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BBE.QEHHE 

CbeM AaHH~x c MHoronpoaono4H~x rtponop~~oHanbHWX KaMep /MnK/ 
C noMOUlbiO n3 Tpe6yeT Mano"ro 4~Cna KaHanoB per~CTpa~~~. 0AHaKO 
OAHOBpeMeHHOe AOCT~meH~fl np~ 3TOM xopowero npoCTpaHCTBeHHOrO 
pa3peweH~fl ~ np~eMneMoro 6biCTPOAe~cTB~fl MomeT 6b1Tb pean~3oaaHo 

TOnbKO Ha OCHOBe 3neKTPOHHO~ annapaTypbl, ~MeiOUle~ BbiCOK~e CKOPOCTb 
o6pa60TK~ AaHHbiX ~ T04HOCTb . .Qnfl peweH~fl yKa3aHHO~ 3aAa4~ HaM~ 

pa3pa6oTaHbl apeMfl-~~<J>poao~ npeo6pa3oaaTenb /BUn/, ynpaanfleM~~ 
reHepaTOp TaKTOBO~ 4aCTOTbl, pa3paBH~BaiOillafl naMflTb ~ ap~<J>MeT~-

4eCKO-nOr~4eCKOe ycTpO~CTBO. 

1 . BPEtUH..\H<I>POBO~ nPEOEiPA30BATEnb 

CyUleCTByiOT pa3n~4Hble cnoco6bl nocTpoeH~fl sun HaHoCeKyHAHOro 
A~ana30Ha. l!J~pOKO ~CnOnb3yiOTCfl MeTOAbl npflMOro C4eTa /I/, HOH~yc
Hbl~ / 2/, ~HTepnonfl~~~ nep~OAa TaKTOBO~ 4aCTOTbl/ 3/, npeo6pa30BaH~fl 
T-A-T/4/. Ha~6onee npocTbiM flBnfleTcfl MeTOA npflMoro c4eTa, T.e. 
~::!~~.~~~~!~~!: ~~:,.·.·.~;;;;.:.;.~VIV lt'lnlc:;}JDCIJid IIUC....IYIIdiOU\111MY1 Ha C4eT4HK J.-tMnyflb

CaM~ TaKTOBO~ cep~~ T0 .MeTOAY np~CYUl~ Hyneaoe MepTBOe apeMfl 
~ BbiCOKafl CTa6~nbHOCTb napaMeTpOB, OAHaKO AOCT~m~Mafl np~ 3TOM 
T04HOCTb orpaH~4eHa npeAenbHO~ 4aCTOTO~ nepeKnl04eH~fl C4eTHbiX 
Tp~rrepoa IAnfl cep~~ K500 fmaxt150 Mr~/ . .Qpyro~ ~~<J>poao~ MeTOA
HOH~YCHbl~ - XOTfl ~ n03BOnfleT nony4aTb BbiCOKOe pa3peweH~e /cy6-
HaHOCeKYHAHbl~ A~ana3oH/, flBnfleTCfl cpaaH~TenbHO cnomHwM, Tpe6yeT 
TUlaTenbHO~ peryn~pOBK~ ABYX OnOpHbiX reHepaTOPOB BbiCOKO~ CTa-
6~nbHOCT~. t1eToAaM, CBfl3aHHbiM c npeo6pa3oaaH~eM T-A-T /yaen~4e
H~e MaCWTa6a BpeMeH~/, CBO~CTBeHH~ HeAOCTaTK~ aHanorOB~X C~CTeM 
/TeMnepaTypHafl HeCTa6~nbHOCTb, Hen~He~HOCTb/, a TaKme Kpa~He 
HemenaTenbHble Anfl paccMaTp~aaeMoro np~MeHeH~fl 3Ha4~TenbHoe yae
n~4eH~e MepTaoro apeMeH~ /a cny4ae pacTflmK~ apeMeHHoro ~HTepaa
na MemAY ~MnynbcaM~ "cTapT 11 ~n~ "cTon" ~ <l>a3o~ nep~oAa TaKToao~ 
4acToT~ /S/ yaen~4eH~e MepTaoro apeMeH~ He3Ha4~TenbHo/. 

HCXOAfl ~3 CKa3aHHOro HaM~ Bb16paH, KaK Ha~6onee OnT~ManbH~~ 
Anfl peweH~fl nocTaaneHHo~ 3aAa4~, cnoco6 ~HTepnonfl~~~ nep~oAa 
OnOpHO~ 4aCTOTbl nocpeACTBOM <J>opM~poaaH~fl apeMfl3aAa10Ul~X KOPOTK~X 

apeMeHHblx ~HTepaanoa At= To/n Ha paA~04aCTOTHbiX Ka6enflx 3aAepmK~. 
3TOT MeTOA o6ecne4~BaeT T04HOCTb, COOTBeTCTBYIOillYIO apeMeHHOMY 
pa3peweH~IO ~cnonb3yeM~X cxeM coanaAeH~~ IAnfl cep~~ K500 - He 
xyme 2 He/, awcoKyiO cTa6~nbHOCTb napaMeTpoa ~ npeHe6pem~Mo Mance 
MepTBOe apeMfl /paBHOe nep~OAY.~.oiiOPHO~. 4aCTQ.Tbi,i'.,. T. e. AOCTaT04HO 

; ;~--,-,_.; ...... , ... · ... ;: ;, ::.·f,'\1~.,.,, 
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nonHO OTBe4aeT BbiABI-1HYTbiM Tpe60BaHI-1RM. Cna6ble CTOPOHbl TaKOrO 
nOAXOAa - OTCyTCTB~-te nnaBHO~ peryn~--tpOBKI-1 MaCWTa6a npeo6pa30Ba
HI-1R 1-1 He06XOAI-1MOCTb I-1HAI-1BI-1AYanbHO~ peryn~--tpOBKI-1 WI-1PI-1H~ KaHana -
B cny4ae ManoKaHanbHO~ annapaTYP~ He ~-trpa~T np~-tH~~-tn~-tanbHO~ pon~-t 

/M CKa3~Ba~TCR TOnbKO Ha 3Tane HaCTPO~KI-1/. 
Pa3pa6oTaHH~~ sun /T~-tn P-304/ COAePMI-1T 2 I-13Mep~-tTenbH~X Ka

Hana Ha OAHO~ nnaTe KAMAK. np~-tH~Mn~-tanbHaR cxeMa OAHoro 1-13 KaHa
nos noKa3aHa Ha p~-tc.1. np~-tH~~-tn pa6oT~ cxeM~, KaK ~-t3BeCTHO, cso
A~-'~TCR K YCTpaHeHH~ OCHOBHOrO HeAOCTaTKa MeTOAa npRMOrO C4eTa -
OTCYTCTBI-1~ ~--tH<)lopMa~YII-1 0 MOMeHTe npMXOAa HMnynbCOB 11CTapT 11 

1-1 11CTOn 11 OTHOCMTenbHO <)la3~ TaKTOBO~ 4aCTOT~ 1-1 B03HMKaiOII\e~ B CBR-

31-1 C 3TMM OWI-16KI-1 I-13MepeHMR BpeMeHHbiX 1-'tHTepsanoB a= yaJTapTaJ TOn 
To 

= J6 /TpeyronbHOe pacnpeAeneHMe c w~-tp~-tHo~ Ha nonyBbiCOTe T0 I. 

B MeToAe ~-tHTepnonR~~-'~~-'~ nep~-toA T0 pa36~-tsaeTCR Ha 6onee MenK~-te 
war~-t ~t, C nOMO~b~ KOTOP~X 1-13MepR~TCR YKa3aHH~e B~We /He onpe
AeneHH~e s MeToAe npRMoro c4eTa/ ~-tHTepsan~ speMeH~-t. 

KaHan~ 6noKa P-304 ~-tMe~T ~-tHA~-tB~-tAYanbH~e BXOA~ c~-trHanos 
"cTaPT 1

', "cTon", "TaKT 11
, 4TO Heo6xoA~-tMO AnR np~-teMa c~-trHanos 

C ABYX KOH~OB n3. KOA~-'~PY~~aR 4aCTb 6noKa B~nonHeHa Ha 3Cn MI-1KPO
CXeMaX KSOO /MC 10.000/. B cooTBeTCTB~--tl-1 c 3T~-tM MMH~-tManbH~~ war 
~-tHTepnonR~~-t~-t Bbl6paH paBHbiM ~t = 2 HC. ll~~:~cno waros ~--tHTepnonR~I-1~--t 

n onpeAenReTCR Ha OCHOBe 3Ha4eHMR nep~-tOAa onopHO~ 4aCTOTbl 
Y0 = IZ~ Ml ~ /B~bpaHHO~ bni-13KOI-1 K MaKC~--tManbHOI-1 B ~enRX COKpa
~eH~-tR 3neMeHTOB ~-tHTepnonRTopa/: n = T0 / ~t = 8 He: 2 He = 4. 

B Ka4ecTse 3neMeHTOB ~-tHTepnonRTopa Mcnonb3YeTcR 11 Tp~-trrep-

3a~enKa" T~-tna K500H1133 /MC 10 ·133/, COAep>Ka~~-t~ 4 Tp~-trrepa 
B Kopnyce I cxeMbl MS 1-1 M6 Ha pMc. 1 I. 3aAeP>KKa ~t = 2 He ¢opM~-t
pyeTCR Ha oTpe3Kax paA~-t04aCTOTHoro Ka6enR I Z0 =50 OM/. ~HTep

nonR~MR npOI-13BOAI-1TCR B Ka>KAOM 1-13 ABYX I-13MeP~-tTenbH~X KaHanOB 
6noKa AnR o6o~-tx c~-trHanos /"cTapT" 1-1 "cTon"/.<ll~-tKca~~-tR MOMeHTOB 
np~-tXOAa 3T~-tx c~-trHanos OTHOC~-tTenbHO ¢a3bl Fo npo~-t3BOAI-1TCR D-Tp~-tr

repaM~-t T1 1-1 T2 /KSOO TM131/. llacToTa Fo noAaeTCR Ha 8-pa3PRAH~~ 
C4eT41-1K ~-tMnynbCOB. Pa6oTa cxeMbl noRCHReTcR speMeHHO~ A~-tarpaM
MO~ /p~-tc.2/. 

M3MepeHH~~ HHTepsan speMeH~-t B~4~-tcnReTcR no ¢opMyne 

/1/ 

rAe NC , NMS , NMG - COOTBeTCTBY~~~-te KOA~ B C4eT41-1Ke 1-1 per~-tcT
pax M5, M6. 

np~-t I-1CnOnb30BaHI-11-1 ynpaBnReMOrO reHepaTOpa 2r-303, ¢a3a ce
PMI-1 TaKTOB~X ~-tMnynbCOB C KOTOporo CI-1HXPOHI-130BaHa C C~-trHanOM 
"cTapT", 3Ha4eHMe NMs nocTORHHO /~-tn~-t pasHo 0/. AnR 3Toro cny-
4aR 

TH3M = N c X 8 HC - NM6 X 2 HC. /2/ 
3 
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PHc. 2. BpeMeHHaH p;HarpaMMa pa60Tbi BJJJI. 3aKop;HpoBaHHhiH 
HHTepBarr COCTaBnHeT 3x8 HC + /2-3/x2 HC = 22 HC. 

Ailfl o6ner4eH11f1 AanbHet::iwet::i pa60Tbl C 3aperi1CTPI1POBaHHbiM KOAOM 
s cxeMe o6ecne411saeTCf1 a/ annaparHoe npeo6pa3osaH11e no311~11oH

Hur u KU.4d i~MS t:S .4t:SUV1"'1MbtVt VI G/ t:JU.;)Mvmnu\.. • o c;1 v Co•DU~o C HV.-Iv ... -;i i~i 
renbHOM KOAe /4TO 3aMeHf1eT onepa~1110 Bbi411TaHI1f1/. TaKI1M o6pa3oM, 
Ha B~XOA 113Mepl1renbHoro KaHana nocrynaer np11 4TeH1111 10-pa3Pf1A
H~i1 ABOI14H~H KOA C ~eHoR KaHana 2 HC. 

t 

nepenonHeHI1e c4eT411Ka conposomAaeTCfl reHepa411ei1 c11rHana 
11aBToc6poc", npi1BOAf1ll\ero KaHan B 11CXOAHOe COCTOf1HI1e. C11rHan 
"crapr" crpo611pyeTCf1 sHeWHI1M Cl1rHanoM "sopora", c11rHan "cron" 
MomeT nonacrb s cxeMy ronbKO nocne np11xoAa c11rHana "crapr". 
Han11411e o6o11x c11rHanos npi1BOA11T K reHepa~l111 sHyrpeHHero c11rHa
na 3anpoca L. (i = 1,2).C11rHan 3anpoca 6noKa L /reHepl1pyeMbiR Ha 

I 

Marl1crpanb KAMAK 11 3aAHIOIO naHenb 6noKa/ o6pa3yeTCF1 KaK L = L 1 + L 2, 
T. e. paseH ''1'' np11 Hanl141111 11HcllOPMa41111 B o6o11x KaHanax 6noKa 
fAnfl ABYXKOOPA11HaTHOro AeTeKTOpa co6~TI1e 11MeeT CM~cn, ecn11 3aKo
AI1POBaH~ o6e ero KOOPA11HaT~/. B~soA cl1rHana L Ha 3aAHIOIO naHenb 
6noKa 11Cnonb3yercf1 speMeHH~M npo4eccopoM Anfl 6~cTpoi1 npeABapl1-
renbHOR 06pa60TK11 11H¢OpMa41111. 4TeHI1e KOAOB npOI13BOA11TCf1 no 
KOMaHAaM KAMAK (FO+ F2) 11 Cl1rHany 11 4TeHI1e'' c nepeAHeli1 naHenl1. 

Hacrpoi1Ka w11p11H~ KaHana npoi13BOA11nacb Ha ni1H1111 c 3BM EC-1010 
nyTeM Tll\aTenbHoro noA6opa orpe3Kos Ka6enbHOi1 3aAepmK11. nony4eH
Haf1 A11$$epeH411anbHaf1 n11HeHHOCTb COCTaBnfleT -1%. 3TOT pe3ynbTaT 
nonHoCTbiO YAOBneTBOPfleT rpe6osaHI1f1M WI1POKoro Kpyra 3aAa4. To4-
HOCTb 113MepeHI1f1 11HTepsanOB speMeHI1 CXeMOH xapaKTepl13yeTCf1 npo
$11neM KaHana, 113MepeHH~M np11 BBeAeH1111 B KaHan 11MnynbCOB 
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PHc.3. 3aBHCHMOCTh, xapaKTe- r\.o"'~ (~.-1',-.,;,~~,,.,.-,\ L.-I<A~A/\ (\+•' 
•DO 

pH3YJOIIIaH TO'lHOCTb BUII. NOTH - 90 

\ 80 
C'leT B KaHane 3a onpep;eneHHoe 10 

BpeMH B 3aBHCHMOCTH OT BBO,!l;HMOH 60 
FWHM =htC 

11 CTorr" 
50 B TpaKT CHrHaiTOB 3ap;epJK-
40 

KH T 33,!1. c mar oM 50 nc /B H3- lc 

MepeHHHX HCIIOnh30BaiTCH ynpaB- 2c 

nHeMbn~I reHepaTop/. •c l 
0.2 O.r. 06 ~B 1,C -;2 --~~4---~;---:.B 2.~ 2~- 2.6 z;-;c T3:J.~ 

"cron" peryn11pyeMoi1 Kanl16posaHHoli1 3aAeP)!(KI1 11 np11 113MeHeHI111 ee 
c waroM 50 nc. nony4eHHaf1 3aBI1CI1MOCTb /c~>opMa KaHana/ npi1BeAeHa 
Ha PI1C.3 /BBI1AY 11AeHT114HOCTI1 BCeX KaHanoB noKa3aH TOnbKO OA11H/. 
~3MepeHI1f1 npOBOAI1ni1Cb C ynpaBnfleM~M reHepaTOpOM 2r-303 /CM. 
Aanee/. CneAyeT oTMeTI1Tb 6ni130CTb nony4eHHoro pacnpeAeneHI1f1 
K npflMOyronbHOMY /KpyT~e $pOHT~/, 4TO o6ecne411BaeT ManyiO cpeAHe
KBaAPaT114HYIO owi16Ky 113MepeH11i1 a ~ 0, 6 He. AaHHoe 3Ha4eHI1e a 
CneAyeT TaKme 11 113 pe3ynbTaTOB An11TenbHOH 3KCnnyaTa~l111 6noKa'6 /. 

OcHoBH~e napaMeTp~ 6noKa: 

411CnO He3aBI1C11M~X KaHanOB 113MepeHI1f1 
war A11CKpeTI13a41111 
t::Mt\UL. I b Kd HdJ ld 

MaKCI1ManbH~H 113Mepf1eM~H 11HTepsan 
speMeHI1 
cl1rHan~ Ha nepeAHeli1 naHen11 

2. rEHEPATOP TAKTOBO~ 4ACTOT~ 

- 2 
- 2 HC /a ~ 6 HC/ 

~ 1 n 
- L -, 

- 2 MKC 
''crapr'', ''cTon''. 
11T aKTOBafl 4aC
TOTa", 116biCTPbiH 
c6poc", 11 4TeH11e", 
''sopora''. 

Anfl o6ecne4eH11f1 Tpe6yeM~x T04HOCTI1 KOAI1POBaHI1f1 11HTepsanos 
BpeMeHI1 B MeTOAe npflMOro C4eTa 11 OAHOPOAHOCTI1 W11PI1H~ KaHana 
B MeTOAe 11HTepnonf141111 reHepaTop TaKTOBOR 4aCTOT~ AOn)!(eH 11MeTb 
cra611nbHOCTb He xy)!(e 0, 1%. TaKoe 3Ha4eH11e napaMeTpa YAOBneTso
pfleT Tpe6oBaHI1f1M OTHOCI1TenbHOH T04HOCTI1 113MepeHI1H KOOPAI1HaT 
11 OAHOPOAHOCTI1 113MepeH11f1 11HTeHCI1BHOCTei1, KOTOpble B03H11Ka10T BO 
MHor11x 3ap;a4ax. B pa3pa6oTaHHbJX Anfl 3Toi1 4en11 MOAYnflx TaKToBafl 
4aCTOTa BbiAenfleTCfl C nOMOIIIb!O nOMellleHHOro B 4enb nonO)!(I1TenbHOH 
o6paTHoli1 CBF1311 LC -KoHTypa. Cra611n113a411F1 4aCTOTbJ npoi13BOA11TCf1 
KBap4eB~M pe3oHaTopoM 25 Mr4, pa6oTaJOllli1M Ha 5-li1 rapMOH11Ke /11c
nonb3yeTcf1 KPI1CTann AT cpe3a, p;aJOllll11i1 He4eTHbte rapMOHI1K11/. EinoK11 
s~nonHeH~ Ha 11HTerpanbH~x MI1KpocxeMax cep1111 ~00. 
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C'TAp'T 

cron 

Pnc.4. ITpHH~HrrHarrbHafl cxeMa yrrpaBnfleMoro reHepaTopa 
TaKTOBOI"I cepHH 125 Mf~. MHKpocxeMbi: Ml - K5001llill15, 
M2 ,M3 - !{500 IJliTI 16. 

Ha np~H~~n~anbHO~ cxeMe reHepaTopa, np~segeHHO~ Ha p~c.4, 
nyHKT~POM s~geneH co6cTseHHO reHepaTop TaKToso~ 4aCTOT~ F = 
= 125 Ml~. 3neMeHTbl LC -KoHTypa sb&6~paKJTCfl ~3 ycnos~fl 1/F= v' LC; 
Heo6xog~Mbl~ K03ctJ<I>~~~eHT yc~neH~fl Sb&genfleMO~ KOHTypOM rapMOH~K~ 

gOCT~raeTCfl np~MeHeH~eM gsyx np~eMH~KOS C n~H~~ /K500nn116/. 
AononHeH~e reHepaTopa cxeMo~ ynpasneH~fl - Tp~rrep R-S, pea-

- ~ ................... ..., ... r~.-r ,-rk,.,._ 
........... -~~···-. -·r-

3~posaTb nep~og onopHO~ 4aCTOT~ C MOMeHTOM nOfiSneH~fl eTapTOSOrO 
e~rHana. OeTaHosKa reHepaTopa npo~3sog~Tefl e~rHanoM "eTon" ~n~ 
e~rHanaM~ e6poea (C, Z).S2. TaKoe peweH~e gaeT, KaK ~3seeTHO, 
yny4weH~e T04HOeT~ Kog~posaH~fl /yMeHbweH~e a I s v'2 pa3. 3To 
o6eTOfiTenbeTSO seebMa sa~HO gnfl MHOr~X np~no~eH~~, Korga T04HOeTb 
Kog~posaH~fl He Mo~eT 6~Tb ysen~4eHa nyTeM ysen~4eH~fl 4~ena 3ne
MeHTos g~eKpeT~3a~~~ ~3MepAeMbiX Koopg~HaT n~6o no np~4~He orpa
H~4eHHOeT~ o6beMa 3Y, n~6o scnegeTs~e Heo6xog~MoeT~ o6eene4eH~fl 
Tpe6yeMoro 6~cTpoge~eTS~fl. Apyr~M seebMa none3H~M enegeTs~eM 
np~MeHeH~fl ynpasnfleMoro reHepaTopa s eo4eTaH~~ e MeTogoM ~HTep
nonf!~~~ fiSnfleTefl OTeyTeTS~e Heo6xog~MOeT~ KOg~posaH~fl ~HTepsana 
~t 1 /eM. p~e.2/, 4TO ynpo~aeT exeM~-~un ~ ey~eeTseHHO o6ner-
4aeT ganbHe~WYKl o6pa60TKY ~H$OpMa~~~ ' , 

no yKa3aHH~M exeMaM eo3gaH~ gsa T~na reHepaTopos: 1-302 
~ 21-303. Mogynb 1-302 reHep~pyeT Ha 12 s~xogos Henpep~sHyKJ 

TaKTOSYKJ 4aeTOTY 125 Ml~. Mogynb 21-303 eogep~~T gsa ynpasnfle
Mb&X KaHana reHepa~~~ e pa3AenbHbiM~ e~rHanaM~ "eTapT" ~ "eTon". 
3agep~Ka noRsneH~fl TaKToso~ eep~~ -15 He. CTa6~nbHoeTb 4aeTOTbi 
s g~ana3oHe TeMnepaTyp 20~50 C He xy*e 0,05~. Mogyn~ s~nonHeH~ 

s eTaHgapTe KAMAK, 3aH~MaKJT ogHy HopManbHVKJ eTaH~~KJ s Kpe~Te, 

~enonb3YKJT Hanpf!~eH~e n~TaH~fl +6 B. 

3. PA3PABHHBA~mA~ nAH~Tb 

Pa3pa6oTaHHafl npoMe~yTo4Hafl naMf!Tb pa3pasH~saKJ~ero T~na 

Pn-201 npeAHa3Ha4eHa gnR yeTpaHeH~fl npoc4eTos np~ HaKonneH~~ 
~~$poso~ ~H$opMa~~~ c per~eTp~pyKJ~e~ 3neKTpoH~K~ s 3Y. YcTpo~
cTsa HaKonneH~fl gaHHbiX - Maecosafl naMl'ITb ~n~ 03Y ynpasnf!KJ~e~ 

3BM - xapaKTep~3yeTCfl noeTOfiHHo~ sen~4~Ho~ MepTsoro speMeH~ T3y, 
n03TOMY sepOfiTHOeTb noTep~ C06biT~~ MO~HO o~eH~Tb no $OpMyne 

nBX 
n 3y= .3aga4a pa3pasH~saKJ~e~ naMAT~ - perynAP~3osaTb 

l+nBx. T 3Y 
noToK eTaT~eT~4eeKo~ ~H$opMa~~~. B npeAene, np~ nep~og~4eeKoM 

xapaKTepe SXOgHO~ ~H$OpMa~~~, gnfl 3Y e nOCTOfiHH~M MepTS~M spe
MeHeM noTepb He 6yAeT S006~e, ecn~ 4aeTOTa SXOgH~X eo6~T~~ He 

T -1 npesb&waeT 3y • 
5noK-cxeMa ycTpo~eTsa Pn-201 np~segeHa Ha p~e.5. OcHosH~M 

Y3noM cxeMbl, nonHoeTbKJ Bb&nonHeHHo~ Ha TTn M~KpocxeMax, ABnfleTcfl 
3anoM~HaKJ~~~ 6y$ep eMKOeTbKJ 16 enos X 32 pa3Pf1Aa /M~KPOCXeMbl 
MH7489 ~n~ K155PY2/. 5noK npegeTaenfleT eo6o~ naMf!Tb T~na LIFO 
/noenegH~M eowen, neps~M s~wen/. TaKoe peweH~e ~eneeoo6pa3Ho 
gnA 3anoM~HaKJ~~x yeTpo~eTs e npo~3BOnbHO~ agpeca~~e~ /KaKoB~M~ 
fiSnAKJTCfl exeMb& K155PY2/, T.K. np~ 3TOM Tpe6yeTefl eeero og~H ag
peeH~~ C4eT4~K e peeepe~SH~M BXOgOM. 

CXE.MA 
CV1HXPOHV1MU,\11111 

r~==::;;;:t(TAKT.4ACT.1QMru,.) 

a.l 
c +i 

4iEHV1E/3Anli1Cb 

15x32pA3p. 
,------~ 

I I 
L I 

L 

AopeCHbl~ 
C4eT41i1io< 

PHc.5. CTpyKTypHafl cxeMa pa3paBHHBaw~en naMRTH (LIFO). 
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.Qpyroi:\ oco6eHHOCT biO CXeMbl .ABJl.AeTC.A HaJlVI4VIe BXO,QHOrO VI BbiXO,Q

Horo perVIcTpos ,qaHH~x, peanVIaosaHH~x Ha TpVIrrepax-aa~enKax 
MH7475. YKa3aHH~e perVIcTp~ noaso!l.AIOT o6ecne4VITb HeaasVI

CVIMOCTb BXO,Qa VI BbiXO,Qa 6JlOKa Pn-20 1 OT 6y(jlepa naM.ATVI, ~VIKJl 

pa60T~ KOTOporo COCTOVIT Vl3 .QBYX TaKTOB: /1/ YCTaHOBKVI a,qpeca 

VI /2/ 4TeHVI.A /aanVIcVI/ ,qaHH~x. TaKoe nocTpoeHVIe cxeM~ noason.AeT 

nOJlY4VITb 6~cTpo,Qei:\cTBVIe ycTpoi:\CTBa, COOTBeTCTBYIO~ee BpeMeHVI 

3anVICVI VIH(j)OpMa~VIVI B TpVIrrep-aa~eJlKY /-50 HC/. 

Pa6oTa 6noKa npoV13BO.QVITC.A cornacHo yKa3aHHOMY nPVIH~VIny no

cTpoeHVI.A. 3anVICb VIH(j)OpMa~VIVI 80 BXO,QHO~ perVICTp npOV13BO,QVITC.A npVI 

HaJlVI4VIVI CVIrHaJla 1 1rOTOB 1 1, 03Ha4aiQ~ero, 4TO B naM.AH1 eCTb CB060,Q

H~e .A4e~KVI. nocne OKOH4aHVI.A 3anVICVI ,QaHH~X, OCy~eCTBJl.AeMQi:\ CVIr

HaJlOM CTp06VIpOBaHVI.A 11CTpo6.Bx.", VICT04HVIK VIH(j)OpMa~VIVI MO>KeT npVI

CTynVITb K perVICTPa~VIVI cne,qy10~ero co6biTVI.A. Co6biTVIe Vl3 sxo,QHoro 

perVICTpa nepeHOCVITC.A B 6y(jlepHyiO naM.ATb BO BpeM.A ~VIKJla 3anVICVI, 

nocne 4ero CO,QepMVIMOe C4eT4VIKa /CVIHXpOHH~i:\ 4-paap.A,QH~i:\ ,QBOVI4-

H~~ C4eT4VIK HE7 VIJlVI MH74193/ ysenVI4VIBaeTc.A Ha 1. EcnVI naM.ATb 

npVI 3TOM He nepenonH.AeTC.A /T .e. ecTb e~e cso6o.QHbl~ a,qpec/, To 

6JlOK BHOBb reHepVIpyeT CVIrHaJl 11 rOTOB 11
• 

8~6opKa ,QaHH~X npVIeMHVIKOM VIH(j)OpMa~VIVI /HanpVIMep, OCHOBH~M 3Y/ 

npoV13BO.QVITC.A Vl3 B~XO.QHoro perVIcTpa 6noKa. HH(jlopMa~VI.A s yKa3aH

H~~ perVICTp 3aHOCVITC.A BO BpeM.A ~VIKJlOB 4TeHVI.A 6y(jlepHQi:\ naM.ATVI, 

4epe,QyiO~VIXC.A C ~VIKJlaMVI 3anVICVI; npVI 3TOM Vl3 aCVIHXpOHHOrO C4eT-

4VIKa npe,QBapVITeJlbHO B~4VITaeTC.A 1 • nepeaanVICb CJlOBa B B~XO,QHQI:\ 

perVICTp OCy~eCTBJl.AeTC.A, eCJlVI a/ TaKOBOe eCTb B naM.ATVI VI 6/ B~-
,,,.... ... , ,,....., .... ,..........,..,...,~ .... ...-..-. ,._....,,.._e::,... ... ,..,., I ro.o o,, .... ,...,, .................................. .,, .............. .... .-.-.o.t..-o.t o• I 0"'9"'"0 llo.-.. 

,,....,M''....,O'O t-"'-' 0'1'-'1""" ._.._.....,....,....,M .... ''• ..., .. ,.,,,...,....,,, .. ,._......_...., .. ,,, t""'-•••roo·o...,.._. ._..._.,, .. ,._ .. , ro o o ._.,, .. ,,, 

6y(jlepa naM.ATVI C COOTBeTCTBYIO~VIMVI peMVIMaMVI ,QaT4VIKa VI npVIeMHVIKa 

,QaHH~X B~nOJlH.AeTC.A CXeMoi:\ CVIHXpOHVI3a~VIVI, pa60TaiO~ei:\ Ha TaKTOBO~ 

4aCTOTe 10 Mr~ • .QaHH~e C4VIT~BaiOTC.A JlVI6o no 6~cTpo~ MarVICTpanVI 

Ha nepe.QHe~ naHeilVI 6noKa, nVI6o no MarVIcTpanVI KAHAK. 

B npe,qenbHO B03MOMH~x cny4a.Ax aanVIcb s 6y(jlepHyiO naM.ATb se

,qeTc.A ,qo nonHoro ee aanonHeHVI.A VI aanpeTa reHepa~VIVI CVIrHana "ro

TOB1 
1 

VIJlVI, Hao6opOT, ,QO C4VITbiBaHVI.A Vl3 6JlOKa nOCJle,QHero HaKOn!leH

HOrO CJlOBa, 4TO npVIBO,QVIT K 6JlOKVIpOBaHVIIO Bblpa60TKVI CTp06VIpyiQ~ero 

BbiXO,QHble ,QaHHble VIMny!lbCa 11 CTpo6. BbiX. 11 B OTBeT Ha CVIrHaJl 11 3anpoc 11 

OT npVIeMHVIKa. 8 KOHKpeTHOM 3KCnepV1MeHTe ycTaHaBJlVIBaeTC.A ,QVIHaMVI-

4eCKOe paBHOBeCVIe MeM,QY nOCTynaiO~VIM VI B~XO,Q.A~VIM nOTOKaMVI ,QaHH~X, 

onpe,qen.AIO~ee cTeneHb aanonHeHVI.A /sepo.ATHOCTHYIO/ 6y(jlepa VI aasV~

C.A~ee OT BeJlV14VIH~ napaMeTpa lax. T3 y .B TeOpVIVI MHOMeCTB paccMaT

PVIBaeMo~ CVITya~VIVI COOTBeTCTByeT CVICTeMa, C orpaHVI4eHHOi1 04e

pe,Qbl0 VI O,QHVIM 06CJlY>KVIBaiO~VIM annapaTOM, no3TOMY ,QJl.A O~eHKVI cpe,Q

Hero 4VIcna co6~TVI~ s 6y(jlepe M /cpe.QH.A.A .QJlVIHa o4epe,qVI/ MomHo 

npVIMeH.ATb CJle,QyiO~YIO (jlopMyJly: 

M = is (k - 1) • 18! 

k =2 (18- k)! 
/3/ 

r,qe Po - sepo.ATHOCTb Taro, 4To see .A4e~KVI naM.ATVI cso6o,QHbl; eM-

8 

KOCTb 6JlOKa npVIH.ATa paBHOi:\ 18 C06~TVIi1 C y4eTOM HaJlV14VI.A BXO,QHOrO 

VI B~XO,QHOrO perVICTpOB. 

Onpe,qeneHHa.A VI36~T04HOCTb eMKOCTVI 6y(jlepa o6ycnosneHa opraHVI

aa~VIei:\ 6aaosoro 3JleMeHTa - VIHTerpa!lbHO~ MVIKpocxeM~ K155PY2 

/16 CJlOB X 4 pa3p.A,Qa/, 4TO no3TOMY >Ke He npVIBeJlO K yCJlOMHeHVIIO 

CXeM~ VI o6ecne4VIJ10 e~ VI3BeCTHYIO KOMnaKTHOCTb /ycTpoi:\CTBO peaJlVI-

30BaHO Ha O,QHO~ nnaTe KAMAK/. oOJlbWa.A eMKOCTb 6JlOKa C04eTaeTC.A 

c BbiCOKVIM 6~cTpo,qe~CTBVIeM - 6onee 1 Mr~, 4TO nepeKpbiBaeT soaMo>K

HOCTVI MnK VI 60JlbWVIX 3Y. 

OcHOBH~e napaMeTp~ paapasHVIBaiO~e~ naM.ATVI TVIna Pn-201 

TVIn - aCVIHXPOHHbl~ 

3JleMeHTHa.A 6aaa 

paap.A,QHOCTb BXO,QHOro CJlOBa 

eMKOCTb 6JlOKa 

6biCTPO,Qei:\CTBVIe 

- TTfl VIHTerpanbH~e cxeM~ 

- 32 /MaKCVIMaJlbHO/ 

- /16+2/ co6~TVI~ 
- > 1 Mr~. 

4. APH(jlMETH4ECKO-flOrH4ECKOE YCTPO~CTBO /AflY/ 

8 npo~ecce HaKOnJleHVI.A VIH(j)OpMa~VIVI B 3Y 4aCTO Tpe6yeTC.A npOV13-

BeCTVI npe,QBapVITeJlbHYIO o6pa60TKY ~VI(jlpoB~X ,QaHH~X: CJlOMeHVIe VI B~-

4VITaHVIe BXO,QH~X ,QaHH~X VIJlVI BXO,QH~X ,QaHH~X VI KOHCTaHT, CMaTVIe 

V1Ht.jJUlJMd4VIVI' l..tJdt:SHt::HVIt:: tsJ\.U.L\HbiJ\ "''VI\..CJI Mt:tr.t4Y \..UUUVI VIJIVI \,.. r..un(..IQn 

TaMVI VI T • .Q. TaKMe onepa~VIVI noaso!l.AIOT, HanpVIMep, npVIsecTVI ,qaHHble 

K O,QHOMY Ha4a!ly KOOp,QVIHaT, 3a6paKOBaTb VIH(j)OpMa~VIIO no KaKoMy

JlVI60 KPVITePVIIO, pa3MeCTVITb B 3Y HeCKOJlbKO /cmaT~X/ Ka,QpOB, B~4VIC

JlVITb yron s~neTa aap.AmeHHO~ 4aCTVI~~ Vl3 o6paa~a VI T . .Q. 

6 CJly4ae 60JlbWVIX 3arpy30K, KOr,Qa npVIeM VIH$OpMa~VIVI se

,QeTC.A no VIHKpeMeHTHOMy KaHaJly VIJlVI KaHaJly np.AMOrO ,QOCTyna B 38M, 

yKa3aHH~e ,Qe~CTBVI.A ,QOJl)!(H~ npOV13BO,QVITbC.A annapaTypH~M CnOC060M. 

TaKoi1 no,qxo.q, MomeT 6b1Tb secbMa noneaeH VI npVI VICnonbaosaHVIVI asTo

HOMHO~ Maccosoi:\ naM.ATVI, T.K. npo~eccop npVI 3TOM ocso6om,qaeTc.A 

OT pyTVIHH~X onepa~VIi:\ VI MOMeT 3aHVIMaTbC.A 3a,Qa4aMVI 6onee B~COKOrO 
ypoBH.A. B nocne,qHeM cny4ae annapaTHoe s~nonHeHVIe nepe4VICJleHH~X 

,Qe~CTBVI~ o6ecne4VIBaeT 3Ha4VITeJlbHO 6onee B~COKOe 6~CTPO,Qe~CTBVIe, 
4eM npo~eccop ynpaBJl.AIO~ei:\ 36M,V1 n03BOJl.AeT MaKCVIMaJlbHO VICnOJlb30-

BaTb npe,QeJlbHYIO CKOPOCTb 3anVICVI 3Y. 

npVI paapa60TKe npe,QHa3Ha4aeMOrO ,QJl.A BblnOJlHeHVI.A BbiWenepe4VIC

JleHHbiX 3a,Qa4 AflY CTaBVIJlOCb ~eJlbiO nOilY4VITb OTHOCVITeJlbHO npOCTOe 

VI Ha,qemHoe ycTpo~cTso c 6~cTpo,qei1cTBVIeM 5~0 Mr~ /T.e. s 10-20 

paa npesocxo,q.A~ee no 3TOMY napaMeTpy cospeMeHH~e Man~e 3BM/, 

cnoco6Hoe o6pa6aTbiBaTb nocTynaiO~YIO Ha BXO,Q KOOP,QVIHaTHYIO VIH(j)OpMa

~VIIO C O,QHO~ VIJlVI ,QBYX KOOp,QVIHaTH~X MnK. ,[loJlmHa 6~Tb o6ecne4eHa 

B03MOMHOCTb nepe,Qa4VI ,QaHH~X no 6~CTPO~ MarVICTpaJlVI /Ha nepe,QHei:\ 

naHeJlVI/. C y4eTOM pa60T~ 6JlOKa B CVICTeMaX, VIMeiO~VIX ynpaBJl.AIO~YIO 
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A/\ '::I 
8 pa3pROOO, 31 U.HCTPYK~u.U. 

BbiXOOHOU pe~u.crp 
16po3p~Bo~ 

~ 
BbiXOO 

Puc.6. CTpyKTypHaH cxeMa apu¢MeTu~ecKo-noru~ecKoro 
YCTPOHCTBa. 

M~H~- ~n~ M~Kpo-3BM, 6noK ~enecoo6pa3HO ocy~ecTB~Tb nepenporpaM
M~pyeMbiM no Mar~cTpan~ KAMAK, 4TO cy~ecTBeHHO ynpoLJVleT cxeMy 
~ AaeT ~3BeCTHY~ r~6KOCTb MOA~$~Ka~~~ anrop~TMOB o6pa6oTK~. 

Co3AaHHoe ap~~MeT~4ecKo-nor~4ecKoe ycTpo~cTso T~na AnY-201 
s~nonHeHo Ha M~KpocxeMax TTn Ha OAHO~ nnaTe KAMAK. 6noK-cxeMa 
AnY-201 ~ cxeMa c~HxpoH~3a~~~ o6MeHa np~seAeH~ Ha p~c.6 ~ 7. 

Pa6oTa 6noKa Ha4~HaeTc~ c nporpaMM~posaH~~ 03Y AnY, s~non

HeHHoro Ha M~KpocxeMax 6~cTpo~ neoenporpaMM~pyeMo~ naM~T~ 
c npo~3sonbHO~ aApeca~~e~ T~na K155PY2/MH7489/. 03Y ~MeeT eM
KOCTb 16 enos X 24 pa3P~Aa /16 pa3PRAOB - KOA ~HCTPYK~~~, 8 pa3-
P~AOB - onepaHA/. nocne 3aHeceH~~ nocneAHe~ KOMaHA~ /MaKC~Manb
Hoe 4~cno KOMaHA - 16/ 6noK reHep~pyeT c~rHan 3anpoca 11 3anp.sx." 
o roTOBHOCT~ K np~eMy AaHH~x. nocne np~eMa AaHH~x /4 6a~Ta/ so 
BXOAH~e per~cTp~ 1 ~ 2 s cxeMe 3anycKaeTc~ reHepaTop TaKTos~x 
~Mnynbcos /5 Ml~/, s KamAOM ~~Kne KOToporo ~3 03Y nocneAosa
TenbHO s~3~Ba~Tc~ ~ ~cnonH~~Tc~ paHee 3anporpaMM~posaHH~e ~H-

10 

Puc.7. CxeMa CHHXPOHH3a~HH AnY. 

PHc.8. ~OpMaT HHCTpyK~HH AnY . 
...... 
'"~I : I ' '1 !3 41 s I , I, e 1 , 10 1, 112 13 114 '5 

or I A I B ~ 
u 

.:. I ~oa AOoe::. KOO ~i 
Aape:A 3A'1~o~C~o~ onli!pc."""'\.01 ~ . 

ii ~ ~HCTp:.,~4~\l' .. < 
~x00HbiX pe3-U. cpAa~e'""'"" 4 • 

~ I - n r 
CA"'Hbl;t C L 

:7)~ 

CTPYK~HH. 06pa6aT~BaeM~e AaHH~e /ABa 6aATa/ nocTyna~T Ha 8-pa3-
Pl'IAHble BXOAbl "A" H "B" ABYX apH~MeTH4eCKo-norH4eCK~X CXeM THna 
K155HA3 /MH74181/ - 6a3osoro 3neMeHTa 6noKa. AnY cnoco6Ha npo~3-
BOAHTb 37 THnOB onepa~HA: 16 apH$MeTH4eCKHX, 16 norH4eCKHX 
H 5 onepa~~A cpasHeHHl'l. 

Pa3Pf1Abl HHCTPYK~HH HMeiOT cneAY~~ee Ha3Ha4eHHe: 07 3 - KOA 
apH$MeTH4ecKo-norH4eCKoA onepa~HH, 475 H 677 - aApeca o6pa6a
TbiBaeMbiX 6aATOB, 8.;-9- aApec perHCTpa 3anHCH pe3ynbTaTa, 1 0.;-12 -
KOA onepa~H~ cpaBHeHHl'l, 13714 - CTaTyCH~e CHrHanbl AnY, 15 - npH-
3HaK nocneAHeA HHCTPYK~HH /pHc.8/. 6biCTPOAeAcTBHe AOCTHraeTCl'l, 
TaKHM o6pa30M, 6narOAapft ManoMy speMeHH HCnOnHeHHl'l KOMaHAbl 
/200 HC/ H MHOrOaApeCHOCTH HHCTPYK~HH. 

Ha ocHose 3Ha4eHHA cTaTyCHbiX CHrHanos A= B, Cn,Cn+ 4 /BbiXOA 
CHrHana nepeHoca/ npoH3BOAHTCfl BblnOnHeHHe onepa~HA cpaeHeHHl'l. 
AnropHTM onepa~HA CTpOHTCl'l C y4eTOM TOrO, 4TO COBnaAeHHe 3Ha4e
HHfl TeKy~ero KOAa onepa~HH cpaeHeHHl'l C peweHHeM AnY npHBOAHT 
K reHepa~HH e cxeMe CHrHana "aeToc6poc", npepbiBaiO~ero npo~eAYPY 
o6pa60TKH H npHBOAfl~ero 6noK B HCXOAHOe COCTOl'IHHe, T.e. COCTQJ'I
HHe rOTOBHOCTH K npHeMy HOBbiX AaHHbiX. B cny4ae HOpManbHOrO OKOH-
4aHHfl pa60Tbl CXeMa >KAeT CHrHana 3anpoca 11 3anp. BbiX. 11 0 rOTOBHOCTH 
npHeMHHKa HH$opMa~HH K C4HTb1BaHHIO AaHHbiX H3 AnY. npH HanH4HH 
cHrHana 113anp. BbiX. 11 ocy~ecTBnfteTcft BbiBOA AaHHblx c BbiXOAHoro pe
r~cTpa, conpoBO>KAaeMbiA HMnynbCOM 3anHCH 11cTpo6. BbtX. 11

, nocne 
4ero CXeMa npHBOAHTCfl B COCTOJ'IHHe rOTOBHOCTH K npHeMy 04epeAHOrO 
co6biTHfl. Bo3MOmHo TaK>Ke C4HTb1BaHHe HH$opMa~HH no WHHaM R Ma
rHcTpanH KAMAK. CHHxpoHH3a~Hl'l nepeAa4H HH$opMa~HH 6a3HpyeTCl'l 
npH 3TOM Ha reHepa~HH cHrHana L nocne HopManbHoro 3aeepweHHfl 
~HKna o6pa6oTKH AaHH~x. C4HT~BaHHe npoH3BOAHTCfl no KOMaHAaM FO 
H F2. 
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3AKI1104EHHE 

Pa3pa6oTaHHaR c~cTeMa 6noKoa 4~$poaoro KOA~POBaH~R ~ o6pa6oT
K~ HH$OPMa4~~ o6naAaeT XOpowe~ T04HOCTb~ f a = 0 , 6 HC/, Hynea~M 
MepTB~M BpeMeHeM ~ B~COKO~ npeAenbHO~ CKOPOCTb~ o6pa60TK~ AaH
H~X /106 c-l /, 4TO n03BOnReT 3$$eKTHBHO ~CnOnb30BaTb yKa3aHHy~ 
annapaTypy AnR pean~3a4~~ PRAa B~COKOnpo~3BOAHTenbH~X KOOPA~HaT
Hb!_X AeTeKT9POB Ha oct-t.oee MnK. 

ABTOPbl 6naroAaPRT 10. B. 3aHeacKoro 3a none3H~e o6CY>KAeH~R 
~ ~HTepec K pa6oTe. 
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H8aH08 A.6., 4epHeHKO c.n.,WK8ap.Hn R. 
AnnapaTypa KOAHP08aHHA H ~~P080H o6pa6oTKH AaHHWX 
C nponop~HOHanbHWX KaMep C nHHHAMH 38AeP*KH 

P10-83-383 

8 pa6oTe onHcw8aeTcA .8wnonHeHHaA 8 cTaHAapTe KAHAK CHCTeMa 6wcTpo
AeHCT8Y~Hx 6nOK08 perHCTpa~HH H o6pa6oTKH KOOPAHHaTHoH H~PMa4HH C MHOro
npo80n04HWX nponop~HOHanbHWX KaMep /HOK/, HCnOnb3Y~HX nHHHH 3aAeP*KH. 
CHcTeMa 8Kn04aeT 8 ce6A: 8peMA-4~P080H npeo6pa3o8aTenb, ynpasnAeMWH 
reHepaTOp TaKT080H 4aCTOTW, pa3pa8HH8a~~ naMATb H ap~eTH4eCKO-norH-
4eCKOe YCTPOHCT80. 0CH08HWe napaMeTpw annapaTypw: ~KTH8HaA T04HOCTb 
H3MepeHHH 8peMeHHWX HHTep8an08 - 1 HC (FWHM),6wcTpQAeHCTBHe -106 C-l, 
MepT80e 8peMA H HHTerpanbHaA HenHHeHHOCTb npaKTH4eCKH paBHW Hyn~, HeOAHO
POAHOCTb WHPHHW KaHana ~1 %. 

Pa6oTa 8wnonHeHa 8 fla6opaTOPHH 8WCOKHX 3HeprHH OHRH. 

Ivanov A.B., Chernenko S.P., ~kvafil J . 
Apparatus for Readout and Digital Processing of Data 
from HWPC with Delay Lines 

P10-83-383 

A CAMAC system of fast modules for readout and processing coordinate 
data from multiwire proportional chambers (MWPC) with delay 1 ines is 
described. The system consists of: time-to-digital co.nverter, controlled 
clock pulse generator, derandomizer and arithmetic-logical unit. The 
main parameters of apparatus are : effective time measurement accuracy -
1 ns (F'JHM), operating rate -10 6 s-1• dead time and Integral nonl inearlty 
practically equals zero, nonuniformity of channel width $1%. 

The investigation has been performed at the Laboratory of High 
Energies, J INR. 
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