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CxeMa npo1.1eccos MIOOHHOro KaTanll3a .imepHbIX peaKl.lllll Cl!HTe3a B CMeCl! ll30T0Il0B B0-

AOPOAa sHeume npoCTa: 

µ----. d1µ-- µ-+ 4 He+ n + 17,6 M3B. 
,.__ ___ ..,,/'--..~---e-

OAHaKo, 3a C'ICT MHOrDl.lllKJJll'IHOCTll npouecca 'lllCJio BbIJieTa!OlllllX HeiiTpoHos s 'll!CTOM Aeii

Tepllll MOlKeT AOCTllraTb 5 Ha 0/:(l!H MIOOH. lf.ng CMeCll D2+T2 'll!CJIO BbIJieTa!Oll(llX HeiiTpOHOB 

MOlKeT AOCTl!raTb 100 3a speMll lKll3HI{ MIOOHa (2,2 MKC). Ilo:nOM}' 3JieKTPOHHKa pacno3Hasa

Hllll OCTaHOBOK MIOOHOB B MllIIIeHH ll 3anycKa pemcrpHpyJOmeii annaparypbl AOCTaTO'!HO 

CJIOlKHa [l). 
CxeMa BbIJ:(eJieHllll OCTaHOBOK MIOOHOB no HOpMllpOBKe Ha l!X 3JieKTPOHbl pacnaJ:(a AOCTa

TO'IHO TPIUllll.lllOHHa AJ!ll BCex 3Kcr;iepnMeHTOB C OCTaHOBHBIIIHMHCll MIOOHaMll, Il03TOMY 3JieK

TPOHl!Ka 3anycKa '!aCTO TPe6yeT HeKOTOpoii MO,llliljJllKa1.1m1 .llJlll npHMeHeHllll B KOHKpeTHbIX 

lf3MepeHHllX. 

lf.ng nccneAOBaH11ii MJO-KaTaJill3a Ha yCTaHOBKe TPIITOH [2] JUIII pa3pa60TaHo TPllr

repHoe ycrpoiiCTBO Ha OCHOBe nporpaMMHpyeMoii JIOm'leCKOii MHKpocxeMbl, KOTOpoe 06ecne

'llfBaeT 3q>q>eKTHBHOe Bbl/:(eJieHHe OCTaHOBOK MIOOHOB B MHIIIeHH. JlornKa ero pa60Tbl MOlKeT 

6bITb H3MeHeHa nporpaMMHO. 

Y npomeHHal! cxeMa AeTeKTopHoii 'laCTH yCTaHOBKH npuse.11eHa Ha pllc.1. C1.1uHTHJIJilll.lll-

NI 

Puc. I. J(emeK111op11aJ1 'lacm& ycma1106KU 

oHHbie ,lleTeKTOpbl 1, 2, 3, u 4 
pemcrpHp)'IOT MIOOHbl nyqKa 

OT . yCKOpHTeJill. I.J;HJIHH,llpll

'leCKHH nponopl.lHOHII.JlbHblll 

.lleTeKTOp 5 pemcrpupycr 

3JieKTPOHbl OT pacnaJ:(a MIOO

HOB B MHIIIeHH. ,D;ereKTOpbl 

IlOJIHOro nornomeHHll Nl H 

N2 Ha OCHOBe lKH.llKOro 

Cl.lHHTHJIJillTOpa NE-213 [3] 
q>HKCI!p)'IOT o6pa3yKlll(HeCl! s 

MHIIIeHH HeiiTpOHbl Ii 3JieK-

TPOHbl. 

CucreMa pemcrpauuu .11aunL1x ycrauonrm TPHTOH 

3neKTPOHHKa CHCTeMbl (pnc.2) pa3Mell(eHa B Kpeiire KAMAI<, KOTOpblll ynpaBJilleTCll 

nepCOHII.JlbHblM KOMilb!OTepOM (ITK) '1epe3 KOHTPOJIJiep KpeiiTa KK012 [4]. ,D;aHHbie HaKanJIH

BllIOTCll Ha ,!IHCKe IlK C IlOMOll(b!O on-line rrporpaMM, KOTOpble o6ecrre'!HBaJOT TaIOKe HaCTpOiiKY 

rrapaM~OB arrrraparypbl H YCJIOBHii OT6opa .11aHHbIX, a TaIOKe llX rrepe.11aqy B JIOKll.llbll)'IO CeTb 

.llJlll 3KCIIpecc-o6pa60TKH Ha off-line KOMIIb!OTepe H 3aIIHCH Ha MarHHTH)'IO JieHTY. Pemcrpa1.1nll 

AaHHblX rrp0113B0.llHTCll rrapaJIJieJibHblMH 8-pa3pMHbIMH Au;rr (ITAu;rr - Flash ADC), KOTO-

. ni.n,c1:iil:tt.-.,a1 1.it-:rli'JT A 
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Kpe11T KAM AK ,--------------------~ 
I 

Bxo,qbl/ 11111( !• I 
BblXO,Qbl ' :Tpl.'lrrep 

Nl 111 I y 
N2 . : :I 3Ltn I 

CTon 

Nt , nA1..1n 1 
N2 : nA1..1n 2 

Nl+N2 : nAL.tn 3 

4+5 '. nAL.tn4 

Ethernet 

reHepaTop 
----~--i100 Mr4 

7 '!eT'H1Kl.'I 

K0HTp0nR 

--------------------
Puc. 2. CucmeMa pezucmpa1JUU oa1111blX ycma110BKU TPHTOH 

pble CHHXpOHHO crpo6upyK>TCH BHeIIIHHM reHepaTOpOM c 'IaCTOTOH 100 Mm. ,lvrn :rroro HC

llOJJb3yK>TCH IIA1(II B CTllH,!lapre KAMAI< 6841 <jmpMbI "LeCroy"(2 KaHana a 6JJoKe umpuHoli 

IM, BttyrpeHHHH naMHTb ,no 128K 6aliT Ha KaHaJJ). qeTbipe KaHaJJa IIA1(II npOH3B0,nHT H3Mepe

HHe aMnJJHTY'Abl llOCTYfiaIOI.QHX CHrHaJJOB: 

1 - OT ,nereKTopa Nl 

2 - OT ,nereKTopa N2 

3 - aHanorOBM cyMMa OT ,nereKTopoa Nl u N2 

4 - aHaJJOrQBM cyMMa OT ,neTeKTOpOB 4 u 5 (µ + e). 

Tpurrep onpe,neJJHeT MOMeHT OCTaHOBKH MIOOHa B MHIIIeHH, aHaJJH3Hpyer BbIDOJJHeHue 

3a.l{aHHblX YCJJOBHH B 3a.l{aHHOM HHTepaane BpeMeHH H, npu HX BbIDOJJHeHHH, no,naeT CHrHaJJ 

OCTaHOBKH "CTon" B IIA1(II. 3areM ,naHHble H3 HHX C'IHTbIBaIOTCH qepe3 MaruCTpaJJb KAMAK B 

nepCOHaJJbHblH KOMnb!Orep. C nOMOJ.QblO B:Qll " 3:Qll H3MepHIOTCH apeMeHHOH cneKTP 3JJeKT

pOHOB pacna,na MIOOHa H 3apH,n 3JJeKTPOHOB pacna,na OT ,nereKTOpOB Nl u N2, KOTOpbie uc

nonb3yIOTCH npu 06pa6oTKe .l{aHHblX ,llJlll HOpMHpOBKH. 

,lvrn KOHTpOJJH cpyinCJlHOHHpOBaHHH ,nereKTOpOB rpurrep TalOICe cpopi.mpyeT CHrHaJJbl, KO

TOpble no,naIOTCH Ha C'IeT'IUKU. 
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4 
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NI 
N2 
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w 
A(0)F(l 7)S I PEnlCTPYnPABflEHHR 

NI -- -1 _ ..,1*2 
N2-- -1 nomKA _ ..,1*2*3 

BXOA. 
PEnlCTP 

~ 
VJ 

Y 10 
ISTB 

'CT APT' _ .., I *2*3*4 
I *2*3*4*-5 

nomKA 
I START ,I 'BOPOT' 

Sµ 
r---~ Sn 

Sb 
i----- e200 

elOOO 

CLK ~ 
t-----Q TDCstop 

r--~---, QDCclear 

NI 
N2 
5 

µ>I 
e=I 
e>I 

e200 
n 

BLOCK 

C: 

COBnA-1 Nl*S=el 
AEHHR ~7.*~: .. , :1 w i 

::;:< 
5 s I--·,-· • I 'l" !:: :.:: µ el - • u t; 

n I I I : r ~ @ I e2 
I>. n 

+ 
el 
e2 -H3 PErHCTPA YDPABJlEHHJI 

NA(0)F(9)S2 ct>OPM~' 
CLK 

nomKA I READY ~ 
OTEOPA ' 

CLEAR 

--OSTOP 

L 

TLAM 

Puc.3, HwK-cxe.111a mpu??epa 

Onucattue 6JIOK:-cxeMbl Tpurrepa 

3a,naqa rp11rrepa COCTOIIT B oroope co6bITIIH, KOTOpble COOTBeTCTBYIOT OCTaHOBKe MIOOHa 

B BeJ.QeCTBe MIIII1eH11. IloJJe3HOe C06bITl!e onpeJXenlleTCll CJ1eJ1y10lllllMII YCJIOBllllMII: 

I ,AHaJJll311pyeMblH IIHTepBaJJ speMeHII ("sopoTa") COCTaBJJlleT 20 MKC II Ha'!IIHaeTCll 3a 

5 MKC ,no o6ttapylKeHIIH MIOOHa, 

2.TOJJbKO 0,l{IIH MIOOH, OJlllH 3JleKTPOH, a TaKJKe He Mettee OJlHOro Hei'rrpoHa JlOJllKHO 6brrb 
BHyrpll "BopoT". 
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3. 3neKTl)OH, 3aperncrp11poBaHHbll! B .zmana30He 0-200 HC OTHOCIITeJJbHO BpeMeHII o6Ha
py,iceHllll MlOOHa 03Ha'-laeT, '-!TO MIOOH OCTaHOBIIJICll B CTeHKe MIIWeHII, a He Bttyfpll, T.e. C06bl
Tlle He llBJJlleTCll ITOJJe3HblM. 

6JJOK-CXeMa TPllrrepa npIrne.11eHa Ha p11c.3. BHeWHlle BXO.llHbie II BblXO.llHbie CllrHaJJbl OT

Me'-leHbl 3Ha'-IKOM O . Bee BpeMll3Mat0m11e Y3Jlbl crpo611py10TCll BHeWHIIM CllrHaJJOM CLK C 
'-laCTOTOI! JOO Mru. 

C11rnan OT .11eTeKTopa 1 3anycKaeT cxeMY <l>opM.1, KOTOpb111 <fiopM11pyeT c11rttanb1 ISTB 11 
OSTB .llJll!TeJJbHOCTblO 40 HC. IlepBbll! 113 HIIX 3aHOCIIT COCTOllHl!e CllrHaJJOB AeTeKTOpOB MIOO
HOB BO BXOAHOI! perncrp. 

JlornKa CTaPTa OT611paeT no COCTOllHIIIO ee BXOAOB KOM611HaUIIIO, KOTOpall COOTBeTCTByeT 
OCTaHOBKe MIOOHa B MIIWeHII, T.e. I *2*3*4*-5. C11rttaJJOM OSTB, KOTOpbll! 3MeplKaH Ha JO HC 
OTHOC11TeJJbHO ISTB, np11 Bb1ITOJJHeH1111 :noro ycnoBllll, <fiopM11pyeTCli c11rnan START, KOTO
pb111 3anycKaeT JJOrHKY "BopoT". JiornKa CTapTa TaKlKe <fiopM11pyeT Cl!rHaJJbl .llJlll KOHrpOJJb
HblX C'-leTOB (I *2, I *2*3', I *2*3*4, I *2*3*4* -5), a TaKlKe no3BOJJlleT <fiopM11poBaTb ClffHaJJ 
START OT He1tTPOHHbIX 11n11 <fioHOBbIX c11rnanoB B pelK11Max Kan116poBK11. YnpaBnett11e pa60-
T011 JJOrHKH CTaPTa npo113BOAIITCll C ITOMOII1bl0 perncrpa ynpaBJJeHllll, 3anl!Cb B KOTOpbll! npo
llCXO.llllT c WIIH W MarncrpanH no KOMaH.11e NA(0)F(J 7). CllrttaJJbl perncrpa ynpaBJJeHllll ( CM. 
Ta6JJ.1) IT03BOJJlllOT 3MaBaTb ycJJOBllll <fiopM11poBaHllll CllrHaJJa ST ART, a TaKlKe JMYJJllpOBaTb 
CllrHaJJbl BXO.llHOro perncrpa .llJlll OTJIMKII CIICTeMbl. 

Ta6J1uu.a I. Ha111a'lem1e pa1pRi)oo pewcmpa y11paB.qe11u11 

w Cv1rHan Ha3Ha4eHv1e 
WI ICTLI PaweweH11e II 
W2 ICTL2 YCTaHOBKa I2 
W3 ICTLJ YCT3HOBK313 
W4 ICTIA YCTaHOBKa I4 
ws ICTL5 PaweweHtte 15 
W6 ICTL6 PaweweH11eN 
W7 ICTLN PaJDeweH11e JanVCKa aopOT OT NI IIJIH N2 
W8 ICTLF PaweweH11e 33nycKa aopOT OT IFON 
W9 CTLAMJ PaweweH11e LAM no vcnoamo: (e = I)* -(e > I)* n * -(e200) * -(u > I) 

:WIO CTLAM2 PaweweHHe LAM no ycnoamo: ( e = I) * -( e > I) * -( e200) * -( u > I) 
WII CTLAMJ PaweweH11e LAM no vcnoa1110: n 
W12 CTLAM4 LAM=I 

JiornKa "BopOT" BKJIIO'-laeT B ce6l! C'-leT'IIIKII, KOTOpbie qiopM11pyroT CllnlaJJ "BopoT" .llJIII
TeJJbHOCTblO 20 MKC II OTMeplllOT BpeMeHHbie IIHTepBaJJbl 200 HC II I 000 HC .llJlll onpe.11eneHllll 
BpeMeHII nOllBJJeHl!ll JJJeKTl)OHa. CxeMbl COBnMeH1111 II perncrpbl JTOro Y3JJa <fi11KCIIPYIOT ycno

Bllll CTaPTa "BopOT" - MIOOH, He1tTPOH_11n11 <fioH (Sµ, Sn , Sb), BpeMll nollaJJeHllll JJJeKTl)OHa B 
npe.11enax 200 HC (e200), nocne 1000 He (eJO00), a TaKJKe c11rnanhI ynpaBJJeHHR .!IJIR 8101 11 
3101 (TDCstop, QDCclear). 

C11rnan 6noK11poBK11 BXOAHbIX c11rnanoB BLOCK ycraHaBJJHBaeTCll Ha BpeMll "BopOT" 
ITJIIOC BpeMll o6pa60TKII C06bITl!ll. . 

CxeMa coBnaneH1111 no c11rnanaM NJ, N2 11 NS BhIAeJJlleT c11rnanb1 JJJeKTl)OHOB el II e2, 
COOTBeTCTBYfOII111e .lleTeKTOpaM NJ II N2, a TaKlKe CllrHaJJbl Hel!TPOHOB. 3areM OHi! <fiopM11py
lOTCll no .llJIIITeJJbHOCTII (40 HC) OAHOB116paTopaMII OB. 3T11 CllrHaJJbl, a TaKlKe CllrHaJJbl OT .11e
TeKTopa MIOOH0B (1) II JJJeKTl)OHOB (5) 3MeplK11BalOTCll Ha 5 MKC nepe.11 llX aHaJJll30M B IIHTep
BaJJe "BopOT". 
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3aneplKKa BblnOJJHeHa Ha OAHOII MIIKpOCXeMe naMllTII THna FIFO eMKOCTblO 256*9, B KO
Topo11 IICnOJJb3YeTCll 5 611T. CxeMa ynpasneHl!ll 3MeplKKOI! <popM11pyeT CllrHaJJbl 3an11c11 WR II 
'ITeHllll RD C '1aCTOT011 33,33 Mru. Ilp11 JTOM noCJJe IIHIIUllaJJ113aU1111 6JJOKa <fiopMHpyeTCll 167 
CllrHaJJOB WR (167*30 HC = 5010 HC), a 3aTeM CllrHaJJbl WR II RD <fiopMHpytOTCll OAHOBpeMeH
HO II nOCTOllHHO. 

Perncrp11pywmall_JJornKa <fi11KcttpyeT noc-cynat0m11e BO BpeMll "BOpOT" 3MeplKaHHbie Ha 
5 MKC CllrHaJJbl MIOOHOB, JJJeKTl)OHOB H Hel!TPOHOB. Ilp11 JTOM CllnlaJJbl MIOOHOB OT .lleTeKTOpa 
1 11 JJJeKTl)OHOB OT AeTeKTOpa 5 nOAC'll!TblBalOTCJI .llJJll o6Hapy,iceHHll BTOporo CllrHaJJa. Ilo 
OKOH'-laHIIII CllrHaJJa GATE COCTOJIHl!e BbIXO.llOB cxeMbl, co.11eplKall.lllX Heo6XOAHMYfO .llJJll no
CJJeAYfOll.lero npttHRTHll peweHHll HH<fiopMaUIIIO O CTpyKTYPe co6bITJlll BO BpeMll 3aKOH'IIIBWIIX
Cll "BopoT", nOAaIOTCJI B CXeMY JIOlllKH oroopa co6b!TIIJI. 

CxeMa JIOrHKII oroopa B COOTBeTCTBIIII C YPOBHRMII BXO.llHblX CllnlaJJOB OT perncrp11pyw
meii JJOrllKII II JIOrllKII oroopa YCTaHaBJJIIBaeT COCTOllHlle c11rnana READY. Bb16op ycJJOBHll 
ycraHOBKH ero B I onpe.11eJJlleTCJ1 3MaHHbIM COCTOJIHlleM pa3pll.llOB CTLAMl - CTLAM4 pern
crpa ynpaBJieHHll (Ta6n. l) MoryT 6b!Tb 3MaHbl 0,l{HO 113 CJJe.l{YIOIIIIIX ycJIOBIIH (IIJJII JII06all llX 
JJOrn'leCKall cyMMa): 

I. (e= 1) * -(e> 1) * n * -(e200) * -(µ> 1) 

2. (e = 1) * -(e > 1) * -(e200)* -(µ > 1) 
3. n 
4. Ready = 1 Bcer.l{a. 
IlepBoe ycJIOBlle JIBJJlleTCJI OCHOBHblM, OCTaJJbHble HCnOJJb3ytOTCJI .llJJll pelKIIMOB KaJJH6c

pOBKII II OTJIMKII. 
<l>opM11poBaTeJJb <l>opM.2 no OKOH'laHHII CllrHaJJa 11BOPOT11 GATE C 3Mep»<;KOH B 50 HC 

no.11aeT c11rnan STBR .llJIHTeJJhHOCTblO 50 11c. Ecn11 READY = 0, TO <fiopM11pyeTCJ1 c11rnan 

Ta6. 
R C1,1rnan· 

R1 Iµ= 1 
R2. 111> 1 
R3 e=1 

R4 e>1 

R5 e1· 

R6 e2 

R7 n 

RB e1000 

R9 e200 

R10 Sn 

R11 Sb 

2. C, .. 

Qn1,1ca111,1e 
TOilbKO 1 MIOOH 
60JlbW8 1 MIOOH3 
T OilbKO 1 3Il8KTp0H 
60ilbW8 1 3Il8KTPOH3 
3JleKTpoH B N1 
3JleKTpoH B N2 
HeiiTpOH B N1 11Ill1 N2 
3I1eKTpoH noCile 100011c 
3JleKTpoH AO 200HC 
KaI1116poeKa 
Cl>OH 

CLEAR, KOTOpbIH no.l{aeTCll 11a Bee Y3JJbI TPllr
repa (Ha 6JIOK-CXeMe He noKa3aHo), YCTaHaBJill
Ball llX B IICXO,l{HOe COCTOJ!Hlle, '!TO 03Ha'laeT ro
TOBHOCTb 6JJOKa K o6pa6oTKe CJJe.l{YIOmero co-
6bITJlll. 

Ilp11 Bhmon11e111111 3MaHHbIX ycnoB11ii OT-
6opa (READY= 1) <fiopMHpyeTcll c11man STOP 
.llJJll I1Alij1 11 B MarHCTpaJJb no,l{aeTCJI c11man 
rOTOBHOCTII L. Ilocne noro no KOMaH,l{aM I1K 
113 I1Alij1 C'IHTbIBalOTCJI 3aperncrp11poBaHHbIe 
.l{aHHhle if no.l{aeTCll K0MaH.l{a c6poca NA(0)F(9), 
KOTOpall <fiopMHpyeT c11man CLEAR. 

~ew11<fiparnp KAMAl{ <fiopMHpyeT c11rna-
. JJbI 3an11cu B perncrp ynpasneHH.11, C'IHTbIBaHHll 

CTaTYCHOH u11<fiopMau11u O noCJJe,l{HeM o6paOOTaHHOM co6hITllll (CM.Ta6n.2) H cuman c6poca. 

. Crpyacrypa 6.rioKa TJIHrrepa 

3JieKTl)nqecKaJI CXeMa, COOTBeTCTBYfOll.lall onucaHHOH Bb!We 6JIOK-CXeMe TPHrrepa, pea
JJll30BaHa B O.l{HOH MHKpocxeMe XC3142A - 4PC84. 3TO nporpaMMHpyeMall norn'lecKM MaT

p11ua FPGA (Field Programmable Gate Array) cl>upMhl "Xilinx" (CIIIA), Koropall JKBHBaJJeHTHa 
npnMepHO 3500 BeHTHJlllM (AByxBXO,l{OBblH 3JJeMeHT H-HE). MIIKpOCXeMa C0.l{eplKIIT 480 TPHr
repoB co CK0p0CTblO nepeKJJIO'-leHHll ,!{0 230 Mr~ H 144 JIOrH'leCKIIX 3JieMeHTa (5 BXO,l{0B, 2 
BbIXO.l{a) C Bttyrpe1111eii 3MeplKKOH He 6onee 3,3 HC. Otta BblnOJIHeHa no TeXHOJI0rHH KMOII. 
YpoBHH BXO,l{HbtxlBbIX0,l{HblX cumanoB COOTBeTCTBytOT TTJI. Kopnyc MIIKp0CXeMbl HMeeT 84 
Bb!BO.l{a. 
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C-rpyIC'I)'pa scero 6JIOKll npttBe,leHa Ha pnc. 4. BHelIJHHe BXO.l{Hble n BbIXO.l{Hbie CllrHaJibl 
llMeIOT ypOBHll HHM, IlO:ITOMy 6JIOK CO,lepi,mr cxeMbl npeo6pa:30BaHllJI ypOBHeii Ha MllKpo
cxeMax K500IIY124/125. 

H1-1M-TTn 
100 Mf4 

c:> 

<==i 
TTfl-H1-1M 

I 
·I 

Perncrp 
ynpaeneHHSI 

3arpy3KOil 
KOHqmrypa41,11,1 

.Qew1,1cpparop KAMAK 
NA(0)F(4) 
NA(0)F(20) 

~ 

~ 
~ 

:; C: 
a, n, 
X C. 
0 l:i 
:;;LJ.a 

lofY .. ,~ ~ 
5. ~ 
Q) 

-a-
>, 

LO 

Puc.4. CmpyK111ypa 6,wKa mpuzzepa 

Bx<>.llHbie npeo6pa:1osaTenn (HHM-TTJI) co,lepJKaT KOMnapaTOpbI AD96687 .llJ!ll (j>nKca
U:nn nopora cpa6aTbIBaHllll ll 1.1enll Y.llJIHHellllJI Clll'llaJIOB Ha 3 0 !IC, T. K. BXO.l{Hbie Clll'llaJibl 
llMelOT· MllHllMMbffY!O niii:p1rny 5 HC. Bcero llCnOJib3YeTCll 20 BXO.l{HblX CllrHaJIOB ll 20 BbIXO,l
HbIX. Jipeo6pa:30BaTeJib ,zirni°-TaKTOBbIX CltrHaJIOB 100 Mrl.l BbinOJIHeH Ha Tl)all311CTOpax. Co-· 
e.l{HHeHllll MeJK.llY npeo6pa:30BaTeJIJ!Mll II BXO,laMH MIIKpOCXeMbl FPGA ocyweCTBJIJIIOTCJI CKpy
qeHHbIMll napaMll. . . 
· · ·· BHYTl)eHHlle CBJl311 FPGA 3a,laIDTCJI c noMOll(blO ee BCTl)Oe1111oii KOH(j>ttrypa1.1noHHOii CTa

T11qec1<:oii naMJ1T11, CO.llepJKttMoe KOTojioii'(T.e. KOH(j>11rypa1.11110 Tpe6yeMoii JJieKTl)nqecKoii cxe
Mi1) Heo6xo.l{HMO 3arpyiKaTb cHapYJKH. IIpn BKJI10qe111m nmaHHJI OHa 06HyJIJ1eTCJ1. 

Cnel.lllaJibHbie cxeMbl, KOTOl)ble CO,lepJKaTCJI a KpllCTaJIJie FPGA nOMllMO co6CTBeHHO JIO
mqeCKOH. MaTpttl.lbI, o6ecneqnsaIOT 3arpYJKY Ko11(j>nrypa1.1noHHoii naMJITH H3 BHenrnero II3Y 
llJlll .llpyroro llCTOqHllKll .l{aHHblX. 

·B onttchrnaeMOM 6noKe Ha neqaTHoii nnaTe ycraHoiineHa na11enbKa .llJIJI CIIII3Y, B KOTO
poe npe,lsapttTeJibHO 3aHOCllTCJI KO.llbl KOH(j>ttrypaQHll. Ilpn' BKJIIOqeHHII nHTaHllii CO,leplKIIMOe 
CIIII3Y asT0MaT11qecK11 3arpyiKaeTCJ1 B KOH(j>ttrypa1.1noHffY!O naMJ1Tb FPGA. C noMOll(blO pem-

- CTl)a ynpasneHllll B03MOJKHa 3arpY3Ka KOH-
Ta6JZul{a 3. Pemcmp ynpaBJ1e11uR 3azpy3KOU (j>nrypa1.1nn 113 (j>aiina IIK qepe3 MantCTl)aJib 

w 61,1T 
W1 0/1 
W2 0/1 
W3 0 .. 
W41 

--- ----. -·.-----, 

Ha3HaYeHHe 
611T KOHq>11rypa41111 
PelKIIM 3an11c11(Cnn3Y/KAMAK) 
CTapr 3an11c11 
Pa3peweH11e crpo6a 3an11c11 

KAMAK no KOMaH.llaM NA(0)F(20) 
(Ha:3HaqeH11e 6HTOB npHBe.l{eHO B Ta6n: 3). 
JTO n03B0JIJleT np11 11eo6xO.llllMOCTll ll3Me
HJ!Tb KOH(j>ttrypa1.11110 cxeMbI s11yrp11, FPGA 
B JII06oii MOMeHT speMeHII. O6beM ·KOH(j>11-
rypa1.1ttoHHblX ,laHHblX .llJIJI 11cnonb3yeMoii 

MHKpOCXeMbl COCTaBJIJ!eT 30784 6HTa. BpeMl! 3arpY3Kll COCTaBJIJ!eT He 6onee 0,2 C. 
Ilo.l{roTOBKa KOH(j>nrypa1.1110HHblX ,laHHblX- np0113B0,lllJlaCb C nOMOIIlblO naKeTOB npo

rpaMM (j>ttpM "ORCAD" n "Xilinx". 
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IiJIOK BbinOJIHlleT CJ!e.lly10m11e KOMaH.llbl MarHCTl)aJIIt: 
NA(0)F(1)- ~eHne crarycnoii 11H(j>opMaQ1111 oT06paHnoro co6blTHJI Q = 1 
NA(0)F(4) - ~emie COCTOllHIIJI c11rnana roTOBHOCTII FPGA nocne 3arpy3KII Q = 1 

KOH(j>11rypa1.11111 Ha w11Hy RI. 
NA(0)F(9) - c6poc sceii JIOI'IIKII 6noKa a IICXO,lHOe COCTOllHlle Q = 0 
NA(0)F(17)- 3an11cb 1rn(j>opMa1.1m1 e pentCTI) ynpasneH1111 Q = 1 
NA(0)F(20)- 3amIcb B pernCTI) ynpasne111I11 3arpy3Koii KOH(j>11rypa1.1m1 FPGA Q = I 

no c11rnany z npOH3B0.lllfTCll c6poc sceii JIOI'IIKII 6noKa B IICXO.llHOe COCTOllHlle. 

TexuuqecKnexapaicrepucruKu 

lll11p11Ha 6noKa - 3M 
Konuqecrso BXO.llOB -20 (pa:3beMbI LEMO) 
Konuqecrso BbIXO.llOB -20 (pa:3beMbI LEMO) 
YpOBHII BXO.l{HbixfBblXO,lHblX CltrHaJIOB - HHM 
MIIHIIMaJibHaJI .llJ!llTeJibHOCTb BXO,lllbIX CIII'HaJIOB - 5 HC 
):vIIITeJibHOCTb BblXO.l{HbIX CltrHaJIOB - 40 HC 
lfaCTOTa TaKTOBbIX CIII'llaJIOB - JOO Mrl.l. 

MaKCIIMaJibHbiii noTl)e6n11eMh1ii TOK: 0,8 A no 1.1en11 -6 B; 0,6 A no 1.1en11 +6 B (113 HHX 
300 MA noTl)e6JIJ1eT MHKpocxeMa FPGA). 

Oco6enHOCTH ucnonL1ouanun FPGA 

Hcnonb30BaH11e nporpaMM11pyeMbIX norn'leCKIIX MaTl)HI.I ,laeT onpe.lleneHHhie npe11Myme
CTBa no cpaBHeHHIO C o6bl'IHbIMll 1.111(j>pOBbIMll MIIKpocxeMaMII np11 pa:3pa6oTKe II 11cnOJib30Ba
HIIII annaparypbl, KOT0pal! BKJIIOqaeT JI0nt'leCKl!e Y3Jibl. M0JKHO OTMeTl!Tb cne.lly10m11e 113 Hllx: 

- JJieKTl)0HHaJI cxeMa M0JKeT 6bITb pa:3Mell(eHa B 0.l{HOII IIJIII HeCK0JibKIIX MIIKpocxeMax 
(ux BHyrpeHHllll eMKOCTb .ll0CTHraeT 100000 BeHTIIJieii, K0Jlll'leCTB0 BXO.l{Os/BbIXO.l{OB - 6onee 
400t . 

- ynpomaeTCll neqaTHaJI naTa 3a C'leT C0Kpame111IJ1 K0MnOHeHTOB II CBJl3eii MelK.l{y HIIMII; 
- cxeMa YCTl)OIICTBa M0JKeT 6bITb 113MeHeHa 6e3 11cnoJib30BaH!lll naJIJibHIIKa II nepepa6oT-

Kll ne'laTH0ii naTbl nyreM 3aMeHbl KOH(j>11rypa1.111011Horo II3Y IIJ!lf 3arpy3KII H0B0ro KOH(j>11ry
pa1.1110HH0I'O (j>aiina; 

- ynyqweH11e 'laCTOTHbIX xapaKTepl!CTIIK ycrpoiiCTBa nYTeM 3aMeHbl MIIKpocxeM Ha 6onee 
6bICTl)bie TOro JKe Tlfna ( .llJ!ll npnMepa: CK0p0CTb nepeKJIIO'leH!lll BnyrpeHHIIX TpllrrepoB Bapb-
11pyeTCJ1 B npe.llenax npuMepHo OT 50 .ll0 400 Mr1.1); 

- ysen11q11saeTCJ1 na,leJKH0CTb. 
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