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nporpaMMa aBTOMaT~4eCKOA o6pa60TK~ AByMepH~X 
cneKTPOB y--y cosnaAeH~A PROSPEC 

Paapa6oTaH KOMnneKc nporpaMM nonHoA aBTOMaT~4ecKoA 
o6pa6oTK~ cneKTpos y--y cosnaAeH~A. nporpaMMa MO*eT ocy~ecT
smnb o6pa60TKY KaK OTCOpT~POBaHHbiX, TaK ~ HeOTCOpT~pOBaH
H~X cneKTpOB. On~CaH~ MeTOA~Ka no~CKa n~KOB COBnaAeH~A 
B OTCOpT~pOBaHH~X ~ HeOTCOpT~pOBaHH~X cneKTpax ~ MeTOA on
peAeneH~H napaMeTpos n~KOB cosnaAeH~A. 06oeM n~KOB cosna
AeH~A onpeAenHeTcH c noMO~b~ annpoKc~Ma4~~ ABYMepHoA no
sepxHOCT~ aHan~T~4eCKOA $YHK4~eA C ~cnonb30BaH~eM MeTOAa 
Ha~MeHbW~x KBaApaToB. MynbT~nneTbl B ABYMepHbiX cneKTpax 
pa3AenH~TCH C nOMO~b~ MeTOAa perynHp~3a4~~. nonHaH o6pa-
60TKa cneKTpa y--y COBnaAeH~A pa3MepHOCT b~ 4096x4096x4096 
KaHanos, COAeP*a~ero 10 7 co6~T~A, aaH~MaeT 2 4aca npo4ec
copHoro speMeH~ Ha 38M c 6~CTPOAeAcTB~eM 3x10 5 onepa4~A 
B ceKYAY /EC-1040/. 

Pa6oTa s~nonHeHa B fla6opaTop~~ HAepH~x npo6neM 0~~~. 

npenpHHT 06'b8llHHeHHOrO HHCTHTYT8 SlllepHbiX HCCne.QOB8HHII, .Qy6H8 1979 

Volkov N.G., Tsupko-Sitnikov V.M., 
Churakov A.K. 

"PROSPEC" Automatic Program System 
10 - 12400 

for Analysis of Two-Dimensional y- y-Coincidence 
Data 

The system for automatic y--y-coincidence spectra 
analysis is developed. It could work with rough data and 
with data after pre! iminary sorting operation done. The 
methods of the continuous peak searching and parameter 
determination are described. The coincidence peak volumes 
are found by approximating two-dimensional surface with 
analytical function and using the least square method. 
For a multiplet resolution in two-dimensional spectra 
the method of regularization is used. Ful 1 time for the 
analysis of data, represented by coincidence spectrum of 
4096x4096x4096 channels with 10 7 events, is 2 h for the 
processor with the 3·10 5 operation/son the EC-1040 . 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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1. BBB,l!BHHB 

B H3y'leHHH CTpyJ<Typhl aTOMHOrO JI.D;pa Ba>KHyJO pOJJb arpaeT 

MHOrOMepHhlH l<OppenJinHOHHhlH aHaJJH3 THna y--y , e-y , a-y,y--y--t, 

y--y--6, .naroll(Hii neHHYIO HHI!IopManaro o cxeMax pacna.na, BpeMeHax 

*H3HH H J<BaHTOBhlX xapaJ<TepHCTHJ<aX OCHOBHhlX H B036Y*.D;eHHhlX 

COCTOJIHHH JI.D;pa. 

B nocne.n;Hae ro.n;bl npaMeHeHae nonynpoBO.D;HHJ<OBbiX .n;eTeJ<To

poB, BhlCOJ<OJ<a'leCTBeHHOH cneJ<TpOMeTpH'IeCJ<OB annapaTypbl .D;JJJI 

nepBH'IHOB o6pa60TKH CHrHaJJOB H 3BM .D;JJJI HaKOnJJeHHJI HHI!IopManaa 

/npaKTH'IeCKH B HeorpaHH'IeHHOM o6'beMe/ o6ecne'IHBaeT nocTaHoB

KY MHOrOMepHbiX H3MepeHHH B Haa6onee fiOJIHOB l!lopMe, TO eCTb 

C O.D;HOBpeMeHHOB perHCTpauaeii BCeX H3MepJieMbiX napaMeTpOB 

BO BCeM .n;aana30He HX B03MO*Hb1X 3Ha'leHHH. 

TaKae H3MepeHHJI I .na*e npa a36b1TO'IHOCTH nonyqaeMoii: HH

l!lopMRUHH B HeKOTOpbiX CJJy'laJIX/ npe.n;cTaBJJJIJOT 60JJbWOH HHTepec 

no pg.n;y npH'IHH . HaJJH'IHe fiOJJHOH HHI!IOpManHH He CTaBHT orpaHH'Ie

HHH npa nocne.n;yJOII(eM aHaJJa3e; ynpomaeTCJI pa6oTa c :meKTpOHHoa 

annapaTypoii: a BCJI no.nroTOBKa 3KcnepaMeHTa; y.n;emeBJJJieTcJI 3KCne

paMeHT B uenoM 3a C'leT 6onee pauaoHaJJbHOro acnoJJb30BaHHJI Bpe

MeHH Ha YCKOpHTeJJJIX HJJH peaKTOpax. 

O.n;HaKo npa nonHoM MHoronapaMeTpH'IeCKOM aHaJJH3e B03HH

KaJOT Tpy.n;HOCTH c o6pa6oTKoii: HHI!IopManaa. PeracTpauag .n;aHHhlX 

Be.n;eTCJI, KaJ< npaBHJJO, 6e3 npe.n;BapaTeJJbHOH COpTHpOBKH /TaK KaK 

oHa noTpe6oBana 6bl B cnyqae o6pa6oTKH cneKTpoB raMMa- raMMa 

COBna.n;eHHH pa3MepHOCTH 1024x1024 HJIH 4096x4096 KaHaJJOB 

onepaTHBHOH naMJITH 3BM C 'IHCJJOM Jl'leeK 10 G- 10 7 /, H pe3yJJb

TaTOM MHOrOMepHoro H3MepeHHJI JIBJJJieTCJI HeCKOJJbKO MarHHTHbiX 
7 8 JJeHT, co.n;ep*all(HX 10 - 10 CJIO*HhlX C06biTHB. 

3 



06wqHaR CXeMa o6pa60TXB TaXOB BH~OpMaUBB BWrnR~BT cne

~YIOUUIM o6pa30M. Ha cyMMapHoM cnexTpe coana~eHBB o~Horo B3 

xaHanoa 3a~aJOT "oxHa" /nBXB, ~oH/, coana~eHBR c co6wTBXMB xo

Topwx B3nyqeHBX, perBCTpBpyeMOrO ~pyrBM TpaXTOM, npe~CTaB

nXJOT BHTepec. llo YCTaHOBneHHWM OXHaM npB npOCMOTpe BCeB HH· 

~OpMaUBB OT6BpaJOTCR OTBeTHWe C06WTBX BTOporo TpaxTa H ~Op

MBPYJOTCX COOTBeTCTBYJOIUBe O~HOMepHWe cneXTpW. 3aTeM 3TH 

cnexTpw o6pa6aTwBaJOTcx xax o6wqHwe o~HoMepHwe, HO c yqeToM 

oco6eHHOCTeB ~OHa, CBR3aHHWX C COBna~eHBXMB. KoHeqHaX uenb -

ycTaHOBneHBe XOnBqecTBeHHOB 3aBBCBMOCTB MelK~Y COBna~aiOIUHMH 

nepexo~aMB • 

.I{anee 3Ta BH~OpMaUBR BCnOnb3yeTCR npB nOCTpOeHHH CXeM 

pacna~a, TO eCTb ycTaHOBneHBB CBCTeMW ypOBHeB X~pa, pa3Me

IUeHBB MelK~Y HHMB 3nexTpOMarHBTHWX nepeXO~OB B onpe~eneHBB 

BX xaaHTOBWX xapaxTepBCTBX. Becb 3TOT npouecc ~oaonbHO ~nB

TeneH B Tpy~oeMox B qacTo 3axaHqBaaeTcx nonyqeHBeM nHWb o~

Horo B3 BepOXTHWX BapBaHTOB. 

ABTOMaTB3aUHX acero 3Toro npouecca Haqanacb c nocne~Hero 

3Tana - co3~aHBX nporpaMM nocTpoeHBX cxeM pacna~a Ha 6a3e 

B3BeCTHOB BH~OpMaUBB 0 COBna~eHBRX, 3HeprBRX ypOBHeB B 3Hep

rBXX B BHTeHCBBHOCTXX nepexo~OB . 

llepawe CTa~BB o6pa60TXB - 3a~aHBe OXOH ~nR COpTBpOBXB 

B 06pa60TXa nonyqeHHWX O~HOMepHWX cneXTpOB • BHBUBBpyJOTCX 

B XOHTpOnBpYJOTCR 3XCnepBMeHTaTOpOM. llOMBMO TOrO, qTo TaXaR 

o6pa60TXa OTnBqaeTCR ~nBTenbHOCTbiO B Tpy~OeMXOCTbiO, OHa 

Tpe6yeT OT 3XcnepBMeHTaTopa Bna~eHBR BCXYCCTBOM pa60TW Ha 

ManoA: 3BM B onwTa. 

.I{ononHBTenbHWM OCDOlKHRIOIUBM 06CTORTeDbCTBOM RBDReTCH, 

xax npaBBDO, 6onbwaR 3arpylKeHHOCTb, Manoe 6wcTpo~eii:cTBBe 

B He~OCTaToqHOCTb TeXHBqecXBX cpe~CTB/naMHTb,BHeWHBe ycTpoii:

CTBa/ MaDwx 3BM, Ha xoTopwx 3Ta o6pa6oTxa o6wqHo ocymecT

BDReTCR B ~BaDOrOBO~ pelKBMe. 

llo3TOMY npe~cTaBDReT BHTepec pa3pa6oTxa nporpaMMHoro 

o6ecneqeHBH ~DR nonHOCTbiO aBTOMaTB3BpOBaHHOH o6pa60TXB ~aH· 

HWX 0 COBna)J.eHBRX Ha MOIUHWX 3BM C BW~aqeu HH~OpMaUBB B BB.D.e 

MaTpBUW COBna)J.eHBB C yxa3aHBeM 3HeprBB nepeXO~OB B BHTeH· 

CBBHOCTeii: BX COBna~eHBB. 

HHlKe onBCWBaeTCH e)J.BHWB XOMnDeXC nporpaMM, o6ecneqBBaJO· 

UUIB noDBYIO aBTOMaTBqecxyro o6pa60TXY ~aHHWX raMMa-raMMa 

coana~eHBii:, HaqBHaR c onpe.neDeHBR ycDoBBB ~Dx copTBpoaxB H 
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XOHqaR BW~aqeii: MaTpBUW C XODBqeCTBeHHWMB ~aHHWMB 06 BHTeH· 

CHBHOCTRX COBna~eHBB. 

CMCTeMa HanBcaHa Ha ci>OPTPAHe B peaDB30BaHa Ha 3BM 

EC-1040 B3MepHTeDbHoro ueHTpa Jla6opaTopBB R~epHwx npo6-

DeM OIUIH. 

llpBBO~RTCR pe3yDbTaTW BCnODb30BaHBR nporpaMM ~DR o6pa-

60TXH cnexTpa y-y-t coana~eHBii: R~pa 149 Tb. 

2. MET0,4HKA IIOHCKA IIHKOB 
B CIIEKTPAXy-y COBIIA,l(EHH11 

llepe~ HaqaDoM o6pa6oTxH 3xcnepBMeHTaTop 3a~aeT npe~no

naraeMwe ~HcnepCBB nBXOB no o6eHM OCRM X B Y, a TaXlKe He

cxoDbXO Toqex /He 6onee 40/ Ha o~Hoii: B3 oceii:, cxalKeM Y, xo

TOPWMH cnexTp pa36HaaeTcR Ha pR~ noDoc /eM. puc. 1/; npo

rpaMMa 6wcTpOii: COpTHpOBXB, BCnODb3YJOIUaX npBHUHn, onBCaHHWB 

B pa6oTaX / 1,2/, Ha6BpaeT pR~ O~HOMepHWX cneKTpOB, B xalK~OM 

B3 XOTOpWX B O~Hy TOqKy Ha OCR X CYMMBPYIOTCR BCe C06WTHH 

no Y a npe~eDax ~aHHoii: noDocw. EcDB MW BMeeM oTcopTBpoaaH

Hwii: cnexTp, TO 3Ta onepauHx 3anBWeTcx xax 
j=j K 

B 
NK(i) = ~ L(i.j) , /1/ 

.. K 
r.JH 

r~e K - HOMep noDocw, K = 1.2 •.... Km ax , j ~ - HBlKHRH rpaHHUa 

K -ii: noDOCbi, i ~ - aepxHHR rpaHBUa K-ii: nonocw, N\i)- o~Ho
MepHwii: cnexTp, L ( i,j) - BCXO~HWB cnexTp. 

3TH o~HoMepHwe cnexTpw nocDe~oaaTeDbHO o6pa6aTwaaJOTCX 

nporpaMMoii: o6pa6oTKB o~HoMepHwx cnexTpoa AUTOS, xoTopax 

onpe~eDXeT He TODbKO TOqHwe nODOlKeHBH nHXOB H HX rpaHHUW, 

HO H TOqHwe 3HaqeHHR WBpBHW Ha nODOBHHe BWCOTbl ~DH Ka~oro 

nuxa /illllllB/. llocDe o6pa6oTKH xalK~oro oqepe~Horo cnexTpa 

3TH pe3yDbTaTW cpaBHBBaJOTCR, H ecDB OKa3waaeTCX, qTo UeHTpW 

coana~aJOT a npe~eDax 3a~aHHoii: norpewHoCTH, To pe3ynbTaTw 

KOppeKTHPYIOTCR CDe~yJOIUBM o6pa30M: 

.IH' ~ = min (Jll-, ~- 1 , .ll r ~ ), 
/2/ 

Or K = max (Ill ' K- 1 nr K ). 
X X ' X . 
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r,~~;e Jir ~ H Tir: - eOOTBeTeTBCHHO JICBaJI B npaBaJI rpaHBIJ,a 
K -Toro nBxa. 

Tioene Toro xax see o,nHoMepHble enexTpbl 6y,~~;yT npoaHanu

JBposaHhl, ,nenaeTeJI onepaiJ,BH, aHanorB'IHaH /1/, ,nJIH Haii,neHHblx 

OKOH no OeH X: 
. . r 
1=1B 

M \ j) = L L(i , j). 
i = i r 

H 
/3/ 

3,neeL Mr ( j) - O,AHOMepHbiB eneKTp, r - HOMep DOJIOebl B HOMep 

o,nHoMepil:oro enexTpa, j - HOMep KaHana no oeB Y, irB - npasaH 
. r 

rpaHBIJ,a DOJIOebl, I H - JieBaJI rpaHHIJ,a DOJIOehl . 

y 
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. s 
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HA.;QIMMI>!f. rPAM ........ ! ~001 {nOI\OC:) no oc: .. x. 
Puc. 1. HAAIOCIIIpa!lUJI nep6ozo 3111ana pa6o1111>r npozpaMMbr noucKa 
nuKo6 - Ha6op oc)HoMepH~>rx cneKIIIp06 6 noAocax 6c)OAb ocu X /no 
a6IIIOMaiiiU'IeCKoii npoU360AbHOii pa36U6Ke Ha Km a x noAoc no ocu Y /. 
HoucK u o6pa3o6aHue OKOH /noAoc/ no ocu X. · 
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Puc. 2. 06pa3o6aHue oc)HoMepHbrx cneKJrpo6 6c)OAb ocu Y 6 OKHax, 
Haiic)eHHbiX 6c)OAb ocu X. HoucK OKOH 6c)OAb ocu Y u (JopMupo6aHue 
c)6yMepHbiX o6Aac111eii c 603MOXHbiMU nuKaMu co6nac)eHuii . 

AHaJIHJ 3TOrO Ha6opa O,AHOMepHhiX eneJCTpOB ,naeT HaM nOJIHbiB 

Ha6op rpaHHIJ, BOJMO)I(HhiX nBKOB eoBna,neHBB /eM. puc. 2/. Tax 

)I(C xax B B nepBOM enyqae, see peJyJILTaTbl noene,nosaTeJILHO 

yTO'IHJIIOTeK no cl>opMyJiaM /2/ B cl>opMBpyeTeJI MaeeBB, B JCOTOpOM 

B nopH,nKe BOJpaeTaHBJI JanoMBHaiOTeJI HOMepa rpaHB'IHhiX JCaHaJIOB 

nBKOB no oeB Y. 3asepwaeT :noT :nan o6pa6oTKB xanB6posxa o6oBx 

enexTpoMeTpB'IeexBx TpaxToB. KanB6posxa nposo,nBTeH MeTo,noM 

annpoJCeBMaiJ,BB JCaJIB6pOBO'IHOB KpBBOB nOJIBHOMOM BJIB e nOMOUlLIO 

MeTo,na ennaiiH- MHK B JaBBeBMOeTB oT 'iBeJia penepHhiX nBKOB. 

Cne,nyiOUlBB JTan o6pa6oTJCB Ha'IBHaeTeH e cl>opMBPOBaHBH nm a x -

,AByMepHhiX eneKTpOB, JCa)I(,AhiB BJ JCOTOpbiX eOOTBeTeTBYCT O,AHOMy 

BJ ,AByMepHhiX OJCOH, noJiy'leHHhiX npB noBeJCe rpaHBIJ, nBJCOB no 

oeHM X B Y / n - 'IBCJIO Haii,neHHhiX BOJMO)I(HhiX nBKOB eosna,~~;e-
max 

HBii/. 
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3. Gb/CTPAJI COPTHPOBKA ,l(BYMEPHb/X CllEKTPOB 

Ja,Aa'la 6biCTpOii COpTHpOBKH ,AaHHbiX no ,AByMepHbiM OKHaM 

pewaeTCJI C nOMOII.IblO BH,AOH3MeHeHHOrO MeTO,Aa HH,AeKCaJ.lHH, onu

CaHHOrO B /
1

•
2

/ . H,AeJI MeTO,Aa COCTOHT B CJie,AyJOII.IeM: Ka)f(,AOe C06bi

THe per&cTpHpyeTCJI npu ua6ope cneKTpa c noMOII.IbJO napbi queen, 

Ka~oe 83 KOTOpbiX COOTBeTCTBYeT HOMepy KaHaJia B COOTBeT

CTBYJOII.IeM aMnJIHTY.AHo-uul)poBoM npeo6pa3oBaTene I AUTI/. Ha-

30BeM MaCCHB :nux 'IHCeJI lSP} = (x
1

,y
1

, x
2

,y2' . .. ) .. llepe,A Ha'laJIOM 

COpTHpOBKH Bbi,AeJIJIIOTCJI 'leTblpe MaCCHBa /no ,AJIHHe paBHble 'IHCJiy 

xauanoa AUTI/, Ka)f(,Ablii &3 KOTOpblx 6y,AeT HMeTb cJie.AYJOII.IHii BH.A: 

INX(i) = K l 
. . K 

INXI(i) = 1- 1H + 1 • ecnu . K < . < .K 
lH_l_lB K - 1. 2.3 .... , K . 

max 

INY(j) = r r ~ ecnu j~ ~ j _::: j~.r = 1,2,3, ... ,rm ax 
INYI(j) = j - j H + 1 J• 
INX(i) = 0 l 
Il'JX!(i) = 0 BO BCeX OCTaJibHbiX CJIY'IaJIX . 

• INY(j) = 0 

INY(j) = 0 

/3,AeCb K H I' 0603Ha'laJOT HOMep OKHa no OCJIM X H Y, a HH,AeKCbl 

"H" H "B, - HH)f(HJOJO H BepXHIOIO rpaHHJ.lbl nonocj. Tax )f(e Bbl 

,AeJIJieTCJI e111e O,AHH MaCCHB pa3MepHOCTblO K max X r ma x BH,Aa: 

IFC (K, r) ~ n, ecnu npu npe,AaapuTeJibHOM noucxe /no Y I o6-

Hapy)f(eHa B03MO)f(HOCTb COBUa,AeHHH ,AJIJI 3TOro OKHa. 0 ~ 1,2, .. . ,nmax 

HOMep n&Ka /UpJIMOyrOJibHOrO OKHa/. 

IFC(O. r) = 0, l 
IFC(K, 0) = 0, BO BCex OCTaJibHbiX CJiy'laJIX. 
IFC(O, 0) = 0, 

IFC(K, r) = 0. 

3,Aecb K u r • COOTBeTCTBeHHO HOM epa OKOH no X H Y. 
llocne 3THX npuroToaneuuii auanu3 Ka)f(,Aoro co6LITHJI 6y,AeT 

COCTOJITb 83 CJie,AylOII.IHX OUepau&ii: 

NX = INX(x r ); 
NY= INY(Yr ) ; 

NN = IFC(NX, NY), ecnu NN = O, To nepexo,A K cne,AYJOII.IeMy co-

6biTHJO; 
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i = INXI(xe); 

j = INYI (Ye ); 
SPEKTR (NN, i, j) = SPEKTR (NN, i, j) + 1. 

3,Aech SPEKTR(NN i, j ) - 3TO MaccHB, co,Aep)f(aii.IHA ,AByMepHble 

cneKTpbl, COOTBeTCTBYJOII.IHe Ka)f(,AOB 83 o6~aCTeii: COBna,AeHHB. 

NN - HOMep .ABYMepuoro cneKTpa; i, j - HOMepa xauanoa no 

o6eHM OCJIM. 

3TOT MeTO,A Mbl Ha3BaJIH MeTO,AOM ,ABOBHOB HH,AeKCal.lHH. Cne
,AyeT 3aMeTHTb, 'ITO B ~peaJibHOM Cny'lae rpaHHI.lbl MOryT 'laCTH'IHO 

nepeKpbiBa TbCJI H aJirOpHTM UOJiyqaeTCJI HeCKOJibKO CJIO)f(Hee. 

4. PA3PEHIEHHE MYJibTHHJIETOB 

B ,l(BYMEPHb/X CllEKTPAX y-y COBIIA){EHHR 

B TOM CJiy'lae, eCJIH Up& nOHCKe B03MO)f(Hb1X UHKOB COBna,AeHHB 

,AHCUepCHJI HJIH l)opMa UHKOB U03BOJIJIIOT npe,AnOJIO)f(HTb, 'ITO B ,AaH

HOB 06JiaCTH CO,Aep)f(aTCJI HeCKOnbKO HaJIO)f(eHHbiX UHKOB COBna,Ae

HHB, ueo6xo.AHMO onpe,AeJI&Tb 'IHCJIO H npu6JIH3&TeJibHble napaMeT

p bl 3THX UHKOB . 3Ta 3a,Aa'la pewaeTCJI BOCCTaHOBJie&HeM "HCTHH· 

uoro" cneKTpa /T.e. cneKTpa .AO ucxa)f(eHHJI ero ,AeTeKTopoM 

u annapaTypoii/ nyfeM peweHHJI HHTerpaJILHoro ypaaneHHJI ~pe,A

roJILMa 1 - ro po,Aa BH,Aa 

+oo+oo 
U

0
(x,y)= { {K(x-g,y-.,.,)Z(g,T/)dgd.,.,, /4/ 

-oo -oo 

r ,Ae U 0 (x, Y) - noJiy'leHHbiB 3Kcnep&MeHTaJibHO cnexTp; K(x-.f, y • .,.,) -

annapaTypHaJI l)yHKI.lHJI cnexTpoMeTpuqecxoro TpaxTa; Z(g, .,.,) - uc

THHHbiB cneKTp. 

llpuMeHJIJI .ABYMepnoe l)ypLe -npeo6pa3oaauue H MeTO.A perynR
p&3al.l&H peweHHJI HHTerpaJibHoro ypaaueHHJI ~pe,ArOJibMa nepaoro 

po,Aa, nonyqaeM peweuue B BH,Ae 

_ _ -i(w 1 ~+w 2 T/) 

Z(g,.,.,)= __ ! __ +f +f -~:~~1~~2~~Jl-~L~~2l~-------------------dw dw , /5/ 
) 2 - - 2 2 2 1 2 (2rr -oo -oo K (w , w ) K *(w ,w ) 1- a (w + w ) 

- 1 2 -1 2 1_ 2 
r,Ae K(wl'w

2
)- l)ypLe_:o6pa3 K.(x-g,y-.,.,), K*(wl'w 2 ) • onepaTop, 

conpJI)f(eHHhiB eMy, U0 (w 1 ,w 2 ) - l)ypbe • o6pa3 3KcnepuMeHTaJILHoro 

cnexTpa, a • napaMeTp perynJip&3auuu. 
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10 

aZ.Ct'1 ~ 

5000 -

'<000 -

)000 -

I 
zaoo 1 

I 

1000 

a/ 

1S 20 2! 
30 f U,ll J: (KAHAn) 

6/ 

lC 1S 20 25 30 -,(I<IIHAn) 

Puc. 3. B eepxHeii t~acmu pucyHKa a/ - MoOeAbHf>lii MYAbmUnAem: 
nuKu c aMnAwnyooii 500 u 1500, pacnoAoJICeHHf>le e KaHaAax 
14,14 u 18,18 (a =a = 4). Ha HUJICHeii t~acmu pucyHKa 6/- noAy-
'leHHoe peweHue X y Z(~ • .,>;' a = 10-6 • 

10 

.., 

llpH Bhl'IHCneHHKX HHTerpanhl 3aMeHJUOTCK CYMMaMH H HCDOnh-

3yeTCK cTan,~~;apTHaK no,~~;nporpaMMa 6hlcTporo TpexMepnoro clJypLe

npeo6pa3oBaHHK HARM. 
llo,~~;o6nhlii no.n;xo,~~; 6hln pa3pa6oTaH H npoBepen B pa6oTe13 ~Hc

cne,~~;oBaHHJI o6naCTH npHMeHHMOCTH TaKoro anropHTMa noKa3anH,'ITO 

,II;ByMepHhle llHKH XOpOWO pa3peruaJOTCK llpH paCCTOKHHH Me:lK,II;y 

UeHTpaMH He Menee 1,2 a H COOTHOWeHHH HHTeHCHBHOCTeH /B ,IJ;yn

neTe/ 1:5. llpaMep pa3pemeHHK Mo,~~;enLnoro MynLTBnneTa noKa3aH 

na puc. 3. 

5. OllPBJ(BJIBHHB llAPAMBTPOB llHKOB y-y COBllAJ(BHHR 

06'beM H nonO)I(eHHe llHKOB COBna,IJ;eHHH onpe,IJ;enKJOTCK npH no

MOIUH annpOKCHMaUHH 3KCnepHMeHTanhHhiX ,D;aHHhiX ananHTH'IeCKHMH 

ciJyHKUHKMH, B 'IHCnO napaMeTpOB KOTOphiX BXO,II;KT 3TH BenH'IHHhl. 

3Ta 3a,IJ;a'la pemaeTCK B .n;Ba 3Tana. Ha nepBOM 3Tane c noMOIULJO 

nenaneiinoro MeTo,IJ;a naHMeHLWHX KBa,~~;paToB nony'laeM 3Ha'leHHe 

nonO)I(eHHH H a 2 j,n;HcnepCHH/ ,II;ByMepHhiX llHKOB COBna,n;eHHH. ,lJ;nK 

3TOrO H3 3KCnepHMeHTanhHOrO ,IJ;ByMepHOrO cneKTpa /COOTBeT

CTBYJOIUero O,II;HOMY H3 OKOH, Haii,n;eHHhiX panee/ nony'laeM ,D;Ba HH

TerpanhHhiX o.n;noMepnhlx cneKTpa IX(i) H IY(j) /npoeKUHH 

cneKTpa na ocH X H Y I. 3TH cneKTphl annpoKCHMHPYJOTCK clJynK

UHeH BH,IJ;a 
2 

(p2- P) 
---------1 + p p 

2p 2 4 
3 

r ( p·. r ) ~ p 
1 
exp L- -!- p 5 /6/ 

/HnH CYMMOH rayCCHaHOB H ciJoHOM B cny'lae MynLTHnneTa/. llony-

'leHHhle 3Ha'leHHK p 2 , COOTBeTCTBYJOIUero nono)l(eHHJO llHKa, H p 3 , 

COOTBeTCTBYJOIUero a, HCllOnL3YJOTCK B Ka'leCTBe KOHCTaHT Ha 

BTOpOM 3Tane, KOr,n;a ,D;nK onpe,n;eneHHJI 06'beMa llHKa COBlla,IJ;eHHH 

Mhl annpoKCHMHpyeM .n;ByMepnhlii cneKTP SPEKTR (NN, i , j) ananH

TH'IecKoii llOBepXHOCThlO BH,IJ;a 

-+ a 1 
H(a, i, j) = ---------

c 2 
exp [ _ -~-=--~~-- _ (j- a./ 2 a 2 ----2---] + 

4 2a 5 2rra4a5 

. 
~----------------~ - ---------------
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+ a6 
( a7 - i) exp [ _(j - 3..3) 2 -------] 

2a2 
5 

(i - a:i).
2 

+ a (a - j) exp [ --------] + 
s 9 2a2 

4 

~--------------------~~-------------------J 

II 

+ a 10 i + a 11 j + a 12 ij + a 13 

v 
III 

/7/ 

IIepsaJI 'laCTb :noii: cllopMyJJhl onachlsaeT nax y-y cosna.D.eHHii:, 

'laCTb I I - COBfia.D.eHHJI C06hlTHH, COOTBeTCTBYJO~HX KOMfiTOHOB

CKOMY pacnpe.D.eJJeHHJO C C06hlTHJIMH, COOTBeTCTBYJO~HMH O.D.HOH 

H3 y-nHHHii /y -xoMnToa-cosna.D.eHHJI/. Cosna.D.eHH.Il co6hlTHii, npa

Ha.D.JJe)l(a~x .D.BYM KOMnTOHOBCKHM pacnpe.IJ.eJJeHH.IIM I cosna.D.eHH.Il 

KOMfiTOH-KOMfiTOH/, OfiHChlBaJOTCJI TpeT&eii: 'laCTblO cilopMyJJhl /7/. 
B cny'lae MYJJbTHnJJeTa annpoxcHMaUH.Il .D.OJJ)I(Ha npoHJBO.D.HTbC.Il 

COOTBeTCTBeHHO cynepn03HUHeii: TaKHX fiOBepXHOCTeii: C o6~HM 

ciiOHOM. IloBepXHOCTb TaKOrO BH.D.a BnepBhle HCfiOJJb30BaJJaCb B pa-

6oTe /4/ , OHa XOpOWO OfiHChlBaeT KaK pacnpe.IJ.eJJeHHe HCTHHHhlX 

COBna.D.eHHH, TaK H pacnpe.D.eJJeHHe CJJy'laHHhlX COBfia.D.eHHH /CM. 

§8 aacToJI~eii: pa6oThl/. Cne.D.yeT JaMeTHTb, 'ITO nocxon&xy napa-

MeT phi rayccaaaoB a 
2 

, 

soro :nana o6pa6oTKH, 

weaa JJHHeii:HhiM MHK, 

a 3 , a4 H a 5 HaM HJBeCTHhl nocne nep

Ja.D.a'la annpOKCHMaUHH MO)I(eT 6h1Tb pe

'ITO cy~eCTBeHHO ynpo~aeT Bhi'IHCJJeHH.Il 

H noBhlwaeT Ha.IJ.e)I(HOCTb peJyJJ&TaTOB. IIapaMeTp a 1 B cllopMyne 

/6/ COOTBeTCTByeT 06'beMy fiHKa COBfia.D.eHHH. B CJJy'lae, eCJJH 

a 1 ~ q · ~a 1 I J.D.ec& ~a 1 - nony'leaaaJI norpewaocT& onpe.D.eJJeHH.Il 

a 1 , q - K03cjNlJHUH~HT Ha.IJ.e)I(HOCTH: q;:: 2 I, Mhl C'IHTaeM, 'ITO 

B .D.aHHOM MeCTe npHCYTCTByeT fiHK y-y - COBfia.D.eHHH H fiOJJy'leHHhle 

.IJ.aHHhle 3aHOCJITCJI B Ta6JJHUY pe3yJJ&TaTOB o6pa60TKH. Ilorpew

HOCTH 3Ha'leHHH napaMeTpOB onpe.IJ.eJJJIJOTCJI, KaK KopeHb H3 .IJ.Haro

HaJJbHhlX 3JJeMeHTOB .D.HCnepCHOHHOH MaTpHUhl napaMeTpOB, YMHO

)I(eHHOH Ha OCTaTO'IHYJO CYMMY KBa.D.paTOB OTKJJOHeHHH, OTHeCeHHYJO 

K 'IHCJJY CTeneHeii: CB060.IJ.hl. 

12 
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6. CTPYKTYPA IIPOTPAMMM 

KOMfi03HUHOHHO nporpaMMa COCTOHT H3 Tpex He3aBHCHMhlX 

'laCTeii:, KOTOphle MOryT HCfiOJib30BaTbCJI CaMOCTOJITeJJbHO. IlepBaJI 

'laCTb PROSPEC cocTOHT H3 nporpaMMhl noacxa .D.BYMepahlx nHKOB 

B cneKTpax y-y COBfia.D.eHHH H fiO.IJ.UporpaMM 6hiCTpoii: COpTHpOBKH 

SOR'I'X H SORTY, cllopMHPYJO~X HHTerpan&Hhle cnexTphl .D.JJJI Ja-

.D.aHHoro aa6opa rpaHHU nonoc /B.D.OJJb oceii: X H Y I, a TaK)I(e 

fiO.IJ.UpOrpaMMhl 'ITeHHJI cneKTpOB C MarHHTHOH JJeHThl H fiO.D.npo

rpaMMhl aaaJJHJa O.D.HOMepHhlX cnexTpoB AUTOS. PeJyJJ&TaThl no

acxa BhlBO.D.JITCJI aa pa6o'lyro MJI. MHHHMaJJ&Hhlii o6'beM naMJITH, 

He06XO.D.HMhlH .D.JJJI pa60Thl 3TOH 'laCTH nporpaMMhl, paBeH npH6JJH-

3HTeJJbHO (2x N x L + ai000)6aii:ToB, r.D.e N- 'IHCJJO y-JJHHHii B cnexTpe 

/HHTerpaJJbHOM/ HCCJJe.D.yeMoro o6pa3Ua, y'laCTBYJO~HX B COBna

.D.eHHJIX, L - 'IHcno Bhl.D.eJJeHHhlX xaaanos AI.UI. 
BTopaJI 'laCTb nporpaMMhl DDSORT ocy~eCTBJJJieT 6hlcTpyro 

COpTHpOBKy, TO eCTb . Ha6op .D.ByMepHhlX cneKTpOB, COOTBeTCTByJO

~HX Haii.D.eHHhlM Ha nepBOM 3Tane 06JJaCTJIM, B KOTOphiX B03M0)1(Hhl 

fiHKH y-y COBfia.D.eHHH. MHHHMaJJbHhlH 06'beM naMJITH, Heo6xo

.D.HMhlH .D.JJJI 3TOii: nporpaMMhl, paBeH (2x nmax x fx xP Yt 2000D) 6aii:TOB, 

3.IJ.eCb nm ax - 'IHCJIO 06JJaCTeii:, fx X f y - MaKCHMaJJbHhiH pa3Mep 

y'laCTKa cnexTpa, co.IJ.ep)l(a~ero O.D.HH .D.ByMepahlii nax. CxopocT& 

COpTHpOBKH .D.OCTaTO'IHO BhlCOKa H onpe.IJ.eJJJieTCJI B OCHOBHOM CKO

pOCTblO C'IHThlBaHHJI c MJI. CopTHpoaxa O.D.HOii: CTaH.IJ.apTHoii 6o6a

Hhl MJI aa EC- 1040 3aHHMaeT npa6JJH3HTeJJ&Ho 15 MHHYT . 

TpeTbJI 'laCTb nporpaMMhl COCTOHT H3 OCHOBHOH nporpaMMhl 

DDFITT, ocy~ecTBJJJIJO~eii: annpoKCHMaUHJO .D.BYMepHhiX naxoa c 

noMo~&JO JJHHeiiaoro MHK, H Tpex no.IJ.nporpaMM: DUFITT , FITTY 

H TABLE. Ilo.IJ.nporpaMMhl DUFITT H FITTY ocy~eCTBJJJIJOT annpox

CHMaUHJO O.IJ.HOMepHhlX HHTerpaJJbHhlX cneKTpOB C fiOMO~blO MeTO.D.a 

nepeMeaaoii: MeTpHKH /~3BH.D.OHa/, no.IJ.nporpaMMa TABLE, ocy

~ecTBJJJieT pe.IJ.aKTHposaaae pe3yJJ&TaTOB. MHHHMaJJ&Hhlii o6'beM 

naMJITH, He06XO.D.HMhlH .D.JJJI pa60Thl 3TOH 'laCTH nporpaMMbl, npH

MepHO pasea o6'beMy, aeo6xo.D.HMOMY .D.JJJI DDSORT. CxopocT& 

annpOKCHMaUHH COCTaBJJJieT npH6JJH3HTeJJbHO 2 CeKyH.IJ.bl Ha 1 fiHK. 

7. PB3YJibTATM 

Ilocne nposepxa pa6oTocnoco6aocTH nporpaMMhl aa MO.D.en&

HbiX cnexTpax HaMH 6hlJJ o6pa6oTaH PJI.D. 3KcnepHMeHTaJJ&HhlX en exT-
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Ta6Au11a 1 

l.laCTb pe3yJibTaTOB DOHCKa ,AByMepHWX 06JiaCTeii C B03M0)KHWMH 
naKaMH cosna.z.eaaii. B Ka)K,AOH CTpoKe npase.z.eaw rpaaauw .z.sy
Mepawx 06JiaCTeH, UeHTphl B03MO)KHWX DHKOB COBDa,AeHHH. B no
CJie,AHeM cTon6ue - nJIOIUa.Ab npe.z.nonaraeMoro naKa npa noacKe 
B HHTerpaJibHOM ClleKTpe DO OCR Y 

~Ill ..... ~ .... ,. ........ - """ - riiQIWia -· , ... ._ .... Allx r~ , ... ._ no AUy cnooc • no • • 
... _ 

now nov y nov novl 
I. 218. 225.18 0.13 Zl2. }51; :161 •• 7 0.05 "'· 110. 
2. . . . . }II. }BII.Q 0.09 ,,., I 52, 

'· . . . . '"· .01.11 0.09 .ae. 112.' .. . . . . 509. 516.89 0.10 5Z). 155. 
5. . . . . 571. 579.S. o.a 5116. Zll. 
6. . . . . 6116. 695.11 0.09 702. m. 
7. . . . . 7'50. "'"·02 0.06 ""· 226. 

e. . . . . 118). 195.97 0.11 9(11. 87. 

'· . . . . !Ill. - 0.06 92'1. 87. 

IC. . . . . '". 97L)) 0.20 9116. 126 • 

II. . . . . lllL uso.•I o.n US?. "'· 12. . . . . un. 15to.h o.u 15116. 67 • 

13. zw. ""·" 0.16 sea. 951. S6l • ., 0.05 "'· ~. 

a. . . . . 
"'· -m.u 0.09 •oe. Izt. 

15. . . . . 611. 681." 0.09 6to. III. 
16. . . . . "'· 695.25 0.09 702. 251. 

17. . . . . 7'50. 71i0.02 0.06 ""· 251. 

1L . . . . liS • 195.97 I. II 9<11. 102. 

n. . . . . "'· 97LJJ 0.20 "'· 125. 

20. . . . . 1ZIL 1250.01 0.17 1257. IM . 
Zl. . . . . I~U • 1525.20 o.n 1551. 51. 

zz. . . . . 1'71. 1S90.1' o.u 1596. "· 
25. lU. 525.f( 0.07 !52. 551. }61.07 0.05 l69. U26. 

z.. . . . . 
'"· •Cll.IS 0.09 •os . 1812. 

25. . . . . £8! • U5.Z5 0.09 702. ,.7. 
26. . . . . 7'50 • 760.02 0.06 766. zzaz. 
27. . . . . sas • d95 . 97 0.11 90S. .09. 

28. . . . . 968 • .-18.55 0.20 9116 • 658. 

l9. . . . . 1218 • l?SO.•l 0.17 Ill? . 1652. 

50. . . . . 15U • 1525.20 O.B 1551. ll5. 

n. . . . . 1577 • 1590.1\ o.u 1596. 526. 

52. . . . . 1596 • lf05.B 0.15 1611 • seo. 

"· . . . . 1919 • l9Z..•8 0.28 1950. 112. 

,.. . . . . 2160 • ?i65.6) "1. )0 2171 . 88. 

55. ,.s. l09.BZ O.lS l56 . 251. 259.95 0.12 26S. 108. 

~6. 
. . . . lSI. l61.07 0.(1; l69. 5~. 

I 

!61. t•s5. 1.62.95 0.19 1.71. lSI. l61.<7 0.05 l69. 195. 

!62. . . . . 686 • 695.Zl 0.09 702. 117. 

165. . . . . ?SO • 760.02 0. 05 7£~. Sl? . 

1M. 15ll. ISZ6.SZ o.u ISS.. lSI. 361.47 0.05 l69. 415. 

16S. . . . . 3?'3 • 401.1 B 0.09 408. 259. 

166. . . . . 686 • .95 .2l 0. 09 '02. 1085. 

167. 1555. IS.I.42 o.n 1548. lSI. 361.147 0.05 5(9 . 762. 

168. . . " . 686. 6~", .2) 0.09 702. 110. 
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Ta6AU11a 2 

Pe3yJibTaTbl annpoKCHMauaa qacTH o6nacTeii oTo6paHHbiX nHKOB 
/no KpHTepHliM, yKa3aHHblM B §5/ H ODpe,AeJieHHJI 06t.eMOB 

xz ~~><•~· &Ux u aUy v Ex •Ex E" 6Ey ~·l OIW" aV ~~ .. )':"/~ ~,;,;·. nov 
lo07 22'-i& 0.13 381!.14 o.~3 l21. so. 106.& 0.17 IC0.2ll c.t5 
a,83 22&. ~4 O.Ia 616.lfl C. l" a;i. ;a. 108.6 u.I? 0!6I.i0 0.18 
0.87 ~.18 C.IS &79. 70 o.u 523. sa. 108.6 ~.17 :187.& 0.18 
a. 70 ~.28 0.13 i21. 71 c.cs lUI. 23. 1il8.5 0 .17 479.i 0.13 
1.10 l54. 73 o.to SOu. 78 a.u5 334. 77. 149.i o.Ii 1&~. iB u.I3 
1.13 2114.50 0.16 06.&. 77 o • .;v w.H. oo. u~.i o.u ~46.87 0.1& 
1.32 ~1.46 \,.' .07 SCC..82 0.~6 li&OZ. lU. 164,i8 0.14 164.i8 0.13 
I.il J;;t.l>l v.v7 u . .;o J.Ji 1UZ. all;. 161.i8 a.u 187.~ 0.1& 
1.28 a.:t.H 0,1)7 6114. o6 v.~e n.a. 118. Io~.iB ~.14 aoz.lll 0.15 
2.57 321.73 v.J? "1>9.37 -.J.v7 1~1oo. ~n. to4.iB 0.14 388.~ o.u 
l.v;,; 321.74 a • .n <196. 34 V..11 Ute. B2. 1&'-118 c.u 464.5 0.1& 

1.18 321.&1 0.07 i77.&7 O • .A:l ~14&. 146. 1&'-118 o.u 6u.oo 0.21 

2.78 ll0!1.72 0.07 1229 • ., 0.17 1.0931!. 271. 1&4.91! o.u &52.00 o.It 
0,78 ;1;11.47 v,o7 1~'-4 -.18 Udll, *· 164.118 0,14 817.0 0.17 

O.ii 321.71 0.07 1&89.<4 0,18 4332. eo. 164.118 c.u 853,8 0,17 

1.67 321.82 V.tJ? 1dC4.4 ~.16 >386. ta. 164.118 0.14 861.i 0.18 

0,82 321.81 u.~7 1ia4.18 G.4 770. &;I. 164.118 o.u 11J4G.a> 0.26 
O,ib ;,2i.i4 \J.V7 •1&5.47 ~.so IIi?. ~ 1&4.118 v.14 117&.0 0.27 

o.8a -.79 v • .i36 49. IN ~.~ 1all. AI 180,0 0.27 108.0 0.17 
0.87 349.811 a. sa •79.&9 "'.14 7:11. ... 180.0 0.27 :187.& 0.18 
O.i6 3&0.08 o.sa nt.u o.ze .Ul. sa. ~.o 0.27 Si5.4 0.24 
0.81 SIC.~! o.sa 1106.:.8 c.aa 01:11. 211. 180.0 0,27 616.8 O.Zi 
2.00 -.liZ C,Ii ..01.47 ..... 11-... ~1. ld7.<t 0.21 164.118 0.13 
1.23 a;;i.8a 0.19 di14.ou O.Ji m. 71. ia1.2 u.21 sa2.2 0.16 
1,16 ...... 18 O.It 7•». 46 v.oe ... "· i87.2 0.21 388.4 0.14 

1.34 a&-.~ 0.19 oW..31 o.u t6w. to. t87,2 ".21 464.6 o,t6 
0,87 a&-.211 O.Ii 977.67 o.zo ~. &5. 187.2 0.21 &11.0 0.21 
1.01 36U.6U O.li 1688.~ a.u 170l. &7. 187.2 0.21 esa.a 0.17 
a.ee 37•. 72 o.« 616 • .n C.Iv 1"'-. ~ U2.0 c.sa .:61.88 0.1& 
~.95 ~.67 0.44 0»7·.~ 0.14 171. as. 192.0 o.sa <11!7.~ 0.18 
o.77 4H.3B 0.16 ;l:ji.~1 0.12 l211. 2&. 251.8 C. I~ tuB.O 0.17 
1.Qit 47~.i1 C.16 ~Ji.46 o.Z& 218, 36. ;<51,9 c.I9 t92.o 0.21; 

1,00 474.68 ~. 16 :>78.19 0.14 219, 81. ;l:jl.t O.Ii 287.5 0.18 

o.89 473.ii 0.16 .;~4.66 o.o9 245. :Iii. 251.t C. IV 352.3 C.I6 

o.?i 474.32 0.16 921.iQ "". ~.e 1!04. 31. 2L1.t 0.19 <7i.9 0. 13 
0,75 174iti) 0. 16 1114.91 c.u 502. 27. 251.9 O.Ii 687.0 0.21 

I I 
1ioa 1461:04 O.Ii 8e0.87 o.c5 •so. 50. 817.0 0.21 164.ie o. b 
0.70 1460.94 0.19 Gi4.51 o.c9 376. 36. 817.0 0.21 352.2 0.16 

.. se 1451.19 0.19 759. 3B 0.06 4098. i4. 817.0 0.21 381!. 4 o.u 
1,42 1524.60 0,13 360.79 0,05 1790. ee. 853.4 u. 17 16<.98 0,13 

v.99 1625.0& 0 .13 4CO.!I? o.ot 1750. so. 853.4 0.17 187.3 0.15 

1. 77 1524.91 0.13 094.62 o.Vi 80US. 158. esa •• 0.17 3><.2 0. 16 

1.61 1539.90 0.13 06v.e5 u. o5 4iac:. 130. 861. 7 " .17 164.98 l1.13 

0.90 15~.26 0.13 694.68 o.oi 1016. 31. 861.7 0.17 36Z.2 0.16 
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COBna,~~;eHBH. B Ka'leCTBe BnnJOCTpaQBB npBBe.D;eM pe

o6paooTKB .D;ByMepaoro cnexTpa, nony'leaaoro aa yc

y-y COBna,~~;eHBii B Jla6opaTOpBB Jl,ll;epHbiX npo6neM 

poD y-y 

3ynbTaTbl 

TaHOBKe 

OIUIH 151 

150'Ib . ' 

,~~;nJI pacna,~~;a cMeca B30Tonos Tep6BJI I 14BTb, 149 Tb 
151

Tb, , 
152

Tb /. B ~ra611. 1 npe,~~;cTaaneaa 'lacn. pe-

3ynbTaTOB DOBCKa B03MOlKHLIX DBKOB y-y COBna,ll;eHBii. B 1ra611. 2 

npase,~~;eaw pe3ynbTaTLI, nony'leHBLie nocne annpoKCBMaUBB o6-

nacTeii OT06paHHLIX DBKOB B Orrpe,IJ;eneHBJI 06"beMOB. ,lJ;nJI y,~~;06CTBa 

BCDOnb30BaHBJI BH4JOpMaUBB 0 COBna.D;eHBJIX 3TH pe3ynbTaTLI BLI

BO,II;JITCJI B BB,II;e 1ra611. 3. B KneTKe Jra6A. 3, COOTBeTCTBYJOIUeii 

Ta6;ru11a 3 

Pe3yn~oTaTLI o6pa6oTKB scero cnexTpa cosna,~~;eaaii, npe,~~;cTaaneuawe 
,~~;nJI y,~~;o6cTaa B BB.D;e MaTpauw. Ha nepece'leHBB CTpox B cTon6uos 
3HeprBii: - 06"beMLI /BHTeHCBBHOCTB/ COOTBeTCTBYIOIUBX nBKOB 
COBDa,ll;eHBB, BKnJO'IaJI cny'laBHLie 

~ft las ~ 1&!>. 1110. 117. 112. :151.5 110. 217. ~ 352. 388. £64. 4~ 91. m 651 116. 151 E1 

!iii 125 229 6111 182 - ·-
150. Jl) 1428 

1115. 334 311112 n2111 2906 ~ 1352 30311 ltm 436 mo ~ .. 7rl 70S 
117. 11Q2 447 1069 1362 775 1750 -
112. 2111 

:15\! 358 160 167 562 

liO. 
1-

445 - -m. 623 731 171 219 
1- 'lil 1- 1-

~ 1334 213 

3S2. 7117 3'15 :u& 1947 721. 5638 1960 501 376 18501 125 - jf;7& 980 ~ fo, 2968 1517 E12 ~ 
- -.. 231 

-- m t-444. 

"'· 1417 1642 ~34 llll1 281 

4~ 201 664 
- --

411. XI 
511. 5145 S05 m liJII 2111 Jn jl953 2'7 an 

517. 502 157 
1- f-- 1--

616. 201 . - f-. 
637. 283 

1152. !'151131 Jil5 6382 679 

771 1022 ... 668 J'.il 4137 332 

m 1701 
- - f-- 8«1 672 m 

861 5395 388 

1042 'lli9 
- ·-,m: IJ!11 

--
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,~~;aaHoii. nape 3Hepraii, 3anacaa o6oeM naxa coana,~~;eaaii /ecna 
coana,~~;eHHJI He o6aapy)f(eHbl To - nponycx/. 

H3 paccMoTpeHHJI ma611. 3 BH.D;Ho, 'ITO nony'leHHble pe3ynbTaTbl 

BKniO'IaJOT B ce6JI KaK HH4JopMaUHIO 06 HCTHHHbiX COBna,~~;eHHJIX, 

TaK H ,ll;aHHble 0 cny'laHHbJX COBDa,ll;eHHJIX /HanpHMep, DHKH CaMo

COBDa,ll;eHHH 165 K3B - 165 K3B, 352 K3B - 352 K3B, 388 K3B-

388 K3B/ . Y'leTy axna,~~;a cny'laii.HbiX cosna,~~;eauii nocBJII.qeH cne,~~;yJO
lUHB naparpa¢. 

8. YIJET CJIYIJAiJHb/X COBllA,l(EHHiJ 

fiocxonbxy cxeMa oT6opa coana,~~;eHaii. HMeeT onpe,~~;eneHHoe pa3-

pewaJOI.qee BpeMJI 7, OTnH'IHOe OT HynJI, Cyi.qeCTByeT BepOJITHOCTb 

perHCTpaQHH cny'laBHbiX COBDa,ll;eHHB. C ysenB'IeHHeM aKTHBHOCTH 

HCTO'IHHKa KOnH'IeCTBO cny'laHHbiX COBDa,ll;eHBH pacTeT KBa,~~;paTH'IHO 

B OTnH'IHe OT nBHeBHOrO pOCTa BCTBHHbiX COBDa,LieHHB. EcnH rrnoT

HOCTb DOTOKa C06b1THH no Ka)f(,II;OB H3 oceif /HnH TpaKTOB/ HMeeT 
BH.LI 

2 
(x- c x) 

p(x) = A 1exp [- ---------] + b 
1
x + d 

1 
• 

2ai 
2 

(y - Cy) 
p(y) = A2 exp[- --------] "' b

2
y + d

2
, 

2u 

TO BepOJITHOCTb cny'laHHbiX COBDa,LieHHH 6y,LieT paBHa: 

(x-cx)2 
R(x, y, r) = 2rp(x)p(y) = !A

1 
A2 exp[- ---- _ (Y - cy )2 

2 2-- J ~ 
2u 2 

X uy 

(x-cx)2 (y-cy)2 
+ A exp[- ] (d + h y) + A exp[- --------](d 

1 2u 2 2 "'2 2 2u 2 1 
X y 

I b 1 X) ~ 

~ (d 1 + b 1 X)· (d2 "' b 2y)l· 2r. 

/8/ 

/9/ 

113 cpaBHeHHJI Bblpa)f(eHHH /6/ H /9/ BB,LIHO, 'ITO OTnH'IHTb DO 

4JopMe pacnpe,~:~eneHHJI BCTHHHbiX B cny'laHHbiX COBna,LieHHH HeB03-

17 



MO>KHO. B TO >Ke BpeMJI ,II;JIJI HHTeHCHBHhiX JIHHHB 06'beM nHKa cny -

qaii:HhiX coBna,n;eHHii:, npo~opuHoHaJibHhlii: 2 A 1 A2 r, MO>KeT 6h1Tb 

,II;OCTaTO'IHO BeJIHK. 

)J.JIJI y'leTa BKJia,n;a CJiy'laBHhiX COBna,n;eHHB MO>KHO HCnOJib30BaTb 

,n;Ba cnoco6a: nepBhlii: cnoco6 npHMeHHM, ecnH B :iKcnepHMeHTe 

perHCTpHpOBaJIHCb He TOJibKO 3HeprHH npKWe,II;WHX y ·KBaHTOB, HO 

H BpeMJI, pa3,n;eJIJIJOIUee 3TH co6h!THJI I y - y - t H3MepeHHJII. B 3TOM 

cnyqae HHTerpanbHhlii: BpeMeHHoii: cneKTp HMeeT BH,n; pacnpe,n;eneHHJI, 

npHBe,n;eHHoro Ha puc. 4. 
B TO'IKe T O BpeMeHHOH HHTepBaJI Me>K,II;y npHXO,II;OM y ·KBaHTOB 

paBeH Hymo IMrHOBeHHhle coBna.n;eHHJII . HHTepBaJihl T 
1
-T 

2 
H T

3 
-T

4 
Bhi6Hpa10TCJI TaK , 'ITO B HHX nona,n;aJOT B OCHOBHOM CJiy'laBHhle COB

na,n;eHHJI . B HHTepBan T 
2

- T 
3 

nona,n;aroT KaK cnyqaii:Hble, TaK 

H HCTHHHhle COBna,n;eHHJI. BBe,II;JI npH Ha6ope cneKTpOB ,n;onOJIHHTeJib" 

Hyro copTHPOBKY no BpeMeHH B OKHa T 
1
- T

2 
H T 

3
- T 

4 
, MO>KHO no

JIY'IHTb cneKTp CJiy'laBHbiX COBna,n;eHHB, KOTOphlii: npH ycJIOBHH, 'ITO 

N(t) 

1o'! 

103 

102 

11 
1000 
T2 To 

2000 
TJ 

{(XX) 4000 t(kaHaA) 

Puc. 4. BpeMeHHOil cneKmp 3aOepxaHHbiX coenaoeHuil. T
0 

- ijeHmp 
Kpueoil MZHOBeHHbiX coenaOeHuil. T 1 -T2 U T 3 - T4 - epeMeHHble 
uHmepeaAbl, Bbl6paHHble OA.R copmupoeKu c ijeAbiO noAy'leHu.R ¢oHa 
cAy'lailHbiX coenaoeHuil e pa6o'leM UHmepeaAe T 2 - T 3 • 
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'1'
2

- T 
1 

• 'I' 
4 

-T3 - T 
3

- T 
2

• no3BOJIHT cy,n;HTb o KOJIH'IeCTBe cny-

qaii:HhiX COBna,n;eHHB B cneKTpe, COOTBeTCTBYIOIUeM OKHY T 2c- T3 . 

B ma6A. 3 H 4 npHBe,n;eHbl nony'leHHhle TaKHM o6pa3oM ,n;aHHble 

0 COBna,n;eHHJIX B cneKTpe H30TOnOB Tb ,II;JIJI OKOH no OCH •t: T 2 -;- T 3 

H T 
1 

c- T
2 

; T
3 

c-T
4 

cooTBeTCTBeHHO. KaK BH,n;Ho H3 ma6A. 4, Haii:

,n;eHHhle 06'beMbl nHKOB CJiyqaii:HbiX COBna,n;eHHB HeCKOJibKO MeHbWe 

06'beMOB CJiy'laBHbiX COBna,n;eHHB, npHCyTCTBYIOIUHX B HCXO,II;HOM 

cneKTpe I ma6A. 31: cpaBHHM, HanpHMep, caMocoBna,n;eHHJI 164 K3B-

164 K3B H 352 K3B - 352 K3B. o'6'bJICHHTb 3TO MO>KHO H3MeHeHHeM 

34>clJeKTHBHOCTH perHCTpaUHH COBna,n;eHHB IIpH yBeJIH'IeHHH BpeMeH

HOrO HHTepBaJia Me>K,n;y C06b1THJIMH. 

li36aBHTbCJI OT 3TOrO paCXO>K,II;eHHJI MO>KHO, Bb16paB WHpHHY 

OKOH TaKHM o6pa30M , 'IT06bl 'IHCJIO CJiy'laBHbiX COBna,n;eHHB B HHX 

6b1JIO 3KBHBaneHTHbiM. B TO >Ke BpeMJI MO>KHO 3aMeTHTb, 'ITO no

CKOJibKY pe3yJibTaTbl OTJIH'IaiOTCJI Ha nOCTOJIHHbiH MHO>KHTeJib Q , 

BeJIH'IHHY KOTOpOrO nerKO y3HaTb, ycpe,n;HHB OTHOWeHHJI 06'beMOB 

Bcex Haii:,n;eHHbiX nHKOB caMocoBna,n;eHHB I ma6A . 3 H 41, TO ,n;aHHble 

MOryT 6h!Tb CKOppeKTHpOBaHbl y>Ke nocne o6pa60TKH . 

BTopoii: cnoco6 y'leTa CJiyqaii:HbiX COBna,n;eHHB MO>KeT 6b1Tb 

npHMeHeH B CJiy'lae, eCJIH y HaC HeT ,ll;aHHbiX 0 BpeMeHH 3a,n;ep>KKH 

Me>K,n;y C06biTHJIMH . H3 4JopMyJibl 191 BH,II;HO, 'ITO HHTeHCHBHOCTb 

cnyqaii:HbiX COBna,n;eHHB onpe,n;eJIJieTCJI npOH3Be,n;eHHeM 2r A E 1A E 2 • 

B TOM CJiy'lae, eCJIH y HaC HMeiOTCJI ,n;aHHble 0 COBna,n;eHHJIX, KO

TOphle , KaK Mhl nonaraeM, 3aBe,n;oMo cnyqaii:Hhl IHanpHMep, o61oeMbl 

nHKOB CaMOCOBna,n;eHHH HJIH 06'beMbl nHKOB COBna,n;eHHB ,II;JIJI nepe

XO,II;OB , COBna,n;eHHJI Me>K,n;y KOTOphiMH HeB03MO>KHbl no CXeMe pac

na,n;al, Mhl MO>KeM ycTaHOBHTb 3Ha'leHHJI ..;2-;A-~- ,II;JIJI BCeX ,11;0-

CTaTO'IHO HHTeHCHBHhiX JIHHHB. HanpHMep, ,II;JIJI CaMOCOBna,n;eHHB 

'l/_2_r_A16;;;~ = ..;~~~~;6-5-;;~-= 63 , ..;2-;A.-;;;;;V' ..;v;~;~3~~~~-;-: 44.6 . Tor,n;a 

o61oeM nHKa cnyqaii:HbiX coBna,n;eHHB V 165•352 keV I 3TH coBna,n;eHHJI 

HeB03MO>KHhl no CXeMe pacna,n;al paBeH V165•352 keV= 2 r· A165 · ~52 =2710, 

'ITO xopowo cornacyeTCJI c 3KCnepHMeHTaJibHbiMH 3Ha'leHHJIMH 2906 
H 2787. B TOM CJiyqae, eCJIH y HaC HMeeTCJI HH$OpMaUHJI 06 OTHO" 

CHTeJibHhiX HHTeHCHBHOCTJIX IHJIH nnoma,n;JIX nHKOB npH OTCYTCTBHH 

KaJIH6pOBKH no 34>clJeKTHBHOCTHI JIBHHB, yqaCTBYIOIUHX B COBna,n;e

HHJIX, TeopeTH'IeCKH ,II;OCTaTO'IHO 3HaTb 06'beM O,II;HOrO nHKa CJiyqaii:

HhiX COBna,n;eHHB ,II;JIJI TOrO, 'IT06hl nony'IHTb BCIO MaTpHUY CJiy'laii:

HhiX coBna,n;eHHii:. 
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9. 3AKJIJOqEHHE 

llpoae,neHHble npoaepxH noxa3aJIH, 'ITO nporpaMMa xopowo 

uaxo,nHT nHKH coana.neuHii lnpaKTH'IecxH Tax JKe, xax onepaTop, 

pa6oTaiOIQHH co caeTOBhiM xapau.nawoMI, MOJKeT o6pa6aTb1BaTb 

cneKTpbl B aBTOMaTH'IeCKOM pe:lKHMe, o6ecne'IHBaJI XOpOW}'IO TO'I

HOCTb pe3yJibTaTOB, 3aBHCJIIQYIO TOJlbKO OT CTaTHCTH'IeCKOH o6ec

ne'leHHOCTH cneKTpOB, H 06ecne'IHBaeT CpaBHHTeJibHO BbiCOKOe 

6hiCTpo,neiiCTBHe. 

llony'leHHble 3KcnepaMeHTaJibHble pe3yJILTaTbl no o6pa6oTxe 

cnexTpoB y-y coana.neuaii H30TonoB Tep6HJI I ma611. 31 no.znaepJK

,naiOTC.JI H3BeCTHbiMH ,naHHbiMH 06 HX CXeMaX pacna,na, B 'laCTHOCTH 

cxeMoii pacna.na 149Tb, npHBe,neHHOH B pa6oTe 16 1• 

BpeMJI o6pa6oTKH B o6IQeM cnyqae npRMO nponopuHoHaJibHO 

'IHCJIY C06hiTHH B aHaJIH3HpyeMOM cneKTpe H KOJIH'IeCTBY DHKOB 

coana,neHHii. llpe,ncTaBJieHHble Bhlwe pe3yJILTaTbl o6pa6oTKH cnexT

pa COBna,neHHH H30TODOB Tep6HJI pa3MepHOCTbiO 4096x4096x4096 

xaHaJIOB I y-y-t H3MepeHHJII, co.nep:lKaiQero 2· 10 
6 

co6hiTHH H oxono 

200 DHKOB COBna,neHHH, DOJiy'lellbl 3a ,nBa qaca pa60Tbl 3BM 

C 6hiCTpo,neiiCTBHeM 3 · 10 5 C06b1THH B CeKyH,ny H eMKOCTbiO 

03Y 1024 K 6aiiToB IEC-10401. Cne,nyeT cxa3aTb, 'ITO B 3aBH

CHMOCTH OT 3a,na'IB eMKOCTb naMJITH, He06XO,AHMaJI ,AJIJI pa60Tbl 

nporpaMM, MoJKeT 6b1Tb cyiQeCTBenno yMeHbweua. MoJKHO OJKH

.naTb, 'ITO ,naHHbiH KOMllJieKC nporpaMM Haii,neT npHMeHeHHe ,AJIJI 

3Kcnpeccnoii o6pa6oTKH cnexTpoB y-y coana.nenHii B na6opaTo

PHJIX, pacnonaraiOIQHX MOIQHhiMH 3BM. 

B 3aKJIIO'IeHHe aBTopbl BblpaJKaiOT rny6oxy10 6naro.napnocTb 

KOJIJieKTHBY H3MepHTeJibHOrO UeHTpa lla6opaTOpHH Jl,nepHbiX npo6-

JieM OHJIH 3a nocTOJIHHYIO noMO!Qb B pa6oTe, a TaxJKe M.roHy

cexy 3a none3Hble coBeTbl H o6cyJK,neHHJI H B.B.Ky3neuoay H 

3.roucy 3a yqacTHe B oueHxe u o6cyJK,nenHH pe3yJILTaToB. 
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