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HoaenbHbll1 sap11aHT cnek TpOHt?Tpa KOPA 6bln UniKaH B pa60Te 

Ill . .lln51 aanbHelilmero pa3BI1TH51 cnekTPOHeTpa e pa6oTe 121 

noapo6HO paCCMOTPeHbl TeOPeTHY8Ckl1e BonpOCbl ROppeAH~HOHHOH 

M8TO.lll1k11 11 nonHbllil Ha6op TeXHI1Y8CI<I1X TPe6oBaHI1n K 

l13M8pl1T8AhHO-HaROITl1T8AbHOH CHCTeHe. B aaHHon pa6oTe 

npeacTasneHo 

TPe60BaHI151M. 

on11caH11e CI1CT8Hbl, yaoeneTBOP51JOlllelil :;)TI1H 

OBIItiE TJli:HlBAHHSI H 0Pr'AHH3AUI1St PABJil,l 

8 xoae Koppen51U110HHbiX 113MepeHI1Jil onpeaen51eTCg pacnpeaeneH11e 

11HTeHCHBHOCTl1 pacce51HHblx HenTPOHOB kaK 4>YHKU1151 TPex 

He3aBI1CI1MbiX napaMeTPoe: n0311U1111 npepbleaTen51, nonHero epeMeHI1 

nponeTa 11 HoMepa aeTeiCTOpa ( yrna pacce51HH:'ll. B MOH8HT 

aeTeKTI1POBaHI151 Ka:l(llO!"'O H8JiiTPOHa P8!"'11CTPI1PYIOTC"l B8Jli1YHHbl :;)TI1X 

napaMeTPoB B Bl1,ae ICO.llOB, 11 nyTeM 11X aanbHel1mero 

11HT8f'PHPOBaHI151 C03,aaeTC51 eai1Hbll1 Koa, Ha3bleaeHbllil KO.llOI·I 

C06b1Tl151. 8 P83YJlb'TaTe COPTI1POBKI1 KO.llOB C06biTHn ¢>oPMI1PYeTC51 

TP8XMepHbll1 cnei:TP ( MaCCI1B ,aaHHbiX), KOTOPbln COOTBeTCTBYeT 

11CCneayeMOMY pacnpe,aeneHI110 11HTeHCHBHOCTH. 

KpoMe HaKonneH1151 11 o6pa6oTY.I1 cneKTPOMeTpi1YeCKOn 

11H¢>oPHaU1111, BalKHon·3a,aaYeJil 51BJ151eTC51 WHPOHIH I<OHTPOJlb YCJ10BI1Jil 

:;)II.Cnepi1MeHTa. TalC, Hanpi1Mep, HenpaeHnbHoe nocTynneHI1e 

cnekTPOMeTPI1YeCICI1X C11!"'Hanoe, a TaKlKe 60JlbWHHCTBO OWI160K 

CI1CTeMbl HakonneHI151 ,aaHHbiX npi1BO.ll51T )( Bblpa60TKe H8B8PHbiX kOllOB 

C06b1Tl1Jil HJ111 11CKalKeHI110 cnekTPa. Pa3pemaJOma51 cnoco6HOCTb 

cnekTPOMeTPa He 6yaeT yaoeneTBOP51Tb H806XOllHMbiM TPe6oBaH1151M, 

ecn11 epeM51 o6opoTa npepbiBaTen51 Haxoai1TC51 BHe onpeaeneHHoro 

npeaena 1 2 1 . CneayJOwen npo6neMon 51Bn51eTC51 Heo6xoai1MOCTb 

peryn51pHolil npoeepKI1 Te~mepaTypbl o6pa3ua. 

KaK 6blno nm:a3aHo B pa6oTe ( 2 I, OCHOBHbiH Tpe60BaHI1eM np11 

npi1MeHeHI111 Koppen51UI10HHOn MeTO.llHKH 51BJ151eTC51 n051BJleHHe C 

OtlHHaiCOBOJil BeP051THOCTbiO nJ060Jil n0311Ul1H 

lnellidt'lii·iioit\ g\?fttyt I 
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OTHOCI1TeJ!bHO HHnYJ!bCOB CTapTa peaJJ:TOpa. .linR npeeepJJ:H :)T0£"0 

YCJ10811R 80 BPeH~ HMnYJ!bCOB CTaPTa peaJJ:TOPa perHCTPHPY~R 

JJ:oabl n0311U11H npepbiBaTeJ!~, 11 113 HI1X 06pa3yeTCR oaHOMePHblfl 

cneJJ:TP. np11 sblnonHeHHH Takoro TPe6osaHI1R 3JleMeHTN Tal< 

Ha3blsaeMoro cneKTPa ~a3 HMe~ pasHoMepHoe pacnpeaeneHI1e. 

PacnpeaeneHHe HHTeHCI1BHOCTl1 aeTel<TI1pyeMbiX HeHTPOHOB no 

nonHOHY speMeHH npc•neTa npeacTasn~eT co6oH speMeHHOH cnel<TP. 

l<a;t;aOMY aeTeKTOPY <vrny pacceRHHR) COOTBeTCTByeT 

caMOCTO~TenbHbiH speMeHHOH cnel<TP. BpeMeHHOH cnel<TP l10;t;HO 

C03aaBaTb 113 TpexHePHOro cneJ<TPa CYMMHPOBaHI1eM YHCna l<Oaos, 

HMe~m11x oai1HaKosble noa~<oabl nonHoro speMeHI1 nponeTa H yrna 

pacce~HI1~. AHaJJH3 speHeHHoro cnel<TPa aaeT 803MOJI(H0CTb 

onpeaen~Tb ~a3osoe COCTO~HHe o6pa3ua. Ta1<11M 06P830M 

l<OHTPOJJI1PY~TC~: 

- 5e30WI160YHoe nocTynneHHe cnel<TOMeTPI1YeCkHX cHrHanos; 

- C60H B pa60Te CI1CTeMbl H8kOnJJeHI1R aaHHbiX; 

- BPeMR 060POTa npepbiB8TeJJR; 

- TeMnepaTypa o5pa3ua; 

- paBHOMePHOCTb pacnpeaeneHI1R 3JleMeHTOB cneJ<TPa ~3; 

- speMeHHble cnel<TPbl; 

- HHTeHCI1BHOCTb HeHTPOHHOro nyYJJ:a, naaa~mero Ha 06Pa3eU. 

ECJJH B npouecce H3MepeHI1~ 06HapyJI(I18aeTCR OWH6l<a HJ!H BbiXOa 

H3 3aaaHHbiX rpaH11U, TO aanbHeHwaR o6pa6oTka J<oaoe co6biTHH 

3anpewaeTCR. np11YI1Hbl HenpaBI1JlbHOH pa60TN cnel<TPQMeTPa MOr"YT 

BYRBnRTbCR B WHPOkOM a11ana30He speMeH11. HanPHMep, HH~PMaU11R 

05 oWH61<ax nocTynneHHR cHrHanos H pa6oTN cHCTeMbl HaJ<onneHHR 

aaHHbiX nORBnReTCR MOMeHTanbHO. 8peMR 060POTa npepbiBaTenR, 

TeMnepaTypa o6pa3ua 11 11HTeHCHBHOCTb HeHTPOHH0£"0 nyYJ<a 

H3MePR~R C nep11oaoM BPeMeHI1 10 C. HesepHble 1< oabl co6biTHH, 

Bbjpa60TaHHble noa aeHCTBI1eM sblllleYJ< a3aHHbiX HCTOYHI1l<OB, 

OT~HnbTPOBbiBa~R C nOMO!Ilb~ 6nOl<HPOBl<l1 Hal<onneHHR aaHHbiX. 

nposepJ<a H aHanH3 pacnpeaeneHHR 3neMeHTOB BPeMeHH0£"0 H 

¢a30BOrO CD8KTpOB B03MO;t;Hbl, oaHaJ<o, TOnbl<O nocne 

npoaonJI(HTenbHoro (HecJ<onbl<O yacosl 113MePeHI1R. no3TOMY anR 

3aWHTN HaJConneHHbiX MHOr"OMePHbiX cnel<TPOB npi1MeHReTCR 
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PHC. 1. YnpomeHHa~ 6nm:-cxel·la :iJ18kTfX•HHOH CHCT8Hbl cnekTPOH8TPct 
KOPA 

aBVXVPOBHeBaR 06P860Tk8 aaHHbiX. 8 3TOH npouecce BHaYaJJe 

npoHcxoai1T npoMeJI(YTQYHOe HaKonneHHe aaHHbiX, H TOnbi<O nocne 

COOTBeTCTB~eH nposepi<H OHH npl1ni1Cbl88~~ I< cnei<TPY. 

3JJel<TPOHHaR CHCTeMa cnei<TPOMeTPa l<OPA (CM. 6noJ<-cxeMy Ha 

T ' 
tJ¥1V • .l.. I I.,...Ul..- I Ut'l I t'l'"' 1}-'t'.X 1 JIObMbLX. "101,.. I t:::'t'l. "'Jit'Jt J ~UMHC1>1 I,...J-'ll.,... I t:'Md. 

31<CnepHMeHTaJlbHOH YCTaHOBI<H (3C3Y), pacnonoJI(eHHaR Ha 5- M 

JJ:aHane peaJJ:TOPa HEP-2, 113MePI1TeJlbHa~ 

YCTaHOBneHHaR B H3MePI1TenbHOM ueHTPe 

CI1CTeMa 

( l1Ul JlH!l> 

01Cl, 

[ 3}, 

HaxoaR!IleMCR Ha paCCTORHI1H -200 M OT peaKTOpa, H CHCTeMa 

nepeaaYI1 cHrHanos oT HEP-2 1< l1U. 

3C3Y Bb1Pa5aTbiBaeT cnea~e cHrHaJJbl, Heo5xoaHMble 

Hal<OnJJeHHR aaHHbiX 11 I<OHTPOJJR ycnOB11H 3l<Cnepi1MeHTa: 

anR 

- cHrHanbl JJ:oaos aeTeJJ:TOpos (!<~), npeacTasn~~mHe 11H~PMaU11~ 

o6 yrne pacceRHHR; 

- CHrHanH CTapT npepHBaT8Rff (CTIT) H D03H~ff npepHBaT8Rff (ITTI); 
- cHrHan MOHI1TOP ( HOH) , nponopuHoHanbHblfl 

HeHTPOHHoro nyYJ<a, naaa~mero Ha o5pa3eu; 

- cHrHan TeMnePaTYPa o5pa3ua (TEHn). 

11HTeHCHBHOCTH 

CJ.irHan cTaPTa peaJJ:TOPa ( CTP), Bb1Pa6aTbiBaeMblfl B HaYane 

HeHTPOHHoro HMnYJlbCa peaJCTOPa (onpeaenR~mHH l10MeHT speMeHH 
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HCnyo:aHH>I HHITPOHOB), nepe.aaeTC>! 8 I1U no 

KaHa.ny. 

UeHTPa.nbHOMY 

H3MePHTe.nbHa>~ 

cne.av~mHe 3a.aa~H: 

CHCTeMa cnekTPOMeTPa BbUJO.nHReT 

- Hakan.nHeaeT cneKTPOMeTPH~eCkHe .aaHHNe; 

- KOHTPO.nHpyeT yc.nOBH>I 3kCnepHMeHTa; 

- o6ecne~HeaeT 3KcnepHHeHTaTOPY ynpae.neHHe H3MepeHHeM e 

HHTepaKTHBHOM pe~HMe; 

- npoH3BO.llHT npe.aeapHTenbHY~ o6pa6ony Hakon.neHHbiX .aaHHNX; 

- o6ecne~HeaeT nepe.aa~y Hakon.neHHNx MaccHeoe .aaHHbiX 

ueHTPa.nbHY~ 38M nH~; 

8 

- o6ecne~HeaeT opraHH3aUH~ apx~o~ea .aaHHbiX. 

CHCTeMa nepe.aa~H CHrHa.noe COCTOHT H3 ka6e.nbHbiX .apaAeepoe H 

npHeMHHKOB, a TaK~e H3 12 kOakCHa.nbHbiX ka6e.neA, HMe~X 

eo.nHoeoe conponteneHHe 50 OM. np11 11cno.nb3oeaHHH HecKOnbi::HX 

.anHHHbiX Ka6e.neA, HMe~mHX e.aHH~ CHCTeMy 3eMJJH, 06Pa3YJ(l'T'CS'I Ta~ 

Ha3NBaeMNe neT.nli 3eM.nl1 6o.nbmoro pa3Mepa, e kOTOPbiX MDrYT 

803HHI::aTb HHTeHCI1BHNe 3.nei::TPOMarHHTHNe noMeXH. Bo 1136e~HI1e 

JTOrO npHMeH>I~>I npHeMHHKH Ka6eneA C H30nHP,PSaHHNMH BXO.llaMH 

,,.... ....,u·...-. T ' 
• -··· !-' ............. . 

3JEC'JP(HWJ CJC'mfA 31«llEJl11BrrAJJ::.IGI VCTAJIB<H 

3.neKTPOHHa>! CHCTeMa 3KCnepHMeHTa.nbHOA YCTaHOBkH COCTOHT H3 

TPeX OCHOBHNX no.aCHCTeM: CHCTeMN .aeTeKTHPOBaHHS'I, :>neKTPQHHkH 

CHrHa.noe npepNSaTenq H 3.n8KTPOHHkH TePMOMeTPa. Tpe6oeaH11R, 

npe.aD>IB.nReMNe K 3C3Y e ose11x Yka3aHHbiX paHee o6.naCTRX 

nPHMeHeHH>I cnekTPOMeTPa [2), aHa.norw-tHN. E.a11HCTBeHHoe 

pa3.nH~He COCTOHT 8 HCnO.nb30BaHHH CHCTeMN .aeTeKTHPQBaHHS'I. 8 

3KcnepHMeHTa}: no KBas~o~yrrpyf'OMY pacces:~HHJO uenec0o6pa3Ho 

o.aHoepeHeHHO Hcnonb30BaTb .aeTekTOpN, pacnono~eHHNe no.a eceMH 

eo3HO:!G!~~m yr·naMH pacce>~HH.'l, a e lkCnepHMeHTax no HeynpyroMy 

pacce>!HHIO H·:n•:l.fib3yeT::"! oaHOBPeMeHHO TO.nbKO .liSa .lleTekTOpa 

H3-3a 60.nbW,)U 3arpy3kH lneKTPQHHkH. T. e. e :>TOM cnY'.fae 

803M0:!(HOC Til CHCT8MN .aeTekTHPOBaHH>I HCno.nb3YJO'T'CR nHmb 

'iaCTH~HO. 
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CHCTeMa aeTekTHPOBaHHR, KOTOPaR BNPa6aTNSaeT CHrHa.nN kO.llOB 

aeTeKTOPOB (Ka), COCTOHT H3 c.nea~x :>.neMeHTOS: 

- 32 aeTekTOPHNX kaHana CaK
1
+aK

92
); 

- 8 4-KaHanbHHX MDaY.neA YCH.nHTenb-.llHCKPHMHHaTOp THna Y~4; 

- 3 MOayn>l C KO.llliPOBmHKOM 11 .apaAeepaMH l::a6e.nen; 

- 6nOI::H nHTaHHS'I BNCOI::OrO H HH31::0r'O HanpR~eHH>I. 

PaCCMOTPHM C noMOmb~ 6nOk-CXeMN (CM. PI1C.2.) nOCTpOeHHe 11 

pa60TY noacHCTeM 3C3Y. PacceRHHNe Ha o6pa3ue HeHTPOHN 

perHCTPHPYJO'T'CS'I aeTel:: TOPHNMH 1:: aHanaMH, pacno.no~eHHNMH 

yrn_aMH 30°+90°, BbiXO.llHNe CHrHa.nN I::OTOPbiX yc11ni1Ba~R 

no a 

c 

nOMOWb~ He3aBI1CHMbiX npeaycH.nHTeneA. HepTSoe epeMR 

aeTei::TOpHoro kaHana T d5.3 HI:: C. BNXoaN npe.aycl1n11Tenel'l aK.;. 

coeai1HeHN C BXO.llaMH MOay.neH Y~4 [ 4), KOTOPNe YCii.nHBa~ H 

.lli1CI::PHMHHI1PYDT CHr"HanN aK. HepTBOe epeMR MO.llYn>l T
0

=1 MKC, a 

mHPHHa BbiXO.llHOrO CHrHa.na At :500 HC . KaHanN Y~4 liMe~ 
Q 

BbiXO.llHble l::aCI::a.llN C OTkpbiTbiMH Kon.nei::TOPaMH, kOTOPNe npH 

h y~~· -.- ............. -' II! • ~ o! •• ! o 
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PHC. 2. 6noK-CXE>l-13 :.neKTPOHHOI'I CHCTE>Hbl 

YCTaHOBr.H cneKTPOMeTPa 
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napannenbHOM coeaHHeHHH oopa3y~ norH~eckoe HJJH. TakHM 

06pa30M, MO:«HO opraHH30BaTb ,qeTekTOPHble 6nOkH ( l!6), COCTOS'III1l-le 

H3 n~oro ,!IHCKPeTHoro YHcna KaHanos. Kak 6blno noka3aHo B 

pa6oTe (2], B cny~ae nOCTOS'IHHOH OWH6KH H3MepeHHs::! nepe,qaHHOro 

HMnYnbca (ll.Q/Q) ·~Hcno KaHanos s aeTekTOPHhiX 6nokax MOlKeT 

H3MeHs::!TbCS'I B 3aBHCHMOCTH OT yrna pacces::!HHS'I. l!T06bl nonyYHTb 

OTHOWeHHe ll.Q/QS15%, peanH3yeTCs::! cTyneH~aTOe npH6nHlKeHHe 

~YHKUHH Wd(&) C noMOWb~ cnea~weH KOH~HrypaUHH ,qeTeKTOPHhiX 

6nOKOB: 
. 0 0 

- s aHana3oHe 2~0 +50 11 ll6 no 1 kaHany; 

- s aHana3oHe 2&~0°+75° 6 ll6 no 2 KaHana; 

- s aHana3oHe 2&~75°+90° 3 ll6 no 3 kaHana. 

8biWeYka3aHHas::! KOH~HrypaUHs::! COCTOHT H3 20 llS. 

C nOMOWb~ MOHHTOPHOro aeTekTOpa, kPOMe HHTeHCHBHOCTH, 

perHCTPHPYeTCs::! H BPeMeHHOH cnekTP n~ka, no~TOMY BhiXO,!IHble 

CHrHanbl MOHHTOpa (MOH) o6pa6aTbiBa~s::! aHanorH~HO OCTanbHbiM 

,qeTekTOPHbiM CHrHanaM, H CYMMaPHOe ~Hcno ,qeTekTOPHhiX 6nOkOB 

6y,qeT paBHO 21. 

ll!is::! nepe,qa~H CHrHanOB OT ~KcneDHMeHTanhHn~ vr~HnRVW R WI 

HMeeTCs::! 12 ka6eneA 

CHrHanOB CTTI, nn H 

( K -K ) , H3 kOTOPhiX 
1 12 

CTP. Tak HM 06Pa30M, 

3 coxpaHeHbl ans:~ 

~Hcno ,qeTekTOPHhiX 

6nOkOB npeeNWaeT ~Hcno CB060,!1HhiX ka6eneH, H no~TOMY ,qns::! 

nepe,qa~H CHrHanoe HOMepa ll6 He06XO,!IHMO KO,!IHPOBaTb. 8 Cn~ae 

,!IBOH~Horo KO,!IHPOBaHHs::! ,qns::~ nepe,qa~H ll He3aBHCHMhiX CHrHanoe 

TPe6yeTCs::~ K~log2ll napannenbHhiX kaoeneA. B ~TOM cn~ae HH Ha 

O,!IHOM H3 BbiXO,!IOB KO,!IHPOBWHka He fiOS'IB!!s::!eTCS'I CHrHan fiPH 

nepe,qa~e Hyneeoro Ko,qa rKll=O (3,qecb HHaeKc 

' 
s::!B!is::!eTCs::! 

HOMePQM BhiXO,qa KO,!IHPOB1111-1Ka). l!T06bl OTnH~HTb HyneBOH KO,!I OT 

OTCYTCTBHR cHrHana c llS,KpoMe Koaoe, HY:«HO nepeaaeaTb ewe oaHH 

CHrHan - TaK Ha3b1Bae~ CYMMY aeTekTOPOB ( Cll), 11Hif>opM1o!pYJOIIIYIO 

0 perHCTPaUHH HeHTPOHa !i~biM H3 ,qeTekTOPHhiX 6!!0kOB. EC!!H He 

Hcnonb3oeaTb HyneeoH Ko,q, cHrHan Cll nepe,qaeaTb He Haao, era 

MOlKHO B~a60TaTb B HU H3 nepe,qaeaeMbiX KO,!IOB C fiOMOWb~ 

norH~ecKoro HJJH. npH ~TOM ~Hcno 

YMeHbmaeTCS'I Ha e,qHHHUY: ll=2k-1. 

6 

nepe,qaeaeMbiX CHrHanoe 

II 

.. 

c no~-Dwb~ 1-D,!IenHpoBaHHs::! Ha 38M pa6oTbl CHCTeMbl 

,qeTeKTHPQBaHHs::! MeTO.QOM "Monte Carlo" (5,6] 6blnO .QOKa3aHO, ~TO 

uenecooopa3HO kO.QHpoeaTb H nepe,qaeaTb cHrHanbl 21 ll6 TPE?Ms::! 

He3aBHCHMbiMH rpynnaMH, ~T06bl eo eceM .aHana3oHe epeMeH nponeTa 

noTePH nocTyna~x c06biTHH He npeeNWanH 

onHcaHHe MO.aenHpoeaHHR YKa3aHHbiM MeTO,aoM 

2%. 

BBI1,lzy 

no.apooHoe 

6onbmoro 

06'beMB. MaT6pl1aJia,H Tak KaK 3.QeCb ,anR HaC HHTepeCeH TOnbKO CaM 

pe3y!!bTaT MO~SRI1pOBaHKff, 6y,aeT 

ny6!1HkaUHH. 

Kall,llOH rpynne COOTBeTCTB~ 

paCCMOTPeHO 

3 Kaoens::~, 

B cne,qYJ)IIIeH 

no KOTOPbiM 

nepe,aa~s::! KO.Qbl 7 C11PHaJIOB ,lU3 ( Kll , Kll , Kll ) ; 
0 l "2 

cne.aoeaTenbHO, c noMOwbro 9 kaoeneH (K,.-K
12

l MOlKHo 

• nepe.aaeaTb cHrHanbl ecex 21 llS. l!PaAeep~ KoaKcHanbHhiX ka6eneA 

Pa3MeweHbl B MO.Qyne KO,!IHPQBWHKa H reHePHP~ BbiXO.QHYe CHrHa!!bl 

B CTaH,qapTe Hl-t1. HepTBoe BpeMs::! HO.QY!is::! < lc :400 HC, 

BbiXO.QHOrO CHrHana /l.tk:200 HC. 

a IIIHPHHa 

Hcnonb3yeTCR cTa6H!!H3HPQBaHHYA onoK nHTaHHR Ha ±12 B .ans:~ 

npe.QycH!!HTe!!eH H BbiCOkOBO!ibTHYH 6!10k OHTaHHS'I - .Q!IR HeHTPQHHbiX 

C'ie~HKOB. ll.all.llbiH .QeTeKTOPHbiH KaHan ooecne~eH .QBYMs::! 

napannenbHO 

kOTOPbiX OHH 

no.akn~eHHbiMH 

no.acoe.aHHR~R 

pa31>eMaMH 

,apyr K 

fiHTaHHs::!, C noMOwbro 

.apyry. TaKHM 06pa3oM, 

ka6enb nHTaHHR HY:«HO eecTH TO!ibKO .ao nepeoro .aeTeKTOPHoro 

kaHana. 

CHrHa!!bl npepbiBaTe!!s::! CTTI H nn e~a6aTbiBa~s::~ c nOMOWbTO 

OOTH~eCkHX ,aa~HKOB, ycH!!HTe!!eH H ,!IHCK PHMHHaTOPOB. no 

OKPY:«HOCTH .aHcka npepbiBaTenR e Ha~ane KalK.Qoro ~neMeHTa 

'L::n 
~F2 

PHc. 3. 

7 

YnJ:;CJlU&HH;:.g c xeHa :~n;;.~ TPCoHHKH 

nj:-.;.p.<E;:.T.;.ng 



Moayn~UHOHHoro p~aa HMe~~ ~enH, nponycKa~~He ceeT. B Ha~ane 

p~aa anHHa ~enH 6onbme ocTanbH~ (eM. pMc.3. ). B xoae 

epa~HH~ npep~eaTen~ ceeT naMn~ naaaeT Ha ¢0TOaHoa F
1 

oT 

.Kall(lloH ~enH, a Ha ¢0TDaHoa F 
2 

- TOnbKO e Ha~ane P~aa. 0-!rHan 

CTn, HH¢0PMHP~WHH 0 Ha~ane p~aa, ¢0pMHpyeTC~ 113 B~OaHoro 

CHrHana F
2 

C noMO~b~ YCHnHTen~ H aHCKPHMHHaTOpa, a Cl1rHan nn, 
HH¢0PM11PY~WHH 0 Ha~ane ~neMeHTOB p~aa,- H3 BhlXO~HOPO CMPHana'F 1 • 

TeMnePaTYPa o6pa3Ua KOHTPOnl1pyeTC~ C noMO~b~ TePMOCTaTa. 

~a~HKOM TeMnepaTYP~ ~Bn~eTCR TePMOnapa Mellb-KOHCTaHTaH, 

B~OaHoH CHrHan kOTOPOH ycHnHBaeTC~ H 3aTeM npeo6pa3yeTC~ B 

cepH~ 11MnYnbCOB ITEHnl C nOMO~b~ npeo6pa3oeaTen~ THna 

HanPR*eHI1e-~acTOTa. Cepi1H ern, nn 11 TEHIT nepeaa~~ B HU c 

noMOillb~ Moayn~ apaHeepa Ka6eneH no KOaKcl1anbH~ Ka6enRM 

K
1
-K

9
. Bee ~neKTPOHH~e Moaynl1 3C3Y nOCTPOeH~ B CTaHaapTe 

KAHAK [71 11 pacnono*eH~ e DllHOM KPeHTe. 

~ OICIH1I>I Q1fX1ll()f£TPA KOPA 

B pa3nH'-tH~x o6nac~x npi1MeHeHI1~ cneKTPOMeTPa np11 

Olli1HakOBOH CHCTeMe kOHTPOn~ napaMeTPOB ~Kdnepi1MeHTa 11MeeTC~ 

CYWeCTBeHHOe OTnl1~11e B opraHI13aU1111 11 nOCTPOeHI111 CI1CTeM 

HakonneHI1~ aaHH~x BBHay pa3ni1~Horo ~Hcna ~neMeHTOB B 

HaKannHeaeM~x TpexMepH~x cneKTPax (2]. KPOMe roro, B 

3KCnepi1MeHTaX no HeynpyroMY pacce~HI1~ 

aononHI1TenbHaq 3aaa~a ~11nbTPaUI111 ynpyroro ni1Ka. 

~SI 01CTEl1A lliiSI 3KaiEJlfloEHrOO 

00 I£YnPYIOHY PACXESHII) 

H3MePI1TenbHa~ CHCTeMa an~ ~k C nepi1MeHTOB, 

B03HI1JCaeT 

11ccnea~x 

Heynpyroe pacceqHI1e ( 6nOK-CXeMa Ha j:MC. 4 ), BknJO~aeT CI1CTeMiol 

kOHTPOn~ H J-iaJ<.onneHI1"'1 llaHH~. TIOCTpoeHHble B CTaHilaPTe KAHAK, 

11 MHH11-38t-l CM-3. ynpaenR~IIIVIO ~Kcnepi1MeHTOM. HHH11-38H 11MeeT 

cnt~a~K~ IWH<!>11rypau11~: ueHTPanbHbiH npoueccop, 03Y 061>eMOM 56 

k6aHT, Ht1ll .:-t·I~.OO:Tb~ 2*2, 5 t16aHT, TePMHHan 11 IIIHpOKj'IO ne~aTb. 

~~ nept~IJa'-1:1 11 np11eMa ~Hnoe nporpaMMbl 11 aaHH~ MelltllY 01-3 11 

ueHTPanbHOH 3&·1 l~ YCTaHoeneH aaanTep noKanbHOA ceTH ~ 

BbiCOkOA np::::H3Bvll11TenbHOCTH [8]. 3811 01-3 c OOMOillbiO 

8 

.. 

... 

PHC. 4. 6nOk-CXeMa H3MePI1TenbHO~I CHCTeM~ 3KCnepHMeHTOB, 
11ccnea~WHX Heynpyroe pacce~HI1e 

KOHTPOnnepa KPeATa KK-106 ynpaen~eT cnea~WHMH MOaYnRMH, 

pacnono*eHH~ B OllHOM KPeHTe: CI1CTeMOA HakonneHI1R llaHH~ 

( CH~), MOilyneM c~e~I1Ka-TaHMepa caM 5. 02 I 91, epeMeHH~ 

KOili1POBWHKDM BKn-4 [10], MOilyneM ~11nbTPaU11H ynpyr11x ni1Koe 

(!llYn) [11], MOilyneM npoeepkl1 11 noaroTDBKI1 cl1rHanoe 

~Kcnep11MeHTa (nnC3) 11 MOayneM apaHeepa ueeTHoro a11cnne~ 

KH-029 [12]. ~~ npeacTaeneHI1R cneKTPDB 11cnonb3yeTCR ueeTHoA 

MOHI1TOP MC-6A [13], ynpaenReMbiH MoayneM KH-029. 8 JCpeATe 

TaK*e pacnono~H~ aea MOilYnR c 4 -KaHanbH~ npl1eMHI1KaMH, 

KOTOP~ He ynpaen~~R OT MaPHCTpanH KPeHTa, a TOnbkO 

11cnonb3Ywr ni1TaHHe + 6 B .3TH aea naccHBH~ MOayn~ npi1HHMa~ 

CHC"Han~ OT ~KCnepHMeHTanbHOA ycTaHOBKI1 11 cl1rHan CTP, 

B~OnHRIOT H~TTn -npeo6pa3oeaHI1e BXOilH~ c11rHanoe 11 

pa3"bellHH~~ CHCTeMiol 3eMenb ~KCnepHMeHTanbHOH YCTaHOBKH 11 

113ME!PI1TenbHOR CHCTeMN. 

9 



nepi10t111'-leCJO-l C 11HTepeanoM 8 10 C np011CKOt111T C'ieT cep1111 

11MnynbCOB Cfn, ID1Tl 11 t10H, C noMOI!lbiO I<OTOPbiK 113Mep~eTC~ BPeM~ 

060POTa npepNBaTen~, TeMnePaTypa 06Pa3~a 11 cneKTP HeHTPOHHO~O 

ny'il:a. Pe~I1CTPa~H~ 11HnynbC08 BNIJOnH>'IeTC~ TPeM~ C'ieT'-!111<:aMI1 

MO,ayn>'l CaM 5. 02. , a '-!eTeepTNH C'ieT'ii1JC-TaHH9P onpe,aen~eT BP9M>'I 

pe~I1CTPa~HI1, nocne r.oTOporo 38M, ynpaen~JOma~ ::>KcnepHMeHTOH, 

aHan11311pyeT 3apePI1CTp11pOBaHHH8 ~aHHH8, 

BpeMeHHOH Ko.aHPOBI!lHk BKn-4 no.a .aeHcTBHeM c11~Hana CTP 

~eHePI1PY9T cne.aYJOI!lHe CH~HanH: CTaPT (CT), BP9M9HHOe OKHO (80) 

11 KaHanhHYID cep11ro IKC). CI1~Han CT no>'IBn>'leTC~ o.aHoepeMeHHO c 

CI1~HanoM CTP, ci1~Han 80 onpe.aen>'leT .aHana30H epeMeHH nponeTa 

pe~HCTPHPYeMNK HeHTPQHOB, a .anHHa nep11o.aa CH~Hana KC (At) 

onpe.aen>'leT WHPHHY KaHana pe~HCTPa~HH no nonHOMY epeMeHH 

nponeTa. 

Moaynb il>YTI ~eHepHpyeT cep1110 CH~Hanoe THna "eopoTa" ( BPT), 

C IlOMOI!lbiO I<OTOPOH 3anpemaeTC>'I Hai<OnneHHe K0t10B C06HTHH, 

np!1Haane~llli1K ynpy~OMY nHKy. 

tk>ayllb npoeept<H H nonruroBKH cH!"HaiiOB 31<CnepMMewra 

Mo,aynb nnC3 BNnOnH>'IeT cne.aYJOIIll1e 3aaa'-IH: 

-··-··---- ~ ~;:.cz,.;;,;;~--;- o;:.;::..u~~~u;;.:..:-;-~ ~.:...:.7i~~~ii~i;; ......... , .. JU,.I.•U ......... '-'.0.1' ......... ,, 

OT 3KCnepHM9HTanbHOH YCTaHOBKH; 

- no.a~oTaBnHBaeT cneKTPOMeTPH'ieCKHe CH~HanH .an>'~ CH~. 

PaccMOTPHM pa6oTY Mo.ayn>'l nnC3 c noMOI!lbJO 6noK-cKeMN Ha pl1c.5. 

P11c. 5. 6nOK-CKeMa HO,ayn>'l npoeePKH H no,a~OTOBKH 

3Kcnep!1M9HTa 

10 

cH~Hanoe 

I I 

., 

-:-

Cb,aep*HMOe 8-pa3P>'It1HO~O C'ieT'-!11Ka c6pacNSaeTC>'I no .a 

t19HCTBI19M CH~Hana nn C nepi10t10M BPeHeHI1 At :80 
c 

MI<C. 

O,aHOBpeMeHHO C'ieT'-IHK 1 pe~HCTPHPY9T C9PI110 HMnynbCOB Tai<TOBO~O 

~eHepaTOpa, 11Me~e~o 'iaCTOTY f0=2Mr~. EcnH BPeM~ Me~y t1BYM>'I 

HMnynbcaMI1 nn npesbllllaeT 128 me, c'-!eT'-IHK 1 rreperrOJIHReTcR, 11 

YCTaHaBni1BaeTC5'1 nepBNH pa3P>'It1 CTaTYCHO~O pe~HCTPa. CO,aep*HMOe 

7-pa3P>'It1HO~O C'i9T'-IHKa 2 C6pacNSaeTC5'1 no.a t19HCTBI19M CH~Hana 

ern C nePHOtlOM BP9MeHH T ~127·80 MI<C . 
c 

O.aHoepeMeHHO 3TOT 

C'i9T'-IHK pe~I1CTPI1PY9T cePHIO HM!!YnbCOB nn, Hl-!e~ nepHoa 

BpeMeHH 80 MI<C. ECJII1 O~H0Bp8M8HHO CO 127-M HM!lynbCOM CH~Hana 

nn He nocTYIJaeT CH~Han ern, C'-19T'-IHK 2 rreperroJIHReTcR, 11 

YCTaHaBnHBaeTC>'I BTOPOH pa3P>'It1 CTaTYCHO~O pe~HCTPa. CbaeP*HMOe 

c'-!eT'-IHKa 3 c6pacNSaeTC>'I noa aeAcTBHeM c11~Hana CT c nepHoaoM 

BP9MeHH 200 MC. OaHoBpeMeHHo 3TOT c'-!eT'-1111< pe~HCTPHPyeT 

CH~Han 'iaCTOTOH 50r~, C~PM11POBaHHNH 113 CH~Hana DW-1278. 

EcnH epeM>'I Me~Y t1BYM>'I HM!lynbcaMH CT npeebllllaeT 240 Me, 

c'-!eT'-!HI< 3 nepenonH>'IeTCR, H ycTaHasnHeaeTCR TPeTHH pa3P>'~t1 

CTaTYCHO~o pe~HCTPa. YcTaHoeneHHe I-ro HJII1 2-ro 
CTaTYCHOrO IJe~HCTPa MOMeHTanbHO nDef(Oamae-r W::lf(nM.n<>WU<> 

pa3PRaa 

!t:=-HHWV 

c IlOMOI!lbiO 3anpeTa CHrHana CTP06. npH ycTaHOBneHHH nl06oro 

pa3PRaa CTaTYCHoro perHcTPa COCTO>'IIIl9~0 113 TPH~epoB Tl+T3) 

~eHepHpyeTC>'I CHrHan LAM, ecnH 3TO pa3pemeHO B MO,ayne. 

APyrOH COBOKYIJHOCTbiO 3aaa'-l, BNnOnH>'I9MbiK MO,ayneM, RBnReTCR 

noarOTOBKa cneKTPQMeTPH'i9CKHX CHrHanoB anR CHCTeMN HaKonneHHR 

aaHHbiK. npH 3TOM H0t1Ynb BNnOnH>'IeT cneaYIOlllHe ~YHKUH11: 

- 06eci19'-IHBaeT HaKonneHHe 3n9MeHTOB ~3oeoro cneKTPa 

6naroaapR Ot1HOBpeMeHHOH o6p~60TKe BXOt1HbiK CHrHanoe; 

- co3aaeT cepHH HM!lynbcoe npepbiBaTen>'l ( CEn) nocpeacTBoM 

TO'-!Horo aeneHH>'I nep11oaa HM!lynbcoe nn. ~HTenbHOCTb nepHoaa 

CEn onpeaenReT mHPHHY KaHana pe~HcTPa~HH no 

nponeTa BTOPQH 6a3lol (/lt ) (2]; 
2 

BpeMeHH 

- 06eci19'-IHBaeT CHHXPQHH3aUHIO 3anycKa HaKonneHHR ,aaHHbiK. 

9neMeHTaMH ~3oeoro cneKTpa RBn>'IIOTC>'I K0t1lol I103HUHH 

npeploiBaTen>'l, BloiPa6aTioiBaeMNe B MOMeHT CTaPTa peaKTOpa. TaK KaK 

perHCTPaUH>'I K0t10B IlPDHCKOt1HT noa t19HCTBHeM Cl1niana CTP06, TO 
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OH ao.n;t(eH Bl<:JliO'"laTb CI1Hamx Cll 11 Cf, CJJ8,IlOBaT8JihHO, CTP06=C,li+Cf. 

BMeCTe C TeM ;).ner-teHTbl ¢>a30Boro cne~<:-rpa HeB03MO;t(H0 OT.nl1'-ii1Tb OT 

TaKI1x Koaoe co6biTHl1, noa~coa nonHero epeMeHI1 npo.neTa KOTOPI>IX 

paeeH Hy.nJO. no3TOMY c nm10IQbJO noaxoaqmero 3anpeTa cl1rHa.na C.ll 

KOl1bl C06~11 Tal<:oro COPTa He 

a11arpaMMa eM. p11c.6 l. 

HaKan.ni1BaJOTCq (BpeMeHHaq 

crt~ 

i ------~ oo _____ 
1 

1 2 _L__L 

KC ~ltMl --- --- L__l 

I II I II I II -----CJI IMII I 11. -- _L_ 
II I !! _____ _ 

aRE I ------~ 
~A----------------~ 

P11c.6. BpeHeHHas:t aHarpaHHa cne~<:TPOHeTPI1'-lecJ<Hx c11rHa.noe 

,lle.neHI1e l1JlHTeJlbHOCTH nepHoaa ll.t npo11cxoa11T c noMOIQbJO 
c 

noacHCTeMN Moayn~, COCTOHIQ8H 113 8-pa3pH,IlHOPO C'"leT'"lHKa 4 , 

TPHrrepa T4 11 rt?Ht?PaTOpa TaJ<TOBbiX HMnYJlbCDB. 8e.nH'"l11Ha ll.t 
c 

t-t~M.:aJ..IO~'TY"'a nr;,-,n.-.ntTr.t.-.u:::. nLu.-.. . . ~ -- !'!~~~-=-= !~! ::~!~ ~P"''I ............... . .... r--··-···· ..... ~:: ............... .....-.. ...... _._,..._ ...... 

npep~o~eaTen>t. L!n'l TO'-!Horo aeneH11q no 11CTe'-ieHHH J<a;t(llbiX 10 c 

HH¢0pMar.t~H o spt?r-teHH o60POTa nepeaaeTCs:t e noacl1cTeMy, KoTOpaq 

Ot5t?Cne•-iHBaeT TOCJHOCT!o aent?HHq 0,5 MKC, TO E>CTb ~0,6 "· 

OtHXPOHH.:;aumJ 3anvo.a HaKonneHI-!q aaHHI>IX BblnO.nHqJOT TPHrrepbl 

T5, T6 11 Ti. nooreaosaTe.nbHOCTb Bblaa'"!H cl1rHanoe c.neayJOmas:t: 

C:H3'H.na ern :1 CEll, 33To2M Cf H KC, HaKOH81.j,CTP06 H BPT. 

~loaynb nP>IHIIHaeT cneavJOWHe KoMaHabl KANAK: 

F(I)A(O) - '-ITt?Hite CTaTYCHoro perHCTPa, X:1, Q:l; 

F18lA(0) - npo.::BePI.a LAM, X=l, Q:1, ec.nH LAM:l; 

F!IOlA(O) - C6POC CTaTyCHoro peri-!CTPa, X:1; 

FII7)A(0) - ~arm•:b B P8r11CTP ynpae.neHHq, X:l, Q:l, 

1-;.ip - IIH~PM3J.tll<! 0 BPeMeHH 060POTa, 

8;: - P33PeW<?HHe paooTbl noacHcTeMN ae.neH11q; 

F I 2 II A ( 0 I - ;c;:-::>211!-?HH-:. paooTbl MDLIYJJ'I, X: I; 

F! 2tiAI II -- 3:!:-o.:-:::-:.HHO:. LAM, X:l; 

F!261AIOI - c;;:;:2:!1-?H>I.;? P360Tbl MOay.n-'1, X:1; 
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F(26)A(l) - pa3pemeHHe LAM, X:l; 

zsz - copoc Moay.nq; 

LAM - (CTP+CTn+nnJ * pa3peweHI1e LAM. 

OtCTeMa Hai<DnneHHSI .QaHHWX 

Perl1cTPar.tl1q 11 oopa6oTI<:a aaHHI>IX BhlTIOJJHHIDTCH CHCTeMO~I 

HaKon.neHHs:t aaHHI>IX [141, noc-rpoeHHOH 113 exoaHblx Moay.nel1 [15], 

npoMe;t(y'T'O'"!HOI1 naMs:tTH [161 11 aHa.nl13aTOpa (17]. ll.nq ooecne'"!eH11q 

nepeaa'"lH aaHHI>IX oT exoaHI>IX Moay.nel1 e npoMe;t(VTO'"lHYJO naMs:tTb 11 

OT npoMe;t(y'T'O'"lHOH naMs:tTH B aHaJJI13aTOP nPHMeHqJOTCq ,IlBa 

CaMOCTOHT8JihHhlX C8PM8HTa BHeWHeH mHHbl (Bill) [14). PaCCMOTPI1M C 

noMOIQbJO 6.noK-cxeMbl (CM. p11C.7 ) Pa60TY CHll B COOTBeTCTBI111 C 

noc.neaoeaTe.nbHOCTbJO o6paooTI<:I1. 

CHll coaep;t(HT TPH BXOl1HI>IX MDaynq, Ka;t(abll'l 113 I< O'T'OPI>IX 

oopaoaTbiBaeT cl1rHanbl oaHOMePHOI1 ee.nl1'-lHHbl. Koa n0311UH11 

npepbiBaTe.nq Bb1Pa6aTbiBaeTCq BXOl1HbiM Moay.neM I , B I<O'T'OPOM 

v 

YCTaHOB.neH Ol1HOC'"le'N111<0BbiH pe;t(HM pa60TbL no a aeHCTBHeM 

Cl1rHana CTn C6pacbiBaeTCq C'-leT'-!111< MOl1VJls:t, perHCTPHPYIOII111H 

11MnYnbcbl CEn, Tal< '"ITO ero coaep;t(I1HOe eceraa 

~ 

r 
II 
L 

... :: 

H;f 

J[ 

-- '1-- -t')i > 
+----- 1--- ti~L.__/ 

• .. 
fUll fill I I Ill! 

n H 
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llliCliiDI 
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T 
MArMCTPA.Ib KAMAK 

6nor-CXt?Na CI1CTeHb! Hai.OnJleHH;:{ aaHHbiX 
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nponopuHoHanbHO no3HUHH npepNaaTen~. Koa nonHero epeMeHH 

nponeTa e~pa6a~eaeTC~ exoaH~ MoayneM 2 , e kOTOPOM Tak*e 

ycTaHoeneH oaHocYeTYHkOB~ pe*HM paso~. no a aeHCTBH9M 

cHrHana CT cepacNaaeTC~ cYeTYHk Moayn~, perHCTPHPYJOIQHH 

HMnynbC~ KC, TakHM 06Pa30M ero coaeP*HMOe syaeT 

nponopUHOHanbHO nonHoMy BPeMeHH nponeTa. Koa yrna pacce~HH~ 

B~a6aTNaaeTC~ BXOaH~M MOayneM 3 , B kOTOPQM YCTaHOBneH P9*HM 

paso~ napannenbHoro perMcTpa.noa aeflcTBHeM cHrHana CTP06 e 

Moaynb 3anHcNBa~~ aaHH~e K~. 

B pe3ynbTaTe COBMeCTHOH pa6o~ exoaHbll( MOaynef! H3 

Bb11DeYka3aHHbll( noaKoaoe ¢0PMHP~~ Koa~ cos~~. KOTOP~ 

3aTeM nepeaa~~ e npoMe*YTQYH~ na~Tb. PacnpeaeneHHe 

pa3p~aoe Koaa cos~~ npeacTaeneHo Ha pMc.8. 

t4p. ,t9 8,7 t 

Koa aeTekTOPa!Koa epeMeHH nponeTa!Koa nono*eHH~ npepNaaTen~ 

PHC.8. 

npouecc COBMeCTHOH B~a60TkH H nepeaaYH kOape npoHcxoaHT e 

peJCHMe "oacnoeneneHJ..i~ WH<!IODMl=!lttuu nn !"="2!"~~~!-!" r 1 A 1 v,..., ... "~ . - - "', 

nHHHH aaHHbll( eHemHef! mHH~ pacnpeaeneH~ Me~Y nepeaa~MH 

MOayn~MH, H3 kOTOpbll( aaHHble oaHOBP9MeHHO nepeaa~~ B 

nPHHHMa~H MOaynb. nepeaaYa aaHHbll( KOHTPQnHPyeTC~ exoaH~ 

MOayneM 3 , kOTOP~ YCTaHaSnHeaeTC~ B P9*HM rJJABHhl!, H 

npOMe*YTQYHOH na~TbJO, HrpaDQeH ponb nPHHHMaDQerO MOayn~. 

11TaJC, noa aef!cTBHeM cHrHana CTP06 MOaynb e~aeT Ha eHemHDO 

mHHY CHrHan rOTOB, ITO~ ~8HCTBH8M KOTOporo O~HOBp8M8HHO CTpo-

6MpyeTCR C0~8pXHM08 B~O~H~ perMCTpOB BXO~H~ MO~neR, T.e. 

noaJCoa~ OaHOBP9MeHHO B~aJOTCR Ha nHHHH aaHHbll( BH9mH9A mHH~. 

npoMeliY'J'O\fHaR na~Tb HH¢0PMHPYeT rnaeH~ MOaynb o npHeMe JCoaa 

C06vn1R C nOMOIQbJO CHrHana 3AH~. 

'1acTOTa nocTYnneHHR JCoaoe cOC5vmR Ha exoa CHCTe~ 

HaJConneHHR aaHHbll( CHnbHO 3a8HCHT OT epeHeHH [2]. npH nHJCOBbll( 

3arpy3JCax, a TaiC*9 B C8R3H CO CTaTHCT~8CKOA ~YJCTYaUH9A 

exoaHbll( cHrHanoe e onpeaeneHHYe HHTepean~ epeMeHH, cJCopocTb 

nOCTYnneHH~ HH¢0PMaUHH B CHCTeMV MO.eT npeeYmaTb CICOPDCTb 

14 

o6pa6oTK H aaHHbll( aHanH3aTOPOM. ~~ HCkniOY9HH~ noTe pH 

HH40PMaUHH npHM9H~eTC~ npoMe*YTQYHa~ naM>~Tb, kOTOpa~ 

B~aBHHBaeT CkOPOCTb nOCTYnneHH~ H 06pa60TkH aaHHbll(. 

AHanH3aTOp (6ROK-CX8My CM.Ha pMC. 7) npHHHMaeT, COPTHPY9T no 

KoaaM H HaKannHeaeT aaHH~e, KPOMe Toro, o6ecneYHBaeT 

aocTYn aaHH~x e ::IBM, yrrpaBRR!OfliYKJ ::lKcnepHMeHToM. B pe:r.HMe 

"HaKOITR8HH8 cneKTPa" [17] aHanH3aTOP aBTOHOMHO 06pa6aT~BaeT 

aaHH~e. AHanH3aTOp HM99T naM~Tb 06b9MOM 16k*l2p, 

cneaoeaTenbHo, oH cnoco6eH HaKannHBaTb e eHae TPexMepHoro 

cneJCTPa Koa~ co6~fl anHHOH 14 pa3P>~aoe. KapTa 

aHanH3aTOpa npeacTaeneHa Ha pMc.9. 

na~TH 

TakHM 06Pa30M, ::;nekTPOHHa~ CHCTeMa HakonneHH>l aaHH~X an>~ 

3kCnepHHeHTOB no HeynpyroMY pacce~HHIO H9HTPOHOB yaosneTBop~eT 

nepeYHcneHH~ BbiiDe TPe6oeaHH~M. 

a.apec: naHATM k()ll n03MUHH npePWBaTenR 

I~! len.,., L-J ... 3 

128 I niiCTDR I ~- J 

-·-·! 
I { 

' { 

13 { 

151 

114 

511 

8k 

•Ill 

I { •Z51 

2 { <314 

13 { 
Ilk 

L 

127 
n)ICTDR 

I 

I 

niiCTDR _j 
- -

-TOP I 

.-THTOP Z 

PHc. 9. KapTa nar·totTJr c.Hc.mt~c.To):·c. 
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~SI OICIH1A liJlSI 3K01EFHt1EHI"OB 

no KBA::I1YnPYrOI1 PACXEH11l 

8 3KcnepHMeHTax no HccneaoeaHH~ KBa3Hynpyroro pacce~HH~ 

~Hcno 3neMeHTOB HaKannHeaeMoro TPexMePHoro cneKTPa (640 Kcnoe) 

npHMePHO B 40 pa3 6onbme, ~eM o6~eM cneKTPa, non~aeMOro B 

3KcnepHMeHTax no HeynpyroMY pacce~HH~ (16 KCnOB) [ 2]. 

npHMeHeHHe MoayneH paCCMOTPeHHOH B~ CHCTe~ Hap~ay c 

C03AaHHeM HOBOrO anrOPHTMa HaKonneHH~ aaHHbiX no3eonHno 

pa3pa60TaTb nepexoaHY~ CHCTeMY, KOTOpa~ YJI(e o6ecne~Hna 

HaKonneHHe cneKTPOB KBa3Hynpyroro pacce~HH~, xo~ H B 

orpaHH~eHHOM o6~eMe. KaK 6yaeT noKa3aHo HH*e, MaKCHManbHY~ 

anHHY Koaa co6~~ e 3TOH cHcTeMe uenecoo6pa3Ho orpaHH~HTb ao 

18 pa3p~aoe, H B COOTB8TCTBHH C STHM ~HCRO SR8M8HTOB TpeXMepHO

ro CIT8KTpa 6y~eT paBHO 256 KCROBaM, ~TO e~e He ITORHOCTb~ 

yaoeneTBOp~eT He06xoaH~ TPe6oBaHH~M. npH TaKOM H3MepeHHH 

MO*HO HCnOnb30BaTb TOnbKO 8 aeTeKTOPOB, 128 KaHanoB epeMeHH 

nponeTa H 2*127 KaHanoe no3HUHH npepNBaTen~ (eM. pHc.IO ). 
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PHC. 10. 

H3MepHTenbHa~ CHCTeMa B aaHHOM cn~ae (6nOK-CX8MY CM. Ha 

pHc.ll ) TOnbKO B HeKOTOPbiX aeTan~x OTnH~aeTC~ OT npeaNA~H: 

- He HCnonb3YeTC~ Moaynb ~HnbTPaUHH ynpyrHX nHKOB; 

- CHrHan CYMMa aeTeKTOPOB ( Cll) BbiPa6a'T'biBaeTC~ 

npHeMHHKOM HS CHrHaROB KO~a ~eTeKTOpOB; 

MDayneM 

- an~ BH3yanbHOM npoeepKH BpeMeHH o60PQTa npepNSaTen~, 

TeMnepa-rypbl o6pa3ua H HHTeHCHBHOCTH nepeH~Horo 

HeHTPOHHoro n~Ka Hcnonb3yeTC~ MOaynb c~e~HK-aHcnneA 

THna KC-014 [181 H Moaynb npe06pa3oBaTen~ TTJl/HI-t1 

cHrHanoe. 

CHcTeMa HaKonneHH~ aaHHbiX oTnH~aeTC~ OT npeaNAVJQero cn~a~ 

TOnbKO B OTHOmeHHH npHMeHeHH~ aHanH3aTCpa. 8 3TOM cn~ae 

na~Tb aHanH3aTOpa, HMe!OIQa~ opraHH3aUHJO 8k*24 pa3~aoa, 
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pa3aeneHa Ha aee ~acTH no npHHUHny caMocTo~TenbHbiX ceKTOpoe. 

Pa6oTa ceKTOPOB opraHH3yeTC~ B pe*HMe "nHHr-noHr", TD-ecTb 

noo~epeaHo BblnOnH~eTC~ TO HaKonneHHe aaHHbiK B ceKTOP, TO 

r--., 
I 

I 11H1 
,~ 

:~ 
~ 
•em 

II~ 

I 
I 

::J;' 
I~ 

! 
I ' 
L. __ J 

PHC. 11. 6nm:-cxeMa H3MePHTenbHOH CHCTeHbl 
Hccnea~mHx KBaaMynpyroe pacce~HHe 

3KCnepHH8HTOB, 

BNaa~a HH~PMaUHH H3 CeKTOpa. HaKonneHHe aaHHbiX npOHCKOAHT 

aBTOHOMHO, B OTaenbHbiX UHKnax, B pe*HMe perHCTPaUHH KOaoB. 

npH 3aiTORH8HHH aaHHoro ceKTOPa, TO ecTb B KOHUe Ka*Aoro 

UHKna, aHanH3aTOp Bb1Pa6aTNSaeT CHrHan LAM, non aeACTBHeM 

KOTOPoro 38M nepeKn~~aeT HaKonneHHe aaHHblx Ha apyroA ceKTOP, 

3aTeM nepenHcNBaeT aaHHble H3 aarronHeHHoro ceKTOPa B 03Y 38M. 

Anropwnt HBI<DIUieHHR ,liBHHWX 

0cHOBHa~ 3aaa~a aaHHOro anropHTMa COCTOHT B TOM, ~T06bl 3a 

MHHHManbHOe epe~ opraHH30BaTb COPTHPOBKY H 06pa60TKY 

6onbmoro o6~eMa Koaoe co6~A an~ nony~eHH~ TPeXMePHoro 

cneKTPa Ha AHCKe 38M, ~Hcno 3neMeHTOB KOTOPOro 3Ha~HTenbHO 

npeBOCKOAHT 06~eM 03Y 38M. PerHCTPaUH~ KOAOB C06~A 

BblnOnH~eTC~ aBTOHOMHOA CHCTeMOA HaKonneHH~ aaHHbiX, a 

COPTHPOBKa aa~HbiX H C03AaHHe Ha AHCKe TPeKMepHoro cneKTPa 

opraHH3yeTC~ 3BH. 8 xoae H3MePeHH~ 3TH aea ocHoBHbiX npouecca 

BblnOnH~~~ napannenbHO H HenpepNBHO, TO eCTb OAHOBpeMeHHO C 

perHCTPaUHeA HOBbiX KOAOB C06~A 38M o6pa6a'T'biBaeT aaHHble, 

HaKOnneHHble B npeaNA~M UHKne. 8BHAY HeAOCTaTO~Horo 06~eMa 

naMSITH 38M HeB03MO*HO opraHH3oBaTb HenocpeacTBeHHYJO 
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O~H03TanH~ COPTHPOBKY KO~OB C06YTHH. nepe~ 3Tan COPTHPOBKH 

e~onH~eTC~ e xo~e nepeHoca ~aHH~ H3 ceKTOPa naMSITH 

aHanH3aTOpa B 03Y 38H,a BTOpOH STarr - ~8 B XO~e MO~H~KaUHH 

TPexMepHoro cneKTPa, pacnono*eHHoro Ha ~HcKe. CbPTHPOBKa 

~aHH~ Ha Ka~oM mare npoHcxo~HT TOnbKO no onpe~eneHH~ 

pa3p~~aM K O~OB Co6YTH~, no3TOMY 3TOT npouecc MO*HO 

peanH30BaTb B OTHOCHTenbHO He60nbmoH o6naCTH naMSITH. 

8 npouecce npeasaPHTenbHOH copTHpoeKH eHa~ane npoKcxoaHT 

o6pa3oeaHKe ¢e3oeoro K epeMeHHoro eneKTPQB. nPK ~TOM 

oTaen~~~ oT ocTanbH~ Te aaHH~, Koa epeMeHK nponeTa 

KOTOP~ paeeH Hyn~. nocneaHHe eoPTHP~R no noaKoaaM no3KUKK 

npepYSaTenR H HaKannHBa~R B OTaenbHOM MaCeKBe. 

o6pa30M, 3TOT MaeCHB eoaep*HT ¢e30BI=IH cneKTP. 

eOPTHP~R aaHH~ no aeTeKTOPaM K epeMeHHI>IM 

TaKKM 

3aTeM 

KaHanaM 

He3aBKeKMO OT noaKoaoe no3HUKK npepYSaTenR, ~PMHPYR TaKKM 

o6pa3oM aeyxMepH~ MaecHe, eoaep~~H epeMeHH~ eneKTP~. 8 

xoae rrepBOH COPTHPOBKH Koa~ eo6YTHH pa3aenR~R Ha aee ~aeTH: 

eTaP~H 6ai1T K MnaaWHe pa3PRa~. 8 03Y 38M opraHH3yeTCR none 

eTeKOB, ~Keno KOTOP~ eOOTBeTCTBYeT MnaaWHM pa3PRaaM Koaa 

eOOYTHR. 8 xoae eOPTHPOBKK MnaaWHe pa3PRa~ e~HTa~R aapeeaMH 

eTeKOB, a eTaPWHH 6ai1T KX eoaep*H~. 8BHay TOFO, ~TO 

aapeca eTeKoe ekn~~a~ noaKoa~ no3KUKH npepYBaTenR H MnaaWHe 

pa3PRa~ noakoaa epeMeHH nponeTa, paenpeaeneHKe Koaoe eo6YTHR 

Me~y eTekaMH 6yaeT paeHOMePH~ 1 21. 3TO ycnoeKe Kenonb3yeTCR 

HH.e npK pae~eTax onTHMH3aUHH anropHTMa. 

nocne 3aeepmeHHR nepBOH eOPTHPQBKH Ha~HHaeTCR MOaH~HkaUKR 

TpeXMePHoro eneKTPa, paenono*eHHoro Ha aHeKe. 8 oTaenbH~ 

UHKnax nocneaoeaTenbHO HaKonneHH~ Koa~ eo6YTHI1 MDrYT HMeTb 

n~~ eenK~HHY Cn~~ KOM6KHaUK~ pa3PRaoe), n03TOMY 80 BTOPQM 

mare eOPTHPQBkH HY*HO o6pa60TaTb uen~ TPeXMePH~ eneKTP. 8 

uenRX YMeHbmeHHR epeMeHH MOaH~kaUHH enekTPa ~TeHHe aaHH~ e 

aHeKa B 03Y 38M H 3anHCb MOaK~UHPOBaHH~ aaHH~ eHOBa Ha 

aKek B~onHReTCR no TPekaM aHeKa. 8 eBR3H e TeM, ~TO TPek 

aKeKa eoaep*HT 12 6nOKOB no 512 6ai1T, npH MOaH~HKaUKK aaHH~ 

Heo6xoaKMO o6eene~HTb B 03Y 38M B~OaHOH 6y~p eMKOeTb~ 6 

Kenoe. AnHHa enoea 3neMeHTOB TPeXMePHOro cneKTPa pasHa 16 
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pa3pRaaM, COOTBeTCTBeHHO ka~~ 6nm: CO~ep:«HT 256 3neMeHTOS. 

8 xoae MoaH~HKaUHH noeneaosaTenbHO apyr 3a ~pyroM ~HTa~~ 

6noKH aaHH~ c aHcKa s s~oaHol1 6y~p, rae 3neMeH~ cneKTPa 

HHKPeMeHTHPY=R COOTBeTCTBeHHO koaaM eo6YTHH, Haxo~~~XC~ S 

none eTeKOs. A.apec CTeKa onpeaenReT HOHep 6nm:a, a coaeP*HMoe 

CTeka - aapec 3neMeHTa cneKTPa BHYTPH 6noka. 

PaccMOTPHM, kaKHM MO*eT 6~b MakCHManbHoe ~Hcno 3neMeHTOB 

cneKTPa npH npHMeHeHHH s~eyKa3aHHoro anropHTMa. 8 xoae UHKna 

cpeaHRR senH~KHa (MaTeMaTH~eCKOe O*HaaHHe) 

C06YTHH S oaHOM CTeKe pasHa 

EV=BL/SN , 

~Hcna Koaos 

( 1 ) 

rae BL - anHHa ceKTOpos aHanH3aTOpa s eaHHHuax enos, a SN 

~HCnO 3neMeHTOS nonR CTekOS. YaCTOTa nOCTYnneHH~ OTaenbH~ 

THnos Koaos noa~HHReTC~ pasHOMePHOMY CTaTHCTH~eCI<OMY 

pacnpeaeneHK~. 8 CHny H3SeCTH~X CSOHCTB pasHOMePHoro 

pacnpeaeneHHR anHHa CTeKa (SL) orpaHH~eHa s~pa*eHHeM 

SL~EV+2 · o=EV+,2 ·Iii" [6a11Tl , ( 2) 

rae o- aHcnepeKR pacnpeaeneHKR Koaos s CTeKax EV. npH TaKol1 

.................... -.. .......... --.--·---· -------··-····-- • ._""' .... ._,._,_._,. ooo ......... o ~ ooli::O,...'II;Oii ...... UlCli,Jrl .._. lC~Q C £.4Y1JI...JI0.11,. ...,acna 

p(EV>SL)=p(EV>EV+2·o)~2%. ( 3) 

8o K36e~HHe noTepb nepenonHeHHR CTeKos npHMeHReTC~ Tak 

Ha3YBaeMI:oiH "3anaCHOH CTeK" anR npoMe*YTO~Horo xpaHeHKR 

aaHH~, anHHa KOTOporo no (3) onpeaenReTC~ KaK RL~0.02·SN 

(3aecb RL e eaKHKUax enos). KaK noKa3ana Hama npaKTHKa, 

• HHOraa Ha KOPOTKOe epeMSI CKHXPQHH3HPYeTC~ pa60Ta peaKTOpa H 

npepYSaTenR, npH 3TOM pacnpeaeneHHe K oaos co6YTHI1 Me~y 

CTeKaMH He 6yaeT paeHOMePH~M. no3TOMY S~YKa3aHH~ 

TeopeTH~eeK~ senH~HHY ~KH~ 3anacHoro CTeKa HY*HO yeenH~HTb 

npHMePHO e 25 pa3, TaK ~TO RL~0.5·SN. HcxoaR H3 (1) K (c), 

TPe6yeM~o~H o6~eM non!'! CTeKoe (S) paeeH 

t BL·SP 
S=SL·SN=BL+ 

8 [6a11Tl , (4) 

rae SP:CN·CN2 ·D- ~Heno 3neMeHTOs TPeXMepHoro cneKTPa, D 

~Keno aeTeKTOPH~ 6nOKOB, CN - ~Hcno KaHanos perHCTPaUHH no 

nonHOMY epeMeHK nponeTa H CN
2 

- ~Hcno kaHanos perHeTPaUHH no 

STOPOH nponeTHOH 6a3e, a SN:SP/28 (s CTeKax xpaH~TC!'I TOnbKO 
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CTaPmHe oai'!TN). ~cno JneMeHTOB cneKTPa MO*HO BNPa3HTb Tak*e 

~epe3 anHHy cnosa (LC) Koaa cooNTH~ SP=2Lc 

8peMA UHY.na COPTHPOBKH onpeaen~eTC~ CYMMOH BenH~HH 

T =BL·t +SP·t +T (5) 
s p m a. 

rae tP - cpeaH~~ eenH~HHa epeMeHH nepeoA copTHPOBkH oaHoro 

Koaa coo~>~TH~, t 
m 

cpeaH~~ BenH~HHa epeMeHH MOaH~kaUHH 

oaHoro 3neMeHTa cnekTPa, c~HTaHHoro c aHcka, a T 
c 

aononHHTenbHoe speMA, TPe6yeMOe an~ opraHH3aUHH UHKna 

(HanpHMep, HHHUHanH3aUH~ UHkna, o6pa6ona Koaoe H3 3anacHoro 

CTeka H T. a.). CKOPOCTb 06pa6oTkH koaoe CHCTeM!ol 

BNPa~eTC~, cor naCHO ( 5 ) 
1 

¢0PMYnOH 

SP·t +T -1 

V ~BL/T : (t + m " ) 
c a p BL 

[C 

8 HameM cn~ae t ~1 Me t ~50MKc 
p J m 

-1 
1. 

H T ~3 C. 
(1 

(6) 

(V) 
c 

8 Ta6nHue la npeacTasneH~ o6beM non~ CTeKOB H CKOPQCTb 

06pa6onH Koaos KaY. 4>YHkUHH anHH~ Koaoe COONTHH npH 

npHMeHeHHH anHH~ CeKTOPOB naMATH aHanH3aTOpa BL:4 KCnOB. 8 

Ta6nHUe npeacTasneHa H cpeaH~~ ~acTOTa nocTynneHH~ Ha sxoa 

CHCTe~lbl Koaoe C06biTHH cti I, kOTOpa~ no pa6oTe [2) 

onpeaen~eTC~ cneay1011111M oopa3oM: 

n ·SP 
N :n ·D=~~T~~--

T T CN·CN 
(C 

-1 

J ' ( 7) 

2 

rae nT - CPeaH>l>l ~aCTOTa nOCTynneHH~ HeHTPOHOB Ha Ka*D~ 

aeTekTOPHI:m 6no~-. HMe~wmt asa aeTeKTOPH~ KaHana. 

8 TaonHue 16 npeacTaBneH~ 06beM non~ CTekOB H CkOPOCTb 

06pa60TkH kOaOB B 3aBHCHMOCTH OT anHH~ CekTOPOB naMATH 

aHanH3aTOpa npH oopaoone Koaos co6NTHH anHHOH 18 pa3p~aoe. 

Ta6nHUa la 

1 - • I -1 I Lc [c,rTI 1 ~~:T 1c v (C S [6aHT1 
c 

1E 82 385 6144 
11 164 297 7168 
18 328 204 8192 
19 656 126 10240 
20 1312 71 12288 

20 

TaonHua 16 

BL [KCnOB1 v [C - 1 1 s [6ai'!T1 
c 

2 115 5120 
4 204 8192 
6 276 12288 
8 334 14336 

H3 TaonHU~ BHaHo, ~TO ueneco06Pa3HO orpaHH~HTb MaKCHManbHy~ 

anHHY Oopaoa~aeMNX Y.oaoe C06NTHH 18 pa3p~aaMH, npH JTOM 

onTHManbHa~ anHHa ceY.TOPOB naMATH aHanH3aTOpa cocTasn~eT 4 

kCnoea. 8 3TOM cny~ae TPeoye~ OobeM non~ cTev.oe oyaeT paseH 

8 k6aHTaM, CneaosaTenbH~ BMeCTe C B~XOaH~M 6Y¢ePOM an~ 

COPTHPOBKH H 3anaCH~ CTeKOM TPe6yeTC~ -16 k6aHT 06beMa 03Y 

38H, ~TO ~Bn~eTC~ npH6nH3HTenbHO MakCHManbH~M OobeMOM naMATH 

an~ 3TOH uenH. CkOPOCTb o6pa60TkH CHCTeM~ -200 KOa/c, TaKHM 

06Pa30M CH~ cnOC06Ha npHHHMaTb CHrHan~ OT 8 aeTeKTOPH~X 

KC 
KC 

< ..... 
I { 

• 
1024 -

e""" 
I f 
• 

12 

..,.;;, 
I [ 

• 

1 
to.aw coewnt91 - .anHHa: lip 

'/ ~ 

KC 
KC 

_,_.....,_ 
2*4kt24p 

51ZU41p:I,S keaRT 

... o.GHOfl e.,...p 
UUSIUip:l r:5aMT 

aJII CJI-3 

1021 
IOZZ 
1023 
IOU 

-
.... J 

I IS&ktllpdl2 r:t5aln' 12 
~--~~----~~~ - ....... I 15 .. 

PHc. 12. YnpoweHHa~ KapTa naM>'ITH anropHTMa 
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6no~cos. HHE'IOIUHx 10 KaHanos IT. e. 6 ll6 no 1 KaHany H 2 LIB no 2 

kaHana) s tJHana3oHe 2·&,.40°+60°. YnpomeHHa>~ KapTa naH>~TH 

aJJrOPHTHa npH BbiW8VKa3aHHbiX napaHeTpax npet]cTasneHa Ha 

p11C. I 2. 

not]BOtl"l l11':JrH C!HaJJH3C! pa60Tbl CHC T€'Hbl, HO:!<HO CK a3aTb, 'ITO 

pa3pa6oTaHHbiH anropHTH Ha~conJJeHH"l t]aHHbiX nOJJHOCTblO HCnOJJb3Yt?T 

pec.ypL.bl 381·1 O·J-3. 8CJl8tlCTBHe ::noro OHa TOJlbKO B OrpaHH'I8HHOH 

Hepe cnoco6Ha SblnOJJHHTb OCTa.JlbHhle 3atJa'!H CHanpHHep, 

BblnOJJH8HHe 1-UHaHt] ::OKCn8pHH€'HTaTOpa, KOHTPOJlb 3a 3KCnepHM8HTOM 

H T. tl. ) . KpoHe TOro. H3H8PHT8JlbHa>! CHCTeMa He HO:I<eT 

o6ecne'!HTb HaKonneHHe nonHoro 06beMa cneKTPa, TPe6yeMoro s 

~H:cnePHHeHTax no HccneaosaHHlO KBa3Hynpyroro pacce>IHH>I, npe:l(t]e 

scero, 113- 3a Heaoc TaTO'!Horo pa311epa 03Y 3Bt1 H naM>~TH 

aHaJJH3aTOpa. TaJ<HH o6pa3oM, tlJJ>I peweHH>I npo6neH HaKonneHH>~ 

t]aHHbiX B 3KCnePl1M8HTax no KBa3HynpyroMy paCC8HHI1ID, H806XOtlHHO 

C03t]aTb HOBYIO CHCT8Hy, HanpHHep, Ha 6838 npo¢eCCHOH8J1bHOro 

nepcoHanbHoro KoHnblOTePa. 

ABTOPbl Bb!Pa:~<alOT 6naroaapHOCTb B.A.Bnat]HHHPOBy, r.n.IYKOBy, 

H. Kpoo, 1:!. I . LHHKHHY, 1:!. I. ll1llli1Hy, Jl. Y.epy 3a 

06CY:I<tl8HH>I H A.B. TYMaHOBY 3a BC8CTOPOHHIOIO nOHOIUb . 
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rpocc T. HAP· PI0-88-322 
CneKTpoMeTp KOPA. HsMepHTenhHo-HaKonHTenhKYe 
CHCTeMY 

Aaao onHcaHHe sneKTPOHHYX CHCTeM Koppena~oaaoro cneK-
TpoMeTpa KOPA. UOAPO~Ho paccMoTpeKY sonpocH: 

AeTeKTHPOBaHHe HeATpOHOB, 
TeK~ KOHTpOnh napaMeTpOB YCTaHOBKH, 
HaKonneHHe cneKTpoMeTpHqecKoA HHWoPMa~. 

OnHcaa anropHTM nporpaMMHoA copTHPOBKH H HaKonneHHH 
~onhmoro MaCCHBa cneKTPOMeTpHqecxoA HHWoPM~i npOBeAeHa 
onTHMHS~H sToro anropHTMa • 

Pa~oTa BHnOnHeHa B na~opaTOPHH HeATpOHHOA WH9HKH OHHH. 

Grosz T. et al. PIQ-88-322 
Multidimensional Neutron Spectrometer "KORA" 
Data Acquisition and Measurement System 

The electronic system of the multidimensional correla
tion neutron spectrometer "KORA" is described. Detailed 
discussion of the problems of the neutron detectation, the 
continuos experimental parameter control and the data 
acquisition have been performed. An algorithm has been de
veloped for the acquisition of the three-dimensional spe~ 
ctra in the way of programmed data sorting. Its optimiza
tion has been performed. 

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