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(0 1973 061>eOUHeHHI>IU UHcmumym JIOepHI>IX UCCIIeOOBQHUU ,l(y6Ha 

/'' 

BeeoeHue 

B riocne.nuee BpeMH ua6mo~aeTcn _3HalJuTenLuoe yaenu- . 
qeuue KonuqecTaa: 3Kcnepu:MeuToB B pe)KHMe · ON-'LINE · c 
Manoii 3BM/I/ 31j!<IJe:KTnBuo·e ucnonLJoaauue Manoii 3BM 
npe,nnona,raeT pa3pa6oTKY 6LICTpoJ(eiicTBYIOI.l\HXnpoqiaMM, 
aBTOMaTH3HpyiOU{HX o6pa60TKY HH<iJOpMaUHH. C. no-

\ MOU{LIO onucauuoii B · .nauuoii · .pa6oie · cucTeMLI npo-
. rpaMM .l{OCTHraeTCH aBTOMaTHJaUHH npe,naapHTenbHOH 

o6pa6oTKH raM~fa-cOeKTpOB B H3MepHTenbHOM UeHTpe 
Jla6opaTopuu H,nepHLix : npo6neM OHJIH· · nplf H3y'le-
uuu pacna,na KOpOTKO)KHBYU{HX . H30TODOB~ nony'leHHbiX Ha 
nylJKe cuuxpounKnoTpoua. KoMnneKc <!JnJHlJecKoii annapaTy~ 
phi u ycTpoiicTB HaKonneHHH uu<!JopMauuu 3Toro H3Mepu
TenLHoro UeHTpa, pa6oTaiOU{HH Ha nHHHH c -3BM "XbiOneTT~ 
IlaKKap.n 2116C"·, oriifcau · B /2/. IlporpaMMLI o6pa6oT:Ku 

·cneKTpOB HanucaHbl Ha Jl3biKe <I>OPTPAH ·u ucnonh3YIOTCJI 
B CTaH,napTHOH ynpaBnHIOU{eH CHCTeMe MalliHHbl.- 0HH MoryT 
6LITh TaK)I(e npuMeHeHLI,nn.R o6pa6oTKn· cneKTpoB ua nw6oii 
Manoii 3BM, HMewmeii · Tpaucn.HTop c <I>OPTPAHa unu 

,acceM6nep, 6nHJKHH K acceM6nepy 3BM "XLIOneTT- IlaK-
Kap.n". 

Bee· nporpa:MMLI o6pa6oTKH xpaHHTCH ua MarHHTHOM 
.nucKe, 6onLUine nporpaMMLI cerMenTupoaaHLI. Ha 3TOT )Ke 
,l{HCK B03MO)KHa 3aflHCh BO· BpeMH 3KCO~pHMeHTa .l{O BOCb.,; 

. MH,neCHTH cneKTpoa. )J.nH .nonroapeMeuuoro xpaueuun cneKT
pbi JanncLIBaiOTCH. ua MarHHTHYIO neHTy. )l.uanor nonLJo
aaTenn C 3BM npOHCXO.l{HT npH DOMOI.l\H 3KpaHHOronyJILTa. 
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3Kcnpec;cuaJI o6pa6ot/1Ka zaMMa- cneicmpoe 

0CHOBHOH nporpaMMOH o6pa60TKH Ha "XbiOJieTT-:IlaK
. Kap,D;" _HBn.JieTCH BapHaHT 3KCnpecc-nporpaMMhl o6pa60TKH 
. cneKTpOB 3Il0C / 3,4/,HanHCaHHhiH C yireTOM oco6eHHOCTeii 

,IJ;aHHOH 3BM. CHcTeMa np_orpaMM 3IIOC HapH,D;y.c aaToMa
TH3aUHeii o6pa60TKH n03BOJIHeT no cpaBHeHHIO C ,IJ;pyrHMH 
cyltieCTBYIDIUHMH nporpaMMaMH yBenHqHTh CKOpOCTh o6pa-
60TKH Ha o,IJ;HH- ,IJ,Ba nopH,D;Ka. IIpocToTa npHMeHHeMoro :Ma
TeMaTHqecxoro MeTo,IJ;a He Tpe6yeT 6onhllloro o6'beMa na-' ., ' . . 
MHTH MaiiiHHhi, a nonyqaeMaH TOqHOCTh BnOJIHe YAOBJieTBO-
pHeT Tpe6oBaHHHM, npe,D;'bHBJIHeMhiM 3KCnepHMeHTaTopaMH 
npH o6pa60TKe cneKTpOB. 3TH KaqecTBa nporpaMMbl ,IJ;eJiaiOT 
OC06eHHO 3rPrPeKTHBHhiM ee npHMeHeHHe Ha MaJibiX HJIH 
cpe,D;IIHX ,3BM~ ... 

3 II 0 C ;. ~ •. 06pa6oTKa cneKTpOB 3axnroqaeTCH B onpe,D;e
neJiHH ·napaMeTpOB nHKOB /noJIO:>KeHHH MaKCHMyMoB; nnoiUa
,IJ;eH no,IJ;. n:HxaMH, nonyullipHH/. IIep:BaH _tmcTh nporpaMMhi 
3Il0C-1 /3( aBTOMaT~qeCKH HaXO,IJ;HT nono:>KeHHH . miKOB, 
aMIInHTY,IJ;hl nHKOB, onpe,IJ;eJIHeT . K03rPrPHUHeHThl • nOJIHHOMa, 
arrnpOKCHMHPYIOIUero · rPOH, aBTOMaTHqecKH ,IJ;JIH KaJIH6po-. I . 
aoqHhlX. cneKTpOB ycTaHaBJIHBaeT COOTBeTCTBHe Me:>K,IJ;y Ka-
JIH6poaoqHhiMH ·3HeprHHMH H UHKaMH B cneKTpe /BHyTpeHHHH' 
xanH6poaxa/ H BhiqHcnHeT K03rPrPHUHeHThi KanH6poaoqHoii 
KpHaoii. . 3IIOC -1. :Mo:>KeT o6pa6a ThiBa Th cneK.Tphi. xax . c 
CIIMMeTpHqHhiMH, .. TaK :H acHMMeTpHqHhiMH n:Hxa:MH •.. )l;nH 
nponepKH pa6oThi nporpaMMhl o6pa6oTKH cny:>KHT nporpaMMa 
SPECT, .. c. noMOIUhiO KoTopoii MO:>KHO KOHCTpyHpoaa Th en exT
phi C rPOH<)M, 3a,IJ;aBaeMbiM. noJIHHOMOM TpeTbeH. CTeneHH, II 
nHKaMH, tlJopMa KOTOphiX OnHChiBaeTC.H CHMMeTpHqJihiM rayc
CHaHOM: 

. . K 
Ni =B'Gi +.~ ~.xexp(-2?7x(i~x.)/B)f2). (I) 

J=l J . .. J .. 

3,IJ;ech N i - _qHcno iiMnynhcoa . B i -oM KaHane, BG i -qioH 
B i -o.M KaHane,,Aj- aMnnHTy,IJ;a j -ro nHKa C nono:>KeHHeM 
x j H c. nonyiiiHPHHOH B ; K ~ _qlicno nHKOB B cneKTpe. 

3IIOC -1. pa3,IJ;eneHa Ha cerMeHThi, nopH,D;OK H Ha3HaqeHHe 
KOTOphiX CJie,IJ;yiOIUHe: 

a/. H,IJ;eHTHrPHKaUHH .. H onpe,D;eJieHHe . llO;IO:>KeHHH· nHKOB, 

4___....... 

.. 
•ll 

ll 
( 

6/ HaXO.:>K,IJ;eHIIe cpe,D;HeH noJiylllllpHHbl IIHKOB H pa3,IJ;ene
HHe crreKTpa Ha iiHTepaanhi, 

a/ onpe,D;eneHHe tlJoHoBoii KPHBOH H BhiqHcneHHe aMnJIHTY.D. 
nHKOB, . 

r / .aaToMaTHqecxoe ycTaHoaneHHe cooTBeTCTBHH Me:>KAY 
KaJIH6pOBO.qHbUdH 3HeprHHMH H nHKaMH B cne.KTpe,· Bhl,IJ;aqa 
pe3yJihTaTOB. • 

Bee . cerMeHThi · HMeroT npH6nH3HTeJihHO O,IJ;HHaKoayro 
,IJ;JIHHY, T.K. OHH CMeHHIOT ,IJ;pyr ,IJ;pyra B onepaTHBHOiinaMHTH 
MaiiiHHhl. IlpH pa6oTe C nporpaMMOH B03MO.:>KHhl ,IJ;Ba pe:>KHMa 
3HepreTH1.{eCKOH . KaJIH6pOBKH - .. BiiyipeHHHii' H BHeiiiiiHif. 
IIpe,D;rronaraeMaH 3aBHCHMOCTL 3HeprHH E OTHOMepa l<amii~a 
i JIHHeHHaH: · ''-:· , . · 

Ei = AO + AI xi . \ (II) 

Ko~tllrPHUHeHThi A 0 H ·.A I , HaiiJJ;eHHhfe np:H BHyTpeHHeii Ka
JIH6pOBKe, npH· npoBe,IJ;eHHH BHeiiiHeH KaJIH6pOBKH 3a,IJ;aiOTCH 
B xaqecTBe Hcx·oJJ;HhiX _JJ;aHHhiX. Pe3yJihTaTaMH pa6oThi 
3IIOC -1 HBJIHIDTCH nono:>KeHHH, aMnJIHTY,IJ;hi H 3HeprHH nHKOB 
/BhiqHCJieHHe cooTBeTCTBYWIUHX OIIIH6oK He npoH3BO,IJ;HTCH/. 

IlporpaMMa Tpe6yeT, qTo6hi o6pa6a ThiBaeMhiH cnexrp 
HaXO,IJ;HJICH Ha pa6oqeii ,IJ;Opo:>KKe ,IJ;HCKa. 113- 3a orpaHHqeH
Horo o6'beMa naMHTH npoueccopa noHc.ic' nHKOB B cne:KTpe 
IipOH3BO,IJ;HTCH no OTpe3KaM ,IJ;JIHHOIO 1029 KaHanoB; 06JiaCTh 
rrepexphiTHH coce,IJ;HHX oTpe3KOB paaHanHTH xananaM. Max
CHManh~O ,IJ;OriycTiiMoe qHcm) nHKOB B crieKTpe - 300. IlHKH, _ 
naii,IJ;eHHhie caepx :noro qHcna, 11rHopHpyroTcH._.Ecn:H qHcno 
3aJJ;aHHhiX xanH6poaoqHhiX 3neprHii 6nH3Ko K qHcny H:aii,IJ;eH
HhiX IIHKOB, TO aBTOMaTHqecKoe ycTa~OBJieHHe' COOTBeTCTBHH 
Me:>K,IJ;y HHMH IIpOHCXO,IJ;HT ,IJ;OCTaToqHO 6hlCTpo, B npOTHBHOM 
CJiyqae .He06XOJJ;H~IOe BpeMH cqeni. CyJUeCTIJeiiHO _yBeJJHl.{H
BaeTCH. Ha pHc. 2 noxa3alia <iacTh cneKTpa xopoTKo.:>KHay
IUero H30Tona 7~Rb /. T I/2 =' 3, 9 MHH/, nonyqeHHoro no 
MeTo,IJ;HKe, onHcaHHoii B. pa6oTe /5/. CnexTp o6pa6oni.H 
c noMOIUhlO 3IIOC-l. CTpenKaMH OTMeqeHhl HaH,IJ;eHHbie 

nHKH. . . .. .. ., ... 
3 II Q C - 4. BapHaHT nporpaMMhl 3I!OC-2 ,IJ;JIH HP 2116C 

HBJIHeTCH JJ;OnOJIHeHHeM K 3IIOC-1. 3TO COKpaiUeHHhiH Ba
pHaHT nporpaMMbl, OllHCaHHOH B /3/,no3BOJIHIOIUHH npoBeCTH 
no;nroHKY H30JIHpoaaHHhiX H cna6onepeKphi:BaroxuHxCH IIHKOB, 
Haii,IJ;eHHhiX. 3Il0C-l. no MeTO.I{y, KOTOphiH Uh1JI npHBe,IJ;eH 
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B /4/. 3KCUepHMeHTanbHhie 3Hat.IeHHH no,IJ;rOHHIOTCH C no
MOII.\hiO KPHBOH BH,IJ;a /1/. KpHTepHeM Kat.IeCTBa no,IJ;rOHKH 
HBnHeTCH 3Hat.IeHHe 

K 
X 2

= 1/ K X ~ ( (TEOi - N j) I v' N i + 1 )t2 ' , ( lii) 
i= I 

r,IJ;e K - _qucno KaHanoB B paccMaTpHBaeMOM HHTepBane, 
TEO i- .TeopeTHt.IecKoe 3Hat.IeHHe /1/ :B i -M. KaHane, N i-
3KcnepHMeHTanhHoe 3Hat.IeHHe cneKTpa B TOM )l(e KaHane.· 
Cyll.\eCTByei cerMeHT PARLI, B KoTopoM ,IJ;na Ka)I(,IJ;oro 
cBo6o,IJ;Horo napaMeTpa /nono)l(eHHe, aMnnHTy,IJ;a, nony
IIIHPHHa nHKa H napaMeTphi 4JoHa/ onpe,IJ;enaiOTCH HCXO,IJ;Hhie 
,IJ;aHHhie ,ll;JIH llO,IJ;rOHKH. 

3IIOC-2 pa6oTaeT. B ,IJ;Ba 3Tana. Ha nepBOM 3Tane o6-
pa6aThiBaiOTCH HHTepBaJihl, CO,D;ep)l(alllHe. O,ll;HH nHK. llepe,D; 
llO,IJ;rOHKOH C llOMOII.\hiO 4JopMyJihl 

B 7 y (4 x·LN(2))/rrxF/, A = 0,938 F/A , (IV) 

H3 nnoll.\a,D;H F no~ nHKOM c aMnnuTy.rioii A Bbl'iHCJIHeTca 
nepBOHat.IaJihHOe 3Hat.IeHHe nonymHpHHhl nHKa B , KOTopaa 
3aTeM HBJIHeTCH CB060,IJ;HhiM napaMeTpOM raycCOBOH KpHBOH. 
Ilocne llO,IJ;rOHKH BCeX O,ll;HHO'iHhiX nHKOB • C, llOMOillhiO Haii:,IJ;eH
HhiX nonymupHH no MeTo,IJ;y HaHMeHhlliHX KBa,D;paToB onpe-' 
,IJ;eJIHeTCH · .3aBHCHMOCTh llOJIYlliHpHHhl . OT HOM epa KaHana 
a BH,IJ;e 

B(i) =v'BI · + B2xi • ('V) 

3.nech B(i)- · nonymHpHHa B i ·-oM KaHane,Bl , B2 - Haii
,IJ;eHHhie Ko34J4JuuueHThi 4JyHKUHH H(i) • Ha BTopoM 3Tane 
o6pa6aThiBaiOTCH BCe HHTepBanhi, CO,D;ep)l(alllHe 60Jihllie O,IJ;
HOrO llHKa~ IlpH 3TOM Bhl'iHCJIHeTCH nonylliHpHHa no 4JopMyne 
('V) H ripu no,IJ;rOHKe He MeHHeTca. Tenep.h nono)l(eHHH nHKOB 
H3BeCTHhl 6onee TOt.IHo, no3TOMY B cnyqae BHyTpe'HHeii 
KaJIH6pOBKH B 3Il0C-2 _no MeTO,IJ;y HaHMeHhlliHX KBa,IJ;paTOB 
npoBO,IJ;HTca 6onee TOt.IHaH 3HepreTuqec:KaH KaJIH6poB:Ka c no-

~ . . . ~ 

MOII.\hiO llOJIHHOMa BTOpOH CTeneHH. . .· , . 
B Ta6JI. 1 · npHBe,IJ;eHbl . HHTeHCHBHOCTH JIHHHH KaJIH6po

BO'iHOro cneKTpa ; 226.Ra·, · nonyt.IeHHhie 'c llOMOillhiO 3ll0C-l 
H 3IIQC-2. )l;nH cpaBHeHHH 3,IJ;eCh )l(e'npHBe,IJ;eHhl ,IJ;aHHhie 
pa6oThi /6/, CneKTp 6hm H3MepeH c n~MOII.\hiO Ge (•Li·) n~o-
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nynpoao.D;HHKo:Boro ,D;eTeKiopa a ie'leHHe rr.HTH'MHHYT. Ilony-
WHpHHa .OKOJIO ll.HTH KaHaJIOB. 

BcnoMozameAbUble ripozpaMMbi 

,!J;JI.H opraHH3aUHH 06MeHa ,D;aHHbiMH Me)I(,D;y BCeMH BHew
HH~fH HaKonHi'eri.HMH H aceMH ycTpoiicTBaMH BBO.D;a - BbiBO.D;a 
3BM 6hma HanHcaHa cny)l(e6Ha.H npof-i>aMMa MONIR /eM.. 
pHc. I/.· 3Ta nporpaMMa· cneuHaJIH3HpoaaHa Ha KOHKpeTHoe· 
o6opy,D;OBaHHe H3MepHTeJibHOrO · UeHTpa. H ,D;JI.H llpOCTOThi 
acer,D;a "'onepHpye-r_ MaccHaaMH no 4096 'IHce.n:'. ,!J;Hanor' 

"T l 200.00. 

tENERGY IN KEV 

28398 
10000 ·300.00 4Cil00 500.00 

25319 

22240 

19161 

~ 16082 
0 
u 

13002 I 
II., 

9923 

3764 

30.00 40.00 . 50.00 60.00 70.00 80.00 90.00 . . 100.00 . 110.00 . 120.00 130.00 140.00 150.00 

CHANNEL ;,101 

PHc. 2 .. Q:pHMe/i BbiBo,D;a cneKTpa · Ha .rrnoTTep c noMOIUbiO 
nporpaMMbl . ZE rn. CTpeJIKaMH OTMe'leHbl ITHKH, Haii.D;eHHble 
3IIOC-1 .•. · . ·. . . , . . .. 

.·s 



:onepaTopa c MaiiiHHOii npH HcnoJIL30BaHim MONIR npoHcxo: 
· .L{HT CJIC.L{YIOll\HM 0_6pa30M:. . 

a/ BLI3oB nporpaMMLI om!paTopoM, 
G/ Bbi):(aq~ nporpaMMOH HI:!.· 3KpaH - OC:QHnnOrpac}la BCCX ,.. 

B03MO:>KHbiX nyTeii nepe.L{a'-IH .L{aHHbiX, 
B/ Bbi6op nyTH nepe)ia'!:IH H ,BBO,L{ qepe 3 nyJibT BCJIH'-IHH,_ 

xapaKTepH3YIOll\HX 3Ty nepe.o;aqy. 

. C noMOll\hiO nporpaMMbi ZEICH MO>KHO- pHcoBaTb 
cneKTpbl· HJIH HX yqaCf'KH Ha nJIOTTepe fc~. pHC. 2/.-0Ha 
aBTOMaTH'-ICCKH Bhi6HpaeT MaCIIITa6 H pa3MeqaeT ocH. Bo3-
MO~Hbi TpH BH.L{a· MaCIIITa6oB no ocii Y : nHm!ii~Liii, JIOra
pHc}lMH'-ICCKHii _H THna I<Ba.L{paTHoro KOpHH. B 3apauee Bbi6H-_ 
paCMblX yqacTKaX cneKTpa MaCIIITa6 ·no 06CHM OCHM Mo)IQ{o 
paCTHrHBaTb HnH C:>KHMaTI •• <l»aKTOp, Ha KOTOpbiH H3MCHHCT
CH MaCIIITa6 no OCH y , 3anHCb!BaCTCH B BCpXHCH '-laCTH 
pucym(a. IIporpaMMa Tpe6yeT, '-IT06hi _ pucyeMLiii cneKTp 
HaXOJJ;HJICH Ha pa60'-ICM TpeKe MarHHTHOro .L{HCKa, a BH,L{ 
MaCIIITa6a, Ha'laJibHbiH H .KOHC'-IHbiH HOMepa KaHanoB BbiBO- -· 

. I -
.L{HMOrO y'laCTKa CnCKTpa, a TaK:>Ke c}laKTOphi H3MCHCHHH 
MaCWTa6oB no· 06CHM OCHM BBO.L{HTCH B nporpaMMY no XO.L{y 
.L{Hanora nOJib30BaTeJIH C MaiiiHHOH. )l;onOJIHHTCJibHO B03-
MO:>KCH BbiBO.L{ 3HepreTH'ICCKOH IIIKaJibi, KOTOpaH 3a,L{aCTCH 
c noMOI.LlbiO Ko3c}lc}lH:uHeHTOB AO· H A I, Haii.L{eHHbiX 3IIOC-.1. 

KpoMe onucaHHLrx 3.L{ecb nporpaMM, cyi.LleCTByeT el.lle pH.[{ 
BCnOMOraTCJibHbiX nporpaMM, HanHCaHHbiX .L{JIH o6ecneqeHHH 
YA06CTBa pa6oTbl Ha 3BM, HanpHMep, nporpaMMa CJIO:>KClJ~H 
unu Bhi'-IHTaHHH cnei<TpoB SUDIF , nporpaMMa 3Hepren~-

. '-ICCKOH KaJIH6pOBKH nyTCM. HHTepnonil:QHH. KaJIH6pOBOi.fHbiX 
• 3Heprilii CALIB H .L{p. 

\ 

3a IUZIO'IeHue 

06pa6oTKa 4096-KaHaJILHOrO cneKTpa C nOMOI.l\biO 
3IJOC-1. Tpe6ye.T .OT 2- X MUH /BHCIIIHHH Kanu6poBKa/ .[{0 
6 MUH /BHyTpeHHHH Kanu6poaKa/. ,ll;nH no,L{roHKH O.L{Horo nHJ<a 
B 3IJ0C-2 HY>KHO 10 CeK /npH '-IHCJIC :QHKJIOB, paBHOM 10/.
Tpac}lH'-IecKHii BhiBO.L{ cneKTpa .L{JIH-TCH 6 MUH. 

OnLIT pa6oTbl c onucaHHhiMH nporpaMMaMH: B pe>KHMe 
ON-'LINE ·.o;an y.o;oBneTBOpHTenLHLie pe3yni.TaTLi~ JlerKo 

10 

.L{OCTynHoe Ka>K.L{OMY nOJib30BaTeJIIO ynpaBJICHHC 3BM C no
MOI.LlhiO ,L{Hanora n03BOJIHCT JICrKO HaKanJIHBaTL ,L{aHHLIC, 
o6pf1,6aTLIBaTL ~X H nonyqaTL pe3yJILTaThl o6pa6oTKH BO 
BpEfM:11 :iid::nepiih-ieJiTa·. · 
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