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1. ~YHKUHOHAnbHAH CTPYKTYPA ABTOMATH3HPOBAHHO~ 
CHCTEM~ HA OCHOBE CTAHAAPTH~X HHTEP~E~COB 

06o6~eHHaR CTPYKTYPHaR cxeMa aeToMaTH3aUHH 3KcnepHMeHTa 
/npouecca/ Ha OCHOBe nporpaMMHO-MOAYnbHOro npHHUHna npHBeAeHa 
Ha pHC. 1. 8 COCTaB aeTOMaTH3HpOBaHHOH CHCTeMbl BXOART HCT04-
HHKH nporpaMM /Hn/, CBR3aHH~e YCTPOHCTBOM 06MeHa /YO/ C HCT04-
HHKaMH H npHeMHHKaMH HH~OpMaUHH/1:yQ BKn~4aeT,KaK MHHHMyM,OAHY 
"napy" HHTep~eHc-MarHCTpanb. noA HHTep~eHCOM /H/ 3AeCb noHH
Ma~TCR annapaTH~e cpeACTea, o6ecne4HBa~~He no ycTaHoeneHH~M 
norH4eCKHM npaeHnaM e3aHMOAeHCTBHe ycTpOHCTB HnH 3KcnepHMeH-
Ta H ycTpoHcTe. AnnapaTypy ceR3H AaT4HKoe 3KcnepHMeHTa c 
MarHCTpanb~ /M/ MOmHO paccMaTpHBaTb TaKme KaK HHTep~eHC,YKa-
3aHH~M Ha PHC, 1 KOMnOHeHTaM CXeM~ aBTOMaTH3aUHH COOTBeTCTBy
~T OnpeAeneHH~e ~yHKUHOHanbH~e ypOBHH B HepapXH4eCKOH CBR3H 
KOMnOHeHTOB, npH4eM HHmHHH YPOBeHb COOTBeTCTByeT 3KcnepHMeHTy. 
OcHOBHble KoMnoHeHTbl conpRl'leHHR Hn c M H HaH6onee pacnpocTpaHeH
H~e BapHaHT~ KOHCTPYKTHBHOrO B~nOnHeHHR conpRmeHHR noKa3aHbl Ha 
pHc.2. 

Ycrpoucr8o 
o51'1eH.a 

PHc,l. CTpyKTypHaH cxeMa 

aBTOMaTH3a~HH 3KC!IepHMeH

Ta H clJYHK~HOHaJibHble ypoe
HH ee KOM!IOHeHToB: HIT -
HCTO~HHK nporpaMM, H -
HHTepclJeHc, M - MarHcTpaJib, 
3 - 3KC!IepHMeHT, 
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PHc.2. OcHOBHhle KOMnoHeHThl H 
CXeMhl CO!IpH~eHHH HCTO~HHKa npor
paMMbl C MarHC TpaJibiO: a, 6 -

CXeMbl CO!IpH~eHHH AJIH 60JiblllHX 

H MaJibiX 3BM; B - cxeMa conpn

~eHHH AJIH 3BM Ha OCHOBe MHKpo

npo~eccopa, 
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KoHTponnep /K/ esa~MOAeHCTByeT c M ~ ecerAa pasMe~aeTc~ 
B KpeHTe. np~ conp~meH~~ Man~x ~ 6onbw~x 3BM ~HTep$eHC Hn ~ K 
BblnOnH~IOT KOHCTpyKT~BHO B OAHOM 6noKe /p~c. 26/ ,An~ 6onbW~X 
3BM co cnomHOH c~cTeMoH BBOAa-e~BOAa /Hanp~Mep, 3BM cep~~ EC/ 
~HTep$eHc Hn ~sroToen~eTc~ e B~Ae OTAenbHOro 6noKa /p~c. 2a/. 
3BM Ha OCHOBe M~KponpOI..IeCcopa 06bi4HO BblnOnHeHa B OAHOM 6no
Ke BMecTe c ~HTep$eHcoM Hn ~ K /p~c. 2e/. 

C T04K~ 3peH~~ ~YHKI..I~OHanbHOH CTpyKTyp~ C~CTeM~ OHa MOmeT 
6~Tb npeACTaeneHa B o6osHa4eH~~x PMS 121.Ha p~c. 3 np~BeAeHa 
CTPYKTypHa~ cxeMa OAHOKpeHTHOH c~cTeM~ KAMAK e 3T~x o6osHa-
4eH~~x ~ yKasaH~ $yHKI..I~OHanbH~e ypoeH~ KoMnoHeHTOB. TaKoe 
npeACTaeneH~e AeTan~s~pyeT 6onee o6o6~eHHoe npeACTaeneH~e 
c~cTeM~ B B~Ae rpa$a 111. 
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PHc.3. CTPYKTypHafl cxeMa o~HoKpeHTHOH cHc
TeMbl KAMAK B o5osHatreHHflX PMS H cPYHKl\HO
HaJibHhJe ypOBHH ee KOMITpHeHTOB: H llll - HH
Tepcl>eHC Hll, K K - KOHTPOJIJiep KpeHTa, M K -
MarHCTpaJib KpeHTa, 

~MKT 
M M 

~·COCTaBe aBTOMaT~3~pOBaHHOH C~CTeM~ ynpaeneH~~ ~MeiOTC~ 

DA~H ~n~ HecKDnbKO l..leHTpoe ynpaeneH~~ /UY/. UY eKn101.1aeT OA~H 
~n~ HeCKOnbKO ~CT04H~KOB nporpaMM, np~4eM OCHOBHOH UY /OUY/ 
cnoco6eH ynpaen~Tb c~cTeMOH e 1..1enoM, a noKanhH~e /nUY/, ecn~ 
OH~ ~MeiOTC~,- OTAenbHbiM~ 4aCT~M~ C~CTeMbl, An~ 4aCT~ C~CTeMbl, 

ynpaen~eMOH mo6biM UY , Ha6op $YHKI..I~OHanbHbiX ypoeHeH KOMnoHeHTOB 
OA~H ~ TOT me, KamAbiH nUY ynpaen~eT AOCTynHOH eMy 4aCTbiO 
c~cTeMbl, o6pa6aTbiBaeT nocTynaiO~YIO c Hee ~H$OpMai..I~IO ~ nepeAa
eT ee B OUY. OUY ynpaen~eT c~cTeMoH a 1..1enoM, cornacyeT pa6oTy 
HeCKOnbK~X nUY ~ BblnOnH~eT OKOH4aTenbHYIO o6pa60TKY ~H$OpMal..l~~. 

B c~cTeMe aBTOMaT~Sal..l~~ YO MomeT 6~Tb npocT~M, T.e. BKni0-
43Tb DA~H T~n ~HTep$eHca He3aB~C~MO OT Ha3Ha4eH~~ ~ 06beMa 
C~CTeMbl, ~ COCTaBHbiM, TO eCTb BKnl04aTb B 06~eM cny1.1ae HeCKOnb
KO pa3n~4H~X T~nOB H, 4~CnO KOTOp~X 3aB~C~T OT Ha3Ha4eH~~ ~ 

o6beMa C~CTeMbl. np~Mep C~CTeMbl c npOCTbiM YO - MHOronpol..lec
COpHa~ c~cTeMa Ha OCHOBe FASTBUS/6~cTpoH Mar~cTpan~ - 6M/ -
noKasaH Ha p~c. 4. 
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PHC, 4, CTpyKTypHafl ex eM a CHC TeMbl Ha OCHOBe 5bJCT
pOH MarHCTpaJIH H cPYHKl\HOHaJibHble ypOBHH ee KOMrrO
HeHTOB: CC - HHTepcl>eHC CBfl3H cerMeHTOB, M - Ma-

C 
rHcTpaJib cerMeHTa, M - MO~yJib. 

np~ BblnOnHeH~~ 6onbWOH c~cTeMbl B CTaHAapTe KAMAK He06XOA~-· 
MD np~Me~eH~e cocTaBHOro YO. OUY B KAMAK - 3TO coeoKynHOCTb 
Hn ~ ~HTep$eHcoe Mar~cTpaneH, ce~saHH~x Mar~cTpanbiO nepeoro 
~HTep$eHca YO B C~CTeMe. nuY - COBOKynHOCTb Hn ~ ~HTep$eHCOB 
Mar~cTpaneH, ce~saHH~x DAHDH ~3 Mar~cTpaneH n106oro ~HTep$eHca 
YO e c~cTeMe, KPOMe nepeoro. Ha p~c. 5 np~BeAeHa B Ka4eCTBe 
np~Mepa MHOronpOI..IeCCOpHa~ C~CTeMa aBTOMaT~3al..l~~ B CTaHAapTe. 
KAMAK. OUY B He~ ewnonHeH Ha ocHoee c~cTeMHOro KpeHTa, a 
nUY - Ha OCHOBe CTaHAapTa Ha MHOrOKOHTponnepHbiH KpeHT, CneAy
eT OTMeT~Tb' 4TO B C~CTeMax KAMAK ~.~~cno nuY ~ 4aCT~ C~CTeMbl' 
ynpaen~eM~e ~M~, onpeAen~IOTc~ KDH$~rypa1..1~eH c~cTeMw, a e c~cTe
Me Ha OCHOBe 6M 4~CnO nUY ~ ynpaen~eMble ~M~ 4aCT~ C~CTeMbl 

MOryT ~3MeH~TbC~ nporpaMMOH, 
B o6~eM cny1.1ae l..leHTpw ynpaeneH~~ MoryT cosAa-

eaTbC~ Ha ocHOBe pasn~4HWX ~HTep$eHcoe. B HacTo~~ee epeM~ 
~MeeTc~ P~A ~HTep$eHcoe, noseon~10~~x cosAaBaTb UY c HecKonbK~
M~ Hn ~ BKnl04aTb B C~CTeMy 6onbWOe 4~Cno MDAyneH. B CTaHAapTe 
KAMAK 3TO c~cTeMHbiH KpeHT /CK/ HeCKOnbK~x T~noe, KOTOPbiH, 
HeCMOTp~ Ha OTCYTCTB~e 0$~1..1~anbHOrO CTaHAapTa, $aKT~4eCK~ CTaH
AaPT~30BaH B KpynHbiX $~3~4eCK~X na6opaTOP~~x /UEPH' nB3 OHfiH 
~ AP·/; MHOrOKOHTponnepHwH KpeHT /MK/ - cTaHAaPT EUR 6500 ~ 
paspa6aTweaeMWH B Eepone cTaHAaPT COMPEX /KOMnEKC/, npeAycMaT
p~eaiO~~H 6onee 3$$eKT~BHOe ~cnonbsoeaH~e Mar~cTpan~ KAMAK. 
B CWA paspa,_6aTbiBaeTc~ cTaHAaPT FASTBUS, npeAHa3Ha4eHH~H An~ 
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PHC. 5 • CTpyKTypHaH CXeMa CHCTeMbl Ha OCHOBe CTaH,o;apTa 

KAMAK H ~YHK~HOHanbHhle ypoBHH ee KoMnoHeHTOB: OUY 
H J1UY - OCHOBHOH H noKaRbHblH ~eHTpbl ynpaeneHHH, K CK -

KOHTponnep CHCTeMHOrO KpeHTa, M - Maf'HCTpanb ,JJ;OCTy-

na, M CK - Maf'HCTpanb CHCTeMHOf'O~KpeHTa, fiB - HHTep

~eiic BeTBH , M 6 - MarwcTpanb BeTBH, M - Mo,o;ynb, 

fi 1 , fi2 , fi3 - HHTep~eHCbl. 

aeTOMaTH3a~HH 3KCnepHMeHTOB ~H3HKH BhlCOKHX 3HeprHH, B OCHOBY 
KOToporo aanomeHa MHoronpo~eccopHaR cerMeHTHpoaaHHaR cTpyKTypa. 

B 3TOH pa6oTe paccMaTpHea~TcR CTPYKTYPHhle xapaKTepHCTHKH 
CTaHAaPTHhlX HHTep~eHCOB AnR C03AaHHR ~eHTpOB ynpaeneHHR H Bpe
MeHHaR CTpyKTypa OCHOBHhlX ~HKnOB HHTep~eHCOB. 8 HaCTOR~ee Bpe
MR CHcTeMbl c HecKonbKHMH UY wHpoKo Hcnonbay~TCR npH aeTOMaTH
aa~HH B ~H3HKe BhlCOKHX 3HeprHH H BCe WHpe npHMeHR~TCR npH ae
TOMaTH3a~HH B APYrHX o6naCTflX Hay4Hb1X HCCneAOBaHHH. 3TO CBR3a
HO c pacwHpR~~HMCR BHeApeHHeM MHKponpo~eccopoe, noaeonR~~Hx 
yny4WHTb xapaKTepHCTHKH aBTOMaTH3HPOBaHHOH CHCTeMbl 3a C4eT 
pacnpeAeneHHR Bbi4HCnHTenbHOH MO~HOCTH H Ae~eHTpanH3a~HH ynpae
neHHR. npoBOAHMbJH B 3TOH pa60Te aHanH3 pa60Thl HHTep~eHCOB C 
HeCKOnbKHMH Hn npHMeHHM AnR cHcTeM c OAHHM Hn KaK AnR 4aCTHo
ro cny4aR. 

4 

1,* 

-l 
,:~ 
:~ 
~·~~ 
,'\: 
l:l;; 

• 4 w 
f i 
f 
-~ 
~ , 
; 
i 

t 
~ 

:~ 
l! 
1;:~. 

'{ 

~: 

~ 
<)~-' 

J 

2. CTPYKTYPHbiE XAPAKTEPHCTHKH, OCHOBHbiE UHKJ11» 
11 nPOnYCKHAR CnOC06HOCTb CTAH,llAPTHbiX HHTEP4tEACOB 

0CHOBHhle CTPYKTYPHhle xapaKTepHCTHKH HHTep~eHca cneAy~~He: 
THn MarHCTpanH, MeTOAhl nony4eHHR AOCTyna K MarHCTpanH, 06Me
Ha HH~OpMa~HeH H o6pa6oTKH aanpocoe Ha o6cnymHeaHHe oT HCT04-
HHKOB H npHeMHHKOB HH~OpMa~HH. 

no THny MarHCTpanH AenRTCR Ha cne~HanH3HPOBaHHhle H Hecne-
1.4HanH3HpoBaHHhle, npH4eM pa3m14aeTCR ~YHKL\HOHanbHaR H H~H3H-
4eCKaR11 cneL\HanH3aL\HR. 11~H3H4eCKH 11 cne1.4HanH3HpoeaHHaR MarHcT
panb CBR3hlBaeT ABa yCTPOHCTBa, a ~YHKL\HOHanbHO cne1.4HanH3HpO
BaHHaR npeAHa3Ha4eHa AnR BhlnonHeHHR OAHOH ~YHKL\HH 1 3 1 • B cTaH
AaPTHbJX HHTep~eAcax, HCnonb3yeMhlX AilR C03AaHHR L\eHTpOB ynpae
neHHR, He npHMeHRIOTCR 11~H3H4eCKH 11 cneL\HanH3HpOBaHHhle MarHCT
panH. B ~YHK1.4HOHanbHO cneL\HanH3HpoeaHHhlX MarHCTpanRx WHHhl 
o6"beAHHeHhl e ~YHKL\HOHanbHbJe rpynnhl I aApec, AaHHhle H AP. I, 
a OAHa onepaL\HR BhlnOnHReTCR aa OAHH HenpephlBHhlH 1.4HKn. B ~YHK
L\HOHanbHO HecneL\HanH3HPOBaHHhlX MarHCTpanRX no OAHHM H TeM me 
WHHaM MOmeT nepeAaBaTbCR nocneAOBaTenbHO ~YHK1.4HOHanbHO pa3nH4-
HaR HH~OpMaL\HR: aApec, AaHHhle H AP· Onepa1.4HR e TaKHX M Bhlnon
HReTcR aa HecKonbKO nocneAOBaTenbHhlX ~HKnoe. B MarHcTpanRx 
3TOro THna B CTaHAaPTHhlX HHTep~eAcax Bee WHHhl cne1.4HanH3HpOBa
Hhl, KpOMe COBMe~eHHhlX WHH aApeca H AaHHhlX. 

C T04KH 3peHHR ynpaeneHHR AOCTynoM KOHTponnepOB K MarHcT
panH H npHMeHR~TCR ~eHTpanHaoeaHHhlH H pacnpeAeneHHhlH THnbJ 
ynpaeneHHR, npH4eM eoaMomHhl 3 cxeMhl o6pa60TKH aanpocoe AOCTy
na: 111.4eno4Ka11 , nocneAOBaTenbHhlA on poe, He3aBHCHMhle aanpochl, 
a TaKme KOM6HHa~HH 3THX cxeM 131 .B H c 1.4eHTpanHaoeaHHhlM ynpae
neHHeM cxeMhl o6pa6oTKH aanpocoe cocpeAOT04eHhl e OAHOM 6noKe. 
B cxeMe "L4eno4KH11 1.4enH o6pa60TKH, nony4HB OT n~6oro K cHrHan 
no WHHe 3AnPOC, BhlAaJOT cHrHan Ha nHHH~ PA3PEWEHHE lpHc. 6al. 
3Ta nHHHR nocneAoeaTenbHO ceR3hleaeT ace K. K nponycKaeT cHr
Han K cneAYJO~eMy K, ecnH He co6HpaeTcR aaHHMaTb M. 3aHHMaR 
M, K He nponycKaeT cHrHan no nHHHH PA3PEWEHHE, BhlAaeT cHrHan 
3AHRT0 H Ha4HHaeT 1.4HKn. npH HanH4HH CHrHana 3AHRT0 cHrHan 
PA3PEWEHHE He BhlAaeTCR cxeMoA o6pa6oTKH. 3aeepwHB ~HKn, K 
CHHMaeT CHrHan 3AHRT0, H npo~ecc nOBTOpReTCR. npH o6pa60TKe 
no cxeMe He3aBHCHMhlX aanpocoe cxeMa o6pa6oTKH e OTBeT Ha 
aanpoc OT K nOChlnaeT CHrHan cornACHE B Bbl6paHHhlH K IPHC. 661. 
3TOT K CHHMaeT CHrHan 3AnPOC, BhlAaeT CHrHan 3AHRT0 H Ha4HHa
eT ~HKn. 3aeepWHB 1.4HKn,K CHHMaeT CHrHan 3AHRT0, a CXeMa o6pa-
60TKH - cHrHan COfJ1ACHE, H npo~ecc noBTOpReTcR. 

B HHTep~eAcax c pacnpeAeneHHhlM ynpaeHeHHeM cxeMhl o6pa6oTKH 
aanpocoe paaMe~eHhl e caMHX K. npH of.ipa6oTKe no cxeMe HeaaeH
CHMhlX aanpocoe nocne aaeepweHHR TeKy~ero ~HKna ace K c aanpo
caMH CTpeMRTCR 3aHRTb M H BhlAa~T KOAhl npHOpHTeTOB Ha WHHhl 
3AnPOCI» lpHc.6al. B peaynbTaTe K co cTapwHM npHopH-
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PHc.6. 06pa6oTKa 3anpo
coa AOCTyna K MarHCTpa
nH: a - ~eHTpanH30BaH

HaH no cxeMe "I.~eno'IKH"; 

6 - ~eHTpanH3oaaHHaH no 
cxeMe He3aBHCHMbiX 3anpo
coa; a - pacnpeAeneHHaH 
no cxeMe He3aBHCHMbJX 3a
npocoa. 1 ... i - KOHTponne
Pbi, 

TeTOM S~AaeT C~r

Han Ha W~HY 3AHHTO, a 
OCTanbH~e K CH~Ma~T KO
A~ np~op~TeTa c w~H 
3AnPOCbl. 

AnR 06MeHa ~H~OpMa
~~e~ no Mar~cTpanRM H 
np~MeHR~TCR ac~HXPOHH~e 

nepeAa4~: OAHOHanpasneH
HaR ~ T~na 3anpoc-oTseT:a< 
B nepsoM cny4ae o6MeHOM 
nonHOCTb~ ynpasnReT K: 
np~ 3an~c~ nocne S~Aa4~ 
AaHHbiX Ha M ~ 3aAeP>KK~ 
K SbiAaeT c~rHan ,[IAHHbiE 
roroB~ /p~c. 7a/. np~Me
poM nepeAa4~ 3Toro T~na 

RsnReTcR ~~Kn s Kpe~Te KAMAK. AnR nOATsep>KAeH~R nony4eH~R AaH
H~x np~eMH~KOM ~HOrAa SSOA~TCR OTAenbHaR W~Ha /Hanp~Mep, Q 
s Kpe~Te KAMAK/. TaKaR nepeAa4a np~MeHReTcR s cny4aRx, KOrAa 
T04HO ~3SeCTH~ 3aAep>KK~ S n~H~~ ~ rapaHT~posaHO OTCyTCTS~e 
c6oes. OcHOSH~e npe~My~ecTsa 3Toro cnoco6~: npocToTa ~ SbiCOKoe 
6biCTPOAe~cTs~e. TaK KaK An~TenbHOCTb ~~Kna ~ CAS~r c~rHanos 
SO SpeMeH~ S ~~Kne ~~KC~poSaHbl, 3TOT T~n nepeAa4~ S HeKOTOpbiX 
pa6oTax Ha3~saeTcR c~HXPOHHO~ nepeAa4e~. OcHOSH~e HeAOCTaTK~ 
3Toro cnoco6a 3aKn~4a~TCR s cno>KHOCT~ s3a~MOAe~cTs~R c ycTpo~
CTSaM~ pa3n~4HOrO 6~CTP0Ae~CTS~R ~ S TOM, 4TO HaSOAK~ Ha W~He 
,[\AHHHE rOTOB~ MoryT socnp~H~MaTbCR KaK pa6o4~e c~rHan~. 

np~ ac~HXPOHHO~ nepeAa4e T~na 3anpoc-oTseT np~MeHReTcR cxe
Ma nonHo~ s3a~MOCSR3~ y4aCTsy~~~x ycTpo~cTs. K np~ 3an~c~ s~
AaeT Ha M AaHH~e ~ c~rHan rOTOSHOCT~, np~eMH~K np~H~MaeT AaH
Hble ~ OTSe4aeT c~rHanoM ,[IAHHbiE nPHHRTbl /p~c. 76/. K CH~MaeT 
AaHH~e ~ c~rHan roTOSHOCT~, np~eMH~K nocne CHRT~R c~rHana ro
TOSHOCT~ CH~MaeT c~rHan ,[\AHHbiE nPHHRTbl. np~MepoM nepeAa4~ 
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3Toro T~na RSnReTcR 
~~Kn s napannenbHO~ 
seTs~ KAMAK 141.0cHos
Hble npe~My~eCTSa 3TO~ 
cxeM~ - Han~4~e KOHT
ponR o npas~nbHOM 

S~nOnHeH~~ KOMaHAbl, 
3a~~~eHHOCTb OT Haso
AOK, 0CHOSHO~ HeAOCTa
TOK - SSeAeH~e ASYX 
3aAep>KeK c~rHana s n~-

PHc.7.BpeMeHHaH AHarpaMMa acHHXpOHHOH H~~. 4TO np~MepHo s 
nepeAa'IH: a/ OAHOHanpasneHHoH; 6/THna 2 pa3a cH~>KaeT CKopo
3anpoc-oTBeT. CTb o6MeHa no cpasHeH~~ 

c OAHOHanpasneHHO~ ne
peAa4e~. 

2. 1. BblnOflHEHHE KOI1AH,[lbl 

~a3bl s~nonHeH~R OAHO~ KOMaHAbl 3an~c~ cnosa ~3 Hn s MOAynb 
no Mar~cTpan~ H c HecKonbK~M~ Hn np~seAeHbl Ha p~c. 8 a ~ s 
Ta6n. 1. 

Ta6nH~a I 

BbinOnHeHHe KOMaHAbl 3anHCH cnoaa AaHHbiX 

trN' 
nn 

1. 

2. 

3. 

4. 

~a3a 

noArOTOSKa 

U~Kn naMRT~ 
' 

nony4eH~e 
AOCTyna 

U~Kn ~HTep

~e~ca 

4.1. noArOTOSKa 
s~nonHeH~R 

4.2. B~nonHeH~e 
5. 3asepweH~e 

,[\e~CTS~R B Te4eH~e ~a3~ 

H_cT04H~K nporpaMMbl nepeAaeT 
KOMaHAY ~3 naMRT~ S ~HTep~e~C 

HcT04H~K nporpaMM~ 4~TaeT 

cnoeo AaHH~x ~a naMRT~. 

KoHTponnep nony4aeT AOCTyn 
K Mar~cTpan~. 

An~Tenb
HOCTb 
~a a~ 

tn 

tun 

tA 

CTaHAaPTH~~ ~~Kn ~HTep~e~ca, tu. 
S Te4eH~e KOTOporo AaHH~e 
nepeAa~TCR no aaAaHHOMY aApecy. 

nepeAa4a ~ AeW~~pa~~R aApeca 
~n~ 3an~Cb KOMaHA~ B per~CTP 
AnR s~nonHeH~R. 

BblnonHeH~e KoMaHA~ s c~cTeMe. 

KoHTponnep ocso6o>KAaeT Mar~cT
panb. 

tns 

tB 

t3B 
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PHc.8. a/KoMaHAa 3allHCH cnosa AaHHhlX H3 HCTOqHHKa 
nporpaMMhl B MOAYnb Ha MarHCTpanH HHTep~eHca; 6/ spe
MeHHaH AHarpaMMa qTeHHH m enos s peJKHMe 6noqHoH 
nepeAaqH, n - qHcno qonyqeHHH HIT AOCTyna K MarHCTpa
nH 3a speMH qTeHHH, l m. = m . 

j= 1 J 

Jlnfl 11, MarHCTpaJlb ,QOCTyna B KOTOPOM $yHK~HOHaJ1bHO He Bbi,Qe
IleHa, B Te4eHHe $a3 nOJ1y4eHHfl ,QOCTyna H 3asepweHHfl KOMaHA~ 
OCHOBHafl M aaHf!Ta; Allfl H c 4>YHK~HoHallbHO Bbt,QeJleHHO~ MarHcTpaJlb~ 
,QOCTyna OCHOBHafl M He 3aHf!Ta B Te4eHHe 3THX $a3. 

JlnHTeJlbHOCTb $a3~ no,QrOTOBKH onpe,QeJlfleTCfl B OCHOBHOM CTpyK
Typo~ sso,Qa-sbtBOAa 3BM H fl3b1KOM nporpaMMHposaHHfl: AJlfl ACCEM6-
11EP~ t n =30 + 65 MKC 15 •6< Allfl 4>0PTPAHA · t n=150 +270 MKC /5,7/. 

JlnHTeJlbHOCTb $a3bl ~HKJla naMfiTH Onpe,QeJlfleTCfl BpeMeHHbiMH xapaK
TepHCTHKaMH naMf!TH HJlH speMeHeM B~nOJlHeHHfl KOMaH,Q 3BM. ~JlH

TeJlbHOCTb $a3bl nOI1y4eHHfl ,QOCTyna 3aBHCHT OT 4HCJ1a K, O,QHOBpe
MeHHO Be,Qy~HX cnop 3a AOCyyn K M,H npHOPHTeTHOCTH HX aanpocos. 
KpoMe Taro, AllHTellbHOCTb 4>aa nolly4et-t_Hfl AOCTyna, a TaK>Ke aasep
weHHfl KOMaHA~ 3aBHCfiT OT npHMeHfleMO~ B .H CXeM~ ,QOCTyna. npH 
BblnOJlHeHHH KOMaH,Q~ 4TeHHfl B Hn $a3a ~HKJla naMf!TH CJle,QyeT nOCJle 
$a3~ ~HKJla H,a B CJ1y4ae KOMaH,Qbl 6e3 o6MeHa ,QaHH~MH 3Ta $a3a OT

CYTCTByeT. CyMMapHafl AllHTellbHOCTb ~HKJla HHTep$e~ca H 4>aa no
Jly4eHHfl AOCTyna H aasepweHHfl Allfl OAHOro K xapaKTepH3yeT 6~cT
po,Qe~CTBHe CaMoro HHTep$e~ca, eCJlH 1-13 ,QJlHTeJlbHOCTH $a3bl BblnOJl
HeHHfl B~4eCTb 3a,Qep>KKH CHrHaJla B JlHHHH CBfi3H. BpeMfl 06MeHa 
611oKOM CllOB a CHCTeMe Allfl OAHOro Hn npH OAHOCilOBHO~ nepe,Qa4e 
paBHO 

m i I I I 
t = l (tn +kt

11
n+t.ll

3 
+t

11
)c, 

mo i= 1 
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rAe k- OTHoweHHe AllHHbt c11osa MarHcTpaJlH H K AllHHe Cilosa Hn 
/a clly4ae AP06Horo 3Ha4eHHfl 6epeTcfl 6111-1>Ka~wee 6o11bwee no seJ1H-
4HHe ~e11oe/, m- 4HCJ10 CJlOS S 6JlOKe HJlH 4HCJ10 SblnOJlHeHHbiX 

KOMaHA, tb = t 1 +t~8 • Cpe,QHe~ speMfl o6MeHa OAHHM c11osoM npH 
OAHOCJlOSHO~ nepe,Qa4e pasHa t 10 =tm0 /m c. Cpe,QHflfl nponycKHafl 
cnoc06HOCTb S CHCTeMe C O,QHHM Hn nPH O,QHOCJlOSHO~ nepe,Qa4e 
pasHa 

c = f /t
1 

= f m/t 6a~T/c, o o mo 

rAe P - 4Hcllo 6a~Tos s c11ose Hn. 
B 6Jl04HbiX nepe,Qa4ax 4>aaa no,QrOTOSKH BbtnOJlHfleTcfl OAHH paa 

s Ha4alle o6MeHa H AllHTellbHOCTb ee 60J1bWe /pHc. 86/. B Te4eHHe 
no,QrOTOSKH SblnOJlHeHHfl KOMaHA~ npOH3SO,QHTCfl nepeKI1~4eHHe an
napaTHbiX cxeM ycTaHOSKH a,Qpeca cJle,QytO~ero c11osa ,QaHHbiX. BpeMfl 
o6MeHa 6J10KOM CJlOS S CHCTeMe npH 6J104HO~ nepe,Qa4e ,Qllfl O,QHOrO 
Hn pasHa 

n 
1 

m . . 
t .. = t + l t + l (t,~ + k t J. ) c ' 
m 0 n i = 1 A3 j = 1 '-' I I 

rAe n - 4HCJ10 nolly4eHHH AOCTyna K K MarHcTpallH aa speMfl o6Me
Ha. Cpe,QHee speMfl o6MeHa OAHHM CllOBOM npH 6J104HOH nepe,Qa4e 
paSHO t

1 
.. = t .. /m C, a cpe,QHfiR nponyCKHaR cnOC06HOCTb S CHCTe-
0 mo 0 n 6 v 

un 6 v C- L till aHT. 
Me c OAHHM r• npH 1104HOH nepe,Qa4e pasHa 6 =-=-- = -- --

t 16 t 6 c 
B 4aCTHOM CJ1y4ae, KOr ,Qa see HHTepsaJlbl t A3 11 (tq + kt· 11n fl paBHbl 
Me~AY co6o~, cpe,QHee speMfl 06MeHa O,QH11M CJlOBOM npH 6J104HOH 

nepe,Qa4e paSHO t 16 =(t n + ntA3 )/m + t 11 + kt 1, 1 C. fpa$HK 3aSHCHMOCTH 
nponycKHO~ cnoco6HOCTH npH 6J104HOH nepe,Qa4e Allfl 3Toro cJ1y4afl 
npHSe,QeH Ha pHC. 9. Jlnfl 06MeHa C MeHbWHM 4HCJ10M nolly4eHHH 
,QOCTyna nponyCKHaR cnOC06HOCTb pacTeT 6btCTpee C pOCTOM 4HCJ1a 
CJlOS S 6JlOKe. npH 60J1bWHX 3Ha4eHHRX 4HCJ1a CJlOB B 6JlOKe 3TO 
pa3J1H4He yMeHbWaeTCR. nponyCKHaR CnOC06HOCTb MaKCHMaJlbHa, 
eCJlH MarHCTpallb 3aHf!Ta KOHTpOJlJlepOM S Te4eHHe scero speMeHH 

o6MeHa, TO ecTb n = 1 • 
YseJ1H4eHHe nponycKHOH cnoco6HOCTH HHTep$eHca MO>KeT 6~Tb 

,QOCTHrHyTO 3a C4eT yMeHbWeHHfl AllHTellbHOCTH $a3 no,QrOTOSKH H 
aasepweHHfl. B pa6oTe /8/ onHcaHo npHMeHeHHe Allfl 3TOH ~e111-1 6btcT
po,QeHcTsy~~ero MHKponpo~eccopHoro Hn, KOTOpbiH npoH3BOAHT noA
roTosKy H OKOH4aHHe 6J104HO~ nepe,Qa4H. YBeJ1H4eHHe nponyCKHOH 
CnOC06HOCTH S CHCTeMe AOCTHraeTCR TaK>Ke npOeKTHpOBaHHeM CXeM 
HHTep$e~ca Hn, n03BOJ1R~~HX AI1R 3BM c o6~eH MarHcTpallb~ BKJ1~-
4eHHe ~HKJla naMfiTH a ~HKI1 YO 

19
' 111 , a Allfl 3BM c paa,QellbHbtMI1 

MarHCTpallRMH BBO,Qa-sbiBO,Qa H naMRTH - 4aCTH4HOe nepeKpbiTHe 
~HKilOB YO H naMRTH 1 12~B c11y4ae npHMeHeHHfl 6y$epHOH naMRTH 

9 
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PHc.9. 3aBHCHMOCTb rrponycKHOH 
CllOCOOHOCTH HHTep~eHca npH onoq
HOH nepeAaqe OT qHcna enos 
B onoKe. n - qHcno nonyqeHHH 
HIT AOCTyna K MarHCTpanH. 

nma ••nepBbl~ eowen - nepBbl~ BbiWei1 11 nponycKHafl cnoco6HOCTb pas
Ha nponycKHO~ cnoco6HOCT~ 6onee MeAileHHoro ~3 y4aCTBY~~~x 
a o6MeHe ycTpo;:1cTB 113-16/. 

Ko3¢¢~4~eHT aaHfiTOCT~ Mar~cTpan~ np~ e~nonHeH~~ KOMaHA~ 
8 V1 paaeH b 1=tr3 /t 1 , rAe t 1 - BpeMfl BblnOnHeHI-Hl OAHO~ KOMaH
AW npH OAHOCilOBHOA ~Il~ 6no4HOA nepeAa4e, t~3 - AOilfl epeMeH~ 
t 1 • a Te4eH~e KOToporo M aaHfiTa. Ans:~ H c ¢YHK4~0HanbHO He 
B~AeileHHOA Mar~CTpanb~ AOCTyna K03¢¢~4~eHT 3aHfiTOCT~ Mar~CTpa
Il~ 6onbwe, 4eio~ Ailfl H c ¢YHK4~0H3IlbHO BbiAeneHHO~ MA: 

b 1 = ( t A3 + t H ) /t 1 > b '1 = t II It 1 • 

B Ta6n. 2 np~BeAeHbl ¢opMyilbl Ailfl onpeAeneHI-ifl epeMeHI-1 t ~B , 
B •'re4eHI-1e KOTOporo H CB060AHa: t <~H = t 1- t r3 , <l>opMyilbl npi-iBeAeH~ 
Ail.A cny4a.A paeeHcTea ecex 1-iHTepeanoe t 113 1-1 tii + k t

1111 
• 

TaoJIHUa 2 

AnHTenbHOCTb HHTepsana He3aHHTOCTH MarHCTpanH B 
UHKne OAHOH KOMaHAbl 

T1-1n nepeAa41-1 

0AHOCI10BH3fl 

Eino4Hail 

10 

HHTep¢ei1c c <I>YHK4HOHailbHO 
He B~AeileHHOH Mari-1CTpanb~ 

AOCTyna 

t + ktun n 

t /rn+ k tun II 

HHTep¢ei1c c ¢yH
K4HOHailbHO B~Ae
neHHOH MarHCT
panb~ AOCTyna 

tn + ktun + tA3 

( t n + nt A3 )/ rn + k t 1111 

2.2. OoPAoOTKA 3AnPOCOB OoCnYIHBAHH~ 

B npo4ecce o6pa6oTKI-1 aanpocoe o6cnymHBaHI-1fl OT HCT04HHKOB 1-1 
npHeMHHKOB HH¢OpMa4HI-1 onpeAenfleTC.A aApec HCT04HHKOB 3a~poca, 
KOTop~i1 coo6~aeTcfl Hn, cnoco6HOMY o6cnymHTb aanpoc. np~MeHfi~T
Cfl 4eHTpan~aoeaHH~e ~ pacnpeAeneHH~e cxeM~ o6pa6oTKI-1,a TaKme HX 
KOM61-1Ha41-1~. B HHTep¢ei1cax C 4eHTpanH30BaHHOH CXeMOH o6pa60TKY Bbl
nOilHfleT OAI-1H cne4~ai1bH~H 6noK.Pa3HOB~AHOCTb~ TaKO~ CXeMbl fiBilfi
~TCfl H, B KOTOp~x ofipa6oTKY npOI-13BOA.AT HeCKOilbKO cne41-1ai1bHbiX 
6noKoB,I-1I1~ ~CT04HI-1K aanpoca,AeHCTBYfl KaK K,e o6~4HOM 4~Kne aa
n~cH nepeAaeT ~H¢opMa4~~ o aanpoce APYro~ K. 

~en~ 41-1cno aanpocoe He npee~waeT 4~cna ~HA~B~AyanbH~x n~H~~ 
aanpoca, ~H¢opMa41-1fl o6 aApece I-1CT04HI-1Ka aanpoca cpaay nocTyna
eT a cxeMy o6pa60TK~. Ecn1-1 4Hcno aanpocoe 6onbwe 4Hcna ~HAH
B~AyanbH~x Il~H~~ 1-111~ ~MeeTCfl OAH3 o6~afl W~Ha Ailfl HeCKOilbK~X 
HCT04H~KOB 3anpOCOB, CXeMa o6pa60TK~ BblnOilHfleT OA~1H ~Il~ He
CKOilbKO 41-iKilOB Ail.A onpeAeneH~fl aApeca ~CT04HI-1Ka aanpoca. 

B 4eHTpan~aoeaHH~x cxeMax o6pa6oTK~ c aapaHee 3aAaHH~M np~
eMH~KOM KamAoro aanpoca OA~H ~CT04H~K aanpoca s~a~eaeT OAHY 
3aAa4y. BeKTOP npep~eaH~fl nepen~c~eaeTCR cxeMaM~ o6pa60TK~ 
a K, KOTOPOMy aApecoeaH aanpoc. 

B pacnpeAeneHH~x cxeMax np~eMH~K aanpoca He onpeAeneH aapa
Hee, a B~AaeTCfl HCT04H~KOM 3anpoca; np~ 3TOM OA~H ~CT04HHK 
aanpoca MomeT B~3~BaTb HeCKOilbKO 3aAa4. B 3TOM cny4ae cxeMa 
o6pa60TK~, nony4~B aanpoc, HHI-14~~pyeT 4~KI1 YCTaHOBileH~R KOAa 
3aAa4H cTapwero np~op~TeTa Ha w~Hax Mar~cTpan~. B ~TOM npo-
4ecce y4aCTBy~T ace ~CT04H~KH, ~Me~~~e aanpoc. 3aTeM 1-13 ~c

T04H~Ka aanpoca KOA aApeca ~CT04H~Ka ~ KOA 3aAa4~ nepen~c~
ea~TCfl a Hn, KOTOpbiA AonmeH o6cnym~Tb aanpoc, ~ 4~Kn aaeepwa
eTcfl. 

<l>a3bl np~eMa, o6pa60TK~ ~ o6cnym~aaH~fl OAHOro aanpoca np~
eeAeHbl Ha p~c. 10 ~ a Ta6n. 3. 

, oopa6orlfa Jan.poca 

npui?M ! noucK 'Muf)08aN()e/3anuc6 : IJJICuBaHu.e i Oor:,;Hj· I 
3an.poca iadP"ca e1aopa 8eKropa .io6c;upctl!aHI.Jflj xut5aHue 

ucrOIIHU~ ~ 

tn tnu t. t~=r=-t;~--~ 
~------~i~1~.-----J ~~ 

-f fOj 
3a.n.poc -----
o6cflyxu 8a HI.I.R 

PHc.IO. ITpHeM, oopaOOTKa H o6cny~HBaHHe 3arrpoca. 
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Ta6mu~a 3 

llpHeM, o6pa60TKa H o6cn~HBaHHe 3anpoca 

N" 4laaa Ae~cTe~e e Te4eH~e $a3~ 

1, np~eM 3anpo
ca 

2. no~CK aApeca 
~CT04H~Ka 

3. 4lopM~poeaH~e 

BeKTOpa 

4. 3an~cb 
BeKTOpa 

5. O>K~AaH~e 

o6CI1Y>K~
eaH~fl 

6. 06clly>K~BaH~e 

3anpoc np~H~MaeTcfl e ~HTep$e~c 
Allfl o6pa6oTK~. 

OnpeAellfleTCfl aApec ~CT04H~Ka 
aanpoca. 

$opM~pyeTCfl BeKTOp npepbiBaH~fl 

Allfl nepeAa4~ B ~CT04H~K nporpaMM. 

3an~cb eeKTopa npep~eaH~fl e ~c
T04H~K nporpaMMbl. 

3aAeP>KKa B ~CT04H~Ke nporpaMMbl 
AO Ha4alla o6c11y>K~BaH~fl aanpoca. 

HcT04H~K nporpaMMbl o6clly>K~eaeT 

aanpoc. 

An~Tellb
HOCTb $a3bl 

tnp 

tmt 

tqm 

t3n 

tOlK 

to6 

All~TellbHOCTb $a3bl np~eMa aanpoca 3aB~C~T OT 4~Cila np~CYTCT

BY~~HX aanpocoe ~ HX npHOpHTeToe. B Te4eHHe ~HTepea11a t 13 = 
~tn11 + t¢8+t 3n e H npoH3BOAHTCfl o6pa6oTKa aanpoca, All~TellbHOCTb 

o6pa6oTK~ onpeAellfleTcfl np~MeHfleMo~ cxeMo~. KaK npae~11o, o6pa-
60TKa npOBOA~TCfl annapaTHbiM~ CXeMaM~ H B 3TOM Clly4ae xapaKTe
p~3yeT 6biCTPOAe~cTe~e caMoro H. Allfl H, e KOTOPbiX aanHCb eeKTo
pa npep~eaH~fl e Hn npo~3BOAHTCfl no ocHOBHO~ M, $aaa aanHc~ 
BeKTOpa BKI1~4aeT ~ epeMfl nOI1y4eH~fl AOCTyna K He~. All~TellbHOCTb 
$a3bl OlKHAaH~fl o6CI1YlK~BaHHfl onpeAellfleTCfl B OCHOBHOM np~OPHTe
TOM nporpaMMbl 06CI1YlKHBaH~fl 3anpoca, AllHTellbHOCTb $a3~ 06CI1Y>KH
BaH~fl onpeAellfleTCfl xapaKTepoM 3aAa4~, e~ableaeMo~ aanpocoM, 
~ npeACTaBilfleT noclleAOBaTellbHOCTb KOMaHA• 

BpeMfl np~eMa, o6pa6oTK~ ~ o6clly>KHBaH~fl rpynnbl H3 p aanpo
coe B C~CTeMe paBHO 

~ i i i i 
t = ~ (t + t + t + t 6 ) c, 
po3 i=l np p3 OJK o 

rAe epeMfl o6pa6oTK~ e H rpynn~ ~3 p aanpocoe paeHo: 

12 

t 
p3 

p i i i 
I (t +t,-~,L +t ) c. 

i= 1 IIH 't' l 311 

Cpe~ee epeMfl np~eMa, o6pa6oTK~ ~ o6c11y>K~eaH~fl OAHOro aa
npoca t 103 nolly4aeTCfl AelleH~eM Bei1~4~Hbl t P 03 Ha 4~c11o aanpo
coe e rpynne p . 

A11fl YO c pacnpeAelleHHO~ o6pa6oTKO~ aanpocoe o6c11y>K~BaH~fl 
no~CK aApeca ~CT04HHKa, 4lOPM~pOBaHHe BeKTOpa ~ aan~Cb BeKTO
pa np0~3BOAflTCfl B Te4eHHe OAHOro ~HTepBalla 41HKC~POBaHHO~ 
All~TellbHOCT~. Anfl ocTallbHbiX YO 4l~Kc~poeaHa All~TellbHOCTb 4>aab1 
4lOPM~pOBaH~fl BeKTOpa, a np~ aanHCH BeKTOpa B Hn He no OCHOB
HOH M - ~ 4>aaa aanHc~ eeKTopa. 

CpeAHee epeMfl o6pa6o'TK~ OAHOro aanpoca e H paeHo: t 
13 

= 

= tp 3/p c.K03414l~~HeHT 3aHflTOCTH Mar~CTpall~ np~ o6pa60TKe OAHOrO 
aanpoca Ha o6clly>KHBaH~e paeeH 

M3 
b13= t13 I t13 • 

M3 
rAe t 13 - AOilfl epeMeHH t 13 , e Te4eH~e KOToporo H aaHflTa. 

CpeAHflfl nponycKHafl cnoco6HOCTb H np~ o6pa6oTKe aanpocoe 
pasHa: 

C
3 

= 1/t1~
3= 1/t

13 
b 

13
- 4HCI10 3anpOCOB/C, 

C Jan.IJOCO~ .. 
·~ 

6 
t1h 

" 

I 

~· 
I 

~-: 

I 
L 

3ae~CHMOCTb cpeAHe~ nponycK
HO~ cnoco6HOCT~ o6pa6oTK~ aa
npocoe ~HTep4le~ca C3 OT OTHOWe
H~fl epeMeHH HeaaHflTOCT~ M e 
~~Kile o6pa6oTK~ OAHOro aanpoca 
K AllHTellbHOCT~ ~~K11a (1 - b 1 ~ 
np~BeAeHa Ha pHc. 11. Ec11~ 
HeCKOilbKO nOCileAOBaTellbHbiX 4>a3 
o6pa6oTK~ aanpoca AOil>KHbl Clle
AOBaTb HenpepbiBHO OAHa aa APY
ro~. 3Ta 3aB~C~MOCTb npeACTae
IlfleT C060~ IlOMaHy~, aC~MnTOTH-

!L 
-t.1~ 

_i. ~ ---l 

A 
Pnc.Il. 3aBHCHMOCTb cpe~HeH 
nponycKHOH cnoco6HOCTH o6pa-
6oTKH 3anpoCOB HHTep~eHCa OT 
OTHOWeHHH BpeMeHH He3aHHTOCTH 
MarHCTpanH B ~HKne 06pa60TKH 
o~Horo 3anpoca K ~nHTenbHOCTH 
~nxna. 

2 
t16 

.L. ~ 

~ 
-'; 

~ I -,-

o,2 o,4 o,s as 1 -
1- 81b 

13 
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4eCK~ np~6n~ma~~y~c~ K napa6one c yeen~4eH~eM epeMeH~ HeSaH~
TOCT~ M B ~~Kne/noKaSaHa Ha p~C. 11 nyHKT~pOM/.B T04KaX ~SnOMa 
Henpep~BH~A ~HTepean o6pa6oTK~ sanpoca yKnaA~BaeTc~ ~enoe 
4~cno pas e ~HTepean, e Te4eH~e KOToporo M ceo60AHa. 

B saKn~4eH~e aeTop BblpamaeT 6naroAaPHOCTb H.~.KonnaKoey 
sa nOAAepmKy pa6oTbl, B.H.KaKyp~HoA ~ n.r.5ynaeeoA sa noMo~b 
np~ o~opMneH~~ pyKon~c~. 
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