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1. OcHOBHBIE TEXHHYECKHE XaAPAKTEPUCTHKH

Tun mukpornponeccopa

Z80-compatible VHDL core

TakToBas yacTtora nmpoueccopa

3.5/14/28MTI'n

O0wem O3Y

2048

Tun ucnonszyemoint [IJIMC

EP2C8Q208C8Np. Altera

Tun BcTpoenHoro nepudepuitHoro
KOHTpOJUIepa

LPC2368FBD100¢p. NXP

TaktoBas yacroTa nepudepuitHoro 72MI'n
KOHTpOJIJIepa
O6beM BcTpoenHoro [13Y 51X

Tun My3bIKaIBHOTO TIpOIEccopa

YM2149 VHDL core/Turbo sound

WHutepdeiicel BBOA

PS/2 keyboard/mouse

Wurepdeiicel BBoma/BBIBOIA

SD-CARD ¢rangapt ZC), IDE
(cranmapt Nemo), UART § texymieit
NPOIIMBKE HE MOJIJICPKAH)

DKpaH

SVGA, 50uT Ha KaXIbli [[BET
(cranmapTHBI SpectrunpkpaH,
Pentagon 16 color, ATM 320x200, ATM
hardware multicolor 640x200, ATM

{

textmode 80x25)




2. YnpasJjieHne KOH(purypamnueil KomnbTepa
2.1.MMopt 7FFDh @anuce) (pusuueckuii agpec % LXXXXXXXXXXXX0X)

bit O - pageOssi6op crpanumb O3Y as pexnma 128K;

bit 1- pagelpsioop crpanunsr O3Y mis pexuma 128K;

bit 2 - page2psi60op crpanus O3Y as pexnma 128K;

bit 3 - mpoeuuposanue sxpana (0 -c agpeca 4000h {rpanuna 5), 1 - caapeca
CO000h ¢rpanwura 7));

bit 4 - BBIOOP cTpanutm [13Y (0-Oeiicuk-128, 16eiicuk-48);

bit 5 - mpu bit 2 EFF7h = 0 - pagespioop crpanuiier O3V ms pexxuma 1024K;
npu bit 2 EFF7h = 1 samenka (O -opt 7FFDhpa6oraer HopmanbsHO,
1 - mopT u Bce (yHKIMU, OCYIIECTBISIEMbIE MM, OJIOKUpPYIOTCs. Bhixon
U3 3TOT0 PEXKKUMA BO3MOXEH TOJBKO MyTEM armnapaTHoro copoca,;

bit 6 - page3ssi6op crpanuier O3Y s pexuma 1024K;

bit 7 — page4sri6op crpanuiet O3Y ms pesxkuma 1024k,

Homep crpanuuer O3Y npu kommyrtanuu yepe3 nopt /FFDh B pexume
Pentagon-1024cknansiBactcss w3 O6uroB page[s...0]. Jlocrynmaa kommyrtarus 64
crpanuil (1024K).B pexxume 128kunomep onpenensiercst outamu page[2...0].

2.2.Mopt EFF7h (3anuce) (pusnmuecknii aapec %011 1OXXXXXXXXOXXX)

bit O - Brimrouenue pexxuma Pentagon 16 color (Ossikin, 1 —Bki1.),

bit 1 - e ucmone3zyercs,

bit 2 - Brimrouenue pexxuma 128K.I1pu Bit 2 = 1mamsats cBepx 128k  Gnokupyercs,

a Ha mecto bit 5 7FFDhscraer 3amenka 48Kk.

bit 3 - 6xoxuporka I13VY. IIpu bit 3 = 1c anpeca 0000hemecto 13V mpoeunpyercs
O-s crpanumna O3Y

bit 4 —6uT turboOynpasieHus TakTOBOI YacToTOM Mporeccopa (cM. 1. 2.3)

bit 5 - He ucmonv3yercs,

bit 6 - He ucnonb3yercs,

bit 7 - BximroueHme peructpoB yacos peansHoro Bpemenu (RTC)u CMOSqamsaru

2.3.IlopTel XX77h Banuck, A0cTyNEH TOJAbKO B pexkume DOS) (pusuueckuii
aapec %xxxxxxxx01110111)

Ecnu paspsin mmnb agpeca A9 = 0, Bkimouaercs peskum DOS (13Y u TeHeBbie
MOPTHI BBOJIa-BBIBOIA)
Ecnu paspsin munsl agpeca Al4 = 0,Bxmouaercs goctyn k namurpe u3 [13Y DOS

Hasuzauenue OMTOB IIUHEI JAHHBIX:

bit 3 —6uT turbolynpasieHus TaKTOBOI YaCTOTOM Mpoleccopa. 3HauYeHNUE TaKTOBOM
YaCTOTHI MOYKHO OTIPeeauTh 1o Tabmuie 2.1.



Tadmuma 2.1

buTtel ynipaBnenus U
turbol turbo0 3HaveHue TaKTOBOM yacToThl, MI'11
0 0 14
0 1 35
1 X 28
bit 2...0 — BweIOOp rpaduueckoro pexmma (cm. 1.3). ['paduueckuii pexum

orpepaensercs mo Tabmure 2.2:

Tabmuna 2.2

bute! npaBneHus

bit2 | Bitl | bito ['padpuaeckuii pexxum
Pexxum ZX-Spectrum / Pentagon — 1024
0 1 1
(BueopexxuMmel yrpasisitoTes yepes nopt EFF7h)
0 0 0 ATM 320x200
0 1 0 ATM hardware multicolor 640x200
1 1 0 ATM textmode 80x25

[Tocne cOpoca B mopT 3anuckiBaeTcs 9ucio %oxxxx1011.
2.4 Tloptel XXFEh (urenne/3anuch) (puzmueckuii agpec %o XXXXXXXXXXXXXXX0)
Ha3nauenue OUTOB Ipu 3alKCH CIEyIOLICE:

bit 7 - He ucnone3yercs,

bit 6 - He uconp3yercs,

bit 5 - He ucnonp3yercs,

bit 4 - beeper,

bit 3 - tape out,

bit 2 - kommonenTa G 1Bera pamku ZX-3kpana (border),
bit 1 - kommonenTa R uBera pamku ZX-3kpana (border),
bit O - kommonenTa B 1iBeta pamxu ZX-skpana (border).

Haznauenue OUTOB Mpu YTEHUU:

bit 7 - He ucnone3yercs,

bit 6 - tape in,

bit 5 - He ucnonp3yercs,

bit 4 ... bit 0 —mannHbIc ZX-KJIaBUATYPbI

ZX-xnaBuarypa TMpeacTaBiseT co00i MaTpuily KJIaBHII pa3MepoM SX8
(rabmura 2.3), Ha CTPOKH KOTOPOM BBICTABIISIETCS COJACPKMMOE CTapIeii MOJOBHUHBI
IIMHBI ajpeca mpu yTeHuu u3 nopta XXFEh. CTonOupl MaTpuIilsl MOAKITIOUEHBI K
ouram 4...0 mopra XXFEh. I[To ymonuaHuio Ha CTOJIOIAX MATPHIIBI 3aJaH YPOBEHb
mor.l ¢ MOMOUIBI0 TMOATATUBAINUX Pe3ucTOopoB. [lpm HakaTuu Ha Kakyroo-1ubO0
KJIABUIIy pa3psa IIMHBI JaHHBIX MPU YTEHWH U3 TMOpTa AYyOJUpPYEeT COCTOSIHHE
COOTBETCTBYIONIEH €My IMHUM IIWHBI angpeca. Takum o0Opa3oMm, CKaHUPOBAHHE
KJIaBUATYphl OCYIIECTBIISIETCS MyTeM BBICTaBICHUS YpoBHs JIor.0 Ha OAHY U3 JMHUI



HIMHBI aJipeca pu ureHuu u3 nopra XXFEh, nanmuuue ypohs nor.0 B ogHOM U3 OUTOB
4...0 muHB JaHHBIX TOBOPUT O TOM, YTO COOTBETCTBYIOIIAas KJIABUIIA B JaHHBINA
MOMEHT HaxkaTa. B Tabmmue 2.3 yka3aHbl ajapeca IOPTOB, HCHOJIb3YyEMbIEC JUIS
CKaHWPOBAHMS TOPU3OHTAIBHBIX PS/I0B KIABHATYPBI.

Taomuma 2.3
unbI unbI
Hopt anpeca/ | DO | D1 | D2| D3| D4j D4 | D3| D2| D1| DO | aagpeca/ Hopt
JAHHBIX JAHHBIX
F7FEh All 1 2 3 4 5 6 7 8 9 0 Al12 EFFEh
FBFEh A10 QI W|JE|R| T Y U I @) P A13 DFFEh
FDFEh A9 A | S D| F| G H J K| L | ENT Al4 BFFEh
FEFEh A8 Cs| z| X|] C|V B N| M| SS| SPC Al5 7FFEh

2.5.TlopThl ynpaBJ/jieHUus1 AUCIIETYEPOM MAMSATH
2.5.1.Moptel XFF7h Banuck, 1ocTyneH ToabKo B peskume DOS)

I'pynna u3 4-x moptoB ympasienus aucrnerdepom namstu (3FF7h, 7FF7h,
BFF7h, FFF7h,nemmdpanus aapecoB monnas). buter Al4, Al5 mmHbl ampeca
OIPECISIFOT OKHO B aJpeCHOM MPOCTPAHCTBE MPOIEccopa B aKTUBHOM KapTe MaMsITH,
B KOTOPOE BKIJIIOYACTCS CTPaHHUIA, HOMEpP KOTOPOW OINPEICIACTCS HHBEPCHBIMHU
3HaueHusMU OuToB 5..0 3ammcanHOrO B MOpPT 4Kcia. HeakTuBHas kapTa maMsaTH HE
usmensiercs. Homep aktusHo# kapTel namstu (O wnm 1) onpenensercs 6urom 4 mopra

7FFDh.

A14=0, A15=0 fiopt 3FF7h): Cokno (ampeca O ... 3FFFh);

Al14=1, A15=0 fiopt 7FF7h): loxuo (agpeca 4000h ... 7FFFh);
A14=0, A15=1 fiopt BFF7h): 2oxH0 (agpeca 8000h ... BFFFh);
Al14=1, A15=1 fioptr FFF7h): 3okHo (anpeca COOOh ... FFFFh).

Hasnayenne OMTOB IMIUHEI JAHHBIX !

bit 7=0:8 TekyiiemM OkHe AMCIIETYE MAMATH PabOTAET B PEIKUME afpecaliii CTPAHHII]
yepes noptel XXF7;

bit 7=1:8 TekyiiemM OkHe AMCIIETYED MAMATH PabOTAET B PEIKUME afpecaliii CTPAHHII]
yepe3 nopt 7/FFDh pexxum Pentagon-1024);

bit 6=0:B BEIOpaHHOM OKHE MPOCIUPYIOTCS CTpaHullbl [13V;
bit 6=1:8 BEIOpaHHOM OKHE TIpoenupyIOTCcs cTpanuiisl O3Y;
bit 5... bit 0 —uHBepcHBIC OuTHI HOMepa moaKIIFOYaeMoit crpanuilpl O3Y.

[lpu padore ¢ mopramu XFF7h B pexxume npoeumpoBanusi crpanun [13Y
JOCTYITHa KoMMyTanus Toibko 4 crtpanmn [13Y, 3nadenuss OwtoB 2...5
urHopupytotcs. [Ipu pabore B pexkume mpoerupoBanus ctpanunl O3Y mocrymHa
kommyTanus 64 crpanun O3Y (Mmaammii Mmeradait O3Y).

2.5.2.Moptel X7F7h Ganucek, 1ocTyneH To/ibKo B peskume DOS)

I'pynna u3 4-x moptoB ympasieHus aucrerdepom namstu (37F7h, 77F7h,
B7F7h, F7F7h,nemmdpanus aapecoB monnas). butet Al4, ALl5 muHbl agpeca



OIPEAEISFOT OKHO B aIpEeCHOM MPOCTPAHCTBE MPOIECCOopa B aKTUBHOM KapTe MaMsITH,
B KOTOPOE BKIIFOYAETCS CTPAHWIA, HOMEP KOTOPOM OMPENENSACTCS HHBEPCHBIMH
6HTaMI/I 3allMCAaHHOI'0 B HOPT 4YHUCIA. Heaktusnas KapTa mnaMiaTh HC HU3MCHACTCA.
Howmep aktuBnoit kapTel mamsat (O wau 1) onpenensiercs 6utom 4 mopra 7FFDh.

A14=0, A15=0 fiopt 37F7h): Ookro (ampeca O ... 3FFFh);

Al14=1, A15=0 fiopt 77F7h): lokuo (anpeca 4000h ... 7FFFh);
A14=0, A15=1 fiopt B7F7h): 20kno (axpeca 8000h ... BFFFh);
Al14=1, A15=1 fiopt F7F7h): 3okuo (ampeca COO0h ... FFFFh).

Hasuzauenue OMTOB IIUHEI JAHHBIX !
bit 7... bit 0 —uHBepcHBIC OMTHI HOMEpa MOAKIII0YaeMoi ctpanuisl O3Y.

Ecnu panee Obut BbIOpaH pexxuM mnpoerupoBanus [13Y B 3amaHHOM OKHE
(aepe3 mopter XFF7h), To mpu 3amucu B moptel X7F7haToT pexum 3ameHsieTcss Ha
pexum npoeuupoBanus O3V,

[Tpu 3ammcu B mopthl X7F7hnucnerdep naMaTy B TEKyIIeM OKHE TIEPEXOIHUT B
paboTy B peXHME aipecaliiy CTPaHUIl 4yepe3 mopThl XXF7.

[Tpu pabote B pexxume npoeuupoBanust ctpanun O3Y 10CTymHAa KOMMYTanus
128 crpanur; O3Y (2 M6 O3Y). Crapiuuii OUT HOMEpa CTPaHUIIBI HTHOPUPYETCS.

2.5.3.Moptel XXBEh (4yTenne)

'pynma mnopToB mnpeaHa3HaueHa MJisd OINpeAeNieHUus HOoMepa TeKyllen
CTpaHUIIbI TAMATHU B 3aJTaHHOM OKHC. HOMepa BO3BpalIarOTCd B HCUHBCPTHUPOBAHHOM
Buze. Jlemmdpamnus nopTos nmosiHas. J{locTymHbie aapeca:

00BEh:HoMep ctpanuist O3Y B 0 okue 0 kaptol mamstu (aapeca O ... 3FFFh);
01BEh:nomep ctpanunst O3Y B 1 okue O kaptel namstu (agpeca 4000h ... 7FFFh);
02BEh:uoMmep ctpanuist O3Y Bo 2 okre 0 kaptel mamsatu (agpeca 8000h ... BFFFh);
03BEh:HoMep crpanutst O3Y B 3 okne O kaptel namsitu (agpeca CO00h ... FFFFh);
04BEh:uomep ctpanuist O3Y B 0 okue 1 kaptel mamstu (aapeca O ... 3FFFh);
O05BEh:HoMep ctpanunsl O3Y B 1 okue 1 kaptel namstu (agpeca 4000h ... 7FFFh);
06BEh:H0oMep cTpanuist O3Y Bo 2 okue 1 kaptel mamsartu (agpeca 8000h ... BFFFh);
07BEh:nomep ctpanutst O3Y B 3 okne 1 kaptel namstu (agpeca CO00h ... FFFFh);

2.6.Peructppl RTC u CMOS-namstu

CMOS namsaTh npeactasisieT co0oil MmaccuB ctarudeckoro O3Y ¢ nuranuem
OT aBTOHOMHOUW OaTapeiku, B KOTOPOM MOXKHO XPaHUTh MH(POPMAIMIO O TEKYIIEH
KOHUTypalu CUCTEMBI. BHumaHnue. 60 uzbedcanue npexicoespemMeHHo20 paspaod
bamapetiku, ee HYI’CHO YCMAHAGIUBAMb MOILKO NPU  BKIOUEHHOM OCHOBHOM
numanuu niamel (OarvHeliuue YUKIbl 8bIKIIOYEHUSIBKII0UEHUs. OCHOBHOU NAAMbl HA
pabomy CMOS ne nosnusirom). Iloopobnee cu. errata sheet LPC2368.

2.6.1. DFF7h g§anuce) — pernctp aapeca siueiiku (pusndeckuii aapec
%1101111111110111)



B peructpe agpeca ykaspiBaercs Homep siueriku CMOS, noctyn kK KOTOPOH MOXKHO
MOJTYYUTh Yepe3 perucTp AanHbix. KomnyuecTo siueek — 64.

2.6.2. BFF7h irenue/3anmuce) — peructp nanabix CMOS (pusnyeckuii aapec
%1011111111110111)

UYepes peructp JaHHBIX MPOUCXOAUT uTeHue u3 ssueiiku CMOSwuum 3anuck B S4eiKy
CMOS, Homep KOTOPOH 3a/1aH B PETUCTPE aapeca sIMCHKH.

2.6.3.0co6ennoctu peamuzanuu RTC u CMOS-namsitu

Sueiiku ¢ agpecamu 00h — 2Eh -enmyxeOnbie. Haznauenue siucex:

Anpec DyHKIUA

00h Bpems (cexyHebl), hopmar BCD

01h HE HMCIOJIB3YETCS

02h Bpems (MuHYTHI), hopmar BCD

03h HE HMCIOJIB3YETCS

04h Bpems (dackl), hopmatr BCD

05h HE UCIIOJIb3YETCSI

06h nara (IeHb HEeJCITN)

07h nara (uucio), popmar BCD

08h nara (mecsi), Gopmar BCD

09h nara (nBe nocneaaue udpsl roga), opmar BCD

OAh sgelika Bcerna BoiaeT 3HaueHue 20h

0Bh sgeiika Bcerna BoiaeT 3HaueHue 02h

0Ch HE UCIIOJIb3YETCSI

0Dh HE HCIOJIB3YETCS

OEh pexxum padboTsl mamsitu (48/128/all)

OFh HE HMCIOJIB3YETCS

11h sJeiika Bceraa Boigaer 3Hayenue AAh

12h ¢mnar "user message'gcin = "G", To BMecto cranmapraoro "MR GLUK
RESET SERVICE Vx.xx"6yner BeiBogutcst coobdmenune 3z CMOSnamstu
(srueiiku 13h ... 2Eh)Coobmenune nomkHo 3akanunBaThcs Oaritom FFh

13h ... TekcroBoe coobIieHne, BEIBoanMOe Ha 5kpaH B MeHI0 Gluk Reset Service

2Eh

2.7.optel Kempston Mouse Interface

[MoaepKUBacIOTCS TPEXKHOMOYHBIC MBIIKH PS/2THITa, a Tak)Ke KOJIECO MPOKPYTKH
(mpu HaNMYKHN)

2.7.1.MMopt FADFh (urenmne) (¢pusnueckuii aapec %1111101011011111) —
COCTOsSIHME KHOMOK MBIIIKH

bit 0 — RMB,
bit 1 — LMB,
bit 2 — MMB,

bit 3 —He ucmonk3yerces,
bit 4 ... 7 —c4eTuunk Kojeca MPOKPYTKH.




2.7.2.Mopt FBDFh (urenue) (pusuueckmii agpec %1111101111011111) —
KoopAuHaTra X

OTtobOpakaeT nepeMenieHne yKa3aTessi MBIIIKY 110 TOPU30HTAIH.

2.7.3.Mopt FFDFh (urenue) (puzmueckuii agpec %1111111111011111) —
KoopauHara Y

OTto0paskaeT nepeMerieHne yKa3aTeisi MBIIIKU 110 BEPTHKAIHU.
2.8.Unteppeiic SPI (SD-CARD)

st moakmouenuss SD«apThl peann3oBaH TOCIEAOBATEIbHBIN HHTEPQEIc
nepenaun ganHbeix SPI. I[IporpamMmmHo uHTEpdeEiic TOCTyeH ¢ TOMOIIBIO ABYX IMOPTOB
BBOJIa-BBIBOJIA. TTOpTa KoHuryparuu 7 7hu nopra manusix 57h.

2.8.1. lopt xoudurypauuu SPl 77h 0ObIuHbIi pexum), 57h pexum DOS)
(ureHune/3anuCh)

Ousnueckuit  aapec  YoxXxXxxxxxx01110111 B  oObIYHOM  peXKUME W
%1xxxxxxx01010113® pexume DOS.

3anuce:

bit O —rmuranne SD«apte! (0 —BBIKITIOYEHO, 1 - BKIIOUEHO)
bit 1 —ynpasnenue curaanom CS

bit 2..7 —He ucmons3yroTCs

Yrenmue:

bit 0 —ecu O — SDxkapra ycranopnena, 1 — SDxapra oTCyTCTBYET

bit 1 - eciiu 1 —to Ha kapte BKIOUeH peskuM Read onlyecou 0 —pexxum Read only
HE BKJIIOYCH

bit 2..7 —xe ucmonp3yroTCs.

2.8.2.Mopt nannbix SPI xx57h @renue/3anucny)

Ousnueckuit ampec YoXXXXXXXX010101118 oObIYHOM peXMME U TIPH UYTCHUU B
pexume DOS, %0xxxxxxx0101011lmpu 3anucu B pexume DOS. Tlopt
UCIIONB3yeTcsl Il oOMeHa naHHbIMU 1o SPluaTepdeiicy. Bpemennas nuarpamma
nepenayn Oaiita qanueix no SPlnoka3ana Ha puc.l.

Puc.l. Bpemennas quarpamma nepenadu 6aiita 1anapix mo SPI



TaktupoBanue (curman SDCLK) ocymiecTBisieTcss aBTOMAaTU4ecKd TPU
3aMuCcH Kakoro-nmu6o 3HadeHus B mopt 57h. Ilpu stom dopmupyrorcs 8 TakTOBBIX
umnynbcoB Ha Beixoge SDCLK, Ha Bbixox SDDI mnocrymaior naHHBIE
[OCJIEIOBATENbHO OT CTaplero OMTa K MIIaJiIeMy € KaXIbIM (POHTOM CHUTHaja
SDCLK.

[lpn urenmm wu3 mnopra 57h Takke aBTOMATHYECKH IPOH3BOAUTCS
TakTHpoBaHue. bydepHbiii peructp mopra 57h, ucmonme3yemblii mpu yTEHUH,
3anonHseTcs naHHbIMu co Bxoaa SDIN mocnemoBaTenbHO OT crapuiero Ourta K
MITaJIIIeMy ¢ KaxasiM ¢ppoHToM curHana SDCLK.

2.9.MMopTel 3MmyasTopa Beta Disk Interface

Bce noptel amynsitopa Beta Disk Interface (BDIjocTymHbl TOJBKO B pekuMe
DOS. Dmynstop BDI paboraer amamorumuno BDI, ommako Bmecto floppy-mucka
UCTOJIB3yeT 00pa3 TUCKETHI, PacHoJOXKEeHHbIH B crapmem merabaiite O3Y. O6pa3

JIMCKa 3arpy’kaeTcsi CBepXy BHU3 B cTpanullsl 118 ... 78.

2.9.1. Peructp xomana (3ammch) / cratryca (urenme) XX1Fh (pusmueckuii agpec
YoXXXXXXXX000xxx11)

OMmynupyet peructpsl komana/craryca KP1818I'93.

2.9.2. Peructp pgopoxku (urenme/3ammch) XX3Fh (pusuueckmii agpec
YoXXXXXXXX001xxx11)

Omynupyet peructp aopoxkkn KP1818I1'93.

2.9.3. Perucrp cexkropa (ureHue/3ammcn) XXS5Fh (pusuueckmii aapec
YoXXXXXXXX010xxx11)

Omynupyet peructp cekropa KP1818I1'93.

2.9.4. Perucrp nanHbix (yreHue/3amuchb) XX7Fh (pusuueckmii aapec
POXXXXXXXX011xxx11)

Omynupyet peructp ganHbix KP1818BI'93.

2.9.5. Cucremublii peructp BDI (urenme/3anuch) XXFFh (pusuueckmii agpec
YOXXXXXXXX11IXxxX11)

Omynupyer cucteMHubii peructp BDI.

3. Paborta ¢ rpaduyecKUMH pesKUMaMu
3.1. YnpaBieHue UBeTOBOH NATUTPOM
[TanuTpa MO3BOISIET 33/1aTh OTOOpaXKEHUE JII0OOTO IIBeTa B BHJIE Habopa U3 5

rpamanuii  sSpkoctT kKomroHeHTOB R, G, B. Ilo ymomuaHuio ucCmonb3yercs
crangaptHas ZX-Spectrum mamutpa. I mporpaMMHOTO H3MEHEHHs I[BETOBOM



MAJUTPbl HEOOXOAMMO OCYIIECTBUTH 3amuch B mopt XXFFh (pu oTkitoueHHOM
pesxkume DOS,wmn nipu BKIroueHHOM pexxume DOSmocite obparienus kK mopty XX77h
co copomreHHbiM OutoM Al4 (cm. 1.2.3)). [Ipu 3ammcu B mopt XXFFh npoucxoaut
MOJIMEHA IIBeTa, KOMIIOHEHTBI KOTOPOTO OMpEACICHbI TeKYIIUMH MapaMeTpaMu mopra
xXFEhB cootBercTBHHM ¢ Tabnueit 2.3

Tabmuma 2.3
Kon nBera * | G R B
[TapameTtp border_3 ** bur 2 nopra bur 1 nopra bur O mopta
nopra XXFEh XXFEh XXFEh XXFEh

* Kogsl uBetoB: | —spkocts (bright), G —senenas komnonenTa, R —kpachas
KOMITOHEHTa, B — CHHsIsI KOMITOHEHTa

** Tlapamerp border_3omnpenensercs nasepcHsiM 6uToM A3 HIKHBI aapeca Mpu
3anmcu B mopT XXFEh.

Ha [[BET, KOMIIOHEHTHI KOTOPOTO OIpPEACICHBI TEKYIIMMH Napamerpamu mopra XXFFh
B COOTBETCTBUH C TaOmuieii 2.4:

Taomuua 2.4

El(;é[m % R4 | R3 | R2 | R1 RO G4| G3| G2 Gl GO B4, B3] B2 Bl BO
IMapamerp

nopra D1 | D6 | A9 | Al4 | sor.l | D4 | D7 | A12| A15| mor.1 | DO | D5 | A8 | A13| aor.l
XxFFh **

*  Hcnonp3yercsi 5-OMTHasi KOAMPOBKA IIBETOB, MJIAIIIMK OUT Bceraa paBeH

noruueckou 1.
** Tlapamerpsl mopra XXFFh: DX —OHUTBI IIHMHBI TaHHBIX, 3aITUCBIBAEMBIC B TIOPT, AXX
— OUTHI CTapIIICH MOJIOBUHBI IIUHBI aJipeca Mpu oopaineHuu kK mopty XXFFh.

[Tpu pabore ¢ mopramu XXFFh B pexxume DOS HeoOX0IUMO MOMHUTB, YTO
ATOT K€ TOPT HCHojb3yercs smynsatopom Beta Disk Interfaceposromy 6uter 2 u 3
3TOrO MopTa Mpu 3anucu B pexxume DOS nomKHBI OBITH YCTaHOBIICHBI B JIOT. 1.

B03MOXXHOCTH TPOTPaMMHOTO YIPABICHUS NAIUTPOH OJOKUpyeTcs NpH
BKJIIOUeHHU pexkuma 128Kycranoskoii B jor.1 6ura 2 mopra EFF7h.

3.2.CranaapTHblii ZX-pexum

Bribopka naHHBIX npou3BoauTces U3 crpanuilbl 5(7). [lukcenn kaxaon cTpoku
COCTOSAT M3 OUT OalTOB JaHHBIX (MMOPSIOK BBIBOJA HA DKPAH - OT CTApIIEro Omra K
miammemy). Onna crpoka 3aHumaer 32 Oaiita. CmerieHUs OalTOBBIX CTPOK
BBIYUCIIAIOTCS U3 OuTOB HOMepa ctpoku Y (Y=0..191, Y=0mus BepxHE# CTPOKH)
MyTEeM COCTABJICHUS M3 HUX Oaiita B cienyroniem mnopsake. byte = [bit7, bit6, bit2,
bitl, bit0, bit5, bit4, bit3]. ns BblUKCIEHUS CMEIMICHHS OT Hadajga CTPAHUIIBI
zx_offsetnony4ennsiii 6aiiT Hy>)xHO yMHOXHTB Ha 32: zX_Offset = byte-32.

[{BeToBast cxema pexuMa pa30OHBacTCs Ha KBaJpaThl (3HAKOMECTa) pa3mMepoM
8x8 mukceneil. B mpexenax oIHOTO 3HaAKOMECTa MOXKHO C IMOMOIIBIO OJHOTO OaiiTa
3agath 4 arpubyra: nser uepHmin (ink, 3amaercs 3 OWTaMH, ONPEACISIOIIUMHU
nBeToBbie kKommnoHeHThl G, R, B), user ¢dona (paper, 3amaercs 3 Outamu,
OTIpeICIIAIONMMHE IIBETOBBIE KoMITOHeHTHI G, R, B),ypoBens sipkoctu (bright, 16ur),
pexum  mepuanus (flash, 1 6urt). ITukcens otoOpaxkaercs 1BeroMm Ink, ecmu



COOTBETCTBYIOIIMI €My OWT JaHHBIX YCTaHOBIJICH B JIOT.1l, B IIPOTUBHOM Clly4ae OH
oroOpaxkaeTcs  I[BETOM paper. YpoBeHb sgpkocTd  (0OBIYHAs/TIOBBIIIICHHAS)
onpexnensiercst 6urom bright. Ecin ycranosnen Out flash, To npu otoOpaxenun
3HakoMmecTa IBeTa INK ¥ paperMeHsoTes mMectamu ¢ 4actoToi 2 ', CmemieHwus
aTpuOyTOB OT Hayalla CTPAHUIIBl BBIYMCISIOTCS CIEAyIOIUM obOpasom: attroffset =
1800h + Y-32 + Xrue X,Y — koopaunatsl 3Hakomecta (0,0 -BepxHee sieBoe). BUThI
B OaiiTe aTpu0yTOB UMEIOT CIIAYIOIIEe 3HAUCHHE:

bit 7 —arpubyt flash,

bit 6 —atpubyT bright,

bit 5 —uBer paperkommnonenta G,
bit 4 —uBer paperxommnonenTa R,
bit 3 —1Ber paper xommnonenra B,
bit 2 —uBer ink, kommorenTa G,
bit 1 —uBer ink, kommounenTa R,
bit 0 —uBer ink, kommonenTa B.

3.3. Pentagon 16 color (256x192), i®eroB

B manHOM pexuMme KakIbli MHUKCETh OTOOpakaeTcs JoObM 13 16 nBeToB U
koxupyercs 4-ms 6utamu B popmare IGRB, rme | — spkocts, GRB —BeToBbIe
KOMIIOHEHTBl. OnuH OalT MaMsITH COACPKUT HHGOPMAIUI0O O 2-X BBIBOJUMBIX
nukcensix. [Ipu 3ToM pa3mep 3KpaHa COOTBETCTBYET CTaHIapTHOMY it ZX-Spectrum
(256x192), mosToMy ajapecalidio JaHHBIX YIO0OHO BBIYHCIATH IO aHAIOTHU C ZX-
peKHMOM, BBEIs YCIOBHOE pazOuMeHue HKpaHa Ha 3Hakomecta. Jlis Kaxmoro
3HaKOMecCTa Bhraucisiercs: mapametp zX_offset ¢m. 11.2.4.2).JIunetika u3 8 mukceneit
koaupyercss 4 Oaiitamu (HOPSIIOK BBIBOJA HAa 3KpaH — OT CTapiiero Oaiita K
MITJIIIEMY), apeca KOTOPBIX BBIYHCIISIOTCS CIIEAYIOIIHMM 00pa3oM:

Byte O:crpannna 4(6), ovemenue = zX_offset;
Byte 1:crpanuna 5(7),cmemenue = zX_offset;
Byte 2:crpanuna 4(6),cmemenue = zX_offset + 2000h;
Byte 3:crpanuna 5(7),cmemenue = zx_offset + 2000h.

Hasznauenue OutoB B Oaiitax:

bit 7 — | [paBbIit nukceb),
bit 6 — | (1eBbIit UKCEH),
bit 5 — G (ipaBsIii uKcens),
bit 4 — R (ipaBbrii mukcens),
bit 3 — B {ipaBsiii mukcens),
bit 2 — G (ieBsIii HKCEND),
bit 1 — R (teBb1it mukcens),
bit 0 — B (reBsrit mukcens).

3.4. ATM hardware multicolor 640x200
Pasnenum maccuB nukceneit 640x200qa 010KH, KakKIablii BICOTON 1 mUKCels

u mmpuHoit 16 (Omoku 16Xx1). BReném koopauHathl Takux 050koB X,Y (BepxXHUit
nesbiii 650k — (0,0), Hymeparus cieBa-HampaBo, cBepxy-BHu3, X=0..39, Y=0..199).



Beeném cmemenne oOffset = X + Y-40. Jlna oroOpaxkenus Ooka MHKCeIeH
CUHMTHIBAIOTCS 4 0aiiTa 1Mo CIENYIONIUM apecam:

Byte 0 —crpanuna 1(3),cmemenne = offset;
Byte 1 —crpanuna 5(7),cmemenne = offset;
Byte 2 —crpanura 1(3),cmemnienne = offset + 2000h;
Byte 3 —crpanuna 5(7),cmenienne = offset + 2000h.

B mpemenax kaxmoro Oioka ecTh 1Ba Oaifta mmkceneid W 1Ba Oaifta
atpubyToB. Iyt neBrIx 8 mukceneit 61oka 6alT nukceneir — Byte 1 ,6aiit atpulyToB
— Byte O;ms mpaBeix 8 mukceneii - coorBercTBeHHO Byte 3u Byte 2. Atpubyramu
3agaercs 2 nBera: et uyepuu (ink, kogupyercs 4 6uramu B hpopmate IGRB) u 1iser
¢dona (paper,kogupyercs 4 ouramu B ¢popmare IGRB). [Tukcens otoOpakaercs
BetoM INK, eciaM COOTBETCTBYIONIMK €My OWT JaHHBIX YCTaHOBIeH B Jjor.l, B
MPOTUBHOM cllydae OH oToOpakaeTcsi I[BeToM paper. Haznauenue OutoB Oaiita
aTpuOyTOB ClIeyIoIIee:

bit 7 —uBer paperxommnonenTa |,
bit 6 —uBer ink, kommonenTa |,

bit 5 —uBer paperxommnonenTa G,
bit 4 —Bet paperxommnonenTa R,
bit 3 —uBer paperxommonenTa B,
bit 2 —uBer ink, xommouenTa G,
bit 1 —uBer ink, kommorenTa R,
bit O —uBer ink, kommonenra B.

3.5 ATM 320x200, 1GiBeToB

MaccuB nukceneit 320x200pa3aensiercs Ha 6ioku 8X1. BBeneM koopauHATHI
X,Y ananoruuno pexumy 640x200 hardware multicoloen. m.3.4). TpeOyembie st
otoOpaxenusi 010ka 4 OaliTa CUUTHIBAIOTCS MO TEM K€ aJpecaM, YTO U B PEKHME
640x200 hardware multicolo€ocrasienne mukcenei u3 3Tux 4 0alT MPOU3BOIUTCS
TaK ke, Kak u B pexkume Pentagon 16 colocx. m.3.3).

3.6 ATM textmode 80x25

MaccuB oToOpakaeMbIX CHMBOJIOB pa30uBaeTcsi Ha Omoku 2x1, BBemeM
koopauHaTtel 0mokoB X,Y (X=0..39, Y=0..24).B npenenax 0j0ka KOIbI JIEBOTO H
MIPaBOTO CHMMBOJIOB 0003HA4YMM ISym u rsym,a Tak:ke COOTBETCTBYIOIIHE MM OaMThI
aTpuOyTOB lattr u rattr cuuTeIBaIOTCS MO aapecam:

Isym: crpanuna 5(7),cmemenune = 01C0h + Y-64 + X
lattr: ctpanuma 1(3),cmenienne = 21C0h + Y64 + X
rsym:crpanuiia 5(7),cmemenne = 21C0h + Y64 + X
rattr: crpanuna 1(3),cmemenue = 01C1h + Y-64 + X

Ha kaxnapiii cumBoa OalT arpuOyTOB MPHUMEHSETCS AHAJOTHYHO DPEXUMY

ATM hardware multicolor 640x20Q@x. m.3.4).



4. Iloakaouenue

[Tmatra wumeer craHmapTHbIE GopMm-pakTop MICTOATX u  MOXeT ObITh
YCTaHOBJIEHA B COOTBETCTBYIOIIUI KOPITYC.

B kayecTBe MCTOYHMKA IMUTAHUSA MOXKET OBITh UCIIOIL30BaH OyioK muranusa ATX,
I HEero mpeaycMoTpeH pa3sbeM X4. Ha mare BbiBeneH mkamiep (psaoM c
pa3beMoM) ISl TIOAKIIFOUYEHHS] KHOMKK BKITFOUCHHSI/BBIKITIOYCHUS UTaHus (0ObIYHAS
KHOIIKa Ha 3aMblkaHue Oe3 ¢ukcanuu). OIHOKpaTHOE HaKaTWE KHOMKU BKJIIOYACT
MUTaHUE, TIOBTOPHOE HAXKATHE — BHIKIIIOYAET.

Jlomyckaercst ucrnonb3oBath He-ATX OOk muTaHus (peaybHO JUIsl TUIATHI HYXKHO
TOJILKO +5B (MCTOYHUK MUTAaHUS TOJKEH OBITh pacCYMTaH Ha TOK He MeHee 1 .. 2A (c
Y4ETOM MOTPeOJICHHUs] BO3MOXHBIX NepU(PEPUIUHBIX YCTPOMCTB)), KOTOPBIE MOXKHO
noaath Ha pazbeM X11, +12B Ha mutate HUTZIE HE UCTIOIB3YIOTCS M UAYT TPAH3UTOM B
ciotel ZX-BUS).

Momnutop (SVGA) noakmogaercs k pazbemy X10, PS2kimaBuatypa ¥ MbIIIb K
pazbemMaM X7 1 X6 COOTBETCTBEHHO. 3BYKOBBIE KOJIOHKH IMOJKIIOYAIOTCS K pa3beMy
X14, ero curHaibl POyOJIMPOBAHBI M IOMIOJIHEHBI APYTHUMH B pazbeme X17.

[Tocne momaym mnuTaHust MuKpokoHTpoiwiep (manee - MCU) mnpowmsBoaut
koHnurypupoanue I[IJIMC (manee — FPGA) u 3ammBky mpommBok I[13Y ZX-
Spectrums omneparuBHyio namaTh. [locne 3aBepumenust koHpurypupoBauus FPGAu
B IIpOLIECCe 3arpy3Ku MPOIIKMBOK Ha 3KpaHe oToOpakaercss pupMeHHas 3actaBka. [1o
OKOHYAHHMIO 3arPy3KU Ha dKpaH BeIBOAMTCS cTapToBoe MeHI0 Gluk Reset Service.



5. O0mmue cBegenns o Tekymux npomuskax FPGA u MCU
ITo cocrosauto Ha 03.08.2015:

5.1. MpommBku I13Y ZX-Spectrum: SOS-48cfangaptaas mnpomuBka © 1982
Sinclair Research Ltd), TR-DOS 6.11E, Gluk Resetvie 6.63R, SOS-128,
JOTMOJTHUTEIBHO 3arpyxaercss mporpamma Fatall mist paborer ¢ ¢aiimamu Ha SD-
kaprax u IDE ycrpoiictBax. 3amyck mnporpammbl Fatall BosmoxxeH HaxaTnem
kiapuim “F’ 1160 BEIOOPOM COOTBETCTBYIOMIETO MYyHKTAa B CTAPTOBOM MEHIO, MPHU
sToM ecnu noakioyeHa SD«kapra mnu IDE-ycrpoiicTBo, MOXKHO cpa3y HauumHaTh
paboty ¢ HuMH. Eciy mpu BKIIOUEHWH MUTAHWS WIM TOChe MoiHoro copoca SD-
KapTa HE BCTaBJICHA WJIM HAa HEW HET HYXKHBIX (DailJIoB, TO BCE MPOIIUBKYU TPY3ATCS U3
BHyTpeHHel ¢uem-mamsatu MCU. Ecim npu crapre Ha SD<kapre B KOpHE
obHapyxuBatoTcss  ¢aitnsl:  gluk.rom, basicl128.rom, basic48.rom, trdos.rom,
fatall.rom, pae.rbf ifpommska FPGA) - o onm rpy3srcs ¢ kaprtel. Ha kapre He
o0s3aTeNnbHO UMeTh Bce (ainbl, T.e. ecaum Tam OyayT HaiaeHsl gluk.rom wu
basic48.rom To oHM 1 OrPy3ATCS C KapThl, OCTAILHOE — U3 CBOEH (IIeIIIH.

5.2.B nmpomuBke FPGApeanu3oBaHo:

Cranmaptaeiii pexum: Ilentaron-1024: ZXsuueopexum, pa3BepTKH 10
cragaapry “Ilenraron”, 1024k namsaru uepes nopt 7FFD,pexxum Pentagon 16 color,
peanuzoBanbl uHTepdeiicel IDE (Nemo)u SD-card (ZC), Kempston Mouse Interface,
RTC, CMOSaamsTh.

JlomoyHUTENbHBIE BO3MOXKHOCTH. AMCIIETYEp MaMATH C YIpPaBICHUEM 4epe3
noptel XFF7hu X7F7h (tonnepxxano 1024/2048 O3Y), rpaduueckue pexumbl ATM
320x200, ATM hardware multicolor 640x200, ATM texide 80x25)B 2015roxy
ObUI peann30BaH annaparHelii smynsarop BDI.

Knomka “Reset” — F12ia PS/2xnaBuarype.

JonosHUTE/IbHBIE (PYHKIMOHAIbHbIE KIABHUIIHN:
F11 —sanyck USB6yTnoanepa
F10 —monHbIi pecTapT ¢ nepe3arpy3Koii MpoIIUBOK
F9 —s3amyck ammapaTtHOro otjamdurka (MCIIONB3YETCS I pa3pabOTKH, B GHHAIBHON
BEPCHUH MIPOILIUBKH, BO3MOXKHO, Oy/IeT y/IalcH)



6.3arpy3ka u 00HOBJIEeHHE POTPAMMHOI0 00ecneyeHus

Berpoennoe mporpammuoe obecnieuenue (mpomusku FPGA,T13Y ZX-Spectrum,
nporuBka camoro MCU) naxomaures Bo flashsiamsatu MCU (taxke mpemxycMoTpeHa
BO3MOJKHOCTh 3arpykath mnpommBku ¢ SD-=aptei). IIporpammaoe obecrieueHue
pacripocTtpansieTcs B Buje hex-+paiinos, imbo bin-paiinos.

B cranmapTHbIi KOMIUIEKT BXoaT 3 (haiina:
bootloader.hex sropuunsiit USB Oyrioanep
pae_mcu.hex edHoBssemas gacthb mporuBku (0e3 USB 6yTiioanepa)
pentagon.bin o ke camoe, uto U pae_mcu.hexgo B bin-popmare (ucmons3yercs
s ooHoBieHus yepe3 USB Oytinoaznep)

J1i1ss OOHOBJICHHMS TTPOIIMBOK MOYKHO BOCIIOJIb30BAThCS OJJHUM U3 3-X CIIOCOOOB.

6.1.IIpomuBanue yepe3 COM-nopT ¢ noMoub10 NepBUYHOIO OyTJI0aaepa

OnvH U3 CaMbIX MPOCTBIX CIIOCOOOB MPOIIMBAHUS, TIPU STOM HE TPEOYeTCs KaKHX-
1100 TPOTrPaMMaTOPOB, HY)KHO TOJIBKO M3TOTOBHUTH KaOeNb JJIsl TIOJKITFOUSHHS TUIATHI
k PCuepe3 COM-nopr. K mnare xabGenp noaximoyaercs: yepe3 pazbem X9. Kabennb
DB9 -> IDC10mnasiercs 1 B8 1 (r.e. Lif konTakT pazbema DB9 uger k 1-My KOHTaKkTy
paszbema IDC10, 2i —ko 2-my u T.14., 10konTakT IDC10HUKYIa HE TOAKITIOUACTCS).

Jlns  3arpy3kd TpomuBKH ToTpebyercss mporpamma Flash Magic, koropas
OecIutaTHO ckaunBaercs Ha caiite http://www.flashmagictool.com/

i Flash Magic - NON PRODUCTION USE ONLY _l=]x]|
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Step 1 - Communications

[Erase black 0

(x000000-0x000FFF) ﬂ
Erase block 1

0x001000-0x001FFF)

Erase block 2 (0x002000-0x002FFF)

Erase block 3 (0x003000-0x003FFF)

Erase block 4 (0x004000-0x004FFF) ]
Erase block & (0=005000-0x005FFF) ;I

" Erase all Flash+Code Rd Frot

COM Port: [COM 3

L S

Baud Rate: !38400

Ledlef Led Lo

Intertace: INDne 15k

Dscillatar (MHz): i12 ¥ Ergse blocks used by Hex File

Step 3 -HexFile

Hex File: iC:'\DDcuments and Settings\koe\Fasouwi cton\P_a_E_wghFrojec Browse... |

Modified: yeteepr, despana 11, 2010, 0:31:56 more info

Step 4 - Options Step b - Stadl
Iv Vertify after programming [ Set Code Read Prot Start |
[ Fill unused Flash
I [ Gen hieekelizckeums
" et

Get IAF Flash source code for N=F microcontrollers with Flash memony:

wirw esacademy. comfag/progs/flash e

Puc.2. Hactpoiiku nporpammer Flash Magic



B nactpoiikax nporpammsl (puc.2) HyxHO ykazats Tunn MCU — LPC2368 pomep
COM-niopta, K KOTOpOMY IMOJAKIIOYEHA IIaTa, CKOPOCTh IEpeaadd JaHHBIX (BO
n30CKaHUY TIOSBIICHHS OIMMMOOK CKOPOCTh HE cieayeT ctaButh Oonee 384006wut/C),
untepdeiic ISP, TakTOBYI0 9acTOTY OCHOBHOTO KBaplieBoro pesoHaropa — 12 MI',
nyTh kK hex+pairy u nmocraButs ranouku “Erase blocks used by Hex filef “Verify
after programming”HakaTre Ha KHOMNKY CTapT HauyWHAET MPOMIUBKY. B mporecce
OPOLIMBAHUS JIOJDKEH MOpPrarh CBETOJAHMOJ HA IUIATe, PACIOJIOKCHHBIH PAIOM C
pazsemom X9. HyxxHo npomuth mo ouepeau bootloader.hexa pae_mcu.hexe€mu
USB Gys0azep ye MpoOIINT, TO €r0 MOXHO HE MEPErpOIINBaTh).

6.2.IlpomnBanue yepe3 JTAG ¢ nomoupI0 nporpaMmmaropa

Jns aroro motpedyercs JTAG-ananrep (Keil U-Link, Seggernnmu MT-Link JTAG
programmer/debuggerAnantep moakiaodaercs K pasbemy X8. B ciyuae mutanus
ajanrtepa OT IJIaThl HEOOXOAMMO 3aMKHYTh MEPEMBIUKH, PACIOJI0KECHHBIC PSIIOM C
pazbemMoM X8, B 3TOM ciaydae Ha KOHTakThl 1 m 2 pazbemMa X8 Oyner momaHo
Hanpspkenne nmrTaHus  +3.3B. IlpommBaHMe OCyIIECTBIAETCS C  IMOMOIIBIO
MIPOTPaAaMMHOTO 00ECIIEUeHUsI, PACIIPOCTPAHIEMOT0 B KOMITJICKTE C TIPOTPaMMaTOPOM.

6.3. Ucnoab3oBanue Bropuunoro USB-0yT1i10anepa

Haxarne kmaBumm F11 3amyckaer Bropuunsii USB Oytnoanep. Ilocne atoro
MOHO ToAkIrounTh mnary k PCuepe3 USB41opT, rae oHa pacno3HaeTcst Kak mass
storage devicedaiin npomusku (pentagon.binjipocto komupyercs B miaary. ITocie
4ero HyXKHO cpaenarb Oe3omnacHoe u3Bieuenne USB ycrpoiictsa. Ilpu crnenyromem
BKJIIOUEHUU MTUTAHUS IJIaTa CTApTYeT yKe ¢ OOHOBICHHON MPOIIUBKOM.



7. PexoMeHIaMU MO CAMOCTOATEIbHOI cOOpKe

Jna maliku  ygoOHee HCHOJb30BaTh BapHMaHT MOHTAXKHBIX CXEM C
HOMHHAJIAMH,

JUTSL pa30UpaTeNbCTB - C MO3UITMOHHBIMUA 0003HaueHUsIMH. [Ipu cOOpKe TIaThl KaKux-
1100 0coOEHHOCTEH HeT, Bce MaseTcsi 0 MOHTaKHBIM CXEMaM, MOCIIeA0BaTEIbHOCTh
MaiKu JIEMEHTOB 0c000T0 3HaYeHHs HE UMEET.

[Ipu maiike jkenaTenbHO COOJMIOJATh 3JIEMEHTApHBIC TNPABUIIA MPUIMYUSL
(masuTbHKK ¢ TaJIbBAHMYECKOM Pa3BSI3KOW OT CETH, €CIIH CIEUATBLHO 000PYI0BaHHOTO
3a3eMJICHHS HET, TO JIydllle M He 3a3eMJIATh MasuIbHUK BOBce (OT Oarapeu HU B KOEM
cllydae Hesb3s), Temreparypa kaia He 6omnee 350rpan.C).

[lepen mepBbIM BKJIIOYEHHMEM MOXKHO YCTAaHOBUTH BCE 3JIEMEHTHI, KpOMeE
HUHIYKTUBHOCTEH, CTOSIIMX B GUIBTPAX B IEMAX MUTAHUS (TakK, 4TOOBI MU MTUTAHUS
ObUTM OTOpBaHbI OT HAarpy3ku). lIpm 3TOM HYXHO TPOBEPHTH IPABUIBHOCTD
YCTaHOBKM Bcex HampsokeHuit mnutanus (3.3B, 1.2B), ycTaHOBHUB BpEMEHHBIN
SKBUBAJICHT Harpy3ku (pesuctop mpudi. 100 Om). Eciam HanmpsokeHus MUTaHUS B
HopMe (OTiHMYaroTCs OT HoMHHaNoB He Oomee +_ 0.IB), TO MOXHO MOAKIIOYATH
nutanuss kK [IJIMC wu KoHTposuiepy, YCTaHOBUB OCTaBIIMECS WHIYKTUBHOCTH.
PekoMenayio cnenath 3Ty MPOBEpPKY MUTAHUS 3apaHee, T.K. B cilydyae KaKHX-IHOO
karakin3moB [IJIMC wim KOHTposuiep MOTYT BBIMTH W3 CTpOsl, a MepenauBaTh UX
Henerko. Cremyer oOpaTWTh BHUMAaHHE Ha WHAYKTHBHOCTH L3, ee HYXHO JOO
3aKOPOTHTH, JINOO TOCTAaBUTh OYeHb Masioro HomuHana (~100ulH).

Jlanee nns OXUBJICHHMS IUIaThl MOTpeOyeTcs MPOUINTh KOHTPOJUIED B
COOTBETCTBHUH C Pa3JeoM 6.



Iepeuyens d1emenToB Ha miIaTy Pentagon ver.2.666LE (pexaxuus 11.10.2009)

Tun KoanuecTtBo Hosnumonnnie Ipumeyanus
0003HaAYEHHNA
Muxkpocxembl
Bo3MoskHas 3ameHa
EP2C8Q208I8N,
EP2C8Q208C8N 1 DD1 EP2C8Q208CTN,
EP2C8Q20817N
LPC2368FBD100 1 DD6
DD7, DDS8, DD10,
T4ACT373 7 DDI11, DD13, Kopmyc SOIC
DD14, DD19
DDI2, DDI5, Kopmryc SOIC, DD12 u
T4ACT374 4 DD17. DD20 DD20 M0kHO 3aMEHHUTH Ha
i 74AC374
Kopmyc SOIC, moxHO
74ACT244 ! DD13 3aMeHuTh Ha 74AC244
Kopmyc SOIC, moxHO
74ACT245 1 DD16 3aMeHuTh Ha 74AC244
Kopmnyc SOIC, moxxHO
T4ACTO4 1 b2l 3amMeHuTh Ha 74AC04
K561JIH2 1 DD23
K561TM2 1 DD22
Mo>kHO 3aMEHHUTH Ha
npyroiit KMOIT OV (rail-
LMC6484AIM 1 DA4 to-rail) c aHagornyHOH
LIOKOJIEBKOM ¥ MMTAHHEM
+5B
MO>KHO 3aMEHHTH Ha
KP142EH19A 1 DAl TLA31C
MAX232CSE 1 DD28
741L.VC4245AD 1 DDS8
DD2, DD3, DD4, | MoHO 3aMEHUTh Ha
KORA4008VID-JI10 4 DD5 CY7C1049DV33-10VXI
LM1117DT-ADJ 1 DA3
TpaH3ucrops!
Mo>kHO 3aMEHHUTH Ha
KT3129A9 2 VT2, VT8 BCS57
VT3, VT6, VT7,
VTI13, VT14, MOKHO 3aMe a
KT3130A9 11 VTI5, VT16, BC;“4H7 MCHHTE
VT17, VT18,
VT19, VT20
Mo>kHO 3aMEHHUTH Ha
KT972A ! VTl KT972 ¢ noboii OykBoi
Mo>kHO 3aMEHHUTH Ha
KT814A 1 VT4 KT814 unu KT816 ¢
0001 OyKBOH
NTRIPO2LTIG 1 VT35 Crasutcs Ha niaty
OIIMOHAIBEHO BMecTo VT4
Jnoanbl
VD4, VD5, VD6, Mo>kHO 3aMEHHUTH Ha
KII5225 9 VD7, VD8, VD9, | 1591, KJ1522 ¢ moGoit
VD10, VDIL, = | o0 oo, IN4148
VD12 YKBOH,
SMD cBeTOAHOABI
0805 7 | HL4, HLS, HL6, | CBeToauoIbI JTF000T0




HL7, HL9, HL10,
HL11

nBera, Tunopasmep 0805

Pe3oHaTopbl KBapueBble

12.000 MI'g

1

ZQl

Kopmyc yceueHnHslii ¢
BbIBosiamu (He SMD)

32768 '

1

ZQ5

Pe3uctopst SMD

Tunopazmep 0805

R128

330

R194, R198, R199,
R200

1k

29

R98, R99, R100,
R105, R208, R209,
R28, R29, R31,
R33, R35, R37,
R39, R41, R43,
R46, R56, R57,
R58, R59, R60,
R61, R62, R63,
RI111,R121, R159,
R207, R226

1.3k

R16, R21, R27

2.2k

R122, R134, R139,
R143, R149

2.7k

R15,R22, R106

3.3k

A~ (W] »n |W

R130, R137, R142,
R147

4.7k

R109, R110, R132,
R138, R141, R148

5.1k

10

R14, R25, R118,
R131, R136, R140,
R146, R163, R188,
R197

5.6k

20

R4, R5, R6, R7,
RS, R9, R10, R11,
R12, R73, R74,
R75,R76,R77,
R78, R83, R201,
R202, R203, R204

10k

47

R3, R44, R45, R54,
R55, R89, R90,
R91, R92, R93,
R94, R124, R127,
R151, R154, R161,
R162, R164, R166,
R170, R171, R172,
R173, R174, R175,
R176, R177, R178,
R179, R180, R181,
R182, R183, R184,
R185, R186, R187,
R189, R190, R191,
R195, R196, R205,
R206, R210, R232,
R246

22k

R165

27

R192, R193

30k

R2

33

R120, R125, R160

33k

N|W|[— [N |—

R114,R116




47

R80, R81, R82

47k

R79, R84, R85,
R107, R108, R19,
R23,R113

51k

R244, R247, R248

56k

R64, R65

75

R123, R153, R156,
R157, R158, R224

100

20

R76, R68, R69,
R70,R71,R72,
R86, R87, R96,
R97, R119, R234,
R235, R236, R237,
R238, R239, R240,
R241, R242

100k

R115,R117,R133,
R135,R144, R145,
R167,R168, R169

220

w

R126, R129, R150

330

R1, R18, R20, R26

330k

R231

510

16

R30, R32, R34,
R36, R38, R40,
R42, R47, R4S,
R49, R50, R51,
R52, R53, R152,
R155

560

R66, R88, R9S,
R245

680

R17,R24,R112,
R243

680k

R230, R233

Pesucropnr C2-23, C2-33 0.125 Br

2.2k

R101, R102, R104

220

1

R103

Konpaencaropol kepamuueckue SMD, Tunopazmep 0805, padouee nanpsizkenue S0B (mo:xxno 16B)

0.1mkF

84

Cl1, C2, C3, C5,
C12,Cl4,Cl5,
Cl16,Cl17,CI8,
C19, C20, C21,
€22, C23, C24,
€25, C26, C27,
€28, 29, C30,
C31,C32, C33,
C34, C35, C36,
C37, C41, C44,
C45, C46, C47,
C53, C54, C57,
C58, C60, C63,
C65, C66, C67,
C68, C69, C70,
C72, C78, C79,
C80, C81, C82,
C83, C84, C87,
C88, C91, €92,
€93, C95, C96,
€97, C98, C99,
C100, C103, C106,
C107, C108, C110,




Cl111,C112,C113,
Cl114,C115,C116,
C119,C123,C124,
C125, C129, C130,
C136, C162

C43, C50, C51,
C56, C59, CT1,
C75, C76, C101,

ImkF 18 C105, C128, C139,
C151, C179, C180,
C181,C182,C183
C49, C55, Ceo1,

InF 4 62

1pF 3 C120,C121, Cl22 | Hamary Moo xe

CTaBUTh

18pF 2 C127,C127

22pF 2 C117,C118

39pF 2 C85, C86

100pF 3 C42, C52, C64

Konpgencatopnl TanTanoBsie SMD, Tun “B”, padouee nanpsi:kenue 25B (monyctumo 16B)

C4, C48, C102,

4.7TmkF 4 MoxHo 4.7 ... 22 mkF
C104

10mkF 6 8?8286?6954’ C109, Moskno 10 ... 22 mkF

HNuaykruBHOCTH THHIOpPa3Mep 1210, MakcuMan

bHBII padounii Tok He MeHee S0 MA, aKTHBHOE

conpoTusjeHne He foiee 10 Om
L3 3akopoTuTh MM
10mkH 7 L1, 12,13, 14, L5, HOCTaBI/II”)H) HoMuHai a0 100
L6, L7
Hl'H
Pa3zbembl
X11, X15, X9,
IDC10MS 7 X13, X16, X17,
X19
IDC20MS 1 X8
IDC40MS 1 X5
SDC09W4 1 X3
USB A 1 X12
OHII-BT"-68 1 X14
Mini-DIN 6 pin (PS2) 2 X6, X7
DHR-15F 1 X10
SL-62 3 XS3, XS4, XS6
ATX power connector | 1 X4
Battery connector 1 GB1
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