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OHUAH XAPAKTEPHC'fflKA PAEDTI:l 

IlpencT8BJIR:8M8Jl IU1CCepT8IUIJI OCHOBaea Ha Ma'l'epHSJiax HCCJienoBaed 
H paspa60TO' 8JirTpoeaol annapaTypH IlJI,11 8RCll8pHM8H'l'OB B ~HSHKe BliCO
KHX aeeprd I+?, BlillOJIH8HHHX aB'l'OpOM B 19??+1982 rr. B Jia6opaTOPHH 
BHCORHX aaeprd OIDIB. 

.AltTY8JibHOC'l'b pa6oTH. IlpH COS.i:taHHH 8B'l'OM8THSHPOBaeHHX CHCTeM 
paSJIHqeoro easaaqeaHJI B xaqecTB8 HX oceoBH filHPORO HCllOJ!bSYDTCS ltB8 
RJiaCCa cpencTB IUl~pOBOI '1'8XHHKH: a) ycTpoflcTBa C QeJieeanp8BJleeao . 
cnpoeR'l'HPOB8HHOi1 (EeCTRol) C'l'pyxTypol, Blill0JIH8HHH8 Ha 6ase IUlippOBHX 
JIOrHqeCKHX cxeM; 6) nporpaMMapyeMHe MHHH-, Mmtpo-ami co C'1'8Hnapreol 
CTpyxTypoA; ee 3813HCJimeA OT ROHRp8'fHOI sanaqH. CHCT8MH aa OCHOB8 MII
HH- H MHRpo-aBvt MOrYT ~erxo ·nepeCTp81!B8TbCJl C p88JIHSan»:eA onaol ~YHR
UHH aa npyryD. OnHBKO HX eenocTaTROM SIBJllieTciI M8ebmee 6HCTponelcT
BH8, TaK KaK Tpe6yeMHI aJiropHTM p8SJIHSY8TCJl noCJienoB8'1'8JibeO BO BpeMe
HH. B TO ll8 Bp8Mll CHCT8MH ea 6ase JIOrHqecKHX CX8M (rJiaBHHM o6pasoM, 
ROM6HH8IUIOHHHX cxeM) MoryT pa6oTaTi ?PH 6oJibmel a6coJIDTaol cxopoCTH 
no Cp8Be8HHD C npyrHMH ycTpOIC'l'B8MH, a CTOHMOC'l'b oneol onepanHH C 
YB8JIHqeeHeM CKOpOCTH p~CTeT IlJI,11 eHX Mell,1!eeaee. rJiaBeHMH eenocTaTRm.m 
HX HBJISDDTCJl 60JibW08 BpeMII npoeKTHpoB8HHJl H TPYnHOCTH BeeceeHJI HSM8-
eead. Oneaxo 8TH orpaeaqeeHJI MOEHO OCJI86HTb nyTeM yeH~HRBIUIH YSJIOB. 
BalEHol qacTm o6oxx yxasaeHHX BHWe RJiaccoB annapaTypH JiBJllillTCJI sano
MHHBDmae ycTpolcTBa (SY). B nporpaMMHpyeMHx cpenc-rBax oa:e: :e:cnonsy
DTCJI IlJlll xpaeeeHJI nporpaMM H KBR paspaBeHB8.llll!H8 6y~epH naHHHX. Ban
napaTHHX cpencTBax OHH 38M8HJIDT co6ofl YSJIH npOHSBoncTBa apHqN8'1'HKO
nor:e:qecKHX one~~HI. 

,llocTHEeeHH B TeXHciJiorHH npoHsBoncTBa 60JibWHX (EHC) H CBepx6on
mHx (CEHC) HeTerpSJibeliX cxeM SY H pacmapeeae o6JiacTel npHMeeea:wi 
cpencTB QHippOBOI '1'8XHmtH neJISD'l' 8KTY8JibHHM paSBH'l'H8 eOBHX MeTonoB 
paspa60TRH YSJIOB HH~PM~Hoeeo-HSM8pHT8JiblWX KOMIIJI8KCOB C acnonso
B8HH8M SY, B·qaCTHOCTH, IlJI,11 axcnepHMeeTOB ~HSmtH BHCORHX aeeprd. 

UMb pa6oTH. iaeaaa pa6oTa nocBJimeea -reopeTaqecxoMY paccMoTpe
HHD H npaKTJ,fqecxol p88JIHS8IUIH BOSMOlEHOCTel Beenpeeaa IUl~pOBHX JIOrH
qeCRHX cxeM, nocTp08HHHX ea OCHOB8 EHC SY, B YSJIH 8RCll8pHM8e'1'8JibHHX 
ycTaeOBOK ~HSHKH BliCOKHX aeeprd. aTH YSJIH BXOnaT B CHCTeM!l npeJtBa
PHT8Jibeoro OT6opa, 6HCTponelcTByDmae cneQnpo~eccopH, CHCTeM!l cqHTH
BaHHJl H~OPMBIUIH B eaxonHT8Jib, CHCTeMH ROeTpoJIJl H nepenaqH naeHHX B 
am, CHCTeMH ynpaBJieHHJI 8RCnepru.1eeTSJibeHMH YCT8HOBR8MH. 
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ABTop sammnaeT HacToJmteil pa6oToil: 

l. TeopeTHqecKnfl aHBJili8 li o6ocHoBaHHe B116opa nyTefi H cnoco6oB 
nocTpoeHR.f! 8JI8KTPOHHHX MOllYJiefl Ha 6ase.EHC 3Y B SKcnepRMeHTBJlbHHX 
ycTaHoBKax Wli8HKH BliCOKHX sHeprHfi. 

2. AH8JIH8 61:lCTPOit8HCTBYIOlllliX cxeM YMHOllteHHH (ECY) Ha 6ase cy~a
TOPOB qaCTHqHHX npoli8BeueHRll li-M8TOzta TaMHqHoro noliCKa li paspa6OTKY 
Ha ero OCHOB8 61:lCTpoueficTBYXl!ll8ro MOKa YMHOllteHliH Ha Bl1C II3Y 11.llfl 
cneunpoueccopoB. 

3. Paspa6OTKY rpynlll:l·61:JCTpouefiCTBYIOlllliX MOKOB 6ywepHOfl li rliCTO
rpaMMliPYXlill8fl naMliTH 11.llfl annapaTypl:l perHCTPauHli CRrHBJIOB C nponopUHO
HBJlbHl:lX KaMep li 11.llfl CllCTeM cqHTl:lBaHHH liHqJOPMauHH. 

4. AHBJIH8 cnoco6oB peBJIH88UHli reHepaTopa WY~ n ero paspa6oT
KY C HCnOJib8OBaHH8M KYCOqHO-JiliH8HHOfl annpoKCRM8Ulill C nepeMeHHl:lM ma
roM pas6li8HllH apryMeHTa Ha OCHOBe nBYX 3Y 11.llfl xpaHeHHH 8HaqeHliH ap
ryMeHTa li WYHKlllili B Uli(ppOBofi qiopMe. 

5. Paspa6OTKY aBTOHOMHOfl CliCTeMH 11.llfl li8M8p8Hlifl qaCTOTl:l OWli6OK li 
H8JI8nKH UllWPOBl:lX JlliHllH CBH8li., 

HayqHaH HOBll8H8 88KJIIOqeHa B pesyJibTaTax HCCJ18UOB8HP B08MOlKHOC
T8B npHMeHeHHH EMC 3Y ll,JIH cosuaHHH aplicpr118TliKO-JIOrHqecKHX cxeM ll Moue
JlliPOB8HliH ClirHBJIOB, ncnoJII,8Y8Ml:lX B 8KCnepRM8HT8JlbHl:lX YCTaHOBK8X Wll-
8liKli BliCOKHX aHeprnn. B pesyJibTaTe aHBJIHsa 61:lCTPoneficTByIDl!lliX cxeM 
YMHOllteHliH noKa8aHo, qTo cxeMa YMHOllteHliH, nocTpO8HH8H no cnoco6y reHe
pauHH - CBeueHHH M8TpHU qaCTllqHHX npoH8B8U8HP (TCMqn), uaeT MaKCH
MBJlbfiYID CKOpOCTb. IlpnqeM pocT Tpe6yeMoro o6~eMa naMf.lTll c YB8JlliqeHH8M 
paspHUHOCTll onepaHUOB nueT HaMHOro M8ll,JI8HHee, qeM no 8KCnOH8HTe, a · 
61:lCTpoueficTBHe yMem,maeTCH no JiorapHcprl!HqecKOMY 88KOHY. ' 

IloKasaHo, qTo UHWPDBOil Me Ton reHepauHH WYHKUHH no npnHUHny KY-· 
coqHo-JlllH8flHOH annpoKCRMBUliH C ncnoJib8OB8HH8M ·nBYX cxeM naMllTH (3Yx 
ll,JIH nepeM8HHl:lX li 3Y y 11.llfl WYHKUP) uae_T Bl:lRrpl:lID B 8KOHOMHH eMKOCTH 
3Y B 30 + 80 pas npH coxpaH8Hllll 88U8HHOH ToqHOCTli. 

CosuaH HOBl:lfl Ha6op MO11YJ1efl B CTaHuapTe KAMAfC H8 OCHOB8 EHC 3Y 
ll,JIH 3K'cnepRM8HT8JlbHl:lX YCT8HOBOK Wll8liKH Bl:lCOKliX SHeprllfl, He HMeXl!llRil 
npRMl:lx aHaJioroB B npeumecTBYlllllHX paspa6ornax. 

IlpaKTHqecKaH 8HaqnMOCTD uaccepTauHH 88KJIJ)qaeTCH BO BHeupeHHH · 
pesyJibT8TOB npoBeueHHOro aHBJIH88 H paspa6OT8HHHX MOUYJI8H B 8Kcnepn
M8HTl:l wnsHKn Bl:lCOKRX aaeprlifl. PesyJII,TBTl:l BH8Jlll8a n cosuaaHHe MOUYJill 
TaKze MoryT HBflTH npHMeHeHHe·B npyrHx oMacTHX HuepHott WH8HKH"li aB
TOM8Tli88UHH Hayqmnc HCCJI8UOB8Hlifl. 

Anpo6armH pa6oTl:l H nyMHK@HH~ PesyJibT8Tl:l npoB8U8HHOA pa6oTl:l 
o6CYZU8JlllCb Ha C8MHH8pax no 8JI8KTPOHHK8 Jia6opaTOpliH Bl:lCOKliX·3Heprntt, 
UOKJiaUl:lB8JIHCb H8 M8ZllYH8pOUHOM CllMIIO8HYM8 no HU8pHOA 3JI8KTpOHHK8 
()ijlesuea, 1980 r.), a TaKze onyMmtoBaHl:l B coo6meaHHX 0IDIB. 
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CTpyKTYpa lll!ICCepTIDU!H OTBeqaeT H86p8HHOA TeMe, couepEBHHll H 
Tpe6OB8Hllll ~BJll,HOCTH H8JIBr88MOrO M8T8pHBJI8. JlHccepTauHH COCTOHT. H8 
BB8U8HHH, Tpex rJIBB H 881tJillqeHHH, couepmIT 90 CTp8HHU TBKCTa, 32 
CTpa.HHUH HJIJilOCTPauliil, cnHCOK JIHTepaTypl:l_HS 165 H88B8HHI H npHJIOll8HruI. 

KPATIIDE CO.Il,EPJKAHHE PAID'Ili 

Bo BB8U8HHH o6OCHOB8Ha BKTYWHOCTD p88BHTHH HOBl:lX M8TOUOB pas
pa6oTRH YSJIOB H$PM8UHOHHO-H8M8pHT8JIDHl:lX CHCTBM C HCnOJID8OB8HH8M 
3Y, Cqx>pMyJIHpOB8H8 ee UeJID H nepeq11CJieHH OCHOBHl:le nOJIOll8HHH, Bl:lHOCH
Mll8 Ha 881!lliTY. 

IlepBSH rJiaBa UHCC8pT8UHH nocBHmeHa paCCMOTpeHHID npHM8HBHd ffi'IC 
3Y ll,JIH nOCTPOBHHH 8PliWMBTHKO-JIOrHqecRHX cxeM, HCnOJibsyeMHX B CHCTe
Max OT6opa CO6HTHA. 

B nepBOM pasueJie rJiaBl:l paccMaTpHBIWTCH npHM8HBHHH ffi'IC 3Y 11.llfl 

cosnaHM Jiorzqecxax cxeM, RBK B cacTeMe npenBapHTMbHoro oT6opa co-
6HTd, T8K H B cneunpoueccopax. BoBMOlKHOCTH npocToro M8TOU8 TaMzq
Horo nOHCKa c HCnOJibSOBBHHeM 'JY orpaaHqeHl:l TeM, qTo Heo6xoUHMHA, 
o~eM naMIITH 8RCnOH8HUHaJibHO YBMHiiHBaeTCH npH BO8p8CT8HHH TOql{OCTH 
npeUCTBBJI8HHH BXOUHl:lX UBHHHX. B ODHCW388MOM pasuMe paCCMOTpeHl:l cno
C061:l onTHMBJibHOA opraHH88UHH T8MHU noHCK8 Ha 3Y H coxpameHHH HX 
o6~eMa. Bee BOBMOlKHHe cnoco6H coKpameHHH Tpe6yeMoro o6'beMa 3Y MOEHo 
P88U8Jlli!Tb KB nB8 THna: nep13HA, CBHSaHHHfl C HHqx>pMBUHOHHOA H361:lTOq
HOCTDD caMoro npencTBBJieHM WYHKUd; BTopoA, onpeueJIHeMl:lfl wus11qec
Rol cymHoCT»D HCToqaHKa HHWOPMBUHH. 

BTopoa pasuM rJIBBl:l nocBHmeH 8H8JIHSY ROM6HH8UHOHHl:lX M8TQUOB 
P88JIH88UHH 61:lCTpoueAcrnyDmzx CX8M YMHOEBHHH. IlpeUJIOllteHl:l qJOPMYJil:l 11.llfl 
onpeuMeHHH BpeMeHH BHnOJIH8HHH onepBUHH YMHOll8HHH, Heo6XOUHMOro qHc
Jia B8HTHJieA (H o6meA MOmHOCTH pacceHBBHHH) p88JIHqHl:JX ROM6HHBUHOHHWt 
YMHOUTeJieA: cxeM MBTpHqHl:lx YMHOJtHTeJieA,, upeBOBHUHHX YMHOJtl!T8Jlel, 
cxeMH YMHOll8HHH Ha OCHOBe MOUHWHUHPOBBHHoro BJiropHTMa EyTa, cxeM Y»
HOll8HHH Ha OCHOBe MeToua TaMzqHoro noHCKa. PaCCMOTpeHl:l cnoco6H co
RpameHBH Tpe6yeMoro O61,eya n8MIITH, CBH88HHHe C HHqJOPMBUHOHHOI HS61:l
ToqaocTDD npeucTBBJieHHH wyHKUHA. CuMaHH xoJIHqecTBeHHHe oUBHRH xa
PBKTepHCTIIR YR838HHl:lX B8pH8HTOB YMHODTeJieA. l{aHHl:l'.8 no 61:lcrponeAcr
BHD H ROJIHqecrny B8HTHJieA B YMHODT8JIHX qHC8Jl paSJIHqHoA p88pHUHOCTH, 
P88JIH3OB8HHl:lX no OilHCBHHl:lM BJirOpHTMBM, npeUCTBBJieHl:l rpBWIUtBMH ·aa .. 
PHC. I. 3uec» no OCH a6CUHCC OTJ1Oll8H8 paspHUHOCTb ( n ) onepaHUOB, no 
JleBoA OCH OPUHHaT - qHCJIO Tpe6yeMHX B8HTHJieA N ( H8npepl:lBHl:l8 JIHHHH), 
8 no Ilp8BOA OCH OPUHHBT - BpeMH saneplERH pacnpocTp8H8HHH CHrHaJIOB 
qepes .11oraqecxae BBHTMH T8 (nyHRTHpHHe JIHHHH). 
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Puc. I. ElicTponelcTBHe H KoJIHqecTBo 
N Tt BeHTWieB B YMHOl!WTeJIHX quceJI paSJIHq-
'°' HO! paapnnHOCTB, pe8JIH80BaHHWC no 8JI-

ropHTM8M I+9. I - YMHOllWTeJIH c ropH-
10'1 I I I I I d ~ 1200 80HT8JibHHM nepeHOCOM; 2 - YMHOl!WTeJIH 

c nuaroH~HHM nepeHocoM:, 3 - c cyM-
MHPOBaHHHM nponycKOM crpoK; 4 - co 

ri 
,,.. I / CKB08HHM nepeHocoM; 5.- Ha ocHoBe ne-

I / peBa YoJIJieca; 6 - HS OCHOBe MOnH~HIU!-
/ 

/ 
/~ 

/ / /J) pOB8HHOro ~opHTMa Eyra; 7 - THna / /" // / 
/ 

/ / 

rCMqn C 8JieMeHT8pHliMH YMHOEHTeJlffMH .,J I / 
✓,,, 

100 
/ , 

(3Y) 4x4, nocrpoeH!WMB no cnocooy / / 
/ / 

/ / 
/J) npocToro T80JIHqHoro nOHCKa; 8 - THna / / ,,,,,, ------ /J) rCMqn c 3Y 4x4, nocTpoeHHHMH no cno-

10 / - --- -----
COOY ycrpaHSHHH HH~OpMaIWOHHOfl H80H-
ToqHOCTH npenCTaBJ.leHHH llpOH8BeneHHH; 
9 - Tana I'CMqn C qeTB8pTbKBanpaTHq-

12 16 z~ n n HHM.11 SY 4x4. 

B peayJibTaTe CpaBHeHHH '1'8RHX cxeM nOK8S8HO, qTo M8Ton I'CMqn na-
8'1' M8KCHM8JibHYll CKOpOCTb. B 8TOM MSTo.ne reHepaxwa M8Tpmn,I qacraqHhlx 
npoH8Be.neHJd BlinOJIHHeTCH 8J:leM8HT8PHhlMH YMHOl!WTeJIJIMH (SY) Ha OCHOB8 
II3Y, a CBe.neHHe - OOOOllleHH!lMH cqerqmt8MH (c1c , d ) • IlpH npHMeHeHHB 
M8Tona I'CMqn poCT Tpe6yeMoro 00~8Ma n8M/ITH C YBeJIJilq8HB8M pa8pHUHOCTH 
onepaHnOB uneT H8MHoro Men,JISHHee, qeM no 8KCnoHeHTe (OJIB8KO K JIBHeit
HOM.Y S8KOHY). B TO xe Bp8MlI OHCTponelCTBHS YM8HbmaeTCH no JiorapH!pMB
qecKOMY aaKOHY. 

B Tp8TbeM pasneJie OllHCHBaeTCH YHH~HIU!POBaHHhll OliC'!'ponelCTBYlllIIJd 
OJIOK YMHOllt8HHH IIBYX I2-paspHnHhlX quceJI, paapaOoTaHHhll Ha OCHOBe Me
Tona rCMqn. reHepamm M8Tpmn,I qaCTHqHlll npoHaBeneHJd BHnOJIHH8TCH 3Y 
4X4 H8 OCH.OBS MmtpoCXeM Illl3Y 8MKOCTbll 256x4 (K556Pl'4). EJiaronapn CO
BMeCTHOMY HCil0~80BaHKD cqeT~mtOB (2,2,2,3,5) Iii (3,2) HeOOXOnHMO 
JIHlllb ,.nBa ypoBHH cBeneHHH Marpmn,i qacTHqHHx npoHaBeneHJd. TeM c8MliM 
YU8JIOCb noBeCTH M8KCHM8JibHYll CKOpOC'l'b YMHOllteHHH no 86 HC. B '1'80JI~e 
I npeeneHH cp~~HTeJibHHe 'naHHHe pa3JIHqHHx cxeM YMHOlltBHBH. IlpaKTH
qecKH p88JIH80B8HHhl8, YMHOlltH'l'eJIH noMeqeHH 8H8KOM ''* 0

• B HHZHel rpa~e. 
npHBonnrcn naHHHe 6JI01ta, paapaooraHHoro aBTopoM·. BHnHO, qro npH npH
eMJieMoM noTp80JI8HHH MOlIIHOC'!'H 0HCTponeffCTBH8 CXBM!l npeBOCXOnHT BC8 

• . .'· . 1 

OCT8JibHH8, B TOM quCJie H cnertH8JIH8HPOB8HHhl8 MOHOJIHTHble. . . . . . . 
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Ta6JI. I 

CpaBH811l!8 cxe11 VMHO&el!IIH 

B1,1JIOJ1Helille one pa- n • n = 8 x 8 12 x 12 I 16 x 16 

WIii yMHOUHIIJI i'ii!CJIO Ma!IO • MOIIUI, 'lllCJIO 148RC. IIOl!IH ~ 'lllCJIO IIIUIO • MOIIIH. 
HC ORop. paoo. HC CROP, pace~ l!IC ORop. pace. 

------tr===-===--==== 
nporpa111U11,D,1 ue- I 270 * TOACJ4 K580l1K80 
/89/, 8X300 /901 MRO 

11eTo.1101o1 C.IIBlll'a- 1,6 1t 2,4 j 3,2 
CJIOKBHIIJI /33/ MRC MRO IIRO 

JlepeBo YOJIJ1eca 200 * 
/56/ HC 

JlepeBo YOJIJ1eca o ~-Il3Y 120 * 
reH. MaT-u 'l.n. 56-oyu. 80 25~7 
HS IIBY/36, 88/ 7-AJJ !IT 

- tznepeH. 

CneW18J';i13.MOHOJI, 130 1,5 150 3,l:l" 300 5 BT 
cxeMH /2 ,43/ HO BT HO l:!T HC - -- -
CxeMH Ha OOHOBB 8-II3Y 72 5 8-IIBY as 12 * 32-Il3Y 100 26 

IIBTO.z\ll ~=m· HO BT tw· HO BT G~m· HO BT 
IUM'ln 12 ,31 1nepeH. nepeH. GnepeH, 

IlpHMeqaHHe: CCWIKH naHR H8 JIHTepaTypy, YK888HHYll B nHCCepTartHH. 

Bo BTopol rJI8B8 paCCMOTpeHO npHMeH8HH8 EHC 3Y n,JIH aanaq H8KOil
JI8Hlffl cneKTPOB, a '1'8Kllt8 B ycrpolCTBax cqH'fHBaHHH perHCTPHPYllllleA anna
paTypH ronocKonuqecKHX CHCTSM. 

B nepBoM paaneJie rJISBH naercn Kparad ooaop MeTonoB HaKonJieHHH 
cneKTpOB annapaTHHMB cpencTBaMH, OCHOBaHHliMH Ha me 3Y: Meron npHMOfl 
anpecartHH, accoitHaTHBHRit Meron H Meron nceBnoCJiyqaflHol anpecaxwa, 

a· T8Kllt8 6y~epH88IUIJ! naHHHX Hee BJIHHHHe Ha noTepH H8-8a 
Mep'!'Boro BpeMBHH. B peayJibTaTe,aH8JIHSa noKaaaHo, qTo npH H8ROllJieHBH 
cneKTpOB c IlOMOlllbll HHTBrpffPYlllIIHX 3Y 11,JIH npHMBHeHHA, KOTopae Tpe6yDT 
BHCOKoro OHCTponeflCTBHH,H C qHCJIOM KaHSJIOB B HeCKOJ!bKO Tacaq, a '1'8K
ll8 npH oy~epH88ItHH HaHOoJiee nonxonuT MeTon npHMol anpecartHH. HcnoJI~ 
80BaHHe oy~epoB.C npllMOfl 9,1tpeCartHel o6ecneqeaeT M8KCHM8JibH08 6HCT
poneflcTBH8 H 8KOHOMHqHOCTb peaJIH88ItHH. 

BTopol paa~eJI nocBH1I1eH paCCMOTp8HHD HCil0~80BaHHH oy~epHRX na
MllTel B ycTpolcTBax cqa'fllllaHira: naHHHX B a1tcnepHMearax nnepHol ~HaH
KH. 

PacnpoCTpBHeHHh!M CllOCOOOM IlOCTpOBHHH oy~epuoro 3Y THna FIFO 
(nePBHM BomeJi - nepBHM BRm8JI) HBJIHeTCH BCilOJ!b80BaHHe OnHOro HHKpeMeH
THPY8MOro anpecaoro cqe'fqmta - pac. 2a, npH aanHCH H qTeiIHB. Cy1I1ecT-
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PHc. 2. ,llHarpaMMH pa6om an
pecHHX CQ8TQHKOB paSRHQHHX 
B8pH8HTOB 6yqiepHoil Il8MSITH TH
na FIFO. 

C BH8W. 
pa31,e1,1a 

T8KT.BX. 

OTB8T 

c6poo 

YOT. 
LIFO 

YCT. 
38IIHCl1 

YOT. 
'IT8Hl1fl 

BYXlT cxeMH 6yqiepHofl Il8MSITH THil8 FIFO 

C nBYMll CQ8TQHK8MH - anpeCHHM H BCilO
MOr8T8RbHHM peBepCHBHHM, B KOTOpHX 
npH 88IlHOH o6a OQ8TQHK8 HHKpeMeHTHPY
XlTCJI napMneJU,HO - PHO. 26. Ilpewrollte
HO anpecHHfl OQBTQHK 88IlHOH nenaTD pe
BepOHBHHM - pHO. 2B. IlpBHMYIIIBOTBOM 
TBKoro pemeHWI SIBJI/ieTca npooToTa ne
pexona B pel!WM LIFO (nocnenHHM Bomen

_nepBHM BHmeM) - pHo. 2r. 
CTpyKTYPHM oxeMa 6yqiepHoro Mo

Ka IlBMlITH, nocTpoeHHOro no YK888HHOMY 
H8 pHC. 2B,r np:m~. IlOK888H8 H8 
pHC. 3. EJroK MOllteT pa60T8TD B pe:amMe 
FIFO , LIFO I'! o6HQHOI'O 03Y o npOHS
BORDHWII nooTynoM. 3anHOD H OQHTHB8HH8 
naHHHX BOSMOlKHH K8K O nepenHefl Il8H8RH, 
TaK HO M8rHOTp8JIH KAMAK. IlpeeyCMOT
peHa BOSMOXHOCTD 06'.bBnHHBHl'IR llBYX Mo
KOB MR nonyqeHHR nBYXT8KTHOfl 6yqiep
Hoil IlBMlITH, 06ecneqHBaXJ1I1efl HenpepHB
HOOTD npouecca paspaBHHB8HHR. 

PHO. 3. YHHqJl'IUHPOB8HH8H OTPYKTYpHaH cxeMa MOK8 6yqiepHofl IlBMlITH. 
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B Tp8TD8M pasnene OilHOHBaXJTOR paspa6oT8HHH8 B OOOTB8TCTBHH C 
YK888HHOfl OTPYKTYPHOff oxeMoff 6ROKl'I 6yqiepHofl Il8MllTH: IDSY-467, 
IDSY-466, IDSY-493, HMBIXlll'le pasHoe 6HCTpone:BOTBHe B 88BHCHMOOTH OT 
THil8 H0Il0RDSY8.MHX oxeM SY. 

Ha pHo. 4 npHBeneH rpaqiHK 

Bpe,.rn ~OCTyna 
K II8MflTH 

6HOTpone:BOTBHR-eMKOOTH paSRHQHHX 6y
qiepHHX Il8MlITefl • Moey-

HC ,----,----

!0001 t' _q_ill12s/ 
z /127. 29/
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IKxI6 
8MKOOTD 

PHO. 4. I'paqiHK 6HCTponeffcTBWI - BMKDOTH pas

RH, paspa6oTBHHHe aB
TopoM, IIOM8Q8HH SH8-
KOM "+". 

. B naHHOM pasnene· 
TaKXe OIIHC8H MOK rHc
TorpaMMHPYIOUtefl llaM!ITH, 
IlOCTpoeHHHil H8 6ase 
HHTerpaJIDHHX cxeM na
MllTH K565PY2 (CM. 
pHo. 5). OH 06eone1m
B8eT H8KOIIJI8HHe·cneK
TpOB O QHCROM K8H8JIOB 
no 1024. MaKCHMaJIDHOe 
QHORO DTOQBTOB B K8X
noM KaHan:e 65535 
(216-I). UHM rHCTD-

RHQHHX 6yqiepHHX II8MilTeH. COWIKH naHH H8 RHTe- rpaMMHpOBBHM ODOT8B
paTypy, YK888HHYXl B nnooepTBUHH. JI/leT I,6·MKc, QTD Ha-

C 

+I 

c6poc 

:t.l 

TaKT.BX., I ynpaBJieHl:IH If 

PHO. 5. CTpYKTYPHM oxeMa MOK8 rHOTorpaMMHPYIOUteff Il8MllTH. 
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MHOro MeHbwe,·qeM llpH rHCTorpaMM:epOB8HHH nporpaMM!WMH MeTOUaMH. MOK 
pa6oTaeT He TOnhKO B HHKpeMeHTHOM, HOH B neKpeMeHTHOM pellw:Me, qTo 
IlOSBOJIR:eT HenocpenCTBeHHO BO BpeMll ~KcnepHMeHTa no.nyqaTb paSHOCTHHe 
cneKTpli (sa BHqeTOM "~oHa"). MOK MOllteT 6liTh HCnonsoBaH H KaK o6uq-· 
Hoe 'JY c npOHSBOnhHlilM UOCTYilOM eMKOCThD I024 x 16 6HT. 

TpeTbH rnaBa IlOCBHIIteH~ paCCMOTpeHHD BOllpOCOB MOUeJll!pOB8HHH CHr
HMOB H BOSMOlitHOCTH ~pmi:poBaHHH HX Ha 6ase BHC 'JY. 

B nepBOM pasnMe r~Bli paCCMOTpeHH MeTOUli BOCilpOHSBeneHHH ne
TepMHHHPOB8HHHX nponeccoB (~YHKnd). 

To~H HMOMa ( xi+1 ) sanaaaofl ~YHKnHH f(x) lt11H MYqaH Kycoq
ao-nHHeflHofl annpoKCHManHH c nepeMeHHHM waroM onpeneJI/lllTCH HS CHCTew 
ynpaMeaHfl 

f(x £) - f'(x £ )(x £ -xi) - f(x1 ) = E. (I) 

f(xi+ 1) - f(x1 ) , 
X. - X = .f (x £) t 

i.+1 i 
(2) 

rue x £ - To~a, B KOTopott pasHOCTh saaqeallfl ~YHKnHH f(x) Hee an
npoKCHManHH MaKCHMMhHa H paBaa sanaHaofl norpeWHOCTH ( £ ) ; xi - HS
BeCTHaH TO~a HMOMa H xi+1 - To~a HMOMa_, KOTOPYD aeo6XOUHMO 
HaflTH. 

PeweHHe ypaBHeaHfl"(I) H (2) BlillOnHHeTCH MeTOlOM fu.DTOHa. B TaM. 
2 np_HBeneHH •mMa ToqeK HMOMa IlPH peMHSanHH HeKOTOplix ~YHKI.Um c 
paSJll!qHHmi: norpewaoCTHMH. 

TaM. 2 

Ilorpew-
= I-e-x 

= xi ( x~ + a2) 112 
HOCTb f(x)=sin x 

I 8=360 8=720 
2•I0-4 37 62 62 64 

ro-4 52 89 87 89 ro-5 I74 285 293 293 

~YHKnHH f(X}=x/(x2+a2)½npencTaBJIR:eT co6ofl SaKOH CBHSH qaCTOTli 
· YCKOp.fID!lero H8llp.!DlteHHH C MarHHTHliM noneM IlpH YCKOpeHHH sap.lD!teHHHX 

qacTnn B CHHxp~asoTpoae. KoacTaaTa a=720 cooTBeTCTByeT c.nyqam npo
TOHOB. (A/ z = I), a:360 - neflTpOHOB (A/z = 2), rue A - MaCCOBOe 
qHMo; z - sapan 1JaCTHnH. 

Ilpen,noxea MeTon Kyco1Jao-nHaeflaofl annpoKCHManHH Ha 6ase O'JY H 
UAil C HCilOnSOB8HHeM UBYX cxeM IlaMllTH O'JYX (lt11H nepeMeHHUX) H O'JYY 
(lt1U[ ~YHKnHfl). IlpH 8TOM KO!$I)HnHeHT COKpameHHH qHcna HqeeK IlaMIITH 
onpe neJIJieTCH HS ~pMyJIH: 

8 

I 

I . 

N 1 
5 = fl !+lc'' (3) 

rue N - ql{MO pas6Head llpH IlOCTOHHHOM ware, 

!.I 

~F- ! I I I A I 
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4 
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M - qHMO pas6HeHHfl npH nepeMeH-
HOM ware, 

l - paspHUHOCTh sHaqeeHfl ~YHKnHH, 
k - paspanaocTh saaqeed apry

MeHTa. 
Ha PHC. 6 HS06paEeHa SaBHCH

MOCTD KO!$I)HnHeHTa COKpameHHH •rn_c
na Heo6XOUHMllX aqeeK IlaMIITH OT 'AO
nycTHMOl norpemHOCTH annpoKCHManHH 
1t11H HeKOTOpliX ~YHKnHfl. 

Bo BTOPOM pasnene OilHC8H YHH
Bepcan~ reaepaTop ~YHKnHfl, ~as
pa6oTaHH!lli no yKasaHHOMY M8TOUY 
(pHC. 7). reHepaTop IlOSBOJIR:eT BOC
npoHSBOUHTh CHI'HaJ:tli C norpemaoc
ThD 2·ro-4 H 8MIIJIHTYUOli no IO B. 

TpeTHfl pasnen nocBHmea pac
PHc. 6. 8aaqeaHH KO!$I)HnH8HTa co- CMOTpeHHD BonpocoB UOCTOB8pHOCTH 
KpameaHH o6~eMa 'JY npH pasnnqeux nepenaqH naaHHx ea nHHHH cBHSH c 
norpemHOCTHX annpoKCHManHH. aBM, T8XHHK8 ee HSM8p8HHH H cnoco-

r.:::==========================W13¼ 
W24 

BHX. 

L=========:::::::-=============~)R13¼ 
R24 

N,A,F 
z,c,x 

_ :j""C ~ QI L 
R1¼ 

R12 
PHc. 7. CTpyKTypeaa cxeMa reaepaTopa ~YHKnHfl. 
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60B MonemipoB8HHH neeBnOCJIYqaflHWC eHI'HaJIOB, KOTOplie CJI,VlKBT B Kaqeer
Be HenHT8T8JII,HHX B eHeTeMax HSMepeHWI qaeTOTli omH60K nepenaqH naH
HliX. 0TMeqeHo. qTo MH MOnMHPOB8HM IUiq>pOBliX neeBnoCJI,VqafiHHX eHrHa
JIOB llpHMeHeHHe EHC 3Y OK83HB8eTCH H8H60Jiee npennoqTHTSJII,HHM, TaK KaK 
o6eeneqHBaDTCH KOMnaKTHOeTL, 6HeTponefleTBHe, rH6KOeTL nepeerpoflKH. 

B qerBepTOM pasneJie onHeHBaeTCH eHeTeMa, paspa6oT8HHaH Il,11Jl HS
MepeHHli qaeTOTli omH60K H HEIJI8llKH IU!qJpOBliX JIHHd eBJ'lsH. 0Ha nosBOJIHeT 

r.- - - - - - - - - - - - - - - - - 7 

I I I STJI. KOll I I . l 
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C'I.Bpll. 

- ----,-

KII- 642 IIE'lATI, ECII-543 
E3-I5 llllII-37! 

PHe. B. CrpyKTypHaH cxeMa eHeTew HsMepenufl 
qaeToTH OmH60K H H8Jl8llKH Uliq>pOBliX JIHHHM eBHSH 
B eraanapTe KAMAK. 

I _, 

llpOBOnHTb He06XOnH
Mlifl o6~eM HellliTa
Hd paSJIHqHHMH Me
TonaMH, oey111eeT
BJIHTL HaeTpoflKy 
eHeTeM JIHHd eBHSH, 
He Tpe6yeT o6CJI,Vu
BaHHH H noeTaToqHo 
nopTaTHBHa. 

Ha pHe. 8 
npeneTaBJieHa erpYK
TYPHaH exeMa paspa-
6oTaHHOfi eHeTeMH. 
fJiaBHOlJ qaeTLD eHe
TeMH JIBJIJieTeH Tee
Tep JIHHHH eBHSH • 
.lvIH BHSYBJlbHOfl pe

rHeTpaIUIH omH60K H TeKy111ero BpeMeHH uenOJlbSYDTCH nBOHqHo-neCHTHqffile 
eqeTqHKH e HHnHKaIUiefl. IloJiyqeHHe pesyJILT8TOB HSMepeHd Ha 6yMalltHofl 
JieHTe npOHSBOnHTeH e noMOl!IDD eueTeMH BHBona HHqJOPMBnHH Ha IUiqipone
qaTL B CTannapTe KAMAK • .lvIHHa neeBnoCJI,VqaflHHX llOCJienoBaTeJlbHOeTefl 
2

23
-r HJIH 2I

6
-1, M8KeHM8JILH8H qaeTOTa eJienoB8HHH - IO ~- IlOJIYqen

HHe pesyJILT8Tli npoBepKH JIHRHH eBHSH 3Jlv1,EC-I040 C qJH3HqecKHMH'yeTa-

,o"'r---' 
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PHe. 9. KoaqiqiHIUienT omu6oK H 
CKOpOeTL nepenaqH. 

HOBK8MH CHRxpoqiasorpoaa JIB3 noK83H
B8DT, qTO KOwqJHIUJeHT OmI6oK, paB
Hlifl I0-9+ro-8 ( CM. pae. 9), YnoBJieT
BOpHeT Tpe60B8HHHM K noeToBepnoeTH 
nepenaqH naHHHX ltJ1l:I aKenepHMeHTOB 
ipHSHKH BlieOKHX aaeprd. 

38JUil)qenue. B urore llpOBenen-:
awc B nueeepTaIUIH HCCJienoBaam! no-· 
;ryqenH CJienyDl!IHe pesyJlbTam. 

I. IloKasano, qro Meron Ta6Jiuq
noro noHeKa I'CMqn e HenoJlbSOB8HHeM 

to 

eoKpameHHliX aJieMeHTapHHX YMHOlltliTMefl naeT MaKeHMaJILffYD eKopoeTL H 
saaqHTSJlbHoe yMeHLmeHHe rpe6yeMoro o6~eMa n0.MllTH. IloKasaHo TaKxe, qTo 
npz TaKOM Merone poeT Tp86yeMoro o6~eMa naMIITH llpH.YB8JIHqeHHH,p88pHn
HOeTH onepaHnOB uneT HaMHOro M8I(JI8HH88, qeM no 3KCnOH8HT8 (6JIH3KO K 
JIHH8MHOMY 88KORY), a 6HeTponefieTBH8 YM8HLmaeTeH no JIOrapuqJMHqeeKOMY 
SaKOHy. 

2. Paspa6oTaH 6JioK YMHOE8HHH nBYX 12-paspnnmnc queeJI, HM8Dl!IHfi 
6HCTpO,IJ;efiCTBll8 86 He. MOK noeTpoea·aa oeaoBe MeTOna Ta6JIHqnoro no
neKa f(Mqn. renepaunH MaTpHUH qaeTHqffliX npoHSBenenHfi BlinOJIHHeTeH 8JI8-
M8HTapHliMH YMROlltliTeJIHMH 4x4 Ha oeHoBe MHKpoexeM IIlI3Y 8MKOeTLD 256x4. 
MOK npennasnaqen MH paSJIHqffilx sanaq o6pa60TKH nanHHX B peanLHOM 
BpeMenu, B qaernoeTH, MH eosnaHHH cnermpoueeeopoB B eHeTeMax sanye
Ka cneKTpoMeTpOB qJHSHKH BlieOKHX sneprd. 

3. Paspa6oTaH 6JIOK rHeTorpaMMHPYDl!lefl naMIITH, eosnaaHHM Ha oeao
B8 M8Tona llpmJIOM anpeeaIUIH. 3TOT MeTon HaH60JI88 nonxonHT Il,11Jl npHMe
HeRm!; KOTOpHe Tpe6yDT BlieOKoro OlieTponefieTBHH,H C qHCJIOM KaRaJIOB B 
R8CKOJILKO 'mcnq. MOK HMeeT qHCJIO KaH8JIOB 1024, MaKCHMaJILR08 qHeJIO . 
oTeqeToB'B KaxnoM KaHaJIS 65535 (216-:-I),·UHKJI rHeTorpaMMHpoBaRHH eo
CT8BJIH8T I,6 MKC, qTo RaMROro M8HLme,<ieM llPH rHCTorpaMMffPOBaRHH npo
rpaMMHHMH MeTonaMH. 

4. Paspa6oTaH pHn 6JIOKOB 6yqiepaofl n0.MllTH THna FIFO/LIFO. ,l{Hana
SOH Bemi'qHH 6HeTponeae_TBHH H eMKOeTH 6JIOKOB nocTaToqao mHPOK, qTo no
SBOJIH8T aq4/eKTIUlHO HenOJlbSOBaTL BX ltJ1l:I paSJIHqawc sanaq. 

5. IloKasaao, qTo npH MoneJIHpOBaHHH neTepMHHHPOBaRHliX eHrnaJIOB 
M8Ton Kyeoqao-JIHH8MHOfi annpoKeHManHH na 6ase 03Y H UAII e HenOJlb30Ba
HH8M ~SY X ( IJ,.llil nepeMeHHHX) H 03Y y ( ltJ1l:I qiymuurn) naeT SHaqHT8JlbHlifl . 

. Blilirplilll B SKOHOMHH aeo6XOnHMOfl eMKoeTH n0.MllTH no 30.80 pas, oeo68HHO 
Korna Tpe6yeTeH BHeoKaH TO~HOeTL npeneTaBJI8HHH 4JYHKUHH. OTMeqeao TaK
xe,. qiro Il,11Jl MoneJinpoBaHHH UliqJpOBliX neeBnoCJIYqafiffilX eHrHaJIOB npi.iMeae.:.. 
nHe EMC 3Y naa6oJiee npennoqTHT8JlbHo .B eHJIY Hx KOMllaKTHoeTH, 6HeTpo-
neflcTBWI, rH6KOCTH nepeeTpOMKH~ . 

6. Paspa6oTa.H ymmepcaJII,HIDi reaepaTop ~. ,n;eilcTByxnimi no 
llpHHUHny Kyeoqao-JIHHSflHofl annpoRCHMBUHH Ha nBYX 03Y (nJIH nepeMSHHliX 
H qiyHKUH~) H UAII. EnoK reaep~yeT CHrHaJili .mo6ofl qiopMH C norpemHOCTLD 
BOCnpoHSBeneHHH ~YHKUHH 2~10 H aMllJIHTynofl no IO B. 

7. Paspa6oTaHa CHCT8M8,nJIH HSMepeHHfl qacTOTli omH60K ll HMallKH 
UliqipOBliX JIHHHfi CBHSH. OnaeaHHaH eHCTeMa 6HJI8 HCnOJIL80BaHa llpH paspa-
60TK8 JIHHHII'. CBHSH 3BM EC-1040 C qJHSHqecKHMH yeTaHOBK8Mli CHHxpoqiaso
Tpdaa Jla6opaTopHH BlieOKHX aaeprHfi OHHH. 

8. Paspa6oTaHHli8 8 THnOB MOJlYJiefl (o6uum BHn KOTOpliX noKaSaH Ha 
pii:c. ro> icnoJILsYDTcn B TaKHx KpynHHX yeTanoBKax, K8K EHe-2, .mfCK-3, 
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PHc. IO. 06111Hii BHn paspa6oTSHHliX MOnY~ 
0Jieii. 

CID, "KpHCT8JIJl" H B CHCTeMe 
8l:ITOM8Tl'IS!UU!l'I CHHxpowasoTpO
Ha B JIBS. 

9. YKasamrae MOnYJIH H 
pesyJibTaTli aHaJil'.138 npHMSHHMH 
He TOJlI,KO Il,llll 8KcnepHM8HTOB 

· · B WHSHKe BliCOKHX aaeprHii, 
Ho H B npyrzx o6JiacTruc nnep
Hoii WHSHKH H SBToMaTzsi:mHH 
aayqHliX HCCJienoBaHHfi. 

0CHOBHlia pesyJibTaTli nzc
cepT!UU!H ony6JIHKOB8Hli B 
CJI8llY10DlJIIX pa6oTax: 

I. BaCHJianse c.r.~ Kao .ll:aK X:&eH. BHcrponeiiCTBYIOIIIH8 CXeMli YMHOJKSHWI 
aa ocaoBe cyMMaTopoB qacTzqHsx npoHSBeneHd. - )ly6Ha,I982.-I2 c. 
(Coo6meaHe/06$en. HH-T nnep. HCCJien.: 13-82-146). 

2. BacManse c.r., Kao ,ll8K X:&ea. BHcTponeAcTByIOIIIHe cxeMH YMHollteHHH 
Ha OCHOB8 MeTona Ta6JIHqaoro UOHCK8. - )ly6aa, I982.- I4 c. (Coo6-
meame/06$en. HH-T anep. zcCJien.: I3-82-I47). 

3. EacHJianse c.r.' Kao .ll8K X:&eH. B:zcTponeACTBYIOl!lliff ClJIOK YMHOlit8HHH.
-.IlY6Ha, 1982.-4 c. (Coo6meHze/06$en. HH-T anep. HCCJien.: 
13-82-152) '• 

4. BacHJianse C.r •, Kao ,ll8K X:&eH. B:zcTponei!CTBYIOml'.18 ClJIOKH 6ywepHofi 
naMll:TH.- .IlY6Ha, 1980. - 6 c. (Coo6meHHe/06$en. HH-T anep.HcCJien.: 

, I3-8D-386) • 
5. EacHJianse C.r •, Kao ,ll8K X:&eH. lilIOKl'I rHCTOrpaMMHpyIOmeii H 6ywepHofl 

naMHTH.-.IlY6Ha, 1980.- 6 c. ( Coo6meaHe/06$en. HH-T anep.HccJien.: 
13-80-790). 

6. EacHJianse c.r., Kao ,UaK X:&ea. YHHB8pC8JibY reaepaTop wymw:d. -
)ly6Ha, I982. - II c. (IlpenpHHT/06$en. l'IH-T nnep. HCCJien.: 
I3-82-28I) • 

7. Kao ,ll8K X:&eH, KpaqICO A.II. CHCT8M8 Il,llll HSMepead qaCTOTli omH60K H 
HaJianKH QH(ppOBliX JIHHd CBHSH B CTSHnapTe KAMAK.- )ly6aa, I98I. -
5 c. (Coo6meHHe/06$en. HH-T anep.HCCJien.: PI3-8I-260). B·Ka.: 
X .Internati.onal Symposi.um on Nuclear Electroni.cs. Proceedings 
ZfK-433, vol. II, Dresden, 1981, P• 283-287. 

Py'KOnHCb UOCTYJIW!a B l'IS'A8T8JU,CICWl OT'A8JI 
27 ceHTn6pa I982 roM. 
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