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[IponeMOHCTpUPOBAHO  BBICOKOE  OBICTPOAECMCTBHE W BBICOKAs
3G ()EKTUBHOCT  AKCIEPUMEHTAIBbHON  J1a0OpaTOPHOM  YCTAHOBKM MO
YIOPABJICHUEM €IUHOTO MPOTPAMMHOIO MOJYJISI, BKIIFOUAIOIIETO B C€0sl CUCTEMY
pacno3HaBaHUsS W300paKEHWM JBYMEpHOW KapTuHbl Jlays-mudpakuuu oT
MOHOKPHUCTAIIJIOB.

Knrwueswie cnosa

Meron Jlaya, onpeneneHue OpueHTa M MOHOKPUCTAIIOB.

Abstract:
We have demonstrated a high speed of operation and an efficiency of the
experimental laboratory setup under control of the software module including a

system of recognition of the single-crystal Laue diffraction pattern.
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Pegpepam

Pa3paboTanbl M SKCIIEPUMEHTAIBLHO NPOTECTUPOBAHBI TPU BO3MOKHBIE
CXEMbl PErucTpaldy JiaydrpaMM M J30UrpamMMm. BeipaboTaHa onThMalibHAs
cTpaterust coopa JaHHBIX JUIsi 00ecredeHnss MaKCUMaJIbHOTO OBICTPOACHCTBHUS
MOJIYYeHUS] ~ KAYeCTBEHHOTO  M300pakeHus  KapTuHbl Jlays-nudpaxiumu,
OPUTOJHOTO I Tocienytonieit oOpaboTku. Paspaborana mporpamma c
UCTIONIB30BaHUEM  sI3bIKa  mporpammupoBaHust  LabView, mo3Bomstomias
JTUCTAHIIMOHHO  YMOPAaBJIATh OCSAMH TOHHOMETpa, T. €. YCTaHaBJIUBATh
UCCIENYEMbI KpUCTAUI B 3aJlaHHOE IMOJOXKEHUE, VYIOPaBIATH pPaboTOi
MCTOYHHUKA PEHTI€HOBCKOTO M3JIyYEHUs, CYHUTHIBATh HH(POPMALIHUIO C IETEKTOPA,
MPOBOJIUTH FOCTUPOBOYHBIE pabOThl, a TaKKe CTPOUTh TEOPETUUYECKHE
JaysrpaMMbl U SIUTPAMMBbl JJII KPUCTAJUIOB C M3BECTHOM KPUCTAIIMYECKOM
CTpykTypoii. PazpaboTan aaropuTM OYHUCTKH JABYMEPHOW KapTHUHBI AUGPaAKIIAN
(u300pakeHus1) OT paA3JIMYHBIX IIYMOB M OINpPEJCICHUs] IEHTPOB TIHKECTH
TU(PPaKIIMOHHBIX PEQIIEKCOB, YTO OOECIEUMBACT MPUBEICHUE N300paKeHUs K
BUJly, TPUTOJAHOMY [JII CpPaBHEHHUA C TEOPETUYECKUMH JIaydIpaMMaMH,
cozepxkamumucs B 6ase naHubIX [1]. [IpoBeeHbI TECTOBBIC SKCIIEPUMEHTHI 110
peructpainuu kaptuH Jlays-nudpakimm oT MOHOKPUCTANIOB KPEMHHMS U ajMasa.
[IpomeMoHCTpHpOBaHa  YHHBEPCAIBHOCTh W BBICOKAs  3(PGHEKTHUBHOCTH
aBTOMATU3UPOBAHHON CHUCTEMBI B HKCIIEPUMEHTAX MO OMNPEJEICHUI0 B3aUMHOU
OopueHTalMu OJIOKOB OWKpHUCTaia Jjeikocandupa, BBIPAIICHHOTO METOIOM
nBoiinoit 3arpaBku (marent RU 2107358 C1). IIpoBeneHbI 3KCIIEPUMEHTHI T10
OLICHKE OBICTPOACHCTBUS CUCTEMBl C HCHOJB30BAHMEM COBEPIICHHOIO
MOHOKPHCTAJIJIa KPEMHUS. Y CTaHOBIIEHO, YTO KapTWHA AU(PPAKIIUNA OTUYETIHBO

HaOmonaercs naxe npu yacrore 100 kaapos/cek. Bricokoe KauecTBO KapTHHBI



Jlay>-audpakunyu Npu 4YacToTe 2 Kaapa/ceK MPUroJHO IS TPOBEICHHS
JnanbHeimen  oOpabOTKM  CUTHAJIOB, T.€.  BBINOJHEHUS  IPOLEIYPbI
pacmozHaBaHusl 00pa3zoB. Takum 00pazoMm, pealn30BaH PEXUM HAOIIOICHUS

KapTUHBI TUPPAKIUU B peaIbHOM BPEMEHHU.

BBoanast yacth

[Tomyuenue kapTuH AUQPPaKIUK OT MOHOKPUCTAIIOB Mo meroay Jlays,
HKCIEPUMEHTAIBHO TOpa3zo Mpolule, YeM B MOHOKPUCTAIILHOU TU(PaKTOMETPUU
Ha MOHOXPOMATHYECKOM H3JIyYEHHUH U J1a)Ke IPOILLE, YEM B METOJIE TIOPOIIKOBOM
mugppakromerpun. Hanpumep, 4ToOBI MOTYYUTh MOJHYIO KapTHHY THPPAKIUH,
B MOHOKPHUCTAJIBHOM JU(PpPAKTOMETpUH TpeOyeTcs BBINOJHEHUE ONEpaluu
CKaHMpOBaHUs o0Opa3la ¢ MOMOIIBI0 CHEUUATU3UPOBAHHBIX TOHUOMETPOB, HA
YTO YXOIAUT JOBOJIBHO MHOrO BpemeHu. B merone Jlays mosiHas xaptunHa
TG PaKIUK MOTydaeTcs OT HEMOABMKHOIO MOHOKpHUCTAIJIA TIPU 00JyYEeHUH €ro
PEHTIT€HOBCKUM IYYKOM C HENpPEphIBHBIM CIEKTpoM. bmaromaps Takoit
cnenu@uke mNoaydyeHus: IUPPAKIUOHHOM KapTuHbl, Mmeron Jlays sBisercs
cCaMbIM OBICTPBIM METOJO0M cOopa AUdPaKIUOHHBIX AaHHBIX. [loaTOoMy mis
CO3/IaHUsI OBICTPOJECHCTBYIONIETO YCTPONCTBA MOJTyUEHUS U300pakKeHUs TOJHOM
KapTUHBI JTU(pakUuu 3TOT METOJ sABiseTcs Haubosiee noiaxoasmuM. Ilpu
UCIIOJIb30BAaHUU TMYYKOB SIPKOTO CHUHXPOTPOHHOTO H3Iy4yeHus meroiom Jlays
MOKHO CcOOMpaTh JOCTAaTOYHBIA JUIsi PEHTIC€HOCTPYKTYPHOTO aHajiu3a Habop
JAHHBIX C HAHOCEKYHJIHOHN sKcro3unuei. OpHako, Mg peleHuss pPyTHHHBIX
3alay  PEHTreHOAUu(PaKIMOHHOTO  aHaliu3a, TaKUuX Kak  OINpeJeseHHe
OpPUEHTALU TOBEPXHOCTU MOHOKPUCTAIIMYECKUX TUIACTUH WJIU CIIUTKOB, YIJIOB
OTKJIOHEHHS MOBEPXHOCTU OTHOCHUTENIBHO KPUCTAIIOTpa(UUECKUX TUIOCKOCTEN
Y UHAMLIMPOBAHUE JIay3rpaMM, Ha CHHXPOTPOHAaX BBHUY BBICOKOW CTOMMOCTHU U
OTPaHUYEHHOCTH JOCTYyNa MPOBOAMUTH HerenecooOpa3Ho. B HacTosiee Bpems,

6narozlap;1 HCIIOJBb30BaHHUIO HOBBIX CBCPXBBICOKOYYBCTBHUTCIIbHBIX



HOJIyTIPOBOJIHUKOBBIX JIE€TEKTOPOB, 3JIEMEHTOB PEHTTEHOBCKOM ONTHKU HOBOTO
MOKOJIEHHSI M HMCTOYHUKOB PEHTICHOBCKOTO M3JYYEHHS C BPaILAIOIIAMCS
aHOJOM HAaOJIIOJICHUE KapTUHbl IU(pakiuud B pealbHOM BPEMEHH MOKHO
peann3oBaTh W B J1a0OpaTOPHBIX YCIOBUSAX. B 3TOM ciyuyae mnpoBeneHHe
71a00paTOPHBIX AKCIIEPUMEHTOB MO HaOmoAeHuto Jlays — nudpakiuu B pexume
pEaIbHOTO  BPEMEHUM CTAaHOBUTCS CPAaBHUMO C OKCHEpPUMEHTaMU Ha
CUHXPOTPOHHBIX HUCTOYHHKax. [IpemmyiiecTBo B 3TOM cioydae OyzAer
3aKJII0YaThCS B TOM, YTO 3TH HKCIEPUMEHTHI MOXXKHO MPOBOJUTH PETYJISIPHO B
TE€YEHUE JUTUTEIBHOIO EPUOAA BPEMEHM.

B Hactosimiee Bpemsi Ha IPaKTUKE MIMPOKO HCIOIb3YIOTCS MPOTrPaMMBbI
pacrno3HaBaHMsl 00pa30B WIN TaK HA3bIBAEMbIE CUCTEMbl TEXHUUYECKOTO 3PEHUS.
DTy nmporpaMMbl ObUTM HMCHOJB30BAHBI HaMH IS PELICHUs 3a7ady oOpaboTKH
M300paKeHU KapTUH Judpakuuu (JJaysrpaMM U SIUTPAMM), PETUCTPUPYEMBIX
C  TOMOIIBIO JTA0OPaTOPHOW aBTOMATH3MPOBAHHOW CHUCTEMbI [2] C IEbIO
pacno3HaBaHMs OPUEHTALIMM MOHOKPHUCTAIUIOB. Peanmu3anus B mosHOM o0beMe
IIOCTABJICHHOW 3aJa4d IO3BOJIUT CO3JaTh CHCTEMY TEXHUYECKOTO 3pEHUs IS
IOPOBEJCHUS HAYYHBIX MCCIEIOBAaHUM, BKJIIOYAIOMIUX B ceOs omperesieHue
(bOpMBI dNIEMEHTApHOU STYCHKH, TPYNIBl CUMMETPUN U OIEHKH CTPYKTYpPHOTO
COBEPIIEHCTBA  KPHUCTAUIOB B  pPEAIBHOM  BpPEMEHH. JTa  CHCTEMa
NpUBJeKaTeIbHa A OPOBEACHHS  (PYHIAMEHTaJbHBIX  HCCIIEAOBAHMIA
CTPYKTYPHBIX ~ HM3MEHEHMH, TPOUCXOIALUIMX B pEAJTbHOM BpPEMEHH C

MWUINCCKYH/IHBIM BPEMCHHBIM Pa3pCHICHHUCM.

JlaHHbIe 0 MEeTOUKeE MCCIeI0BAHUS

CranmapTHO peructpauusi JaysrpaMM B J1a0OpaTOPHBIX YCIOBUSX
OCYIIECTBIISIETCS C TOMOIIBI0  (OTOrpaduyeckoro MeTojia, TPEOYIOIIEro
00JBIIMX BpeMEHHBIX 3arpar. JIyumuii Bapuant — ucnoib3oBanue 1P (Imaging

Plate) miactun, T. €. IJIACTHH ¢ ONTHYECKOW MaMsAThio. OJHAKO, PETUCTPAIUs
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KApTUHBI pPacCesHUs] U €€ CUYUTHIBAHHE C IMOMOIIBIO CHEIHATU3UPOBAHHOTO
00Opy/IOBaHUSl, OCHOBAaHHOE Ha WCIOJb30BAHUU CKAaHUPOBAHUS JIa3ePHBIM
Jy4oM, TakKe MOTpeOyeT 3HAUMTENIbHbIX BPEMEHHBIX 3aTpaT. Takum oOpazom,
peann3oBaTh PEXKUM PEANTbHOTO BPEMEHH MOXXHO TOJBKO C IOMOIIBIO
BBICOKOYYBCTBHUTEJIbHBIX JETEKTOPOB. CTaHJAPTHBIE PEHTI€HOBCKUE IETEKTOPHI
Ha OCHOBE MPHOOPOB ¢ 3apsaoBoii cBsa3bio ([13C) 00Magar0T CAMIIKOM HH3KOM
YYBCTBUTEIHHOCTHIO M OOJBIIMM YPOBHEM IIIYMOB, YTO HE IMO3BOJISIET HX
UCIIOJIB30BaTh JuIsi peructpanuu Jlays — kaptunel B Jjabopatopusx. B
HACTOAIIEE BpEMsl pAIOM (QHUPM — H3rOTOBHUTENEH pa3paboTaHbl MNPEAESIbHO
YYBCTBUTEJIbHBIE u BBICOKOpa3peLIatome IPOCTPAHCTBEHHBIE
HOJIyTIPOBOJIHUKOBBIE PEHTI€HOBCKHUE JETEKTOPBI MPSAMOro MNpeoOpa3OBaHUS.
TakuMu JETEeKTOpaMH KOMIUIEKTYIOTCS COBPEMEHHbIE TU(PAKTOMETPHI, HO, K
COXKAJICHHUIO, OHU a/IalITUPOBAHBI 1)1 PaOOTHI TOJIBKO ¢ XapaKTEPUCTUICCKON Ko
- TUHUEHN nu3nydeHust meaHoro anojaa (E ~8kaB) u umeror HeOOIBITYI0 BXOHYIO
aneprypy. Jns peructpamuu ke monHOM kapTuHbl Jlays — mudpakuuu
TpeOyeTrcsi Oonblnasi ameprypa U BO3MOXKHOCTH pabOThl € KECTKUM
PEHTI€HOBCKUM HU3JTydeHHEM. BbICOKasi CTOUMOCTh PEHTT€HOBCKUX JE€TEKTOPOB
c OOJIBIION anmepTypou, UCIOIB3YEMbIX B CHHXPOTPOHHBIX LIEHTpaX JAeNIaeT UX
HEJOCTYIIHBIMHU ISl HMCIOJIb30BaHUs B Jlaboparopusx. Jns Bu3yanuzanuu
KapTUHBI AUPPAKIIMA HaMH pa3paboTaHa CHCTEMa PEerUCTpallii, OCHOBAaHHAS Ha
ucnons3oBanun  ontudeckoit I13C  kameper Andor Neo, o6mamaromum
PEKOPAHON YYBCTBUTEIBHOCTHIO M MaJIbIM YPOBHEM IIYMOB, B COUYETAHUU C
BBICOKOPa3peIalonM  (PIyOpecClieHTHBIM 3KpaHOM OOJBIIOTO pa3Mepa U
CBETOCWJIbHBIM  ONTHYECKHUM  00bekTUBOM. (OOpaboTka  H300pakeHHit
JBYMEPHBIX H300pakeHUN KapTHH Judpakuuu (JlaysrpaMM U 3IUTPamMM)
npoBoguiack ¢ momomiplo  Oubmmoreku  OpenCV. Jlng moctpoeHwus
TEOPETUUYECKUX JlayarpaMM M SIHUrpaMM HCIOJb30Bajach Mporpamma Laue

Pattern [3].



Pa3paboTka " BBIOOP ONTUMAJILHOM KOHCTPYKIIUU
aBTOMATHU3UPOBAHHON CHCTEMBI
Haunbonee onTuMaibHOW C TOYKU 3pEHUSI BBICOKOW UYYBCTBUTEIHLHOCTH ObLIa
BbIOpaHa cxemMa Ha OTpaxkeHwe. B 3ToM BapuaHTe KOJJIUMATOp IS
dbopMUpOBaHHA  Y3KOTO  PEHTICHOBCKOTO IydykKa JAdaMeTpoM 1 MM,
BBICOKOTOYHBIM  JUCTAHLIIMOHHO-YIIPABISIEMbI TISATHOCEBOM TOHHOMETP C
YCTaHOBJICHHBIM Ha HEM KpucTtamioMm, ¢uayopecueHTHbIH 3kpan Gd20,S(Tb) u
nerektop Andor Neo ¢ onTuyeckuM OOBEKTHBOM pa3MEMIAOTCs BHYTPU
W30JIMPOBAHHOIO OT BHUAUMMOIO CBe€Ta Koxyxe. Onruueckas cxema
npenacraBiieHa Ha puc. 1. TecToBble SKCIIEPUMEHTHI MO PETHCTPALUU 1Ay I paMM
JUISL  Pa3IMYHBIX KPHUCTAUIOB MPOBOJMIM C HCIOJIb30BAHUEM «OEI0ro»
U3JIy4eHHs] BOJB(PAMOBOrO aHOAA B CIEAYIOIIEM pexume paboTsl 9 kBT
MCTOYHHMKA U3JyYECHHUsS] C BPAIIAIOMIMMCS AHOJOM: HAINpSHKEHUE Ha aHOJE
U=50kB, tox I=100MA. B kadecTBe akTMBHOTO CJOS s (HIyOPECIIEHTHOTO
skpana  Obur  BeIOpan  Gd;O0,S(Tb),  oOmamaromuii  HAMTYYIIAMH
XapaKTepUCTUKaMHU Jisi pabOThl € YKECTKHUM PEHTIC€HOBCKUM H3JIyYE€HUEM.
JlaHHBIN MaTepuall XapaKTEPU3yeTCsl BBICOKOW PaJUALMOHHOW CTOMKOCTBIO U
BBICOKON 3()(PEKTUBHOCTHIO TpPeoOpa3oBaHUs PEHTTEHOBCKOTO W3JIyYECHHS B
BUJIMMBIN CHEKTPaJIbHBIA Juana3oH. bbul momgoOpaH d5KpaH €  TOJIIUHOM
akTuBHOTO cyosi ~120 MKM, TpU KOTOpPOM moOrJIomaeTcss OOJbINas YacTh
PEHTTEHOBCKOTO  M3Jyuy€HHUs, 4TO oOecrneurBaeT HAWIYUIIyl0 SPKOCTh
npeoOpa3oBaHHOTO HU3NMydeHUs. B KkauecTBe ONTHYECKOro JAETEKTOpa Oblia
BbIOpaHa BBICOKOUYBCTBUTEIbHAS M BBICOKOCKOpocTHas kamepa Andor Neo.
Martpuia storo aerekropa umeer pazmep 2560x2160 mukceneir pazmepom 6
MKM U oxJaxkaaeTcs 1o temmeparypbl —40°C ¢ 1eabpio yMEHbBIIEHUS! TEMHOBOTO
TOKa, YTO TMO3BOJIAET JETEKTUPOBATH Jaxke KpaiiHe cialOble curHaibl. Huskoe

KOJIMYCCTBO IIYMOB IIO3BOJIACT pa6OTaTb TAKKC B PCKUME HAKOIUICHUA



(HCCKOHBKO JACCATKOB MHHYT). MakcumanbHas CKOpPOCTb CBbCMKH 3aBHCUT OT

pa3Mepa 3aJIeiCTBOBAaHHON 00JIACTH MAaTpPHIIBI ¥ TIPEICTaBlIeHa B Tabiwuile 1.
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Puc. 1 — OnTtuueckas cxemMa aBTOMaTHBHpOBaHHOﬁ CHCTCMBbI

Tabauua 1

brictponeiictBue kamepsl Andor Neo

Hcnoas3lyeMas 00.1acTh JeTeKkTopa | MakcHMAIBHAA 9aCTOTA CheMKH,
KAIPOB/CER
2560x2160 100
2048x2048 105
1920x1080 199
1392x1040 206
512x512 419
128x128 1639

Jns  Opelu3uOHHOTO0  OpPUEHTHPOBaHUS  00pa3lioB  ObUT  coOpaH
MATUOCEBON TOHUOMETP HAa OCHOBE JBYX JMHEHWHBIX M TPEX BpallaTelbHbIX
noaBmwkek Gupmbl NEWPOIt C TOYHOCTBIO TTOBOPOTOB MO yriiaM ~ | yri.cek |
aOCOJIFOTHBIX JIMHEHHBIX TEpPEeMENIeHU C TOYHOCThIO ~ |1 MKM. YcCTaHOBKa
MOMeIeHa BHYTPh CBETOHENPOHHUIIAEMOTO KOXKyXa, UYTO MO3BOJISIET N30aBUTHCS
OT 3acBeuMBaHUs JeTekTopa u3BHe. Dororpaduss CcOOpaHHOU CHUCTEMBI

perucrpanvi KapTHUHBL I[I/I(bpaKHI/II/I BMCCTC C OIITHYCCKHMMH KOMIIOHCHTAMMH,



HUCIIOJIB3YCMBIMH  IJIA  YCTAHOBKH  KPpUCTAJIOB B  TOYHOC  IIOJIOKCHHC

OTHOCHUTCJIbHO PCHTICHOBCKOI'O ITY4Ka, ITPCACTABJIICHA HA PHC. 2.

Puc. 2 — Bua aBToMaTH3UPOBAHHOM CHCTEMBI

beun pa3pa®oTaHbl M NPOTECTUPOBAHBI JIBE AJBTEPHATUBHBIE CXEMBI
aBTOMATU3WPOBAHHOW CHUCTEMBI “Ha NPOCBET M “‘Ha OoTpaxeHue’. B mepBoi
aIbTEPHATUBHON cXeMa ObLI MCIOJB30BAH PEKUM NU(PpaKIUU “HA MPOCBET .
[To cBOMM XapaKTEpHUCTUKAM 3Ta CXEMa aHAJIOTM4YHa CXEMeE, IPEJCTaBICHHON Ha
pucynke 1. UyBCTBUTEIBHOCTh JETEKTHPOBAHUS TAKOIO K€ MOpsjaKa, o0paseln
TaK)Ke pacrioyiaraeTcs B IOJI€ 3pEeHUsl CheMKU. TeM He MeHee, BHIOOp B MOJIb3y
cxembl Ha pucyHke 1 Obu1 00ycioOBIIeH crienu(PUKol, CBA3aHHONW ¢ 00pabOTKOM
nupakTorpaMM “Ha MPOCBET: MpU padOTEe ¢ CHIIBHO Pa30pUEHTUPOBAHHBIMU
KpUCTAJJIAaMH KapTHHA 30HAJIBHBIX DJUIMIICOB Ha JiayarpamMme (Audpakuus “Ha
MPOCBET”’) CYIIECTBEHHO CJIOXKHEE ISl pacinPpOBKU, YeM KapTHHA 30HAJBHBIX
runepOosn Ha snurpamme (audpaxius “Ha orpaxenue”). K tomy ke, s
CbEMKH “Ha MPOCBET HEOOXOAMMO HAIUYHME OTHOCHTEIHLHO TOHKHX O0Opa3lioB
(COTHM MUKPOH, HECKOJIBKO MIWJIJIUMETPOB B 3aBUCUMOCTH OT aTOMHOI'O HOMEpa

Z wmatepuana oOpasna), 4To He Bcerga BO3MOXHO. [lpyras ajgprepHaTHBHAS
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CcXeMa COOTBETCTBYET NUPPAKIUU “Ha OTpakeHHe W MOTEHIUAIBHO SIBIISETCA
HauboJee MpeanoYTUTENbHOM. B 3TOl cxeme, B OTiIMYME OT CXeMBbl Ha PUCYHKE
1, oOpazer; HaxonWUTCA 3a MpeleiIaMd CBETO3AIIUTHOIO KOXKyXa, 4YTO OYEHBb
yI00HO 171l yCTaHOBKU 0Opasia. KpoMe Toro, 3To mo3BoJiieT MOIyYUuTh Oojiee
MOJIHYIO KapTUHY IU(pakKiuu, 3aperucTPUpOBaB, B TOM YHCIE W OJHM3KHE K
«HYJIEBOMY» PEHTI€HOBCKOMY NyuKy pediekcsl. bonee Toro, B 1aHHOU cxeme
MEPEKIIIOYEHUE TMEepexo] OT peXuMa IOCTUPOBKHM K PEXKHUMY PETrUCTpalUU
Tu(dpaKTOrpaMMbl OCYIIECTBIISIETCS JIMIIb CMEIICHUEM 3€pKall, YMpPaBIIIEeMbIX
JTUCTAHIIMOHHO, YTO elie 00Jee YCKOPSET MPoliece ONpenesieHus/paciio3HaBaHus
opueHTaiuu. CyIIECTBEHHBIM HEIOCTAaTKOM JIaHHOW CXEMbI, TEM HE MEHEE,
ABJIAETCS TOT (DAKT, 4TO /It €€ pabOThl HEOOXOAUMO, YTOOBI AU PArUPOBAHHBIM
OT KpUCTAJJIa MYy4YOK MPOXOJUI HACKBO3b (PIIYOPECUEHTHBIA dKpaH, GopMuUpys
KapTUHY Ha TIOBEPXHOCTH AaKTUBHOTO CJIOS, PACIOJIOKEHHOTO BHYTPH
CBETO3alIUTHOTO  KOXXyxa. MHBIMH  cloBaMH, HEOOXOJUMO,  YTOOBI
WHTEHCUBHOCTH MPOIIEANIEr0 PEHTI€HOBCKOTO My4Yka OBbLUIO JOCTATOYHO, MJIS
TOT0, 4TOOBI BO3OYIUTH (hIyOPECICHIINIO MOBEPXHOCTH aKTUBHOTO cios. Jlms
dyopecuentHoro skpaHa Gd;02S(Th) mnpu wcmons30BaHUKM PEHTTEHOBCKOTO
nmydka ¢ sHepruen ~10 k3B 3To ycnoBre MOKeT ObITh BHITIOJHEHO TIPH TOJIIIIHMHE
aktuBHOTO ciosi ~20-40 mxkM. OmgHaKo cpead KOMMEPYECKH JOCTYITHBIX
HKpAaHOB HAWMEHbINAs TOJIIMHA akTUBHOro ciosi coctaBisier 100-120 mxwm.
[Ipr TakoW TOJIIMHE AKTUBHOIO CJIOS PEHTTCHOBCKUU IYYOK NPaKTUYECKH
MOJIHOCTBIO TIOTJIONIAETCS, TaK U HE JOCTUTHYB OOpaTHOM MOBEPXHOCTU DKpaHA.
B pe3ynbTaTe MHTEHCUBHOCTH (PIIYOPECIEHTHOTO M3Jy4YEeHHUsS Ha MOBEPXHOCTU
JKpaHa OKa3bIBACTCS KpallHE HHU3KOH, IMOTOMY OT JAHHOW CXEMBI MPHUIILIOCH

OTKa3aThCA.



JKCNEePUMEHTAJIBHAA YACTh

Ouyenka ovicmpooelicmeusn cucmembnl C  UCnoOnNb308aAHUEM
COBEPUIEHHO020 MOHOKPUCIMAINIA KPEMHUA

JI71s1 OLIEHKHW YyBCTBUTEIBLHOCTH pa3pabOTaAHHOW CHCTEMBbI ObLT MPOBEACH
TECT HAa MHUHUMAJbHOE BpEMS DSKCIIOHHUPOBAHUS JaydrpamMmbl (T. €. Ha
MaKCUMaJIbHYIO CKOPOCTh CheMKH). B KauecTBe TecToBOro 00pasiia ObL1 BEIOpaH
MOHOKpHUCTAILT KpeMHus TonmuHoil ~0.4 mm. Ha puc. 3 mnpencraBieHsbl
JaysrpaMMbl MOHOKPHUCTAJIJIa KPEMHUS, TOJYyYEHHbIE MPU HCIOJIb30BaHUU
KOJUIUMATopa, (POPMUPYIOIIETO PEHTICHOBCKUN MY4YOK AMAMETPOM 1MM, TMpu
pa3IMUHBIX BpeMeHax »kcno3uiuu (B auanazone ot 0.01 cexk go 1 cek).
OcHoBHbIE pediekchl OTYETIMBO HabmoaaTes gaxe npu t=0.01cek. Bricokoe
Ka4yecTBO JlaydrpaMM MpU YacToTe 2 KaApa/CeK MO3BOJISIET C YBEPEHHOCTHIO
yTBEPXAaTh, YTO pEaTH30BaH PEKUM HAOIIONEHUS KapTHHBI TU(PaKIUU B
peXHUME peaJbHOr0 BpeMeHH. Takoe KauyecTBO BIOJHE MPUTOJHO JJIst
POBEJCHUS JalbHEWIel 00pabOTKH CHUTHAJIOB M BBIOJHEHUS TPOIEAYpPHI
pacrno3HaBaHus 00pa3o0B.

Jliis nanpHEeHIero yBenuueHus: CKOPOCTH ChbeMKH MCTIOIb3yeMasi 001acTh
neTekTopa Opuia yMmenbieHa ¢ 2560x2160 no 1550x550. B stom cimydae mipu
YMEHBUIEHUU BpEMEHU 3Kcno3ulinu gaxe 1o 4.8 mc (210 xaapos/cek B BUIEO-
peXHMe) KOJIUYECTBO LIYMOB B LIEJIOM CYIIECTBEHHO YBEIMYMBAETCS, OJIHAKO

HWHTCHCHUBHBIC pe(pHGKCBI BCC paBHO OCTAKOTCA pa3JIMdIUMBIMUA.
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0.2fps(t=5s) 1fps(t=1s) 2fps (t=0.5s)|

Puc. 3 — Dnurpamma monokpuctamuia Si (tonmaa 0.4 mm) Paspemenue 2560x2160,
MakcuMaibHas yactora=100kaapos/cek.

Onpeoenenue 63auMHOI OpueHmauuu 0J10K08 OuKpucmaia aeiuxocangupa.

Jnsa pemeHusa 3TOW 3aJadyd  KMCHOJIB30BANACh CXEMa PErucTpauuu
KapTuHbl Judpakmuu  “Ha  mpocBeT’. UTOOBI MNpeaoTBpaTUTh MOMAJaHHE
MPSMOTO PEHTICHOBCKOTO ITyYKa HA ONTHYECKUA OOBEKTHB, HWCIOJB30BAIH
CBUHEII TONmMMUHON 2 MM. Ha puc. 4 npeacTaBieHbl SKCIIEpUMEHTANIbHbBIE (Oerbie
TOYKH) W HAJIO)KCHHBIC HA HUX TEOPETHYECKHUE (UEPHBIC TOYKH) JIaydTPAMMBI.
Kak BUIHO M3 pUCYHKA, UMEETCS XOPOIIee COOTBETCTBHE SKCIIEPHUMEHTATBHBIX
U TEOpPETHYECKUX JaysarpamM. [locTpoeHHe TEOpEeTHMUECKHX JaydrpaMm
IPOBOAMIOCH C TIOMOINBIO mporpammbl  Laue Pattern [3]. Dto B wuTore
TIO3BOJIHIIO OTIPEJICITUTh 3HAYCHUS YTJIOB pazopHUeHTAINH
KpUCTAUIOTPpaPUUEeCKUX TUIOCKOCTEH OTHOCUTEIHHO HYJIEBOTO TOJOKECHHUS,
3a71aBa€MOro ¢ MOMOIIbIO ONTHYECKON CUCTEMBI (IIOBEPXHOCTh OMKpHUCTAsIIA), a
MOCJIE ATOTO M PA30PUCHTAINIO OJIOKOB MOHOKPHUCTAIIIA 110 Pa3HBIE CTOPOHBI OT

rpaHUIlbl HAKJIOHA puC. 4.
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Puc. 4 — Dnurpammel GuKpucTaiIa JedKocandupa 1o pazHble CTOPOHbI OT OO0JIBIICYTIOBOM
I'PaHULbl, 3aPETUCTPUPOBAHHBIE C IIOMOILBIO AaBTOMaTU3UPOBAHHON CUCTEMBI, TEOPETUYECKH
paccurTaHHas SMUTpamMMa JJisl JaHHOTO KPUCTAIOrpanIecKoro HarpaBieHHs 1 HAJIOKEHHUE
TEOPETUYECKON U IKCIIEPUMEHTAIbHON KapTHH, I ONPEeNIEHUE YIJIOB Pa30pUEHTALIUU
KpUCTAITOTpahUIECKHX IIOCKOCTEH B MOHOKPHUCTAILIE

VYron pazopueHTanuu obiiacTeld OMKpUCTaIa OKaszalics paBHbIM 8.83".
[Ipy STOM TOYHOCTH ONpEHCICHUS YIJIOB pPa30pHUEHTAIMA TPU 3aJaHHOM
paccTosiHuM OT oOpasiia A0 (HIyopecleHTHOTO SKpaHa COCTABISET BEININHY 2-3
yra.muH. Takum oOpa3oM, aBe oOJacTu OMKpHCTAIIa, JIeXkKAIIHe MO pa3HbIe

CTOpPOHBI OT BBICOKOYFHOBOﬁ I'paHUIbI, OTIWYAKOTCA HE TOJILKO ITOBOPOTOM

BOKpYr 00IIero HampapieHus, neprnenmukynspaoro miockoctu (1102) ) kax

npeamnojgarajlocb HM3Ha4aJIbHO, HO M CaMH IINIOCKOCTHU paccMaTpruBacMbIX

obnacTell IBIISIOTCS ClIETKa Pa3sOpPUCHTHUPOBAHHBIMH.

Onpeoenenue y2noe paszopuenmayuu nosepxnocmu
MOHOKPUCMATIIUYECKUX NIAACMUH CUHMEMUYEeCKUX alMa3oe

CoBmenieHue ONTHUYECKOM CUCTEMBI M AaBTOMATU3UPOBAHHOM CHCTEMBI
pacno3HaBaHUsl ~ OpPUEHTAIMM  MOHOKPUCTAVIOB  TO3BOJIMJIO  PEUIUTh
IIPaKTUYECKYIO 3aJady: M3TOTOBJIEHUE aJIMa3HbIX IUIACTHH MaJIOro pasMmepa C
3aJJaHHOU pasopueHTaMEN MMOBEPXHOCTHU OTHOCHUTEJIBHO
KpUCTAIIIOrpapUuecKux IMIOCKOCTEH € TOYHOCThIO He Xyxke 1 yrim.mwuu. Jlns
pelleHusl TaHHOM 3amaun ObUT pa3paboTaH ClenHuadbHBIA y3en puc. 2 (yka3zaH
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CTPEJIKOi), BBIMNOJHIIONUNA OJHOBPEMEHHO (YHKIMIO TOHUOMETPUYECKOM

TOJIOBKHM U JieprKaTelis o0pasua i HOJIUPOBKHU.

Ouenka cmpykmypHo2o co6epuiencmea 1e2upo6annbix 00pom aimasos.

JlaysrpamMmbl 0071a/1a10T TOBBIMICHHONW YYyBCTBUTEIBHOCTBIO K JeheKTam
KPUCTAIUIMYECKOM pEIIETKH, IO03TOMY MOTYT OBITh HCIIOJNb30BaHbl IS
ONpEeNeNICHUs] KadyecTBa KpucTauioB. Ha puc. 5 mpencraBiensl Jlaydrpammbl
JIETUPOBAHHBIX OOPOM aJIMa3HbIX IIACTUH TOMMKMHON 1MM ¢ (111) opuenrauueit
MOBEPXHOCTH  PA3HOr0 CTPYKTYPHOTO COBEpILIEHCTBA. YeTkue mnsaTHA Ha
PUCYHKE 5a CBUAETEIBCTBYIOT O XOpOIIEM KadecTBe KpucTauia. CumMmeTpus
LIECTOTO0 MOpSAJKA, MMEIOMAs MECTO B KPHUCTAUIE ajlMa3a C IOBBILIEHHOU
KOHIIEHTpaIueil Oopa TOBOPUT O HAIWYUU JBOMHHKOB (PHUCYHOK 50).
Bo3HukHOBeHHE acTepu3Ma, T.€. pa3MbITHE JUQPAKIUOHHBIX MATEH M HX
paavanbHOE YAJIMHEHUE TOBOPUT O TOM, UYTO KPHUCTAJUI COAEPKUT OOJIbLIOE
KOJIMYECTBO JEPEKTOB KPUCTAIIMIECKON pemeTku. Hanngare nomomHuTeIhHBIX
ITEH MaJloro pa3Mepa CBi3aHO ¢ oOpa3oBaHMEM B MaTpulle anaMasa

HECOpa3MEepHBIX MOyt [4].

Puc. 5 — Jlaysrpamma anMasHO# IJIaCTUHBI C pa3HOW KOHILIEHTpAIUeH Jerupyoeil MpruMecH.
a) KonnenTparms 6opa B pemrerke anmasa ~2x10° cm3

6) Konuentparms 6opa B penretke anmmaza >2x10% cm3
13



Jlemoncmpayus padomocnocoonocmu  cucmemvl PACHO3ZHAGAHUA
Kapmunsl ouppaxuyuu
PaboTocnocoOHOCTh CUCTEMBI paclo3HaBaHUs MPOBEPSIU B CXeMe “‘Ha

MPOCBET”’ C HCHOJB30BAHMEM IUIOCKOW IJIACTUHBI CHUHTETHUYECKOrO ajiMasa C
(100) opuentanmeir moBepxHocTH. OOpabOTKYy JaysrpaMMbl MPOBOAWIH B
clenyrouel  mociegoBaTesibHOCTA. Ha  mepBoMm  srtame  u300pakeHue
Jay3rpaMMbl ¢ KaMepbl MOCTYNAJO0 HAa BXOJ IPOrpaMMbl IpeIBapHUTEIbHON
o0paloTKu AJis ydera anmnaparHoil GpyHkiuu. Jlanee nzoOpaxxkeHue 3arpyxajioch
B OCHOBHYIO NpOTrpaMMy U KOHBEPTHPOBAJIOCH B HM300pa)K€HHUE, I Kakiaas
TOYKA MPEJICTABISIACH €AMHCTBEHHBIM LIBETOBBIM KaHAJIOM — MHTEHCHUBHOCTBIO
co 3HaueHMsIMHU B uHTEepBasie oT 0 1o 255. Ha cnenyromeM sTane npoBOAWIACH
OUMCTKA HW300paKEHHsI OT BBICOKOYACTOTHOIO IlIyMa C HCIOJIb30BaHUEM
ATOPUTMAa HEJIOKAJbHOTO ycpemaHeHuss uHTeHcuBHOocTH [1]. Tlpm sToMm
[0JIarajioch, YTO MOJABIISAIONIAS YacTh IIyMa SBISETCA O€NbIM aJIUTUBHBIM
rayCCOBCKUM  IIYMOM, OOYCJIOBJIEGHHBIM TEMHOBBIM TOKOM  MaTpHIIbI,
paccesiHueM B oOpa3lie U KOMITOHOBCKUM H3JlyueHueM. Jlanee ocyiecTBisuics
IOUCK TpaHell Ha M300paKEHUU C MCMHOJIb30BAaHUEM T'PAJAMEHTHBIX METOJIOB.
[locne mpuMeHeHHs NaHHOTO LIara Ha HU300pakeHWEe HAHOCWIIMCh HaWJIEHHbIE
IPaHd B BUJAE TOHKHUX JIMHUMN, OTAEISIOIIME YYacTKH C PA3HOM CTEHNEHBIO
MHTEHCUBHOCTU. Ha ciepyroliemM 1miare ¢ MCMOJIb30BAHUEM IMOJTYYEHHON KapThl
rpaHeii MPOBOIUIICS MTOUCK 3aMKHYTHIX KOHTYPOB Ha n300paxeHnuu. HalineHubie
3aMKHYTbhI€ KOHTYPBI OT(UIBTPOBBIBAIUCH B COOTBETCTBHM C 3a/1aBa€MbIMU
KPUTEPUSIMHU, TAKUMHU KaK:

e BHYTPEHHSS IJIOLIAb 3aMKHYTOI'O KOHTYpa

® OTHOILIEHUE IEPUMETPA KOHTYpa K NEPUMETPY ONHCAHHON OKPYKHOCTH

® JJUIMITAYHOCTD

® HaJM4He U MacITad BOTHYTBIX YU4aCTKOB
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Y nudpakinuoHHbIX pedIIEKCOB, YAOBIECTBOPSIOMIMX 3aJaHHBIM KPUTEPUSIM,
OTIpeAeIsICS UEHTP THKECTH IyTEM HaWIydlled anmpoKcuManuu peduiexca
KpPYToOM, T.€. TIOJIO)KEHHE U PAIUyC Kpyra MmoJ0Mpaiuch TaKUM 00pa3oM, YTOOI
KpOCC-KOppesiuoHHas GyHKIUS Kpyra v pediekca Obuta MakcuMajibHa TpU
MUHUMAJIBHOM pajanyce OKpyxkHocTH. Ha puc. 6 mnpeacraBieHbl KOHEUYHBIE

pe3yJbTaThl 00pabOTKH N300paKEHUSI.

000 Calibration

Convexity W;

Inertia Ratio 1 J
N a

Higher threshold 1/

Circularity W
RN NN RN RN RN RN RRRRRRRRRNNR L}

Minimal area { )

Lower threshold W;

Puc. 6 — ABToMaTHyeckoe pacrio3HaBaHUE MATEH Jlay3rpaMMbl MOHOKpHUCTALIA
cUHTeTHUYeCKOT0 anMasa ¢ (100) opueHTanmel moBepxXHOCTU
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BbiBOABI M peKOMeHIaAUNHU

Ha 6a3e MOIIHOTO pEHTI€HOBCKOTO UCTOYHHKA, BEICOKOUYBCTBUTEIHHOTO
ONTUYECKOTO JETEKTOpA, ONTUYECKOTO MOJTYJISI JUTSI TOYHOTO
MO3UIIMOHUPOBAHMS KPUCTANIOB M TPUMEHEHHS] COBPEMEHHBIX IPOrpaMm
00paboTku pa3paboTaHa OBICTPOJEHCTBYIOMAS JTAOOpaTOpHAs PEHTICHOBCKAs
CUCTEMa, MMO3BOJISAIONIAsT HAOII0AATh KapTUHY AUGPAKIUU B PEXKUME PEATbHOTO
BPEMEHH WU C MUHHUMAJIbHBIM BPEMEHEM PETUCTpaliu. YTpaBieHHEe paboToi
PEHTT€HOBCKOTO HCTOYHHMKA, OCSIMM TOHHOMETpa, IOCTHPOBKa, cOOp U
o0paboTka  JaHHBIX  OCYIIECTBIAETCS  TOJA  €AWHBIM  MPOrPAMMHBIM
ympaBieHUEeM. TecTOBbIE SKCIEPUMEHTHI C HCIOIh30BAaHHEM MOHOKPHCTAIUIOB
CUHTETUYECKUX alIMa3oB, JieWKocandupa U KPEMHUs IOKa3ajld €€ BBICOKYIO
3(()EKTUBHOCTh TpPHU PELIEHWHM PYTUHHBIX 337a4 PEHTI€HOIU(PPAKIIMOHHOTO
aHanM3a, ompeiesieHus] TUna Ne()EeKTOB M OIEHKH KayecTBa MOHOKPHUCTAJIOB.
Cucrema yHuBepcalibHa U MOXET OBITh aJanTHpPOBaHA JJisi paObOTHI C JTHOOBIMU
MOHOKPHUCTAJIJIAaMH, B TOM YHKCJEe OONBIIOTO pa3Mepa U CIOKHBIM TpouiIeM
noBepxHocTUu. B pabore mpoaeMoHCTpupoBaHa PabOTOCTIOCOOHOCTH CUCTEMBI
pacrno3HaBaHUs KaPTUHBI JUGPAKIIUH.

Co3znanne 6a3 JaHHBIX C MCIIOIH30BAHUEM MOJICIMPOBAHUS Ay TpaMM U
SMUTPAMM U1 Pa3JIMYHBIX ~ MOHOKPHUCTA/NIOB  Ojarojapsi  BBHICOKOMY
OBICTPOJCHCTBUIO COBPEMEHHBIX KOMITBIOTEPOB OTKPBIBAECT TEPCIEKTUBY
pacro3HaBaHMs OPUEHTAIMH B PEXKUME PEAIbHOTO BPEMEHHU.

Paboma evinonnena npu vacmuunoui noooepawcke npoexkma PODU Nel5-

07-04896.
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