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OB'bE~HHEHHYA HHCTHTYT H~EPHYX, HCCnE~OB~HHA 

Ha npasax pyKon~c~ 

13-92-24. 
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' ' -· ~ ~· . HrYEH HbVI tJ.bEH , 

PA3PA60TKA M~KPbnPOUECCOPHWX~~CTEM 
~ ~HTEP~E~COB C n3BM T~nA IBM PC ~ ~X 

nPOrPAMMHoro 06ECnEY~H~H 
,lJ.flH PErYn~POBAH~H TEMnEPATYPW 
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HA 3KCnEP~MEHTAflbHWX YCTAHOBKAX O~H~ 

Cnet..t~t~anbHOCTb: 01. 04.01. ·- TeXH~t~Ka quil31!1lfecKoro 
3KC~e~~MeHTa, •1!131!1Ka np~6opo~. 
aBTOMaTI!13aJ..t1!1fl .1!131!1lfeCK~X 
1!1CClleAOBclH~IIi 

AaTopeciJepaT·.-.nH~cepTauHH aa coHcKaHHe yqeaoA cTeneHH . . 

KSHAHAaTa TeXHH'IeCKHX HayK 

,. 
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· Pa~oTa BHnOAHeHa B Aa~opaTOPHH HeRTpOHHOR ~H3HKH 

O~beAHHeHHOro HHCTHTYTa ~A~PHYX HCCAeAOBaHHR. 

HayqHHR PYKOBOAHTenb: 

KaHAHAaT TeXHHqeCKHX HayK,' 

CTapWHR HayqHHR COTPYAHHK . ._ 

04JHUHaAbHHe onnoHeHTH: . •-

.<t{.l 

THWHH B.r. 

AOKTOP _TeXHHqecKHX HayK, fl 

npocpeccop UynKo-CHTHHKOB B ~ H; 
KaHAHAaT qJH3HKO-MaT~MaTHqecKHX HayK, 

CTapmHR HayqHHA COTPYAHHK _raryHaWBHAH H.l. 

BeAv~a~ opra~H3aUH~: 

HHCTHTYT ~AePHHXHCCAeAOBaHHA AH YKpat~HH, r;. KHeB. 

3aDlH'fB 'AHCCepTaUHH COCTOHTC~ "---" 1992 roAa .B 
"--" qac. Ha 3aCeAaHHH cneUHaAH3HpoaaHHOro'coBeTa 'l-047.01.05 
npH Aa~opaTOPHHHeRTPOHHOR 4JK3HKH H Aa~opaTOPHH ~AePHHX peaKUHA 
O~beAHHeHHoro HHCTHTyTa ~AepH-HX HCC.IIeAOBaHHR, r. lY~Ha. 
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C AHCCepTaUHeA'MO&HO 03HaKOMHTbC~ B ~HOnHOTeKe OHHH. 

ABTOpeqJepaT pa30CAaH " 

YqeHHA CeKPeTaP? 
cneUHa.IIH3HPOBaHHOrO COBeTa 

1992 roAa. -

TapaH ll.B. 
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OE!llMI XAPAKTEPHCTHKA . .llHCCEPTAUWOHHOR PAEOT!l 

H Bl:mOJIHeHHHe 
Ha HX. OCHOBe . MHKP03BM . nj)H .. OOJibWHX B!itlHCJIHTeJiblU:lX H JIOrHqecKHX 

B03MOllHOCTSIX· co•feTaDT .I{OCTOHHCTBa YHHB.epcaJibHHX. H cneQHaJIH3HpO-. 

BaHiliix ycTpOACTB. KriHTPOJISI, yiipaBJieHIUI . H oOpaOOTKH -.ziaHH!iX •. WHpoime ;. 

npHMelieHHe MHKponpoueccopHoA . rexmudi npliseno . K, .lllYH.naM~H'raJibHHM 
c,nsiiraM . B OOJiaCTH aBTOM~TH~aUHH, c'sSI!:m, · npHOopocrpoeHHSI .. H .. Bi>l'iH-

· CJIHTenhHOA TeXHHKH. ll03TOMY pa3BHTHe H npHMeHeHH~ :MHKpoiipouecco-
_. • , • < - ' •. n >- 0 • ,: •-' ' -, • • • ~ ' ~} • • ) 

POB"~ (Mn) H MHKp038M OUeHHBaeTCSI KaK .O.llHO H3 sa:&HeAWHX .HanpasJieHHA . 
"-l··- , : : ", ' . . - . . 

Hay~Ho~rexHHqecKoro nporpecca., 

B~eilpeHHe . MH . H M~Kpo381~(. B •npaKTHKV I!JH3H'ieCKHX HCCJie,ZlOsaHHA . 

no3BO.IIaElT has .nasa Tb an napa TYPV. ,llJISI c.liOJtH!iX .. H . COJ3peMeHHHX 3Kcnepi1- .. 

MeHTaJibHI>IX YCTaHOBOI(·. OOJier'iHTb ,paOoTy nonbSOBaTe~SI s~, C'ieT .OoJie~ . 

npocroro- npoO.JieMHo-oplfe.HTHposaiiHoro ~porpaMMHOro· ooecneqeHHSI.. . 
,, -- . . . ' ' " · .. :· 
8 HaCTOSID{ee speMSI H3y'ieHHe CTPYKTYP!i H CBOACTBBI>ICOKOTeMnepa

·rypH!iX c~epxnposo,llHHKos u3rcriJ nposo.llHTcSI s"o MHo.rH~ Hayq)m~Hccne:
.llosa Te~bCKHX _·naoopa iopHSI]( :· .llJISI T~KHX 9KcriepHMeHTOB, KaK npasHJio, 

Tpeoyerc~ ~o~,llaHHe clicTeM: pery JIHposaHHSI . H .craOHJIHsa~HH .TElM~epa TY-. 

Pli HCCJie,llyeMHX o0pa3UOB B WHPOKOM. ,llHana30He C .BHCOKOA TO'iHOCTbD. 
: '• ~ ,: • ' -~ ' •~• • ·. • : ' "" • ' • • ::.I, ? • I' '.' ' ' •' •; • < • • • ·' • ' •• ' 

HcnOJib30BaHHe MHKponpoueccopHOA' _TeXHHKH. ,llJISI pemeHHSI .TaKOA 3a,lla'iH 

. 3Ha'iHTe~~J:ID nosHmaeT. :9~1PeKTHB~OCTb ~ }I~Y~HHX HcciieJicisaHH#, yseJIH'iH-

BaeT, -H~,llelltHOCTb H, Ka'ieCTBO annaparypH, . CJ;!HlltaeT. OOD{yD CTOHMOCTb 

KOMnJieK.COB H3MepHTeJibHI>IX, ·. Bi>l'i!'fCJIHTeJibHI>IX H ynpaBJISIDD{HX, CHCTeM • 

.. OTCD,lla MOJKHO .BH,lleTb, 'iTO 3a,lla'ia. paspaOOTKH H C03,llaHHSI aBTO~ 
~· .. " . l . . . . . . . . . . . 

HOMH!iX.MHKponpoueccopHHX KOHTPOJIJiepos, liJYHKUHOHaJibHHX 9JieKTpOHHI>IX• 

• MO.llV neA • 11 HHTePIP~Acos c MHKpoSBM nina IBM PC-XT/AT; no3sonSiilmliX 
. . . ' ' ' -

n~CTPOHTb a~TO!olaTH3JiPOBaHHHeqHcTeMH KOHTPOJISIH.ynpasJieHHSI ,TenJIO-

B!iMH-•npoueccaMH .. Ha 9KCnepHMeHTaJibHbiX ycTaHOBKaX ,llJISI. Hay'iHI>IX HCC

Jie,llOBaHHA, SIBJISI~T~SI-BnOJIHe a~TY~JibHOA 3a,lla'ieA B OOJiaCTH MeTO,llHKH 
- ; . ',. -' . ' ... - '· ~~ ,. ' . . . .. ' ' ' ·. . . ' ' . . . ·~· ' . . ' .. . . ~. -· 

I!JH3H'ieCKOrO 9KCnepHMeHTa • 

. Ue.llb Ha.CTOSII!eR. paOOTI>I 3aKJID'iaeTCSI_ B.·. paspaOOTKe .annapa TYPH' H 

nporpaMMHOrO ; OOecneqeHHSI .. M~KPOilPOUeCCOJ)HbiX , CHCTeM .· · H cneuHaJihHI>IX ··· .. 

· HHTepi!JeACOB ·,nJISI. pemeHHSI Hay'iHO-TeXHH'ieCKOR 3a,lla'iH B .OOJiaCTH 9KC

nepHMeHTaJibHOR -~HsHKH s OHHH ;. : Ba:r;HoA · sa,lla qeA • ~snSiercSI · pemeHHe 

npoOJieMH nepexo~a OT npHOOpOB;C,py'iHI>IM·ynpasJieHHeM·,llJISI.P~ryJIHPO
BaHHSI~TeMnepaTypH.OO'beKTOB K nporpaMMHO-:-YnpaBJISieM!iM aBTOMaTH3HPO-. 

BaHHI>IH.CHCTeMaM c'noMOD{bD npHMeHeHHSI MHKponpouec~OJ)HOR TeXHHKH. 

HayquaSI HOBH3Ha H OCHOBHYe•nO.IIO:&eHHSI, 3aD{HD{aeMHe B ,llHCCepTaUHH: 

1. PaspaOoTaHH c npHMeHeHHeM _HOBHX cxeMHHX pemeHHA YCHJIHTeJIH 

lltJ!>t:Itril:it'Uti~ll UR~. ·l 
n~~~n~s ~ce~aoaaull 
. SWSntr~OTEKA . ---- ....--.. _ .. 



OOCTOSIHHOrO TOKa H YCHJIHTeJIH Sb!XO.llHOA • MODIHOCTH; SKJ!DtiaeMble S co"
cTaS ~YHKUHOHaJ!bHHX MO.llYJieA,.llJISI H3MepeHHSI, KOHTPOJISI H' ynpasJieHHSI, 

TeXHOJ!OrHtieCKHMH napaMeTpaMH S 3KCnepHMeHTaJibHb!X YCTaHOSKaX. 
2: . , PaapaOoTaHbl . H · sHe.npeHbl s, sKcnepHMeHTaJibHble HCCJie.no~aHwSI 

pa3JIH'IHble · MHKponpouecc_oPHble -KoHTPOJIJiep"': KoHTPOJIJI-ep c v~aJieHHb!M 
vnpasJieHHeM,. KOHTpOJIJiep' B CTaH.napTe KAMAK, KOHTpOJIJiep c nyJibTOM 

KJ!aSHa TYPbl_ H UH~posoA HH.llWKaU~eA, Ha OCHOSe KOTOpbiX C03,llaHbl MH-: 

KPODPOUeCCOPHble CHCTeMbl aST?MaTH'Ie_cKoro peryJIHPOSaHWSI H CTa011JIH-

3aU11H TeMnepaTypbl S' YCTaHOSKaX .llJ!SI' HaY'IHbiX HCCJie,nosaHHA S OlHHf. 
3. Pa3paOoTaH SOCbMH~aH~JibHb!A .KOMMYTaTop, DPH HCDOJ!b30S~H~I1 

KOTOporo H Ha OCHOSe aBTOHOMHblX MHKPO~POU~CC~PHb!X KOHTPOJIJiepos 
co3,naHa MHoronpoueccopHaSI CHCTeMa, ynpasJISieMaSI no riocJie.nosaTeJib
HOMY KaHaJiy OT oomero .llHCDJieAHor'o' TepMHHaJia ~ npe.nHa3HatieHHaSI .llJISI 

ynpasJieHHSI TeMnepaTYPHbiMH peEHMaMW s 9JieKTpone'IH c TpexceKUHOHH~M 
HarpesaTeJibHUM sJieMeHTOM H .llJISI peryJIHposaHHSI TenJIOSbiX npoueccos s 

• • . • • ' ' ·'' . . ':cfl : . ' . < • .. • "' 

' MHOrHX He3aSHCHMbiX OO'beKTaX. .. · 

4·. Pa3paOOTaHbl; ~YHKUHOHaJ!bHble'. HHTelp~eACbl, DO.llKJID'IaeMble' He no.: 
< + ' ' • " ' • • 

cpe,llCTSeHHO K;WHHe pacmHpeHHSI nepCOH~JibHbiX KOMDbDTepoS-THna IBM 

PC-XT/AT .llJISI coopa·HH~OPMclUHH H ynpasJieHHSIOOopy,ziosaHHeM; . 
. . '· :;- ' .. . - . 

5. Pa3paOoTaHo nporpaMMHoe·ooecne'IeHHe H3MepHTeJibHbiX" ynpas-

JISIDDIWX MHKponpoueccoplilix cHcTeM. co3,naHHbiX Ha :ocHose pa::ipaoo'l'aH.:. 

HbiX OJIOKOS H VCTPOACTS H npe,nHa3HaqeHHb!X ,llJISI peryJIHPOBaHHSI TeMne.:. 
paTypbl OO'beKTOS; ·cc~opa H o6pa0C>TKH 3KcnepHMeHTaJ!bHbiX · ~aHinix: · 

DpaKTH'IecKaSI ueHHOCTb · ,llHCcepTaQHH 3aKJ!DtiaeTCSI S 'TOM, . 'ITO c 
DOMODibD pa3paOOTaHHbiX ~YHKUHOHaJI~HbiX 'OJIOKOS (sxoiHble/SbiXO.llH~e 
ycHJIWTe.l!H, · pa3JIH'IHble MHKponpoueccopHble · KOHTPOJIJiepbl, MHoroKaHaJib-

. . . I . ... . .. . . . 
HbiA: KOMMyTaTOp H ,np,), .llODOJIHHTeJibHbiX HHTep~eACOS Ha WHHe pacmH-· 

peHHS! PC-XT/AT, ~TaKllte nporpaMMHOrO 00ecne'IeHHSIH3MepHTenbHbiX H 
ynpa:sJISIDDIHX CHCTeM. SbiDOJIHeHHbiX Ha HX ·. ocHoae ; · ObiJIH • co3,naHbl H 

sHe.npeHbl s sKcnepHMeHTaJibHble liccJie.nosaHHSI a81-oHOMHble cHcT~Mbl Ha 

Oa3e. MD H MHKP03BM, y,nosJieTSOpS!DiJiHe rpeOosaHHS!M aSTOMaTH3aUH11 
3KcnepHMeHTOS H~ pa3JIH'IHbiX ycTaHOSKaX S OH~H~~ 

HaOOpbl ~YHKUHOHaJibHbiX MO.llYJ!eA . H .llODOJIHHTeJibHble HHTep~eACbl 

C03,llaHbl H-a . OCHOSe. SblliYCKaeMOA s : CCCP cepHAHOA SJ!e.MeHTHOA:. ·Oa3bl; .. 

AnoooauHSI H nyOJIHKaUHH · paOor. OCHOSHble pe3yJibTaTbl .nHccepTa·uHH 
HeO.llHOKpaTHO .llOKJia,n!isaJIHCb H OOCVJ:.llaJIHCb Ha HaY'IHO-MeTO.llH'IeCKHX 
CeMHHapax JIH!Jl OHSIH, Ha XIV Me;w;,nyHapo,llHOH ·· CHMD03HyMe no SI.nepHOA 

9JieKTPOHHKe (r. Bapwasa •• 1990' r.) H onyOJIHKosaHbl s paOoTax [H81. 
DPHBe,neHHbiX S CDHCKe JIHTeparypbl, 3TH pe3yJ!bTaTbl DOJIY'IeHbl aSTOPOM 

S nepHO.ll C 1988 D0'1991.rr. S JIH. OHSIH. 
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CTpYKTypa · H OO'beM paOOTbl. - JlHCCepTaUHS! . COCTOHT. H3 sse,neHHSI, 
• qerblpex.r Jias H 3aKJID'IeHHSI. oomiiA: cio-heM cocrasJISieT 106 CT.paHHit M~::

mHHonHcHoro • reKcT~. BKJID'IaSI 37 pJ.tcyHKos. 10 .fao.iniU H. cl1H6o!i JI~re-
paTypbl H3 92 HaHMeHOSaHHA :. , ..... , . .:: ··- . , 

,· ..._. 

KPATKOE conEPXAHHE PABOTY 

Bo SSeJ[eHHH DOKa3aHa aKryaJibHOCTb TeMbl: -C~OPMYJIHposaHa . ueJib 
paOoTii. ·. oi'MetieHbl' HaytiHaSI Hos'!i3Ha H ocHOElHNe floJioxeHHSI, .Koropble 
sbiHOCSITCSI Ha 3~DIHTY. H npHse.neiio · Kpa rKoe :•c6~epl:al-1He .n~t6cep1-aui1H 
norJiasaM: 

"'"·· ·: " . . . 

B 'riepsoA r.11aae npHse~eHJ,h1'crop~;:l1osniJieHHSI H reH.iteHUHH pi3BH
THSI MD H MHKP09BM, npe.ncTaBJieHbl OCHOBHble npHMeHeHHSI MHKponpouec:.: 
copHoA . TeXHHKH a co3.tiaHiu.f ·~sToMa TH3Hpoaaiuiux· · cHcre~ .llJISI ·~HSH'Ie.-:-

• ' 1 ,. ' ., ' : '. ' • ~ _· ' ~ , f. • ·,_ 

CKHX' HCCJie,noBaHHA, paCCMa TpHSaDTCSI OCHOSHbl_~ S03MOX_HOCTH . 8-0HTHOA 
WHHbl pacmJ.tpeHHSI riepcoHaJibH,b!X 'KOMDbDTepoB ceMeA:crea \IBM' PC. ; Ti:iKHe. 

KaK pacilpe,neJie·.-m·e a.npecHoro · npocrpaHcraa .· aso~~~ablso.ita-~ pacnpe:

.neJieHHea.npecHoA: SOHbiH~MSITH H npHHUHn paOorH'c~CTeMii npepbl~aHH~. 
11Me-.;m11e npaK~I-fqec~oe t3Ha~eHHe npH pa'3paoorite .nonoiiH~~eJihHiix. Hii.:: 

' ,, < , ' • '. ' • ' •• ' ., • • ' • ·' '• • > • ' • • • • • •• ~ 

repi!JeA:cos H HX nporpaMMHOro ooecne'IeHHS! .llJISI' nocrpoeHHSI H3MepH-
TeJibHNX H ynp~~JISIDDIHX CHC;eM Ha' oa'3-e pc.:..'xT/AT. / . . . . 

· : nepabiA: MJ.iiq)onpoueccop :.:..:::... '4~pa3pSI.ziH"'~· . MoHoJii1rHbiA: 4oo4 ~HPM"' 
. . .. - ... , .. . , . ,. . . ~ . " - : ·r,.. )- .~ ,. ,, , , , (: . • , .. . . . . .· . ·. • . _:,__ ,. . -

Intel. • nocrynHJI Ha pbiHOK · s · 1971 r. · c roro· speMeHH HatiaJicSI_ crpeMH,-. 
TeJibHbiA .poeT npoH3SO~CTSa. MD. KOTOpble' oiiaro.napg HenpepbiB-HOi-rv yny'-: ' 

. 'IWeHHD. HX; _· TeXHH'IeCKHX. xapaKTepHCTHl( ~- .ll~JibHeAmeMy CHHiteHHD . CTOH'-· 
Mociw ~oJiytiaDT ace . OoJiee wHpoKoe pa'cnpocrpalieHH·e' •• ·. · •. · '· . · . · : 

. ~ 1972 r. ~Hpt.f()a Intel' s!inymeH nepsb1R ~p~ci'eA:mHA , 8-pa3pSIJlHb1R. 
MD THna 8,008. 'a B 1974 r. - 100Jiee coaepmeHHbiA 8.:pa3PR.llHHA 'o,nHO:"' 

KPHCTclJ!bHbiA. MD THna 80SO. I{ 1976 ro.ny'. KO~.na'' 9-ra', ~~pMa 'SbiDYCTH~a. 
8-pa3psliiHb1R MD· aoas ~ Ha pb!HKe yxe HMeJicSI OoJihmoA: ssoop .8::-Pa.apSi~:._" 
""'x Mn. s "1-oM tiHcJie ObiJIH"··. 'z-ao'· l!l~P~"' ·zi log;' .,68o2 ·~HPM"' Mas 
Technology. Mc~68oo it Mc~6809 '~MPM~ Motor~ fa,~ :~p. •. . · ' · '-

B 1977 r; DOSISHJIHCb 16-pa3p$1JlHble MD. nepsue'_ H3 . HHx'. - . PACE 

~HpMbl National Semiconductor, CP-::1600.~HPMbl GIM_H TMS-9900 ~HPMbl 

T~xas ins'tr~ents. 5blcTpo.neA:cTsHe 16-pa3pSI.nHoro Mn Intel . 8086, 

- H3ro.Y.aaJISiei.toro s 1978. ~~, s .necslrh pa3 ·oaJibme; ~ei.i. v'npe~li~Ymero, 
8oao. · a · nocJie,nyDmHe 16.:.pa3pSIJlHbl·e·. Mn; · ·. raKHe. KaK MC-68000. 
MC-68010. - z28boo';· TMS-99000: NS...:i6o32. eo186 ::·802S6. ·H . .np ~; HMeJIH 
see rioiiee ablcoKoe .O.blcrpo.neAc~slie·. .· . . · · · ·· · · · · 

. - Depable. 32-paapSI,llHble , MD DOSIBHJIHCb::ka PbiHKe S 1983-1984 rr~ 3TO 

' ~·~ ~·;:5H<<~ 
2 ··- I 3 

~< ,..-> ~ ',, J 



OHJIH Mn NS:-32032 fl!HPMI>l National Semiconductor, H .. Mn-KoMnJieKT 

NCR/32. 8 HatfaJie 1985 ro,lla nOSIBHJICSI MC-68020 iflHPMI>l :Motorola, a· K 

ero OKOHtfaHHD Mn·T-414 iflHPMH Inmos H. Intel 80386. 8nocJie,llCTBHH B 
1986 r. OuJI· alin'vuiei{ Mn Z-8oooo ~HPMI>l Zilog. · 

HaHOOJiee rionyJISI~~I>lMi·32-pa3pSI,llHI>l~H Mn C Tpa,llHUH~HHOA apXHTeK-
'. . . . . . . 

TYPOA SIBJISIDTCSI CJie,llYDIIIHe. tfeTI>lpe:,_MC-68020, _NS-32032, I;-80386 H. 

Z-80000. STH_MHKponpoueccopH HMeDT PSI.!l npeHMymecia·no cpaaHeHHD_c I 
16-pa3pSI,llHI>lMH npe_~meCTBeHHHKaMH. _,J . ... • j 

HanpaBJieHHe nocTpO.eHHSI aBTOHOMHI>lX_ CHCTeM _Ha Oase MHKp~>npouec-- ~. 
copoa MOlltH() · pas,lleJIHTb.Ha .!lBa :KJiacca:. · 

- MHKponpoueccopHI>le CHCTeMJ>l ~ KOHTPOJIJiepl>l B pa3HHX CTaH,llapTaX 
KAMAK, VME, MULTI BUS, . FUTUREBUS,. FASTBUS H .ZlP. ; 

MH~pon~ouec~opH~e n~iriop~ H pery~SITopH. · 

50JibWOe 3Haqefi~e . c' TO'UtH 3peHH~ paspaClOTKH H C03,llaHHSI 3JieK

TPOfiHOA a~napaTYPI>l .llJISI. I!JH3HtfecKHX 9Kcn~PHM~HTOB~ cHrpaJI craH,llapT 

KAMAK. HcnoJib~OBaHHe. Mn. B. iiHTeJIJieKTyaJibHI>lX, K~HTPOJIJiepax oCle.cneqH:_ 
' . • . .• • •• l ~ • • . . .. 

BaeT He TOJibKO MHKp_onporpaMM~p~B~H~e. OCHOB~I>l-~ KOMaH,ll. K~K, .:HO H 
,llaeT B03MOXHOCTb,nOCTpOeHHSI aBTOMaTH3HPOBaHHI>lX-CHCTeM B CTaH,llapT~ 

l<AMAK. 8 HacToHm~e · apeMS! mifpoKoe · pacnp~cTpaHe~He :,.!lJISI aaToMaTH~ 
3aUHH ifJH3HtieCKHX . HCCJIS,llOB~HHA nOJIY'IHRH . ,· K~Mn~eKCU: ' nepcoHaJibHI>lA 
K~MnbDTep T~na IBM pc.:xT/AT.·H ·KpeRT KAMA~. · · ·. ··· .. 

8 r Jiaae npHBe.!leiJa THriH'IHaSI · OJioK~c'xeMa MHKponpoueccopHoA :cHc-
. • . ' • ·. ·- i · · '• '" r • • • • • • ' •· "• · • ~ 

". 

HHtfeCKYD cneUHifJHKaUHD •. , no:3TOMy, B "nepBOA TJJaBe· TaKllte npHBS,llSHfl · 

oc'HoBHHe ,llaHHble !~~Him pacw.ipeHHSii PC XT H AT c TO~KH·: ~peHHSI paap~~ 
·OOTKH cneuHaJibHNx· HHTepifleAcoa · . .!lJISI coopa HHifJOpM<iUHH· H ynpaaJieHHSI · 
oOopy;OBaHHeM 9KcnepHMSHTa :· . . ·. . . · :. . 

80 BTOpOA rJJaBe· npHBe,lleHbl: OCHOBH T~!1JIOBOfO · p~ry~HPOBaHHsl B 
3KCnepHMeHTaJlbHHX YCTaHOBKax. npH. 3TOM paccMa TPHBaDTCSI .. ypaBHe!iHe. 

Tennoaoro. OaJiaHca H peaJibHI>ie .llHHaMHtfecKHe ·xapaKTepH.CTHKH ynpaBJISI-,: 

eMHX oO'beKTOB c 1'T0'1KH ,3peHHSI.· cos,llaHHSI · aaToHOMHiix. cHcTeM ·· Ha:;:Oa3e · 

M'n H -pa3paClOTKH aJJrOpHTMOJ3 nporpaMMHOro OOecneqeHHSI .TaKHX ,cHCTeM 

.!lJISI pemeHHSI 3a,lla'1H . aBTOMa TH'IecKoro KOHTPOJISI H. ynpaaJieHHSI .!TenJio·- · 
' • i " - • • • 

Bl>lMH npoueccaMH-OO'beKTOB.· 

YpaBH.eHHe TenJioaoro. OaJiaHca •TenJIOBI>lX , npeoopaaoaaTeJieA ·•npH 
. . (' ... 

HeH3MeHHOM arper:aTHOM cocTOSIHHH cpe,lll>l H nocTOSIHHOA TeMnepaType 
TeJl· onpe,llSJISISTCSI KaK:. 

q3JI + qTn .+ .qKOHB + qJIH = 0, · .• (1)< 

r .!le. q9 JI ~ 1_
2
R. ;;- .TenJioTa • .lllltOYJISI-JieHua, Bl>l.!leJISIDIIIaSicSI: a npeoopa3o-. 

Ba TeJJ_e; qTn -., ;rejuonpoBO,llHOCTh ,'fepe.s OKPY_lltaDIIIYD cpe,lly; qKOHB 
KOHBSKUHR; qJIH ) Jiy~eHcnycK.aHHe ~- ... • . , , 

8J>lpalltaSI CObTBeTCTBYDIIIHMH ~OpMyJTaMH'BCe BH,llll TSllJIOBbiX. nOTep~~ 
ypaBHSHHe · TenJJOBOro ClaJTaHC~ C Ytf.eTOM nepexo.ziHoro~ npouecca Harpe

BaHHR : HJJH oxnallt.!leHHSI · •TeJTa a .. ~iaiHH pery JI~pHoro · TenJio~or~ p~lltHMa 
. . . ',.' ... ·. " . . . ·~ ' . ~ " " 

MOlltHO npe,llCTaBHTb B BH,lle: 
• '. -~ ; ;; -; • f l ~ > • • • 

TSMI>l aBTOMaTH'ISCKOrO KOHTPOJISI H peryJIHPOBaHHSI TeMnepaTypHoro pe:-

XHMa. TepM~cT~Ta, · co~TOSI~eA 113 nporpaMMHpyeMoro. ~OHTPOJIJiepa, co-· 

.!lepxamero ueHTpa~bHNA ·npoueccop, naMSITH n3Y · H ,o3'y, aH!iJioroaHA 

MYJibTHnJieKtop,'npeoopaaoaaTeJIH cHrHaJioB AUn H UAn, TaAMepH, nyJibT 

ynpaaJieHHSI H .HH.!lHKauliH H . .liP:·, BXO.!lHilx H.,. B~XO~':fll~ YCHJIH;eJieA .' 

Ha~exHocTb ·H BC?3MO~J:IO.cTb paOoTH TaKoA cHcTeMH·. a. OoJibmoA: cTeneHH 

3aBHCSIT OT xapaKTepHCTHit. npHMeHsieMUX lfJYHKUHOHaJibHHX ·sJI_eKTPOHHI>lX. 

MO.!lYJieA .'H ycTpoRc;a. no9ToMy 'paspaOoTka YHHBepcaJibH~x nporpaMMH-: 

I ~ 2 
H - "r f~ ~P' ~ESftcr~pl- ens[ f r;1oot~C ,;.~;/1091 ~J ~~c ~~ ·O. . 12 f · 

j r,lle tfJleH ''me $ Y'IHTI>lBaeT. ,llODOJJHHTeJi'bHOe ~en~o, , H~ymee. Ha nOBill-· 
'$1 WSHHe TSOJIOCO,lleplltaHHSI .. TeJia; T, fcp, TCT ;-· _COOTBeTCTBeHHO TeMnepa-

j Typa TeJTa, cpe,llbl, ~KP.Y~anmeA npe~_opa3oBaTeJib, H cTeHoK; . G:r- Ten-
1 ••. JIOBaSI npOBO,llHMOCTb cpe,llfl ;_ ~ - }<09~1fJHUHeHT ~enJJOOT,llatfH; Cn - .lto3!1J:-
I I!JHUHSHT JiytfeHcnycKaHHSI·;: s. m, c -~ noaepXHOCTb. Macca H v.nenbHaSI 

PYeM~x KOHTpo.iiJiepoa H:·aHa~oroaoR sJieKTPOHHKH c BHcoKHM -K~'Ie:CTBOM: 
.~ . •' ' . 

i 

SIBJISieTcSI O.!lHHM H3 ocHO.BHI>lX TpeooaaHHA · np~ ·noc.TptieHHH KOH'!POJibHP.:-. I 
H3MePHTSJibHI>lX H :ynpaBJislDIIIHX CHCTeM . Ha Cla3e Mn· ,liJISI:>aer(nmTJ13aUH.H . :: i 
~aY'~HHx HccJTe.noaa_HHA. · ·. _· · . _ . · .. · · · ' . -~ ,:· · •. · '·' ·· . : . :. · · . ·. i 

· 8 HaqaJie ·1982 r. I!JHPMOA IBM B~nymea., nepcoHaJibHI>lA. KOMnbDTep _. -~ 
~:_H~~ ~PC-:_~T,·:~_::_KOTQPOM_ •• cyJitectBYDT~:·rHITb~:H~SaHsnix:~paa'be~c,'a.'.:p~cwlfpe:_~::..:::=~.::~ 
HHSI .!lJISI ClY.!lYIIIero 'pacmHpeiHHSI'·CHCT.eMJi .!lODOJI~IHTeJI.b.HHM}I .CTaH,llapTHI>lMH. . . 

HJJH HecTaH.!laPTHHMH Mo.ziyJISIMH (HHTep~eR~aMHl ·> .llJISI·:pa3paoo:rKt~ H_ co3- • ! 

.!laHHSI ;aKHX HHTeplfleRcoa · Ha oa3e 8:0HTHoA D!HHI>l 'pacmHpeHHSI KoMnbD:.. ·I 
Tepoa, CeMeiACTBa IBM PC HeOOXO,llHMO . ~HaTb ·e,e • 3JISKTPH'ie9KYD. H Mexa-

-,._. 
_;,;: 

_4 

TenJTOeMKOCTb TeJJa COOTBSTCTBeHHO. 

8 cJiytiae pa'CloTbl c MylfleJibHOA netfbD MOlltHO npeHeOpetib noTepSIMH 

Ha H3JJYtfeHHe, npH 9TOM ypaaHeHHe TenJiosoro oanaHca npHMeT_c~e.!ly-
DIIIHA npHOJIHJteHHI>lA ali.n: .. 

,·, 

==~!- 2~---· ~~· (_i~.:L!cp!~-:__:-_~-~~:~_::~.:_Q,i : .. ~~~~·~·.:_· ~c~--~~(3)····":::_::.:_~~ 

r,lle ~['- CYMMapHI>lA K03~ifJHUHSHT Tennonepe.zia'IH: on.pe,llSJISI~MbiA. Teniio:.:. 
npOBO,llHOCTbD H KOHBSKUHSA •. • , . _ . 

TaKHM OClpa30M, 3a,llaHHe peryJTHpoBaHHR H:GTaClHJJH3aUHH · TeMnepa-
/ 

5 
'• 



TYPU OObeKTa CBO~HTC~ K peweHHD ~H~~epeHUHaRbHOro ypaBHeHH~ nep

BOrO nop~~Ka: (3) ~n~ onpe~eneHHH ynpasn~DBIHX KO::l~~HuHeHTOB •. cs~
aaHHUX C BeRH'iHHOR'TOKa."!epeaHarpeBaTeRbHUR ::lJJeMeHT; 

B rnase npHBo~~Tc~ xapaKTepHCTHim paaHux TeMnepai'ypHux ~aT
'iHKOB . (TepMonapu;. >repMOMeTpU • conpOTHBReHH~ ·, TepMHCTOpU .. H .. ~p. ) .• 
oOU'iHO HCnORbayeMUX B . CHCTeMaX aBTOMa TH'iecKoro KOHTpOJJsi • H ynpas~. 
JJeHH~ TenJIOBUMH npoueccaMH B '!f!H3H'ieCKHX ::lKCnepHMeHrax ;·• Ha npaKTH"'' 
Ke .. suoop THna ~a T'iHKOB TeMnepa Typu aaBHCHT. oT .· ::la~a <m ::lKcnepHMeHTa
H -TpeOyeMUX · napaMeTpOB · H3MepeHHf!. _,/ <:.:. 

.llaJJee B sroR rnase. paccMaTpHBaDTc~ .npooneMa paapaoontH yc·H
JIHTeJieR nOCTO~HHoro TOKa (YnT) H MeTO~U · KoppeKUHH ~peR~a . HY Ji~: : 
~BJI~·Dmeroc~. BaltHeRWHM' napaMeTpOM YnT •. Pa~HKaRbHUM MeTO,liOM OOpbON 

C ,npeR!f!OM HYJI~ • np11 YCI1JieHI111 Cl1rHaROB HanpsilltElHI1~ rlOCTO~HHoro TOKa 

siBJI~eTCS! ·· 11CnOJib30BaHI1e ·· YCI1JII1TeJieR C MO,ny JI~TOPOM..:.,neMoity .ii~TOPOM 
(M.!IM) : Oni1CaH paapaOoTaHHNR YnT C M.llM, B KOTOPOM npe,nJIOllteH HOBUR 

·. . . ~ ' . . 
MeTO,ll ynpaBJieHI1~ KJID'iaMI1 M.llM ,liJI~ 11CKJID'ieHH~ KpaeBUX ::l~!fleKTOB, 

no~BJI~DBII1XC~ 113-aa nepeaap~~a eMKOCTeR KJID'ieR~B MO,llyJI~Tope, "'ib 
n03BOJI~eT YMeHbWI1Tb BUXO.liHYD Heiii1HeRHOCTb .i\o .0,;2% Ha BCeX ,IIIiana.:; 
30Hax ero, paOOTU. YnT' 11MeeT cne,nyDBIHe. xapaKTepHCTHJ(I1 [1] ~-
·.;_ MI1HHMaJI&Huft ·sxo.nHoR cHrHan :.. e.n11H11uu · i.!lts/ ·· · .r 

MaKci1MaJI&HuR suxo~HoR · citrilaJI - ·1o·' B; · · · 

KO::l!fl~11U11eHTN y~~JieHHi - 250, 500;: 1060.' 

+ .,, 

:r,.--

Ha O,liHOR nJiaTe KAMAK WI1PHHOR 2M paaMemeHbl ,liBa KaH<=i'Ra "ycH.iieHH~. 
8 ,llaHHOR r JiaBe TaKJ:e. paCCMa TPI1BaDTC~ MeTO,llbl OOecneYeHH~ Ha r:-.. 

pyao"!Horo ToKa ,n.li~ ynpasn~eMilx. oObeKTOB OoJI~w~~( Mom~o~TH • .llaerc~ 
0n11caH11e paapaOoTaHHO,rO TI1PHCTOPHOI;'O . YCI1JI~TeJifL MOBI~OCTH : , (~MT). . 
[1] •. KoropuR ooecne'ii1BaeT: · · · '", , 

npeoopaaoaaHHe Hanp~llteHI1~ nocro~HHor'o .ToKa. 8 . Bhlxo.nHYD MomHocr& • 
su,nen~eMyD H~ HarpyaK·e. -no. RHHeRH.oA ·_aa.BHCHMo6rl1 :' .· . · -

raRbBaH11'4ecKo.e. paa,neJieHI1e ,BXO~Hl.JX' ueneR ~~ CHJIOBUX . BNXO,liHI:lX', 
• ' • ., ' ' + •• t' 

CB~3aHHI:lX C Harpy3KOR; ,·;· 

- BO~MOXHOCTb nO~KJID'i~HH~ K HeMy BHe~HI1X THPHCTO~OB. ,l(Jl~ •ynpaBJI8-
H11~ OO'I>eKTaMI1 00-!JbWOR MOBIHOCTH ,110 .6 .KBT. ,. 

YCHJIHTeJib MOBIHOCTI1 YMT C Hanp~llteHI1eM nHTaHH~ N • 220 B •. 5o ru 
HMeer CJie,llyDml1e OCHOBHUe _XapaKTepi1CTHKI1: 

- .lll1ana30HI:l BXO,liHI:lX CHrHaJIOB - Of 10 B, · 07 5 B, · O+ 1 B; 
- BXO,liHOe conpOTHBJieH~e YCHJIHTeJIS! - He MeHee 10 KOM; 

BHxo.nHa~ MomHocr& np11 ~cnoii&aosaHHH"rHpHcropos KY202H :- 2-KBr; 

- HeJII1HeRHOCTb 3aBI1CHMOCTI1 BNXO,liHCn MOBIHOCTI1;.BI:l,lleJI~eMOR Ha. Har-. 
. ' . ' 

PY3Ke, CT BXO,liHOro Hanp~lteHI1~·- He OOJiee· 5%. 

' 
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I. 

·,•o/ 

.. , 
YMT sunonHeH ·B ·aw,ne O,liHoro OJIOKa .. s: KOHCTPYKTI1Be 

MaccoR He ooJ!ee 3 Kr. · ·· . . ' · 
"BHWHS!n. C 

r '" • • • ~ 

· B • Hacro~mee speM~ · B JiaOopaiopl1~x OIHIH 11cnoJI&3);-DTC~ YCI1JI11TeJII1 

YnT 11 YMT B cocrase MI1KponpoueccopHI:lx cl1cTeM ,nJI~ asioMaT11tiecKoro 
peryJI-11POBaHHsi 11- ~Ta011JIJf3aUHH TeMnepaTypu neqeR ;a'. pa3HUX. ::lKcnepH- · 
' • • ""• ' •' • < o·, ' ': "' ' 

MeHTaRbHNX'YCTaHOBKaX. KpOMe·roro~·YMT TaKJ:e npHMeH~eTC~-B Ka"tfe-

CTBe HCTO'iHHKa TOKO,BUX i:JMnyRbCOB,liJISJ HCCRe,liOBaHI{~ ,liH~!f!Y3~H KH~JJO-
po~a · B oopaaue csepxnposo.n~meR · KepaMH~Ii · · [i, 2. 6. 7 J: ·_·'_ · ·' .• :; · · · 

'. ' 
TpeTbS!-rJJasa .n11cceprauHH nocs~meHa onHcaHHD paapaooraHHI:lX as-

ropow paaJIH'iHblX 'MHKpcmpoueccopHUX KOHTPOJIJiepoB 11 suno.IIH:eHHI:lX Ha 

~tx ~cHose cHcreM. ·npe,nHaaHa"tfeHHux · ,nJI~ peryJI!iposiiimS! .fennosilx:npo: 
ueccos OObeKTOB 11CCJie,noBaHHS! B. pa3JII1~uiux :3KCnepi1MElHTax·, npoBO,li11:-
MN~ ~- naoopa+'opli~x~OHHH. · ·· · . · ·. · :, · . · · · · ·· . ' · · . ' ··.··• . 

0n11caH asTOHOMHI:lR MHKponpoueccopHJ:lR KOH;po~.riep; (MKJ ·.c y,nam~~:_. 
HNM ynpaBJieHI1eM no nocJie,noBaTeJibHOMY KaHaJiy [1] •. MK 113rOTOBJieH Ha 

ocHoae M'n..;cep1111 KP580, HMevmeR oOwHpHoe nporpaMMHoe ooecneqeHI1e H 
nOJIY'ii1BWeR-B Hacro~mee BpeMR WHpOKOe picnpocrpaHeHHe B ~CCP. 

, HcnOJib30BaHI1e B KOHTpOJIJiepe B Ka"tfeCTBe ~epl1!flepi1RHNX ycrpoRCTB 

npeoopaaosareJieRAun 11 UAII 3Ha'ii1TeJibHO pacumpReT ero~okMOlltHOCTI1. 
B KOHTpoJI'Jiepe MK paaMemeHu 12-paapS!,nHDie .Aun i UAn. ' · 

B MK · npi-IMeHeH· nporpaMMiipyeMI:l_R KoHrpoJIJiep npepHBaHI1R •. · aanpo.cl:l 

Ha n~epusaHi;ie lia BX?.liDI IRQO 11 ~IRQ1 Koroporo nocrynanr c suxo,nos 
npOrpaMMHpyeMNX C'ieTt{I1KOB '; :sro rl03BOJI~eT. :nOI3llCI1TbTI10KOCTb npor

' paMMI1POBaHH~ MK 'B peJtHMe 3a,llaHI1~. 11HTepBaJIOB BP~MeHI1: 'iTO cymecT

BeHHO npif • 11cnon&aosaHI.m · MK ,nnSI .. nocrpoeHI1.S! paaHI:lX ynpaBJI~DBII1X 
CH~Te·M, B "tfaCTH.OCTI1; . 'ci1CTeMU 'pe'ryJII1POBaH~~ TenJIOBDIX npouecCOB ~ 

" . ~'.. ' ' "7 •. -~ .. ' -~ ' . ,. • '• • . .. 

r ,ne HeOOXO,li11MO :·.sa ,nasa Tb CKOpOCTb __ H3MeHeHI1~ .TeMnepa TYPI:l ~ 11 BpeMS! ee 

no.n~eplltaHH~ Ha. aa,naHHNX YPOBHS!X •. , . •· ' 

. KOHTponnep MK c ~HCT~HUHOHHI:l.M vhp~BJieHHeM ooieKTOM . (,110 1000 M) 
. ' HMee·r cJie,nynm11e rexHH<iecime ·xapa~reP'H'~rliim: · · .:. 

t -· S,aHaJiorOBDIX _Bxb,llos (BXO,liHOe HanpS!llteHI1e - .0710
0
8); .· 

- O,lii1H. aHClROrOBHR BbiXO,ll C Hanp~ZeHI1~M ·'"' O+ 10; B; 
speMS! npeoo.paa,osaiili~ Aim. - N · 50 MKC; . . 

cKopocr& aci1HXPOHHoro n~11eMa-nepe,naq11 - 1200.· oo.ll; 

soaMrixHocT& · aa,llasca Tb _11HrepsaJiu speMeHH oT -1 MHH •.. · ;no 9 6 qacos. 

.liJIS!.npose,neHI1~ .lll1!flpaKU110HHNX .::JKcnepi1MeHTosno·Hay"tfeHI1D crpyK
rypl:l seinecTsa Ha lieRipoH'HoM .nH!f!paKTOMeTpe . ~H--2 Ha. HMny:n&cHoM pe.::. 

aKTope .HEP-2 · co3.naHa Ha .ocHose MK asroHoMHaS!' MliKponpoueccopHaS! 
. CHCTeMa·. ,liJIS!. peryJIHPOBaHHsi H cra0HJII13aU11H. TeMnepaTyp~. 11CCJie,llyeMI:lX 

00pa3UOB, BKJID'i~l.DBiaS! B ceOS! 'JiaOop .. !f!YHKUI10HaJibHDIX ::lJieKTPOHHUX 



ClJIOKOB: YilT, MK 11 YMT, . pacnoJIOlleHHbiX B 3KCnepHMeHTaJibHOM 3aJie 

peaKTOpa. YnpaBJieHI1e paClOTOR. CI1CTeMbl OCyQeCTBJISieTCSI C. noMOJllbD. 

,ni1CT3HU110HHoro TepMI1HaJia (·v 600 .. M) Tl1na VIDEOTON-52130 B' 113MepH-
TeJibHOM ueHrpe. JIH4> [1]. . 

llaH~aSI ClfcTe.Ma . Ha llH-2 . TaK:a:e npHMeHSieTCSI B. 3KCnepi1MeHrax. no . - . . - . . 
H3yqeHHD npouecCOB C11HTe3a HeKOTOPbiX BTCll-MaTepl1aJIOB~(HTTpHeBbiX H 

B11C~YTOBbl~ KepaMHK) • llpe_ncTaB~eHbl HeK(>Topble SKCnepHM~HTaJibHble pe-:-

3VJ!bTaTbl c11Hre3a ·_8rcn~KepaMI1K •. Hanp~Mep, 'rHn ~-2-3 !Y 
1

Ba
2
cu

3
oxl : _ 

B.HaCTOSIJllee BpeMR ,nJISI ynpaaJieHI1H 3KCnepHMeHTOM, 3H3Jll13a H. OCl

paClOTKI1 ,naHH!lX ~HpOKO np11MeHSIDTCSI pa3Hble T11mi MHKpoSBM', HanpHMep, 

Ha HeRTPO~H~M .n~I!JpaKTOMeTpe ~H-Z B JIH~ HcnoJI.b3yeTCSI B . peJKI1Me "ori 
1 in~" nepC~HaJibHbiR. KO~nbDTep KJiacca PC/AT~286. ~JISI ., 3TI1X .lie UeJieR 

aaropoM paap~rioTaH.·a cTaiJ.nap;e KAMAK ~IHKponpou~tc~p~·biR KOHTpo~nep 
MKK (pHc ~ 11 , axo.nSimHR a cocraa annaparyp~ ~HI!JpaKT_<JMerpa llH~2 J.i 

'f.;-_·. .. 

_,,_ 

·HiA,i-1 zls1,s2;;>: 
K AKA K··. ·' · : 

PHc.1. BJIOK-cxeMa MHKponpoueccopHoro KOHTpoJinepa a KAMAK ·!MKK). 
Ull3 .,- UeHrpaJibHbiR npoueccopH!lR 3JieMeHT (KP580HK80A, :;.· ... 

KP580BK28 .. KP5aor4>24 .. 2 ·CXeM!l -K155Jill10) ;··c ... : .... ·· . 
. llOH-~ ndcJie,noaafeJibH!lA 11HTipi!JeAc (KP580BB51A); 

Kll - KOHTPOJIJiep npepuaaH11A · (KP580BH59) ; , 
nr -. - :nporpaMMI1pyeMue. raRMepu (2 cxeMu KP5BOBH53) : 
llAH -·napaJIJieJibH!lR 11HTepi!JeRc (KP580BB55A) ; . .. .. . ,. 
AM - 8-KaHaJibH!lR aHaJiorOB!lA MY_JibTHnJieKcop (MAB-,08F)·; 

. •' 

8 

. 1 . 
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'l·-··.·· 
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j 
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~ynpaBJISieMNA .nepcoHaJibH!lM KOMnbDTepOM t./epe3 .. KpeAT-KOHTPOJIJiep [27 

5] • ilpli noMomH TaKara KoMnJieitca: an~apa;yp~· KAMAK i1 ynpaaJISinmeA 

SBM, npoao.nSITci sKcnep~MeHT~- rio i1ccJie.nosaHI1~' nepexo.nHux npoueccos 

B KPI1CTa~JiaX El'fGIT-Ma.TepHaJio~ : (I!Ja30B!le nepex~.nll, . nepexo.nHNe npo:.C. 

ueccu MaJI~A ~ ,nJII1TeJibHOCT11·. 11 .np. 1 , B -KoTopu'x Iieooxo.nHMo H3MepeHI1e 
' . - Y.,••; "'"' -,. ~~~ - - • . . ., 

KoppeJIHpOBaHHOR 11HI!JOpMaUHH (,nHI!Jpa_KU110HHble· cn~KTp!l, TeMn~paTypa) 11. 

.np. 1. 11 ee HaKonneHI1e s naMSITI1 SBM. 
· • B KOHTPOJIJiepe MKK !n~- ~pa~He~I1D c KowrponiiepoM MKI . yaeJII1qeHu 

eMKOCTb naMSITI1 llll3i ,110 ~4 KClaAr.l1.eMK~~Tb 03Y .no 8 KClaRT; BBe,lleHa 

.zionoJIHI1TeJibHa$i cxeMa, . oClecneql1aanmaSI nporpaMM,HhiR nepexo.n K 'ynpaa

neH11D_' KOHTPOJIJiepoM 11JII1 no napanJieJibHOMY KaHaJiy . qepea· WI1HY KAMAK • 
' ; ' . .. ' ~ . . . 

OT PC, 11JI11.nO nocJie,IIOBaTeJibHOMY KaHaJI_Y THna _RS-232 OT aBTOHOMH()rO 

fepMI1Hana 11 T. ri~ , · qTo noaaonSieT ysen11q11Tb aoaMolltHocrb ero paCloTbl. 

· Co3.naHHaSI Ha ociioae: MHKPoKcm~poJinepa; MKK ;TeMrr~pa Typ~aSI c11~re-
_ . " . ' - . . ' . . . ; . ' .,- . . ;· ~' .-. . 

Ma Ha ,1111I!JPaKTOMeTpe llH.-;2 'no3BOJISieT;. · .. ~ . 

3a,llaBaTb CKOpO(;Tb·HapacTaHI1SI 11 yMeHbffieHI1SI TeMnepaTyp!l OClbeKTa. C 
MI1HI1MaJibHNM 'maroM 1.°C/MHH .. · · · · · _ 

- aa.naBaTb TeMnepaTypy ,nJISI peryJiilposaHI1SI a .n11anaaoHe .aT ~-- 40°C ·.no 
ll0.0°C. 11 no.zi.nepllii1B3Tb 3a~aHHYD TeMnepaTypy C TQqHQCTbD ±1°C; 

- aa.naaa~b nepHO,ll pe~HCTpaU11M TeKYIII~A T~~nepaTypbi . ~·· naMSITb -03Y. 

MKK a)l11anasoHe oi :200 MG • .no ·32 76 · c: c M11HI1M3Rb.Hili.M war oM 100 Me; 

Eiao.nH~b. Cl1cTeMy B peltm1·brariHimaaui1J.i; TeM.n~pa T,YPN a: 'ripOI13BOJlbHblR 

MOMe~T pyqHbiM n~TeM~or KJiaBHaTYPN ynpaBJISIDmero'KOMnbDTepa; 

- 3~,llaBaTb npe.neJibHYD TeM~epaTypy OClbeKTa, np11 IOCTI1lteH1111. KOTOPOR 

neqb aBTOMaTI1qeCKI1 BbiKJIKJqaeTCSI. 

llJI~ ynpaBJieHMSI 3KCnep.I1MeHTOM Ha HeATpOHHOM .11111!JpaKTOMeTpe _llH-2 

,.. ·npnMeHeHa , 11PorpaMMa Noc:ExE lla SI3NK~ ,Tf!~B~:...p~scAL, .· no.3BoJISIDmaSI 

1
;, BNnOJIHS!Tb HeOClXO,lii1MNe. ~nepaU~11 Y~?aBJieHI1SI~ annapa TYPO A,. B TOM· q11c-: 

~· Jie 11 KOHTPOJIJiepOM MKK'TeMnepaTypJtoA CI1CTeMN. TaKnM_ OClpa30M,ocyme,;. ... 
i . . . .. .. . " ' . . . . • : . - . . . . . . . . .. . : ' '. 
~ CTBJISieTCSI CI1HXpOHHOCTb peri1CTpaU1111 'TeMnepaTYPHbiX. rpai!JI1KOB C: peri1-

'M . • . . .... '· .. . " .· . 

1 

CTpaU11eR ,1111I!JpaKU110HHbiX cneKTpOB, qTQ OCOCleHHO BalKHO .. 8' HeATPOHO-... 
. rpai!JI1qecKI1X 3KcnepHMeHiax: B pea)IbHOM Ma~iuraCle apeMeHH npl1. 11C.CJie::.: . 

· .nosaHI1H nepexo.nHNX npoueccoa a KPI1CTanJiax BTCll--MaTepl1anoa [375]. 

1. 

·~l 

• >' ' > ', ' 

·.· llnSI TePMI1qecKoA oClpaCloiKw MaTepHaJios a craul1oHapHux ycJIOBI1SIX 
npJ.i. npoBe,lleHI111. TeXHOJIOrl1qetKHX Ol1EipaU11A .113rOTOBJI~HHSl. KepaMHq.ecK~X 
~Clpa3uoa it ·ii3,lleJII1R 113 HI1X WI1PDKo npHMeH:SI~T- Harpes~TeJibHhle _ yc1-poA--- ·~ ·-···---~------- ~--·-.-.- -----~-----·- ----- ---~- --·----· _ _,.,_ ---- - ., _,_ __ ,_ __ --- ----- ·-- -·-- ·--·-. - -.-- .. -- -· - -- . ·-·-· .. 
CTsa·c HenpepbiBHOA paClOTOR B TeqeHI1e ~eCKOJibKI1X CYTOK c.nOCTOSIH-

. HOA. 11JII1 MeaneHHO H3MeHSIDJlleAcSI so apeMeHI1 TeMnepaTypoA. llJISI 3TI1X 11 
IPYr.I1X uenefi a_aropoM paapaCloTaH. KOMn~KTH!lA nporpaMHI1pyeM!lA. TepMo

peryJISITop· !llTI , · cocToSimi1A 113 MJ1Kponpoueccoi>Horo·- KoHrpoJIJiepa · !MKJ 
. . . ~ • • f • 

9. 



PHC.2. 

.. --:.·-

:f·· c 

CTPYKTYPHaSI cxeMa MHKponpoueccopHoro 'KOHTpoJinepa c 
nyJibTOM KJiaBHaTyp!i. H UH~POBOR HH~HKaUHeR. • . . 
nK _-·npeoOpa3oBaTeJib napanneJibHoro Ko~a B nocne~o-
. '· • BaTeJibHHR KO~;· . . . . · .. -· 
$H - ~OpMHPOBaTeJib HMnyJibCOB ~JISI nepe~a~H KO~a '8 MK. 

c KnaBHWHHM ynpaaneHHeM H UH~poaoR HH~HKaUHeR (pHc.2), ycHnHTeneR 
• > I ' . ' • ~ 

YnT H YMT, OnaKa nHTaHiHI En 1 no3BOJISIIllllHR BBO~HTb npOH3BOJibHYD 
nporpaMMY H3MeHeHHSI TeMnepaT.YP~ so apeHeHH H KOHTponHpoaaTb .ee 8 

. . . . . ' ., . . . - ' (' - ' '~ ' 

npouecce paOoTu [6]. 

OcoOeHHOCTb. TepHopery.iiSITOpa nT 3aKJIDlfaeTCSI .8 TOM,. ·lfTO KPOMe 
. .. - . " .. . . " '·-' 

B03MOJtHOCTeR .JIHHeRHoro Harpeaa H no)t~epJ:aHHSI. TeMnepaTypw. Ha 3a..,. 

i 
I .. 
I 

·tj 
--~' 

. ~' 
! ' 
( j 

!f 
?' 

1 
.1 

I 
} 

)•' 

:~ ,j 
l' 

T 
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BaHHOro 'HacwmeHHSI KHcnopo~6M BTCn-MaTepHaJIOB npH pa3HNX TeMnepa

;ypax, . cocTOSIIIlaSI' H3 CHCTeM!i OT.KalfKH H H3MepeHHSI .ziaaneHHSI H cue-' 

TeMw peryJIHpoaaHHSI TeMnepaTyp!i oopa3ua Ha· ocHoae· TepMoperyJISITopa · 

nT.. ~Ta BaKYYHHaSI CHCTeMa no3BORSieT YlfHTNBaTb . H3MeHeHH~ ~aBJieHHSI 
KHCJiopo~a Ha~ nopOWKOM BTCn 'C BliCOKOR T6lfHOCTbD. (nOCJie JIDONX H3-·

MeHeHHR TeMnepaTyp!ij. COOTBeTC'f.8eimo MOliHO·:onpe~eJISITb KOJIHlfeCTBO 
KHcJiopo~a.:nornomeHHoro-~nopomKe BTCn-MaTepHano~. 

TaKOA; ~e peryJISITOp npHMeHSieTCSI B JISIP OHSIH ~JISI a8TmtaTJ1lfeCKOro 

ynpaaJieHHSI TennoBNMH npoueccaMH neqeA npH · npoae~e~HH _TepMoxpoMa

Torpa~HlfecKHX 3KcnepHMeHTOB no HCCJie~oBaHHD TpaHcaKTHHH~HHX. . 3Jie-' 
. . ' . ,, ' 

MeHTOB, .' CHHTe3HpOBaHHNX Ha· nylfKaX · TSIJ:eJIWX HOHOB. 

· . .llanee B 3TOR r.riaae paccMaTpHBaeTcR npoOneMa CBSI3H no nocne~o-
saTeJibHOMY KaHany o~Horo .ziHcnneRHoro repMHHana c MHOrHMH aBTOHOM
HiliMH M~Kponpouecc6pHNMH. CHCTeMaMH ~RSI .. C03~aHHSI ,MHoronpoueccopHOR. 

CHCTeMw ynpaaJieHHil OO'beKTaMH. STa \ 3a~aqa pemaeT'ca: c nOMOIIlbD . 8-

KaHaJibHoro MVJib-THnJieKCOPHOro · OJIOKa (ME), pa3pa06TaHHOr~ aBTOPOM 

~RSI 3TH X J:e UeJieR. JiorHKa OJIOKa ME rio3.BOJISJeT paOOTa Tb KaK · B pyq-
HOM, _ TaK H · B riporpaMM~o~y-~paBJISieMOM peJtHMe KOMMYTaQHH [7]. . . 

B JIH$. OHSIH B nocne~Hee apeMSI npoao~SITCSI 3KcnepHMeHT!i no·eHpa-. . ' , .. '. ·. " ' --_ ~ . 

,lllHBaHHD MOHOKpHCTaJIJIOB H!::! pa7nnaBOB .no MeTo~y , rpa~HeHTa -TeMnepa- _ 

Typu J]PH, noMOIIlH 3ReKTponelfH c, TPe,xceKUHOHHNM- Har.peaa TeJibH!iM · 3Jie- ' 

~aHH!ix YPOElHSIX anmip~ ~Hiie cpe~cTaa H . nporpaMMH~e ooecneqeHH~ 
pery~SITOpa . ~aDT H B03M~li:HOCTb. JIHHeRHoro . yMeHbWeHHSI TeMnepaTypJoi. 

OO'baKTa C MaJINMH CKOPOCTSIMH, i~TO cymecTBeHHO B npoueccax npHrO-

TOBJieHHSI 00pa3UOB BTCn: KpoMe · 3Toro np~rpaMMHOe. OOecnelfeHHe .Tep..,- ·. f _ . . ; ·· .. ~'-..:.:.-~'-'---_,_~_:___:. __ ...._~:_:.:..._:__..:.;.:_.:.c":~-~.o.:_.-:._:.__·~· -'----. ___ . '---'-·--=--• -. -
~-~Moper.yn~1Topa~nT~TaKxe~n6~8~n~e";f..fio.iib'3oBaTeJID=-rip"QaepHTb~H-:H3MeHHTb·--=:_T:.···~ p~f~~· ·Enoit-cx~~~MHO~~-;~OU~~c~~~~R·-~~~-;~-~--~JI~-~~;~~~~poaa;HSI·----
3a~aHHNe napaMeTp!i 8 JIDOOR MOMeHT npH BNnOJIHeHHH nporpaMMH. . TeMnepaTypH!iX,peJ:HMOB B TpexceKUHOHHOR 3JieKTponelfH. . 

. . · · . . · '' • . . ' - • YnTHYnT3 - YCHJIHTeJIH noCTOSIHHoro TOKa; . EJiaro~apSI _OOJibWHM ~YHKUHOHaJibH!iM B03_MOXHOCTSIM TepMoperyJISITOpa .. ·. t. YMTl+YMT
3 

_ yCHJIHTeJIH MOIIlHOCTH; 
OH nOJIVlfHJI WHPOKOe npHMeHeHHe 8 pa3JIHlfHNX 3KCnepHMeHTaJibHHX YCTa
HOBKax. HanpHMep, a JIH41 OHSIH ~o3~aH·a aaKYYMHaSI cHcTeMa itanHOpo-

/ . . 

10 

MKl + MK3 - MHKponpoueccopHN!! KOHTpOJIJiep!i; 
ME - BOCbMHKaHaJibHiiR MVJibTHnJieKCOpH!iA OJIOK. 
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MeHTOM, YnpaBJieHI1e TeMnepaTypH!IIMI1 pelt11MaMI1 8 TaKOR ne•m ocymeCT.

BJIS!eTCSI ,c. rioMO!IIhD. coa.naHHoR. HaMH MHor~npouec~opHoR CI1CTeMu, coc; 

TOS!DleR H3 Tpex.He3a811C11M!IIX nporpaMMH!IIX,TeMnepaTypH!IIX no,nCI1CTeM•I1 

onoKa ~oMMYTaTopa ME, ~np~.nHaaHa~eHHoro ~JIS! ::no.nKJID'H~HI1.SI · sTI1x no".n
citcTeM K oOmeMy ynpaBJISIDD!eMy TepMI1HaJiy (pi1C. 3) [7] • 

AHaJI.Ori1'1HaSI· KOH!fmryp~~HSI ~11CTeM!II ;C np~~eHeH11e.M. OJIOKa M5 ·MOlteT· . 

OlllTb 11cnoJJb30J3aHa .n.nSI per:y JII1Pm~aH!iSI _TennosNx npoueccos s .nsyx 11.JII1 
oonee Heaasi1CHMNX oO'beKTax, .. · ynpasJJS!eMux. aBTOHOMHNMI1: MI1Kponpouec~ 

. . "• -·.. • . . • . . ~,J .. • . . . : • 

COPH!IIM11 KOHTPOJIJiepaM11 Tl1na MK. · 

BI1~HO, 'ITO np11 C~s,naHI111 aBTOMaTI1311pOBaHH!IIX CHCTeM· .Ha Oaae · Mn 

11 MI1Kpo9BM ,nnSI ynpasnEmHsi ~pou~ccaMH. a Tait:.~e . .nn~ cci.opa 11 oopa::. 

OOTKI1 ,naHH!IIX B .. lfi113H'leCKI1X 3Kcnepi1MeHTaX peaJII13aUHSI nocTaBJII3HHOR'< . ' - -. . ', ., ·,. . . . . ~ . 
aa,na'll1 pemaeTCSI He TOJibKO • annapaTHillM11, .HO 11. nporpaMMH!IIMI1. cpe,ncT-
BaMI1 •. B 'CB~311 'c:;TI1M 'a ·.n~·HHOR, ·r~ase paCCMaTp.I1BaeTCSI nporpaMMHOe: 

ooecne~eHI1e ~·mi<p6npoueccopHux c11cTeM .nn~ pery n~pQBaHI1SI·. 11 cTaOI1JI11-: 

aau1111 TeMnepaTypu,s.sKcnepHMeHTaJibH!IIX YCTaHOBKaX [1,2,6]. 

KaK no.KaaaHo so BTopoR rnase, · ypasHe~l1e · Tennosoro oanaHca 

peryJII1pyeMoro o"O'beKTa' 8 OOJ!bWHHCT~e CJiyqaeB, MOltHO npi10JII1lteHHO, 
' . ~ ' ' '~: . . ' - ~ 

Oni1CaTb CJie,nyD!III1M Bl1.l{OM: 

c liZ'+ A IT;,. . .T
0

1 = {),. . 'dt.· • (4)' 

r.ne {) = R.I. 2
- Tenno, su.nenS!eMoe HarpesaTeJif:>H!IIM sneMeHTOM; A - KO- · 

31fllfJ11U11eHT nponopU110HaJibHOCTI1; CBSI3aHH!IIR · C KOSlfltlJ11U11eH~OM T_ennone

pe,na'll1 oO'beKTa;._ T- TeMn,epaTypa·oo'beKTa; T
0 

- TeMnepaTyp~ cpe,nlll. 
TaR KaK ypaBHeHI1e (4) SIBJIS!eTCSI ypaBHeHI1eM· nepsoro, nopS!,nKa~ TO 

.l{JISI CTa0HJIIi3aU1111 TeMnepa TYPiil. OO'beKTa· MciltHO 11CnOJib30Ba Tb .TOilbKO 
JII1HeRHoe 11 .ltHtfllflepeHU11aJibHOe 3BeHbSI: 

I = x:1• .. 6 T + x,2 .f!...&X. '/ . . . .. . .•dt • (5) 

r.ne b.T = T._-:-TcT ITcT - aa.naHHaSI TeMnepaTypa · ~~SI cTa0HJI1i3aU1111). '; 
K1 ,. K2 · - K031fltfi11U11SHT!II, BeJII1'l11Hiil KOTOP!II~ 3aBI1CSIT OT TeMnepaTypu~ 
2(;T 11 .lti1HaMI1'leCKI1X XapaRTepi1CTI1K'· peryJJI1pyeMoro OO'beKTa •. 

· nporpaMMHoe ooecne'leHI1e MHKponpoueccopHux cl1cTeM • .nnSI· i:>ery mi.:.:. 

POBaH11SI TenJIOBI:lX npoueccos OO'beKTOB HCCJie,noBaHI1SI~.COCTOI1T_ H3 
~c-__ saai1MocsS!aaH1iix=q-ac.fe9;-:.=-npo~p~M-,:;-~:~~~-~"eRiJoro.., pasroiia··-.c·cHI1J:e -. ·---. -

H11SI TeMnepa Typu . C pa3HHM11 CKOPOCTSIMH; 'nporpaMMa . .l{JISI BBo,na CI1CTeM!II 

s YcTaHOBI1BWI1RcSI pe:atHM (nporpaMMa·s nepexoilHoM peJ:I1Mel,,nporpaMMa 
no,n,nep:ataHI1SI aa,naHHOA TeMnepaTypu 11 cepBI1CH!IIe . lfiYHKUHH (OOMeH 
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11HtlJOpMaU11eR C BHemHeR 9BM, BlllBO,n napaMeTpOB -C11CTeM!II Ha ,n~cnneA, 
113MBHBHI1e :aa,naHHI:lX napaMe'l'pos 11 T .,n.). · Kax,naSI_ H3 .HHX TpeOyeT 

pa3JII1'lHOrO MaTeMaTI1'leCKOrO pemeHI1SI 11 BJII1SIBT ,npyr Ha ,npyr. 

TaK KaK npaKTI1'lBCKI1 HBB03MOltHO 00ecne'li1Tb MrHOBeHHOe 113MBHe

HI1e .TeMnepaTypu np11 .neACTBI111 TOKa qepea. H_arpesaTeJib, ·.To .nnSI nony,... . 

'IBHI1SI MaJieHbKI1X .OTKJIOHBHI1R pery~I1PYBMOR BBJII1'li1Hiil _OT ee OnTHMaJib-: 

HOrO 3Ha'leHI1SI ,neRCTBI1e BXO.l{Horo TOKa npOI13BO.lti1TCSI 8 MOMeHT,"Kor,na 

pery Jll1pyeMaSI BeJII1'111Ha .l{OCTI1raeT aapaHee B!IIOpaHH!IIX · 3Ha'leHI1R. JIJISI 
3TOrO. He00XO.l{I1MO BBO.l{H'fb 8 np~QeCC!II pery miposa~~SI npOI13~0.ltHYD 
lT It/ 11 aHaK 3TOA npol1a~o.nHoR. - ··· ·· · ·• · -

B sToR :ate rnase npl1se,neHu.paaHue anropi1TM!II paOOTill ynpaBJJS!DmeR 
nporpaMM!II, a , TaK:ate ,naHO OmfCaHI1e .:KOHKpeTH!IIX ~ei6~HK. np11 Hani1CaHI111 
Ka:.~.noR 11a paaH~x·qacTe~ ,nporpaMMHorb ooecne~e~11S1: -- · . 

B 'leTBepTOA rnase. ori11caH!ll paapaOoTaHHNe aBTOPOM 11HTeplfJeRcu Ha 
WI1He paCWI1PBHI1SI. i nepCOHaJibH!IIX KOMnbDTepoB CeMeRcTaa'' IBM PC; npe,n- . 

Ha3Ha'leHH!IIe · . .l{JISI. · nOCTpOeHI1SI 11HlfJOpMaU110HH0~113Mepi1TeJibH~X 11 ynpa-
BJISID!1111X ~11CTeM Ha oaae PC-XT';AT. · ·· ' · · · 

cymecTBYDT paaJII1'lH!IIe.: MeTo.nu npeoopaaosaHI1SI .· aHanor-K~,n. .JIJISI 
sso.na · .naHHhiX B· MI1Kponpoueccopl.i- ilaHOO.nee ueneco'aopaaHo wcnonbao

sa Tb · A.un no MeTo,ny . nocne.n'osa TeJibHoro · npi10JII11t.eHI1SI, 11MeDml1e Manoe 

speMSI npeoopaao8aHI1SI, oJIHHaKosyD cKopoctb lfJOPMI1POBaHI1SI N-paapSI,n

Horo CJIOBa 11 OOecne'li1BaD!II11e B!IICOKYD. TO'lHOCTb · np11 . OTHOCI1TeJibHOR 
npOCTOTe CXBMHOro pemeHI1SI 11 T.,n. 

Jl.iJ~ noro ~ paapaooiaH 11HTeplfleRc MHorosxo.nosoro 12-paspSI,nHoro 

AUn nocne,noBaTeJibH~ro npi10Jli1JteHI1SI. AUn 113rOTOBJIBH . Ha OCHOBe .12.:. 
\' . . . . . . . 

011THoro UAn. Tl1na· K594nA1, 12~011THoro~peri1CTpa nocne.nosaTeJibHoro 

npHO!!I1J:eHI1SI Ha K15511Pl7, aHanorosoro KOMnapaTopa Ha KP597CA3 11 

,npyr11x .nonoJJHI1TeJibHhiX sneMeHT9B. Ha sxo.ne AUn ycTaHOBJieH BOCbMI1-

KaHaJibHiliR aHanorosuR KOMMYTaTop: ooecne'li1BaDmHR KOMMYTaUHI) o.nHoro 
H3 ·.· 8:-M11. 'KaHaJIOB. Cl1rHaJia. AUn~ OOecne'li1Ba·eT. iJpeoOpa30BaHI1e BXO.l{H!IIX 

i c11rHanos B .n11anaaoHe ·o+lo/B, speM~ npeoopaaOsaH~SI··nopSI,nKa .so MKc 
11 11HTerpaJibHYD HeJII1HeRHOCTb He Xylte 0,2%;·. _ 

9TOT 11HTeplfJ~RC MOltBT Ol:lTb npi1MeHeH .l{JISI C03,naHI1SI MHoroKaHaJibHOR 
. CI1CTeM!II COopa SKCnepi1MBHTaJibH!IIX ,naHH!IIX · Ha Oaae ·pc...:XT/AT. Hanpl1-

l ' - - - ' . > • ' • 

Mep,: np11 npose,neHI111 ~upa!II11BaHI1SI K~I1CTaJIJIOB BTCn no cnocooy aa.na-

. HI1SI s- pacTsope. rpa,nl1eHT~_I.eMnepa TYP ,_KaK _npasi1JIO ,_Heooxo,ni1MO -Ha--..:_---c·
----==:o n~>ia Tb- HsM-;;H~HHe=·TeM~~'Pa TYPll ~ s -:-paoa·i:i~t.i -6·o·ie-~e-,...il'e-ifli-;-·-;.iie---liaxo..::---·--

.ni1TcSI 00pa3~U. )lJ!S! 3'J:Oro HYltHO YCTaHOBI1Tb HBCKO.i!bKO TeMnepaTYPH!IIX 

.naT'li1KOB B~3TOM.00'beMe.l1 CHI1MaT~ HHlfJOpMaU11D' C HI1X O.l{HOBPBMBHHO. 

· ; B.: I" JI~.s~ ·._.naeTcSI .on11c.aH11_e · .~HTeplflel!ca 'sso.na-suso.na aHanorosoR.' 
; _-, .·· 

·}3 ·, 

·' 



HH!IJOpMaUHH · \PH!:_; 4) i rrpe,nHa3Ha\.!eHHOro ,llJISI IlOCTpOeHHSI . yrrpaBJISIDllleR 

CHCTeMill Ha Oa3e PC-XT/AT [8]. 

PHC. 4. BJIOK-CXeMa HHTep!IJeRca BBO,Ila-BiliBO,Ila aHanorOBOR HH$OpMaUHH •· 
~1- !flOpMHPOBaTeJib HMIIYJibCOB yrrpasneHHSI\KJID\.!aMH,MIM; . 
~2 - lflOPMHposaTenb cHrH.anos sarrpocos Ha ·npeplliBaHHe; · · 
Jq -' ,lleJIHTeJib t.!aCTOT.Ill; BP -c OylflepHiliR pepHCTp.. . 

./ 

HHTep!IJeRc ooecrret.!HBaeT: .·• , 

- YCH_JieHHe . CHfHa_JIOB HaiipSIZeHHSI MHKPOBOJibTOBOrO ,llHarra30Ha .C: pa3JIH-. 

t.!HiliMH_ KO~!IJ!IJHUHeHTaMH ycHneHHSI :: ·150, 250 I :.5oo u · 1000, ycTaHasnH-

. saeM~MH rrporpaMMHiliM nyTeM; . ' · . 

- npeoopasosaHHe ·aHanoroslllx CHfHanos. s .llHanasoHe OT. o.•.llO 10 ..• ;B B 

12-ClHTHille UH!IJPOBI>le .l(aHHille C speMeHeM npeoOpa30BaHHSI•- 50-MKC.; 

rr'peoOpa30BaHHe 12-ClHTHiliX UH!IJpOBiliX ,naHHiliX 8 aHanoros6e- HanpSIZe

HHe ,llJISI.YTIPaBJieHHSI,HCTIOJIHHTeJI~HiliM.3JieMeHTOM;-· 
·· -'·.sa.llaHH~-HHTepsanos- speMeliif-=npH:•-noMoDiif··::nporpa.t.I.MiipyeMoro --TattMepa 

11 803MOZHOCTb OClCJIYZHBaHHSI·s·pezHMe npeplliB~HHSI. 

Janee 8 HaCTOSillleR rnase OIIHCI>IBaeTCSI CHCTeMa, .C03.1(aHHaSI Ha Oa3e 

HHTep!IJettca BBO.Ila~BHBO.Ila 11 PC-XT/AT 11 HCIIOJib3yeMaSI .llJISI perynHposa

HHSI/TeMrrepaTypHHX peZHMOB B My!IJeJibHOR Ilet.!H •. K ,llOCTOHHCTBaM TaKOR 
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.CHCTeMH.OTHOCHTCSI·B03MOZHOCTb HaxoiHTb OTITHMaJibHOe pemeHHe 3a.l(at.!H 

cTaOHim3aUHH · TeMrrepa TvPI>l neq11 c rrot.iombD nporpaMMHoro ooe~~et.!eHHSI 
Ha _SI3HKe sucoKoro · ypoBHSI •• KpoMe Taro, npHMeHeHHe i-ao.lni'"IHo-'opHeH

THposaHHHX (HJIHTaO"JIH\.!HO:..yrrpaBJISieMHX)MeTO.IlOBIIporpaMMHposaHHSI ~a 
t' < ~ '< ' ., 

SI3HKe' ; ASSEMBLY··. 3aMeHSieTCSl ·· · Ma TeMa TH"!eCKHMH ftlYHKUHSIMH; KOTOpHe .. 

ClHCTpo pemaDTCSI · lia" SI3HKe BllCOKOro YPOBHSI TuRBO-PASCAL.' '>•. , . 
Cne.llyeT OTMeTHTb; \.!TO Kpot.te 3a.llat.!H coopa .llaHHHX H peryn11p9sa:..: · 

HHSI TeMrrepaTypH IIet.!H MOZHO HCIIOJib30BaTb TaKyll CHCTeM~·.IlJISI npose~ 

.lleHHSI H3MepeHHR .npyrHx 'napaMeTpcia sHemHe.ro oO'beKTa, npe.ncTa.'snSI

eMux. :a aHanorosoM BH.Ile ~·· a· Taue H. ~JISI · ynpasneHH~ pa3JIHt.!HiliMH 
TeXHOJIOrH"!eCKHMH rrpoueccaMH. • . . . . . . 

B 3aKJID\.!eHHH ripHBO.IlSITCSI .OCHOBHiie pe3yJibTaTH BHIIOJIHeHHOApaOOTH, 
KOTOpl>le Bbl.llElHraDTCSI Ha 3aminy:. • - . , . . . . .. . 

1. "CiflopMyneposaHu ocliosHille -ipeoosaHHSI K' ynpasJISIDllleA cHcTeMe 
Ha ocliose Mn .llJISI asToMaTHifecKoro perynliposaHHSI.Tennosux npoueccoe 

8 3KCrrepHHeHTaJibHbiX YCTaHOBKaX .~ BKJID\.!aDuiett. B • ceOSI: HaOop !IJY~KUH~
·HaJJbHI>IX neKTPOHHI>IX OJJoKos: ycHJJHTeJJH · cHrHaJJos 'c · 'l'eMrrep~TYPHH~ 
.naT\.!HKOB, nporpaMMHpyeMbiR KOHTPOJJJJep ynpasJieHHSI paOOTOA:CHCTeMbl B 

UeJJOM, YCHJJHTeJJb MOmHOCTH ',4JJSI ·rreTaHHSI' Harpe sa TeJJbHOro 9JJeMeH~a · 
ynpasnSieHoro oO'beKTa · H .llP: ' · ; . · ··. . · 

. . ' - .~ '.., . '· ~ ... 

i.::Pa3paCloTaHI>I H C03,llaHH BXO.IlHI>Ie H BlliXO,IlHble YCHJIHTeJIH, BXO,IlSI-
~ • ' ~ + ,__ • ...., ' ' '. ', t -- '. 

lllHe.BCOCTaB·H3HepHTeJibHiliX H yrrpaBJJSIDlllHX HHKporrpoueccopHiliX CHCTeM 
.llJISI' a STOMa TH3aUHH 9KCnepHHeHTaJibHbiX Hccne,nosaHHA. . .. 

YcHJIHTeJJH ·nocToSIHHoro TaKa' irnr c Mo.nynS!TopoH-ileMo,nyJJSITopo14 

!M.IlMI npe.nHasHat.!eHu .zing · ycHJieHHSi c8rHaJJc>B. HanpgzeHHR ~HKposoJJb
Tosoro ,liHana30Ha •. ,llJJSI HCKJJD\.!eHHSI 'KpaeBiliX 9ftlftleKTOB 8 · MO.IlYJISITOpe: 

npe.nJJoze~. HOBHR HeTo.n ynpa_sJJeHHSI KJJDt.!aMH MllM 
1

- \.!TO nossoiiSieT ~oJJy"' 
t.!HTb. BHXOJlHYD He.iiHHeR~OCTI~ MeHbme:·o. 2i B .liHarrasoHe era paOOTbl. . ..• 

YCHJIHTeJIH MOlllHOcTJ.f' YMT c 1ipasosuM yrrpasJJefiH·e·M·• THPH~Top~HH, 
BbiiiOJJHSIIllllHe·•c ·JIHHeAHoA 3aBHCHMOCTbll. npeoOpasosaHHe ~XO,liH~~o· Han-: 

PSIXeHHSI rrocTOSIHHoro TOKa;s siixo.nHyD HOlllHOCTb
1 

su.neJJSieMyD Ha liar

pyaKe. · B ·YMT ooecrret.!HsaeTcsi raJibBaHHt.!ecKoe · pas~eJJeHH~ · sxo.n.iux ciT 

s!lxo,nHux CHJios!:lx uenett, CBSiaaiml>lx c HarpysK_oA. npe,~yc~~TpeHa 8~3-:
MOZHOCTb no,nKJJDt.!eHHSI BHeWHHX THPHCTopos .llJJSI ''yseJJHt.!eHHSI slllxo,nHoA. 
MOlllHOCTH .llO 6 'i<BT. . ._" ,,; . . 

' _.:_:.:_3 ;,· .. Paspaoo;aHa~'..ceimSI~MHKporrpoueccopllux-·KoH'I:J~.9_.n.~~~ppe_ 1_:_rrpe.n::.=== 
·Haaiiatieif'Hilx~iiiSipemeH.HSi-:pa3Jiiiiliilllx aaiati ynpasJieRHSI ycTaHosKaMH: ' ' 

- KOHTPOJJJiep MK c Y.llaJJeHHHM'yrrpasJJ~HHeH oo~eKTOM !.ito 1000 .. M) 
no nocJJe,nosaTeJJbHOHY KaHany, s cocTa·s arrriapaTypu Koioporo' .. sxo,nSIT 

12-paspSI.i!HuA AUn c· MYJibTHrrJJeKcopoM sxo~.i~~ cura~JJos; 12..:pa._spR.i!H.Iia 

15 



UAn, nporpaMMHpyeMI:le TaRMepl:l, nporpaM~HpyeMI:lR KOHTPOJIJiep iJpepl:l8a-, 
- . .• ' " ' •. , . "·. ' J . . ~ . , ' ¥ ~ 

HHR, nn3Y eMKOCTbD 16 KOaRT·, 03Y. eMKOCTbD 4 KOaRT H ·.llP. : 

-.KOHTPOJIJiep.MKK B. CTaH,napTe KAMAK;ynpa8JIS!eTCSi·MHKP03BM qepea. 
. . . . . . - . 

KpeRT-KOHTpOJIJiep · H MaJ:'HCTpaJib KAMAK_. PaapaOOTKa · MKK 00yCJI08JieHa 

· TpeoyeMoR opraHH3aQHeR npoueccos a8TOM~TH3al.{HH 3KcnepHMeHT08. Ha 

ocHOI3e KOMn'JieKCOB: nepcoHaJibHI:lR KOMnbDTep THna IBM .PC H annapaTy-. 

pa KAMAK, Koiopl:le. s nocJie,nHee 8PeMSI 'noJIY'IHJIH DiHpoKoe npHMeHeHHe 8 

Ha Y'IHI:l~ HCCJIEl,ll08aHHSIX, ·• 8 ·. '!aCTH~CTH ,·. H~ l!lH3H'!eCKHX YCTaHOBKaX JIH!II. · 

· - ABTOHOMHI:l~ . KOM~aKTHI:lR. ·icOH;poJiJI~p .c . KJia8HWHI:lM y~pa8JieHHeM • H 

UHI!Jpo8oR. HH,nHKau~eR ~ -.HMHTHPYDIIIHMH I!JYHKLl~H ; cTaH.napTHoro . .nJ.icnJieR:

Horo TepMHHaJia, ~ HCnOJib3yeMI:lR .B COCTa8e an napa TYPI:l 3KCnepHMeHTaJib

HI:lX ycTaHOBOK ,llJISI a8TOMaTH'!eCKOf'O ynpa8JieHHSI .TenJI081:lMH HJIH. .llPYf'H-
>- . . -- ·-. ;. > ·' • :. • "2 :. ·' • :. . • • ~ • . • • ,. • • . - . 

MH npol.{eCCaMH 8 CT~L{HOHapHI:lX YCJIOBHSIX. 

4. Ha .Oa3e pa~paOoTaHHI:lX KOHTpOJIJiep08 .H aHaJIOf'081:lX 3JieKTPOH

HI:lX MO,IlyJieR C03,1laHI:l pa3JIHYHI:le CHCTeMI:l ,llJISI·peryJIHp08aHHSI TeMnepa-. • . . . • . . . • . • .. . . to 
. TYPI:l oO'beKTOB, y,nosJieT80PSIDIJIHe TpeOo8aHHSIM a8TOMaTH3al.{HH sKcnepH-

MeliTos s KOHKpeTHI:lx ycJioBHSIX mum: · 
. · - A8TOHOMHag CHCTeMa Ha Oaae . HaOopa OJIO!tOB: MK, YnT H. YMT B . 

. ' ·.. . . ' . ".' '• ' ··'"· 
Te'leHH~ 1989 f'O,na .n03BOJIHJia ,llHCTaHQHOHHO ~KOJIO 600 M)··ynpa8JISITb 

: .. : . .. ~. ~' . . ' -- - " .. ' . '. ,. 

9JieKTpone'lbD ,llJISI npo8e,neHHSI',IlHI!JpaKL{HOHHI:lX 9KCnepHMeHTOB no H3y'le-. 

HHD. CTPYKTYPI:l H CBORCTB. BTCn-;-KepaMHK·. Ha • HeRTPOHHI:lX>nY'!KaX: HMnyJib

CHOf'O peaKTOpa HS.P:-2 •• np~ ·9;0M :. 9JieKTPOH~aSI an napa Typa ynpa8JieHHSI 
. . '"". . '. . ~ ' ' . '· ,_ . - . ·.' '· . ' . '. . - ' 

9KCnepHMeHTOM, HaKOnJieHHSI,. H , oOpaOOTKH ,naHHI:lX .HaXO,IlHJiaCb. B . H3MepH-

TeJibHOM L{eHTpe JIH¥,.a ,naT'IHKH. H3M~~ElHHSI H y~paBJISieMI:le. OO'beKTI:l- B 

sKcnepHMeHTaJibHOM .. 3aJI.e · peaK.Topa. HSP-2: · 

- CHCTeMa ynpasJieHHSI ne'lbD Ha ,,Oa3e HaOopa 0JIOK08: ,MKK, YnT H 

YM'r · 8KJIDI.feHa 8 cocTas KOMnJieKca annapa TYPI:l ,nH~paKTOMeTpa . .nH-2, 

ynpa8JISieMOf'O nepcoHaJI!~HNM KOMnbDTepoM .PC/AT:-286 •. CHCTeMa oOecne- · 

'IH8aeT KaK ynpasneHHe ·paOoToR neqH, TaK H Ha~onJieHHe·. ·TeMnepa

TYPHI:lX .· rpa$HK08 8 ero'o3Y CHHXPClHHO c HaKOnJie,~HeM . .llHI!JpaKL{HOHHI:lX 

cneKTPOB B OJIOKaX naMSITH OCHOBHO.A YCTaH08KH, 'IT~ HeOOXO,IlHMO ; ,llJISI · 

OOpaOOTKH peayJibTaT08 .·. H3MepeHH~; B . 9KcnepHMeHTaX no HCCJie,ll08aHHD 
.· . ' ~ . . . .·- ' . ·/' . ~ '' ·. :' ... , . . . . . 

nepeXO,IlHI:lX llpOL{eCCOB 8 KpHCTaJIJiaX BTCn-Ma TepHaJIOB. JtaHHaSI CHCTeMa . 

HCllOJib3YeTCSI B pS!Jle. HeRTPOHOf'pa!IJH'IeCKHX 9KCnepHMeHT08 B:peaJibHOM 

MacmTMe 8peMeim. Ha HMnyJibCHOM 'peaKTope HBP.:..2. . . . 

- nporpaMMHpyeMI:lR TepMoperyJISITOP nT B BH,Ile nep~HOCHOf'O npHOO

pa, co.nepzamHR· MHKponpoi.teccopli~:~R i<oHTPOJIJiep c nyJibTOM KJiasHaTYPI:l 

H LlHI!JPOBOA HH.IlHKaQ'HeR, yCHJIIi·T.enH YnT .~ YMT, HCllOJib3YeMI:lR B pa3JIH

'IHI:lX YCTaH08KaX. HanpHMep, peryJi.SITOP nT SI8JisieTCSI . '!aCTbD annapaTy

pl:l 8aKYYMHOR CHCTeMI:l. KaJIH0po8aHHOf'O HaCI:liJieHHSi·KHCJIOPO.IlOM BTCn-Ma-
··· 

. •. 

TepHaJI08 ,npH pa3HI:lX TeMnepa Typax .·.,, TaKOR peryJIRTOp TaKll:e llPHMeHSI..: 

eTCSI ,nJISI ynpasJieHHSI.TeMneparypHI:lMH pelltHMaMH rie'leR npH npo8e,neHHH 

TepMoxpoMa Torpai!JH'IecKHX sKcnepHMeHTOB no i1ccJie,no8aHHD TPaHcaKT.H-' 

Hlf,llHI:lX c9JieMeHT08', CHHTe3HP08aHHI:lX Ha. ny'!Kax TS!XeJII:lX' HOHOB H: T .~. 
ocoOeHHOCTb TepMoperyJISITOpa 3aKJID'!aeTCSI: 8 'TOM; 'ITO Kpof.ie BOSMO

XHOCTeR JIHHeRHOf'O Harpe8a H CT30HJIH3al.{HH TeMnepa~ypl:l ·Ha ·3aila~HI:.ix 
YP08HSIX OH· ll03BOJISieT H JIHHeRHO YMeHbWaTb. TeMneparypy OO'beKTa C 

MaJII:lMH GKOI:JOCTSIMH , (,nO 1" C 3a • HeCKOJibKO MHHYT) ; .. 'ITO cymecTBeHHO 8 

_ npoueccax npHf'OT08JieHHSi .00pa3L{OB H . CHHTe3a BTCn-Ma Te.pHaJI08. ;: 

- ·.5 .,.HCXO,IlSi H3 ypa8HeHHSI :TenJI080f'O OaJiaHca 'H peaJihHI:lX '.llHHaMH'Ie_: . 

CKHX X~paKTepHCTHK 00beKT08 C TenJI080R HHepl.{HOHHOCTbD ~a3pa00TaHO 
nporpaMMHOe oOecne'!eHHe MHKponpol.{eCCOPHI:lX CHCTeM Ha .SI31:lKe ASSEMB-. 

LY ,llJI~ a8Ta'Ma TWH~CKOf'O KOHTpOJISi .H ynpa8JieHHSI· TenJi08lliMH. npol.{eccaMH , 

8 TaKHX OO'beKTaX. B nporpaMMHOe 'oOecne'!eHHe' 8XOltSIT · ri~orpaMMa' MO-;

HMT_opa, cep8HCHaSI nporpaMMa.H nporpaMMa.peryJIHP08aHHSI TeMneparypl:l 

ne~H- c: pa3JIH'IHI:lMH .aJif'OPHTMaMH·. (JIHHeRHOe H3MeHeHHe TeMnepaTypl:l C 

pa3HI:lMJ1 CKOPOCTSIMH, no,n,neplltaHHe 3a,llaHHOR, TeMnepa TYPI:l. H) ,np.) •> 
. 6 .. Pa3paOOTaH 80CbMHKaHaJibHI:lR: MYJibTHnJieKCOPHI:lR rOJIOK '(ME) ,llJISI 
~ 1 ~ '• " '•' •• , ' ~ • ,. • ' ' 

C8SI3H no. _noeJie,ll08aTeJibHOMY. KaHaJiy O,llHOf'O · TePMHHaJia C :MHOf'HMH -a8-

TOHOMHI:l!".H .MHKponpol.{eCCOPHI:lMH .. ,CHCTeMaMH. :npH l!OMOIJIH 9TOf'O .OJIOKa H 

Ha'OCH08e. pa3paOOTaHHI:lX;KOHTpOJIJiepo8.THna 'MKC03,1laHa MHOf'Onpouec

COpHaSI,CHCTeMa ynpasJieHHSI,paOOTOR ypexceKL{HOHHOA 9JieKTPOlle'IH:·,nJISI 
\ •' ' -'•'•" ' • •, >- • ' 

81:lPa1JIHBaHHSi,KPHCTaJIJI08. BT~n no MeTo,ny,rpa,nHeHTa TeMnepaTYPI:l~ Pa3-

pa0oTaHO y,noOHoe .llJISI · noJib3o8a TeJieR nporpaMMHoe · ooecne'leHHe ,lJISI 

9KCnJiya Tal.{HH. CHCTeMI>i, 'ITO .. ll0380JISieT on epa TH8HO 8MeWHBa TbC>I . 9 npo- ' . . - . ' . . ~ ' " , . . . " -

l.leCC CTa0.HJIH3al.{HH Tet:tnepa Typl:l, . H~rpe8a Jo!JIH OXJiallt,neHHSI: OOpa3L{a. 

TaKaS!, KOHI!JHI"YP~liHH.CHCTeMI:l ,MOteT. Ol:lTb· _HCnOJib308aHa .JlJISI ynpa8JieHHSi 

TeMnepa TypoR B MHOf'HX ·f!e3aBH.CHMI:lX ~O'beKTaX •. ·: _ . ! 

7 •. Pa3pMOT,aHI:l I!JYH~L{HOHaJibHI:ler HHTepiJJeACI:l, ycTaH08JieHHI:le Heno

coe,nCTSgHHO Ha . 8-0HTHOR . Wl;fHe:. pacw_HpeHHSI .. MHKP03BM. THna PC-XT/AT 

,llJISi llOCTpOeHHSI,H3MepHTeJibHI:lX H ynpa8JISIDIJIHX.CHCTeM::·HHTepi!JeRC MHO-' 

, 1 . .f'P8XO.zim3o~o: AUll, HHTep~~RC,- ~8o.lia-BI:l.80.1l~. · aHaJIOf'080R HHI!JOpMai.IHH H 

~b.·· HHTepi!J~Rc' :s8oia.::81:lso.na, · co.nepzamHR. v._.cliJIHTeJib; nocToSIHHoro ToKa 

C nporpaMMHO~yiJpa8,JIS!eMI:lM K03I!JI!JHL{HeHTOM YCHJieHHSI, . 12:-Pa3PSi.llHI:lA · · 

AUn' : 12-paai:J~~HI:lR Ol:lcTpl:lR . UArl·, npo~paMMHpyeMI:lR . TaRMep •. ·. no380JIS!eT 

YCHJIH'ea _Tb Cl{f'HaJIJ;l HH3KOf'O HanpSillteHHSI : (HanpHMep ;, TePM0-9 .,n·. C. 

TepMonapr,.npeoopa~08!ll8aTb aHaJioro~l:le cHrHaJII:l s .nHanaaoHe Of10 B, · 

npeoopa30E!I:l8aTb•.L{HI!JP081:le .naHHI:le 8 81:lXO,nHoe HanpSillteHHe 8 .nHana3oHe 

Of 10: B H HMeeT · 803MOlltHOCTb 00CJIYlltH8aHHSI.B peli:HMe npepl:l8aHHSI. · 

8. Ha Oa3e pa~paOoTaHHI:lX HHTepi!JeRCOB C03,1laHI.i'ba~HI>ie· 9KcnepH-



MeHTaJI~Hble CHCT9MI:l Ha. · Oa3e. PC-XT/AT, TaKHe·, KaK CHCTeMa ,llJISI -cOopa 

,llaHHI:lX 113. MHOrHX . 8H9WHHX .HCTO'IHHK08 .. (.llO a· aHaJIOr08biX CHrHaJI08) ,· 

CHGTeMa p~ryJIHpo8aH~.R TeMnepaTypu MylfieJibHOA ne'!H .llJI.R TepMooopa

OOTKH pa3HUX MaTepHaJI08 H .llP; Pa3paOOTaHO nporpaMMHOe ·•ooecne'!eHHe ,·: ' . . ,. . . -~ 

T~KI:f_~ CHCTeM Ha SI3UKe 81:lCOKOro yp08H.R TURBO-PASCAL; 'ITO.n0380JI.ReT 

. Y.llOOHO HX HCnOJib30BaTb 8 lf!H3H'I9CKHX 3KCnepHM9HTaX. 

Pe3y.llbTaTu nHccepTaUHH oriyOJIHKo8aHu 8 'cne.nvvmiix paOOTax:' 

1. HryeH HbH )lbeH, , PO.llHOH08 K. r; MHKponpoueccopHa.R GHCTeMa pery

JIHP08aHHSI :H CTa0HJIH3aUHH TeMnepaTypbl: CooO., 0115111, P10-89-454. 

,llyOHa, 1989. 

2.·HryeH HbH ,llbeH; Po.nHoHo8· K.r. MHKponpoueccopHUA'KOHTPOJIJiep 8 

CTaH,na(>Te KAMAK ,llJI.R peryJIHP08aHH.R- H CTa0HJIH3aUHH' ... TeMnepaTypbf: 
. . - . ' 
npenp ,,.0115111, P10-90-398. · ,llyOHa·,- 1990. 

. .. 
3. HryeH HbH ,llbeH, 0CTP08HOA A.l1., PO,llHOH08 K.r., THWHH B.r~ 

MHKponpoqeccopHbiA KOHTpOJIJiep peryJIHP08aHH.R:TeMn~paTypbl '8 CHC-
; ' - 'ct ., -

TeMe a8TOMaTH3aUHH 3KCnepHM9HT08 Ha HBATPOHHOM ~HifipaKTOMeTpejj 

XIV Mellt,llyHapO,llHbiA.· CHMn03HYM. no . .R,llepHOA. 3JIBKTPOHHKe, r·.:Bapma8a, 

25-28:09.90 •. CO.: 0115111, .ll13-90-600. ,llyOHa,'· 1990. C;'-287"-292. 

•4. 5anarypo8 A.M., 5apaOam 11.n.;· :1HpOHKHH•T.41., ,llbeH H.H. H ',ilr). 
AnnapaTypa perHcTpaUHH H a8TOMaTH3aUHH MHoro.neieKTopHoro 1-IeA.T..:. 

poHHoro . .nHiflpaKTOMeTpa no 8peMeHH nponeTa 1/ xrv· MeJt,nyHapo,nlibiA. 

CHMn03HYM no .R,llepJioA.· 3JI9KTpOHHKe. CO.: 0115111· ,ll13-90..:_600. ,llyOHa, .·· 

1990. c~ 283-286. 

5. 5anarypo8 A.M.~ 5apa0am H.n., :IHPOKHH'T.41., ',llbeH H.H. H ,np. 

-H3MepHTBJibHOr8bi'IHCJIHT9JibHI:lA. MO.llY Jib ·• 'HeA.TpOHHOro .llH!flpakTOMeTpa 

!.llH-2 Ha peaKTOpe HBP-2: npenp. OH51H'P1ri-~1-i55~ .ll~OHa, 1991~ 
6. HryeH HbH ,llbeH, Mop030~ H.B.~ PO,llHOHOi K:r:, ~HWHH B.r., 4l~oHr 

:.ll.X. nporpaMMHpyeMUA. peryJI.RTOP'~eMriepaT~P~ C KJia8HW~I:lK ynpa8-

.JieHHeM: CooO. 'OH51H, 13_:90-49i. ',llyOHa';' 19~·0. ''' 

· 7. HryeH HbH ,llbeH; · Po.nHoHo8 · K; r · · KoMMVTa -fop. c8.R3,H TepMHHana: . c 

a8ToHoMHUMH MHKponpoueccopHbiMH cH.C:TeMaMH: · · coco.··· OH51H; ,_P10-9o::. ' 

• 346. ,llyOHa~ 1990. 

· 8 •· HryeH HbH ,llbeH; PO,llHOH08 K. r; , THWHH B. r; 5JIOK 880,lla-8!i80,lla 8 

·;· cHcTeMe pc.,.xT/AT ,nn.R. pery nHpo8aHH.R TeMnepaTypu: cooo. ··oH~lH, 
P10-89-766. JlYOHa, 1989. ---------·-- ---· ... , 

pYRoiiHc:o nocTyiWia ·B 'i!3.n;aTeJI:DCRmt. oT.n;M 
. . .2r mmapi! i992 r~:na.· '· . · .. · .· 

·.-
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