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OEil\AJI XAPAKTEPIICTIIKA PAEOThI 

A1c-ryaJihHOCTh TCMhl. Ilo,llaBJI}IIOil(ee 60JihllUIHCTBO rrp0MhIIIIJICHHhlX ll3,llCJIIIii 

II3 MCTaJIJIOB II KepaMIIK, a TaK)KC reonorll'ICCKIIC nopO,llhl rrpe,llCTaBJIHIOT co6oii C 

TOqKII 3pCHII}I MaTepliaJIOBC,llCHII}I n0JIIIKplICTaJIJihl. llx CBOHCTBa B 3uaqlITCJihHOii 

CTerreuu orrpe,lleJIHIOTCH KpHCTaJIJIIIqecKoii TCKCTYPOH 3aK0HOMepHhIM 

pacrrpe,lleJieuneM no opneHTal.llIHM 3epeu, COCTaBJl}IIOil(HX noJIHKplICTaJIJI. 

KonuqeCTBeuuyro IIHCpOpMal(HIO 0 TCKCTYPe nonyqaIOT C IIOMOil(hlO p83JIHqffhlX 

3KCnepHMCHTaJihHhIX MCTO,llOB. B HaCTOHil(ee BpeMH uau6onee pacnpocYpaHeHHhlM 

crroco6oM HCCJIC,llOBauux TCKCTyp }18Jl}ICTC}I ,llHqJpaKl.lHOHHblii 3KCnepUMCHT no 

pacce}IHHIO peurreHOBCK0ro . ll3Jl}"ICHH}I II ueiiYpOHOB. Pe3yJihTaT .llH<ppaKl.lUOHHOro 

3KCrrepHMCHTa - noJIIOCHhie qiuryphl (Il<I>) HH,llCKCOB {hkl}, KOT0phle ll3BJieKalOTC}I 03 

CilCl<TpOB, CYTh HHTerpanhHhie HHTCHCHBHOCTII C0OTBCTCTBYIOIUIIX .llH<ppaKl.lHOHHbIX 

peqineKCOB {hkl}. Il<I> c orrpe,lleneuu1,1Mn HH,lleKCaMII {hkl} npe,llCTaBMIOT co6oii 

3MnupuqecKyro nJI0THOCTh pacrrpe,lleJICHH}I BepOHTH0CTH Ha cqiepe uanpaBJICHHii S2
, a 

3Haqeune Il<I> B ,llaHHOM uarrpaBJICHIIH YE s2 
Il0K83hIBaCT Y.llCJlhHhiii ofrI,eM TeX 3epeu 

rroJI1IKpncTanna, Kornp1,1e 1IMe10T uopMann K ceMeiicrny nnocKocTen TIIna {hkl} 

(B TCKCTypH0M auaJIH3e TaK)KC ucnoJIL3YCTC}I TepMHH "rroJIIOC" ,llJIX yrroMHHYThIX 

HOpManeii), C0Bna,llalOil(HMH C y . 

HeiiTPOHHhlH .llH<ppaKl(HOHHhlll 3KcrrepHMCHT HMeeT oco6oe 3Haqeune, 

IlOCKOJihKY II03B0Jl}ICT HCCJie,lloBaTh TCKCTYPY TaKHX o6pa3l.l0B, KOTOphie HCB03MO)KHO 

HJyqaTh, no p.8.llY npH'IHH, .llpyrnMH MCTO,llaMH. 51pKllM npnMepOM HBMCTC.8 myqeuue 

TCKCTyp reonornqecKIIX MaTepliaJIOB, ,llJI.8 K0TOphIX xapaKTepHbI , 6on1,moif pa3Mep 

3epeu, Hll3Ka.8 CIIMMCTPH.8 II MHOroK0MilOHCHTH0CTh. B TaK0M cnyqae TCKCTYPHhie 

ll3MepeHH.8 C nOM0il(hlO peurreHOBCKOro H3Jiyqemrn CTaH0B.!ITC.8 3aTPY.llHIITCJihHbIMU. 

O.llua II3 rrp1Iq1IH 3Toro CTaTHCTIIqeCKa.11 HC,llOCTOBCpHOCTh pe3yJILTaT0B 

3KCrrepuMeHTa. HarrpnMep, ,llJI.8 o6pa3l.l0B C MHJIJIIIMCTP0BhIMH pa3MepaMII 3epeu 

peHITCHOBCKHii 3KcnepHMCHT ,llaCT uucpopMal(HIO TOJlhKO O rrplinOBepXHOCTHOH 

o6JiaCTII o6pa3l.la ' Il0CKOJlhKY rny6uua npOHHKH0BCHII.8 peuTrCHOBCKOro "U3Jl}"ICHII.8 
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COCTaBJHieT He 6orree .necHTK0B MKM. B pe3yJihTaTe TeKCTYPHaH HH!pOpMauna 

norr}"IaeTca OT · Manora qncrra JepeH, He 06ecneqnBa10mnx Heo6xo,nnMott 

CTaTHCTHqecKOH Bbl6opKH. HettrpOHHaH .nncppaKUHH B 60JihIIIOH CTerreHn OT :noro 

orpaHnqeHHH CB06o,nHa, IT0CK0JihKY rrry6nHa rrp0HHKH0BeHHH TenJIOBhIX Ht!HTpOHOB 

C0CTaBJIHeT HeCK0JihK0 CM. 

B na6oparnpnn HettrpOHHott cjlnJnKn HM. 11.M.<t>paHKa Ol15111 fihrn coJ.naH 

HettrpOHHhIH cneKrpoMerp BhIC0Koro pa3peIIIeHnH (HCBP)I, opneHTnpoBaHHhIH 

HMeHHO Ha nccrre,noBaHne TeKcTyp reorrornqecKnx MaTepnarroB. He,naBHO Haqarr 

pa6oTaTh HOBhIH crreKrpoMerp CKAT
2 

( crrei<:rpoMerp .nrra KorrnqecrneHHoro aHarrn3a 

TeKCTyphI), n03B0JIHIOlllHH peIIIaTh 6orree o6mne 3a,naqn nccrre,noBaHHH 

.nnHaMnqecKoro pa3BHTHH TeKcryp. B MaTepnarrax npn H3MeHHIOlllHXCH TeMnepaTypHhIX 

ycrr0BIIHX H BHeIIIHHX ,naBrreHHHX. 

B CBH3H C paCIIIHpeHHeM Kpyra Hccrre,nyeMhIX npo6rreM H HX yc.hmirneHHeM, 

rpe6oBaHHH K KaqeCTBY n0JI}"IaeMhIX H3 3KcnepHMeHTa . TeKCTypHhIX ,naHHhIX 

nOCTOHHHO B03pacTaIOT. ,l.l;rrH KoppeKTHoro K0JIHqecTBeHHoro onncaHHH TeKcTyp C 

nOMOlllh!O II<t> Heo6xo,nnMo ccpopMyrrnpoBaTh KpHTepHH ,n0CTOBepH0CTH 

3KcnepIIMeHTaJihHhIX ,naHHhIX, B TOM qucrre, - CTaTIICTIIqecKOH ,n0CT0BepH0CTII TI<t>, II 

HMeTh B03MO)KHOCTh oueHHBaTh ero K0JIIIqecTBeHH0 B pearrhHhIX CJI}"IaHX. O6blqHo 

3KCnepIIMeHTaJihHhie II<t> HCn0Jih3YIOTCH B ,narrhHeHIIIeM .nrra B0CCTaH0BJieHHH !pYHKUIIH 

pacnpe,neneHnH opneHTaUIIH (<t>PO). 3rn Ja,naqa HBJIHeTcH HeKoppeKTHOH 33,naqett 

peIIIeHIIH lIHTerparrhHOro ypaBHeHIIH <t>pe,nroJihMa 1-ro po,na II qYBCT~HTeJihHa K 

1 
BarrhTep K., HcaKoB H.H., HIIKIITHH A.H., YrrrreMattep K., XattHIITU it, 

"Hccrre,noBaHne TeKCTypHoro CTp0eHIIH reoMaTepIIaJI0B ,nIIcppaKUIIOHHhIM MeT0,n0M 

c noMOlllh!O HettrpOHHOro cneKrpoMerpa BhIC0K0ro pa3peIIIeHIIH B na6opaTOpHII 

HettrpOHHOH !pII3IIKII lIM. M.M.<t>paHKa", <f>H3HKa 3ei\mII, 1993, N6, C. 37-44. 

2 
Ullemeyer K., Spalthoff P., Heinitz J., Isakov N.N., Nikitin A.N., Weber K., "The 

SKAT Texture Diffractometer at the Pulsed Reactor IBR-2 at Dubna: Experimental 

Layout and First Measurements", Nucl. Instr. And Meth. A, 1998, v. 412, p. 80-88. 
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HCKa)KeHHHM BX0,nHhIX ,naHHhIX OIIIH6KaM II<t>. 3TOT cpaKT TaK)Ke no,nrnep)K,naeT 

Heo6xo,nHMOCTh Bhipa6oTKH o60CHOBaHHhIX KpnTepIIeB ,noCT0BepH0CTII 

3KcnepHMeHTaJihHhIX II<t>. DO,!lee Toro, 3H3H 0CH0BHhie cpaKTOphI, BJIJIHIOlllHe Ha 

,n0CT0BepH0CTh 3KCnepnMeHTaJihHhIX II<t>, MQ)KHQ YKaJaTh nyrH onTIIMH3aUIIII 

TeKcrypHoro 3KcnepIIMeHTa no HJMepeHIIIO II<t>. 

IJ;eJiblO ,nttccepTaUIIOHHOH pa60TbI HBJIHJiaCb pa3pa6oTKa MaTeMaTnqecKIIX 

KpIITepIIeB ,n0CT0BepH0CTJI 3KCnepnMeHTaJihHhIX II<t>, n0JI}"IeHHhIX II3 HettrpOHHOro 

.nncppaKUHOHHOro 3KCnepHMeHTa no BpeMeHn nporreTa. ,l.l;ocTII)KeHIIe nocTaBJieHHOH 

uem1 norpe6oBarro peIIIeHIIH crre.nyiomnx ocHoBHhIX Ja,naq. 

l. 3KcnepnMeHTaJihHOro IICCJie,noBaHIIH BJIIIHHIIH CTaTIICTIIqeCKOH TQqHQCTII 

HettrpOHHhIX ,naHHhIX (HettrpOHHOH CTaTHCTHKII), npe,ncTaBIITeJihH0CTII 

CTaTHCTnqecKOH BhI6opKII no qIIcJiy KpIICTaJIJIIIT01;) B o6paJue (CTaTIICTIIKJI 3epeH) Ha 

3KcnepIIMeHTaJihHhie II<t> B 3aBIICHM0CTII OT napaMerp0B cneKrp0Merpa. 

2. PaJBIITIIH MaTeMaTHqecKoro annaparn TeKCTYPH0ro aHaJIH3a ,nrrH onttcaHIIH 

3KCnepIIMeHTaJihHhIX II<t> B TepMirnax TeopHII Bep0HTH0CTJI JI MaTeMaTnqecKOH 

CTaTHCTHKII. 

3. Y CTaH0BJieHHH 

3KCnepnMeHTaJihHhIX II<t>, 

cTaTHCTIIqecKoro 

n0JI}"IeHHhIX 

3KcnepIIMeHTe no BpeMeHII nporrern. 

KpnTepmr ,n0CT0BepH0CTII .nrra 

B HeH:rpOHHOM ,nIIcppaKUIIOHHOM 

4. PaJBHTIIH KOJIIIqe.cTBeHHOH M0,nerrII TeKcrypnoro 3KCnepIIMeHTa II 

II3MepHeMoro TeKCTypIIp0BaHH0ro o6paJua, a TaK)Ke pa3pa60TKII MeT0,n0B pacqern 

KpIITepIIH ,n0CT0BepH0CTII 3KcnepIIMeHTaJihHhIX II<t> B 3aBIICIIM0CTH OT napaMerp0B 

cneKrpoMerpa, CTaTIICTIIKII 3epen, narrttqIIH xapaKTepnoro pacnpe,nerrenHH 3epen no 

o6beMy. 

HayquaH IIOBH3Ha nccrre,noBaHHH, C0CTaBJIHIOIUHX 0CH0BH0e co,nep)KaHIIe 

,nttccepTaunn, cocT0HT B crre,nywrueM. 

BnepBhie npoaHaJIII3IIp0BaHa CTaTHCTIIqecKaH CYlllH0CTh 3KCnepnMeHTaJihHhIX 

II<t>. IIoKaJaHO, qTo II<t>, JI3MepeHHhie MeT0,n0M .nncppaKUHH Heil:rpOHOB no BpeMeHH 
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rrponeTa, CBJI3aHbI C rrpouecC0M IlX Il3MepeHHH. Y CTaH0BJleHa 3aBHCilM0CTh 

.11:0CT0BepH0CTil 3KCIIepHMeHTanbHhIX II<I> OT rrapaMeTP0B crreKTpoMeTPa 

(reoMerpHqecKoii: qaCTII QlYHKUilil pa3peII1eHH.H), Heii:TPOHHOH CTaTilCTilKil, CTaTHCTilKil 

3epeH, pacrrpe.n:eneHHJI 3epeH rro o6'beMy. 

BrrepBbie pa3pa6ornHa II rrpHMeHeHa .11:Jl.ll crreKTP0MeTPa HCBP 

3KCIIepHMeHTailhHa.H MeT0.D:HKa K0MIIJleKCH0ro IlCCne.n:oBaHHH BJlilHHIIH rrapaMeTP0B 

crreKrp0MeTPa, Heii:TPOHHOH CTaTIICTIIKil, CTaTHCTilKil 3epeH Ha KaqecTB0 Il3MepHeMbIX 

IIcl>. 

BrrepBhie BBe.n:eH KOJlilqecTBeHHhlll KpHTepHii: .11:0CT0BepH0CTil 

3KCrrepHMeHTailI,HI,IX II<I>, KOTOpblll yqHTbIBaeT IlX CTaTilCTilqecKyio rrpHpo.n:y. 

Pa3pa60TaHhl MeT0.11:hl .11:JlH K0JlilqecTBeHH0ro pacqeTa 3T0ro KpHTepHH B 3aBHCilM0CTil 

OT rrapaMeTP0B crreKrp0MeTPa, Heii:TPOHHOH CTaTHCTilKil, CTaTHCTIIKil 3epeH, BH.D:a 

pacrrpe.n:eneHHJI 3epeH rro o6'beMy B 06pa3ue. IlpIIBe.n:eHhI rrpaKTIIqecKIIe rrpHMep1,1 

pacqeTa Ha M0.D:eJlbHhIX .n:aHHhlX. 

Hay<JHaH II rrpaKTIIIJeCKaH ueHHOCTb. BrrepBbie pa3pa6oTaHHblll rro.n:xo.n: K 

CTaTHCTilqecK0MY aHanII3Y 3KCrrepHMeHTailhHhIX II<I> II03B0JlilJl KaK BhIHBilTh Il 

o6'hHCHilTh rrpHqilffhl B03HilKH0BeHHJI OII1Il60K rrpH Il3MepeHHil II<I>, TaK II 0IIIICaTb IIX 

K0JIIIqecTBeHH0. Pa3pa6oTaH CTaTHCTIIqecKHii: rro.n:xo.n: K IIHTeprrpeTaUHil 

3KCIIepHMeHTailhHhIX II<I> B 0TnIIqile OT o6iuerrpHHHTOro .n:eTepMJ!'.HIICTCK0ro OIIIICaHIIH. 

B .n:aHHOll pa6oTe ycTaH0BJleHbl 0CH0BHbie CTaTIICTIIqeCKIIe qiaKTOpbl (HeHTPOHHa.H 

CTaTIICTIIKa, CTaTIICTIIKa 3epeH, pacrrpe.n:eneHIIe 3epeH II0 o6'heMy), K0T0pbie 

o6ycnaBJlIIBaIOT CTaTIICTIIqecKyio .11:PCT0BepH0CTI, II<I>, rronyqaeMbIX B TeKCTypH0M 

3KCrrepIIMeHTe. 

Pa3pa6oTaHHhlli rro.n:xo.n: rrpIIMeHeH K 0IIIICaHIIIO CTaTIICTIIqecKIIX OII1II60K II<I>, 

CBJI3aHHhIX C BhIIllerrepeqHCJleHHhIMII qiaKTopaMH, .11:JlH rrporH~3a 0)I(11.ll:aeMbIX OII1Il60K 

3KCrrepIIMeHTanbHhIX II<I>. OH II03B0Jl.HeT .n:aTb K0HKpeTHbie peK0MeH.n:aUIIII .11:nH 

ynyqllleHIIH KaqecTBa 3KCrrepIIMeHTailhHhIX II<I>. B 3aBIICIIM0CTII OT qIIcna 3epeH B 

o6pa3ue II .D:OCTYIIHOii: IIHcpopMaUHII o pacrrpe.n:eneHIIII 3epeH rro o6'beMy orrpe.n:en.HeTCH 

0IITIIMailhHa.H II0CTaH0BKa TeKCTYPH0ro 3KCIIepIIMeHTa, K0T0pa.H MIIHilMII3IIpyeT KaK 
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OII1Il6KH 3KCrrepHMeHTanbHhlX II<I>, TaK Il epeMH Il3MepeHIIH. OrrTHManhHaH II0CTaH0BKa 

TeKCTypHoro 3KcrrepHMeHTa 03HaqaeT BbJ6op C00TBeTCTByioIUero II0KpblTIIH II<I> Il 

ceTKil Il3MepeHHH. ):lnH cnyqaH, Kor.n:a II0CTaH0BKa 0IITilMailbH0ro 3KCIIepHMeHTa He 

M0)l(eT 6hITh .11:0CTilrHYTa (HarrpHMep, H3-3a K0HCTPYKUil0HHhIX oco6eHHOCTeii: 

crreKrpOMeTPa), rrpe.D:Jl0)l(eH0 rrpHMeHHTh rrpo~e.n:ypy 0IITIIManbH0ro crna)l(HBaHHH II<I>, 

K0T0paH MilHilMil3HpyeT OII1Il6KH II<I>. CcpopMym1poeaHHbie ycn0BilH K 0IITIIMH3aum1 

TeKCTypHoro 3KCnepHMeHTa Bhl.11:BilraIOT TaK)l(e Tpe6oeaHHH K napaMeTpaM 

cneKTpoMeTPa, II03B0JlHIOIUHe peanH30BaTb rrpoue.n:ypy 0IITilMailhHhIX Il3MepeHHH. 

Arrrrpo6aQIIH .11:IlCCepTaQUII. OcHOBHbJe pe3yJlhTaThl pa60Thl 6hlnll .11:0Jl0)l(eHbl Ha 

KOHq>epeHUIIHX "Mathematical Methods of Texture Analysis" (Lly6Ha, 1995), "Eleventh 

International Conference on Textures of Materials" (ICOTOM-11, Xi'an, China, 1996), 

"Neutron Textures and Stress Analysis" ():ly6Ha, 1997) 11 "International Conference on 

Texture and Anisotropy of Polycrystals" (Clausthai. Germany, 1997). 

IIy6JIHKaQIIII. OcHOBHbJe pe3yJJhTaTbl IICCJle}lOBaHJIH ony6m1KoBaHbl B 6 

pa6ornx B BHJie CTaTeii: (crmcoK np11Be.n:eH B K0HUe aernpecpeparn). 

CTPYKTYPa II o6'beM .n:IIccepTaum1. ):l11ccepTaUHH cocTOHT 113 BBe.n:eHHH, 

qeTbipex rnaB II CIIIlCKa UHTHpOBaHHOH mnepaTYPhl. Pa6oTa coaep)l(HT 126 CTpaHHU, 

BKJlIOqaJI 44 pncyHKa, 7 Ta6nuu, 186 HaHMeHOBaHHll JlJITepaTyphi. 

CO):lEP)I{AHHE P AEOTbI 

Bo BBeneHHII o6ocHOBaHa aKTyanhH0CTh TeMhl .n:uccepTaUIIIl, cqiopMynupoBaHbl 

uem, II 3a.D:aqII uccne.n:oBaHHH, nepequcneHbl 0CH0BHble II0Jl0)l(eHHH, BblH0CHMhie Ha 

3aIUHTy. IlOKa3aHa HayqHaH H0BH3Ha Il rrpaKTHqecKaH 3HaqHM0CTh nonyqeHHhlX 
u . 

pe3yJlhTaT0B, }laHbl CBe.n:eHHH 06 o6'beMe II CTPYKTYPe .11:IlCCepTaUilll, rry6m1KaUHHX, 

anrrpo6aUIIIl 0CH0BHhlX pe3yJlhTaT0B .n:uccepTaUIIIl Ha KOHq>epeHQHHX. 
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B nepBOJI nrnne. Hap.11.ny C onpe.neJieHHeM OCHOBHhlX ITOH.!ITHJI KOJIHqecTBeHHOro 

TeKCTypHoro aHaJIH3a, .naeTC.11 ofoop OCHOBHhIX MeTO,LIOB HCCJie,LIOBaHH.11 TeKcTyp, HX 

oco6eHHOCTeH H B03MO)KHOCTeH. B naparpalj>e 1.1 .naHhl o6menpHH.!!Thle onpe.neneHH.11 

optteHTaUHH, <l>PO, TI<l>, npnae.neHo COOTHOIIIeHHe Me)K.ny HHMH, nepeqHCJieHhl 

MeTO.Llhl aoccrnttoanettn.11 <l>PO no TI<l>. 

Hcxo,LIHhIM IlOH.!ITHeM B TeKCTypHOM aHaJIH3e .!IBJI.!leTC.11 Il0H.!ITHe optteHTaUHH HJIH 

apamettn.11 g. Mtto)KeCTBO acex apameHHH rpexMepttoro eBKJIH.LIOBa npocrpattcTBa 

(MHO)KeCTBO JIHHeHHhIX npeo6pa30BaHHJI eBKJIH,LIOBa npocrpaHCTBa R3
, coxpaH.!IIOIUHX 

paccT0.!!HHe Me)K.ny ToqKaMH npocrpaHCTBa H He MeH.!IIOIUee opneHTaUHIO :noro 

npocrpattcTBa) onpe.nen.11eTc.11 rpynnoH apameHHH SO(3) . Yrnh1 3Hnepa { a, j3, y} 

O,LIH03HaqHO onpe.neJI.!IIOT Bee 3JieMeHThl rpynnhI BpameHHJI. 

<l>yttKUH.11 pacnpe.neneHHH optteHTaUHH (<l>PO) f (g), c ToqHoCThIO .no 

H0pMHpOBKH, eCTh IlJIOTHOCTh pacnpe.neneHH.11 aepo.!!THOCTH, onpe.neneHHaJI Ha rpynne 

apameHHJI SO(3) . Otta OITHChIBaeT o6beMHYJO ,LIOJIIO KpHCTaJIJIHTOB B o6pa3ue, 

HMeIOIUHX optteHTaUHH B OKpeCTHOCTH dg onpe.neneHHoro 3JieMeHrn rpynnhI 

apamettn.11 g: 

f(g)dg - dV(g) 
V , ff (g)dg = f f(g)sinj3dadf3dy = 8n- 2

• 

S0O) S0O) 

(I) 

PaccMOrpHM npOH3BOJihHOe optteHTaUHOHHOe ynop.11.noqeHne MHO)KeCTBa 

KpHCTaJIJIHTOB, COCTaBJI.!IIOIUHX IlOJIHKpHCTaJIJI, C <l>PQ f (g). TiycTh OHH 

pacnpe.neneHhl no optteHTaUH.!IM TaK, qTo CYMMapHa.11 o6beMHa.!I ,LI0JIH KpHCTaJIJIHTOB, 

HMeIOIUHX HanpaBJieHne BeKTopa o6paTHOJI perneTKH ihkl TaKoe, 

OITHChIBaeTC.11 IlJIOTHOCThIO pacnpe.neJieHH.11 BepO.!!THOCTH Ha cqiepe S2
, 

phkl (_y; _yjjfhkl )dm(_y) _ dV(_yJJihkl) 
V 

f Phkt (y )im(y) = 4n , 
s' 

qro fhk/1/_y, 

(2) 

r.ne npn YKaJaHHOH HOpMnpoBKe Phkl(y) HaJh!BaeTc.11 TI<l> HH,LleKCOB {hkl}. B (2) y 

e,LIHHHqHh!JI BeKTOp HanpaBJieHH.11 (Ha e,LIHHHqHoH cqiepe S2 
), 3a,LlaHHhlli B CHCTeMe 

Koop.nnHaT 06pa3ua, a ihk1 3a,LlaH B na6oparnpttoH cncTeMe. Ca.113h Me)K,Lly <l>PO (U n 
..... ;✓ 
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TI<l> (2) ycrnttaannaaer HHTerpanhttoe cooTH0IIIettne cne.nyiomero Bil.Lia (6e3 yqern 

KpHCTaJIJIHqecKOJI CHMMerpttn): 

I zir 
phkl(_y)=-2 f 1({ihkl'(J)r{_y,Q}}t<p, 

1l" 0 

(3) 

r.ne HCilOJih30BaHO H0BOe o603HaqeHHe apameHH.11 { i hkl' <p} = { 1Jf, ~, <p} ecrrH ( ~' 1Jf) 

CtpepnqeCKHe yrJihl BeKTopa fhkl = ( ~, 1Jf) . Hepa:mttql:IMOCTh HanpaBJieHl:IJI f hkl 1:1 - fhkl 

B ,Lll:ltppaKUHOHHOM 3KCnep1:1MeHTe npHBO,Lll:IT K CHMMerpmaun1:1 TI<l> (3) crre.nyiomero 

B1:1,Lla: 

Phki(y) = ½[phkl (y) + p_(hkn(y)]. (4) 

Onpe.nerrett1:1.11 <l>PO no KOHeqiroMy q1:1crry pe.nyu1:1poBaHHhIX TI<l> (4) .!IBJI.HeTc.11 

OCHOBHOJI 3a,LlaqeJI KOJil:lqecTBeHH0ro TeKcrypttoro aHaJIH3a. 

B naparpalj>ax 1.2 - 1.5 .naHO on1:1c~Ji1:1e 3KCnep1:1MeHTaJihHhIX MeTO,LIOB 

HCCJie,LIOBaHl:l.11 TeKCTYP 1:1 cnoco6oB o6pa6oTKl:I GKCnep1:1MeHTaJihHhIX .naHHhIX. 3Tl:I 

MeTO,Llhl KJiaCCl:llpl:IUHPYJOTC.11 no THUY 3Kcnep1:1MeHTaJihHO norryqaeMhlX .naHHblX: 

MeTO,Llhl onpe.nerren1:1.11 <l>PO (rroKaJihHa.11 3JieKrpOHHa.!I Ml:IKpOCKOill:1.11 no onpe.nerreHHIO 

l:IH,LIHBH.LIYaJihHhIX opueHTaUl:IH) 1:1 MeTO,Llhl onpe.nerreHl:IH TI<l> (peHTreHOBCKa.11 11 

HeHrpOHHa.11 ,Lll:ltppaKUI:11:1). TIOKa3aHO, qro ,LIJI.11 0601:1x crryqaeB ocrpo CTOl:IT BOnpoc 0 

CTaTl:ICTHqecKOJI ,LIOCTOBepHOCTl:I 3Kcnep1:1MeHTaJihH0 H3MepeHHhIX TeKCTYPHhlX 

.naHHhlX, DOCKOJihKY q1:1CJIO 3epen B Tl:IIll:lqHblX o6pa3uax o6hJqHO Jie)Kl:IT B l:IHTepaarre 

103-106 • OT.nerrhHO (naparpalj> 1.6) paccMorpen Bonpoc O COBpeMeHHOM COCTO.!!Hl:11:1 

npo6neMhI .nocT0BepnocT1:1 TI<l> (<l>PO). 

Bo Bl'OpOH rJiaBe paccMorpeHhI oco6eHHOCTl:I neiirpOHHOro ,LIHtppaKUl:IOHHOfO 

3KCnep1:1MeHTa no BpeMeHl:I nponeTa B crryqae TeKCTYPHhIX l:ICCJie,LloBaHI:IH. B 

naparpalj>e 2.1 o6ocH0BaHhI qi1:131:1qecK1:1e nprrnu1:1nh1 tteiirpottttoro TeKcrypttoro 

3KCnep1:1MeHTa 1:1 BBe,LleHhI OCH0BHhle ITOH.!ITl:IH, neo6xo,L1l:IMhie ,LIJIH ,LlaJihHeiiwero 

aHaJil:l3a II0CTanrreHHhIX 3a,Llaq, 

HCTl:IHHa.11 TI<l> P~i(:y) - ITJIOTHOCTh pacnpe.nerreHl:IH Ha cqiepe, OTHOCHIUa.HCH K 

reHeparrhHOH COBOKynH0CTl:I op1:1enrnu1:1ii. l13Mep»eMa.H TI<l> Ph'.tt (y) - DJIOTHOCTh 
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paenpenenemrn Ha e41epe, npI1HUI1nI1aJibHO noeTyrrHaH nn:i mMepeHm1 B 

3KenepIIMeHTe, Korna HeT BJIIIHHWI eTaTI1eTI1qeeKI1X qlaKTopoB (HeihpOHHOH II 

OpileHTaUIIOHHOH eTaTHeTHKH). OHa eBH3aHa e HeTHHHOH 11<1> HHTerpaJibHbJM 

eooTHOIIIeHHeM THna eBepTKH: 

P:kl(y;yl/e) = f K(e' -e)~~1(y;yl/e')dm(e') 
(5) 

H MO)KeT fihJTb npeneTaBJieHa KaK pe3yJibTaT neiieTBIIH HHTerpaJibHOro erna)KIIBaIOmero 

onepaTOpa Ha HeTHHHJ!O 11<1> e IIHTerpaJibHbIM MPOM K. 3KenepIIMeHTaJihHaH 11<1> 

P~1 (5ij) - 3MnHpHqeeKoe paenpeneneHHe (rneTOrpaMMa), JMaHHa» B Y3nax 

nileKpeTHOH eeTKH r = {5ij} Ha e41epe S2
• -3KenepHMeHTaJibHaH 11<1> eooTBeTernyeT 

orpaHHqeHHbIM Bbl60pKaM KaK HeHTPOHOB, TaK H OpHeHTaUHH KpHeTaJIJIHTOB o6pmua. 

BaeneHo IlOHHTHe R-<PaKTOpa, KaK KOJIJlqeeTBeHHOro KpIITepIIH eTaTI1eTI1qeeKoii 

noeToBepHOeTII 3KenepIIMeHTaJibHbIX 11<1>. OH onpeneneH KaK epenHee 3HaqeHile OT 

HOpMilpOBaHHbIX 0)KilnaeMbIX OIIIIl60K no YJJiaM eeTKII Il3MepefmH 11<1> 

_ } J' I {[P,' (- )- e (- )]

2

} R=R(s,t,e)=~L M Af.
1 Yj Phkt Yj 

J j=I 1 P,' (- ) ' hk/ Yj 
r={5ij}. (6) 

HaKoHeu BBeneHo nOHRTile 3JieMeHTa IlOKpblTIIH 11<1> Q j (KaK xapaKTepHOH 

eBH3aHo e 
o6naern onpeneneHIIH IIHTerpanr,Horo Mpa K B (5)), KoTopoe 

reoMeTPI1qeeKoii qaeTbIO <PYHKUIIII pmpeIIIeHIIH eneKTPOMeTPa. l1pII 
npoaeneHIIII 

eKaHilpOBaHIIH no PaJJIIlqHbIM HanpaBJieHIIHM B TeKeTypHOM 3KenepIIMeHTe 3JieMeHTbI 

Q j perym1pHbIM o6paJOM (B eoorneTeTBIIII e Il3MepI1TeJibHOH eeTKoii) IlOKpbIBaIOT 

e41epy HanpaBJieHilii, o6pmy» noKpbITHe 11<1>. ,ll;n» TeKeTJPHoro 3KenepI1MeHTa eMbieJI 

noKpbITIIH eoeTOIIT B TOM, qTo BKJian B Il3MepHeMbIH eI1rHan naIOT TOJibKO Te 

KpileTaJIJIIITbl, qbII nOJIIOea .Y "nonanaIOT" B KaKoH-JII160 3JieMeHT noKpblTIIH Q j. Bee 

npyrne KpileTaJIJIIITbl He "yqaeTBJ!OT" B Il3MepeHIIII, JMeHblllaH, TeM eaMbIM, 

eTarnernKy 3epeH. 

B naparpalj>e 2.2 nn» KOHKpeTHbIX eneKTPoMeTPoB CKAT II HCBP paeeqI1TaHbI 

IlOKpbITllH 11<1>, eooTBeTeTBJIOIUile xapaKTepileTnKaM naHHbIX eneKTPOM~OB. 
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I1cnoJib30BaHHbie B paeqeTax napaMeTPbI reoMeTPnqeeKoii qaeTn pmpeIIIeHnH 

TeeTnpoBaJilleb Ha naHHblX no JaBnenMOeTn noJIHOro pmpeIIIeHHH eneKTPOMeTPa OT 

nJIHHbl BOJIHbl HeiiTopoHa. Ha oeHOBe enenaHHbIX oueHOK noKaJaHo, qTo nn» o6onx 

eneKTPOMeTpOB noKpb!Tlle HenJIOTHOe - .eJMMapHO Bee 3JieMeHTbI noKpblTHH 

noKpbIBaIOT He 6onee 1/50 qaCTn nonye41epb1 Hanpaanem1ii. 3TO OJHaqaeT, qTO B 

3KenepnMeHTe "yqaeTByeT" TOJibKO He60JiblllaH noJIH o6mero qnena KpneTaJIJillTOB 

06pa3ua. 

B naparpalj>e 2.3 aHaJIHTnqeeKH noKaJaHo BJIHHHHe eTaTHeTHKH HeHTPOHHbIX 

naHHbIX (nanee - HeHTPOHHaH <;TaTHeTHKa) Ha 3KenepnMeHTaJibHbie 11<1> B enyqae, 

Korna HHTerpaJibHbie HHTeHeHBHOeTH pe41JieKeOB ll3BJieKaIOTeH HJ eneKTPOB KaK 

nnomanb non nHKOM e yqeTOM qlOHa, KOTOpbIH onpenenHeTeH no o6naeTHM, 

npHMbIKaIOIUIIM K 06JiaeTH nHKa. l10Ka3aHO, qTo nJIH TaKOH OUeHKH HHTerpaJibH~H 

HHTeHeHBHOeTH R-<PaKTop (6) yMeHbIIIaeTeH e poeTOM BpeMeHH H3MepeHnH f no 3aKoHy 

I r 
R(s,t,e)"'J'~ 

( P,:kl()\ )- P,;kl(YJ
2 

. I T( B ( N,, )J 
I 2 + ( ) I+- I+- , 

I - P.' -; t y Nh ( P,,u{.vJ hkl y j 

(7) 

T.e. oum6Ka HeHTPOHHOH eTaTHeTHKH y6brnaeT KaK 1/Ji (BTOpoe eJiaraeMoe). Bo 

BTopoM enaraeMoM JHaqeHne Y / B eeTb OTHoIIIeHne "ettrHan/410H" B o6naeTH nnKa, a 

NI, n Nh - qneJIO KaHaJIOB a o6naeTH IIHKa n qlOHa, eoOTBeTeTBeHHO, a 

paeeMaTPHBaeMOM yqaeTKe eneKTPa. l1epBbIH qJieH non 3HaKOM KOpHH B (7) - OIIIH6Ka 

annpoKeHMaunH - eeTb Mepa pa3JIHqHH neTHHHOH 11<1> p:kl Cv) H HJMepHeMoii 

p:k/ (y) (5) .. 

B naparpalj>e 2.4 Ha npnMepe 3KenepnMeHTaJibHblX Jf3MepeHHH 11<1> Ha 

THnnqHoM KBapueBOM 06pa3ue e pa3JIHqHbIM BpeMeHeM 3Keno3HUHH noKaJaHO, qTo 

3aKOH 1/ .Ji BbIIIOJIHHeTeH nn» BbIIIIeJKaJaHHOH npouenypbl oueHKH HHTerpaJibHOii 

HHTeHeIIBHOeTH. KpoMe Toro, 6bIJI npIIMeHeH MeTon npOqlHJibHOro aHaJIHJa nn» TeX )Ke 

Ha6opoB naHHbIX. l10KaJaHO, qTo KpoMe B03MO)KHOeTH pmneneHHH nepeKpbIBa!OIUHXell 

pe41neKeOB, npHMeHeHne 3Toro MeTona naeT MeHbIIIJ!O 3KenepHMeHTaJibHJ10 OIIIH6Ky, 
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CBH3aHHj'IO C HeHTpOHHOH CTaTHCTHKOH. AHanH3 3KCrrepttMeHTanhHhJX J.{aHHhIX B 

3aBHCHMOCTH OT BpeMeHH ll3MepeHHH rrpOBO)lllJICH C IIOMOil.lhlO QRP-q>aKTopa 

I J' Mh~h\) 
QRP( £, ph~t(Y j )) =I'~ ph~t(Yj) ' (8) 

aHanomqHoro ITO <j:JopMe R-<j:JaKTOpy (6). 3Ha'leHHH Ol.{eHOK CTaH,llapTHOro OTKJJOHeHHH 

M;,(5ii)' coorneTcrnyiomnx 3HaqeHHHM II<l> Ph~1(5J B TO'!Kax yi (oueHKaM 

HHTerpanhHOH HHTeHCHBHOCTH IIHKa {hkl}), H3BJJeKanttch If3 crreKTpOB B rrpn6JJmKeHHH 

rryacCOHOBCKOro ITOTOKa perttCTJ)ttpyeMhJX HeHTpOHOB BO BpeMeHHhIX KaHanax. 

I10Ka3aHO, 'ITO, He3aBHCHMO OT crroco6a o6pa60TKH crreKTpOB, HeiiTpOHHaH CTaTHCTHKa 

rrpHBO)lllT K CTaTHCTHqecKHM onm6KaM II<l> Ha ypoBHe e,llHHlll.{ rrpoueHTOB (1-5% rrpn 

5-10-MHHYTHhIX If3MepeHHHX B O)lHOH TO'!Ke ceTKH ll3MepeHHH). YMeHhIIIeHne OIIJH60K 

HeHTpOHHOH CTaTHCTHKH C yaennqeHtteM BpeMeHH 3KCIT03Hl.{lllf rrpoHJJJJIOCTJ)HpoBaHO 

Ha pnc. l )lJJH Tpex nnKOB pa311nqHou HHTeHCHBHOCTH (nx oTHocnTeJJhHhie 

HHTeHCHBHOCTH B rropOIIIKOBOM crreKTpe l, 0.125, 0.021 ). 
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Puc. I. YMeHbllleHue omu6Ku HeiimpoHHOii cmamucmuKu c yBeJlU'leHUeM BpeMeHu 

U3MepeHlm. Hu:»cHRR KpUBaR - pe3yllbmam npoqJUllbH020 aH<1.IIU3a; BepxHRR - OIJeHKa 

1mme2p(1JlbHOU UHmeHCUBHOcmu npocmblM UHme2pupoBaHUeM nuKa C y'lemoM qJOHa. 

/{llfl Bmopoii KpUBOU maK:»ce npuBeiJeHa annpoKCUMUPYIOUJaR KpUBaR C 3aKOHOM 

y6blBaHUR Jj ✓t 
10 

) 
I 

) 

TpeTbH rJiaBa IIOCBHll.leHa 3KcrrepHMeHTanhHOMY If3yqeHiflO BJJHHHHH 

CTaTHCTHKif 3epeH Ha II<l>, rronyqaeMhIM B HeHTpQHHOM TeKCTYPHOM 3KCIIepHMeHTe no 

BpeMeHn rrponern. lhMepeHHH TI<l> 6bmn BhIITOJJHeHhI Ha crreKTpoMeTpe HCBP (JIH<l> 

OIUII1). Ba)l<HOH CTa,lllfett BhIITOJJHeHHH 3KcrrepHMeHTOB HBJIHJJCH Bh16op o6pa3l.{OB; B 

pacrropH)l(eHHH HMeJJOCh 4 THITH'IHhlX ( C TO'IKI_I 3peHHH TeKCTyphI, MaTepHana, 061,eMa, 

3epHHCTOCTH ll T.,ll.) o6pa3l.{a, B3HThlX If3 O)lHOro If TOfO )l(e KYCKa KBapl.{eBOH IIOpO,llhI, B 

KOTOpOM HMeJJHCh 0611acTH C OTHOCifTeJJhHO MeJJKHM If KpyrrHhIM pa3MepOM 3epeH. JJ:Ba 

o6pa3l.{a 6bIJJH Bhipe3aHhl ll3 MeJJK03epHHCTOH qaCTH, qncno 3epeH B KOTOphIX 61,IJJO 

Ol.{eHeHO KaK -10
6

' a )lBa o6pa3l.{a - ll3 KpyrrH03epHHCTOH qacTH C 'llfCJJOM 3epeH -105
• 

EbJJJO C)leJJaHo rrpe,llIIOJJO)l(eHHe, ~O)lTBep)l()leHHOe B )lanhHettIIIeM 3KcrrepnMeHTanhHO, 

'ITO Bee o6pa3l.{hl 0611a)la10T H)leHTH'IHOH TeKcrypou. 

B naparpalj>e 3.1 If3JJO)l(eHO 3KcrrepnMeHTanhHOe IfCCJJe)loBaHne BJJHHHHH 

CTaTHCTHKH 3epeH Ha 3KcrrepHMeHTanhHhie TI<l>. CpaBHHBanHCh Ha6opbl ll3 6 II<l>, 

ll3MepeHHhie Ha )lByx o6pa3l.{ax O)lHOro 061,eMa ll O)lHOH CTerreHH 3epHHCTOCTll. 

O6pa3l.{hl If3MepMIICI, B MaKCifManhHO 6JJH3KHX B3allMHhIX opn:eHTal.{WIX. 

KonnqecTBeHHhlM cpaBHeHHeM 3THX Ha6opoB II<l> C IIOMOll.lhlO RP-<paKTopa 

RP= ;.±lph~;1(5\)-P;/(5iJ 
J=l pe.1(2) (- ) 

hkl Yj 
(9) 

6bmo IIOKa3aHO, 'ITO pacxo)l(,lleHife Me)l()ly II<l> OT MeJJK03epHHCThIX o6pa3l.{OB 

)lOCTHraeT -20% (oT 12% )lO 38% )lJJH OT)leJJhHhIX II<l>). IIocKOJihKY TaKOH pe3yJihTaT 

HeB03MO)l(H0 ofo,HCHllTh TOJJI,KO HeHTpOHHOH CTaTllCTHKOH, TO 61,m C)leJJaH BhlBO)l 0 

CYll.leCTBeHHOM BJJHHHllll CTaTHCTHKif 3epeH Ha 3KCIIepnMeHTanhHhle TI<l>. 3To 

YTBep)l()leHn:e TaK)l(e 110,llTBep)l()laeT 4 7%-oe pacxo)l(,lleHHe ( COOTBeTCTBeHH0, OT 3 7% 

)lO 60% )lJIH OT)leJJhHhlX TI<l>) )lJJH KpyrrHo3epHHCTOH naphl o6pa3l.{OB (11pn TOH ')l(e 

HeHTpOHHOH CTaTHCTHKe ll TOM )l(e ofo,eMe o6pa3l.{OB). 

B naparpalj>e 3.2 YTBep)l()leHHe O CYilleCTBeHHOM BJJHHHHH CTaTHCTIIKH 3epeH Ha 

pe3yJJhTaThl 3KCIIepnMeHTa 61,mo IIO)lTBep)l()leHO ,llpyrttM THIIOM 3KCIIepIIMeHTa. bbJJIU 

IIpOH3Be)leHhI ll3MepeHHH 0)lHOro If Toro )l(e 06pa3ua B )lByx pa3JJH'IHhIX opueI!Tal.{JUfX. 

IIpHBe,lleHHbie 3aTeM B 0.llHY ClfCTeMy KOOp,llHHaT Ha6opbI Il3MepeH_JihIX II<11 
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cpaBHUBaJIUCh, OIUITh )Ke, no RP-<paKTopy (9). ,[{mr MeJJKO3epHHCTOro o6pa3Ua 

nonyqeHo 3Ha11eHne 27%, a .nmr KpynHo3epHHCTOro - 44%. TaKnM o6pa30M, B 

COOTBeTCTBllll co CKa3aHHhIM B naparpaqie 2.1, ll3MepeHUH B .LIByx pa3HhIX 

opneHTaUllHX 6bIJJll llHTepnpeTnpoBaHhI KaK ll3MepeHHH, BhIIIOJJHeHHhie Ha .LIByx 

pa3HhIX opneHTaUHOHHhIX BbI60pKaX. Ka)K.1:(aH ll3 YKa3aHHhIX Bb16opoK nMeeT 06beM 

nopH,nKa I/5P OT nonHoro 11ncna KpncTaJIJJHTOB 06pa3ua, no3TOMY Ha6mo.naeMhie 

pacxo)K_neHUH Ha6opoB 11<1> UMeIOT Te )Ke 3HalJeHHH, 'ITO ll B cnyqae !pll3ll'leCKll 

pa3JJlllJHhIX o6pa3UOB. 

B 3TOM )Ke naparpaqie npnBe,neHbI pe3yJJhTaThI 3KcnepnMeHTa, BhIIIOJJHeHHhie no 

BhIIIIeYKa3aHHOH cxeMe, HO npn YBeJJH'leHHOM pa3Mepe 3JJeMeHTOB noKpbITUH. 3To 

YBeJJn'leHne 6hIJJO .LIOCTllrHYTO 3a ClJeT ll3MeHeHHH ycJJOBllll BTOpll'IHOll KOJJJJUMaunn 

(o,nHa ll3 COCTaBJJHIOIUHX reoMeTPn'leCKOll qaCTll !pYHKUllll pa3peIIIeHnH). B pe3yJJhTaTe 

ll3MeHeHHH reoMeTPU'leCKHX ycJJOBHll BTOpH'IHOll KOJJJJHMaUHH 6bIJJO .LIOCTHrHYTO 

YBeJJH'leHHe 3JJeMeHTa nOKphITllH npnMepHO B ,nBa pa3a npH O.LIHOBpeMeHHOM 

He3HalJHTeJJbHOM yxy,nIIIeHHH pa3peIIIeHHH cneKTPOMeTPa. CpaBHeHHe Ha6opoB 11<1> OT 

O.LIHOro o6pa3IJa, ll3MepeHHoro B .LIByx opneHTaIJHHX, o6Hap~HJJO OTHOCUTeJJbHO 

JJ}"IIIIlle pe3yJJhTaTbI: 14% H 22% COOTBeTCTBeHHO .LIJJH MeJJKO- H KpynHo3epHHCTOfO. 

o6pa3IJOB. TaKHM o6pa30M, npo,neMOHCTPHPOBaHO noJJO)KHTeJJhHOe BJJHHHlle 

YBei:m11eHHH 3JJeMeHTa nOKphITHH Ha Ka11ecTBO 3KCnepnMeHTaJihHhIX 11<1>. 

11aparpa!J> 3.3 UMeJJ IJeJJhIO cpaBHHTh Me)K.1:(y co6oil: Ha6ophI 11<1> OT MeJJKO- n 

KpynH03epHHCTOfO o6pa3IJa, npoHJJJJIOCTPHPOBaTh KaK yxy,nIIIeHne CTaT~CTHKll 3epeH 

BJJHHeT Ha 3KCnepHMeHTaJlhHbie TI<l> H nOKa3aTb, 'ITO crJJa)KHBaHHe 11<1> MO)KeT 6hITh 

HCnOJJh3OBaHO .LIJlH nOHU)KeHHH CTaTHCTH'leCKHX OIIIH60K. Ha pnc. 2 npnBe,neHhI 

pe3yJJhTaThI rnaBbl B BH.Lle ,nnarpaMMhI OCHOBHhIX nonyqeHHhIX COOTHOIIIeHHll. 

B qeTBepTOll rJJaBe npnBe,neHO ll3JJO)KeHne pa3pa6oTaHHhIX MeTO.LIOB pac11eTa R

<paKTOpa (6), HCXO.LIH H3 ,naHHhIX O THne TeKCTyphI, 'IHCJJe 3epeH B o6pa3IJe H 

napaMeTpaX noKpbITHH. ,[{aHHbie MeTO.LlhI 6hIJJll HCnOJJh3OBaHbI He TOJJhKO .LIJJH nporHO3a 

O)Kll.LlaeMhIX OIIIH60K ll3MepeHHH 11<1>, HO H .LIJJH onpe,neJJeHHH nOHHTHH onTHMaJihHOro 

TeKCTypHOfO 3KCnepnMeHTa, KOTOpbill MHHHMll3HpyeT nOJJHYIO OIIIH6Ky 11<1>. TaK)Ke 

onpe,neneHO noHHTlle onTUMaJihHOro crJJa)KUBaHHH 11<1>, KOTopoe npnBO.LlllT K TOMY )Ke 
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M32 

MeJIK03epHHCTbie o6pa31.{bl 

(M31, M32) 

M31 

ycpe.L1HeHHhIH Ha6op YM3, 
uecrnaJKeHHbIH 

I< @ > 

ycpeJ(HeHHbIH tta6op YK3, 

K32 K31 

I<pynHo3epHHCThie o6JJa31.{bI (K3 I, K32) 

CJ 
0 CJ 
:,: ::: ...... 
§--:;; 
'1 0. 
:,: :. 
"" 0 c t: 

0 
0 CJ 
:,: ::: 
:,: ... 
0 :;; 
:r 0. 
::: :. 
t,: 0 
~ c:: 
>, 

ycpe.L1HeHHblH Ha6op YK3, 
crnaJKeHHblH 

0 
0 CJ 
:,: ::: ...... 
§-- :;; 
'1 0. 
:,: :. 
"" 0 c c:: 

Puc. 2. l(uazpG.MMa oc1we1tblX coom110Ute11uii Ate:lll'oy 11a6opaA111 ll<P. llpeocmae11e110 no 
0011oii ll<P {11-20) om Ka:JJCoow 11a6opa 
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MHHHMYMY rronHott oum6Ku II<l>. PaccMoTpeHo snmrnue pacrrpe.neneHuH 3epeH 

o6pa3Ua 110 o6beMy Ha ,!{0CT0BepH0CTh 3KCI1epuMeHTaJJhHhlX IT<l>. 

B naparpa4>e 4.1 rrpe.ncrnsneHo orrucaHue .nsyx MeTo.nos pact.Jern R-cl>aKTopa (6) 
.• 

HCX0,!{H H3 HMeJOll{ettCH HHCjiopMaUHlf 0 rrapaMeTPaX cneKTP0MeTPa, ycJJOBHHX 

3KcrrepuMeHTa (ceTKa H3MepeHHH, rroKph!rne IT<l>) u xapaKTepucrnKax 06pa3ua (t.Jucno 

3epeH B o6pa3Ue, TeKCTypa). O.!{HH MeT0,!{ 0CH0BaH Ha HCI10J1h30BaHHlf Bep0HTHOCTHOro 

110.nxo.na .nn» pact.JeTa R-<paKTopa (6). B rrpe.nrrono)l(eHHH paBHhIX o6beMOB scex N 

KpHCTaJJJJHT0B, cocTaBJJHIOIUHX o6pa3eU, H M0,!{eJihH0M 110KphITlfH, CBH3aHHhIM C 

paBHOyrJJOBOll ceTKOH lf3MepeHHH, .naHHhlM MeT0,!{0M 110J1)"{eHa oueHKa Q)l(U,!{aeMOll 

oum6Ku IT<l> B su.ne 

R., _!_ f I( p:kl(Y1 )- p:kl(.rJ)
2 

+_!_ ]- P1 
]'}=I' ( p:k1(YJ)2 N P1 ' 

(IO) 

r.ne p j = Prob{ y n E n j} = J p:kl (y )dm(y) = lln j II p:kl ( y j) - Bep0HTH0CTh "rrorra.naHHH" 
n 4Jr . 

1 

l10J1JOCa _y n B 3JJeMeHT 110KphITHH Qi (T.e. Bep0HTH0CTh C06hITHH y n E Qi) 

orrpe.nen»eTCH TeKcTypou B o6pa3ue. 

Brnpou MeTO,!{ ,!{JJH oueHKlf R-<paKTOpa (6) 0CH0BaH Ha reHepauuu CJJ)"{allHhlX 

opueurnuuii:, ornet.JaJOIUHX 3a.nanH0My pacrrpe.neneHHJO Ha rpyrrrre sparueHHH. 

IToKa3aH0, l.JT0 ,!{JJH '.HUX ueneu M0)l(eT 6bITh lfCI10J1h30BaH rrpouecc 6poyttOBCKOro 

.!{BH)l(eHHH (.nucpcpy:mu) Ha TpexMepHOll rnrrepc<jlepe SJ B t.JeThipexMepHOM 

4 ~ 
eBKJJlf,!{0B0M rrp0CTPaHcTBe 9t . I1crr0J1h3YH H30MOp<pll3M Me)l(,!{y 3JJeMeHTaMlf rpyrrrrhI 

BparueHHH g E S0(3) H T0l.JKaMH rronyccpephl r Es~ C 9t
4

' )'Ka3aHHOe 6poyttOBCKOe 

.!{BH)l(eHue rrepeHocuTCH Ha S0(3). 3m rrpuso.nuT K rrpe.nenhH0MY (HopMaJJhHOMY) 

pacrrpe.neneHHJO c rrnornocThJO Ha rpyrrrre sparueHutt S0(3) Blf.!{a 

J ~ sin((2l + 1)3/i) 
p(r)=-2 L,(2l+l)exp{-l(l+I)D} . (ml) 

2n t=0 sm 72 
(11) 
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{
A

2t} Ko3<pcpuuueHT D eCTh rrpe.nen D = ~.To 6 , r.ne A - 3J1eMeHTapHhlll mar 

t➔- ' 

6poyttOBCKOro ,!{BH)l(eHHH (yron BparueHHH Ha rnrrepccpepe SJ C 9t4
), a t - l.Jl:ICJ]0 

TaKHX 3JJeMeHTapHhIX sparueHHH. <l>PO, rrpe.ncrnsneHHoe B su.ne (11) 1:1 pMa .npyr1:1x 

rayccorro.no6HhlX l1J10THOCTell pacrrpe.neneHHll, t.JaCT0 Ha3bIBaJOT TeKCTypHOll 

K0MilOHeHTOll. C 60J1hIIIOll T0'IH0CThJO rrpouecc 6poyttoBCKoro ,!{Bl:l)l(eHHH M0)l(eT 6bITh 

cMo.nenuposaH .nn» 3a.naHHoro 3Hat.JeHl:IH K03<p<p1:1uueHTa D rrpu Bh16ope .nocrnT0'IH0 

60J1hIIIHX 3Ha'IeHl:lll t 1:1 MaJJhIX A TaK, l.JT0 
A2 t 

D = --. CoBoKyrrHoCTh 1:13 N 
6 

He3aBHCHMhIX opueHTaUlfll, Il0JJ)"{eHHhIX )'Ka3aHHhlM o6pa30M, M0,!{en1:1pyeT 

opueHTaUlf0HH0e C0CT0HHHe 06pa:n1a, C0CT0Hll{ero 1:13 N 3epeH. 3a.naBM rrapaMeTPhI 

crreKTP0MeTPa (rroKphITlfH IT<l>, CeTKlf lf3MepeHHH), orrpe.nenHeM M0,!{eJihHhie 

"3KcrrepuMeHTaJJhHhle" IT<l>, "1:13MepeHHhie" Ha 06pa311e 1:13 N 3epeH. CooTBeTCTBYJOIUl:le 

HCTl:IHHhie IT<l> orrpe.neneHhI rrpe.nenhHhIM pacrrpe.neneH1:1eM Ha ccpepe S 2 c 9tJ Blf.!{a 

p(y)=-
1 

I,(2l+I)exp{-l(l+l)D}Pi(cos/J), y=(/3,<p)ES 2
, (12) 

4n L=0 

r.ne Pi ( cos /3) - 110J11:1H0Mhl Jle)l(aH.!{pa. rro HeCK0JlhKl:IM He3aBl:ICl:IMhIM M0,!{eJJhHhIM 

IT<l>, coorneTCTBYJOIUHM 3a.naHH0MY t.JIIcny N, oueHIIBaeM 3Hat.JeHue R-<jlaKTopa. 

B naparpaljle 4.2 rrpIIBe.neHhl 'IIICJJeHHhie paC'IeThl R-cpaKTopa rrpII JI3MeHeHIIl:I 

orrpe.nenHIOll{IIX ero rrapaM~0B. 3TIIMII rrapaMeTPaMII HBJJHIOTCH: rrapaMeTP ceTKII 

(KOTOphlll B M0,!{eJJhHhlX rrpe.nrroJJ0)l(eHIIHX TaK)l(e orrpe.neJIHeT 110KphITIIe IT<l>), 'IIICJ10 

3epeH B o6pa3ue N II TeKcTypa, 3a.!{aHHM B BII,!{e rayccoBcKoro pacnpe.neneHIIH (12). 

ITOKa3aHo, 'ITO IIH,!{eKChl IT<l>, 110J10)l(eHue TeKCTypHOll K0Mil0HeHThl Ha IT<l>, a TaK)l(e 

KpIICTaJJJJH'IeCKM CIIMMeTPIIH, CJia6o BJJIIHJOT Ha IITOrOB.blll R-<paKTop, 1103T0My 

0CH0BH0e BHl:IMaHIIe 6hlJ10 cocpe.!{0T0'IeHo Ha BhIIIIerrepe'Il:ICJJeHHhIX rrapaMeTPaX. 

OcHOBHhIM pe3yJihTaT0M rrpII aHanme R-cpaKTOpa HBJJHeTCH ero 3aBIICIIM0CTh OT 

rrapaMeTPa CeTKII (rroKphlTIIH). ,ll;nH HeCK0JlhKIIX 3Hat.JeHIIll N II 0,!{H0K0MilOHeHTIIOll 

TeKCTYPhl C D=0.042 C00TBeTCTBYJOll{l:le rpa<pIIKII 110Ka3aHhl Ha pIIC. 3. ,ll;mI 3TOll 

3aBHCl:IM0CTII cyruecrnyeT HBH0 Bhipa)l(eHHhlll Ml:IHl:IM)'M (Ml:IHIIM)'M Il0JIHOll omn6KH 
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-!:~~i 

II<l>). CooTBeTCTBYJOII.IHH napaMe-rp 

CeTKH (no1qn,nm1) m1:JBaH 

OilTHMaJlhHbIM 

TeKC'fYPHhlll 

napaMe-rpOM, a 

3KCnepnMeHT, 

peaJIH3YJOII.IHH naHHYJO reoMeTPmo -

OilTHMaJlhHbIM TeKC'fYPHhIM 

3KCnepnMeHTOM. CMbICJI ero COCTOHT 

B MHHHMH3aIIHH IlOJIHOll oum6KH 

3KCnepnMeHTaJlbHhIX II<l> npn 

H3MepeHHl!X II<l> B OIITHMaJlbHhIX 

ycnoBHl!X. 

Ha TOM JKe pncYHKe 

rrpnBeneHhI 3HaqeHHll R-qiaKTOpa, 

paccqnTaHHhie nn11 peaJibHhIX 

H3MepnTeJihHOll ceTKH H noKpbITHll, 

H COOTBeTCTBYJOII.IHC rrapaMe-rpaM 

~ 
0 
0 
0 

~ 
g 

-;f-- -

1 
~ 0 

0 

~ 

1.0 10.0 
napaMeTp ceTKH, ( 0

) 

100.0 

Puc. 3. 3aeucUMocmb R-q>aKmopa om 

napa.Mempa cemKU OJ/Jl HeCKOJlbKUX YKll3llHHblX 

3ua11enuu 11ucJ1a N. TaKJICe npueeiJeHbl 

iJaHHbze, pacc11umaHHbze OJ/Jl pellllbHblX 

napa.Mempoe cneKmpoMempa HCBP 

crreKTPoMeTPa HCBP. Bh1qncneHHhie 3HaqeHHll R-qiaKTopa n ycrnHoBneHHhie 

3aKOHOMepHOCTH ero IIOBeneHHll 6hIJIH HCIIOJih30BaHhI nn11 OIICHKH OlKHnaeMhI)!: 

oum60K II<l>, H3MepeHHbIX Ha peaJihHhIX o6pa3IIaX, yrroMllHYThIX B rnaBe 3. IIorryqeHO 

xopornee cornacne Me~y rrpencKaJaHHhIMH (olKnnaeMh_IMH) oum6KaMH H 

3KCIIepHMCHTaJlbHO rronyqeHHhIMH. CnenaHO 3aKJIIOqeHHe, qTO nn11 H3MepeHHll Ha 

crreKTPOMe-rpe HCBP (a TaK)Ke Ha crreKTPOMeTPe CKAT) o6pa3IIOB mnn'iiHhIX o6beMoB 

C THIIHqHOll TCKC'fYPOll OIIIH6KH CTaT?CTHKH 3epeH HMCIOT 3HaqeHHll rrop»nKa 15%. 

B naHHOM rraparpaqie TaK)Ke ycTaHOBJICHO IIOBeneHHe R-qiaKTOpa B 3aBHCHMOCTH 

OT OCTPOThI rayccoBCKOll KOMIIOHCHThl (3HaqeHHH K03qJqJHIIHeHTa D), IIOKa3aHO KaK 

OIITHMaJlhHhlll rrapaMe-rp ceTKH H COOTBeTCTBYJOil.lee 3HaqeHHe B MHHHMYMC R-qiaKTopa 

3aBHCHT OT qncna 3epeH B o6pa3IIC. 

B naparpa«Iie 4.3 c IIOMOil.lhIO opneHTaIIHOHHOro MonennpoBaHHH o6ocHOBaHo 

npHMCHeHHe CrJia)KHBaHHH MH rrpenBapHTCJibHOll o6pa6oTKH II<l>, H3JIOlKeHHOrO B 

naparpaqie 3.3, H perneHa 3anaqa OIITHMaJlhHOro crnalKHBaHHH II<l>. IloKa3aHO, ~o 

16 

CYII.ICCTBYCT OIITHMaJlhHh!H rrapaMeTp crnalKHBaHlrn, KOTOpbIH MHHHMH3Hpye-r R

cjlaKTOp. IlpH 3TOM nocTHraeTCH MIIHIIMaJlhHOe ero 3HaqeHne, COBrrana10mee C 

MlfHHMYMOM, COOTBCTCTBYJOII.IHM OIITlfMaJlbHOH nocTaHOBKe TeKCTypHoro 

3KcrrepHMCHTa. 

B naparpa«Iie 4.4 paccMoTpeHo enn»HHe pacrrpeneneHHH 3epeH rro opneHTalIHHM 

Ha oum6Ky 3KCIIepHMCHTaJlhHh!X II<l> (R-qiaKTOp). IIonyqeHO aHaJIHTHqecKoe perneHne 

3TOtt 3anaqu nrr» crryqa», Korna rrrroTHOCTh pacrrpeneneHHH 3epeH rro 061,eMy 

OIIIIChJBaeTCH raMMa-pacrrpeneneHHeM. B 3TOM cnyqae ycTaHOBJieHa 3aBHClfMOCTH R

cjlaKTOpa ettna 

I r R=:-L 
]' j=I [f[1- P,;~)]dm{y)]

2 

+~-~. 
n, P,,, (yJ pj N + 8 8=( ~~J. (13) 

rne V
0 

- cpenHHH pa3Mep 3epeH, a ~ V ecTh pa36poc rro ux o6beMaM BOKpyr cpenHero 

3HaqeHHH. Pa36poc IIO o6beMy Bcerna rrpHBOnHT K yeerruqeHHIO R-qiaKTOpa (OT (10) no 

(13)), 3a cqeT yeennqeHHH CTaTIICTJiqeCKOH OIIIH6KH, TCM 60JihIIICMY, qeM 6oJibIIIee 

3HaqeHue nMeeT Berr11qnHa 8. 

B 3aKmoqeHHH cqiopMyrrnpoBaHbl cnenyromtte 0CH0BHLIC pe3yJ11>TaTbl 

nnccepTaIIHOHHOH pa60Thl. 

1. B pe3ynhTaTe neTaJibHOrO paCCMOTpeHHH rrpouecca H3MepeHHH II<l> B 

TCKCTypHOM 3KCIIepuMeHTe ycTaHOBJICHhl OCHOBHh!e qiaKTOpbl, OKa3hIBaIOI11He BJilfHHlfe 

Ha KOHeqHb!H pe3yJihTaT H BhI3h!BaIOII.IHC 3KCIIepHMeHTaJlhHb!e OIIIH6Klf. BhIHBJieHhl KaK 

cjlaKTOpbI, CBH3aHHhie C rrpn6opoM (rroKpblTIIC II<l>, lf3MepHTCJihHM ceTKa, HeHTpOHHaH 

CTaTHCTHKa), TaK If rrp11q1fHhI CTaTIICTHqecKHX OIIIH60K, CBH3aHHbie C o6pa3UOM 

( CTaTHCTHKa 3epeH, pacrrpenerreHHe 3epeH, COCTaBJIHIOII.IHX o6pa3CII, IIO ofrbeMy ). 

2. IIpenrrolKeH KOJIHqecTBeHHh!H KpHTepHH (R-qiaKTOp) nn» OIIHCaHHH 

nocTOBepHOCTH 3KCIIepnMeHTaJlhHh!X II<l>, orrpeneneHHhlH KaK cpenHee 3HaqeHHe OT 

HOpMHpOBaHHhIX (B3BeIIIeHHh!X) OlKHnaeMb!X OIIIH60K 3HaqeHHH 3KCIIepHMeHTaJlhHh!X 

II<l>. 

3. Ha crreKTpoMeTpe HCBP (JIH<l> OIUII-I) 3KcrrepnMeHTaJihHO ttccnenoBaHa 

CTerreHb BJIHHHHH Ka)Knoro, H3 nepeq11cneHHhlX B IIYHKTe 1, qiaKTOpOB Ha II3MepeHHhie 
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IT<l>. ITonyqeHbl TlUIH'IHbie 3Ha'leHHJI oum6oK pa3JIH'IHOH rrpHpO)lbl. IToKa3aHO, 'ITO 

HaHMeHblllHII BKJla)l B IIOJIH}'IO oum6Ky .uaeT HeIIYpOHHaJI CTaTHCTHKa (Ha ypOBHe 
,... 

HeCKOJlbKHX rrpo11eHTOB). Ha rropJI.UOK 6oJibWHH 3cpcpeKT )la!OT CTaTHCTHKa 3epeH IIpH 

KOHe'IHOM 'IHCJie KpHCTaJlJlHTOB B 06pm11e H TeCHO CBJI3aHHOe C Heii IIOKpbITHe IT<l>. 

)],JIJI THIIH'IHblX reonorH'leCKHX o6pa3IIOB C pa3MepoM 3epHa OT .uoneii MHJIJlHMeYpa )lO 

MHJIJlHMeTpa CTaTHCTH'leCKHe OWH6KH OKa3bIBalOTCJI Ha ypoBHe necKOJlbKHX .uecJITKOB 

rrpo11eHTOB (.UJIJI crreKYpoMeYpoB HCBP H CKA T). 

4. Pmpa6oTaHbl MeTO)lbl )lJIJI KOJIH'leCTBeHHOro aHaJJH3a Olf<H)laeMbJX OWH60K H 

pac11ern R-cpaKrnpa (HHTerpanbHOH m1m.uaeMoii oruH6KH IT<l>). ITpoBe.nenhI pac11eTbI 

KaK )lJIJI MO)leJibHbIX, TaK H )lJIJI peanbHblX rrapaMeYpOB 3KC1IepHMeHTa ( ceTKa 

H3MepeHHJI, IIOKpbITHe IT<l>) H 06pm11a (cTaTHCTHKa 3epeH). 

5. Ha OCHOBe rrpe)lJIO)f(eHHOro KpHTepHJI )lOCTOBepHOCTH C IIOMOJUblO 

pa3pa60TaHHblX MeTO)lOB ccpopMyJIHpOBaHbl peKOMen.uaIIHH )lJIJI OIITHMH3aUHH 

TeKcTypHOro 3KcrrepHMeHTa, T.e. OIITHMaJlbHOro Bb16opa wara H3MepHTeJibHOH ceTKH H 

IIOKpbITHJI IT<l> B 3aBHCHMOCTH OT 'IHCJia 3epen B 06pa3ue H rrpH6JIH3HTeJlbHOH 

HHcpOpMaUHH O TeKCType. OrrTHMaJlbHbIH TeKCTypHblH 3KCrrepHMeHT MHHHMH3HpyeT 

IIOJIH}'IO OWH6Ky 3KcrrepHMeHTaJlbHbIX IT<l>. Y CTaHOBJieHbl 3aBJICIIMOCTII 

OIITHMaJlbHOrO rrapaMeYpa H3MepHTeJibHOH ceTKH OT 'IHCJia 3epeH B o6pa3ue II OCYpOTbl . 

TeKcTypb!. 

6. Te )Ke MeTO)lbl rrpHMeHeHbl )lJIH perneHJIJI 3a.ua1111 OIITIIMaJlbHOH 

rrpe.usap,neJibHOH o6pa60TKII 3KCrrepHMeHTaJlbHblX )laHHblX - OIITHMaJlbHOfO 

crna)f(HBaHHJI IT<l>. Ilpo11e.uypa OIITIIMaJlbHOfO crJia)f(JIBaHJIJI II03BOJIHeT ,noCTJI'lb Toro 

)Ke MHHHMaJlbHOrO ypOBHJI IIOJIHOH OWH6KJI, KaK H B OIITIIMaJlbHOM TeKCTypHOM 

3KcrrepHMeHTe. 
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