HAYYHO-UCCIENJOBATE/IBCKOE YYPEZKIEHUE
MHCTUTYT AIEPHOU ®PUBUKN um. I'.M.Bynkepa CO PAH

C.E. bapy, B.B. Ilopoces,
A.T'. Xabaxmarres, JI.U. HlexTman

XAPAKTEPUCTUKN MIUPPOBBIX
HNETEKTOPOB PEHTT'EHOBCKOI'O
N3TYYUYEHNA

NoAP 2001-7

HOBOCUBUPCK
2001



XapakTepuctuku NudpoBLIX HeTeKTOPOB
PEHTIE€eHOBCKOTO N3JIy UeHU s

C.F. bapy, B.B. Hopoces,
A.I'. Xabaznawes, JI.U. Hlexmman

NuactutyTt anepuoi ¢uzuknm uM. I'.U. Bynkepa
630090 HoBocubupck, Poccus

AusoTanusga

ObcyxmaroTcs OCHOBHBIE XaPaK TEPUCTUKE NH(PPOBHIX TETEK-
TOPOB PEHTTEHOBCKOTO 3y ueHus. Ocoboe BHUMAHUE yIEATETCA
VHUBEPCAJIBHOCTH XapaKTEePUCTUK M yHNOOCTBY WX NPUMEHEHUS
IS CpaBHEHUA Pa3INIHBIX YCTAHOBOK. llemafoTca pekomeHma-
WU TIO0 M3MEPEHNIO U NMPUMEHEHUIO ONMUCHIBACMBIX XapaKTepHu-
CTUK.

Parameters of digital x-ray detectors

S.FE.Baru, V.V. Porosev,
A.G. Khabakhpashev, L.1. Shekhtman

Abstract

We discuss main parameters used for characterization of the
digital x-ray detectors. Attention is paid to universality of the
parameters and convenience of their use for comparison of different
digital systems. Recommendations are made for the measurement
and application of the described characteristics.
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1 DBsenenne

B mocnennme ronbl B MEOUIIHHCKON PAIMONOTNT HAXOMAT Bee Bomee II1H-
pOKOe pnMeHeH e Nn(GpoBLe peHTreHOr paduieckne yeTanoBkn (LIPY)
[1]. M&1 6ymem Ha3BIBATH YCTAHOBKH MH(MPOBBIME, €CITH OHU MO3BOJISIIOT
3aNUCHIBATH PEHTTEHOBCKNI CHIMOK B BUIe NBYMepHON MaTpulbl. Ka-
JKOBIA BIleMeHT MaTPUIEI CONePKUT 3HaYeHne NHTEHCUBHOCTH peHTTe-
HOBCKOTO W3NYUeHWs, IPOIIeNIero depe3 TelO TalWeHTa U 3aperiu-
CTPHUPOBAHHOIO NeTeKTOPOM B 3ToM KaHaje. Taxmm obpaszom, nudpo-
BBEIe MeTEKTOPLI NMEOT KAHAILHYIO CTPYKTYPY, KEeCTKO NPUBA3AHHYIO
K rpanumnaM m3obpaxkenuns. Paszvep xamama u ero ¢gopMa OmpenessioT
IpPOCTpAHCTBeHHbLIE XaPaKTePUCTUKN HeTeKTOopa.

PaBoTwr Ham nHGpPOBLIME peHTTeHOT paPuIecKuMI YCTAHOBKAMN ObI-
au HauaThl B WHcTuTyTe snepuoit duzuku CO PAH B 1982r. B srux
paboTax O perucTpalnu PeHTTeHOBCKOTO W3IYUeHUS HCIOIb30Ba-
NHCh OLICT ponefic TBYIONINE ONHOKOOPINHATHEIE MHOTOIPOBONIOTHEIE Ka-
MepLl W CKaHUPYIOUINN MeTON NI NONYUYeHWsS BTOPOH KOOPIHHATEHI
TOYKHN TOTNOIIeHNs KBaHTa. [lepBble MBe YCTAHOBKN OBINN 3amMyIIIeHB!
Bo BcecoioznoM 1meHTpe 0XpaHbl 3M0pOBEs MaTepn n pebenka B MockBe
B 1984 u 1987 r.r.

[Toce cepbe3HBIX YCOBEPIIEHCTBOBAHMI (yMeHbBIIEHIE BIBOE IIN-
punbl kanasa o 0.6 MM, HCMONL30BaHNE COBPEeMeHHLIX Ha TO BpeMs
koMmibioTepoB IBM PC 486 B pexume npsimMoil CBSI3U C HeTEKTOPOM U
IIp.) yCTaHOBKA, HazBaHHas nocie momepumzannu MIIPY 7 Cubups”,
yenermao mpoiiisa B 1994 . B MockBe TexHudueckne W MeOUIHHCKHE
NCOLITAHUS U MpUKazoM MuH3npaBa peKOMeHIOBaHa K CepuiiHOMY BhI-
nycky m mpumenenuio B Menunuue. B 1999 m 2000 r.r. mepBhie nBe



VCTAHOBKHU BO Bcecolo3HOM MeHTpe O oXpaHe 3MOPOBLI MaTepn U pe-
Henka Goutn 3amenenbl Ha MIPY ” Cubups”.

B xomme 80-x m mo3:Ke B Mupe MOSBUICS TENBIH Ppian MHGPOBLIX
VCTAHOBOK, B KOTOPHLIX W300pakeHne MONyIaeTCs UIN MepeBONUTCS B
nundposoii Bun. Psan snoncknx u 3amamnao-eBpomneiickux ¢pupm (Tomn-
6a, CiMeHC 7 Ip.) HaYaJ Il BBIMYCK PEHTTEHOBCKHX allapaToB, B KO-
TOPBEIX BMECTO (POTOMIIEHKN NCTIOAL3YIOTCS TMIACTHHLI JIOMIHOGOPA C
naMsaThio. [Ipn cheMKe mannenTa n3obpakenne 3alOMIHAETCS B TaKoi
NJacTuHe W 3aTeM MOXKeT OLIThH MONYyJIeHO MyTeM J1a3epHOTro CINTHIBa-
wus. Pupma Cumenc ucnosb3yeT TakxkKe s TONYUYeHUS MUMPOBBIX
uzobpaxenuit POOII 6omnbinoro nuamerpa, XoTs Takue npubopbl CTO-
AT moporo. Pupma PUAUNC MIS 3aMNCH N306paKeHN UCTONL3YeT ce-
JeHOBLIN GapabaH, CINTHBAHNEe ¢ KOTOPOTO TMPON3BOAUTCS € MOMOIIIBIO
CKAHUPOBAHUS CTENMHAILHBIM HIeKTPOCTATHIECKAM IIYTIOM C HOCIeny-
olelt MaTeMaTuueckolt 06paboTkoit nzobpaxenus. Psn ¢dupm B CIHTA
u 3ananuoit EBpomne BhiycKaeT 3KpaHbl U3 aMOPGHOIO KPEMHUS UITH
celleHa ¢ aKTHWBHOW CUMTHIBalollleil MaTpuieii. B »Tux ycTpoiicTBax
3aps, BOBHUKAIONING B aMOphHOM MaTepuaje OT MOTIOIIEHUS PeHT-
TeHOBCKOTO (DOTOHOB, HAKANINBAETCS HA €MKOCTSAX, M3TOTOBIEHHLIX B
BHUIe MATPHUILI MeTAJINUECKHX TIOMIANOK, coenuHeHHLIX ¢ PIN mu-
olaMum Ha ONHON M3 CTOPOH SKpaHa (B ClIydae aMOP)HOTO KpeMHILS
Ha TMOBEPXHOCTH HKpaHa BHIPAIINBACTCA TOHKNH CJIOU TSIAKeJIOro CIINH-
THIISATOPA ISl MOy IeHns NOCTaToTHO sbdekTnBHOCTH). Psimom ¢
nJ0IMaIKaMy HMeIOTCS TPaH3UCTOPHEIE KIIOUH, TO3BONAIONITE SEICTPO
CUNTHIBATH 3apiall ¢ KaXKIOTo dIleMeHTa aKTHUBHOW MaTpunsl. Taxmne
HKpaHbl HOCTHraloT paszmepoB 40%40 cM.

B Poccun psin ¢pupm ("Ksuron”, UHCTHTYT mpnkiamHoil Gu3nkmn
CO PAH, HoBocubupck) Tak:ke pazpaboTann CKaHHPYOIINEe PeHTTe-
HOTpaduUUecKne anmnapaThl, B KOTOPHIX NS PETUCTPAlNU PeHTTEHOB-
CKOTO UBIYUeHUs HCTONL3YIOTCS (POTONNONHBIe NUHEHKN ¢ TaHOIuH-
eBLIMU CIUHTHIASTOpaMu. [ludppoBbie peHTreHOBCKHE (DIITOOPOT padbl
pazpaboranbl pupmamu ”Crextp All”, "Menpentex”’u np. Pupma
?CII Tennuk” nosnyuaer mudpoBoe n306paxenie ¢ HOMOIIBIO MaTPHU-
HOTO (DOTONpUEMHNKA, HAa KOTOPLIA m300paxenne co CIUHTHINIAPYIO-
I1eT0 HKpaHa MPOoeNUupPyeTCs ¢ MOMOIIBIO ONTHKH.
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doTonneHKa N YCUINBAIOUINE SKPAHbl OMHOPOIHLI W N30T POMHEL IO
HOJII0 CHUMKA. JTO YK€ OTHOCUTCS W KO MHOTHM aHaJIOTOBBIM (III00-
porpadudeckum anmnapatam Ha ocHoBe POOIlos. B oTnuuue ot ana-
JIOTOBBIX NUGPOBBIE NeTEKTOPbl UMeT KaHaJbHYIO CTPYKTYPY U He
SIBIAIOTCS ONHOPOAHBIMU U M30TPONHLIMU YCTPORCTBAMU, U 3TO JOH K-
HO YUUTBLIBAThCA IPU U3MEPEHUN MPOCTPAaHCTBEHHBIX XapaKTepUCTUK
TaKuX HeTeKTopoB. MeTonwl m3MepeHNs TPOCTPAHCTBEHHBIX Xapak-
TEepUCTUK, TpUMeHdeMble JIs 3KPaHO-IJEeHOUHBIX CUCTeM, He BCerja
KOPPeKTHBI Hiisi 1udpoBbiX nerTekTopoB. C Hpyroit cTopoHbl 1Mudpo-
Bble YCTAHOBKN paboTaloT B pekiMe MPAMOR CBA3M ¢ KOMIbIOTEPOM, a
3TO JlaeT BO3MOKHOCTH OBICTPO U YIOOHO U3MePATh KOJIUYeCcTBeHHbIe
XapaKTepPUCTUKU I€TEKTOPOB.

Bcee nTo moxassiBaeT, 9TO Menecoobpasio BBeCTH 0OHLeKTUBHEBIE KO-
JnYyecTBeHHbIEe XapaKTepUCTUKHU M1/ NUpPOBBIX I€TEKTOPOB, Olpele-
JUTh MeTONbl UX U3MepeHUs U MOKa3aTh UX CBA3b C MapaMeTpaMiu aHa-
JIOTOBBIX cUCTeM. B 3Toll cTaThe menaeTcs MONBITKA BHIpaboTaTh Ha-
60p OCHOBHBIX XapaKTepUCTUK IMUMPOBBIX NeTEKTOPOB U NPeNJdoKUuTh
MeTOHbl UX U3MepeHus.

2 IlapameTpsbl, XapakTepusylolme
TOYHOCTDH U3MePEeHUs BeJIMUYNHBLI CUTHAJIA

OcHoBHOII XapaKTepucTUKOl HeTEeKTOopa SBISeTCS TOYHOCTH U3Mepe-
HIsl BEIMYNHBI CHTHAMA (Tafaollero Ha JeTeKTOp MOTOKA PeHTIeHOB-
ckoro m3nydenns). CyIIeCTBEHHBIM SBISIETCS TakkKe 3HAHNE 3aBICH-
MOCTH 3TOH TOUYHOCTU OT BeJUYUHBI Majlalolllero MOToKa M, B YacT-
HOCTHU, MUHUMaJIbHOE M MaKCUMaJibHOe 3HaueHus MOTOKa, MPU KOTO-
PLIX TOYHOCTL W3MepeHUs CYIIeCTBeHHO yXydilaeTcs. HaunGomee ymo-
TpebuTelbHBIMI NapaMeTpaMi, XapaKTepU3yIOIINME 3TH BeJIMYUHbI,
SIBIAIOTCS KOHTpacTHad YyBCTBUTEJNBHOCTh M NMHAMUYecKUll nuamna-
30H. Y HUBEPCANLHBIM MapaMeTpoM, YIOOHO ONMUCHIBAIONINM TOYHOCTD
H3MepeHnst BO BCeM AmalasoHe cnrHasioB, ssisercs DQE (detective
quantum efficiency) - kBaHTOBast 3P PEKTHBHOCTH PETUCTPAIINI.



2.1 KoaTpacTHas 4YyBCTBUTEJIBHOCTDH

ITox KOHTpacTHON 4y BCTBHTEILHOCTLI0 OOLIYHO IOHUMAETCS HalMeHb-
llee W3MeHeHIe IIOTJIOIEHNS B 00beKTe, BUAIMOe Ha H300paKeHnH IpH
3allaHHOM pa3Mepe 0ObLeKTa I [o3e obiydennd. V3MeHeHne IIOTHOCTH
IOTOKa Ha 06beKTe HOPMHPYeTCd Ha CHUTHAJ Ha OKpyxKaolleM (GoHe
BEIPa’KaeTCd B OTHOCHTENbHLIX eHHIIIaX.
. Ny— N
k=M 1)
Ny

roe N — curnai Ha obbexTe, Ny — CHrHaJ B 06J1acTH (pOHA, OKPYKAIO-
11ero 0656eKT. OCHOBHLIM (haKTOPOM, OrPaHNINBAIONINM KOHTPacTHYIO
YyBCTBHTENLHOCTE, IBAMeTCA IIYM Ha H300paKeHHH. Kak TONBKO W3-
MeHeHHe IIOIJIOIIeHNS B 00beKTe CTAHOBUTCS CPABHHMO C IIyMOBLIME
(GAYKTyalusaMy CUTHaJjla, HabaogaTelb IepecTaeT pa3iniaTh 0ObeKT.
Bonee Touno, oTNHYKe INIOTHOCTH HOTOKA 32 0OBEKTOM U 32 OKpY2Kalo-
UINH O0BLEKT TKAHLIO HO/LKHO Gojiee, 4eM B b pa3 IPeBLIIATL Cpeqme-
KBallpaTHYHOEe OTKJIOHEeHHe IOTOoKa depe3 o0bekT. Ilpn 3ToMm rias Ha-
furomaTend HaunHaeT pa3indaTh 00LeKT Ha (oHe OKpyKalolleil TKaHn
[2]. Takum o6pa3oM, KOHTPACTHYIO 4yBCTBUTEIBHOCTD YIOGHO BBIpa-
JKaTh 4epes OTHOIICHNe CHIHAJa K HIYMY Ha 00LeKkTe. 31ech MmOl CHI-
HaJIOM IIOHHMAaeTCs Pa3HOCThL IIOJHOIO 3aperHcT pHpOBaHHOIO IOTOKA
yepe3 0O0beKT W INOTOKa dYepe3 yuacTOK cOOKY, paBHLI 1O IJIOMIaIH
06bexTy. IllyM paBeH KOpHIO KBaJpaTHOMY H3 IUCIEPCHE IOJIHOIO
3aperucTpUpOBAHHOIO NOTOKa depe3 o0bekT. Illym ma m3o6pazkeHnn
CKJIA[bIBAETCSA W3 CJeNyIOIINX OCHOBHBIX COCTABIMIOIINX: KBAaHTOBOIO
uryMa, KOTOPBLII IpelcTaBigeT coboll cTaTHCTHYecKHe (IYyKTyalnm
YHCiIa 3aper icTpUpOBaHHBIX PeHTIeHOBCKHX KBaHTOB, I COOCTBEHHOIO
HIyMa JeTeKTopa, KOTOPLIl onpenesgeTcd IIyMOM pa3JIHUHbIX KOMIIO-
HEeHTOB perucTpHpPYIOIero TpaKTa.

N
YCRXZE

riue s/m — OTHOLICHHE CHIHAJ-IIYM, 1, — KBAaHTOBBL WIym, ng — cob-

(2)

s/n =

CTBeHHEI mryMm ngeTeKkTopa. Bennunna cobcTBenHoro HIyMa geTekKTopa
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Fo3a Ha geTexTope, Mk3e

Puc. 1: 3aBucumocts otHomenns curaan-mym (SNR) ot BxonHoit mo-
3L 17T IBYX Pa3iUYHBIX NeTeKTopoB ycTanoBkn MIPY

3Mech W Hajiee BEIpaKaeTcs B DKBUBaJleHTHOM ducie ¢poToHoB. Umes
B BUY, YTO KBAHTOBBI IIyM paBeH KBaJIpaTHOMY KOPHIO U3 3aperu-
CTPUPOBAHHOIO MOTOKA, MOJLYYUM

VN
1+

(3)

s/n =

2 |g§w

Ha puc.1 mokazaHbl 3aBUCHMOCTY OTHOIIEHUS CUTHAJI-IIIYM OT IO3bI
Ha MOBEPXHOCTH NeTeKTOPA MJIsl IBYX PA3INUHBIX NEeTEKTOPOB, HCIOb-
3yeMbIX B ycTanoBke MIPY: muOTOIpOBONOTHON TpOMOPMUOHANBHON
kamepsl (MITK, MWPC) 1 MHOrosmek TpomnHoii NOHN3aNNOHHON KaMe-
per (MUK, MIC). Otuomernne curnan-mym mas MITK mponopimo-
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HAJIbHO BXOIHOH IO3e Ha [eTeKTope, MOCKOJIbKY 3TOT HeTEeKTOp pa-
6oTaeT B pekuMe TPAMOTo CcueTa PeHTTeHOBCKHX KBanToB. Y MUK,
HAIPOTUB, OTHOIIEHNE CUI'HAJI-LIYM MaaeT NPU HU3KUX BXOMHBIX I10-
3aX, MOCKOJIBKY 9TOT NeTeKTOp paboTaeT B peKuMe HaKOMJIeHUs 3apsiia
u obitajlaeT onpenesieHHbIM COGCTBEHHBIM IIIYMOM.

Ucxons n3 ¢popmynsr (1), KOHTpacTHas 9yBCTBHTENBHOCTE PaBHA
OTHOIIIEHNTO MIIYMa Ha 06BeKTe, YMHOKEHHOTO Ha (PAKTOp ~5, K CUTHa-
a1y cboky oT oobekTa. Torma m3 Gopmymnst (2) momydaeM BbIpaKeHIe
JUISE KOHTPACTHON 4yBCTBUTEIbHOCTH.

2 |g§w

1+
VN

roe n — (I)aKTOp7 HeoOXONUMEIN IJIsi BBIIEJeHUs TJIa30M OOBbeKTa Ha

K=n (4)

ciayudaiiHoMm ¢ore. 3mech BeNIUUUHBI CUTHAJIA U HIYMa OTHOCSTCS He K
3JleMeHTY u300pakeHus, a KO BceMy 0OBbeKTY.

Hns u3Mepennss KOHTpAcTHON YyBCTBUTENLHOCTH OOLIUHO GepeTcs
TecT-00beKT, COCTOAIINN U3 BellleCTBa, MMUTUPYIOLLIErO Tello YelloBe-
Ka (Kak MpaBuUiIO IUIEKCUTIIAC), Ha KOTOPLI HAKIAIbIBAIOTCS MIACTHH-
KU U3 aJIOMUHUS pa3juvyHOl TOJIIMHBI, co3faloline Ha 1300paKkeHnn
06BLeKTH pa3finvHoOl KOHTpPAacTHOCTH. Kak mpaBuio TecT-060HeKT NMU-
THUPYeT TOTJIONIeHNe B TPYOHON KieTKe. B 5TOM ciaydae NIs m3Mepe-
HUS co3flaeTcs 1032 ObJyuYeHUs, XapaKTepHas NJd CHUMKOB T'pPyHHOM
KneTku. PaszMep amfoMIHUEBLIX MIACTHHOK MONKeH OBITL CYIIIeCTBEH-
HO OOJIblile 3leMeHTa N300pakeHus U NPOCTPAHCTBEHHOTO pa3pellleHus
eTeKTopa.

2.2 JHuHaMHu4YecKUU OUAMIa30H

Kpowme orpanndennii mpu mepemade MajiblX H3MeHEeHNiT BXOMHOIO IIOTO-
Ka, CBA3AHHBLIX C [IyMaMU, IeTeKTOp MOXKeT TakKKe BHOCHTDL MCKarKe-
HUS TIpU Iepefade o4eHb GONBIINX CATHAJIOB, KOTIa HEKOTOpbIe Bje-
MEHTBHI PerucTpupYIOIIero TpakTa Ieperpyxkalorcsa. s xapakTepn-
CTHKM TaKUX Or paHMYeHNil BBONUTCH NOHATHE MUHAMIIECKOrO HUalla-
30Ha. PaKTUYECKH, KOHTPACTHAS 9yBCTBUTEIBHOCTH, KOTOpPas COryac-
HO (4) momkHa manaTh (YAyYHIATHCS) ¢ POCTOM BXOMHOI HO3BI, B pe-
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aTBHOM JIETEKTOpe, HAUNHAS C HEKOTOPOIT O3B, PacTeT (yXyIIIaeTcs).
[Ton nuHaMUYecKnM NWAMA30HOM TOHUMAETCS OTHOIIeHNe MaKCHMalb-
HOIl 1 MUHUMAJILHON 103 Ha BXOfe B IeTeKTOP, NP KOTOPBLIX pealin3y-
eTCst 3a/laHHast KOHTPACTHAS 1yBCTBUTENBHOCTH (0BGBITHO 6epeTcs KOH-
TpacTHas 9yBCTBHTeNbHOCTH 5%). Takum obpasom, mis m3MepeHmus
IVMHaMUYEeCKOro Auana3oHa OepeTcs aJioMUHUeBas MacTUHKA obece-
YUBaloOIIas KOHTPAcT 5%, N HAXOMATCS MUHIMAIbHAS I MAKCUMAJ bHAs
II03bI Ha MOBEPXHOCTHU HeTEeKTOpa, NPU KOTOPHIX 3Ta MAACTUHKA ellle
BunHa. lnHaMuuecknii nuamas3oH paBeH OTHOIIEHUIO 3THUX M03.

2.3 KpauToBas 3¢ppeKTUBHOCTb pPerucTpanumu

3aBHCHMOCTH OTHOIIEHNS CHTHAJ-IIYM OT BXOIHOIO MOTOKa (IO3bI)
IIOJIHOCTBIO XapaKTepu3yeT CHOCOBHOCTH JeTeKTopa K Iepefade Belll-
yuHLI curiata. OmHaKko 5Ta BeJlUMYHnHa He cOBCeM yOOOHa I/ aHaJll-
3a W CpaBHEHHS C IPYTHMHU HeTeKTOpaMl, IIOCKOILKY OHa MOHOTOHHO
MeHsleTCs BO BCeM HUala3oHe M3MeHeHUs BXOINHOIO cUIHasla. boiee
yIob6Ha Tak HasbIBaeMas KBaHTOBad 3(p(heKTHBHOCTL PerucTpalui Je-
TeKTopa

2

por = e, (5

i
rne (s/n);, — OTHOIIEHNE CHTHAJ-TIIYM HA BXOIE B IETEKTOD, (S/N)out —
OTHOIIICHNE CUTHAJ-IIYM Ha n3o6paxkennu. [[ockolbKy KBaapaT IHIyMa
Ha BXOZe B HeTeKTOP pPaBeH BXOMHOMY IHOTOKY, TO

(s/m)2, = N, (6)

rne N;, - BXOHNHOI TMOTOK. 3aperucTpUpoBaHHBIN NOTOK paBeH €N,
TJie € - OIS MOTJIOIIEHHOTO ToToKa. B ToM cirydae, ecnu cob6CcTBeHHBIIH
LIYyM JleTeKTopa U UIyM OIU(POBKN MHOI'O MeHbllle KBAaHTOBOTO IIyMa,
KBaJpaT OTHOUIEHUs CUTCHAJ-IIYM Ha BbIXOJe HeTeKTopa paBeH Tak-
Ke €N;,. Taxum ob6pazoM, KBaHTOBas 3pHeKTUBHOCTH PErUCTPAIUd B
ATOM clIydae paBHA KOHCTAHTe - €. B ciydae Hamudus cOGCTBEHHOTO
HIyMa y HeTeKTopa, a TakKe HCKaKeHNl, BO3HNKAIOUINX Tpyu GONbIINX
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flosa na petexrope, Mk38

Puc. 2: DQE nas MIIK, MUK, ucnonb3yembix B ycranoBke MIIPY.
[Mokazana Taxxke zaBucumocts DQE oT Bxomuoil no3wl s neTekTopa
¢ mymoMm 4 doToHa U rpaHuleil nuHaMmyeckoro nuanazona 1000000
(OTOHOB.

BeJIMUMHaX BXOJHOI'O MOTOKa, (GopMyna Ui KBaHTOBON 3(hdeKTuBHO-
CTHU PErucTpalui BITJSANT CHENYIOUIUM 00pa3oMm:

1
TN, /s
DQE = ez (7)

1 —I_ eNin

3neck Ny, — MOTOK Uepe3 OOLEKT (dieMeHT m300paKenus), IpPH Ko-
TOpoM APPEeKTUBHOCTEL ManaeT B 2 pa3a, I KOTOpol maliee MBI 6yneMm
Ha3BIBAThL TpaHuiell MUHAMIYIECKOTO MHAMNa30Ha.

Ha puc.2 nokazana szaBucumoctsh DQE ot BxomHoro moroka mis
NMeTeKTopa ¢ COGCTBEHHBIM IIIYMOM DaBHBIM 4 (POTOHAM/KB.MM U Tpa-
HuIell nuHaMmdeckoro mmamasona 1000000 ¢oronoB/KB.MM . 3mech
JKe MOKa3aHbl Pe3yIbTaThl u3Mepenuil 3apucumoctu DQE ot Bxomnuoro
noToka mas yeranoBku MIPY, B koTopoil B kadecTBe meTeKTOpa WC-
NOJIB3YETCsl MHOTONPOBOIOYHAsl TponopinoHainbaas kKamepa (MIIK), n
YCTAHOBKI ¢ MHOTO3JIEKTPOIHON MOHM3AINOHHOI Kamepoit [3].
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N3 pucyrnka BumHo, uTo MUK nmeer shdexTuBHOCTH Holiee, 1eM
B 2 pa3sa Beitie MIIK. DTo cBsizano ¢ Gosiee BHICOKUM /aBiieHHEM T'a3a
B KaMmepe. Kpome Toro, MIIK nmMeeT orpanmndenue 1Ipn GOMBITNX J0-
3aX MpH 3HAYUTENbHO Goslee HU3KOM YPOBHe BxomHoil noswl. C mpyroi
cropobl MUK obnanaer cobGcTBEHHBIM IIYMOM MPUMEPHO pPaBHBIM 4
doTonam, uTo npuBONUT K cHuKenuto DQE npu HU3KUX YPOBHSIX BXOJI-
Hoit no3bl. Takum obpazomM, U3 NPUBENEHHOrO BbIllle KPATKOTO aHAJN3a
MOXKHO yBuUIeTH, uTo DQE siBnserTcs yHuBepcalbHON XapaKTepucTi-
KOIi, KoTOpas Mo3BOJIseT OBICTPO PacCUNTaTh KOHTPACTHYIO UyBCTBU-
TeJNLHOCTH MpU Pa3INUHbIX BXONHBIX N03aX, a TaKxkKe OlIeHUTH NuHa-
MUYECKUH NUama3oH.

Uzmepenne DQE, dakTuuecku, 3aKI04aeTcss B U3MEPEHUN 3aperi-
CTPUPOBAHHOTO OTHOIIEHUS CUTHAJ-IIyM. [lpu 5ToM npernBapuTenbHO
BXOIHOW TOTOK HONKeH ObITh U3MepeH U OTKaJuGpoBaH, T.e. NOJKHO
OBITE H3BECTHO COOTBETCTBUE MEXKIY BXONHBIM U 3aperucTpHpOBaH-
HBIM MOTOKOM BO BCeM [Hala3oHe u3MepeHus. B kadecTBe curnania
OepeTcst cpellHee 3HaUeHUe 10 I'pyIe KaHAJOB, a B KauyecTBe HIyMa -
CpelHeKBAIpaTUUHOe OTKIOHEHNE M0 3TON XKe rpyiie.

3 IlapameTpsbl, XapakTepusyiolue
NPOCTPAHCTBEHHYIO TOUYHOCTD

3.1 ®yukuus orkiuka. JacToOTHO-KOHTpacTHAas
xapakTepuctuka (UKX)

[lon dpyuKumeit oTKANKA (amnapaTHON GyHKINE) TOHNIMaeTCs M306pa-
JKeHWe Ha NeTeKTope GeCKOHeTHO Y3KOro MyuKa m3aydeHus. PyHKIUS
OTKJINKA XapaKTepu3yeT Hepe3KocTh n3obpaxenns. [lockonbky mana-
IOLIN NYYOK MOXKHO TpeAcTaBUTh B BUle Cylepno3uiinu 6ecKoHeuHO
V3KUX MYyYKOB

Nu(r) = [ [ o= y=y) Nl g da'dy,  (8)

— 00— 00
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rae § — nenbTa~-pyuknns npaka, To nzobpaxkenne Ha IeTEKTOPE MOK-
HO TIPeACTaBUTh B BUJe CYNEpPHO3UIUN allapaTHbIX GyHKIN

Ne= [ [ fo—ay=y) Nl g de'dy,  (9)

— 00— 00

roe f(z,y) — anmapaTHas GYHKIN IeTEKTOPA.

Borpaxkenus tuna (8) u (9) HasbiBatorcs "cBepTKoit”c 7snpom” B
Buze nenabra-gynknun (8) u dyuxunu orxianka (9). Onnum u3 ocHoB-
HBLIX CBOHCTB CBePTKHU sBIIsLETCS TO, 4T0 Pyphbe-npeobpaszoBanue HTOro
BBIpAKeHHs PaBHO npomsseneHnio Pypbe-o6pa3oB MOMHHTEr aJbHBIX
PyHKIUIL.

N(vy,vy) = F(vg,vy) Nip(vg, vy) (10)
roe N, F'u Ny, — Gypbe-06passl pacipenesers CHrHaga Ha, IeTeKTO-
pe, anmapaTHOl QYHKINHN U MATAOLIero I0OTOKa COOTBETCTBEHHO.

Torna, eciin CHrHaI B IeTEKTOpPE NOCIENOBATENLHO IPOXONUT He-
CKOJIBKO TIpeoBpa3oBalnil, 1 KazkaIoe NpeobpasoBanile XapaKTepu3yeT-
cq cBoell QyHKIMeN OTKINKa, Pypbe-00pa3 pe3yabTUpylolell GyHKIINN
6yneT paBeH IpomsBeneHuIo (Gypbe-0o6pazoB GYHKIUI OTKINKa BCeX
sranos. Taxum obpaszoM, Gypbe-o6pas GyHKINN OTKINKa Golee yIo-
6eH B HCHOJIL30BAHNI I aHAJIN3e CBOHCTB HeTeKTopa. JTa (GyHK-
IS HA3bIBAETCS YaCTOTHO-KOHTPACTHOM XapaK TePUCTHKOI IeTeKTopa

(UKX).

3.2 IIpo6siembl, cBsi3aHHBLIE ¢ PUKCUPOBAHHBIMU
rpaHullaMu KaHaJloB

JTio6oit udpoBoil NeTeKTop NMeeT KaHAILHYIO CTPYKTYPY u3obpaxe-
HUs, T.e. YYBCTBUTENbHOE MOJe JIeTeKTopa pa3dbuTo Ha dllieMeHTapHble
sSYeil K1, B KaK/IOWH U3 KOTOPBIX HaKalJuBaeTCs CUTHAJ, XapaKTepusy-
IO MHTEHCUBHOCTDL U3JyUeHUs, 3aperucTpUPOBAHHOIO B Npenesax
3TOr0 y4acTKa.

rrtaz,yitay
Nig = / N(z,y) dz dy,

Tk Y1

xp = kA,
Y = lAy ’ (11)
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raoe Np; — comepKuMoe sfdyeeK N300paKeHUs, dp, — pa3Mep sgdelikn
(mupuna Kanana), A, , — mar kananos. [lon mupuuoit kanana 3nech
TIOHNMaeTCs pa3Mep 30HbI, B KOTOPOH HAaHHBIN KaHal YyBCTBUTEJEH.
DTOT pa3zMep MOXKET OTJINYAThCS OT MIara KaHaJloB Ha M300paKeHUN.
Bpons ¢yHKnuio nmppoBoro Kanala

L

o T € [$k7$k+ax)7 [ylyyl+ay)
gk,l — 07 z ¢ (12)

y €
[$k,$k + aw)vy ¢ [yl7yl + ay)

IIoJny4dnm

]\7/(x7 y) = Z / gk7l($ — $’7 y— y/) ]\7(x’7 y/) dx’dy/ (13)
Kl

Bnecs ¢ynkuns N’ sBiseTcs KycOYHO NOCTOSHHOI, IpHYeM 3Ha-
denne ee B mpenenax Kamana k,[ pasuo Np;. C yuerom (9) u (10)
npeobpasoBatne Pypbe or ¢pyuknun N’ npencrasuseT coboil clenyio-
Iiee BBIpaXKeHIe

N' = Z exp 2t (v kA, + VylAy)GFNin (14)
k,l

IpHu Tlepexone K OUCKpeTHOMY mpeobpazoBannio Pyphe MPH MPaBUIb-
HOM Tof6ope I1ara ANCKpeTH3alnn no vacrore (6vy,, = 1/nA, ., roe n
— YHCIO KAaHAJIOB IeTeKTopa) (a3oBbIil MHOKNTENb B BhIpakennn (14)
ncueszaeT. B pesynbTaTe, Pyphe-obpas m306pakenns Ha MeTEeKTOpe C
KaHaJIbHOW CTPYKTYPOUl paBeH

N' =GFN;, . (15)

3necs G — Dypbe-o6paz GyHKIINN MAMPOBOTO KaHalla, KOTopas B 06-
1IeM cydae MOXKeT ObITh OTJUYHON OT NPAMOYTOJIbLHUKA, TPOU3Bele-
ue GF sBisercs HOBOIL UKX, B KoTOopoll yINTHIBaeTcs KaHalbHas
CTPYKTYpa JeTeKTopa.

Bumecte ¢ TeM, pesynabTaT HUcKpeTHOro TpeobpasoBanus Pyphe,
cornacHo TeopeMe HaliKkBUCTa, COOTBETCTBYeT HenpepuiBHOMY Dyphe-
0bpa3y TOJLKO B TOM ciyyae, ecinm 3Ta GYHKIUA paBHa HYIIO MpH
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JacTOTax BhINIe YacTOTH HajikBucTa

1
2N,

x7y

UNgy = (16)
B nmporuBHOM cniydae 3nadenus HenpepbuiBHOTO Pyphe-obGpasza BBI-
me JacToThl HalikBucra npubaBasgioTcs K 3HAYeHUSM DTOH QYHKIHUH
HuKe vacToThl HalikBucTa, n TakuMm obpa3oM, NHCKpeTHOe Tpeobpa-
soBanne Pypbe MOKET GBITH 3HAUNTENbHO HcKakeno [4]. Tlockonb-
Ky TPOCTPAHCTBEHHO YAaCTOTHBIN CIEeKTPp NWCKPeTHBIX W300pakKeHUN
NCKayKeH MO CPaBHEHWIO C ero HelmpepBIBHBIM aHajoroMm, To m UKX
n3MepeHHas MyTeM (ypbe aHaldNW3a M300paKeHWN KaKWX-nmbo TecT-
00beKTOB, Takxke Oymer uckaxena. OOCIIENPHHSITHIM CIOCOBOM U3~
meperus UKX sBraseTcs m3Mepenme KOHTPACTHOCTH TEePUOANIECKIX
PEeHTTeHOKOHTPACTHHIX 00beKTOB (perreTok). [lpm sTom mius wempe-
PBIBHOTO IeTEKTOPa (HampuMmep, GOTONIEHKN ) KOHTPACTHOCTH M306pa-
JKEHWS PelleTKN
Nmaac - Nmzn
Nmaac + Nmzn

npubnuxkenno papHa UKX. B ciyuae meTekTopa ¢ 0UeHb MeNIKOW Ka-

K, = (17)

HaJbHOW CTPYKTYPOIl I BEICOKOI YacToToit HalikBrucTa, KOHTPacTHOCTH
peleToK Takxke naet xopoiiee nputnunxkenne YKX. Onuaxo, mist 6oiib-
IMHCTBa NUGPPOBBIX IeTEKTOPOB XapakKTepHas ¢pu3nveckas HEPe3KOCTh
O/M3Ka K 1Iary KaHaJoB, T.e. CIeKTp n300paxkeHns NPOCTUPAETCs BbI-
me dactoThl HajikBucra. Ilpm sTom m3mepenne UKX mnpu momorin
n3obpakeHus pelleToK Win Gypbe aHalu3a U300pakeHus KakKnx-jiubo
IPpyrux TecT-oObeKTOB HaeT UCKaKeHHBIH pe3yibTaT.

[Tpu nonydenun m3o6pakenus pelleToK BO3HWKaeT TakKxkKe mpobie-
Ma (a30BOT0 CHBUT'A pelleTKN OTHOCUTENBbHO KaHaJbHOH CTPYKTYPHI
neTekTopa. Ilpu sToM, ecim mepuon pelmeTKu OIN30K K ITary KaHa-
JIOB, n300pakKeHne MOXKeT CUIbHO MEHAThCH, B 3aBUCUMOCTH OT (azo-
Boro cnpura. OnHuM U3 BapUAaHTOB pellleHus 5Toll npobiaeMbl sSBIIsSeT-
Csl yCcpellHeHMe KOHTPaCcTHOCTHU U300paKeHUs pelleTKU OTHOCUTEIbHO
($azoBOTO cABUTA. DTOT METOI, ONHAKO, SBISETCS IPOMO3NKHUM U He
Bcerna ylnobeH B UCNOJb30BAHUN.
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Hannume Taxnx ncKaxeHuit B TPOCTPAHCTBEHHOM CTIeKTpe n306pa-
JKeHUsl pelleTOK MPUBOAUT K TOMY, YTO 3TOT MEeTO/ MOKET MPUMEHSATb-
¢S TOILKO NIl JOCTATOUHO IpyOLIX onleHok mapamerpoB HKX, a ne nus
ee TOUHOTO U3MepeHus.

3.3 KoppekTHbiil crioco6 nimepeans UK X.
MeTon HaKJIOHHOTO Kpas

Hns Tounoro m3Mepennss YKX HyXHO, GaKTHUecKl, TPOCKAHIPOBATH
anepTypy KaHajla [IeTeKTopa Y3KOI IIelbio ¢ HIaroM, MHOTO MeHbIITNM
pasMmepa KaHasla. Takoe u3MepeHHne SKBHBAJIEHTHO COOTBETCTBYIOIIIe-
My YMeHbIIEHUIO Iara onupoBKU U yBejlndeHut dacToThl HallkBu-
cra. OOHUM U3 TPOCTHIX METOMOB, MO3BOJSIONINX TPOBECTH MOHOGHOE
H3MepeHue Ha ONHOM W300paKeHUU, sIBISeTCS METOI HAKJIOHHOTO Kpas
[6]. B sTom MeTome mpoBOMUTCS CheMKa HEMPO3PAUHON MOMYIIOCKO-
CTHU, Kpail KOTOPOW HAKJIOHEH MO MAaJbIM YIJIOM & K JUHUU T'DaHU-
bl KaHasioB. Torma amepTypa Kaxioro cliefyioollero KaHaljia 6yneT
yMeHblIIleHa Ha BeJM4nHy A, ,sin « M0 OTHOIIEHNIO K TPeNblIyleMy
KaHaJIy B HApaBIEHUY, HePIeHIUKYISPHOM PAHUIE MOJIYIIOCKOCTH.
HerpynHuo BumeTh, 4TO 3aBUCUMOCTE CHT'HAJIa B KaHAlaX, epecekae-
MBIX KpaeM HOJYIIOCKOCTU, OT KOOPAUHATHI BIOJb DTOTO Kpas, sSBIIs-
eTcs CBePTKON amnapaTHOW (GYHKIUEU HeTeKTopa ¢ eNWHUIHOH ~CTy-

MeHbKOI”
h(z) = /f(x’)s(x’ _ ) de, (18)
rie
1, <0
dypre mpeobpazoBanme GyHKINN S(x) paBHO
. 1/2, v=20
SW=1 Zijem), v£0 (20)
Torna nckomas UKX paBra
Py = 10 (21)
S(v)



rre H(V) — ¢ypbe-06pa3 U3MepeHHON 3aBUCUMOCTH CHUTHAla BIOIb
Kpas HaKJIOHHON TMOTYIIIOCKOCTH.

Takum o6pazom, nis n3Mepeans YKX nerekTopa HYXKHO HONYUNTH
n3obpakenne Kpas NONYIIOCKOCTH, HAKJIOHEHHOTO TON MaJbLIM YTIIOM
K JJUHWW T'paHuIbl KaHalioB. Mckomas UKX 6ymeT paBHa OTHOIIEHHUIO
dhypre-obpaza 3aBUCHMOCTH CATHANA OT KOOPANHATEI BIAOIL TPAHUIEI
HOJYIIIOCKOCTH U (pypbe-o6paza eguHUUYHON ~cTymeHbKH . YToJd Ha-
KIoHa Kpas MONYIIOCKOCTH NOMKeH OLITh TaKnuM, UYTOOLI BeIWUYHHA
Ay ysin o Gbla MHOTO MeHbIIIe XapaKTepHOIo MacliTaba Hepe3KOCTH
Ha meTekTope. TakikKe clenyeT YINTLIBATE, YTO PN GONBIINX TOTOKAX
mafalolero W3MydeHNs CUTHAN Ha TpaHulle HeMpo3padHoro oOhLeKTa
MOXKeT ObITH NCKaXKeH M3-3a pe3koro nepenamga. s m3mepennit UKX
npu OOJBIINX NOTOKaX clenyeT 6paTh MOAYIIPO3PAUYHBIN TeCT-00BEKT.

1.0 €~ v s dopmu xanana
\ \ Hnean sHEH NpAMOYTONBHEH KaKan
1 3‘\ \\ —&— [To kaxn. Kpsw
*
0,8 4 *

0.4 -

0.2 4

o0 T T T T T T
0.0 0,2 0.4 0.8 0.8 10 12

MpocTp YacToTa, NNfMMm

Puc. 3: UKX nns MHOTO37eKTpONHON HOHU3ANNOHHON KaMephl, N3Me-
peHHas MeTOIOM HAKIOHHOIO Kpas U IpsAiMbIM (Qypbe-npeobpa3oBaHuemM
H3MepeHHON annapaTHON GyHknnn (popMbr KaHama). [lokasana Takxe
UKX kanana mpaMOyTOIbHON GopMbl mupunoi 0.4 M.
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[Tpu >ToM MOXKHO KOPPEKTHO TpoBecTH n3Meperne 3aucnMoctn YKX
OT BeIUYUHBI Mallalollero noToka. B kavecTBe mpumepa mpuMeHeHUs
ATOTO MeToma Ha puc.3d mpuBemedntl UKX MHOTOIeKTpomHON HOHUW3A-
MUOHHON KaMepwl, NCHoNb3yeMoll B mociennelt monudukanun MIIPY
? Cubupn”.

Ha pucynke cpapanBaeTcs UKX, monydenHnas MeTonoM HaKJIOHHO-
ro Kpas, a Takxe YKX, nonyuennas npsMbiM Qypbe-npeobpa3oBaHuem
H3MepeHHON annapaTHON GyHKIun (GopMbl KaHata). Kpome Toro npu-
BereHa Takxke YKX mis uigeasibHOrO npsiMOyroiabHOTO KaHalla ITHPH-
Hoit 0.4 MM. Bunuo, 9To MeTOO HAKIOHHOTO Kpas MaeT XOPOIIYIo TOU-
HOCTH m3Mepenns YKX.

4 3akiamoye”Hue

HeoGxonumocTh 06beK TUBHON OIIEHKH TapaMeTPOB Pa3iudHBIX 1udpo-
BBIX HETEKTOPOB U UX KOPPEKTHOT'O CpaBHeHUs Mexny coboil sBiiser-
¢sl IOCTATOYHO aKTyanbHO#l. Hanuuwme 601bIIOro KOJMUYECTBA 4acT-
HBIX XapaKTePUCTHK, OTOOPAKAIOIINX pPaz3uuHble CTOPOHBI pabOThI
JeTeKTopa, 4acTo fejlaeT TaKoe CpaBHEHUe HeONHO3HAUHBIM. B HacTo-
s1ell cTaThe MBI pefiaraeM OrpaHnYUThCS IBYMS XapaKTepUCTUKA-
Mi: KBaHTOBOI 3pdeKTUBHOCTBIO PEruCTPAIUu ISl ONEHKH TOYHOCTH
H3MepeHUs BeJIMUMHBI CUTHAJA U YaCTOTHO-KOHTPACTHON XapakTepu-
CTUKON JUJISE ONEHKU MPOCTPAHCTBEHHON TOYHOCTH.

Kananbrast cTpykTypa HUGPOBBIX HETEKTOPOB MPEAbIBISET OCO-
Oble TpebOBaHUS K MeTOAUKE H3MepPeHUs YacTOTHO-KOHTPACTHON Xa-
pakTepucTuku. PekoMennoBaHHBI c1oco6 — MeTON HaKIOHHOIO Kpas,
no3BossieT u3bexaTh CYIIECTBEHHBIX MCKaxKeHuil mpu onenke YKX u
IPaBUIBHO yUeCTh BKJIAJ OT pa3Mepa 3lieMeHTa U306paKeHus U Beu-
YUHBI GU3NUECKON HEPE3KOCTH B IeTEKTOpe.

Meronuka n3meperns UKX m kBaHTOBOW 3PDEKTHBHOCTH peru-
CTpAIlMU He CJHHUIIKOM HpOoCTa U TpebyeT HCHOIb30BAHUS CHelnaslb-
HOro mporpamMmuoro obecneuenus. OnHAKO, TMOCKOIbKY KOMIbIOTED
SIBIISIETCS HEOT'HEMIIEMOll 4acThio JII0H60r0 NuMpPOBOTO NETEKTOPa, 3TO
He MOXKeT ObITh HPUHIUNUAJBHBIM TPENSITCTBUEM K HCIOIb30BAHUIO
MPeNioKeHHOH MeTONUKH.
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A Pexkomennanum mo MeToaukKe M3MepeHUS
KBAaHTOBOM 3pPEeKTUBHOCTHA perucTpanunmn

[Tepen magvanoMm m3MepeHuss KBAHTOBON 3(PPEKTUBHOCTH PETNCTpallun
TpebyeTcs OoTKaIuOpoBaTL PeHTIeHOBCKNH MMOTOK Ha BXOOEe NeTeKTOpa
TakK, 9TOOHI 3HATH COOTBETCTBIE MEKIY PEKIMOM (TOKOM) PEHTTeHOB-
cKoll TpybKN W TMOTOKOM Ha MOBEPXHOCTH BXONHOTO OKHa. s »Toro
HYKHO U3MePHUTL MOTOK Ha TOBEPXHOCTH METeKTOpa KaKuM-Inbo npy-
TUM CUYETHLIM NeTeKTOPOM €O d>PeKTuBHOCTLIO paBHoil 1.0 BO Bcem
IHaNa30He YHEPTHN CIHEeKTpa PEHTTeHOBCKOTO M3IIydeHNs (CIIHTIIIIs-
IMUHOHHBIN cueTunk Ha ocHoBe (sJ Wim Npyroro TsKejioro KpucTalia
WK noJynpoBonHukoBeiil nerekTop Ha ocuoBe CdTe, Ge unu mpyro-
ro TsKenoro Marepuaia). Hpyroil BO3MOXKHBIN MeTON KalamGpOBKH -
5TO W3MepeHne MNO3LI Ha MOBEPXHOCTH BXOMHOTO OKHA NeTeKTopa, I Ie-
pecdeT 3Toll MO3BI B MOTOK € MCIOIB30BaHNeM Tabauil (HampuMmep u3
[6]). Omnbka B KaanGpoBKe MOTOKA IPHBENET K NCKAKEHNIO BeININHBI
DQE Ha cooTBeTcByONINIT MHOKUTENb BO BCeM IHAla30He 3HAUSHMUI.

Nzmepernune DQE 3akmiouaeTcs B cheMKe cepuil KalpoB MpH pas-
JTMYHBIX peKNMax (3HAYeHNN TOKa) PeHTTeHOBCKOI TPYOKN Tak, 9TOOL!
HepeKkpLITh Bech MUHAMNUYECKHH MHama3zoH meTekKTopa. BOo3MOKHO mc-
MONB30BaHNe TeCcT-O0HLEeKTOB Pa3findyHoll TONMIMHLI. B 3ToM ciydae,
ONHAKO, HYKHO MPOBOAUTH KaJNOGPOBKY BXOOHOTO MOTOKA C ATHMU ke
TecT-00beKkTaMu. [lajlee HYKHO pacCUINTATh MO KAXKIOMY KaJpy 3Ha-
yeHe cpelHeil BeJMYMHLI CHTHaJa [0 (parMenTy pasmepom 10*10
KaHatoB (unm Goliee) I CPeIHEKBAIPATHIYIO BeINUNHY (DIYKTYaIuii
aTOTO cpenHero. Ilas sTtoro moTpebyeTcs chenualbHas TPOTPAMMAa.
®parmvent 10*10 kaHag0B HY:KHO GpaTh s TOrO, YTOOLI OI pAHIYEH-
HOe MpOCTpaHCTBeHHOe pasperierne He Biausio Ha DQE. OTHouenue
cpenmHell BeMWYNHLI MO PparMenTy K CpeOHEKBAIPATUIHOMY SBISETCS
S/ Nout W3 opmyast (5). s/n;y, - TO BenMYNHA BXOIHOTO MOTOKA depes
IOIAIKY, paBHylo (parmenty 10*10 kananoB. Cormacho gopmysie
(5) DQE paBHa oTHOImEHNO KBAIPATOB ATHX IBYX BEJNUNH.
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b PeKOMeHI[aI_II/II/I II0O MeTOONKe NM3MepeHus:A
t-IE)_CTOTHO-KOHTI)E)_CTHOﬁ XapaKTepHuHCTHUKN
MeTOONOM HAKJIOHHOTO Kpasid

Hns n3ameperns YKX mo MeTomy HaKJIOHHOTO Kpas HYKHO M3TOTOBUTH
TecT-00beKT, NpelcTaBAgIOIIAN co0ON NPAMOYTONBHBIN KYCOK TJeK-
curiaca TONINnHON 1 c¢M ¢ Xopomio obpaboTanubM KpaeM. llehekTs
Kpas He NOJKHGLI MpeBHINATh .1 pasmepa pieMeHTa n306pakeHns HaA
neTekTope. Pa3Mepnl TpAMOYTOABHAKA HOMKHLI 6BITH 60ILINe pa3Me-
poB Kanpa. Tonmunna niaekcuriaca IoiKHa obecednBaThL ocaabienne
PEHTTeHOBCKOro m3nydenuns okono 20% mis Toro, 4To6Ghl HCKakKeHIe
n3ob6pakeHns Ha Kpafo He BAUSIO Ha omeHky UKX.

TecT-06LeKT yecTaHABANBAETCS MO YTIIOM He MeHee 85 TpanycoB o
OTHOIIIEHNTO K HAMPaBIeHNIO, B KOTOPOM H3MepseTcsl TPOCTPaHCTBeH-
Hoe pazpemienue. [lanee, canMaeTcs n306pakenne TecT-06LeKTa U Ipn
TMOMOIIIN CHeNIalbHOl MporpaMMbl obpabaTriBaeTcs. [IporpamMmma pac-
CUNTHIBaeT Gypbe-o6pas um3obpaxkeHns TOAYOPO3PAdHON TPAHUILI 1
nckomyto UKX mo gopmyne 21.
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