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BBE,llEHHE 

CHCTeMa aBTOMaTHl!ecKoro HaKonneHHR 3KCnepHMeHTaJII,HhIX ,a;aHHhlX, 
BKJIIOtiaxoman B ce6n Ha6op 6noKoB KAMAK, Kpeih-KoHTpoJIJiep KK009111 , 

nepcoHaJILHhlH KoMnLIOTep nma IBM PC/XT H cooTBeTCTByromee nporpaMM
HOe o6ecnetieHHe, npHMeHReTCR B na6opaTOpHH HeHTpOHHOH q)H3HKH 011fll1 
,a;JIR 3KcnepHMeHTOB Ha peaKTopax HBP-2 H HBP-30. TaKHe 3KcnepHMeHThl 
xapaKTepH3yIOTCR ,a;JIHTeJII,HbIM BpeMeHeM 3KCil03HIUill H pa3HOo6pa3HeM 
KOHq>HrypaUHH O,!l;HOTHnHoro o6opy,a;oBaHHR. B CBR3H C YKa3aHHblMH oco-
6eHHOCTRMH npe.a;cTaBJIReTCR uenecoo6pa3HhlM C03,!l;aHHe . nporpaMMHO
ro o6ecnetieHHR, KOTopoe 61,1 o6ecnetIHBano pa6oTocnoco6HoCTh aceii cHcTe
Mhl npH npoH3BOJILHhIX no3HQHRx 6noKoB KAMAK H q>HKCHpoaano 61,1 
peanLHOe BpeMR CTapTa H OKOHl!aHHR 3KCil03HUHH, KOTOpaR TaK:>Ke Morna 
61,1 3a,D;aBaTI,CR npOH3BOJII,HO. B ,!l;aHHOH. pa6oTe npe,a;CTaBJieHbl THnH'l!HOe 
,!l;JIR peaKTopHblX 3KCnepHMeHTOB o6opy,a;oBaHHe H nporpaMMa, OtBetiaxoman 
Bhilllenepel!HCJieHHhlM Tpe6oBaHHRM. 

3KCilEPl1MEHT AilbHOE OBOPY,llOBAHHE 

.llJIR nocrpoeHHR MHOrOKaHaJibHblX CHCTeM HaKonneHHR HHq>OpMaQHH 
111HpOKO npHMeHRIOTCR KaK nporpaMMHhle, TaK H annapaTHbie cpe,a;craa. 
B OCHOBe HX Jie:>KHT HCnOJII,30BaHHe BpeMeHHhlX ICO,a;HpOBIUHKOB BK-512 ', 

BKil-413 1, aMnJIHTy.a;HhIX Ko,a;HpOBIUHKOB AK-1K 14 1 H 6yq>epHhIX HaKo
nHTeJILHhIX 3anoMHHa10IUHX ycTpoiicrn 061,eMOM 4K, 16K15 ' 6 1 H T • .a;. CH
creMhI o6mero Ha3HatieHHR, nocTpoeHHhie Ha 6aae 3BM CM-3, o6na.a;aJIH 
cymecTBeHHbIM He,D;OCTaTKOM - orpaHH'l!eHHhlM KOJIH'l!eCTBOM KaHaJIOB Ha
KOnJieHHR (,a;o l!eThlpex), no3TOMY npe,a;cTaBJIJieTCR uenecoo6pa3HhlM npH 
peaJIH3aQHH CHCTeM Ha 6a3e nepCOHaJII,HblX KOMill,IOTepoB paClllHpHTb KOJIH
tiecTBO KaHaJIOB. 

Ha pHc.1 npe.a;cTaaneHa 6JIOK-CXeMa MHOrOKaHaJil>HOH CHCTeMbl HaKO
nJieHHR cneKTpoMeTpHtiecKoH HHq>opMalUll o6mero Ha3HatieHHR Ha 6aae 
IlK "Ilpaaeu-16". Ilo,a;KJI1otieHHe KpeiiTa KAMAK H IlK npose,a;eHo npH 
IlOMOIUH 6JIOKa KOHTpOJIJiepa KK009 H o6cny:>KHBaeTCR npHJiaraeMblM 
K HeMy naKeTOM acceM6nepoBCKHX npoue,a;yp17 1• B KpeiiTe KAMAK BKil-4 
H O3Y COCTaBJIRIOT 0,a;HH KaHaJI HaKOilJICHHR. B KpeiiTe B03MO:>KHO pa3Meme
HHC no 10 KaHanoa npHBe,a;eHHOH KOHq>HrypauHH. IlpH 3aMCHe BKil-4 · Ha 
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BK-5 u pa3MemeHHH HX B He-

KK009 I • • "rrpaaeu-16" ynpaBmleMhIX Kpeirrax Konuqe-

CTBO KaHaJJOB B OAJIOM KpeH-

KCOI4 MOHRTOP 
Te B03pacrneT ,no 20. OqeBu,n-

I· 
! II-

HO, HapaI.UHBaHHe KOJJnqeCTBa Ka-

.. I I HaJJOB ,IJ;aJJhllle no,no6HhIM cno-
03Y co6oM HepauuoHaJJbHO, TaK ·KaK 

~ 
I ,neTeKTOp 1 OHO npHBO,IJ;HT K KOJJOCCaJJbHO· 

Pt 
BKII4 MY pOCTY annapaTHhIX 3aTpaT. 

f-t 
0 O,nHaKo, 
~ 

ecnu qncno · KaHaJJOB 

:::;; orpaauqeHo 10-20, TO npnBe-

I 03Y I ,neHHaJI 6noK-cXeMa MHOro-

KaHaJJbHOH cncTeMhI HaKonne-

BKI14 I I 
,IteTeKTOp n HHH npe,ncTaBJJHeT HHTepec. 
CTapT IDiP-2 

Puc.1 

IlPOrPAMMHOE OBECITEqEHME 

IlporpaMMHoe o6ecneqeHne ocymecTBJJHJJOCb B paMKax cucreMhI TURBO 
PASCAL, Bepcun 3 u 5 18 ' 9 1 , c ncnoJJb30BaHHeM naMHTH 061>eMOM 640 K6 

nepcoHaJJbHOrO KOMilbIOTepa. 
E,nnHaJI nporpaMMa FRAM BKJJroqaeT B ce6H 14 KoMaHA {oKono 20 pe-

:>KHMOB), npe,nnaraeMhIX B xo,ne .nnanora c · rionb30BaTeJJeM B BHAe KOMaHA

HOH CTpOKH {MeHIO). Ilpn 3TOM B03M0)KHhl ,nBa no,nxo.na: 
1) pa6orn c Ka,KAhIM 6noKoM KAMAK HHAHBn,nyan1>Ho; 
2) pa6oTa OAJIOBpeMeHHO c rpynnoii 6noKoB KAMAK, 061,e,nHHeHHhIX, 

HanpnMep, 061.UHM M.oMeHTOM CTap-ra, HJJH 061.UHM BpeMeHeM 3KCil03HUHH, 
HJJH u TeM u .npyrHM BMeCTe. O6a no.nxci.na He HCKJJJOqaroT ,npyr ,npyra, MOryT 

HCilOJ1b30BaTbCH OAJIOBpeMeHHO H AOilOJJHHTh ,npyr ,npyra. 
OcTaHOBHMCH B nepByIO oqepe,nb Ha pe:>KHMe KOJJJleKTHBHhIX KOMaHA, 

KOTOphIH, Ha Halll B3rJJHA, npe,nCTaBJJHeTCH Han6onee umepeCHhIM. 

KOJIJIEKTMBHhIE KOMAH,llbl 

)lJJH OcyI.UecTBJJeHlUI KOJJJJeKTHBHhIX KOMaH,IJ; IlO,IJ;KJJIOqaeTCH nporpaMMa 

SBORKA, oq>opMJJeHHaJI. B BH,ne 6n6nnoTeqaoro · q>aHJJa u He uMeromaJI 

HH napaMeTpOB, HH co6cTBeHHhlX BHyTpeHHHX nepeMeHHhIX. 
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IlpOH3BOJ1bHOe 3a,naaue Il03HUHH 6noKa" ero BpeMeHH 3KCil03HUHH 
B03MO)KHO no KpaHHeii Mepe B ABYX BapnaaTax: a) BHYTPH nporpaMMbI 
C IlOMOI.UblO Henocpe,ncTBeHaoro .nnanora C IlOJ1b30BaTeJieM; 6) BHelllHee 
3a,IJ;aHHe HX nyTeM C03,IJ;aHHH pa3JJHqaoro BH,na MaCCHBOB {Ta6nuu) H UHKJJH

qecKoro HX H3MeHeHHH. B 3KcnepnMeHTe ocymeCTBJJHJJCH nepBhIH BapHaHT. 
Ilpn 3TOM B xo,ne .nnanora c noJJb30BaTeneM H36npaeTCH o.naa H3 qeThipex 

KOMaHA: crapT, ~craiioBKa HaKonneaHH umpopMaunn, npo,non,Keane ero, 
a TaK)Ke BXOA B AaHHhIH pe,KHM 6e3 ,nonoJJHHTeJibHhIX KOMaHA K paaee 
OT,IJ;aHHhIM (npu B03BpameHHH H3 ,npyrnx pe,KHMOB). 

Ilpn CTapTe IlOJ1b30BaTeJib C KJlaBHaTypbl TepMHHaJJa 3a,naeT Il03HUHH 
rpynnhl 6noKoB - He Mettee ,nByx; npu 3TOM Ka,KJ:toMy 6noKy ycraHaBJJHBa
eTcH onpe,neneaaoe BpeMH pa60Thl - 3KCil03HUHH. Otta MO:>KeT 3a,IJ;aBaTbCH 
HHAHBH.IJ;yaJJbHO HJJH O,nHHaKOBOH ,IJ;JJH BCeH rpynnhI 6JJOKOB. Ilocne 3TOrO 
6noKH HaKonneHHR nepeBO,IJ;HTCH aBTOMaTuqecKH B pe,KHM npHMoro AOCTYila, 
a nporpaMMa - B pe:>KHM unKnnqecKoro onpoca Bcex CTaHUHH KpeiiTa c 3a
.naaaoii 3KCil03HUHeH - Ha BpeMH BilJJOTb AO OKOHqaHHH Bcex 3KCil03HUHH 
He3aBHCHMO OT Toro, 3a,naao JJH BpeMH pa60Thl 6noKa HaKonneHHR B paMKax 

o6'bHBJJeHHOH rpynnhI HJJH CTapT ,naHHOro 6noKa C 3a,IJ;aHHOH 3KCil03HllHeH 
6bIJJ ocymecTBJJeH BHe aee {HHAHBHAYaJJbHhIMH KOMaH.IJ;aMH). 

Ilo ucreqeanu BpeMeHn 3Kcno3nunn KaKoro-nn6o 6noKa AaHHhIH 6noK 

aBTOMaTnqecKu nepeBo,nHTCH B pe,KHM KAMAK, To ecTb HaKonneHne HH<pop

Maunn no .naaaoii no3nunn npeKpamaeTcH. Ilpu 3TOM Ha 3KPaHe TepMHHana 
BhIBOAHTCH peaJJbHOe BpeMH, npome,nmee C MOMeHTa CTapTa .no OCTaHOBKH 

HaKonneHHR HHq>OpMallUH. 
Ecnu peaJJbHOe BpeMH .nocTaToqao y,naneao OT MOMeHTa OKOHqaHHH MHHH

MaJJbHOH H3 3a,IJ;aHHhIX 3KCil03HUHH, B03MO,KeH BbIXOA { C IlOMOI.UblO Ha,KaTHR 

nro6oii TepMHHaJJbHOH KJiaBHlllH) H3 ,naHHOro pe,KHMa AJJH pa60Tbl B .npyrux 
pe,KHMax C JJI06hIM, B TOM qucne H BHOBb 3a,IJ;aHHhIM,. 6JJOKOM HJJH q>aHJJOM, 

KOTOpbIH 3anucaa Ha AHCK, B COOTBeTCTBHH C BhI6paHHOH H3 MeHro KOMaH
AOH. Ilocne 3Toro peKOMea,nyeTCH BCe•TaKH BepHyTbCH B pe,KHM UHKJJH

qecKoro onpoca BpeMeH 3Kcno3nunn, AJJH Toro qTo6hI nporpaMMa nMena 
B03MO)KHOCTb BhinOJJHHTb aeo6xo,nHMhie ,neHCTBHR B Ha3Haqeaaoe BpeMH. 

Ecnu B KOJJJJeKTHBHOM pe,KHMe IlOJ1b30BaTeJJb BbI6pan KOMaHAy ocrn
HOBKH, TO npoHCXOAHT nepeBOA tOAHOBpeMeHHO BCeH rpynnhI 6nOKOB B pe
:>KHM .nocTYna co cTopoHhI lllHHhI KA.\1AK. 

CoOTBeTCTBeHHO npu BhI6ope KOMaHAhI npo,nOJJ)KeHHH paaee OCTaHOB
JJeHHOrO aaKOilJleHHH BC.fl rpynna nepeBO,IJ;HTCH B pe,KHM npHMoro AOCTYna. 

MH,llMBM,llY AJihHblE KOMAH,llhl 

OCTaBlllHeCH KOMaH,nhI npe.nnonararoT HHAHBHAYaJJbHYIO pa60TY C Ka:>K
AhIM 6noKOM B Kpeirre. Ha puc.2 cxeMaTuqecKH npe,nCTaBneaa ynpaBJJHIOI.UaH 
nporpaMMa FRAM BMecTe c 6n6nnoTeKOH u aa6opoM KOMaH,n. 
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cTavr OnHa KOMaHna He BKn1011e-

CTOll 
npo,1toJD1te!Il!e 
"IllCTKa 
3amICh ipafura 
CTapr C 3KCll03KUHett 
Bli3Y8Jlll3auwI 
pacne'!aTKa 

Ha B .TaK Ha3bIBaeMoe MeHJO 
(BO ' !136e)KllHHe HenpenBHnH
MbIX nocnencTBHH Heo6nyMaH
Horo ee npHMeHemrn Bo BpeMH 
3KcnepHMeHTa) H BbIHeCeHa 
"3a Kanp", XOTH npHMeH.ReTC.R 
npH KoMaHne Z H noranaThCH 

KOJIJI0KTllllHbl0 KOM8HJ]ll 

nporpal4MliPYeMUii BKII4 o 
pacne'!a.TKa Ta6J!m:t 

Heii HeTpynHo. 1-fraK: 
no KOMattne Z neKnapHpy-

llOMOilIHlilt 
BUXO,It 

eTC.R aKTHBHaH n03HUHH B 
KpeiiTe H npoHcxonHT crnpT 
HaKonneHHH HHq>OpMaUHH B 
nattHhIH 6noK Ha Heonpene-
neHHOe BpeMH; 

no KOMattne S npoHcxonHT OCTaHOBKa HaKonneHHH HHq>OpMauHH B 6noK, 

HaxonmUHHCH B pattee onpeneneHHOH no3HUHH; 
no KOMattne C HneT nponon:a<eHHe pattee ocTattoBneHHoro HaKonneHHH; 

KOMattna R naeT B03MO:iKHOCTb o6HynHTb HaKonneHHYIO HHq>OpMauHJO 

B 6noKe; 
no KOMattne W npoHcxonHT OCTaHOBKa HaKonneHHH H 3anHCb HaKonneH

HOH B 6noKe HHq>OpMaUHH B BJ-(ne qiaiina C BhI6paHHbIM HMeHeM Ha n1060H 

nonxon.RIUHH HOCHTenb; 
no KOMaHne U ocymecTBnHeTC.R pe:a<HM KonneKTHBHbIX KOMaHn, H3no

:a<eHHbIH BbIIIIe; 
KOMaHna F npenocTaBn.ReT Te :a<e B03MO:a<HOCTH, 1.JTO H KOMaHna U, 

TOI.JHee - CTapT HaKonneHHH C 3anattHOH 3KCn03HUHeH, HO TOnhKO nnH on

HOro 6noKa; 
no KOMattne T npoH3BOnHTCH pacne1.JaTKa Ha 3Kpatte TepMHHana nec.RTH1.J

Hh1x KOAOB HHq>OpMaUHH, 3anHCaHHOH B BH,IJ;e qiaiina, B onpe,o;eneHHblX 

nonh30BaTeneM npe.o;enax, KpaTHbIX 256-TH cnoBaM; 
KOMaH,o;a V ,o;aeT B03MO:iKHOCTb BH3yanH3aUHH HaKonneHHbIX cneKTpOB 

- 6y.D;b-TO B caMOM 6noKe HnH B y)Ke 3anHCaHHOM q>ati:ne Ha 3Kpatte TepMH

Hana, Hal.JHHaH C n106oro 6noKa; npH 3TOM npOH3BOAHTC.R rHCTOrpaMMH
poeaHHe B npoH3BOnbHbIX MaCIIITa6ax 6e3 orpattHI.JeHHH CBepxy B COOTBeT
CTBHH C Bb16paHHOH IIIKanoii X; III Kana y eapbHpyeTc.R o6bII.JHbIM o6pa30M; 

KOMattna K OTKpbIBaeT AOCTyn K Ta6nHuaM BpeMeHHOro KOAHpOBIUHKa 
VKP-4. OHH 3anonHHJOTCH B npouecce ,o;Hanora c nonh30BaTeneM, KOTOpbIH 

3anaeT HY:iKHblH pe:a<HM pa60Tbl KOAHPOBIUHKa: B pe:a<HMe OI<Ha MITH 3anep:a<
KH ycTaHaBnHBaeTC.R TaK:a<e AnHTenbHOCTb 3anep:a<KH H 1.JHCno 3aneiiCTBO
BaHHbIX KaHanOB. IlpH 3aHeCeHHH nony1.JeHHbIX TaKHM o6pa30M Ta6nHU 
B naM.RTb 6noKa VKP-4 npOH3BOAHTC.R npoBepKa npaBHnhHOCTH 3aHeceHH.R 
KOAOB H B cnyqae B03HHKHOBeHHH ourn6KH BhinaeTC.R npenynpe:a<neHHe 
Ha 3Kpatte; 
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KOMaHAa H no,o;CKa3hmaeT co,o;ep:a<aHHe KOMaH,o;HOH CTpoKH; 
no KOMaH.o;e Q Ha 3Kpatte TepMHHana noHBn.ReTC.R Ta6nHua BpeMeH 3Kcno-

3HUHH Bcex aKTHBHbIX CTaHUHH Kpeti:Ta. 

BbIXOA H3 nporpaMMbl aBTOMaTHqecKoro HaKonneHHH B MOHHTOp ocy

mecTBn.ReTC.R no KOMaH)le E. IlpH 3TOM pa6ora 6no~OB npc))];on:a<aeTCH. 

3AKnJOlIEHl1E 

1. Pa3pa6oTaHa 6noK-CXeMa MHOrOKaHanhHOH CHCTeMbI HaKoimeHH.R 
cneKTpOMeTpH1.JecKoH HHq>opMaUHH o6mero Ha3Ha1.JeHHH Ha 6a3e IlK "Ilpa

eeu-16", 1.JTO no3BonMITo oprattH30BaTb HaKonneHHe no 10-20 BpeMeHHhIM 

MITH aMnnHTYAHbIM KattanaM Ha OAHOM IlK. 
2. Bb1Be,o;eHa qiopMYna rHcrorpaMMHpoBattHH B npoH3BOnbHhIX MaCIIITa-

6ax 6ro orpaHH1.JeHHH CBepxy. 
3. C03AaHO nporpaMMHOe 06ecne1.JeHHe, KOTopoe n03BOn.ReT, ynpaBnHTb 

aBTOMaTHI.JeCKHM HaKonneHHeM q>H3Hl.JeCKOH :miq>opMauHH B IIIHpOKOM 
o6neMe. . ' . 

Pe3JOMHpyH BbIII1eH3no:a<eHHOe, Heo6xo)];HMO no,o;qepKHyn TPH OCHOBHbie 
xapaKTepHbie qepTbI ,o;aHHoro nporpaMMHoro 06ecne1.JeHHH, .Bbl)];en.RJOIUHe 

ero KaK CHCTeMy onpe,o;eneHHoro THna: 
1) 3Hal.JHTenbHoe 1.JHcno cTeneHeii ceo6o,o;bi; 

2) B03MO:iKHOCTb npoH3BOnbHOrO 3anaHHH KOopn:miaT o6'beKTa; 
3) qJHKCHpOBaHHe peanbHOro apeMeHH 3KCn03HUHH, :a<eCTK0 CB.R3aHHOro 

c Koop.o;HHaTaMH nattHoro o6'heKTa. 
B 3aKn101.JeHHe 6naro,o;apHM r.Il.)KyKoaa 3a npe,o;ocTaBneHHyro B03Mo:a<

H0CTh ocymecTaneHH.R BbIIIIeH3noi<eHHOH pa60ThI, a TaK:a<e Beeb K0nneKTHB 

0T,o;ena 3a np0HBneHHYIO BHHMaTenbHOCTb. 
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