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l.BaeneHHe 

3anaqa o BbrpaBHHBBHHH noToKa HepaBHOlAepHbiM p8cnpeneneHireM ro;->10 'Iero 

peur8n8 Cb 6ea y<J.:\T8 pea OH8HCHoro nornom e HHst ( Pn) a canaH c 3llna•rei! o MHHH-

1 I I I 21 
MyMe KpHTH'IeCKOll M8CCb! B p860T8X H • C 6eCKOHC'IHb!M 0":";>8lt(llTenCM C yq{!-

131 
TOM Pn 3 81!8'18 pew8n8Cb a ; n aToli p86oTe noK83 biB8eTcn, 'ITO a p eaKTope c 

6ecKoHeqHhrM oTp8lt(8TeneM BnHstHHe npocTp8HCTBeHHoli 3/JDI! C HMOCTI! Pn H <J oenHKo 

H 'ITO n o cT8TO'IHO TO'IHbri! peaynbT8T MO)t(HO nony<JHTb, ecnn Pn ycpenHHTb no ou'he-

My pe8KTOp8, 

Ho OK83biB8eTcSI, 'ITO nn11 pe8KTopoa H8 ecTeCTDeHHOM yp8Hc, oco6enHo .>:tn>1 

Mll/JbiX TO/JWHH 0Tp8lt(8Tenn, B/JHHHHe n e nocTOHHCTB8 Pn cymecTBeH HO. npenn8ra-

14 1 
eM8H p860T8 S!BilHeTCH npOJlO/Jlt(eiJHeM • noCK O/JbKy OCHODHblM 3KOHOMH'IeCKHM 

noK83aTeneM peaKTopa SIBnHeTcSI ynenbH8H MOWHOCTb ( YM) ( MOWHOCTb peaKTopa, 

neneHH8H H8 BeCb ero 06beM), npHBOilHM Cp8BHeHHe 3TOl\ Beni!'Il!Hbl nn>r pellKTOpOB 

C Bb!pllBHeHHb!M flOTOKOM H ITOCTOHHHb!M p8C!TpeneneHHeM ropJO•rero . 

2. ¢opMym<poBK8 38JlaqH 

Pe8KTop oru:cbrB8eTcH nnyxrpynnOBbiMH ypaaHeHHSIMH TH!T8 

... m ... 
m(r }+~. ]cp( r }c q 

... 
r } ( 2.1) 

- r ('.. q 

(2.2) 
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rae D K OS<NmuueHT an <!J<!Jy a uu B 3 8MeAmJTen e, 

- B03p8CT H e!IT p O!IO B B 3 8 M eAmtTene , 
m 

~ a - M 8KpvCKOnll'!eCROe CC 'tef!He 3 8X l38 T 8 fl 38 MellliHTe ne, 

a_ - M HKpOCKOIIH'IeCKOe Ce'I 9 HJie 38XB8T8 B rOp!O ' feM, 

p - pe3o Ha B c n oe norn o :Qe ane , 

'1 - 'l l!Cno B Top!!'IH b i X He ll-r p oHO B , 

¢ - IIOTOK TellliO D hlX rre ftT p OHOB, 

nnOTHO C T h :, r~Menn ~o-! HH S1 1 

m ·- rmoTH OCTb roproq e ro. 

npennOJ12 r AeTCQ 1 qTo D , » ~ : rr p oC Tp81ICTBPHHO -H€30BH CHMh1 , 

H H Q 'Ie r'OBOp51 , nnoTHO C Tb 3 1l MeAniiTC liSI llOC T OSI HHll . 0Th!C K I! l30e T CSI TBKO e pac n poaene -

HH e T'Op !O'ICT'O m ( -;) llp H K O TO p OM T e rrnOBO R llOTOK n e Me HSie T CSI B npeae n aX 

BKT RDHOA 3 0H hl p eOKTOpa . 

3. M eTon peme HHll aan a •m 

A. llm1 nnoc1wii reuMeTp~r!J._ 

vh ypaauen» fl ( 2. 1) H ( 2. 2 ) rrony •w eTcn y p a nn e HH f' ann nno-rnos T H r o p ro q e r o , 

KOTOpoe, X OTH OliO HeliHHef! HO, MO ll<l!O a H.BmtTH'IeCKH p el :! 8 T b , Ecn ll B l3e CTII K OOpLllt-

naTw c neny roW H M o 6 pa3 0M z = 0 

nyTonumna aKTHBHOfi 3 0Hbi H fl 

- llliOCKOCTh C lfMMeTpHll p eaKTO p a I h - llO

llOllyTOlllUHUB BCer o p C OKTOp8, TO p2UICHH C 

rronyqa e T c n B BHne 

rne 

K (m) 

z = h 

m( .z) dm ~ 

m([) -J J-m(O'K ( m ") d m " 
,-( 

I [ '7 p ( m) - I I m - :£: /a: 

( 3A.I) 

3 a naB TOlii.:IHHY OT!)Bli<OTenn I~ 11 = ll - h , H::l KpaeBblX ycnOB H ii MO>I<HO llOliY'!HTb 

yp a nrre HH51 nnH m ( h ) 

m(h) 

,..rm 
~a 

a" 

2 
r- L 

H m (0) 

-J r 

-Jr 

.A.H 
tgh F 

~ll 

t gh "' 

t.n 
L tgh -L-
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rae 

m(O) 

f K (m ')d m 
m(b) 

m u 

m(b) + l . I a . 2 

-=------- l . 
(3A.3) 

P aCC'IHTaB m (0) 11 m (b ) , MO}f{JIO 113 ( 3A . 1) Bbl'!I!Cnl!Tb PaccMaT p iiBaH 

tPII311'1eCKII pa3yMHbie c ny'laH ( neoTp11U8TenhHOCTb Bblp8}f{CIIII5! 11£1 /l plllliiK8nOM ( 3A. 1)), 

nonyqaeM ycnoa11e anH M8KCIIManhnoll KonnenTp8UIIII Tonnuaa o peaK Tope M o 

x l 
( 3A.4 ) 

KOTOp o e, B CBOIO O 'lepenb, OHpenenHeT MHHIIM£lllhl1Yl0 T ~Jlllll!Hy O T [J£l }f{£lTe nSl ,~ ilm!n 

113 (3A.2) II (3A.3). Peme1111e HMeeT tPII3H'teCKHH CMblCLl TO."lbKO nnH 611>6Hm!n 

Ecnu AH CTpeMII TC Sl K AHm!n TO m(O) h pa cTeT 

no 6ecKoHe'IJIOC TII. lln11 AH (nnu m (0) 

CTpeMHTC Sl K ~I o,~ ll 

), Onl! 3 KMX K AHm lo - (COOTBe T -

CTBenno K M0 ) , MO}f{JIO HOn b 3 00BTbCSl £l CHMHTOTI!'te CKMMii B blp8}f{C Hil5!Mil: 

h - ! Pg 
2 [ \1 

0 
- m ( b ) I 

( 3A .5) 

v'l -dK_ , 
d m M 0 

I fg Mo- rn ( 0 ) 

2[M
0

-m(h) 
( 3A. 6) 

rae m I 
- cpenH!lll nno T!I.OCTh ropiO'Iero B aKTHBnoil 3 one iii = -,;:- J m ( z l dz . 

E. llnH unnunapnqecKo il reoM e Tpllll 

C pewenHeM 3 £lA8'1H B LtllnHHApH'IeCKOt! reoMeTpHH MOlKIIO CHp8BIITbC SI TOn b KO 

'IHCneuuo. KopoTKO onu weM npnMe nellHbltl cnoco6 peme nMSI. n peanonara e M , 'ITO peaK-

TOp He HMeeT TOpLteBOrO OTpalK8TenSI, 8 HMe eT OTfJBlKBTe nb TonmHH bl t). R o pan n-

anbHOM nanpaaneunn. R - pannyc BXTHBHOt! 30Ubl peaKTopa: 

Ha ypaauenBe an11 m(rl: 

M 0 ue 'ITO HHOe, KBK KOHLteHTpBUHil ropiO'Iero, npn KOTo ;·•oil k 
00 

• 
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d
2 

m dm '7 p [m ( r) ]0/r- 1 m u 2 u 1 ( 3E 1) 
rr. =<2.. /u. +fl D/u al-cr- , • + ---- + 

d ,2 dr 

rne 1/ 0 = 1/r + {3
2 

{32 = < " I 2 l.l 2 

h - fiOIIYBb!COTB peaKTOpa C yc/IOBIHIMH 

_d_m~ I = 0 
H m(R) =x(R ,i\!1), _d_m_l .of;(!I.~R ) (3E.2) 

d r o dr R 

(tjlyHKUHH X H 1/J nony'lBIOTC!il H3 rpBHH'lHblX ycnom!l! nns llOTOKB If fi /IOTllOCTH 

3aMenne HHS1} MOliU!O CMOTpCTb KBK HB ypaBHCHI!e C 88 '18/IbHbl MH YCIIOBH51MH m (0) = m 0 

dm 
H ---1 =0, 

d r 0 

KOTOpblX o6a yc /IOBH51 (3E.2) 6yJJ.yT BblflOIIHGHbl, DpH C'I(!Te l!OCTynaeM cneny!OIDIIM 

II HCK8Tb npll l!OCT0 51 HHOM L\R R ' npH mo II TOKHe 

o 6pa a oM. non6 apas paayMaoe m ( 0) = m 1 ( aanpaMep, H3 pacq(!Ta a nnocKoll reo-

MeTpHII), pernaeM ( 3E.l), HB'lHH851 C RYII 51 MeTono~~ Pyare-KyTTll no TO'lKH R 1 

roe Bhlnona eao nepaoe H3 ycnoBHil (3E.2). BTopoe ycnoaae naeT pa3 HOCTb 

dm I ~ '1' 1 =--.--- R -'l'(R 1 . ~R ). 
a r 1 

3aTeM TO >Ke caMoe cnenaeM an51 m (0) = m 2 

m (0) rronyqaeM nyTeM 3KCTpflllO/I51UHH ~l{l 

a cneny10ma e npa6na>Ko aae K 

K Hyn10. Dpouecc nponon>KaeM, 

noKa a nocneny10mHx rnarax aaa'leHHSl m(O) a e coanana10T. 3ToT anropatjlM MO>v.HO 

npOCTO aanporpal-1MHpOB8Tb H OK83biBBeTC 51 , 'ITO Oil 6biCTpO CXOOHTC 51, T aKHM o6pa-

aoM, MO lKHO nocTynaTb n o R ~ 5 - 6 ~ R . B 3Toll o6nacTH peaaocT b m(O) 

H M0 
Y>K" fiO'lTII ayneaas, HO BCHMfiTOTH'leCKHe tjlopMy/Ibl ne OT b!CKH BB/IHCb, 

3aMe'la HHe 

Ha tjlo pMyn nns nnocKoll reoMeTpH II nony'<a!OTC51 BBlKHLie peayJlbTa T bi, KOTOpt.Ie 

nonTBeplKOBIOTCSI B UHnitHnpH"'eCKOil reoMeTpi!H 'IHC/IeHHLIM C'I~TO M. 
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BocKOllhKY H ... oo , e cmt m ( 0) .. M 
0 

TO 1!3 (3A .6) l10l1Y'I8CTC SI, 'i T O 

m ... M 0 npencTaiinSICT C060I! llJlOTHOCTb roptO'! C r'O D 6eCKOHC'!H0'4 KpH-

TH"!eCKOM peaKTope c noCTORHHb!M pacnpeneneHHeM ropJO<rero. Ho K03<jxjmuneHT Bbl-

paBHHBaHHR il B Ka>KJlOM KOHe '!HOM nnoCKOM peaKTOpC C llOC T 051H H bi M pacnpe-

neneaueM rop10<rero pa aeu 2/ rr . 3 To 3 Ha'!HT, <rTo YM p e aKTopa c nocTo-

HRHb!M pacnpeneneaaeM r o piO'!e ro HMeeT n penen M0 a 1 2/rr a nnH per KTopa c 

Bbtpa>KeHI!blM nOTOKOM M 
0

G f , T.e. 6onbwe B rr / 2 pa3 ! H a<rH Hafl C HeKOTOpOii 

BellH<rHHbl pa3Mepoa p e a KTOpa, Y /11 npH Bblp B BHeHHOM llOTOKe norr>I<H8 6bl T b BbJ:.Ue TOfl, 

KO T opaH nonyqaeTcH npH n o c To stHHOM pacupeneneHHII ropK><rero. Ta KHM o6pa3 oM, Bbl-

paBHI!BaHHe llOTOKI! He TOll >·l:O yaerrH<rl!B8eT C'beM Tenna C enHHHll bl aeca T OilllH Da , 

llO B AOCTaTO'iHO 50llbWOM pe a KTOpe TaK>KP. yaelll!'li!BaCT C'beM M OWKOCTH C e)lHiiHUhl 

o6 'heM a peaKTopa ( c C AHHHUbt aeca 3aMennnTenH). 

4. P e 3 y n h T a T b t 

B pac"'~Tax l!cnons: :::>aana c h ¢opMyna nnH pe3oHaHcHoro 3axaaTa H 3 KKHI"'H 

f ananl!Ha: 

p • • p ( - b ( 

vP" 

rae p - paauyc cTep>!<IHI, 

mar peweTKH, 

( 4.1) 

A, b JJOC TOHHH bte, a aBHCSIW He OT THna GaMeArrHTerrSI. BMe cTo rrp 
2 
/a 

2 
CTa-

BliTCH 06'beMHaH llllOTHOCTb ropJO<rero m 

M8CT BHA p * e x p (- b ( _l_ + A ) ~ ) 
T8K 'iTO n p H p8C'leT8X (4.1) l!pHHH-

yP rr 

fpaQlHKH npeAC T8BllSI IOT [>e3yllbTllT bl C"'eTa CHCTeMbl 

BOA8 C napaMeTpaMII 'I ~ 1,34 m; r = 118 
2 

CM ; 

ecTeCTBeHH b tH ypaH - TSI >t<CilaSI 

m -( -1 
~a ~ 10 CM 

0Ka3 b!B89TCSI, 'ITO llllOTHOCTb TO n : m aa 

HMeeT T CBAeHUHIO npH yMeHh iJt9HHII TO ll~.l i!H hl OTpa>Ka T e JH! C TilHOBH TbCSI D cepC A HHe 

peaKTOp8 llOCTOSIHHOii, II llHWb B6lllt31! Kp8H 8KTitDHOfl 30Hbl 0118 pe3KO naaaeT, K8K 

BII AHO na rpatj>HKa I. EcnH nnH 6ecKoHe'IHOro oTpa>KaTenH ee MOlKHO yaoaneToopH-

TellhHO 81lllpOKCHMllpOB8Tb peUICHl!eM ::JaAa'lH C llOCTOSIH H blM fJ830Ha HCllblM 3BXB8 T OM , 

7 



TO B o6naCTH T O fl:!lHH OTpCilK8T9fl>I, 6mt3KHX K MlHfiiM8flbHOI! , <'>TO T"'O Cll9n8Tb Henb 3>I . 

npocTp"SHCTB9HH85! 38BHCHMOCTb Pn OK83b!B89T cymecT Beuuoe BflHRHHe ua peme uue. 

Ha rpa4JHKBX 2 H 3 DOK838H8 38BHCHMOCTb p83MOpOB BKTHBH0 .1 30!!1,! OT TOnll!HHb! 

OTp8lK.::JTenR nnR pa.llllyCOB CT9plKHel! 0,3 CM H 1,0 CM. no M o pe YMOHblllOHHR TOn-

lllHHb! OT;l8)1(8 T On!l p a3Mep 8KTHBH0;1 30Hbl CHB'!Bna YMOHblli 8 0TCR, XOTR !lA rpa4JHKe 

3TO DO'ITH H03 8MOTHO. 3aTeM, KOT"'ll8 TOn!llHHS OTpll>KBTenR llpH6nH>KBOTCR K MHHH-

MSnb HOI!, p 83Mep BKTHBHOll 30Hbl p93KO yaenH'IUBSOTCR. KpHTH'I9CKBR MllCC B C yM OHb

lllO UU OM T onmnnhr oTp a>KaTenR acerna pacT~T. O T aenH'IUHbi P n aaBII CHT TBK>Ke MH

HHM a nbuaR ToJiuuua oTpa>KaTenR. Boo6 me, c yMe HbmeuueM Pn yMeubwaeTcR u MH-

HHManbHBR TOnll!HIIS OTpa >KaTenR, KOTOp85! CTBHOBHTCR Hyneaol!, ecnu Pn OT CyTcToy

eT . Ho 3TO y)l(e HMeeT MecTo B o6nacT n nnoTnocTelt ropiO'!ero, rne BYliiHO yqnT ·,r -

B8Tb Db!T9CHOHHO 38 M 9AflUT On!l l"'OpiO'IHM, TBK 'ITO 3 T 0 1' [W3ynbT8T HM0 9T lllllilb 

8K8llOMH'I9CKHlt HHTepec. 

Ha nocnennux nay x rpa4JHKa x 4 H 5 npencTaenena aaauc H MOC Tb YM peAKTopos 

C Bbtp8BH9HHbiM !IOTOKOM H I!OCTO!l HHWM p aC!Ip <lll9 neHH9M rO p lO'tOT"'O OT pa3 MOpO B 

peBKT OpS B UODOM . nyHKTHpH bi9 nHHHH DOK83b!BBIOT npenenbH biO 3H8'10 HHR llllil 6eCKO-

x/ 
ue'tHO 6on b lllHX pa3Mepoa peaKTopa Y pea KTopa c noc T ORHH h JM pacnpe nenenueM 

ropJOqero YM aaaHCHT eme OT Tnnll!HHbr OTpa>KaTens. B n e KoTopbl X o Gnac TRx pa3-

Mepoa aKTHBIIOil 3 0H h! H oTpaJKaTe nR YM MO)f(OT Cib!Tb BbJ!Ue Toil, 'tTO H MeeT M ecTo 

llnR OTf>8)1(8TOn R Hy n e BOii TOll ' ! HIIhl, 110 s¢¢eKT CnH!IlKOM ~IBn H n031'0MY 6e3 fiOI1 b-

WOII O WH6KU MO~<H O _, 'lliTBTb O!IT I<MBnbft biM p eaKTOp fill3 OTpB >KBTe nR. C !!liM H 

6 yneT npoaeneuo cpaBH9HHe BblpBBIIOIIHOro peaKTOpa. rpacpHKH YM H8 '!1!HBIOTCR c 

TO'IKH MHHHMa n bllbtX pa3Mepon peaKTopa c Bbtpa ene HHbiM no·roKOM. H3 pe3ynbTI.ITOB 

annuo , 'ITO HB'IHHaR c ueKoToporo paaMepa pea KTo pa YM npn nocTORIIHOM rroToKe 

HB'IHHa eM npeBbtlilBTb YM npH n o cTORHHOM pacnpeaen euHH ropJO'!ero H 'ITO sTo 

npeBhituenu e, 'IT O oco 6euno RB>KHO, n o c T uraeT cR y >Ke B o 6nac TH pa3Mepoa , npaK TH 

q ecKH npu MeHH Mblx nm1 nocTpoiiKH peaK T o pa . H anpuMep , nns panuyca peaKT Opa 

200 eM n peBbtwenue cocT aBnsteT y )l(e npn6 m niiTen b uo 40% YM peaxTopa c nocTo-

R HHbtM pacnpea e n e a HeM r o pJO'Iero. 

x!" . ---. ---- . 
3 aMeTHM, 'ITO B ' 6eCKOH9 '1HOM' OllHOp Ollif;)M p 9 8KTOpe nOTO'K OTHJO;l :'> n e no

C T ORH9H , T8K K8K r paHHUhl y 3 TOro p eoKTOpa , X OT!l OHH H OTOilDHHY T bl 6eCKOH9'1110 

a a nexo, npoaon>:<aJOT T a pRTb sei!TpoKbl. 
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5. 3 a K n 10 'i e H H e 

B cTBTbe paccMaTpHBI!lnHCh a4>1JleKThl, I>03HHKaiOmBe np11 pac'i~Te peaKTopa c Bhl 

pasaeHHbi M noTOKOM c y'I~TOM npocTpaacTseaao!l aasncnMocTR Pn. 0Kaaanoch, 'ITO 

aTo unnSJHHe cymecTBef!HO. Ono npHBO!lHT K cyruecTsosaHHlO onpeaeneuaon MHHHManh

non TomuHHbl oTpalKaTenSJ, HRlKe KOTopa!l aaaaqa ne HMeeT perneHHSJ, 11 npn npn6nu

>l<eHHH K 9TOMY rpaHH'iHOMY 3Ha'!eHHJO KpHTH'iCCKUe pa3Mepb1 paCTYT !lO 'ieCKOHe'IHO

CTH, npll'l!lM B ueHTpe aKTHBHOll 30Hbl B03li:HKaeT 06.'!8CTh flO'ITH flOCTOS!liHOI\ flllOT

!lOCTJI" n ropiO'Iero. MnaHMllllhHaSJ TOIIlllllBa oTpa)l(aTenSJ aasncHT oT senH'IHHbl Pn H 

c ero yMCHhmeaneM K ayn10 oaa TO)f(e cTpeMHTCH K ayn10. 

npaKTB'IeCKH B8lKHbiM HBilSJeTCH, 'ITO y!lellhHble ( B paC'I!lTe Ha flOilHbll! 06'beM 

38MC!lllHTellH) MOlllHOCTH peaKTOpOB C Bblp8BHeHHbiM f!OTOKOM ropll31l0 Bblllle , qeM 

y peaKTOpOH C llOCTOII BHbiM pac rrpeaenCHHeM rop!O'Iero npH O!lHIWKOBblX pa3Mepax 

peaKTOpa y>Ke B 061lllCTH napaMeTpOD, npnMeHHMblX Ill!>! flOCTpOHKH. 

B Kouue SJ xoqy no6naroaapHTl. 3a o6cylKilCHHe peaynhTaToB H ueHHbie npeano

JKeHIHI A.Jl.faJWHHHa, 11.Po'leKa H H.B. lilesenesa. 
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ATOMII3!l8T. 

PyKonHch nocTyrruna s naaaTenbCKHl! oTnen 

4 HOR6pSJ 1967 roan. 
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PHc. 4. 3 a BHCHMOCTb y aenbaoll MO'!I HOCTH YM (npoH3 BOnbHhte e aaHH:.Jbt)oT p a3 -

M epoa pellKTOpa llJI!! peaKTOpa C Bbtp8BHeHH biM nOTOKOM ( BbJP) H IIOC TO-

SlHHbtM pa c npeaeneHHeM roptO 'Ie ro . nyHKTHpHbte JIHHHII 0603 H8'18 10T BCI!M

nTOTH'IeCKtie 3 H8'!e HH!l lin !! 6eCK OHe'!HO 6onb!III!X pa3M e poa peaK T Opa . 
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P11c. 5. 3aancHMOCTh yaenhHOl! MOmHOCTI! Y M ( !1pOH3BOnhHbte eaHHHUbt) oT pa3-

Mepon pe8KT0p8 llflSI peaKTOpa C B blp8DHeHH blM ITOTOKOM ( BbJP) H ITO C TO

SIHHblM pacnpell Dfl CHHeM ropro ·< ::>rO, nyHKTHpHbie flHHHH 0603H8'18IOT 8CHM

flTOT •t'leCKHe 3H8'1eHHSI llflSI 6eCKOHe'IHO 60flbiUHX p83 M I? p0B pe8KTOpa. 


