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. I. Oii!IWI XAPARTEPHCTI1KA .Ill!CCEPI'AUIDI 

AKTyMLHOCTL npo6JieMll_. · Paspa60TK8 H cepmoe OCBOeHHe 'B Te~e
HRe IlOCJienHHX JieT HeCKO~IraX ceMeffCTB rrpOR3BO,ItPITefilHHX R 8KOHOMHtJHl,IX' 
MaJIWC.BH'IHCJIHTefilHHX MamHH OTKpHBaeT IIIHp0KHe B03MOJtHOCTH BHenpemrR 
CHCTeM 8BTOMaTH88UHH R yrrpaBJieHHR KaK B HOBWC, TaK RB TP~UHOHHHX. 
oMaCTRX rrpnMeHeHHR cpencTB Bll~HCJIHTeJILHOtt TeXHHKH. Opn:eHTHPOBaHHlie 
Ha IIIHpom KJiacc rrpHMeHem (Ko~eKCHM·aBTOMaTRSanxR-TeXHMOr~ec
KHX npoueccoB, 8BTOMaTR38UHR KOHTpoJIJI H R3MepeHHff, 8BTOMaTH38UHR 
H8Y'JHI,IX HCCJienoBrumtt R T.n.) MRHH-3BM CTaHOBSITCR nocTyrrHUMH· Bee 60JIL~ 
meMY tJHCJIY nqJILaoBaTeJieff. B 6JIHJKattrrme IO-I5 JieT B pBMKax o6mett. rrpor
PSMMll HaY'!Ho-Te~ecKoro rrporpecca n B 6Mee crreUHaJIDHHX ,nporpaMMa.X 
pa3BHTHR H BHenpeHRR Bll~HCJIHTeJILHHX cpencTB nepen COBeTCKHMH Y'JeHU
MH R crreUHBJIHCTaMH CTORT rpaH,ItPI03HM aana~a Hac11111eHHR HaponHoro xo
amtcTBa Bl,ltJHCJIHTeJILHHMH cpencTBaMH B HHTepecax. rro:aumeHHR agxpeKTHB
HOCTH yrrpaBJieHHR, ypoBHR R TeMIJa H8Y'JHlilX HCCJienoBrumff H RHllteHepl!llX 
paapa60TOK, CTerreHH 8BTOM8TH3a:tn!H IIp0R3BOncTBeHHHX npouecCC>B •. 

HcnoJIL30Brume nocTRXeHRff MHKpoaJieKTp0HHKH npHBO,ItPIT B TOMY, 
~TO BlltJHCJIHTefill!lle MOIIIHOCTH, KOTOPHMH pacrroJiaraeT ceronRR Y'JeHHff, 
IIBJl[eHep, aa nocJienHRe 20 JieT B03p0CJIH B IOOOO . _pas, np:wrnM Ha.H-
6M88 6HCTpli8 T8MIIli pocTa Ha6.1IlUlaDTCR B o6JiaCTR <pyH.I{BMeHTaJILHHX 
HCCJienoBaHHff, B ~aCTHOCTH, B_ aKcnepHMeHTMLHOtt ru:cepHolt ~R3HKe. 

IlpH nocTHrJIYTOM ypoBHe pacnpocTpaHemm :autJttcJIHTeJILHoff TeXHHKH, 
orrep8lKa.mni:MH T8MII8Mll paCTYT KO~eCTBO ll paaMep!i rrporpaMM ll 
CRCTeM aBTOMaTH3aUHH aKcrrepHMeHTa (CA3) B RCCJienoBaTeJILCKHX oprrum-
38J:1KRX. B CB113R C 8THM CT8.HOMTCR Bee 6Mee aKTYaJILHHMH paapa60TKH 
BHCOKOPB.UllOHaJILHHX cpencTB H MeTonoB, o6ecrretJHB8BllIIKX y,~eHbmeHHe aa
TpaT Ha cosnrume CA3 npR OnHOBpeMeHHOM YJIYtfmeHHH HX 8KCilJIYaTB.UllOH
HHX xapaKTepllCTRK. 

UeJIL pa6oTu. UefilD pa6oTH R~acL .paapa6oTKa paaBHToff cRcTe
Mll 8BTOM8TH38.UllR aKcrrepHMeHTa, B ~aCTHOCTH, CRCTeMa c6oP,a/aHHHX 

(CC.U) Ha KpyrrHOM crreKTpoMeTpRtJeCKOM KO~eKce "I'mrepoH" 7I, RCilOJIL
ayeMOM B RCCJienOBaHHRX pa3JIRlIH!lX ru:cepHl.lX rrpoueccoB Ha 70 raB YOKO-



p:e:TeHe H~B3 (CeprryxoB) Mex.nyHapo,ItHott ROJIJia6opruurel Y'J8HllX JiffII OIBIH, 
H~B3, E~H, HIDUI~ Ml'Y, H~ CAR (Ko~e, l!CCP), YmmepcueTa RM. 
KoMeHcKoro (EpaTRCJiaBa, l!CCP), CoipdcRoro ymrnepcneTa (CO<PWI, HPB), 
WI~ (KpaROB, IIlIP) :e: HeKOTOpHX ,ItpyrHX. 

IlocHo.m,ey HMeBmrurca Ha ycTaHOBRe wnm-3BM EC-IOIO He MorHa 
6UTb Henocpe,ItCTB8HHO HCnOJll>SOBaHa B RaqecTBe ynpaBJil!Dlleil B aRcnep:e:
M8HT8. nepe,It aBTOpoM 6wm IlOCT8.BJI8HH ,I(Be sa.rcai:i::e:: COS,ItaH:e:e Heo6xo,ItH
MOro o6opy;noBamm: .It.1Ill conpiixel!Rll 3BM co CJioimol aRcnepHMeHTaJII,HOI 
YCTaHOBKOI (B qacTHOCTR, 3BM EC-IOIO He :i.tMeJia Tor.na ycTpolCTBa co
npsm8H:e:a c c:e:cTeMol KAMAK) :e: paspa6oTRa Boero MaTeManqecKoro o6ec
neqeHll'.JI CA3, a,It8KBaTHOro·no CROpoCTJIM pa60TU T8MnY HaROI11I8H:e:a ~op
M8.IUIH Ha Cll8RTpoM8Tp:e:qecROM ROMI11I8RC8 "I'KnepoH". TaRHM o6pasoM,.ItaH
HM pa6oTa 6~a IlOCBJmt8Ha COS,ItaHHI) RaR 8H8KTp0HHWC 6HOROB, H8o6XO.rt:e:
MUX ,ItJill opraH:e:sruur:e: pa60TU CHCT8Mll -06opa .ItSHHWC, TaR H naKeTa npor
pa.MM, ynpaBJISID!llDC pa60TOA CCJJ;, npOBO.ltlilllHX 9Rcnpecc-o6pa6oTey qacTH 
ltJIH Beel np:e:JmMa8MOI 8RCnepHM8HT8.1I1>HOI HHqiop.m.qint, ROHTpoJIHPYDJlHX 
pa6oTy OT~SHbHllX YSHOB YCTaHOBira :e: T.,It., TO 80Tb COS,ItrumJO Boero npor
paMMHo-annaparnoro KoMITHeKca CA3 "I'KnepoH". 

HaytmM HOBHSHa ,ItaHHOI )tHCC8PT8.IUIOHHOff pa60TU COCTOHT B paspa-
60TK8 :e:,peaJI11sruur:e:: 

- CKopocTHoro ycTpoicTBa con.PimeH:e:a HeCTaH,Jtaprnoro o6opy;noBa
HM, B i:i:acTHOCTH,KOHTpoJJJiepa RpelTa KAMAK THIIa KK004, c 3BM EC-IOIO • 
3TO YCTpolCTBO COilpmlt8HHa ,nonycKaeT BOSMOltHOCTb 06MeHa C KOHTpOJIJI8pOM. 
B p8llWM8 H8IlOCp8,ItCTB8HHOro ,ItOCTyna B naMIITb Ka.K .I(aHHl,IMK, Ta.K H KOMaH
.ItaMK, qTo pesKO YB8J!Hql{H0 CKOp0CTb o6MeHa (HCilOJll>SOBaim:8 pe:E:e:Ma H8-
nocpe,ItCTB8HHOro ,ItOCTyna ,ItJIR; Bl,l,Jta"IH ROMaH,It KOHTpoJJJiepy npe,ItHOZ8HO H 
peaJIIISOBaHO BnepBUe). 

- ABTOMSTKq8CROro MYHbTHnH8KCOpa - 8H8RTpOHHOro 6HORa, SaHH
Mamtero neHTpaHbHOe M8CTO B annapaTYP8 CCJJ; H npe,ItHasHa"leHHoro ,ItJill 

onpoca CHCT8M CllliTllBaHRll qiHSK"l8CKOI annapaTYpll 6es ynpaMeHM co 
CTOPOHU 3BM. 

- CxeMll KOMITOHOBKH 8H8KTp0HHOA annapaTYJll, o6ecne"IHB!ll00l8it 
BOSMOllHOCTb pacnapaJJJieJmBamm: pa6oTU KaHMa Henocpe,ItCTB8HHOro .ItOCTY-
na B nawITb 3BM H KOHTpOJJJiepa C"lll'.TllBa8MOfl: CHCTeW. ' 

- BcnoMoraTMbHllX 8H8KTp0HHllX 6HOKOB, KOHTPOJIJIPYDlllfX :e: ynpall
JIJI!OOIHX pa6oToff annapaTYJll CCJJ;. 

- YcTpolCTBa ,ItJill aBTOHOMHOI OTHa,ItKH 9H8KTp0HHllX 6HO~OB (B TOM 
"l:e:CJI8 H MOKOB KAMAK) Ha OCHOB8 MHKpo-3BM S])K-85. 

- HoBoro aHrOpilTMa o6pa60TKH sanpocoB 6HOKOB KAMAK Ha o6c.iry
DBaJIH8 ( CHrHM L ) • 

- MaTeMaTl[tlecKoro o6ecnei:i:eHHa CA3 (naKeTa nporpa\'!M npneim, Ha-
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KOITHeHHa, aRcnpecc-o6pa6oTKH HHqioIJM8.IUIH H KOHTPOJIII pa60T!l YCTaHOBKII). 
- MeTO,Ita nporpaMMHoro BKHl>"leHHa B COCTaB CTaH,ItapTHOI nepHq>epIDI 

3BM EC-IOIO BHemHHX ycTpolcTB, ocHanieHHUX HecTaH,ItapTHID.m HHTeppeilca
MH, B TOM "IHCJH8 HHTeppeilcaMH, B!lllOJIH8HHHMH B CTaH,ItapTe KAMAI{. 

- lllil:poKoro Ha6opa c:e:cTeMHWC :e: ITMbSOBaTem.ciraX nporpa,lM o6mero · 
Ha:3Hai:i:emm • 

IlpaKTKqeCKM qeHHOCTb pa60T!l COCTOHT B TOM, qTo paspa60TaHHaJI 
Cl1CT8Ma aBTOMSTHS~ ,ItJill cneKTPOM8TPI;J'i8CKOro KOMMeKca "I'KnepoH" 
mHpoKo HCnOJII,SOBMaCb B ~HSH"l8CKHX 8KcnepRM8HTax. 0Ha 6~a npm~eHeHa 
np:e: Ilp0B8,It8HHH 6onmoro pJI.Ita HayqHO-M8TO,ItH"l8CKHX pa60T C ,It8T8KTHpyr>
ll{HMH CHCT8MaMH cneKTPOMeTpa; OT,It8HbH!le 8H8M8HT!l .It8HHOA CA3 Hcnonso
BMHci B npe~SHOHHOM 8KCnepHMeHT8 no HSY'J8Hm> rllllepsapH,ItOB0-06M8HH!lX 
nponeccon (:asMepe:ime .ItH!ppepe~aJIJ,HllX ceqeHHff H noJrJip:as~ B· npo
necce 6rp - t<+ 2,+ npH 8H8PrHH IIHOHOB I2 raB); IlOJIHOCTbll Bec'b 
KOMITH8KC paspa60T8HHOtt CA3 61lH HcnonsOBaH .ItJrJI npoBe,IteHJIJI .ItBY'X CHO!t
HIDC 8KcnepIDl!eHTOB nO,HCCH8~0B8HHI) o6pasOBaHID{ B8KTOPHWC {K1E(B?O), 
'f ) H no HSY'J8HHll nC8B,ItOCKaJrJipHWr: · ( :fro , ~o , ~1 ) M8SOHOB B 

8.ItPOH-JI.It8PHWC H 8.ItPOH-HYRJIOHHWC BSam.fO,IteAcTBHJDC npH 8H8PrHH 5-I5 raB. 
B o6~eft CHOl!HOCTH B 8THX.8KcnepHMeHTax 6HHO np:e:HaTO H sarmcaHo Ha 
MarHHTHYJO HeHTY OKOHO IO MJIH. TpHrrepoB. . 

OnllT 8KCITJIYaTarnm .ItaHHOff CA3 BO Bcex 8THX KPYITHllX 8KCnepHMeH
Tax npo.neMOHCTPHPOBM ee BllCOKYll H8.It8lEHOCTb H S(ppeKTHBHOCTb. 

Psm paspa60TaJtHl:lX ymJB8pCaJil,HWr nporpaMM aBTopa, TaKHX,KaK CHC
TeMa o6c.nyJmBamm: T8KCTOBUX ~WOB Ha MarHHTHOM .I(HCK8 H naKeT XaH,ItHe
poB .I(HCM88B VT-340 lI .np., ycne!DHO HCilOHbSyr>TCa Ha PII.It8, 3BM EC-IOIO 
H CM-3 He TOJll>Ko B OIBIH, HOH B .npyr:ax a.nepHUx neHTpax CCCP. 

Anpo6rupm: OCHOBH!le pesynTaT!l pa6om 06cyx.namrc1, Ha HBY'ffio
MeTo,ItH"lecKHx C8MHHapax JUIII OHHH, Ha XII MeJr.ItYHapO,ItHOM CHMnOSlJYM8 no 
JI.It8PHOA 8H8KTp0HHK8 (,1Ty6Ha, !985) H Ony6H:e:KOBaHll B mr.ne coo6~em 
OHHH; M8TO,ItH"l8CKM pa6oTa, B!lnOJllt8HHM C nOMOlltI,D COS.ItaHHOI aBTOPOM 
CA3,~0M8,ItllBMaCb Ha M8TO,ItH"l8CKOa C8KUHH XXIIMelf.ItYHapo,ItHoff Poqec
T8pcKoA KOHq>epem.nm no lpHSHKe mlCOIGDC aHeprHI (~e!IIInll', I984); pas
pa60TaHHOe C Henocpe.ncTBeHH!lM Y'JaCTH8M aBTOpa CK0p0CTH08 YCTpoffcTBO 
conpmteHM 3R~ EC-IOIO c R8CTaH.ItapTHUM o6opy;noBaHHeM y.nooToeHo 6poH-
30BoA ue.nMH B,llHX CCCP. 

CTOYR:Upa H o6t.eM lIHCcewarnm. ,lllrccepTEmWJ COCTOl!T HS BBe,IteHHa, 
MTH rHaB H 3aRJill"l8HM. 0Ha CO,It8p:mT II? CTpaIDm MallllIHOilHCHOrO T8RC
Ta, 9 Ta6JIHU, 'Zl PKOYHKOB H CIIHCOK JIRT8paTYJll HS 9I HaHM8HOBaHHa. 
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II. CO,n:EPJKAJIBE .ImCCEPI'AUIDI 

IlepBM rJiaBa IIOCBSmleHa 061111™ BO!IpOCaM IIOCTpoemi:n_CHCTeM aBTO
MaTH38Ul{H Ha pa3Jilf!IHHX !IO CJIOl!HOCTH smepH~3R'IeCimX 3KcnepHMeHTaJII,
HHX YCTaHOBKax. B rJiaBe paccMaTPffBaIOTCJI CIISUHqm,Iectme npo6JieM!l, B03-
HHKaD!lll{e npx pa3BHTHH CA:3, H cnoco6H HX pememm, rrpoBO,IilITCJI cpaBHemi:e 
arrnapaTypu H rrporpaw.moro o6ecne:qemm cHcTeM, n:cnom,3yemx B Hecttom,
KHX 9RCrrepHMeHTax OIDIB, H<I>B:3 H UEPH:a • .lvIJJ cpaBHemm 6Hna IlPRHffTa 
KJiaCCl!<pHRaUHff, no;o;paa;o;eMli'.IllM CHCTeMl,I Ha 6om,nm:e n: ~e !IO COOTHOme
HKIO o6'LeMa naMliTH Hcrrom,syeMott 3BM n: Ma.TeMaTH:qecxoro o6ecrre:qemm CA:3 
n: Ha OTRPHTHe H 38RphlT!le·no crroco6y IIOCTpoemi:n. 

.lLnJI 6on111KX CHCTeM Taltllte paccMaTpHBaIOTCff OCHOBHHe" MSTO;D;H ;D;HHa

MH:qecxoro pacrrpe;o;eJieHM rrawi:Tn: 3BM MeJJr;D;Y nporpaMMm.m KoMIJJieRca -
CBOilHHr KnH OBepn:ettHHtt 8.JII'OPRTM 3arpy3KH H o6CYJlt,ItaiOTCJI HX ;D;OCTOI!HCT-, 
Ba H HB;D;OCTaTKH. 

B ROHUB nepBott rJiaBH 060CHOBHB88TCR BH60p cxem n~CTpoemm 
CHCTBM!l aBTOM8TH38Ul{H ,ItJlJI cneRTpoMeTp~ecKoro ROMIIJieKca "])mepoH" H 
ee pa3.ztMemi:e Ha ;D;BB IIO;D;CHCTeMl,I, H83BaHHHe HaMH DASY-1> H IJIISY-P. 

IMSY-;r, rrpe.ztHa3Ha:qeHa . .ItJIJI· rrpoBe,nemi:R MeTo~ecKHx n: OTJia,n:otnmx 
pa60T n: Dl1$Y- P - .ItJIJI BUIIOJilieHM OCHOBHOro Ha6opa CTaTHCTHKH B 
:rncnepHMeHTe. IIapaMeTpu :Dt9.s'Y- P, TaR xe RaK H napaMeTpu HeKoTo
PHX .npyrn:x 6om,max CHCTeM, Hcnom,3yeMHX B 3RCrrepUMeHTax, 6JIH3KHX R 
"I'l:mepoHY" rro o6'LeMY npmmMaeMoA 3a c6poc ycxopneM HHq>opwunrn:, .ItJIJI 
CPa13HeHM npHBe;o;eHH B Ta6JIHne. 

BTOOM rJiaBa ,IilICCepTSUl{H co.ne!)lltHT OIIHCaHHe arrrrapaTYphl CHCTSMl,I 
c6opa .ItaHHWC (CC.I{) ycTaHOBKH "I'l:mepoH", pa6oTamteit Ha JIHHHH c 3BM 
EC-IOIO. 

B CM3H C TeM, :qTo HMSIOlllMCH Ha "TurrepoHe" arrrrapaTYpa TaROBa, 
:qTo IIO.ItaBJUIIIXl1M :qacTL HH~OpMaUHH Il0CTY!I88T TOJILRO OT c:qHTHBaeM!lX 
6JIOROB, npn: IIOCTpoeHHH CC.I{ 6UJIO pemeHO MaRCHMMLHO mapoKO HCIIOJIL30-
BaTL aBTOMaTn::qecKHe Y3JIU H ycTpottcTBa. 

CJie.l(yeT OTMeTHTL, :qTO npn: BH6ope KOHRpeTHOff cxeM!l BKJIJOtJeHIDI 
Toro KnH HHoro y3Jia.CC.I{ H3-3a orpaHR'leHHocTH.JllO,I(CKHX :a BpeMemrux 
pecypcOB BalltHeimee 3H8'18HH8 npH,ItaBMOCL B03MOlOIOCTH BHIIOJIHeHHJI co
np1n1emm H3 cepHIHO BHnycKaeMUX B mUIH 6JIOKOB .KAMAI{. H TOJil,KO B Rpaff
HHX CJIY'laHX,_ Ror.na TaKOe corrpmiemi:e He Y.ItaBMOCL KnH OR83HBMOCL 
CJIHIDKOM rpoM03.ItKHM, npHXO,IilIJIOCL H.ItTH Ha H3MeHeHHe cxeM!l 6JIORa HJIH 
n:sroToBJiemi:e HOBoro cneUHaJIH3HpoBrutHoro ycTpottcTBa conpmieIDI!I. 

OCHOBY CC.I{ Ha "TunepoHe" COCTaBJIHm xopomo ce6n 3apeKOMeH.ztOBaB
ume aBTOMarnqecrote KOHTpoJLIIephl RpettTa KAMAI{ THIIa KKOOI c 6JIOR8MH yn
paBJieHM KYU02 H KY006 • .lvIJJ npHeMa HHqJOPMaIUm OT pa3JIH'IHl:lX CHCTBM 
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C'IHTllBa.HIDI ~H3HqecKmC ~eTeKTOpoB, BKJIJl)q8JOutHX HCKpoBUe H nponopt(ll'.o
HaJII,Hll8 KBMepu (o6mee tmCJIO npoBOJioqeK - 37,5 TllC!I'<), CIUIBTRILlmltHOH
HUe ro~OCKOIW (!60 M8M8HTOB) H JmBHeBU! rru.iMa-~eTeKTOp (6oJiee 200 
KaHaJIOB), npHHl!Ta cxeMa KOMIIOHOBKR 8JI8M8HTOB cc.n: (cM.pHc.I), Il03BOJUI
DitaR nepe~a.BaTI, OCHOBHOii Ma.CCRB ~OpManlm 6e3 ynpaBJieHIDJ co CTOpOHU 
3BM. BTOpoa oco6eHHOCT1,D ~aHHOff cxew SIBJIH8TCH TO, qTo H~OPMau:wI 
nocJie~oBaTeJII,HO nepe~aeTCH qepe3 P1I.D: 6JIOKOB KR)07 H KHOO!, RM8Dltl!X 
6yq,epHUe perncTpu ~ XpaHeHHH H*pMat(ll'.OHHoro OJIOBa, qTo Il03BOJUI8T 
pacnapaJIJieJIHBaTI, pa60TY KOHTpoJIJiepa O'IHTllBaeMo! OHOT8Mll H 3BM. 

Bo BTopoa rJiaBe TaIOlte orm:oaHU 6JioKH, paapa6oTaHHUe o Henocpe~
cTBeHHHM yqaoTHeM aBTopa ;ItlIJi opramrnat(ll'.H pa6ora cc.n: yoTaHOBKR "I'Hrre
poH" - aBTOMa'fll:qeom My-JII,THnJieKcop H CKOpoOTHOe yoTpoffCTBO conp!Dlte
HIDJ HecT~apTHoro o6opy~oBaHRH o 3BM EC-IOIO. 

MyJII,fflnJI8KCOp 3aHHMaeT lt8HTPaJII,H08 MeCTO B cc.n:. OH npe~a3Ha
qeH ~ aBTOMa~eOKOro IlOCJI8~0BaT8JII,HOro onpooa paBJIHqHUX OHOT8M 
O'IHTUBaHKH O qJH3~80KHX ~8T8KTOpoB, KOTOpue MOryT 6UTI, no~RJIDqeJtll K 
ero ceMH mco~ nopTBM. Ilpn rrepeKJIMeHRH HOMepa mro~oro nopTa BTOT 
6JIOK B IlOTOK rrepe~aBaewx ~aHH!lX BKJIDqaeT onet(ll'.8JII,HU8 pa3~8JIHT8JI1,Hll8 
KO.Itl:I, Heo6xo~e ~ ~eHTH\PHKat(ll'.H HOTOqmrna ~pMat(ll'.H. 

YoTpolCTBO conp!DlteHIDJ (YC) HeOT~apTHOrO o6opy~OBaHRH HCITOJII,-
30BaJI001, ~ no~RJIDqeHHH K EC-IOIO KOHTpoJI1Iepa Kpe!Ta KAMAK KK004. 
3ToT HHTeppeao rrpe~oTaBJilleT no oymecTBY ~Ba He3aBRoHM!lX KaHaJia He
rroope~oTBeHHoro ~OOTYIT8 K Il8MllTH (KaHaJI ~ammx H KaHaJI ROM~). yn
paBJieHHe KOTOp!:lMK ocymeoTBJIH8TC~ 0 IlOMOllll,D MHKporrporp8.MM!i, Haxo~
mettca B naMlITR MHKponporpaMM 3BM EC-IOIO. IlPR aToM MHKponporpaMMa 
HOITOJIL3Y8T perHCTpbt COSY H ~pyroe o6opy~OBaHH8 npoueccopa, qTo oy
meoTBeHHO ynpomaeT oxeMH KaHaJIOB. 

Ilpn HOIIOJIL30BaHHR B xaqeoTBe Y,C KOHTpOJIJiepa KK004 o 3:EM EC-IOIO 
8TOT lllIT8.JJ4)8liO Il03BOJIH8T paOoTaTI, B OJI8~ p8JlU!MaX: 

I. 06MeH O~HO~ OJIOBaMK (peUM M=<> KOHTPOJI1Iepa KK004). 
2. 06MeH MaOORBaMK (M = 2,3) Ha nporpaMMHOM HJIH MHKponporPaM

MHOM ypOBHe. 
3. Ilepe~aqa KOM~ Ha KHD04 H 00M8H ~aHHllMH Ha MHKponporpaM

MHOM ypoBHe KaK IIO KaHaJIY ~aHHUX, TaK H IIO KaHaJIY KOM~ (peXHM, Ha-
3BaHHU! ROM~). 

4. 06M8H ~aHHllMH H KOM~BMH H3 6yqiepoB, paoIIOJIOllteHHUX B rrpo
H3BOJII,HUX (He OBHSaHHllX) o6JiaOT.flX 03Y (peDM 01.teIJJieHKH 6JIOKOB). 

CKOpOOTI, 06MeHa ~pMat(ll'.81 0 KK004 (rrpn ,nmme JIHHHH OBH3H 
20 M H BpeMeHH BUIIOJIH8HIDI KOMaH,Itl:{' KOHTpoJIJiepoM I,5 MKO) rrpHOJIHJtaeT

'oa K MaKORMaJII,HO B03MOJmol Ha EC-IOIO H ~ooTl!I'aeT: 
I) B peJmMe M = 2,3 - 5,5 MKO/OJIOBO; 
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2) B ROMaH,ItHOM pelltl'!Me HHTeppettca - 5,5 MRC/CJIOBO npH 06MeHe 
MaCC:iraa.Mlf H 7,5 MRC/CJIOBO npH 06MeHe 0.ltlmO"lllllMR CJIOBaMH; 

Annapaorypa limTeppelca nonycKaeT o~oBpeMeHHYJ:) napaJrJieJII,HyJD pa-
6oTy ~yx Ji!HTeppelcOB B KOM~OM peDMe H qeTHpex B CJIY'Iae, KOrM 
KOM~tt pelltHM He HCilML3Y8TCJI. CKopoCTI, o6MeHa ,ItJm: Krur,Itoro HHTep
qiettca npH O~OBpeMeHHott pa6oTe qeTHpeX :imreppettooB OOOTaBJUieT 
200 K6aftT/O. 

~HOJIO riTeppettooB, KOTOpHe Moimo no.I(KJil)~TL B 3BM, nooTaTotmo 
BeJIHKO (8-IG) H orp8.lilNIOlaeTOJI TOJII,RO H~eM oBo6o,ItHWC nepBH'IBWC 
an;peooB BHemHHX ycTpoloTB B KOHqlxrypanim 3BM. 

. TpeTM rJiaBa nooBJII11eHa onHoamm nonoHoTeMH '.DASY- D , npen
HasHaqeHHoi ,ItJm: BHilOJIH8HHH MeTo~qeoKHX HOOJienoBaHlitt H OTJI8,I(O'llWX 
pa60T. 

,lI,rul o6CJJYJ!HBaHHH KOHTpoJIJiepa KpelTa KH004 6wr paspa6oTaH xruut
Jiep (npaiBep). BOTprumaeMHil B COOTaB MOHHTOpa npH r.eHe,Panim JJ.OC. Ero 
oco6eHHOOT1,D JIBJIII8TOH TO, qTO 06M8H O·KOHTPOJIJiepoM XaJU(Jiep Bllnomm:eT 
B COOTBeTCTBml C g/attJIOM,. conepiimlltHM KOMaH~ MNP.F ,KOTOp!:dt, B npm
~ne, MOllteT XpaHHTI,OJI B 6:ii:6JIHOTeKax 3BM OTJ(eJII,HO OT sanpannrnannett 
o6MeH nporpaMMH. Ilono6Hqe pasneJieHHe·naeT'noo BeooMHX npeHMy111ecTBa 
no opaBHeHBll O "T.P~OHHllM" nonxonoM, npH KOTO,POM aJII'OPHTM o6MeHa 
C 6JIOKaMH CCn ooneplmTOJI B TeJie OaMOft nporPaMMH.,Bo-nepB!lX, IlpH H3-
MeHeHHH KOHq)~ annapaTypi,1 CCn OTil8,I(aeT He06XOnHMOOTI, IlOBTOp!ITI, 
.nocTaTO~O Tpy,ItOeMKd H ~TeJII,HHtt·npo~ecc 'HOnpaBJieHHH nporPaMMH, 
ee TpaHo~. KOMIIOHOBKH H T.,n. RaK npaBHJIO, ,nooTaTOtJHO 6HBaeT npo
H3BeOTH MO~K~ g/attJia KOMaH,Il, ROTOPHI l!MeeT ropas,no MeHLlliYD ~
HY, qeM OOHOBHM nporPaMMa, H Il03TOMY Jierqe H · ~TaeTOJI, H HOllpaBJIHeT
OJI. BO-BTOpHX, 3Ha~TeJII,HO B03pacTaeT 6HoTpo,nettoTBHe CHOTeMU, Tait 
Kalt Ha O.ltlm sanpoo BBo,na-BHBomi, saKJIDqaDil!dcn B "saxBaTe" BHemHero 
yoTpoicTBa, oq>opwremm: OltOffqaHHH o6Me~a H OCB06o~eHHH yoTpottoTBa, 
MOllteT BllllOJIIDITI,OJI MHOro 8nHHHqffl,IX aRTOB o6MeHa O KOHTPOJIJiepoM. 0TKa3 
lite OT HCIIOJil,30BaHHJl OTaH,IlapTHOrO XaH,lt1Iepa ,ItJm: ynpaMeHHJI annapaTY
pott KAMAI{ XOTJI H YBeJIH'fflT 61,10Tpo,nettoTBHe, HO He Il03BOJIHT H36elltSTI, 
KO!Iq)mrKTHHX OHTYauml B OJIY'Iae, Kor.na HeOKOJll,KO nporpaMM O~OBpeMeH
HO sanpaimraruoT o6MeH C KOHTpoJIJiepoM •. 3TO aBTOMaTJ!qeOKH HOKJID!IaeT ' 
B03MOlltHOOTI, HCITOJI1,30BaHHH B Kaqeome nepmf,epHH 3BM BHemHHe YOTpOttOTBa, 
OOHSI1!8HHli8 HHTeppettcoM B CTaH,IlapTe KAMAI{. 

,lI,rul o6pa60TKH sarrpocoB 6JIOKOB KAMAI{ Ha 06CJJYDBaHHe (OHrHM 
L ) 6wra aonoJII>BOBaHa oJielJYl)IIIM oxeMa: nporpaMMl,l, o~amtHe L OT 

6JIOKOB KAMAI{, nepe,naDT BO BHYTP8HHHe Tac5.mmli nxoneTqepa sarrpocoB, 
JIMJIDil!erocJI qaCTI,D XaH,lt1Iepa KOHTpoJIJiepa, HeKOTOpHe KO~-MaCKH. IlpH 
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ITOJIMemm: CHrHMa l) OT KK004, ,nncnenep cqHTh!BaeT CJIOBO GL 
H CpaBHHBaeT ero O ITOJIY'IeHHID.ra MaCKaMH. EcJIK npH onep~ ,nHS~DHK~ 
(JiornqecKoe H) Mel!UIY 6HTaMH G L H MacKH pesyJII>TaT OTJIJ!qeH OT 
HYJIJI - annapaTHHtt ypoBeHI, npepHBaHHJl ,naHHott nporpaMMU aKTHBHSHpyeTCJI. 
TaIGIM o6pasoM, o~a nporpaMMa MOllteT o6cJIYDBaTI> cHrHSJil,I L pasHHX 
6JIOKOB H O,nHH CHrHM L MOllteT sanycTHTI, HeCKOJII,KO rrporpaMM. 

B TpeTLett rJiaBe onHcaH TaKllte rraReT BcrroMoraTeJI1,H1,1X nporpaMM 
H rronuporpaMM, npe~asHaqeHHHtt .ItJm: cos,naHHJI .H npoBepKH (paHJIOB Ko-
MaH.Il M NAF , :e:x noHcKa H sarpysKH ns 6n6JIHoTeK H TaK ,nanee. EJia-
ro.naJ)ll 3TOMY pasBHTOMY MaTeMaTJ!q8CKOMY o6ecneqemuo, IlpH pa6oTe C 

DASY- D. HMeeTCJI B03MOlltHOCTI, 003,naBaTL paSJIHtJH!,18 ON- LI.NI:. 
nporpaMM!,1 c·ncrrOJII,SOBaHHeM Jl3HKOB BllCOKOro ypoBHJI B ClltaTUe cpoKH H 
c M8JlHMH saTpaTro.m. 

B qeTBeOTott rJiaBe onHorura no,ncncTeMa DA SY- P • ,lI,rul y,noBJieT
BOpeHHJI BCeM TpeOOBaHHJIM, npe~eMl,IM K CHCTeMe, HOITOJII,3yeMott npK 
BllITOJIHeHHH OCHOBHOro Ha6opa'cTaTHCTHKH Ha 3KcnepHMeHTe, 6wra paspa-
60TaHa cne~aJIH3RpoBaHHM .n:oc Ha OOHOBe MOHHTopa PCM, JlBJUIDIIMCJI 
OOJII,mOI · CRCTeMott OTKpl,ITOro THna. l) ASY - P JIBJIJieTC.Jl pasmtTUM My-JII,
THnporpaMMHHM BapKBHTOM "J>ASY- D H HCITOJil,SyeT Bee MaTeMaT:itqecKoe 
06ecrreqemie;·paspa60TaHHoe aBTOpoM .ItJm: o6pJIY]tHBaHHJI annapaoryp1,1 
KAMAI{. YnpOI118HHM cxeMa ,B3aHMO,nettcTBHJl nporpaMM n,npa DA$ Y - p 
ITOKasaHa Ha PRC. 2. 

TI.PH paspa6oTKe J)ASY - P 60JII,moe BHHMaH:e:e y,neJIJIJIOCL ,nocTHxemuo 
BllCOKOtt CTeneHH MO,nyJII,HOCTH Ha ypoBHe rOTOllliX nporpaMM, 6Jiaro,nap!I 
qeMY npo~ecc ee MO,nll(pHK~ CBOnHTCJl K HCITpaBJieHIID H 3aMeHe B 6H6JIH
OTeKax OTHOCKTeJILHO He60JILmKX nporp8MMHWC ~parMeHTOB. ROMIIOHOBKa' 
n,npa DASY - p H3 OT~8JII,HliX 3JieMeHTOB npOHSBO.Jn{TCJI B MOMeHT ee 
sarpy3KH B IlaMflTI, 3BM. 

RpoMe rrporpaMM n,npa, o6ecrre~ruomruc co6cTBeHHo npaeM H HaKon
JieHHe ,nrurHUX Ha MJI. B COCTaB DA s y - p BXO,nHT 60JI1,lliaJI rpynna npor
PaMM KOHTPOJIJI ycTaHOBKH, KOTOpl,le MOlltHO pas6HTI, Ha qeTUpe no,nrpynrru: 

- nporpaMMH npo~OJD!raTeJil,HOro KOHTpoJIJI; 
- pasoBoro KOHTpoJIJI; 
- OT06paxeHHJI HHq)OpM~H, HaKOIJJieHHott nporpaMMaMH KOHTpoJIJI; 
- OTJI8,I(Oqffl,le nporpaMMH. 
~ pacnpe,neJieHHJI ITSMJITH Mell(,lzy ROMIIOHeHTaMH l>ASY- P HCIIMI,-

3yeTCJl CBOIIHHr O B03MOlmOCTI,D OBepJiettHoro aJirOPHTMa sarpysm OT,neJII,
HUX HaH60Jiee- rpoM03,ItKKX MO,nyJiett; B3aHMo,nettCTBHe rrporpru.!M ocymeCTBJIJI
eTCH qepes 06I11Hil cerueHT ,namwx. 

YnpaMeHHe pa60TO!t l> AS'( - p MOllteT Bl,IITOJIH!ITI,CJI C JID6oro HS 

no,IUt}IDq8HHHlC K 3m EC-IOIO ,nHCWI88B. 
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PRc. 2. CxeMa B3am.to~effcTBH.11 nporpaMM ~pa 
ROMIIJieKca DASY-P. 

IO 

,.. 
Kf'EMT KAHAK 

IDITM r.naBa IlOCBSIIlleHa BCilOMoraTe.n1>HOMY o6opy~OBaHIDJ n MaTeMa
TH'!eCROMY -o6ecne'l:emno. B He.!1 paccMOTpeHU Bonpoctl conp;meHM c EC-IOIO 
o6opy~oBaHHH, HMen~ero HecT~PTHtle ,nJlli aTott 3BM mtTeppettcH (Hanpn
Mep, nepmpepmr), BtllIOJ!H8HHtl8 B CTaH,D;apTe KAMAK li T.n., H M8-
TO~ BKJID"<Iemm: 3TOtt annapaTyptl B Ha6op CTaH,D;apTHUX BHemHHX YCTpottcTB 
.noc 3BM. 

B r.naBe Taue OimCaHO ycTpOffCTBO ,nJlli aBTOHOMHOtt.oT.n~RH a.neK
TpoHHott amraIB TYptl (B TOM tJHc.ne n 6.noKOB KAMAK) Ha ocHoBe pacmnpeH
uoit MHKpo-3BM .s l> k -85 {MHKponpoqeccop INT El. 8085, II3Y c MOHHTO
poM, IIl13Y CMKOCTI,ID I K6aitT ,nJ11i :mrpysllHKa n MHHH-6n6~oTeK, I K6aitT 
03Y,mtTeppe8c c KOHTpOMepoM KKD04 :e: 60.nee 50 BXO.InIHX li BtlXO~ 
JIIIHlW TTn). Paapa60TKa nporpaMM ,nJlli BTOff MHKpo-3BM Be~eTC.11 Ha EC
IOIO c noMo~n Rpocc-acceM6.nepa. 

K BClIOMoraTe.n1>HOMY nporpaMMHOMY o6ecne'l:emno CA3 KOMn.neRca 
"I'RIJepoH" OTHOC.IITC.11: 

I) ~Be IDiq)OpM~OHHO-ITOHCKOB!le CliCTCMtl ,nJlli o6c.nyDBamm qiait
.nOB Ha M.II; 

2) nar<eT rpaqiH'!eCKliX no~nporpaMM ,nJlli qBemoro TB-.znrcn.neJI n 
MOTTepa; 

3) Ha6op no~nporpaMM rncTorpa.MMRpoBamm :e: pacmnpeHH.11 B03Mox
HOCTeff qiopTprura Ha EC-IOIO; 

4) naKeT x~epoB MY.n1>THITJieKcopa ,znrcn.neeB, ~onycKaJOd Hesa
BHCliMYD pa60TY BC8X nO~KJIB)'{eHHtlX K 3BM .znrcn.neeB; 

5) Ha6op nporpaMM, ynpomanJ1IDt npoqecc cos~aHHJI HOBoro MaTeMa
Tll'!eoKoro o6ecne'l:eHIDii 

6) CHCT8Ma o6C,llYJIGIBa.HHJJ TCKCTOBtlX qiait.noB Ha MarHHTHOM ,nHCK8. 
BMIO'l:aD~ q>W-M8HeJO)tep, 8KpaHHtlff pe~aKTOP T8KCTOB H H8KOTOpue 
BcnoMoraTe.n1>HHe nporpaMMtl. 

111. OCHOBffilE PE3YJI1TATl:l 

I. IlpOEU!aJm3lipoBaH!i OCHOBHtle cnoco6tl lIOCTpoemm annapaTy-ptl 
n MaTeMaTll'IecKoro o6ecne'l:emm: cncTeM· aBTOMarns~ aKcnepID11eHTa, nc
no.ni,syeMlle B ~epHOtt (pl!:3liKe BtlCOKliX, cpe,nimx K HH3KHX 8Heprntt. 

2. Ha 6ase 3BM EC-IOIO paapa6oTaH nporpaMMHo-annapaTy-pHtlff 
ROMn.nCRC npHeMa, Hru:on.nemm, 8KCnpecc-o6pa6oTKH KHq>OpM~H H KOHTPO
M pa6om O.ItHOff ns Kpymtettm:e:x npeqns:e:ommx imorone.neBHX cneKTpoMeT
pITT:ecimx YCTEU!OBOK (pl!:3RRH BllCORHX 8Heprntt - YCTaHOBRH "TunepoH". 
3TOT KOMIIJICKC BKJIIO'IaeT: 

a) CKCT8MY c6opa ~amrax. lIOCTpoeHHYI) Ha aBTOMaTll'!eCRHX ys.nax 

,II 
II 



H ycTpOttCTBax H o6ecne'IllB8.10tDy10 npHeM OCHOBHoro o6~eMa imqiopMimirR co 
cneKTpOMeTpa B peimMe Henocpe~CTBeHHoro ~OCTYJia B llaMIITL 3BM; 

6) MaTeMaTnqecKoe 06ecneqe.1me ~aHHott CA3, cocTomnee Rs ~yx 
cnetimumsnpoBamwx ~cKoBmc onepawroHHHX cncTeM co CBOHMR ON- LINE 
nporpaMMa.w H o6utRM Ha6opoM BcnoMoraTenHWC nporpaMM H no~porpBMM. 

O~a ns arnx noc npe~asHaqeHa ~ npoBe~emm MeTo~qecKRX H 
OTn~otnrux pa6oT, BTOPM -~ BlillO~emm OCHOBHOro Ha6opa CTaTHCTH_; 
KH B aKcnepHMeHTe. 

nocTHrnyT11e napaMeTpH cncTeMH c6opa ~amwx cne,Izy101l1He: 
a} Bpewr peaK~H Ha CHrHM 1pHsnqecKoro Tpxrrepa - 600 MKc 
6) Bpewr o6pa6oTKH nycToro Tpxrrepa· - I,2 MC 
B} MaKCHMSJII,HM CKOpoCTL npHeMa HlrqJOPMimira -: 360 x6a.i1T/C 
r} MaKCHMMLHHff o6~eM HHipOJ)MaUHH, rrpnHHMaeMott 

sa paCTJD!tKY nyqKa YCKOPHTeJISI ~TeJII,HOCTLID 
I ,4 c - 2IO 1t6a.i1T/c. 

Cos~aHHM CA3 SIBJISieTCR 6onmott CHCTeMott OTKpHTOro THITa. 06~eM 
MaTeMaTHtiecKoro o6ecrreqeHM'CA3 - oKono I20 K6a.i1T, HcrronLsyeMHff Me
TO~ ynp~eHHR pacnpe~eneHHeM llaMIITH - CBOITHHr WI10C OBep.nettHHtt ~o
PHTM sarpysKH OT~enLHHX HaH6onee KPYTIHHX rrporpa.MM. 

HcrronLSOBrume ~aHHOtt CHCTeMH ITOSBOJ!l'Ino pesKO {rrpnMepHO B MTL 
pas no cpaBH8HHIO C CHCTeMott, HCITOJII,SOBaBmettcn paHee} YBMH'IllTL CKO-
pOCTL HaKOrrnemm ,HHipOJ)M~ Ha aKcrrepHM8HTe. . 

furaro~aPIJ B11COKott CTerreHH MO~JII,HOCTH paspa6oTaHHM·CA3 o~a
~aeT 6om,mott rH6KOCTLIO, 6es Tpy~a ~anTHpyeTCR K pa~HHM ycnoBruIM 
npoBe~emm aKcnepHM8HT8 H nerKO HapSlllHB88TCR rrpH B~eHHH B COCTaB 
~HSHtieCKOtt annapaTYpH HOBl:DC ~eTeKTOpoB, qTo ~aeT B03MOlDIOCTL HCITOJII,
SOBaTL ~aHHHff rrporpaMMHo-annapaTYpHHtt KOMIIneKC KaK THITOBOff H ~ 
~pyrHX rro~o6HHX YCTaHOBOK. 

·3. Cos~aH Ha6op BcrroMoraTenLHHX aneKTpoHHHX 6noKoB, npe~asHa
qeHHHx ~ aBTOHOMHOro KOHTPOJISI sa pa6oTott CA3 H ~ HM~ BHOBL 
paspa6aT11BaeMHx 6noKoB. 

4. Paspa6oTaHO BcrroMoraTenHoe MaTeMaTHqecKoe o6ecrreqeHHe ~ 
EC-IOIO, B~qlllI!lee: 

a} CHCT8MY o6c.nymmaHHJI TeKCTOBl:DC ~OB Ha M8rHHTHOM ~cKe; 
6) Ha6op no~porpaMM BliBo~a rncTorpaMM; 
B} naKeT rro~porpaMM ~ BliBo~a rp~xqecKott n~oJ)MaUHH Ha 

UB8THOff TeneBHSHOHHHff ~cMeft H MOTTep; 
r} mnpoKHff Ha6op CHCT8MH11X nporpaMM, B TOM 'Il!Cne IlaKBT x~e

POB MYnLTHMeKcopa ~CMeeB VT.,;340 H CHCTeMa 060.nymmaHHR ~OB Ha 
MarHHTHOft neHTe. 

HcnMLBOBrume ~aHHoro BcnoMoraTenHoro 06ecrreqe.1mn rrosBOJIJieT 
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C MHHHMSJII,HHMR saTpaTru.m H B ClKaT11e cpoKH C03~aBaTL rrporpaMMU; Heo6-
xo~e ~ rrpoBe~emm H8Y'{Ho-MeTo~eCKHX pi60T H ~ OCYll!eCTM8HHR 
KOHTpOJISI 3a pa6oTott annapaTYpH YCTaHOBKH rrpa rrpoBe~emm aKcnepHMSHTa. 

5. PJI.It paspa6oTaHHWC aBTopoM YHHBepcMLHUX nporpaMM o6mero 
HasHaqeHM Y'fm ycrremHo xcrronsY10TCR Ha 3BM EC-IOIO H CM-3, KaK pa6o
T~ B OIDrn, TaK H B ~pyrHX ropo~ax Hamett CTpllllli; H8KOT0p11e rrpor
paMM!i 6wm nepe~aHU rrporpaMMHCTaM cepBHc-610po·~HJJMU Barr,EOTOH.{BHP}. 
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