ludipoBbie MEXHOAGZUN B pAgUALIOHAOM

KOHmpone

H TeyeHne 6onee 100 net, NpoLlEaLnX
nocne OTKPbITUS PEHTTEHOBCKUX Ny4Yen,
Mx NnpumMeHeHune ansa HK ocHoBbiBanoch Ha
MCMONb30BaHUMU PEHTTEHOBCKOW MEHKMU
W cneumanbHbIX NJIEHOYHbIX cUcTem (npo-
MbIlWIEHHaA paguorpadus) M nosagHee
— Ha MCNonb30BaHWM PEHTreHOoOoNTUYe-
CKMX npeobpa3oBartenen (MPOMbILIEH-
Hasa paguocKkonwus). Mo cytn, oba 3t me-
ToAa MOJSlyYeHUs U300PaXKEeHUN ABNSIOTCH
aHanoroBbiMKU, XOTA B MocneaHee Bpems
C pPasBUTUEM KOMIMbIOTEPHON TEXHWKU B
NMPOMBbILLAEHHOW paanorpadum Halna npu-
MEHEeHMEe TexHUKa OLMGDPOBKM MIEHOYHbIX
M306paXKeHn C LeNblo YMEHbLUEHUS 3a-
TpaT Ha coaepyaHue apxuBoOB, a B MNpPO-
MbILLJIEHHOW PaAWMOCKOMNUK CTanu npume-
HATb LMPPOBbLIE TENEBU3UOHHbLIE Kamepbl
BbICOKOr0 pa3peLleHuns. XoTa U Ty, 1 ApYryto
TEXHOJIOTMWU MOXHO Ha3BaTb LIMPPOBbLIMU
(Mcnonb3yeTcss KOMMbIOTEP W creuunanb-
HOe NMporpaMmMHOEe 06eCnevYeHmne), OHU He
OyayT ABNSTbCA NPEAMETOM PACCMOTPEHMS

MawopoB

AneKcaHap ApKagbeBu4
3aM. reHepanbHOro AupexkTopa
3A0 «lOHuTecT-PeHTreH» (CaHKT-
MeTepbypr), A-p TEXH. HayK.
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Digital Technologies in the Radiation Inspection

A. A. Maiorov

New digital technologies of radiation inspection — such as computed radiography with multiuse
imaging plates and digital radiography on the basis of digital flat panel detector systems, are
considered in detail. These technologies are compared with traditional film technology. The most
important image quality and informativity parameters of different technologies are discussed. It
is shown that computed radiography systems can provide better image quality than that of film
systems, and it is attested that in most cases this technology can fully replace film.

B HacTosillen ctaTtbe. [pumeHeHne ound-

POBLUMKOB CTano 06bIAEHHLIM B MPAKTUKE

n1ePEKTOCKONUCTOB (cuctembl BuaeoPeH,

YHupeH, Mapc u ap.), a pagnockonus ¢

NPUMEHEHMEM UMDPOBbLIX Kamep AeTanbHO

paccmoTpeHa B [1].

Llenbto HacTosiuler paboTbl ABASETCH
pPaccMOTpEHUE  UMPPOBbLIX TEXHOOMUHK,
3amellatoLLmx NIeHKy ¢ TpebyemMbiM Kaye-
CTBOM M300parkeHus. MoTuBaumen 3ame-
Hbl OBGbIYHO SIBNSIETCS YMEHbLUEHUE CTOM-
MOCTW BC/IEACTBME YMEHbLIEHUS BPEMEH
3KCMO3WLMM U  YMEHbLUEHUS CTOMMOCTH
XPaHEHWs, YMEHbLIEHUS TpeGyemblx pa-
604MX NMIOWAAEN N UCKITIOYEHUS XUMUN U3
npouecca 06paboTKN. TaKUMM TEXHONOTUSA-
MU SIBASILOTCS:

— KoMMbloTepHasa pagunorpadus (KP) ¢
«DOCPOpPHbIMM» 3aNOMUHAKWMMKU MNNa-
cTuHamu (3[1) MHOropasoBOro MCMosb-
30BaHWSA (KaBblYKM O3HA4YaloT, 4TO Ha
caMoM [efne B COCTaB 3arnoMWHaoLWMX
NAacTUH XMMUYECKUIN aneMeHT pochop
He BXxoamT [2]);

— uundposas paguorpadusa (LP) ¢ ncnonb-
30BaHWEM LIMOPOBLIX AETEKTOPHbIX CU-
crem LUAC (nnocKonaHenbHbIX U IMHEN-
HbIX IETEKTOPOB).

KP Havana ucnonb3oBatbcs oKono 20
NeT Ha3aj B MeauuMHe AN 3aMeHbl MNeH-
KW 1 obnagaeTr CyLEeCTBEHHbIMW MpPenumy-
LiectBaMu nepes NieHOYHOM TEXHOIOrNEN:
— He TpebyeT GOoT01abopaTopun, XMMHUKa-

TOB, COOTBETCTBYIOLLErO MepcoHana W

T.N.;

— Kaxkaasi nnacTMHa MOMET UCMOoJIb30BaThb-
CSl HECKOJIbKO ThICSY pas;

— BPEMS 3KCMO3MLMM MO CPaBHEHMUIO C
NIEHKON B HECKOJ/IbKO pa3 MEHbLLE;

— M3006paxeHne apxmBupyetcs B LUbpPo-

BOM BuAe.
G KPOMYC (

HayuHo-MNpon3BOACTBEHHbIN LIeHTp

YT106bl KOHKYpPMpPOBaTb C MJIEHOYHBIMM
cuctemMamu, B nocneHue roabl paspatdo-
TaHbl BbICOKOKa4yecTBeHHble KP cucrtemsl,
MMeloLLMe NPOCTPaHCTBEHHOE paspeLleHne
W OTHOWEHWE CWUrHan/WyMm, CpaBHUMblE
NpPU COOTBETCTBYIOLLMX A03aX 06/y4YEHUS C
MAEeHOYHbIMKU cucteMamm HK.

LindpoBaa pagnorpadusa Takxe O6blia
Mcnosib3oBaHa B NEPBYIO o4epeab ANla 3a-
MEHbI NNEHKU B MeanLUmnHe. PaspaboTaHHble
ana aton uenu UAC okaszanu peBooumo-
HU3MpYOLLEE BNIUSHWE Ha paauonoruye-
CKYIO TEXHWKY. OTU AETEKTOPbI MO3BOSIUAN
pPas3BUTb HOBbIE, OCHOBAHHbIE Ha KOMMbO-
TEPHbIX TEXHOMOrUNAX, MNPUIOXKEHUSA. ITU
TEXHONIOrMYEeCKMe U aNiroOPUTMUYECKHe pas-
pPaBOTKM OKa3anuCb MPUMEHUMbI TaKKe 1
ans ucnonb3oBaHus B HK. Mmetotcs B BUAay
HOBbIE TexHoNormmn Kannéposku LIC, koTo-
pble MO3BOASAOT NPAKTUYECKU MOSMHOCTbIO
M36aBMTbCA OT WX COOCTBEHHbIX LIYMOB.
Takne BO3MOXHOCTM OTCYTCTBYIOT y Mie-
HO4YHbIX cncteM u cuctem KP ¢ 3. Moatomy
UAC mmetoT caMbli HU3KMW YPOBEHb LWYy-
MOB B paguorpadvv M OTKpPbIBAOT NyTb
K HOBbIM MPWIOXKEHUSAM, TAe TpebylTcs
4ype3Bbl4aNHO BbICOKME YYBCTBUTENIbHOCTb
U KOHTpacCT M306paxeHUss B COYETAHUU C
BO3MOXHOCTbIO KOHTPONS cnabblx M3MEHe-
HWUW paavaLMOHHON TOMLLMHBI.

Ypes3Bbl4alHO BaXKHbIM SABASIOTCA TaK-
e 3KOHOMMYecKue npeumyllectsa LAC
nepen KnacCU4eCKon MIeHOYHOM TEXHUKOW.
[opa3no 6onee 6bICTPLIV NMpoLLecc 06paboT-
KW M MHTEprpeTaLMm Npy BbICOKOM KavyecTBe
N306paXKEHUsI NPUBOANT K CYLLLECTBEHHOMY
BbIMIPbILLY BO BPEMEHW MO CPaBHEHMUIO C
NAEHKOM n/mnun gpyrummn metogamum HK.

Llenbto HacTosiwen cratbM ABASETCHA
06CyXKaeHNe BO3MOXHOCTEN HOBbIX LMO-
POBbIX TEXHOJIOrMK, NS 4Yero 6yaeT npose-

B mupe nepaspywanwezo kowmpona 3 (43] ceamatpn 2009
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[IEHO CpaBHEHME C BO3MOXKHOCTAMW Mne-
HOYHOM pagnorpadun. CpaBHEHWE HAYHEM
C KnaccuodurKauum CyLLECTBYIOLWNX AETEKTO-
POB PEHTIEHOBCKOIO U3NTy4HEHUS.

[leTeKTopbl PEHTFeHOBCKOIro U3/ly4eHus

Ha puc. 1 npeacraBneHa cxema, Wato-
CTPUPYIOLLAA OCHOBHbIE TWMbl AETEKTOPOB
PEHTFEHOBCKOIO M3/y4YEHUS, MNPUMEHSEe-
MbIX /15 MONYYEHUS U306PaXKEHHUS.

LinppoBble AeTEKTOPbI HEMPAMOro nNpeob-
pa30BaHUsi PEHTTEHOBCKOI0 U3J1y4eHuns

HayHem o6cCy)KaeHWe C AETEKTOPOB He-
npsMoro npeobpa3oBaHnsd, Kak Hanbonee
4acCTo MCMOJIb3yeMbIX Ha NpaKTnKe. OHM OT-
JIMYAIOTCS TEM, YTO PEHTTEHOBCKUE KBaHTHI
CHayYyana B3aMMOAENCTBYIOT CO CLMHTUANS-
TOpom ¢ obpasoBaHMeEM (OTOHOB CBETa,
a 3atem CBeT npeobpasyeTtcs uauM cpasy
B 9/IEKTPUYECKUIN CUTHAN, KaK B TBEPAO-

CucTeMbI NONYYEHNUS PEHTIEHOBCKOro M306paXKeHns

Cuctemsl ¢ Cucrembl
| 3anomuHaHuem peanbHoro
N306paXKeHus BpPEMEHHU
Paavorpadus Ha KowmnblotepHas [leTeKTopbI JleTexTopbl L I'Inocr(ona“Heanue
PEHTTEHOBCKYIO papnorpadus ¢ HempsiMoro npsiMoro (nMHeiHble)
nneHKy MCNONB3OBAHNEM | | hen6pazoBanms npeoGpa3oBanus | |  ACETEKTOpbI Ha
3anoMUHaIoLLUX OCHOBE NoJH-
nnacTuH ] I KpUCTaNINYecKmnx
Pagvorpadus PeHTreHoBcKoe I'Inocxona“Heanble HOﬂyﬂpﬁB?ﬂHMKOB
6e3 younmsatoumx - TenesunieHue ¢ (MMHElHbIe) gl,
MCNONIb30BaAHUEM [eTeKTopbl Ha Pbl,
SKpaHoB P3aon 0CHOBE aMOPdHBbIX
nonynpoBOAHUKOB MnockonaHenbHble
Paaunorpadus co MnockonaHenbHble a-Se (nMHeiHbIe)
CBUHLOBbIMU UK (nMHeliHble) a-Si:H [leTEKTOpPbI Ha
bnyopecLeHTHbIMY — [IETEKTOPbI CO | OCHOBE MOHO-
YCUIMBAIOLWMMM CTPYKTYpOit KpUCTanIn4ecKnx
3KpaHaMu «cumHTMnsTop- |~ nonynpoBOAHMKOB
NONYNPOBOAHMKY Si, GaAs, InP,Pbl,
Gd,0,S:Th CdZnTe, CdTe
Csl:Tl
Nal:Tl

Puc. 1. Tunbl 4ETEKTOPOB PEHTIEHOBCKOMO U3MTy4eHUst

PeHTreHoBCKas rnieHKa

PeHTreHoBCKas NAeHKa A0 CUX Mop §B-
NeTcs Hanbosee WNPOKO MCMOb3yeMbIM
B MPOMbILJIEHHOCTU AETEKTOPOM PEHT-
FEHOBCKOI0 MW3/ly4EHUS B CWJYy XOPOLLO
oTpaboTaHHOM 3aKoHoAaTeNbHOM 6as3bl
NPUMEHEHUS BO BCEX OTpacisax MPOMbILL-
JIEHHOCTH, CyLEeCTBYOWEN MHOPACTPYKTY-
pbl NpUMeHeHUs (boTonabopatopum, 060-
pyaoBaHue, 06y4EeHHbIM NepcoHan v T. n.).
OpHaKo 06beMbl NMPUMEHEHUSA MNEHKKU C
KaablM rOAOM YMEHbLUATCH B CBSA3U C
pa3BUTMEM HOBbIX METOAOB PEeruvcTpaLmu
PEHTFEHOBCKUX M300pParKEHUM, 0 KOTOPbIX
peyb NOWAET Aanblue.

3anomuHaroLme naacTmHel

B KomnbloTepHon paguorpadum ansg
NnoNly4eHns1 M306paxKeHUs BMECTO MNEH-
KM MPUMEHSAIOTCA cneunanbHble rMbkue
NNacTMHbl  MHOFOKPATHOrO  MCMOJb30-
BaHMA. KacceTbl ¢ TaKMMK nnacTMHamu
MMEKT TUMOBblE A8 PEHTFeHOBCKOM
NAEHKU pa3Mmepbl, Hanpumep 18 x 24,
18 x 30, 24 x 30, 35 x 43 cMm, a TaKkxKe
aHanorn pynoHHbIX MNAEHOK. Bo3MmoxHa
TaKXe pes3Ka MNacTuH, T. €. CYUTbIBAHKE
WU ApYyrux pasmepoB. a8 3anomMuHaHWs
M306paxeHn B MJacTUHE UCMOSIb30BaH
cnon ¢ GOTOCTUMYNUPYEMON NaMATbIO —
C/TIOXHOE XMMUYECKOE coeanHeHMe. Hale
BCEr0 WCMONMb3YyOTCHA COEAMHEHUS Tuna
BaFBr |, :Eu®'.
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TENbHbIX MOCKOMAHENbHbIX AETEKTOPAX,
WM B MOTOK 3/1IEKTPOHOB B PEHTTEHOBCKOM
3/1EKTPOHHOOMNTUYECKOM npeo6pasoBa-
Tene (P30I1), KoTopbIM cO34aeT BMAMMOE
M3006parKeHNe Ha BbIXOJHOM JIIOMUHODOP-
HOM 3KpaHe. B KayecTBe M/IOCKoNaHesNb-
HbIX OETEKTOPOB HEMNpPsSIMOro npeobpaso-
BaHWS Yallle BCEro MCnosb3yloTcs naHenu
Ha OCHOBE amopdHOro Kpemuusa (aSi). B
HWUX MCMONb3YIOTCA CUMHTUANSATOPBLI M3 Csl
mnn Gadolinium Oxisulfide, KoTopbie npe-
06pasyloT PEHTreHOBCKOE MW3y4YeHWe B
BMAUMbBIN CBET. 3TOT CBET 3aTEM KOHBEPTH-
pyeTcsa B 3apsf CeEHcopamu U3 aMopdHOro
KpeMHUs (puc. 2). YyBCTBUTENbHOCTb Ae-
TEKTOpa CO CUMHTUNNATOPOM M3 Gadolinium
Oxisulfide 6ygeT 3aBMCETb OT TONLWMHbBI NO-
KpbITus (puc. 2a). OgHaKo npu yBennyeHuu
TOJILLMHbI MOKPbLITUS U3-3a paccesiHUsl CBe-
Ta yxXyAlwaeTcs MPOCTPaHCTBEHHOE pa3spe-
lIeHne aeTeKTopa. B Kakon-To cteneHn ot
3TOro HefocTaTKa CBOGOAHbI MaHeNN ¢ no-
KpbiTem us Csl (puc. 2 6).

Csl xopowo nornowaer peHTreHOBCKOe
U3ny4yeHre, npuyem B 061acTU IHEpPrun
PEHTrEHOBCKMX GOTOHOB, 06bIYHO MCMNOb-
3yeMblIX B MPOMbILLNEHHON AedEeKTOCKONUM
(40 — 300 kaB), nornouieHne npomncxoaut
B OCHOBHOM 3a cyeT hpoToaddeKTa (BKIajg
B norsoueHne 3a cyet addekta KomntoHa
CTaHOBUTCS CYLLECTBEHHbIM MPU 3HEPTUAX
Bbilwe 300 KaB). Cnon Csl:Na reHepupyet
npw NOrMOLEHUN PEHTFEHOBCKOIO M3yye-

HUSA ronyboMn CBET, KOTOPbIK pacnpocTpa-
HAEeTCa MO HanpaBieHUI K GOTOAMOOHOM
MaTpuLe BAO/Ab MOHOKPUCTaNINYECKNX
OCTPWI KaK Mo ONTOBOJIOKHY (T. €. 6e3 pac-
cesHus).

PaHHWe 3KcnepumeHTbl ¢ aSi nokasa-
NI BbICOKWM YPOBEHDb LUYyMa 3TUX NaHeNen.
Mporpecc B TEXHOMOMMW BMECTE C MNpO-
rPaMMHbIMKU BO3MOXKHOCTIMK, MO3BOJISAIO-
MMM YCPEAHEHWE MO MHOTMM Kaapam,

PeHTreHoBCKOE n3nyyeHne
Cnou cumHTMANATOpa
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Puc. 2. Cxema pervcrpauum peHTreHOBCKOro n3ny-
YeHUs NNOCKOMaHeNbHbIM AETEKTOPOM HEMNpsiMOro
npeo6pa3oBaH1s Ha OCHOBE aMOPPHOrO KPEMHHS:
a — co cuuHTuUnnsTopomM n3 Gadolinium Oxisulfide;
6 — ¢ nokpbiTEM 13 Csl

]

NMO3BOMIUA  PE3KO YNyYlWUTb OTHOLIEHME
curHan/wym. KayectBo naobparkeHun, no-
JlydyaemMoe ceryac Ha 3TUX MaHensx, npe-
BbILIAET KayecTBO, NoJlydyaemMoe Ha 3arno-
MUHaIOLWMX NAacTUHaX, U NpUbanKaeTcs K
KayecTBy M300paxeHuss Ha naHensx aSe.
bonee Toro, naHenun U3 aSi meHee 4yBCTBU-
TeNbHbl K CBOMCTBaM OKpYyXKatolwen cpeabl,
YTO [ileNlaeT BO3MOMXHbIM UX MPUMEHEHNE B
NoSIEBbLIX YCNOBUAX U HEKOHTPOIMPYEMbIX
NpUIoXeHnsax. Ha puc. 3 B Kayectse npu-
Mepa MnoKasaHbl doTorpadmmn HEKOTOPbIX
LLUIMPOKO UCMONb3YyEMbIX B MPAKTUKE AETEK-
TOPOB.

LinppoBble geTeKTopbl NPSMOro rnpeoobpa-
30BaHUsI PEHTIEHOBCKOI0 U3/1Y4EeHUS

B peTektopax npsMoro npeo6pas3oBa-
HUS NpW BO3AEWCTBUM PEHTIEHOBCKOIo
KBaHTa B TOJILLE MONYNPOBOAHMKA Cpasy
reHepupytorcs 3/IEKTPOHHO-AbIPOYHbIE
napsbl. [loag AencTBMEM NPUNOXKEHHOIO Ha-
NPSKEHU BO3HUKAET 3MEKTPOHHbIN TOK,
KOTOPbI MOXET 6bITb YCUSIEH U C MOMOLLbIO
CYMTbIBAIOLWEN 3NEKTPOHUKKN Mpeobpaso-
BaH B M306paxeHue (puc. 4).

Hanbonee pacnpocTpaHeHHbIMU Bapwu-
aHtamu UAC npamoro npeo6pasoBaHus



ABASIOTCA MaHeIn Ha OCHOBE aMOpPGdHOro
ceneHa (aSe) M MOHOKPUCTAINIMYECKOrO
Tennypuaa kagmus (CdTe). B nepsom cny-
Yyae cbopKa TOHKOMIEHOYHbIX TPAH3WUCTO-
poB (TFT) nokpbiBaeTcss amopdHbIM cesne-
HOM, Y4TO NO3BOJIIET KOHBEPTUPOBATL PEHT-
reHOBCKOE W3/lyYeHMe Hanpsamyilo B LMd-
pPOBOW CUrHan 6e3 UCMO/b30BaHWUS CLMH-
TMANATOPOB wMnn  docdopa. Beneacteue
OTCYTCTBUSI B/IMSIHWUS pacCesiHus U ONTu-

a

A. A. Maitopos. LINPPOBbLIE TEXHOJIOTMN B PADJUALIMOHHOM KOHTPOJIE

TexHonorun ¢popMMpoOBaHUSA U CYUTbIBA-
HuA curHanos B LAC

MexaHn4yecKon OCHOBOWM Nt060ro njo-
CKOMaHeNbHOro JeTexkTopa ABAsSEeTCs cTe-
KNSSHHas MOANOXKa, Ha KOTOPYl yCTaHaB-
JIMBAETCH CYMTbIBAIOLLAS SNEKTPOHUKA.

TFT-TexHosiorns

TFT (thin film transistors)-TexHonorms mc-
Nnonb3yeTcsl B OCHOBHOM B NaHensx Ha 6ase

6

Puc. 3. MNnockonanenbHble aetektopbl RID 1640 npondBoacTtBa kKomnaxuu Perkin Elmer (a) n FlashScan 33

npounasoacTeBa KomnaHuu Thales (6)

-

Puc. 5. MnocKkonaHenbHbin agetektop DIC 100 nps-
Moro npeo6bpasosaHusi Ha CdTe npou3BoACTBa
KomnaHuu Ajat

MaJIbHOrO OTHOLUEHMWS CUTHaN/WyM Kaye-
CTBO M306parKeHUs AOCTMraeT KayecTBa,
XapaKTepPHOro Ans CpeaHEe3EePHUCTON NIEH-
KW. OrpaHM4YeHnEM CENEeHOBOro AeTeKTopa
ABNSETCH Y3KMM AManasoH paboyunx Tem-
nepatyp. Kak ana paboTbl, Tak WU Npu xpa-
HEHWUU AETEKTOP HYXHO MOAAEPHMBATb B
TemnepaTtypHoM ananasdoHe 5 — 30 °C anq
TOro, YToObl M36exaTb pas3pylleHus cene-
HOBOrO cNosi. TakKe Npu BbICOKUX IHEPTU-
ax (> 180 K3B) ceneH CKIOHEH K 06pa3o-
BaHMIO GaHTOMHbIX n306paxKeHun. Bece atn
OrpaHu4yeHuns aenatoT BO3MOXKHbIM NpUMe-
HeHWe aSe NaHenemn B 04eHb cneUndUYHbIX
NPWUNOMXKEHUSX, FAE MOXHO CTPOrO KOHTPO-
IMPOBaTb HEOO6XOAUMbBIE AN 3TUX NaHENen
ycnoBus pabotbl. [leTeKTopHasi cuctema
npsMoro npeo6pa3oBaHus Ha ocHose CdTe
cBo60OAHa OT psiaa HeAdOCTaTKOB CUCTEMbI
Ha ocHoBe aSe. OHa MOXeT paboTaTtb B
ropasgo 6onee WWPOKOM TemnepatypHoOM
[Manas3oHe Mpu SHEPrUsX PEHTTEHOBCKMX
kBaHTOB A0 300 K3B, obnagas nNpu 3TOM
B HECKO/IbKO pa3 6onblien 4yBCTBUTENb-
HOCTbt0. Ha puc. 5 noKasaH ognH M3 TUMOB
[IETEKTOPOB NPSAMOro npeo6pasoBaHus.
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Bbi6op cTpoku

MpumepHas
reoMeTpus nuKkcens

Puc. 6. Cxema matpuubl TFT-TpaH3ncTOpOB: 1 — cBe-
Toauoa; 2 — TOHKomneHouyHblin (TFT) TpaH3ucTop;
3 — cYMTbIBaAOWMIA yCUNUTENb

aMOpPQHbIX KPEMHUSA UK ceneHa. MaHenu
[IETEKTOPOB HEMPSAMOro npeo6pasoBaHUs
ABNSAOTCH TUMMUYHBIMW COOPKaMmM GoToANO-
0B Ha akTnBHOW TFT-matpuue. Ana getek-
TOPOB C NPSIMbIM NPeo6pa3oBaHUEM, ae-
TEKTOPHbIW CNOW pacrnonaraercsa NpsMo Ha
3Ty Matpuuy. Matpuua TFT-TpaH3ucTopoB
npeactaBnsgeT cobom AOCTAaTO4HO MPOCTYIO
CTPYKTYpPY 3/IEKTPOHHbIX MepektoyaTenen
(TvnoBas cxema ang Nto6oro TMna NnaHenen
noKasaHa Ha puc. 6).

EMKOCTb Kakgoro cBeToavoda B WC-
XOAHOM COCTOSIHUM 3apsirKeHa A0 HanpsiKe-
Hus U+. Mpu 061y4eHnn CBETOM OHa pas-
psiKaeTcs: 4yem 60blie CBETA, TEM MEHbLUE
OoCTaTo4HbIM 3apsag. lNpu cuntbiBaHun TFT
TPaH3WUCTOP OTKPLIBAETCS, U EMKOCTb CHO-
Ba 3apsiXKaeTcs Yepes CUUTLIBAIOLWMIA YCU-
nuTenb Ao 3HadeHus U+. BennunHa 3apsaa
N3MEPSETCH YCUIUTENIEM CHUTbIBAHUS U B
BUAE HanpsikeHus U nogaeTcs Ha aHanoro-
uMdpoBoM NpeobpasoBaTeb.

[aHenu mMoryT 6bITb 0O4eHb 60bLIMX Pas-
MepoB (40 x40 cm). OHM UMEIOT HE OYEHD Bbl-
COKOE pa3pelLeHUe (TUMMYHOE 3HAYEHHE Be-

@ KPONYC

HayuHo-MNpon3BOACTBEHHbIN LIeHTp

NIMYUHBI NUKecens 127 MKm). OTinMymTensHom
0COBEHHOCTbIO aMOPPHOr0 KPEMHUS ABNSET-
€Sl O4eHb BbICOKas paavaLMOHHas yCTONYM-
BOCTb, YTO MO3BOJIAET MPUMEHSATb TaKMe na-
HENM NPU BbICOKUX SHEPTUSX PEHTTEHOBCKMX
KBaHTOB. [OCKOMIbKY MPOLIECC NPOM3BOACTBA
naHenen Ha 6a3e amopdHOro martepuana v
TFT-TexHonornn TpebyeT cneunduyecKoro
060pya0BaHKs 1 YCII0BUIM MPON3BOACTBA, Ta-
KWe NaHenu A0CTaTo4YHO AOPOrK.

PeHTreHoBCKOe n3nyyeHve Croi aKTMBHOrO
MaTepuana (aSe, CdTe u ap.)
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SOGLT SR Pa3mep nuKcens
MaTpHLa TOHKOMMIEHOYHBIX  JNEKTPOHHO-

(TFT) TpaH3uUCTOPOB AblpoYHasa napa

Puc. 4. Cxema peructpaumMm peHTreHOBCKOro W3-
NyYEHUSI MIOCKOMNaHEeNbHbIM [ETEKTOPOM MNPSIMOro
npeo6pasoBaHus

CCD-texHos0rus

CCD (coupled charge device)-TexHonorus
ABNSETCA OJHOWM M3 BeAyluMX Ans mnonyye-
HUSI BbICOKOKAYECTBEHHbIX PEHTIEHOBCKUX
n306parkeHnn. B otanumMe oT MaTpuyHbIX
naHenen tuna TFT unn CMOS, B CCD na-
HEeNnsX CYMTbIBAHWME CWrHana MnpPoMCXoauT
nyTeM TPaHCMOPTUPOBKM 3apsaoBbiX Ma-
KETOB B[OSIb KPEMHWEBOM  MOANOMKM.
[MpenmyLLecTBOM TakMxX NaHenen SBAseTcs
HU3KWUI LLIYM, BbICOKas 4yBCTBUTENbHOCTb.
06bi4yHO B CCD naHensix UCnosib3ykoT ONnTo-
BOJIOKOHHblE OGydepHble BCTaBKM, MO3BO-
NAWMe yBENUYMTbL MiowWaab NPUEMHOro
OKHa MaHenu 1 chyxalime ofgHOBPEMEHHO
3alMTon OT paauvauuu. Ho garke ¢ Takum
[IOMONTHUTENbHLIM  3KpaHupoBaHuem CCD
naHenu MoryT paboTaTb TONIbKO NPY 3HEPTU-
X PEHTITEHOBCKUX KBAHTOB < 50 KaB. Kak n
B C/ly4yae ¢ aMOpPOdHbIM KPEMHUEM, UX MPO-
M3BO/ACTBO TpebyeT cneLnanbHbiX YCIOBUH,
NMO3TOMY OHM JOCTaTOYHO AOPOTK.

CMOS-TexHonorus

CMOS (complementary metal oxide
semiconductor) — aTa TEXHONOrMs, Kak M
TFT ¢ amMOpdHbIM KPEMHMEM, SBASETCH
MaTpuyHOM c60pKOW. OCHOBHbLIM MNpenmy-
LLIEeCTBOM 3TOM TEXHONMOTMK nepen ocTasb-
HbIMW SBNIIETCS  MCMOJSIb30BAHME XOPOLUO
pPa3BUTON MPOMBbILLIIEHHOW 6a3bl NPOM3BOA-
CTBa MHTErpasbHbIX CXEM. YPOBEHb LLIYMOB
CMOS-naHenen npubanauics K YpPOBHIO
CCD-naHenen, gMHaMMU4YeCKUi AnManasoH B
HECKONbKO pa3 Bbiwe. Ha CMOS-naHensax
NMoNy4EHO CaMO€e BbICOKOE NMPOCTPAHCTBEH-
HOe paspelleHne (pa3mep MUKcens He-
CKOMbKO MMKpPOMETPOB). CTOMMOCTb TaKMUx

B mupe nepaspywanwezo kowmpona 3 (43] ceamatpn 2009

—
=
=
—
=
==
=%
=
_—
=5
(r—1
=
=
-
=5
=
=
=




Digital Radingraphy

naHesnen xoTs elle JOCTaTO4HO BbICOKa, TEM
He MeHee ANHAaMMYHO CHUXKAETCS U CKOPO,
Ha Hall B3rnsj, CTaHET MEHbLLUE CTOMMOCTH
P30I1 co cpaBHMMbIMW XapaKTEPUCTUKAMM.

Kanu6poBKka LMPPOBbIX AETEKTOPHbIX
cucrtem

KannbpoBKka MnOCKOMaHeNbHOro Ae-
TEKTopa (Hapady C KOppeKUMeW «MnoXux»
NMUKCenen) aBAsSeTCs OHOM U3 BaXKHEMLLMX

Hble cpeacTBa Mo3BONAIOT MPOBECTU MPO-
Leaypy KOPpPeKLUMM 3TOro Lyma, Kotopas
IO/MKHA NPUBOAUTL K MUHUMM3ALMK Bapua-
LIMK1, 06YCNOBAEHHbIX 3TUM LWYMOM. [1/19 3TO-
ro JONS CEHCOPOB MaHeNn MacKupyetcs oT
CLUMHTUANSLIMOHHOIO 3KpaHa, U, TaKUM 06-
pa3oMm, He Mosly4aeT CBETOBOrO CUrHanAa BO
BPEMS PEHTTEHOBCKOWM 3KCMO3ULMK. CurHan
OT 3TOM YacTU NaHen COOTHOCUTCS C TEMHO-
NoJibHbIM M306paXKeHem s onpeaeneHns

Puc. 7. Papgnorpaduyeckoe n3obparxkeHne CBapHOro LWBa, Noly4eHHOe C MOMOLLbIO MIOCKONaHeNbHOro je-
TekTopa FlashScan 33 go (a) 1 nocne MHTePNoNSLMOHHON KOPPEKTUPOBKH (6) «MIOXUX» MUKCENen

onepauun, obecneynBalowmx, Kak Oyaet
NMoKa3aHo, 3Ha4YeHWs OTHOLIEHWS CurHan/
WYM W KOHTPACTHOM 4YyBCTBUTENbHOCTH,
CYLLIECTBEHHO BbILLIE, YEM B Clly4ae Apyrux
TUMOB AETEKTOPOB (PEHTTEHOBCKOM MIEHKM
1 3arMoMMUHaloLWMX NnacTvH). BnonHe ecte-
CTBEHHbIE BapuaLMn XapaKTEPUCTUK CEHCO-
POB B MaHenu, HeOAHOPOAHOCTN pacnpene-
JIEHWUS PEHTTEHOBCKOIO W3Ny4EHUS, TaKKe
KaK OCOOEHHOCTU 3MIEKTPOHUKK, ByayT Bbl-
3blBaTb HEKOTOPbLIE Pa3/iMyMsl CUrHANOB OT
pasnnyHbIX NuKcenen naHenn. C noMoLlbio
KanMGPOBKMU MOXHO MOJSIHOCTbIO CKOPPEKTU-
poBaTb n3obpareHns. O6bIYHO KannMbpoB-
Ka BKJIOYaAeT 3axBaT M300parKeHUr npwu
NMOSIHOW (CBET/IONOJIbHOE M3006parkeHune),
cpedHen (CpeaHenosnibHoe Wu3o06paykeHune)
W HYNEBOM (TEMHOMOIbHOE W306paxeHue)
[I030BbIX Harpyskax. TEeMHOMOJbHOE W30-
GparkeHne WCnonb3yeTcs ANs MOMyYeHus,
6a30BOro, «TEMHOBOrO» CWrHana ot fJe-
TEKTOpPa, KOTOPLIA ONpeaensieTcs TOKamu
$oToAN0a0B, TOKAMM YTEYKM TOHKOM/e-
HOYHbIX TPAH3UCTOPOB M PA3HULIEN MEXAaY
pPas3NnYHbIMKM  3apPAA0BbLIMU  YCUITUTENSMM,
MCMO/b3YEMbIMU B CHUTLIBAIOLLEW INIEKTPO-
HuKe. CBETNOMNOMbHOE M CpeaHenosibHoe
M306paXKeHUsT UCMONb3YIOTCH AN19 pacyeTa
YCUNEHUA (MK OTK/IMKA) KaXKaoro nuKce-
NIl M COOTBETCTBYIOLIETO CHUTbIBAOLLETO
yeunutenst. OgHUM M3 UCTOYHMKOB Liyma B
[IETEKTOPE SIBSIETCS  KOPPENMPOBAHHLIN
JIMHENHBIN LWYM, KOTOPbIN SIBASETCS LLIYMOM,
NPUCYLIMM OAHOBPEMEHHO BCEM MUKCENSM
OaHHOW CTPoKW. COBpPEMEHHbIE MPOrpamm-
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KOpPEKLMK, KoTopas AoMKHa 6biTb BHECEHA
B KarKaylo CTPOKy. PesynbTupytolne Kanu-
OpPOBOYHbIE WM306PaXKEHUA WCMNONb3YIOTCH
15 HOpManu3aunu OTKIIMKa NUKCenen.

KoppeKuusa «nnoxux» nuKceneun

OCHOBHbIMM TUMAMM «[IOXMX» MUKCENEN
MOXHO Ha3BaTb C/eaytoLLne Tpu:

1. He ycunuBaiowwmm NnUKCeNb, AN «MepT-
Bbl» MUKCENb. CUrHan oT HEro He 3aBu-
CWT OT JO3bl 06/1y4EHUS;

2. CBepXxYyBCTBUTENbHbIV MUKCENb. 3HaYe-
HWe YPOBHS CEPOro Ansl Hero 6onee Yem
B 1,3 pa3a npeBbillaeT CpeaHee no nio-
wagKke ns 21 x 21nukcenen;

3. ManovyBCTBUTENbHbIK NMUKCESb. 3HaYe-
HWEe YPOBHSI CEPOro AJ1 HEr0 MEHEE YeM
B 0,6 pas3a MeHblle CpeaHero no njio-
wagKke ns 21 x 21nukcenen.

[ns Toro 4to6bl CKOPPEKTUPOBATL «MJ10-
XMer» MUKCESH, BbIBNAIOLLMECS B BUAE MIIOXMX
CTPOK, UCMONb3YETCH anropuT™M KOppPeKLMn
NIOXUX MUKceNnen. ITOT anropuT™ ycpeaHset
CUTHasbl OT COCEAHMX MUKCENEN, UCMONb3YS
3TO cpeaHee 3Ha4YeHre ANs «NIoXMX» NMUKce-
nen. Kaxabln nuKcenb MMeeT 8 BAnKanLLmx
COCEeaHMX MUKCENEN (3a UCKITIYEHMEM TEX,
KOTOpble HaxXOASATCS Ha Kpal CEeHCOPHOM
naHenu). Ecnn, no KpawHen mepe, Tpu M3
HUX CYMUTAIOTCS XOPOLUMMMU, TOrAa BO3MOXKHA
onepaums yCcpeaHeHUs MX NS MosyYeHus
3HA4YeHMs «MI0X0ro» NMKcens. B npoTMBHOM
cnyyae «joXon» MUKCEeNlb HE MOXET ObiTb
CKOPPEKTMPOBaH MNpaBWibHO. B KayecTBe
npuMepa Ha puc. 7 NpMBEAEHbI ABa N306pa-

KEHWS, NONYYEHHbIE C MOMOLLbIO NIOCKoNa-
HenbHoro aetekTopa FlashScan 33 (aaHHble
KomnaHun «fOHuTecT). Cnesa (puc. 7a) pa-
anorpaduyeckoe M306paxKeHue CBapHOro
wBa (ctanb20 MM, 150 KB, 1 c¢) ¢ xapaKTep-
HbIMW HEMPOBAPaMM U «MIOXMMMW» MUKCENS-
MU, MPOSIBUBLLMMUCS B BMIE «MIOXMUX» CTPOK.
CnpaBa (pu1c. 76) TO XKe n3o6paxKeHune nocne
MHTEPMNONSLIMOHHON KOPPEKTUPOBKM.

CpaBHeHMe KauyecTBa W3006paKeHUA
Pa3/IM4HbIX AETEKTOPHbIX CUCTEM

Becbma Ba)KHbIM MNPy KOHTPOJIE U3AENNN,
paboTaloLLMX B 30HaX MOBbILEHHOIO PUCKa,
Hanpumep, B a3pOKOCMMUYECKON U aTOMHOM
NMPOMBILWNEHHOCTH, ABASETCH OLEHKA BEPX-
Hero npefena KayectBa M306parKeHusl, no-
JlyHaeMoro ¢ MOMOLLbI HOBbIX LMDPOBLIX
TexHonornn. Kak yxxe otmeyvyanoco, ang LIAC
(mnocKonaHenbHbIX U JIMHEWHbIX AETEKTO-
poB) pa3paboTaHbl METOANKM KANMBPOBKU 1
BblYMTAHUS COGCTBEHHbIX LYMOB, NMO3BOS-
foLLME NONYYUTb MaKCUMasbHO JOCTUKMMbIE
OTHOLLEHWS CUrHan /LWyM s aTUX MprMoopoB.
Takas npoueaypa ynydllaeT KOHTPACTHYHO
YyBCTBMTENBHOCTb HACTONbKO, 4TO MO3BO-
NeT KOHTpoNMpoBaTtb M3meHeHne 1/1000
paanaLMOHHON TOWMHBI KOHTPOMPYEMO-
ro matepuana. B To e Bpemsi Mbl 3HaeM,
YTO CTaHAapTHasa naeHo4yHas paguorpacdus
C MCMONb30BaHWEM MJIEHOYHBIX CUCTEM (CO
CBWHLIOBbIM 3KpaHOM MK 6€3 Hero) no3Bo-
NSeT OoCTMYb KoHTpacTa 1/100 pake ¢ uc-
Mo/Ib30BaHWEM MJIEHOYHbIX CUCTEM BbICLLE-
ro knacca (knacc «C1» no 06weeBponencKo-
My ctaHgapty EN 584-1 unu «cneumanbHbin»
no ASTM E 1815). KomnbloTepHasa paguno-
rpadus ¢ cnonb3oBaHMeM GOCPHOPHbIX 3a-
NMOMMHAIOLWMX NNACTUH SBNSETCSH peasbHOM
3aMEeHOM MNIEeHOYHbIX TEXHONOTMIN Aaxe 6e3
[IOMOJIHUTENIbHOrO KOMMbIOTEPHOMO yy4lle-
HUS n3o06pareHns. CpaBHEHME OCHOBAHO
Ha M3YY4EHUU U3MEPEHHbIX 3HAYEHWUI OTHO-
LUEHUSI CWUIHaN/lWyM, MPOCTPAHCTBEHHOIO
paspelLeHnst U CpaBHEHUS paguorpacduye-
CKMX M306parKEHUI, KaK C UICNOIb30BaHUEM
COGCTBEHHbIX 3KCMEPUMEHTANbHbIX AAHHbIX,
TaK M C MPUBAEYEHMEM AAHHbIX U3 APYrMUX
MCTOYHMKOB.

OcHOBHble MapameTpbl KayecTtBa WU30-
GpaxkeHus

Pagmorpaduyeckoe n3obpaxKeHue B co-
OTBETCTBUM C TEPMUHONIOrMEN [3] onuncbiBa-
eTcs cneayllmMMi rMaBHbIMU NapameTpa-
MW KayecTBa M306parKeHUs:

1. bBa3zoBoe NMPOCTpPaHCTBEHHOE pa3-
peweHune SRb, n3MepeHHOe C MOMOLLbIO
3Ta/loHa C ABOMHOW MPOBOJIOKOW COrnacHoO
ctaHgapty EN 462-5 1 paBHOe NonoBuHe
3aperucTpMpoBaHHOW HEPEe3KOCTU M30-
OparkeHna unn apodeKTMBHOMY pasmepy
nukcens. MHorga nonb3ylTcs MOHATUEM
«paspeluaolias cnoco6HOCTb», KOTopas
onpeaensieTcs n3 3aBUCUMOCTM KOHTpacTa
cocefHWX 0OGbEKTOB OT PACCTOSIHUSA, UX pas-
gensiouero. 3ta 3aBUCMMOCTb Ha3blBaeTCS



MOZAY/IALMOHHOM nNepefaToyHON  QYHKLUMK-
en (MTF) unn KoHTpacTHOM mepeaaTtoyHoMn
dyHKUMeN. BennynHa, obpaTtHaa paccros-
HUWIO, pasaensitolemMy coceiHMe O6bEKTHI,
Ha3blBaeTCs «NPOCTPAHCTBEHHOW YacTo-
TOW» N UBMEPSIETCS MO aHaNOMMM C NJIIEHKON
B Nnapax JIMHUN/MM.

2. Hepe3KkocTb U306paXKeHusa onpeje-
NIIETCH  FEOMETPUYECKON HEPE3KOCTbIO,
[eNeHHOW Ha yBenn4yeHue (MpoeKuMoHHas

Ta6n. 1. NMapameTpbl 419 KnaccuduKauumn nneHo4vHbix U KP cuctem, Hopmann3oBaHHbIX Ha SNR

A. A. Maitopos. LINPPOBbIE TEXHOJIOIMN B PADJUALIMOHHOM KOHTPOJIE

BEMYMHA PUKCUPOBAHa (OrpaHMyYeHa ana-
Na30HOM ONTUYECKMX MNOTHOCTEN 2 + 4,5 1
u3¢¢), TO OHa He CYMUTaEeTCs NapamMeTPOM Ans
NAIeHOYHOM pagmorpadum, y4uTblBaeMbIiM B
cTaHaapTax. B 1o e Bpems 60/1bLIoV ANHA-
Mu4eckuin ananasoH LAC B psage npakTu-
YECKUX NMPUNOKEHUI MOXKET UMETb peLlato-
Lee 3Ha4yeHue npu BbiIGope AeTeKTopa.

B pa6ote [3] npoBeaeH KOMMIEKC U3Me-
PEHUI MO ONPeAeneHnto KayecTea paamo-

OS9TCA 3HayeHus, noaobHble SRb ana Kop-
PEKTHON OLMPDPOBKMU MIEHKU NMPU NEPEBO-
e n300paXKeHus Ha nneHke B uMdpoBYO
dopmy.

Ka4yectBO M306paKeHus, [OCTUKMMOE B
KOMIMbIOTEPHOM pagnorpapumn

KayectBo n3obpaxeHus, nonyyaemoe ¢
nomoubto KP-cuctem, Knaccuobuumpyetcs
B COOTBETCTBMM C KJlaccamu A9 MAEHOYHbIX

norm*

Knaccbl ¢ Pa3IN4YHbIMU Ha3BaHUAMUN U B Pa3HbIX CTaHAapPTax UMEIOT Te XKe npene’bl

K MuHUManbHoe oTHoLLe- | HopmanuaosaHHoe oTHO- | Knacchl CUCTEM C 3anomu-
Nacchl NNEHOYHbIX CUCTEM
HWe rpaJueHTa K Lymy | LIeHue curHana K Wwymy HalOWMMK MiacTUHaMM
06uemupoBor | EBponenckui CLLUA ASTM AnoHus npn D=2 cBepx D, D=2 cBepx D, EBponeiickuin | CLUA ASTM
1ISO 11699-1 EN584-1 E1815-01 K7627-97 G./G, SNRnorm EN14784-1 E2446-05
(03 Special 300 130 IP-1 IP-Special
T1 T1
c2 270 117 IP-2
C3 | 180 78 IP-3 IP-1
T2 T2
C4 150 65 P-4
T3 5 1] T3 120 52 IP-5 IP-11
T4 C6 1l T4 100 43 IP-6 1P-11
W-A W-A 135
W-B W-B 110
W-C W-C 80

HEpPEe3KOCTb), U HEPE3KOCTblO AETEKTOPA,
onucbiBaemon SRb (paBHbIM MOIOBUHE He-
pPE3KOCTU IETEKTOPA).

3. OTHoweHue curHan/wym SNR.
[leTeKTop XapaKTepu3yeTrcs HOPMUPOBaH-
HbIM OTHOWeEHWeM curHan/wym SNR =
KaK GYHKUMK YyCNOBUM 3KCMO3MLMK (IKC-
NMO3MLIMOHHOM [03bl W paanaLMOHHOro
KayecTtBa). HopmupoBKa M3MeEpPEeHHOro
OTHOLWIEHMSI CUrHa/Wym Ha 6a30BO€e MNpo-
CTPaHCTBEHHOE paspelleHne Heobxoamma,
NMOCKO/IbKY M3MEPEHHOE 3HAYEHWE OTHO-
LIEHWA CUTHaN/WyM yBENWYMBAETCS KaK
KBaApaTHbI KOPEHb OT MJIOLWaAn AETEKTH-
pyloLWmMX NUKcenen (pesynbraT CTaTUCTUKM
lyaccoHa Anst peHTreHOBCKUX GOTOHOB).

4. OTHOWweHue KoHTpact/wym CNR. B
obuiem cnyvyae CNR 3aBUCUT OT OTHOLWEHMS
CUrHan/wym petektopa n 3dPeKTUBHOIo
KOadPULMEHTA NOMNOLLEHNS MaTepmana.

5. YyBCTBUTENIbHOCTb [JeTeKTUpoBa-
HUA (KOHTpacTHas YyBCTBUTENbHOCTb C_ =
= 1/CNR) HE6GONbLLOro U3MEHEHUS paana-
LIMOHHOM TOJNWMHbI 06bEeKTa Aw (mpouc-
weawen M3-3a Hannuusa aedekta BHYTPU
06beKTa) onpeaensieTcs OTHOLWEHUEM KOH-
Tpacta (M3BMEHEHNSI UHTEHCUBHOCTU CUTHa-
na Al) K ypOBHI0 WyMa U306paxeHns (CTaH-
naptHoe oTknoHeHne oT /). CNR ana gaHHoro
Aw MOXeT ObITb paccynuTaHo no dopmyne:
CNR = SNR(/,,)-Aw-p/(1 + k), rae p — K03 -
QUUMEHT MOMNOLWEHNS; U K = Ipacc/lneps -
— KO3OOUUMEHT pacCcesiHUs, pPaBHbIN OT-
HOLLIEHMWIO MUHTEHCUBHOCTEW PACCEAHHOIO 1
NEePBUYHOIO U3YHEHUN).

6. AMHaMuU4yecKu auanasoH (auana-
30H pafMaLMOHHbIX TONWWH 06bEeKTa, [0-
CTYMHbIX aHaNM3y Ha OAHOM M TOM e U30-
OparkeHuu). oCKONbKY AN MNEeHOK 3Ta

v
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IU natePOHNC

rpadryecKmx M3006parKeHWn, Mnonyvyaemblx
C MOMOLLbIO MIEHOYHbIX cnuctem HK, cuctem
KOMMbIOTEPHOM pagnorpad®dun n LndpoBbIX
JIETEeKTOPHbIX cucTem. [Ans aemoHcTpaLmu
Nosly4aemMoro ¢ pasHbIMK AETEKTOPAMU Ka-
yecTBa M306paXKeHns NCcnonb3oBancs oauH
M TOT e CTaHAapTHbIM obpaseL,. 3To 6bi1a
cTa/lbHass MNnacTMHa TOMNWMHOM 8 MM CO
CBapHbIM LWWIBOM C BaJIMKOM YCUNEHUS 2 MM,
COJepPHaLLMM BCE TUMOBbIE AEPEKTHI.

KayectBO M306paeHUsi, [OCTUKMMOE C
MJ1€HOYHbIMN cnucTemammn

MokasaHo, 4to SN Rnorm 3aBMWCUT OT KJac-
ca nIeHOYHOM CUCTEMBI, HO UMEET NPeaeb-
HOe 3HayeHue (Tabn. 1). MuHumanbHoe
3HaveHue — 43 (knacc C6 npu D — D = 2,
paccuntaHHasa gosa 2 MIp), a Makcumanb-
Hoe — 250 (ny4ywwun kKnacc C1, D — D0 =45,
paccuuntaHHasa gosa 60 mIp). bonee Bbico-
Kne 3Ha4YyeHus SNRnorm He JOCTUXXUMbI ANg
NIIEHOYHbIX CUCTEM COMNacHO CTaHAapTy
EN584-1, notoMy 4TO yBeEnuMyeHwe A03bl
BEeET K YBEIMYEHMIO OMTUYECKOM MIOTHO-
cTv noyepHeHna D > 5, a Takne naobpaxe-
HUS MPAKTUYECKU SBNSIOTCA HEYUTaeMbI-
Mu. Ba3oBoe npocTpaHCTBEHHOE paspe-
LIEHME NNEHOYHOM CUCTEMbI ONpeaenseTcs
KayecTBOM mnanyyeHus (220 KB ¢ meaHbIM
GuUnbTPOM 8 MM), NOTOMY YTO 3TO onpeae-
NIFET TONLUMHY MCMONb3YEMbIX CBUHLIOBbIX
3KpaHoB (ctaHaapt EN 444) u pas6poc
3/IEKTPOHOB, TEHEPUPYEMbIX CBWHLIOBbI-
MU 9KpaHaMu 4SS 3KCMO3ULUMKU NNEHKKU. B
Tabn. 2 ctaHgapta EN ISO 14096-2 npuBo-

cuctem (tabn. 1). lNpengenbHble 3HaA4YeHUSA
SNRnDrm COOTBETCTBYIOT MNpefesibHbIM 3Ha-
YeHUaM ans NoAoGHbIX MAEHOYHbIX CUCTEM.
[onoNHUTENBHO K MapameTpaM, XxapaKre-
pU3yIOLLMM MAEHKY, BBOAUTCS 6a30B0oE Npo-
CTPaHCTBEHHOE pa3pelueHne KP-cuctembl
(SRb, MKM, B COOTBETCTBUM CO CTaHAAPTOM
EN 14874-1). 310T NnapamMeTp onpeaenser
OorpaHuW4yeHHOe MPOCTPaHCTBEHHOE paspe-
lweHve KP-cuctem Mo CpaBHEHUIO C MJIEH-
KOMW.

[NaBHbIM JOCTUXEHWEM B MPUMEHEHMM
KP B HK ans 3ameHbl NIEHKU NPU KOHTPO-
Jle TUTbS1 U CBapKK CTano NosiBIeHUE B MO-
cnegHue roabl ckaHepa HD CR 35 (Diirr)*.

Tpeb6oBaHua K KP cuctemam B HK
onpeaeneHbl ctaHgaptamu EN 14784-1 u
EN 14784-2. Tabn. 4 ctaHgapTa onpeje-
N9eT MUHUManbHOE MNPOCTPAHCTBEHHOE
paspelleHMe B 3aBMCMMOCTM OT Kiacca
KOHTPOAS, SHEPTUMU OBNyYEHUS U TONLLM-
Hbl 06bEKTa KOHTpond. B To Bpemsa Kak
6o/blias 4YacTb COAEPXKaHMA cTaHaapTa
EN 14784-2 nogo6Ha EN 444 (0CHOBHble
NPUHLMNBLI pagMorpadrMyecKoro KOHTPO-
nq), Taébn. 4 B8 EN 14784-2 aBngetcs Ho-
BOBBEJEHWEM U OrpaHUYMBaET 3HAYEHUSA
NPOCTPaHCTBEHHOrO pa3pelleHns UCnosb-
3yembix KP-cuctem.

CyLLecTBYeT elle OAHO OrpaHMYeHne Ha
KayecTBO n3obparkenusa cuctem KP. C yBe-
JINYEHMEM SKCMO3ULMOHHOM [103bl MaKCH-
MaslbHO [AOCTUXXMMOE 3Ha4yeHue SNRnorm
OrpaHM4yeHo. ITO BbIBBAHO HA/TMYNEM CTPYK-
TYPHOTO LiyMa MCMoJib3yEMOW 3arnoMUHato-

* MHeHUWe Befylnx MUPOBLIX CMELManUCTOB, B TOM YUCE COTPYAHMKOB OHOM U3 CaMbIX aBTOPUTETHbIX
B MUPE OpraH13alLui No HepaspyLuiatolemMy KOHTponto — fepmaHcKoro defepanbHOro MHCTUTYTa Mo Uccne-
[OBaHUIO M TeCTUpPOBaHWIO maTepuanoB — BAM, a Takke Komnanui Yxlon v KOHWTECT.

@ KPONYC

HayuHo-MNpon3BOACTBEHHbIN LIeHTp
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Len nnactuHbl. JononHUTENbHbIE WYMbl B
BWAE OOMONHUTENbHbIX MylbCaLWiA MOXKET
BHOCHUTb TaKXe cKaHep. CTPYKTYPHbIN LWyM
3anoMWHaloWEN MacTUHbI CBSA3aH C He-
OHOPOAHOCTAMU POCPOPHOro Cnos, CBA-
3aHHbIMWM C MPOLLECCOM MNPOM3BO/ACTBA.
3710T apdEKT N3BECTEH TaKKe 1 Ang bnyo-
PECLEHTHbIX 3KPaHOB. MpK BbLICOKMX 3KC-
NMO3MLIMOHHBIX A03ax BK/Ia4 KBaHTOBOrO
LLlyMa PEHTFEHOBCKOMO U3/y4EHUS HEBENTUK

y =

Mcnonb3oBanuch [1Be reOMETPUM NPOCBEYU-
BaHUsA: 1) TECTOBbIV 06pa3eL, HaxoanIcsa He-
NMOCPEACTBEHHO Mepen AETEKTOPOM (yBenu-
yeHue 1) n 2) TecToBbIN 06pa3eL, Haxoanncs
MeXJy AETEKTOPOM W PEHTFEHOBCKOM TPy6-
Kon (yBenuyenune 3,5). lMocneaHsast reome-
TpuUs TpebyeT NPUMEHEHUS MUHUPOKYCHOM
TPYOKM, YTOObI reOMETPUYECKas HEPE3KOCTb
Ha geTeKTope He npeBbilwana 200 MKm. Ha
puc. 10 ana cpaBHEHUS NpeacTaB/eHbl U30-

PaspelueHbl 9 nap
[BOMHbIX NPOBONOYEK 13 14

60/blle AEeTanen Mo CPaBHEHWUIO C MJIEH-
KOW. 3TO yny4lleHne KadecTBa M300pake-
HWSi OCHOBaHO Ha yBenuyeHun SNR — no
CPaBHEHWIO C MNEHOYHOW TEXHONOrUEN.
YnydqwerHoe SNR gna LLAC no3BonsieT aeTek-
TUPOBAaTb 3IEMEHTbI C pa3mepamMu, ropasao
MEHbLUMMKU pa3mepa nukcensa! Ha puc. 12
NMoKasaHbl [Ba W3006paKeHUs OAHOro U
TOrO € y4acTKa, Noy4YeHHble Ha MIEHKE U
naocKkon naHenun. Cnesa Ha npeaene pas-

Bce nBoiHbIE
NMPOBOJIOYKM paspeLleHbl

Puc. 8. Mpumepbl KP cucteM 1 nx n3amepeHHble 6a30Bble MPOCTPAHCTBEHHbIE pa3pelueHunsi: cneBa — Dynamix XG-1 Fujifilm, SRb = 130 MKkm ansi ctanHgapTHoM KP-
CUCTEMbI C OrpaHUYEHHbIM NPOCTPAHCTBEHHbLIM pa3pelleHnem (Tonctas IP, Bbicokasi CKOpocTb, IP B YXeCTKOM KacceTe, aBToMaTM3MpoBaHHaa 3arpyska, pasmep
nukcens 100y); cnpaBa — cuctema BbiCOKOro paspeluerns HD-CR 35 NDT, Dirr, SRb = 40 MKM (py4Has 3arpyska 3[1, paspelerune 12y, ToHKkas, ronyéas HD-I1P)

Puc. 9. CpaBHeHUWe pEHTTEHOBCKMNX M306PAXKEHNIM yHacTKa TECTOBOro 06pasLia, NoNyYeHHbIX: @ — Ha Nydluen
nneHo4yHoi cucteme C1 (SNRnorm =246; SRb = 40 MKM); 6 — Ha cTaHaapTHon KP-cucteme (SNRnorm = 145;
SRb = 130 MKM); B — ¢ nomoubto cuctembl HD-CR (SNRnorm = 290; SRb = 40 MKM™)

MO CPABHEHUIO C 3TUMMU CTPYKTYPHbIMU LLIY-
Mamu, OoTcloAa BO3HMKAET orpaHuyeHue
KayecTBa n306parKeHus.

MpuMep OOCTMIKMMOrO KayecTBa M30-
OparKeHMs MNpu KOHTPONE CBapHbIX Coe-
OVHEHUN npuBedeH Ha puc. 9. BpemeHa
3KCMO3MLIMN [0CTATOMHO BbICOKM, MO3TO-
My LWYM Ha M306paxeHusIx onpeaensiercs
CTPYKTYPHbIM WIYyMOM camux KP-cuctem.
OueBngHo, 4TOo cTaHgapTHaa KP-cuctema
MMEET Xy[llee KayecTBO M306parKeHus
(KaK 3HauveHus SRb, Tak u SNR_ ) no
CPaBHEHWIO C Nlyyller MJeHOYHON cucTe-
Mo HK, B To Bpems kak Ha HD-CR cucteme
MOXHO MOY4YUTb HEMHOIO NyYLIWUM PE3ysib-
TaT, YeM Ha nieHo4YHon cucteme. CornacHo
EN 14784-2 cuctema HD-CR pocturaer
Knacca B. CtaHgapTHas cuctema He OoCTU-
raet Knacca A B 3TOM NpumMepe.

KauyecTBO M306paKeHusi, [OCTUHMMOEe B
LNGPOBbLIX JETEKTOPHbIX CUCTEMAX

LAC-n306pameHnss  6binM  MOSyYeHbl
C TMOMOLLbID MIOCKOMAaHENbHOro  AeTeK-
Topa XRD 1620 KomnaHumn Perkin Elmer.
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GpaKeHUs1 OOHOrO M TOTO YKe y4acTKa cBap-
HOro LBa Ha TecToBOM 06pasLie, MoJyyeH-
Hbl€ Ha NJIEHKe U ¢ npumeHennem LIAC.

M3 4ncTo BM3yaNlbHOrO CpaBHEHMS ABYX
NM306parKeHumn cnegyer, YTO KayeCcTBO M30-
GpayKeHUs, NOSYHEHHOrO C MOMOLLbIO M10-
CKOW NaHenu, Bbille Npy ropa3ao MeHbLLMX
[1030BbIX Harpy3kax. [11a 6osee AeTanbHOro
uccneaoBaHus Gbi10 NMPOBEAEHO CpaBHe-
HUe n3obpaxeHun (puc. 11) ogHOro 1 Toro
YXe y4yacTKa TecToBOro o6pasua (obnactb
LWUMPUHON 12 MM C BbISIBIEHHLIMWU TPELLU-
Hamu), NPUBEAEHHBLIX K OOHOMY pasmepy
NPV Pa3HbIX 3HAYEHUSAX YBENUYEHUS (YyBE-
JINYEHME MNIEHOYHOIO M306pPaXKEHUS pery-
JINPOBANOCh C MNOMOLLbIO OLMBPOBLLNKA).

3HaunTenbHoe yBenudvenne SNR B
LL1C-TexHONOrMn NO3BONSIET AAXKe Mpu yBe-
nmyeHun 1 1 6a30BOM MPOCTPAHCTBEHHOM
paspeweHnn 200 MKM BbISBASTb MUKPO-
TPELLMHbI, KOTOpble Ha MEHKe (C ropasano
nyqwum SRb = 50 MKM) HaxoasaTCst Ha ypoB-
He wymos. lMpu yBennyernnn 3,5 (puc. 11,
npaBoe M306paxeHue, npeanonaraemoe
SRb = 70 MKM) MO}HO pasnnynTb ropasno

nnumMma npoBosioka W16, cnpaBa — W19
(50 MKm) npu pasmepe nukcensa 200 mkm!
370T 9pdEKT HadblBaETCS CyONUKCENbHbBIM
paspelieHnem. HegoctatouHoe SRb Kowm-
neHcupyetcsa BbICOKMM SNR

Kak yxe ynomuHanocb, MaKcvMasnbHO
OOCTUKMMOE 3HavyeHune SNRnOrm ona nne-
HOYHOW CMCTEMbl HaMBbICLIErO Kacca
OorpaHM4yeHO MaKcuMasbHbIM paboymMm aua-
Ma30HOM HEraToCKOMOB U OLMPPOBLLUKOB C
MaKCMMasbHbIM 3HAa4YE€HWEM MIOTHOCTM MO-
yepHeHusa D = 4,7. 310 TaKKe orpaHn4MBaET
MaKCMMa/nbHO BO3MOXKHYIO 403y 06/Y4EHUS.
Bonee Bbicokue 3HaveHns SNR_(6onblue
250) NoTpebyoT 60/bLIMX IKCMNO3ULMOHHBIX
[103. HO NNEHKM B MPUHLIMMNE HE YATaEMbI MPU
nnotHoctax D > 5. B cnyvyae KP-cuctem Ka-
4eCcTBO M306PAKEHNS OrPaHUYEHO NX CTPYK-
TYPHbIM WYMOM. MaKcumanbHoe 3HayeHue
SNRmrm ans coBpeMeHHbIx KP-cnuctem noka
He MOXKET 6bITb BbiLlle 300. 3TM orpaHU4eHns
SNRmrm Ons nneHo4YHbIX M KP-cuctem npeo-
ponesatotes ans UAC cneaytowmm 06pa3om:
nepen HacblleHmem LUC-n3o6parkeHne mo-
eT 6bITb cymTaHo, UAC obHyneHa n MoXeT
6bITb HAYaT HOBbIM LMK 3KCno3uuuun. Bee
N306parKeHus, MOSTyHEHHbIE B TAKMX LIMKIAX,
MOIyT YCPEAHATbCA B KOMMbIOTEPE C MO-
JlYYEHUEM OKOHYATENIbHOrO YCPEAHEHHOro
n3obparkeHus. Takum 06pa3oM, BPEMS IKC-
MO3WLIMN MOXKET YBENNYMBATLCS 6€3 KaKoro-
nmMbo npegena.

SNR = 6ydeT yBenu4MBaTbCA Kak KBa-
[lpaTHbI KOPEHb M3 4Yucna YCPEeAHEHHbIX
M300pParKEHUN W/WUNM  KaK KBaApaTHbIN
KOpeHb A03bl. Bpemsa aKkcnosuumu Takoro
LUMKIa MOXKET npofosKaTtbecs 6€3 Kakoro-
nnbo TexHn4ecKoro npeaena. SN Rnorm oynet
JINHEMHO PacTU KaK KBaApaTHbI KOpEeHb
[103bl (3KBMBANIEHTHO BPEMEHW 3IKCMO3U-
LMK UK KOJTMYECTBY YCPEHEHHbIX M306pa-
¥eHun). B [3] npoBeaeH aeTanbHbIN pacyeT
SNR NpW pasnnyHbIX YCIOBUSX NPOCBe-

norm



ynBaHua ana aetektopa DIC1O0TL Komna-
Hun Ajat. MNonyyeHbl 3HavyeHns SNR o
HECKOJIbKMX ThICSY.

OAHaKo TaKuMe BbICOKME  3HaAYeHUs
SNRWn 06bl4HO HE AOCTUralTCs B paguo-
rpaduyeckon  npaktuke.  CyuiectBytoT
NMPaKTUYECKMUE OrpPaHUYEHUS: OTKIOHEHUS
B YyBCTBWUTENIbHOCTU OTAENbHbIX MUKCEnemn
LUJAC orpaHMuMBalOT OOCTUKMMOE 3Haue-
HMe SNR Ha n3obparKeHnun. He MoXKeT 6bITb

norm

A. A. Maitopos. LINPPOBbIE TEXHOJIOIMN B PADJUALIMOHHOM KOHTPOJIE

CTpyKTypHoro wyma UAC. To cpaBHe-
HUIO CO «CTaHOapPTHOM KanubpOBKOW»,
npegycMaTpuBaloLen OJHOKPATHYO KOM-
NMeHcaluuio B yCNOBMSAX BblBOAa CWUrHana
N YCUNIEHUS U306PaXKEHUs, MOXHO MNpo-
M3BECTU MHOTOKPATHYIO KOPPEKTUPOBKY
YCUNEHUS, MPUBOASLLYIO K ropasgo 60Mb-
wemy yBenuyeHuto SNR ~3a c4eT KOM-
NeHcaluum pasnuymim Mexay otaesbHbIMU
nukcenamun. Takmum obpasom, ana UAC c

CTPYKTYPHOrO LiymMa AETEKTOPaA yXKe nocne
KanMbpoBKK, MAN B HEOAHOPOJHOCTU Ma-
Tepnana camoro o6beKkTa KoHTponsg. [lo
TOW e NMPUYMHE HacCTynaeT orpaHuyeHue
MWHUMabHOIO AETEKTUPYEMOrO 3HAYEHMUS
W3MEHEeHUs TONLLMHbI MaTeprana B NpoLLeH-
Tax OT TONLUMHbI 06bEKTA. ITa KOHTPACTHas
YyBCTBUTENBHOCTb OrpaHMYyeHa 3Ha4YeHNEM
0,1 %, 4To cooTBETCTBYET SNRnorm npumep-
HO 1000. YBenuyeHne BPEMEHU IKCMO3MU-

Puc. 10. M306paxeHns cBapHOro LBa TECTOBOro ob6pasLia (yBenmyerue 1): a — oundpoBaHHoe Ha cucteme Primescan 7100 cornacHo ctangapty EN ISO 14096 ¢ ny4wen
NAeHO4HOM cucTeMbl Knacca C1 B cootBeTcTBMM cO cTaHaapToM EN 584-1 (150 KB, 5 MA, dokycHoe pacctosiHie 1000 mm, Bpems akcnosuumn 330 c); 6 — nosly4eHHoe ¢
NOMOLLbIO NIocKonaHenbHoro getektopa XRD 1620 dupmebl Perkin ElImer (reomeTpus 1, 160 KB, 6,2 MA, dokycHoe pacctosiine 1000 MM, Bpems akcnoauumm 60 ¢

Puc.11. CpaBHeHHe KavecTBa M306paxeHus: a — Ha nneHke knacca C1; 6 — LLAC (6e3 yBenuyeHus, pasamep
nukcens 200 mkMm); B — LLAC ¢ NpoeKLMOHHbIM yBennyeHmem 3,5

[OCTUIHYTO  KaKoro-nMbo  fanbHenwero
ynyqwenus SNR_ . ecnu nyaccoHOBCKUM
LUYM PEHTFEHOBCKMX KBAHTOB YMEHbLIWAN B
pe3ynbTaTe MHOrOKPaTHOro yCpeaHEeHNs 10
YPOBHSI HUMKE Pa3HMWLIbl MEXKAY COCELHUMM
nukcensmu. SNR_ - orpaHM4eHo CTPYKTyp-
HbIM LYMOM JeTEKTOPa. 34ECh Ta XKe camas
npuynHa, 4to 1 B KP.

OpHako UJC nmeeT cywectBeHHoOe npe-
nmyuiectso nepeg KP, o KoTopom roBopu-
JloCcb B pasgene «KanumbpoBKa»: MUKCENM
LMPPOBON AETEKTOPHON CUCTEMbI PACMOSIO-
KEHbl B MaTpULIE, UX NONOXKEHNE GUKCUPO-
BaHO B NpPOLECCEe 3KCMO3ULIMK U CHUTbIBA-
HUA. [oaToMy HeBGONbLINE OTIUHYUA MeXay
NUKCenamMu (B YyBCTBUTENBHOCTU WU B
YCNOBMAX BbIBOJA CUrHana) NpuemMiemsl u
MOryT 6bITb TOYHO M3MepPEHbl. MOCKONbKY
3TU U3MEHEHUS CTabW/ibHbl BO BPEMEHM,
BO3MOXHa KOMMEHCaLMSA pasHULbl Mexay
pPas3IMYHbIMU MUKCENSMM C MOMOLLbIO COOT-
BETCTBYIOLErO MPOrpaMMHOro otecneye-
HUS B NpoLIECCE KaNMBPOBKM.

Takas KanubpoBka UAC aBnaetcs
K/OYOM K Y/YYLWEHUIO KOHTPACTHOW 4YyB-
CTBUTENIbHOCTU U BbICOKOMY OTHOLUEHMIO
CUrHan/Wym BCNEACTBME YMEHbLUEHUS

MOMOLLbIO XOPOLLUEN KaTMOPOBKKU MOMKHO
NpPeofioNeTb OrpPaHUYEeHUs Ha BENUYUHY
SNanm, CyLlecTBYylOLLIME 41K MNEHOYHON U
KP-texHonormm.

MpenmyLLecTBO KaMOGPOBKM COCTOUT He
TONbKO B yBennyeHun SNR, HO U B yMeHb-
LWEHMN BPEMEHU 3Kcnosunuuun. Tpebyemoe
KayecTBO M306parKeHUs onpenensietr He-
obxoanmoe BpeMsl HakonneHus. o cpas-
HEHUIO C OOHOKpPATHOW KannMbOpPOBKOM
ajanTMBHas MHOroKpaTHas Kanub6poBKa
No3BONIAET MONYYUTb M306PaAKEHNE C TEM
€ caMbiM OTHOLUEHWEM CUTHan/lWym 3a
ropasfgo MeHbllee BpPEMS HaKOMIEHUS.
ABTOpbl [3] wnccnegoBanvM  AOCTUMKMMbIE
3HaveHns SNR_— npu pasnnyHbIX BUAAX
KannbpoBKW Anga getektopa Hamamatsu,
C7942 (skcnosuums npu 120 KB, 7 MA,
dunbtp — 30 MM Al). NoKasaHo, 4To ecnu
3afdayva TpebyeT, 4To6bl SNR 66110 500, TO
3TOr0 MOXHO AOCTMYb 3a 250 ¢ npu ogHoO-
KpaTHOW KannbpoBKe 1 Bcero 3a 15 ¢ npwu
MHOIOKpPaTHOW.

[MoKa3aHO TaKXKe, YTO peanbHble 3Ha-
yeHus SNR (B OT/M4ME OT pacyeTHbIX)
orpaHuyeHbl. Bce KpuBble fOCTMralOT Ha-
ChlleHMs. TIpUYMHaA 3TOro UAK B HaNMYuUu

GBKPOMNYC ()

HayuHo-MNpon3BOACTBEHHbIN LIeHTp

1

Puc. 12. CpaBHeHMe KayecTBa M306paxkeHus no
NPOBONOYHOMY WMHAMKATOPY COrNacHoO CcTaHAapTy
EN 462-1 ana nnenku (a) n UAC-cuctembl (6) npu
ToNWMHE 8 MM (M306paXKEHUs MONTy4eHbI C NpUMe-
HeHveM bunbTpa AN nyywen Bu3yannaawmm).

umm ot 60 go 600 ¢ U3MeEHSET CUTyaLuio
O4YeHb He3HayuTenbHO. Takum 06pas3om,
LUMPPOBbIE AETEKTOPHbIE CUCTEMbI MO3BO-
naT npoBoautb HK ¢ ropasgo nydwen
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KOHTPACTHOM  YyBCTBWUTENbHOCTbIO, 4YeEM
NpoMnucaHo B cTaHgapTax no pagvorpadpuu.
3T0 NOATBEPKAAETCA U HALIMMKU IKCMEepu-
MEHTaMM C NJ0CKonaHeNbHbIM JETEKTOPOM
FlashScan 33 npou3BoacTBa KOMMaAHWUK
Thales. Puc. 13 noKkasbiBaeT 3aBUCMMOCTH
YyBCTBUTENBHOCTU KOHTPONSA, OnpeaeneH-
HOW C MOMOLLbIO CTYNEHYATOro aTasoHa Ha
obpasuax HepxKaBelllern cTann pasnuy-
HOW TOMLWMHbI.

YyBCTBUTENBHOCTb KOHTPONS, %
0,4+ 3 o

03} . 9

@ O
0,2»-—-0———"‘”’./—.

01%
TonuwmHa, Mm

O L L
2 4 6 8 10 12 14

Puc. 13. MNpeaen o6HapyKeHU U3MEHEHUS TONMLLM-
Hbl HepkaBelowen cTann (Mpu TonWwmMHax oT 2 Ao
15 MM) ¥ pasfiMiHbIX BpeMeHax HaKoMIeHs (eTek-
Top FlashScan 33 Thales; 150 KB, 5 MA, doKycHoe
paccTosiHne 800 mm): 1 — 60; 2 — 15;3 - 1,5¢

BbiBOAbI

[eTanbHO pacCMOTPEHbI HOBbIE LIMPPO-
Bbl€ TEXHONOMMK B paavaLMOHHOM KOHTPO-
fle — KOMMblOTEPHas paguorpadus ¢ mc-
Nnonb30BaHWEM MHOrOpPa30BbIX 3aNoMUHa-

HOHUTECT

H enpepbIBHOE

DBI/I)KeHI/Ie

K

COBepLIJeHHOVI

A. A. Maitopos. LINPPOBbIE TEXHOJIOIMN B PAOJVUALIMOHHOM KOHTPOJIE

IOWKUX NAacTUH 1M undpoBas paavorpadpums
Ha 6a3e NJI0CKOMNaHesbHbIX LMdPOBLIX Ae-
TEKTOPHbIX cucTeMm. MpoBeaeHo CpaBHEHKE
3TUX TEXHOJIOMMIN C TPAAMULIMOHHOW MNEHON-
HOM TexHonormnen. O6CyKAeHbl BaKHENLMe
napamMeTpbl, XapaKTepm3yoLliMe KavyecTBo
N MHPOPMATUBHOCTb W306ParKEHUA MNpU
MCNO/Ib30BAHUM PA3/IMYHbIX TEXHOOMMN.
[oka3aHo, 4TO C MOMOLLbI CUCTEM KOM-
NblOTEPHON pagnorpadun MOXKHO Nony4aTb
KayecTBO M306paKeHWsl, HECKONbKO fyy-
Liee Nno CpaBHEHWIO C MIEHOYHLIMU CUCTE-
MaMu, U NOATBEPMKAEHO, YTO 3Ta TEXHOMO-
rvsi B 60/bLUIMHCTBE NPaKTUYECKUX CllyYaeB
NMO3BOJIIET MOJIHOCTbIO 3aMEHUTb MJIEHKY.
[loka3aHoO, 4TO MPUMEHEHUE LUDPOBbIX
AETEKTOPHbIX CUCTEM (MIOCKOMAHENbHbIX
N JIMHEWHbIX OETEKTOPOB), MO3BONSET MO-
JlY4YUTb CYyLLECTBEHHO 60Niee BbICOKOE Ka-
4eCTBO M306PaAXKEHMS, YEM B MIEHOYHbIX U
KP cuctemax, 4To cTanio BOSMOMHbIM B pe-
3ynbTate onepauui KanambpoBKU AETEKTO-
poB. [loKa3aHo, 4YTO MCNoNb30BaHUE LNb-
POBbIX [OETEKTOPHbLIX CUCTEM MO3BONSET
CHU3WUTb Npeaen 06HaPYKEHUA USMEHEHUS
TonuwmHbl Matepunana ao 0,1 %. NokasaHo,
YTO BCNEACTBME BbICOKOIO OTHOLLEHWS CUT-
Han/Wwym, npucylero UnbpoBbIM AeTeK-
TopaMm, BO3MOXHa MHAMKaLMS AedEKTOB,
CYLLECTBEHHO MEHbLUUX MO pa3Mepy, 4Yem
NMUKCENb.

OTmeyYyas HoBble, MPOPbLIBHbIE BO3MOM-
HOCTU LMDPOBLIX AETEKTOPOB, HEOOXOANMO
YNOMSIHYTb M O HEKOTOPbIX OrpaHUYeHu-
AX, MPUCYLLMX 3TON TexHuke. OHa TpebyeT
0YEHb aKKypaTHOro o6palleHuns, KpUTUYHa
K YCNIOBMAIM OKpY»Katollen cpeabl, N03TOMy
MCMNONb3yeTcs Moka B MonynabopaTopHbIX
ycnoBmax (cneunannu3MpoBaHHble paauo-
rpaduyeckme KOMMMEKCbl, KOMMblOTEP-
Has Tomorpadus). Kpome Toro, Gyayuiee
uMdpoBoKn pagnorpadum B 3HAUYUTENLHOM
cTeneHn 6yaeT 3aBWMCETb OT TOro, Kak Ha
TEXHOJIOTMYECKOM YPOBHE 6yayT pellaTtbes
npPo6GAemMbl C «MIOXUMW» MUKCENAMU U Ha-
JIEXXHOCTbIO 3TOM TEXHWUKM B LIENOM.
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MpeumywecTsa ncnonb30BaHUA annapaTHO-NPOrpamMMHOro
Komnnekca Ha 6ase ckaHepa HD CR 35 NDT
no cpaBHeHUIo ¢ paauorpadu4ecKumMm naeHKamm

= B 2,5 pa3a akoHoMu4YHee (No pacxoaHbIM MaTepuanam)

= B 4-5 pa3 6bicTpee (3a cHeT cokpaLleHVs BDEMEHN 3KCMO3ULUK)

= BbICOKOE pa3peLLeHne nony4aemMbix N306paxeHui no3sonseT
yBUAETb AetheKTbl, He pasnMyMble Ha nneHke (3a cHet
BO3MOXHOCTM YBENMYEHNS N306PaXeHs C UCTONb30BaHNEM

O «BupeoPen»)
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