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nopory, onpenensnuck no 100 peanuzanusm mpo-
necca Y, (7).

21k .
15 a)

AT
2t | L\f’ﬂ HUN

15 W

b oy e

a0 800 1000 1200 1400

PucyHnok 2 — BeIxo nepBoro JaTt4uka: a) pe3ynbTaTbl
u3Mepenui ( Z;, ); 6) MaTeMaTHYECKOE OXKUIAHUE

KBaJIpaTa U3MepeHuii ( Y, (2') )

3akmrouenne. PaboTocnocoOHOCTh GuIbTpa MpU
OTKa3e JaTyhKa MOXKET OBITh JOCTHTHYTa MyTEM
pe3epBupoBanus. [Ipu 3ToM TpeOyeTcs BBITIOTHEHUE
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orepanyu oOHapyKEHUSI MOMEHTa O0TKa3a, OTKIIoYe-
HHUS KaHaja OTKAa3aBILEro JaT4uka M W3MEHEHMs
anropuT™Ma (IIBTPAIMU C YYETOM CMEHBI yCIOBHH
¢ynknroruposanus. [Ipu cratucTraeckoM noaxone
QJITOPUTMBI BBITIOJTHEHHS 3TOH MPOIEAYPHl OKa3bIBa-
FOTCSL BEChbMa CJIOKHBIMH M TPEOYIOT OOJBIINX BEI-
YHCIUTENBHBIX 3aTPaT MPH PEAN3alii B pEabHOM
Macmrabe BpemeHrd. COKpalieHne BOZMOKHO ITyTeM
Hepexoa OT CTATUCTUYECKOTO K AETEPMUHUCTCKOMY
MOAXOAY AJsl cuHTe3a (UIIBTPOB Ha OCHOBE PEKYp-
PEHTHOTO METO/]a HAMMEHBIMX KBaapaToB. B pabore
NPUBEJICHA METO/IMKA TAKOTO CHHTE3a ¥ Ha €€ OCHOBE
MOJTyYeHbl ypaBHEHUs GUIIbTPa U OOHAPYKUTEIS OT-
ka3oB. CTpyKTypa OJTHUX YpaBHEHHH IOJy4aeTcs
JOCTaTOYHO MPOCTOH ISl peasu3aluyl M IT03BOJIIET
COXpaHATh pabOTOCTIOCOOHOCTH (PUIBTPA MPU OTKA-
3aX JaTYUKOB. PemeHWe KOHKPETHOTO IpuMepa
JEMOHCTPHPYET TEXHOJOTHIO MCHONB30BaHUS TIPEN-
JOXKEHHOW MeToauku. IloMHMO pe3epBHpOBAaHUS
BO3MOJKHO OOecIieueHHe 0TKAa30yCTOWIMBOCTH alro-
PUTMHYECKUM ILYTEM, YTO CIYKUT MPEAMETOM JAJIb-
HEUIINX UCCIIEIOBAHUMN.
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TAMMA-PE30OHAHCHBI KOHIIEHTPATOMEP JMOKCHJIA OJIOBA

Jlooko A.C.}, Mucesnu O.B.}, Xoamenxwnii A.JI.2
THUY «Uncmumym sdepuvix npoonemy» 5I'Y
2Benopycckuil 20Cy0apcmeennbiil YHUGepcumen
Munck, Benapyco

AKTyaTbHOCTD H3MEPEHHA MaJIbIX KOHIIEHT Al
quokcuaa onoBa SN0, (MuHEpaia KacCUTEpHUTa) B
MOJIEBBIX YCJIOBHSAX BO3PACTAET MO MEPE pOCTa IO-
TPEOHOCTEH BJIIEKTPOHHOH TPOMBIIUIEHHOCTH BO
BCEM MHpe. 3a7ada raMMa-pe30HaHCHON KOHIIEHTpa-
tomeTpun. SNO, ObLTa MOCTaBlieHa BCKOpPE IOCIEe
oTKpeITHST 3¢ ¢exra Meccbayspa. Hanpumep, Bo
BHUUDTPU (r. Menneneeso, P®) 6611 paspaboran
MeccOayIpoBckuii ananmzarop kaccureputa KMKP,
HCIIONIB3YIOMIMH  PE30HAHCHYI0  HOHM3AIOHHYIO
KamMepy Uil PErHCTpaldu pacCesiHHOro mpoOoi
ramMMma-u3inydenus. JlabopaTopHsle BapHaHTBI HpH-
Oopa mMenu mpenen OOHAPYKEHUS KacCUTEpUTa Ha
ypoBHe 0,01% mpum BpeMeHH aHamM3a HECKOJBKO
MuHYT. OnHAKO cepuifHOE MPOM3BOICTBO HE OBLIO
OPTaHW30BAHO M3-332 HEBOCIPOM3BEAMMOCTH IIapa-
METPOB PE30HAHCHON HOHU3ALMOHHOM KaMephl.

Kpowme toro, nokazanus KMKP cymectBeHHo 3aBu-
CEIIM OT MUHEPAJILHOTO COCTaBa Mpoo.

[ToBBICHTH TOYHOCTH N3MEPEHHUI U CHU3UTH BIIU-
SIHUE cocTaBa Ipo0 Ha MTOKa3aHHs KOHIIEHTpaToMepa
yZIaJIoCh B IIpHOOpE, pacCMOTPEHHOM HIDKE.

3aBHCHMOCT  BeJIHYHHBI  PE30HAHCHOIO
3¢ dexTa 0T KOHIEHTPAIUM HCKOMOI0 BelecTBa.

Jdns MeccOayspoBCKO KOHIIGHTPATOMETPUH C
MPUMEHEHHEM PE30HAHCHOTO AETEKTOpa HaMH OBLIO
noiay4eHo [1] cooTHoIIeHHe, CBA3BIBAIOLIEE BEIH-
YHHY U3MEPSIEMOr0 PE30HAHCHOT0 Y dexra

E = [1(0) - ()] / 1(x0) ¢ uckomoii KOHIIEHTpA-
nueu C:

po_ KCrr o)
(L—k,C)(1+aC)
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rae K03 PUIUEeHT IPONOPHUOHAILHOCTH K, ompee-
JISTIOIIHAN YyBCTBUTEILHOCTh MPHOOpPa, a TAKXKE Mapa-
MeTp Ki crmabo 3aBHCAT OT MHHEPAIbHOTO COCTaBa
npo6. Kpome toro, ki<<l, 4r0 HO3BOJSET CYMTATH
3aBUCHMOCTb JIMHEWHON O KOHIEHTpAIUi MopsiiKa
€IMHUI] TPOoNeHTOB. [Ipyn GONBPIIMX KOHIEHTPAIUIX
3aBUCUMOCTb CTAHOBMTCS HEIMHEWHOH M3-3a BIMS-
HHUS Tapamerpa a, KOTOPBI K TOMY K€ 3aBHCHT OT
BEIIECTBEHHOI'O COCTAaBA.

Jlns cHYbDKeHWs BIMSIHUS BapUallMi BEIICCTBCH-
HOTO COCTaBa MPOO Ha BEIUYMHY @ M PACHIMPCHUS
JMana3oHa W3MEpPEHUs KOHLIEHTPAalMi OKCHIHOTO
0JIOBA B CTOPOHY BEPXHMX 3HAUCHUU, HAMU IIPEJIO-
KEH MOIU(PHUIUPOBAaHHBIH alropuT™ BhruncieHus C.
B ero ocHoBe nexutr y4er mHGOpMAIMH O BEIIe-
CTBEHHOM COCTaBE HCCIEAYEeMBIX 00pa3IoB, coaep-
JKalecs B ”HTCHCUBHOCTH PACCETHHOTO UMH H3ITY-
YeHUsI IPU paccTpoiike pe3oHanca I(w0):

I () ~(1-kC)- 2

C yueroMm (2) nosnyyaeM HOBOE BBIpaKEHHUE JUIS
CBSI3U PE30HAHCHOTO (P deKTa ¢ KOHIIEHTPALNEH:

o k C+]/ , (3)
1-kC+a'[l(0)/1,]C

rne lo — u3BecTHass HHTEHCHBHOCTD 30HANPYIOLIETO
N3IIyYeHHUs], a TapaMeTp &’ NMPaKTUYECKH HE 3aBHCHUT
OT BEIIECTBEHHOI'O COCTaBa HUCCIIelyeMoro oopasua.

Takum 0o0pa3oM, BeIpakeHue (3) mpencTaBiseT
c000i1 OCHOBHYIO aHATUTHYECKYIO 3aBUCHMOCTb MEC-
c0ay’pOBCKOM KOHIIEHTPATOMETPHUH B IIUPOKOM AHa-
MIa30He KOHIIEHTPANNi, H OBUIO TOJIOKEHO B OCHOBY
(YHKINOHUPOBAHUS MIPHOOpA.

Bbi0op reomerpuu u3MepeHMii M MCTOYHMKA
H3JTyYeHus .

OnuH M3 OCHOBHBIX KPUTEPUEB BHIOOpA I'EOMET-
PHH M3MEPEHHH — peasiu3anus 10CTaTOYHO OOIBIINX
YIJIOB PacCesHusi, NMpU KOTOPBIX MHHHUMHU3UpPYETCS
peneeBckoe paccesHue. C Ipyroit CTOPOHBI, TeéOMET-
pust u3MepeHuil NokHa oOecmeduBaTh paboTy c
MeccOayspoBCKUM HMCTOuHMKOM SN nocratodHo
OOJBIION TUIOMIATN C IEIbI0 MUHUMHU3ALIUHU TTOTEPh
M3ITy4eHHS] Ha CaMOTIOTJIOIIEHUE ¥ yITUPEHUE THHUH
ncryckanust. ONTHMaIbHOE COYETaHNE 3TUX OCOOEH-
HOCTEH peaau30BaHO B TIEOMETPUH, IOKa3aHHOM
Ha puc. 1.

Pe3onancHslit netexrop P/l u uctounux usmyde-
HUSl PACIOJ0XKEHbl Ha MUHHMMAJIbHOM PAacCTOSHHUU
JPYT OT Jpyra o 0JHy CTOPOHY OT oOpasua, obecrie-
4KBas MaKCUMaJIbHO BO3MOJKHBIN CpeiHuUil yroi pac-
CesSHHSI  PErHCTPUPYEMOro  TraMMa-H3JIydeHUs.
JlmameTp 4yBCTBUTEILHOTO JIEMEHTA PE30HAHCHOTO
netekropa - 40 MM, paccTosiHEE 10 TPOOH - 35 MM.

CuHIOBHIH 3KkpaH (CD) TONIIMHON 2 MM 3aIu-
IIaeT AETEKTOp OT NMPSIMOTO H3ydeHus. OceBas cum-
METpHS T€OMETPHN HM3MEPEHHs II03BOJISIET NpHUMe-
HUTH UCTOYHUK KoJIb1eBO# popmsl (KW) nocTatouno
0o0JIbILION TUTOIAH (BHEIIHUHA 1UaMeTp NCTOYHHUKA —
73 MM, BHyTpeHHud — 53 mm). Hauanpnas
aKTUBHOCTh HcTOuHHMKa — 2Ibk, a yxenbHas

40

[OBEPXHOCTHAs AKTHBHOCTh COCTABHIA  OKOJIO
108 Bx/cM?, 4TO MO3BONIIO IPAKTUUECKHU MOTHOCTHIO
UCK/IIOYHTh  CAMOMOIJIOIICHHE — M3JIydeHUs B
UCTOYHHUKE U YBEJIUYUTh CPOK €ro SKCILIyaTalluu JI0
1,5 ner npu mepuoje monaypacnajga uzorona °™Sn
290 nHel.
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Pucynok 1. 'eomeTpust m3MepeHnH 11t MeccOaydpoBCKOH
KoHLeHTpaToMmeTpun: CO — cBUHLIOBBIH dKkpaH; KM —
KOJIBIIEBOM HCTOYHUK; BM — BcrioMorarenbHasi MUILICHb

CTa0uIM3UPOBAHHBIA PE30HAHCHBIN CIMH-
TS IHOHHBIN IeTEKTOP 115 010Ba-119.

OnHUM W3 NPUHIOUIHATHHBIX PEIICHUHA, MOJ0-
KCHHBIX B OCHOBY pa3paboTku MeccOay’pOBCKOTO
KOHIIGHTPATOMEPa, SIBISCTCS HCIOJB30BAaHHUE PE30-
HAHCHOTO JICTEKTOPA IUISL PETUCTPAIIUH PACCESTHHOTO
raMMa-M3JIyudeHHsl, MO3BOJISIOIIEIO TOBBICUTh YYB-
CTBHUTEIBHOCTB M3MepeHuil B Saf' pas, rie f'— Beposr-
HOCTH 0Oe30THayHOro m3mydeHus. Hawmboubrryio
BEITMYMHY aOCONIIOTHON CENIEeKTUBHOCTH Sa [2] cpean
M3BECTHBIX THIIOB PE30HAHCHBIX JETEKTOPOB IS
usotomna 1°Sn uMmeeT pe30HAHCHBIH CIMHTHILISALMOH-
ve1it getektop (PCJ). Ero ocHOBHOM 371€eMEHT — TOH-
KHH OpPraHMYeCKUH CHUHTHILIATOP, B KOTOPOM pac-
TBOPEHO BEIIECTBO KOHBEPTOpa. B kauecTBe KOHBEP-
TOpa JUIS nenei MeccOayIpOBCKOM
KOHIICHTPATOMETPUU KACCHTEpHUTa OBLIO TaKXkKe
BBIOpaHo coemunenue 1°Sn0,, 1711 KOTOPOTo MaKCH-
MyM PE30HAHCHOTO MOTJIOIICHUSI COBIAIAET C MAKCH-
MyMOM PE30HAHCHOTO TOTJIONICHHUS KACCHTCPHUTA.
D¢ dhexkTHBHOCTS perucTpanuy 0€30TAaYHOTO H3ITY-
genus 23,8 k3B cocrasisiet oxoino 30...40%; Hepe3o-
HaHCHOTO m3NydeHns — meHee 1%. s mpeobpaszo-
BaHUS CBETOBBIX HUMITYJIbCOB B AJIEKTPHUYECKUE CHT-
Hael wcrons3oBan POV, Pabora ¢  mameiMu
curHanamu PCJ] TpeOyeT mpuMeHeHH ONITHMH3UPO-
BaHHBIX CXeM 00pa0oTKu curHana. HakormieHHBIH
HAMH OTIBIT PabOTHI C MIIACTUICCKUMHU CIIMHTHILIATO-
paMu Ha HU3KUX SHEPTUsX [3] M03BOJINI peaTu30BaTh
noTeHIManbHble penMyinecta PCJl Ha mpakTuke.
AobcomnrotHas ceniektuBHOCTH PCJI cocTaBmia Sy~ 45.

[MonyyeHHoe 3HAYeHUE S MO3BOJSIET OICHUTH
yKCIIeHHOe 3HaueHne kodddurmenta K ~ 250. Ipu
9TOM HIKHHH TIpeAeN W3MEPEeHHs KOHIIEHTPAIHH
OKCHJIHOTO OJIOBa MMEET MOPSIA0K 105 B to xe
BpeMsI, BETMUMHA PE30HAHCHOTO 3 eKTa Mpu TaKux
KoHIeHTpanuax & ~ KC =~ 0,003, u s peanuzanuu
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MOTEHIMATIBHO BHICOKOH YyBCTBUTEIILHOCTH H3MEPE-
Huii ¢ nmomompeo PCJIl HeoOXogumMo 00ecHeuuTh
BBICOKYIO CTAOMJIBHOCTH €r0 IapaMeTpoB C TeM,
YTOOBI M3MEHEHHS B MHTEHCHBHOCTH PETHUCTPUpYE-
MOTO M3JIy4eHHsI B HECKOIJIBKO JIOJIeH TpOoIIeHTa ObLIH
OBl HaIEXKHO 3apETUCTPUPOBAHEL. [ 3TOTO IIpHMe-
HEHa KOMOWHHpOBAaHHAs CHCTEMa CTaOWIH3aluu
sHeprerudeckoi mkanel PCJ]. Cuctema paboTaer co
CBETOBBIM PENEPOM B IIpOLiECCE M3MEPEHHS U IPOBO-
JIUT TIEPHOINYECKYIO IOACTPOHKY CBETOBOTO pernepa
MO PaJMOAKTHBHOMY MEXIY IHKJIAMH HU3MEpPCHUI.
PeHeprIe CHUT'HAJIbI OT paaAnOAKTUBHOI'O UCTOYHUKA
GhOopMUpYIOTCS  TPU  PErHCTPAlMU  PACCESHHOTO
raMMa-us3jaydyeHus OT BCIIOMOTaTEJIbHOM MHUILIEHU
(BM) u3 SnO; B mepepriBax MEXIy HU3MEPCHHSIMH
MIpH yAaJIeHUH 00pasiia u3 30HbI u3MepeHus (puc. 1).
Taxast opraHu3aIist CHCTEMBI TIO3BOJISIET 00ECTIEYHUTh
HETIPEPHIBHYIO CTaOMIM3anuio KodpHuIreHTa mepe-
nmaan PCJI ¢ kBa3nabCOOTHRIM PEIepoM C IIOTPET-
HoCThIO He Xyxe 0,1%.

OCHOBHBbIE TeXHHYECKHE XAPAKTEPHCTHKH
MeccOayIPOBCKOro aHAIN3aTOPa KACCHTEPHUTA:
—/Mana30H U3MEPEHUs KOHIICHTPAIUH
SN0y, Bec. Yo, 0,005-40;
— OTHOCHUTEJBbHAS IOTPEIIHOCTh U3MEPCHHIA
B JIMANa30HaXx:

0,01-0,05B86¢.% 20-5%;
0,05-0,1 Bec.% | 5-3%;
0,1-10 Bec. % < 5%);

V/IK 681

10-40Bec. % <10%;
— BpeMmsl aHaiM3a,_ ... oT 5 ¢ 10 3 muH,;
— Macca MOpPOIIKOBOM MPOOBL 0,03-0,05 kr;
— macca / rabapuTsl ipudopa, . 8 xr/ 38x22x15 cMm;
— nuTaHuWe npubopa 9+13 B DC; 6 Br.

Pe3ynbTaThl ONMBITHON SKCTUTyaTaluy MPUOOPOB B
MOJIEBBIX YCJIOBUAX IMOKA3aJM WX BBICOKYIO HaleX-
HOCTB, XOPOIIYI0 BOCHPOM3BOIUMOCTD PE3YJIHTAaTOB
NIPY PEKOPAHON I (PU3MYECKNX METOIOB aHAIN3a
(ha30BOr0 BeIIECTBA MHUHUMAIBHO OIPEICIIIEMON
KOHIEHTPALMU OKCHJIHOTO OJIOBA.
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e.a. // Nucl. Instr. and Meth. — 1994. — B94. -
P. 493-498.
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KpHCTA/UIAMH:  TE3UCHI JIOKIamoB /| TOX  pen.
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2012. - C. 57.

IHPOT'PAMMHASA OITUMM3ALIAA AJI'OPUTMOB OBPABOTKH CUTHAJIOB IU®POBOTI'O
SJNEKTPOMETPUYECKOI'O 30HJA

Koarynosuu T.2, Kocruna I'.A.%, Ilantenees K.B.!, Camapuna A.B.}, Ceucryn A.W.%, Tasaoscknii K.JL.!
! Benopycckuii nayuonanshbul mexnuueckuil ynusepcumem, Mumnck, Pecnybiuxa Benapyce
2 Jhobnunckuii mexuuveckuii ynusepcumem, Jhoonun, Ionvua

B nmanHOii paboTe paccMOTPEHBI aITOPUTMBI
00pabOTKN HM3MEPHUTENbHBIX CHTHAJIOB ITU(PPOBOTO
3JIEKTPOMETPHUIECKOTO 30H/Ia B peaTbHOM BPEMEHH C
WCIIONIb30BaHUEM HHCTPYKIUH OnbOnmmoTexu Iudpo-
BOro curHansHoro mporeccopa DSP (Digital Signal
Processor) ynpasisiioiero MUKpOKOHTpOJIEpa.

LudpoBoii snmekTpoMeTpHdecKkuil 30HI peau-
3yeT KOCBEHHBII MeTO/ U3MEPEHHUs KOHTAaKTHOU pas3-
HocTH moTeHiuanoB [1]. OH BeIMONHEH Ha 0Oase
YOPaBISAOMEro 32-pa3psaIHOro MUKPOKOHTPOJIIEPA
cemeiictBa STM32F4 ¢ simpom Cortex M4. OcHOB-
HBIMH TIPEUMYIIECTBAMA MHUKPOKOHTPOJUIEPOB J1aH-
HOTO ceMelcTBa sABisgeTcs Habop nHCTpyKIwid DSP, a
TaK)Xe MOJyYJIb OllEpalMii ¢ MIaBaoLEeN TOUKon [2],
4yTO o0ecreyrnBaeT MaKCUMAaJIbHYIO MPON3BOIUTEIIH-
HOCTb 1 3()(PEKTHUBHOCT 00PabOTKU U3MEPHUTEIBHBIX
curHayioB. KocBeHHBIN METOA M3MEpEHMs 3aKitoya-
eTcs B MaTeMaTHUeCKOM aHalM3e IapaMeTpoB
KOMIIEHCAIIHOHHOM 3aBHCHMOCTH CUTHana
HU3MEPUTENIHOTO TMHAMUYECKOT0 KOHIEHCaTopa Ipu
(DMKCHPOBaHHBIX MOTEHIMATIaX KOMIIEHCAIMH.

B mn¢poBoM 31IEKTpOMETPHYECKOM 30HAE TOJ-
HBII H3MEPUTEIBHBIHN UK COCTOUT U3 JIBYX IOCIIe-
JIOBATEIILHBIX OTIPEICIICHUI aMILTUTY I CHTHAJIOB MIPH
IEPBOM H BTOPOM (PHKCHPOBAHHBIX IMOTCHIHAIAX
KOMIIEHCAIIMH U MTOCJICYIOIIEro BRIYUCISCHHUS 3HaUe-
HUSl KOHTaKTHON Pa3HOCTH MOTEHIMAIOB. Brruncie-
HUS BBINOJIHSIOTCA NyTeM JIMHEHHOHN amnmpokcuma-
MM KOMIICHCAIIMOHHOW 3aBHCUMOCTH. JIJis 3TOTO
BHYTPEHHUH TaliMep YIPaBIISIOIIET0 MUKPOIPOLEC-
copa OCYIIECTBISCT MPEIBAPUTEILHOE JICIICHUE TaK-
TOBOH YacCTOTHI 10 BENWYHMHBEI B 128 pa3 Oopmiei
YaCTOTHI KOJICOAHUA 3TAIOHHOTO 00pasia. MMITyIbChl
TaliMepa YINpaBIISIOT CUUTHIBAHUEM 3allMCAHHON B
MaMsATH MHKPOKOHTpoJulepa TaOmunsl cuHyca (128
TOYEK) U OJHOBPEMEHHO 3alUCHIBAIOT IOJy4YEHHBIE
OTCYETHI B Oy(hep maMaTu MUKPOKOHTpoJuiepa. B atom
clydyae  aMIUINTyJa  HW3MEPUTENBHOTO  CHTHANA
ompezieTsIeTCsl MO YeThIpeM MepHoAaM KoJieOaHwHs
30H/1a, 9TO COOTBETCTBYET 512 Toukam.

MaccuB M3MEpHUTENbHBIX MaHHBIX, A yCKOpe-
HUSl aJTOPUTMOB 00OpabOTKH CHTHasla, MOXET OBITH
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