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Texnomoruu HK

O npumeHmoCTM KOMMNbOTEPHOU paguorpadumn

B pPa KeTHO-KOCMMNYEeCKOoU oTpacniu

KpurteprieM IpMMeHNMOCTY CUCTEM KOMITbBIOTEPHOU pafuorpaduy ojis KOHTPOS U3IeTuii
B PaKeTHO-KOCMUYeCKO 0TPaciiy SBJIsSeTCs CpaBHeHUe BbISIB/ISIeMOCTY Ae(deKTOB U [JOCTHU-
raemMasl YyBCTBUTEJIbHOCTh IIPU KOHTPOJIE HA PEHTTEHOBCKYW IUIEHKY U 3allOMUHaKIIVe
mractudbl. Ha PK3 umM. M.B. XpyHuueBa 6bI11 TIOAT0TOBJIEHBI TECTOBBIE 06pasiibl, KOTOPhIE
KOHTPOJIMPOBAJIMCH C UCII0/Ib30BaHMEM MeJIKO3epPHUCTHIX PEHTTeHOBCKUX IJIEHOK U 3aIlo-
MVHAWIIUX JIAaCTUH BBICOKOr0 paspelleHus. B cTaTbe npeAcTaBieHbl IPUMepHI [10JTy YeH-
HBIX CHUMKOB, IIpMBeJIeHbl pe3y/IbTaThl UCCIIeJOBAaHUM U CIieflaHbl BEIBOABI O IIPUMEHVMO-
CTM MeTofa KOMIIbIOTEPHOM paguorpaduu Ay Hy XX paKeTHO-KOCMUYeCcKoW 0TPaciu.

K. A.Bagaev!, S. A. Adaspaeva?, S. F. Romashin?
Application of Computed Radiography in Missile

and Aerospace Industry

Introduction. This article is dedicated to compare computed radiography (CR) X-Ray
testing method with conventional testing, which uses X-Ray films, in aerospace sector.
This problem is very urgent, because digital inspection methods are widely used in
different industries. The purpose of the article was to describe experiments made at
Khrunichev State Research and Production Space Center (Moscow].

Method. We have compared inspection results obtained from the CR system (Duerr HD
CR-35 NDT Plus with X-Vizor software) and a conventional film system (P5). Some X-rays
of parts made of aluminum and steel are presented in the article.

Results. Studies have shown that the sensitivity achieved with the high-resolution
imaging plate (Duerr HD-IP Plus] was not worse than the sensitivity obtained with
P5 X-Ray film. The exposure time was the same and X-ray tube voltage in case of CR
system was 20% less. Sensitivity achieved with standard resolution imaging plates
(Duerr IP) was also not worse than the results obtained with P5 X-Ray films, but the
exposure time in that case was 3-4 times less. X-ray tube voltage in case of CR system
was again 20% less. All the flaws existing on the film images are clearly visible on the
digital images obtained with the high resolution CR system.

Conclusion. It can be concluded that application of CR systems in aerospace industry is
permissible and economically justified.

Keywords: computed radiography, high-resolution imaging plates, Duerr, X-ray films, missile
and space equipment

BBeaeHue

MoBbIlIEHNE HAAEKHOCTU U AO/TOBEY-
HOCTM 060pyAOBaHUS, ynyylleHWe Kaue-
CTBa [MPOMbIWAEHHON MPOAYKLUMK BO3-
MOXHO NpPW YCNOBUU COBEPLLIEHCTBOBAHUSA
NPOM3BOACTBA W BHEAPEHUS HOBEWLIMX
CUCTEM KOHTPONS KayecTBa, OTBEYaloLmX
TpeboBaHuam XXI Beka. B gencraylowem
NPOW3BO/ACTBE YCTAHOBJ/IEHbI OMNPEAENEH-
Hble TPebOBaHMA K KayecTBY MPOAYKLMM.
MacwTabbl Npon3BoACTBa AO/MKHbI MO3-
BOMSATb NPOBOAUTb KOHTPO/b Ha KaAoM
3Tane v ocywecTBNATb OTOPaKOBKY AeTa-
neu ¢ pedpeKktamu.

o mepe pa3BuUTUS OTpacnu pacTyT Tpe-
60BaHUS K KayecCTBY BbIyCKaeMow Mpo-
OyKuMn. OCHOBHbIM KPUTEPUEM OLEHKHM
Ka4yecTBa AeTasnen aBnsaTca GU3n4ecKue,
reoMeTpuyecKme, TEXHONOrMYEeCKUe Mnpu-
3HaKW KayecTBa, Takue KaK OTCyTCTBME

HeaonycTuMbIX AedeKToB, COOTBETCTBUE
GU3NKO-MEXaHNYECKMM CBOMCTBAM, COOT-
BETCTBME YMCTOTbl 06PabOTKM NMOBEPXHO-
CTU TpebyeMblM HOpMaTUBaM M T.1.

B HacTosiuiee BpeMsi HU OAUH TEXHONO-
rMYECKUM npoLecc He BHeApsieTcs B Npo-
M3BOACTBO 6€3 npumMeHeHus cnctembl HK
KayecTBa. [pmeHeHne HepaspyLaoumx
MeToAoB KoHTpons (HMK) He TpebyeTt ma-
TepuanbHbIX 3aTtpaTt, HanpaB/eHHbIX Ha
Bblpe3Ky 006pa3sLoB, paspylweHue peta-
nen, 60NblUMX NOTEPb BPEMEHMU.

B 3aBucuMMOCTM OT mpuHUMNa paboTbl
Bce HMK penqatcs Ha HeCKonbKO BWAOOB:
aKyCTUYECKWUW, MarHuTHbIA, NPOHMKato-
MMM BeLLeCTBaMM, paMaLMOHHbINA, BUX-
pPEeToKoBbIM U T.A4. B ycnoBuax npombiw-
JNIEHHOro0 MNPOM3BOACTBA PEHTITEHOBCKUM
mMeTo HK cBapHbIX COEAUHEHUI NONyYu
Haubonblee pacnpocTpaHeHue. 1o cux
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nop B Poccun OCHOBHLIM AETEKTOPOM
PEHTFEHOBCKOrO M raMma M3/y4eHus §B-
NFETCS PEHTTEHOBCKAs NIEHKA.

OpaHako 3a nocnefgHue aecstb NeT npo-
M30WEN CyLWEeCTBEHHbIM NPOrpecc B CO3-
[aHUU UMDPOBbLIX AETEKTOPOB U3NYHEHUS:
CUCTEM KOMNbloTEPHOM paanorpadum (KP)
[1], nnocKonaHenbHbIX U TMHEWHbIX AETEK-
TOPOB.

B Poccuun cuctembl KP Hawnu npume-
HeHue Ha npeanpuatuax MAO «fasnpomy,
OAO «TpaHcHedTb», B aTOMHOM, aBUaLK-
OHHOW OTpacnsx, UX aKTMBHO NMPUMEHSIOT
ONS KOHTPONS Ka4yecTBa 3/IEKTPOHUKM,
rneyaTtHblX naat. 3T0 CTaso BO3MOXHbIM
B CBSI3W C HEMNPEPbIBHbIM YCOBEPLLUEH-
CTBOB@HMEM TEXHOMOIMW KOMMbIOTEPHOM
pagunorpaduu. Hanpumep, B 2006 r. nyy-
wasa cuctema KP nossonsna nonyyiutb
6a30B0€ NPOCTPaHCTBEHHOE pa3pelleHne
(BMP) 60 MKM, 4TO CyLWECTBEHHO ycTyna-
10 MenKo3epHucton nnénke. B 2010 r.
TEXHWKa Bblllia Ha HOBbIM ypoBeHb, BINP
CUCTEM BeayLIMX NPOM3BOAMTENEN CTano
paBHbIM 40 MKM. 3TO NO3BOJINIO MCMNOSb-
30BaTtb cuctembl KP B aToOMHOM oTpacnu,
aBMaUMKU M ANS KOHTPONS MeYaTHbIX naar.
B 2015 r. nosieunack cuctema KP ¢ pas-
pelieHnem 30 MKM.

B HacTosLEee BpeMs B PaKETHO-KOCMU-
YEeCKOW OTPAC/U CIIOXKUINCh TEXHUKO-3KO-
HOMMWYECKME YCNOBMS, NO3BOASOWNE HA
[IeNCTBYIOWEM MNPOU3BOACTBE BHEAPSTb
COBPEMEHHbIE CpeAcTBa paanorpadpuye-
CKOrO KOHTPONSl, OCHOBaHHble Ha LWd-
POBbIX TEXHONIOTMAX M COOTBETCTBYIOLLEM
nporpamMmMHomM obecneyenuu (M0).

UcnbiTaHuna
Mcxogs w3 npeablayulero  nochbl-
Nla, Ha pPaKeTHO-KOCMMYECKOM 3aBoje

(PK3) ®I'yYn «"KHML um. M. B. XpyHu4eBa»
(r. MockBa) B 1-M KBaptane 2016 r. npo-
BOMANCb UCMbITAHMSA  annapaTHO-Npo-
rpaMmmHoro Kommnnekca (AMNK) ona Kom-
NblOTEPHOM paauvorpaduMmM Ha OCHOBE
ckaHepoB Duerr HD-CR 35 NDT Plus
C 3anoMuHawowmmm nnactuHamu Duerr [P
1 Duerr HD—IP Plus 1 nporpaMmMHbImM 06e-
cneyeHnem X-Vizor Ha 6a3e pPEeHTreHoB-
CKOM nabopartopuun C y4yacTueMm npepgcra-
Butenen 000 «Hbtokom-HAT». CKaHepsbl
W 3anoMMHaloLLME NNaCTUHbI NPOU3BOAAT-
cs B [epmaHuu, N0 — oTeyecTBEHHOE.

B paKeTHO-KOCMMYECKOM OTpacnu npwu
peHTreHorpad®uyecKoM KOHTpoOse npedb-
ABNSIOTCA  BbicOYauliMe  TpeboBaHUS
K NPOCTPaHCTBEHHOMY pa3peLleHuto, nc-
NONb3YIOTCA  MENIKO3EPHUCTbIE  MIEHKW.
MMeHHO noaTomy 6biN0 peweHo npose-
cTM TecTupoBaHue cuctembl KP Duerr,
TaK KaK 3TO €JMHCTBEHHAs Ha AaHHbIN
MOMEHT cucTema, obecrnedmBatoLLas npo-
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HayuHo-Mpou3BoACTBEHHBI LieHTp NDT-materials

CTpaHcTBEeHHOoe paspelueHne 30 MKM. 310
NOATBEPKAEHO CEPTUDUKATOM HE3ABUCH-
MO0 MHCTUTYTa MaTepuanosegeHuas BAM
(fepmanua) [2]. daHHoe o6opynoBaHue
TaKKe COOTBETCTBYET MNepBOMY KJaccy
yyBcTBUTENbHOCTM NO [OCT 7512-82
[3], uto noaTBepxaeHo PIYM «UHUU KM
«TPOMETEM»,

Llenbio ucnbiTaHWM ABASSIOCL onpeae-
nexHue Bo3moxHocten AlNK ans nponssoa-
CTBEHHbIX HYXA PK3, a TakKe BbiiBieHME
COOTBETCTBUS pe3yNnbTaToB paguorpadpu-
4YEeCKOro KOHTPOAS C WCMNoAb30BaHWEM
KOMMNeKca TPebOoBaHMSM HOPMAaTUBHbIX
[IOKYMEHTOB, AENCTBYIOLLMX Ha Npeanpus-
TMmn: FTOCT 7512-82, OCT 92-1611-2014,
15E6-TY12, OCT 92-1114-80.

B KayecTBe WCTOYHMKA PEHTrEeHOB-
CKOr0 W3Ny4eHUs MCnosib3oBasca Cra-
LIMOHApHbIA  PEHTITEHOBCKMM  annapar
Butasb-160. [leTeKTOpamm U3ny4yeHus aB-
NSNMCb MHOropas3oBble 3anoMuHalolme
nnactuHbl Duerr IP — 10x24 (cTaHgapT-
Horo pa3spelueHns) u Duerr HD—IP Plus —
10x24 (BbICOKOro pa3peLieHus).

[na onpeneneHns ypoBHS YyBCTBUTENb-
HOCTM paguorpaduUyecKknx CHUMKOB MpU-
MEHSIIMCb MPOBOJIOYHbIE U KaHaBOYHblE
3TanoHbl cornacHo NOCT 7512-82, a Tak-
e 06pa3Libl CBapHbIX LLIBOB Ha NaacTUHax
N TpybKax u3 AMr6 n 12X18H10T cooT-
BETCTBEHHO. bbinv BbiGpaHbl TUMNOBLIE
mMaTepuanbl, UCNOb3yeMble Ha MPOM3BOA-
ctBe. Kaxabii M3 o6pa3suoB 6bi1 npea-
BapUTENbHO TMPOKOHTPOSIMPOBAH C WC-
NONb30BaHWEM PEHTIEHOBCKOM MNEHKM,
CHUMKKM 6bITn pacwmndpoBaHbl. Ha npo-
n3poactee PK3 ncnonb3yetcs nnéHka P5,
aHanor Agfa D5 NDT.

Pe3ynbtaThbl

[JaHHble, nonyyeHHble ¢ nomolbto AMK,
CpaBHMBaNMUCb C pe3ynbTaTaMu paauo-
rpadmMyecKoro KOHTPONS C MCMNofb30Ba-
HMEM PEHTIEHOBCKOW MJIEHKWU, KOTOPbLIN
NPOBOAKIICA MNEPCOHANOM PEHTTEHOBCKOM
na6bopatopun PK3 B cooTBeTcTBMM C 3a-
BOACKOW TEXHOJIOTMYECKON WHCTPYKLMEN.
Pa6ota ¢ AlNK npoBoavMnacb COTpyAHWKa-
Mun 000 «Hbtokom-HAT».

[anee np1BeeHbl HEKOTOPbIE U3 CHUM-
KOB, MOJIy4EHHbIX C UCMOJIb3OBAHUEM CU-
CTEMbI KOMMbIOTEPHOM paguorpadun. Ha
puc. 1, 2 npeactaBieHbl pe3ynbTaTbl KOH-
TPOJIS CTa/ibHOro 06pasua TONLWMHON 5 MM
N BaJIMKOM YCWUNEHWUS 2MM Ha MAacTUHbI
060MX TMMOB.

Bpems aKcno3uummn ans nnacTmH BbiCO-
KOro pa3pelleHunst 6bla10 B3ATO TaKUM XKe,
Kak onsg nnéHku P5, ana nnacTtuH CTaH-
[apTHOro paspeLleHns oHo 6bino B 4 pasa
MeHbLie. Mpn 3TOM HanpsiKEHWE Ha PEHT-
reHOBCKOM TpybKe O6blN0 YyCTaHOBNEHO

A7ACK-PEHTrEH

Ha 20 KB meHblie, 4eM cTaHaapTHOE Ha-
NpsiKeHWe no HopmaTMBaM AN AaHHOM
[leTanu Nnpu KOHTPOJIe Ha PEHTTEHOBCKYIO
NNEHKY.

CornacHo TOCT 7512-82 4yBCTBM-
TENbHOCTb KOHTPONSA A/19 AAaHHOW TONLLM-
Hbl HE OO/KHa npeBbiwaTte 0,2Mm and
COOTBETCTBUS NepBoMy Knaccy. Kak Bua-
HO M3 PWUCYHKOB, B 060OMX Cllydasix pas-
NnymMmbl 5 NpoBosioYeK 12-ro atanoHa no
[OCT 7512-82. JocTturHyta abcontotTHas
yyBCcTBUTENbHOCTL 0,160 MM. Cuctema
MMEET 3anac no 4YyBCTBUTENIbHOCTH B OAHY
NPOBOJIOYKY.

Ha CHMMKe YETKO BMAEH MCKYCCTBEH-
Hbin aedeKT B BuAe BObOPaAMOBOro
BK/OYEHUS. HYBCTBMUTENbHOCTb KOHTPONS,
BbIIBIIEMOCTb Ae(dEKTOB, PE3KOCTb rpa-
HUL, NPU KOHTPO/E CTalbHbiXx 06pa3L0oB
¢ nomoubto cuctembl KP Duerr okasanacb
He XyXe, YeM C UCMNOIb30BaHMEM MNEHKM
P5. Mpu 3TOM MMen MecCTO CyueCTBEH-
Hbl BbIMIPbIW BO BPEMEHW 3KCMO3ULIMM
M/WUNW pecypce PEHTFEHOBCKOro anna-
paTa. (Hanpsi>xeHne npu KOHTpone C uc-
Nnonb30BaHWEM 3aNOMMUHAIOWMUX NAACTUH
06bI4HO Ha 10-20% HUKe, YEM NPU KOH-
TPOJE C UCMOJIb30BAHUEM MNEHKMK).

Hy)>XHO 06paTuTb BHUMaAHWE Ha 3Haye-
HWe oTHoweHusa curHan/wym (OCLU). 3to
OAMH W3 K/OYEBbLIX MapaMeTpoB, onpe-
[ensiolWmnx KayecTBo LIMGPOBOro CHUMKa.
Yem Bbllle 3TO OTHOLWIEHWE, TeM YETYe
BW[HbI A€TaNU, BbILLIE KOHTPACT.

MpK KOHTPONE Ha MAEHKY KpuUTEepUeEM
KayecTBa CHMMKa IBNSeTC BENYUHA On-
TUYECKOM NIOTHOCTH, B CTaHJapTax yKasbl-
BaeTca €€ MMHUMasbHOe 3Ha4veHue. [pu
3TOM nogpasymMeBaeTcsl, YTO co604atoT-
CSl YCNOBUSI XPAHEHUS M NPOSBKU MNEHKK
(KOHLEHTPaLMa XMMKMKaTOB, TemnepaTtypa,
BpPEMS MPOSIBKU U T. 4.).

AHanorom ONTUYECKOW MNOTHOCTU §IB-
NSeTcs 3HavyeHue UuMOdpPOBOro curHana.
M OHO MOXET BbICTyNaTb KPUTEPUEM Ka-
yecTBa CHMMKa A1 KOHKPETHOro uudpo-
BOro AETEKTOPA U3NYHEHMS MPU 3aaHHbIX
napameTpax paboTbl npubopa. Hanpumep,
ona ckaHepa KP atumn napametpamu mMo-
ryT 6bITb ycuneHune ®3Y, pasmep nukcens,
MOLLHOCTb na3epa, CKOPOCTb BpalLeHMs
npu3mbl. a9 NA0OCKO-NaHeNbHOro AeTeK-
Topa napameTpbl MHble, Tam BeNUYMHA
CWUrHana 3aBUCKUT OT YCUJIEHUSI AETEKTOPA,
BPEMEHW HaKOMNMeHUs Kafapa U T.4. B cBa-
31 ¢ MHOroo6pasvem npuMbopoB U napa-
METPOB, KOTOPbIE OMNPEAENSIOT BENYNHY
CUrHana, ctaHaapTbl No uMdpoBon paguno-
rpadumn He BBOAST BEIMUYMHY CUTHANA KaK
OTAENbHbIN KPUTEPUIM Ka4yecTBa CHUMKaA.

BMecTo Hero Kak pa3 ncnosnb3yeTtcs oT-
HoWweHWe curHan/wym. 31a BenYnHa SB-
NSIeTCs KpUTEpPMEM KadecTBa 6Ge30THOCH-
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Cranucris no oBASCT KOHTYPS

Placunm, s

0.8

Uacmra

anEar

BN MTH 150 1005

Brmodenne

4

Puc. 1. Ctanb 5MM, CHUMOK Ha NiacTUHY BbICOKOro pa3peLleHust

EN 14784

Mouae, w2
18.7
| 41509

150 14056

BrmoueHne

3

Puc. 2. Ctanb 5MM, CHUMOK Ha NNacTUHy CTaH4apPTHOro pa3peLleHns

TeNbHO TMNa LMdPOBOro ycTpomucTea U na-
pameTpoB ero pabotbl. CoBpemeHHoe 10
ons unmdpoBon paauorpadumn Bcerga co-
OEPXUT UHCTPYMEHT Ans BbluncneHus OCLL.

Cranpapt EN 14784 [4] BBOAMT 6 KNac-
coB cuctem KP B 3aBucmumoctu ot OCLL.
Ons  [QOCTMXKEHMs HauBbICLWIEro Knacca
Heob6xoAMMO, 4YTOObl OTHOLUEHWE CUr-
Han/wym 66110 He MeHee 130 eanHuL.

Ansa 060Mx NPMBEAEHHbIX CHUMKOB OT-
HoleHWe curHan/wym 6onbwe 130 ean-
HULU. 3Ta BeNnYyMHa aBTOMAaTUYECKM Bbl-
yucngnacb MO X-Vizor no npsiMoyrofib-
HOM o06nacTM cornacHo MeToAuMKe U3
EN 14784,

[MpK KOHTpoNe Ha NnacTWHbl CTaHaapT-
HOro paspelleHna pa3mMmep NUKcens cKa-

NDT World, 2016, v. 19, no. 2

HUpPOBaHMA BbibMpancsa paBHbiM 50 MKM,
NPY KOHTPOSIE Ha MNNIAaCTUHbI BbICOKOIO
paspelueHns — 25MKM. B cBA3KU € 3TUM
YETKOCTb CHWMKa, PE3KOCTb rpaHuL, Npu
KOHTPOJIE Ha NNaCTUHbI BLICOKOro paspe-
LWEeHMS ny4ule.

PacwmndposKa paauorpaduyeckmx
M306parKeHnn npoBoannacb ¢ MOMOLLbIO
nporpaMmMHoro obecnedenus X-Vizor. Mpwn
pacwndpoBKE CHWUMKOB MNPUMEHSIUCH
uMdppoBble GUNBLTPLI, NOACTPOMNKA FUCTO-
rpamMmbl, U3MEPUTENbHANA Nyna W apyrue
BO3MOXHOCTH, KOTOpble MNpeaocTaBnseT
uMdppoBass o0b6paboTKa M306pPaKEHUN.
Ha puc. 3 nokasaH peaynbraT KOHTPONS
obpasua 13 Al TonwuHoOM S5MM ¢ Banu-
KoM ycunenusa 1,5mm. Ucnonb3oBanucb

NAacTUHbI BbICOKOro paspelleHust. bbino
YCTAHOB/IEHO MMWHUMaNbHO BO3MOMXHOE
Hanps»eHune ang «Butasb-160» — 50 KB,
BPEMS 3KCMO3ULUMU — 2 MUH, TOK 2 MA.

KaKk BMAHO M3 puc. 3, AOCTUTHYTa YyB-
ctBuTeNnbHOCTb 0,1 MM MO KaHaBOYHOMY
n 0,125MM no NPOBOSIOYHOMY 3TasIOHY.
Takum 06pa3omM, BHOBb C 3anacom peasnu-
3yloTCst TPe6OBaHUS MEPBOro Knacca 4YyB-
ctBuTenbHocTh no NMOCT 7512-82. Takke
Ha CHUMKE YETKO BMUHbI BCe AeDEKThI.

KomnbloTepHas paauorpadus no3Bo-
NFeT NPUMEHSTb LMDPOoBYIO GUNbTpaLmIo
n3o6parkeHnn. llocne KOPPEKTHOro npwu-
MEHEHUS LIMbPOBOro GunbTpa MOXKHO YET-
ye yBMAETb Menbyanlume agetanu nsobpa-
¥eHus. Ha puc 4 noKasaH TOT e CHUMOK
nocne npuMeHeHus uudpoBoro dbunbTpa
«J/InTbé». 34ecb HaMHOro 4€t4ye BWUAHA
TPETbSA NPOBONOYKA 3TaloHa U 4YaCTUYHO
BMAHa 4yeTBEpTas. Llndposon dunbTp nos-
BOJIUN YNYHLUUTb Ka4€CTBO CHUMKa.

Ha cneayouwiem pucyHKe MoKasaHo
npuMeHeHne LMOPOBOro MHCTPYMEHTa
«A3meputenbHaa nyna» AN U3MeEpPEHUs
pa3mepa gedekToB. C ero NoMoLLbio MOX-
HO YBENIMYWUTb MWHTEpecylllylo 061acTb
CHMMKa M U3MepuTb pa3mep aedeKra.
ECTb BO3MOXHOCTb MEHSTb KPaTHOCTb
YBENWYEHUS U LIEHY AeNIeHUS Ansl u3mepe-
HUS pa3mMepoB AedEeKTOoB.

Mcnonb3oBaHMe UMPPOBON TEXHUKM
NO3BOMMNO 3aMETUTb HEGONbLLON AedEKT
cneBa ot nopbl. [Mpn KOHTPONEe Ha MAEHKY
OH 6bl1 NPAKTUYECKU HEPA3TUYNM.

Kak BMAOHO M3 MNpuMBEAEHHbLIX MpUMe-
poB, MpU UCNOSIb30BaHWN LIMPPOBLIX Me-
TOIOB PaAMaLIMOHHOIO KOHTPOS 3Hauu-
TENbHYIO POSib UrPaeT NporpaMmHoe obe-
cneyeHune. TaKkKe O4YEeHb BaXKHO TO, KaK
peannayeTcs 0TOGpParKeHUe MoNy4eHHOro
UMDPOBOr0 CHMUMKA Ha MOHUTOPE KOM-
nbtotepa. O6bIYHO LMGDPOBbLIE CUCTEMBI
BblAAlOT HAa KOMMbIOTEP CHUMOK B popma-
Te 2 6anTta MHPOPMALMKM Ha MUKCENb —
OoT 12 ao 16 6MT Ha TO4Ky. [MOHATHO, 4YTO
4yeM Bbllle Pa3psaaHOCTb OUMPPOBKU, TEM
605blle MHbOPMALMM COAEPHKMUT CHUMOK.
(Cnuctema KP Duerr Bbiga€T CHUMOK B $op-
MaTe 16 6UT Ha TOYKY.)

Mpn 3TOM 6GONBLWKNHCTBO MOHUTOPOB
oTo6paxkatoT nuwb 256 rpagaunin cepo-
ro, 70 ecTb TO/IbKO 8 6MT MHPOPMALUMK.
Mcnonb3oBaHne  10-OGUTHbIX  MOHMTO-
pPOB MO3BOASET YYYlWNTb OTOGpaMKeHue
CHMMKa Ha 3KpaHe W OJHOBPEMEHHO OTO-
6pas3unTb AeTann, KOTopble CAMBAOTCS Ha
8-6MTHOM MOHUTOpE. 10-6UTHbIE MOHMU-
TOPbl HECYLIECTBEHHO AOPOXE OOGbIYHbIX,
8-61THbIX. [lpobnema B TOM, 4YTO 6O/b-
LUIMHCTBO MPOrpaMM Ans KOMMbOTEPHOM
pagunorpadum B nto6oM cnydae otobpa-
aloT CHUMOK B dopmate 8 3Hauvallmx
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B PAKeTHO-KOCMMYECKOM 0Tpaciu

PAAVALMVOHHBIA KOHTPO/b

OUWT Ha TOouKYy. Mo Hawen nHdopmaumu, No
X-Vizor — eanHcTBeHHoe B Poccuu, KoTo-
poe peanuayeT BbiBO LIMPPOBOro CHUMKa
B pexume 10 61T Ha NMUKCENb.

K coxaneHuto, HamMm NPUXoaAnNOCh cTan-
KnBaTbCs C 3aABMEHUSIMU O TOM, YTO Lnd-
POBOWM CHUMOK COAEPHKUT 32 61UTa MHPOP-
MauuK Ha To4Ky. ITO He Tak. B gaHHOM
cnyyae MMEeT MeCTO MOoAMEHa MOHSATUM.
[eno B TOM, 4TO NpU CTaHJapTHOM BbiBOAE
CHMMKa Ha MOHWTOP KOMMblOTEpa TOYKa
3KpaHa KoaupyeTcs 4eTblpbMsa GanTamu
(310 KaK pa3 32 6uta). OauH 13 3Tnx 6amn-
TOB onpeaensieT npo3payHocTb (He He-
CET HWKaKOW WHbOpMaLMK, CBA3AHHOWM
C KOHTpoONeMm), TPWU OCTalbHbIX OTBEYaloT
3a UBEeT TO4YKKU. ITO TaK Ha3biBaemble RGB
6anTtbl — Red, Green, Blue. C nomouibio
X KOMOMHALIMW MOXHO pPeann3oBaTth Jilo-
60# LBeT. TaK KaK PEHTTrEHOBCKME CHUMKM
cepble, TO AN KOAMPOBaHMA MNOA0GHOM
uBetonepenayM TpU UBETOBLIX 6GaKlTa
BCEerja coaepaTt OHO U TO e 3HaYeHune
R=G=B.MNpn R =G =B = 0 nonyyaet-
CSl YEPHbIN CHUMOK, Npu R = G = B = 255
6enbi. OcTanbHble 3HAYEHUA — 3TO OT-
TEHKMU Ceporo OT YEPHOro K 6en1omy. Takum
06pa3oM, 32-O6UTHbIN MUKCENb COAEPHKUT
TonbKO 256 rpagauunn ceporo. 3t1o 8 6uUT
MHPopmaLmu, a He 32.

BbiBOAbI

1. Hawwn ncenegoBaHnsa Nokalanu, YTo
KOMMbloTEPHaa paguorpadus He ycTy-
naeT Mo KayecTBY CTaHAApPTHOMY meToay
panaLMOHHOro KOHTPOAS — C UCMONb30-
BaHWeM MNEHKU. CyMTaem npaBuIibHbIM
[lanbHeviee M3y4YeHMe M Mnocneayollee
BHeJpeHWe AaHHOro MeToda Ha nNpeanpwm-
ATUSX PAKETHO-KOCMMUYECKON OTPac/u.

2. OueHKka npou3BOAUTENBHOCTU MC-
nbiTyemoro o60pyaoBaHna Nokasana, YTto
MCNofb30BaHWe 3anoMUHatoWMUX NAACTUH
TpebyeT cyuwiectBeHHO (Ha 20%) MeHb-
LIEeN IHEPrUN U3NYYEHUS (HanpsrKEHUS Ha
pPEeHTreHOBCKOW Tpy6Ke). Npun aToM Bpems
3KCMO3MLIMK C MPUMEHEHWEM 3anoMUHa-
OWMX MNACTUH BbICOKOrO paspelleHns
CPaBHMMO CO BPEMEHEM 3KCMO3ULUKN Ha
nnéxHky P5, a npu KOHTpoOne Ha NAacTUHbI
CTaHJapTHOro pa3peLleHnss BpeMs 3KCMo-
31LMM yMeHbluaeTesa B 2—4 pasa.

3. Cuctema KOMMbIOTEPHOW paguo-
rpadmmn Duerr no3Bonuna BbiIBUTb BCE
nedexkTbl Ha KOHTPONbHbIX 06pa3suax.
Mpu 3TOM 4YyBCTBUTENbHOCTb KOHTPONS
COOTBETCTBOBaNa MNEepBOMY Kjaccy Mo
[OCT 7512-82.

4. HecOMHEHHbIM [JOCTOMHCTBOM Me-
ToAa KOMMbIOTEPHOM paauorpadun ¢B-
NFETCs NPaKTUYECKM MIHOBEHHOE npe-
06pa30oBaHMe CKPbITOro paavaLMOHHOro
n3obparxeHus B uUudpoBoe. bnarogaps

A

“HEMIE

G@KPONYC

Hay4Ho-Tpou3BOACTBeHHbIN LieHTp NDT-materials

Puc. 3. Al 5 MM, CHUMOK
Ha MIacTUHY BbICOKOrO
paspelleHust

Puc. 4. Al 5 MM, CHUMOK
Ha NNacTUHY BbICOKOIO
paspellerus. Bug nocne
npvMeHeHus LuMbpoBoro
dunbtpa JINTHE»

Puc. 5. UHCTpymMeEHT
nporpammel X-Vizor
«A3meputenbHasa nyna»

3TOMY B HECKOJIbKO pa3 yBenYuMBaeTCs
NPOM3BOAMTENBHOCTL TPyAa onepatopa-
nedekrtockonucta. Npon3BoanTENbHOCTb
mcnbiTaHHoro AlMNK no cpaBHeHMIO ¢ Tpa-
OWLMOHHBIM CMOCOGOM  YBENUYMBAETCSH
MWHUMYM B 2—4 pa3a.

5. Ewé ogHMM npenmylecTBoM Kom-
NbIOTEPHON paauorpadum nepen peHtre-
HOBCKOM MNIEHKON aABNsSieTca 6onee Wupo-
KWW JMHAMUY€ECKUI AMana3oH. 3To NO3BO-
NSIET 33 OJHY 9KCMO3MLMIO MPOCBEYMBATb
CYLLLECTBEHHO PA3HOTOJILLIMHHbIE OGBLEKTbI.
Take lWKpoTa AMHAMUYECKOro aAManaso-
Ha NO3BONSET «BbITAHYTb» Clabbli CUrHan,

A7ACK-PEHTrEH

60 HAaoBOPOT «yUTU OT NepecBeTar, ecu
Ha nnacTuHy Oblna HabpaHa MW3AULWHASRA
[103a u3nyyeHusi. B cnyvae «nepecseTta»
NnnacTMHa CKaHUPYeTCs B PEXMUME C MEHb-
WwnM ycunenmem ®3Y 1 nonyvaercs Hop-
MasnbHblA CHUMOK.

6. MaBHOM npo6naemon, NpensaTcTBy-
OWEN LIMPOKOMY MPUMEHEHUIO KOMIMbIO-
TepHon paguorpadumn B Poccun, aenaetcs
OTCYTCTBME OTEYECTBEHHOW HOPMAaTUBHOM
6a3bl. Hawn FOCT n OCT yctapenu. Ux
HEO0O6X0AMMO OOHOBAATb W paclMPSTh,
BK/OYATb B HUX COBPEMEHHbIE TEXHOJO-
rMn, pPasBMBLUMECS B MOCNEAHME [OAbl.

B mupe HK. 2016. T. 19. N2 2
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Texuomnmoruu HK

Pa3ymMHO 3a OCHOBY NpUHATb MeXAayHa-
POAHbIM OMbIT, TaK KaK 3a py6exom CTaH-
napTbl N0 undpoBon paguorpadpuun npu-
HSATbI M YCNELWHO NPUMEHSOTCA yKe 6onee
10 net. ONTUManNbHbIM NO BPEMEHU U TPY-
fo3atpaTam cnocob — 3To NepeBo MeX-
OYHapOAHbIX CTaHAapToB NO LUGPOBbLIM
MeToaM paAuvaLMOHHOIO KOHTPONS U yT-
BEPXAEHWE UX B KayecTBe POCCUUCKMUX,
3a UCKJIloYEeHUeM TpebOBaHUM K KayecTBy
KOHTpOSIS. 3K TpeboBaHMS A0MKHbI 6bITh
rapMOHU3MpPOBaHbI C AENCTBYIOWMMU POC-
cunckmmm FOCT n OCT.
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