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C~cTeMa KOppenR~~OHHOrO aHan~3a peaKTOPH~X napaMeTpOB RBnR
eTCR 4aCTb~ ~3Mep~TenbHO-BW4~Cn~TenbHOrO KOMnneKca, npeAHa3Ha-
4eHHOrO AnR ~ccneADBaH~R ~MnynbcHoro peaKTopa H6P-2. OcHOBHaR 
3aAa4a, pewaeMaR C nOMO~b~ AaHHOH C~CTeMbl, COCTO~T B ~3y4eH~~ 
ycnos~H, o6ecne4~Ba~~~x cTa6~nbHY~ ~ 6esonacHy~ pa6oTy peaKTopa. 
AnR 3Toro ~ccneAy~TCR speMeHHble ~ cneKTpanbHble xapaKTep~cT~K~ 
$nyKTya~~H MO~HOCT~, o6ycnosneHHbiX Bn~RH~eM pa3n~4HbiX 3neMeHTOB 
KOHCTPYK~~~ peaKTopa, Hanp~Mep B~6pa~~RM~ nOAB~lKHbiX OTpa>KaTeneH 
~n~ <t>nyKTya~~RM~ pacxoAa ~ TeMnepaTypw HaTp~R np~ npoTeKaH~~ no
cneAHero 4epes aKT~BHY~ soHy.KpoMe Toro,c~cTeMa no3sonReT ~3y-
4aTb nepeXOAHWe npo~eCCbl B peaKTOpe, TepMOr~APOA~HaM~4eCK~e xapaK
Tep~CT~K~ HaTp~eBOH C~CTeM~ oxna>KAeH~R aKT~BHOH 30H~ ~ A~HaM~-

4eCK~e xapaKTep~CT~K~ pasn~4HWX Bap~aHTOB nOAB~lKHWX OTpa>KaTeneH. 
C~CTeMa ~MeeT PRA OC06eHHOCTeH, CBR3aHHWX C yH~KanbH~M C04eTa
H~eM csoHCTB peaKTopa H6P-2. Bo-neps~x, a ~MnynbcHoM pe>K~Me 

peaKTOP H6P-2 Ha noPRAOK 6onee 4yBCTB~TeneH K Kone6aH~RM peaKT~s
HOCT~, 4eM B CTa~~OHapHOM. no3TOMY AnR ~3y4eH~R np~4~H, B~3WBa~
~~X $nyKTya~~~ MO~HOCT~, COOTBeTCTBy~~e ypOBH~ $nyKTya~~H 

B CTa~~OHapHOM pe>K~Me, T04HOCTb ~3MepeH~R HeKOTOQ~X naoaMeTOOB 
AOn>KHa bWTb Ha nopRAOK BWWe ~ COCTaBnRTb ~ /0,01-0,1/%. Bo-sTOpwx, 
4YBCTB~TenbHOCTb peaKTopa Ha 6~CTPWX HeHTPOHHaX K KOne6aH~RM 
peaKT~BHOCT~ OCTaeTCR B~COKOH fAD -5 Kr~/, n03TOMY 4aCTOTH~H 
A~ana30H ~3MepeH~R HeKOTOPWX napaMeTpOB COCTaBnReT 0-1 Kr~. 

,llnR cpaBHeH~R OTMeT~M, 4TO aHanor~4Hble ~3MepeH~R AnR peaKTOpOB 
Ha TennOBbiX HeHTpoHaX npoBOARTCR Ha 4aCTOTax AD - 10 r~. B-TpeTb
~x. Han~4~e Bpa~a~~erOCR MOAYnRTOpa peaKT~BHOCT~ Tpe6yeT ~3Me
peH~R 6onbWOrO 4~cna ADnOnH~TenbH~X napaMeTpOB, He CBOHCTBeHHWX 
peaKTopaM cTa~~oHapHoro T~na. YKasaHHWe oco6eHHOCT~ nossonR~T 
~CnOnb30BaTb yH~BepcanbHWe 803MO>KHOCT~ C~CTeMbl He TOnbKO AnR 
~3y4eH~R peaKTOPHWX napaMeTpOB, HO ~ AnR npoBeAeH~R KOppenR
~~OHHOrO aHan~sa a APYr~x RAepHo- $~3~4eCK~x ~ npoMwwneHHwx 
ycTaHOBKax. CHcTeMa opHeHT~posaHa Ha HcnonbsosaH~e annapaTYPbl 
cTaHAaPTa KAMAK cosMeCTHO c MHHH-3BM PDP-11/20 /~n~ nporpaMMHO 
cosMeCTHMOH 38M THna CM-3! 11 1. 

AaHHaR c~cTeMa ycnewHo ~cnonb3osanacb npH nposeAeH~~ <t>~s~-
4ecKoro nycKa peaKTOpa H6P-2 12 •31. npHMeH~TenbHO K 3aAa4aM 
3HepreTH4eCKOrO nycKa peaKTOpa B03MO>KHOCT~ CHCTeMW KaK annapa
TYPHWe, TaK H nporpaMMHWe 6WnH paCWHpeHW. 

B HacTOR~eH pa6oTe paccMaTp~saeTcR MeTDAHKa ~3MepeH~H, 

CTpyKTypa C~CTeMW, ee nporpaMMHOe o6ecne4eH~e ~ np~BOARTCR 

HeKoTopwe 3Kcnep~MeHTanbHwe pesynbTaTwr------~~ 
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1 . METOAHKA KOPPEilS!UHOHHbiX H CnEKTPAJlbHbiX H3MEPEHH~ 
HA PEAKTOPE H6P-2 

8 npo1..1ecce 113MepeHI1.R napannenbHble 3Ha4eHI1.R ABYX 11CC11eAyeMbiX 
napaMeTpoa X(t) 11 Y (t) .aanOMI1HaiOTC.R a naM.RTI1 38M, o6paay.R 
ABe AI1CKpeTHble Bbl6opKI1 I X n I 11 I Y n I. rAe n - A1111Ha Bb160pKI1 
/411Cilo nocneAOBaTellbHbiX 3Ha4eHI1H KamAoro napaMeTpa/. 8 AallbHeH
weM npOBOAI1TC.R MaTeMaTI14eCKa.R o6pa60TKa, COAepmaHI1e KOTOPOH 
onpeAen.ReTc.R xapaKTepoM I-1CcneAyeMbiX npolleccoa. 8 1..1enoM MOmHo 
Bb1Aelllo1Tb CTaTJ.14eCKJ.1e 1-1 A11HaMI14eCKJ.1e 1-13MepeHI1.R COOTBeTCTByi0-
~11X napaMeTpOB.06pa60TKa pe3yllbTaTOB 113MepeHJ.1H CTaTJ.14eCKI-1X na
pa~eTpOB CB.R3aHa C nolly4eHJ.1eM KOppell.RI..II10HHbiX 1-1 nepeAaT04HbiX ~YHK-
1..1111-1, cneKTpanbHbiX 1-1 APYrl-1x xapaKTepi-1CTI-1K I-1CC11eAyeMbiX npolleccoa. 
HaMepeHI1.R A1-1HaMI-14eCKI-1X napaMeTpoa npol..leccoa Heo6XOAI-1Mbl All.R nony-
4eHI-1.R HaAemHbiX Ol..leHOK nepeAaT04HbiX ~YHKI..II-1H, onpeAe11eHJ.1.R 3~eK
TOB peaKTI-1BHOCTI1 11111-1, Hanpi1Mep B Clly4ae i-13MepeHJ.1.R M~HOCTI-1, 

All.R Bbi41-1CileHJ.1.R COOTBeTCTBy101J4ero 113MeHeHJ.1.R peaKTJ.1BHOCTI1. 
Pa6oTa 113Mepi-1TellbHOH Ci-1CTeMbl opraHJ.13yeTC.R COBMeCTHO C pa60TOH 

· M11Hi-1-3BM. TaKOH pem1-1M Heo6xOAI-1M All.R nony4eHI-1.R npeABap!-1TellbHbiX 
Ol..leHOK pe3yllbTaTOB J.13MepeHJ.1H 1-1 All.R KOHTPOil.R 3a 11X XOAOM. HaKon
/leHHa.R I-1H~OpMai..II1.R B AallbHeHWeM OKOH4aTellbHO o6pa6aTbiBaeTC.R Ha 
OAHOH 1-13 6onbW11X 38M Tl-1na CDC-6500 1-1111-1 63CM-6. 

BpeM.R I-13MepeHI1.R KamAoro napaMeTpa (~T) 1-1 411C110 nocneAoaa
TellbHbiX 3Ha4eHI-1H napaMeTpa (n) Bbl6!-1pa10TC.R no ycnoBI1.RM 3Kcnep!-1-
MeHTa 1-1 CB.R3aHbl COOTHOWeHJ.1eM 

A'l" .... nZ Jt .... 1 no TJ' 
.... - ... -...v·&:a.., 

rAe K=1+ 80- 41-1C110 6noKoB 3Kcnep!-1MeHTallbHbiX AaHHbiX IA111-1Ha 
6noKa 128 enos/, z =0 + 7, r - 4acToTa onpoca l-1ccneAYeMbiX napaMeT
poa • npi-1 Z =0 B naM.RTI-1 38M 3anOMJ.1HaiOTC.R MrHOBeHHble 3Ha4eHI-1.R na
paMeTpOB, a np11 z > 0 - ycpeAHeHHble no f = 2 z nocneAOBaTellbHbiM 
MrHOBeHHbiM 3Ha4eHI-1.RM. 

3aAaHJ.1e Z> 0 3KBJ.1Ba/1eHTHO BBe,QeHI-110 Ha CTaAI-111 HaKOnlleHI-1.R 
~11/lbTpa HI-13KI-1X 4aCTOT, yMeHbWaiO~ero A11CnepCJ.110 ~OHOBOrO WyMa, 
np!-14eM Kpi1Tio14eCKa.R 4aCTOTa HaHKBI-1CTa r = f/(2·e). MaKCJ.1Mallb-
HOe 3Ha4eHI-1e f npi-1 1-13MepeHJ.11-1 napaMeTpOB C T04HOCTbiO 1% COCTaa
ll.ReT 1 Krl..l; Ha1o16011ee 4aCTO I-1Cn011b3yeMoe 3Ha4eHJ.1e f paBHO 25 r1..1. 
3Ha4eHJ.1.R K. Z, r 3aAaiOTC.R B Ha4a/1e KamAoro 1-13MepeHI-1.R. MaKC11Mallb
HOe 3Ha4eHJ.1e 41-1Cila n COCTaB/l.ReT no YC110BJ.1.RM 1-13MepeHI-1.R10240 C/108. 
3TO 06ecne4J.1BaeT norpeWHOCTb Bbi41-1CileHJ.1.R Ol..leHOK KOppell.RI..II-10HHbiX 
11 cneKTpa/lbHbiX ~YHK1..111H He 6011ee -14%. no OKOH4aHI11-1 Ha6opa 
I-1H~opMall111-1 All.R KamAoro napaMeTpa Bb141-1C11.RIOTC.R cpeAHee 3Ha4eHI-1e, 
A1-1CnepCI-1.R, K03~1-11..11-1eHT aCI1MMeTpl11-1 11 3KCI..IeCC, a TaKme ~OpM!-1pyeT
C.R rl1cTorpaMMa pacnpeAeneHI-1.R. KpoMe Toro, All.R KamAOH nocneAoaa
TellbHOCTI-1 3Kcnepi-1MeHTallbHbiX AaHHbiX A111-1HOH 128 enos Bbi41-1Cil.ReTc.R 
ee AI-1Cnepci-1.R. 

AeTallbHa.R o6pa6oTKa npoBOAI-1TC.R Ha 38M Tl1na 63CM-6. 8 cTaT!-1-
4eCKI-1X I-13MepeH11.RX OCHOBHa.R o6pa60TKa CB.R3aHa C n011y4eHI1eM CTa-
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Tlo14eCKI-1X Ol..leHOK, xapaKTepi-13YI0~11X peallbHble ~1131-14eCKJ.1e npOI..IeCCbl 
X (t) 11 Y (t), 1-1 BK11104aeT cneAYIOIJ41-1e onepa1..11-11-1: 

a/ npoaepKa HOpMallbHOCTH pacnpeAelleHI-1.R i-13MepeHHbiX 3Ha4eHI-1H, 
6/ npoaepKa CTa~I-10HapHOCTI1 11 J.1CK11104eH11e B03MOmHbiX annapaTyp

HbiX Bb16POCOB 1-1 TpeHAa nyTeM npi1MeHeHI1.R 1..11-1~POBbiX ~1-1/lbTPOB, 
a/ Bbi41-1CileHHe aaToKoppell.RI..Ii-10HHOH Rxx(r) 1-1 a3ai-1MHOH Kop

pe11.RI..II10HHOH Rxy(r) ~YHK1..11-1H, 
r/ Bbi41-1CileHI-1e cneKTpa/lbHbiX xapaKTepi1CTJ.1K. 
,[ln.R Ol..leHKI-1 cneKTpallbHbiX xapaKTepi-1CTI1K ~11YKTYa1..111H 11CC11eAyeMbiX 

napaMeTpOB Bbi411Cil.ReTC.R cneKTpallbHa.R nllOTHOCTb MO~HOCTI1 

Gx(w)• F [R:n(r)]. 

rAe w - 1..11-1K11114ecKa.R 4acToTa, F - onepaTop ~ypbe-npeo6paaoaaHI1.R. 
,[ln.R noab1WeHI-1.R HaAemHOCTI1 cneKTpallbHbiX Ol..leHOK ~yHK1..111.R G x (w) 
Bb141-1Cil.ReTc.R TaKme a APYrOM aap11aHTe o6pa6oTK11 c npi1MeHeHI1eM 
anropi-1TMa 6blcTporo npeo6paaoaaHI-1.R ~ypbe a BI1Ae 

Gx(w)•\F[X(t)]\
2

• 

AHanori-14HO Bbi411Cil.ReTC.R 11 aaai-1MHa.R cneKTpallbHa.R nnoTHOCTb M~HOCTI1 

G (w)=F[X(t)]·F[Y(t)]*. xy 
Aono11H11TellbHO onpeAell.RIOTC.R n110THOCTI1 aepo.RTHOCTeH pacnpeAe11eHI-1.R 
P(X) 11 P(M), rAe ~X-Xi-Xi-t- oTK110HeHI-1e MemAY nocneAoaa
TellbHbiMI1 3Ha4eH11.RMI-1 napaMeTpa 11 A1-1CnepCI1.R BHYTPI-1 KamAOH nocne
AOBaTellbHOCTI-1 3Kcnepi1MeHTa11bHbiX AaHHbiX A111-1HOH 128 enos. KpoMe 
TOro, npeAYCMOTpeHa B03MOmHOCTb HaXOmAeHI-1.R Aei1CTBI1TellbHbiX 3Ha-
4eHI1H 111-1HI1H B cneKTpe Gx(CJ>)• 3Ta npo1..1eAypa He06XOAI1Ma B TOM 
Clly4ae, KOrAa pea/lbHbiH ~i-13114eCKI1H npOI..IeCC COAepmi-1T 4aCTOTbl, 
6onbwl-1e KP11TI-14eCKOH 4aCTOTbl HaHKBI1CTa, a peaynbTaTe 4ero OHI1 
npo.RBil.RIOTC.R a cneKTpe Gx (ru) KaK nomHble 111-1HI111 a Al-1ana30He 
(O.rcl. npol..leCC HaXO*AeH11.R AeHCTBI1TellbHbiX 4aCTOT ocy~eCTB/l.ReT-
C.R Ha OCHOBaHI111 ABYX 1-1111-1 6onee H3MepeHJ.1H, npoBeAeHHbiX C pa3111-14HOH, 
HO 6nH3KOH 4aCTOTOH onpoca I-13Mep.ReMbiX napaMeTpoa. AHanori-14HO 
npoBOA1-1TC.R o6pa6oTKa aToporo napaMeTpa Y (t). 

2. CTPYKTYPA H3MEPHTEJ1bHO~ CHCTEMbl 

K OCHOBHbiM 06DeKTaM H6P-2, All.R KOTOPbiX npemAe acero Tpe6yeTC.R 
0n11caHHbiH BbiWe aHa/11-13, OTHOC.RTC.R aKT11BHa.R 30Ha, MOAYil.RTOP peaK
TI1BHOCTH H HaTpHeBbiH KOHTYP CI1CTeMbl oxnamAefiH.R. HH~OpMai..II-1.R 06 
113Mep.ReMbiX napaMeTpaX 06DeKTOB nocTynaeT Ha 38M OT AaT41-1KOB pa3-
I1114HOrO T11na /HOHI13ai..II-10HHbiX KaMep, TepMOnap, eMKOCTHbiX 1-1 1-1HAYK-
1..1110HHbiX AaT411KOB/, KOTOpble pa311H4aiOTC.R BHyTpeHHI-1M conpOT11BileHI1eM 
IAaT411KI-1 TOKa 111111 Hanp.RmeHI1.R/, BI-1AOM BbiXOAHoro c11rHa11a /aHanoro
BbiH, A11CKpeTHbiH/, a TaKme ypoaHeM noMex. ,l:ln.R 113MepeHI1.R c11rHanoa 
B yC110811.RX 11HTeHCI1BHbiX noMeX 11Cn011b3YIOTC.R 11301111pOBaHHble HOpM11py10-
~11e npeo6paaoaaTe1111 141• cooTaeTCTBYIOII411e ~opM11poaaTe1111 11 cornacy10-
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~~e ycTpoHcTea AnR nepeAa4~ c~rHanoe Ha paccTORH~e -1 KM. 3T~ 

ycTpOHCTBa no3eonRIOT npeo6pa3oBaTb c~rHanbl AaT4~KOB e c~rHanbl, 

eocnp~H~MaeMble BXOAHbiM~ 6noKaM~ KAMAK: TeKy~ee 3Ha4eH~e Henpe
PbiBHoro aHanoroeoro c~rHana, aMnn~TYAa ~MnynbcHoro c~rHana, 
4acToTa cneAOBaH~R ~Mnynbcoe ~n~ 4~cno ~Mnynbcoe, nponop~~oHanb
Hble 3Ha4eH~IO napaMeTpa. ~ COOTBeTCTB~~ C 3T~M AnR ~3MepeH~R 
nl06biX KOM6~Ha~~H ABYX napaMeTpOB ~ HeKOTOpbiX KOM6~Ha~~H Tpex 
napaMeTpoe e KpeHTe KAMAK eeeAeHbl cneAYIO~~e 6noK~: ABa 12-pa3-
PRAHbiX ~ OA~H 1 0-pa3PRAHbiH aMnn~TYAHbiH KOA~POB~~K~ IAKI, OA~H 
12-pa3PRAHbiH epeMeHHOH KOA~POB~~K IBKI, 16-pa3PRAHbiH peeepc~e
HbiH C4eT4~K IPC41 ~ 4eTblpe 12-pa3PRAHbiX C4eT4~Ka IC4 1 _ 41. 

CTpyKTypHaR cxeMa ~3Mep~TenbHoA 4acT~ c~cTeMbl noKa3aHa Ha 
p~c.1. AHanoroeble c~rHanbl c AaT4~Koe TeMnepaTypbl HaTp~R Ha 
BXOAe (T ~x) ~ BbiXOAe (T0Bb!XJ aKT~BHOH 30Hbl, paCXOAa TennOHOc~
TenR e neTnRx 11A11 (0/) ~ 11 611 

( GB ), a TaK>Ke noAorpeea HaTp~R 
B aKT~BHOH 30He (~T0) npeo6pa3yiOTCR B 4aCTOTy C norpeWHOCTbiO 
0,1-0,3% ~ e Te4eH~e epeMeH~ ~t. 3aAaeaeMoro nporpaMMHO np~ 
noM~~ C4eT4~Ka C npeABap~TenbHOH ycTaHOBKOH ICnYI ~ reHepaTopa 
1r21. ~HTerp~pyiOTCR e c4eT4~Kax IC41. C~HxpoH~3a~~R ~ 4acToTa 
onpoca 3Ha4eH~H napaMeTpa 3aAaiOTCR reHepaTOPOM r) ~n~ BHew-
H~M ~MnynbCOM 3anycKa oT HoP 111 011 PI. Peeepc~BHbiH C4eT4~K IPC41 
cny>K~T AnR OTC4eTa ~MnynbCOB C AaT4~KOB nono>KeH~R opraHOB pery
n~poBaH~R KO, nP, AP (LKo• Lrrp·LAp). Bee napaMeTpbl MOAYnRTOpa 
peaKT~BHOCT~ IMPI ~3MepRIOTCR c ~cnonb30BaH~eM 6noKoe AK ~n~ 
BK. OcHOBHble co4eTaH~R napaMeTpoe np~ ~3MepeH~~ napHbiX KOppenR
~~A npeACTaeneHbl B Ta6n. 1, rAe W- MO~HOCTb peaKTOpa le ~MnynbC
HUM pt:!IK~Mt:! - ~Heprii!R ~MnyllbCUB M~HUCTIII; npill 1113MepeH~~ KUppt:!JlR
~~H W-W ~cnonb3YIOT c~rHanbl c ABYX ~oH~3a~~OHHbiX KaMepl, X0 
~ X - OCeBble CMe~eH~R OCHOBHOro 10n01 ~ AOnonH~TenbHOrO I.L\nOI 
nOAB~lKHbiX OTpa>KaTeneA' To ~ T - nep~OAbl epa~eH~R ono ~ AnO 
COOTBeTCTBeHHO, ~- CAB~r ~a3 Me>KAY ono ~ AnO, I - TOK B ~enlll 
3neKTpoMarH~THOH MY~Tbl, COeA~HRIO~eA ean AB~raTeneA C eanoM 
0n0, U- HanpR>KeH~e B ~en~ AB~raTenR np~BOAa MOAYnRTOpa peaK
T~BHOCT~o 

Pnc.I. CTpyKTYPHaH cxeMa H3-

MepnTeJibHOH CHCTeMbJ KoppenH

JJ;HOHHOrO amlJIH3a peaKTOPHbiX rra

paMeTpOB, ITOHCHeHHH B TeKCTe. 
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Ma.riiiCTpanb KAMAK noAKnl04eHa 
4epe3 KpeHT-KOHTponnep IKKI K 
M~Hw3BM T~na PDP-11 120 c eM
KOCTbiO onepaT~eHoA naMRT~ 28 K 
cnoe. 

B 4~cno nep~~ep~AHbiX ycT
poAcTB 3BM, ~cnonb3yeMbiX B AaH
HOH C~CTeMe, BXOART ABa HaKo
n~TenR Ha MarH~THOH neHTe 
IHMfli,HaKon~Tenb IHMAI Ha r~6-
K~x A~CKax (RX) eMKOCTbiO 128K 
cnoe, HaKon~Ten~ Ha CbeMHOM A~c
Ke (RK) 2, 5 M6aAT ~ ~~Kc~poeaH

HOM A~CKe (RF) eMKOCTbiO 
!56 Kcnoe, a TaKme an~ae~THO-

l 
• 
I 

2 
3 
4 
5 

6 
? 
8 
9 

IO 

II 

12 

T~ 

14 

Taonnu;a 

0CHOBHbJe rrapHbJe KOppeJIHJJ;HH, H3MepHeMbJe Ha peaK TOpe 

HEP- 2, H ncrroJib3yeMbJe rrpn 3TOM oJIOKH KAMAK 

¥bMepReMHe 
napaMeTPH 

If- If 

w - x0 <xn > 

w - ? <'~n > 
w-
w - 'rc> ( ~hiX) 

BX 
If -AT<> 
w- GA (GE) 

w- I(U) 

W - Lko(LIIP • LAP) 

la - X 
Xa<Xn>n- 'f 

GA - GE 

GA (~)-A~ 

ll_ - - A ,.0 A-tD 

GA-t B- l.x:o(LIJ?• LAP) 

lofcno,m,3ye-
MHe BXOnHble 
6JIORH RAMAl{ 

AK - AK(Ctr) 
AK- AK 
AK- AK 
AK- BK 
AK- BK 
AK - ClJ 

AK - ClJ 
A!{ - AK 
AK- PClJ 
AK- AK 
AK- BK 

ClJ - CII 

cq- C"ll 

("Iff f1TT f1TT -"' ........... 

ClJ-ClJ-PClJ 

Pe~M pa6oTbl peaRTopa 
CT8UHOH8pH, HMfiYJihCH, 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

~.~~~poeoe ne4aTaJO~ee ycTpoAcTeo IAUnY I ~ KoHconbHbiH Tep
M~Han ITEPMI T~na DZM - 180 KSR. M~H~ManbHbiH cocTae BHeWH~x 
ycTpoAcTe, Heo6xoA~MbiX AnR pa6oTbl c~cTeMbl, cneAYIO~~A: OA~H HMfl, 
n106oA ~3 nepe4~cneHHbiX BbiWe MarH~THbiX A~CKOB ~ TeneTaAn. M~H~
ManbHaR eMKOCTb Heo6xoA~MOH onepaT~BHOH naMRT~ - 10 K cnoe. 
0Ai~~H ~3 A~CKOB lo6bi4HO RKI ~cnonb3yeTCR AnR xpaHeH~R onepa~~oH
HoA c~cTeMbl ~ nporpaMM, pa6oTaiO~~x c 6noKaM~ KAMAK. Aea APYrlllx 
A~CKa cny>KaT AnR epeMeHHoro xpaHeH~R 3Kcnep~MeHTanbHbiX ~aHnoe. 
nocne OKOH4aH~R ~3MepeH~H ~n~ B XOAe ~3MepeH~H ~H~OpMa~~IO MO>KHO 
3an~caTb e HMfl c ~enbiO AanbHeHweH o6pa6oTK~ Ha 3BMCDC-6500. 

3. nPOrPAMMHOE 06ECnE4EHHE 

Co3AaHo HecKonbKO eepc~H nporpaMMHoro o6ecne4eH~R c~cTeMbl, 
nocTpoeHHbiX no MOAYnbHOMY np~H~~ny. Ka>KAaR eepc~R o6ecne4~BaeT 

pa6oTy c~cTeMbl c onpeAeneHHbiM co4eTaH~eM 6noKoe KAMAK. B ~ocTae 
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PHc.2. CTpyKTypHaH cxeMa nporpaM
MHoro o6ecneqeHHH. 

Ka~AOH eepc~~ nporpaMMHoro o6ec
ne4eH~R BXOART cpeACTBa BeAeH~R 
A~anora c 3Kcnep~MeHTaTopoM, 
ynpaenR~aR nporpaMMa, cpeAcT-
ea HaKonneH~R 3Kcnep~MeHTanbHOH 
~H~opMa~~~. nporpaMMa B~3yan~-
3a~~~ pe3ynbTaTOB 3KCnepHMeHTa 
~ nporpaMM~ 3Kcnpecc-o6pa6oTK~ 

3Kcnep~MeHTanbHhlX AaHH~x /p~c.2/. 
CpeACTBa BeAeH~R A~anora no3-

eonR~T 3aAaTb AaTy, epeMR 3Kc
nep~MeHTa, pa3Mep ~ Ha3eaH~e 

~aHna 3Kcnep~MeHTanbH~x AaHHhlX, 
Ha3eaH~e eHewHero 3anoMHHa~ero 
ycTpOHCTBa /B3Y/ 3BM, Ha KOTOpoe 
AOn~eH 3an~CbiBaTbCR 3TOT ~aHn, 
Ha4anbH~e ycTaHOB04H~e 3Ha4eH~R 

6noKoe KAMAK H APYrY~ conyTcT
ey~y~ npeACTORIJieMy 3KCnepHMeH
Ty ~H~OpMa~~~. no ~enaH~~ 3KC
nep~MeHTaTopa A~anor eeAeTCR 
~~60 B nonHOM, n~60 B COKpaiJieH
HOM eap~aHTe. 

Ynpaen~aR nporpaMMa ocy
UieCTBnReT Ha4anbHY~ ycTaHOBKY 
COCTORHHR ~ Ha4anbH~X ycnoB~H 
/cTaTyca/ e ~cnonb3yeMOM o6opy
AOBaH~H KAMAK, 3aAaH~e KOHCTaHT 
~ Ha4anbH~X 3Ha4eH~H nepeMeH
H~x, ~cnonb3yeM~x nporpaMMaM~. 

B 3aBHC~MOCT~ oT ycnoeHH 3Kcnep~MeHTa ynpaenR~aR nporpaMMa 
OCYUieCTBnReT B~30B~ Heo6XOA~M~X nporpaMM ~ ynpaBnReT nocneAO
eaTenbHOCTb~ HX pa60Thl. 

nporpaMMa HaKonneH~R 3KCnepHMeHTanbH~X AaHH~X B~3~BaeTCR 
no c~rHany npep~BaH~R oT 6noKoe KAMAK. HH~opMa~~R C4~T~eaeTcR 

c e~XOAH~x per~cTpoe 6noKoe KAMAK ~ 3an~c~eaeTCR e ceo6oAHOe 
none /6y~ep/ onepaT~BHOH naMRT~ /~3 ~Me~~xcR ABYX/. CoAeP~~Moe 
3anonHeHHoro 6y~epa, 3aKp~Toro AnR per~cTpa~~~. 6e3 npep~eaHHR 
npo~ecca HaKonneH~R nepen~c~eaeTCR /no BHenporpaMMHOMY KaHany/ 
Ha yKa3aHHoe e Ha4ane A~anora B3Y /MarH~TH~H A~CK ~n~ Ha Mar
H~THY~ neHTy/. no ~enaH~~ 3Kcnep~MeHTaTopa nporpaMMa no3eonReT 
per~cTp~poeaTb ycpeAHeHH~e 3Ha4eH~R 3Kcnep~MeHTanbH~x AaHH~x, 

~cnonb3yeM~e Aanee e Ka4ecTee ~cXOAH~x. 
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nporpaMMa B~3yan~3a~H~ no3eonReT 3Kcnep~MeHTaTopy KOHTpon~po
eaTb Ha T04e4HOM A~cnnee npo~ecc HaKonneH~R 3Kcnep~MeHTanbH~x 
AaHH~x ~ Ha6n~AaTb nony4eHHble s pe3ynbTaTe o6pa6oTK~ r~cTorpaMMbl, 

nocne OKOH4aH~R HaKonneH~R Ha 3TOH ~e MHH~-3BM npOBOA~TCR 
npeABap~TenbHaR o6pa60TKa AaHH~X B o6DeMe, yKa3aHHOM B pa3A.1. 
3anycK nporpaMMbl o6pa6oTK~ cneAyeT nocne yKa3aH~R B3Y ~ Ha3saH~R 

c~opM~poeaHHoro ~aHna. AnR B~BOAa pe3ynbTaTos o6pa6oTK~ ~cnonb-
3Y~TCR TepM~Han onepaTopa ~ A~cnneH 15 •6 1. 

4. HEKOTOPWE 3KCnEPHMEHTAnbHWE PE3YnbTATW 

B Te4eH~e 1977-1981 rr. np~ nOMOIJI~ c~cTeM~ KOppenR~HOHHoro 
aHanH3a nposeAeHbl ~ccneAOBaH~R Ha~6onee sa~H~x napaMeTpoe peaK
Tapa H6P-2. 6onbWOe BHI-1MaH~e YAenRnOCb !-13y4eH~~ WYMOBbiX xa
paKTepHCTI-1K peaKTOpa, oco6eHHO Bn~RH~~ B~6pa~~H nOAB~~HOrO 
OTpa~aTenR Ha ~nyKTya~~~ MOIJIHOCT~, KaK OAHOMy ~3 npeAnOnaras
W~XCR OCHOBHhlX ~CT04H~KOB WYMOB peaKTOpa. no cpaeHeH~~ C ~~3~-
4eCK~M nycKOM 3HepreT~4ecK~H nycK peaKTopa ocyiJieCTBnRncR c APY
r~M sapHaHTOM nOAB~~HOro OTpa~aTenR /c AOnOnH~TenbH~M nOAB~~
H~M OTpa~aTeneM B B~Ae Tpe3y6~a/. EcTeCTBeHHO, 4TO A~HaMHKa 3To
ro oTpa~aTenR OKa3anacb ~HaR, 4eM AnR npeAhlAYillero sap~aHTa 
/co cnnowH~M A~CKOM ,QnO/. 0AHaKo o~I-1AaeMble ra30A!-1HaM~4eCKI-1e 
YAap~ 1-1 B~3BaHH~e I-1M~ BHfipa~l-11-1 OTpa~aTeneH He np!-1BenH K AOnon
H~TenbHhlM ~nyKTya~~RM MOIJIHOCTI-1/ 7/. 

Ha p1-1c .3a AnR cpaeHeH~R noKa3aHbl cneKTpanbHhle nnoTHOCTH MOIJI-

eap!-1aHTaX OTpa~aTeneH H COOTBeTCTBY~He HM cneKTPhl ~nyKTa~HH 
MOIJIHOCTI-1. nonepe4Hhle B!-16pa~I-1H 0n0 HeBeni-'IK~ 1-1 no O~eHKe CTaHAapT
HOrO OTKnOHeH!-1R ax COCTaBnR~T- 0,01 MM. CH~~eH!-1e CKOpOCTI-1 0n0 
B ABa paaa C 50 AO 25 r~ yMeHbW~no 3Ha4eH~e~,OAHaKO CYMMapHhle 
~nyKTYa4~~ MOIJIHOCTH no CpaBHeHH~ C aHanorH4H~MH ~nyKTya4~RMI-1 
npl-1 ~l-131-14eCKOM nycKe HeCKOnbKO yeenH41-1nHCb. - C -2% AO -3%. 
3Aecb npoRBI-'InCR AOnonH~TenbH~H 3~eKT, o6ycnoeneHHhlH npoTeKa
HI-'IeM HaTpi-1R 4epe3 aKTHBHY~ 30Hy. nHK 0,6 r4 B cneKTpe ~nyKTya
~H~ MOIJIHOCTI-1 /p~c.36/ o6ycnosneH Bn~RHHeM HaTpHeBOH CHCTeM~ 
oxna~AeHHR 1-1 pacTeT nPH yeen~4eHHH pacxoAa HaTpHR. Bn~RH~e A1-1Ha
MI-1KH HaTpHR B 3TOH o6naCTH 4aCTOT nOATBeP~AaeT B3a!-1MHaR KOppenR-
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PHc. 3. CneKTpaJibHble nnOTUOCTH 
MOIJIHOCTH myMOB 3HeprHH BCllbEeK 
peaKTopa HBP-2 (Gw) H oceBbiX 
KOJie6aHHH JIOnaCTH OCHOBHOrO llOA
BHJKHOrO OTpaJKaTeJIH (Q X ) BO Bpe
MH ~H3HqecKoro /a/ H 3HepreTH
qecKoro /6/ nycKoe peaKTOpa; 
f- qacToTa /rn/. UH~paMH Ha pH
cyJmax o6o3HaqeHa qacToTa xa
paKTepHbiX llHKOB. 

7 



0.68 r~.~ 

0. 5 1----+-1+---!---+--t-----1 

\ 
2 3 4 f 

4 8 12 16 l 

PHc.4. CneKTp myMOB pacxo~a 
TenJIOHOCHTeJIH B neTJie "A" nep
BOrO KOHTypa (Q G ) H B3aHMHaH 
KOppeJIHQHOHHaH ~YHKQHH MO~OCTH 
peaKTOpa H paCXO~a TenJIOHOCH
TeJIH B neTJie "A" (Rw 0 )"; f -
~aCTOTa /rQ/, t- BpeMH /c/. 

~HOHHa~ $YHK~H~ MemAY paCXOAOM 
HaTpH~ H M~HOCTb~, a TaKme 
HanH4He COOTBeTCTBy~ero nHKa 
B cneKTpe $nyKTya~HH pacXOAa 
/pHc.4/. B pemHMe 5 r~ B cneKT
pe $nyKTya~HH MO~HOCTH nO~Bn~
~TC~ nHKH C 4aCTOTOH OT 0,2 AO 
0,5 r~, B~3BaHH~e paCCHHXpOHH-
3a~HeH ono H AnO npH HX epa~e
HHH. 0AHaKO 3TOT 3~eKT ,_ KaK 
noKa3anH H3MepeHH~, MOmHO yMeHb
WHTb BBeAeHHeM TaK Ha3~BaeMOrO 
11M~rKOr011 pemHMa Bpa~eHH~ 0n0 
c npocKanb3~BaHHeM 3neKTPOMar

HHTHOH MY$Tbl, COeAHH~~~eH Ban ABHraTen~ c ono. CyMMapH~e $nyK
Tya~HH 3HeprHH BCn~weK peaKTOpa B pemHMe 5 r~ /aW /W =4+5%/ 
HeCKOnbKO npeB~Wa~T $nyKTya~H~ B pemHMe 25 r~ ~ OAHaKO B ~enOM 
An~ AaHHor o eapHaHTa MOAYn~Topa peaKTHBHOCTH wyM~ peaKTopa HHme 
AOnyCTHMOrO YPOBH~. 

B 3aKn~4eHHe aBTOpbl C4HTa~T CBOHM npH~TH~M AOnrOM B~pa3HTb 
6naroAapHpCTb r.n.*yKOBy sa BHHMaHHe K pa6oTe H nOM~b. ABTOp~ 
6naroAapHbl TaKme B. r. THWHHY, HeH3MeHHO npHHHMaeweMy y4aCTHe 
B 06cymAeHHH pa69Tbl. 
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PyKonHcb nocTynHna e H3AaTenbCKHH OTAen 
7 H~n~ f982 r6Aa. 

Baroa B.A. H AP· CHcTeMa AnR KoppenR~HOHH~x H cneKrpanbH~x 
H3MepeHHH napaMerpoa peaKropa H6P-2 

P13-82-533 

PaCCMaTpHBaeTCR MeTOAHKa KOppenR~HOHH~X H cneKTpanbH~X H3MepeHHH ~20 oc
HOBH~X napaMeTpOB aKTHBHOH 30H~, MOAYflRTOpa peaKTHBHOCTH, nepaoro KOHTypa 
CHCTeM~ HaTpHeaoro oxna*AeHHR H opraHoa ynpaaneHHR peaKropa H6P-2 c ~enbo 
HCCfleAOBaHHR YCflOBHH CTa6HflbHOH H 6e30naCHOH pa6oT~ peaKTOpa. 0nHC~BaeTCR 
CTPYKTypa H3MePHTeflbHO-B~4HCflHTenbHOH CHCTeM~ /OpHeHTHpOBaHHOH Ha HCnOflb30-
BaHHe 38M/, KOTOpaR nporpaMMHO COBMeCTHMa C MaflOH 38M THna CM-3 H C o60PYAO
BaHHeM a craHAapre KAMAK. PaccMaTpHaaeTCR TaK•e nporpaMMHOe o6ecne4eHHe H3-
MepHrenbHOH CHCTeM~ H npHBOARTCR HeKOTOp~e pe3YflbTaT~ H3MepeHHH, OC~ecT
aneHH~X npH npoaeAeHHH ~H3H4ecKoro H 3HepreTH4ecKoro nycKoa peaKropa 116P-2. 

Pa6ora awnonHeHa a fla6oparopHH HeHTPOHHOH ~H3HKH OHRH. 

Vagov V.A. et al. A System for Correlational and Spectral 
Measurements of IBR-2 Reactor Parameters 

P13-82-533 

The method is considered of correlational and spectral mesurements 
of about 20 principal parameters of the core, of the reactivity modula
tor, of the first circuit of 1 iquid sodium cooling system and ot control 
units of the IBR-2 pulsed reactor in order to study the conditions for 
safe and stable operation of the reactor. The structure is considered of 
the measuring system b<1sed on a computer compatible with therr ini-computer 
of the CM-3 type and devices in CAMAC standard. Its software is also 
discussed. Several results are reported of the measurements performed 
during the physical startup and power startup of the IBR-2 reactor. 

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