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Tpe6oeaHu.R K cuc•eMe aeapuuHou 3QUIUIIt.l 

An~ Toro, qTo6w c~opMyn&poBaTL Tpe6oaaHB~ K aaa­
psiiuoi 3aUUITe, paCCMOTpBM DpBqBHW 6pOCKOB MOUUIOCTB. 
B BMnynLCHOM peaKTope nepBo.ltBqecKoro .neicTBB~ xapaK­
Tep 3Heproaw,neneHB~ onpe.nen~eTc~ 3aKOHOM B3MeHeHB~ 
peaKTBBHOCTB OT BpeMeHB, ee MO,nyn~~Bei. Mo,nyn~~B~ 

co3,naeTc~ MexaHsqecKBM nepeMeiQeHBeM co cKo-
pocTLIO v ns6o qacTB aKTBBHoi 30HW, KaK aH1iPe-30,ns6o 
qacTH oTpa)l(aTen~. KaK B peaKTopax HliP-2 B SORA , Ho 
B o60BX cnyqa~X BMeeT OABH B TOT )l(e xapaKTep. Ha 
pBC. la DOKa3aHO B3MeHeHHe peaKTBBHOCTB peaKTOpa 
HliP-30. OcHOBHYIO qacTL apeMeHB peaKTop no,nKpBTBqeH, 
B ~OHOBa~ MOUUIOCTL (W ¢ ) onpe,nen~eTC~ pa3MHO)I(eHBeM 

(1/£ q) B HeDOABB)I(HOB 30He 3aDa3AWBaiOUUIX HeiTpOHOB (S): 

s "¢--· /1/ 
(¢ w 

a 3Heprs~ ~oHa 3a o.nsH nepso.n E¢= 
0
¢ , r.ne n - qacToTa 

BMnynLCOB MOUUIOCTB. 3,neCL B ,nanee DpB paCCMOTpeHBB 
B3BeCTHWX COOTHOWeHBB, CB~3WBaiOUUIX MOUUIOCTL C napa­
MeTpaMB, onYIQeHw aecyiQeCTBeHBwe .nn~ Hawero paccMoT­
peHB~ DOCTO~HHWe K03~B~BeHTLI. 

flo Mepe B03paCTaHB~ peaKTBBHOCTB MOUUIOCTL yae­
n&qHBaeTC~, HO OCHOBHOB poeT nocne,nHei DPOBCXOABT BO 
apeM~ KpaTKOBpeMeHHOrO nepeao,na peaKTOpa B COCTO~HBe 
BWWe KpBTBqsOCTB DO MrHOBeHHhlM HeBTpOHaM /pBC. 2/. 

K MOMeHTY tO MOUUIOCTL AOCTBraeT MaKCBManLHOrO 3Haqe­
HB~, nponop~oHanLHoro aen&qsHe 
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Puc. 1. Cxe..wa MOOYAJIIlUU peaKmueHocmupeaKmopaHliP-30. 
a - ocHoeHaJI /no1/ceK/, o - npo.MeJICy11lO'IHaJI /nb 1/ceK/, 
6 - HU3KQJI /np 1/ceK/ 'IQC11l011la CA€006QHUJI UMnyAbC06 
MOUIHOC111U. f O - paeHoeecHaJI HQOKpU11lU'IHOC11lb peaKmopa, 

f orr 3 , f.JliT3 , f ITO - peaK11lU6HOC11lU OCHOBHOU U ecno.Mo-
zameAbHOU nooeUJICHbiX 30H u nooeuJICHozo ompaJICameAJI; 
f d: , f c - peaK11lU8HOC11lU, C001118€111C1118Y10U1Ue fPOH080U MOUI­
Hikmu u a..wnAumyoe cameAAuma. E(t) - peaKmueHocmb, t -
epeMJI. 

4 

w S to 
max- --

1
-
1 

exp J f(t) d 
vt 2 - t, 

0 -t r 0 
r.ne 

f (t) = f- av2t 2 - /2/ 

- ICBa,npaTHqHaJI napa6ona, ICOTOpoii annpOICCHMHpyeTCJI 3a­

BHCHMOCTL peaiCTHBHOCTH peaiCTOpa OT BpeMeHH llpH ,l\BH­

>KeHHH llO,nBH>KHOrO 3JieMeHTa; a - IC03clM11HUHeHT, qHCJieHHO 

paBHWH H3MeHeHHID peaiCTHBHOCTH llpH CMemeHHH llO,l\BH>K­

HOrO 3JieMeHTa OT MaiCCHMyMa peaiCTHBHOCTH Ha 1 CM; 
f - Ha,niCpHTH~OCTL peaiCTOpa llO MrHOBeHHWM HeiiTpo­

HaM; 2 tO- _BpeMJI Ha,niCpHTHqeciCOrO COCTOJIHHJI peaiCTOpa. 

fipH llOCJie,nyKXQeM CHH>KeHHH peaiCTHBHOCTH MO~OCTL 

f.(t) 

/ I ~ t 

w ..... 

1 

I :r I --I t 

Puc. 2. CxeMa tjopMupoeaHUJI UMnyAbCa MOIIIHOc•u. , f{t) 
3aaucu..woc•• peaK•ueHoc•u o• epeMeHu, ('"' 0 - Kpu•u.,­
Hoc•• peaK•opa no MZHoeeHHWM Heu•poHaM, W(t) - 3aeu­
cuMoc•• MOIIIHoc•u peaK•opa o• epe..weHu, t - epeMJI, 
() - ()Au•eAbHOC.b UMnyAbCQ HQ nOA06UHe 6WCO.W, W max -
aMnAu•y()Hoe 3HQ'IeHUe UMnyAbCa MOIIIHOC.U. 
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caoua npsasuaeT woaouoe 3Ha'ieHBe, B ~anee UBKnw nos· 
TOpJIIOTCJI. 

)J;nBTen&HOCTb BMUyn&ca Ha nonOBBHe BhiCOThl 3aBBCBT 
OT CKOpOCTB UO~BIDKHOrO 3neMeHTa 

e­
r l/2 

ai/2 vt 1/2 ' 
0 

r~e r • BpeMJI )I(JI3HJ.I MrHOBeHHhiX HeiTpOHOB B peaKTOpe, 
a 3HeprBJI sunyn&ca 

E - W e. 
u max 

* KaK 6&~no noKa3aHo H.Boa~peHKO B IO.CTaBBCCKBM , 
Ka)K~OMY B~y B3MeHeHBJI peaKTBBHOCTB OT BpeMeHB B BM­
nyn&CHOM peaKTOpe COOTBeTCTByeT onpe~eneHHhiB ypOBeH& 

paBHOBeCHOB Ha~pBTBqftOCTB (£
0

), npB KOTOpOMUpOBCXO~T 
KouneacauaJI pacna~a Me*~Y BMnyn&cauB npeJUUec-ruea­
HBKOB 3aUa3~&1BaiOUUIX HeiTpOHOB BX po>K,AeHBeM BO BpeMJI 
oqepe~aoro sunyn&ca. B 3TOM cnyqae 3HeprBJI sunyn&ca 
B MOUUIOCTh peaKTOpa He 3aBBCJIT OT BpeMeHB. HHTeHCBB· 
HOCTh BCTO'iHBKa 3ana3~&1BaiOUUIX HeiTpOHOB Me~y BY­
nyn&cauu onpe~enJieTC.II npe~&ICTopsei pa6oThl peaKTopa 
B /6e3 yqeTa woaouoi MOUUIOCTB/ pacc'iBT&IBaeTcJI no 
wopuyne k 

oo 6 -A..(t+-) 
1 n 

S(t)= !Ek!a.A..e 
k=O u i=l 1 1 

r~e k - aouep npe~wecTBYIOmero sunyn&ca, k = 0 ~nJI 
6nB*aiwero sunyn&ca, a1 B ,\ 1 • napaueTphl i-oi rpynnhl 
npe~WeCTBeHHBKOB 3aUa3~hiBaiOUUIX HeiTpOHOB, t • BpeMJI 
~o 6nB*aiwero BMnyn&ca. Ha psc. 3 noKa3aHa 3Ta 3aBB­
CBMOCT& npB pa6oTe peaKTOpa HBP-30 Ha 'iaCTOTe 0,2 rf4. 
3a BHTepuan Me~y BMnyn&CaMB BHTeHCBBHOCTh BCTO'iHBKa 
yMeH&WaeTCJI B HeCKOn&KO pa3. 

)J;n.11 CHIDKeHBJI qacTOThl cne~OBaHBJI BMDyn&COB 6e3 
yBenB'ieHBJI ~nBTen&HOCTB B BMnyn&CHhiX peaKTOpax npB· 
MeHJIIOT ~OUOnHBTen&HYJO Me~neHHYIO MO~ynJIUBJOpeaKTBB· 

* A3, T. 7, BhiU. 5, 417 /1959/. 
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Puc. 3. HH•eHCU6Hoca• ucaooeHuKa 3ana3<)weaK>IIIUX Herl•­
poHoe Mex<)y uMny .. ucaMuMOfiiHoc•u. S(t) - uH•eHcueHoc•• 
uc•ot~HUKa, H/ceK; t • epeMJI, ceK; E • 3HepzuJI :uMnyA~»ca, 
()ell.; ..ac•o•a UMftYII.C06 MOIIIHOc•u 0,2 r14. 

HOCTR I 6 B 6 sa psc. 1/, nps 3TOM ue~y aunyn&caua 
MOUUIOCTB o6pa3yiOTCJI U060'iBhle BMnyn&Chl /caTennBThl/. 
TaK xax pa3MBO)KeHBe so upeMJI BX o6pa30BaHBJI ue npe­
BhiW&eT BeCKOn&I<BX COT, aMUnBTy~a (W c ), ~Ten&HOCTh 
( (} c ) B 3Bepra• (Ec ) no60'IBhiX BMUyn&COB 3&BBCJIT OT 
napaMeTpoB peaKTopa cne~yiOUUIM o6pa3oM: 

s " -- ' 
/3/ 

c 
( 

c 

l/2 
£c /4/ (}--

c v ' 
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HeBTpOHOB nepeA pa3BHTHeM COOTBeTCTBeHHO pa6oqero 

uwnym.ca H caTeJIJIHTa. 
He 3asucuwo oT npuqauw B03MymeuuJI so speMJI IUIKJia 

pa60TW peaKTOpa UOCJieAYIOIIVIe H3MeHeHHJI 3HeprHB HM-
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Puc. 5. 3aaucuMoc•b aMnAu•yow UMnyA~>ca MOJNHoc•u 
HEPa-30 o• 6eAU'lUHbl U36~>••o'lHOU peaK•uaHoc•u.K A/S) f -

o•HOUleHUe UMnAU.YOW UMnYAI>Ca K UH.eHCU6HOC•u UCfO'l­
HUKa npu UMnYAI>CHOU H~OKPU•U'lHOc•u f,: (A/S) f =8 .10- -
•o xe npu f = 8.10- , Ko•opaJI coo•6e•c•6ye• pa6Ho-
6ecHoii HaOKpu•u'lHoc•u npu pa6o•e JlEPa-30 Ha 'lac•o•e 
4 r11 npu cKopoc•u oucKa OCH06HOU no06UJICHOU 30HW 
3000 o6/wuu; f = 0 - KPHTuqaocTh peaKTopa no wruo-
BeHHWM HeBTpOHaM. 
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Puc. 6. 3aaucuMOC111b meMnepamypbl o6oAO'lKU !leHmpaAb­
Hozo cmepxHJI HEPa- 30 om 6peMeHu npu nepexoOHbiX npo­
ijeccax. T - meMnepamypa, ° C; t - apeMJI, ceK. a - a 
MOMeHm 6peMeHu t b peaKmop nepeweA c 'lacmomba cAeoo-
6UHUJI UMnyAbCOB ,26 Fll Ha 'lUC1110111Y 10 rll c OOHOBpe­
MeHHbiM CHUJICeHUeM peaK111UBHOC1/IU HU 2.10-4 HU'lUAbHUJI 
cpeOHJIJI MOUIHOC111b peaKJIIOpa 4,2 KB111. 6 - , 6 MOMeHJII 
t 

2 
3U 6peMJI MeJICOY O'lepeOHbiMU UMnyAbCUMU MOUIHOCJIU 

peaK111UBHOC111b peaKJIOpa CHUJICeHa HU 2,3.10 - 4 ; 6 MOMeHJf 
t 3 3a 6peMJI MeJICOY O'lepeOHbiMU UMnyAbCUMU MOUIHOCIIIU 
peaKIIU6HOC111b peaKIIIOpa y6eAU'leHa HU 1,8.10-4 ,HU'lUAbHUJI 
cpeOHJIJI MOUIHOCJfb peaK1110pa 5,2 KBJI, 'lUCIIIOIIIa UMnyAbC06 
0,13 F11. 

DYJihCOB H MOUUIOCTH onpeAeJIJIIOTCJI BJIHJIHHeM ABYX KOH­

KYPHPYIOIUHX npo~eccos: H3Meueuuew HHTeucusuocTH uc­

ToquuKa 3ana3AWBaJOIUHX ueiTpouos I a TaiOKe napaMeTpos 

V HJIH f, eCJIH B03M}'meHHe OXBaTWBaeT PJIA IUIKJIOB/ H 

H3MeHeHHeM ypOBHJI peaKTHBHOCTH, BW3WBaeMWM OTp~a­

TeJihHhiM MOUUIOCTHhiM K03ciMII~BeHTOM ( K w )· Ilocne nepe­

XOAHOrO npo~e cca MOUUIOCTh B 3MeHBTCJI Ha BeJIHquuy /).f/ K 
w' 

rAe /). f - H36hiTOqHaJI peaKTHBHOCTh, HJIH pa3HOCTh paBHO-
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BeCHWX HMUYJihCHWX Ha,IUCpHTH'IHOCTeii COOTBeTCTBeHHO ,D;JIS 
HCXO,D;HOH H KOHe'IHOH CKOpOCTH BJIH 'laCTOTW. 

KaK noKa3wBaiOT pac'leTw, swnonueHHWe MS HliPa-30 
H UO,D;TBep*,D;eHHWe 3KCUepHMeHTaJihHO /pHC. 6,7/, BCJie,D;­
CTBHe KOMUeHCBPYIOIQero 34MtleKTa OTpBD;aTem.uoro MOIQ­
HOCTHOrO K034MtlBD;BeHTa /o6paTHaS CBS3h B peaKTOpe/ 
H3MeHeHBe napaMeTpOB B WBpOKBX npe,u;enax He UpHBO,D;BT 
K OUaCHOMY UOBWWeHHIO MOIQHOCTB. HaUpBMep, UOCJie 'laC­
TOTHoro uepexo.u;a 4-+ 100 r~~, a TaiOKe B cnyqae uoswwe­
HHS peaKTHBHOCTH Ha -4.10-4 MOIQHOCTh B03pacTaeT TOJih­
KO ua -10~, 'ITO .u;ouycTHMO. Ho so speus uepexo.u;uoro 
upou;ecca H scne.u;cTBBe 3ana3.u;wsauus 34MtleKTa o6paTuoii 
CBS3H B UepBOM CJiyqae MOIQHOCTh Ha HeCKOJihKO CeKyH,D; 
yBeJIH'IBBaeTCS B ,u;eCSTKH pa3, a BO BTOpOM CJiyqae, eCJIH 
B npe,u;ene peaKTHBHOCTh BBe,D;eHa 3a BpeMS Me:>K,IJ;y HMUYJih­
CaMH, o6pa3yeTCS BMUYJihC C 3Heprueii B 10 2 pa3 BWWe 
ucxo,D;Boii. B o6oux cnyqasx sw.u;eJIHswascs 3Heprus ue 
ycueBaeT OTBO,D;BThCS CHCTeMOH OXJia>K,D;eHHS H ,D;OCTaTO'IHa 
,D;JIS UOBpe)K,D;eHBS aKTHBHOH 30Hhl. QqeBH,D;HO TaiOKe, 'ITO 
'I eM HH)Ke 'laCTOTa CJie,D;OBaHHS HMUYJihCOB B peaKTOpe, 
TeM seposTuee ouacuoe H3MeHeHBe uapaueTpos 3a speus 
Me)K,D;y HMUYJihCaMH • 

Bo speus pa6oTw peaKTopa ouepaTusuwii uepcouan 
,li;OJI)KeH OCyiQeCTBJISTh UJiaHOBWe H3MeHeHHS MOIQHOCTH. 
llpH 3TOM H36WTO'IHaS peaKTHBHOCTh (~ l ), BBO,D;BMas B pe­
aKTOp, oupe,u;enseTCS H3 yCJIOBHS ,D;OUYCTHMOrO nepHO,D;a 
pa3roua ua 3ana3.u;wsaiOIQHX ueiiTpouax: 

l/2 
T = r3 a v r 

2 l/2 -A 
(0 ti ( 

r.u;e r 3 - cpe.u;uee speus )KB3HH 3aUa3,u;wsaiOIQHX ueiiTpo­
uos. 

,D;ns pac'leTa 6e3ouacuoii peaKTHBHOCTH, KOTopas MO)KeT 
6wTh sse.u;eua 3a speus Me)K,u;y uuuynhcauu, ueo6xo.u;uuo 
HCUOJih30BaTh ypaBHeHHe /6/. ,lJ;eiiCTBHSMH OUepaTHBHOrO 
uepcouana HJIH cucTeMaMH asToperyJIHposauus uoryT 6WTh 
TaK)Ke CKOMUeHCHpOBaHW Me.D;JieHBWe H3MeHeHHS uapaMeT­
pos, BJIHSIOIQHX ua yposeuh MOIQHOCTH. llocne.u;YIOIQHM aua­
JIH30M npH'IBH 3THX H3Meueuuii pewaeTcs soupoc o u;ene­
coo6pa3HOCTH upe,u;yupe,D;HTeJihHOrO OTKJIIO'IeHHS peaKTOpa. 
CucTeMa aBTOMaTH'IecKoro asapuiiuoro OTKJIIO'Ieuus peaK-
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Topa scTynaeT s neicTBBe TOnhKO s Tex cnyqagx, Korna 
B pe3ynbTaTe HeBcnpaBHOCTB B CBCTeMe ynpasneHBI, no­
Bpe*neuBi B peaKTope ana oma6oK nepcouana co3nanBcb 
ycnOBBI ,llni onacuoro noswmeHBI MOJIUIOCTB BnB OHO Y*e 
uaqanocb, Torna 3Ta cacTeMa noB*Ha npenynpenHTb BnB 

npepsaTb ee pOCT B He nonycTBTb o6pa30BaHBI BMnynbca 
womH:ocTB BnB rpynnw BMUYnhCOB c 3Hepraei, npeswmaiO­
mei ycTauosneuuwi noporoswi yposeub. 

,IJ;n• co3nauBI cxeww 3ali\BTW ueo6xonBMO sw6paTb 
cnoco6 OTKniOqeuBI peaKTopa, KOHTponapyeMbli napaMeTp 
B ero nonycTBMWi yposeub. Ha ocuosauBB pauee paccMoT­
peuu~a~x npB'IBH nOBWWeHBI MOJIUIOCTB B Ka'leCTBe KOHTpo­
napyeMOrO napaMeTpa cnenyeT sw6paTb s~naqauy 3Hepro­
BblneneHBI 3a u.aKn pa6oTbl peaKTopa.Torna icouTponapyro­
mB:i-liaci_i. __ -cxeMbi liaioone-e 3KOHOMHa B, ecna BO speMI 
U.BKna 3HeprosblneneHBe B ueKoTopbli MoMeHT nocTBrno 
noporosoro 3HaqeHBI ue3aBBCBMO oT npB'IBH ero pocTa, 
cxeMa swpa6aTbiBaeT caruan ua OTKniO'IeHBe peaKTopa. 

fipB Bbl6ope cnoco6a OTKniOqeHBI MO*HO B03neiCTBO­
/ saTb ua n106oi /Rna uecKonbKO/ napaMeTp, · OT KOToporo 
; 3aBBCBT MOJIUIOCTb. KaK noKa3blsaeT neTanbuoe paccMOT­

peuae, uaa6onee 3~eKTBBHblM IBnieTCI CHB*eHBe peaK­
TBBHOCTB, KOTOpoe B 6blCTpWX peaKTOpax npOB3BOAHTCI 
~,--~--~ MexaHBqecKBM nepeMemeuaeM nornomaromax BnB oTp~aiO-

max ueiTpOHbl MaTepaanos, na6o qacTB rop10qero 30Hbl. 
JiwcTponeicTBBe MexauaqecKBX cacTeM orpauaqeuo ,lleCIT­
KaMB MBnnBCeKyHn. 3TO BpeMI COB3MepHMO C npO,IlOJDKB­
TenbHOCTbiO IJ.BKna peaKTOpa, HO Ha HeCKOnbKO nopinKOB 
s~a~me nponoB*BTenbHOCTB BMnynDca MOJIUIOCTB. TaK K&K 
ocuosua• non• 3Hepraa cocpenoToqeua s BMnynbce wom­
uocTB, asapBiH&I 3&li\BTa, OCHOBaHHai Ha KOHTpone 3Hepro­
BblneneHBJI, CT&HOBBTCI uenocTaTO'IHOi npB B03HBKHOBeHBB 
ycnosai o6pa3oBaHBI onauoquoro asapaiuoro awnynbca 
MOJIUIOCTB B noH*Ha 6WTb nononueua cxeMaMB KOHTpons, 
KOTopwe MoryT Bblpa6aTblsaTb caruanw ua oTKniO'IeHBe 
peaKTopa, onepe*a• ua11ano pa3BBTBI BMnynbca. BpeMI 
onepe*eHBI (t) onpenenieTci B3 ycnosBI 

t :2: t ex + t Mex + t £ ' 

rne tcx - _3ana3nwsauae cxeMbl, pasuoe speMeHB OT nocTB-

14 

*eBBS KOHTponapyeMblM napaMeTpOM, BnBIIOli\BM Ha Bena­
qauy awnynbca womuocTB, noporosoro 3uaqeua• no s~a~pa-
6oTKB caruana ua cpa6aTblsaHBe wexauaqeciCoi cacTeMw 
3amBTbl; t Mex - 3ana3nwsauae wexauaqecKoi cacTeMbl 3a­
li\BTbl, p&BHOe BpeMeHB OT nOCTynneHBJI ynpaBniiOII\ero 
CBrHana no Ha'lana CHB*eHBI pe&KTBBHOCTB; tf - BpeMJI 
CB&*eHBI peaKTBBBOCTB H& BenB'IBHy, Be06XOnBMYIO ,llni 
npenoTspameHBI asapBiHoro awnynbca. llpa pa3pa6oTKe 
nononHBTenhHhiX CXeM 3&li\BTbl ,llni KOHTpOni MOryT 6WTb 
B3ITbl na6o aenocpencTBeHHo BnBIIOli\Be ua 3ueprBIO BM­
nynbca napaweTpbl v, £, na6o napaweTpbl, OT KOTOpblx oua;, 
B CBOIO oqepenb ,3&BBCIT. 

3aJIIUIKl HJ;Pa- 30 

,lJ;ns 6WCTporo CH&*eHBI pe&KTBBHOCTB B peaKTOpe 
HBP-30 npaweueuw nse c6opKB nnyTOHBeBblX cTep*Hei 
/AC-1 B AC-2/. 

Do spew• nyciCa peaKTopa AC- 1 B AC- 2 c noMOII\biO 
nBCT&HIJ.BOBHblX npBBO,IlOB BBOniTCI CHB3Y B aKTBBHYIO 
30HY B ynep*BB&IOTCI B BepxHeM nono*eHBB 3neKTpOMar­
HBT&MB. B Cnyqae nOIBneHBI asapBiHoro CBrHana pa3pbl­
saeTCI u.enb 3neKTPODBTaHBS MarHBTOB, B C60pKH CTep*Hei 
non neiCTBBeM npY*&H B C06CTBeHHOrO seca BhiBOniTCI 
B3 30Hbl. Caruanw ua c6poc cTep*Hei fl»opMBPYIOTCI ICaua­
naMB KOHTpons napaMeTpos pe&KTopa. 

Mw He 6y,lleM 3necb paCCM&TpBBaTb BCIO KOHTpOnbHO­
B3MepBTenhHYIO CBCTewy I oHa .llOCTa To quo pa3BeTsneHH&I/, 
a paCCK&*eM TOnhKO 06 OCHOBHOM B BCnOMOr&TenbHOM K&­
Hanax, KOTop~a~e cny>Ka.T AA• npe,llynpenaTenbHoro OTKniOqe­
HBI pe&KTopa s Tex cnyqasx, Korna B03HBKnB ycnosas o6pa-
30BaHBs BMnynbca BnB rpynnbl BMnynbCOB c 3Hepraei swme 
YCT&HOBneHHOrO nopora. 0611\&I 6noiC-CXeMa OCHOBHOrO B 
scnoMoraTenbuoro K&HanOB A3 npase,lleHa ua pac. 8. 

,ZJ;a Tq&KOM ypoBU HeitTpOHHOrO noTOK& OCHOBHOrO KaHa 
na CnY*&T YCT&HOBneBH&I B6JDI3B aKTBBHOi 30Hbl BOHH3&­
IJ.BOHH&I Kawepa TBna KHT- 56, caruan c KOTopoit nocTynaeT 
ua BXOJl 3neKTPOHBoro 6noKa Kauana 3&li\BTbl no sepxuewy 
B HB*HeMy ypOBUM B nepBO.IlY. JlorBKa pa60Thl 6noKa 
noscHeHa Ha pBC. 9. KoHTPOnBpyeTCI K~nhli D.BKn pa60Tbl 
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Puc. 9. CxeMa aeapuiiHoii 3a~UIIIbl peaKIIIopa HliP-30. 
W ( t) - 3a6UCUMOC111b MO~HOCIIIU peaKIIIOpa 0111 epeM €HU,' 

t - epeM.R; n - <~aclllolla uMnyAbcoe; a, 6, e - 3anpe~eHHble 
30HbJ; A - aMn11u11yoa uMnyAbca MO~Hoc11u. 

peaxTopa. llpe.IJ;ynpe.IJ;HTeJILuw:i curuan swpa6aTwsaeTCJI 
cxeMoi B cny'laJix: 

- DOBLIWeHHJI HJIH DOHH>KeHHJI aMDJIHTY,IJ;hl pa6011ero HM­
nynLca, 

- UOBLIWeHHJI aMDJIHTY,IJ;LI CaTeJIJIHTOB, 
- yBeJIH'IeHHJI HJIH yMeHLWeHHJI HHTepBaJia Me)l()ly HM-

nyJILCaMH MOUUIOCTL.. 
Curuan ua c6poc asapHiuwx cTep)l(uei 4JopMupyeTcJI, 

eCJIH JU06LJe napaMeTpLI ,IJ;BYX XaHaJIOB ,IJ;OCTHrJIH ypOBHJI 
nopora. Ha puc. lOa npuse,IJ;eua 6noquo-4JyuxnuouanLuaJI 
cxewa ocuosuoro xauana H speweuuaJI .IJ;HarpaMMa, noJic­
HJI~aJI noruxy pa6oTLI cxeMLI npu 3au.u1Te no nepuo,IJ;y. 
3a~Ta no sepxueMy HJIH HH)KHeMy ypOBHJIM aMnJIHTY,IJ;LI 
HMUYJILCa MOUUIOCTH OCYJI{eCTBJIJieTCJI npH cpa6aTLIBaHHH 
Tpurrepuoi cxeww' sepxuero yposuJI (TP8 y) HJIH npu oT­
cyTCTBHH cpa6aTLIBaHHJI Tpurrepuoi cxeww HH)I(Hero ypos­
HJI ( TP H y ) . B nocne,IJ;uew cny11ae ua c6poc AC npoxo,IJ;HT 
curuan c Tpurrepuoi cxeww TP0 , ocYJI{eCTBJIJIIOmHi speweu­
HYJO npHBJI3XY J( HMDYJILCY MOUUIOCTH HH>Ke HH>KHero ypoBHJI. 
Curuan TP 0 ucnonL3yeTcJI TaiOI(e ,IJ;JIJI 3anycxa cxeww 

17 
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Puc. 10. a. EAo'IHo--yHKJ4UOHCJAIJHaJI cxeMa ocH06HOZO Ka-! 

HaAa. TPBY , TPI-\¥. , T .fP , TPlll - JlpuzzepH.ae cxeM.a; ~ 
rii - zeHepa•op nUAw ; OB - o()Hoeu6pa•op; 4' - (Jop­
Mupoea•eA~>; CC - cxeMa coena()eHuil. 6. EAO'IHO--YHK­
fiUOHaAbHOJI CXeMa 6CnOMOZOJieAbHOZO ICOHCJAO. 
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3aUUIThl no nepBO.D;Y. 3TOT BMnyJILC c6pacwBaeT B BCXO.D;BOe 
cocTOJIHBe reHepaTop "nBJILI" ;rn;. YpoBeHL cpa6aTwBa­
HBJI cxeMhl TpBrrepa illMBTTa /TPill/ OT CBrHana "nBJILI" 
ycTaHaBJIBBaeTCJI TaKBM, 'IT06bl nony'IBTL onepe)l(eHBe CBr­
Hana TPm no oTHomeHBIO K 1P0 Ha BeJIB'IBHY ~ 1 3 /B Ha­
meM cnyqae 10~ oT 1 3 I, T 3 - 3a.D;aHHwi nepBo.n pa6oTw 
HliPa-30. no cllpoHTY cBrHana oT TPill cpa6aTwBaeT o.nHo­
BB6paTop OBI, .nnBTenLHOCTL cBrHana KoToporo 30~ OT 
13 . 3TOT HMnynLC 6nOKBpyeT npOXO)l(.IJ;eHBe CBrHana OT 
TP

0 
Ha c6poc A3. llpB 1 < 1 3 Ha BeJIB'IBBY 6on-..mYIO, 'leM 

~ 1
3 

, TPm He cpa6an.maeT, B cBrHan 1P0 npoxo.nBT 
Ba c6poc AC, ocyauecTBnJIJI TaKBM o6pa30M 3alUBTY no 
nepBo.ny 1 < 1

3 
. 0,nHOBB6paTopw OB2 B OB3 pa6oTaiOT 

Ha 3alUBTY no nepBo.ny npB 1> 1 3 . OB2 3anycKaeTCJI Ha 
cllpoHTe cBrHana TPm, OB3 - cBrHanoM 1P 0 , OB2 ocymecT­
BnJieT 3a,nep)l(Ky cBrHana Ha 20~ oT 1 3 , .D;JIBTenLBOCTL 
cBrHana OB3 - 30~ oT 13 .llpB 1>13 Ha BeJIB'IBHy, 
6on-..myiO 'leM ~ 1 3 /B Hame:M: cnyqae 10~ oT 1 3 /, ycTpa­
HJieTCJI 6noKBPYIOIQee .neicTBBe cBrHana OB3, B ccllopuB­
poBaHHWi no cna.ny cBrHana OB2 BMnyn-..c npoxo.nBT Ha 

c6poc AC, ocyauecTBnJIJI TaKBM o6pa3oM 3alUBTY no nepBo.ny 
npB 1 > 1 

3 
• OcHOBHWe .naHHWe no KaHany aBapBiBoi 3a­

IUBThl npBBe,neHbl B Ta6.JIBne. AHaJIB3 .D;OCTaTO'IHOCTB OCHOB­
HOrO KaHana aBapBBHOR 3alUBThl noKa3b1BaeT, 'ITO He o6ec­
ne'IBBaeTCJI CBOeBpeMeHHOe OTKJIIO'IeHBe peaKTOpa B TOY 
cnyqae, ecJIB 3a BpeMJI Me)l(.ny BMnyn-..caMB BBe.neHa peaK­
TBBHOCTL, CnOC06HaJI no BeJIB'IBHe Bbi3BaTL o6pa30BaHBe 

Ta6AUI4a 

1. PeaKTBBHOCTL c6opoK AC -1 B AC- 2 
2. Xo.n AC-l /AC-2/ 
3. BpeMJI no.nbeMa AC-1 

/AC-2/ B 30HY 
4. 3ana3.D;b1BaHBe CXeMhl KOHTpOnJI 

(t C X ) 
5. 3ana3,nwBaHBe yexaHB'IecKoi 

CHCTeYhl (t MeX ) 
6. BpeMJI BWBo.na AC-1 /AC-2/ B3 

30Hbl 

20 

~ 2,2 
MM 140 

MUH 4 

MCeK ~ 0,1 

" <10 

" ~180 

aBapBHHOrO BMnynLca MOIUHOCTB. B 3TOY cnyqae npOB30B­
.neT cpa6aTwBaHBe 3alUBTial no npeBwmeHBIO aMnJIBTy.nw 
BMnyn-..ca, HO ~e nocne Toro, KaK Bw,neJIBnac-.. ero 3Hep­
rBJI. lloKa He y.u;aeTCJI C03.D;aTL Ha.ne>KHO pa6oTaiO~Qero KaHa­
na KOHTpOnJI ypOBHJI peaKTBBHOCTB Me>K.D;y BMnynLCaMB 
B CBJI3B C TeM, 'ITO 3aBBCHMOCTL HeBTPOHHOrO nOTOKa OT 
peaKTBBHOCTB B nO.D;KpBTH'IeCKOM peaKTOpe Cna6aJI, KaK 3TO 
BB.D;HO B3 ypaBHeHBH /1/,/3/, /4/,/5/,BTpy,nHOCHeo6-
XO.D;BMOB TO'IHOCTLIO Bbl,nenBTL none3HbiB CBrHan Ha clloHe 
cllJIIOKTYa.u;Bi v B S. AHaJIB3 pa6oTw peaKTopa noKa31a1BaeT, 
'ITO aBapHBHaJI no BenH'IBHe peaKTHBHOCTL 3a KOpOTKOe 
BpeMJI MO>KeT 6WTL BBe,neHa B cnyqae HapymeHBJI perynJip­
HOCTB .D;BB>KeHBJI OCHOBHOB B BCnOMOraTenLHOB nO.D;BB>KHhiX 
30H B pe3ynLTaTe UOBpe>K.D;eHB:i KBHeMaTB'IeCKOB .u;enB npB­
BO,D;a. CKpwTaJI peaKTBBHOCTL /pBc. 11/ o6pa3yeTcJI u cB­
cTeMe JIB6o npB nycKe peaKTopa c y>Ke HapymeHiioi CBHX­
poHHOCTLIO upaaueHBJI 30H, nB6o B npo.u;ecce pa6oTial. B no­
cne.nHeM cnyqae, O'leBB.D;HO, paCCBHXpOHB3ai.{BJI COnpOBO>K­
,naeTCJI CHB>KeHBeM MOIQHOCTB peaKTOpa. ,lJ;nJI TO'IHOB CBH­
XpOHB3ai.{BB B KBHeMaTH'IeCKOB .u;enB npBBO.D;a nO,D;BB)l(HiaiX 
30H HliPa-30 ycTaHouneH .nB~epeH.u;Bn c ,nBcTaH.u;BoHHiaiM 
npBBO.D;OM, KOTOpWM BlalnonHReTCJI TO'IHaJI B3aBMHaJI clla3B­
pOBKa Bpa~QaiOIQHXCJI 30H nepe,n nouwmeHBeM MOIUHOCTB 
peaKTOpa. fipB BpaiQaiOIUBXCJI 30HaX KOHTpOnL 3a B3aBMHWM 
nono>KeHBeM 0ll3 B Bll3 BLinonHJieTCJI C nOMOIULIO cne­
.u;BaJILHoi 3neKTPOHHoi cxeMial. CBrHaJIW c .naT'IBKOB KOHT­
ponJI B3aBMHOrO nono>KeHBJI 30H B CJiy'lae BX pacclla3BpoBKB 
Ha yron 60nLme 2 ° nOCTynaiOT Ha TpB B)l.eHTB'IHiaiX 3neKT­
poHHbiX 6nOKa /pH C. 8/, BWXO.D;Ial KOTOpWX nO.D;KJIIO'IeHial K .u;e­
no'IKe c6poca asapBBHwx cTep>KHeu no cxeMe 2 B3 3-x, 
BW3LIBaJI u 3TOM cnyqae c6poc AC. Ha pBc. 10 6 npBue.neHa 
6nO'IHO-cllyHK.u;BOHanLHaJI CXeMa BCnOMOraTenLHOrO KaHana 
B upeMeHHaJI .u;HarpaMMa, noRCHJIIOIQaJI ero pa6oTy. Ccllop­
MBPOBaHHiale cBrHanw c .na T'IHKOB Oll3 H Bll3 3anycKaiOT 
.D;Ba O.D;BOBH6paTOpa, BlaiXO.D;Ial KOTOpWX nO.D;KJIIO'IeHW K BXO,D;aM 
cxeMLI couna.neHB:i /CC/. ,D;nuTeJILHOCTL curHanou o6oux 
OB ycTaHaBJIBBaeTcJI paBHOB 3a.naHHoi BeJIB'IHHe pacclla-
3HpOBKH Bpall(aiOIUBXCJI 30H /BpeMJI nepeC'IBTWBaeTCJI C yqe­
TOM yrna pacclla3HPOBKH/. fipH paCclla3HpOBKe 30H, He npe­
BLIWaiOU(eB 3a,D;aHHyro, Ha BLIXO,D;e CC nOCTOJIHHO npucyT-

21 



CTByeT 
"nunw" 

curHan, c6pacw~~A Hanpi*eHHe reuepaTopa 
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Puc. 11. BAUJIHUe KPY•UAt.HWX KOAe6aHuii c)ucKa 6CnoMoza­
•eAr.Hoii noc)6WICHOU 30HW /BR3/ Ha -AIOKIIYOJ4UIO. t ( t) -
peaK•U6Hoc•r. BR3, ¢ - yzoA no6opo•a BI13 6 zpac)ycax, 
/'icp- OMnAu•yc)a KPY•UAt.HWX KOAe6aHUU, cp = 0 - MOMeH• 
C06MellleHUJI 14eH•pa OCH06HOU noc)6UXHOU 30HW C Henoc)-
6UXHOU npu •ot~HOU CUHXpOHU30f4UU 30H. cp .,.cp - •o Xe 
6 CAyt~ae HapyllleHUJI CUHXPOHU30f4UU. !'it I U !'it J - MOKCU­
MOAbHt.le U3MeHeHUJI peaK.U6Hoc•u peaK•opa npu CUHXPOH­
HOU pa6o•e noc)6UXHWX aoH u 6 cAyt~ae ee HapyweHUJI. 
!'it- cKpr.a•aJI peaK•U6Hoc•r.. no.116AJIIOIIIOJICJI 6 cuc•eMe npu 
HapyweHuu cuHxpoHHOii pa6o•r.• noc)6UXHWX aoH. 

22 

3aAaHHYlO senu'IHHY, uanp.lllKeHHe reHepaTopa He c6pocHTCJI, 
BW3WBaJI TeM CaMWM cpa6aTWBaHHe TpHrrepHOA CXeMLI 
/TPffi/. CurHan c TPm BW3wsaeT c6poc asapuAHwx cTeplK­
HeA. 06paTHMOe H3MeHeHHe peaKTHBHOCTH peaKTOpa, KO­
TOpoe B MOMeHT CHHlKeHHJI conpOBO)I(AaeTCJI COOTBeTCTBYIO­
~M yMeHLWeHHeM MOUUIOCTH, KOHTponupyeTCJI H OCHOB­
HWM KaHanow 3a~T1>1 I cur Han Ha CHHlKeHue aMnnHTYALI 
HMnynLca/. HMeeTCJI TaKlKe KOHTpOnLHWA KaHan, CHrHan 
c KOToporo nocTynaeT Ha c6poc asapHAHwx cTeplKHeA npu 
CHH)I(eHHH Te:t.tnepaTypw o6onO'IKH pa6oqero cTep)I(HJI ax­
THBHOA 30HW Ha 2()0 C OT HOMHHanLHOA. 

TaKHM o6pa30M, npoBeAeHHWe pac'leTw u cl!lopMynu­
poaaHHwe Ha OCHOBaHHH HX Tpe6oBaHHJI K 3a~Te HMnynLCHO­
ro 6wcTporo peaKTopa no3aonunu pa3pa6oTaTL cucTeMy, 
o6e cne'IIIBalOIQYIO npeAynpeAHTenLHoe OTKniO'IeHue peaxTo­
pa npH B03HHKHOBeHHH aaapHAHoA CHTyal(HH. ,II;nHTenLHLIA 
onwT 3Kcnnya Tal(HH HB Pa- 30 nOATBeP*AaeT npaaunLHOCTL 
BW6paHHOrO fiOAXOAa H BWCOKYIO HaAe)I(HOCTL annapaTypLI. 
3nexTpoHHaJI annapaTypa cucTeMw 3a~Tid HBPa-30 6wna 
pa3pa6oTaHa H H3rOTOBneHa B OTAene paAH03neKTPOHHKH 
Jla6opaTopua HeATpOHHoA l!lu3HKH OHJIH. CocTaaneHHe MoH­
Ta)I(HWX cxew awnonHeHo Ha aBTOMaTe ADMAP BHP 
C HCUOnL30BaHHeM MaWHHHOrO npoeKTHpOBaHHJI. 

B 3aKniO'IeHHe aaTopw C'IHTaiOT npHJITHWM Aonrow aw­
pa3HTL 6naroAapHOCTL r .ll.:lKyKOBy, B.A.BenLKOBl(y, 
H.H.XapLl030BOA 3a UOMOIQL npu pa3pa6oTKe CHCTeMW 3a­
~TWj A.li.MenLHH'IYKY 3a noMOIQL npu H3roToaneHHH 
3neKTPOHHOA annapaTypw cucTe:t.tw; H.M.CilpaHKY, E.,IJ;.Bo­
po6Leay 3a none3uwe o6CYlKAeHHJI. 

PyKonucr. noc•ynUAa 6 uac)a•eAr.cKuii o•c)eA 
18 ceH~6p.11 1974 zooo. 
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