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OBl!lAH XAPAKTEPHCTHKA PABOThl 

\ 
AKTYAflhHOCTh PABOThl. HHT8HCHct,HKBUH.fl HBY'IHblX 

HCCJ10ll0B8HH,H, YCJIOJl(HSHHe CHCTSM c6opa, o6pa60TKH, aHaJlH38 H 

npe;llCTBBJleHH.fl llBHHblX cl>H31i'I0CKHX 3KcnepHMeHTOB C OllHOH 

CTOpOHbl,. H ,no.f!BJ18HHe B cepe;llHHe 80-x ronoa nepcoHBJlbHblX 

KOMnbtoTepoB (IlK), B 'I8CTHOCTH, T.H. IBM PC - COBMeCTHMblX 

MBblHH, nony<IHBblHX H8H60Jlbblee 
0

pacnpocTpaHeHHe,. C npyroii, 

npHB0JlH K H006XOllHMOCTH pa3pa60TKH KOHuenuHH H M8TOll0B ,' HX 

npHMSH8HH.fl B H8Y'IHblX HCcnenoBBHH.flX,,, , KOTOpble no3B0JlHJlH 6bl 

Ha116onee sct,ct>eKTHBHO Hcnon&3oBaTb noTeHuHan&Hble B03MOJl(HOCTH 

3T~X Bbl'IHCJlHT8JlbHblX cpencTB H onpenenHJIH 6bl O!ITHMBJlbHYIO 

CTpyKTYPY H3MepHT8JlbHblX7CHCTeM. 
. cl>aKTOpOM, cnepJl(HBaBaBIIIHM HCnOJib30B8HH8 nK 6b1Jl0 

OTCYTCTBHe annapaTHblX H nporpaMMHblX cpencTB,, opHeHTHpOBBHHblX 
Ha on-line npHMeHelJH.fl.,, D03TOMY aKTyanbHOH . .flBJl.f!JlBCb 

pa3pa60TKa npo6neMHO ,-, OpHeHTHpOBBHHblX sneKTPOHHblX Monyneli:, 

o6nanatoblHX onTHMBJlbHOH cl>YHKUHOHBJlbHOH CTpyKTypoH . llJl.fl, 

p83JlH'IHblX Knaccoa 38ll8'I B KOHKpeTHblX ycnOBH.flX nHcl>. 

Peb10HH8 3THX npo6neM no3BOnHno C03ll8Tb annapaTypy H 

nporpaMMHOe o6ecne<IeHHe llJl.fl , pebleHH.fl T8KHX 8KTyanbHblX 

4>H3H'I8CKHX ,38ll8'I, KaK llHBrHOCTHKa T8XHH'I8CKOro COCTO.f!HH.fl 

Y3JIOB H HccnenoaanHe napaMeTpOB ', 6a30BOH ycTaHOBKH nHcl> 

peaKTOpa HBP-2, npoaeneHH.fl pa60T no HCCJ18ll0B8HHIO CTPYKTYP 

opraHH'ISCKHX H HeopraHH'I8CKHX (B TOM 'IHcne, BTCD) o6pa3UOB 

MSTOllOM. HSHTPOHHOH H peHTreHOBCKOH llHct,paKUHH, 

apeM.RnponeTnoro HccnenoaaHH.fl KBB3Hynpyror6 pacce.RHH.fl 

n,eiiTpOHOB Ha ,peaKTOpe HBP-2 C npHM0H0HH8M KOpenn.RUHOHHOH 

M0TOllHKH. 

Pa60Tbl,' nonoixeHHble B OCHOBY, llHCCepTBUHH, BblnOJlHSHbl B 

COOTBeTCTBHH c npo6neMHO-TeMaTH'I0CKHM nnaHoM HBY'IHO 

HCcnenoaaTeJlbCKHX, pa60T H M0Jl(llyHaponHoro COTPYllHH'ISCTBa 

OHHH. 

UEnh · PABOThl 3aKnto<Ianacb. B onpeneneHHH npHHUHnOB 

nocTpOeHH.fl H3MepHT0JlbHblX CHCTeM Ha 6838 nepCOHBJlbHblX 

KOMnbtoTepoB,. H s4>4>eKTHBHO peanH3yeMblX anropHTMOB HBKonrieHH.fl 

sKcnepHMSHTan&HblX nanHblX, H a C03llBHHH Ha sToii ocuoae 

pa3pa60TOK sneKTpoHHOH annapaTypbl H nporpaMMHoro o6ecne<IeHH.fl 
llJl.fl, p.Rna . i, aBTOMBTH3Hp0B8HHblX llHBrHOCTH'I8CKHX H 

HCCJl0llOB8T8JlbCKHX CHCTSM nHcl>. 
. HAYqHAH HOBH3HA PABOThl 38KJ1IO'I88TC.fl B cnenytobleM: 

C03llBHO C~MeHCTBO opHI'HHi3JlbHblX · npo6neMHO-

OpHeHTHpOBaHHblX H3MepHT8JlbHblX H ynpaBJl.fllOblHX , 3Jl8KTpOHHblX 

MO;llynef.i :nn.fl CHCTeM 8BTOMBTH38UHH, 6a3HPYIOlllHXC.fl Ha DK, 

OT;lleJlbHble.·TeXHH'IeCKHe pe111eHH.fl naT8HTHO' 381llHlll8Hbl; 

pa3pa60TaH, P.flll nporpaMMHblX H 
HHCTPYMSHTBJlbHblX cpencTB llJl.fl o6ecne<IeHH.fl 

annapaTypbl H nporpaMMHoro o6ecne<IeHH.fl; 

T8XHH'I0CKHX 

pa3pa60TKH 

anepBble pa3pa6oTaHa cHcTeMa ynpaaneHH.fl llJlSI 

DK, p8HTI'0HOBCKHX llHct>paKTOMeTpOB THna: llPOH-3 Ha 6a3e 

I
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noBblCHBWaH peanhHyro pa3pewarowyro cnoco6HocTb ycTaHOBKH no 
cpaBHeH:uro c 3asoncKoH; 

- snepsble B OHHH pa3pa60TaHa KOMnbroTepHaH CHCTeMa nnH 
n:uarHOCTHKH TeXH:nqecKoro. COCTOHHHH nonBHllCHOro OTpallCaTenH 
peaKTOpa HBP-2, OCHOBaHHaH Ha MeTon:uKe H3MepeHHH c:urHanoB 
s:u6pau:u:u H aHan:u3a irn6pau:uoHHbIX cneKTpos; 

- snepBhle pa3pa6oTaHa BblCOK03¢¢eKTHBHaH CHCTeMa nnH 
:uccnenosaHHH cneKTpOB HeHTpOHOB yTeqKH H nepexonHblX 
npoueccos s Kp:uoreHHOM 3aMenn:uTene nnH HMnynbcHoro :ucToqH:nKa 
HeHTpOHOB C :ucnonb30BaHHeM B KaqecTBe neTeKTopa 
HOHH3aUHOHHOH KaMepN neneHHH, pa6oTaroweH B TOKOBOM pei:uMe; 

.:. · pa3pa60TaHa c:ucTeMa, pean:u3yrowaH KopennHUHOHHbie 
H3MepeHHH BH6paUHOHHblX xapaKTepHCTHK nonsm1moro OTpallCaTenH H 
3HeprHH -HMnynbca MOl!lHOCTH, a TaKllCe TOqHbie H3MepeHHH ¢opMbI 
HMnynbca MOl!lHOCTH peaKTOpa HBP-2; 

- snepBble B OHHH 003naHa. CHCTeMa aBTOMaTH3HpOBaHHOro 
yqeTa TennosoH 3Hepr:u:u. 

IlPAKTHqECKAH 3HAqHMOCTb PABOThl. Ha OCHOBe nposeneHHblX 
asTopoM pa3pa6oTOK H :uccnenosaHHH 003naHa annapaTypa H 
nporpaMMHOe_o6ecneqeH:ue n:uariiocT:nqecKHX :u :uccnenosaTenbcKHX 
CHCTeM, c noMOl!lbro KOTOpbIX . 6binH: 

KOMnbroTepHOH 
oTpaxaTenH 

cneKTpOB, 

- snepBbI0 ocywecTBneHa 803MOllCHOCTb 
n:uarHOCTHKH TeXH:nqecKoro COCTOHHHH nonBHllCHoro 
peaKTOpa HBP-2,· nonyqeHa 6a3a naHHbIX BH6pau:uoHHbIX · 
06HapyllCeH nporpecc:upyrol!lHH ne¢eKT onHoH H3 neTaneH; 

- . H3MepeHbl _ cneKTpbl TennoBbIX H0HTpOHOB, BbIXonHIIlHX C 
nosepxHocT:u sonHHoro 3aMenn:uTenH peaKTopa HBP-2, :uccnenosaHbl 
cneKTpbl: H TeMnepaTypa HeHTpOHOB B KpHoreHHOM MeTaHOBOM 
3aMenn:uTene; 

:uccnenosaHbl H0HTpOHHO-¢H3HqecKHe xapaKTepHCTHKH 
Kp:uoreHHoro 3aMenn:uTenH, nposeneH KOMnneKc 3Kcnep:uMeHTanbHblX 
:uccnenosaHHH no,-Bbixony TennoBbIX :u xononHbIX HeHTpoHos c ere 
nosepXHOCTH, :u3yqeHa CTa6HnbHOCTH cneKTpa 3MHCCHH. HeHTpOHOB 
s npouecce 3KcnnyaTau:u:u 3aMenn:uTenH; 

- snepBbie nonyqeHHbI naHHbie :u pe3ynbTaTbI no :uccnenosaHHro 
n:uHaMHKH · cneKTpa HeHTpoHos s pa3n:nqHbJX nepexonHbIX npoueccax, 
npo:ucxonHIIlHX B TBepnoM MeTaHe, KOTOpble·HMeroT BallCHOe 3HaqeHHe 
nnH onTHMH3aUHH KOHCTPYKUHH 3aMenn:uTenH H noBbIW0HHH ere 
6e3onacHocTH; 

·· - nposeneHbl 3KcnepHMeHTbl no_ :uccnenosaHHro KBa3:uynpyroro 
pacceHHHH H0HTPOHOB Ha peaKTOpe HBP-2 c npHMeHeH:ueM 
KOpennHUHOHHOH MeTonHKH; -

-:- nposeneHbl cTpyKTY pHbie :uccnenosaHHH 06pa3uos MeTonoM 
peHTreHOBCKOH n:u¢paKUHH s paMKax npoeKTa N421 
rocy;napcTBeHHOH nporpaMMbI "BbICOKOTeMnepaTypHaH 
csepxnposon:uMocTb"; 

/ - nposeneHbl CTPYKTypHble :uccnenosaHHH Ha pHne H0HTpOHHbIX 
n:u¢paKTOMeTpOB nH~; 

- aBTOMaTH3HpoBaH yqeT TennoBOH 3HeprHH B nH~. 
Co3naHHble aBTOpOM pa3pa60TKH npHMeHHilHCb B OHHH, a 

TaKllCe B HayqHbJX ueHTpax Pocc:u:u: H~Til (ny6Ha), MrY, HHKH3T 
( MOCK Ba) :u CTpaH-yqacTHHU: HHH AH YKpaHHbI (Kues), HHHH3 BAH 
(Co¢HH), UH~H (BynanewT). ~...,.----..... ----~~-... ..._ .......... _... ..... ____ ,. ,, ....... ~,, 
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AilPOBAUHH PAEOTbl. Pe3ynbTaTbl, nonoxeHHble. B OCHOBY 
n:uccepTau:u:u, o6cyxnan:ucb Ha HayqHbJX ceMHHapax nH~ :u nHn 
OHHH, noKnanbIBan:ucb Ha XII MexnyHaponHoM CHMn03HyMe no 
HnepHOH 3neKTpOHHKe (HPB,1988), IX neTHeH WKOne no
np:uMeHeH:uro BbJq:ncn:uTenbHOH TeXHHKH B ¢H3HKe (qC~P,1991), VII 
CHMn03HyMe no np:uMeHeHHro MHKpOKOMnbroTepoB H MHKponpoueccopoB 
(BP,1992), MexnyHaponHoH cosewamiH no .nporpaMMHposaH:uro H 
MaTeMaTttqecKHM MeTonaM ·peweHHH - ~:u3:nqecKHX '3anaq 
(ny6Ha,1993), MellCnyHaponHoM ,ceMHHape no HMnynbCHblM 
HeHTpOHHblH HCTOqHHKaM PANS~II (lly6Ha,1994). 

3TH MaTep:uanbl 6blnH ony6nHKOBaHbl KaK B BHne C0061!l8HHH 
OHHH H MaTep:uanos. MexnyHaponHblX CHHn03HYMOB H cosewaHHH, TaK 
H B OTeqecTB0HHbIX H . :iapy6ellCHblX xypHanax ( Ilp:u6opb1 H T0XHHKa 
3KcnepttMenTa, AToMHaH ·:ilHepr:uH, Magyar Electrotechnika) • 
OTnenbHbie T0XHHqecKH8 peweHHH 3al!lHIIl8Hbl . aBTOpCKHH 
csunenbCTBOM CCCP :u naTeHTOM BeHrepcKOH Pecny6nHKH. Beere no 
MaTep:uanaM n:uccepTau:u:u ony6nHKOBaHo 19 pa6oT. 

CTPYKTYPA PAEOThl.: n:uccepTau:uH cocToHT H3 sseneHHH, nHTH 
rnaB, 38KnroqeHHH,- cn:ucKa n:uTepaTypbl. 061!lHH 06'beM pa60Tbl 
COCTaBnHeT 119 CTpaHHU, BKnroqaH 18 p:ucyHKOB. CnHCOK 
IlHTepaTypbI conepllCHT 97 HaHM8HOB8HHH. 

COAEP)KAHl-lE_PABOTbI 

Bo BBEllEHHH 060CHOB8Ha 
c¢opMyn:uposaHbl uenb, HayqHaH 
3HaqHMOCTb pa60Tbl, naHO KpaTK08 
rnasaM. 

I 

aKTyanbHOCTb pa60Tbl~ 
HOBH3Ha H npaKTHqecKafl 

conepllCaH:ue n:uccepTaUHH no 

B rnaae 1 npoaeneH o63op nocTOHHCTB :u nenocTaTKOB IlK c 
TOqKH 3p8HHH HX on-line npHMeHeHHH. HccnenosaHbl 
¢YHKUHOH8IlbHble oco6eHHOCTH CHCT8MHOH 3Il0KTpOHHKH IlK, 
0600HOB8Hbl B03MOllCHOCTH nepepacnpeneneHHH. pHna ~YKUHOH8IlbHblX 
3anaq Mexny ero H TpanHUHOHHOH H3M0pHT0IlbHOH annapaTypoH, C 
peanH3aUH0H HX C noMOIJlbro cneu:uanH3Hp0B8HHOH nporpaMMHOH 
nonnepllCKH Ha IlK npH 003naHHH aBTOM8TH3HpoaaHHbIX CHCT_eM 
peanbHoro apeMeHH. 

TpanHUHOHHblM CTaHnapTOM nnH co3naHHH CHCTeH 
aBTOMaTH3aUHH B OHHH HBnHeTCH CTaHnapT KAMAI{ •. C npyroH 
CTOpOHbl, cywecTByeT pHn 3anaq, nnH aBTOM8TH38UHH KOTOpblX 
npHMeHen:ue Mar:ucTpanbHO-MOnynbHblX CHCT8M HBnHeTCH 
H36blTOqHblM. -Il03TOMY B Tex . cnyqa.slx, icorna Ha6op <l'YHKUHH, - a:un 
H rpaHHUbl H3MepHeMblX napaMeTpOB MOJ«HO nocTaToqno TOqHo H 
nonHo on:ucaTb onpenenHTb 3apanee, Kon:uqecTBO ux Hesen:uKo, H 
pecypcbl caMoro IlK (6blCTponeHCTBHe, naMHTb) nocTaToqHbl, 
uenecoo6pa3HO HCilOilb30B8Tb npo6neMHO-OpH0HTHpOBaHHbl8 MOnynH, 
BblnonHeHHbie B CTaHnapTe 3Il8KTpOHHKH IlK. TaKHe Monyn:u MoryT 
6b!Tb nocTaToqHo yHHBepcanbHbIMH, npH 3TOM 3neKTpOHHKa 
CHCT8Mbl, cnyllCal!laH nnH CBH3H HenocpencTB8HHO C o6'beKTOH 
ynpasneHHH HnH: H3MepeHHH MoryT pacnonaraT&CH BH8 IlK~ B 
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KaKOM-nH60 npOH3BOllbHOM nH60 CTaHnapTHOM KOHCTPYKTHBe. B 
ycnOBHHX OIUIH TaKHM KOHCTPYKTHBOM MOlKeT 6bITb KAMAK, TaK KaK 
HMeeT C06CTBeHHblH 6nOK nHTaHHH H n03BOnHeT HCnOllb30BaTb 
MHOlKeCTBO pa3pa6oTaHHblX paHee 6nOKOB. 

B HaCTOH11tee BpeMH pHn KpynHblX . 3apy6elKHbIX 4>HPM BblilYCKaeT 
cneuHanH3HpoBaHHble·MonynH nnH IlK, BbmonHeHHble c npHMeHeHHeM 
coBpeMeHHblX TexflonorHii, 6naronapH qeMy HX Hcnonb3oBaHHe B 
pHne cnyqaeB MOlKeT OKa3aTbCH uenecoo6pa3HbIM ~ OnHaKO 
6onblllHHCTBO npoH3BOnHTeneii opHeHTHpyeTCH Ha MaCCOBble, qa11te 
Beere npOMbllllneHHble npHMeHeHHH,, H He yqHTblBaroT cneuH4>HKH 
CHCTeM aBTOMaTH3aUHH 4>H3HqecKHx' , 9KCnepHMeHTOB B ycnoBHHX 
pa3nHqHblX HayqHblX . ueHTpOB, no9TOMY pa3pa60TKa 4>YHKUHOHanbHblX 
Monyneii B cT'aHnapTe' :aine'KTpOHHKH IlK ' HBnHeTcH' aKTyanbHOH 
3anaqeii. · ' · · 

B ·naHHOH r'.naBe 060CHOBaHa onTHManbHaH 4>YHKUHOHanbHaH 
. CTpyK-rypa npo6neMHo'- opHeHTHpoBaHHblX Monyneii nnH pa3nHqHblX 
KnaccoB ,3anaq B KOHKpeTHblX ycnOBHHX nHtl>. . IlpoaHanH3HpoBaHbl 
nonxonbI KaK K nocTpoeHHID CHCTeM,. 6a3Hpyro11tHXCH Ha, MonynHX B 
CTaHnapTe :aineKTpOHHKH IlK, Ta,K 'H nepcneKTHBHblX pacnpeneneHHblX 
CHCTeM aBTOMaTH'.;laUHH, OCHOBaHHblX Ha HOBbIX :aineKTpOHHblX 
CTaHnapTaX H ceTeBblX CTPYKTypax. 

IlpennolKeHbl KOHKpeTHble cpencTBa H nyTH npHMeHeHHH 
MeTOJJ;OB nporpaMMHOH 9MynHUHH, opraHH3aUHH napannenbHblX 
acHHXpoHHblX npoueccoB, pacnpeneneHHoro HHTenneKTa, npHHUHnoB 
4>YHKUHOHanbHOH nonHOTbl H npeeMCTBeHHOCTH annapaTHOro H 
nporpaMMHoro o6ecneqeHHH. · · 

II 

rnABA 2 noCBHllteHa onHCaHHID ceMeHCTBa pa3pa6oTaHHblX 
4>YHKUHOHanbHblX :aineKTpOHHblX Monyneii. 

Pa3pa6oTaHHblH Monynb BBona-BblBOJJ;a aHanorOBOH H UHcl>pOBOH 
HHcl>OpMaUHH' coneplKHT H3M0pHTenbHblH 10-pa3p.RJJ;HblH AUil C 
8-'KaHanbHbIM aHanoroBbIM 11ynbTHnneKcopoM na Bxone, · 2 KaHana 
12-pa3pHJJ;HblX UAil, ' nporpaMMHpyeMblH TaiiMep-cqeTqHK 'H 
~apannenbHblH. HHTep4>eiic. CqHTblBaHHe '. naHHblX C AUil MOlKeT 
npOH3BOJJ;HTCH no nporpaMMHOMY KaHany, . no npepb!BaHHHM H no 
KaHany npHMoro noc-ryna K naMHTH (DMA). 

OnHcan BnepBbie pa3pa6oTaHHbIH Monynh, npenHa3HaqeHbIH nn51' 
cqeTa BHelllHHX C06bITHH, TaHMHpOBaHHH, . reHepHpOBaHH51 
nocneJJ;OBaTenbHOCTeH HMnynbCOB, H3MepeHHH HHTeHCHBHOCTH H 
qacTOTbl, a TaKJKe ynpaBneHHH HcnonHHTenbHblMH MeXaHH3MaMH H 
BHelllHHMH ycTpOHCTBaMH npH noMOIJlH napannenbHoro HHTep4>eiica. 

Monynb ' coneplKHT 6 He3aBHCHMblX nporpaMMHpyeMblX 
16-pa3p51JJ;Hb1X cqeTHblX HnH TaHMepHblX KaHanoB, HMeID11tHX 
nporpaMMHpyeMyro norHKY o6paTHOH CBH3H H B03MOlKHOCTb' HX 
KaCKaJJ;HpoBaHHH;. annapaTHyro KOHcl>HrypauHro H nporpaMMHblH Bbl6op 
pelKHMOB pa60Tbl, a TaKlKe napanenbHblH HHTep4>eiic c 
nporpaMMHpyeMblMH BXOJJ;HbIMH-BblXOJl;HblMH nHHHHMH H' annapaTHOH 
KOH4>HrypauHeH 6y4>epoB. 

Monynb nerKO " ananTHpoBaTb nnH ·pa3nHqHblX npHMeHeHHH, 
HanpHMep, B KaqecTBe HHTeHCHMeTpa HnH BpeMeHHOro 
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KOJJ;HpOBlltHKa. TexHHqecKoe pellleHHe MonynH 3a11tH11teHO ABTOpCKHM 
CBHJJ;eTenbCTBOM CCCP. 

]lnl'I o6ecneqeHHH BblCOKOCKOpOCTHOH nepenaqH HHcl>OpMaUHH 
MelKJtY IlK H BHelllHHM ycTpOHCTBOM naHHblX BnepBble 6bln pa3pa6oTaH 
MHoro4>yHKUHOHanbHbIH napannenbHbIH HHTep4>eiic MULTI, HMero11tHH 
nporpaMMHpyeMyro pa3pHJtHOCTb, ynpaBnHeMoe HanpaBneHHe 
nepenaqH naHHblX c' B03MOlKHOCTbID pa60Tbl no KaHany DMA. 
KOHCTPYKTHBHOe HcnonneHHe MULTI npenycMaTpHBaeT B03MOlKHOCTb 
paclllHpeHHH era 4>YHKUHH H HaHnyqlJleH ananTaUHH K 3anaqaM 
nonb30BaTenH C noMOIJlbID nononHHTenbHblX "on-board" Monyneii. 
TaKHM o6pa3oM'; 'B03MOlKHbl nBa OCHOBHblX cnoco6a Hcnonb30BaHHH 
naHHoro HHTep4>eiica: 

- 0611eii 4-6aiiTHblMH cnoBaMH MeJKny nK H o6"beKTOM npH 
noMOIJlH npocToro.Handshake - npoToKona; 

- npHMeHeHHe MULTI C nononHHTenbHblMH on~board MonynHMH, 
coneplKalJlHMH noncHcTeMbl nnH pellleHHH cneuHanbHOH 3anaqH 
nonb30BaTenH. 

TexHHqecKoe pellleHHe HHTep4>eiica 3a11tH11teHo naTeHTOM 
BeHrepcKOH Pecny6nHKH. 

Pa3pa6oTan cornacyro11tHH Monynb Baby-106, 3MynHpyro11tHH 
CHrHanbl yceqeHHOH 0611teH lllHHbl . ( UNIBUS ) , qTo no3BOnHeT 
nonKnroqHTb K MULTI KaK KpeiiT-KOHTponnep KAMAK KK106, TaK H 
npyrHe ycTpOHCTBa, a~napaTHO COBMeCTHMble C UNIBUS. 

]lnH CB513H IlK C npH6opaMH H ycTpOHCTBaMH, Hcnonb3YIDIJlHMH 
lllHHY CTannapTa IEEE-488, 6bm pa3pa6oTaH Monynb nnl'I 
HHTep4>eiica MULTI Baby-488. 

IlpaKTHKB noKa3ana, qTQ npHMeHeHHHe B pa3pa60TKaX 
onHcaHHoro B rnaBe 1 MeTona nporpaMMHo-anriapaTHOH, :aiMynHUHH 
o6ecneqHBaeT BbICOKYID ananTHBHOCTb HHTep4>eiica . nnH lllHpOKoro 
pHna npHMeHeHHH. 

' . 
Ha 6a3e OJl;HOKpHCTanbHOH MHKpo-3BM 6bln pa3pa6oTaH 

MHKpOKOHTponnep ' nnH C03JJ;aHHH noKanbHblX H3MepHTenbHblX H 
ynpaBnHIDIJlHX noJJ;CHCTeM, xapaKTepH3YIDlllHHCH . ,npoCTOTOH 
annapaTHOH qacT,H, OTKpbITOCTbID nnH 4>YHKUHOHanbHblX paClllHpeHHH, 
HannqneM cpencTB KOMMYHHKaUHH. 

III 

B rnaBe 3 paccMaTpHBaroTC51 nporpaMMHble 6H6nHOTeKH, 
pa3pa6oTaHHble nnH nonneplKKH pa3pa6oTaHHblX :aineKTpOHHblX 
Monyneii H BHelllHHX ycTpOHCTB B 3anaqax peanbHoro BpeMeHH·, a 
TaKlKe HHCTpyMeHTanhHble TexunqecKHe cpencTBa H nporpaMMbl, 
o6ecneqnBarolJlHe :a,4>4>eKTHB·uyro pa3pa6oTKY H oTnanKy annapaTypbl. 

C03JJ;aHHble .nporpaMMHble 6H6nHOTeKH o6ecneqnBaroT 
npHKnanHOMY nporpaMMHCTY Ha H3bIKe BblCOKOro ypoBHl'I 
MaKCHManbHble B03MOlKHOCTH no rny6oKOMY H nonHOMY 
Hcnonb30BaHHID pecypcoB IlK, OCB060JJ;HB ero OT He06XOJlHMOCTH 
H3yqenHH MalllHHHO-, 'opHeHTHpOBaHHblX H3blKOB H pa3nHqHf,IX 
cneun4>HqecKHX oco6eHHOCTeH CHCTeMbl. 

Ha ocHoBe :aiTHX 6n6m10TeK 6blno pa3pa60Tano nonHo·e 
TecToBoe o6ecneqeHHe nnH nacTpoiiKH H npoBepKH 
4>YHKUHOHHpOBaHHH Bcex, pa3pa6oTaHHblX Monyneii, ·a TaKJl(8 C03JJ;aHbl 
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nporpaMMbl nnH pHna CHCTeM aBTOMaTH3aUHH, onHcaHHbIX B 
nocnenyro1I1HX rnasax. 

nnH pa6oT no HacTpoiiKe Monyneii H nnH co3naHHH 
nononHHTenbHoro o6opynosaHHH Ha IIIHHe nK 3a' npenenaMH 
CHCT8MHoro 6noKa 6bln pa3pa6oTaH 34>4>eKTHBHblH cepBHCHblH ·Monynb 

paCIIIHpHTenb IIIHHbl nK, C nOMOlilbID KOToporo 6&mH pa3pa6oTaHHbl 
H oTnalKeHbl see onHcaHHble B rnase 2 ¢yHKUHOHanbHble 6noKH. 

llnH'co3naHHH ManblX CHCTeM aBTOMaTH3aUHH, opraHH3aUHH 
pa6o•mx MeCT H pHna npyrHX npHMeHeHHH, Tpe6yro1I1HX 
Hcno.nb30BaHHH C:TaHnapTa KAMAK, HO 3aHHMaIDIIIHX nHWb He6onbW00 
'IHCno CTaHUHH, snepsble 6blnpa3pa6oTaH H BHenepeH B Onb!THOM 
npOH3BoncTBe OH~H nepeHOCHOH KOMnaKT-KpeiiT KAMAK C 
HCTO'IHHKOM nHTaHHH, coneplKalllHH 7 CTaHUHH, . 061,enHHeHHblX 
yce'leHHOH MarHCTpanbID KAMAK. . . 

B COOTBeTCTBHH c pa3pa6oTaHHblMH B rnaBe 1 nonxonaMH K 
Hcnonb30BaHHID cpencTB . 88TOMaTH'l8CKOro npoeKTHpoBaHHH 
3Il8KTpOHHOH annapaTyp&I, 6&m co3naH . ' pHn nporpaMMHblX YTHnHT 
nnH ¢opManbHOro KOHTponH npHHUHnHanbHblX cxeM H reHepauHH 
OT'leTOB, a TaKlKe aBTOMaTH3aUHH HHTep¢eiica MelKny pa3nH'IHblMH 
naKeTaMH CAnP. 

IV 

8 rnase 4 onHCbIBaIDTCH H3MepHT8IlbHble CHCT8Mbl nnH 
nHarHOCTHKH TeXHH'l8CKOro COCTOHHHH y3n0B H HccnenoBaHHH 
napaMeTpos ocHos1ioii 6a3osoii ycTanoBKH nHcI> - peaKTopa HBP-2, 
C03naHHbie npH HenocpencTB8HHOM y'laCTHH aBTOpa Ha OCHOBe 
onHCaHHbIX B npen&1ny1I1HX rnasax npHHUHnOB Ii pa3pa60TOK. 

OnHHM .H3 OCHOBHbIX . y3n0B peaKTOpa . HBP-2 HBnHeTCH 
MonynHTOp peaKTHBHOCTH, T. H. nonBHlKHblH OTpalKaTenb (no) • 
H3B8CTHO, 'ITC HeHcnpaBHOCTH poTaUHOHHbIX MalIIHH, KaKOBblM 
HBnHeTC.H no, OKa3bIBaIDTCH onnoii H3 OCHOBHbIX npH'IHH npocToee Ii 

asapHHHblX CHTyauHH CHnOBbIX ycTaHOBOK. . BeCbMa. HH¢opMaTHBHOH 
nnH o6mi°py)l(eHHH pa3BHBaro1I1erocH ne4>e~Ta HBnHeTcH MeTonHKa, 
OCHOBaHHaH Ha a.HaJIH3e BB6paUHOHHbIX cneKTpOB. C ee noMOlilbID 
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MOlKHO nony'laTb npenynpenHTenbHYID HH¢opMaUHID Ha caMbIX paHHHX ), 
CTanHHX B03HHKHOB8HHH noTeHuHanbHbIX HeHcnpaBHOCTeH, HHorna 
3a HeCKOilbKO MeCHUeB no MOMeHTa pa3pylileHHH neTanH, B KOTOpOH 
Ha'lan pa3BHBaTbCH ne¢eKT. -

naHHaH MeTonHKa nelKHT B ocHoBe pa3pa6oTaHHOH 
KOMnbIDTepHOH nHarHOCTH'leCKOH CHCT8Mbl. ·.CHCTeMa COCTOHT H3 
Ha6opa nepBH'IHblX naT'IHKOB - aKcenepoMeTpOB c 
npenycHnHTenHMH, 6noKa ¢HnbTpOB , . HlilKHHX 'laCTOT c 
nporpaMMHpyeMbIM ycHnHTeneM ' Ii nK. C ycTaHOBneHHblM B HeM 
MonyneM aHanorosoro H UH<l>poaoro ssona-Bb!Bona, onHcaHHbIM B 
rnaae 2. C'IHTbIBaHHe naHHblX AUn no KaHany OMA o6ecne'IHBaeT 
MaKCHManbHoe 6&1cTponeiicTBHe. npH nepena'le naHHbIX H nonycKaeT 
Hcnonb30BaHHe B CHCTeMe nK nalKe caMbIX MnanlIIHX ·Moneneii • 

0CHOBOH nporpaMMHOrO o6ecne'leHHH H3MepeHHH HBnHeTCH 
pa3pa6oTaHHaH aBTOpOM nporpaMMa" NOISE, no3BOnHIDIIlaH 
npOH3BOnHTb H3MepeHHH B nonyaBTOMaTH'leCKOM H aBTOMaTH'l8CKOM 
pelKHMax Ii npencTaBnHTb HH¢OpMaUHID B rpa¢H'l8CKOM Bline C 
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rHc.J. ,[(1maMHKa pa3BIITIDI BH6pall;lIOHHhlX <l>yp1>e-cneICTpOB, CIDIThIX C 

o.u;ttoro ll3 .u;aT'IlIKOB, YCTaHOBJieHHblX Ha pe,n;yKTope IIO)];BIDKHOro OTpaJKaTe.IDI, 

C 1991 ITO 1994 ro,u;bI; Ha TOIIOrpaMMe lI306paJKeHa IIOCJie)];OBaTCJibHOCTb ll3 32 
crreICTpoB. 
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11 TBep;noil: KOnHeil:" npOTOKOna ;llHarHOCTHKH. 
Pa6oTa_c ;naHHOB CHCT0MOB 3aKnwqaeTCH B nep0o;n0qecKOM 

H3MepeHHH BH6paUHOHHblX cneKTpOB c nocnenyWIIlHM HX 
cpaBHHT01IbHhlM aHa1IH30M. Ha OCHOBe 03yqeHHH KOHCTPYKUHH H 
aHa1IH3a ;llHHaM0qecKoro HarpylKeHHH no 6bl1IO ycTaHOBneHO 
COOTBeTCTBHe cneKTpanbHblX COCTaBnHWlilHX TeM H1IH HHhlM 
MexaH0qecKHM y3naM H neTanHM. B cnyqae nnaBHoro H Me;nneHHorq 
noBhllileHHH ypoBHH BH6paUHB _MOlKHO CYAHTb O CKOpOCTH pa3BHTHH 
ne~eKTa H oueHHBaTb BpeMH 6e3onacHOB 3KCnnyaTaUHH ycTaHOBKH. 
np0 BHe3anHOM H 6hlCTpOM noBhllileHHH ypoBHH BH6pau00 He06XO;llHMO 
npennpHHHMaTb onepaTHBHhle Mephl. TaK B KOHUe 1993 rona 
CHCTeMOB 6bl1IO o6HapylKeHO KaK noBbllileHHe ypoBHH BH6pau00 B 
o6nacTH qacToT 90 H 140 ru, TaK H 061Ilee noBbJMeHHe 
BH6paUHOHHoro ~OHa (pHc.1). naHHaH T0H;ll0HUHH 6hl1Ia 
HHTepnpeTHpoBaHa KaK nporpecc0pyw1IlHB ne~eKT onopHoro 
no;nMHnHHKa, Ha OCHOBaHHH qero B MapTe 1994 rona 6hlna 
npOH3Be;neHa OCTaHOBKa · peaKTOpa ;ll1IH 3aMeHbl no. 

nnH H3MepeHHH cneKTpOB H TeMnepaTypbl TennOBblX Heil:TpOHOB 
BO;llHHOro H KpHoreHHoro MeTaHoBoro 3aMe;ll1IBTeneil: Ha HMnynbCHOM 
peaKTOpe HBP-2 H006XO;llHMO 6hl1IO 0cno1Ib30BaTb TOKOBblB pelKHM 
pa6oThl Heil:TpOHHoro ;neTeKTopa, TaK KaK Tpan0u00HHaH TeXHHKa 
H3MepeHHH cneKTpOB TennoBblX Heil:TpOHOB no BpeMeHH nponeTa, 
OCHOBaHHaH Ha perHCTpaUHH OT;lle1IbHblX HMnynbCOB c H8BTpOHHOro 
;neTeKTOpa, Tpe6yeT 3Haq0Te1IbHOro BpeMeHH, H no 3TOB np0q0He 
CTaHOBHTCH npaKTH'ieCKH Henpl-trO;llHOB ;ll1IH Hccne;noBaHHH 
Ma1IOHHTeHCHBH_OB . o6naCTH · cneKTpo'B C. ;ll1IHHOH B01IHhl 10-20 H1IH 
6onee·aHrcTpeM~ · 

nnH .3Toro _6hma C03;1laHa sct,~eKTHBHaH H3MepHT81IbHaH 
c00TeMa, ocHc,BaHaH mi MeTo;nHKe • ToqHoro .•.• H3MepeHHH · ~opMbl 
TOKOBOrO•HMnynbca neTeKTopa. CHCTeMa nocTpOeHHa' Ha OCHOBe 
cneu0anbHO, pa3pa60TBHHOH HOHH38UHOHHOB KaMephl neneHHH, 
perHCTpHpywlllefi, 31I0KTpOHHKH . H I nK, coneplKalllero . cmHcaHHblH B 
rnaBe '2 Mo;njnb attanoroBoro H UH~poBoro BBo;na-BhlBo;na. 

·cneKTp TermOBbl~ Heil:TpClHOB H3Mep511ICH Ha paccTOHHHH 5. 55 
MOT noBepXHOCTH 3aMe;ll1IHT01IH, OKpylKaWIIlero aKTHBHYW 30Hy. 
TeMnepaTypa BO;llHHOro 3aM8;1l1IHTenH npH ; pa6oTe peaKTOpa Ha 
cpe;nHeil: MOlilHOCTH 2 MBT ' paBHHnacb 300 K, a 1• TeMnepaTypa 
KpHoreHHoro 3aMe;ll1IHTe1IH - 20' K •. CHCTeMa UH1IHH;np0qecKHX 
K01I1IHMaTopoB 03 . · Ka;llMHH · 11 npocMaTpHBana II BOW CBeTHlilYWCH 
0611.acTb · 3aMe;nn0TenH, BhJ;neneHHyio , ;nnH ;naHHoro .. Heil:TpoHHoro 
KaHana. >CHrHan HOHH3aUHOHHOB ' KaMepbl ·COOTBe,TCTBOBan 
BpeMHnponeTHOMY cneKTpy TennoBblX uefiTpOHOB ; I 

C03;1laHHaH aBTOpOM H3MepHT01IbHaH nporpaMMa TEMP BKnwqaeT 
B ce6H Beeb KOMnneKc npouenyp, pa6oTaWlilHX c annapaTypoil:~ H 
pean03yeT ToqHoe H3MepeHHe ~OpMhl TOKOBoro HMnynbca, 
HaKonneHHe, ycpe;nHeHHe, 3anOMHHaHHe H o6pa60TKY nonyqeHHOH 
HH~OpMaUHH. 

H3MepHTenbttaH cHcTeMa 06ecneq0BaeT oqeHb MHpOKHB 
;llHHaMlfqecKHB n0ana3oH: 120 nB npH H3MepeHHH TOKOBoro• 
HMnynbca cHrHana KaMephl (pHc.2). no6HTbCH TaKoro MHpoKoro 
n0ana30Ha npH 0cno1Ib30BaHHH AUn C HeBhlCOKOH pa3pH;llHOCTbW 
y;nanocb C noMOlilbW ;llHHaM0qecKoro nepeKnwqeHHH K03~~lfUHeHTa 
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Puc.2. CrreK-rp TeIIJIOBhIX HettTJ)OHOB B 3aBlfCHMOCTlf OT ,nJilfHhl BOJ!Hbl (B 
attrc-rpeMax) ,nJIH HeKOTOpbIX 3Ha'leHlfH cpe,n:tteii TeMrrepaT)'Pbl MeTaHOBOro 
3aMe,nJilfTeJIH. _nn51 cpaBHeHlfH IIplfBe,neH CIIeKTJ) HettTJ)OHOB ,nJIH IIJIOCKOfO 
BOMHOfO npe,n;JaMe,nJII1Tem1 IIplf TeMnepaT)'Pe 300 K If ero annpOKCUMaUlfH 
MaKCBeJUIOBCKHM pacrrpe,nenettlfeM. ,llaHHbie HOpMllpOBaHbl Ha O,!l;lfH . MBT 
cpe,n;Hett: MOIIIHOCTlf peaKTOpa. 

Puc.3. TonorpaMMa lf3Mettemrn cneKTJ)a yre'IKlf tteii-rpot10B c nonepxHoCTH 
MeTattonoro JaMe,nnlfTeJIH n npouecce nnattoaoro "6errca": noBhllllCHHe 
Te1>meparyph1 MeTatta c 26 K ,no 28 K, JaTeM 6bICTJ)hIH pa3orpea MeTaHa ,no 58 K 
c nocne.n.YJOIIIlfM oXJia)l()l;emteM. MoIIIHOCTh peaKTopa 2 MDT. Ha pucyttKe 
npe,ncTaBJieHO 470 nocne,n.oBaTe.TTbHO H3MepeHHhIX cneKTJ)OB B IIOJIHOM lfHTepnane 
BpeMeHlf 16 MlfH. Ka)l()l;bIH cneKTJ) 113MepHJICH TIO 4 UMIIYJibCaM MOIUHOCTH C 
rrocne.n.yioIUHM nporrycKOM 6 HMYJibCOB. no OCH a6cuncc OTJio)l(eH HOMep 
npeMeHHOfO KaHana (lllHPHHa KaHaJJa 49.8 MKC). 
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ycHneHHH axonHoro npeo6pa3oBaTenH. 
JlnH yaenHYeHHH Bb!Xona xononHblX HeHTpOHOB Ha BbIBeneHHblX 

HeHTpOHHblX nyYKaX HMnynbCHoro peaKTopa·HEP-2 6bln co3naH H 
ny1IteH B npo6Hyl0 3KcnnyaTaUHIO KpHoreHHblH 3aMennHTenb ( K3) C 
TBepnbIM MeTaHOM. C uenblO H3yYeHHH HettTpOHHO-~H3HYeCKHX 
xapaKTepHcTHK K3 Heo6xonHMO 6blno nposenecTH KoMnneKc 
3KcnepHMeHTanbHblX HCCnenosaHHH no BblXOny TennoBblX H xononHblX 
HettTpOHOB C noaepXHOCTH 3Toro 3aMennHTenH. 

Oco6blM npenMeTOM HccnenosaHHH 6blno H3yYeHHe nHHaMHKH 
H3MeHeHHH -cneKTpa 3MHCCHH xononHblX HettTpOHOB B nepexonHblX 
npoueccax K3, KaK npH nnaHoBblX onepauHHX (oTroHKe sonopona, 
OT)l(Hre panHKanoB),. H cnOHTaHHblX, T.H. "6encax" 
caMonpOH3BOnbHblX 6blCTpbIX QT)l(Hrax panHKanoa. EbICTpbltt 
(HeCKOnbKO ceKyHn) nonorpea K3 B "6ence" MO)l(eT npHBeCTH K 
nnaeneHHIO MeTaHa H BblneneHHIO sonopona, YTo HenonycTHMO c 
TOYKH 3peHHH 6e3onaCHOH 3KcnnyaTaUHH K3. 

CKOpOCTb H3MeHeHHH TeMnepaTypbl MeTaHa B pa3nHYHblX 
nepexonHblX npoueccax cy1ItecTBeHHo pa3nHYHa (oT HecKonbKHX 
ceKyHn no HecKonbKHX yacoa), a cnenoaaTenbHo, nnH 
HccnenosaHHH nHHaMHKH nepexonHbJX npoueccoa a K3 Heo6xonHMO 
HMeTb B03M0ll(H0CTb oueHHBaTb cneKTp HeHTpOHOB KaK B Kall(nOM 
HMnynbce MOIIlHOCTH (YTO'n03BOno 6bl npaKTHYeCKH 6e3bIHepUHOHHO 
oueHHTb . TeMnepaTypy K3 H npH neo6xonHMOCTH Bblpa6oTaTb 
aaapHHHblll CHrHan Ha c6poc MOIIlHOCTH), TaK H · B 6onblIIOM 
BpeMeHHOM nHana30He. 3Ta 3anaYa 6blna pelileHa C nOMOIIlblO 
onHcaHHOH BbIIIle TOKOBOH H3MepHTenbHOH annapaTypbl H C03naHHOH 
aBTOpOM nporpaMMbl BURPS. 

AnropHTM H3MepHTenbHOro UHKna ·opraHH30BaH TaKHM 
o6pa30M, "YTO Ha, ~OHe nporpaMMbl; ocy1IteCTBnH101IteH. 
npensapttTenbHYIO o6pa6oTKY naHHbIX, coxpaHeHHe na nHcK H 
BH3y_anH3aUHIO, napannenbHO opraHH30BaHbl aCHHXpOHHble npoueccbl 
BHenpouecc~pHoro HaKonneHHe naHHblX a 6y~epe no DMA-KaHany • H 
TOYHO_e H3MepeHHe .. apeMeHHblX HHTepaanoB Mell(ny BCnbllIIKaMH C 
Mcnonb30BaHHeM BHyTpeHHero TattMepa H KOHTponnepa npepb!BaHHH. 
TaKHM o6pa30M, KaiKnb1i:I "Kanp" B ~afine naHHblX OK3blBaeTCH 
ll(eCTKO npHBH3aH HOMepoM BCnbIIIIKH. K . OCH peanbHOro BpeMeHH. 

}laHHble onepaTHBHoro 6y~epa o6pa6aTbIBalOTCH B peanbHOM 
BpeMeHH. npouenypaMH. noHCKa· nHKOB. H pe3yJibTaT o6pa60TKH 
BbinaeTCH , Ha 3KpaH B BHne KpHBOH nonollCeHHH nHKa. OHa 
no3BOnHeT cynHTb 0. CTa6HJib~OCTH HeHTpOHHblX cneKTpOB, H npH 
HX aHoManbHOM noseneHHH (HanpHMep, npH. "6ence") no3BOnHeT 
npHHHTb ynpaanH101Itee pelileHHe. JlJIH H3MepeHHH B 6onblIIOM 
BpeMeHHOM nHana3oHe npenycMOTpeHa _803M0ll(HOCTb perHCTpaUHH He 
Kall(nofi acnbIIIIKH, a c ,nponycKoM :i3anaHHoro YHcna acnbIIIleK. 

H3MepeHHbl8 naHHble MoryT 6b!Tb o6pa6oTaHbl H "Kanpbl" 
BCnbllileK. npoCMOTpeHbl B BHne "~HnbMa" B BbI6paHHOM MaCIIITa6e 
BpeMeHH (pHc.3). 

Pa3pa6oTaHHblH anropHTM 
Hcnonb30BaTb pecypCbl nK, H BeCTH 
noTepH naHHblX (T.e. 6e3· npocYeTa 
ManoMOIIlHblX MonenHX nK, TaKHX KaK 

no3BOJIHeT MaKCHManbHO 
H3MepeHHH npaKTHYeCKH 6e3 
BCnbIIIleK) nall(e Ha nocTaTOYHO 
uanpHMep, AT-286-8 Mru. 
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B npouecce pa60Tbl peaKTOpa HEP-2 ' CTaTHCTHYeCKHe 
CBOHCTBa cnyYaHHblX OTKJIOHeHHH OCHOBHblX peaKTOpHblX napaMeTpOB 
_oT HX cpenHero 3HaYeHHH (TeMnepaTypbl H pacxona HaTpHH Ha 
BbIXone H3 aKTHBHOH 30Hbl HnH BH6paUHH nonBmKHblX OTpall(aTeJieH) 
co BpeMeHeH MeHHIOTCH. 3TO npHBOnHT K H3MeHeHHIO xapaKTepHCTHK 
peaKTOpHoro IIlyMa. HccnenoBaHH8 IIIYMOB B 3aBHCHMOCTH OT 
speMeHH pa6oTbl peaKTopa naeT cseneHHH o, TeKyliteM ero 
COCTOHHHH H MO)l(eT 6b1Tb Hcnonb30BaHO nnH nporH03HpoaaHHff HJIH 
aHaJIH3a aHOManbHblX (HeTHnHYHbIX) COCTOHHHH. npH HccnenoaaHHH 
HX CTaTHCTHYeCKHX xapaKTepHCTHK MO)l(HO oueHHTb HeKOTOpble 
HnepHO-~H3HYeCKHe napaMeTpbl aKTHBHOH 30Hbl H onpenenHTb 
HeKOHTponnHpyeMble 3~~eKTbl peaKTHBHOCTH, Bbl3BaHHble 
OTKOHeHHHMH B pa6oTe TexHonorHYeCKHX CHCTeM. no:::iTOMY nnH 
H3MepeHHH napaMeTpOB HMnynbca MOIIlHOCTH peaKTopa HEP-2, a 
TaK)l(e HccnenoBaHHff CTeneHH BnHHHHff BH6paUHH no Ha ~nyKTyaUHH 
3HeprHH HMnynbCOB MOIIlHOCTH 6blna pa3pa6oTaHa H3MepHTenbHaH 
CHCTeMa, peanH3YIOIIlaH H3MepeHHff BH6paUHOHHblX xapaKT8pHCTHK, 
H3MepeHHe 3HeprHH HMnynbca MOIItHOCTH, a TaK)l(8 H3MepeHH8 ~OpMbl 
HMnynbca MOIIlHOCTH. 

JlaTYHKaMH nnH H3MepeHHff 3HeprHH HMnynbca MOIItHOCTH 
cnyll(aT HOHH3aUHOHHbie KaMepbl neneHHH. npH'H3MepeHHH HMnynbca 
MOIIlHOCTH peaJIH3Y8TCff T.H. KOMnneKCHOe• HaKonneHHe, T.e. B 
Kall(nOH BCnbIIIIK8 peaKTOpa npOH3Bon~TCff enHHHYHble H3MepeHHff 
Kall(noro H3 CHrHanoB BH6paUHOHHblX µaTYHKOB H CHrnana 3HeprHH 
HMnynbca MOIIlHOCTH C BbI6paHHOH KaMepbl ( Yepe3 t=l-40 MC nocne 
"CTAPTa") c naKonneHHeM apeMeHHoro pHna nnHHOH BK x 7 x n 
C06blTHH, rne n=l •• 10. 3anycK H3MepeHHH naHHOH CHCT8Mbl 
npOH3BOnHTCH CHHXpOHHO C H3MepeHHHMH B noncHCT8M8 
CTa6HnH38UHH CKOpOCTH Bpa1IteHHH no. 

JlaTYHKSMH nnH H3MepeHHH ~OpMbl HMnym,ca MOIItHOCTH . CJIY)l(ST 
HOHH38UHOHH8H KaMepa (HK) C Th232 H ~3Y C nnacTHKOBblMH 
CUHHTHJinHTOpaMH; BblXOnHoH CHrHan KOTOpbIX noBTOpHeT ~OPMY 
BCnblblKH. 8 naHHOM pell(HMe npoH3BOnHTCff H3MepeHH8 KSK 
onHHOYHblX BCnbllil8K C nepHonoM nHCKp8TH38UHH 4 - 10 MKC, TaK H 
H3MepeHHff C HK B T8Y8HHH H8CKOnbKHX YSCOB B CY0THOM p8ll(HM8 C 
YHCnOM KaHanoB no 4096 npH MSKCHMSJibHOH 3arpy3K8 no 10000 
HMn_. /ceK. JlnH peanH38UHH CY8THOro pell(HMa B naHHOH CHCT8Me 
HCnonb3yeTCH onHcaHHblH B rnaae 2 MO,llynb CY8TYHKOB-T8HM8p08 H 
napanneJibHOro HHTep9efica, BblnOnHHIOIIlHH ~YHKUHIO ape~eHHOro 
KonHpOBIIlHKa. 

. H3MepHTenbHaH nporpaMMa POWER peaJIH3yeT ODHC8HHbl8 
pell(HMbl H3MepeHHH, 6a3HpyHCb . Ha 6a30BblX nporpaMMHblX 
6H6nHOT8K8X H peaJIH3YH yll(e onHCaHHble Bbllile nonxonbl H 
anropHTMbl opraHH38UHH HaKonneHHH H o6pa60TKH naHblX. 

V 

B rnABE 5 onHcaHO npHM8HeHH8 pa3pa60T8HHblX M8TOnHK .H 
co3naHHblX 3Jl0KTpOHHblX MonyneH H nporpaMM nnH CHCT8M 
aBTOM8TH38UHH HeKOTOpbIX cneKTpOM8TpOB, H8HTpOHHblX H 
peHTreHOBCKHX nH~paKTOMeTpOB, a T8KllC8 8BTOM8TH3Hp088HH.OH 
CHCT8Mbl yYeTa TennoBOH 3HeprHH flH~. 
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Co3naHHblH B nHII> cneKTpOMeTp KOPA npenHa3HaqeH nnH 
apeMHnponeTHoro ttccnenoBaHHH Heynpyroro H KBa3Hynpyroro 
pacceHHHH HefiTpOHOB Ha peaKTOpe HEP-2 c npHMeHeHHeM 
KOpennHUHOHHOH MeTonHKH. OCHOBHaH sneKTpOHHKa cneKTpOMeTpa 
pa3pa6aTblBanacb B neptton 1976-1988 ronoa H 6a3Hpoaanacb Ha 
annapaType B CTaHnapTe KAMAK H MHHH-3BM THna CM-3. 

HcnOJlb30BaHHe B CHCTeMe DK Dpaaeu-16 H HHTepcpefica MULTI 
nnH npHeMa 3-6afiTOBblX Kanoa co6blTHH H3 npoMeJ¥.yToqHofi naMHTH 
no cerMeHTY BHeMHefi MHHbl no3BOJIHJIO o6ecneqHTb HaKonneHHe 
nonHoro o6ceMa cneKTpa, Tpe6yeMoro B sKcnepHMeHTax no 
HccnenoBaHHro KBa3Hynpyroro pacceHHHH HefiTpoHoB, npeJ¥.ne 
HenocTHJ¥.HMblX H3-3a HenocTaToqHoro pa3Mepa 03Y 3BM H naMHTH 
aHaJIH3aTopa. 

nefiCTBYIDIIlHH Ha peaKTOpe HEP-2 HefiTpOHHblH nttcppaKTOMeTp 
no apeMeHH nponeTa nH-2 npenHa3HaqeH nnH npoaeneHHH 
nHcpcppaKUHOHHblX 3KcnepHMeHTOB Ha OCHOBe pa3pa6oTaHHOH B nHiI> 
MeTonHKH, C noMOIIlbID KOTOpofi B03MOJ¥.HO H3yqeHHe nepexonHblX 
npoueccoa clxapaKTepHblM apeMeHeM OT nonefi ceKyHn no necHTKOB 
MHHyT. 3a BpeMH C Haqana C03naHHH H' 3KcnnyaTaUHH 
cneKTpOMeTpOB HX sneKTpOHHKa npowna HeCKOJlbKO. 3TanoB 
pa3BHTHH. Ha 3Tane nepexona C CM 3BM Ha DK onTHMaJlbHOH C 

. TQqKH 3peHHH npeeMCTBeHHOCTH, BpeMeHHblX 3aTpaT H 
6blCTponefiCTBHH OKa3anacb opraHH3aUHH COBMeCTHOH pa60Tbl D3BM 
H, annapaTypbl B CTaHnapTe KAMAK C HCnOJlb30BaHHeM 
KpefiT-KOHTponnepa KK106 H HHTepcpefica · MULTI. DporpaMMHOe 
o6ecneqeHHe 6blJIO nocTpOeHO TaKHM. o6pa30M, qTo nnH <l>YHKUHH 
ynpaaneHHH annapaTypofi H KOHTponH napaMeTpoB Hcnonb30Banocb 
06pa1I1eHHe K 6noKaM KAMAK no. nporpaMMHOMY KaHany, a 
cqHTblBaHHe HaKonneHHOH B 24-pa3pHnHblX cneKTpOMeTpHqecKHX 3Y 
HHcpOpMaUHHH H 6blCTpaH HHHUHaJIH3aUHH ( o6HyneHHe) 3Y 
npOH3BOnHCb qyTeM npHMOro nocTyna K naMHTH (DMA), qTQ 
no3BOJIHJIO ynoaneTBOpHTb J¥.eCTKHM BpeMeHHblM Tpe6oBaHHHM. 

AHanorHqHaH KOHcpHrypaUHH KAMAK - annapaTypbl 
HCnOJlb30Banacb TaKJ¥.e Ha nHcppaKTOMeTpax nH-5 H nH-12. KpoMe 
Toro, Ha nHcppaKTOMeTpax nH-2 H nH-5 (ll>llBP), a TaKJ¥.e Ha 
npyrHX cneKTpOMeTpax _(HanpHMep, H3PA-DP), Heo6xonHMO 
npoaeneHHe HccnenoaaHHfi B o6nacTH HH3KHX TeMnepaTyp (oT 
HeCKOJlbKHX K no KOMHaTHOfi). nnH 3Toro B nHiI> npHMeHHIDTCH 
pecppnl¥.epaTopbl 3aMKHyToro THna, HMeIDIIlH0 B CBOeM COCTaBe 
crteunanbHble ycTpOfiCTBa - KpnoreHHble KOHTponnepbl. 

PeanH3aUHH CBH3H KOHTponnepa DRC-81C C DK qepe3 
HHTepcpefic IEEE-488 npH noMOIIlH MonynH MULTI 6bma onHCaHa B 
rnaBe 2. KoHTponnepbl THna DRC-91 H LTC~60 HM0IDT HHTepcpefic 
RS-232, qTo n03BOJIHeT npOH3BonttTb HX BKnroqeHHe B COCTaB 
annapaTypbl cneKTpOMeTpOB 6e3 nononHHTeJlbHblX annapaTHblX 
3aTpaT. Ha OCHOBe 6H6JIHOT0KH nporpaMM pa60Tbl ·c 
nocnenoaaTenbHblM HHTepcpeficoM, onttcaHHofi B rnaae 3, nnH sTHX 
THnoa peC:,pmKepaTopoB 6blno co3anHo nporpaMMHoe 06.ecnetJ:eHHe, 
COCTOHII1H0 H3 npouenyp HHJ¥.Hero ypoBHH H BKnroqeHHOe B 
ynpaBJIHIDIIlH0 nporpaMMbl cneKTpOMeTpOB ll>ll~P H H3PA-DP. 

Pe3yJlbTaTbl CTPYKTYPHblX HCCnenoBaHHfi, npoaonHMblX Ha 
HefiTpOHHblX nHcppaKTOMeTpax, B pHne cnyqaeB MoryT 6b!Tb 
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Ha scpcpeKTHBHO nononHeHbl HCCnenoBaHHeM Tex )1(0 o6pa3UOB 
peHTreHOBCKHX nncpcppaKTOM0Tpax. 

DpOMblMJleHHO BhlriycKaeMble CTaUHOHapHble peHTreHOBCKHe 
nncppaKTOMeTpbl. THna nPOH OCHa1I1eHbl nocTaToqHblM Ha6opoM 
peHTreHOBCKHX Tpy6oK c xopowefi HHT0HCHBHOCTbID nyqKQB 
peHTreHOBCKoro H3nyqeHHH H MaJlblMH pa3MepaMH H3J1yqaro1I1ero 
cpoKyca. OnHaKO COBepweHHO HeynoaneTBOpHTeJlbHOfi qacTbID 
nHcppaKTOM0TpOB HBJIHeTCH KOMnneKC ynpaBJIHIDIIlefi !3JleKTpOHHKH H 
ycTpOfiCTBa BblBona HHcpopMaUHH, He no3BOJIHIDII1HH peanH30BaTb 
60JlbMHe B03MOJ¥.HOCTH, 3aJIOJ¥.0HHble B peureuoBcKyro H 
rOHHOMeTpHqecKyro qacTH nHcppaKTOMeTpOB. 

nnH nttcppaKTOMeTpa Tnna nPOH-3M 6Nna co3naua 
aBTOMaTH3HpoaaunaH CHCT0Ma ynpaBJl0HHH Ha 6a3e DK., nnH 
ynpaaneHHH 3JleKTOMexaHHqecKHMH y3naMH roHHOM0Tpa 6blJI 
pa3pa60TaH Monynh ynpaaneHHH (npnaon) roHHoMeTpa MYr, B 
KaqecTBe MonynH ynpaaneHHH H opraHH3aUHH H3MepeHHfi 6blJI 
HCilOJlb30BaH OnHCaHHblfi .B rnaae 2 Monynb cqeTqHKOB-TafiMepoB H 
napannenbHoro HHTepcpefica. 

OcHOBOfi nporpaMMHoro o6ecneqeHHH H3MepeHHfi HBJIH0TCH 
pa3pa6oTaHHaH aBTOpOM nporpaMMa XDIF, KOTOpaH npenocTaBnHeT 
B03MOJ¥.H6CTH.npoH3BonnTb ·cceM peHTreHorpaMM H ocy1I1ecTBJ1HTb 
onepaTHBHoe ynpaaneHHHe ycTaHOBKofi (pnc.4). 

naHHaH pa3pa6oTKa 6bma BHenpeHa·KaK B flHII> OH5IH, TaK n 
Ha XHMHqecKOM cpaKyJlbTeTe MOCKOBCKOro rocynapcTBeHHOro 
YHHBepCHTeTa H B HHCTHTyTe HnepHblX HccnenoBaHHfi H HnepHOH 
3HepreTHKH EonrapCKOH AKaneMHH HayK. 

3anaqa 3aMeHbl KOMnneKca 3aBoncKofi CHCT0Mbl ynpaBJIHIDIIlefi 
3Jl0KTpOHHKH nnH nHcppaKTOMeTpa MonenH nPOH-4 pewanacb 
nosTanHo. Ha 3Tane 3anycKa ycTaHOBKH, IDCTHpOBKH H npoaepKH 
<l>YHKUHOHHpOBaHHH peHTreHOBCKOfi H 3Jl0KTpOMeXaHHqecKofi ee 
qacTefi 6bm o'6ecneqeH . HHTecpefic C DK. llJIH 3TOro 6blJI 
HCnOJlb30BaH MHorocpyHKUHOHaJlbHblfi Monynb MULTI, C nOMOIIlbID 
KOToporo 6bma KOToporo 6bma OCYII10CTBJleHa :::lMyJIHUHH pa60Tbl 
ycTpofiCTB BBona-BblBOna nPOH~4-

Cnenyro1I1HM 3TanoM HBJIH0TCH KOMnneKCHOe OCHa1I1eHHe 
nHcppaKTOMeTpa !3Jl0KTpOHHO-H3MepHT0JlbHblMH cpencTBaMH. 3TO 
peaJIH3Y0TCH B paMKaX · KOHUenUHH nocTpOeHHH CHCT0M 
aBTOMaTH3aUHH C npHM0H0HH0M annapaTypbl B .. CTaHnapTe VME. 

Oco6eHHOCTbID pa3pa6oTaHHHoro H qacTHqHo peaJIH30BaHHOro 
npoeKTa HBJIHeTcH To, qTo OH npennonaraeT onHoBpeMeHHyro 
pa6oTy B om10M KpefiTe CHCT0M aBTOMaTH3aUHH nayx 
nHcppaKTOMeTpOB - llPOH-4 H Manoyrnoaoro peHTreHOBCKOro 
nncppaKTOMeTpa MYPP. DpoaeneHHble pacqeTbl noKa3blBaroT, qTo 
06cennneHHe nayx CXOJ¥.HX no CTpyKType H <l>YHKUHHM CHCTeM B 
onHoM KpefiTe non ynpaaneHHeM Mnoro3anaqHofi cHcTeMbl onpaanaHo 
KaK no KpHTepHHM ere 3arpy3KH, TaK H C TQqKH 3p0HHH 
3KOHOMHqecKofi. 

YqeT pacxona 
HccnenoBaTenbcKofi 
3HaqeHHe nnH ijHII>. 

HBJIH0TCH 4>H3HqecKofi 
6onbwoe npaKTnqecKoe 
KOHTponHpoBaTb pacxon 

H C03naBaTb onTHMaJlbHble TeMnepaTypHble ycnOBHH, B TOM 
H B 3KCnepHMeHTaJlbHblX 3anax, nnH HOpMaJlbHOfi pa60Tbl 

Tennoaofi !3HeprHH He 
3anaqefi, HO HMeeT 
Ee peweHHe no3BOJIHeT 

Tenna 
qncne 

I 
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cnepxnpoBO.ll.HlfKa H0Ba2Cu3O7~5, Ha KOTopoii IlOMIIMO OCHOBHbIX peqJJieKCOB 
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(20=34,7'), a TaIOKe KaJIU6poBO'!Hb!e JIUHUII Me.n.u (20=50,756' u 20=59,325') .. 
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peqmeKCOB: (200), (020) Ii (006), OT'!eTJIHBO Ha6mo.n.aTb KOTOpbre HeB03MO)l(l{0 npn 
HJMepeHIIID'. Ha }].POHe Jano.n.cKoii KOMnJieKTaum1. 
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sneKTpOHHOH H3MepuTen&Hott annapaTypbI u nepcoHana, a TaKJKe 
naeT 3KOHOMUqecKHH 3~~eKT. 

nm1 sToro 6bma c63naHa u BBeneHa B sKcnnyaTaUHIO 
KOMilblOTepHaH cucTeMa yqeTa TennoBott sHepruu, pa3pa6OTaHHaH,c 
ucnonb3OBaHHeM Tex JKe onucaHHbIX,paHee npuHuunoB nocTpoeHHH 
CHCTeM Ha IlK, qTQ H CHCT0Mbl aBTOMaTU3aUHH ~u3uqecKHX 
3KCnepHM0HTO'B. . 

Pa3pa6OTaHH1,1e·anropuTMbl 66ecnequBalOT TaKue pellCHMhl yqeTa 
Tenna, KaK HeripepbIBHbIH °KOHTpon& (MOHHTOpHHr), BeneHue 
npOTOKOna H3MepeHHH C perttcTpauuett cpenHeqacOBhlX H CYTOqHhlX 
3HaqeHHH napaMeTpoB, no3BOnHIOT npoM3BO;JlHTb aHanu3 nuiiaMHKH 
TennonoTpe6neHHH, ~OpMupoBaTb QTqeTI,I H B8CTH apXMB naHHhlX. 

CHCTeMa cnoco6Ha pa6oTaTb KaK B pellCHMe nocTOHHHOro 
BKnlOqeHHH B Teqemm .nnuTenbHOro BpeMeHH .(HeCKOnbKHX Henen&), 
TaK u B pellCHMe nposeneHHH MHOrOKpaTHhlX KpaTKOCpoqHhlX (no. 1 
qaca) H3MepeHHH. 3HaH xapaKTep ;JlHHaMHKH cyToqHoro 
TennonoTpe6neHHH, MOllCHO Bhl6p8Tb OilTHManbHYIO CTpaTerHIO 
H3MepeHHH •. 

OCHOBHhlE PE3YnhTAThl nHCCEPTAUHH 

OCHOBHbIMH pe3yn&TaTaMH pa60Tbl, HBnHeTCH pa3pa6OTKa 
annapaTypbl H 3~~eKTHBHO peanu3yeMbIX' anropMTMOB H nporpaMM 
c6opa 3KCnepUM0HTanbHbIX naHHbIX, nnH nocTpoeHHH H3MepuTenbHbIX 
cucTeM Ha 6a3e nepcoHan&Hwx KOMnbIOTepoB, u co3naHHH Ha STOH 
OCHOBe CHCT0M aBTOMaTU3aUHH . 'sKcnepHMeHTOB nHCII. . , , 

1. Pa3pa6oTaHO CeMeHCTBO opuruHanbHbIX 'npo6neMHO
opueHTUpoBaHHbIX H3MepMTenbHbIX H ynpaBnfflOblHX sneKTpOHHI,IX 
Monyneu nnH cucTeM aBTOMaTH3auuu, 6a3upy10blHXCH Ha IlK. 
TexHuqecKue peMeHHH MonynH cqeTqHKOB-TaHMepoB H 
napannen&Horo HHTep~euca u MHoro~yHKUHOHan&Horo 
napannenbHOro HHTep~eHC!3, 6bmH naTeHTH0_3a!IlHbl0Hbl. 

2. Pa3pa6oTaH · pHn nporpaMMHbIX u 
HHCTpyMeHTanbHl,IX cpencTB nnH o6ecneqeHHH 

T8XHHqecKHX 
pa3pa6OTKH 

annapaTyp1,1 u nporpaMMHoro o6ecneqeHHH cucTeM aBTOMaTH3auuu, 
BnepBhle B .OH~H CO3;JlaH KOMnaKT-KpettT KAMAK. 

3. Ilpu noMOlllH co3naHHhlX cpencTB aBTopoM, unu npu era 
HenocpencTB0HHOM . yqacTHH, , , 6blnH: 

_BnepBble pa3pa6o-ra.Ha KOMilblOTepHaH CHCTeMa nnH 
nuarHOCTHKH T0XHuqecKoro COCTOHHHH nonBHllCHOro OTpallCaTenH 
peaKTopa,HBP-2, OCHOBaHHaH Ha MeTO;JlHKe H3MepeHHH curnanoB 
BU6pauuu M aHanu3a BM6pauuoHHbIX cneKTpoB; 

- BnepBble, pa3pa6oTaHa BhlCOKO3~~eKTHBHaH CHCTeMa nnH 
uccnenoBaHHH cneKTpOB H0HTpOHOB yTeqKu H ;JlHHaMHKH.nepexonHbIX 
npoueccoB B KpuoreHHOM 3aMennuTene peaKTopa HBP-2 c 
ucnonb3OBaHHeM,B KaqecTBe neTeKTOpa HOHH3aUHOHHOH KaMephl 
neneHHH, . pa6oTalObl0H B TOKOBOM pellCHMe; . ' 

pa3pa6oTaHa CHCTeMa, peanH3YIOblaH KOpennHUHOHHble 
H3MepeHHH BH6pauuoHHhlX ~apaKTepHCTHK nonBHllCHOro OTpallCaTenH H 
3Hepruu I~Mnyn&ca MOblHOCTH, a TaKJKe TQqHbJe H3MepeHHH ~OpMbl 
HMnyn&ca MOlllHOCTH; 

- BnepBble pa3pa6oTaHa CHCTeMa ynpaBneHHH peHTreHOBCKHM 
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iu-1<1>paKTOMeTpoM Ti-ma JlPOH Ha 6a3e IlK, noB&ICHB!IlaH pa3pe!IlaIOlllYIO 
cnoco6HOCTb ycTaHOBKH no cpaBHeHHIO C 3aBOllCKOH; -

- BnepBble B OHHH 003.llaHa CHCTeMa aBTOMaTl--1:'ieCKOro y'-leTa 
TennoBOH 3HeprHH. 

4. B xo.ne Hcnonb30BaHHH nocTpOeHHblX CHCTeM, npH 
npoBe.neHHH Hccne.noBaHHH H 3KCnepHMeHTOB, 6&mH nony'-leHbl 
cne.nyIOlllHe (l>H3H'-IOCKHe pe3ynhTaTM: 

BnepBhle ocyllleCTBneHa B03MO~HOCTb 
llHarHOCTHKH TeXHH'-leCKOro COCTOHHHH no.nBH~Horo 
peaKTOpa HEP-2, nony'-leHa 6a3a .naHHhlX BH6paUHOHHhlX 
o6Hapy~eH nporpeccupyIOlllHH .ne(l>eKT OllHOH H3 .neTaneii; 

... H3MepeHhl cneKTphl TennOBhlX HeHTpOHOB, BblXOllHlllHX C 
noBepXHOCTH BOllHHoro _3aMe.nnHTenH peaKTOpa HEP-2, Hccrie.noBaHhl 
cneKTphl _H TeMnepaTypa H8HTpOHOB B KpHoreHHOM MeTaHOBOM 

KOMnhIOTepHOH 
oTpa~aTenH 

cneKTpOB, 

-3aMeilnHTe'ne. 
Hccne.noBaHhl HeHTpOHHO- (l>H3H'-leCKHe xapaKTepHCTHKH 

KpHoreHHoro_3aMe.nnHTenH, qpoBe.neH KOMnneKC 3K:nepHMeHTanhHhlX 
Hccne.noBaHHH no BhlXOllY TefinoBhlX H xono.nH&IX HeHTpOHOB C era 
noBepXHOCTH, H3y'-leHa CTa6HnhHOCTh cneKTpa 3MHCCHH HeHTpOHOB 
B npouecce 3KcnnyaTaUHH 3aMe.nnHTenH. 

- BnepBhle nony'-leHHhl .naHHble H pe3ynhTaTbl no Hccne.noBaHHIO 
-llHHaMHKH cneKTpa HeHTpOHOB B pa3nH'-IHblX nepeXOllHblX npoueccax, · 
npOHCXOllHlllHX B TB0pll0M _ MeTaHe, KOTOpble HMeIOT Ba~HOe 3Ha'-leHHe 
.nnH onTHMH3aUHH KOHCTPYKUHH 3aMe.nnHTenH H noBbI!IleHHH era 
6e3ona6HOCTH. . . . 

peanH30BaHbl KopennHUHOHHble H3MepeHHH BH6paUHOHHblX 
xapaKTepHCTHK no.nBH~Horo OTpa~aTenH peaKTOpa H 3HeprHH 
HMnynhca MOlllHOCTH, a TaK~e (l>opMbl HMnynhca MOlllHOCTH. . 

- npoee.neH&I 3KcnepHMeHT&I no Hccne.noBaHHIO KBa3Hynpyroro 
pacce_HHHH HeHTpOHOB Ha peaKTOpe HEP-2 · C IlPHMeHeHHeM 
KOpennHUHOHHOH MeTOllHKH. 

- npoBe.neHbl CTPYKTYPHhle Hccne.noBaHHH .o6pa3UOB MeTOllOM 
peHTreHOBCKOH llH(l>paKUHH a· paMKaX npoeKTa N421 
rocy.napcTBeHHOH nporpaMM&I II B&1coK0TeMnepaTypHaH 
CBepxnpOBOllHMOCTh 11

; 

- npoBe.neHbl CTpyKTypHble Hccne.noBaHHH Ha PH.Ile HeHTpOHHblX 
llH(l>paKTOMeTpOB nH~. 

- aBTOMaTH3HpOBaH y'-leT TennoBOH 3HeprHH B nH~. 
5. C03.llaHHhle 8BTOPOM pa3pa60TKH npHMeHHilHCb B OHHH, a 

TaK~e B Hay'-IHhlX UeHTpax PoccHH: H~Til (Jly6Ha), MrY, HHKH3T 
(M9cKBa) H CTpaH-y'-laCTHHU: HHH AH YKpaHHhl (KHeB), HHHH3 BAH 
(Co(l>HH), UH~H (Ey.nane~T). 
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