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I. OBlllAfl XAPAKTEPHC'IBKA PABOTfl 

AKTYMbHOCTb npo6neM1,1 

Pemettae mapoKoro Kpyra 38,11.aq B o6nacTH ~epHo8 ¢H3HKH HH3-
KHX 3Hepra8 H, B qacTHOCTH, ~H3HKH TmteJIHX HOHOB Hepa3pHBHO CBH-
3aHO C 8BTOMaTH3aQHe8 ~H3ffq8CKOro ,3KcnepHMeHTa, C pa3BHTH8M KOM
IlJ18KCHb!X MeTo,n.oa MHoroMepHoro aHaJIH3a, ,D.Mll!HX 6onee nonHyK> HH~p
MaQHD 06 Hccne,n.yeMHlC npoQeccax H Il03BOnHIJIIIHX 6onee 3~KTHBHO H 
3KOHOMHllHO HCilOnb30BaTb pa6ory ,n.oporocTOffillHX 3KcnepHMeHTMbHblX 
YCTaHOBOK. 

B Jia6opaTOpHH H,n.epHblX peaKQHH 06'be,D.HHeHHOro HHCTHTyra 
~epHblX Hccne,n.oaaHH8 npoc~,n.eHHe wtoroMepHblX H3MepeHH8 TBJO!te CBH
satto H saBHCHT OT 8BTOMaTH3aQHH, IlOCKOn&ey B peMbHOM BpeMeHH 
Tpe6yeTCH BLIIIOnHHTb cnoJKIW:e anropHTMht OT6opa none3Hb!X C06lilTHH 
H3 MHOrOMepHblX pacnpe,n.eneHHH H npOBO,D.HTb 3KcnpeccHyl) o6pa60TKY 
H3M8pHeMo8 HH~OpMaQHH. 

,lv!H pemeHHH ,n.aHHo8 npo6new a.JIHP OIDIB c 1970 ro,n.a ae,n.yT
CH pa60Thl no nepecTpOHKe H p83BHTHD H3MepHTenbHO-BblllHCnHTenbHO
ro KOMilJleKca (MB!{) Ha 6a3e cpe,n.cTB B~CnHTenbHOH TeXHHKH. 

l.[enb pa.60Thl 

PaccMaTpHaaewe B ,D.HCCepTaQHH Bonpochl CBH3aHhl C· pemeHHeM 
npo6new 8BTOMaTH3aQHH npoae,n.eHHH ~H3HqecKHX 3KcnepHMeHTOB C 
MHOrOM9pHhlM 8HanH30M ,n.nH Y1BI{ JIHP, T.e. 8BTOM8TH3aQHH npoQeCCOB 
c6opa, H8KOIIJ18HHH, OT6opa, npe,n.craaneHHH H npe,n.aapHTenbHOH o6-
pa60TKM 3KcnepHM8HTMbHblX ,D.aHHblX, nonyqeHHhlX C ~H3HqecKHX ycTa
HOBOK, pa60TB.Dll{HX Ha nyqKax Tmt8JIHX HOHOB ycKOpHTenea Y-300 H 
Y-200. ABTopy Tpe60BMOCb paspa60T8Tb, C03,D.8Tb H BHe,n.pHTb B ~H
SHqecKHe 3KCnepHM8HThl 8BTOMB.TH3HpOBaHHhle H3MepHTen&Hhl8 CHCT8Mbl 
Ha OCHOBe MHHH-8BM, 3KCnepHMeHTMbH08 sneKTpDHHOH annapaTyphl H 
~eneaoro npo6neMHo-opHeHTHpoaaHHoro uaTeMaTHqecKoro o6ecneqe
HHH (T.H. K3M8pHTeXbHhle ~H3KqecKH8 MO,D.YRH). IlpH paspa60TK8 AaH
HblX H3M8pHT8RbHblX CHCT8M Tpe60BMOCb pelllHTb CX8AYJ)lltH8_0CHOB}Jl,18 
38Jl8qff! 

a) o6ecneqffTb HHT8paKTHBH08 B3aHMO,D.88CTBHe 3KcnepHM8HTaTopa C 
CHCT8MOR npH npoae,n.eHHH 3KCnepHM8HTOB; 

6) paspa60T8Tb rH6KKe annapaTHhl8 H nporpaMMHHe M8TO,D.H OT6opa 
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nOJI83HillC co6YTHll npH HCCJI8AOB8.HHH npo~eCCOB Sl,Il.8pHblX B3EllMO
A8HCTBHH C MaJiblMH ceqeHHRMH Ha HHTeHCHBHOM ¢oHe 6onee aepORT-
HblX npo~eccoa; · 

a) paapa6oTaTb YA06~e H onepaTHB~e AHarHOCTHqecKHe cpeACTBa 
CHCTeM AJIR OT06pB.JKeHHR H KOHTPOJIR XOAa BWOJIH8HHR 3KCnepHMeH
Ta; 

r) noBYCHTb TOqHOCTb H AOCTOBepHOCTb nonyqae~ B 3KCnepHMeHTe 
peayJibTaTOB npH B03MOl!HOM YM8HbW8HHH HenpOH3BOAHT8JibHblX 3aT
paT TPY'Aa H BpeMeHH 3KCnepHM8HTaTopa. 

,D.,m pemeHHR nepeqHcJieHHblX sa,o.aq Tpe6oBaJIOCb! 

a) paspa6oTaTb CTPYKTYPY H ynpaBJI8HHe H3MepHT8JibHblX ¢HsHqecKHX 
MO,o.yJieH; 

6) paspa6oTaTb He06XOAHWe annapaT~e cpeACTBa CHCTeM: ycTpOHCT
Ba OT06pB.JKeHHR 3KcnepHMeHTaJibHblX AB.HHWC Ha snT (Toqeq~e rpa
¢HqecKHe AHCilneH), 6JIOKH ~H¢poaoro OT6opa, 6JIOKH AHHaMHqecKOH 
naMRTH, 6JIOKH ynpaBJI8HHR H conpmtteHHR AaTqHKOB H ycTpollCTB C 
KaHanaMH MHHH-3BM, 6JIOKH CBR3H c 3BM BToporo ypoBHR llBK; 

a) cosAaTb npo6JieMHo-opHeHTHpoBB.HHoe MaTeMaTmecKoe ·o6ecneqeHHe 
H cne~HaJIH3HpOBaH~ll AHaJIOrOBYH R3YK o6~eHHR {R3YK AHp0KTHB) 
noJib30BaTenH C CHCT0MOH. 

HayqHM HOBH3Ha 

a) BnepBHe B CCCP H B .JU)yrRX CTpaHax-yqacTwmax 0/,tilli paapa6oTaH 
H BBe,AeH B 8KCIIJJY8T81011l cneKTpOMeTpw-IeCKru!: H3MepHT0JU,HWl MO]JyJIJ, 
Ha OCHOBi MHHH-3BM,paCloTaD!lllA Ha JIWlllH C ~3Hll0CIWMH ycTaHOB
KaMi/I,2 . • 

6) npOB0A0H 8.HaJIH3 B3aHMOCBR30H annapaTHblX H nporpaMMHUX Cp8,ACTB, 
6Jiaro,ASPf1 qeMY HaHAeHo ~HOHaJibHOe pacnpe,AeJieHHe ¢yHKllHll 
Mei!Qzy HHMH H noJiyqe~ onTHMaJib~e xapaKTepHCTHKH H3MepHT0Jib
HblX MO,o.yJiell npH OTHOCHT0JibHO He60JibWHX 'A0H0llCHhlX saTpaTax; 

a) npHMeHeH MOAYJibHh!H npH~Hn nocTpOeHHR annapaTHbDC H nporpau
MHUX cpeACTB, KOTOpUH o6ecneqlfB8eT onepaTHBHYD nepecTpolley 
CHCTeM npH CMeHe 3KcnepHMeHTa; 

r) H~e~ HOBYe CX0MOT8XHHqecKHe pemeHHR ,IVIJl PflA8 3JI8KTpomrux 
6JIOKOB H3M8pHT8JibHblX CHCTeM; 
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A> paspa6oTB.Ho npo6neMHo-opHeHTHpoaaHHoe MaTeMaTHqecKoe o6ecneqe
HHe C AHaJIOrOBUM R3YKOM o6~eHHR 3KCnepHM8HTaTopa C CHCTeMoll; 

e) npe,o.yCMOTpeHa pa6oTa H3MepHT8JibHblX MO,o.yJieH B MHoroypOBH0BUX 
auqHCJIHT0JibHblX CHCTeMax, B A8.HHOM CJiyqae - B pru.rn:ax e.I(HHOH 
CHCT8MU o6pa60TKH cneKTpOMeTpmeCKOH HH¢opM~HH B 0.1fil1. 

IlpaKTHqeCKaR geHHOCTb H peaJIH3aI.lHH pa60TY 

I. C03A~e H3M0pHT0Jib~e MOAYJIH RBJIRDTCR A0llCTBYD~HMH 
CHCTeMaMH, KOTOpNe ycnemHo HCnOJib3YllTCR B ¢HsHqecKHX 3KCnepHMeH
Tax (HX noaTanttoe BHeApeHHe HaqaTo c 1970 roAa). Ilonyqelfifble ¢HsH
qecKHe pesyJibTaTY nepeqHcJie~ a qeTBepToll rJiaae. 

, 2. Paspa6oTalfifble annapaTHNe H nporpaMM~e cpeACTBa cHc
TeM HCnOJib30BaHN B JI.HP npH C03A8.HHH HOB~ H3M0pHT0JibHblX ¢HsHqec
KHX MO,o.yJiell AJIR ~orOMBillHHHOro H3M8pHT0JibHQ-BuqHCJIHT0JibHOro KOM
nneKca YCKOpHT0JIR TRllt0JIUX HOHOB Y-400. 

3. PSl,11. annapaTw H nporpaMMHblX paspa60TOK (KOHTpOJIJiep 
KpellTa MHHH-3~ TPA/I 112 , HHTeppellcN ABYMepHbDC ~JIHTYAHblX Ko
AHPOB~KOB /I5 H nporpru.!MHoe o6ecneqeHHe DIMTEP 9 ) H8lIIJIH npH
MeHeHHe B rw (llHCTHTYT fl'A0PHbDC HCCJI0AOB8.HHll, PocceffAopp), B HPB 
(lllicTHTYT RA0pHbDC HCCJI0AOBaHHll H Sl,11.epHOH 3HepreTHKH, Co~HR), B 
MHP (YHHBepcHTeT, YnaH-BaTop) H pSl,11.e HHCTHTYTOB CCCP. 

4. Cos'A~e annapaTHNe H nporpaMMHHe cpeACTBa MoryT 
6YTb HCnOJib30BaHN B pa3JIHqHbDC o6JiaCTRX HaYKH H npOH3BOACTBa npH 
paspa6oTKax THnOBUX H3MepHT0JibHbDC KOMnneKCOB, BHnOJIHeHHbDC Ha 

OCHOBe OTetteCTB0.lllillX MHHH-3Bl,1, 3JI0KTpOHHO! annapaTYpli B CTaH,AapTe 
KAMAK H npoClJieMHO-OpHeHTHpOBaHHOM nporpru,aMHOM o6ecnetteHHH. 

Anpo6agHR pa60TY 

OCHOBHNe pesyJibTaTY ,AHCCepT~HOHHOll pa6oTY AOKJIB,D.YBaJIHCb 
H o6Cyl(,ll.aJIHCb Ha Mell,D,YHapoAHUX CHlilII03ifYMax no Sl,11.epHoll 3JI8KTPOHH
Ke B Bapmaae (I97Ir.), B By,AanemTe {I973r.), Ha BcecoDsHoM coae
~8.HHH no aBTOMaTH3~H HayqHbDC HCCJI8AOBaHHll B Sl,Il.8pHoll ¢H3HKe B 
KHeae (I976r.) H Ha HayqHblX ceYHHapax na6opaTOPHH fl'A8PHbDC peaK
~Hll Ollffii. 

ijy6JIHKaI.lHH 

Ilo pesyJibTaTau AHCCepT~HH ony6JIHKOB8.HO 18 pa6oT. 
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CTpyKTyPa AHcceprayHH 

~cceprfil\HII cocTOHT HS BBe'AeHmi, 4 rJiaB, saKJID'tleHIDI H 
CilHCKa JIHTepaTypH (94 HaHMeHOBaHIDI). 06!1lHH 061,0M 'AHCC0P'f81.\HH - ' 
161 CTpa.HHqa (BKJID'tlaJl 44 pHCyttKa). 

II. KPATKOE CO,D,EPJKAID1E ,ll,\1CCEPTA1.(llii 

Bo BB0A0HHH C~OpMYJIHpOBB.HH nocTaBJI0HHH0 sa,n;at1H,06ocHOBa
Ha HX aKTYaJibHOCTb, OCBe~eHa CTPYKTypa 'AHCCepr~OHHOH pa60TH. 

IlepBB.ll rJiaBa HBJIB0TCH o6sopHOH. B H0H pacCMOTpeHH HaH6o

Jiee IlOJIHO ony6JIHKOBaHHHe B net1aTH H3B0CTHH0 3apy6elltHble H OT0-
'tl8CTB0HHH0 H3M0pHT0JlbHH0 CHCTeW 'AJlH wtoroMepHoro aHaJIH3a, a 
TaKl!Ce IlOKa3a.HH COBpeMeHHHe T0ff'A0~HH HX pa3BHTHH. 

Ilpe'AJIO~eHa KJiaCCH~HKBl\HH H3M0pHT0JlbHblX CHCT0M no 'ABYM 
THilaM JIOrHKH BHilOJIHSHHH BH'tlHCJIHT0JlbHblX ycTpOHCTB: 

l) CHCTeW C 3ail8JlHHOH (~HKCHpOBaHHOH) JIOrHKOH pa60TH; 
2) CHCTew c nporpa.MMHpyeMOH (sanoMHHaeMOH) JIOrHKOH pa-

60TH. 
K H3M8pHT8JlbHHM CHCT0MaM nepBoro THila OTHeCeHH MHOroMep

HHe aHaJIH3aTOpH H cne~aJIH3HpoB8.HHEl8 perHCTpa'I'Opl,[, HM9XllllH0,~~po
BHe ycTpOHCTBa C ~eCTKHMH qiyHK~HMH nporpB.MMHOro ynpaBJISHHH. 

K H3M0pHT0JlbHb!M CHCTeMaM BToporo THila OTHeceHH aBTOMaTH-
3HpoBaHHH0 CHCTeW, OCHOBaHHHe Ha 8BM pa3HHX KJiaCCOB, HM8XllllH8 
rH6KH0 qiyHKqHOHaJibHH0 JIOrH'tl8CKH0 H BH'tlHCJIHT8JlbHH0 B03MOlllliOCTH. 

Ha KOHKpeTHblX IlpHMepax IlOKa3aHH oco6eHHOCTH KJiaCCH~HqH
pOBaHHHX CHCTeM, npH'tl0M oco6oe BHHMaHHe Y'A0Jl8HO M0TO'AOM OT6opa 
Il0Jl83HOH HH~OPMBl\HH H3 wtoroMepHblX pacnpe~eJieHHH (acco~aTHBHHM, 
qH~pOBblM OKHaM, 3OH8M, MaTpHqaM). 

IloKa3aHO, 'tlTO npH orpaHH'tleHHHX o61,0Max onepaTHBHOH IlaMH
TH H3MepHT0JlbHblX CHCTeM (I6K-32K CJIOB) OT6op Il0Jl03HOH HH~OpM~H 
06Ht1Ho BHnOJIHHeTcH 'AJIH pfiAa "qeHHHX" o6JiacTeH woroMepHoro pac
npe'AeJieHIDI (HanpHMep, ,iJIH y-qacTKOB C pe3KO Blip8Jlt8HHHMH p03OHaH
CaMH, 'AJIHY'iaCTKOB,IlOJIO~0HHO KOTOpblX anpHopHO 38,ll;aHO). 

PaCCMOTpeHH H3M0pHT8JlbHH8 CHCT8MH C MHOroypoBH8BOH CTpyK
TypoR, KOTOpHe HaH60Jiee IlOJIHO 06ecnet1HBaDT qiyH~HH no BHilOJIH0HHD 
aBTOMaTH3HpOBaHHoro 3KcnepHMeHTa. KaK npaBHJIO, OHH COCTOHT H3 

H3MepHT0JlbHblX MO'AJJ10H Ha OCHOB0 MHHH-8BM, 6a30BblX 8BM H 3BM qeH
TpaJibHoro BH'tlHCJIHT8JlbHOro KOMIJJI8Kca. 
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BropM rJiaBa nocB~eHa aonpocaM paspa6oTKH Tpex H3MepH

T8JibHblX MO'AJJ18H C annapaTHblM H nporpaMMHb!M OT6opoM 'Aa.HHblX (6JIOK

cxeMa O'AHOro H3 HHX npe'ACTaBJieHa Ha pHC. l). 

/lJY 
/6"/(,/?p 

TPA-1001 

/IPHtl A nPJl,..,OZO iJpun.YH6 

flpozP11HIVNb~u 11aHl'lA 

H~NCP.VA7. 

,qnMZAr.1..,..M"W'I 

,1110,,ll 

#Bl( 

PHc.l. BJioK-CXeMa H3MepHT8JlbHOrO MO'AJJIH MHOrOMepHoro aHaJIH3a 

C annapaTHHM OT60p0M 'AaHHblX. 

,Aa.HHHe CHCT8W o6ecne'tlHBaXlT CBH3b C 3KCil8pHM8HTaJibHOH 

ycTaHOBKOH, C IlOJlb30BaTeJieM, C 6a30BOH 8BM BToporo ypOBHH, BH
IlOJIHHllT OT6op, perHCTPBl\HD H 3Kcnpecc-o6pa6oTKY 3KCil8pHMeHTaJib

HblX 'AaHHblX• OHH Y'AOBJl8TBOpHDT CJI0'AYDillHM o6~HM Tpe6oBaHHHM: 

a) OTKpHTH 'AJIH pacwHp8HHH, cnoco6HH K pa3BHTHD 6e3 KOpeHHOH ne

pecTpOHKH nepBOHa'tlaJibHOH CTpyKTypH; 

6) cnoco6HH nepecTpaHBaTb CBOD pa6oTy B COOTB0TCTBHH C H3M8H8-

HHHMH YCJIOBHH 3KCil0pHMeHTa; 

B) opH8HTHpOBaHH Ha aBTOMaTH3~D OT'A8JlbHblX rpynn THilOBblX 3KCne
pHM8HTOB H Ha pa6oTy B woroypOBH0BOM KOMilJI8KC8 C nepepac-
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npeAeReHHeM (~ifJPepeHI_\HaQHeH) BblilORHR8MblX ~YH~HH. 
B rRaBe OnHCaHa paspa6oTaHHaJJ sReKTpDHHaJJ annapaTypa 

AaHHblX H3MepHT8RbHhlX CHCTeM, IlOAKRroqeHHe KOTOpOH K K8.HMaM MHHH-
3BM BliIIIORH8HO qepes HHT8µp8HChl HenocpeACTB8HHOro conpID!teHHR 
(MR CHCTeM BToporo Il0KOR8HHR) H qepes HHTe~HChl KAMAK 6y~pHO

ro COilpmK8HHR (MR CHCTeM Tp8Tbero IlOKOReHHR). 
K qHcny paspa60T8.HHhlX annapaTypHhlX cpeACTB CHCTeM OTHO

CRTCR: 

- ycTpOHCTBa OT06paJ1CeHHR rpa~HqecKOH HH~O,~HH Ha 6ase 
OCQHRROCKOila RG -96 t ToqeqHh!e rp~HqecKHe AHCilneH ) 3 ' IlpeAHa3-
HaqeHHh!e MR BH3YMH3aQHH 3KCnepHMeHTMbHhlX AaHHhlX, 3KCnpecc
aHMH3a H onepaTHBHOro asaHMOA8HCTBHR IlORb30BaT8RR C 3BM; 

- 6ROK AHHaMHqecKOH o?e~,THBHOH IlaMRTH eMKOCTbID 
4h'. X 8 6HT B CT~apTe KAMAK I 'KOTOpw1 MO~eT 6hlTb HCilORb30-
BaH KaK 6~pHaJJ IlBMIITb npH HHTerpMbHOM Ha6ope cneKTpOB, ARR 

pereHepaQHH H3o6paJK8HHR rHCTOrpaMM cneKTpOB B AHCilR8RX, MR xpa
HeHHR ~pecoB aKTHBHhlX 30H HRH KOAOB QH~pOBhlX OKOH npH accoqHa

THBHhlX MeTOAax OT6opa HH~pMaQHH; 
- TaHMep c nporpaMMHUM ynpaBReHHeM B CT~apTe KAMAil171, 

orRHqHT8RbHOH oco6eHHOCTbID KOTOporo RBRReTCR '.'nnaaHoe" A8R8HH8 

qacTOThl BHyTpH ABOHqHoro apeMeHHOro HHTepaana. B 3KCnepHM8HTax 
OH HCilORb3Y8TCR B KaqecTBe H3MepHTeRR BpeMeHHoro pacnpeAeReHHR 

co6hlTHH OTHOCHTeRbHO HMnyRbCa "CTapT", reHepaTopa TaKTHpyeMblX 
HMnyRbCOB npoMe~ToqHOH qacTOThl H qacoa peMbHOro apeMeHH; 

- 6ROKH QH~poaoro OT6opa /?,II/, KOTOphle HCil0Rb3YDTCR 

npH MHOroMepHbIX H3MepeHHRX C HHTerpMbHhlMH MeTOAaMH HaKOiln8HHR 
3KcnepHMeHTMbHhlX AaHHhlX. lls o6~ero MHO~eCTBa B03MOlKHbIX A8CKpHn
TOpOB OHH OT6HpaDT RHWb Te, KOTopwe HecyT HaH60Ree BBJKHyD HH~Op
MaQHID H noRyqaroT npaBo perHCTpaQHH B onepaTHBHOH IlBMIITH CHCTeM. 

B TpeTbeH rnaae paCCMOTpeHh! BOilpOChl, CBR3aHHh!e C paspa-
60TKOH H C03A8.HH8M nporpaMMHoro o6ecneqeHHR H3MepHT8RbHhlX MOAY
neH (cM.pHc.2), KOTOpoe npeAOCTaBRReT 3KcnepHM8HTaTopy YA06HhlH 
annapaT ARR npoBeAeHHR MHoroMepHbIX H3MepeHHH B o6RaCTH ~H3HKH 
TR~enwx HOHOB. 

B 1969 roAY a Ra6opaTOpHID 6una nocTaBReHa RHWb qacTb 
nporpaMMHoro o6ecneqeHM, KoTopaJJ nosBOMRa nporpaMMHpoBaTb sa
Aa~ B o6naCTH HayqHhlX HCCR8AOBaHHH. 0TCYTCTBHe nporpaMMHoro 
o6ecneqeHM, KOTopoe BblilOnHRRO 6u ~yHKQHH no aBTOMaTH3Hp0BaHHO-
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Cur,neMu 

1~2,tXJMMl/020 O<Jcc/J~''ICHU)!I 

Cucrnetva npo.!fK',..,,.,u_pc,,6'u,hN.JR Jaik.rr., 

U::.j /f.paufrpd ~tt'od ti,,!'od ch,rH'1-" 

l)xl1-te1111rnop 
tlJOPTPAH 

!'He. 6JioK-cxeMa nporpaMMHoro o6ecneqeHHB H3MepHT8RbHhlX 

MOAJR8H. 

MY B8A8HHID 3KCilepHMeHTa, Il0Tpe6oBMO OT aBTOpa paspa6oTKH Tpex 
ne~OR8HTOqHhlX npo6neMHo-opHeHTH£OBaHHblX CHCT8M peanbHoro Bpe
MeHH DIMTEP, AHO~ H CATYPH / 5,9, 31. OHH HMeroT MOAJRbHh!H npHH

QHn nocTpoeHHR, KOTOPWH o6ecneqHBaeT B03MOlltHOCTb RerKoro nonoR

HeHHR CHCT8M H pacwHpeHHR c~pH HX npHMeHeHHR npH pa3BHTHH 

TeXHHqecKHX cpeACTB H M8TOAOB o6pa60TKH. 
IlporpaMMHUe MOAJRH a cHcTeMax o~opMJieHbl no cTporo on

peAeReHHb!M npaBHRBM, HanHcaHh! Ha R3hlKe acceM6nep, 6naro~apR 
qeMY 6wnH C03AaHbl HaH6oRee KoMnaKTHble H 6HCTPOA8HCTBYD~He 
nporpaMMH, qTO oqeHb BaJKHO npH orpaHHqeHHOCTH pecypcoB 03Y 

MHHH-3BM. 
,l),Jrn BhlilORHeHHR nocTaBReHHhlX 3KcnepHMeHTMbHhlX s~aq 

6HRH paspa6oTaHbl cRe~He nporpaMMHHe MOAJRH: 
a) MOAJRb, o6ecneqHBaIDiqHH AHMOr H opraHH3YD~HH ynpaB-
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neHHe CHCTeMOH (MOHHTOp peaJibHOro BpeMeH:11); 
6) Mo,nynb, oprB.HH3YJO~Htt pa6oTy ToqeqHoro rpaqi:11qecKoro~ 

AHCIIReH; 
a) MOAYRH BBOAa-BblBOAa HH¢opMaQHH, 06ecrreq:11aa10~He yrrpaB

neHHe 3KCIIepHMeHTa.JlbHb!MH 6ROK8Mlf H ycTpOHCTBaMH (Apanaep@l; 
r) Ha6op Mo,nynen IIpeABapHTeRbHOH o6pa60TKH 3KCIIepHMeH

Ta.JlbHhIX AaHHhIX; 
Al Mo,nyna nporpaMM o6~ero Ha3HaqeHH.!l. 

~HHble nporp8MMHble MOAYRH pacnonoJKeHbl Ha Tpex npaopaTeT
HhIX ypOBH.!lX: 

- HH3illHH ypoBeHb 3aHHMaeT nporp8.MMHbltt MOAYRb opraHH3a
QHH pa60Tbl AHCnne.!l, KOTOpbltt B npoqecce Ha6opa CTaTHCTHKH ocy
~ecTBR.!leT BH3YaJibHOe npeACTaBReHRe RSMep!leMUX cneKTpoB; 

- CpeAHHH ypoBeHb B~eneH ~ MOHHTOpa AHaJIOrosoro .!l3b!Ka; 
- Ha Bb!CilleM ypoBHe HaxO'A.!ITC.!l MOAYRH npHeMa AaHHhIX OT 

3KcnepHMeHTa.JlbHOH annapaTypbl H MOAYRH ynpaaneHH.!l 3KCnepHMeHTOM. 

Pa3pa6oTaH AHaJIOrOBbIH .!l3b!K o6~eHHR (.!l3b!K AHpeKTHB),Ko
TOpbIH npeAOCTaBn.!leT nORb30BaTeRIO CHCTeMH@e cpeACTBa AR.II opraHH-
3aQHH aKTHBHoro B3aHMOAeHCTBH.!l "qenoBeK-SBM" nocpeACTBOM coo6~e
HHH, BBOAllM@X c TepMHHaJia. OH yqHTb!BaeT cneqa¢HKY pemaeM@X npo6-
neM H He Tpe6yeT OT nORb30BaTeR.!l KaKHX-RH60 cneQHaJibHhIX 3H8.HHH 
H3 o6nacTH nporpaMMHpOBB.HM. Pe*HM AHaJiora C03AaeT Heo6XOAHM@e 
YA06CTBa B ynpaBneHHH pa6oTott cacTeM, a Ha6op AHpeKTHB xopomo 
OTp~aeT HX npo6ReMHYJO opHSHTaQHIO • .[lapeKTHBbl npoCTbl, nerKo 3a
noMHHaeMbl, o6~eAHH8Hbl B cneQHaJibHYJO Ta6naey npHKaSOB • .lulJK,r\OMY 
np:11Ka3y COOTBeTCTByeT CBO.!l nporpaMMa. PacmapeHHe CHCTSMbl CBOAHT
C.!l K BKRIOqeHHD B Ta6nHey npHKa3a HOBoro HaHMeHOBaHM, a B CHCTe
MY - COOTBeTCTB~en nporpru.!Mbl. 

Pa3pa60TaHbl H onHcaHN aJiropHTMbl, peaJIH3YJ()IllHe OT6op no
R83HhIX co6b!THH M8TOA8Mlf QH¢pOBblX OKOH H acCOQHaTHBHhIX 30H. IlpH 
AaHHhIX MeTOAax OT6opa 8K ,!lqeeK onepaTHBHOH naMHTH pa36HBBJOTC.!l 
Ha ABa noM: HH¢opMaQHOHHoe none,~ OCHOBHOH H~OpMaQHH) H 
cnpaaowoe none(~ BcnoMoraTSRbHOH HH¢0pMaQHH). fuI¢opMaQHOH
Hoe none SMKOCTblO 41{ X I8 6HT HCnORb3YSTC.!l AM HHTerpaJibHoro 
cqeTa OT06p8.HHhIX co6NTHH HRH 6y~pHoro HaKOMSHH.!l AeCKpHnTopoB 
c nocneAYJ'.llllHM c6pocoM li!l nepqioneHTY HJIH B SBM BToporo ypoBHR. 
Cnpaaowoe none eMKOCTbD 41{ X 6 6HT HCnORb3yeTC.!l AM TpB.HC~p-
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MHpOBaHH.!l (npeo6pa3oBaHH.!l) QH¢poBblX KOAOB co6b!THH (aKTHBHhIX 
AeCKpHnTopoa) B a,o.peca ,!lqeeK 03Y (KaHaRN), B KOTOpblX npOH3BOAHT
C.!l cqeT C06b!THH. TaKoe ¢YHKQHOHa.JlbHOe AeR~HHe 03Y no3BORHRO MaK
CHMa.JlbHO yaenaqHTb 6blCTPOAeHCTBHe CB.!l3ett B CHCTeMax H CHeCTH K 
MHHHMY'NfY BpeM.!l noHcKa aKTHBHhIX AeCKpHnTopoB. 

,Il.n.!l B@qHCReHH.!l He60RbillHX apa¢MeTaqecKHX BNp~eHHH pa3pa-
60T8.H TpaHCR.!lTOp "TP", KOTOpbIH MOJKeT 6b!Tb nerKO IIO.I(KJIIO'tJ:eH K 
RI060H npo6neMHo-opHeHTHpOBaHHOH CHCTeMe. 

B qeTBSpTOH rnaae paccMOTpeHbl BOnpocbl npHMeHeHH.!l p8.3pa-
60TaHHhIX aBTOpOM H3MepHT6RbHhIX Mo,nyneH B 3KCnepHMeHTax no OCHOB
HNM HayqHNM HanpaaneHH.!lM na6opaTOpHH flAepHhIX peaKQHH. 

IlpaKTHqecKH ace 3KCnepHMeHTbl C MHoroMepHNM aHaJIH30M npo
BO'A.!ITC.!l Ha nyqKax T.fIJKeRNX HOHOB ycKOpHTenen Y-200 H Y-300 H H3-
MepHTeRbHble MOAYRH HaxOA.!lTC.!l B HenocpeACTBeHHOM KOHTaKTe (Ha 
RHHHH) C 3KCnepHM8HTa.JlbHNMH YCTaHOBKaMH, C HX HCTOqHHKaMH H 
npHeMHHKaMH HH¢opMaQHH. 

H3MepHTeRbHNH MOAYRb C annapaTHNM OT6opoM AaHHhIX / 7/ HC
noRb3yeTC.!l AR.II HCCReAOBaHH.!l CBOHCTB H30TOnoB, YAaJieHHblX OT RH
HHH p-cTa6HRbHOCTH, H3yqeHM CBOHCTB.a.Jlb¢a, 6eTa, raMMa H 
npOTOHHOrO KaHaJia pacn~a KOpOTKOJKHB~HX flAep. OKCnepHMeHTbl 
npOBO'A.!ITC.!l c IIOMO~blO Macc-cenapaTopa BSMC-2, pa6oTaro~ero Ha RH
HHH c'QHKROTpOHOM Y-300. IlocKORbKY He BC.!l nonyqaeMaR Ha ycTa
HOBKe MHOrOMepHa.!l HH¢0pMaQH.!l npeACTaBR.!leT HHTepec AR.II 3KCnepH
MeHTaTopa, TO npOH3BOAHTC.!l YMeHbmeHHe H36blTOqHoCTH nyTeM 6blcTpo
ro npeAaapaTeRbHoro oT6opa (:11cnonb3yeTc.!l 6noK oT6opa no ynpaB

MJO~HM npH3HaKaM) • 3a npomeAillee BpeM.!l 6b!RH no11rHbl H ~eHTH¢H
¥H~OBaHN 5 HOBh~ ijpOTOHHNX H3nyqaTenen II6cs, I8cs, II Ba., 
I Ba. H I2IBa. !III, H3MepeHb1 HX nepHOAbl rronypacrr~a, rrpoToHHble 

cneKTpbI, OilpeAeReHbl IIORHhle 3HeprHH pacrr~a. HccReAOBaHbl pacrra,o.
Hble xapaKTepHCTHKH HOBblX HeHTpOHOAe¢HQHTHhIX H30TOIIOB Ce, La , 

Pr , Nd , Pm H Sm 

~Hb!H H3Mep:11TeRbHblH MOAYRb HCIIORbsyeTC.!l TaKJKe H ~ 
H3yqeHH.!l MrHOBeHHoro raMMa-H3RyqeHH.!l H H30MepHb1X COCTO.!IHHH 
HettTpOHOAe¢HQHTHhIX flAep, B036YJKAeHHhIX B peaKQH.!lX C T.!llKeRb!MH 
HOHaMH. 0T6op rrone3HOH HH¢opMaQHH BblIIORH.!leTC.!l 6ROKOM QH¢pOBblX 
OKOH. C nOMO~blO AaHHOH CHCTeMbl BnepBble 6b!RH H3yqeHbl BblCOKOCIIH
HOBble MHOrOKBa3:11qacTH~e COCTO.!lHH.!l B HeHTpOHOAe¢HQHTHhIX flApax 
19881 _ 204a1 H 207 At • 
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HsMepaTeRbHhIH MOAYRb C nporpa.MMHblM OT60p0M AaH-
HblX /lS,l4/l{Cil0Rb3yeTCfl ARR 1{3ytleHHfl npoqeccoB HOHW3~1{1{ BHJT

peHHHX aTOMHl:DC 060RoqeK a accReAOBaHHR RBReHl1R o6pasoBaHHfl,KBa

sttMoReKyR. C IlOMO~bID AaHHOH CHCTeM!l BnepBble 6blJil1 o6HapyiKeHbl a 

H3yti:eHhl CBOHCTBa BblCOK03HepreTl1qecKHX KOMiloHeHT TaK Ha3b1BaeMoro 

KBasWMoReKyRRPHOro peHTreHoBcKoro H3Ryti:eHHR, B TOM qacRe ~ 

CBepXT.HJKeRbDC KBa3HMOReKyR C nopRAKOBhlM HOMepoM z =114. 
IloRytleHhl HOBble pesyRbTaTbl O MeXaHH3Me o6pasOBaHl{fl BaKaH

Cl1H BO BeyTpeHHHX aTOMHbDC 060RoqKax npa CTORKHOBeHHRX T.HJKeRbDC 

HOHOB. 
HsMeP,HTeRbHhIH MOAYRb MHOPOMepHoro aHMH3a peAKHX co6b1THH 

(AHO.[\) 14 , 57, 6ROK-CXeMa H3MepaTeRbHOH qacTH KOTOporo npHBeAeHa 

Ha pac.3, HCilORb3yeTCfl AM H3yti:eHHfl MHO*e~TBeHHOCTH MrHOBeHHhlX 

HeHTpOHOB npa CilOHTaHHOM AeReHHH RAep, OTRaqaID~HXCR aHOMMbHblM 

COCTaBOM HJMOHOB. 

'11e 

UHTEl'ffu& 

nPOtPAl'f'1NOITJ 
UHAAA 

J.---=,, I > 1c.lf0~0,1-,2p1 

1 ooao .' t Tlp/ 

Plfc.3. Bn:oK-CXeMa H3MepHTeRbHOH qacTH CHCTeMhl MHOro

MepHoro aHMH3a peAKHX co6b1THH (AHO.[\) 
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3KcnepttMeHTbl C HCil0Rb30BaHHeM AHO.[\a npoBOARTCR Ha BblBe

AeHHOM Ilytl:Ke QHKROTpoHn Y-300. ,nnR KaJK,IJ,OPO aKTa AeReHHR onpeAe

RRIDTCfl: aMilRHTYAbi OCKORKOB, BpeMR HX IlORMeHHR H KORaqeCTBO HeH

TpOHOB, saperacTpHpOBaHHhlX 3He-cqeTql{KaMH. HaKonneHHe AaHHblX Bbl

IlORIDieTCR B 6y¢epHOM BttAe. Ha 3KpaH AHCilneR B HHTerpapoBaHHOM 

BHAe MO~O BblBeCTH AO 30 pasRH~ rttcTorpaMM (aMilnHTYAHhle cneK

Tpbl ARR OCKORKOB AeReHHR, BpeMeHHoe pacnpeAeReHHe aKTOB AeReHHR 

I{ T ·A·). 
C IlOMO~bID AaHHOH CHCTeMhl H3MepeHhl pacnpeAeReHHR MHO*eCT

BeHHOCTH MPHOBeHHhlX HeHTpOHOB P1 npa CilOHTaHHOM AeReHHH PRAa 

KOpOTKO*HB~HX H30TOil0B Cf , Fm I{ No • OnpeAeReHhl napaMeTpbl 

pacnpeAeReHHR 1 (cpeAHero qacRa MrHoBeHHhlX HettTpoHos), ~ 2 

(Aacnepcaa qacRa HettTpoHoB) 11 'C11z (nepHOAOB noRypacnaAa) • .[\e

T8.JlbHaR 11H¢opM~aR o MrHoBeHHblX HeHTpoHax cnoHTattHoro AeReHaR 

ARR CTORb T.HJKeRoro I{ KOpOTKO~HBn,ero H30Tona,KaK 252No, IlORyti:e
Ha B MHpOBOH npaKTHKe snepBble /I • 

III. B l:l B O .[\ l:l 

I. PacCMOTpeHhl cospeMeHHhle TettAeHQHH pasBHTHR I{ npHMeHe

HHR H3MepHTeRbHblX CHCTeM B WH3HqecKHX 3KCilepttMeHTax C MHOPOMep

HblM aHMH30M. ,[\aHa Macca¢HKaQHR CHCTeM no ROPHKe pa60Tbl B~HC

RHTeRbHblX ycTpOHCTB a no Haa60Ree xapaKTepHhlM c~eCTBeHHhlM npas

HaKaM. 

C¢opMyRHpoeaHbl OCHOBHble Tpe6oBaHHR K OAHOyposHeBblM a MHO

roypOBHeBhlM 1{3MepaTeRbHhlM CHCTeMaM AM KOMnneKCHOH aBTOMaTasa

Q11H MHoroMepHbIX 113MepeHl1H B o6RaCTI{ il;asHKH T.ITJKeRbDC HOHOB. 

Jl. Paspa6oTaHbl I{ C03AaHbl TPH H3MepaTeRbHblX ¢asaqeCKHX MO

AYM ARR MHOPOMepHblX 1{3MepeHaH: 

~) H3MepaTeRbHhIH MOAYRb MHOPOMepHoro aH8.JIH3a C anna

paTHhlM OT6opoM AaHHblX; 

6) 1{3MepHT0RbHblH MOAYRb ARR MHOroMepHoro aHanasa peA

KHX C06b1THH (aH8.JIH3aTop HeHTpOHOB I{ OCKORKOB A0R0HHR - AHO.[\); 

B) H3MepaTeRbHhIH MOAYRb MHOroMepHoro aHMH3a C npor

paMMHhIM OT6opoM AaHHblX Ha Rl1Hl{I{ c 3BM BTOporo ypOBIDI. 

,nnR c03AaHHhlX cacTeM pemeHh! cReAJID~e sa,v;aqa: 

I. Paspa6oTaH Ha6op 3ReKTpOHHblX IJ?YHKQHOH8.J!bHblX 6ROKOB: 

cqeTql{Kl{-TaHMepbl, 6ROKI{ AHHaMl11leCKOH IlaMflTH, 6ROKH Q11~poBoro 

II 



OT6opa (no ynpaBnRIDmHM npH3HaKa.M H ~~pOBW OKHa.M), HHTe~eHChl 
3KCnepHMeHT8.JibHhlX ycTpOHCTB, HMeIDmHx HenocpeACTBeHHJID H 6y~ep
HYID CBR3b C KaHa.JIUMH MHHH-3BM. 

2. Pa3pa6oTaffil Toqetrnble rpaqiuqecKHe AHCMeH C npOH3BOnb
HOH BH6opKOH HH~PM~HH. Pe*HM BH3Ya.JIH3~HH AaHHblX BlillOnHReTCR 
napa.JinenbHO C pe*HMOM H3MepeHHR. 

3. C03AaH MJnbTHMeKCHUH KaH8.JI CBR3H H3MepHTenbHblX MOAJ
netl C aH8.JIH3aTOpaMH H3MepHTenbHOrO QeHTpa 181. C6poc HH~OpM~HH 
H3 aH8.JIH3aTopOB B MHHH-3BM ucnonb3yeTCR MR 3KcnpecC-aH8.JIH3a H 
npeABapHTenbHOH o6pa60TKH cneKTpOB. 

4. Pa3pa60TaHO npo6neMHO-OpHeHTHpOBaHHOe MaTeMaTHqecKoe 
o6ecneqeHHe H3MepHrenbHhlX MOAJnen: DIMTEP, AHO,[(, CATYPH AM pa-
6oru B pea.JibHOM MacmTa6e BpeMeHH, KOTopoe no3BOMeT aBTOMaTH3H
poBaTb c6op, HaKoMeHHe, oT6op H npocrenwyio MaTeMaTHqecKJID o6-
pa6oTey HH~OpM~HH B XOAe 3KcnepHMeHTa, oc~eCTBnRTb BHBOA AaH
HhlX Ha nepH~pHHJ-ille ycTpOHCTBa H 6a30BYJO 3BM BTOporo ypoBHR. 

5. Pa3pa60T8.Hbl nporpaMMhl BBOAa, HaKoMeHHR H COpTHpOB
KH HH~OpM~HH, KOTOpHe BKnIDqeJ-ill B COCTaB npo6neMHO-OpHeHTHpO
BaHHOH cHcTeMbl CITOPC 6a30BOH 3BM BToporo ypoBHR. 

6. C03AaH cneQH8.JIH3HpOBaHHUH R3HK AHpeKTHB, o6ecnequBa
~HH pa6oTy 3KCnepHMeHTaTopa C MHHH-3BM H3MepHTenbHblX MOAJnen 
B pe~HMe AHa.Jiora. Ha6op HHTepaKTHBHbDC npHKMOB (HHCTPYKQHH) Bhl
AaeTcR 3KCnepHMCHTaTopoM C TepMHHa.Jia, B KaqecTBe KOTOporo He-· 
nonb3yercR Tenerann. 

?. Paapa6oTaHhl nporpaMMHble cpeACTBa oT6opa H c~aTHR 
3KcnepHMeHT8.JibHOH HH~OpMaQHH (MeTOAH QH~pOBblX OKOH H acCOQHa
THBHhlX 30H). 0T6op BhlilOnHReTCR C MHHHM8.JibHW BpeMeHeM noHCKa 
none3HHX AecKpHnTopoB B o6meM o6DeMe MHoroMepHoro pacnpeAeneHHR. 

8. HaHAeHO HaH6onee onTHM8.JibHOe pacnpeAeneHHe'<pyHKQHH 
Me~ annapaTHW H nporpaMMHHMH cpeACTBaMH H3MepHTenbHhlX CHCTeM. 

ill. Paspa6oTaHJ-ille aBTOpOM H3MepHTenbffile MOAJnH BHeApeHl:l B 
npaKTHKY ~H3aqecKHX 3KCnepHMeHTOB ]a6opaTopHH fiAepHbIX peaKQHH 
Olliil1, 6onbmHHCTBO KOTOpbIX npOBOAHTCR Ha nHHHH C 3KCnepHMeHT8.Jib
ffilMH ycTaHOBKaMH Ha nyt1Kax TSilltenblX HOHOB ycKop~renetl Y-300 H 
Y-200. 
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