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Pa6oTa Bill!OJIHeHa B Jia6opaTop:im HefiTpoHHOli qtll3IDra 06~e,nmreHHOI'O 
IIHCTIITyTa R,nepHHX lICCJie,IJ;OBaHllli. 

Hay<nru:li pyitOBO,IJ;lITeJII,: 

RaH.n;II,IJ;aT Te:ianrqecIDIX HaYK 
Mlla,n;IlfilH HaytIHI,lll COTpy,n;Hli!K 

· 0<p,mH8Jil>Hbl8 OIJIJOHeHTll: , 

·.n;oRTOP TeXHHTieCIODC Hayit 
CTaplllll:li HaytIHI,l:li.coTpy,n;Hli!K 

KaH,n;1,J.Il.aT TeXHWieCRlDC Hayit 
CTapmIH HaytIHI,l:li coTpy,n;mm 

Be.nyiqee npe,nnpIDITIIe: 

JieHIIHI'Pa.ItCRlm IDICTJ/lTYT R,nepHO:li qtll3mGI 
HM, E.II.KoHCTaHTIIHOBa AH CCCP 

.ABTopeipepaT paaoCJiaH" " 

Tmmm B.r. 

'I:fyrmo-Cl!THm<OB B,M, 

· <Jy6apoB C~H. 

.. I986 ro,n;a . , 

3anlR'ra ,IJ;IICCePTa.nD COCTOHTCJI " " !986 · ro,n;a . 
B "IacoB,Ha sace,n;aHllll Cne~B.Jm3HpGBaHHOrO COB8Ta Jl047.0I;05 
II.IJli Jia6opaTOpHll Hei!TpoHHO! qll3IDGI ll Jia6opaTOPllll .!I.I(epmnc perua:ndt 
061,e.nmreHHoro HIICTRT~a M8.PRHX HcCJie.n;oBaHII:11, ·r.,lJy6Ha, MocKoBcKol 

odrracm. 

C ,IUICC8PT~e:lt MOJKIIO 03HaROMHTl>CJI B cmdrrlloTeKe OHHH. 

Y"IeHH!' cexpeTap1, CoBeTa ID.B.TapaH 
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OHUAH XAPAKTEPMCIBKA PAEOTll 

AK'rI,aJII,ROCTl>_TeMH 

B RaCTOSllllee BpeMR: y,n;eJIJieTCJI 6om,moe BIIBMaHHe nmpoKOMY BHe.ztpeHH!O 
Cl'ICTeM Ra OCHOBe MHKponpon;eccopoB H Ml!!Kpo-31N KaR o,n;aofi }13 rJiaBHllX 
sa.na~.ycRopemm HayqHD-TeXIUAecRoro nporpecca •. TucTpo pasBHBaDIIIMCJI 
Mmtponpon;eccopRa.a: Te:xmma Raxo.n;HT Bee 60Jiee IIIHpoRoe II.IJliMeHelllie B 
aBTOMaTlISH.POBaHHWC :e: Bll"IHCJIHTeJII,HllX CHCTeMaX. Bile,Itpeime Ml!!KpoIJpon;ec
CO.PIIOA Texmm:H B D.PaKTHRY qJH3HtzeCKOI'O SRCIJe!)l!MeHTa IJOSBOJUI8T C03,Ita
Ban annapaTypy .I!.1IJI CJIOJIUWX qJH3H"IeCimX ycTaHOBOR, 06.ner"!HTI, pa60TY 
IJWII,30BaTeJl/I sa C"I8T 6Wlee npocTOI'O npodrreMHO-O.IJlielITHpoBaHHOro. IJpoI'
paMMHOl'O o6ecne"!emm. IlllrpoKoe II.IJliMeHeHl!le cpe.ItCTB Ha ocHoBe Mmtponpo-

. n;eccopoB B Jia6opaTO.PW:OC npelll',Ite Bcero ,ItaeT 60JII,ll!IIe BOSMOlKHOCTH .ItJl/I 

IJOBlllll8HBll ai{xileKTRBHOCTH Hay"IHWC HCCJI8,ItOBrum!, yl3ElJIH"IeHll/I Ha.ztelKHOCTR 
H Ka'l:eCTBeHHOro YJIY"Illlemm annapaTY.Pll, 'CHIDK8HHJI o6meii CTOHMOCTH KOMIJ
JI8RCOB HSMB.PHTeJII,HllX, BH"IRCJmTeJil>HllX H YIJpaMJDD~ CHCT8M. HcIJOJil>30-
BaHll8 mponpon;ecco.PHoff Texm,nra .I!.1IJI pemeHlUi paSJIH"IHllX sa.na"I 4JH3Htzec
RBX 8RCII8.PHMBHTOB Ha HeiiTporumx ny'lRax peaKTOpoB Jia6opaTO.IJliH HeffTpoH
HOtt "qiasmra·, OIDilLimJrJieTcJI aKTYaJII,HOtt sa.na"Ieff., 

IleJI1, HacTo.muett pa6oTll 3a.KJilO"IaeTCJI B paspa6oTKe aIJIJapaTypu n .cos-
. .ItaHIIH nporpa?.!MHoro o6e_cne"!eHHJI Ha 6ase MHKponpon;eccopoB .ItJI/I· npepraa

TeJIJI HelTpC>HHOl'O ny"IRa Ha peaKTOpe lffiP-2, B aBTOWlTH3an;HH H3M8peHHtt 
:e: o6pa60TRe_,ItaHHWC ycTaHOBRH KOP~OHHOI'O aHaJIH3a Y~l>T,PaXOJIO,ItlIWC 
ReiiTpoHoB, a TB.Rlle B Ja3pa6oTKe 8JieKTpoHHo:li annapaTy.Pll .I!.1IJI HettTpoH
Horo .IUl~PaK~OMeTpa C O,ItHOROOp.Itl!JlaTIWM IJ03~0HHO-"Iyl3CTBHT8~LllllM 
HettTpoHHHM .It8T8RTOpoM C BUCOROOMHllM aHOJtOM H cos,n;amm M:e:Rponpon;ec
copHol c:e:CTeMl:l C nporpaMMimM o6eCII8"!8HReM MJI .It:e:~prumi!IOHHUX RCM8,ItO
BaHHtt Ha HelTpoHHWC IJY"IRBX~ Pa6oTa BeJiaCb B Jia6opaTO.IJliH H81TpoHHOtt 
~mm c I98I ro.1ta~ 

lfa,rmaJI HOBRSHa H OC!IOBH.He IJO~Oll8HHJI 1 sanmmae1me B JUICC8Il'l'amnt 

I. Pa3pa6oTanu R BHe,ItpeH.H B npmmmy «asR"IeCRoro 8RCII8.l,EM8HT8 
M:e:Kponpon.eccopHM Cl!CTem R nporpaMMHoe o6ecne"!eHHe .I!.1IJI yn~eHHJI 
R aBTOMa.Tlt3an;HH pa6oTu npepma-reJIJI HelTpoHHoro ny"IRa peaxTopa lffiP-2. 

2~ PeaJIHSOBaH Ha 6ase Mmtponpon;eccopHO! Texmnm M8TO.It aBTOMaTiI., 
"!ecxoro peryJmpoBmiwtnpepmaTeJIJI Hei1TpoHHorony"IRa c . .It:e:CROM 6o.iunro;t 
uaccu, C BHCOKOI TO"IHOCTillperyJmpciBRH. 

r0{)1,tj!!ilietllihi~ Gl~UfV~ ~' 
,; \.l/lt:(mt:IB tltCJJel:!Otl' ,urn.1.n fl 
i _ 6WSJ1tf1Cff§#~ _J 



3. Paspa6oTaH 6JIOK npeo6pa80Bamtll 'Aamru:x: ~ npe!)lma.TeJUI HeilTpoH
HOI'O nytma. 

4. Paspa60TaHa aBTOHOMHM·MHKponponeccopHaJI.ll8M8.PRT8~1,HO-Bll'mC
~TMI,HaJI cnCTeMa ll nporpaMMHoe o6ecne"!eHlle ~ KOppemm,HoHHoro a.Ha
~sa y~I,TpaxOJio,zurux He:liTpoHOB. 

5. Paspa6oTruru~a 6JioKa BpeMeHHoro KO.JUipoBamur Ha4096 ll 5I2 
KaHaJIOB c :reHepaTopaMII .nceB.I(oC.7IY"!ailHo:li .CPYHKIUm 'A.7Ill ocyutecTBJremm 
pe2l!lIMa KOPP8.7Illnll0HHOI'O aH8Jill8a. 

6. Paspa6oTaHa s~eKTpoHHM annapaTypa n nporpa:MMHoe o6ecne"!eIDie 
aBTOMaTll8Hp0BaHHO:li CHCT8Mll Ha 6ase Ml'lKponponeccopHoro KP8R1ROHT})OJI
~epa ~ HefiTpoHHoro .JUicpprutTOMeTpa. ·. 

. Ilffi!STH1lecKM sHatmMocn )UiccepTai.nm srut:mo'CJaeTCSI B TOM, 'ITO c no
MOIIU,IO paspa6oTaiurux aBTOpoM .itoiro~HllTeJIJ,HHX. 8JI8KTpomw:x: 6JIOKOB n npor
paMMHoro 068Cil0"!8Hll!I C llCnOJII,80BaHR0M Mmtponpon;eccopHHX CllCT0M Ha 6a-
88 R!)8fiTROHTpoJT.ll8!)0B ll ''npoMWIDreHHWC 6JIOKOB . .KAMAK, 

0

13H8'ApeHI:l B tp1I8ll-. ,· 
'I8CKll8 llCM8'AOBaJOOI Ha peaxTopax Jfa6opaTOpnll HeilTpoHHOtt :qllsllKll OH!M 
aBTOHOM!ill8 al3TOMaTll8llp0BaHJW8 MWtponpon;eccOpHlle CHCT8Mll; Cll0C06Hlle . 
pemaTI> PM aKcne!)llMeHTM1>Hmc • qJHSll"!ecKllX SaM"!. . · · ' 

' .; . •., . ~ ,;' ' 

Anpo6aµwI ,ztnccePTamm. OcHOBHHe MaTepnaJIIl .I41ICC0PTan;Jm Heo~o
KpaTHO 'AOM8,IUll38JillCJ, ll o6qylKJt8JillCJ, Ha ceMllHapax Jia6opaTOpnll HeilTpoH
HOil qIR8llKll OHillI, XII MelK,ll;YHapo~OM CllMII08lcyMe no n:.nepHO:li 9JI8KTpOHllKe . 
()Jy6Ha, 1985 r.), a TaKllte ony6.JnmoBaH!l B B~e COQ6llleIDiil 0Hffil. · 

- . ·' ' 

Il.y6JmKawm: . Ilo MaTepHaJiaM )UICC8pTanllll ony6Jm:KOBaHO 08M1> pa60T., 

; 06'!,eM pa6o.Ta: .I{accePTanrui cocTOllT. lis···BBe'AeHll!I, "!eTa'pex r~aB, 
saltJI101Iemm~ Ona co'AepimT--.92 cTprumua- Mannmomtcnoro TeKcTa, 32 pncyn-
Ra, 2 Ta6./mnH~ .. <::· '; 

·t:'' . , ,,~ .. : : ·~,. 

KPATKOE CO.l{EPJKAllHE PAEOTH .· 
-,~ 

Bo BB8'A8Hllll 060CHOBaHll aKTYaJI1>HOCTI,ll BalltHOCTI, pa6oTa, CtpOprzy~_;-
poBaHa ee n;e~1,. 

B nepBo:li r~a.Be ClpOp.ty~poBaHH OCHOBHHe OCOOOHHOCTllBCIIOJn.80:eaHJm 
Ml'lKpDIIpon;eccopoB HMl'1Kpo..:.SBM B sima"!aX'aBTOMaTllSatiml qll3Wi8CRBX 

8RCil0!)HM8HTOB. . . _ ... , . ' . . 
B nepBoil: -iiacT:e: I'JiaJ3li OimCHBaJOTCSI Hallpa:BJI8HllSI lI -TeMim pa8BHTR!I 

Mmtponpon;eccopoB H mpo-SBM., 1e MOM&li:Ta cos'Aamm hepiiofu ·MHKponpo
n;eccopa ·'- yHHBepcaJil>HOil B!:C . C. nporp&!MI[pyeMoil. ~ormtoil: - 'D'pDIIIJib . Boero ·-
14 ~eT, a '!HMO pa8HHX THllOB MHRponpon;eccopoB BHpocJio 'AO 400. 3a 
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\ 8TO BpeMSI CM8HR7IOCI, "!8THpe nOROJieHIDI MllRponpon;eccopoB. IlpH 8TOM BOT-' 
~e OT o6a"!Horo pa8BHTIDI Bll'mCJIIITMI,HO:li T8XHHKH KalK,ll;Oe noMe.ItYIOll1ee 

. ' , " . 
noROJieIDie Mmtponpon;eccopon He BHTecHJieT npe.IUUYDtee, a 'Aono~eT ero 
H MllpHO cocymeciByeT C HlIM, Tax RaR ,nim RalK,ll;OI'O noKo~emm llMSDI'CSI 
CBOH HEU:t60Jiee n;Mecoo6pasHNe. o6JiacTR Ilpn!.teHeHIDI. 

l'a3BllTHe me MOJKHO pa3'A8~TI, Ha M8.IU'10Iltll8 8TanH: 

- nepnon c I97I-no 1!174 I'O'A - H~"!aJio pasmiTM MHRponpoueccopoB 
c 6HT&m He 60Jiee 4_paspSII(oB; nepHo'A cI974 no 1977 ro'A .:. cosnaHHe 
IlpDCTe:lfumx 8-pa8pSII(HllX O~OR!)HCTaJIJ,HUX me~ ROHT~epoB TllnOB 
8080; 805I; 8048; 8022; nepno'A c 1977.no 1978 I'O'A - cos'AaHHe I~ 
pa3pSII(Horo MHKponpon;eccopa T:ima 8086.n ocHOBaHIIYJO Ha HeM MHRponpouec
copHYJO CHCTSMY iAPX 8'6 C pacllIHpeHHHMll B08.MOlllHOCTSIMll no cpaBHeHlfiO C 
npe~ 8080. Mlmporrpon;eccop 8086 HMeeT 16-pasp.imHYJO nnmy 'AaH!lliX 
H 20-paspSII(Hym lllllHY a'AP8Ca. B R.PRCT~e 8086 CO'A8plmTCSI 60.Jlee 29000 
'A8TaJiett; nepHO'A C 1978 no 1980 ro'A - C08'AaHlle 16-paspSII(HUX MllRpo-
npon;eccopoB 80I86 n iAPX 186 • Ha· aToM STane pacnm,PileTCSI B08MOJK-
HOCT1> 8086. 3a a;o BpeMJI BHilYCRaJOTCSI OKOJIO 30 rnnoB IS.:paspimHHX 
MllKponpoueccopoB: 8086, 8088,28000, 68000, TMS 9900 ll ,IU), Ile!)HO'A c 
1980 no 1982 I'O'A· - C03'AaIDie HOBUX: Mmtponpon;eccopoB c 6acTpo'Aeil:cT- . 
BH8M.~"!llle, "!8M 8086 - 3TO i,APX 286; ll8!)HO'A C 1982 no !984 rD'A -

' ,, . ' ' ~ . " 
C08'AaHHe 32-paspSII(HHX MHRporrpoueccopoB~ <mp,m " Bell Laborator,es 
BHnycT:Wia O'AHOR!)HCTMLHH:li 32-pasPJI.nHail: MHKponpon;eccop, B ROTOpoM co-· 
'A8!)lKHTCSI 60Jiee 100 THCSI"! KMOII TPaH8llCTOpoB. nprieM TOJII,KO AJfY CO'A8J>-'.' 

f • - , · , I • ~ If , . 

lmT 20 THCSI"! TpaH8HCTOpoB. im:pMa "National Semicoductor BHnyc-. 
T:Wia O'AHOR!)HCTaJILHllft 32-paspJWWil: MHRponpon;eccop Tlllla NSI6032. 
8TH MHRponpoueccOPH pa60TaIOT C TaRTOBOil: pa60"!ett "!8CTOTOtt 10 MI'It,. 
BpeMSI onepan;im MOllteHHSI OROJIO 100 HC. . , . 

B HacToSIII{ee BpeWI Iian60Jiee H3B8CTHU1! 32-pasPR',ltHUil Mmtponpo~eccop 
- BTo iAPX 432. B Mmtponpon;eccope_. TIDJa iAPX 432 npe,nycMOTpeHa 
pa6oTa c oneprummm c WiaBaJODteil: 3ariJrr'ott B Tpex qJC>JJMliTax: 32,64,80 
paspSII(<>B. B TBRON Tlllle Mmtponpon;eccopa co,1tepuTcS1 oROJio I MWIJmOH.a 
TpaH8HCTOp0B. 

BHB.0ToS1Dtee BpeMSI BO BceM M11pe·BimycRa8TCS1 60.Jlee 100 THnOB neJ>-'.' 
COHalWiHlC wmpo-8™, rO,JtOBOil BWJYCR np8Blillla0T O,ltKH M;WIJlllOH IIITj'K. 

B !985 ro,ny npe,ItYCMOTpeH BHnyCR OT IO 'AO 12 ~OHOB nepcoHaJIJ,HilX ' 
Mmtpo-SBM. ·· 

Omi:cW3amCSI ocoOeHHOCTH ncno~1,soBaimJI O'AHORPHCT8Jll,HliX MHRponpo
ueccopc>B, ceRUHOHHHX MHRponpon;ei::copoB H O'AHORpP!CTMI,HllX Ml'lltpo-SBM. 

MlmponpoueccopH KBR HHT8rpaJILHlle cxer.m xa,InRTepnsymCSI THllOM ROJ>-'.' 
nyca, lJHC1IOM BHBO'AOB Ropnyca, BMOM T8XHOJIOrm:t H3rDTOBJI8HHSI, cTene- . 
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llI,IO ll'.HTerpaumI, IIOM8XOYCTO:iltm:BOCTI,IO, 'IRCJIOM lICTO'llWKOB IIlITaHlI.fl, lIX 

HOMllllaJIB.MP[ lI ,norrycR8Mll Ha HOMlIHaJW, IIOTpe6JmeMoii MOIItHOCTI,IO, Harpyso"l
Holl c~oco6HOCTI,IO aRTlIBHWC BIJBO,ItOB, YCT-OiitmBOCTI,IO R M8Xamr"l8CIGIM, RH

HSWlTl!"leCRIIM lI pa.nmu~OHllliM BOS,Ite:ilcTBIDIM. B BIJ1IRCJmTeJII,HO:il Texmme 
Mmtpon~eccopa xapaRTSPlI3YIOTCJI pas.PfI,!UIOCTI,IO 06pa6aT11BaeM1JX .ItaHHllX 
n BIJIIOJIH.lleMIJX ROWlH.It, cnoco6HOCT!,!O R Hapa!Itlll3aHlIIO paspsr.rtHOCTlI, TaR
TOBOil "laCTOTOil:, 'IliCJIOM ROMali,It BHyTpeHIDIX pemcTpoB, ypoBHeil IIJ)e.P!JBa
HlUI' B03MOlKHOCTl,lO pe:inma npepIJBamtfI, TlIIIOM llliTepqieilca, cnoco6HOCTI,IO 
R o6pa60TRe .neCHTlI'llIIJX RO,ItOB, o6~eMOM a,npecyeMO:il nawrrn, Ilpm.mM .no-

. CTYIIOM R IIa.Ml!TlI. HaJilI"lll'.8M lI o6~eMOM CTeKa, TlIIIOM, "lllCJIOM BXO,ItHWC lI 
BIJXO.ItIWX IIIHH n lIX pas.PfI,!UIOCT:blO,. o6~eMOM nporpaMMHoro o6ecne"leHlUI. 
MlIRponpoueccopa. npJIMeH.lleM!Je B WI<pPOBO:il aBTOWlTJIRe ll BIJ1IRCJmTeJil,HOH 
TeXl!llRe, HasaBaIOTCJI ymrnepca.n1>Hl:lMli. A Mll'.Rponpou;eccopa, npe,ItHasHa'IJeH
HIJe ,nJIJI IIOCTpoemm: O,ItHOro T:ima BIJ1IllamtT8Jil,HIJX MallllIH, H831JBaIOTCJI cne
~aJilISlipoBaHHIJMlI. Mmtponpou;eccopa MOryT 61JT1> KJiaccHqnilllpoBaHIJ no psr
.ItY IIPlISHaROB, OTpalltaJOIItHX lIX ,ItBOil:CTBSHHYIO nplipo,ny. Ilo paspsourocTlI 06-
pa6aT1JBaeM1JX .ItaHHHX M1IKponpoueccop11 MOryT 6IiTr, 2-, 4-, 8-, I2-, I6-, 
24-, 32-,;.paspsr.ItHIJMH. 0,ItHaRO pasBHTlI8 TeXHOJIOrlilI npolI3BO,ItCTBa MlIRpo
npoueccopoB uplIBO.ItlIT R lIX cne~qilI'IecRHM onpe,neJieHHIJM xapaRTepncTl!RaM 
n napaMeTpaM. 

IIPH pememm Bonpoca onpe~eJieHIDI Tpe6yeMoro "lll'.CJia TmIOB MHRpo
npoueccopoB lI Mmtpo-SBM He06XO,ItHMO Y"lll'.THB8Tl, cymecTByi)lllylO ,ItlIM8RTll
"lSCRYIO npoTlIBOIIOJIOlKHOCTl, M8W yHHBepCMI,HOCTI,IO, MHorO<pYH~OHMI,HO
CTl,lO n cne~aJI1Is~en MHRponpoueccopoB n MHRpoupou;eccopH1Jx cncTeM. 
IIOB!Jill8Hlle CTeneHlI YHlIBSPCMI,HOCTll MHRpcnpoueccopoB nplIBO,ItlIT K COKpa
meHlIIO He06XO,ItlIMOro 1lllCJia TlIIIOB MlIRIJOIIpou;eccopoB, CJie,ItoBaTeJII,HO. R 
CHRllt8Hll!O saTpaT Ha paspa6oTRY ll IIp0ll3BO,ItCTBO, T.e. o6mett CTOllMOCTH. 
Ha plic.I IIORasaHa CBf[3I,.BU6opa MJIRpoupou;eccopoB B 3aBllCID40CTll OT CTO
llMOCTll IIpJI60poB. 

KpoMe Toro, CTOHMOCTI, armapaTypu 3aBl'ICllT TaRllte OT BIJ6opa ROHR
peTHIJX BIJ"ilICJillT8Jil,lllJX cpe,ncTB lI CJIOlKHOCTlI 38,Ita"i (pJIC. 2) _.·: 

Bo BTopoii "laCTlI rJiaBIJ onncuBaeTCJI nporpaMMHoe o6ecue'IJeHHe JtJIJI 
MJIRpoIIpoueccopHIJX ClICTSM. IIporpaMMHoe o6eCII8"18HlI8 Mllltpo-SBM ll umtpo
upoueccopHIJX cHcTeM .1IBJIJieTcJI BalltHeiimetl: npo6JieMott, nopo~aD11ett MHorHe 
TPY.ItHOCTlI S<p<peRTHBHOro IIpllM8H8HlIJI MlIRponpou;eccopHO:il Texmnra lI IIOJII,-
30BaTe:Jreii. IIo CTaTlICTlI"i8CKllM .ItaHHUM B HaCTOJimee BpeMR: TOJII,KO O,nllH 
upou;eHT HaceJieHlIJI MHpa MOZ8T nporpaMMHpoBaTI,. 

BoupoCIJ COS,ItaHlIJI JI3mta SBM RaR 8CT8CTBSHHOI'O JI3HKa, ROT-OpIJ:11 
cianeT nm-poRo ,noCTyIIHUM Jlll6ouy IIOJil:>SOBaTeJID-Henporpm.tMHcTy, OD.Jtam 
pememm: B ROHIJ;e II lt7m H8'1J8JI8.m B8R8. 
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CT8llSHI> CTBIIJl8JJ'1'8 &!C 

Pllc. I. CBJISI, M8ll!,lly CTOHMOCTJ:,I) K CT8II8Hl>D CTaH,ItapTa me. 

Pllc. 
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2. 3KOHOMH'IJ8CRH IJ;eJiecoo6pas1We 06JiaCTH IIJ;)HM8H8HlIJI 

.P89.1IJ1'11HHX M8TO,ItOB npoeRTHpoBaHHJI: I) JIOI'llliec:ne 
exam; 2) IOIRJ)OROHTJX)JIJiep; 3) Mllltpo-SBM; 4) MWDI-SB& • 
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B HaCTO.lllllee BpeM!I 6oJrLIJIHHCTBO paapa6aT:imaeMWC nporpaMM ,lT,7IlI MJIC 
mnnyTCR Ha RSUKe acceM6JJ:epa. Ha RSUKe acceM6JJ:epa BUCOKOKBaJm~po
B8.HJWM nporpaMMHCTOM MOryT 6uT!, Hrumcrum nporpaMMU, 08.Ml,le SippeKTHBHUe 
c TO"Ilrn speHWI BpeMelm BUIIOJllieHWI (OT IOO .no 300 !BS 6ucTpee, 'IJeM 
EEnCHK) H o6MMa samnaaeMOH IIaM.llTH. Ha RSUKe acceM6JJ:epa TPY.nHO BH
IIOJIH.JIIOTM .nmnrnue nporpaMMU • 
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Plic. 3. HcIJOJII,SOBaHHe RSUKOB nporpaMMHpoBaIIIDI ,lT,7IlI MIIC • 

., 
B HaCTO.lllllee BpeM!I B Mllp0BOH npaKTHKe HCIIOJII.SyeTM 60JII,lllOe tmCJIO 

R3UKOB ,lT,7IlI MHKponpon;eccopHWC CliCTeM (.PHc.3). llMeeTM 6onmoe tmCJIO 
KOMimJiffTOpoB C 8Tl11X R3UKOB ,lT,7IlI pasJili1llillX THIIOB Mmtponpon;eccopoB H 
MHKpo-SBM. ' 

. B KOHn;e rnaBU OIIHCUBaeTM HCIIOJII,30Ba!me MHKpoIIpon;eccopHoff TeXHH
RH ,lT,7IlI aBTOMaTH3an;mI B 8KCII8pm&eHTaJII>HOff qMSHKe • .lfaim OCHOBHU8 HaIIpaB
neHHR IIpHMeHeHWI MHitponpon;eccopoB.B 8KCII8.PHMeHTaJII,HOtt q!HSmte: IIOCTpo
e1me 8BTOHOMHUX CHCTeM, paspa6oTRa MHK.POIIpon;ec~op~ CHCTeM c HCIIOJII,
SOBaHHeM np1u1n;ima .nen;eHT~San;mI ynp~eHWI, liCIIOnI>SOBaHHe MHitponpo
n;eccopoB ,lT,7IlI pasrpysKH KO~an;HOHHHX .nmmtt nepe,natm, cos.nrume HH
TeJIJieKTYaJII>HUX Te.PMHHaJIOB, BOIIJIOIIl8!me HOBWC H,Itett Ha 6ase M1mponpon;ec

copoB. 
Ot!eHI, 60JII,lllOe 3Ha'IJeHH8 ,lT,7IlI !B9.IB60T'IJHKOB WI8KTpoHHott annapaTypu 

,lT,7IlI (pl!ISH'IJecKHX.8KCIIepHMeHTOB curpaJI CTaII,naPT KAMAI{, KOTOPUM Bee 
Wl8KTpoHHUe 6.n:OKH H MO.nyJIH.B ~TOMSTHSHpoBaHHOff CHCTe~e coe,nHHReT 
'i8peS CTaII,naPTHll8 WHH1l nepe,natm l!HqJOll,(an;KOHHUX H ynpaBJmD!l;HX CHrHa
noB, HCIIOn:&sy.a: Ma!'HCTpaJII.HYJ) oprrumsan;KD D;8IIeft 06MeHa ,naHBlilMH Me~ 

(; 

6JIOK8.MH IIJ!ll IIOMOIIlliI Mmtponpon;eccopHoro KOHTpoM6.IB- IlpHBe.neHO CpaBHelme 
pasHWC THIIOB Mmtponpon;eccopHWC KOHTpoMepoB. PacCMaTpHBaeTM Hcnom,
SOBaHHe Mmtponpon;eccopoB B 06.n:acTH IIOCTpoeHHR IIJ!ll60poB B 8KCIIeJ!llMeH
TaJII,HOH (pl!ISHKe. 

BTopag rnaBa IIOCB.llllleHa HCIIOJII>SOBaHmO MHKponpon;eccopa ~ aBTo
MaTH'llecKoro~cy~BaHWI pa6oTH npepiraaTenR HeffTpoHHoro ny'IIRa peim-
Topa HEP-2 •2•3 • OcHOBHUM Tpe6ClBalmeM, npe,ni>ffi3JIJ!eMUM K pa6oTe 
npepuBaTeM Ha mmynI.CHOM peaKTOpe, RBMeTCR 06ecne'IJeH11e sa,naHHOH 
TO'IJHOCTH,COBIIa,neHWI MOMeHTa npoxo~eHHR OTB6PCTHeM npepUBaTeJIII KaHa
na H6HTp0HOBO,na peaKTOpa C MOMeHTOM reHepan;HH peaKTOpoM mmyn1,ca MOIII
HOCTH. ITJ!ll 'iaCTOTe reHeIJHpOBaHHR peaKTOpoM m.myn1,ca MOIIIHOCTH 5 ~ 
(ne.PHo.n - 200 Mc) pa6oTa npepuBaTeM ,nOJil!tHa o6ecnetmTI> TO'IJHOCTI> coB
na.neHHR c HeffTpoHHUM IIy'IJROM He xyllte ± 0,5 yrnOBUX rpa.nycoB RJIH ±O,I4% 
OT II6.PHO.na CJie,nOBaIIHR HMIIyRI.Ca MOIIIHOCTH peaKTopa. 

IlpepirnaTMI, npe.ncTaBM8T co6otl CTaJII,HOH ,nliCK ,nHaMeTpoM I205 MM, 
Macca ,nliCKa - 750 Kr. SToT ,nHCK coe,nuHeH·'IJepes MYif!rY c BaJIOM aCHH
xpoHHOro ,nBHraTenR. TaK_KaK.'IJHCJIO o60pc>TOB acHHXpOHHOro ,nBHraTeM 
HMeeT IIO'IJTH nHHetlHyio 3aBHCHMOCTI, OT 'IJaCTOTU. IIHTaJOIIlero HanpmKeHHR,TO 
ynpaBneHHe CK0p0CTI,J() ,nBHraTeM nyT6M HSMeHeHHR 'IJaCTOTU IIOSBOMeT II.PH
MeHHTI, CHCT6M;y nponopn;HOHaJII.Horo peryJIHpoBaHHR C MflrKOtl xapaKT6PHCTH
KOtt ynpaBneHIDI • .l47IJI II.PHBO.na ,nBHraT8M HcnonI.syeTcR IIP0MUIIIJI6IDIUH npe
o6pa30BaTenI> 'llaCTOTU THIIa TIN-I5Y4 C .nuanasoHOM peryJIHpoBaIIHR BWCO,n
HOro HaIIpJUteHWI 20--230 B H 'IJaCTOTU - OT 5 .no 60 ~-

CocTaBHTI, e,nuHoe ypaBHe!me .nmmeHHR MeXaHll'IJeCKott CHCTCMU npepu
BaTeM ~ nponecca peryJIHpoBaHIDI B6CI.Ma TPY.nHO HS-Sa Ha.mi:tmR ~a 
HenHHetlHwc qaRTOpoB Bos.nettcTBHR Ha CllCTeM;y. 0,nHaKO 06lllliIH xapaKTep 
YPaBHeHHR CJieltmllett CHCTeMU II03BOJIReT HBHTH aJII'O.PHTM BOS,nettcTBIDI Ha 
CHCT8MY B paSJIH'IJHUe qasu .llBlleHHR BPa!llaJOIIleroca ,nucKa. STo ypaBHeHHe 
HMeeT BH.lt 

10 + k6 + pB = Wg, 

r.ne J - MOMeHT ~epn;;m BP811181llllHXM Mace, II.PHBe.nemmx K OCH .nBH-
raTenR, o - yron paccornacoBaHIDI, wg - yrnoB!\JI cKopocTI. ,nucKa, 
K Hp - KciaqxilmnieHTu • .llJiHBMR116CKM norpemHOCTI, CHCT6Mll SaBHCHT OT 
cnoco6a perympomumJI H, KaK IIOKa3UBa8T T60PHR, 3Ha'IJHT8.7II,HO YMeHI>
maeTM npz CTa6wmsan;;m CHCT8MU C IIOMOIJU,D H8 TOJII,KO yrna paccorna
COBaHHR, HOH ero IIpoHSBO,nHOtl. CoKP8111aeTCJI SaTYXaHHe KOJie6aHHtt. 

.l47IJI OIIHCUBaeMott CHCT6MU B pell!lIMe CTa6l'tmrnan;;m 3aBHCHMOCTI, yn- . 
paBJIJmll8ro HaIIpmtteHIDI · Uyn OT yrna H ero IIp0H3BO,nHOff MOllteT 6UTI, 
npe,ncTaBneHa B BH,Ite 

Uyn = Ut ± U2CB> t U3C6>, 
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r.ne u, - IlOCTOJIHHoe HanpmKeHne, 3aBHClil!lee OT CKO!)OCTll ,ItlICK~ 
npepIIBaTeJIR:; 

U2 - BOJill'IIIHa HanpmKeHIDI, 3aBilc.mIM OT DeJIH'IIIIW yrJia pac-
corJiaCOBaHIDI; 

U3 - BeJill'OOia HaIJpmKOIUllI, 3aBllc.mIM OT BO.l!Wm!W nponano.n-
11on yrJia paccorJiacoBamm. 

3HaKll D ypromemm: 3aBllCJIT OT -ipa3H ~mKOHIDI .IUICKa npepIIBaTeJlft. 
Pe8Jlli3~R 3TOfi 3aBllCIIMOCTll OCY1110CTBJUIOTCR ?IIHKponpoueccopaoil CllCTe
MOii MTOMaTmecKoro peryJillpoBamm pa6oTH npepHBaTeM · tteiiTpoHHoro 
ny'Ilta peaKTopa HEP-2. 

U1mponpoueccopaaa CllCTer.m ynpaBJiemm npepHBaTeJIOM COCTOllT ll3 
6JIOKOB: reHepaTop, Cl!OT'llmll, llHTepqieilc ,IJ,7I.lI npepmiaTeJIR (UAII)' ll'.HTep
cpeilc rpaqHl!eCKOro .11:llCIIJieR, 38Il0MlllialOIIIOO ycTpoilcTBO 03Y/IIII3Y COOTBeT-
CTBOIIHO Ha 32K u BK 6ailT, MnKponpoueccopHHil KOHTpoJL1Iep n BXO.D:HOil 
6JIOK. 

.nim ~HOH CllCTOMl:l 6HJI paapa60TaHBXOMOil 6JioK, KOTO.Pl:IH BblllOJI
IIJJOT CJIO.JJYIOIItlIO onepau,m: 

a) ll3MepeHlle nepno.na Bpa!qOHIDI MO~JI.iITOpa peaKTllBHOCTll Tp (ne
.PIIOJJ: peaKTopa), 

6) nar.tepeHIIe nepno.na npaiqeHllR .nncKa npep1rnaTeJIR Tn (ne.PIIo.n npe
p1rnaTeJIR) , , 

B) ll3MepeHlle yrJia paccorJiaCOBalillR Bpa!qeHllR MO~JIRTopa .I)eaKTHB
HOCTll ll .IU!CKa npepl:!BaTeJIR OT Boa.neiicTBltll Ha ClICTOMY B Te-qeHlle OMOro 
nepno.na Bpantemm: (MO.JU1Jih pa3HOCTlI T.P - Tn)• 

r) onpe.n;eJieHlle 3HaKa yrJia·paccorJiacoBaHllR. 

:lfHqK>p.!auw! O 8 ll 3HaKe 8 B Bn,ne ~Olll!Horo KOJJ:a IlOCTynaeT 
B Mmtponpoueccopaoe ycTpoilcTBO. IloCJieMee no nporpaMMe, arumcanaott 
B IlaMITh C y'ieTOM BXO,IUIWC ~we. BH'ilICJIJieT qiyJnmlm 

N = M ± m ± n, 
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r.n:e M = CWg. m = p6, n = k6, c, .P ll K- Koai{q!II
uneHTH. llRCJio N noCJie o6pa6oTltll miqio,PMaIOm 1mtponpoueccopoM no.na
eTca B BH.ne ~on'IJHoro Ko.na Ha UAII, n .n;aJiee c UAII B nnne ynpaBJIBIOllle
ro HallpmKeHM - Ha CTOihcy IlpnBO,Ita ,IUllll'aTeJLR: npep!:,IBaTeJm. 

IlporpaMMHoe o6ecne'ieHRe ClICTOM!l Bl:lllOJIHReT CJIO,nylOIItlIO <l/YHKUllll'.: 

- B peJmMe "a'' - yneJilI'DmaeTCJI • Uynp oT O .no Ur B Te'ieHlle 
BpeMeHll Tl; 

- n pelltllMe "n" - K aanpmKOHHIO Ur .no6aBMeTCR :!: lh c npeMe-
HeM Boa.nettcTBllR At ; 

- B peimMe "r" - K aanpmKenmo Ur .noc!aBMeTcR (± u2 :!: u 3) 
C BpeMeHeM B03,neiicTBllR At ·; 

- B pellmMe ".n" - K HaITproKemno Ur .noc!aBMeTCR IlOCTORHHOe 3Ha- · 
'ieHlle ± AU1 ; · 

- B pe,mi,re "6" - yr.t0Hl,lll89TCR Uynp OT Ur .no O B Te'IJe!me Bpe
MeHll T2• 

B KOHUO l'JiaBH nplIBO.I{RTCR pe3YJihTaTH llCIIUTaHlltt MmtponpoueccopHofi 
cncTeMll c npep!:,IBaTeJieM HeilTpoHHoro ny-qK~ Ha peaKTope HEP-2. 

TpeTM rJiaBa nocrumteHa paspa6oTaHHOll aBTOHOMHOH llBMO.PIITeJILHO
BIRllCJill'.TeJILfi.Oil CE;CTeMe ,IJ,7I.lI KOppeJIRUROHHoro aHaJIRBa ynTpaxOJIO,IUIWC 
HOHT.I)OHOB / 4,5,?f. 

Ilo_ Mepe paBBllTWI BH'ilICJ!llTeJihHOii TOXIDIKll H8X~~T nee 6oJiee llnipo
KOe n1mMeHe1me KOPpeJIRUROHHHe MeTO.I{U B pa3HIDC o6JiacTRX @!3HKK. B 
cneKTpoMeTpllll HefiTpoHOB no B.I)eMelm npOJieTa nepBHe ll.PIIMOHeH:wr Koppe
Jll!UROHHOI'O r.reTo.na OTHOCRTCR KO BTOpott llOJIOBHHe 60-x ro.noB. KaK npa
B:wro, B 3TllX pac!oTax llCllOJIMOBaJICR MOXaHll'IJecKRtt npepHBaTeJih C poTo
.POM, Ha KOTO.I)OM BHpeBaJIHCL llleJill B COOTBeTCTBllll C llCilOJih3yeMHM OilTll
MaJihHHM KO.I{OM. IlOJIHott peaJIRaau,m Bcex ll.I)ellMYIIIOCTB MOTO,na npn ncnon-
30Bal!Hll MeXal!ll'i8ClCllX npapUBaTeJiett npeITRTCTBOBaJIH T.Pll EOCTlCllX Tpe6o
BaHIDI: 

r) TO'IJHOCTh BOCllpclll3Be.n;eHRR TeOpeTWIOCKOtt KBa3HCJiyl!ai!:HOfi llOCJie,noBa
TOJihHOCTH Ha ,ItlICKe npepHBaTeJIR; 

2) llOCTOJIHCTBO nepno.na BPalll8HWI npepuBaTeJIR Ha Ilp0TJD!teJnm Boero UHK
Jia llBMepeHlltt; 

3) O'iOHh MaJme HBMeHeH:wr i{la3H rrpepimaTeJIR B KaJK.n:OM nepno.ne ero Bpa-
111eHWI. 

He.nocTaTO'IJHO cTporoe BHilOJIHemte 3THX TpeOOBaHllii npnBO,ItlIT K llC
RalltO!illJIM B IlOJiy'iaOMO! Rl)OCC-ItO,PpeJilIURH, TaKHM, KaR JIOlltH!:le Maltcm&yMH 

H npoBa.mi. H8IlOCTORHHHlt ypoBeHD qJOHa, yJty,Itlllemte aaepraTlJtleCKOI'O pas-
pememm n T.n. · 
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B IIOCJie,rume ro~ B HeirrpoHHOii crreKTpoM~Tpmr lICIIOJII,3ym'CJI r.m;rr;y
JlilTO!)H llHTeHCHBHOCTlI HeirrpoHOB, H8 OCHOBaHHl:l8 Ha M8XB.IDI'\18CKHX ,IIp8pl:l"." 

Ba T eJl.JDC • 

MJI MO;IT;Ymmm'IIIOTORa YJII,TpaxOJIO,nHI,IX HeiiTpoHOB pa3pa60TaH TOHKO
IJJieHO"IHI:.lll qeppoMaI'HlITHHii 3aTBop. BBe.nerme B IIpaKTHKY Kopp~OH_Hoii 
crreKTpoMeTpIDI HeiiTpoHOB MeKTpoMaI'HlITH!lX MO;IT;YJI.iITOpoB nHTeHcllBHOCTII 
II03BOJIJieT o6ecrre'\IIITI, IIpa.KTll'\leCIUI n,n;eaJII,HYJO cnHXpoHn3a~ MO;IT;YJIJITopa 
lI Bpel\leHHOI'O aHaJIH3aTopa, CYllleCTBeHHO yBeJllf'IIIBaeT 6ucTpo,nei1cTBlie n 
CBeTOCJlJIY • .ll7IJI rrpoBe,neHnJI Koppe~OHHUX JI3Mepelmii C YJILTpaxOJIO.D;HHMJI 
HefiTpoHaMJI 003,D;aHa lI3Mep:UTeJII,HO-Bll'\IIICJUITeJII,HruI cncTeMa, KOToprui: coc
TOUT lI3 CJie,n;yro!JllD( 6JIOKOB: BpeMeHHOfi KO.I(llpoBIItlIK - BK-I; BpeMeHHO:il 
KO.D;HpoBIIllIK - BI{-2; 3aIIOMIIHaIOIIlee ycTpoficTBO 3Y Ha 4096 24-pa3PJI,n;HUX 
'\IIICeJij 3aIIOMlIHaJOUlee ·ycTpo:ilcTBO OSY/IIII3Y COOTBeTCTBeHHO na 32K :II 8K 
6ru1T; Mimporrpon:eccopnufi Kpeii'FtoHTpoJIJiep Ha 6ase M1mporrpon:eccopa 
I{P580llli80; HHTepqic:ilc rpaqJ1ItiecKoro ,nl:!crrJie.!I; MimporrpoueccopHHfi HHTep
qcfic nacceTHoro MaI'!Il:!Toqx>Ha; KacceTHUfi MaI'IIlITOipoH; rpaqntiecKIIfi .nncrr
Jieii' ampaBIITHo-um'f]poBO:il .n;HCIIJie:il. 

.ll7IJI ,naHHOfi ClICTeMU pas1360TaHH 6JIOKII BpeMeHHOro ICO.n;RpoBaHIDI 
BI{-I l:! BK-2. 

BpeMeHHO:il KO,nIIpoBIItlIK ill{-2 l:!I,!eeT 8 'oT.I(eJII,HHX ,neTeRTOpHUX BXO.D;OB 
H IZ7, 255 lI 5II Bper,mnHHx 1m11aJioB, rrepeKJIIOtiaermx c rrepe.n;He:il m1HeJIJI, 
}},mocTI, SY. II03BOJIJieT UCIIOJIL30BUTI, Bee 8 BXO.D;OB rrpn JII060M lll:!C7Ie npe
Memmx KaHaJIOB. Ifo,nnpon.lltlIK llOMepa ,neTeRTopa perucTpupyeT TOJII,KO 
0,n:IIII 113 IIOCTymmIIIlIX ,neTeKTOpHUX CIIrHaJIOB. IIpu IIOCTYIJJI8HlIII O,IiHOBpe- ; 
MeHIIO 6_0JI1,mero lll:!CJia cnrnanoB rrponcxo,nnT 6JiorrnpoBKa curHaJia "3arrpoc 
SY'' lIJilI curaa.naLAM. Illrrpmra BpeMeHHoro KaHaJia Bu6npaeTcJI c. rrepe.n;Heii 
IIaHeJill, Ha'!lmarr co IO0 MRc tiepe3 IO0 rime .no IO00 Mitc • BpeMeH-
Hoi1 Ito.I(llpOBIItlm reHepupyeT rrcen.n;OCJIYl!UllHYJO .6lIHapHyro IIOCJie.noBaTeJII,-
HOCTI, '\IIICeJI Zj = O; I, j = I,2,3, ••• ,k. c rrepno,noM ·~.k = 2"-t, 
r.ne k B HallleM CJIYtiae paBHO 127, 255 JIJIOO 5II, B 3aBIIClIMOCTlI OT 
BHOpaHHOro '\IIICJia HaHaJIOB. 

reHepaTop rrceB,noCJiy'\lafinoi1 rroCJie,noBaTeJILiiocTII rrpe,ncTarumeT 
co6oil c.nnnrarolllliil perucTp c cooTBeTcTBYJOIItlOOI o6paTHUMII crursmm: na 7, 
8 lIJUI 9 pa3pimOB. TaKTOBHMl:! CIIrHaJiar,m: C.D;BJirOBOro perncTpa CJIYJRaT 
KaHaJILlme m,myJIM!l BpeMeHIIOl'O KO.n;IIpoBUllIKa. BpeMeHHOfi KO,nIIpoBUllIK BO 
BpeMlJ ll3MepeHni1 MOllteT Bll,naBaTI, HHq1Jp.!altltJO JIII60 "Iepe3 pa3MM Ha rre
pe.n;Hefi rraHeJIH Ha BHemHee SY, JilIOO tiepe3 WU'UCTpaJII, KA.MAK B SY KpefiT
KOHTpoJIJiepa. 
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BpeMeHHOfi KO.n;npOBIIllIK BK-2 JIMeeT TOJII,KO o,nnH ,neTeKTOP!illfi,nxo.n u 
4096 BpeMeHHWC KaHaJIOB. llliipnua KaHaJIOB MOllteT 6UTI, BU6paua rrepeKJIIO
traTeJieM Ha rrepe.n;Hefi IIaHeJIH 6JioKa: 64, I28 n 256 MKC. renepaTOP 
ncen.noCJIYtiaiiHoii IIOCJie,noBaTeJILHOCTlI BHIIOJIIIeH·B BH.n;e I2-pa3!).lmHOro 
c.nnuroBoro perncTpa c COOTBeTCTBYJOOlHMII' o6paTHUMll crursm.m. B OCTaJII,
HOM lite 8TOT. KO.n;HpoBIItlIK aHMOI'II'IeH oimcaHHOMY Bllllle. 

IIporpru.lMl:l ,nJlil ,naHHOfi CHCTeMu · KOp~OHHOro aHaJIH3a YXH o6ec

rre'\llffiaIOT ;BHIIOJIHemre CJie.JJ.YlOlllllX cpyHKIJ;IIfi: 

a) TecTIIponamre ll' cTIIprume. 03Y; yCTaHoBKa uaTiaJII,Horo ypoBH.fI B 
o6JiacTl:! IIaMlITlI, Bll,neJieHHQli ,nJlil KOHe"!Horo cneKTpa, TeCTOBruI IIpOBepRa 
KOppeJIRIJ;IIOHHUX BH'\IIICJieHltfi; . . 

6) H~On:JieHne HHqopw,an::mr OT BpeMeHHUX. KO,I(llpoBII!lmOB; 
n) o6pa6oTRa nepBII"IIWX cneKTpoB - Bll'\IIICJielU:Ill n COOTBeTCTBH:II c 

Koppe.n.mmoHHOfi (furHKIJ;IIefi; 
r) 3aIIHCI, ,:II tITeHne llH4JoPMaIOIII Ha Kacce;HOM Mar!llITOq1JHe ( 
.n) H306pal!teHUe cneRTpon Ha.rpaq!IPieCKOM .n;HcIJJiee; 
e) BUBO,n llHq1J~ Ha aJicpaBIITHO-IJ;I!qJpoBOii .I(UCIJJiefr Tirna UEPA 

wm Il;IlcpponetiaTaIOIIlee ycTpoi1CTBO TIIIIa. DZM~180 • 

.ll7IJI Kal!UtOI'O KaHaJia KOHetIHOI'O cneKTpa BU'\IIICJI.il8TCJI HIIJKenpIIBe.nen
HruI MaTpnua: 

Kt = Z1m2 + Z2m3 + . ' . + zkmt 

K2 = Z1m3 + Z2fll4 + ... + Zkm2 

K· • I = Z1mj+1+Z2mi+2+· . . + Zkmj 

Kk-1 = Ztmk + Z2m1 + ... + Zkmk-1 

Kk : Z1m1 + Z2m2 + ... + Zkmk 

r.ne Kj - KaHaJII,HruI 1mipop.ta1WJI KOHetIHOI'O cneKTpa, k - 'IIICJIO o6pa6aTU
BaeMUX BpeMeHHWC KaHMOB, Zj = "+" lIJllI Zj = "-" - smut ncen,nOOJIYtiatt
HOil qiymanm B KaHMe, fflj - KaHaJII,HruI llH(ll)P.Jan:IDI nepBIItIHOro cneKTpa. 
KoJill"IeCTBO O.n;HOBpeMeHHO o6pa6aTunaeMWC crreKTpoB paBHO,I+B, npu 
k = I27, 255, 5II B 4095. 

·BpeWI o6pa60TKlI crreKTpa IIPII.pa3JIII"IHOM tJlICJie.BpeMeHHHX.KaHaJIOB 
paimo: rrpu k = I27 - 4 c ; k = 255 - 20 c ; k = 6II -: ~o c ; ··· 
\< ,., 4095 - 4800 C • . 
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B ti:eTBepToii rJiaBe OimCUBaeTCJI MIIBPOIIJ)OI.(eccopHM CllCTeMa Heii

TJ)OHHOro ,l(ll~TOMeTpa C O,ItHOKOOp.IUlliaTHUM Il03:imllOHHO-ti:yBC'l'BllTeJII,HU?JI 

.neTeKTOJ::OM '?/. <'-

R IlOCJie,nmie ro,nu B qlli3llti:eCKHX 3KCil8.l)llM8HTax IJO HeiiTpoHHOll ,n:mp

Jla.KTOMeTplllI ITOJIY'llfJIJI llllIPOKoe pacnpocTpaHeHl!e rasoBUe HeiiTpomrne npo

ITOPUJIOHMI,Hue He3- Cti:8Tti:llKll C BUCOKOOMHUM aHo.noM, llCilOJII,3yeMUe mm 

O,ItHOKOOp.IUII-IaTIWe II03llIUlOIDIO-ti:yBCTBllT8JII,JIU8 ,neTeKTOpU (IlTJ.IO_. HX ,no

CTOllliCT&lM!l JIBJUIIOTCJI IIJ)OCTOTa ll3rOTOBJI8HlIR, xopoll1lle ITPOCTpaHCTBeH

HOe paapememre ll JillHeiJHOCTI, nosm~OHHOii XapaKT8!)l[CTl!Kll. B 3TOii rJiaBe 

ITPHBO,l(llTCJl OimCaIDie KOMIIJieKca MeKTpoHHoii rumapaTypu ,IµIlI HeiiTJ)OHHOro 

.1UiqipaKTOl.reTpa C o,nHOKOOp,nnHaTHUM IIW.{. B COCTaB KOMIIJI8KCa BXO,nRT 

ITpe.nycHJinTemI, cneKTJ)OM~Tpnti:ecmm ycn.mtTeJIII, 6ucTpue aMIJJlllTY.ItHO

UIIqiJ)OBUe npeo6paaoBaTeJnt, Uitqiponoii cITeIUiponeccop .n;7IJI onpe,neJieHIDI 

RO.zta. Il03~ IIO KO,naM ,nnyx a!MI..IJllTy,nHUX CIIrHaJIOB C ROHqOB IIW.{. Ta.KlKe 

.naeTCJl OillICaHHe nporpar.'IMIIOro 06ecITeti:emrn )JJIR pa6oTu .IUt<ppaKUJIOHHOii 

ycTaHOBim c l\mitponponeccopmm 1tpeiiTwHTJ)OJL1lepoM. Ilpn paspa6oTKe Ta

KllX YCTJ)OUCTB OCHOBHOe BHm.mHHe y.neJIReTCJl IIpo6JreMaM II03lIUllOHHOro pas

peruemm, Jlllli8HHOCTH ITO IT03HUllll, o.m1opo,nHOCTll 3qxp8KTHBHOCTll perncTpa

wm no noanwm, llHTerpaJII,HOH lI ,nnqxpepeHUJiaJII,HOii JllIHefuiocTII B cneKT

pax II03llUllll, 6ucTpo,neiicTBlilO ClICTeMU. 

Brumefinnm napaMeTpoM, ROTOJ)OMY y,neJI!IeTCR OCHOBHOe BllllMaHIIe n~

TI!ti:8CK11 no ncex ny6.mmawmx, JIBJIReTcR noalIUllOHJIOe paspemeHIIe, onpe.ne

mrnuoe lllyMaMll, BHOCJIMmm pe311CTllBHUM anertTpo,noM .neTeKTOpa, nxo.nHID.lll 

I.(enRMII npe.nycllJII!TeJiefi, co6cTBeHHUM n03lIUJIOHIWM paaperue1meM .neTeKTOpa. 

Ilp!iBO,IU!TCR aHa.mt3 OIITI!MII3aUlllI COOTHomemm CllrHM-IIIYM B 3aBlICllMOCTll 

OT YCJIOBllii qlliJII,Tpa!.tlm CHrHaJia C IIW.{ ll ero qiopMU. 

KoopmrnaTa no3HUlllt X , T.e. Totru11 perncTpawm ue:i1Tpo11a B .neTeK

Tope, BUti:HCJIR8TCJl 113 COOTIIOlli8Hl1Jl ,nnyx ~TY.It cnrHaJIOB, IlOJIYti:a8MUX 

c KOHqOB .n.eTeitTopa AI ll Az no qiopM;yJie 6 : 

-1L - . A2 + ~ (A2 - AI) 

L - AI + Az 

(. Rh 11 Rd - conpoTIIBJieHHR Harpy3Rll ll aHO.ItHOti Hl!Tll, L - ,JJ,)Ill!la 

HHTH .neTeRTopa). 

.lvrR C'.beMa ClII'HaJIOB C .nnyx KOHqOB aHO.ItHOil HllTll II.l)llMe!leHU MaJIOruy

MlllllH8 npe.nycMHTemt C OOJil,llllIM BXO.ItHUM conJ)OTlmJleHlleM, BUilOJIHemrue ITO 

cxeMe yc:wm:TeJI!I HaIIJllI.lWHHR. Ilpn ,naHHoff Roai[Hryparum ruco.nuux uenen 

,lJJIR oueHRH Il031IUllOHHOI'O paapemeHlIR, o6yCJIOBJI8HHoro myMOBUM BKJia.nOM 

conpoTHBJiemm aHO,ItHOii HlITll H conpoTHBJieHll.fIMll Harpy3KH .neTeKTOpa, 
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Ileo6xo..IUIMO 6paTI, He BeJillti:HHY nOJmoro sapJI.na, a aMIIJIIITY.ItY TOim l!JllI 

BeJIHti:HHY rr1nme.nem10ro uanpmr:emrn 11a coIIpoT1rnJie1~1mc 11arpyaK11. ll3uene

lllIR ar.mmrry.nu mmyJII,COB TOKa, BirnUBaeuue _pa3JIUti:HW,lll cpa.KTOpru.m, Dl!O

Ci!T cymecTBeHHUi1 BKJIM B oueHKy noslil(llotrnoro paspememrn:. tieM-1,1c11roe 

perHCT!)lipyeMHii 11!,filYJII,C TOKa II.PH qIIIKCHJ)OBaHHOM pe31ICTlIBHOU ruy;.re, T8M 

xyJKe rrosuwroHHoe _paaperuemre. 
.ll,r.iI Ml!KJ)OIIpoUeccopHOi1 CUCT61.fil HeliTJ)OHHOro .nncppaKTOMeTpa pa3pa-

60TaH Cil8UllaJill3lIJ)OBaHHUll MOK aMIIJIJITY.IUIOro KO.~BaHHR, COCTOmI111ll 

ll3 ,ItByx 6ucTpuX arm:IJillTY.ItHO-UII(p.POBUX rrpeo6pasoBaTeJieii (AI.UI) Ha !024 
KaHaJia, JIOI'llKll YIIPaBJI81llIR pelmMaMJI _rn60TU 1I CM38li co crrel.(llpoD;ecco

poM. AMIJJIHTY.nHO-nmppoB!,18 rrpeo6pa30BaTe.JII1. pa6oTaIOT ITO IlpllliUIIIIY oomm

COHa C J(BYJCCTyrreHti:aTUM 6ucTpo-M8,JJ,)I811Hl,IM paapJI.nOM 3aIIOMIIllaIO!ll8ll 8MKO

CTIJ. B TaKOM AUII pa3P.fI.ItHOe ycT_poilcTBO pa6oTaeT CJie,IzyIOll!llM 06pa3011. 

CHati:Ma nponcxo,nnT 6ucTpuii · _paspM sanoMIIHaIOl!leii eMROCTU. <fupMHpyeTCl! 

a.npecHaR ceprui ,lJJIR 5 cTaprunx paapJI.nOB a.n_pecHoro cti:eT'lJURa (cTapurne 

32 KaHa.'Ia). O!CTaBillaRCR ti:aCTI, HaII.P,flllt81llIR Ha 3aIIOMUHaI01118ii eMKOCTU pa:i

p.illKaeTCJl TOROM M6,JJ,)I8HHOro paspJI.na, B 32 pasa M8HI,llIUM, ti:eM TOK 6ucTpo

ro paapR.Ita. Ilpn aTOM qiopwipyeTcJI a.npecHaR cepM ;:vm 5 1.ma.rr.nntx pa3Pfl

,noB a,npeCHOro cti:eTti:HKa (1.ma,nll1lle 32 RaHaJia). IlPll ti:aCTOTe renepaTopa 

a.n_pecHoil cepnn 25(50) Miu Ma.KcllMaJII,HOe BpeMII rrpeo6pasonamm paapa6o

TaHHoro A1UI paBHO 2,56 (I,28) !.!RC. 
B COCTaB cncTeMU BXO,nRT MOKll KAMAK! 6JroK c,nBOeHHOro crreRTpoMeT.:.. 

puti:ecKoro ycllJillTeJIR, 6.noK c.nnoem1oro armmtTY.nHO-Ullil)J)OBOro rrpeo6paao

BaTeJIJI (2 x AI.UIIOE), 6JroK cneIUipoueccopa, HHTepc'peilc rpai{lliti:eCRoro 

,l(llCIJJieR, MOK 3aITOMllHal01118rO ycTpoilCTBa ( 03Y, II03Y) , HHTe pqieiic ?.!aTI!lI

TOqioHa, MHRponpoueccopHufi KpeiiTKOHTpoJIJiep Ha uHKporrpol.(eccope K580IDC80. 

.n,m OCYll\8CTBJI8IDIR. pa60TU ClICTeMU paspa6oTimo COOTB8TCTByIOlllee . 

rrporpaMMHoe· o6ecrreti:eHIIe, KOTopoe II03BOJIR8T IIJ)Oll3BO,n1ITI, HaKOIDieHl'!e 

crreKTPOB, BUBO.It lIHqiopMaU!m Ha aJiqJalllITHO-UitqiJ)OBOli H rpaqil!'IeCKIIfi ,I(IICII

JI81I, nmI.>pone'i8TaJJ!l88 ycTpoiicTBo, sarmcr, n ti:TeHIIe HHqiopMaD;Kll Ha Kac

ceTHOM MaI'HllTOqioHe, rrpe,1tBapllT8JII,HYJO o6pa60TKY crreKTJ)OB. 

Paspa60T.aHHM 8JI8KTJ)OHHM annapaTypa BM8CT8 C IIJ)OIIOPUJIOHaJII,!IUM 

3He II031IUllOHHO-ti:yBCTBHTeJII,H!JM .neTeKTOJ)OM HeiiTpoHOB C BUCOKOOMHllM 

a.HO.ItOM HCIIOJII,3Y6TCR Ha HeiiTJ)OHHOM ,l(ll(ppaKTOMeTpe Ha peaKTOpe MEP..:.2 
Jia6opaTOPIIlf HellTpoHHOii qll3llRll OIDM. Ilpn perncTpawnl nyqKa uellTpoHOB 

Illli!)ltHOii 2 MM IIOJIY'lJ8HHaR nmptma IlllRa Ha IIOJIYBUCOTe panHa 6 MM. ClTKJIO

HeHlle aippeKTHBHOCTH perncTpani!H HeiiTpoHOB OT KOHCTaHTH B neHTpaJII,HOll 

ti:aCTH ,neTeKTOpa ,nmmott 25 CM He npeBUIDaeT 5%. 
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OCHOBHllE PE3YJThTATU 
.-" 

I. CqioPMYJIH.PC>Ba!Ul OCI!OBHUe Tpe6onamm R aBTOM8Tll3Hl)OBaHiillM. CHC
Tet.mn Ha 6aae Mimporrpon;eccopoB H rumapaTypu B cTaH.D;aIJTe KAMAK .l1,)llI 

3KCIJepm.reIITaJII,llllX HCC • .'Ie.D.OBalllii1 B ID{q) OMHI1. 
2. JTpoBe,nel! aHa7IH3 COBpeMeHHOro COCTOJIHM CTpyRTyp. H rrporpar.1-

1.moro o6ecrreTieimJi 1,nraporrpon;eccopoB II Mm,po-3BM. 
3. Ha OCIIOBe paapa6oTaHIIUX 6.rrOROB. R0.11.llIJOBalllIJI, YIIl1aBJieHHJI H o6-

pi6oTitU .nrumux H r,nmporrpon:eccopHoro RpeliTROHTpoJIJJ.epa coa.na11a u BHe.n
pe11a B rrpru,THKY c'[lrn1fll'ecRoro ::mcrrepmie11Ta 1..nmporrpon;eccopHaJI cncTeMa 
yrrpaBJieHIIH lI CTa6II.mI3aD;Im qiaau BPD.IIIGIUIB .D.HCita rrpepuBaTe.mr neii:Tpoll
Horo rry'!Ka 11a peaRTope IffiP-2, 

4. Paapa6oTaH MropHTM yrrpaBJiemm II rrporparm.moe o6ecrreTiemte .I1,1IJI 
r,nmporrpon;eccopnoii cHcTer.ru rrpepunaTeJIJI 11ei1Tponnoro rry-q:Ra. 

5. Pea.mrnoBal! na rrpaRTURe MeTo.n aBTort.aTHtiec:Roro pery.1rnponamm 
rrpepuBaTe.mr IieiiTpoll!!Oro rry-qim c .D.HCIWM 60JII,IJIOll Maccu, c BUCOIWfi TO'I
HOCTI,!Q. perymrpoBmI. 

6, Paapa.6oTauu · 6.'IOim BpeMeH11oro Ho.nuponamm c renepaTopar.m ncaB
,noCJiy-qailHott cliYHKUitlI .n.m ocymecTBJieHHJI pe'KllMa 1wppeJimnrnu11oro aua.mr
::ia • 

?~ Ha OCIIOBe pa3pa60Tal!IIUX· 6.rrOitoB BpeMe1111oro RO,nnponamm, arrrra: 
paTypu B cTaH.D.apTe IW,~{ n mmponpOn;eccopuoro RpeMTIWHTpoJI.'Iepa co::i
.naua aBTOHO!.lllaJI H3MepJITGJILHO-BU"lllCJIJITeJII,JiaJI CUCTeMa c6opa, llaROIJJie
Inl.lI, rrpe,nBapliTeJII,HOM o6pa60TRH Ii BH3YaJil>I!Oro npe.ncTaBJieHlI!J lIH!pOp.ta-• 
D;llll ,lJ,)IJI ROppeJIJIU!IOJIHOro aHaJIU3a YJII,TpaxOJIOJ{Hl1X Hei!TpoHOB, 

8, Paapa6o-rauo y.n;o6Hoe .zvm nOJI1,aoBaTeJiei1 rrporpaMMHOe oClecnetie
mie C B03!,!0lKJ!OCTJTI,m ,BQCCTaIIOBJierum · HCTHHHUX cneRTpoB U3 rrepBH'IHUX no 
CJIOJKHOMY aJiropHTMY 1wppeJIJID;HOHI!Oi1 qJYHRr(lm .l1,)llI co::i.namron aBTOHOMHl::>V. 
U3MepRTeJII,HO-BU'IUCJIHTeJII,l!Ofi CHCTer.ru RoppeJIJID;l'roHHOro aua.miaa YXH •. 

9. Paapa.6oTaH ROMIIJieRc BXO.n;HOfi arrrrapaTypu B COCTaBe npe.nycHJIH
TeJIJI, cneRTpoMeTplI'l'.GCIWro YCIIJIIITeJIJI .H 6UcTporo AJUI Ha I024 RaHaJIU . , 
,nJIJI HefiTpolll!Oro .nmppaRTOl,ieTpa C o,nnoRoop.nnnaTJillM noaHD;HOHHO-tJyBCTBII
TeJII,JIUM ,neTOitTOIJOM C BUCOROOMHUM aJIO.D.OM. 

IO •. Ha OCHOBe pa3pa60TaHHOi1 BXO.D.HO:!i arrrrapaTYW, annapaTypu B 
CTaH.D;apTe KAMAI{, !.iURponpon;eccopHOro RpettTROHTpoJIJiepa II paspaOOTaJIIIO
ro nporpaMMHoro o6ecrrnTieIIHJI co::i.nana. JI Bne.npena MIIItponpo~eccopHM 
cncTeMa .D.JIJI HefiTpoHHUX ,nnq\paRD;HOH!illX UCCJie,noBallllfi C O.n;HOROOp.nlIHaTHUIA 
II03lln;HOHHO-tJyBCTBHTeJII,IIUM neTeRTOl)OM C BUCOROOMHUM aJIO.D.OM, 
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