
Ofib8AMH8HHbiM 
MHCTMTYT 
RABPHbiX 

MCC18AOB8HMM 

AYfiH8 

/\ :-j ~15 Pl3-88-346 

B.JI.JloMM,n3e, K.HoaK*, A.~.Poros, ~ .n.llia6anMH 

PE3YJibTATY 3KCfiEPHMEHTAJibHYX 
H PACqETHYX HCCJIE~OBAHHA 

fiEPCfiEKTHBHOrO MO~YJIHTOPA 
PEAKTHBHOCTH PEAKTOPA HBP-2 

HanpaeneHo e lKYPHan 11AToMHaR 3HepntR 11 

* UHRH, PocceHAOP$, rAP 

1988 



1. BBE,QEHI1E 

B HMnynbcHoM nepHOAH4eCKOM peaKTope HeHTPOHHaR 8Cn~wKa ~op
MHpyeTCR c noMo~b~ MOAYnRTopa peaKTH8HOCTH /MP/ - cne4HanbHo
ro YCTPOHCT8a, KOTopoe nepHOAH4eCKH nepe80AHT peaKTOP 8 COCTO
RHHe HaAKPHTH4HOCTH Ha MrH08eHH~X HeHTPOHaX. 0CH08HaR 4aCTb 
8Cn~WKH ~OpMHpyeTCR Ha CTaAHH yMeHbWeHHR K03~H4HeHTa pa3MHO
meHHR, KOrAa KPH8aR cnaAa peaKTH8HOCTH 80 8peMeHH nPOXOAHT 
4epe3 COCTORHHe 11MrHo8eHHOH 11 KPHTH4HOCTH. EcnH 8 MOMeHT AOCTH
meHHR KpHTH4HOCTH a6con~THOe 3Ha4eHHe CKOPOCTH BWBOAa peaKTH8-
HOCTH pa8HO y , TO 3~eKTH8HaR AnHTenbHOCTb 8Cn~WKH *1 11 

(J = y 2 TTr/ Y , /1/ 

rAe r - cpeAHee BpeMR mH3HH noKoneHHR HeHTPOH08 8 peaKTOpe. 
napaMeTp Y- 8amHeHwaR xapaKTePHCTHKa MOAYnRTopa peaKTH8HOCTH, 
3a8HCR~aR OT HeHTpOHHO-~H3H4eCKHX CBOHCT8 MP H CKOpOCTH nepe
Me~eHHR ero aKTHBH~x 3neMeHT08. KoHCTPYK4HR'MP AonmHa, o4e8HA
Ho, o6ecne4H8aTb KaK MOmHo oonee a~coKoe 3Ha4eHHe y. 

AKTHBH~MH 3neMeHTaMH MOAYnRTOpa peaKTH8HOCTH 116P-2 RBnR~T
CR nOA8HmH~e OTpamaTenH HeHTpOHOB! OCH08HOH /OnO/ H AOnonHH
TenbH~H /,QnO/, 8pa~a~~HeCR C pa3H~MH no 8enH4HHe CKOPOCTRMH. 
11MnynbC M~HOCTH pa38HBaeTCR TOnbKO 8 TOM cny4ae, KOrAa o6a 
oTpamaTenR oKa3~8a~TCR a6nH3H aKTH8HOH 30H~. Cy~ecT8eHHo, 4TO 
8 3TOT MOMeHT 6noK .QnO MOmeT 3KpaHHP08aTbCR 6nOKOM 0n0, Haxo
ARCb 8 HeHTPOHHOH TeHH nocneAHero. B 3TOM cny4ae nepeMe~eHHe 
OTpamaTeneH conp080mAaeTCR 8~XOAOM .QnO H3 TeHH, T.e. YCHne
HHeM ero OTpama~HX C80HCTB H, cneA08aTenbHO, CHHmeHHeM CKOpO
CTH 8~80Aa peaKTH8HOCTH y. 

B MP TPaAH4HOHHoH KoHCTPYK4HH
1

v /ono "' .Qno a~nonHeH~ 8 8H
Ae cnnOWH~X 6noKOB/ pa3BHTHe HeHTPOHHoro HMnYnbca ocy~eCTBnR
eTCR npH 8~XOAe .QnO H3 TeHH, H no3TOMY TeHe80H 3~eKT HrpaeT 
8peAHY~ ponb, 4TO H 6~no 06HapymeHO npH ~H3H4eCKOM nycKe peaK
Tepa 8 1978 r. 1~ • 6~no peweHo H3MeHHTb KOH~Hrypa4H~ .QnO Ta
KHM o6pa30M, 4T06~ ~OPMHP08aHHe HeHTPOHHOro HMnynbCa OCy~eCT-

·*:----------------
.[lnHTeJibHOCTb BCIThDllKH Ha fiOJIOBHHe ee BbiCOTbl, HJIH 11nOJiymHpHHa11 

e112 , Ha 6% H~e 3~eKTHBHoro 3HaqeHHH /1/. B TeKcTe qHCJieH

Hble 3HaqeHHH Be3,D;e fiPHBO,II;HTCH AJIH 11nOJIYDJHPHHbl11 BCIThDllKH. 
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snRnocb 6~ He np~ s~xoAe AnO ~3 TeH~, a, Hao6opoT, np~ ero 
BXOAe B TeHb ono. nocKOflbKY 3aTeHeH~e AnO 03Ha4aeT AOnonH~
TeflbH~H BbiBOA peaKT~BHOCT~, O~~AaflOCb 3aMeTHOe ysen~4eH~e na
paMeTpa y no cpasHeH~~ c nepsoHa4anbH~M 3Ha4eH~eM. 

B pe3ynbTaTe 3Kcnep~MeHTOB 3nOC-1 131 , s~nonHeHH~x s 
1979 r., 6~na HaHAeHa onT~ManbHaR KOH~~rypa~~R cTanbHoro Ano 
/s ~opMe Tpe3y6~a. KOTOP~H ~cnonb3yeTCR AO c~x nop ~ o6ecne-
4~saeT 3Ha4eH~e e V 2 = 220 MKC np~ CKOpOCT~ Bpa~eH~R 0n0 
1500 o6/M~H/, n03BOfl~BWaR COKpaT~Tb Afl~TeflbHOCTb BCn~WK~ 
s 1,3 pa3a TOflbKO 3a c4eT reoMeTp~4ecKoro ~aKTopa /TeHesoro 
3~eKTa/ ~ B 1,5 pa3a C y4eTOM BCex OCTaflbH~X ~3MeHeH~H B KOH
CTpyK~~~ MP ~ peaKTopa. 

B 6onee no3AH~x 3Kcnep~MeHTax, 3nOC-2 l:f! , nposeAeHHbiX 
B 1983 r., ~ccneAosan~cb xapaKTep~cT~K~ MP, y KoToporo y~e 
o6a nOAB~~H~X OTpa~aTenR, ~ OCHOBHOH, ~ AOnOflH~TeflbHbiH, ~Me~T 

peweT4aTy~ /reTeporeHHy~/ CTPYKTypy. leTeporeHHbiH MP, ~AeR KO
Toporo soaH~Kna e~e s 1974 r.IV , oTKp~saeT nyTb AaflbHeHwero 
nOBbiWeH~R napaMeTpa y 6e3 yBefl~4eH~R CKOPOCT~ Bpa~eH~R OnQ: 
Bo-nepBbiX, 3a C4eT B03MO~HOCT~ 3~eKT~BHOrO COKpa~eH~R war a 
peweTOK no cpaBHeH~~ CO Cfly4aeM cnnOWHOrO 0n0, pa3Mep KOTOpo
ro orpaH~4~Ban paaMep ~en~ AnO, ~. so-sTopblx, aa c4eT opraH~
aa~~~ BCTpe4Horo AB~~eHHR ono ~ AnO, noCKOflbKY 4aCTOTa nepe
KPbiT~R ~eneH 060~X OTpa~aTeneH 3aB~C~T, 04eB~AHO, OT ~X OTHo
C~TenbHOH CKOPOCT~ AB~~eH~R. War peweToK,' 4~Cfl0 ~ pa3Mep 3y6b
es.peweTK~, MaTep~an 3YObeB icTanb, 6epHIJIJH.:1i 6~IJH npt:AMt:IOM 
onT~M~3a~~OHHbiX ~ccneAOBaH~H Ha CTeHAe 3n0C-2, 0AHaKO ~ccne
AOBaTb H~KeneBbiH MOAYflRTOp 3KCnep~MeHTaflbHbiM nyTeM He npeAOCTa
B~flOCb B03MO~HOCT~. 3ToT sap11aHT reTeporeHHoro MP onT~M~3~po
sancR pac4eTHbiM nyTeM K.HoaKoM. 

Pac4eTbl K.HoaKa npeACKa3biBanl1, 4TO reTeporeHHbiH MOAYflRTOp 
c HI1KeneBbiM~ peweTKaM~ ono ~ AnO o6ecne4~BaeT Hal16onee BbiCO
KOe 3Ha4eH~e Y 11 n03BOflReT CHI13~Tb Afl~TeflbHOCTb BCnbiWK~ B 2 pa-
3a no cpaBHeHI1~ C cy~eCTBY~~~M 3Ha4eHI1eM 220 MKC np11 npe~HeM 
orpaHI14eHI111 Ha MaKC~MaflbHY~ CKOpOCTb Bpa~eH~R 1500 o6/M~H. 

OrpoMHbiH aanac npo4HOCTI1 poTopos MP np~ TaKoH H~3KOH CKo
pocT~ spa~eH11R, o6ecne4~Ba~I1H npaKTI14eCK~ nonHy~ 6e3onacHoCTb 
peaKTOpa, 11 BMeCTe C TeM ABYKPaTHbiH Bbll1rpbiW B Afl11TeflbHOCTI1 
BCnbiWKI1 npeACTaBflRfl~ co60H HaCTOflbKO BeCOMbiH pe3yflbTaT, 4TO 
OH Hy~aflCR B npRMOH 3KCnepi1MeHTaflbHOH nposepKe. 3Kcnep~MeHTbl 
Ha CTeHAe 3n0C-3, pe3yflbTaTbl KOTOPbiX 06CY~Aa~TCR B HaCTOR~eH 
pa6oTe, nOflHOCTb~ nOATBepA~fll1 npeACKa3aHI1R paC4eTOB. 3Kcnepi1-
MeHTaflbHbiM nyTeM, HenocpeACTBeHHO Ha peaKTOpe ycTaHOBfleHo, 4TO 
reTeporeHHbiH MOAYflRTop peaKT~BHOCTI1 ~3 H~Kenesoro cnnasa 3~-
437. o6ecne411BaeT 11 nonyw~p~HY11 BCnbiWKI1 6biCTPbiX HeHTpOHOB(115.:!:_ 
+5) MKC npl1 CKOPOCTI1 spa~eH~R ono 11 Ano, paBHOH 1500 ~ 
T200 o6/MI1H cooTseTCTBeHHo. 
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2. PAC4ETHbiE ~CCflEAOBAH~.R IETEPOIEHHOIO MOAYfl.RTOPA 
PEAKT~BHOCT~ 

Pac4eTHble ~ccneAOBaH~R reTeporeHHbiX MP Ha4an~cb napannenb
HO C 11X 3KCnepi1MeHTaflbHbiM 113y4eHI1eM no nporpaMMe 3nQC-2 14/ 11 
B KOHe4HOM 11TOre np~Befl~ K He06XOA~MOCT~ nocTaHOBK~ KOHTpOnb
HOrO 3KCnepi1MeHTa 3nQC-3. 

HenocpeACTBeHHOH 3aAa4eH o6o~x HanpasneH~H RBflRnocb onpe
AeneHHe 3~~eKTOB peaKT~BHOCT~ np~ 3aAaHHbiX nepeMe~eH~RX ono 
~ AnO. ~opMa HeHTPOHHoro ~Mnynbca soccTaHasn~eanacb, npaKT~-
4eCK~ T04HO, no HaHAeHHOMy 3aKOHy MOAYflR~~~ peaKT~BHOCT~ ~3 
peweH~R T04~ ypaBHeH~R K~HeT~K~. 

1. 1. B o6~eM cny4ae MOAyn~pyeMaR peaKT~BHOCTb E aas~c~T oT 
ADYX nepeMeHHbiX: yrnosoro nono~eH~R ono (¢1) ~ yrnosoro nono
~eH~R Ano (¢ 2 ), T.e. ( = £(¢ 1 ,¢2). CneAosaTenbHo, 3aKoH Mo
AYnR~~~ peaKT~BHOCT~ eo speMeH~ E(t) on~CbiBaeTCR ypasHeH~eM 

d( 
dt 

a( + a( 
a¢1 (L)1 a¢2 (L)2, /2/ 

rAe (L)1 ~ (L)2 - yrnoBble CKOPOCT~ spa~eH~R ono ~ AnO COOTBeTCTBeH
HO, a K03~~~~eHTbl np~ H~x - HeRBHble ~YHK~~~ speMeH~. TaK~M 
o6pa30M, OTbiCKaH~e 3aKOHa _MOAYflR~~~ t'(t) CBOA~TCR K onpeAene
H~~ RBHOro B~Aa ~YHK~~~ E\¢ 1,¢2 J pac4eTHbiM~ ~fll1 3KCnep~MeH

TaflbHbiM~ MeTOAaM~. 

npaKT~4eCK~H ~HTepec npeACTaBnReT 3aB~C~MOCTb £(¢
1
,¢

2
) np~ 

nOCTORHHOM COOTHOWeH~~ yrnos: ¢ 1 /¢ 2 =w 1/w
2

,T.e. ~YHK~~R OAHOH 
He3aB~C~MOH nepeMeHHOH £(¢) , OTfl~4a~~aRCR OT t'(t) fli1Wb paa
MepHOCTb~ apryMeHTa /eM. p~c. 1 ~ 2/. Ecn~ s Ka4eCTBe Heaas~

w~ 

PHc.I. 3KcrrepHMeH

TaiTbHaH ~OpMa KpH
BOH MogynH~HH pe
aKTHBHOCTH E(t) 

I I o- 3 K/ HHKeneBo
ro reTeporeHHoro 

MogynHTopa MP-3 
ITpH CKOpOCTHX Bpa
~eHHJI OliO H .lUIO 
1500 H J2Q0 o6/MHH 
COOTBeTCTBeHHO; 

·100 soo 1 

-3 

Emo - paBHOBeCHOe 
-4 

3HaqeHHe MPHOBeHHOH HagKpHTHqHOCTH, ~K1 - rny6HHa MOgynJI~HH 
IT060qHoro MaKCHMYMa peaKTHBHOCTH, t - BpeMH /MKC/. 
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k(f) 10-3 

-6 -5 -4 -3 -2 -1 0 2 3 4 5 6 cp 

Puc. 2. Yrnoshle sasucHMocTu Mo~ynupyeMoA peaKTUBHOCTu 
I 1 o-3 K/, usMepeHH&Je ~ll nuKenesoro u CTanbuoro sapuau
TOB MP-3, B cpasHeHHH c KPHBOA MO~ynn~u ~eACTBYID~ero 
Mo~yn.RTopa MP-2; ¢ - yron nosopoTa OliO I rp~l , X = 
= w·2 !w1 - OTHomeuue cKopocTeA sp~eHHll LUIO u OliO. o-o -
MP-3, HuKenb, X= -4/5; x-x- MP-3, HuKenb, X= -1/3; 
----- MP-3, cTanb, X = -4/5; 6-6 - MP-2, cTanb, X = 
= +1/5. 

CHMOH nepeMeHHOH Bb16paTb yron noaopoTa 0n0 (¢ = ¢ 1), TO dddt = 
~ w

1 
d£/d¢ , rAe Be11H4HHa yrilOBOH npoH3BOAHOH 

d( 

d¢ 

0£ 
o¢1 

"'2 +-
"'1 

0£ 
a¢2 

/3/ 

pacc4HTb1BaeTcR HilH H3MepReTCR HenocpeACTBeHHO. B 4aCTHOCTH, 
ee a6COJVOTHOe 3Ha4eHHe B T04Ke ¢ = w 1 t 0 /MrHOBeHHaR KpHTH4HOCTb/, 
YMHO*eHHOe Ha w1 , paBHO napaMeTpy y, 0 KOTOPOM rOBOPHilOCb 
BbiWe, H3 /3/ BHAHO, 4TO 3TOT napaMeTp AOil*eH 3aBHCeTb OT OTHO
weHHR CKOPOCTeH ono H Ana. 

KpoMe Toro, H3-3a HanH4HR TeHeaoro 3~eKTa, aenH4HHa y AOil*
Ha 3aBHCeTb OT CKOPOCTH B3aHMHOro nepeKpbiTHR ~enei1 ono H AnO, 
T.e. OT OTHOCHTeilbHOH CKOpOCTH HX Bpa~eHHR (w1 -w 2 ). 

B cny4ae reTeporeHHoro MP xapaKTep MOAYI1R4HH peaKTHBHOCTH, 
£(t)HI1H £(¢·) , npeACTaBJlReT Co60H KOM6HHa4H~ H3 napa60J1H4eC-

4 

Koi1 3aBHCHMOCTH, xapaKTepHoH AilR cnnowHbiX 6noKoe, H HeKoi1 
nepHOAH4eCKOH 3aBHCHMOCTH, o6yCI10BJ1eHHOH B3aHMHbiM nepeKpbiTHeM 
~eneH ono H AnO B np04eCce HX ABH*eHHR. B CYMMe nony4aeTCR 
3aBHCHMOCTb C OAHHM rnaBHbiM H ABYMR no604HbiMH MaKCHMYMaMH 
peaKTHBHOCTH /eM. PHC. 1/. OcHoBHOH HMnynbc M~HoCTH pa3BHea
eTCR Ha npaBOM KPbiile rilaBHoro nHKa peaKTHBHOCTH, ~OCTHraR MaK
CHMailbHOrO 3Ha4eHHR B MOMeHT to/PHC, 1/, KOrAa peaKTHBHOCTb, 
CHH*a~aRCR CO CKOpOCTb~ y, nepeCeKaeT ypoBeHb MrHoBeHHOH 
KPHTH4HOCTH. Aea He6onbwHx AOnonHHTenbHbiX HMnynbca B03HHKa~T 
3a C4eT no604HbiX MaKCHMYMOB peaKTHBHOCTH, KOTOpble HH*e rnae
Horo MaKCHMYMa Ha Be11H4HHy dK 1 /pHC. 1/. 

BenH4HHa dK 1 AOil*Ha 6b1Tb AOCTaTo4Ho 6onbwoi1, 4To6bl Aonon
HHTeilbHble HMnYilbCbl M~HOCTH He Bb1Ae11RI1HCb 3aMeTHO Ha ~OHe OC
HOBHOH ecnbiWKH. HanpHMep, ecnH dK 1 e 1,5 pa3a 6onbwe paBHo
eecHoi1 HMnYilbCHOH HaAKPHTH4HOCTH £mo /KaK Ha PHC, 1/, TO 

no604Hble HMnYilbCbl npH611H3H
TeJ1bHO B 700 pa3 HH*e OCHOB-

N(t) Horo nHKa MO~HOCTH /pHc. 3/. 
BenH4HHa £mo pacTeT c 

10
3 

10
2 

101 

115~KC 

215MKC 

I 
I 
I 
I 
I 
I 
I 

1/ 

-400 0 

I 

\ 
\ 
\ . 
\ 
\ 
I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

400 800 t 

yBeJ1H4eHHeM CKOPOCTH Bpa~eHHR 
OTpa*aTenei1 Ill , no3TOMY AI1R 
reTeporeHHoro MP cy~eCTByeT 
BepXHHH nPeAeil CKOpOCTH Bpa
~eHHR, He CBR3aHHbiH C nP04-
HOCTb~ MaTepHaila, npH KOTO
POM no604Hble HeHTpOHHble HM
nyilbCbl CTaHOBRTCR HeAOnyCTH
MO BeilHKH. 3TOT npeAeil AO
CTHraeTCR npH YCI10BHH lmo = 

Puc. 3. HMnynbc MO~ocTu pe
aKTopa HBP-2 c HuKeneBMM Mo
~ynnTopoM peaKTUBHocTu MP-3 
/cnnomHa.R KpuBal!/ npu CKO
pOCTliX Bp~eHH.R OliO u AUO 
1500 U 1200 o6/MUH COOTBeTCT
BeHHO, ~OpMa UMnynbCa BOCCTa
HOBneHa no KpUBOA MO~Ynll~ 
ua puc.1. Cpe~Hli.R MO~OCTb 

peaKTopa 2 MBT. IIyHKTupoM 
uso6paKen HMnynbc, reuepu
pyeMhlA ~eACTBYID~ MO~ynl!TO
POM MP-2. /CKopoCTb OliO u 
LUIO 1500 u 300 o6/MHH/. N -
MO~OCTb /MBT/, t - upeM.R /MKC/, 
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= ~K 1 , KOrAa no604H~~ HMnynbC pa3BHBaeTC~ B COCTO~HHH MrHo
BeHHO~ KPHTH4HOCTH. 

CneAyeT OTMeTHTb, 4To H e oTcyTcTBHe no6o4H~x nHKOB peaK
THBHOCTH /KpHBa~ £(¢) Ha pHC. 2 An~ cnnOWHOrO OnQ H reTepo
reHHOrO AnO/ HacTynaeT npeAen, KorAa AanbHe~wee noe~weHHe 
CKOpOCTH epa~eHH~ CTaHOBHTC~ He~enecoo6pa3H~M, T.K. He AaeT 
e~Hrp~wa e y no cpaeHeHH~ c roMoreHH~M eapHaHTOM MP /cnnowH~e 
6noKH ono H AnO/. 3TOT $aKT 6~n ycTaHoeneH 3KCnepHMeHTanbHO 
B H3MepeHH~X Ha CTeHAe 3n0C-1. 

MO>KHO YTBeP>KAaTb, 4TO npH BbiCOKHX CKOPOCT~X epa~eHH~ reTe
poreHHa~ CTpyKTypa nOABH>KH~X OTpa>KaTene~ Tep~eT CBOH npeHMy
~eCTBa. EcnH 6~ He~TpoHHo-$H3H4eCKH~ npeAen cKopoCTH epa~eHH~ 
6~n BCerAa HH>Ke orpaHH4eHH~, npOAHKTOBaHH~X Tpe6oBaHH~MH 
npo4HOCTH, TO HAe~ reTeporeHHoro MP eoo~e He HMena 6~ npaK
TH4eCKo~ ~eHHOCTH: HanpHMep, An~ a6con~THO np04HOro reTeporeH
HOrO MP, cnoco6Horo epa~aTbC~ CO CKOnb yroAHO B~COKO~ CKOpo
CTb~, ynoM~HYT~~ npeAen ~Bn~nc~ 6~ nHWb HCKYCCTBeHHO~ nperpa
AO~ Ha nyTH coKpa~eHH~ AnHTenbHOCTH ecn~WKH. K C4aCTb~, An~ 
HeKOTOP~X Aa>Ke CaM~X npo4H~X MaTepHanoB He~TpOHHO-$H3H4eCKHe 
CBO~CTBa OKa3anHCb 11ny4We11 HX np04HOCTH~X CBO~CTB. HaH60nbWH~ 
BbiHrpbiW B 3TOM OTHOWeHHH AaeT reTeporeHHbl~ MP H3 HHKeneeoro 
cnnaea, o6naAa~~ero H XOPOWHMH np04HOCTHbiMH xapaKTepHCTHKaMH, 
H B~COKHMH OTpa>Ka~~HMH CBO~CTBaMH. Ha pHC 1 4 H 5 noKa3aH~ 
KOH$Hrypa~H~ noABH>KH~x OTPa>KaTene~ HHKeneeoro MP H Hx pacnono
>KeHHe OTHOCHTenbHO aKTHBHO~ 30H~ B HeKOTOp~~ MOMeHT epeMeHH 
nocne reHepa~HH ecn~WKH M~HOCTH. 

6 

PHc. 4. CxeMa peaKTOpaMBP-2 
C HHKe.JieBbiM reTeporeHHbiM MO-
AYnHTOpOM peaKTHBHOCTH MP-3. 
BnHXe K aKTHBHOH 30He pacno
no~eH OCHOBHOH flOABHEHhlH OT
p~aTe.Jib /OITO/. 

2 3 I. 

Pur. 'i. MnnPnT-. nP!lrnPT<"TH"RHOT'o Mnny.nt;rTO!IR peRT<"THHHOC'TH 

MP-3 Ha CTeHAe 3ll0C-3. lloKa38Hbl HHKeneBbJe pemeTKH oc
HOBHOrO /J/ H gononHHTenbHOrO /2/ OTp~aTeneH HeHTpOHOB, 
nepegHHH /3/ H pagge.nHTe.JibHaH /4/ MeMopaHbl Ko~xa MP, 
CaM KO~yx /5/. 

2.2. 4HcneHH~e pac4eT~ 3aKOHa MOAYn~~HH peaKTHBHOCTH c(¢ ), 
T04HOCTb KOTOP~X onpeAen~eTC~, no cy~eCTBy, norpewHOCTb~ B~-
4HCneHH~ npoH3BOAHO~ dc/d¢ , npoBOAHnHCb nyTeM o~eHKH AH$$e
peH~Han~H~x anb6eAH~X 3$$eKTOB MeTOAOM MOHTe-Kapno B peanb
HO~ reoMeTpHH. Ko3$$H~HeHT CB~3H 11anb6eAo - peaKTHBHOCTb 11 

onpeAenRnCR H3 cpaeHeHH~ pac4eTH~x AaHH~x c 3KcnepHMeHTanb
H~MH pe3ynbTaTaMH 3noc-t H 3noc-2: 

C 3TO~ ~enb~ 6~n C03AaH eapHaHT B~4HCnHTenbHO~ nporpaMM~ 
MORSE-CG /5/ , cne~HanbHO npeAHa3Ha4eHH~~ AnR pac4eTa Man~x 
anb6eAHbiX 3$$eKTOB . .s!AePH~e KOHCTaHT~ HCnOnb30BanHCb H3 6H6nHo
TeKH DLC-23 161 AnR 22 3HepreTH4eCKHX rpynn He~TpoHoe H 18 
rpynn raMMa-KBaHTOB e P3 -npH6nH>KeHHH An~ ce4eHH~ pacce~HH~. 

Heo6xoAHMOCTb npoBOAHTb 6onbwo~ KonH4ecTeo eapHaHTH~x pac-
4eToe noTpe6oeana Hcnonb3oBaHH~ cne~HanbHbiX MeToADB, no3BonR~

~Hx CHH3HTb AHCnepcH~ pe3ynbTaTOB H OAHOBpeMeHHO COKpaTHTb 
YAenbHOe C4eTHOe BpeMR /BBeAeHHe KOppen~~HH He~TpOHH~X HCTO-
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PH~, pac~qenneHHe a11b6eAO Ha OTAe11bHble KOMnOHeHTbl/, B Aa11bHe~
weM noRBH11aCb eosMo~HOCTb nepexoAa K ABYMepHo~ reoMeTpHH, 4To 
e~qe 6onee noe~CH110 3~~eKTHBHOCTb pac4eToB /6es cy~qecTBeHHoro 
YXYAWeHHR HX T04HOCTH, KaK noKasano cpaeHeHHe c 3KCnepHMeHTa
MH 3nOC-1 H 3nOC-2/. 

B HTore nporpaMMa noseo11H11a npoBOAHTb MHoro4HcneHH~e onTH
MH3al.IHOHHble HCC11eAOBaHHR, 06"'beM KOTOpbiX 6bl11 6~ npaKTH4eCKH 
HeAOCTyneH A11R 3KCnepHMeHTa11bHOrO H3y4eHHR Ha peaKTope, 

no paspa6oTaHHO~ MeTOAHKe 6~11H npoBeAeH~ OnTHMH3al.IHOHH~e 

pac4eT~ reTeporeHHoro MP, e KoTop~x eapbHpoeanocb 4HC11o H pas
Mep 3Y6beB OTpa~aTeJle~, WHPHHa 1qe11e~, OTHOWeHHe CKOpOCTe~ 
ono H AnO, MaTepHa11 OTpa~aTeJle~. Y4HT~Ba110Cb B11HRHHe AeTane~ 
KOHCTPYKLIHH, TaKHM o6pasoM, 6~11 Ha~AeH onTHMa11bH~~ eapHaHT 
MP- HHKenee~~ reTeporeHHbl~ MOAY11RTOP H3 cnnaea 3H-437, nony-
4HBWH~ HaseaHHe MP-3*, H BbiAaHbl peKoMeHAal.IHH K ero npoeKTHpo
eaHHIO. no 3Ha4eHHRM napaMeTpoe y , ~K 111 (roo , pacc4HTaHH~M npH 
pa3H~X OTHOWeHHRX CKOPOCTe~ ono "'AnO, YAa110Cb npeACKa3aTb 
AJ1HTe11bHOCTb BCn~WKH, He~TPOHHO-~H3H4eCKH~ npeAe11 CKOPOCTH 
epa~qeHHR H HaH6011ee nOAXOARiqH~ pe~HM pa60T~ 6YAY!qero MOAY11R
TOpa I (J) 2/(J)l = -4/5; 3HaK 11MHHYC 11 03Ha4aeT' 4TO ono H AnO epa
lqaiOTCR B pa3H~e CTOPOHbl/, npH 3TOM no11YWHPHHa He~TPOHHO~ 
BCn~WKH Ol.leHHBa11aCb, KaK y~e roBOPH110Cb, Be11H4HHO~ 110+120 MKC 
npH CKOPOCTH Bpa~qeHHR 0n0 illt= 1500 o6/NHH, 

0 coaeHeH~H oac4eTH~x naoaMeTooe MP-3 c 3KcneoHMeHTa11bH~MH 
AaHH~MH JnOC-3 6yAeT CKa3aHO HH~e npH o6cy~AeHHH 3KCnepHMeH
Ta11bHO~ 4aCTH HCC11eAOBaHH~. 

3. PE3YflbTATbl 3KCnEPHMEHTAflbHOrO WCCflEAOBAHW~ 
rETEPOrEHHOrO MP HA CTEHAE 3nOC-3 

, AeyKpaTHoe co~pa~qeHHe A11HTe11bHOCTH He~TPOHHo~ ecn~wKH, Ko
Topoe o6ecne4HBa11, cornacHo pac4eTaM, npoeKTH~H eapHaHT HHKe
neeoro reTeporeHHoro MOAY11RTopa peaKTHBHOCTH /MP-3/, HY~Aa110Cb 
e npRMOM 3KcnepHMeHTa11bHOM nOATBeP~AeHHH. Bo-nepe~x, noToMy, 
4TO npoeKT 6YAYII4e~ KOHCTPYKLIHH COAep~a11 MHOrO oco6eHHOCTe~, 
He nOAAaD~qHXCR y4eTy pac4eTH~M nyTeM. Bo-eTop~x, noRBH11HCb 
COMHeHHR /KaK B~RCHH110Cb BnOC11eACTBHH 1 HanpaCH~e/ 8 Ka11H6poe
Ke peaKTHBHOCTH 8 3KCnepHMeHTaX JnOC-2, KOTopaR HCn011b30Ba-

* MP-3 - MOAYnHTOP peaKTHBHOCTH 3-ro noKoneHHH. K 1-My noKone-
HHID OTHOCHTCH MOAYnHTOphl TPaAH~OHHO~/roMoreHHOA/ KOHCTPYK~HH. 
MoAynHTopoM 2-ro noKoneHHH /MP-2/ c~TaeTCH HhlHe Ae~CTB~~A 
MP c AUO B ~OpMe Tpesy6~a H orro B BHAe cnnomHoro 6noKa, H3ro
TOBneHHhlX H3 CTanH, 
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nacb H e e~4HC11HTe11bHO~ nporpaMMe MORSE. 3KcnepHMeHT~ 3nOC-3 
A011~H~ 6~111-1 pacceRTb 3TH COMHeHHR. 

3.1. 3KcnepHMeHTa11bHbl~ CTeHA 3nOC-3 - n011HOMaCWTa6HaR MQ
Ae11b nepcneKTHBHoro MOAY11RTopa peaKTHBHOCTH MP-3, Y4HT~BaiO
~qaR BCe npoeKTHble OC06eHHOCTH KOHCTPYKLIHH 8 30He B11HRHHR Ha 
peaKTHBHOCTb, Ha1-16o11ee cy~qecTeeHHaR 4aCTb MOAe11H H3o6pa~eHa 
Ha PHC. 4 H 5. • 

Cor11aCHO npoeKTY, OCHOBHO~ H AOn011HHTe11bHbl~ OTpa~aTe11H 
MP-3 epa~qaiOTCR HaecTpe4y APYr APYrY e ABYX HesaBHCHM~X o6"'be
Max, pa3Ae11eHH~x MeM6paHo~ nepeMeHHo~ T0111qHH~. B o611acTH aK
THBHo~ 30Hbl T0111qHHa MeM6paH~ MHHHMa11bHaR /pHC. 5/, TaK KaK 
ocb epa~qeHHR AnO HaK11oHeHa noA yr11oM 8° K ropH30HTa11H. Ha 3Kc
nepHMeHTa11bHo~ MOAe11H poTop~ ono "' AnO 6~1111 3aMeHeH~ p~4araMH, 

nOBOPOT KOTOP~X BOKpyr npoeKTH~X ace~ Bpa~qeHHR npoH3BOAH11CR 
cne411a11bH~M MexaHH3MOM C HCn011b30BaHHeM napbl BHHT - ra~Ka 

11 wapHHpa. 
0Tpa~aTe11H nepeMe~qa11HCb He3aBHCHMO APYr oT APYra c noMOiqbiO 

ABYX 311eKTPOMoTopoe. KoHTP011b nepeMe~qeHH~ ocy~qecTB11R11CR noc
peACTBOM Ce11bCHH-HHAHKaTOpOB C norpeWHOCTbiO 0,0060, H11H 
0,105 MM Ha AYre paAHYCa 1M, nepeceKaiO~qeH MeAHaHHYIO n11oCKoCTb 
peaKTopa, eo seeM AHanasoHe nepeMe~qeHH~ /+10°/. Becb cTeHA, 
T.e. HHKe11eB~e peweTKH ono "'AnO, 4aCTb KO~yxa c MeM6paHOH, 
nf'\DnnnTa .. U .. I~ nL.IU!:a~IA r nnLADI"\MULJU U~V!:U...IlA"aUI"\U M:IITUIA&I'lA n~nt:t...-~IIIPUlAI~ 
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C KOH4eB~MH B~K11104aTe11RMH 1 6~11 CMOHTHPOBaH Ha ~epMe, KOTOpaR 
KpenH11aCb K nepeAHe~ 4aCTH WTaTHOro MOAY11RTOpa peaKTHBHOCTH 
/K KO~yxy MP-2 Hero CTaHHHe/. npH ycTaHOBKe CTeHAa K peaKTO
py WTaTH~~ MOAY11RTOp OTOABHra11CR OT aKTHBHOH 30H~ Ha 900 MM. 

3.2. WsMepeHHR npoBOAH11HCb e noAKPHTH4eCKOM Ha sana3A~Bai0-

114HX He~TpOHaX COCTORHHH npH YMHO~eHHH He 6o11ee 700. nepeA H3-
MepeHHRMH npOBOAH11aCb TlqaTe11bHaR Ka11H6poBKa peaKTHBHOCTH no 
pa3rOHy peaKTOpa, no c6pocy CTeP*HR 113 KPHTH4eCKOrO COCTORHHR, 
a TaK~e MeTOAOM nepeKOMneHCal.IHH. TaKHM o6pa3oM, c e~coKo~ To4-
HOCTbiO H3MepeHo 3Ha4eHHe 11 Hy11eeoro11 C4eTa, npoeepeHa 3$1leKTHB
HOCTb OpraHOB pery11HPOBaHHR peaKTopa H nOATBep~AeHa npaBH11b
HOCTb H3MepeHH~ peaKTHBHOCTH 8 npeA~AY114HX 3KCnepHMe~TaX Ha 
Jnoc-2. 

3.3. Pe3y11bTaTw 3KcnepHMeHTa11bHoro H3y4eHHR xapaKTepa Mo
AY11RLIHH peaKTHBHOCTH Ha CTeHAe JnOC-3 npeACTaB11eH~ Ha PHC.1-3, 
6 H B Ta611. 1-4. r11aBH~H pe3y11bTaT HCC11eAOBaHHH npeACTaB11eH 
pHc. 1 "' 3, Ha KOTop~x Hso6pa*eH~ xapaKTep MOAY11R4HH peaKTHB
HOCTH 80 epeMeHH H COOTBeTCTByiOiqaR eMy ~OpMa HMny11bCa MOiqHOC
TH A11R OKOH4aTe11bHOrO BapHaHTa nepcneKTHBHOro MOAY11RTOpa C HH-
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PHc. 6. 3aBHCHMOCTb nonymHpHHbi 
HMnynbca MO~HOCTH OT aoconroTHOH 
BenHqHHhl OTHomeHHR CKOpOCTeH Ail0 
H QITQ npH HX BCTpeqHQM ~B~eHHH 
~R Tpex 3HaqeHHH npe~enbHO ~o
nycTHMOH CKOpOCTH Bp~eHHR: 
I000 /I/, I500 /2/ H 3000 /3/. 
CneBa aT ToqKH I npe~enbHyro cKo
pocTb HMeeT QITQ, CnpaBa OT Hee -
.nrro. 

KeneB~H OTpamaTefiRMH He~TpOHOB npH CKOPOCTRX Bpa~eHHR 0n0 H 
~nO 1500 H 1200 o6/MHH COOTBeTCTBeHHO. ~fiHTenbHOCTb He~TpOHHOH 
ecn~WKH npH 3TOM CTana Kopo4e e 2 paaa no cpaeHeHH~ c cy~ecT
ey~~HM 3Ha4eHHeM /pHC. 3/. 

TaonHI~a 

3KcnepHMeHTanbHbJe 3HaqeHHR KPYTH3Hbl H rnyoHHhl MO~ymru;HH 
peaKTHBHOCTH MP-3 npH pa3Hb~ OTHomeHHRX CKOpOCTeH ,[{ITQ H 
orro 

-cu2 /CU1 u u,JJ u,~ I I,4 I, 5 I ,67 2 3 00 

-ddd¢ 

10-3 /rp~. I, 9 2,2 2,9 3,2 2,65 2,55 2,4 2,2 I, 9 I , 5 

t'lK 1' J0-3 5,3 4,0 3,4 3,2 3,2 3,9 4,8 

B Ta6n. 1 npHBeAeHbl OCHOBH~e napaMeTpbl KpHBO~ MOAYfiRI..IHH 
peaKTHBHOCTH, H3MepeHH~e npH pa3H~X 3Ha4eHHRX OTHOWeHHR CKQ
POCTH ~nO K CKOpOCTH OnO: KPYTH3Ha MOAYfiRI..IHH B OCHOBHOM H rny-
6HHa MOAYfiRI..IHH e no6o4HOM MaKCHMYMax peaKTHBHOCTH. 3Ha4eHHR 
yrnOBO~ npOH3BOAHO~ /KpyTH3H~ MOAYfiRI..IHH/ npHBeAeH~ B Ta6n. 1 
C TaKHM paC4eTOM, 4T06~ MOmHO 6~n0 cpa3y B~4HCfiHTb napaMeTp y, 
AOMHOmHB HX Ha npeAefibHO AOnyCTHMY~ CKOPOCTb epa~eHHR, He 3aBH
CR~Y~ aT Taro, KaKo~ H3 oTpamaTene~ epa~aeTcR 6~cTpee. B cny-
4ae -cu2 /cu1 <1 , npeACTaBnR~eM HaH60fibWH~ npaKTH4eCKH~ HHTepec, 
6~CTpee Bpa~aeTCR 0n0, H noA ¢ nOAPa3yMeBaeTCR yron noeopoTa 
0n0 (¢1). B cny4ae-w2/cu1 > 1, Hao6opoT, C npeAefibHO~ CKOPOCTb~ 
spa111aeTcR ~no, H 3Aecb ¢ = ¢ 2 - yron noeopoTa ~no. B n~6oM cny-
4ae y =-cud£ /d¢, rAe cu = ¢- CKopocTb HaH6onee 6~cTpo epa~a~
UierocR OTpamaTenR,B 4aCTHOCTH - npeAefibHaR CKOpOCTb Bpa~eHHR, 

3aAaHHaR H3 coo6pameHHH HaAemHoCTH H npo4HOCTH KOHCTPYKI..IHH MP. 
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~3 Ta6n. 1 BHAHO, 4TO OTHOWeHHe CKOPOCTeH menaTefibHO 8~6-
paTb KaK MOmHO 6nHme K eAHHHI..Ie. ~fiR npeAefibHO~ CKOpOCTH epa
~eHHR 1500 o6/MHH 4aCTOTa cneAOBaHHR HMnyfibCOB MO~HOCTH 5 r1..1 
o6ecne4HeaeTcR, HanpHMep, npH -cu2/cu 1 = 0,8 H 1,25. 3Ha4eHHe 
0,8 HeCKOfibKO 6onee B~rOAHO H B OTHOWeHHH BefiH4HH~ yrnoBO~ 
npOH3BOAHO~, H B OTHOWeHHH rny6HHbl MOAYfiRI..IHH no604HOrO MaKCH
MyMa peaKTHBHOCTH i'lK 1 , KOTopaR TOme AOfimHa 6~Tb KaK MOmHO 
e~we. 3aBHCHMOCTb i'lKi(t) 2/cul·) HMeeT, cor nacHo Ta6n. 1 , nonorH~ 
MHHHMYM B pa~OHe ill 21cu1 = -1 , 5, T. e. 3aMeTHO npaeee T04KH 1 • 
Eionee BbiCOKaR KPYTH3Ha <J>YHKI..IHH d ¢ ) cneea OT T04KH 1 061>RCHR
eTCR TeM, 4TO 0n0 6onee 3$$eKTHBeH, 4eM ~nO, n03TOMY OH H epa
~aTbCR AOnmeH 6biCTpee. ~e~CTBHTenbHO, <J>opMyny /2/ MOmHO 3anH
caTb B BHAe 

.1£. 
dt 

cul +w2 ( -2..!__ + -2..!__ .) + cu 1- cu2 ( 2.1_ _ L.) . 
2 a¢1 a¢ 2 2 a¢1 a¢ 2 

/2a/ 

nocKOfibKY H3MeHeHHe 3HaKa y ill aBTOMaTH4eCKH BeAeT K nepeMeHe 
3HaKa y COOTBeTCTBy~~e~ yrnOBO~ npoH3BOAHO~ peaKTHBHOCTH, TO 
BCe BefiH4HHbl B /2a/ MOmHO 3aMeHHTb HX a6COfi~TH~MH 3Ha4eHHRMH 
He3aBHCHMO OT HanpaeneHHR epa~eHHR 0n0 HfiH ~nO. TOrAa BKfiaA 
nocneAHero cnaraeMoro e /2a/ 6yAeT nonomHTenbH~M, ecnH npH 
6onbwe~ 3$$eKTHBHOCTH 0n0 (.la£/a¢11 > lo£/a¢2 1) Bbl6paTb H 60nb
WY~ CKOOOCTb era eoaweHHR ( I,,, I > I,,, I). 

' 1 ' ' ;:: '. 

~nHTenbHOCTb ecn~WKH, pacc4HTaHHaR no AaHH~M Ta6n. 1 AfiR 
Tpex 3Ha4eHH~ npeAefibHO~ CKOpOCTH epa~eHHR, npeACTaeneHa Ha 
PHC. 6 KaK <I>YHKI..IHR OTHOWeHHR -cu 2/cu 1• 3AeCb, KaK H'B Ta6n. 1, 
H3fiOM <I>YHKI..IH~ B T04Ke 1 o6ycnoeneH nepeMeHOH pone~ 0n0 H ~nO: 
cneea OT T04KH 1 C $HKCHPOBaHHO~ npeAefibHO~ CKOPOCTb~ epa~a
eTCR ono, a cnpaea OT Hee - ~no. CpeAHee epeMR mH3HH noKoneHHR 
MrHOBeHH~X He~TpOHOB npHHHMafiOCb B 3THX pac4eTaX /CM. /1// 
paBHbiM 6,3·1o-8 C. 

B 1..1enRx nony4eHHR npRM~x cpaeHHTenbHbiX AaHH~x o pacceHea~
~Hx CBOHCTBaX B~6paHHOro MaTepHana peweTOK 0n0 H ~nO MOAynR
TOpa MP-3 B 3KCnepHMeHTaX 3nOC-3 HCCfieAOBafiHCb TaKme OTpama
TenH H3 yrnepOAHCTOH CTanH, HMe~~He TY me KOH$Hrypai..IH~, 4TO 
H peweTKH H3 cnnaea 3~-437. 

B Ta6n. 2 npHBeAeH~ AaHH~e o AfiHTenbHOCTH ecn~WKH H eenH-
4HHe paBHOBeCHO~ HMnYfibCHOH HaAKPHTH4HOCTH AfiR HaH6onee OnTH
MafibHOro pemHMa pa6oT~ MP-3 cu2 /cu 1= -0,8 npH pa3H~x orpaHH4e
HHRX Ha npeAefibHO AOnyCTHMy~ CKOPOCTb epa~eHHR /e AaHHOM cny-
4ae,On0/. HaPRAY co cTanbH~ sapHaHTOM MP-3 e Ta6nHI..Ie cpaBHH
ea~TCR H xapaKTepHCTHKH AeHcTBY~~ero MOAYfiRTopa peaKTHBHOCTH 
MP-2. npo4epK B 4 CTOfi61..1e Ta6n. 2 03Ha4aeT, 4TO AfiR CTafibHoro 
MP-3 CKOPOCTb 0n0 3000 o6/MHH HepeafibHa, T.K. npee~waeT CBO~ 
HeHTPOHHO-$H3H4eCKHH npeAell ((m

0
>i'lK 1). 
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Ta6Jmu;a 2 
,QaHHbJe 0 ,[VIHTeJibHOCTH BCllbiJDKH H BeJIH'lHHe paBHOBeCHOH 
HMllYJibCHOH HagKpHTHtiHOCTH ,[VIR HaH60nee OllTHManbHOrO 
pe:JKHMa pa6oTbJ MP-3 w 2/w 1 =-0, 8 npH pa3HbJX orpaHHtieHH-
RX Ha np~eJibHO AOllYCTHMYID CKOPOCTb Bp~eHHR 

w MP-3, HHKenb MP-3, cTanb MP-2, cTanb 
(o6/MHH) 8~ ,MKc £m 0 10- 3 8 Y, ,MKC £mJCl""'3 8 ~ ,MKC £mol Q-3 

1000 143 I , 61 231 I ,49 260 0,74 
1500 116 2' 19 171 I ,83 215 I ,06 
2000 102 2, 71 146 2' 15 160 I, 34 
3000 88 3,45 - 2,59 120 I ,88 

flpHMetiaHHe, 3HatieHHR ,[VIHTeJibHOCTH BCllbiJDKH MO~HOCTH H paBHO
BeCHOH HMllYJibCHOH HaAKPHTHtiHOCTH - pe3yJibTaT o6pa60TKH H3MepeH
HOH ~PMN KpHBOH MOAYJIRI.J;HH peaKTHBHOCTH Ha OCHOBe TOtietiHOH MO
AeJIH KHHeTHKH • .QaHHbJe npHBeAeHbl ,[VIR pe:JKHMOB w 2 fw 1 =-4/5 /MP-3/ 
H w2fw1 =1/5 /MP-2/, 06ecnetiHBaiD~HX tiaCTOTY 5 fu; npH CKOpOCTH 
0fl0 1500 OD/MHH, llorpeWHOCTb He 6onee 3+5%, 

nonHWH nepe4eHb OCHOBHWX napaMeTpOB MOAYnR4HH peaKTHBHOCTH 
MP-3 B pelKHMe w2 /w 1 =-4/5 npeAcTaaneH e 'ra6n. 3. TaM 11<e npw 
~~~e!'-!~ p~c·~e~~~~C :--:.::;:.::::.~C"':";:;U: ~f' 3 J fiUii:f;._;~,.;nDIC pt.:; 1 U}.\VM i·iuM It::

KapnO no onHcaHHOH ewwe MeTOAHKe. Pac4eTw, KaK BHAHO H3 Ta6n.3, 
xopowo cornacy~TCR c 3KcnepHMeHTanbHWMH AaHHWMH. CyMMapHaR 
3~eKTHBHOCTb oTpalKaTeneH MP-3, paaHaR, cornacHo Ta6n. 3, 3,4%, 
no4TH coanaAaeT c 3~eKTHBHOCTb~ MP-2 /3,5%/, T.e. ~oHoaoe 
3Ha4eHHe M~HOCTH H6P-2 npaKTH4eCKH He H3MeHReTcR npH ycTaHoe
Ke MOAYnRTopa MP-3. 

B Ta6n. 4 npHBeAeHW 3KCnepHMeHTanbHWe AaHHWe OCHOBHWX na
paMeTpOB MP-3 npH Tpex paanH4HWX nonolKeHHRX MecTa BCTpe4H ono 
H ,llnO OTHOCHTenbHo ~H3H4ecKoro 4eHTpa I 11cp= 0/ - nonolKeHHR, 
COOTBeTCTBy~ero MHHHManbHOMY aanacy peaKTHBHOCTH. CABHr MeC
Ta BCTpe4H OCy~eCTBnRnCR B HanpaaneHHH Bpa~eHHR 0n0 Ha 1 H 20, 

npH TaKOM CABHre KPHBaR MOAYnR4HH CTaHOBHTCR RBHO aCHMMeT
pH4HOH: ee neBaR 4aCTb npHnOAHHMaeTCR, a npaBaR 4aCTb, onpe
AenR~aR AnHTenbHOCTb scnwwKH, onycKaeTCR, yaenH4HBaR H ceo~ 
KPYTH3HY.H rny6HHY MOAYnR4HH no6o4Horo MaKCHMyMa. B Ta6nH4e 
YKa3aHO TaKIKe, KaK npH 3TOM y8enH4HBanCR 3anac peaKTH8HOCTH. 

nonOIKHTenbHWH 3~eKT CABHra MeCTa 8CTpe4H 0n0 H ,llnO 06DRC
HReTCR TeM, 4TO npH YAaneHHH OT ~H3H4eCKOro 4eHTpa 8 Hanpa8ne
HHH 8pa~eHHR 6onee 3¢$eKTH8HOrO OTPalKaTenR /OnO/ 8W8eAeHHe 
peaKTHBHOCTH 3a C4eT napa6onH4eCKO~ COCTa8nR~eH YCHnH8aeTCR. 
CooTseTCT8eHHO soapacTaeT KPYTH3Ha npasoro Kpwna rna8Horo MaK-
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Ta6nHu;a 3 
OcHoBHbJe napaMeTpbJ nepcneKTHBHoro MOAYJIRTopa MP-3 

llapaMeTp MP-3* 
3KcnepHMeHT PactieT 

HHKenb CTanb HHKenb 

11Kono 10-2 2,3 1 , 7 2,10.:!_0,25 

11K.QnOt J0-2 1 , 1 0,8 1 , 1 0.:!_0, 15 

-dddcp, 10-3 /rpag. 2,9 1 , 7 3, 1.:!_0,3 

11K 1 , J0-3 3,3 2,0 3,6.:!_0,3 

Emo• 
J0-3 2,19 1 ,83 

* f1Kono- fiOJIHaR 3~eKTHBHOCTb 0ll0, H3MepeHH3R B OTCYTCT-
BHe .QITO, f1K,Qn0- 3~eKTHBHOCTb .QITO, 33TeHeHHOrO ~JIOKOM 0ll0. 
Hx CYMMa - nonHaR 3$$eKTHBHOCTb MOAYJIRTopa. llorpemaocTb H3Me
peHHH He 6onee 3+5%. 

TaonHu;a 4 
H3MeHeHHe napaMeTpos MOAYJIRI.J;HH H 3anaca peaKTHBHOCTH 
npH CABHre MeCTa BCTpetiH 0ll0 H ,Qll0 MOAYJIRTopa MP-3 
(X = -4/5) 

11 cf>, rpag. 0 1 2 

-dc/dcf>, 1/rpag, 2, 9· 10-3 3,2·10-3 3,4· 10-3 

11Kl 3,3·10-3 3,5. J0-3 3,6· J0-3 

1 - K 1 ,67. tO-~ 1 ,82. 10-3 2,30·10-3 

CHMyMa peaKTHBHOCTH H 6onee CHnbHO noAaBnReTCR no604HWH MaK
CHMyM. Hcnonb30BaTb 3TOT 3¢$eKT Ha npaKTHKe MOIKHO nHWb 8 orpa
HH4eHHWX npeAenax, noCKOnbKY ysenH4eHHe 3anaca peaKTHBHOCTH 
CHHIKaeT 6eaonaCHOCTb peaKTOpa. 

4. 3AKJ104EHHE 

PeaynbTaTw pa6oTw noKaawsa~T, 4To reTeporeHHWH MOAYnRTOP 
peaKTHBHOCTH MP-3, HaroTosneHHWH H3 HHKenesoro cnnasa 3H-437, 
n03BOnReT CHH3HTb AnHTenbHOCTb HMnynbCa M~HOCTH peaKTOpa 
H6P-2 C HMe~HXCR Ha cerOAHR 215 MKC AO /115+5/ MKC 6e3 H3Me
HeHHR CKOPOCTH apa~eHHR ono (1500 o6/MHH), HOc y8enH4eHHO~ 
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AO 1200 o6/MHH cKopocTb~ AnO. npH cKopocTH Ano 300 o6/MHH AnH
TenbHOCTb ecn~wKH cocTaBnReT /130+5/ MKC. AnA cTanbHoro eapH
aHTa MP-3 nPHBeAeHH~e 3Ha4eHHR 11 nonywHpHHb111 HMnynbca eo3pac
Ta~T AO 170 H 190 MKC COOTBeTCTBeHHO. 

npH AnHTenbHOCTH 115 MKC aMnnHTYAa rnaBHOrO nHKa MO~HOCTH 
COCTaBnReT 2700 MBT /cpeAHRR MO~HOCTb 2 MBT/. nepe~~ no6o4-
H~~ ecnneKC M~HOCTH, o6ycnoeneHH~H pa3MHO*eHHeM 3ana3A~Ba~
~HX HeHTPOHOB,HMeeT aMnnHTYAY 3,2 MBT,AnHTenbHOCTb Ha ypoeHe 
COCeAHero MHHHMyMa MO~HOCTH 320 MKC H nORBnReTCR Ha 600 MKC 
paHbWe OCHOBHOH BCn~WKH.BTOPOH no604H~H HMnynbC,C aMnnHTYAO~ 
3,7 MBT H AnHTenbHOCTb~ 240 MKc,noRBnReTCR cnycTR 430 MKC noc
ne OCHOBHOH BCn~WKH.MO~HOCTb peaKTOpa npH BbiBeAeHH~X OnQ H 

AnO /' 1Mo~HOCTb <)>oHa11
/ pasHa 0,14 MBT. Pa6oTa peaKTopa 115P-2 c 

MOAYnRTOpOM MP-3 paCC4HTaHa Ha pe*HM nOBTOpeHHR BCn~weK 5 r~. 
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lloMHA3e B.ll. H gp. P13-88-346 
Pe3ynhTaTN 3KcnepHMeHTanhHhlX H pacqeTHhlX 
HccnegoBaHHH nepcneKTHBHoro MogynRTOpa 
peaKTHBHoCTH peaKTopa HBP-2 

ITepcneKTHBHhlH MogynRTOP peaKTHBHOCTH reTeporeHHoro TH
na H3 HHKeneBoro cnnasa no3BonReT BgBoe coKpaTHTb AnHTenb
HOCTh HefiTpoHHofi BCITb~KH peaKTopa HBP-2 npH npeEHeM orpa
HHQeHHH Ha CKOPOCTb Bp~eHHR nogB~HhlX OTpaEaTenefi 
1500 o6/MHH. DEHAaeMoe 3HaqeHHe "nonymHpHHhl11 BC~KH 6b1CT
pb1X HeHTpOHOB /115+5/ MKC. Pe3ynhTaT nonyqeH nyTeM OOTHMH-' 
3a~OHHbiX pacqeToB-MeTOAOM MoHTe-Kapno H noATBepEgeH npR
MbiMH H3MepeHHRMH napaMeTpOB MogynRTOpa HenocpegCTBeHHO 
Ha peaKTope. 

Pa6oTa BbinOnHeHa B lla6opaTOPHH HeHTPOHHOH cpH3HKH mum. 

DpenpiDIT 061.e.tUUieHHoro 101c:nrryra .ll,llepiD>Ilt accne.tlOIWIHii. ,lly6aa 1988 

ITepeBOA O.C.BHHorpagoBofi 

Lomidze V.L. et at. PlJ-88-346 
Results of Experimental and Calculational 
Studies of Perspective Reactivity Modulator 
for the IBR-2 Pulsed Reactor 

The perspective reactivity heterogeneous modulator for 
the IBR-2 reactor from nickel alloy permits to cut down 
twice the duration of power pulse in the periodically--pul 
sed reactor IBR-2 at previous limitations on moving·ref
lector rotation velocity of 1500 rev/min. The expected 
value of power pulse halfwidth for fast neutrons is (115+ 
+5) mks. The results are derived by optimization calcula~ 
tions usirig the Monte-Carlo method. It is confirmed by di
rect measurements of modulator parameters on the reactor. 

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

PrepriDt o~e Joint Iutitute for 1ruclear Retean:h. Dubaa 1988 


