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BanarypoB A,M. PIO - 11106 
MaT8MBTR'l8CK08 06ecne'18HH8 3KCnepRM8HTOB HB HettTpOHHOM 

AH<f>pBKTOM8Tpe no Bp8M8HH nponeTa 

OpeBOABTCll KPBTK08 onecaHB8 anropBTMOB KOMnneKCB nporpaMM anll 

MBT8MBTB'18CKOI'O o6ecne'leHHll 3KCnepHM8HTOB Ha HefiTpOHHO.M AR<ppaKTO

MeTpe no BP8M8HB nponeTa Ha peaKTOpe HEP-30, KoMnneKC npeiiuaaHa'leH 

Anll ocymecTBneHBll opeeuTallRH KPRCTanna, yTO'IH8HHll napaMeTpOB aneMeH

TBPHOfi ll'l8l!KB, aBTOMBTH'18CKOI'O ITOHCKB iie<f>paK!lHOHHblX MaKCHMYMOB 

B cneKTpax, aanHCBHHblX Ha MarHHTffYIO neulj', H onpeAeneHHSI HX nonOlK8HHH, 

nnomaAell H WHpHR, YTO'IH8HBSI ene onpeAeneHHll cTpyKlj'pHblX xapaKTepRCTHK 

M8TOAO~ HBHM8HbWBX KBBAPBTOB C y'leTOM re6KRX CBll38fi M8lKAY Koopiiu

HBTBMH BTOMOB, KoMnneKc ecnonb3Y8TCSI Anll peweHRSI peanbHblX 

aaA&'I cTpyKTyp11oro a11aneaa. 

Pa6oTa Bbmon11e11a B na6opaTOPHR Rel!:TpOHH0li !pR3HKR OHHH. 

CooCSaie■ae OCSM=...-euoro DCTBTYT& •.aep■wx accne.11oaaad. ,lly6aa 1977 

Balagurov A.M. et aL 

Processing the Time-of-Flight Experiment Data 
on the Neutron Diffractometer 

PIO - 11106 

.Ptllgorithms for a complex of programs for processing the 
time-of-night experiment data by means of the neutron diffractometer 
of the IBR-30 reactor are shortly described. The complex is in
tended for orientation of a sin~e crystal, refinement of elementary 
cell parameters , for automatical processing a series of spectra 
recorded on a magnetic tape, and for determining their position, 
area and width as well as the structure by the least square 
method with the account of flexible bonds between atomic co
ordinates, 

The investigation has been performed at the Neutron Physics 
Laboratory, JINR, 

Communication of the Joint Institute far Nuclear Research. Dubna 1977 
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B JIH<I> OIUil1 Ha HMnyJILCHOM peaKTope 116P-2 coJ.IJ.a· 

eTCJI. HeiiTpOHHhIH .IJ.H4JpaKTOMeTp no apeMeHII nponeTa / ,LI.BIT/ 
)].JIJI. CTpyKTypHbIX HCCJIC)J,OBaHHH CJIO*HhIX aemecTB B TOM 

'IHCJie 6HOJIOrH'leCKHX,, 11 . , 

MeTO)].HKa npoBe)J,eHHH 31CCn,epHMeHTOB Ha ,LI.BIT )J,OJDKHa 

Y'IHThIBaTh cne)],ylOmHe OCHOBHhle oco6eHHOCTH, o6ycnoa

neHHhle "6eJihIM" cneKTPOM ueiiTpOHOB, na)].alOUlHX Ha o6pa-

3eu, B OTJIH'IHe OT o6bl'IHOro .IJ.Hil>paKTOMeTpa, HCilOJlh3YIOlllC -

ro MOHOXPOMaTH'ICCKHH ny'IOK: 

a/ B OTPa*alOUlCM IlOJIO*eHHH 0)],HOBPCMeHHO naXO)].JI.TCJI. 

BCC KpHCT~JIJIO~pa4lH1.J:CCKHe IlJIOCKOCTll, 

6/ n106oe 6p3rroacKoe oTpa*euHe oT KpncTanna MO*HO 

Il0JIY'IHTh npH 3a)J,aHHOM yrne pacceJI.HHJI., 

B/ )],eTeKTOp, nocTaoneHHblH IlO,I\ yrnoM 6p3rra K KpH· 

CTa,nny, "BH)].HT" HCCKOJibKO IlOPJI..IJ.KOB OTpa*CHHJI., pa3)].e • 

nenHLIX no apeMe1rn nponeTa, 

r/ 4>opMa .IJ.H4JpaKUHOHHOro MaKCUMyMa npe)].CTaBJIJl.eT 

co6oii' CJIO*HYIO il>YHKUHIO apeMeHH nponeTa. 

YKa3aHHble OTJIH'IH.H HC Il03BOJIJI.IOT nenocpe)].CTBeHHO 

np'HMeHJI.Tb na ,LI.BIT nporpaMMhl, HCilOJlb3yeMble na o6hI'lllhlX 

.IJ.Hil>paKTOMeTpax C MOHOXpOMaTH'leCKHM IlY'IKOM neiiTpOHOB. 

B 11acToJ1.meii pa6oTe o6CY*.IJ.aeTc.H. C03.IJ.8.HHJ,Iii, B JIH<I> 
H JIB TA O11.Hl1 KOMilJICKC nporpaMM )J,JI.H npooe)].eHHJI. 3KCne -

PHMCHTOB ua JI.BIT. KoMnneKc ycnoBHo cocTOHT HJ 5 1.J:ac

Teii: nporpaMM IlpC)].BapHTeJibHblX pac'leTOB, 0pHCHTHpOBa· 

HHJI. MOHOKpHCTaJIJIOB, YTO'IHCHHJI. napaMeTpoa 3JieMeuTapnoii 

Jl.1.J:eHKH, npe)],Bapm:enbHOH o6pa6oTKH .IJ.Hil>paKUH0~HblX cneKT· 

poa n onpe.IJ.eJieHHJI. cTpyKTYPHhIX xapaKTepHCTHK 06pa3ua. 
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J. IIporpaMMa npe,I\DapnTeJihHhIX pac'leToD DIDAT 
DKJIIO'laeT D ce6H Dbl'IHCJieHHH: a/ HanpaDJieHHH pacce.srn

Horo ny'IKa HeiiTpOHOD npH Ja,I\aHHOii opHeHTaUHH Kpn

CTaJIJia, 6/ IlOCJie,I\ODaTeJihHOCTH pacnono:>KeHHH pe$neKCOD 

Ha DpeMeHHOii WKaJie, D/ yrJIOD Ja,I\aHHoro DeKTOpa o6paT

HOH peweTKH If no OTHOWeHHIO K 6aJHCHblM DeKTOpaM n 

IlJIOCKOCT JIM, a TaK:>Ke Dbl'IHCJieHH.11 ,I\JIH Ja,I\aHHOro it H KOHK

peTHblX 3KCilepHMeHTaJibHblX napaMeTpOD TaKHX DeJIH'IHH, 

KaK CTPYKTYPHhlii $aKTOP, O:>KH,I\aeMbie JHa'leHH.11 HHTeHCHD

HOCTeii OTpa:>KeHnii, K03~HUHeHTbl 3KCTHHKUHH, nornomeHHH 

n ,I\pyrne 121 . 
PacCMOTPHM OCHODHble $opMyJihl, HCilOJlbJYJOID;Hec.11 D 

nporpaMMe DIDAT. BonnoDhle DeKTOPhl na,I\aromnx It npac-
~, u k➔, k➔ ➔ 

ce.llHHblX K neHTpOHOD CDHJaHbl COOTHOWeHHeM = +2 rr H, 
➔ . . . 

r,I\e H - DeKTOP o6paTHOii peweTKH, xapaKTepH3YIOIIJ;Hii 

KpHCTaJIJiorpa4JnqecKyIO IlJIOCKOCTb, OT KOTOpoii npoHCXO,I\HT 

oTpa:>KeHne HeiiTpoHoD. Ilpn 6p3rroacKoii .I\H$paKUHH I k1 = 
= I It~ I = k O , n ,I\JIH eAHHH'IHoro DeKTopa B HanpaaneHHH 

pacceHHHoro nyqKa HMeeM 

r,I\e 

➔ 
➔ -+ H ➔➔ 

Q'=Q-2-(HQ), 
H2 

➔ ➔ ➔ ➔ , ➔ 

Q'= k' /ko, Q=k/ko =Qi ni 

/1/ 

H ,,,; he he= he Bfjtl jt it 1 * 

l; i l - na6opaTopHa.11 cncTeMa KOOPAHHaT, Qi - Hanpaa

n.1110mne Kocnnychl aeKTopa cS . B cncTeMe lit i l , { h·e l 
HH,I\eKChl Mnnnepa, { b➔1 I - JJieMeHTapHble TpaHCJI.IIUHH D 

06.i>aTHOii peweTKe KPHCTaJIJia, B - MaTpnua nepeXOAa OT 

{ b i } K KPHCTaJIJI04lHJH'leCKOii CHCTeMe KOOPAHHaT { ffi i I, 
U - MaTpHua opHeHTaUHH, CB.113blDaIOIIJ;aJI CHCTeMhl 

hf\ l H { rii i· L 
,il;JI.11 onpeAeJieHH.11 IlOJIO:>KeHH.11 AH$paKUHOHHoro IlHKa Ha 

apeMeHHoii WKaJie BbI'IHCJIJleTC.11 

4 

t -252,SL k + t 0 , - k 
0 

/2/ 

* IIo'nOB-TOp.llIOIIJ;eMyC.11 HH,I\eKCY CYMMHpOBaHHe OT 1 ,IJ.O 3. 
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rAe L - IlOJIHOe npoJieTHOe paccTOHHHe, t O - Ha'laJio OT

C'leTa DpeMeHu, k 0 .. rrH/sinE) , 0 - yron 1ip3rra. IIono

:>KeHHH IlHKOD C'IHTaIOTCH D .I\DYX pe:>KuMax: HJIH ,I\JIH JaAaH

noii nocneAoDa TeJibHOCTH TpoeK I hr I , unu c npe,I\DapuTeJih -

HhIM nepe6opoM DCex paJpeweHHhIX TpoeK lhpl D JaAaHHhIX 

HHTepDanax hf min :; hf :S: hf max H IlOCJie.l(yIOIIJ;HM ynopH,IJ.fflJC -

HHeM Bbl'IHCJieHHblX IlOJIO:>KeHHii Ha DpeMennoii WKaJie. 

Ilpu naJifflJHH umpopMaUHH O CTPYKType KPHCTaJIJia MoryT 

6bITb paCC'IHTaHbl MO,IJ.yJih u $aJa CTpyKTypnoro $aKTOpa, 

a TaK:>Ke O:>KH,IJ.aeMbIC JHa'leHHH HHTeHCHDHOCTH H nonpaDKH 

Ha 3KCTHHKUHIO ,I\JIH n106oro oTpa:>KeHHH I hf I. 

2. OpuenTupoDanuc KpHcTanna na ,D;BII /nporpaMMa 

ORIENT / npoDO.U.HTCH npu <l>nKcupoDanHOM yrnc pacccHHHH 

H COCTOHT D onpc,I\CJICHHH 3JICMCHTOB opTOHOpMupoDaHHOH 

3x3 MaTpHUbl opHCHTaUHH U ,1 3 / • ,il;JIH Y'ICTa Bpamennii 

KpHCTanna Dhl'IHCJIHCTCH Ma Tpnua G,. ... 8a R 2R l , r.u.c R p -
MaTpnua p -ro noDopoTa c 3JieMcnTaMH 

➔ 

R ij ( e , <P) .. 3ij cos <Ii + o ij/ ksincti+ P./ j(l-cos<t, ), * 

r.u.c t- DCKTOP OCH IlODOPOTa, Q) - yron IlODOpoTa. Pac

qeT HODblX nanpaDJICHHH occii DpamcHHH npoHJDO,I\HTCH 

B o6IUCM DH,IJ.C c Y'ICTOM HX DJaHMHoro DJIHHHH.11, 'ITO IlOJDO

JIHeT ucnoJibJODaTb nporpaMMy ORIENT ,IJ.JIB roHHOMCTpH· 
u " 6 6 u 'ICCKHX ycTpOHCTD C JIIO hIMH KOM HHaUH.IIMH oceu Dpamc -

HU.II. ,il;JIH onpc,IJ.CJICHH.11 DCCX 3JICMCHTOD MaTpHUbl u nco6-

XO,IJ.HMO HaiiTu N 2 2 OTpa:>KCHHH OT KpHCTaJIJia n HAeHTHg,u

unpoDa Tb ux. IIocJicAHHH oncpaun.11, T.e. npucDOCHHe naii

ACHHOMy OTpa:>KCHHIO HH,IJ.CKCOD MHJIJicpa, npOHJDO,IJ.HTC.11 

c noMOJUbIO nporpaMMhI DIDAT. 

➔ 3. ,il;JIH YTO'IHCHHH napaMcTpOB 3JICMeIITapHoii .ll'ICHKH 

la i I KpucTanna /nporpaMMa PARAM / npoBO,IJ.HTCH auanHJ 

IlOJIO:>Kennii DCCX HJIH HCKOTOpbIX nop.11,IJ.KOB .U.H$paKUHOHHhIX 

OTpa:>KCHHH Ha DpCMCHHOH WKane. AHaJIHJHpyeTC.11 4iYHKUH.II 

p(H)-c
1
/H+c 

2
+x(H), /3/ 

* o ij - CHMBOJI KpoucKepa, oijk - CHMBOJI JlCDH- qHBHTa. 
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r,IJ,e p - nono)l{eHHe nHKa, c 1 H c 
2 

- 3KCnepHMeHTanhHbie 
2 ➔ ➔ 

KoHCTaHThI, H .,, hi h j bib j , x (H) - ManaH ,IJ,o6aBKa, 

yq11Tb1Ba10maH ,IJ,HcnepCHIO BpeMeHII BbineTa tteiiTpoHOB H3 

3aMe,IJ,nHTenH H HBnHIOI.QaHCH peweHHeM ypaBHeHHH 

exp(-x 2 ),., g (1 + erf(x)), /4/ 

r,IJ,e g - qucnOBOH MHO)l{HTenb, 3aBHCHI.QHH OT ,IJ,nHHbl Bon

Hbl tteiiTpotta, IlapaMeTpaMn MHK HBnHIOTCH 16' il, a napa

MeTpbI 3neMeHTapHOH HqeiiKII HaXO,IJ,HTCH H3 CIICTeMbl ypaB

HeHHH a i b➔j ,..3 ij ' )J.nH HaXO)l{,IJ,eHHH I 6' j IHcnonh3yeTCH 6H6-

nH0Te1.rnaH nporpaMMa FUMILI , B nporpaMMe PARAM B03 -

MO)l{eH yqeT CBH3eii Me)l{,IJ,y yToqHHeMblMH napaMeTpaMH ,IJ,nH 

cnyqaeB at"' a 2,.a 3 , a i= a 2,!, a 3 , a 1 ,/. a 2 fa3 , a TaK*e aBTo

MaTuqecKaH <PHKCaUHH HeKOTOPbIX napaMeTpOB B 3aBHCHMO· 

CTH OT 3a,IJ,aHHblX HH,IJ,eKCOB { h f J. 
4. Ilpe,IJ,BapnTenbHaH o6pa6oTKa 3aKn10qaeTcH B onpe

,IJ,enettHH OCHOBHbIX napaMeTpOB ,IJ,H4>paKUHOHHblX MaKCHMy

MOB: nono)KeHHH p ' nnoma,IJ,H s H WHPHHbl w . IlporpaM -

Ma DIFPA'l', no3BonH10maH o6pa6aTbIBaTb cneKTpbI OT Motto

H nonHKpHCTannoB, no 3a,IJ,aHHOH 3KCnepHMeHTanbHOH HH· 

<l>opMaUHH /nponeTHoe paccTOHHHe, yron paccexHHH H ,IJ,p./ 

H napaMeTpaM 3neMeHTapHoii HqeHKH HaXO,IJ,HT npu6nH)KeH

Hbie nono)KeHHH BCex ,IJ,H<l>paKUHOHHbIX MaKCHMYMOB cneKTpa 

H oueHHBaeT WHpHHbl MaKCHMYMOB. Ilo BblqucneHHbIM p H 

w HaXO,IJ,HTCH HHTepBan cneKTpa ,IJ,nH o6pa60TKH MaKCHMyMa. 

IlpH nona,IJ,aJIHH B Hero coce,IJ,HHX MaKCHMYMOB HHTepBan 

pacwnpxeTCH ,IJ,O tteo6xo,IJ,IIMOH BenHqllHbl. )J.nH HaXO)K,IJ,eHHH 

ToqHbIX 3HaqeHHH p , 8 H W Hcnonb3yeTCH nporpaMMa 

UPEAK 141 • octtoBnoii oco6ett11ocTbIO KOTopoii HBnHeTCH 

B03MO)KHOCTb 3a,IJ,aHHJI 3KCnepHMeHTanbHOH MO,IJ,enH ,IJ,nJI 

<l>opMbl MaKCHMYMOB. B KaqecTBe MO,IJ,enH 06blq110 6epeTCH 

H30nHpOBaHHblH MaKCHMYM, H3MepeHHblH C xopoweii Toq

HOCTblO. IlpH Heo6XO,IJ,HMOCTH, HanpHMep npH 3aMeTHOM H3 -

MeHeHHH acHMMeTpHH nHKOB B,IJ,Onb cneKTpa, BBO,IJ,HTCJI 

ttecKonhKO MO,IJ,eneii ,IJ,nx O,IJ,Horo cneKTpa nH6o <l>opMa Mo,IJ,enH 

KoppeKTHpyeTCJI no attanHTHqecKOH <PYHKUHH 151 . 

5. )J.anhHeiiwa,i: o6pa6oTKa HHTeHCHBHOCTeii ,IJ,H4>paK-

UHOHHblX MaKCHMYMOB n03BOnHeT onpe,IJ,enHTb CTPYKTYPHble 
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xapaKTepHCTIIKH 06pa3ua. O6b1qHoii .SIBmleTCJI c11Tyau11H, 

KOr,IJ,a CTPYKTypa 06pa3ua ll3BeCTHa C xopoweii Toq110CTblO 

113 penTreHOBCKHX ,IJ,aHHbIX II 3a,IJ,aqeii 11eiiTpOH110ro 3KCne

pHMe11Ta HBnHeTC.H ee yToqne1111e. OcHOBHblM MaTeMaTH· 

qeCKHM MeTO,IJ,OM HBnHeTCH MHK, C nOMOIUblO KOToporo 

attanJI3HpyeTCH <PYHKUIIH 

I H'"" <I>(,\) ,\
4 F: A(,\)Y(,\ ), . /5/ 

r,IJ,e <I>(,\) - 3<P<PeKTHBHbIH cnCKTP neiiTpOHOB, FH - CTpyK· 

TYPHhlH <l>a.KTOP, A"' .L J exp(-,tT)dV - clJaKTOP nornomeHIIJI, 
V 

KOTOpblH MO)KeT 6b1Tb paccqnTaH ,IJ,ml o6pa3UOB, HMeIOIUHX 

4'opMy c<l>epbl, UHnHH,IJ,pa llilH napannenen11ne,IJ,a KOHeqJlblX 

pa3Mepoa. Bbipa)KeHHJI ,IJ,nH <I>(,\ )HY(,\) ,IJ,aHbl a 131 • 3<1><l>eK· 

THBHblH cneKTp onHChlBBeTCH napaMCTpHqeCKOH <PYHKUHeii, 

naqanhHble 3HaqeHHJI napaMeTpOB KOTOpoii onpe,IJ,enHIOTCJI 

H3 HC3aBHCHMbIX 3KCnepHMeHTOB, a 3aTeM yToqJUJ.IOTCJI 

BMCCTC co CTPYKTYPHhIMH napaMeTpaMH. B nporpaMMC 

no,IJ,rOTOBKH .nanHhIX EXPDAT paccqHTbIBaJOTCH aenHtJHHbI 

A(,\) H Y (,\ ), npoHCXO,IJ,HT HOPMHPOBKa 3KcnepHMeJITanbHblX 

HHTeHCHBHocTeii u npucaanoa1rne HM aecoo. OuenKH napa

MCTpoa P • HaXO,IJ,JITCH 113 ycnoBHJI MHHHMyMa Bbipa)KeHHJI 

" 2 
Q(p)= L (IM3M -IBbllJ ) /DI /6/ 

npu orpanuqen11xx 

lp(ri,rj)-Rij I.Sfij /7/ 

la(ri,rj ,rk)-Aijk l:S. fijk • /8/ 

pimin:S:Pi:S:Pimax • /9/ 

r,IJ,e p - paCCTOHHHH ( a - yrnhl) Me)K.l\y aTOMaMH i,j(i,j,k) 
c noMOI.QblO <l>opTpaHHOH nporpaMMbl. LSM-76, anropHTM 

KOTOpoii COCTOHT B cne,IJ,y10meM: 
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1/ Ja,D.alOTCH HatJanhHbie 3HatJeHHH napaMeTpOB p iO ' 
Nu f , 

2/ ,D.anee ocyiuecTBnHIOTCH HTepauuu /He 6onee N / 
nonHoMaTpHtJHoro ,D.eMniupoaaHHoro HTepauuoHHoro npo
uecca raycca-Hh10T0Ha c npoeKTupoaaHueM nonyqaeMhIX 
oueHOK Ha HepaBeHCTBa /7/-/9/ ,D.O Tex nop, IlOKa BenuqH
Ha M ij i\p iAP j He cTaHeT MeHhllle f / J,D.ecb i\ P - npH-
paiueHHH napaMeTpOB, M - M.H.K.-MaTpHua/. 

3/ MOryT 6bITb ,D.OilOnHHTenhHO IlO,D.KnIO'IeHbl HTepa
UHH npouecca HblOTOHa C npoBepKOH M.H.K. -MaTpHUhl Ha 
nonO)KHTenhHYIO onpe,D.eneHHOCTb. 

. ,lJ,nH HaXO)K,D.eHHH npoeKUHH napaMeTpOB Ha rH6KHe CBH -
3H /7 /- /9 / HCilOnhJyeTCH MeTO,D. IIITpaiHhlX iYHKUHH 161 ' 
COCTOHIUHH B TOM, 'ITO IlOHCK ycnoBHoro MHHHMyMa Q npH 
CBH3HX /7/-/9/ JaMeHHeTCH Ha IlOHCK 6e3ycnOBHOro MHHH
MyMa Bbipa)KeHHH 

m 2 k 
L (P ) "" I ( I - I ) ID 

1 
+ ,\ I µ .g . (p ) , 

i>=1 113M Bblll i•l I I 

r,D.e g i(P)_ paBHbl HnH 

g. (P)z 
I { 

lr(r. ,r. )- R.j I, 
. I J I 

o. 

ecnu lr(r i'rj )-Rij l>c 

HHatJe, 
HnH 

g/p)2 
{

!a(ri,rj,rk)-Aijk l,ecnH la(ri,rj,rk)-A1jk l>c 

o, HHatJe, 

µ ( Beca, ,\ - IIITpaiHOH MHO)KHTenh. 
ll.cnonh30BaHHe ru6KHX CBH3eii H npoeepKH M.H.K. -

MaTpBUhl Ha nonmKHTenhHYIO onpe,D.eneHHOCTb cyiuecTBeHHO 
yeenHtJHBaeT npaB,D.0IlO,D.06HOCTb nonyqaeMblX oueHOK. 

IlepetJHcneHHhie 
pellleHHH peanhHhlX 
Tope ll.liP-3O. 

8 

anropHTMbl 6bmH HCilOnhJOBaHbl ,D.nH 

Ja,D.a<i CTPYKTypHoro a11anHJa Ha peaK-
, . . ' ~ 
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