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J..iMnynbCHblll peaKTOp 118 6blCTp&IX HelltpoH8X (J..16P) p8CC'IHT8H B OCHOBHOM 118 pa-

6oTy a· pe)I(HMe nepHo.aH'IeCKIIX HMnyn&eos, HoMHIIanbll8ll cpe.allllll MOlUIIOCTb peaKTOp8 

1 KBT, nonymKp11118 IIMDynbCOB MO!UIIOCTII npll STOM COCT8Bnl!9T 36 MKCeK, '18CTOT8 IIX 
. Ill 

DOBTOpellllll M0}1(9T 113M911l!TbCSI OT -8 ,QO -80 IIMICeK , 

3neKTp011H8ll 8DD8p8Typ8, ODIICbiB8eM8ll B ,aaiiHOit CT8Tbe, BXO.QIIT B CIICTeMy ynpas

neiiHll H salUHTbl peaKTOp8 HBP. 3Ta CIICTeMa o6ecne'IHBaeT 113MeHeHIIe peaKTIIBHOCTH npH 

nycKe, pa6oTe H OCT8HOBK9 (e TOM 'IIICne II 8B8p1111Holt) pe8KTOp8, KOHTp~nb y,pOBKll MO!U

HOCTH SO BCeX pe:lKIIM8X pa60T&I H 8BTOM8TII'IeCKOe no,a,aep:lK8HHe MO!UHOCTH p98KTOp8 DpH 

p860Te ero 118 MOlUHOCTliX BbJ!Ue 5 BT, 

J..iMnynbCH&lll p98KT0p no Mepe ero nycKa npOXO.QHT HeCKOnbKO pe)I(KMOB p860Tbl OT 

ltB83HCT8UIIOH8pHOCTII (rny60K8ll no,aKpiiTII'IHOCTb 118 MrROB811HblX 118ltTpOH8X) .ao HMnyn&e-

/1/ HOI KpKTH'IIIOCTK , J..iMnynbCHOit KpHTH'IHOCTK COOTB9TCTByeT BDOnHe onpe,aeneHHOe M8K-

CHM8nbHOe 3H8'1ellll9 H8.UKPIITH'IHOCTH pe8KTOp8 € O DO MrHOB9HHblM H8l1Tp0118M, npa KOTO

pOM IIM9eT M9CTO p8BHOBeCIIe C 38D83,QblB8101UIIMII HeliTpOH8MII, 3TOMY p8BIIOB8CIIOMY pe

:lKIIMY COOTB9TCTSY9T DOCTOSIIIH8ll Cp9.0Hllll MOlUIIOCTb, 8 cny'lae ecn11 M8KCIIM8nbH8ll H8.Q-

KPIITII'IIIOCTb CIICT9M&I ( ( .. npeSblCIIT 3118'1911119 (O , 8MDnHTy.08 IIMDynbCOB II COOTBeT-

CTSYI01U8ll ell cpe.OIIllll MOlUIIOCTb p8CTyT, ecn11 me f., < € 
0 

, Cpe.OIIllll MOlUHOCTb D8,Q8-

eT, noae,aeHII9 cpe,a11ell MO!UHOCTII SO BpeMeHH DpH H3MeHeHHH pealtTHBHOCTII T8K09 )!(e, 

K8K 11 e cny'l8e o6&J'IHOro peaKTopa. 0TnK'IIITenbHOA qepToA a nose.aeHKII IIMnyn&eHoro pe

aKTopa B STOM pe)!(IIMe liBnlleTCll nii!Ub TO, 'ITO 3118'1911119 s¢qleKTIIBHOit .QOnH 38083,0&18810-

!UHX 119ltTpOIIOB 0'19Hb Mano K COCT8Bnli9T- 10-4 ( T,e, - B 100 p83 MeHblUe, '19M ,anll 

o6&l'IIIOrO peaKTOp8 C ypaHOBblM ropiO'IHM), 3TO 06CTOHTenbCTB0 0 8CT8CTB9HHO, 8&13blB88T 

OC069HHO BbiCOKHe Tpe60B8HKR K npeUH3HOIIHOCTH opr8HoB perynaposaHHll, K H8,ae)!(-

HOCTH K 6blCTpo.aellcTBHIO BCelt CHCT8Mbl 381UHTbl pe8KT0p8, 

0cHOBHOll oco6eHHOCTbiO peaKTopa HBP HsnaeTcH IIMnyn&eH&IA X8p8KTep ero pa6oT&J, 

3To cpaay )!(e onpe.aenHno s&J6op HMnyn&eHoll sneKTpOHHOA ann8p8T;y'P&I • .anll CHCTeMbl yn

pasnaHHH II 381UHT&I pe8KTOp8t T9M 6onee, 'ITO KMDynbCH&Ie CHCT8Mbl, K8K H3B9CTHO, o6na

,Q810T B&ICOKOII CT86HnbHOCTbiO; C HX DOMO!UbiO MO)!(HO OCylUeCTBHTb H3MepeHH9 S9CbM8 

M8nb1X H9liTpOHH&IX DOTOKOB C BbiCOKOA TO'IHOCTbiO H .ao6HTbCSI H9'1YBCTBHTenbHOCTH annapa-

Typbl K y -Hany'I9HIII0 0 'ITO 

118 60nbWIIX MO!UHOCTliX, 

B8)!(HO npa nysKe peaKTOp8 nocne .anHTenbHoll p860T&I ero 
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Bnolt - cxeMa aneKTpoHHOII annap8TYPW 

8noK-CX8M8 an&KTpOHHOII ann8p8Tfpbl CHCT&Mbl ynp8Bn&HHSI H 38UlHTbl HMn)'n&eHOI'O ' 

peaKTOp8 npHB8ll8H8 H8 pHC, 1. 8 aneKTpoRHOII 8DD8paType I B COOTB9TCTBHH C R83H8'18BH-,. ' 

eM
1
MOI'fT t5b1Tb 81>{1leneHbl 4 OCHOBHbl& rpynnw: DfCKOB811 0 888pRIIHOII 38UlHTbl, perynHpoaa

HHII MOUIHOCTH H acnoMor~TenbHa!l, Heot5xo.D.IiMo OTM&THTb, 'ITO ynp8aneaae peaKTdpoM 
,,, 

H xoHTponb 38 ero pet5oToll ocymecTBn!I&TCII c aynb1'8 ynp8aneH!IR, aaxO.IlliUl&roclliP aa pac-

cTOIIHHH 250 M OT 3ll88HII, 8 KOTOpOM pacnonO>K&H p88KTOp, 8 3&n8 p88KT0p8 H8XO.Il!ITCII 

TOnbKO .ll8T'IHKH &n9KTpoHHOII annap8Tfpbl K BXO.Il8bl8 K8CK8llbl It HHM, 

Kalt 8KllHO H3 pHC, 1, nyCKOB811 annap8TYp8 H annapaTypa 888pHII80II 38UlRTbl CO.Il8lJ

>K8T xa>Kll8B no llB& co8epmeaao Hll&HTR'IHWX lt&Hana, .D.yt5nHpyiOUIHX p86oTy .D.pyr .D.pyra, 

3TO 81>138880 Tpet50B8HB8M H8ll9>KHOI'O KOHTpOnB 38 p860TOII p88KTOp8 K8K npK nycke, T81t 

a ao 8p&Mll ero BKcnnyaTauaa, Ann8p8Typ8 888pallaoll 38UlHTbl a perynapoaaaaa Mom-

aoeTK - OeHOBH8R pat50'I8ll annap&Typa - OXB8'18Bbl eHCT&MOII ltOBTponR HCDp88HOCTK, flpH 

B03HHKH088HHH ltOHTponHpyeMbiX H8HCDp88HOeT&II 8 CX&My Dp&llfDp&llHT&nbHOII eHI'H8nH3&

UHH DO.Il88TCB eHI'H&n, 8 cnyqae OllH08p&MBHBOI'O DORBnBHHll H9Henp8880eTH 8 2-x nJOt5biX 

K8Hanax annap8TYpbl npOHeXOllHT epat58Tbi88HH8 8B8pHIHOI 38UlHTbl, 

flycxo8aR annap8TYP8 

flpltHUHnHanbH8R cxeM8 OllHOro R3 K8Hano8 nycxo8oll aanapaTypw npe.D.cTa8neHa 

aa pae. 2 • .lleTeKTOpaMH aeATpOR08 3ll&Cb cny>KaT nponopnaoHanbHwe B F 
1 

-eqeT'IHKB 

( TRna CtJ.M-5), oxpy>K&HHbl& D8p8cpHHOM, 8XOllHOII K8CK8ll -ll80IHOA lt8TOllHI>IA D08To

pHT&nb - p86oT8&T H8 eorn8e088HHI>IA Jt8t5enb H HM&&T xoecpcpaua&HT nepe.ll8'1R- 0,4 e yqe

TOM noTepb 88 X86ene H conpoTaaneHRR Ha nepe.D.8JOUI&M KOHne . ( BKfl, pac. 1, n8Mna n 
1

, 

pRe, 2), .lJ.anbH&IUIH8 npeo6plloi3088HRB HMDyn&e08 OT ll8T'IRK8 npoRCXOllHT B 6nOK8 OCH08-

BOI'O ycHnBT&nB (flQY, pH.C, 1 }, t{acTOTHbl& ·X8p8KT&pBCTRKH B COOTB8TCTBfiOUIR9 K09cpcp8~ 

llH9HTbl ycaneHHR fCHnBT&nll BTOI'O t5nOK8 MOI'fT t5b1Tb H3M8H8Hbl, T,e, cp8KTH'I8CKH B O.ll-

HOM 6noKe CM08TRpOB8Hbl llB8 fCHnHT&nll, HMeJOUIKe o6mHe y3nw, Heo6xo.D.HMOCTb 

C03ll8HHll B nyCXOBbiX K8H&n8X llBYX p83HbiX fCHnHTenell Ot51tliCRII8TC!I Cn&llfiOUIRM, 

8 R8.f&nbllbll nepiiO.Il DfCK8 p88KT0p8 ( llO MOUIHOCT&I - 10 MB) '18CTOT8 DOIIBn&

HR!I H&IITpOHOB 8 RMDyn&ee MOUIBOPTB OT80eBT&nbHO H8B&.nRX8, T8K 'ITO ll8T'IRK MO:IK&T 

&UIEI p83p9Ul11Tb HMnyn&ew OT OTll811bHbiX H&ITpOROB, .lJ.nR TOI'O, 'ITOt5bl ot5eeneq&Tb RX 

peracTpauaJ0
1 

a cny:IKBT nepawll, mspo~:ononocswll ycan&Tenb, 08 RM&eT Maxe&Manbllwll 

5 
KOScpcpHuB&HT ycan&RHIIP' 2•10 , Bp9Mil R8p8CTa&BII BbiXO.D.KbiX HMnyn&e08" 0,15 Mlteelt, 

8 8p&MII cnaaa " 0,4 MKC8K (pac, 2, n8MDW n2- n
12

), 0cBOBHbiM 388HOM fCHnRT&nB 

HBnSI&TC!I TpexnaMDOB811 C&XDHII, OX88'19HB8H OTpHil8T&nbHOII ot5paTBOII CBII3bl0/2,3/• Bcero 

4 
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., 
8 ycanaTene TPH ·TaJtax ceJtuaa. KoacpcpauaeaT ycsneaa11 ero Molkao aaweaHTb 8 32 p 838 

( nepen811Koll) · cTyneHRMH 8 .D.B8 pa3a ~ noMOUlbJO .D.enaTena ~ , ;Yea,.aable RMnyn&ew 

.tr.nHT&nbiiOCTbiO- 0,5 MKe&K, HM810UIH8 8MUnHTyD.y llO 100 &, nocne llRCltpBMKR8DHH (naM

Dbl n
13

-n15J H cpopMHpOB88HII (naMna n17) UO.Il810TCR H8 CT8H,Il8pTRyro nepecq&TByJO exe

MY R R3M8pRTenb eltOpOCTH C'I9T8 (BbiXOllbl ¢>1 H ¢>2 ). MepTBO& Bp&MII D.BCitpRMIIH8TOp8 

II cpopMHpOB8T9nH B OT.Q;IUbi!OeTR 119 Op88b1Ul88T - 0,7 MKe&lt, Heot5XOJ1RMO OTM9THTb, 'ITO 

88 cpopMHPOB8T811b nponyelt8JOTe!l TOnbKO T9 IIMnyn&ebl, KOTOpbl& eOBD8.D.810T BO Bp9M81JH 

C RMnyn&e8MR, DO.Il8B89M&fMH H8 Tp&TbiO eeTKY n_15• 3TH IIMnyn&eW, O'l'ltpb1&810UIH8 Bpe

MeRHb18 BOpOT8, B CBOIO 0'19p9llb, CHHXpOHH30B8Hbl e 8p8Ul9RHEIM OCBOBROI'O UO.IlBB:IKHOI'O 

llHC&8 peaxTopa (eM. BcnoMoraT&nbHyJO annapaTypy ). Taxau cxeMa ot5een9'!RaaeT p&rii

CTpauaiO H&IITpOJIOB nHUlb BO 8p&MR npoXO>Kll8HRSI OCHOBiiOrO Bltli8.D.b1Ul8 '18pe3 H8UO.Il8H>K

Hf10 30IIy p881tTopa, 'ITO npBBO.IlBT K 6onbWOA 'lyBeTBHT&nbBOCTII perHCTpWpf!Olll&l enii8J)Il"' 

TYPW It. YNRO:IK&HHIO H&IITpOHOB B HMnynbC9, 8 npoaecce nyelt8 pe81tTOp8 llO MOIUilOCTell', 

-ll9CBTR MBT 8 - nonym11pRH8 RMOyn&ea MOUIHOCTH•BaM&BII9~CSI OT ·:_ 000 .D.O - 50NKC 

acPcP91tTR8H8!1 :IK& nonyUIHPHB8 HMnyn&ea C Y,'I8TOM Bp8M8RH :IKH3HR 8 08J)8cpHROBOM 38M8.!:tll 

Ten9 e'!&T~RKOS BF - OT - 500 llO ,.. }OQ MKe&lt, .lJ.nHT&nbiiOCTb OTRBJ)810Ul9I'O CHI'H&n8 
3 

't511R31t8 K 300 MKC&K, 

VI3M8pHT&nb eltOpOCTH C'18T8 BbiDOnHeB B OT.Il&nbHOM 6nOit9 1 CB86>K&H CTpenO'UIWM 

npa6opoM · H BbiXO.IlOiil H8 eaMODRUIYUIIIA UOT&HDHOM&Tp 3fln-Q9, 8' ~TOM :IK9 6nOit8 HM9~ 
ell JCTpolleT80, CHI'H&nH3RJ)YIOUl98 npeBhiUl8HR8 38ll811HOII CltOJ)OCTH C'18T8 (888pHIIHblll Tpllr: 

rep), 8 cnyqae RCDOnb30B8HBII nyCXOBbiX K8H8nOB' ,llnll KOHTpOU\11 e6opXH ilKTHB80II• a08bl 

p88KTOpa KORT8KTH8B eHCT9M8 888pHIIBb1X Tp8rrepo8 BBOD.HTCSI B exeMy 8B8pHIIIOI 38UIIIT. 

flpR t5onbUIHX MOUIBOeTHX p98KT0p8 ( (0 M8T '- 1 B'l') 1 XOI'l18 DO~&llHHI U9p8XOJ111T, 

83 o6naCTR HMnyn&eHOII UOllltpRTR'IHOCTR B ot5naeTb HMnyn&eHOII KpHTH'lHOeTR, 'IBCnO He .... 

'!'POROD B RMnyn&ee MOUIROeTH pe31t0 B03p8CT88T, flpa aTOM p83p8Ul810Ul98 8p&MII D.8T'IR~ 

K8 HMnyn&eoB,. ll8 R Beero UlHpOitODOnJOeHOI'O Tp8KT8 OfCKOBOII ann8p8Tfpb11 f:IK9 89 D03'"' 

BOnii&T peraeTpkpOB8Tb HMnyn&ebl OT OT.Il&nbHbiX H&ATpOHOB, 8 STOT, B.TOpOII tnepHOll nyclt 

pe8KTOp8 HCROnb3y&TCSI f3KOnonOCBhlll p9>KRM yCHnRT&nll nyCKOBO,I'O lt8H8na, lt03Bon!IJOU11!1 

DpORHTerpHp088Tb RMDyn&ebl OT OT.IlenbllbiX H911TpOHOB R nonyqRTb 88 BbiXO.Il9 ycHnRT9nll 

HMDfllbC, 8MUnHTfll8 KOTOpOI'O nponopDHOR8/IbH8 SHeprRR B IIMnyn&ee MOUIROCTR pe8KTOp8, 

8 9TOT nepROll nycxa pealtTOpa nonymapRH8 RMnynbCa H8 BXO.Il8 yeHnHTenA H3M811118TCII 

Ill H83H8'1RTenbHO , flOSTOMY npR Bhlt5paHHOII aenH'IRH9 noeTOIIHHOA 8p&M9HH, onpeaensJ0-

111911 B9pXHIOJO I'p8HRDY '18CTO;aoll X8p8KT&pHeTHKR ( r b • 100 MltC&K), nponopUHOB8nbHOCT~. 

8MDnHTYllbl HMnyn&ea H8 8hiXO.Il9 yeHnHT&/111 H aaeprHH 8 HMnynbCe MOUIBOeTH peeKTOp8 

BbiDOnHII&TCII e TO'IHOCTbiO - 5%, 

Y'31tODOnOCRblll yeaniiT&nb COeTOHT 83 llBY,X C&KDRIIt KOTOpble O.llH08p8M8RHO RBn!IIO'I"" 

c11 8Topoll a Tpe1tb9ll eeKUHHMH UlllpOKononocaoro ye&nHTen!l (pac, 2). Bee on9paUBR no 

5 
' 
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BKn10'19HHIO ocylll&CTallliiiOTCII C IIOMOlllbiO nepeKniO'I8T9nR n l' Bo H36e>KaH~& ID:IKHI>Ilt 

cpa6aTblBBIIHil aaapajtaoA aalllMTbl npH ero pa6oTe ua Bp&M.R nepelUIIO'I&HMH npe.llyCMOTp&ua 

6noKHpOBK8 BblXOJlil' ycllnHTeng M OTKni0'19HH9 aaapHiiHOrO TpHri'epa, K.oacpcpHUH&HT )'CJlne

HHII aToro )'CKnHTenR COCTaBnlleT 18000 H M0lK9T H3M9HHTbC51 B 3000 pas CTfll9HIIMH B 

3,16 paaa C IIOMOUJbiO nepeKniO'IaTenll n 2, AMnnHT)'Jla BblXO.ORbiX HMII)'nbCOB fCHnHT&nl$ 

B aTOM pelKHM9 H3M9p518TCH C IIOMOlllbiO HHT&rpHpyiOlll&il CX&Mbl (Jlpyroil pe)f{HM p8~()Tbl 

H3MOpHTenR CKOpOCTII C'I9T8), KpoMe TOrO, &TH KMnynbCbl MOrfT Ha6niOJlaTbCR H8 ('Kp8H9 

ocuunnorpacpa (eM, 6nox oouHnnorpacpoa), 

CxeMa aaapHIKol 3&1llHTbl pe~KTopa (cxeMa A3) rnpaanR&TCII aaapHIIHbiM TJ>IfrrepoM 

(JI
19

, JI
20

, pKC, 2), Cp868TiolB8101llHM IIJ>If IIO.Q8'1& H8 llero HMeynbOOB C BblXOJl8 fCHnHT&-' 

nR, aMnnuTy.aa KoTopblx npeaocxo.aHT aapaaee aa.aaHBYIO jlenR'IHHf. nopor cpa6aTblBIIfiHil 

TpHrrepa MOlK&T perynflpOB8TbCll B .OH81I830H& OT 15 .00 100 B (noT&HilHOM&Tp 22 KOM), 

, npu cpa6aTbiii8HHH Tpllrr<epa KOHTaKTbl pene PCM a aao.aax naMn JIH! M n29 pa3MbiK8IOT

cR, y.aeplKH88101llRe 'M&KTp0M8rHHTbl B CX&M& A3, HQIIOCpe.acTB8HHO IIHT8101llli8CR '19pe3 

3TH KOHT8KTbl, 068CTO'IR8810TCR, 888pHIHb1& CT&plKHH IIOJl Jl&llcTS,li9M llp)'>KRHbl C 60ilblllHJ,4 

ycKopeuHeM ( - 20 ~) ab16pacbl&aiOTCR 113 peaKropa. Bb16op pene PCM npo.EtRKToaaa Tpe-

6oaaaaeM MRHHMa/lbHO 803MO>KHOrO 8p8M9HH cpa6&Tb18aHHll 888pBiliOII 381llHTbl ( Bp&Mll 

oTnanaHHR KOHTaKTOB pene PCM - 1,5-2 MCeK), 

Annapar.ypa aaapuiKOI aawHTb! 

Aaapailaas aaWHTa HBP B pa6o'leM .aaanaaoKe MOWHOCTel ,peaKTOpa ( 1 BT- l KBT) 

o6ecne'IH~TCR rpynnol annapaTfpbl asapaAaoll aawaTbl (KaKanbl A3, p&c, 1 ). HMIIfllbC

H&Iil peaKTOp npH 9TOM HBXO.OIITCH B COCTORHHH HMIIYilbCHOil KpHTH'IHOCTH, IIOil)'WHpHH8 

Ill 
HMnynbCOB MOWHOCTH He 38BHCHT OT MOWHOOTH H pa&Ha 9 •36 MKC9K ._ noaTOMY 

pa6oTa &Toll rpynn~>~ annapaTfPbl ocuoaaaa ua nona~A nponopuaouanbHOCTH aMnnaTy.ll&l 

HMnynbCOB MOWHOCTH peaKTOpa ero Cpe.aaell MOWHOCTH, npHHUHnHanbH8R CX9M8 O.QHOrO 

H3 KaHanoa aaapai!Holl 38WHTbl npe.acTaaneaa Ha puc, 3, 

,Lla:r'IHK8MH HeiTpOHOB 8 aaapHiiHblX KaHan8X cnylKaT HMnynbCHO-TOKOBb19 HOKH3allHOH

Hbl9 KaMapbl, aanonHaHHbl& M9T8HOM, AMII{IHTy.Oa HMnynbCO& H8 BbiXOJle 31'HX KBMep npo• 

nopUHOHanbHa aMAnHTy.ae HMIIynbCOB MOWHOCTH peaKTOp8, BXOJlHOJI KaCKa.a • JlBOIHOil 

KaTOJlHblll noaTopHTenb ( BK, pHc, 1, ll 
1

, plic. 3) pa60TIIeT Ha cornacoaaHHblA Ka6enb 

H HMeeT Koscpcp!IIIIeHT nepe.aa'IH c y'leToM noTepb Ha 'Ka6ene - 0, 7, npH :aToM oa oiSecne

'IHBaeT nHH91!HylO nepeJlaqy H906XOJlHMOrO .QHHaMH'I9CKOrO .QHalla30Ha aMIInHTYJl HMIIynb

COB (Jlo- 10 a) C TO'IHOCTblO He XylKe 1%. 

YcHneaHe 3THX HMnynbCoB hpoHcxo.aHT a 6noKe ocuoeaoro ycHnHTenH ( OY, puc, 1). 

6 
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lf~RliHTenb 9TOI'O 61101!8 ( JI2 -n S) o6ec~8'1H889T H8BC,K8>K9HHYIO lle~a.t~;, !IMnyl!bCOB MO~• 
BOCTH 11eaKTopa, MaxcHManbHI>Ill KO&cpcpHuaeHT ycHneHHII - 280QO. 'B (!Ke~•' ~pe.a).cMOTpeKo 

B3M9H6HH8 &TOrO,KO:a¢KjlHUH8HTa B 3000 p83 CTyneHIIMH 8 ~ 2,16' pA.:!la:~ :Dli8BH,O ~'Ope-" 

.aenax CTyReH'IaTOil perynHpp&KH, 0cHOBHOe 3B8HO YCHilHTan!l- TaK>Ke TpeKR8NII084JI Ce~~: 

UHS, 80 H368lK8Hll9' IIO>KHbiX CpaiSaTbiBaHHil 88apHJIHOil, 3aWHTbl Dptl nep~JtlJJO'IeHIIillX, B yCHlfr, 

Tene· npe.ayCMOTpeB8 61JOI!IIp08Ka BbiXO.Qa, CXaMa aaapHIHOil 38WHTbl ynp88llll9TCR TJ)Brre-' 

poM (JI9, JllO), 8RBnOrH'IHbiM TaKOBOMY a nycKOBbiX KaKanax •. 

AaapHil8ble KaHanbl &neKTJ)OHHOlt annapa.Typbl OX88'19Rbl CBCT&MOJI JtOHTJlOnll RC1Ip88":" 

JIOCTB, OTJlanbHOil .anR Ka>K.aoro KaHana, 8 8Ty CHCT8Mf, KpoMe pene IIBT810WIIX H8npH:ac~:' 

KBil ,H TOK081 BXOJlHT CX9Ma KOHTpons acnpaBHOCTH IIO HH>KH9MY ypO&lllO, 3a.il,aqa, &TOil OX~ 

Mhl,- no.aaTb npe.arnpe.aaTenbHbll carMan, ecnH aMnnaTy.aa HMnynbCoa Ha &blxo.ae yell~•-:. 

TenR yna.aeT IIH)f{e aa.aaHHoro ypo&Hll, 3Ta cxeMa cooTOHT a3 HHT&rpapyiOwerio aae,lf" . 

( R C•6 CaK) H TpHrrepa IIOCTOIIRROrO TOKa C JlBfMII ycTOiiU&biMH COCTOKIIHIIMH 'BHliCiite-":'<: 
1' 1 - ' . •'; 1\' 

ro•, Tp&rrepa '(JI
14 

), )lo BblXO.Oa peaJ!TOpa Ha 3a.OaHBYIO MOWHOOTb pa6oqee COOTOJIBRe ·, :·;! 
a'i-oro TpH,rrepa no.aaeplKH8a9TC!l Ha)f{aTH9M KHOfiKH K2. npa pa6oTe peaKTopa wa .CO~.:J ,i;; 

I •: , ' ';~ljlfl 

JlOcTsx, 6onbWHX nopora cpa6aTbi&&HHR • HRJKHero• TpHrrepa; eTa 6nonpoaxa CRHM&At'I'C\ro'·_, '.\1:, ' ' ',, ''i': 
HCK410itHTb HSJtOHTpollHP)'GMW., 81\1,;: ::::), 

\ ., ...... '.1 
J.1cnOnb30BaHH8 IIOJl~ROil, CX&Mbl II03BOilli9T 

XOJl R3 CTpOll &neKTpOHHOI annapaTypbl, 

AnnapaTypa perynHpoaaaHa MOUJKOCTH 

.· :;;i 
AeTOMaTII'I&CKoe DO.OJl18p)f{H88HH9 MOWHOOTH J.1BP H KOKTpOJlb aa e~/lypO&B&M B ~~a,..''\~~:~ 

II83.0Be MOWHOCTail 5 BT - .1 K&T o6eCR9'1H&aeTCII annapaTypOI perynHpoaU~II MOWHOcTH' ':·:,:;,
1 

,, 

, , ... ·.'.:N'·'~ 
(KaHan AP, puc. I), )leTeJtTOJ) BeltTpOHQBJ &XO.OBOI KaCKa.a H OOBOBKOil YCRIIHTenb 9TOrO j:?i.f 

'' ~~~ 
KaHana COaepweBKO 8H&nOrH'IHbl TaKOBblM B K8Hane A3 H BbiiiOilHIIIOT Ta >Ke CaMbia tPrR!t-,; ;\_'t~1 

/ ~~~ 
llBHo lfCHil~HHblil HMIIyllbC HOHH381tHOHBOro TOK@ no.aa&TCII H8 8X0Jl n,peo6p83088T81lll ,HMDY,~~ 

COB (nJ.1, pHC, l), KOTOpblil CnflKHT' .llllll IIOilY'I9HHII Hanp,R>KSHIIII, aenH'IHHa KOTOpOrO npo'"':,~}1•\) 

IIQpuiiOH&nbHa 8MDnHTYJl9 HMIIfnbCa MOWHOCTH peaKTopa,·, npHRltHII pa60Tbl npeo6paaoaa\ef :~J 
I ,,1 '~ ,''' 

I nsr HMIIYilbCOB 3aKniO'IaeTCR B Cll9Jlf10W9M, J.1MnynbC, , n~TYII810UJHII Ka BXOJl npeo6pa30B8"':', •, l/,i 
Tensr, aaps>KaeT aMKOOTb .ao H8DpsllK9KHll, nponopUHOHaJibHOrO ero 8MnnHTyJl9, np11 nooTylllfH, 

n•BHH cne.ayiOwero HMDfllbCB 'CBa'lana npoHCXOJlliT 6biCTpb18 p83p11Jl &TOil 8MKOOTH, 8, ~· _,,:':/ 

aMDnRTYJl8 BHOBb npawe.awero RM"' .'::' ,._. aap11.a ee D.o aanpslKaKHfl, uponopuaoJ!;anblloro 
' '',}.>:·,;~' 

nyn.Ca. TaKHM p6p830N npOIICltOJlKT 3aiiOMHHaHHe Jia 8MitOOTB H81IpRlK8RBll 0 COOT88TCTl!I:YIQif!;~ 

no.ao6aoro npJIHilRna npeo!Spaaoa ... CI(;~:i: 
'I'!.)] 

HNDYIIbCliOro H81IPf!llt811Bll nepe.a o6bi'IRO HCIIDnb3fGMbiM 38Kn10'18GTCH B ero np8KTH'IGCJtOt:i;•~':' 
wero JUllKJlOII 8MMKTyJl8 HMnynbCa., npeayYWGCTIIO 

6eebiB8pllHORROCTH. 3TO o6cTO!ITGnbCTBO RMeeT 6onJ.woe 3Ha'I&RH9, IIOOJtOIIbiQl OOBOBH8SI , /,;j 
'','.::!;') 

pai50Ull '18CTOT8 HMIIfllbCHOr'O peaKTOpa - 8 ru, H HCDOnb30BaiiH8 o6biUOrO BHTerpHpoBQ~~w: 

.~:}:~,~~ 

. ::,:;~ 
Yl) 

-~-~-- c..l 
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npHB9nO 6bi K Heaonyc'I'H,MOMY yaenJ{'IOHHIO UOC'I'OHHHOJI BpeM9HH Tp8KT8 perynHpOB8HHH. .. 
npHHUHTillllJibHaH CX9M8 npeo6p830B8Teng HMnynbCOB II CX9M8 cpaBH9HIIH UpiiBeaeHbl Ha 

pHC. 4. 

3aaauHaH TO'IHOCTb perynllpOBaHIIII Cpeauero ypOBHH MO(UHOCTR peaKTOpa - 1% II> 

ocuoaua11 pa6o'laH qacToTa MBP - 8 ru onpeaenH.rtH TO'IHOCTb noaaep>KaHIIH uanpg>K.H 

ua BbiXOae npeo6pa3oBaTenH nMnynbCOB B npoMe>KyTO'IKe M9>Kay IIMilynbcaMH- 0,1 %,. a, 

cneAOBaTenbHo·, H llOCTOHHHYIO Bp9M9HII U9UO'IKII naMHTII ( R C ~ 100 cex), .£ln11 TOro, 'IT06bl 
t t 

1136e>KaTb npHM9H9HIIII MOlUHbiX naMn B npeo6pa30BaTene Jllill 3apgaa 9MKOC1'H C =0,05MK!j> 
J ' . 

BXO.[{Hb!MII HMUyllbCaMII C aMnniiTYAOJI ao ., !00 B, IICUOnb3y9TCH UpOM9>KYTO'IHbiJI yanHHH-

/4 5' I 
Tenb ua naMnax nl H n2 • • J1HTerpllpyro!llag uenoqxa R 2 c 2 •1· MC9K npaKTH'I9CKII 

ycTp8H!19T KpaTKOBp9M9HHbi9 OTpiiU8TeJtbHbl9 IIMnynbCbl 0 B03HHK1UH9 B pe3y.rt~TaTe pa3pHaa 

c . 
t 

11MnynbCHbill xapaltTep pa6oTbi peaKTopa co3aaeT onpeas;>neHayro cneuH!j>HKY a pa6o

Te TpaKTa aBTOMaTH'I9CKOrO perynllpOBBHHII 116P, .lleno B TOM, 'ITO ~1'aTIICTH'I9CKIIJI xapax

Tep pa3MHO>K9HHII HeJITpOHOB Cll/lbHee CKa3biBa9TCH Ha pa6oTe IIMUynbCHOrO :peaKTOpa, '19M 

Ha pa6oTe 06bi'IHblX peBKTOpOB, 3TO npRBOall'l' K iiOHBJl9HHIO 3lla'IIIT9nbHbiX !j>niOKTyaUIIJI aM-

I!/ III 
nnHTyabi IIMnynbCOB ~OlUHOCTII , .£lng paBHOB9CHOrO pe>KIIMa 

0 ( 1) ( 1) 

.j2Wf3 

rae o(l/ cpeaueKaaapaTII'IHbiil paa6poc aMnliiiTY a HMnynbCoB, 7 - 8MUniiTyaa liM-

nynbCOB MOlUHOCTII, W - CpeaHHH MOlUHOCTb, ..... {3- acj:JcpeKTIIBHSH aona aana3ablaaromllx 

H9JITpOHOB, - cpeaHee Bp9MII >KII3HII Hei!·rpOHOB B peaKTOpe, np11 He6onblUIIX MOlUHO-

CTHX iJnroKTyallllll 8MTiniiTya;bl IIMnynbCOB MOU!HOCTH 3H8'111TenbHbl, 'ITO npenHTCTByeT HOp

ManbHOJI pa6oTe aaToMaTII'Iecxor,o perynaTopa. B c11ny aToro a11anaaoa pa60'IHX Momao

CTell peaKTOpa, Upll KOTOpOM OCylU9CTBJtii9TCII aBTOM8TH'I9CK09 perynHpOBaHII90 orpaHII'19H 

CHH3y MOlUIIOCTbiO 5-10 BT, Vf3M9H9HII9 ypOBHII MOlUHOCTII p98KT0pa OCY1U9CTBJIH9T-

CH nyTeM 113M9H9HIIH K03!j>cj:JII!lii9HTa yc11neHHII ycRniiTena KaHana aBTOMaTII'I9CKOrO pery.rtllpo-

Ba!lHH MOlUHOCTII, 

B pe>KIIMe aaToMaTH'Iecxoro noaaep>K8HIIH ypoi!uH MOUlHOCTII uanpa>KeHIIe c Bb!xoaa 

npeo6paaoaaTena noaaeTCH qepea K
1 

(pile. 4) aa cxeMy aaToMaTH'Iecxoro perynaTopa 

06bi'IHOrO Tlllla: CX9M3 cpaBH9HIIII (puc, 4) - ycllnliT9nb MOlUHOCTII (piiC, 5) - aMTinllaiiH 

cep~>onpuaoa. 

Dllaya.rtbHbill. KOHTpOnb 3a ypoBH9M MOlUHOCTII KBK TlpH 8BTOM8TV.'ie!CKOM, TllK If np11 pyq

perynllpOB8111111 npol!aBOtlHTCll c noMOlUbiO np116opa M-24, np11coea11aenuoro K Bb!Xo.ay 

llp!'o6paaoaa'reng HMnym£00, npeaycMOTpeBa .T810Ke 3611HCb ·YPOBIIB NOlUHOCTII 118 Jl911Ty 

nn-os. 06a npa6opa 0Trpaayll}j08811bl B 9JlHHHI!8X cpeauoll MOlUHOCTH, Cnoco6bl rpaayR-
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Ill 
poBKII oniiCilHbl B pa6oTe. , KpoMe Toro, ycaneHHbill IIMnynbC OT a&T'IIIKa K&H•ana AP Ha-

61tloJ:taeTt:H H& ocuannorpacj:Je aToro KaHana. 

AnnapaTypa pe_rynllpOBaHIIII MOlUHOCTII npeayCMilTpiiBaeT B03MO>KHOCTb ynpaaneHKII 

6ycTepOM peBK'PHBHOCTII llpll pa6oTe peaKTOpa B pe>KIIM9 oaRHO'IHbiX IIMnynbCOB, .llnSJ UOJiy

'19HIIII MOlUIIOrO oaiiHO'IHOr<;> HMUYJlbCil B peaKTOp, pa6oTai01UHll B pe>KIIM9 nep110aii'I9CXMX 

IIMU)'nbCOB (npll H113KOll cpeaHeA MOlUHOCTH )
1 

oa apeMH, M9HblU9 npoMe>KyTKil BpeM9HII 

MS>KJlY JlBYMH 11MnynbCBMII1 HY>KHO BBSCTII aononHIITenbHyiO nonO>KIIT9JibHYIO peaXTHBHOCTlo 
~ . . 

10 • EcTecTaeHIIO noaTOMy, 'ITO a pe>KIIMe oaHHO'IHbiX IIMnynbcoa yao611o 11cnon1>;3oaa'tb 

Man~o~e, pa6o'll:le qacTOTbl peaKTOpa (8 ru). YnpaaneHIIe cpa6aT>,IBaHII9M 6ycTepa peaJtTIIB-.: 

HOCTII OC)'lU&CTBnl!eTCII CX&MOll Tpllrrepa B 6JIOK9 OCKOBHOro )'CIInHTeng KaHana AP (n
9

, 

n
10

, pRe. 3). KoaTilKTbl pene P
4 

11 P
5 

aToro Tpllrrepa 3aaeaeHbi a cxeMy ynpaaneHHH 

6ycTepoM, Pe>KRM OJlRHO'IHblx IIMnynbCoa ocymecTanHeTCH cneayiOlURM o6paaoM. nopor 

Cpa6aTb!BaHIIH Tpllrrepa ycTaKaBniiBaeTCII COOTB9TCTBYIOllliiM HQKOTOpoA cpeaaeA MOlUHOCTH 

peaKTOpa W
0 

Upll pa6oTe ero B p9>KIIM9 nepROaH'I9CKHX IIMIIynbCOB, nopor cpa6aTbiB8HHII 

TpRrrepOB B KBHanax aaapRAHOll 3alUIITbl Upll 9TOM YCT811aBnHBaeTCII H9CKOJlbKO BbllUe, Tlif• 

KHM o6pa30M, 'IT06bl !j>nroKTyau~ll llMUniiTyabl IIMIIynbCOB MOlUHOCTII He MOrnR llp1189CTII 

K cnyqaltHOMY c6pocy aaapllltHOll aalUIITbl, nocne 9TOrO peaKTOp BbiBOaHTCSI Ha MOlUHOC'Tb 

W
0 

, 6yCT9p peaKTIIBHOCTII c6paCb!BaeTCII B pe&KTOp oaHIIM 113 IIMU)'JlbCOB MOlUHOCTII, 

cneayrolUIIll IIMUy.rtbC MOlUROCTII, aMnniiTyJla KOTOporo Ha H9CKOnbKO nopsa~OB BbllUe aMUJIII

T)'Abl npeablaymero IIMnynbCa, OTipOKIIab!BaeT aaaplll!Hbill Tpllrrep, H aa&p11ltHbl9 CT9p>KHII 

Bbi6pacb!aaroTcs 11a peaKTopa. Cneayrom11A IIMnynbC y>Ke ae noHBnHeTcll. 

I' 

' 
BcnoMoraTenbHas annapaTYpa 

' ~ .. 

I, 

Hap11ay C OCHOBHOA annap;~~Typolt CIICTeMa coaep>KIIT pHa BCIIOMoraTSJlbHb!X 6nOKOB,, .'·· 

C10aa OTHOC>ITC>I KaHan KOHTpO.rtbHbiX IIMnynbCOB II 6nOK OCUIInnorpa!j>C?B (pile. I). 

B KaHane KOHTponbHbiX IIMnynbCoa reHepllpyroTCa IIMnynbCb! paa.rtii'IHOil aniiTe.rtbHOCTH, 

c!j>a3HpOBaHHbl9 onpeaeneHHioiM 06pa30M C apalU9HII9M OCHOBHOrO noaBII>KHOrO aiiCKa peax-

TOpa, ¢a311pOBKa OCY1U9CTBJIH9TCII C UOMOlUbiO MarHIITHbiX aaT'IHKOB, i1MnynbCbl C Bb!XOaOB 

6noKa KOHTpOnbHblX IIMIIYJlbCOB IICUOnb3yiOTCH anSI OTKpbiB8HIIII apeM9HHb!X .BOpOT B nyCKO-

soli t~nnapaType, a Ka'!eCTBe cTapTOBbiX an11 apeMeHHblX aaa.rtll3aTopoa 11 an>1 3anycxa 

maymell paaaepTKII B 6noKe ocu11nnorpa!j>oa. ·, 
BnoK ocu11nnorpa!j>oa npenaaaua'leH an11 aa6nroaeHIIII IIMnynbCOB Ha Bb!Xoae ycRniiTe-

mill 9Jl9KTpOHHOlt annapaTYpbl, 3TOT 6nOK o6ecneqaaaeT pa6oTy 3-x ocuunnorpacpll'le-

CKHX Tpy6oK, Ha. 9Kp8H9 oauolt 113 KO;t'OpblX Ha6nroaaroTCII IIMnynbCbl OT Jti060rO 113 nyCKO-

BbiX xaHanoa, a aayx apyr11x - oT KaHanoa AP R nro6oro 113 KaHanoa A3. .£lniiT9JlbHOCTb 

p8389pTKII MO>K9T 6b1Tb ycT8HBn9Ha B 60 II 600 MKCeK, COOTB9TCTB9HHO aniiTenbHOCTII na-

6nroaaeMblX HMnynbcoa, 

,.: 
9 ·, '~ 
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3118KTpOBB8l'l 8DU8paTfp8 CBCT8Mbl ynpa81188RJI 8 3811l8Tbl BMDYIIbC80r4) pe8KTOJ)a 

' npoXOl111118 D8pel1 yc;:TAIIOBXOJI 8a pa60'188 M8CTO XOMDII8XCBbl8 BCDbiT88RII Dp8 B8npepwa-. ' 

aoA xpyrnocy'I'Q'IBOI pa1So'l'8 8 ·T8'18888 88l18!lll C r88&paTOp4MII 8MDYIIbC08,.
1 

IIMIITRPYIOWR!iiH·• 

COOTB8TCTBYIOWR8 l1aT'IHXH ( TO'IBOCTb DOl1l18j)lK8BHII 8MDII8TY l1bl HMnyllbCOB $T8X reaepa

TOpOB 1%). 8 npoueoce BCIIbiTAHBI XOBTj)OIIBp088118Cb CTat)RIIbBQCTb pa60Tbl BC&X )1'81108 

annapaTypw (a TON qacne a npl! xone6aaaax T&NDepazypw OT' 10 no 30°C). Pe:Gn&'ta'l'loi 

RCDbiT88BI noUSanR, 'ITO l10CTHrRy'l'all CT86BIIE,oHOCTb OCB08Rb1X rpynn annapATfp.ld ll&lKRT 
. I 

8 npel1&118X TO'IBOCTR, DOl1l18j)lK8HHR 8NDIIIITfl1bl BNnyllbCOB 38l181011lHX reaepaTOpoa. 

CxopoeTb cpaC5aTI.!aaaa& aaapalaol 34WHTI.I peaKropa npos8panac& aa nepsoN &Tane 

RCCII&l108aBHI 8rO - Ba CT&Hl10BOI c6oplte C 1{8110llBRlKBbiM OCHOBHbiM Bltll8l1bllll&M. 8 oc

T811bHOM a.Ta ctSop~:a ·nonaocTbiO BMR'I'Ilpoaana aKTHBHYJO 30ilY peaxTopa. HcnwT&HilR noxa-

38118, 'ITO npoM8llCyTox apeMeaa oT n011Bli8H8ll caraana aa c6poc qapataoro Tparrepa no 

nonaoro OTIIHDAHHSI CT8plKB81 llllapllllHOI 3811lHTbl OT yneplKRBAIOWHX HX 8118JITj)OMaraRTOB 

( •xonoctol xon• caCT8Mf!l 1111apataoro cC5poca) cocTasnR8T -12 MC8X, a sec& npouecc ' 

BbiBOl18 ll3 peaX'I'Opa CT8plKH81 llllepHIHOI 3811lBTbl npa nom5118BRH COOT88TCTBYI011l8ro CHr

aana OT l18T&X'I'Opa H&ITpoHOB 38HRMa&T - 00 MC8K. 

CaCT8Ma aBT01'&8TR'I8CXOrO nOl1l18plKaHHll ypoBHll NOWBOCTH np&l188j)HT&IIbll0 H8118lKH-

sanacb a acnwTasanec& aa anexTpoaaoA MOl18IIH KHH8TBKR HBP. P83yn&TaTw ac-

nwTaaaA noxaaana, 'ITO: a) 3oaa H&'IYBCTBBT&nbBoCTH peryn&Topa- 0,5%, 6) apeMR ycTa

aosneaaH 3al1aHHOro ypoBHll ·MOWHOCTR npa OTXIIOII8HHR MOWHOCTif oT· aero Ha 5% R npa 

'laCTOT8 Cll8l108aHBR BMDyllbCOB - 30 ru COCT8BIIli8T- 0,4 C8X, 8) l1pelcj) YCBIIRT&II&I MOW

HOCTH, OTH&c88Hbll XO BXOl1y, - 30 Ms/cyTXB. Ha l18ICTBY1011l8M peaKTOpe CHCT8Ma 881'0'" 

MaTH'Iecbro nOl1l18j))Ka11Jlll C5wna CHa'lana ODpoC5088Ha npa MMbiX MOWHOCTRX, a aaT8M 

snnOTb l10 ,MOWHOCT811 1,2 KBTo CIICT&M8 nonaOCTbiO COOT88TCT8y8T npH8&l18HBbiM X8paK

T8pHCTBXaM a ot5ecn8'1Hsa8T xa'lecTaeaao8 perynapoaaaa8 - nOl1l18plKaaa8 cpel1H8ro ypoa

as MOWHOCTR 88 .xy)t(8 1%. 

HMnyllbCBhlll peaKTOP nywea a 91tCDIIy8T8QHIO 8 pelKHM& uepaOl1H'I&CKBX HMnynbCOB 

a 81088 1960 r. C T8X nop B DO B8CTORW8& speMR 8118XTpoRH8ll &nu8p8Typa pa60T88T 

a CHCT8M& ero ynpaBII&HHJI H 3811lBTbl t583. K8XBX-nBt50 .. H3M&H&BHI H nOIIHOCTbiO COOT88T

CTBY8T npaaeneaawM awwe xap&KTepacTBX&M. On~o~Ta sxcnnya:zauaa ann8paTYpw npa pat5o

T8 HMDYIIbCHorO pe8XTOpa a p&lKBM8 Ol1HHO'IHbiX HMnyllbCOB B&T, T8X UK pe8KTOp 8 STOM 

PH:IKHM8 88 HCDOIIb30aanca. 

B 3&KIIIO'I&Hae lliiTOpbl s&rpallCAIOT rny6oxy10 npa3H&'I'&nbHOC'I'b .n.H. Bno.xaan8sy, 

A.H. n8AnyacKON1t o . .n. Kaaa'IKOBCKOMy, H.M. ~paaxy, c~~.n.wauapo 38 8HBM8HB8 B 

nOCTOIIBHhll HBTepec K pat5o'l'e, ~.B.CT88BCCXOMY - 38 p&l1 U8HHbiX C0B&T08 B Y'I8CTB8 

B oC5cylKl1&BBH pat5oTw. 

10 
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AaTOpbl t5naronapHbl B.B:Ej».i!AK08Y 38 Y'18CTH9 B KOHCTpyapo88Bll~ 8 H3rOTOBII&HBH 

annapaTypbl. 
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P11c. 1. SnoK-cxeMa aneKTpouaol annapaTypw cucTeMw ynpllB.Il8BHII • saW!fTN awnynbCaoro peaJiTOpa 
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Pac. 2. DpaauanaanbHU cxewa axoJlBoro K&CIUIJl& a 6noKa ocaoaaoro ycanaTelltl nyCKoaoro Jtaaana. 



Pac, 3. npHH11HDH411bH4!1 cxeMa BXOlXHOI"O K8CKaaa H 6noKa OCHOBHOI"O ycunaTeiUI uaanoB AP H A3. 

~·-

-CIJ 

"? 

Pac. 4. npaununaanbHas! CXeMa npeo6paaoaaTeiUI RMDynbCOB H CX&Ma cpaaueHR!I, 
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Puc. 5. npHHilHRH8nbB8B CX9N8 J'CHnHTenB MOJ:UK~Til. 
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