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1. BBe,IJ;eHRe 
l.lhipOK08 pacrrpocTpaHeHRe nepCOHBJibHHX SBM THII8 

IBM-PC/XT/ AT, HX BI:lCOKaH . rrpo:asBO,IUITeJThHOCTb, . . pasBHToe 
nporpaMMH08 odecneqeHHe C03,Il;8IDT BOSMOmHOCTH ,IJ;JIH HCITOJibSOBamlH 
HX B CHCT8M8X cdopa ,IJ;BHHHX 9KCITepHM8HT8JlbHHX ~s:aqecKHX 
ycTBHOBOK. CJie,IJ;YeT.OTM8THTb, 'iTO STOT KJII3CC ,KOMIThiOTepOB He 
HBJIHeTCH H,IJ;eBJibH!:lM. ,IJ;Jlfl pemeHHH 38,Il;8'i peaJibHOrO BpeM9IDI 
(ocodeHHo sTo KacaeTcH rrporpaMMHoro odecneqemm, Ha'iHHaH . c 
BIOS). O,IJ;HaKo B cBHSH c He,IJ;ocTynHOCTbiO ,u;pyrn .ceMe:£tcTB SBM, 
HMeromHX He XY,IJ;mYID IIpOHSBO,IJ;HTeJibHOCTb H rrpHeMJieMI:le.radapHTH H 

UeHy, C STHMH He,IJ;OCT8TK8MH IIpHXO,Il;HTCH MHpHTbCH. 
EJIH CHCT8M cdopa, peaJIHSOBBHHI:lX H8 HeCKOJibKHX M8illHHBX, 

8KTY8JibHO:£t HBJIHeTCH 38,Il;8'i8 S~KTHBHOrO B38HMO,IJ;e:£tCTBHH H 

nepe,IJ;a'iH HH~pMaUHH Mem,IJ;Y HHMH. 
B KB'ieCTBe pemeHHH 9TO:£t·sa,IJ;a'i¥i rrpe,IJ;JiaraeTCfl HCITOJibSOBaTb 

HHTepile:£tC IEEE-488 /1,2/. 0HTaKJK8 HSBeCTeH ITO,Il; MHeMOJ.IHKaMH 
GPIB (General Purpose Interface Bus), HPIB (Hewletf-Packard 

Interface bus), IEC- bus, a B CCCP OH HOCHT o~aJIJ:'H9e 
HaSBaHHe KOIT (KaHaJI odmero ITOJib30B8HHH). 8TO 8-dHTHI:l:£t 

napaJIJI8JibHI:l:£t HHTepile:£tc. Ms 16 aKTHBHHX JIHID1:£t 8 CJiyJKaT ,IJ;JIH 
nepe,IJ;a'iH ,IJ;aHHI:lX', a OCTaJibHI:le 8 ocymeCT:SJIHIQT npoTOKOJI OdMeHa H 
yrrpaBJieHHe MarHcTpaJibiD. ITepBOHa'iaRbHO . STOT CTaH,IJ;apT 

paspadaTI:lBaJICH ,IJ;Jlfl ,Il;HCTaHUHOHHOrO ynpaBJieHHH HSMepHT8JibHI:lMH 
IIpHdopaMH, HO S8JIOJKeHHI:le B HeM BOSMOJKHOCTH ITOSBOJIHIOT C 

ycneXOM HCITOJib30B8Tb era ,IJ;JIH MemMBmHHH0:£1 CBHSH. 
0TJIHqHTeJibHI:lMH OCOdeHHOCTHMH HHTe~:£tca.HBJIHIDTCH: 

1 ) AcHHXpoHHI:l:£t KaHaJI ,IJ;aHHI:lX THIIa ~'MarHCTpaJib" • 
AcHHXpOHHOCTb KaHaJia, ITOSBOJIHeT MaKCHMaJibHQ. HCITOJibSOBaTb 

npOITJCKHJD CITOC06HOCTD KaHaROB ,IJ;OCTyna K naMHTR. SBM R na6e
llt8TD npo6JieM npn HaJIKlilm . pa3HHX ITO 6HCTpO,I1;81CTBIDO Ma!IIIDl. 

"MarHCTp8Jlb" ITOSBOJIHeT coe,nmniTb BMeCTe n. (,IJ;O I5) M8illHH IIpH 
ITOMOmH n I<OHTpOJIJiepOB (npn HCITOJ!D30.B8HRH . odwmoro 

napaJIJieJII:>Horo HHTepiJe:£tca ,IJ;JIH sToro HYJKHO He M~~ee 2n-2 
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KOHTp0~9poB) H OdXO~ThCH des ITOCpe~OB rrpH BC8X BOSMO~ 
HarrpaB~8HHHX rrepe~aqn. 

2) Ha~e M8XBHHSM8 KOMB~ ( OT yrrpaB~HIOII\91t Mammru: K 

yrrpaB~H9MO:t1) H S8ITpOCOB (OT YITp8B~H9MO:t1 M8mmru: K yrrpaB~HIDme:tt) 
ITOSBO~H8T ~OCT8TQqaQ TipOCTO H, C~e~OB8T9~hHO, 8~KTHBHO 

opraHHSOB8T~ YITp8B~8HH8 CHCT9MO:t1. 
3) BosMoJKHoe rrpoBe~eHHe 2 B~OB orrpoca-

rrapa~~e~hH!tlt (! dHT OT YCTpO:ttCTBa, ~0 8 YCTpo:t1CTB 
O,II;H0Bp9M9HHO), H ITOC~e~OBaTe.JibHI:ilt (! da:ttT OT YCTpO:t1CTBa )--· ITOSBO~H8T HM9Th HHqopM8UHID 0 COCTOHHHH CHCT8MH des 
opr8HHS8~ rrepe~aq Kam~ pas ITaK8T8 ~8HHHX CO CTaTyCHO:tt 
HHqopM8I.J.H81t, qTQ TaKme yrrpomaeT ITOCTp08HH8 CUCT8MH. 

4) CTB~BpT ~OITYCK88T Ha~e B CHCT8M8 H9CKO~hKHX 

· yrrpBB~HIDmliX YCTpo:ttCTB H orrpe~e~HeT M8X8HH3M • rrepe~aqn 

yrrpaB~8HHH OT O,IJ;HOrO TBKOrO YCTpO:t1CTB8 K ~yrOMY (ITOCpe~CTBOM 

KOM8H,nbl) ~-- H8 KOHKpeTHSHpYH rrpmnum apdHTpama mmru:. C~e~eT 

ITpHSH8Tb, qTQ OTCYTCTBH8 BITITBp8THOro apdHTpama MBrHCTpa~ 

HB~H8TCH CaMHM KpyrrHHM 88 H8~0CTaTKOM. 

TaKHM OdpaSOM, STOT CTa~apT ITOSBO~HeT ·cos~aTh 

S~KTHBHYID CHCTSMY cdopa ~BHHHX H yrrpaB~8HHH MHoroMamHHHHM 
KOMIT~8KCOM. 

:I 

2. ArrnapaTH8H pea~SBUHH. 
ROHTpO~~ep BHIT0~8H.B'B~8 O,IJ;HO:tt rreqaTHO:tt IT~aTH MBmmru: 

IBM-PC H BmiO~H8T BCe orrepaUHH, rrpe~CMOTp8HHH8 CTBH,[(apTOM 
IEEE~48S~2. ~H orrepa~ OdMeHa ~aHHHMH HCITO~hSYeTCH K8HB~ 
TipHMoro .. ~OCTyrra (KBK rrpaBH~O, STO - K8H8~ ..tfl! IffiBM) • ITo 

SBB9pill9HHR orrepaUHH · ~ ITO BH8lliH8MY COdHTHID MOmeT 
reHepnpoBaThCHrrpepHBBHHe. Bcero BOSMOJKHH rrpepHBBHHH no !3 
pas~qHHM COdHTHHM (KOH8~ ITaK8T8, KOHe~IJ,llii, OlliHdKa, cdpoc OT 

ynpaB.Jimalleit MaJ.JlilHH, sanpoc oT ynpaB.imeMo~ MamRHH n .up) • 

2 

p 
:I 

" 

.. 
?-

.PC BUS 

-.~ ; ' 

~---------
~ 
---:::--- EYi,IJEPHH:tt·. 

YCVUIMTEJID 

___ ,...- 1 . .llERO.llEP 1 ===: 1 . PEr11CTP 

Pnc.I.CTpyKTypHaH cxeMa KOHTpo~~epa PC-'-GP~~· 

1., 

GPIB 

' i 

RoHTpO~~ep ITOCTpOeH HB dase MHKpOCXeMH NEC .. ,1D72!0, 

KOTOpaH BbiiTO~HeT rrpaKTHqecKH BC8 ,WYHKrimr CTB~BpTa •. , JinH 

odecrreqeHHH . B03MOJKHOCTH padOTbi B C~CT8M8 C ,H8CKO~hKHMH 

KOHTpO~~epaMH, a TaKme ,[(~H B03MOJKHOCTH _ OTK~IDqeHHH IT~BTH , o:r 
KaHa~oB DMA 11 rrpepHBBHHH, . KOr,[(a ORR . He . Hcno~hSYIDT.cH 
(cTa~apTHH:tt rrpHeM; ,[(~H PC), B cxeMy ~Be,[(eHH ,[(8KO,[(ep 'KoMBIU .H 

HCITO~Te.rinHH:t1 perHCTp. (Puc.!-.)., _}leKO,[(eP. pacnosHaeT: .. KOMBimu, 
odpameHHHe K D7,2IO, H rro,[(KJIIOq~~T~ oTK~IDqaeT.miaTy_oT.KaHa.JioB 
DMA H rrpepHBBHH:tt des BB8,ll8HHH, ,[(OITO~T~~bHHX . KONIB~:,. RpoMe 

. ' " -. '• - ". ' ~ \ "·' .. ' \. { 

TOrO, ,[(9K0,[(9p paCITOSH89T·KOMBH,nbl rrepBOHaqa~hHO~O . YITpBB~eHHH 
cHcTeMo:tt n .nosBo~HeT_ · MamHHe, · HaqaBme:a ¥~aB~HTb . c:icTeMo:A, 

Bbi~aBaTb KOMaH,UY cdpoca ,H B03BpamaTh CHCT9MY B HCXO,II;H09 
l . '· ' ~ . > • • ! :, -_, 

COCTOHHH9. 
3 .nporpaMMHoe odecne·qeHHe .. 

COBM9CTHMHM C 
Inst~ent~-. MH 

ROHTpO~~ep HB~H~Tcri, ··rrparpaMMHO ' 

· KOHTpO~~epoM M0,[(9~ PC2 q}HpMH .National 
• c '• l ' ~ : . ' . • • ~ ~ • 

KOTOporo cymecTBYIDT' ITBK6TH no.urrporpaMM, .Bb13b!B.aeMHX 113_ .ff3b!Ko~ 
BASIC H PASCAL. 3TH rraKeTH opHeHTHpOBaHH Ha padoTy c · GPIB ·. 

' ' ' ,. ~ .'. ,_, . ; . ' 
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yllp8B~fl9MHMH rrpnaopaMH H H8YA06HH ~fl M9mM8lliHHHO~ CBHSH~ ~Ali 

ncno~hsoBa~ eBen no~rpaMMH A~~ pea~saUHH ~YHKUlltt oaMeHa. 
B H8CT0flm88 BpeMH,KpOMe CTa~apTHUX ~YHKUlltt BHAaqH KOM8HA H 
a}wecoB, nepeAaqn AB~ n rrpoBeAeHHH orrpocoB · cocTOflHHH, 
pea~30B8HH ~YHKIJ.IDI 06M8H8 naKBT8MH ABHHHX, cooame~. OHH 
rrpoBOAflT nOATBep~eHHH I'OT~BHOCTH K 06MeHy H rapaHTHpYIDT, qTo 
yrrpaB~fliO!It8fl M8lllliH8 He Tp8THT Bp8MH B OJKI!)J;8HHH I'OTOBHOCTH 
HanapHHK8. 3THM T,~lKe rapaHTHpyeTCfl IW~OCTHOCTh naK8TOB 
ABHHHX H BOCCT8H8B~aeTCfl CHHXpOHH38UHfl noc~e caoeB 06M8H8 
(ec~ oHH 6H~). rrepeAaqa AaHHHrocymecTB~HeTcs acHHXpoHHo, n 
rrpoueccop B 8T.O . BpeMH, CB060A8H . A~H BHIT0~8HHH ~orpaMMH 
no~hSOBaTe~H. ITo aaBepmeHZH onepaUHH, no ornn6Ke ·~ no 
1-lCTeqemm Bp8M8HH Ta~ayTa (HCnO~h3Y8TCfl CHCTe~ cqeTqHK 
OT CKO:pOCTU rrpoueccopa He 38BHCHT )' reHepnpyeTCfl rrpepHBBHHe 
C HH¢0pMaQH8H 0 saB8plli8HHH. 

Haaop 8Tk!X rrpoueAYp BHITO~BH B BHAB p83HA9HTHO~ 

rrporpaMMH,· B3HMOA9~CTBYIO!It8~ C no~h30B8T8~8M nocpBACTBOM 
'IIJiorparOOllix rrpepHBa~. · ·· 

· ': ,U.Jlf£ BHAaqn KoMiniA · oT • yrrpaB~srome~ MarnUHH HBAO BHSBaTh 
·~Ym<umo IBCMD (cmd_str1.rig, byte_count) (Interface ·:Bus 
"6ommarid_f,;·rrepeAElB e~t'aAPBC CTpOKH KOMa~ (B CMHC~e GPIB) ,. H 
A.JIKHY 'aTO~ CTpOKH. B pesy~bT8Te ee · BHno~eHHH Ha M8lli.tlli8X, 
'a.iip'e'cosamillx: .B 8TO~ CTpOK8 ;· · mJOHSOai(eT. arrrrapaTHOe rrpepHB8HH9, 
ilpo8Ii8Jlli31fpo:Bim KoTopoe APa~ep · rrpn · noMonfu rrporpaMMHoro 

,.,,.,, -v':' 

'rrpepHB8HHfl'BHSOBeT rrporpaMMy IIO.rih30B8Te~fl ·c COOTBeTCTBYIDmHM 
t i . ·' i ; ' ..• ~.; ? :. ~ t -· . • 

KOAOM KOM8HAH. 
·. ' rre.peAaqa AaHHHx I3osMoJKHa B ~roaoM • HarrpaB~eHHH Me:JKAY 

8K~HBHO~ (master') H nacCHBHO~ (slave) M8lli.tlli8MH~ Ha II8CCHBHO~ 
MarnHHe,Bce Ae~CTBHfl rrpOH3BOAHTCfl no rrpepHB8HHHM, H B rrpouecce 
,rrepeAaqn a~oKa rrponcxoAUT ABa rrporpaMMlllix rrpepHBaHHH: nepeA 
;·liaqa~dM rr13pe~~qn rrponsBo~Tm!' sarrpoc . cooTBeTCTByromero ay~pa, 
· 'u .~o,c~e 'oKoHqaHHH .. n:Pouecca coo6mae'.rcs pesy.rihTaT · ·. ii pasMep 
rrPnHHToro:O~oKa. . 

'c ~. • ' '.'· \! . _ I I t -.: • ; , , ' ' ( 

ITepeAaqa ABHHHX HHHUHHPYBTCfl H8 yrrpaB~Hrome~ Maru.tme 
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BH30BOM OAHO~ H3.C~8AYIDmHX ~yHKUHtt: 
IBMRDD(buf:_ptr, byte_cnt) (Interface Bus Master Read Data) 
IBMRDC (buf_ptr, · byte_cnt) (Interface Bus Master Read 

Control).· 
IBMWRTD(buf_ptr, byte_cnt) (Interface Bus Master Write Data) 
IBMWRTC(buf_ptr, byte_cnt) (Interface Bus • Master Write 

Control). 
3TH ~YHKIUffi BH3HB8IDT rrpepHB81ill9 B rrporpaMMy · no~h30BBT9~fl . HB 
slave M8lliHHe · C · 38IIpOCOM H8 COOTBBTCTBYIDmYID nepBAB~Y. ,·ITo 8TOMY 
rrpepHB8HHID rrporpaMMa IIO~h30B8T9~fl AO~JKHa BepHYTh ~60 .aAPeC ll 
pasMep 6~0K8 ABHHHX, ~60 CllrH8~3HpOB8Th 06 ero OTCYTCTBHH 
Hy~eBHM cqeTqnKOM 6~T. B 38BllCHMOCTll ;OT pesy~hTBT8 BH30B8 
APB~ep GPIB BHCTaB~HeT ~ar napa~~e~hHoro orrpoca. IToc~e 

aToro APB~ep Ha yrrpaB~srome~ MaliiliHe rrpoBOAHT rrapa~~e~h~ 

orrpoc ll, B 38BHCHMOCTll OT H8~Hfl ABHHHX, Ha~aeT nepeAaqy 
(n~ rrpneM) ABHHHX. IIo aaBepmeHilli nepeAaqn :Ha o6enx MarnHHax 
reHepHpYIDTCfl arrrrapaTHHe rrpepHB8HHfl, KOTOpHe 8H8~3HpYIDTCfl 

APB~epaMH, H B nporpaMM8 IIO~h30B8Te~H rrpOHSBOAHTCfl 
rrpepHB8HHfl C KO.i{OM pesy~hT8T8 (OIIrn6KH). 

)l.JIH IIO~yqeHHfl CT8TYC8 K8Kci~-.JIHao M8ullfiiH MOJKHO BH3B8Th 
~YHKUHID IBSPS(dest_adr)" (Serial Poll Status) B ~roaoe · BpeMH, 
KOI'A8 nepeAaqa ABHHHX He 8KTHBH8. 3Ta ~YHKUHH BepHBT 6a~T 

.. CT8TYC8, KOTOpH~ Xp8HHTCfl B' oiJ:I}amaeMo~ M8lli.tme B · nopTi · no 
8APecy' Ox2bb (,Il;ocTyneH ·no qTeHHID n samcn ·us · IIoc~eAHe~) ~ · 7 
6HT H3 8 orrpeAe~HIDTCfl no~h30B8Te~eM,, 8 6HT Ji6 ( cqnT8fl : C · 0) 

BH3HB89T 38IIpOC, T.e. rrpepHBaHHe, H8 yrrpaB~SliO!It8~ M8lli.tllie, 
KOTOpoe T8Kme AOBOAHTCfl AO rrporpaMMH no~SOB8T9~fl. 

4.3a~qeHHe 

Paspa6oTaHHHe KOHTpO~~ep PC-GPIB H rrporpaMMHoe 
o6ecrreqeHHe ~fl Hero·rroSBO~fliDT.CTpOHTh MHOI'OMaiiimrirn:e CHCTeMH 
caopa ABHHHX C HCIIO~h30BaHHeM B KaqecTBe MeJKManrn:HHO~ CBHSH 
CTaHAapTHOI'O HHTep@ettca IRBR-488.ilpOli3BOAnTBnbHOCTb CHCT8!~ 
COCT8BJISl8T npll nepe~a'tle llaKBTa ~aHHHX DKOJIO 200 IC6~T/C BHB 
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saBHCHMOCTH oT nma rrpoueccopa. VIs· BpeMeim nepe.na'UI · I 6all:Ta 

,naHID:IX llOJIOB:mia YXO,IJJ:l:T H8 nepe,naqy ITO · GPIB, a BTOpaH ITOJIOBHH8 

- Ha IJ,HKJI DMA. Pacxo)J;I:1 BpeMeim Ha opra~msar.unO_ nepe,natiH naKe'ra 

B CHCT8M8 C O,li;HO:A: yrrpaBJIHIOme:A: M8!IIllliO:A: - 200 MKC, a B 

CHCT8M8 C H8CKOJihKID.rn: . KOHTpDJIJI8p8MH MI1JIJII1C8KyH,IJ;bl, KOTOpi:18 

yxo,nHT Ha opra~msaiJ,lllO nepe,natiH yrrpaBJI8ImH OT Maiiilllii:1 K Mammie 

(ITOMHMO OJiW,II;aimH B oqepe,IJJ:l:). 0TCIO,na CJI8,I{y8T BI:1BO,I{ . 0 

IIp8,IUIO'ITHT8JihHOCTH :li<9CTKO opraimSOBaHHO:A: '-· ~HCT8MI:1 C 

~CHpOB8HHO$ rrporpaMMO:A: OCJM8H8. TI08TOMY MI:1 B H8CTOHmee Bp8MH 

opH8HTHPY8MCH Ha CHCT8MY C O,li;HO:A: yrrpaBJIHIOm8~ M8illllHO:A:. PacXO,nH 

Bp8M8Im ' H8 ll0JIY'I8Im8 CT8TYC8 ITOCJI8,I{OB8T8JibHOrO OIIpOC8 

COT8BJIHIOT OKOJIO 150 MKC ,· H8 0,11;HY M8ill:miy. 

·JIHTepaTypa 

!.IEEE Std.488-1975. IEEE Standard DigitaL Interface for 
Programmable Instumentation. By American National Standards 
Institute. October 1975. 
2.IEEE Std.488.2-1978. IEEE Standard Digital Interface for 
Programmable Instumentation. - By American National . Standa:r·.ds 
Institute. 1978. 

PyKOITWCh ITOCTYll¥ma B W3,I{aTarrDCKl~ OT.I{aiT 

9 ,neKa6pa I99I ro,na. 
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