUTAHNS

3anuce UHPOPMALIMKA B TPUITEPHI PETUCTPA MPOUCXOAMUT MPH MoJave Jorudeckoil 1 Ha
Bxoa PE. B aToM ciydyae curHanbl Ha BBIXOAE PETHCTPA MOBTOPSIOT BXOAHBIE. [Ipn
noaaue 0 Ha Bxon PE peructp nepexonut B pexuM XpaHeHUs UHPopmaruu. Beixoas
MHKPOCXEMBI HAXOAATCA B AKTUBHOM COCTOSIHMM, eciii Ha Bxoj EO moman curHain
norudeckoro Hyns. Ecnu xe Ha Bxon EO monmar curHan gorudeckoi 1, TO BBIXOBI
pErucTpa nepexoasT B BHICOKOUMIIEJAHCHOE COCTOSIHUE (CM.Ta0IHUIy HCTUHHOCTH).
Tabnuna ncrtuaaocTy Mukpocxembl KP15331P22
Tabnuma 3

Bxonsl Brixoan!

PE

0 (ITpeapiayiee COCTOSIHUE BBIXO/1A)

R O oo

X| O~
X|X|e|— o




C y4eToM U3II0KEHHOT0, MOKET OBITh MOCTPOCHA CXEeMa TOIKJIFOUYCHHS BHETITHEH
namsTy niporpaMMm kK MKS5S1, nokazannas Ha puc. 6. s agpecanuu 000 sSYSHKH
naMsTH nporpamm oobeMoM 32 kOaiita Tpebyercs 15 paspsioB muHbl aapeca (A0 —
Al14). Crapmmii pa3psan mmHbl aapeca (Al5) mMoxkeT ObITh UCIOJIB30BAH JJIsl TOJIaYU
CUTHaJIa «BbIOOP MUKpocxeMbl» Ha Bxoa CS.

B nekotopsix MIIC, paccuntanHbIX Ha 00pabOTKY OOJBIIMX MAacCUBOB JAHHBIX,
PITJ] moxeT oka3aTbcs HeOCTaTOYHO. B 3TOM ciydae BO3HHMKaeT HEOOXOAUMOCTb HC-
MOJIb30BaHMUsl BHEIIIHETO OINEPAaTUBHOTO 3arnoMuHaroiiero ycrpoictsa (O3Y), koTopoe
MOXeT ObITh noakItoueHo k MK-51 tak, kak 3To mokazaHo Ha puc. 7.

LG 12 =] ¢ " Manmee
03¥
DEM_A—_l — RG
BE31 —
ALE Aapec
— P2 .
__ [F3 __
D WE
FWR

i

Puc. 7 @yHKIHOHANLHAS cXeMa moakmodeHnst BIL

[Tpu o6pamenuu ¥ BIIJ[ dpopmupyercs 16-tu pa3psaHbiii aapec, MiIaamui 6anT
KOTOpOTo Bblaercs yepes nopt PO, a crapmmii - yepe3 nopt P2. Tak e Kak u npu pa-
6ote c¢ BIIII, GaiiT aapeca, BbmaBaeMsblil uepes nopt PO, nomkeH ObITh 3aduKcUpOBaH
BO BHEIIHEM PETUCTPE MO oTpHIaTeibHOMy (hpoHTy curHana ALE, Tak kak B gaybHEM-
IeM JIMHUYU opta PO MCMoNb3yIoTCs Isk YTCHUs WK 3anucu uHpopmanuu B/uz MK-
51. IIpu sTom utenue undopmanuu crpooupyercsi curnaiom RD, dopmupyembim MK-
51 (BeiBog mopta P3.7), a 3anuck - curnanom WR (BeiBoa nmopta P3.6). Ha puc. 8 noka-
3aHa BpeMeHHas auarpamma padotel MK-51 B pexxumax oomena nanubimu ¢ BIT/I.
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Puc. 6. Cxema moaxitoueHrs BHEIIHEH MaMsTH POTpaMM
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Pu¢ 8. Bpemennast auarpamma padotbl MHKpo - 3BM c BITT

PaccMoTpuM BapuaHT MOJKIIIOUEHUS BHEIIHEW MaMATH JaHHBIX 00beMoM 32 KOaiTa.

[1o cipaBOYHMKY MUKPOCXEM MaMSTH NOAOMPAEM MOIXOAAILYIO IO JTaHHOMY 00BEMY
ITaMsITH MUKPOCXEMY, HarpuMmep, 62256.

Ha3nauenue BbIBOJIOB MUKpOCXEeMbI 62256 mipuBeieHo B Tabmuie 4.

Tabnumna 4.
YcnoBHoe
Howmep BbIBOIIA Hasnauenne
0003HaUYECHHUE
10,9,8,7,6,5, 4, 3, AO0-Al4 Bxoasl agpecubie AO - Al14 coOOTBETCTBEH-
25,24,21,23,2, 26,1 HO
11-13,15-19 DQO - DQ7 Bxoxa-BbIxoa JaHHBIX
11-13, 15-19 DO - D7 OBILINI
20 CS Bxop curnana «Bei0op MUKpPOCXEMBI»
20 OE Bxon curnana paspeiieHus Bblauu JaHHBIX
22 WE Bxox curnasa 3anucu TaHHBIX
28 Ucc HcTOYHUK MUTAHKS

C y4eToM U3JI0KEHHOT'0, MOXKET OBITh MOCTPOCHA CXeMa MOAKIIOUCHHS BHEITHEN
namsaTu nporpamm k MKS51, nmokazannas Ha puc. 9. s agpecanuu JIr0O0M sSYEHKH
naMsaTu nporpamMMm o0bemoMm 32 kbaiita TpeOyeTcs 15 paspsgoB mmHbl aapeca (A0 —
Al4).
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Puc. 9. Cxema moakIrOYeHUs BHEIIHEN MTaMATH JaHHBIX



2.2.3. Pacimmpenne kaHaIOB BBO1a/BhIBOIa MHGOPMATIHH

Kak yxe yka3pIBanoch BBILIE, YUCIIO JUHUI BBOJA/BBIBOJIa MUKPOKOHTpPOJLIE-
pa MK-51 Bo MHOrux peanbHbIX NPUMEHEHHUAX OKA3bIBACTCSA HEIOCTATOYHBIM. JJIs
paciIMpeHHs] KaHaJIOB BBOJA/BBIBOAA OOBIYHO MCHOJIB3YIOT TAKUE CTAHJAPTHBIE CXe-
MOTEXHUYECKHE NTPUEMBI KaK CKAaHMPOBAaHUE MATPHIIBI JATYUKOB, ONPOC TPYMIbI Ka-
HaJIbHBIX IIPUEMO-TIEPEAATYUKOB C TPEMsI COCTOSIHUSMH HA BBIXOJE, MYJIbTUILICKCH-
pOBaHME BXOAHBIX JIaHHBIX, CTPOOMPYEMBIN NapaJuIeIbHbIA BBIBOJ HH(POpPMALUH, HC-
MOJIb30BaHNE OBICTPOACHUCTBYIOIIETO MOCIEIOBATEILHOTO KaHaa CBs3U U T.1. B Kka-
YyecTBe MpUMepa PacHIMpPEeHus Ynucia JTUHUN BBoJa MHPOpMAIMK paccMOTpuM (par-
MEHT cXeMbl, npuBeAeHHoN Ha puc. 10. Mukpocxemsl D1 u D2 nmpencraBisitoT co0oi
cABOeHHbIE MyJabTUILIEKCOPBl "4 B 1" Tuma KII12. Homepa BbIBOJOB, X YCIOBHOE
0003HAaYEHNE U HA3HAYEHUE TPUBEJEHBI B TAOIULE O.

Onu MoryT nepenaBaTh MH(QOpMaLMIO OT 16 ABOMYHBIX JATYUKOB HA YETHIPE
muuuu nopta P1 (P1.0...P1.3) muxpoxontposepa MK51.

BoiBogwel P1.4 u P1.5 ucnonb3yroTrcst /uist BeIOOpa TpyMIbl, COCTOAIIEH U3 4-X
JATYUKOB, ONPAIIMBAEMBbIX B JAHHBIII MOMEHT BPEMEHH.

Tak kak Harpy304Has ClIOCOOHOCTh BBIXOJHBIX 0y(pepoB NOPTOB BBOJA/BBIBOA
HEBBICOKA, TO PEKOMEH/TyeTCsI UCTIONIb30BaTh Oy(pepHbIe CXeMbl (HHBEPTOPHI).

Ta6nuna uctuaHoctr Mukpocxembl K1533KI112 npuBenena B Tabmuiie 6.

[TocnenoBaTenbHOCTh MOJAKIIOYEHHUS KaHAJIOB BBOAA MH(OPMALIMU K BbIBOJIAM
nopta P1.0 — P1.3 B 3aBUCHMOCTH OT COCTOSIHUSI aAPECHBIX JUHUN C BBIBOJOB IIOPTA
P1.4 u P1.5 npuBeneHna B Tabaute /.

Homepa BBIBOIOB, UX YCIOBHOE OOO3HAaUY€HHE M HA3HAUYEHUE MHKPOCXEMBI
K1533KII12

Tabmumna 5
YcnoBHoOe
Howmep BbIBOZIA Hasznauenne
0003HaUYECHHUE
Bxon paspernienust CHATHS BBICOKOTO UMIIC/IaH-
1 SO
ca ¢ BeIxoza Y1
14, 2 A0, Al Bxonbl Beibopa A0, A1 COOTBETCTBEHHO
3.4.5.6 DO - D3 Bxoapsr nadopmarmonnsie D3, D2, D1, DO co-
OTBETCTBEHHO
7 Y1 Brixon 1
10,11, 12, 13 D4 - D7 Bxonaer uadopmanmnonnsie D4, D5, D6, D7 co-
OTBETCTBEHHO
15 s1 Bxon paspeunienust CHATUSL BBICOKOTO UMIIEIaH-
ca ¢ BeIxoza Y2
9 Y1 Brixon 2
8 GND Oo0mui
16 Ucc HUcTtouHuk nmutaHus




Tabnuna uctunnoctu Mukpocxemsl 1533KI112

Tabmura 6
SO A0 Al Y
1 X X Z
0 0 0 DO
0 1 0 D1
0 0 1 D2
0 1 1 D3
[ToceoBaTeILHOCTH MOIKIIOUCHHS KaHAIOB BBo1a nHpopmarmu k MK51
Ta0muma 7
P14 P1.5 P1.0 P1.1 P1.2 P1.3
0 0 D3 D7 D11 D15
0 1 D2 D6 D10 D14
1 0 D1 D5 D9 D13
1 1 DO D4 D8 D12

MO>XHO yBEIMUYUTD YUCIIO JUHUHN BBOAA /10 32 3a cUET 100aBJICHUS B CXEMY
JIBYX CIBOEHHBIX MYJIBTHILIEKCOPOB ( Mukpocxembl D3 u D4 ) u ynpasienus BXo-
namu SO u S1 myTem yCcTaHOBJIEHUS HA BBIXOJ[aX MYJIbTHUIUIEKCOPOB COCTOSIHUS BbI-

COKOI'o uMIICJaHca, KakK I10Ka3aHO B Ta6JII/IHe 8.

TaOmumna 8

P1.6 D1, D2 D3, D4
0 D0 -D15 Z
1 Z D16 — D32




Do
Dl
D2
D3

04
D5
Di
D7

CPU

PO.0
PO.1
PO.2
PO.3
PO.4

PO.5
PO.6

PO.7

ALE

PME

P2.0
P2.1
P2.2
P2.3

P2.4
P2.5

P2.6
P2.7

—J o P1.0
— 2 MS P1.1
—03 _
— 04 - P1.2
S0 P1.3
—]11 P1.4
] ij P1.5
— — 1 P16
o—51 v2 — P1.7
AD Reset
Al D1 XTAIL1
XTAIL2
— 1Y 1
— () 2 MS — P3.0
—_— 03 2
—]oa v1 =131
150 — P3.2
— I g— P3.3
1 — P3.4
—13 6
—14 1 l — P3.5
o 57 V2 B LEXS
AD 1 P3.7
o Al

Puc. 10. Cxema paciivpeHusi KaHaJIOB BBO/Ia



Pacmmpenue kaHasioB BbIBOAA MH(OPMALIMK OOBIYHO JOCTUTAETCS 3a CUET HC-
MOJIb30BaHUSI HECKOJIBKUX PErUCTPOB, CTPOOMPYEMBIX pa3IMYHbIMU CUHXPOCHUTHAa-
mu. Ha pucynke 11 npuBegeH npuMep cXeMbl paclIMpeHUs: BHIBOJIOB C MCIOJIb30Ba-
HHEM MapajuIeIbHOTO MISCTUPA3PSIHOTO perucTpa Ha mukpocxemax D5, D6 (K155
(555) UP18 (AM25S07)).

Tabnniia ICTHHHOCTH PEeTUCTpa.
Taomura 9

D1 - D6 Q1-Q6

[Ipenpinymee
3HA4YECHUE

0

C
X X
1
1

e =)

0

1 1
X [Ipenpiaymee
3HAYCHUE

0

BriBoa nHdpopmanum ocymecTBiIsSeTCS IMOCIEI0BATEIbHO BO BPEMEHH, 110 MEpE T0-
Jla4l Ha TAaKTOBBIE BXOJIbl PETUCTPOB CTPOOUPYIOIIUX UMITYJILCOB, BhIPA0ATHIBAEMBIX
Ha BbIxoqax pl.6 u pl.7 MuUKpOKOHTpOILIEpA.

Pa3psinHOCTh BBIBOAMMOM HMHGOPMAIIMKM B pacCMaTPUBAEMOM MPUMEPE MOKET
OBITh yBeNIWYeHa J10 24 OUT, €CIu CTPOOUPYIOIIHE UMITYJIbChl (POPMHUPOBATH C TOMO-
uipio aemudparopa 2 Ha 4 (cm. puc. 12). [Ipu 3ToM agpecHblie BXObI Aemudparopa
MOKHO MOAKIIOYUTH K BhiBoJaM P1.6 u P1.7, a ero BbIX0oAbl — K TAaKTOBBIM BXOJIaM
COOTBETCTBYIOIIUX TapaJlICIbHBIX pPEru-
ctpoB. [demmdpartop 2 Ha 4 MOXKET OBITH
DS BBINIOJIHEH HA MHUKpocxeme K555UJ114,
)S A QOO—— NPEACTaBISIONIMX COOOM  CIIBOCHHBIM
nemudparop 2 Ha 4 C paspemiaro-

- - Q0P——— IMM/3aNpEaloIMM BXoaoM EA.
[Ipu mnoctpoeHun oOuel ¢QyHK-

AO QOO—— uwmonansHoM cxeMbl MIIC crnenyer yuu-
ThIBaTh, 4TO NOPTHI PO 1 P2 ncnone3yror-

QOO— c# npu oOpallleHuu K BHEUIHEW MamsTH
IpOrpaMM W BHEIIHEW MaMSITH JTAHHBIX.

— Al
Takum 00pa3omM sl CUYUTBHIBAHUS WH-
dbopmaluu ¢ JMHUK BBOJIA M TIEpeaadu
uH(OpPMAITUU TIO0 JTUHUSM BBIBOJA MOTYT
EA MIPUMEHATHCA NapaijielibHble MopThl P1 u

P3.

Puc. 12. Jlemmdpatop 2 Ha 4




Tabnuna uctuHHOCTH Jemudparopa

Taomuna 10
SA EA Al A0 Qo0 Q1 Q2 Q3
1 X X X 1 1 1 1
X 0 X X 1 1 1 1
0 1 0 0 0 1 1 1
0 1 0 1 1 0 1 1
0 1 1 0 1 1 0 1
0 1 1 1 1 1 1 1

VYuuThiBasi BHIIEOPUBEICHHBIE CXEMbl PACIIMPEHUS] JTUHUKA BBOJIa M BHIBOJA
MOXHO CJieJlaTh CJICAYIOIIMN BBIBOA: JIJIsi BBOJA MHGOPMAIIUU UCIIOIB3YIOTCS OUTHI
nopta P1: P1.0 - P1.3. Jlna BeiBoga uHpopmauuu - outsl nopta P3: P3.0 - P3.5.
Kpome Toro nsist BeIMOTHEHUS] (PYHKIIMM YTCHUS/3aIMCU B/U3 BHEITHEW MaMsITH JaH-
HBIX IpUMeHsIOTcs OuThl mopta P3: P3.6 (WR) u P3.7 (RD). s agpecanuu JaHHBIX

Ha BXOJaxX MYJIbTHIINICKCOPOB, a TAKIKC JJIs

BBIOOpA perucTpa sl BhIBOJA JAaHHBIX

MOTYT IPUMEHSTHCA B KauecTBE aJipecHbIX 0uThl mopota P1: P1.4 u P1.5.

Takum oOpaszom, 11t BEIOOpa orepanuy BBOJa WIM BBIBOJA JAHHBIX, a TaKkKe
IUIsl YIIPABJICHUS! BBICOKOMMIIETAHCHBIM COCTOSIHUEM CABOEHHBIX MYJIBTHUILIEKCOPOB
P BBITIOJIHEHUH BBOJIA JIAHHBIX OCTAIOTCSI CBOOOAHBIMU JiBa Outa nopta P1: P1.6 u
P1.7. Ilpumep cxemsl 7151 pEUIEHUS TOCTABICHHOM 3a1a4u IPUBE/IEH Ha puc. 13.

P1.6

Mynbtnnekcopbl D3 1 D4 (Bxoab! SO, S1)

Mynbtrnnekcopsbl D1 m D2 (Bxoap! SO, S1)

P1.7

DS (BbiBOA EA)

Puc. 13. Ynpasnenue pexumamu BBoAa/BbiBoaa AaHHBIX (P1.7) u ynpasnenue
BBICOKOUMIIEAAHCHBIM COCTOSTHUEM CIBOCHHBIX MYJIbTUILIEKCOPOB (P1.6)



B tabnume 11 moka3anbl curnansr 6utoB P1.6 u P1.7 npu ynpasiennn BbICO-

KOUMIIEAAHCHBIM COCTOSTHUEM CABOCHHBIX MyJbTHUILIEKCOpoB D1, D2 (manubie D1 -
D16) u D3, D4 (nanusie D17 - D32)

Taomuma 11
P1.6 P1.7 D1-D16 D17-D32
0 0 D1-D16 Z
1 0 Z D17-D32
X 1 Z Z

Cocrostnue Outa P1.7 mpu ynpaBieHuH peXHMMaMu BBOJbBI/BBIBOJA JIAHHBIX
npuBeieHO B Tabmuie 12

Tabmauma 12
P1.7

0 BBOJI X

1 X BbIBO/{



P1.0
P1.1
P1.2
P1.3
P1.4

P1.5
P1.6

P1.7

Reset
XTAIL1
XTAIL2

P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6
P3.7

CPU

PO.O
PO.1
PO.2
PO.3
PO.4

PO.5
PO.6

PO.7

ALE

PME

P2.0
P2.1
P2.2
P2.3
P2.4
P2.5
P2.6
P2.7

SN |E|WIN|E=

|| |WINE

Puc. 11. Cxema pacummpeHusi KaHaJIOB BbIBOJA

D1
D2 TT Q1
D3 Q2
D4 Q3
D5 Q4
D6 Q5
C D5 Q6
R

+5V
D1

, TT
D2 01
D3 02
D4 a3
D5 Q4
D6 Q5
Q6

¢ | D6
R

+5Vv



2.2.4. Pacuet ckopoctu BbiBoja nH(popmanuu yepes Y AIII

[TocnenoBarenbHblil mopT MK-51 MOXKeT UCIIOJIB30BATHCS B KAUECTBE YHUBEP-
CaJIbHOTO aCMHXPOHHOTO npueMo-nepenarunka (Y AIII) ¢ dukcupoBanHoi uim me-
PEMEHHOI CKOpPOCTBIO MOCIEAOBATEIbBHOIO OOMEHAa U BO3MOKHOCTBIO JYTIEKCHOTO
BKIIOUeHHs. CKOpocTh nocnenoBareabHoro oomena Y AIIII B pexumax 1 u 3 onpe-
nensiercs no popmyre:

(2SMOD _ ¢ %
Fra = Fna = " /(32-12-[256— (TH)] )

rae SMOD - 3nagenune 6ura SMOD peructpa ynpasiaeHust MomHOCTEI0 PCON;
fBQ - yactoTa cuHxponuzaruu MK-51;

TH - necsatuuHoe 3HaueHue cogepkumoro perucrpa THI.
OOBIYHO /ISl YCTAHOBKHM CKOPOCTH IEPEAAur AAHHBIX Yepe3 MOCIIEN0BATENb-
HbIi1 nopT Taiimep T/C 1 BkiItoyaeTcs B peskuM 2 (peXUM aBTO3arpy3Ku).

B Tabnuiie npuBeneH psii CTAaHAAPTHBIX CKOPOCTEH MOCIEeI0BATEILHOTO 00Me-
Ha ¥ TO, KaK OHM MOTYT OBITh peann3oBanbl ¢ momoiibio T/C1 B pexumax 1 u 3.

Pesxumbt paboTeI no- Yacrora rene- CxopocTb
CJIEI0BATEIBHOTO p ’ bur SMOD | Peructp TH1
paropa, MI' kbon
nopra
0 12 1000 X X
2 12 375 1 X
1,3 12 62.5 1 FFH
1,3 11,059 19.2 1 FDH
1,3 11,059 4.8 0 FAH
1,3 11,059 1.2 0 E8H
1,3 6 0,110 0 72H

B kauecTBe nmprMepa pacCMOTPHUM Iepeaady JaHHBIX Yepe3 MOC/IeI0BaTEIbHBIN MOPT
co ckopocthio V=110 out/c. YHactora cuaxponusanuu MK-51 cocrapnser f=6MI 1, a
out SMOD = 0.

C yuerom toro, uto outr SMOD=0 BbIpa3umM 13 COOTHOIICHUS (2) 3HAYCHHE COJEP-
xumoro perucrpa TH:

DY
(TH) =256 ~ 55725 )

[ToxcraBuB 3amanubie 3HaueHus f u V, nonyuum: (TH)=72H
2.2.5. ®opMHUpOBAHUE UMITYJIbCA 33JAHHON JUTUTEIIbHOCTH

Bo muorux npumenenusix MK-51 HeoOxomaumo chopMupoBaTh UMMIYJIbC 3a-
JAHHOM JIJIMTENbHOCTU Ha TOW WJIM MHOM JMHUM TopTa. OOBIYHO IS ATUX LIeJel uc-




noJsib3yeTcs aubo Taimep/cuetunk, b0 peructpsl PIIJ]. brmok-cxema anropurma
(dbopMHUpOBaHMS BPEMEHHOMN 3aJIepKKHU OOJIBIION JIUTEIbHOCTH TIOKa3aHa Ha puc. 9.

1
( Hauaimo )

L] o7

3arpy3ka B R1 uncna nukios X 1
.l 5
3arpy3ka B R2 uucna nukinoB Y
>y 4
Hexpement R2
Y
X

Hexkpement R1

Her

(R1) = 0?

8
( Brixon )

Puc. 9. biok-cxema anropurma GopMUpOBaHUSI BPEMEHHOM 3a7CPKKH

JlauHbIi anroputm uist GOPMUPOBAHMSI BPEMEHHOM 3a/IEPKKHU UCIIOJIBb3YeT TaK
Ha3bIBa€MbI€ BJIOKEHHbIE IUMKIJIbL. Ha HauanbHOM 3Tane B peructp R1 3arpyxkaercs
qrcao “Oospioro” mukia X (0sok 2), a B peructp R2 — yucno “manoro” nukina Y
(6110k 3). DTH IBE KOMaH/IbI BBHITIOJIHSIIOTCS 32 OAWMH MAlTUHHBINA UK. C IMOMOIIBIO
0JI0KOB 4, 5 moAmporpaMMebl cosiepkumoe peructpa R2 ymensinaercs g0 0 u ocyiie-
CTBJIICTCS TIEPEX0J] K OJIOKY 6 MOANpPOTrpaMMbl. DTOT LUK yA0OHEE OPraHU30BaTh C
nomotipio koMauael DINZ R, $, xotopas BemmonHsercss MK-51 3a 2 MaliMHHBIX
[UKJIa. AHAJIOTUYHO OpraHu3yeTcs U “0osbiioi” nuki (06soku 6, 7). Takum 006pazom,
JUTUTEILHOCTh BPEMEHHOM 3a/IepKKu, PopMUpPYyEeMOl ¢ MTOMOIILIO 3TOT0 AJITOPUTMA,
B MAIlIMHHBIX [IMKJIAX MOKHO paccuuTath 1o popmyne (3):

tyy =1+(1+2-Y +2)-X. 4)
Bpewmst 3aepKKH B CEKYH/IaX paccuUThIBaeTCs 1o popmyiie (4):
t3:%-12[1+(3+2.v).x]. (5)

BQ



Ecnu 3amana nauTenbHOCTh UMITYJIbCA, (POPMUPYEMOTO C TTOMOIIBIO PACCMOT-
PEHHOTO aJITOPUTMa, TO HEOOXOAUMO MOA00paTh Takue X U Y, YTOOBI BHIMOTHSIIOCH
ycioBue (5):

e t3,; - 3aIaHHAS JUTUTENLHOCTD UMITYIIBCA.

Jlst Toro uto6s1 MK-51 chopmupoBan uMIyasC ¢ TOYHOCTHIO TUTFOC/MUHYC 1
UK B MOANpPOrpaMMy HEOOXOAMMO J00aBUTH KoMmaHay ‘“‘HeT omepaiuu’ (NOP),
YHUCJIO KOTOPBIX MOKHO paccuuTath 1o popmye (6):

tyr — 13
N=""2_".f,. 7

Ecau uucno xomana NOP, HeoOXOauMBIX 71 “TOATOHKH 3aJEP>KKU, TOJTY-
quTCsa OOJBINE 5, TO PEKOMEHAYETCsS IS 3THX IIeJIeM HMCIO0JIb30BaTh JIOKATHHBIH
IIUKJI, KOTOPBIN BCTABJISAETCS B TEJIO MOAIIPOrpaMMBI TTocie 0yioka 7.

HHOPAJOK BBIITIOJIHEHUA PABOTBI
1. Pa3paboTka cxembl MOAKIOYEHUS BHEIIHEN TAMATH [IPOTrPamMM.

B cooTtBercTBHM € 3aJaHHBIM OOBEMOM BHEIIHEW MAaMITH MNpPOrpaMM IMOA00paTh
MOAXO/SIIYIO IO JaHHOMY 00beMy NaMaTH MUKpocxeMmy. [IpuBecTy B COOTBETCTBHH
¢ TabJuIEel Ha3HAYEHKE BBIBOJOB, UX YCIOBHOE 0003HAYEHUE U HA3HAYECHUE.

VYcioBHOE
Howmep BriBO1A Haznauenue
0003HaUeHHE

Hcnonp3ys B kauecTBE MpUMEpPa CXEMY NMOAKIIOUEHHS BHEIIHEW MaMATH MPOTPAMM,
NpUBEICHHON Ha pucyHke 6 moctpouth cxemy mnoaxiarouenus BIIIT mms cBoero
BAPHUAHTA.

2. Pa3paboTka cxembl MMOAKIIOUEHUS BHEITHEH TaMSTH JTaHHBIX.

B cooTBeTcTBUMM € 3aJaHHBIM O0BEMOM BHEIIHEW MaMsATH JaHHBIX MMOJ00paTh
MOJAXO/ISIIYIO TIO JaHHOMY 00BheMy naMsaTh MUKpocxemy. [IpuBecT B cOOTBETCTBUU
¢ TabnuIell Ha3HauYCHKE BBIBOJIOB, UX YCIOBHOE 0003HAYEHUE U HA3HAYCHUE.

YcnoBHOE
Howmep BeIBOIIA Haznauenue
0003HaYeHHE

Hcnonb3ys B KauecTBe MpUMeEpa CXEMY MOJKIIOUYCHUSI BHEIIHEW MaMsTH MPOrpaMm,
MPUBEJCHHON Ha pucyHke 9, mocTpouTh cxemy mnoakmtouenus BIIJ] ans cBoero
BapHUaHTA.

3. Pa3zpaboTka cxeMbl pacupeHus KaHaJoB BBOAA HH(POPMAIIHH.




B cootBercTBUN C 3aJaHHbIM 4YHCJIOM JIMHUK BBOJa HOI[O6paTB NoAXOAAITY O
MHKPOCXEMY MYJBTUILIICKCOPOB. HpI/IBGCTI/I B COOTBETCTBHH C Ta6HHHCﬁ Ha3HA4YCHUC
BBIBOJOB, UX YCIIOBHOC 0003HaUYCHNE U Ha3HAYCHUE.

Howmep BriBOIA YcinoBHOE Hasnauenue
0003HayYeHHE

[IpuBectu TabJIMIly HCTUHHOCTH MHUKPOCXEMBI.

Hcrnionb3yss B KadecTBE IMpUMeEpa CXEMYy pacCUIMpEeHHs 4Yucia JIMHUKA BBOJA,
NpUBEACHHYIO Ha pucyHKe 10 mocTpouTh cxeMy Jijisi CBOEro BapUaHTa.

4. Pa3zpaboTka cxeMbl paclIupeHHs KaHaJOB BhIBOJIa MH(OpMAIUH.

B cootBeTcTBUMM C 3aJaHHBIM YHCJIOM JIMHMM BBOJa MOAOOpaTh MOIAXOISIIYIO
MHUKpOCXeMy peructpoB. IIpuBecT B COOTBETCTBHM C TaOJMIeH Ha3HAuYCHUE
BBIBOJIOB, UX YCJIIOBHOE 0003HAUYCHHE 1 HA3HAUCHMUE.

Howmep BbIBOIIA YcmoBHOE Hasnauenne
0003HaYeHne

[TpuBecTu TabIUIy HCTUHHOCTA MUKPOCXEMBI.

Hcrons3yss B KadecTBE IpHUMEpa CXEMy paclIMpeHUsl 4Yucia JIMHUKA BBOJA,
IIPUBEICHHYIO HA PUCYHKE 1] OCTpOUTH cXeMy Il CBOETO BapUaAHTA.

5. [ocTpoenne PpyHKIMOHATBHON CXEMbl MUKPOIIPOLIECCOPHON CUCTEMBI.
Hcnonb3yst pe3yabTaThl, MOJTyYeHHBIE B 1. 1 - 4, HOCTPOUTH (PYHKIIMOHAIBHYIO
CXEMY MUKPOITPOLECCOPHON CUCTEMBI.

6. Pacuer ckopoctu BeiBoga nHopmanmu depe3 Y AIIIT

B cooTBeTCcTBHHM € 3aJaHHBIMU CKOPOCTHIO Niepeaaun naHHbIX yepe3 Y AlIIl u yacro-
TOM CHHXPOHHU3AIMHU U C yU€TOM COOTHOIICHUH (2) 1 (3) onpenennuTh CoAepKUMOe
crapiurero perucrpa taimepa TH.

7. ®opMHUpOBaHUE UMITYJIbCA 33JAHHON JUTUTEIILHOCTH.

B cooTBeTcTBHM € 33JaHHOM JUIMTENBHOCTBIO UMITYJIBCA U C YYETOM COOTHOLLIEHUN
(4) - (7) onpenennuts 3HaUeHUs drciaa BHEMHUX (X) U BI0KeHHBIX (Y) LUKIIOB.
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