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ryAOBCK~~ B. ~ AP· Pl3 · 1248:; 
~~3~4ecK~~ nycK peaKTOpa H6P-2. HsMepeH~R 3¢¢eKTOB 
peaKT~BHOCT~ nOAB~mHOrO OTpamaTenR 

Pa6oTa nocaR~eHa ~3MepeH~~ xapaKTep~cT~K ~ onT~M~sa

~~~ MOAYnRTopa peaKT~BHOCT~ ~MnynbcHoro ~ccneAOBaTenbCKoro 

peaKTopa H6P-2 so apeMR ~~3~4ecKoro nycKa a KOH~e 1977 -
Ha4ane 1978 r. 3~~eKT~ peaKT~BHOCT~, KOTOp~e ~3MepRn~Cb 
8 nOAKP~T~4eCKOM COCTORH~~ peaKTOpa, OKasan~Cb cy~eCTBeHHO 

MeHbWe pac4eTH~x 3Ha4eH~~ /Hanp~Mep, napaMeTp a paaeH 
10-4 1/rpaA 2 , a TO apeMR KaK pac4eTHOe 3Ha4eH~e 
4· 10-4 1/rpaA 2 I. YcTaHosneHo, 4TO 6onbwoe an~RH~e Ha a 
oKa3biBaeT AOnonH~TenbHbl~ nOAB~mH~~ OTpamaTenb I AnO/, Han~-

4~e KOToporo He Y4~T~aanocb a pac4eTax. Ha~AeHa onT~ManbHaR 
KOH~~rypa~~R cTanbHoro AnO, AnR KOTopo~ napaMeTp a paaeH 
3·10-4 1/rpaA 2 • 

Pa6oTa a~nonHeHa a fla6opaTop~~ HeRTPOHHO~ ~~3~K~ OHRH. 

Coo5weHHe 05beLIHHeHHOl"O HHCTHTyTa SlllepHbiX HCCneLIOB8HHA. £ly5Ha 1979 

Gudov sky V. et al . Pl3 - 12483 
IBR-2 Reactor Physical Start-Up. Reactivity 
Effects of the Moving Reflector 

The characteristics of the IBR-2 moving reflector 
were measured and its optimization study has been per
formed during physical start-up at the end of 1977 and 
the beginning of 1978. Reactivity effects measured under 
subcritical conditions appeared to be sufficiently low 
in comparison with the calculated ones. Particularly, the 
alpha parameter measured was equal to 10-4 keff per square 
grade instead of the calculation value of 4·10-4 . It was 
shown that the main factor effecting on a-value was an 
auxiliary reflector which has not been taken into conside
ration for a-calculation procedure. The optimum configu
ration for iron auxul iary reflector was found in these 
experiments and the a-value was as high as 3· 10-4. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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1. 06mHE CBEAEHHR 0 nOABHmHMX OTPAmATEflRX H6P-2 

noAB~mH~e OTpamaTen~ /nO/ B peaKTOpe H6P-2 cnymaT AnR 
nep~OA~4eCKO~ MOAYnR~~~ peaKT~BHOCT~ /K03~~~~~eHTa pa3MHo
meH~R/ ~ C03AaH~R TeM CaM~M ~MnynbCOB MO~HOCT~. noAp06HOe 
on~caH~e KOHCTPYK~~~ no H6P-2 np~BOA~TCR 8 pa6oTax / 1,2/. 

HanOMH~M BKpaT~e, 4TO OCHOBHO~ nOAB~mH~~ OTpamaTenb /OnO/ 
npeACTaBnReT co6o~ pOTOp ~3 np04HO~ CTan~ cne~~anbHO~ ~OpM~ 
/p~c. 1/, ~Me~~~~ a~cTyn-nonacTb, KOTopaR np~ apa~eH~~ 

pOTOpa npOXOA~T M~MO aKT~BHO~ 30H~ ~ C03AaeT ~MnynbC MO~
HOCT~. An~TenbHOCT b ~Mnynbca /''nonyw~p~Ha'' I onpeAenReTcR 
cneAY~~~M COOTHOWeH~eM: 

e'h= 1.4(r / aw2)1!J /1/ 

rAe T - cpeAHee apeMR m~3H~ OAHOrO nOKOneH~R MrHOBeHHbiX 
He~TPOHOB a peaKTOpe; a - K03~~~~~eHT napa6on~ , on~c~aa~~e~ 
3aB~C~MOCTb peaKT~BHOCT~ (£) OT yrna nOBOpOTa pOTOpa (cp) 
OTHOC~TenbHO ~~3~4ecKoro ~eHTpa-~.~. /~.~. - nonomeH~e, 
COOTBeTCTBY~~ee MaKC~MyMy peaKT~BHOCT~/: 

d¢) = £ -a¢ 2 
m 

/2/ 

a w - yrnosaR CKOpOCTb P0TOpa 0n0. 
Ko3~~~~~eHT a saa~C~T OT pa3Mepoa ~ MaTep~ana ono ~. KaK 

B~RCH~nOCb 80 apeMR ~~3~4eCKOrO nyCKa, TaKme ~ AOnOnH~Tenb

HOrO nOAB~mHOro OTpamaTenR /AnO/. BTopo~, AOnonH~TenbH~~ 
pOTOp /p~c. 16/apa~aeTCR COOCHO ~ C~HXPOHHO C OCHOBH~M 
pOTOPOM 8 10 pa3 MeAneHHee ~ cnym~T AnR CH~meH~R 4aCTOT~ 
nynbca~~~ MO~HOCT~ c 50 AO 5 r~. Co6CTBeHHO AnO RBnReTCR 
6ep~nn~eB~~ BKnaA~W, yKpenneHH~~ 8 an~M~H~eBOM A~CKe. 
HMnynbC MO~HOCT~ pa3B~BaeTCR TOnbKO np~ OAHOBpeMeHHOM npo
XOmAeH~~ 060~X OTpamaTene~ M~MO aKT~BHO~ 30Hbl. np~ npoxom
AeH~~ OAHOrO 0n0 pa3B~BaeTCR 04eHb cna6~~ no604H~R ~MnynbC 
MO~HOCT~, aMnn~TYAa KOTOpOrO OTHOC~TenbHO cpeAHe~ MO~HOCT~ 
pasHa 

W 1 W max 1 cp. 
nov. 

{3 ') <P_4_. _______ _ 
---------- /3/ 

\£ - L\ K (¢ ) \ 
m0 AIIO k 
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rAe fm - paBHOBeCHa~ HMnynbCHa~ HaAKPHTH4HOCTb, 3Ha4eHHe 
KOTOPO~ An~ HEiP-2 /1-2/·10- 3K:.:J<jltJ'111 . a L'.K m 0 (cf>k) -H3Me HeH He 
peaKTHBHOCTH npH B~BOAe AnD H3 $.4. s nono~eHHe ¢k, cooT
seTCTBy~~ee AaHHOMy no604HOMY HMnynbcy fAn~ 4aCTOT~ 5 r4 
no6o4H~e HMnynbCbl B03HHKa~T & cneAY~~Hx $a3ax AnD OTHOcH
TenbHO $.4.: ¢ k=± 26~ _:t72° , ± 108 ° , ,:t14 l.f' H 180° /. AllHTe nbHO CTb 
no6o4Horo HMnynbca onpeAen~eTc~ xapaKTepoM H3MeHeHH ~ peaK
THBHOCTH npH Bpa~eHHH OnQ, 

Mo~HOCTb peaKTopa Me~AY HMnynbcaMH /$oH/ onpeAen~eTc~ 
YPOBHeM nOAKPHTH4HOCTH peaKTopa B $OHe: 

-~_cp__ = ---~!!~-------
Wcp 

/4/ lcm - L'.K Mp I 
0 

rAe L\KM.P - H3MeHeHHe K03$$H4HeHTa pa3MHO~eHH~ npH BbiBOAe 
ono HAnD H3 $.4. Ha 6onbWOi1 yron / > 40 ° /. 

113 B~WeCKa3aHHOrO ~CHO, 4TO rnaBH~MH 3$$eKTaMH peaKTHB
HOCTH nO, KOTOp~e AOn~H~ 6~Tb H3MepeH~, ~Bn~~TC~: 

a/ a - K03$$H4HeHT napa6on~ peaKTHBHOCTH npH ABH~eHHH 
OnQ B6nH3H $.4.; 

6/ L\KMp = L'.Kono +L\K,ll,no - CYMMapHbli1 3Cfl$eKT peaKTHBHOCTH npH 
OTBOAe ono H AnD OT peaKTOpa /nonHa~ 3$$eKTHBHOCTb MOAYn~
TOpa peaKTHBHOCTH/; 

s/ L'.KAno (¢K) - 3$$eKT peaKTHBHOCTH npH BbiBOAe AnD Ha 
yron ¢K , KpaTH~i1 36 ° /s AanbHei1weM, ecnH HeT cne4HanbH~x 
orosopoK, noA L'.K,11,no nOHHMaeTc~ BbiBOA AnD Ha 36 o I; 

a) 
oJ 

PHc. 1. 4epTe~ poTopos wTaTH~x nOABH~H~x OTpa~aTenei1 HEiP-2; 
a - POTOp OCHOBHOro nOABH~HOrO OTpa~aTen~, 6 - pOTOp AOnon
HHTenbHOrO nOABH~HOrO OTpa~aTen~. 

4 

r/L'.K 0 n0 (cf>) - XOA peaKTHBHOCTH npH B~BOAe OnQ H3 $.4. 
Ha 6onbwoi1 yron lAo +40 ° /, KOrAa AnD B~BeAeHo /xapaKTepH-
3yeT $OpMy no604HOrO-HMnynbCa/. 

noMHMO rnaBH~X 3$$eKTOB, MO~HO B~AenHTb AOnOnHHTenbHO 
cneAY~~He: 

AI a AI W - K03$$H4HeHT napa6on~ peaKTHBHOCTH AnD; onpe
Aen~eT yposeHb $nyKTYa4Hi1 peaKTHBHOCTH npH HanH4HH KPYTHnb
HbiX Kone6aHHi1 AnD 13/; 

e/ (-elK_) H (~) - H3MeHeHHe peaKTHBHOCTH npH CMe~eHHH 
dx ono dx ,11,no 

pOTOpOB 0n0 H AnD, COOTBeTCTBeHHO, BAOnb OCH Ha eAHHH4Y 
AnHHbl, xapaKTepH3yeT $nyKTYa4HH peaKTHBHOCTH H3-3a oceBbiX 
KOne6aHHi1 POTOPOB. 

~~ Ymax - HaH60nbWa~ CKOpOCTb H3MeHeHH~ peaKTHBHOCTH 
npH Bpa~eHHH OnQ; HCnOnb3yeTC~ npH 04eHKe MaKCHManbHOi1 
asapHH. 

2. METOAHKA H3MEPEHHll 3$$EKTOB PEAKTHBHOCTH "nO" 

Bee H3MepeHH~, CB~3aHH~e c no, npOBOAHnHCb B nOAKPHTH-
4eCKOM peaKTOpe c Hespa~a~~HMHC~ ono H AnD. MeAneHHOe nepe
Me~eHHe pOTOpOB OCy~eCTBn~nOCb cne4HanbH~MH MeXaHH3MaMH; 
CKOpOCTb spa~eHH~ poTopa ono 6blna - 0,028° /c, a pOTOpa AnD 

- 0,04 ° /c. KOHTpOnb nono~eHH~ poTOpa ono ocy~eCTBn~nc~ 
AaT4HKOM yrna nosopoTa, yKpenneHH~M Ha sany poTopa, c 4H$
posoi1 HHAHKa4Hei1 Ha nynbTe ynpasneHH~. norpeWHOCTb onpeAene
HH~ yrna nosopoTa He npes~wana 0,07 ~ nono~eHHe AHCKa AnD 
KOHTpOnHpOBanOCb cne4HanbHOi1 CHCTeMoi1, BKn~4a~~ei1 penbe$HY~ 
peweTKY Ha AHCKe H eMKOCTHOi1 AaT4HK, B HHTepsane yrnOB 
/+6 ° , -40 ° I OTHOCHTenbHo . reoMeTpH4ecKoro 4eHTpa /r.4./ 
AnD - nono~eHH~, cooTBeTCTBY~~ero CABHry AnD Ha -26 ° oT 
sepTHKanH /3AeCb H Aanee 3a nono~HTenbHOe HanpasneHHe npH
H~To spa~eHHe no 4acosoi1 cTpenKe, ecnH cMOTpeTb co cTOPOHbl 
npHBOAa nO/. norpeWHOCTb onpeAeneHHH yrna nOBOpOTa AHCKa 
AnD - 1 ~ . 

3$$eKT~ peaKTHBHOCTH OnpeAen~nH MeTOAOM o6paTHOrO YMHO
~eHH~ no CKOPOCTH C4eTa Hei1Tp0HH~X AeTeKTOpOB - KaMep 
AeneHH~ c [ 235 u] /no3- 1 H 12 Ha pHc. 2/. 113MeHeHHe peaKTHB
HOCTH (L\K) OT CMe~eHH~ nO H3 OAHOro nono~eHH~ B APYrOe 
eCTb: 

L'.K = N0(1/N2 - 1/ N 1 ), 

rAe N1 H N2 - CKOpOCTb C4eTa AeTeKTOpa B nepBOM H BTOPOM 
nono~eHH~X no, No - 11 Hynesoi1 C4eT 11

, onpeAen~eM~i1 An~ Ka~AOro 
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PMc. 2. PeaKTop ~5P-2, nonepe4Hoe ce4eHMe aKTMBHoA 30H~ 
M OTpaMaTeneA: 1 - WTaTH~e KaMep~ AeneHMR; 2 - 3aMeAnMTenb 
3a nOABM~H~M OTpa~aTeneM; 3 - 6epMnnMeB~A BKnaA~W /AnO/; 
4- OnO; 5,6,9,10,14,15,17,18- 6nOKM ynpasneHMR M 3a~MT~; 
7,19- OCHOBH~e 3aMeAnMTenM; 8- aKTMBHaR 30Ha; 11 - 6nOK 
M3 oprcTeKna - MMMTaTop xonOAHOro aaMeAnMTenR; 12 - 3Kcne
PMMeHTanbH~e AeTeKTOP~ HeATpoHos; 13 - 6noK M3 oprcTeKna; 
16 - KaMepa AeneHMR Ha 6~CTp~x HeHTpOHaX. 

AeTeKTOpa nyTeM M3MepeHMR CKOpOCTM C4eTa B ABYX nono~eHMRX 
6noKa perynMpOBaHMR C M3BeCTHOH 3$$eKTMBHOCTb~. rpaAyMpOBKa 
6noKa perynMpOBaHMR npOM3BOAMnacb MeTOAOM pa3rOHa C no
MO~b~ aHanorosoro peaKTMMeTpa. 3Ha4eHMe ~K ycpeAHRnocb no 
TpeM M3MepMTenbH~M KaHanaM. norpeWHOCTb ~K CKnaA~BaeTCR M3 
CMCTeMaTM4eCKOH norpeWHOCTM rpaAYMPOBKM peaKTMBHOCTM /+5%/ 
M norpeWHOCTM M3MepeHMR CKOPOCTM C4eTa, COCTaBnR~~eA 1~2% . 
CneAyeT OTMeTMTb, 4TO M3MepeHH~e no OTAenbH~M KaHanaM 3$
$eKTbl HMKOrAa He OTnM4anMCb APYr OT APYra 6onbWe, 4eM Ha 
5%. B KOHe4Hble 3Ha4eHMR norpewHOCTM 3$$eKTOB peaKTMBHOCTM, 
KOTOp~e npMBOARTCR B cneAY~~MX pa3Aenax, CMCTeMaTM4eCKaR 
norpeWHOCTb He BKn~4eHa. 
6 
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YposeHb nOAKPMTM4HOCTM so speMR M3MepeHMA s~6MpancR 

B COOTBeTCTBMM C BenM4MHOH M3MepReMOrO 3$$eKTa; HaM60nbWee 
YMHO~eHMe COCTaBnRnO 2000. npM M3MeHeHMM COCTORHMR peaKTOpa 
nepeA Ha4anoM c4eTa Aasanacb B~AeP~Ka He MeHee 3 MMH, AO 
YCTaHOBneHMR nOCTORHHOrO ypOBHR MO~HOCTM. 

3 . 3$$EKTbl PEAKT~BHOCT~ WTATHOrO BAP~AHTA "nO" 

3$$eKTbl peaKTMBHOCTM no 6binM M3MepeHbl AnR ABYX sapMaHTOB 
aarpy3KM aKTMBHOA 30Hbl KacceTaMM. B sapMaHTe "C "/"LieHTpanb
HaR aarpy3Ka 11

/ B 30HY 6bin0 3arpy~eHO 70 KacceT, 8 CB060AHbiX 
R4eeK 6~nM OCTaBneH~ Ha nepM$epMM aKTMBHOH 30H~ CO CTOPOH~ 
6noKos perynMposaHMR. BapMaHT '~"- nepM$epMAHaR aarpyaKa; 
B 30He 6blnO 74 KacceTbl, npM4eM CB060AHbiMM 6blnM 4 R4eHKM 
B l.leHTpe 30Hbl, y KaHana MMWeHM. rnaBHble peaynbTaTbl npMBe
AeHbl B Ta6n. 1 M ~ M Ha PMC. 3, 4. AHanM3MPYR AaHHble Ta6-
nM4 M rpa$MKOB, cneAyeT OTMeTMTb cneAY~~ee: 

a/ 3$$eKTMBHOCTb ocHOBHoro IAononHMTenbHOro/ oTpa~aTenR 
CMnbHO 3aBMCMT OT nono~eHMR AOnOnHMTenbHOrO /OCHOBHOrO/ 
OTpamaTenR; npM4MHa 3Toro - s "aaTeHeHMM 11 AnO ocHOBHbiM 
OTpamaTeneM. Oco6eHHO cMnbHO snMRHMe TeHesoro 3$$eKTa Ha 
senM4MHya, KOTopaR oKaaanacb s 374 paaa MeHbwe ee pac4eTHo
ro 3Ha4eHMR /3 74 · 10-4 rpaA- 2 /, nony4eHHoro 6ea y4eTa snMR
HMR Ano. 

6/ 3$$eKTbl peaKTMBHOCTM nO B "C" 30He 6onbWe, 4eM B "p" 
-aoHe. 3TO 06bRCHReTCR TeM, 4TO 3$$eKTMBH~H $M3M4eCKMH 
4eHTP aKTMBHOA 30H~ AnR 3TOA aarpy3KM 6~n 6nM~e K no, 4eM 
B p -sapMaHTe 3arpy3KM. 0AHaKO OCHOBHbiM 6bln Bbl6paH MMeHHO 
p -sapMaHT, KOTOp~A o6ecne4MBaeT 6onee B~COKy~ 3$$eKTMBHOCTb 
opraHOB perynMposaHMR. 

~3 APYrMx peaynbTaTos M3MepeHM~ cneAyeT OTMeTMTb cneAy~
~Me: 

B/ napa6onM4eCKMH XOA peaKTMBHOCTM npM CMeU\eHMM 0n0 
coxpaHReTCR s npeAenax +3 ° - 4 ° OT $-4· /eM. pMc. 3/. 

r/ BbiBOA ono MnM AnO-Aanee, 4eM Ha 36° , npaKTM4eCKM y~e 
He npMBOAMT K M3MeHeHM~ peaKTMBHOCTM /CM. PMC. 4 M 9/. 

AI Ha6n~Aa~TCR scnnecKM peaKTMBHOCTM npM npoxo~AeHMM 
npOTMBOBeCOB 0n0 OKOnO 30Hbl; aMnnMTYAa M3MeHeHMR peaKTMBHO
CTM COCTaBnReT 0,6 · 10-2 a6c. eA. peaKTMBHOCTM /3TOT peaynb
TaT nony4eH B MMnynbCHOM pe~MMe pa60T~ peaKTOpa/. 

e/ XOA peaKTMBHOCTM npM CMe~eHMM ono HeCMMMeTpM4eH 
OTHOCMTenbHO $.4. /CM. PMC. 4/ - npM B~BOAe no 4aCOBOH 
CTpenKe peaKTMBHOCTb naAaeT 6~cTpee. HaM60nbWaR CKOPOCTb M3-
MeHeHMR peaKTMBHOCTM B nMHeHHOH 4aCTM /B nepec4eTe Ha 
HOMMHanbHY~ CKOpOCTb Bpa~eHMR 3000 o6/MMH/ Yma x = 20 K3¢cp/ C, 
4TO s 2 paaa HMme npMHMMasweAcR s npoeKTe. 
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Ta6muo~a 1 
3<)><)>eKTbl peaKTI-'tBHOCTI-1 WTaTHbiX nO AilR 30Hbl lleHTpaJlbHOH 

3arpy3KI-1 

napaMeTp ~Kono · 10 2 
'a· 10~ 2 4 norpeWHOCTb % 

CocTo- ~KAno·.lO a Ano . 10 
a6c.eA. RHI-'te rpaA-2 ~K peaKT. 

AnO <1>.1..1. 2,04 1,4 - - 2 
AnO BbiBeA. 2,41 - - - 1 
ono <1>.1..1. - - 0,45 - 2 
ono BbiBeA. - - 0,82 0,4 2 

npi-1MellaHI-1e: CyMMapHbiH 3<l><l>eKT BbiBOAa ono "' AnO Ha 36-o 
/2,86.:!:_0,03/·10-2 ; paclleTHoe 3HalleHI-'te- /3,2.:!:_0,3/·10 . 2 

Ta6n1-11..1a 2 

3<)><)>eKTbl peaKTI-'tBHOCTI-1 WTaTHbiX nO AilR 30Hbl nep1-1<)>ep1-1HHOH 
3arpy3KI-1 

a 

10 

12 

napaMeTp 
CocTo
RHI-'te 

~Kono ·10 2 
a. 10 4 
rpaA-2 ~KAnO ·102 a 10 4 norpeWHOCT b ~ AllO ' 0 

~K a 

AnO <l>·ll· 1,76 1 '0 1 
AnO BbiBeAeH 
Ha 12° 1 '44 
AnO BbiBeAeH 
Ha 36° 2,09 1,6 
ono <1>.1..1. 
0n0 BbiBeAeH 

0,39 
0,72 

0' 1 

3 

2 
2 
2 

1 
20 

m/ nonomeHHe <l>·ll· AnO He coenaAaeT c <l>·ll· ono - <l>·ll· AnO 
CABHHYT Ha 5 +6° no llaCOBOH CTpeJlKe. no-BHAHMOMy, 3TO llac
THliHO RBJlReTCR npi-1lii-1HOH HeCHMMeTpHliHOrO XOAa KPHBOH 3<!J<!JeK
TI-1BHOCTI-1 ono. npHliHHY me CABHra <l>·ll· AnO nOHRTb He YAaJlOCb. 
HHTepeCHO, liTO <!>.1..1. ono CABHraJlCR B npeAenax -1 ° npi-1 1-13-
MeHeHI-11-1 nonomeHHR AnO Ha 3HaliHTeilbHbli1 yron. 

8 

A K·10' 
4" 'f' 

-4 

-5 

P1-1c. 3. 3aei-1CI-1MOCTb peaKTI-'t BHOCTI-1 OT yrna noeopoTa poTopa 
ono B o6naCTI-1 MaJlbiX yrnoe. ~ - npl-1 HaJll-'tlll-11-1 WTaTHOro AnO, 
cnnowHaR Ili-1HHR - napa6ona c a =1 o- 4 rpatf,2 o - np~-1 OTCYTCTBI-11-1 
AHCKa AnO /3nOC/, wTpHx-nyHKTHpHaR IlHHHR - napa6ona c 
a = 2, 5 · 10-4 rpaA - 2 , x - c AnO e BHAe 11Tpe3y61..1a" 300/175/150, 
nyHKTHpHaR IlHHHR - napa6ona c a = 2, 9 · 1 0- 4 rpaA - 2, cnnowHaR 
Jli-1HI-1R - annpOKCHMal.IHR 3KCnepHMeHTaJlbHbiX TOlleK . 

3/ BeilHliHHa dK/ dx npl-1 OTOABHraHI-11-1 nOABHmHbiX OTpamaTenei1 
/BMeCTe C npHBOAOM, OCHOBaHHeM 1-1 KOmyXOM/ OT aKTHBHOH 30Hbl 
B paAHaJlbHOM HanpaBJleHI-11-1 COCTaBHJla /9 , 0+0,3/ · 10-4 1/MM; 
nepeMe~eHHe Ha 7 MM npHBOAHT K 3<)><)>eKTY 0,53 ·10-2 a6C.eA. 
peaKTHBHOCTI-1. 

3<!J<!JeKT peaKTHBHOCTI-1 npl-1 
peaKTopa- oKono 6% K3¢<P · 
YAaJleHHR ono 1-1 AnO COCTae-

1-1/ 3aMelleH aHOMaJlbHO 60JlbWOH 
YAaJleHI-11-1 nO 1-1 eceA MaWHHbl nO OT 
B TO BpeMR KaK CYMMapHbiH 3<)><)>eKT 
JlReT OKOJlO 4% K 3<!Jcp• 

H3 3KcnepHMeHTOB 1-1 paclleToe, npoeeAeHHbiX no3AHee, MOmHo 
3aKJl~lii-1Tb, liTO AOnOJlHHTeJlbHbiH 3<)><!>eKT peaKTHBHOCTI-1 CBR3aH 
c KomyxoM nOABHmHblx oTpamaTenei1 1-1 AHCKOM AnO. 
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PHC. 4. 3aBHCHMOCTb peaKTHBHOCTH OT yrna nosopoTa POTOpa 
OnO. 1 - CO WTaTH~M AnO; 2 - 6ea AnO /3n0C/; 3 - B H3MepeHH
RX Ha CTeHAe o~C ~/ 

4. OnHCAHHE CTEHAA 3nOC H 3AAA4H 3KCnEPHMEHTOB 

4peas~4a~Ho Manoe 3Ha4eHHe K03~~H4HeHTa napa6on~ peaK
THBHOCTH 0n0 (a) /H 60nbWOe 3Ha4eHHe cpeAHero BpeMeHH )I(H3HH 
HeATpOHOB (r) I npHsenH K ysenH4eHH~ AnHTenbHOCTH scn~WKH 
peaKTopa 6onee 4eM s 2 pas a. AnR nposepKH rHnoTe3bl snHRHHR 
AnQ Ha a H B~6opa OnTHManbHO~ KOH~Hrypa4HH AnO 6~nH npose
AeH~ AOnonHHTenbH~e 3KcnepHMeHT~. WTaTH~~ nOABH)I(H~~ oTpa)l(a
Tenb 6~n aaMeHeH Ha 3KcnepHMeHTanbH~A o6paae4 ero - 3noc 
/

11
3KCnepHMeHTanbHbiA nOABH>KHbl~ OTpa)l(aTenb CTanbH0~ 11 / /pHC. 5/. 

POTOp 0n0 /nOS 1/ RBnRnCR KOnHe~ WTaTHOrO pOTOpa H 6~n pac
nonomeH OTHOCHTenbHO aKTHBHOA 30H~ /2/ TaK )l(e, KaK WTaTH~~ 
pOTOp. POTOP AnO /6/- CTanbHO~ /pHC. 6/, C OAHOA nonaCTb~ 
TOnutHHO~ 45 MM H WHPHHO~ 240 .;. 340 MM. POTOp AnO 6bln ycTa
HOBneH Ha nOAWHnHHKaX COOCHO C OCHOBH~M pOTOPOM; nOAWHnHH
KOB~e Onop~ 060HX pOTOpOB 6~nH 3aKpenneH~ Ha CTanbHO~ ~epMe 
/3/, KOTOpaR, B CBO~ 04epeAb,3aKpennRnaCb Ha WTaTHO~ Tene)I(Ke 
npHBOAa nO /5/. 3n0C 6~n CHa6)1(eH npHBOAOM MeAneHHOrO BPaute
HHfl /4/, KOTOp~~ MOr 6b1Tb nOAKn~4eH K OAHOMy H3 POTOpOB, 
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tJWA 

PHC. 5. 3KcnepHMeHTanbH~~ CTeHA 3n0C. 1 - pOTOP OnO; 2 -
aKTHBHaR 30Ha; 3 - paMa npHBOAa; 4 - npHBOA MeAneHHOrO Bpa
uteHHR POTOpos; 5 - Tene)I(Ka AnR nepeMe~eHHR yCTaHOBKH; 6 -
poTop AnO; 7 - orpaHH4HTenbH~~ WKBopeHb. 

B TO speMR KaK APYro~ poTop aaTopMamHsancR. CKopocTb spaute
HHR pOTOpa 0n0 6~na 2,8 ° /MHH, a pOTOpa AnO- 1,27 ° /MHH. 
KoHTpOnb nono)l(eHHR poTopa ono 6~n TaKoA )l(e, KaK Ha WTaTHO~ 
MaWHHe; nonO)I(eHHe pOTOpa AnO KOHTpOnHpOBanOCb BH3yanbHO no 
TeneBH3HOHHO~ yCTaHOBKe H no BpeMeHH BKn~4eHHR npHBOAa 
/norpeWHOCTb -1 ° /. Ko)l(yX no H 6eTOHHaR aautHTa Ha TenemKe 
npHBOAa Ha 3n0Ce OTCyTCTBOBanH. MeTOAHKa H3MepeHHR 3~~eKTOB 
peaKTHBHOCTH OnHCaHa B~We. 

3aAa4e~ 3KcnepHMeHTOB Ha 3nOCe 6~no HSMepeHHe a H AKAna 
AnR pa3nH4HbiX BapHaHTOB AnO, KOTOp~e C03AaBanHCb npHMeHeHHeM 
HaCaAOK Ha npOTHBOBeC /eM. PHC. 6a-6r/; POTOP AnO nOABO
AHnCR K 30He npOTHBOBeCOM. B sapHaHTe 6a HCCneAOBancR nno 
H3 an~MHHHR AnR CT~KOBKH peaynbTaTOB H3MepeHHA 3n0Ca H WTaT
HOrO nO; H3MepeHHR a C 3THM sapHaHTOM nOABH)I(HOrO OTpa)l(aTenR 

11 



al f)) 

1)) 2) 

PHc. 6. 4epTemH poTopa nno Ha 3noce. a/ POTOp c an~MHHHeB~M 
nno; 6/ c OAHOnonaCTHbiM nno; B/ c nno 11 BHnKa 11

; r I c nno 
"Tpeay6et.~" ;' 1 - c o6cTBeHHO poTop, 2 - nnacTHHa-npoTHBosec 
H3 an~MHHHR, 3 - CTanbHOA AnO Tpanet.~eBHAH~R, 4 - t.~eHTpanb 
HaR nnaCTHHa 11 Tpeay6t.~a", 5 - 60KOBble HaKnaAKH, 6 - 6 0K0Bble 
4aCTH 11 BHnKH 11 H 11 Tpe3y6t.~a 10 • 

COOTBeTCT8DeanH H3MepeHHRM Ha $H3H4eCKOM nycKe C 8~BeAeHH~M 
H3 30H~ 6epHnnHe8~M nno. Bo 8Cex OCTanbH~X sapHaHTaX HaCaAKH, 
HMHTHPY~~He AnO, 6~nH CTanbH~MH. 

BapHaHT 66 npeAHa3Ha4ancR AnR npo8epKH snHRHHR Ha a 
H AK AnO WHPHH~ OAHOnonaCTHOro CTanbHOro nno. WHpHHa H3Me
HRnacb nyTeM YCTaH08KH COOT8eTCT8Y~~ero KOnH4eCT8a CTanbHbiX 
HaKnaAOK. noMHMO OAHOnonaCTHOrO AnO, Ha CTeHAe 3n0C H3y4a
nHCb ABYX- H TpexnonaCTHble 8apHaHTbl AnO - · 11 8HnKa 11 /pHC. 6s/ 
H 11 Tpe3y6et.~" /pHC. 6r/; Oli<HAanOCb, 4TO C TaKOR KOH$Hrypa-
1..1HeR AnO napaMeTp a 6yAeT HaMHOrO 60nbWe, 4eM C AHCK08biM 
nno. 

5. PE3YnbTAT~ M3MEPEH~~ HA CTEHAE 3nOC 

~3-3a 3aMeH~ WTaTHOrO nO Ha 3n0C yMeHbWeHHe peaKTH8HOCTH 
/8 BapHaHTe AnO 6a, an~MHHHR/ COCTa8HnO 1,7% K 3~¢· no-

12 

8HAHMOMy, TaKOBa 3$$eKTH8HOCTb KOmyxa nO, BKn~4aR 80AY, 
oxnamAa~~Y~ Komyx /eM . pHc. 2/. noTepR aanaca peaKTHBHOCTH 
8~HYAHna nepeATH OT nepH$epHAHoA 3arpy3KH K t.~eHTpanbHOA, 
n03TOMy 3KCnepHMeHT~ 3n0C np080AHnHCb npH t.~eHTpanbHOA 

aarpy3Ke 74 KacceT. TeM He MeHee, peaynbTaT~, nony4eHH~e Ha 
3n0Ce, MOMHO COnOCTa8nRTb C H3MepeHHRMH Ha $H3H4eCKOM nycKe, 
0 KOTOpbiX CKa3aHO 8b1We, TaK KaK 3Ha4eHHe a 8 KOHTpOnbHOM 
On~Te C an~MHHHe8~M AnO C08nano CO 3Ha4eHHeM a , H3MepeHH~M 

8 WTaTHOM BapHaHTe npH 8~BeAeHHOM AnO- 1,63+0,04 rpaA - 2 

8MeCTO 1 , 60~0, 0 2 rpaA - 2 . -

5.1. ~ccneA08aHHe C OAHOnonaCTH~M AnO 

3a8HCHMOCTb a OT WHPHHbl /pa3Mepa B Hanpa8neHHH A8H>KeHHR/ 
AnO HOCHT cnOMH~A xapaKTep /eM. Ta6n. 3 H pHC. 7/. genH4HHa 
a HMeeT MaKCHMYM npH X= Q,T.e. npH OTCYTCTBHH AnO. npH4eM 

3TO 3Ha4eHHe a npeBbiWaeT nony4eHHOe AnR WTaTHOrO nO 
B 2,5 pa3a. npH WHPHHe AnO OKOnO 30 CM a HMeeT MHHHManbHOe 
3Ha4eHHe, KOTOpOe 8 2 paaa MeHbWe a ( Q~ ~HTepeCHO, 4TO npH 
WHPHHe nonaCTH AnO MeHee 350 MM $.1..1. AnO He C08naAan C ero 
reoMeTpH4eCKHM t.~eHTpOM, T.e. C nonomeHHeM AnO, CHMMeTpH4-
H~M OTHOCHTenbHO 0n0. HaH60nbwee OTKnOHeHHe /+4° / 6~no AnR 
AnO 250 MM. npH 3TOM napa60nH4eCKHA K03$$H1..1HeHT peaKTHBHOCTH 
0n0 (a) 3a8HCen OT nonomeHHR AnO. 

Cno>KHbiA xapaKTep 3a8HCHMOCTH a 0no OT WHPHH~ H nonomeHHH 
AnO 06bRCHReTC.R 3$$eKTOM 11 3aTeHeHHR11 AnO OCH08HbiM OTpamaTe
neM. HanpHMep, ecnH WHPHHa AnO 6nH3Ka K WHpHHe 0n0 /240 MM/, 
H AnO ycTaHOBneH 8 r.t.~., TO npH CMe~eHHH 0n0 8neBO HnH Bnpa-
80 OT $ .1..1. AnO 110TKpbl8aeTCR 11

, H 3TO A06a8nReT nonOMHTenbHbiA 
3$$eKT peaKTH8HOCTH K OCHOBHOMY OTPHI..IaTenbHOMy 3$$eKTY, 
CB.R3aHHOMY C nepeMe~eHHeM 0n0 8 o6naCTb MeHbWero He~TpoH
HOrO noTOKa. TaKHM o6pa30M, XOA peaKTH8HOCTH ono s6nH3H $ . ~..~. 
cTaHOBHTCR MeHee KPYT~M, T.e. a yMeHbWaeTCR no cpasHeHH~ 
C a 6e3 AnO. npH 6onbWOA WHPHHe AnO 3KpaHHpyeTCR 0n0 8 n~60M 
nonomeHHH, HO npH CMe~eHHH 0n0 H3 $.1..1. 110TKpbl8aeTC.R 11 6onee 
3$$eKTHBHaR /T.e. HaXOA.R~aRCR 6nH•e K peaKTOpy/ 4aCTb AnO, 
4eM "aaKpbl8aeTC.R 11

• B 3TOM cny4ae nonmKHTenbHbiA 3$$eKT 
peaKTH8HOCTH MeHbWe, H a y8enH4H8aeTC.R. CnnowHa.A nHHHR, 
OnHC~8a~~a.R Ha pHC. 7 3aBHCHMOCTb a (~ , npo8eAeHa no 6 3Kcne
pHMeHTanbH~M T04KaM /4epH~e KpyMKH/ C HCnOnb308aHHeM CTaHAapT
HOA nporpaMMbl SPLINE H ycno8HR MOHOTOHHOCTH $YHK1..1HH AnR 
X> 30 CM. 

3a8HCHMOCTb AKAnO OT WHPHHbl nno /pHC. 8/ o6Hapy>KH8aeT 
He60nbWY~ HeperynRpHOCTb npH WHPHHe 20725 CM. 0Ha o6ycno8ne
Ha y8enH4eHHeM 3$$eKTH8HOCTH 4aCTeA ,!J.nQ, He 3aTeHeHHbiX 0n0, 
no Cpu8HeHH~ C COCeAHHMH 3aTeHeHHbiMH. 
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Ta6nH4a 3 

3~~eKT~ peaKTHBHOeTH no An~ OAHOnonaeTHOro Ana 
IlapaMeTp o(_ IIorpew-

l)!ruliiH~ 0!10• HOCTD ol , 4 KJlliO AKooo llpi!Me-
JUD, MM ro-4 -2 w-4 'laHHe 
(MaTepHan) -rpan roan-2 ·ro2 ·ro2 

l. JlliO OTCYTCT- 2,52 ByeT 0,00 - 2,9 

2. !50 (cTam,) 2,2 0,04 0,30 - .Il.llV B r.n. 
3, 200 (cTam,) 1,98 O,OI 0,36 2,43 JlliO B i{J,II, 

4. 250 (cTam,) 1,95 O,a2 0,46 - ,IJ,1lO B i{J,II, 

5. 250 (cTam,) 1,52 0,01 - - ,IJ,1lO B r,II, 

6. 290 cpenHSlJJ 1,5? 0,02 0,5? - TpaneiieBHA-(CT8JTh) 
H8H iflo~a 
JlliO' B i!J.n. 

? • 350 (cTam,) 1,38 0,02 0,615 - r.n.coBna-
naeT c i{J.o. 

8, 450 (cTam;) 1,58 O,OI 0,?6 2,19 
9, II - - 1,5 - npl'l B!ree-

neHHOM 000 

10, 900 (anlMu- I,IY (),04 1,13 - r,II,COBI18-HI'IA) naeT c 
¢',II, 

npHMe4aHHe: Ton~HHa AnO so seex eny4a~x - 45 MM; OTHOew· 
TenbHa~ norpeWHOeTb H3MepeHH~ nOnHO~ 3~~eKTHBHOeTH an0 
H 0n0 - He 6onee 3%. 

KpHBa~ H3MeHeHH~ peaKTHBHOeTH npH ABHmeHHH OnQ B OTeyT
eTBHe AnD /pHe. 4/ OKa3anaeb HeeHMMeTpH4Ho~, KaK H s wTaTHOM . 
no. CKop<:eTb H3MeHeHH~ peaKTHBHOeTH B nHHe~HO~ 4aeTH Ymax = 
=2,07·10 3 1/rpaA, HnH Ymax = 37 1/e. 

5.2. BnH~HHe BOA~Horo 3aMeAnHTen~ 3a no Ha a 

WTaTH~~ BOA~Ho~ 3aMeAnHTenb, yeTaHasnHsaeM~~ 3a Ana, 
oKa3~saeT snH~HHe Ha a no TO~ me npH4HHe, 4TO ~ Ana. Ho 
H3-3a TOro, 4TO anb6eAO BOA~ An~ 6~eTp~X He~TPOHOB MeHbWe, 
4eM anb6eAO ~ene3a, snH~HHe 3aMeAn~Ten~ o~y~aeTe~ ena6ee 
/eM. Ta6n. 3 H 4/. Bee oeTanbH~e 3KenepHMeHT~ Ha 3noce, 
KPOMe npHBeAeHHbtX B Ta6n. 4, AenanHeb 6e3 3aMeAnHTen~. Ha 
nonHy~ 3~~eKTHBHoeTb AnO (~~no) 3aMeAn~Tenb sn~~eT 04eHb 
Mano- s npeAenax owH6KH H3MepeH~~ 2 73%. 

14 

c:l.· 104t 

3 

2 

1 

0 10 20 30 40 50 X 

PHe. 7. napaMeTp a I rpaA - 2 I An~ ono KaK ~YHK4H~ pa3Mepa 
eTanbHoro AnO jx, eM/. • - 3KenepHMeHT e OAHononaeTH~M 
AnO WHPHHO~ x, HaXOA~~HMe~ s reoMeTpH4eeKOM 4eHTpe;~ - TO 
me e AnO s ~H3H4eeKoM 4eHTpe; 0 - nepee4eT H3 3KenepHMeHTa 
e an~MHHHeBbiM AnO; • - 3KenepHMeHT e AnO s B~Ae "sHnKH", 
HaXOA~~HMe~ B reoMeTpH4eeKOM 4eHTpe /s 3TOM eny4ae X - 3a30p 
MemAY nonaeT~MH/; A - nepee4eT H3 APYrHx 3KenepHMeHTos; 
• - 3KenepHMeHT e AnO THna 11 Tpe3y6e4"; 1 , 2 - annpoKeHMa4H~ 
3KenepHMeHTanbH~x AaHH~x ennaAHaMH. 

Ta6nH4a 4 
3~~eKT~ peaKT~BHOeTH nO npH HanH4HH H OTeyTeTBHH BOA~HOrO 

3aMeAnHTen~ 3a AnO 

BapHaHT Ana HanH4He a, norpeWHOeTb a, 
2 3aMeAnH- 10 - 4 rpaA-2 10-4 -2 t\K ll llO. 10 

Ten~ 
rpaA 

CTanbHO~ eeTb 1,29 0,03 0,56 
290 MM HeT 1.57 0,02 0,57 

An~MHH~eBbiA eeTb 1,63 0,04 1 ' 10 
900 MM HeT 1,87 0,04 1 '13 

Ana oTeyT- eeTb 1.99 0,04 
eTByeT HeT 2,52 0,06 
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0 10 20 30 40 50 60 1-ly 

P~c. 8. 3$$eKT~BHOeTb eTanbHoro OAHOnonaeTHoro .nno KaK 
$YHK4~~ ero w~p~Hbl HY /eM/. 0 - np~Mo~ 3Kenep~MeHT, ~- 04eH
Ka ~3 APYr~x 3Kenep~MeHTOB. 

Ta6n~4a 5 

3$$eKTbl peaKT~BHOeT~ An~ AnO B B~Ae 11 B~nK~ 11 

a, 
-4 -2 2 2 

Meli<AY no-~ 10 rpaA ~KA110·10 ~Kono. 10 np~Me-

naeT~M~ 4aH~e 

11 B~nK~ 11 ,MM 
" 

250 2,68 0,33 2,85 AnO B r.4. 
250 1 '92 0,23 - AnO B M~HW 

MyMe peaK-
T~BHOeT~ 

350 2,85 0,38 - AnO B r.4. 

np~Me4aH~e: nonHa~ 3$$eKT~BHOeTb AnO e4~Tanaeb OTHOe~TenbHO 
$.4 . .nno np~ s~BOAe .nno Ha 45 ~ W~p~Ha Kali<AO~ nonaeT~ 
11 B~nK~ 11 

- 150 MM. 
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5.3. 3$$eKT~ peaKT~BHOeT~ no np~ ABYXnonaeTHOM .nno 
"s~nKa" 

An~ .nno s B~Ae "s~nK~" /p~e. 6s/ eneAosano oli<~AaTb s~~r
pblwa s a 110 no cpasHeH~IO e sap~aHTOM 6e3 AnO np~ x 
6onbwe 2~0 MM. B 3TOM eny4ae nonoli<~TenbHbl~ 3$$eKT peaKT~s
HOCT~ BbiXOAa ~3 11 TeH~ 11 /KOTOpbl~ ~MeeT MeCTO An~ OAHOnonaeT
HOrO .QnO/ 060pa4~BaeTe~ OTP~4aTenbHbiM 3$$eKTOM 11 3aTeHeH~~ 11 

Toro ~n~ APYrOro 11 3y6a" .nno, ~ KP~Ba~ 3$$eKT~BHOeT~ ono 
o6oeTp~eTe~. 3Kenep~MeHT Aan HYli<H~~ 3HaK 3$$eKTa /Ta6n 5 
~ p~e. 7/.Kp~sa~ ~3MeHeH~~ peaKT~BHOeT~ np~ eAB~re AnO 
~MeeT enOli<H~~ xapaKTep; $.4. e~nbHO CAB~HYT OTHOe~TenbHO 
r.4., KOTOp~~ He eosnaAaeT H~ e OAHO~ T04KO~ 3KeTpeMyMa 
/Ha p~e. 9 He $~Ke~posaHo nonoll<eH~e r.4./. 3Ha4eH~~ a 
np~ nonoll<eH~~ AnO B 4aeTHOM M~H~MyMe peaKT~BHOeT~ ~ B $.4. 
3Ha4~TenbHO MeHbWe, 4eM B r.4. 3TO o6eTO~TenbeTBO, a TaKll<e 
Manoe 3Ha4eH~e nOnHO~ 3$$eKT~BHOeT~ ~KAilO He n03BOn~IOT 
~enonb30BaTb nOA06HyiO KOH$~rypa4~10 AnO B WTaTHOM nO. 

5.4 . .nno s s~Ae "Tpe3y64a" 

Ha~ny4w~e pe3ynbTaTbl Aan no e .nno B B~Ae 11 Tpe3y64a" 
/p~e. 6r, Ta6n. 6/. np~BeAeHH~e B Ta6n. 6 AaHH~e no a 

~MeiOT norpewHOCT b MeHee 0, 5%, no ~K- 2 %. 
KoHe4HO, BBeAeH~e TpeTbe~, 4eHTpanbHO~ nonaeT~ AOnli<HO 

HeeKOnbKO eH~ll<aTb a B epaBHeH~~ e Bap~aHTOM 11 B~nK~ 11 , HO, 
noeKonbKY pa3Mep X= 300 MM An~ Tpe3y64a 6bm 6n~30K K onT~
ManbHOMY 3Ha4eH~IO /eM. p~e. 7/, napaMeTp a oKa3ane~ s~we, 
4eM B eny4ae 11 B~nK~ 11 . npe~MYll\eeTBO 11 Tpe3y64a" nepeA 11 B~n
K0~11 s TOM, 4TO 4eHTpanbHa~ nonaeTb "~cnpasn~eT" xapaKTep 
~3MeHeH~~ peaKT~BHOeT~ np~ AB~ll<eH~~ .nno /eM. p~e. 9/; An~ 
11 Tpe3y64es" so seex cny4a~x $.4. npaKT~4eeK~ /s npeAenax 1° / 
eosnaAan e r.4. nonHa~ 3<!><1>eKT~BHoeTb 11 Tpe3y64a" 3Ha4~TenbHO 
BbiWe /Ha 0, 3 ·10 - 2 a6e. eA. peaKT ./ 3<!><1>eKT~BHOeT~ 11 B~nK~ 11 , 
4TO YMeHbWaeT aMnn~TYAY n0604H~X ~MnynbeOB MOli\HOeT~ B He
eKOnbKO pa3 np~ pa6oTe peaKTopa s ~MnynbeHOM peli<~Me. 

HHTepeeHO OTMeT~Tb, 4TO napa6on~4eeK~~ XOA peaKT~BHOeT~ 
0n0 B eny4ae AnO 11 Tpe3y64a 11 eoxpaH~eTe~ Ha MeHbWeM ~HTepsane 
yrnos, 4eM s eny4ae APYr~x .nno ~n~ ~x oTeyTeTs~~ /eM. 
p~e. 3/ - np~6n~3~TenbHO s ~HTepsane +3 °. 3To eeTb KaK pa3 
eneAeTs~e 3$$eKTa 11 3aTeHeH~~" .nno. Ha'i16onbwaR cKopoeTb ~3-

17 



Ta6m11.1a 6 

3¢¢eKTbl peaKHIBHOCHI nO C .QnO B BIIIAe 11 Tpe3y6l.la 11 

MM 

"' 1 . 350/150/150 
2. 350/150/150 
3. 300/175/150 
4. 300/175/100 
5 . 300/200/100 
6. 300/200/100 

7. 300/175/150 

-2o• 

? 

-4 -2 2 A 2 
a , 10 rpaA I'!KAnO · 10 u K ono · 10 npiiiMe4aHIIIe 

2,71 
-

2,90 
3,04 
2,92 
1 '43 

2,59 

-10• -•K \Ot 

0,2 

0,3 

0,4 

0.5 

0,6 

0,64 2,54 
1 , 1 -
0,78 -
0,66 -
0,69 -
- -
- -

20. 

....... . _ 

' ' ' \ 

'\. 

\ 
\ 

\\'· 
\ 

\ 
\ 

'\ 
\ 

.Qno 8 r.l.l. 
0n0 BbiBeAeHO 
.Qno 8 r.l.l. 

II 

II 

.QnO 8 MIIIHIIIMyMe 
peaKTIIIBHOCTIII 
3a .Qno - CTanb-
HO~ JliiiCT /15 MM/ 

3o• 'f' 

\., 
\. 

\ 

' \ 

'\. 
............. 2 ·--

\ 

' \ ',,: 
P111c. 9. 3aeiiiCIIIMOCTb peaKTIIIBHOCTIII oT yrna noeopoTa poTopa 
.Qno . Kp111eal'l 1 - wTaTHbl~ .nno, 2 - .Qno 11 elllnKa 11 c pa3MepoM 
x = 350 MM, 3- .Qno "Tpe3y6e4 11 c pa3MepaMIII 300/175/100. 
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MeHeHIIII'l peaKTIIIBHOCTIII np111 ABIIImeHIIIIII OnQ C .QnQ B BIIIAe Tpe3y61.1a 
300/175/150 pasHa Ymax = 1,54·10- 3 1/rpaA 11111111 Ymax = 27,7 1/c 
Alll'l HOMIIIHaJlbHbiX 060pOTOB pOTOpa 0n0. 

napa60J11114eCKIII~ K03¢¢111l.lllleHT peaKTIIIBHOCTIII .QnQ 11 Tpe3y6l.la 11 

paeeH 0, 65 · 10 - 4 rpaA - 2. 

B l.IIIIKJle 3KcnepiiiMeHToe 3noc 6btlllll 1113MepeHbl 3¢!f>eKTbl oTOAB~~~
raHIIII'l pOTOPOB 0n0 /6e3 .QnO/ Ill 0n0 BMeCTe C .QnO OT peaKTOpa. 
OTOABIIIraHIIIe Ha Manoe paccTOI'lHIIIe AaeT: ( dK/ dx) ono ~ 

= /4,52:_0,3/ · 10-4 1/MM, ( dK / dx)ono +ABO =(5,25 ± 0,15)·10-4 1/MM. 

6. AHAm13 PE3YJlb TATOB 11 BbiBO.Qbl 

113MepeHIIII'l Ha WTaTHOM nOABIIImHOM OTpamaTelle Ill CTeHAe 3n0C 
y6eAIIITellbHO noKa3blea~T, 4TO MaTep111an, !f>opMa 111 pa3Mepbl .Qno 
04eHb CIIIJlbHO Bllllll'l~T Ha xapaKTepiiiCTIIIKIII ono. B paMKax TeOpllllll 
B03My~eHIIII'l 1-ro nOPI'lAKa MOmHO BbiBeCTIII npOCTble COOTHOWeHIIII'l, 
Ka4eCTBeHHO onpeAelll'l~~ ~~~ e 3To Bllllll'lHIIIe • .Qnl'l .QnO e BIIIAe nonacTIII 
WIIIPIIIHO~ X MOmHO 3aniiiCaTb: 

a=a
0 

+o a
0

, 

rAe a 0 - napaMeTp a OCHOBHOrO nOABIIImHOrO OTpamaTeJll'l B OTCyT
CTBIIIe .QnO, a 8a 0 - A06aeKa K a 3a C4eT Bllllll'lHIIII'l .QnO; cornac
Ho ltJOpMyJlaM TeOPIIIIII B03My~eHIIII'l, oo 0 - OTPIIIl.laTeJlbHal'l !f>YHKLIIIII'l 
WIIIPIIIHbl .QnO ~ IIIMe~~al'l aCIIIMnTOTy a~ Ha 6eCKOHe4HOCTIII Ill MIIIHIII
MYM nplll ~ npiiiMepHO paeHOM WIIIPIIIHe ono. HaJ11114111e MIIIHIIIMyMa 
CBI'l3aHO C TeM, 4TO nplll TaKO~ WIIIPIIIHe .QnO CMe~eHIIIe 0n0 1113 
nonomeHIIII'l MaKCIIIMyMa peaKTIIIBHOCTIII TOJlbKO 110TKpbiBaeT 11 HOBble 
06JlaCTIII .QnO Ill Hlll4erO He 11 3aTeHI'leT 11

• np111 60JlbWe~ WlllpiiiHe 
.QnQ, nOMIIIMO BbiXOAa 1113 11 TeHIII 1 1

, HeKOTOpble 4aCTIII .QnQ BXOAI'lT 
B 11 TeHb 11 0n0, Ill 3TO npiiiBOAIIIT K yBelllll4eHIII~ a. 

MOmHO C4111TaTb, 4TO .QnO 6eCKOHe4HO~ WIIIPIIIHbl no CBOeMy 
BJlllll'lHIII~ Ha peaKTIIIBHOCTb 3KBIIIBalleHTeH, COrJlaCHO npiiiHl.llllny 
Cynepn03111l.lllllll MaJlbiX B03My~eHIII~, CYMMe OAHOJlOnaCTHOrO .QnO 
Ill ABYXllonaCTHoro .QnO B BIIIAe 11 BIIIJ1KIII 11 /piiiC. 6e/. TorAa Alll'l 
K03!f><)lllll.lllleHTa napa60Jlbl peaKTIIIBHOCTIII 0n0 C .QnQ B BIIIAe 11 BIIIJ1KIII 11 

a/). AOJlmHO 6b1Tb cnpaBeAJliiiBO COOTHOWeHIIIe: 

0:1 6. " Oa ~ - Oa 0 , !51 

rAe 8a6. = a6.-a 0 , a 8a~ = a~ -a 0 . 0Ka3anocb, 4TO 
COOTHOWeHIIIe /5/ Ae~CTBIIITeJlbHO BblnOJlHI'leTCI'l Alll'l 3KCnepiiiMeH
TaJlbHbiX 3Ha4eH~~~~ a, KaK BIIIAHO 1113 p111c. 7. TaK KaK loa 

0
1 > loa ~ I 

B HeKOTOPO~ 06JlaCTIII WIIIPIIIH .QnQ, TO Oa /). > 0 B 3TO~ o6naCTIII 
/COrJlaCHO 3KCnepiiiMeHTaM, np111 X> 23,3 CM/. 11HbiMIII CJlOBaMIII, 
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sapl'!aHT ano 11 BI-1J1Ka 11 /a TaKX<e 11 Tpe3y6el( 11
, PI-1C. 6r/ AaeT 

Bbll'lrpbiW B napaMeTpe a no cpaBHeHI-110 CO CJly4aeM OTCYTCTBI'Ifl 
AnO 1-'!Jll-1 OAHOJlOnaCTHOro ano npl-1 3a3ope Me~AY nonaCTflMI-1 
11 91-'!JlKI-1 11

, 60JlbWeM WI-1PI-1Hbl 0n0 . 
.Qo6aBKI-1 K napaMeTpy a l-13-3·a BJ11-1flHI-1fl .QnO oa0 1-1 Oa /)., 

COrJlaCHO TeOpl-11-1 B03My~eHI-1~, AOJl~HW 6WTb nponOpl(I'IOHaJlbHW 
3¢¢eKTI-1BHOCTI-1 MaTepl'!aJla ano. B CJ1y4ae OAHOJlOnaCTHOrO ano 
MaTep1-1an 6onbwe~ 3¢¢eKTI-1BHOCTI-1 AaeT MeHbwee 3Ha4eHI-1e a, 
AJlfl 11 BI-1JlOK 11 1-1 11 Tpe3y6l(es" - Hao6o poT. Hanpi-1Mep, B cny4ae 
OAHOJlOnaCTHOrO .QnO WI-1PI-1HO~ - 30 CM 1-13 6epi-1J1Jll-1fl, 3¢¢eKTI-1BHOCTb 
KOTOpOrO B 1,8 pa3a 60JlbWe 3¢$eKTI-1BHOCTI-1 CTaJll-1, a OKa3aJlOCb 
6bl 4pe3Bbl4a~HO MaJlbiM - 0,1 7 0,2 · 10-4 rpaA- 2 ·113MepeHHOe )!(e 
AJlfl wTaTHoro MOAYJlflTOpa peaKTI-'IBHOCTI-1 3Ha4eHI'!e a =1-10-4 rpaA - 2 

06fl3aHO, B OCHOBHOM, Ae~CTBI-110 aJliOMI-1HI-1eBOrO AI'ICKa, KOTOPW~ 
pa6oTan KaK 11 BI-1J1Ka". WTaTHbl~ sap1-1aHT MOAYJlflTopa peaKTI-'IBHOCTI-1 
~'!MeeT He BnOJlHe YAOBJleTBOpi'!TeJlbHWe 3Ha4eHI-1fl napaMeTpOB 
a,tlK L\IIO 1-1 tlK MP /eM. Ta6n. 1 1-1 2/, TaK KaK npl-1 TaKI'!X 
3Ha4eHI-1flX Ba~He~WI'Ie xapaKTepi-'ICTI-'IKI-1 peaKTOpa OKa3WBaiOTCfl 
3Ha41-1TeJlbHO Xy)!(e npOeKTHbiX: AJli'!TeJlbHOCTb 1-'!MnyJlbCa MO~HOCTI-1 

8Y2 ~ 200 MKC /BMeCTO 92 MKC no npoeKTY / l / /, OTHOCI'!TeJlbHafl 
aMnJli'ITYAa no6o4Horo 1-'!Mnynbca WM aJ<C. I W cp ~.84/sMecTo 0,5/ 

noo. 
1-1 ¢oH WcjJ I W r p ~ 0,1 /BMecTo 0, 06/. MOAYJlflTOP peaKTI-'IBHOCTI-1 
C TpexnonaCTHbiM .QnO B BI'!Ae 11 Tpe3y6l(a 11

, l-13rOTOBJleHHbiM 1-13 
cTaJll-1 /6epi-1J1Jll-1fl, MeAI-1/, o6ecne41-1T 6ni-13KI-1e K npoeKTHWM 3Ha-
4eHI-1fl 3TI-1X xapaKTepi-1CTI-1K peaKTOpa. 
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